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247Carl A Constructivist Approach to Machine Translation

NeMLaP3/CoNLL98: New In D.M.W. Powers (ed.) A Constructivist Approach to Machine Translation. Michael Carl (1998)  
ACL, pp 247-256.Methods in Language Processing and Computational Natural Language Learning, 



ê
ëUìuí*î$ï�ð
ñ	òaóJô6õ�ö�ô>ö$÷Pø>ùZú�ûUù·ùuüuö$ý
üuö$ú¢þHó�û·ÿ,ô�ùyó�ÿ-ó�üRý?ó��� ��� ��� ��� �	�ó�÷�ôRõ4ö�ôaö$÷4û·ý�ûUö$üR÷Jüuó�÷Pó�õ4ö$ü6ý	ôaø$÷,ÿ�û·÷�óP÷#ó�ü�ø�ô8ô�ù û�
4ø$ý�ûUö$ü�ÿ�ø$û·ü6ýBó�ü�ø$ü6ý

ê
ëUìuí*î$ï
�
ñ�òaóJôRõ4ö�ôaö$÷Pø8ù� ��� � ú�ûUù®ùRüuö$ý�ü�ö$ú þHó,û·ÿ,ôuùkó�ÿ-ó�üRý?ó��� ��� �� �� ��� �		óP÷�ôRõ4ö�ôaö$÷4û·ý�ûUö$ü6÷ � ��� �üuó#÷Pó�õ4ö$ü6ý*ô>øg÷�ÿ{û·÷Pó�÷¼ó�ü�ø�ô>ô�ù û�
4ø$ýUûUögü�ÿ-ø$û·ü6ýBó�üuø$üRý

��=E58A6C?9F58D?/2T8A�b�7�1P58G6CE7�C?/FV�/y9F58=MDET�V-7�V-T8=Ef8W6DE367#CEGR1�1P7PCEC,T$I�5
.���T>GRDE1PT>V-7
�½/2A�DE3S/2C�CE1P7PA658=?/FT�� /FC
CET$9F749Ff�w$5$9k/FQ658DE7PQ�baf
58ARQ�Q6faA658V{/21�5$9y92f�DHG6A67PQ�DET�DE3R7#A67P7�QRC,T$I*DE3R7#581�D?/2A6N�58N87PASD
IUT8=�O�3RT8V�DE367�DE=E58A6C?9F58D?/2T8A£/2CJbu74/FARN�1�T8V-x6GRDE7�Qlj

�������������8o���� �
;�¯
»¸CHfSCEDE7PV�C#58=E7�x6=HT>ba9F7PV{XBCET$9Fw8/FA6N�CEfaCEDE7PV�C�DE3658D,3R7�5$w8/y92f
=E749Ff-T8A�T$9FQ-7:�Rxu7P=?/F7PA61P7�CPj,�RT>=�DE3S/2C
=E7�58CET8A-DE367Pf�1P58A�bu7�CE7P7�A
58C#5�N87�AR7�=E5$9k/FzP5>DB/FT8A�T$IM.���CEfaCEDE7PV�CPW�DETaT6j�;�¯
»¶CEfSCEDE7PV-C
CET$92w>7�AR7�O|xR=ET>ba9F7PV�C�baf#58Q658xRD?/FA6N�~�V�TaQS/yIUf8/FARNS�	CET$9FGRD?/FT8A6C
DET
T$9FQ�xR=ET8bS927�V-CJDE3R5>D�58=E7,CEDET8=E7PQ�/FA�5{1P58CE7#b658CE7cj
LM1�1PT8=EQS/2A6N�DET�»�/2143SDE7P=-� »
/F1��"!+��IUT>GR=JdaA6T$O
9F7PQ6N87�1PT8ASDE5$/FAR7�=HC
58=E7,5cw$5$/y9F58bS927,/FA�;�¯
»©CEfSCEDH7�V-CP�
# @?A�DE3R7J1P58CE7Jb658CE7�58=E7JCHDET8=E7�Q�IUT8=EV-7�=�x6=ET8bS927�V-C�O�/2DE3�DE3R7:/2=CET$9FGRD?/FT8A6C¼~�1P5>CH7�C4�4j
# L°C?/2V{/y925>=B/FD?f(V�7PDE=?/21�V-58d>7PC�xuT8CEC?/Fba9F7�=E7�DH=?/F7Pw$5$9,T$I,1P58CE7PCIU=ET8V�DE3R7,1�58CE7#bR58CE7,DE3658D�58=E7#C?/FV�/y9F58=MDET�AR7�O©xR=ET8bS927�V-CPj
# LJA�58Q658xRDE5>DB/FT8A�V-7�143R5>Aa/FCEV V�TaQS/y �7�C�DE3R7�CET$92G6D?/FT8ARC�T$I
DE3R7�=E7�DE=?/27�w87PQ�1P58CE7PC�581�1PT8=EQS/FARN|DET�DH367�=E7PÂSGa/F=E7PV�7PASDEC�T$I
DE3R7,x6=ET8bS927�V0j
# ��367-1�58CE7�w8Ta1�58bRGS9F58=Ef�1PT8AaDE5$/FA6C�DE367-9F58A6N8G658N87�/2A|O�3a/F1431P58CE7�CM58=E7,O�=?/FDEDE7PAZj
»�7�DE=B/F7�wc5g9�T$IuDE3R7
5>xRx6=ET8xR=?/F58DE7�1�58CE7c~�C4��/FC�b658CE7PQ�T>A�5MC?/FV{/k9F58=?X
/2D?f#V�7PDE=?/F1MO�3S/F143#/FC�QR7�C?/2N8A67PQ�CEG6143�DE3658D�DE367�=E7PDE=?/F7Pw87�Q�1P58CE7PC
=E7Px6=E7PCE7PASD�58A�/FA6CHDE58ASD?/25>DB/FT8A�T$I
DE3R7{xR=ET8bS927�V�1�T8AR1�7Px6DPj#��3R7
xR=ET8bS9F7PV'58ARQ�DE3R7�=E7PDE=?/27�w87PQ¸1P58CE7c~�C4�£58=E7�C?/2V{/y9258=�bu7P1P58G6CE7
DE3R7�f^5>=H7#QS/y±Z7P=E7PASDM/FA6CEDE58AaD?/F58D?/2T>ARCJT$I�DE367,CE58V-7,1PT>AR1�7Px6DPj
@BA�DE3R7�58Q658xRDE58D?/FT8A�CEDH7�xlW<DE3R7�CET$9FGRD?/FT8A�DE3R58D,/FC#x658=ED,T$I�DE3R7
=E7PDE=?/27�w87PQ�1P58CE7�/2C�V-TSQa/y �7�Q�O�367P=E7J/2D
QS/y±Z7P=EC
IU=ET8V¬DE3R7,x6=ET8baX
927�V CET$9FG6D?/2T8AZj�LJQR5>xRDE58D?/FT8A�/2C�T>AR7�TgI�DH367�V-T8CED�QS/%$�1PGS92D
xR58=EDEC�/FA¢;�¯
»³CHfSCEDE7PV�C�bu7P1P5>GRCE7�/FD�QR7�x�7�ARQ6C�T8A©Q6T8V-5g/2A
CEx�7�14/y u1�dSART$O�927�QRN87
5>ARQ�T>A�DE3R7�T8GRDE1�T8V-7
TgI�DE367�T8DE367P=
;�¯
»
1PT8V�xuT8AR7�AaDECPj
@BA{buT8DE3lW>=E7PDE=?/F7Pw$5$9u58ARQ{58QR58x6DE58D?/FT8AlWgDE3R7�T8=?/2N$/FA65$9Rx6=ET8ba9F7�Vª/FC
DE3aG6C	Q67PCEDE=ET$f87PQ,/FA#T8=EQR7�=	DETJ1PT8V�xRG6DE7�5�CET$9FGRD?/FT8AZ�*O�3S/k9F7
149F58C?X
C?/kIUf>/FARN�5�x6=HT>ba9F7PV�581P1�T8=EQa/FA6N�DET�DH367�5cw$5$/y9F58bS927{1PT8A61P7Px6DEG65$9
149F58CECE7PC*/FA#DE3R7�1P5>CH7�bR58CE7$W8CET8V�7�x658=EDEC�TgIRDE3R7�x6=ET8bS927�V¢58=E7�7:�aX
xu7P1PDE7�Q�DET-bu7,V�T8=E7M/FV�x�T>=HDE5>AaD�DE3658A�T8DE3R7�=Mx658=EDECPj�@?A�T8=EQR7�=
DET�149F58CEC?/kIUf�DE367-x6=ET8bS927�V�58xRx6=ET8x6=B/F58DE7:92f8W*=E7PDE=?/F7Pw$5$9�/FA|;�¯
»
�­9y/Fd87�xu7P=E1�7Px6D?/2T8A���DE3aG6C*7Pw$5$9FGR58DE7�C�xR58=EDEC*T$IZDE3R7�/FASIUT8=EV-5$X
D?/2T8A�QS/k±Z7P=E7�AaD?9Ffgj���367
=E7PDE=?/F7Pw87�Q£~�CE7�D
T$IP�Z1P5>CH7$~�C4��QR7�w8/F58DE7PC�/FA
5�AaG6V�bu7P=�T$IMx6=ET8x�7�=ED?/27�C�IU=ET8V�DE367^T>=?/2N$/FA65$9�xR=ET8bS9F7PV�DE3658D
CE7P7PV'V{/2A6T8=�DET(DE367�N8T85g9¼TgI�DH367�58N87PASDPj�@BA©58Q658x6DH5>D?/2T8AZW

DE367-=E7�DH=?/F7Pw>7PQ(CET$9FGRD?/FT8A6C�58=E7{IUGR=EDE367P=#V�TaQS/y �7�Q�/2A�T8=EQ67P=#DET
N87�AR7�=E58DE7#5�1PT8367P=E7�AaD,T8G6DE1PT8V�7�TgI�DE3R7,CEfSCHDE7�V0j
²�T$O
7Pw87�=PWu/FA�T8=EQ67P=,DET�58x6xa9Ff�DE3R7�;�¯
»¢x658=E58QS/2N8V³CEGR1�1P7PCEC?X
IUGS9y92f#DET,.���Wg5MQ67P1�T8V-xuT8C?/FD?/FT8A-1�T8V-xuT8A67PASD	/FC*=H7�ÂaGS/2=E7�Q�DH3658D
QS/2w>/FQR7�C
5�CE7�AaDE7PA61P7J/FAaDET#5,CE7PÂSGR7�AR1�7�TgIl1:3aG6ARdSC:j<@BA{DE3R7�AR7:�RD
CE7P1�D?/2T>A�@�CE365$9y9�7:�RxS925$/FA�DE3R7�A67P7�Q(IUT>=�CEGR1:3�5�1PT8V�xuT8AR7�AaD
58A6Q�T8GRD?9y/FAR7�/2DEC�/2V�xuT8=EDE58AR1�7#/FA�.���j

&'��tZq(�*)#q(�8v?oavEq�n°vEn,+.-
@?A�.�581:3a/FA67��*=E58ARC?9F58D?/FT8A�~?.��J�-1�T8V�x�T>CB/FD?/FT8AR5g9k/FD?f(/FC�1P=EGaX
1:/25$9JDET�58DEDE5$/FA|5�=E7�58CET8AR5>ba9F7�1PT$w87�=E58N87cj0/JAR7�T$IJDH367�V�5$/2A
x6=ET8ba9F7PV�CJ/FA¾.£�¢/2C,DE=E58A6C?IU7P=#CEDE=E58DE7PN>f���3RT$O¢58A6Q�O�3R7�A�DET
DE=E58A6C?9258DE7,5#G6Aa/FD
T$I	DE367,CET8GR=E1�7M9F58A6N8G658N87
/FAaDET�5{GRAS/FD
T$I	DE3R7
DE58=EN87�D
9F58ARN8G658N87$j
��367�GRA6QR7�=?92f>/2A6N©3afSx�T>DH367PC?/FC�T$I�5$9y9-.���CEfSCHDE7�V-C£/2C�DH3658D
G6Aa/FDEC�Q67P=?/Fw87PQ©I�=HT>V�DE3R7�CET8G6=E1P7�9F58ARN8G658N87�CEDE=?/2A6N�1�58A©b�7
V�58xRxu7�Q#T8AaDET�G6AS/2DEC�IU=ET8V¢O�3S/F143�DE367�DE58=EN>7PD	9F58A6N8G658N87�CEDE=B/FA6N
1�58A�bu7�1�T8V-x6G6DH7�Qlj¬@�G6CE7�DE367�IUT$9y92T$O�/2A6N�¹*A6N$9k/FCE3SXH�6=E7PA6143
DE=E58A6C?9258D?/FT8A�7:�R58V�xa9F7�1c�
]©ñ	òSóJôRõ4ö�ôaö$÷Pø8ùZú�ûUù®ùRüuö$ý
üuö$ú þHó#û·ÿ,ôuùkó�ÿ-ó�üRý?ó��3254		ó�÷�ôRõ4ö�ôaö$÷4û·ý�ûUö$üR÷�ü�ó�÷Pó�õ4ö$ü6ý#ôaø$÷�ÿ{û·÷Pó�÷�óPüªø�ô>ô�ù û�
:ø$ýUûUö$ü
ÿ-øgû·üRý?óPüuø$ü6ý

[S7Pw87�=E5$9�xuT8CEC?/Fba/y9y/2D?/F7+C�T$IuQR7�1PT8V�xuT8C?/2D?/FT8A�CE3R5g9k9ubu7�1PT8A6C?/FQR7�=E7PQ
/FA#DE3a/FC*CE7P1PD?/FT8AZj
��3R7�1PT>=H=E7�CExuT8ARQS/FARN#58Q658x6DE58D?/2T8A#dSART$O�927�QRN87
O
/y9y9�bu7,Qa/FCE1PG6CECE7PQZj
@�IZDE3a/FC�CE7�AaDE7PA61P7�~4]+��1PT>ARC?/FCED�T$IZT8AS92f�T8A67�143SGRA6d�/Uj 7cj<QR7�1PT8V{X
xuT8C?/FD?/2T8A{DE58d87PC*xa9F581�7
58D	5JCE7PAaDE7�AR1�7
9F7Pw87:9�T8AS9Ff,58CZ/FA# uN8GR=E7�]$W
A6T#58Q658xRDE58D?/FT8A�/FC
=H7�ÂaGS/F=H7�Qlj���3a/FC
/FC
D?faxS/21�5$9ZIUT8=
DE=E58A6C?925>DB/FT8A
V�7PV�T8=?/27�C¨~��M.���~�7cj NRjÀ�M»�L768/,[ª� ²�7�fR� ` �BW¼�M»�L,¿J[a@?�M�
O�3S/F143�3R5$w87�T8Aa9Ff�5#1�58CE7Mb658CE7J58ARQ�5#=E7PDE=?/F7Pw$5$9�1�T8V�x�T8A67�AaD:9cj
�M.£C�58=E7�9k/Fd87:92f�DET,3R5$w87
ÂSGa/FDE7
9FT8A6N�1�58CE7PC
CEDET8=E7PQ{/FA-DE367�1P5>CH7
b658CE7cWSb6GRD
365$w87J5#O
749y9Z/FAaIUT8=EV�7PQ�QS/2CEDE58A61P7,V�7PDE=?/F1�DET{=H7�DEGR=EA
C?/FV�/y9F58=
1P58CE7�C�IU=ET8V¢DE3R7J1P5>CH7�bR58CE7$j
²�T$O
7Pw87�=:WSQ6G67�DET,925>14d�T$I
58Q658x6DE58D?/2T8AZW*DE367�9F7PCEC�DE3R7�=E7PDE=?/27�w87PQ�1P58CE7�C�V�58DE143¨DE367�CH7�AaX
DE7PA61P7$W6DE3R7�V-T8=E7�/2A61PT8V�xS927�DE7�5>ARQ#/FA61PT8=E=E7P1�D�DE367MDE=E58A6C?925>DB/FT8A
/FCPj�L©V-5+�4T8=�CE36T8=EDE1PT8V{/2A6N�/FC�DE3658D
DE367�/FA61P=E7P58CE7#T$I*1PT$w87�=H5>N87
Q6Ta7�C�ART>D
IUT$9y9FTcO¢DE367,N8=ET$O�DE3�T$I�DE3R7,1P58CE7#b658CE7#DET�DH367#CE58V�7
7:�RDE7PASD:j
; Ä�Å8Æ#ÆEÑ8È+Í�ÇgÒkÆ#ËyÔMØ?È�<�Æ4×£Ï·ÉBÎ+Í�ØBÅ8Æ>=�È�×8Ô?È+ÉBÊ8Ô�ÞUÖ4Î+É?Ç8Ü8Ô#È+×8Ê�ËkÔ

Ê$ËyÔBÖ:Ü8ÔBÔ?Æ4Ê�Ëk×|á Ó�è@?BADCZä�å+æ®àFEaÎ+É,Ç8Ü8ÉBÇSÎ�Ô?Æ�ÎPÏ
Ë Ò ÒyÜ8ÔBØ?É?È�Ø�ËkÎ+×�GIH*Ë Ò Ò
Ö4Î+×8Ô�ËkÊ8Æ4É�ØBÅ8Æ�ØBÉ?È+×8ÔUÒyÈ�Ø�ËyÎ�×�Ö4Î+É?ÉBÆ4Ö:Ø�È+×8Ê�Ê8Æ4Ô�ËkÉ?È�ÙgÒkÆ�àJ�â$Î+Í,Æ#Ä�Õ�Û�Å8ÎKH*Æ�L�Æ:É�Û�Ç8É?Î�ÇSÎ�Ô?Æ-È+ÔJÈ�×�Æ�ÑgØ?É?È^È+×�Ëy×cØ?Æ4É?È+Ö4ØUËML�Æ
Õ�Ä�Ô?Ú$ÔBØ?Æ4Í(Î+É	È
Ù8È+Ø?ÖEÅ�Õ�Ä�Ô?Ú$ÔBØ?Æ4Í�ØBÅ>È�Ø�ËkÔ	Ù8È+Ô?Æ4Ê,Î�×,È
Ê$Ë ÝRÆ4É?Æ4×$Ø
ß�Æ�à Ìgà@N ØBÉ?È+Ê$ËkØ�ËkÎ+×8È�ÒON é
Ç8È+ÉBÈ+Ê$ËyÌ�Í�à

248Carl A Constructivist Approach to Machine Translation



ê
ëUìuí*î$ï
P
ñ	òaóJôRõ4ö�ôaö$÷Pø8ù� ��� � ú�ûUù·ùuüuö$ý�QSR�T�þHó� ��� � û·ÿ,ô�ùyó�ÿ-ó�üRý?ó��� ��� �� � �� ��� �		ó�÷�ô6õ4ö�ô>ö$÷:û·ýUûUö$ü6÷ � ��� �üuó#÷Pó�õ4ö$üRý*ôaø$÷ � ��� �ÿ{û·÷Pó�÷�ó�ü�ø�ô8ô�ù û�
4øgýUûUö$ü � ��� �UWVYX Q[Z]\�Q V QWZ

ê
ëUìuí*î$ï_^
ñ	òaó ôRõ4ö�ô>ög÷Pø8ù ú�ûUù·ù ü�ögý ü�ö$ú þHó û®ÿ,ô�ùyóPÿ�óPü6ýBó��

