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AbVWUacW
WKHQ dHYHORSHUV KaYH PRUH WKaQ RQH API WKH\ cRXOd SRWHQWLaOO\ XVH WR VROYH a SURJUaPPLQJ
SURbOHP, LW¶V RIWHQ QaWXUaO IRU WKHP WR VWaUW ZLWK WKH HaVLHU aQd IaPLOLaU, RIWHQ dHIaXOW, RSWLRQ. YHW, IRU
VRPH WaVNV, VXcK aV PaQLSXOaWLQJ WH[W LQ WKH SUHVHQcH RI JUaSKHPH cOXVWHUV (H.J., Jࡇ aQd한), WKH HaVLHU
API cRXOd SURdXcH OHVV cRUUHcW aQd UHOLabOH UHVXOWV. WH VRXJKW WR PHaVXUH WKH LPSacW RI VXcK
PLVaOLJQPHQW bHWZHHQ API XVabLOLW\ aQd cRUUHcWQHVV. SSHcLILcaOO\, ZH cRQdXcWHd a cRQWUROOHd
H[SHULPHQW ZKLcK VKRZV WKaW XVHU HdXcaWLRQ KaV a OLPLWHd HIIHcW RQ KHOSLQJ WKH SURJUaPPHU cKRRVH
WKH aSSURSULaWH API, ZKHQ LW¶V QRW WKH dHIaXOW aQd HUURU caVHV aUH dLIILcXOW WR LPaJLQH. WH dLVcXVV a
IHZ WKLQJV SURJUaPPLQJ OaQJXaJH aQd SDK dHVLJQHUV caQ cRQVLdHU LQ RUdHU WR PLWLJaWH WKH LPSacW RI
VXcK PLVaOLJQPHQWV.

1. IQWURdXcWiRQ
API XVabLOLW\ UHVHaUcKHUV (M\HUV & SW\ORV, 2016) KaYH VKRZQ WKaW SRRU XVabLOLW\ RI APIV caQ OHad WR
IOaZV LQ cRPSXWHU SURJUaPV, aQd VRPHWLPHV VHULRXV VHcXULW\ IOaZV (FaKO HW aO., 2013). HRZHYHU, ZKHQ
WKHUH aUH PXOWLSOH APIV WKH SURJUaPPHU caQ cKRRVH IURP WR VROYH a JLYHQ SURbOHP, XVLQJ WKH PRVW
XVabOH API dRHV QRW QHcHVVaULO\ OHad WR WKH H[SHcWHd RXWcRPH. WKaW LI WKH HaVLHU WR XVH API LV LQ IacW
PRUH OLNHO\ WR SURdXcH LQcRUUHcW RU XQUHOLabOH UHVXOWV XQdHU VRPH cLUcXPVWaQcHV? WH caOO WKLV SURbOHP
³API XVabLOLW\ aQd cRUUHcWQHVV PLVaOLJQPHQW.´ WH bHOLHYH WKLV LV a cKaOOHQJH WKaW KaV bHHQ
XQdHU-H[aPLQHd b\ API XVabLOLW\ UHVHaUcKHUV.

OQH RI WKH aUHaV ZKHUH VXcK a PLVaOLJQPHQW SURbOHP KaV PaQLIHVWHd LWVHOI LV WH[W PaQLSXOaWLRQ,
VSHcLILcaOO\ KaQdOLQJ JUaSKHPH cOXVWHUV LQ XQLcRdH VWULQJV. IQ PaQ\ SURJUaPPLQJ OaQJXaJHV, WH[W LV
RIWHQ UHSUHVHQWHd aV a VHTXHQcH RI UTF-16 cRdH XQLWV. HRZHYHU, VRPH XVHU-SHUcHLYHd cKaUacWHUV QHHd
WR bH bacNHd b\ WZR RU PRUH UTF-16 cRdH XQLWV. IQ IacW, WKLV LV TXLWH cRPPRQ RQcH \RX QHHd aQ\WKLQJ
bH\RQd WKH ASCII cKaUacWHU WabOH. FRU H[aPSOH, WKH OHWWHU Jࡇ LV cRPSRVHd RI a baVH cKaUacWHU J aQd a
cRPbLQLQJ PaUN ଉࡇ , WKH HaQJXO V\OOabOH 한 Pa\ bH UHSUHVHQWHd b\ a VHTXHQcH RI cRQMRLQLQJ MaPRV
ᄒ,ᅡ, aQd 躏 , aQd WKH HPRML LV HQcRdHd aV a sXrrogate pair (MLcURVRIW, 2018) RI WZR UTF-16
cRdH XQLWV 55357 aQd 56395. IQ WKH UQLcRdH SWaQdaUd, VXcK XVHU-SHUcHLYHd cKaUacWHUV aUH IRUPaOO\
NQRZQ aV JUaSKHPH cOXVWHUV (DaYLV & CKaSPaQ, 2020).

