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Urban dynamics and resource impact

« Americans spend 90% of time indoors

U.S. Environmental Protection Agency. 1989. Report to Congress on
indoor air quality: Volume 2. EPA/400/1-89/001C. Washington, DC.

. Internet of Things (IoT)

Anonymized cell phone records - instrumenting people
Cloud-connected wireless sensor networks - $100 billion market in 2018
 OnWorld WSN report
0T in smart Buildings (BloT) - $85 billion market in 2020
 Memoori report
13% of US broadband homes have smart-home devices
Nest thermostat in over 1 million homes - 20-second data on occupancy
Health monitoring devices (Fitbit)
Self-learning home systems

&OAK RIDGE
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http://www.caba.org/news/member-press-releases/3121131
http://www.memoori.com/portfolio/internet-things-smart-buildings-2014-2020/

A brief history of energy and life quality
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A brief history of energy and life quality
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Sustainability is the defining challenge

* Buildings in U.S.

— 41% of primary
energy/carbon 73%
of electricity, 34% of
gas

* Buildings in China

— 60% of urban
building floor space
iIn 2030 has yet to be
built

* Buildings in India

— 67% of all building
floor space in 2030
has yet to be built

Annual energy consumption per capita, GJ*
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Energy Consumption and Production

Commercial Site Energy
Consumption by End Use

*7%

2 2 RESIDENTIAL SITE ENERGY
U.S. Primary Energy Consumption COAEMNTION B I UK

ADJUST TO SEDS
® Residential Other 13%
Buildings OTHER 3% 4 HVAC 32%
3 COMPUTERS 2% ~& .
m Commercial WET CLEANING & Cooking 2% \
Buildings 3% Refrigeration ;
REFRIGERATION

. 4%
® Industrial 4% 2

ELECTRONICS _ Water heating

5% _ 6%
W Transportatior ~ COOKING 4% . .
LIGHTING Electronics & %
6% SPACE | Computers 12% " Lighting 25%
COOLING 9%

TN 2012 Electric Bill - $1,533

" e e World Ene Production
The Role of Renewable Energy in the Nation’s Energy Supply, 2009 oy
125
Total = 94.578 Quadrillion Btu Total = 7.744 Quadrillion Btu
e ~Solar 1%
P "‘*\ = Geothermal 5% - 8
& < -Biomass waste 6% H 100
| Wind 9% 3
Wood 24% < 7% =R
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Presentation summary

* Scientific Paradigms

* Roof Savings Calculator
* Visual Analytics

* Knowledge Work

* Autotune

 Publications
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Presentation summary

» Scientific Paradigms (context)
* Roof Savings Calculator

* Visual Analytics

* Knowledge Work

* Autotune

* Publications

%OAK RIDGE
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4th Paradigm -

The Science behind the Science

o _ _ Tycho Brahe
- Empirical — guided by experiment/

observation

— In use thousands of years ago, natural
phenomena

Johannes Kepler
« Theoretical — based on coherent group of

principles and theorems

— In use hundreds of years ago,
generalizations

EfJE -dA=gq/¢,

fB-dA=0
§E-dS=—dd, /dr

. . . {j‘?B'dS = i+ pedd, /dt
- Computational — simulating complex

phenomena
— In use for decades

- Data exploration (eScience) — unifies all 3

— Data capture, curation, storage,
analysis, and visualization

— Jim Gray, free PDF from MS Research
%OAK RIDGE

National Laboratory


http://upload.wikimedia.org/wikipedia/commons/e/e9/Kepler_Mars_retrograde.jpg

Presentation summary

» Scientific Paradigms

* Roof Savings Calculator
* Visual Analytics

» Knowledge Work

* Autotune
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Urban Heat Island Effect
and Albedo Engineering
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Computer tools for simulating cool roofs

Roof Savings Calculator (RSC)

Chris Scruton Marc LaFrance
CEC ™\ INDUSTRY » DOEBT

COLLABORATIVE
R&D o
R. Levinson, <@ <2§ A. Desjarlais,
H. Gilbert, Y Q" W. Miller,
H. Akbari J. New
WBT
Joe Huang,

Ender Erdem

%OAK RIDGE
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Roof Savings Calculator

* Replaces:

— EPA Roof Comparison
Calc

— DOE Cool Roof Calculator

« Minimal questions (<20)
— Only location is required
— Building America defaults

— Help links for unknown
information

Calculator Input Comparison Chart

RSC!

PAC
Slides?

PAC | EPAS

QRpt?

DOES

Building Type

<

Location

A

Days of Operation per week

Building stock

Cooling system efficiency [SEER)

Type of heating

Heating system efficiency

Duct location

Level of roof/ceiling insulation

LA €

C KCEEE

S| [§e8

Above-sheathing ventilation

Radiant barrier

Roof thermal mass

Roof solar reflectance

Roof solar reflectance (black compare]

LS

Roof thermal emittance

b

Roof thermal emittance (black compare)

CECECCCECCCRI | (K

LK

Internal load

Conditioned space under roof

Gas and electricity costs

LS ] CCECEACCRE K

4

Inclination f Roof Area

L&

HVAC Schedule

4 &

Conditioned space (ftY)

