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We want systems to be predictable!
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We want systems to be predictable!

Safety critical
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We want systems to be predictable!

QoS should be
guaranteed!
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m Real-Time:

Time constraints have to be satisfied!

Safe W(B)CETs have to be known
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==  Many current/future real-time applications need both

1 performance

1 predictability

m Strong(er) processors

m Multiprocessors on Chip
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==  Many current/future real-time applications need both

1 performance

1 predictability

m Strong(er) processors

m | Multiprocessors on Chip
Can we still achieve predictability?
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Outline
s Background
m Hardware Architecture & Application Model
s The Problem and Possible Solutions
s WCET Analysis with TDMA Bus Schedule
m TDMA Bus Scheduling Approaches

m Bus Schedule Generation

m Conclusions
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How did we come to this?
T T SR Rt e mmial B Bate w B mtm m W
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How did we come to this?
T T SR Rt e mmial B Bate w B mtm m W

Distributed Embedded Systems

}

Predictable
MPSoC

|

System-level Design Optimization

SoC Design
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Distributed Embedded Systems

moon o o w e M T  a ]
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Distributed Embedded Systems
Bom o ow T Caw MEE, EEEE mE]
Sensors&Actuators

A S

/O Interface

RAM
CPU ROM
ASIC

Comm. Controller
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Distributed Embedded Systems
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Distributed Embedded Systems

e T T ST e e ]

Worst-case response time analysis

Static-cyclic schedule generation

Analysis of heterogeneous time/event triggered systems

Static/Dynamic/heterogeneous communication (TTP, CAN, FlexRay)

Scheduling with Fault-tolerance constraints

Optimization problems:

schedule generation/priority assignment/voltage selection
task mapping

bus configuration

scheduling policy assignment

fault tolerance policy assignment
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Dlstrlbuted Embedded Systems

I T e M S e T e s

iz Only message passing
between tasks (explicit
communication) is going over
the shared bus.

== Bus sharing has NO impact on
task WCET.
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The MPSoC case

moon o o w e M T  a ]

Memory
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The MPSoC case

moon o o w e M T  a ]

1= Memory accesses (in case of
cache miss) are going over the
shared bus.

iz Bus sharing has impact on
task WCET!!!
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The MPSoC case

moon o o w e M T  a ]

== Memory accesses (in case of
cache miss) are going over the
shared bus.

iz Bus sharing has an impact on
task WCET!!!

You ignore this: Your
results are WRONG!
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The MPSoC case

moon o o w e M T  a ]

== Memory accesses (in case of
cache miss) are aoing over the

ann %

This aspect of predictability is the
one we are interested in here!

in impact on

You ignore this: Your
results are WRONG!

Predictable Implementation of Real-Time Applications on MPSoC 19
Petru Eles Dublin, 2009




Some Context
T T SR Rt e mmial B Bate w B mtm m W

= Deriving WCET in the case of a single processor is a BIG problem:
1 Pipelining
1 Cache memory
1 Branch prediction

1 Out of order execution
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Some Context
T T SR Rt e mmial B Bate w B mtm m W

= Deriving WCET in the case of a single processor is a BIG problem:

Interference between
processor components
Cache memory leeds to timing anomalies.

1 Pipelining
i
1 Branch prediction

1 Out of order execution

Execution time depends
on system state!
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Some Context
R R Rt e B mimial N Bt W mtw N

= Deriving WCET in the case of a single processor is a BIG problem

1 Pipelining
1 Cache memory
1 Branch prediction

1 Out of order execution

Predictable Implementation of Real-Time Applications on MPSoC
Petru Eles

Interference between
processor components
leeds to timing anomalies.

}

Execution time depends
on system state!

}

WCET analysis is
1 complex
1 potentially pessimistic
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Some Context
T T SR Rt e mmial B Bate w B mtm m W

iz Eliminate “problematic” features?
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Some Context
T T SR Rt e mmial B Bate w B mtm m W

iz Eliminate “problematic” features?

1=~ The player is not allowed to run faster than the referee?!
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Some Context
T T SR Rt e mmial B Bate w B mtm m W

= |n the case of multiprocessors, on top of all those problems you have:

m Interference between active processes

m Additional shared resources (e.g. communication infrastructure)
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Hardware Architecture
T T SR Rt e mmial B Bate w B mtm m W

1 1 !

