5571 S F oo Vol. 52 No.7
2024 4E7 H ACTA ELECTRONICA SINICA Jul. 2024

BT A AL W 5 N XA~ 1Y
AR S i A A

I e i S UL L S E
(1. Bl R R BURRS: SR TR M 22111652, 5 LSO LA H TR e bt TEIR R 221116)

WOE: WA SRR R A 5 32 B B S (A1 R B8 1 RN PEM H8 Fn ) 247, AR ) I SHe I ik A= i i) 22 Ak
FIERR T . S, AR SCHR 8 T — o (14 22 RE AL R R 2E RS S P — AN S 148 3 HE K S ) 1 0 — A 2E A 4
B G2 R 4 SR D) A ] A BRI e ) s ], DA R AR R 2 R R AR T . AE AR 45 2 R
FT A1 B i 12t A AR IR IR TR AT . RIS, L PR W 27 > 1 JEVARL, SR8 2 HE T G 5D 2 ] 47 DAy 5 0310 288 5k [X 43
ELSEAER AR AR R TR 5 FeIE O A IR R IR AT RE ), se IR TUE SCIFAN AR BR 4 R BR M . 6 MSCOCO £ 4/a
£ LSRR, 5% 5 I kAR L, AEBELAE R 100 3R TR A, 244548 mBLEU (mutual overlap-BiLingual Evalu-
ation Understudy)}iﬂEﬂT 1.9% , [G) i HERR P48 47 CIDEr( Consensus-based Image Description Evaluation) BERAT 7.5%.
55 MR 2 S RAEBUAR L, 4R 1 O AR N SO I 55 N IS JT T A I FEAL Y MR P R R 1)

KGE :  EUGHNIR s A2 3T s X2 2 s B A 2RSS 5T 5 A i Ay

E&WHE: FEEARPAHEES (No.62276266,No.61801198)

HESES: TP391 SERFRIRAD: A MERES: 0372-2112(2024)07-2219-09

L F 23R URL:http://www.ejournal.org.cn DOI1:10.12263/DZXB.20231156

Diverse Image Captioning via Conditional Variational Inference and
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Abstract: Limited by the latent space modeling ability and pre-defined diversity metrics, most diverse image caption-
ing models fail to achieve a balance between diversity and accuracy. To this end, we propose a novel diverse image caption-
ing framework, which consists of a transformer based variational inference encoder and a generator. Specifically, the varia-
tional inference network aims to learn a latent space for each word to enhance the ability of caption diversity modeling,
while the generator network produces diverse captions conditioned on each image and a sequence of latent variables. To
overcome the limitation of pre-defined metrics, we introduce introspective adversarial learning into the proposed model,
where the variational inference network also serves as a discriminator to distinguish between the ground truth captions and
those produced by the generator without extra discriminators. The proposed method is endowed the ability to self-evaluate
the quality of generated captions. The experimental results on dataset MSCOCO show that compared with the conventional
methods, the proposed method with 100 samples improves the mBLEU (mutual overlap-BiLingual Evaluation Understudy)
scores by 1.9% and the CIDEr (Consensus-based Image Description Evaluation) scores by 7.5%, respectively. Compared
with typical multimodal large models, the proposed method is more suitable for generating diverse declarative descriptive
captions with smaller parameters.
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AU, FH T BT MR P 25K 3R R oy S s . AR
‘o i B 40T, 5 IR g e AR A PR R TR AN
TEBRA . AR R AU, AT DL A B A i RS
Wittt , A7 BB T SRR AR S
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B 2 B3 B 3C R A B . BLIP2 (Bootstrapping
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FIR AL B 5| i 5 AR B BN 25, (B H
AN H A ZFEAL R AR 4 BUAE J) . LLaVA-V1.6(Large Lan-
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trained Transformer-4 Vision )7 HE— 48 K T #E R 240
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2.1 FIMLEHTHHERRDMLE

25 7 N MR ARE v, FT 3 AT B AE A i 2k
A X kefl,2, - K} BN THIR SRR x =
(x),-x,), ot Biilx, € D, 1 41,2, -, T}, DFE AL
. RTINSy H AR R K R SR R
s= (sl, --~,ST)FJt|/\Transf0rmer77’|§1dtJ , LR g st [a)
Ey A EIIE 2 =2 U i LNy (51N S s o S L B i
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s t