GUaSKHPH cOXVWHUV caQ HaVLO\ bUHaN WH[W PaQLSXOaWLRQ cRdH ZULWWHQ ZLWKRXW aQWLcLSaWLQJ WKHLU SUHVHQcH,
bHcaXVH WKH dHIaXOW SWULQJ APIV LQ PRVW SRSXOaU SURJUaPPLQJ OaQJXaJHV aUH QRW aZaUH RI WKHP, aQd
WKH\ LQVWHad RSHUaWH RQ IL[Hd-OHQJWK cRdH XQLWV VXcK aV UTF-16. FRU LQVWaQcH, WKH IROORZLQJ OLQH RI
cRdH LQ DaUW ZLOO SURdXcH aQ XQH[SHcWHd UHVXOW:

SUiQW(jHellR , ZRUld!j.VXbVWUiQg(0,6));

TKH SURJUaPPHU¶V LQWHQW KHUH LV WR SULQW WKH VXbVWULQJ ³HHOOR .´ HRZHYHU, WKH HQd LQdH[ ³6´
(H[cOXVLYH) ZLOO LQcOXdH ³HHOOR´ aQd WKHQ WKH ILUVW KaOI RI WKH VXUURJaWH SaLU UHSUHVHQWLQJ WKH HPRML.
AV a UHVXOW, WKLV OLQH RI cRdH ZLOO UHWXUQ a VXbVWULQJ ZLWK a PaOIRUPHd WUaLOLQJ cKaUacWHU: ³HHOORᢾ.´
WKLOH WKLV SaUWLcXOaU H[aPSOH LV IURP WKH DaUW SURJUaPPLQJ OaQJXaJH, WKH SURbOHP LV VKaUHd b\ PaQ\
RWKHUV. OQH QRWabOH H[cHSWLRQ LV SZLIW, a PRUH UHcHQWO\ OaXQcKHd SURJUaPPLQJ OaQJXaJH, ILUVW UHOHaVHd
LQ 2014.

FRU PaWXUH SURJUaPPLQJ OaQJXaJHV VXcK aV JaYa, P\WKRQ, aQd DaUW, a cRPPRQ aSSURacK WR addLQJ
VXSSRUW IRU cRUUHcWO\ SURcHVVLQJ JUaSKHPH cOXVWHUV LV SURYLdLQJ aQ aX[LOLaU\ JUaSKHPH-aZaUH WH[W
PaQLSXOaWLRQ OLbUaU\ ZKLOH NHHSLQJ WKH dHIaXOW SWULQJ API LQWacW IRU bacNZaUdV cRPSaWLbLOLW\ aQd
SHUIRUPaQcH UHaVRQV. NRQHWKHOHVV, WKLV VHHPLQJO\ SUacWLcaO aQd VHQVLbOH VROXWLRQ aOVR OHadV WR a
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PLVaOLJQPHQW bHWZHHQ XVabLOLW\ aQd cRUUHcWQHVV, IRUcLQJ WKH SURJUaPPHU WR cKRRVH bHWZHHQ PXOWLSOH
WH[W PaQLSXOaWLRQ APIV ZLWK KaUd WR WHVW UHaO-ZRUOd LPSOLcaWLRQV. TR OaQJXaJHV WKaW KaYH WaNHQ WKLV
SaWK WR VXSSRUWLQJ JUaSKHPH cOXVWHUV, WKH HaVLHVW WR XVH WH[W PaQLSXOaWLRQ API LV RIWHQ WKH bXLOW-LQ
SWULQJ API dXH WR LWV aYaLOabLOLW\, IaPLOLaULW\, aQd accXPXOaWHd dRcXPHQWaWLRQ aQd cRPPXQLW\
NQRZOHdJH. HRZHYHU, LW¶V RIWHQ WKH OHVV cRUUHcW API WR XVH, HVSHcLaOO\ ZKHQ WKH SURJUaPPHU caQQRW
OLPLW WKH NLQdV RI cKaUacWHUV LQcOXdHd LQ WKH WH[W WKH\ PaQLSXOaWH, aV LW¶V RIWHQ WKH caVH ZKHQ WKH WH[W LV
RULJLQaWHd IURP XVHU LQSXW.

