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Background

Suspension

Mutex locks A
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pthread mutex lock(..)
//critical section
pthread mutex unlock(...) J1

Time

A locking protocol determines ordering of CSs
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Background
Pi-blocked
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Ajob is NOT scheduled when | 72

it should be \ O
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>
Time

On a 2-processor platform, J, is pi-blocked when it is suspended
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Ajob is NOT scheduled when | 72

it should be , o
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Real-time locking protocol goal: minimize the maximum pi-blocking
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Background [l

Focus of this work

Suspension-oblivious
/  Schedulability analysis assumes no suspension

Pi-blocking

\ Suspension-aware

 Schedulability analysis models suspension times explicitly
This paper:
* Global scheduling

* One shared resource and one CS per job
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Background

Suspension-oblivious pi-blocking
A job is pi-blocked if it is one of the top-m-priority pending jobs, but NOT scheduled
[Brandenburg & Anderson, 2010]

M = # pProcessors = 2

A o | a | l

a T.) Pi-blocked

J2

]1T
Time
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Prior Work

Real-time locking protocol goal: minimize the maximum pi-blocking
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Prior Work: Lower Bound

M = # Processors

a (m-1)l CSs &
A l \ l
Jm ey
S-oblivious pi-blocking lower bound o
(under any JLFP scheduler) a 2CSs e ¢
A [ : \
Max per-job pi-blocking = (m-1) CS lengths | J3 - l
[Brandenburg & Anderson, 2010] , @& 1CS | 8
) o l
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>
Time
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Prior Work: Upper Bound

M = # Processors

4 N [ N 4 N 4 N
Protocol G-OMLP C-OMLP OMIP C-OLPF
Scheduling Global Clustered Clustered Clustered
JLFP JLFP JLFP FIFO
I\[/)Iia I;lgilijr?gb (2m-1) (2m-1) (2m-1) (m-1)
- hs| | CS lengths CS lengths CS lengths
(one CS per task) fS lengt i 9 J 7 U ) 9 )
] I I I >
2010 2011 2013 2023
[Brandenburg  [Brandenburg [Ahmed &
» & Anderson] & Anderson] _— '[Brandenburg] Anderson]
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Prior Work Il
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M = # Processors

FIFO scheduling / Non-FIFO scheduling \
Pi-blocking L.B. | Pi-blocking U.B.

(m-1) CS lengths (m-1) CS lengths (m-1) CS lengths (2m-1) CS lengths

Pi-blocking L.B. | Pi-blocking U.B.

~ : ; :
Asymptotically optimal locking protocol
{An optimal locking protocol (C-OLPF) is knownJ OMLP,. C-OMLP. OMIP) are
_ same (2m-

\ Focus of this paper /
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Contribution 1 M = # Processors
G-EDF, G-FP scheduling

Pi-blocking L.B. | Pi-blocking U.B.
(2m-2) CS lengths /(2m-1) CS lengths

3 system where a job’s pi-blocking = (2m-2) CS lengths under any locking protocol

L The OMLP, C-OMLP, OMIP are almost optimal under G-EDF, G-FP }
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This Paper L
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Contribution 2 M = # ProCessors

G-EDF, G-FP scheduling

3 system where a job’s pi-blocking > (2m-1) CS lengths - € under any
reorder-bounded locking protocol

* A non reorder-bounded protocol can be overhead-heavy

« Known protocols are reorder-bounded
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Rest of The Talk

Contribution 1
G-EDF, G-FP scheduling

3 system where a job’s pi-blocking > (2m-2) CS lengths under any locking protocol
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Lower Bound: Key Idea

|

Jobs /4, ..., J,,—q are pi-
blocked for = m CS lengths

A O
]m—l E

lsTia

J2
A o

a_

J1

M = # Processors

J

Jm—1 is pi-blocked for
| (m-2‘) L5 > (m+m-2) = (2m-2) CS lengths
\!'l 1 a l
-
¢ l
000

