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Discrete No-Fit Polygon, A Simple Structure for the 2-D Irregular Packing Problem
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Abstract: This paper presents a model based on discrete no-fit polygon for the two-dimensional irregular packing
problem. Burke et al. have presented an effective BLF algorithm to solve the irregular packing problem, however,
their algorithm might generate invalid results for some special cases. To solve this problem, a model based on
discrete no-fit polygon is proposed, and its correctness has been strictly proved. Only points and intervals are only
considered by this model, which greatly decreases the geometry complexity of the original problem and makes the
problem easily solved by many heuristic strategies. Computational results show that the algorithm based on discrete
no-fit polygon model is very efficient.

Key words: irregular packing problem; infeasible interval; no-fit polygon; discrete no-fit polygon
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THEAS KN HERE ) £ (two-dimensional irregular packing problem) & 44— &R 41 4P 1 E B (B0 E AF) AR
A B TR A B TR L S A R A i ) TR T AR i A A W A B AL R S < A R b R R i
AT 2 I T TR SRR T I, HE R b 2R L AT A R Tk S L
1 B MR SR AR R T HERF I R PR 5330508 SRS A9 AN A U HE A e AL ) 57905 00 AN BE A5 BT L ) RCR LA B2 2% JEE
(4 8 T X G5 925 F 2R 7 A T R 1 585 0 T4 R PR 3 1 R0 1 98 T4 500 6 0 3 A AR I L 2 M AN
FERF i) R S IR ).

SRAR AN HERE 1) 8030 B (¥ JLART 38 55 32 BEAE T4 52 AN () JLART TR A ] £ 07 285G 2R . ] B4 1) 7 32 R g AN
UVl T2 P 67 RN ) 25 30 T (UL % A TS ) B 4 U A2 2% ) T A7 B 0% R D ) e A F L 4 0 7 o 0 T 67 2 5% AR 1) )
SE IR 5V 2 3 K R TR 9 B R AR BT VA A PR — Bl A LB AR T BB R R
73 57 38 e 0 5 3 2 A0 AN ) JLAT T A i 75 A A I3 b TR S TR JRE /N (ELR X T AR T AL
(19 A3 T R A 2 7% 30 T 582 00 SR AP it 575 — o V2 U 1 1 97 22 34 JF (no-fit. polygon, R FRNFP) IO i i #y
& AN 22 A TE R 57 22 30 T8 R DA 22 30T 675G 2R () )2 e A sl A 22320 T A6 8 O R (1 05 X 5 96 1 3R
SR P e AEL R S0 52 2 T A AT I P e 573 A, — SR ok ) 0 91 5 A LR 140 22 3 T 0% WA 22 T B B
PEAE— 2 (15 T, 2 45 Wi 5% 22 30 T 10 SR AR 7 SR AR A P VR A 0 e 352 ). SR (141 ISR P 17— i Lo fe 5
5 BVE S R N YIG IR (2 1A T8 AU VP &), SR A 0 — A m R 1 i A, 46 15 1) 3R #4822 (quided  local
search, fii] #k GL.S) AN W ok /> T 5 111 AR, B 22 45 B — /> A ide it O T ARG (9 45 SR A SCHR Y T B I 7 2 30 At
T P 5 20T L AR AR SR AR s I £ JL AT SR 23 1, WD 7 (S 22 it e SR e JL AR AT W K A

1 ERSOEBBSRIER

11 BBHHMENX

e 5 AR SO R S A A

M R 2 3 AT AP T R P I L0 A SO~ 041 p=(py.py) €R?, 1% LR F SCHR[14]
S UNIE B AN ESUE AN U T E

EX 1(G8). 4 eI I P 2 ea eo AT 52 S A AR He(t)=eatt(en—ea) (te[0,1]). 45 1 sipHilile,
idpee HAX Hp=e(t)(te[0,1]).

EX 2ABBR). AL NTYPII A K E XKL Y — A B ANER, I HAT 95 4 A AL
% I P 5 S

P={peR’| T, (p)=1mod 2)},

Hrh, fe, (P {eeE |3 < p, H (X,p,)ee}.

