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Empirical Evaluation of the Seasonal Adjustment Methods
Takeshi Kimura*

* This study compares three seasonal adjustment methods: X-12-ARIMA, DECOMP and
Prophet. X-12-ARIMA, a successor to the Census X-11 method, is based on moving-average
with new features designed to handle outliers and structural change. DECOMP and Prophet
are model-based methods : the former is based on state space model, and the latter on signal
extraction. These methods are compared using Japanese macroeconomic time series in
terms of both spectral criteria and stability. While X-12-ARIMA removes the peaks in the
spectrum at the seasonal frequency and its harmonics adequately, DECOMP and Prophet
induce dips at them. Stability analysis were made between methods to see how the season-
ally adjusted series would be revised as additional data became available. For most of the
series examined, X-12-ARIMA yields more stable adjustment than DECOMP and Prophet.
These results can be viewed as an endorsement of X-12-ARIMA.
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3.1.1. EEHEICBIT 3 HHTRER

3DODRMABIEI L Y TN TR LI BRABERINONRT — « 227 FARE 2 ~ 4 1T5F
L7, 72721, MEOFE L, REBRHEESH, MIBERFREE, ~2—4 7540 3%
SIORD A% Y BT, ThoDEEHR2 L, WTFRLOBREERFID/ ST —« 227 f LIz
b, FRINDNNT — 227 b NizHdhz “seasonal peak” BFFERY, YOEHFEIC L
2 TCHBEPREHUBREZIN TR EBbmnaM,

1L, BEddHadl, SRMARERCL > TEDONY — « A7 MVOBRICE DS
5 Z b5, DECOMP & Prophet iz & - THEH L - ER/ERFNOBH Bz BT 297
= ARZ bVD% L iE, “seasonal peak” MW Z BT L K E ST, BEET 3EHICHERTA
CHBETOREZEDBbP B, TONIHIF “seasonal dip” EIEIENE bDTHS. FAEIL,
DECOMP & Prophet iz & D #3t U 7- THRAIZEBI D/ 87 — « 227 P LIZH, “seasonal dip”

B R2~4TRU N7 — e 27 b Vi, BERV & EHERTICBEL T3, NEEBE—REES L 5 R
XL THE LI ODOTHS (0% Y, EXORFIOMA ] D7 — 227 A EHED. i,
N7 —e A7 M ORRE LT, HENREZIRFIVERERTHILENH2DTHB, —7,
THUEHBEL TR, 2OV L THEENT — 27 MVREELTWS, B8, TR~
MVORBIZHERB LY 7 + ¥ = 713 RATS versiond T, ¥ 4 ¥ ¥ 7t Tent Window %388 L.

¥ LD EHARSTREICOWTIE, AN [1997] 228,

9 R®Haz, %ﬁﬁ&i'c?ﬁ#bt§%ﬁ;ﬁﬂ&!§¥ﬂﬁﬂmnt: —V YR brhﬁ!lb*c&ti» WIFhDT A ThH,
-V ARBHAMER EB L 0.8~1.0 LB, ﬁﬁaﬁﬁz—@'cwé(ﬁﬁ@ﬁ%kﬁﬁﬁ%ﬁ
HBELU 7228, BLAN (7] 22R).
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BREL TS (B5~7), &5 LM% DECOMP CEZETH 2, —F, X-12-
ARIMA 12 & > TH#FH S M- BRBERTIE DT — « A7 bclE, “seasonal dip” 134 5
iz, 2D Z kid, DECOMP % Prophet i & % ZHi% 435, X-12-ARIMA CHRT—EH
ﬁ@%ﬁ%%gutmﬁﬁbahéﬁﬂﬁgbmm;§%ﬁ%ﬂké&%bk6b%w:t
ZERL T3, Baic, #AL 8 %50 > b, DECOMP i3k TR 4&ERE 2B 7 R
B OERFAROMEAHEE A 5 iz, Prophet X RMIBKINERH, RECERHRE, A
HEZERAR, <3 —9 77 1 O 4 RIBRFRDS % 5 h iz, X-12-ARIMA 12 B4 TEE
RENLONIZDOR, BENR1BFNOLTH o7, UTTIR, ST L ERFEROERIC
DWTEHT 3, ' o

