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1  W h a t ’s  N e w  in  R e le a s e  4 .1  

1 .1  VE S T  T o o l 
 
• V E S T  4 .1  in c lu d e s  a n  u p d a te d  m e ta -m o d e l th a t 

o w o r k s  w ith  G M E  v e rs io n  4 .3 .1 7  
o c o n ta in s  n e w  e v e n t c h a n n e l/p a th  m o d e lin g  
o h a s  p re v io u s  in c o n s is te n c ie s  a n d  e r r o rs  c o r re c te d  

§ A ll B o o le a n s  a re  e n u m e r a tio n s  o f  ty p e  { 0 ,1 }  
§ A ll a ttrib u te  d a ta  ty p e s  a r e  s e t c o rr e c tly  ( e g . W C E T  is  o f ty p e  In te g e r , 

n o t S tr in g )   
• A ll P ro d u c t S c e n a r io  file s  h a v e  b e e n  u p d a te d  w ith  n e w  m e ta m o d e l 
• E v e n t p a th  m o d e lin g  h a s  b e e n  u p d a te d  in  o rd e r  to  r e fle c t th e  B o e in g  B o ld s tro k e  

E v e n t P a th  m o re  a c c u r a te ly .  
o E a c h  e v e n t is  a s s ig n e d  a  s e q u e n c e  in  th e  c o r r e s p o n d in g  V E S T  m o d e l. T h e  

s e q u e n c e  is  s p e c ifie d  b y  th e  s y s te m  d e s ig n e r. 
o W h e n  th e  d e s ig n e r  p e rf o r m s  s c h e d u la b ility  a n a ly s is , V E S T  m a k e s  s u r e  th a t 

th e  e v e n ts /m e th o d s  a re  a s s ig n e d  to  p r o p e r  tim e  s lo ts  b a s e d  o n  th e  a s s ig n e d  
s e q u e n c e  a n d  th e n  c a lls  th e  a p p r o p r ia te  s c h e d u lin g  a lg o rith m s  

• P r e s c r ip tiv e  A s p e c t in te rp r e te r  c o d e  is  s ig n ific a n tly  im p ro v e d  f o r u s a b ility  a n d  
r o b u s tn e s s  

o C R E A T E  s ta te m e n t is  n o w  im p le m e n te d . P r e v io u s ly , o n ly  G E T  a n d  S E T  
s ta te m e n ts  w e r e  s u p p o r te d  

• B u ild  p r o c e s s  f o r  V E S T  in te rp r e te r s  is  s im p lif ie d  a n d  a u to m a te d  

1 .2  U p d a te s  to  U s e r ’ s  M a n u a l 
 
• D o c u m e n ta tio n  f o r th e  f o llo w in g  a r e  in c lu d e d  in  th is  u p d a te : 

o B u ild in g  th e  V E S T  in te r p r e te r s  
o E v e n ts  C h e c k  D e s c r ip tio n  a n d  U s a g e  

• F ig u re s  a n d  a p p e n d ic e s  u p d a te d  
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2  I n t r o d u c t io n  

2 .1  O v e r v ie w  o f  VE S T  
 
V E S T  (V ir g in ia  E m b e d d e d  S y s te m s  T o o lk it) p ro v id e s  a n  e n v ir o n m e n t f o r c o n s tr u c tin g  
a n d  a n a ly z in g  c o m p o n e n t-b a s e d  d is trib u te d  r e a l- tim e  e m b e d d e d  s y s te m s . V E S T  h e lp s  
d e v e lo p e r s  s e le c t o r  c re a te  p a s s iv e  s o f tw a r e  c o m p o n e n ts , c o m p o s e  th e m  in to  a  p r o d u c t, 
m a p  th e  p a s s iv e  c o m p o n e n ts  o n to  a c tiv e  s tr u c tu re s  s u c h  a s  th r e a d s , m a p  th r e a d s  o n to  
s p e c if ic  h a rd w a re , a n d  p e r fo r m  d e p e n d e n c y  c h e c k s  a n d  n o n - fu n c tio n a l a n a ly s e s  to  o f f e r  
a s  m a n y  g u a r a n te e s  a s  p o s s ib le  a lo n g  m a n y  d im e n s io n s  in c lu d in g  r e a l- tim e  p e r f o r m a n c e  
a n d  re lia b ility . D is tr ib u te d  e m b e d d e d  s y s te m s  is s u e s  a r e  e x p lic itly  a d d re s s e d  v ia  th e  
m a p p in g  o f c o m p o n e n ts  to  a c tiv e  th r e a d s  a n d  to  h a r d w a r e , th e  a b ility  to  in c lu d e  
m id d le w a re  a s  c o m p o n e n ts , a n d  th e  s p e c if ic a tio n  o f  a  n e tw o r k  a n d  d is tr ib u te d  n o d e s .  
 
T h e  V E S T  e n v ir o n m e n t is  c o m p o s e d  o f th e  fo llo w in g : 
 

• 4  C o m p o n e n t L ib r a rie s  
• P r e s c r ip tiv e  A s p e c ts  L ib r a r y  
• A s p e c t C h e c k s  
• C o m p o s itio n  E n v ir o n m e n t 

 
A  b rie f d e s c r ip tio n  o f  e a c h  o f  th e s e  f o llo w s . F o r m o r e  d e ta ile d  in f o r m a tio n , p le a s e  r e f e r  
to  [ 1 ] . 
 
• C o m p o n e n t  L ib r a r ie s : B e c a u s e  V E S T  s u p p o r ts  r e a l- tim e  d is trib u te d  e m b e d d e d  

s y s te m s , th e  V E S T  c o m p o n e n t lib ra r ie s  c o n ta in  b o th  s o ftw a r e  a n d  d e s c rip tio n s  o f 
h a rd w a re  c o m p o n e n ts  a n d  n e tw o r k s . V E S T  c o m p o n e n ts  c a n  b e  a b s tr a c t o r  a c tu a l. A n  
a b s tr a c t c o m p o n e n t is  a  d e s ig n  e n tity  th a t r e p r e s e n ts  th e  r e q u ir e m e n ts , e .g ., a  tim e r  
w ith  c e r ta in  r e q u ir e m e n ts  o r  a  g e n e r ic  p ro c e s s o r is  a n  a b s tr a c t c o m p o n e n t. A n  a c tu a l 
c o m p o n e n t is  th e  im p le m e n ta tio n  o r d e s c rip tio n  o f  a  r e u s a b le  e n tity . A  s p e c ific  tim e r  
m o d u le  w r itte n  in  C  a n d  a  M o to ro la  M P C 7 4 5 5  a re  e x a m p le s  o f a c tu a l c o m p o n e n ts . 
S e ts  o f  r e f le c tiv e  in f o rm a tio n  e x is t f o r e a c h  o f th e s e  c o m p o n e n t ty p e s . T h e  re f le c tiv e  
in fo r m a tio n  o f  a n  a b s tr a c t c o m p o n e n t in c lu d e s  its  in te r fa c e  a n d  r e q u ir e m e n ts  s u c h  a s  
f o r s e c u rity . T h e  r e f le c tiv e  in f o rm a tio n  f o r a c tu a l c o m p o n e n ts  in c lu d e s  c a te g o r ie s  
s u c h  a s  lin k in g  in fo r m a tio n , lo c a tio n  o f  s o u r c e  c o d e , w o r s t- c a s e  e x e c u tio n  tim e , 
m e m o r y  f o o tp r in t, a n d  o th e r  r e f le c tiv e  in f o r m a tio n  n e e d e d  to  a n a ly z e  c r o s s c u ttin g  
d e p e n d e n c ie s . T h e  e x te n t o f th e  re f le c tiv e  in fo r m a tio n  a n d  its  e x te n s ib ility  a re  s o m e  
o f  th e  k e y  f e a tu r e s  th a t d is tin g u is h  V E S T  fr o m  m a n y  o th e r to o ls . T o  s u p p o rt th e  
w h o le  d e s ig n  p r o c e s s  o f  e m b e d d e d  s y s te m s , V E S T  im p le m e n ts  f o u r c o m p o n e n t 
lib r a rie s : th e  a p p lic a tio n  lib ra r y , m id d le w a r e  lib r a r y , O S  lib ra r y  a n d  a  h a rd w a re  
lib r a r y . 

• P r e s c r ip t iv e  A s p e c t s  L ib r a r y :  P r e s c r ip tiv e  a s p e c ts  a r e  r e u s a b le  p r o g ra m m in g  
la n g u a g e  in d e p e n d e n t a d v ic e  th a t m a y  b e  a p p lie d  to  a  d e s ig n . F o r  e x a m p le , a  
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d e v e lo p e r  c a n  in v o k e  a  s e t o f  p re s c rip tiv e  a s p e c ts  in  th e  lib ra r y  to  a d d  a  c e r ta in  
s e c u r ity  m e c h a n is m  e n  m a s s e  to  a n  a v io n ic s  p r o d u c t.  

• A s p e c t  C h e c k s : V E S T  im p le m e n ts  b o th  a  s e t o f s im p le  in tra -  a n d  in te r -c o m p o n e n t 
a s p e c t c h e c k s  th a t c r o s s c u t c o m p o n e n t b o u n d a rie s . A  d e v e lo p e r  c a n  a p p ly  th e s e  
c h e c k s  to  a  s y s te m  d e s ig n  to  d is c o v e r e rr o r s  c a u s e d  b y  d e p e n d e n c ie s  a m o n g  
c o m p o n e n ts . O n e  a s p e c t c h e c k  in  V E S T  is  th e  re a l- tim e  s c h e d u la b ility  a n a ly s is  fo r  
b o th  s in g le - n o d e  a n d  d is tr ib u te d  e m b e d d e d  s y s te m s . V E S T  c a n  a ls o  in v o k e  o f f - th e -
s h e lf  a n a ly s is  to o ls  f ro m  its  G U I e n v ir o n m e n t.  

• C o m p o s itio n  E n v ir o n m e n t:  V E S T  p ro v id e s  a  G U I- b a s e d  e n v iro n m e n t th a t le ts  
d e v e lo p e r s  c o m p o s e  d is tr ib u te d  e m b e d d e d  s y s te m s  fr o m  c o m p o n e n ts , p e r f o rm  
d e p e n d e n c y  c h e c k s , a n d  in v o k e  p r e s c r ip tiv e  a s p e c ts  o n  a  d e s ig n .  

V E S T  h a s  b e e n  im p le m e n te d  u s in g  G M E  (G e n e ric  M o d e lin g  E n v iro n m e n t). G M E  [ 2 ]  is  
a  m e ta - m o d e lin g  e n v ir o n m e n t w ith  a n  e x te n s ib le  c o lle c tio n  o f  m o d e l e d itin g  to o ls  
s u p p o rtin g  a  M o d e l- B a s e d  D e v e lo p m e n t a p p r o a c h  to  s y s te m /s o f tw a re  e n g in e e r in g . M o r e  
d e ta ile d  in fo r m a tio n  o n  G M E  is  p ro v id e d  in  th e  f o llo w in g  s u b s e c tio n . 

2 .2  O v e r v ie w  o f  G M E  
 
T h e  G e n e ric  M o d e lin g  E n v ir o n m e n t ( G M E )  d e v e lo p e d  a t th e  In s titu te  f o r S o f tw a r e  
In te g r a te d  S y s te m s  a t V a n d e r b ilt U n iv e rs ity  is  a  c o n f ig u r a b le  to o lk it f o r  c r e a tin g  d o m a in -
s p e c if ic  m o d e lin g  a n d  p r o g r a m  s y n th e s is  e n v iro n m e n ts . T h e  c o n fig u r a tio n  is  
a c c o m p lis h e d  th r o u g h  m e ta m o d e ls  s p e c if y in g  th e  m o d e lin g  p a r a d ig m  (m o d e lin g  
la n g u a g e )  o f th e  a p p lic a tio n  d o m a in . T h e  m o d e lin g  p a r a d ig m  c o n ta in s  a ll th e  s y n ta c tic , 
s e m a n tic , a n d  p r e s e n ta tio n  in f o rm a tio n  r e g a rd in g  th e  d o m a in  –  w h ic h  c o n c e p ts  w ill b e  
u s e d  to  c o n s tr u c t m o d e ls , w h a t r e la tio n s h ip s  m a y  e x is t a m o n g  th o s e  c o n c e p ts , h o w  th e  
c o n c e p ts  m a y  b e  o r g a n iz e d  a n d  v ie w e d  b y  th e  m o d e le r , a n d  ru le s  g o v e r n in g  th e  
c o n s tr u c tio n  o f m o d e ls . T h e  m o d e lin g  p a r a d ig m  d e fin e s  th e  fa m ily  o f  m o d e ls  th a t c a n  b e  
c re a te d  u s in g  th e  r e s u lta n t m o d e lin g  e n v ir o n m e n t. 
 
T h e  m e ta m o d e ls  s p e c if y in g  th e  m o d e lin g  p a r a d ig m  a re  u s e d  to  a u to m a tic a lly  g e n e r a te  th e  
ta r g e t d o m a in - s p e c ific  e n v ir o n m e n t. T h e  g e n e ra te d  d o m a in - s p e c if ic  e n v ir o n m e n t is  th e n  
u s e d  to  b u ild  d o m a in s . T h e s e  m o d e ls  a r e  u s e d  to  a u to m a tic a lly  g e n e r a te  th e  a p p lic a tio n s  
o r  to  s y n th e s iz e  in p u t to  d if fe r e n t C O T S  a n a ly s is  to o ls . T h is  p r o c e s s  is  c a lle d  m o d e l 
in te r p re ta tio n . 
 
T h e  re la tio n s h ip  b e tw e e n  V E S T  a n d  G M E  c a n  b e  d e s c rib e d  a s  fo llo w s . T h e  c o m p o n e n t 
lib r a rie s  o f  V E S T  a r e  im p le m e n te d  a s  m e ta - m o d e ls  in  G M E . W h e n  d e s ig n in g  a  s y s te m  
u s in g  th e  V E S T  m e ta m o d e l, G M E  p r o v id e s  th e  u n d e rly in g  s u p p o r t fo r  th e  g r a p h ic s  a n d  
m o d e lin g  s u p p o r t. T h e  s y s te m  d e s ig n  d e v e lo p e d  in  V E S T  c a n  b e  e x p o r te d  a s  X M L  f ile s , 
w h ic h  m a k e  it p o s s ib le  to  im p o r t th e  d e s ig n  to  o th e r  r e la te d  to o ls . H o w e v e r, a ll 
d e p e n d e n c y  c h e c k s  a n d  th e  p re s c rip tiv e  a s p e c t in te rp r e te r s  a re  V E S T  s p e c if ic  a n d  a r e  
im p le m e n te d  a s  in te r p r e te r s  th a t c a n  b e  in v o k e d  th ro u g h  th e  b u tto n s  o n  th e  V E S T  G U I. 
A ll in te r p r e te rs  a r e  im p le m e n te d  in  C + +  a n d  c a n  a c c e s s  th e  in te r n a l d a ta  s tru c tu re s  th a t 
r e p r e s e n t th e  c o m p o n e n t- b a s e d  e m b e d d e d  s y s te m  d e s ig n . 
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3  I n s t a lla t io n  

3 .1  I n s ta llin g  G M E  
 
T o  u s e  V E S T , G M E  fir s t n e e d s  to  b e  in s ta lle d  o n  y o u r s y s te m . G M E  is  a v a ila b le  a t 
h ttp ://w w w .is is .v a n d e rb ilt.e d u /p r o je c ts /g m e /. In s tr u c tio n s  o n  h o w  to  in s ta ll a n d  r u n  G M E  
c a n  b e  fo u n d  o n  th is  w e b s ite . V E S T  u s e r s  s h o u ld  f irs t b e c o m e  f a m ilia r  w ith  G M E  a n d  th e  
b a s ic  G M E  G U I c o m m a n d s  a n d  in te r f a c e s . A ll G U I c a p a b ilitie s  in  V E S T  a r e  s im ila r  to  
G M E . 

3 .2  I n s ta llin g  VE S T  
 
O n c e  G M E  is  in s ta lle d  o n  y o u r  s y s te m , th e  V E S T  m e ta m o d e l n e e d s  to  b e  d o w n lo a d e d  
a n d  lo a d e d  in to  G M E . T h e  V E S T  m e ta m o d e l is  in c lu d e d  in  y o u r d o w n lo a d  in  th e  
f o llo w in g  file : [ In s ta ll D ire c to r y ] /V E S T /v e s t.x m l. A lth o u g h  d is trib u te d  in  X M L  fo r m a t, it 
c a n  b e  a v a ila b le  in  e ith e r  X M L  f o r m a t a n d  a s  a  G M E  p ro je c t f ile . 
 
In  o r d e r  to  c r e a te  a n y  V E S T  d e s ig n , th e  V E S T  m e ta m o d e l f ir s t n e e d s  to  b e  r e g is te r e d  
w ith  y o u r  s y s te m . T h e re  a r e  tw o  m a jo r s te p s  in v o lv e d  h e r e : 

• L o a d in g  th e  V E S T  m e ta m o d e l in  G M E  
• R e g is te rin g  th e  V E S T  m e ta m o d e l 

3 .2 .1  L o a d in g  t h e  V E S T  m e t a m o d e l in  G M E  
 
T h e r e  a r e  tw o  w a y s  to  lo a d  th e  V E S T  m e ta m o d e l in  G M E . T h e  f ir s t w a y  is  u s in g  a n  
X M L  f ile  a n d  th e  o th e r  is  u s in g  a  G M E  p ro je c t f ile . F o llo w  th e  s te p s  o u tlin e d  b e lo w  
d e p e n d in g  o n  th e  ty p e  o f  file  th a t y o u  h a v e . 

3 .2 .1 .1  X M L  F ile  
 
S te p  1 :  

• L a u n c h  G M E  
 
S te p  2 :  

• S e le c t “ Im p o rt X M L … ”  u n d e r  th e  F ile  m e n u  a s  s h o w n  in  F ig u r e  3 -1  
 
S te p  3 :  

• T h is  b rin g s  u p  a  f ile  s e le c to r d ia lo g  b o x  a s  s h o w n  in  F ig u r e  3 -2  
• S e le c t th e  V E S T  m e ta m o d e l X M L  file  th a t y o u  d o w n lo a d e d  e a rlie r  
• C lic k  “ O p e n ”  
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F ig u r e  3 - 1  

 

 
F ig u r e  3 - 2  

S te p  4 :  
• G M E  r e a d s  th e  X M L  d a ta  a n d  b rin g s  u p  th e  d ia lo g  b o x  s h o w n  in  F ig u r e  3 -3  
• W e  w ill c r e a te  a  G M E  p ro je c t f ile  f r o m  o u r  V E S T  m e ta m o d e l d a ta  a n d  s o  c lic k  

“ N e x t”  
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F ig u r e  3 - 3  

 
S te p  5 :  

• G M E  th e n  w ill a s k  y o u  to  n a m e  th e  p ro je c t f ile . N a m e  th is  file  “ V e s t”  
• C lic k  “ O p e n ”  

 
S te p  6 :  

• G M E  c r e a te s  a  G M E  p r o je c t file  f r o m  th e  X M L  d a ta  a n d  th e n  d is p la y s  th e  s u c c e s s  
b o x  s h o w n  in  F ig u r e  3 -4  

• C lic k  “ O K ”  
• T h e  V E S T  m e ta m o d e l h a s  b e e n  s u c c e s s f u lly  lo a d e d  in  G M E  a t th is  p o in t 
• N o w  th e  V E S T  m e ta m o d e l n e e d s  to  b e  r e g is te r e d  w ith  th e  s y s te m . S k ip  to  S e c tio n  

3 .2 .2  to  p e r f o rm  th is  s te p  
 

 
F ig u r e  3 - 4  

3 .2 .1 .2  G M E  P r o je c t  F ile  
 
S te p  1 :  

• L a u n c h  G M E  
 
S te p  2 :  

• O p e n  th e  G M E  p r o je c t ( m g a  f ile  e x te n s io n )  c o n ta in in g  th e  V E S T  m e ta m o d e l 
u s in g  th e  “ O p e n  P r o je c t… ”  o p tio n  u n d e r  th e  F ile  m e n u  

 
S te p  3 :  

• G M E  b r in g s  u p  th e  d ia lo g  b o x  s h o w n  in  F ig u r e  3 -5  
• S in c e  o u r  G M E  p r o je c t is  s to re d  in  a  f ile , w e  le a v e  th e  d e f a u lt s e ttin g  a n d  c lic k  

“ N e x t”  
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F ig u r e  3 - 5  

S te p  4 :  
• A  O p e n  F ile  s e le c to r  d ia lo g  b o x  s im ila r  to  th e  o n e  in  F ig u r e  3 -2  a p p e a r s  
• S e le c t th e  G M E  p r o je c t f ile  c o n ta in in g  th e  V E S T  m e ta m o d e l th a t y o u  

d o w n lo a d e d  e a r lie r  
• C lic k  “ O p e n ”  
• G M E  r e a d s  th e  p r o je c t f ile  a n d  lo a d s  th e  V E S T  m e ta m o d e l 
• T h e  V E S T  m e ta m o d e l n o w  n e e d s  to  b e  re g is te r e d  w ith  th e  s y s te m . C o n tin u e  w ith  

S e c tio n  3 .2 .2  

3 .2 .2  R e g is t e r in g  t h e  V E S T  m e t a m o d e l 
 
W e  n e e d  to  in te rp r e t a n d  r e g is te r  th e  V e s t m e ta m o d e l w ith  th e  s y s te m  s o  th a t w e  c a n  
c re a te  V E S T  p ro je c ts  in  G M E . F o llo w  th e s e  s te p s  to  r e g is te r th e  V E S T  m e ta m o d e l: 
 
S te p  1 :  

• C lic k  th e  M G A  In te r p r e te r  b u tto n  ( ic o n  )  lo c a te d  o n  th e  G M E  to o lb a r 
• T h is  b rin g s  u p  a  “ S a v e  A s ”  d ia lo g  b o x  to  in d ic a te  th e  n a m e  o f  th e  X M L  p a r a d ig m  

f ile  n a m e  to  s a v e  th e  in te rp r e te d  V E S T  m e ta m o d e l to  
o  S e le c t th e  d e f a u lt file  n a m e  a n d  c lic k  “ S a v e ”  

• T h is  b rin g s  u p  th e  G lo b a l A s p e c t O r d e r D a ilo g  b o x  a s  s h o w n  in  F ig u r e  3 -6  
o S e le c t th e  d e f a u lt o r d e r  b y  c lic k in g  “ O K ”  

• T h is  b rin g s  u p  th e  A s p e c t1  M a p p in g  d ia lo g  b o x  s h o w n  in  F ig u r e  3 -7  
o C lic k  “ O K ”  

 
S te p  2 :  

• G M E  in te r p r e ts  th e  V E S T  m e ta m o d e l 
• O n c e  th e  m o d e l is  s u c c e s s fu lly  in te r p r e te d , G M E  s h o w s  th e  d ia lo g  b o x  s h o w n  in  

F ig u r e  3 -8  a n d  a s k s  if y o u  w o u ld  lik e  to  r e g is te r  th e  V E S T  p a r a d ig m  
• C lic k  “ Y e s ”  

                                                      
1  T h e  c o n c e p t o f A s p e c t in  G M E  is  r e a lly  a  p a r tic u la r  v ie w  th a t a  u s e r  s e e s . T h is  a s p e c t h a s  n o th in g  a t a ll to  
d o  w ith  th e  u s e  o f  th e  te r m  a s p e c t in  V E S T  its e lf. I n  V E S T , a s p e c ts  r e f e r  to  th e  m a in  p r in c ip le  u n d e r ly in g  
a s p e c t-o r ie n te d  p r o g r a m m in g  
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• If  n o  e r ro r  m e s s a g e s  a re  d is p la y e d , th e  V E S T  p a r a d ig m  is  s u c c e s s f u lly  r e g is te r e d  
w ith  y o u r  s y s te m  

 

 
F ig u r e  3 - 6  

 

 
F ig u r e  3 - 7  
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F ig u r e  3 - 8  

3 .2 .3  B u ild in g  t h e  V E S T  I n t e r p r e t e r s  

A t th is  p o in t, y o u  c a n  lo a d  a n d  c re a te  V E S T  p r o je c ts  b u t n o n e  o f  th e  V E S T  in te r p re te r s  
w ill b e  a v a ila b le  fo r  th e s e  p ro je c ts !  T o  u s e  th e  V E S T  in te r p re te rs , y o u  fir s t n e e d  to  b u ild  
th e  in te rp r e te r  D L L s  o n  y o u r  s y s te m . Y o u r  c u r re n t V E S T  d o w n lo a d   in c lu d e s  a ll th e  c o d e  
f o r a ll o f  th e  V E S T  in te r p r e te r s . T h e  in te r p r e te r s  c a n  b e  b u ilt u s in g  M ic ro s o f t V is u a l 
S tu d io  .N E T  2 0 0 3 . If  y o u  d o  n o t h a v e  th is  v e r s io n  o f  V is u a l S tu d io , y o u  w ill n e e d  to  g e t 
it b e f o re  y o u  c a n  b u ild  th e  in te r p r e te r s . 

