
Time Dependence

/1 62



Time Dependence

deadline:= t + 5 

/2 62



Time Dependence

deadline:= t + 5 no problem 

/3 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f  

/4 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem 

/5 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable 

/6 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w   

/7 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w 

/8 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop 

/9 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f 

/10 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof 

/11 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t≥w ∧ ok 

/12 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t≥w ∧ ok

= t≥w ∧ (t:= t) 

/13 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t≥w ∧ ok

= t≥w ∧ (t:= t)

= t≥w ∧ (t:= t↑w) 

/14 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t≥w ∧ ok

= t≥w ∧ (t:= t)

= t≥w ∧ (t:= t↑w)

⇒ wait until w

/15 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof 

/16 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w) 

/17 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (t:= t+1.  t:= t↑w) 

/18 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (t:= t+1.  t:= t↑w)

= t+1≤w ∧ 

/19 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (t:= t+1.  tʹ = t↑w  ∧  ... )

= t+1≤w ∧ 

/20 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (tʹ = (t+1) ↑w  ∧  ...)

= t+1≤w ∧ 

/21 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (t:= t+1.  t:= t↑w)

= t+1≤w ∧ (t:= (t+1) ↑w) 

/22 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (t:= t+1.  t:= t↑w)

= t+1≤w ∧ (t:= (t+1) ↑w)

= t<w ∧ (t:= w) 

/23 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (t:= t+1.  t:= t↑w)

= t+1≤w ∧ (t:= (t+1) ↑w)

= t<w ∧ (t:= w)

= t<w ∧ (t:= t↑w) 

/24 62



Time Dependence

deadline:= t + 5 no problem

if t < deadline then ... else ... f no problem

t:= 5 problem:  unimplementable

wait until w     =     t:= t↑w busy-wait loop

wait until w   ⇐   if t≥w then ok else t:= t+1.  wait until w f

proof
t<w ∧ (t:= t+1.  wait until w)

= t<w ∧ (t:= t+1.  t:= t↑w)

= t+1≤w ∧ (t:= (t+1) ↑w)

= t<w ∧ (t:= w)

= t<w ∧ (t:= t↑w)

⇒ wait until w 
/25 62



Space Dependence

/26 62



Space Dependence

if s < 1000000 then ... else ... f no problem 

/27 62



Space Dependence

if s < 1000000 then ... else ... f no problem

s:= 5 problem 

/28 62



Space Dependence

if s < 1000000 then ... else ... f no problem

s:= 5 problem

assignments to  s  must account for space 

/29 62



Space Dependence

if s < 1000000 then ... else ... f no problem

s:= 5 problem

assignments to  s  must account for space

real space implementation dependent

/30 62



Assertions

/31 62



Assertions

assert b 

/32 62



Assertions

assert b

= “I believe  b  is true” 

/33 62



Assertions

assert b

= “I believe  b  is true”

= precondition b 

/34 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b 

/35 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b 

/36 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f 

/37 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant 

/38 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant, adds robustness 

/39 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant, adds robustness, costs execution time 

/40 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant, adds robustness, costs execution time

ensure b 

/41 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant, adds robustness, costs execution time

ensure b

= “make  b  be true without doing anything” 

/42 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant, adds robustness, costs execution time

ensure b

= “make  b  be true without doing anything”

= if b then ok else bʹ ∧ ok f 

/43 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant, adds robustness, costs execution time

ensure b

= “make  b  be true without doing anything”

= if b then ok else bʹ ∧ ok f

= bʹ ∧ ok 

/44 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b

= if b then ok else print “error: ... ”.  wait until ∞ f

redundant, adds robustness, costs execution time

ensure b

= “make  b  be true without doing anything”

= if b then ok else bʹ ∧ ok f

= bʹ ∧ ok

unimplementable 
/45 62



Assertions

assert b

= “I believe  b  is true”

= precondition b

= postcondition b

= invariant b
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