<

Mumber of floors

Window-to-wall ratio

L (S

%
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RSC = AtticSim + DOE-2.1E

AtticSim - ASTM C 1340 Standard For Estimating Heat Gain or Loss
Through Ceilings Under Attics

Ventilation Out
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Commercial building types

“‘Big Box” Retail Warehouse

| @i\i\‘ﬁ@

Torcellini et al. 2008, “DOE Commercial Building Benchmark Models”,
NREL/CP-550-43291, National Renewable Energy Laboratory, Golden CO. %OAK RIDGE

National Laboratory
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Residential Simulation Results

Roof 1 - Existing Roof Roof 2 - Cool Roof Comparison

Roof Savings Calculator (RSC)
9. Roof type: 18. Roof type: 4 y
Go to: Advanced Mode © Tie |
© Metal 4B
Building @ Asphalt shingle @ Asphalt shingle Total | Codlng | Heatng

593 $95 -2
1163 kWh 1189 kWh 025 kWh

19. Solar reflectance (aged 3 yrs):

1. Closest | ion (similar weather):

Select location A

2. Building Type:
Residential «

@ 10%

3. Conditioned floor area (ﬂz): @

2025 11. Thermal emittance (aged 3 yrs):

Acrylic Al-Zn coated steel (15%)
Bare Al-Zn coated steel (20%)
Metallic field-applied coating (50%)
Painted steel (85%)

20. Thermal emittance (aged 3 yrs):
@ Acrylic Al-Zn coated steel (15%)

) Bare Al-Zn coated steel (20%)
Metallic field-applied coating (50%)
Painted steel (85%)

Heatng (kW) 387,166 2
CodlagWh) 0 | 0

4. Number of floors:

® 2

Base-Case Monthly Results

) Other materials (90%) ) Other materials (90%) Ja | Fel A My | hm | Wl AW
5. Year of construction: Heating (kWB) 387.136 254 4 847504/ 8676 | 104 | 0 052
O post-1990 12. Above-sheathing ventilation: 21. Above-sheathing ventilation: CoologkWt) 0 | 0 5739 128222 261.746 454844 337529 183.026 SO 0 | 0

1980-1990
@ pre-1980

@ Yes
@ No

@ Yes
@ No

13. Pitch (rise:run):
© High (slope > §:12)
@ Medum (2:12 < slope = 8:12)
@ Low (slope = 2:12)

22. Pitch (rise:run):
© High (slope > 8:12)

Medium (2:12 < slope = 8:12)
@ Low (slope = 2:12)

Heating/Coolin

6. Heating equipment:

14. Radiant barrier present: 23. Radiant bggrier pr

N

P1. Electricity price (cents per kWh): @ = —

1168 '
15. Attic insulation (hr 2 °F per Btu): 24. Attic insulation (h

P2. Natural gas price (dollars per 1000 ﬂs) ® R-50

1165

7. Heating system efficiency (AFUE): @
High-efficiency (90%)
Mid-efficiency (83%)
Low-efficiency (70%)

@ Custom

@ R-5

© R-3
@ None

@ None

8. Cooling system efficiency (SEER): @
O High-efficiency (15)

Mid-cfficiency (13)

Low-efficiency (10)

© Custom

16. Duct location:
© Conditioned space
) Attic

25. Duct location:
© Conditioned space
) Aftic

17. Duct leakage:

© Inspected (4%)
© Uninspected (14%)

26. Duct leakage:

© Inspected (4%)
© Uninspected (14%)

%OAK RIDGE

National Laboratory
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RoofCalc.com impact

Dashboard Apr 20, 2010 - Feb 28, 2011

. 100,000+ visitors, 200+ user feedback, S

Average: ~81 visitors/day

ao

S Zoom Out
Visits Visits
1 | | EEREH 1 | Il 2041
30,752 visits came from 112 countries/territories This country/territory sent 28,498 visits via 52 regions
Detail Level: City | CountryiTerritory | Sub Continent Region | Continent  Dimension: | None Detail Level: City | Region Dimension: | None X
Avg. Time on o Avg. Time on o
Visits Pages/Visit % Mew Visits Bounce Rate Visits Pages/Visit Site % Mew Visits Bounce Rate
30,752 1.42 88.26% 70.34% 28,498 1.42 88.35% 70.34%
% of Site Total Site / 1.42 Site Avg: 70.34% % of Site Total: Site Avg: 1.42 Site Avg: 70.34%
100.00% (0.00%) (0.00%) 092.67% {-0.09%) (-0.0
. - - Avg. Time % Mew Bounce . = = Awg. Time % MNew Bounce
Detaill Level: Country/Territory Visits -l Pages/Visit on Site Visits Rate Detail Level: Region X Visits -l Pages/Visit on Site Visits Rate
1 United States 28,498 1.42 00:01:25 B88.35% 70.34% 1 California 2,941 1.37 00:01:21 82 66% 73.95%
2 Canada 483 1.36 00:01:05 91.30% ¥3.08% 2 Texas 2,558 1.43 00:01:26 90.30% 68.22%
3.  India 156 1.42 00:01:08 80.77% 73.72% 3.  Florida 1,965 1.47 00:01:432 89.52% 58.09%
4. Australia 129 1.66 00:01:42 82.17% B66.67% 4. Mew York 1,608 1.35 00:01:09 91.42% 73.45%
5. United Kingdom 94 1.29 00:01:13 94.68% 65.96% 5. Pennsylvania 1,206 1.29 00:01:20 91.04% T1.72%
6. South Korea 79 1.52 00:01:07 70.89% 68.35% 6. lllinois 1,114 1.36 00:01:12 89.41% T3.79%
7. ltaly 66 1.61 00:01:33 59.39% 63.64% 7. Georgia 1,032 1.40 00:01:18 90.50% 59.09%

%OAK RIDGE

National Laboratory
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Nationwide results
O-SRIv. (HDD-CDD)

Cost savings for offices - 14 cities,

local utility prices, 22 roof types COOIing-dominate:a

Southern climates

o . ‘
Reflect| Emis Houston 0 . .