TR XQdHUVWaQd WKH VHYHULW\ RI VXcK PLVaOLJQPHQW bHWZHHQ XVabLOLW\ aQd cRUUHcWQHVV LQ PaNLQJ API
cKRLcHV, ZH cRQdXcWHd a ZHb-baVHd cRQWUROOHd H[SHULPHQW LQ WKH cRQWH[W RI WH[W PaQLSXOaWLRQ LQ WKH
DaUW SURJUaPPLQJ OaQJXaJH. DaUW UHcHQWO\ addHd a SacNaJH caOOHd characters WR VXSSRUW JUaSKHPH
cOXVWHUV ZKLOH NHHSLQJ LWV UTF16-baVHd SWULQJ API XQcKaQJHd. IQ RXU H[SHULPHQW, SaUWLcLSaQWV ZHUH
aVNHd WR H[aPLQH a QXPbHU RI cRdH VQLSSHWV, ZULWWHQ ZLWK DaUW¶V SWULQJ API, IRU cRPPRQ WH[W
PaQLSXOaWLRQ VcHQaULRV aQd dHWHUPLQH ZKHWKHU HacK VQLSSHW ZRXOd SURdXcH WKH H[SHcWHd UHVXOWV. OXU
aQaO\VLV RI WKH H[SHULPHQW UHVXOWV OHd WR WKUHH PaLQ ILQdLQJV:

Ɣ PULRU H[SRVXUH WR WKH JUaSKHPH cOXVWHUV SURbOHP dLd QRW KHOS SaUWLcLSaQWV LdHQWLI\ LW LQ WH[W
PaQLSXOaWLRQ cRdH.

Ɣ PaUWLcLSaQWV LQ WKH WZR WUHaWPHQW JURXSV ZKR UHcHLYHd LQIRUPaWLRQ abRXW WKH JUaSKHPH
cOXVWHUV SURbOHP aQd WKH cKaUacWHUV SacNaJH HaUO\ LQ WKH H[SHULPHQW, VKRZHd a VLJQLILcaQW
LPSURYHPHQW LQ WKHLU abLOLW\ WR PaNH cRUUHcW aVVHVVPHQWV RI WH[W PaQLSXOaWLRQ cRdH RYHU WKRVH
LQ WKH cRQWURO JURXS ZKR dLd QRW UHcHLYH VXcK LQIRUPaWLRQ.

Ɣ NRQHWKHOHVV, PRUH WKaQ KaOI RI WKH SaUWLcLSaQWV ZKR UHcHLYHd aQ H[SOaQaWLRQ abRXW WKH
JUaSKHPH cOXVWHUV SURbOHP VWLOO IaLOHd WR aSSO\ WKaW NQRZOHdJH WR aVVHVVLQJ cRdH VQLSSHWV.

TKH UHVXOWV dHPRQVWUaWH a VXbVWaQWLaO OLPLW RI XVHU HdXcaWLRQ LQ bRWK WKH dXUabLOLW\ aQd VWUHQJWK RI LWV
HIIHcW, ZKHQ WKH XVabLOLW\ aQd WKH cRUUHcWQHVV RI API cKRLcHV aUH PLVaOLJQHd aQd QR LPPHdLaWH
IHHdbacN cRXOd bH SURYLdHd WR WKH SURJUaPPHU. OXU ILQdLQJV VXJJHVW WKaW PRdHUQL]LQJ WKH dHIaXOW
SWULQJ API WR VXSSRUW JUaSKHPH cOXVWHUV VKRXOd bH VHULRXVO\ cRQVLdHUHd b\ SURJUaPPLQJ OaQJXaJH
dHVLJQHUV, HVSHcLaOO\ ZKHQ WKH SURJUaPPLQJ OaQJXaJH LV QRW \HW ZLdHO\ XVHd aQd caQ aIIRUd PaNLQJ
bUHaNLQJ cKaQJHV WR WKH SWULQJ API.

NRQHWKHOHVV, ZKHQ RYHUKaXOLQJ WKH dHIaXOW SWULQJ API LV LQIHaVLbOH, OaQJXaJH aQd SDK dHVLJQHUV
VKRXOd PLWLJaWH WKH XVabLOLW\ aQd cRUUHcWQHVV PLVaOLJQPHQW b\ IacLOLWaWLQJ WKH SURJUaPPHU¶V cKRLcH
PaNLQJ SURcHVV. TKHUH aUH a IHZ Za\V WR acKLHYH LW bH\RQd XVHU HdXcaWLRQ:

Ɣ MaNLQJ WKH aOWHUQaWH API PRUH UHadLO\ aYaLOabOH aQd IUHTXHQWO\ YLVLbOH WR WKH SURJUaPPHU
WKURXJK a WLJKW LQWHJUaWLRQ ZLWK WKH SURJUaPPLQJ HQYLURQPHQW.