T o  b u ild  th e  in te rp r e te r s , fo llo w  th e s e  s te p s : 

• In  th e  [ In s ta llD ir] /V E S T  d ir e c to r y , o p e n  th e  s o lu tio n  n a m e d  “ V e s tIn te r p r e te r s .s ln ”  
in  V is u a l S tu d io  .N E T  2 0 0 3  

• U n d e r  th e  “ B u ild ”  m e n u , c h e c k  th e  “ C o n f ig u r a tio n  M a n a g e r ”  s e ttin g s . M a k e  s u r e  
it is  s e t to  “ R e le a s e ” . C h a n g e  it to  “ R e le a s e ”  if  it is  n o t s e t to  th a t 

• S e le c t “ B u ild  S o lu tio n ”  u n d e r  th e  B u ild  m e n u . T h e  in te rp r e te r s  s h o u ld  b e g in  
b u ild in g  

• Y o u  s h o u ld  n o t e n c o u n te r a n y  e r ro r s . If  y o u  d o , c o n ta c t th e  V E S T  te a m  

• O n c e  s u c c e s s f u lly  b u ilt, y o u  a r e  r e a d y  to  lo a d  a n d  r u n  a  V E S T  p ro je c t 

3 .2 .4  L o a d in g  a n d  R u n n in g  a  V E S T  p r o j e c t  

O n c e  y o u r V E S T  m e ta m o d e l is  r e g is te r e d  w ith  th e  s y s te m , y o u  c a n  th e n  lo a d  a n d  r u n  
V E S T  p r o je c ts . F o llo w  th e s e  s te p s  to  lo a d  a n d  ru n  a  V E S T  p r o je c t in c lu d e d  w ith  y o u r  
d o w n lo a d :  

3 .2 .4 .1  X M L  F o r m a t  

S te p  1 :  
• O p e n  th e  “ S c e n a r io 3 2 M u ltiP r o c e s s o r ”  p r o je c t u s in g  th e   “ Im p o r t X M L ”  o p tio n  

u n d e r th e  file  m e n u  
o T h e  p r o je c t file  is  lo c a te d  a t [ In s ta llD ir ] /V E S T  

S te p  2 :  
• Y o u  w ill s e e  a  “ Im p o r t to  n e w  p r o je c t”  d ia lo g  b o x  s im ila r to  th e  o n e  in  F ig u r e  3 -5  

o L e a v e  th e  d e f a u lt s e le c tio n  a s  w e  w ill s to r e  o u r p r o je c t in  a  file  
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S te p  3 :  

• C h o o s e  a  n a m e  a n d  lo c a tio n  to  s to re  th e  p r o je c t file  
• C lic k  “ O p e n ”  

o G M E  w ill re a d  th e  X M L  d a ta , c o n v e rt it to  a  V E S T  p ro je c t a n d  lo a d  it 

3 .2 .4 .2  G M E  P r o je c t  F ile  

S te p  1 :  
• C lic k  “ O p e n  P ro je c t… ”  u n d e r th e  F ile  m e n u  

o T h e  d ia lo g  b o x  in  F ig u r e  3 -5  w ill a p p e a r  
 
S te p  2 :  

• L e a v e  th e  d e f a u lt s e le c tio n  a n d  c lic k  “ N e x t”  
o A n  F ile  S e le c to r  d ia lo g  b o x  lik e  F ig u re  3 - 2  w ill a p p e a r 

 
S te p  3 :  

• S e le c t “ S c e n a r io 3 2 M u ltiP r o c e s s o r .m g a ”  f ro m  [ In s ta llD ir] /V E S T  
• C lic k  “ O p e n ”  

o G M E  w ill o p e n  th e  V E S T  p ro je c t a n d  lo a d  it 
 
A f te r  th e  p ro je c t h a d  lo a d e d , y o u  s h o u ld  o b s e r v e  s e v e r a l th in g s . R e f e r  to  F ig u r e  4 -1  

• T h e  P ro je c t n a m e  “ S c e n a rio 3 2 M u ltiP ro c e s s o r”  s h o u ld  a p p e a r a s  th e  r o o t tr e e  ite m  
in  th e  P r o je c t B ro w s e r w in d o w  

• T h e r e  s h o u ld  b e  6  ic o n s  in  th e  in te r p re te rs  s e c tio n  a s  s h o w n  in  F ig u re  3 - 9  
• If  a n y  o f th e s e  in te rp r e te rs  a re  m is s in g  fr o m  y o u r  to o lb a r , c o n tin u e  w ith  S e c tio n  

3 .2 .5  
• If  a ll o f  th e  ic o n s  lis te d  a r e  th e r e , y o u r  V E S T  p r o je c t h a s  lo a d e d  c o r r e c tly . E a c h  o f  

th e s e  c h e c k s  w ill b e  d e s c r ib e d  in  d e ta il in  la te r  s e c tio n s  
 

 
 

 
F ig u r e  3 - 9  

3 .2 .5  M a n u a lly  A d d in g  I n t e r p r e t e r s  t o  V E S T  

T o  m a n u a lly  a d d  r e g is te r e d  in te r p r e te r s  to  th e  V E S T  to o lb a r, f o llo w  th e s e  s te p s : 

S te p  1 :  
• G o  to  “ R e g is te r C o m p o n e n ts ”  u n d e r  th e  F ile  m e n u  
• T h is  w ill b rin g  u p  th e  C o m p o n e n ts  d ia lo g  a s  s h o w n  in  F ig u r e  3 -1 0  

o T h is  lis ts  a ll th e  c u r re n tly  r e g is te re d  c o m p o n e n ts  

S te p  2 :  
• If  th e  m is s in g  in te rp re te r is  lis te d  

B u ffe r - S iz e  C h e c k  

M e m o r y  C h e c k  S c h e d u lin g  C h e c k  

X M L  O u tp u t 

P r e s c r ip tiv e  A s p e c t I n te r p r e te r  E v e n t C h e c k  
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o S e le c t th e  in te r p r e te r th a t is  m is s in g  
o C lic k  “ T o g g le ”  
o T h e  g r e e n  ic o n  to  th e  le f t o f th e  in te rp r e te r  n a m e  s h o u ld  c o n ta in  a n  

e x c la m a tio n  m a r k  a t th is  p o in t 
o C lic k  “ C lo s e ”  
o T h e  ic o n  s h o u ld  n o w  b e  v is ib le  o n  th e  to o lb a r  

 

 
F ig u r e  3 - 1 0  

 
S te p  3 :  

• If  th e  in te rp r e te r  is  n o t lis te d  in  th e  C o m p o n e n ts  d ia lo g  
o C lic k  “ In s ta ll N e w ”  
o T h is  w ill b rin g  u p  a  file  s e le c to r d ia lo g  b o x  
o S e le c t th e  D L L  fr o m  th e  s u b - d ir e c to r y  o f th e  m is s in g  in te rp r e te r  u n d e r  

[ In s ta lla tio n  D ire c to r y ] /V E S T  
o C lic k  “ O p e n ”  

• T h e  X M L  O u tp u t D L L  m a y  n o t s h o w  e v e n  a f te r  th is  s te p . T o  f ix  
th is  p r o b le m , fo llo w  th e s e  s te p s  

• C lic k  o n  th e  “ A ll”  r a d io  b u tto n  u n d e r  “ S h o w  C o m p o n e n ts ”  
• Y o u  s h o u ld  s e e  a n  g r a y e d -o u t e n tr y  fo r  X M L  O u tp u t 
• S e le c t th is  e n tr y  a n d  c lic k  th e  “ T o g g le ”  b u tto n  

o C lic k  “ C lo s e ”  o n  th e  C o m p o n e n ts  d ia lo g  b o x  
o T h e  ic o n  f o r  th a t in te rp r e te r  s h o u ld  n o w  b e  v is ib le  o n  th e  to o lb a r 
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4  T h e  V E S T  T o o l 

4 .1  C o m p o s itio n  E n v ir o n m e n t 
 

  

F ig u r e  4 - 1  

 
T h e  c o m p o s itio n  e n v iro n m e n t o f V E S T  is  s h o w n  in  F ig u r e  4 - 1 . It c o n s is ts  o f  4  m a in  
p a n e ls  a s  s h o w n  b y  th e  b o ld  title s  o f  th e  f ig u r e  a n d  o th e r p a r ts  th a t a r e  m o s tly  G M E  
s p e c if ic . E a c h  o f  th e s e  p a rts  o f th e  to o l is  d e s c rib e d  b e lo w : 

4 .1 .1  M o d e l E d it in g  W in d o w  

It is  th e  m a in  c a n v a s  o f th e  to o l a n d  c o n ta in s  th e  p r o d u c t u n d e r  d e v e lo p m e n t. F o r  
e x a m p le , F ig u re  4 - 1  s h o w s  a  p ro d u c t w ith  fo u r  a c tu a l c o m p o n e n ts  ( P I L O T _ C O N T R O L , 
W A Y P O IN T _ P R O X Y , W A Y P O IN T  a n d  F L T _ P L A N _ D IS P L A Y )  in  th e  M o d e l E d itin g  
W in d o w . 
 
M o d e ls  in  V E S T  c a n  b e  h ie ra r c h ic a l. T h is  m e a n s  th a t a  c e r ta in  c o m p o n e n t c a n  b e  
c o m p o s e d  o f  s u b -c o m p o n e n ts . C o m p o n e n ts  d is p la y e d  o n  th e  s a m e  c a n v a s  a r e  o n  th e  
s a m e  h ie ra r c h ic a l le v e l o f th e  d e s ig n . T h e  s u b - c o m p o n e n ts  o f a  c o m p o n e n t c a n  b e  v ie w e d  
b y  d o u b le - c lic k in g  o n  th e  h ig h e r- le v e l c o m p o n e n t. T h is  o p e n s  u p  a  n e w  c a n v a s  

T itle  B a r  

M e n u  B a r  

M o d e  B a r  

M o d e l 
E d it in g  
W in d o w  

C o m p o n e n t  
B r o w s e r  

S ta tu s  
B a r  

R e s to r e -d o w n  
b u tto n  

In te r p r e te r s  

P r o j e c t  
B r o w s e r  

A t t r ib u t e  
W in d o w  

T o o l B a r  
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d is p la y in g  th e  s u b - c o m p o n e n ts  o f  th e  h ig h - le v e l c o m p o n e n t. F o r  e x a m p le , w h e n  w e  
d o u b le - c lic k  th e  P I L O T _ C O N T R O L  c o m p o n e n t in  F ig u r e  4 -1  a b o v e , w e  g e t a  n e w  a  
c a n v a s  d is p la y in g  its  s u b - c o m p o n e n ts  a s  s h o w n  in  F ig u re  4 - 2 . 
 

 
F ig u r e  4 - 2  

B y  d e fa u lt, a ll c a n v a s e s  o p e n  u p  m a x im iz e d . B y  c lic k in g  o n  th e  r e s to r e - d o w n  b u tto n  
s h o w n  in  F ig u r e  4 - 1 , a ll th e  c u rr e n t c a n v a s e s  th a t h a v e  b e e n  o p e n e d  a p p e a r in  th e  M o d e l 
E d itin g  W in d o w  a s  s h o w n  in  F ig u r e  4 - 2 . E a c h  s u b -w in d o w  h a s  th e  n a m e  o f th e  p a r e n t 
c o m p o n e n t in  its  title  b a r . 

4 .1 .2  P r o j e c t  B r o w s e r  

T h e  P ro je c t B r o w s e r h a s  th r e e  d iff e re n t v ie w s  a s  s h o w n  b y  th e  ta b s  in  F ig u r e  4 -3 . T h e  
A g g r e g a te  v ie w  d is p la y s  th e  h ie r a r c h ic a l s tr u c tu r e  o f th e  p r o d u c t u n d e r d e v e lo p m e n t 
f ro m  th e  h ig h e s t le v e l o f th e  p r o je c t. F o r  e x a m p le , it c a n  b e  s e e n  in  th e  fig u r e  th a t th e  
S o f tw a re  la y e r  h a s  f o u r  c o m p o n e n ts  (P IL O T _ C O N T R O L , W A Y P O IN T _ P R O X Y , 
W A Y P O IN T  a n d  F L T _ P L A N _ D IS P L A Y ) a n d  th a t th e  P IL O T _ C O N T R O L  c o m p o n e n t 
h a s  s ix  s u b - c o m p o n e n ts  -  2  re f e re n c e s  (d is c u s s e d  la te r ) a n d  4  s o f tw a re  c o m p o n e n ts . 
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F ig u r e  4 - 3  

T h e  A g g re g a te  v ie w  a ls o  p r o v id e s  a  c o n v e n ie n t w a y  o f  n a v ig a tin g  b e tw e e n  v a r io u s  le v e ls  
o f  th e  p ro d u c t b e in g  d e s ig n e d . A  u s e r  c a n  o p e n  th e  c a n v a s  a s s o c ia te d  w ith  s o m e  m o d e l 
la y e r  o r  c o m p o n e n t b y  d o u b le -c lic k in g  o n  its  n a m e  in  th e  tre e  s tru c tu r e . F o r  e x a m p le , th e  
P IL O T _ C O N T R O L  c a n v a s  w a s  o p e n e d  in  F ig u r e  4 -2  b y  d o u b le  c lic k in g  o n  its  n a m e  in  
th e  a g g r e g a te  v ie w  tr e e . W h e n  a  p a rtic u la r le v e l is  c h o s e n , a ll th e  a v a ila b le  c o m p o n e n ts  
f o r th a t le v e l a re  d is p la y e d  in  th e  C o m p o n e n t B r o w s e r. F o r  e x a m p le , F ig u r e  4 -2  s h o w s  th e  
c o m p o n e n ts  th a t c a n  b e  in s e r te d  in to  th e  P IL O T _ C O N T R O L  c a n v a s . F in a lly , th e  
a g g re g a te  v ie w  a llo w s  a  u s e r  to  r e n a m e  c o m p o n e n ts . C o m p o n e n ts  c a n  b e  r e n a m e d  b y  
c lic k in g  o n  th e  c o m p o n e n t’ s  n a m e  a n d  fo llo w in g  th e  s ta n d a rd  W in d o w s  f ile  r e n a m in g  
p r o c e d u r e . 
  
T h e  I n h e r ita n c e  v ie w  is  u s e d  to  v is u a liz e  th e  ty p e  in h e r ita n c e  h ie r a r c h y  o f th e  m o d e l 
c u rr e n tly  s e le c te d  in  th e  M o d e l E d itin g  W in d o w . O u r  e x a m p le  a b o v e  d o e s n ’t h a v e  a n y  
in h e r ita n c e . T h e  M e ta  v ie w  s h o w s  th e  V E S T  m o d e lin g  la n g u a g e  a t a  g la n c e . It d is p la y s  
th e  le g a lly  a v a ila b le  a rr a y  o f  F o ld e r s  a n d  o b je c ts  th a t c a n  b e  a d d e d  to  s o m e  le v e l w ith in  
th e  a g g r e g a te  h ie r a r c h y . In  V E S T , a s  s h o w n  in  F ig u r e  4 -3 , a t th e  h ig h e s t le v e l a ls o  k n o w n  
a s  th e  “ R o o tF o ld e r ”  le v e l, w e  c a n  a d d  “ A s p e c t” , “ H a r d w a r e ” , “ M id d le w a re ” , “ O S ”  a n d  
“ S o f tw a r e ”  F o ld e r s  to  a  V E S T  p ro je c t. W ith in  e a c h  o f th e s e  f o ld e r s , w e  c a n  a d d  m o d e ls . 
F o r  e x a m p le , in  th e  S o f tw a re  fo ld e r, w e  c a n  a d d  a  S o ftw a r e  m o d e l. W ith in  th is  m o d e l 
m o re  p a r ts  c a n  b e  a d d e d . F o r  e x a m p le , w e  c a n  a d d  S o f tw a r e  C o m p o n e n ts  a n d  S o f tw a r e  
T im e r s  to  a  S o f tw a r e  m o d e l. 
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4 .1 .3  C o m p o n e n t  B r o w s e r  

T h e  C o m p o n e n t B r o w s e r  d is p la y s  a ll th e  c o m p o n e n ts  a v a ila b le  in  a  p a r tic u la r  c o m p o n e n t 
lib r a r y . In  V E S T , th e r e  a re  fo u r  c o m p o n e n t lib ra r ie s : a p p lic a tio n , m id d le w a r e , O S  a n d  
h a rd w a re . 
 

 
F ig u r e  4 - 4  

F ig u r e  4 -4  s h o w s  a ll th e  c o m p o n e n ts  a v a ila b le  in  th e  H a r d w a r e  c o m p o n e n t lib r a r y . 
M e m o r y , P ro c e s s o r, C a c h e , M e m o r y , e tc  a r e  a ll th e  a v a ila b le  h a rd w a re  c o m p o n e n ts  th a t 
c a n  b e  in s e rte d  in to  o u r  d e s ig n . A  u s e r  c a n  in s e rt a  c o m p o n e n t in to  a  d e s ig n  b y  le f t-
c lic k in g  o n  a  c o m p o n e n t in  th e  C o m p o n e n t B ro w s e r a n d  d r a g g in g  it o n to  th e  d e s ig n  
c a n v a s . If  a  r e f e re n c e  is  d r a g g e d , a  n u ll re f e re n c e  is  c r e a te d  b e c a u s e  th e  ta r g e t c o m p o n e n t 
is  u n s p e c if ie d . R e f e r e n c e s  c a n  b e  r e d ir e c te d  a t a n y  tim e  b y  d ro p p in g  a  n e w  ta r g e t o n  to p  
o f  th e m  (S e e  S e c tio n  5 .1 .7 ) .  
 
T h e r e  a r e  tw o  p r iv ile g e  le v e ls  w ith  r e s p e c t to  lib ra r y  a c c e s s . T h e  f ir s t le v e l is  fo r  u s e r s  
w ith  o n ly  r e a d  a c c e s s  to  th e  lib ra r ie s . A  s y s te m  d e s ig n e r  is  a n  e x a m p le  o f  s u c h  a  u s e r. A  
s y s te m  d e s ig n e r c a n  u s e  th e  p r e d e fin e d  c o m p o n e n ts  in  a  lib r a r y  to  b u ild  a  s y s te m  d e s ig n  
b u t c a n n o t m o d if y  th e  lib r a r y  in  a n y  w a y . T h e  s e c o n d  le v e l is  f o r u s e rs  w ith  b o th  re a d  a n d  
w r ite  a c c e s s  to  th e  lib r a rie s . A  V E S T  lib r a r y  a d m in is tr a to r  is  a n  e x a m p le  o f  s u c h  a  u s e r. 
A  V E S T  lib ra r y  a d m in is tra to r c a n  a d d  c o m p o n e n ts  to  th e  lib ra r y .  