Description ance |sivity|SRI| $ saved |...13 % Heatmg'dor_nmated
BUR No Coating 10 [ 90 | 6 42 Northern climates
Mlneral MOd Blt 25 88 25 103 715‘000 710‘000 fSUIOO ° (‘J’W 5;070 N 10600 - 15(;00
Single Ply 32 90 | 35 230 HDD-CDD
Mineral Mod Bit 33 92 | 35 197
Metal 35 82 | 35 60 Trend | Maximum
Aluminum Coating| 43 | 58 [35| 279 ention | gbﬁe“’e‘; et Obcored Sut el Wl

- - ocation avings, est Observed System ifference
Mlne_ral Mod Bit 45 79 155 291 Atlanta 107 108gg Aluminum Coating zver BUR 65 Reversed
CoatingoverBUR| 49 | 83 |55| 433 Austin 107 2680 | Coatingover BUR (White) | 107 Same
Metal 49 83 [ 55 208 Baltimore 107 1000 | Single Ply /Coating over BUR 103.5 | Reversed

Chicago 64.95 360 Aluminum Coating over BUR 48 Same
.14 Fairbanks 42.68 680 Aluminum Coating over BUR 48 Same
Fargo 40.58 160 Aluminum Coating over BUR 48 Same
Houston 107 1840 Coating over BUR (White) 107 Same
Kansas City 107 800 Coating over BUR (White) 107 Reversed
Los Angeles 107 440 Aluminum Coating over BUR 65 Same
Miami 107 4440 Coating over BUR (White) 107 Same
Minneapolis | 47.05 360 Aluminum Coating over BUR 48 Same
New York 107 560 Aluminum Coating over BUR 65 Reversed
Phoenix 107 3000 Coating over BUR (White) 107 Same
San Francisco| 39.31 200 Aluminum Coating over BUR 48 Same

Mellot, Joseph W., New, Joshua R., and Sanyal, Jibonananda. (2013). "Preliminary Analysis of Energy Consumption for

Cool Roofing Measures." In RCI Interface Technical Journal, volume 31, issue 9, pp. 25-36, October, 2013¥

OAK RIDGE

National Laboratory
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Summer operation of HVAC duct in

ASHRAE climate zone 3

Heat Transfer [Btu/hr]

Q- Assumes Heat Transfer to Duct
TMY2 for Atlanta, GA

4000
2000
0
-2000
-4000
-6000
-8000
I Total Duct Heat Transfer
- -o- - Duct Leakage
10000 I Radiatio_n
L Convection
- -o- - Duct Storage
Attic Air Temperature
-12000 f f
0 24 48
August 1 Time (hrs)

72

100

20

10

%

Attic Air Temperature (°F)

OAK RIDGE
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Enhanced RSC Site

Input Parameter GUI Result Output
S S | T

Roof Type

-50

Select the roof type.

Current Roof: -100

Dollars

numIuLRy A
- >~ |

i =]
lasgow I
e DY ‘F"&-. cpar -150

o
Johmon Cey Q. /

! Greens

.

Knoxvile .~ o
15 ’; 200 .
o ,- 'Y ?m. Heating Cooling

owumlmw 0 Broenvie ORed!

~ 0
k ﬁl These numbers represent our estimate of your energy costs.

Care You can specify new values and re-calculate.

‘ N S Electricity price (cents per kwh):
eum 1,
o & Georgla 11.68
Columban o
§ Savrnah© oW
f

Natural gas price (dollars per 1000 ft3):

Asphalt shingle B

11.65
Learn More Re-calculate savings

Next

Database Simulation

S]1jnsay

_ Simulate _
Hypenon RSC Eng|ne

Savings Savings

%OAK RIDGE

National Laboratory
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Quote

“We speak piously of ... making small
studies that will add another brick to the
temple of science. Most such bricks just

lie around the brickyard.”
—J.R. Platt, Science 1964, 146:347-53

_&(OAK RIDGE
Nat

ional Laboratory
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RSC Service Example (Python)

client = suds.client.Client ('URL/TO/WEB/SERVICE/rsc.wsdl"')
print (client)

sm = client.factory.create('schema:soapmodel")
load soap model from xml ('../examplemodel.xml', sm)
sr = client.service.simulate (sm)

print (sr)

sm = client.factory.create('schema:soapmodel")

load soap model from xml ('../examplemodel.xml', sm)
print (sm)

contents = client.service.test (sm)

with open ('pytest.zip', 'wb') as outfile:
outfile.write (baseo64d.bo6ddecode (contents))

...download example building and batch script from rsc.ornl.gov/web-service.shtml

