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She was arrested because she refused to give
seat to a white person on a crowded bus

Rosa Parks speaks to a reporter after her
She was arrested because she refused to g

seal to a white person on a crowded bus.
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th-‘ buses. d}fy};hcy wanted all black riders to stay oft
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Papago Image Translation
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https://www.ncloud.com/product/aiService/papagolmageTranslation
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Gallery Admission
Group A

Admits 2 (TWO)
18 September 2016
10:00-18:00
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AHE A 0: Python + OpenCV + NumPy (+ PyTorch)
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1. Python 220 line profiler &&o}7|

2. Python Level £|&2}t: NumPy, OpenCV [ H2A| £ £ gi=7)
3. Semi-C Level £|Az2}: Cython, Numba 21X S&¢°t7}
4.C/C++ Level £|=3}: Python/C API 0{LC|7IX| 7tsSt7}
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1.1 C|7t 7t 2ell Z2|LE?
OiXl. OpenCV/NumPy& 0|&¢t H|Ql A&t =Z: 00| K] =H]

import cv2
import numpy as np

def extract main colors naive(image path, N=6):
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image = cv2.imread(image path, cv2.IMREAD UNCHANGED)

color source = (image[image[:,:,-1] '= @, :3]).astype(np.uint32)

/

alphazf0il 2|sH 20| OHg! &
FZ 022255 ULZ KA

—)

Papago.png color_source

(1254, 958 4) (788348, 3)




1.10ICI7t 7kS L8l ZEILIQ? BEVEw

MIXl. OpenCV/NumPyE O|2¢t M|Q] M4t = Tl 72 E

packed image = color source[:,0] * 1le6 + color source[:,1] * 1le3 + color source[:,2]

unique colors, pixel counts = np.unique(packed image, return counts=True)

top N colors = unique colors[np.argsort(pixel counts)[::-1][:N]]

S

~E"0 =

{105:1,218:1, 30:1, ...} = {105218030: 1, ...}
Papago.png color_source

(1254, 958, 4) (788348, 3)
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MIXl. OpenCV/NumPyE O|2¢t M|Q] A4t = T M

panel h = 64
panel w = 512
color panels [ ]
for color in top N colors:
b, g, r = color//1e6, color//le3 le3, color le3

color panel = np.ones((panel h, panel w, 3)) * (b, g, r)

color panels.append(color panel)
color panels = np.concatenate(color panels, axis=0)




1.10ICI7t 7kS Ll Z2ILIQ? BEVEw

def extract main colors naive(image path, N=6):
panel h = 64
panel w = 512

image = cv2.imread(image path, cv2.IMREAD UNCHANGED) O|0|X| =22
color source = (image[image[:,:,-1] != @, :3]).astype(np.uint32) E miAl i

packed image = color source[:,0] le6 + color_source[:,1] * 1le3 + color_source[:,2] |mAlFIQE]
unique colors, pixel counts = np.unique(packed image, return counts=True)
top N colors = unique colors[np.argsort(pixel counts)[::-1][:N]]

color panels = [] I AHM
for color in top N colors:

b, g, r = color//1e6, color//1le3 % 1le3, color % 1le3
color panel = np.ones((panel h, panel w, 3)) * (b, g, r)

color panels.append(color panel)
color panels = np.concatenate(color panels, axis=0) é’é}l 3HE|'O|:?EI'7,:I,!_.7_.:_

return color panels.astype(np.uint8)
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start_t

time.time()

image :

cv2.imread(image path, cv2.IMREAD UNCHANGED)

Ol0IX| 23

print("imread: ", time.time()-start t)

= T | A

start_t = time.time() T 728
color source = (image[image[:,:,-1] O, :3]).astype(np.uint32) EZHENA

start_t

print("indexing: ", time.time()-start t)

time.time()

packed image = color source[:,0] * le6 + color source[:,1] * 1le3
unique colors, pixel counts
top N colors

+ color _source[:,2]

- np.unique(packed_image, return_counts=True)

11[:N]]

unique colors[np.argsort(pixel counts)[::

print("counting: ", time.time()-start t)

> ol 10tH

ofCHE M HTOKA QFgs

NAVER
DEVIEW
2023



2 I[E]I Olg|l X|Ol 7:I-I:l=lI DEVIEW

2023

Summary Events Memory Usage CPU Usage

Process "diverge" (14385)

O Record CPU Profile | Open details... Y Filter Search o~ = Thread 29824768
Function Name Total CPU [unit,... v Runtime API
4 MyProfilerApp.exe (PID: 274... 7279 (100.00%) Driver API
Profiling Overhead
ServerClass::DoWork 6367 (87.47%) (0] Tesla K20c
[External Call] System.Rando... 3601 (49.47%) =| Context 1 (CUDA)
ServerClass::GetNumber 2389 (32.82%) 7 MemCpy (HtoD)
Simple::CreateThreads 255 (3.50%)  MemCpy (DtoH)
Simple:Main 255 (3.50%) = Compute
[External Call] System.Rando... 227 (3.12%) (L N SRR A R L
[External Call] System.Threa... 179 (2.46%) R N
Z 11.5% VecS0(int*, int*, int*, int)
[External Call] System.Conso... 155 (2.13%) o
7 11.3% Veclof32(int*, int*, int¥*, int)
[External Call] System.Threa... 67 (0.92%) ¥ 6.7% Vec320f32(int* int* int* int)
[Broken] 22 (0.30%) 7 0.0% VecEmpty(void)
[External Call] System.Conso... 2 (0.03%) - Streams
[External Call] System.Rando... 1 (0.01%) Default

> AKXIEE 022 IDE/Profiler
> Low-level function/instruction= 4ol = A O{C|A] oA K] & Ot
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1.3 Line Profiler DEVIEW

- Line-by-line profiling for Python

- 4AXKI: pip install line_profiler

- Linux (x86_64, i686)

- OSX (x86_64) / Apple Silicon (arm)2| Z2 Rosetta 22
- Windows (x86, x86_64)
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1.3 Line Profiler DEVIEW

Ef2ll sk~ def 2|0l @profile

import numpy as np

def extract main_colors(image path, N=6):
panel h 64
panel w = 512

image = cv2.imread(image_path, cv2.IMREAD UNCHANGED)
color_source = (image[image[:,:,-1] 0, :3]).astype(np.uint32)

packed image = color_source[:,0] le6 + color _source[:,1] le3 + color _source[:,2]
unique _colors, pixel counts = np.unique(packed_image, return_counts=True)
top N colors = unique_colors[np.argsort(pixel counts)[::-1][:N]]

color panels []

for color in top N colors:
b, g, r color//1e6, color//le3 le3, color le3
color _panel = np.ones((panel_h, panel w, 3)) (b, g, r)

color_panels.append(color panel)
color_panels = np.concatenate(color panels, axis=0)

return color panels.astype(np.uint8)



