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Basics	
  of	
  concurrent	
  engineering	
  

�  Concurrent	
  Engineering?	
  
	
  

Advantage:	
  Ame	
  saving	
  
Disadvantage:	
  chance	
  of	
  rework	
  

	
  

Time	
  saving	
  

Pre-­‐design	
  
Design	
  

Design	
  

Pre-­‐design	
  

SequenAal	
  
engineering	
  

Concurrent	
  
engineering	
  



Basics	
  of	
  concurrent	
  engineering	
  
� Design	
  Structure	
  Matrix	
  (DSM)?	
  

	
  

	
  
	
  
	
  
hOp://www.dsmweb.org/typo3temp/pics/DSM_Tutorial_Basic3_9f5f52512b.jpg	
  
	
  

�  Binary	
  DSM/Numerical	
  DSM	
  

	
  



Exis@ng	
  research	
  
�  Chua,	
  D.	
  K.	
  H.,	
  &	
  Hossain,	
  M.	
  A.	
  (2011).	
  A	
  simulaAon	
  model	
  to	
  study	
  
the	
  impact	
  of	
  early	
  informaAon	
  on	
  design	
  duraAon	
  and	
  redesign:	
  

	
  
	
   	
  	
  	
  	
  	
  	
  	
  Goal:	
  Study	
  the	
  impact	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   	
   	
  of	
  these	
  three	
  factors	
  
	
   	
   	
  on	
  total	
  duraAon	
  and	
  
	
   	
   	
  producAvity	
  

	
  
	
  	
  	
  	
  	
  	
  Probability	
  of	
  redesign	
  changes	
  
	
  	
  	
  	
  	
  	
  for	
  different	
  values,	
  but	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  constant	
  throughout	
   	
  	
  
	
  	
  	
  	
  	
  	
  simulaAon	
  

	
  

	
  

	
  
	
  
	
  
	
  
	
  

	
  



Exis@ng	
  research	
  
�  Bogus,	
  S.,	
  &	
  Diekmann,	
  J.	
  (2011).	
  SimulaAon	
  of	
  Overlapping	
  Design	
  
AcAviAes	
  in	
  Concurrent	
  Engineering:	
  

	
   	
   	
   	
   	
   	
   Goal:	
   determine	
   opAmal	
   	
  	
  	
  	
  	
  
	
   overlapping	
   strategy	
   for	
   different	
   	
   	
   	
   	
   	
   pairs	
   of	
  

acAviAes	
  based	
  on	
   	
   	
   	
   	
   	
  evoluAon	
  and	
  
sensiAvity	
  

	
  
	
   	
   	
   	
   	
   Probability	
   of	
   rework	
   changes	
   for	
  	
  	
  	
  	
  
	
  different	
  values	
  of	
   	
   	
   	
   	
   	
   	
  sensiAvity/evoluAon,	
  but	
  remains	
  
	
   	
   	
   	
   	
  constant	
  during	
  simulaAon	
  



Exis@ng	
  research	
  
�  Smith,	
  R.,	
  &	
  Morrow,	
  J.	
  (2001).	
  Product	
  development	
  process	
  
modeling:	
  

	
   	
   	
   	
   	
  Goal:	
  “The	
  model	
  can	
  be	
  used	
  for	
  
	
   	
   	
   	
   	
  beOer	
  project	
  planning	
  and	
  
	
   	
   	
   	
   	
  control	
  by	
  idenAfying	
  leverage	
  
	
   	
   	
   	
   	
  points	
  for	
  process	
  improvements	
  
	
   	
   	
   	
   	
  and	
  evaluaAng	
  alternaAve	
  
	
   	
   	
   	
   	
  planning	
  and	
  execuAon	
   	
  
	
   	
   	
   	
   	
  strategies”	
  

	
  
	
   	
   	
   	
   	
   	
  Rework	
  probability	
  is	
  fixed	
  



Exis@ng	
  research	
  
ExisAng	
  simulaAon	
  models	
  
	
  
	
   	
  Constant	
  chance	
  of	
  rework	
  during	
  simulaAon	
  run	
  

	
  
	
  Not	
  very	
  realisAc!	
  

	
  
Amount	
  of	
  rework	
  depends	
  on	
  schedule	
  adherence!	
  

	
  



Research	
  ques@ons	
  

Is	
  there	
  a	
  way	
  to	
  calculate	
  schedule	
  adherence?	
  
