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 ĶŃĭĭőĴħŌĸŅĶƢ 
 

Abstract 
 The objectives of this research project areȮ1'Ȯto study on direction forȮdeveloping 
vegetable plantation instruments from the concept of biomimicry;Ȯ2'Ȯto design vegetable 
plantation instrument from the concept of biomimicry; and 3'ȮtoȮassess the satisfaction 
with the prototype of vegetable plantation instrument from the concept of biomimicry, 
The samples of this research are 30 people living in the Balloon Houses, Bangkok, 
selected with purposive sampling technique,ȮThe research tools are 2 questionnaires,Ȯ
ThisȮresearch work is aȮquantitative one with data collected andȮanalyzed into 
percentages, means and standard deviations,ȮThe research findings are as follows,Ȯ1'ȮThe 
guidelines for developing vegetable instruments start from the selection of the form of 
the nature before studying on proposition and eliminating certain details,ȮAfterwards, the 
form is designed with factor or principle for designing and the final form is selected,ȮThe 
production process uses 3D printing technology and plastic injection technique,ȮThe 
material is PLA plastic, added with LED lighting system and modular system, 2'ȮThe result 
from the designing of vegetable instrument is that the form inspired by an avocado fruit 

is the most suitable, with the suitability in high level &ὼӶȮ;Ȯ3,9/, S,D,Ȯ;Ȯ0,55',ȮThe form 
has been simplified to be 3 asymmetric ovals that can be piled up together or places 
separately,ȮThe instrument has watering system to ensure that the vegetables will grow, 
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3'ȮIn addition, the result from the evaluation of the satisfaction to the prototype of 
vegetable plantation instrument is that the overall satisfaction towards the instrument 

is in the high level &ὼӶȮ;Ȯ3,69, S,D,Ȯ;Ȯ0,61', 
 
Keyword8 Biomimicry*ȮVegetable Plantation Instrument*ȮThree+dimensionalȮ&3D'ȮPrinting 
 Technology*ȮPolylactic acidȮPlastic*ȮModular system 
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ĪňŗěŃĝƞĺĵŀņĬĺĵėĺŅĴĽŃħĺĔŒĬĔŅĶħņŏĬŇĬĝňĺŇĨȮŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒľƟĔńĭĺńĽħŋŀŋĮĔĶĦƢĪňŗįĸŇĨĕŉŘĬŏıŊŗŀŒĝƟĚŅĬ
ŏŀĚȮľĶŊŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬħƟŅĬĶŃĭĭŐĸŃĔĶŃĭĺĬĔŅĶįĸŇĨȮ&ĮƕĵĺĶĶĦȮĮĬŇĪŅĬŏĨ,Ȯ034.' 
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 ŒĬĭĪėĺŅĴĬňŘȮėĦŃįŌƟĺŇěńĵœħƟĽĶƟŅĚĽĶĶėƢįĸŇĨĳńĦĤƢěŅĔĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮőħĵĬņŏĽĬŀȮȮȮȮȮ
ŒĬħƟŅĬĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢȮěŅĔĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇĶŃħńĭıŊŘĬģŅĬŒĬĽƞĺĬĕŀĚ
ĶŌĮĶƞŅĚŐĸŃĶŌĮĪĶĚĕŀĚĽŇŗĚĴňĝňĺŇĨȮŀňĔĪńŘĚĵńĚĻŉĔļŅĶŌĮŐĭĭįĸŇĨĳńĦĤƢŏħŇĴőħĵĔŅĶĺŇŏėĶŅŃľƢěŋħŏħƞĬȮěŋħħƟŀĵȮ
őŀĔŅĽȮŐĸŃėĺŅĴŏĽňŗĵĚȮĶĺĴĩŉĚŏĪėőĬőĸĵňŐĸŃĺńĽħŋŒĬĔŅĶĽĶƟŅĚĨƟĬŐĭĭȮŏıŊŗŀĽĶƟŅĚĽĶĶėƢŏĮƦĬŀŋĮĔĶĦƢȮȮȮȮȮ
ĮĸŌĔįńĔȮőħĵĔĸŋƞĴŏĮƚŅľĴŅĵȮėŊŀȮĔĸŋƞĴėĬĪňŗĽĬŒěĮĸŌĔįńĔŐĨƞŀŅěĴňıŊŘĬĪňŗěņĔńħȮľĶŊŀĔĸŋƞĴėĬŏĴŊŀĚĪňŗŀŅĻńĵȮȮȮȮ
ŒĬėŀĬőħĴŇŏĬňĵĴĪňŗĴňĕƟŀěņĔńħŏĶŊŗŀĚıŊŘĬĪňŗŐĸŃŐĽĚŐħħĪňŗŒĝƟŒĬĔŅĶĮĸŌĔȮŀňĔĪńŘĚěŅĔĔĶŃŐĽėĬĶńĔĽŋĕĳŅıȮȮȮȮȮ
ŒĬĮƤěěŋĭńĬĪňŗŒĽƞŒěĽŋĕĳŅıĔńĬĴŅĔĕŉŘĬȮĕĦŃĪňŗŀŅľŅĶŏıŊŗŀĽŋĕĳŅıĴňĴŌĸėƞŅĨƞŀĮƖĽŌĚĔĺƞŅȮ6.*...ȮĸƟŅĬĭŅĪȮȮȮȮȮ
ŐĴƟěŃĸħĸĚŏĸŖĔĬƟŀĵěŅĔĽĳŅĺŃŏĻĶļģĔŇěŐĸŃĮƤĠľŅőĶėĨŇħŏĝŊŘŀœĺĶńĽőėőĶĬŅ &COVID+/7'ȮŒĬĮƖĪňŗįƞŅĬĴŅȮ
ŐĨƞĔŖĵńĚĴňıŊŘĬĪňŗŒľƟŏĨŇĭőĨőħĵŏĜıŅŃŒĬīŋĶĔŇěĪňŗĴňėĺŅĴėŇħĽĶƟŅĚĽĶĶėƢȮ&ĴĶĔĨȮĶŀħıŉŗĚėĶŋĤ,Ȯ0342'ȮĞŉŗĚĽŅĴŅĶĩ
ŒĝƟŏĪėőĬőĸĵňĪňŗĴňĶŃĭĭĨƞŅĚȮŕȮŏĕƟŅĴŅėĺĭėŋĴĔĶŃĭĺĬĔŅĶįĸŇĨȮĴňĔŅĶĭĶŇľŅĶěńħĔŅĶıŊĝįńĔĶĺĴĩŉĚĺŇīňĔŅĶ
ŏıŅŃĮĸŌĔŏıŊŗŀŒľƟœħƟįĸįĸŇĨĪňŗĴňėŋĦĳŅıȮĽŃŀŅħȮĮĸŀħĳńĵȮĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĔŅĶŀŋĮőĳėĭĶŇőĳėȮ
ŐĸŃėĺŅĴĽŃħĺĔĽĭŅĵŒĬĔŅĶŒĝƟĝňĺŇĨĵŋėŒľĴƞŒľƟħňĵŇŗĚĕŉŘĬ 

 

2,ȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 
 /, ŏıŊŗŀĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
 0, ŏıŊŗŀŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
 1, ŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
 

3,ȮĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵ 
 /, ĕŀĭŏĕĨħƟŅĬŏĬŊŘŀľŅȮ 
  ĔŅĶĺŇěńĵŒĬėĶńŘĚĬňŘŏĮƦĬĔŅĶĺŇěńĵŏĝŇĚĮĶŇĴŅĦȮ&Quantitative Research'ȮőħĵŏĔŖĭĕƟŀĴŌĸŐĸŃ
ĺŇŏėĶŅŃľƢĨńĺŐĮĶŏĮƦĬėƞŅĶƟŀĵĸŃȮėƞŅŏĜĸňŗĵȮŐĸŃėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬ 
 0, ĕŀĭŏĕĨħƟŅĬıŊŘĬĪňŗȮ 
  ŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĽƞĺĬȮĽƞĺĬŐĶĔŏĮƦĬĔŅĶĮĶŃŏĴŇĬĶŌĮŐĭĭŐĸŃįĸŇĨĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮėŊŀȮ
ĽŅĕŅĺŇĝŅŀŀĔŐĭĭįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴȮėĦŃĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňȮ
ĶŅĝĴĚėĸĔĶŋĚŏĪıȮŐĸŃĽƞĺĬĪňŗĽŀĚŏĮƦĬıŊŘĬĪňŗŒĬĔŅĶĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮėŊŀȮ
ľƟŀĚıńĔĭƟŅĬĭŀĸĸŌĬȮĩĬĬıĶŃĶŅĴȮ0ȮŐĕĺĚŐĽĴħņȮŏĕĨĭŅĚĕŋĬŏĪňĵĬȮĔĶŋĚŏĪıĴľŅĬėĶȮȮ 
 1, ĕŀĭŏĕĨħƟŅĬĔŅĶŀŀĔŐĭĭȮ 
  ŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮěņĬĺĬȮ/ȮĝŋħȮ 
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 2, ĕŀĭŏĕĨħƟŅĬĮĶŃĝŅĔĶŐĸŃĔĸŋƞĴĨńĺŀĵƞŅĚ 
  2,/ ĮĶŃĝŅĔĶȮėŊŀȮįŌƟıńĔŀŅĻńĵŒĬľƟŀĚıńĔĭƟŅĬĭŀĸĸŌĬȮĩĬĬıĶŃĶŅĴȮ0ȮŐĕĺĚŐĽĴħņȮŏĕĨĭŅĚ
ĕŋĬŏĪňĵĬȮĔĶŋĚŏĪıĴľŅĬėĶȮȮ 
  2,0 ĔĸŋƞĴĨńĺŀĵƞŅĚȮėŊŀȮįŌƟıńĔŀŅĻńĵŒĬľƟŀĚıńĔĭƟŅĬĭŀĸĸŌĬȮĩĬĬıĶŃĶŅĴȮ0ȮŐĕĺĚŐĽĴħņȮȮȮȮȮ
ŏĕĨĭŅĚĕŋĬŏĪňĵĬȮĔĶŋĚŏĪıĴľŅĬėĶȮěņĬĺĬȮ3.ȮėĬȮőħĵĔŅĶĽŋƞĴŐĭĭŏěŅŃěĚȮ&Purposive sampling' 
 3, ĨńĺŐĮĶĪňŗĻŉĔļŅ 
  5,1 ĨńĺŐĮĶĨƟĬȮėŊŀȮĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
  3,0 ĨńĺŐĮĶĨŅĴȮėŊŀȮįĸĔŅĶĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħȮȮȮ
ĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
 6. ĔĶŀĭŐĬĺėŇħŒĬĔŅĶĺŇěńĵ 
  6./ ĔĶŀĭŐĬĺėŇħĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕƟŀĪňŗȮ/ȮŏıŊŗŀĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅŀŋĮĔĶĦƢĮĸŌĔįńĔ
ěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮėĦŃįŌƟĺŇěńĵĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅȮ1ȮħƟŅĬȮŏıŊŗŀĬņĴŅŒĝƟŒĬĔŅĶ
ıńĥĬŅŀŋĮĔĶĦƢĮĸŌĔįńĔȮœħƟŐĔƞȮ/'ȮħƟŅĬĔŅĶĻŉĔļŅŐĶĚĭńĬħŅĸŒěěŅĔĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮ0'ȮħƟŅĬ
ĔŅĶĻŉĔļŅŏĪėőĬőĸĵňŐĸŃĺńĽħŋŒĬĔŅĶĽĶƟŅĚĨƟĬŐĭĭȮŐĸŃȮ1'ȮħƟŅĬĔŅĶĻŉĔļŅĶŌĮŐĭĭįĸŇĨĳńĦĤƢŏħŇĴőħĵĔŅĶ
ĺŇŏėĶŅŃľƢěŋħŏħƞĬȮěŋħħƟŀĵȮőŀĔŅĽȮŐĸŃėĺŅĴŏĽňŗĵĚȮ&ĪĶĚĺŋĥŇȮŏŀĔĺŋĥŇĺĚĻŅ*Ȯ0336' 
  6.2 ĔĶŀĭŐĬĺėŇħĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕƟŀĪňŗȮ0ȮŏıŊŗŀŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶȮȮȮȮȮ
ĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮŒĝƟĔĶŀĭŐĬĺėŇħĮƤěěńĵıŊŘĬģŅĬŒĬĔŅĶıŇěŅĶĦŅĽĶƟŅĚĽĶĶėƢįĸĚŅĬŏĝŇĚŀŋĨĽŅľĔĶĶĴĕŀĚȮ
ĺńĝĶŇĬĪĶƢȮěĶŋĚěŇĨĽŋĬĪĶȮ&0326'ȮŏıŊŗŀŒĝƟŏĮƦĬŏĔĦĤƢŒĬĔŅĶėńħŏĸŊŀĔĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮěņĬĺĬȮ3ȮħƟŅĬȮ
œħƟŐĔƞȮ/'ȮħƟŅĬľĬƟŅĪňŗŒĝƟĽŀĵȮ&Function'Ȯ0'ȮħƟŅĬėĺŅĴĽĺĵĚŅĴĬƞŅŒĝƟȮ&Aesthetics'Ȯ1'ȮħƟŅĬėĺŅĴ
ĽŃħĺĔĽĭŅĵŒĬĔŅĶŒĝƟȮ&Ergonomics'Ȯ2'ȮħƟŅĬėĺŅĴĮĸŀħĳńĵȮ&Safety'ȮŐĸŃȮ3'ȮħƟŅĬĺńĽħŋŐĸŃĔĶĶĴĺŇīň
ĔŅĶįĸŇĨȮ&Materials and Production' 
  6.3 ĔĶŀĭŐĬĺėŇħĨŅĴĺńĨĩŋĮĶŃĽĚėƢĕƟŀĪňŗȮ1ȮŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢ
ĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮŒĝƟĔĶŀĭŐĬĺėŇħĮƤěěńĵıŊŘĬģŅĬŒĬĔŅĶıŇěŅĶĦŅĽĶƟŅĚĽĶĶėƢ
įĸĚŅĬŏĝŇĚŀŋĨĽŅľĔĶĶĴĕŀĚȮĺńĝĶŇĬĪĶƢȮěĶŋĚěŇĨĽŋĬĪĶȮ&0326'ȮŏıŊŗŀŒĝƟŏĮƦĬŏĔĦĤƢŒĬĔŅĶĮĶŃŏĴŇĬėĺŅĴıŉĚ
ıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮěņĬĺĬȮ2ȮħƟŅĬȮœħƟŐĔƞȮ/'ȮħƟŅĬľĬƟŅĪňŗŒĝƟĽŀĵȮ0'ȮħƟŅĬėĺŅĴĽĺĵĚŅĴĬƞŅŒĝƟȮ1'Ȯ
ħƟŅĬėĺŅĴĽŃħĺĔĽĭŅĵŒĬĔŅĶŒĝƟȮŐĸŃȮ2'ȮħƟŅĬėĺŅĴĮĸŀħĳńĵ 
 