3.1.2. DECOMP (&¥EIRENHMF

DECOMP iz & % ZHigi#5, “seasonal dip” %6725 LBVOW, 2 CRESHTL2
EFHEBOE TN :

(3-1) (1+B+B*+-+B*)S:= v,

o2 L, EEHRIIOBE s=4 BXRINOHBE s=12
KERTZLEZONS, ZOFEHEHEFNIE—RERRREICAL DD, HEHEH LI
HDTHROERMEREL D THSL, $45bb, COEFADNRT—« AT MU, K7
AV 4R 0. DABE LT BE,
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0+B+B'+8" +.-+B") S, =y, =10
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0 x/2 . ¢ /2 ) x
(i) RePD/4T— - ART P L (HHERE) 2. £T4) - VA XOFWMF 1Dy — 2, . (i) BPD/AD— - AR b A (HUEMRE) l.t hO4 I~.- I A XD\ DY — R,
K8 FHEHMD/ AT —XRZ b 9 (1—¢B%HSi=v, D)¥T— « AT F L

(3-2) . ﬁ(a)—z—;’zélﬁﬁ%
rRTEBTES, (3- z)it:ﬁ%bén%zxv—.x«a M VL, R#E A=2nk/s(k= 12 -)

WBOTEBRKAKERS (8).
EZAT, EBOBRBERRINC B 2EOFEHEEDN, ROETLVTCHRES LB ELLS,

(3-3) | (1 ¢B9)S.=v.
ZOFMRBD/NT — « A7 P vix

(3-4)

_ o
= 71+ @ —2¢[cos(sD)])

ERTZENTES, (3-4) RTROENB NNV = AR7 MV, ¢=1 DRI, BEHKA
=2mk/s(k=1,2,) KBWTHEBRALERD, Zhix (3-2) RD/ST—+ AR MV DIE
WERELTWw3(K8), LaL, EOEHEBDS FEHRD/INT A—5F ¢ 580<$<1 D
Biid, AEBA=2xk/s(k=1,2, ) TBVLTNT —+ A7 MR E—Z 22500, Fh
BEROE—27TH23 (M9). LioT, ZD&3BFPEIE, (3-1) R & > hBHEH
ETFNEREL CEEHHAE 21T &, seasonal dip BRET 2D REHBCEEND L,

R &Iz, seasonal dip #E 3 2R3, —DODOWEEM LTMAEDS 7 HERE LT
(1—6B%) 2o b D LR TE 3, H%Eﬁ%ﬁT%MA%?wX;G 8B%)ve DINT —
A7 ML,

(3-5) | fx(/l)=%(1+ 82— 26[cos(s)])
L& h, SEAGIC dp 28> (1009, DECOMP iz & b #3F L 7- FEEIEE % ARIMA
EFNCHEL, EBC (1-0B°) DI/ SERBS MA S— FZEENTVEDDES b EF
¥ RRL, ZHEAMKC dp B TELDR, IBENEORCES,

19 DECOMP iz & D #5351 & W= THRUEB D/ 87 — 2= 7 FVIZIE, seasonal dip Dtz b 5 — DRI &5
BHoNDE, EThid, REREOORETHrR ) KERMANTETVLEETHS. 2 LMANTE 2+
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_2 1 i - 1 1 i
0 x/2 =
GE) BPD/AT— - 257 b (BEERDB) 12, 271+ - 2 { XOFHRMLDY — 2,
10 Xe=(1— B0 D)7 — « 2= b
(Seasonal Dip 25 E8D/ X7 — « A7 b V)
#1 BEAREEERIC LD UL THAZESC BT 5 Seasonal Dip DEEM:
[DECOMP] ;
; (1+0.33B) (L,—1) = (1—0.65B") a,
BRI i (4.45) (—10.89)  0°=0.12x10-*
e (1+0.53B+0.76B2+0.52B% (I,—1) = (1—1.00B% a,
DIERRARR (8.01) (14.07)  (7.87) (—20.77)  0*=0.88X 10~
e (1+0.59B+0.82B2+0.61B8°+0.61B%) (I,—1) = (1—0.24B") q,
AT (10.4) (12.6) (7.69) (7.43) (—4.3)  0*=0.19%10"°
[Prophet] ‘ (
- (I—1) = (1—0.46B)(1—0.38B%) a;
RS RR i (~6.49) (=5.26)  0*=0.13X10~*
_ (1+0.73B+0.73B2+0.6B°) (I—1) = (1—1.00B a,
DEEERAT (11.80) (11.17)  (9.28) (—20.53)  0°=0.12X10-¢
s (1+0.28B+0.13B%) (,—1) = (1—0.31B") g, :
TATYTIA (4.82) (2.32) (=5.80)  0*=0.10x10"
[X-12-ARIMA] '
. (1+0.38B) (,—1) = (1—0.10BY &,
R IR (5.24) (-1.28)  ¢2=0.19%X10-*"
(140.18B) (I;—1)=(1+0.14B% q,
Ay
AHIEERATR (2.25) 1.35)  o*=0.60X10-*
e (1—0.05B+0.21B%) (J,—1) = (1+0.07B") g,
VA=FTI4 (—0.90) (3.72) 1.23)  ¢?=0.21X10-5
(FE1) OThOSHARECE VTS, RS YORED V= TC, S LR > LIREL (MR LT

