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Infrastructural Software

We are interested in designing
and implementing concurrent
data structures that are fast and
scale on multicore hardware.

We then apply the best designs
in other infrastructural

software such as a memory
allocator.




4 Processors w/ 10 Cores each w/ 2 Hyperthreads each
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throughput

Multcore Scalability

linear scalability

positive scalability
high performance

negative scalability

positive scalability
low performance

number of cores
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Fig. 2. Performance and scalablity of producer/consumer microbenchmarks with an increasing
number of threads



Multcore Scalability
1S a
Concurrent Semantcs and

Memory Layout & Search Problem



scal.cs.uni-salzburg.at

# Scal is a collection of concurrent data structures designed by us (underlined)
and others, plus a benchmarking framework:

+ Treiber Stack [IBM86]

+ Timestamped Stack [POPL15], k-Stack (relaxed) [POPL13]

+ Michael-Scott Queue [PODC96]

+ LCRQ [PPoPP13], Segment Queue (relaxed) [OPODIS10]

+ Timestamped Queue [POPL15], Distributed Queue (relaxed) [CF13], k-FIFO
Queue (relaxed) [PaCT13]

* Timestamped Deque [POPL15]



http://scal.cs.uni-salzburg.at

Treiber Stack [IBM36]

top pointer is global variable (single point of contention)
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blue pointers are all stored in thread-local variables
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V * lock-free with atomic compare and swap

* failing threads retry, possibly indefinitely
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Michael-Scott Queue [PODCI96]



degmentation

N
NE=siiEsdllE
\

v y
k k
\\J/W\ —~—

f wll%%HH

Vi




k-FIFO Queue [PaCT13]
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Fig. 2. Performance and scalablity of producer/consumer microbenchmarks with an increasing
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| .oad Balancers

+ 1-RR: one round-robin counter

« 2-RR: two round-robin counters (enqueue, dequeue)

+ TL-RR: thread-local round-robin counters

* LRU: least-recently-used queue
* 1-RA: random queue

+ 2-RA: shorter of two random queues for enqueue,
longer of two random queues for dequeue

1k



Distributed Queues [CF13

40000 T T T T T T d) 11000
10000
35000 | Fri) ]
0 A e oE0a
@ 5| 1)
§ 30000 3 8000
© 25000 | ) 4 o 7000
[} o
E E 6000
© 20000 @
2 £ 5000
(O] (]
o o
@ 15000 & 4000
2 S
5 B
10000 e 2o
8 A
5000
1000
0 v 5 0 |
number of threads number of threads
[B —F—  BSKFIFO (k=80) T-RRDQ (p=80) 0 [B —+—  BSKFIFO (k=80) TRRDQ (p=80) &
MS US k-FIFO (k=80) -~ A 2-RR DQ (p=80) MS US k-FIFO (k=80) -4 - 2-RR DQ (p=80)
FG ---X-- ED ——  TL-RRDQ (p=80) - -O- - FG ---%K--- ED ——  TL-RR DQ (p=80) - -O- -
WF of BAG 1-RA DQ (p=80) @ - WF - BAG 1-RA DQ (p=80) @ -
RD (r=80) RP ---w--  2-RADQ (p=80) —&— RD (r=80) RP ---w---  2-RADQ (p=80) —O—
SQ (s=80) - -O- - LRU DQ (p=80) SQ (s=80) - -G - LRU DQ (p=80)
(a) High contention producer-consumer microbenchmark (¢ = 250) (b) Low contention producer-consumer microbenchmark (¢ = 2000)

Figure 1: Performance and scalability of producer-consumer microbenchmarks with an increasing number of threads on a 40-core (2 hyper-
threads per core) server machine
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Time Sources

+ TS-atomic: fetch and increment counter

« TS- stutter: stuttering counter (Lamport clock)

+ TS-hardware: hardware clock

+ TS-interval: interval hardware clock

# TS-CAS: compare-and-swap interval counter

16



operations per ms (more is better)

Timestamped (TS) Stack [POPL15
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T'imestamping

+ TS stack: fastest concurrent stack
« TS queue: slower than LCRQ but faster than MS

« TS deque: tastest deque but correctness proof missing
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scalloc.cs.uni-salzburg.at

+ Scalloc is a fast, multi-threaded, multicore-scalable
memory allocator with low memory consumption based
on three new ideas (and many known ones):

1. Virtual spans (on demand paging)
2. Span-pool backend (lock-free distributed stack)

3. Constant-time frontend (locked doubly-linked list)


http://scalloc.cs.uni-salzburg.at

Challenges

“ Allocation performance

“ Deallocation performance

“ Access performance

* Fragmentation

+ Performance robustness

* Temporal and spatial scalability



Faster than others
while
using less memory



acdc.cs.uni-salzburg.at

* ACDC: configurable multi-threaded benchmark for
memory management

« Simulates periodic allocation behavior (AC) and
permanent memory (DC) based on models of real
applications

* Simulates memory access

« Fully scalable on multicore hardware

« Available for C, C++, Java, JavaScript


http://acdc.cs.uni-salzburg.at

Mutator

malloc

Y frontend

I free

Allocator

mmap

backend

munmap

Operavting System



Old Idea:
Thread-local Allocation Buffers



TLLABs: Good and Bad

« Fast allocation path
* Fast local deallocation path
* But potentially slow remote deallocation path

* And potentially high fragmentation



Old Idea: Size Classes

\\ / all of the same size

no external fragmentation
sp ans . ;

1 local free list per span

1 remote free list per span



Size Classes: Good and Bad

“ No external fragmentation
« High locality

“ But internal fragmentation
“ Upper bound on object size

* Traditionally solved by using a ditferent allocator for
big objects



New ldea: Virtual Spans

arena virtual span real span
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Figure 1: Structure of arena, virtual spans, and real spans



Virtual Spans: Good and Bad

* No external fragmentation

« High locality

“ But internal fragmentation yet most only virtual

« Upper bound on object size larger than with real spans

* No hybrid allocator necessary, huge objects (>1MB) are
mmapped

« But virtual memory (32TB) limits allocatable memory



New ldea: Global Span Pool
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Figure 2: Span pool layout
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New ldea: Constant-11me Frontend
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Figure 3: Life cycle of a span



l.ocal Allocation & Deallocation
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Figure 4: Threadtest benchmark




per-thread allocator time in seconds
(logscale, less is better)

Remote Deallocation
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Figure 9: Temporal and spatial performance for the remote-free/blowup robustness experiment



total allocator time in seconds
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Object Size
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Figure 7: Temporal and spatial performance for the object-size robustness experiment



Memory Access
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Figure 8: Memory access time for the locality experiment






