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    Abstract 

 

Amidst global concerns over climate change and fossil fuel depletion, designers are 

increasingly integrating energy-saving measures inspired by ancient architectural techniques, 

emphasizing indoor comfort and daylight exposure without relying on non-renewable resources. 

The significance of thermal comfort and daylight in buildings for occupant well-being and 

productivity, energy efficiency, and sustainability aligns with environmental goals, and fostering 

a connection to the external environment. This shift towards passive design strategies is 

particularly pronounced in solar-rich regions such as India. 

Analysis-based design, utilizing simulations and computational models, is crucial for 

informed decision-making. The present study thus employs the Building Energy Simulation-

Optimization (BESO) approach, enabling a comprehensive evaluation before physical 

construction and ensuring compliance with performance objectives and regulatory standards. The 

central goal is enhancing thermal performance, especially in tropical climates where heat, cold, 

and humidity present challenges. The BESO framework optimizes the Tropical Summer Index for 

natural conditioning and minimizes air conditioning loads through strategic building design. 

Traditionally, Genetic Algorithms (GA) are preferred for optimizing building 

parameters, but their limitations require exploring more efficient alternatives. The Grasshopper 

Optimization Algorithm (GOA), known for computational efficiency, suitability for discrete 

variables, and local optima avoidance, emerges as a compelling choice. This study pioneers GOA's 

application in building parameter optimization, conducting a comparative analysis with GA. 

Results show that GOA enhances thermal performance by 0.44% to 1.47% in naturally conditioned 

buildings and 2.32% to 12.37% in air-conditioned buildings compared to GA. 
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The study expands to address lighting's role in energy consumption and occupant well-

being, emphasizing harnessing daylight in tropical climates through expansive windows. Using 

GA and GOA-based BESO, it compares their efficacy in maximizing daylight admittance with the 

Perez sky model. GOA achieves a visual performance enhancement of 0.22% to 0.27%. Further, 

balancing daylight admission and heat mitigation highlights the multifaceted nature of tropical 

climatic objectives. A multi-objective optimization analysis, using multi-objective forms of GA 

and GOA (NSGA-II and MOGOA), is conducted across three Indian climatic zones. Results show 

improvements in solutions by MOGOA compared to NSGA-II. Moreover, execution of GOA and 

MOGOA leads to significant reductions in computational time, ranging from 0.04% to 57.22%. 

Further, algorithm optimization relies on precise parameter configuration. The study 

explores two methodologies: meta-optimization using an auxiliary algorithm for calibration, and 

dynamic modulation of parameters through Reinforcement Learning (RL) principles. These 

approaches, previously unexplored in the BESO domain, hold the promise of untangling nuanced 

optimization challenges. Fine-tuning parameters leads to enhancements, with meta-optimization 

improving by 0.04% to 2.76%, and RL-based fine-tuning demonstrating a further enhancement of 

0.22% to 5.94% in the results. Results also demonstrate that the diverse decision variables interact 

with each other, and their holistic consideration is a critical factor in sustainable building design. 

In conclusion, the outcomes offer practical recommendations for selecting appropriate 

building design parameters based on specific objectives. Overall, this research advances the 

knowledge and understanding of BESO and fine-tuning of algorithm parameters. The study 

contributes to the development of more efficient building designs in tropical regions of India, 

offering innovative strategies for algorithm parameter optimization in both fixed and adaptive 

approaches. 
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    सार 

 

जलवायु परिवर्तन औि जीवाश्म ईंधन की कमी की वैश्विक श्व ंर्ाओ ंके बी , श्विजाइनि प्रा ीन 

वासु्तश्विल्प र्कनीक  ंसे पे्ररिर् ऊजात-ब र् उपाय  ंक  रे्ज़ी से एकीकृर् कि िहे हैं, र्था गैि-नवीकिणीय 

संसाधन  ंपि श्वनर्तिर्ा के श्वबना इनि ि आिाम औि श्विन की ि िनी पि ज़ ि िे िहे हैं। इमािर्  ंमें थमतल 

सुखिायकर्ा औि श्विन की ि िनी का महत्व श्वनवाश्वसय  ंके कल्याण औि उत्पािकर्ा, ऊजात कुिलर्ा औि 

