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Systems code has evolved into
a design space scanning tool

e Rather than optimize about a specific design point, new
approach scans a wide for a range of possible
design points.

|t becomes necessary to visualize the large amount of data
produced.

 We would like to better visualize tradeoffs
and relationships between parameters.

e By relaxing an “optimized” constraint, a .
larger design window may open up and 9
give a more robust and credible design with
minimal impact on COE.
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Now to visualize those points...

It is a challenge to visualize large data sets:

“Lots of numbers don’'t make sense to ‘low-
bandwidth’ humans, but visualization can

decode large amounts of data to gain insight.”

- San Diego Super Computer Center



How do others visualize large data sets? =

* Visualizing large datasets is a difficult o0 7]
task, almost an art. A N

Y Ground Velocity .~

e Too much information can be
overwhelming/deceiving.

e 106 points exceed computer monitor
real estate.
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We have developed a visualization tool to utilize

the scanning capability of the new systems code
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VASST - Visual ARIES Systems Scanning Tool
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Example: Qdivinb vs COE, CC: B,

constraint:

B;<85T

VASST - Visual Aries System Seanning Tool
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Example: Qdivinb vs COE, CC: B,

- ARIES
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Example: Qdivinb vs COE, CC: B,

constraint: By <7.0T

ARIES

VASST - Visual Aries System Scanning Tool
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Example: Qdivinb vs COE, CC: B,
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Example: Qdivinb vs COE, CC: B,

- ARIES
VASST - Visual Aries System Scanning Tool Collur Sone:
Size of Dataset (# pts):  2.4514e+04 SiC blanket B [T] (toroidal mag field at i)
Select vour first plot . E P PP ........................................................
X [ Qdivink [MW/m*2] (heat flux inb... I:i
V5
Y | COE [millskWh] (cost of electricity) | § ] _ _ _ _
Golor Godng T
{:Cr B [T] (toroidal mag field at R) ks 1
ﬂm e 11 R PRRRE
B [T] (toroidal mag field at A) | ]
= [ = ] 6 |

{TJ { Clear, reset J

Parameter
R
B
Xne
fBS
Power
Tave Tabulate Data
BetaM
Sl Database Resolution
Kappa _—
NaN Enter res. reduction
(SR

COE [millsfkWWh] [cost of electricity

Cidivinb [MW.’H‘?] (heat flux inboard div)

8.5

73

B.5

3.5

45



Example: Qdivinb vs COE, CC: B,
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We have explored the “four corners” for current
ARIES Physics & Technology Assessment

« Scans have been performed to span the 4 corners of the parameter space
 VASST GUI has helped visualize the effects of filtering data and identified
design tradeoffs.

B

Aggressive in technology

Aggressive in physics
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Some example systems code scanning parameters:

| Range | Resolution

R (m) 4.0 - 8.25 0.25
B, (T) 45-8.5 0.25
BetaN 0.025 - 0.06 0.005
Q gain 15-40 5
n/ng, 0.7-1.3 0.1
P 5-40 5

aux

Preliminary filtering:
1. Pnelec = 1000 MW % 15 MW

2. Divertor (in/outboard) limit < 15 MW/m?
3.Bimax=6-18T

System scans done
on cluster computer
with 100’s nodes

Large system scans can
produce 10° - 108 points
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By Vs COE, CC kappa
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B\ VS COE, CC Hg,

ARIES
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B\ VS COE, CC Hg,

ARIES
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Hyg Vs COE, CC kappa

ARIES
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Aggr physics / aggr tech filtering (1/3)

VASST - Visual Aries System Scanning Tool, v.2
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Aggr physics / aggr tech filtering (2/3)

VASST - Visual Aries System Scanning Tool, v.2
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Aggr physics / aggr tech filtering (3/3)

ARIES

VASST - Visual Aries System Scanning Tool, v.2

Size of Dataset (# pts):  1.1737e+04 SiC blanket
Select vour plot
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Aggr physics / cons tech

VASST - Visual Aries System Scanning Tool, v.2

Color Code:
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Example: Rvs. By Vvs COE, CC Hgg
WVASST - Visual Aries System Scanning Tool, v.2 Color Code:
Size of Dataset (# pts):  7.9840e+03 SiC blanket COE [millsAWh] (cost of electricity)
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Example: Cons physics / aggr tech