%lﬁ |
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Lower Bound: Key Idea

M = # Processors

Jobs /5, ..., J;m—1 are pi- Jm—1 is pi-blocked for
blocked for > m CS lengths | ! (m-2) CSs > (m+m-2) = (2m-2) CS lengths

it ¥ ol 4 Goal A
. ' . There exists a job release pattern
J‘: —_— l causing (m-1) pending jobs with > m CS
8 000 | & ' :
e l c lengths pi-blocking J

hT;ﬂ 5 l ‘

A job suffers pi-blocking for > (2m-2) CS
lengths
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Lower Bound: Key Idea

There are at least m-1 pending jobs with = m CS lengths of pi-blocking at time ¢,,

[ Pi-blocking | [# pending # pending # pending # pending # pending
(CS lengths) jobs jobs jobs jobs jobs
A‘
> — > > > m- )
>m ( >0 7 > 1 P 2 (=m1)
>m-1 = >1 / > 2 / >3 >m-1
> m-2 = > 2 >3 >4 ooe > m-1
[ [ [ o [ [
: : [ :
. =1 =0 . =>m-1 . =>m-1 . =m-1 . =m-1
| | | | | g
0 mCSs & mCSs tz2 m(Ss G tm
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Lower Bound: Execution Scenarios

/Pi-blocking\ # pending # pending # pending # pending # pending
(CS lengths) jobs jobs jobs jobs jobs
>m = >0 >1 > 2 > m-1
>m-1 = >1 > 2 >3 > m-1
> m-2 =0 > 2 >3 >4 ooe > m-1
o o [ o [ [
o o o o [ [
o o [ o [ [
. =1 =0 . =m-1 . =m-1 . =m-1 . =m-1
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4)
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Lower Bound: Execution Scenarios

Resource request ~ Job completion
immediately after when CS is
job release complete

EAi o
J mes |

Release (2m-1) jobs |
at time 0 |
|

TR

[ ]
m CSs
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Lower Bound: Execution Scenarios
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Lower Bound: Execution Scenarios

[ J..,—1 becomes top-m-priority ]
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Lower Bound: Execution Scenarios

—

[ J..,—> becomes top-m-priority

: L CS | Jm—1 is pi-blocked for
Jobs : | > m-1 CS lengths
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Lower Bound: Execution Scenarios
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Lower Bound: Execution Scenarios

—

[ J; becomes top-m-priority
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mothert (s 15 J s
jobs -
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Lower Bound: Execution Scenarios

Conclusion

/Pi-blocking\ # pending 4 Jobs )
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Lower Bound: Execution Scenarios
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Lower Bound: Key Idea

/Pi-blocking\ # pending # pending # pending # pending # pending
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Lower Bound: Execution Scenarios

: Case 1: all CSs of new jobs execute in [tq, t)

:Case 2: some CSs of old jobs execute in [t;, tz):

. . m new Tﬂ :
Jm—1 Pi-blocked for hp jobs |
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Lower Bound: Execution Scenarios

[ Case 1: all CSs of new jobs execute in [tq, t) J

Exactly m pending jobs ]
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Lower Bound: Execution Scenarios

[ Case 1: all CSs of new jobs execute in [tq, t) J
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Lower Bound: Execution Scenarios
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Lower Bound: Key Idea

Inductively |
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Lower Bound: Key Idea

M = # Processors

Jobs /5, ..., J;m—1 are pi- Jm—1 is pi-blocked for
blocked for > m CS lengths | ! (m-2) CSs > (m+m-2) = (2m-2) CS lengths

it ¥ ol 4 v’ Goal A
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Conclusion

Conclusion i

 The “two” in (2m-1) pi-blocking bounds is fundamental under G-EDF, G-FP
scheduling

 The G-OMLP C-OMLP, OMIP are almost optimal under G-EDF, G-FP scheduling

* Future work:
« Is the “two” fundamental under partitioned or clustered scheduling too?
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