4, ĺŇīňħņŏĬŇĬĔŅĶĺŇěńĵ 
 /, ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĺŇěńĵ 
  ėĦŃįŌƟĺŇěńĵŒĝƟŐĭĭĽŀĭĩŅĴȮ&Questionnaire'ȮŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮĞŉŗĚĴň
ĔŅĶĨĶĺěĽŀĭėŋĦĳŅıŏėĶŊŗŀĚĴŊŀěŅĔįŌƟĪĶĚėŋĦĺŋĥŇĪňŗĴňėĺŅĴŏĝňŗĵĺĝŅĠħƟŅĬĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢŐĸŃ
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ħƟŅĬĔŅĶĺńħŐĸŃĮĶŃŏĴŇĬįĸȮěņĬĺĬȮ1ȮėĬȮőħĵĔŅĶľŅėƞŅėĺŅĴŏĪňŗĵĚĨĶĚĕŀĚŐĭĭĽŀĭĩŅĴȮ&Index of 
item Objective Congruence* IOC'ȮįĸĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŏĪňŗĵĚĨĶĚĕŀĚŐĭĭĽŀĭĩŅĴȮĴňėƞŅėĺŅĴ
ŏĪňŗĵĚĨĶĚȮ.,45+/,..ȮĞŉŗĚŏĔŇĬŏĔĦĤƢȮ.,3.ȮĩŊŀĺƞŅŒĝƟœħƟȮĞŉŗĚŐĭĭĽŀĭĩŅĴĪňŗŒĝƟȮěņĬĺĬȮ0ȮĜĭńĭȮœħƟŐĔƞ 
  /,/ ŐĭĭĽŀĭĩŅĴĮĶŃŏĴŇĬĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮ
ĮĶŃŏĴŇĬěŅĔįŌƟĪĶĚėŋĦĺŋĥŇĪňŗĴňėĺŅĴŏĝňŗĵĺĝŅĠŐĸŃĴňĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĪņĚŅĬĴŅĔĔĺƞŅȮ/.ȮĮƖȮĕŉŘĬœĮȮ
ěņĬĺĬȮ3ȮėĬȮœħƟŐĔƞȮįŌƟĪĶĚėŋĦĺŋĥŇħƟŅĬĽŅĕŅĺŇĝŅŀŀĔŐĭĭįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴȮěņĬĺĬȮ0ȮėĬȮħƟŅĬ
ĽŅĕŅĝňĺĺŇĪĵŅȮěņĬĺĬȮ0ȮėĬȮŐĸŃħƟŅĬĽŅĕŅĺŇĝŅĲƕĽŇĔĽƢȮěņĬĺĬȮ/ȮėĬȮőħĵŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĨŀĬȮħńĚĬňŘ 
   /,/,/ ĨŀĬĪňŗȮ/ȮŏĮƦĬŐĭĭĽŀĭĩŅĴėĺŅĴŏľĴŅŃĽĴĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔĪňŗıńĥĬŅŒľĴƞȮ
ěņĬĺĬȮ3ȮħƟŅĬȮœħƟŐĔƞȮ/'ȮħƟŅĬľĬƟŅĪňŗŒĝƟĽŀĵȮ0'ȮħƟŅĬėĺŅĴĽĺĵĚŅĴĬƞŅŒĝƟȮ1'ȮħƟŅĬėĺŅĴĽŃħĺĔĽĭŅĵŒĬ
ĔŅĶŒĝƟȮ2'ȮħƟŅĬėĺŅĴĮĸŀħĳńĵȮŐĸŃȮ3'ȮħƟŅĬĺńĽħŋŐĸŃĔĶĶĴĺŇīňĔŅĶįĸŇĨȮĸńĔļĦŃŐĭĭĽŀĭĩŅĴŏĮƦĬŐĭĭ
ĴŅĨĶŅĽƞĺĬĮĶŃŏĴŇĬėƞŅȮ3ȮĶŃħńĭȮ&Rating scale'ȮĨŅĴĺŇīňĕŀĚĸŇŏėŇĶƢĪȮ&Likert'Ȯ&īŅĬŇĬĪĶƢȮĻŇĸĮƝěŅĶŋ*Ȯ2541'Ȯ 
   /,/,0 ĨŀĬĪňŗȮ0ȮŏĮƦĬŐĭĭĽŀĭĩŅĴėĺŅĴėŇħŏľŖĬŐĸŃĕƟŀŏĽĬŀŐĬŃĕŀĚįŌƟĪĶĚėŋĦĺŋĥŇȮ
ĸńĔļĦŃŐĭĭĽŀĭĩŅĴŏĮƦĬŐĭĭĮĸŅĵŏĮƕħȮ&Open ended questions'Ȯ 
  /,0 ŐĭĭĽŀĭĩŅĴĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬ
īĶĶĴĝŅĨŇȮĮĶŃŏĴŇĬěŅĔĔĸŋƞĴĨńĺŀĵƞŅĚȮěņĬĺĬȮ1.ȮėĬȮőħĵŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĨŀĬȮħńĚĬňŘ 
   /,0,/ ĨŀĬĪňŗȮ/ȮŏĮƦĬŐĭĭĽŀĭĩŅĴĕƟŀĴŌĸĽĩŅĬĳŅıĪńŗĺœĮĕŀĚĔĸŋƞĴĨńĺŀĵƞŅĚȮĸńĔļĦŃ
ŐĭĭĽŀĭĩŅĴŏĮƦĬŐĭĭĨĶĺěĽŀĭĶŅĵĔŅĶȮ&Check List'  
   /,0,0 ĨŀĬĪňŗȮ0ȮŏĮƦĬŐĭĭĽŀĭĩŅĴėĺŅĴıŉĚıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔŒĬŐĨƞĸŃħƟŅĬȮ
ěņĬĺĬȮ2ȮħƟŅĬȮœħƟŐĔƞȮ/'ȮħƟŅĬľĬƟŅĪňŗŒĝƟĽŀĵȮ0'ȮħƟŅĬėĺŅĴĽĺĵĚŅĴĬƞŅŒĝƟȮ1'ȮħƟŅĬėĺŅĴĽŃħĺĔĽĭŅĵŒĬ
ĔŅĶŒĝƟȮŐĸŃȮ2'ȮħƟŅĬėĺŅĴĮĸŀħĳńĵȮĸńĔļĦŃŐĭĭĽŀĭĩŅĴŏĮƦĬŐĭĭĴŅĨĶŅĽƞĺĬĮĶŃŏĴŇĬėƞŅȮ3ȮĶŃħńĭȮ 
   /,0,1 ĨŀĬĪňŗȮ1ȮŏĮƦĬŐĭĭĽŀĭĩŅĴėĺŅĴėŇħŏľŖĬŐĸŃĕƟŀŏĽĬŀŐĬŃĕŀĚĔĸŋƞĴĨńĺŀĵƞŅĚȮ
ĸńĔļĦŃŐĭĭĽŀĭĩŅĴŏĮƦĬŐĭĭĮĸŅĵŏĮƕħ 
 0, ĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸ 
  0,/ ĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĪŋĨŇĵĳŌĴŇěŅĔĔŅĶĪĭĪĺĬŏŀĔĽŅĶĪŅĚĺŇĝŅĔŅĶŐĸŃĚŅĬĺŇěńĵȮȮȮȮȮȮȮȮ
ĪňŗŏĔňŗĵĺĕƟŀĚȮœħƟŐĔƞȮ/'ȮĔŅĶĸŀĔŏĸňĵĬŐĭĭīĶĶĴĝŅĨŇȮ0'ȮŏĪėőĬőĸĵňŐĸŃĺńĽħŋŒĬĔŅĶĽĶƟŅĚĨƟĬŐĭĭȮ1'ȮĶŌĮŐĭĭ
ĳŅĝĬŃŏıŅŃĮĸŌĔŐĸŃĸńĔļĦŃĔŅĶĮĸŌĔĕŀĚŀŋĮĔĶĦƢŐĭĭŏħŇĴȮĶĺĴĪńŘĚĕƟŀĴŌĸŏıŇŗĴŏĨŇĴȮœħƟŐĔƞȮ2'ȮĪķļġňŐĸŃ
ľĸńĔĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢȮ3'ȮĶŃĭĭœĲĲƚŅŐĸŃĺĚěĶȮŐĸŃȮ4'ȮĔŅĶĵĻŅĽĨĶƢŐĸŃĽńħĽƞĺĬĪňŗŏĔňŗĵĺĕƟŀĚȮȮȮȮȮ
ŏıŊŗŀĬņĴŅĺŇŏėĶŅŃľƢŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶıńĥĬŅŀŋĮĔĶĦƢĮĸŌĔįńĔ 
