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Progressive Semi-Knowledge Distillation for Neural Machine Translation

ZHOU Xiaoging, DUAN Xiangyu, YU Hongfei, ZHANG Min
(School of Computer Science and Technology, Soochow University, Suzhou. Jiangsu 215006, China)

Abstract: The neural machine translation (NMT) model usually has a large amount of parameters, e.g. 100 million
neurons in the transformer framework when the vocabulary is set to 30,000. To compress a complex and large-pa-
rameter NMT model, this paper proposes a progressive semi-distillation method. The semi-knowledge distillation is
designed to obtain half weights from the teacher model as the starting point for the training of student models. The
progressive semi-distillation method refers to, on the student model achieved above, apply the semi-knowledge dis-
tillation method again to obtain the full compression model. Experiments on two popular Chinese English and Japa-
nese English datasets indicate. in terms of BLEU, at most 2.16 significant improvement to the baseline NMT mod-
el, 1.15 better than the word-level knowledge distillation method, and 0.28 higher than the sentence-level knowledge
distillation method.
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B R IR BE T — a0 o U)X A R R p 28 T AT B R
B D = B 4 AT R0 AR AN B A R 3 TR Y
RNBIRES s DA KBS B 2 e i 7 ik, TR
25 I 26 R 45 1) HL B AL A O AR R
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A T 8% 38 18T 8 80U 0 4% 5T %) R0 TR A% 38 25 T/
SRR 2= A W 4 A 7 1 A] DA FH 05 O 14 o
) i 457, A SC LA Transformer™ 85 7Y 25 1 Sy f41] i
MM I &5, 8 R 7> Transformer 2800 ™
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TE R 45 () A ] 55 H A R He 45 A E S 2, AT AN 5
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AR SCHEAT T T8 57 1Y SE g, SE 5 45 R 8o, b i
RTRZR 1R A5 B0 4 R 46 BB A e 4 A A8 34 T
AHIN A SRR AL AT 25 PR R 3 . B IR 28R
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HAEnef 2 Mot ZOmst AL A ke . W A TAE
CHa) 2 530 /] 7 20 53] ) 0 AR 2808 ) R AR SCHR HE Y
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BRI EMNEALPY (ayer normalization) , A DX
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B T RS i RCE AR AR AL R I = (8) R
6 =rand(0%) (8)
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W IEREC IO 0. %0 |-
2 2 43 WS — A F R ZE 1R 0 o R L A O ST
R 2 AR TR MR T 40 1) 280 A 2R v SR A5 1 25 i
B AT AR R S, an = () PR .
0; = assign(0}) (9)
Forf, 07 & 2 A BB K R i 0 A2 g
(TS 28 AL HE , assign(e) Fon M & WEAH B 17E 5
B, assign(01) BPKE ZOR AL R S 500 ) h iy 22

WS 0 MALERE S F /B ZHC0HH
2R Z 407 B AR AR (RIS Y v 44 5 A ]
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FEPIAS T2 A8 R 0 b R H S0 4R bR AT S
B . XA B RO A R N [ HASE AS (] S8 1Y) 1
BEEE 4y B 125 J7 A6 A 32 J7 AN, X A7 B T
30 UE A0 7 R[] RSS2 5580 i PR i

XF T H 58 BHIRAT 55 B 4R ok A A FFIE B Kyoto
Free Translation Task®, F&A7{# i 4b 3 (19 1 25
AN SR L b AL B A I 2R EE L ng T
AIKANF 1 FRTF 40 BAF A IR B E £
5T AAEE O Mk A b, AbEE S 4R 33 1A
SEAT AR IR % 1 B R F A g i AT A
FAF G A B S AF G RS U1 4 BN R N 3%
30k, feJE  BEALFT ALY ZRAE 2B BRI %

o B PR AT S5 R I B2 R RO Bk
(linguistic data consortium, LDC) &4, 1% F 2 [H
[ 2 b v 5 BORBIFSE B 2002 4F & A7 50, Horbl|
SR dE 1. 25M A F X 4l A NIST02 ., NISTO3,
NIST04 ,NIST05 Hl NISTO08 43 HIAE Hy— ik 4E
s AWML B MIRELT 4453 %5
NISTO6 /E I A4 . X SO B #4781 43 (token-
ized) R SCHECHE E AT 43 1) b B 8 U i ) R H
P 136 SC I e R AT I BRI R 50 AN 3] L - 0
SCIRNE R K/NBR 4 3 07, e 30 T3 ANRAE
e ) o A ) AR S AR IR G — B 4 R R AT
<UNK>, 8K J& 4= il inl 42 .