		óP÷�ôRõ4ö�ôaö$÷4û·ý�ûUö$ü6÷ üuó�÷PóPõ4ö$ü6ý ô>ø$÷½ÿ�û·÷Pó�÷ ó�ü ø�ô8ô�ù û�
4ø$ýUû�ö$ü ÿ�ø$û·ü6ýBó�ü�ø$ü6ý
` `
` `
` `

a a
a a
a a
a a a

` `
` `
` `

b b
b b
b b

ccc
ccc

ccc
ccc

@BA� uN8GR=E77daW6DE367MCE7�AaDE7PA61P7,/FC�Q67P1�T8V-xuT8CE7�Q�/2ASDET�D?O
T#143aG6ARdSCPj
¿�T8D?/F1P7$W
DE3658D#DE3670¹*A6N$9y/2CE3|CEG6b8�47P1�D0~�DE367- u=ECED�143SGRA6dR�J/FC#/FA
C?/2A6N8GS9258=PW�O�3S/y927£/2DEC��6=E7PA6143(DE=E58A6CB9F58D?/FT8A|/FC�/FA(xS9FGR=E5$9Uj�¯�74X
1P58G6CE7�CEGRb8�:7P1PD�58A6Q|xR=E7�Qa/F1P5>DH7�58N8=E7P7�/FA(ASGRV{b�7�=-58A6Q|xu7P=?X
CET8AlWJDE367¾~�58GS�a/y9y/25>=EfR��w87P=Eb6C�/FA�DE367�CE7P1�T8A6Q�143SGRA6d(3658C�DET
DE58d87#DE3R7#CE58V�7,IU7�58DEGR=E7�C�5>C�/FA�DE367, �=ECED,143aG6A6d�jJ��367#58Q658xaX
DE58D?/2T8A�V�7P143658Aa/FCEV¶3658C*DE3R7�=E74IUT8=E7JDET�bu7�58ba9F7�DET,=E7P1�T8A6CHDE=EG61PD
DE3R7�CE7#58N8=E7P7PV�7PASDM=E7�ÂaGS/2=E7�V-7�AaDECPj
@UIuDE3R7�CE7PAaDE7�AR1�7
/FC�Qa/Fw8/FQ67PQ�/FASDHT,DE367
DE3R=E7�7�143aG6A6daC(e�ñ	òaó<ôRõ4ögf
ô>ö$÷�ø8ù e6WYe6ú�û�ù·ùaüuö$ý*ü�ö$ú�þEó:e#58A6Qhe6û·ÿ,ô�ùyó�ÿ-óPü6ýBói�je#58C*/2A{ uN8GR=E7
¦,58QR5>xRDE58D?/FT8A�DHG6=EA6C
T8GRD�DET#bu7JV�GR1:3-V�T8=E7�1PT>V-xS9k/F1P5>DH7�Qlj�@?D
3R58C,DET�=E7P1�T8A6CEDH=EG61PD{58N8=E7P7�V-7PASD,bu7PD?O
7P7PA�DE367� u=ECED�5>ARQ�DE3R7
CE7P1PT>ARQ©143aG6A6d�~®/FA�DE367��6=E7PA6143©DE=E58ARC?9F58D?/FT8A©IUT8=�DE3R7�DE3a/F=EQ
143aG6ARd�DETaTS�4j
�6GR=EDE367P=PWu58Q658x6DE58D?/2T>A^V{GRCED�DE5>d87�/FAaDET�581P1�T8GRASD
DE3R7�QS/2CE1�T8AaD?/FAaGS/2D?f|T$I�DE367-CE7�1PT8A6Q|143aG6ARduj���3aG6CPW*5$9FDE3RT8G6N83
ü�ö$ú�5>ARQ�ÿ-ø$û·ü6ýBó�üuø$üRý�58=E7,DE=E58ARC?9F58D?/FT8ARC�T$I	7P581:3^T8DE367P=PW6DE367Pf
58=E7�CE7Px658=E58DE7PQ|bSf�DE367#/FAaDE7P=ExuT8CE7PQ|1:3aGRA6d�¦-T>A�DE367^�6=E7PA6143
C?/2Q67cj���367#58Q658x6DH5>DB/FT8A�V�7P143658AS/2CEV³3R58C�DHT�bu7#58bS927#DET{/FAaDE74X
N8=E58DE7,5#1PT8AaD?/FAaG6T8G6CM1:3aGRA6d{/2ASDET�5�QS/2CE1�T8AaD?/FAaG6T8G6C�T>AR7JO�367PA
DE=E58ARC?9F58D?/FARN#I�=ET8Vµ¹*A6N$9k/FCE3�DET��6=H7�AR1:3^5>ARQ�DE3R7�/2ASw87P=ECE7,O�367PA
DE=E58ARC?9F58D?/FARN�IU=ET8V°�6=E7PA6143�DET^¹*A6N$9y/2CE3Zj
¹��R58V�xa9F7¢bR5>CH7�Q�.�581:3a/FA67¢��=E58A6C?9258D?/FT8A­~?¹�¯
.��J�(1�T8=E=E74X
CEx�T>ARQ6C#DET�5�QR7�1PT8V�xuT8C?/2D?/FT8A|N8=E58ASGa9F58=?/FDBf�58C#CE36TcO�A�/FA� �N$X
GR=E7�Ckd�58A6Q� uN8G6=H7�¦aj,[ST8V-7#CEfSCHDE7�V-C�~�14IEj-� [R¿J��l��BW�� ;�;�� ` �U�
92TS1P5$9y/FzP7�V�5��:T8=,1PT8A6CEDB/FDEG67PAaDEC{/FA|DH367�xR=ET>ba9F7PV�CE7PASDH7�AR1�7�baf
V-7�58ARC�T$IJ9k/FA6N8Ga/FCED?/21�58A65$9FfaC?/FCPj©LMQ658x6DE58D?/2T>A|/2A�DE3R7�CE7�CEfaC?X
DE7PV�C�/FC�7PCECE7�AaD?/F5$9k9Ff�5�V�58DEDE7P=�T$I,=E7PxS9F5814/FARN�/FDE7PV�C0~�O
T>=HQ6CPW
CE7PÂaG67PA61P7�C�T$I#O
T8=EQ6C^T>=^1�T8A6CHD?/FDEG67PAaDEC4��/FA©DE3R7�DH5>=HN>7PD�925>AaX
N8GR5>N87�CEDE=EG61PDEG6=E7cj,Yu/FA6N8Ga/FCED?/F1�58A65$92fSC?/2C,CE7�=Hw>7PCJDHT�bu7PDEDE7P=,Q674X
DE7P=EV�/FA67
DE3R7�9FTa1�58D?/FT8A�58A6Q,DH367
58x6xR=ET8x6=?/F58DE7PA67PCEC�T$IRxuT8DE7�AaD?/F5$9
/2DE7�V-CJDET-bu7,=E7PxS925>1P7PQ�/FA�DE3R7#DE58=EN87�D
9F58ARN8G658N87$j
@BA�DE367#�	58A6N$9FT8CECM¹�¯
.��ª~4� ¯�=ETa� ` �BWZ� ¿J¯B6��g_$�U��1P58CE7�CM58=E7,CE74X
927�1PDE7PQ�IU=ET8V�DE3R7,1�58CE7#bR58CE7,DE3658D�1PT>AaDE5$/FA�DE3R7,x6=ET8bS927�V°1P58CE7
~�T8=�x658=EDECMT$I*/FD���58C�5�CEG6bRCEDE=?/FARNRj,¯�f�V�7P58A6C�T$I�5-DE367PCE58G6=EGRC
58ARQ�5�bS/yXU9y/FARN8G65$9
9F74�S/21�T8A(DE3R7�DE=E58A6CB9F58D?/FT8A(T$I�DE367�xR=ET8bS9F7PV
1P58CE7|~�T8=�/2DEC�=E7�CEx�7�1PD?/Fw87|xR5>=HD4��/FC�7:�RDE=E581PDE7�Q©IU=ET8V DE3R7�=E74X
DE=?/27�w87PQ�1�58CE7PCPj�LMQ658x6DH5>DB/FT8A�T$I�DH367,DE58=EN87PD�9258A6N8G658N87J143aG6ARdSC
/2C�927:IUD#DET�5�CEDE58D?/FCED?/21�5$9J9258A6N8G658N87-V�TaQ6749
T8G6DEC?/2Q67�DE3R7���58AaX
N$9FT8CEC�¹�¯
.��©CEfaCEDE7PV�j
.�58Aaf�DE=E58QS/2D?/FT8A65$9<.£��CEfaCEDE7�V-CJ3R5$w87,58A�58DET8V{/21,1�58CE7#bR58CE7

58A6Q�3R5$w87JART{/FAaIUT>=EV-58D?/FT8A�58buT8GRD�DE3R7,C?/FV�/y9F58=?/2D?f�bu7PD?O
7P7�A�5
CE7PASDE7PA61P7�58ARQ�CET8V-7{1P58CE7PC,/Uj 7cj¼T8Aa9Ff�7:�R581�D�V�58DE143S/2A6N�1�58CE7PC
58=E7#=E7�DH=?/F7Pw>7PQ�I�=ET8V°DE3R7�1�58CE7#b658CE7cjJLJ1P1PT8=EQS/FARN�DET� uN8GR=E7#_RW
CE7PASDE7PA61P7�CM58=E7Jw87P=Ef{ �A674X?N8=E5$/FAR7�Q�58ARQ�DE367MV�5$/2A�DE=E58A6C?925>DB/FT8A
/FCM1�58=E=?/27�Q�T8G6DJbaf�DE3R7-§ 58Q658x6DE58D?/2T8AZ§6V�7P143658AS/2CEV�jJL�9y9�DE3R=E7P7
N87�AR7�=E58D?/2T8A6C�T$I*DE=E58Qa/FD?/FT8AR5g9�.��©CEfaCEDE7PV�C�~�14IHjJ� mon,��!��U��1P58A
bu7,QR7�CE1P=?/Fbu7PQ�baf�DE3a/FCMCE14367PV�5Rj���367�QS/F=E7P1PD,58x6x6=HT>58143�CE7P7PdSC
DET�V-58x�9F74�S/21�5$9�/2DE7�V-CJT$I�DE367#CET8G6=H1�7#9F58A6N8GR58N>7�T8ASDET�9F74�S/21�5$9
/FDE7PV�C�T$I�DE367,DE58=EN87PD�925>ARN8G658N87J58A6Q�DH367PA�DE=?/F7PCJDET-=E7�58=E=E58ARN87
DE367#DE58=EN87PDJDE7PCEDPj,��367,/FAaDE7P=?9y/FARN8G65$9�58x6x6=ET858143�~�14IHj�� 6MT>=��>¦4�U�
DE=?/F7PC#DET�1P5g921�Ga9F58DE7�5�925>ARN8G658N87{/2A6Q67Pxu7PA6QR7�AaD{V-7P5>Aa/FARN£=H7�xaX
=E7PCE7�AaDE58D?/FT8A�IU=ET8VªO�3S/F143-DE367�DE58=EN87�D�DE7:�RD*/FC
N87PA67P=E58DE7�Qlj���367
DE=E58A6C?IU7P=�58x6xR=ET85>1430~�14IEjM� [SDH=4� ` �U��/FC�C?/2DEG658DE7PQ�/FA-bu7�DBO
7�7PA�DE3R7
D?O
TR��58b6CEDH=E581�D?/2T>ARCJT$I	DE3R7JCET8G6=E1P7J925>ARN8G658N87JCEDE=B/FA6N�58=E7J1PT8V{X
x6GRDE7�Q¨5>ARQ�DE3R7�A�DE=H5>ARC?IU7�=E=H7�Q�~�V�58xRxu7PQu�J/FAaDET�DE58=EN87�D�G6Aa/FDEC
IU=ET8V¢O�3a/F143�DE3R7�DE58=EN87PD�9F58A6N8GR5>N87
CEDE=B/FA6N#/FC
1PT8V�xRG6DE7PQZj��*=E5$X
QS/2D?/FT8A65$9
.��¢CEfaCEDE7PV�C,QRT�A6T8DMCEfSCHDE7�V-58D?/F1P5g9k9Ff�V�58d87#G6CE7�T$I
9F58=EN87J143aG6ARdSC
DE3R58D
1�T8GS92Q�IU581:/k9y/FDE58DE7#DE3R7J58Q658xRDE58D?/FT8A�V-7�14365$X
AS/2CEV�j���3R7�f-DE3aG6C
IU5g/k9ZDET�581�1PT8G6AaD�IUT8=
O�3658D
1�T8V-x6GRDE7�=EC�1P58A
V�T8CED
7P58C?/y9Ff�QRT6�*V-7�V-T8=?/FzP58D?/FT8A�58A6Q�=E7PDE=?/F7Pw$5$9Uj
��367�V-5$/FA|QS/k±Z7�=H7�AR1�7cW�36T$O
7Pw87�=:W<bu7PD?O
7P7�A(DE=E58Qa/FD?/FT8AR5$9J58ARQ
V�T8=E7#=E7P1P7�AaD#58x6x6=ET85814367PC#DET�.��¢9y/F7PC#/FA�DE367#IU5>1PD,DE3R58DJDE3R7
9F58DEDE7P=,CEfaCEDE7PV�CJx�7�=?IUT8=EV V�T8ARTg9k/FARN>GR5$9�58A65$92fSC?/2C,58A6Q�N87�AR7�=BX
58D?/FT8A�O�3a/y9F7�/2A�IUT8=EV�7P=,CEfaCEDE7PV�C#DE367-58A65$9FfaC?/FC^~�QR7�1PT8V�xuT8C?/kX
D?/FT8A��*T$I�DH367JCET8GR=E1�7M9F58A6N8G658N87
/FC
ART>D�/FA6QR7�xu7PA6QR7�AaD�IU=ET8VªDE3R7
=E7PN>7PA67P=E58D?/FT8A�xuT8CEC?/2bS/y9k/FD?/·7PC�/2A�DE367,DE58=EN87PD�925>ARN8G658N87cj

��qp� )#q(�8v?oavEq�n�qsrBv?og�tq*nJr,+.-
m�3R7�A¨Q67P1�T8V-xuT8C?/FA6N¨5�CE7PAaDE7�AR1�7�/FA|5�x658=EDB/F1�Ga9F58=-O�5cf�DE3R7
CE7PASDE7PA61P7�/2C
1:9F58CECB/y u7PQ�O�/2DE3�=E7PCExu7P1PD�DET#DE3R7�1PT8AaDE7:�RD:u8j�@?A�DE3R7
�6=E7PA6143�CE7PAaDE7�AR1�7k		ó�þHögv�
Pòaó�õ,÷Pø8ùyó,ùkø�ýUõ4ø$üW
Pòaó<DE367�O
T8=EQ�÷Pø8ùkó
1�58A(bu7�149F58CEC?/y �7�Q�5>C-5�w87P=Eb¢~B¹*A6N$9y/2CE3Z�|ýBö�÷�ø8ù ý®�#T8=�58C-58A
58Q+�47P1�D?/2w>7-~?¹�A6N$9y/2CE3Z�5�$û·õ�ý�w+�4W�ùyø,1�58A�bu7#58A�58=ED?/F149F7�~B¹*A6N$9y/2CE3Z�
ý�òaó4�*T8=�5#x6=ET8ART>GRA�~?¹�A6N$9y/FCH3Z�J÷4òaóxeRòaóPõ:��58A6Q0ý�õ�øgüy
�òaó<1P58A�b�7
5�w>7P=Eb�~?¹*ARN$9y/FCE3l�,ýBö_
�òaö�ôa��T8=�5{ART8G6A�~?¹*ARN$9y/FCE3l�,÷Pù û�
4ó:�4j
zPÄ�Å$ËkÔ@L+ËkÆ�H�ËyÔ�Î�ÏuÖ4Î+Ü8ÉBÔ?Æ�Î+Ø*×8Æ�H�àZÐ�à Ì8àuËy×^á ÓD?({�ä�ç�æ6Í�Î+É?Ç8Å8Î�Þ

ÒyÎ�Ì�ËkÖ4È�Ò
È+×8ÈPÒyÚ$ÔUËyÔ�ß·Ë·à Æ�à�Í,Î�É?Ç8Å8Î�ÒkÎ+ÌPËyÖ4È�Ò�ÖEÒkÈ+Ô?ÔUË |aÖ4È+ØUËyÎ�×6éJËkÔ,Ê8Æ:|a×>Æ4Ê
È+Ô�È�Ê>Æ4Ö4Î+Í�ÇSÎ�Ô�ËkØ�ËyÎ�×�Ø?È�Ô}<aà

249Carl A Constructivist Approach to Machine Translation



d(�6=E7PA6143l��~}		ó�þHögv]
�òaó�õ4�,÷Pø8ùyóJ~4ùkø�ýUõ4ø$üW
�òaó4�
¹*ARNg9k/FCE3l����367,bRG6DE14367P=,CE5$9FDHCJDE3R7,C?9y/F1P7

¦(�6=E7PA6143l��~}		ó�þHögv]
�òaó�õ#÷Pø8ùyó:�M~4ùkøc�MýUõ4ø$üW
�òaó
¹*ARNg9k/FCE3l����367,Qa/F=ED?f�bRG6DE143R7�=M1:3RT8x6CM367P=

@UIuDE3R7�CH7�AaDE7�AR1�7
/FC�Q67P1�T8V-xuT8CE7PQ{581P1�T8=EQa/FA6N#DET¼~}d8�ZDE367
x63R=E58CE7		ó,þHögv�
PòSóPõ�/FC�149F58CEC?/k u7PQ�5>C�DE367
CEGRb8�:7P1PD
TgI�DE367
CE7PAaDE7�AR1�7,58ARQ
ùkøJý�õ4ø$üy
�òaó�58C�DH367�T8b8�47�1PDPj*@?A-~?¦8��		óJþHö~v]
�òaóPõ�÷Pø8ùyóu/FC*DE3R7�CEG6baX
�47P1�D�O�3a/y9F7¼ùyø*/FC�DE3R7
T8b8�:7P1PDPj��	58=EC?/FARN6W$IUT8=�/2A6CEDE58A61P7cW�149F58CEC?/k u7PC
DE3R7{1PT8V�x�T>AR7�AaDEC#T$I
5�CE7PASDH7�AR1�7�58ARQ�DE3R7:/2=#=E7:9258D?/FT8A6CE3a/Fx(baf
N$/Fw8/FARN{/2DJ5�CEDE=EG61PDEGR=E7�581P1�T8=EQa/FA6N-DET�5-N8=E58V�V�58=Pj
²�T$O
7�w87P=PWJ@�O�/k9y9#ART>D-G6CE7�5�N8=E58V�V-58={58C^5�b658C?/FC-I�T8=-Q674X
1PT8V�xuT8C?/2D?/FT8A�bRG6D�bR58CE7�DE367�Q67P1�T8V-xuT8C?/FD?/2T>A�T8A�74�R5>V-xS927�CPj
��3S/2CPWl@�CE365$9y9�CE36TcO,WS9F7P58Q6CMDET�N>=H7�58DE7P=�´�7:�a/FbS/k9y/FDBf�58ARQ�bu7PDEDE7P=
V-5$/FAaDE5$/FA658ba/y9y/FDBf�T$I�DE3R7,CEfSCHDE7�V0j
@BA�.£�|Qa/y±Z7P=E7�AaD�QR7�1PT8V�xuT8C?/2D?/FT8A6C
bu7P1PT>V-7
x658=ED?/21�Ga9F58=?9Ff-1�=EGaX
14/F5$9	/yI�DH367Pf�9F7P58Q�DET�Qa/y±Z7P=E7�AaD,DE=E58ARC?9F58D?/FT8ARC�/Uj 7M/yI�DE3R7,CET8G6=E1P7
925>ARN8G658N87J58ARQ�DE3R7,DE58=EN87�D�925>ARN8G658N87J74�6xR=E7PCECJ58V�bS/FN8Ga/FD?/F7PC
/FA
5^QS/y±Z7P=E7PASD#O
5$fgWlO�3S/2143�/FC,ÂaGS/2DE7{T$IUDE7PA�DE367�1�58CE7cj{LªCET8G6=E1P7
CE7PAaDE7�AR1�7F� /FC�1�T8V-xuT8C?/FD?/FT8AR5$9y9Ff�DE=E58A6C?9F58DE58ba9F7{/2ASDHT�5�DE58=EN87�D
CE7PAaDE7�AR1�75��W�/k±
# /FD
/FCMQ67P1�T8V-xuT8CE58bS9F7,/2ASDET-5�CE7PDJT$I�143aG6A6daCPjL¢CE7PASDH7�AR1�7�� /FC8��ï]�g�W���(���K���D��ï�W>/y±�/FD,1P58A�b�7#QS/Fw8/FQR7�Q
/FAaDET-5�CE7PDJT$I�143SGRA6daC�� º������ �i�0O�3R7�=E7#DH367,/FAaDE7�=HCE7�1PD?/FT8A�T$IDE3R7�143SGRA6daCP§*1�T8AR1�7Px6DEC-7�ÂaG65$92C{DE3R7�1PT>AR1�7Px6D-T$IJDH367�1P58CE7$��	~}���(��� � �	~�� � �
# DE3R7,1�58CE7#bR58CE7,1�Tcw>7P=ECMDE367#143SGRA6daCPjL�1�58CE7,bR58CE77�>���g���uïaî���5#CE7PD�T$I	1:3aG6ARdSCB�8����/y±�DE367P=E7
74�S/2CEDEC�IUT8=�7P581430��58D�9F7P5>CED^T8A67�CET$9FGRD?/FT8A�1P58CE7������>�
O�367P=E7�buT8DE3���58A6Q_��58=E7
/FA6CEDE58AaD?/F58D?/2T8A6C�T$IZDE367�CE58V�7�1PT>AaX
1P7�xRD,�@�W�8�������8� �>�ª���	~��+�p�¡�	~}�+�
# DE3R7,=E7�DH=?/F7Pw>7PQ�CETg92G6D?/2T>ARC,58=E7,58Q658xRDE58bS9F7cjL¢CE7PDJT$I�CETg92G6D?/2T>ARC>� º������ �i��/FC7�y�s�]�@¢��]�@�UïuW$/y±�/FDJ1P58A�bu71PT8V�xuT8CE7PQ{/FAaDET#T8A67MDE58=EN87�D�CE7�AaDE7PA61P7>��58ARQ{DE3R7�/2ASDE7P=ECE7P1:X
D?/FT8A|T$IMDE367^CET$9FG6D?/2T8A6CP§�1PT8A61P7Px6DEC-7�ÂaG65$9FC-DE367�1PT8A61P7Px6D�T$I
DE3R7,=E7�CHGS9FDP� � � �	~}���Z�(�¡�	~��J�m¨7�DE3SGRC�T8bRDE5$/FA#5J143R5$/FA#T$Iu1PT8A61P7�xRDEG65$9R7�ÂaGS/Fwc5g927�AR1�7PC
Q6GR=?/FARN

5$9y9�xR=ETS1P7�CHC?/FA6N�CEDH7�xRCJ58C�CE36T$O�A�/FA�7PÂSGR58D?/FT8A¾]gj

�	~}�����o£ � �	~����Z�(��£ � �	~}�i�l�(�¡�	~��M� ~4]+�

LªCET8G6=H1�7#CE7PASDH7�AR1�7��¾/2CJQ67P1PT8V�xuT8CE7PQ�/2ASDET^5�CE7PDJT$I�143aG6ARdSC�
IUT8=*7P581:3-T$IZO�3S/F143�5�CET$9FG6D?/2T8A
��/FC�=H7�DE=?/27�w87PQ�IU=ET>VªDE3R7�1P58CE7
bR58CE7$j���367�CE7�D�TgI	CET$92G6D?/FT8ARC�/FC�DE3R7�A-1�T8V-xuT8CE7�Q-/FASDHT#5,DE58=EN87�D
CE7PAaDE7�AR1�75��j