NAVER

1.3 Line Profiler (terminal) DEVEw

> kernprof = =v A_line_profiler.py

Wrote profile results to &_line_profiler.py. |prof my COde‘py EHﬂ

Timer unit: 1e-06 s

Total time: 0.0608794 s

File: &_line_profiler.py | "‘;":'! kernprOf _I =V my_COde py

Function: extract_main_colors at line 4

Line # Hits Time Per Hit 8% Time fLine Contents
4 iprofile
5 def extract_main_colors(image_path, N=6):
B 1.9 1.9 0.0 panel_h = B4
Fi 0.3 0.3 0.0 panel_w = 512
8
g 16680.1 16680, 1 2f. 4 image = cvZ. imread(image_path, cvZ. |MREAD_UNCHANGED) O|O|X| 2E
10 22492 .2 22492.2 36.9 color_source = (imagelimage[:,:,-1] =0, :3]).astype(np.uint32) E miMl H|A
11
12 1 4926.6 4926.6 8.1 packed_image = color_source[:,0] * 1e6 + color_source[:,1] * 1e3 + color_source[:,2]
13 l 12041.2 12041.2 9.7 unique_colors, pixel_counts = np.uniqguelpacked_image, return_counts=True) oA 7I2E
14 l 20. 1 20.1 0.0 top_N_colors = unique_colors[np.argsortipixel _counts) [::-1][:N]]
1
16 1 0.1 0.1 0.0 color_panels = []
17 B T 0.4 0.0 for color in top_N_colors:
18 & 10,1 1.7 0.0 b, g, r = color/f1eB, color//1e3 % 1e3, color % 1e3
19 & 3078.8 5131 5.1 color_panel = np.ones({panel_h, panel_w, 3)) * (b, g, r) o' ‘d
il
21 5 3.6 0.6 0.0 color_panels. append(color_panel )
¢ ] 1465.6 1465.6 ! color_panels = np.concatenate(color_panels, axis=0)
)
24 l 156. 1 156. 1 0.3 return color_panels.astype(np.uint8)



NAVER

1.3 Line Profiler (jupyter notebook) DEViEwY

I[E]I'-%!E—' §|:o| [5]: %load_ext line profiler

IEE]I"?:! E—' Jél'c'ci:li '6]1: %lprun -u le-6 |-f extract_main_colors_naive||for _ in range(10@): extract_main_colors_naive(image path)
Timer unit: l1le-06 s SFA AlS
EZ i =2 LIS

Total time: 6.19295 s
File:
Function: extract_main_colors _naive at line 4

Line # Hits Time Per Hit Line Contents
4 def extract_main_colors_naive(image path, N=6):
5 100 77.1 0.8 panel h = 64
6 100 14.6 0.1 panel w = 512
7
8 100 1539512.1 15395.1 image = cv2.imread(image path, cv2.IMREAD UNCHANGED)
9 100 2849188.7 28491.9 color_source = (image[image[:,:,-1] != @, :3]).astype(np.uint32)
10
11 100 442498.6 4425.0 packed _image = color_source[:,0] * 1e6 + color_source[:,1] * 1e3 + color_source[:,2]
12 100 1110719.8 11107.2 unique_colors, pixel counts = np.unique(packed image, return_counts=True)
13 100 1329.0 13.3 top N_colors = unique_colors[np.argsort(pixel counts)[::-1][:N]]
14
15 100 23.5 0.2 color_panels = []
16 600 278.2 0.5 for color in top_N_colors:
17 600 1024.0 1.7 b, g, r = color//1e6, color//1le3 % l1le3, color % le3
18 600 220806.9 368.0 color _panel = np.ones((panel _h, panel w, 3)) * (b, g, r)
19
20 600 243.7 0.4 color panels.append(color_panel)
21 100 16234.6 162.3 color_panels = np.concatenate(color_panels, axis=0)
22
23 100 11001.4 110.0 return color panels.astype(np.uint8)
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[5]: “load_ext line_profiler

(9))

lprun -u le-6 -f extract_main_colors naive for _ in range(10@): extract_main_colors_naive(image path)

Timer unit: l1le-06 s

Total time: 6.19295 s
File:
Function: extract_main_colors_naive at line 4

Line # Hits Time Per Hit % Time Line
4 def o O
5 100 77.1 0.8 0.0 E[H II| Al X-”j.l 460/
6 100 14.6 0.1 0.0 TO 12 0
7
8 100 1539512.1 15395.1 24.9 image = cv2.imread(image_path, cv2.IMREAD UNCHANGED)
9 100 2849188.7 28491.9 46.0 color_source = (image[image[:,:,-1] != @, :3]).astype(np.uint32)
10
11 100 442498.6 4425.0 7.1 packed image = color _source[:,0] * 1e6 + color _source[:,1] * 1e3 + color _source[:,2]
12 100 1110719.8 11107.2 17.9 unique_colors, pixel counts = np.unique(packed image, return_counts=True)
13 100 1329.0 13.3 0.0 top_N_colors = unique_colors[np.argsort(pixel counts)[::-1][:N]]
14
15 100 23.5 0.2 0.0 color_panels = []
16 600 278.2 0.5 0.0 for color in top N colors:
17 600 1024.0 1.7 0.0 b, g, r = color//1le6, color//l1le3 % 1le3, color % le3
18 600 220806.9 368.0 3.6 color_panel = np.ones((panel_h, panel w, 3)) * (b, g, r)
1l
20 600 243.7 0.4 0.0 color_panels.append(color_panel)
21 100 16234.6 162.3 0.3 color_panels = np.concatenate(color panels, axis=0)
22
23 100 11001.4 110.0 0.2 return color panels.astype(np.uint8)




[5]:

load _ext line_profiler

lprun -u le-6 -f extract_main_colors_naive for _

Timer unit: l1le-06 s

Total time: 6.19295 s
File:
Function: extract_main_colors_naive at line 4

in range(100): extract_main_colors_naive(image path)