42 WEGE
4.2.1  FERREE
B FEAE (Base) #5814 1 52 1 HIL ) 09 48 7 | V5 U
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FH bR 4 — 3 BN 512K 1Bt 0 4% )2 /Y 4k 1 %
BN 2048, NFLAIRAE LR TR AR SCHER 1
RS T ILAS AR R /N B FEMER R, Forp O[] 4
) 5 TR 2 531 RS ] 8 AR 25 (Base R, SR, S) 5
L CATT 2R B I HLH A 48 815 B “FFN" %
715 T A5 A 20 T 8% F 4 EE £ L

F1 FREEEHENEERR

Y 5 2% fit A 2
ATT FFN ATT FFN
FLUE (Base) 512 2048 512 2048
HAER) 512 2048 256 1024
FEUE 256 1024 256 1024
FAE(SR) 256 1024 128 512
FLHE(S) 128 512 128 512

T G % g R AL 45 1) 25 A J2 b iy 2 Sk TR AL
BT 8 Ak, FEVNZRIIA] L b5 % 7 ¥ (label
smoothing) Z $ « = 0.1, # £ JC 89 B HL 2% 1% F
(dropout)# 4 0.1,

KT R =4k &, it 4% K & (beam
search) B 16 3115 B W K/ (beam size) B=14, fifi F§

Adam AL R RALES S8 B =0.9.8, =

0.98,e =107, 2% 2] Fffi FI T 3) (warm-up) T
Fmg, Hf warmup_steps=4 000 FIF %, 43¢
SC TEIF IR AT THUMT® B i7IF R S8,
4.2.2 YR E

PR Ay v 8 FH R R AN [R] PR O H 5
e i) BAR S HOR B A AR .

H A R g 23 1 /) T 8] — L L E T
— LR (mini-batch) B8R 8] F K E L. &
— ALK 6 250 AN N2k 2 T30 AL TE R 1 500
AR AF — USRI, A5 e (18 i 6 25 1) 1] o A AN EE AR
I RO A e v i ) e S 380 3] 3 %) A B B = )

el o R M G |7 - R R AP K/ I
R AE—R . BHEA 6025 M., wRINZGE
Bk ® o 20 J7, IR HLAIRG 1 000 A9l 25 28 R A7
B b B PR T 7 i A B 04 ] i AR EE R PR
H1H b v b 565 2 18] 2 0 AR B [ 22 R) 3 AN e

KT REARIVEAR A8 H 5 B 918 09 B PEAG v, ok
FARIX 50 KNG B ML BUE B3R (BLEU) #2
3 oK Ak A5 A 1) B B AL 6 A multi-bleu. perl®
T BLEU fH . X R A7 B BJm T BERLEAT P 3,

SR S SO B PEAL SR AN X 2 RONE Y
BLEU ¥4 HILi . I-fdf JH B> B H0 A7 974
4.2.3 BREMT

TN AR ZE R S B o = 0.5, SR
(Base) # B A g Z i 7Y

]G B R ZE AR DL JETE (Base) B BUAE
ST AL R IR 18 45 2R AR BB R A R 1 S R
Z M Kim 58 A SCFEDY il S 40 e, B SRR AT
55 W B R K/ (beam size) i B=5; I Bl iR AT 55 i
TR RIF B B R K/ B=5 fMl B=1 Fifh 4
BCE 73 i iR ] B Ao i B PR S0, e A B R A
Him iy BLEU 530 80F 504E S i i die 4 09 R 25 21 .
I Ah A SRR 1Y B A e it # S rh oA = AT
Bk 2 0] o DA DR IE 7] 5 98 03] 1R ZE 1R 4R 1 45 2
A AR N 0 R T

