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Identifying emission lines is quite easy...Identifying emission lines is quite easy...
          …           … when multiple lines are detectedwhen multiple lines are detected

WISP data (Atek+2010)WISP data (Atek+2010)



  

But when only one line is detected...But when only one line is detected...
HST IR grisms (J and H band)

??

Unknown single line detected

Anything else is beneath the S/N detection threshold 
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But when only one line is detected...But when only one line is detected...
HST IR grisms (J and H band)

??

HHαα

[OIII][OIII]

[OII][OII]

Photo-z PDF may not very helpfulPhoto-z PDF may not very helpful



  

WISP
The WFC3 Infrared Spectroscopic Parallel survey

HST pure parallel large program (~2000 orbits, >1500 arcmin   )   

 -  slitless spectroscopy   

 -  direct imaging  

2

PI: M. A. Malkan (University of California - Los Angeles)

H. Atek et al. (2010)

G102:   0.8 – 1.1 μm (R~210)
G141: 1.07 – 1.7 μm (R~130)

 J  band (F110W),
H band (F140W/F160W)
Ancillary UVIS + IRAC + ground based optical

- One of the most importan proxies
   For the future surveys of 
   Euclid and Roman

-  Now collecting data with 
   JWST (PASSAGE survey, 
   P.I. M. Malkan, 
   proposal ID: GO-1571 - Cycle 1 )



  

An artificial intelligence is not an artificial GODAn artificial intelligence is not an artificial GOD

A learner can help exploiting hidden information, A learner can help exploiting hidden information, 
but it does not but it does not createcreate information from nothing. information from nothing.



  

Additional information that can help 
identifying a spectral line:

  - Apparent Magnitude (F110W);

  - Apparent Size (F110W);

  - Color index (J-H);

  - Line equivalent width;

   … etc ...



  

ALGORITHM 1 (Naїve Bayes approach)



  

UMLAUT basics
Unbiased Machine Learning Algoirthm Using Topology

Empirical principle:

Objects that are close to each other in N dimensions 
tend to be close also in an indipendent N+1 dimension, 
when N>>
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Empirical principle:

Objects that are close to each other in N dimensions 
tend to be close also in an indipendent N+1 dimension, 
when N>>

Toucans that are
similar to each other 
in 2 dimensions, 
tend to be similar also 
in 3 dimensions...

...unless one of the 
pictures is depicting 
the picture of a toucan.

UMLAUT basics
Unbiased Machine Learning Algoirthm Using Topology



  

How it works in practice:

INPUT
 Data in N dimensions

Analysis data point

Ranking of the input 
variables
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How it works in practice:

INPUT
 Data in N dimensions

Analysis data point

Identification 
of closest data 

points

Groups 
identification 

(DBSCAN-like)

Outlier / new type 
 identification

Ranking of the input 
variables

OUTPUT
 Average value / fit / PDF 
along the N+1 dimension,

 for the closest data-
points



  



  



  



  

Among the UMLAUT Advantages:Among the UMLAUT Advantages:
Single dimensions could retain useful information about the Single dimensions could retain useful information about the 
output without showing any correlations at all with the output without showing any correlations at all with the 
output itself.output itself.

→ → UMLAUT takes into account all the input dimensions UMLAUT takes into account all the input dimensions 
at the same time!at the same time!



  

Among the UMLAUT Advantages:Among the UMLAUT Advantages:
Dimensionality reduction strategies (such as PCA) often Dimensionality reduction strategies (such as PCA) often 
assume orthogonal native axes and/or Gaussian assume orthogonal native axes and/or Gaussian 
distributionsdistributions

→ → UMLAUT does not require/assume orthogonal native UMLAUT does not require/assume orthogonal native 
axes or assumptions on the data distribution.axes or assumptions on the data distribution.

HERE PCA HERE PCA 
FAILS!FAILS!

Shlens 2014



  

Dimensionality reduction strategyDimensionality reduction strategy

Strategy (simplified):Strategy (simplified):
1)1)  Measure the dispersion on the output parameter in positions 1, A and BMeasure the dispersion on the output parameter in positions 1, A and B
2)2)  Move into the direction of decreasing gradient (position 2)Move into the direction of decreasing gradient (position 2)
3)3)  Iterate until a local minimum is foundIterate until a local minimum is found

N-dimensional space of expansion of the N input parameters N-dimensional space of expansion of the N input parameters 
(N=2 in this example)(N=2 in this example)



  

Naїve Bayes + UMLAUT

EW

Size

J mag

SED fit
UMLAUT



  

NaNaїїve ve Bayes aloneBayes alone

UMLAUT aloneUMLAUT alone

NaNaїїve ve Bayes + Bayes + UMLAUTUMLAUT

CompletenessCompleteness ContaminationContamination PurityPurity

HaHa 89.3 %89.3 % 12.8 %12.8 % 87.2 %87.2 %
[OIII][OIII] 79.6 %79.6 % 16.2 %16.2 % 83.8 %83.8 %
[OII][OII] 66.7 %66.7 % 70.9 %70.9 % 29.1 %29.1 %