Line # Hits Time Per Hit % Time Line Contents
4 def extract _main_colors naive(image path, N=6):
5 100 7i7ial 0.8 0.0 =
6 100 14.6 0.1 0.0
7 HA| AlZEe] 30% +~Z=0| X|2t
8 160  1539512.1 15395.1 24.9 7H}\-IO| |O-I EO —_ |=| I:I
9 100 2849188.7 28491.9 46.90 T I T- T L )
10
11 100 442498.6 4425.0 packed image = color _source[:,0] * 1e6 + color _source[:,1] * 1e3 + color _source[:,2]
12 100 1110719.8 11107.2 unique_colors, pixel counts = np.unique(packed image, return_counts=True)
13 100 1329.0 13.3 top_N_colors = unique_colors[np.argsort(pixel counts)[::-1][:N]]
14
15 100 23m5 0.2 color_panels = []
16 600 278.2 0.5 for color in top N colors:
17 600 1024.0 1.7 b, g, r = color//1le6, color//l1le3 % 1le3, color % le3
18 600 220806.9 368.0 color_panel = np.ones((panel_h, panel w, 3)) * (b, g, r)
12,
20 600 243.7 0.4 color_panels.append(color_panel)
21 100 16234.6 162.3 color_panels = np.concatenate(color panels, axis=0)
22
23 100 11001.4 110.0 return color panels.astype(np.uint8)
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packed image = color_source[:,0] * 1le6 + color_source[:,1] * 1e3 + color_source[:,2] (
unique_colors, pixel counts = np.unique(packed image, return_counts=True)
top N _colors = unique_colors[np.argsort(pixel counts)[::-1][:N]] (

color_panels = []

for color in top N _colors:
b, g, r = color//1e6, color//1le3 % 1le3, color % 1le3
color panel = np.ones((panel_h, panel w, 3)) * (b, g, r)

color _panels.append(color _panel)
color _panels = np.concatenate(color panels, axis=0)

return color panels.astype(np.uint8)

packed_image = np.left_shift(color_source[:,0], 16) + np.left_shift(color_source[:,1], 8) + color_source[:,2] ( OXDA
unique_colors, pixel counts = np.unique(packed image, return_counts=True) I I
top_N _colors = unique_colors[np.argsort(pixel_counts)[::-1][:N]] - OX DA

color _panels = np.empty((panel_h*N, panel w, 3), np.uint8)

R = np.bitwise_and(top N_colors, Oxff)

G = np.right_shift(np.bitwise_and(top_N_colors, ©xffee), 8)

B = np.right_shift(np.bitwise_and(top_N colors, ©xffeeee), 16)

for idx, (b,g,r) in enumerate(zip(B, G, R)):
color panels[idx*panel h:(idx+1)*panel h, :, 0].fill(b)
color_panels[idx*panel h:(idx+1)*panel h, :, 1].fill(g)
color _panels[idx*panel h:(idx+1)*panel h, :, 2].fill(r)

return color_panels
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lprun -u le-6 -f extract main_colors naive for _ in range(100): extract_main_colors_naive(image path)

Timer unit: l1le-06 s

Total time: 6.19295 s

[7]: “lprun -u le-6 -f extra O_II: _1800 7DI-—}|\— range(168): extract _main_colors_fast(image path)

Timer unit: le-06 s

Total time: 5.0982 s
File:
Function: extract_main_colors_fast at line 25

Line # Hits Time Per Hit % Time Line Contents
25 def extract_main_colors_fast(image pa " i
26 100 44.7 0.4 0.0 panel_h = 64 ZF ]I|-E7|- x|-X| Ol-h }\|7|' H | S |:|=|2|- il >N
27 100 18.9 0.2 0.0 panel w = 512 L — — — (== Ly —
28
29 100  1525827.3 15258.3 29.9 image = cv2.imread(image_path, cv2.IMREAD UNCHANGED) 0 0
30 100 2836582.0 28365.8 55.6 color_source = (image[image[:,:,-1] != @, :3]).astype(np.uint32) 70.9/0 = 85.5/0
31
32 100 146607.9 1466.1 2.9 packed_image = np.left_shift(color_source[:,0], 16) + np.left_shift(color_source[:,1], 8) + color_source[:,2]
33 100 567684.8 5676.8 11.1 unique_colors, pixel counts = np.unique(packed_image, return_counts=True) 0 0
34 100 991.5 9.9 0.0 top_N_colors = unique_colors[np.argsort(pixel counts)[::-1][:N]] 25.9 /O - 17.7/0
35
36 100 189.2 1.9 0.0 color_panels = np.empty((panel h*N, panel w, 3), np.uint8)
37 100 375.3 3.8 0.0 R = np.bitwise_and(top_N_colors, oxff)
38 100 385.6 3.9 0.0 G = np.right_shift(np.bitwise _and(top N colors, exffee), 8)
39 100 269.5 2.7 0.0 B = np.right_shift(np.bitwise_and(top N colors, ©xffeeee), 16)
40 600 1y i 1.1 0.0 for idx, (b,g,r) in enumerate(zip(B, G, R)):
41 600 6476.1 10.8 0.1 color panels[idx*panel h:(idx+1)*panel h, :, 0].fill(b)
42 600 6064 .2 10.1 0.1 color_panels[idx*panel_h: (idx+1)*panel h, :, 1].fill(g)
43 600 6001.2 10.0 0.1 color_panels[idx*panel h:(idx+1)*panel h, :, 2].fill(r) 0] 0]
44 100 14.3 0.1 0.0 return color_panels 4°3/0 = O°5/0
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lprun -u le-6 -f extract main_colors naive for _ in range(100): extract_main_colors_naive(image path)

(9)

Timer unit: l1le-06 s

Total time: 6.19295 s

[7]: “lprun -u le-6 -f extract_main_colors_fast for _ in range(100): extract_main_colors_ fast(image path)

Timer unit: le-06 s

Total time: 5.0982 s
File:
Function: extract_main_colors_fast at line 25

Line # Hits Time Per Hit % Time Line Contents
25 def extract_main_colors_fast(image path, N=6):
26 100 44.7 0.4 0.0 panel h = 64
27 100 18.9 0.2 0.0 panel w = 512
28
29 100  1525827.3 15258.3 29.9 image = cv2.imread(image_path, cv2.IMREAD UNCHANGED) 0 0
30 100  2836582.0 28365.8 55.6 color source = (image[image[:,:,-1] != @, :3]).astype(np.uint32) /7/0.9% - 856.6%
31
32 100 146607.9 1466.1 2.9 packed_image = np.left_shift(color_source[:,0], 16) + np.left_shift(color_source[:,1], 8) + color_source[:,2]
33 100 567684.8 5676.8 I unique_colors, pixel counts = np.unique(packed_image, return_counts=True) 0 0
34 100 991.5 9.9 0.0 top_N_colors = unique_colors[np.argsort(pixel counts)[::-1][:N]] 25.9 /0 - 17.7/0
35
36 100 189.2 1.9 0.0 color_panels = np.empty((panel _h*N, panel w, 3), np.uint8)
37 100 375.3 3.8 0.0 R = np.bitwise_and(top_N_colors, oxff)
38 100 385.6 3.9 0.0 G = np.right_shift(np.bitwise _and(top N colors, exffee), 8)
39 100 269.5 2.7 0.0 B = np.right_shift(np.bitwise_and(top N colors, ©xffeeee), 16)
40 600 1y i 1.1 0.0 for idx, (b,g,r) in enumerate(zip(B, G, R)): E O }\l. —,E o X (o) K=,
41 600 6476.1 10.8 0.1 color panels[idx*panel h:(idx+1)*panel h, :, 0].fill(b) O o O Lo 1
42 600 6064 .2 10.1 0.1 color_panels[idx*panel_h: (idx+1)*panel h, :, 1].fill(g)
43 600 6001.2 10.0 0.1 color_panels[idx*panel h:(idx+1)*panel h, :, 2].fill(r) 0] 0]
44 100 14.3 0.1 0.0 return color_panels 4°3/0 = O°5/0
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lprun -u le-6 -f extract main_colors naive for _ in range(100): extract_main_colors_naive(image path)