  0,0 ěŅĔĕƟŀĴŌĸĔŅĶĺŇŏėĶŅŃľƢŐĬĺĪŅĚĔŅĶıńĥĬŅȮėĦŃįŌƟĺŇěńĵħņŏĬŇĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅ
ŀŋĮĔĶĦƢĮĸŌĔįńĔȮěņĬĺĬȮ3ȮĶŌĮŐĭĭȮŐĸƟĺĬņœĮŏĔŖĭĕƟŀĴŌĸěŅĔŐĭĭĽŀĭĩŅĴĮĶŃŏĴŇĬĶŌĮŐĭĭŀŋĮĔĶĦƢȮȮȮȮ
ĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮĞŉŗĚĮĶŃŏĴŇĬėĺŅĴėŇħŏľŖĬěŅĔįŌƟĪĶĚėŋĦĺŋĥŇĪńŘĚȮ3ȮėĬȮŏıŊŗŀĽĶŋĮ
ĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔĪňŗĴňėĺŅĴŏľĴŅŃĽĴĴŅĔĪňŗĽŋħȮĪňŗěŃĬņœĮįĸŇĨŏĮƦĬĨƟĬŐĭĭĨƞŀœĮ 
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  0,1 ĬņĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮœĮŏĔŖĭĕƟŀĴŌĸěŅĔŐĭĭĽŀĭĩŅĴĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒě
ĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮĞŉŗĚĮĶŃŏĴŇĬėĺŅĴėŇħŏľŖĬěŅĔĔĸŋƞĴĨńĺŀĵƞŅĚȮ
ěņĬĺĬȮ1.ȮėĬȮěŅĔĬńŘĬĬņĴŅĺŇŏėĶŅŃľƢĕƟŀĴŌĸŐĸŃĽĶŋĮįĸ 
 1, ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 
  1,/ ėĦŃįŌƟĺŇěńĵĬņĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪĭĪĺĬŏŀĔĽŅĶĪŅĚĺŇĝŅĔŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚȮȮȮȮȮ
ĴŅĮĶŃĵŋĔĨƢŒĝƟŒľƟĴňėĺŅĴŏľĴŅŃĽĴĔńĭĔŅĶıńĥĬŅŀŋĮĔĶĦƢĮĸŌĔįńĔȮŏĶŇŗĴěŅĔĔŅĶĮĶŃĵŋĔĨƢĺŇīňĔŅĶĸŀĔŏĸňĵĬ
īĶĶĴĝŅĨŇŏıŊŗŀŒľƟœħƟĴŅĞŉŗĚĶŌĮĪĶĚȮĔŅĶŒĝƟĺńĽħŋŐĸŃŏĪėőĬőĸĵňĔŅĶįĸŇĨĪňŗĴňėĺŅĴŏľĴŅŃĽĴȮĔŅĶĻŉĔļŅĶŌĮŐĭĭ
įĸŇĨĳńĦĤƢŏħŇĴŏıŊŗŀĬņěŋħŏħƞĬĴŅĮĶŃĵŋĔĨƢŒĝƟȮĔŅĶĨƞŀĶŃĭĭœĲĲƚŅŐĸŃĺĚěĶŏıŊŗŀŒľƟŏĔŇħėĺŅĴĮĸŀħĳńĵȮ
ĶĺĴĪńŘĚĕĬŅħĽńħĽƞĺĬŒľƟĽŅĴŅĶĩŒĝƟĚŅĬœħƟŀĵƞŅĚĽŃħĺĔȮĞŉŗĚĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮĕƟŀĴŌĸħƟĺĵĔŅĶŏĶňĵĭŏĶňĵĚȮȮȮȮ
ŏĝŇĚĭĶĶĵŅĵıĶĶĦĬŅ 
  1,0 ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔŐĭĭĽŀĭĩŅĴĮĶŃŏĴŇĬĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶ
ĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮŏıŊŗŀĽĶŋĮĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔĪňŗĴňėĺŅĴŏľĴŅŃĽĴĴŅĔĪňŗĽŋħȮŒĬĔŅĶĬņœĮįĸŇĨŏĮƦĬ
ĨƟĬŐĭĭěĶŇĚȮŐĭƞĚĔŅĶĺŇŏėĶŅŃľƢŀŀĔŏĮƦĬȮ0ȮĨŀĬȮħńĚĬňŘ 
   1,0,/ ĨŀĬĪňŗȮ/ȮĺŇŏėĶŅŃľƢőħĵľŅėƞŅŏĜĸňŗĵŐĸŃėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬŒĬŐĨƞĸŃħƟŅĬȮ
ĔņľĬħŏĔĦĤƢĔŅĶŐĮĸėĺŅĴľĴŅĵŏıŊŗŀěńħĶŃħńĭėƞŅŏĜĸňŗĵŀŀĔŏĮƦĬĝƞĺĚĪńŘĚľĴħȮ3ȮĝƞĺĚȮėŊŀȮ4,50+5,00 
ľĴŅĵĩŉĚȮĴŅĔĪňŗĽŋħȮ3,50+4,49 ľĴŅĵĩŉĚȮĴŅĔȮ2,50+3,49 ľĴŅĵĩŉĚȮĮŅĬĔĸŅĚȮ1,50+2,49 ľĴŅĵĩŉĚȮĬƟŀĵȮ
1,00+1,49 ľĴŅĵĩŉĚȮĬƟŀĵĪňŗĽŋħȮ&īŅĬŇĬĪĶƢȮĻŇĸĮƝěŅĶŋ* 2541' 
   1,0,0 ĨŀĬĪňŗȮ0ȮĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸŏĝŇĚĭĶĶĵŅĵıĶĶĦĬŅȮŏıŊŗŀĮĶńĭĮĶŋĚĶŌĮŐĭĭ
ŀŋĮĔĶĦƢĮĸŌĔįńĔ 
  1,1 ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŅĔŐĭĭĽŀĭĩŅĴĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔ
ěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇőħĵĔĸŋƞĴĨńĺŀĵƞŅĚȮŐĭƞĚĔŅĶĺŇŏėĶŅŃľƢŀŀĔŏĮƦĬȮ1ȮĨŀĬȮħńĚĬňŘ 
   1,1,/ ĨŀĬĪňŗȮ/ȮĺŇŏėĶŅŃľƢőħĵĔŅĶľŅėƞŅĶƟŀĵĸŃĕŀĚĽĩŅĬĳŅıĪńŗĺœĮŐĨƞĸŃĕƟŀ 
   1,1,0 ĨŀĬĪňŗȮ0ȮĺŇŏėĶŅŃľƢőħĵľŅėƞŅŏĜĸňŗĵŐĸŃėƞŅĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬŒĬŐĨƞĸŃħƟŅĬȮ
ĔņľĬħŏĔĦĤƢĔŅĶŐĮĸėĺŅĴľĴŅĵŏıŊŗŀěńħĶŃħńĭėƞŅŏĜĸňŗĵŀŀĔŏĮƦĬĝƞĺĚĪńŘĚľĴħȮ3ȮĝƞĺĚȮ&ĕƟŀȮ1,0,/' 
   1,1,1 ĨŀĬĪňŗȮ1ȮĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸŏĝŇĚĭĶĶĵŅĵıĶĶĦĬŅȮŏıŊŗŀĬņœĮĮĶńĭĮĶŋĚĔŅĶĺŇěńĵ
ėĶńŘĚĨƞŀœĮ 

