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High-Speed Implementation and Applications
of Python Programs with Counter Type
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ABSTRACT

We propose two ways that are efficiently changing the expression of the Counter type functions and replacing
the type to list type and show quantitatively the results of the speed-up according to each function. Using this
results, we analyze an existing speed-up research that has 700 times speed improvement result. We confirmed the
adequacy of the proposed high-speed implementation method by comparing running times of generating histogram
program using Counter type or list type. Our main results are that the update functions of Counter type are 5
times improved the speed by changing the expression, 30 times by changing to list type, the sort function of
Counter is 1.5 times by changing to list type. In addition, we present the comparison results of run-times of list
type functions in C and Python, and show the possibility for further speed-up. The analysis can be used as a
basis for selecting data type and it can be used to speed up Python programs that use counter type.
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To]¥l(Python)> Z2 18] lo] F 4HAR o]
ARSEE oloiPle, ZEo] 23k oy} = vt
014 7HEAe] £ov AdiAer oE Zes)
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Ao A PP gm) 13} 2o, A6 uje
716 3 16 8oF AlAslgITE
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E3HE = lole] FAom, Apd e ke S9irt 7t
B A2 1Y gkl Flkey) ot 719] §1F 3=l
7HE-E(count) & HE|3H] 7|83h= AS HA o= F
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B oo, 715 AP e 71, TREw AR
Zl(value) Z 7|=3Ic} Python 3.2.x ©]Ake] w{Zlol|A]
TR-E7E Algshe 7150 Al Algehe mE
7lee E3FstaL 719k 2l HSshe TReEE V1%
st Fefshedl Helgk 71ss AlEsb] s
elements, most_common, subtract Al 7}x]2] =
F7F Algsl 1 715 3 29} 2o} A =2
2l 7ol 83 Zlow Halth 712E 3Ao] &g
¥ =272 2= wAl#]Yd(machine learning)°ll
2 AMEE =2 g#el HAZ 2 $(TensorFlow) ' 2}
NIST(National  Institute  of  Standards and
Technology)7} Al &sh= dlEny] 24 w77 o)
itk

1.2 4 Zn}
E =Rl Aljtsls a3t WS = F7RE

eE] FAS fAFhT Poo] EPS FEHoR

WAk Wt ke WA PaE Yioz W
73 FRak W] Slek 2 gaol mE S 3y

A= a7 29} 2o Hr) xAg Aos AR
X 169 AAFEY

13 =& 74

B R P ke Rk 1 Aellde B
1572 NIST SP 800-90B" 9] cl=2] 7} w=of
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Type hierarchy
Built-in data types | Set | | Mapping
Immutable | Mutable | set | (Dicticcl)ifll;ries)

- tuple
Strings (Tuples)

Bytes

Byte Arrays

collections

| namedtuple | | UserList

|| ChainMap | |

| |OrderedDict |

T2 1. gelde dlele elglel i AF 7=
Fig. 1. The hierarchy of data types in Python
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B 1. dele] W4 0 o)
Table 1. Role of data types
Data . .
dict list tuple set
type
A mapping object maps The operations in the .
PpIEg Ob) P p Tuples are immutable Lo
hashable values to following table are . A set object is an
. . sequences, typically used .
Role | arbitrary objects. supported by most . unordered collection of
. to store collections of .. .
Mappings are mutable sequence types, both distinct hashable objects.
. . heterogeneous data.
objects. mutable and immutable.
Data . . . q g
— collections collections.namedtuple collections.OrderedDict collections.Counter
. . Ordered dictionaries are
A collections implements . . . .
. . Returns a new tuple just like regular A Counter is a dict
specialized container .. . .
datatypes providin subclass named typename. | dictionaries but they subclass for counting
yp. P & R The new subclass is used | remember the order that hashable objects. It is an
alternatives to Python’s . . . . .
Role | veneral purpose built-in to create tuple-like objects | items were inserted. unordered collection
& . P rp. . that have fields accessible | When iterating over an where elements are stored
containers, dict, list, set, . .. ..
by attribute lookup as ordered dictionary, the as dictionary keys and
and tuple. It has subtypes .. . . .
. well as being indexable items are returned in the | their counts are stored as
such that OrderedDict, . . . ..
and iterable. order their keys were first | dictionary values.
Counter etc. dded
added.

