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System Layer Collective Implementation

e Code Structure

astra-sim

workload

----- [ Collective ]l Sys.cc l

network
frontend

topology

Implements different collective algorithms
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System layer main file l

Implements different logical topologies
to be used by collective algorithms




System Layer Collective Implementation

Each collective algorithm works based on a logical topology.

Logical topologies are implemented in “system/topology/*” and instantiated in sys.cc.

Collective algorithms are implemented in “system/topology/*” and instantiated in sys.cc.

Collective algorithms can be implemented using state machines.




System Layer Collective Implementation

* Collective algorithms can be implemented using state machines.
Finished &

llast_msg/
send(msg,2),
recv(msg,4)

[1GIEE] e
Wait for

. NPU1
. recv(4fmsg)
NPU4 NPU2 Wait for
recv
E finished/ Wl for
NPU3 reduce(msg, local)

Nodel FSM
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System Layer Collective Implementation

* Collective algorithms can be implemented using state machines.
Finished &
llast_msg/
send(msg,2),

recv(msg,4)
.
Wait for

EE
1]

NPU1
recv(4fmsg)
NPU4 NPU2 Wait for
recv
finished/ Wl for
NPU3 reduce(msg, local)

Nodel FSM

. E Reduce-Scatter done!
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System Layer Collective Implementation

* Collective algorithms can be implemented using state machines.
Finished &
llast_msg/
send(msg,2),

Wait for .

NPU1

recv(4fmsg)

NPU4 NPU2 Wait for

recv

HH

finished/ Wait for
reduce
reduce(msg, local)

nodel FSM
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System Layer Collective Implementation

* Collective algorithms can be implemented using state machines.
Finished &

llast_msg/
send(msg,2),
recv(msg,4)

[1GIEE] e
Wait for

. NPU1
. recv(4fmsg)
NPU4 NPU2 Wait for
recv
E finished/ Wl for
NPU3 reduce(msg, local)

nodel FSM

All-Gather done!
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Collective Scheduler

* There are one/multiple queue(s) per each physical network dimension.
* A collective is broken into multiple chunks and inserted into the first queue.

* Queues process chunks in-order.

Dim 1 queue

Dim 2 queue

Dim 3 queue

NPU B Intra-package scale-up

Ol Inter-package scale-up C ]Package
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Collective Scheduler

* There are one/multiple queue(s) per each physical network dimension.
* A collective is broken into multiple chunks and inserted into the first queue.

* Queues process chunks in-order.

Dim 1 queue
AR
Dim 2 queue
Dim 3 queue
AR: All-Reduce
RS: Reduce-Scatter NPU [l Intra-package scale-up
AG: All-Gather B Inter-package scale-up C ]Package
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Collective Scheduler

* There are one/multiple queue(s) per each physical network dimension.

* A collective is broken into multiple chunks and inserted into the first queue.
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D 1 aueue alcalce]a
G RS | Rs | Rs | Rs
Dim 2 queue

Dim 3 queue

AR: All-Reduce
RS: Reduce-Scatter
AG: All-Gather
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* There are one/multiple queue(s) per each physical network dimension.

* A collective is broken into multiple chunks and inserted into the first queue.
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Dim 1 queue & — 2
9 RS | RS | Rs
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Dim 2 queue RS
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Collective Scheduler

* There are one/multiple queue(s) per each physical network dimension.

* A collective is broken into multiple chunks and inserted into the first queue.

* Queues process chunks in-order.

Dim 1 queue

C4
RS

C3
RS

Dim 2 queue

C2
RS

Dim 3 queue

C1
AG

AR: All-Reduce
RS: Reduce-Scatter
AG: All-Gather
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Collective Scheduler

* There are one/multiple queue(s) per each physical network dimension.

* A collective is broken into multiple chunks and inserted into the first queue.

* Queues process chunks in-order.

Dim 1 queue

: C4 1 C1
Dim 2

im 2 queue rs | ac

. C3 | C2
Dim 3 queue rs | AG

AR: All-Reduce
RS: Reduce-Scatter
AG: All-Gather

NPU B Intra-package scale-up
O Inter-package scale-up | ]Package
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Collective Scheduler

* There are one/multiple queue(s) per each physical network dimension.

* A collective is broken into multiple chunks and inserted into the first queue.

* Queues process chunks in-order.

: Cl
Dim 1 queue AG
Dim 2 queue
Dim 3 queue & || G e
G RS | RS | AG
AR: All-Reduce
RS: Reduce-Scatter
AG: All-Gather
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Collective Scheduler

* There are one/multiple queue(s) per each physical network dimension.

* A collective is broken into multiple chunks and inserted into the first queue.

* Queues process chunks in-order.