��v:�ªv}r¤q*pav?og�¥q*nMr¦+.-
@BA�;�¯
»�CHfSCEDE7PV�C:W>DE367�C?/FV{/k9F58=?/FDBf{V-7�DH=?/F1�/FC	5JV-7�58ARCuI�T8=	149F58C?X
C?/kIUf>/FARN�DE3R7�x6=ET8ba9F7�V 5>1P1PT8=EQS/FARN�DET�DE367�7PV-xS/F=?/21�5$9�Q658DE5�/FA
DE3R7,1P5>CH7,b658CE7cj�@?A^DE3S/2C�CE7P1PD?/FT8A�@�CH365$9y9Z/FAaw87�CHD?/FN858DE7#O�3R7�DH367P=
5�C?/FV�/y925>=?/2D?f�V-7�DE=?/21J/FC�58x6xR=ET8x6=?/F58DE7JIUT8=
Q67P1PT8V�xuT8C?/FDB/FT8A�58ARQ
149F58CEC?/k u1P5>DB/FT8A�/FA�.���j
[8/FV{/k9F58=?/FDBf�V-7�DE=?/21�C�/FA�;�¯
» 58=E7�T$IUDE7�A(b658CE7PQ©T8A(A67P58=E7�CHD
AR7:/2N>3abuT8=¾~?¿J¿M��5$9FN8T8=?/FDH36V�C¨~�7cj NRj'� mo6,��!:�U��j½¿M¿�5g92N8T$X
=?/2DE36V-C�V�58d87�GRCE7�TgI�5�1PT8ASDB/FASGRT8G6C�w$58=?/258bS9F7
§¶O�3S/F143�5>CBX
CETa14/F58DE7PC�5�=E7P5$9Jwc5g92G67�DET�DE367�58DEDH=?/Fb6GRDE7�C�¨"©#T$I�5�xR=ET8bS9F7PV¨�j���3R7�C?/2V{/y9258=?/FD?f|bu7PD?O
7P7PA|5�x6=ET8bS927�Vt¨�58A6Q�5�1P58CE7�ª�/FC
/2ASw87P=ECE749Ff�x6=ET8xuT8=ED?/FT8AR5$9*DET-DE3674/F=MQS/FCEDH5>AR1�7h«h¬$�
­ GU×#ÈJÔBÚ$ÍJÙaÎ�Ò ËyÖ�Ø?È+Ô®<aÛ>ØBÅ>Æ
Ê$ËkÔ?Ø?È�×8Ö4Æ�¯,Ü8Ô?Ü8ÈPÒ ÒkÚ�ËkÔ(¯8ß�°g±®²i³}±Ué�´�å

Ë Ï�°g±�´�³}±HÛ>ÆEÒkÔ?Æ>µ�à

«�~�¨y¶jªP�(·�¸ © §�©�¹¡º�~�¨�©�¶Kªx©B�
��367�A67P5>=H7�CED�A674/FN83abuT8=�/2A�DE367M3afSxu7P=ECExR5>1P7J/FC
DH367PA�=E7�DHG6=EA67PQ
58C
DE367,V-T8CED
C?/FV�/y9F58=JdaA6TcO�A-/FA6CEDE58AaD?/F58D?/2T>A�DET�DE3R7,x6=ET8bS927�V0j/JDE3R7�=-5>xRx6=ET85814367PC�GRCE7�CEfSV�buT$9y/21�Qa/FCEDE58AR1�7�V�7PDE=?/F1PCPj»/JAR7
CEG6143�58x6xR=ET>58143-~4� �	9F5a��!c�®��GRCE7�C�58AaD?/yXBG6Aa/y u1P58D?/FT8A]¼JDE3R5>D	f8/F749FQ6C
IUT8=�7P58143�1P5>CH7,/FA�DE367�1�58CE7,bR58CE7,DE367M/FASDH7�=ECE7P1PD?/FT8A(~®/®j 7$j�O�3658D
/FC-1�T8V-V�T8Au��O�/2DE3�DE3R7�x6=ET8ba9F7�V0j¸¯�f|V-7�58ARC�T$I,5�xR=E7PQ674X
 uAR7�Q�CEG6bRCEG6V-x6D?/FT8A©T8=EQR7�=B/FA6N(DE367PCE7�/FAaDE7�=ECH7�1PD?/·T8A6C�58=E7�T8=?X
Q67P=E7PQZj���367M1�58CE7PCJDH3658D
58=E7,V�T8CED
C?/2V{/y9258=JDET�5�x6=ET8bS927�V°58=E7
DE36T8CE7,DH3658D�f>/F749FQ�V-T>CHD�CExu7P14/y u1�58AaD?/yXBG6AS/k u1P58D?/FT8A�=E7PCEGa9FDECPj/JDE3R7�=,58xRx6=ET85814367PC�~�7cj N6j-� ²�G6D4�8¥+�U��1P5$9F1PGS925>DH7{IUT8=J7P581:3�1P5>CH7
DE367-V{/2AS/FV-5$9�ASGRV{bu7P=#T$I�143658A6N87PC{DH3658D#O
T8GS9FQ�3R5$w87�DET�b�7
Q6T8A67�DHT�DE=E58A6C?IUT8=EV�/FD�/2ASDHT�DE367�x6=ET8ba9F7PV�j©��367�O
7:/2N>3aDE7PQ
CEG6V°T$I�1:3R58A6N87PCJDE3R7�A�/FARQS/F1P58DE7�C#DH367#QS/2CEDE58A61P7{bu7PD?O
7P7PA�DE3R7
1�58CE7�5>ARQ�DE367#xR=ET8bS9F7PV�jm�3a/y9F7(DE3R7�CE7�V�7PDE=?/F1PC|V�5cf©bu7(Q6faA658V{/21�5$9k9Ff¬58QR58x6DE7PQ /2A
143658A6N$/2A6N#7�Aaw8/F=ET8A6V-7�AaDECM~�DE3R7J1P58CE7JbR5>CH7J58A6Q�}gT8=�DE367�O
7:/2N>3aD§ªV�5$f�bu7�QRfSAR58V{/F1P5$9y9Ff|5$92DE7�=E7PQu��W�DH367P=E7�58=E7�58D�927�58CED-D?O
T
x6=ET8ba9F7PV�C�O�3R7�A�58x6xa9y/F7PQ�DET�.���j/JA67^x6=ET8bS927�V­TS1P1�GR=EC�O�367PA|Q67P1PT8V�xuT8C?/FARN�5�DE74�6D�T$IM58=EbS/yX
DE=E58=Ef{927�ARN8DE3�58C�O
58C�CH36T$O�A�58buT$w87cj<@BD�/FC
A6T8D
58D
5$9y9	7�w8/FQR7�AaD
36T$O�DET�QR7�1PT8V�xuT8CE7#5�DE74�6D�/FAaDET�GRAS/FDHCJCEG6143�DE3R5>D�DE3R7#5>QR58xSX
DE58D?/FT8A|1P58x6581:/2D?f|T$I,DH367�CEfaCEDE7�V�/2C�=E7�CHxu7�1PDE7PQZj»/�I,1PT8G6=ECE7cW
DE367-CEV�5$9k9F7�=�DE3R7�G6Aa/FDEC�58=E7cW�DH367�3a/FN8367P=�DE367�xR=ET8b658bS/k9y/FDBf�T$I
=E7PDE=?/F7Pw$5$9*CEGR1�1P7PCEC#O�/k9y9�bu7$j�¯�G6D�O
7#V�5$f-A6T8D
A67P1P7�CECE58=?/k9·f�b�7
CEG6=E7�O�367PDE367P=#DE367�=E7PDE=?/F7Pw87�Q|CET$92G6D?/FT8ARC,9F7P5>Q¨DET�5�1PT8V�xuT8C?/kX
D?/FT8AR5g9k9Ff�1�T8=E=E7P1PD
DE=E58A6C?9F58D?/2T8A�bu7P1�58G6CH7�/FD�V-5$f#bu7
/FV-xuT8CEC?/FbS927
IUT8=�DH367�58Q658xRDE58D?/FT8A|V�7P143658Aa/FCEV DET�5>xRx6=ET8xR=?/F58DE749Ff(=E7�1PT8V{X
xuT8CE7,DE3R7�V0j

LJxR58=ED�IU=ET8V°DE3R7{Qa/FCE1PT8ASD?/2ASGa/FD?f�T$I�143aG6ARdSC,58C�CE36TcO�A�/FA� uN$X
G6=E7M¦aW>DE3R7�=E7M58=E7JT8DE3R7�=�xR367PA6T8V-7�AR5�T$I�9F7:�a/F1P5$9	1�TaTa1�1PG6=E=E7PA61P7
DE3658DMA67P7�Q�DET�bu7�DE=E7P58DE7PQ�baf�5�.��¢CEfSCEDE7PV0j��6T8=�/FA6CHDE5>AR1�7cW
/yI#O
7�daA6T$O°DE3R58D�e,7P=EV�58A�÷4ý?ø$õK½0DE=H5>ARC?9F58DE7PC�/FAaDET|¹*A6N$9k/FCE3
÷4ý�õ4ö$üY¾�58A6Q¢e,7P=EV-5>AÀ¿Møgüy�¾DE=H5>ARC?9F58DE7PC�/2ASDET�¹*ARN$9y/FCE3ÂÁ$ö8ù fvSÿ-ó�O
7�58=E7�9k/Fd87:92f¢DET�DE=H5>ARC?9F58DE7�e,7P=EV�58Aª÷4ýBø$õj½$óPõÃ¿Mø$üW�
/FAaDET�¹�A6N$9y/FCE3¾÷4ý�õ�ögüY¾�Ácö8ù vaÿ�ó�baf�C?/2V�xS92f�1�T8AR1�58DE7PA658D?/FARN�DE3R7
DE=E58A6C?9258DE7�Q|GRAS/FDEC:j���3a/FC�V�/FN83aD#A6T8D#5$9FO
5$faC#O
T>=Hd�O
749y9�bu74X
1�58GRCE7�367P=E7�ýUò8û�
j½
Á$ö8ù vSÿ-ó{O
T8GS9FQ¨bu7�5�bu7�DEDH7�=-DE=E58A6C?925>D?/2T8AZj
��367,CE7PÂSGR7�AR1�7^÷4ýBøgõK½$óPõ�¿Mø$üW�,CE36T8GS92Q�3R7�AR1�7#bu7#CH7�7PA�58C�T8A67
G6ARQS/Fw8/FQR58bS9F7�G6Aa/FDPj
[SGa/FDE58bS927�QR7�1PT8V�xuT8C?/2D?/FT8A�T$I�DE367
x6=HT>ba9F7PV
/FC�DE3aG6CJ5�x6=H7�=E7PÂaGS/FC?/2DE7{IUT8=�w$5$9FG658ba9F7#=E7PDE=?/F7Pw$5$9*T$I�1�58CE7PCPj
Lª=E7:9258DE7�Q�xR=ET8bS927�V /FC,QRG67�DET�DE367-O
5$f�/FA�O�3S/F143�DE367�CET$9FGaX
D?/FT8A�T$IM5�1P58CE7�/2C�=E749F58DE7PQ�DET�DE3R7�V�58DE143a/FA6N�x658=EDPj��	5>=HD?/F5$9
C?/FV�/y9F58=?/2D?f�T$I¼5�x63R=E58CE7�58ARQ�5�1P58CE7�Q6Ta7�C^A6T8D�A67P1P7�CECE58=?/k9Ff
5$9y9FT$O T>AR7�DHT�1�T8AR1:92G6Q67�DE3658D�DH367P=E7�58=E7�1�T8V-x658=E58bS927�CB/FV{X
/y9F58=?/2D?/F7PC�bu7�DBO
7�7PA�DH3674/F=�DE=E58ARC?9F58D?/FT8ARCPj©�6T8=�/2A6CEDE58AR1�7�/yI#O
7
dSART$O�DE3R58D
e,7�=EV-58A�÷4ýBø$õj½cóÅÄ
õK½@Æø8ù ý�vSüY¾
DE=E58A6C?9F58DE7PC�/FAaDET�¹*A6N$X
9y/FCH3�þHø��7
4ö8ùM��58A6Q#e,7P=EV�58A5Ç�øgv]
�òaó�õ	DE=E58A6C?9F58DE7PC�/2ASDET�¹*A6N$9k/FCE3
÷4ÿ�ög½có�õJO
7#58=E7�9k/Fd8749Ff�DET^DE=E58A6C?925>DH7�DE3R7{GRA6daA6T$O�A�e¼7P=EV-58A
x63R=E58CE7#÷4ýBøgõK½$óPõÅÇ�øgv]
�òaó�õ*/FAaDET-¹*A6N$9k/FCE3|þHø��{÷4ÿ-ög½$ó�õ�bu7P1�58GRCE7
DE367M u=ECEDMO�T8=EQ^T$I�DE367�G6A6daA6TcO�A�xR36=E58CE7J/2C*�4G6CED�58A6T8DE3R7�=�/FASX
´u7P1�DH7�Q�IUT8=EV°T$I
DE3R7� �=ECED,O
T8=EQ�/FA�DH367�dSART$O�A�xR36=E58CE7cjÈm�7
DE3aG6C�CEG6bRCED?/FDEGRDE7|DE367�CE7P1�T8A6Q¢O
T8=EQ�/FA©DE3R7�DE=E58ARC?9F58D?/FT8AªT$I
ÉK{�Å$Ë ÒyÆ^Ü8×gË |aÖ4È+Ø�ËkÎ+×|Ú+ËkÆEÒyÊ8Ô#ÒkÆ:È�Ô?Ø#Ü8Ç8ÇSÆ4É�ÙaÎ+Ü8×8Ê�ß·ÒyÜ8ÙaéEÛ�È+×$ØUË Þ

Ü8×$Ë |aÖ4È+ØUËyÎ+×�Ú+ËkÆEÒyÊ8Ô�ØBÅ8Æ�Ì�É?Æ4È+ØBÆ4Ô?ØZÒyÎKH*Æ4É	ÙSÎ�Ü8×>Ê-ß�ÌPÒyÙaé�H*ËyØBÅ,É?Æ4Ô?ÇaÆ4Ö4Ø
Ø?ÎMÈ,Ô?Ü8Ù8Ô?Ü8Í,Ç8ØUËyÎ+×�Î�É?Ê8Æ4É�Ëk×8Ì8à

250Carl A Constructivist Approach to Machine Translation



DE3R7�dSART$O�A�x63R=E58CE7�~�
4ö>ù%�+��baf�DE3R7�DE=E58A6C?9258D?/FT8A�T$IMDE3R7�CE7�14X
T8ARQ�O
T8=EQ�T$I	DE367�G6A6daA6TcO�A-x636=H5>CE7�~E÷4ÿ�ög½có�õ4�*DET�T>bRDE5$/FA�DE3R7
=E7PCEGS92DPj�²�T$O
7�w87P=PW�DE3S/2C#V{/FN83aDJART8DJ5$9FO
5$faC,bu7�5�N8TaTSQ�CET$9FGaX
D?/2T8A�bu7P1P58G6CE7�òaó4øgÁ�w�÷4ÿ-ög½$óPõ,~�58A6Q�A6T8D-þEø���÷4ÿ-ög½$ó�õ4��O
T8Ga9FQ
bu7�DE3R7J58x6xR=ET8x6=?/F58DE7MDE=E58A6C?9258D?/FT8AZjB/�I	1PT8G6=ECE7cW6T8A67�1�58A-5>=HN>GR7
DE3R58D
÷4ýBøgõK½*3658C�QS/y±Z7P=E7PASD
=E7P58QS/2A6N8C�581P1�T8=EQS/2A6N#DETMDE367�1�T8AaDE74�6D
/2A�O�3S/F143�/FD#58x6xu7P58=EC#CET�DE3658D�÷4ýBø$õj½có�õ>Ç�øgv�
Pòaó�õ,58A6Q|÷4ýBø$õj½cóÄ
õK½@Æø8ù ý�vaüÊ¾�58=E7�A6T8D�C?/FV�/y9F58=�58D�5$9y9Uj©²�T$O
7�w87P=PW�DE3R7�daA6TcO�9kX
7PQ6N87,1PT8A61P7�=HAS/FARN�DE3R7,58x6x6=HT>xR=?/F58DE7PA67PCECJT$I	O
T8=EQ6C
O�3S/2143�1�58A
bu7�=E7PxS9F581P7�Q�A67P7�QRC�DHT�bu7�1PTaQ67PQ�/FA�CET8V�7�O
5$f]Ë+j¸@BA�DE3R7
xR=ET8xuT8CE7�Q¨58=E1:3a/FDE7P1�DHG6=E7�74�61P7�xRD?/FT8ARC{58=E7-CEDET8=E7�Q�/FA�DE3R7{1P58CE7
bR58CE7,58A6Q-dSART$O�927�QRN87,58buT8G6D
=E7PxS9F581P58bS9F7#O
T8=EQRC�/FC�7:�RDE=E581PDE7�Q
~®/2A6Q6GR1�7PQu�
IU=ET8V¬DE3R7J1P58CE7,b658CE7cj���3a/FC�V�58d87�C�xuT8CEC?/Fba9F7#5�Q6f8X
AR58V{/F1
N8=E58QRG658D?/FT8A�bu7PD?O
7�7PA�=H7�N8GS9258=?/FD?/F7PC
CEG6bR=E7PN>Ga9F58=?/FDB/F7+C�58A
74�R1�7Px6D?/2T>ARC,58C
/FD�TS1P1�GR=ECJ/FA�AR58DEG6=E5$9	9F58A6N8GR5>N87PCPj

.�7P=E7:92f�C?/FV�/y9F58=?/FDBf�T$I	5>A-/FA6xRG6D�DE7:�RD�58A6Q�CET8V-7J1P58CE7�C
/FA�DE3R7
1P58CE7�b658CE7�Q6Ta7PC�A6T8D-DE367P=E7:IUT8=E7�9F7P58Q�DET¨5�CE58D?/FC?IU581PDET8=Ef(CET$X
92G6D?/FT8A�bu7P1�58G6CH7�/FD^DE7:9k9FC�G6C�AR7:/2DE367P=�36T$O°DET¨Q67P1�T8V-xuT8CE7�5
DE74�RD#A6T8=,O�3S/F143¨x658=EDECJ/FA¨DE367�=E7PDE=?/F7Pw87�Q(1P5>CH7�C#58=E7-CEGS/FDE58ba9F7
IUT8=,CEGRb6CED?/2DEG6D?/FT8Alj��6G6=EDE3R7�=:W�IU=ET8V�5�9FT8N$/F1P5g9�xuT$/2ASD#T$I�w8/F7PO,W
C?/2V{/y9258=?/FD?f¨CE7�7PV�C�5�GRCE7:927�CEC-A6T8D?/FT8A�bu7�1P58G6CE7cW�58C�e,TSTaQ6V-58A
� e,TaTa¥�d:��CEDE58DE7�CPW�/2D�1�58ARA6T8D�b�7�V-7�58CEGR=E7�Q(/FA�DE7�=HV�C�T$IHW�T8=
7PÂaG658DE7PQ�O
/FDE3�DE3R7#xuT8CECE7PCEC?/FT8A�T$I�1PT>V-V�T8A�143R58=E581�DE7P=?/FCED?/21+CP�Ì�òaóPõ4ó�ýUòaó�ü]vSÿ�þHó�õ�ö:Í�ý�ò8û·üÊ¾c÷�û·ü{ýUòaó�vaü6ûÎÁcó�õP÷Pó�û·÷SÏDÐ	ó4ø�
�ò�ý�ú
ö
ýUò8û·üÊ¾$÷
òaøgÁ$óMû®ü�
4ö$ÿ{ÿ-ö$ü�óKÑ$ø�
�ýBù w�d �yÒ 1�ôRõ4ö�ô>ó�õPý�ûUó�÷<ö~vaý�öxÍ�ý�òaó
ýBö$ý?ø8ùuö:ÍId �7Ó ]JôRõ4ö�ô>ó�õPý�ûUóP÷iÔ�ó4ø�
�ò-ý�ò8û·üÊ¾�òaø$÷Åd �yÒ 1�ôRõ4ö�ô>ó�õPý�ûUó�÷
ýUòaø$ý*ýUòaóJö$ý�òaóPõ7�8ö+óP÷�ü�ö$ý�Ð�ø$üW�#ý�òaóPõ4ó,ø$õ4ó�d �yÒ 1 Ó ]�ôRõ4ö�ô>ó�õPý�ûUó�÷
ýUòaø$ý
üuó�û·ýUòaó�õ,òaø$÷�ÕM� x6xlj<_8_a¦+XB_8_>_$�
��367-xuT$/FAaD,367P=E7�/2C#DE3658DJ/yI�DBO
T�DE3S/FARN8C#365$w87�CET8V�7-x6=ET8xu7P=?X
D?/27�C-/FA(1�T8V-V�T8A|DE3S/2C�/FC-CE5$f8/FA6N�ART8DE3S/2A6N�V-T>=H7�DE3658A|DE3658D
DE3R7�f^365$w87JDH367PCE7#x6=ET8xu7P=ED?/F7PCJ/FA�1PT8V�V-T8A�/Uj 7cj<DH3658D�DH367Pf�58=E7
7PÂaG65$9*O
/FDH3�=E7�CExu7P1PD#DET�DE3R7,1�T8V-V�T8A�xR=ET>x�7�=ED?/27�CPjM²�T$O
7Pw87�=PW
O�3S/2143�T$I�DE367�CE3R58=E7�Q¨x6=ET8xu7P=ED?/F7PC�58=E7-V�T8=E7�CE5$9y/F7PAaD{/FC#58AR5$X
92fSD?/21�5$9y92f�GRASDE=E581PDE58bS927$��/2DJ=E7PV�5$/2A6CJ5-V�58DEDE7P=JT$I�O�3RT�V-58d>7PC
DE3R7,1PT>V-x658=?/2CET8A�5>ARQ�O�367PAZj
�6T8=�/FA6CHDE5>AR1�7,/2A�DE367M7:�R58V�xa9F7PC
58buT$w87cWST8A67�V{/2N83SD* �A6Q�ú<ó�ûÖ¾$ò8ý�w,ý?ö$ÿ-ó�DET#bu7�5#bu7PDEDE7P=�DE=E58ARC?X
925>DB/FT8A�IUT>=M÷4ýBø$õj½có�õÅ¿Mø$üy�¼DE3R5>A£ý�ò8û�
j½>Ácö8ù vSÿ-óPj�/JA^DE367,T8DE3R7�=
3R58A6Q|e,7P=EV�58A¾÷4ý?ø$õK½$ó�õ5×Bvaü�½+ý�1�T8V�x�T>CB/FD?/FT8AR5g9k9Ff|DE=E58ARC?9F58DE7PC
/2ASDET0¹*A6N$9y/2CE3|÷4ýUõ4ö$üÊ¾#ôaö$û·ü6ýUj�@?D�/FCJ5-Q67P14/FC?/FT8A�T$I�DE367#x6=H7�CE7PAaD
CEfaCEDE7PV 58=E1:3a/FDE7P1�DHG6=E7-A6T8D�DHT�1�TaQ67#DE3R7�CH7�QR7�14/FC?/2T8A6C,/FAaDET�DE3R7
xR=ET8N8=E58V�T8=�/FAaDET{5�N8=E58V�V-58=PWSb6GRD
DET�927�5$w87M/FD
/FA�DE367MCEDE=EG614X
DEGR=E7#T$I*DE3R7#1�58CE7�b658CE7cj