Int t
| CPU | CPU || CPU | [

o U 1
<II Bus >

Private || Private || Private |EEnElolalelf=] BRSIaEE0.
Memory || Memory || Memory Device Memory
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Application Model

m Task Graph

1 Application deadline

1 Individual Task deadlines
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An Example

m WCETs - as from “traditional” WCET analysis:
n 11: 57 @
1 t2: 24
r tw: 12

m Deadline: 63
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An Example

[] Taskt 1 executing Cache miss on CPU1 @
[] Taskt2executing Cache miss on CPU2

[] Taskt2transferring

di=63

CPU1

69 15 33 39 57

CPU2

6 11 17 24 36
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An Example

[] Taskt 1 executing Cache miss on CPU1 @
[] Taskt2executing Cache miss on CPU2

[] Taskt2transferring

dI=63
CPU1
69 15 33 39 57
CPU2 g
6 11 17 24 36
BUS :
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An Example

[] Taskt 1 executing Cache miss on CPU1 @
[] Taskt2executing Cache miss on CPU2

[] Taskt2transferring

dl=63
CPU1
==
CPU2 violation
12 17 24 31 43
BUS
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“Traditional” Approach
woom 0 e N e N e T e ]

Task Graph

E3
3
=
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In The Multiprocessor Case
om0 e e e e e e

m The WCETs depend on the schedule Task Graph
(interference due to bus conflicts).

m The schedule depends on the WCETs.
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A Possible Way?

moon o o w e M T  a ]

To
WCcache WCcache
WCET,1 demand 1 demand 2 WCET,2
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A Possible Way?

moon o o w e M T  a ]

To
WCcache WCcache
WCET,1 demand_1 demand_2 WCET,2

N/

Worst case interference

PN

overhead o1 overhead 062
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A Possible Way?

moon o o w e M T  a ]

To
WCcache WCcache
WCET,1 demand_1 demand_2 WCET,2

N/

Worst case interference

PN

overhead o1 overhead 062

WCET1 = WCET,,1 + &1 WCET2 = WCET, 2 + &2
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A Possible Way?

moon o o w e M T  a ]

To
WCcache WCcache
WCET,1 demand_1 demand_2 WCET,2

= Problem: What is the WCcache demand and WCET,?

m The longest path is not necessarily the one with the
most cache misses.
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A Possible Way?

moon o o w e M T  a ]

To
WCcache WCcache
WCET,1 demand_1 demand_2 WCET,2

N/

Worst case interference

PN

overhead o1 overhead 062

= Problem: How to determine the Worst case
interference and the related penalty?
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A Possible Way?

moon o o w e M T  a ]

To
WCcache WCcache
WCET,1 demand 1 demand 2 WCET,2

This will work only for processors
without anomalies!

Otherwise, you cannot keep the
WCET analysis outside the picture.

WCET1 = WCET,,1 + &1 WCET2 = WCET, 2 + &2
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Proposed Approach

moon o o w e M T  a ]

m The WCETs depend on the schedule Task Graph
(due to bus conflicts).

m The schedule depends on the WCETs.
iz Solution:
m Cut the circular dependency by
using a TDMA bus schedule. !
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Proposed Approach

Task Graph
TDMA Bus
Schedule

m
&3
=y
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Proposed Approach

moon o o w e M T  a ]

Task Graph

TDMA Bus
Schedule

These WCETs

do NOT depend
; on the schedule.

}

This provides
for a predicta-

Scheduling ble solution.
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Proposed Approach

eoe o m TNy e R A, N
= Three main problems to solve:
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Proposed Approach

eoe o m TNy e R A, N
= Three main problems to solve:

m Problem 1:
1 Given a TDMA bus schedule, determine a

task’s WCET!
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Proposed Approach

eoe o m TNy e R A, N
= Three main problems to solve:

m Problem 1:
1 Given a TDMA bus schedule, determine a

task’s WCET!

m Problem 2:
1 Find a “good” TDMA bus schedule!
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Proposed Approach

eoe o m TNy e R A, N
= Three main problems to solve:

m Problem 1:
1 Given a TDMA bus schedule, determine a

task’s WCET!

m Problem 2:
1 Find a “good” TDMA bus schedule!

m Problem 3:
1 Produce a system schedule!
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1
2
3
4
5:
6
7
8
9

:void foo () {
int 1, temp;
for (i=0;
i<100;
i++) {
temp=a[i];

al[temp]=0;