C1
Dim 1 queue
. C2
Dim 2 queue AG
. C4 | C3
Dim 3 queue rs | Rrs
AR: All-Reduce
RS: Reduce-Scatter
AG: All-Gather
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C1 done

NPU B Intra-package scale-up

Ol Inter-package scale-up C ]Package




System Input

[ Collective Policy for ]

NPU [l Intra-package scale-up

4 ) sample_torus_sys.txt B inter-package scale-up | )Package

1 |scheduling—policy: LIFO
endpoint-delay: 1
active-chunks-per-dimension: 1
preferred—-dataset-splits: 4
boost—-mode: @

all-reduce-implementation: ring_ring_ring
all-gather-implementation: ring_ring_ring
reduce-scatter-implementation: ring_ring_ring
all-to-all-implementation: ring_ring_ring
collective-optimization: LlocalBWAware

______________________________________________________________________________________________________________________________________________________________________________________________________|
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System Input

[ Constant delay before NPU sending a message ]

NPU [l Intra-package scale-up

4 ) sample_torus _sys.txt B inter-package scale-up | )Package

1 |scheduling-policy: LIFO
endpoint-delay: 1
active-chunks-per-dimension: 1
preferred—-dataset-splits: 4
boost—-mode: @

all-reduce-implementation: ring_ring_ring
all-gather-implementation: ring_ring_ring
reduce-scatter-implementation: ring_ring_ring
all-to-all-implementation: ring_ring_ring
collective-optimization: LlocalBWAware

______________________________________________________________________________________________________________________________________________________________________________________________________|
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System Input

[ Max running chunks per each physical network dimension ]

NPU [l Intra-package scale-up

4 P  sample_torus_sys.txt B inter-package scale-up | )Package

1 |scheduling-policy: LIFO
endpoint-delay: 1
active-chunks-per-dimension: 1
preferred—-dataset-splits: 4
boost—-mode: @

all-reduce-implementation: ring_ring_ring
all-gather-implementation: ring_ring_ring
reduce-scatter-implementation: ring_ring_ring
all-to-all-implementation: ring_ring_ring
collective-optimization: LlocalBWAware

______________________________________________________________________________________________________________________________________________________________________________________________________|
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System Input

[ # of chunks to split each collective into ]

NPU [l Intra-package scale-up

4 ) sample_torus_sys.tt B inter-package scale-up | )Package

1 |scheduling—policy: LIFO
endpoint-delay: 1
active-chunks-per-dimension: 1
preferred-dataset-splits: 4
boost—-mode: @

all-reduce-implementation: ring_ring_ring
all-gather-implementation: ring_ring_ring
reduce-scatter-implementation: ring_ring_ring
all-to-all-implementation: ring_ring_ring
collective-optimization: LlocalBWAware

______________________________________________________________________________________________________________________________________________________________________________________________________|
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System Input

Speed-up the simulation

NPU [l Intra-package scale-up

4 ) sample_torus_sys.txt B inter-package scale-up | )Package

1 |schedu.ing-policy: LIFO
endpoint-delay: 1
active--chunks-per-dimension: 1
preferred—-dataset-splits: 4

boost—-mode: @

all-reduce-implementation: ring_ring_ring
all-gather-implementation: ring_ring_ring
reduce-scatter-implementation: ring_ring_ring
all-to-all-implementation: ring_ring_ring
collective-optimization: LlocalBWAware

______________________________________________________________________________________________________________________________________________________________________________________________________|
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System Input

[ Hierarchical collective algorithm implementation ]

NPU [l Intra-package scale-up

4 ) sample_torus_sys.txt B inter-package scale-up | )Package

1 |scheduling-policy: LIFO
endpoint-delay: 1
active-chunks-per-dimension: 1
preferred—-dataset-splits: 4
boost—-mode: @

all-reduce-implementation: ring_ring_ring
all-gather-implementation: ring_ring_ring
reduce-scatter-implementation: ring_ring_ring
all-to-all-implementation: ring_ring_ring
collective-optimization: LlocalBWAware

______________________________________________________________________________________________________________________________________________________________________________________________________|
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Additional System Inputs

4p samp le_toru s_sys.txt NPU [l Intra-package scale-up
[ | Inter-package scale-up C ]Package

scheduling—-policy: LIFO
endpoint—-delay: 1
active—-chunks—-per—-dimension: 1 (" Opportunities for intelligent ™\

EFEfizreg—?HEHSEt—Spllts: 4 communication scheduling at the
oost—mode: system layer

all-reduce-implementation: ring_ring_ring S. Rashidi et al., " Themis: A Network
all-gather-implementation: ring_ring_ring Bandwidth-Aware Collective Scheduling Policy
reduce-scatter—-implementation: ring_ring_ring for Distributed Training of DL Models”. ISCA
all-to-all-implementation: ring_ring_ring 2022
collective-optimization: localBWAware \\» Yy

inter—-dimension-scheduling: them14
intra-dimension-scheduling: SCF
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Thank you!
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