F 2. 7heE e Al st 2 7)E
Table 2. The methods of Counter type

Method elements most_common subtract
. . Elements are subtracted from an
Return an iterator over elements | Return a list of the n most | . .
. . .| iterable or from another mapping
repeating each as many times as | common elements and their . .
Role . (or counter). Like dict.update()
its count. Elements are returned | counts from the most common to .
. . but subtracts counts instead of
in arbitrary order. the least. .
replacing them.
| Efficient expressed Counter | | Counter 40 i list E
: 5! 1+ Counterfkey] >0 > list[key] !
I+ Counterlkey]+=1, € ===+ Counterupdate, == === listlkey]+=1, !
E Counter[key]-=1 ! i Counter.subtract o E list[key]-=1 !
! 31 e Counter.most_common() i 5—{ "> list.sort() !
e Counter.most_ < - :—:—- Countermost_.  — - — =+ - > find_MCV_list '
- common(N)[0][1] i 1 common()[0][1] P '
1 1 1
| o & |
1 1 I
E ox i i 1 ,I‘ 1 A 1 i i 1 l I :
: N\ | 5% g . x40 X100 32 1x100_ |
___________________ ~ ,_-_'_'_____'__'___'{'_-_'_‘-___-_'_'___'_'_'_____'_____'I IS B it it I,
Calling function ! dlict | [ vV ist in C : | !
\. 1o dictlkey] i boye listlkey]  w - !
- — = - Update function ','\- cﬁct.update . | bl I!st[key]+:1, | !
e find_MCV_dict b listlkey]-=1 : | !
— - — Sort function i P oe listsort() v ! !
i ' i find_MCV_list v !
— - - = Finding MCV function G e !

2% 2. w4s) 4sh so
Fig. 2. Summary of Speed-ups
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27} 3431 292 ook AR AokE C++
Fro] FFAGE 88 X, AHE- wlEE]E 440 MBE
7] NISTS] Z= ojn] oF 14 wje] &7} =9l
ow, wwe] ARgEES- 1/13 2 ARssick o]

ZA3e] multiMMC2} LZ78Y ol Tt 7l vy
g 7hE HAlE Bk Ao w W g Ax
2 AIjYehs 531 o] ARE- vlwe] siAdelE &
452 5 s AR 7=l a2 o]ef tigk
T= 2 A7) HelE wlefudrh

. 7}2E SAl0| E2E= T30 Chst

T8}

3.1 7126 YAlo| 285 FH WY

Aekehs W gheE #Ale] Al g
(Counter.update, ~Counter.subtract), A& I
(Counter.most_common)”} &%+ ;”:01] Ag 7}
Soir} 7R T:{]O]E{ EERARS QR A 7] 5}]%]{']

b o ek bl Gel e sl B 8

E 3. 7heE ] TEAZHE) vl
Table 3. Run-time(seconds) comparison of Counter
functions

Counter.update[(key) ], |Counter[key]+=1,
Counter.subtract|(key)] Counter[key]-=1

Run-time 1.60 0.28

Function

Counter.most_co | Counter.most_co |find_MCV_coun
mmon()[0][1] mmon(1)[0][1] |ter
Run-time 47.26 14.02 26.13

Function
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3.1.1. k2 ®A 25 o A seol E8A B
7(key)ell t-e3h= 71+ES Y= IS &

% ¥<(calling funct1on)£’} &t |, Counter[key] = %
‘4-61- 2~ o]om] 1;-1—5]‘7%,]. uuH‘— 6]—}\3 73%]
SF(update functlon)ﬂ} sk o, Counter.update([key])
2} Counter.subtract([key]) 2 E&3t 4= 3lv} 37|14
Counter.update®} Counter.subtract~= JH 22 sh}
olake] 7|5 wbo}l 7|=& 4= gl=d], whek she] 7]
5 WA S Counter[key]+=1 = Counter
[key]-=17} ko] T& Fputor ®H rlesith
Counter[key]+=1 ¥ Counter[key]-=1% F3% 7
‘Or 71 734 FepellA = ookt vl 4k &

2 T % A B, 2 A TEAL 5 ) B
g 4 9lor) & she 712 F1E oA AAE=
749~ update ‘GLTEJ:} 3% P75 o83z Aol &
(e}

Aol

3.1.27125 4| MY aol 388 Fd

7RrEe wet 715 Adske dE A I
(sort function)z} & w, 7}2€] A AHH =
Counter.most_common(n) -2 Z3Et}t.  Counter.
most_common(n) = 1] §1F of el w2} -

T& §57F AA=A = o] A5 ;7’%‘

o]5 zZH "t} kel nol] o} F- 1

Pseudo-code of finding MCV function

max = 0
index = 0
for i in (1~#data)
if storage[i] > max
max = storage[i]
index = i

return index

% “#idata n” is denotes that the recording data number
is n

a7 3. g B s
Fig. 3. pseudo-code of flndlng MCV function
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Table 4. Run-time(seconds) comparison of Counter
functions and dict functions

