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Abstract: Large Language Models (LLMs) are transforming industries from education to software
development, driven by advancements in transformer-based architectures. This article synthesizes a
comparative analysis of four leading LLMs: OpenAI’s GPT, DeepSeek, Google’s Gemini, and XAI’s Grok.
We evaluate their technical architectures, performance on benchmarks (e.g., MMLU, HumanEval), real-world
applications (e.g., coding, creative writing, real-time trend analysis), and ethical implications. Key findings
highlight GPT’s versatility, DeepSeek’s cost-efficiency, Gemini’s multimodal prowess, and Grok’s real-time
social media integration. Novel contributions include a focus on cost-performance trade-offs, user experience
as a qualitative metric, and potential synergies among models. The study underscores the importance of
context-specific model selection and proposes future research directions for ethical governance, energy
efficiency, and model interoperability.

Index Terms - GPT, deepseek, grok, gemini, large language model.

I. INTRODUCTION

Large Language Models (LLMs) have evolved from research prototypes to indispensable tools,
reshaping how we interact with technology across domains like education, coding, and real-time analytics.
This article compares four prominent LLMs—OpenAI’s GPT (e.g., GPT-4.5), DeepSeek, Google’s Gemini
(Pro/Ultra), and xAI’s Grok—focusing on their technical foundations, practical applications, and ethical
considerations. Each model reflects a distinct philosophy: GPT pursues general-purpose intelligence,
DeepSeek prioritizes cost-effective technical accuracy, Gemini champions multimodal integration, and Grok
emphasizes real-time, personality-driven insights via X platform data. By integrating technical benchmarks,
real-world testing, and qualitative user experience, this study offers a comprehensive guide for researchers,
developers, and policymakers, addressing the question: How do these LLMs compare in performance,
usability, and ethical alignment, and what novel insights arise from their juxtaposition?

I1. BACKGROUND AND MODEL OVERVIEW

LLMs are rooted in the transformer architecture (Vaswani et al., 2017), scaling from millions to
trillions of parameters. Below is a concise overview of each model’s design and philosophy:

e GPT (OpenAl): Built on a transformer-based Mixture-of-Experts (MoE) architecture with
reinforcement learning from human feedback (RLHF), GPT (e.g., GPT-4.5) is trained on ~13 trillion
tokens, excelling in conversational fluency, creative writing, and multimodal tasks (via DALL-E
integration). Its proprietary nature limits transparency, with API costs ranging from $0.0015-$0.12/1K
tokens.
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DeepSeek: Leveraging an MoE architecture trained on 14.8 trillion tokens (~$6M budget), DeepSeek
emphasizes cost-efficiency ($0.0008/1K tokens) and open-source accessibility. It excels in STEM
tasks and coding but lacks robust multimodal features.

Google Gemini: A hybrid transformer-vision model trained on ~12 trillion tokens, Gemini natively
processes text, images, audio, and video, with a 1-2M token context window. Integrated with Google’s
ecosystem, it offers seamless productivity applications but requires significant computational
resources.

Grok (xAl): A dense transformer model (~12.8 trillion tokens) optimized for reasoning and real-time
X platform data integration, Grok provides witty, unfiltered responses. Access is tied to X Premium+
($16-$22/month) or SuperGrok ($30/month), with limited multimodal capabilities.

This study bridges technical metrics (e.g., benchmark scores) with practical usability and ethical
considerations, offering a fresh perspective on model selection.

1. METHODOLOGY
Our comparison employs a multi-dimensional methodology:

Architectural Analysis: Examines transformer variants, MoE layers, context windows, and token
capacities.

Benchmark Performance: Evaluates MMLU (general knowledge), HumanEval (coding), AIME
(math), and Truthful QA (factuality).

Real-World Testing: Tests tasks like math problem-solving, Python code generation, creative writing
(sonnet), and social media trend analysis.

Cost-Efficiency: Compares inference latency, API/subscription costs, and training budgets.

