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Or: Type-Specific Concurrency Control and STM
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't’s not the STMs problem really
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Relaxed Atomicity
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Type-Specific Concurrency Control

Also from 80s ...

Exploit
Commutativity ...

Non-determinism

For example |
Escrow ...

Exo-leasing ...

TM raises different
guestions




Heart of the Problem

Confusion between thread-level and
fransaction-level synchronization.

‘Needless entanglement Kills concurrency I

Relaxed consistency models are all
about more entanglement




Heart of the Problem




50 Sha@ of Synchronization

Short-lived, fine-arained
Atomic instruction (CA$
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Transactional Boosting

Method for transforming.....

linearizable

black-box

highly concurrent
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Concurrent Objects

time
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Linearizability
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Linearizable Objects

threads

Linearizable object

Thread-level
synchronization
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Transactional Boosting
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Disentangled Run-Time

\/ Library:
— |abstract locks,
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Disentangled Reasoning

=

\/ | | Commutativity &
| Inverses
%% | |Linearizability
O e.g., rely-guarantee ...
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Undo Logs |

transactions |

Abstract locks I Black-box linearizable
data object




Lets look at some code

* Example 1: Transactional Set
* implemented by boosting ConcurrentSkipList object, using LockKey for synchronization



Set Specification

Method Inverse

add(z)/false noop()

add(z) /true remove(z) /true

remove () /false noop()

remove(z ) /true add(z)/rrue

contains(z) /- noop()
Commutativity

insert (z)/. < insert (y)/z #vy
remove(z)/. < remove(y)/z # y
insert (z)/. < remove(y)/_z # y

add(z) /false < remove(z) /false < contains(z)/-

public class SkipListKey {

!
2 ConcurrentSkipListSet <Integer> list ;
3 LockKey lock;

4 ..

s public boolean add(final int v) {

6 lock . lock(v);

7 boolean result = list .add(v);

8 if (result) {

9 Thread.onAbort(new Runnable() {
10 public void run() { list .remove(v);}}
1 ;

12

13 return result ;




r public class LockKey {
s ConcurrentHashMap<Integer,Lock> map;
1w public LockKey() {

» map = new ConcurrentHashMap<Integer,Lock>();
21

»n  public void lock(int key) {

n Lock lock = map.get(key);

1 if (lock == null) {

2 Lock newLock = new ReentrantLock();

2 Lock oldLock = map.putlfAbsent(key, newlLock);
7 lock = (oldLock == null) ? newlLock : oldLock;
s )

2 if (LockSet.add(lock)) {

30 if (!lock.tryLock(LOCK_TIMEOUT,

3 TimeUnit. MILLISECONDS);) {

1 lockSet . remove(lock);

1 Thread.getTransaction (). abort ();

1 throw new AbortedException();

35 }

w )

s}



More examples:

* Transactional Priority Queue, Pipelining, UniquelD ...
* implemented by boosting concurrent objects from Java concurrency packages



Performance of boosting
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Figure 8. Throughput for boosted STAMP benchmarks normal- Figure 9. Throughput for transactionally-boosted skip lists using
ized against the throughput of conventional TL2, which maintains simple (left) and key-based (right) two-phase locks.
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What’s the Catch?

Concurrent calls must commute |

Different orders yield same state, values

(Actually, all about left/right movers)

Me

Immediately after, restores state
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What’s the Catch?
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oosting

* Reuse code, improve performance
* But inverses



And is there ever enough performance?



How to improve performance?



Recall, we want

* Good performance when synchronization is required
* Scalability

* E.g., for in-memory key-value store
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Review: Memory Model

* Each core has a cache
 Hitting in the cache matters a lot for reads!

* What about a write?
e TSO (Total Store Order)



X36-150

* Thread t1 modifies x and latery
* Thread t2 sees modification to y
* t2 reads x

* Implies t2 sees modification of x



MassTree structure

* Nodes and records

* Nodes
e Cover a range of keys
* Interior and leaf nodes

e Records
e Store the values
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Figure 1. Masstree structure: layers of B™-trees form a trie.