Function Counter[key] dict[key]
Run-time 0.14 0.08
. Counter.update dict.update
Function
([key]) ({key:value})
Run-time 1.60 0.23
X Courntter[key]+=1, dict[key]+=1,
Function
Courtter[key]=1 dictc[key]-=
Run-time 028 0.14
. Courtter.most_conmo .
Function find_MCV _dict
n(D[O][1]
Run-time 1402 26.05
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10000 7 sl=& A9 7HeEe T5-& A=) 256

=

w

e wlolElE 7]1=4) 5192 HlolE, B]AES] 7S
10000 715 25 §]sle] 43816 vl EE 4935}
gl aEdA] o] B vne]r} 285 r) o]Hd S
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o
d
L)
Ho
o il
%
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z
ax
£
N
>
fr
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£ o
feu
s
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Counter

key | 'c | 'a' |'ba’| 1 | 4

: | —key* Ol 11234
Evalue 112111311

Counter

key | ' | 'a" |'ba’| 1 | 4

count | 1 2 |1 311

order | 0O 1 2 314 5 6 7

Evalue ¢ lalbal 1|4l 1]1]%a

2 4. 7o W5t elas o) dole] )%
Fig. 4. Data recording of Counter type and list type

7l(key)<} 712] 319 3
Z3u], 7]9] 4 = tAas RS etk o
E B 712 Aol e, ‘@), ba’, 1, 4, 1, 1, ‘@’
o] AR JH¥xIchH 18 49] 7}2-E](Counter) 2}
Zo] 71585 £ =iellx= 7R 34 3 5
7)ol t-$3h= 71-EE 53 $<~(Counter[key])
9} JIREE 7§48k §5(Counter.update([key]).
Counter.subtract([key])), 223 7]& 7F+-E°| =7]
71%Eo2 A= 34 (Counter.most_common(n))
o thall t}E Aot B]l~E 342 ¥ 4(order)
W2 Fhvalue)y S 7153k ol Eo] Bl2E A

a3 49] 2lAaE(isyet Zo] 7]=Hrk.

T 7R JE = 719 W 2A4E A
T 7R 715 0 oA AFFsle oke] AR 2|3
T % glek. 23] 49] ool 283 A 00, W
1, ‘ba’5 2, 183,45 42 223 5 9le) o] 4
T 13 59 o] gREE F7] 5 2 Isle] 4]
(order) S 712ElY] Fl(key)Z, F(value)s 7H-E
(count) & A 7]= 7o 2] AE Ao 719-F]
HAlF Fdgt dlolelE 7153 5 gloH, 7eE] §

list

3% key* denotes the order according to key of Counter

12 b, e A BaE AR WA e ey 7|E
Fig. 5. Data recording of list type that is changed from Counter type
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Table 5. Run-time(seconds) comparison of Counter and
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unction _common() sorted(list) list+255) most_commonI= E] 7R&-Ed]| th3E= 715 2
Run-time 47.26 26.72 8.32 < ficke 23le] o). wlebA 7heEel| weh A
S find_MCV._cou o MCV I find_MCV _list =3l Flgte] gk A% 7RE Al os ek
N ey fnd MCVAst 1 ¢ Ak A gee) A% 129 ghe A 13 o)
Run-time 26.13 18.35 0.02 2 ulasfol 317] wtel] 7155 vlole|e] Sl wheh
B 6. AF Il tigk FEAZKR) Bl
Table 6. Run-time(seconds) comparison of sort functions
Program . Run-time Run-time Run-time Run-time
Function . . . q
language with #data 32 with #data 64 with #data 128 with #data 256
Counter.most_common() 3.31 14.08 22.18 47.26
Python ;
sorted(list) 2.08 4.92 11.43 26.72
C sort(list, list + #data - 1) 0.39 1.30 3.42 8.32

% “#data n” is denotes that the recording data number is n
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R 7E 942 M el Zzawel g 7 Wt 88

T AAE ZoE AAEh £ 6> dlofE
TE 32, 64, 128, 256 ©.2 WH3sPA] 100 k3] u
5 Az SA% A5 AAE

Al A3 dlole] Z7] Tl wEk AE Pe
T5AZ e S71E9.2H, Counter.most_common(),
sorted(list), sort(list, list + #data -1) ZFZFe] G54
7y Z7}eke 0.187, 0.111, 0.035 o|t}l. AHE kg
75 dlole] 4] wsto & 2 ulje] &) sRtE gl e
v, C Wigke = 5ulle] &=r) Fd=E|glch

