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$EVWUDFW²([SDQGLQJ� DEEUHYLDWLRQV� LV� DQ� LPSRUWDQW� WH[W�
QRUPDOL]DWLRQ�WHFKQLTXH�XVHG�IRU�WKH�SXUSRVH�RI�HLWKHU�LQFUHDVLQJ�
GHYHORSHU� FRPSUHKHQVLRQ� RU� VXSSRUWLQJ� WKH� DSSOLFDWLRQ� RI�
QDWXUDO�ODQJXDJH�EDVHG� WRROV� IRU� VRXUFH� FRGH� LGHQWLILHUV�� 7KLV�
SDSHU� FORVHO\� VWXGLHV� DEEUHYLDWLRQV� DQG�ZKHUH� WKHLU� H[SDQVLRQV�
RFFXU� LQ� GLIIHUHQW� VRIWZDUH� DUWLIDFWV�� :LWKRXW� DEEUHYLDWLRQ�
H[SDQVLRQ��GHYHORSHUV�ZLOO�VSHQG�PRUH�WLPH�LQ�FRPSUHKHQGLQJ�WKH�
FRGH�WKH\�QHHG�WR�XSGDWH��DQG�WRROV�DQDO\]LQJ�VRIWZDUH�PD\�REWDLQ�
ZHDN�RU�QRQ�JHQHUDOL]DEOH�UHVXOWV��7KHUH�DUH�QXPHURXV�WHFKQLTXHV�
IRU�H[SDQGLQJ�DEEUHYLDWLRQV��PRVW�RI�ZKLFK�VWUXJJOH�WR�UHDFK�DQ�
DYHUDJH� H[SDQVLRQ� DFFXUDF\� RI� ������� RQ� JHQHUDO� VRXUFH� FRGH�
LGHQWLILHUV�� ,Q� WKLV� SDSHU�� ZH� UHYHDO� VRPH� FKDUDFWHULVWLFV� RI�
DEEUHYLDWLRQV�DQG�WKHLU�H[SDQVLRQV�WKURXJK�DQ�HPSLULFDO�VWXG\�RI�
���� DEEUHYLDWLRQ�H[SDQVLRQ� SDLUV� H[WUDFWHG� IURP� �� RSHQ�VRXUFH�
V\VWHPV�LQ�DGGLWLRQ�WR�DQDO\]LQJ�SUHYLRXV�OLWHUDWXUH��:H�XVH�WKHVH�
FKDUDFWHULVWLFV� WR� LGHQWLI\� KRZ� FXUUHQW� DSSURDFKHV� PD\� EH�
FRPSOHPHQWDU\�DQG�KRZ� WKHLU�UHVXOWV� VKRXOG�EH� UHSRUWHG� LQ� WKH�
IXWXUH� WR� KHOS� PD[LPL]H� ERWK� RXU� XQGHUVWDQGLQJ� RI� KRZ� WKH\�
FRPSDUH� ZLWK� RWKHU� H[SDQVLRQ� WHFKQLTXHV� DQG� WKHLU�
UHSURGXFLELOLW\��

Keywords— Program Comprehension, abbreviation expansion, 
software maintenance, software evolution 

,�� ,1752'8&7,21�
5HVHDUFKHUV� IUHTXHQWO\� XVH� QDWXUDO� ODQJXDJH� SURFHVVLQJ�

WHFKQLTXHV�WR�DQDO\]H�DQG�QRUPDOL]H�VRXUFH�FRGH�LGHQWLILHUV�IRU�
QXPHURXV� DFWLYLWLHV� LQFOXGLQJ� EXJ� GHWHFWLRQ� >�@�� PLQLQJ� DQG�
DQDO\]LQJ� VRIWZDUH� UHSRVLWRULHV� >�@±>�@�� DXWRPDWHG�
GRFXPHQWDWLRQ�>�@��WRSLF�PRGHOLQJ�>�@��IHDWXUH�ORFDWLRQ�>�@�DQG�
PRUH��%HFDXVH�VR�PDQ\�WHFKQLTXHV�UHO\�RQ�WKH�TXDOLW\�RI�QDWXUDO�
ODQJXDJH�SURFHVVLQJ� WRROV�� DQG� LGHQWLILHUV� FRQWDLQ� ����RI� WKH�
FKDUDFWHUV�LQ�VRXUFH�FRGH�>�@��LW�LV�LPSRUWDQW�WKDW�WKH\�SHUIRUP�
ZHOO� HYHQ� LQ� WKH� IDFH� RI� WKH� RIWHQ� LPSHUIHFW� DQG� LQFRPSOHWH�
ODQJXDJH�XVHG�LQ�VRXUFH�FRGH�>��@��+RZHYHU��WRROV�IRU�1DWXUDO�
/DQJXDJH� 3URFHVVLQJ� �1/3�� RI� VRXUFH� FRGH� QHHG� WR� EH�PRUH�
DFFXUDWH�>��@±>��@��

2QH� ZD\� WR� LQFUHDVH� WKH� DFFXUDF\� RI� QDWXUDO� ODQJXDJH�
DQDO\VLV� WHFKQLTXHV� DQG� LPSURYH� WKH� FRPSUHKHQVLELOLW\� RI�
VRXUFH�FRGH� LV�E\� H[SDQGLQJ�DEEUHYLDWLRQV� >��@�� >��@��$V�RQH�
H[DPSOH��PDQ\� UHVHDUFK� WHFKQLTXHV�XVH� ,QIRUPDWLRQ�5HWULHYDO�
�,5��DSSURDFKHV� WR�KHOS�GUDZ�FRQFOXVLRQV�DERXW� VRIWZDUH��EXW�
WKH�YRFDEXODU\� �LQFOXGLQJ� DEEUHYLDWLRQV�� FDQ�YDU\� LQ�PHDQLQJ�
EHWZHHQ� VRIWZDUH�SURMHFWV� DQG� HYHQ� LQ�GRFXPHQWDWLRQ�ZULWWHQ�
VSHFLILFDOO\�IRU�WKH�FRGHEDVH�>��@��>��@��7KLV�SUHVHQWV�D�GLIILFXOW�
SUREOHP�IRU�DXWRPDWHG�DQDO\VLV�WHFKQLTXHV�EHFDXVH�FRQFOXVLRQV�
ZKLFK� OHYHUDJH� LGHQWLILHU� QDPHV� LQ�PXOWLSOH� VRIWZDUH�SURMHFWV�
ZLOO�RQO\�JHQHUDOL]H�XQGHU�WKH�DVVXPSWLRQ�WKDW�LGHQWLILHU�QDPHV�

EHWZHHQ�WKHVH�SURMHFWV�DUH�QRUPDOL]HG��3DUW�RI�WKLV�QRUPDOL]DWLRQ�
VWHS�PXVW� LQYROYH�H[SDQGLQJ�DEEUHYLDWLRQV�FRUUHFWO\� VXFK� WKDW�
DEEUHYLDWLRQV� OLNH� cfg� ZLOO� EH� FRUUHFWO\� H[SDQGHG� EDVHG� RQ�
FRQWH[W��H�J���WR�FRQILJXUDWLRQ�RU�FRQWH[W�IUHH�JUDPPDU���

$V� DQRWKHU� FRQVHTXHQFH�� LI� DEEUHYLDWLRQV� DUH� QRW� KDQGOHG�
FRUUHFWO\� E\� VRIWZDUH� DQDO\VLV� WHFKQLTXHV� WKDW� XVH� QDWXUDO�
ODQJXDJH� GDWD�� WKHUH� LV� D� UHDO� ULVN� WKDW� WKHVH� WHFKQLTXHV� ZLOO�
SURGXFH� QRQ�UHSOLFDEOH� UHVXOWV� RU� HUURQHRXV� GDWD� SRLQWV��
-RQJHOLQJ� >��@� KLJKOLJKWV� WKLV� SUREOHP� LQ� D� GLIIHUHQW� FRQWH[W��
VKRZLQJ�WKDW�VHQWLPHQW�DQDO\VLV�WRROV�XVHG�LQ�VRIWZDUH�UHVHDUFK�
SURGXFH�GLYHUJHQW�FRQFOXVLRQV�EHFDXVH�WKH\�ZHUH�QRW�WUDLQHG�IRU�
WKH�VRIWZDUH�GRPDLQ��(TXLYDOHQWO\��LI�LW�FDQQRW�EH�DVVXPHG�WKDW�
YRFDEXODU\� EHWZHHQ� VRXUFH� FRGH� SURMHFWV� LV� QRUPDOL]HG�� WKHQ�
DQ\� DQDO\VLV� OHYHUDJLQJ� WKDW� YRFDEXODU\� LV� H[SRVHG� WR� D� ODUJH�
WKUHDW��

$EEUHYLDWLRQ� H[SDQVLRQ� LV� DOVR� LPSRUWDQW� IRU� GHYHORSHUV��
3UHYLRXV� UHVHDUFK� KDV� VKRZQ� WKDW� VKRUWHU� LGHQWLILHUV� DUH�PRUH�
GLIILFXOW�IRU�GHYHORSHUV�WR�FRPSUHKHQG�>��@��$GGLWLRQDOO\�� WKLV�
ZRUN�FRPSDUHG�FRPSUHKHQVLRQ�RI�LGHQWLILHUV�FRQWDLQLQJ�ZRUGV�
DJDLQVW�LGHQWLILHUV�FRQWDLQLQJ�OHWWHUV�DQG�RU�DEEUHYLDWLRQV��7KHLU�
UHVXOWV�IRXQG�WKDW�ZKHQ�LGHQWLILHUV�FRQWDLQHG�RQO\�ZRUGV�LQVWHDG�
RI� DEEUHYLDWLRQV� RU� OHWWHUV�� GHYHORSHU� FRPSUHKHQVLRQ� VSHHG�
LQFUHDVHG�E\�����RQ�DYHUDJH��

$OWKRXJK�H[SDQGLQJ�VRPH�DEEUHYLDWLRQV�OLNH�num�WR�number�
LV�QRW�GLIILFXOW��WKH�JHQHUDO�FDVH�LV�QRQ�WULYLDO���)RU�H[DPSOH��WKH�
DEEUHYLDWLRQ�cfg�FDQ�KDYH�PXOWLSOH�SRVVLEOH�H[SDQVLRQV�LQ�VRXUFH�
FRGH��VXFK�DV�configure��configuration��control flow graph��RU�
context-free grammar��,Q�RUGHU�WR�DGGUHVV�WKHVH�DQG�RWKHU�UHODWHG�
SUREOHPV�� PDQ\� DSSURDFKHV� IRU� DEEUHYLDWLRQ� H[SDQVLRQ� KDYH�
EHHQ�SURSRVHG�SUHYLRXVO\��8VLQJ�WKH�UHSRUWHG�DFFXUDF\�RI�WKHVH�
H[SDQVLRQ� WRROV�� ZH� IRXQG� WKDW� WKH� DYHUDJH� DFFXUDF\� RI� WKHLU�
H[SDQVLRQ� DELOLWLHV� OLH� EHWZHHQ� ������� >��@±>��@�� ZLWK� WKH�
KLJKHVW� UHSRUWHG� H[SDQVLRQ� DFFXUDF\� EHLQJ� ���� >��@� RQ� D�
VPDOOHU�WHVW�VHW�WKDQ�WKH�RWKHUV�ZHUH�HYDOXDWHG�RQ���

$EEUHYLDWLRQ�H[SDQVLRQ� WRROV�KDYH�PDWXUHG�RYHU� WLPH��EXW�
WKHUH�LV�VLJQLILFDQW�URRP�IRU�LPSURYHPHQW��:KLOH�UHDGLQJ�SULRU�
ZRUN�RQ�DEEUHYLDWLRQ�H[SDQVLRQ��ZH�QRWLFHG�WKDW�WKHUH�LV�D�ORW�RI�
YDULDWLRQ�EHWZHHQ�WHFKQLTXHV�DQG�KRZ�WKH\�DUH�UHSRUWHG��0DQ\�
SXEOLFDWLRQV�XVH�D�GLIIHUHQW�FRPELQDWLRQ�RI�PHWULFV�WR�HYDOXDWH�
WKHLU�WHFKQLTXH��UHVHDUFKHUV�KDYH�LPSOHPHQWHG�WKHVH�WHFKQLTXHV�
XVLQJ�HYHU\WKLQJ�IURP�UHJXODU�H[SUHVVLRQV�WR�ODQJXDJH�PRGHOV�
WR� VWULQJ�PDWFKLQJ� DSSUR[LPDWLRQ� DOJRULWKPV�� DQG� HDFK�
WHFKQLTXH�KDV�W\SHV�RI�DEEUHYLDWLRQV�RQ�ZKLFK�LWV�SHUIRUPDQFH�
LV�VWURQJ�DQG�W\SHV�RQ�ZKLFK�LWV�SHUIRUPDQFH�LV�ZHDN��)XUWKHU��
HDFK�WHFKQLTXH�XVHV�LWV�RZQ�PL[WXUH�RI�VRIWZDUH�DUWLIDFWV�IURP�
ZKLFK�H[SDQVLRQV�DUH�JDWKHUHG���
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7DEOH�,��6\QWD[�%DVHG�$EEUHYLDWLRQ�&DWHJRUL]DWLRQV�

7KLV� RSHQV� WZR� ELJ� TXHVWLRQV�� ��� What are the 
characteristics of abbreviations/expansions in software 
artifacts and how much can these characteristics influence the 
quality of expansion techniques? and 2) Can we use these our 
data on these characteristics to improve how we conduct and 
report research on expanding abbreviations in the future?�
3XEOLVKHG�WHFKQLTXHV�GLIIHU�LQ�WKH�TXDOLW\�RI�WKHLU�H[SDQVLRQ�IRU�
GLIIHUHQW� W\SHV�RI� DEEUHYLDWLRQV� LQ� GLIIHUHQW� W\SHV�RI� VRIWZDUH�
DUWLIDFWV�� 7R� EHJLQ� XQGHUVWDQGLQJ� ZK\�� ZH� ILUVW� KDYH� WR�
XQGHUVWDQG� ZKDW� WKHVH� FKDUDFWHULVWLFV� ORRN� OLNH� DQG� WKHQ�
FRPSDUH� WKLV� WR� WKH� ZD\� WKHVH� WHFKQLTXHV� DUH� GLVFXVVHG� DQG�
UHSRUWHG� LQ� WKHLU� RULJLQDO� SXEOLFDWLRQV��%\� GRLQJ� WKLV��ZH� FDQ�
UHIOHFW� RQ� KRZ� WKH� GDWD� �RU� ODFN� WKHUHRI�� SUHVHQWHG� LQ� WKHVH�
SXEOLFDWLRQV�KHOSV��RU�KXUWV�RXU�DELOLW\�WR�IXOO\�XQGHUVWDQG�WKHLU�
VWUHQJWKV� DQG� ZHDNQHVVHV�� ,Q� DGGLWLRQ�� ZH� FDQ� EHJLQ�
XQGHUVWDQGLQJ� ZKDW� GLIIHUHQW� W\SHV� RI� DEEUHYLDWLRQV� DQG�
H[SDQVLRQV� ORRN� OLNH� LQ� GLIIHUHQW� ORFDWLRQV� VXFK� WKDW� IXWXUH�
WHFKQLTXHV�FDQ�WDNH�DGYDQWDJH�RI�WKLV�NQRZOHGJH�WR�LPSURYH�RQ�
SULRU�OLWHUDWXUH���

7KHUHIRUH�� LQ� WKLV� SDSHU�� ZH� WDNH� WZR� VWHSV�� ��� 8VLQJ�
FKDUDFWHULVWLFV� RI� DEEUHYLDWLRQV� DQG� H[SDQVLRQV� GHULYHG� IURP�
SUHYLRXV� OLWHUDWXUH�� DQG� D� JROG� VHW� RI� DEEUHYLDWLRQV� DQG�
H[SDQVLRQV� PDQXDOO\� GHULYHG� E\� WKH� DXWKRUV�� ZH� VWXG\� ZKDW�
W\SLFDO� DEEUHYLDWLRQV� DQG� H[SDQVLRQV� ORRN� OLNH� LQ� GLIIHUHQW�
VRIWZDUH�DUWLIDFWV��WKHUHE\�FUHDWLQJ�D�JURXQG�WUXWK�����8VLQJ�WKH�
JURXQG�WUXWK�IURP�WKH�SUHYLRXV�VWHS�DV�D�EDVHOLQH��ZH�H[DPLQH�
WKH� HYDOXDWLRQ� PHWKRGRORJ\� XVHG� E\� SUHYLRXV� OLWHUDWXUH� WR�
XQGHUVWDQG�KRZ�RXU�FKDUDFWHULVWLFV� LQIOXHQFH� WKHLU�TXDOLW\�DQG�
GHWHUPLQH�ZKHWKHU�WKHVH�FKDUDFWHULVWLFV�DUH�SURSHUO\�DFFRXQWHG�
IRU�DQG�UHSRUWHG���

2XU�JRDO�LV�WR�DQDO\]H�ZKDW�WKHVH�FKDUDFWHULVWLFV�ORRN�OLNH�LQ�
JHQHUDO� DQG� XVH� WKLV� DV� D� EDVHOLQH� WR� KLJKOLJKW� VWUHQJWKV� DQG�
ZHDNQHVVHV�LQ�WKH�ZD\�H[SDQVLRQ�WHFKQLTXHV�DQG�WKH�VRIWZDUH�
DUWLIDFWV�WKH\�XVH�DUH�HYDOXDWHG��2QH�RI�WKH�PDLQ�WDNHDZD\V�IURP�
WKLV� SDSHU� LV� D� VHW� RI� FKDUDFWHULVWLFV� WKDW� IXWXUH� DEEUHYLDWLRQ�
H[SDQVLRQ�WHFKQLTXHV�VKRXOG�SURSHUO\�DFFRXQW�IRU�DQG�UHSRUW�LQ�
RUGHU� WR� LPSURYH� H[SDQVLRQ� UHFDOO�SUHFLVLRQ� DV� ZHOO� DV�
FRQWH[WXDOL]H� VWUHQJWKV�ZHDNQHVVHV� RI� WKH� DSSURDFK�� 7R� WKH�
DXWKRUV¶�NQRZOHGJH��QR�RWKHU�H[LVWLQJ�OLWHUDWXUH�KDV�SHUIRUPHG�D�
VLPLODU�DQDO\VLV���

,,�� $%%5(9,$7,216�,1�62)7:$5(�
$EEUHYLDWLRQV� DUH� VHTXHQFHV� RI� FKDUDFWHUV� WKDW� FDQ� EH�

H[SDQGHG�WR�D�ODUJHU�ZRUG�RU�SKUDVH��,Q�WKLV�ZRUN��ZH�GHILQH�D�
VRIWZDUH� DUWLIDFW� DV� DQ\� E\�SURGXFW� RI� VRIWZDUH� GHYHORSPHQW�
LQFOXGLQJ� WKH�FRGH�RU�DQ\�GRFXPHQWDWLRQ�ZKLFK�GHVFULEHV� WKH�

FRGH� �H�J��� EHKDYLRU�� GHVLJQ�� DUFKLWHFWXUH�� RU� SURFHVV� XVHG� WR�
SURGXFH� WKH� FRGH�� 'HYHORSHUV� XVH� QDWXUDO� ODQJXDJH� �H�J���
(QJOLVK��WR�FRQYH\�PHDQLQJ�WR�RWKHU�KXPDQV�LQ�VRXUFH�FRGH��$V�
D� GHYHORSHU�ZULWHV� FRGH�� WKH\� XOWLPDWHO\� FRQVWUXFW� LGHQWLILHUV��
FRPPHQWV��DQG�GRFXPHQWDWLRQ�XVLQJ�ZRUGV�WKDW�LQGLFDWH�WKH�UROH�
RU�EHKDYLRU�RI�D�SDUW�RI�WKH�VRIWZDUH�WKH\�DUH�FRQVWUXFWLQJ��$V�
WKH�FUHDWLRQ�RI�GRFXPHQWDWLRQ�DQG�LGHQWLILHU�QDPHV�LV�D�SDUWLDOO\�
VXEMHFWLYH�DFWLYLW\��GHYHORSHUV�DUH�XQUHVWULFWHG�LQ�ZKDW�ZRUGV�WR�
XVH�� 6RPH� ZRUGV� WKDW� GHYHORSHUV� FKRRVH� WR� XVH� DUH�
DEEUHYLDWLRQV��

([SDQGLQJ� DEEUHYLDWLRQV� KDV� EHHQ� WKH� WRSLF� RI� QXPHURXV�
UHVHDUFK� SDSHUV� >��@±>��@�� >��@�� )RU� H[DPSOH�� DQ� DSSURDFK� WR�
DXWRPDWLFDOO\� H[SDQG� DEEUHYLDWLRQV�PLJKW� KDYH� WKH� IROORZLQJ�
VWHSV�� ��� GHWHFW� DEEUHYLDWLRQ� LQ� DQ� LGHQWLILHU�� ��� ORRN� IRU�
H[SDQVLRQ� LQ� VXUURXQGLQJ� FRGH�� FRPPHQW�� GRFXPHQWDWLRQ�� RU�
GLFWLRQDU\�����H[SDQG�DEEUHYLDWLRQ�WR�LWV�QDWXUDO�ODQJXDJH�ZRUG�
RU�SKUDVH��

([SDQGLQJ�DEEUHYLDWLRQV�LV�W\SLFDOO\�FDUULHG�RXW�DV�D�SDUW�RI�
ZRUG� SUHSURFHVVLQJ� DORQJVLGH� RWKHU� VWHSV� VXFK� DV� VSOLWWLQJ��
VWHPPLQJ�� WRNHQL]DWLRQ�� HWF�� )RU� DFWLYLWLHV� WKDW� LQYROYH�
LQIRUPDWLRQ� UHWULHYDO� RU� QDWXUDO� ODQJXDJH� WH[W� DQDO\VLV��
DEEUHYLDWLRQ� H[SDQVLRQ� DGGV�PRUH� LQIRUPDWLRQ� WR� WKH� FRUSXV��
JLYLQJ�WKHVH�WHFKQLTXHV�PRUH�GDWD�WR�ZRUN�ZLWK��3UHYLRXV�ZRUN�
E\�+LOO��HW�DO��>��@�FDWHJRUL]HV�GLIIHUHQW�W\SHV�RI�DEEUHYLDWLRQV�
EDVHG� VROHO\� RQ� DQ� DEEUHYLDWLRQ¶V� V\QWD[�� 7KH\� EURDGO\�
FDWHJRUL]H� DEEUHYLDWLRQV� DV� 6LQJOH� :RUG� DQG� 0XOWL�:RUG�
DEEUHYLDWLRQV�� (DFK� RI� WKHVH� EUHDNV� LQWR� WZR� DGGLWLRQDO� VXE�
FDWHJRULHV��7KLV�WD[RQRP\��DQG�H[DPSOHV�RI�HDFK�DEEUHYLDWLRQ�
W\SH��DUH�VKRZQ�LQ�7DEOH� ,��7\SLFDOO\�� WKH�DFFXUDF\�RI�FXUUHQW�
DSSURDFKHV�WR�H[SDQGLQJ�DEEUHYLDWLRQV�YDULHV�GHSHQGLQJ�RQ�WKH�
W\SH�RI�DEEUHYLDWLRQ�EHLQJ�H[SDQGHG�>��@��>��@��>��@���

,,,��(;3(5,0(17$/�678'<�
:KDW�DUH�WKH�FKDUDFWHULVWLFV�RI�DEEUHYLDWLRQV�DQG�H[SDQVLRQV�

IRXQG� LQ�GLIIHUHQW� VRIWZDUH� DUWLIDFWV"� ,I�ZH�ZHUH� H[SDQGLQJ� D�
GRPDLQ�WHUP��VXFK�DV�-621��ZRXOG�LW�EH�PRUH�OLNHO\�WR�RFFXU�LQ�
SURMHFW�GRFXPHQWDWLRQ�WKDQ�LQ�WKH�VRXUFH�FRGH�RU�FRPPHQWV"�2U�
SHUKDSV�DFURQ\P�H[SDQVLRQV�RFFXU�PRUH�IUHTXHQWO\�LQ�ODQJXDJH�
GRFXPHQWDWLRQ�WKDQ�DQ\�RWKHU�VRIWZDUH�DUWLIDFW��7R�UHGXFH�IDOVH�
SRVLWLYH�H[SDQVLRQV�DQG�ILQG�H[SDQVLRQV�DV�TXLFNO\�DV�SRVVLEOH��
DEEUHYLDWLRQ�H[SDQVLRQ�WHFKQLTXHV�VKRXOG�EH�VSHFLDOL]HG�WR�ORRN�
ZKHUH�WKH�H[SDQVLRQ�LV�PRVW�OLNHO\�WR�RFFXU�ILUVW��7KHVH�NLQGV�RI�
RSWLPL]DWLRQV� FDQ� RQO\� EH� GRQH� LI� H[SDQVLRQ� WHFKQLTXHV�
XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�DEEUHYLDWLRQV�DQG�H[SDQVLRQV�
IRXQG�LQ�GLIIHUHQW�VRIWZDUH�DUWLIDFWV��

&DWHJRU\� $EEUHYLDWLRQ�
7\SH� 'HILQLWLRQ� ([DPSOH�

6LQJOH�
:RUG�

Prefix 
$EEUHYLDWLRQ�RI�D�VLQJOH�ZRUG�WKDW�LV�VWULFWO\�D�SUHIL[�RI�WKH�
IXOO�ZRUG��IRUPHG�E\�GURSSLQJ�OHWWHUV�IURP�WKH�HQG�RI�WKH�IXOO�
ZRUG�

3XE�ĺ�3XEOLF�
$WWU�ĺ�$WWULEXWH�
$EEUHY�ĺ�$EEUHYLDWLRQ�

Dropped Letter 
$EEUHYLDWLRQ� RI� D� VLQJOH�ZRUG� WKDW� LV� IRUPHG� E\� GURSSLQJ�
OHWWHUV� IURP�DQ\ZKHUH�ZLWKLQ� WKH� IXOO�ZRUG� H[FHSW� WKH� ILUVW�
OHWWHU�

&IJ�ĺ&RQILJXUH�
/Q�ĺ�/LQH�
7W\�ĺ�7HOHW\SH�

0XOWL�
:RUG�

Acronym 
$EEUHYLDWLRQ�PDGH�IURP�WKH�ILUVW�OHWWHUV�RI�PXOWLSOH�ZRUGV�� .Y�ĺ�.H\�YDOXH�

,S�ĺ�,QWHUQHW�SURWRFRO�
9U�ĺ�9LUWXDO�UHDOLW\�

Combination 
Multi-word 

$EEUHYLDWLRQ�PDGH�E\�GURSSLQJ�OHWWHUV�IURP�PXOWLSOH�ZRUGV� 2LG�ĺ�2EMHFW�,GHQWLILHU�
6WG'HYĺ6WDQGDUG�'HYLDWLRQ�
$UJ�ĺ�DFFHVV�ULJKWV�

���



7DEOH�,,��6\VWHP�6WDWLVWLFV�

A. Research Methodology 
7R� EHJLQ� VWXG\LQJ� WKHVH� FKDUDFWHULVWLFV�� ZH� GLYLGHG� RXU�

PHWKRGRORJ\�LQWR�IRXU�VWDJHV��
��� &ROOHFW�D�VHW�RI�SURMHFWV�IURP�ZKLFK�ZH�ZLOO�PDQXDOO\�REWDLQ�

DEEUHYLDWLRQV�DQG�H[SDQVLRQV��
��� 0DQXDOO\� VSOLW� DQG� H[SDQG� LGHQWLILHUV� ZKLFK� FRQWDLQ� DQ�

DEEUHYLDWLRQ��YHULI\�WKH�VSOLW�DQG�H[SDQVLRQ�V���
��� 3DUWLDOO\� DXWRPDWHG� FROOHFWLRQ� RI� :\FKHSURRI�� 7HOHJUDP��

2SHQ�2IILFH��(QVFULSW��DQG�.'HYHORS�SURMHFW�GRFXPHQWDWLRQ�
XVLQJ�8QL[¶V�ZJHW�FRPPDQG�ZKHQ�UHTXLUHG���

��� 3DUWLDOO\� DXWRPDWHG� FROOHFWLRQ� RI� &�� � �� -DYD � �� DQG� & ��
ODQJXDJH�GRFXPHQWDWLRQ�XVLQJ�8QL[¶V�ZJHW�FRPPDQG���

��� $XWRPDWHG�VHDUFK�RI�DOO�IRUPV�RI�GRFXPHQWDWLRQ�DQG�VRXUFH�
FRGH� IRU� H[SDQVLRQV� PDQXDOO\� FROOHFWHG� DQG� YHULILHG� E\�
DXWKRUV��
:H� UHO\� RQ� VUF0/� >��@� IRU� DOO� DXWRPDWHG� FROOHFWLRQ��

JURXSLQJ�� DQG� SUHSURFHVVLQJ� RI� LGHQWLILHUV� DQG� FRPPHQWV��
VUF0/�LV�D�PDUNXS�ODQJXDJH�WKDW�EOHQGV�$67�LQIRUPDWLRQ�LQWR�
VRXUFH�FRGH��7KXV��LW�DOORZV�XV�WR�ILQG�LGHQWLILHUV�DQG�VWDWLFDOO\�
FRPSXWH�ZKHUH�WKHVH�LGHQWLILHUV�RFFXU��H�J���LQ�D�FODVV��IXQFWLRQ���

B.  Collecting Systems and Abbreviated Identifiers 
,Q�WKH�ILUVW�VWHS��ZH�SLFN�D�VHW�RI���V\VWHPV�RQ�WKH�IROORZLQJ�

WKUHH� FULWHULD�� ��� ZULWWHQ� LQ� &���� -DYD�� &��� RU� &� GXH� WR� RXU�
UHOLDQFH�RQ�VUF0/�����7KH\�PXVW�FRQWDLQ�DEEUHYLDWLRQV��2XU�JRDO�
ZDV�WR�FROOHFW�DW�OHDVW�����XQLTXH�DEEUHYLDWLRQV�SHU�V\VWHP��IRU�
D�WRWDO�RI������RWKHU�DEEUHYLDWLRQ�SDSHUV�JHQHUDOO\�HYDOXDWH�ZLWK�
a����������VR�����LV�LQ�OLQH�ZLWK�SULRU�ZRUN�����:H�ORRNHG�IRU�
VPDOO��PHGLXP�DQG�ODUJH�V\VWHPV��LQ�WHUPV�RI�./2&��WR�VHH�KRZ�
WKH� VL]H�PDWXULW\� RI� D� V\VWHP� DIIHFWV� WKH� ORFDWLRQ� RI� LWV�
H[SDQVLRQV��7KH�VL]HV�RI�WKH�V\VWHPV�ZH�VHOHFWHG�DUH�LQ�7DEOH�,,��
7R�VHOHFW�DEEUHYLDWLRQV� WR� LQFOXGH� LQ� WKH� VWXG\�� WKH�DQQRWDWRUV�
FKRVH�D�ILOH�IURP�HDFK�V\VWHP�DW�UDQGRP�DQG�WKHQ�ZHQW�IURP�WKH�
WRS�RI� WKH� ILOH� WR� WKH�ERWWRP�� FROOHFWLQJ�DOO� DEEUHYLDWLRQV� WKH\�
FRXOG�ILQG�EHIRUH�UHDFKLQJ�WKH�HQG�RI�WKH�ILOH��

7R�FROOHFW�DEEUHYLDWLRQV�IURP�HDFK�VHOHFWHG�ILOH��WKUHH�RI�WKH�
DXWKRUV� VHSDUDWHO\� VFDQQHG� WKH� VRXUFH� FRGH� PDQXDOO\� DQG�
FROOHFWHG�LQIRUPDWLRQ�RQ�LGHQWLILHUV�WKDW�FRQWDLQ�DEEUHYLDWLRQV��
:KHQHYHU�DQ�LGHQWLILHU�ZDV�FROOHFWHG��LW�ZDV�PDQXDOO\�VSOLW�DQG�
DEEUHYLDWLRQV�ZLWKLQ�WKH�LGHQWLILHU�ZHUH�H[SDQGHG�E\�KDQG��(DFK�
DXWKRU� UHYLHZHG� WKH� H[SDQVLRQV� RI� WKH� RWKHU� WZR� DXWKRUV��
$EEUHYLDWLRQV�ZLWK�GLVDJUHHPHQW�RYHU�D�VSOLW�RU�H[SDQVLRQ�ZHUH�
GLVFXVVHG�EHWZHHQ�WKH�DXWKRUV��7KHUH�ZHUH�QR�H[SDQVLRQV�WKDW�
WKH� DXWKRUV� ZHUH� XQDEOH� WR� FRPH� WR� DQ� DJUHHPHQW� RQ�� 7KH�
PDQXDOO\�GHULYHG�GDWD�VHW�LV�SURYLGHG�DQG�GLVFXVVHG�KHUH�>��@��

�����������������������������������������������������������
��KWWSV���HQ�FSSUHIHUHQFH�FRP�Z��
��KWWSV���GRFV�RUDFOH�FRP�MDYDVH���GRFV��

