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Abstract 
 
 
HHeeuurriissttiiccss  uusseedd  bbyy  eennggiinneeeerrss  aanndd  sscciieennttiissttss  iinn  ssoollvviinngg  ddeessiiggnn--ttyyppee  pprroobblleemmss  
aarree  tthhee  nnoonn--aallggoorriitthhmmiicc,,  eemmppiirriiccaall  ttrriicckkss,,  ttoooollss,,  aanndd  tteecchhnniiqquueess  lleeaarrnneedd  
aaccaaddeemmiiccaallllyy  aanndd  ffrroomm  eexxppeerriieennccee..  TThheeyy  ddoo  nnoott  ssoollvvee  pprroobblleemmss..  IInnsstteeaadd  tthheeyy  
ggiivvee  ppaauussee  ttoo  llooookk  aatt  pprroobblleemmss  iinn  ddiiffffeerreenntt  wwaayyss  ffoorr  nneeww  iinnssiigghhttss..  AAnn  aaxxiioommaattiicc  
bbaassiiss  ccoonnssiissttiinngg  ooff  ssiixx  aassssuummppttiioonnss,,  iinnffeerrrreedd  ffrroomm  tthhee  pphhyyssiiccaall  wwoorrlldd  ooff  
iinntteerraaccttiinngg  oobbjjeeccttss,,  iiss  uusseedd  ffoorr  aa  ffiirrsstt--ttiimmee  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss..  TThhee  
ddeerriivvaattiioonn  lleeaaddss  ttoo  aa  ssuurrpprriissiinngg  nnuummbbeerr  ooff  hheeuurriissttiiccss..  
  
AAss  tthhee  aaxxiioommss  aarree  ccoouucchheedd  iinn  ggeenneerriicc  tteerrmmss,,  iinnddeeppeennddeenntt  ooff  aa  ppaarrttiiccuullaarr  ffiieelldd’’ss  
aarrggoott,,  tthhee  rreessuullttiinngg  hheeuurriissttiiccss  aarree  aallssoo  ggeenneerriicc..  HHeennccee,,  aa  ppaarrttiiccuullaarr  ddeerriivveedd  
hheeuurriissttiicc  ccaann  bbee  aaddaapptteedd  ttoo  aa  ssppeecciiffiicc  ffiieelldd  bbyy  wwoorrddiinngg  iitt  aapppprroopprriiaatteellyy..  TThhiiss  
aalllloowwss  ppeerrssoonnaalliizzaattiioonn  ooff  ddeerriivveedd  hheeuurriissttiiccss..  CCoonnvveerrsseellyy,,  iitt  pprroovviiddeess  aa  uunniiffiieedd  
ssyysstteemm  ffoorr  ccaattaallooggiinngg  ppeerrssoonnaall  hheeuurriissttiiccss  iinn  aa  ggeenneerriicc  ccllaassssiiffiiccaattiioonn..    
  
TThheessee  ddeerriivveedd  hheeuurriissttiiccss  aanndd  tthheeiirr  uunnddeerrllyyiinngg  ssttrraatteeggiieess  ccoonnssttiittuuttee  aa  nneeww  
pprroobblleemm--ssoollvviinngg  mmeetthhooddoollooggyy..  TThhee  rreessuullttiinngg  mmeetthhooddoollooggyy  pprreesseennttss  pprroobblleemm  
ssoollvveerrss  aann  aattttrriibbuuttee--cceenntteerreedd  mmeetthhooddoollooggyy  iinn  ccoonnttrraasstt  ttoo  ccoonnvveennttiioonnaall  oobbjjeecctt--
cceenntteerreedd  mmeetthhooddoollooggiieess..
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Heuristics for Solving Technical Problems 
in Three Parts 
 
 
TThhiiss  ddiissccoouurrssee  iiss  iinn  tthhrreeee  ppaarrttss..  IItt  iiss  aa  ssoommeewwhhaatt  tthheeoorreettiiccaall  ddiissccuussssiioonn  aaiimmeedd  
aatt  pprroobblleemm  ssoollvveerrss  eexxppeerriieenncceedd  iinn,,  oorr  jjuusstt  iinntteerreesstteedd  iinn,,  tthhee  uussee  ooff  hheeuurriissttiiccss  ffoorr  
ssttrruuccttuurreedd--ttyyppee  pprroobblleemm  ssoollvviinngg..    TThhiiss  iinncclluuddeess  eexxppeerriieennccee  ssuucchh  aass  ggaaiinneedd  
uussiinngg  TTRRIIZZ,,  UUSSIITT,,  SSIITT,,  aanndd//oorr  AASSIITT..  PPlleeaassee  rreeaadd  PPaarrtt  II  iiff  yyoouu  aarree  uunnffaammiilliiaarr  
wwiitthh  tthhiiss  ttyyppee  ooff  pprroobblleemm  ssoollvviinngg..  TThhee  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  iinn  PPaarrtt  IIII  iiss  
ddiirreecctteedd  ttoowwaarrdd  ddiissccoovveerriinngg  nneeww  hheeuurriissttiiccss  aanndd  uussiinngg  tthheemm  ttoo  eemmbbooddyy  nneeww  
ffooccuuss  ffoorr  ssttrruuccttuurreedd,,  pprroobblleemm--ssoollvviinngg  mmeetthhooddoollooggyy..  TThheeyy  aarree  ddeessiiggnneedd  ttoo  
pprroovviiddee  nneeww  ppeerrssppeeccttiivveess  ttoo  pprroobblleemmss  aanndd  tthhuuss  sseerrvvee  aass  ttoooollss  ffoorr  iinnnnoovvaattiivvee  
iinnssppiirraattiioonn..  TThheeiirr  aapppplliiccaattiioonn  iiss  ddeemmoonnssttrraatteedd  iinn  PPaarrtt  IIIIII..  
 
 
 
PPaarrtt  II::    UUssee  ooff  HHeeuurriissttiiccss  iinn  PPrroobblleemm  SSoollvviinngg    
  
PPaarrtt  II  ccoovveerrss  aa  bbaacckkggrroouunndd  ooff  hheeuurriissttiiccss,,  ddeessccrriibbeess  eexxaammpplleess,,  ddeemmoonnssttrraatteess  
tthheeiirr  uussee  iinn  ssoollvviinngg  tteecchhnniiccaall  pprroobblleemmss,,  aanndd  eexxppllaaiinnss  hhooww  sseelleecctteedd  hheeuurriissttiiccss  
aarree  uusseedd  iinn  tthhee  sseeccoonndd  ppaarrtt  ttoo  ddeerriivvee  nneeww  hheeuurriissttiiccss..  TThhoossee  ffaammiilliiaarr  wwiitthh  
hheeuurriissttiiccss  iinn  pprroobblleemm  ssoollvviinngg  aanndd  wwiitthh  ssttrruuccttuurreedd,,  pprroobblleemm--ssoollvviinngg  
mmeetthhooddoollooggiieess  mmaayy  wwiisshh  ttoo  sskkiipp  PPaarrtt  II..    
  
  
PPaarrtt  IIII::    DDeerriivvaattiioonn  ooff  HHeeuurriissttiiccss    
  
PPaarrtt  IIII  iiss  ddeevvootteedd  ttoo  tthhee  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  aatt  aann  aabbssttrraacctt  lleevveell..  AAnn  
aattttrriibbuuttee--cceenntteerreedd  aapppprrooaacchh  ttoo  pprroobblleemm  ddeeffiinniittiioonn  iiss  ddeessccrriibbeedd  iinn  aa  ggrraapphhiicc  
mmooddeell..  TThhrreeee  ssoolluuttiioonn  ssttrraatteeggiieess  aarree  ffoouunndd  aanndd  ggiivveenn  ggrraapphhiicc  mmooddeellss..  TThheeiirr  
aapppplliiccaattiioonn  iiss  ddeemmoonnssttrraatteedd..    
  
  
PPaarrtt  IIIIII::  DDeemmoonnssttrraattiioonn  ooff  DDeerriivveedd  HHeeuurriissttiiccss  
  
PPaarrtt  IIIIII  ddeemmoonnssttrraatteess  tthhee  aapppplliiccaattiioonn  ooff  hheeuurriissttiiccss  ddeerriivveedd  iinn  PPaarrtt  IIII  ttoo  aa  pprroobblleemm  
ooff  iinnvveennttiioonn..  WWhhiillee  iitt  uusseess  UUSSIITT  hheeuurriissttiiccss  ffoorr  pprroobblleemm  ddeeffiinniittiioonn  aanndd  aannaallyyssiiss,,  iitt  
uusseess  tthhee  nneewwllyy  ddeerriivveedd  hheeuurriissttiiccss  ffoorr  pprroobblleemm  ssoolluuttiioonn..  
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Introduction 
 
HHeeuurriissttiiccss  iimmbbuuee  aallll  aarreeaass  ooff  pprroobblleemm  ssoollvviinngg,,  bbootthh  tteecchhnniiccaall  aanndd  nnoonn--tteecchhnniiccaall  
pprroobblleemmss..  WWee  wwiillll  llooookk  ffiirrsstt  aatt  wwhhaatt  tthheeyy  aarree  aanndd  ggiivvee  aa  ffeeww  eexxaammpplleess  ooff  ssoommee  
rraatthheerr  ccoommmmoonn  hheeuurriissttiiccss..  WWee  wwiillll  sseeee  hhooww  tthheeyy  aarree  uusseedd,,  wwhhoo  uusseess  tthheemm,,  aanndd  
ppooiinntt  oouutt  tthhaatt  tthheeyy  hhaavvee  bbeeeenn  aammaasssseedd  eemmppiirriiccaallllyy  ffrroomm  tthhee  lloorree  ooff  pprroobblleemm  
ssoollvviinngg..  TThhiiss  bbrriinnggss  uupp  tthhee  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  ffoorr  ssoollvviinngg  tteecchhnniiccaall  
pprroobblleemmss  ––  tthhee  mmaaiinn  ttooppiicc  ooff  tthhiiss  wwrriittiinngg..  TThhee  mmeetthhoodd  ttoo  bbee  uusseedd  ffoorr  ddeerriivviinngg  
hheeuurriissttiiccss  wwiillll  bbee  ddiissccuusssseedd  aanndd  ddeemmoonnssttrraatteedd  bbeeffoorree  eennggaaggiinngg  iinn  tthheeiirr  
ddeerriivvaattiioonn..  UUsseess  ooff  tthhee  ddeerriivveedd  hheeuurriissttiiccss  wwiillll  bbee  ddeemmoonnssttrraatteedd..  IItt  wwiillll  bbee  sseeeenn  
tthhaatt  tthhee  ddeerriivveedd  hheeuurriissttiiccss  aarree  aabbssttrraacctt..  AAnn  iinntteerreessttiinngg  iimmpplliiccaattiioonn  ooff  tthhiiss  ffaacctt  iiss  
tthhaatt  tthheeyy  mmaayy  bbee  aapppplliiccaabbllee  ttoo  nnoonn--tteecchhnniiccaall  pprroobblleemmss..  HHoowweevveerr,,  tthhiiss  
iimmpplliiccaattiioonn  iiss  nnoott  pprroovveenn  hheerree..  
  
 
Heuristics in Mathematics 
 
Twelve classical heuristics used in mathematics provide a familiar introduction to 
heuristics (1): 

1. Search for a pattern. 
2. Draw a figure. 
3. Formulate an equivalent problem. 
4. Modify the problem. 
5. Choose effective notation. 
6. Exploit symmetry. 
7. Divide into cases. 
8. Work backwards. 
9. Argue by contradiction. 
10. Check for parity. 
11. Consider extreme case. 
12. Generalize. 

 
These are not derived heuristics. They have been developed over years of trial-and-
error solving of mathematical problems along with insightful introspection. Evidence of 
these heuristics will be seen in this writing. However, the heuristics derived here are 
motivated by non-mathematical, engineering design-type problems. 
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Definition of heuristics and intuition 
 
HHeeuurriissttiiccss  aarree  tthhee  nnoonn--aallggoorriitthhmmiicc  ttoooollss,,  tteecchhnniiqquueess,,  aanndd  ttrriicckkss  tthhaatt  aarree  uusseedd  iinn  
pprroobblleemm  ssoollvviinngg..  HHoowweevveerr,,  uunnlliikkee  aallggoorriitthhmmss,,  tthheeyy  ddoo  nnoott  ssoollvvee  pprroobblleemmss..  
IInnsstteeaadd  tthheeyy  ggiivvee  ppaauussee  ttoo  llooookk  aatt  pprroobblleemmss  iinn  ddiiffffeerreenntt  wwaayyss  ttoo  ffiinndd  nneeww  
iinnssiigghhttss..  PPrroobblleemm  ssoollvveerrss  uussee  hheeuurriissttiiccss  ttoo  ““sseeeedd””  tthheeiirr  ssuubbccoonnsscciioouuss  dduurriinngg  tthhee  
sseeaarrcchh  ffoorr  nneeww  ccoonncceeppttss..  MMaannyy  ooff  tthhee  hheeuurriissttiiccss  ccoommmmoonnllyy  uusseedd  ddoo  nnoott  hhaavvee  
nnaammeess  aanndd  mmaayy  nnoott  bbee  rreeccooggnniizzeedd  aass  hheeuurriissttiiccss..  TThheeyy  aarree  rreeccaalllleedd  aass  ssiimmppllee  
rruulleess;;  ii..ee..,,  pphhrraasseess  iinnddiiccaattiinngg  aa  ppoossssiibbllee  tthhoouugghhtt  pprroocceessss..  CCoonnsseeqquueennttllyy,,  
pprroobblleemm  ssoollvveerrss  oofftteenn  aarree  uunnaawwaarree  hhooww  ddeeppeennddeenntt  tthheeyy  aarree  oonn  tthhee  uussee  ooff  
hheeuurriissttiiccss..    
 
PPrroobbaabbllyy  tthhee  mmaaiinn  rreeaassoonn  ffoorr  pprrooffeessssiioonnaall  pprroobblleemm  ssoollvveerrss’’  llaacckk  ooff  rreeaalliizzaattiioonn  
tthhaatt  tthheeyy  uussee  hheeuurriissttiiccss  iiss  tthheeiirr  ddoommiinnaanntt  rreelliiaannccee  oonn  iinnttuuiittiioonn..  IItt  mmaayy  aallssoo  rreefflleecctt  
aa  llaacckk  ooff  mmoommeennttaarryy  iinnttrroossppeeccttiioonn  ttoo  aannaallyyzzee  tthhee  aaccttuuaall  mmeennttaall  pprroocceessss  ooff  
pprroobblleemm  ssoollvviinngg  bbeeiinngg  uusseedd..  IInnttuuiittiioonn  uusseess  hheeuurriissttiiccss  ssoo  pprraaccttiicceedd  aanndd  iinnggrraaiinneedd  
iinn  oonnee’’ss  ssuubbccoonnsscciioouuss  tthhaatt  tthheeyy  ccoommee  iinnttoo  aaccttiioonn  iinnssttaannttaanneeoouussllyy  wwiitthhoouutt  
ccoonnsscciioouuss  ssuummmmoonnss..  
 
EExxaammpplleess  ooff  ssoommee  hheeuurriissttiiccss  aanndd  ssuuggggeesstteedd  ggeenneerriicc  nnaammeess  ffoorr  tthheemm  aarree  
sshhoowwnn  iinn  TTaabbllee  ((11))..  TThhoossee  wwhhoo  kknnooww  aanndd  uussee  tthheessee  hheeuurriissttiiccss  pprroobbaabbllyy  
rreeccooggnniizzee  tthheemm  aass  bbeeiinngg  ssiimmiillaarr  ttoo  tthhee  qquuootteedd  pphhrraasseess..  NNaammeess,,  oorr  eevveenn  
rreeffeerreenncceess  ttoo  bbeeiinngg  hheeuurriissttiiccss,,  aarree  rraarree..  
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Table 1.  Examples of heuristics used by technologists in 
problem solving (some generic names are suggested).  

 
 Generic heuristic Common references 
1 Simplification “divide a complex problem into small parts” 
2  “reduce duplicate objects to a minimum set” 
3  “take small steps” 
4  “reduce assorted objects to a minimum set” 
5  “eliminate an object” 
6  “combine functions” 
7  “eliminate extraneous information” 
   
8 Ambiguity “generify object names” 
9  “eliminate metrics of attributes (use no dimensions)” 
10  “use generic metaphors” 
   
11 Contrarian view “whatever change is suggested also try the opposite” 
12  “whatever heuristic is applied also try its opposite 
13  “think outside /inside the box” 
   
14 Extremes “vary attributes to their extremes (+/- infinity and zero)” 
15  “multiply and divide objects to extremes” 
   
16 Focus  “search root causes for solution concepts” 
17  “search technological contradictions” 
18  “examine areas of contact of objects” 

 
 
 
Heuristics seed the subconscious 
 
TTeecchhnnoollooggiissttss  hhaavvee  lleeaarrnneedd  ttoo  ssoollvvee  pprroobblleemmss,,  aa  ccrreeaattiivvee  ccooggnniittiioonn  pprroocceessss,,  
wwiitthhoouutt  aann  uunnddeerrssttaannddiinngg  ooff  hhooww  tthhee  bbrraaiinn  ddooeess  iitt..  AAnn  iiddeeaa  aarriisseess  ffrroomm  tthhee  
ssuubbccoonnsscciioouuss  wwhhiillee  eexxaammiinniinngg  tthhee  ddeettaaiillss  ooff  aa  pprroobblleemm..  IItt  iiss  ccllaarriiffiieedd,,  ddeeffiinneedd,,  
aanndd  ssuubbjjeecctteedd  ttoo  aann  aapppprroopprriiaattee  aallggoorriitthhmm  ffoorr  vveerriiffiiccaattiioonn,,  aanndd  ffuurrtthheerr  iimmpprroovveedd  
iinn  ggeenneerraattiinngg  aa  vviiaabbllee  ssoolluuttiioonn..  MMuullttiippllee  aallggoorriitthhmmss  mmaayy  bbee  uusseedd  iinn  tthhee  
eennggiinneeeerriinngg--ssccaalliinngg  pprroocceessss  ttoo  eevveennttuuaallllyy  vvaalliiddaattee  tthhee  oorriiggiinnaall  ccoonncceepptt..  TThhuuss,,  
tteecchhnniiccaall  pprroobblleemm  ssoollvviinngg  iiss  iittsseellff  aa  ttwwoo--ppaarrtt  mmeennttaall  pprroobblleemm::  ffiinnddiinngg  aann  iiddeeaa  
aanndd  ffiinnddiinngg  aann  aallggoorriitthhmm..  FFiinnddiinngg  aann  aallggoorriitthhmm  ssuucccceeeeddss  ffrroomm  yyeeaarrss  ooff  ttrraaiinniinngg  
iinn  mmaatthheemmaattiiccss,,  aanndd  tthhee  ccoonnsscciioouuss  sseelleeccttiioonn  aanndd  aapppplliiccaattiioonn  ooff  iittss  aallggoorriitthhmmss..  
FFiinnddiinngg  aann  iiddeeaa  iiss  lleessss  ttrraaccttaabbllee  bbeeccaauussee  iitt  rreelliieess  oonn  tthhee  ssuubbccoonnsscciioouuss  ttoo  rreeccaallll  
ppaasstt  eexxppeerriieennccee  aanndd  ooffffeerr  iiddeeaass  ffoorr  ccoonnsscciioouuss  rreeaassoonniinngg  ––  aa  pprroocceessss  llaacckkiinngg  
uunnddeerrssttaannddiinngg  oorr  aallggoorriitthhmmss  ffoorr  iittss  llooggiiccaall  mmaanniippuullaattiioonn..  
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HHooww  ttoo  iinndduuccee  tthhee  ssuubbccoonnsscciioouuss  ttoo  ooffffeerr  iiddeeaass  iiss  oonnee  ooff  tthhee  mmoorree  iinntteerreessttiinngg  
pprroobblleemmss  tteecchhnnoollooggiissttss  hhaavvee  ssoollvveedd  wwiitthhoouutt  tthhee  uussee  ooff  aallggoorriitthhmmss..  IItt  iiss  ddoonnee  
uussiinngg  hheeuurriissttiiccss..  TThheeyy  sseeeedd  tthhee  ssuubbccoonnsscciioouuss  ttoo  ssppaarrkk  iiddeeaass..  WWee  aallll  uussee  
hheeuurriissttiiccss,,  ssoommeettiimmeess  aauuttoommaattiiccaallllyy,,  aanndd  oofftteenn  wwiitthhoouutt  rreeccooggnniizziinngg  tthhee  aacctt..  
 
TThhee  ssiimmppllee,,  rreelliiaabbllee  pprroocceessss  ooff  rreeppeeaatteedd  sseeeeddiinngg,,  bbyy  sstteeppppiinngg  tthhrroouugghh  tthhee  
aallpphhaabbeett  ttoo  rreeccaallll  aa  ppeerrssoonn’’ss  nnaammee,,  iiss  aa  wweellll--kknnoowwnn  hheeuurriissttiicc..  AA  mmnneemmoonniicc  ffoorr  
rreemmeemmbbeerriinngg  ppii  ttoo  aa  llaarrggee  nnuummbbeerr  ooff  ddiiggiittss  iiss  aannootthheerr  kkiinndd  ooff  hheeuurriissttiicc..  ““HHooww  II  
nneeeedd  aa  ddrriinnkk,,  aallccoohhoolliicc  ooff  ccoouurrssee,,  aafftteerr  tthhee  hheeaavvyy  lleeccttuurreess  iinnvvoollvviinngg  qquuaannttuumm  
mmeecchhaanniiccss..  AAllll  ooff  tthhyy  ggeeoommeettrryy,,  HHeerrrr  PPllaanncckk,,  iiss  ffaaiirrllyy  hhaarrdd..””  ((TThhee  nnuummbbeerr  ooff  
lleetttteerrss  iinn  eeaacchh  wwoorrdd  yyiieellddss  ppii  ttoo  2244  ssiiggnniiffiiccaanntt  ffiigguurreess::  33..1144115599  2266553355  8899779933  
2233884466  226644  ((II))))  TThhaatt  ssoouunndd  iinntteennssiittyy  ddeeccrreeaasseess  iinnvveerrsseellyy  aass  tthhee  ssqquuaarree  ooff  tthhee  
ddiissttaannccee  ffrroomm  iittss  ssoouurrccee  iiss  aann  eexxaammppllee  ooff  aa  rruullee--ooff--tthhuummbb  hheeuurriissttiicc..  ““TThhiinnkk  
oouuttssiiddee  ((oorr  iinnssiiddee))  ooff  tthhee  bbooxx””,,  iiss  oonnee  ooff  tthhee  ssllooggaann--lliikkee  hheeuurriissttiiccss  ssuuggggeesstteedd  ffoorr  
ccrreeaattiivvee  tthhiinnkkiinngg..  KKooeenn  ddiissccuusssseess  tthhee  iimmppoorrttaannccee  aanndd  uubbiiqquuiittyy  ooff  hheeuurriissttiiccss  iinn  
aallll  mmaannnneerr  ooff  aapppplliiccaattiioonnss..  ((22))  HHiiss  tthheessiiss  iiss  tthhaatt  hheeuurriissttiiccss  ccoonnssttiittuuttee  tthhee  
eennggiinneeeerriinngg  mmeetthhoodd..  
 
IInn  tthhiiss  ddiissccuussssiioonn,,  II  ddiivviiddee  tthhee  tteecchhnniiccaall  pprroobblleemm--ssoollvviinngg  pprroocceessss  iinnttoo  ttwwoo  ppaarrttss::  
ccoonncceepptt  ggeenneerraattiioonn  aanndd  eennggiinneeeerriinngg--ttyyppee  ssccaalliinngg..  II  ttrreeaatt  tthhee  ttwwoo  ppaarrttss  aass  
iinnddeeppeennddeenntt  aaccttiivviittiieess  iinn  ssttrruuccttuurreedd,,  pprroobblleemm  ssoollvviinngg..  HHeeuurriissttiiccss  aarree  uusseedd  iinn  
bbootthh  aaccttiivviittiieess..  OOuurr  ffooccuuss  iiss  oonn  tthhee  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  ffoorr  ccoonncceepptt  
ggeenneerraattiioonn..  
 
 

The use of heuristics in problem solving 
 
HHeeuurriissttiiccss  ((aanndd  iinnttuuiittiioonn))  ppllaayy  aa  ddoommiinnaanntt  rroollee  iinn  tthhee  ccrreeaattiivvee  tthhiinnkkiinngg  iinnvvoollvveedd  
iinn  pprroobblleemm  ssoollvviinngg..  ((IIII))  TThheeyy  aarree  ssoo  wwiiddeellyy  uusseedd  aanndd  rreelliieedd  uuppoonn  tthhaatt  ffoorr  ddeeccaaddeess  
hheeuurriissttiiccss  hhaavvee  bbeeeenn  sseeaarrcchheedd,,  ccoolllleecctteedd,,  nnaammeedd,,  ccaatteeggoorriizzeedd,,  ccoommppuutteerriizzeedd,,  
aanndd  ttaauugghhtt  iinn  pprroobblleemm  ssoollvviinngg  ccllaasssseess..  YYeett,,  tthheeyy  aarree  nnoott  nneeaarrllyy  aass  ggeenneerraallllyy  
aacccceepptteedd,,  aass  aarree  aallggoorriitthhmmss  iinn  tthhee  ssccaalliinngg  pphhaassee  ooff  pprroobblleemm  ssoollvviinngg..  TThhiiss,,  II  
tthhiinnkk,,  iiss  dduuee  iinn  ppaarrtt  ttoo  aa  mmiissuunnddeerrssttaannddiinngg  lleeaaddiinngg  ttoo  uunnrreeaalliissttiicc  eexxppeeccttaattiioonnss  ooff  
hheeuurriissttiiccss,,  oorr  hhooww  iitt  mmaayy  bbee  rreeggaarrddeedd  tthhaatt  tthheeyy  aarree  uusseedd..    
 
HHeeuurriissttiiccss  aarree  oofftteenn  rreeffeerrrreedd  ttoo  aass  tteecchhnniiqquueess  ffoorr  ffiinnddiinngg  ccoonncceeppttuuaall  ssoolluuttiioonnss,,  
aanndd  iinnvveennttiivvee  oonneess  aatt  tthhaatt..  HHeennccee,,  tthheeyy  mmaayy  bbee  iinnccoorrrreeccttllyy  tthhoouugghhtt  ooff  aass  
aallggoorriitthhmmss  ffoorr  ffoorrmmuullaatteedd  pprroodduuccttiioonn  ooff  iiddeeaass  ffrroomm  tthhee  ((iinnttrraaccttaabbllee))  
ssuubbccoonnsscciioouuss..  TThhiiss  iiss  aa  sseellff--ccoonnttrraaddiiccttoorryy  iiddeeaa..  NNoonneetthheelleessss,,  hheeuurriissttiiccss  aarree  
ggaaiinniinngg  rreeccooggnniittiioonn,,  aass  mmeetthhooddoollooggiieess  tthhaatt  eexxpplliicciittllyy  uussee  tthheemm  aarree  bbeeccoommiinngg  
kknnoowwnn..  SSttrruuccttuurreedd,,  pprroobblleemm--ssoollvviinngg  mmeetthhooddoollooggiieess  mmaakkee  hheeaavvyy  uussee  ooff  

                                  
I Source unknown. 
II The words “creative”, “inventive”, and “innovative” are used freely without definition. They are so 
subjective that they may serve the reader best through personal interpretation. 
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hheeuurriissttiiccss..  TThheessee  mmeetthhooddoollooggiieess  aarree  mmaarrkkeetteedd  bbootthh  iinn  tthhee  ffoorrmm  ooff  ttrraaiinniinngg  
ccllaasssseess  tteeaacchhiinngg  aa  mmeetthhooddoollooggyy  aanndd  iinn  tthhee  ffoorrmm  ooff  eexxppeerrttiissee  ooff  pprrooffeessssiioonnaallss  
wwhhoo  aappppllyy  tthheeiirr  mmeetthhooddoollooggyy  ttoo  ssoollvvee  cclliieenntt’’ss  pprroobblleemmss..  SSoommee  eennggiinneeeerriinngg  
sscchhoooollss  tteeaacchh  tthheemm  iinn  sseenniioorr  ddeessiiggnn  ccllaasssseess..  IInnffoorrmmaallllyy,,  tthheeyy  aarree  ttaauugghhtt  
tthhrroouugghhoouutt  oouurr  aaccaaddeemmiicc  eexxppeerriieenncceess  ––  aann  eelleemmeennttaarryy  sscchhooooll  eexxaammppllee  
tteeaacchheess  hhooww  ttoo  mmuullttiippllyy  bbyy  99’’ss  oonn  yyoouurr  ffiinnggeerrss..    
 
 
Unstructured brainstorming 
 
OOrrggaanniizzaattiioonn  ooff  pprroobblleemm--ssoollvviinngg  ttoooollss  iinnttoo  aa  llooggiiccaall  ssttrruuccttuurree  tthhaatt  gguuiiddeess  aa  
tthhoorroouugghh  pprroocceessss  ttoowwaarrdd  ssoolluuttiioonn  ccoonncceeppttss  iiss  nnoott  ccoommmmoonn  lloorree  ooff  
tteecchhnnoollooggiissttss..  MMoosstt  tteecchhnnoollooggiissttss  aarree  ssoo  pprraaccttiicceedd  aatt  pprroobblleemm  ssoollvviinngg  tthhaatt  tthheeyy  
hhaavvee  tthheeiirr  oowwnn  iinnttuuiittiivvee  sstteeppss,,  wwhhiicchh  mmaayy  vvaarryy  wwiitthh  eeaacchh  pprroobblleemm  ssiittuuaattiioonn..    
  
IInniittiiaall  mmeennttaall  aapppprrooaacchh  ttoo  aa  pprroobblleemm  oofftteenn  iiss  iinnssttaannttaanneeoouuss  rreeaaccttiioonn  ttoo  ooffffeerr  aann  
iinnttuuiittiivvee  ssoolluuttiioonn..    IItt  iiss  qquuiicckk..  TThhiiss  ttyyppee  ooff  rreeaaccttiioonn  iiss  ccoommmmoonnllyy  rreeffeerrrreedd  ttoo  aass  
““bbrraaiinnssttoorrmmiinngg””..  ((33))  WWee  aallll  ddoo  iitt..  IItt  wwoorrkkss,,  ttoo  aa  ddeeggrreeee,,  aanndd  wwee  aarree  ggoooodd  aatt  iitt..    
  
KKnneeee--jjeerrkk--ttyyppee  bbrraaiinnssttoorrmmiinngg,,  ssuucchh  aass  tthhiiss,,  iiss  ppeerrffoorrmmeedd  wwiitthhoouutt  oorrggaanniizzaattiioonn,,  
aannaallyyssiiss,,  oorr  ccoonnsscciioouuss  uussee  ooff  hheeuurriissttiiccss..  IItt  iiss  pprroodduuccttiivvee  aalltthhoouugghh  aann  
uunnssttrruuccttuurreedd  aanndd  uunngguuiiddeedd,,  iinnttuuiittiivvee  pprroocceessss..  AAfftteerr  tthhiiss  iinniittiiaall  mmeennttaall  aaccttiivviittyy  
ssuubbssiiddeess  ccoonnssiiddeerraattiioonn  mmaayy  bbee  ggiivveenn  ttoo  aa  mmoorree  oorrggaanniizzeedd  pprroocceessss..  OOrr,,  aa  
ccoommmmoonn  ooccccuurrrreennccee,,  tthhee  pprroobblleemm  ssoollvveerr  mmaayy  ddeellaayy  aannyy  oorrggaanniizzeedd  eeffffoorrtt  aanndd  
ddeecciiddee  ttoo  lleett  tthhee  pprroobblleemm  iinnccuubbaattee  aa  wwhhiillee  ((aa  hheeuurriissttiicc))  aanndd  hhaavvee  aannootthheerr  
bbrraaiinnssttoorrmmiinngg  sseessssiioonn  llaatteerr..  BByy  tthheenn,,  aa  hheeuurriissttiicc  mmaayy  hhaavvee  bbeeeenn  rreemmeemmbbeerreedd  
ttoo  ttrryy..  TThhiiss  uunnoorrggaanniizzeedd  pprroocceessss  aatttteessttss  tthhee  rreelliiaannccee  wwee  hhaavvee  oonn  tthhee  
ccaappaabbiilliittiieess  ooff  oouurr  iinnttuuiittiioonnss..  IItt  aallssoo  ssuuggggeessttss  aann  ooppppoorrttuunniittyy  ffoorr  aa  ssttrruuccttuurreedd  
mmeetthhooddoollooggyy  bbaasseedd  oonn  aa  sseellff--ccoonnssiisstteenntt  sseett  ooff  ddeerriivveedd  hheeuurriissttiiccss..    
  
 
Background 
 
 
Structured problem-solving methodologies 
 
TThhee  mmeetthhooddoollooggyy  ccaalllleedd  uunniiffiieedd  ssttrruuccttuurreedd  iinnvveennttiivvee  tthhiinnkkiinngg  ((UUSSIITT))  ((44,,55))  iiss  
uusseedd  iinn  tthhiiss  ddiissccuussssiioonn..  IItt  iiss  aann  ooffffsshhoooott  ooff  ssyysstteemmaattiicc  iinnvveennttiivvee  tthhiinnkkiinngg  ((SSIITT,,  
nnooww  kknnoowwnn  aass  aaddvvaanncceedd  ssyysstteemmaattiicc  iinnvveennttiivvee  tthhiinnkkiinngg  [[AASSIITT  ((66))]]))..  SSIITT  iiss  aann  
ooffffsshhoooott  ooff  tthhee  tthheeoorryy  ooff  ssoollvviinngg  iinnvveennttiivvee  pprroobblleemmss  ((TTRRIIZZ))  oorriiggiinnaattiinngg  iinn  RRuussssiiaa  
iinn  11994477..  ((77))  TTRRIIZZ  ffoolllloowweerrss  hhaavvee  bbeeeenn  aaccttiivvee  iinn  tthhee  ccoonnttiinnuueedd  sseeaarrcchh  ooff  tthhee  
ppaatteenntt  lliitteerraattuurree  ttoo  gglleeaann  nneeww  eexxaammpplleess  ooff  iinnvveennttiivvee  iiddeeaass  aanndd  hheeuurriissttiiccss..  
TThheessee  mmeetthhooddoollooggiieess  aallll  aarree  ddeevvootteedd  ttoo  tthhee  uussee  ooff  hheeuurriissttiiccss..    BBaallll  hhaass  
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ppuubblliisshheedd  aann  eexxcceelllleenntt  ccoolllleeccttiioonn  ooff  hheeuurriissttiiccss  ffoorr  uussee  iinn  TTRRIIZZ,,  aalltthhoouugghh  nnoott  
nnaammeedd  aass  ssuucchh..  ((88))  
 
 

Origin of heuristics  
 
HHiissttoorriiccaallllyy,,  hheeuurriissttiiccss  hhaavvee  bbeeeenn  ddiissccoovveerreedd  iinn  ppeerrssoonnaall  eexxppeerriieennccee,,  ttaauugghhtt  iinn  
pprroobblleemm--ssoollvviinngg  ccllaasssseess,,  aanndd  gglleeaanneedd  ffrroomm  tthhee  lliitteerraattuurree..  TThheeyy  mmaayy  bbee  vviieewweedd  
aass  bbeeiinngg  aanneeccddoottaall..  TThheeyy  hhaavvee  nnoott  aacchhiieevveedd  tthhee  ssttaattuuss  oorr  aacccceeppttaannccee  ooff  
aallggoorriitthhmmss,,  wwhhiicchh  oofftteenn  aarree  bbaacckkeedd  bbyy  ggeenneerraattiioonnss  ooff  rreesseeaarrcchh..  HHeeuurriissttiiccss  hhaavvee  
nnoott  bbeeeenn  ddeerriivveedd  iinn  aa  llooggiiccaall  pprroocceedduurree  aannaallooggoouuss  ttoo  tthhee  ddeerriivvaattiioonn  ooff  
aallggoorriitthhmmss..  AAnndd  nnoo  aallggoorriitthhmmss  eexxiisstt  ffoorr  tthhaatt  ppuurrppoossee..  NNoonneetthheelleessss  hheeuurriissttiiccss  
ccoonnttiinnuuee  ttoo  bbee  uusseedd  bbyy  tteecchhnnoollooggiissttss..  TThheeyy  aarree  eeffffeeccttiivvee..  
  
