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walit for tell threadl
thread? I'm here
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What is the WCET???

Need new methods for WCET analysis
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Contribution

Parallel software

Threaded program

Mutual exclusion/Synchronization (spinlock)
Parallel hardware

Shared Memory Multicore

WCET analysis method: Model-checking of
Timed Automata
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The Modeled System

[ Program ] [ Program ]

Cor C
Y v Y v
L1 I$ | |L1:DS LLI$ | |L1:D$
Y v Y v
L2: Shared $




V A
| V4

Idle—_ init_core(id)
(N @

The Core |
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In-order execution

The core can overlap
Instruction execution and
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T h e C O r e r Idle(-}init_core(id) ©

exec_instr[id]?

(1]

xec_instr_done[id]! C) Get_instruction

In-order execution

access_I[id]!

The core can overlap ,
Instruction execution and SO B = i

lwait_for_datalid]

data accessing o

tCore<=I2D_delay
tCore>=IPD_delay
Step_Pipeline

Touch_data

Wait_for | cache

tCore<=] +stalls[id]

tCore>=1+stalls[id] acces$_DJid]!

calc_access_ihfo_for_level(id,1,
true, true),
wait_for_dataljd]=true

Signal_Done
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The L2 Cache

L1 caches compete for
access to the L2 cache

Main memory Is

assumed to always hit

Idle init_cache()
O

access |cache_s _done!

access _cgche s?

hit=access_cdche | 2(),
tCache=0

Delay

tCache<=cache_hit_time[hit?2:3]
tCache>=cache_hit_time[hit?2:3]

Main Memory

Signal_Done
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Program Model Interface
©) wait

all_tgsks_finished()

When all programs/threads have
finished, the time Is stopped

ST T T T T T T T T T T s s s s m s s s — - lwait for data[id] finished!
! exec_instrfid]! sexec_instr_donefid]? go!
@init task() ./ set access info(id, I Q £ finished tasksl[id] = true
A\ instr_address, ~\ZJ | N
o data_address, | o o
Initialization | data access, Terminating Synchronization

' write_data ) ’
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Finding the WCET

Binary search

A[] t <= estimate
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Finding the WCET

Binary search
A[] t <= estimate
The sup-operator
sup: t
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Experimental Evaluation

Ll instr. L1 datalL2 (shared) RAM
Lines 4 4 8 00
Words/Line 2 2 4 -
Sets 2 4 2 -
Latency 1 1 10 80
Replacement pol. LRU LRU LRU -




VA
| ¥ 4

Experimental Evaluation

Ll instr. L1 datalL2 (shared) RAM
Lines 4 4 8 00
Words/Line 2 2 4 -~
Sets 2 4 2 -
Latency 1 1 10 80
Replacement pol. LRU LRU LRU -




VA
\ ¥V 4

Experimental Evaluation

thread body() {

acquire_ lock()

e

shared var = 0
release lock()
acquire_lock()
shared var = 1
release_ lock()
acquire lock()
shared var = 2
release_ lock()

e we we we e we we

«e

coun
coun
mem|

init_[lock(id)
’ Unlocked

go_lockpd]!  go\lock[id]?
locked[id]=false  logked[id]=true

’ Locked

LD_instruction_and_data

init_task() @

exec_instrfid]!

set_access_info(id,mem_address++,1073,true,false)
i idl!

lockeld[0] exec_ingtrid]!

go!
merh_addrgss=first_address

Test_instruction

set_access_infg(id,mem_address++,-1,false,false)

() Branch_instruction

exec_instiid]!
set_access_infp(id,mem_address++,-1,false,false)

%) Check_Lock

llocked[0]
go_Jock[0]!

Lock

exec_instf[id]!
set_access_info(id,mem_address++,1073,true,true)

CS_ST instruction_and_data

exec_ins}r(id]!
<3 set_access_info(id,mem_address++,1097 true,true)
++,
| address=first_address Unlock_Instruction

exec_ins}r[id]!
set_access_info(id,mem_address++,1073true,true)

Unlock
go_lqck[0]?

count ==

Wait_for_Core

exec_instr_Hone[id]?

lwait_for| data[id]

go!
finished_taskslid] = true

Finished
finished!
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Experimental Evaluation
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shared var = 1;
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exec_ins
set_access_info

CS_ST instruction_and_data

rlid]!
id,mem_address++,1097 true true)

| address=fi
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set_access_info
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count ==
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finished_t

finished!

Unlock_Instruction

tid]!

id,mem_address++,1073,true true)
Unlock

ck[0]?

Wait_for_Core
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skslid] = true

Finished
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Experimental Evaluation -
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Experimental Evaluation

WCET = 636
Base case:

2 cores with corresponding caches
1 thread of the program on each core

Analysis Time:

Binary Search sup-Operator

1 step 1s 1s
Total 11s ls
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Experimental Evaluation

Scalabllity Test 1
4 cores with corresponding caches

WCET = ???

1 thread of the program on each core

Analysis

ime:

Binary Search

sup-Operator

1 step
Total

>3h
?

>3h
>3h
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Experimental Evaluation

Scalabllity Test 2

2 cores and caches, 1 thread on each core
Thread 2 is released in the interval [0,1000]

Analysis

ime:

Binary Search

WCET = 1207

sup-Operator

1 step
Total

44 s
~500s

42s
42s
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Experimental Evaluation

WCET =619

Scalabllity Test 3

2 cores and caches, 1 thread on each core
# of cache lines are 2048 (L1-1,L1-D) and 8192 (L2)

Analysis Time:

Binary Search sup-Operator
1 step 14s 14s

Total ~150s 14s
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The Future...

Scalability problem

Reduce complexity in models of HW and SW
Symmetry reduction
Partial order reduction

Integration with SWEET

Alternative approach
Model-checking as static analysis subroutine
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Thank you! Questions?

Andreas Gustavsson:
andreas.sg.gustavsson@mdh.se

Andreas Ermedahl:
andreas.ermedahl@mdh.se
Bjorn Lisper:
bjorn.lisper@mdh.se

Paul Pettersson:
paul.pettersson@mdh.se
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