C. Sources of possible expansions 
:H�XVH�GLIIHUHQW�VRIWZDUH�DUWLIDFWV�WR�ILQG�H[SDQVLRQV�IRU�WKH�

DEEUHYLDWLRQV�ZH�FROOHFWHG��7KHVH�VRXUFHV�DUH�DV�IROORZV��7KH�
VRXUFH� FRGH�� FRPPHQWV�� SURMHFW� GRFXPHQWDWLRQ�� SURJUDPPLQJ�
ODQJXDJH� GRFXPHQWDWLRQ�� D� FRPSXWHU� VFLHQFH� GLFWLRQDU\� >��@��
DQG�DQ�(QJOLVK�>��@�GLFWLRQDU\²�ERWK�XVHG�LQ�SUHYLRXV�OLWHUDWXUH�
>��@��>��@��

)RU� SURMHFW�OHYHO� GRFXPHQWDWLRQ�� ZH� XVHG� DQ\�
GRFXPHQWDWLRQ� LQFOXGHG� DV� SDUW� RI� WKH� V\VWHP¶V� PDLQ� VRXUFH�
FRGH�UHSRVLWRU\�DQG�DQ\�RI�WKH�RQOLQH�GRFXPHQWDWLRQ�KRVWHG�E\�
WKH� V\VWHP¶V� JRYHUQLQJ� ERG\�� )RU� H[DPSOH�� 7HOHJUDP¶V�
GRFXPHQWDWLRQ� LV� D� VHW� RI� $3,� GRFV� DYDLODEOH� WKURXJK� WKH�
ZHESDJH�DW�>��@��VLQFH�WKHUH�ZHUH�QR�GRFXPHQWV�KRVWHG�LQ�WKHLU�
UHSRVLWRU\��,Q�WKH�FDVH�ZKHUH�ZH�QHHGHG�GRFXPHQWDWLRQ�IURP�DQ�
RQOLQH� VRXUFH��ZH� XVHG� WKH�8QL[� FRPPDQG�wget� WR� FUDZO� WKH�
ZHESDJH�IRU�GRFXPHQWDWLRQ��$OO�GRFXPHQWDWLRQ�DYDLODEOH�RQ�WKH�
SDJH�ZDV� FROOHFWHG�� KRZHYHU�� WKHUH� LV� D� FKDQFH� WKDW�� LI� VRPH�
GRFXPHQWDWLRQ�ZDV�KRVWHG�RQ�D�GLIIHUHQW�GRPDLQ��LW�ZDV�PLVVHG�
VLQFH�ZH�LQVWUXFWHG�ZJHW�QRW�WR�OHDYH�WKH�GRPDLQ�ZH�RULJLQDOO\�
SURYLGHG�LW�WR�DYRLG�FUDZOLQJ�XQLQWHQGHG�ZHEVLWHV��

D. Preprocessing software artifacts and Finding Expansions 
(YHU\� DUWLIDFW� H[FHSW� WKH� &RPSXWHU� 6FLHQFH� DQG� (QJOLVK�

GLFWLRQDULHV�UHTXLUH�YDU\LQJ�DPRXQWV�RI�SUHSURFHVVLQJ� VR� WKH\�
FDQ�EH�XVHG�IRU�DQDO\VLV��7KH�ILUVW�SUHSURFHVVLQJ�VWHS�LV�WR�DSSO\�
VWDQGDUG� WH[W� QRUPDOL]DWLRQ� WHFKQLTXHV�� ��� UHPRYH� DOO�
SXQFWXDWLRQ� DQG� VSHFLDO� FKDUDFWHUV�� ��� FRQVHUYDWLYHO\� VSOLW� RQ�
FDPHO&DVH��XQGHUBVFRUHV��DQG�QXPEHUV��DQG����FRQYHUW�DOO��
FKDUDFWHUV�WR�ORZHU�FDVH��$V�GLVFXVVHG�HDUOLHU��ZH�XVH�VUF0/�DQG�
D�VSHFLDOL]HG��IRU�VUF0/��YHUVLRQ�RI�OLE[PO�¶V�6$;��6LPSOH�$3,�
IRU� ;0/�� SDUVHU� WR� FROOHFW� DOO� UHTXLUHG� LQIRUPDWLRQ� DERXW�
LGHQWLILHUV��FRPPHQWV��IXQFWLRQV��DQG�FODVVHV��

2QH�SUREOHP�ZLWK�LGHQWLILHUV�FRPPHQWV�LQ�WKH�VRXUFH�FRGH��
DQG� ZRUGV� LQ� SURMHFW�ODQJXDJH� GRFXPHQWV� LV� WKDW� ZRUGV� LQ� D�
PXOWL�ZRUG�H[SDQVLRQ�GR�QRW�QHFHVVDULO\�DSSHDU�DGMDFHQW�WR�RQH�
DQRWKHU� �L�H��� QR� ZRUGV� EHWZHHQ� WKHP��� 7DNH� WKH� IROORZLQJ�
H[DPSOH��/HW�XV�VD\�ZH�KDYH�DQ�DEEUHYLDWLRQ�QDPHG�µSpecRef’��
ZKLFK�H[SDQGV�WR�6SHFLILFDWLRQ�5HIHUHQFH��,I�ZH�ZDQW�WR�ILQG�WKH�
H[SDQVLRQ��ZH�PXVW� ILQG� WKH�ZRUG�6SHFLILFDWLRQ�DQG�WKH�ZRUG�
5HIHUHQFH�� 1DLYHO\�� ZH� FRXOG� VHDUFK� IRU� WKH� VWULQJ�
³6SHFLILFDWLRQ�5HIHUHQFH´��EXW�WKHUH�LV�QR�UHDVRQ�WR�DVVXPH�WKDW�
WKH\�RFFXU�ULJKW�QH[W��L�H���DGMDFHQW��WR�RQH�DQRWKHU��7KH\�FRXOG�
DSSHDU� VHYHUDO� ZRUGV� DSDUW� ZLWKLQ� D� GRFXPHQW�� )RU� H[DPSOH��
³7KLV�UHIHUHQFH�YDULDEOH�KDQGOHV�DOO�DFFHVV�WR�WKH�VSHFLILFDWLRQ�
GDWD´��)RU�WKLV�UHDVRQ��ZH�NHHS�WUDFN�RI�WKH�SRVLWLRQ�RI�DOO�ZRUGV�
LQ�WKH�VRIWZDUH�DUWLIDFWV�VR�WKDW�ZH�FDQ�GHWHUPLQH�ZKHQ�ZH�KDYH�

��KWWSV���HQ�FSSUHIHUHQFH�FRP�Z�F�ODQJXDJH�

6\VWHP�
1DPH�

3ULPDU\�
/DQJXDJH�V��

6L]H�
�./2&��

��8QLTXH�
$EEUHYLDWLRQV�

��8QLTXH�
$EEUHYLDWLRQ�
([SDQVLRQV�

&RPPHQW�'HQVLW\��LQ�
�FRPPHQWV�SHU���

./2&��

3URMHFW�'RFXPHQW�
'HQVLW\��LQ��ZRUGV�SHU���

./2&��
:\FKHSURRI� -DYD� �� ���� ���� ���� ����
7HOHJUDP� -DYD��&� ���� ���� ���� ��� �����
2SHQ2IILFH� &����-DYD� ����� ���� ���� ���� �����
(QVFULSW� &� ��� ���� ���� ��� ����
.'HYHORS� &��� ���� ���� ���� ��� �����

6XP�7RWDO� ����� ���� ���� ���� ������

���



H[SDQGHG�DQ�DEEUHYLDWLRQ�XVLQJ�WHUPV�WKDW�DUH�DGMDFHQW�RU�LI�ZH�
KDYH�H[SDQGHG�DQ�DEEUHYLDWLRQ�XVLQJ�WHUPV�WKDW�DUH�QRW�DGMDFHQW��

7KH�ILQDO�VWHS�LV�WR�WDNH�WKH�H[SDQVLRQV�DQG�DEEUHYLDWLRQV�WKDW�
ZHUH�PDQXDOO\�FROOHFWHG�DQG�PDWFK�WKHP�LQ�RQH�RU�PRUH�RI�RXU�
VRIWZDUH�DUWLIDFWV��7R�GR�WKLV��ZH�XVH�WKH�IROORZLQJ�ZRUNIORZ��
��� 7DNH�DQ�DEEUHYLDWLRQ�DQG�LWV�H[SDQVLRQ�V���
��� �6FDQ�WKH�HQWLUH�ERG\�RI�FRGH�IRU�WKH�SURMHFW�WKDW�FRUUHVSRQGV�

ZLWK� WKH� FXUUHQW� DEEUHYLDWLRQ�H[SDQVLRQ�V�� DQG� UHFRUG�
ZKHUH� ZH� PDWFK� WKH� H[SDQVLRQ� DQG� ZKHUH� ZH� VHH� WKH�
DEEUHYLDWLRQ��H�J���LQ�D�PHWKRG��DV�SDUW�RI�D�W\SH�QDPH��HWF���

��� &KHFN�WKH�V\VWHP�DQG�ODQJXDJH�GRFXPHQWDWLRQ�SRVLWLRQ�OLVWV�
DQG�UHFRUG�ZKHWKHU�ZH�PDWFK�WKH�H[SDQVLRQ��

��� &KHFN� WKH� FRPSXWHU� VFLHQFH� DQG� (QJOLVK� GLFWLRQDULHV� DQG�
UHFRUG�ZKHWKHU�ZH�PDWFK�WKH�H[SDQVLRQ��

,9�� �(;3(5,0(17$/�5(68/76�
8VLQJ�WKH�PHWKRGRORJ\�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��ZH�

DQVZHU�RXU�UHVHDUFK�TXHVWLRQV��VSHFLILHG�EHORZ��E\�H[DPLQLQJ�
ILYH�V\VWHPV�DQG�PHDVXULQJ�WKUHH�FKDUDFWHULVWLFV��WZR�RI�ZKLFK�
�L�H�����DQG����DUH�PRWLYDWHG�E\�SUHYLRXV�OLWHUDWXUH�RQ�H[SDQGLQJ�
DEEUHYLDWLRQV�DQG�RQH�RI�ZKLFK�ZH�GHULYH�IURP�WKLV�VWXG\��7KHVH�
FKDUDFWHULVWLFV� DUH�� ���'LVWULEXWLRQV�RI� H[SDQVLRQV� LQ� GLIIHUHQW�
DUWLIDFWV�� ��� DGMDFHQF\� RI� WHUPV� FRQVWLWXWLQJ� PXOWL�WHUP�
H[SDQVLRQV� �H�J��� DFURQ\PV�� LQ� GLIIHUHQW� DUWLIDFWV�� DQG� ���
GLVWULEXWLRQ�RI�H[SDQVLRQV�IRU�DEEUHYLDWLRQV�RI�GLIIHUHQW�W\SHV�LQ�
GLIIHUHQW�DUWLIDFWV��7KH�DQVZHUV�WR�WKHVH�5HVHDUFK�4XHVWLRQV�DUH�
ODWHU� XVHG� LQ� 6HFWLRQ�9,� WR� XQGHUVWDQG� KRZ� FKDUDFWHULVWLFV� RI�
DEEUHYLDWLRQV�H[SDQVLRQV�LQ�GLIIHUHQW�DUWLIDFWV�DIIHFW�WHFKQLTXHV�
WKDW� H[SDQG� DEEUHYLDWLRQV�� 7KH\� DUH� DGGLWLRQDOO\� XVHG� WR�
KLJKOLJKW� ZKDW� FKDUDFWHULVWLFV� IXWXUH� H[SDQVLRQ� WHFKQLTXHV�
VKRXOG� IRFXV�RQ� LQ�ERWK� WKHLU� LPSOHPHQWDWLRQ� DQG� LQ� WKH�GDWD�
UHSRUWHG�DIWHU�HYDOXDWLRQ��

)LUVW��ZH�SURYLGH�VRPH�VWDWLVWLFV�RQ�WKH�GDWD�ZH�FROOHFWHG�IRU�
HDFK� V\VWHP��$V� GLVFXVVHG� DERYH��ZH�PDQXDOO\� FROOHFWHG� DQG�
H[SDQGHG� DEEUHYLDWLRQV� IRU� WKH� ILYH� V\VWHPV� DQDO\]HG� LQ� RXU�
VWXG\�� 7DEOH� ,,� VKRZV� HDFK� V\VWHP�� WKH� QXPEHU� RI� XQLTXH�
DEEUHYLDWLRQV� DQG� WKH� QXPEHU� RI� XQLTXH� H[SDQVLRQV��%HFDXVH�
HDFK�V\VWHP�PD\�KDYH�GLIIHUHQW�DPRXQWV�RI�GRFXPHQWDWLRQ�DQG�
LGHQWLILHUV�WR�VHDUFK�IRU�DEEUHYLDWLRQ�H[SDQVLRQV��ZH�DUH�FDUHIXO�
LQ�GUDZLQJ�FRQFOXVLRQV�IURP�UDZ�QXPEHUV�RI�H[SDQVLRQV�IRXQG�
LQ�HDFK�ORFDWLRQ��)RU�H[DPSOH��LI�ZH�ILQG�YHU\�IHZ�H[SDQVLRQV�LQ�
FRPPHQWV��ZH�PLJKW�WKLQN�WKDW�FRPPHQWV�IRU�VRPH�V\VWHP�DUH�
D� EDG� VRXUFH� RI� H[SDQVLRQV�� +RZHYHU�� ZH� PXVW� FRQVLGHU� WKH�
VLWXDWLRQ�ZKHUH�WKH�V\VWHP�KDV�IHZ�RU�QR�FRPPHQWV��WKLV�ZRXOG�
REYLRXVO\�FDXVH�WKH�QXPEHU�RI�FRPPHQW�ERUQ�H[SDQVLRQV�WR�EH�
ORZ�� 7KLV� VLWXDWLRQ� RQO\� DSSOLHV� WR� DUWLIDFWV� WKDW� YDU\� LQ� VL]H�
EHWZHHQ�V\VWHPV��)RU�WKLV�UHDVRQ��ZH�FDOFXODWHG�FRPPHQW�DQG�
SURMHFW�GRFXPHQW�GHQVLW\�SHU���./2&��SUHVHQWHG�LQ�7DEOH�,,��:H�
ZLOO� UHIHU� WR� WKLV� WDEOH� ZKHQ� VXFK� FRQWH[W� LV� UHTXLUHG� WR�
XQGHUVWDQG�WKH�UHVXOWV��

A.  RQ1: What is the distribution of abbreviation expansions 
across all artifacts? 
7R�DQVZHU�WKLV�TXHVWLRQ��ZH�ORRN�DW�IUHTXHQF\�FRXQWV�IRU�WKH�

QXPEHU�RI�DEEUHYLDWLRQV�IRXQG�ZLWKLQ�HDFK�DUWLIDFW��7KLV�GDWD�LV�
EURNHQ�GRZQ�SHU�V\VWHP�LQ�7DEOH�,,,�DQG�7DEOH�,9��1RWH�WKDW�LQ�
7DEOH�,9��ZH�LQFOXGH�FRXQWV�IRU�ZKHQ�ZH�IRXQG�WKH�ZRUGV�LQ�DQ�
H[SDQVLRQ�DGMDFHQW��L�H���QH[W�WR��WR�RQH�DQRWKHU�DQG�IRU�ZKHQ�ZH�
IRXQG�WKHP�HLWKHU�DGMDFHQW�RU�QRQ�DGMDFHQW��L�H���DQ\ZKHUH���7KH�
YDOXHV�LQ�WKHVH�WDEOHV�ZHUH�REWDLQHG�E\�UHFRUGLQJ�HYHU\�ORFDWLRQ�

ZKHUH�ZH�IRXQG�WKH�IXOO�H[SDQVLRQ��)RU�H[DPSOH��LI�WKH�DFURQ\P�
kv�H[SDQGV�WR�NH\�YDOXH��ZH�QHHGHG�WR�PDWFK�ERWK�WKH�ZRUGV�key�
DQG� value� LQ� WKH� VDPH� SODFH� �H�J��� W\SH� GHFODUDWLRQ�� IRU� LW� WR�
FRXQW�� 7KH� SHUFHQWDJH� LQ� SDUHQWKHVLV� QH[W� WR� HDFK� YDOXH� LV�
REWDLQHG�E\�GLYLGLQJ�WKH�JLYHQ�YDOXH�E\�WKH�QXPEHU�RI�XQLTXH�
DEEUHYLDWLRQ�H[SDQVLRQV� �7DEOH� ,,�� IRU� WKH� FRUUHVSRQGLQJ�
V\VWHP�� )RU� H[DPSOH�� WKH� ������ IRU� 2SHQ� 2IILFH� DGMDFHQW�
FRPPHQWV�LV�REWDLQHG�E\�HYDOXDWLQJ����������$GGLWLRQDOO\��ZH�
SURYLGH�WKH�WRWDO��PHDQ��PHGLDQ��DQG�VWDQGDUG�GHYLDWLRQ��

