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Learning thermodynamics of the Ising model
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Learning thermodynamics of the Ising model
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NN-QST of positive wavefunctions
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Training: tune the parameters () to achieve: |A(0)|* ~ Piaa(0)
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NN-QST of positive wavefunctions
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Ground states of local Hamiltonian
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@ Terminal Shell Edit View Window Help

gtorlai:~$ cd Work/Talks/2018-04

.CFUserTextEncoding .bash_sessions/ .Julia/
nda/

.D5_Store .conda/
rflow/

.Trash/ .config/
.anaconda_backup/
.bash_history

.Julia_hstory

- Jupyter/
.dropbox/ .keras/
.gitconfig .local/
.bash_profile .gnuplot_history .matplotlib/
.bash_profile-anaconda.bak .1ipython/ .oracle_jre_usage/
gtorlai:~$ cd Work/Talks/2018-04 /

.DS_Store .file
.DocumentRevisions-V100/ .fseventsd/

.HF5+ Private Directory DataMW/ .vol/

.0SInstallerMessages Applications/
.PKInstallSandboxManager/ Library/
.PKInstallSandboxManager-SystemSoftware/ Network/

.Spotlight-V10@/ System/

.dbfseventsd Users/

gtorlai:~$ cd Work/Talks/2018-04\ PSI_ML/

gtorlai:2018-04 PSI_ML$ cd CDL_RBM_Tutorial/tutorial/

gtorlai:tutorial$ 1s
total 24@
~PWXI-XP-X
~-rW-p--p--
~rW-r--p--

gtorlai staff
gtorlai staff
gtorlai staff
gtorlar stoff
gtorlal staff

1 .0K 23 Apr 17:44 ed_tfimld.py
1
|
1
1
-rw-r--r-- 1 gtorlai staff
1
1
1
1
1
1

4K 23 Apr 17:44 1singdd.py

.8K 23 Apr 17:44 isingld.pyc

.5K 23 Apr 17:44 main.py

.5K 23 Apr 17:45 plot_observer.py
.0K 23 Apr 17:44 plot_results.py
.6K 23 Apr 17:44 plot_sampler.py
.1K 23 Apr 17:44 rbm.py

.9K 23 Apr 17:44 rbm.pyc

-rw-r--r--
~rW-P-~r-~

~rW-r--r-- gtorlair staff
~-rW-r--r-- gtorlar staff
-rW-r--r-- gtorlar staff
~PW-r=-=r-~- gtorlai staff -3K 23 Apr 17:44 sampler.py
gtorlai staff .0K 23 Apr 17:44 sampler.pyc
~rW-r--r-- gtorlair staff 13K 23 Apr 17:44 tfimld.py
-rw-r--r-- 1 gtorlair staff 9.4K 23 Apr 17:44 tfimld.pyc
gtorlai:tutorial$ python main.py train tfimld -N 1@ -nH 1@ -B 1.0

N0 WU W=~ O©N

~PW-r==P-~

.pla_manager/
.pra_manager_crash. log

.rnd
.ssh/
vim/
.vimnfo
.vimrc

Volumes/

bin/

cores/

dev/

etc/

home/

installer. failurerequests
net/

MOOUPERBOFLT OB v
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Desktop/
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Downloads/
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Movies/

Music/

Pictures/
Public/

Sogno Infranto.mov

Video-Edit/
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@ Terminal Shell Edit View Window Help W 9% %) Tue 914 AM Q

python plot_observer.py timid

File ",
sping
File ",
self
File "
self
File "
self
File "
retu 0.2
File ", A nit
self o
File ", ! g g 9 2 o 2 ‘ > 8 : Bt ticklline
1.se
File ", t_transform
Arti
File ", .75 et_transform
self . _
File " changed
for (EVsELEE o)
File "
def
Keyboard
gtorlai:
plot_obs{
gtorlai:
gtorlai:
QT A € >+ Q=8
File "plot_sampler.py”, line 165, in <module>
observe_tfimld()
File "plot_sampler.py", line 151, in observe_tfimild
plt.pause(@.1)
File "/Applications/anaconda/1ib/pythonZ.7/site-packages/matplotlib/pyplot.py”, line 300, in pause
canvas.start_event_loop(interval)
KeyboardInterrupt
gtorlai:tutorial$ python plot_observer.py tfimld

1
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@ Terminal Shell FEdit View Window Help e S < W) Tue9aAaM Q

python plot_obsarvar.py tfimid

File ",
sping
File ",
self
File "
self
File "
self
File ",
retu 2.2
File " 323 nit
self e
File ", ) z 30 40 L. o Te e ! R AL o 9 : [t ticklline
1.se
File ", t_transform
Arti
File ", 75 o N et_transform
self . )
File "/ changed
for (s o)
File "
def
Keyboard
gtorlai:
plot_obs{
gtorlati: ; - - pr . - = 0.00
gtorlai: ' ) ) ' '
ACTracebdl, 2K ik i k® U
File "plot_sampler.py”, line 165, in <module>
observe_tfimld()
File "plot_sampler.py”, line 151, in observe_tfimld
plt.pause(@.1)
File "/Applications/anaconda/11ib/pythond.7/s1te-packages/matplotlib/pyplot.py”, line 308, in pause
canvas.start_event_loop(interval)
KeyboardInterrupt
gtorlai:tutorial$ python plot_observer.py tfimld

nll

MO0UPENBOFLT O@Bv-'H ANY
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Terminal Shell Edit View Window Help