SE X 2, T (p) K95 SCAT BLERAR 4 ik s p P AT Tl F — 44 1) i 5107 18 IR 42 S 26 5 22 1A TR P IR SL 4
Ep 42 S B(AMELEE Hp B A A0 B T, (p) MM
I8 L8 2 AR PR 44, DR b JBCR. 4> 2 1 VB2 1% 2 3008 PAR R A T (1 A4 AR B AT 3K
AN TFR A 2 T TEPIIZ %5 53,10 A Op A LG — K4 P 2 I AR 16525 4, M X Op ce(e € Ep) i 2
VeeEp,Vpee,p, >0, v (P, =0p AP, 20;,).

U ZINTGAL 2 TR B IHR 2L TEA LS 2 U BBHIZS 4 BN AnB =@ 2l TEAL % 0 EBHIY Y H
04 An B =@ AAEE fiplifpee(ecEy) Hpee (e cEg). H AN ILFR £ i KA £ U1 T BAI .
12 165 50 0BA R IR

I 5 45 200 T B AT 0T LA AR 7 6 M 7 /5 0T 5 e 0 3 A0 TA 5 %30 B, Ll 31 45 i i b
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WE 2 10 B 2 10 AR 26 M), BRI, 22 2% p (K0 8% 50 9003 T Rl 1 X35 (N AL 455 300 5 ) sl it 22 30 JE B S T 2 300
FEARIIG S22 30T 10 JINFP pg, H I 518 N E pg.

i 2 A AT I N YR M8 50 2 14 B 1505 e NFP g I, B ARHAS 48 51 2 14 Bl 15O 2ENFP o [ 32
Ft I, Bl Ogee(eeEpp) i, B AT HAMTS UL F,B5 A 5.

Il 22 10 % BRI 5 A2 1 19 Minkowski R 2% U1 2.

Y EATE A S AR B H Minkowski FIE Xk

A®B={a+blacAbeB}.

TN RRATIZS H AN T 258, 4 TR A I .

EH 1 NFP ,=A®-B i, -B={peR?|0, - pecB}.

TE B AR ks 22 U TEB A B O V- 45 24 O

VO € NFP,g ¥ i 7 22 1A T IO VE R AEAE TR A pridi /e p'e AA p'e BO{O, —Og}. B p'fERE BRI K44 b Ky
pJUA5 Of = p'+(Og — p) L Oy c A®-B .

2,45 Oy e AO—B AELE S a Ft b/t acA,beB H Oy =a+(0y —b) bkl T4 b (A8 KR N
b'=b+0, -0y =ac A, LU A RZNE B HA MW F 2 LI A Of e NFP,, . O

2 Burke ZEAWEZRHETRE

Burke 5 AAESCHBR[A5] T #i38 T — B0 FT A9 BLF S5 AR TR ZIEAE AN T7 ) BAE 2 o (18 1(a) o),
PSR- T3 1) 5 T (A Vel 1(b) B 7)1 55 6 4 SR 08 70 B0 11 SRR At i R0 SRR At 3k S A X 1 e 5 VR 8
EERTE E o

y y

TTTTTTITIO0-
TTTTTITITII0-
TTTTTTITII0-
TTTTTITITII0-
TTTTTITITII0-
TTTTTITITII0-
TTTTTTITII0-
TTTTTITITII0-
TTTTTTITII-
TTTTTtt11-
TETTTTTIa-
TTTTTtt1a-
TTTTTtt1a-
tTTtTtt1ad-
Tttt t4-
trTtTttta-

D G S A S >
(a) Two-Directions discretization (b) One-Direction discretizationx
() M B LAl (b) 1 B AL
Fig.1 Discretization
1 Bk

S Burke SN FRIREHL 6 K7 Bt R B R A AEE VAR B AE AL 2() P fBUE KB A T g,
Wi A B ki v O AT vh 98 4% I Burke 55 NI, 2 BT GRS BB B 200) R MEE. B T EE A
FETE B AT R P 45 3 I ASAHAZ O 348 s 18 - 6320 3 B RO B0 AR AW A S 2 I AN AR 2Z), HL A B IRIAT— T
RIFAEG RS — BIE 2 BRI E B TE A FIEITE B AAHAS, X KT B IR IR 48 25 o AR T BL I, &% A FTETE B
3SR B, AT 15 B A 1R AR HIFAE 4 2R

L
(a) Before resolution (b) After resolution
(a) AT (b) WEES
Fig.2 A counter example