7R�EHJLQ��ZH�ZLOO�ORRN�DW�)LJXUH���DQG�)LJXUH���WR�JHW�D�KLJK�
OHYHO�YLHZ�RI�WKH�GDWD��)LJXUH���VKRZV�WKH�GLVWULEXWLRQ�RI�ZKHUH�
H[SDQVLRQV�ZHUH�IRXQG�HDFK�VRIWZDUH�DUWLIDFW��$OO�LQ�DOO�������
QRQ�XQLTXH� H[SDQVLRQV� �L�H��� RQH� H[SDQVLRQ� FDQ� RFFXU� LQ�
PXOWLSOH�DUWLIDFWV��DUH�LQ�WKLV�VHW��)LJXUH���VKRZV�WKH�GLVWULEXWLRQ�
RI�XQLTXH�H[SDQVLRQV��L�H���H[SDQVLRQV�WKDW�ZHUH�IRXQG�LQ�RQO\�
RQH DUWLIDFW��RI�ZKLFK� WKHUH�ZHUH�����)LJXUH��� VKRZV� WKDW� WKH�
ODQJXDJH�GRFXPHQWDWLRQ�KDG�WKH�KLJKHVW�QXPEHU�RI�H[SDQVLRQV�
IROORZHG� E\� IXQFWLRQ� ERG\�� SURMHFW� GRFXPHQWDWLRQ�� DQG� WKH�
(QJOLVK�GLFWLRQDU\��,I�ZH�FRPSDUH�WKLV�WR�)LJXUH����ZH�QRWLFH�WKDW�
ODQJXDJH� GRFXPHQWDWLRQ� DOVR� FRQWDLQHG� WKH� PRVW� XQLTXH�
H[SDQVLRQV��7KDW� LV�� LW� FRQWDLQHG� WKH�PRVW�H[SDQVLRQV� WKDW�GLG�
QRW� DSSHDU� DQ\ZKHUH� HOVH�� 7KH� QH[W� WZR� KLJKHVW� VRXUFHV� RI�
XQLTXH� H[SDQVLRQV� ZHUH� WKH� SURMHFW¶V� GRFXPHQWDWLRQ� DQG�
IXQFWLRQ�QDPHV��

7KH�WDEOHV�JLYH�D�ILQHU�JUDLQ�YLHZ�RI�WKH�GDWD�LQ�WKH�ILJXUHV��
ZH� ZLOO� DQDO\]H� WKHVH� QRZ�� :H� VWDUW� ZLWK� 7DEOH� ,,,�� ZKLFK�
FRQWDLQV�FRXQWV�IRU�WKH�QXPEHU�RI�H[SDQVLRQV�IRXQG�LQ�GLIIHUHQW�
SDUWV� RI� WKH� VRXUFH� FRGH�� 7KH� ILUVW� ILYH� FDWHJRULHV� SUHVHQW�
H[SDQVLRQV�IRXQG�LQ�WKH��
��� 7\SH�QDPH�RI�GHFODUDWLRQV��H�J���String keyMaterial;�ZKHUH�

String�LV�WKH�W\SH�DQG�keyMaterial�LV�WKH�QDPH�DQG�ZRUGV�LQ�
WKH�W\SH�DQG�QDPH�DUH�H[SDQVLRQ�FDQGLGDWHV��

��� )XQFWLRQ�SDUDPHWHU�W\SH�QDPHV��
��� ([SUHVVLRQV� VXFK� DV� ctHex = ciphertext;� RU� doFinal(test)�

ZKHUH� FW�� KH[�� FLSKHU�� WH[W�� GR�� ILQDO�� DQG� WHVW� ZRXOG� EH�
H[SDQVLRQ�FDQGLGDWHV��
7KHVH�FDWHJRULHV�DUH�VWULFW�LQ�WKDW�WKH�IXOO�H[SDQVLRQ�QHHGHG�

WR�EH�IRXQG�LQ�WKH�FRUUHVSRQGLQJ�ORFDWLRQ��H�J���IXOO\�ZLWKLQ�WKH�
W\SH��IXOO\�ZLWKLQ�D�GHFODUDWLRQ�QDPH���,Q�VRPH�FDVHV��GLIIHUHQW�
SDUWV�RI�DQ�H[SDQVLRQ�DSSHDUHG�LQ�GLIIHUHQW�ORFDWLRQV��H�J���RQH�
SDUW�LQ�D�W\SH�DQG�RQH�SDUW�LQ�D�QDPH���WKHVH�DUH�UHFRUGHG�LQ�WKH�
ODVW� WKUHH� FDWHJRULHV�� IXQFWLRQV�PHWKRGV�� FODVV� QDPH�ILHOG�� RU�
JOREDOV��VLQFH�HYHQ�LI�RQH�SDUW�RI�DQ�H[SDQVLRQ�LV�LQ�D�W\SH��DQG�
RQH�SDUW�LV�LQ�D�QDPH��WKH�IXOO�H[SDQVLRQ�VWLOO�RFFXUUHG�ZLWKLQ����
WKH�ERG\�RI�D�IXQFWLRQ�����WKH�ILHOG�QDPH�RI�D�FODVV�RU����LQ�JOREDO�
VFRSH��1RWH� WKDW� LI� DQ� H[SDQVLRQ� LV� IRXQG� LQ�D�PHWKRG� �L�H��� D�
IXQFWLRQ� LQ�D�FODVV��� LW� LV�QRW� UHFRUGHG�DV�EHLQJ� LQ�D�FODVV�� WKH�
IXQFWLRQ��FODVV��DQG�JOREDO�FDWHJRULHV�DUH�PXWXDOO\�H[FOXVLYH���

7KH� UHVXOWV� LQ� 7DEOH� ,,,� VKRZ� WKH� IXQFWLRQ� FDWHJRU\�
SHUIRUPHG� EHVW� LQ� WHUPV� RI� FRQVLVWHQF\�� 7KLV� UHVXOW� LV� QRW�
VXUSULVLQJ��IXQFWLRQV�DUH�ZKHUH�PRVW�LGHQWLILHUV�DUH�IRXQG�VR�LW�
LV�QDWXUDO�WKDW�WKH\�KDYH�D�KLJK�QXPEHU�RI�H[SDQVLRQV�FRPSDUHG�
WR�ILQHU�OHYHOV�RI�JUDQXODULW\��L�H���WKH�ILUVW�ILYH�FDWHJRULHV��DQG�
HYHQ�FODVVHV�JOREDOV��UHFDOO�WKDW�H[SDQVLRQV�LQ�PHWKRGV�DUH�QRW�
FRXQWHG�IRU�FODVVHV����

:H� QRZ� ORRN� DW� QRQ�VRXUFH�FRGH� DUWLIDFWV�� 7KHVH� DUH� LQ�
7DEOH�,9��7KH�GDWD�VKRZV�WKDW�WKH�ODQJXDJH�GRFXPHQWDWLRQ�KDV�
WKH� KLJKHVW� IUHTXHQF\� RI� H[SDQVLRQV� PRVW� FRQVLVWHQWO\�� 7KLV�
LQGLFDWHV� WKDW� WKH� ODQJXDJH� GRFXPHQWDWLRQ� WHQGHG� WR� SHUIRUP�
ZHOO�LQ�DOO�SURMHFWV�ELJ�RU�VPDOO��OLNHO\�EHFDXVH�ODQJXDJH�

���



7DEOH�,,,��7RWDO�1XPEHU�RI�([SDQVLRQV�)RXQG�SHU�6\VWHP�LQ�6RXUFH�&RGH�,GHQWLILHUV��
� 7\SH�

�GHFODUDWLRQV��
7\SH�

�SDUDPHWHUV��
1DPH�

�GHFODUDWLRQV��
1DPH�

�SDUDPHWHUV��
1DPH��
�H[SU��

)XQFWLRQV�DQG�
0HWKRGV�

&ODVV�
1DPH�)LHOG�� *OREDO�

(QVFULSW� ��������� ����������� ����������� ��������� ����������� ����������� ����������� �����������
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2SHQ�2IILFH� ������������ ������������ ������������ ����������� ������������ ������������ ������������ ������������

7HOHJUDP� ����������� ����������� ������������ ������������ ������������ ������������ ������������ ������������

:\FKHSURRI� ����������� ����������� ����������� ���������� ���������� ��������� ����������� ��
7RWDO� ���� ���� ���� ���� ���� ���� ���� ����
0HDQ� ������ ������ ������ ������ ������ ������� ������ ������

0HGLDQ� ������ ������ ������� ������ ������� ������� ������� �������

6WG'HY� ������ ������ ������ ������ ������ ������ ������ ������

7DEOH�,9��7RWDO�1XPEHU�RI�([SDQVLRQV�)RXQG�SHU�6\VWHP�LQ�&RPPHQWV��SURMHFW��ODQJXDJH��&6��DQG�(QJOLVK�FRUSRUD�

�

GRFXPHQWDWLRQ�LQ�&��&����-DYD��KDYH�KDG�D�ORQJ�SHULRG�RI�WLPH�
WR�PDWXUH� DUH�RI� KLJK�TXDOLW\��7XUQLQJ� WR� WKH�&6�DQG�(QJOLVK�
GLFWLRQDULHV� EULHIO\��� ZKLOH� PDQ\� H[SDQVLRQV� DUH� DYDLODEOH� LQ�
WKHVH�GLFWLRQDULHV��WKH\�VXIIHU�RQH�PDMRU�GUDZEDFN��7KH\�FRQWDLQ�
QR� GRPDLQ�V\VWHP� LQIRUPDWLRQ�� ZKLFK� LV� LPSRUWDQW� IRU�
H[SDQVLRQ�>��@���
7KHVH�GLFWLRQDULHV�DUH�QHFHVVDULO\�V\VWHP�DQG�GRPDLQ�DJQRVWLF�
�SHUKDSV�OHVV�VR�IRU�WKH�&6�GLFWLRQDU\���PHDQLQJ�WKDW�D�WRRO�WKDW�
ZDQWV�WR�ILQG�H[SDQVLRQV�LQ�WKHVH�GLFWLRQDULHV�PD\�KDYH�D�KDUGHU�
WLPH� FKRRVLQJ� EHWZHHQ� PXOWLSOH�� HTXDOO\� OLNHO\� H[SDQVLRQ�
FDQGLGDWHV�� 7KDW� LV�� WKH� LQIRUPDWLRQ� VXUURXQGLQJ� SRWHQWLDO�
H[SDQVLRQ� FDQGLGDWHV� FDQ� KHOS� D� WRRO� LQ� FKRRVLQJ� ZKLFK�
H[SDQVLRQ�LV�DSSURSULDWH�DQG�WKHVH�GLFWLRQDULHV�PD\�ODFN�VRPH�
RI� WKDW� LQIRUPDWLRQ��/DQJXDJH�GRFXPHQWDWLRQ� VXIIHUV� VRPH�RI�

WKH�VDPH�GUDZEDFNV�EXW�WR�D�OHVVHU�H[WHQW��)RU�H[DPSOH��-DYD¶V�
FU\SWRJUDSK\�OLEUDU\�GRFXPHQWDWLRQ�KDV�GRPDLQ�LQIRUPDWLRQ�IRU�
FU\SWRJUDSK\�EXW�QRW�SURMHFW�VSHFLILF�LQIRUPDWLRQ��

,QWHUHVWLQJO\��WKHUH�GRHV�QRW�VHHP�WR�EH�DQ\�FOHDU�FRUUHODWLRQ�
EHWZHHQ�FRPPHQW�SURMHFW�GHQVLW\��7DEOH�,,��DQG�WKH�QXPEHU�RI�
H[SDQVLRQV� IRXQG� LQ� FRPPHQWV� RU� SURMHFW� GRFXPHQWV�� )RU�
H[DPSOH�� 7HOHJUDP� KDV� ORZ� FRPPHQW� GHQVLW\� EXW� PRUH�
SHUFHQWDJH�ZLVH� FRPPHQW� H[SDQVLRQV� WKDQ� (QVFULSW� DQG�
.'HYHORS� �7DEOH� ,9��� ERWK� RI� ZKLFK� KDG� KLJKHU� FRPPHQW�
GHQVLW\�� 7KLV� LPSOLHV� WKDW� LQFUHDVHG� FRPPHQW� RU� SURMHFWV�
GRFXPHQW�GHQVLW\�GRHV�QRW�QHFHVVDULO\�PHDQ�PRUH�H[SDQVLRQV�
ZLOO�DSSHDU��WKH�QXPEHU�RI�H[SDQVLRQV�IRXQG�PD\�KDYH�PRUH�WR�
GR� ZLWK� VSHFLILF� GRFXPHQWDWLRQ� DQG� FRPPHQWLQJ� SUDFWLFHV��
0RUH�UHVHDUFK�LV�UHTXLUHG�WR�GHWHUPLQH�ZKDW�WKHVH�SUDFWLFHV�DUH��

 &RPPHQWV�
�DQ\ZKHUH��

&RPPHQWV�
�DGMDFHQW��

3URMHFW�
�DQ\ZKHUH��

3URMHFW�
�DGMDFHQW��

/DQJXDJH�
�DQ\ZKHUH��

/DQJXDJH�
�DGMDFHQW�� &6�'LFW�� (QJOLVK�'LFW��

(QVFULSW� ����������� ����������� ����������� ����������� ������������ ������������ ����������� ������������

.'HYHORS� ���������� ������������ ���������� ������������ ������������ ������������ ����������� ������������

2SHQ�2IILFH� ������������ ������������ ������������ ������������ ������������ ���������� ����������� �����������

7HOHJUDP� ������������ ������������ ������������ ������������ ������������ ������������ ����������� ������������

:\FKHSURRI� ����������� ����������� ����������� ��������� ����������� ����������� ����������� �����������
7RWDO� ���� ���� ���� ���� ���� ���� ���� ����
0HDQ� ������ ������ ������� ������� ������� ������� ������ �������
0HGLDQ� ������� ������� ������� ������� ������� ������� ������ �������
6WG'HY� ������ ������ ������ ������ ������ ������ ������ ������

)LJXUH����:KHUH�'R�$EEUHYLDWLRQ�([SDQVLRQV�2FFXU"��
�7RWDO�RI�������)LJXUH����:KHUH�'R�$EEUHYLDWLRQ�([SDQVLRQV�8QLTXHO\�

2FFXU"��7RWDO�RI�����

���



7DEOH�9��1XPEHU�RI�1RQ�$GMDFHQW�0XOWL�:RUG�
([SDQVLRQV�

7DEOH�9,��7RWDO�1XPEHU�RI�$EEUHYLDWLRQV�SHU�&DWHJRU\�

The answer to RQ1 is that the language documentation, 
project documentation, and source code contain a similar 
distribution of expansions (23.9%, 19.6%, and 17.5% 
respectively from )LJXUH� �) when we are not considering 
uniqueness. If we consider only expansions that occur in one 
place, language documentation has the largest share of the 
distribution at 69.6% ()LJXUH� �), with project documentation 
coming in second place. The distributions in these figures 
highlight the importance of both source code and external 
software artifacts for expanding abbreviations and give us an 
idea of what the typical distribution of expansions looks like 
across multiple artifacts. 