 

5,Ȯ ĮĶŃőĵĝĬƢĕŀĚĔŅĶĺŇěńĵ 
 1. œħƟĪĶŅĭŐĬĺĪŅĚĔŅĶıńĥĬŅŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮĞŉŗĚĽŅĴŅĶĩ
ĬņĔĶŃĭĺĬĔŅĶĪňŗœħƟœĮĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢĮĶŃŏĳĪŀŊŗĬȮŕȮœħƟ 
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 2. œħƟĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮĪňŗĴňėĺŅĴŐĨĔĨƞŅĚěŅĔ
įĸŇĨĳńĦĤƢĮĶŃŏĳĪŏħňĵĺĔńĬŒĬĪƟŀĚĨĸŅħ 
 1, œħƟĪĶŅĭėĺŅĴėŇħŏľŖĬĕŀĚįŌƟĭĶŇőĳėĪňŗĴňĨƞŀĨƟĬŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬ
īĶĶĴĝŅĨŇȮŏıŊŗŀĔŅĶıńĥĬŅŐĸŃŐĔƟœĕŒĬŀĬŅėĨĨƞŀœĮ 

 
6,ȮįĸĔŅĶĺŇěńĵ 
 /, įĸĔŅĶĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
  /,/ įĸĔŅĶĻŉĔļŅŐĶĚĭńĬħŅĸŒěěŅĔĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇȮŐĬĺėŇħĔŅĶŀŀĔŐĭĭĪňŗœħƟŐĶĚ
ĭńĬħŅĸŒěĪŅĚĝňĺĳŅıȮ&BiologicallyȮinspired design'ȮħƟĺĵĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇľĶŊŀĝňĺĸŀĔŏĸňĵĬȮ
&Biomimicry'ȮŏĮƦĬĮĶŃŏĳĪľĬŉŗĚĕŀĚĔŅĶŀŀĔŐĭĭĪňŗœħƟĶńĭŐĶĚĭńĬħŅĸŒěĪŅĚĝňĺĳŅı ĮƤěěńĵĽņėńĠĪňŗĪņŒľƟĔŅĶ
ĸŀĔŏĸňĵĬŐĭĭŐĨĔĨƞŅĚěŅĔŐĬĺĪŅĚĔŅĶŀŀĔŐĭĭĪňŗœħƟĶńĭŐĶĚĭńĬħŅĸŒěĪŅĚĝňĺĳŅıŀŊŗĬȮŕȮėŊŀȮŏĮƦĬĔŅĶ
ŏĸňĵĬŐĭĭĽŇŗĚĴňĝňĺŇĨŒĬīĶĶĴĝŅĨŇŐĸƟĺĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĚŅĬŀŀĔŐĭĭȮĻŇĸĮŃȮŐĸŃĬĺńĨĔĶĶĴĨƞŅĚȮŕȮȮĪňŗĴň
ŏŀĔĸńĔļĦƢȮľĶŊŀŏıŊŗŀŐĔƟœĕőěĪĵƢĮƤĠľŅŒĬĔŅĶħņŏĬŇĬĝňĺŇĨȮ&ĝŅėĶŇĨȮĬŇĸĻŅĽĨĶƢ*Ȯ0337'ȮŏĮƦĬĻŅĽĨĶƢȮȮȮıľŋ
ĽŅĕŅľĶŊŀĽľĺŇĪĵŅĔŅĶȮ&Interdisciplinary'ȮŏĬƟĬĻŉĔļŅŒĬĶŃħńĭıŊŘĬģŅĬėŊŀĶŌĮŐĭĭľĶŊŀĶŌĮĪĶĚȮ&Shape 
and form'ȮĨƞŀĴŅėŊŀĶŃħńĭĔĶŃĭĺĬĔŅĶĪņĚŅĬȮ&Process'ȮŐĸŃĶŃħńĭĽŋħĪƟŅĵėŊŀĶŃĭĭĬŇŏĺĻȮ
&Ecosystem'ȮŒĬīĶĶĴĝŅĨŇȮ&Benyus* J,*Ȯ2002'ȮŏıŊŗŀĪňŗěŃŏĶňĵĬĶŌƟĔĸĵŋĪīƢľĶŊŀĺŇīňŒĬĔŅĶŐĔƟĮƤĠľŅĕŀĚ
īĶĶĴĝŅĨŇȮĪňŗĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĴňėĺŅĴĵńŗĚĵŊĬĨƞŀĽŇŗĚŐĺħĸƟŀĴȮĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇĩŊŀĺƞŅŏĮƦĬľĬŉŗĚŒĬ
ŐĬĺĪŅĚĽņėńĠĕŀĚĔŅĶŀŀĔŐĭĭŏıŊŗŀėĺŅĴĵńŗĚĵŊĬȮ&Sustainable design'Ȯ&ŏıĝĶȮĴőĬĮĺŇĨĶ*Ȯ034/' 
  ĺŇīňĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇĴňȮ0ȮĺŇīňȮĺŇīňŐĶĔŏĶŇŗĴĨƟĬěŅĔėĺŅĴĨƟŀĚĔŅĶȮľĶŊŀĔŅĶĔņľĬħĸńĔļĦŃ
ĮƤĠľŅĪňŗĨƟŀĚĔŅĶŐĔƟœĕȮĺŇīňĔŅĶĬňŘěŃĨƟŀĚĺŇŏėĶŅŃľƢĮƤĠľŅŀŀĔĴŅŒľƟĝńħŏěĬȮěŅĔĬńŘĬıĵŅĵŅĴľŅĽŇŗĚĴňĝňĺŇĨĪňŗĴň
ĮƤĠľŅŒĬĸńĔļĦŃėĸƟŅĵėĸŉĚĔńĬȮŏıŊŗŀŏĸňĵĬŐĭĭĺŇīňĔŅĶĪŅĚĝňĺĳŅıěŅĔĽŇŗĚĴňĝňĺŇĨĬńŘĬȮĨƞŀĴŅěŉĚĪņĔŅĶĪħĸŀĚȮ
ĺŇŏėĶŅŃľƢȮŐĸŃĽĶŋĮŏĮƦĬĺŇīňĔŅĶŐĔƟœĕĮƤĠľŅȮĽƞĺĬĺŇīňĪňŗĽŀĚŏĔŇħĕŉŘĬěŅĔĔŅĶėƟĬıĭĕƟŀĴŌĸĪŅĚīĶĶĴĝŅĨŇĕŀĚ
ĬńĔĺŇĪĵŅĻŅĽĨĶƢȮěĬŏĔŇħŀĚėƢėĺŅĴĶŌƟŐĸŃėĺŅĴŏĕƟŅŒěŒĬĔĸœĔľĶŊŀĶŌĮŐĭĭĔŅĶĮĶńĭĨńĺĕŀĚĽŇŗĚĴňĝňĺŇĨȮȮȮȮȮȮȮȮȮ
ĞŉŗĚĔĸŅĵĴŅŏĮƦĬŐĶĚĭńĬħŅĸŒěŒľƟıńĥĬŅŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŒľĴƞȮŕȮŒĬĮƤěěŋĭńĬȮ&ħńĚĨŅĶŅĚĪňŗȮ/'ȮȮȮȮȮ
&ŏĨŖĴĽŇĶŇȮľĺńĚĪĺňĪĶńıĵƢ*Ȯ034/'Ȯ 
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ĨŅĶŅĚȮ/ȮŐĽħĚĺŇīňĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇŒĬŐĨƞĸŃĕńŘĬĨŀĬ 

ĕńŘĬĨŀĬ
Īňŗ 

ĺŇīňĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
ĺŇīňĪňŗȮ /ȮĔŅĶŀŀĔŐĭĭĪňŗŏĶŇŗĴěŅĔĮƤĠľŅ 
&ŏĨŖĴĽŇĶŇȮľĺńĚĪĺňĪĶńıĵƢȮ*034.' 

ĺŇīňĪňŗȮ 0ȮĔŅĶŀŀĔŐĭĭĪňŗœħƟĶńĭŐĶĚĭńĬħŅĸŒěĪŅĚĝňĺĳŅıȮ
&ħńħŐĮĸĚěŅĔȮAziz, M,S,Ȯ&ȮEl Sherif, A,Y,*0./6' 

1 ĔņľĬħĸńĔļĦŃĮƤĠľŅľĶŊŀėĺŅĴĨƟŀĚĔŅĶ ŏĸŊŀĔĨńĺŀĵƞŅĚŐĶĚĭńĬħŅĸŒěěŅĔīĶĶĴĝŅĨŇ 
0 ĴŀĚľŅĽŇŗĚĴňĝňĺŇĨĪňŗĴňĸńĔļĦŃėĸƟŅĵėĸŉĚĔńĬ ĺŇŏėĶŅŃľƢĔĸœĔĶŌĮŐĭĭŐĸŃĔŅĵĺŇĳŅėĕŀĚĨńĺŀĵƞŅĚīĶĶĴĝŅĨŇ 
1 ĺŇŏėĶŅŃľƢľĸńĔĔŅĶĪňŗĽŇŗĚĴňĝňĺŇĨŒĝƟŐĔƟĮƤĠľŅ ĺŇŏėĶŅŃľƢľĸńĔĔŅĶŏıŊŗŀľŅŐĬĺĪŅĚĔŅĶıńĥĬŅ 
2 ĪņĔŅĶĪħĸŀĚŐĸŃĺŇŏėĶŅŃľƢ ıńĥĬŅŐĸŃĪħĽŀĭŐĬĺėŇħ 
3 ĽĶŋĮŐĸŃŀŀĔŐĭĭĺŇīňĔŅĶŐĔƟœĕĮƤĠľŅ ĽĶŋĮŐĸŃŀŀĔŐĭĭĨŅĴľĸńĔĔŅĶ 

ĪňŗĴŅȮ8ȮŏĨŖĴĽŇĶŇȮľĺńĚĪĺňĪĶńıĵƢȮ&034.'ȮŐĸŃħńħŐĮĸĚěŅĔȮAziz, M,S,Ȯ&ȮEl Sherif, A,Y,Ȯ&0./6' 
 
  ŒĬĚŅĬĺŇěńĵĬňŘȮėĦŃįŌƟĺŇěńĵŒĝƟŐĶĚĭńĬħŅĸŒěěŅĔĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇŒĬĶŃħńĭĶŌĮŐĭĭľĶŊŀ
ĶŌĮĪĶĚĞŉŗĚŏĮƦĬĶŃħńĭıŊŘĬģŅĬȮŐĸŃĮĶŃĵŋĔĨƢĕńŘĬĨŀĬŒĬĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇŒĬĺŇīňĪňŗȮ0ȮėŊŀȮĔŅĶŀŀĔŐĭĭ
ĪňŗœħƟĶńĭŐĶĚĭńĬħŅĸŒěĪŅĚĝňĺĳŅıȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮ3ȮĕńŘĬĨŀĬľĸńĔȮ&ħńĚĨŅĶŅĚĪňŗȮ0' 
 
ĨŅĶŅĚȮ0ȮŐĽħĚĔŅĶĮĶŃĵŋĔĨƢĺŇīňĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇŏıŊŗŀŒĝƟŒĬĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢ 
ĕńŘĬĨŀĬ
Īňŗ 

ĔŅĶĮĶŃĵŋĔĨƢĺŇīňĔŅĶ
ĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 

ĶŅĵĸŃŏŀňĵħĕŀĚŐĨƞĸŃĕńŘĬĨŀĬ 

/ 
ĔŅĶŏĸŊŀĔĶŌĮĪĶĚ 
ěŅĔīĶĶĴĝŅĨŇ 

ĶŌĮĪĶĚěŅĔīĶĶĴĝŅĨŇĴňėĺŅĴĚŅĴŏĮƦĬıŊŘĬģŅĬŒĬĔŅĶħŉĚħŌħėĺŅĴĽĬŒěȮĶĺĴĪńŘĚ
ėĺŅĴőħħŏħƞĬľĶŊŀėŋĦĸńĔļĦŃŏĜıŅŃĕŀĚĶŌĮĪĶĚŐĸŃŏĽƟĬĽŅĵĳŅĵĬŀĔěŅĔıŊĝ
ľĶŊŀĽńĨĺƢĝĬŇħĨƞŅĚȮŕȮĞŉŗĚĽŅĴŅĶĩĬņĴŅŏĮƦĬŐĶĚĭńĬħŅĸŒěŏıŊŗŀŒĝƟŒĬĔŅĶŀŀĔŐĭĭ 

0 
ĔŅĶĻŉĔļŅĽńħĽƞĺĬ
ĨƟĬŐĭĭ 

ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĚŅĴĕŀĚĶŌĮĪĶĚĳŅĵĬŀĔěŅĔėŋĦĸńĔļĦŃŏĜıŅŃĪňŗőħħŏħƞĬȮ
œħƟŐĔƞȮŀĚėƢĮĶŃĔŀĭĕŀĚĶŌĮĪĶĚīĶĶĴĝŅĨŇȮ&Composition'ȮĽńħĽƞĺĬĕŀĚĶŌĮĪĶĚ
īĶĶĴĝŅĨŇȮ&Proportion'ȮőėĶĚĽĶƟŅĚĨŅĴīĶĶĴĝŅĨŇȮ&Structure'ȮīĶĶĴĝŅĨŇĕŀĚ
ĽňĽńĬȮ&Color'ȮįŇĺȮĽńĴįńĽȮ&Texture'ȮįŇĺľĶŊŀįĬńĚľƞŀľŋƟĴȮ&Skin'ȮŐĸŃĸĺħĸŅĵľĶŊŀ
ěńĚľĺŃŒĬīĶĶĴĝŅĨŇȮ&PatternȮor Rhythm'ȮŏıŊŗŀŒĝƟŏĮƦĬŐĬĺėŇħĕŀĚŒĬĔŅĶ
ŀŀĔŐĭĭŐĸŃıńĥĬŅĶŌĮĪĶĚŒľĴƞĕŀĚįĸŇĨĳńĦĤƢ 