Ɣ MaNLQJ WKH aOWHUQaWH API a ORcaO dHIaXOW WKURXJK SURacWLYH VXJJHVWLRQV aQd ZaUQLQJV LQ
cRdLQJ cRQWH[WV ZKHUH WKH ULVN RI cKRRVLQJ WKH ZURQJ API LV KLJK.

Ɣ HHOSLQJ SURJUaPPHUV ZULWH WHVW caVHV WKaW cRYHU HdJH caVHV ZKHUH WKH aOWHUQaWH API VKRXOd bH
XVHd UaWKHU WKaQ WKH dHIaXOW API.

TKH UHVW RI WKH SaSHU LV RUJaQL]Hd aV IROORZV. FLUVW, ZH UHYLHZ UHOaWHd ZRUN RQ API XVabLOLW\ aQd
cKRLcH aUcKLWHcWXUH. NH[W, ZH JR RYHU WKH dHVLJQ RI WKH H[SHULPHQW aQd PaLQ ILQdLQJV IURP aQaO\]LQJ
WKH UHVXOWV. LaVW, ZH dLVcXVV SRVVLbOH H[SOaQaWLRQV IRU WKH H[SHULPHQW UHVXOWV aQd WKH LPSOLcaWLRQV IRU
SURJUaPPLQJ HQYLURQPHQW dHVLJQ.

2. ReOaWed WRUN
WH cRQWH[WXaOL]H RXU ZRUN aW WKH LQWHUVHcWLRQ RI API XVabLOLW\ aQd WKH SV\cKRORJ\ RI PaNLQJ cKRLcHV.
DXH WR VSacH OLPLWV, ZH dHVcULbH PRVW UHOHYaQW ZRUN LQ WKHVH WZR aUHaV aQd H[SOaLQ WKH LQWHOOHcWXaO JaS
RXU UHVHaUcK addUHVVHV.

2.1. API UVabLOLW\
TKH LPSRUWaQcH RI API XVabLOLW\ KaV VWaUWHd JaLQLQJ UHcRJQLWLRQ LQ WKH LQdXVWU\ aIWHU PRUH WKaQ a
dHcadH RI adYRcac\ b\ API XVabLOLW\ UHVHaUcKHUV (COaUNH, 2004). M\HUV aQd SW\ORV (2016) aUJXH WKaW
XQXVabOH APIV caQ OHad WR bXJV, SHUIRUPaQcH dHJUadaWLRQ, aQd HYHQ VLJQLILcaQW VHcXULW\ SURbOHPV.
TKH\ VXJJHVW adRSWLQJ WKH KXPaQ-cHQWHUHd dHVLJQ aSSURacK LQ WKH SURcHVV RI dHVLJQLQJ APIV. TKLV
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aSSURacK caOOV IRU HYaOXaWLRQ RI API dHVLJQ LQ accRUdaQcH ZLWK YaULRXV XVabLOLW\ SULQcLSOHV VXcK aV
WKRVH adaSWHd IURP NLHOVHQ¶V ³KHXULVWLc HYaOXaWLRQ´ JXLdHOLQHV (NLHOVHQ, 1994) aQd cRJQLWLYH
dLPHQVLRQV RI QRWaWLRQV (BOacNZHOO HW aO., 2001).

NRQHWKHOHVV, WKH cKaOOHQJH RI PaNLQJ API cKRLcHV LV XQdHU-H[aPLQHd. TKH PaLQ SaUadLJP LQ API
XVabLOLW\ UHVHaUcK KaV bHHQ IRcXVHd RQ WKH dHVLJQ RI a VLQJOH API RU a VLQJOH VHW RI APIV LQWHQdHd WR bH
XVHd WRJHWKHU. TKH cRPPRQ aSSURacK RI API XVabLOLW\ UHVHaUcK XVXaOO\ LQYROYHV RbVHUYLQJ KRZ
SURJUaPPHUV OHaUQ aQd XVH WKH API LQ TXHVWLRQ, LdHQWLI\LQJ XVHU H[SHULHQcH SURbOHPV, aQd PaNLQJ
UHcRPPHQdaWLRQV RQ KRZ WR LPSURYH WKH API¶V dHVLJQ aQd dRcXPHQWaWLRQ (IRU H[aPSOH, PLccLRQL HW aO.
(2013)). SRPH VWXdLHV cRPSaUHd PXOWLSOH dHVLJQV RI aQ API LQ RUdHU WR VHOHcW a PRUH XVabOH RQH
(SW\ORV HW aO., 2006). IQ a UaUH LQVWaQcH, UHVHaUcKHUV SaLd aWWHQWLRQ WR WKH SURbOHP RI cKRRVLQJ IURP
PXOWLSOH APIV IRU WKH VaPH SXUSRVH aQd IRXQd WKaW WKH SUHVHQcH RI WZR APIV ZLWK VLPLOaU QaPHV
caXVHd ZLdHVSUHad SURJUaPPHU cRQIXVLRQ (MXUSK\-HLOO HW aO., 2018).