प्रश्वर्स्थाश्वयत्व के साथ श्वमलर्ा है, र्था पयातविणीय लक्ष्  ंके साथ मेल खार्ा है, औि बाहिी पयातविण से जुड़ने 

का परिपे्रक्ष् बढाने में मिि किर्ा है। श्वनष्क्रिय श्विज़ाइन िणनीश्वर्य  ंकी ओि यह बिलाव श्वविेष रूप से र्ािर् 

जैसे सौि-समृद्ध के्षत्  ंमें स्पष्ट है। 

श्ववशे्लषण-आधारिर् श्विज़ाइन, श्वसमुलेिन औि संगणनात्मक मॉिल  ंका उपय ग किके, सूश्व र् 

श्वनणतय लेने के श्वलए महत्वपूणत है। वर्तमान अध्ययन इस प्रकाि श्वबष्क्रडंग ऊजात श्वसमुलेिन-अनुकूलन 

(बीईएसओ) दृश्वष्टक ण का उपय ग किर्ा है, ज  र्ौश्वर्क श्वनमातण से पहले एक व्यापक मूल्यांकन क  सक्षम 

बनार्ा है औि प्रिितन लक्ष्  ंऔि श्ववश्वनयामक मानक  ंके संि न के साथ अनुपालन सुश्वनश्विर् किर्ा है। कें द्रीय 

लक्ष् थमतल प्रिितन क  बढाना है, श्वविेष रूप से वे उष्णकश्विबंधीय जलवायुओ ंमें जहां गमी, ठंि औि आद्रतर्ा 

 ुनौश्वर्यां प्रसु्तर् किर्ी हैं। बीईएसओ ढां ा प्राकृश्वर्क कंिीिश्वनंग के श्वलए उष्णकश्विबंधीय ग्रीष्मकालीन 

सू कांक क  अनुकूश्वलर् किर्ा है औि िणनीश्वर्क इमािर् श्विज़ाइन के माध्यम से एयि कंिीिश्वनंग र्ाि क  

कम किर्ा है। 

पिंपिागर् रूप से, श्वबष्क्रडंग मापिंि  ंक  अनुकूश्वलर् किने के श्वलए जेनेश्विक एल्ग रििम (जीए) 

क  प्राथश्वमकर्ा िी जार्ी है, लेश्वकन उनकी सीमाएँ अश्वधक प्रर्ावी श्ववकल्प  ंकी ख ज की आवश्यकर्ा क  

ििातर्ी है। ग्रासहॉपि अनुकूलन एल्ग रििम (जीओए), संगणनात्मक प्रर्ाविीलर्ा, अलग-अलग  रित् वाले 

मान  ंके श्वलए उपयुक्तर्ा, औि स्थानीय अश्वधकर्म से ब ाव के श्वलए प्रश्वसद्ध ह ने के श्वलए एक आकषतक 

श्ववकल्प के रूप में सामने आर्ा है। यह अध्ययन जीए के साथ रु्लनात्मक श्ववशे्लषण किरे् हुए, पैिामीिि 

अनुकूलन के श्वनमातण में जीओए के अनुप्रय ग क  आगे बढार्ा है। परिणाम श्विखारे् हैं श्वक जीओए प्राकृश्वर्क 

रूप से वार्ानुकूश्वलर् इमािर्  ंमें थमतल प्रिितन क  0.44% से 1.47% औि वार्ानुकूश्वलर् इमािर्  ंमें 2.32% 

से 12.37% जीए की रु्लना में महत्वपूणत रूप से बढार्ा है। 
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अध्ययन में ऊजात की खपर् औि श्वनवाश्वसय  ंकी र्लाई में प्रकाि की रू्श्वमका क  संब श्वधर् किने 

के श्वलए श्ववस्ताि श्वकया गया है, श्वजसमें श्ववसृ्तर् ष्क्रखड़श्वकय  ंके माध्यम से उष्णकश्विबंधीय जलवायु में श्विन की 

ि िनी का उपय ग किने पि ज़ ि श्विया गया है। जीए औि जीओएए आधारिर् बीईएसओ का उपय ग किरे् 

हुए, यह पेिेज़ स्काई मॉिल के साथ श्विन की ि िनी के प्रवेि क  अश्वधकर्म किने में उनकी प्रर्ावकारिर्ा 