1 
ĔŅĶŒĝƟŏĪėĬŇė
ĸħĪŀĬĶŅĵĸŃŏŀňĵħ 

ĔŅĶŏĸňĵĬŐĭĭėĺŅĴĚŅĴĕŀĚĶŌĮĪĶĚĳŅĵĬŀĔěŅĔĔŅĶŏĸŊŀĔĸńĔļĦŃŏĜıŅŃĪňŗőħħ
ŏħƞĬȮŒĝƟĔŅĶĽĶƟŅĚĸŅĵŏĽƟĬěŅĔĔŅĶĸħĪŀĬĶŅĵĸŃŏŀňĵħŒľƟĴňėĺŅĴŏĶňĵĭĚƞŅĵȮħƟĺĵ
ĔŅĶĨńħĪŀĬŏĮƦĬĶŌĮĪĶĚŏĶĕŅėĦŇĨľĶŊŀĶŌĮĪĶĚŀŇĽĶŃȮŏıŊŗŀŒľƟŏľĸŊŀŐĨƞŏĽƟĬĽŅĵľĸńĔ
ŐĸŃŏĮƦĬŀĚėƢĮĶŃĔŀĭĽņėńĠĕŀĚĽńħĽƞĺĬĶŌĮĪĶĚŏľĸƞŅĬńŘĬȮŐĨƞĵńĚėĚėĺŅĴľĴŅĵ
ŐĸŃĶŌĮĸńĔļĦƢőħĵĶĺĴěŅĔĶŌĮĪĶĚĨƟĬŐĭĭ 

2 ĔŅĶŀŀĔŐĭĭĶŌĮĪĶĚ 
ĔŅĶŏıŇŗĴľĶŊŀĸħŀĚėƢĮĶŃĔŀĭĨƞŅĚȮŕȮĕŀĚĶŌĮĪĶĚĪňŗĸħĪŀĬĶŅĵĸŃŏŀňĵħȮĬņĴŅĮĶńĭ
ĽńħĽƞĺĬĶĺĴĩŉĚĶŌĮĪĶĚŏıŊŗŀıńĥĬŅĶŌĮŐĭĭȮőħĵėņĬŉĚĩŉĚĮƤěěńĵľĶŊŀľĸńĔŒĬĔŅĶ
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ĕńŘĬĨŀĬ
Īňŗ 

ĔŅĶĮĶŃĵŋĔĨƢĺŇīňĔŅĶ
ĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 

ĶŅĵĸŃŏŀňĵħĕŀĚŐĨƞĸŃĕńŘĬĨŀĬ 

ħƟĺĵĮƤěěńĵľĶŊŀľĸńĔ
ŒĬĔŅĶŀŀĔŐĭĭ 

ŀŀĔŐĭĭįĸŇĨĳńĦĤƢħƟŅĬĮĶŃőĵĝĬƢŒĝƟĽŀĵȮŏĮƦĬŀńĬħńĭŐĶĔȮĶƞĺĴĔńĭĮƤěěńĵľĶŊŀ
ľĸńĔĔŅĶŀŀĔŐĭĭħƟŅĬŀŊŗĬȮŕȮŏĝƞĬȮėĺŅĴĽŃħĺĔĽĭŅĵŒĬĔŅĶŒĝƟȮĺńĽħŋŐĸŃĔĶĶĴĺŇīň
įĸŇĨȮėĺŅĴĮĸŀħĳńĵȮėĺŅĴŐĕŖĚŐĶĚėĚĪĬȮŏĮƦĬĨƟĬ 

3 
ĔŅĶŏĸŊŀĔŐĭĭĕńŘĬ
ĽŋħĪƟŅĵ 

ĔŅĶŒĝƟėŀĴıŇĺŏĨŀĶƢĔĶŅĲƕĔȮ0ȮŐĸŃȮ1ȮĴŇĨŇȮŏĕƟŅĴŅĝƞĺĵŒĬĔŅĶŀŀĔŐĭĭĶŌĮĪĶĚ
ĶĺĴĩŉĚĶŅĵĸŃŏŀňĵħĝŇŘĬĽƞĺĬĨƞŅĚȮŕȮŏıŊŗŀĝƞĺĵŒĬėņĬĺĦľĶŊŀĔŅĶľŅĽńħĽƞĺĬĪňŗĴň
ėĺŅĴŏľĴŅŃĽĴľĶŊŀĕƟŀěņĔńħĪňŗŀŅěĽƞĚįĸĔĶŃĪĭĨƞŀįĸŇĨĳńĦĤƢȮĶĺĴĪńŘĚĸńĔļĦŃ
ĔŅĶŒĝƟĚŅĬŐĸŃėĺŅĴŏľĴŅŃĽĴĕŀĚĽĳŅıŐĺħĸƟŀĴĪňŗėŅħĺƞŅěŃĬņįĸŇĨĳńĦĤƢœĮŒĝƟ
ŒĬĸńĔļĦŃĳŅıĬņŏĽĬŀįĸĚŅĬŀŀĔŐĭĭȮŏıŊŗŀĮĶŃŏĴŇĬėńħŏĸŊŀĔĶŌĮŐĭĭĪňŗĴňėĺŅĴ
ŏľĴŅŃĽĴĴŅĔĪňŗĽŋħȮŐĸƟĺĬņœĮįĸŇĨŏĮƦĬĨƟĬŐĭĭįĸŇĨĳńĦĤƢ 

ĪňŗĴŅ8ȮĽĴĝŅĵȮħŇļģŅĳĶĦƢȮŐĸŃėĦŃȮ&0343' 
 
  ĨńĺŀĵƞŅĚĔŅĶĮĶŃĵŋĔĨƢĺŇīňĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇŏıŊŗŀŒĝƟŒĬĔŅĶŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮœħƟĶńĭ
ŐĶĚĭńĬħŅĸŒěěŅĔįĸŀŃőĺėŅőħȮ&Avocado'ȮįĸœĴƟĪňŗĴňĸńĔļĦŃĶŌĮĪĶĚėĸƟŅĵĺĚĶňȮŏĮĸŊŀĔĳŅĵĬŀĔĽňŏĕňĵĺ
įŇĺĽńĴįńĽĕĶŋĕĶŃȮŏĬŊŘŀĳŅĵŒĬĴňĽňŏĕňĵĺŀŀĔŏľĸŊŀĚȮĴňŏĴĸŖħħƟŅĬŒĬŏĴĸŖħŏħňĵĺȮėĦŃįŌƟĺŇěńĵěŉĚĬņĸńĔļĦŃĕŀĚ
ĶŌĮĪĶĚĕŀĚįĸŀŅőĺėŅőħĪňŗĴňėĺŅĴőħħŏħƞĬȮŏĮƦĬŐĬĺėŇħŒĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅĶŌĮĪĶĚŒľĴƞȮħƟĺĵĔŅĶ
ĨńħĪŀĬŒľƟŏĮƦĬĺĚĶňŐĭĭœĴƞĽĴħŋĸľĶŊŀœĴƞĽĴĴŅĨĶȮĶĺĴĪńŘĚĕĵŅĵĽƞĺĬŏĴĸŖħŒľƟĵŅĺĕŉŘĬŏıŊŗŀĶńĭĔńĭĶŌĮĪĶĚ
ĳŅĵĬŀĔȮěŅĔĬńŘĬıńĥĬŅĶŌĮŐĭĭőħĵėņĬŉĚĩŉĚĮĶŃőĵĝĬƢŒĝƟĽŀĵȮħƟĺĵĔŅĶŏıŇŗĴĝŇŘĬĽƞĺĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĶŃĭĭ
ĔŅĶŒľƟĬŘņȮŐĸŃĴňĕĬŅħĽńħĽƞĺĬĸħľĸńŗĬĔńĬȮěņĬĺĬȮ1ȮĕĬŅħȮĪňŗĽŅĴŅĶĩĺŅĚĞƟŀĬĔńĬľĶŊŀĺŅĚŐĵĔěŅĔĔńĬœħƟȮ
&ħńĚĶŌĮĪňŗȮ/' 
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ĶŌĮĪňŗȮ/Ȯ ŐĽħĚĔŅĶĮĶŃĵŋĔĨƢĺŇīňĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇŒĬĔŅĶŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔŒĬĺŇīňĪňŗȮ0ȮėŊŀȮĔŅĶ

ŀŀĔŐĭĭĪňŗœħƟĶńĭŐĶĚĭńĬħŅĸŒěĪŅĚĝňĺĳŅı 
ĪňŗĴŅȮ8ȮĽĴĝŅĵȮħŇļģŅĳĶĦƢȮŐĸŃėĦŃȮ&0343' 
 