2}

Predictable Implementation of Real-Time Applications on MPSoC

Petru Eles

The WCET Analysis

T M T ST e ]
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The WCET Analysis

Son e AR R, Ry
:void foo () { Root

int 1, temp;

Lno:3,4,8 Lno:3,4

1

2

3: for (i=0;

4 i<100;

5: i++) { |
6

7

8

9

temp=al[i]; 10:6,7,5,48 |« [Tno6,7,5,4

al[temp]=0; /

) ! Sink
: } Lno:6,7,5,4
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The WCET Analysis

moon o o w e M T  a ]

1l:void foo () { Root

2: int i, temp; mg;;:’<;;;a4
3: for (i=0;

4: i<100;

5: i++) { |
6: temp=al[i] ; 100:6,7,548 |« [no6,7,5,4
7: al[temp]=0;

g -

9

) ! Sink
: } Lno:6,7,5,4

CpU1 CPU2 CpPU1 CPU2 CpPU1 CPU2 I cee

0 8 16 24 32 42 52
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1l:void foo () {

2: temp;
3: for (i=0;

4: i<100;

. i++) {

: temp=a[i];

int 1,

al[temp]=0;

The WCET Analysis

T M T ST e ]

[ | [ | [ |
Root
/\ miss :no3 (2
i 3
Lno:3,4,8 Lno:3,4 hitino3 (ig )
miss Ino 4 (i)
hitIno 4 (i)

miss Ino 6 (i)
miss Ino 6 (d)
hitIno 6 (i)

|/

1n0:6,7,5,4,8 |

miss Ino 7 (i)
miss Ino 7 (d)

Sink

cru2 | ...

Predictable Implementation of Real-Time Applications on MPSoC

Petru Eles

hitlno 7 (i)
miss Ino 5 (i)
hitlno5, 4

Lho:6,7,5,4

hit Ino 6 (i)
miss Ino 6 (d)
hitIlno 6 (i)
hit Ino 7 (i)
miss Ino 7 (d)
hitIno 7 (i)
hitIno 5 (i)
hitlno5, 4

Lno:6,7,5,4
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The WCET Analysis

Don TR g EESE, mmw geE e u ey
1l:void foo () { Root
2: int 1, temp;
3: for (i=0;

miss Ino 3 (i)
miss Ino 3 (d)
hitIno 3 (i)
miss Ino 4 (i)
hitIno 4 (i)

] Lno:3,4,8
miss Ino 3 (i)

4 . 1<100 -
| miss Ino 3 (d) /“““.‘““(‘L’,
° ° ° i 6
S: 1++) | hitlno3 (i) it Inae ()
. . . issIno 7 (i)
6: temp=a|1i miss lno 4 (|) 2222.237(5)
hi.tlno7(i).
7:  a[temp]= N pceso
8 ) } hifcln|06(6i)d
9:} Lno:6,7,5,4 s e )
hit Ino 7 (i)
misslnoZ(d)
crur | cpu2 | cpur | cpu2 CPU1 cru2 | ... \ L‘:“:g;((:))
0 8 16 24 32 42 52 hitlno5, 4
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The WCET Analysis

Don TR g EESE, mmw geE e u ey
1l:void foo () { Root
2: int 1, temp;
3: for (i=0;

4. i<100
] / misslln06((2)
miss Ino 6
l++) hitIno 6 (i)
miss Ino 7 (i)

: temp=a[i | missIno4 (i) miss Ino 7 (d)

hitlno 7 (i)
miss Ino 5 (i)
hitlno5, 4

miss Ino 3 (i)
miss Ino 3 (d)
hitIno 3 (i)
miss Ino 4 (i)
hitIno 4 (i)

] Lno:3,4,8

hit Ino 6 (i)
miss Ino 6 (d)

Lnho:6,7,5,4 hit Ino 6 (i)

' hit Ino 7 (i)
miss Ino7 (d)
crur | cpuz | cpur | cruz | cpuz cru2 | ... nit o7 ((:))
0 8 16 24 32 42 52 hitIno5, 4
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The WCET Analysis

D n L m T R e WESE, mEWgEEE N sy
1l:void foo () { Root
2: int 1, temp;
3: for (i=0;

4: 1<100

miss Ino 3 (i)
miss Ino 3 (d)

hitIno 3 (i)
miss Ino 4 (i)
hitIno 4 (i)

/ miss Ino 6 (i)
miss Ino 6 (d)
hitIno 6 (i)

miss Ino 7 (i)