की रु्लना किर्ा है। जीओए ने दृश्य प्रिितन में 0.22% से 0.27% की वृष्क्रद्ध हाश्वसल की। इसके अलावा, श्विन 

की ि िनी के प्रवेि औि गमी के िमन क  संरु्श्वलर् किना उष्णकश्विबंधीय जलवायु उदे्दश्य  ंकी बहुमुखी 

प्रकृश्वर् पि प्रकाि िालर्ा है। र्ीन र्ािर्ीय जलवायु के्षत्  ंमें बहुउदे्दश्यीय अनुकूलन श्ववशे्लषण, जीए औि 

जीओएए (एनएसजीए-II औि एमओजीओए) के बहुउदे्दश्यीय रूप  ं का उपय ग किके, श्वकया गया है। 

परिणाम श्विखारे् हैं श्वक एनएसजीए-II की रु्लना में एमओजीओए द्वािा समाधान  ं में सुधाि है। इसके 

अश्वर्रिक्त, जीओए औि एमओजीओए के प्रय ग से संगणकीय समय में 0.04% से 57.22% र्क की महत्वपूणत 

कमी आर्ी है। 

औि इसके अश्वर्रिक्त, एल्ग रििम अनुकूलन सिीक पैिामीिि समाय जन पि श्वनर्ति किर्ा है। 

अध्ययन ि  श्ववश्वधय  ंका अने्वषण किर्ा है: सहायक एल्ग रििम का उपय ग किके मेिा-अनुकूलन के श्वलए 

श्वनधातिण किने के श्वलए, औि पैिामीिि  ंकी गश्वर्श्ववश्वध क  संवािने के श्वलए पुनश्वनतिेिन श्विक्षा (आिएल) के 

श्वसद्धांर्  ंके माध्यम से। यह ि  उपाय, पहले बीईएसओ के्षत् में अनिेखे थे, सूक्ष्म अनुकूलन की  ुनौश्वर्य  ंक  

सुलझाने की आिा िखरे् हैं। पैिामीिि  ं क  धीिे-धीिे समाय जन किने से सुधाि ह र्ा है, श्वजसमें मेिा-

अनुकूलन 0.04% से 2.76% र्क सुधाि ह र्ा है, औि आिएल-आधारिर् समाय जन नर्ीज  ंमें औि अश्वधक 

सुधाि का प्रिितन किर्ा है, 0.22% से 5.94% र्क। परिणाम यह र्ी प्रिश्वितर् किरे् हैं श्वक श्ववश्ववध श्वनणतय  ि 

एक-िूसिे के साथ प्रर्ाश्ववर् ह रे् हैं, औि उनका समग्र श्वव ाि स्थायी इमािर् श्विज़ाइन में एक महत्वपूणत कािक 

है। 

श्वनष्कषत में, परिणाम श्ववश्विष्ट उदे्दश्य  ंके आधाि पि उपयुक्त र्वन श्विजाइन मापिंि  ंके  यन के 

श्वलए व्यावहारिक श्वसफारििें प्रिान किरे् हैं। समग्र रूप से, यह ि ध बीईएसओ के ज्ञान औि समझ औि 

एल्ग रििम मापिंि  ंकी फाइन-टू्यश्वनंग क  आगे बढार्ा है। यह अध्ययन र्ािर् के उष्णकश्विबंधीय के्षत्  ंमें 

अश्वधक कुिल र्वन श्विजाइन  ंके श्ववकास में य गिान िेर्ा है, ज  श्वनश्विर् औि अनुकूली ि न  ंदृश्वष्टक ण  ंमें 

एल्ग रििम पैिामीिि अनुकूलन के श्वलए नवीन िणनीश्वर्य  ंकी पेिकि किर्ा है। 
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𝐷𝑇𝑀 Fourth Element of the Transmission Matrix 

𝑒𝐶𝐼𝐸 Coefficient for CIE Sky Model 

𝑒̂𝑔 Unit Vector towards the Earth's Centre 

𝑒𝑗 Entropy of the index 𝑗 

𝑒𝑃𝑆𝑀 Coefficient for Perez Sky Model 

𝑒̂𝑤 Unit Vector in Wind Direction 

𝐸 Illumination Value [lux] 

𝐸𝑛 Illumination on a Horizontal Plane [lux] 