-
(9))
[—

Timer unit: l1le-06 s

Total time: 6.19295 s

[7]: “lprun -u le-6 -f extract_main_colors_fast for _ in range(100): extract_main_colors_ fast(image path)

Timer unit: le-06 s

Total time: 5.0982 s
File:
Function: extract_main_colors_fast at line 25

Line # Hits Time Per Hit % Time Line Contents
25 def extract_main_colors_fast(image path, N=6):
26 100 44.7 0.4 0.0 panel_h = 64 L HOF |
27 100 18.9 0.2 0.0 panel_w = 512 le-": xo = J_,_x:lol:jj:lktl-...
28
29 100  1525827.3 15258.3 29.9 image = cv2.imread(image_path, cv2.IMREAD UNCHANGED) 0 0
30 100 2836582.0 28365.8 55.6 color_source = (image[image[:,:,-1] != @, :3]).astype(np.uint32) 70.9/0 = 85.5/0
31
32 100 146607.9 1466.1 2.9 packed_image = np.left_shift(color_source[:,0], 16) + np.left_shift(color_source[:,1], 8) + color_source[:,2]
33 100 567684.8 5676.8 I unique_colors, pixel counts = np.unique(packed_image, return_counts=True) 0 0
34 100 991.5 9.9 0.0 top_N_colors = unique_colors[np.argsort(pixel counts)[::-1][:N]] 25.9 /0 - 17.7/0
35
36 100 189.2 1.9 0.0 color_panels = np.empty((panel h*N, panel w, 3), np.uint8)
37 100 375.3 3.8 0.0 R = np.bitwise_and(top_N_colors, oxff)
38 100 385.6 3.9 0.0 G = np.right_shift(np.bitwise _and(top N colors, @xffee), 8)
39 100 269.5 2.7 0.0 B = np.right_shift(np.bitwise_and(top N colors, ©xffeeee), 16)
40 600 1y i 1.1 0.0 for idx, (b,g,r) in enumerate(zip(B, G, R)):
41 600 6476.1 10.8 0.1 color panels[idx*panel h:(idx+1)*panel h, :, ©].fill(b)
42 600 6064 .2 10.1 0.1 color_panels[idx*panel_h: (idx+1)*panel h, :, 1].fill(g)
43 600 6001.2 10.0 0.1 color_panels[idx*panel h:(idx+1)*panel h, :, 2].fill(r) 0] 0]
44 100 14.3 0.1 0.0 return color_panels 4°3 /0 = O°5/0
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lprun -u le-6 -f extract_main_colors naive for _ in range(100): extract_main_colors_naive(image path) :7li)k1 JQ1

Timer unit: le-06 s

Total time: 6.19295 s
lprun -u le-6 -f extract_main_colors_fast for _ in range(100): extract_main_colors_fast(image path) 1XI' 7H}\|_'I

Timer unit: l1le-06 s

Total time: 5.0982 s

lprun -u le-6 -f extract_main_colors_faster for _ in range(1@@): extract _main_colors_faster(image path)

Timer unit: 1le-06 s

[ ==
Total time: 2.31268 s ""l o H — T
File: /homel/irteam/users/juhyeok.mun/Deview2023/python_level/A fatster color_extraction.py 6 9 3 m (_6 0 )
Function: extract_main_colors_faster at line 46 1' mS = 2 '1 S 2'7/0
Line # Hits Time Per Hit % Time Line Contents

46 def extract_main_colors_faster(image path, N=6):

47 100 29.4 0.3 0.0 panel h = 64

48 100 14.5 0.1 0.0 panel w = 512

49

. . X (@ R =1 ~

50 100 1387415.2 13874.2 60.0 image = cv2.imread(image_path, cv2.IMREAD_UNCHANGED) 24 9% - 60 O% Oln |x| E Cl -l E 87"

51 100 37432.1 374.3 1.6 roli = image[:,:,-1].ravel() != ©

52

53 packed_image = np.left_shift(image[:, :, ©].ravel().astype(np.uint32)[roi], 16) \

54 + np.left_shift(image[:, :, 1].ravel().astype(np.uint32)[roi], 8) \

55 100 301337.1 3013.4 13.0 + image[:, :, 2].ravel().astype(np.uint32)[roi]

56 100 565732.3 5657.3 24.5 unique_colors, pixel counts = np.unique(packed_image, return_counts=True)

57 100 780.1 7.8 0.0 top_N_colors = unique_colors[np.argsort(pixel counts)[::-1][:N]]

58

59 100 152.1 1.5 0.0 color_panels = np.empty((panel_h*N, panel_w, 3), np.uint8)

60 100 288.1 2.9 0.0 R = np.bitwise_and(top_N_colors, ©xff)

61 100 311.8 3.1 0.0 G = np.right_shift(np.bitwise_and(top N _colors, ©xffee), 8)

62 100 270.5 2.7 0.0 B = np.right_shift(np.bitwise_and(top_ N colors, exffeeee), 16)

63 600 582.8 1.0 0.0 for idx, (b,g,r) in enumerate(zip(B, G, R)):

64 600 6246.2 10.4 0.3 color_panels[idx*panel h: (idx+1)*panel_h, :, ©].fill(b) le_" Ol [ -

65 600 6064.7 10.1 0.3 color_panels[idx*panel_h: (idx+1)*panel_h, :, 1].fill(g) S e —

66 600 6006.7 10.0 0.3 color_panels[idx*panel_h: (idx+1)*panel _h, :, 2].fill(r) xl-}\-lxl'n (o) K= | AL L_l EI_

