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James Ga‘pes y

- Mayor of Christchurch
2 January 1877 — 19 December 1877

7/ August 1876
I[ADYERTISEMENT, |

CORRESPONDENCE.
A DISOmMER.
TO THE EDITOR OF THE BTAR,

IN consequonce of my name being uncom-
mon in this Province, I beg to state that

I am not tho James Gapos that was fined for
drunkennoes at tho Rosidont Megistrate’s

Court.
JAMES GAPES,
9671 Paintor, &o.,, Whately road.




Compare climate models to
understand the earth system

Coupled Model Intercomparison Project
(CMIP): Standard protocol for studying
general circulation model output
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11,307,181 total

datasets
CMIP6 5485368 TB
E 183,980 total
datasets
CORDEX 4 39112 TB
i 201,129 total
datasets
CMIPS 559544 TB
E 11,492 total

datasets
INPUT4AMIPS 19.91 TB

= 210 total datasets

0.2TB
OBS4MIPS

E 5,400,359 distinct

datasets
CMIP6 14 53658 TR
E 183,708 distinct
datasets
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= 52,163 distinct
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_- 5,660 distinct
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i 210 distinct
datasets
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>100 models, >20 countries

CMIP5 model comparisons for different RCPs compared to HadCRUT4.6 (2018)

s HadCRUT4.6
RCP85
RCP4.5

RCP26

L L
2020 2040



Link field data on pathogen variants .
with Al for pandemic surveillance New viral
TRAINING Periodically N
Fo.undation mod.ell(s) Finetune model on retrain on Detection
trained on 110 million SARS-CoV-2 open oW varants targets

viral sequences reading frames

. \CUELCIE heTECTION
oncern score WORKFLOW

PREDICTION WORKFLOW |
Diffusion model to )

derive hierarchy of [é=——

gene organization

!

Trained
foundation

Semantic
similarity score
(embeddings)

Epitope
alteration

OPENFOLD

|
|
Generated SARS- L + c 3z
CoV-2 genomes Sequence log T "% :
\_/_ . . S
) likelihood Evaluation ‘qc"J £ ‘
1.5 x 102 \ Ny "ot T S
flops S A

M. Zvyagin et al., https://www.biorxiv.org/content/10.1101/2022.10.10.511571v1
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Integrate data & models to advance
urban science & resilience

CROCUS

&
' Community Research on
Climate & Urban Science

‘A new paradlgm for doing sc1ence

Argonne to deploy
sensors to track
climate change on a
neighborhood level

By Maddie Ellis
Chicago Tribune

Next to an almost-200-
foot red-and-white-striped
tower at Argonne National
Laboratory sits a building
filled with newly opened
boxes of instruments. These
tools measure climate condi-
tions like air quality and
precipitation, and compared
with the lab’s historic tools,
like the tower outside,
they’re small — really small.

That’s because instead
of measuring the region’s
atmospheric conditions
from Argonne’s sprawl-
ing site in DuPage County,
researchers will use these
tools in a different kind of
lab — the city of Chicago.
Data collected will be used
in modeling to show the
effects of climate at scales as .
small asindividual neighbor-  Research scientist Adam Theisen, left, speaks with atmospheric scient
hoods, said Cristina Negri, inLemont. AN TRIBUI
the director for the proiect.

sagecontinuum.org
-

L5 o fE

D Partner Community

[T city of Chicago
Current DOE
Disadvantaged Community
(2022)

TNC Cook County Urban
Greenprint (2022)

High Flood Risk Target
(] High Heat Target
[TT] Poor Air Quality Target

Historic Home Owners'
Loan Corporation Grade
(1940)

A: Best
[ B: still Desirable

C: Definitely Declining
I D: Hazardous

X =_4e5") Humboldt Park

" &7 {(Puerto Rican
wp 2 4 o TC Agenda)
3%, Woodlawn
(BiG)
-
. %'l
14 %1}
Pl
Chatham
(Greater
Chatham
Initiative)




Fallacies of distributed computing

—

The network is reliable
Latency is zero
Bandwidth is infinite

The network is secure B

- Joy, Lyon, Gosling, 19917

There is a single administrator |

The topology won't change - Deutsch, 1994
Transport cost is zero

0 N O Uk WwWNhBE

The network is homogeneous Gosling, 1997



We are entering a new era of universal and
reliable communication & computation

* Widely deployed optical fiber, cellular radio, [and free-space optics
will] provide ultra-fast, reliable, predictable communication

* GPS and atomic clocks provide highly accurate time signals

* Widely deployed, highly replicated, highly available cloud services +
accurate time permit highly reliable global state



ESnet as exemplar of science networks
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ESnet improvements in bisection bandwidth over 30 years
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”Henceforth, space for itself, and time for itself, are doomed to fade
away into mere shadows, and only a kind of union of the two will
preserve an independent reality.” — Hermann Minkowski, 109
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The space-time continuum in converged systems

Time ¢
10 ms = (il
t(C,) =T, =0.01sec
7.5ms=
5ms = T1
2.5 ms=
500 km 0 km Space

Misquoted [2022]: “Henceforth, location for itself, and speed for itself, are doomed to fade away
into mere shadows, and only a kind of union of the two will preserve an independent reality."



