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The Growth of Cloud Computing

PO

New Computing Paradigms:

e Microservices

e Serverless or Function-as-a-Service
(FaaS)
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Microservices

* Large monolithic applications decomposed into many small

Interdependent services

* Each service implements separate functionality
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Benefits of Microservices

* Scalability
* Design simplicity

* HW management



Datacenter Tax Dominates Execution
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Datacenter Tax Dominates Execution
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Datacenter Tax Dominates Execution
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Datacenter Tax Dominates Execution
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Proposals For Individual Accelerators
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On-Chip Accelerators Unlock Benefits

Perf/Watt Relative to CPU-Only

Perf/Watt
Improvement

O R, NN W & U1 O

RocksDB (IAA vs ZSTD) SPDK (Large Media  Nginx (QAT) vs OOB QATzip vs zlib
Files) vs OOB
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On-Chip Accelerators Unlock Benefits

Perf/Watt Relative to CPU-Only

_ o6
Required servers </ 25
_ g,
Fleet Power g 2 3
. m £ 2
CO2 Emissions <} 2,
T 2.01 1.22
&0

28.85

RocksDB (IAAvs SPDK (Large Media  Nginx (QAT) vs QATzip vs zlib

ZSTD) Files) vs OOB o]0]:}

52% - 66% lower TCO across applications
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Gap Between Accelerators and Production
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Gap Between Accelerators and Production
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Gap Between Accelerators and Production

{ Wasted Silicon and Potential Performance J

</>

20



Challenges in Using On-chip Accelerators

* Kernel Drivers Add Complexity
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Challenges in Using On-chip Accelerators

* Kernel Drivers Add Complexity
* Different Interfaces

Accel 1 (QAT) Accel 2 (DSA)

struct dsa _hw_desc desc = {0};
desc.opcode = DSA OPCODE_MEMMOVE;

sess = cpaDcInitSession (...); desc.src_addr = (uintptr_t)src;

cpaDcCompressData(sess, ...);

// ENQCMD + Explicit Polling

{ High-level API Calls J {Low-level Descriptor Setup}




Challenges in Using On-chip Accelerators

* Kernel Drivers Add Complexity
* Different Interfaces

* High-Barrier to Learning

Programmer’s Guide INTEL® IN-MEMORY ANALYTICS ACCELERATOR (INTEL® IAA)
Intel® QuickAssist Technology USER GUIDE
Hardware Version 2.0 142 pages 16 pages
4 ) 4 )
“Sea of information” Limited options
Steep onboarding curve Requires Implicit Knowledge

- J - )
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Challenges in EFFICIENT use of Accelerators

* Code+Runtime Dependencies

4 Objectsize
4 Batchsize

4 Requestlength
4 Arithmetic Intensity
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Challenges in EFFICIENT use of Accelerators

* Code+Runtime Dependencies

CPU vs DSA Throughput
|

4 Object size =102 |
@ 107
4 Batchsize w2 L
g10h | CPU
4 Requestlength éﬁ | : DSA
4 Arithmetic Intensity S 10&)3 10% 105 1(')6: 107 10°

size_bytes
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Challenges in EFFICIENT use of Accelerators

* Code+Runtime Dependencies
* Requiring Invasive Re-designs

FFmpeg
PNG-Encoder

Video
Frame

encode_frame

Compress

E SEQUENTIAL loop for each frame [tBE) @1 e Lol g
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Challenges in EFFICIENT use of Accelerators

* Code+Runtime Dependencies
* Requiring Invasive Re-designs

FFmpeg Invasive, Accelerator-Friendly

Change
PNG-Encoder [ 1.89x Speedup J

async_encode_frame

Video
—
Frame .e« | Compress

AN d

Buffered Task
Submission
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Limitation of SOTA Software Support

* Libraries still hard to use efficiently

Cloud Application
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Limitation of SOTA Software Support

Per-Library Independent

* Libraries still hard to use efficiently Accelerator Support

Cloud Application

</> </>

App Logic Accel Lib 1 AccelLibN
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Limitation of SOTA Software Support

* Libraries still hard to use efficiently

Cloud Application

App Logic Accel Lib 1 Accel Lib N Accels

Accels

|
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Limitation of SOTA Software Support

* Libraries still hard to use efficiently

Cloud Application

Accelerator Congestion!
How do we manage cross-
library use?

o ST

App Logic Accel Lib 1 AccelLibN
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Limitation of SOTA Software Support

* Libraries still hard to use efficiently
* Compatibility

Cloud Application

Conflicting deployment
Assumptions >
Requires System-level
Reconfiguration

App Logic Accel Lib 1 Accel LibN

Uses Virtual Function with Uses Physical Function with
user-space ownership host-managed deployment 32



Unlocking Accelerators with Al

* Enables development at scale

Cloud Application
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Unlocking Accelerators with Al

* Enables development at scale
* Enables evolvable accelerator support
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Unlocking Accelerators with Al

* Enables development at scale
* Enables evolvable accelerator support
* Better addresses increase in complexity

4 Multiple Interfaces
4 Large Search Space of Runtime “Knobs”

4 Cross-library management and requirements
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AccelAgent: Automatic Acceleration Framework

Compile + Test

é é </>B </>|l

4

- { Identifier ( CodeGen | Optimizer
H- = | Agent t Agent 1 Agent
JE==n gent gent | Ag
—| </ — - - -
- === — — —
- |— - - _
~ Accelerator Programmer Guide SLO Requirements
Description + Code + Existing + Speedupsin

Pattern Examples Implementation Similar Applications
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Conclusion

In summary, we:
* |dentified a lack of utilization of on-chip accelerators in datacenters.

* Enumerated various challenges in efficient use of accelerators.
* Proposed an agentic framework for automated acceleration.
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