ØÚÙ��8o6p]q*tuoavEq�n¥q@�Ú�
v:�ªv}r:q�pSv?og�
@BA6CEDE7P58Q�T$IM365cw>/FARN�5�C?/FV�/y925>=B/FD?f(V�7PDE=?/21�DET�149F58CEC?/yIUf|5�CE7�AaX
DE7PA61P7-~�T8=
x658=EDEC�T$IZ/FD4�
Q67P1�T8V-xuT8C?/FD?/2T8A£/2C�GRCE7�Q�58C
5�V�7PDE36TaQ
IUT8=�1:9258CEC?/y u1P58D?/FT8Alj @?A(T8=EQR7�=-DET�Q67PDE7P=EV{/2A67�DE367�C?/2V{/y925>=B/FD?f
T$I�5�1PT8V�xS927:�¾CE7�AaDE7PA61P7�5>ARQ�CET8V-7�1P58CE7�C#/FA¨DE367-1�58CE7�bR58CE7
58bRCEDE=E581�D?/2T8A¢bSf(V�7P58A6C^TgI�QR7�1PT8V�xuT8C?/2D?/FT8A¢58A6Q�=E7PQ6G61PD?/FT8A
CE7P7PV�CM5>A�58xRx6=ET8x6=?/258DE7#V�7P58A6C:Û8j
Ü G�È+Ì+ÉBÆ4Æ(H*ËyØBÅ,Ø?Å8Æ�Ö4Î�Í,Í,Æ4×$Ø	Î�ÏRÈ+×,È+×8Î�×$Ú$Í,Î�Ü>Ô�É?Æ�L+ËkÆ�H*Æ4É�ØBÅ8È+Ø

Ý_Þ8ß�à}á�âäã"ß�à}ß�ågæKã_ç èÖé�æ�å�èÖê�âÖèÎë>Ý�é]Ý�ç ì�ê:èÖê�Þ7Ý�ì_í�á�çÖç@ì�èÎáiç%î
Ý
ï:áKâðâÎá�àñ"á�àÖò�ß�à:Þ7Ý�é]ë:á(ò�ß�àkî�èÖà}á:ëKâ(å�ê�á5ß}ò7ê:èÖÞ�èäçMÝ�à:èÎâÖìhÞ7áKâÖà:èÎëiê:ópê:åYïiô�áiàxâOèÖé�æâMãYáIé�á:á¤î�êBß}òsñYß�ê�â�ãYßjë�ÝgîgÝxñyâÎÝgâÖèÎß�é�ê�õÄ�Å8ÆMÇ8É?Î+Ù$ÒkÆ4Í¸ËkÔ
Å8ÎjH(Ö4È+×-Ú+Î+Üh<$×8ÎjHÚH�Å8Æ4×�Ú�Î+Ü�Å8ÈKL+ÆMÊ8Î+×8ÆJÔBÜgÏ2Þ|aÖEËkÆ:×cØ�ÒyÚ�Ò Ëk×8Ì+Ü$ËkÔ?Ø�Ë2Ö#È+×8È�ÒkÚ$Ô?Æ4ÔBH*ËkØ?Å8Î+Ü8Ø
ÉBÆ�Ï·Æ4ÉBÆ:×8Ö4ÆMØ?Î,ØBÅ>Æ�Ê8È+ØBÈgö÷iø Ô�ËyÍMË ÒkÈ+É�ËkÊ>Æ4È¨Ö:È�×|ÙSÆ�Ï·Î�Ü>×8Ê�Ëk×�á è�è�ä�ç:æUà�=
ÎjH�ÆiL�Æ4É4Û�Ëk×
ØBÅ8Æ�ËkÉ�È�Ç8Ç8É?Î+È�ÖEÅ|Ô?Æ4×$Ø?Æ4×8Ö4Æ4Ô{Ü8×8Ê8Æ4É?Ì�Î�È�ß�ÉBÜgÒkÆEÞUÊ8É�ËML�Æ4×aé�Ô?Ú$×$ØBÈ+Ö4Ø�ËkÖ
È�×8È�ÒyÚcÔ�ËyÔ�à

LJbRCEDE=E581�DB/FT8A6CM5>=H7J/FA6QRG61P7�Q�IU=ET8V�DE3R7J/FARx6G6DMCE7PASDE7PA61P7#b658CE7PQ
T8A�1�58CE7PCJ/FA�DE3R7{1P58CE7#b658CE7cj¼��3R7,9F7�CHC,58A£/2A6x6GRDJCE7PAaDE7�AR1�7�/FC
dSART$O�A�DET�DE3R7{CEfaCEDE7PV�WZDE367#V-T8=E7#5>bRCEDE=E581PD?/FT8A6C,58=E7#AR7�7PQ67PQ
IUT8=*DE367MCE7PASDE7PA61P7,DET#bu7�V�58DE143R7�Q�T8AaDET,DE3R7J1P58CE7�bR58CE7$j
²�T$O�X
7�w87P=PW�DE367�V-T8=E7�58b6CEDH=E5>1PD?/FT8ARC�58=E7-xu7�=BI�T8=EV-7�QlW�DE3R7�N8=E7�58DE7P=
O
/y9y9Mbu7�DE367�Qa/FCEC?/2V{/y9258=?/FD?f�bu7PD?O
7�7PA�DE367�CE7PASDE7PA61P7�58A6Q|DE3R7
V�58DE143a/FA6N�1P5>CE7c~�7PC4�4j�LM1�1PT8=EQS/2A6N$9Ff8Wu/FD
/FC�CEDE=E7PCECE7PQ�/FA¨� ¯(m�� ` �
DE3658D	DE367�C?/FN8Aa/y u1P58A61P7JT$IZC?/2V{/k9F58=?/FD?f-bu7PD?O
7P7�A-5,x6=ET8ba9F7�Vª58ARQ
5�CE7PD�T$I#1P58CE7�C-/FC�V-T8=E7�/FV�x�T>=HDE58ASD�DE3R7�9F7�CHC�58b6CEDE=E581PD�DE3R7
1�58CE7PCJ58=E7cj

@?A#DE3R7
x6=ET8xuT8CE7PQ�CEfaCEDE7PV¬58=E143S/2DE7�1PDEG6=H7J5JCH7�AaDE7�AR1�7�/FC�QR7�1PT8V{X
xuT8CE7PQ,/FASDHTJ5�CE7�D�T$I6143aG6ARdSC	581�1PT8=EQS/2A6N,DET�DE367�5$w$5$/y9F58ba9F7
1�58CE7PC
/FA�DE3R7�1P58CE7�bR58CE7$j�;
3SGRA6daC,O�3a/F143|CE3658=E7-5$9y9
DE3R7:/2={xR=ET8xu7�=BX
D?/F7PC
O�/2DE3�5#1P58CE7J58=E7J=H7�QRG61P7�Q�58A6Q-DE367�CE7PÂSGR7�AR1�7#T$IZ=E7PQ6GR1�7PQ
58A6Q�G6AR=E7PQ6G61P7PQ�143aG6A6daC#~®/®j 7$j
DE367#58bRCEDE=E581�D?/2T8A�T$I�DE367#T8=?/FN$/kX
A65$9aCE7PASDE7PA61P7��*/FCPWS58N85$/FAZW$Q67P1PT8V�xuT8CE7PQ�58A6Q#V-58DE14367PQ{58N85$/FARCED
DE367
1P58CE7�bR58CE7
G6AaD?/y9�A6T,V-T8=E7
Q67P1�T8V�x�T8C?/FD?/FT8A-58A6Q�=E7�QRG61PD?/FT8A
/FC
xuT8CEC?/2bS9F7cj�@?A^5#ASGRV{bu7P=
T$I	CEDE7Px6CPWu5#CE7�AaDE7PA61P7#T$I�927�ARN8DE3
ù
/FC,DE3aG6C�1:925>CHC?/y u7PQ|581�1PT8=EQS/2A6N�DET�DE3R7�5$w$5$/k9F58bS9F7�1P58CE7�C,/2A�DE3R7
1�58CE7�b658CE7,/FAaDET�V-5$�S/2V�5$9Ddgù 1:3aG6ARdaCPj
L|CE7PASDE7PA61P7
/FC*=E7PN87�AR7�=H5>DH7�Q�I�=HT>V�58A�58bRCEDE=E581PD?/FT8A�bSf,CEx�7�14/yIUf8X
/FARN�DH367�=E7�QRG61P7�Q^1:3aG6ARdSC
58ARQ{DE3R7:/2=�CHG6b6CE7PÂaG67PASD
=E74 uAR7�V-7�AaDPj
��3S/FC	/FC�=E7Pxu7P5>DH7�Q�GRASD?/k9uDE3R7�xR=ETSQRG61P7�Q-CE7PÂSGR7�AR1�7M1�T8AaDE5$/FA6C�A6T
V�T8=E7M=E7�QRG61P7�Q�143SGRA6daCPj
LJbRCEDE=E581�DB/FT8A�~®/®j 7$j�Q67P1PT>V-xuT8C?/FD?/2T8A�58A6Q�=E7�QRG61PD?/FT8A��<58ARQ{N87PASX
7�=H5>DB/FT8A�~®/Uj 7cj<CHxu7�14/y �1�58D?/2T>A�58A6Q�=E74 uAR7�V-7�AaD4�
58=E7,xuT8CEC?/Fba9F7#/yI
DE367�IUT$9y92T$O�/2A6N|1P=?/FDE7P=?/F5(36T$92Q�IUT8=�DE3R7�V�58DE143S/2A6N|143aG6A6daC{/2A
DE367^5>bRCEDE=E581PD?/FT8A|x6=ETa1P7�CEC�58ARQ�DE367^=E7�QRG61P7�Q(143aG6A6daC#/FA|DE3R7
N87�AR7�=E58D?/2T8A�xR=ETS1P7PCECP�
# ;
3SGRA6daC,58=E7{/FARQ67Pxu7PA6Q67PAaD{O
/FDE3¨=E7�CEx�7�1PD�DET�CET8V�7^§  6�R7�Ql§IU7�58DEGR=E7�CPj���367
 6�R7�Q-w$5$9FGR7�C�T$IZT8AR7�143aG6ARd#Q6Ta7�C
ART>D�5$±Z7�1PD
DE367, R�67PQ�w$5$9FGR7�C�T$I�58A6T8DE3R7�=�143aG6A6d�j
# ;
3SGRA6daCJ58=E7,58Q658xRDE58bS9F7#O
/FDE3�=E7PCExu7�1PD,DET-CET8V�7-§ w$58=?/258bS9F7c§IU7�58DEGR=E7�CPj���367�CH7�D#T$I�w$58=?/F58ba9F7{IU7P58DEG6=E7PC#I�T8=,7P58143�143SGRA6d
=E74´u7P1�DECJ/2DEC�/2ASDE7P=?XB1:3aG6ARd�Q67Pxu7PA6Q67PA614/F7PC�j

@?A�T8=EQ67P=�DET,DE=E58ARC?9F58DE7MDE367M�6=E7PA6143�CE7PAaDE7�AR1�7k		ó¼þHögv�
Pòaó�õJ÷Pø8ùkó
ùyøJýUõ4ø$üW
Pòaó	/2ASDET¼¹*A6N$9y/2CE3|ñ	òaóJþ�vaý}
�òaóPõ�÷Pø8ù ýU÷�ýUòaó�÷Pù û�
4ó�581P1�T8=EQaX
/FARN�DHT#DE367�1:925>CHC?/y u1P58D?/FT8A�d,58buT$w87�O�7�AR7�7PQ�DE367�1P58CE7JbR5>CH7JDET
1�T8AaDE5$/FA�DE3R7,D?O
T�1�T8AR1�=E7PDE7�1�58CE7PCJ_�58A6Q�!#58A6Q�DE3R7,58b6CEDE=H5>1PD
1�58CE7 ` �
_�ùyó�þHögv�
PòSóPõ7234 ýUòaó^þxvSý®
�òaó�õ!�ùyø�ýUõ4ø$üW
Pòaó 234�ýUòaó�÷Pù û�
4ó
`�ú ÷�ø8ùkó
ûü234 ú ÷Pø>ù ý>û
¯�58CE7�Q|T8A�DH367�74�658V-xS9F7PCPW�DE3670�6=E7�AR143|CE7�AaDE7PA61P7£/2C{QR7�1PT8V{X
xuT8CE7PQ£/2ASDET^DE367#DE36=H7�7�143SGRA6daC�� º ��ùyó�þHögv�
PòSóPõ�W�� 1 �J÷Pø8ùyó�58ARQ� 9 ��ùyø�ý�õ4ø$üy
�òaó�j(¯�f�=E7�QRG614/FARN�DE367�~�V-58DE143S/FARNa��143aG6ARdSC5� º58A6Q
� 9 DE367#58b6CEDH=E5>1PD?/2T>A�� º �K¨�ýMþ�� 9 DE367PA�V�58DE14367PCJ1P58CE7 ` j��367�58Q658xRDE58D?/FT8A#V�7P143658AS/2CEVªCEG6b6CH7�ÂaG67PASD?92f�=E74XBCExu7�14/y �7�C
58ARQ
=E74 uA67PC,DE3R7#CET$9FG6D?/2T8A6C>� º 58ARQÃ� 9 T$I�DE367#=H7�QRG61P7�Q�1:3aG6ARdSC�� º58A6Q
� 9 j#[Sxu7P1:/k u1P58D?/FT8A�1PT8A6C?/FCHDEC,/FA�=H7�xa9F581:/2A6N�� º /FA�DE367#58bSXCEDE=E581PD?/FT8A�bSf£ý�òaó{þ�vaý®
�òaó�õ�58ARQ
� 9 bSf�ýUòaó,÷Pù û�
4ó�j�»�74 uAR7�V-7�AaD58Q658x6DEC�DE367Mw$58=?/F58bS927�IU7P58DEG6=E7PC
CEG6143�DH3658D�DE367�V-5g/2A�w87P=Eb�÷Pø8ù ý
58N8=E7�7PC
/FA�ASGRV�bu7�=
58ARQ£x�7�=ECET8A�O
/FDE3�DE3R7,143aG6A6d-/FA6CE7P=EDE7PQ£/2A
xuT8C?/FD?/2T8A ú ju¿�T8DE7#DE3658D�DE367�=E7�ÂaGS/2=E7�Q�58Q658x6DH5>DB/FT8A�1�T8V-xS9F74�aX
/FD?f^1�T8=E=E7PCExuT8A6QRC,DET# uN8GR=E75d�58buT$w87cj
@?A|DE3a/FC�DH=E5>ARC?9F58D?/2T>A�DE367�AaG6V�bu7P=�TgI�Q67P1PT>V-xuT8C?/FD?/2T8A6C�/FC^¦aj
LJART8DE367P=#1:3aG6ARd>/2A6N�/FC#xuT8CEC?/2bS9F7�/kI�DE367-1�58CE7�bR58CE7�5$9y92T$O�C,/2DPj
�6T8=	DE367�1�58CE7�b658CE7M¥Jbu749FT$O�WSDE3R7�AaG6V�bu7P=*T$IZQR7�1PT8V�xuT8C?/2D?/FT8A6C

251Carl A Constructivist Approach to Machine Translation



7PÂaG65$9FC�]$�*DE367MN8=E58ASGa9F58=?/FDBf�T$I	Q67P1�T8V-xuT8C?/FD?/2T>A�DH3SGRC�=H7:9k/F7�CMT8A
DE3R7,CEDE=EGR1�DEGR=E7�T$I�DE367�1�58CE7#b658CE7cj
¥�ùyó{þHögv]
�òaó�õ#÷Pø8ùyó�ùyø-ý�õ4ø$üW
Pòaó7234
ýUòaó-þxvSý®
�òaóPõ#÷�ø8ù ý�÷,ýUòaó#÷�ù û�
:ó

¿�T8DE7JDE3R58D�baf-V�7P5>ARC
T$I	1�58CE7,_RW�!,58ARQ�¥aWSDE367,58bRCEDE=E581PD�1P58CE7
` 1�58A�bu7M/FA6QRG61P7�Qljÿ�A6QR7�C?/2=E58bS9F7(58b6CEDE=H5>1PD?/FT8A©/2C�xuT8CEC?/Fba9F7(5>ARQ�/2C�T8A�DE367�T>AR7
3R58A6Q�58A�74�Rx6=E7PCEC?/FT8A�T$IuDH367
1�=H7�58D?/Fw8/FDBf�T$IuDH367�CEfSCEDH7�V¶b6G6D�T8A
DE3R7,T8DE367P=J3R58A6Q�5$w8T$/FQR5>ba9F7,baf�58QRQS/FARN{IUG6=HDE367P=J1P58CE7�CMDET�DE3R7
1P58CE7#b658CE7cj���3SGRCPWl58bRCEDE=E581�DB/FT8A|]�l�1�58A�bu7#N87PA67P=E58DE7PQ�b658CE7PQ
T8A�DE367
1P58CE7�C<¤J58A6Q-�aj�LJC�T8GRD?9y/FAR7�Q�/FA-DE367
x6=H7�w8/FT8G6C�CE7�1PD?/FT8AlW
58bRCEDE=E581�D?/2T8A�] l�3R58C,DE367^xuT8DE7�AaD?/F5$9�DET�~�O�=ET8A6N$92f6�,DE=E58ARC?9F58DE7
÷4ýBø$õj½có�õB×BvSü]½+ýu/FAaDET-òSó4øgÁ�w¼ô>ögû·üRý�j
²�TcO�7Pw87P=PWSbSf�58Q6Qa/FA6N#1P58CE7
]8]JDET�DH367#1�58CE7�b658CE7#DE3S/2C�/2CJA6T#9FT8ARN>7P=MxuT8CEC?/FbS927$j
¤ÚÇ�øgv]
�òaó�õ*234 ÷4ÿ�ög½có�õ
��÷4ý?ø$õK½$óPõ�Ç�øgv]
�òaó�õ*234 òaó:øgÁ�w�÷4ÿ-ög½$ó�õ
]�l�÷4ý?ø$õK½$óPõ ú 254'òaó4øgÁ�w ú
]8]|÷4ý?ø$õK½$óPõ�×Bvaü�½+ýp234 ÷4ý�õ4ö$üÊ¾#ô>ögû·üRý

��p]�s�	rJqp�"vEn,+.- �"���8o����"r��s�8v��<n
@BA�DE3R7�7�ÂaGS/2w$5g927�AR1�70~4]+����367P=E7{=H7�xR=ETSQRG61P7�Q�58C¼~}d8���!DE3R7
QR7�1PT8V�xuT8C?/2D?/FT8A�N8=E58AaGS9F58=?/2D?f8WaDE367
CEDE=EGR1�DEGR=E7,T$IZDE367�1P58CE7�bR58CE7
58ARQ�DE367,58Q658xRDE58D?/FT8A�V�7P143658Aa/FCEV Q67Pxu7PA6Q�T8A�7�58143�T8DE367P=Pj

