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Graphical Representation
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Graphical Representation
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Tensor Contrangtion

Bookkeeping tensor indices is
tedious and error prone.

Programming fermonic systems
can be complicated

Minimize computation time and
memory usage

Speed up computation with

compute accelerators (GPU,
MIC)
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Tensor Network Application
DHRG, TEBD, PERS, T G, MERA, elc

Matlab, C++,
Fortran, Python
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Matlab, C++
Fortran, Python
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Tensor Network Applications:

Matlab, C++,
fFortran, Python

Hardware

~ CPU, GRPU.
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Uni10

» Fully implemented in objected-oriented C++
* Aimed toward applications in tensor network algorithms
* Provides basic tensor operations with easy-to-use interface
* A symmetric tensor class UniTensor (Abelian symmetry) with

auxiliary classes for quantum numbers, Qnum , blocks Block and
bond labels, Bond and functions performing tensor operations.

* Anetwork class Network, where details of the graphical
representations of the networks are processed and stored.

* An engine to construct and analyze the contraction tree for a given
network,

* A heuristic algorithm to search for an optimal binary contraction
order based on the computational and memory constraints.

* Provides wrappers for Matlab and Python (
* Supports acceleration with Nvidia Cuda ba

* Open source LGPL with cite-me license

WOrK in progress).
sed GPU.
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Network

Network

(putTensorn ) (Iaunch())
UniTensor Matrix
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Network

( lau nch())

( putTensor() )
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Model
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%ymmetrieg

. U1
* Total S;
* Total particle number
75

* The parity of some particle number

* Key to fermionic system
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Fe>mionic sys’>em

I minus sign
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minus sign!
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UniT>ensor & T\Aatrix

ql

® Interactions: | [l ]
® T.gnums(); L _l 93
=L Bl 4
® T.getBlock(qd); all |
® TputBlock(q3); QG‘B'OC“(CB){ )DUlB|OCk(q3)

* Matrix operations:

® M.diagonalize();
® M.svd();

® Mc = Ma * Mb;

® M.transpose()
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Network
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Network 5

A file for connections(“demo.txt"):

Cisira|

D:-228 — '; :
=N
B:34:56 : :
ENESESN 7 4
FHBIBH=AN — D

ABCDEF A 8

Network net(*demo.txt”)
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Network B

A file for connections(“demo.txt”):

G 7L e :
D:-2;2§ —3
A:12:34
B:34:56

E:75-3 .. KN\
F: 6 8: -4 -4
AeCDEE

Network nefiis
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Network - |aurich

CDABEF

Gy =137 1 /CKL
2528

A:12:834 @ @/%
B:34;56

ESA5 -0

F:68; -4 @6 5

((A*B)*0)"B)* (D*F)
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Dabc = Z Aaln Bbmlcr:-n.m

Imn
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pairwise contractions

) Cost:bclmn+abcln (pairwise)
beln b

Cost:abclmn (direct sum
® © )

pairwise is better if: (1 /4 + 1 [m) < 1
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pairwise contractions
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Network - laurnch

CDABEF

net.launch()
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pairwise contractions
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LRI

C2: 34 35

C3: 41 42

Cd: 19 16

Tib: 1 20 3 4
Tla:z 20 34 21 22
T2a: 35 38 36 17
T2b: 38 41 39 40
Tib: 42 33 31 32
T3a: 33 19 17 18
Tda: 16 13 14 15
Tdb: 13 2 5 6

Alt 4 24 10 6 B
AlT: 3 23957
Ble 22 37 27 24 25
BIT: 21 36 26 23 25
A2r 27 40 32 29 30
A2T: 26 39 31 28 30
B2: 10 29 18 15 12
B2T: 9 28 17 14 11
0r 78 11 12
TOUT:

ORDER: C1 Tlb Tdb AlT Al O p2T B2 Ta C4 T3a Tla BIT Bl A2T A2 T3b 2 T2a

CTM.net

——

-

'q

Page 33/43



)
o)
@
)

3)
Fay
)

=
)
=

Bond Dimension
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iinclude "unil@.hpp"

Qnum q10(1, PRT_EVEN);

Qnum q_10C-1, PRT_EVEN);

Qnum q30(3, PRT_EVEN);

Qnum q_11(PRTF_ODD, -1, PRT_EVEN);
Qnum q11(PRTF_ODD, 1, PRT_EVEN);
Qnum q_31(PRTF_0DD, -3, PRT_EVEN);
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GP\ Programn}wing
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CUDA Programming is non-trivial!! W
L) | |
1l _setDiag( lo* elem, * diog_elem i M t
! Adx - Y * BLOCKMAX * THREADMAX gt Sl
L(idx « diog N B idx < M &R tdx < N) i i
; elenlide * N + {dx] = diog.elen[idx];
W getDiog( le® elem, * dieg_elen Y ' t
i Y * BLOCKAX * THREADWAX +' |11 o L1 $128-¢ dlog. M)
VCidx < diog. N 88 dx < M B idx < N) ke o}
; diag_elen[idx] = elem[idx * N o dx];
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Network

Network

AN
(pulTensor() ) (Iaunch())

.
-

UniTensor Matrix

vom 1 (o}
=1 Qnum [=-{ Block Matrix
* | |

2

Welcome more users,
testers, and developers !
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Geared toward tensor network algorithms
Reduce development time in coding
Behind-the-scene optimization
Support for Python and Matlab (soon)

* Todo:

* GUl tools for network generation

* Non-abelian symmetries: SU(2)
* Multi-GPU/Multi-node support

* Better search al (Te
Contraction Engine) Fa

gorithm for contraction order

Pirsa: 14080001

Page 43/43