CCooggnniittiivvee  ppssyycchhoollooggiissttss  hhaavvee  rreeccooggnniizzeedd  tthhaatt  hheeuurriissttiiccss  ppllaayy  aa  ssiiggnniiffiiccaanntt  rroollee  
iinn  ccrreeaattiivvee  ccooggnniittiioonn  dduurriinngg  pprroobblleemm  ssoollvviinngg..  IInn  tthhee  llaasstt  ddeeccaaddee  oorr  ssoo,,  tthheeyy  hhaavvee  
bbeegguunn  sseerriioouuss  ssttuuddyy  ooff  ccrreeaattiivvee  ccooggnniittiioonn,,  aann  aarreeaa  nneegglleecctteedd  iinn  tthhee  ppaasstt  
bbeeccaauussee  ooff  uunnsscciieennttiiffiicc  ccoonnnnoottaattiioonnss  aanndd  uunncceerrttaaiinnttyy  rreeggaarrddiinngg  hhooww  ttoo  ccoonndduucctt  
ddeeffiinniittiivvee  eexxppeerriimmeennttss..  ((99))  AAss  tthheessee  bbaarrrriieerrss  hhaavvee  bbeeeenn  oovveerrccoommee,,  rreesseeaarrcchh  iiss  
ccoonnttrriibbuuttiinngg  ttoo  aa  bbeetttteerr  uunnddeerrssttaannddiinngg  ooff  tthhee  ccrreeaattiivvee  pprroocceesssseess  iinn  pprroobblleemm  
ssoollvviinngg..  TThheeiirr  rreesseeaarrcchh  eemmpphhaassiizzeess  tthhee  ““ccrreeaattiivvee””  ppaarrtt  ooff  ccrreeaattiivvee  ccooggnniittiioonn..  
HHeerree  iinntteerreesstt  iiss  mmoorree  oonn  tthhee  ssiiddee  ooff  ““ccooggnniittiioonn””..  HHeeuurriissttiiccss  wwiillll  bbee  uusseedd  ttoo  oobbttaaiinn  
aass  mmaannyy  ssoolluuttiioonn  ccoonncceeppttss  aass  ppoossssiibbllee  wwhheetthheerr  oorr  nnoott  tthheeyy  aarree  ccrreeaattiivvee..  TThhiiss  iiss  
aann  iimmppoorrttaanntt  iissssuuee  ffoorr  aaddooppttiioonn  ooff  aa  ssttrruuccttuurreedd  pprroobblleemm--ssoollvviinngg  mmeetthhooddoollooggyy  iinn  
iinndduussttrryy  ––  mmuullttiippllee  ccoonncceeppttss  lleeaadd  ttoo  aalltteerrnnaattiivvee  ssoolluuttiioonnss..  
 
 
A simple model of cognition 
 
II  uussee  aa  ssiimmppllee,,  nnaaiivvee  mmooddeell  ooff  tthhee  ccrreeaattiivvee  ccooggnniittiioonn  pprroocceessss  eemmppllooyyeedd  iinn  
pprroobblleemm  ssoollvviinngg..  ((IIIIII))  IItt  iiss  iinntteennttiioonnaallllyy  ssuuppeerrffiicciiaall  iinn  oorrddeerr  ttoo  ggrraasspp  aa  ffeeww  
eesssseennttiiaallss  ooff  tthhee  pprroocceessss  wwiitthhoouutt  tthhee  ddeettaaiill..  TThhee  ssiimmppllee  mmooddeell::    
  
WWhheenn  iinn  nneeeedd  ooff  aann  iiddeeaa,,  tthhee  mmiinndd  ccaann  ccoonnsscciioouussllyy  sseeeedd  tthhee  ssuubbccoonnsscciioouuss..  
SSuubbsseeqquueennttllyy,,  rreeccaallll  aanndd  aassssoocciiaattiioonn  ooff  ppaasstt  eexxppeerriieennccee  mmaayy  ooccccuurr  rreessuullttiinngg  iinn  
aa  ttrriiaall  ccoonncceepptt  ffoorr  ccoonnsscciioouuss  tteessttiinngg..    
  
RReeccaallll  iiss  aa  ccrriittiiccaall  ccoommppoonneenntt  ooff  tthhee  mmooddeell..  RReeccaallll  mmeeaannss  ttoo  mmaakkee  aa  
ssuubbccoonnsscciioouuss  aassssoocciiaattiioonn  ooff  ppaasstt  eexxppeerriieennccee  wwiitthh  aa  ccoonnsscciioouuss  ccoonncceepptt..  TThheerree  

                                  
III This naïve model is mentioned only to clarify references here to seeding and subconscious recall. It has 
no direct impact on the outcome of the results to be described. 
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iiss  nnoo  mmaaggiicc  iinnvvoollvveedd..  PPaasstt  eexxppeerriieennccee  mmuusstt  aallrreeaaddyy  eexxiisstt  ootthheerrwwiissee  rreeccaallll  iiss  
mmeeaanniinngglleessss..  OOuurr  mmeennttaall  ssttoorree  ooff  eexxppeerriieennccee  bbuuiillddss  ffrroomm  eevveerryy  iimmaaggiinnaabbllee  
ccoonnsscciioouuss  iinntteerraaccttiioonn  wwiitthh  tthhee  pphhyyssiiccaall  wwoorrlldd..  SSoollvviinngg  tteecchhnniiccaall  pprroobblleemmss  
ddeeppeennddss  hheeaavviillyy  oonn  ttrraaiinniinngg,,  pprraaccttiiccee,,  kknnoowwlleeddggee,,  aanndd  oonn--ggooiinngg  ccuurriioossiittyy  ttoo  
bbuuiilldd  aa  ffuunnccttiioonnaall  bbaassee  ooff  eexxppeerriieennccee..    
  
IItt  iiss  aassssuummeedd  ffuurrtthheerr  tthhaatt  tthhee  llaagg  ttiimmee  bbeettwweeeenn  aa  tthhoouugghhtt,,  iinnvvoollvviinngg  oobbsseerrvvaattiioonn,,  
rreeccaallll,,  aassssoocciiaattiioonn,,  aanndd  mmooddiiffiiccaattiioonn,,  iiss  vveerryy  bbrriieeff..  TThhuuss,,  iitt  bbeeccoommeess  iinnssttaannttllyy  
aavvaaiillaabbllee  ffoorr  rreeccaallll  iinn  tthhee  nneexxtt  mmeennttaall  iitteerraattiioonn  ooff  ttrriiaall--aanndd--eerrrroorr  sseeeeddiinngg..  TThhee  
ccoonnsseeqquueennccee  ooff  tthhiiss  aassssuummppttiioonn  iiss  tthhaatt  mmeemmoorryy  iiss  rreeffrreesshheedd  ddyynnaammiiccaallllyy  
dduurriinngg  pprroobblleemm  ssoollvviinngg  ––  eexxppeerriieennccee  iiss  ccoonnssttaannttllyy  uuppddaatteedd..    
  
AAnn  iinntteerreessttiinngg  aassppeecctt  ooff  rreeccaallll,,  ffoorr  pprroobblleemm--ssoollvviinngg  ccoonncceeppttss,,  iiss  tthhee  aaggee  ooff  tthhee  
iinnffoorrmmaattiioonn  bbeeiinngg  rreeccaalllleedd  ffrroomm  mmeemmoorryy  ––  mmiilllliisseeccoonnddss  ttoo  ddeeccaaddeess..  AAnnootthheerr  
iinntteerreessttiinngg  aassppeecctt  iiss  tthhee  nnaattuurree  ooff  wwhhaatt  iiss  nneeeeddeedd  iinn  rreeccaallll..  IItt  iiss  nnoott  ffaaccttss,,  oorr  
ddaattaa  aanndd  ssppeecciiffiiccaattiioonnss,,  bbuutt  aammbbiigguuoouuss  aassssoocciiaattiioonnss  wwiitthh  tthhee  ssiimmpplleesstt  ooff  
aarrttiiffaaccttss  ((mmaann--mmaaddee  oobbjjeeccttss))  ttoo  tthhee  mmoosstt  ccoommpplleexx  hhiigghh--tteecchh  ddeevviiccee,,  ffrroomm  tthhee  
ssiimmpplleesstt  lliivviinngg  oorrggaanniissmm  ttoo  tthhee  mmoosstt  ccoommpplleexx  bbiioollooggiiccaall  ssyysstteemm,,  ffrroomm  ssuubbaattoommiicc  
ppaarrttiiccllee  iinntteerraaccttiioonnss  ttoo  ccoossmmoollooggiiccaall  pphheennoommeennaa..  AAnndd  mmoosstt  iinntteerreessttiinngg  iiss  tthhee  
ttrriicckkeerryy  ooff  rreeccaallll  uussiinngg  aammbbiigguuoouuss  ssttiimmuullii  ffrroomm  oouurr  sseennsseess..    
 
 
Perspectives and biases in problem solving 
 
AAlltthhoouugghh  pprroobblleemmss  aarriissee  ffrroomm  mmiissbbeehhaavviinngg  ffuunnccttiioonnss,,  tthheeiirr  uunnddeerrssttaannddiinngg  
bbeeggiinnss  wwiitthh  tthhee  ssoouurrccee  oobbjjeeccttss..  EEnnggiinneeeerriinngg  ddeessiiggnn  rreeffeerrss  ttoo  tthhee  ffoorrmmaalliizzeedd  
ccoonncceeppttuuaalliizzaattiioonn  ooff  aarrttiiffaaccttss..  CCoonnvveennttiioonnaall,,  eennggiinneeeerriinngg--ttyyppee  pprroobblleemm  ssoollvviinngg  
ccaann  bbee  cchhaarraacctteerriizzeedd,,  iinn  iittss  aannaallyyttiiccaall  pphhaassee,,  aass  ddeevveellooppiinngg  lleevveellss  ooff  
aabbssttrraaccttiioonn  ooff  oobbjjeeccttss..  AAtt  tthhee  iinniittiiaall  lleevveell,,  tthhee  pprroobblleemm  ssoollvveerr  mmaayy  hhaavvee  ““iinn  hhaanndd””  
aa  mmaallffuunnccttiioonniinngg  ccoommppoonneenntt  ––  aann  oobbjjeecctt,,  eeiitthheerr  ssiimmppllee  oorr  ccoommpplleexx..  TThheerree  mmaayy  
aallssoo  bbee  aavvaaiillaabbllee  pphhoottooggrraapphhss,,  aa  wwoorrkkiinngg  pprroottoottyyppee  hhaavviinngg  mmoosstt  ooff  tthhee  ccuurrrreenntt  
ffeeaattuurreess,,  aa  nnoonn--ffuunnccttiioonnaall  ssccaallee  mmooddeell,,  aanndd  bblluuee  pprriinnttss;;  aallll  sseerrvviinngg  aass  vvaarriioouuss  
mmeettaapphhoorrss  ooff  tthhee  oorriiggiinnaall  oobbjjeecctt..  EEnnssuuiinngg  ddiissccuussssiioonnss  wwiillll  ggeenneerraattee  ssiimmppllee  
ppiiccttoorriiaall  sskkeettcchheess  rreeaaddiillyy  rreeccooggnniizzeedd  aass  tthhee  ssuubbjjeecctt..  AAss  tthhee  oobbjjeeccttss  bbeeccoommee  
mmoorree  ffaammiilliiaarr,,  iinn  tthhee  pprroobblleemm  ssoollvviinngg  pprroocceessss,,  sskkeettcchheess  bbeeccoommee  lleessss  ddeettaaiilleedd,,  
eevveenn  ccrruuddee..  OOccccaassiioonnaallllyy  aa  ssiimmppllee  llaabbeelleedd  bbooxx  wwiillll  rreepprreesseenntt  tthhee  oorriiggiinnaall  oobbjjeecctt..  
TThhuuss,,  oobbjjeecctt  eexxpprreessssiioonn  ccaann  ggrraadduuaallllyy  lloossee  ddeeffiinniittiioonn  bbuutt  tthhee  oobbjjeecctt  iiss  ssttiillll  iinn  
oonnee’’ss  mmiinndd::  rreeaall  oobbjjeecctt  ►►  pphhoottooggrraapphh  ►►  pprroottoottyyppee  ►►  mmooddeell  ►►  bblluueepprriinnttss  ►►  
sskkeettcchheess  ►►  llaabbeelleedd  bbooxx  aanndd,,  eevveenn  aass  aabbssttrraacctt  aass  aann  uunnllaabbeelleedd  bbooxx  ((ddiissccuusssseedd  
llaatteerr))..  SSiimmiillaarr  aabbssttrraaccttiioonn  ooccccuurrss  iinn  vveerrbbaall  aanndd  wwrriitttteenn  rreeppoorrttss..  TThhee  ddeevviiccee  
iinniittiiaallllyy  iiss  rreeffeerrrreedd  ttoo  bbyy  iittss  ffuullll  nnaammee..  TThhiiss  wwiillll  qquuiicckkllyy  bbee  ssiimmpplliiffiieedd  ttoo  oonnee  oorr  
ttwwoo  wwoorrddss,,  tthheenn  ttoo  aann  aaccrroonnyymm,,  aanndd  tthheenn  ttoo  aa  nniicckknnaammee,,  oorr  eevveenn  aa  ccoommiiccaall  
nnaammee..  TThhee  ppooiinntt  iiss  tthhaatt  oouurr  tteecchhnniiccaall  ttrraaiinniinngg,,  uusseedd  ffoorr  ddeessccrriippttiioonn  aanndd  aannaallyyssiiss  
iinn  pprroobblleemm  ssoollvviinngg,,  iiss  oobbjjeecctt  oorriieenntteedd  aatt  aallll  lleevveellss  ooff  aabbssttrraaccttiioonn..    
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TThhee  sseeccoonndd  mmoosstt  iimmppoorrttaanntt  ffeeaattuurree  iinn  tteecchhnniiccaall  pprroobblleemm  ssoollvviinngg  iiss  aa  ffuunnccttiioonn..  
WWhheenn  aann  oobbjjeecctt  iiss  uunnddeerrssttoooodd,,  uunnddeerrssttaannddiinngg  ooff  iittss  ffuunnccttiioonn  ffoolllloowwss..  FFuunnccttiioonnss  
aarree  tthhee  ppuurrppoosseess  ffoorr  tthhee  eexxiisstteennccee  ooff  oobbjjeeccttss..  CCoonnssiiddeerraabbllee  ccaarree  iiss  ttaakkeenn  ttoo  
uunnddeerrssttaanndd  ffuunnccttiioonnss;;  tthhiiss  ccaann  lleeaadd  ttoo  eexxtteennssiivvee  mmaatthheemmaattiiccaall  aabbssttrraaccttiioonn..      
  
TThhiirrdd  iinn  iimmppoorrttaannccee  iinn  ffeeaattuurreess  ooff  tteecchhnniiccaall  pprroobblleemmss  aarree  tthhee  aattttrriibbuutteess  ooff  tthhee  
oobbjjeeccttss..  TThheessee  aarree  uussuuaallllyy  ssuummmmaarriizzeedd  iinn  lliissttss  ooff  mmaatteerriiaallss  aanndd  iinn  ddeessiiggnn  
ssppeecciiffiiccaattiioonnss  ooff  tthhee  oobbjjeeccttss..  TThheeyy  mmaayy  bbee  aacccceepptteedd  aass  ccoonnddiittiioonnss  ooff  ssoolluuttiioonnss  
aanndd,,  aass  ssuucchh,,  sseerrvvee  aass  ffiilltteerrss  ttoo  ccuullll  ssoolluuttiioonn  ccoonncceeppttss..  MMiinniimmaall  aabbssttrraaccttiioonn,,  iiff  
aannyy,,  iiss  iinnvvoollvveedd  ffoorr  aattttrriibbuutteess..  
  
TThhee  ppooiinntt  ooff  tthhiiss  ssoommeewwhhaatt  ssiimmpplliiffiieedd  vviieeww  iiss  tthhaatt  oobbjjeeccttss  aarree  tthhee  cceenntteerr  ooff  
ffooccuuss  iinn  ccoonnvveennttiioonnaall  pprroobblleemm  aannaallyyssiiss  aanndd  ssoolluuttiioonn..  FFuurrtthheerrmmoorree,,  tthhee  
aabbssttrraaccttiioonnss  ooff  oobbjjeeccttss  uusseedd  iinn  ddiissccuussssiioonn  aanndd  aannaallyyssiiss  oofftteenn  rreettaaiinn  ggrraapphhiicc  
sseemmbbllaanncceess  ttoo  tthhee  oorriiggiinnaall  oobbjjeecctt..  TThheessee  ccrreeaattee  aa  bbiiaasseedd  ppeerrssppeeccttiivvee  ooff  tthhee  
pprroobblleemm..  SSuucchh  bbiiaass  iiss  aa  lliimmiitteedd  vviieeww  tthhaatt  ccaann  ddiissssuuaaddee  aa  pprroobblleemm  ssoollvveerr  ffrroomm  
bbrrooaaddeerr  iinnvveessttiiggaattiioonn..    
  
IItt  iiss  tthhee  oobbjjeeccttiivvee  ooff  ssttrruuccttuurreedd  pprroobblleemm--ssoollvviinngg  mmeetthhooddoollooggyy  ttoo  ddrraaww  tthhee  
pprroobblleemm  ssoollvveerr  aawwaayy  ffrroomm  ssuucchh  aa  ((ssuubbccoonnsscciioouussllyy))  bbiiaasseedd  ppeerrssppeeccttiivvee  aanndd  
ssuuggggeesstt  wwaayyss  ooff  ffiinnddiinngg  nneeww  ppeerrssppeeccttiivveess..  OOff  ccoouurrssee,,  tthheessee  wwiillll  hhaavvee  tthheeiirr  oowwnn  
bbiiaasseess;;  bbuutt  tthheeyy  hhaavvee  nnoott  yyeett  bbeeeenn  eexxppllooiitteedd  ffoorr  nneeww  iinnssiigghhttss..  AAnn  oobbvviioouuss  
ooppppoorrttuunniittyy  ffoorr  aa  nneeww  ppeerrssppeeccttiivvee  iiss  aann  aattttrriibbuuttee--cceenntteerreedd  ssyysstteemm  ooff  aannaallyyssiiss  
aanndd  ssoolluuttiioonn..  TThhee  hheeuurriissttiiccss  ddeerriivveedd  iinn  PPaarrtt  IIII  wwiillll  bbee  sseeeenn  ttoo  ttaakkee  aaddvvaannttaaggee  ooff  
tthhiiss  ooppppoorrttuunniittyy..  
  
OObbjjeecctt--oorriieenntteedd  bbiiaass  iiss  ddeessiirraabbllee  iinn  tthhee  ssccaalliinngg  pphhaassee  ooff  pprroobblleemm  ssoollvviinngg..  IInn  tthhee  
iiddeeaa--ggeenneerraattiioonn  pphhaassee  oonnee  nneeeeddss  aass  mmuucchh  ffrreeeeddoomm  ooff  aassssoocciiaattiioonn  wwiitthh  ppaasstt  
eexxppeerriieennccee  aass  ccaann  bbee  eevvookkeedd  iinn  tthhee  ssuubbccoonnsscciioouuss  ffoorr  uunnuussuuaall  rreeccaallll..  AAnn  
eexxcceelllleenntt  hheeuurriissttiicc  ffoorr  tthhiiss  ppuurrppoossee  iiss  tthhee  uussee  ooff  ““aammbbiigguuiittyy””..  OOnnee  ffoorrmm  ooff  
aammbbiigguuiittyy  iiss  kknnoowwnn  aass  ““ggeenneerriiffiiccaattiioonn  ooff  oobbjjeecctt  nnaammeess””  ((TTaabbllee  11,,  NNoo..  88))..  TThhaatt  iiss,,  
rreeffeerrrriinngg  ttoo  oobbjjeeccttss  nnoott  bbyy  tthheeiirr  ccoommmmeerrcciiaall  nnaammeess  bbuutt  bbyy  ggeenneerriicc  nnaammeess  tthhaatt  
rreefflleecctt  tthheeiirr  ffuunnccttiioonnss..  FFoorr  eexxaammppllee,,  aa  mmeecchhaanniiccaall  ssccrreeww  mmiigghhtt  bbee  nnaammeedd  aa  
ccllaammpp,,  aa  ffaasstteenneerr,,  aa  mmaarrkkeerr,,  aann  aaddjjuusstteerr,,  aa  ppiivvoott,,  aa  ssuuppppoorrtt,,  aa  ppuummpp,,  aa  bbaallaannccee  
wweeiigghhtt,,  aa  ppooiinntt  ooff  rreeffeerreennccee,,  aa  hhoollee  ffiilllleerr,,  oorr  aa  pprrooppeelllleerr,,  aaccccoorrddiinngg  ttoo  iittss  mmaaiinn  
uussee  iinn  aa  ggiivveenn  pprroobblleemm..  
  
EEaacchh  ggeenneerriicc  oobbjjeecctt  nnaammee  bbeeccoommeess  aa  sseeeedd  ttoo  ssppaarrkk  tthhee  ssuubbccoonnsscciioouuss..  AAtt  tthhiiss  
jjuunnccttuurree,,  mmiinnddss  ddiivveerrggee  tthhrroouugghh  iinnddiivviidduuaall--ddeeppeennddeenntt  bbaacckkggrroouunnddss  ooff  
eexxppeerriieennccee..  TThhee  ggeenneerriiffiiccaattiioonn  ooff  aann  oobbjjeecctt’’ss  ccoommmmeerrcciiaall  nnaammee  aaccccoorrddiinngg  ttoo  iittss  
aapppplliiccaattiioonn  wwiillll  pprroodduuccee  rraatthheerr  ssiimmiillaarr  rreessuullttss  aammoonngg  ddiiffffeerreenntt  pprroobblleemm  ssoollvveerrss,,  
bbuutt  tthhee  ssuubbsseeqquueenntt  ssppaarrkkss  ooff  iimmaaggiinnaattiioonn  ccaann  vvaarryy  iinn  ssuurrpprriissiinngg  wwaayyss..  AAss  aann  
eexxaammppllee,,  ccoonnssiiddeerr  oonnee  ooff  tthhee  aabboovvee  ggeenneerriiffiiccaattiioonnss  ooff  aa  mmeecchhaanniiccaall  ssccrreeww;;  ssaayy,,  
aa  ““ffaasstteenneerr””..  IInn  qquuiicckk  ssuucccceessssiioonn  ((wwiitthhoouutt  ffiilltteerriinngg)),,  tthheessee  iiddeeaass  ccaammee  ttoo  mmyy  
mmiinndd::  aa  ggaattee  llaattcchh,,  aa  ssttaappllee,,  aa  rraaiillwwaayy  ssppiikkee,,  aa  CClleeccoo  bbuuttttoonn,,  aa  ssaaffeettyy  ppiinn,,  aa  
ssttrraaiigghhtt  ppiinn,,  aa  ttaacckk,,  aa  rraattcchheett,,  VVeellccrroo,,  aa  bbeelltt  bbuucckkllee,,  aa  mmeecchhaanniiccaall  ddeetteenntt,,  aa  ccoogg,,  
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aa  kknnoott,,  aa  wweellddeedd  jjooiinntt,,  aa  bboottttllee  ccaapp,,  aa  sshhooee  ssttrriinngg,,  aa  sskkeewweerr,,  aa  sshhooee  ssttuucckk  iinn  
mmuudd,,  aa  rriivveett,,  aa  ffrriiccttiioonn  jjooiinntt,,  aa  ddiiffffeerreennttiiaall  tthheerrmmaall--eexxppaannssiioonn  jjooiinntt,,  aanndd  ……  ((II  qquuiitt  
wwhheenn  tthhee  rraattee  ooff  iiddeeaass  sslloowweedd))..  NNoottee  tthhaatt  ssoommee  ooff  tthhee  ““ssppaarrkkss””  pprroodduucceedd  
sseeqquueenncceess  iinn  wwhhiicchh  oonnee  iiddeeaa  ggaavvee  rriissee  ttoo  tthhee  nneexxtt..  HHeennccee,,  aa  ppaarrttiiccuullaarr  iiddeeaa  
mmaayy  aappppeeaarr  ttoo  bbee  ddiissccoonnnneecctteedd  ffrroomm  tthhee  oorriiggiinnaall  oonnee..  TThhee  ppuurrppoossee  ooff  tthhiiss  
ddeemmoonnssttrraattiioonn  iiss  ttoo  sshhooww  tthhaatt  ssoommee  rreessuullttiinngg  aassssoocciiaattiioonnss  mmaayy  sseeeemm  llooggiiccaall  ttoo  
tthhee  rreeaaddeerr  aanndd  ootthheerrss  mmaayy  nnoott..  AAllll  wweerree  llooggiiccaall  ttoo  mmee  ffoorr  ssppeecciiffiicc  rreeaassoonnss..  SSuucchh  
vvaarriiaabbiilliittyy  aammoonngg  iinnddiivviidduuaallss  sshhoouulldd  bbee  bboorrnnee  iinn  mmiinndd  wwhheenn  jjuuddggiinngg  wwhheetthheerr  aa  
pprrooffffeerreedd  ssoolluuttiioonn  ccoonncceepptt  ffoolllloowwss  llooggiiccaallllyy  ffrroomm  aa  ssppeecciiffiicc  hheeuurriissttiicc..    
  
AA  mmaajjoorr  bbeenneeffiitt  ooff  tthhee  uussee  ooff  aammbbiigguuiittyy  ttoo  iinnvvookkee  bbrrooaadd  aassssoocciiaattiioonnss  iiss  ttoo  
ssuupppprreessss  tthhee  rriiggoorr  ooff  eennggiinneeeerriinngg--ttyyppee  aannaallyyssiiss..  PPrreessuummaabbllyy,,  wwhheenn  aa  pprroobblleemm  
ssoollvveerr  hhaass  rreeaacchheedd  tthhee  ppooiinntt  ooff  aappppllyyiinngg  aa  ssttrruuccttuurreedd  pprroobblleemm--ssoollvviinngg  
mmeetthhooddoollooggyy,,  rriiggoorroouuss  eennggiinneeeerriinngg--ttyyppee  tthhiinnkkiinngg  hhaass  bbeeeenn  aallrreeaaddyy  eexxppllooiitteedd  
aanndd  uusseeffuull  iiddeeaass  ccaappttuurreedd..  TThhee  ssttrraatteeggyy  nnooww  iiss  ttoo  sshhiifftt  ttoo  aann  uunnccoonnvveennttiioonnaall  
aapppprrooaacchh  tthhaatt  iiss  nnoott  wwhhiimmssiiccaall  aanndd  rreettaaiinnss  pphheennoommeennoollooggiiccaall  vvaalliiddiittyy..  
  

 
Abstraction of heuristics 
  
TThhee  hheeuurriissttiicc  ttoo  ““ssiimmpplliiffyy””  aa  pprroobblleemm,,  wwiitthhoouutt  iiddeennttiiffyyiinngg  wwhhaatt  ttoo  ssiimmpplliiffyy,,  
ssoouunnddss  vveerryy  aabbssttrraacctt..  BBuutt  iitt  iiss  oonnllyy  aapppplliieedd  wwhheenn  tthhee  pprroobblleemm  ssoollvveerr  hhaass  bbeegguunn  
ttoo  ffoorrmmuullaattee  vveerrbbaall  aanndd  ggrraapphhiicc  mmeettaapphhoorrss  aanndd  ccoommpplleexxiittyy  hhaass  bbeeeenn  
rreeccooggnniizzeedd..  MMoosstt  oofftteenn  tthhee  ccoommpplleexxiittyy  rreellaatteess  ttoo  tthhee  nnuummbbeerr  ooff  oobbjjeeccttss,,  
rreeppeeaatteedd  ppaatttteerrnnss,,  oorr  eexxttrraanneeoouuss  iinnffoorrmmaattiioonn..  OOnnccee  ccoommpplleexxiittyy  iiss  rreeccooggnniizzeedd,,  
ssiimmpplliiffiiccaattiioonn  mmaayy  ccoommee  ttoo  mmiinndd  iinnttuuiittiivveellyy  oorr  aass  aa  pprraaccttiicceedd  ddiisscciipplliinnee  ooff  
pprroobblleemm  ssoollvviinngg..  AAtt  tthhiiss  ppooiinntt,,  wwhheenn  ccoommpplleexxiittyy  hhaass  bbeeeenn  rreeccooggnniizzeedd,,  tthhee  
pprroobblleemm  ssoollvveerr  hhaass  pphhyyssiiccaall  wwoorrlldd  iimmaaggeess  ttoo  ddeeaall  wwiitthh..  
  
““RReevveerrssee  tthhee  oorrddeerr  ooff  ffuunnccttiioonnss””  aanndd  ““rreevveerrssee  tthhee  oorrddeerr  ooff  oobbjjeeccttss””  aarree  lleessss  
aabbssttrraacctt  hheeuurriissttiiccss  bbeeccaauussee  tthheeyy  aarree  wwoorrddeedd  ttoo  mmaakkee  tthheeiirr  ppooiinntt  ooff  aapppplliiccaattiioonn  
ssppeecciiffiicc  aanndd  mmeennttaallllyy  vviissiibbllee..  ““RReevveerrssee  oorrddeerr””,,  wwoouulldd  bbee  aa  mmoorree  aabbssttrraacctt  lleevveell  ooff  
tthhiinnkkiinngg..  IInn  aannyy  ccaassee,,  tthhee  pprroobblleemm  ssoollvveerr  uussuuaallllyy  wwiillll  mmeennttaallllyy  ttrraannssllaattee  aa  
hheeuurriissttiicc  ttoo  tthhee  ssppeecciiffiicc  ssiittuuaattiioonn  aatt  hhaanndd,,  mmaakkiinngg  oobbjjeecctt  aanndd  ffuunnccttiioonn  
aassssoocciiaattiioonnss  rreelleevvaanntt  ttoo  tthhee  pphhyyssiiccaall  wwoorrlldd..  AAtt  tthhiiss  ppooiinntt  tthhee  hheeuurriissttiicc  aassssuummeess  
tthhee  bbiiaass  aassssoocciiaatteedd  wwiitthh  tthhee  pphhyyssiiccaall  wwoorrlldd  oobbjjeeccttss  iinn  iittss  nneeww  wwoorrddiinngg  aanndd  
iimmaaggeess..  TThhiiss  ffaacciilliittaatteess  eexxeeccuuttiioonn  ooff  aa  hheeuurriissttiicc..  AAtt  tthhee  ssaammee  ttiimmee,,  iitt  mmaayy  
rreedduuccee  iittss  ppootteennttiiaall  ssccooppee..  IInn  tthhee  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  iitt  wwiillll  bbee  sseeeenn  tthhaatt  tthheeyy  
ccaann  bbee  eexxeeccuutteedd  aatt  aann  aabbssttrraacctt  lleevveell  tthhaatt  wwiiddeennss  tthheeiirr  ssccooppee..  
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Comments on the method  
 
BBeeccaauussee  nnoo  aallggoorriitthhmmss  eexxiisstt  ffoorr  ddeerriivviinngg  hheeuurriissttiiccss  iitt  wwiillll  bbee  nneecceessssaarryy  ttoo  ccaallll  
oonn  hheeuurriissttiiccss  ttoo  aassssiisstt  tthhee  pprroocceessss..  HHeeuurriissttiiccss  sseelleecctteedd  ffoorr  tthhiiss  ttaasskk  mmuusstt  bbee  
rreeaassoonnaabbllyy  wweellll  kknnoowwnn  aanndd  aacccceepptteedd,,  oorr  aatt  lleeaasstt  ttoolleerraatteedd  wwhhiillee  ppoossttppoonniinngg  
jjuuddggmmeenntt  iinn  oorrddeerr  ttoo  sseeee  tthhee  oouuttccoommee..  PPrroocceedduurraall  sstteeppss  wwiillll  iinncclluuddee  ccrreeaattiioonn  ooff  
aa  wweellll--ddeeffiinneedd  pprroobblleemm,,  uussee  ooff  aassssuummppttiioonnss  ccoommppoossiinngg  aa  sseett  ooff  aaxxiioommss,,  aanndd  
llooggiiccaall  ddeedduuccttiioonn  ooff  hheeuurriissttiiccss  ((wwhhiillee  aappppllyyiinngg  kknnoowwnn  hheeuurriissttiiccss  tthhrroouugghhoouutt  tthhee  
pprroocceessss))..    
  
NNoottee  tthhaatt  tthhee  eeiigghhtteeeenn  hheeuurriissttiiccss  lliisstteedd  iinn  TTaabbllee  ((11))  aarree  aallll  aabbssttrraacctt,,  mmeeaanniinngg  
tthhaatt  aa  ssppeecciiffiicc  pphhyyssiiccaall--wwoorrlldd  oobbjjeecctt,,  aattttrriibbuuttee,,  oorr  ffuunnccttiioonn  iiss  nneevveerr  mmeennttiioonneedd..  
SSuucchh  aabbssttrraaccttiioonn  ppoosseess  nnoo  mmeennttaall  pprroobblleemm  iinn  aappppllyyiinngg  tthhee  hheeuurriissttiiccss  ttoo  
pphhyyssiiccaall--wwoorrlldd  pprroobblleemmss  bbeeccaauussee  tthhee  nneecceessssaarryy  aassssoocciiaattiioonnss  aarree  oobbvviioouuss..  IInn  
ffaacctt,,  tthheeiirr  hhiissttoorryy  uussuuaallllyy  iinnvvoollvveedd  rreedduuccttiioonn  oorr  ggeenneerraalliizzaattiioonn  ooff  ssiimmiillaarriittiieess  
sseeeenn  aammoonngg  mmuullttiippllee  rreeaall--wwoorrlldd  pprroobblleemmss..  HHoowweevveerr,,  tthheeiirr  aapppplliiccaattiioonn  ttoo  aann  
aabbssttrraacctt  pprroobblleemm  mmiigghhtt  bbee  ttrroouubblleessoommee  oonn  ffiirrsstt  eennccoouunntteerr..    
  