2TBY, ZOBE, THURE LIV 1 0ERE LTERSLS, Thbb, L-13, ERY Y,

D TC S5 DTMEE KL TBY, LEDE TV E OTMEIZ T 3 ARIMA =7V ERH LI
LOTH S, _ _
(E2) aldA74 /AKX, CHBEOREAR, () Wit EERT,

THRICE, BREBCHL T, mBOBREESHBR (1-B)"Ti=el 2REL TV LBET SN, T
5 URHEERERD /N7 — X7 MV REERY 0 CREAL 2579, RiCEEOLTRISTELEEE (B
BEOTDNRT —ZAR7 PABER) Tholzbdhif, BEABRETZZLick s,
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Y7Lzl % (£1), seasonal dip 2RI /NF7A—% R TRTCHEETHZZ L25bh
Z)IG).

L7885 T, “seasonaldip” 2F T 3 & 5 2FRABRIC BV TIX, EHEHCHET 25
JOECHBEIZH L CTRDONA 7R 205, 20 L1, PIZIESEDE 1 MEHOZHE
X5 (DHIFL) OHUBSEINIE, BEDOE 1 MEMOMUMEE & & 3 EE > - & %
B35, 0%, BRFE LI, JF??\?J@BIE@§§??EEI%'£T5—*75, BOEHN E EH
ﬁ%?]l’iﬂdﬁ)\é TTLE S,

2B, uLbELtDHDMP@ﬁﬂ%Kﬁ,R@%E%Twnié§ﬁ%¥Tmfkﬁﬁ
T5ILERWRT ZRTREV. $4%bb, DECOMP Tid, SHEBOE TN % (1+ B+ B
e+ BT)Se=ve LREL T 558, RIBZME TV X 2 BHTEE SR TIcB LT, FEF
NVERET BB, BIE, BHEHETLE, (1—¢B°)S.:=un EARE L TIRRBZEM
ET NV HADIE, “seasonal dip” DFIFESEEN S N B AREMEII 5 3. 72721, DECOMP iz

BT, REBEMETVIZL 3ZHBABIZ OV TMTL 1% OXBR (T FNVBTEREIzOL

TH—=A UIeAAT [6] 288 wBWT, A+B+B*++B NS, =0, BMREXNTEH b,
TORKT, T{ARTHEIEEZL SN TOHREHERTFAN, L3255 Clhno S
WY TIFERL T3,

3.1.3. Prophet &BRBEOBIE

¥ 7B X - TE S - MMSE HERIZ,

(3-6) Ne=3 wYe,

tiﬁ%%,%@éﬁ%§74w&~®%&&m§mﬁu;

(3-7) w(e“")— 2 wie™ —%

Z2L,

Pk =1 W TR,
fo(A) BIERHEG D/ ST — 2= F
() BERBHID/ST — 2227 b L
AR,

ERBIEnMON T3 (Hylleberg [3] 2IE). L2857, HEINLFEFHERTIN, ©

T =R 7 MV,
J#%ﬁw m@@%&)

LR 5. BRERTID/NT — 227 M f () 1, HOFEBHERD ST — 2227 b 1 ) iz
(D [F(D) BRIl 5. &>, (D AD) BEHRE L DOEA L UTHE S, seasonal
dip i, FRIID/ST — 227 b £()) BSBEHEH Y — — 7 BBRDRIRETELDOTH
4. HW&IZ, Prophet iz X » #EH U 7-THAIZSE % ARIMA ETNWVCHEHLUI-H5R, seasonal
dip 2RI N X~ G RTRCEBELE>T V13 (F128]).

