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Fig. 1. (a) Schematic diagram of the basic optical path of ptychography; (b) the corresponding algorithmic flow and reconstruction

results of the PIE algorithms['?; (c) the corresponding algorithmic flow and reconstruction results of the DM algorithms/®!l.
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Fig. 2. (a) Diagram of fly-PIEP%; (b) diagram of SSPP7; (c) comparison of reconstructed images of fly-PIE algorithm using single

and multi-modal; (d) probe, modulus, and phase results of the SSP experiment for stronger scattered samples and the bee wings.
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(a) Forward calculation
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Fig. 3. (a) Schematic diagram of the 3PIE algorithmP7; (b) the result of image acquisition of some paper tissues using the 3D-

ptychography techniquel” (The first two pictures shows the modulus and phase of the upper tissue, and the last two shows the

modulus and phase of the lower tissue in Fig. (b)).
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Fig. 4. (a) Schematic diagram of the causes of multimodal generation and the multimodal reconstruction!’”) (The blurred image is
the unimodal reconstruction, and the 5 main modes of the probe are shown below); (b) the reconstructed images of unimodal and
multimodal reconstructions of the monolayer WS, sample under different electron dose conditions*”); (c), (d) the reconstruction

results using OPRP algorithm and ePIE algorithm respectively and the four major mode occupancies of the probel*s.
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Fig. 11. (a), (b) Schematic diagrams of data processing with GPU asynchronous parallelism and synchronous parallelism, respectively"!);

(c), (d) the workflow diagram and GUI interface of the Ptychopy software, respectively?.
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Fig. 12. (a) The left figure in (a) shows the software speedup using Ptychopy to test different number of iterations on the same
dataset, and the right figure shows the simulated data using PyNX to test and process 200, 500, 1000, and 3000 datasets with probe
size of 256x256, respectively. The horizontal coordinate represents the size of the data, and the vertical coordinate represents the
implementation time of the algorithm (LLK (log-likehood) is computed in batches for each DM algorithm step). (b) GPU parallelism
of SHARP and the reconstruction flow chart!™. (c) The left figure in (c) shows the partial phase map of the PyNX reconstructed
sample, and the right figure shows the scan positions assigned to different GPUs, and the information of some positions will be

shared[™.

054202-16



Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 5 (2023) 054202

PR X Fp—XF— GPU 43 I TR 50
AR B R N S R R — 2%
TAERR, i FHETA B GPU JHATITHE. 3 T
PRl F K > GPU NP5

CPU &EiEH 170
Ptypy %4 B Al H T LA RIS 805 B 1
EEHZER, M5 A G I bR R A SR AR i
ATTTTHE. Ptypy 7 EAZ#32 1T (message pass-
ing interface, MPT) ¥4E: 5543 Bl £ 51> CPU 15 4.

3.2

Storage server

control

Client Compute node 0 Compute node 1

[ E R TE T WAFEHIR 271X, Y CPU g %
APRATHEARET, 22 X i EdE I T 2 CPU
vy, W 13 Fros. BBt Bibie T W— Wk E##
W BT R 25 B B LA S i TR 2 8 2 (o
;P BRI A AR A S B AN . (R EA Y
FHfE R D S E IERRI SR, B R R R
Z AT LS e ol Bt e s R M. 3R 1E
ST YT R R R GPU ALl R
2 BAUGEAR T ] L AR B A A100 GPU it
RS (R].
Detector

Sample
stage

Beamline

W fl/@
=

-

,\\\‘}_“ ’//’/',’

Physical/
ST units

Computational/ j

pixel ' { v

Storage Storage Storage
data data data
|_Container |

& 13

Ptypy # P 9 APT 2 il 5 52 50068 i 718 258 8 11, o Pod S 3 45 21 7] 98 42

Fig. 13. Diagram of the API control of the Ptypy corresponding to the experiment step!, where Pod is wrapped to get the callable

package.

#1
DIE
Table 1.

AR AR BT ROREPER L L BRI A S0 B AT R B A A (0 ), LR ASEHT A100 GPU AP REE R 15

Hardware information for part of the software as well as an estimate of the time for a single iterative computa-

tion using the various algorithm(™l and the performance is predicted using the A100 GPU.

Ptycholib/Ptychopy PyNX SHARP PtychoShelves
i Argonne ALCF ESRF cluster — PSI
GPUK S NVIDIA K80/A100 NVIDIA V100 GTX Titan Nvidia V100
Rk ePIE DM RAAR DM
AR IEARTE] /ns 9.3/ 2.5 1.4 1.03
Nvidia A100/ns 2.8/— 0.7 0.07 0.3
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Table 2.  Characteristics of different software and standardized reconstruction timel™.

LS (AP &S GPUIMTCHS GUIFHH /65 /HiF JHR SRl B R 9/ (ns-ite 1)
Ptychopy DM, ePIE, LSQML Vv Python v 9.3
PyNX DM, AP, ML vV Python vV 2.5
SHARP RAAR&MM S 'S v — — 1.4
Ptypy DM, ePIE, ML Vv Python — —
PtychoShelves DM, ML v Matlab v 1.03/0.7
Ptychography4.0 MRS Vv Python i —

3.3 HMEELH
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Abstract

With the development of synchrotron radiation technology and the improvement of light source coherence,
ptychography has developed rapidly. Ptychography algorithm solves the problems of slow convergence and
easily falls into the local optimal solution and stagnation of the traditional coherent diffraction imaging
algorithm. It has the advantages of large imaging field of view, robustness of algorithm, high tolerance to error
and wide range of applications, and is becoming a hot research direction in the field of coherent diffraction
imaging. Ptychography reconstructs the complex amplitude distribution and illumination light of the sample by
iterative algorithms, which can theoretically reach the resolution of the diffraction limit. It has excellent
applications in the fields of wavefront detection, phase imaging and optical metrology. This paper first
introduces the background of the proposed ptychography algorithm and briefly describes the problem of
coherent diffraction imaging algorithm and its development, and then summarizes the development of
ptychography algorithm in detail, mainly including the mainstream algorithm of ptychography and its kernel.
This paper then describes in detail the improvement of algorithms corresponding to the improvement of the
efficiency of ptychography experiments, correction of position errors and the effect of illumination light multi-
modal, and elaborates the algorithm flow. After analyzing the possible intersection of diffraction imaging and
neural networks in the field of artificial intelligence, this paper introduces new algorithms with combining
ptychography with artificial intelligence. New algorithms with combining ptychography with neural networks
will have new potential applications in generality, accuracy and robustness. Finally, a specific parallelization
implementation of the ptychography algorithm and common software packages are presented. The logic for
writing the parallelization of the algorithm implementation of each package and the corresponding advantages
and disadvantages of the packages are described in detail. The characteristics and performance of each package
are then listed for reference. This paper helps to establish a global perspective of the algorithm itself, artificial
intelligence and computational methods in the field of ptychography, and presents an important reference for

systematically developing the ptychography method.
Keywords: ptychography, algorithm, imaging methodology, artificial intelligence
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