K2 —A &bl
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3 EIEX

S5 b TR — AN B I LK SF 7 16 (35 % S A IR0, BRI 22 T A T RS 52 . LR 3, ] 3(a)
i 73 M 5 P T A 2, B T BYS Bk ix=t 7 8, 4 B By BAY 75 5 Op 17 T &l e I €6 X 1) Y I, [0 B 15 IR TR A AC .
AR 0T SR R T KT T R o7 ], U3k 2 X T 0 R 1 (B 3 () T %) FRAT oK P 13k e e X

PR A 21X

IR S 210 JEH FH B IERE 3(C) B, BTG ATE TEB TR I IR 11 57 2 320 7% A NFP g (8] H1 2K
it £ ] DX 3). B AT K B 2 o=k o KR B0, 1ok 255010 7 140 56 i) 5 NFP ag A 52 1107 DX 328 P B €00 R 28 A i+
K AR Op ¥ 5 o — B £k lix=k e 3l AR WG 5 2 1 I 1R PR 5T, 24 5 Op 6 3 25X L 1% ¢4, X (W] I, B JEB 5 &I JEA
AHZE; 2% B X 8K 1] (13 s B, 1 BB U ARE YT A5 ), DB 5 I TE AR

y
A

(a) Moving shape B along a single line
(a) 4 HLBIIEE B

y y
A

NFPag

(c) Compare with NFPag

(b) Infeasible intervals derived by shape A and shape B
(c) HNFPagXfLL

(b) EITEBHIX T B TEARIZE X
Fig.3 Relationship between infeasible interval and discrete no-fit polygon
3 ZEXHInA 2 UKL R
R, AR AE IR X X H R ix=t 5 1 5 2 T TENFP ag AHAS (1 I 1), % AL H ik G
EX 3(EIER). 4% 2 LA B IR % 1 JENFP ag, ATSEHE, 5 11X 52 SN
Ru(t)={peR?*| peNFP; A p, =t}.

4 BHIERZIOENEXEEHEE X
41 BHIERE O
WIHT T, I 5 22 30 B SR R AT 24 BB AT R TR SR R Lix=kp 5 16 5 22 30 A1 AE 1 IX T T R 7 22

R I A W 5 22 T T8 4 A A, U B A A B UL K e S 22 30 T8 —— B U 5 2 3.
EX A(BHIEFRZBRE). 4508 LB ML H b 120, 21008 A 2101 B (K&l 7 2 1008 & 3O
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DNFPy = |J Ra(®).

tmod z=0
2T Sk EL A 35 O 5 22 200 O 0 Wi 9. 0 At I B W, AR ST 9 0 LA 405 23
T AR B AW BRI A I A 0 AN Z TR E) AL A, A AU A= | A K3, B= () B &

1<i<n 1<i<m
i
T2 WA= JA . B=J B . WNFP= [J NFP, .
1<i<n 1<i<m isi'sn !
<j<m

WEBA e 1,

NFPAB:A@—E:(U Aj@—[ A éj]: U(A@[ » —éj]] =U L (A®-B))= U NFP,g . O
1<i<n 1<j<m 1<i<n 1<j 1<i<nl<j<m Elfsnm

EH 3. DNFPy = | J DNFPg .
1<i<n
1<j<m

UE A e B 2,
Rie®={peR*|peNFP; A p, =t}={pcR?|pe [J NFP; A p,=t}= (J {peR*|peNFP; A p, =1},

I<i<n 1<i<n

1<j<m 1<j<m
2
DNFP, = U Rps (1) = U U {peR?| pENFPA\Bj AP =1}

tmod x=0 tmod x#=01<i<n

1<j<m

) 0
= U U {peRr |PeNFPyg AP, =t}= U DNFPyg,-

1<i<n tmod x=0 1<i<n
1<j<m 1<j<m

FHTsE B 2 A B 3 1R 4518, AN HEAS 2 B8 I 7 2 30 8 i G 5k,
42 BRIGAZORHEEREE
421 HEHR
45 5E Z T AFIB, L B I J1 22 2 T DNFP ag I #3855 1 1
H% 1. DNFP gt 571,
Ik
W1 THH-B;
B 2. 4R 2 AR 230 T -BYERE TG 43 B ASr NS BE TE A (I=1,2,....,n), 15 -B 4 Bim A B JE —B;
(=1.2,...m)ll A= |J A ,-B= |J -B; (LA, -B i E);

