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Transaction Priority is a Critical Feature

Under high contention, certain classes of transactions
should be given a higher chance to commit than others

Examples:
Repeated aborted transactions User-initiated transactions
Prioritize for starvation-freedom Prioritize over background jobs

& low tail latency to improve user experience
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Spectrum of Concurrency Control

Pessimistic Concurrency Control = Optimistic Concurrency Control

(Two-Phase Locking) (OCQ)
No Version-number-based
. No-Wait
Priority orvvl e.g., Silo [SOSP ’13]
r——— "~~~
With Wait-Die Polaris
Priority Wound-Wait Enable priority while keeping

Rich Features Enabled by Priority:

| maximum optimistic advantages
| Low tail latency, starvation freedom, user-defined priority, etc.



Priority Enforcement in OCC

Example in Silo: Priority Inversion

Tx | Tx 2
g high-prio low-prio
© read rl
read rl

I o :
1__; Ciritical Section

— Conflict



Priority Enforcement in OCC

Example in Silo: Priority Inversion

Tx | Tx 2
g high-prio low-prio
=)
read rl
read rl
=== I
: validate |,
|
: commit |1
|
I
1| write rl :

I o :
1__; Ciritical Section

— Conflict



Priority Enforcement in OCC

Example in Silo: Priority Inversion

Tx | Tx 2

g high-prio low-prio

“ read rl

read rl

=== 1

: validate |,

: commit :

|

: |

|

write rl
/ ______
version number changed

I
: - o :
: 1__; Ciritical Section

— Conflict




Priority Enforcement in OCC

Example in Silo: Priority Inversion

Tx | Tx 2

g high-prio low-prio

“ read rl

read rl

=== 1

: validate |,

: commit :

|

: |

|

write rl
/ ______
version number changed

I
: - o :
: 1__; Ciritical Section

— Conflict




Priority Enforcement in OCC

Example in Silo: Priority Inversion Goal: Priority Enforcement
Tx | Tx 2
g high-prio low-prio In the case of a conflict, a high-priority
B transaction must not be aborted by a
read rl
lower-priority transaction
read rl P 4
o t
: validate |,
I !
| COMME | Challenge
write rl :
=== / ______ Silo only detects conflicts at commit time,
| validate version number changed C .
! : . where a low-priority transaction may have
L abort | L _1 Critical Section committed already
Y

— Conflict
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ldea: Reservation Mechanism

Desired Guarantee

If a transaction is the only highest-priority
transaction accessing a record, it will pass
the validation on this record

Propose: Reservation Mechanism

A transaction can reserve a record so
that lower-priority transactions cannot
write to this record (but can still read it)

A record can be reserved by multiple
same-priority transactions, but not
Cross-priority

Reservation Principles:

1.

A low-priority transaction cannot
reserve a record already reserved
by high-priority transactions

A high-priority transaction can
preempt a record reserved by a
low-priority transaction

The protocol remains fully
optimistic among same-priority
transactions
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Develop Polaris (from Silo): Data structure

Silo: Transaction ID (TID) Polaris: Extended TID

Per-record 64-bit word encoding: Similar 64-bit word encoding:

- Data version

- Data version _
- Latch bit

- lLatch bit
- Priority: which level priority of transactions
are reserving this record
- Reference counter: how many of reservees
- Priority version: for cleanup
latch prio prio_ver latch
data_ver i i 1 i data ver i

reﬁicnt
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Polaris: Execution Phase

In the execution phase, a transaction maintains a
read-set R and a write-set W

For a record r accessed by transaction tx:

do
do tid = r.tid
while tid.latch == LOCKED
new tid, is reserved = \
try reserve(tid, tx.prio, want_write)
r_local = r.copy()
while !(r.tid.CAS(tid, new_tid))

R.add(r, tid)

if want_write: W.add(r)
return r_local

All updates are applied to r_local

Reservation Protocol:

def try_reserve(tid, tx.prio, want_write):

new_tid = tid

if tx.prio == tid.prio:
new_tid.ref_cnt++
is reserved = true

elif tx.prio > tid.prio:
new_tid.prio = tx.prio
new tid.ref cnt =1
is reserved = true

else:
if want_write: abort()
is_reserved = false

return new_tid, is reserved
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Silo:Validation Phase