  /,2 įĸĔŅĶĻŉĔļŅŏĪėőĬőĸĵňŐĸŃĺńĽħŋŒĬĔŅĶĽĶƟŅĚĨƟĬŐĭĭȮĔŅĶŒĝƟŏĪėőĬőĸĵňŒĬĔŅĶįĸŇĨ
ŐĭĭŏħŇĴȮĴńĔŏĮƦĬĔĶŃĭĺĬĔŅĶįĸŇĨŐĭĭĸħľĶŊŀĔņěńħŏĬŊŘŀĺńĽħŋŀŀĔȮőħĵĔŅĶĔńħħƟĺĵŏėĶŊŗŀĚěńĔĶľĶŊŀ
ŐĔŃĽĸńĔħƟĺĵĴŊŀĞŉŗĚŒĝƟŏĺĸŅŒĬĔŅĶįĸŇĨĬŅĬľĸŅĵĺńĬȮŐĸŃĽŌĠŏĽňĵŏĻļĪňŗŏĔŇħěŅĔĔŅĶįĸŇĨŏĮƦĬěņĬĺĬĴŅĔȮ
&ĴĦĤĸňȮĻŅĽĬĬńĬĪĬƢ*Ȯ033.'ȮĨƞŅĚěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨŐĭĭŏıŇŗĴŏĬŊŘŀĺńĽħŋȮ&Additive Manufacturing*Ȯ
AM'ȮĞŉŗĚĴňěŋħŏħƞĬėŊŀȮĸħĕńŘĬĨŀĬĔŅĶįĸŇĨĪņŒľƟĮĶŃľĵńħŏĺĸŅȮįĸŇĨĽŇĬėƟŅŀŀĔĽŌƞĪƟŀĚĨĸŅħœħƟŏĶŖĺĕŉŘĬȮȮȮȮȮȮȮȮȮ
ŒĝƟĮĶŇĴŅĦĺńĨĩŋħŇĭŒĬĔŅĶįĸŇĨĬƟŀĵĔĺƞŅŏħŇĴȮĶĺĴĪńŘĚĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬĪňŗĴňĶŌĮĶƞŅĚĞńĭĞƟŀĬœħƟŀĵƞŅĚĩŌĔĨƟŀĚ
ŐĸŃŐĴƞĬĵņőħĵĔŅĶėĺĭėŋĴěŅĔĶŃĭĭėŀĴıŇĺŏĨŀĶƢȮŐĸŃĪňŗĽņėńĠėŊŀĽŅĴŅĶĩįĸŇĨĨŅĴėĺŅĴĨƟŀĚĔŅĶȮȮȮȮȮȮȮȮ
ĪňŗěņŏıŅŃŏěŅŃěĚȮĪńŘĚĶŌĮŐĭĭŐĸŃĮĶŇĴŅĦĕŀĚįĸŇĨĳńĦĤƢħƟĺĵĨƟĬĪŋĬĪňŗĨŗņĸĚȮŐĨƞœħƟįĸŇĨĳńĦĤƢĪňŗĴňėŋĦĳŅı
ŏĪƞŅŏħŇĴľĶŊŀŀŅěěŃħňĔĺƞŅŏħŇĴŒĬĭŅĚĔĶĦňȮ&ĮƕĵĺĶĶĦȮĮĬŇĪŅĬŏĨ*Ȯ034.'ȮĞŉŗĚĽĴŅėĴĺŇĝŅĝňıĪŅĚħƟŅĬ
ĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮ&American Society for Testing and Materials, ASTM'ȮœħƟŐĭƞĚ
ĔĶŃĭĺĬĔŅĶįĸŇĨŐĭĭŏıŇŗĴŏĬŊŘŀĺńĽħŋőħĵŒĝƟŏĪėőĬőĸĵňĔŅĶıŇĴıƢĽŅĴĴŇĨŇȮ&1DȮPrinting'ȮŀŀĔŏĮƦĬ 7 ĮĶŃŏĳĪȮ
ĨŅĴĺńĽħŋŐĸŃŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶįĸŇĨȮ&ħńĚĶŌĮĪňŗȮ2'ȮœħƟŐĔƞȮ/'ȮĔŅĶıƞĬĔŅĺĭĬįĚĺńĽħŋȮ&Binder jetting'ȮȮȮȮȮ
0'ȮĔŅĶŒľƟıĸńĚĚŅĬőħĵĨĶĚĔńĭĺńĽħŋŒľƟľĸŀĴŐĸŃŏĔŅŃĨńĺĔńĬŏĮƦĬĝŇŘĬĚŅĬȮ&Directed energy deposition'Ȯ
1'ȮĔŅĶħńĬĺńĽħŋľĸŀĴȮ&Material extrusion'Ȯ4'ȮĔŅĶıƞĬĺńĽħŋőĴőĬŏĴŀĶƢȮ&Material jetting'Ȯ3'ȮĔŅĶľĸŀĴ
įĚĺńĽħŋĪňĸŃĝńŘĬȮ&Powder bed fusion'Ȯ6'ȮĔŅĶĞƟŀĬŏĶňĵĚĕŀĚĺńĽħŋŐįƞĬŏĶňĵĭȮ&Sheet lamination'ȮȮȮȮȮȮȮȮȮ
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ŐĸŃȮ5'ȮĔŅĶĪņŒľƟőĴőĬŏĴŀĶƢŒĬŀƞŅĚŏĔŇħőıĸŇŏĴŀĶƢħƟĺĵŐĽĚȮ&Vat photopolymerization'Ȯ&ISO-ASTM 
52900*Ȯ0./5'Ȯ 
 

 
 
ĶŌĮĪňŗȮ0Ȯ ŐĽħĚĔŅĶŐĭƞĚĮĶŃŏĳĪĕŀĚŏĪėőĬőĸĵňĔŅĶįĸŇĨŐĭĭŏıŇŗĴŏĬŊŘŀĺńĽħŋĪńŘĚȮ5ȮĮĶŃŏĳĪȮĶĺĴĪńŘĚĺńĽħŋĪňŗ

ĽŅĴŅĶĩĬņĴŅŒĝƟœħƟŒĬŐĨƞĸŃĮĶŃŏĳĪ 
ĪňŗĴŅȮ8ȮRedwood* B,Ȯ&20/5'Ȯ 
 
 ĔĶŃĭĺĬĔŅĶįĸŇĨőħĵĔŅĶŒĝƟŏĪėőĬőĸĵňĔŅĶıŇĴıƢĽŅĴĴŇĨŇȮŏĮƦĬĔŅĶıŇĴıƢĪňŗĽŅĴŅĶĩĽĶƟŅĚĝŇŘĬĚŅĬ
ĽŅĴĴŇĨŇœħƟŀĵƞŅĚĩŌĔĨŀĚŐĴƞĬĵņŐĸŃĶĺħŏĶŖĺȮőħĵŒĝƟŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢĕŀĚĺńĨĩŋŒĬėŀĴıŇĺŏĨŀĶƢȮ
ŐĨƞħƟĺĵĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĴňŀĵŌƞľĸŅĵĮĶŃŏĳĪȮĔŅĶĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶĪňŗĴňėĺŅĴŏľĴŅŃĽĴŏıŊŗŀĬņĴŅŒĝƟ
ĽĶƟŅĚĨƟĬŐĭĭěŉĚĨƟŀĚėņĬŉĚĩŉĚȮ2ȮŐĬĺĪŅĚȮœħƟŐĔƞȮ/'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶĨŅĴĺńĽħŋȮ&Material'ȮėŊŀȮȮȮȮȮȮȮ
ĔŅĶıŇěŅĶĦŅėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋĮĶŃŏĳĪıŀĸŇŏĴŀĶƢȮŏľĸŖĔȮľĶŊŀĺńĽħŋįĽĴȮĞŉŗĚŀŅěŏĮƦĬĽĴĭńĨŇŏĝŇĚĔĸľĶŊŀ
ŐĴƟŐĨƞėŋĦĽĴĭńĨŇŀŊŗĬȮŏĝƞĬȮėĺŅĴŐĕŖĚȮėĺŅĴĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮĔŅĶĵƞŀĵĽĸŅĵĨŅĴīĶĶĴĝŅĨŇȮŏĮƦĬĨƟĬȮ
ĞŉŗĚľŅĔĪĶŅĭĺńĽħŋĪňŗĨƟŀĚĔŅĶŐĸƟĺĽŅĴŅĶĩĺŇŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶįĸŇĨœħƟĚƞŅĵȮĔŅĶŏĸŊŀĔĺńĽħŋĴńĔŏĮƦĬĔŅĶ
ŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚėŋĦĽĴĭńĨŇĔńĭĨƟĬĪŋĬŒĬĔŅĶįĸŇĨȮĔĸƞŅĺėŊŀȮĩƟŅŏĸŊŀĔĺńĽħŋĪňŗĴňĽĴĭńĨŇŏĝŇĚĔĸĽŌĚȮĵŇŗĚĪņŒľƟ
ĨƟĬĪŋĬŒĬĔŅĶįĸŇĨĽŌĚĨŅĴœĮħƟĺĵ 2'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶĨŅĴĸńĔļĦŃĔŅĶŒĝƟĚŅĬȮ&Functional'ȮŏĝƞĬȮ
ĶŃħńĭėĺŅĴĪĬĪŅĬĪňŗěņŏĮƦĬȮėĺŅĴŐĕŖĚŐĶĚĕŀĚĝŇŘĬĽƞĺĬőħĵĶĺĴȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĶƟŀĬȮėĺŅĴĨƟŅĬĪŅĬ
ĽŅĶŏėĴňȮėĺŅĴĵŊħľĵŋƞĬĕŀĚĝŇŘĬĚŅĬȮŏĮƦĬĨƟĬȮ1'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶĨŅĴĸńĔļĦŃĪňŗĴŀĚŏľŖĬĳŅĵĬŀĔ 

&Visual appearance'ȮŏĝƞĬȮĸńĔļĦŃıŊŘĬįŇĺȮėĺŅĴőĮĶƞĚŒĽȮĽňĽńĬȮŏĮƦĬĨƟĬȮŐĸŃȮ2'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶ
ĨŅĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨȮ&Manufacturing capabilities'ȮŏĝƞĬȮėĺŅĴŐĴƞĬĵņĕŀĚĶŅĵĸŃŏŀňĵħȮ
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őėĶĚĽĶƟŅĚĽƞĺĬĶŀĚĶńĭĝŇŘĬĚŅĬȮĕĬŅħĕŀĚĝŇŘĬĚŅĬȮŏĮƦĬĨƟĬȮ&Varotsis*ȮA,* 2021'ȮĞŉŗĚĔŅĶĺŇŏėĶŅŃľƢŏĸŊŀĔ
ĔĶŃĭĺĬĔŅĶĪńŘĚȮ2ȮŐĬĺĪŅĚĬňŘȮŀŅěėņĬŉĚĩŉĚŐĬĺĪŅĚŒħŐĬĺĪŅĚľĬŉŗĚľĶŊŀėņĬŉĚĩŉĚŐĬĺĪŅĚĶĺĴĔńĬŐĸƟĺŐĨƞ
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ĶŌĮĪňŗȮ1Ȯ ŐĽħĚŐĬĺĪŅĚĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶıŇĴıƢĽŅĴĴŇĨŇȮ2ȮŐĬĺĪŅĚȮėŊŀȮ/'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶĨŅĴ
 ĺńĽħŋȮ0'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶĨŅĴĸńĔļĦŃĔŅĶŒĝƟĚŅĬȮ1'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶĨŅĴĸńĔļĦŃĪňŗ
 ĴŀĚŏľŖĬĳŅĵĬŀĔȮŐĸŃȮ2'ȮĔŅĶŏĸŊŀĔĔĶŃĭĺĬĔŅĶĨŅĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨ 
ĪňŗĴŅȮ8ȮħńħŐĮĸĚěŅĔ Varotsis*ȮA,Ȯ&0./5' 
 