AA  wweellll--ddeeffiinneedd  pprroobblleemm  wwiillll  bbee  eessttaabblliisshheedd  ffoolllloowwiinngg  tthhee  gguuiiddeelliinneess  ooff  UUSSIITT..  ((44,,  55))  
OOnnee  rreeqquuiirreemmeenntt  ffoorr  aa  wweellll--ddeeffiinneedd  pprroobblleemm  iiss  aa  ssiinnggllee  uunnwwaanntteedd  eeffffeecctt..  ((44,,  55))  
SSiinnccee  tthhee  ttoo--bbee--ddeerriivveedd  hheeuurriissttiiccss  wwiillll  bbee  uusseedd  ttoo  pprroodduuccee  ssoolluuttiioonnss  ttoo  tteecchhnniiccaall  
pprroobblleemmss,,  tthhee  uunnwwaanntteedd  eeffffeecctt  wwiillll  bbee  tthhee  eexxiisstteennccee  ooff  aa  tteecchhnniiccaall  pprroobblleemm,,  
aalltthhoouugghh  aann  uunnddeeffiinneedd  oonnee..    
  
IItt  iiss  aallssoo  rreeqquuiirreedd  tthhaatt  aann  uunnwwaanntteedd  eeffffeecctt  bbee  ddeeffiinneedd  iinn  tteerrmmss  ooff  oobbjjeeccttss,,  
aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss..  FFuurrtthheerrmmoorree,,  iitt  iiss  rreeccoommmmeennddeedd  ttoo  iinnttrroodduuccee  
aammbbiigguuiittyy  tthhrroouugghh  ggeenneerriiffiiccaattiioonn  ooff  oobbjjeeccttss’’  nnaammeess..  IInn  tthhiiss  ccaassee  ––  tthhee  ddeerriivvaattiioonn  
ooff  hheeuurriissttiiccss  ––  tthhee  pprroobblleemm  iiss  aabbssttrraacctt  aanndd  aammbbiigguuoouuss  ffrroomm  tthhee  bbeeggiinnnniinngg  
bbeeccaauussee  nnoo  pphhyyssiiccaall--wwoorrlldd  ccoommppoonneennttss  aarree  rreeffeerreenncceedd  wwhhoossee  nnaammeess  wwoouulldd  bbee  
ggeenneerriiffiieedd..  TToo  ccoommpplleettee  tthhee  wweellll--ddeeffiinneedd  pprroobblleemm,,  vveerrbbaall  aanndd  ggrraapphhiicc  
ssttaatteemmeennttss  ooff  tthhee  pprroobblleemm  aarree  ccoonnssttrruucctteedd..  
  
NNoottiiccee  tthhaatt  aa  wweellll--ddeeffiinneedd  pprroobblleemm  rreeqquuiirreess  aa  ssiinnggllee--uunnwwaanntteedd  eeffffeecctt..  IItt  mmiigghhtt  
ooccccuurr  ttoo  ddeeffiinnee  tthhee  llaacckk  ooff  ddeerriivveedd  hheeuurriissttiiccss  aass  tthhee  uunnwwaanntteedd  eeffffeecctt,,  ssiinnccee  tthhee  
ttaarrggeett  iiss  ttoo  oobbttaaiinn  ddeerriivveedd  hheeuurriissttiiccss..  TThhiiss  wwoouulldd  iimmppllyy  tthhaatt  tthhee  ssoolluuttiioonn  ttoo  tthhee  
aabbssttrraacctt  uunnwwaanntteedd  eeffffeecctt,,  llaacckk  ooff  ddeerriivveedd  hheeuurriissttiiccss,,  iiss  ddeerriivveedd  aabbssttrraacctt--
hheeuurriissttiiccss,,  wwhhiicchh  ssmmeellllss  ooff  aa  ttrraapp  iinn  cciirrccuullaarr  rreeaassoonniinngg..    
 
MMaatthheemmaattiiccaall  aallggoorriitthhmmss  aarree  nnoott  ddeerriivveedd  ffrroomm  mmaatthheemmaattiiccaall  aallggoorriitthhmmss..  IInnsstteeaadd  
aa  ccllaassss  ooff  pprroobblleemmss  iiss  cchhaarraacctteerriizzeedd  bbyy  aa  sseett  ooff  aaxxiioommss  ddeessiiggnneedd  ttoo  ppeerrmmiitt  tthheeiirr  
ttrraannssllaattiioonn  iinnttoo  aa  ggeenneerriicc  ((aabbssttrraacctt))  eeqquuaattiioonn,,  ssuucchh  aass  aa  qquuaaddrraattiicc  ppoollyynnoommiiaall,,  
ffoorr  eexxaammppllee..  AA  ggeenneerraall  ssoolluuttiioonn  ooff  tthhee  eeqquuaattiioonn  iiss  ddeedduucceedd,,  wwhhiicchh  bbeeccoommeess  aann  
aallggoorriitthhmm  ffoorr  ssoollvviinngg  ffuuttuurree  qquuaaddrraattiicc  eeqquuaattiioonnss..  IInn  ootthheerr  wwoorrddss,,  aa  ggeenneerriicc  
pprroobblleemm  iiss  ssoollvveedd  ooff  tthhee  ccllaassss  nneeeeddiinngg  aann  aallggoorriitthhmm..  AA  ggeenneerraall  aallggoorriitthhmm  iiss  
ddeedduucceedd  ffrroomm  iittss  ssoolluuttiioonn..  
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AAnn  aannaallooggoouuss  pprroocceedduurree  ccaann  bbee  aapppplliieedd  hheerree..  WWee  ddeeffiinnee  aa  ggeenneerriicc  pprroobblleemm  ooff  
tthhee  ttyyppee  nneeeeddiinngg  hheeuurriissttiiccss  aanndd  ffrroomm  iittss  ssoolluuttiioonn  ddeedduuccee  tthhee  ttaarrggeett  hheeuurriissttiiccss..  
HHeennccee,,  wwee  wwiillll  ccrreeaattee  aann  uunnwwaanntteedd  eeffffeecctt  aass  aa  ggeenneerriicc  pprroobblleemm  ccoommppoosseedd  ooff  
oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss,,  ffiinndd  iittss  ssoolluuttiioonnss  aanndd  ddeedduuccee  ““ddeerriivveedd””  
hheeuurriissttiiccss  ffrroomm  tthhee  rreessuullttss..  
 
 
The method for derivation of  
abstract heuristics 
 
WWee  wwiillll  ffiirrsstt  aannaallyyzzee  aa  pphhyyssiiccaall--wwoorrlldd  pprroobblleemm  uussiinngg  kknnoowwnn  hheeuurriissttiiccss  iinn  oorrddeerr  
ttoo  oobbsseerrvvee  hhooww  tthhee  aapppplliiccaattiioonn  ooff  hheeuurriissttiiccss  ccaann  wwoorrkk  oonn  aa  ““rreeaall””  pprroobblleemm..  NNeexxtt,,  
wwee  wwiillll  aappppllyy  hheeuurriissttiiccss  ttoo  tthhee  ssaammee  pprroobblleemm  ccaasstt  iinn  aabbssttrraacctt  ffoorrmm;;  ii..ee..,,  ddiivveesstteedd  
ooff  iittss  ssppeecciiffiicc  pphhyyssiiccaall--wwoorrlldd  iiddeennttiittiieess..  TThhiiss  wwiillll  eennaabbllee  ccoommppaarriissoonn  ooff  tthhee  
aapppplliiccaattiioonn  ooff  hheeuurriissttiiccss  ttoo  rreeaall  aanndd  ttoo  aabbssttrraacctt  pprroobblleemmss..  
  
AAss  tthhee  aapppplliiccaattiioonn  ooff  hheeuurriissttiiccss  uunnffoollddss,,  nnoottee  tthhee  pphhaassee  ooff  pprroobblleemm  ssoollvviinngg  
wwhheerree  eeaacchh  hheeuurriissttiicc  iiss  iinnttrroodduucceedd::  pprroobblleemm  ddeeffiinniittiioonn,,  aannaallyyssiiss,,  aanndd  ssoolluuttiioonn..  
NNoottee  aallssoo  tthhee  nnaattuurree  ooff  eeaacchh  hheeuurriissttiicc,,  tthhee  iiddeeaass  iitt  eevvookkeess,,  aanndd  hhooww  tthheeyy  ddiiffffeerr  
bbeettwweeeenn  ttwwoo  mmiinnddss  ((yyoouurrss  aanndd  mmiinnee))..  
 
 
Application of heuristics to a physical-world 
problem 
 
  Problem-definition phase 
 
TThhee  pprroobblleemm::    

“Hand held binoculars produce blurring of images resulting 
from motion of the binoculars caused by breathing.” 

  
TThhiiss  pprroobblleemm  ssttaatteemmeenntt  hhaass  ssppeecciiffiicc  oobbjjeeccttss  iiddeennttiiffiieedd  iinncclluuddiinngg,,  bbiinnooccuullaarrss,,  
iimmaaggee,,  aanndd  hhaanndd..  OOtthheerr  oobbjjeeccttss  aarree  iimmpplliieedd  iinncclluuddiinngg  lliigghhtt,,  tthhee  ccoommppoonneennttss  ooff  
bbiinnooccuullaarrss,,  lluunnggss,,  tthhee  ccoommppoonneennttss  ccoonnnneeccttiinngg  hhaanndd  ttoo  rreettiinnaa,,  aanndd  rreettiinnaa  ((tthhee  
iimmaaggee--eennccooddiinngg  oobbjjeecctt))..    
 
SSeevveerraall  kknnoowwnn  hheeuurriissttiiccss  wweerree  aapppplliieedd  iinn  ccoonnssttrruuccttiinngg  tthhiiss  pprroobblleemm  ssttaatteemmeenntt::    
11))  iinncclluuddee  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss  ((tthhee  ffuunnccttiioonn  ttoo  ffoorrmm  aann  iimmaaggee  iiss  
iimmpplliieedd));;    
22))  iinncclluuddee  aa  ssiinnggllee  uunnwwaanntteedd  eeffffeecctt  ((bblluurrrriinngg  ooff  iimmaaggee));;    
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33))  iinncclluuddee  rroooott  ccaauussee  ((mmoottiioonn  ooff  lleennss  rreellaattiivvee  ttoo  eeyyee  ccaauusseedd  bbyy  lluunngg  eexxppaannssiioonn  
aanndd  ccoonnttrraaccttiioonn)),,  aanndd    
44))  iiddeennttiiffyy  oobbjjeecctt--oobbjjeecctt  iinntteerraaccttiioonnss  ((ee..gg..,,  hhaanndd  hhoollddiinngg  bbiinnooccuullaarrss,,  lliigghhtt  ffoorrmmiinngg  
aann  iimmaaggee  oonn  tthhee  rreettiinnaa,,  lluunngg  mmoovviinngg  cchheesstt,,  sshhoouullddeerr  mmoovviinngg  aarrmm,,  eettcc..))..  AAnnootthheerr  
hheeuurriissttiicc  iiss  
55))  iinncclluuddee  aa  ssiimmppllee  sskkeettcchh  ((aann  eexxaammppllee  iiss  sshhoowwnn  iinn  FFiigg..  11))..  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Simple sketch of hand-held binoculars showing light passing through a lens 
and forming an image on the retina of an eye. Eye is treated as a single compound 
object. The binoculars are shown connected to the source of motion, the lungs, through 
lens frame, hand, arm, shoulder, and chest. 
 
AA  hheeuurriissttiicc  tthhaatt  aapppplliieess  ttoo  bbootthh  vveerrbbaall  aanndd  ggrraapphhiicc  ssttaatteemmeennttss  iiss    
66))  ttoo  ssiimmpplliiffyy..    
IInn  tthhiiss  ccaassee,,  wwee  sseeee  iinn  tthhee  sskkeettcchh  tthhaatt  aallll  ooff  tthhee  pphhyyssiioollooggiiccaall  ccoommppoonneennttss  ffrroomm  
sshhoouullddeerr  ttoo  hhaanndd,,  pplluuss  tthhee  lleennss  ffrraammee,,  ppeerrffoorrmm  tthhee  ssaammee  ffuunnccttiioonn,,  nnaammeellyy  ttoo  
ssuuppppoorrtt..  AA  ssiimmpplliiffiiccaattiioonn  ooff  tthhee  sskkeettcchh  wwoouulldd  bbee  ttoo  ccoommbbiinnee  tthheessee  iinnttoo  oonnee  
oobbjjeecctt  ((sseeee  FFiigg..  22))..  AAnnootthheerr  hheeuurriissttiicc  iiss  ttoo  
77))  nnaammee  oobbjjeeccttss  ffoorr  tthheeiirr  ffuunnccttiioonnss    
rraatthheerr  tthhaann  uussee  tthheeiirr  ccoommmmoonn  oorr  tthheeiirr  mmaannuuffaaccttuurreedd  nnaammeess..  IInn  tthhiiss  ccaassee  tthhee  
uunniiffiieedd  eelleemmeenntt  iinn  FFiigg..  ((22))  iiss  nnaammeedd  ssuuppppoorrtt..  
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Figure 2.  Simplification of Fig. (1) that combines components from shoulder to lens as 
a single object, the support. 
 
FFuurrtthheerr  ssiimmpplliiffiiccaattiioonn  ccoommeess  ttoo  lliigghhtt  oonn  eexxaammiinniinngg  tthhee  ssiimmpplleerr  sskkeettcchh  iinn  FFiigg..  ((22))..  
SSiinnccee  lluunngg  iiss  tthhee  ssoouurrccee  ooff  mmoottiioonn,,  aanndd  tthhee  mmoottiioonn  mmoovveess  lleennss  rreellaattiivvee  ttoo  eeyyee,,  
ootthheerr  oobbjjeeccttss  ccaann  bbee  eelliimmiinnaatteedd,,  aass  iilllluussttrraatteedd  iinn  FFiigg..  ((33)),,  wwiitthhoouutt  lloossss  ooff  tthhee  
pprroobblleemm  ––  tthhee  uunnwwaanntteedd  eeffffeecctt..  NNoottee  tthhaatt  eeyyee  iinncclluuddeess  iittss  lleennss  aanndd  iittss  rreettiinnaa,,  
wwhhiicchh  ttooggeetthheerr  ffoorrmm  aann  iimmaaggee..  TThheeyy  aarree  ccoommbbiinneedd  iinnttoo  oonnee  oobbjjeecctt,,  eeyyee,,  ssiinnccee  
nneeiitthheerr  iiss  sseeeenn  aass  rroooott  ccaauussee..  TThhiiss  ffoolllloowwss  tthhee  hheeuurriissttiicc  ttoo    
88))  eelliimmiinnaattee  uunnnneecceessssaarryy  oobbjjeeccttss  ((aanndd  ffuurrtthheerr  ssiimmpplliiffiiccaattiioonn))..    
 
 
 
 
 
 
 

 
Figure 3.  Simplification of Fig. (2) by eliminating unnecessary objects without loss of 
the unwanted effect. 
  
AAlltthhoouugghh  nnoott  ddeeffiinneedd  eexxpplliicciittllyy  iinn  tthhee  ffiigguurree,,  tthhiiss  sskkeettcchh  hhaass  ccoommppoonneennttss  tthhaatt  
aarree  ggrraapphhiicc  mmeettaapphhoorrss  ffoorr  ssmmaalllleerr  ccoommppoonneennttss..  TThhee  mmiinndd  rreeaaddiillyy  ddeeaallss  wwiitthh  
tthheemm  oonnccee  tthheeyy  hhaavvee  bbeeeenn  ddeeffiinneedd..  AAnndd  iitt  ddooeess  nnoott  ffoorrggeett  tthheemm..  
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  Problem analysis phase 
 
AA  pprroobblleemm  iiss  rreeaaddyy  ttoo  bbee  aannaallyyzzeedd  oonnccee  iitt  iiss  rreeaassoonnaabbllyy  ssiimmpplliiffiieedd  bbootthh  vveerrbbaallllyy  
aanndd  ggrraapphhiiccaallllyy..  AA  ffiirrsstt  ttooooll  ffoorr  tthhiiss  ppuurrppoossee  iiss  ttoo  ccoonnssttrruucctt  aann  oobbjjeecctt--ffuunnccttiioonn  
ddiiaaggrraamm  ttoo  iiddeennttiiffyy  tthhee  bbeenneeffiicciiaall  ffuunnccttiioonnss  ooff  eeaacchh  oobbjjeecctt..  AA  hheeuurriissttiicc  aaddvviisseess  
oonnee  ttoo  
99))  ccoonnssttrruucctt  aa  hhiieerraarrcchhiiccaall  ddiiaaggrraamm  ooff  oobbjjeeccttss  lliinnkkeedd  bbyy  tthheeiirr  ssiinnggllee  mmoosstt  
iimmppoorrttaanntt  ffuunnccttiioonnss  ((IIVV))..    
TThhee  oobbjjeecctt--ffuunnccttiioonn  ddiiaaggrraamm  iiss  iilllluussttrraatteedd  iinn  FFiigg..  ((44))..  ((VV))  
  
AAss  sshhoowwnn  iinn  FFiigg..  ((44)),,  eeyyee,,  lliigghhtt,,  aanndd  iimmaaggee  hhaavvee  bbeeeenn  ccoommbbiinneedd  aass  aann  iimmaaggee--
ffoorrmmiinngg  ssyysstteemm  tthhaatt  iiss  iinnaacccceessssiibbllee  ttoo  tthhee  pprroobblleemm  ssoollvveerr..  ((VVII))  LLeennss  iiss  bbeenneeffiicciiaall  
ttoo  tthhiiss  ccoommbbiinneedd  ssyysstteemm  iinn  tthhaatt  iitt  ccoolllleeccttss  aanndd  ffooccuusseess  tthhee  iinnccoommiinngg  lliigghhtt..  
SSuuppppoorrtt  iiss  bbeenneeffiicciiaall  ttoo  lleennss,,  bbeeiinngg  ddeessiiggnneedd  ttoo  aalliiggnn  lleennss  aanndd  eeyyee..  TThhiiss  
ccoonnssttrruuccttiioonn  rreevveeaallss  tthhaatt  lluunngg,,  wwhhiicchh  iiss  aa  vviibbrraattoorr,,  hhaass  nnoo  bbeenneeffiicciiaall  ffuunnccttiioonn  ttoo  
aannyy  ooff  tthhee  oobbjjeeccttss..    
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Object-function diagram illustrating the beneficial relationship of object-object 
interactions in a hierarchical relationship. Vibrator, the lung, has no beneficial function 
to any of the objects and is set to the side in the diagram. 
  

                                  
IV This tool is know as the closed-world diagram and is adopted from ASIT. 
V This and other USIT tools to be discussed all have rules for their construction. Each is a heuristic. They 
are not all mentioned here but can be found in the textbook, “Unified Structured Inventive Thinking – 
How to Invent”, that is cited in the Bibliography. (4) 
VI Image is a form of information. It is defined as an object in ASIT and USIT. It could also have been 
placed at the top of the diagram as a separate object. 
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TThhee  sskkeettcchh  sshhoouulldd  bbee  eexxaammiinneedd  ffoorr  ffuurrtthheerr  ssiimmpplliiffiiccaattiioonn  ooppppoorrttuunniittiieess  uussiinngg  
iiddeeaass  lleeaarrnneedd  ffrroomm  tthhee  ffiirrsstt  aannaallyyssiiss  bbeeffoorree  mmoovviinngg  ttoo  tthhee  nneexxtt  aannaallyyttiiccaall  ttooooll..  IItt  
iiss  eevviiddeenntt  tthhaatt  tthhee  bbiinnooccuullaarr  lleennss  ffooccuusseess  lliigghhtt  ffoorr  tthhee  ppuurrppoosseess  ooff  ffoorrmmiinngg  aann  
iimmaaggee..  HHoowweevveerr,,  wwee  sseeee  nnooww  tthhaatt  ffooccuusseedd  lliigghhtt  hhaass  nnootthhiinngg  ttoo  ddoo  wwiitthh  bblluurrrriinngg  
ooff  iimmaaggee..  BBootthh  aa  ffooccuusseedd  aanndd  aann  uunnffooccuusseedd  iimmaaggee  ccaann  bbee  bblluurrrreedd  bbyy  mmoottiioonn..  
TThhee  ccrriittiiccaall  ffaaccttoorr  iiss  tthhee  aalliiggnnmmeenntt  ooff  tthhee  aaxxeess  ooff  tthhee  ttwwoo  ooppttiiccaall  eelleemmeennttss,,  lleennss  
aanndd  iimmaaggee  ffoorrmmiinngg  ssyysstteemm,,  ““eeyyee””..  TThhiiss  aaxxiiss  iiss  eemmpphhaassiizzeedd  iinn  FFiigg..  ((55))..  
 
 
 
 
 
 

 
Figure 5.  Simplified version of Fig. 3 in which the optical axes of lens and “eye” are 
aligned. The two supports have been further qualified to distinguish them. 
 
 
TThhee  nneexxtt  pphhaassee  ooff  pprroobblleemm  aannaallyyssiiss  rreeqquuiirreess    
1100))  eexxaammiinniinngg  iinntteerraaccttiioonnss  bbeettwweeeenn  ppaaiirrss  ooff  oobbjjeeccttss,,  aanndd    
1111))  iiddeennttiiffyyiinngg  oonnee  aattttrriibbuuttee  ffrroomm  eeaacchh  oobbjjeecctt  aanndd  aa  ffuunnccttiioonn  tthheeyy  ssuuppppoorrtt..  
  
AAnnootthheerr  hheeuurriissttiicc  ffoorr  pprroobblleemm  ddeeffiinniittiioonn  iiss  ttoo    
1122))  iiddeennttiiffyy  ppllaauussiibbllee  rroooott  ccaauusseess  ooff  tthhee  uunnwwaanntteedd  eeffffeecctt..    
TThhiiss  iiss  ddoonnee  uussiinngg  aa    
1133))  ppllaauussiibbllee  rroooott  ccaauusseess  ddiiaaggrraamm    
sshhoowwnn  iinn  FFiigg..  ((66))  aass  aa  pprrooffoorrmmaa  ddiiaaggrraamm..  EEaacchh  ddoouubbllee--llaayyeerr  rrooww  hhaass  aa  ccaauussee  
rreellaatteedd  ttoo  tthhee  eeffffeecctt  iinn  tthhee  rrooww  aabboovvee  iitt..  EEaacchh  ccaauussee  iiss  ttrreeaatteedd  aass  aann  eeffffeecctt  ffoorr  
tthhee  ddoouubbllee  rrooww  bbeellooww  iitt..  TThhee  hhiieerraarrcchhiiccaall  ddiiaaggrraamm  tteerrmmiinnaatteess  oonn  aaccttiivvee  
aattttrriibbuutteess..  TThhee  ddiiaaggrraamm  iiss  aannnnoottaatteedd  ffoorr  tthhee  bblluurrrriinngg  ooff  iimmaaggee  pprroobblleemm  iinn  FFiigg..  
((77))..  NNoottee  iinn  tthhee  ffiigguurree  tthhaatt  ‘‘ccoouupplliinngg  ttoo  ssuuppppoorrtt””  rreeffeerrss  ttoo  ““ddeeggrreeee””  oorr  ““ssttrreennggtthh””  
ooff  ccoouupplliinngg..  
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Figure 6.  Proforma diagram for a plausible root causes analysis. 
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Figure 7.  Plausible root causes diagram for the blurring-of-image problem.  
 
AAfftteerr  aaccttiivvee  aattttrriibbuutteess  ooff  oobbjjeeccttss  aarree  iiddeennttiiffiieedd  tthhee  nneexxtt  sstteepp  iinn  aannaallyyssiiss  iiss  ttoo  
1144))  ddeetteerrmmiinnee  aattttrriibbuuttee  ttrreennddss;;  ii..ee..,,    
1155))  ddeetteerrmmiinnee  wwhheetthheerr  iinnccrreeaassiinngg  oorr  ddeeccrreeaassiinngg  tthheeiirr  iinntteennssiittiieess  ccaauusseess  aann  
iinnccrreeaassee  oorr  ddeeccrreeaassee  iinn  tthhee  uunnwwaanntteedd  eeffffeecctt..    
1166))  CCoonnssttrruucctt  qquuaalliittaattiivvee--cchhaannggee  ggrraapphhss  ((VVIIII))  
ffoorr  tthhiiss  ppuurrppoossee,,  aass  iilllluussttrraatteedd  iinn  FFiigg..  ((88))..  TThhee  oobbjjeeccttss  lliigghhtt  aanndd  ““eeyyee””  aarree  nnoott  
iinncclluuddeedd  iinn  FFiigg..  ((88))  ssiinnccee  tthheeiirr  aattttrriibbuutteess  ccaann  bbee  ccoonnssiiddeerreedd  ffiixxeedd..  
  
VViibbrraattiioonn  aammpplliittuuddee  hhaass  tthhrreeee  ccoommppoonneennttss::  aalloonngg--aaxxiiss,,  ooffff--aaxxiiss,,  aanndd  ttiilltt..  AAlloonngg--
aaxxiiss  vviibbrraattiioonn  iiss  iimmmmaatteerriiaall,,  wwhheerreeaass  bbootthh  ooffff--aaxxiiss  aanndd  ttiilltt  ccoommppoonneennttss  aarree  
ddeettrriimmeennttaall  iinn  tthhee  ssaammee  sseennssee  aanndd  hhaavvee  bbeeeenn  ccoommbbiinneedd  iinn  FFiigg..  ((88))..  

                                  
VII From ASIT and USIT 
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Figure 8.  Qualitative-change graphs for probability of blurring. 
 
FFrroomm  tthhee  iiddeennttiiffiieedd  aattttrriibbuutteess,,  FFiigg..  ((77)),,  aanndd  aattttrriibbuuttee  ttrreennddss,,  FFiigg..  ((88)),,  iitt  iiss  eevviiddeenntt  
tthhaatt  tthhee  ttwwoo  ssuuppppoorrttss  bbeehhaavvee  iiddeennttiiccaallllyy..  TThhiiss  ssuuggggeessttss  tthhaatt  tthheeyy  ccaann  bbee  
ccoommbbiinneedd  iinn  tthhee  sskkeettcchh  aass  oonnee  oobbjjeecctt  aanndd  ffuurrtthheerr  ssiimmpplliiffyy  tthhee  sskkeettcchh..  
 
 
 
 
 
 
 
 
Figure 9.  Simplification of Fig. (5) by combining supports into one object. Vibrator now 
moves support relative to “eye”. (Vibrator and support could have been reversed.) 
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  Problem-solution phase 
  
WWee  mmoovvee  nnooww  ffrroomm  pprroobblleemm  aannaallyyssiiss  ttoo  tthhee  aapppplliiccaattiioonn  ooff  ssoolluuttiioonn  tteecchhnniiqquueess,,  
wwhhiicchh  aarree  aallssoo  hheeuurriissttiiccss..  TThhee  pprroocceessss  aaccttuuaallllyy  bbeeggiinnss  wwiitthh  ccoommpplleettiioonn  ooff  tthhee  
QQCC--ddiiaaggrraammss..  SSoolluuttiioonn  ccoonncceeppttss  mmaayy  bbee  ffoouunndd  uussiinngg  tthheessee  ggrraapphhss  bbyy    
1177))  ccoonnssiiddeerriinngg  aa  wwoorrsseenniinngg  ttrreenndd  aass  wwoorrkkiinngg  aaggaaiinnsstt  uuss  aanndd  ffiinnddiinngg  wwaayyss  ttoo  
mmaakkee  iitt  wwoorrkk  ffoorr  uuss..    
SSoolluuttiioonn  ccoonncceeppttss  mmaayy  aallssoo  bbee  ffoouunndd  ffrroomm  tthhee  ggrraapphhss  bbyy    
1188))  ccoonnssiiddeerriinngg  tthhee  iimmpplliiccaattiioonnss  ooff  mmaakkiinngg  aa  ppaarrttiiccuullaarr  aattttrriibbuuttee  ttrreenndd  hhaavvee  aa  
zzeerroo  ssllooppee  ((VVIIIIII)),,  ii..ee..,,  ……  
1199))  eelliimmiinnaattee  aann  aattttrriibbuuttee..    
EElliimmiinnaattiioonn  ooff  aann  aattttrriibbuuttee  mmeeaannss  ttoo  mmaakkee  aann  aaccttiivvee  aattttrriibbuuttee  iinnaaccttiivvee  bbyy  
ddiissccoonnttiinnuuiinngg  iittss  uussee..    
  
 
    Solution techniques 
 
MMaakkee  aann  uunnwwaanntteedd  eeffffeecctt  wwoorrkk  ffoorr  uuss  ((##1177))..  [[SS11]]  CCoonnssttrruucctt  
tthhee  lleennss  aanndd  ssuuppppoorrtt  aass  aa  sspprriinngg--aanndd--ddaammppeerr  aasssseemmbbllyy  
mmoouunntteedd  wwiitthhiinn  aann  oouutteerr  eenncclloossuurree  tthhaatt  iiss  hhaannddhheelldd..  TThhee  
iinnnneerr  lleennss  wwiillll  tthheenn  llaagg  tthhee  mmoottiioonn  ooff  tthhee  oouutteerr  eenncclloossuurree  aanndd  
ddaammppeenn  iittss  mmoottiioonn..  
  
RReedduuccee  aann  aattttrriibbuuttee’’ss  cchhaarraacctteerriissttiicc  ssllooppee  ttoo  zzeerroo,,  FFiigg..  ((88))  
aanndd  hheeuurriissttiicc  ((##1188))..    
TThhee  cchhaarraacctteerriissttiicc  ooff  vviibbrraattiioonn  aammpplliittuuddee  ooff  vviibbrraattoorr  ccoouulldd  bbee  rreedduucceedd  ttoo  zzeerroo  bbyy  
[[SS22]]  hhoollddiinngg  oonnee’’ss  bbrreeaatthh..  TThhiiss  iiss  aa  kknnoowwnn  ssoolluuttiioonn  tthhaatt  wwoorrkkss  ffoorr  sshhoorrtt  ppeerriiooddss..  
  
TThhee  ddeeggrreeee  ooff  ccoouupplliinngg  ooff  vviibbrraattoorr  ttoo  ssuuppppoorrtt  ccaann  bbee  ggiivveenn  zzeerroo  ssllooppee  bbyy  [[SS33]]  
aaddddiinngg  aa  nneeww  ssuuppppoorrtt  bbeettwweeeenn  hheeaadd  aanndd  lleennss  ttoo  bbyyppaassss  tthhee  vviibbrraattiinngg  ssuuppppoorrtt..  
AA  ppaarrttiiccuullaarr  eemmbbooddiimmeenntt  ooff  tthhiiss  ccoonncceepptt  ccoouulldd  bbee  bbiinnooccuullaarrss  mmoouunntteedd  ttoo  aa  hheeaadd  
ffrraammee,,  wwhhiicchh  eelliimmiinnaatteess  nneeeedd  ooff  hhaannddhhoollddiinngg..  
  
EElliimmiinnaattee  aann  aattttrriibbuuttee..  ((##1199))  LLeennss  aalliiggnnmmeenntt  wwiitthh  ‘‘eeyyee’’  ccaann  bbee  eelliimmiinnaatteedd  bbyy  
[[SS44]]  ccoommbbiinniinngg  lleennss  aanndd  ““eeyyee””..  TThhiiss  ssuuggggeessttss  aa  ccoonnttaacctt  lleennss  tthhaatt  wwoouulldd  mmoovvee  
wwiitthh  tthhee  ““eeyyee””  aanndd  wwhhoossee  ccuurrvvaattuurree  ccoouulldd  bbee  aalltteerreedd  eelleeccttrroonniiccaallllyy  ––  ssuucchh  aass  aa  
““fflluuiidd  lleennss””..  ((1100))  
 
    Uniqueness 
 
2200))  iiddeennttiiffyy  uunniiqquuee  ffeeaattuurreess  ooff  aa  ssyysstteemm  aanndd  eexxaammiinnee  tthheemm  ffoorr  ssoolluuttiioonn  
ccoonncceeppttss..    

                                  
VIII See ASIT and USIT 
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NNoottee  tthhaatt  tthhee  lleennss  hhaass  rroottaattiioonnaall  aanndd  tthhrreeee  ttrraannssllaattiioonnaall  ddeeggrreeeess  ooff  ffrreeeeddoomm  
wwiitthh  rreessppeecctt  ttoo  tthhee  ppaatthh  ooff  lliigghhtt::  ttrraannssllaattiioonn  iinncclluuddeess  hhoorriizzoonnttaall  aanndd  vveerrttiiccaall  pplluuss  
lloonnggiittuuddiinnaall  mmoottiioonnss..  TThhee  llaatttteerr,,  lloonnggiittuuddiinnaall,,  hhaass  lliittttllee  eeffffeecctt  oonn  bblluurrrriinngg  ((bbuutt  aa  
llaarrggee  eeffffeecctt  oonn  ffooccuussiinngg))..  BBootthh  ttrraannssvveerrssee  mmoottiioonnss  aaffffeecctt  bblluurrrriinngg  aaddvveerrsseellyy  bbuutt  
ddoo  nnoott  aaffffeecctt  ffooccuuss..    
[[SS55]]    TThhiiss  uunniiqquueenneessss  ssuuggggeessttss  ssttaabbiilliizziinngg  tthhee  lleennss  iinn  aatt  lleeaasstt  ttwwoo  ddiirreeccttiioonnss..  
SSttaabbiilliizzaattiioonn  ccaann  bbee  aaccccoommpplliisshheedd  uussiinngg  aa  bbuuiilltt--iinn,,  bbaatttteerryy--ooppeerraatteedd  ggyyrroossccooppee  
mmoouunntteedd  ttoo  aann  ooppttiiccaall  eelleemmeenntt,,  ssuucchh  aass,,  aann  iinntteerrnnaall  lleennss,,  pprriissmm,,  oorr  mmiirrrroorr..  TThhiiss  
iiss  aa  kknnoowwnn  ssoolluuttiioonn  tthhaatt  iiss  aavvaaiillaabbllee  iinn  ccoommmmeerrcciiaall  pprroodduuccttss..  
 
    Multiplication of objects 
 
2211))  MMuullttiipplliiccaattiioonn  ooff  oobbjjeeccttss  aalllloowwss  oonnee  ttoo  iinnttrroodduuccee  ccooppiieess  ooff  eexxiissttiinngg  oobbjjeeccttss  
aanndd  eemmppllooyy  tthheemm  ddiiffffeerreennttllyy..  
  