%OAK RIDGE

National Laboratory
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Update 1 line of code to change servers

1 import bhasecd

2 import =uds

3 import xml.dom.mwinidom

4 import logging

5

]

7 [Fdef load soap model from xml{xmlfilename, soapmodel):

15

19 [+ldef load soap results from xml{xmlfilename, Soapresults):
34

35

36 logging.basicConfigl)

37

38 test type = ['zimulate', 'test', 'upload', 'download']
39

40 print {("hello there, initializing client™)

41 client = suds.client.Client{'http:/fevenstar.ornl.gov/Ba3C/service/rsc. wadl')
4 pPrin DL inLCing Cl1lencmy

43 print{client})

44 raw input{'Fress Enter Lo continue... '+ Yty

%OAK RIDGE

National Laboratory
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Millions of simulations visualized for DOE’s Roof Savings
Calculator and deployment of roof and attic technologies
through leading industry partners

DOE: Office of Science CEC & DOE EERE: BTO Industry & Building Owners

Engine (AtticSim/DOE-2) debugged Qj&“ CentTiM.RK
using HPC Science assets enabling oo A\ .: nnovative Roofing and Flooring Solutions

visual analytics on 3x(10)¢ simulations CentiMark, the largest natlon-wide
roofing contractor (installs 2500

roofs/mo), is integrating RSC into
their proposal generating system
(20+ companies now interested)

25 316 web simulations, 156 feedback, 3+ million runs

Average ~81 visitors/day

..........

Roof Savings Calculator (RSC) web

site/service developed and validated \ *

[estimates energy and cost savings
from roof and attic technologies]

I 77,577 visits came from 112 countries

Leveraging HPC resources to facilitate deployment of building energy efficiency technologies

%OAK RIDGE

National Laboratory
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Personal story behind one of DOE’s

RSC images
Radiant barrier present: Ga\o )

14.

15.

Yes

' No

Attic insulation (hr

- R-50

16.
' Conditioned space
' Attic

R-38

' R-19
' R-11
' R-7
' R-5
' R-3

None

Duct location:

17. Duct leaka%a:
) Inspected (4%)

co™
o’% ,

Leaky ducts in unconditioned spaces are effectively costing you
money to condition the planet, not your house. Commercial
buildings have typical leakage rate of 10-20%; likewise, residential
buildings typically have duct leakage rates near 14%. The CEC's
Title 24 target leakage rate for inspected ducts is 4% and requires
no greater than 6%. This calculator supports duct leakage rates of
4% and 14%.

Duct Leakage

Sealed Ducts

ZERE

e

1=
©
x
x
"
-
e
v

¢ TUninspected (14%)

%

|
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Presentation summary

» Scientific Paradigms

* Roof Savings Calculator
* Visual Analytics

» Knowledge Work

* Autotune
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PCP - car data set

B2

5140.0

3.0

Horsepower

Cylinders

National Laboratory

%OAK RIDGE
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PCP bin rendering (data)

* Transfer function coloring:
— leading axis

a90zone vintage roof_type . floor_area
dntvpe [ ac type duct locatign

#(OAK RIDGE

National Laboratory
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visualcontrols.mov

The power of “and” - linked views (info)

Roof Savings Calculator

www.roofcalc.com

Dr. Joshua New (ORNL) and Chad Jones (UC-Davis)
Dr. William A. Miller (ORNL), A. Desjarlais (ORNL), Yu Joe Huang (WhiteBox), Ender Erdem (WhiteBox)

Multivariate Visualization of Large-Scale Parameter Sweeps

Parallel Coordinates Plots

Time-variant Function Plots

PP

Category Charts

%~OAK RIDGE

National Laboratory
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Outliers (wisdom)

 Selection of heating outliers

* Find all have box building
type and in Miami

[
g
3
floor_area

;'_V,,OA RIDGE
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Impact - RSC and Visual Analytics

12 Publications, 20+ organizations interested in licensing

New, Joshua R., Huang, Yu (Joe), Levinson, Ronnen, Mellot, Joe, Sanyal, Jibonananda, Miller, William A.,
and Childs, Kenneth W. (2013). "Analysis of DOE's Roof Savings Calculator with Comparison to other
Simulation Engines” ORNL internal report ORNL/TM-2013/501, November 1, 2013, 63 pages.

Mellot, Joseph W., Sanyal, Jibonananda, and New, Joshua R. (2013). "Preliminary Analysis of Energy
Consumption for Cool Roofing Measures." Presented at the International Reflective Roofing
Symposium, the American Coating Association's (ACA) conference, and in Proceedings of the ACA's
Coating Regulations and Analytical Methods Conference, Pittsburgh, PA, May 14-15, 2013.

Jones, Chad, New, Joshua R., Sanyal, Jibonananda, and Ma, Kwan-Liu (2012). "Visual Analytics for Roof
Savings Calculator Ensembles." In Proceedings of the 2nd Energy Informatics Conference, Atlanta,
GA, Oct. 6, 2012.

Cheng, Mengdawn, Miller, William (Bill), New, Joshua R., and Berdahl, Paul (2011). "Understanding the
Long-Term Effects of Environmental Exposure on Roof Reflectance in California.” In Journal of
Construction and Building Materials, volume 26, issue 1, pp. 516-26, August 2011.