Horb, 0 AR SR ot — 20 il i e R A S 1F o A
Po (x| v) X BRI AAR B0 T AR 3 T 5
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t

= KL, (553 V) (s)s.ox ) P
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b, 01 ¢ 73 B F IR SE IR AL p, (x x5, v) TS
BAEHBA g, (s |s_. . v) IS EL. 200 T RIS — Ik
7 BT A S ER3) 3 5 B i B4 T BRI ER | B 0k B
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TEf HA A G220 —A0)2 SR EUE DU SOATE SURHIE :
w, = LayerNorm(MultiHead(w,, w,, w,)+w,) (3)
Horp, MultiHead ( + ) 78 23k H B 1B, LayerNorm
() T2 IH— B, SOARK A ) i w, e RT4, SO
WHSURIEw, e RT TRRIR KL, d RomFRIELE R
38 1) 223k 28 R BN ER 25 0 —4b )2 i — 20 S
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u=LayerNorm(MultiHead(w,, v, v)+w,) (4)
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AL R S B0 A R S 6 0 AL I 266 v 1 A REAE SR
[FIRE (Y A B, 5 B2 F ) AP AZE GRS . 7R
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X BLTR) AT FIUIN . A= B P R R 5 0 A S 4
T 4 T e, LA S BHK A Al 3R 1 40 531 . AR, i 5 arg-
max PR T RAFAE R AT 01, 420 2 0 Bin)
iy N7 53 HE K S B 2 01 A T DR 22 S 1) B4 . itk 51
A Gumbel-Softmax T Bl , 3 25 X 85 #5251 43 A 2 472K
FE AR R AL B A A TE AL A S 73 W7 1 45 15 ] LA
PEAT IR ZE WY B I AL 4% .
2.3 HEENIZG SRR
FEBC AN Ry B, 58038 20 =X (2) g Ak B s it
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SRR DLk H AR 5 N XL T MRS & 3 il
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LN 45 -
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FEN LRI BE , 2 Ly, (v, sg(x"))< 0 B, 728 439 7 199 4%
A A B 4 AT de /DS - de R TEARE . i 3l 2o g KAk
Ly, (v,sg(x")), PAIX 53 FLSEAE IR 5 RAEAT I A48 | A2 B
o 265 D 388 38 X4 I 2 A AR BB B/ Ly (v,x ") B AR
TEA L SRS HE DR IO £ N P A% X L S A AR R A
TR I YISt R ik ) g A 47 . DAk, A0 0 75 16
TiE SR 22 FEVEFE bR o VP4 2R U Al IR, T HL BB B 7E
GBS g SR , LN A& w007 Uk e
Hu AT Y2 .

FEHE T B B LS AR AN AT L, IR 1 SE 56 53
SCRME— 21 P A AR B ) B AR R AR AR A . TR
YRR B Jc 50 1 BB m) i O 26 4T 17X 5%, 9F H 9
it e XoF S 30 B ) A R F IR TR ) #EAT T H PR,
I 255 00 51 56 43 S L 28 000 4 38 O AT LR 43 14 g
77, T PR UETEHE BT B G50 53 SCRAFE A R . 78
T B a] B 38 43 Softmax 11 Gumbel-Softmax 7 # J5 =
PEATBE AT , JF45 6 HE R RIS E I FEAL R IA
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3.1 HREMFHIRAE
3.1.1 HiEE

e b MSCOCO Btk FxpHi i AR e A 7)1 25
5. F % A9 M-RNN (Multimodal Recurrent Neu-
ral Networks) 3084 %40 &, Horh il 242 118 287 3K
PR, k4 4 000 7k E5R, IR4E 1 000 5K KI5 .
3.1.2 #EmiEiER