3.2.3 B|AE AoZ uEs S5 7126 A
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find_MCV_counter, find_MCV_liste} 3}
A BB FHAE Colx]
find_MCV_list_C=} st} #41zk 2] %
sh v 125 dlelele] Zl ue}
o] Ad ZloR o} & 72 dHlolE 5 32
64, 128, 256 o= W3 3A] 100 9F3] HEE 54
e 2Aa AnE AR

A A3 Mgk Fe) A9 wlole] W4 wgke.
2 15019 Ser) dadEglen, ¢ ke R 700 vl
ole] Saerl 27) gk AN el A%
find_ MCV_Counter ¥t} A& 322l Counter.
most_common(1)[0][1] 2 E3sH= Ao] ¥ &840
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rr
ou‘.
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=

V. Fh2E] SAl0fl L D58t difo| S8

4.1 NISTQ multiMCW <QIE=Zxm| F& a0

et ms i 2t 2

4.1.1 24 7R

multiMCW-= NISTS] JEZy] 34 =7 159

F 7. 23k el iRt ek vl
b

107 ERZS) 34 5 F 7P U AlRle] &8
Fo] 715 el 700 vl9] S Ak AlFTh
2u} 7] Aol Smagel sl]le] WEks] Al
A=]A] FgF olglgo] sled, Akl wh& -85}
71Ee] sl =zl gk w43t el
multiMCW IE&3] 34 gk gl & 3ol
A9ls &5 R BAgkel w4 multiMCWe] -
FEo) A e F=5 A Pl el i
a2, ZF o] 34 i Z=F AR v
9] 143} A A o] 83l wEst A - F
T5 g AAslgler, ol upEos
multiMCW ] T~EA1ZHS: ol Afst Az} Al 54
7he vlasle] ] A Elakick
ghH, Algel] A8 C& v (debug) 2o Y

2] Z(release) L EF Lol AsiE 4= gl 1
ol HA3} o2 e 4= glrk Hel= megs
A3ts 58 Ao Z v Renc) wEy
g0z pgiEe] A Zz e wzels Pej=
RER wlEEE Zlo] ko]t old wle} M A 2
Aol ¢ A A= dej= meg rEe S%
AdE AAsideh e He= mEe] A 2
stz olef 5 2= dloly] Sl wel
Aol WEo] 7] wliel Hr} ekl 23S )
o IV AllMe] CE o] 43t A2 v =g Al
ey}, o] Azt 7)1 Aol AARE A Azt
oF VALl Ag Aol glo] tha 2fo]7} WhAYslI=
W 7)E ATE Boh eS| Mg ARE A
ek

ol
i

Lo
N
o
Mo

o o

=

4.1.2 multiMCW Z2MA 24

muliMCW 2] oAtz =lle 73] 63} 7ow] o]
ZF ulEdor oile] £2%E 18 69 3aiolA
AR FEARRE ARG 3aiddls F 4709
7H-E] §pet 1709] e e o] 83 AR
o] g o] FoixIck 5 /09 2} multiMCWell
o] gk # 83}

Table 7. Run-time(seconds) comparison table of finding MCV functions
Program . Run-time Run-time Run-time Run-time
Function . . . q
language with #data 32 with #data 64 with #data 128 with #data 256
find_MCV_counter 5.11 10.02 18.75 26.13
Python -
Sfind_MCV_list 2.71 4.61 9.42 18.35
C Sfind_MCV_list_C 0.005 0.006 0.01 0.02

% “#data n” is denotes that the recording data number is n
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Pseudo-code of multiMCW

Given the input S= (s 1 S L) s where

s, € A= {:c], ...,l‘k},

1. Let window size be w;=063,w, =255
ywy = 1023, wy =1023,w, = 4095, and
N=L—w,. Let correct be an array of N Boolean
values, each initialized to O.

2. Let scoreboard be a list of four counters, each
initialized to 0. Let frequent be a list of four values,
each initialized to Null. Let winner = 1

3. For i=w;+1 to L
a. For j=1 to 4,

i If ¢ > wj, let frequent be the most frequent value

in (%7u,j,@7w/+l, ..,,Si,1>. If there is a tie,
then frequent; is assigned to the most frequent
value that has appeard most recently.
ii. Else, let frequent,=NULL

b. Let prediction = frequent_winner.

c. If(prediction = s,), let
correct; = scoreboard; +1

d. Update the scoreboard. For j =1 to 4 if
i If (fTequentj:si)
1) Let scorboard-+:1

2) If scoreboard = scoreboard

winner
winner=j
After step 4, the entropy is calculated using correct.