 ėĦŃįŌƟĺŇěńĵėņĬŉĚĩŉĚĔŅĶŀŀĔŐĭĭįĸŇĨĳńĦĤƢĪňŗĴňėĺŅĴĵńŗĚĵŊĬȮěŅĔĔŅĶŒĝƟĺńĽħŋĪňŗŏĮƦĬĴŇĨĶĨƞŀ
ĽŇŗĚŐĺħĸƟŀĴŏĮƦĬĮĶŃŏħŖĬľĸńĔȮěŉĚŏĸŊŀĔŒĝƟŐĬĺĪŅĚĔŅĶĽĶƟŅĚĨƟĬŐĭĭħƟĺĵĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋıĸŅĽĨŇĔȮȮȮȮȮȮȮȮ
ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&Polylactic acid*ȮPLA'ȮĞŉŗĚŏĮƦĬŏĪŀĶƢőĴıĸŅĽĨŇĔĪňŗįĸŇĨěŅĔĺńĨĩŋħŇĭĵńŗĚĵŊĬěŅĔĺńĨĩŋħŇĭ
īĶĶĴĝŅĨŇȮŏĝƞĬȮĔŅĔıŊĝįĸĪŅĚĔŅĶŏĔļĨĶȮĕƟŅĺőıħȮĴńĬĽņĮŃľĸńĚȮŏĮƦĬĨƟĬȮŏĮƦĬıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĵƞŀĵ
ĽĸŅĵĪŅĚĝňĺĳŅıȮ&Biodegradable plastic'ȮĪňŗŀŋĦľĳŌĴŇȮ36ȮŀĚĻŅŏĞĸŏĞňĵĽĕŉŘĬœĮȮŒĬĳŅĺŃĪňŗĴňěŋĸŇĬĪĶňĵƢ
ŐĸŃėĺŅĴĝŊŘĬŏľĴŅŃĽĴŒĬĶŃĵŃŏĺĸŅȮ23+/6.ȮĺńĬȮěŉĚĴňėĺŅĴŏĮƦĬıŇļĨŗņŐĸŃŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴȮȮȮȮȮȮ
&ĽŇĶŇĵŋĳŅȮŏĬĨĶĴńĵ*Ȯ0340'ȮĕƟŀħňĕŀĚĺńĽħŋĮĶŃŏĳĪĬňŘėŊŀȮĴňėĺŅĴĮĸŀħĳńĵœĴƞĴňĔĸŇŗĬıĸŅĽĨŇĔœľĴƟȮľħĨńĺĬƟŀĵ
ěŉĚĽŅĴŅĶĩŒľƟĕĬŅħĝŇŘĬĚŅĬœħƟŀĵƞŅĚŐĴƞĬĵņȮĴňėĺŅĴŐĕŖĚŐĶĚŐĨƞŏĮĶŅŃȮœĴƞěņŏĮƦĬĨƟŀĚŒĝƟģŅĬĪņėĺŅĴĶƟŀĬȮ
ŐĸŃŏĮƦĬĺńĽħŋĪňŗĽŅĴŅĶĩĬņĴŅĽĶƟŅĚĨƟĬŐĭĭœħƟőħĵŒĝƟĨƟĬĪŋĬĪňŗœĴƞĽŌĚĴŅĔȮŐĨƞĴňĕƟŀŏĽňĵŒĬŏĶŊŗŀĚĕŀĚĔŅĶĪĬĨƞŀ
ėĺŅĴĶƟŀĬœħƟœĴƞĴŅĔȮ&ĽŋĺńĥĬƢȮĺĚļƢěņĮŅ,Ȯ034.' 
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ĶŌĮĪňŗ 4 ŐĽħĚŐįĬĳŅıĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋȮ&Polymers'ȮĪňŗĽńĴıńĬīƢĔńĭĔĶŃĭĺĬĔŅĶįĸŇĨŒĬĶŃĭĭĜňħŏĽƟĬ

ıĸŅĽĨŇĔȮ&FDM'Ȯ 
ĪňŗĴŅȮ8ȮħńħŐĮĸĚěŅĔȮRedwood, B,Ȯet al,Ȯ&0./5' 
 
 ĺńĽħŋıĸŅĽĨŇĔȮPLAȮĽŅĴŅĶĩĬņĴŅŒĝƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨŐĭĭħńĬĺńĽħŋľĸŀĴȮ&ħńĚĶŌĮĪňŗȮ2'ȮľĶŊŀ
ŏĶňĵĔĺƞŅĶŃĭĭĜňħŏĽƟĬıĸŅĽĨŇĔȮ&Fused Deposition Modeling* FDM'ȮĞŉŗĚŏĮƦĬŏĪėĬŇėĪňŗĬŇĵĴıńĥĬŅȮ
ŏıĶŅŃŒĝƟĔńĭĺńĽħŋıĸŅĽĨŇĔľĸŅĵĝĬŇħĪňŗĶŅėŅœĴƞŐıĚȮĺńĽħŋŒĬĔŅĶĽĶƟŅĚĝŇŘĬĚŅĬěŃŀĵŌƞŒĬĶŌĮŏĽĬıĸŅĽĨŇĔĪňŗ
ĴƟĺĬŀĵŌƞŒĬĺĚĸƟŀȮ&Filament spools'ȮĞŉŗĚěŃĩŌĔĮƚŀĬŏĕƟŅľńĺĜňħėĺŅĴĶƟŀĬȮ&Extrusion head'ȮĪňŗĴňŀŋĦľĳŌĴŇȮ
180+230 ŀĚĻŅŏĞĸŏĞňĵĽȮėĺŅĴĶƟŀĬĪņŒľƟŏĽĬıĸŅĽĨŇĔľĸŀĴĨńĺŐĸŃĩŌĔĜňħįƞŅĬľńĺĜňħȮıĸŅĽĨŇĔŏľĸĺĪňŗĩŌĔ
ĜňħŀŀĔĴŅŏĮƦĬĝńŘĬŐĶĔěŃĵŉħĨńĺŀĵŌƞĔńĭŐĪƞĬıŇĴıƢĶŀĚĝŇŘĬĚŅĬȮ&Build platform'ȮŐĸŃŏĵŖĬĨńĺěĬėĚĶŌĮŀĵƞŅĚ
ĶĺħŏĶŖĺȮŏĴŊŗŀıŇĴıƢŏĽĶŖěĝńŘĬĪňŗľĬŉŗĚŐĪƞĬıŇĴıƢěŃŏėĸŊŗŀĬĨńĺĸĚĴŅŏĸŖĔĬƟŀĵȮľĸńĚěŅĔĬńŘĬŏėĶŊŗŀĚıŇĴıƢěŃıŇĴıƢĝńŘĬ
ĩńħĴŅĞƟŀĬĭĬĝńŘĬĔƞŀĬľĬƟŅŏĶŊŗŀĵȮŕȮĨŅĴĝŇŘĬĚŅĬĽŅĴĴŇĨŇĪňŗœħƟĽĶƟŅĚŐĭĭěŜŅĸŀĚœĺƟŒĬėŀĴıŇĺŏĨŀĶƢȮĕƟŀħňĕŀĚ
ĔĶŃĭĺĬĔŅĶĬňŘȮėŊŀȮĽŅĴŅĶĩįĸŇĨĝŇŘĬĚŅĬœħƟľĸŅĵĶŌĮŐĭĭľĸŅĵĕĬŅħȮĔŅĶŒĝƟĚŅĬœĴƞĞńĭĞƟŀĬŏĮƦĬŏĪėőĬőĸĵň
ĪňŗĶŅėŅœĴƞĽŌĚĴŅĔȮĝƞĺĵĸħĨƟĬĪŋĬĽņľĶńĭĔŅĶįĸŇĨěņĬĺĬĬƟŀĵœħƟȮĴňĺńĽħŋŏĪŀĶƢőĴıĸŅĽĨŇĔľĸŅĔľĸŅĵ
ĮĶŃŏĳĪŏľĴŅŃĽņľĶńĭĔŅĶĽĶƟŅĚĨƟĬŐĭĭȮ&ĦĮĳńĝȮěńĬĪĶƢŏĴŊŀĚ,Ȯ034.'ȮŐĨƞĕƟŀěņĔńħȮėŊŀȮĝŇŘĬĚŅĬĪňŗĕŉŘĬĶŌĮ
ħƟĺĵŏĪėĬŇėĬňŘěŃĴňįŇĺĝŇŘĬĚŅĬĪňŗœĴƞŏĶňĵĭȮĴňĸńĔļĦŃŏĮƦĬĝńŘĬȮŕȮŏĬŊŗŀĚěŅĔĕŉŘĬĶŌĮħƟĺĵĔŅĶŏĶňĵĚĨńĺŏĝŊŗŀĴĨŇħĔńĬ
ĕŀĚŏĽƟĬıĸŅĽĨŇĔĕĬŅħŏĸŖĔȮĶĺĴĪńŘĚėĺŅĴŐĕŖĚŐĶĚĕŀĚĝŇŘĬĚŅĬĪňŗĕŉŘĬĶŌĮħƟĺĵŏĪėĬŇėĬňŘĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚŏĽƟĬ
ıĸŅĽĨŇĔĪňŗĬņĴŅŒĝƟȮ&ĮƕĵĺĶĶĦȮĮĬŇĪŅĬŏĨ,Ȯ034.' 
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ĶŌĮĪňŗȮ3Ȯ ŐĽħĚĸńĔļĦŃĪńŗĺœĮĕŀĚŏėĶŊŗŀĚıŇĴıƢĽŅĴĴŇĨŇĶŃĭĭĜňħŏĽƟĬıĸŅĽĨŇĔȮ&FDM' 
ĪňŗĴŅ8ȮĽĴĝŅĵȮħŇļģŅĳĶĦƢȮŐĸŃėĦŃȮ&0343' 
 