�	~}����� £ � �	~����Z�(� £ � �	~}�i�l�(�¡�	~��M� ~}d8�
��T,x6=E7PCE7P=Ew87JDE3R7�1PT8A61P7�xRDEG65$9Z7PÂSGa/Fw$5$927�AR1�7,bu7PD?O
7P7PA�5,CET8G6=E1P7
CE7PAaDE7�AR1�7���5>ARQ�/FDEC�DE=E58ARC?9F58D?/FT8A���W�5$9y9�DE3R=E7�7^1�T8V-xuT8A67PASDEC
AR7�7PQ�DETJbu7
CEfaA6143R=ET8AS/FzP7�Ql��5J1P7�=EDE5$/2A�D?faxu7�T$I�Q67P1�T8V-xuT8C?/FD?/FT8A
=E7PÂaGS/F=E7PC,58A�58QR7�ÂaG658DE7#1P58CE7,b658CE7#O�3S/21:3�1PT$w87P=ECJDE3R7,Q67P1�T8V�X
xuT8CE7PQ�143aG6ARdSC
58ARQ{58A�58x6xR=ET>xR=?/F58DE7M58Q658x6DE58D?/2T>A-V�7P143658Aa/FCEV
O�3S/2143{/FC
58ba9F7�DHT#=E7:XB1�T8V�bS/2A67MDE367�=E7�DH=?/F7Pw>7PQ�CET$9FGRD?/FT8A6C�/2ASDET#5
DE58=EN87PD�DE=E58A6C?9F58D?/2T8AZjJ²�T$O
7�w87P=PWlDH367#58buT$w87J7PÂaGS/Fw$5$927�AR1�7�1PT>AaX
DE5$/2A6C�D?O
TMQ67PN8=E7�7PC
T$I6IU=E7P7�QRT8V��*T8A67
QR7�N8=E7P7�/2C�=E749F58DE7PQ�DET,DE3R7
AaG6V�bu7P=ÅÏ�T$I�143aG6ARdSC�DE3R7,T8DE367P=�/2CJQRG67,DET-DE367,QR7: �AS/FDB/FT8A�T$I
DE3R7�1PT>AR1�7Px6DHG65$9�7�ÂaGS/2w$5$9F7PA61P7 �	j�¿�74/FDE3R7�=-1P5>A|58AR5$9FfSDB/F1�5$9k9Ff
bu7�QR7�DE7P=EV{/2A67PQ�bu7�1P58G6CE7�DE367Pf{58=E7�149FT8CE749Ff�=E749F58DE7PQ�DET#DE367�=E74X
ÂaGS/2=E7�V-7�AaDEC�T$IZ5#G6CE7P=
58A6Q-3S/FC
74�6x�7�1PDE58D?/FT8A6C�O
/FDE3�=E7PN858=EQ�DET
5^.£��T8G6DE1PT8V�7cj
# ��367 �~�]�uïaîg�6ìuï(T$I�DE367�1�58CE7¨b658CE7�/FA61P=E7P5>CE7PC�O�3S/k9F7�DE3R79F7PA6N8DE3�T$I
DE367-1�58CE7PC#N87�DHC,CE36T8=EDE7P=Pj���367�1�T$w87P=E58N87�T$I
DE3R7
CEfaCEDE7PV�Q67Pxu7�ARQ6C-T8A|T>AR7�3658ARQ�T8A�DE367�1PT$w87P=E58N87�T$IJDE3R7
1P58CE7�b658CE7�58ARQ,T8A#DE367�T8DE3R7�=	3658ARQ,T8A#DE367*927�w87496T$IR58b6CEDE=E5814X
D?/FT8A�T8A�O�3S/F143�DE367#143aG6A6daC,58=E7#V-5>DH1:3R7�QljJ��3R7#1�T$w87P=E58N87
T$I�DE367#CEfaCEDE7PV°DE3SGRC�/FAR1�=H7�58CE7PC,O
/FDE3� uAR7�=MQ67P1�T8V-xuT8C?/FD?/FT8A
N8=E58AaGS9F58=?/2D?f�58A6Q�5�3S/2N83�QR7�N8=E7P7#T$I*58bRCEDE=E581�DB/FT8AZj
# ��367�î$ïY�Uë��]�*ë���ëÎ¢��,T$IuDE3R7
=E7�CHGS9FDEC*/2C�9k/Fd87:92f{DET�/FAR1�=E7P58CE7JO�3S/k9F7DE3R7{9F7PA6N8DE3(T$I�DE367^1:3aG6ARdSC�N87PDEC�92T8A6N87�=�58A6Q¨DE367�CEfaCEDE7PV
DEGR=EA6C�/FAaDET�5{V-7�=H7J=E7PDE=?/F7Pw$5$9*CHfSCEDE7PV°T$I	dSART$O�A�CET$9FGRD?/FT8A6C:j
»�749y/258bS/y9k/FD?f�DE3aG6C{/2A61P=E7�58CE7PC�O�/2DE3�1PT858=ECE7�Q67P1�T8V-xuT8C?/FD?/FT8A
N8=E58AaGS9F58=?/2D?f�58A6Q�92T$O©Q67PN8=E7P7#TgI�58b6CEDH=E581�D?/2T>Alj
# ��367B�$î$ïY��¢�ë��Zë�¢��#T$IRDE367
CEfaCEDE7PVª1�T8V�bS/FAR7�C�buT8DE3ZW81�T$w87P=E58N8758A6Q¨=E7:9k/F58bS/y9k/FD?fgj�L°3a/FN83|Q67PN8=E7�7�T$IM1�=H7�58D?/Fw8/FDBf|1�58A|DE3aG6C
bu7�=E7P5>143R7�Q�O
/FDE3^1�T858=ECE7MQ67P1�T8V-xuT8C?/FD?/FT8A�N8=E58AaGS9F58=?/2D?f�58ARQ
3S/2N83�Q67PN>=H7�7#T$I�58b6CEDE=E581PD?/FT8AZj

��/2N>GR=E7�!(CE36T$O�C�xuT8CEC?/Fba9F7(=E7�5$9k/Fz�58D?/2T8A6C�IUT8=�.£��CEfaCEDE7PV�CPj
��367�36T8=?/FzPT8ASDE5$9	5$�a/FC
=E7Px6=E7PCE7�AaDECMDE367�Q67P1�T8V-xuT8C?/FD?/2T>A�N8=E58AaGSX
9F58=?/FDBfu�uDE3R7,w87�=ED?/21�5$9�5$�S/2C�=E7Px6=H7�CE7PAaDEC,DE367#QR7�N8=E7P7,T$I�5>bRCEDE=E5814X
D?/FT8Alj
LJC	DE367�N>=H5>AaGS9258=?/FD?f�TgIRDE3R7�Q67P1�T8V-xuT8C?/FD?/2T>A�bu7P1�T8V-7�C�1�T858=ECE7P=PW
DE367�CEfSCEDE7PV°9FT8CE7PCJ1PT$w87�=E58N87#bRG6D�DE367,DE=H5>ARC?9F58D?/FT8A�=E7PCEGS9FDMO�/k9y9
bu7P1�T8V-7�V�T8=E7-=E749y/F58bS927$j���367�58QR58x6DE58D?/FT8A�V-7P1:3R58AS/FCEV­O�/k9y9
bu7
w87�=Ef�C?/FV-xS9F7cj�;
T8ASw87P=ECE749Ff8W$ uAR7�=�N8=E58AaGS925>=B/FD?f,/FV-xS9k/F7PC�bu7�DBX
DE7P=�1�T$w87P=E58N87�b6GRD�=E7PÂaGS/F=E7PC�5�V-T8=E7�1PT8V�xa9F7:��58Q658x6DE58D?/2T8A
V�7P143658AS/2CEV�j /J=EDE3RT8N8T>AR5$9#DET|Q67P1PT8V�xuT8C?/FD?/2T8A¢N8=E58ASGa9F58=?/FDBf
/FC�DE3R7�QR7�N8=E7P7,T$IZ58bRCEDE=E581�D?/2T8A�DE3658D�5�CEfSCEDE7PV�xu7P=?IUT8=EV�C:j<��367
V�T8=E7
58b6CHDE=E581�D?/2T8A6C
58=E7�x�7�=?IUT8=EV-7�QlWSDE367
9F7PCEC
=E749y/F58bS927,O
/y9y9Zb�7
DE367�T>GRDE1�T8V-7��gj
;
=E7�58D?/2w>/FDBf�/2C#A67P1�7PCECE58=Ef�IUT8=,5�.��ªCEfSCEDE7PV�GRAS9F7PCEC�DE367�Q6T$X
V�5$/FA�/FC�=E7PCEDE=?/F1PDE7PQ�CEGR1:3|DH3658D#=E7�DH=?/F7Pw$5$9JT$I�5$9F=E7P58Q6f�dSART$O�A
DE=E58A6C?9258D?/FT8A6C�/2C�CEGY$�14/F7PASD-I�T8=-DE367�1PT$w87�=E58N87cj���T�58DEDE5$/FA(5
1�7P=EDE5$/FA�QR7�N8=E7P7#T$I*1P=E7P5>D?/2w>/2D?f8WZDE367#CEfaCEDE7PV°A67P7�QRC,DET�QS/2CExuT8CE7
T$I
58A�58x6xR=ET8x6=?/258DE7�Q67PN8=E7�7-T$I�58b6CEDE=E581PD?/FT8A�1P58x65814/FD?f-�4Tg/2A67PQ
O
/FDE3�58A�58x6x6=ET8xR=?/F58DE7#Q67P1PT8V�xuT8C?/FDB/FT8A�N8=E58AaGS9258=?/FD?fgj