4 .1 .4  A t t r ib u t e  W in d o w  

T h e  A ttrib u te  W in d o w  d is p la y s  a ll th e  a ttrib u te s  ( re f le c tiv e  in fo rm a tio n ) o f a  p a r tic u la r  
c o m p o n e n t w h e n  th a t c o m p o n e n t is  h ig h lig h te d . F o r e x a m p le , th e  P IL O T _ C O N T R O L  
c o m p o n e n t o f  F ig u r e  4 - 1  is  h ig h lig h te d  a n d  its  a ttr ib u te d  a re  d is p la y e d  in  th e  A ttrib u te  
W in d o w . T h e  c o m p o n e n t’ s  n a m e  (w h ic h  is  a ls o  a n  a ttrib u te  o f  th e  c o m p o n e n t)  a p p e a rs  in  
a  s e p a r a te  te x t b o x  a t th e  to p  o f  th e  a ttr ib u te s  w in d o w . T h e  n a m e  o f  th e  c o m p o n e n t c a n  b e  
c h a n g e d  h e r e .  
 



VE S T  U s e r s  M a n u a l  1 9  

T h e  A ttrib u te s  W in d o w  h a s  th r e e  ta b s  ( s e e  F ig u r e  4 - 1 )  –  o n e  f o r  th e  c o m p o n e n t’ s  
a ttr ib u te s , o n e  fo r th e  c o m p o n e n t’ s  p r e f e re n c e s  a n d  a n o th e r f o r th e  c o m p o n e n t’ s  
p r o p e r tie s . T h e  a ttrib u te s  ta b  a llo w s  a  u s e r  to  s e t V E S T  s p e c if ic  a ttr ib u te  v a lu e s  f o r a  
c o m p o n e n t. T h e  p r e f e r e n c e  ta b  a llo w s  th e  u s e r  to  d e f in e  g e n e r a l p r e f e r e n c e s  f o r a  
c o m p o n e n t s u c h  a s  c o lo r , ic o n  n a m e , e tc . T h e  p r o p e r tie s  ta b  lis ts  c o n s ta n t p r o p e r tie s  o f a  
c o m p o n e n t a s  d e f in e d  b y  th e  V E S T  p a ra d ig m  s u c h  a s  c o m p o n e n t ty p e , k in d , e tc . 
 
T h e  c o m m o n  a ttr ib u te s  o f c o m p o n e n ts  in c lu d e : 

• W C E T  (w o rs t c a s e  e x e c u tio n  tim e )  
• m e m o r y  fo o tp rin t  
• d a ta  r e q u ir e m e n ts   
• in te r fa c e  a s s u m p tio n s   
• im p o r ta n c e   
• in itia liz a tio n  r e q u ir e m e n ts  
• e n v ir o n m e n t r e q u ir e m e n ts  s u c h  a s  

- m u s t b e  a b le  to  d is a b le  in te r ru p ts   
- r e q u ir e s  v irtu a l m e m o r y   
- c a n n o t b lo c k  th e  c o d e  its e lf  
- p r e e m p tio n  v s . n o n -p r e e m p tio n  

• p o w e r  r e q u ir e m e n ts  ( if  a  h a r d w a r e  c o m p o n e n t)  
• b u f fe r  ra te  

 
T h is  lis t is  illu s tra tiv e  a n d  n o t c o m p re h e n s iv e . It s h o u ld  g iv e  th e  r e a d e r a  f e e l f o r th e  ty p e  
o f  re f le c tiv e  in fo r m a tio n  V E S T  s to r e s  f o r e a c h  c o m p o n e n t.  
 
W h e n e v e r  a  c o m p o n e n t is  a d d e d  to  a  d e s ig n , a ttr ib u te s  th a t w e r e  d e s ig n e d  w ith  d e f a u lt 
v a lu e s  g e t in itia liz e d  w ith  th o s e  v a lu e s . T h e  o th e r a ttr ib u te s  h a v e  n o  v a lu e s  a s s ig n e d  to  
th e m . D e fa u lt v a lu e s  a p p e a r  g r a y e d  o u t in  th e  A ttr ib u te  W in d o w . U s e r -s p e c ifie d  a ttr ib u te  
v a lu e s  a p p e a r  in  b la c k . A ttr ib u te s  ( d e fa u lt a n d  u s e r -s p e c if ie d )  c a n  b e  m o d ifie d  in  th e  
A ttrib u te  W in d o w . T h e s e  v a lu e s  c a n  c o m e  a s  s in g le  o r  m u lti-lin e  te x t b o x e s , to g g le  
b u tto n s , c o m b o  b o x e s  o r c o lo r p ic k e rs . V a lu e s  c a n  b e  a s s ig n e d  to  th e m  u s in g  th e  s ta n d a r d  
W in d o w s  p r o c e d u r e s  f o r  e d itin g  s u c h  d a ta  e n tr y  f ie ld s . C h a n g e s  m a d e  to  a n  a ttr ib u te ’s  
v a lu e  a r e  im m e d ia te .  

4 .1 .5  M e n u  B a r  

It c o n ta in s  c o m m a n d s  f o r  c e rta in  o p e ra tio n s  o n  th e  m o d e l. T h e  m e n u  b a r  in  th e  V E S T  
G U I e n v ir o n m e n t c o n ta in s  th e  s a m e  o p tio n s  a s  th e  G M E  to o l. H e r e  is  a  b r ie f  o v e r v ie w  o f  
th e  c o m m a n d s  a v a ila b le  o n  th e  m e n u . F o r m o r e  in fo r m a tio n  o n  a n y  o f  th e s e  c o m m a n d s , 
p le a s e  r e f e r  to  th e  G M E  d o c u m e n ta tio n . 
 

F ile :   
C o n ta in s  th e  fo llo w in g  p r o je c t- a n d  m o d e l- r e la te d  c o m m a n d s :       
• C r e a te  a  n e w  p r o je c t 
• O p e n , c lo s e , s a v e  o r a b o r t a n  e x is tin g  p r o je c t 
• Im p o r t, e x p o r t o r u p d a te  a  p r o je c t in  X M L  fo rm a t 
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• P r in t c o n te n ts  o f  a c tiv e  w in d o w  
• R e g is te r p a r a d ig m s  a n d  c o m p o n e n ts  
• C h e c k  o r  d is p la y  m o d e l c o n s tra in ts  
• S e t G M E - s p e c ific  p a ra m e te r s  
• R u n  m o d e l in te r p re te rs  o r  p lu g - in s  ( p a ra d ig m - in d e p e n d e n t 

in te r p re te rs )  
• E x it G M E  

 
E d it :  

C o n ta in s  th e  fo llo w in g  e d itin g  c o m m a n d s        
• U n d o , r e d o  u p  to  la s t 1 0  o p e r a tio n s  
• C le a r u n d o  q u e u e  
• V ie w /E d it c u r r e n t p ro je c t p r o p e rtie s  
• S h o w  p a r e n t, b a s e ty p e  o r  ty p e  o f a  m o d e l if a p p lic a b le  
• C o p y , p a s te , d e le te , s e le c t a ll 
• C a n c e l p e n d in g  o p e ra tio n  
• V ie w /E d it c u r r e n t m o d e l p re f e re n c e s  
• V ie w /E d it c u r r e n t o b je c t’ s  r e g is tr y  
• V ie w /E d it s y n c h  a s p e c ts  

 
V ie w :   

A llo w s  th e  to g g lin g  o n  a n d  o ff  o f  th e   
• T o o lb a r, S ta tu s  B a r  
• C o m p o n e n t B ro w s e r  ( c a lle d  P a r t B ro w s e r in  G M E )  
• A ttrib u te  W in d o w  ( c a lle d  A ttr ib u te  B r o w s e r in  G M E ) 
• P r o je c t B ro w s e r ( c a lle d  B r o w s e r in  G M E )  

 
W in d o w :   

• C a s c a d e , T ile , A r r a n g e  I c o n s  –  s ta n d a rd  W in d o w s  f u n c tio n s  
 

H e lp :   
• C o n te n ts  –  S h o w s  o n lin e  h e lp  c o n te n ts  G M E  
• H e lp  –  S h o w s  c o n te x t s e n s itiv e , u s e r- s p e c if ie d  h e lp  
• A b o u t –  S ta n d a r d  W in d o w s  fu n c tio n a lity  

4 .1 .6  T o o l B a r  

 
F ig u r e  4 - 5  

 
T h e  to o lb a r  c o n ta in s  ic o n  s h o r tc u ts  f o r c e r ta in  e d itin g  fu n c tio n s  th a t a r e  a v a ila b le  o n  th e  
m e n u . V E S T  s p e c if ic  fu n c tio n a lity  a p p e a r s  in  th e  C o m p o n e n ts  s e c tio n  o f  th e  to o l b a r  a s  
s h o w n  in  F ig u r e  4 -5 . L o c a te d  h e r e  a r e  ic o n s  th a t im p le m e n t in te rp r e te r s . I n  o u r c a s e , w e  
h a v e  ic o n s  f o r  a s p e c t c h e c k s  a n d  p r e s c r ip tiv e  a s p e c ts . A  d e v e lo p e r  c a n  in v o k e  a n  a s p e c t 
c h e c k  b y  c lic k in g  o n  a  c o rr e s p o n d in g  ic o n  o n  th e  to o l b a r . F o r  e x a m p le , b y  c lic k in g  th e  

V E S T  in te r p r e te r s  
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ic o n  w ith  a n  “ S ”  in  it in  F ig u r e  4 -5 , th e  u s e r  c a n  in v o k e  th e  re a l-tim e  s c h e d u la b ility  
a n a ly s is  a s p e c t c h e c k . H e  c a n  a ls o  a p p ly  a  p r e s c r ip tiv e  a s p e c t b y  in v o k in g  a n  a s p e c t 
in te r p re te r fr o m  a n  ic o n  o n  th e  to o l b a r . M o r e  d e ta ils  a b o u t th e  c h e c k s  a v a ila b le  in  V E S T  
a re  in  S e c tio n  4 .2 . 

4 .1 .7  M o d e  B a r  

  
F ig u r e  4 - 6  

 
C o n ta in s  b u tto n s  f o r s e le c tin g  th e  e d itin g  m o d e . E a c h  o f th e  m o d e s  is  d e s c r ib e d  h e r e  
b r ie f ly . R e f e r  to  th e  G M E  d o c u m e n ta tio n  f o r m o r e  d e ta ile d  in f o rm a tio n . 
 
F ig u r e  4 -6  in d ic a te s  th e  b u tto n s  u s e d  to  s e le c t th e  d if f e r e n t e d itin g  m o d e s . T h e  e d itin g  
m o d e s  a r e  N o r m a l, A d d  C o n n e c tio n , D e le te  C o n n e c tio n , S e t M o d e , Z o o m  M o d e  a n d  
V is u a liz a tio n . 
 

N o r m a l M o d e  - T h is  m o d e  is  u s e d  to  a d d , d e le te , m o v e  o r c o p y  p a rts  w ith in  
e d itin g  w in d o w s  
• A  c o m p o n e n t c a n  b e  a d d e d  b y  le ft- c lic k - d r a g g in g  th e  c o m p o n e n t o n to  a  

c a n v a s  f r o m  th e  c o m p o n e n t b ro w s e r  
• A  c o m p o n e n t c a n  b e  m o v e d  b y  le ft- c lic k -d r a g g in g  th e  c o m p o n e n t 

o T h is  c a n  b e  d o n e  a c r o s s  c a n v a s e s  a ls o  a s  lo n g  a s  th e  V E S T  m o d e lin g  
p a ra d ig m  is  n o t v io la te d  

• A  c o m p o n e n t c a n  b e  d e le te d  o r c o p ie d  b y  rig h t- c lic k in g  th e  c o m p o n e n t a n d  
c h o o s in g  th e  a p p r o p r ia te  o p tio n  

o A  c o m p o n e n t c a n  a ls o  b e  d e le te d  a ls o  b y  s e le c tin g  th e  c o m p o n e n t a n d  
h ittin g  th e  “ D e le te ”  k e y  o n  th e  k e y b o a rd  

o A  c o m p o n e n t c a n  a ls o  b e  c o p ie d  b y  h o ld in g  th e  C T R L - k e y  d o w n  
w h ile  le ft- c lic k -d r a g g in g  th e  c o m p o n e n t 

 
A d d  C o n n e c t io n  M o d e  –  T h is  m o d e  a llo w s  c o n n e c tio n s  to  b e  m a d e  b e tw e e n  
c o m p o n e n ts  
• C o n n e c tio n s  a r e  V E S T - p a ra d ig m  s p e c if ic  a n d  w ill o n ly  b e  a llo w e d  b e tw e e n  

le g a l c o m p o n e n ts  
o If  y o u  a tte m p t to  c o n n e c t tw o  in c o m p a tib le  c o m p o n e n ts , G M E  w ill 

d is p la y  a n  e r r o r m e s s a g e  
• C o n n e c tio n s  a re  d ir e c tio n a l in  n a tu r e  

N o r m a l 

A d d  C o n n e c tio n  

D e le te  
C o n n e c tio n  S e t M o d e  

V is u a liz a tio n  V is u a liz a tio n  
Z o o m  
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o C o n n e c tio n s  c a n  b e  m a d e  b y  s w itc h in g  to  a d d  c o n n e c tio n  m o d e , le f t-
c lic k in g  th e  s o u r c e  c o m p o n e n t a n d  th e n  le ft- c lic k in g  th e  d e s tin a tio n  
c o m p o n e n t 

o C o n n e c tio n s  c a n  a ls o  b e  m a d e  in  n o r m a l m o d e  b y  rig h t- c lic k in g  th e  
s o u rc e  c o m p o n e n t, s e le c tin g  “ C o n n e c t”  a n d  th e n  le f t- c lic k in g  th e  
d e s tin a tio n  c o m p o n e n t 

 
D e le t e  C o n n e c tio n  M o d e  –  E x is tin g  c o n n e c tio n s  b e tw e e n  c o m p o n e n ts  c a n  b e  
r e m o v e d  in  th is  m o d e   
• C o n n e c tio n s  c a n  b e  re m o v e d  e ith e r  b y  

o le f t-c lic k in g  th e  c o n n e c tio n  
o le f t-c lic k in g  th e  s o u r c e /d e s tin a tio n  c o m p o n e n ts  

 
S e t  M o d e  –  C a n  d e fin e  s e ts  a n d  s e t m e m b e rs  in  th is  m o d e  

 
Z o o m  M o d e  –  A llo w s  u s e r  to  v ie w  a  m o d e l a t d if f e r e n t le v e ls  o f  m a g n ific a tio n  
• L e f t- c lic k in g  a n y w h e r e  in  th e  m o d e l w in d o w  z o o m s  in  a n d  r ig h t-c lic k in g  

z o o m s  o u t 
 

V is u a liz a t io n  M o d e  –  A llo w s  s in g le  o b je c ts  a n d  c o lle c tio n s  o f  o b je c ts  to  b e  
v is u a lly  h ig h lig h te d . T h is  is  u s e f u l f o r  e x a m in in g  o r  a n a ly z in g  la r g e  o r c o m p le x  
m o d e ls .  
• In itia lly  s e le c tin g  th is  m o d e  g ra y s  o u t a ll th e  c o m p o n e n ts  a n d  c o n n e c tio n s  
• L e f t- c lic k in g  a n y  c o m p o n e n t to g g le s  its  v is ib ility  

o L e f t- c lic k in g  a  c o n n e c tio n  to g g le s  th e  v is ib ility  o f  its  e n d  c o m p o n e n ts  
• R ig h t- c lic k in g  a  c o m p o n e n t w ill to g g le  th e  v is ib ility  o f  th e  c o m p o n e n t a n d  th e  

c o m p o n e n ts  a t th e  e n d s  o f  its  c o n n e c tio n s  

4 .1 .8  S t a t u s  B a r  

T h e  lin e  a t th e  b o tto m  w h ic h  s h o w s  s ta tu s  a n d  e rr o r m e s s a g e s , c u rr e n t e d it m o d e  ( e .g . 
E D IT , C O N N E C T , e tc .) , z o o m  fa c to r , p a r a d ig m  n a m e  (e .g . V E S T ) , a n d  c u rr e n t tim e . 

4 .1 .9  T it le  B a r  

In d ic a te s  th e  c u r r e n tly  lo a d e d  p r o je c t. 

4 .2  A s p e c t C h e c k s  

O n e  g o a l o f  V E S T  is  to  p r o v id e  s u p p o r t fo r  v a r io u s  ty p e s  o f d e p e n d e n c y  c h e c k in g  a m o n g  
c o m p o n e n ts  d u r in g  th e  c o m p o s itio n  p r o c e s s . D e p e n d e n c y  c h e c k s  a r e  in v o k e d  to  e s ta b lis h  
c e rta in  p r o p e rtie s  o f th e  c o m p o s e d  s y s te m . T h is  is  a  c r itic a l p a rt o f r e a l-tim e  e m b e d d e d  
s y s te m  d e s ig n  a n d  im p le m e n ta tio n . S o m e  d e p e n d e n c y  c h e c k s  a r e  s im p le  a n d  h a v e  b e e n  
u n d e rs to o d  f o r  a  lo n g  tim e . W e  c a ll th e s e  in tr a -  a n d  in te r- c o m p o n e n t d e p e n d e n c y  c h e c k s . 
O th e r d e p e n d e n c ie s  a r e  v e r y  d if fic u lt a n d  e v e n  in s id io u s . W e  r e fe r  to  th e s e  a s  
c ro s s c u ttin g  d e p e n d e n c ie s  o r a s p e c t c h e c k s . A s p e c t c h e c k in g  is  a n  e x p lic it c h e c k  a c ro s s  
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c o m p o n e n ts  th a t e x is t in  th e  c u r re n t p ro d u c t c o n fig u r a tio n . W e  h a v e  id e n tif ie d  m a n y  
a s p e c t c h e c k s  th a t w o u ld  h e lp  a  d e v e lo p e r  a v o id  d iff ic u lt to  fin d  e r r o r s  w h e n  c r e a tin g  
e m b e d d e d  s y s te m s  fr o m  c o m p o n e n ts . In  m a n y  c a s e s  th e  im p o r ta n t th in g  is  id e n tif y in g  th e  
c h e c k  r e q u ire d  a n d  im p le m e n tin g  it s o  th a t it is  a u to m a tic . A lth o u g h  th e  im p le m e n ta tio n  
o f  s o m e  c h e c k s  m a y  b e  s im p le , w h e n  th e s e  c h e c k s  a r e  c o m b in e d  w ith  a ll th e  o th e r  
f e a tu r e s  o f  V E S T , th e  r e s u lt is  a  p o w e rf u l to o l. V E S T  c u r re n tly  s u p p o r ts  fo u r  d iff e r e n t 
a s p e c t c h e c k s  –  b u f f e r - s iz e  c h e c k , m e m o r y  c h e c k , e v e n t c h e c k  a n d  a n  e n d - to -e n d  r e a l-
tim e  s c h e d u la b ility  c h e c k . E a c h  o f  th e s e  c h e c k s  is  d e s c rib e d  in  th e  f o llo w in g  s u b -
s e c tio n s . 

4 .2 .1  B u f f e r - S iz e  C h e c k  

T h is  c h e c k  b r o w s e s  th r o u g h  a  s y s te m  a n d  fo r  e a c h  b u f fe r , a d d s  u p  its  to ta l b u f fe r  
c o n s u m p tio n  b a s e d  o n  th e  ra te  o f e x e c u tio n  o f its  c o n s u m e r s . T h e n  it b ro w s e s  th ro u g h  th e  
s y s te m , f o r  e a c h  b u f f e r , a d d s  th e  to ta l b u f fe r  p ro d u c tio n  b a s e d  o n  its  r a te  o f  e x e c u tio n  o f  
its  s u p p lie rs . T h e  a s p e c t c h e c k  th e n  c o m p a re s  e a c h  b u f f e r 's  to ta l p ro d u c tio n  w ith  its  to ta l 
c o n s u m p tio n . If  its  to ta l p r o d u c tio n  is  la r g e r  th a n  to ta l c o n s u m p tio n , m e s s a g e s  m ig h t b e  
lo s t. T h e  d e v e lo p e r  is  in f o r m e d . A n  illu s tr a tio n  o f th e  h o w  to  in v o k e  a n d  u s e  th e  b u ff e r -
s iz e  c h e c k  in  V E S T  is  g iv e n  in  S e c tio n  5 .2 .1 . 

4 .2 .2  M e m o r y  C h e c k  

A  m e m o r y  f o o tp rin t c h e c k  is  a v a ila b le  in  V E S T .  T h e re  a r e  tw o  p a r ts  to  th is  c h e c k . T h e  
f ir s t p a r t o f  th e  m e m o r y  f o o tp r in t c h e c k  is  c o n c e r n e d  w ith  m a in  m e m o r y .  It s u m s  th e  
m e m o r y  n e e d e d  b y  a ll th e  c o m p o n e n ts  in  th e  s y s te m  ( in c lu d in g  b u f fe r s  s in c e  th e y  a r e  
a llo c a te d  f ro m  m a in  m e m o r y ) , a n d  a ll th e  a v a ila b le  p h y s ic a l m e m o r y  (R A M )  p ro v id e d  b y  
th e  h a r d w a r e , a n d  c h e c k s  if th e re  is  e n o u g h  p h y s ic a l m e m o r y  in  th e  s y s te m .   
 
T h e  s e c o n d  p a rt o f  th e  m e m o r y  c h e c k  d e a ls  w ith  N V R A M  (e .g ., E E P R O M ) . F o r  s y s te m s  
to  f u n c tio n  c o r r e c tly , s u f fic ie n t N V R A M  fo r  p e r s is te n t c o m p o n e n ts  s h o u ld  b e  p ro v id e d . 
O u r  c h e c k  a s s u r e s  th e  d e v e lo p e r  th a t th e r e  is  e n o u g h  n o n - v o la tile  m e m o r y  to  m e e t th e  
s y s te m ’ s  r e q u ir e m e n t, o r g iv e s  w a rn in g  w h e n  n o t e n o u g h  N V R A M  is  p ro v id e d .  A n  
illu s tr a tio n  o f th e  m e m o ry  f o o tp r in t c h e c k s  in  V E S T  is  g iv e n  in  S e c tio n  5 .2 .1 . 