CompletenessCompleteness ContaminationContamination PurityPurity

HaHa 88.3 %88.3 % 15.2 %15.2 % 84.8 %84.8 %
[OIII][OIII] 77.0 %77.0 % 17.9 %17.9 % 82.1 %82.1 %
[OII][OII] 50.0 %50.0 % 73.3 %73.3 % 26.7 %26.7 %

CompletenessCompleteness ContaminationContamination PurityPurity

HaHa 89.6 %89.6 % 16.0 %16.0 % 84.0 %84.0 %
[OIII][OIII] 77.8 %77.8 % 18.0 %18.0 % 82.0 %82.0 %
[OII][OII] 12.5 %12.5 % 33.3 %33.3 % 66.7 %66.7 %



  

ALMA Band 3 number counts

Image of a band 3 calibrator

 Compute number counts !

- Are there any other serendipitous detections around?



  

ALMA Band 3 number counts

Image of a band 3 calibrator

 Compute number counts !

- Are there any other serendipitous detections around?

~ 500 valid calibrator images
~ 700 arcmin  (at 1mJy)2



  

Flux boosting

Contribution of 
each single 
detection



  

ALMA Band 3 number counts

Theoretical models:
Tucci + 2011 (RL-AGN)
Cai + 13 (SFGs)



  

ALMA Band 3 number counts

Ooops….

Theoretical models:
Tucci + 2011 (RL-AGN)
Cai + 13 (SFGs)
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ALMA Band 3 number counts

Same calibrator (after 
changing scale)

Extensions of the central calibrator are counted as (multiple) 
serendipitous sources
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ALMA Band 3 number counts

Extensions of the central calibrator are counted as (multiple) 
serendipitous sources → Down to a few sigma, it becomes 
more and more difficult to identify these contaminants by eye

Another calibrator Same calibrator (after 
changing scale)



  

ALMA Band 3 number counts - simulations

Original image Simulated image



  

ALMA Band 3 number counts - simulations

Original image Simulated image



  

ALMA Band 3 number counts (5σ)

Additional contaminantsAdditional contaminants 
- NOT removed- NOT removed

Theoretical models:
Tucci + 2011 (RL-AGN)
Cai + 13 (SFGs)
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ALMA Band 3 number counts (4σ)

Additional contaminantsAdditional contaminants 
- NOT removed- NOT removed

Theoretical models:
Tucci + 2011 (RL-AGN)
Cai + 13 (SFGs)



  

ALMA Band 3 number counts (4σ)
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- Identified by eye - Identified by eye 
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Theoretical models:
Tucci + 2011 (RL-AGN)
Cai + 13 (SFGs)



  

ALMA Band 3 number counts (4σ)

Additional contaminants 
identified by UMLAUT 
and removed

Additional contaminants Additional contaminants 
- Identified by UMLAUT - Identified by UMLAUT 
- Removed- Removed

Theoretical models:
Tucci + 2011 (RL-AGN)
Cai + 13 (SFGs)



  

ALMA Band 3 number counts (4σ)

Additional contaminants Additional contaminants 
- Identified by UMLAUT - Identified by UMLAUT 
- Weighted by UMLAUT- Weighted by UMLAUT

Theoretical models:
Tucci + 2011 (RL-AGN)
Cai + 13 (SFGs)



  

Easily adaptable to a wide variety of problems
UMLAUT



  



  

Mountain View (31)Mountain View (31)

Cupertino (173)Cupertino (173)
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markers
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Age



  

Palu
Fierozzo
Roveda

                   Age



  

1811 – Napoleon wants a census of all the dialects 
spoken in the Italian kindom

→ First important official document 
     written in Mocheno language

                                   Who wrote it?
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Linguistic 

markers

Villages

Age

Almost Almost 
100%100%
PalùPalù



  

Ongoing development:

- Code optimization (same algorithm - faster run);

- Translate UMLAUT in different languages (Python)

- Parallelization of the code (NVIDIA-CUDA);

- Improvement of the current dimensionality reduction 
strategy
● example1: using a PCA-like strategy
● example2: by replacing each of the input dimensions with random 

ranks and comparing the output variance.



  

Conclusions:
- New facilities producing unprecedented amount of data 
are going to be available in the next few years: every 
aspect of the treatment of such data must be automated;

UMLAUT is:
- a ML algorithm based on the analogy paradigm;
- extremely (and easily) adaptable to very different 
contexts;
- freely available online

3 applications were presented:
- Identification of single spectral lines
- Recognition of ancient linguistic variants
- Identification of contaminants in sub-mm number counts
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