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® Allocation:
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2.Assumption:

Objects may be
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External Fragmentation
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Memory is fragmented if
the largest, contiguous
piece of available space




Fragmentation

® Memory objects may have different sizes

® Memory

objects may be allocated and
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Static versus Dynamic

® Static memory management:
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Static versus Dynamic

® Static memory management:
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Implicit versus Explicit

® |mplicit, dynamic memory management:

} Garbage collector (GC) deallocates objects
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Implicit versus Explicit

® |mplicit, dynamic memory management:

p Garbage collector (GC) deallocates obijects,
not programmer (implicit free calls by GC)
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Programming Abstraction Runtime Overhead

Implicit, Dynamic Memory Management
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Programming Abstraction Runtime Overhead
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Programming Abstraction Runtime Overhead

Implicit Web, Safety
Explicit Server, Performance ‘

Embedded, rheal lime




Programming Abstraction Runtime Overhead

Implicit Web, Safety
|
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Temporal Performance

® Throughput:

p I0OMB/s allocation rate
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Temporal Performance

® Throughput:
p I0OMB/s allocation rate
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Spatial Performance

® Degree of fragmentation:

p The number of contiguous pieces of memory
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Spatial Performance

® Degree of fragmentation:

p The number of contlguous pieces of memory
- ofagiven size that can still be allocatc
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There is a trade-off
between
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Temporal Predictability

® Unpredictable complexity (in terms of input):

p allocation/deallocation may take time
proportional to the total size of memory
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Temporal Predictability

® Unpredictable complexity (in terms of input):

p allocation/deallocation may take time
proportional to the total size of memory

® Predictable complexity (in terms of input):
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Allocation Complexity




It may be difficult to
Improve
average performance
but it may still be possible to
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Spatial Predictability

® Unpredictable fragmentation:

p the degree of fragmentation may depend on
the full allocation and deallocation history,




Spatial Predictability

® Unpredictable fragmentation:

p the degree of fragmentation may depend on
the full allocation and deallocation history,
i.e., the order of invocations
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Programming Abstraction Runtime Overhead

Implicit Web, Safety
Explicit Server, Performance
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Implicit Web, Safety ‘
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Programming Abstraction Runtime Overhead

Implicit Web, Safety
Explicit Server, Performance
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tiptoe.cs.uni-salzburg.at”

® Silviu Craciunas” (Programming Model)

® Andreas Haas (Memory Management)

. - ") & R - 3 : 4 : y - - v . : a )
. AN T ) — |'2 —t g - ) alm b A h‘ -a (0 YN \ M ) foy-a) - 1) L Al AT, 4
W Malllics raycl  (1icirior 'y ridariaggceciricriv) SRR L
s : B 4 . 4 VIR v . ) e ) e A



http://tiptoe.cs.uni-salzburg.at/
http://tiptoe.cs.uni-salzburg.at/

Tiptoe

® Tiptoe is a microkernel-based virtual machine

and process monitor for embedded systems




Tiptoe

® Tiptoe is a microkernel-based virtual machine
and process monitor for embedded systems

® Tiptoe virtualizes the host platform (system VM)
and provides infrastructure to run process VMs
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Tiptoe

® Tiptoe is a microkernel-based virtual machine
and process monitor for embedded systems

® Tiptoe virtualizes the host platform (system VM)
and provides infrastructure to run process VMs
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Tiptoe

® Tiptoe is a microkernel-based virtual machine
and process monitor for embedded systems

® Tiptoe virtualizes the host platform (system VM)
and provides infrastructure to run process VMs
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Processes

Process Process Operating
O3 System

Services

System VM Process VM

Channels | Channels 8

Microkernel




The JAviator

javiator.cs.uni-salzburg.at



Quad-Rotor Helicopter
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Gumstix

600MHz XScale, 128MB RAM,WLAN, Atmega uController



/¥4 JAviator Control Terminal
- 4 Yaw Limit Joystick Mode Direct Connection Connect 10 Heli Roll Limit = <+

Roll

deg

Left Hover

- 4= 33 Yaw Trim Roll Trim Q = <

Pitch

g

Altitude 200 290  3pp
cm 150 ‘.‘._.‘.\-,_g.""-II"""'."'.-/,,“"‘

Pitch Trim 0 = <

- = Altituce Limit Port Settings Reset Needles Key Assistance About Tarminal Pitch Limit = <=
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Indoor Flight
STARMAC Controller




Indoor Flight

STRMAC Controller
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Outdoor Flight
STARMAC Controller




Outdoor Flight
STARMAC Controller
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Outdoor Flight
Salzburg Controller




Outdoor Flight

Salzburg Controller
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What'’s next!

icle flights
mous single-vehicl
® Autono

ller
Ition contro
® position
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What'’s next!

® Autonomous single-vehicle flights

® position controller
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Salzburg Soft Walls
Controller on |}




Salzburg Soft Walls
Controller on |}