: temp=a[i | missIno4 (i) miss Ino 7 (d)

hitIno 7 (i)

] Lno:3,4,8

miss Ino 5 (i)
hitlno5, 4

hit Ino 6 (i)
miss Ino 6 (d)

:} f\' Lno:6,7,5,4 hitIlno 6 (i)
2 hit Ino 7 (i)
' \ miss Ino 7 (d)

hitlno 7 (i
crur | cpu2 | cpul CPU2 CPU1 CPU2 | (i)

hitIno 5 (i)
0 8 16 24 32 42 52

hitlno5, 4
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The WCET Analysis

Don TR g EESE, mmw geE e u ey
1l:void foo () { Root
2: int 1, temp;
3: for (i=0;

4: 1<100

miss Ino 3 (i)
miss Ino 3 (d)
hitIno 3 (i)
miss Ino 4 (i)
hitIno 4 (i)

] Lno:3,4,8

5 _ / m_issllnog((‘ij))
. miss ino
: l++) hit Ino 6 (i)
. = issIno 7 (i)
6: temp=a [l miss Ino 4 E!Ziuﬂﬁuh)
hitlno 7 (i)
. — issIno 5 (i)
7:  a[temp]= N
8: } . :
hlfc Inlo 6 (GI)(d)
miss ino
O: } Lno:6,7,5,4 hitIno 6 (i)
hit Ino 7 (i)
misslnoZ(d)
crur | cpu2 | crur | cru2 | crur cru2 | ... \ L‘:“:g;((:))
0 8 16 24 32 42 52 hitIno5, 4

Predictable Implementation of Real-Time Applications on MPSoC 54

Petru Eles Dublin, 2009




The WCET Analysis

D n L m T R e WESE, mEWgEEE N sy
1l:void foo () { Root
2: int 1, temp;
3: for (i=0;

miss Ino 3 (i)
miss Ino 3 (d)
hitIno 3 (i)
miss Ino 4 (i)
hitIno 4 (i)

] Lno:3,4,8
miss Ino 3 (i)

4 : i<100 .
- | miss Ino 3 (d) /miss,'mg((j},

. miss ino

: l++) hit Ino 6 (i)

. issIno 7 (i)
6: temp=al[i miss Ino 7 (d)
hitlno 7 (i)

. _ e
7:  a[temp]= N pceso
8: } . :

hlfclnoﬁ(l)

9:} Lno:6,7,5,4 s e )
hit Ino 7 (i)

. misslnoZ(d)
crur | cpu2 | cpur | cpu2 CPU1 cru2 | ... \ L‘I',: l':g;((l'))
0 8 16 24 32 42 52 hitIno5, 4
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Back To The Big Picture

moon o o w e M T  a ]

Task Graph

i Using the WCETSs calculated
with the given TDMA Bus
TDMA Bus schedule we can construct a
Schedule safe system schedule.

e
==
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Back To The Big Picture

moon o o w e M T  a ]

Task Graph

i Using the WCETSs calculated
with the given TDMA Bus
TDMA Bus WCET schedule we can construct a

Schedule Analysis safe system schedule.

i How to determine the TDMA
Bus schedule?
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TDMA Bus Schedule

s o= "a"HYE

m WCETs - as from “traditional” WCET analysis:
n 11: 57 @
1 t2: 24
r tw: 12

m Deadline: 63
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TDMA Bus Schedule

s o= "a"HYE

[] Taskt 1 executing Cache miss on CPU1 @
[] Taskt2executing Cache miss on CPU2

[] Taskt2transferring

dl=63
CPU1
==
CPU2 violation
12 17 24 31 43
BUS
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TDMA Bus Schedule

ol Bl ey §

[] Taskt 1 executing Cache miss on CPU1 @
[] Taskt2executing Cache miss on CPU2
[] Taskt2transferring
dlI=63
CPU1

69 15

S7

33 39
CPU2 |

21 26 32 39 51
BUS .

2

CPU2

CPU1 CPU1 CPU2

Predictable Implementation of Real-Time Applications on MPSoC
Petru Eles
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TDMA Bus Schedule

moon o o w e M T  a ]

iz Any TDMA Bus schedule provides a predictable, safe schedule.

== The bus schedule matters in terms of worst case schedule length!
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TDMA Bus Schedule

moon o o w e M T  a ]

iz Any TDMA Bus schedule provides a predictable, safe schedule.