First acquire latches of all records in write-set
in sorted order

for r in sorted(W):
tid = r.tid
if tid.latch == LOCKED: abort()

r.tid.CAS(tid, locked(tid))

Then validate every record in read-set is
unlatched and has data version unchanged

for r, old_tid in R:
if r.latch == LOCKED and r not in W:
abort()
if r.tid.data _ver != old tid.data ver:
abort()
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First acquire latches of all records in write-set
in sorted order

for r in sorted(W):
tid = r.tid
if tid.latch == LOCKED: abort()

r.tid.CAS(tid, locked(tid))

Then validate every record in read-set is
unlatched and has data version unchanged

for r, old_tid in R:
if r.latch == LOCKED and r not in W:
abort()
if r.tid.data _ver != old tid.data ver:
abort()
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together with TID encoding new data version

new_data ver = W.max_data ver() + 1
for r in W:

r.install write()

r.tid = {new_data_ver, UNLOCKED}



Polaris:Validation Phase

First acquire latches of all records in write-set
in sorted order

for r in sorted(W):
tid = r.tid
if tid.latch == LOCKED: abort()
if tid.prio > tx.prio: abort()
r.tid.CAS(tid, locked(tid))

Then validate every record in read-set is
unlatched and has data version unchanged

for r, old_tid in R:
if r.latch == LOCKED and r not in W:
abort()
if r.tid.data _ver != old tid.data ver:
abort()

If it passes validation, the transaction commits

It publishes local writes to records in write-set,
together with TID encoding new data version
Every reserved record must perform cleanup
(next slide)

new_data _ver = W.max_data _ver() + 1
for r in W:
r.install write()
r.tid = cleanup _write(r.tid, \
new_data ver)

for r, old tid in R if r not in W:
r.tid = cleanup_read(tid, tx.prio, \
old tid.prio_ver)
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Polaris: Cleanup Protocol (Committed)

For records in write-set:

def cleanup_write(tid, new_data_ver):

new_tid = {
.data_ver
.latch
.prio
.ref_cnt
.prio_ver
}

return new_tid

new_data_ver
UNLOCKED

0

(%]

tid.prio_ver + 1

For read-only records:

def cleanup read(tid, tx.prio, \

old _tid.prio_ver):
// check if reservation still in TID
if tid.latch == LOCKED or \
tid.prio != tx.prio or \
tid.prio_ver != old tid.prio_ver:
return tid // no cleanup needed

new_tid = tid

new_tid.ref_cnt--

if new_tid.ref_cnt == 0:
new_tid.prio = ©
new_tid.prio_ver++

return new_tid



Polaris: Cleanup Protocol (Committed)

For records in write-set:

def cleanup_write(tid, new_data_ver):

new_tid = {
.data_ver = new_data_ver
.latch = UNLOCKED
.prio =0
.ref cnt =0
.prio_ver = tid.prio_ver + 1
}

return new_tid

For read-only records:

def cleanup read(tid, tx.prio, \

old _tid.prio_ver):
// check if reservation still in TID
if tid.latch == LOCKED or \
tid.prio != tx.prio or \
tid.prio_ver != old tid.prio_ver:
return tid // no cleanup needed

new_tid = tid

new_tid.ref_cnt--

if new_tid.ref_cnt == 0:
new_tid.prio = ©
new_tid.prio_ver++

return new_tid

If the transaction aborts, it also needs to perform cleanup (more details in paper)
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Optimization

Note that reservation is to protect a
high-priority transactions from the
lower-priority ones

If a transaction is already in the lowest
priority level, it does not need to make
reservation at all

Benefit:

This avoids a shared-memory write to
TID during execution and saves the cost
of cache coherence protocol

When all transactions are in the lowest
priority level, Polaris gracefully falls back
to Silo
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Evaluation

Polaris is implemented on DBx1000

The experiments runs on a machine
with 64 logical cores

We use the following simple (but powerful)
priority assighment policy:

- All transactions begin with priority 0

- After being aborted I | times, increment
its priority by | for every 3 aborts

- Maximum priority is 16
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More Experiments in Paper

- Priority sensitivity analysis
- User-define priority
- Read-only workload

- Comparison with batching
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Conclusion

We present Polaris, an OCC protocol with priority support

Through a lightweight reservation mechanism, Polaris can

- preserve high-throughput advantage of OCC
- guarantee starvation-freedom

- provide lower tail latency



Thank You!



