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Python - pandas - numpy - matplotlib
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PYTHON

ALL_GATES = [Illtl‘_-lll’ II2|:|‘_-III’ II3E-|II’ II4E—|II' II5.6|:||_-III]

raw = pd.DataFrame(raw_rows,

columns=["AI2tCH"] + ALL_GATES).set_index("AlI2FCH")
# 0l: ("e8~09", O, 1157, 1116, 1268, 199) <- U3 Al2-CH
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PYTHON

ACTIVE_GATES = ["2Bi",6 "3Bi", "4Bi" "E.4HH"] # (a) 18 A<
df = raw[ACTIVE_GATES].copy()

operating = df[(df.sum(axis=1) > 0)] # (b) 2YA|2t0t

[

# SH &HJ| e — 8 28 S8 FOF O UL SAHFH =0

EXPECT = {"281":10577, "31":14948, "4%¥1":18297, "5-6%1":1970}
# — 4K AOIE A 45,792, 2& HOIX ottt H2 2X (0K)
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PYTHON

daily = df.sum() #

share = (daily / daily.sum() * 100).round(1l) #
# Z2: 2¥ 23.1% / 3H 32.6% / 49 40.0% / 5-6H
gap = daily.max() / daily.min() #
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PYTHON

peak = df.loc["08~09"]

even = peak.sum() / 1len(ACTIVE_GATES)
worst = peak.max()

reduction = (worst - even) / worst % 100
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rates = [0.1, 0.2, 0.3, 0.5, 0.7, 1.0]

sens = {r: reduction * r for r in rates}
# 022 30% -> 7.9% (HQtA: 2 8~10%)
# HZ Sk T3 49 1,268 = 2 1008 =& = Z2 A0 10 2t =IF &4t
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APPENDIX
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APPENDIX - FULL CODE
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(Python - pandas - numpy - matplotlio 2 R)
aiflow_analysis.py PYTHON

# -*- coding: utf-8 -*-

HME&e 20t & 24 dAl.
HOIXIOIA A& JEE ZECE.

LE A JtE It BOot

0f A3
STEP 1
STEP 2
STEP 3
STEP 4
5

6

7

Im
10
[of

Y
=

= 4018 B=01H)
A% [HICHA 40%, 4.3%]
oA 1,268 / 935 / 26.3%]
[MQtA 2 8~10%, 100Y ]
(oh& 2lolol)

S =5 Y [
U BroJx

0= 0
1]

STEP
STEP
STEP

(@]

U
-

= H

J

=X 29 [HetA gt0l M== OClol
CIOIE =42 e FS0A 2R 2
S0l S oA TEP 22t STEP 67

: python aiflow_analysis.py (pandas, numpy, matplotlib

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import font_manager, rcParams

# OF HXIH . BAOICH ZE 0|S0| Z2tA i 0l2=2
# "AppleGothic', @& 2= 'Malgun Gothic'. £ Ct Noto/LIs22 ZO{&ICt.
for _f in ["AppleGothic", "Malgun Gothic", "NanumGothic", "Noto Sans CJK KR", "Noto
Sans CJK JP"]:
if any(_f in f.name for f in font_manager.fontManager.ttflist):

rcParams["font.family"] = _f

break
rcParams["axes.unicode_minus"] = False




g w20,
HIOIXIO 6JH2F Tt ALt
Bl 2tz A& 8tCh.

raw_rows
("00~01",
("e1~02", 222, 0),
("e2~03", 45, 0),
("e3~04", 203, 0),
("04~05", 1127, 0),
("e5~06", 1727, 1066, 0),
("06~07", 981, 870, 1204, 83),
("e7~08", 1007, 992, 1182, 173),
("e8~09", 1157, 1116, 1268, 199), # U3
("e9~10", 891, 1050, 1243, 176),
("10~11", 705, 1029, 1285, 199),
("11~12", 652, 1021, 1321, 230),
("12~13", 572, 925, 1145, 166),
("13~14", 580, 830, 1045, 141),
("14~15", 626, 769, 884, 109),
("15~16", 751, 708, 773, 110),
("16~17", 795, 628, 710, 90),
("17~18", 644, 560, 677, 62),
("18~19", 607, 616, 690, 93),
("19~20", 609, 619, 704, 139),
("20~21", 892, 499, 0),
("21~22", 596, 246, 0),
("22~23", 0, 160, 0),
("23~00", 0, 2, 0),
1
ALL_GATES = ["agd", "28i", "3gi" 4" "5.6EH"]
raw = pd.DataFrame(raw_rows, columns=["AI2FCH"] + ALL_GATES).set_index("AlI2tCH")
print(f"STEP1 X2 = : {raw.shape[0]}H Al2tCH x {raw.shape[1]}J§ HOIE")
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ACTIVE_GATES = ["2@d", "3gd", "gqei" "5.684"] # (a) 1% X<
excluded = [g for g in ALL_GATES if g not in ACTIVE_GATES]
print(f"STEP2 (a) 24 04 HOIE: {ACTIVE_GATES} / M2l : {excluded} (S%X &E)")
df = raw[ACTIVE_GATES].copy()
operating = df[(df.sum(axis=1) > 0)] # (b) 2 Al2t0t
removed_b = raw.shape[0] - operating.shape[0]
print(f" (b) 24 HOIEI 2F &8l Al2tdh MH: "
f"{removed_b}Jl (Ol HOIE Z&0l&d 24A12F LHLH 122 Ol& &)™)
print (f" MO Z2B/E SH — HOIE Heiol MA2lo Fe")
# SH =D Z4t, Ct (IRLIL EHREH XECE.
daily = df.sum()
EXPECT = {"2&": 10577, "3H": 14948, "49Hi": 18297, "5:6%": 1970}
ok = all(int(daily[g]) = EXPECT[g] for g in ACTIVE_GATES)
print(f" Zat: 22 2H {'M82 0K' if ok else '!l ELX '} "
f"(Z {int(daily.sum()):,}&)")