4 .2 .3  E v e n t  C h e c k  

T h e  e v e n t c h e c k  is  a  s im p le  c h e c k  th a t ite ra te s  th ro u g h  a ll c o m p o n e n ts  a n d  m a k e s  s u r e  
th a t e v e r y  e v e n t s u p p lie r h a s  a n  e v e n t c o n s u m e r  c o rr e s p o n d in g  to  it a n d  e v e r y  e v e n t 
c o n s u m e r  h a s  a n  e v e n t s u p p lie r c o r re s p o n d in g  to  it. M is m a tc h e s  in  th e  e v e n t c h a n n e l a r e  
a u to m a tic a lly  id e n tif ie d . A ls o , c ir c u la r  e v e n t d e p e n d e n c ie s  c a n  b e  c h e c k e d  b y  g o in g  
th ro u g h  th e  e v e n t c h a n n e l. A n  illu s tr a tio n  o f h o w  to  u s e  th e  e v e n t c h e c k  is  g iv e n  in  
S e c tio n  5 .2 .3 . 
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4 .2 .4  R T  S c h e d u lin g  

b lo c k in g

X

im p o rta n c e p re c e d e n c e

XM U F

…  …

XXD M /o ffs e t

XR M

…  …d is trib u te dp e rio d icA n a ly s is b lo c k in g

X

im p o rta n c e p re c e d e n c e

XM U F

…  …

XXD M /o ffs e t

XR M

…  …d is trib u te dp e rio d icA n a ly s is

P la tfo r m /T a s k  S e t In fo r m a tio n
c h a ra c te ris tic s : {p e rio d ic , d is trib u te d }
p a ra m e te rs R M

D M /
o ffs e t

M U F
A n a ly s is
R o u tin e s

s c h e d u la b ility
a s s e s s m e n t

re fle c tiv e
in fo rm a tio n

c o lle c to r

A s s u m p tio n  T a b le  

F ig u r e  4 - 7  

A n  im p o r ta n t c h e c k  f o r r e a l- tim e  e m b e d d e d  s y s te m s  is  th e  s c h e d u la b ility  a n a ly s is  th a t 
v a lid a te s  w h e th e r  a ll ta s k s  c a n  m a k e  th e ir d e a d lin e s . N o te  th a t w h ile  d e s ig n in g  a n d  
im p le m e n tin g  a  s y s te m  th a t m o s t c h a n g e s  m a d e  w ill a f fe c t th e  r e a l- tim e  p r o p e rtie s  o f  th e  
s y s te m . T h is  m a k e s  r e a l- tim e  s c h e d u lin g  a  g lo b a l c ro s s  c u ttin g  d e p e n d e n c y . W h ile  m a n y  
d iff e r e n t s c h e d u la b ility  a n a ly s is  te c h n iq u e s  e x is t, th e y  d iff e r  in  th e ir  a s s u m p tio n s  o n  th e  
ta s k  s e t a n d  n o n e  o f th e  e x is tin g  a n a ly s is  is  a p p lic a b le  to  a ll re a l- tim e  e m b e d d e d  s y s te m s . 
T h e  c o m p a tib ility  b e tw e e n  s c h e d u la b ility  a n a ly s e s  a n d  th e  c h a r a c te r is tic s  o f th e  d e s ig n e d  
s y s te m  is  a  ty p ic a l c ro s s c u ttin g  d e p e n d e n c y  th a t is  “ h id d e n ”  f r o m  th e  d e s ig n e r. U s in g  a n  
in c o m p a tib le  a n a ly s is  o n  a  s y s te m  c a n  le a d  to  tim in g  v io la tio n s  e v e n  w h e n  th e  
s c h e d u la b ility  a n a ly s is  its e lf is  c o r r e c t. T o  h a n d le  d iff e r e n t ty p e s  o f  e m b e d d e d  s y s te m s , 
V E S T  p ro v id e s  a  fle x ib le  a n d  e x te n s ib le  s c h e d u lin g  to o l th a t p ro v id e s  a s p e c t c h e c k s  o n  
th e  c o m p a tib ility  b e tw e e n  e x is tin g  s c h e d u la b ility  a n a ly s e s  a n d  th e  s y s te m . T h is  to o l 
( s h o w n  in  F ig u r e  4 - 7 ) is  c o m p o s e d  o f  a  s e t o f  s c h e d u la b ility  a n a ly s is  r o u tin e s , a n  
a s s u m p tio n  ta b le , a n d  a  re f le c tiv e  in f o rm a tio n  c o lle c to r . T h e  a s s u m p tio n  ta b le  lis ts  th e  
a s s u m p tio n s  o f  e a c h  s c h e d u la b ility  a n a ly s is  ro u tin e . T h e  c u rr e n t lis t o f  a s s u m p tio n s  
in c lu d e s :  

Periodic: are all the tasks periodic? 

Distributed:  are any of the tasks distributed on multiple 
processors? 

Importance: are important tasks protected in overload conditions?  

Blocking: can low priority tasks block high priority tasks? 

Precedence: are there precedence constraints among tasks? 

F o r  e x a m p le , th e  a s s u m p tio n s  o f  th e  R a te  M o n o to n ic  a n a ly s is  a re  th a t a ll ta s k s  a r e  
p e rio d ic . T h e  R a te  M o n o to n ic  w ith  P r io r ity  C e ilin g  p r o to c o l’ s  a s s u m p tio n s  a re  (p e r io d ic , 
b lo c k in g ). T h e  V E S T  s c h e d u lin g  to o l is  e x te n s ib le  a n d  n e w  s c h e d u lin g  te c h n iq u e s  c a n  b e  
a d d e d  to  th e  to o l to g e th e r w ith  th e ir  a s s u m p tio n s .  T h e  c u r r e n t v e r s io n  o f V E S T  c a n  
s u p p o rt th e  f o llo w in g  s c h e d u la b ility  a n a ly s is  a lg o r ith m s :  

S in g le  P r o c e s s o r :  
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• R a te  M o n o to n ic  A n a ly s is   
• M a x im u m  U r g e n c y  F irs t 
• P r e e m p tiv e  T h r e s h o ld  S c h e d u lin g  
• R o b u s t S c h e d u lin g  
• D e a d lin e  M o n o to n ic  S c h e d u lin g  w ith  P h a s e  O ff s e t 

M u lti-P r o c e s s o r :  

• R o b u s t S c h e d u lin g  
• D e a d lin e  M o n o to n ic  S c h e d u lin g  w ith  P h a s e  O ff s e t 

D e v e lo p e rs  c a n  a s s e s s  th e  s c h e d u la b ility  o f  th e  c u rr e n t d e s ig n  b y  ru n n in g  th e  s c h e d u lin g  
to o l f ro m  th e  G U I. T h e  r e f le c tiv e  in fo r m a tio n  c o lle c to r s c a n s  th e  s o f tw a re , h a rd w a r e  a n d  
n e tw o rk  c o m p o n e n ts  o f  th e  d e s ig n  a n d  p r o d u c e s  a  p la tf o rm /ta s k  s e t in fo r m a tio n  f ile  th a t 
in c lu d e s  a  lis t o f  th e  c h a ra c te ris tic s  a n d  th e  tim in g  in fo r m a tio n  o f  th e  ta s k  s e t. T h e  to o l 
s e le c ts  a n  a n a ly s is  w h o s e  a s s u m p tio n s  m a tc h  th e  c h a ra c te r is tic s  o f  th e  s y s te m . T h is  
e n s u re s  th a t p ro p e r  a n a ly s is  a n d  s c h e d u lin g  p o lic y  is  a p p lie d . F o r  e x a m p le , fo r  a  s y s te m  
w ith  a ll in d e p e n d e n t p e r io d ic  ta s k s  o n  a  s in g le  p r o c e s s o r , th e  c h e c k s  lis te d  u n d e r  s in g le  
p r o c e s s o r  a b o v e  w ill b e  a p p lie d  to  th e  s y s te m . H o w e v e r , if  th e  s a m e  ta s k  s e t is  d e s ig n e d  
o n  a  d is trib u te d  p la tf o r m , th e  R o b u s t S c h e d u lin g  o r D M /O f f s e t a n a ly s is  w ill b e  a p p lie d .  

S e c tio n  5 .2 .3  g iv e s  a n  illu s tra tio n  o f  th e  r e a l- tim e  s c h e d u la b ility  a n a ly s is  fe a tu re s  
a v a ila b le  in  V E S T . 

4 .3  P r e s c r ip tiv e  A s p e c ts  

P r e s c r ip tiv e  a s p e c ts  a r e  a d v ic e  th a t m a y  b e  a p p lie d  to  a  d e s ig n . T h e  a d v ic e  is  w ritte n  in  a  
s im p le  V E S T  P r e s c r ip tiv e  A s p e c t L a n g u a g e  ( V P A L ). P re s c r ip tiv e  a s p e c ts  a re  
in d e p e n d e n t o f  p ro g r a m m in g  la n g u a g e s  b e c a u s e  th e y  a p p ly  to  th e  s y s te m  d e s ig n , a n d  th e  
r e s u lta n t n e w  d e s ig n  c a n  b e  im p le m e n te d  in  a n y  p ro g r a m m in g  la n g u a g e . T o  c h a n g e  th e  
s y s te m  d e s ig n , p re s c rip tiv e  a s p e c ts  c a n  a d ju s t p r o p e rtie s  in  th e  r e f le c tiv e  in f o rm a tio n  
( e .g ., c h a n g e  th e  p r io r itie s  o f  a  ta s k  o r  th e  r e p lic a tio n  le v e ls  o f  a  s o f tw a re  c o m p o n e n t) . It 
c a n  a ls o  a d d /d e le te  c o m p o n e n ts  o r in te r a c tio n s  b e tw e e n  c o m p o n e n ts .  

T h e  n e w  V P A L  p r o v id e d  in  th is  re le a s e  h a s  s e v e r a l e n h a n c e m e n ts  o v e r  th e  p r e v io u s  
v e rs io n . F irs t, th e  la n g u a g e  e x p lic itly  s e p a r a te s  th e  c o n c e r n s  o f  c o lle c tio n  f ro m  o p e r a tio n . 
C o lle c tio n  is  d e fin e d  a s  g a th e r in g  a  s e t o f  c o m p o n e n ts  fr o m  a  s y s te m  d e s ig n . O p e r a tio n  
in v o lv e s  c h a n g in g  th e  d e s ig n  o n  p r e v io u s ly  g a th e r e d  c o lle c tio n s . F o u r  k e y  s ta te m e n ts  in  
th e  la n g u a g e , G e t, S e t, C r e a te  a n d  D e le te , e n a b le  th is  s e p a r a tio n  o f  c o n c e r n s . T h e  G e t 
s ta te m e n t im p le m e n ts  c o lle c tio n . O p e r a tio n  o n  c o lle c tio n s  a r e  p e r f o rm e d  w ith  th e  S e t, 
C r e a te  a n d  D e le te  s ta te m e n ts . T h e  S e t s ta te m e n t a d ju s ts  th e  p r o p e r tie s  in  th e  r e fle c tiv e  
in fo r m a tio n  o f  th e  c o lle c tio n . T h e  C r e a te  a n d  D e le te  s ta te m e n ts  a d d  a n d  re m o v e  
c o lle c tio n s  f r o m  th e  d e s ig n . A  s e c o n d  e n h a n c e m e n t is  th e  fa c t th a t c o lle c tio n  c a n  b e  
b a s e d  n o t o n ly  o n  th e  p r o p e r tie s  o f th e  c o m p o n e n ts  b u t a ls o  o n  th e  r e la tio n s h ip s  b e tw e e n  
th e  c o m p o n e n ts . 

T h ird , th e  n e w  V P A L  s u p p o r ts  m u lti- lin e  s e m a n tic s . T h is  m e a n s  th a t e a c h  p re s c rip tiv e  
a s p e c t c a n  c o n ta in  m u ltip le  lin e s  o f  in s tru c tio n s  v e r s u s  o n ly  a  s in g le  lin e  o f in s tr u c tio n  
th a t w a s  e a r lie r s u p p o r te d . T h ir d , th e  n e w  V P A L  s u p p o r ts  g r o u p in g . A  s in g le , m u lti- lin e  
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p r e s c r ip tiv e  a s p e c t is  c a lle d  a  s im p le  p r e s c r ip tiv e  a s p e c t. S e v e r a l s im p le  p re s c rip tiv e  
a s p e c ts  c a n  b e  g ro u p e d  in to  a  c o m p o u n d  p r e s c r ip tiv e  a s p e c t. P re c e d e n c e  c o n s tr a in ts  c a n  
a ls o  b e  s p e c if ie d  a m o n g  th e  e le m e n ts  o f  th e  g r o u p . 

S u p p o s e  w e  w a n t to  a p p ly  th e  fo llo w in g  p r e s c r ip tiv e  a s p e c t to  a  d is trib u te d  a v io n ic s  
s y s te m  b e in g  d e s ig n e d  in  V E S T : 

change all display software components to use double buffering 

U s in g  th e  n e w  V P A L , w e  c o u ld  s p e c if y  th is  p r e s c r ip tiv e  a s p e c t a s  

GET SwComp = (CT == SoftwareComponent); 

GET DispComp = SWComp.(PN == componentType,  
 PV == BM__DISPLAY_COMPONENT); 

SET DispComp.(PN == DoubleBuffered, PV = 1); 

T h e  p r e s c r ip tiv e  a s p e c t in te rp r e te r  w ill g e t a ll s o f tw a re  c o m p o n e n ts  w ith  ty p e  
“ B M _ _ D IS P L A Y _ C O M P O N E N T ”  a n d  s e t th e ir  d o u b le  b u f f e r e d  fla g  to  tr u e . T h e  
c o m p le te  B N F  s p e c if ic a tio n  o f  th e  c u r r e n t v e rs io n  o f  V P A L  is  a v a ila b le  in  A p p e n d ix  4 . 

T h e  d e v e lo p e r  a p p lie s  a  p r e s c r ip tiv e  a s p e c t to  a  d e s ig n  b y  r u n n in g  a  V P A L  in te r p r e te r  o n  
its  s p e c if ic a tio n . T h e  in te r p re te r m o d ifie s  th e  r e fle c tiv e  in fo r m a tio n  o f  d e s ig n  
c o m p o n e n ts . S in c e  th e  c o d e  its e lf w o u ld  n o  lo n g e r  r e fle c t th e  n e w  d e s ig n  c h a n g e , th e  
in te r p re te r m a r k s  th e  a c tu a l s o u rc e  c o d e  a s s o c ia te d  w ith  th a t c h a n g e  a s  " in c o n s is te n t a n d  
n e e d in g  c h a n g e s "  to  m e e t th e  n e w  d e s ig n . C u rr e n tly  V E S T  d o e s  n o t s u p p o rt a u to m a tic  
c o d e  g e n e r a tio n /m o d ific a tio n , a n d  th e  d e v e lo p e r  n e e d s  to  im p le m e n t th e  c o d e  c h a n g e  
m a n u a lly . O n c e  th e  n e w  c o d e  is  c re a te d  a n d  lin k e d  to  th e  c o m p o n e n t th e n  th e  
in c o n s is te n c y  in d ic a tio n  is  r e m o v e d . 

P r e s c r ip tiv e  a s p e c ts  s h o u ld  b e  g e n e r a l e n o u g h  to  b e  u s e d  in  d if fe r e n t p r o d u c ts . V E S T  
s u p p o rts  r e u s in g  p r e s c rip tiv e  a s p e c ts  b y  o r g a n iz in g  th e m  in to  th e  p r e s c r ip tiv e  a s p e c t 
lib r a r y . P re s c rip tiv e  a s p e c ts  w ill n o t b e  p e r m itte d  in to  th e  p re s c rip tiv e  a s p e c t lib ra r y  
u n le s s  it m e e ts  w ith  th e  a p p ro v a l o f  th e  s y s te m  a d m in is tr a to r . T h e  r e q u ir e m e n ts  in c lu d e  
s u ff ic ie n tly  g e n e ra l, p a r a m e te riz e d , c o m p le te  E n g lis h  d e s c r ip tio n , m e a n in g f u l c o n s tr a in ts  
s p e c if ie d , a n d  re la tin g  to  n o n - fu n c tio n a l p r o p e r tie s . T h e  P r e s c r ip tiv e  A s p e c t lib r a r y  w ill 
b e  im p le m e n te d  in  a  fu tu r e  v e r s io n  o f  V E S T . 

A  d e s c rip tio n  o f  h o w  to  u s e  p re s c rip tiv e  a s p e c ts  in  V E S T  is  g iv e n  in  S e c tio n  5 .3 . 
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5  U s in g  V E S T  

5 .1  B u ild in g  a  S y s te m  D e s ig n  
 
F r o m  th e  V E S T  G U I, a  s y s te m  d e v e lo p e r  c a n  c o m p o s e  a  d is trib u te d  e m b e d d e d  s y s te m  in  
th e  f o llo w in g  w a y : 
 
1 ) D e s ig n  a  p r o d u c t b y  c h o o s in g  a n d  c o m b in in g  c o m p o n e n ts  f ro m  th e  lib r a r ie s .  
2 ) D e s ig n  th e  d is tr ib u te d  s y s te m s  h a rd w a r e  p la tf o r m  b y  c h o o s in g  a n d  c o m b in in g  

c o m p o n e n ts  fr o m  th e  lib r a rie s . 
3 ) M a p  s o ftw a r e  c o m p o n e n ts  to  h a r d w a r e  a n d  th re a d s  s o  th a t th e  a c tiv e  p a rt o f  a  

c o m p o s e d  s y s te m  c a n  b e  d e s ig n e d  a n d  a n a ly z e d . O n ly  a f te r  th is  s te p  c a n  w e  tru ly  d o  
th e  r e a l- tim e  a n a ly s is  s in c e  e x e c u tio n  tim e s  a r e  h ig h ly  p la tfo r m  d e p e n d e n t.  

4 ) A p p ly  p r e s c r ip tiv e  a s p e c ts   
5 ) P e r fo r m  a s p e c t c h e c k s  a n d  in v o k e  (in te r n a l a n d  o f f- th e -s h e lf )  a n a ly s is  to o ls  to  

a n a ly z e  a  c o n fig u r e d  s y s te m . If  s o m e  c h e c k s  f a il, th e  d e v e lo p e r  m a y  n e e d s  to  
r e c o n f ig u re  o r  re p la c e  th e  a c tu a l c o m p o n e n ts  a n d  r e p e a t th e  c h e c k s .  

E x e r c is e  ( T im e  R e q u ir e d :  1 - 2  h o u r s )  

W e  p r e s e n t a  s im p le  tu to r ia l th a t w ill ta k e  y o u  th r o u g h  th e  s te p s  o u tlin e d  a b o v e  in  
c re a tin g  a  s im p le  s y s te m  d e s ig n . F o llo w in g  s u b s e c tio n s  w ill d e s c rib e  th e  v a r io u s  ty p e s  o f  
c h e c k s  th a t w e  c a n  p e r f o r m  o n  o u r  d e s ig n  u s in g  V E S T  o n c e  it h a s  b e e n  c r e a te d . T h e  
s y s te m  th a t w e  w ill d e s ig n  in  th is  tu to ria l w ill b e  b a s e d  o n  B o e in g ’ s  B o ld s tr o k e  
m id d le w a re  O E P . W e  w ill u s e  P r o d u c t S c e n a rio  3 .1  a s  th e  e x a m p le . P le a s e  r e f e r  to  [ 3 ]  fo r  
m o re  d e ta ile d  in f o rm a tio n  a b o u t th e  O E P  p la tf o r m  a n d  th e  p r o d u c t s c e n a r io . N o te  th a t th e  
e x e rc is e  m a y  s e e m  a  little  tim e - c o n s u m in g  a n d  te d io u s  a t tim e s . H o w e v e r  if  d o n e  
p r o p e r ly , it w ill g iv e  th e  r e a d e r a n  e x c e lle n t o v e rv ie w  o f  th e  V E S T  to o l a n d  its  
c a p a b ilitie s . 
 
T h is  s c e n a r io  is  o u tlin e d  in  F ig u r e  5 - 1 .  T h e  s c e n a r io  is  in itia lly  trig g e re d  b y  a n  in te rv a l 
tim e o u t th a t is  c o n s u m e d  b y  th e  P I L O T _ C O N T R O L .  U p o n  r e c e ip t o f  th is  e v e n t, th e  
P IL O T _ C O N T R O L  p u s h e s  d a ta  to  th e  W A Y P O IN T _ P R O X Y  v ia  th e  S e t o p e ra tio n s  in  
th e  p r o x y ’s  f a c e t.  T h e  W A Y P O IN T _ P R O X Y  th e n  fo r w a r d s  th is  c a ll v ia  th e  
In fr a s tr u c tu r e  to  th e  W A Y P O IN T .  T h e  W A Y P O IN T  th e n  u p d a te s  its  s ta te  a n d  is s u e s  a  
D a ta  A v a ila b le  e v e n t.   T h a t e v e n t c a u s e s  th e  R e p lic a tio n  S e r v ic e  to  e x tra c t th e  s ta te  f ro m  
th e  W A Y P O IN T  a n d  s e n d  it to  th e  W A Y P O IN T _ P R O X Y .  T h e  W A Y P O IN T _ P R O X Y  
in te r n a liz e s  th is  s ta te  a n d  is s u e s  its  o w n  D a ta  A v a ila b le  e v e n t.  T h e  p r o x y ’s  e v e n t is  
c o n s u m e d  b y  th e  F L T _ P L A N _ D IS P L A Y  c o m p o n e n t th a t g e ts  th e  d a ta  fr o m  th e  p r o x y  
a n d  d is p la y s  it. 
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B a s ic  M u lti-P ro c e s s o r S c e n a rio

w a y p o in t : 
B M _ _ O p e n E D C o m p o n e n t

w a y p o in tP ro x y  : 
B M _ _ O p e n E D C o m p o n e n t

fl tP la n D is p l a y  : 
B M _ _ D is p la y C o m p o n e n t

p ilo tC o n tro l : 
B M _ _ P u s h D a ta S o u rc e C o m p o n e n tIm p l

in fra s tru c tu re

R e p re s e n ts  lin e  
o f d is trib u tio n

2 . S e tD a ta ()

6 . In te rn a liz e S ta te ()
7 . S e t S ta te U p d a te d ()

1 . S e tD a ta ()

8 . P u s h ()

D A T A _ A VA IL A B L E9 . G e tD a ta ()

3 . S e tD a ta ()
5 . E x te rn a li z e S ta te ()

4 . P u s h ( )

D A T A _ A VA IL A B L E

 
F ig u r e  5 - 1  

 
Y o u  m a y  fin d  it u s e f u l to  r e a d  A p p e n d ix  5  w h ic h  d e s c rib e s  h o w  to  c o n s tr u c t P ris m  
s y s te m s  in  V E S T  b e fo r e  p r o c e e d in g . T h is  e x e r c is e  w ill ta k e  y o u  th r o u g h  th e  s te p s  
r e q u ir e d  to  m o d e l th is  s c e n a r io  in  V E S T . A f te r  th e  s y s te m  d e s ig n  is  c o m p le te d , w e  w ill 
p e rf o r m  c h e c k s  o n  th e  d e s ig n  f o r  ro b u s tn e s s  a n d  s c h e d u la b ility . 
 