67 100 14.5 9.1 0.0 return color_panels 1 0O L. 212 T A A
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==

def

def

SHIAM Al Eol= Cython O

cumulative sum python(N):
sum value = 0
for i1 in range(N):
Sum_va]_ue 1 timeit -r 7 -n 10 cumulative sum python(100000000)

return sum_value 3.47 s * 29.1 ms per loop (mean * std. dev. of 7 runs, 10 loops each)

cumulative sum cython typed(int N):
cdef long sum value = 0

cdef int i = © OlAl J2HM R LH D= HiEAH| sHS7}?
for i in range(N):
sum_value 1 timeit -r 7 -n 10 cumulative sum cython typed(100000000)

return Sum_Value 14.6 ms * 59.6 ps per loop (mean * std. dev. of 7 runs, 10 loops each)
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NumPyE 2tZol= L AL

def extract _main_colors naive(image_path, N=6): | —
pan;l_h 64 1§)|-0.”}\-| Il:l_l-: L O:"X-"
(20| HM LIS R H)
image = cv2.imread(image_path, cv2.IMREAD UNCHANGED)
color_source = (image[image[:,:,-1] @, :3]).astype(np.uint32)

timeit extract main colors naive(image path)

PO R = Celon SeIGEC] ' uED 55.8 ms + 52.1 ps per loop (mean + std. dev.
color_source[:,1] * 1e3 \

color_source[:,2]
unique_colors, pixel counts = np.unique(packed image,
return_counts=True)
top N _colors = unique_colors[np.argsort(pixel counts)[::-1][:N]]

color_panels = [] NumPyQI. |'O| Al—Q_ I-_

for color in top N colors:
1o O 71 |:| sk
b, g, r color//1le6, color//le3 le3, color le3 tc|>H=||=|-| — O Al = ‘l j:I'_,

color _panel = np.ones((panel _h, panel w, 3)) * (b, g, r)
color panels.append(color panel)
return color_panels

*Working with NumPy: https://cython.readthedocs.io/en/stable/src/tutorial/numpy.html
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def extract_main_colors_naive cython(str image path, int N=6):
cdef int panel h =
cdef int panel w = 512

cdef np.ndarray[np.uint8 t, ndim=3] image = cv2.imread(image_path, cv2.IMREAD UNCHANGED)
cdef np.ndarray[np.uint32 t, ndim=2] color_source = (image[image[:,:,-1] '= ©, :3]).astype(np.uint32)
cdef np.ndarray[np.uint32 t, ndim=1] packed image = (color_source[:,0] * 1le6 \
- color_source[:,1] * 1e3 \
- color_source[:,2]).astype(np.uint32)
cdef np.ndarray[np.uint32 t, ndim=1] unique_colors
cdef np.ndarray[np.int64 t, ndim=1] pixel counts
unique colors, pixel counts = np.unique(packed image, return_counts=True)
cdef np.ndarray[np.uint32 t, ndim=1] top N colors = unique _colors[np.argsort(pixel counts)[::-1][:N]]

cdef list color_panels = []

. . H-I-
e _ Fimn RIKEstR
cdef np.ndarray[np.uint8_t, ndim=3] color_panel _—II_EE ;I-&IIQE 7H}\I_'|0H57-| L|77|-“.

for color in top N colors:
b, g, r = int(color//1e6), int(color//le3 % 1le3), int(color % 1e3)
color_panel = np.ones((panel_h, panel w, 3), np.uint8) * np.array((b, g, r), np.uint8)
color _panels.append(color panel)

return color_panels
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def extract _main_colors_naive(image path, N=6):
panel h = 64
panel w = 512

um

image = cv2.imread(image_path, cv2.IMREAD UNCHANGED)
color_source = (image[image[:,:,-1] != ©, :3]).astype(np.uint32)

packed _image = color_source[:,0] * 1le6 \
- color_source[:,1] * 1e3 \
- color_source[:,2]
unique_colors, pixel counts = np.unique(packed_image,
return_counts=True)
top N _colors = unique_colors[np.argsort(pixel counts)[::-1][:N]]

color_panels = []

for color in top_ N _colors:
b, g, r = color//1e6, color//le3 le3, color le3
color _panel = np.ones((panel_h, panel w, 3)) * (b, g, r)
color _panels.append(color_panel)

return color_panels

timeit extract_main_colors_naive(image path)

55.8 ms = 52.1 us per loop (mean * std. dev. of 7 runs, 10 loops e:

a

gt H|w?

def extract_main_colors_naive cython(str image path, int N=6):
cdef int panel_h = 64
cdef int panel w = 512

cdef np.ndarray[np.uint8 t, ndim=3] image = cv2.imread(image_path, cv2.IMREAD UNCHANGED)

cdef np.ndarray[np.uint32 t, ndim=2] color_source = (image[image[:,:,-1] != 0O,
cdef np.ndarray[np.uint32 t, ndim=1] packed_image = (color_source[:,0] * 1le6 \

- color_source[:,1]
- color_source[:,2]).astype(np.uint32)

cdef np.ndarray[np.uint32 t, ndim=1] unique_colors
cdef np.ndarray[np.int64 _t, ndim=1] pixel_counts

unique_colors, pixel counts = np.unique(packed_image, return_counts=True)

cdef np.ndarray[np.uint32 t, ndim=1] top_N_colors = unique_colors[np.argsort(pixel_counts)[:

cdef list color_panels = []

cdef unsigned int color

cdef int b, g, r

cdef np.ndarray[np.uint8 t, ndim=3] color_panel
for color in top_N_colors:

b, g, r = int(color//1e6), int(color//1le3 % 1e3), int(color % 1e3)

color_panel = np.ones((panel_h, panel w, 3), np.uint8)
color_panels.append(color_panel)
return color_panels

timeit extract _main_colors_naive cython(image path)

55.6 ms = 161 us per loop (mean * std. dev. of 7 runs,

np.array((b, g, r), np.uint8)

10 loops each)

1le3 \
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:3]) .astype(np.uint32)

:-1][:N]]
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4.1 Python/C API So

= Python © C/C++ GIO|E{ QIE{H|0]A

C/C++ 12 314 B
C/C++ SoFA B =5
O T

*Python/C APl Reference Manual: https://docs. python.org/3/c-api/intro.ntml
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4.1 Python/C API So

Python/C API

static PyObject
cumulative sum(PyObject *self, PyObject *args){
unsigned long N;
if (!'PyArg ParseTuple(args, "k, &N)){
return NULL;

} Python > C/C++

unsigned long sum = 0;
for (size t 1 =0 ; i < N ; i++){
sum i;

def cumulative_sum_python(N): } C/C++ |mp|
sum_value = ©
for i in range(N): PyObject *results = Py BuildValue("k", sum);
sum_value i return results;

return sum_value } C/C++ > Python

timeit cumulative sum python(100000000) timeit cumulative sum(100000000)

3.19 s *+ 11.9 ms per loop (mean * std. dev. of 7 runs, 1 loop each) ' 20.6 ms * 205 ps per loop (mean * std. dev. of 7 runs, 10 loops each)

3.19s C/C++20.6ms




4.1 Python/C API

Python/C API 2AM2| £2 L2

Python QIE{H|O|A C/C++
PyArg_ParseTuple
. —_— | PylLong_AsSize_t | .
Int | PyLlong_FromSize_t | S|Ze_t ,
PyList_New
——p | PyFloat_AsDouble | = :
ﬂoat — PyFloat_FromDouble D dOUbIe PyDICt—NeW
PyTuple_New
—p | PyUnicode_AsUTF8andSize | = " ylupie_
St r D — PyUnicode_FromString — CON St C h al
Py_BuildValue
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4.2 Python/C API (+ NumPy + OpenCV) g

S2|0Al =712 2ot REC|E

Python QIE{H|O|A C/C++

NumPy np.ndarray ?707? 707?