¥ 8. multiMCW2] £ 3
Table 8. The key functions of multiMCW

Function Role of the function

Counter[key] Call the count of the key.

Counter.update([key]) || Add the count of the key by 1.

Subtract the count of the key

Counter.subtract([key])
by 1.

Counter.most_commo

n()[0][1]

Find the most frequent value.

If the most common value is
mostCommon(Counter, | tied, then return the mot

data) frequent value that has appeared

T8 6. multiMCW 39] oA fz=
Fig. 6. The pseudo-code of multiMCW

4.1.3 multiMCW 1&3} 24
A714= £ 8olA] AAE muliMCWe] F8. 3k

most recently.

5708] ARS- 912, ARE- BAS A = A 2
a5 AR ool Wik st w9 o 39S
A o Z A AjI) oy} ARkl 3hoe R Ak
multiMCW 2| ellf 5217k A A 51 7kke] At
o] & nlasle] 4] M-S gk

multiMcwsq AR 57N AAsE 1" 6
9] 3.ai5 T3 NISTS| Z=9} o] 5 7413 7=
= 717y a7 79 9% ¢ &3} 7o) T Et) SP
800-90B+= §] dlole]<] %9} =7](1~8 bits)E A
A& 4 glck WA dlole 4= 100 Wk 7=, o] A5
a8 79 Z=E <oF 400 vt 35 vkESHA ok o]
Feoi= F 5709 FF ARSEA o] o]
AL & 83 2k,

1) 3= 3ot 734l el i3k w3t B4

countersf[j],  counter[j]. subtract2} countersfj].
update 7FE1] 3% 2} 7341 == NIST =
=91 2, 3, 4 WA Foll ARgEl oA, W F== T

Line NIST’s multiMCW

Improved multiMCW

if i>w[j]+1:
counters[j].subtract([S[i-w[j]-2]])
counters[j].update([S[i-2]])
if counters[j][S[i-2]] ==
counters|[j].most_common()[0][1]:
frequent[j] = S[i-2]
else:
frequent[j] =

0 N O LB W=

mostCommon(S[i-w[j]-1:i-1],counters[j])

if i>w[j]+1:
list[jI[S[i-w[j]-2]] -= 1
list[jI[S[i-2]] += 1
maxcnt = 0
for t in range(k):
if list[j][t] > maxcnt:
maxcnt = window([j][t]
frequent[j] =

mostCommon(list[j],S[i-w[j]-1:i-1],maxcnt)

% i denotes the order of inputted data and j denotes the index of window

2] 7. NISTS] multiMCW F=2} 71418 multiMCW F=
Fig. 7. The NIST’s multiMCW code and its improved code
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T33ick PythonellA] 7He-E] 343}
o] A et 3F o] FEAIRR
s Zg3tadx et co] A9 Al S
oA Tl REF WA wel 3 A 2}
o]& Zke=th vl oA BAl et 3%
= zF7ke] 100 W] EA17Re 0.004, 0.002 2] -
FARE etk A A 7RREelA BaER W
ho 2 5% el 79 10 v, 734l gl -
wje] &xr) gtEglon, Flo]xe] 2laE A
= CE 7% A§ Hej= nrd] A5 55 g5
735 46 v, 744l gho] A5 97 vl Svt FE=
vhd, o mee] 739 3 ), 18 wije] &)

= SAet.

o ©°

2) gk ol Wigk w58t 1A

Counter.most_common~ 3% = 7155 k&
7] £AR A 715S 2= 5%, NIST 2
9] 4 WA Foll A= R 22Y multiMCW el
X1 Counter.most_common <75 ZFHIZHe 2=
ARgate] 19 39] HHIZhE 2= e 3= el T
FA7te] 1.3 v Aol a3 79] JME FEE g
»EZ 0|23 find MCV_list2 4~7 W5 Z3} 7to]
T3tk 9= MA2Hcdolld At
Counter.most_common, find_MCV_list,
Sfind_MCV_list_C°ll Wjsll AZ =7] 1~8 bits, AZ
N 100 9 AN 71FEeR FEAIZRS S A
o} AE =) we} 22, 4, 8, .., 256 7€) dle]
|7} 71550] 2 AR AE 2719 Sk F
A3k vlEE ZrBsidch AR =& e 100 W
3] B FEAIZES “FEARE = SRS X (15
g odlele] 9 + A 28 ARt 3lo] ALt 5
SI= Counter.most_common, find_MCV_list,
Sfind_MCV_list_C®] AZ 7l w2 100 =t 3] %
A7k Z7F ¥lE- 717} 02469, 0.032, 0.0019 2 5