R e q u ire d  p a rts  o f th e  e x e r c is e  th a t a r e  le ft to  th e  r e a d e r to  p e r fo r m  a r e  in d ic a te d  b y  th e  
f o llo w in g  s y m b o l 
 

 

5 .1 .1  C r e a t in g  a  n e w  V E S T  p r o j e c t  

F irs t, w e  n e e d  to  c r e a te  a  n e w  p ro je c t in  V E S T . T o  c re a te  a  V E S T  p r o je c t, d o  th e  
f o llo w in g : 
 

• L a u n c h  G M E  
• S e le c t “ N e w  P ro je c t”  u n d e r th e  F ile  m e n u  
• A  “ S e le c t P a r a d ig m ”  d ia lo g  b o x  s h o u ld  a p p e a r 

o T h e  V e s t p a ra d ig m  s h o u ld  b e  o n e  o f  th e  o p tio n s  lis te d  
o If  th e  V e s t p a r a d ig m  is  n o t in  th e  lis t, y o u  d id  n o t s u c c e s s fu lly  r e g is te r  th e  

p a ra d ig m  
o G o  b a c k  to  th e  In s ta lla tio n  s e c tio n  o f  th is  d o c u m e n t a n d  in s ta ll th e  V e s t 

p a ra d ig m  in to  y o u r s y s te m  
• S e le c t th e  V e s t p a ra d ig m  
• C lic k  o n  th e  “ C r e a te  N e w … ”  b u tto n  

o W e  a re  c r e a tin g  a  n e w  p r o je c t 
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• A  d ia lo g  b o x  w ith  3  o p tio n s  o n  h o w  to  s to r e  th e  p ro je c t w ill a p p e a r . L e a v e  th e  
d e fa u lt s e le c tio n  a n d  c lic k  “ N e x t”  

o T h e  d e f a u lt s e le c tio n  “ C re a te  P ro je c t F ile ”  w ill s to r e  o u r  p ro je c t d a ta  in  a  
f ile  

• A  d ia lo g  b o x  a s k in g  y o u  to  n a m e  y o u r  p r o je c t file  w ill a p p e a r  
o N a m e  th e  p r o je c t S c e n a r io 3 -1  

• A  n e w  V E S T  p r o je c t is  c re a te d  a t th is  p o in t. T h e  n a m e  o f  th e  p r o je c t ( S c e n a rio 3 -
1 )  s h o u ld  a p p e a r a t th e  to p  o f  th e  P ro je c t B ro w s e r w in d o w  a s  s h o w n  in  F ig u r e  
5 - 2 . 

 

 
F ig u r e  5 - 2  

5 .1 .2  C r e a t in g  a  M o d e l L a y e r  

T o  d e s ig n  th e  s o f tw a r e  c o m p o n e n ts  o f th e  s y s te m , w e  n e e d  to  c r e a te  a  s o ftw a r e  m o d e l 
la y e r  in  V E S T  a s  f o llo w s : 
 

• R ig h t- c lic k  th e  p r o je c t n a m e  ( S c e n a rio 3 .1 )  in  th e  P r o je c t B r o w s e r  w in d o w  a n d  
s e le c t “ In s e rt F o ld e r  - >  S o f tw a re  F o ld e r” .  

o V E S T  w ill c r e a te  a  n e w  s o f tw a re  la y e r  f o ld e r  a n d  n a m e  it 
“ N e w S o ftw a r e F o ld e r ”  b y  d e fa u lt 
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o R e n a m e  th is  f o ld e r  to  “ S o ftw a r e  F o ld e r ”  u s in g  s ta n d a r d  W in d o w s  
f u n c tio n a lity  

• R ig h t- c lic k  o n  “ S o ftw a r e  F o ld e r ”  a n d  s e le c t “ In s e r t M o d e l - >  S o f tw a r e ”  
o V E S T  w ill c r e a te  a  n e w  s o ftw a r e  m o d e l a n d  n a m e  it “ N e w S o ftw a r e ”  b y  

d e fa u lt 
o D o u b le -c lic k  “ N e w S o f tw a re ” . S e v e r a l th in g s  s h o u ld  h a p p e n . 

§ T h e  M o d e l E d itin g  W in d o w  s h o u ld  d is p la y  a  b la n k  c a n v a s  
§ T h e  C o m p o n e n t B ro w s e r w in d o w  s h o u ld  d is p la y  tw o  c o m p o n e n ts  

n a m e ly  “ S o ftw a r e  C o m p o n e n t”  a n d  “ S W  T im e r ”  
§ T h e  A ttrib u te s  W in d o w s  s h o u ld  s h o w  th e  n a m e  o f  th e  m o d e l 

• C h a n g e  th e  n a m e  o f  th e  m o d e l to  “ S o f tw a re ”  b y  e d itin g  th e  f irs t te x t b o x  in  th e  
A ttrib u te s  W in d o w  

 
• U s in g  th is  p ro c e d u r e , in s e rt a  H a r d w a r e  m o d e l n a m e d  “ H a r d w a r e ”  in to  th is  

p r o je c t 
• F o llo w  A p p e n d ix  1  to  a tta c h  th e  A C L  lib r a r y  to  y o u r  p r o je c t. T h is  w ill in v o lv e  

th e  f o llo w in g  s te p s  
o C o n v e r t th e  B o e in g  A C L  lib ra r y  in to  a  V E S T  A C L  lib r a r y  
o A tta c h  th e  lib ra r y  to  y o u r  p r o je c t in  G M E  fo r m a t 

§ T h is  w ill a d d  a  n e w  e n tr y  fo r  th e  lib r a r y  u n d e r  th e  p ro je c t n a m e  in  
th e  p r o je c t b ro w s e r 

§ E x p a n d  th is  tr e e  a ll th e  w a y  d o w n  to  th e  s o f tw a re  le v e l a n d  y o u  
w ill e v e n tu a lly  s e e  th e  c o m m o n  c o m p o n e n ts  d e f in e d  in  th e  A C L  in  
th e  P ro je c t B r o w s e r  

5 .1 .3  C r e a t in g  C o m p o n e n t s  

N e x t, w e  w ill c re a te  th e  s o f tw a re  a n d  h a rd w a r e  c o m p o n e n ts  fo r  th e  s y s te m . W e  w ill f ir s t 
c re a te  th e  s o f tw a r e  c o m p o n e n ts  o f th e  s y s te m . R e c a ll f ro m  th e  s c e n a r io  d e s c rip tio n  th a t 
th e  4  s o ftw a r e  c o m p o n e n ts  a re  P ilo t C o n tro l, W a y p o in t P r o x y , W a y p o in t a n d  F lig h t P la n  
D is p la y . W e  w ill u s e  p r e d e f in e d  c o m p o n e n ts  f ro m  th e  A C L  lib r a r y  to  c r e a te  th e  s o f tw a r e  
c o m p o n e n ts  in  o u r  d e s ig n . T o  a d d  s o ftw a r e  c o m p o n e n ts  to  th is  p ro je c t, p e r f o rm  th e  
f o llo w in g  s te p s : 
 

• O p e n  th e  S o ftw a r e  m o d e l 
• C o p y  a n d  p a s te  th e  f o llo w in g  c o m p o n e n ts  fr o m  th e  A C L  lib r a r y  o n to  th e  M o d e l 

E d itin g  W in d o w  (h e n c e f o rth , w e  s h a ll s im p ly  c a ll th is  th e  c a n v a s )  
o 1  B M _ _ P U S H _ D A T A S R C _ C O M P O N E N T  
o 2  B M _ _ O P E N _ E D _ C O M P O N E N T  
o 1  B M _ _ D IS P L A Y _ C O M P O N E N T  

• N o te  th a t th e r e  m a y  b e  s e v e r a l o f th e s e  c o m p o n e n ts  th a t h a v e  c o r r e s p o n d in g  
c o m p o n e n ts  in  th e  lib ra r y  w ith  th e  s a m e  n a m e  e x c e p t f o r u p p e r -c a s e  c h a ra c te rs . 
T h is  c o m e s  fr o m  th e  B o e in g  A C L  lib r a r y  its e lf . F o r  th e  p u r p o s e s  o f  d e s ig n in g  
V E S T  s y s te m s , it d o e s  n o t m a tte r  w h ic h  o n e  y o u  u s e . H o w e v e r, fo r  c o n s is te n c y , 
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y o u  m a y  w a n t to  fo llo w  c o m p o n e n ts  th a t h a v e  n a m e s  o f th e  s a m e  fo rm a t 

• R e n a m e  th e  c o rr e s p o n d in g  c o m p o n e n ts  in  th e  a b o v e  lis t to  th e  f o llo w in g  
o P IL O T _ C O N T R O L  
o W A Y P O IN T _ P R O X Y , W A Y P O IN T  
o F L T _ P L A N _ D IS P L A Y  

T h is  c r e a te s  th e  f o u r m a in  s o f tw a re  c o m p o n e n ts  o f th e  d e s ig n . W e  w ill p e r f o rm  o th e r  
s te p s  in  th e  s o ftw a r e  la y e r b u t f irs t, le ts  c o n tin u e  w ith  d e f in in g  th e  h a rd w a r e  c o m p o n e n ts  
b y  fo llo w in g  th e s e  s te p s : 

 
• O p e n  th e  H a r d w a r e  m o d e l 
• C lic k  a n d  d r a g  a  P ro c e s s o r c o m p o n e n t o n to  th e  c a n v a s  
• N a m e  th is  c o m p o n e n t O C P _ P 1  

 

 
• F o llo w in g  th e  a b o v e  s te p s , c re a te  th e  f o llo w in g  c o m p o n e n ts  w ith  th e  

c o rr e s p o n d in g  n a m e s  
o P r o c e s s o r  O C P _ P 2  
o M e m o r y  M E M _ P 1  a n d  M E M _ P 2  
o N V M  (N o n -v o la tile  M e m o r y )  N V M _ P 1  a n d  N V M _ P 2  

5 .1 .4  C r e a t in g  R e la t io n s h ip s  b e t w e e n  C o m p o n e n t s  

N e x t, w e  w ill d e fin e  h ig h -le v e l r e la tio n s h ip s  b e tw e e n  th e  s o ftw a r e  a n d  h a rd w a r e  
c o m p o n e n t ju s t c r e a te d . F r o m  th e  s c e n a rio  d e s c rip tio n , w e  c a n  d e d u c e  th e  f o llo w in g  
r e la tio n s h ip s  b e tw e e n  o u r c o m p o n e n ts : 

• P IL O T _ C O N T R O L  c o n ta in s  W A Y P O IN T _ P R O X Y  in  its  re c e p ta c le  

• F L T _ P L A N _ D IS P L A Y  c o n ta in s  W A Y P O IN T _ P R O X Y  in  its  re c e p ta c le  

• W A Y P O IN T _ P R O X Y  in v o k e s  F L T _ P L A N _ D IS P L A Y  b y  s e n d in g  it a  
D A T A _ A V A I L A B L E  e v e n t 

• W A Y P O IN T _ P R O X Y  is  a  p ro x y  o f  W A Y P O IN T  

W e  c a n  a ls o  d e f in e  th e  f o llo w in g  re la tio n s h ip s  in  o u r H W  la y e r  

• O C P _ P 1  h a s  m e m o r y  M E M _ P 1  a n d  N V - m e m o r y  N V M _ P 1  

• O C P _ P 2  h a s  m e m o r y  M E M _ P 2  a n d  N V - m e m o r y  N V M _ P 2  

W e  c a n  d e f in e  th e s e  r e la tio n s h ip s  in  o u r m o d e l a s  fo llo w s : 

• S w itc h  to  a d d  c o n n e c tio n s  m o d e  b y  c lic k in g  o n  th e  fo llo w in g  ic o n   o n  th e  
m o d e  b a r . In  th is  m o d e , y o u  c a n  a d d  c o n n e c tio n s  b e tw e e n  c o m p o n e n ts .  

• L e f t- c lic k  o n  th e  P I L O T _ C O N T R O L  c o m p o n e n t a n d  th e n  le f t- c lic k  o n  th e  
W A Y P O IN T _ P R O X Y  c o m p o n e n t 

o T h is  s h o u ld  c re a te  a  c o n n e c tio n  b e tw e e n  th e  tw o  c o m p o n e n ts  
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• T o  d e f in e  th e  ty p e  o f  re la tio n s h ip , s w itc h  b a c k  to  th e  s e le c t m o d e   

• C lic k  o n  th e  c o n n e c tio n  a n d  c h a n g e  th e  a ttr ib u te  “ T y p e ”  to  “ R e c e p ta c le C o n ta in s ”  

If  y o u  m a k e  a  m is ta k e  c r e a tin g  a  c o n n e c tio n , y o u  c a n  r e m o v e  th e  c o n n e c tio n  in  re m o v e  

c o n n e c tio n  m o d e   

 
• A d d  th e  re m a in in g  c o n n e c tio n s  d e f in e d  a b o v e  to  th e  m o d e l 

A t th is  p o in t, y o u r  s o ftw a r e  m o d e l s h o u ld  lo o k  lik e  F ig u r e  5 -3  a n d  y o u r  H W  m o d e l s h o u ld  
lo o k  lik e  F ig u r e  5 -4 . 

 
F ig u r e  5 - 3  
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F ig u r e  5 - 4  

5 .1 .5  S e t t in g  C o m p o n e n t  A t t r ib u t e  V a lu e s  

N e x t, w e  w ill s e t th e  a ttr ib u te  v a lu e s  o f th e s e  c o m p o n e n ts  s o  th a t w e  c a n  p e rf o rm  
a n a ly s e s  o n  th e  s y s te m  d e s ig n . F o llo w  th e s e  s te p s  to  d e f in e  th e  P ilo t C o n tr o l s o f tw a r e  
c o m p o n e n t: 
 

• In  th e  S o f tw a r e  m o d e l, c lic k  o n  th e  P IL O T _ C O N T R O L  c o m p o n e n t 
o T h is  s e le c ts  th e  c o m p o n e n t 

• In  th e  A ttrib u te s  w in d o w , s e t th e  v a lu e s  o f  th e  f o llo w in g  a ttr ib u te s  a s  in d ic a te d  
o P IL O T _ C O N T R O L  

§ M e m o r y N e e d e d   5 0  
§ N V M e m o r y N e e d e d   2 5  
§ D o u b le B u f fe r e d   T r u e  
§ B u f f e r S iz e   1 0  
§ R e lo c a ta b le   T ru e  

 
• A s  o u tlin e d  a b o v e , d e f in e  th e  re m a in in g  s o ftw a r e  c o m p o n e n ts  a s  in d ic a te d  

o W A Y P O IN T _ P R O X Y  
§ M e m o r y N e e d e d   1 0 0  
§ N V M e m o r y N e e d e d   1 5 0  
§ D o u b le B u f fe r e d   T r u e  
§ B u f f e r S iz e   2 0  
§ U p d a te R a te   2 0 0  

o W A Y P O IN T  
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§ M e m o r y N e e d e d   1 5 0  
§ N V M e m o r y N e e d e d   1 0 0  
§ B u f f e r S iz e   1 0  
§ R e lo c a ta b le   T ru e  

o F L T _ P L A N _ D IS P L A Y  
§ M e m o r y N e e d e d   1 0 0  
§ N V M e m o r y N e e d e d   1 0 0  
§ B u f f e r S iz e   1 0  
§ R e lo c a ta b le   T ru e  
§ U p d a te R a te   5 0  

 
• S w itc h  to  th e  H a r d w a r e  m o d e l a n d  m a k e  th e  f o llo w in g  a s s ig n m e n ts  

o M e m o r y _ P 1  
§ S iz e   3 0 0  

o M e m o r y _ P 2  
§ S iz e   4 0 0  

o N V M _ P 1  
§ S iz e   3 5 0  

o N V M _ P 2  
§ S iz e   5 0  

5 .1 .6  C r e a t in g  S u b - C o m p o n e n t s  

A s  m e n tio n e d  in  A p p e n d ix  5 , a ll th e  re a l f u n c tio n a lity  o f  a  s o f tw a re  c o m p o n e n t s u c h  a s  
its  e v e n t c h a n n e ls  is  d e f in e d  in  a  le v e l b e lo w  th e  h ig h e s t m o d e l le v e l. W e  c a n  d e f in e  th e  
b e h a v io r  o f  th e  P I L O T _ C O N T R O L  c o m p o n e n t b y  c re a tin g  s u b - c o m p o n e n ts . T o  c r e a te  
s u b -c o m p o n e n ts  o f  th e  P ilo t C o n tr o l c o m p o n e n t, f o llo w  th e s e  s te p s : 

• D o u b le -c lic k  o n  th e  P ilo t C o n tro l c o m p o n e n t 

• A  n e w  c a n v a s  w ill a p p e a r  w ith  th e  h e a d in g  “ P I L O T _ C O N T R O L ”  

o It s h o u ld  a lr e a d y  c o n ta in  2  s u b - c o m p o n e n ts  –  1  E v e n tS u p p lie d  a n d  1  
E v e n tC o n s u m a b le . T h is  is  b e c a u s e  o f th e  d e fa u lt d e f in itio n  o f  c o m p o n e n ts  
o f  ty p e  B M _ P u s h D a ta S o u r c e C o m p o n e n t 

o R e n a m e  th e  s u b - c o m p o n e n ts  a s  fo llo w s  
§ E v e n tS u p p lie d   id P ilo tP u b lis h P o rt1  
§ E v e n tC o n s u m a b le   id P ilo tS u b s c r ib e P o r t1   

 
R e n a m e  th e  fo llo w in g  s u b -c o m p o n e n ts  o f th e  o th e r  c o m p o n e n ts  a s  in d ic a te d  

 

• W A Y P O IN T _ P R O X Y  
o E v e n tS u p p lie d   id W P P r o x y P u b lis h P o r t1  
o E v e n tC o n s u m a b le   id W P P ro x y S u b s c rib e P o rt1  

• W A Y P O IN T  
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o E v e n tS u p p lie d   id W P P u b lis h P o rt1  
o E v e n tC o n s u m a b le   id W P S u b s c r ib e P o r t1  

• F L T _ P L A N _ D IS P L A Y  
o E v e n tC o n s u m a b le   id D is p la y S u b s c r ib e P o r t1  

 
In  th e  n e x t s u b - s e c tio n , w e  w ill c r e a te  e v e n t c h a n n e ls  b u t b e f o r e  w e  c a n  d o  th a t, w e  n e e d  
to  le a rn  h o w  to  c r e a te  r e f e r e n c e s  in  V E S T . 

5 .1 .7  C r e a t in g  R e f e r e n c e s  

R e f e r e n c e s  a llo w  a  s y s te m  d e s ig n e r to  r e f e r e n c e  a  c o m p o n e n t th a t is  n o t o n  th e  c u r r e n t 
c a n v a s . R e fe r e n c e s  a r e  n e e d e d  f o r th e  fo llo w in g  r e a s o n s : 

• M o d e lin g  la r g e  s y s te m s  in  a  s in g le  c a n v a s  is  s o m e tim e s  in f e a s ib le  a n d  d iff ic u lt to  
w o r k  w ith . R e fe r e n c e s  a llo w  u s  to  b r e a k  u p  th e  s y s te m  in to  s m a lle r  p a rts  m a k in g  
th e  d e s ig n  e a s ie r to  w o r k  w ith  

• M a k in g  c o n n e c tio n s  b e tw e e n  s u b - c o m p o n e n ts  o f  d is tr ib u te d  c o m p o n e n ts  is  o n ly  
p o s s ib le  w ith  r e fe r e n c e s  

 
W e  u s e  r e f e r e n c e s  in  th is  d e s ig n  f o r th e  s e c o n d  r e a s o n . T o  in s ta n tia te  a  r e f e r e n c e  in  
V E S T  in  s im p le . F o llo w  th e s e  s te p s  to  in s ta n tia te  p r o c e s s o r  m a p p in g s  fo r  th e  s o f tw a r e  
c o m p o n e n ts : 
 

• D o u b le -c lic k  P IL O T _ C O N T R O L  in  th e  P r o je c t B r o w s e r  
o T h is  w ill o p e n  th e  P IL O T _ C O N T R O L  c a n v a s  

• C lic k  a n d  d r a g  a  C o m p o n e n tP r o c e s s o r R e f e r e n c e  c o m p o n e n t o n to  th e  c a n v a s  
• R e s to re - d o w n  th is  w in d o w  

o Y o u  m a y  s e e  s e v e r a l o th e r  o p e n  w in d o w s  in  th e  b a c k g ro u n d . C lo s e  a ll o f  
th e s e  w in d o w s  

• S im ila r ly , o p e n  th e  H a r d w a r e  la y e r w in d o w  
• N o w , a lig n  th e  2  w in d o w s  s o  th a t O C P _ P 1  a n d  th e  

C o m p o n e n tP ro c e s s o r R e f e re n c e  d o  n o t o v e r la p  
• C lic k  a n d  d r a g  th e  O C P _ P 1  ic o n  o v e r th e  C o m p o n e n tP r o c e s s o r R e f e r e n c e  

o T h e  c u rs o r  ic o n  s h o u ld  s h o w  a  c u rv e d  a r ro w  w h e n  it is  o v e r th e  
C o m p o n e n tP ro c e s s o r R e f e re n c e  

• R e le a s e  th e  m o u s e  b u tto n  
o T h e  C o m p o n e n tP ro c e s s o rR e f e r e n c e  ic o n  s h o u ld  c h a n g e  in to  a  P ro c e s s o r 

ic o n  
• T h e  r e fe r e n c e  is  in s ta n tia te d  a t th is  p o in t 

 

 
U s in g  th is  te c h n iq u e , c r e a te  p r o c e s s o r  m a p p in g s  a s  in d ic a te d : 

• W A Y P O IN T _ P R O X Y , F L T _ P L A N _ D IS P L A Y  
o O C P _ P 1  

• W A Y P O IN T  
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o O C P _ P 2  

5 .1 .8  C r e a t in g  E v e n t  C h a n n e ls  

W e  w ill n o w  d e fin e  e v e n t c h a n n e ls  in  o u r  d e s ig n  a s  s p e c if ie d  in  th e  p r o d u c t s c e n a rio  b y  
f o llo w in g  th e s e  s te p s .  

