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nC+: Concurrency in C+

e CH+ has no concurrencyC+ provides high-level,
integrated, object-oriented concurrency

M:N thread model (versus 1:1 NPTL)

polymorphism: inheritance, overloading and

e based on 3 fundamental properties: thread, stack, and templates with new types

mutual exclusion/synchronization (MES)

— stack/ thread viaoroutine/ task, extensions of
class, and statementsispend/ resume

— MES viamutex/ nomutex qualifier and
statementsait/ signal/ accept

No MES MES
class ¢ { mutex class M {
condition variables;
No Stack /| pypiic: public:

No Thread m() {} m() { wait/signal/accept }

I3

coroutine C { mutex coroutine CM {
main() { suspend }| condition variables;
Stack / public: main() { suspend/wait/signal/accept }
No Thread ™m0 { resume } public:

m() { resume/wait/signal/accept }

I3

task T {
condition variables;
Stack / not supported main() { suspend/wait/signal/accept }
Thread | = explicit locking public:

m() { resume/wait/signal/accept }

I3

advanced concurrent exception handling : exceptions
among coroutines/tasks

throw [ throw-event [ at coroutine/task ] ] ; // termination
resume [ resume-event [ at coroutine/task ]] ; // resumption

real-time: extensible schedulers, inheritance protocol,
timeout, real-time tasksieriodic, aperiodic, sporadic

object-oriented, nonblocking 1/O for files and sockets
user-defined grouping of tasks avidtual processors
Pthreads simulation and access to OpenMP

debug mode for testing (asserts and runtime checks)

ports: gcc-3.4.x or greater, ortel icc 8.1/9for Linux
|IA-64 (HP/SGI) Linux Opteron, Linux/FreeBSD
IA-32/AMD, Solaris 8/9 SPARC, IRIX 6.x MIPS

http: //plg.uwaterloo.ca/~usystem/uC++.htmi



pProfiler: Profiling in pC+

¢ information about dynamic execution
¢ integrated with,CH programming model

— break down per-task, per-coroutine,
per-routine

— trace multiple concurrent events
— effective, efficient and extensible

e supports hardware event-counters
e Dbuilt-in metrics

— statistical:

*

dynamic call-graph, execution time,
hardware counters

— exact:

*

*

*

*

*

state transition

dynamic call-graph, execution time,
hardware counters

partial-order tracing

memory leaks

kernel-threads

e ports:Linux IA-64 (HP/SGI) Linux

|IA-32/AMD, Solaris 8/9 SPARC

e http://plg.uwaterloo.ca/~usystem/MVD.html

» uProfiler Version 1.3.0 - 0OX
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Execution-State Transition Metric

e State transitions for each task

e scales to long duration and high magnification (up to 0.1 mppel)

e increase/decrease magnification and adjust % change inifrcagan

e select task to display the list of transitions, includingrgturation times and

routine in which transition occurred
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task names task states dynamically scaled axis

] ask Selectin / Executinn)ﬂ}déTransitiuns x4 Task Selection f Execution State Transitions — O X
Clfze Optiong/ AReadysFun Blocks  /Elide) Cloze Options AReadysFun/Blocks  /Elide)

3 mz 0,0+ 100 200 00 400 o] B 9 mz 266,3+0 & 10 15 20 25 30 3h 40 45 GO
uBootTask “((xllea3i) = ||uBootTask (tnileaZo)

uSystemTazk (0x13a3d8) uSyztemTazk (0x13a3d8)

ubain (0xffbefEEa ) ubain (0xffbefEE3)

Philozopher (Oxeffhdd) Philozopher (Oxeffo48)

Philosopher (OxfOcdd8) Philosopher (OxflOcd48)

Philosopher (0xf12ded) Philosopher (Oxfl12ded)

Philosopher (0xf193658) Philosopher (0xf19368)

Philosopher (0xf19e48) ¥ Philosopher (0xf19248)

= - J|=d \\ =] = - J|=d — -

lower magnification

N\ elided states

higher magnification



Call Graph Metrics

¢ highly accurate exact or statisti
cal call graph with sophisticated
handling of call cycles

measure hardware events or tin

select counting for user and/c
system code

statistical sampling frequency
selectable for each event

does not suffer from the gpro
fallacy

per task and coroutine cal
graphs
selectively add/remove tasks ar
coroutines from call graph

navigate call graph by select
ing routines in caller and calleg
panes

Q
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Routine Call Graph: Task Worker (Oxeed4e58)
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Serving Dynamic Web Content on an SMP Computer

e Handling large volumes of client requests only requiresmavieb-server
processes but many application processes.

e There are multiple ways to organize this structure on an SttRpeiter.

©066

Approach 1 Approach 2 Approach 3

e Approach 1: allow operating system to schedule any prosessany CPU.

— Problem:web-server processes (W1,W2) are overwhelmed by applrcati

server processes (Al..An) so web servers do not receivggarioBU.



e Approach 2: isolate web-server processes to a single CPU.

— E.g., web server (W1) on CPU #1 and applications (Al..AnLetJs #2-n
— Ensures web server has more processing power.
— Problem:idle cycles on web-server CPU reduce performance.
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e Approach 3: move a few application servers to the web-s&rrdy.
— Extra application servers could use idle cycles (futurekyvo 5



Comparing Web-Server Architectures

e \Web server transfers data from disks (file content) throwghests to clients.
e These I/O operations may block awaiting completion, bloglserver thread.
e Unix provides non-blocking 1/O for sockets but only bloogiHO to files.

e To increase performance, servers perform non-blockin@t®add threads.

Architecture | mplementation
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Performance of Server Architectures
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e Non-threaded baseline with non-blocking sockets (red¥ ade
e Thread-per-connection (blue) has too many threads (oadjhe

e Moderate number of threads works best (green/purple).

e Comparing the Performance of Web Server Architectures, David Pariag, Tim Brecht,
Ashif Hariji, Peter Buhr, and Amol Shukla, EuroSys 2007, bispPortugal, March, 2007. 8