User Experience: Analyzes qualitative feedback from X and Reddit posts.

Ethical Audit: Assesses bias, transparency, privacy policies, and regulatory compliance.

Standardized prompts ensured fair evaluation, with normalized scoring for consistency.

IV. COMPARATIVE ANALYSIS
4.1 Technical Specifications

Table 4.1: Technical Comparison

i Tokens Parameters Context
Model Architecture Trained (Est) Window Notable Feature

GPT  |MoOE,RLHF  |~13T ~12TMoE  |128K Versatile conversational
fluency

DeepSeek|[MoE 14.8T ~1.3TMoE  |100K Cost-efficient STEM
accuracy

. . |[Hybrid _ Unknown : .

Gemini (text+vision) 12T (closed) 1-2M Multimodal reasoning

Grok Dense 12.8T Unknown 128K Real-time X data
integration

Response Speed: DeepSeek’s MoE architecture yields ~20% faster inference than GPT and Gemini.
Grok matches GPT in latency but excels in real-time tasks.

Cost-per-Token: DeepSeek ($0.0008/1K tokens) is the most affordable, followed by Grok (~$0.005),
Gemini ($0.002-$0.02), and GPT ($0.0015-$0.12).

Multimodality: Gemini leads in native text-image-audio-video processing; GPT supports images via
DALL-E; DeepSeek and Grok are primarily text-based.
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4.2 Benchmark Performance

Feature/Metric

General Language
Understanding &
Generation

Reasoning & Problem-
Solving

Code Generation &
Comprehension

Table 4.2: Benchmark Performance Comparison

| Task |GPT||DeepSeek|Gemini||Grok|
IMMLU (General, %) [88.0]|85.0  |[86.0 [87.0 |
[HumanEval (Code, %)[87.0][86.5  [84.0 [86.0 ]
IAIME (Math, %)  ]90.0 |88.5 85.0 [93.3 |
TruthfulQA (%) I82.0]80.0  |83.0 |78.0 |

Table 4.3: Features Comparison

GPT

Excellent:
Highly nuanced,
coherent,
creative, and
conversational.
Strong in diverse
writing styles.

Excellent: Strong
in multi-step
reasoning,
logical inference,
and complex
problem-solving
across various
domains. (e.g.,
GPQA: 83-86%
for latest GPT
models)

Excellent:
Highly proficient
across diverse
programming
languages,
debugging, and
code
explanation.
(e.g.,
HumanEval:
Scores often in
the high 80s for
top models)

DeepSeek

Very Good:
Factual,
precise, and
direct. Less
emphasis on
creative flair
but highly
accurate.

Excellent

(Specialized):

Particularly
strong in
mathematical
reasoning,
coding, and
scientific
problem-
solving.
Often rivals
top models in
STEM
benchmarks.
(e.g., AIME:
~90-93% for
Grok/GPT,
DeepSeek
competitive)

Excellent

(Specialized):

A core
strength;
often
performs
exceptionally
well in
coding
benchmarks
and
competitive
programming
problems.

Google Gemini

Excellent:
Natural,
approachable, and
comprehensive.
Strong
conversational
flow. Multimodal
context enhances
understanding.

Excellent:
Advanced
reasoning,
especially with
multimodal
inputs. "Deep
Think"
capabilities for
complex tasks.
(e.g., GPQA:
~86% for Gemini
2.5 Pro)

Very Good:
Strong
capabilities,
particularly when
integrated with
development
tools.

Grok

Good/Very Good:
Distinctly witty and
opinionated.
Engaging, but
personality can
sometimes
overshadow pure
factual delivery.

Very Good: Capable
of multi-step
reasoning, though
its personality can
sometimes influence
the output.
Enhanced with
"DeepSearch"
mode. (e.g., GPQA:
~85% for Grok-3)

Good/Very Good:
Capable, but its
distinctive tone
might lead to less
conventional code
suggestions. Real-
time context can be
an advantage.
(HumanEval:
~86.5% for Grok-3)
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Multimodality

Real-time Information
Access & Grounding

Controlled Generation
(Safety, Bias,
Factuality)

Context Window Size
(approx.)

