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“Theorem”

° The time and space a
software process needs to execute is
determined by the process, not the system
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“Corollary”

° The time a software process
takes to allocate and free a memory object
is determined by the size of the object.
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“Reality”

® A software process determines functional
and non-functional behavior, for example:

® |ms/100ms CPU time ( # 10ms/s )
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Tiptoe System
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Goals

® malloc(n) takes at most TIME(n)

® free(n) takes at most TIME(n)




The Problem
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Example:

*There are three objects

*Object A starts at address 20

'ObjectA needs 40 bytes
at 100, needs
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Keep It Compact!




Does Not Work!




Trade-Off Speed for
Memory Fragmentation




Partition Memory into Pages




Partition Pages into Blocks
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Size-Class Compact
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“Compact-Fit”
(Bounded Compaction)

just move ‘last’ object
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Instructions




Results |

® malloc(n) takes O(1)
® free(n) takes O(n)




Partial Compaction
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Program Analysis

Definition:
Let k count deallocations in a given size-

class for which no subsequent allocation
was done (“k-band mutator”)
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Results |l

® if mutator stays within k-bands:

® malloc(n) takes O(1)
takes O(l)
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Two Implementations!
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Two Implementations!
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Results |l

® malloc(n) takes O(n)
® free(n) takes O(n)




40000 | | | | | | | |

20000 e BestHfit n

.
e
e
.
‘e
‘.
LTI
e
e
.
.
‘.
e
.
o

3

' .
10000 . _
1 .._.'..
' .'-.‘
i
%e, L
5000 B o : CFNM f. .’ﬂ’.l.'. MEEE AN ICJ
" . PRl R S D R T ) .,
".’ J RN ReTe 400 Nl | ".'_
o™ P RARE LAANL AN .,
NOTE TRTIE - .
2500 — J A0 . el
2] § Abde VDA L0da S
= oA bt L .
(@] ‘ TR P
— (LT . %
..6 .CN_I P - "
: .“o ‘A— -
-
2]
&

1000 |- gkt oAy M

AV AN LA hn 4

Ve ‘,f‘\l“. Wy

K i » R ’
o e \ ”

{

|

-
P
P
L
LY
»
-~
RS R s e s e e e e e e e s e e e e

o ’

K
LAl )



_CFNM

MUY -u O
s

\\A
.\

\'4»

AL DXROCXS wiete®
r’ '?\ A n\y H‘L\\’a’#& .‘ s \‘.‘.'f \‘. ."l ON
l\ A ~‘l
"-'"“'...L'!Tﬁ AN Q

| -0:
i '*."'.; ;*;"'
.‘U‘iﬂ(\ P ']
ll .h{ﬂ::: l‘:‘?':":t.':: \l
f:l: }““ \ll'..'. |0.

"..S\f ﬁ".l ,‘.4,,4_,.;“ !

Instructions




The JAviator

javiator.cs.uni-salzburg.at



Quad-Rotor Helicopter







Flight Control




Free Flight
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