23, seasonal dip ZFES VR WL S RBHT/E T 4 L7 — @ﬁzﬁi&r‘gﬁgﬁ@ 4(0)%
Bl T HERD 2,

(3-8) fa(A)=
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— ) L e . 1/2
(3-9) Nt=j=2_1w m;Ye-; m(e‘”‘)=j=5:‘.w mje_mz('z :11)) o
B7 4 VT —ic & DHEFS N2 ZRERY N: D7 — X7 d Vi,

(3-10) =AY

FA)=1(A)

L0, HOFEHERO 7 — A~y bV E—HL, dp $RELE, FEERE, mean
squared error & WO BED» Sy 7 F VKIS 545, seasonaldip EFE SRRV EWVS
&#D b £ Tk MMSE 272 % Z £ 2%, Ansley and Wecker [1984] W& & > TEEBHE T 3,

3.1.4. X-12-ARIMA ¢ BMEBEDRIHF

Bic, X-12-ARIMA ¢ BEFECOWTEHET 2 &, REBFFHRELZ 25 L20E,
A LTz 8 RFI0D 5 BREFIE 1 R5ID T, DECOMP *® Prophet 2t &7z v, BEIF
PR ESERTEEE 75 LEIYB OV TIE, FEESD LD LEHEHORBERE
Bt U CHIRRREREF VR REL TR LR), ©) Lo lkRfefo FERITNLT
FMFREITS &, “seasonaldip” HBFET ZDPEHLTREWV., LL, 28R LT
B—oEHEE (F7+0 L) OBBFEYREALZcbAbLL T, BRFEELHEEL-ORD
Fow 1 BHIciEE o7z L W ESRD SHWTE, X-12-ARIMA O/87 3 —< Y AREV
YEZTRWTHSS,

B, BEEHEIABCHLTE, d74 A XOBERBERVIBET7L b/ A ACR5%
WIZtEboT, EHFBROES REHET 2BABL 03 B, Wallis [11]). RE, &
T4 A RE X1 CEHBELLRIOa 0SS A RERIRILASRET B L
XIS h7-BETH 5 (“Slutzky-Yule Effect”). L L, b b EEHitEDRuRINZHL
TEHRABET-> CRIER - THERO D I8 L BEZRVOTRREWES S5, el
%, ZEHEDODH BRI L CEEHFRLE TR o ER, BBVHRREELD X-12-ARIMA
PYE T NVEIHB R R GREFES D R EWSIBE (R &L_EEE‘?‘%'\% TH35,

3.2. ZEHWBEOREN :

BROFMELHM T 29MEF LT, E#@iﬁﬁ%ﬂ@iﬂﬁﬁi%&%ﬁﬁ'@b v,
ERERVNBFRE LRSS GEME 2 ERC X 2 ZHBFRIIOEFEISKE WHE), FRIIIC
EJLBRHEWOEEEMES WTLE Y. TREHVSRIHIN LEZ 2 HE L ko Bl L
LT, 1991 iz B 1J 2 BRBAIEK (BELETIER, —BUEEEMET 5 11 R5D 55 9%
FINEFFERIN) OBRBEND 5. 91 EORA ARSI —BIEEL, 91 FOHHH» S
10 BE CREHOS P NE L5 50 ZBITERLTB Y, BIPBRELEBED TWIH
I ThHol, LT3, RECK> THERTENLEF/ERIITH S L, —BEEK
3914 AUBE—BL TS50 28 VAATED, REBRSERZLRIVBEI»OME>TWE
ZEMBEHLT:, ZDE S, FEFRNORERRIBSHEM 2ELET 2ERRBETHY,
SHBERED T + —< VAR AL EERTHLERETH DY,