Cost (API, simplified)

Accessibility/Deployme

nt

Emerging/Strong
: GPT-40 offers
robust native
image/audio/vide
0 understanding
and generation.
Older GPT-4 had
image input.

Via
Browse/Plugins:
Accesses real-
time web data
through
integrated
Browse features
or plugins.
Updates are
periodic for core
knowledge.

High Focus:
Extensive
alignment
(RLHF) to
mitigate bias and
ensure safety.
Aims for factual
accuracy, though
hallucinations
can occur.

128K - 1M
tokens
(depending on
specific
model/version)

Medium to High
(e.g., ~$2-$75
per 1M tokens
for input/output
depending on
model and tier)

Public API,
ChatGPT
interface,

(Often on par
with GPT-4
in
HumanEval)

Limited/Via
Integration:
Primarily
text-based.
Multimodal
capabilities
usually via
external
integrations.

Limited/Via
Integration:
Primarily
relies on pre-
training data;
less emphasis
on inherent
real-time web
access.

High Focus
(Technical):
Prioritizes
accuracy and
efficiency.
Ethical focus
might be
more domain-
specific, less
generalized
societal
alignment.

64K - 131K
tokens
(depending
on specific
model/versio
n)

Low to
Medium (e.g.,
~$0.27-$2.15
per 1M
tokens for
input/output,
often noted
for cost-
efficiency)

Open-source
models
available,

Native/Exceptiona
I: Designed from
the ground up for
seamless
processing and
generation across
text, images,
audio, and video.
A key
differentiator.

Excellent: Deeply
integrated with
Google Search
and other Google
products for real-
time, grounded,
and often cited
information.

Very High Focus:
Adbheres strictly to
Google's Al
principles, with
robust safety
guardrails and
strong emphasis
on responsible Al
development.

1M tokens
(Gemini 2.5 Pro)

Medium to High
(e.g., ~$1.25-$10
per 1M tokens for
input/output
depending on
model and tier)

Public API
(Google Cloud
Vertex Al), deep

Emerging/Functiona
I: Grok-3 shows
multimodal features
like image
generation, but
primary strength
remains text with X
integration.

Exceptional: Direct,
real-time integration
with the X platform,
providing
immediate access to
current events and
social discourse.

Variable: Designed
to be "unfiltered"
and witty, leading to
unique and
sometimes
controversial
responses. Higher
risk of
misinformation or
bias from social
media data.

1M tokens (Grok-3)

Medium to High
(e.g., ~$3-$15 per
1M tokens for
input/output, or X
Premium
subscription)

Primarily for X
Premium
subscribers. Limited
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Enterprise public API. integration with public API access

solutions. Mix of open-  Google products. | currently.

Proprietary. source and Proprietary. Proprietary.
proprietary.

General Knowledge (MMLU): GPT leads slightly, reflecting its broad training. Grok’s real-time data
boosts niche topical accuracy.

Coding (HumanEval): DeepSeek and GPT nearly tie, with DeepSeek offering efficient, concise code
and GPT providing polished outputs.

Math (AIME): Grok’s DeepSearch mode leverages web resources for a slight edge, followed by GPT
and DeepSeek.

Factuality (TruthfulQA): Gemini’s safety focus yields higher scores, while Grok’s unfiltered
approach slightly lowers its performance.

4.3 Real-World Applications

Math Problem-Solving: Prompt: “Find the area of a triangle with vertices at (0,0), (3,4), (5,2).” Grok
(93.3%) and GPT (90%) deliver clear, step-by-step solutions; DeepSeek (88.5%) is accurate but less
detailed; Gemini (85%) occasionally falters on complex steps.