1<i<n 1<j<m
PR 3. XA AT -B T DNFP,g
¥ 4. DNFPy = ] DNFPg

1<i<n
1<j<m

e TR SLVE T A 5 B 5 I 2 T LUK (0 — B 6 T B 4 530 (41 0 2 B0, B e B O
O(nlgn). 3 o41,01% 2 TE 0 T A4 4.5 B8 3 060 12 30 04 -0 SEARIB 016 98 2 3000 NP, | B NPy o F S
e T AR B A T A B X A8 B A @, B, WAk 80 B AL, DU DNP, T BIE 3 o 51 NFP, 55 1 4
Vix = kel ) <k <| 1) KA. T A RIB 4 6 7%, DR i, B 1T BRI SR 4 2 A 4 2 ST O s 1
300 T 0 ] B ST 06 2 30 TR AT R 306 e 1), % 30 TS 2 4 M5 1, 8 U T 47 3 2 ) i, 7
IR A T A 4, I, 6 AT T 00 P8 A H 51078 30— A 2307 14 % T W ARIB
G 5% 3T 0 4 o 0 K R A A X 14 3, T B VP 6 7 ok S A 0 4 RN I, — B ] e )
O e, e X I 4 R 2 2 P, R 30 ok — 3 4 4 1 28 T e 04 5 2 R0 1, B 1 e 14 2 2 7
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O(tlgt).
422 FHHE

R AHTEE 1 W RE 9 5 22 W TR P AT np AN Tt , L 7 T sl R B A T st PRI XA B ZE (100 Ap, 2
A=Ay+ A

SPER 1 (RS TFE B 2 O(ng).

)/512 2 FIR TG 3% A O(nalgnatnglgns).

R 3 h T4 MR TR AR, TS NFP g I R RT R 5 5C o VBT — S FLZR 1S NFPy g AHAZ IR I 1)

mmm G AR F M B L (b K HL 15 NFPys, HUZC. 11 T nsny msng, 2048 3 (19 5 1Y
HJAE 2l nm(Cy + C,(L+ | (A + 45)/ 11 ) =O(nang A/ 1) .

B 4 p SR AL+ L AN DR A X A TR AN X 2 nm e A, S5 I DR S B 2

nmlig(nm)-( A/ ] +1) = O([ )Ig(nAnB)j
u
ES e 7 BN T =

O(ng) +0O(n,lgn, +nglgng) + O(nyng A/ 1) +O[(

o

jlg(n ns)j
5L b E ST SEY 25 BT Bon, TR A TR S, E RIS T AR S
423 1% IE
SV 1 ARIE B B U S 2 T S RTA B U 5E 4 — B T EAE — 2 s I K 4(a) iR, b E 2 AT A flZ
W B EZ | B350k 1 iFE AR IR S (a,c), i B ZEX [ (b,c) LB BN A5 Z U A FHAZ.IE 42 5
FEAN 5 M JCEE B ) LE A P A T e 4 i i B SR A . it ] 4(0) R 5 210 C, 214 T8 D Wi H £ | #38),
BE L UFE AR IR S (d,f), 1T D 47T AL e B, PN 234 T I A S AHAS. i AT 0, XA 40 1 Z2 53l T e s &
e — LR LT IR AR

Fig.4 Two special cases
K4 PEE)

SO 1 WA AE S50l T DA p 3 A ) J8E. 17 50, 33 L T A X i) 333 00 I DX T), AR AR g A X1 18 1 8
Sify 1T Ay I AR ANIEAT 5 IR AR AT 5 TR SETR 1P ER 3 i, CRI AN 22 I TEA By I 5t 2 1A TE NFR, g i
" DNFP, 5 13 0 e v S w1 T o P T Rt = 0 I v 1 S 1 T P | I = R 1 N O R T SR =
"5 (B 5(0)) ILDNFP oI T3 I SSILEC R IRR AT 75515 53 () 5(0) 38 4 AT 4 o0
ufﬂgﬁﬂﬁﬁia%ﬁﬁﬁﬁfiﬁﬁlzl‘aJB’Juv UOR B AT+, “ =" PRI AT 5 1) X ) TR, AR B X 0] 45 1) 52 2 AT
SR O(tlgt) (th X A %0).