𝐸𝜃𝑖𝑛
 Illumination Value at a plane at an incidence angle 𝜃𝑖𝑛 [lux] 

𝐸(𝑡 − 𝑚𝑖𝑛𝑡∆𝑈𝑅𝐹) Flux or Temperature Excitation 

𝑓𝑎 Attraction Intensity between Grasshoppers 

𝑓𝑖 Sky Condition Parameter for Computation of Zenith Luminance 

𝑔 Gravitational Constant 

𝑔𝑖 Sky Condition Parameter for Computation of Zenith Luminance 

𝑔𝑠𝑖 Scattering Indicatrix Function 

𝐺𝑖 Gravity Force on 𝑖𝑡ℎ Grasshopper 

ℎ𝑖 Inner Surface Layer’s Surface Conductance [W/m2K] 
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ℎ′
𝑖 Sky Condition Parameter for Computation of Zenith Luminance 

ℎ𝑜 Outer Surface Layer’s Surface Conductance [W/m2K] 

ℎ𝑜𝑗 Convective Heat Transfer Coefficient for Outer Surface [W/m2K] 

𝐼 Light Intensity [cd] 

𝐼(𝑡) Solar Radiation Intensity at 𝑡𝑡ℎ Hour [W/m2] 

𝐼𝐷𝐻𝐼 Horizontal Diffuse Irradiance [W/m2] 

𝐼𝐷𝑁𝐼 Normal Incident Direct Irradiance [W/m2] 

𝐼𝑓(𝑡) Fluctuating Solar Radiation Intensity at 𝑡𝑡ℎ Hour [W/m2] 

𝐼𝑓𝑗(𝑡 − 𝜙𝑑 − 𝜙𝑌) Fluctuating Solar Radiation Intensity falling at 𝑗𝑡ℎ Opaque Surface 

at (𝑡 − 𝜙𝑑 − 𝜙𝑌)𝑡ℎ Hour [W/m2] 

𝐼𝑓𝑟(𝑡) Fluctuating Solar Radiation Intensity falling at 𝑟𝑡ℎ Transparent 

Surface at 𝑡𝑡ℎ Hour [W/m2] 

𝐼𝑗ℎ𝑎𝑟𝑚
 Solar Radiation Intensity Amplitude of the 𝑗ℎ𝑎𝑟𝑚

𝑡ℎ harmonic 

𝐼𝑚 Mean Solar Radiation Intensity [W/m2] 

𝐼𝑚𝑗 Mean Solar Radiation on 𝑗𝑡ℎ Opaque Surface [W/m2] 

𝐼𝑚𝑟 Mean Solar Radiation on 𝑟𝑡ℎ Transparent Surface [W/m2] 

𝐼𝑆𝑂 Normal Incident Extra-Terrestrial Irradiance [W/m2] 

𝑗ℎ𝑎𝑟𝑚 Number of Harmonics 

𝑗𝑖 Sky Condition Parameter for Computation of Zenith Luminance 

𝐽1 Set of Beneficial Criteria 

𝐽2 Set of Non-beneficial Criteria 

k Thermal Conductivity [W/m.K] 
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𝑘𝑔𝑟𝑎𝑑 Coefficient for Gradation Function Calculation 

𝐾 Coefficient for Calculation of WBT 

𝑙𝑠 Attractive Length Scale 

𝑙𝑏𝑑 Lower Bound in 𝑑𝑡ℎ Dimension 

𝑙𝑔𝑟𝑎𝑑 Coefficient for Gradation Function Calculation 

𝑙𝑖 Current Iteration Number 

𝑙𝑡ℎ𝑖𝑐𝑘 Building Elemental Layer Thickness [m] 

𝑙𝑣 Relative Luminance of Sky Element 

𝐿 Maximum Number of Iterations 

𝐿𝑣 Absolute Luminance of Sky Element at the Altitude Angle 𝜃𝑎𝑙𝑡 

𝐿𝑣(𝜃𝑠𝑜𝑙, 𝜃𝑎𝑙𝑡 , 𝜒) Absolute Luminance of Sky Element as per Igawa Sky Model 

𝐿𝑧 Sky Luminance at Zenith 

𝑚 Total Number of Opaque Surfaces 

𝑚𝑎.𝑚 Optical Air Mass 

𝑚𝑐𝑠𝑢
 Number of Casual Heat Gain Sources of 𝑢𝑡ℎ Type 

𝑚𝑒𝑎 Number of Evaluation Objectives 

𝑚𝑖𝑛𝑡 

Integer Involved in Time Domain Treatment of Flux or 

Temperature Excitation 

𝑚𝑖𝑛𝑑𝑖𝑐 Coefficient for Indicatrix Function Calculation 

𝑀 Transmission Matrix 

𝑀𝑛 Transmission Matrix of 𝑛𝑡ℎ Layer 

𝑛 Total Number of Transparent Surfaces 
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𝑛𝑒𝑎 Number of Evaluation Indices 

