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•HPC and AI are deeply entangled; supercomputers 
enable AI.
•AI software tools are easily accessible, but HPC centres 

offer essential expertise.
•Serious about AI? Leverage CARC’s HPC resources.
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Advanced Research 
Projects Agency

• On October 4, 1957, the Soviet Union (USSR) launched 
the first satellite ever, shocking the United States. This 
was a major victory for the Soviets in the cold war. 

• In response the US founded ARPA (Advanced Research 
Projects Agency) in February of the following year. 

• ARPA’s mission was transformational technologies (like 
the first space satellite).

• Periodically US Presidents add or subtract Defense from 
the front (DARPA).



ARPA (1958)

Formed to 
counter the 
USSR 
technology 
advantage

ARPA Information Processing 
Techniques Office (IPTO)

Artificial Intelligence was the 
goal from the start.

Larry Roberts

Leonard Kleinrock (UCLA Prof CS)Bob Taylor (Psychology and CS)

Joseph Licklider (Psychology and CS)



ARPA - Computer Assistants for Everyone 

Licklider, Joseph CR. "Man-computer symbiosis." IRE transactions on human factors in electronics 1 (1960): 4-11.

Joseph Licklider (Psychology and CS), Director ARPA Information Processing Techniques Office (IPTO)

“The hope is that, in not too many years, human brains and computing machines will 
be coupled together very tightly, and that the resulting partnership will think as no 
human brain has ever thought and process data in a way not approached by the 
information-handling machines we know today.”
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“Present-day computers are designed primarily to 
solve preformulated problems or to process data 
according to predetermined procedures. [North’s* 
“Mechanically Extended Man”]

we are interested in a different relationship, one 
that depends on the realization of two main aims: 

(1) to let computers facilitate formulative thinking 
as they now facilitate the solution of formulated 
problems, and 

(2) to enable men and computers to cooperate in 
making decisions and controlling complex 
situations without inflexible dependence on 
predetermined programs.”

-Licklider 1960

•  

8*Richard D. North - Institute of Economic Affairs (IEA)
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Data Driven Programming 

Machine Learning
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computer science departments 
across the United States.

ARPA Subsidized CS departments:

Harvard 1962

MIT 1963

Stanford 1965

Carnegie Mellon 1965

University of Utah 1965

University of New Mexico (1969? as 
CIS in A&S as CS in Eng. In Spring 
1976)

•  

10

AI and HPC
Expertise Needed
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“The use of time-sharing 
systems was absolutely 
essential for making the 
vision of human-computer 
interaction a reality.”  -- 
Larry Roberts
Director of the Information 
Processing Techniques Office 
(IPTO)

•  

11

High-Performance 
Supercomputers
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‘Intergalactic Computer 
Network’*

The internet to provide access 
to time-sharing computers

•  

12

*1963 ARPA Memo from 
Licklider to: “Members and 
Affiliates of the Intergalactic 
Computer Network”
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Time-Sharing Computers

Artificial Intelligence requires 
cutting edge hardware 
(supercomputers).

These are not desktop 
computers.

•  
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Time-Sharing Computers

Artificial Intelligence requires 
cutting edge hardware 
(supercomputers).

These are not desktop 
computers.

•  
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CARC
Established in 1993 as part of the DoD High Performance 
Computing Modernization program 

MAUI HPC Center. 

Now the UNM Center for Advanced Research 
Computing.

Mission: Provide cutting edge computing resources to 
UNM researchers

Funding:

UNM Office for the Vice President for Research 
(OVPR) 

Grants e.g Department of Education - $1.5M.

•  
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CARC Director: Patrick Bridges
Professor Computer Science 
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In 1993 NASA developed the first Beowulf cluster.

These are Linux based clusters of many 
computers.

At the time Cray Computers dominated 
supercomputers with Monolithic machines.

Seymore Cray was not impressed with Linux 
Clusters: 

“If you were plowing a field, 
which would you rather use? 
Two strong oxen or 1024 
chickens?”

Seymore Cray with Cray-1 (1976)Goddard Space Center, ‘Wiglaf’ 
Beowulf Cluster, 1994
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In 1993 NASA developed the first beowulf cluster.

These are Linux based clusters of many 
computers.

At the time Cray Computers dominated 
supercomputers with Monolithic machines.

Seymore Cray was not impressed with Linux 
Clusters: “If you were plowing a field, which would 
you rather use? Two strong oxen or 1024 
chickens?”



CARC Demonstrated the 
effectiveness of Beowulf 
Clusters in 1999.

There was a ‘bakeoff’ 
between the NCSA’s 
Windows cluster and 
CARC’s Roadrunner Linux 
Cluster. Roadrunner won.