The space-time continuum in converged systems

Time
1O MS =
t(C,) =T, =0.01sec
Jemsd t(C,)=T,+2x500x5x10°=0.01 sec
The behaviors of the two
5ms computers are indistinguishable
2.5ms ‘

500 km 0 km Space

Misquoted [2022]: “Henceforth, location for itself, and speed for itself, are doomed to fade away
into mere shadows, and only a kind of union of the two will preserve an independent reality."



Example: High energy physics trigger analysis

A

Local: 2000 msec
Remote: 30+ 10 + 10 = 50 msec
40x acceleration

. T,=2seconds
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Example: High energy diffraction microscopy

Model (re)training on local GPU:
1102 seconds

Ultra-high-
rate data

Beamline

@ LCLS Reduced/
filtered data

Other analyses
and storage

Z. Liu et al., https://doi.org/10.48550/arXiv.2105.1396
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Example: High energy diffraction microscopy
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Ultra-high-
rate data

Training data

Beamline
@ LCLS Reduced/ 7 seconds
filtered data >
% Simulated
7+19+5=31s _ I data :
Other analyses
AT Sardge 35x faster Conventional Training data
supercomputer repository

ESnet s
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Z. Liu et al., https://doi.org/10.48550/arXiv.2105.13967 NATIONAL LABORATORY
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Building such distributed applications requires practical
solutions to challenges of friction

“Whereas computational friction expresses the struggle involved in transforming
data information and knowledge ... data friction expresses a more primitive
form of resistance -- the costs in time, energy, and attention required simply to
collect, check, store, move, receive, and access data. Whenever data travel ...
data friction impedes their movement” (Edwards, 2010, p. 84).

A VAST
MACHINE

Friction first characterized by Leonardo di Vinci in 1493



Three obstacles to tackling such codesign problems

1) Act on resources regardless of location and interface

Friction: Varying interfaces, behaviors; reliability; security



Three obstacles to tackling such codesign problems

1) Act on resources regardless of location and interface

Friction: Varying interfaces, behaviors; reliability; security

2) Execute remote actions reliably

Friction: Failures, scalability, usability



Three obstacles to tackling such codesign problems

1) Act on resources regardless of location and interface

Friction: Varying interfaces, behaviors; reliability; security

2) Execute remote actions reliably

Friction: Failures, scalability, usability

3) Manage who is trusted to perform what actions, where and when

Friction: Varying credentials, authentication protocols, authorization policies;
need to act on behalf of others



Integrate data & models to advance
urban science & resilience

Link field data on pathogen variants
with Al for pandemic surveillance

Need: 1) Act _anywtlere

Compare climate models to
understand the earth system

New viral
genomes

Coupled Model Intercomparison Project e = TRAINING — Periodically

(CMIP): Standard protocol for studying Sl ), retrain on Detection
! i trained on 110 million on SARS-CoV-2 new variants targets

general circulation model output viral sequences ORFs J -

Variant of
Concern score

xl CROCUS

Community Research on
Climate & Urban Science

‘A new paradigm for doing science’

DETECTION
WORKFLOW

PREDICTION WORKFLOW

Diffusion model to
derive hierarchy of foundation
gene organization model(s

Semantic
similarity score
(embeddings)

Epitope
alteration

>100 models >20 countrles

= I e : [ A L
75 “prpare Y 1.5x102 X ;

Earth System Grid Fedefation A flops

OPENFOLD

Sequence log
likelihood
score

Past approaches (data actions): Past approaches (compute actions):
* Gopher, FTP, Web, OPenDAP, ... * SSH, grid protocols, cloud APIs
* Distributed file systems * Java, virtual machines, containers

Challenges: Performance, scalability, reliability, portability, usability
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Need: 1) Act anywhere

. . 5 e >
Compare climate models to Link field data on pathogen variants n'.*f"’rﬁy Integrate data & models to advance |
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Our approach: * Modularity to target many systems

 HTTPS, GridFTP for universal, fast access ¢ Integration with secure delegation

* Portable agents for broad deployment ¢ Integration with hosted supervision
Globus

4 o}
Globus gb Globus &Iobus
nghtWEIght Connect Corlnpute Connect Compute
| Adapter interface
agents abstract i Adapter interface i Adapter interface Adapter interface
| |
|

. Plug-i Plug-i Plug-i - .
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DA QO D Ooo




Need: 2) Reliable execution of (sets of) actions
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Past approaches:
* Workflow systems
* Distributed file systems

Challenges: Complexity, fragility,

* Eventing, consistency protocols
* Reliable RPC, replication
* Cloud

scalability, reach




Need: 2) Reliable execution of (sets of) actions

Our approach:

* Cloud-hosted, replicated supervision

* Reduce endpoint complexity

* High assurance for sensitive data

e Simple retry-based protocols

Flows

Hosted research supervision services
Cloud-hosted, persistent, scalable, resilient, secure

Sequences T
of actions 4 N
- Transfer Search Other Compute
Non-Globus Copy data Read & write Globus Run f(x)@C
services amazon A—>B catalogs services \ actions )
4 web services L

