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Challenges

DL Training Co-Design Stack

o Limitations of full workload benchmarks

. . DNN Models
1. High-cost of running full workload benchmarks U
2. Requires cross-domain full-stack expertise Workload | BESORR cCTEATHTICIZAEON STREY
Layer

3. Difficult to isolate specific HW/SW bottlenecks Communication Policy and Pattern
2. Cannot keep up with the pace of Al innovation ﬂ

Framework-level Scheduling

S)gm Communication Mechanism Compute
o Limitations of ad-hoc benchmarks Layer — | .
O Communication Scheduling
1. Incompatible format across tools and :
) ﬂ Messaging/Transport Layer
companies
. . Endpoint Design and Connectivity
2.  Exposure of proprietary Al model details ”‘L’;‘;:;"‘
3 Ca nnot to a p p |y traces to d |ffe rent Hierarchical Fabric Design and Topology
architectures/systems ﬂ Nemworkinplcmentation
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Chakra is part of MLCommons!

e Build consensus on Execution Trace methodolo
ML o Enable easier sharing between hyperscaler/?lloud
Commons and vendors (with/without NDA)
e o Vendors can focus on different components
Chakra: Advancing (compute/memory/network)

Benchmarking and Co- o Enable faster ramp-up for startups and academia

design for Future Al Systems L :
- C?k —— y e Shared engineering effort towards open/vibrant

benchmarks working group eco Syste m
o Trace collection and synthesis
o Support tools and downstream enablement

e Benchmark suite definition and supervision
o Single workload and datacenter-scale benchmark
scoring
o Future workload projection
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Chakra Ecosystem and End-to-End Flow
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Chakra Execution Trace

Comp: Fwd Pass
"\ .
( 1 Comp: Weight Grad
o’/
Comp: Input Grad
Comm: All Reduce

DNN Model

* Captures arbitrary

i >. distributed ML workload
‘W\:f\‘ l I \“ and parallelization

strategies
* Collected from real-

l l l l l l ‘ l system (or synthetically
OB B0 0000

generated)
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Chakra Execution Trace /g\’
* Extensible and standardized graph format

Control dep

to represent Al workloads

* Nodes: primitive operators and tensor objects
with attributes and timing

* Edges: data and control dependency \\‘ ~~~~~~~~~~~~~~~~

Voo
\ Data dgp
\ ‘~\~

Comms op Execute

concurrently

* Benefits
* |solate comms and compute operators

* Operator, dependencies, and timing for
replay, simulation, and analysis

* Flexible to represent both workloads and S Comms Op
collective implementations - Type: MatMul - Type: AllReduce
. - - Dimensions: - Size:
* Graph transformations to obscure sensitive IP _ Runtime: _ Runtime:
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Chakra Execution Trace Schema

108 v enum NodeType {

chakra / schema [ protobuf / et_def.proto 109 INVALID_NODE = 0;

110 METADATA_NODE = 1;
111 MEM_LOAD_NODE = 2;

132 v message Node { 112 MEM_STORE_NODE = 3;

133 uint64 id = 1; 113 COMP_NODE = 4;

134 string name = 2; 114 COMM_SEND_NODE = 5;

135 NodeType type = 3; 115 COMM_RECV_NODE = 6;

136 116 COMM_COLL_NODE = 7;

137 // Control and data dependencies 117 }

138 repeated uint64 ctrl_deps = 4; 118

139 repeated uint64 data_deps = 5; 119 v enum CollectiveCommType {

140 120 ALL_REDUCE = 0;

141 // Timing information 121 REDUCE = 1;

142 uint64 start_time_micros = 6; 122 ALL_GATHER = 2;

143 uint64 duration_micros = 7; 123 GATHER = 3;

144 124 SCATTER = 4;

145 I0Info inputs = 8; 125 BROADCAST = 5;

146 I10Info outputs = 9; 126 ALL_TO_ALL = 6;

147 repeated AttributeProto attr = 10; 127 REDUCE_SCATTER = 7;

148 } 128 REDUCE_SCATTER_BLOCK = 8;
129 BARRIER = 9;
130 }
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Components of Chakra Ecosystem

Trace Collection
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Open-source