𝑛ℎ𝑎𝑟𝑚 Total Number of Harmonics 

𝑛𝑖𝑛𝑑𝑖𝑐 Coefficient for Indicatrix Function Calculation 

𝑁 Total Number of Grasshoppers 

𝑝 Number of Types of Casual Heat Gain Sources 

𝑝𝑎𝑡𝑚 Atmospheric Pressure [MPa] 

𝑝𝑐 Critical Pressure [MPa] 

𝑝𝑖𝑗 Particular Proportion of the Project 𝑖 Index Value under Index 𝑗 

𝑝𝑖𝑛𝑑𝑖𝑐 Coefficient for Indicatrix Function Calculation 

𝑝𝑚 

Partial Pressure of Water Vapor due to the Depression of WBT 

below DBT [MPa] 

𝑝𝑠𝑎𝑡(𝑇𝑑) Saturation Pressure at the DBT [MPa] 

𝑝𝑠𝑎𝑡(𝑡𝑤) Saturation Pressure at the WBT [MPa] 

𝑝𝑠𝑎𝑡(𝑇
′) Saturation Pressure at Temperature 𝑇′ [MPa] 

𝑄𝐴𝑇𝐿 Annual Thermal Load [Wh] 

𝑄𝑐𝑑𝑓(t) Fluctuating Conduction Heat Gain/ Loss through Opaque Surfaces 

at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑐𝑑𝑚 Mean Conduction Heat Gain/ Loss through Opaque Surfaces [Wh] 

𝑄𝑐𝑑𝑓𝐼(𝑡) Heat Transfer due to Incident Solar Radiation on Opaque Surface 

at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑐𝑑𝑚𝐼 Fluctuating Mean Heat Transfer due to Incident Solar Radiation 

on Opaque Surface [Wh] 
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𝑄𝑐𝑓𝑣(𝑡) Fluctuating Heat Transfer due to Ventilation at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑐𝑚𝑣 Mean Heat Transfer due to Ventilation [Wh] 

𝑄𝑑𝑓𝐼(𝑡) Fluctuating Direct Solar Gain or Mean Radiation Heat Transfer 

through Transparent Surfaces at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑑𝑚𝐼 Mean Direct Solar Gain or Mean Radiation Heat Transfer through 

Transparent Surfaces [Wh] 

𝑄𝑓𝑐(𝑡) Fluctuating Casual Heat Gain from an Individual 𝑢𝑡ℎ Type of any 

Source at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑓𝐶𝑢(𝑡) Fluctuating Casual Heat Gain from an Individual 𝑢𝑡ℎ Type of 

Casual Heat Source at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑔𝑐 Mean Conduction Heat Gain/ Loss through Transparent Surfaces 

[Wh] 

𝑄𝑔𝑓(𝑡) Fluctuating Conduction Heat Gain/ Loss through Transparent 

Surfaces at 𝑡𝑡ℎ Hour [Wh] 

𝑞𝑖𝑎 Flux on the Inside of the Multilayer Wall [W/m2] 

𝑞𝑜𝑎 Flux on the Construction’s Exposed Side [W/m2] 

𝑄𝐿(𝑡) Thermal Load for 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑚𝑐 Mean Casual Heat Gain from People, Equipment, Lighting, etc. 