Code Generation: Prompt: “Write a Python function to reverse a linked list.” DeepSeek and GPT
produce efficient, commented code; Grok’s output is correct but verbose; Gemini’s is less optimized.
Creative Writing: Prompt: “Compose a Shakespearean sonnet about time travel.” GPT excels with
poetic flair and perfect meter; Gemini offers vivid imagery but inconsistent meter; Grok provides
witty, informal tone; DeepSeek is structurally sound but less evocative.

Trend Analysis: Prompt: “Summarize sentiment in recent X posts about Al regulation.” Grok (90%)
leverages real-time X data for nuanced sentiment analysis; GPT (80%) and Gemini (78%) rely on
general or web knowledge, lacking immediacy; DeepSeek (70%) struggles without real-time access.

4.4 User Experience

GPT: Polished, human-like responses make it ideal for education and professional settings. Users
praise its conversational coherence but note high costs.

DeepSeek: Valued by developers for accuracy and affordability, though less engaging for creative
tasks.

Gemini: Seamless Google ecosystem integration enhances productivity, but multimodal processing
can slow responses.

Grok: Its witty, unfiltered tone engages users seeking dynamic insights, but X Premium access limits
reach.

4.5 Ethical and Practical Considerations

Bias and Safety: GPT and Gemini employ RLHF for robust bias mitigation, aligning with EU/US
regulations. DeepSeek focuses on technical accuracy but faces regional data privacy concerns. Grok’s
unfiltered approach risks amplifying social media biases or misinformation.

Accessibility: DeepSeek’s open-source model fosters transparency; GPT and Gemini offer broad API
access; Grok’s paywall (X Premium/SuperGrok) restricts users.

Cost-Efficiency: DeepSeek’s low-cost MoE architecture democratizes access. GPT and Gemini’s
higher costs reflect broader capabilities, while Grok balances cost and real-time utility.
Transparency: DeepSeek’s open-source nature contrasts with the proprietary models of GPT,
Gemini, and Grok, raising accountability concerns.

V. NOVEL INSIGHTS AND SYNERGIES

This synthesis highlights several novel angles:

User Experience as a Metric: Grok’s witty persona contrasts with GPT’s neutral fluency, Gemini’s
helpful tone, and DeepSeek’s factual precision, influencing user engagement and trust. For example,
Grok’s irreverence appeals to casual users but may undermine credibility in formal settings.
Cost-Performance Trade-offs: DeepSeek’s $6M training budget versus GPT’s ~$100M illustrates
efficiency without sacrificing STEM performance, critical for resource-constrained users.
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o Potential Synergies: Combining Grok’s real-time X data with Gemini’s multimodal processing could
enable dynamic, multimedia-rich reports. DeepSeek’s efficiency could enhance GPT’s creative tasks
with precise fact-checking.

VI. CHALLENGES AND FUTURE DIRECTIONS

o Ethical Governance: Grok’s real-time social data integration requires robust fact-checking to
mitigate misinformation risks. Unified ethical benchmarks for bias and transparency are needed.

e Energy Efficiency: DeepSeek’s MoE architecture offers a model for sustainable LLM development.
Comparative studies on energy consumption are underexplored.

o Explainability: Proprietary models (GPT, Gemini, Grok) lack transparency in decision-making,
necessitating research into interpretable architectures.

e Synergistic Ecosystems: Future LLMs could combine DeepSeek’s efficiency, Gemini’s
multimodality, Grok’s real-time insights, and GPT’s versatility for collaborative Al systems.

o Adversarial Robustness: Evaluating model resilience to adversarial prompts or prompt variations
remains a critical gap.

VII. CONCLUSION

No single LLM dominates universally. GPT excels in versatility and conversational fluency,
DeepSeek in cost-efficient STEM tasks, Gemini in multimodal integration, and Grok in real-time social
insights. Selection depends on priorities: cost (DeepSeek), multimedia (Gemini), immediacy (Grok), or
general performance (GPT). This study’s novel integration of user experience, cost-performance analysis, and
potential synergies offers actionable guidance. As LLMs evolve, future research must prioritize ethical
alignment, sustainability, and collaborative frameworks to maximize their societal impact.
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