Chakra Trace Collection Flow ‘
PyTorch
[PyTorch] Integrate Execution Graph Observer into PyTorch Profiler #75358 Chakra Host Execution Trace Rinatolliass
louisfeng wants to merge 1 commit into pytorch:master from louisfeng:export-D35342394 (0 @Torch Execution Traoe)
eg = None \4/
if args.eg: Co‘Zle' . . Trace Merger
eg_file = f"{out_file_prefix}_eg.json" -
ez = ExecutionGraphObs:rver() - mo l ’cat’ons (pamnltrwle_hnk.py)
eg.register_callback(eg_file)
eg.start() l - -
‘:I)gsirg:eizf:i'g: Kineto Trace e Post-processed Ch(MH;;tEDem: Efrecuuo}':ln)ace
with torch.autograd.profiler.profile( 2 (8} xecution lrace us
args.profile, use_cuda=use_cuda, use_kineto=True, rfcord_: Trace HOSt+DeVlce ET Chakra ET l
) as prof:
with record_function(f"[param|{run_options['devicg']1}]"): E oded Chaha Cmvm
Beficheerk:ren0) 0 o ators CPU CPU & GPU ’ CPU & GPU ‘ CPU & GPU (chakra/et_converter.py)
if eg: I
eg.stop() .
i Post-processed Chakra Execution Trace
i:“”e?‘fj;:("“i‘?‘“; T e on Encoded Control dependency No explicit Control dependency ng:;o;g:::gdenq P ;
Jseer o oo e e < Dependencies Data dependency dependencies Data dependency . : b
Simulation dependency Open-source
T Simulators/Emulators
n g
Values, Shapes, E ’ ‘ (e.g. ASTRA-sim)
Types
ouson | |
GPU Kernel E | I

Link Pytorch Ops with Kineto ops
* Encode durations
* Encode additional metadata
Add GPU operators
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Example Chakra Traces
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Components of Chakra Ecosystem

ff
Al workloads
(production)

([
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Analysis

Visualizers

Y rrra
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~

PARAM Replay
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]
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|
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benchmarking :
|
Representative :
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v

Future systems _Internal simulators

co-design Y

Y

OSS simulators
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‘K and emulators

)

Vendor (proprietary)

Replay on same / similar

system

o Enable production teams to
qguickly reproduce a bug,
perf regression, or
benchmark on real systems

O E.g., Mystique (ISCA 2023)

o Enable commercially

supported emulators in pre-

production labs

Details:
https://github.com/facebookresearch/param

https://www.keysight.com/us/en/cmp/kai.html
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Components of Chakra Ecosystem

Simulation / Emulation
o Execute some of the
operators
o Project performance of

\_

J

1 1
1 1
r 1
p : PARAM Replay H Internal systems } workloads on future
il oo E ki E ! systems to enable co-design
(production) : : | y g
(1 ) Current systems ' '
. Converter . . ! Chakra ET Feeder
| € J benchmarking ! |
Ve : a o : : class GraphFeeder {
£ : Synthesizer . ' public:
o o : < y J Representatlve : : GraphFeeder(std: :string filename) {};
Chakra W/ tlmlng ! ( B (Obfuscated) Traces : | virtual ~GraphFeeder() {};
1 o ! H
! Analysis ( ; Y \ _ _ )
: - < F ture s Stems : Internal Simulators virtual void add_node(GraphNode* node) = ©;
! 1 . . ) 2 y. virtual void remove_node(NodeId node_id) = ©0;
: Vlsuallzers Co'deS|gn : and emUIators virtual bool has_nodes_to_issue() = 0;
Y : Q > : virtual GraphNode* get_next_issuable_node() = 0;
{ Internal tOOIS } : I \ : virtual void push_back_issuable_node(NodeId node_id) = 0;
& \ 6 g
= 1 = I virtual GraphNode* lookup_node(NodeId node_id) = @;
and benChmarks J : OSS SImUIators : virtual void free_children_nodes(NodeId node_id) = ©;
| (e.g. ASTRA-Sim) | |
| i
1
1 1
1 '

Customer (proprietary) Community-driven (open)

https://astra-sim.github.io/tutorials/micro-2024
https://www.keysight.com/us/en/cmp/kai.html

Vendor (proprietary)
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Components of Chakra Ecosystem
Supporting Tools
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Summary

* Chakra Execution Trace
* an open graph-based representation of Al/ML workload execution
e enables isolation and optimization of compute, memory, communication behavior
e an ecosystem for benchmarking, performance analysis, and performance projection

* Resources

 [Github] https://github.com/mlcommons/chakra

» [Wiki] https://github.com/mlcommons/chakra/wiki

» [Chakra Concept Paper] https://arxiv.org/abs/2305.14516

Thanks!

* Participation
* [Working Group] https://mlcommons.org/en/groups/research-chakratracebench/
 [Bi-Weekly Meeting]: Monday from 11:05-12:00PM Pacific.
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