New, Joshua R., Miller, William (Bill), Desjarlais, A., Huang, Yu Joe, and Erdem, E. (2011). "Development of a
Roof Savings Calculator." In Proceedings of the RCI 26th International Convention and Trade Show,
Reno, NV, April 2011.

Miller, William A., New, Joshua R., Desjarlais, Andre O., Huang, Yu (Joe), Erdem, Ender, and Levinson,
Ronnen (2010). "Task 2.5.4 - Development of an Energy Savings Calculator." California Energy
Commissions (CEC) PIER Project, ORNL internal report ORNL/TM-2010/111, March 2010, 32 pages.

#(OAK RIDGE
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Presentation summary

» Scientific Paradigms

* Roof Savings Calculator

* Visual Analytics

* Knowledge Work (context)
* Autotune
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McKinsey Global Institute Analysis

Exhibit E3

Estimated potential economic impact Range of sized potential  Impact from other
of technologies from sized applications Frotiomie '"“ﬁ'i;f P et P catens
in 2025, including consumer surplus .

$ trillion, annual

Mobile Internet 3.7-1048
Automation of )
knowledge work 9.2-6.7 .,-((.rA Autonomous and near- 02-19
f©"©$ autonomous vehicles =
The Internet of Things 2762 | Ay /,. Next-generation 0.7-16
== Jenomics
Cloud technology 17-62 0)+J® Energy storage 0.1-0.6
Advanced robotics 1.7-45 3D printing I e
Advanced materials 0.2-05
Advancgd oil and gas 01-05
exploration and recovery
__../ A\
| \::‘ Renewable energy 02-03

Source: McKinsey Global Institute analysis %OAK RIDGE
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$1000

machine helping meat machines

Evolution of Computer Power /Cost Brain First  Comparable
MIPS per $1000 P / MIPS /Equivalent Similar Machines
(1998 %) 9 anisms
Billion 10 ? Org G4 eta 2050
/ - 23 A2 1 (reasoning)
p JAumarn o, p
) / &'L:. m MYBP %
/ S G3eta2040 | =
/ _/Monke v, A (imagination)\ 3
Milli /S & ’ ;‘g‘% ) oo =
on / / / Mysp =
S ./ ///1 - G2eta2030 | 2
& N 2 nevions (adaptation)| &
&, y _\\%( Mouse 200 z
p 4 .i": p \}\/'..\"“ 23 " 1%em MYBP -~
/ >’{’“/,4 S SOM eaions G1 eta 2020
Dell 340/2G /‘/ / >’\q\‘ Lizard 350 (skills)
1000 Mac G3/266 &/ 7 10° MYBP .
Gateway G6-200 e/ 7/ o pifibll Utility Robot
PowarMac 8100/80 V4 Guppy W 450 eta 2010-2015
Gateway-486DX2/66 / Mac G4 dual 500 o e MYBP 3D perception
Mac I / 2000 in use 2005
Power Tower 180e 9
Macintosh-128K 2D bmt.ap 91(1)\
T&T robots
. Commodore 54 JETRT Clcbalyat 800 1 Worm 550
BMPC o 7 IBM PS/2 90 ‘ MYBP SRI Shakey
Applell  g.n o f Mac lifx 598, 1 Stanford Cart
DG Eclipse ! P Tr— 1970-1980
CDC 7600 e © Sun-3
) %
DEC PDP-10 [ ] .. Hopkins Beast
1 1BM 7090 IBM 1130 . *y Vax 11/750 102 Bacterium 3,500 1960
1000 Whirlwind ° o .. DEC VAX 11/780 Million
Years
oM 704 [ ] [} }‘ ° DEC-KL-10 'f’ﬁ..“"""'" Before Crcy Walter
UNIVAC | ° DG Nova the lortoise
ENIAC /’ SDS 920 Present 1950
X °e 1BM 360175
1 Colossus - ' ° IBM 7040 10'6
Million ° ./ Burroughs 5000
IBM 1620 \
1BM 650 Manual Zgss,
Burroughs Class 16 ° Calculation
~ %y '
1 18M Tabitator ~~ Zuse- .. ® 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Billion Monros Calculator ( @ o ASCC (Mark 1)
o — -
e 1900 ° 1920 1940
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Humans and computers

The brain of Albert Einstein 1955
| “ "

—

* 3 Ibs (2%), 20 watts (20%) PC - 40 Ibs, 500 watts

« 120-150 billion neurons * 4 cores
100 trillion synapses * 3 billion Hz
— Firing time ~milliseconds — Firing time ~nanoseconds

11 million bits/second input 100 million bits/second
— Consciousness - 40 bits/second — Not yet

62,500,000 words
Disk — 3TB, perfect recall

“Dumb?”, Artificial Intel.
%OAK RIDGE

National Laboratory
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« Working memory — 4-9 words

* Long-term memory — 1-1k TB

« Complex, self-organizing



Learning associations

Full Results Detailed Results

%OAK RIDGE
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//naoa-ws1/UsersG1/nri/Share/Presentations/Demos/ZoomLearn
//naoa-ws1/UsersG1/nri/Share/Presentations/Demos/ZoomLearn

Presentation summary

» Scientific Paradigms

* Roof Savings Calculator

* Visual Analytics

* Knowledge Work (context)
* Autotune

%OAK RIDGE
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Mortgage + Utilities ($/year)