int(daily.
(daily / total * 100).round(1)
print("=" * 58)
print("STEP3 ==&g T=EE")
for g in ACTIVE_GATES:
print(f" {g:<5} {int(daily[g]):>6,}% {share[g]:>5}%")
busiest, idlest = daily.idxmax(), daily.idxmin()
print(f" — 4% {share['42H']1}% / 5:6%H {share['5:6%"']1}% [HtA]1")
print(f"* — &2 2Xx}: {busiest} vs {idlest} = {daily[busiest]/daily[idlest]:.1f}ti")

'S EHi'=

o 02 &0l ECh.
-> [HIetA] 1,268

peak = df.loc["08~09"]

peak_total = int(peak.sum())

even = peak_total / 1en(ACTIVE_GATES)
worst = int(peak.max())




reduction = (worst - even) / worst * 100
print("=" % 58)
print("STEP4 I3 (08~09A1) ZS=HH Al2dI0l&")
print(f* 132 & {peak_total:,}™d / &M =Ci(4¥) {worst:,6 }& "
'/ 25 Al {even:.0f}&")
print(f" — 2ot 24 (0128 Ast) {reduction:.1f}% [MSAM: 26.3%]")

Ol 8%t 20olcd HMetAolA X
-> [HIStM] "0IEE 30% IHE

print("=" * 58)
print("STEP5 & 0|
rates = [0.1, 0.2, 0.3,
sens = {r: reduction * r for r in rates}
for r in rates:
tag = " « [HMSA] & 8~10%" if r = 0.3 else ""
print(f" 0l&2 {int(r+*100):>3}% -> {sens[r]:4.1f}%{tag}")
moved = worst * (reduction/100) * 0.3
print(f" HMZ: T3 4% {worst:,}H = 2 {moved:.0f}
FUIHICHA: S 100 = 2 A0H 104 2telt]™)

<- Hlole =429 F
A0l XA CHA
Hetdel =2 HoleZ 2

print("=" % 58)
print("STEP6 & XIE (dH& 0l0i)")
# (6-1) Al2tiE ¥9= HOIE s EX
# O Al2F 0= HIOIEDL = 236X
# 49101 o ZE ANALUHE S46HH,
bottleneck = operating.idxmax(axis=1)
share_of_4 = (bottleneck = "421").mean() * 100
print(f" [6-1] A2tTHE ZOIS& HOIEDL '48'0l Hig: "
f"{share_of_4:.0f}% ({(bottleneck="4%").sum()}/{len(bottleneck)}Ii AI2+CH)")
— £22 S3F A2t 290l oLt #EE HaA")
"AFAI'QIX ‘T3 BE'QIR
£80l Aoi& Het =t=0, AHASHEZL OfLIALH.
MLh T3 WML Hel 2.
£20/CH. oflatl &
OtLIet 'S2t REx"' =
operating.loc[["14~15", "15~16", "16~17"]1].
off_share = off_peak["4H"] / off_peak.sum() * 100
peak_share = peak["421"] / peak_total % 100
print(f" [6-2] 48 ES%Z: off-peak {off_share:.1f}% vs peak {peak_share:.1f}% "
f" (X0l {abs(peak_share-off_share):.1f}%p)")




print(f" I otLlet ":Z='JF |Aelm)
#

# o, 48 =ZFNX MRCh= 2 ol
# 'dX AHOIE EZ2'NKS BEAH22lse EF
gate_avg = operating[ACTIVE_GATES].sum().
gateb6_total = operating["5:681"].sum()
recoverable = gate_avg - gateb6_total # HZINXA M2 O
print(f" [6-3] 85 &&: 5-6% ol {int(gateb6_total):,}™ vs "
f"HOIE B2 {gate_avg:, .0frE")
print(f" £Z=NAS E2HE 2 {recoverable:,.0f}H It £ H&E")
# (6-4) HOIE - BEEH2=(CV)
# EZEX/ER. =2 001 IR XCH.
# 'S vs @Sl 8t =X H = e S0 R,
cv_now = operating[ACTIVE_GATES].sum().std() / operating[ACTIVE_GATES].sum().mean()
print(f" [6-4] HOIE 2t EZSE(HSHZA): M {cv_now:.2f} -> ZS=H Al 0.00")
print(f" — 2 At E00F & 27g9 IJIE & =X=2 HE")