[[SS66]]    MMuullttiipplliiccaattiioonn  ooff  ssuuppppoorrttss  bbrriinnggss  ttoo  mmiinndd  ttwwoo,,  hhiinnggeedd  ssuuppppoorrttss  ccoonnttaaiinniinngg  aa  
vviibbrraattiioonn  ddaammppeenneerr  bbeettwweeeenn  tthheemm..  AAnn  eexxaammppllee  iiss  iilllluussttrraatteedd  iinn  FFiigg..  ((1100))..  
VViibbrraattiioonnss  aarree  ttrraannssmmiitttteedd  tthhrroouugghh  tthhee  aarrmm  ttoo  tthhee  lloowweerr  lleegg  ooff  tthhee  hhiinnggeedd  
ssuuppppoorrtt..  TThhee  ddaammppeerr  ccoonnnneeccttiinngg  tthhee  ttwwoo  lleeggss  aatttteennuuaatteess  vviibbrraattiioonn  ttrraannssmmiitttteedd  
ttoo  tthhee  uuppppeerr  lleegg  ooff  tthhee  ssuuppppoorrtt..  AA  sseeccoonndd  ddaammppeerr  ccoouulldd  bbee  uusseedd  ttoo  aatttteennuuaattee  
vviibbrraattiioonn  iinn  aann  oorrtthhooggoonnaall  ddiirreeccttiioonn..  HHiinnggeess  pprroovviiddee  mmeecchhaanniiccaall  ccoonnnneeccttiivviittyy..  
TThhiiss  ffuunnccttiioonn  ccoouulldd  bbee  iinnccoorrppoorraatteedd  iinn  tthhee  ddaammppeerrss..  ((IIXX))  

 
 
 
 
 
 
 
 
 

Figure 10.  A hinged support containing a damper on one leg and the lens attached to 
the other leg is held by hand to align the lens and “eye”.  
  
    Division of objects 
 
2222))  DDiivviissiioonn  ooff  oobbjjeeccttss  aalllloowwss  uussee  ooff  tthhee  ppaarrttss  ddiiffffeerreennttllyy..  
  
[[SS77]]    DDiivviissiioonn  ooff  lleennss  iinnttoo  qquuaaddrraannttss,,  wwiitthh  eeaacchh  qquuaaddrraanntt  bbeeiinngg  ccooaatteedd  wwiitthh  aa  
ttrraannssppaarreenntt,,  lliigghhtt--sseennssiittiivvee  mmaatteerriiaall,,  oorr  ccooaatteedd  oonn  iittss  rriimm  ((oorr  bbeezzeell)),,  wwoouulldd  
eennaabbllee  ddeetteeccttiioonn  ooff  lleennss  mmoottiioonn  iinn  ttwwoo  ttrraannssvveerrssee  ddiirreeccttiioonnss  bbyy  ddiiffffeerreennttiiaall  
                                  
IX Idea courtesy C. H. Stephan 
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mmeeaassuurreemmeenntt  ooff  lliigghhtt  iinntteennssiittiieess  oonn  ooppppoossiinngg  ppaaiirrss  ooff  qquuaaddrraannttss..  TThhiiss  
iinnffoorrmmaattiioonn  ccoouulldd  bbee  ffeedd  bbaacckk  ttoo  ttrraannssdduucceerrss  ccoouupplleedd  ttoo  aann  iinntteerrnnaall  ooppttiiccaall  
eelleemmeenntt  ((lleennss,,  pprriissmm,,  oorr  mmiirrrroorr))  ttoo  bbee  mmoovveedd  iinn  ddiirreeccttiioonn  aanndd  aammpplliittuuddee  ssoo  aass  ttoo  
ccaanncceell  mmoottiioonn  tthhaatt  wwoouulldd  ccaauussee  bblluurrrriinngg..  
  
    Distribution of functions 
 
2233))  DDiissttrriibbuuttiioonn  ooff  ffuunnccttiioonnss  ssuuggggeessttss  mmoovviinngg  ffuunnccttiioonnss  ttoo  ddiiffffeerreenntt  oobbjjeeccttss..  
  
[[SS88]]    CCoouulldd,,  ffoorr  eexxaammppllee,,  ““ssuuppppoorrtt’’ss  ffuunnccttiioonn  ttoo  aalliiggnn””  bbee  mmoovveedd  ttoo  ““eeyyee””  ((FFiigg..  
44))??  FFoorr  ““eeyyee””  aanndd  lliigghhtt  ttoo  ppeerrffoorrmm  aalliiggnnmmeenntt  ssuuggggeessttss  rreeccoorrddiinngg  sseeqquueenncceess  ooff  
ddiiggiittaall  iimmaaggeess,,  tthheenn  ccoommppaarriinngg  aanndd  ccoorrrreeccttiinngg  ssuucccceessssiivvee  ppaaiirrss  ooff  iimmaaggeess,,  aanndd  
ppllaayyiinngg  bbaacckk  tthhee  mmoottiioonn--ccoorrrreecctteedd  iimmaaggee  oonn  aa  vviieewwiinngg  ssccrreeeenn  oonn  tthhee  
bbiinnooccuullaarrss..  
  
  
   Transduction 
 
TTrraannssdduuccttiioonn  ssuuggggeessttss    
2244))  ccoonnssiiddeerriinngg  tthhee  aaddddiittiioonn  ooff  aattttrriibbuuttee--ffuunnccttiioonn--aattttrriibbuuttee  lliinnkkss  ttoo  ccoonnssttrruucctt  aa  
ssoolluuttiioonn  ccoonncceepptt..    
  TToo  vviissuuaalliizzee  tthhee  pprroocceessss  ffiirrsstt    
2255))  ccoonnssttrruucctt  aa  bblloocckk--ttyyppee  ddiiaaggrraamm  ooff  iinntteerraaccttiinngg  oobbjjeeccttss,,  aa  ppaaiirr  ooff  tthheeiirr  
aattttrriibbuutteess,,  aanndd  tthhee  uunnwwaanntteedd  eeffffeecctt  tthheeyy  ssuuppppoorrtt,,  wwiitthh  iittss  aaffffeecctteedd  aattttrriibbuuttee  ((aass  
sshhoowwnn  iinn  FFiigg..  1111))..    
  

 
 
 
 
 

 
Figure 11.  Amplitued of vibration of vibrator and stiffness of support interact to support 
the unwanted effect of “lens” motion affecting “lens” position.  
  
AAnn  aattttrriibbuuttee--ffuunnccttiioonn--aattttrriibbuuttee  lliinnkk  ssuuggggeessttss    
2266))  uussiinngg  tthhee  aaffffeecctteedd  aattttrriibbuuttee  ((ddeefflleeccttiioonn))  aass  aann  iinnppuutt  aattttrriibbuuttee  ttoo  aannootthheerr  
ffuunnccttiioonn  tthhaatt  wwoouulldd  aaffffeecctt  ssoommee  ootthheerr  aattttrriibbuuttee  ooff  aann  oobbjjeecctt  iinn  aa  uusseeffuull  wwaayy..    
2277))  MMuullttiippllee  AA--FF--AA  lliinnkkss  aarree  aalllloowweedd..  
  
AAnn  eexxaammppllee  iiss  iilllluussttrraatteedd  iinn  FFiigg..  ((1122))..    
  
[[SS99]]  AAnn  AA--FF--AA  lliinnkk  ooff  [[iinntteerrnnaall  ffrriiccttiioonn  ooff  ssuuppppoorrtt]]  ––ttoo––  [[ddaammppeenn  mmoottiioonn]]  ––ttoo––  
[[ddeefflleeccttiioonn  ooff  ssuuppppoorrtt]]  hhaass  bbeeeenn  aaddddeedd  ttoo  tthhee  ssyysstteemm  ooff  FFiigg..  ((1111))..  
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Figure 12.  Addition of an A-F-A link (internal friction – to dampen motion – deflection) 
to Fig. (11) to produce dampening of the deflection of the support. 

 
 

TThhiiss  ccoommpplleetteess  tthhee  ddeemmoonnssttrraattiioonn  ooff  hheeuurriissttiiccss  uusseedd  iinn  pprroobblleemm  ssoollvviinngg  
ffoolllloowwiinngg  tthhee  UUSSIITT  mmeetthhooddoollooggyy..  HHeeuurriissttiiccss  uusseedd  iinn  tthhiiss  ddeemmoonnssttrraattiioonn  pprroobblleemm  
aarree  ssuummmmaarriizzeedd  iinn  TTaabbllee  ((22))..  AAlltthhoouugghh  nniinnee  ssoolluuttiioonn  ccoonncceeppttss  wweerree  ffoouunndd  ((SS11  ––  
SS99))  tthhiiss  wwaass  nnoott  aa  tthhoorroouugghh  eexxeeccuuttiioonn  ooff  tthhee  mmeetthhooddoollooggyy..  MMoorree  
pphheennoommeennoollooggyy  ccoouulldd  hhaavvee  bbeeeenn  ddiissccuusssseedd,,  mmoorree  hheeuurriissttiiccss  aapppplliieedd,,  aanndd  mmoorree  
ssoolluuttiioonn  ccoonncceeppttss  ffoouunndd..  HHoowweevveerr,,  iitt  iiss  ssuuffffiicciieenntt  ttoo  iilllluussttrraattee  aa  vvaarriieettyy  ooff  
hheeuurriissttiiccss  aanndd  ttoo  sshhooww  wwhheerree  tthheeyy  ppllaayy  aa  rroollee  aanndd  hhooww  tthheeyy  wwoorrkk..  IInn  aallll  ccaasseess  
tthheeyy  wwoorrkk  aass  sseeeeddss  ttoo  ssppaarrkk  iiddeeaass..    
 

vibrator 

support 

amplitude 

stiffness 
to move “lens” deflection

deflectiondampen motion 

“lens” 

internal friction
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Table 2  
Summary of heuristics used in the blurring of 
image problem. 

# Heuristics used in problem solving – USIT style O D A S 

1 Include objects, attributes, and functions. O D   
2 Include a single unwanted effect.  D   
3 Include root cause.  D   
4 Identify object-object interactions. O D A  
5 Include a simple sketch. O D   
6 Simplify. O D   
7 Name objects for their functions. O D   
8 Eliminate unnecessary objects. O D A  
9 Construct a hierarchical diagram of objects linked by their most important 

functions. 
O  A  

10 Examining interactions between pairs of objects. O D A  
11 Identifying one attribute from each object and a function they support. O D A  
12 Identify plausible root causes of the unwanted effect.  D A  
13 Plausible root causes diagram. O D A  
14 Determine attribute trends. O  A  
15 Determine whether increasing or decreasing their intensities causes an increase 

or decrease in the unwanted effect. 
O  A  

16 Construct qualitative-change graphs. O  A  
17 Conside a worsening trend as working against you and find a way to make it 

work for you. 
   S 

18 Consider the implications (for solution concepts) of making a particular attribute 
trend have a zero slope. 

O   S 

19 Eliminate an attribute (discontinue use of an active attribute). O   S 
20 Identify unique features of a system and examine them for solution concepts. O   S 
21 Multiplication of objects allows to introduce copies of existing objects and 

employ them differently. 
O   S 

22 Division of objects allows to use the parts differently. O   S 
23 Distribution of functions suggests to move functions to different objects. O   S 
24 Consider adding attribute-function-attribute links to construct a solution concept.    S 
25 Construct a block-type diagram of interacting objects, a pair of their attributes, 

and the unwanted effect they support, with its affected attribute. 
   S 

26 A-F-A link: Use the affected attribute as an input attribute to another function that 
would affect some other attribute of an object in a useful way. 

   S 

27 Multiple A-F-A links are allowed.    S 
Keys to columns: 
O designates direct object focus required to execute the heuristic. O  
D designates heuristics used in problem definition. D  
A designates heuristics used in problem analysis. A  
S designates heuristics used in problem solution. S 
 Shaded cells indicate graphic-type analysis and solution heuristics.   
# Shaded number cells (#) indicate heuristics that can be applied to an abstract problem  

 
The twenty-seven heuristics in Table (2) make up a part of the structure of 
USIT. 
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Abstract heuristics – no physical-world 
references 
 
YYoouu  pprroobbaabbllyy  nnootteedd  aappppaarreenntt  rreedduunnddaanncciieess  iinn  ssoommee  hheeuurriissttiiccss  bbeeiinngg  nnaammeedd  aass  
wweellll  aass  lliisstteedd  aaggaaiinn  iinn  aann  eexxppllaannaattoorryy  ffoorrmm  oorr  eevveenn  rreeppeeaatteedd  iinn  ddiiffffeerreenntt  wwoorrddss..  
SSuucchh  iiss  tthhee  mmeetthhoodd  ooff  uussiinngg  hheeuurriissttiiccss..  SSiinnccee  tthheeyy  aarree  sseeeeddss  ttoo  ssppaarrkk  mmeennttaall  
aaccttiioonn,,  tthheeyy  hhaavvee  nnoo  uunniiqquuee  pprrooffoorrmmaa  ooff  eexxpprreessssiioonn  tthhaatt  iiss  gguuaarraanntteeeedd  ttoo  wwoorrkk  
ffoorr  aallll  pprroobblleemm  ssoollvveerrss..  OOrr  eevveenn  ttoo  wwoorrkk  ffoorr  tthhee  ssaammee  pprroobblleemm  ssoollvveerr  oonn  
ddiiffffeerreenntt  ooccccaassiioonnss..  FFoorr  tthhiiss  rreeaassoonn,,  hheeuurriissttiiccss  tteenndd  ttoo  ttaakkee  oonn  ppeerrssoonnaalliizzeedd  
wwoorrddiinngg  ttoo  tthhee  lliikkiinngg  ooff  aann  iinnddiivviidduuaall..  TThheeyy  aallssoo  ttaakkee  oonn  tthhee  aarrggoott  ooff  ppaarrttiiccuullaarr  
ffiieellddss  ooff  uussee..  
  
OOff  ppaarrttiiccuullaarr  iinntteerreesstt  iiss  tthhaatt  nnoonnee  ooff  tthhee  hheeuurriissttiiccss  iinn  TTaabbllee  ((11))  cciitteess  aa  ssppeecciiffiicc,,  
pphhyyssiiccaall--wwoorrlldd  oobbjjeecctt,,  aattttrriibbuuttee,,  oorr  ffuunnccttiioonn;;  ccoonnsseeqquueennttllyy  aallll  ooff  tthhee  hheeuurriissttiiccss  
aarree  aabbssttrraacctt..  WWhheenn  hheeuurriissttiiccss  aarree  aapppplliieedd  ttoo  aa  ssppeecciiffiicc  pprroobblleemm,,  tthhee  pprroobblleemm  
ssoollvveerr  ggiivveess  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss  iiddeennttiittiieess  bbeelloonnggiinngg  ttoo  tthhee  
pprroobblleemm..  TThhiiss  oobbsseerrvvaattiioonn  iimmpplliieess  tthhaatt  hheeuurriissttiiccss  sshhoouulldd  bbee  ttrraannssppoorrttaabbllee  ttoo  
vvaarriioouuss  ffiieellddss..  IInn  ffaacctt,,  tthheeyy  sshhoouulldd  bbee  ttrraannssppoorrttaabbllee  ttoo  aannyy  ffiieelldd  iinn  wwhhiicchh  
pprroobblleemmss  ccaann  bbee  ccoouucchheedd  iinn  tteerrmmss  ooff  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss..  TThhaatt  
bbeeggss  tthhee  qquueessttiioonn  ooff  aapppprroopprriiaattee  ddeeffiinniittiioonnss  ffoorr  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  
ffuunnccttiioonnss  iinn  nnoonn--tteecchhnniiccaall  aarreeaass..    
  
SSppeecciiffiicc  pphhyyssiiccaall--wwoorrlldd  oobbjjeeccttss  bbeeccaammee  iimmmmeeddiiaatteellyy  oobbvviioouuss  aass  hheeuurriissttiiccss  wweerree  
iinnttrroodduucceedd  iinn  tthhee  pprroocceessss  ooff  ddeeffiinniinngg,,  aannaallyyzziinngg,,  aanndd  ssoollvviinngg  tthhee  ddeemmoonnssttrraattiioonn  
pprroobblleemm..  TThheenn  ccaammee  iiddeennttiiffiiccaattiioonn  ooff  ffuunnccttiioonnss  ((oobbjjeecctt--oobbjjeecctt  iinntteerraaccttiioonnss)),,  aanndd  
ffiinnaallllyy,,  ppeerrhhaappss  wwiitthh  mmoorree  eeffffoorrtt,,  ccaammee  tthhee  iiddeennttiiffiiccaattiioonn  ooff  oobbjjeecctt  aattttrriibbuutteess  
((hheeuurriissttiiccss  wweerree  uusseedd  ttoo  iiddeennttiiffyy  tthheessee))..  IInn  ffaacctt,,  wwiitthhoouutt  tthheessee  ddiirreecctt  
aassssoocciiaattiioonnss  bbeettwweeeenn  tthhee  aabbssttrraacctt  wwoorrddss,,  oobbjjeecctt,,  aattttrriibbuuttee,,  aanndd  ffuunnccttiioonn,,  aanndd  
pphhyyssiiccaall--wwoorrlldd  eexxaammpplleess  ooff  tthhee  pprroobblleemm,,  ssoommee  rreeaaddeerrss  wwoouulldd  ffiinndd  tthhee  
hheeuurriissttiiccss  ttoooo  aabbssttrraacctt  ttoo  uunnddeerrssttaanndd..  OOnn  tthhee  ootthheerr  hhaanndd,,  oonnccee  iitt  iiss  uunnddeerrssttoooodd  
hhooww  aabbssttrraacctt  hheeuurriissttiiccss  wwoorrkk,,  ii..ee..,,  hhooww  tthheeyy  ssppaarrkk  tthhee  tthhoouugghhtt  pprroocceessss,,  iitt  iiss  
pprrooppoosseedd  tthhaatt  tthheeyy  ccaann  bbee  uusseedd  ttoo  ssoollvvee  aabbssttrraacctt  pprroobblleemmss..  TThhiiss  iiss  tthhee  pprroocceessss  
uusseedd  iinn  tthhee  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  iinn  PPaarrtt  IIII..  TToo  sseeee  hhooww  tthhiiss  mmiigghhtt  wwoorrkk,,  II  wwiillll  
ccaasstt  tthhee  ddeemmoonnssttrraattiioonn  pprroobblleemm  iinn  aabbssttrraacctt  ffoorrmm,,  ddeetteerrmmiinnee  wwhhiicchh  hheeuurriissttiiccss  
ccaann  bbee  aapppplliieedd,,  aanndd  aappppllyy  tthheemm  ttoo  ssoollvvee  tthhee  aabbssttrraacctt  pprroobblleemm..  
  
TThheerree  iiss  aa  wwoorrkkiinngg  lleevveell  ooff  llooggiicc  tthhaatt  ttiieess  ttooggeetthheerr  oobbjjeecctt,,  aattttrriibbuuttee,,  aanndd  ffuunnccttiioonn  
aalllloowwiinngg  tthheeiirr  ddeeffiinniittiioonnss  aanndd  rreeaalliissttiicc  aassssoocciiaattiioonnss  iinn  tthhee  pphhyyssiiccaall  wwoorrlldd..  IItt  iiss  
tthhaatt  ffuunnccttiioonnss  aaffffeecctt  aattttrriibbuutteess  bbyy  cchhaannggiinngg  oorr  mmaaiinnttaaiinniinngg  tthheeiirr  ddeeggrreeee  ooff  
iinntteennssiittyy..  OObbjjeeccttss  aarree  tthhee  ccaarrrriieerrss  ooff  aattttrriibbuutteess  aanndd  aarree  cchhaarraacctteerriizzeedd  bbyy  tthheeiirr  
aaccttiivvee  aattttrriibbuutteess..  PPaaiirrss  ooff  aaccttiivvee  aattttrriibbuutteess  iinntteerraacctt  ttoo  ssuuppppoorrtt  ffuunnccttiioonnss..  TThhiiss  
cciirrccllee  ooff  llooggiicc,,  wwhhiillee  ssttaatteedd  iinn  tthhee  aabbssttrraacctt,,  iiss  rreeaaddiillyy  ssaattiissffiieedd  iinn  tthhee  pphhyyssiiccaall  
wwoorrlldd..    
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Application of heuristics to an abstract problem  
    Problem definition phase 
 
TThhee  oorriiggiinnaall  pphhyyssiiccaall--wwoorrlldd  pprroobblleemm  ssttaatteemmeenntt::    
 

“Hand held binoculars produce blurring of images resulting 
from motion of the binoculars caused by breathing.” 

 
TThhiiss  pprroobblleemm  ssttaatteemmeenntt  iiss  ttoo  bbee  eelleevvaatteedd  ttoo  aann  aabbssttrraacctt  ffoorrmm..  WWhheenn  ccaasstt  iinnttoo  
aabbssttrraacctt  ffoorrmm,,  bbyy  ssttrriippppiinngg  tthhee  ssttaatteemmeenntt  ooff  ssppeecciiffiicc,,  pphhyyssiiccaall--  wwoorrlldd  rreeffeerreenncceess,,  
tthhee  pprroobblleemm  ccaann  bbee  wwrriitttteenn  aass  ffoolllloowwss..    
 

“An object interacts with another object causing an unwanted effect 
in a third attribute as a result of a causal attribute of an object.” 

  
TThhiiss  ssttaatteemmeenntt  iinnccoorrppoorraatteess  hheeuurriissttiiccss  ((11  ––  44))  iinn  TTaabbllee  ((22))..  AA  ssiimmppllee  sskkeettcchh  iiss  
aann  aaddddiittiioonnaall  nneeeedd  ffoorr  aa  wweellll--ddeeffiinneedd  pprroobblleemm..  TThhiiss  iiss  ddoonnee  rreeaaddiillyy  ffoorr  rreeaall--
wwoorrlldd  oobbjjeeccttss,,  bbuutt  hhooww  iiss  iitt  ttoo  bbee  ddoonnee  ffoorr  aabbssttrraacctt  oobbjjeeccttss??  SSoolluuttiioonn  hheeuurriissttiicc,,    
2255))  ““CCoonnssttrruucctt  aa  bblloocckk--ttyyppee  ddiiaaggrraamm  ooff  iinntteerraaccttiinngg  oobbjjeeccttss,,  aa  ppaaiirr  ooff  tthheeiirr  
aattttrriibbuutteess,,  aanndd  tthhee  uunnwwaanntteedd  eeffffeecctt  tthheeyy  ssuuppppoorrtt,,  wwiitthh  iittss  aaffffeecctteedd  aattttrriibbuuttee..””  
iinn  TTaabbllee  ((22)),,  iiss  uusseeffuull  ffoorr  tthhiiss  ppuurrppoossee  aanndd  iiss  ssuubbssttiittuutteedd  ffoorr  ##55,,  aass  sshhoowwnn  iinn  FFiigg..  
((1133))..  AAlltthhoouugghh  tthhee  ccoommppoonneennttss  aarree  aallll  aabbssttrraacctt,,  tthheeiirr  ggeenneerraall  rreellaattiioonnsshhiippss  ttoo  
oonnee  aannootthheerr  aarree  cclleeaarrllyy  iilllluussttrraatteedd..  
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Figure 13.  Problem statement and simple sketch (block diagram) for an abstract 
problem using heuristics (#1 - #5, #27) of Table (2) as indicated. Wavy lines indicate 
the zone of interaction of input attributes A1 and A2. 
 
TThhee  aabbssttrraacctt  vveerrbbaall  ssttaatteemmeenntt  aanndd  aabbssttrraacctt  bblloocckk  ddiiaaggrraamm  ccoonnssttiittuuttee  aann  
aabbssttrraacctt  pprroobblleemm  ddeeffiinniittiioonn  nnoott  aassssoocciiaatteedd  wwiitthh  aa  ppaarrttiiccuullaarr  ffiieelldd,,  oorr  eevveenn  aa  
ppaarrttiiccuullaarr  pprroobblleemm..  TThhee  ddiiaaggrraamm  iinn  FFiigg..  ((1133))  iiss  aa  ggrraapphhiicc  hheeuurriissttiicc,,  HH11..  ((HH((xx))  
iiddeennttiiffiieess  nneeww  hheeuurriissttiiccss  bbyy  ssuubbssccrriipptt  nnuummbbeerr..))  
 
    Problem analysis phase 
 
TThhee  oonnllyy  aannaallyyttiiccaall  hheeuurriissttiicc  iinn  TTaabbllee  ((22))  tthhaatt  ccaann  bbee  uusseedd  wwiitthhoouutt  ssppeecciiffiicc  
iinnffoorrmmaattiioonn  aabboouutt  oobbjjeeccttss  aanndd  aattttrriibbuutteess  iiss  hheeuurriissttiicc  ((##55)),,  ““aa  ssiimmppllee  sskkeettcchh””,,  
wwhhiicchh  hhaass  bbeeeenn  ccaasstt  iinn  tthhee  aabbssttrraacctt  iinn  FFiigg..  ((1133))  uussiinngg  hheeuurriissttiicc  ((##2277))..  TThhuuss  wwee  
mmoovvee  oonn  ttoo  tthhee  ssoolluuttiioonn  pphhaassee..  
 
    Problem solution phase 
 
SSoolluuttiioonn--pphhaassee  hheeuurriissttiiccss  ((##1177,,  1188,,  2200,,  aanndd  2233))  iinn  TTaabbllee  ((22))  rreeqquuiirree  ssppeecciiffiicc  
ddeettaaiillss  aabboouutt  oobbjjeeccttss  aanndd  aattttrriibbuutteess..  HHeennccee,,  tthheeyy  ccaannnnoott  bbee  uusseedd  ffoorr  tthhee  
aabbssttrraacctt  pprroobblleemm..  HHeeuurriissttiiccss  ((##1199,,  2211  ––  2222,,  aanndd  2244  ––  2277))  ccaann  bbee  uusseedd..  TThheessee  
aarree  iilllluussttrraatteedd  iinn  tthhee  ffoolllloowwiinngg  ffiigguurreess..  
  
HHeeuurriissttiicc  ##1199::  eelliimmiinnaattee  aann  aattttrriibbuuttee..  

“An object interacts with another
object causing an unwanted effect as
a result of a causal attribute of an 
object that interacts with the first two.”

object-1

object-2
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attribute-2
effect 

affected 
attribute 

object-3

#1 
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#2 
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#3 
root cause 

#4 
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simple sketch
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TThhrreeee  aattttrriibbuutteess  aarree  aavvaaiillaabbllee  ttoo  sseelleecctt  ffoorr  eelliimmiinnaattiioonn  ((AA11,,  AA22,,  aanndd  AAmm,,  tthhee  
aaffffeecctteedd  aattttrriibbuuttee))..  TThheessee  ccoonnssttiittuuttee  tthhrreeee  nneeww  hheeuurriissttiiccss  ((HH22  ––  HH44  ffoorr  rreemmoovviinngg  
AA11  ––  AAmm  rreessppeeccttiivveellyy..))  ((XX))    
HH22))  EElliimmiinnaattee  aaccttiivvee  aattttrriibbuuttee  AA11  ooff  oobbjjeecctt  OO11  bbyy  mmoovviinngg,,  rreemmoovviinngg,,  oorr  rreesshhaappiinngg  
OO11..  
HH33))  EElliimmiinnaattee  aaccttiivvee  aattttrriibbuuttee  AA22  ooff  oobbjjeecctt  OO22  bbyy  mmoovviinngg,,  rreemmoovviinngg,,  oorr  rreesshhaappiinngg  
OO22..  
HH44))  EElliimmiinnaattee  tthhee  aaffffeecctteedd  aattttrriibbuuttee  AAmm  ooff  oobbjjeecctt  OO33  bbyy  mmoovviinngg,,  rreemmoovviinngg,,  oorr  
rreesshhaappiinngg  OO33..  
TThhee  ccoonnsseeqquueenncceess  ooff  eelliimmiinnaattiinngg  aann  aattttrriibbuuttee  aarree  ttoo  rreennddeerr  iittss  aassssoocciiaatteedd  
oobbjjeecctt  uusseelleessss,,  ffoorr  ssuuppppoorrttiinngg  tthhee  uunnwwaanntteedd  eeffffeecctt,,  tthhuuss  eelliimmiinnaattiinngg  tthhee  
uunnwwaanntteedd  eeffffeecctt  ((iiff  tthhee  oobbjjeecctt  hhaass  oonnllyy  oonnee  aattttrriibbuuttee  ssuuppppoorrttiinngg  tthhee  uunnwwaanntteedd  
eeffffeecctt))..  OOnnee  cchhooiiccee  ooff  eelliimmiinnaattiinngg  aann  aattttrriibbuuttee  iiss  sshhoowwnn  iinn  FFiigg..  ((1144))..  
 
 
 
 
 
 
 
 
 
 
 
Figure 14.  An unwanted effect can be eliminated by eliminating an input attribute. 
  
FFiigguurree  ((1144))  iilllluussttrraatteess  oonnee  ooff  tthhrreeee  nneeww  ggrraapphhiicc  hheeuurriissttiiccss  ffoorr  ssoollvviinngg  aann  
aabbssttrraacctt  pprroobblleemm,,  HH22..  TThheeyy  hhaavvee  bbeeeenn  ddeerriivveedd  ffrroomm  aa  kknnoowwnn  hheeuurriissttiicc;;  ((##1199))  
““eelliimmiinnaattee  aann  aattttrriibbuuttee””..  TThhee  tthhrreeee  ggrraapphhiiccss  rreepprreesseenntt  ssoolluuttiioonnss  ooff  tthhee  oorriiggiinnaall  
aabbssttrraacctt  pprroobblleemm  ((FFiigg..  1133))..  TThhuuss,,  tthhee  aabbssttrraacctt  pprroobblleemm  hhaass  bbeeeenn  ssoollvveedd..    
  
TToo  aappppllyy  tthheessee  tthhrreeee  ssoolluuttiioonn  hheeuurriissttiiccss  ttoo  aa  pphhyyssiiccaall--wwoorrlldd  pprroobblleemm,,  ffiirrsstt  
ccoonnssttrruucctt  tthhee  bblloocckk  ddiiaaggrraamm  iinnsseerrttiinngg  tthhee  ssppeecciiffiicc  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  
uunnwwaanntteedd  eeffffeecctt  ooff  tthhee  pprroobblleemm..  IIff  iittss  ccoommppoonneennttss  hhaavvee  tthhee  ssaammee  rreellaattiivvee  
rreellaattiioonnsshhiippss  aass  sshhoowwnn  iinn  tthhee  aabbssttrraacctt  pprroobblleemm  ooff  FFiigg..  ((1133))  tthheenn  FFiigg..  ((1144))  
rreepprreesseennttss  aa  ssoolluuttiioonn..  TThhee  pprroobblleemm  ssoollvveerr,,  aatt  tthhiiss  ssttaaggee,,  ssttuuddiieess  tthhee  pphhyyssiiccaall--
wwoorrlldd  bblloocckk  ddiiaaggrraamm  jjuusstt  ccrreeaatteedd  aanndd  ccoonnssiiddeerrss  tthhee  ccoonnsseeqquueenncceess  ooff  
eelliimmiinnaattiinngg  oobbjjeecctt--11..  IIff  tthhee  hheeuurriissttiicc  hhaass  tthhee  ddeessiirreedd  eeffffeecctt  tthhee  pprroobblleemm  ssoollvveerr  
wwiillll  ddiissccoovveerr  ssoolluuttiioonn  ccoonncceeppttss  iinnvvoollvviinngg  rreemmoovvaall  ooff  aattttrriibbuuttee--11..  TThhee  pprroocceessss  iiss  
rreeppeeaatteedd  ffoorr  rreemmoovvaall  ooff  tthhee  ootthheerr  ttwwoo  aattttrriibbuutteess,,  oonnee  aatt  aa  ttiimmee..  
  
TThhee  iiddeennttiiffiiccaattiioonn  ooff  ppaaiirrss  ooff  iinntteerraaccttiinngg  aattttrriibbuutteess  iiss  aa  ttooooll  ooff  UUSSIITT  ddeessiiggnneedd  ttoo  
ssiimmpplliiffyy  pprroobblleemm  aannaallyyssiiss..  TThheerree  ccaann  bbee  mmuullttiippllee  ppaaiirrss  ooff  aattttrriibbuutteess  ssuuppppoorrttiinngg  

                                  
X Heuristics labeled (# numeral) are Table (2) heuristics and those labeled (H numeral) are Table (3) 
heuristics. 
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tthhee  ssaammee  ffuunnccttiioonn..  TThheerree  mmaayy  aallssoo  bbee  mmuullttiippllee  ffuunnccttiioonnss  aatt  tthhee  ssaammee  ppooiinntt  ooff  
oobbjjeecctt--oobbjjeecctt  ccoonnttaacctt..  TThhee  cclloosseedd--wwoorrlldd  ddiiaaggrraamm  hheeuurriissttiicc  iiss  uusseedd  ttoo  iiddeennttiiffyy  tthhee  
mmoosstt  iimmppoorrttaanntt  ffuunnccttiioonn..  OOtthheerrss  ccaann  bbee  iiggnnoorreedd  ((aanndd  sshhoouulldd  bbee))  dduurriinngg  aannaallyyssiiss  
ooff  tthhee  mmoosstt  iimmppoorrttaanntt  oonnee..  
  
HHeeuurriissttiicc  ##2211::  MMuullttiipplliiccaattiioonn  ooff  oobbjjeeccttss  
WWiitthh  tthhrreeee  ppootteennttiiaall  oobbjjeeccttss  ttoo  cchhoooossee  ffrroomm  ((OO11,,  OO22,,  aanndd  OO33)),,  mmuullttiipplliiccaattiioonn  ooff  
oobbjjeeccttss  bbrriinnggss  tthhrreeee  mmoorree  ggrraapphhiicc  hheeuurriissttiiccss  ((HH55  ––  HH77))..  MMuullttiipplliiccaattiioonn  ooff  aann  
oobbjjeecctt  rreeffeerrss  ttoo  uussiinngg  aa  ccooppyy  ooff  iitt  iinn  aa  ddiiffffeerreenntt  wwaayy  ((XXII))  bbyy  aaccttiivvaattiinngg  aa  nneeww  
aattttrriibbuuttee  ttoo  ssuuppppoorrtt  aa  uusseeffuull  ffuunnccttiioonn  wwhheenn  jjooiinneedd  wwiitthh  aann  eexxiissttiinngg  aattttrriibbuuttee  ((sseeee  
FFiigg..  1155))..  
 
 
 
 
 
 
  
 
 
 
 
 
Figure 15.  Object multiplication introduces a copy of an existing object (O1 – O3) 
having a new active attribute, A4, which combined with an existing attribute (A1, A2, or 
Am) supports a function that is useful as a solution to the problem through its affected 
attribute. 
 
