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Motivation

= multitasking in hardware

¢ circuits turned into hardware tasks
¢ runtime environment schedules, -
places and executes these tasks -

m investigate technigues to execute
periodic realtime tasks
¢ models different from single/multi-processor
¢ important class of applications
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Models and Metrics
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= set of periodic real-time tasks I = {T,...,T }

+ relative deadline equals period P;
+ worst-case computation time C;

¢ area A;

m system model
¢ preemptive multitasking
¢ task set R can be executed in parallel, iff ZT@E R A <1
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Utilization Metrics

= time utilization UT(F) — Z %
T;el ¢

& captures the fraction of time a task set I" occupies the device
when the tasks are executed sequentially

e L C;
= system utilization U°(T) = Z ?@A@-
T;el :
¢ captures the average system load generated by task set I
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Global EDF Scheduling
m EDF — Next Fit (EDF-NF)

¢ ready tasks are queued according to non-decreasing deadlines

& scan through the ready queue on every task release and termination
e if a task fits onto the device, add it to the set of running tasks and execute it
e otherwise, postbone the task and proceed with the next task in the queue

= example
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Global EDF Schedulability Test

Vi el :
U°(T) < (A(H) = Apaz) - (1 =UN(T) + U (T})

A ....maximum task area

max

A(H) ... area of the reconfigurable device

¢ can be evaluated in linear time
¢ test is sufficient, but not necessary

¢ proof uses a resource augmentation approach

[K.Danne and M.Platzner, An EDF Schedulability Test for Periodic Tasks on
Reconfigurable Hardware Devices. ACM SIGPLAN/SIGBED Conference on
Languages, Compilers, and Tools for Embedded Systems (LCTES), 2006]
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Partitioned EDF Scheduling

m partitioned EDF

¢ the task set 1 is partitioned into subsets G,...,G

m
¢ each SUb|S€|; G;is schgdlullze[ng T IP |G| A || UT(T) | UST)
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Partitioning Problem

= given atask set I, find a partitioning G ,...,G,, such that
& each partition can be scheduled by sequential EDF, ie. UT(Gl-) <1
+ the slots required for G,...,G,, fit together onto the device

Fﬂ{_IH}l

T2 ‘

m approaches »-
¢ integer linear programming
¢ heuristics, eg. Next-Fit Decreasing Area

[K.Danne and M.Platzner. Partitioned Scheduling of Periodic Real-Time Tasks
onto Reconfigurable Hardware, Reconfigurable Architectures Workshop (RAW), 2006]
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MSDL (merge servers & distribute load) Algorithm

= example
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> trading area for time

[K.Danne and M.Platzner. A Heuristic Approach to Schedule Periodic Real-time Tasks
on Reconfigurable Hardware. International Conference on Field Programmable Logic
and Applications (FPL), 2005]
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Scheduling Performance — Simulation

= randomly generated task sets
¢ parameters: C. = {1,2,..,30}, UT(T,-) =10.2,04],A.=1[0.2,0.4]
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Realization — Global EDF

BS-1 BS-2 BS-3 BS-2 BS-3

= full reconfiguration IAVWAVWAVWAW A\

¢ compile bitstreams offline
for all sets of running tasks

¢ number of required bitstreams

FPGA area

grows too rapidly

m partial reconfiguration: 1D variable area model
¢ de-fragment area on every task start — task relocatability required

¢ partial bitstream(s) for each task
+ suited to online scheduling

device state reconfiguration device state
at time tl |||||||||||||||||||| > at time tQ
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Realization — Partitioned EDF

m matches perfectly the 1D slotted area model
# in each slot, a subset of the tasks is executed sequentially
¢ the slot sizes are determined offline
& partial reconfiguration, but no task relocation required
¢ well-suited for Xilinx-Virtex based prototyping platforms
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¢ online scheduling?
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Realization — MSDL

= MSDL generates a small number of servers
¢ bounded by the number of tasks
& servers (bitstreams) are compiled offline

= makes sense only for full reconfiguration

= not suited to online scheduling
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Overhead Analysis

m overheads due to
¢ FPGA reconfiguration time, task state save/restore time
¢ runtime system area overhead

= including reconfiguration time overheads in the analysis

+ FPGA reconfiguration time 7

¢ EDF: number of preemptions per request bounded by N, = Z —

T Pk
¢ for MSDL

e consider set of servers €2, compute N,
e increase C; by (1+N,) 7~ and check whether U(Q) < 1

+ for partitioned EDF
e consider each partition separately

e increase C; by (1+N,) 7~ and check whether U'(G,) < 1

¢ global EDF
e tricky, as a preemption affects all running tasks
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An All-hardware MSDL Implementation

&
FPGA . = < Appl. Meta Data Task Source Files RTOS Files
\ o)
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N 4 o T
vy
task_serv_data.hch Backend Tools
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T |o | Flash |= #define T1_PERIOID 1000 bitfile generation)
CPLD ¥— 5|5 5 SRAM1 | | SRAM2 #define T1_contextsize 16
c|z| Card e
o]
e & #define S1_period 500 - FPGA Bitfiles
#define S1_compTime 50
1 _ #define S1_taskset 0x010F w
Vlrtex l ISOOO #define S1_flashAdr 0x7F

¢ area overhead (unoptimized, no MMU)
e 16% LUTSs, 9% FFs for 15 tasks and 9 servers

¢ time overhead
e zero if no context switch required

e afew hundred cycles + T~
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Outlook

= implementation using slot-based partial reconfiguration
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Summary

= what did we achieve?
¢ mapping techniques for periodic realtime tasks
¢ efficient tests (sometimes pessimistic)
¢ inclusion of overheads in the analysis (even more pessimistic)
¢ ideas how to realize this with full/partial reconfiguration modes

® more detailed modelling needed!
¢ application models
¢ "microarchitectural" models to derive better, ie. less pessimistic, tests

m given current reconfiguration times, is this work useful?
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