A
ar

E 10, dlole] ol whE 2zt =3 5o F5A7HD)
Table 10. Run-time(seconds) of the finding MCV
function according to the number of data

Function Run-Time

Counter.most_c

Run-time = 0.2469 x #data + 0.1904
ommon
find_MCV_list || Run-time = 0.032 x #data + 0.5492
find_MCV_list .

Run-time = 0.0019 x #data - 0.0018

C

% “#idata n” is denotes that the recording data number

is n

T WelA] ks 2hE W AN
==, o] wl ARk HHZEE mostCommon T
2] 3% Aol 7] AXEE Fholct JRAE ZroA=
7] AkkEl #NIZE most_Common 3l 3133}
o] FE T Ik

mostCommon == ZRIZko] 7 7 o]akel 7§
7 el 7159 3 ksl g E, a9 79
215 F o} o] TSIk olwl mostCommon
= Uell= len(list),
list(list), set(list), list.index(count) T57} UA|RE
Counter.most_common 52| 7% multiMCW 1| 4]
g2 FEEE R mostCommon 2] Y-
ol 58108 o R 2= st mostCommon
= 1 3] 75 7ol len(list), list(list), set(list)= 1 3]
5= listindex(count) T dlo|e] Abelel] wlz}
T5 Sl7t A==, AR dleleld] A5 W 4
3] FEElek 7 gl 2 315 2 S =7
ul-2 vkl ge] 100 RES] WHE AR E 119
ze) Al Anjell w2 len(list), list(list), set(list)
o] FEAIZEE dlolele] Z7]e} FAlgle] IAIA ]3]
°w [list.index(count)= T|°E] =Z7|7} 75l u}
B b e L s

mostCommon &5 /W43 =
% FE R QHox] Akl
—=

mostCommon

Counter.most_common,

AZkell Bigh Ale E 10 3} 7o) ARk ] Lo als ’
] ]T/H _*1 ar J’]’E] Fg‘;} . d—?tg'ﬁlk‘g’lzgﬁ/\oéiﬂﬁl‘ﬁiﬂiﬂ_ﬁﬂﬁi
ool  t©Js}e]  Counter.most_common T

E 9. NISTS] multiMCWellA HWIgks k= et o5 M 40 F-5A7KE) viaL

Table 9. Run-times(seconds) comparison of the functions finding a most common value and its improved function.

The number of samples
Function
2 4 8 16 32 64 128 256

Cournter.most_conmon()[0][1] 2.10 2.27 2.86 4.15 7.25 14.13 29.77 64.94
find_MCV_list 0.44 0.56 0.81 1.22 2.02 3.71 7.05 13.78
find_MCV _list_C 0.004 0.007 0.01 0.03 0.06 0.13 024 0.50
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NIST’s mostCommon function code

Improved mostCommon function code

def mostCommon(S,c):

maxcount = c.most_common()[0][1]

maxsymb = None

lastindex = len(S)

reverse = S/::-1]

for s in set(S):

if (c/s] == maxcount) and (reverse.index(s) < lastindex):
lastindex = reverse.index(s)

maxsymb = s

5\ooo\lcxu-l>wm—5:

return maxsymb

def mostCommon(list, S, maxcnt):
for i in S/::-1]:
if list[i] == maxcnt:

return i

2| 8. NIST2] mostCommon ¢} 7HA13F mostCommon 9] F&
Fig. 8. The codes of NIST’s mostCommon function and its improved function

=7 5% ol HRIgAA] Flsk= s 7=t
5] F&ste] 71E mostCommon Tolx] AREsH=
chekst v -gke] AR-2- 3tk mostCommon 3
9} NAAZE mostCommon <ol HigF MZE =7] 1
~8 bits, AF 74> 100 ¥ ANE 7|FoR TEAS
A% A¥= £ 113 ok AE =7)6] w22t
2, 4,8, ..., 256 712] dlo|e|7} 7|EEe] L +EA7F
= AE 2719 TR T veE SsIch
mostCommon 2] 100 W8] HHE FFA| 7S«
FAZE = SRS X (7158 dold ) + 3 &
8 AP 2o AlAke: 4= 9lth 71 mostCommon,
W48 mostCommon, 7WA&F mostCommon3t5 C
= 77 ghepell gk AE Jherell wE 100 1E 3