M 9 RFID S B, 4KFX-11, 5FKFat MITI $ic & 2 ZR/ERG, 28, MITI&&G&@E—%‘#?ZI%?E
WOEMTLICH STV HET, BN X-11 0¥ Ty b EHLTLL,

B Fe 2L, REWL BN HEEECREZWI LIZEE LR, b L, mékﬁil’ﬂ&iﬁﬁﬁﬁ%ﬁ*?’
20 THIIE, RBEMEFNVZBWT, FRLO»DDIZT7 4 VT T L 2RBHEEETo2Y, BEITY
HHEB BT, ?’Nfoﬁﬁb:kwfﬁﬁﬁiﬂzﬁm: 2FBETZLITIW, LeL, 2O LHENE
% B - SFROT R COBWEEMCHALZ LD LR WARVI LB THSE S, LikdioT, &

SEYEOREE L i3, BEE, [BHERZOBIELGE CEE T, SHREAXO BNSRAERECER SN T
W3 s, BEENEVWABRG] £ L5k bTHEI NI REDBDTHS.
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AT, REROBEIRIHESELE LT Maximum Percentage Difference (AT
MPD) 223, Zhid, SHREOBHBMOKRMEEE L % £ CRPEEEL B4,
FA—RROFAFRIIOFAL FifAk) BEOBEZT 302047 2 b 0T, Z{HiEd
NSRBI, ZOEHABERLENTH2 LEWSh3, 22T, SHAEREOREEN
DRIAELTIFE12 A (B4, 9146125 (B4 0], -, 94E128 (B
BMIO5BEYRREL, MPD 2 TDX 5 cEHE L 2720, KEHBLOBESD i ;R0
ZRERIIOHAL (Fi#AL) % Ry(k) °&7).

G MPD.,=Max(R:(5)} —Min(R. (k)
IO MDPy; 1%, Rifk) DFT, BADERBADEEL D W SRS LHERT b DTH5,
MPD % EKBEOZEFFRFIicH L CHHT 281ic, SBMTBREOREMR ICHET 3 SN,
HEETFOMREL KL, 27, EFVERBOBECR, VY IVPRHOEEICELE T
VBTSN E Z0s, £V AVEROSRAERIISERREONRE RS, —F, BE)
FRIRREOHEE, BEIVYERK (BEiRE 5 E£0BE) 281 CEHERY PRYE &
n3sZlidme, 27201, X-12-ARIMA i 5T, REGARIMA % fivs TRE@ER L ~L- o
7 b, BEEZBIOFEB LT TR BE TR, =7 VERE ALY > 2V OSHEE
RIS HRETEDONRIZIE S, .
11~18 i%, FFRAFRINCH L T MPD OEBEOFIHEREHL, 2hi 77 7L b
DTHb., INOOBREMOB L, RD 2 HICEKHTE 2, , . ,
@ X-12-ARIMA & & 7 VB (DECOMP-Prophet) % H#3 2 &, 1980 LA (o
D MRS 5 FLLL) i2B VT, X-12-ARIMA 2 & 3 SO HHE 7L BEE
£Y BB T MPD NS EENTH 3, _
@ 1990 £EAR (ERIAMILS 5 EK0) 1BV Tid, ¥ OFEE b LRI LT ISR
BEOZEMZREEL Tv> 5%, AXRRFNE L < id, Prophet iz & 3 MPD #3487 K &
{ ZDOTLESBEILOD, '

(€3] (€3]
0.30 - L4

0.25

—— Prophet
0.15 ———X-12-ARTUA

0.10

0.08

0.0
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) (€3]

B11 RESMHRSZE (ZREERS) o MPD K12 EMEe¥RmRE (ZRHERS) © MPD

0.00

9 X-11 OERR(F7 10 N kB2 PLEBBEY TR, FRERIEEE T 25088 ZhEThi T
FH(EFHUEN OF -5 2AVB. 27, Ki6, 7TEBCBT IBEITHO T 4 iz DX
Wiz, EBHENDDDIXAELS ENEEOFRRERTNOBERKETH 5.