	
  
P-­‐factor	
  =	
  	
  
PorAon	
  of	
  	
  earned	
  value	
  accrued	
  in	
  congruence	
  with	
  schedule	
  	
  
	
  
Formula:	
  
	
  
	
  
	
  
	
  
	
  
	
  
Lies	
  between	
  0	
  and	
  1	
  	
  
	
  



Research	
  ques@ons	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Vanhoucke,	
  M.	
  (2009).	
  Measuring	
  Ame:	
  improving	
  project	
  performance	
  using	
  earned	
  value	
  management	
  (p.	
  183).	
  	
  

	
  
Graphical	
  interpretaAon:	
  Black	
  bars	
  leh	
  of	
  ES-­‐line	
  /	
  total	
  EV	
  



Research	
  ques@ons	
  
	
  
Does	
  schedule	
  adherence	
  influence	
  rework?	
  
	
  
Decrease	
  of	
  schedule	
  adherence	
  
	
   	
   	
  Increased	
  risk	
  of	
  rework	
  

	
  
Idea:	
  Use	
  of	
  	
  p-­‐factor	
  to	
  calculate	
  rework	
  

	
  R	
  
With:	
  

	
  
	
  
	
  
	
  



Research	
  ques@ons	
  
Problems:	
  No	
  trend	
  informaAon	
  and	
  no	
  forecast	
  total	
  rework	
  possible	
  
	
  
SoluAon:	
  Normalize	
  R	
  to	
  work	
  remaining	
  
	
   	
  	
  	
  	
  Schedule	
  Adherence	
  Index	
  =	
  SAI	
  =	
  R	
  /	
  (BAC	
  –	
  EV)	
  

	
  
Increasing	
  SAI	
  =	
  decreasing	
  schedule	
  adherence	
  
	
  
CharacterisAcs:	
  	
  
1.  Enables	
  forecasAng	
  of	
  total	
  rework	
  
2.  Takes	
  cumulaAve	
  efffects	
  of	
  imperfect	
  schedule	
  	
  
	
   	
  adherence	
  into	
  account	
  	
  

	
  



Research	
  ques@ons	
  
Forecast	
  of	
  total	
  rework:	
  
Compute	
  rework	
  through	
  trapezoidal	
  approximaAon	
  technique	
  

	
  
	
  

	
   	
   	
   	
  	
  
	
   	
   	
   	
  	
  	
  	
  	
  Area	
  mulAplied	
  with	
  BAC	
  to	
  obtain	
  
	
   	
   	
   	
  	
  	
  	
  	
  rework	
  cost	
  for	
  any	
  period	
  

	
  
	
   	
   	
  	
  

	
  
	
   	
   	
   	
  	
  

	
  
Lipke,	
  W.	
  (2010).	
  Schedule	
  Adherence	
  and	
  Rework.	
  	
  



Research	
  ques@ons	
  

How	
  to	
  determine	
  chance	
  of	
  rework	
  based	
  upon	
  this	
  forecast?	
  	
  
	
  
The	
  forecasted	
  rework	
  will	
  be	
  used	
  to	
  compute	
  a	
  chance	
  of	
  rework	
  at	
  
each	
  status	
  point	
  of	
  the	
  project	
  
	
  
Rtot	
  =	
  Chance	
  of	
  rework	
  x	
  rework	
  impact	
  x	
  duraAon	
  
	
   	
  Chance	
  of	
  rework	
  =	
  Rtot	
  /(rework	
  impact	
  x	
  duraAon)	
  

	
  
	
  
	
  
	
  



The	
  simula@on	
  model	
  

INPUT	
   MODEL	
  
FUNCTIONALITY	
   OUTPUT	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

3	
  esAmates	
  for	
  each	
  aciAvity:	
  
1.  Worst-­‐case	
  esAmate(=P)	
  
2.  Most	
  likely	
  esAmate(=M)	
  
3.  Best-­‐case	
  esAmate(=O)	
  

	
  
This	
  is	
  also	
  known	
  as	
  the	
  PERT	
  method:	
  	
  
Expected	
  value	
  of	
  acAvity	
  duraAon=	
  	
  (O+	
  4M	
  +	
  P)	
  /	
  6	
  
	
  
Random	
  values	
  will	
  be	
  selected	
  between	
  worst-­‐case	
  
and	
  best-­‐case	
  esAmates	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

AssumpAon:	
  Each	
  acAvity	
  duraAon	
  follows	
  a	
  triangular	
  
distribuAon	
  
	
  
Probability	
  density	
  funcAon	
  of	
  triangular	
  distribuAon:	
  

hOp://upload.wikimedia.org/wikipedia/commons/thumb/4/45/
Triangular_distribuAon_PMF.png/325px-­‐
Triangular_distribuAon_PMF.png	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

Binary	
  DSM	
  to	
  represent	
  informaAon	
  dependency	
  
	
  