  /,1 įĸĔŅĶĻŉĔļŅĶŌĮŐĭĭįĸŇĨĳńĦĤƢŏħŇĴőħĵĔŅĶĺŇŏėĶŅŃľƢěŋħŏħƞĬȮěŋħħƟŀĵȮőŀĔŅĽȮŐĸŃėĺŅĴ
ŏĽňŗĵĚȮįĸěŅĔĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮėĦŃįŌƟĺŇěńĵœħƟŏıŇŗĴŐľĸƞĚĔņŏĬŇħŐĽĚŒĬŀŋĮĔĶĦƢĮĸŌĔįńĔȮŏıŊŗŀĬņĴŅŒĝƟ
ĪħŐĪĬŐĽĚŀŅĪŇĨĵƢěŅĔīĶĶĴĝŅĨŇȮėŊŀȮŐĽĚěŅĔľĸŀħœĲŐŀĸŀňħňȮ&LED'ȮĪňŗŒľƟėĺŅĴĶƟŀĬĬƟŀĵĔĺƞŅȮŐĸŃ
ĮĶŃľĵńħœĲœħƟĴŅĔĔĺƞŅľĸŀħĲĸŌŀŀŏĶĽŏĞĬĨƢȮĪňŗĽņėńĠĵńĚĽŅĴŅĶĩŏĸŊŀĔĽňȮėĺŅĴĵŅĺėĸŊŗĬŐĽĚȮœħƟĨŅĴėĺŅĴ
ŏľĴŅŃĽĴĕŀĚĝĬŇħıŊĝŐĸŃĶŃĵŃĔŅĶŏěĶŇĠŏĨŇĭőĨȮ&ĴĶĔĨȮĶŀħıŉŗĚėĶŋĤ,Ȯ0342'ȮŏıĶŅŃĝƞĺĚėĺŅĴĵŅĺėĸŊŗĬ
ŐĽĚĪňŗŐĨĔĨƞŅĚĔńĬȮěŃĽƞĚįĸĨƞŀĝƞĺĚĔŅĶŏĨŇĭőĨĕŀĚıŊĝĪňŗĨƞŅĚĔńĬ ĞŉŗĚĽņľĶńĭŐĽĚĪňŗŏľĴŅŃĔńĭĔŅĶĮĸŌĔĨƟĬœĴƟ
ĴŅĔĪňŗĽŋħȮėŊŀȮŐĽĚįĽĴĶŃľĺƞŅĚĽňŐħĚŐĸŃĽňĬŘņŏĚŇĬȮ&ĻŌĬĵƢĽĶƟŅĚĽĶĶėƢĚŅĬŀŀĔŐĭĭ,Ȯ0336'ȮĶĺĴĪńŘĚŏıŇŗĴ
ĶŃĭĭőĴħŌĸŅĶƢȮ&Modular system'ȮĞŉŗĚŏĮƦĬĶŃĭĭĪňŗŏĬƟĬŏĶŊŗŀĚĕŀĚĔŅĶĩŀħŐĵĔŀŀĔěŅĔĔńĬŐĸŃĮĶŃĔŀĭ
ĔńĬœħƟȮ&ıńĪīƢīŇħŅȮőĽīĶĮĶŃĳŅĔĶ,Ȯ034.'ȮŏĮƦĬĶŃĭĭĪňŗĮĶŃĔŀĭœĮħƟĺĵľĬƞĺĵŐĵĔĨƞŅĚȮŕȮĪňŗĽŅĴŅĶĩĶĺĴĔńĬ
ŏĮƦĬľĬƞĺĵŏħňĵĺœħƟȮŐĸŃĴňĶŃĵŃĽńħĽƞĺĬĪňŗĴňėĺŅĴĽńĴıńĬīƢŐĸŃĽŀħėĸƟŀĚĔńĬȮ&ĪĻıĸȮĚŅĴĺŇœĸĸńĔļĦƢȮŐĸŃ
ėĦŃ,Ȯ0337'ȮĶŃĭĭőĴħŌĸƞŅĶƢěńħĺƞŅŏĮƦĬĺŇīňĔŅĶěńħŏĶňĵĚŐĸŃěńħĺŅĚĪňŗĽŅĴŅĶĩěńħĔŅĶĶŌĮŐĭĭœħƟľĸŅĔľĸŅĵȮ
őħĵĽƞĺĬĮĶŃĔŀĭĵƞŀĵŏŀĚĔŖŀŅěĴňĶŌĮĪĶĚŐĸŃĽńħĽƞĺĬĪňŗľĸŅĔľĸŅĵȮĽŅĴŅĶĩĮĶŃĔŀĭȮĩŀħĮĶŃĔŀĭȮŐĸŃ
ĞƟŀĬŏĶňĵĚœħƟŒľĴƞȮ&ĽŇĪīŇıĚĻƢȮĺĚĻƢœĝĵĽŋĺĶĶĦ,Ȯ034.'ȮŏıŊŗŀŒľƟĨŀĭĽĬŀĚĔńĭĔĸŋƞĴėĬŏĴŊŀĚĪňŗŀŅĻńĵŒĬľƟŀĚıńĔȮ
ĪňŗĴňĕƟŀěņĔńħŏĶŊŗŀĚıŊŘĬĪňŗĔŅĶŒĝƟĽŀĵŐĸŃŐĽĚŐħħĪňŗŒĝƟŒĬĔŅĶĮĸŌĔįńĔ 
 0, įĸĔŅĶŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔŐĬĺėŇħĔŅĶĸŀĔŏĸňĵĬīĶĶĴĝŅĨŇ 
  0,/ įĸĔŅĶŀŀĔŐĭĭĶƞŅĚŀŋĮĔĶĦƢĮĸŌĔįńĔȮěŅĔĔŅĶĺŇŏėĶŅŃľƢľŅŐĬĺĪŅĚĔŅĶıńĥĬŅȮ1ȮħƟŅĬȮ
œħƟŐĔƞȮ/'ȮĔŅĶĸŀĔŏĸňĵĬŐĭĭīĶĶĴĝŅĨŇȮ0'ȮŏĪėőĬőĸĵňŐĸŃĺńĽħŋŒĬĔŅĶĽĶƟŅĚĨƟĬŐĭĭȮ1'ȮĶŌĮŐĭĭĳŅĝĬŃ
ŏıŅŃĮĸŌĔŐĸŃĸńĔļĦŃĔŅĶĮĸŌĔĕŀĚŀŋĮĔĶĦƢŐĭĭŏħŇĴȮĶĺĴĪńŘĚĕƟŀĴŌĸŏıŇŗĴŏĨŇĴȮœħƟŐĔƞȮ2'ȮĪķļġňŐĸŃľĸńĔĔŅĶ
ŀŀĔŐĭĭįĸŇĨĳńĦĤƢȮ3'ȮĶŃĭĭœĲĲƚŅŐĸŃĺĚěĶȮŐĸŃȮ4'ȮĔŅĶĵĻŅĽĨĶƢŐĸŃĽńħĽƞĺĬĪňŗŏĔňŗĵĺĕƟŀĚȮėĦŃįŌƟĺŇěńĵĬņ
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ĕƟŀĴŌĸĪňŗįƞŅĬĔŅĶĺŇŏėĶŅŃľƢȮĴŅŒĝƟŒĬĔŅĶĶŃħĴėĺŅĴėŇħŀĵƞŅĚĽĶƟŅĚĽĶĶėƢȮőħĵĩƞŅĵĪŀħŐĸŃĬņŏĽĬŀŏĮƦĬĳŅı
ĶƞŅĚȮ&Idea sketch'ȮŏıŊŗŀľŅĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔĪňŗĴňėĺŅĴŏľĴŅŃĽĴŒĬĔŅĶĬņœĮıńĥĬŅĨƞŀȮ&ħńĚĶŌĮĪňŗȮ4' 
 

 
 
ĶŌĮĪňŗȮ4Ȯ ŐĽħĚŐĭĭĶƞŅĚŀŋĮĔĶĦƢĮĸŌĔįńĔěŅĔĔŅĶĶŃħĴėĺŅĴėŇħŀĵƞŅĚĽĶƟŅĚĽĶĶėƢȮ 
ĪňŗĴŅ8ȮĽĴĝŅĵȮħŇļģŅĳĶĦƢȮŐĸŃėĦŃȮ&0343' 
 
 0,0 įĸěŅĔĔŅĶŒĝƟŐĬĺėŇħŐĸŃŐĶĚĭńĬħŅĸŒěŒĬĔŅĶŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮěŅĔĳŅıĶƞŅĚ
ŀŋĮĔĶĦƢĮĸŌĔįńĔȮėĦŃįŌƟĺŇěńĵėńħŏĸŊŀĔĶŌĮŐĭĭĪňŗĴňėĺŅĴŏľĴŅŃĽĴȮěņĬĺĬȮ3ȮĶŌĮŐĭĭȮŒĝƟŏĔĦĤƢĔŅĶėńħŏĸŊŀĔ
ŏĭŊŘŀĚĨƟĬĨŅĴĔĶŀĭŐĬĺėŇħȮ3ȮħƟŅĬȮœħƟŐĔƞȮ/'ȮħƟŅĬľĬƟŅĪňŗŒĝƟĽŀĵȮ0'ȮħƟŅĬėĺŅĴĽĺĵĚŅĴĬƞŅŒĝƟȮ1'ȮħƟŅĬėĺŅĴ
ĽŃħĺĔĽĭŅĵŒĬĔŅĶŒĝƟȮ2'ȮħƟŅĬėĺŅĴĮĸŀħĳńĵȮŐĸŃȮ3'ȮħƟŅĬĺńĽħŋŐĸŃĔĶĶĴĺŇīňĔŅĶįĸŇĨȮŏıŊŗŀĪņĳŅı
ĬņŏĽĬŀįĸĚŅĬŀŀĔŐĭĭȮ&Sketch design'ȮőħĵŒĝƟėŀĴıŇĺŏĨŀĶƢĔĶŅĲƕĔȮ3 ĴŇĨŇȮ&3D Computer graphic'Ȯ
ŏĕƟŅĴŅĝƞĺĵŒĬĔŅĶŀŀĔŐĭĭŒľƟĴňėĺŅĴŏĽĴŊŀĬěĶŇĚĴŅĔĪňŗĽŋħȮŏıŊŗŀĬņœĮŒľƟįŌƟŏĝňŗĵĺĝŅĠėńħŏĸŊŀĔŒľƟŏľĸŊŀŏıňĵĚȮ
ĶŌĮŐĭĭŏħňĵĺŒĬĔŅĶįĸŇĨŏĮƦĬĨƟĬŐĭĭȮ&Phototype'ȮĞŉŗĚŀŋĮĔĶĦƢĮĸŌĔįńĔĪńŘĚȮ3ȮĶŌĮŐĭĭȮœħƟŐĶĚĭńĬħŅĸŒěȮ
ĴŅěŅĔȮ/'ȮĶŌĮĶƞŅĚĶĺĚįŉŘĚȮ0'ȮįĸŀŃőĺėŅőħȮ1'ȮőėĶĚĽĶƟŅĚŏĞĸĸƢıŊĝȮ2'ȮĔŅĶŏĶňĵĚĨńĺĕŀĚŏĴĸŖħȮŐĸŃȮȮȮȮȮȮȮȮȮȮȮȮȮ
3'ȮőėĶĚĽĶƟŅĚĳŅĵŒĬħŀĔœĴƟȮ&ħńĚĶŌĮĪňŗȮ5' 
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ĶŌĮĪňŗȮ5 ŐĽħĚĳŅıĬņŏĽĬŀįĸĚŅĬŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮĶŌĮŐĭĭĪňŗȮ/Ȯ&ĶŌĮĶƞŅĚĶĺĚįŉŘĚ'ȮĶŌĮŐĭĭĪňŗȮ0Ȯ

&įĸŀŃőĺėŅőħ'ȮĶŌĮŐĭĭĪňŗȮ1Ȯ&őėĶĚĽĶƟŅĚŏĞĸĸƢıŊĝ'ȮĶŌĮŐĭĭĪňŗȮ4Ȯ&ĔŅĶŏĶňĵĚĨńĺĕŀĚŏĴĸŖħ'ȮŐĸŃȮ
ĶŌĮŐĭĭĪňŗȮ5Ȯ&őėĶĚĽĶƟŅĚĳŅĵŒĬħŀĔœĴƟ' 

ĪňŗĴŅȮ8ȮĽĴĝŅĵȮħŇļģŅĳĶĦƢȮŐĸŃėĦŃȮ&0343' 
 
  2,3 įĸĔŅĶĮĶŃŏĴŇĬėĺŅĴŏľĴŅŃĽĴĶŌĮŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔȮěŅĔĳŅıĬņŏĽĬŀįĸĚŅĬ
ŀŀĔŐĭĭŀŋĮĔĶĦƢĮĸŌĔįńĔĪńŘĚȮ3ȮĶŌĮŐĭĭȮėĦŃįŌƟĺŇěńĵěńħĪņŐĭĭĽŀĭĩŅĴŏıŊŗŀĮĶŃŏĴŇĬľŅĶŌĮŐĭĭŀŋĮĔĶĦƢ
ĮĸŌĔįńĔĪňŗĴňėĺŅĴŏľĴŅŃĽĴĴŅĔĪňŗĽŋħȮěŅĔĔŅĶĮĶŃŏĴŇĬőħĵįŌƟŏĝňŗĵĺĝŅĠȮěņĬĺĬȮ3ȮėĬȮ&ħńĚĨŅĶŅĚĪňŗȮ1' 
 
 
 