SRR T IR A AR R R AL
CIDEr (Consensus-based Image Description Evaluation) .
BLEU-N (BiLingual Evaluation Understudy for N-gram) .
METEOR (Metric for Evaluation of Translation with Explicit
ORdering) . ROUGE-L (Recall-Oriented Understudy for
Gisting Evaluation : Longest common subsequence ) Fll SPICE
(Semantic Propositional Image Caption Evaluation). F:H,
BLEU(BiLingual Evaluation Understudy ) i i 3584 5 Fl
SR Z [ n-gram HURTIER R AE OCAS ARG R,
B i e AR AN IR 5 25 il A SR T R
METEOR 75 BLEU (&R T i#E—20 2% 18 T 41 [0 5% il i 44
[ SRR 58 SR AP K (L, AR 0B i R A 1l
b 527 ) AR AN AE A2 T
Bt B 4% 75 . ROUGE (Recall-Oriented Understudy for Gisting
Evaluation ) /2 ixf H A8 A BSCAS RN AR i SCASAH [ 14
F G, BN B e A AR DL SN AR A5 L
(1) ROUGE-L 4573 7 A it 5 25 fil iR B AU
CIDEr &2 8 1 ﬂ‘% n-gram i TF-IDF (Term Frequency-
Inverse Document Frequency ) 38 3 41154 B SCAR Fl &4~
N AR SCARZ IR AR . ARG , HS 80 o A A

TR I BT Ay, SR AR . SPICE Fa4r A 1Y 5%
BT T A 5 B AR 2 1] B8 SCRRRUTE | 755380 5
FR A U A S ERR M A T BB b RS R, 0T BLAE
WX ESSEARE T

ZREA AR A AR DU 5 B X 2R i — 2 Al iR
Y HE B AT IR . H TR 2R H Oracle B HE 7 7
PR LA (0 IR R B B R RE  B
TEAE U — 24 3R b SR PEAERR VEF8 AR AR 20 i A A
ARSI A D R A S DG TR PR PP 48 AR 10
FHIE .
3.1.3 ZHEEEIER

H AR Z R R 7 e R 2kl — Bk s HE Y
D7 RS A Hob Tk AR R T 24
iR p M R, E e S IR AR bR AL B
) kA B SR 5 4 LR IS R 20 ) 5 kSRR R &
SR TS CIDEr 1543, 53 F 55 e R IR B 32 Ry e DAl
W AR BCRR K] A g Y 5 A A 4 A
Z SR #5 - (1) Uniqueness : 38 48 AF A B8 4 A0
Best-5 ™4 i i, N 55 & A H 8 T 5 LG5 . Uniqueness
8 U AR ) 1 5 2 ) I ARG, AR Y
AIFHEINZFEAL . (2) Novel : il AL A 9 8 5 11 25
B v LS IR AN T A AR ER. Novel [H8 = B A=
B 2 RN R 1 R R B A i R 2R
Pk F . (3)mBLEU (mutual overlap-BiLingual Evaluation
Understudy ) : X T & — 5K U i K4 19 Best-5, 4351 715
Forp— Al 5 HAR Ui 8 19 BLEU-4 73 %0, UL gk
BEUR FAE IR 73 B0 2405 PR 4R 748 . mBLEU
TR 8 ) A U] - 22 18] B4 AR RL 3R] 28R /D | 2 A AR S
R B R ZF:E. (4)Div-1(1-gram Diversity) : T
B — g M K2 1Y Best-5 PR T 1) 1-gram 1R
IR L-gram KT & LU, IF OIS 734 . Div-1
FEATBL = RN AR A ) T TR R 2R R SR 2
(5)Div-2(2-gram Diversity) H 2-gram i 1-gram, it
ST TR Div-1. Div-2 $i5 bR e R 78 A2l m) - P A AE
A ZFEAL Y 2-grams TAIZHTH £
3.2 XWiRE

WHEHM XA ZREWNT - BRIEREH
Ubuntu22.04, CPU A Intel Core i9-10900X 3.70 GHzx20,
GPU 24 NVIDIA GeForce RTX 3080, N 474 16 GB, [R] i
R HI CUDATL.6 HEAT ik AL 24

SEH BT BAR AL g RS ARRAE | SRl AR AR
YR E R 512, FEMLSE RS A i o 25
I Faster R-CNN e 4 BRI SR 1 1 536 4 X SRR AIE
FEH LM Sy S12 2 1) 5 . 7EA Wi, X FL Rl ik
N GHEATALE G b, IEA FAE Ay i 204 BT 190 2 R S 56 3
LI 2 i A . A A0 A 5 2 A A RS 4 2 e 3
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RSP, Horh 230 3 1 1 S Bk o8 8. 1EIl
2By Bt , FI| ] Adam (Adaptive moment estimation ) f b5
R 2] FEFREL IR A At B REAL I HE AT 304
Bl AB ALY ZR . S a B O MR 2255 53 )% R
1.0, 1.OAI100. 7EMIKRBE, o 1 X LA 24, 7R A T
HEBRPE DA I SR R 58 B G — B8 2, 7R AR
Y IR TEBE N 1.
3.3 HEER