ê
ë�ìuí�î$ï	�




�
6J7PN8=E7�7,T$I�58b6CEDE=E581PD?/FT8A��

 uA67 1PT858=ECE7
9FT$O

3S/2N>3

e,=E58AaGS9258=?/FD?f�T$I<~�Q67��?1PT>V-xuT8C?/FD?/2T8AÃÏ

1�T$w87P=E58N87 1P=E7P58D?/Fw8/FD?f

=E749y/258bS/y9k/FD?f

�
�






� ` ` `����
� �

� � ���
``` �

��367�V-T8=E7�DE3R7�CEfaCEDE7�V Q67PC?/FN8A(V�T$w87PC,/FAaDET�DE3R7�G6xRxu7P=�927:IUD
58=E7�50~�3S/2N83�Q67PN>=E7P7�T$I*58bRCEDE=E581�D?/2T8A�58A6Q� �A67,QR7�1PT8V�xuT8C?/2D?/FT8A
N8=E58ASGa9F58=?/FDBf6�{/2A� �N8G6=E7�!aWJDE367�V�T8=E7�DE367�1PT$w87�=H5>N87�T$I#DE3R7
CEfaCEDE7�V�O
/y9k9J/FAR1�=H7�58CE7cj���3R7�V-T>=H7�DE367�QR7�C?/2N>A(V-T$w87�C#/FAaDET
DE367*92T$O
7�=�=?/FN83aD�58=E7P5�~®92T$O�Q67PN8=E7P7�T$I�58b6CEDE=E581PD?/FT8A�58A6Q#1PT>58=ECH7
Q67P1�T8V-xuT8C?/FD?/2T>A�N8=E58AaGS9F58=?/2D?fR��DE3R7
V�T8=E7�DE367
=E749y/F58ba/y9y/2D?f�TgIRDE3R7
CEfaCEDE7�V�/2A61P=E7�58CE7PCPj
�*T-=E7�58143�=E749y/258bS/y9k/FD?f�IUT8=JGRA6daA6T$O�A�58=EbS/FDE=H5>=Hf�DE74�6DEC:W�=E7�1P7PASD
58x6x6=HT>58143R7�C�DET#¿JY	��xR=E74I�7P=*CE3R5$9y9FTcO�58AR5g92fSCE7PC�DE3R58D*N87�AR7�=H5>DH7
´u58D
=E7Px6=E7PCE7PASDE58D?/2T>ARC-~®/Uj 7cj<92T$O©Q67PN8=E7P7#TgI�58b6CEDE=E581PD?/FT8A��4j�¯�74X
1�58GRCE7�DE367^ASGRV{b�7�=�T$IJx�T>CHC?/FbS927�O�=ET8ARN�58CEC?/2N8A6V-7�AaDEC{/2A|58A
58A65$9FfaC?/FC�DE=E7P7|N>=HT$O�C�74�6xuT8AR7�AaD?/F5$9k9FfªO�/2DE3¢/FDEC�QR7�xRDE3ZW#´u58D
=E7Px6=E7PCE7�AaDE58D?/FT8ARC�T$±Z7P=�IU7PO
7�=�x�T>CHC?/FbS/k9y/FD?/27+C�DET©=E749F58DE7�1PT8ASX
CED?/FDEGR7�AaDEC-5>ARQ|367PA61P7�T$±Z7�=#IU7PO
7�=�xuT8CEC?/Fba/y9y/2D?/·7�C�DHT�x6=HTSQRG61P7
O�=ET>ARN�5>AR5$9FfaCE7�CPj
�*T�58DEDH5g/2A�5�1P7�=EDH5g/2A|Q67PN8=E7�7-T$I�1�=E7P58D?/Fw8/FD?fgW*58A�58x6xR=ET8x6=?/25>DH7
Q67PN8=E7�7^TgI�58bRCEDE=E581�DB/FT8A|58A6Q�58A�58xRx6=ET8x6=?/258DE7�Q67PN8=E7P7�T$IJQR7:X
1�T8V-xuT8C?/FD?/2T>A#/2C*=E7PÂSGa/F=E7PQZj(m�3R58D�QR7�N8=E7P7�T$IR1P=E7�58D?/2w>/FDBf�5JG6CE7P=
Q67PC?/F=E7PC
7�CHCE7�AaD?/F5$9k9Ff�QR7�xu7PA6QRC
T8A#DE367�w$58=?/F7PD?f#T$IuDE74�RD*D?faxu7PC�DET
bu7#DE=E58A6C?9258DE7�Q ~®/Uj 7cj¼DH367#=E7PÂSGa/F=E7PQ�1�Tcw>7P=E58N87�TgI�DE367�CEfaCEDE7PV��
�PÄ�Å$ËkÔ*ËyÔ�ÔBÜ8Ç8ÇSÎ�É?Ø?Æ4Ê�Ù$Ú#ØBÅ8Æ(|S×8Ê$Ëk×8Ì+Ô
Ëy×0á Ó@?p{�ä+çPæ���ØBÅ>Æ�Í,Î�É?Æ

È+Ù8Ô?ØBÉ?È+Ö4ØUËyÎ�×£ËkÔJÇaÆ4É�Ï·Î�É?Í,Æ4Ê�Ù$Ú�È�Ô?Ú$ÔBØ?Æ4Í°ß îgá�æ�à®á:á>ß}ò8á:Ýjægá�à:é]áiê:ê éEÛØ?Å8ÆIH*Î�É?Ô?Æ�Ø?Å8Æ�Ì+Æ4×8Æ4É?È�Ò Ë��:È�Ø�ËkÎ+×�ÇaÆ:ÉUÏ·Î+ÉBÍ,È+×8Ö4Æ�H*Ë Ò Ò�ÙaÆ�à

252Carl A Constructivist Approach to Machine Translation



ê
ëUìuí*î$ï	�
¹*ARN$9y/FCE3��*3R=E58CE756J7PCE1�=?/2x6DET8=,T$I�DE367#CE7PAaDE7�AR1�7c��ñ	òaó^þ�ûO¾-ÿ-ø$ü�ó:ø$ýU÷#ø3¾cõ4ó4ó�ü�ø�ô>ô�ùkó
��� � �����! �" ����# ±%$ ���'&)(+* ����"�(+,�- ����( ��� $�. "�"�* ����(�/+/10 "
2 Õhø3� Ø?Å8Æ Ù$ËkÌ Í�È+× Æ4È+Ø?Ô È Ì�É?Æ4Æ4× È+Ç8Ç$ÒkÆ
è@ø	Ä4� È+ÉBØ È�Ê65 L+Æ4É?Ù ×8Î+Ü8× L�Æ4É?Ù È+ÉBØ È+Ê�5 ×8Î+Ü8× ×8Î+Ü8×7 Ä(A8� 9 9 |a× Ëy×g|a× 9 |a× 9 9 9 9
Ä�ã�â!� 9 9 Ç8ÉBÆ4Ô 9 9 Ç8É?Æ4Ô 9 9 9 9
ã;:
Õ<� 9 9 9 9 ÔUËy×8Ì 9 9 9 9 Ô�Ëk×8Ì
è@ø�â!� 9 9 9 9 ×>= È 9 9 9 ×>= È ×>= È?
Ð@?A� 9 Ù>È�Ô?Æ 9 9 9 9 9 Ù8È�Ô?Æ 9 9{�ã;B4� µ C D D D E F ç ç G

e,7P=EV�58A��*3R=E58CE756J7PCE1�=?/2x6DET8=MTgI�DE367�CE7�AaDE7PA61P7$�AH¼ó�õ7¾$õ�ög÷4÷Pó'I�ø$ü6ü�û®÷4÷4ý
óPû®ü�ó�ü
¾$õDÆvaüuó�üKJ�ô�ÍPó+ù
��� � ���'L@" . ��� $�.+M -N-O" ���'P�(+*Q* ��� ± -�-R, ����" ± *�"O* ��� $�.TSU *�"�* ���WVX/1Y1"�0
2 Õhø3� Ê È+ÉBØ Ê É?ÆEÒ Ì+É?Î�Ô?Ô Í,È+×8× Æ4Ô?ÔBÆ:× ÆEËy× Ì+É1ZÜ8× È+Ç$Ï·ÆEÒ
è@ø	Ä4� È�É?Ø É?ÆEÒ È+Ê�5 ×8Î�Ü>× L+Æ4É?Ù È+ÉBØ È+Ê�5 L+Æ4ÉBÙ ×8Î�Ü>×7 Ä(A8� 9 9 9 9 9 9 9 |a× 9 9 |a× 9
Ä�ã�â!� 9 9 9 9 9 9 9 Ç8É?Æ4Ô 9 9 Ç8É?Æ4Ô 9
ã;:
Õ<� Ô?Ì Ô?Ì Ç$ÒyÜ Ô?Ì 9 Æ1[ ÔBÌ Ô?Ì ÔBÌ Æ4×![ Ç$ÒyÜ ÔBÌ?
Ð	ãA� Ï Í 9 Í Ï Æ1[ Í 9 Í Æ4×![ 9 Í
è@ø�â!� Ê>= Ì × Ì × Ì\= Ê Æ1[ ×>= Ê]= È 9 È Æ4×![ 9 ×>= Ê]= È?
Ð@?A� 9 9 9 9 9 Ù8È+ÔBÆ 9 9 9 Ù8È+ÔBÆ 9 9{�ã;B4� µ µ µ µ µ C D E F ç ç G
Æ1[,È+×8Ê^Æ:×![,Ê8Æ4×8Î+ØBÆ,Ø?Å8ÆJÆ4×8Ê$Ëk×>Ì�ÔJßUÆJÈ�×>Ê^Æ4×Sé�ÎPÏ	È^?�Æ4É?Í�È+×�È�Ê65HÆ:Ö4ØUËML+Æ�à�Ä�Å8Æ:Ú�Ö4È+×-ÙSÆMÍJÜ$ÒkØ�ËkÇ$Ò ËkÆ4Ê£Ëk×$Ø?Î�È#Í,È+ØBÉ�Ë Ñ�ÎPÏ`_4a;b¡Ö4Î�×$Ø?È�Ëk×$Ëy×8Ì
Ëk×$Ï·Î+ÉBÍ,È+Ø�ËkÎ+×^Î+×c?�Ð	ãMÛ6è@ø�âaÛ>ã;:
ÕµÈ+×8Ê{ØBÅ8ÆJÊ8Æ4Ø?Æ4É?ÍMËy×8È+ØUËyÎ�×�ÖEÒyÈ�Ô?Ô4à
2 Õhø3� ÒyÆ4Í,Í�È�ß�Ù8È+ÔUËyÖ�H*Î+ÉBÊ�Ï·Î�É?Í»H*ËkØ?Å8Î+Ü8Ø�Ëy×�daÆ4Ö4Ø�ËyÎ�×8È�Ò*Ëk×$Ï·Î+ÉBÍ,È+ØUËyÎ+×aé
è@ø	Ä4� Ç8È+É?ØUÞUÎ�ÏFÞUÔ?ÇaÆ4Æ4ÖEÅ�ß�ÔBÚ$×$Ø?È�Ö4Ø�ËkÖJÖ4È+ØBÆ:Ì�Î+É?Úgé ßUÈ+Ê�51=>È�Ê�L!=6È+É?Øe=>×8Î+Ü8×>= Ç8Ü8×8Ö4Ø�=uÉ?ÆEÒf=ÊL+Æ4É?Ùaé
ã;:
Õ<� ×$Ü8ÍJÙaÆ4É ßUÔ�Ëk×8Ìg=SÇ$ÒkÜSé7 Ä(A8� L+Æ4É?Ù�ØUÚ$ÇSÆ ßÎ|a×>=>Ëy×g|a×aé
Ä�ã�â!� Ø?Æ4×8Ô?Æ ßUÇ8É?Æ4Ô�= Ç>È�Ô?ØEé
è@ø�â!� Ö4È+Ô?Æ ßU×>=>Ìg=aÊ]=aÈ$é?
Ð@?A� Ê8Æ4Ì+É?Æ4Æ�Î�Ï	È+Ê�5EÆ4Ö4Ø�Ë%L+Æ4Ô ßUÙ8È+Ô?ÆT=SÖ4Î�Í,Ç>=SÔ?Ü8Çaé{�ã;B4� H*Î�É?Ê�×$Ü8ÍJÙaÆ4É

58ARQ�DE367,74�Rxu7�1PDE7PQ�=H7:9k/F58bS/y9k/FD?f�T$I	DE367�=E7�CEGa9FDECPj�@BA�5�1�T8ARCEDE58ASD
IU7P7�QaX?bR581:d�xR=ETS1P7�CHCPW*5�G6CE7P=,DE3aG6C,3R58CJDE3R7{xuT8CECB/FbS/k9y/FDBf�T$I
Q674X
C?/2N8AS/FARN�DE367¼.£��CEfSCEDE7PV 581�1PT8=EQS/2A6N�DET-3S/2C�=E7PÂaGS/F=E7PV�7PAaDECPj
@BA#DE367
=E7PV�5$/FARQ67P=*T$IRDE3S/FC�x658xu7P=�@ZO
/y9k9uN$/Fw87�5MCE36T8=ED*Tcw>7P=Ew8/F7PO
T$I�DE367#;�¯�LMe{º�h�CEfSCEDE7PV0j�@?D�1�58A�bu7,GRCE7�Q�58CJ5�CEDE58ARQ�5$92T>AR7
.���CEfaCEDE7PV¡T8=�1P5>A(bu7�/2ASDE7PN8=E58DE7PQ�O
/FDE3(DE3R7�»�GS927�¯�58CE7�Q
.�58143S/FAR7,�*=H5>ARC?9F58D?/2T>A�;
L���d-� [SDE=4� ` ��j<²�7P=E7$WuT8AS9Ff-DE367�x6=?/FAaX
14/FxR5g9�IUG6A61PD?/FT8Aa/FA6N(CE3R5g9k9#bu7�1�T8ARC?/FQ67P=E7PQZj ;�¯�LMeÀ1PT8A6C?/2CEDEC
T$I
DE3R=E7P7�V�TaQ6Ga9F7PCP��DE3R7�;
58CE7�¯�58CE7PQ|;
T8V�xa/y9F58D?/FT8A¨V�TaQ6GS927
~?;�¯
;��4W�DE3R7�;�58CE7-¯�58CE7�LJA65$92fSC?/2C,V�TaQ6Ga9F7^~?;�¯�L���58ARQ�DE3R7
;
58CE7#¯�58CE7�e,7PA67P=E58D?/FT8A�V�TaQ6GS927-~?;�¯
e#�4j

�ÃqD�Ê���
o6pRsJtuoRsJp]��vEn¥�Ã��Øji
@BA6CEDE7P58Q�T$IuCB/FV�xa9Ff�CEDET8=?/FARN#CEG6=?IU581�7�CEDE=?/2A6N8C�/FA-DE367
1P58CE7�bR58CE7$W
V-T8=Ex63RTg92T8Ng/21�5$9	58A65$92fSC?/2C�58ARQ�9F7PV�V-58D?/FzP5>DB/FT8A£/2C�1P58=E=?/F7PQ�T8G6D
58ARQ�5>QRQ67PQ�DET�DE3R7,1P5>CH7�CPº4º$j
Ã�k è�Ó@ø;?(Ô?Ø?È�×8Ê8Ô<ÏiÎ+É�è*È�Ô?Æ�Ó*È�Ô?Æ4Ê�ø
×8È�ÒkÚ$Ô�ËkÔ�È+×8Êl?
Æ4×8Æ4É?È+ØUËyÎ�×
ÃBÃx{^ÆJÜ8Ô?Æ�Õ�AmB)n©ßUÖEÏBà�á Õ�È+Ècä+ç�æié�ÏiÎ+É�Í,Î�É?Ç8Å8Î�ÒkÎ+Ì�ËkÖ4È�Ò
È�×8È�ÒkÚ$Ô�ËkÔ

È�×8Ê�ÒkÆ:Í�Í,È+ØUËo�4È+ØUËyÎ�×6à|Õ�AmB)nªËyÔ#È_L�Æ4É?Ú�ÇSÎKH*Æ4ÉUÏ·Ü$Ò
Ø?Î$ÎPÒ·Û@H�Å$ËkÖEÅ
Ì�Æ4×>Æ4ÉBÈ+Ø?Æ4Ô
Í,Î�É?Æ�Ø?Å8È+×-äQFTp©Ö4Î+É?ÉBÆ:Ö4Ø�È�×8È�ÒkÚ$Ô?Æ4Ô
Ï·Î+É*È�É?Ù$ËkØ?É?È�É?Úc?�Æ4ÉUÞ

Y�7PV-V�58D?/FzP58D?/FT8A�f8/F749FQRC{IUT8=#5�CHG6=?IU581�7^CEDE=?/FARN�5�b658C?/F1^O
T>=HQ
IUT8=EV�~·9F7�V-V�5a�,DE3R58D,58b6CEDE=E581PDEC�5$O
5$f�IU=ET8V³/FAa´u7P1�D?/2T8A65$9�/FASX
IUT8=EV�58D?/FT8A�O�3S/F143�/2C
1�T8AaDE5$/FA67PQ�/FA-DE367MCEG6=?IU581P7�IUT8=EV�j*@BAS´u7P14X
D?/FT8AR5g9Z/2ASIUT8=EV�58D?/2T>A�CEGR143�58C�ô>ó�õP÷�ö$üRW�ü]vSÿ�þHó�õ�58ARQ�ýBó�ü6÷Pó�IUT8=
w87�=EbRC�T8=�
4ø$÷Pó<58A6Q0ü�vaÿ0þHóPõ�IUT8=*ART8G6ARC*/FC
Q67PDE7P=EV{/2A67PQ£baf#DE3R7
G6CE7
T$IZDE3R7
O
T>=HQ{58ARQ�/2C*/FA6QR7�x�7�ARQ67PASD
T$IuDE3R7
9F7�V-V�5Rj��6T8=	/FASX
CEDE58A61P7cW�ÿ-ø$ü{58A6Q£ÿ�óPü{58=E7JQa/y±Z7P=E7PASD�/FA6CEDE58AR1�7PCJT$I	DE3R7,CE58V�7
9F7PV�V-5|~Eÿ-ø$üS��DH3658D�T8Aa9Ff|QS/k±Z7�=�O
/FDE3�=E7PCExu7�1PD�DET�AaG6V�bu7P=
~E÷4û·üÊ¾gvRùyø$õ
wSCPj�ô�ù vaõ4ø8ù �4j
��367�x658=ED�T$I#CExu7P7�143�DE58d87�C-58A /2ASDE7P=EV-7�Qa/F58DE7�xuT8C?/FD?/FT8A�bu74X
D?O
7P7�A¢9F74�a/F1P5g9�58ARQ¢N8=E58V�V�58D?/21�5$9-/FASIUT8=EV-58D?/FT8AZj�/MA¬T8A67
3658A6QlW�DE367�xR58=ED�T$IMCExu7�7P143�/2C�9k/FA6d87PQ�DHT�5�9F7PV�V-5RW�T8A�DE3R7
T8DE367P=�3658A6Q�7P58143|x658=ED�T$IJCEx�7�7P143�3R58C{DBfSxa/F1P5$9�/2AS´u7P1PD?/FT8A65$9
x658DEDE7P=EA6C¼~�7cj N6j*DE3R7#7:�R58V�xa9F7PCJ58buT$w87��4j
��367,IU7�58DEGR=E7�C�TgI�5�O
T8=EQ�58=E7#CEDET8=E7�Q�/FA�DE367#IUT8=EV°T$I�CE7PDEC#T$I
x65$/F=HC�T$I	58DEDE=?/2b6G6DH7+}$w$5$9FGR7�C3q'r�sªj(m�7�O�/k9y9	=E74IU7�=�DET�5#CE7�D�T$Iq'r�s DE3658D	bu749FT8A6N,DETMT8A67�O
T8=EQ#58C*5MO
T8=EQ#Q67PCE1�=B/Fx6DET8=;t»«^j
¿�T8DE7�DH3658D*DE3R7
1�T8AaDE7�AaDEC�TgI�7�58143^q'r�s�/FC�CEGR143{DE3R58D�5MC?/FARNg927
CEG6=?IU581P7�CEDH=?/FA6N�1P58A{bu7M=E7PN>7PA67P=E58DE7PQ�IU=ET8V¢/FDPj
.£T8=ExR36T$9FT8N$/F1P5$9
Í,È+×�È+×8Ê�Ð	×8Ì�Ò ËkÔ?Å�ØBÆEÑ8Ø?Ô4à

253Carl A Constructivist Approach to Machine Translation



58AR5g92fSC?/2C�58A6Q#9F7PV�V-58D?/FzP58D?/FT8A�58=E7�DE3aG6C*=H7�w87P=EC?/Fba9F7$��5JCEGR=?IU5>1P7
CEDE=B/FA6N�1�58A¨bu7�DE=E58ARC?I�T8=EV-7PQ�/FAaDET�5ut»« ~�5�CE7�D�T$I4q'r^s¢�
58ARQ�5{CEGR=?IU581�7,IUT8=EV�1P58A�bu7#N87�AR7�=E58DE7PQ�I�=HT>Vµ5vqwr�sªj
L¶x63R=E58CE7�QR7�CE1P=?/FxRDET8=lx>«°/FC#5�CE7PÂSGR7�AR1�7�T$I
O
T8=EQ�Q67PCE1�=B/FxSX
DET8=ECwt»« ºs����� t»«k��j�Lª1�58CE7h�'q8�`y¸/2CJ5�xR5g/2=JT$I�5-CET8G6=E1P7xR36=E58CE7,QR7�CE1P=?/FxRDET8='x>«^z�{�|�}�~���58A6Q^5{DE58=EN87PD
x63R=E5>CH7,Q67PCE1�=B/FxSX
DET8=�x>«���� }��1� �#DE3658D-58=E7�1PT8A6C?/2Q67P=E7�Q�DET�bu7�DE=E58A6CB9F58D?/FT8A6C�T$I
7P58143�T>DH367P=Pj�L¢1P58CE7#b658CE7>�>�¢/FCJ5-CE7PDJT$I�1�58CE7PCPj
L�x>«�1�58A�bu7�=H7�xR=E7�CE7PAaDE7�Q¢58C�5js���� V-58DE=?/y�(O�367P=E7
DE3R7�1PT$9FGRV�ARC�QR7�CH1�=?/2bu7#DE367�O
T8=EQ6C�T$I	5,xR36=E58CE7J58ARQ�DE3R7�=ETcO�C
QR7�CE1P=?/Fb�7�5�CE7�ÂaG67PA61P7�T$I�5>DHDE=?/Fb6GRDE7�w$5$9FGR7�C:j£��367� uN8G6=E7 ` º:1
=E7Px6=ETaQRG61P7�C
DE3R7��'q8�`y�T$IZDE3R7�IUTg9k9FT$O
/FARN�DH=E58A6C?9F58D?/2T8A�74�658V�X
xa9F7c�

]�d¶ñ	òaó{þ4ûÖ¾�ÿ-ø$ü¨ó:ø$ýU÷,ø3¾cõ4ó4ó�ü�ø�ô8ô�ùyó7234H#óPõ�¾$õ�ög÷4÷Pó'I�ø$ü6ü�û®÷4÷4ý
óPû®ü�ó�ü�¾$õ@ÆvSü�ó�ü	J�ô�ÍPó+ù
[aT8V�7�O
T8=EQ6C-58=E7�58V{ba/FN8G6T8G6C:j��6T8={/2A6CEDE58AR1�7cWJDE367�CEGR=?IU5>1P7
CEDE=B/FA6N ÿ�ø$ü�1P58A|bu7�58A65$92fSzP7�Q|58C�5�w87�=Eb|T8=#58C�5�A6T8G6A�58C
CE3RT$O�A�/FA�DE367�DE58bS927�/2A� �N>GR=E7 ` j¢��367�A6T8G6A(3R5>C^58A�5814X
1PG6CE58D?/2w87�T8=J5^A6T8V{/2A658D?/Fw87�1�58CE7cW�DE3R7{w87P=Eb�1P58A�bu7�DE367#/FAS RX
Aa/FDE7�IUT8=EV�T8=#DE3R7{ �AS/FDE7�xR=E7�CH7�AaD�IUT8=EV0j£��367<t»«W�4���|3658C
DE3aG6C,IUT8G6=M/FAaDE7�=ExR=E7�DH5>DB/FT8A6C�DE3R58D,58=E7�V-7:92DE7�Q|3R7�=H7�DET8N87�DH367P=
/2ASDET-DE36=E7P7�q'r^sªj

&¡�	tZq(� )#q(�8v?oavEq�n°vHn¦����Ø�i
6J7P1PT8V�xuT8C?/FDB/FT8A�/FC�7:�R58V�xa9F7JQR=?/Fw87PA�58A6Q�Qa/Fw8/FQ67PCJ5^x>«¸/2ASDHT
5�CE7PD�T$I
143SGRA6daCPj£@MQS/FCEDB/FA6N8GS/2CE3(bu7�DBO
7�7PA|D?O
T�O
5$faC,T$I�Q674X
1PT8V�xuT8C?/2D?/FT8AZ��_�uîcëO������¢��]�Ã�	ï��g�W� �(����ë�¢+ë����¬Qa/Fw8/FQR7�C(DE367�x>« V�58DE=?/k�
/2ASDET�5�CE7PD�T$I¼§  6�R7PQZ§
~®9F74�a/F1P5g9i��IU7�58DEGR=E7�C-58A6Q�/2ASDET¨5�CE7PD�T$I
§ w$58=?/258bS9F7c§a~�N8=E58V�V�58D?/21�5$9i��IU7�58DEGR=E7�C:j<��3S/2C*QS/2w>/2C?/FT8A�581P1�T8GRASDEC
IUT8=,DE3R7{Qa/FCED?/2A61PD?/FT8A(bu7�DBO
7�7PA�9F74�a/F1P5g9�58ARQ�N8=E58V�V-58D?/F1P5$9*/FAaX
IUT8=EV-5>DB/FT8A�/FAR367P=E7�AaDJ/FA�7Pw87�=Ef^CE7�AaDE7PA61P7$j
LMN8=E7�7PV�7PAaD,O�/2DE3S/2A�5�ART8G6A�x636=H5>CH7�/2CJ5�N8=E58V-V�58D?/F1P5$9*xR3674X
ART8V�7PA6T8AZj���3R7�1PT8=E=E7PCExuT8A6QS/2A6N�IU7P58DEG6=E7PC�58=E7�DE3aG6C#xR5>=ED#T$I
DE3R7�CE7�D�T$I¼w$5>=B/F58bS9F7�IU7P58DEG6=E7PCPj @BA�e,7P=EV-5>AlW�IUT8={/FARCEDE58A61P7cW