OpenCV np.ndarray 707 cv.:Mat

*NumPy C-API Reference Manual: https://numpy.org/doc/stable/reference/c-api/index.html



4.2 Python/C API (+ NumPy + OpenCV)

cv::MatitX| 7=

NumPy

OpenCV

Python

np.ndarray

CIEM0] A

C/C++

PyArray_FromAny |——'

PyArrayObject

np.ndarray

PyArray_Data

cv-:Mat
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4.2 Python/C API (+ NumPy + OpenCV)

np.ndarray£ £0t2= i ™

NumPy

OpenCV

Python

CIEM0] A

C/C++

np.ndarray

PyArray_SimpleNe
wkromData

«— PyArrayObject

np.ndarray

cv.:Mat.data

cv-:Mat
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4.3 Python/C API HE& 0|A| DEVIEW

I (nl‘l.l\h,‘lhv
f']t" - ~Iits S 4 —
é r(’g cats S()]n(-”“'”u bad. it can throw U}

rsl stomac hiis

fro ~——r rli
8 tses its 1"1-'5 to take out the bad food. ATl r

cleaned it «
» It swallows the stomach back.

Why
Y do they 4o such a strang
S€e very well, so
Then

rsican 't
2[Itlis becausc frogs |«

bugs and flies by mistake. E_.IléE

throw up their stomachs and ¢ lean themjto feel & 7_I * 7:I _'l.
o= =1

4Mmazing habit of frogs?

e thing
s()mctilm‘-* tht“\' eat hd(f
 they Simply
b »

Clter. Isp t this an

def crop(image, bbox):
1t, rt, rb, 1b = bbox

widthA = np.sgrt(((rb[@] - 1b[©]) ** 2) + ((rb[1] - 1b[1]) ** 2))

widthB = np.sqrt(((rt[e] - 1t[e]) ** 2) + ((rt[1] - 1t[1]) ** 2)) e
heightA = np.sqrt(((rt[e] - rb[e]) ** 2) + ((rt[1] - rb[1]) ** 2)) EE H"/\O-" I--HOH
heightB = np.sqrt(((1t[e] - 1b[e]) ** 2) + ((1t[1] - 1b[1]) ** 2)) — 11—

maxWidth, maxHeight = max(int(widthA), int(widthB)), max(int(heightA), int(heightB)) for Ioop

dst = np.array([[©, @],

[maxWidth - 1, o], for bbox in bboxes:

[maxWidth - 1, maxHeight - 1], .

[0, maxHeight - 1], dtype-np £10at32) cropped_images.append(
M = cv2.getPerspectiveTransform(bbox.astype(np.float32), dst) cr‘op(image, beX)
warped = cv2.warpPerspective(image, M, (maxWidth, maxHeight))

return warped )



Authority for collecting the information on/this and related student forms is
contained in'8 U.S.C. 1101/and/[1184. The information|solicited ‘will be used
by the Department of/State land|the| Immigration and Naturalization Service
to/determine eligibility for/the/benefits/ requested

INSTRUCTIONS TO DESIGNATED SCHOOL/OFFICIALS

1. The [law provides [severe| penalties for knowingly land/ willfully
falsifying or|concealing a material fact or using any/false document

in the submission of this form. Designated school officials'should/consult
regulations pertaining tolthe issuancelof [Form/1-20/A-Blat 8/CFR

214.3 | (K)| /before/ completing this [form.| [Failure| [to]| comply/ [with| [these
regulations' jmay) [result| lin ithe! 'withdrawal| [of | [the||school||approval| [for
attendance | by | foreign | students/ by the| Immigration land| [Naturalization
Service/(8/ CFR|214.4)

2. ISSUANCE OF FORM/I-20/A-B. Designated schoollofficials/may| issue
aForm|1-20/A-Blto [alstudent/who! fits[into/lone|of|the| following| categories,
if the student’has/been accepted for/full-time/attendance/at/the/institution:| a)
aprospective F-1 nonimmigrant student; b) an|F-1/ transfer| student;| c)|an|F-
I'lstudent advancing to|a higher educational level |at the/same| institution; d)
an out/of 'status/student/seeking reinstatement.The/form|may|also be/issued
to/the dependent spouse or|child of|an| F-1/'student!for| securing lentry|into
the United States

When issuing a Form I-20 A-B, designated school officials/should
complete the student's/admission number whenever possible to
ensure proper data entry and record keeping.

3. ENDORSEMENT OF PAGE 3 FOR REENTRY. Designated school
officialsimay endorseipage) 3 of the Form 1-20/ A-B forreentry if ithe student
and/or 'the F-2 dependents is/tol leavel the United States temporarily. [This
should (be! donel only (when! the![informationl lon] thel Form| 1-20  [remains
unchanged. If there have been substantial changes initem/4, S,|7,/or 8,)a
new|Form|1-20 |A-B should be|issued

4. REPORTING REQUIREMENT. Designated school officialsishould
always| [forward| thel [top| [page| of  ithe form| 1-20/ A-B| [to]|the [INS| data
processing icenter/at P.O./Box| 140,/ London, Kentucky 4074 1| for|dataentry
except when the form is issued to/an|F-1/student/for initial entry|or|reentry
into the| United| States, |or| for reinstatement to student/status. (Requests |for
reinstatement should be 'sent 'to/the Immigration and Naturalization|Service
district loffice having jurisdiction over the student's [femporary] residence in
this country.)

The INS data processing center|will return|this top page|to/the issuing
school/for disposal after data entry and microfilming.