RED, ORANGE, BLUE, GREEN, GRAY = "#D6483B", "#F2A91E", "#2E6FB2", "#2EQE6B", "#B8COCC"
def _save(fig, name):

fig.tight_layout(); fig.savefig(name, dpi=130, bbox_inches="tight")

plt.close(fig); print(f" saved: {name}")
print("=" * 58)
print("STEP7 JaiZ= HMZ")
# (1) =&
fig, ax = plt.subplots(figsize=(7,4))
ax.bar(ACTIVE_GATES, [daily[g] for g in ACTIVE_GATES],

color=[RED if g="4%" else BLUE for g in ACTIVE_GATES])

for i,9 in enumerate(ACTIVE_GATES):

ax.text(i, daily[g]+200, f"{share[g]l}%", ha="center", fontweight="bold")
ax.set_title("T1 £3FY &l2 02 — 4% 5 R0 40% £"); ax.set_ylabel("Ci2{ #(Z)")
_save(fig, "chartl_concentration.png")
# (2) I3 H
fig, ax = plt.subplots(figsize=(7,4))
ax.bar(ACTIVE_GATES, [peak[g] for g in ACTIVE_GATES],

color=[RED if g="42" else BLUE for g in ACTIVE_GATES])

ax.axhline(even, color=GRAY, ls="--", label=f"&=#S =2Hi& {even:.0f}™")
ax.set_title("II 3 (08~09Al) — 4% 1,268 / 5.6 1993 "); ax.set_ylabel("O{2 &=(H)");
ax.legend()
_save(fig, "chart2_peak.png")
# (3) Before/After
fig, ax = plt.subplots(figsize=(7,4))
x = range(len(ACTIVE_GATES))
ax.bar([i-0.2 for i in x], [peak[g] for g in ACTIVE_GATES], 0.4, label="&M",
color=RED)
ax.bar([i+0.2 for i in x], [even]*1en(ACTIVE_GATES), 0.4, label="




color=GREEN)
ax.set_xticks(list(x)); ax.set_xticklabels(ACTIVE_GATES)
ax.set_title(f"2M = — T3 4% {reduction:.1f}% 24 (02X
ax.set_ylabel("0{2¢ £=(Z)"); ax.legend()
_save(fig, "chart3_before_after.png")
# (4) 028 =S¢
fig, ax = plt.subplots(figsize=(7,4))
xs=[int(r+100) for r in rates]; ys=[sens[r] for r in rates]
ax.plot(xs, ys, marker="o0", color=BLUE, 1lw=2)
ax.scatter([30],[sens[0.3]], color=RED, zorder=5, s=90)
ax.annotate(f"30% — {sens[0.3]:.1f}%", (30,sens[0.3]),
textcoords="offset points", xytext=(10,-18), color=RED, fontweight="bold")

ax.set_title("® 0ISEY 2ol 24 — M2 oF ME She HCO")
ax.set_xlabel("® OIEE(%)"); ax.set_ylabel("Sot 2A(%)"); ax.grid(alpha=.3)
_save(fig, "chart4_adoption.png")
# (5) Al2tCHE = ol
fig, ax = plt.subplots(figsize=(9,4))
hourly = operating.sum(axis=1)
ax.bar(operating.index, hourly,

color=[RED if h="08~09" else BLUE for h in operating.index])
ax.set_title("AI2ZtTHE T1 == = {24 — 08~09AIJ} T 3A"); ax.set_ylabel("0{2 2=(™H)")
plt.xticks(rotation=90)
_save(fig, "chart5_hourly.png")
# (6) AMZIOHE ZUEE HOIE — IHAEXE 6-1 Al2sl
# 01 A2 OIS HHIOIEDI 1S0QIX MO, 4B (®A)0| HEE
# £201 RZete H =22 EQICt.
fig, ax = plt.subplots(figsize=(9,4))
cmap = {"2&%":BLUE, "3%":0RANGE, "4®":RED, "5-62":GREEN}
ax.bar(operating.index, [operating.loc[h].max() for h in operating.index],

color=[cmap[bottleneck[h]] for h in operating.index])
ax.set_title(f"Al2'0HE ZIE&& HOIE — {share_of_4:.0f}%I} 4 (&2)")
ax.set_ylabel("aHE Al2F ZOf 42 (H)")

handles=[plt.Rectangle((0,0),1,1,color=c) for c in cmap.values()]

ax.legend(handles, cmap.keys(), ncol=4, fontsize=9)

plt.xticks(rotation=90)

_save(fig, "charté_bottleneck.png")

print("=" % 58)

print("2&. 40.0% / 2 X 9.360 / &St 26.3% / B+ 30%=2%8% / "
44 0| A HEE {share_of_4:.0f}% A2l S&a")