• O u r  e v e n t c h a n n e l s ta rts  in  th e  P I L O T _ C O N T R O L  c o m p o n e n t s o  o p e n  u p  th a t 
c o m p o n e n t  

• A d d  th e  f o llo w in g  c o m p o n e n ts  in  th e  P IL O T _ C O N T R O L  c o m p o n e n t w ith  th e  
n a m e s  a n d  a ttrib u te s  in d ic a te d : 

o P ilo tT im e r  o f ty p e  S W T im e r  
o E v e n tE v e n tR e f e r e n c e  

• S e t th e  f o llo w in g  a ttrib u te  v a lu e s  
o P ilo tT im e r  

§ P e r io d  - >  1 0 0  
o id P ilo tP u b lis h P o rt1  

§ W C E T   9  

• N e x t, c o n n e c t th e  P ilo tT im e r to  id P ilo tP u b lis h P o rt1  a n d  th is  to  th e  
E v e n tE v e n tR e f e r e n c e   

• R e d ire c t th is  re f e re n c e  to  th e  id W P P r o x y S u b s c r ib e P o r t1  c o m p o n e n t in  th e  
W A Y P O IN T _ P R O X Y  c o m p o n e n t 

• S im p ly  s ta te d , w e  h a v e  c r e a te d  a  trig g e r f o r  th e  S e tD a ta ( )  c a ll th a t is  p u s h e d  fr o m  
th e  P IL O T _ C O N T R O L  to  th e  W A Y P O IN T _ P R O X Y  c o m p o n e n t a s  d e s c r ib e d  in  
th is  P r o d u c t S c e n a rio  

 

 
U s in g  th e  p r o c e d u re s  d e s c r ib e d  a b o v e , c o n tin u e  b u ild in g  th is  e v e n t c h a n n e l f o llo w in g  
th e s e  s te p s : 
 

• W A Y P O IN T _ P R O X Y  
o C r e a te  th e  fo llo w in g  c o m p o n e n ts  

§ id W P P ro x y P u b lis h P o rt2  o f ty p e  E v e n tS u p p lie d  
§ id W P P ro x y P u b lis h P o rt3  o f ty p e  E v e n tS u p p lie d  
§ id W P P ro x y S u b s c r ib e P o r t2  o f ty p e  E v e n tC o n s u m a b le  
§ id W P P ro x y S u b s c r ib e P o r t3  o f ty p e  E v e n tC o n s u m a b le  
§ E v e n tE v e n tR e f e r e n c e 1  o f  ty p e  E v e n tE v e n tR e f e r e n c e  
§ E v e n tE v e n tR e f e r e n c e 2  o f  ty p e  E v e n tE v e n tR e f e r e n c e  
§ G e tD a ta  o f ty p e  M e th o d  

o S e t th e  f o llo w in g  a ttrib u te  v a lu e s  
§ id W P P ro x y P u b lis h P o rt1  

• W C E T   9  
§ id W P P ro x y P u b lis h P o rt2  
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• W C E T   1 0  
• M s g S iz e 2   5  

§ id W P P ro x y P u b lis h P o rt3  
• W C E T   8  

§ G e tD a ta  
• W C E T   1 5  

o M a k e  th e  fo llo w in g  c o n n e c tio n s  
§ id W P S u b s c r ib e P o rt1   id W P P u b lis h P o rt1  
§ id W P P ro x y P u b lis h P o rt1   E v e n tE v e n tR e f e re n c e 1  
§ id W P S u b s c r ib e P o rt2   id W P P u b lis h P o rt2  
§ id W P P ro x y P u b lis h P o rt2   E v e n tE v e n tR e f e re n c e 2  
§ id W P S u b s c r ib e P o rt3   id W P P u b lis h P o rt3  
§ d W P P r o x y P u b lis h P o r t3   G e tD a ta  

 
• W A Y P O IN T  

o C r e a te  th e  fo llo w in g  c o m p o n e n ts  
§ id W P S u b s c r ib e P o rt1  o f ty p e  E v e n tC o n s u m a b le  
§ S e tD a ta 3  o f  ty p e  M e th o d  
§ E v e n tE v e n tR e f e r e n c e  

o S e t th e  f o llo w in g  a ttrib u te  v a lu e s  
§ id W P P u b lis h P o r t1  

• W C E T   1 9  ( In c lu d e s  th e  W C E T  o f  S e tD a ta  –  9  w ith o u t)  
§ S e tD a ta  

• W C E T   5  
o M a k e  th e  fo llo w in g  c o n n e c tio n s  

§ id W P S u b s c r ib e P o rt1   id W P P u b lis h P o rt1  
§ id W P P u b lis h P o r t1   E v e n tE v e n tR e f e r e n c e  

 
• F L T _ P L A N _ D IS P L A Y  

o C r e a te  th e  fo llo w in g  c o m p o n e n ts  
§ id D is p la y P u b lis h P o r t1  o f  ty p e  E v e n tS u p p lie d  
§ E v e n tE v e n tR e f e r e n c e  

o S e t th e  f o llo w in g  a ttrib u te  v a lu e s  
§ id D is p la y P u b lis h P o r t1  

• W C E T   1 2  
o M a k e  th e  fo llo w in g  c o n n e c tio n s  

§ id D is p la y S u b s c r ib e P o rt1   id D is p la y P u b lis h P o r t1  
§ id D is p la y P u b lis h P o r t1   E v e n tE v e n tR e fe r e n c e  

 
In s ta n tia te  th e  lis te d  r e fe r e n c e s  f o r e a c h  o f  th e  f o llo w in g  c o m p o n e n ts : 

 

                                                      
2  I n d ic a te s  th e  s iz e  o f a  m e s s a g e  in  b y te s  s e n t f r o m  th is  p r o d u c e r  
3  T h e  S e tD a ta  m e th o d  c o m p o n e n t is  n o t u s e d  in  th e  s c h e d u lin g  r o u tin e  a s  e x p la in e d  in  A p p e n d ix  5 . I t is  p u t 
h e r e  fo r  r e a s o n s  o f c la r ity  
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W A Y P O IN T _ P R O X Y : 
• E v e n tE v e n tR e f e r e n c e 1  to  id W P S u b s c r ib e P o rt1  in  W A Y P O IN T  
• E v e n tE v e n tR e f e r e n c e 2  to  id D is p la y S u b s c r ib e P o r t1  in  F L T _ P L A N _ D IS P L A Y  

 
W A Y P O IN T  

• E v e n tE v e n tR e f e r e n c e  to  id W P S u b s c r ib e P o rt2  in  W A Y P O IN T _ P R O X Y  
 
F L T _ P L A N _ D IS P L A Y  

• E v e n tE v e n tR e f e r e n c e  to  id W P S u b s c r ib e P o rt3  in  W A Y P O IN T _ P R O X Y  
 
C O N G R A T U L A T IO N S !  Y o u r s y s te m  d e s ig n  is  n o w  c o m p le te !  
 

5 .2  U s in g  A s p e c t C h e c k s  

U s in g  th e  s y s te m  d e s ig n  th a t w e  c r e a te d  in  S e c tio n  5 .1 , w e  w ill n o w  in v o k e  a s p e c t c h e c k s  
o n  th e  d e s ig n .  

 

 

 

F ig u r e  5 - 5  

F ig u r e  5 -5  s h o w s  th e  ic o n s  f o r e a c h  o f  th e  c h e c k s  o n  th e  V E S T  to o lb a r . T h e  f ir s t c h e c k  w e  
w ill p e r f o r m  o n  o u r  s y s te m  d e s ig n  is  th e  m e m o r y  f o o tp rin t c h e c k . 

5 .2 .1  M e m o r y  C h e c k  
T o  r e c a p , th is  is  w h a t w e  s p e c ifie d  f o r th e  m e m o r y  r e q u ir e m e n ts  (in  b y te s )  o f o u r  
s o ftw a r e  c o m p o n e n ts  a n d  th e  a v a ila b le  m e m o r y  in  h a r d w a r e : 
 

S o f tw a re  C o m p o n e n t M e m o r y N e e d e d  N V M e m o r y N e e d e d  D o u b le B u f f e r e d  B u f f e r S iz e  
P IL O T _ C O N T R O L  5 0  2 5  T ru e  1 0  
W A Y P O IN T _ P R O X Y  1 0 0  1 5 0  T ru e  2 0  
W A Y P O IN T  1 5 0  1 0 0  F a ls e  1 0  
F L T _ P L A N _ D IS P L A Y  1 0 0  1 0 0  F a ls e  1 0  
 

H a rd w a re  C o m p o n e n t S iz e  
M E M _ P 1  3 0 0  
N V M _ P 1  3 5 0  
M E M _ P 2  4 0 0  
N V M _ P 2  5 0  
 

• T o  r u n  th e  m e m o r y  fo o tp r in t, c lic k  o n  th e  M e m o r y  C h e c k  a s p e c t ic o n  
o B a s e d  o n  th e  in fo r m a tio n  w e  h a v e  e n te r e d , w e  n e e d  

B u f f e r -S iz e   

E v e n ts  
R T -S c h e d u lin g  

X M L  O u tp u t 

M e m o r y  P r e s c r ip tiv e  A s p e c t  
In te r p r e te r  
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§ 3 2 0  M B  o f  m e m o r y  a n d  2 7 5  M B  o f  N V - m e m o r y  f o r  P ro c e s s o r 1  
§ 1 6 0  M B  o f  m e m o r y  a n d  1 0 0  M B  o f  N V - m e m o r y  f o r  P ro c e s s o r 2  

• Y o u  s h o u ld  s e e  th e  e r r o r  m e s s a g e s  s h o w n  in  F ig u r e  5 -6  a n d  F ig u r e  5 -7  b e c a u s e  o f  
th e  in s u ff ic ie n t m e m o r y  o n  p r o c e s s o r  O C P _ P 1  a n d  in s u ff ic ie n t N V M  o n  
P r o c e s s o r  O C P _ P 2  

 

 

F ig u r e  5 - 6  

 
F ig u r e  5 - 7  

• T h e r e  a r e  tw o  w a y s  to  fix  th is  p r o b le m  
o In c r e a s e  th e  m e m o r y  s iz e  o n  O C P _ P 1  
o R e d u c e  th e  m e m o r y  r e q u ir e m e n ts  o f  th e  s o f tw a re  c o m p o n e n ts  

• L e t’s  s a y  in  th is  c a s e  th a t th e  s y s te m  c a n  o n ly  h a v e  3 0 0  M B  o f  m e m o r y  f o r  
O C P _ P 1 . S o  w e  s h a ll u s e  th e  s e c o n d  o p tio n  

o W e  w ill m a k e  a ll b u f fe r s  s in g le - b u f fe r e d  
o C h a n g e  th e  D o u b le B u ff e r e d  a ttrib u te  fo r  P IL O T _ C O N T R O L  a n d  

W A Y P O IN T _ P R O X Y  f r o m  T ru e  to  F a ls e  
o L a te r  w e  w ill s e e  h o w  w e  c o u ld  h a v e  d o n e  th e s e  c h a n g e s  u s in g  a  

p r e s c r ip tiv e  a s p e c t ( S e c tio n  5 .3 )  
• W e  w ill fix  th e  s e c o n d  e r ro r  b y  in c r e a s in g  th e  a m o u n t o f n o n -v o la tile  m e m o r y  fo r  

O C P _ P 2  
o C h a n g e  th e  s iz e  o f N V M _ P 2  to  2 5 0  M B  

• R e - ru n  th e  m e m o r y  c h e c k   
• T h e  m e m o r y  c h e c k  s h o u ld  s u c c e s s fu lly  p a s s  n o w  

5 .2 .2  B u f f e r - s iz e  C h e c k  

F o r  th e  b u ff e r c h e c k , fir s t v e r if y  th a t y o u  h a v e  e n te r e d  th e  fo llo w in g  v a lu e s  f o r  th e  
a ttr ib u te s  o f  th e  c o m p o n e n ts  lis te d  b e lo w : 

S o f tw a re  C o m p o n e n t B u f f e rS iz e  U p d a te R a te  
P IL O T _ C O N T R O L  1 0  0  
W A Y P O IN T _ P R O X Y  2 0  2 0 0  
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W A Y P O IN T  1 0  0  
F L T _ P L A N _ D IS P L A Y  1 0  5 0  
 

S u b -C o m p o n e n t S iz e  o f  M s g  in  b y te s  
id W P P ro x y P u b lis h P o rt2  5  
 
B a s e d  o n  th e  s c e n a r io  d e s c r ip tio n , th e r e  is  d a ta  flo w  b e tw e e n  a ll c o m p o n e n ts  b u t f o r th e  
s a k e  o f  s im p lic ity , w e  o n ly  d e f in e  th e  d a ta  f lo w  b e tw e e n  W A Y P O IN T _ P R O X Y  a n d  
F L T _ P L A N _ D IS P L A Y . T h e  W a y p o in t P r o x y  c o m p o n e n t s e n d s  m e s s a g e s  o f  s iz e  5  b y te s  
2 0 0  tim e s /s e c . T h e  F lig h t P la n  D is p la y  c o m p o n e n t re a d s  m e s s a g e s  5 0  tim e s /s e c . B e tw e e n  
e v e r y  re a d  p e rio d  o f  th e  F lig h t P la n  D is p la y  c o m p o n e n t, th e  W a y p o in t P r o x y  h a s  s e n d s  4  
m e s s a g e s . T h e r e f o re , th e  F lig h t P la n  D is p la y  c o m p o n e n t n e e d s  a  2 0  b y te  b u ff e r b u t it 
o n ly  h a s  1 0  b y te s . 

• T o  r u n  th e  b u f f e r - s iz e  c h e c k , c lic k  o n  th e  B u f fe r - S iz e  a s p e c t ic o n  
• Y o u  w ill s e e  s o m e  w a rn in g s  th a t s ta te  th a t th e  U p d a te R a te  a ttr ib u te  is  n o t 

s p e c if ie d  o n  th e  P ilo t C o n tr o l a n d  W a y p o in t c o m p o n e n ts  
o Ig n o re  th e s e  a n d  c o n tin u e  b y  c lic k in g  o n  “ O K ”  

• T h e  b u f f e r -s iz e  c h e c k  w ill f a il a n d  s h o w  th e  e r r o r m e s s a g e  in  F ig u r e  5 -8  
o T h is  is  f o r th e  re a s o n  s p e c if ie d  a b o v e  

 

 
F ig u r e  5 - 8  

• U p d a te  th e  b u f fe r  s iz e  o f  th e  F lig h t P la n  c o m p o n e n t to  2 0  b y te s  
• R e - ru n  th e  b u f fe r  s iz e  c h e c k  
• T h e  b u f f e r -s iz e  c h e c k  s h o u ld  p a s s  th is  tim e  
• R e - ru n  th e  m e m o r y  f o o tp r in t c h e c k  ju s t to  m a k e  s u re  th a t th e  c h a n g e s  y o u  h a v e  

m a d e  d id n ’t a f fe c t a n y th in g  
• T h e  c h e c k  s h o u ld  p a s s  

o If  y o u  h a d  s p e c if ie d  a  la r g e r b u ff e r  f o r th e  F lig h t P la n  D is p la y  c o m p o n e n t, 
th e  m e m o r y  c h e c k  m a y  h a v e  f a ile d  

o Y o u  w o u ld  h a v e  th e n  h a d  to  u p d a te  th e  a ttr ib u te s  o f  th e  m e m o r y  
r e q u ir e m e n ts  o f  th e  s y s te m  to  m a k e  th a t c h e c k  p a s s  

 
W h e n  b o th  th e  m e m o r y  a n d  b u f f e r- s iz e  c h e c k s  p a s s , y o u  h a v e  th e  c o n f id e n c e  th a t th e  
s y s te m  th a t y o u  h a v e  d e s ig n e d  h a s  s u ff ic ie n t m e m o r y  f o r its  s o f tw a re  c o m p o n e n ts  a n d  
th a t th e r e  w ill b e  n o  b u f f e r  o v e r flo w s . T h is  s h o u ld  illu s tr a te  to  y o u  th e  p o w e r a n d  u tility  
o f  th e  V E S T  to o l. 
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5 .2 .3  E v e n t  C h e c k  

T h is  is  a  v e r y  s im p le  c h e c k . If  y o u  in v o k e  th e  a s p e c t c h e c k , it s h o u ld  g iv e  y o u  a  m e s s a g e  
f o r e a c h  e v e n t s u p p lie r th a t d o e s n ’ t h a v e  a  c o n s u m e r  a n d  e a c h  c o n s u m e r th a t d o e s n ’t 
h a v e  a  s u p p lie r. In  o u r d e s ig n , y o u  s h o u ld  s e e  a  m e s s a g e  f o r  a  m is s in g  e v e n t s u p p lie r  fo r  
a   e v e n t c o n s u m e r  in  P IL O T _ C O N T R O L . 

5 .2 .4  R T  S c h e d u lin g  C h e c k  

H e r e  w e  p r e s e n t a n  e x a m p le  o f  h o w  to  p e r f o rm  s c h e d u la b ility  c h e c k s  o n  a  s y s te m  d e s ig n . 
T h e  s c h e d u la b ility  o f  a n  a lg o r ith m  d e p e n d s  o n  c e r ta in  a ttr ib u te s  o f  ta s k s  in  th e  s y s te m  
d e s ig n . I n  V E S T , a  ta s k  c a n  e ith e r  b e  a  M e th o d  o r  E v e n tS u p p lie d . T h e  f o llo w in g  a r e  th e  
ta s k - le v e l a ttrib u te s  th a t c a n  a ff e c t th e  o u tc o m e  o f  a  s c h e d u la b ility  a n a ly s is : 

• P e r io d  
• W C E T  
• O f f s e t 
• D e a d lin e  
• P r o c e s s o r  ID  
• R e lo c a ta b le  

 
In  th e  e x e r c is e  th a t w e  p e r f o rm , k e e p  th e s e  a ttr ib u te s  in  m in d . F o llo w  th e s e  s te p s  to  
s c h e d u la b ility  a n a ly s is  o n  y o u r  s y s te m  d e s ig n : 
 

• C lic k  o n  th e  R T - S c h e d u lin g  c h e c k  ic o n  

• Y o u  s h o u ld  s e e  th e  d ia lo g  in  F ig u r e  5 -9  
o T h is  is  th e  A s s u m p tio n s  L is t o f y o u r  d e s ig n  
o T h is  lis t r e p re s e n ts  th e  g lo b a l-le v e l a ttr ib u te s  o f  y o u r  d e s ig n  
o If  th is  lis t a c c u r a te ly  r e p r e s e n ts  th e  a s s u m p tio n s  y o u  m a d e  a b o u t y o u r  

d e s ig n , th e n  c lic k  “ O K ”  to  p ro c e e d  
o O th e rw is e , c lic k  “ C a n c e l”  to  r e tu r n  to  y o u r  d e s ig n  f o r m o d ific a tio n s  
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F ig u r e  5 - 9  

• B a s e d  o n  th e  A s s u m p tio n s  L is t, V E S T  w ill p r e s e n t th e  lis t o f  a v a ila b le  s c h e d u lin g  
a lg o r ith m s  th a t c a n  b e  p e r f o rm e d  o n  y o u r  d e s ig n . S in c e  y o u  h a v e  a  m u lti-
p r o c e s s o r d e s ig n , y o u  s h o u ld  s e e  th e  d ia lo g  in  F ig u r e  5 -1 0  

• If  y o u  h a d  s e le c te d  “ U n i-p r o c e s s o r ”  in  y o u r  a s s u m p tio n s  lis t, y o u  w o u ld  h a v e  
g o tte n  th e  a v a ila b le  s c h e d u le rs  f o r  m u lti- p r o c e s s o r  s c e n a r io s  a s  s h o w n  in  F ig u r e  
5 -1 1  

 

 

F ig u r e  5 - 1 0  

 
F ig u r e  5 - 1 1  



VE S T  U s e r s  M a n u a l  4 3  

• S e le c t “ E n d - to -E n d  R o b u s t S c h e d u lin g ”  in  th e  A v a ila b le  S c h e d u le rs  lis t a n d  c lic k  
“ O K ”  

• B a s e d  o n  th e  a ttrib u te  v a lu e s  e n te r e d  f o r th e  ta s k s  in  th e  s y s te m , o u r  s y s te m  
d e s ig n  s h o u ld  p a s s  th e  te s t a n d  s h o w  th e  s u c c e s s  d ia lo g  b o x  in  F ig u r e  5 -1 2 . C lic k  
“ O K ”  

 

 
F ig u r e  5 - 1 2  

• T h e  o u tp u t o f  th e  te s t is  d is p la y e d  n e x t a s  s h o w n  b e lo w  
 

 

• W e  w ill n o w  c h a n g e  a n  a ttr ib u te  in  th e  s y s te m  d e s ig n  s o  th a t th is  s a m e  te s t f a ils  

• S e le c t th e  “ id P ilo tP u b lis h P o rt1 ”  c o m p o n e n t in  P IL O T _ C O N T R O L  
o C h a n g e  its  W C E T  f r o m  2 0 0  to  4 0 0  

• R e - ru n  th e  s te p s  o u tlin e d  a b o v e  

Predefined cpu size: 2 

Method Name PILOT_CONTROL.idPilotPublishPort1  Processor OCP_P1 Proc Num 0
 Period 100  WCET 9 

Method Name WAYPOINT_PROXY.idWPProxyPublishPort1  Processor OCP_P1 Proc 
Num 0 Period 100  WCET 9 

Method Name WAYPOINT.idWPPublishPort1  Processor OCP_P2 Proc Num 1
 Period 100  WCET 14 

Method Name WAYPOINT_PROXY.idWPProxyPublishPort2  Processor OCP_P1 Proc 
Num 0 Period 100  WCET 10 

Method Name FLT_PLAN_DISPLAY.idDisplayPublishPort1  Processor OCP_P1 Proc 
Num 0 Period 100  WCET 12 

Method Name WAYPOINT_PROXY.idWPProxyPublishPort3  Processor OCP_P1 Proc 
Num 0 Period 100  WCET 8 

Method Name WAYPOINT_PROXY.GetData  Processor OCP_P1 Proc Num 0
 Period 100  WCET 15 

 Schedulability test on OCP_P2 passed. 