5./ CERTIFICATION. Designated school officials should | certify on]the
bottom|part/of page 1 of this form| that|the/Form 1-20|A-Bis| completed and
issued in accordanc iththe| pertinent regulations. The|designated|school
official remove | the carbon sheet [from the| completed land| signed
Form/1-20/A-B/before forwarding it to the/student

6. ADMISSION RECORDS. Since the Immigration and Naturalization
S ce'may request information concerning the student’s immigration
status|for various reasons, designated school officials should retain/all
evidence which/shows|the scholastic ability and financial status/on
which ladmission was based, until the school has reportedtheistudent's
termination of studies/to the Immigration and Naturalization Service

INSTRUCTIONS TO/STUDENTS

1./Student Certification. You should/read everything on|this page carefully
and/belsure thatyou understand the terms and conditions/concerning | your
admission and stay|in the United States/as/a nonimmigrant/student before
you sign the student certification 'on the bottom/part of page 1. The law
provides severe penalties for knowingly and willfully falsifying or
concealing a material fact, or using any false document in/the
submission of this form.

2./ ADMISSION. A nonimmigrant/studentmay be admitted for duration of
status. This/means that you are authorized to/stay in the United States for
the lentire length ofltime during which you are/enrolled as a/full-time student
in'an educational program and any period of authorized practical training
plus sixty days. While in the United States, you must/maintain/a/valid
foreign passport unless you are exempt from passport requirements

Y ou'may continue from one educational level to another, such as
progressing from high school to a bachelor's program jor a'bachelor's
program to/a master's program, etc., simply by invoking the procedures for
school transfers

Form 1-20 A-B (Rev. 04-27-88)

.3 Python/C API

3./SCHOOL. [For initial admission, [you//must attend the/school specified on your
visa, If vou have @ Form [I-20 A-B' from /more| than/one!school, it/is important to
have [the name of] [the [school you intend [to/ attend | specified on)your |visa by
presenting [a/Form/[1-20 /A-B [from (that/school to|the! visa issuing consular|officer
Failure/to/attend the specified school 'will result/in/the! loss 'of [your student status

and/subject you to'deportation

4] REENTRY. Al nonimmigrant | student may) be  readmitted| after al temporary
absence|of five/months/or less! from/ the nited|States, if the student is otherwise
admissible.| You imay be readmitted by presenting a valid foreign passport, a valid
visa, and eithera nc“.\ Form|[1-20/ A-B/ora page '3 of the Form'1-20/A-B (the|1-20
ID| Copy)| properly endorsed [for! reentry| if [the, [information! on| the 1-20/|/formis

current

5/ TRANSFER.| Al nonimmigrant 'student!is| permitted [to| transfer [to| @ different
school|provided/the|transfer procedure!is followed.| To transfer|schools, you should
first notify/thelschool [yourare attending of the!intent/to|transfer, [then/obtain/a Form
120 'A-B! from|thel school you!intend [to lattend.| [ Transfer'will lbe effected only! if
you return the [Form/[1-20! A-B| to] the. designated school official \within/[15|days of
i‘cvnmlng attendance lat/the/new|school.| The designated school official 'will then
w{mlt the transfer/to the Immigration and Naturalization Service

6. EXTENSION OF STAY. Ifjyou/cannot/complete the educational program after
having been|in|student status/for longer than| the anticipated length of the program
plus/ajgrace|period in/a single/educational llevel, [or for more|than eight consecutive
years, you|must apply [forextension/of s An application for extension of stay
on'a/Form 1-538should/be! filed with/the| Immigration and Naturalization Service
district|office having jurisdiction jover|your | school [at/least| 15| days but no/imore
than|60| days before the expiration of your authorized stay

7 JEMPLOYMENT.|Asan F-1 student, you are/not permitted to/work off campus
orl to engage in business/ without specific employment authorization. After your
first [year|in F-1 student status,| you imay| apply for employment authorization on
Form 1-538/ based 'on|financial needs arising after receiving student status, orithe
need/to obtain practical training

8. Notice of Address. If you/move, you must submit/a notice within 10 days of the
change of laddress/to the Immigration and Naturalization Service. (Form AR-11 is
available at/any|INS office.)

9. Arrival/Departure. When you/leave the United States, you must surrender
Form' [-94/ Departure| Record. Please' see back side of Form [1-94 for detailed
instructions. You do not/have to/[turn in the! 1-94 if 'you are visiting Canada,
Mexico, or adjacent|islands other|than Cuba for less than 30 days.

10. Financial Support. You must/demonstrate that you are financially able to
support! yourself |for the entire period of stay| in/ the United States whil
pursuing a| full course|of study. You are required to/attach/ documentary evidence
of imeans of \ll[‘[‘(‘”

11./ Authorization to/ Release Information by School. To comply with requests
from [the' United!|States | Immigration’ & Naturalization' Service for information
concerning| your immigration status, you are required to give authorization to the
named| school/|to| release  such [information from [your|records. The 'schooll will
provide the Service your name, country/of| birth, current address, and any other
information on’a regular basis orjupon request. ;

12. Penalty. To maintain your nonimmigrant student status, you must be enrolled
as'a full-time student at'the school you/are authorized to/attend. You may engage
in |employment only (when [you| have! received permission tol work. Failure to
comply with!these| regulations 'will result fin {the ' loss of your [student 'status/ and
subject you tc|deportation. 3

AUTHORITY FOR COLLECTING. Authority for collecting theinformation on
this ‘and  related 'student | forms [is| .contained in' 8 U.S.C./ 1101 and [1184. The
information solicited will be/used by the Department of State and the Immigration
and Naturalization Service to/determine eligibility for the benefi requested. The
law provides severe penalties for knowingly and willfully falsi ying or concealing
a material fact,jor using any false document in the submission of this form

REPORTING| BURDEN. Public| reporting burden for 'this collection of
information is estimated/to average 30 minutes per response, including the time for
reviewing instructions, searching existing data sources, gathering and maintaining
the/ data’ needed, and’ completing land | reviewing the collection or information
Send/ lcomments| regarding |this| burden/ lestimated! [or/jany| lother aspect of this
collection/of information, | including suggestions for reducing this burden, [to: U.S
Department of' Justice, Immigration and Naturalization Service (Room| 2011),
Washington, D.C. 20536; land| ftol 'the Office of Management and Budget,
Paperwork Reduction Project, OMB No.1115-0051, Washington, D.C. 20503
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def crop(image, bbox):

M = cv2.getPerspectiveTransform(bbox.astype(np.float32), dst)
warped = cv2.warpPerspective(image, M, (maxWidth, maxHeight))

for bbox in bboxes:
cropped_images.append(
crop(image, bbox)

bboxes.shape
=(1522,4,2)

timeit -r 7 -n 10 image crop python(image, bboxes)

87.7 ms £ 1.17 ms per loop (mean * std. dev. of 7 runs, 100 loops each)