Concurrency Control

* Reader/writer locks?



Thread-level Concurrency Control

e Base instructions

e Compare and swap
* On one memory word

* Fence



Concurrency Control for multi-word

* First word of nodes and records
e version number (v#) and lock bit



Concurrency control

* Write
» Set lock bit (spin if necessary)
* uses compare and Swap

* Update node or record
* Increment v# and release lock



Concurrency control

e Write (locking)

* Read (no locking)
* Spin if locked
* Read contents
* |f v#f has changed or lock is set, try again



Concurrency control

* Writes are pessimistic
* Reads are optimistic

e A mix!
* No writes for reads



Inserting new keys

* Into leaf node if possible
* Else split



Inserting new keys

* Into leaf node if possible
* Else split

* Split locks nodes up the path
* No deadlocks



Interesting Issue with splitting




Silo
ee to
MassTr

From

tabase

h-performance da

° ng _p ’ S
With transaction

tiong in uItICOI‘e In. €mory, Database
lephep, » Ventipg Zheng, d Kohjep+ Bar, Lj AMye) Madqgea
Mrir Cs4y, d T, "Vard r, Uver, ry
Abstract Nizatioy, Scale v, OWing large, dntabases
ilo jg new jn_ Ty dg, AChieye €Xce]. Sup, More on
leng pe ce sealab:ht mulucole Silo Uses 5 nsp;, Tee g Clups for jgg u
ach; o vy eSigneq To d up ¢, u derjy ing inde Stree isaf, lrrent g_
System, AChes of Clentyy, T instap, L it ree-ije Sluctyp, ize ultj OMance,
AVoids 5y, Ntrg] Nteny, ings, ; ding that o Bu Ma_s “Serig] le, single—key
Centrali . Ctiop ne. §j; key, ontr; "a"sad.’o" Y rea) ! Suppoy
butio, S @ comp,; Protocey OPlimjg, Concy,.. ansacy; affecy Ultiple ys ur jn e
€Y cong ! thay bility, € avojq. Se"f"' Orde O b the tp Olocoy, i
Ing gz Shareq . 1Y Wrigeg fe s only, a Minj I-conge alizaple t
Teaq, h thig Plicage the o, Provige Pro
fc,memem of Seria] o, > Correcy | Cing , ecoy,_ Silo Varigp, f opurmstlc Ong, 'y Contrgy
ery jg Provjge, by ink; Modjcyy; €Pocy, (Occ, (18] on tracy cords j;
With Commj; Protoc,, Silo Provige the € guap. Teady and v, in ~locy Storage time,
leeg SClializap) ata Ithoy; Cessary, after Validay; € thy Tansacy; -
alabjjj. eck. Muc, itiong °nCy. Sl Verlappe g With jg set, '
Chieyag almeg, 700, Nsacy; seco, n 4 Writtey TeCords 4 Once. 1.
tandyg Tl Tkloag 2 achine aborys, Thic ..
s negp. labj;, NSide, Core, thj )
S Severy; lmeg p, an



Silo

e Database is in primary memory
* Runs one-shot requests



Silo

e Database is in primary memory
* Runs one-shot requests

e A tree for each table or index

* Worker threads run the requests
* One thread per core

* Workers share memory



Transactions

begin {

% do stuff: run queries

% using insert, lookup, update, delete,
% and range

}



Running Transactions

* MassTree operations release locks before returning
* Hold locks longer?



Running Transactions

* OCC (Optimistic Concurrency Control)

e Thread maintains read-set and write-set
e Read-set contains version numbers
* Write-set contains new state

* At end, attempts commit



Commit Protocol

* Phase 1: lock all objects in write-set
* Bounded spinning



Commit Protocol

* Phase 1: lock all objects in write-set

* Phase 2: verify v#’s of read-set
e Abort if locked or changed



Commit Protocol

* Phase 1: lock all objects in write-set
* Phase 2: verify v#'s of read-set

 Select Tid (>v# of r- and w-sets)
 Without a write to shared state!