== The bus schedule matters in terms of worst case schedule length!

m Problem:
1 Find a TDMA bus schedule which minimises

the worst case schedule length!
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TDMA Bus Schedule
Eooe 0wt e g T e T
iz An ideal bus schedule would serve each miss as fast as possible.

}

1= Adapt the bus schedule to the distribution of the
cache misses as detected by the WCET analysis!
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TDMA Bus Schedule
Eooe 0wt e g T e T
iz An ideal bus schedule would serve each miss as fast as possible.

}

1= Adapt the bus schedule to the distribution of the
cache misses as detected by the WCET analysis!

4

1= Tasks which are simultaneously
active have bus access require-
ments that are conflicting.
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TDMA Bus Schedule
Eooe 0wt e g T e T
iz An ideal bus schedule would serve each miss as fast as possible.

}

1= Adapt the bus schedule to the distribution of the
cache misses as detected by the WCET analysis!

4 N

1z Tasks which are simultaneously i Cache misses are
active have bus access require- distributed irregularly.
ments that are conflicting. ‘

== A bus schedule following this
irregularity would consume very
much memory in the bus controller.

Predictable Implementation of Real-Time Applications on MPSoC (1153
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TDMA Bus Schedule Approaches

o w0 e T e ]

m Four TDMA Bus Schedule Approaches:

1 BSA1 1 BSA2 1 BSA3 1 BSA4

1 Irregularity BSA 1 Regularity
1 More FIElelllty _ 1 Less FleX|b|I|ty
1 More Memory 1 Less Memory
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TDMA Bus Schedule Approaches

o w0 e T e ]

m Four TDMA Bus Schedule Approaches:

m You have to pay for predictability:

1  Performance

1 Hardware overhead

1 Irregularity BSA 1 Regularity
1 More FIElelllty _ 1 Less FleX|b|I|ty
1 More Memory 1 Less Memory
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Bus Schedule

moon o o w e M T  a ]

Bus Schedule: over a period
A

Segment 1 Segment 2 Segment 3 e 00
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Bus Schedule

moon o o w e M T  a ]

Bus Schedule: over a period
A

Segment 1 Segment 2 Segment 3 e 00

Round | Round | Round o0 o Round
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Bus Schedule

moon o o w e M T  a ]

Bus Schedule: over a period
A

Segment 1 Segment 2 Segment 3 e 00

Round | Round | Round o0 o Round

CPU1 |CPU3 CPU2 eee | CPUT1

Slot
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Bus Schedule

C TN gy g Ay o
Bus Schedule: over a period

A — —
Segment 1 Segment 2 Segment 3
Round | Round | Round o0 Round
Time |Owner
CPU1 CPU3 CPU2 eee CPUT1 10 CPU._.
% t1 | CPU..
Slot t2 CPU...

Predictable Implementation of Real-Time Applications on MPSoC

Petru Eles
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== The most general, unrestricted, bus schedule:

m Composed of one single segment

1 Consisting of one single round

- Consisting of an arbitrary sequence of slots of arbitrary size.
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== The most general, unrestricted, bus schedule:

m Composed of one single segment

1 Consisting of one single round

- Consisting of an arbitrary sequence of slots of arbitrary size.

1= Can, potentially, be very well customised to the actual cache miss profile.

iz Huge memory requirements!

}

=" Not realistic but a good reference for comparison
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m Restriction:

- Each processor has maximum one slot in a round.

1=” Slot sizes in a round and their order are arbitrary.

1= Rounds belonging to different segments are different.
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m Restriction:

- Each processor has maximum one slot in a round (BSA2).

- All slots in a round must have the same size.

1= Rounds belonging to different segments are different.
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m Restriction:

- Each processor has maximum one slot in a round (BSA2).
- All slots in a round must have the same size (BSA3).

- All rounds, in all segments, are identical.

iz The same round repeats over the whole bus schedule.

1= This is an extremely constrained approach!
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Back To The Big Picture

moon o o w e M T  a ]

Task Graph

i Using the WCETSs calculated
with the given TDMA Bus
schedule we can construct a
safe system schedule.

TDMA Bus WCET
Schedule GEWSE

== How to determine the TDMA
Bus schedule?
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Task Graph

TDMA Bus WCET
Schedule GEWSE

Predictable Implementation of Real-Time Applications on MPSoC
Petru Eles

Back To The Big Picture

T M T ST e ]

i Using the WCETSs calculated
with the given TDMA Bus
schedule we can construct a
safe system schedule.