FFiigguurree  ((1155))  iiss  aa  ggrraapphhiicc  hheeuurriissttiicc  ((HH55));;  iitt  iilllluussttrraatteess  tthhee  ssttaarrttiinngg  ppooiinntt  ––  
mmuullttiipplliiccaattiioonn  ooff  aann  oobbjjeecctt,,  OO11..  TThhee  nneexxtt  sstteepp  iinn  tthhiiss  eexxaammppllee  ooff  mmuullttiipplliiccaattiioonn  iiss  
ttoo  ccoonnssiiddeerr  wwhhiicchh  aattttrriibbuutteess  tthhee  nneeww  aattttrriibbuuttee  ((AA44))  wwiillll  iinntteerraacctt  wwiitthh  ((AA11,,  AA22,,  oorr  
AAmm))..  TThhee  iinntteerraaccttiioonn  ooff  AA44  wwiitthh  AA11  iiss  iilllluussttrraatteedd  iinn  FFiigg..  ((1166))  wwhheerree  tthhee  ffuunnccttiioonn,,  
tthhee  iinntteerraaccttiioonn  ssuuppppoorrttss,,  mmooddiiffiieess  tthhee  oorriiggiinnaall  aattttrriibbuuttee,,  AAmm,,  ssoo  aass  ttoo  ccoouunntteerraacctt  
iittss  uunnwwaanntteedd  eeffffeecctt..  IInn  tthhiiss  mmaannnneerr  ttwweellvvee  ggrraapphhiicc  mmuullttiipplliiccaattiioonn  hheeuurriissttiiccss  aarree  
ccrreeaatteedd;;  sseeee  TTaabbllee  ((33))  ((hheeuurriissttiiccss  HH55  ––  HH1166))..  

                                  
XI Logging in deep forests provides an example of multiplying objects and using the copies in different 
ways. Felled trees, stripped of limbs, are drug or slid to lower collection points. Previously felled trees 
can be used  as rollers and slides. 
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Figure 16.  Attribute A4 of multiplication object O1 is allowed to interact with attribute A1 
to support a function that affects the original unwanted-effect attribute, Am, in a manner 
to nullify or make useful the unwanted effect. 
 
HHeeuurriissttiiccss,,  HH55  ––  HH77,,  ccaann  bbee  ssuubbsseeqquueennttllyy  ccoommbbiinneedd  wwiitthh  aannyy  oonnee  ooff  tthhee  tthhrreeee  
aattttrriibbuutteess  ttoo  ffoorrmm  aa  ttoottaall  ooff  nniinnee  nneeww  ggrraapphhiicc  hheeuurriissttiiccss  ((HH88  ––  HH1166))..  ((XXIIII))  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17.  Attribute A4 of multiplication object O1 is allowed to interact with attribute A2 
to support a function that affects the original unwanted effect attribute, Am, in a manner 
to nullify or make useful the unwanted effect. 

                                  
XII The rapid pluralization of heuristics, where three might seemingly be combined into one generic 
heuristic, is an issue of heuristic naming, which is discussed in a later section. 
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Figure 18.  Attribute A4 of multiplication object O1 is allowed to interact with attribute Am 
to support a function that affects the original unwanted effect attribute, Am, in a manner 
to nullify or make useful the unwanted effect. 
 
FFiigguurreess  ((1177))  aanndd  ((1188))  iilllluussttrraattee  mmuullttiipplliiccaattiioonn  ooff  oobbjjeecctt  OO11  ffoolllloowweedd  bbyy  iinntteerraaccttiioonn  
ooff  aattttrriibbuuttee  AA11  wwiitthh  AA22  ((FFiigg..  1177))  aanndd  AAmm  ((FFiigg..  1188))..  
 
HHeeuurriissttiicc  ##2222::  DDiivviissiioonn  ooff  oobbjjeeccttss  
DDiivviissiioonn  ooff  aann  oobbjjeecctt  aalllloowwss  uussiinngg  iittss  ppaarrttss  ddiiffffeerreennttllyy  bbyy  aaccttiivvaattiinngg  nneeww  
aattttrriibbuutteess  iinn  tthhee  ppaarrttss..  TThhiiss  iiss  ppaarrttiiccuullaarrllyy  uusseeffuull  ffoorr  ccoommppoouunndd  oobbjjeeccttss  wwhheerree  
ffiinnddiinngg  ddiiffffeerreenntt  ffuunnccttiioonnss  ffoorr  ccoommppoonneennttss  mmaayy  bbee  uusseeffuull..  DDiivviissiioonn  ooff  OO11  iiss  
iilllluussttrraatteedd  iinn  FFiigg..  ((1199))..  
  
  
 
 
 
 
 
 
 
 
Figure 19.  Object division introduces a part of an existing object (O1 – O3) having a 
new active attribute, A4, which combined with an existing attribute (A1, A2, or Am) 
supports a function useful as a solution to the problem through its affected attribute. 
 
AAggaaiinn,,  tthhrreeee  nneeww  hheeuurriissttiiccss  aarriissee,,  oonnee  ffoorr  eeaacchh  oobbjjeecctt  ttoo  bbee  ddiivviiddeedd  ((HH1177  ––  HH1199))..  
TThhee  sseeccoonndd  sstteepp,,  sseelleeccttiinngg  wwhhiicchh  ooff  tthhee  oorriiggiinnaall  aattttrriibbuutteess  ttoo  iinntteerraacctt  wwiitthh,,  
pprroodduucceess  nniinnee  mmoorree  hheeuurriissttiiccss  ((HH2200  ––  HH2288))..  OOnnee  iiss  iilllluussttrraatteedd  iinn  FFiigg..  2200..  
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Figure 20.  Attribute A4 of division object O1 is allowed to interact with attribute A1 to 
support a function that affects the original unwanted-effect attribute, Am, in a manner to 
nullify or make useful the unwanted effect. 
  
HHeeuurriissttiicc  ##2299::  AAdddd  aattttrriibbuuttee  ––  ffuunnccttiioonn  ––  aattttrriibbuuttee  lliinnkkss  
AAttttrriibbuuttee--ffuunnccttiioonn--aattttrriibbuuttee  ((AA--FF--AA))  lliinnkkss  ccoonnnneecctt  tthhee  aaffffeecctteedd  aattttrriibbuuttee  iinn  aann  
uunnwwaanntteedd  eeffffeecctt  ttoo  ssuuppppoorrtt  aa  uusseeffuull  ffuunnccttiioonn..  TThhiiss  iiss  iilllluussttrraatteedd  iinn  FFiigg..  ((2211))..  
AAddddiinngg  aann  AA--FF--AA  lliinnkk  aalllloowwss  iinnttrroodduuccttiioonn  ooff  aa  nneeww  oobbjjeecctt  aanndd  aann  aaccttiivvee  aattttrriibbuuttee  
ffrroomm  tthhee  nneeww  oobbjjeecctt  ((HH2299))..  MMuullttiippllee  lliinnkkss  ccaann  bbee  uusseedd  ((##2266  ooff  TTaabbllee  22))..  
  
 
 
 
 
 
 
 
  
 
 
Figure 21.  An A-F-A link has been introduced to the problem diagram through a new 
object, O4, and its active attribute, A4, to support a new function through interaction of 
A4 with Am. 
 
TThhee  nneewwllyy  ffoouunndd  ggrraapphhiicc  hheeuurriissttiiccss  ffoorr  ssoollvviinngg  aann  aabbssttrraacctt  pprroobblleemm  aarree  
ssuummmmaarriizzeedd  iinn  TTaabbllee  ((33))..  
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Table 3.  Summary of new graphic heuristics for 
an abstract problem. 
 
 Graphic Heuristic  Object Attribute
H1 Problem statement    
H2 Attribute elimination  (Ax)   A1 
H3 “   A2 
H4 “   A3 
H5 Object multiplication  (Ox)  O1  
H6 “  O2  
H7 “  O3  
H8 Multiplication → attribute-attribute interaction O1→ H5 A1 
H9 “ O1→ H5 A2 
H10 “ O1→ H5 A3 
H11 “ O2→ H6 A1 
H12 “ O2→ H6 A2 
H13 “ O2→ H6 A3 
H14 “ O3→ H7 A1 
H15 “ O3→ H7 A2 
H16 “ O3→ H7 A3 
H17 Object division  (Ox)  O1  
H18 “  O2  
H19 “  O3  
H20 Division → attribute-attribute interaction  O1→ H17 A1 
H21 “ O1→ H17 A2 
H22 “ O1→ H17 A3 
H23 “ O2→ H18 A1 
H24 “ O2→ H18 A2 
H25 “ O2→ H18 A3 
H26 “ O3→ H19 A1 
H27 “ O3→ H19 A2 
H28 “ O3→ H19 A3 
H29 A-F-A links    
     

 
 
Abstract heuristics for abstract problems 
 
TThhee  ssoolluuttiioonnss  ooff  tthhee  iimmaaggee--bblluurrrriinngg  pprroobblleemm,,  aa  pphhyyssiiccaall--wwoorrlldd  pprroobblleemm,,  wweerree  
aaccccoommpplliisshheedd  uussiinngg  ttwweennttyy--sseevveenn  kknnoowwnn  hheeuurriissttiiccss..  AAllll  ooff  tthhee  ssoolluuttiioonn  
hheeuurriissttiiccss  uusseedd  aarree  aabbssttrraacctt  iinn  tthhaatt  tthheeyy  hhaavvee  nnoo  ssppeecciiffiicc  oobbjjeeccttss  oorr  aattttrriibbuutteess  
mmeennttiioonneedd  iinn  tthheeiirr  wwoorrddiinnggss..  TThhee  iimmaaggee--bblluurrrriinngg  pprroobblleemm  wwaass  tthheenn  ssttrriippppeedd  ooff  
ssppeecciiffiicc  oobbjjeecctt,,  aattttrriibbuuttee,,  aanndd  ffuunnccttiioonn  rreeffeerreenncceess  ttoo  ccoonnvveerrtt  iitt  ttoo  aanndd  eeqquuiivvaalleenntt  
aabbssttrraacctt  ffoorrmm..  TThhiirrtteeeenn  ooff  tthhee  oorriiggiinnaall  hheeuurriissttiiccss  wweerree  uusseedd  ttoo  ffoorrmmuullaattee  aabbssttrraacctt  
ssoolluuttiioonnss..  IInn  tthhee  pprroocceessss,,  ttwweennttyy--nniinnee  nneeww  ggrraapphhiicc--ttyyppee  ssoolluuttiioonn  hheeuurriissttiiccss  wweerree  
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ddiissccoovveerreedd..  TThhiiss  eexxeerrcciissee  ddeemmoonnssttrraatteess  hhooww  nneeww  hheeuurriissttiiccss  ccaann  bbee  ddeerriivveedd  
ffrroomm  aabbssttrraacctt  pprroobblleemmss..  
 
AAlltthhoouugghh  tthhee  aabbssttrraacctt  ffoorrmmuullaattiioonn  ooff  tthhee  iimmaaggee--bblluurrrriinngg  pprroobblleemm  ccaammee  ffrroomm  aa  
pphhyyssiiccaall--wwoorrlldd  pprroobblleemm,,  iitt  hhaass  nnoo  ssppeecciiffiicc  rreellaattiioonnsshhiipp  ttoo  tthhee  pphhyyssiiccaall--wwoorrlldd  
pprroobblleemm  eexxcceepptt  tthhrroouugghh  ssiimmiillaarriittyy  ooff  iittss  aabbssttrraacctt  ggrraapphhiicc  rreepprreesseennttaattiioonn  ttoo  iittss  
pphhyyssiiccaall--wwoorrlldd  ggrraapphhiicc  rreepprreesseennttaattiioonn..  SSiimmiillaarriittyy  rreeffeerrss  ttoo  tthhee  ggrraapphhiicc  
aarrrraannggeemmeenntt  ooff  ggeenneerriicc  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  uunnwwaanntteedd  eeffffeeccttss..  MMaannyy  ootthheerr  
yyeett  ttoo  bbee  ffoouunndd  pprroobblleemmss  mmaayy  hhaavvee  tthhee  ssaammee  aabbssttrraacctt  rreepprreesseennttaattiioonn..  
CCoonnsseeqquueennttllyy,,  wwhheenn  ssuucchh  aa  pphhyyssiiccaall--wwoorrlldd  pprroobblleemm  iiss  ffoouunndd,,  rreeggaarrddlleessss  ooff  iittss  
ffiieelldd,,  tthhee  nneewwllyy  ffoouunndd  ssoolluuttiioonn  hheeuurriissttiiccss  ccaann  aallll  bbee  uusseedd  ttoo  ssppaarrkk  ssoolluuttiioonn  
ccoonncceeppttss..  
  
TThhiiss  ddeemmoonnssttrraattiioonn  ggiivveess  aann  oovveerrvviieeww  ooff  tthhee  pprroocceedduurree  ttoo  bbee  uusseedd  iinn  tthhee  mmoorree  
tthhoorroouugghh  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  iinn  PPaarrtt  IIII..  
 
Graphic representation of heuristics 
  
HHeeuurriissttiiccss  eexxiisstt  uunnddeerr  vvaarriioouuss  nnaammeess  wwiitthh  mmooddiiffiiccaattiioonnss  ffiittttiinngg  ppeerrssoonnaall  ttaassttee  
aanndd  tthhee  aarrggoott  ooff  aa  ppaarrttiiccuullaarr  ffiieelldd..  TThhiiss  ooccccuurrss  ffoorr  llaacckk  ooff  ccoommpprreehheennssiivvee  
ccaattaallooggiinngg  aanndd  ssttaannddaarrddiizzeedd  nnoommeennccllaattuurree..  HHeeuurriissttiiccss  aarree  rraarreellyy  llaabbeelleedd  aass  
ssuucchh..  CCoonnsseeqquueennttllyy,,  iitt  iiss  ddiiffffiiccuulltt  ttoo  kknnooww  wwhheetthheerr  aa  ““nneeww””  hheeuurriissttiicc  iiss  rreeaallllyy  
nneeww..        
  
IItt  iiss  eevviiddeenntt  ffrroomm  tthhee  ffoorreeggooiinngg  ddeemmoonnssttrraattiioonn  tthhaatt  aa  ggrraapphhiicc  rreepprreesseennttaattiioonn  ooff  aa  
hheeuurriissttiicc  mmaayy  pprroovviiddee  aa  ssttaannddaarrddiizzeedd  mmeetthhoodd  ooff  ccaattaallooggiinngg  hheeuurriissttiiccss  ffoorr  ffuuttuurree  
rreeffeerreennccee..  SSuucchh  ggrraapphhiiccss  wwoouulldd  bbee  iinnddeeppeennddeenntt  ooff  aarrggoott  aanndd  ssppeecciiaall  
tteerrmmiinnoollooggyy..    
  
AA  pprroobblleemm  ccoonnssiissttiinngg  ooff  aann  uunnwwaanntteedd  eeffffeecctt,,  UUEE,,  eevviiddeenncceedd  iinn  aann  aaffffeecctteedd  
aattttrriibbuuttee,,  AAmm,,  iinn  aann  oobbjjeecctt,,  OOmm,,  ssuuppppoorrtteedd  bbyy  ttwwoo  iinntteerraaccttiinngg  aattttrriibbuutteess,,  AA11  aanndd  
AA22,,  ccoonnttaaiinneedd  iinn  ttwwoo  oobbjjeeccttss,,  OO11  aanndd  OO22,,  ccoouulldd  bbee  rreepprreesseenntteedd  ggrraapphhiiccaallllyy  aass  
sshhoowwnn  iinn  FFiigg..  ((2222))..  
 

O1 – A1 
             \ 
              UE – Am 
             /          | 
O2 – A2            Om 

 
Figure 22. Graphic representation of a problem consisting of an unwanted effect UE, 
three attributes, A1, A2, and Am, along with their associated objects, O1, O2, and Om 
respectively.  
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AA  ggrraapphhiicc  rreepprreesseennttaattiioonn  ooff  tthhee  ssoolluuttiioonn  ooff  aa  pprroobblleemm  uussiinngg  tthhee  aattttrriibbuuttee--
eelliimmiinnaattiioonn  hheeuurriissttiicc  iiss  iilllluussttrraatteedd  iinn  FFiigg..  ((2233))..  PPaarreenntthheesseess  aarroouunndd  OOmm  iinn  tthhee  
ffiigguurree  rreemmiinndd  tthhaatt  mm  ccaann  ddeessiiggnnaattee  oonnee  ooff  tthhrreeee  ppoossssiibbllee  oobbjjeeccttss..        
 

O1 –   
             \ 
              UE – Am 
             /          | 
O2 – A2          (Om) 

 
Figure 23. Graphic representation of a problem solution, using attribute elimination is 
illustrated where the attribute A1 has been eliminated.  
 
TThheessee  iiddeeaass  wwiillll  bbee  ffuurrtthheerr  eellaabboorraatteedd  iinn  PPaarrtt  IIII..  
 
WWee  ttuurrnn  nnooww  ttoo  tthhee  aabbssttrraacctt  ddeerriivvaattiioonn  ooff  hheeuurriissttiiccss  ffoorr  aabbssttrraacctt  pprroobblleemmss..  
 
  
Comments on the Adaptation of Derived 
Heuristics to Other Fields 
 
  
SSiinnccee  tthhee  hheeuurriissttiiccss  ddeerriivveedd  hheerree  aarree  aabbssttrraacctt,,  aanndd  wweerree  ddeerriivveedd  iinn  ssoollvviinngg  aann  
aabbssttrraacctt  pprroobblleemm,,  tthheerree  aarree  nnoo  aa  pprriioorrii  rreeaassoonnss  ttoo  lliimmiitt  tthheeiirr  aapppplliiccaattiioonn  ttoo  
pphhyyssiiccaall--wwoorrlldd  pprroobblleemmss..  HHeennccee,,  iitt  iiss  pprrooppoosseedd,,  bbuutt  nnoott  pprroovveenn  hheerree,,  tthhaatt  tthheeyy  
ccaann  bbee  aapppplliieedd  ttoo  nnoonn--tteecchhnniiccaall  pprroobblleemmss  aass  wweellll  aass  tteecchhnniiccaall  pprroobblleemmss  iinn  
ddiivveerrssee  ffiieellddss..  AA  ffeeww  ccoommmmeennttss  ffoollllooww  oonn  hhooww  tthhiiss  mmiigghhtt  bbee  ddoonnee..  
  
SSeevveerraall  sstteeppss  aarree  rreeccoommmmeennddeedd  ffoorr  iinnvveessttiiggaattiinngg  tthhee  aaddaappttaabbiilliittyy  ooff  tthhee  ddeerriivveedd  
hheeuurriissttiiccss  ttoo  nnoonn--tteecchhnniiccaall  pprroobblleemmss::    
��  AAsssseemmbbllee  aann  aassssoorrttmmeenntt  ooff  ssoollvveedd  pprroobblleemmss  rreepprreesseennttaattiivvee  ooff  tthhee  nnoonn--

tteecchhnniiccaall  aarreeaa  ooff  iinntteerreesstt..    
��  EExxaammiinnee  tthhee  ssoollvveedd  pprroobblleemmss  ffoorr  aannaallooggiieess  wwiitthh  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  

ffuunnccttiioonnss  uusseedd  ttoo  ddeeffiinnee  pphhyyssiiccaall--wwoorrlldd  pprroobblleemmss..    
��  TTeesstt  mmooddiiffiiccaattiioonnss  ooff  tthhee  ddeeffiinniittiioonnss  ooff  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss  

tthhaatt  mmaayy  bbee  nneeeeddeedd  ttoo  ccrreeaattee  aannaallooggiieess  bbeettwweeeenn  wweellll--ddeeffiinneedd  pprroobblleemmss  iinn  
tthhee  nneeww  ffiieelldd  aanndd  tthhoossee  iinn  tthhee  pphhyyssiiccaall  wwoorrlldd..  

��  DDeetteerrmmiinnee  wwhheetthheerr  tthheessee  aannaallooggiieess  aarree  ssuuffffiicciieenntt  ttoo  ccoommppoossee  aa  ssttaatteemmeenntt  
ooff  aann  uunnwwaanntteedd  eeffffeecctt..    

��  CCoonnvveerrtt  ssoollvveedd  pprroobblleemmss  iinnttoo  wweellll--ddeeffiinneedd  pprroobblleemmss  uussiinngg  tthhee  nneewwllyy  ffoouunndd  
aannaallooggiieess  ttoo  oobbjjeeccttss,,  aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss..  

��  GGeenneerraattee  ggrraapphhiicc  mmooddeellss  ooff  tthhee  pprroobblleemmss  iinn  tteerrmmss  ooff  iinntteerraaccttiinngg  oobbjjeeccttss,,  
ppaaiirrss  ooff  aattttrriibbuutteess,,  aanndd  aann  uunnwwaanntteedd  eeffffeecctt  aass  sshhoowwnn  hheerreeiinn..  
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��  MMooddeell  tthhee  ssoolluuttiioonnss  iinn  aa  ssiimmiillaarr  ffaasshhiioonn..  TThhiiss  iiss  aa  ccrruucciiaall  sstteepp..  TThhee  ggooaall  iiss  
ttoo  ffiinndd  ssiimmiillaarriittiieess  iinn  ssoolluuttiioonn  ssttrraatteeggiieess  aammoonngg  ddiivveerrssee  pprroobblleemmss..  WWiitthhoouutt  
ssuucchh  ssiimmiillaarriittiieess  eevveerryy  pprroobblleemm  wwiillll  aappppeeaarr  ttoo  bbee  uunniiqquuee  aanndd  iinneerrtt  ttoo  
aapppplliiccaattiioonn  ooff  hheeuurriissttiiccss..  

  
EExxaammiinnaattiioonn  ooff  tthhee  ccoolllleeccttiioonn  ooff  ssoollvveedd  pprroobblleemmss  wwiillll  pprroovviiddee  aa  bbaassiiss  ffoorr  
ddiissccoovveerriinngg  wwhhaatt  ccoonnssttiittuutteess  tthhee  ssiimmpplleesstt  ssttaatteemmeenntt  ooff  aann  uunnwwaanntteedd  eeffffeecctt..  
SSoommee  ccaauuttiioonn  wwiillll  bbee  nneeeeddeedd,,  aass  hhaass  bbeeeenn  lleeaarrnneedd  iinn  aannaallyyzziinngg  pphhyyssiiccaall--wwoorrlldd  
pprroobblleemmss..  TToooo  oofftteenn  wwhhaatt  sseeeemmss  ttoo  ppaassss  aass  aann  aaddeeqquuaattee  pprroobblleemm  ssttaatteemmeenntt  iiss  
aannyytthhiinngg  bbuutt  aa  wweellll--ddeeffiinneedd  pprroobblleemm..  TThhee  mmoosstt  iimmppoorrttaanntt  ffeeaattuurreess  ooff  aa  wweellll--
ddeeffiinneedd  pprroobblleemm  iinn  tthhee  pphhyyssiiccaall--wwoorrlldd  aarree  aa  ssiinnggllee  uunnwwaanntteedd  eeffffeecctt  ddeessccrriibbeedd  iinn  
tteerrmmss  ooff  iinntteerraaccttiinngg  oobbjjeeccttss..  IIddeennttiiffyyiinngg  aa  ssiinnggllee  uunnwwaanntteedd  eeffffeecctt  iiss  oofftteenn  ddiiffffiiccuulltt  
uunnttiill  pprraaccttiicceedd..  AA  ggoooodd  aapppprrooaacchh  iiss  ttoo  ssttaarrtt  wwiitthh  aannyy  oobbvviioouuss  uunnwwaanntteedd  eeffffeecctt  iinn  
tthhee  pprroobblleemm  ssiittuuaattiioonn  aanndd  sseeee  hhooww  mmaannyy  uunnwwaanntteedd  eeffffeeccttss  iitt  ccaann  mmaayy  ccoonnttaaiinn..  
RRaannkk  tthheessee,,  ppiicckk  tthhee  mmoosstt  iimmppoorrttaanntt,,  aanndd  rreeppeeaatt  tthhee  eexxeerrcciissee  uunnttiill  ssuucccceessssiivvee  
rreedduuccttiioonnss  aanndd  rraannkkiinnggss  iiddeennttiiffyy  aa  ssiinnggllee  uunnwwaanntteedd  eeffffeecctt  ffoorr  ffooccuuss..  OObbjjeecctt  
mmiinniimmiizzaattiioonn  iiss  aann  eexxcceelllleenntt  tteesstt  ooff  ccoonnvvoolluutteedd  uunnwwaanntteedd  eeffffeeccttss..  
  
AAnnootthheerr  ccaauuttiioonn  iiss  ttoo  oobbsseerrvvee  hhooww  llaarrggee  pprroobblleemmss  ccaann  bbeeccoommee  iinn  tthheeiirr  
ddeessccrriippttiioonn..  EElliimmiinnaattiinngg  eexxttrraanneeoouuss  iinnffoorrmmaattiioonn  aanndd  rreedduucciinngg  aa  pprroobblleemm  ttoo  iittss  
eesssseennttiiaallss  iiss  tthhee  kkeeyy  ttoo  uunnrraavveelliinngg  ccoommpplleexx  pprroobblleemm  ssttaatteemmeennttss..  SSiimmpplliiffiiccaattiioonn  
iiss  tthhee  mmaannttrraa  ffoorr  tthhiiss  wwoorrkk..    
 
IInn  sseeaarrcchh  ooff  aannaallooggiieess,,  iitt  wwiillll  bbee  hheellppffuull  ttoo  rreedduuccee  tthhee  ddeeffiinniittiioonnss  ooff  oobbjjeeccttss,,  
aattttrriibbuutteess,,  aanndd  ffuunnccttiioonnss  ttoo  tthheeiirr  eesssseennttiiaallss..  AA  uusseeffuull  ssttaarrttiinngg  ppooiinntt  iiss  tthhee  ggrraapphhiicc  
aaxxiioommaattiicc  mmooddeell  ffoorr  iinntteerraaccttiinngg  oobbjjeeccttss  sshhoowwnn  iinn  FFiigg..  ((2244))..  
 
 
 
 
 
  
Figure 24. An axiomatic model of two interacting objects, O1 and O2, having attributes, 
A1 and A2, supporting a function, F, that affects another attribute, Am, existing in a 
parent, O1, O2, or another object, (Om). 

 
TThhiiss  aaxxiioommaattiicc  mmooddeell  iiss  aann  eexxaammppllee  ooff  eexxttrreemmee  ssiimmpplliicciittyy  hhaavviinngg  oonnllyy  tthhrreeee,,  
aanndd  ppoossssiibbllyy  jjuusstt  ttwwoo,,  oobbjjeeccttss..  TThhee  uussee  ooff  oonnllyy  ttwwoo  iinntteerraaccttiinngg  aattttrriibbuutteess  iiss  
aannootthheerr  ddeeggrreeee  ooff  ssiimmpplliiffiiccaattiioonn..  IItt  iiss  aa  ppoowweerrffuull  mmeettaapphhoorr  ffoorr  ppooiinnttss  ooff  aaccttiioonn..  
TThhee  ddeeffiinniittiioonnss  ooff  oobbjjeecctt,,  aattttrriibbuuttee,,  aanndd  ffuunnccttiioonn  uusseedd  iinn  pphhyyssiiccaall--wwoorrlldd  
pprroobblleemmss  mmaayy  nneeeedd  mmooddiiffiiccaattiioonn  ffoorr  nnoonn--pphhyyssiiccaall  wwoorrlldd  aapppplliiccaattiioonnss..  TThheeiirr  
pphhyyssiiccaall--wwoorrlldd  ddeeffiinniittiioonnss  aarree  aass  ffoolllloowwss::  
 

O1 - A1 
            \ 
               F → Am – (Om) 
            / 
O2 - A2 



Derivation of Heuristics 

Sickafus Part II Page 49 
 

    Object 
 
AAnn  oobbjjeecctt  eexxiissttss  ooff  iittsseellff,,  ooccccuuppiieess  iittss  oowwnn  ssppaaccee  ((ddeeffiinneedd  bbyy  tthhee  ssppaaccee  iittss  mmaassss  
ooccccuuppiieess)),,  aanndd  ccaann  mmaakkee  ““ccoonnttaacctt””  wwiitthh  aannootthheerr  oobbjjeecctt  ttoo  eennaabbllee  ppaaiirrss  ooff  tthheeiirr  
aattttrriibbuutteess  ttoo  iinntteerraacctt..  TThhee  aabbiilliittyy  ttoo  bbrriinngg  aattttrriibbuutteess  iinnttoo  iinntteerraaccttiioonn  rraannggee  iiss  tthhee  
mmoosstt  iimmppoorrttaanntt  ffeeaattuurree  ooff  oobbjjeeccttss..  
 
    Information as an object 
 
AA  vveerryy  uusseeffuull  ppllooyy  ffoorr  aannaallyyzziinngg  pphhyyssiiccaall--wwoorrlldd  pprroobblleemmss  iiss  ttoo  ddeeffiinnee  
iinnffoorrmmaattiioonn  aass  aann  oobbjjeecctt..  TThhiiss  iiss  eessppeecciiaallllyy  eeffffeeccttiivvee,,  ffoorr  eexxaammppllee,,  wwhheenn  ddeeaalliinngg  
wwiitthh  ttrraannssdduucceerrss  iinn  ccoonnttrrooll  ssyysstteemmss  wwhheerree  tthheeiirr  bbaassiicc  pphhyyssiiccaall  pprrooppeerrttiieess  aarree  
nnoott  ooff  iinntteerreesstt..  AA  ssttrraaiinn  ggaauuggee  mmaayy  bbee  ssoolldd  aass  aa  sshhaappeedd  wwiirree  iinn  aann  iinnssuullaattiinngg  
ppaacckkaaggee  tthhaatt  ccaann  bbee  ffaasstteenneedd  ttoo  aa  fflleexxiibbllee  oobbjjeecctt..  WWhheenn  tthhee  fflleexxiibbllee  oobbjjeecctt  
bbeennddss  iitt  ssttrreettcchheess  ((ssttrraaiinnss))  tthhee  ssttrraaiinn  ggaauuggee..  EElleeccttrriiccaall  ccuurrrreenntt  ppaassssiinngg  tthhrroouugghh  
tthhee  ssttrraaiinn  ggaauuggee  wwiillll  cchhaannggee  iinn  iinntteennssiittyy  iinn  pprrooppoorrttiioonn  ttoo  tthhee  aammoouunntt  ooff  ssttrraaiinn..  
TThhoossee  aarree  tthhee  pphhyyssiiccaall  ddeettaaiillss..  HHoowweevveerr,,  aa  ppaarrttiiccuullaarr  pprroobblleemm  mmaayy  bbee  bbeetttteerr  
aannaallyyzzeedd  iinn  tteerrmmss  ooff  tthhee  mmeeaanniinngg  ooff  tthhee  vvaarriiaattiioonn  ooff  eelleeccttrriiccaall  pprrooppeerrttiieess  rraatthheerr  
tthhaann  pphhyyssiiccaall  ddeettaaiillss  ooff  tthhee  vvaarriiaattiioonn..  TThhuuss,,  vviieewwiinngg  aa  ssttrraaiinn  ggaauuggee  aass  aann  oobbjjeecctt  
tthhaatt  ccrreeaatteess  aa  nneeww  oobbjjeecctt  ccaalllleedd  iinnffoorrmmaattiioonn  bbeeccoommeess  aa  ssiimmpplliiffiiccaattiioonn  ooff  
aannaallyyssiiss  ooffffeerriinngg  uunnuussuuaall  ppeerrssppeeccttiivveess..  TThhiiss  oobbjjeecctt,,  iinnffoorrmmaattiioonn,,  hhaass  ddeeffiinniinngg  
aattttrriibbuutteess,,  iitt  ccaann  iinntteerraacctt  wwiitthh  aannootthheerr  iinnffoorrmmaattiioonn  oobbjjeecctt  ttoo  ccrreeaattee  aa  ffuunnccttiioonn  oorr  
pprroodduuccee  aann  uunnwwaanntteedd  eeffffeecctt  ((ssuucchh  aarree  tthhee  vvaaggaarriieess  ooff  ffeeeeddbbaacckk  ccoonnttrrooll  
ssyysstteemmss))..    
  
IInnffoorrmmaattiioonn  iiss  tthhee  iinnppuutt  ttoo  ttrraannssdduucceerrss  aanndd  tthhee  oouuttppuutt  ffrroomm  sseennssoorrss..  IItt  aallssoo  ccaann  
bbee  tthhee  iinnppuutt  aanndd  oouuttppuutt  ooff  bbootthh..  
  
UUssiinngg  iinnffoorrmmaattiioonn  aass  aann  oobbjjeecctt  rraaiisseess  tthhee  qquueessttiioonn  ooff  wwhheetthheerr  iinnffoorrmmaattiioonn  
ooccccuuppiieess  ssppaaccee,,  aass  rreeqquuiirreedd  ooff  tthhee  pphhyyssiiccaall--wwoorrlldd  ddeeffiinniittiioonn..  IInnffoorrmmaattiioonn  aass  
iimmpprriinntteedd  iinn  tthhee  aattttrriibbuutteess  ooff  pphhyyssiiccaall  oobbjjeeccttss  ooccccuuppiieess  tthhee  ssppaaccee  ooff  tthhee  oobbjjeeccttss..  
IInnffoorrmmaattiioonn  iimmpprriinntteedd  iinn  tthhee  hhuummaann  mmiinndd  ccaann  bbee  sseeeenn  aass  ssppeecciiffiicc  nneeuurraall  mmaappss  
ooccccuuppyyiinngg  tthhee  ssppaaccee  ooff  tthhee  aaccttiivvaatteedd  nneeuurroonnss..    
  