. 7909427 .205883 <|Szl>
. 793475 .200338 <|Szl>
.780133 .231734 <|Szl>
. 783462 . 248497 <|Szl>
779772 .224636 <|Szl>
. 779061 .233012 <|Sz|>
.781691 .234852 <|Szl>
.786184 .225081 <|Szl>
777362 . .232252 <|Szl>
. 788970 : .228361 <|Szl|>
. 787004 .233259 <|Szl>
774772 .212353 <|Sz]>
.78@362 .201134 <|Szl>
.773053 : .199583 <|Szl>
. 770341 .226581 <|Szl>
. 772069 .207040 <|Szl>
. 771546 .213595 <|Szl>
.772835 > .225513 <|Szl>
.789892 .224908 <|Szl>
. 773852 .228158 <|Szl>

.927742 NL
.927122 NL
.931018 NL
.930351 NLL
.931159 NL
.931583 NL
.931184 NL
.930572 NLL
.932071 NL

Epoch = 111 @
%)
%)
@
@
0
0
%)
)
0.929219 NL
@
%)
/]
0
@
@
)
%)
%)

Epoch = 112
Epoch = 113
Epoch = 114
Epoch = 115
Epoch = 116
Epoch = 117
Epoch 118
Epoch = 119
Epoch = 120
Epoch = 121
Epoch = 122
Epoch 123
Epoch = 124
Epoch = 125
Epoch = 126
Epoch = 127

.685419
.662475
.691303
. 738691
.685077
. 705065
.731330
.688262
. 709535
.693006
.688999
.683166
.721349
.694818
. 723884
. 702055
.689583
. 709933
.734580
.694079

.930066 NL
.932604 NLL
.931496 NI
.933119 NL
.933624 NLL
.933566 NLL
.933869 NL
Epoch = 128 .934005 NLL
Epoch = 129 .931126 NL
Epoch = 130 Ov = 0.933940 NL
ACTraceback (most recent call last):
File "main.py", line 29, in <module>
tfimld. trainCargs)
File "/Users/gtorlai/Work/Talks/2018-84 PSI_ML/CDL_RBM_Tutorial/tutorial/tfimld.py", line
—, num_steps = sess.run([ops.train, ops.global_step], feed_dict=feed_dict)

FERPPREPRERRPRERPEY
S 09090900 e®

File "/Applications/anaconda/1lib/python2.7/site-packages/tensorflow/python/client/session.

run_metadata_ptr)

File "/Applications/anaconda/11b/pythond.7/s1te-packages/tensorflow/python/client/session.

feed_dict_tensor, options, run_metadata)

File "/Applications/anaconda/11b/python2.7/s1te-packages/tensorflow/python/client/session.

options, run_metadata)

File "/Applications/anaconda/11b/pythond.7/s1te-packages/tensorflow/python/client/session.

return fn(*args)

File "/Applications/anaconda/1ib/pythonZ.7/site-packages/tensorflow/python/client/session.

status, run_metadata)
KeyboardInterrupt
gtorlai:tutorial$

.733814
.75@339
.701491
.661000
.717432
.702229
.661105
707751
.698981
. 705611
.698267
. 704866
.668171
.717620
668805
.689585
. 725855
.678997
. 666461
. 719068

[~ I~ I~ I~ R~ O~ T~ I~ R~ T~ T~ T~ T~ T~ R~ O~ I~ T~

in train

1ine

1ine

line

line

line

895, 1n run

1124, in _run
1321, in _do_run
1327, in _do_call

1306, in _run_fn

MOONPENBOHLT @Ev- ¥ ANV
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Terminal Shell Edit View Window Help w3 W7 100% B Tue 9B AM O

python plot_samplerpy tfimid

subplot
add_subplot
3, in _imt__

n __imt__

in cla

la

et_tick
mt__

t_tickZline

mt__

Sl a €2 +Q=B
File "/Applications/anaconda/L1b/pythond.7/s1te-packages/matplotiib/markers.py”, 2 237, 1n set_fillstyle
self._recache()
File "/Applications/anaconda/11b/pythonZ.7/s1te-packages/matplotlib/markers.py”, line 201, in _recache
self._transform = IdentityTransform()
File "/Applications/anaconda/1ib/python2.7/site-packages/matplotlib/transforms.py”, line 1663, in __init__
Transform. _init__(self, *args, **kwargs)
KeyboardInterrupt
gtorlai:tutorial$ python plot_sampler.py tfimld

L]

t_fillstyle

MOOENPBENBOWLT @Bv-'H ANV
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NN-QST of positive wavefunctions

Ground states of local Hamiltonian
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NN-QST of complex wavefunctions
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Training: tune the parameters (X, it) to achieve: |¥a.(0%)|* ~ Piata(a®) in any basis{o®}
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GT et al, Nature Physics 2017 (1703.05334)
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NN-QST of complex wavefunctions
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GT et al, Nature Physics 2017 (1703.05334)
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NN-QST of complex wavefunctions

Quench dynamics
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Mixed states
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aa
pau(0,0") = Yau(o,a)P3, (o), a) = Z5 eu(@) PR (o)
a

GT and Melko, prerint 2018 (1801.09684)
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Mixed states
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Mixed states

W) = 5 (100) +[11))
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Experiments

Entangled photonic states
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Experiments

Entangled photonic states
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Experiments

Ising-type quantum simulator
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