43 THHR

ORI Rk 2 iR, Hp Seq-KD(B=
DT Seq-KD(B=5)"" 43 Bl R /R KK/ R 1 F1 5
1 DL 1R ) 1 2 ) 1 HTIR 2848 5 + Seq-KD(B=
DS+ Seq-KD(B=5)"" 43 Jjl| e 7= 2 R 2 18 FI
)T B R R AR B 45 A s MTO2, -+, MTO8 41
SR I3 A NISTO02, «++, NIST08; AVG % 71
AR F 21543 BLEU 22 5 3R 24 [ 455 5 7 24 15
Iy G REMER RIS N Bl ., K2 SR EE T
TR R E 4, N 512 4 1 3 E (Base) 1 50
it X415 2] 256 4 /Y 4 H g A A, 4% f ik —
A AT 3 1 2 6L A9 B 128 R AR R, R
P 2 MEs R Bon AR SO R RE L T 3L MR, 7
S5RFHONMRE I kg AR et — T
PERE.

@  https://github.com/THUNLP-MT/THUMT
@  https://github.com/moses-smt/mosesdecoder/blob/master/

scripts/generic/ multi-bleu. perl
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F2 SEBERRENEHOEMEMERS
T 7 MT02 MT03 MT04 MT05 MT08 AVG BLEU 21#
FEAE (Base) 42.87 41.24 43.81 41.53 32.03 40.30 —
FeAE (R 42.84 41.31 43.96 41.96 31.82 40.38 —
Word-KD?") 43.71 % 41.25 44.25 41.98 32.67 x 40.77 +0.43
Seq-KD(B=1)%"] 43.28 41.35 43.75 41.42 31.48 40.26 —0.04
Seq-KD(B=5)"" 44,29 * 42.63 % 44,82 42.90 * 32.88 * 41.50 +1.20
Our work 43.33 % 41.78 44.21 42.61 * 32.43 40.87 —+0.57
+Seq-KD(B=1) 43.60 * 41.68 43.79 41.67 31.80 40.51 +0.21
+Seq-KD(B=5) 44,28 % 42.67 % 44.82 42.93 % 32.79 % 41.50 +1.20
s 42.88 41.17 43.81 42.10 31.93 40.38 —
Word-KD™" 43.37 41.62 43.97 41.88 32.03 40.57 +0.19
Seq-KD(B=1)"" 42.46 41.93 43.3 41.33 31.05 40.01 —0.37
Seq-KD(B=5)%"] 43.18 42.48 44.54 42.06 32.70 40.99 +0.61
Our work 43.11 41.63 43.49 42.21 32.20 40.53 +0.15
+Seq-KD(B=1) 42.30 41.38 43.80 41.78 31.80 40.21 —0.17
+Seq-KD(B=5) 43.85 41.75 44,64 % 42.56 32.57 41.02 * —+0.64
FEHE(SR) 42.18 39.83 43.35 40.87 31.41 39.53 —
Word-KDH 42.82 39.74 42.93 41.26 31.52 39.65 +0.12
Seq-KD(B=1)%"] 42.90 40.89 * 43.99 41.77 * 31.70 40.25 * +0.72
Seq-KD(B=5)L 2 43.29 % 41.91 * 44,59 % 42.52 % 32.94 % 41.05 % +1.52
Our work 43.23 % 40.37 % 43.68 42.16 % 31.81 40.25 % +0.72
+Seq-KD(B=1) 43.55 % 41.25 % 44,08 * 41.79 * 31.69 40.47 * +0.94
+Seq-KD(B=5) 44.03 * 42.79 * 45.16 * 42.99 * 33.14 * 41.62 +2.09
HAECS 40.88 39.36 42.26 39.29 30.09 38.38 —
Word-KD" 41.01 39.03 41.98 39.64 30.66 38.46 —+0.08
Seq-KD(B=1)%" 41.04 39.47 42.12 39.63 29.96 38.44 +0.06
Seq-KD(B=5)L% 41.91 * 40.11 42.93 41.06 * 30.87 39.38 x +1.00
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