TS A T S 6 I i S AR AR b N A X DL K
SCST (Self-Critical Sequence Training) oAb e X g Ab 7
XP AU RE RS2 . PR b, B S SRt —Rh e
BB T AREAY SR 5 B % A i 00 3 (145 8 Bl B R A 20
MR AT RN . R LA TR R A
RUERGVE R Z FE SR b5 . b, Baseline R m AN A
B XF BT LA A softmax TN B A0 B HERCTRY . oA P48
% BLEU I CIDEr i i+ Oracle 5 HE /¥ #EATPEAl , 2 HEE
FEFR Div-1F1 Div-2 i i Consensus B HEF 515 2] ) e AL
H AR A AT IPAL . A FE A I B DL 45 SR i 2=
R RN EUE R R RE R | TRz O TR
UL, B-N.C. R .M 1 S 43| % 7% BLEU-N CIDEr,
ROUGE-L METEOR #1 SPICE ##z .

£1 MSCOCO##EE M-RNN %4> T HY 3 b SCI6

MR T HRAT U AR5 A A X2 2] g 2
J5 A R U PR AR PSR AR AR AR B 18RI
FH SCST 5 Ak 2 IT vk BEAT VN GRiy BB () Z2 A P45 A
SURTR B X2 BT SCST Jr AN S v vl M 1 $2 7
HAEsR A~ A 3 A Fp BT ) T 08 6 55 R LR B ) 1
T 458 g B Al 3L AR SCREHL i 3o N 48 X e 27 > AT LA
TEWZRE FE b B VRN AR I A TEAR DI AT E
BIPENFRAR B 2R PF T TS AR BERSTE HE R PE N ZAETEZ
() B 16
3.4 IREREESNH

T UE WS SO Y A A7 R0PE 4 AR S 2
T FAL R QAR IR AT T BT L . XS T7 A
#5 Div-BS (Diverse Beam Search)™ . PoS (Part-of-
Speech)™' | AG-CVAE (Conditional Variational Auto-
Encoder with Additive Gaussian)"®' Seq-CVAE (Sequen-
tial Conditional Variational Auto-Encoder)"""’ . COS-CVAE
(Context-Object Split Conditional Variational AutoEn-
coder)"?" | UDA (Unified Diversity and Accuracy)'™ Fl
DCL-CVAE (Conditional Variational AutoEncoder with
Dual Contrastive Learning)"*'.

7E MSCOCO % 4 4 M-RNN % 73 45 1 T, {ifi Ji]
Oracle HHTHEIT J5 045 I kAT 1 HERREXT LE | 25045
Rk 2 s . Hrh, Oracle FHES AN H8 b5 19 B K

Baseline | NAX#Hi| SCST | B-4T ¢t | Div-1T | Div-2T PN . N o e
; T oo Ton T o o RSP ST P2 P R 6 51
y ; : p S T '6 Oracle VAL 43 B0 2 4R - 4018 . 50 b7 ik