NNoottee  tthhaatt  iinnffoorrmmaattiioonn,,  iinn  tthhee  pphhyyssiiccaall  wwoorrlldd,,  ccoovveerrss  aallll  ffoorrmmss  ooff  rreeccoorrddeedd  oorr  
ssttoorreedd  kknnoowwlleeddggee..  TThheessee  iinncclluuddee  nneeuurraall  nneettss  iinn  tthhee  bbrraaiinn;;  cchhaarraacctteerr  aanndd  
ggrraapphhiicc  ppaatttteerrnnss  pprriinntteedd,,  sshhaappeedd,,  eemmbboosssseedd,,  aanndd  ccaarrvveedd  iinn  mmaatttteerr;;  mmaaggnneettiicc,,  
eelleeccttrriicc,,  cchheemmiiccaall  aaccttiivviittyy,,  aanndd  cchheemmiiccaall  ccoommppoossiittiioonn  ppaatttteerrnnss  eennccooddeedd  iinn  
mmaatttteerr;;  aarrrraannggeemmeennttss  ooff  iinnddiivviidduuaall  ppiieecceess  ooff  mmaatttteerr;;  ddyynnaammiicc  ddeennssiittyy  ppaatttteerrnnss  
iinn  mmaatttteerr;;  aanndd  ppaatttteerrnneedd  eelleeccttrroommaaggnneettiicc  wwaavveess,,  aass  eexxaammpplleess..  TThheeyy  aallll  ooccccuuppyy  
ssppaaccee..  OOnnee  iinnffoorrmmaattiioonn  oobbjjeecctt  ccaann  iinntteerraacctt  wwiitthh  aannootthheerr  iinnffoorrmmaattiioonn  oobbjjeecctt  ttoo  
aalltteerr  oorr  ssuussttaaiinn  aann  aattttrriibbuuttee  ooff  iinnffoorrmmaattiioonn..  HHeennccee,,  iinnffoorrmmaattiioonn  iiss  aa  vviiaabbllee  oobbjjeecctt  
iinn  pprroobblleemm  aannaallyyssiiss..  
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    law – rule 
                    \    guilty 
                 to determine guilt →    (or not        – suspect 
                    /    guilty) 
suspect – past action 

IInn  pprraaccttiiccee,,  tthhee  uussee  ooff  iinnffoorrmmaattiioonn  aass  aann  oobbjjeecctt  iinn  pphhyyssiiccaall--wwoorrlldd  pprroobblleemmss  iiss  
rreellaattiivveellyy  eeaassyy  ttoo  aaddoopptt  wwiitthhoouutt  uunndduuee  qquuaarrrreell  oovveerr  rriiggoorr  ooff  ddeeffiinniittiioonn  ––  tthheessee  
aarree  ttoooollss  ffoorr  iinnssppiirraattiioonn..    
  
AA  ““ffoorr  tthhoouugghhtt””  eexxaammppllee::  TThhee  ffoolllloowwiinngg  sseenntteennccee  iilllluussttrraatteess  iinnffoorrmmaattiioonn  aass  aa  
ppoossssiibbllee  oobbjjeecctt..  ““AA  llaaww  ccaann  iinntteerraacctt  wwiitthh  aa  jjuurryy’’ss  vvoottee  ttoo  aaffffeecctt  aa  ssuussppeecctt’’ss  
ffuuttuurree..””  IInn  tthhiiss  eexxaammppllee  ““llaaww””  iiss  ooffffeerreedd  aass  aann  iinnffoorrmmaattiioonn  oobbjjeecctt  cchhaarraacctteerriizzeedd  
bbyy  rruulleess..  SSuussppeecctt  iiss  aa  sseeccoonndd  oobbjjeecctt  cchhaarraacctteerriizzeedd  bbyy  ppaasstt  aaccttiioonn..  WWhheenn  
ccoonnssiiddeerreedd  iinn  jjuuxxttaappoossiittiioonn  bbyy  aa  pprroobblleemm  ssoollvveerr  ((jjuuddggee  oorr  jjuurryy)),,  tthheeyy  aarree  bbrroouugghhtt  
iinnttoo  iinntteerraaccttiioonn  iinn  tthhee  pprroobblleemm  ssoollvveerr’’ss  mmiinndd..  TThhee  rreessuullttiinngg  ddeecciissiioonn  ccaann  aaccttiivvaattee  
oonnee  ooff  ttwwoo  llaatteenntt  aattttrriibbuutteess,,  gguuiillttyy  oorr  nnoott  gguuiillttyy,,  aanndd  tthheerreebbyy  aaffffeecctt  tthhee  ssuussppeecctt’’ss  
ffuuttuurree..    
 
 
 
 
 
 
 
Figure 25. Two objects, law and suspect, have interacting attributes, rule and past-
action, which interact in a judge’s or jury’s mind to activate the attribute guilty or not 
guilty, which affects the future of suspect. 
  
    Attribute 
 
AAttttrriibbuutteess  cchhaarraacctteerriizzee  oobbjjeeccttss  ssoo  aass  ttoo  ddiissttiinngguuiisshh  oonnee  oobbjjeecctt  ffrroomm  aann  
ootthheerrwwiissee  ssiimmiillaarr  oonnee..  TThhee  aattttrriibbuutteess  ooff  iinntteerreesstt  aarree  tthhoossee  rreepprreesseenntteedd  iinn  tthhee  
aaxxiioommaattiicc  mmooddeell;;  tthheeyy  ssuuppppoorrtt  aa  ffuunnccttiioonn..  AAttttrriibbuutteess  tthhaatt  ssuuppppoorrtt  aa  ffuunnccttiioonn  aarree  
rreeffeerrrreedd  ttoo  aass  bbeeiinngg  ““aaccttiivvee””..  AAllll  ootthheerr  aattttrriibbuutteess  ccaann  bbee  iiggnnoorreedd  eexxcceepptt  wwhheenn  
bbeeiinngg  ““ttuurrnneedd  oonn””  ((aaccttiivvaatteedd;;  oorr  ““ooffff””  ffoorr  ddeeaaccttiivvaattiioonn))  ttoo  ssuuppppoorrtt  aa  nneeww  ffuunnccttiioonn..  
AAnn  aattttrriibbuuttee’’ss  uussee  ffoorr  ppaaiirriinngg  wwiitthh  aannootthheerr  ttoo  ssuuppppoorrtt  aa  ffuunnccttiioonn  iiss  tthhee  mmoosstt  
iimmppoorrttaanntt  cchhaarraacctteerriissttiicc  ooff  aattttrriibbuutteess  iinn  pprroobblleemm  ssoollvviinngg..    
  
    Function 
 
FFuunnccttiioonnss  eeiitthheerr  aalltteerr  oorr  ssuussttaaiinn  aann  aattttrriibbuuttee  ooff  oonnee  ooff  tthhee  iinntteerraaccttiinngg  oobbjjeeccttss  oorr  
ooff  aa  tthhiirrdd  oobbjjeecctt..    
  
    Object abstraction 
 
WWee  oofftteenn  tthhiinnkk  ooff  hhiigghheerr  mmaatthheemmaattiiccss  aass  aabbssttrraaccttiioonn..  YYeett  ccoonncceeppttss  iinn  
mmaatthheemmaattiiccss  aarree  ssyymmbboolliizzeedd  bbyy  llaanngguuaaggee  cchhaarraacctteerrss  aanndd  eevveenn  bbyy  iinnvveenntteedd  
ggrraapphhiiccss..  AAss  ssuucchh,,  tthheeyy  aarree  wwrriitttteenn,,  pprriinntteedd,,  eettcchheedd,,  aanndd  vviissuuaalliizzeedd  mmeennttaallllyy..  
TThheessee  ffoorrmmss  aarree  iinnffoorrmmaattiioonn  oobbjjeeccttss..  TThheeyy  ccaann  bbee  ccoommbbiinneedd  ttoo  ccrreeaattee  ootthheerr  
iinnffoorrmmaattiioonn  oobbjjeeccttss..  TThheeyy  aarree  cchhaarraacctteerriizzeedd  bbyy  aattttrriibbuutteess  aanndd  ssuuppppoorrtt  ffuunnccttiioonnss..  
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AAss  aann  eexxaammppllee  ooff  aattttrriibbuutteess,,  ccoonnssiiddeerr  tthhee  uussee  ooff  ssuubbssccrriippttss  aanndd  ssuuppeerrssccrriippttss  iinn  
tteennssoorr  aannaallyyssiiss..  TThheessee  aattttrriibbuutteess  mmaayy  rreemmaaiinn  tthhee  ssaammee  oorr  bbee  mmooddiiffiieedd  iinn  tteennssoorr  
ooppeerraattiioonnss..  

 

Note on Mathematical Heuristics 
In closing it is interesting to review the twelve mathematical heuristics mentioned in the 
introduction. They have direct and intuitive relevance to the use of known and derived 
heuristics. Comparisons are illustrated in Table (4). 

 
Table 4.  Comparison of twelve mathematical 
heuristics with known and derived heuristics 
 

 Mathematical heuristic  Heuristics used herein 
1 Search for a pattern. • Characterize a problem as a verbal O-A-F template. 

• See the A-F-A solution technique in Part II. 
2 Draw a figure. Make a simple sketch of interacting objects. 
3 Formulate an equivalent problem. Symbolize an unwanted effect as an O-A-F graphic 

diagram. 
4 Modify the problem. • Reduce problem to a single unwanted effect. 

• Minimize the number of objects. 
5 Choose effective notation. Use objects, attributes, and functions in a problem 

definition, analysis, and solution.  
6 Exploit symmetry. See  

•  spatial and temporal heuristics, 
•  solution by transposition, 
•  paired spatial | temporal attributes in Part II. 

7 Divide into cases. See solution techniques utilization, A-F-A linking, 
nullification, and elimination in Part II. 

8 Work backwards. Apply a contrarian view: 
•  to every concept proposed; 
•  to every restriction; 
•  to every deduction; 
•  to every change. 

9 Argue by contradiction. Annihilate an unwanted effect with a function. 
10 Check for parity. See spatial and temporal dependencies of effects in Part II. 
11 Consider extreme cases. Multiply and divide to extremes. 
12 Generalize. Use ambiguity: 

• Generify object, attribute, and function names. 
• Eliminate metrics for attributes. 
• Use generic metaphors. 
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Conclusion of Part I 
 
Heuristics have been demonstrated as common tools used for problem solving. The 
roles of objects, attributes, and functions in problem definition, analysis, and solution 
also have been demonstrated. The latter are themselves sophisticated heuristics. 
Heuristics have been demonstrated in their abstract form, being striped of specific real-
world references. This discussion is in preparation for the derivation of heuristics in the 
next part.  
 
It has been proposed that heuristics used in solving physical-world problems may be 
adaptable to non-physical world problems by using them in their abstract form. This 
conjecture has not been proven.  
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         O-A                     
                \   
                (U ≡ “F”) → Am  
                /                   |   
          O-A                  (Om) 
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Derivation of Heuristics  
 
 
In the conceptual phase of problem solving, prior to engineering-type scale-up, many 
ideas come quickly to mind and are culled according to specifications of the problem 
and other criteria. Some are mentally recycled for improvement. As new ideas wane 
one resorts to heuristics to prod one’s thinking toward fresh insights.  
 
A generic problem-solving strategy for deriving heuristics is demonstrated that is based 
on a set of definitions and assumptions. These constitute the axiomatic basis for a 
generalized, self-consistent derivation. The axioms are generalizations, which allow 
deductions of useful methodology. Derivation is done by constructing and analyzing 
graphic metaphors of interacting objects without identifying specific objects. 
 
Following a few definitions to set up the axioms, known heuristics to be used will be 
discussed and the search for new heuristics begun. As they arise they will be printed in 
italics and distinguished as previously known heuristics (KH), new heuristics presented 
here (NH), or heuristics found in the derivation process (DH).[XIII] Note that definitions 
are heuristics, which often we refer to for clarification of thinking. 
 
 
 
Definitions 
  
Physical-world problems are visualized as being composed of interacting objects. For 
example, a specimen resting on a glass slide experiences a reactive force that 
stabilizes its vertical position. Conceptually, we see that these objects interact. Weight 
of specimen and elasticity of slide interact to stabilize vertical position of specimen 
affecting specimen’s attribute of location. [XIV] 
 
Interaction of objects is defined to mean that one object modifies or preserves an 
attribute of the other. More generally, interaction includes two parent objects in which 
one attribute of each affects an attribute of one, or of a third object. Implied 
directionality of interaction is intentional. [XV] Abutting, overlapping, and fused (or 
mingled) attributes characterize the state of interaction of objects. Desirable 

                                  
XIII While being new to the author, they may be known already to others. 
XIV This is a proforma sentence structure used to identify three essential components of a well-
defined problem: objects, attributes and functions; it is a heuristic. (Attribute) of (object) and 
(attribute) of (object) interact to (function) affecting (attribute) of (object) (KH) – a heuristic 
device taken from USIT. It is used to facilitate learning how to discover active pairs of attributes. 
XV Directionality is intended as a simplification focusing on one half of an otherwise two-part action-
reaction phenomenon. 



Derivation of Heuristics 

Sickafus Part II Page 56 
 

interactions are defined to be functions. Interaction of objects involves their functional 
contact – i.e., effects that modify or sustain attributes of acted-upon objects – with or 
without their physical contact. Attributes, such as fields, can extend beyond the mass 
boundaries of parent objects. 
 
A well-defined problem also contains objects, attributes, an unwanted effect, and root 
causes. Root causes are defined as causal attributes that can be linked to an 
unwanted effect. An example of a well-defined problem: “The lead of a mechanical 
pencil, pressed against paper while writing, tends to break as a result of length of 
unsupported lead and elasticity of the paper.” It is well defined in the sense that it 
contains the necessary elements required of the methodology selected for its solution. 
This problem statement can be further improved for idea generation by adding 
ambiguity: A rod in a mechanical holder, when pressed against a solid, tends to break 
as a result of length of unsupported rod and stiffness of the solid. 
 
Axioms  
 
The strategy for deriving heuristics has the following basis. Six assumptions (Ax1 – Ax6) 
that arise from self-evident truths, experience, and intuition, are selected to support 
simplification of analysis. They constitute the axiomatic basis for this discussion and 
are referred to individually as axiomatic heuristics –  
 

Ax1. Problems can be analyzed in terms of interacting objects. 

Ax2. Interacting objects can be simplified to pairs of objects. 

Ax3. Interaction of objects can be reduced to one attribute from each object 
supporting an effect that is acting on a third attribute (of an initial object or of a 
third object). 

Ax4. Attributes require no metrics in a conceptual analysis. (Dimensions and 
numerical values are filters used later in culling and scaling concepts.) 

Ax5. Effective simplification for problem analysis and solution can be achieved with a 
minimum set of objects.  

Ax6. Problem situations must be reduced to unwanted effects of which one is to be 
solved at a time (the mind cannot solve two problems simultaneously). 

An axiomatic model of interaction, constructed of these axioms, is shown in Fig. (1) 
with an example in Fig. (2). [XVI]  

                                  
XVI All illustrations in this writing are graphic heuristics. The axioms are axiomatic heuristics, labeled Ax1 
– Ax6.  
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Figure 1. An axiomatic model of two interacting objects, O1 and O2, having 
attributes, A1 and A2, supporting a function, F, that affects another attribute, 
Am, existing in a parent, O1, O2, or another object, (Om). 
 

 
Figure 2. An axiomatic model having the acted upon object as one of the 
interacting objects. 

 
 
Five specific objects have been cited above: specimen, slide, holder, solid, and rod. 
They likely are recognized and accepted as objects without second thought. Yet, 
“object” has not been defined. For most recognizable physical things this does not 
present a problem. However, these axioms are not limited to the physical world. 
Objects may be conceptual “entities” having attributes that can interact in the sense of 
modifying or sustaining an entity’s attributes. (From Part I: “A rule of a law can interact 
with a suspect’s past actions to effect a suspect’s guilt or lack of guilt.”) Thus, the 
following analysis allows derivation of heuristics at an abstract level (as represented in 
Fig. 1), from which they must then be translated to the practical level for application in 
a specific field (Fig. 2), with possible rewording in appropriate argot (“translate 
heuristics using appropriate argot”). (NH) 
 

O1 - A1 
            \ 
               F → Am – (Om) 
            / 
O2 - A2 

attribute-m 
 

location 

(object-m) 
 

specimen 

function 
 

(interact) 
to maintain

object-1 
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weight 

object-2 
 

slide 

attribute-2 
 

elasticity 
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Known Heuristics 
  
Heuristics are ubiquitous in problem solving, and since this derivation is a problem-
solving exercise, heuristics will be used, both consciously and subconsciously. They 
play a significant role and the obvious ones are italicized for identification. 
 
One known heuristic is to name physical objects for their generic functions (KH) rather 
than use their marketing name. This induces alternative mental associations for 
objects. Similarly, attributes can be named ambiguously. Name an attribute for its most 
generic property (NH). [XVII] Effective attributes use no metrics (such as dimensions 
and numbers) and thus are more conducive to ambiguity for creative thinking (KH). [11] 
A very common heuristic, of unknown origin, is to “think contrarily” (KH). That is, 
whatever solution concept comes to mind, or step in the process, consider its opposite. 
Another heuristic is to “use known solutions as templates” (KH) for new concepts – 
“analyze known solutions for underlying phenomenology and improve them (KH)”. [5] 
 
These heuristics, and the others previously mentioned, operate at the abstract level 
using the metaphors of “object”, “attribute”, and “function”. A problem solver makes ad 
hoc physical-world associations when applying a heuristic. This observation offers an 
important clue regarding how and what to look for during derivation of heuristics. A 
problem-state graphic (see below) is composed of metaphors and their relationships to 
each other. A solution-state graphic will bring new relationships to light at the same 
abstract level. Derivation then becomes an exercise in deduction of guidelines for 
manipulating the metaphors to create the solution state (still in the abstract). An 
expected advantage of working at the abstract level is that one is free of the bias of 
experience. That is, the process is allowed to discover new ideas rather than the 
analyst forcing desired solutions, whether consciously or subconsciously. 
 
 
Abstraction  
 
Definition of an unwanted effect, in the abstract, is done using unspecified objects, 
attributes, and functions to define metaphorically its “space”, to enable description of 
object-object interaction producing the “effect”, and to characterize its “time” of 
existence, which formulate its mental image. This abstraction is intentionally 
independent of a particular discipline. [XVIII] Resolution of an unwanted effect uses 

                                  
XVII Some names given to attributes in this text may seem to be minor rewording of another one, or 
essentially obviously identified with another. The reason for this is discussed in the section on 
phraseology. 
XVIII While such independence may be intentional, the engineering mind, due to years of physical-world 
thinking, may subconsciously make physical-world associations for all components. In fact, this discourse 
is sprinkled with physical-world examples to assist easier understanding of new concepts. Thus, this will 
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these definitions and other heuristics to formulate a well-defined problem, analyze its 
root causes, and discover solution concepts. [XIX] 
 
 
Problem state 
 
An unwanted effect, like a function, maintains or modifies an attribute. Two objects in 
contact enable at least two of their attributes (usually more but selected in pairs, Ax3) to 
interact producing an effect that modifies or maintains an attribute in one of the 
interacting objects or in another object (Fig. 3). While objects have many attributes, it 
behooves the analyst to identify pairs of “active” attributes; meaning attributes in active 
support of the effect. This is a useful simplifying heuristic expressed in Ax3. [4] A 
specific example of Fig. (3) is illustrated in Fig. (4). 
 
 

O1 – A1 
      

      U        Am  – (Om) 
      
O2 – A2 
 

 
Figure 3. Schematic of an unwanted effect, U, with input and output 
attributes, A1, A2, and Am, and their host objects, O1, O2, (and possibly Om) . 
The unwanted effect is central to a ring of three attributes that is inner to a 
ring of objects. 
 

         
Figure 4. Schematic of an unwanted effect following the proforma graphic of Fig. 
(3). 

                                                                                                 
be an initial mental block to translation of the results found here to other fields. Heuristics may be needed 
to facilitate such translation. 
XIX Details of a USIT-style well-defined problem may be found in references (3) and (4). 
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The order of constructing an unwanted effect schematic begins with the unwanted 
effect, adds output- and then input-attributes, and ends with the host objects, as shown 
(working from center outward) in Figs. (3) and (4). Such order shifts emphasis from 
objects to attributes in order to create an alternative perspective. This proforma 
procedure is a heuristic, “work from effect-to-attribute-to-object” (NH), for constructing a 
well-defined problem. As a well-defined problem it requires causal attributes. 
 
If causal attributes of the unwanted effect cannot be found, this suggests that the 
unwanted effect may not be a unique effect. “When causal attributes are not found look 
for multiple, entwined effects” (KH, from USIT). Since unwanted effects entail two or 
three objects, the more objects used in a problem definition the more unwanted effects 
may be lurking in a convoluted problem statement. (NH) Minimization of objects may 
help to untangle and discover multiple effects. “Eliminate objects lacking involved 
attributes” (NH) – object minimization heuristic. 
 
 
Problem-state – to – solution-state strategies 
 
A problem state is that of an unwanted effect. The first zone of attack on a problem 
state, as seen in its graphic heuristic, contains the effect itself, U. The second zone 
contains the attributes (Fig. 3).  
 
The process of solving a problem has three self-evident tactical routes: utilize the 
unwanted effect, nullify it, or eliminate it. (NH) Utilization converts an unwanted effect 
to a beneficial one, a function.  Nullification introduces a counter effect. Elimination 
annihilates an unwanted effect. Utilization and elimination operate directly on the 
unwanted effect. Nullification attacks the unwanted effect through the attribute it 
affects. Obviously, any ideas to modify the affected attribute necessitate modification of 
its object. However, ideas can originate without conscious concern for objects; hence, 
a non-object-oriented perspective.  
 
 
 
 
 
 
 
 
 
 
A problem-state and the three solution states are illustrated in Fig. (6). A state 
comprises an arrangement of objects in space interacting in time to support an effect – 

 
O1 -   A1   
                
        U       Am  – (Om) 
               
O2 -   A2   

Utilization 
 
Elimination 
 
Nullification 

Figure 5.  Utilization and elimination operate directly on the unwanted effect. 
Nullification attacks the unwanted effect through the attribute it affects. 
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utilizing three compositional concepts: space, time, and effect. Verbal and graphic 
heuristics play different mental roles in finding new perspectives of a problem.  
 
Problem state graphic model  
 
           O-A  
                       \ 
                         U → Am 
                        /         | 
            O-A         (Om) 
 
 
Solution state graphic models  
 
         O-A                                      O-A                         O-A   
                \           \          \ 
                (U → “F”) → Am            U → Am ← F             ( _ ) 
                /                     |   /          |         /         
         O-A                     (Om)        O-A        (Om)          O-A   
 
         Utilization                  Nullification                      Elimination  
 

Figure 6.  Graphic-heuristics representing a problem state and three 
solution states: utilization, nullification, and elimination. 

 
In the following discussion examples of applying the solution state concepts are given 
using physical-world problems. Sketches represent various solution states. Keep in 
mind that solution state sketches (Fig. 6) also contain the original problem state 
consisting of objects, input attributes, unwanted effect, and acted upon attribute. This 
may be a little confusing when studying the examples. When examining a sketch think 
of it as being constructed in two stages: look first for the unwanted effect and its 
supporting attributes. Once they have been identified, consider how the indicated 
solution-state components were added to resolve the problem. See Fig. (7). 
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Characterization of attributes 
 
Before analyzing these solution states it will be useful to examine attributes as 
adjustable parameters for constructing solution concepts from the solution states. 
Attributes characterize specific objects, distinguishing them from other objects. Since 
objects are not specified at the abstract level, we need to consider how to characterize 
attributes abstractly in order to understand better their roles in the various solution 
states.  
 
An ambiguous view is to consider the kind of characteristics attributes have that can be 
subjected to alteration. Three are – intensity, location, and time – which, on reflection, 
have further subdivisions. In fact, a hierarchy of characteristics of a single attribute can 
be constructed, as illustrated in the physical-world example of Fig. (8). 

         O-A                                      O-A                                 O-A   
                \            \          \ 
                (U ≡ “F”) → Am            U → Am ← F         ( _ ) 
                /                   |    /         |       /         
          O-A                  (Om)        O-A        (Om)                 O-A   
 
         Utilization                  Nullification                      Elimination 
 
FFiigguurree  77..    SSttaattee  sskkeettcchheess  ccoonnttaaiinniinngg  tthhee  oorriiggiinnaall  pprroobblleemm  ((iittaalliiccss))  aanndd  tthhee  
ssoolluuttiioonn  ((bboolldd  ffoonntt))..  
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Figure 8. Hierarchy of modifiable attribute characteristics with physical-world 
examples. 

 
Attributes characterize or classify objects generically. Metrics give specific intensity or 
extent to attributes to define specific objects in the same classification.  Attributes can 
be classified as being extensive or intensive. Metrics of extensive attributes define the 
spatial or size characteristics an object in space; i.e., its volume, weight, shape, etc. 
Metrics of intensive attributes define an object independently of its spatial extent. 
Physical properties such as density, specific heat, conductivity, and many more, are 
examples of intensive attributes. Metrics introduce a finer classification of objects 
having the same attributes. 
 
A sketch of an object outlining its shape indicates where its mass exists and where it 
does not exist – its macro distribution. Within its macro distribution of shape its mass 
may vary in density – its micro distribution, possibly including holes of zero density. An 
internal attribute lies within the object’s shape boundaries. A surface attribute lies on 
(or contains) the boundaries, while an extended attribute extends to the possible limit 

Modifiable attribute characteristics 

intensity location  time 

� intensive 
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macro distribution 
 

• internal 
• bulk 
• surface 
• extended 
• fractured 

• duration 
� static 
� rate 
� rate-of-rate 

micro distribution 
 

• concentrated 
• diffuse 

• contiguous 
• granular

• homogeneous 
• inhomogeneous 
� symmetrical 
� asymmetrical 

(structured) 
� random 
� ordered 

• one-event 
• cyclic 
• periodic 
• random 
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of infinity. A fractured, macro-location attribute could characterize a divided object or a 
compound object. Examples of spatial types of attributes are listed in Fig. (9) for 
physical-world objects. Thousands of combinations follow from the list in Fig. (8). 
 
 

Attributes of Physical Objects 
 

• An interior-localized attribute of a car seat could be its stiffness (intensive);  
a surface-localized attribute, its texture (intensive – the same for every element of 
area);  
a bulk attribute, its elasticity (intensive); and  
an extended attribute, its odor (extensive). 

 
• An interior-localized attribute of a golf club could be the mass of an inserted counter-

weight (extensive for the counterweight, intensive for the club head);  
a surface-localized attribute, its polished finish (intensive);  
a bulk attribute, its stiffness (intensive); and  
an extended attribute, the sound it makes on high speed contact with a ball 
(extensive – varying within its occupied space). 

 
• An interior-localized attribute of a lion could be its rate of heartbeat (intensive, 

depending on factors other than size of the lion);  
a surface-localized attribute, the fineness of its mane (intensive, the same for each 
elemental area of mane);  
a bulk attribute, its weight (extensive); and  
an extended attribute, its roar (extensive). 

 
Figure 9. Examples of spatial ranges of attributes in physical objects. 
 
 
Examples of attribute-attribute interactions of two physical objects are given in Fig. 10. 
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Attribute-Attribute Interactions of Physical Objects 

 
• Interaction of two abutting objects through their bulk attributes:  

 
Stiffness of a pipe and hydrostatic pressure of a liquid interact to contain the 
liquid affecting location of the liquid. 

 
• Interaction of two abutting objects through a bulk attribute of one and a surface-

localized attribute of the other: 
 

Weight of a block and coefficient of friction of a ramp interact to determine the 
tendency for sliding of block affecting stability of block.  

 
• Interaction of two objects through the localized attribute of one and the extended 

attribute of the other:  
 

Magnetic permeability of a bar magnet and the magnetic field of a solenoid 
interact to move the bar magnetic affecting position of bar magnet.  

 
Figure 10. Examples of attribute-attribute interactions of two physical-world 
objects. 
 

Within the shape boundaries of an object an attribute may have a concentrated 
location or be diffused. Either may be contiguous or granular. And the latter may be 
homogeneous or inhomogeneous. If inhomogeneous and contiguous or granular, 
component(s) may be located with symmetry, with structured asymmetry, randomly, or 
ordered.  (Labels used in Fig. (8) are representative of physical world applications.) 
 
Attributes have a time duration in which their intensity may be static or change as 
derivatives of time. During their duration they may occur as a single event, multiple 
cyclic events, periodic, or random ones. 
 
The mathematical combinations of modifiable attribute characteristics, as suggested in 
Fig. (8), constitute a large number. However, little gain for this discussion is seen in 
attempting to organize these possibilities in more detail than the overview in Fig. (8). 
 
 
 
Analysis of solution states 
 
In the following analysis of solution states, attributes will provide a major opportunity for 
new insights. The challenge will be to understand their characterization details and 
then search opportunities for their modification. 
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Solution by Utilization 
  
Since, as indicated in the utilization 
solution state, Fig. (11), content of the 
innermost circle remains the same effect, 
the first line of action for finding solution 
concepts is to address the active 
attributes. These too remain the same 
attributes but they provide opportunity to 
scale their intensities using their space-
time dependencies.  
 

Figure 11. Interaction zones of 
objects, attributes, and functions in 
the utilization scheme of solution 
concepts. The innermost zone is the 
effects zone (beneficial and unwanted). Utilization converts the unwanted effect, U, 
to a useful function, F. Objects are grayed in order to give preferential emphasis to 
attributes. 

 
The “unwanted” aspect of an effect has spatial, temporal, and input-/output-attribute 
implications. Alteration of any one of them may lead to solution concepts (“alter 
attributes in intensity, space, and time (NH).”). Contrarily, don’t alter anything (“status 
quo” heuristic (NH).); use the modified attribute (or unwanted effect) in a different way 
or use it for a different purpose (“effect utilization” heuristic (NH)).  
 
A space-time graph of the unwanted-effect – to – function transition illustrates the 
desired outcome. 
 
 
 
 
 
 
 

Figure 12. Available modifications of space or time dependence of intensity, I, of an 
unwanted effect, U, to produce a useful function, F, are illustrated with similar 
rectangles.  

 
Modifications of the unwanted effect, suggested in Fig. (12), to produce a useful 
function, could involve changes … 

in initial location (xi), and/or in initial time (ti),  

F U
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        U      F       Am  – (Om) 
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in width (δx) and/or duration (δt),  
in strength (I0),  
in spatial dependence of intensity, I0·f(x), where f is a function of x, and  
in time dependence of intensity, I0·g(t), where g is a function of t, 

of the space-time rectangle. These are summarized graphically in Table (2). Each 
active attribute, shown in Fig. (11), offers a point of application for this attribute-
modification strategy. 
 
Table 2.  Space-time attribute modifications for solution by utilization 
 

Space-time attribute modifications  
 generic 

attribute modification contrarian 
modification 

graphic space-time representation 
of a modification (column 3) 

1 location shift fix 
 

2 width lengthen shorten 
 

3 strength intensify weaken 
 

4 structure modulate 
(shape) sustain 

 

5 continuity pulsate  
 

 
Generic attributes listed in column (2) can be altered by the modifications suggested in 
column (3), and contrarian modifications in column (4), to find solution concepts by 
utilization. Their graphic representations are illustrated in column (5). 
 
An attribute’s activity can be shifted (or fixed) in space or time. Width in space or time 
can be lengthened or shortened. Strength of an attribute can be intensified or 
weakened. Structure of an attribute can be modulated in space or time. And continuity 
of an attribute in space or time can be broken with variable gapes between breaks. A 
heuristic: sketch space and time dependences of effects with a common rectangle 
drawn on common axes (NH). Test modifications of a space/time rectangle from 
starting point, width, intensity, structure, and continuity (NH). Contrarian modifications 
must also be considered as well as combinations of these modifications. Recognizing 
space-time similarities simplifies their memorization and recall. 
 
The possible modifications of attributes constitute an abstract view of solution by 
utilization. Final embodiments of the possible attribute modifications will lie in specific 
objects having the modified attributes. This transition brings us to their realizations in 
the physical world. Here we address engineering scaling concepts to achieve the 
abstract modifications. 

U F 

U F 

U F 

U F 

U F 
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Utilization transition, U ≡ “F”, implies that the modified attribute is used beneficially (it is 
“defined” to be a function) or is ignored. It can be ignored when solution of a larger 
problem mitigates it.  
 
There are three evident tactics for using an unwanted effect beneficially:  

(1) “use an unwanted effect as-is”, that is, “use an unwanted effect in a different 
location, at a different time, or for a different purpose (NH)”;  

(2)“scale an unwanted effect” to greater or lesser intensity (magnitude, 
distribution, etc.); or  

(3) “link an unwanted effect” as a causal attribute of another function. Scaling 
can benefit from a similar heuristic used in mathematics when analyzing the 
behavior of functions: “scale to extremes (KH)” heuristic (+/- infinity, and 0). 

 
Examples of Solution by Utilization 

 
Combustion of air and gasoline vapor in an internal combustion 
engine allows oxygen to react with both the fuel and nitrogen 
producing NOx pollutants – an unwanted effect.  

 
 
 
        N2  –  temperature 
                              \ 

      to combust  –                                –  exhaust gas 
                              / 
oxygen   -  temperature   
 
Figure 13. Example of NOx in internal combustion engine exhaust as an unwanted 
effect and its solution by utilization of the exhaust gas. 
 
 
 

An approach to reducing NOx in output exhaust gas of an internal combustion 
dngine is to reduce combustion temperature to favor fuel combustion. Addition 
of an inert gas having useful heat capacity would reduce combustion 
temperature.  A useful attribute of exhaust gas is the heat capacity of its non-
combusted nitrogen. Thus, exhaust-gas recirculation can reduce NOx emission 
(as illustrated in Fig. 13).   

 
 

- U - 
NOx  

U ≡ F 
U → F 
U → F 
U → F F … 
A–U–A–F–A

 



Derivation of Heuristics 

Sickafus Part II Page 69 
 

Examples of Solution by the Utilization 
continued 
   
• Use it as-is in a different manner:   U ≡ F 

Printing waste salvaged: Misprinted postage stamps command 
higher than face value as a result of their rarity. 
Manufacturing scrap: Parts out of specification may be used for less critical 
applications. 
Post-it notes (® 3M Company) salvaged poorly adhering glue. 
 

• Scale it:    U → F 
Fishing line: The refractive index of monofilament line makes it visible in water – 
good for fish, bad for fisherman. Matching the filament’s refractive index to that 
of water makes it nearly invisible in water but visible in air – bad for fish but 
good for fisherman. 
Immunization: The oral polio vaccine consists of live vaccines (although 
attenuated in strength) so that it stimulates antibody production without causing 
polio. 
 

• Divide it (simultaneous use):   U → F 
Bed of nails:  Dividing the load and distributing it among many points of contact 
can lessen the pain of a single sharp point.  
Parts of a compound object can be used for new functions. 
 

• Multiply it (sequential use):   U → F F …  
Driving a nail through a glass object may shatter it on the first blow. Multiplying 
nail-to-glass contact duration into many sequential events of lower intensity 
enables drilling without shattering.  
 

• Link it:     A – U – Am – F – A … 
Feedback control: Inattention to accelerator pedal pressure allows vehicle 
speed to drift from a desired value. The differential speed (actual minus 
desired) can be fed back to the throttle plate to produce a constant speed using 
automatic speed control. 

 
 

U ≡ F 
U → F 
U → F 
U → F F … 
A–U–A–F–A

 



Derivation of Heuristics 

Sickafus Part II Page 70 
 

Solution by A-F-A Linking 
 
Linking derives from noting a common feature in the 
problem-state and solution-state graphic heuristics: namely 
that they involve internal A-F-A – type connections with 
functions or unwanted effects. This suggests solution states 
based on chains of A-F-A links terminating in a useful 
solution state (“form A-F-A links (KH)” heuristic [XX]); see Fig. 
(14). Inserting a new link introduces a new attribute (N3) and its optional host object 
(O3); that is, the attribute can exist in any of the four objects ( “attribute’s optional object 
(NH)” heuristic).  
 