[Wh] 

𝑄𝑚𝐶𝑢
 Mean Casual Heat Gain from an Individual 𝑢𝑡ℎ Type of any 

Source [Wh] 

𝑄𝑆𝐶𝐿 Summer Cooling Load [Wh] 
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𝑄𝑠𝑡,𝑎𝑡
𝑡+1  Updated Q value for the updated state and action 

𝑄(𝑠𝑡, 𝑎𝑡) Q value for the current state and action 

𝑄𝑇𝑚 Total Mean Heat Exchanges [Wh] 

𝑄𝑇(𝑡) Total Heat Exchanges at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑇𝑐𝑣(𝑡) Total Heat Exchange due to Ventilation at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑇𝑓(𝑡) Total Fluctuating Portion of Heat Exchanges at 𝑡𝑡ℎ Hour [Wh] 

𝑄𝑊𝐻𝐿 Winter Heating Load [Wh] 

𝑟 Distance between the Source and the Normally Incident Plane [m] 

𝑟1 Random number between [0,1] corresponding to grasshopper’s 

social interaction 

𝑟2 Random number between [0,1] corresponding to gravity force on 

𝑖𝑡ℎ grasshopper 

𝑟3 Random number between [0,1] corresponding to wind advection 

on 𝑖𝑡ℎ grasshopper 

𝑟𝑖𝑗 Normalized Vector 

𝑟𝑡 Reward or Penalty Value Issued by Environment 

𝑅𝐹(𝑚𝑖𝑛𝑡∆𝑈𝑅𝐹) Response Factor at time 𝑚𝑖𝑛𝑡∆𝑈𝑅𝐹. 

𝑠 Laplace Transformation Variable 

𝑠𝑓(𝑟) Repulsion and Attraction Force Strength between Grasshoppers 

𝑠𝑡 Current State in Q-learning 

𝑠𝑡+1 Updated State in Q-learning 

𝑆 Set of States in Q-learning 
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𝑆𝑖 Social Interaction between Grasshoppers 

𝑆∗ Distance Scale for Ideal Solution 

𝑆− Distance Scale for Anti-ideal Solution 

𝑡 Time [h] 

𝑡𝑑 Dry Bulb Temperature [K] 

𝑡𝑔 Globe Temperature [°C] 

𝑡𝑤 Wet Bulb Temperature [K] 

𝑇 Temperature [K] 

𝑇𝑎𝑖(𝑡) Indoor Air Temperature at 𝑡𝑡ℎ Hour [K] 

𝑇𝑐 Critical Temperature [K] 

𝑇𝑑̂ Best Solution in 𝑑𝑡ℎ Dimension 

𝑇𝑓𝑖(𝑡) Fluctuating Inside Temperature at 𝑡𝑡ℎ Hour [K] 

𝑇𝑓𝑜(𝑡) Fluctuating Outside Air Temperature at 𝑡𝑡ℎ Hour [K] 

𝑇𝑓𝑜(𝑡 − 𝜙𝑑 − 𝜙Y) Fluctuating Outside Air Temperature at (𝑡 − 𝜙𝑑 − 𝜙Y)𝑡ℎ Hour 

[K] 

𝑇𝑖𝑎 Temperature of the Inside of the Multilayer Wall [K] 

𝑇𝑗ℎ𝑎𝑟𝑚
 Temperature Amplitude of the 𝑗𝑡ℎ harmonic 

𝑇𝑚𝑜 Mean Outside Air Temperature [K] 

𝑇𝑚𝑖 Daily Mean Internal Environmental Temperature (K) 

𝑇𝑜𝑎 Temperature of the Construction’s Exposed Side [K] 

𝑇𝑜𝑎(𝑡) Ambient Air Temperature at 𝑡𝑡ℎ hour [K] 

𝑇′ Corresponds to the WBT or DBT [K] 
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𝑇𝑆𝐼𝑖𝑛,𝐿𝐿(𝑡) Indoor TSI Value for 𝑡𝑡ℎ Hour to be compared with 𝑇𝑆𝐼𝐿𝐿, if it is 

less than 𝑇𝑆𝐼𝐿𝐿 [°C] 

𝑇𝑆𝐼𝑖𝑛,𝑈𝐿(𝑡) Indoor TSI Value for 𝑡𝑡ℎ Hour to be compared with 𝑇𝑆𝐼𝑈𝐿, if it is 

more than 𝑇𝑆𝐼𝑈𝐿 [°C] 

𝑇𝑆𝐼𝐿 Deviation from Lower TSI Limit [°C] 

𝑇𝑆𝐼𝐿𝐿 Lower Limit of TSI [°C] 

𝑇𝑆𝐼𝑈 Deviation from Upper TSI Limit [°C] 