DE3R7�Q67PDE7�=HV{/FAR7�=PW,DE3R7�5>Q��47�1PD?/Fw87�58A6Q(DE367�ART8G6A|/FA(5�A6T8GRA
xR36=E58CE7#365cw>7#DHT�58N8=E7�7,/2A�AaG6V�bu7P=PW�N87PA6QR7�=M58A6Q�1�58CE7cW�O�3S/k9F7
DE3R7�581PDEG65$9,927:�a/F1P5$9{ R9y9F7P=EC�TgI�DE3a/FC�CEfaAaDE581�D?/21�CE14367PV�5(V�5cf
w$58=Efgj
��367-CE7PD{T$I�w$58=?/F58ba9F7�IU7P58DEG6=E7PC{1PT8V�xR=?/FCE7PC�5$9k9�IU7�58DEGR=E7�C�DE3658D
1P58A�bu7-5$9FDE7P=E7�Q¨bSf�5�QS/k±Z7P=E7�AaD�1�T8AaDE7:�RD�~�7cj NRj{AaG6V�bu7P=�58ARQ
1P58CE7�IUT8=�ART8G6A6CPW,N87PA6Q67P=PW,DE7�ARCE7cW�xu7P=ECET8A�IUT8=�w87P=Eb6CPW,7�DH1$jy�4j
��367-CE7PD{T$I
 6�R7PQ�IU7�58DEGR=E7�C�1PT8V�x6=B/FCE7PC{DE3R7�9F7PV�V-5�58A6Q�DE3R7
xR58=ED�T$I�CExu7P7�143lj

�,ïaîg¢�ë}�g���k��ï]�g�W���(���Pë�¢�ë����|Qa/Fw8/FQ67PC�DH367	x>«�V-5>DH=?/y��/2ASDHT
5�CE7PÂaG67PA61P7�TgI�143aG6ARdSCPjl��7P=ED?/F1P5$9�Q67P1�T8V-xuT8C?/FD?/2T>A(581P1�T8GRASDEC
IUT8=*DH367�1�T8V-xuT8C?/FD?/FT8AR5$9y/FD?f^T$Iu9F58A6N8GR5>N87PCPj�@?A�V�58Aaf#1�T8AaDE7:�RDECPW
IUT8=�74�658V-xS927$W,DE367�¹*ARNg9k/FCE3¢ART>GRA�xR36=E58CE7¾ý�òaó�ÿ-ø$ü O
T8Ga9FQ
bu7^DE=E58A6C?925>DH7�Q(/FAaDET�e,7P=EV�58A'�8óPõlI�øgüRü6j(.£T8CED�CE7PASDH7�AR1�7PC
1P58A|bu7�1PT>ARC?/FQR7�=E7PQ�58C�bu74/FA6N¨1�T8V-xuT8CE7�Q|T$IM5�CE7PÂaG67PA61P7�T$I
143aG6ARdSCPW*DE3R58DPW�DET�5�1�7P=EDE5$/FA|74�RDE7�AaDPW*1P58A�bu7�DE=E58A6C?925>DE7PQ�/FAaX
QR7�xu7PA6QR7�AaD?9Ffgj
��367�=E7P58CET8AS/2A6N�bu7P3S/2A6Q�DE367�Q6T8GRbS9F7�QR7�1PT8V�xuT8C?/2D?/FT8A6C-/FC�58C
IUT$9y92T$O�C:�
Ã�; EaÎ+É#ÉBÆ4È+Ô?Î�×8Ô{ÎPÏJÔBÇ8È+Ö4Æ�Û�×8Î+Ø�È�Ò Ò�Ï·Æ:È�Ø?Ü8É?Æ4Ô#È�É?Æ�Ì�Ë%L+Æ4×�Ëy×�ØBÅ8Æ

Í,È�Ø?ÉUË ÑRà

# =E7PQ6G61P7�DE367�C?/2z�7�T$I,DE3R7�1�58CE7�bR5>CH7$��¹�5>143|CE7PD�T$I�w$5$9FG67PCA67P7�QRC�DET|bu7�CEDET8=E7�Q¢T8Aa9Ff(T8A61P7$j���3SGRC�ÿ-øgü(58A6Q¢ÿ-óPü
58=E7J/FARCEDE58A61P7�CMT$I*DE3R7,CE58V�7M9F7PV�V�5RW6O�3S/21:3�T8Aa9Ff-A67P7�QRCJDET
bu7�CEDET8=E7�Q�T8A61P7$º}9gjW��7P=ED?/21�5$9�Q67P1�T8V�x�T>CB/FD?/FT8A�=H7�QRG61P7�C#DE3R7
C?/FzP7�T$I�DE367-1�58CE7�bR58CE7�V-T8=E7�Q6=H5>V-58D?/F1P5$9y9Ff��{/yIMCE7PASDE7PA61P7PC
58=E7�1�T8A6C?/2Q67P=E7�Q¨DET�1PT8A6C?/FCED#T$I�O
T>=HQ6C,O�3S/21:3�58=E7#N8=ET8G6xu7PQ
/FAaDET�1PT8V�xuT8C?/FDB/FT8A65$9y92f�DE=E58ARC?9F58DE58bS927�143aG6ARdSCPW�T>Aa9Ff|DE3RT>CH7
N8=ET8G6x6C�T$IMO
T8=EQ6C�V{GRCED#bu7�CEDET8=E7PQ(58C{1P58CE7�C�/FA|DE3R7�1P5>CH7
b658CE7�O�3S/F143�QRT#A6T8D*5$9k9FT$O|IUT>=�1�T8V-xuT8C?/FD?/FT8AR5$9ZDE=E58A6C?925>DB/FT8AZj
# =E7PQ6G61P7�=E7�DE=B/F7�wc5g9¼D?/FV-7$� m(/FDE3(5�CEV�5$9y927�=�1P58CE7�b658CE7�DE3R7=E7PDE=?/F7Pw$5$9�D?/FV-7,T$I�1P58CE7PCJCE3RT>Ga9FQ�5$9FCET-Q67P1�=E7P58CE7$j
# /FAR1�=E7P58CE7�1PT$w87�=E58N87�T$I#DE3R7�CEfaCEDE7PV��|;
58CE7�C^DE3658D�1P58A�b�7=E7P1�T8V�x�T>CH7�Q�DETJ1PT8V�xa9F74��CET$9FG6D?/2T8A6C*1P58A#TS1P1PG6=�/2A�QS/y±Z7P=E7PASD
1�T8AaDE74�6DECPj
��367PCE7#1�58CE7PC,DE3aG6C�1�Tcw>7P=�CE7�w87P=E5$9�xR=ET8bS9F7PV�CPj
# V�58d87�x�T8CEC?/FbS927�1�58CE7�58bRCEDE=E581PD?/FT8AZ��m�3S/y927� 6�R7PQ�I�7P58DEG6=E7PC58=E7�CExu7P14/y u1�IUT8=#5�143SGRA6d�W*w$58=?/F58ba9F7�IU7�58DEGR=E7PC{58=E7-D?faxS/F1P5$9
IUT8=J/FDPj�;�58CE7-58b6CEDE=E581PD?/FT8A|1PT8A6C?/FCEDHC{/FA¨5>bRCEDE=E581PD?/FA6N�5$O
5$f
IU=ET8V�DE367^CExu7�14/y �1:/2D?/·7�C�T$IM5�143SGRA6d�baf�d87P7�xa/FARN�DE=E5814d�T$I
DE367#w$58=?/258bS9F7�~UDE3SGRCJD?faxS/21�5$9i��IU7�58DEGR=E7PCPj

ØÚÙ��8o6p]q*tuoavEq�n°vEnt�Ã��Øji
;
5>CE7^58b6CEDE=E581PD?/FT8A|/FC-1�=EGR1:/25g9M/FA(58DEDE5$/FAa/FA6N¨5�b6=HT>58QR7�=�1PT$w>X
7�=H5>N87^TgIMDE3R7�CEfSCHDE7�V�58ARQ�DET�581P1PT>GRASD#IUT8=,/FAaDE7�=HQ67Pxu7�ARQ67PASX
1:/27�C�T$I�1:3aG6ARdSC:j<@BA�DE367JDH=E58A6C?9F58D?/2T8A�xR3658CE7,58b6CHDE=E581�D?/2T8A6CJ58=E7
1�T8V-x6GRDE7�Q|IU=ET8V�DE367�/2A6x6GRD	x>«^z�{�|�}�~+��/FA�T8=EQR7�=-DET�V-58DE143
58b6CEDE=E581PD?/FT8ARC�/FA�DE3R7#1�58CE7#bR5>CH7$j
@?A-DE367�1�T8V-xS/y9258D?/FT8A�x63R58CE7�T$I	DE3R7J1P58CE7Jb658CE7cW658b6CEDE=E581PD
1�58CE7PC
58=E7�1�T8V�xRG6DE7PQ�IU=ET8V�DE367�1P5>CH7�C#DE3R5>D�58=E7{/FA�DE367-1�58CE7-b658CE7cj
��36T8CE7�143aG6A6daC*DE3R58D*V-5>DH1:3#5M1�58CE7
58=E7
=E7PQ6GR1�7PQ{/2ASDET�5J143aG6A6d
Q67PCE1P=?/Fx6DET8=��>« O�3a/F143�1�T8A6CB/FCEDEC�T$I#5�CE7PD�T$I#w$58=?/258bS9F7�IU7�5$X
DEG6=E7PC�58A6Q�5�143SGRA6d�/FA6QR7:�lj��*T�=H7�QRG61P7£5�143aG6A6d�DE367^367P58Q
/FAaI�T8=EV-58D?/FT8A|/FC�74�6DH=E581�DE7PQ�IU=ET8V�/FDPWJO�367P=E7�367P58Q�/2ASIUT8=EV�5$X
D?/FT8A�/2C�V-58Q67,GRxuT8A�DE36T8CE7MI�7P58DEG6=E7PCJDH3658D
58=E7,A67P1P7�CECE58=Ef�58ARQ
CEGÊ$^1:/27�AaD�DET(7:�Rx6=E7PCEC�/FAaDE7�=?XB143SGRA6d¢QR7�xu7PA6QR7�AR1:/27�C¨CEG6143¢58C
58N8=E7�7PV�7PAaDPj���3R7�/FARQ674�(T$IJDE3R7�143SGRA6d�/2C{CHDET8=E7�Q(O
/FDE3|DE3R7
367P58Q�/2ASIUT8=EV�58D?/FT8A�/FA©DE3R7��>«^j¬L�CE7PÂSGR7�AR1�7�T$I�=E7PQ6GR1�7PQ
58A6Q�GRA6=E7PQ6GR1�7PQ'�>«{C^~�58A�58b6CEDE=E581PD�1P58CE7���V-5$f8W*58N85$/FAZW*b�7
Q67P1�T8V-xuT8CE7�Q�58A6Q^V�58DE14367PQ�58N85$/FA6CEDMDE367,1P58CE7#b658CE7cj
@?A©DH367�IUT$9y9FTcO�/2A6N(7:�R58V�xa9F7cW�DE3R7�1�58CE7¨b658CE7�1PT8ASDE5$/2A6C�D?O
T
1�58CE7PCP�
]+¦(ý�òaó�þ4ûÖ¾-ÿ-øgü
254 �8óPõ7¾$õ4ö$÷4÷PóAI�ø$ü6ü
]�_�ø3¾$õ�ó:óPü�ø�ô8ô�ùyó7254 óPû·ü ¾cõ@ÆvaüuóPõ'J�ô�ÍPó+ù
LJC,CH36T$O�A�/2A�DE367� uN8G6=E7-¥aW�DE3R7�¹*ARN$9y/FCE3|CE7PAaDE7�AR1�7 ñ�òaó£þ�ûÖ¾
ÿ-øgü�ó4øgýU÷�ø�¾cõ4ó4ó�üªø�ô8ô�ùyó0/FC�QR7�1PT8V�xuT8CE7PQ©/FAaDET(DE367�DE3R=E7P7
143SGRA6daC7e�ñ�òaó�þ4ûÖ¾�ÿ-ø$ü"e
e�ó4ø$ý�÷}e�58A6Q�e�øF¾cõ4ó4ó�ü|ø�ô8ô�ùyó:e6j�¯�f
58b6CEDE=E581PD?/FT8AlW�DH367JCE7PÂaG67PA61P7>�>« º �>« 1 �>« 9 /2C
N>7PA67P=E58DE7PQZWO�367P=E75�È« º 58A6Q��>« 9 =E7Px6=E7PCE7�AaD,=E7PQ6GR1�7PQ�143aG6ARdSCMDE3658D�/FASX1:92G6QR7�/FAaIUT>=HV�58D?/FT8A(T8A�DE3R7�DBfSx�7�T$I#1PT8A6CED?/2DEG67PASD�~�CEGR143©58C
N87�ARQ67P=PW¼AaGRV{bu7P=�7PDE1$jy��58A6Q�DE367�/FA6QR7:��T$I�DE367�V�58DE143S/2A6N
1�58CE7cj,@�I
5	t»«°1P58A6ART>D�bu7,/FAaDE7�N8=E58DE7PQ�/FAaDET�5^1:3aG6ARd��!58C
/FC,DE3R7�1P58CE7{IUT8=-ó4ø$ý*/FA�DE3R7{74�R5>V-xS927{�!/FDJ/2C,/FAaDE7�N8=E58DE7PQ|58C
58A�G6AR=E7�QRG61P7�Q�143SGRA6d�/2ASDET-DE367#58bRCEDE=E581�D�1P5>CH7$j
LJbRCEDE=E581�D
1P58CE7PC�58=E7MN87�AR7�=E58DE7PQ�/2A�5#x6=E7P1�T8V-xS/y9258D?/FT8A�CEDE7Px�58C
CE36T$O�A�/FA� uN8G6=E7-�aj,L¸AR7�Oª1P58CE7�b658CE7c�\��/FCM/FA61P=E7PV�7PASDE5$9k9Ff
1�=H7�58DE7PQ�CEDE58=ED?/FARN�IU=ET8V¶58A�T8=EQ67P=E7�Q�CH7�D
T$I	7:�R58V�xa9F7PCPj�¯�58CE7PQ
Ã�J Ä�Å$ËkÔ{ËkÔ�Æ�L+Æ4×�Í�Î+É?Æ�ËkÍ,ÇaÎ+É?ØBÈ+×$Ø�Ï·Î�É�ÅgËkÌ+Å$ÒkÚ�Ëy×�daÆ4Ö4Ø�Ë%L+Æ�ÒyÈ+×$Þ

Ì+Ü8È+Ì�Æ4Ô{È�×8Ê|Ç>È�É?È�ÊgËkÌ+Í�Ô4Û�È+Ô#Ï·Î�É{ÆEÑ8È�Í,Ç$ÒyÆ�Ï·Î�É�B�Î+Í,È+×8Ö4Æ_L�Æ4É?Ù8ÔH�Å$ËyÖHÅ�Ö4È+×�Å8ÈKL+Æ#Ü8Ç�Ø?ÎlE�å�Ê$Ë ÝRÆ4É?Æ4×$Ø#ÔBÜ>ÉUÏ·È+Ö4Æ#Ï·Î+É?Í�ÔJÊ8Æ4ÇSÆ4×8Ê8Æ4×$Ø
Î+×�ÇaÆ:ÉBÔ?Î+×RÛS×cÜ>ÍMÙaÆ:É�Û6Í,Î$Ê8È�Ò ËyØUÚ�Û6È+Ô?ÇaÆ4Ö4Ø
È+×8Ê�ØBÆ:×8ÔBÆ�à

254Carl A Constructivist Approach to Machine Translation



ê
ëUìuí*î$ïK�6J7P1PT8V�xuT8C?/FDB/FT8A�58ARQ�=H7�QRG61PD?/FT8AZ����3R7{¹�A6N$9y/2CE3ux>« ýUòaó0þ�ûO¾-ÿ-ø$ü�ó4ø$ýU÷�ø3¾$õ4ó4óPü�ø�ô8ô�ùyó�/2C,Q67P1�T8V-xuT8CE7�Q�58A6Q�=E7PQ6GR1�7PQ�/FAaDET�DE3R7
58bRCEDE=E581�D?/2T8AÃ�>« º �>« 1 �>« 9 j �>« º �È« 1 �>« 9� � �� ��� �t»«���� � t»«���© � t»«'�4��� t»« � �1� � ��� �t»«��ct»« �+}1�+� ��t»«�������� �
ê
ëUìuí*î$ï	�
[axu7�14/y �1�58D?/2T8A�58A6Q|=E74 uAR7�V-7�AaDP����367�58b6CHDE=E581�D?/2T8A¡�>« º �>« 1 �>« 9 /FC�CExu7�14/y �7�Q�58A6Q�=E74 uAR7�Q|/FAaDET�DE367�e,7P=EV�58A x>«¡H¼ó�õ¾cõ4ö$÷:÷Pó'I�ø$ü6ü�û·÷:÷4ý
óPû·üuó�ü
¾cõ@Ævaüuó�üKJ�ô�ÍPó+ùuj

�>« º �>« 1 �>« 9¢ ¢ ¢� ��� �t»«�£;�O}�t»«��+}�{�z+z�t»«�¤ �i��� t»«^�+z+z+� � � ��� �t»«^� ©Ö� tÀ«��+}\¥| � t»«�¦ �Q§ � �

ê
ëUìuí*î$ï	¨
L�9FN8T8=?/FDE3RV DET�/2A6Q6GR1�7�58b6CEDH=E581�DM1�58CE7PCPj
© RgªÊZo\g« VgUg¬®­ \]¯�°j±³² Qµ´ U ±�\gª¡Rg¶�T]Rgªµ·¸¯�\�º¹µ»'\ U\¬ Zµ²¶�Rgª V!­!­ \g« VgU\¬¼­ \>¯j°º½µ¾¿¯�À�RgªÊZ]\]¯gZÁ¶ X ª�¯gZ¿¾µ½±S\gÂ X Q Ã ¹µ»�ÄXÅ!Æ>°T�À Xµ­ \

Ã¿Ç ÄgÅµÆ>°±�\gÂ X Q È ¹!» ª�\g·�´®ÉY\ËÊ�·]\µÉYR U\¬ Ê6°8Ì��Q�mÍ!ÍV ·µ·�°�Z]RÎ���X ¶ÎÏ V!­ÊX ·`Ê
È ÍZ�ÀS\�QÐ°Ñ¹!» È\ ­ ¯�\

Ã ¹!»ÎÒ ÈµÓ © °\�Q�·\�Q�·

T8A�x658=ED?/F5$9
V-58DE14367PC#T$I�DE367�74�R58V�xS927v°�58A6Q�DH367�1P58CE7�bR58CE7���lWc �=ECED�58A#58b6CEDE=E581PD?/FT8A È /FC�1P5g921�Ga9F58DE7PQZj
��3R5>A�DE3R7
T>=B/FN$/FA65$9
1PT8A61P=E7�DH7�74�658V-xS9F7#/FC�5>QRQ67PQ�DET�DE367�1P58CE7{bR58CE7$j#��3a/FC,T8=EQR7�=
/2C�/FV�xuT8=EDH5>AaD�bu7P1P5>GRCE7,DE3R7�58bRCEDE=E581�D?/2T8A6C�CE36T8GS92Q�A6T8D�=E749Ff-T8A
DE3R7,CE58V�7�7:�R58V�xa9F7$j
LMb6CEDE=E581PD?/FT8ARCJ58=E7,1P5$9F1PGS9F58DE7PQ�/FA�D?O
T�CEDE7Px6CP�
Q67P1�T8V-xuT8C?/FD?/FT8A·]\!ÉÊR Ug¬ 58A6Q¨=E7�QRG61PD?/FT8A�ª]\X·�´®ÉÊ\Rj£LMA�58b6CEDE=H5>1PD?/FT8A�/2C{w$5$9k/FQ/kIE�
]$j�/FD�1PT8ASDE5$/FARCJ58D
9F7P58CEDJT8A67�G6A6=E7PQ6GR1�7PQ�1:3aG6ARd
daj�/FD�1�T8AaDE5$/FA6C�58D�9F7�58CED
T8AR7�=E7PQ6GR1�7PQ�143aG6A6d#IUT8=*buT8DE3lWSCET8G6=E1P7
58A6Q^DE58=EN>7PD�9F58A6N8G658N87,C?/2Q67

¦ajJQ67P1PT8V�xuT8C?/FDB/FT8A�/FC�bR58CE7�Q-T8A{DH367�CE58V�7�1�58CE7PC
T8A{b�T>DH3�925>AaX
N8G658N87MC?/FQ67PC

_Rj�/yI�/FD
/FCMw$5$9y/FQR5>DH7�Q�bSf-CET8V�7�T>DH367P=J1P5>CH7�C
��367
=E7PÂaGS/F=E7PV�7PAaDEC�]<58A6Q5dM7:�Rx6=E7PCEC�O
749y9yXUIUT8=EV�7PQ6AR7�CEC
1PT8A6QS/kX
D?/2T8A6CJT$I�58b6CEDE=E581PD?/FT8A6C:j�L¢1P58CE7�DE3658D�T8AS9Ff�1PT8A6C?/2CEDEC,T$I�GRA6=E74X
QRG61P7�QÚ�>«�C,/FC�A6T8D#58A�58b6CEDE=H5>1PD#1P5>CH7�bu7P1�58G6CE7�/2D{1PT8AaDE5$/FA6C
ART�=E7�QRG61PD?/FT8A6C:j£LJA�58b6CEDE=E581PD?/FT8A|DE3R58D,T8AS9Ff�1PT8A6C?/FCEDHC{T$I�=E74X
QRG61P7�Q|143aG6ARdSC#/FC�A6T8D#CEDET8=E7PQ�/FA|DE3R7�1P5>CE7^b658CE7�bu7P1P58G6CE7�/FD
O
/y9k9�A67Pw87P=,bu7�V�58DE14367PQ�bSf�T8DE3R7�=M1�58CE7PCPj���367#=E7PÂaGS/F=E7PV-7�AaD
¦�581�1PT8G6AaDECJIUT8=�DH367,IU581�D�DE3658DM58b6CEDE=E581PD?/FT8A6C�5>=H7�N87PA67P=E5$9y/2z�5$X
D?/2T8A6C�T$IM=E7PN8GS9F58=?/2D?/F7PC�1�T8AaDE5$/FA67PQ�/2A|DE367�1PT8A61P=E7�DH7�1P58CE7$j|L
xR5$/F=#T$I�5�CET8G6=E1P7�58A6Q�5�DE58=EN87PD#CE7PASDE7PA61P7�DE3658D,58=E7-7�ÂaG65$9k9Ff

Q67P1�T8V-xuT8CE7�Q�58=E7#9y/Fd8749Ff�DET�bu7{=H7�N8GS9258=J/FA�DE3658D,QR7�1PT8V�xuT8C?/kX
D?/FT8Alj�»�7PÂSGa/F=E7PV�7PASD-_�74�R1:92G6Q67PC�74�61P7Px6D?/FT8ARC�DET�CE7�=Ew87�58C#5
b658C?/2C,T$I
58b6CEDE=E581PD?/FT8A6C#58CJ/2C,DE367�1P58CE7{/2A�DE367^òaó4øgÁ�w�÷4ÿ-ög½$ó�õ
7:�R58V�xa9F7
�aj�²�T$O
7�w87P=PWg �A67P=*N8=E5$/FA67PQ�1�=B/FDE7P=?/F5#T8A#DE3S/2C�V�58DEDE7P=
1�58A�bu7MI�T8GRA6Q�/FA¨� ;�;�� ` �Bj

i¡�	n��	p�q	oSvHq�n
e,7�AR7�=E58D?/2T8A�xu7P=?IUT8=EV�C
DE3R7�=E7Pw87�=HCE7,DE58CEd�T$IZLJb6CHDE=E581�D?/2T8AZj���T
N87�AR7�=E58DE7�5#DE5>=HN>7PD
9F58A6N8GR5>N87wx>«¸IU=ET8V¬58A-58b6CEDE=E581PD?/FT8AZWuDE3R7
58b6CEDE=E581PD�1P58CE7�/FC- u=ECED�CExu7P14/y u7PQ¢58A6Q(DE3R7�A�=E7: �A67PQ�/FAaDET|5
CE7PÂSGR7�AR1�7�T$I
9FTcO
7�=#9F7Pw87:9��>«^j0��3S/2C�/2C#=E7�x�7�58DE7PQ�GRASDB/y9
DE3R7
CE7PÂSGR7�AR1�7�1PT8AaDE5g/2A6C�ART|V�T8=E7�=E7PQ6G61P7PQ��>« /®j 7$j¸DH367�1PT8ASX
1�=H7�DE7wx>« ��� }��1� � j�[Sx�7�14/y �1�58D?/FT8A�74�6DE7PA6QRC�DH367�1:3aG6ARd�QR7�CE1P=?/FxaX
DET8=EC
