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Introduction
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Goal: Build a distributed application, which 

Sends large volumes (~billions) of short messages (8-32 bytes) to 
remote processes using aggregation. 

Is irregular and sparse. 

State-of-the-art frameworks Chapel and Conveyors solve this with:

“Gain performance while maintaining productivity”

Challenge: But what about the energy bills incurred?  



Energy is a serious problem
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Goals of the paper

❖ Does aggregation yield energy-savings or is it an energy-hungry technique?

❖ Whether this deduction differs across frameworks, and if so, why? 

❖ How the energy behavior of aggregation evolves as the scale of the system 
and problem size increase?
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Methodology

Software: Weak Scaling for Histogram, Index Gather and Radix Sort for, 
1. Chapel (un-aggregated version)
2. Chapel (aggregated version)
3. Conveyors (un-aggregated version)
4. Conveyors (aggregated version)

Datasets: Generated uniformly at random of size [64M…6400M] per node.  

Hardware: Frontier at Oak Ridge National Laboratory. Each Frontier compute 
node consists of [1x] 64-core AMD “Optimized 3rd Gen EPYC CPU” (with 2 
hardware threads per physical core) with access to 512 GB of DDR4 memory. 
The nodes are connected with [4x] HPE Slingshot-11 200 Gbps (25 GB/s) 
NICs, providing a node-injection bandwidth of 800 Gbps (100 GB/s).

Methodology: Measure the total time, energy consumed by Omnistat, and 
Derive GPS-UP (greenup, powerup, speedup) graphs.
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Overview of runtimes
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Overview of Energy 
Measurement

Energy = Power * Time

 Energy of  Node  is measured via cray_pm:::PM_ENERGY:NODE, which includes CPU, memory & un-core parts.
 
 Energy spent on wire  is measured via AMD Omnistat tool. 
❏ Power draw by all four NICs on a node is 60W. 
❏ Time spent on wire is calculated as (ᅀtx_ok_octets + ᅀrx_ok_octets)/effective-bandwidth 

where delta(ᅀ) is measured from start till the end. We use 10ms as query interval time.    
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Weak Scaling: Radix Sort

8



Weak Scaling: Radix Sort
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hard to co-relate and interpret



Weak Scaling: Radix Sort
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hard to co-relate and interpret

 Zooming in.. 



Weak Scaling: Radix Sort
End-to-End Energy Consumption

  Energy (NICs and switches)    >    Energy (Node) .              
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Non-Aggregated Version
Energy(Chapel) ≤ Energy(Conveyors)

Aggregated Version
Energy(Chapel) < Energy(Conveyors)

Lower is better
6400M per node 
and 64 nodes



Overview of GPS-UP plots

SpeedUp = Time
A 

: Time
B 

(measured empirically)

GreenUp = Energy
A 

: Energy
B 

(measured empirically)

PowerUp = Speedup : GreenUp (derived)

Green Area represents energy savings.
Red Area represents energy-hungry.

Why GPS-UP is a better metric than Energy Delay Product (EDP), refer to S. Abdulsalam, Z. Zong, Q. Gu and Meikang Qiu, 
"Using the Greenup, Powerup, and Speedup metrics to evaluate software energy efficiency," 2015 Sixth International 
Green and Sustainable Computing Conference (IGSC), Las Vegas, NV, USA, 2015, pp. 1-8, doi: 10.1109/IGCC.2015.7393699.
keywords: {Software;Measurement;Optimization;Energy consumption;Runtime;Hardware;Software algorithms;software 

energy efficiency;software power measurement;software optimization;software evaluation metrics}, 12



GPS-UP: Radix Sort
Conveyors (Non-aggregated vs Aggregated)

As data scales increase, aggregation in Conveyors moves from energy-hungry 
regime to saving energy regime, and consumes more power.
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Green is better



GPS-UP: Radix Sort
Chapel (Non-aggregated vs Aggregated)

Aggregation in Chapel saves energy but consumes more power for low data scale (64M). 
For the rest, aggregation saves energy! 14

Green is better



GPS-UP: Radix Sort
Conveyors and Chapel (Non-aggregated)

Non-aggregated: Conveyors saves energy for low data scale (64M). 
 For the rest, Chapel is energy-efficient . 15

Blue is better for ConveyorsYellow is better for Chapel



GPS-UP: Radix Sort
Conveyors and Chapel (Aggregated)

Aggregated: Chapel is energy-efficient.
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Blue is better for ConveyorsYellow is better for Chapel



We tested more applications: Histogram 
and Index Gather and obtained similar 

insights on energy efficiency. 
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Note that the intent of this paper is not to recommend any one framework, but 
to focus on which developmental principle of programming saves energy!



Inference
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Aggregation always saves time. 

Aggregation in Chapel always saves energy and time.  

→ Conveyors is a single-threaded multi-process model which mandates the need for 

multiple sorting and communication stages to combat the problem of memory 

insufficiency for aggregation per core. 

→ Chapel is a multi-threaded multi-process model which incurs only a single sorting and 

communication stage since the model does not face memory problems, and optimizes 

communication using remote caches.

 

Since network is dominant consumer of energy, Chapel saves energy relative to Conveyors.



Conclusion
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“runtimes must adopt aggregation along-with one-hop routing 

using remote cache and multi-threaded multi-process 

execution model to yield energy savings, given that the 

applications are irregular, sparse, and network-bound, and the 

cluster is equipped with Slingshot-11 topology”



Thank you
Q/A time! 
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