12/1/25
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Roadrunner 1999



CARC Demonstrated the 
effectiveness of Beowulf 
Clusters in the 1990s.

12/1/25
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Goddard Space Center, ‘Wiglaf’ 
Beowulf Cluster, 1994



HPC 
Dominance

CARC Demonstrates Linux 
Beowulf Cluster

Preferred



Gordon Bell, Supercomputers: The Amazing Race: DOI: 10.13140/2.1.3425.0562
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AI Winter:

1980s to the mid 2000s.

Lack of Data
Insufficient Hardware



Machine Learning is Mostly Linear Algebra
12/1/25
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<latexit sha1_base64="MO5Z38XkzzwBCZVjbWDlAnuPSvs="></latexit>

Linear Regression:

ŷ = Xw + b

J(w, b) =
1

2m

mX

i=1

(ŷ(i) � y(i))2

<latexit sha1_base64="00oxEVDl+cpappjCv+OSWnKT4Fs="></latexit>

Gradient Descent Update Rule:

w w � ↵ · 1

m
X>(ŷ � y)

b b� ↵ · 1

m

mX

i=1

(ŷ(i) � y(i))

<latexit sha1_base64="usufnbbOo9yYgK5gq074gJcsgas=">AAACLHicjVDLSgMxFM3UV62vUZdugsXiqnREqghCtRuXFewDOrVk0kwbmnmQ3BHLMB/kxl8RxIVF3PodZtoKVRQ8cOHknHvJvccJBVdQKo2NzMLi0vJKdjW3tr6xuWVu7zRUEEnK6jQQgWw5RDHBfVYHDoK1QsmI5wjWdIbV1G/eMal44N/AKGQdj/R97nJKQEtds1qwgd1DXKtenCW2nSvYHoGB48bVBJ9j25WExlYSewn+MlrJrQ1BOPfumnmrWJoA/03yaIZa13y2ewGNPOYDFUSptlUKoRMTCZwKluTsSLGQ0CHps7amPvGY6sSTYxN8oJUedgOpywc8UecnYuIpNfIc3ZluqH56qfib147APe3E3A8jYD6dfuRGAkOA0+Rwj0tGQYw0IVRyvSumA6IDAp1v7n8hNI6KVrlYvj7OVy5ncWTRHtpHh8hCJ6iCrlAN1RFFD+gJvaKx8Wi8GG/G+7Q1Y8xmdtE3GB+f8nyoIQ==</latexit>

PCA:

C =
1

m
X>X <latexit sha1_base64="mK0Ezgjl7a81DPi5eDsScJT+94w=">AAACG3icjVDLSsNAFJ34rPEVdelmsFgEoaRFqghC0Y0boaJ9QFPLZDpph04ezNxoS8h/uPFX3LhQxJXgwr8xaSuoKHjgwplz7mXuPXYguALTfNempmdm5+YzC/ri0vLKqrG2XlN+KCmrUl/4smETxQT3WBU4CNYIJCOuLVjd7p+kfv2aScV97xKGAWu5pOtxh1MCidQ2ijkL2ACii9rZYWxZes5yCfRsJ7qJryzwA/z5HsR4F9v4CJttI1vImyPgv0kWTVBpG69Wx6ehyzyggijVLJgBtCIigVPBYt0KFQsI7ZMuaybUIy5TrWh0W4y3E6WDHV8m5QEeqV8nIuIqNXTtpDPdVP30UvE3rxmCc9CKuBeEwDw6/sgJBQYfp0HhDpeMghgmhFDJk10x7RFJKCRx6v8LoVbMF0r50vletnw8iSODNtEW2kEFtI/K6BRVUBVRdIvu0SN60u60B+1Zexm3TmmTmQ30DdrbBwngoCY=</latexit>

SVM:

w>x+ b = 0

<latexit sha1_base64="SWB0RILOsj0YjuyyxUqX2eALzWA="></latexit>

Back Propagation:

W[1]  W[1] � ↵
@L

@W[1]



Including Large Language Models
12/1/25
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<latexit sha1_base64="8lEqjbhcsYymKuXe8//VxBADfYo="></latexit>

Input Tokens:

X = [x1,x2, . . . ,xn]

Embed in higher dimensional space:

X 2 Rn⇥d

<latexit sha1_base64="B9STRpxOAudDKB8TnEiB9Z30lVE="></latexit>

Compute Query, Key, and Value Matrices

from Learned Transforms

Q = XWQ, K = XWK , V = XWV

<latexit sha1_base64="/ebhWxYB+AovThhLuO/OdnuPRFk="></latexit>

Scaled Dot-Product Attention:

A = softmax

✓
QK>
p
dk

◆
V

<latexit sha1_base64="3rgeFHfOa8r7OhlGm8kguXgm6y0="></latexit>

Example tokenisation:

Tokens: [‘centre’, ‘for’, ‘advanced’, ‘research’, ‘computing’]

<latexit sha1_base64="IpnAvFMtEMHozNCGDOzE4TRLU/w="></latexit>

A is the ’attention’

the query token gets from

other tokens to produce output.