B B0 1 I 84 2R D4R o([”AZ A]Ig(n nB)]

© HIHBREBSAHIGIT  http/ www, jos. org. cn



KIEE AT AN HEAE R B AR S AT AR 1517

+
A g b 11
< N\ i N ' 3 N .
/
/
‘ ,
/
1
/
7 M 7z ‘\ 4 | ‘ |
N\ b N\ b // /
N - N . N 72 b /
(a) NFP (b) DNFP (c) DNFP (modified)  (d) Combine with other DNFP
(a) NFP (b) DNFP (c) DNFP(f& IEJ5 1) (d) 5HAh DNFP 414

Fig.5 Modification of algorithm 1 (an example)
KI5 EVE 1B IE(—NE4)
43 ETFEMERSOHOMERE
FRATTLA— AN FLAR 10 80 A 181, 5 SR 8 Wk T B O 22 1 B IR BB S RO E 2 L P(B % R
R TR 2 28 MR S S T8 1 35 1A B A B 6 (a) s, R A X 1) 387 PRI IR X, 2 P I 2% i B8 Bl £
KRB N AT P IR SR B2 L EAHAZ B PR3 — 840 B TSI e A S s . —
FRCHL, FRATTH FEORE A5 B IX R S AR Ay AT 3k B (18] L FR R 0 1) AT LA T — AN PP A R O 3K 8 AT R 9, B
BERIEPE BT A B ATAT s (B A 00 x), U6 B Burke 55 A BLF 9% 18 6(b)- B 6(c) 27 1 /& K H BLF
JECE H G P SCETE A x SR I B
I B RO 5 22 30 TR (R & JAl T o 52 B A0 2 0 2 JLART 3z 50 10 Dt 0 A TR A 48 e XL 5 7 s R X T 3 B 1)
T BALASETRY AR R RIS T D el LI TUART &2 23t AN T A /T 22 3 R SR ] LA B 25 ) b SR g 3X A ] 7
o)

PELE N B R
(a) Before place (b) Infeasible intervals (c) After place
(2) JBCE T (b) ZEILIX (c) JBE)E

Fig.6 Placement of a shape P
K6 KEITE P IICE
e AT 5 — N TR U A 22 T BB S 1 2 B AR S B vE SR O 7 (a) R SR X TR 3R
EJE B AHXS T B A AR B 7(b) Bon 248 B SR RS IR IX b s 5 I DL eI BE B 5 EJE AR
AAAE, AT B A IR K ECE

B
(a) Infeasible interval (b) A valid placement
(@) ZEIkX (b) —AEVENTRCE

Fig.7 Placement based on DNFP
K7 BT U A 2 LT R RCE
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5 ZRELHER

FATAE B AR v ST Burke S5 A ¥ BLFA I (1730 b 25 BI 5t 2 2 BB AL +BLF), 5 Burke 55 A (¥ &1
B JF) B ORI (R BLF SV (f7 30 A R 7 35 FORE 5+ B L) P15 1D A\ SR g i f R0 SR A 15 A D5 T4 T B 003 4
P AFE T SCHR[L5]/37 41 (1 B poly Fltrousers(SC ik [15] 7,1 4 20 £ 405 55 T AT 153 2 (B0l A N B A Sc8y
AN &) LA BT AT $idin 3 Lo 5045 v LLZEESICUPHY 3 s hittp://paginas.fe.up.pt/~esicup I $ B Sk i 45 . W% 1.
1 o B RORE T+ BLF IR TF 5745 9L B 0 B S0k [15], 3% 2L 52 36 B S 46 P4 2GHz 256 MB RAMIK 3R R 13
B[ 55 B 5 22 W BB R+ BLF (R 142 45 SR M2 7EP4 1.6GHz 320MB RAMIKEREE T 15 FI| (). 55 5. 1) 59 Sk 7
+BL LA [R], 25 #5210 B R+ BLE W R FH 7 52 (€ L 38 2 (hill climbing) 1 A J5 3 38 2R S0V, 4 IR R
E 100 YIEAR, ABIRK /N Ay 5,57 40 YRS AT 1 B SR AR &5 SR S5 et (1) — 20 500 (T A7 3K 288 S 00 R 400 e 4 U7 X
5 SCHR[A5]1F 71— E0).