Xisting tools for retrofit optimization

2,500

2,000

1.500

- cash flow 4
mortgage
[ utility bills

SRR RR

B R

0% 100%
Energy Savings (%)

Building
Orientation
Meighbors
Opsration

Heating Set Point
Cooling Set Point
Misc Electric Loads
Mise Gas Loads
Matural Ventilatien
Wislls

Weod Stud
Escterior Finish

Int. Boundary Walls
Ceilings/Roofs
Ceiling Insulaticn
Roof Insulation
Roofing Material
Radiant Barrier
Foundation/Floors
Slab

Thermal Mass
Wiall Mass

Cailing Mass
Exposed Slab
Windows & Shading
iindow Areas
Window Type
Interior Shading
Eaves

Airflovy

Infiltration
Mechanical Ventilation
Major Appliances
Refrigerator

Cooking Range
Dishwwasher

Clothes Washer
Clothes Dryar
Lighting

Harduwired Lighting
Flug-in Lighting
Space Conditioning.

EER

Option
Numbers

® Ref Point
W Current Point
Auailable Dptions

North —
at 15t

71F
7EF
1.00

1.00
Benchmark

F3I28 RIS batts, 2o, 16" 0.0 + 1" o
F0  Stucso
F0  R-11 Batls, 22, 16700

$0  R30 Fiberglass
$0  Uninsulated

§0  Asphalt Shingles, Light
F0 Mone

$0  Uninsulated

F0 Exterior and Farition, 1/2" 1
$0 152" Ceiling Dnamall
- 100% Exposed

- 1B.0% F20 840 L20 R20
$1  Lowestd SHGC arg

- Standard (BABenchmaid
$0 1 ftoverhang

$0  Typical
$0  Exhaust, 100% of AE2.2

30 Standard

0 Gas

$0  Standard

$0  Standard (v-Axis)
Tlect”

Simulation Engine
DOE-$65M (1995-7?)

&

API
.

EnerayPhiS OpenStudio

%OAK RIDGE
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Business limitations for M&V

Development Costs %

50%

Project Development Costs as % of Project Investment
(based on sampling of federal ESPC projects)

45%

40%

3,000+ building sunvey, 23-97% monthly error

35%

ASHRAE G14
N Requires

30%

SShERYIala CV(RMSE)
utility data NMBE

25%

s Using Hourly CV(RMSE)
utility data NMBE

20%

15% -

10%

5%

0%

$1 $2 $3 $4 $5 $6 $7 $8 $9 $10
Project Investment ($ Millions)

15%
5%
30%
10%

%OAK RIDGE
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The Autotune Idea

Automatic calibration of software to data

¥, OAK RIDGE
National Laboratory
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The search problem

Problem/Opportunity:

25000

~3000 parameters per E+ input file

£nk
20000 F {:,’ \ _.
i T‘\\\ AT ST

Qs

.......

40
il
=l

2 minutes per simulation = 83 hours

e g
T e e e
iy v

== Sy, T,
e o L

40
20

100

OAK RIDGE

National Laboratory
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ORNL High Performance Computing Resources

Titan:

299,008 CPU cores

18,688 GPU cores

710TB memory, distributed

BB e Jaguar:
o 11 O MBS S PSR LS 224,256 cores
e 360TB memory

Nautilus:
1024 cores
4TB shared-memory

Kraken: Gordon:
112,896 cores 12,608 cores

« - SSD

'é National Laboratory
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HPC scalability for desktop software

8 Million EnergyPlus Simulations
2707B dataset of energy data for buildings

* Energyplus deSktOp app No of Wall-clock Time
. . . Processors R (mm:ss)

» Writes files during a run 64 256 18:34
128 512 18:22

» Uses RAMdisk 256 1024 20:30
512 2048 20:43

. : : 1024 4096 21:03
Balances simulation memory T o
vs. result storage 4096 16384 20:00
8192 32768 26:14

« Works from directory of input 20364165536 26:11
: g 65536 262144 44:52
files & verifies result 131072 524288  45TB 68:08

Scalability on Titan

* Bulk writes results to disk

Acknowledgment: Jibo Sanyal, ORNL
R&D Staff

%OAK RIDGE
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Computational complexity

Problems/Opportunities:
Domain experts chose to vary 156
Brute-force = 5x10%2 simulations

E+ parameters

I I
1 1 1
| | |
t(imone_Tot(}}m'1 in_To[t®m1 out (H
|
m 2) m t m 10t
|

Om om 675 mr1875
__

LQKB S — s e
13.75 billion-years |

| \

Need 4{1x10%8 LoKU

%OAK RIDGE
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No database technology sufficient?

Relational, Columnar, NoSQL, different compression and partitioning

MyISAM InnoDB

 No ACID « ACID compliant
* No foreign keys  Foreign keys
« Speed at scale - Slower adding data

— 0.71 s on LOAD DATA — 2.3 son LOAD DATA
« Better compression « Poorer compression

— 10.27 MB — 15.4 MB

— Read only compression:

6.003 MB

232 rows maximum

Comparisons are based on inserting 200 csv output files, which is 7,008,000 records.

MS Azure DB almost hosted for free with Oakwood Systems, $512,237/month!

&OAK RIDGE

National Laboratory



What is artificial intelligence?