FFFSFF SIS S

* Integration with secure delegation

Hosted

research
supervision
services




Need: 3) Control who

can perform what actions, when & where

Past approaches:
* Passwords, PKI, Kerberos

e OAuth,
* Specialized delegation protocols

 Grid Security Infrastructure

Challenges: Multi-site, dynamic computing; complexity, usability

Flows

Hosted research supervision services
Cloud-hosted, persistent, scalable, resilient, secure

Sequences
of actions

Non-GIobus}
services amazon

4 webservices

Transfer

Copy data
A->B

Search
Read & write
catalogs

v
Other
Globus
services

Compute

Run f(x)@C
actions

___________________________________________

FFSFST TS IS



Need: 3) Control who can perform what actions, when & where

Federated auth & Our approach: * Leverage OAuth2
secure managed * Secure delegation * Brower compatibility
delegation e Scoped credentials e |dP federation
Globus Auth — -
trust fabric Cloudhosted, persstnt, salable, resiion, socure
OAuth + delegation Flows y » Persistent, » FESTIIENE, SECU
Sequences l l |
- e N
- ofactions Transfer Search Other Compute
Non-Globus Copy data Read & write Globus Run f(x)@C
services : amazon AB catalogs services | actions )
webservices P

FFFSFF SIS S



Globus Auth: A managed research acceleration service
providing distributed authorization with delegation

Who do | trust to act on (1) "anhflow"
my behalf, when, and for Wse"t (
what purpose? S

Leverage OAuth for:

~

(4) “Provide

o SecuritY via scoped Token hierarchy o f:(:?(e)n::l;to Loekig
crede.n.tlals. Consent J Cloud-hosted Compute

* Usability via browser @Vices : /
compatibility ‘t‘gﬁii‘f pp—— —

1700 identity providers l __ 3 Token refresh

1.3 B access tokens Dependent .- -{is)node A

2.7 M consents oken (6)F) r“”S

S. Tuecke et al., https://doi.org/10.1109/eScience.2016.7870901, R. Chard et al., https://doi.org/10.48550/arXiv.2208.09513
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In total: Global services enable low-friction global science

1) Act on resources regardless of location and interface

- Widely deployed local agents
provide a global footprint for actions

2) Execute remote actions reliably >/
- Cloud-hosted managed research acceleration %/

services buffer against inevitable failures ;

-> Distributed authentication with delegation
enables secure management of privileges




Globus transfers involving any location host(s)
To: 2010-12-01 Transfers: 149 Petabytes: 0.00 Megafiles: 0.05 TB/e
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Lincoln, New Zealand
to Lugo, Spain:
19,932 km

Circumference of the earth:

40,075 km
Semi-circumference:
20,037 km

Collins Australian Clear School Atlas, 1964
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Globus Compute: A hosted research supervision service
that implements a universal computing fabric

Run functions
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e o Nom R = gcc.get result (f
Deploy Globus Compute agents s S = ERARE i 5

S pip install globus-compute-endpoint

S globus-compute-endpoint configure myep
S globus-compute-endpoint start myep
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Z. Li et al., https://doi.org/10.48550/arXiv.2209.11631
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Globus Compute application:

Privacy Preserving Learning
COVID19 detection from chest X-rays
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“Globus Flows”: Hosted research supervision services for flow
specification, execution, and management
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R. Chard et al., https://doi.org/10.48550/arXiv.2208.09513
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Flows enable creation of smart instruments
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Flows enable creation of smart instruments
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What else can we do with a global computing fabric?
Realize embodied agents

Persistent, Sense,
stateful act

Alcomputational system|that can(interact|with its
'environment)and(learn/from those interactions

Physical Adapt
or virtual responses




What else can we do with a global computing fabric?

Integrate with large language model (LLM) technologies
Model /0 W 4 LangChain

Format Predict Parse

“Does foo like bar, LLM {

“Does {x} like {y}, M

Chat
Model

and why?”




What else can we do with a global computing fabric?

Integrate with large language model (LLM) technologies

v L ]
Model /0 W 4 LangChain
Format Predict Parse
x = “foo”, y = “b
“Does foo like bar, Lot {
“likes™ True,
“Foo does... "
"""""""" : “Because ....”
“Does {x} like {y}, Model
and why?”
Simul
ation
Experi-

ment



Example: Design of antimicrobial peptides

publffjed (@) crarcer | [N #>-B\-BRC NCBI
Set of | Query PubMed for | Align proteins, predict | Evaluate structures |
peptides as i ChatGPT feedstock structure, rank results and filter results
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nf Agent Agent

Generate additional AT X :
experiments? ‘ Self-driving lab performs
Arvind Ramanathan, Priyanaka Setty, et al. | experiments




Questions

* [t used to be that computers were reliable and networks were
unreliable. Now computers are unreliable and “networks” are
reliable. How does that change what we do, and how?

* Global science services make it trivial to write programs that integrate
resources at global scale. What new programs do we want to write?
What new instruments can we create?



Thank you for your attention!

To learn more about our work: https://labs.globus.org https://globus.org

Questions or thoughts: foster@anl.gov
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