FHZ VWXdLHV KaYH H[aPLQHd WKH SURJUaPPHU¶V abLOLW\ WR PaNH API cKRLcHV, HVSHcLaOO\ ZKHQ WKRVH
cKRLcHV LQYROYH VXbWOH WUadH-RIIV bHWZHHQ XVabLOLW\ aQd RWKHU JRaOV RI API dHVLJQ, VXcK aV cRUUHcWQHVV,
bacNZaUdV cRPSaWLbLOLW\, aQd cRPSXWaWLRQaO HIILcLHQc\ (SW\ORV & M\HUV, 2007). TKH SUHYaLOLQJ
SaUadLJP LQ API XVabLOLW\ UHVHaUcK RIWHQ LPSOLcLWO\ cRQVLdHUV WKRVH RWKHU JRaOV aV YaULabOHV
LQdHSHQdHQW IURP WKH API¶V XVabLOLW\ cKaUacWHULVWLcV. WKLOH WKLV LV a XVHIXO VLPSOLILcaWLRQ, LW dRHV QRW
VXIILcLHQWO\ UHcRJQL]H WKH LQKHUHQW WHQVLRQV aQd dHSHQdHQcLHV bHWZHHQ VRPH RI WKRVH API dHVLJQ
JRaOV. FRU H[aPSOH, a KLJK-OHYHO API LV RIWHQ PRUH XVabOH, bXW LW cRXOd OacN IOH[LbLOLW\ RU cRYHUaJH IRU
HdJH caVHV. HRZ ZHOO caQ SURJUaPPHUV XQdHUVWaQd aQd HYaOXaWH VXcK WUadHRIIV? AQd KRZ caQ API
aQd WRROLQJ dHVLJQHUV SURYLdH aSSURSULaWH VLJQLILHUV aQd cRQVWUaLQWV WR VXSSRUW WKH SURJUaPPHU LQ
PaNLQJ API cKRLcH dHcLVLRQV? WH bHOLHYH LW LV LPSRUWaQW WR H[WHQd WKH IRcXV RI API UHVHaUcK IURP a
VLQJOH VROXWLRQ WR aOO VROXWLRQV WKH SURJUaPPHU caQ cKRRVH IURP LQ RUdHU WR VaWLVI\ a SURJUaPPLQJ
UHTXLUHPHQW. TKLV VKLIW RI IRcaO SRLQW LV cULWLcaO WR addUHVV WKH cRPSOH[LW\ RI HYROYLQJ APIV aOUHad\
ZLdHO\ XVHd LQ SURdXcWLRQ.

2.2. ChRLce AUchLWecWXUe
TKHUH KaV bHHQ PXcK UHVHaUcK LQ WKH aUHa RI KXPaQ dHcLVLRQ-PaNLQJ aQd RSWLRQ VHOHcWLRQ LQ WKH IacH
RI aOWHUQaWLYHV. TKLV dRPaLQ RI LQYHVWLJaWLRQ LV H[SOLcLWO\ abRXW dHVLJQLQJ cKRLcHV, KHQcH WKH QaPH
³cKRLcH aUcKLWHcWXUH dHVLJQ,´ cRLQHd b\ TKaOHU aQd SXQVWHLQ (2009). OXU SaUWLcXOaU LQWHUHVW LV LQ WKH
Za\V LQ ZKLcK API cKRLcHV aUH SUHVHQWHd WR SURJUaPPHUV, aQd ZKHWKHU LW LV SRVVLbOH WR XQdHUVWaQd WKH
Za\V LQ ZKLcK dHIaXOWV H[SOLcLWO\ SUHVHQWHd RU WacLWO\ aVVXPHd caQ OHad WR SRRU cKRLcHV WKaW KaYH
QHJaWLYH dRZQVWUHaP cRQVHTXHQcHV IRU XVHUV RI WKH SURJUaP LQ TXHVWLRQ.

