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THE NOTEBOOK
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~ CVPR Demo Notebook — Deploying an Offline LLM Chat on an iPhone with
llama.cpp for Inference Evaluation

Goal: Show how to deploy an optimized/quantized LLM on a regular mobile phone as an edge Al demo.
Use case: An offline chat assistant running on an iPhone using 1lama.cpp , GGUF models, quantization, Metal acceleration, and benchmark logging.

Demo Pipeline: The deployment pipeline is model selection - conversion - quantization - local runtime - mobile app - benchmark analysis.

Repository structure

cvpr-iphone-1lamacpp-demo/
notebooks/
scripts/
models/
benchmarks/
ios/

docs/

assets/
quantization/
macos/
1lama.cpp/
build-apple/

this notebook

setup, build, model prep, benchmarking, i0S prep
HF snapshots, GGUF, quantized models

CSV inference logs

i0S assets + main app: CVPR_LLM_Demo/InferChat.xcodeproj
deployment and troubleshooting guides

optional images/logos for slides

quantization notes and references

local macOS helper/testing area

upstream inference engine source

built llama.xcframework used by the i0S app

T L E E T

This notebook is designed as the main walkthrough of a GitHub-ready CVPR tutorial repository. Keep the notebook concise, reproducible, and linked to
the scripts/docs in the repository.



https://github.com/elizabetemunzlinger/cvpr-iphone-llamacpp-demo/blob/main/notebooks/00_cvpr_iphone_llamacpp_demo.ipynb

PROJECT WORKFLOW

Main Steps

Prepare the Environment
Install Apple tooling and Python prerequisites, then run the bootstrap
. script to create .venv and install dependencies.

o Prepare models for mobile inference
Either download ready GGUF models or quantize your own from
., Hugging Face to Q4_K_M (or another preset).

" Build llama.cpp with Metal

Validate before deploy and run local chat/inference to confirm model
. quality and runtime stability before moving to iPhone.

; Deploy and run on iPhone

Prepare iOS build artifacts, open the existing Xcode project, add/
. bundle or download models in-app, and run on device.

Benchmark, export, and analyze results

O Collect inference metrics in app, export CSV, replace the template
CSV content, and run notebook analysis for latency, tokens/s,
memory, and CPU/GPU comparisons.
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PREPARE THE ENVIRONMET

Requirements for the MAC OS Development

Apple Dev Stack , g Inference Runtime Framework
Xcode App ' G+ “llama.cpp” (repository subfolder)
Xcode Command Line Tools ) as local inference runtime
(*xcode-select --install*) iPhone 14 Metal backend support for Apple
IOS SDK and signing support 128GB A15 GPU acceleration
through Xcode

Python Libraries

@ Model/download: “huggingface_hub’,
“transformers’, “sentencepiece’
Data/analysis: “pandas’, "matplotlib’,
“psutil’
Serialization/helper: “nbformat™ (from
conda/pip env. setup)

Native Toolchain

“git” for clonning/updating repos O
‘cmake’ For configuring native builds
“ninja” (or compative) for fast C7C++ builds
"make” ans Apple clang toolchain

Phython Runtime Developer Workflow Tools
Python 3.11+ @ pq VS Code
“pip” and virtual environment Homebrew
tooling ("venv’) for script
execution

Notebook: Use OO0 setup_mac.sh and Section 1 in OO_cvpr_iphone_llamacpp_demo.ipynb. GN 0



PREPARE MODELS FOR MOBILE INFERENCE

Using Ready-to-Run Quantized Models

— — — — —

GGUF is the model file format used directly by llama.cpp at
GGUF MODEL inference time. It can be in quantized K-Quants variants (such

as: Q4_K_M). For example: Qwen2.5 0.5B Instruct Q4_K_M

Q4_K_M is a GGUF quantization format commonly used with

O
M

llama.cpp. It means:

4-bit quantization Improved quantization Medium balanced
(smaller and faster than grouping scheme. configuration between:
_____ FP16/FP32). Speed, RAM Usage, and
Model Quality.

GNO



— = = — =

— — — — —

o = e — — =

e o — e

PREPARE MODELS FOR MOBILE INFERENCE

DOWNLOADING
DATASET

CONVERTING
MODELS

QUANTIZING
MODELS

OUTPUT
ORGANIZATION

Quantizing a Hugging Face Model

Download the model snapshot from Hugging Face.

Convert source weights to an intermediate GGUF F16 format

using llama.cpp utilities:

$ "$SPYTHON_BIN" “$LLAMA_DIR/convert_hf_to_gguf.py" \
"$HF_DIR" --outfile "$GGUF_F16" --outtype f16

Quantize GGUF F16 to the target format (for example,

Q4_K_M) using llama.cpp.

$ "$LLAMA_DIR/build/bin/llama-quantize" \
"$GGUF_F16" "$GGUF_Q" "$QUANT_TYPE"

Save quantized models in consistent locations under models/
hf and models/quantized.