Used	
  to:	
  	
  

1.  Make	
  schedule:	
  
	
  100%	
  overlapping	
  between	
  independent	
  
acAviAes	
  

	
  
2.  Add	
  rework:	
  
	
  Rework	
  added	
  only	
  to	
  dependent	
  acAviAes	
  

	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

CharacterisAcs:	
  
1.  For	
  each	
  acAvity	
  rework	
  impact	
  will	
  be	
  

needed	
  
	
  
2. 	
  Determines	
  duraAon	
  of	
  rework	
  when	
  rework	
  

occurs	
  
	
  
3. 	
  Varies	
  from	
  0%	
  to	
  100%	
  	
  

	
  
	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

Impact	
  on	
  project	
  duraAon:	
  
	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

Development	
  speed	
  of	
  informaAon	
  and	
  knowledge	
  
	
  
4	
  factors	
  of	
  evoluAon:	
  

1.  Design	
  opAmisaAon	
  	
  
2.  Constraint	
  saAsfacAon	
  
3.  External	
  informaAon	
  exchange	
  
4.  StandardisaAon	
  

	
  
General	
  rule:	
  More	
  iteraAons	
  in	
  design	
  is	
  slower	
  
evoluAon	
  
	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

Range	
  of	
  values:	
  	
  
0	
  =	
  Slow	
  evoluAon	
  
1	
  =	
  High	
  evoluAon	
  

	
  
Influence	
  on	
  model:	
  
	
  
Changing	
  evoluAon	
  will	
  lead	
  to	
  a	
  change	
  in	
  
overlapping	
  degree	
  
	
   	
  	
  

0	
  	
  	
  	
  	
  	
  	
  	
  10%	
  -­‐	
  20%	
  overlap	
  
1	
  	
  	
  	
  	
  	
  	
  	
  40%	
  -­‐	
  60%	
  overlap	
  
	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

SensiAvity	
  of	
  downstream	
  acAvity	
  to	
  change	
  of	
  
informaAon	
  coming	
  from	
  an	
  upstream	
  acAvity	
  
	
  
Factors	
  of	
  sensiAvity:	
  

1.  Constraint	
  sensiAve	
  
2.  Input	
  sensiAve	
  
3.  IntegraAon	
  sensiAve	
  

	
  
Value	
  range:	
  
0	
  =	
  Low	
  sensiAvity	
  
1	
  =	
  High	
  sensiAvity	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

Influence	
  on	
  model:	
  
	
  
Changing	
  sensiAvity	
  will	
  also	
  lead	
  to	
  a	
  change	
  in	
  	
  
overlapping	
  degree	
  
	
  	
  
	
   	
  	
  

0	
  	
  	
  	
  	
  	
  	
  	
  20%	
  -­‐	
  60%	
  overlap	
  
1	
  	
  	
  	
  	
  	
  	
  	
  10%	
  -­‐	
  40%	
  overlap	
  
	
  
	
  
	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

Risk-­‐factor:	
  value	
  of	
  0,	
  1	
  or	
  2	
  
	
  
Determines	
  degree	
  of	
  overlap	
  in	
  accordance	
  with	
  figure	
  3	
  
of	
  Bogus,	
  S.,	
  &	
  Diekmann,	
  J.	
  (2011).	
  SimulaAon	
  of	
  
Overlapping	
  Design	
  AcAviAes	
  in	
  Concurrent	
  Engineering.	
  
	
  
Values	
  for	
  overlapping	
  degree	
  (for	
  different	
  combinaAons	
  
of	
  evoluAon/sensiAvity):	
  
	
  
0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0%	
  overlap	
  
1	
  	
  	
  	
  	
  	
  	
  	
  	
  10%	
  (0,1);	
  20%	
  (0,0);	
  40%	
  (1,1);	
  60%	
  (1,0)	
  	
  
2	
  	
  	
  	
  	
  	
  	
  	
  	
  20%	
  (0,1);	
  40%	
  (0,0);	
  60%	
  (1,1);	
  80%	
  (1,0)	
  
	
  
	
  
	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

	
  
Bogus,	
  S.,	
  &	
  Diekmann,	
  J.	
  (2011).	
  SimulaAon	
  of	
  Overlapping	
  Design	
  AcAviAes	
  in	
  Concurrent	
  
Engineering.	
  	