/FA6QR7:��baf-CE7�58=E143a/FA6N�IU=ET8V¶DE367#1P5>CH7,b658CE7,DE3R7,CET$9FGRD?/FT8A6C
~®/Uj 7cj,DE=E58A6C?9F58D?/2T8A6C4�#T$I�DE3R7{58xRx6=ET8x6=?/258DE7�1P58CE7�CPj�»�74 uAR7�V-7�AaD
CEG6bRCED?/FDEGRDE7�C�DE367�w$58=?/F58ba9F7�IU7P58DEG6=E7PC�/FA©DE3R7�CExu7P14/y u7PQ*�>«{C
581�1PT8=EQS/2A6N�DHT�DE367#3R7�58Q�/2ASIUT8=EV�58D?/2T>Alj
@?A� �N8G6=E7°¤ DE367µ1:3aG6ARd�Q67PCE1P=?/Fx6DHT>= �>« º /2C¸CHxu7�14/y �7�Q/FAaDET©DE3R7�CE7PÂaG67PA61P7Ðt»«�£;�O}¿t»«��+}�{�z�zÔt»«�¤ �i��� j ��367
143SGRA6dªQ67PCE1P=?/Fx6DET8=o�>« 1 /FC(CExu7P14/y u7PQ°/FAaDET¸DH367�CH7�ÂaG67PA61P7t»« � ©Ö�	t»« �+}g¥| �Kt»« ¦ ��§ � �*581P1�T8=EQa/FA6N^DET{DH367,1P58CE7�C�/FA�DE3R7
1�58CE7#bR58CE7,N$/Fw87PA£/2A�DE367,9F58CEDMCE7�1PD?/FT8AljÅm�3a/y9F7�=E74 uAa/FA6NF�>« º WDE367�1PT8=E=E7PCExuT8A6QS/2A6N�t»«{C^5>=H7�DE=E58A6C?IUT8=EV�7PQ|/FAaDET�A6T8V�/FA65$X
D?/Fw87�C?/FARN>Ga9F58=
bu7P1�58GRCE7,DE367� u=ECED�1:3aG6ARd#/FC
DE367MCEG6b8�47P1�D
T$IZDE3R7
x63R=E58CE7$j7�>« 1 /FC,=E74 uAR7�Q�/FAaDET�581P1�GRCE58D?/Fw87�C?/FA6N8Ga9F58=,bu7P1�58GRCE7DE367�CH7�1PT8A6Q-1:3aG6ARdJ/FC�DH367�~�581P1�GRCE58D?/Fw87��<T8b8�47P1�D�T$IuDE367
xR36=E58CE7cj
��367�CE7�ÂaG67PA61P7,T$Imt»«�C
1�58A�DH367PA�bu7JCE7PAaD
DET,5#V�T8=ExR36T$9FT8N$/yX
1�5$9	N87PA67P=E58D?/FT8A�V�TaQ6Ga9F7cWlO�3S/2143�1�5$9F1PGS9258DE7�C,DH367,58x6xR=ET8x6=?/25>DH7
CEG6=?IU581P7,CEDE=?/2A6N8CPj

mY� )Ir:��� �	n�o�q	oSvHq�n
��367�CEfSCEDH7�V�58C,Q67PCE1�=B/Fbu7PQ�/FC,/FV-xS9F7PV�7PAaDE7�Q�/FA�;¢58A6Q�=EGRA6C
G6ARQ67P=JN8AaGSXH;�T8A�CEG6A�V-5>143a/FA67cj�@BDJ1PT8A6C?/FCHDEC,T$I*CE7Pw87P=E5$9�x6=ET$X
N8=E58V�CPWSDE3R58D�58=E7�1�T8A6AR7�1PDE7PQ�w8/F50~�G6Aa/y����xa/Fxu7PCPj���367kn7ÿJ»�6
~�14IEj¼� ;�[Ym©�8¤��	/FA�DE3S/2C,w8T$9FG6V-7+�
IUT8=EV�5$9y/2CEV°/FCJ5�1PT8A6CEDH=E5$/FASDBX
b658CE7PQ(CE365$9y92T$OÀxR5>=HCE7�=�DH3658D{/2C�G6CE7PQ�IUT8=�143aG6ARd|=E7�QRG61PD?/FT8A
58A6Q(143SGRA6d|=E74 uAR7�V-7�AaDPj¢LJA6T8DE3R7�=^x6=ET8N8=E58V�/FC�G6CH7�Q�58C�5
Q658DE5�bR58CE7{CHfSCEDE7PV I�T8=MÂSGa/F14d�=E7PDE=?/27�w$5$9
58ARQ�QR7�1PT8V�xuT8C?/2D?/FT8A
T$I*58DEDE=B/Fb6GRDE7#w$5$9FG67�V�58DE=?/F1P7PC,58C�QR7�CE1P=?/Fb�7�Q�58buT$w87$j

255Carl A Constructivist Approach to Machine Translation



��q�nJtWrHs��8vEq�n
@BA�DE3S/2C
x658xu7P=PW65#1�T8A6CHDE=EG61PD?/Fw8/FCED,w8/F7PO�T8A0.£�|/FC
T8G6DB9y/FAR7�Qlj�@
CEDE58=EDMbaf�CE5$f8/FA6N^DE3658D,.��©CEfaCEDE7PV�C,O
T8=Ed^C?/FV{/k9F58=?9Ff�DET�~U3SGaX
V-58Au�{V-7PV�T8=Ef�bu7P1P5>GRCE7�b�T>DH3�1P=E7P5>DH7�A67PO°CET$9FGRD?/FT8A6C�/2A�5
QRfSAR58V{/F1-7�Aaw8/F=ET8A6V-7�AaD�DET�7�ARCEG6=E7�CEGR1�1P7PCEC?IUGS9�bu7�3R5$w>/2T8=�IUT8=
5�1PT>N8Aa/FD?/Fw87#58N87PASDPj�LMx6xS92f>/2A6N�DE3a/FCJxR58=E58QS/FN8V�DHT�.��,W63RT$O
X
7Pw87�=PW8/FV�xa9y/F7PC�5MASGRV{b�7�=�TgI�=E7�CHDE=?/F1PD?/FT8A6CPjM��/F=HCEDPWSDE367
xR=ET8bS9F7PV
~�CE7PAaDE7�AR1�7cW�DE74�RD4��AR7�7PQ6C-DET�bu7�Q67P1PT>V-xuT8CE7PQZj�L�C?/2V{/y925>=B/FD?f
V-7�DE=B/F1#DE3658D�=E749y/F7PC#T8A�5�1PT8ASDB/FASGRT8G6CMw$58=?/F58bS927¼/2C�ART8D�58A�58xaX
xR=ET8x6=?/F58DE7�V-7�58A6C-IUT>=-1:9258CEC?/y �1�58D?/FT8A¢b�7�1P58G6CE7�w87�=Ef(C?/2V{/y9258=
1P58CE7�C^V�5$f¨365$w87�Qa/FCED?/FAR1�D�CET$92G6D?/FT8ARCPj ��367P=E74I�T8=E7cW�DET¨1�T8V�X
xuT8C?/2D?/FT8A65$9k9Ff¢149F58CEC?/yIUf¢5|CE7PASDH7�AR1�7cW{/FD�/FC�Q67P1PT8V�xuT8CE7PQ¸58ARQ
58bRCEDE=E581�DE7PQ�bR58CE7�Q�T8A�DE3R7#7:�R58V�xa9F7PC,/FA�DH367#1�58CE7-b658CE7cj,LJA
58bRCEDE=E581�D?/2T8A�/2C�=E7PN87�AR7�=H5>DH7�Q�/FA#DE367�DE58=EN>7PDZ9F58A6N8GR5>N87�bSfMCExu7�14X
/k u1P5>DB/FT8A�5>ARQ�=E7: �A67PV�7PAaDJT$I�DE367#=E7PQ6G61PD?/FT8ARCPj
LM1�1PT8=EQS/2A6N�DET�DE367�1PT8A6CEDE=EGR1�DB/Fw>/2CED�58x6xR=ET85>143|@#CE3R5$9y9M5>=HN>GR7
DE3R58D
5#DE7:�RD
1�58A�b�7,1�T8V-xuT8C?/FD?/2T>AR5$9y9Ff^DE=E58A6C?9F58DE7PQ�/FAaDET�5{DH5>=BX
N87PD,9F58A6N8GR5>N87#/yIM58A6Q�T8AS9Ff�/yI�]+��/FD#1P58A�bu7-Q67�1PT8V�x�T>CH7�QÚd8�
DE3R7�1�T8V-xuT8A67PASDEC-1P5>A(bu7�DE=E58ARC?9F58DE7PQ�/2ASDET�DE367�DE58=EN87PD{925>AaX
N8GR5>N87#58ARQ�¦8�JDE3R7�CE7-DE58=EN87�DJ9258A6N8G658N87�1�T8V-xuT8A67PASDEC�1�58A�bu7
58QR5>xRDE7PQ�~�=E7�1PT8V�xuT8CE7PQu�
/FAaDET�5�w$5$9y/2Q�DE58=EN87�D
9F58A6N8GR58N>7MDE74�6DPjm�367PDE367P=,T8=JART8DJDE3R7#DE=E58A6C?9F58D?/2T8A�/FC,w$5$9k/FQZWZ36T$O
7Pw87�=PWZCET$9F749Ff
QR7�xu7PA6QRCJT8A-DE367,581PD?/FARN{58N87PASD�IUT8=
O�3RT8V¬DE3R7JDE=E58ARC?9F58D?/FT8A�/FC
DET-bu7,1PT8V�xRG6DE7PQZj

Ø(t]Õ�nJq®Ö�r:�	r×� �s�*��n�o
@ZO
T8GS92Q,9y/Fd87
DET�DE3658ARd#;�58DE3��	7�58CE7cW>LMASD2�:7<[S1436V�/FQ6D?X®m(/FN8N87�=PW/�9k/Fw87P=
[SDE=E74/FDE7P=�58A6Q#DE3R7
58A6T8AafSV-T8G6CZ=E7PO�/27�w87P=�I�T8=	DE367�V�58Aaf
w$5$92G658bS927#1�T8V�V-7PASDECPj

�Ú�¼ØK�	p��	nJt����
á Ó�è@?BA C ä�å�ækA�Æ4ØBÆ4É.E�à¸Ó*ÉBÎjH�×RÛ¡Ùaà¬è�Î$Ö:<+Æ�Û�â$Ø?Æ4Ç8Å8Æ4× øMà?
Æ�Ò ÒyÈ�AZËyÆ4Ø?ÉBÈ8Û 7 Ëy×8Ö4Æ4×$Ø`ÙaàK?�ÆEÒ ÒyÈ�A�ËkÆ4Ø?ÉBÈ8ÛgE*àQÙ$ÆEÒ Ëy×8Æ�<aÛB�Î+ÙaÆ4É?Ø 2 à>Õ-Æ4É?Ö4Æ4É4ÛSÈ�×>Ê5Alà âaàXB�Î$Î�Ô?Ô�Ëk×Rà(ø|Ô?Ø?È�Ø�ËkÔ?Ø�Ë ÞÖ:ÈPÒ*È�Ç8Ç8É?Î+È�ÖEÅ�Ø?Î�Í,È+ÖEÅ$Ëk×8Æ{ØBÉ?È+×8ÔUÒyÈ�Ø�ËkÎ+×RàuÚmÛ]ÜvÝ¼Þµßà�á³à�â Û]ã áµä;å�â ã\æ@Þ â ç�à�â%è�ç Û�µPç�� G�ä6égêTF$Û�µ�ä�ä�å8à
á Ó@?({¨ä+ç:æ ø
×$Ø?È�ÒILPÈ+×�Ê8Æ:×�Ó*Î�Ô?ÖEÅRÛ({�È�ÒkØ?Æ4É5?
È+ÆEÒyÆ4Í,È�×8Ô4Û�È�×>Ê

Ä�Î�×_{�ÆEË 5EØ?Æ4É?Ô�à�Õ-Î+É?Ç8Å8Î�ÒkÎ+ÌPËyÖPÈ�ÒBø
×8ÈPÒyÚ$ÔUËyÔ#È+ÔMè�ÒkÈ+ÔUÞ
Ô�Ë |aÖ4È�Ø�ËyÎ�×>�JÈ+×_GU×8Ê8Ü>Ö4ØUËML�Æ�Þ 2 Æ4È�É?×$Ëy×aÌ_ø
Ç8Ç8É?Î�È+ÖEÅRà�GU×ë)ì Û èQí�ígî!â ã\æ ç Û�ï;ð ígñ�å�á ë ÛYø�×�<PÈ+ÉBÈ8ÛWµPä+ä+çcà

á Ó*É?Îcä+ç:æ ?Mà\B�ÈPÒ ÏZÓ�É?ÎKH�×Rà6Ð�Ñ8È�Í,Ç$ÒyÆEÞUÓ�È+Ô?Æ4Ê-Õ�È+ÖEÅ$Ëk×8Æ
ÄZÉ?È+×8ÔUÞ
ÒyÈ�Ø�ËyÎ�×�Ëk×#Ø?Å8Æ(AZÈ�×8Ì�ÒyÎ�Ô?Ô
â$Ú$ÔBØ?Æ4Í�àWG�×	Ú;ò å®ó ð�ô@ß+õ>öSÛµ�ä+ä�ç$à

á Ó@{¨ä+ç:æ B�à¸Ó*Æ4ÉBÌ+Í,È�×>× È+×8Ê { {�Ë ÒM<�Æ+à n�×!ØBÅ8ÆB�Î�ÒkÆ�ÎPÏ
ø
Ù8Ô?Ø?ÉBÈ+Ö4Ø�ËkÎ+×8Ô�Ëk×¶è*È+Ô?ÆEÞUÓ*È�Ô?Æ4Ê÷B�Æ4È+ÔBÎ+×$Þ
Ëy×8Ì8à�G�×ùø×ú�Ú@û4ü)ß+õ]öÐø@Þ ì ÛgÝ í�á ãýÚmÛ>ã�ï í ì í ã èTíÛ]ãÔÚ ágç1í ß+û ágç1ígî ü í�áXç Û>ã â ã�æ	àuâ$Ç8É�Ëk×>Ì�Æ4É4Û�µ�ä+ä�ç$à

á è�è�ä+ç4æ Ó*ÉgþÎ�×8È,è*ÎPÒ Ò Ëy×8Ô�È�×8ÊÈAwþÈ+Ê8ÉBÈ�ËkÌ,è*Ü8×8×$Ëy×8Ì�Å8È+Í�à�ø�Ê8È�Ç$Þ
Ø?È+ØUËyÎ�×�Ì+Ü$ËyÊ8Æ4Ê�É?Æ4ØBÉ�ËyÆ�LPÈ�ÒZËk×�Ð	Ó*Õ�Äÿ��ø�Ö4È+ÔBÆ�ÞUÙ8È�Ô?Æ4Ê
È+Ç8Ç8É?Î+È�ÖEÅ�ØBÎ,Í,È+ÖHÅgËk×8ÆJØBÉ?È+×8ÔUÒyÈ+ØUËyÎ�×Rà@G�×�� î��Tá ã èQíQçâ ãÔÚ@û4ü�Û 2 ãBøBGEÛ$Ç8È+Ì�Æ:Ô�ä µeé"µ:åQEgàlâ$Ç8ÉUËy×8Ì+Æ4É�ÛSµPä+ä�ç$à

á è�âg{�äTê:æ Õ{ËkÖEÅ8È+ÆEÒ�è�È+É�ÒZÈ�×8Ê�ø
×$Ø�5EÆJâ$ÖEÅ8ÍJËkÊ8Ø�Þ�{�ËkÌ+Ì�Æ4É4àJâ$Å8È�Ò Þ
ÒyÎKHÚA�Î�Ô?Ø?Í�Î+É?Ç8Å8Î�ÒkÎ+ÌPËyÖ4ÈPÒ(A	É?Î$Ö4Æ4Ô?Ô�Ëk×8Ì5H*ËyØBÅ��4:;B(?MàG�× ë)ì Û èQí�ígîµâ ã�æ ç Û�ï	ð í\ñ�å�á ë�� ÚmÛ�ð å®å Û
â$Ú$Ê$Þ×>Æ4Ú�ÛWµPä+äQêcà

á ?
Î+ÉEäTD:æ Ó*Î+×8×$ËkÆ�ÙcÆ:È�×_?
Î+ÉBÉ4à ñ�á]è	�>â ã í�
 ì á ã ç1ä�á³à�â Û]ã��
�� â�í�� ï ì Û>Ü à��]í¿å�í��¸â%è Û>ã6à|Õ�GUÄ�A	É?Æ4ÔBÔ4Û
è*È+ÍJÞÙ>ÉUËyÊ8Ì�Æ+Û6Õ-È+ÔBÔ?È+ÖEÅ$Ü8ÔBÆ4Ø?Ø?Ô�à 2 Î�×8Ê>Î�×RÛSÐ�×8ÌPÒyÈ�×8Ê6Û�µ�ä�äQDcà
á ESÎ$Æ1GTD:æ =
Æ�Ëk×g��L�Î+×5ESÎ$Æ4ÉBÔ?Ø?Æ4É4àmn
×�è*Î�×8Ô?Ø?ÉBÜ8Ö:ØUËy×8Ì#È'B�Æ:ÈPÒ ËkØ�Ú�àG�×h{|à E�à ÐÃA	É?ÆEËkÔ?Æ4É4ÛuÆ4ÊgËkØ?Î�É4Û@øËã �Qâ ì Û]ã>Ü í ã à�á!ä��'í ßç�â æmãÐü íQç1í�á ì è�� à(?
ÎjH�Ê8Æ4×RÛ@=
Ü8Ø?ÖEÅ$Ëy×8ÔBÎ+×��÷B�Î+ÔBÔ4Û

âgØBÉ?Î�Ü>Ê8ÔBÙ>Ü8ÉBÌ8Û�µ�äQGTD$à

á EaÎ$Æ1ê+ç:æ =
ÆEËy×g� L+Î+×'ESÎcÆ:ÉBÔ?Ø?Æ4É�à ?
È+Ô
��Î+×8Ô?ØBÉ?Ü$ËkÆ:ÉBÆ4×¢ÆEËy×8Æ4É{�ËyÉ®<+Ò ËkÖEÅ�<+ÆEËFØ�àÀGU×�AZÈ+Ü$ÒI{�ÈT�EÒyÈKH*ËkÖ:<aÛ�Æ4Ê$ËyØBÎ+É4Û �Wâ�íø ì ïOÞ!ã îµí ã í ú â ì�� äoâ è	� � í�âRà à AZËkÇSÆ4É4Û¢ÕKZÜ8×8ÖEÅ8Æ4×RÛµ�äTê+çcà
á ?
Î$Î�GTC:æ ã
ÆEÒyÔBÎ+×	?
Î$Î$Ê8Í,È�×Rà,âgÆ�L�Æ4×�â$Ø?É�ËkÖ4Ø?Ü8É?Æ4ÔMÎ+×�â+ËkÍJË ÒkÈ+ÉUÞ

ËkØ�Ú�à
G�× ë)ì Û�� äoí Ü çKá ã î ë)ì Û�� ígègà�ç à�Ä�Å8Æ�Ó�Î+Ù8Ù8Ô�ÞÕ-Æ:ÉBÉ�Ë Ò ÒMè*Î�Í,Ç8È+×$Ú�ÛsGU×8Ê$ËyÈ�×>È�ÇSÎPÒyËkÔ�È+×8Ê�ã
Æ�H ��Î+É}<>Ûµ�äTGQCcà
á =
Æ4Ú8ä+ç4æ Õ-È+Ø?ØBÅ$ËyÈ+Ô�=
Æ:Úc×6à�G�×$ØBÆ4Ì+É?È�Ø�Ëk×>Ì|Í�È+ÖEÅ$Ëk×>Æ�Ø?ÉBÈ+×8Ô�ÒkÈ�Þ

Ø�ËkÎ+×�Ëk×$Ø?Î�ØBÉ?È+×8ÔUÒyÈ�Ø�ËyÎ�×�Í,Æ4Í�Î+É?Ú�ÔBÚ$Ô?Ø?Æ4Í,Ô�àFGU× ø`Þ!ßì ÛgÝ í�á ã!� ç�çTè Û èTâoá³àRâ Û]ã�ï�Û ì ñuá>è	�]â ã í 
 ì á ã ç1äoá ßà�â Û]ã ß úKÛ ì�� ç"� ÛXÝ ë)ì Û èQí�ígîµâ ã�æ ç Û,Ç8È+Ì+Æ4ÔFµ�µ�µ+éµ�CTD$ÛÊGBâ8â8è)nMÛµ?
Æ:×8Æ�LPÈ8Û�µ�ä�ä+çcà
á =
Ü8ØEäTG:æ ø�ÒkÈ+×¥=�Ü8ØBÖEÅ$Ëy×8Ô?Î�×Rà Õ�Æ4Ø?ÉUËyÖ4Ô¢Î+× Ä�Æ4ÉBÍ,Ô©È+×8Ê

è�ÒkÈ+Ü8Ô?Æ4Ô�à@G�× ë)ì Û èQí�ígî!â ã\æ ç Û¸ï;øÿÚ ñ�å ß+õ$#$ÛSÇ8È�Ì+Æ4Ôµ�DTê6é"µ6E$çcàuâgÇ8ÉUËy×8Ì+Æ4É�Û�µ�ä+äTG$à
á Õ-È+È$ä�ç:æ =
ÆEËy×g�EÞ�?�ËkÆ:ØBÆ4É{Õ-È+È+Ô�à ÕhAËB n¬ÞJÐZËk×|â$Ú$Ô?Ø?Æ4Í �4Ü8Éø
×8È�ÒkÚ$Ô?Æ�Ü8×8Ê¢â$Ú$×$Ø?Å8Æ4Ô?Æ�Ê8Æ4Ü>ØBÔ?ÖEÅ8Æ4É�{�ZÎ�É?Ø?Æ4É4à¦GU×B�ÎPÒyÈ�×>Ê�=
È�Ü>ÔBÔ?Æ4É4Û�Æ4Ê$ËkØ?Î+É�Û å³â ã\æËÞ â ç�à�â çQè	�>í � í ì ßâ&% � á�à�â Û]ã�')(¸Ý ì á>è	�]í Þµã î�ó ã�ïRÛ ì Ü á�à�â Û>ã6à�Õ-È�Ñã�ËkÆ:Í�Æ4Ú+Æ4É 7 Æ:ÉUÒyÈ�Ì8Û6Ä3ZÜ8Ù$Ëy×8Ì�Æ:×RÛ�µPä+ä+çcà
á ã
Ó@?�ä1E�æ â$Æ4É?Ì�Æ�Ë�ã�ËkÉ?Æ4×$Ù8Ü8É?ÌgÛ�âaà�Ó*Æ4ÈPÒyÆ�Û{È�×>Ê�è
àÅ?
Î�Í,È+Ô?Å$Þ

×8Æ�Laà�ø¢Ï·ÜgÒ Ò Þ�ØBÆEÑ8Ø{ÆEÑ8ÇaÆ4É�ËkÍ,Æ4×$Ø#Ëy×�ÆEÑ8È+Í,Ç$ÒkÆ�ÞUÙ8È�Ô?Æ4Ê
Õ-È+ÖEÅ$Ëy×8Æ^Ä�ÉBÈ+×8Ô�ÒkÈ+ØUËyÎ�×6àÚG�× ó ã à�í ì ã á³à�â Û]ã áµä ÚmÛ]ã>ßï í ì í ã èTí Û]ã ð í�� ñuíµà�� Û îXç â ã å�á ã\æËÞ á æ íë)ì Û èQíTç6ç1â ã\æ+*Tð ígñ�å�á ë�, õ�-RÛ�Ç8È+Ì+Æ4Ô GQê�égêQGcÛ
Õ-È+×8ÖEÅ8Æ4Ô?Ø?Æ4É�Ûlâ$Æ4Ç8Ø?Æ4ÍMÙSÆ4ÉIµPä+ä�Egà

á AZÒyÈcäQF:æ Ð�àkAZÒkÈQ�4È8à�è*È�Ô?Æ4Ô�È�Ô�Ø?Æ4É?Í�Ô���È�Ï·Æ4È�Ø?Ü8É?Æ|ØBÆ:ÉBÍ
È+Ç8Ç8ÉBÎ+È+ÖEÅ¢ØBÎ(Ø?Å8Æ�Ô?ØBÉ?Ü8Ö4Ø?Ü8É?Æ4Ê¢É?Æ4Ç8ÉBÆ:ÔBÆ4×$Ø?È+ØUËyÎ�×¸ÎPÏ
Ø?Æ4ÉBÍ,Ô4à.G�×/. â ì ç�à ó ã à�í ì ã á�à�â Û>ã á!ä ÚmÛ]ã¸ï í ì í ã èQíó Ú;Ú@û×ü)ß�õ�0RÛ 2 ãBøBGHÛ*â$Æ:ÔUËyÍMÙ8É?È8ÛIA�Î�É?Ø?Ü8Ì�È�ÒiÛAn
Ö:ØBÎ�ÞÙaÆ4É
äQF>µPä+äQFcà6â$Ç8É�Ëk×>Ì�Æ4É4à

á B*ËkÖPäQF:æ Õ�ËyÖEÅ8È+ÆEÒZÕ0àµB*ËkÖEÅ$Ø?Æ4É�à�Ä�Å8Æ1��×8ÎKH*ÒyÆ4Ê8Ì+Æ�è*Î+×cØ?È�Ëk×8Æ4Ê
Ëk× â+ËkÍJË ÒyÈ+ÉUËyØUÚ Õ-Æ4È�Þ
Ô?Ü8ÉBÆ4Ô4à Å$ØBØ?Ç>� 2�2jH(H(H�È+Ì�É4à Ëk×$Ï·Î+É?Í�È+Ø�Ë%<aà Ü8×$Ë Þ�<�ÒUà Ê8Æ"243
ÒkÔ?È42�è*Ó`B52�B*ËkÖEÅ$Ø?Æ4É�ËkÖ4Ö4ÙSÉHäQF�ÉBÆ:Í�È+É}<8Ô�à Å$Ø?ÍMÒ·ÛDµ�ä+äTF$à

á â$ÖEÅaägµEæ Ùaà6â+ËkÆ4Ì�Ï·É�ËkÆ4Ê�âgÖHÅ>ÍMËyÊ8Ø4àlô ígî�6á>è	�¼à ã â ç � ë)ì Û7� ä�í Ü íÞ!ã î ë í ì ç Ý í � à�â8�Tí ã îµí ì â ã à�í ì îµâ ç�9!â Ý ä�â ã 6á ì í ãô ígî16á>è	�¼à ã â ç ïRÛ ì çTè	� ÞµãXæ	à â$Ü8É}<PÈ+Í,ÇRÛ>ESÉBÈ+×�<+Ï·Ü8É?Ø�Ûµ�ä�ägµ�à
á â$ã�ä�åPæ âaà6â$È+ØBÎ,È+×8Ê-Õ�àSã
È�Ì+È+Îgà*Ä�ÎKH*È�É?Ê8Ô�Í,Æ4Í,Î�É?Ú�Ù8È+Ô?Æ4Ê

Ø?ÉBÈ+×8Ô�ÒkÈ+ØUËyÎ�×6à(GU×uÚ;ò å®ó ð�ô@ß+õ�:SÛWµPä+ä�ågà
á â$Ø?ÉHä+ç:æ n�Ò Ë%L+Æ4É�â$Ø?É?ÆEËkØ?Æ4É4à å�â ã\æ@Þ â ç�à�â%è^ñ Û î!í�äoâ ã\æ ï�Û ì ñ Þ ä ßà�â�äoâ ã�æ@Þ á!ä�ñuá>è	�>â ã í;
 ì á ã ç1äoá�à�â Û>ã6à�GU×gÏiÎ+É?Í,È�Ø�Ë%<aàâ$Å8È�<�Æ:É 7 Æ4É�ÒkÈ+ÌgÛÊø
È+ÖEÅ8Æ4×RÛWµ�ä�ä+ç$à
á {�?�äQF:æ ?Màs{�Æ4ØBØ?Ô?ÖEÅ8Æ4É?Æ4Ö:<�È+×8Ê�Ä�à ?�?�ËyÆ4Ø?ØBÆ4É�ËyÖHÅ6à�ø
×�ÐZÑ$Þ

ÇaÆ4É�ËkÍ,Æ4×$Ø?È�Ò�è*Î�Í,Ç8È+É�ËkÔ?Î�×,Î�ÏRØ?Å8Æ*ã
Æ4È�É?Æ4Ô?Ø�ÞUã
ÆEËkÌ+Å$ÙaÎ+É
È+×8Ê�ã
Æ4È+É?Æ4ÔBØ�Þ�=
Ú$ÇSÆ4ÉBÉ?Æ4Ö4Ø?È+×8ÌPÒyÆ_ø�ÒkÌ+Î�É�ËyØBÅ8Í,Ô4à ñuá ßè	�>â ã íKå�í�á ì ã â ã\æ=<>õ>'�0]ß�?$@aÛ�µ�äcÛWµ�ä�äQF$à

á {A�JäTF:æ AZÆ4Ø?Æ4ÉB{�Å$ËkØ?ÆEÒkÎ$Ö:<�È+×8ÊB�
ËyÆ4É?È�×C�
Ë ÒkÙ$Ú�à å�â ã\æ@Þ â ç�à�â%èá ã î�è Û]ÜvÝmÞ à�á�à�â Û]ã áµä4à�ígè	� ã â&D Þ íQç	â ã ñuá>è	�>â ã í

 ì á ã ç1äoá³àRâ Û]ã çFE>ç�à�í Ü îµíQç1â æmã6à�è�Î+Í,Ç8Ü8Ø?È�Ø�ËyÎ�×8È�Ò2 Ëk×8Ì+Ü$ËkÔ?Ø�ËkÖ4Ô4à�:�è 2 A�ÉBÆ4Ô?Ô4Û 2 Î�×8Ê8Î+×RÛ�µ�ä+äTF$à

256Carl A Constructivist Approach to Machine Translation