B. RQ2: Do words that make up abbreviation expansions 
typically occur adjacent to one another? 
2QH� DVSHFW� RI� ILQGLQJ� DEEUHYLDWLRQ� H[SDQVLRQV� WKDW� LV� QRW�

FRPPRQO\� H[SOLFLWO\� GLVFXVVHG� LV� WKH� IDFW� WKDW� ZRUGV� LQ� DQ�
H[SDQVLRQ� GR� QRW� DOZD\V� DSSHDU� DGMDFHQW� WR� RQH� DQRWKHU�� )RU�
H[DPSOH�� WKH� LGHQWLILHU� SW+H[� LQ� :\FKHSURRI� H[SDQGV� WR�
SODLQWH[W� KH[DGHFLPDO�� +RZHYHU�� WKH� ZRUGV� µSODLQWH[W¶� DQG�
µKH[DGHFLPDO¶� GR� QRW� RFFXU� QH[W� WR� RQH� DQRWKHU� LQ� WKHLU�
H[SDQGHG� IRUPV�� WKHUH� DUH� RWKHU� ZRUGV� EHWZHHQ� WKHP�� 7KH�
TXHVWLRQ� LV� ZKHWKHU� WKLV� KDSSHQV� IUHTXHQWO\� RU� QRW�� ,I� LW� LV�
IUHTXHQW��WKHQ�DSSURDFKHV�WKDW�DXWRPDWLFDOO\�H[SDQG�LGHQWLILHUV�
ZLOO� QHHG� WR� FRQVLGHU� WKLV� ZKHQ� WU\LQJ� WR� ILQG� DSSURSULDWH�
H[SDQVLRQ�FDQGLGDWHV���

7R�DQVZHU�WKLV�UHVHDUFK�TXHVWLRQ��ZH�ZLOO�WXUQ�RXU�DWWHQWLRQ�
WR� 7DEOH� ,9� DQG� 7DEOH� 9�� 7KH� RQO\� VRIWZDUH� DUWLIDFWV� ZKHUH�
DGMDFHQF\� LV� DQ� LVVXH� DUH� ODQJXDJH� GRFXPHQWDWLRQ�� SURMHFW�
GRFXPHQWDWLRQ�� FRPPHQWV�� DQG� VRXUFH� FRGH� �H�J��� SDUW� RI� DQ�
H[SDQVLRQ� IRXQG� LQ� W\SH� QDPH� DQG� RWKHU� SDUW� LV� IRXQG� LQ�
GHFODUDWLRQ� QDPH��� 7DEOH� ,9� KDV� GDWD� DERXW� WKH� IUHTXHQF\� RI�
DGMDFHQF\� EHWZHHQ� WHUPV� LQ� H[SDQVLRQV� LQ� WKH� SURMHFW�
GRFXPHQWDWLRQ�� ODQJXDJH� GRFXPHQWDWLRQ�� DQG� FRPPHQWV��
/RRNLQJ� DW� ODQJXDJH� DQG� SURMHFW� GRFXPHQWDWLRQ�� PRVW� PXOWL�
ZRUG� H[SDQVLRQV� ZHUH� DGMDFHQW� WR� RQH� DQRWKHU� RYHUDOO�� 7KH�
ODUJHVW� GLIIHUHQFH� ZDV� IRXQG� LQ� 7HOHJUDP� DQG� :\FKHSURRI��
ZKHUH�WKH�anywhere�SURMHFW�GRFXPHQWDWLRQ�FROXPQ�PDWFKHG����
�a�����PRUH�H[SDQVLRQV�WKDQ�WKH�DGMDFHQW�LQ�7HOHJUDP�DQG�WKH�
anywhere�ODQJXDJH�GRFXPHQWDWLRQ�FROXPQ�PDWFKHG�����a�����

PRUH�LQ�:\FKHSURRI��1RWDEO\��WKH�HIIHFW�RI�DGMDFHQF\�LV�PXFK�
OHVV�SURQRXQFHG�LQ�FRPPHQWV��

:KLOH� DVVXPLQJ� DGMDFHQF\�ZLOO� VWLOO� DOORZ� DQ� DSSURDFK� WR�
ILQG�PRVW�H[SDQVLRQV��WKHUH�DUH�VRPH�H[SDQVLRQV�WKDW�PD\�RQO\�
EH�UHDFKDEOH�E\�FRQVLGHULQJ�QRQ�DGMDFHQW�ZRUGV�IRU�H[SDQVLRQV��
7KHUHIRUH��WR�JHW�WKH�PD[LPXP�QXPEHU�RI�H[SDQVLRQV�DYDLODEOH��
HVSHFLDOO\�LQ�SURMHFW�DQG�ODQJXDJH�GRFXPHQWDWLRQ��ZH�UHTXLUH�D�
WHFKQLTXH�WKDW�GHDOV�ZLWK�ODFN�RI�ZRUG�DGMDFHQF\��2QH�LVVXH�ZLWK�
FRQVLGHULQJ�QRQ�DGMDFHQW�ZRUGV�LV�KRZ�FDQ�ZH�WHOO�LI�WZR�ZRUGV�
DUH� UHODWHG� WR�RQH�DQRWKHU� �L�H���SDUW�RI�WKH�VDPH�H[SDQVLRQ�� LI�
WKH\� DUH� QRW� DGMDFHQW"�7KLV� LV� D� TXHVWLRQ� WKDW�ZLOO� QHHG� WR� EH�
DGGUHVVHG�ZKHQ�H[SDQGLQJ�XVLQJ�QRQ�DGMDFHQW�ZRUGV��1H[W��ZH�
ORRN� DW� 7DEOH� 9�� ZKLFK� FRQWDLQV� GDWD� DERXW� PXOWL�ZRUG�
H[SDQVLRQV� WKDW� ZHUH� QRQ�DGMDFHQW� WR� RQH� DQRWKHU� LQ� VRXUFH�
FRGH�� 7KLV� LV� VLPLODU� WR� WKH� GDWD� LQ� 7DEOH� ,,,� EXW� RQO\� FRXQWV�
PXOWL�ZRUG� H[SDQVLRQV�� ZKHUH� 7DEOH� ,,,� UHFRUGV� VLQJOH�ZRUG�
H[SDQVLRQV� DV� ZHOO� DV� PXOWL�ZRUG�� 7KHUH� ZDV� D� WRWDO� RI� ����
H[SDQVLRQV�IRXQG�LQ�VRXUFH�FRGH�WKDW�ZHUH�PDGH�XS�RI�PXOWLSOH�
ZRUGV��:H�GHILQH�DGMDFHQF\�LQ�VRXUFH�FRGH�VOLJKWO\�GLIIHUHQWO\�
WKDQ�LQ�IUHH�WH[W��:H�FRQVLGHU�ZRUGV�LQ�DQ�H[SDQVLRQ�DGMDFHQW�LQ�
VRXUFH�FRGH�LI�WKH\�RFFXUUHG�LQ�WKH�VDPH�ORFDWLRQ��H�J���ERWK�LQ�D�
GHFODUDWLRQ� W\SH�� ERWK� LQ� D� GHFODUDWLRQ� QDPH��� $GMDFHQF\� LV�
JHQHUDOO\�OLPLWHG�WR�ZRUGV�RFFXUULQJ�RQ�WKH�VDPH�OLQH�RI�FRGH�
�H�J���ZRUGV�WKDW�GR�QRW�DSSHDU�RQ�WKH�VDPH�OLQH�EXW�GR�DSSHDU�
ZLWKLQ�WKH�VDPH�IXQFWLRQ�DUH�QRW�FRQVLGHUHG�DGMDFHQW���

,I� ZH� WDNH� WKH� QXPEHU� RI� QRQ�DGMDFHQW� PXOWL�ZRUG�
H[SDQVLRQV�DQG�GLYLGH�E\� WKH� WRWDO�QXPEHU�RI�H[SDQVLRQV� WKDW�
ZHUH�IRXQG�LQ�VRXUFH�FRGH�����������ZH�JHW�����E\�UHPRYLQJ�
H[SDQVLRQV�IURP�QRQ�VRXUFH�FRGH�DUWLIDFWV���ZH�ILQG�WKDW�a����
RI�DOO�DEEUHYLDWLRQ�H[SDQVLRQV�DUH�PXOWL�ZRUG�DQG�QRQ�DGMDFHQW���

The answer to RQ2 is that non-adjacent expansions tend to 
occur in the source code, project, and language documentation 
and there is a notable lack of them in comments. From the 
perspective of the code, 19% of multi-word expansions are non-
adjacent. Additionally, in project and language documentation, 
considering words that are non-adjacent can increase the 
number of abbreviations you are able to expand by 10-16% in 
three of the five systems we studied (Table IV). Given this, it is 
important to understand the effectiveness on a tool on adjacent 
and non-adjacent expansions as the tools effectiveness on 
different systems/software artifacts will decay if it is ineffective. 

C. RQ3: Do expansions for abbreviations of varying type 
occur in some artifacts more often than others? 
'LIIHUHQW�W\SHV�RI�DEEUHYLDWLRQV�UHTXLUH�GLIIHUHQW�WHFKQLTXHV�

IRU� SHUIRUPLQJ� WKH� H[SDQVLRQ�� 3UHIL[� DEEUHYLDWLRQV� DUH� WKH�
VLPSOHVW� WR� H[SDQG� ZKHUHDV� FRPELQDWLRQ� PXOWL�ZRUG� LV� WKH�
KDUGHVW� >�@�� :H� FUHDWHG� D� VPDOO� SURJUDP� WR� DXWRPDWLFDOO\�
FDWHJRUL]H� DEEUHYLDWLRQV� DV� RQH� RI� WKH� IRXU� FDWHJRULHV� ILUVW�
LQWURGXFHG� LQ� 7DEOH� ,�� ,W� VLPSO\� ORRNV� DW� WKH� IRUP� RI� WKH�
DEEUHYLDWLRQ� YHUVXV� LWV� H[SDQVLRQ� �L�H��� WKH� H[SDQVLRQV� ZH�
PDQXDOO\�REWDLQHG��WR�SHUIRUP�WKH�FDWHJRUL]DWLRQ��:H�PDQXDOO\�
FKHFNHG� WKH� UHVXOWV� RI� WKH� FDWHJRUL]DWLRQ� WR� PDNH� VXUH� WKH�
DOJRULWKP� ZRUNHG� SURSHUO\�� :H� SUHVHQW� WKH� WRWDO� QXPEHU� RI�
DEEUHYLDWLRQV� LQ�HDFK�FDWHJRU\� LQ�7DEOH�9,��7KH�UHVXOWV�RI�WKH�
FDWHJRUL]DWLRQ�DUH�EURNHQ�GRZQ�LQ�7DEOH�9,,��ZKLFK�FRQWDLQV�WKH�
UHVXOWV� IRU� DEEUHYLDWLRQ� W\SHV� IRXQG� LQ� WKH� VRXUFH� FRGH�� DQG�
7DEOH� 9,,,�� ZKLFK� SUHVHQWV� WKH� UHVXOWV� IRU� DEEUHYLDWLRQ� W\SHV�
IRXQG�LQ�GRFXPHQWDWLRQ���

6WDUWLQJ�ZLWK�7DEOH�9,,��SUHIL[� DEEUHYLDWLRQV� DUH� WKH�PRVW�
FRPPRQ�HYHU\ZKHUH�ZLWKLQ�WKH�VRXUFH�FRGH��'URSSHG�OHWWHU�

� 7\SH�
�SDUDPV��

7\SH�
�GHFOV��

1DPH�
�GHFOV��

1DPH�
�H[SU��

1DPH�
�SDUDPV��7RWDO�

(QVFULSW� �� �� �� �� �� ���
.'HYHORS� �� �� �� �� �� ���
2SHQ�2IILFH� �� �� �� �� �� ���
7HOHJUDP� �� �� �� �� �� ���

:\FKHSURRI� �� �� ��� �� �� ���

� $FURQ\P� 'URSSHG� &RPER�� 3UHIL[� 7RWDO�
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2SHQ�2IILFH� ����������� ����������� ������� ����������� ����

.'HYHORS� ��������� ����������� ��������� ����������� ����

7HOHJUDP� ����������� ����������� ������� ����������� ����

(QVFULSW� ����������� ����������� ��������� ����������� ����
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7DEOH�9,,��)UHTXHQF\�DW�ZKLFK�'LIIHUHQW�7\SHV�RI�$EEUHYLDWLRQV�2FFXU�LQ�'LIIHUHQW�6RXUFH�&RGH�/RFDWLRQV�

7DEOH�9,,,��)UHTXHQF\�DW�ZKLFK�'LIIHUHQW�7\SHV�RI�$EEUHYLDWLRQV�2FFXU�LQ�'LIIHUHQW�6RIWZDUH�$UWLIDFWV�

�
7DEOH�,;��7HFKQLTXHV�WKDW�5HSRUW�2YHUDOO�$FFXUDF\��

� �
7HFKQLTXH�UHSRUWV�FRPELQHG�VSOLW�H[SDQVLRQ�DFFXUDF\�

7DEOH�;��7HFKQLTXHV�WKDW�5HSRUW�$FFXUDF\�SHU�
$EEUHYLDWLRQ�7\SH�

7DEOH�;,��7HFKQLTXHV�WKDW�5HSRUW�2YHUDOO�3UHFLVLRQ�DQG�
5HFDOO��

� �7HFKQLTXH�UHSRUWV�FRPELQHG�VSOLW�H[SDQVLRQ�

DFFXUDF\��1�$� �1RW�UHSRUWHG�

7DEOH�;,,��7HFKQLTXHV�WKDW�5HSRUW�3UHFLVLRQ�SHU�
$EEUHYLDWLRQ�7\SH��GLG�QRW�UHSRUW�UHFDOO�SHU�DEEUHY�W\SH��

� 3UHIL[�
3UHFLVLRQ�

'URSSHG�
3UHFLVLRQ�

$FURQ\P�
3UHFLVLRQ�

-LDQJ�>��@�3DUDP�1DPH� ���� ���� ����
-LDQJ�>��@�3DUDP�7\SH� ����� 1�$� ����

DEEUHYLDWLRQV�DUH�VHFRQG��DFURQ\PV�DUH�WKLUG��DQG�WKHUH�ZHUH���
FRPELQDWLRQ�PXOWL�ZRUGV���LW�LV�ZRUWK�QRWLQJ�WKDW�ZH�FROOHFWHG�
H[WUHPHO\�IHZ�RI�WKHVH��RQO\����LQ�WRWDO�DFURVV�DOO�V\VWHPV��7KH�
IUHTXHQF\�RI�GURSSHG�OHWWHU�DQG�SUHIL[�DEEUHYLDWLRQV�LQ�WKH�FRGH�

LV� H[SHFWHG� DV� LV� WKH� UHODWLYHO\� ORZ� QXPEHU� RI� DFURQ\PV� DQG�
FRPER�ZRUG�DEEUHYLDWLRQV��

7KH�PRUH�LQWHUHVWLQJ�SDWWHUQV�DUH�IRXQG�LQ�7DEOH�9,,,��ZKHUH�
ZH�DUH� ORRNLQJ�DW�GRFXPHQWDWLRQ��3UHIL[�DEEUHYLDWLRQV�DUH� WKH�
PRVW�SRSXODU��EXW�E\�D�VOLPPHU�PDUJLQ��7KHUH�DUH�PDQ\�PRUH�
DFURQ\PV��ZLWK�WKH�PRVW�DSSHDULQJ�LQ�WKH�language documents��
$GGLWLRQDOO\��ZH�ILQG�RXU�PXOWL�FRPELQDWLRQ�ZRUGV�LQ�WKLV�WDEOH��
ZLWK� WKH� PRVW� VKRZLQJ� XS� LQ� WKH� SURMHFW� DQG� ODQJXDJH�
GRFXPHQWV��,Q�IDFW��WKH�SURMHFW�DQG�ODQJXDJH�GRFXPHQWDWLRQ�KDG�
YHU\�VLPLODU�GLVWULEXWLRQV�RI� WKLV�DEEUHYLDWLRQ� W\SH��WKRXJK��RI�
FRXUVH�� ZH� IRXQG� YHU\� IHZ�PXOWL�FRPELQDWLRQ� DEEUHYLDWLRQV���
7KHUH�DUH�D�IHZ�WDNHDZD\V�ZH�FDQ�JOHDQ�IURP�WKLV�GDWD��7KH�ILUVW�
LV� WKDW� GRFXPHQWDWLRQ� ZLOO� UHTXLUH� PRUH� YDULHG� PHWKRGV� RI�
PDWFKLQJ� DQG� ILOWHULQJ� FDQGLGDWH� DEEUHYLDWLRQ� H[SDQVLRQV��
HVSHFLDOO\�ODQJXDJH�DQG�SURMHFW�GRFXPHQWV��7KH�VHFRQG�LV�WKDW�
PRVW� H[SDQVLRQV� IRXQG� LQ� VRXUFH� FRGH� DUH� VLQJOH�ZRUG�� VLQFH�
SUHIL[� DQG�GURSSHG�OHWWHU� DEEUHYLDWLRQV� �ZKLFK� DUH� WKH� VLQJOH�
ZRUG�FDWHJRULHV���7DEOH�,��DUH�IDU�PRUH�FRPPRQ�WKDQ�WKH�RWKHUV��
7KLV�PHDQV� WKDW�ZKHQ� WKHVH�DSSURDFKHV�DUH�XVLQJ� LQIRUPDWLRQ�
IRXQG� LQ� WKH� VRXUFH� FRGH�� WKH\� VKRXOG� ILUVW� DVVXPH� WKDW�
DEEUHYLDWLRQV�WKDW�FRXOG�JR�HLWKHU�ZD\��L�H���FRXOG�EH�VLQJOH�ZRUG�
RU�PXOWL�ZRUG��DUH�VLQJOH�ZRUG�DQG��LI�WKDW�DVVXPSWLRQ�IDLOV��WKHQ�
LQYHVWLJDWH�PXOWL�ZRUG�RSWLRQV��

To answer RQ3: Yes, different types of abbreviations and 
their expansions are more likely to appear in source code versus 
documentation. One takeaway for this characteristic is that tools 
should give higher probability to expansions for types of 
abbreviations that are more likely to appear given the artifact 
being searched. For example, one should weight acronyms as 
more likely in language documentation than source code. This 
will cut down on false positives when choosing between multiple 
candidate expansions. Additionally, knowing that certain 
abbreviation types are more likely to appear in a given artifact 
ahead of time allows for choosing appropriate expansion 
techniques to handle increased probability of seeing those 
abbreviation types and their expansions. 