IW LV ZHOO NQRZQ IURP VWXdLHV RI cKRLcH aUcKLWHcWXUHV aQd XVHU LQWHUIacH dHVLJQ WKaW SHRSOH XVXaOO\
VWLcN ZLWK dHIaXOWV, XQOHVV WKHUH aUH cOHaU LQdLcaWLRQV RI cRVWV aQd bHQHILWV RI PaNLQJ aOWHUQaWLYH
cKRLcHV. ScKQHLdHU HW aO. (2018) KaYH VKRZQ WKaW UI dHVLJQ LQIOXHQcHV cKRLcHV, HYHQ XQLQWHQWLRQaOO\;
WKH\ VWaWH ³XVHU LQWHUIacH, IURP RUJaQL]aWLRQaO ZHbVLWH WR PRbLOH aSS, caQ WKXV bH YLHZHd aV a dLJLWaO
cKRLcH HQYLURQPHQW´ QXdJLQJ SHRSOH WR WaNH cHUWaLQ acWLRQV RYHU RWKHU b\ PRdLI\LQJ ZKaW LV SUHVHQWHd
RU KRZ LW LV SUHVHQWHd. TKH H[aPSOH WKH\ cLWH LV WKH STXaUH PRbLOH Sa\PHQW aSS ZKLcK SUHVHQWV a
³WLSSLQJ´ RSWLRQ b\ dHIaXOW; cXVWRPHUV PXVW VHOHcW ³QR WLSSLQJ´ LI WKH\ SUHIHU QRW WR JLYH a WLS ZKLcK
LV addLWLRQaO HIIRUW aQd aOVR WULJJHUV VRcLaO ³QRUPLQJ´ aQd VRcLaO bHORQJLQJ.

WLWK UHVSHcW WR dHIaXOWV VSHcLILcaOO\, JacKLPRZLc] HW aO. (2019) LQ a PHWa aQaO\VLV VXJJHVW WZR IacWRUV
WKaW SaUWLaOO\ accRXQW IRU WKH YaULabLOLW\ LQ dHIaXOWV¶ HIIHcWLYHQHVV: WKH cRQWH[WV aQd dRPaLQV ZKHUH
dHIaXOWV ZHUH SUHVHQWHd aQd WKHLU UHOaWLYH HaVH RI LPSOHPHQWaWLRQ. TKHLU ILQdLQJV aOVR SRLQW WR WKH
LPSRUWaQcH RI HYaOXaWLQJ WKH LQWHQdHd SRSXOaWLRQ¶V SUHIHUHQcHV ZKHQ dHcLdLQJ ZKHQ aQd KRZ WR
dHSOR\ dHIaXOWV. HXK HW aO. (2014) VKRZ WKaW WKH RbVHUYHd cKRLcHV RI RWKHUV caQ bHcRPH VRcLaO
dHIaXOWV, LQcUHaVLQJ WKHLU cKRLcH VKaUH. SRcLaO dHIaXOW HIIHcWV aUH a QRYHO IRUP RI VRcLaO LQIOXHQcH QRW
dXH WR QRUPaWLYH RU LQIRUPaWLRQaO LQIOXHQcH: SaUWLcLSaQWV ZHUH PRUH OLNHO\ WR PLPLc RbVHUYHd cKRLcHV
ZKHQ cKRRVLQJ LQ SULYaWH WKaQ LQ SXbOLc aQd ZKHQ VWaNHV ZHUH ORZ UaWKHU WKaQ KLJK.