 

 Schedulability test on OCP_P1 passed. 

 

 

The scaling factor is 1.061768 for robust end-to-end scheduling.. 
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• Y o u r  s c h e d u lin g  te s t s h o u ld  f a il b e c a u s e  th e  ta s k s  d e f in e d  c a n n o t b e  s c h e d u le d  o n  
a  s in g le  p r o c e s s o r . V E S T  s h o u ld  d is p la y  th e  e r r o r  m e s s a g e  s h o w n  in  F ig u r e  5 -1 3 . 
C lic k  “  O K ”  

• Y o u  a s  th e  d e s ig n e r  c a n  tr y  to  c h a n g e  s o m e th in g  in  th e  d e s ig n  ( e g . a d d in g  a n o th e r  
p r o c e s s o r ) to  m a k e  y o u r  te s t p a s s  

 

 

F ig u r e  5 - 1 3  

5 .3  U s in g  P r e s c r ip tiv e  A s p e c ts  

H e r e  w e  p r e s e n t e x a m p le s  th a t illu s tra te  h o w  to  c r e a te  a n d  e x e c u te  p r e s c r ip tiv e  a s p e c ts  in  
V E S T  th a t a p p ly  g lo b a l a d v ic e  to  y o u r  s y s te m  d e s ig n . T o  ru n  p re s c rip tiv e  a s p e c ts , y o u  
n e e d  to  in v o k e  th e  p r e s c r ip tiv e  a s p e c t in te r p r e te r  f ro m  th e  to o lb a r . T h is  b r in g s  u p  th e  
d ia lo g  s h o w n  in  F ig u r e  5 - 1 4 . Y o u  h a v e  2  o p tio n s  f r o m  h e re  –  th e  fir s t to  c r e a te /m o d if y  
a n d  e x e c u te  a  s im p le  p r e s c r ip tiv e  a s p e c t a n d  th e  s e c o n d  to  e x e c u te  a  c o m p o u n d  
p r e s c r ip tiv e  a s p e c t. W e  w ill f irs t lo o k  a t c r e a tin g  a n d  e x e c u tin g  s im p le  p r e s c r ip tiv e  
a s p e c ts  a n d  la te r  a t c o m p o u n d  p r e s c r ip tiv e  a s p e c ts . 

 

F ig u r e  5 - 1 4  

S im p le  P r e s c r ip t iv e  A s p e c t s  

S u p p o s e  th a t a s  th e  d e s ig n e r , y o u  d e c id e d  to  c h a n g e  th e  D o u b le B u ff e re d  r e q u ire m e n t o f  
a ll s o ftw a r e  c o m p o n e n ts  in  th e  s y s te m  to  tr u e . R e m e m b e r f r o m  th e  m e m o r y  c h e c k  
e x e rc is e , w e  s e t th is  to  fa ls e  f o r a ll c o m p o n e n ts . O n e  s o lu tio n  w o u ld  b e  to  m a k e  th e  
c h a n g e s  m a n u a lly . A n o th e r m e th o d  is  to  in v o k e  a  p re s c rip tiv e  a s p e c t to  d o  th e  w o r k  f o r 
y o u . W e  w ill c r e a te  s u c h  a  s im p le  p r e s c r ip tiv e  a s p e c t h e r e  to  d o  p re c is e ly  th a t. 

• S e le c t th e  f ir s t o p tio n  in  F ig u r e  5 -1 5  a n d  c lic k  “ O K ”  

o T h is  b rin g s  u p  th e  A s p e c t E d ito r  s h o w n  in  F ig u r e  5 -1 5  
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F ig u r e  5 - 1 5  

• T h e  A s p e c t E d ito r is  w h e r e  y o u  ty p e  in  y o u r p r e s c rip tiv e  a s p e c t c o m m a n d s  

• T h e r e  a r e  s e v e r a l th in g s  y o u  c a n  d o  w ith  th e  A s p e c t E d ito r  o u tlin e d  b e lo w  
o E n te r P r e s c rip tiv e  A s p e c t in p u t 

§ M a n u a lly  b y  s im p ly  ty p in g  in  in p u t b o x  
§ F r o m  a  f ile  b y  s e le c tin g  “ L o a d … ”  

o C h e c k  th e  s y n ta x  o f th e  e n te r e d  o r lo a d e d  p r e s c rip tiv e  a s p e c t w ith o u t 
e x e c u tin g  th e  p r e s c r ip tiv e  a s p e c t b y  s e le c tin g  “ C h e c k  S y n ta x ”  

o S a v e  th e  p r e s c r ip tiv e  a s p e c t 
§ to  a  n e w  file  w ith  “ S a v e  A s ”  
§ to  th e  c u rr e n tly  lo a d e d  f ile  w ith  “ S a v e ”  

o C le a r th e  e d ito r a n d  s ta r t o v e r w ith  “ C le a r ”  
o E x e c u te  th e  p re s c r ip tiv e  a s p e c t w ith  “ E x e c u te ”  

§ T h e  “ S h o w  O u tp u t”  c h e c k b o x  (if  c h e c k e d ) s h o w s  th e  c o n te n ts  o f 
a ll s e ts  d e fin e d  in  y o u r  p r e s c r ip tiv e  a s p e c t w h e n  e x e c u te d  

o E x it w ith  “ D o n e ”  
§ A n y  u n s a v e d  w o r k  is  lo s t!  

• W e  w ill c re a te  a  s im p le  p re s c rip tiv e  a s p e c t to  c h a n g e  th e  d o u b le  b u f f e r e d  
a s s ig n m e n t o f a ll s o f tw a r e  c o m p o n e n ts  to  tr u e . T y p e  in  th e  fo llo w in g  p re s c rip tiv e  
a s p e c t in to  th e  e d ito r . K e e p  in  m in d  th a t th e  p re s c r ip tiv e  a s p e c t p a rs e r  is  c a s e -
s e n s itiv e . Y o u  c a n  f in d  th e  c o m p le te  B N F  s p e c if ic a tio n  o f  th e  n e w  V P A L  
la n g u a g e  in  A p p e n d ix  4  

 
 

 
 

G E T  S W C o m p  =  (C T  = =  S o ftw a re C o m p o n e n t); 
S E T  S W C o m p .(P N  =  D o u b le B u ffe re d , P V =  1 ); 
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• T h e  G E T  s ta te m e n t s im p ly  c o lle c ts  a ll c o m p o n e n ts  o f  ty p e  S o ftw a r e C o m p o n e n t 
in to  s e t S W C o m p . T h e  S E T  s ta te m e n t c h a n g e s  th e  p ro p e r ty  lis te d  
( D o u b le B u ff e r e d )  to  th e  v a lu e  lis te d  (1  o r  tru e )  fo r a ll e le m e n ts  in  s e t S W C o m p . 

• C h e c k  th e  s y n ta x  to  e n s u r e  th a t y o u r  p r e s c r ip tiv e  a s p e c t is  s y n ta c tic a lly  c o r re c t 

• S a v e  th e  p r e s c r ip tiv e  a s p e c t to  f ile  m y _ p a 1 .v p a l 

• E x e c u te  th e  p re s c r ip tiv e  a s p e c t 
o If  e v e r y th in g  ru n s  c o r re c tly , y o u  s h o u ld  s e e  th e  m e s s a g e  b o x  in  F ig u r e  5 -1 6  
 

 

F ig u r e  5 - 1 6  

• C h e c k  th e  D o u b le B u ff e r e d  p r o p e rty  o f  a ll th e  s o f tw a re  c o m p o n e n ts  in  y o u r  d e s ig n  
o T h e y  s h o u ld  a ll b e  s e t to  “ T r u e ”  n o w  

 
U s in g  th e  p r o c e d u re  d e s c rib e d  a b o v e , c r e a te  tw o  m o r e  s im p le  p re s c r ip tiv e  a s p e c ts  s h o w n  
b e lo w  a n d  s a v e  th e m  to  th e  f ile s  lis te d . W e  w ill u s e  th e s e  in  c r e a te  o u r  c o m p o u n d  
p r e s c r ip tiv e  a s p e c t in  th e  n e x t s te p . 
 
 
 
 
 
 
 
 
 
 
 
 
B o th  o f th e s e  a s p e c ts  s e le c t th e  d is p la y  s o ftw a r e  c o m p o n e n ts  fr o m  th e  d e s ig n  
( F L T _ P L A N _ D IS P L A Y  in  o u r  c a s e )  a n d  m a k e  c h a n g e s  to  th e ir  m e m o r y  n e e d e d  
r e q u ir e m e n ts . T h e  f irs t a s p e c t a d d s  5 0  to  it w h ile  th e  s e c o n d  d o u b le s  it.  
 
C o m p o u n d  P r e s c r ip tiv e  A s p e c ts  
 
C o m p o u n d  p r e s c r ip tiv e  a s p e c ts  a r e  d e f in e d  in  th e  A s p e c t fo ld e r  o f a  p r o je c t. E a c h  m o d e l 
la y e r  w ith in  th is  f o ld e r  r e p r e s e n ts  o n e  c o m p o u n d  p r e s c r ip tiv e . A  c o m p o n e n t p r e s c r ip tiv e  
a s p e c t is  c o m p o s e d  o f  o n e  o r m o r e  s im p le  p r e s c r ip tiv e  a s p e c ts  c a lle d  s u b -a s p e c ts . E a c h  

m y _ p a 2 .v p a l 
G E T  S W C o m p  =  (C T  = =  S o ftw a re C o m p o n e n t); 
G E T  D is p C o m p  =  S W C o m p .(P N  = =  c o m p o n e n tT y p e , P V = =   B M _ _ D IS P L A Y _ C O M P O N E N T ); 
S E T  D is p C o m p .(P N  =  M e m o ry N e e d e d , P V =  P V +  5 0 ); 

m y _ p a 3 .v p a l 
G E T  S W C o m p  =  (C T  = =  S o ftw a re C o m p o n e n t); 
G E T  D is p C o m p  =  S W C o m p .(P N  = =  c o m p o n e n tT y p e , P V = =   B M _ _ D IS P L A Y _ C O M P O N E N T ); 
S E T  D is p C o m p .(P N  =  M e m o ry N e e d e d , P V =  P V *  2 ); 
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s u b -a s p e c t is  a s s o c ia te d  w ith  a  f ile  th a t c o n ta in s  th e  c o d e  f o r th a t s im p le  p re s c rip tiv e  
a s p e c t. W e  w ill c re a te  a  c o m p o u n d  p r e s c r ip tiv e  a s p e c t w ith  th e  2  s u b - a s p e c ts  th a t w e  
c re a te d  in  th e  la s t e x e r c is e .  
 

• C r e a te  a n  A s p e c t M o d e l la y e r  in  y o u r  p r o je c t c a lle d  “ A s p e c tF o ld e r ”  

• In s e r t a n  a s p e c t m o d e l in to  th is  fo ld e r c a lle d  “ M e m o r y  A s p e c t”  

• O p e n  th is  m o d e l 

• C lic k  a n d  d r a g  tw o  c o m p o n e n ts  o f  ty p e  A s p e c tC o m p o n e n t in to  th is  m o d e l 
o A n  A s p e c tC o m p o n e n t r e p re s e n ts  a  s in g le  s u b - a s p e c t 

• N a m e  th e s e  tw o  s u b -a s p e c ts  M e m A d d 5 0  a n d  M e m D o u b le  

• C o n n e c t M e m A d d 5 0  to  M e m D o u b le  
o W e  s p e c if y  a  p r e c e d e n c e  c o n s tra in t in  o u r c o m p o u n d  a s p e c t th is  w a y  
o M e m A d d 5 0  w ill e x e c u te  b e f o re  M e m D o u b le  

§ T h e  r e v e r s e  o rd e r  w o u ld  p r o d u c e  d if fe r e n t r e s u lts !  

• N o w  in v o k e  th e  P re s c r ip tiv e  a s p e c t in te r p re te r a n d  s e le c t o p tio n  2  o f  F ig u r e  5 -1 4  

• T h is  b rin g s  u p  th e  c o m p o u n d  p r e s c r ip tiv e  a s p e c t c h o o s e r  a s  s h o w n  in  F ig u r e  5 -1 7  
o S in c e  w e  h a v e  o n ly  1  c o m p o u n d  p re s c rip tiv e  a s p e c t d e fin e , w e  h a v e  o n ly  

1  e n tr y  lis te d  

 

F ig u r e  5 - 1 7  

• S e le c t “ M a p ”  

• T h is  b rin g s  u p  a  s u b - a s p e c t m a p p e r  s h o w n  in  F ig u r e  5 -1 8  
o Y o u  m a p  y o u r s u b - a s p e c ts  to  th e  file s  th a t c o n ta in  th e ir  in s tru c tio n s  h e re  
o M a p  M e m A d d 5 0  to  m y _ p a 2 .v p a l th a t y o u  s a v e d  e a rlie r  
o M a p  M e m D o u b le  to  m y _ p a 3 .v p a l 
o C lic k  “ O K ”  
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F ig u r e  5 - 1 8  

• N o w  th a t y o u r c o m p o u n d  a s p e c t is  m a p p e d , it c a n  n o w  b e  e x e c u te d  
o C lic k  “ O K ”  to  e x e c u te  th e  M e m o r y  A s p e c t 

• Y o u r  a s p e c t s h o u ld  e x e c u te  s u c c e s s f u lly  
o F L T _ P L A N _ D IS P L A Y ’ s  m e m o r y  n e e d e d  s h o u ld  b e  3 0 0  ( (1 0 0  +  5 0 ) *  2 )  
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7  A p p e n d ix  1 :  A C L  t o  V E S T  m a p p in g  

V E S T  in c lu d e s  a  m a p p in g  to o l th a t c o n v e r ts  th e  B o e in g  B o ld s tr o k e  m id d le w a r e  A C L  
c o m p o n e n ts  to  G M E - r e a d a b le  c o m p o n e n ts . T h e s e  A C L  c o m p o n e n ts  c a n  th e n  b e  u s e d  a s  
V E S T  c o m p o n e n ts  in  V E S T  p r o je c ts . T h e  A C L  to  V E S T  m a p p e r is  a v a ila b le  a t 
[ In s ta lla tio n  D ir e c to r y ] /A C L M a p p e r . T h e  A C L  m a p p e r   is  w ritte n  in  J a v a  a n d  c a n  b e  
in v o k e d  b y  th e  fo llo w in g  c o m m a n d  

 ja v a  A C L M a p p e r 3  < in p u t_ f ile >  < o u tp u t_ f ile >  

T h e  in p u t f ile  is  th e  A C L  lib ra r y  f ile . T h e  A C L  lib r a r y  is  s to re d  a s  a n  X M L  f ile . In c lu d e d  
in  th e  A C L M a p p e r  d ir e c to r y  is  a  c o p y  o f  th is  lib r a r y  n a m e d  O E P .x m l.  
 
W h e n  y o u  p r o d u c e  th e  o u tp u t V E S T  lib r a r y  X M L  file , it c a n  b e  u s e d  b y  in s e rtin g  it in to  a  
V E S T  p r o je c t. T h e re  a r e  tw o  w a y s  to  d o in g  th is  

• A tta c h in g  th e  lib r a r y  in  G M E  fo r m a t 
• Im p o r tin g  th e  lib r a r y  in  X M L  fo r m a t 

 
Y o u  c a n  c o n v e r t th e  X M L  lib ra r y  f ile  o u tp u tte d  fr o m  th e  m a p p e r in to  G M E  p r o je c t 
f o rm a t. T h e  s te p s  r e q u ir e d  to  c re a te  a  G M E - fo r m a t lib ra r y  a r e  th e  s a m e  a s  th o s e  r e q u ir e d  
to  c r e a te  a  V E S T  p r o je c t fr o m  X M L  f o rm a t d e s c rib e d  in  S e c tio n  3 .2 .4 .1 . 
 
A t t a c h in g  a  lib r a r y  in  G M E  f o r m a t  
 
T o  a tta c h  a  G M E - fo r m a t lib r a r y  to  y o u r  V E S T  p ro je c t, f o llo w  th e s e  s te p s : 
 

• R ig h t- c lic k  o n  th e  p r o je c t n a m e  in  th e  P r o je c t B r o w s e r  w in d o w  
• S e le c t “ A tta c h  L ib ra r y … ”  fr o m  th e  m e n u  

o T h e  d ia lo g  b o x  in  F ig u r e  7 -1  w ill a p p e a r  
 

 
F ig u r e  7 - 1  

• If  y o u  k n o w  th e  lo c a tio n  o f th e  G M E  lib r a r y , th e n  ty p e  it in  a n d  c lic k  “ O K ”  
• If  n o t, y o u  c a n  b ro w s e  f o r  it b y  c lic k in g  th e  b u tto n  w ith  “ … ”  

 
I m p o r t in g  th e  lib r a r y  in  X M L  f o r m a t 
 
T o  a tta c h  a  X M L  f o rm a t lib ra r y  to  y o u r  V E S T  p r o je c t, fo llo w  th e s e  s te p s : 
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• W ith  y o u r V E S T  p ro je c t o p e n , s e le c t “ Im p o rt X M L … ”  f ro m  th e  F ile  m e n u  
o A  F ile  S e le c to r  d ia lo g  b o x  w ill a p p e a r  

• S e le c t th e  X M L  file  th a t c o n ta in s  th e  A C L  lib ra r y  in  V E S T  f o r m a t 
• C lic k  “ O p e n ”  

o G M E  w ill re a d  in  th e  X M L  d a ta  a n d  s h o w  a  s u c c e s s  d ia lo g  b o x  
• T h e  r o o t o f  th e  p r o je c t w ill c h a n g e  to  th a t o f  th e  lib ra r y  n a m e  

 
T o  a d d  th e  lib r a r y  c o m p o n e n ts  to  y o u r  V E S T  p r o je c t, u s e  th e  s ta n d a r d  G M E  c lic k -a n d -
d r a g  o p e r a tio n s . 
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8  A p p e n d ix  2 :  V E S T  t o  X M L  c o n f ig u r a t io n  m a p p in g  

V E S T  in c lu d e s  a  m a p p e r  th a t c o n v e r ts  th e  a  V E S T  s y s te m  d e s ig n  in to  a  P ris m  X M L  
c o n fig u r a tio n  f ile . T h e  X M L  c o n f ig u ra tio n  file  c a n  th e n  b e  u s e d  to  e x e c u te  th e  s y s te m  
d e s ig n  o n  th e  B o e in g  B o ld s tro k e  O E P  p la tfo r m . T h e  X M L  f ile  is  g e n e r a te d  b y  a n  
in te r p re te r th a t c a n  b e  in v o k e d  f r o m  th e  to o lb a r.  

R u n n in g  th e  X M L  c o n fig u ra tio n  m a p p e r is  v e r y  s im p le . F o llo w  th e s e  s te p s : 

• C lic k  o n  th e  X M L  O u tp u t in te rp r e te r  ic o n  

o A  F ile  S e le c to r  d ia lo g  b o x  w ill a p p e a r  

• S e le c t th e  lo c a tio n  w h e r e  y o u  w o u ld  lik e  to  s to r e  th e  o u tp u t file   

• C lic k  “ O K ”  

O n c e  y o u r  o u tp u t f ile  is  g e n e r a te d , y o u  c a n  v ie w  its  c o n te n ts  u s in g  a n  X M L  c o m p a tib le  
e d ito r  o r  b r o w s e r .  

If  y o u  h a v e  a c c e s s  to  th e  B o e in g  O E P , y o u  c a n  u s e  th e  X M L  f ile  to  b u ild  a n d  d e c ip h e r  
th e  s y s te m . 
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9  A p p e n d ix  3 :  R T  S c h e d u lin g  A P I  

T o  a llo w  th ir d -p a r ty  d e v e lo p e rs  in c o rp o r a te  th e ir o w n  s c h e d u lin g  a lg o r ith m s  in to  th e  
V E S T  to o l, V E S T  3 .0  p r o v id e s  a  R T  S c h e d u lin g  A P I. T h e r e  a r e  m a n y  u n n e c e s s a r y  lo w -
le v e l d e ta ils  in  th e  G M E  A P I. W ith  th e  h e lp  o f  a  h ig h - le v e l in te rf a c e , th ird - p a rty  
d e v e lo p e r s  o n ly  n e e d  to  w o r r y  a b o u t th e s e  h ig h - le v e l s e m a n tic s  fo r  s c h e d u lin g . 
 
W h e n e v e r  s c h e d u la b ility  a n a ly s is  is  p e r fo r m e d  o n  a  s y s te m  d e s ig n , V E S T  s w e e p s  th e  
m o d e l a n d  g e n e ra te s  a  c a llin g - g ra p h . T h e  c a llin g - g r a p h  is  a  d a ta  s tr u c tu r e  th a t r e p r e s e n ts  
th e  r e la tio n s h ip  o f  th e  ta s k s  in  th e  s y s te m  d e s ig n . T h ird - p a rty  d e v e lo p e r s  c a n  in c o r p o r a te  
th e ir  s c h e d u lin g  a lg o r ith m s  in to  V E S T  b y  m a n ip u la tin g  th is  c a llin g - g ra p h . T h e  h ig h - le v e l 
V E S T  s c h e d u lin g  A P I p r o v id e s  a n  in te rf a c e  to  th e  c a llin g - g ra p h . 
 