* Prophet iz & 2 MPD U TA S WEE, Y7 b 7 ORERER DDy 7 F Al L w5 FEROR
BROPEDTIRE W, '
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17 SRITHHTRE (ESFHERID © MPD H18 <x—¥774 (ZHERY) © MPD

DECOMP % Prophet 0 & 7 )V EFEEDS, 1980 FEARLAT GERHM 5 £LLE) ©Bw»T,
BB FEREED X-12-ARIMA X D MPD 3K & S NEER DI, €T VO ELRD
RELE X3, LI5T, X-12-ARIMA OREMSHE < T Y, R TETZERFERTILYET
ERTCEOEEORBTH S L ThE, BEROBL RO LAMETHY, Hice 7 VAR
BHEORETN L D B ASRHERTINAT COEETH 225 EFREHR L 28BS D
REHbDOTHB, LHrL, 5 LTSI LILOSLEEENS, TRbbH, X-12-
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ARIMA 2 X 3ZEFFERFID /8T — X7 b VITiE, (BEFAEEK L) seasonal peak &
seasonal dip ¥ A 5oz b DD, DECOMP % Prophet iZ X 2 BFTERFID /ST — R~
7 bvicid dip B8A4 5z, & 5T, X-12-ARIMA & X 3 BRAFRIIZE F NV EFTTEEICHA
THETZHDOTHY, MEATEORERINE L EE LWSHFEE - 2,

4. BbH Y (I

ZHREL, BRIHMCRESNET 27D DRBEETH L. AR—VYBHECIBOIEL
DHEFEET 21:012, BYLEBEHSLETH 50 LA, BULEKUN PEEN
ZIT5 7.0, BYUCRHHEESLETH S, Lrl, bBECRAET 3ER/HERTIOR
HCHEBLD % £, BRI CRESMMCERE RIS A I N A EALH - - DRED 5\,
BEIFIRRAELETH 5 vV A /LR, boEOHEHEEIC 8 TN R TR T 5
KEoH, ZOFAEETNVERERCHRTHEBET 2 & 5 2B 2 g CFsHEE»
GIRREND I Lok, —FH, EFNVHFEELREBT 294 T, BEEFVOHE
KRRZLEEREI LRV E R, 7Py 7 kBB FEORBEECH~RSZ LBYTHL LS Tk
BT 7VAVERT 3 L REASZSNIzDbEDHW,

X T, YL REEOBS D > EHBBE LB, 2057 1 —~ > ZORES
T otz SBREARTIBEHEPL LAMOERET> T CLBRETREH 3 DD, X-12-
ARIMA iZ DECOMP % Prophet iIZ b RFHDEWEMARETH 2 2 L SERTE 12, KE
TR, BBECHEESNIARMER L CBC X-12-ARIMA & & 2 BHiHAB 2 ERL T
'BY, bPETH, BHEHEEN X-12-ARIMA OEA BN LED- L5 THS. 25 L
TeMiEHEE OB &1k, XRXO/HPSELWARE LTIHETS L 5.

BB, ESFORMEIZ, €29 A RESREEME FAP Y 7 F VilHE L v S #EHT 7o
= FREARETICEBMITH A L AT LOERT B b OTIE R, AXHTHEEBL- LS
12, DECOMP % Prophet iz 8\ CGEFIRESE S - ERIE, ThoBBEILHHT Fu—F0
FEAORMEE VS &0 b, V7MY 2 7OMBLEL - FREITH S5, I NETEE
T, MERETFVIETESEHRBOFHEE 27V 7L T 3720, BERLED X > s
FREDFE LIRS, ECFERBH20OPFEV B TI2OBEETHEEVLI A Y v | kiED,
#53T, DECOMP *® Prophet i 313 3 BETREOME HE 2R CE 12D b, £ 3 IZD A
VY bOBBTTHSB, £oT, 23 LIBREERDERY 7 by 7% EI NN, =
 TNVEREEC I ARELES LB TEESBI LTS,

Fo-saH

LT, ROIEH TR,
Q7 =2V =2, @ > 7L, ORBEME 7 LVOWE HEEROEE, BRLH b L HExEs
FRADESER (m), EREBERD L2 AR EFVOXE (1), @ Prophet iz 3V TERFICEH LT
Seasonal ARIMA €7, ® X-12-ARIMA (REGARIMA) & 5\>TERFiz;# L7 Seasonal ARIMA &
7—'11/21) .
[1] RRISANRIE (E X, 1985 f£KHE)

* @ DECOMP 0 7 VE#BIZ D Tid, AIC KESWTEIR, @3 7 F A hskic 8w T BRIz 8E L
Seasonal ARIMA € 7)Vi%, Prophet ® EBHRHUCHE> 72 (BEL < iX, Burman [1995] $28). ®X-12-
ARIMA &2 8 TERFNIZ#EA U7z Seasonal ARIMA E7 V1, Wb 3 “Box= Jenkins B € F BN
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