  



Input	
  levers	
  

AcAvity	
  
duraAon	
  

DSM	
  

Rework	
  Impact	
  

EvoluAon	
  

SensiAvity	
  

Risk-­‐factor	
  

Impact	
  of	
  increasing	
  risk:	
  	
  
1.  Mean	
  project	
  duraAon	
  decreases	
  
2.  Variance/	
  standard	
  deviaAon	
  increases	
  
3.  Chance	
  of	
  rework	
  increases	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2	
  	
  



Model	
  Func@onality	
  
SimulaAon	
  language:	
  C++	
  
Steps	
  of	
  simulaAon:	
  

1.  Read	
  input	
  files	
  
2.  Determine	
  degree	
  of	
  overlap	
  
3.  Create	
  baseline	
  schedule	
  
4.  Randomize	
  duraAons	
  
5.  Determine	
  real	
  schedule	
  
6.  Calculate	
  SAI	
  and	
  forecast	
  total	
  rework	
  
7.  Calculate	
  chance	
  of	
  rework	
  for	
  each	
  aciAvity	
  
8.  Add	
  rework	
  
9.  Advance	
  to	
  next	
  status	
  point 	
  	
  

	
  
	
  



Outputs	
  
Two	
  outputs	
  will	
  be	
  generated:	
  	
  
	
  
1.  Average	
  SAI	
  
2.  The	
  actual	
  project	
  duraAon	
  

	
  
This	
  should	
  allow	
  to	
  find	
  link	
  between	
  SAI	
  and	
  project	
  duraAon	
  for	
  
different	
  values	
  of	
  input	
  variables	
  



Examplary	
  problem	
  
Project	
  characterisAcs:	
  
	
  

�  10	
  acAviAes	
  
�  Start	
  01/01/2013	
  
�  Rework	
  impact	
  0,5	
  
�  AcAviAes	
  use	
  informaAon	
  from	
  all	
  previous	
  acAviAes	
  
	
  

10.000	
  simulaAon	
  runs	
  for	
  each	
  risk	
  factor	
  
	
  	
  	
  

	
  



Examplary	
  problem	
  
Baseline	
  schedule(risk	
  factor	
  0):	
  
	
  

	
  
	
  
	
  
	
  
	
  
Expected	
  duraAon:	
  371,6667	
  days	
  
	
  



Examplary	
  problem	
  
Baseline	
  schedule(risk	
  factor	
  1):	
  
	
  

	
  
	
  
	
  
	
  
	
  
Expected	
  duraAon:	
  289,16	
  days	
  
	
  



Examplary	
  problem	
  
Baseline	
  schedule(risk	
  factor	
  2):	
  
	
  

	
  
	
  
	
  
	
  
	
  
Expected	
  duraAon:	
  246	
  days	
  
	
  



Examplary	
  problem	
  
Risk-­‐factor	
  0:	
  



Examplary	
  problem	
  
Risk-­‐factor	
  1:	
  
	
  



Examplary	
  problem	
  
Risk-­‐factor	
  2:	
  



Examplary	
  problem	
  

Regression	
  results:	
  
1.  DUR0	
  =	
  348.722156499855	
  +	
  795.1174*SAI	
  
2.  DUR1	
  =	
  286.9742+1169.713*SAI	
  
3.  DUR2	
  =	
  215.6778+1703.153*SAI	
  	
  

	
  



Examplary	
  problem	
  

For	
  what	
  values	
  of	
  SAI	
  is	
  risk	
  not	
  appropiate?	
  
	
  
Look	
  at	
  intersecAons:	
  

1.  Risk	
  0	
  and	
  Risk	
  1	
  at	
  0,165153	
  SAI	
  
2.  Risk	
  0	
  and	
  Risk	
  2	
  at	
  0,146519	
  SAI	
  

	
  
On	
  average	
  from	
  SAI	
  of	
  0,165	
  scheduling	
  sequenAal	
  is	
  beOer	
  
than	
  scheduling	
  concurrent	
  for	
  the	
  example	
  project	
  



Conclusion	
  
The	
   example	
   shows	
   us	
   that	
   concurrent	
   scheduling	
   isn’t	
  
always	
  beneficial	
  
	
  
SimulaAon	
  model	
  allows	
  managers	
  to	
  idenAfy	
  the	
  degree	
  of	
  
schedule	
   adherence	
   when	
   scheduling	
   sequenAal	
   becomes	
  
more	
  beneficial	
  for	
  a	
  certain	
  project	
  
	
  
This	
   can	
   be	
   used	
   to,	
   for	
   example,	
   modify	
   the	
   baseline	
  
schedule	
   when	
   schedule	
   adherence	
   deteriorates	
   to	
   much	
  
during	
  project	
  execuAon	
  
	
  
	
  



Ques@ons?	
  

Thank	
  you	
  very	
  much	
  for	
  your	
  aOenAon!	
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