GNO



BUILDING LLAMA.CPP WITH METAL
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After a successful run, you should have
compiled “llama.cpp” artifacts and no build
errors in the cell output.

Validate Before Deploy

Build llama.cpp on Mac first to verify your environment
and Metal runtime, then move to iPhone with a known-
good inference stack.

LLAMA.CPP . Clones or updates “llama.cpp’ in the repository.

METAL . Configures a build with Apple/Metal support.

Compiles binaries and supporting artifacts used in
BINARIES @ P pporting

later validation steps.

ARTEFACTS . Leaves build outputs in predictable folders for reuse.

Notebook: Use 01 clone build Illamacpp.sh and O4 run_mac_chat.sh. GN a



DEPLOY AND RUN ON IPHONE

Deploy the Chat Application on the iPhone for Inference

O e

® ® ®

1 - iOS Project 2 - Deploy on Device 3 - LLM Models
Prepare iOS buid artifacts Build the project Download new models or
and open the project on InferChat on the iPhone bring your own model
Xcode project. using Xcode. (BYOM) in GGUF format.

Notebook: Use 06_prepare_ios_cvpr_demo_app.sh with InferChat.xcodeproj. G N e



BENCHMARK, EXPORT, ANALYZE

Test the Chat Application with Diverse Configuration

) Prompting
Choose the models, configuration and
chat with different LLMs

4 Export Data

Have all the inference data saved
in .csv file for benchmark

¢ Analyse the models performace

Open the file on Notebook and
analyse the benchmark

Notebook: Use O7 collect_ios_benchmark template.csv and Section 2 in OO _cvpr_iphone_llamacpp_demo.ipynb. GN o



INFERGHAT APP

Demo

= Coafiguration

Configuration
Welcome to -

|nfer C hat v Current Inference - CPU Only

ol @
2048

Select Model @

Qwen2.5.. Tinyllama.. Llama3.2.. Qwen2.5...

® Model Information @
Srmnt 3 SB (owi et O3_0 Ginit
qwen2.5-3b-instruct-q4_0.gguf
* Ready
SaUura_0
200GB
38 parameters
7 028 thluns

Start a conversation

& Edge Al

a Prival_e

@ Fast

2.048 tokens

o0

x) Benchmark = Configuration
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INFERGHAT APP

Demo

ﬁ CVPR Demo == Benchmark Analysis

Main

Run #61

# Home Run #62

£ Configuration

— Run #64

Analysis

Run #65
il Benchmark e

I5 ExportData
Detailed Benchmark Log

Information
Model
© Help &FAQ

llama-3.2-1b-instruct-q4_...
© About

Hama-3.2-1b-instruct-qd_

qwen2.5-0.5b-instruct-qd...

qwen2.5-3b-instruct-q4_0...

qwen2.5-3b-instruct-q4_0...

qwen2.5-3b-instruct-q4_0...

qwen2.5-3b-instruct-q4_0...

13868
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808m8
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Benchmark CSV

E$ Save to Folder XX Send by Email

timestamp,device,ios_version,model_name, exe—
cution_mode, metal_offload_active,quantization
,model_size_mb,input_tokens, output_tokens, to-
tal_tokens, ttft_seconds,model_load_seconds,ge
neration_seconds,end_to_end_seconds, token—
s_per_second, latency_seconds, ram_footprint-
_min_mb, ram_footprint_peak_mb,ram_footprint-
_mean_mb,device_physical_memory_mb,cpu_per-
cent,gpu_percent,gpu_estimated_posthoc_per—
cent,cpu_gpu_usage,context_size,max_tokens, te
mperature,was_interrupted, prompt, response
"2026-06-02T18:47:34Z" , "iPhone", "26.5", "qwen2
.5-0.5b-instruct-
q4_k_m.gguf","cpu_only", "false", "Q4_K_M", "491
L40", 49", "146","195","0.180","10.275","3.158
Yo N85 4350, 46:23";"3:158";"37:77"; ¥ 742..95" , *
70.36","5987.88","5.37","","0.00","CPU Only /
Metal Off / CPU 5% / GPU est.
0%","2048","256","0.70", "false", "How was the
first imperador of Brasil?","The first
emperor of Brazil was Jodo I, who ruled from
1580 to 1640. He was the son of King Jodo I
of Portugal and the daughter of King Jodo II
of Portugal. Jodo I was the first Brazilian
emperor, and he was a significant figure in
the history of Brazil and Portugal. He was
known for his strong family connections and
his efforts to strengthen the Portuguese
Empire in the Americas. He was also known for
his role in the Portuguese colonization of
Brazil and the Portuguese rule of Brazil. He
was succeeded by his son Pedro I, who became
the second emperor of Brazil. Jodo I was a
key figure in the history of Brazil and the
Portuguese Empire. ||im_end|>"
12026-06-02T18:48:117", "iPhone", "26.5", "qwen2
.5-0.5b-instruct-

SAMPLE BENCHMARK ANALISYS

O

o r

Experimental Analysis

The experimental dataset is 60 rows overall, with mode-specific

aggregation on those 24/36 rows.