A  ta s k  is  d e fin e d  a s  a n  e x e c u tio n  u n it. It h a s  p r o p e rtie s  o f  p e rio d , e x e c u tio n  tim e , s ta rt 
tim e  (o f fs e t) a n d  d e a d lin e . A  c o lle c tio n  o f  ta s k s  is  c a lle d  a  ta s k  s e t. T h e  r e a s o n  fo r  u s in g  
ta s k  s e ts  is  th a t th e r e  c o u ld  b e  m u ltip le  s ta rtin g  ta s k s  a n d  e n d in g  ta s k s . A ls o , it is  p o s s ib le  
f o r a  p a r e n t ta s k  to  h a v e  m u ltip le  c h ild re n  a n d  fo r  a  c h ild  ta s k  to  h a v e  m u ltip le  p a r e n ts .  
 
T h e  c a llin g - g r a p h  is  r e p r e s e n te d  b y  a  c la s s  c a lle d  c a llin g g r a p h  in  V E S T . It p r o v id e s  th e  
f o llo w in g  in te r f a c e : 
 
V e s t_ ta s k s e t g e t_ c a llin g _ g r a p h ( )  
  G e t th e  s e t o f s ta r tin g  ta s k s  
 
T h e  in itia l c o n s tr u c tio n  o f  th e  c a llin g  g r a p h  f o r  P r is m  s y s te m s  ta k e s  p la c e  a s  f o llo w s . In  a  
P r is m  s y s te m , e v e r y  th re a d  is  tr ig g e r e d  b y  a  tim e r. T h e  c a llin g  g r a p h  is  c o n s tr u c te d  b y  
f o llo w in g  th e  p a th  o f th e  tim e r. T h e  c a llin g g r a p h  c la s s  c o n ta in s  a  ta s k  s e t w h ic h  in c lu d e s  
r e f e r e n c e s  to  a ll th e  tim e r s  in  th e  s y s te m . 
 
A  ta s k  is  r e p r e s e n te d  b y  a  ta s k  c la s s  in  V E S T . A  ta s k  s e t is  r e p r e s e n te d  b y  a  S T L  s e t 
c a lle d  ta s k s e t. T h e  ta s k  c la s s  in c lu d e s , in  a d d itio n  to  th e  a b o v e  m e n tio n e d  p r o p e rtie s  o f  
p e rio d , e x e c u tio n  tim e , s ta rt tim e  a n d  d e a d lin e , tw o  ta s k  s e ts  c a lle d  c h ild r e n  a n d  p a r e n ts . 
T h e s e  ta s k  s e ts  r e f le c t th e  p r e c e d e n c e  o f  e x e c u tio n  a m o n g  th e  ta s k s  in  th e  s y s te m . T h e  
ta s k  c la s s  p r o v id e s  th e  f o llo w in g  in te r f a c e : 
 

• v o id  s e t_ p e r io d ( p e r io d )  
s e t th e  p e r io d  o f th e  ta s k  

• in t g e t_ p e r io d ( )  
g e t th e  p e r io d  o f th e  ta s k  

• v o id  s e t_ w c e t( w c e t)  
s e t th e  w c e t o f th e  ta s k  

• in t g e t_ w c e t( )  

g e t th e  w c e t o f th e  ta s k  
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• v o id  s e t_ o f f s e t( o f f s e t)  
s e t th e  o ffs e t o f th e  ta s k  

• in t g e t_ o f f s e t( )  
g e t th e  o ffs e t o f th e  ta s k  

• v o id  s e t_ d e a d lin e ( d e a d lin e )  

s e t th e  d e a d lin e  o f th e  ta s k  

• in t g e t_ d e a d lin e ( )  
g e t th e  d e a d lin e  o f th e  ta s k  

• v o id  s e t_ p r o c e s s o r ( p r o c e s s o r )  
s e t th e  p r o c e s s o r  id  o f th e  ta s k  

• in t g e t_ p r o c e s s o r ( )  
g e t th e  p r o c e s s o r  id  o f th e  ta s k  

• v e s t_ ta s k s e t g e t_ p a r e n t( )  

g e t th e  s e t o f p a r e n t ta s k s  

• v e s t_ ta s k s e t g e t_ c h ild r e n ( )  
g e t th e  s e t o f c h ild r e n  ta s k s  

• in t s e t_ c h ild ( ta s k )  
s e t ta s k  p a s s e d  in  to  b e  a  c h ild  o f T H I S  

• in t r e m o v e _ c h ild ( ta s k )  
r e m o v e  th e  p a r e n t- c h ild  r e la tio n s h ip  b e tw e e n  T H I S  a n d  th e  ta s k  p a s s e d  in  

• in t c r e a te _ ta s k ( )  

• in t r e m o v e _ ta s k ( ta s k )  

 
W h e n  th e  d e v e lo p e r  w a n ts  to  d e s ig n  a  n e w  s c h e d u lin g  a lg o r ith m  u s in g  V E S T , h e  c a n  fir s t 
in itia te  th e  c a llin g  g ra p h , w h ic h  c o lle c ts  th e  n e c e s s a r y  s c h e d u lin g  in fo r m a tio n  fr o m  th e  
m o d e l. T h e n , th e  d e v e lo p e r  u s e s  th e  m e th o d s  p r o v id e d  b y  th e  ta s k  c la s s  to  v is it th e  
c a llin g  g r a p h . 
 
T h e  im p le m e n ta tio n  o f  c a llin g  g r a p h  is  a v a ila b le  in  c a llin g g ra p h .h , c a llin g g r a p h .c p p . A ll 
s c h e d u lin g  a lg o r ith m s  ( f o r e x a m p le , r m a .h , r m a .c p p )  in  V E S T  h a v e  u s e d  th is  in te rf a c e . 
 



VE S T  U s e r s  M a n u a l  5 5  

1 0  A p p e n d ix  4 :  V P A L  B N F  S p e c if ic a t io n  

 
<statement_list> = <statement_list> <statement> ‘;’ 
 
 
<statement>  =  <get_statement>  

|  <set_statement>  
|  <create_statemnt>  
|  <delete_statement>  

      
 
 
<get_statement>  =  GET <Variable> ‘=’ <get_expression>  

| GET <Variable> ‘=’ <Variable> ‘.’ ‘(‘ 
<get_expression> ‘)’ 

 
<set_statement>  = SET <Variable> ‘.’ ‘(‘ <set_expression> ‘)’ 
 
<create_statement>  = CREATE <create_expression> 
        
<delete_statement> = PDELETE <delete_expression> // Unimplemented 
  
 
 
<create_expression> = Variable ‘=’ ‘(‘ FolderType ‘,’ STRING ‘,’ CT ‘=’ 

 STRING ‘,’ CN ‘=’ ComponentName  ‘)’ 
          
 | Variable ‘=’ Variable ‘[‘ Relation_Type ‘,’ STRING 

 ‘]’ Variable 
 
 
<delete_expression> = <Variable>    // Unimplemented  
   | <Variable> ‘.’ <Relation>  // Unimplemented 
        
 
<set_expression> = ‘(‘ <set_expression> ‘)’ 
   | <ObjectType> ‘=’ <Value> ‘,’ <set_expression > 
   | <ObjectType> ‘=‘ <Value> 
 
 
      
<get_expression> = ‘(‘ <get_expression> ‘)’ 
   | <get_expression> AND <get_expression> 
   | <get_expression> OR <get_expression> 
   | NOT <get_expression> 
   | <ObjectType> ‘==‘ <Value> 
   | <ObjectType> ‘==‘ <Value> ‘,’  

<ObjectType> ‘==‘ <Value> 
   | <Variable> <Relation> <Variable> 
 
 
<Relation>  =  ‘[‘ <Function_Type> ‘,’ <Mapping_Type> ‘=‘  

<Relation_Type> ‘,’ STRING  ‘]’  
 
<Mapping_Type> = $DR    // Direct Relation 
   | $IR   // Indirect Relation 
 
<Relation_Type> = $CONT   // Containment 
   | $REF   // Reference 
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   | $CONN   // Connection 
        
<Function_Type> = $ONEONE   // One-to-one 
   | $ONEMANY  // One-to-many 
   | $MANYTOONE  // Many-to-one 
   | $MANYMANY  // Many-to-many 
     
<ObjectType>  = CT   // Component type 
   | CN   // Component name 
   | PN    // Property Name   
   | PV   // Property Value 
 
<Variable>  = ‘&’ STRING   // Return variable 
   | STRING  
    
<Value>  = INTEGER   // Integers 
   | ComponentName   // For component names 
   | Path    // To accept paths 
   | StringSequence  // To accept sequences 
   | True | TRUE | true  // Boolean 
   | False | FALSE | false // Boolean 
   | ‘*’    // For wildcards 
   | <scalar_exp>   // Arithmetic expressions 
 
<ComponentName> = STRING 
   | STRING '.' INTEGER 
        
<Path>   = STRING '/' Path 
   | STRING 
        
StringSequence = STRING StringSequence 
   | STRING 
 
<scalar_exp>  = <scalar_exp> “+” <scalar_exp>   
   | <scalar_exp> “-“ <scalar_exp> 
   | <scalar_exp> ”*” <scalar_exp> 
   | <scalar_exp> “/” <scalar_exp> 
   | “-“ <scalar_exp> 
   | “+” <scalar_exp> 
   | “(“ <scalar_exp> “)”               
   |  <ObjectType>          
   | INTEGER       
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1 1  A p p e n d ix  5 :  D e s ig n in g  P r is m  S y s t e m s  in  V E S T  

D u e  to  th e  in c o m p a tib ility  o f  th e  V E S T  m e ta m o d e l w ith  th e  P ris m  a r c h ite c tu re , th e r e  a r e  
c e rta in  a s s u m p tio n s  th a t a  d e s ig n e r s h o u ld  m a k e  w h e n  d e s ig n in g  P r is m  s y s te m s  in  V E S T . 
In  V E S T , th e  s o f tw a re , h a rd w a re , O S  a n d  m id d le w a r e  la y e r s  o f th e  s y s te m  d e s ig n  a re  
s p e c if ie d  s e p a ra te ly . T h is  d is c u s s io n  f o c u s e s  o n  th e  s o f tw a r e  a n d  h a r d w a r e  la y e rs .  

1 1 .1  H a r d w a r e  L a y e r  

T h e  h a rd w a re  la y e r  h a s  o n ly  o n e  le v e l o f a b s tr a c tio n . D e s ig n in g  th e  h a r d w a re  la y e r  is  
f a ir ly  s im p le . E a c h  o f  th e  c o m p o n e n ts  in  th is  la y e r  r e p re s e n ts  a n  a c tu a l h a r d w a r e  
c o m p o n e n t. C o n n e c tio n s  b e tw e e n  c o m p o n e n ts  r e p re s e n t a  c o n c r e te  r e la tio n s h ip . F o r 
e x a m p le , F ig u r e  1 1 -1  r e p re s e n ts  a  h a rd w a re  d e s ig n  in  V E S T  w ith  th r e e  c o m p o n e n ts  –  
P r o c e s s o r , M e m o r y  a n d  N o n - v o la tile  M e m o r y  (N V M ) . T h e  c o n n e c tio n s  h e r e  im p ly  th a t 
c o m p o n e n ts  M 1  a n d  N V M  1  a re  a s s o c ia te d  w ith  P r o c e s s o r  P 1 .  

 

F ig u r e  1 1 - 1  

1 1 .2  S o ftw a r e  L a y e r  

T h e  s o f tw a re  la y e r , o n  th e  o th e r  h a n d , h a s  tw o  le v e ls  o f a b s tr a c tio n . T h e  h ig h e s t le v e l 
( c a lle d  L e v e l 1  h e n c e f o rth ) o f  a b s tr a c tio n  is  f o r  r e p r e s e n tin g  f u n c tio n a l s o ftw a r e  
c o m p o n e n ts . T h e  s e c o n d  le v e l ( L e v e l 2 )  o f  a b s tr a c tio n  d e f in e s  th e  r e a l f u n c tio n a lity  o f  
th e  c o m p o n e n ts  in  L e v e l 1  s u c h  a s  e v e n t c h a n n e ls , w h e th e r  th e  c o m p o n e n t is  tr ig g e r e d  b y  
a  tim e r, e tc . C o n n e c tio n s  b e tw e e n  c o m p o n e n ts  in  L e v e l 1  r e p r e s e n t re la tio n s h ip s  b e tw e e n  
f u n c tio n a l s o ftw a r e  c o m p o n e n ts . C o n n e c tio n s  b e tw e e n  c o m p o n e n ts  in  L e v e l 2  d e fin e  th e  
in te r n a l o p e r a tio n  a n d  c h a ra c te r is tic s  o f  th e  c o m p o n e n t in  L e v e l 1 . F o r  e x a m p le , F ig u r e  
1 1 -2  s h o w s  a  L e v e l 1  s o f tw a re  d e s ig n  th a t re p r e s e n ts  P ro d u c t S c e n a rio  3 .1  [ 3 ] . T h e  
d a s h e d  lin e  b e tw e e n  W A Y P O IN T _ P R O X Y  a n d  W A Y P O IN T  r e p r e s e n ts  a  P r o x y O f 
r e la tio n s h ip  ( N o te  th a t th is  is  n o t a u to m a tic  o n  th e  V E S T  G U I; it w a s  m a n u a lly  d o n e  fo r  
d e m o n s tra tio n  p u rp o s e s ). F ig u r e  1 1 -3  s h o w s  a  L e v e l 2  d e s ig n  o f  th e  s u b c o m p o n e n ts  o f  th e  
P IL O T _ C O N T R O L  c o m p o n e n t o f  L e v e l 1 . T h is  d e s ig n  s p e c if ie s  f o r P I L O T _ C O N T R O L  



VE S T  U s e r s  M a n u a l  5 8  

its  p r o c e s s o r  a s s ig n m e n t, e v e n t c h a n n e ls  a n d  th a t it is  tim e r tr ig g e r e d . A  d e ta ile d  
d is c u s s io n  o f h o w  e a c h  o f  th e s e  is  c o n s tru c te d  in  V E S T  fo llo w s . It is  im p o r ta n t th a t th e  
s o ftw a r e  la y e r is  re p r e s e n te d  a s  d e s c r ib e d  h e r e  a s  a ll th e  a n a ly s e s  in  V E S T  w o r k  o n  th e  
b a s is  o f  th e s e  a s s u m p tio n s .  

 

F ig u r e  1 1 - 2  

 

 

F ig u r e  1 1 - 3  

 

B e f o re  p r o c e e d in g  w ith  th e  d e ta ile d  d e s c rip tio n s , it w o u ld  b e  u s e fu l to  fa m ilia r iz e  
y o u rs e lf w ith  P ro d u c t S c e n a r io  3 .1 . T h e  d is c u s s io n  b e lo w  a s s u m e s  y o u  h a v e  a n  
u n d e rs ta n d in g  o f  th is  p ro d u c t s c e n a r io .  
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F ig u r e  1 1 - 4  

1 1 .2 .1  E v e n t  C h a n n e ls  

A n  e v e n t c h a n n e l c o n s is ts  o f  a  c h a in  o f e v e n t s u p p lie r- c o n s u m e r -s u p p lie r  lin k s . A n  e v e n t 
c h a n n e l is  trig g e r e d  b y  a  tim e r  a n d  r e p re s e n ts  o n e  th re a d  o f e x e c u tio n  in  th e  s y s te m .  A n  
e v e n t s u p p lie r  in  V E S T  is  r e p r e s e n te d  b y  th e  “ E v e n tS u p p lie d ”  c o m p o n e n t in  th e  s o ftw a r e  
la y e r . E v e n t c o n s u m e rs  a re  re p r e s e n te d  b y  th e  “ E v e n tC o n s u m a b le ”  c o m p o n e n t. E v e n t 
s u p p lie rs  a n d  c o n s u m e r s  w ith in  th e  s a m e  f u n c tio n a l s o f tw a r e  c o m p o n e n t c a n  b e  
c o n n e c te d  d ir e c tly . H o w e v e r, if  a n  e v e n t s u p p lie r a n d  c o n s u m e r  p a ir lie  in  d iff e r e n t 
s o ftw a r e  c o m p o n e n ts , th e y  n e e d  to  b e  lin k e d  u s in g  a n  E v e n tE v e n tR e f e r e n c e . T h e  e v e n t 
c h a n n e l a n d  its  a s s o c ia te d  m e th o d s  c o n s titu te  th e  ta s k  g r a p h  o f a  s y s te m . F o r e x a m p le , in  
F ig u r e  1 1 -3 , e v e n t s u p p lie r  id P ilo tP u b lis h P o r t1  in  th e  P I L O T _ C O N T R O L  c o m p o n e n t is  
c o n n e c te d  to  e v e n t s u p p lie r  id W P S u b s c r ib e P o r t1  in  th e  W A Y P O IN T _ P R O X Y  
c o m p o n e n t ( s e e  F ig u r e  1 1 -4 )  th r o u g h  its  c o n n e c tio n  to  th e  E v e n tE v e n tR e f e r e n c e  
c o m p o n e n t. 

E v e n tC o n s u m a b le  c o m p o n e n ts  e ith e r  trig g e r o th e r  e v e n t s u p p lie r -c o n s u m e r  lin k s  o r  
c o n n e c t to  a  M e th o d 4  c o m p o n e n t. F o r e x a m p le , in  th e  W A Y P O IN T _ P R O X Y  c o m p o n e n t 
( s e e  F ig u r e  1 1 -4 ) , e v e n t c o n s u m e r id W P P r o x y S u b s r ib e P o r t1  tr ig g e r s  e v e n t s u p p lie r  
id W P P r o x y P u b lis h P o r t1  w h ic h  c o n n e c ts  to  a n  e v e n t c o n s u m e r  in  W A Y P O IN T  th r o u g h  
a n  E v e n tE v e n tR e f e r e n c e . In  th e  s a m e  c o m p o n e n t, e v e n t c o n s u m e r  

                                                      
4  O n ly  e v e n t s u p p lie r s  a t th e  e n d  o f a n  e v e n t th r e a d  c a n  c o n n e c t to  a  m e th o d . I f  a  m e th o d  n e e d s  to  b e  
in v o k e d  in  th e  m id d le  o f a n  e v e n t c h a n n e l, th e n  its  W C E T  s h o u ld  b e  a d d e d  to  th e  W C E T  o f  e v e n t s u p p lie r  
th a t in v o k e s  it. T h is  is  a  te m p o r a r y  f ix  a n d  th e  n e x t v e r s io n  o f  V E S T  w ill a llo w  m e th o d s  in  th e  m id d le  o f 
e v e n t c h a n n e ls  
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id W P P r o x y S u b s c r ib e P o r t3  trig g e r s  e v e n t s u p p lie r id W P P r o x y P u b lis h P o r t4  w h ic h  
in v o k e s  m e th o d  G e tD a ta . 

1 1 .2 .2  R e c e p t ic le s /F a c e t s  

A  R e c e p tic le  r e la tio n s h ip  is  s p e c if ie d  in  L e v e l 1  o f  a  s o ftw a r e  d e s ig n . A  c o n n e c tio n  o f  
ty p e  R e c e p ta c le C o n ta in s  b e tw e e n  2  s o f tw a re  c o m p o n e n ts  im p lie s  th a t th e  f ir s t 
c o m p o n e n t c o n ta in s  th e  s e c o n d  c o m p o n e n t in  its  r e c e p ta c le . F o r e x a m p le , in  F ig u r e  1 1 -1 , 
th e  c o n n e c tio n s  f r o m  P IL O T _ C O N T R O L  a n d  F L T _ P L A N _ D IS P L A Y  to  
W A Y P O IN T _ P R O X Y  a re  o f  ty p e  R e c e p ta c le C o n ta in s  a n d  im p lie s  th a t b o th  
P IL O T _ C O N T R O L  a n d  F L T _ P L A N _ D IS P L A Y  c o n ta in  W A Y P O IN T _ P R O X Y  in  th e ir  
r e c e p ta c le s . 

1 1 .2 .3  P r o c e s s o r  M a p p in g s  

M a p p in g  a  s o f tw a re  c o m p o n e n t to  a  p ro c e s s o r is  f a ir ly  s im p le . A  L e v e l 1  s o f tw a re  
c o m p o n e n t is  m a p p e d  to  a  p r o c e s s o r  u s in g  a  C o m p o n e n tP r o c e s s o r R e fe r e n c e  d e f in e d  in  
L e v e l 2  o f  th a t c o m p o n e n t. F o r e x a m p le , F ig u r e  1 1 -3  c o n ta in s  a  
C o m p o n e n tP ro c e s s o r R e f e re n c e  f o r th e  P I L O T _ C O N T R O L  c o m p o n e n t. D o u b le -c lic k in g  
o n  th is  r e fe r e n c e  ta k e s  y o u  to  th e  p r o c e s s o r  c o m p o n e n t th a t P IL O T _ C O N T R O L  is  
m a p p e d  to  in  th e  h a rd w a r e  la y e r . 

1 1 .2 .4  S p e c if y in g  T im e o u t s  

S p e c if y in g  a  tim e o u t in te rv a l f o r  s o m e  e v e n t c h a n n e l in  a  P ris m  d e s ig n  in v o lv e s  d e f in in g  
o n ly  o n e  S W T im e r c o m p o n e n t. T h e  S W T im e r  c o m p o n e n t is  d e fin e d  in  L e v e l 2  o f  th e  
s o ftw a r e  c o m p o n e n t th a t is  tr ig g e r e d  b y  a  tim e r . T h e  tim e r  s h o u ld  b e  c o n n e c te d  to  a n  
e v e n t s u p p lie r  c o m p o n e n t th a t is  th e  s ta r t o f a n  e v e n t c h a n n e l. F o r  e x a m p le , in  F ig u r e  
1 1 -3 ,  tim e r P ilo tT im e r  is  c o n n e c te d  to  e v e n t s u p p lie r  id P u b lis h P o r t1  w h ic h  is  th e  s ta r t o f 
a n  e v e n t c h a n n e l in  P r o d u c t S c e n a r io  3 .1 . T h e  p e r io d  a ttr ib u te  o f  th e  S W T im e r 
d e te r m in e s  th e  tim e o u t in te r v a l f o r th e  e v e n t c h a n n e l. 