Table 1 Computational results for two algorithms

R PIPHEIL ISR 45 R H

Journal of Software #4fF34% Vol.20, No.6, June 2009

Problem

One-Way discretization model+BLF

[15]

DNFP model+BLF

Filling rate Time for Final time (s) Filling rate Time for Final time (s) Initializing
(%) per-packing (s) (%) per-packing (s) time (s)

Albano 84.6 1.18 93.39 84.8 0.05 4.92 2.36
Blazl 7.7 0.32 21.00 77.1 0.01 0.60 0.08
Blaz2 74.5 0.16 10.94 72.4 0.01 0.39 0.14
Dagli 83.7 2.04 188.80 84.0 0.06 4.33 1.63
Dighel 77.4 0.22 8.87 80.7 0.08 6.56 9.88
Dighe2 79.4 0.10 7.12 80.7 0.03 2.53 4.91
Fu 86.9 0.24 20.78 86.4 0.02 1.40 0.80
Jakobs1 82.6 0.74 43.49 81.7 0.04 0.64 2.31
Jakobs2 74.8 2.13 81.41 74.2 0.08 2.21 5.02
Mao 79.5 0.38 29.74 80.0 0.06 2.45 9.72
Marques 86.5 0.25 4.87 86.5 0.06 1.87 2.17
Shapes 67.6 0.60 31.36 70.0 0.04 3.13 0.20
Shapes0 60.5 0.93 21.33 62.3 0.02 1.10 0.01
Shapesl 66.5 0.82 2.19 68.8 0.03 1.58 0.05
Shirts 84.6 4.99 58.36 85.7 0.15 8.76 0.17
Swim 68.4 12.39 607.37 68.1 0.18 10.87 7.08
Average 77.2 1.72 76.94 77.7 0.06 3.33 2.91

R 2 B~ 4 B Ny B ) 5 HOR Y + BLF (one-way  discretization model+BLF)7E SCHR[15] 7 BT 51 H B9 A
# (filling rate) &FHEFE FH I (time for per-packing). 15 25 24/ H i) (final time). 5% 5 #1~25 7 %1 4 B #ls 7 2
1B A +BLF(DNFP model+BLF) 532 AH B 1) 3K fiff 5 5 S 3z AT I T 352 5 — 371 9 B B 0 A M 3 B I R 2 300
& BT FH i) 1E] (Initializing time), i 18] 847 29 F5 (s). SCRR[L5] 0 51 7 B RP T i S S 2 5 — R 5 8 20 1)
RS e S 1 e A N RS e 3P RS o 3 v e = |
HeRE E 1 B R R

Hrp,

WA =

I 5 8 SRR AR A T AR
FITAT B4 DA g A7 1 B, B RO T 552 s R

L <100

10,
#=11/100, L>100"
Lo HERE T ) TR

MBI

x100% .

ML W] LU 2 I 57 22 A R +BLF A7 9 /N ds T LLARAS S e i e 4 (161 8 s (K2 e rp AN F
FEEE R, M0 5 17 18 BB+ BLF A5 6 S KId 015 S v O SRS 0 A P8 do 28 AR 1)1 350 T B2 I 0 0l 22 3 TR A5
TU+BLF EER Ji) B HEORE RS+ BLF PR T 20 A DA_E A] L, B i 5 220 10 BB+ BLF S90S 7 o e AR gt JE B
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PO T B 10 1 OB R+ BLF. I LG 4405 Y 0, 10 B O 22 10 B R+ BLF 59030 I AR A (9 I [T T 0 i b
o3 B I 22 0T824 22 YO AT R I B I O 22 100 U A0 1 DR, 2 Ry RIS AT IR 2
I, W4 A IR T JLP- 7T L2

(a) Shapes (70.0%, 3.13s) (b) Shirts (85.7%, 8.76s)
Fig.8 Nesting results for Shapes and Shirts
8 Xt Shapes A1 Shirts FrIHERE S S

6 HRiIE

Burke % A PRI ST 45 R WY, B0 i) 125 150 AR TR i SR A7 A A ) — S 200K R (ER JL ST A7 AR — S8R
A TS IZEA ) A, B AT T AR L DM I 2 30 R RO T B I S 2 R iR 3 R, O R IR
PEAE T RGUE B0 16 NI e 1) T 57 45 R W), 8 R 2 22 W TR+ BLF ST A (U SR g i BT
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