File Edit View Run Kernel Tabs Settings Help
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[Z Launcher X | H 07_collect_ios_benchmark_X | + o

™/ scripts ] Delimiter:
Name - Modifi... output_tokens total_tokens ttft_seconds model_load_seconds generation_seconds end_to_end_secor B #
[ 00_setup_mac.sh 5h ago 51 32 80 0.295 0.374 1.864 22
[ 01_clone_build_llamacpp.sh 5h ago 52 16 64 0.222 0.000 0.995 0.9
@ 02_download_ready_gguf.py 5h ago 53 14 56 0.771 2,577 1.335 38
[ 03_quantize_from_hf.sh 5h ago 54 14 56 0.826 0.000 1.406 1.4
[ 04_run_mac_chat.sh 5h ago 55 14 56 0.393 0.079 0.812 0.8
@ 05_benchmark_mac.py 5h ago 56 14 56 0.142 0.000 0.588 08
[ 06_prepare_ios_cvpr_demo_app.sh 5h ago 57 14 89 0.951 1.182 1.627 2.8

58 22 97 0.932 0.000 2.012 24 |
@ check_repository.py 5h ago 59 14 89 0.209 0.338 0.716 1.0
@ generate_app_icons.py 1h ago 60 14 89 0.218 0.000 0.750 0.7 |

< [ >
~ Simple 1 {8 07_collect_ios_benchmark_template.csv 0 Q




Tokens/Sec
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BACKENDS COMPARISON

Output Throughput - Tokens per Second

B llama-3.2-1b-instruct-g4_k_m.gguf
B gwen2.5-0.5b-instruct-g4_k_m.gguf
" gwen?2.5-1.5b-instruct-g4_k_m.gguf

~| tinyllama-1b-chat-v1.0-g4 k_m.gguf

40,02

35,54

CPU only GPU Offload
Output Throughput (tokens/sec) — CPU vs GPU (Metal)
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4/5

3/5

2/5

Tokens/Sec

1/5

BACKENDS COMPARISON

Time-To-First-Token

B llama-3.2-1b-instruct-g4_k_m.gguf

B gwen2.5-0.5b-instruct-g4_k_m.gguf
" gwen?2.5-1.5b-instruct-g4_k_m.gguf
~| tinyllama-1b-chat-v1.0-g4 k_m.gguf

0,9/

CPU only

0,28 0,28 024

0,12

GPU Offload
Time-To-First-Token (sec) — CPU vs GPU
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Sec

10

BACKENDS COMPARISON

Latency

B llama-3.2-1b-instruct-g4_k_m.gguf

B gwen2.5-0.5b-instruct-g4_k_m.gguf
" gwen?2.5-1.5b-instruct-g4_k_m.gguf
~| tinyllama-1b-chat-v1.0-g4 k_m.gguf

6,04 6,07/

CPU only

4,86

GPU Offload
Latency (sec) — CPU vs GPU



Sec

13/5

11/5

4/5

2/5

BACKENDS COMPARISON

Load Model Time

B llama-3.2-1b-instruct-g4_k_m.gguf

B gwen2.5-0.5b-instruct-g4_k_m.gguf
" gwen?2.5-1.5b-instruct-g4_k_m.gguf
~| tinyllama-1b-chat-v1.0-g4 k_m.gguf

CPU only

0,52

GPU Offload
Load Model Time (sec) — CPU vs GPU
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BACKENDS COMPARISON

RAM Footprint

B llama-3.2-1b-instruct-g4_k_m.gguf

B gwen2.5-0.5b-instruct-g4_k_m.gguf
I gwen2.5-1.5b-instruct-g4_k_m.gguf
I tinyllama-1b-chat-v1.0-g4 k m.gguf

I
MIN - CPU

MIN - GPU PEAK - CPU PEAK - GPU MEAN - CPU  MEAN - GPU
RAM Footprint (MB) — CPU vs GPU
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CONCLUSIONS OF THE

Key Performance Insights from On-Device LLM Inference

tinyllama-1b-chat-v1.0-g4_k_m.gguf gwen2.5-1.5b-instruct-g4_k_m.gguf

* Largest GPU throughput gain: +143.6% vs CPU * Smallest model-load time with CPU
e Largest model-load gain with GPU: -96.1% load time

B lama-3.2-1b-instruct-g4_k_m.gguf B gwen2.5-0.5b-instruct-g4_k_m.gguf
e Largest latency drop with GPU: -68.1% vs CPU * Best throughput overall: 43.22 tokens/sec
* Best GPU efficiency: 59.49 tokens/sec per GB
peak RAM

Best CPU-only throughput: 35.55 tokens/sec
Best TTFT overall: 0.152 sec

Best TTFT on GPU: 0.124 sec

Lowest GPU peak RAM: 802.6 MB
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