𝑇𝑆𝐼𝑈𝐿 Upper Limit of TSI [°C] 

𝑢 Casual Source under Consideration [Wh] 

𝑢𝑏𝑑 Upper bound in 𝑑𝑡ℎ dimension 

𝑢𝑑𝑐 Drift Constant 

𝑈 Heat transfer coefficient [W/m2.K] 

𝑈𝑓 Cyclic Flux Transmittance [W/m2.K] 

𝑈𝑗 U Value of 𝑗𝑡ℎ Opaque Surface [W/m2.K] 

𝑈𝑟 U Value of 𝑟𝑡ℎ Transparent Surface [W/m2.K] 

𝑣𝑎 Air Velocity [m/s] 

𝑣𝑖𝑗 Standardized Weight Matrix 

𝑉+ Ideal Solutions 

𝑉− Anti-ideal Solutions 

𝑤𝑗 Entropy Weight of index 𝑗 

𝑥 Space dimension along direction of heat flow [m] 

𝑥𝑖 Location of 𝑖𝑡ℎ Grasshopper in Search Space 
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𝑥𝑖𝑗 Score of the Evaluation Indices 

𝑥𝑖
𝑑 Location of 𝑖𝑡ℎ grasshopper in 𝑑𝑡ℎ dimension in search space 

𝑥𝑗 Location of 𝑗𝑡ℎ Grasshopper in Search Space 

𝑥𝑃𝑆𝑀 Term representing respective coefficients for Perez sky model 

𝑥𝑃𝑆𝑀1
 First term required for calculation of respective 𝑥𝑃𝑆𝑀 coefficient 

for Perez sky model 

𝑥𝑃𝑆𝑀2
 Second term required for calculation of respective 𝑥𝑃𝑆𝑀 

coefficient for Perez sky model 

𝑥𝑃𝑆𝑀3
 Third term required for calculation of respective 𝑥𝑃𝑆𝑀 coefficient 

for Perez sky model 

𝑥𝑃𝑆𝑀4
 Fourth term required for calculation of respective 𝑥𝑃𝑆𝑀 coefficient 

for Perez sky model 

𝑥𝑗
𝑑 Location of 𝑗𝑡ℎ grasshopper in 𝑑𝑡ℎ dimension in search space 

𝑋𝑖 Position of 𝑖𝑡ℎ grasshopper 

𝑋𝑛𝑒𝑎
 𝑛𝑒𝑎

𝑡ℎ Evaluation Index for each Objective 

𝑌 Admittance Factor [W/m2.K] 

𝑍 Zenith angle of sky element 

𝑍𝑠 Zenith angle of sun 

𝑊𝑊𝑅 − 1 WWR for longer façade facing optimum orientation 

𝑊𝑊𝑅 − 2 WWR for shorter façade facing the right side of longer façade in 

the optimum orientation direction 

𝑊𝑊𝑅 − 3 WWR for longer façade opposite to the optimum orientation 
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𝑊𝑊𝑅 − 4 WWR for shorter façade facing the left side of longer façade in the 

optimum orientation direction 

𝑥 Space dimension along direction of heat flow [m] 

  

 Greek letters 

𝛼 Thermal diffusivity [m2/s] 

𝛼𝑎𝑏𝑠𝑗
 Absorptivity of the Surface 

𝛼𝑙𝑟 Learning rate for Q-learning 

∆ Sky Brightness 

∆𝑇𝑚 

Difference between Hourly Mean Outdoor and Indoor 

Temperatures [K] 

∆𝑈𝑅𝐹 Unit response function time step 

𝜀 Sky Clearness Index 

𝛾𝑑𝑓 Discount Factor for Q-learning 

𝜇 Decrement Response Factor 

𝜇𝑗 Decrement Response Factor for 𝑗𝑡ℎ Opaque Surface 

𝜑 Luminance gradation function 

𝜙 Laplace Transform of Heat Flux Function 

𝜙𝑎𝑧 Azimuthal Angle 

𝜙𝑑 Phase Angle for Decrement Factor 

𝜙𝑖𝑎 Laplace Transform of Heat Flux for Indoor Air 

𝜙𝑗ℎ𝑎𝑟𝑚
 Phase Angle for the 𝑗𝑡ℎ Harmonic 
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𝜙𝑜𝑎 Laplace Transform of Heat Flux for Outdoor Air 

