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Motivation...

Visualisation of:

1 dimalloc

2 GHC (incremental collector and block allocators)

3 ECLIPSe Constraint Logic Programming System

4 Shared Memory Heap Layers (Telco in-memory database)
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The Problem...

* You build a “memory manager” (custom, general-purpose...)

° |s it buggy?

° Is it performing well?

© Can we optimise it?

e Standard debuggers may not help much

* Sometimes a picture paints a thousand words...
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Poor segregated free list sizing?
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Why is the memory footprint so big?
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Do we have a fragmentation problem?
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GCspy

* A visualisation framework typically used for rendering heap
state

* Client (visualiser) / Server (application) architecture

* Tailored to GC:

° Low-frequency events (e.g. minor/major collection)

o Typically “flat” region-based heap layout
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Current GCspy Model

GC events (minor/major collections), O(0.1 — 10)? per second
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Visualising a Generational Collector

GCspy Windows
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What about Dynamic Allocators?

Alloc/dealloc events O(10”"4 - 1076)? per second
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Goals

Extend GCspy to provide built-in support for:

1 High volume, fine-grain event handling

2 Targeted hierarchical visualisation

3 Additional performance debugging capabilities
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1. High-volume Fine-grain Event Handling

®* Current Server Architecture:

Application
thread

Server
commands,
e.g. stream
update

Client
commands

Network
thread

Y
From client To client

Server thread architecture
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1. High-volume Fine-grain Event Handling

* Enhanced Server Architecture:

Caches stream
changes betweer
updates

Controlled
by client
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to client
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completion
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Sampling interval

* The sampling interval controls several factors...

__ Dirtied blocks Dirtied blocks

1/"Frame rate"

From To client Server From  To client
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time

Communication
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B. Low sampling rate
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2. Data Structure Visualisation

Example: GHC (Haskell)

Operating System (Virtual) memory
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2. Data Structure Visualisation

Example: dl mal | oc
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Example: dl mal | oc mapping to (new) GCspy

GCspy Windows Flugins

| Surnrnaryl Legend I Colors IZoom outI Clear Markers |

L T A — O X
History
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mspace
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Sampling

Sample rate 500 ms

'y

Magnification

Current Event Drivers
1406 Allocation; 1393 Free dimalloc
Tile Info Heap

Mspace [Mspaces] View. mspace

-

Heap [Contiguous Memory]

Yiew: Memory usage

mspaces

Heap 0x804b000:0xBB9ce84 (87241 bjfy)

Smallbins

16 byte chunks [Smallhins] Yiew:

24 byte chunks [Smallbins]

smallbin 1

32 byte chunks [Smallhins]

View:

key
[ group
QO space
dimalloc indexed space
@ space
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smallbins treebins
~ \- -

.
treebin 1 . ! treebinn }
’

Treehins

256 - 384 hyte chunks [Treehins] View. Chunks
384 - 512 byte chunks [Treehins] View: Chunks
512 byte chunks and greater [Treehins] Yiew: Chunks

< |

1 | | Connected to localhost €050 [dimalloc]
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* Note driver hierarchy
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Collapsing” Drivers

* To avoid visual information overload we can close part of
visualisation:

Drivers
dimalloc
Heap

Heap [Contiguous Memory

':i!t S SRS S

Smallbins
16 byte chunks [Smallbins]

Yiew:

24 byte chunks [Smallbins] Yiew:
32 byte chunks [Smallbins]

* Note — also reduces communication
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Zooming

* To focus visualisation effort, we can zoom in:

Heap [Contiguous Memory View: Memory usage

Heap [Contiguous Memory] Yiew: Memory usage

* Zooming reconfigures drivers automatically
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3. Performance Debugging

* Goal: focus visualisation effort in response to particular
phenomena, e.g.

° Unusually large (small) allocations/frees
° Allocations in specific memory regions
© Signs of memory fragmentation

* \WWe combine two mechanisms to achieve this:

° Triggers (new) — conditions defined in terms of event
attributes

° Plugins — process and display specified event attributes
Issued after a trigger is fired
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Triggers

* Events augmented with attributes (e.g. “allocation size” or
“allocation location”);

* Trigger conditions specified in terms of these attributes;

* Compared on the server to ensure conditions are detected
at the exact point at which they occur.

Mo triggder has fired

Ewvent Artribute Comparisan Threshold Flugin Enabled
Allocation o = - 125Backirace
Allocatian Size > £S5 36| Backirace
Allocation Location > 1585446912 |(Backirace
Allocation Fragmentation (12, 5242 88) > 2000|Backirace

Add trigger Close
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Plugins

* Triggers can launch specific plugins when they fire (e.g.
backtrace, memory display...)

* When a trigger fires, enter single-step mode automatically
* Plugins typically open a client-side window, e.g.

Wllocation at QxEQSEZ 80 (size; 24) -
rrallac
mikEegionCpd
¥subtractRegiong
HighlightFegiong
Highlight
HandleaActionsd

Free at OxE80985C0 (size: 722
freed
miFEegionCp0
¥5ubtractRegiong
HighlightEegion(
nhighlight
Handleactionsd

Free at OxE0985 80 (size: 4

freed

internal_realloci
realloc
misubtractManc L
miFegionQpd
¥subtractRegion
Wllocation at OxE028T2E (size; 720
rralloc

(|
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Enhanced Framework Performance

* GCspy performance unchanged when used for GC
visualisation (DaCapo benchmark suite)

* To evaluate enhanced framework, use contrived
benchmark, varying:

° Application’s event generation rate

© Sampling rate

° Client-side visualisation (no. of tiles)
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Enhanced Framework Performance

Sampling 2000 tiles 8000 tiles
interval Measurement Mean inter-event time (us) | Mean inter-event time (us)

(ms) 0 50 100 0 50 100
No. dirty tiles 1347 | 566 354 4932 1601 978

100 Comm. time (ms) 14.62 | 5.04 3.33 151.09 | 39.87 24.01
Effective frame rate | 2.59 2.65 2.63 0.43 0.49 0.52
No. dirty tiles 1585 | 938 629 6953 2897 1836

200 Comm. time (ms) 22.62 | 9.14 5.89 200.81 | 78.03 44.42
Effective frame rate | 2.07 2.08 2.10 0.40 0.42 0.47
No. dirty tiles 1893 | 1643 | 1229 7784 5770 3926

500 Comm. time (ms) 38.17 | 17.74 | 10.81 292.20 | 153.45 | 102.30
Effective frame rate | 1.32 1.28 1.29 0.35 0.42 0.39
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Summary and Conclusions

Key contributions
* Built-in facility for periodic incremental client updates
* Targeted hierarchical visualisation of data structures

* Additional performance debugging aids (triggers,
backtraces...)

* A complete integration with dl mal | oc

Conclusions
* Additional features come “for free” for existing GCspy users
* Client-side visualisation is the bottleneck

* Smooth visualisations are possible, even for event rates of
O(10°)/s
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Future work

* Improve visualisation of dimalloc’s treebins

* Enhance the trigger heuristics engine

° Trigger specification

© More plugins

* Incremental rendering

* Integrate with GHC and ECLIPSe
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