O1 – A1     (O3) –  N3           (O3) –  N3 
             \                  \                    \ 
                U → Am →  F → Am’ …     …      F → Am’ … 
              /         |           |                                 |          

   O2 – A2        (Om)             (Om)                           (Om) 
 

Figure 14. Illustration of A-F-A Links: Initial links A1–U–Am and A2–U–Am, 
solution link Am–F– Am’, and the link it introduces, N3–F–Am’. Note that each 
added link allows one new function, F, an attribute, N3, with its optional 
object, (O3), and an affected attribute, Am, with its optional object. 

 
Each A-F-A link allows addition of a function, an attribute, its optional object, and an 
affected attribute (NH). This heuristic enables one to think first of stepping from 
attributes to functions to attributes repetitiously until an attribute is reached that is 
recognized as being available. Then the intermediate attributes are addressed to 
determine if they are available in the existing objects, with possible modification, or 
whether to introduce optional objects (fewer is preferred). 

                                  
XX The A-F-A link heuristic has been recognized previously in USIT [4, 5], but without some of the 
nuances found here. 

O – A – F – A – O 
              | 
    (O) – A’ – F’ – A’’ … 
                     |      | 
            (O) – N   (O) 
 

A-F-A Linking 
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Example of Solution Using A-F-A Links 
 
  O1        A1 
pedal  –  throttle angle(t) 
                   \     U  Am(t) 
  to accelerate(t) – affecting speed 
               /   \ F’   Am’ 
driver  –  concentration   to differentiate (subtract)  –  affecting error 
 O2        A2    / 

     speed reference 
/   N3 

          O3  control unit                   
 
Figure 15. Example of solution by utilization for a vehicle speed control problem. 
 
 

A driver depresses accelerator pedal, O1, to attain desired vehicle speed, Am. Pedal 
position is linked mechanically to throttle angle, which determines amount of air 
allowed to enter combustion chambers. Lack of driver attention allows speed to drift 
in time, Am(t) – an unwanted effect. The attribute time-dependent speed, Am(t), can 
be subtracted from a reference speed, N3, to produce an error signal for speed 
control, Am’. This involves two links: Am(t) – F’ – Am’ and N3 – F’ – Am’. 
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Solution by Nullification   
 
Nullification suggests countering an unwanted effect using 
another effect, a function. The graphic of this heuristic is 
illustrated in Fig. (16) with the affected attribute sandwiched 
between opposing action arrows: one causal, one nullifying. The 
new function requires supporting attributes (N3, N4) that may be 
accompanied with optional objects (O3, O4).  
 
   O1 – A1                        N3 – (O3) 
               \                     /  
                  U ► Am ◄ F 
               /         |           \  
   O2 – A2        (Om)         N4 – (O4) 
 

Figure 16.  Schematic showing possible locations of 
causal attributes, A, nullifying attributes, N, and 
optional objects, (O), for a nullifying effect (function, F). 

 
 
Two new attributes (N3, N4) can exist in any of five objects, the two or three initial 
objects and two optional ones (O3, O4), but not in the same object (see Ax3); “try new, 
attribute pairs in different objects (NH)”. These conditions allow 20 configurations of the 
two new attributes ( “test multiple locations of nullification attributes (NH)” heuristic). 
Simplification cautions to favor fewer objects. 

O-A 
       \ 
        U → Am ← F 
       /         | 
O-A         (Om) 
 

Nullification 
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    Examples of Solution by Nullification 
 

 
� Two-object solution state:  Polymer processing leaves stretched chains 

resulting in polarizing films – an unwanted effect for optically isotropic products 
(U = to polarize = F, in Fig. 17). Nullification can be produced with distributed 
local changes in optical activity having opposite birefringence – a one-object 
concept. A proof of concept uses a distribution of small strontium carbonate 
crystals selected for proper birefringence – a two-object embodiment. In this 

example, A1 = N3 = birefringence and A2 = N4 = locale; similar attributes that are 
scaled differently in their final embodiments. Note that A1 and A2 belong to the 
first object, the polymer, while N3 and N4 belong to the second object, 
distributed strontium carbonate. Reference: SCIENCE, Vol. 301, p729, 8 
August 2003. 

 

� Two-object solution state:  Automated production of single-ended cotton 
swabs ends with hand packaging. Picking up randomly orientated swabs from a 
moving conveyor belt, while managing a hand full of swabs, leads to dropped 
swabs that can’t be reused. Gradually slowing the conveyor-belt rate as hand 
fills with swabs eliminates dropped swabs (Fig. 18). (Ref. Design News, 
08.18.03) 

 
 

                    belt – rate            rate – belt 
        \                                    /  

                                 to drop → location ← to hold 
                 /                |                   \  

   swabs – orientation          swabs        location – swabs                                      
 

Figure 18. Two-object solution state for swabs. 

   polymer – birefringence                birefringence – strontium carbonate 
                                                    \                                  /  
                                               U → polarization ← F  
                                         /                                  \  

 location              location 
 

Figure 17. Polymer and strontium carbonate provide a two-object solution state for 
nullifying birefringence. 
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� Three-object solution state:  Turn radius of a vehicle is limited by the angle of 

a front wheel and the separation of the front and rear wheels, an unwanted 
limitation (U = to turn = F, in Fig. 19). Turn radius can be shortened by rotating 
about a point between front and rear wheels when the attribute of angle is 
activated in the rear wheel. 

 

 
� Three-object solution state:  Foreign pancreas cells placed into a new host’s 

blood system are exposed to attack by the host’s immune system (U = to 
expose = F, in Fig. 20). However, pancreas cells secured into tiny holes in 
silicon cannot be reached by the immune system. Hence, the unexposed cells 
can produce insulin, which the blood can access. Reference: Popular Science, 
p86, September 2003.  

 
Larger than three-object embodiments are obviously possible, allowed, and useful, 
but they are less interesting from an innovation perspective and are not illustrated 
here. 

cell – accessibility               accessibility – cell 
                 \                              /  

                               U → exposure ← F  
          /              |               \  
    blood - location              cell           hole –- silicon 
 
Figure 20. Three-object solution state for pancreas cells. 

      front wheel – angle      angle – front wheel 
                   \                                 /  

                         U → turn radius ← F  
                   /               |                 \  

       rear wheel – separation           vehicle     angle – rear wheel 
 

Figure 19 Three-object solution state for turn radius.
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Solution by Elimination  
 
Elimination of an unwanted effect suggests annihilating it: U → (   ). One 
or more objects can be moved to eliminate interaction of their attributes 
thus eliminating the effect. ( “move object to annihilate unwanted effect 
(NH)”). “Reshaping an object, permanently or temporarily, may uncouple 
a localized surface or internal attribute (NH).” Relocation of an object can 
be temporary or permanent depending on the time character of the 
unwanted effect ( “temporary object relocation (NH)”, and “object 
elimination” heuristics).  
 
Rearranging or modifying attributes can change attribute coupling and accomplish 
elimination. Rearranging suggests relative displacement or rotation. Modification can 
include change in intensity (high/low) or distribution of an individual attribute as 
summarized in Fig. (21). Modification includes temporal characteristics. In general, 
“alter an attribute’s intensity, location, and time, to effect elimination (NH)”. (See Fig. 21 
in next section.) 
 

  Example of Solution by Elimination 
 

� Car radios can be seen through the windows of locked cars producing a 
potential enticement to thieves (an unwanted effect). Removal of the array of 
tuning buttons on a car radio reveals a non-functioning radio, eliminating the 
enticement. The driver can hide or carry away a removable button array. This 
reduces perceived profit of theft, eliminating the unwanted effect. 

 

O-A 
       \ 
        ( _ )  
       /          
O-A     
   
Elimination
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Graphic metaphors as solution heuristics 
 
So far, graphic heuristics have made use of alphabetic characters as metaphors 
for objects, attributes, and functions (O, A, and F, as seen in Fig. 1 and others). 
It is also common to use labeled boxes as graphic metaphors in making simple 
sketches during problem analysis. Another useful metaphor, one step more 
abstract, is to use unlabeled boxes. These can represent attributes as well as objects 
or functions. They are convenient to work with when thinking of as many ways as 
possible to arrange and modify attribute interactions. Without labels they are more 
ambiguous and less restrictive to intuitive negation while creating different 
arrangements. 
 
Consider two attributes of contacting objects supporting an unwanted effect. Suppose 
we opt to use elimination to solve this problem. We will try to decouple, weaken, or 
modify the interaction of the two supporting attributes. And, contrarily, we will consider 
strengthening the coupling. This can be tested graphically, to see what ideas come to 
mind, by finding new representations of two squares. Some possible arrangements and 
modifications are illustrated in Fig. (21). 
 

 
Figure 21. A small sample of some graphic ways to arrange or modify two attributes 
represented initially as contacting squares in (a).  

 
The exercise illustrated in Fig. (21) began with arrangement (21a) making the obvious 
movement of one square with respect to the other (21b). Next, (21c) by weakening the 
intensity of one square the strength of its coupling was reduced. Then the interaction 
was weakened by minimizing area of contact (21d). In the remaining graphics (21e – 
21h) a different approach was taken.  
 
It was noted that an idea of the meaning of decoupling preceded each sketch: (21b) 
separate, (21c) weaken intensity, and (21d) minimize contact area. Reflecting on this 
process led to the idea that it was not very creative. The sketches merely served as 
notations of existing thoughts. Why not create the sketches randomly and see what 
ideas they produce? [XXI] So metaphorical pre-intent of the squares was ignored and 
the exercise became one of simply creating new arrangements and modifications of 
two squares for no reason other than difference from previous arrangements; thus, 
producing sketches (21e – 21h).  

                                  
XXI This exercise led to the hierarchy of attribute characteristics shown in Fig. (8). 

a                 b                c                d                e                f                   g                   h 
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The exercise turned to examining the random arrangements and deducing plausible 
associations with attributes. Non-homogeneous weakening of an attribute came from 
(21e). Overlapping, or saturation, came from (21f). Engulfing, or entraining, came from 
(21g). And fracturing into parts came from (21h). This exercise has been performed a 
number of times, always producing surprising and useful results. Clearly, the possible 
modifications and arrangements of two squares is a larger number than shown in the 
sample in Fig. (21) and was discussed under characterization of attributes. The 
representation of attributes as squares was intended to subdue focus on shape, which 
is an attribute itself. “Make arbitrary arrangements of squares to stimulate new 
concepts for interacting attributes (NH)”.   
 

Examples of attribute characteristics applied to 
physical-world objects. (See Fig. 8) 

 
o Homogeneous refers to a uniformly distributed attribute such as uniform 

density. Inhomogeneous might be a density gradient.  
o Inhomogeneous symmetrical could be a bi-symmetrical chemical 

concentration gradient.  
o Micro-distribution that is diffuse and granular might recall a patterned 

impurity implanted in an annealed polycrystalline semiconductor.  
o And extreme – macro-distribution – fractured – with micro-distribution – 

concentrated – contiguous – and ordered could recall pulverized, 
radioactive crystalline solids.  

 
This is an exercise in personal recall that validates and installs these metaphors in 
one’s memory. 

 
 
In the case of two attributes, the forgoing attribute characteristics apply to each plus 
contact area and overlap volume. Zero contact area (or overlap volume) implies 
complete separation of attributes. Contact area has several non-zero extents: a 
minimal point, partial area, and full overlap.  
 
As discussed earlier, the hierarchy of attribute characteristics allows many possible 
strings of characteristics, over 2000 for each attribute. Each is an abstract heuristic, 
and each can have associated verbal and graphic metaphors.  
 
An example of a two-attribute configuration: a “macro-bulk, micro-diffuse, granular 
inhomogeneous characteristic” could describe a colloid having a dispersed phase in a 
continuous phase.  
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The last sketch in Fig. (21) brings up an issue of spatial complexity. This figure has 
introduced two-dimensionality as a fragmented array of small squares. In the name of 
simplification it would be judicious to work only in one dimension and, when needed, 
infer higher dimensionality characteristics from one-dimensional ones.  

 
 
Spatial and temporal heuristics 
 
Functions and effects have both spatial and temporal characterizations. A simple 
heuristic for examining temporal characteristics is to represent the time dependence of 
active attributes as “on/off” rectangles on a time plot (NH). An example for two periodic 
functions is shown in Fig. (22). 
 
 
 
 
 
 
 
 
 

Figure 22. Two attributes having periodic on-states of two different durations 
are illustrated: A, shown in patterned shade, has the longer on-time; B, 
shown in transparent shade has the shorter on-time. Arrows indicate the 
start of each on-state. The amount of time for attribute interaction varies as 
the amount of overlap of the attributes during their on-states.  

 
The sketch in Fig. (22) serves as a graphic metaphor from which certain kinds of 
information can be inferred.  From the analytical perspective, we see that two 
attributes, having periodic but asynchronous on-states, can exist individually for a 
greater amount of time than they can interact. Interaction, supporting an effect, occurs 
only during their temporal overlap or abutment. Sometimes they neither overlap nor 
abut, in Fig. (22). The figure also reveals that the sequential periods of overlap have 
variable durations. This could be relevant in portraying a real-problem situation in 
which an unwanted effect has to last longer than some threshold value before 
becoming unwanted. It could also be fitting where the effect is only unwanted when B 
interacts with the leading edge of A, of the mid-section, or the trailing edge of A. 
 
If Fig. (22) represented a real unwanted effect, we would dwell on the figure and 
mentally test variations of the placements of the rectangles to spark solution concepts. 
We would also divide the rectangles to allow sequential activity of each attribute 
individually in areas that would otherwise have overlapping configurations. We might 
change periodicity of one such that overlaps occurred only near the leading edge of the 
other (or mid section, or trailing edge, or never). What we are doing mentally is 

on

off
time 

A A AB B B B
A
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rearranging simple rectangles as graphic metaphors to spark ideas of other graphic 
metaphors. 
 
Interestingly, this abstraction has its counter part in spatial arrangements of 
metaphorical rectangles. Some of these are illustrated in Fig. (21). This observation 
suggests introducing further ambiguity by treating temporal and spatial displays of 
rectangles in analogous fashions to discover potential solution concepts in space and 
in time (NH).  
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Solution by Transposition 
  
At the abstract graphic level, space and time dependencies seem to have analogous 
depictions that offer heuristic value. This can be captured as a heuristic of ambiguity 
by, in effect, equating time and space representations of rectangles. In other words 
give each graphic arrangement of attribute-rectangles both spatial and temporal 
interpretations (NH). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Effects have spatial and temporal character according to where or when certain 
attributes are active. Simple one-dimensional plots of spatial and temporal 
arrangements of effects shown as rectangles bring out some graphic similarities; 
effects show when their supporting pairs of attributes are active. These are evident 
when one considers how to make a transition from a problem state to a solution state 
in such graphs. “Consider alternative arrangements of rectangles in space and time, 
representing attributes and functions that produce solution states, as being similar 
(NH).” This brings out a heuristic to “think of solution states as all possible operations 
on rectangles in space or time to see what ideas come to mind” (“space | time similarity 
(NH)” heuristic for object | function arrangements). Some examples are shown in Fig. 
(23). The possible heuristics are numerous. 
 
Generalization of this space-time transposition heuristic can “expand space | time 
similarities to any pair of conjugate spatial | temporal attributes (NH)”. Special 
opportunities will be recognized in different fields. Some of many possible physical 
pairs are suggested in Table (3). 

Figure 23. Activity rectangles represent where or when effects are active in
space or time (on or off). Operations are labeled.

Problem state:  
two objects in contact (or two sequential effects) 
 
Solution states:  

multiply 

overlap 

multiplex 

disorder 

separate 

erase 

add 

elongate 

shorten 

order 

space or time 

E a 
f c 
f t 
e i 
c v 
t  i 
 t 
 y 
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Table 3. Paired spatial | temporal attributes. 

  

  
Such analogies in conjugate attributes suggest to “transpose space/time conjugate 
attributes (NH)”. This action is, in effect, a mapping of one attribute onto anotherXXII – 
“map a spatial attribute onto its temporal conjugate and vice versa (KH)” – to see if that 
perspective sparks new concepts: a transposition or mapping heuristic. Useful 
sensibility can be maintained by working with pairs of attributes of interacting objects, 
rather than attributes from unrelated object pairs.  
 
Consider other types of mapping and what ideas might follow: 

• angle of a slice of cake onto sugar content of the slice of cake Æ different levels of 
sweetness in different sections of a cake (to share with a diebetic person); 

• gasoline antiknock onto color of men’s trousers Æ category coding for an 
automotive contest; 

• fracture strength of glass and viscosity of ink in a writing pen Æ (?). 

 
These three examples go from realistic, to plausible (but a bit of a stretch), to 
questionable. Useful sensibility can be maintained by working with pairs of attributes 
of interacting objects, rather than unrelated object pairs, as in the last two examples. 
 
Some interaction-related conjugatesXXIII: 
 

• The slope of a road is conjugate with speed (coasting) – slope, a spatial derivative 
and speed, a time derivative. 

• The irregularity of a solid surface produces chirp when machined in the lathe – 
spatial irregularity conjugate to temporal pressure waves. 

• The spatial pattern of two interfering sound waves is conjugate to their temporal 
phase shift. 

• Talking on a public telephone requires protection against the external noise (lull in 
time) by means of an enclosure (holes in space). 

                                  
XXII Mapping is used here as a metaphor associating conjugate attributes. Of course this is more poetic, 
and hence more provocative, than rigid functional mapping of mathematics. 
XXIII The five examples are courtesy of Juan Carlos Nishiyama and Carlos Eduardo Requena of UTN 
FRGP, General Pacheco, Argentina. 

       random  | raucous                                  repeat period  | repeat period 
superposed  | simultaneous               size  | duration  
    curvature  |  chirp (frequency slur)   slope  | rate 
      phase  | phase   hole  | lull 
   alternate | multiplex   order  | scale (music) 
   sequence  | sequence                color  | sound 
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• A molecular example of spatial-temporal conjugate attributes is in ketone       enolic 
tautomerism, an equilibrium state involving two isomers. In this example, a 
hydrogen atom has conjugate space-time sequences of association with a carbon 
atom and a heteroatomic oxygen atom. 

 
 

 
 
 
 
 
 
 
 
Attribute mappings, as a heuristic, are recommended to “first use space | time 
conjugate pairs and then to try pairings of other interaction-related attributes (NH)”. 
 
While time can be treated as inviolate from field to field of application, space may take 
on other analogies. Time is not an attribute – it is not tied to an object – but it adds 
dimension to attributes through their time-dependent intensity (past > present > future), 
location, rate of change (speed), and derivative of rate-of-change (acceleration). Time 
characterizes effects (“time-dependent attributes help to characterize effects (NH)”). 
For example: Concurrence of length (size) of exposed rod and duration of deflection 
risks breaking rod (example from Definitions section, Part II). 
 
An opportunity to apply transposition occurs in problem analysis when characterizing 
“synchronous” versus “asynchronous” features (quote marks emphasize both temporal 
and spatial connotations) of multiple effects (e.g., U and F in nullification). Time | space 
uniqueness of effects can be illustrated on two one-dimensional graphs of simple 
rectangles representing where and when different effects, U, are active (Fig. 23). 
These graphs make evident such space | time characteristics as order | periodicity, 
superposition | simultaneity, size | duration, and other attribute pairs (some are shown 
in Table 3). Arranging one graph above the other exhibits relative space | time graphic-
characteristics. Rearranging the rectangles in either graph can create solution states. 
Rearrangement heuristics are the same for either graph – hence, space | time graphic 
similarity. 
 
A one dimensional space- or time-plot of effects can depict a problem state and enable 
visualization of a solution state – yielding solutions by erasing, adding, elongating, 
shortening, moving, dividing, multiplying, overlapping, multiplexing, separating, 
ordering, disordering, and reordering rectangles (Fig. 23) – a host of heuristics (NHs). 

ketone form enol form 

            | 
     H─ C ─ H  
            |  
           C = O   
            |      

            | 
    H ─ C  
           ║ 
           C─ OH   
            |      

Figure 24. Tautomeric relationship of ketone and enol showing the spatial-
temporal sequencing of a hydorgen atom’s  position.

→ ← 
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Summary of Heuristics for  
Problem Statement, Analysis, and Solution 

 
1. Translate heuristics using appropriate argot 
2. Create an alternative perspective. 
3. Analyze points of interaction of objects (Ax1). 
4. Analyze object interactions in terms of object pairs (Ax2). 
5. Identify pairs of attributes, one from each object, to support an effect (Ax3). 
6. Use no metrics for attributes (Ax4). 
7. Minimize the number of objects (Ax5). 
8. Unravel a problem statement to contain a single unwanted effect (Ax6). 
9. Use ambiguity for creative thinking (known). 
10. Name objects for their generic functions (known). 
11. Name an attribute for its most generic property. 
12. Think contrarily (known). 
13. Use known solutions as templates (USIT). 
14. Analyze the underlying phenomenology of templates and improve on them 

(USIT). 
15. Construct a well-defined problem graphic working from effect-to-attributes-to-

objects. 
16. When causal attributes are not found look for multiple, entwined effects (USIT). 
17. The more objects used in a problem definition the more unwanted effects may 

be lurking in a convoluted problem statement. 
18. Eliminate objects lacking involved attributes. 
19. Use attributes first in resolving an unwanted effect. 
20. To resolve an unwanted effect: 

a. utilize it as a beneficial function,  
b. nullify it with a countering function, or  
c. eliminate it by annihilation. 

21. Graphic heuristic for a problem state: 
22.  

               O-A  
                            \ 
                              U → Am 
                             /         | 
                 O-A         (Om) 
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23. Graphic heuristics for solution states 
 
         O-A                                     O-A                         O-A   
                \           \          \ 
                (U → “F”) → Am            U → Am ← F                   ( _ ) 
                /          |          /         |         /         
         O-A         (Om)       O-A        (Om)          O-A   
 
         Utilization                  Nullification                Elimination 
 

24. Examine attributes as adjustable parameters for constructing solution concepts. 
25. Intensity, location, and time are three abstract variables of attributes. 
26. A hierarchy of characteristics of a single attribute: begin with intensity, location, 

and time. See table of Modifiable Attribute Characteristics for details. 
27. Recognize attributes as being intensive or extensive. 
28. Alter attributes in intensity, space, and/or time. 
29. Status quo: for every change considered consider also not changing it. 
30. Use an unwanted effect in a different way or for a different purpose. 
31. Sketch space and time dependences of effects with a common rectangle drawn 

on common axes 
32. Test modifications of a space/time rectangle from starting point, width, intensity, 

structure, and continuity. 
33. Ignore an unwanted effect when solution of a larger problem mitigates it. 
34. Use an unwanted effect as-is: at a different location, time, or a different 

purpose. 
35. Scale an unwanted effect” to greater or lesser intensity (magnitude, distribution, 

etc.). 
36. Link an unwanted effect” as a causal attribute of another function. 
37. Scale to extremes (+/- infinity). 
38. Form A-F-A links. 
39. Attribute’s optional object. (A-F-A links offer optional objects for new attributes.) 
40. Each A-F-A link allows addition of a function, an attribute, its optional object, an 

affected attribute, and its optional object. 
41. For A-F-A linking, step from attributes to functions to attributes repetitiously until 

an attribute is reached that is recognized as being available. 
42. For nullification, try new, attribute pairs in different objects. 
43. Examine multiple locations for nullification attributes. 
44. Move object to annihilate an unwanted effect. 
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45. Reshaping an object, permanently or temporarily, may uncouple a localized 
surface or internal attribute.” 

46. Eliminate an unwanted effect by temporary object relocation. 
47. Eliminate an unwanted effect by object elimination. 
48. Alter an attribute’s intensity, location, and time, to eliminate an unwanted effect. 
49. Represent the time dependence of active attributes as “on/off” rectangles on a 

time plot. 
50. Give each graphic arrangement of attribute-rectangles both spatial and 

temporal interpretations. 
51. Consider alternative arrangements of rectangles in space and time, 

representing functions and attributes that produce solution states, as being 
similar. 

52. Think of solution states as all possible operations on rectangles in space or 
time to see what ideas come to mind. 

53. Expand space | time similarities to any pair of conjugate spatial | temporal 
attributes. 

54. Transpose attributes. 
55. Map a spatial attribute onto its temporal conjugate and vice versa. 
56. First use space | time conjugate pairs and then to try pairings of other 

interaction-related attributes. 
57. Time-dependent attributes help to characterize effects. 
58. Cast heuristic phraseology in appropriate argot to make it as relevant as 

possible for its rapid recognition and ease of application. 
59. Interpretation of heuristics from graphic models averts the tedium of their rote 

learning. 
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Phraseology in words and graphics  
 
Close examination will show that some of the derived heuristics are related and with 
only a little imagination could be combined under more generic names. On the other 
hand, they could just as well be expanded and divided into multiple heuristics. For 
example, the “optional object” heuristic could be worded to address each option as an 
individual heuristic. 
 
The practical application of heuristics in problem solving methodologies seems to take 
the latter direction. There are efforts to discover, characterize, and tabulate as many 
empirical heuristics and examples for them, gleaned from the literature and experience, 
as can be found. It is also noted that a heuristic in one field may have an analog in 
another field, but in different wording. This points to an evident need in practice to “cast 
heuristic phraseology in appropriate argot to make it as relevant as possible for its 
rapid recognition and ease of application (NH)”.  
 
The axiomatic models are graphic heuristic tools. They can be used as proforma 
structures to simplify layout of problems. Thus, they provide condensed, logical 
heuristics for the formation, analysis, and solution of a well-defined problem. 
Furthermore, “interpreting heuristics from graphic models averts the tedium of their rote 
learning (NH)”. 
 
Phraseology poses a problem. Should heuristics be subdivided into multiple, slightly 
variable expressions with different wordings for each field of application? Or should 
they be generalized by eliminating small variations of expression and assembled into a 
minimal collection of generic expressions independent of field? If current practice 
prevails they will continue to multiply into variant wordings specialized for particular 
fields. Problem solving methodologies usually grow from this basis. However, 
individuals seeking simplification for the memorization and application of heuristics may 
prefer smaller collections composed of generic wordings and generic sketches from 
which specific examples can be deduced. The highest level of generification offers the 
broadest base for seeding recall. (NH) 
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Conclusion of Part II  
 
For the first time a logically related collection of heuristics for solving problems has 
been derived from a common axiomatic basis. A self-consistent process for discovering 
heuristics, based on six axioms, has been demonstrated. The process is generic 
consisting of abstract components, axiomatic models, and logic that produced a 
surprisingly rich supply of heuristics. Ideas underlying the axioms came from 
experience in solving physical-world problems. The process and results demonstrate 
an abstract justification for heuristics not limited to a specific field.  
 
The shift of focus from objects to their attributes has been discussed as a ploy to bring 
an unusual perspective to problem solving. Three strategies were found for resolving 
unwanted effects using attributes; their utilization, nullification, and elimination. Simple 
graphic models were developed to serve as proforma templates for applying each 
strategy. 
 
It has been demonstrated that by representing attributes as undefined boxes (simple 
graphic metaphors for attributes), and then arranging the boxes in arbitrary ways, the 
new arrangements can be interpreted as heuristics for resolving unwanted effects. 
[XXIV] The facility of using graphic metaphors for attributes led to both spatial and 
temporal interpretations for the same linear arrays of graphic elements (unlabeled 
boxes) – space/time transposition. This led to the pairings of space/time conjugate 
pairs of attributes as another problem-solving tool.  
 
Dozens of heuristics were identified and thousands implied. For theoretical study of 
heuristics, it will be useful to reduce these to a small number of generic models; such 
as, the graphic models for solution states plus rules for working with graphic metaphors 
exhibited here. For field-specific adaptations it is expected that heuristics will be 
expanded into larger numbers as specific applications call for their wordings in relevant 
argot.  

                                  
XXIV If this sentence sounds a little like reading tea leaves, please reread the section titled, “Graphic 
metaphors as solution heuristics”. 
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       O-A                      
         \  
            U → Am ← F  
         /         |   
         O-A     (Om)      
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Introduction 

 
Applications of the heuristics derived in Part II are demonstrated in this section. 
 
Derivation of heuristics and application of heuristics in problem solving have different 
goals requiring different mental processes and expectations. The difference suggests 
left-brain and right-brain functions.  In the process of deriving problem-solving 
heuristics our attitude is that of critical judgment of logic in the process and plausibility 
of the resulting heuristics. Application of heuristics, on the other hand, is a process 
designed to spark recall and stir creative thinking.  Critical judgment and creative 
thinking are akin to different brain-hemisphere activities 
 
Heuristics are effective when recall and creative thinking result. However, while logic is 
readily evident in the first process it sometimes is illusive in the second. That one idea 
sparks an apparently unrelated idea is common experience but difficult to justify 
logically. This may be seen in the following as I apply heuristics and discover concepts, 
which lead sometimes to seemingly non-related new concepts. Meanwhile, you will 
have thought of even different concepts during the same demonstration. I see this 
phenomenon as the “surprise and delight” of structured problem solving (to borrow an 
automotive industry design strategy). 
 
Two types of problems may be used to demonstrate a problem-solving methodology. 
One is, what I call, the “fix-it” type. In this situation, an incremental solution may suffice. 
The second is a problem situation in need of an invention.  
 
I have selected a problem of the invention-type for a demonstration of using the newly 
derived heuristics in solving a real-world problem. Although this is not the usual type of 
problem most engineers and scientists deal with on a daily basis, it is usually the type 
of general interest in the classroom. By far the more common problems to be solved 
are not of the inventive type but of the type requiring only incremental change in design 
or of the type, “it’s broken, fix it!” Most of the example problems I have published are of 
the fix-it type. On the other hand, innovative ideas for solution concepts are always 
welcome and expected when solving problems of either type. 
 
As we go through this demonstration bare in mind that an engineered product is not 
our goal. Rather, we desire to discover concepts that can be engineered – a pre-
engineering goal. 
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Inventing a belt – a problem to be solved 
 
Suppose we are consulting for a manufacturer of men’s clothing and are asked to 
invent a new type of belt for men’s trousers. (XXV) We first define the problem and 
then turn to the heuristic methodology and use heuristics derived earlier to develop 
solution concepts. In order to define the problem, let us begin by understanding the 
intended functions of a belt for trousers. 
 
 
Deduction of problem definition information 
 
Trousers are usually designed with waist circumferences smaller than hip 
circumferences so that they do not fall off when buttoned or zipped. Properly 
sized trousers for appropriately shaped torsos do not fall off. Hence, in these 
cases, belts may be more functional as information creators than as trouser 
supporters. The information they create is an expression of style. Since we are 
being consulted as technologists and not as stylists, this function will be 
ignored. 
 
This strikes me as a questionable decision; i.e., to ignore styling problems. And it is. 
However, I have more experience in analyzing and solving technical problems than 
styling problems. And I suspect the readership of this discourse also is somewhat shy 
of such experience. Nonetheless, there appears to be no a priori reason not to attack 
styling problems using the same derived heuristics. Here the decision is a judicious 
choice of the more promising benefit to this readership.  
 

Torsos having larger (or equal) waist circumference than hip circumference 
offer no natural support for trousers. Belts provide one type of solution to 
this problem. Suspenders provide another. Belts snugged to the 
body produce an indentation in the body contour that serves to 
“lock” in place the otherwise insecure trousers. This concept relies 
on the elasticity of the torso. If neither shape nor elasticity is 

available, such as in a shapeless manikin, a belt may need to be cinched 
tightly to create a large area of friction for opposing the force of gravity on the 
trousers.  
 
Cinching a belt sufficiently tight to indent one’s torso requires working against the 
elastic response of the torso. Thus, a belt is put into a state of internal stress, which it 
must maintain during the period required to keep trousers suspended. Maintenance of 

                                  
XXV A belt for men’s trousers is so ordinary an object as to seem past its prime for new invention. Why 
pick this problem? The reason is to simulate a problem-solving situation where brainstorming has waned 
of ideas. This may demonstrate better claims made for USIT.   
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the state of stress in a belt is accomplished by securing it with a buckle. It also requires 
insignificant creep of the belt material; i.e., no relaxation. 
 

Belts for men’s trousers are known in at least three forms: cords threaded through belt 
loops and their ends tied in knots (one-object solution – cord), flat belts threaded 
through belt loops and connected at their ends with various types of buckles (two-
object solution – belt and buckle), and elastic bands sewn into trousers plus hooks to 
create a buckle also sewn into the trousers (three-object solution – band, hook, and 
trousers).  
 
[B0] An idea comes to mind of a belt having no buckle. This could be an elastic band to 
be expanded enough to be slipped into place and then relaxed to a less expanded 
state where it provides sufficient force to indent the torso. (In case you wonder about 
belt loops, that’s another problem that can be addressed separately.) (XXVI) 
 
An obvious function of a belt is implied in its name, “belt”. That is, to be able to be 
wrapped around and to be conformable to the shape of something.  
 
 
An unwanted effect as a strategy for 
invention 
 
The problem of invention can be treated in a manner similar to fix-it problems by 
identifying an unwanted effect to focus on. In the case at hand, that means to examine 
the needed functions of a belt, select one, and convert it into an unwanted effect. This 
strategy enables application of the same USIT methods as used in other problems. 
 
We’ve found five functions for a belt: to be wrapped, to be conformable, to be cinched 
tightly, to be locked in place (sustaining the cinched state of elastic energy) and to 
create information. Is there an opportunity for invention here?  
 
One aspect of invention is being unconventional. Being able to be wrapped and being 
conformable are conventional traits of many kinds of ribbons, bands, cords, strings, 
etc. Sustaining a cinched state for a stretched band is a matter of having sufficient yield 
strength and low enough creep rate. These are simple specifications of two 
engineering-type attributes.  
 
The conventional solution of a belt being locked in place is a locking device, a buckle, 
which introduces another object. Perhaps belts without buckles could be invented. This 
presents the situation of being able to draw tight a belt, hand-held at both ends, but 
then being unable to release the ends and retain the desired stressed state since no 

                                  
XXVI Belt solution concepts are numbered in the form, [Bxx]. 
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buckle is available for this purpose. Obviously, a solution concept is to incorporate the 
function of a buckle into a belt – a buckle-less belt. 
 
If we choose to invent a “buckle-less belt” what are the interacting objects? Having no 
buckle, there remains only the belt and trousers. Actually this situation can be analyzed 
at least at three points of contact between object pairs: belt-to-buckle, belt-end-to-belt-
end, and belt-to-trousers. The first retains the buckle and the belt as interacting 
objects. The second treats the two ends of the belt as different objects, since they are 
placed in contact and together modify or sustain an attribute of belt (internal stress of 
belt and belt-end are the same). I’ll elect the first in order to force myself to discover the 
desirable functions of a buckle and a belt before trying to eliminate the buckle.  
 

An unwanted effect could be stated in various ways as. Here’s a first draft: 

 
Belts without buckles do not retain cinched-state of stress. 