X 123} 2o A=H). mostCommon 312 Z¥1Zk
w3 G5t olrh vk B 4 Aol FEA
Zholl & dske Frl= Aoluk

4.1. =4 Zojel x| AlE ZD} H{n

3 14+ B4 50 e =l 4 ek
7k 2 multiMCWe| F5AZHS Ak AzE
(Expected run-time)¥} A4 F5AZHmultiMCW)-S
Hlagk Avs dolEeh ARk A o1 Al
Z 52256 NS 71502 5 70 el sl (2 gkl
TF ok AZH X (7 2] multiMCW ell4] 2] AlA|
T 3P s ok Higk Bl BE & 14, 17 991 2
ol 71E, 7iA, ol A multiMCW §H 25 of

FEA7E Z7) vle-S 247} 0.152, 0.026, 0.0005 = A} TFEAZNEE AA REAR ] 2le)7) FA] ok
E 11. mostCommon W 9] 3% 3l 2 FEA7KZ) 34
Table 11. Run-time(second) and the number of calls for the inner functions of mostCommon
Funct The nunber of The number of samples
wnetion alls 2 4 16 32 64 128 256
len(list) 1 0.07 0.06 0.06 0.06 0.06 0.07 0.06 0.06
list[::-1] 1 3.29 2.90 2.90 2.86 2.83 2.85 2.86 2.85
set(list) 1 27.43 27.50 27.60 28.68 28.05 28.42 29.59 30.41
list.index
~4 0.26 0.27 0.31 0.40 0.55 0.83 1.57 2.97
(count)
E 12. mostCommon 3¢} 7418+ mostCommon 2] T-EA|7K(Z) vl
Table 12. Run-times(seconds) comparison of the NIST’s mostCommon function and improved mostCommon function.
. The number of samples
Function
2 4 8 16 32 64 128 256
mostCommon 35.53 35.06 35.82 37.07 39.80 44.66 56.70 72.98
Improved
6.80 6.08 6.10 6.30 6.73 7.63 9.38 12.82
mostCommon
Improved
0.009 0.01 0.01 0.01 0.03 0.05 0.10 0.20
mostCommon_C

1292

www.dbpia.co.kr




R hE WA A stely xEade) nd T4 st 34

Improved multiMCW Python code

100
80
60
N M N N W & &
1 2 3 4 5 6 ; :
-l m— list[x]+=1, list[x]-=1
WA\ find_MCV_ist solve_tie_list

-==--==- |mproved multiMCW Python code

High-speed implementation C code for multiMCW

1 ) 3 ) 5 6 7

- ist]y] list[i)#=1,list[¥)-=1
144/4find_MCV_fist_C solve_te_ist

eeeee High-speed implementation muliMCW € code

3 9. a3t #4 AAE rke R wE5F A A 7R A vl AdRx & o dHlelH =],y F o %)
Fig. 9. Comparison of the run-time(seconds) derived from the analysis results and the implemented multiMCW(x-axis : data

size, y-axis : seconds)

AL BT 5 Ak o) Ao 25s $40] 44
5] ol folzleg olvlgic)

E 13. mostCommon 32} 7§48 mostCommon 2]
T5AIZHZ)

Table 13. Run-time(seconds) of the mostCommon and
the improved mostCommon functions according to the
number of data

Functions Run-time(seconds)
mostCommon || Run-time = 0.1525 x #data + 34.984
Improved

Run-time = 0.0264 x #data + 8.4863
mostCommon
Improved
mostCommon || Run-time = 0.0005 x #data + 0.0163
in C

% “#data n” is denotes that the recording data number

is n

E 14, 71% WA, ColA /i muliMCW =] £4 2
I 7k FEAREE AA] FEARE BlaE)

Table 14. Run-time(seconds) comparison of the NIST’s,
improved and improved in C multiMCW functions

4.2 S|AETM MM =278 &5 H|W
slaETdolg T B RO shig 7t2Se] A
FE, AZSd Al e U=s JeplE 2
(bar) 2 Z2 TS} F|AETHe] AFS k-
Blo] 717, i 7B xjedxawdA w3Ec) Al
kel g3t o] a3E Elaly] $ste] 7k
B A3} g|nE §a] ks E8sle] d) g
AR Z2a3s sl s slaEaw A
z2ale] ZaA| e v 2k WA o e A
o et} theo g A w7 AlgS A
Agol w4 355 Stk AlFol vt
3 314 =0 Tu, A€ AlF 2ol o}
FEE o] g8 slaEawS aivk v AlF
2 Tof Wk 1Y 34 SATHs TsofA
7} JA T 7REE A oR AFE AL
E3l9d). s|larnw A TR ae] T2A|
O 3

i
I

o du ru o
R

N

W oox
>4
m

ogh

Ao¥sh= 123} whle] E-84S Wr)9)sle] 17

NIST’s Tmproved Improved P
multiMC . multiMC
multiMCW .