x 0.53 1739 | 039 | 0.63 . SN .
; ; FH S0 B AR TR] 0 1 SRAE 20 F1 100 4N Ba s B, SR )5 fi
X 0.549 | 1.760 | 0.40 | 0.65 . . s .
; ; ; A AR RS AL R B ) . AR SO IR AE T A
0494 | 1720 | 024 | 033 WERTES bR b B9340 208 T BT He il 7
F2 BFHIEFEMSCOCOEHEEE M-RNN UiK £ _E 18 A Oracle EFHEF B EFBERERESTLE
FFER ik B-4T B-3T B-2T B-17 ct RT Mt st
Div-BS*! 38.3 53.8 68.7 83.7 140.5 65.3 35.7 26.9
PoS* 449 59.3 73.7 87.4 146.8 67.8 36.5 27.7
AG-CVAE"™ 47.1 57.3 69.8 83.4 130.8 63.8 30.9 244
0 Seq-CVAE! 445 59.1 72.7 87.0 144.8 67.1 35.6 27.9
DCL-CVAE™ 459 59.8 73.5 88.5 150.2 67.8 35.8 294
COS-CVAE" 50.0 64.0 77.1 90.3 162.4 70.6 38.7 295
UDA™! 52.1 — — — 168.1 71.4 40.0 31.1
AT id: 54.9 67.2 79.2 92.1 176.0 72.7 41.5 33.5
Div-BS®! 40.2 55.5 69.8 84.6 144.8 66.6 37.2 29.0
PoS 55.0 67.2 78.7 90.9 166.1 72.5 40.9 31.1
AG-CVAE"™ 55.7 65.4 76.7 88.3 151.7 69.0 34.5 27.7
100 Seq-CVAE!"! 57.5 69.1 80.3 92.2 169.5 73.3 41.0 32.0
DCL-CVAE" 61.1 71.8 82.8 94.4 182.3 75.2 42.8 33.7
COS-CVAE!" 63.3 73.9 84.2 94.2 189.3 77.0 45.0 33.9
UDA™ 61.7 — — — 193.2 76.5 45.4 352
RICTT: 70.2 78.5 87.5 96.5 207.8 80.8 50.9 37.8
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(AR I R, T4 s AR A A i R A B
N H A 64 %5 27 L T AG-CVAE, POS, DCL-CVAE F
COS-CVAE 73 HIAEE S B AL AR X 245 B (PoSHrR
2 I GREAFGSR I BT SRR . XS g A 2K
YOUE T A SO B A T I ) B G AR

22 33—V T AR ALYE Consensus B HES 4

TR ZREEIE bR . IR 3T LA AR SO ik I 25
G 2R R LGS . 78 3 WRAE 20 F1 100 4R 15 1)
B 454 F AR 305 ¥ 9 mBLEU $5A545 70 A {3, X
KB AR ARRGA Z B4 & BE N 2ES . 78 Div-1
A Div-2 F8 b5 b, A SC i 3500 F Al U7 ik, HLAE 20 A
1001 RAE H1 3 5114545 0.73 #10.61 AY Div-2 1EAR1543 .

F3 HBFHEEMSCOCO FHEE M-RNN Ui &£ _E {5 F Consensus EHTHEFF I SR REXT LE

RAFER VRS UniquenessT Novel T mBLEUY Div-1T Div-2T
Div-BS* 100 3106 0.81 0.20 0.26
PoS? 96.3 3394 0.64 0.24 0.35
AG-CVAE™ 69.8 3189 0.66 0.24 0.34
Seq-CVAE"" 94.0 4266 0.52 0.25 0.54
20
DCL-CVAE" 97.9 4899 0.54 0.39 0.65
COS-CVAE™ 96.0 4249 0.52 0.33 0.52
UDA™! 98.5 4862 0.40 0.43 0.70
ATk 99.1 4955 0.43 0.46 0.73
Div-BS® 100 3421 0.82 0.20 0.25
PoSP 91.5 3 446 0.67 0.23 0.33
AG-CVAE" 47.4 3069 0.70 0.23 0.32
Seq-CVAE"! 84.2 4215 0.64 0.33 0.48
100
DCL-CVAE" 92.1 4607 0.66 0.35 0.55
COS-CVAE™ 96.3 4404 0.53 0.39 0.57
UDAM 96.8 4586 0.53 0.39 0.59
NGRS 97.8 4643 0.52 0.40 0.61

g5 b TEMER I 2 R AR b AR SO A
HIITE A T W R VERE S T, BT £ Hh 10 D7 VA fE
0% 7= IR AfG T 22 A Y 834, E— 2D B AIE T BT S AR A
23[R RAERE 1 A0 B PN DL A A R
3.5 SLBEREMESN

P 2(b)FNEE 2(d) % bE 1 B 05 i L e Z AL Al
WA T R B R A o AL RN B R
i ap e RN A RE . FTLUE T, 5 A L A
SCT7 VR AT LERR RO HE PG b 4 5 i R T At Ty
VD) A AN VRS 1Y R, DL R — SN TE B Y ] . ot
b, HAL T A 1) A= il R 52 B ) s B T AN SO %
WO RT DAY R0 2% A A QP B 1) R, A JSCBE 11 AR RN 2 1Y)
TR B, A BT R E UL A B “long legged” Fil “long
necked” % .