ARIES

VASST - Visual Aries System Scanning Tool, v.2

Size of Dataset (# pts):  1.1737e+04 SiC blanket
Select vour plot
x | B[T](toroidal mag field at R) 4]
VS

i3]
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Color Coding
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Example: Cons physics / aggr tech

VASST - Visual Aries System Scanning Tool, v.2
4 4 Zolor Code;

Size of Dataset (# pts):  1.1737e+04 SiC blanket BetalM [-] (normalized beta)
Select vour plot
¥ | BIT](toroidal mag field at R) -:] 110
Vs
y | COE [millsWh] (cost of electricity) |4 ]
Caolor Coding
cc! BetaM [ {normalized beta) ':] 100
Constraint
| BetaN [] (normalized beta) & = :
) = 5 L I . - 4005
= = I S S AU S SIS ST AR 0 N S . N S
= 0.035 o ,f// ]
o I
N /’ :
| Plot! | | Clear, reset © e . |
7] P .
o H H : H K4 : :
E 5 5 5 5 4 : : . - 40045
= B0 foe PP For foes Lo, B LB L A,
Correlation coefficient NaN = : : : : I : . =
between X & Y: = ' ; -
8 \ ' .
Save Plot E. |‘ Y . =
w . etapt
Populaie Tablo O TO o U USITE SRS R RN I B l S L dona
 Populate Table ) © : : 5 : 1 O I
: : : : i1 :
Parameter : : : : : : I
: : : : R a
. : : | I ERARE .
B : : : : / : l ’ L :
e - : : : Lo : : e 0 :
= N R R ST e TP PR PP l ......... R I . 0 I I R : EEEEEREN
= Turn on ARIES-AT points : § : Y N< 0035 § -7 . 0.0=5
. : : : : I : : - : :
Eoweq Xmin Ymin 5 5 5 Lo . R r '
Tave N v : : : N e---mTTTT : :
BetaN e e : : : : : : :
e Edit Plot Properties B | e LSS e, e, e, e, ST
Eapps i i i i i i i i i
NaN Database Resolution 0 1 2 3 4 5 5] 7 g g
— alr Enter res. reduction B [T] (toroidal mag fisld at R)
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Example: Cons physics / aggr tech

VASST - Visual Aries System Scanning Tool, v.2

Zolor Code:
Size of Dataset (# pts): ~ 1.1737e+04 SiC blanket BetaM [-] (normalized beta)
Select vour plot
¥ | BI[T](toroidal mag field at R) == ] 110
VS
Y | COE [millskwh] (cost of electricity) |4 |
Golor Coding
cc| BetaN [ (normalized beta) 52 100 :
Constraint
[ BetaN [-] (normalized beta) F& = 5
- : O : - 005
< 8 :
= 0.030 E 5
w :
Plot! Clear, reset © :
[f2) :
o :
& ; - 0045
Caorrelation coefficient = 5
between X & Y: ol = . !
e 1 I
Save Plot = I 1
|_SavePit ] E : \
% - : : : : ¥ : Y
Populate Table e P e [ EEE TP TITT R 4 - 0.
| Popuiate Tebke ) O ; | | | \ O .-~
H H H H | 7:
Parameter : : : : 0 A
R : : : : _- b :
H . . . ~ H ~ :
B : : : : / : : S< :
: : : : / : : ~:
Xne : B i P PP SR RN » B [N AL :
- Turn on ARIES-AT points : : : T BN< 0_035 :
\ : : : : I : : e
Ecirey Xmin Y¥min : : : o : = :
Tave X v : i i N : :
BetaN Mg max : : : :
COE : ; : : : : : : : : :
Edit Plot Properties 0 e PR TR P PR T PR RTN R PP PRRE T B P TRRRTES e
Kappa S ————— i | | | | i | i i
Mah Database Resolution 0 1 2 3 4 5 ) 7 g 9
& Enter res. reduction B [T] (toroidal mag field at R)
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Managing the ARIES systems code & VASST

ARIES
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Document error
corrections &
modifications to
the systems
code

« Mod #, date,

 Error correction or -

modification

e Lines of code
affected

* Person responsible
for input

» Status - complete,
in progress, or
pending

* Notes
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Revision control is necessary and helpful -

Revision number Date/time

 Must track and control
revisions to the code.

b SUbverSion (SVN) 2 : 2010-03-30 14:18:04 -0700

\ . Icarlson 2010-03-05 09:21:30 -0800

h Icarlson 2010-02-17 14:37:09 -0800

SOﬁware m al nta‘l nS t e aries 2010-02-11 08:27:27 -0800
2010-02-09 12:39:05 -0800

COde Centralized in a- ::::: 2010-02-08 14:33:11 -0800
server repository.