Domain Range

* Give It (lots of) data

* It maps one set of data to
another

« Paradigms
— Unsupervised (clustering)
— Reinforcement (don't run into wall) act act
— Supervised (this is the real answer) i iy

* Methods for doing that... Jink | think
biologically motivated or not

&OAK RIDGE

National Laboratory
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MLSuite: HPC-enabled suite of
machine learning algorithms

 Linear Regression  Self-Organizing Map with Local
Models

« Regression Tree (using
Information Gain)

* Feedforward Neural Network

« Support Vector Machine
Regression

- Non-Linear Regression - Time Modeling with Local Models

. K-Means with Local Models  Recurrent Neural Networks

 Gaussian Mixture Model with * Genetic Algorithms

Local Models - Ensemble Learning

PELIEN

Acknowledgment: UTK computer science
graduate graduate Richard Edwards,
Ph.D. (advisor Dr. Lynne Parker); now
Amazon

%OAK RIDGE
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MLSuite example
* EnergyPlus — 2-10 mins for an annual simulation

!'- ALL OBJECTS IN CLASS

Version,
7.0;

!'- Versimn _!

v
W Szl m;tm
Sin 1“( Jnﬁ‘bl

Ne,” |~D'e Zone Sizing CalW
No, !'-Do System Sizing Cal¥

}!"

RMSE

EnergyPlus

EI'|I||'||'|::-r'|I'.|'||Er'i1|I'II'I::-I'|l'I'||Er'|.1|I'II' g

puﬁt.uvé
g9 98698.5
a7 28595
4.825 95.75 28595
4. 75 94.5 28595
a4.675 93.15 38595

~E+ - 4 seconds Al agent as surrogate model,
90x speedup, small error, brittle

Order 1 with 15 Hidden Unit FFNN

50 —————=5F —— —

jg N * RMSE (|
i = O MTR []

35 - o ==

30 S 4

25¢ NN ac A .

20 & e THe |

% ~Sen —e%-e-

0 4 8 12 16202428 3236404448 5256 6064 6872
Energy Plus Variahles

50
45
40

135

30
25
20
15
10
5

=0

Mean Target Response

RMSE

50

45+
40
35}
30F
25}
20F

15

107
5_

Fine Grain with Lasso Regression

50
45
140
135
130
125
120

T I,-f‘\
* RMSE
O MTR

L

Feas o

Mean Target Response

o +=>|<=
bl L RERkNe

0 4 8 12 16202428323640444852566064
Energy Plus Variables %OAK RIDGE
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Quote

‘“the world is the best model

of itself.”
—Rodney Brooks, 1990, Elephants and nouvelle Al

Wouvelle Al. A robot should sense and then move according to

simple rules such as “Avoid collisions" or “Wander." %OAK RIDGE

National Laboratory
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Source of Input Data

« 3 Campbell Creek homes
(TVA, ORNL, EPRI)

e ~144 sensors/home, 15-minute data:
— Temperature (inside/outside)

— Plugs

— Lights — Dryer — Heat pump air flow
— Range — Refrigerator — Shower water flow
— Washer — Dishwasher — Etc.

— Radiated heat

%OAK RIDGE

National Laboratory
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52

MLSuite example
Data Preparation:

<Job>

</ Job>

<!-— Housze 1 Data
<Task>

-

<parameter id="jifile" value="--ifile CClFormated.mat"
: : type="string"/>
<parameter id="gfile"
i ! value="--gfile data/CClData.mat"
s ! i type="string" />
<parameter 1d="R&E@%& value="--ptrain 0.75"/>
<parameter id="bootstrap" wvalue="--bootstrap 10"/>
<parameter id="normalize" value="--normalize 1"/>
: ; <binary path="">GenerateData.py</binary>
</Task>

«!-— House 2 Data —--»
<Task>
: <parameter id="jfile" value="--jfile CCZFormated.mat"
tyvpe="string" />
<parameter id="gfile"
value="--gfile data/CC2Data.mat"
type="string" />

" wvalue="--p 0.75" />

52
=)
54
5
56
27
58
59
&0
61
62
63
64
65
L1
67

30x LS-SVM variants

(train/test and input order)

E{Job)
= <Task>

<parameter id="data" value="--data data/CClData.mat"/>
<parameter id="ontput"

H wvalue="--pfile results/LSSVM/CC1/"

H type="string"/>

<para.meter id="fold" value="--fold" type="string"/>
<parameter id="foldy" walue="1" maxvalue="10" =tep="1"

_ type="numeric"/>

{para.meter id="order" walue="--order" type="string"/>
<parameter id="grderw" value="1" maxvalue="3" step="1"
type="nuomeric"/>

{para.meter id="gshift" value="--tshift 1"/>

<parameter id="learner" wvalue="--learner EvaluatelLSSVM"
i type="string"/>

{parameter id="C" wvalue="--C 33.6134" type="string"/>

<kbinary path="">Launch.py</binarv>
</Task>

%OAK RIDGE

National Laboratory
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Applications of machine learning
* Linear Regression predicting whole building energy use