B 212/0| crop0| SYX0|O2 HWHA2|S sS4t
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2FO
E L

def

cf0|E2{2|= 0|80

crop(image, bbox):
1t, rt, rb, 1b = bbox

widthA = np.SQPt(((Pb[O] - lb[@]) -
widthB = np.sgrt(((rt[0] - 1t[0]) *°
maxHeight = max(int(heightA), int(heightB))

heightA = np.sqrt(((rt[0] - rb[@]) **
heightB = np.sqrt(((1t[e] - 1b[e]) *-
maxWidth = max(int(widthA), int(widthB))

dst = np.array([[©, O],
[maxWidth - 1, @],
[maxWidth - 1, maxHeight - 1],

[0, maxHeight - 1]], dtype=np.float32)

L. AHO
—_— OT -l

2) + ((rb[1] - 1b[1])
2) + ((rt[1] - 1t[1])

=

2) + ((rt[1] - rb[1])
2) + ((1t[1] - 1b[1])

O #2210] 3 A Z2HKIA|

o] X=]
Ls =3

void crop(cv::InputArray src_, cv::InputArray image , cv::OutputArray word image ){

cv::Mat src = src_.getMat();
cv::Mat image = image .getMat();

float max _width, max_height, width _a, width b, height a, height b;

cv::Point2f diff;

. . - . f
RNOoOWnNn ads 11T 1S T1Tastcer than cv::nonrn

diff = src.at<cv::Point2f>(2) - src.at<cv::Point2f>(3);

2)) width a = cv::sqrt(diff.x*diff.x + diff.y*diff.y);

2)) diff = src.at<cv::Point2f>(1)

- src.at<cv::Point2f>(0);

width b = cv::sqrt(diff.x*diff.x + diff.y*diff.y);

max_width = std::max(width_a, width _b);

2))
)

diff = src.at<cv::Point2f>(1)

diff = src.at<cv::Point2f>(0)

- src.at<cv::Point2f>(2);
height_a = cv::sqrt(diff.x*diff.x + diff.y*diff.y);
- src.at<cv::Point2f>(3);

height b = cv::sqrt(diff.x*diff.x + diff.y*diff.y);

max_height = std::max(height_a, height_b);

float dst data[8] = {9, 0, max width-1, 0, max width-1,

cv::Mat dst(4, 2, CV_32FC1, dst _data);

M = cv2.getPerspectiveTransform(bbox.astype(np.float32), dst)

warped = cv2.warpPerspective(image, M, (maxWidth, maxHeight))

max_height-1, 0, max _height-1};

NAVER
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return warped

cv::Mat M = cv::getPerspectiveTransform(src, dst);
cv: :warpPerspective(image, word image .getMatRef(), M, cv::Size(max width, max height));

crop (C/C++)
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static PyObject

image_crop(PyObject args){

self, PyObject
PyObject *py image;
PyObject *py_ bboxes;
if (!PyArg ParseTuple(args, "00",
ipy_image, &py bboxes)){
return NULL;
¥
PyArrayObject *image = (PyArrayObject *)PyArray FromAny(
py_image,
PyArray DescrFromType(NPY_UINTS8),
3, 3,
NPY_ ARRAY_ CARRAY, NULL);
PyArrayObject *bboxes = (PyArrayObject *)PyArray FromAny(
py_bboxes,
PyArray DescrFromType(NPY_FLOAT32),
3.’ 3.’
NPY_ARRAY_CARRAY,
NULL);

NULL
return Py_None;

if (image == bboxes == NULL) {

¥

int num_bbox = bboxes->dimensions[@];

PyObject *py word images = PylList New(num bbox);

if (bboxes->dimensions[1] != 4){
return Py_None;

h

cv::Mat image mat(PyArray DIM(image, ©), PyArray DIM(image, 1), CV_8UC3, PyArray DATA(image));
cv::Mat bboxes mat(PyArray DIM(bboxes, ©), PyArray DIM(bboxes, 1), CV_32FC2, PyArray DATA(bboxes));

std:

for

:vector<cv::Mat> word _image mats;
(int k = @ ; k < num_bbox ; k++){
cv::Mat src = bboxes mat.row(k);
cv::Mat word image mat;

crop(src, image mat, word image mat);

PyArrayObject *py word image = cvimage2pyarray(word image mat);
PyList SetItem(py word images, k, (PyObject *)py word image);

¥

PyObject *results = Py BuildValue("0", py word images);

Py XDECREF(image);

Py XDECREF(py_word_images);

Py XDECREF(py bboxes);

return results;
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Python = C/C++

“timeit -r 7 -n 100 image crop python(image, bboxes)

87.7 ms * 1.17 ms per loop (mean * std. dev. of 7 runs, 100 loops each)

C/C++

“timeit -r 7 -n 100 image crop cpp(image, bboxes)

45 ms * 556 ps per loop (mean * std. dev. of 7 runs, 100 loops each)

PyArray = cv.:Mat

Core implementation

C/C++ = Python
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4.4 C/C++ OpenMP & DEIEW

Core implementation 2/0f2i2 OpenMP & 37|

std: :vector<cv::Mat> word image mats;

for (int k = © ; k < num_bbox ; k++){
cv::Mat src = bboxes mat.row(k);
cv::Mat word image mat;

crop(src, image mat, word_image mat); timeit -r 7 -n 100 image crop python(image, bboxes)

PyArrayObject *py word image = cvimage2pyarray(word image mat);

PyList Setltem(py_word_images, k, (PyObject *)py word image); 87.7 ms * 1.17 ms per loop (mean * std. dev. of 7 runs, 100 loops each)
. — = - = . >

C/C++

std: :vector<cv::Mat> word_image_mats;
std: :vector<int> indices;
{ . timeit -r 7 -n 100 image crop cpp(image, bboxes)

std: :vector<cv::Mat> word_image mats_;
std: :vector<int> indices_; 45 ms * 556 ps per loop (mean * std. dev. of 7 runs, 100 loops each)

for (int k = © ; k < num_bbox ; k++){
cv::Mat src = bboxes_mat.row(k);
cv::Mat word_image_mat;
crop(src, image mat, word_image mat);
word_image mats_.push_back(word_image mat);
indices_.push_back(k);

C/C++w/ OpenMP

}
) timeit -r 7 -n 100 image crop cpp_openmp(image, bboxes)
word_image_mats.insert(word_image_mats.end(), word_image_mats_.begin(), word_image_mats_.end());
indices.insert(indices.end(), indices_.begin(), indices_.end()); 4.64 ms * 139 uUsS per loop (mean + std. dev. of 7 runs, 100 loops each)
}

}

for (int k = @ ; k < num_bbox ; k++){

PyArrayObject *py word_image = cvimage2pyarray(word_image mats[k]); 87 7 4 6 4 9 4 70/
PyList SetItem(py_word_images, indices[k], (PyObject *)py word_image); . IIIS — ° ms - ° 0

extra_compile_args=["-fopenmp", "-std=c++11"],
extra_link_args=["-lgomp"”], /Il =
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