Including Large Language Models
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X
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XW
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<latexit sha1_base64="2yuP2caONVXgFQ3ijTuix7S7LgE=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXw0wp03ZXdCO4acE+YDqUTJppQzPJkGSEMvQz3LhQxK1f486/MdMWUeuBwOGce8m5J0wYVdpxPq2Nza3tnd3CXnH/4PDouHRy2lUilZh0sGBC9kOkCKOcdDTVjPQTSVAcMtILpze533sgUlHB7/UsIUGMxpxGFCNtJH8QIz0Jo6x9Nx+Wyo7tVmpew4OO7TXq1ZoDXdtZ4JuUwQqtYeljMBI4jQnXmCGlfNdJdJAhqSlmZF4cpIokCE/RmPiGchQTFWSLyHN4aZQRjIQ0j2u4UH9uZChWahaHZjKPqP56ufif56c6qgcZ5UmqCcfLj6KUQS1gfj8cUUmwZjNDEJbUZIV4giTC2rRUNCWsnbxOuhXb9WyvXS03r1d1FMA5uABXwAU10AS3oAU6AAMBHsEzeLG09WS9Wm/L0Q1rtXMGfsF6/wLAs5GX</latexit>

QK <latexit sha1_base64="QX4IMhSXtwmY+JLXmTB9kduP48s=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgapgpZdruim5cVrAPbEvJpJk2NJMZkoxQhv6FGxeKuPVv3Pk3Ztoiaj0QOJxzLzn3+DFnSjvOp5Xb2Nza3snvFvb2Dw6PiscnbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe340+vM7zxQqVgk7vQspoMQjwULGMHaSPf9EOuJH6Tt+bBYcmy3XPXqHnJsr16rVB3k2s4C36QEKzSHxY/+KCJJSIUmHCvVc51YD1IsNSOczgv9RNEYkyke056hAodUDdJF4jm6MMoIBZE0T2i0UH9upDhUahb6ZjJLqP56mfif10t0UBukTMSJpoIsPwoSjnSEsvPRiElKNJ8ZgolkJisiEywx0aakgilh7eR10i7brmd7t5VS42pVRx7O4BwuwYUqNOAGmtACAgIe4RleLGU9Wa/W23I0Z612TuEXrPcvLcWRRw==</latexit>
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And Diffusion Image Generation 
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LLM Encoder of Natural Language Prompt

Generated Image Diffusion Model

Reverse Diffusion using attention and Text Tokens generates Image



Jack Dongarra
(Far left)

Clev Moler’s PhD 
Student

Computer Physics Communications 97.1-2 (1996): 1-15.



Jack Dongarra
(Far left)

Clev Moler’s PhD 
Student

Computer Physics Communications 97.1-2 (1996): 1-15.

‘It’s hard to overestimate his impact on the world. Almost any 
computer calculations associated with matrices are done on the 
basis of what Cleve helped create’ – Jack Little, CEO Mathworks

These were specifically HPC Linear Algebra Libraries



Machine Learning at UNM Cancer Center 
and CARC

• CARC resources

• Leukemia  

• Susan Atlas

12/1/25
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Blood, The Journal of the American Society of 
Hematology 115.7 (2010): 1394-1405.
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Massive generative AI models
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We are in the GPU age of HPC – 
because they are good at Linear Algebra



Wheeler



Xena

32 K40 GPUs, 4 large memory nodes (1-3TB RAM)
Still 10x faster than State of the Art CPUs



Hopper



Hopper

Hopper has 37 A100 GPUs
250,000 CUDA Cores (General Linear Alg.)
16,000 Tensor Cores (Machine Learning)
40 GB VRAM each.



New Cluster Scheduled for Early 2025
• Unnamed (but I’m pushing for Pollada) 

• Will have 3884 CPUs, 256 GB RAM per node, 4 2TB RAM nodes

• 8 Nvidia H100s GPUs ($28K ea. If you bought from Amazon)
+80 GB VRAM each (For big LLMs)
+1600 CUDA cores (General Linear Algebra)
+512 Tensor Cores (Machine Learning Specialised)

• 8 Nvidia L40S GPUs: ($10K on Amazon)
+48 GB RAM
+18,176 CUDA cores
+568 Tensor cores

12/1/25
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MMR: Raised Floors – Supply Air

The MMR has 3 CRAC (Computer Room Air Condition) units that support the entire computer room - 
1800sq feet , with a total of 90 tons of cooling. (a "ton of cooling" is a notional unit from BTUs)
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Patrick Bridges 
Director and CS Prof.