TKH HPSLULcaOO\ RbVHUYHd dLIILcXOW\ RI PaNLQJ UaWLRQaO cKRLcHV, XQdHU WKH LQIOXHQcH RI dHIaXOWV LQ
SaUWLcXOaU aQd RWKHU cKRLcH aUcKLWHcWXUH LQWHUYHQWLRQV LQ JHQHUaO, KaV bHHQ VXbMHcW WR VHYHUaO dLIIHUHQW
H[SOaQaWLRQV abRXW KXPaQ cRJQLWLRQ aQd UHaVRQLQJ. OQH RI WKRVH H[SOaQaWLRQV LQYRNHV WKH QRWLRQ RI
boXnded rationalit\, LQ ZKLcK SLPRQ (1996) aUJXHV WKaW WKH dHcLVLRQ PaNHU LV RIWHQ OLPLWHd b\ WKH
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aYaLOabLOLW\ RI LQIRUPaWLRQ aQd WKHLU cRJQLWLYH abLOLW\ WR SURcHVV aOO WKH LQIRUPaWLRQ SHUWLQHQW WR WKH
dHcLVLRQ LQ RUdHU WR PaNH WKH RSWLPaO cKRLcH. AV a UHVXOW, WKH dHcLVLRQ PaNHU ZRXOd ³VaWLVILcH´ ±
VHWWOLQJ IRU a UHaVRQabOH cKRLcH bXW QRW QHcHVVaULO\ WKH bHVW RQH. AQRWKHU H[SOaQaWLRQ SRLQWV WR WKH
failXre of imagination. SKacNOH (SKacNOH, 1964) cRQWHQdV WKaW ³CKRLcH LV aPRQJVW LPaJLQHd
H[SHULHQcHV,´ aQd AXJLHU (2000), HOabRUaWLQJ RQ SKacNOH¶V WKHRU\, VXJJHVWV WKaW ³CKRLcH LV aPRQJVW
LPaJLQHd H[SHULHQcHV,´ aQd ³HacK aOWHUQaWLYH LV cRQVLdHUHd ZLWK a YaULabOH aPRXQW RI dLVbHOLHI.´ TKLV
SRLQW RI YLHZ LV SaUWLcXOaUO\ UHOHYaQW WR dHcLVLRQ PaNLQJ LQ VRIWZaUH HQJLQHHULQJ, aV SRPHUV (2017)
KaV ZaUQHd abRXW WKH cKaOOHQJH RI UHaVRQLQJ abRXW SURJUaP bHKaYLRU LQ cRPSOH[ VRIWZaUH V\VWHPV.

IW LV ZRUWK QRWLQJ WKaW WKH aIRUHPHQWLRQHd aVVLJQPHQW RI dLVbHOLHI WR dLIIHUHQW LPaJLQHd VcHQaULRV LV
OLNHO\ a SURcHVV adaSWLYH WR VXbWOH cXHV aYaLOabOH LQ WKH dHcLVLRQ-PaNLQJ cRQWH[W. TKURXJK a QXPbHU RI
OabRUaWRU\ H[SHULPHQWV, McKHQ]LH aW aO. (McKHQ]LH HW aO., 2018) dHPRQVWUaWH WKaW a QXPbHU RI
aSSaUHQW ³bLaVHV´ LQ PaNLQJ cKRLcHV VWHP IURP adaSWLYH VHQVLWLYLW\ WR VXbWOH cRQWH[WXaO cXHV LQ WKH
cKRLcH HQYLURQPHQW, ZKLcK d\QaPLcaOO\ XSdaWH WKH dHcLVLRQ PaNHU¶V bHOLHI abRXW WKH dHVLUabOH cRXUVH
RI acWLRQ RU WKH aWWULbXWH dLVWULbXWLRQV LQ WKH SRSXOaWLRQ. FRU H[aPSOH, WKH dHIaXOW RSWLRQ LV RIWHQ
SHUcHLYHd aV WKH UHcRPPHQdaWLRQ IURP VRPHRQH LQ a SRVLWLRQ RI aXWKRULW\.

TKLV SHUVSHcWLYH RQ d\QaPLc bHOLHI aQd SUHIHUHQcH cRQVWUXcWLRQ QRW RQO\ SURYLdHV a dLIIHUHQW YLHZ RI
WKH SV\cKRORJ\ aQd UaWLRQaOLW\ RI dHcLVLRQ PaNLQJ, LW aOVR VXJJHVWV a dLIIHUHQW aSSURacK WR cKRLcH
aUcKLWHcWXUH dHVLJQ. WKHUHaV WKH WUadLWLRQaO QXdJH aSSURacK WULHV WR HQJLQHHU VSHcLILc dHcLVLRQ
RXWcRPHV, RIWHQ b\ UHURXWLQJ aSSaUHQW bLaVHV VR WKaW WKH\ SRLQW LQ dHVLUabOH dLUHcWLRQV, WKH aXWKRUV
VXJJHVW aQ aOWHUQaWH aSSURacK IRcXVHd RQ IacLOLWaWLQJ WKH SURcHVVHV RI dHcLVLRQ PaNLQJ. FRU LQVWaQcH,
McKHQ]LH aW aO. (2018) caOOHd IRU RYHUW PHVVaJLQJ LQVWHad RI cRYHUW ³QXdJHV´ WR VXSSRUW dHcLVLRQ
PaNHUV b\ LQcUHaVLQJ LQIRUPaWLRQ VaOLHQcH LQ accRUdaQcH WR WKH LQIRUPaWLRQ¶V UHOHYaQcH aQd WKH
dHcLVLRQ PaNHU¶V aWWHQWLRQaO caSacLW\. TKH abRYH SHUVSHcWLYHV aQd UHVXOWV KaYH LQIRUPHd RXU SURbOHP
IUaPLQJ, LQWHUSUHWaWLRQ RI daWa, aQd dHYHORSPHQW RI PLWLJaWLRQV IRU WKH API XVabLOLW\ aQd cRUUHcWQHVV
PLVaOLJQPHQW SURbOHP ZH H[aPLQHd.