Commit Protocol

* Phase 1: lock all objects in write-set
* Phase 2: verify v#'s of read-set
 Select Tid (>v# of r- and w-sets)

* Phase 3: update objects in write-set
e Using Tid as v#



Commit Protocol

* Phase 1: lock all objects in write-set
* Phase 2: verify v#'s of read-set
 Select Tid (>v# of r- and w-sets)

* Phase 3: update objects in write-set
* Release locks



Additional Issues

* Range queries
* Absent keys
e Garbage collection



Performance
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‘igure 4: Overhead of MemSilo versus Key-Value
vhen running a variant of the YCSB benchmark.



Performance

. VS. Hstore

M. Stonebraker et al, The end of an architectural era: (it’s time for a complete rewrite), VLDB
‘07
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Figure 8: Performance of Partitioned-Store versus
MemsSilo as the percentage of cross-partition trans-
actions is varied.
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STO

* Silo trees are an highly concurrent data structures
* Specification determines potential concurrency

* Implementation is hidden
* Including concurrency control



A vision for concurrent code

* Apps run transactions



A vision for concurrent application code, like
boosting

* Apps run transactions

* Using transaction-aware datatypes
* E.g., sets, maps, arrays, boxes, queues



Transactions

begin {

% do stuff: run queries

% using insert, lookup, update, delete,
% and range

}



Back to our vision for concurrent code

* Apps run transactions

e Using fast transaction-aware datatypes
* Designed by experts
* Require sophistication to implement
* But so are concurrent datatypes in Java



STO

* Think Silo broken into two parts:
e STO platform
* Transaction-aware datatypes



STO Platform

* Runs transactions
* Transaction{ ... }

* Provides transaction state
e Read- and write-sets

* Runs commit protocol using callbacks



Transaction-aware datatypes

* Provide ops for user code
* E.g., lookup, update, insert, delete, range

e Record reads and writes via platform

* Provide callbacks
* lock, unlock, check, install, cleanup



Transaction-aware datatypes

* Provide ops for user code
* Record reads and writes via platform

* Provide callbacks
* lock, unlock, check, install, cleanup
* cleanup for abort, after-commit
e E.g., deleting a key



Transaction-aware types

* Maps
e Hash tables

* Counters
e void incr( ) vs. intincr()
e Uses check and install



Designing fast STO’s data types:

 Specification

e Some common tricks
* Inserted elements: direct updates
* Absent elements: extra version numbers
* Read-my-writes: adjustments

e Correctness



Specification



Inserted elements and repeated lookup

* Hybrid strategy
* T1: insert “poisoned” element
e T2: abort on observing a “poisoned” element
* T1: no need to validate insertion at commit



Absent elements

* T1: get(K): Kis absent

e How to validate at commit?

e Extra version numbers
* For hash table: on bucket of absent key
* BTree : on parent node of absent key



Read-my-writes

* T1:scan arange A..Z; insert a key C
* how to validate range ?



Correctness

* Version numbers on all shared state

* Exclusive locks

* Check must fail if segment locked or version number changed
* Modifications invisible to other transactions before install



Performance



Implementation

e Silo: 7000 lines of code
e STO-Silo: 3000 lines of code

e Uses hash tables and trees
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Performance

* vs. TL2 (grey)

16 cores
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Optimism vs Pessimism?

Effects of pessimism and boosting on a hash table micro benchmark.

Numbers are speedup at 16 threads relative to single-threaded STO

STO 12.91x
Boosting 7.02x
Boosting in STO  6.67x
Pessimistic STO 0.82x
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STO: last word for exploiting ADT in TM?

* Needs more work
* More datatypes
* Methodology
* Programming language integration
 Distribution



ummary:
nplementing a Library of Transactional Data types:

* Distinction between short Thread level vs coarse grain Transaction-level
coordination is key

* Can re-use data structure code or co-design and customize:

* Boosting: a black box approach, first ADT/STM (code re-use, restrictions)

* STO: high-performance pessimistic/optimistic approach (co-design and customize)

. (Thanks to M.Herlihy and B. Liskov for help with slides!)



Questions