 
 
 
Graphic problem statement 
 
The generic graphic of a problem is shown in Fig. (1). 
 
 
 
 
 
 
 
 
 
Figure (1).  Two objects in contact, O1 and O2, have two interacting attributes, A1 and 
A2, which are causal of an unwanted effect, U, that acts on an attribute, Am, of an 
object,  (Om). 
 
This graphic is a model for formulating the unwanted effect to be analyzed and solved. 
The two objects are belt and buckle. The unwanted effect is tendency to loose a 
cinched state, which affects the attribute internal stress in belt.  
 
 
 

O1 - A1 
            \ 
              U → Am – (Om) 
            / 
O2 - A2 
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belt –     A1 
                   \ 
      tendency to lose cinched state Æ internal stress – belt 
                   / 
buckle – A2 

 
Figure (2).  Graphic model of the belt problem without identified causal attributes. 
Objects are grayed and attributes bolded to show their relative importance in applying 
derived heuristics. 
 
A plausible root causes diagram helps to identify causal attributes. This is illustrated in 
Fig. (3). The unwanted effect is tendency to loose a cinched state. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3).  Plausible root causes diagram for a belt and buckle having a tendency to 
loose a cinched state of elastic energy. 
 
Stretching of belt, after cinching and releasing, can be the cause for a tendency to 
loose its cinched state – a time-dependent phenomenon. The effect of stretching can 
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be caused by relaxation of internal structure of belt material – known as creep. 
Attributes of belt materials that may lead to creep through structural rearrangement are 
those related to size changes, such as, sensitivity to stress, to humidity (sorbing and 
desorbing of moisture), and to temperature. Stress sensitive attributes include 
phenomena such as rotation of elemental components (e.g., molecules, cross-linked 
groups, and nano-strands), alignment, and “flow” of these components, and others.  
 

Relaxation after locking and releasing a buckle can be the cause for a tendency to 
loose a cinched state. Such relaxation could occur through out-of-alignment 
positioning, of buckle relative to belt, required to engage the locking mechanism. This 
may due to a shape attribute involving complexity of the locking mechanism. 
Positioning and engaging a buckle may necessitate an initial excess of stress in the 
belt. The excess stress would relax when the buckle is locked and the belt released.  
 
 
Solution by utilization 
 
In solution by utilization, both the unwanted effect and causal attributes remain the 
same (see graphic model in Fig. (4)). However, scaling of attributes is permitted to 
produce solution concepts.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (4).  Graphic model of the belt problem with the unwanted effect and its causal 
attributes is shown explicitly. Attributes are to be selected in pairs; one from each box. 
 
Spatial and temporal plots of function activity help to characterize the activity of causal 
attributes. These are illustrated in Fig. (5). 
 

                   \ 
  tendency to loose post-cinched state Æ cinched state – belt 
                   / 

 
 
         buckle  

A1   Causal attributes  
 
• rotation of elemental components (e.g., strands) 
• alignment of elemental components 
• motion of components  
• sensitivity to humidity 
• sensitivity to temperature 

A2  Causal attributes 
 
• shape (non-collinear alignment of buckle and 
belt required to engage lock) 

• complexity of locking mechanism (including 
shape and multiplicity of parts) 

belt    
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Fig. (5).  Spatial and temporal plots of belt buckling process. The unwanted effect 
occurs during the post-stressing of belt and buckle. Height differences between pre-
stressing function and post-stressing function are intended to indicate a decrease in 
excess stress after locking of buckle. 
 
The purpose of the above analyses is to create a definitive, phenomenological view of 
the problem. This view is then approached with the derived heuristics to inspire 
creative ideas for a belt design having no buckle while utilizing the unwanted effect of 
the tendency to loose cinched state of the belt. Obviously, this entails incorporating the 
functions of a buckle into a belt. Thus, two functions must be accomplished: locking the 
ends of a belt together and managing the amount of post-stress elastic energy that 
might be lost during the period of a belt’s application. Ideas for these two independent 
functions may be found separately and later combined to produce a belt having no 
buckle. 
 
Solution by utilization suggests heuristics such as: alter attributes in intensity, space, 
and time; don’t alter anything (contrarian view); and use an unwanted effect for a 
different purpose.  
 
[B1] A simple engineering solution to a tendency to loose cinched state is to scale the 
intensities of the time-dependent attributes so that the amount of loss of stress during 
the period of belt application is acceptable.  
 
[B2] Locking can be accomplished with a Velcro®-like interface in a region of overlap of 
the belt ends.  
 
[B3] This brings to mind to slice one belt end laterally, but not quite edge-to-edge, to 
form a slot into which the other end (cut to be narrower) can be inserted for locking.  
 
[B4] The inserted end could be serrated for engaging matching notches inside the slot.  
 
A gradually changing cinched state might be used for …  

belt buckle

space

time 

pre-stressing of belt and buckle 
post-stressing of belt and buckle 

locking of buckle
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[B5] information creation in the sense of a novelty of style, or  
 
[B6] as an indication of the current state of stress. These could be constructed in the 
form of a stress-induced color change in the coating on a belt, or 
 
[B7], a stress-induced change in polarization of reflected light.   
 
[B8] This brings to mind a money belt with a built-in alarm. When the stress is suddenly 
relaxed the released energy could be used to trigger an alarm. This is also an example 
of linking an effect to a new function. 
 
Ignoring the unwanted effect and taking advantage of it suggests 
 
[B9] a belt for a clown’s trousers having a calibrated creep rate to allow the pants to fall 
from the torso at a predictable instant. 
 
 
 

Solution by utilization using A-F-A linking 
 
The strategy of A-F-A linking is to connect effects through attributes that enable 
conversion of an unwanted effect into a useful one, a function. 
 
The graphic model for A-F-A linking is shown in Fig. (6). 
 

A1              N3                    N3 
              \                  \                    \ 
              U → Am →  F → Am’ …     …      F → Am’ … 
              /          

   A2         
 
Fig. (6).  Graphic model of A-F-A linking to connect an effect beneficially to a new 
function supported by the final attribute in the link. Objects have been omitted. 
 
This model can be applied to the case of the new belt design as illustrated in Fig. (7). 
In the figure the unwanted effect has been abbreviated to “relaxation” and the affected 
attribute to “stress state”. The attribute, stress state in a physical object, can be 
expressed as internal stress, strain, or strain energy (the integral of stress-strain). 
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stress       

               \   
            relaxation → stress state →  F → Am’  … 
               /    

creep                    
 
Fig. (7).  Graphic model of A-F-A linking applied to the belt design problem. Stress and 
creep are represented as causal attributes. 
 
[B10] Internal stress can be coupled to a proportionate electromotive force (e.m.f.) 
through the phenomenon of piezoelectricity. The associated e.m.f. created by piezo-
electrification could be coupled to a threshold voltage of an alarm system, as shown in 
Fig. (8). This leads to ideas for an electronic belt. Various novelty products may unfold 
from this electronic-based technology. 
 
 
stress          strain       impedance 
    \                        \                              \ 
relaxation → stress state →  piezo-    → e.m.f. →  alarm → threshold voltage 
    /            electrification 
creep         
 
Fig. (8).  Graphic model of A-F-A linking applied to the belt design problem. Stress 
state is mapped on to threshold voltage through A-F-A links. 
 
A-F-A linkage of internal stress energy to an e.m.f. opens the way for electronic-based 
technology. There other internal stress-energy linkages become possible. An obvious 
one is elasticity, the coupling of stress and strain. For example, stress can be coupled 
to strain in a diffraction grating that shifts the peak order in the diffracted beams. A 
variety of stress-induced effects can be found in the technical literature including 
stress-induced polarization, temperature change, resistivity change (e.g., strain 
gauges), voiding (in Al and Al-alloy films), phase change, and many more. Identification 
and characterization of stress-induced phenomena is an active area of materials 
science. 
 
A-F-A links used as a problem-solving tool work to advantage when they cause one to 
recall a variety of phenomena. One can easily filter chains of links for fear of undue 
engineering complexity. However, this defeats the purpose of cued recall. If, for 
example, stress-induced polarization, although potentially useful for novelty products, 
should be filtered for complexity the value of linking cues is lost. Once the idea of 
stress-induced polarization is discovered, its adaptation in a product might not involve 
stress or polarization, but lead instead to incorporation of decorative or functional 
optical components in a specialty belt, for example. 
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Solution by nullification 
 
Nullification suggests countering an unwanted effect using another effect, a function. 
The graphic of this heuristic is illustrated in Fig. (9) without objects. The new function 
requires supporting attributes (N3, N4) that may be accompanied with optional objects.  
 

   A1                                 N3 
              \                    /  
               U → Am ← F 
              /                    \  
   A2                 N4  

 
Figure (9).  Schematic showing causal attributes, A1 and A2, and nullifying attributes, N3 
and N4, for a nullifying effect (function, F). 
 
Nullification allows support of a new function using new attributes. Their sources can 
be decided after nullifying functions and their attributes have been identified. In this 
case, state of stress can be nullified by a reacting stress, as shown in Fig. (10). 
 
 
causal attributes                                                         N3 

              \                                                        /  
               U → state of stress ← reacting stress 
              /                                                         \  

  causal attributes                                                         N4  
 
Figure (10).  Schematic showing a reacting stress as a function used to nullify a state-
of-stress attribute. 
 
Reacting stress brought to mind an over-riding stress, one that is stronger than that of 
the belt. This could eliminate creep. 
 
[B11] Introduce a spring having greater strength (N3) and lower creep rate (N4) than 
the belt.  
 
[B12] This brought to mind a buckle designed to produce and maintain stress with only 
in-plane action. The buckle could be a flat reel and ratchet that winds and locks a cord 
or thin ribbon attached to the loose end of the belt. The excess stress needed to lock a 
conventional belt buckle would be eliminated. (No, this is not a “buckle-less belt” 
concept.) 
 
The expression, “reacting stress”, suggests the dynamics of the state of stress. State of 
stress should change with different activities of the person wearing a belt. We’ve seen 
above that A-F-A linking brought up the idea of added electronics.  
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[B13] Thus, a “smart belt” could be designed with electronics to monitor the state of 
stress and a feed-controlled reel used to adjust reacting stress as needed. This could 
make trousers more comfortable after eating a large meal. 
 
 
Solution by elimination 
 
Elimination of an unwanted effect suggests annihilating it: U Æ (  ). Elimination of 
causal attribute interaction is a recommended procedure. Figure (4) is repeated below 
(as Fig. 11 ) to recall the causal-attribute resources for this strategy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (11).  Graphic model of the belt problem with the unwanted effect and its causal 
attributes shown explicitly. 
 
Eliminating or rearranging attributes can eliminate attribute interaction. This may entail 
reshaping or moving objects. 
 
In our case, having two ends of the same belt being treated as individual objects, the 
elimination of one seems to lead to a continuous belt loop, such as the elastic band of 
concept [B0]. What if both ends are eliminated? (Contrary thinking.) 
 
Elimination of both ends seems to imply elimination of belt leaving only buckle. But 
we’re trying to eliminate buckle by placing its function into belt. Now contrary thinking 
brings to mind to eliminate belt and place its function into buckle. Basic differences 
between buckle and belt come to mind as rigidity of the former and flexibility of the 
latter. Of course, flexibility of rigid objects can be designed from small linked or hinged 
components. These can be multiplied to a useful number. 

                   \ 
  tendency to loose post-cinched state Æ cinched state – belt 
                   / 

 
 
          buckle  

A1   Causal attributes  
 
• rotation of elemental components (e.g., strands) 
• alignment of elemental components 
• motion of components  
• sensitivity to humidity 
• sensitivity to temperature 

A2  Causal attributes 
 
• shape (non-collinear alignment of buckle and 

belt required to engage lock) 
• complexity of locking mechanism (including 

shape and multiplicity of parts) 

belt    
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Elimination of creep of belt material can be accomplished with linked “buckle” 
segments. 
 
[B14] Construct belt of interlinked rigid segments. 
 
[B15] Separation of internal stress and creep suggests a layered structure. An internal 
layer can be designed to have miniscule creep under expected loads while in other 
layers creep is of no consequence. A flat “I”-beam cross section comes to mind, having 
a thin central member of non-creeping metal covered by decorative inner and 
outer layers. 
 
 
Conclusion of Part III 
 
The problem-solving heuristics derived in Part II have been demonstrated for 
application in invention. It is shown that invention can be couched in terms of an 
unwanted effect. Consequently the problem definition and analysis heuristics of USIT 
are applicable without modification.  
 
The three major strategies for problem solving used in Part II, utilization, nullification, 
and elimination, constitute a thorough approach to problem solving. Each strategy 
contains other heuristics; such as, A-F-A links used in utilization.  
 
It is expected that individual problem solvers applying these three major strategies will 
bring into the process his or her favorite heuristics as sub sets of the three. The three 
strategies provide a simple and convenient overview of the problem-solving phase.  

 
In the process of solving the belt problem, without allowing filtering, some seemingly (at 
first sight) illogical results came to mind. This reflects the power of the metaphor of 
generic names – ambiguity. 
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Glossary 
 
aattttrriibbuuttee::  AAnn  aattttrriibbuuttee  cchhaarraacctteerriizzeess  aann  oobbjjeecctt  ddiissttiinngguuiisshhiinngg  iitt  ffrroomm  aann  
ootthheerrwwiissee  ssiimmiillaarr  oobbjjeecctt..  AAttttrriibbuutteess  aarree  cchhaarraacctteerriissttiiccss  ssuucchh  aass  wweeiigghhtt,,  ssiizzee,,  
sshhaappee,,  ccoolloorr,,  ccoonndduuccttiivviittyy,,  eettcc..  ((ffrroomm  SSIITT  aanndd  AASSIITT))..  
  
        aaccttiivvee  ……::  AAnn  aaccttiivvee  aattttrriibbuuttee  iiss  aann  aattttrriibbuuttee  tthhaatt  ssuuppppoorrttss  aann  aaccttiivvee  ffuunnccttiioonn  
((oorr  eeffffeecctt))  oorr  iiss  aacctteedd  uuppoonn  bbyy  aa  ffuunnccttiioonn..  
  
        rreemmoovvaall  ooff  ((ddeeaaccttiivvaattiioonn,,  aannnniihhiillaattiioonn))  ……::    

In USIT an active attribute is rendered inactive (removed, deactivated, 
or annihilated) when its use is discontinued in a problem situation. 

  
aallggoorriitthhmm::  AAnn  aallggoorriitthhmm  iiss  aa  sseerriieess  ooff  sstteeppss,,  aa  sseett  ooff  rruulleess,,  oorr  aa  rreecciippee  ffoorr  
ssyysstteemmaattiiccaallllyy  pprroodduucciinngg  aa  ssoolluuttiioonn  ffoorr  aa  wweellll--ddeeffiinneedd  pprroobblleemm..  ((SSeeee  pprroobblleemm--
ssoollvviinngg  mmeetthhooddoollooggyy..))  
  
aarrggoott::  TThhee  ssppeecciiaall  vvooccaabbuullaarryy  aanndd  iiddiioommss  ooff  aa  ppaarrttiiccuullaarr  pprrooffeessssiioonn  oorr  ssoocciiaall  
ggrroouupp..  
  
aaxxiioomm::  AAnn  aaxxiioomm  iiss  aa  sseellff--eevviiddeenntt  ttrruutthh  rreeqquuiirriinngg  nnoo  pprrooooff..  
  
bbrraaiinnssttoorrmmiinngg::  BBrraaiinnssttoorrmmiinngg  iiss  uusseedd  hheerree  aass  aann  iinnttuuiittiivvee,,  iinnssttaannttaanneeoouuss  
pprroocceessss  ooff  rreeccaallll  iinn  pprroodduucciinngg  ssoolluuttiioonn  ccoonncceeppttss..  
      
ccooggnniittiioonn::  CCooggnniittiioonn  iiss  tthhee  aacctt  oorr  pprroocceessss  ooff  kknnoowwiinngg..  
  
ccoonncceepptt,,  ssoolluuttiioonn  ccoonncceepptt::      
SSoolluuttiioonn  ccoonncceeppttss  aarree  tthhee  ffiirrsstt,,  ssoommeewwhhaatt  nneebbuulloouuss  iiddeeaass  tthhaatt  ccoommee  ttoo  mmiinndd  aass  
ppootteennttiiaall  ssoolluuttiioonnss  ttoo  pprroobblleemmss..  AA  ccoonncceepptt  rreeqquuiirreess  eennggiinneeeerriinngg  ssccaalliinngg  ffoorr  
vveerriiffiiccaattiioonn  aass  aa  vviiaabbllee  ssoolluuttiioonn..  
  
ccrreeaattiivviittyy::  CCrreeaattiivviittyy  ((iinnnnoovvaattiioonn  aanndd  iinnvveennttiioonn))  iiss  aa  ssuubbjjeeccttiivvee  tteerrmm  lleefftt  
uunnddeeffiinneedd  ffoorr  ppeerrssoonnaall  aaddaappttaattiioonn  ooff  tthhee  rreeaaddeerr..  
  
eeffffeecctt::  EEffffeecctt,,  lliikkee  aa  ffuunnccttiioonn,,  mmaaiinnttaaiinnss  oorr  mmooddiiffiieess  aann  aattttrriibbuuttee..  
  
ffuunnccttiioonn::  AA  ffuunnccttiioonn  mmooddiiffiieess  oorr  mmaaiinnttaaiinnss  aann  aattttrriibbuuttee  ooff  aann  aacctteedd--uuppoonn  
oobbjjeecctt..  FFuunnccttiioonnss  aarree  ddeessiirraabbllee  eeffffeeccttss..  
  
        ddiissttrriibbuuttiioonn  ooff  ……::  DDiissttrriibbuuttiioonn  ooff  ffuunnccttiioonnss  iiss  aa  UUSSIITT  ssoolluuttiioonn  tteecchhnniiqquuee  iinn  
wwhhiicchh  ffuunnccttiioonnss  aarree  mmoovveedd  ttoo  ootthheerr  oobbjjeeccttss  iinn  tthhee  pprroobblleemm  sseett  ttoo  sseeee  iiff  ssoolluuttiioonn  
ccoonncceeppttss  ooccccuurr..  
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ggeenneerriiffiiccaattiioonn::  GGeenneerriiffiiccaattiioonn  ooff  aann  oobbjjeecctt’’ss  nnaammee  rreeppllaacceess  iittss  ccoommmmeerrcciiaall  
nnaammee  wwiitthh  aa  ffuunnccttiioonn--ttyyppee  nnaammee  ddeetteerrmmiinneedd  bbyy  iittss  ssppeecciiffiicc  uussee  iinn  aa  pprroobblleemm  
ssiittuuaattiioonn..  
  
hheeuurriissttiicc::  HHeeuurriissttiiccss,,  aass  uusseedd  hheerree,,  aarree  tthhee  nnoonn--aallggoorriitthhmmiicc  ttoooollss,,  
tteecchhnniiqquueess,,  aanndd  ttrriicckkss  tthhaatt  aarree  uusseedd  iinn  pprroobblleemm  ssoollvviinngg..    
  
iinnnnoovvaattiioonn::  IInnnnoovvaattiioonn  ((iinnvveennttiioonn  aanndd  ccrreeaattiivviittyy))  iiss  aa  ssuubbjjeeccttiivvee  tteerrmm  lleefftt  
uunnddeeffiinneedd  ffoorr  ppeerrssoonnaall  aaddaappttaattiioonn  ooff  tthhee  rreeaaddeerr..  
  
iinnttuuiittiioonn::  IInnttuuiittiioonn  iiss  tthhee  uussee  ooff  hheeuurriissttiiccss  ssoo  pprraaccttiicceedd  aanndd  iinnggrraaiinneedd  iinn  
oonnee’’ss  ssuubbccoonnsscciioouuss  tthhaatt  tthheeyy  ccoommee  iinnttoo  aaccttiioonn  iinnssttaannttaanneeoouussllyy  wwiitthhoouutt  aannyy  
nneeeedd  ooff  ccoonnsscciioouuss  sseeeeddiinngg..  
  
oobbjjeecctt::  AA  pphhyyssiiccaall--wwoorrlldd  oobbjjeecctt,,  aass  uusseedd  iinn  UUSSIITT,,  ooccccuuppiieess  ssppaaccee,,  eexxiissttss  ooff  
iittsseellff,,  aanndd  ccaann  iinntteerraacctt  wwiitthh  aannootthheerr  oobbjjeecctt  tthhrroouugghh  iittss  aattttrriibbuutteess  ((ffrroomm  AASSIITT,,  aanndd  
UUSSIITT))..  AAnn  oobbjjeecctt  iiss  ddeeffiinneedd  bbyy  iittss  aaccttiivvee  aattttrriibbuutteess  ––  wwiitthhoouutt  aaccttiivvee  aattttrriibbuutteess  iitt  
hhaass  nnoo  ffuunnccttiioonn  aanndd  tthheerreeffoorree  ddooeessnn’’tt  eexxiisstt..  TThhiiss  ccoonnddiittiioonn  aalllloowwss  iittss  rreemmoovvaall  
ffoorr  nneeww  iinnssiigghhttss..  
  
        ddiivviissiioonn  ooff  ……::    
DDiivviissiioonn  ooff  aann  oobbjjeecctt  iiss  aa  ssoolluuttiioonn  tteecchhnniiqquuee  wwhheerreeiinn  pphhyyssiiccaall--wwoorrlldd  oobbjjeeccttss  aarree  
ddiivviiddeedd  aanndd  tthheeiirr  ppaarrttss  uusseedd  ddiiffffeerreennttllyy..  
  
        mmuullttiipplliiccaattiioonn  ooff  ……::    
MMuullttiipplliiccaattiioonn  ooff  aann  oobbjjeecctt  iiss  aa  ssoolluuttiioonn  tteecchhnniiqquuee  wwhheerreeiinn  pphhyyssiiccaall--wwoorrlldd  
oobbjjeeccttss  aarree  mmuullttiipplliieedd  aanndd  tthhee  ccooppiieess  uusseedd  ddiiffffeerreennttllyy..  
  
pprroobblleemm::  AA  ccoonnvveenniieenntt  ddeeffiinniittiioonn  ooff  aa  pprroobblleemm  iiss  aannyy  uunnaannsswweerreedd  
qquueessttiioonn..  
  
        wweellll--ddeeffiinneedd  ……::    
AA  wweellll--ddeeffiinneedd  pprroobblleemm  iiss  ddeeffiinneedd  ttoo  bbee  aa  pprroobblleemm  ccoonnssttrruucctteedd  aapppprroopprriiaatteellyy  ffoorr  
tthhee  mmeetthhooddoollooggyy  ttoo  bbee  uusseedd  ttoo  ssoollvvee  iitt..  
  
  
pprroobblleemm--ssoollvviinngg  mmeetthhooddoollooggyy::    
AA  pprroobblleemm--ssoollvviinngg  mmeetthhooddoollooggyy  iiss  aa  gguuiiddee  ttoo  ssoollvviinngg  pprroobblleemmss  mmaaddee  uupp  ooff  
hheeuurriissttiiccss  ffoorr  ddeeffiinniinngg,,  aannaallyyzziinngg,,  aanndd  sseeaarrcchhiinngg  
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ssoolluuttiioonn  ccoonncceeppttss..  IItt  iiss  lleessss  ssyysstteemmaattiicc  tthhaann  aann  aallggoorriitthhmm..  ((SSeeee  aallggoorriitthhmm..))  
  
qquuaalliittaattiivvee  cchhaannggee::  AA  qquuaalliittaattiivvee  cchhaannggee  rreeffeerrss  ttoo  tthhee  ggrraapphhiicc  rreepprreesseennttaattiioonn  
ooff  aa  pprroobblleemm  cchhaarraacctteerriissttiicc  iinn  wwhhiicchh  tthhee  ssllooppee  ooff  tthhee  cchhaarraacctteerriissttiicc  iiss  rreedduucceedd  ttoo  
zzeerroo  ((ffrroomm  SSIITT  aanndd  AASSIITT))..  
  
rroooott  ccaauussee::  RRoooott  ccaauusseess  aarree  ddeeffiinneedd  aass  ccaauussaall  aattttrriibbuutteess  tthhaatt  ccaann  bbee  ttiieedd  
ddiirreeccttllyy  ttoo  aann  eeffffeecctt..  
  
ssccaalliinngg,,  ssccaallee--uupp,,  eennggiinneeeerriinngg  ssccaallee--uupp::    
SSccaalliinngg  iinncclluuddeess  tthhee  ccllaarriiffiiccaattiioonn,,  mmooddiiffiiccaattiioonn,,  mmooddeelliinngg,,  aallggoorriitthhmmiicc  aannaallyyssiiss,,  
aanndd  tteessttiinngg  nneeeeddeedd  ttoo  vvaalliiddaattee  aann  ootthheerrwwiissee  tteennttaattiivvee  ssoolluuttiioonn  ccoonncceepptt..  
  
ssttaattee::  AA  ssttaattee  ccoommpprriisseess  aann  aarrrraannggeemmeenntt  ooff  oobbjjeeccttss  iinn  ssppaaccee  iinntteerraaccttiinngg  iinn  
ttiimmee  ttoo  ssuuppppoorrtt  aann  eeffffeecctt  ––  uuttiilliizziinngg  tthhrreeee  ccoommppoossiittiioonnaall  ccoonncceeppttss::  ssppaaccee,,  ttiimmee,,  
aanndd  eeffffeecctt..  
  
ttrraannssdduuccttiioonn::  TTrraannssdduuccttiioonn  iiss  aa  UUSSIITT  pprroobblleemm--ssoollvviinngg  tteecchhnniiqquuee  iinn  wwhhiicchh  
aattttrriibbuuttee--ffuunnccttiioonn--aattttrriibbuuttee  eelleemmeennttss  aarree  iinnsseerrtteedd  iinn  aa  ggrraapphhiicc  rreepprreesseennttaattiioonn  ooff  
aa  pprroobblleemm  ssoo  sseeee  wwhhaatt  ssoolluuttiioonn  ccoonncceeppttss  ccoommee  ttoo  mmiinndd..  
  
 
 



 

Sickafus Page 108 
 



Bibliography 

Sickafus  Bibliography Page 109 

 Bibliography 
                                  
1  http://www.arbelos.org/ProblemSolving.html, and 
   “Mathematics and Plausible Reasoning”, G. Polya, Vol. 1 and 2, Princeton University 
Press, 1954. 
 
22  ““DDiissccuussssiioonn  ooff  tthhee  MMeetthhoodd  ––  CCoonndduuccttiinngg  tthhee  EEnnggiinneeeerr’’ss  AApppprrooaacchh  ttoo  PPrroobblleemm  
SSoollvviinngg””,,  BBiillllyy  VVaauugghhnn  KKooeenn,,  OOxxffoorrdd  UUnniivveerrssiittyy  PPrreessss,,  NNeeww  YYoorrkk,,  22000033..  ((TThhiiss  
wwoorrkk  wwoouulldd  iinncclluuddee  aallggoorriitthhmmss  aass  hheeuurriissttiiccss..))  
  
33  TThhiiss  iiss  cclloossee  ttoo,,  bbuutt  nnoott  qquuiittee  wwhhaatt  OOssbboorrnnee  hhaadd  iinn  mmiinndd  aass  bbrraaiinnssttoorrmmiinngg::  
““AApppplliieedd  IImmaaggiinnaattiioonn””,,  AA..  OOssbboorrnnee,,  CChhaarrlleess  SScchhrriibbnneerr’’ss  SSoonnss,,  NNeeww  YYoorrkk,,  11995533..  
  
44  ““UUnniiffiieedd  SSttrruuccttuurreedd  IInnvveennttiivvee  TThhiinnkkiinngg  ––  HHooww  ttoo  IInnvveenntt””,,  EEdd  SSiicckkaaffuuss,,  
NNtteelllleecckk,,  LLLLCC,,  GGrroossssee  IIllee,,  MMII,,  UUSSAA,,  11999977..  
  
55  ““UUnniiffiieedd  SSttrruuccttuurreedd  IInnvveennttiivvee  TThhiinnkkiinngg  ––  aann  OOvveerrvviieeww””,,  EEdd  SSiicckkaaffuuss,,  NNtteelllleecckk,,  
LLLLCC,,  GGrroossssee  IIllee,,  MMII,,  UUSSAA,,  22000033  ((ffrreeee  eebbooookk  aavvaaiillaabbllee  aatt  wwwwww..uu--ssiitt..nneett))..  
  
66  wwwwww..ssttaarrtt22tthhiinnkk..ccoomm  
  
77  ““CCrreeaattiivviittyy  AAss  AAnn  EExxaacctt  SScciieennccee  ––  tthhee  TThheeoorryy  ooff  tthhee  SSoolluuttiioonn  ooff  IInnvveennttiivvee  
PPrroobblleemmss””,,  SSttuuddiieess  iinn  CCyybbeerrnneettiiccss  SSeerriieess,,  GGeennrriicchh  AAllttsshhuulllleerr  ((ttrraannssllaatteedd  bbyy  
AAnntthhoonnyy  WWiilllliiaammss))  GGoorrddoonn  aanndd  BBrreeaacchh,,  NNeeww  YYoorrkk,,  11998888..  
  
88  ““BBrreeaakktthhrroouugghh  TThhiinnkkiinngg  ––  aa  LLiinneeaarr  SSeeqquueenncciinngg  ooff  TTRRIIZZ  TToooollss””,,  LLaarrrryy  BBaallll,,  
22000022  ((aavvaaiillaabbllee  aatt  wwwwww..ttrriizz--jjoouurrnnaall..ccoomm))..  
  
99  ““CCrreeaattiivvee  CCooggnniittiioonn  ––  TThheeoorryy,,  RReesseeaarrcchh,,  aanndd  AApppplliiccaattiioonnss””,,  RRoonnaalldd  AA..  FFiinnkkee,,  
TThhoommaass  BB..  WWaarrdd,,  aanndd  SStteevveenn  MM..  SSmmiitthh,,  TThhee  MMIITT  PPrreessss,,  CCaammbbrriiddggee  
MMaassssaacchhuusseettttss,,  11999966..  
  
1100  ““TThhee  LLeennss  aass  AAqquuaattiicc  GGyymmnnaasstt””,,  IIaann  AAuusstteenn,,  TThhee  NNeeww  YYoorrkk  TTiimmeess,,  EE77,,  
CCiirrccuuiittss  sseeccttiioonn,,  TThhuurrssddaayy,,  MMaarrcchh  1188,,  22000044;;  aallssoo  
AAppppll..  PPhhyyss..  LLeetttt..  8855,,  11112288  ((22000044))..  
 
1111  ““CCrreeaattiivvee  CCooggnniittiioonn  ––  TThheeoorryy,,  RReesseeaarrcchh,,  aanndd  AApppplliiccaattiioonnss””,,  RRoonnaalldd  AA..  
FFiinnkkee,,  TThhoommaass  BB..  WWaarrdd,,  aanndd  SStteevveenn  MM..  SSmmiitthh,,  TThhee  MMIITT  PPrreessss,,  CCaammbbrriiddggee  
MMaassssaacchhuusseettttss,,  11999966..  
 
 
 
 
 



Sickafus  Bibliography Page 110 



  111 

About the Author 
 
Ed. Sickafus is an inventor, industrial scientist, teacher, author and a puzzle enthusiast.  
 
Academic background: His academic experience ranges from graduation with a 
Ph.D. in physics from the University of Virginia, Visiting Lecturer in Physics, Sweet 
Briar College, Associate Professor of Physics at the University of Denver, to instructor 
in sign language at Madonna University. He studied transmission electron microscopy 
at the Cavendish Laboratory of Cambridge University, Cambridge England. He also 
aided development of surface science research, and gave seminars at universities in 
Spain and Brazil. 
 
Industrial background: Ed’s industrial background ranges from assembly line 
manufacturing experience as an automotive welder, an ordnance inspector, and an 
aircraft riveter, to laboratory studies of air bearings and molecular pumps, and to 
design and modeling of miniature sensors and actuators.  
 
Industrial positions: His industrial positions include senior staff scientist, manager, 
corporate technical specialist, and president of Ntelleck, LLC. He served on the 
Industrial Board of the Sensors and Actuators Center of the University of California – 
Berkeley. 
 
Basic research: His basic research studies include internal friction of metals, growth 
morphologies of layered structure crystals, microcalorimetry, mechanical and electron 
scattering from surfaces of atomically clean metals, and secondary-electron 
spectroscopies.  
 
Publications: Ed has published over 70 scientific papers and articles on a wide range 
of topics, three books on USIT, and maintains a website (www.u-sit.net) where he 
publishes free lectures on USIT. He has lectured in Spain, Brazil, China and South 
Korea. He holds twelve patents. 
 
Management: His management experience includes Acting Head of the Physics 
Division of the Denver Research Institute, Manager of the Miniature Sensors and 
Actuators Department and the Physics Department of the Ford Motor Company 
Research Laboratory. 
 
Professional Societies: Ed was former President of the American Vacuum Society, 
member of the Governing Board of the American Institute of Physics, and served on      
various society committees. 
 
Civic service: He was an interpreter for the deaf while living in Denver.  
 
Hobbies: Ed spends spare time traveling around the world photographing anything of 
interest. He prints and sells his photographs locally. He enjoys cycling and hiking. 
 
USIT: He introduced SIT into the Ford Motor Company through monthly, three-day 
courses and weekly user-group meetings. This led to his development of USIT, which 
he now teaches in on-site classes for industrial corporations. Classes in USIT have 
been given in North America, Europe, South Korea, and Australia.



Sickafus  Bibliography Page 110 



  111 

 
Order Form            USIT, ISBN 0-965-94350-X, 7” x 10”, 488 pp, hardbound, $44.50 
 
Last name: __________________________ First name: ___________________ M.I.: ___ 

Mailing Address: ___________________________________________________ 

City: __________________________  State: ____ Postal Code: ______ Country: ________ 

Telephone: ____________________  email:  ____________________ 

 
No. books:  __  @ $44.50 US  = $ ____.____ 
Sales tax: add 6%,               ____.____    if delivered in Michigan, USA 
 

Shipping / Handling Charges 
Destination Air (4-7 days) Surface (4-6 wks) 

USA $7.50 $6.00 
Africa, Asia, S. America $29.00 $14.00 
Australia, New Zealand $26.00 $14.00 
Europe $24.00 $14.00 
Canada, Mexico $23.00 $14.00 
Central America $20.00 $12.00 

Shipping and handling                    ____.____  
 
           Total: $ _____.____ US    Order must be prepaid in U.S. dollars. 
 

 
Send check, money order, or Bank draft, drawn on a US bank, made payable to Ntelleck, LLC, to 
  

NTELLECK, LLC, PO Box 193, Grosse Ile, MI  48138  USA 

Unified Structured Inventive Thinking  
–How to Invent 

 
 
 

The textbook, “Unified Structured Inventive Thinking – How to Invent”, by Ed Sickafus 
can be ordered by mail. 
 

 
 