𝜙𝑅𝐻 RH [in fraction] 

𝜙Y Phase Angle for Admittance Factor 

𝜌 Density of a Material [kg/m3] 

𝜃 Laplace transform of temperature function 

𝜃𝑎𝑙𝑡 Altitude angle of sky element 

𝜃𝑖𝑛 Angle of Incidence 

𝜃𝑟 Solar Gain Factor for the 𝑟𝑡ℎ Transparent Surface 

𝜃𝑠𝑜𝑙 Solar altitude angle 

𝜒 Arc angle between sky element and the sun 

𝜔 Periodic Fluctuation’s Angular Frequency 

𝜔𝑗ℎ𝑎𝑟𝑚
 Angular Frequency of the Harmonic 

  

 Abbreviations 

AAC Autoclaved Aerated Concrete 

ABC Artificial Bee Colony 

AC Air-conditioner 

ABO African Buffalo Optimization 

ACO Ants Colony Optimization 

AI Artificial Intelligence 

ANN Artificial Neural Network 

BEE Bureau of Energy Efficiency 



xlii 
 

BFA Bacterial Foraging Algorithm 

BESO Building Energy Simulation Optimization 

BESP Building Energy Simulation Program 

BIM Building Information Parametric Model 

BIOA Bio-inspired Optimization Algorithm 

BIS Bureau of Indian Standard 

BO Bat Optimization Algorithm 

CBERD Centre for Building Energy and Research 

CBRI Central Building Research Institute 

CET Corrected Effective Temperature (°C) 

CIBSE Chartered Institute of Building Services Engineers 

CIE International Commission on Illumination 

CO2 Carbon Dioxide 

CS Cuckoo Search Algorithm 

DBT Dry Bulb Temperature [K] 

DE Differential Evolution 

ECBC Energy Conservation Building Code 

EPS Expanded Polystyrene 

ET Effective Temperature (°C) 

FA Firefly Algorithm 

FAR Floor Area Ratio 

FRP Fiber Reinforced Plastic 

GA Genetic Algorithm 
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GANN-BIM GA + ANN + BIM 

GDP Gross Domestic Product 

GFRC Glass Fiber Reinforced Concrete 

GFRG Glass Fiber Reinforced Gypsum 

GOA Grasshopper Optimization Algorithm 

GSO Glowworm Swarm Optimization 

GWO Gray Wolf Optimizer 

HVAC Heating, Ventilation and Air-conditioning 

IDMP International Daylight Monitoring Programme 

IEQ Indoor Environmental Quality 

IS Indian Standard 

ISO International Organization of Standardization 

KH Krill Herd Algorithm 

LCA Life Cycle Assessment 

LCC Life Cycle Cost 

LCEI Life Cycle Environmental Impact 

LEED Leadership in Energy and Environmental Design 

MADM Multiple Attribute Decision Making 

MDF Medium Density Fiberboard 

MFO Moth Flame Optimization 

ML Machine Learning 

MOGA Multi-objective Genetic Algorithm 

MOGOA Multi-objective Grasshopper Optimization Algorithm 
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NFL No Free Lunch 

NIOA Nature-inspired Optimization Algorithm 

NSGA-II Non-dominated Sorting Genetic Algorithm-II 

NSO National Statistical Organization 

PCM Phase Change Material 

PIR Polyisocyanurate 

PMV Predicted Mean Vote 

PPD Predicted Percentage of Dissatisfied (%) 

PSO Particle Swarm Optimization 

PUF Polyurethane Foam 

PV Photovoltaic 

RCC Reinforced Cement Concrete 

ReLU Rectified Linear Unit 

RH Relative Humidity (%) 

RL Reinforcement Learning 

SA Simulated Annealing 

SAD Seasonal Affective Disorder 

SC Shading Coefficient 

SHGC Solar Heat Gain Coefficient 

SSO Sperm Swarm Optimization Algorithm 

TSI Tropical Summer Index (°C) 

UHPC Ultra-High-Performance Concrete 

VAV Variable Airflow Volume 
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VLT Visual Light Transmittance 

WBT Wet Bulb Temperature (°C) 

WWR Window to Wall Ratio 

XPS Extruded Polystyrene 

 

 

 

 

 

 

 

 

 

 

 

 

 