Comments left by editor

3/3010 LCC, ran a new inpar2 file with mare resolution and modifications to {GW, B, and kappa. They were stuck an certain values. The
new scan has 810k points. Trying now to apply SiC blanket to the points using the PPPL cluster. Other mods include wark on the
visualization GUI and Matlab plotting.

_—1| Code affected

fasclrun scripts 02hvasstscriptB.sh:
fascf03MatlabPlotScripts/guifasegui0d.fig:
fascr03MatlabPlotScripts/iguifascguio2.m:

fasclrun scripts 02/note.rf:
fascf03MatlabPlotScripts/iguifascguiod.m:

fascfrun scripts 02:

fasci)3MatlabPlotScripts/gui/kessel kappa comparison:
fasc/03MatlabPlotScripts/AriesSiCdb.mat:




The database chronicle
contains important details

ARIES

What input parameters were scanned?
What version of the systems code was used? Any changes? Version #
What blanket/divertor were implemented?
What were the assumptions applied in the code?
What filters were implemented? (Pnetel, Qdiv, B, etc.)
What costing algorithms were used, year$, material properties ?

= Every result/picture/graph must be traceable
and backed up with specifics of its origin

Database Chronicle Pysics Output file
output aftereng Plasma
file size  module Output file file name Input files physics Engineering Systems WVASST
Log # Date Blanket # points (MB) (MB) {(named by # data pts) inpar inpar2 folder filters applied code rev Rev # Notesl
1 20100407 SIiC 282,866 178 311 SysoutFinalsic282.data Binpar 8&inpar2 inparQ6 apply as needed, 21 Q
2 20100407 DCLL 282,866 178 314 SysoutFinaldcli2B2.data Binpar &inpar2 inpar07 apply as needed, 21 0
3 20100412 SiC 810,303 510 897 SysoutFinalsicB10.data Binpar &inparZ inpar0ds apply as needed, 21 0
4 20100412 DCLL 810,303 510 900 SysoutFinaldcliB10.data Binpar &inpar2 Iinpar05 apply as needed, 21 0
5 20100528 SiC 60,412 38 49 SysoutFinalsice0.data Binpar 8&inpar2 inpar08 usually: Bt 6-18, 1 22 1 Took 282k inp.
6 20100528 DCLL 60,412 38 49 SysoutFinaldcli6D.data Binpar &inpar2 inpar08 usually: Bt 6-18, 22 1"
7 20100614 SiC 1,136,792 - 763 (122 .mi SysoutFinaldsiccombined.d - - databasel’ Bt 6-18, deviatior - Combined dat,
8 20100614 DCLL SysoutFinaldclicombined.d: - - - "
9 20100614 SiC 280,444 176 309 SysoutFinalsic280.data &inpar2 inpar09 Bt 6-18, deviatior 22 1 After C.K. cor
10 20100616 SIiC 20,466 12.9 22.8 SysoutFinalsic20.data Ginpar2 inparl0 Bt 6-18, deviatior 22 1
11 20100616 SiC 16,473 10.4 18.5 SysoutFinalsicl6.data Binpar2 inparll Bt 6-18, deviatior 22 1
12 20100616 SiC 252,803 159 283 SysoutFinalsic252.data Binpar2 inparl2 Bt 6-18, deviatior 22 1
13 20100616 SiC 18,255 11.5 20.5 SysoutFinalsic18.data GinparZ inparl3 Bt 6-18, deviatior 22 1
14 20100621 SiC 1.7M SysoutFinaldsiccombined2. - - databasedi Bt 6-18, deviatior - 2 Combined dat.
15 20100701 SiC 280,444 176 SysoutFinalsic2B0magx3.d: " &inpar2 inparQ9 Bt 6-18, deviatior 22 1 Reduced mag



Summary

v" New VASST visualization tool provides visual interaction
with systems code database and gains insight into design
tradeoffs.

v" Utilized VASST to help define preliminary strawmen for
ARIES Physics & Technology Assessment.

v Continuing chronicle and documentation of systems code

v" Thicken database to encompass 4-corners design space
to issue refined strawmen for detailed design.
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