N T BE— 2D R LT B G 5 12 FA T Y AR A R
A 1 2 R IR 1 B 7, SE 56 P E— 2B X BLIP2'

(S8 2.7%10°) \LLaVA-V1.6 (S %R : 34x10°) Al
GPT4V (BB >1x10")" 17 = Fob L 80 S5 485 25 KA Y
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A T “Generate 3 diverse COCO-style captions”#&7~ 11, A2
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Seq-CVAE:

- cat sitting on a piece of luggage

- a cat is sitting on a suitcase on a bed

COS-CVAE:
- a cat sitting on top of luggage on the floor
- a cat curled up on a piece of luggage

(a) MHRIEME 1

(c) MLIEI 5 2

-a small cat sitting on the back of a suitcase

- a close up of a very cute cat in ared suitcase

DCL-CVAE:

- a cat lays down in a packed piece of luggage
- a cat is sitting inside of a piece of blue luggage
- a cat laying in a piece of luggage on a floor

ARy

- a white and brown cat rests on a suitcase on floor
- acat that is sitting on a piece of red and black luggage
- a fluffy cat laying down on top of a suitcase

(b) ARG TT A

P15 1 A I R L

Seq-CVAE:

top

- the birds are swimming in the water and one is on the

- two birds are standing in the water and drinking
- a group of birds on some water near water

COS-CVAE:

- two birds are standing on the water at the beach
- a couple of birds standing on top of a lake
- two red and white birds standing next to each other

DCL-CVAE:

- a group of birds with orange beaks in some water
- a flock of three birds wading on the water
- a couple of birds on a body of water

ATy ik

- there are many small birds walking in the water
- a group of long legged birds wading in a body of water
- several long necked birds standing in the pond

(d) ASCE LG TR IR R 2 26 ik xt L

LLaVA-V1.6:

- A curious cat sits atop a
vibrant red suitcase, its cyes
gleaming with interest.

- A curious feline lounging on
a piece of luggage, scemingly
intrigued by its surroundings.
- A fluffy white and brown cat
is the unexpected centerpiece
on ared suitcase, adding a
touch of whimsy to the scene.

GPT4V:

- A cat perched comfortably
upon a suitcase, possibly
hoping to tag along on a trip.
- The watchful eyes of a cat
guard the contents of a closed
suitcase.

- A pet cat sits on a suitcase,
blending its fur with the
suitcase's intricate pattern.

BLIP2:
- a cat laying on top of a
suitcase

ES 9]
- a white and brown cat rests
on asuitcase on floor

LLaVA-V1.6:

- Three clegant birds with
striking red accents, captured
in a moment of tranquility on a
wet surface.

- Three elegant birds with
striking red accents, poised on
a wet ground

- A group of three white birds
with red beaks and legs,
captured in a moment of’
tranquility on a reflective
surface.

GPT4V:

- Feathered trio braving the
elements in their watery
domain.

- Ungainly grace demonstrated
by water-loving birds in the
rain.

- Trio of aquatic birds, likely
ibises, gathered on a water-
covered habitat.

BLIP2:

AT
- there are many small birds
walking in the water

- acat that is sitting on a piece
of red and black luggage

- a fluffy cat laying down on
top of a suitcase

- a cat laying on top of a
suitcase

- a group of long legged birds
wading in a body of water

- several long necked birds
standing in the pond

(e) AT M Z RS KRB MK 124 () ARSI MR RS SRR X K S 2 Az o

AR L

XS L

K2 AR5k SRR IR DT iR E VX L

4 it

ARG SR AR 53 HE W R N A8 WA T ) ARG A
IR BT 2 R R R R A OV L
I DA AR R R AR Y B AR AR T 5 8 84k A5
43 A i 5 R IR A iU A O S Rl M AR T
Transformer [ K115 2 FEAL A IR A AY | DA THASE 70 Xof B
TR FEVE R ELRE T . R e AR P SCPEM 85 10 R
BRI A X2 20 B JEVRRL K G i 19X 4 A A 40 51
FRUEAT N XA ) . AE TR AN B R IS DL,
TR L o) A B ) T A 1 A PEAN B T, DT aE— 2
T Z PR R A 2R L MR SRR
GURRW]  FEAERR PR Z FEVETE bR b, TR A O k8
WETARGARA . 5 2 RS AR L, A SO A
il TN FRA R R R . T —2 TAET,
TATH I AT BB R A T1E 5 @, it — 2t 2
FEA UGS AR A U PERE .
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