Contech: Parallel Program Representation
and High Performance Instrumentation
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Objectives of Parallel Program Representation

Generate the task graph with no user intervention
Without constraint of language, library, or structure

A common representation needs
What was executed
What was accessed
In what order did threads execute

Without recording architecture / runtime effects
Context switches
Consistency model
Cache Effects



Contech’s Task Graph Representation

Task Graphs are directed, acyclic graphs containing
Nodes partitioned based on type
Edges as scheduling dependencies
Nodes contain lists of actions and data
Other graph annotations such as start / end time
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Task Graph Example

int fib(int n) { @
1f (n < 2)

return n;
int a = cilk spawn fib(n-1);
int b = fib(n-2);
cilk sync;
return a + b;
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Task Graph Example

int fib(int n) {
1f (n < 2)
return n;
int a = cilk spawn fib(n-1);
int b = fib(n-2);
cilk sync;

fib (2);




Parallel Program Diversity

Language Diversity
C, C++, Fortran, Java, Go, Rust, X10, ...
Runtime Diversity

Pthreads, OpenMP, MPI, Cilk, Galois, Legion, CnC, ...
Pattern Diversity

Regular, pipelines, graphs, Map-reduce, Gather-scatter, ...
Architecture Diversity

32- / 64-bit x86, ARM, MIPS, Power, ...
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Collecting the Representation

Compiler-based instrumentation using LLVM
Primarily, Clang frontend to generate LLVM IR

Link against runtime library
Implementation of instrumentation routines

Background support for writing the trace

Convert the trace into a task graph
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Instrumenting a Program

Contech LLVM pass instruments IR of interest
Every basic block
Loads / Stores
Calls to functions of interest

Memory management (malloc, free, new, delete, memcpy, etc)

Pthreads (pthread create, pthread mutex_lock, etc)
OpenMBp, ...

13



Instrumenting IR of Interest

Call Contech instrumentation routines (~40 in number)

For example __ctStoreBasicBlock(i32 474, i32 %bufPos3, i8*
$bufPos2)

Instrumentation written in C
Architecture independent (32- / 64-bit x86, 32-bit ARM)

Instrumentation routines are co-designed
Use Clang’s link time optimizer (LTO)

Inline these calls into short assembly sequences

14



Instrumentation Design

Pseudo Code Instrumentation

Instrumented x86 Assembly

thread >
local buffer

Find position in buffer
Store BBID into buffer
Store MEM O N-1 —

Update position \\‘\\\\

/I

mov %$fs:0xffffffffffffffef8, $rax pos
mov (%rax), .
movl $0x14e00,0x18 (%rax, S —>
movg $0x51cfal, 0x1b (%rax, 13 >
mov 0x115467 (%rip), $rdx ——————____,
lea (%rdx,%rl5,8),%rsi T

mov %rsi,0x21 (%rax,
mov (%rdx,%rl5,8),%rbx
addl $0x0f, )

1)

BBID

MEMO

MEM1
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Contech Instrumentation Summary

3x average instrumentation overhead

Tested Support for:
C, C++, Fortran
x86, ARM
PThreads, OpenMP, MPI, Cilk
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Rich Analysis Support

Compiler-based framework to generate task graphs

Example analysis of Task Graphs
Data Race Detection
Cache modeling
Communication Profiling
Lock contention
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Propose a Reconfigurable Architecture

Take a standard, superscalar processor
Add additional functional units that can be enabled / disabled
Add the support for software to specify unit requirements

Asymmetric multiprocessing system
Processors are provisioned over the thermal budget
Each processor can be reconfigured separately
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Optimization Workflow

Use Contech to generate a task graph for analysis
Prior architectural model that determines resource constraints
Recompile program with adaptation hints

Each hint is associated with an edge in the CFG

.c |l Architectural Program
Model + Config
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Results Example - ferret
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Time in Cycles

128 piackscholes 1e8 dwlesiy
El = pm s — T ¢
13
10 |
as |-
Qo 1
o 2 4 6 8 W 12 1. 0O 2 4 6 8 1 12 14 16 0 2 4 6 8 1 12 14 16 0 2 4 6 8 1 12 1 16
g =2 3
L T T
16 | 8
14 - 7
12 - z 4]
- - ==
(== s
as =-- 4
oo | B 15 .
a4 | Eaepmmm = T 2
02 | 1
ao = 0
0 10 0
5
5
4 e ——
———
3 - —

ol

0 2 4 L] 8 10 2 1

125 waptions

8 22T T T T T
7

. 20

> 13

4

3 10

: as

1

0 ao

0 2 4 o 8 10 12 14 10
Context Number



Performance Gains
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Performance Gains
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Analysis Features

Pa ra | |e|ism Lock Contention

Data Races /

Task Graphs

Memory ,  Code
Accesses Executed

Cache Model
29
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Conclusions

Program diversity captured in the Task Graph representation
Minimal program perturbation from instrumentation

Representation supports program analysis
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Conclusions

Thank you