Fitting Whole Building Energy Consumption

.. House 1 ; - House 3
j=  (House2is g ;™ Noutsﬁ 9
2= similar) . Nexthour

gl B B B BB RS

 Accuracy Metrics for best subset of sensors

» Root Mean Squared Error(RMSE):  » Mean Absolute Percentage of Error(MAPE):  » Coefficient of Variance(CV): » Mean Bias Error(MBE):

%

1 N =l ! |J/E—Pa‘| cV = RMSExloo. _ ﬁztl(}’i_ﬁ’i)
RMSE = J N_o1 ;{)’i - pi)? MAPE N 'z_l: Vi Ymean MBE Ymean $100
HME FFNN HME LS-S5VM FCM
RMSE(Watt-Hours) 569.96-50.13 5B2.6133.97 603.85140.55 581.87141.67
MAPE(%) 17.07+1.19 15.94+0.92 17.37+1.02
CV(%) 20.14+1.65 20.59x1.12 21.3241.32 20.5641.37
MEBE(%) 0.4211.17 -0.0710.89 -1.5010.80 0.01+0.99
Best Four Sensors Best Model Top 10 Sensors
RMSE 1127.881+33.00 942.25126.14 1129.041-32.38
MAPE 41.17+1.12 30.531.03 40.44831.29
v 39.76+1.02 33.211+0.73 39.80+0.96
MEE -0.04£0.90 -0.06+0.92 -0.051£1.05
ICOMP{IFIM) 2166.3+1.54 1845.88-21.25 2125.50x2.72
OAK RIDGE
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MLSuite: HPC-enabled Suite of
Machine Learning algorithms

Linear regression  Self-organizing map with local

models
 Feedforward neural network

. * Regression tree (using
« Support vector machine information gain)

regression

: . « Time modeling with local models
* Non-linear regression

.  Recurrent neural networks
 K-means with local models

« Genetic algorithms |

* Gaussian mixture model with local
models

* Ensemble
learning

%OAK RIDGE
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Evolutionary computation

How are offspring produced?

| Thickness | Conductivity | _ Density | Specific Heat

Bldgl 0.022 0.031 29.2 1647.3
Bldg2 0.027 0.025 34.3 1402.5
(1+2), 0.0229 0.029 34.13 1494.7

(1+2), 0.0262 0.024 26.72 1502.9

* Average each component
 Add Gaussian noise
e ... “Al Inside of Al’

%OAK RIDGE
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Getting more for less

* EnergyPlus is slow
— Full-year schedule

— 2 minutes per simulation EnergyPlus

« Use abbreviated 4-day schedule instead
—Jan 1, Apr 1, Aug 1, Nov 1
— 10 — 20 seconds per simulation

EnerayPlus

g4 : .
£ - .'.-'""
% o —
g 109

\\\\\\
aaaaaa

Monthly Electrical Usage Hourly Electrical Usage %OAK RIDGE
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N =

B W

Island Hopping

4 of 19 experiments
Surrogate Modeling
Sensor-based Energy
Modeling (SBEM)
Abbreviated Schedule
Island-model evolution

Average Fitness Mapped by StdDev

9

0 50

w Tweet K Like Q‘ +1

1" 13 15 17

fud

0

Generation: 36
Average Fitness: 2,414.4
Std-Dev Fitness: 27.5

v Keep Only X Exclude 7

19 21 23 25 21 ¥ AN 3 3B

+ Downl

JH+ableau*
Powered by Tableau
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Automated M&V process Autotune
calibration of simulation to measurements

XSEDE and DOE Office of Science

No of Noof Wall-clock Time Time/E+task

Processors

32
64
128
128
256
512

Nautilus

Kraken

8 million building sims
270TB dataset!
(0.5M, 45TB, 1hr)

Leveraging HPC resources to calibrate models for optimized building efficiency decisions

E+sims (h:mm:ss)

(mm:ss)

32 0:02:08
64 0:03:04
128 0:04:11
1024 0:34:24
2048 1:25:17
1024 0:18:05

E+ Tasks
Processors

64 256
512

1024

2048

4096

8192

16384

32768

16384 65536
65536 262144
131072 524288

2:08
3:04
4:11
4:18
10:40
9:02

Scalability on Nautilus

No of Wall-clock Time
(mm:ss)

18:34
18:22
20:30
20:43
21:03
21:11
20:00
26:14
26:11
44:52

45TB  68:08
Scalability on Titan

DOE-EERE BTO

Features:
Works with “any” software
Tunes 100s of variables
Customizable distributions
Matches 1+ million points

Industry and building owners /

Commercial Buildings

ASHRAE
G14
Requires

lVAEIEW NMBE 5%
NiIVAEIEY NMBE 10%

15%

30%

(Residential Tuned input
home avg. error
Within Hourly — 8%

30¢/day | Monthly — 15%
(actual use
$4.97/day)

10+ companies interested

goAK RIDGE
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HPC-informed algorithmic reduction...

to commodity hardware

LoKY '

13.75 billion years

| |
¥ '

. |
!

Need 4{1x10%5 LoKU

[ ILrers T nven T wary [Einece ] =
ry:m-w-m---m--g i

T

23} Y

»
»
»
DN :I
K55
2

S
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Discussion

Oak Ridge National Laboratory
EESD — Martin Keller
ETSD — Johney Green
BTRIC — Patrick Hughes &
Ed Vineyard
WBCI — Melissa Lapsa

Joshua New, Ph.D.
newjr@ornl.gov