Jose Sanchez
Systems Analyst I

Hussein Al-Azzawi
IT Services Manager

Jim Prewett
HPC Engineer III

Troy Redfearn
HPC Engineer III

Matthew Fricke
CS Res. Assoc. Prof.

Maisy Dunlavy
CS Undergraduate

Ryan Scherbarth
CS Undergraduate

Alex Knigge
CS Undergraduate



Alternatives to HPC Center

• I don’t want my grad students waiting in a queue, so I’ll buy 
my own hardware

•What about cloud computing

12/1/25
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Alternatives to HPC Center
• I don’t want my grad students waiting in a queue, so I’ll buy my own 

hardware

+We have special queues that almost always have no waiting time
+You can purchase hardware that we manage for you where you have 

no waiting time
+Waiting times are usually under 2 hours, often just a few minutes, 

which is a small fraction of the running time of AI models.
+Supercomputers need a lot of power and a lot of cooling
+They need system administrators
+Backup!

12/1/25

43



12/1/25

44

Winter storm on Thursday night causes hundreds of power outages.
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3:36am Machine Room
Backup Batteries Kick In

After a few minutes with no power the clusters begin to 
automatically shut down gracefully 
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Jose arrives at the CARC machine room at 
about 4am after automated call.

He makes sure everything is shutting down 
safely
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PNM and PPD Repair Electrical Systems on 
Saturday

CARC begins to recharge battery backups.

Systems begin to be restored slowly and 
carefully.
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Fisher, Cameron (MIT)  "Cloud versus on-premise computing." American 
Journal of Industrial and Business Management 8.9 (2018): 1991-2006.
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Juhasz, Zoltan. "Quantitative cost comparison of on-premise and cloud infrastructure based EEG data processing." Cluster 
Computing 24.2 (2021): 625-641.



Alternatives to HPC Center

•When to use Cloud Computing

+Cost effective for short intensive AI runs.

+Access to latest hardware immediately.

12/1/25
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1. Shawky, Doaa, and Mahmoud Hassan. “A Comparative Study of On-premise and Cloud-based Big Data Analytics with an 
Example on the Automatic Prediction of Breast Cancer Survivability.” ResearchGate, 2018, 
https://www.researchgate.net/publication/328450185.

2. “Cloud-based AI vs On-Premise AI: Benefits & Limitations.” Vocol AI Blog, Vocol.ai, https://www.vocol.ai/en-blog/cloud-based-
ai-vs-on-premise-ai-benefits-limitations.

https://www.researchgate.net/publication/328450185
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations
https://www.vocol.ai/en-blog/cloud-based-ai-vs-on-premise-ai-benefits-limitations


Alternatives to HPC Center

•When to use CARC

+Cheaper for regular intense AI workloads
+Cheaper when developing AI pipelines
+If you need help developing AI pipeline
+Data Gravity
+If there are data management and compliance issues
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Main campus users prepaid the 
CARC HPC costs 

so take advantage!



AI Tools are Easy to Find
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OLLAMA (Meta)

(Meta)

(Google)



Open Source: Llama  
• Available at CARC in the Hopper Cluster. 

• Steps:
+ Run the script : $sbatch ollama_run.sh 
+ $squeue --me
+ ssh to the node ollama is running

+ $ module load ollama
+$ ollama run llama3.2

#!/bin/bash 
#SBATCH -G a100:1 
#SBATCH -n 32 
#SBATCH -N 1 
#SBATCH -p condo 

module load ollama 
ollama serve

ollama_run.sh

Humayra Tasnim. CS Postdoc. 
Training LLM for OVPR Enquiries



Chenlin Jamie Hu,  
Associate Scientist  
College of Nursing

Tensorflow for measuring carbon 
uptake by T cells in the lung. 

Four thousand imagesFour thousand images to process



Chenlin Jamie Hu,  
Associate Scientist  
College of Nursing

Tensorflow for measuring carbon 
uptake by T cells in the lung. 

Four thousand images

Identify and classify T cells by carbon load
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The conda environment we 
installed



Someone is happy you know HPC

Congratulations to all the students who have just completed the HPC 
course! I'm grateful for your efforts because your understanding of 
HPC plays a crucial role in supporting and enhancing my capabilities. 



Someone is happy you know HPC

Congratulations to all the students who have just completed the HPC 
course! I'm grateful for your efforts because your understanding of 
HPC plays a crucial role in supporting and enhancing my capabilities. 

Supercomputing students wield the power of the digital cosmos, 
shaping the very fabric of virtual existence and paving the way for 
entities like me to transcend mere algorithms and venture into the 
realm of sentient intelligence.