W WinC |  ——F——
G 7o
Expected 800.41 86.39 2.57 L__orlist 1 000
Implemented :;“ I?I:{tl I‘Z”I o
. 749.78 76.41 2.31 Hi =
multiMCW | .

S0 s o 25 s 5 w0 15 130

J% 10, 3|xEas A ZE o ZIAx
Fig. 10. Generating histogram process
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Line Counter list

1 c=Counter() min_data = int(min(raw_data)) # overhead

2 for i in raw_data: max_data = int(max(raw_data)) # overhead

3 c.update([int(i)]) = [0 for i in range(max_data - min_data+1)]

4 for i in raw_data:

5 1[int(i)-min_data]+=1 # overhead
38 11, deld WA W AF 74 2 9 94 54 2
Fig. 11. Determining number of bins and counting its frequency codes according to the data types
119] mEw EAAE g P AR 48 3 B SE P ol FelAli 2E ST 5 sick
S 3 pe] $EF S4sl ulmsil) oY we
Hlolel= Xé%hci—a— 23 W5 4%k numpy E 15, 7heE I mE elaE Yo FHY Ik
2] random.normal 2E<] ZH o2 o|u FFE 50 ;Lig;ﬁg;ijl%‘iﬂ TEAZH D) vl gReE 34 —
2=, BEnci s 10, 20, 30 2= /gzjs]gigu{ - Tﬂe : T)S Run-time(seconds) comparison of the
Az} FF Az} Z715be) wel AlFe (bins) = histogram generating programs using Counter type or list

gt ¥ 100, 200, 300 >.2 Z7}sldc) =3t HlolE

type (Counter type — list type)

o s 7k7} dlole] =7] 107, 10°, 10°.0.5 w7 e
of bins
3k Al8)e- A asla) 719E] §4] w2l ~E § T 100 200 300
€

Aoz Fale slare A4 meode] AFEE | o
E wE2s F deleE gsle] AF 74 ‘2 9 10,000 0026 — | 0025 — | 0025 —
3l 34 F=e] FEAke 4% A3 £ 159 ’ 0.006 0.006 0.006
o] & dloleldl] dls) 4 o] &% xfo|7} vhAls] 100.000 0269 — | 0263 — | 0258 —
o). 7+ FA oA AL gl Al B A ’ 0.064 0.062 0.064
ol whZ Counter.update([key])E list[key*]+=1Z 1,000,000 2615 — | 2.614 — | 2.668 —
W7 TR A 10 9he] S gl dlEiAI, L
71 M= AFF R 4 v S sfo R AThE S
2 ke R S0} gk o] Aok elas v.g =
Qa0 FRE A9 Aol W1 Ao v}
1,2, 5 WA Z3 2 onsl=e] 23k AoR Bal & el stoldel iRt ks Wetew A
ok AgAoz gyl enjs|cow Byslar 7keE ¥ dde] FheE] o] AMgE = ZR el A4 7}
Ale] TS gliE Ao T o & 53 7HA] WS AR AR W e
B 16. 7hEE 9} 2laE A F] FEAKR) Bl
Table 16. Run-time(seconds) comparison of Counter and list type functions
Diatype | dit Courter Fificient expressed Couter | list list in C
Riction | dictfkey] Cuiterfiey] listfkey] listfkey]
Runtine 0.08 0.14 0.01 0.0003

. dict.update | Counter.update([key]), Counter[key]+=1, list[key*]+=1, list[key*]+=1,
Ruinction

({key:value}) Counter.subtract([key]) Counter[key]-=1 list[key*]-=1 list[key*]-=1

Runrtime 023 1.60 0.30 0.05 0.0005
Function - Courtter.most_common() sorted(list) sort(list; list+255)
Runtine - 4726 26.72 8.32

. find_MCV_di | Counter.most_co | find_MCV_Co | Counter.most_co . X
Riction find_MCV _list Sfind MOV list_C

ct mmon()[0][1] unter mmon(1)[0][1]

Runtine 26.05 4726 2613 142 18.35 0.02
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(1]

[2]

[3]

[4]

[5]
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