== How to determine the TDMA
Bus schedule?

== The bus schedule is deter-
mined simultaneously with
the task graph scheduling.
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Back To The Big Picture

Bom T TR R e, N ey ]
Task Graph

Schedule New

Task

== The bus schedule is deter-
mined simultaneously with
the task graph scheduling.

Select Bus
Schedule
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Back To The Big Picture

Bom T TR R e, N ey ]
Task Graph

Schedule New

Task

== The bus schedule is deter-
mined simultaneously with
the task graph scheduling.

Select Bus
Schedule
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The Big Picture: Example

onn i A

[J] Task mapped on CPU1

[] Task mapped on CPU2

cpui | Tl A

CPU2 T2

Bus
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The Big Picture: Example

&)

[J] Task mapped on CPU1

[] Task mapped on CPU2

9
cpur | Tl /f
AY4
CPU2 T2
Bus
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[J] Task mapped on CPU1
[] Task mapped on CPU2

cpui | Tl

T3

The Big Picture: Example

onn i A

CPU2

T2

Bus
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The Big Picture: Example

onn i A

[J] Task mapped on CPU1

[] Task mapped on CPU2

2
crut | Tl T3 /"
/ A4
CPU2 T2
Bus
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The Big Picture: Example

&)

[J] Task mapped on CPU1

[] Task mapped on CPU2

The final Bus and
Task schedule

crut | Tl T3
CPU2 T2
Bus
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Bus Schedule Generation

&)

[J Task mapped on CPU1

[] Task mapped on CPU2

CPU1

CPU T2

Bus
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Bus Schedule Generation
T T SR Rt e mmial B Bate w B mtm m W

[J Task mapped on CPU1
[] Task mapped on CPU2

= How do we find that “good”
segment of bus schedule?

= A good bus schedule minimizes
the worst case global delay!
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Bus Schedule Generation
T T SR Rt e mmial B Bate w B mtm m W

Task mapped on CPU1
Task mapped on CPU2

@ @ @
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

[] Task being processed on CPU1
[] Task being processed on CPU2
[] Task not yet analyzed @

== We are looking at tasks 71 and t2.

naive

CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

[] Task being processed on CPU1

[] Task being processed on CPU2
[] Task not yet analyzed @
== We are looking at tasks 71 and t2.

15 Question:
How to distribute the bus bandwidth

between CPU1 and CPU2 such that
the global delay is reduced?

naive

CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

@ ® &

== Traditional WCET analysis detects a worst case path of T1 (72):
1 m1: number of cash misses on this path @

1 /1: total time spent on this path except cache misses

naive

CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

@ ® &

== Traditional WCET analysis detects a worst case path of T1 (72):
1 m1: number of cash misses on this path @
1 /1: total time spent on this path except cache misses

m k: time needed to solve a cache miss (no bus delay) @
m p1l: percentage of bus bandwidth allocated to CPU1

naive

CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

@ ® &

== Traditional WCET analysis detects a worst case path of T1 (72): @

1 m1: number of cash misses on this path
1 /1: total time spent on this path except cache misses

m k: time needed to solve a cache miss (no bus delay) @
m p1l: percentage of bus bandwidth allocated to CPU1

11+ m1x k/pl ]
naive

CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

Average time to

solve a cache miss @
11 +m1 «(k/ p1) _
naive

—A—
CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

Total time to solve

cache misses @
1t » k/pD |
naive

CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

Ex. time, except

cache misses @

®+m1 * k/pi ]
naive
—A—
CPU1| Tl T3 T5 76
CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

@ ®
=

Estimated

length of T 1 @
@ m1 + k/ p1 ]
naive

—A—
CPU1| 7l T3 T5 T6

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

15 Question: : :

How to fix p7 and p2 such that the @

global delay is reduced?

11+ m1* k/p1
—A—
CPU1| Tl T3 T5 T6

naive

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

15 Question:

How to fix p7 and p2 such that the
global delay is reduced? @

m Give more bandwidth to the task
with more cache misses (larger m).

m Tasks have different impact on the
global delay!

