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Claims Without Context Are Meaningless

The Marketing Claim The Engineering Reality
Hardware Platform: | ]
Batch Size: | ]

Precision (FP32/INT8): | [

Variance (Std Dev): |

System Load: |

Inter: A number is not a result unless it is reproducible.




The Three Pillars of Benchmarking

Reliable Benchmark

REPEATABILITY

C

Fixed seeds.

Consistent
environments. Low
variance. If | run it

twice, | get the
same number.

COMPARABILITY

i

Apples-to-apples.
Standardized

hardware definitions.

Explicit software
versions.

COMPLETENESS

No cherry-picking.

Measuring
Accuracy + Latency
+ Memory together.




The Measurement Problem: Latency vs. Throughput
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LATENCY (Real-time / UX)
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Throughput
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Frequency

System Noise & Variance

Mean: 10ms

Sources of Jitter:
e OS Interrupts

e Garbage Collection
—
e Cold CPU Cache

Standard Deviation (Noise)

Inter | /

0 - 10 15 20
Inference Time (ms)

Single measurements capture noise. Distributions capture reality.



Capturing Context with BenchmarkReport

class BenchmarkReport:

def

def

__init__(self, model_name='model'):
self.model_name = model_name
self.metrics = {}

# Capture Context immediately

self.system_info = self._get_system_info()

_get_system_info(self):

return {
'‘platform': platform.platform(),
'python_version': sys.version.split()[0],
'numpy_version': np.__version__

S
F

platform: mac0S-14.4-armé4
python: 3.10.12
numpy: 1.26.4




Implementing Latency Measurement

Start

Measurement Loop RUN

for

latencies.append((time.time() - start) % 1000)

# Inside benchmark_model...
latencies = []

in range(num_runs): <
start = time.time()

; avg_latency
Quantifies » std_latency

model.forward(X_test[:1]) # Batch size 1

np.mean(latencies) T

np.std(latencies)

Stability/Jitter

Calculate
Mean & Std

Record
Latency

Accumulate
| atencies

Default 100 runs
to dilute cold start

Forces
Single-Sample
Latency

(not throughput)




Measuring Cost (Model Size)

# Inside SimpleMLP...
def count_parameters(self):
total = 0
for param in self.parameters():
total += param.data.size
return total

Calculation Logic

, (Parameter Count x Bit Width)
Model Size (MB) =
(10242) l

Parameters: % FP32 _ 4,000,000

1.000,000 (4 Bytes) Bytes all IR



The Optimization Trade-off Triangle

SPEED
(Latency)

Quantization / Pruning
(Sacrifices Accuracy)

Caching / Acceleration
(Sacrifices Memory)

You cannot
maximize all three.
You must report
all three.

SIZE » ACCURACY
(Memory) Distillation (Quality)

(Sacrifices Speed/Training Time)



Generating the Submission

submission['improvements'] = {
'speedup': float(baseline / optimized),
'compression': float(base_size / opt_size),
'accuracy_delta': float(opt_acc - base_acc)

Success Criteria
1. Speedup > 1.0

2. Compressior

3. Accuracy De

> 1.0
ta= 0.0



Enforcing Standards via Types

— Raw NumPy Data — — Validation Gate ———— ——— Clean JOON ——
metrics = {
'accuracy': float(accuracy), # Explicit Cast {
nﬂ-flﬂatEZ(ﬂ.?S) - ; 'count': int(param_count) » 'accuracy': 0.95
}
SZEL]:SSI:)TE assert 0 <= metrics['accuracy'] <= 1 Auhl”;g:jﬂn

Strict types enable automated CI/CD pipelines and leaderboards.



Modern Systems Engineering

The Complete ML Lifecycle

BASELINE
Train & Profile

OPTIMIZE

Quantize /
Prune

(Ref: Modules 15-18)

BENCHMARK

Measure
Performance

(Ref: Module 20)

ITERATE

Loop back if
targets missed

SUBMISSION

Generate
JSON Artifact

(Ref: Modules 14/19)



Capstone Retrospective

CAPSTONE (20)

Benchmarking & Submission (Engineering)

OPTIMIZATION (14-19)

Quantization, Profiling, Systems
1\

ARCHITECTURE (09-13)

Transformers, Attention, Composition
T

FOUNDATION (01-08)
Tensors, Autograd, Math

You have built a framework. Now go prove it works.