9�� 5(9,(:�2)�$%%5(9,$7,21�(;3$16,21�7(&+1,48(6�
:H�UHYLHZHG�SUHYLRXV�OLWHUDWXUH�RQ�WHFKQLTXHV�WKDW�H[SDQG�

DEEUHYLDWLRQV��:H�FRQWH[WXDOL]H�RXU�UHYLHZ�XVLQJ�WKH�GDWD�IURP�

� 7\SH�
�GHFODUDWLRQV��

7\SH�
�SDUDPV��

1DPH�
�GHFODUDWLRQV��

1DPH�
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 &RPPHQWV�
�DQ\ZKHUH��

3URMHFW�
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/DQJXDJH�
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'URSSHG� ����������� ������������ ���������� ����������� ������������
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&RPER�0XOWL�ZRUG� ��������� �������� ���������� ��������� �������

2ULJLQDO�3XEOLFDWLRQ� 0D[LPXP�5HSRUWHG�2YHUDOO�
$FFXUDF\�

/DZULH�����>��@� ����
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7DEOH�;,,,��6RIWZDUH�$UWLIDFWV�XVHG�LQ�7HFKQLTXHV�LQ�
/LWHUDWXUH�5HYLHZ�

WKH� VWXG\� DERYH� WR� KHOS� XV� DGGUHVV� WKH� JRDOV� VWDWHG� LQ� WKH�
,QWURGXFWLRQ��

([SDQGLQJ� DEEUHYLDWLRQV� KDV� EHHQ� WKH� WRSLF� RI� QXPHURXV�
UHVHDUFK� SDSHUV� >��@±>��@�� >��@±>��@�� :H� VXPPDUL]H� DOO� RI�
WKHVH� SDSHUV� LQ� VXEVHFWLRQ� $�� :H� DQDO\]HG� HDFK� WHFKQLTXH��
ORRNLQJ�IRU�����:KLFK�DUWLIDFWV�DUH�VHDUFKHG�����:KHWKHU�WKH\�
UHSRUW� RQ� WKH� DGMDFHQF\� RU� QRQ�DGMDFHQF\� RI� PXOWL�WHUP�
H[SDQVLRQV� LQ� GLIIHUHQW� DUWLIDFWV�� $QG� ��� WKH� UHSRUWHG�
HIIHFWLYHQHVV�RQ�GLIIHUHQW�DEEUHYLDWLRQ�W\SHV��7KHVH�UHODWH�WR�WKH�
WKUHH� FKDUDFWHULVWLFV� KLJKOLJKWHG� LQ� RXU� H[SHULPHQWDO� UHVXOWV�
�L�H��� 54��� 54��� DQG� 54��� DERYH� DQG� ZH� DGGUHVV� WKHPLQ�
VXEVHFWLRQV�%��&�DQG�'��

A. Previous Abbreviation Expansion Techniques 
/DZULH�HW�DO��>��@�SURSRVHG�DQ�H[SDQVLRQ�DOJRULWKP�WKDW�XVHV�

IRXU� OLVWV� RI� SRWHQWLDO� H[SDQVLRQV�� 7KH\� HYDOXDWH� XVLQJ� ���
LGHQWLILHUV�ZKRVH�DEEUHYLDWLRQV�ZHUH�PDQXDOO\�H[SDQGHG��/DWHU��
/DZULH�DQG�%LQNOH\�SXEOLVKHG�DQRWKHU�H[SDQVLRQ�WHFKQLTXH�>��@�
ZKLFK�H[WHQGV�ZRUN�LQ�>��@�DQG�>��@��LPSURYLQJ�WKH�DEEUHYLDWLRQ�
H[SDQVLRQ�E\�XVLQJ�ZRUG�FR�RFFXUUHQFH�WR�GHWHUPLQH�WKH�PRVW�
OLNHO\�H[SDQVLRQ��7KH\�UHSRUW�DQ�DFFXUDF\�RI�XS�WR������

+LOO� HW� DO�� >��@� SURSRVHG� $0$3�� D� WRRO� IRU� H[SDQGLQJ�
DEEUHYLDWLRQV��7KH\�FDWHJRUL]H�W\SHV�RI�DEEUHYLDWLRQV�IRXQG�LQ�
VRIWZDUH�DQG�GHVFULEH�WKH�FKDOOHQJHV�LQ�DXWRPDWLFDOO\�H[SDQGLQJ�
WKHP��7KHLU�DSSURDFK�XVHG�WKH�LGHD�RI�PRVW�IUHTXHQW�H[SDQVLRQ�
DORQJ�ZLWK�OHYHOV�RI�VRIWZDUH�GLFWLRQDULHV�WR�LGHQWLI\�H[SDQVLRQV��
7KH\� HYDOXDWHG� WKHLU� DSSURDFK� RQ� ���� DEEUHYLDWLRQV�� DQG� WKH�
UHVXOWV�VKRZHG�DQ�LPSURYHPHQW�RI�����LQ�DFFXUDF\�FRPSDUHG�
WR�DQ�DSSURDFK�E\�/DZULH�>��@��

&RUD]]D� HW� DO�� >��@� SURSRVHG� DQ� DSSURDFK� FDOOHG� /,16(1�
�/LQHDU� ,GH1WLILHU� 6SOLWWLQJ� DQG� ([SDQVLRQ�� WKDW� LV� XVHG� IRU�
LGHQWLILHU�H[SDQVLRQ�DQG�VSOLWWLQJ��7KH\�HYDOXDWH�WKHLU�H[SDQVLRQ�
DSSURDFK� DJDLQVW� $0$3� >��@� RQ� ���� UDQGRPO\� VHOHFWHG�
DEEUHYLDWLRQV��5HVXOWV�VKRZ�WKDW�WKHLU�DSSURDFK�SHUIRUPV�EHWWHU�
WKDQ�$0$3� RQ� VRPH� W\SHV� RI� DEEUHYLDWLRQV��ZLWK� D� UHSRUWHG�
LPSURYHPHQW�RI�DERXW����LQ�WHUPV�RI�DFFXUDF\��

*XHUURXM�HW�DO��>��@�SURSRVHG�DQ�DSSURDFK�QDPHG�7,',(5�
�7HUP� ,'HQWLILHU� 5HFRJQ,](5�� IRU� UHFRJQL]LQJ� ZRUGV�
FRPSRVLQJ�VRXUFH�FRGH�LGHQWLILHUV��3DUW�RI�WKLV�WRRO�LV�XVHG�IRU�
VSOLWWLQJ�H[SDQGLQJ� LGHQWLILHUV�� ZKLFK� 7,',(5� VXFFHVVIXOO\�
DFFRPSOLVKHV�LQ�DERXW�����RI�FDVHV�VWXGLHG��7KH\�DGGLWLRQDOO\�
VKRZ�WKDW�FRQWH[WXDO�LQIRUPDWLRQ�VLJQLILFDQWO\�LPSDFWV�LGHQWLILHU�

H[SDQVLRQ� >��@�� *XHUURXM� HW� DO�� >��@� DOVR� SURSRVH� 75,6�� DQ�
DSSURDFK�ZKLFK�SUH�FRPSLOHV�D� VHW�RI�GLFWLRQDU\�ZRUGV� LQWR�D�

WUHH� UHSUHVHQWDWLRQ� DQG� DVVRFLDWHV� D� FRVW� WR� HDFK�
WUDQVIRUPDWLRQ�� ,W� WUHDWV� WKH� VSOLWWLQJ�H[SDQVLRQ�SUREOHP�DV�
DQ�RSWLPL]DWLRQ�SUREOHP��RSWLPL]LQJ�VSOLWWLQJ�H[SDQVLRQ�E\�
WUHDWLQJ�LW�DV�D�VKRUWHVW�SDWK�SUREOHP��7KH\�UHSRUW�WKDW�75,6�
LV� PRUH� DFFXUDWH� FRPSDUHG� WR� RWKHU� VSOLWWLQJ�H[SDQVLRQ�
DSSURDFKHV� >��@�� +RZHYHU�� WKH\� GR� QRW� UHSRUW� D� VSHFLILF�
H[SDQVLRQ�DFFXUDF\�� ,QVWHDG�� WKH\� UHSRUW� VSOLWWLQJ�DFFXUDF\�
EHFDXVH� WKHLU�WHFKQLTXH�VSOLWV�DQG�� LI�QHHGHG��DOVR�H[SDQGV�
DEEUHYLDWLRQV��

$ODWDZL� HW� DO�� >��@� SURSRVHG� D� ELJUDP�EDVHG� LQIHUHQFH�
PRGHO�WKDW�XWLOL]HV�XQLJUDP�VWDWLVWLFDO�SURSHUWLHV�WR�UHWULHYH�
WKH� RULJLQDO� IRUP� RI� WKH� ZRUGV� LQ� WKH� VRXUFH� FRGH�
DXWRPDWLFDOO\�� 7KH\� HYDOXDWH� WKHLU� WHFKQLTXH� XVLQJ� D�
UDQGRPO\� VHOHFWHG� VHW� RI� ���� DEEUHYLDWLRQV� DQG� UHSRUW� DQ�
DFFXUDF\�RI�������

-LDQJ� HW� DO� >��@� SURSRVH� D� WHFKQLTXH� IRU� H[SDQGLQJ�
DEEUHYLDWLRQV�LQ�SDUDPHWHUV��7KHLU�WHFKQLTXH�ZRUNV�RII�RI�WKH�

REVHUYDWLRQ�WKDW�DEEUHYLDWLRQV�LQ�IRUPDO�SDUDPHWHUV�FDQ�RIWHQ�EH�
H[SDQGHG� E\� ORRNLQJ� DW� WHUPV� FRQWDLQHG� LQ� LWV� FRUUHVSRQGLQJ�
DFWXDO� SDUDPHWHU� DQG� YLFH� YHUVD�� 7KH\� UHSRUW� DQ� DYHUDJH�
SUHFLVLRQ�RI�����DQG�DQ�DYHUDJH�UHFDOO�RI������

&DUYDOKR�HW�DO�>��@�SURSRVH�/LQJXD��,G6SOLWWHU��D�WHFKQLTXH�
IRU� VSOLWWLQJ� DQG� H[SDQGLQJ� LGHQWLILHUV�� 7KHLU� DSSURDFK� WDNHV�
DGYDQWDJH� RI� DQ� DSSURDFK� WKH\� SURSRVH�� ZKLFK� DXWRPDWLFDOO\�
FRQVWUXFWV� D� FXVWRP� GLFWLRQDU\� FRQVWUXFWHG� IURP� VHYHUDO�
VRIWZDUH� DUWLIDFWV�� SURYLGLQJ� WKHLU� WHFKQLTXH� ZLWK� GRPDLQ�
VSHFLILF� LQIRUPDWLRQ� DQG� H[SUHVVLRQV� WKDW� WKH\� XVH� WR� KHOS�
H[SDQG�DEEUHYLDWLRQV�DQG�XVH�WHUP�IUHTXHQF\�VLPLODU�WR�$0$3��

B. Software Artifacts used in Technique Evaluation. 
,Q�54���ZH�VDZ�WKDW�WKH�IUHTXHQF\�RI�H[SDQVLRQV�LV�QHDUO\�

HYHQO\�VSOLW�EHWZHHQ�ODQJXDJH�SURMHFW�GRFXPHQWDWLRQ�DQG�LQ�WKH�
IXQFWLRQ� ERG\� �)LJXUH� ���� )XUWKHU�� ZH� IRXQG� ODQJXDJH�
GRFXPHQWDWLRQ�LV�WKH�PRVW�OLNHO\�VRXUFH�WKDW�FRQWDLQ�H[SDQVLRQV�
WKDW�RFFXU�QRZKHUH�HOVH��)LJXUH�����7KH�LGHD�WKDW�DUWLIDFWV�RXWVLGH�
RI�WKH�FRGH�FRQWDLQ�LPSRUWDQW�H[SDQVLRQV�LV�QRW�QHZ��SUHYLRXV�
WHFKQLTXHV� KDYH� H[SORUHG� WKLV� LGHD�� +RZHYHU�� RQH� LPSRUWDQW�
TXHVWLRQ� WR� DVN� LV�� :KLFK� WHFKQLTXHV� XVH� ZKLFK� VRIWZDUH�
DUWLIDFWV"�+RZ�HIIHFWLYH�DUH�WKH\�RQ�WKH�VRIWZDUH�DUWLIDFWV�WKDW�
WKH\�XVH"�:H�EHJLQ�WR�DQVZHU�WKHVH�TXHVWLRQV�LQ�7DEOH�;,,,��2Q�
WKH� OHIW�KDQG� VLGH� RI� WKLV� WDEOH� DUH�GLIIHUHQW� W\SHV�RI� VRIWZDUH�
DUWLIDFWV� LGHQWLILHG� WKURXJK� UHYLHZLQJ� WKH� OLWHUDWXUH� RQ�
H[SDQVLRQV��$W�WKH�WRS�LV�WKH�FLWDWLRQ�WR�WKH�SDSHU�UHYLHZHG���

,QWHUHVWLQJO\��VRPH�RI�WKH�PRVW�UHFHQW�WHFKQLTXHV�XVH�OLWWOH��
LI� DQ\�� LQIRUPDWLRQ� RXWVLGH� RI� WKH� VRXUFH� FRGH� >��@� >��@� DQG�
UHSRUW� WKH� KLJKHVW� DFFXUDF\� >��@� DQG� SUHFLVLRQ�UHFDOO� >��@�
FRPSDUHG� WR� WKH�RWKHUV��7KLV� LPSOLHV� WKDW�XVLQJ�PRUH�H[WHUQDO�
LQIRUPDWLRQ�GRHV�QRW�QHFHVVDULO\�WUDQVODWH�LQWR�D�KLJKHU�TXDOLW\�
H[SDQVLRQ� WHFKQLTXH�� 7KLV� DOVR� GRHV� QRW� PHDQ� WKDW� H[WHUQDO�
GRFXPHQWDWLRQ�LV�QRW�LPSRUWDQW��:KLOH�-LDQJ�HW��DO¶V�WHFKQLTXH�
>��@�KDV�����SUHFLVLRQ��LWV�UHFDOO�DYHUDJHV������PHDQLQJ�PRUH�
GDWD�VRXUFHV�PLJKW�EH�UHTXLUHG�WR�LQFUHDVH�LWV�UHFDOO���

:H�DOVR�QRWLFH�WKDW�RQO\�WKUHH�SDSHUV�>��@��>��@��>��@�UHSRUW�
DQ\� NLQG� RI� PHWULF� �H�J��� DFFXUDF\�� SUHFLVLRQ�� UHFDOO�� RI� WKHLU�
WHFKQLTXH�DW�WKH�JUDQXODULW\�RI�WKH�LQGLYLGXDO�VRIWZDUH�DUWLIDFWV�
XVHG� E\� WKHLU� WHFKQLTXH�� \HW�PRVW� WHFKQLTXHV� GR� XVH� DUWLIDFWV�
RXWVLGH� RI� VRXUFH� FRGH� LGHQWLILHUV�� ,QVWHDG�� PRVW� WHFKQLTXHV�
UHSRUWHG�RYHUDOO�DFFXUDF\�SUHFLVLRQ�UHFDOO�RI� WKHLU�DSSURDFK�E\�
FRPELQLQJ� GDWD� IURP� DOO� H[SDQVLRQV� IRXQG� LQ� DQ\� VRIWZDUH�

� >��@� >��@� >��@� >��@� >��@� >��@� >��@� >��@�>��@�
6RXUFH�FRGH�
LGHQWLILHUV� �ض �ض �ض �ض �ض �ض �ض �ض �ض