11+ m1* k/p1

—A—
CPU1| 7l T3 T5 T6

naive

CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

[] Task being processed on CPU1

[] Task being processed on CPU2
[] Task not yet analyzed @

Bandwidth Distribution

0% 50% 100% =

naive 50/50
CPU1 T1 T3 T5 TH6
CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

[] Task being processed on CPU1

[] Task being processed on CPU2
[] Task not yet analyzed @

Bandwidth Distribution

0% 50% 100% =

This has to be minimized

N

i
CPU1 Tl T3 T5 T6
CPU2 T2 14 T7
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Bus Schedule Generation
[ ] [ ] [ ] " [ ] " l.l-l-n

[] Task being processed on CPU1

[] Task being processed on CPU2
[] Task not yet analyzed @

Bandwidth Distribution

0% 75%  100% =

naive 50/50
75/25

cPuU1| 7l T3 T5 T6

CPU2 T2 14 T7
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[] Task being processed on CPU1
[] Task being processed on CPU2
[] Task not yet analyzed

Bandwidth Distribution

Bus Schedule Generation

(B Tl - p

@ ® &

0% 35% 100%
naive 50/50
35/55 |75/25
CPU1 Tl T3 T5 T6
CPU2 T2 14 T7
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[] Task being processed on CPU1
[] Task being processed on CPU2
[] Task not yet analyzed

Bandwidth Distribution

0%

CPU1

CPU2

35%

I1+m1 =+ k/pl

A

(g

)

100%

s o= "a"HYE

Bus Schedule Generation

@ ® &

The values for p are @
obtained by solving

a system of non-

linear equations. @

naive 50/50

T1

T3

T5

35/55 |75/25
T6

T2

T4

T/

Petru Eles
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Bus Schedule Generation
T T SR Rt e mmial B Bate w B mtm m W

Task Graph = Once the values for p are obtained we

have to fix:
1 Size of slots
Schedule New 1 Order of the slots

Task

Select Bus
Schedule
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Bus Schedule Generation
T T SR Rt e mmial B Bate w B mtm m W

Task Graph = Once the values for p are obtained we

have to fix:
1 Size of slots in the segment
Schedule New 1 Order of the slots in the segment
Task
Select Bus
Schedule o Optimization loop
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Density Regions
S . By Rt R R R Bt I aly s § |

m When calculating the bandwidth distributions p we have assumed that

misses are uniformly distributed throughout the task’s critical path.
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Density Regions
S . By Rt R R R Bt I aly s § |

m When calculating the bandwidth distributions p we have assumed that

misses are uniformly distributed throughout the task’s critical path.

=" |n reality this is NOT the case.

Task T|
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Density Regions
S . By Rt R R R Bt I aly s § |

m When calculating the bandwidth distributions p we have assumed that

misses are uniformly distributed throughout the task’s critical path.

1= |n reality this is NOT the case.
m We divide a task into subtasks according to density regions.

Task T|

N S T~

Subtask Subtask

Predictable Implementation of Real-Time Applications on MPSoC 109

Petru Eles Dublin, 2009




AMBA AHB Bus

The Bus Arbiter

moon o o w e M T  a ]

AHB Arbiter

Slot Data

New Slot Info Request ﬁ

Table Logic <+—— Table Data
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AMBA AHB Bus

The Bus Arbiter

moon o o w e M T  a ]

1= Designed, in cooperation with University of
Bologna (Luca Benini, Paolo Burgio)

iz” Synthesised in 90 nm technology (very low
overhead!)

New Slot Info Request ﬁ

Slot Data

Table Logic <+—— Table Data
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Experiments

AN

—_BSA,
- - BSA2 =
- BSA3
- BSA4

0
o
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T
1

N
T
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Normalized Schedule Length
- N
o1 o1

>4 6 8 10 12 14 16 18 20
Number of CPUS
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Experiments

AN

—_BSA,
- - BSA2 =
- BSA3
- BSA4

0
o

W

N

Normalized Schedule Length
- N
o1 o1

—

Number of CPUS
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Experiments

N

—BSA,
= - BSA2 -

0
o

w
T
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Conclusions
R T T R Bimtts e B mimbel B BEats w N omm m N |

m An Approach to Predictable Implementation on Multiprocessors

1 TDMA Bus Schedule
1 WCET Analysis with TDMA

1 Bus schedule generation
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Conclusions
R T T R Bimtts e B mimbel B BEats w N omm m N |

m An Approach to Predictable Implementation on Multiprocessors

1 TDMA Bus Schedule
1 WCET Analysis with TDMA

1 Bus schedule generation

Predictable implementation on MPSoC
Is possible without excessive overhead.
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