&RPPHQWV� � � �ض �ض � �ض �ض �ض �ض

3URMHFW�
'RFXPHQWDWLRQ� � � �ض � � � � � �ض

/DQJXDJH�
'RFXPHQWDWLRQ� �ض � � � � � � �ض �

&RPSXWHU�6FLHQFH�
'LFWLRQDU\�WUDLQLQJ�
GDWD�

�ض �ض � � � � �ض �ض �ض

(QJOLVK�
'LFWLRQDU\�WUDLQLQJ�
GDWD�

�ض � �ض �ض �ض � �ض �ض �ض
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DUWLIDFW��7KHUH�LV�D�JHQHUDO�ODFN�RI�LQIRUPDWLRQ�DYDLODEOH�DERXW�
KRZ� HIIHFWLYHO\� WHFKQLTXHV� IRXQG� H[SDQVLRQV� LQ� GLIIHUHQW�
VRIWZDUH�DUWLIDFWV��2QH�QHJDWLYH�WR�WKH�ODFN�RI�GDWD�KHUH�LV�WKDW�LW�
LV� GLIILFXOW� WR� WHOO� ZKLFK� VRIWZDUH� DUWLIDFW�V�� D� WHFKQLTXH�
XQGHUSHUIRUPHG� RQ� RU� LI� WKDW� XQGHUSHUIRUPDQFH� LV� GXH� WR� WKH�
WHFKQLTXH�RU�WKH�TXDOLW\�RI�WKH�DUWLIDFW��

C.  Reported effectiveness on non-adjacent expansions 
([SDQVLRQV�ZKRVH�WHUPV�DSSHDU�QRQ�DGMDFHQW�WR�RQH�DQRWKHU�

LQ�WH[W�LV�QRW�UHSRUWHG�LQ�SUHYLRXV�OLWHUDWXUH��,Q�IDFW��LW�LV�JHQHUDOO\�
QRW�SRVVLEOH��ZLWKRXW�DQ�LPSOHPHQWDWLRQ�DYDLODEOH��WR�XQGHUVWDQG�
ZKHWKHU�D�WHFKQLTXH�LV�HIIHFWLYH�DW�ILQGLQJ�H[SDQVLRQ�WHUPV�WKDW�
DSSHDU� QRQ�DGMDFHQW� LQ� GLIIHUHQW� VRIWZDUH� DUWLIDFWV� E\� MXVW�
UHDGLQJ�WKH�SDSHU�DVVRFLDWHG�ZLWK�WKH�WHFKQLTXH��7KDW�LV��HYHQ�LI�
D� SDSHU� UHSRUWV� HIIHFWLYHQHVV� RQ� GLIIHUHQW� DEEUHYLDWLRQ� W\SHV��
EDVHG� RQ� RXU� OLWHUDWXUH� UHYLHZ�� WKH� SDSHUV� GR� QRW� UHSRUW�
HIIHFWLYHQHVV�RQ�QRQ�VRXUFH�FRGH�DUWLIDFWV��DQG�LQ�JHQHUDO��LW�LV�
WKHQ� QRW� SRVVLEOH� WR� HVWLPDWH� HIIHFWLYHQHVV� RQ� QRQ�DGMDFHQW�
H[SDQVLRQ�WHUPV��$V�VKRZQ�LQ�RXU�GDWD��L�H���7DEOH�,,,�DQG�7DEOH�
,9�� DQG� GLVFXVVHG� LQ� 54��� PDQ\� PXOWL�WHUP� H[SDQVLRQV� DUH�
IRXQG�DGMDFHQW� WR�RQH�DQRWKHU��+RZHYHU�� WKHUH� LV�D�QRQ�WULYLDO�
QXPEHU� RI� QRQ�DGMDFHQW� H[SDQVLRQ� WHUPV� WKDW� DUH�PLVVHG� LI� D�
JLYHQ�WHFKQLTXH�LV�LQHIIHFWLYH��54����6HFWLRQ�,9�%���

D. Reported effectiveness on different abbreviation types 
,Q�54���ZH�ORRN�DW�ZKHUH�H[SDQVLRQV�IRU�GLIIHUHQW�W\SHV�RI�

DEEUHYLDWLRQV� RFFXU� DQG� ILQG� WKDW� WKHUH� LV� D� GLIIHUHQFH� LQ� WKH�
GLVWULEXWLRQ�GHSHQGLQJ�RQ�ZKLFK�DUWLIDFW�ZH�DUH�DQDO\]LQJ��,W�LV�
LPSRUWDQW� WR� NQRZ� KRZ� HIIHFWLYH� D� JLYHQ� WHFKQLTXH� LV� RQ�
GLIIHUHQW�DEEUHYLDWLRQ�W\SHV�EHFDXVH�HDFK�DEEUHYLDWLRQ�W\SH�KDV�
GLIIHUHQW� FKDUDFWHULVWLFV�� $FURQ\PV�� IRU� H[DPSOH�� DUH� PRUH�
OLNHO\� WR� DSSHDU� LQ� SURMHFW� RU� ODQJXDJH� GRFXPHQWDWLRQ� �7DEOH�
9,,,���7HUPV�LQ�WKHLU�H[SDQVLRQ�PD\�DOVR�DSSHDU�QRQ�DGMDFHQW�WR�
RQH� DQRWKHU�� ,I� D� WHFKQLTXH� UHSRUWV� HIIHFWLYHQHVV� ZLWKRXW�
EUHDNLQJ�WKHLU�HYDOXDWLRQ�GRZQ�E\�DEEUHYLDWLRQ�W\SH��LW�LV�YHU\�
GLIILFXOW�WR�XQGHUVWDQG�ZKDW�W\SHV�RI�DUWLIDFWV�WKLV�WHFKQLTXH�ZLOO�
EH�HIIHFWLYH�RQ��$GGLWLRQDOO\��ZLWKRXW� UHSRUWLQJ� UHVXOWV� DW� WKLV�
JUDQXODULW\�� LW� LV� YHU\� GLIILFXOW� WR� XQGHUVWDQG� KRZ� D� WHFKQLTXH�
FRPSDUHV�WR�RWKHUV��)RU�H[DPSOH��GRHV�RQH�WHFKQLTXH�LPSURYH�
RQ� DQRWKHU� IRU� SDUWLFXODU� DEEUHYLDWLRQ� W\SHV�� RU� LV� LW�
FRPSOHPHQWDU\"�

:H�DQDO\]HG�WKH�SDSHUV�ZH�FROOHFWHG�WR�VHH�KRZ�WKH\�UHSRUW�
WKH�UHVXOWV�RI�WKHLU�LQGLYLGXDO�HYDOXDWLRQV��VHHNLQJ�WR�XQGHUVWDQG�
LI�WKH\�SURYLGH�WKLV�LQIRUPDWLRQ��RU��LI�QRW��ZH�ZDQWHG�WR�NQRZ�
ZKDW�LQIRUPDWLRQ�WKH\�GR�SURYLGH��7R�KHOS�ZLWK�WKLV��ZH�JURXSHG�
WHFKQLTXHV�E\�ZKLFK�PHWULFV� WKH\�XVH� LQ� WKHLU�HYDOXDWLRQ��7KH�
ILUVW�JURXS��VKRZQ�LQ�7DEOH�,;��UHSRUWV�RYHUDOO�DFFXUDF\�EXW�GR�
QRW�VSHFLI\�DFFXUDF\�RQ�GLIIHUHQW�DEEUHYLDWLRQ�W\SHV�>��@��>��@��
>��@�� >��@�� 7KH� VHFRQG� JURXS�� VKRZQ� LQ� 7DEOH� ;�� UHSRUWV�
DFFXUDF\�ZLWK�UHVSHFW�WR�HDFK�W\SH�RI�DEEUHYLDWLRQ��H�J���SUHIL[��
DFURQ\P��>��@��>��@��)LQDOO\��WKH�WKLUG�JURXS��IRXQG�LQ�7DEOH�;,��
DQG�7DEOH�;,,��UHSRUWV�SUHFLVLRQ�UHFDOO�DFFXUDF\�>��@��>��@��>��@��
ZLWK� RQH� RI� WKHP� DGGLWLRQDOO\� UHSRUWLQJ� SUHFLVLRQ� SHU�
DEEUHYLDWLRQ� W\SH� >��@�� 2QH� RWKHU� WHFKQLTXH� WKDW� XVHV�
SUHFLVLRQ�UHFDOO��7ULV�>��@��GLG�QRW�H[SOLFLWO\�UHSRUW�SUHFLVLRQ�RU�
UHFDOO� IRU� DEEUHYLDWLRQ� H[SDQVLRQV�� ,QVWHDG�� 7ULV� UHSRUWV� WKH�
DFFXUDF\� RI� WKHLU� VSOLWWLQJ� WHFKQLTXH� ZKLFK� DOVR� SHUIRUPV�
H[SDQVLRQ��:H� ZHUH� XQDEOH� WR� DVFHUWDLQ� WKH� DFFXUDF\� RI� WKH�
H[SDQVLRQ� SDUW� RI� WKHLU� WHFKQLTXH� VHSDUDWH� IURP� WKH� VSOLWWLQJ�
WHFKQLTXH��)RU�WKLV�UHDVRQ��ZH�UHSRUW�WKHLU�VSOLWWLQJ�SUHFLVLRQ�DQG�
UHFDOO��ZKLFK�PD\�QRW�EH�IXOO\�UHIOHFWLYH�RI�H[SDQVLRQ�DFFXUDF\��

(YHQ�WKH�PRVW�UHFHQW�SXEOLFDWLRQV�IDOO�LQWR�GLIIHUHQW�JURXSV�
>��@��>��@��>��@��>��@��ZKLFK�LPSOLHV�D�GLIIHUHQFH�LQ�SHUVSHFWLYH�
ZKHQ� LW� FRPHV� WR� KRZ� WKHVH� DSSURDFKHV� VKRXOG�EH� HYDOXDWHG��
:KLOH�HDFK�HYDOXDWLRQ�LV�YDOLG�RQ�LWV�RZQ��WKH�GLIIHUHQFHV�FDXVH�
SUREOHPV�ZKHQ�WU\LQJ�WR�FRPSDUH�ZRUNV��SDUWLFXODUO\�LQ�WKH�FDVH�
ZKHUH�QR�LPSOHPHQWDWLRQ�LV�DYDLODEOH�IRU�D�JLYHQ�WHFKQLTXH��RU�
WKH� WHFKQLTXH� UHTXLUHV� VLJQLILFDQW� UH�WRROLQJ� �ZKLFK� ZH� KDYH�
IRXQG�WR�EH�XQIRUWXQDWHO\�FRPPRQ���$�FRQVLVWHQW��KROLVWLF�VHW�RI�
PHWULFV�ZRXOG�KHOS�DOOHYLDWH�WKHVH�SUREOHPV��FUHDWLQJ�D�VWDQGDUG�
E\�ZKLFK�IXWXUH�WHFKQLTXHV�FDQ�EH�PRUH�HDVLO\�FRPSDUHG�HYHQ�
DEVHQW�RI�LPSOHPHQWDWLRQ��%HVLGHV�WKLV�DGYDQWDJH��LW�ZRXOG�DOVR�
KHOS�XV�XQGHUVWDQG�KRZ�GLIIHUHQW�DSSURDFKHV�WR�H[SDQVLRQ�DUH�
FRPSOHPHQWDU\�DQG�DOORZ�XVHUV�RI� WKHVH� WRROV� WR�SLFN� WKH�RQH�
PRVW� VXLWHG� IRU� WKHLU� GDWD� VHW� ZLWKRXW� KDYLQJ� WR� WU\� WKHP� DOO��
7KHUHIRUH�� ZH� PDNH� D� UHFRPPHQGDWLRQ� IRU� D� VHW� RI� PHWULFV��
EDVHG�RQ�SUHYLRXV�OLWHUDWXUH�DQG�WKH�FKDUDFWHULVWLFV�ZH�VWXG\�LQ�
WKLV�SDSHU��WKDW�FDQ�EH�XVHG�WR�HDVH�WKH�EXUGHQ�RI�FRPSDULQJ�DQG�
XQGHUVWDQGLQJ�WKH�VWUHQJWKV�RI�HDFK�WHFKQLTXH��
��� 3UHFLVLRQ��5HFDOO�� )��� DQG�$FFXUDF\� IRU� HDFK� DEEUHYLDWLRQ�

W\SH�
��� 7KH�W\SHV�RI�VRIWZDUH�DUWLIDFWV�DQG�3UHFLVLRQ��5HFDOO��)���DQG�

$FFXUDF\�IRU�H[SDQVLRQV�IRXQG�LQ�HDFK�DUWLIDFW�
��� 3UHFLVLRQ��5HFDOO��)���DQG�$FFXUDF\� IRU� H[SDQVLRQV�ZKHUH�

WKH�WHUPV�DUH�QRQ�DGMDFHQW���
7KH�UHDVRQ�IRU�WKHVH�PHWULFV� LV�EDVHG�RQ�D�FRPELQDWLRQ�RI�

ZKDW�SUHYLRXV�ZRUN�UHSRUWHG��7KDW�LV��ZH�FRPELQHG�WKH�JURXSV�
GHVFULEHG� DERYH� VLQFH� WKHVH�PHWULFV� KDYH� SURYHQ� YDOXDEOH� LQ�
QXPHURXV�� VLPLODU� HYDOXDWLRQ� WDVNV� DQG� JLYH� XV� D� YDOXDEOH�
SHUVSHFWLYH�RQ�WKH�GDWD��$GGLWLRQDOO\��ZH�DGYRFDWH�IRU�UHSRUWLQJ�
WKHVH�PHWULFV�IRU�HDFK�DUWLIDFW�W\SH�LQVWHDG�RI�LQ�JHQHUDO�ZKHQ�
SRVVLEOH��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKHUH�LV�YHU\�OLWWOH�GDWD�RQ�WKH�
HIIHFWLYHQHVV�RI�H[SDQVLRQ�WHFKQLTXHV�RQ�LQGLYLGXDO�DUWLIDFWV�DQG�
VR� LW� LV� GLIILFXOW� WR� XQGHUVWDQG� KRZ� WKH�SURSHUWLHV�RI� GLIIHUHQW�
VRIWZDUH� DUWLIDFWV� DIIHFW� WKH� TXDOLW\� RI� H[SDQVLRQ�� )LQDOO\��
UHSRUWLQJ�WKHVH�PHWULFV�ZLOO�KHOS�VXSSRUW�UHSOLFDWLRQ��2I�FRXUVH��
WKHUH�PD\�EH�VLWXDWLRQV�ZKHUH�VRPH�RI�WKHVH�DUH�QRW�DSSOLFDEOH��
)RU� H[DPSOH�� UHSRUWLQJ� IRU� LQGLYLGXDO� VRIWZDUH� DUWLIDFWV� LV�QRW�
SRVVLEOH�LI�\RXU�WHFKQLTXH�XVHV�RQO\�VRXUFH�FRGH��+RZHYHU��ZH�
IHHO� LW� LV� JRRG� WR� KDYH� WKLV� KLJKOLJKWHG� VXFK� WKDW�ZKHQ� IXWXUH�
UHVHDUFKHUV�DUH�GHYHORSLQJ�H[SDQVLRQ�WHFKQLTXHV��WKH\�FDQ�OHDUQ�
IURP�SUHYLRXV�OLWHUDWXUH�DQG�PDNH�DQ�LQIRUPHG�GHFLVLRQ��

9,��',6&866,21�
7KH�HPSLULFDO�VWXG\�SURYLGHV�XV�ZLWK�D�JHQHUDO�YLHZ�RI�KRZ�

FKDUDFWHULVWLFV� XVHG� LQ� SUHYLRXV� OLWHUDWXUH� PDQLIHVW� LQ� JHQHUDO�
VRIWZDUH� DUWLIDFWV��7KHVH� FKDUDFWHULVWLFV� DUH� DV� IROORZV�� ��� WKH�
�XQLTXH�DQG�QRQ�XQLTXH��GLVWULEXWLRQ�RI�H[SDQVLRQV�LQ�GLIIHUHQW�
DUWLIDFWV�� ��� WKH� DGMDFHQF\� RI� H[SDQVLRQ� WHUPV� LQ� GLIIHUHQW�
DUWLIDFWV�� DQG� ��� WKH� GLVWULEXWLRQ� RI� H[SDQVLRQV� IRU� GLIIHUHQW�
DEEUHYLDWLRQV� W\SHV� LQ� GLIIHUHQW� DUWLIDFWV�� :H� QRZ� SUHVHQW� D�
UHYLHZ�RI�SUHYLRXV�OLWHUDWXUH��DLPLQJ�WR�XVH�RXU�GDWD�DV�D�EDVHOLQH�
WR� KLJKOLJKW� VWUHQJWKV� DQG� ZHDNQHVVHV� LQ� WKH� ZD\� H[SDQVLRQ�
WHFKQLTXHV� DUH� HYDOXDWHG�� 6WXG\LQJ� WKLV� GDWD� KHOSV� XV� LGHQWLI\�
ZKDW�DVSHFWV�RI�DEEUHYLDWLRQ�H[SDQVLRQ�UHTXLUH�PRUH�WKRURXJK�
LQYHVWLJDWLRQ��:H�KLJKOLJKW�RXU�FRUH�ILQGLQJV�EHORZ��

:RUG� DGMDFHQF\� ZKHQ� H[SDQGLQJ� DEEUHYLDWLRQ� LQ�
GLIIHUHQW�VRIWZDUH�DUWLIDFWV��:RUG�DGMDFHQF\�DIIHFWV�KRZ�HDV\�
LW� LV� WR�ILQG�FDQGLGDWHV�IRU�PXOWL�ZRUG�H[SDQVLRQV��7KH�IXUWKHU�
VSUHDG�DSDUW�PXOWLSOH�ZRUGV�DUH�LQ�D�FRUSXV��L�H���WKH�PRUH�ZRUGV�
EHWZHHQ�WKHP���WKH�KDUGHU�LW�LV�WR����ILQG�WKRVH�ZRUGV�DQG����WKH�

���



IXUWKHU�DSDUW�WKRVH�ZRUGV�DUH��WKH�PRUH�OLNHO\�LW�LV�WKDW�WKH\�DUH�
XQUHODWHG�DQG�VR�VKRXOG�QRW�EH�XVHG�WRJHWKHU�WR�IRUP�D�FDQGLGDWH�
H[SDQVLRQ��:H�IRXQG�WKDW�����RI�H[SDQVLRQV�LQ�WKH�VRXUFH�FRGH�
DUH�PXOWL�ZRUG�DQG�QRQ�DGMDFHQW�ZKLOH������% RI�H[SDQVLRQV�LQ�
QRQ�VRXUFH�FRGH�DUWLIDFWV�DUH�QRQ�DGMDFHQW��

1R� SDSHU� WKDW� ZH� VWXGLHG� UHSRUWHG� HIIHFWLYHQHVV� RQ� QRQ�
DGMDFHQW� H[SDQVLRQV�� ,Q� VRPH� FDVHV�� LW� FDQ� EH� LQIHUUHG� WKDW� D�
WHFKQLTXH� LV� OLNHO\� LQHIIHFWLYH� RQ� QRQ�DGMDFHQW� WHUPV�� )RU�
H[DPSOH��$0$3�>��@�PDNHV�KHDY\�XVH�RI�UHJXODU�H[SUHVVLRQV�WR�
ILQG�H[SDQVLRQ�FDQGLGDWHV��WKH�UHJXODU�H[SUHVVLRQV�GLVFXVVHG�LQ�
WKHLU�SDSHU�ZHUH�QRW�GHVLJQHG�IRU�QRQ�DGMDFHQW�WHUPV��,W� LV�QRW�
DOZD\V�HDV\� WR� LQIHU� WKLV��KRZHYHU��PRWLYDWLQJ�RXU� VXJJHVWLRQ�
WKDW�IXWXUH�WHFKQLTXHV�UHSRUW�SUHFLVLRQ��UHFDOO��I���DQG�DFFXUDF\�
RQ�WKLV�FKDUDFWHULVWLF��$GGLWLRQDOO\��LW�LV�DQ�RSHQ�TXHVWLRQ�KRZ�
UHODWHG�PXOWLSOH�� QRQ�DGMDFHQW� WHUPV� DUH� WR�RQH�DQRWKHU� DV� WKH�
GLVWDQFH�EHWZHHQ�WKHP�LQ�WKH�WH[W�JURZV��

'HQVLW\�RI�GLIIHUHQW�H[SDQVLRQ�W\SHV�LQ�GLIIHUHQW�W\SHV�RI�
VRIWZDUH� DUWLIDFWV�� ([SDQVLRQV� IRU� GLIIHUHQW� W\SHV� RI�
DEEUHYLDWLRQV� ZHUH�PRUH� OLNHO\� WR� RFFXU� LQ� GLIIHUHQW� W\SHV� RI�
VRIWZDUH�DUWLIDFWV��:KLOH�SUHIL[�DQG�GURSSHG�UHPDLQ�FRPPRQ�LQ�
PRVW� ORFDWLRQV� LQ�RXU�VWXG\��DFURQ\PV�DQG�� WKRXJK� WKHUH�ZHUH�
IHZ�� FRPER� W\SH� DEEUHYLDWLRQ� H[SDQVLRQV� ZHUH� PXFK� PRUH�
KLJKO\� OLNHO\� WR� DSSHDU� LQ� QRQ�VRXUFH�FRGH� DUWLIDFWV�� 7KLV�
LQGLFDWHV� WKDW�H[SDQVLRQ� WHFKQLTXHV� WKDW�DUH�PRUH�HIIHFWLYH�RQ�
DFURQ\PV�ZLOO�EH�PRUH�VXFFHVVIXO�LQ�WKHVH�W\SHV�RI�DUWLIDFWV�DQG�
XQGHUVFRUHV�WKH�QHHG�IRU�PRUH�WHFKQLTXHV�WR�UHSRUW�HIIHFWLYHQHVV�
DW�WKH�JUDQXODULW\�RI�DEEUHYLDWLRQ�H[SDQVLRQ�W\SH��:KLOH�ZH�ILQG�
WKDW� D� QXPEHU� RI� WHFKQLTXHV� GR� UHSRUW� WKLV� GDWD�� WKHUH� LV� VWLOO�
GLVDJUHHPHQW�RQ�ZKDW�PHWULFV�WR�XVH��6RPH�XVH�RQO\�DFFXUDF\��
RWKHUV�XVHG�SUHFLVLRQ�UHFDOO��DQG�WKHUH�ZDV�D�JURXS�WKDW�GLG�QRW�
UHSRUW�DW�WKLV�JUDQXODULW\�DW�DOO��2XU�UHFRPPHQGDWLRQ��EDVHG�RQ�
RXU� VWXG\�� LV� WR� HQFRXUDJH� UHSRUWLQJ� SUHFLVLRQ�� UHFDOO�� I��� DQG�
DFFXUDF\�DW�WKH�JUDQXODULW\�RI�HDFK�GLIIHUHQW�DEEUHYLDWLRQ�W\SH��

(IIHFWLYHQHVV� RI� LQFOXGLQJ� GLIIHUHQW� VRIWZDUH� DUWLIDFWV��
5HODWHG� WR� WKH� SUHYLRXV� FKDUDFWHULVWLFV� LV� KRZ� PXFK� PRUH�
HIIHFWLYH�GLIIHUHQW�VRIWZDUH�DUWLIDFWV�PDGH�WKH�WHFKQLTXH��%DVHG�
RQ�RXU�OLWHUDWXUH�UHYLHZ��PRUH�VRIWZDUH�DUWLIDFWV�GRHV�QRW�DOZD\V�
PHDQ� KLJKHU� TXDOLW\� H[SDQVLRQV�� DV� VRPH� RI� WKH� WHFKQLTXHV�
UHSRUWLQJ� WKH� KLJKHVW� DFFXUDF\�SUHFLVLRQ� XVH� IHZ� H[WHUQDO�
VRXUFHV� >��@�� >��@�� 7KLV� GRHV� QRW� PHDQ� WKDW� LQFOXGLQJ� PRUH�
DUWLIDFWV� LV� EDG�� EXW� WKDW�PRUH� LQVLJKW� RQ� KRZ�PXFK� GLIIHUHQW�
DUWLIDFWV� LQIOXHQFH� WKH� HIIHFWLYHQHVV� RI� LQGLYLGXDO� WHFKQLTXHV�
ZRXOG� EH� YDOXDEOH�� LW� ZRXOG� VKRZ� XV� KRZ� GLIIHUHQW� ZD\V� RI�
H[SDQGLQJ� DEEUHYLDWLRQV� DUH� VHQVLWLYH� WR� GLIIHUHQW� LQSXWV�� ,W�
ZRXOG�DOVR�DGG�WR�RXU�XQGHUVWDQGLQJ�RI�KRZ�GLIIHUHQW�WHFKQLTXHV�
FRQWUDVW�RU�V\QHUJL]H�ZLWK�RQH�DQRWKHU��

+DYLQJ�FRPSOHWHG�RXU�GLVFXVVLRQ��ZH�QRZ�KDYH�DQVZHUV�WR�
WKH�WZR�TXHVWLRQV�VWDWHG�LQ�WKH�,QWURGXFWLRQ��

���What are the characteristics of abbreviations/expansions 
in software artifacts and how much can these characteristics 
influence the quality of expansion techniques? 7KH�DQVZHUV�DUH�
LQ�54V� ����ZKHUH�ZH� GLVFXVVHG� KRZ�PXFK� RI� DQ� DIIHFW� HDFK�
FKDUDFWHULVWLF�KDV�RQ�WKH�UHDFKDELOLW\�RI�H[SDQVLRQV��H�J���VRPH�
H[SDQVLRQV�RQO\�DSSHDU�LQ�VSHFLILF�DUWLIDFWV���
 2) Can we use our data on these characteristics to improve 
how we conduct and report research on expanding 
abbreviations in the future? ,Q�6HFWLRQV�9�DQG�9,�ZH�VKRZ�WKDW��
GHVSLWH�WKH�FKDUDFWHULVWLFV�ZH�GLVFXVVHG�KDYLQJ�D�QRWDEOH�LPSDFW�
RQ�ZKDW�H[SDQVLRQV�D�WHFKQLTXH�ZLOO�EH�DEOH�WR�ILQG��WKH\�DUH�
QRW� DOZD\V� UHSRUWHG� DQG� HYHQ� ZKHQ� WKH\� DUH�� WKHUH� LV�

GLVDJUHHPHQW�LQ�WKH�W\SHV�RI�PHWULFV�WR�XVH�IRU�HYDOXDWLRQ�HYHQ�
DPRQJ�VLPLODU�VWXGLHV��2XU�GDWD�VKRZV�WKDW�WKHVH�FKDUDFWHULVWLFV�
VKRXOG� EH� UHSRUWHG� LQ� RUGHU� WR� SURYLGH� D� KROLVWLF� YLHZ� RI�
H[SDQVLRQ�WHFKQLTXHV�DQG�WKH�DUWLIDFWV�WKH\�XVH��

9,,��7+5($76�72�9$/,',7<�
:H�VHOHFWHG�ILOHV�WR�FROOHFW�DEEUHYLDWLRQV�IURP�DW�UDQGRP�DQG�

ZHQW�IURP�WRS�WR�ERWWRP��FROOHFWLQJ�HYHU\�DEEUHYLDWLRQ�ZH�VDZ��
ZKLOH� RFFDVLRQDOO\� VNLSSLQJ� WKRVH� ZH� KDG� VHHQ� EHIRUH�� ,W� LV�
SRVVLEOH� WKDW� WKHUH� ZHUH� DEEUHYLDWLRQV� ZH� PLVVHG� GXH� WR� QRW�
UHFRJQL]LQJ�WKHP�RU�VLPSO\�QRW�VHHLQJ�WKHP��:H�WULHG�WR�VHOHFW�
V\VWHPV�WKDW�ZHUH�QRW�DOO�LQ�WKH�VDPH�GRPDLQ��YDULHG�LQ�VL]H��DQG�
ZHUH�ZULWWHQ�LQ�GLIIHULQJ�ODQJXDJHV��+RZHYHU��DOO�ODQJXDJHV�ZH�
XVHG� ZHUH� VWLOO� LPSHUDWLYH� DQG� PRVW� VXSSRUW� VRPH� IRUP� RI�
REMHFW�RULHQWHG�SURJUDPPLQJ��)RU�WKLV�UHDVRQ��RXU�UHVXOWV�PD\�
QRW� H[WHQG� WR� V\VWHPV� ZULWWHQ� LQ�� IRU� H[DPSOH�� IXQFWLRQDO�
ODQJXDJHV��2XU�VDPSOH�VL]H�LV���V\VWHPV��:KLOH�WKHVH�V\VWHPV�
YDU\� LQ� VL]H�� GRPDLQ�� DQG� ODQJXDJH�� WKH� VDPSOH� PD\� QRW�
JHQHUDOL]H��+RZHYHU��ZH�WKLQN�WKH�QXPEHU�RI�V\VWHPV�LV�MXVWLILHG�
GXH�WR�WKH�PDQXDO�FRPSRQHQW�RI�WKH�VWXG\��FROOHFWLQJ�D�ODUJH�VHW�
RI�DEEUHYLDWLRQV�LV�YHU\�WLPH�FRQVXPLQJ��

,Q�RXU�GDWD�VHW��ZH�H[SDQG�VRPH�DEEUHYLDWLRQV�WKDW�PD\�QRW�
EH� FRQVLGHUHG� ZRUWK� H[SDQGLQJ� EHFDXVH� WKHLU� DEEUHYLDWLRQ� LV�
PRUH�ZHOO�NQRZQ�WKDQ�WKHLU�H[SDQVLRQ��L�H���85/���2QH�PLJKW�
TXHVWLRQ�LI�WKHVH�DUH�ZRUWK�H[SDQGLQJ��)URP�RXU�SHUVSHFWLYH��WKLV�
LV�D�JRRG�TXHVWLRQ��EXW�GHFLGLQJ�ZKHWKHU�DQ�DEEUHYLDWLRQ�VKRXOG�
EH� H[SDQGHG� LV� QRW� WKH� JRDO� RI� WKLV� SDSHU� DQG� LV� DOVR� OLNHO\�
VXEMHFWLYH� GHSHQGLQJ� RQ� WKH� VSHFLILF� XVH�FDVH�RI� DEEUHYLDWLRQ�
H[SDQVLRQ��7KHUHIRUH��ZH�GR�QRW� VHH� LW� DV�D� VLJQLILFDQW� WKUHDW��
:KLOH� WKH� GDWD� VHW� ZDV� PDQXDOO\� FXUDWHG�� ZH� KDG� WR�
DXWRPDWLFDOO\�VHDUFK�IRU�H[SDQVLRQ�PDWFKHV�LQ�WKH�V\VWHPV�WKDW�
ZH�VWXGLHG��,W�LV�SRVVLEOH�WKDW�RXU�DXWRPDWLF�VSOLWWLQJ�WHFKQLTXHV�
PLVVHG�VRPH�H[SDQVLRQV�RU�FDXVHG�VRPH�IDOVH�QHJDWLYHV��L�H���WKH�
VSOLW� ZDV� ZURQJ��� 7KHUH� LV� DOVR� D� VPDOO� FKDQFH� WKDW� VUF0/¶V�
PDUN�XS�ZDV�LQFRUUHFW�LQ�D�IHZ�FDVHV��ZKLFK�PD\�KDYH�FDXVHG�
XV�WR�PLVV�D�VPDOO�QXPEHU�RI�H[SDQVLRQV��

9,,,��&21&/86,216�	�)8785(�:25.�
,Q� WKLV� SDSHU�� ZH� SUHVHQWHG� DQ� HPSLULFDO� VWXG\� RI�

DEEUHYLDWLRQV�DQG�H[SDQVLRQV�LQ�GLIIHUHQW�VRIWZDUH�DUWLIDFWV��:H�
PDQXDOO\� FROOHFWHG� DQG� H[SDQGHG� ���� XQLTXH� DEEUHYLDWLRQ�
H[SDQVLRQV� IURP� ILYH�GLIIHUHQW� RSHQ� VRXUFH� V\VWHPV��:H� WKHQ�
XVHG� WKHVH� PDQXDOO\� H[SDQGHG� DEEUHYLDWLRQV� WR� VWXG\� WKUHH�
FKDUDFWHULVWLFV�GHULYHG�IURP�SUHYLRXV�OLWHUDWXUH��'DWD�IURP�WKLV�
VWXG\�ZDV�XVHG�WR�XQGHUVWDQG�KRZ�GLIIHUHQW�FKDUDFWHULVWLFV�DIIHFW�
WKH�QXPEHU�RI�H[SDQGDEOH�DEEUHYLDWLRQV�DQG�WR�FRQWH[WXDOL]H�RXU�
OLWHUDWXUH�UHYLHZ�ZKLFK�DQDO\]HG�KRZ�SULRU� UHVHDUFK�HYDOXDWHV�
DEEUHYLDWLRQ�H[SDQVLRQ�WHFKQLTXHV�DQG�KRZ�HYDOXDWLRQ�PHWKRGV�
FDQ�EH�LPSURYHG�LQ�WKH�IXWXUH��

2XU�KRSH�LV�WKDW�WKLV�ZRUN�ZLOO�KHOS�VSXU�WKH�ILHOG�WR�UHSRUW�
PRUH�DERXW�WKH�VRIWZDUH�DUWLIDFWV�WKH\�VWXG\�DV�ZHOO�DV�SURYLGH�
PRUH�JUDQXODU�GDWD�RQ�WKH�FKDUDFWHULVWLFV�ZH�GLVFXVV�DERYH��,Q�
WKH� IXWXUH��ZH�ZRXOG� OLNH� WR� VWXG\� SRWHQWLDO� V\QHUJ\� EHWZHHQ�
GLIIHULQJ� H[SDQVLRQ� WHFKQLTXHV� DV� ZHOO� DV� WKH� XVH� RI� RQOLQH�
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