3. SWXd\ DeVigQ
3.1. OYeUYLeZ
TR PHaVXUH WKH LPSacW RI WKH API XVabLOLW\ aQd cRUUHcWQHVV PLVaOLJQPHQW, ZH cRQdXcWHd a ZHb-baVHd
cRQWUROOHd H[SHULPHQW. IQ SaUWLcXOaU, ZH ZaQWHd WR cKHcN KRZ PXcK RI WKH SURbOHP caQ bH PLWLJaWHd
b\ JHWWLQJ WKH SURJUaPPHU WR UHad dRcXPHQWaWLRQ abRXW WKH SURbOHP, VLQcH API dHVLJQHUV RIWHQ UHVRUW
WR ³XVHU HdXcaWLRQ´ aV WKH ILUVW aQd HaVLHVW WR LPSOHPHQW UHVSRQVH WR LVVXHV UHOaWHd WR XVHU H[SHULHQcH.

TKH H[SHULPHQW ZaV LPSOHPHQWHd aV a VcHQaULR-baVHd TXHVWLRQQaLUH XVLQJ WKH VXUYH\ VRIWZaUH
QXaOWULcV aQd adPLQLVWHUHd RYHU WKH IQWHUQHW. TKH TXHVWLRQQaLUH Kad IRXU PaLQ SaUWV:

Ɣ Screener: PaUWLcLSaQWV RI WKH H[SHULPHQW ZHUH UHcUXLWHd IURP DaUW¶V XVHU cRPPXQLW\ ZLWKRXW
LQcHQWLYHV. AW WKH bHJLQQLQJ RI WKH H[SHULPHQW, HacK SaUWLcLSaQW aQVZHUHd a IHZ TXHVWLRQV
abRXW WKHLU bacNJURXQd aQd WKHLU NQRZOHdJH abRXW DaUW LQ RUdHU WR dHWHUPLQH WKHLU HOLJLbLOLW\.

Ɣ Code snippet revieZ tasks: TKLV ZaV WKH PaLQ bRd\ RI WKH TXHVWLRQQaLUH. TKH SaUWLcLSaQW ZaV
aVNHd WR aVVHVV WKH cRUUHcWQHVV RI cRdH VQLSSHWV ZULWWHQ IRU VL[ cRPPRQ WH[W PaQLSXOaWLRQ
VcHQaULRV (VHH VXbVHcWLRQ 3.3). PaUWLcLSaQWV LQ WKH WUHaWPHQW JURXSV (PRUH abRXW H[SHULPHQWaO
cRQdLWLRQV bHORZ) UHcHLYHd LQIRUPaWLRQ abRXW WKH JUaSKHPH cOXVWHUV SURbOHP LQ WKH DaUW
SWULQJ API aIWHU ScHQaULR 1, VLPXOaWLQJ aQ H[SHULHQcH RI JHWWLQJ HdXcaWHd abRXW WKH SURbOHP.

Ɣ Reflect on assessment results: AIWHU UHYLHZLQJ WKH cRdH VQLSSHWV LQ WKRVH VL[ VcHQaULRV,
SaUWLcLSaQWV LQ WKH WUHaWPHQW JURXSV ZHUH JLYHQ aQ RSSRUWXQLW\ WR UHYLHZ aQd UHIOHcW RQ WKH
cRUUHcW aVVHVVPHQWV RI WKH cRdH VQLSSHWV WKH\ H[aPLQHd.

Ɣ Post-test questionnaire: IQ WKH OaVW SaUW RI WKH H[SHULPHQW, SaUWLcLSaQWV aQVZHUHd TXHVWLRQV
abRXW WKHLU aWWLWXdHV, SUHIHUHQcHV, aQd SULRU H[SHULHQcH WKaW PLJKW KHOS cRQWH[WXaOL]H WKHLU
UHVSRQVHV.

TKH IXOO TXHVWLRQQaLUH dHVLJQ LV aYaLOabOH LQ WKH ASSHQdL[.

PPIG 2020 85 www.ppig.org

https://paperpile.com/c/t2YTpp/SLaX
https://paperpile.com/c/t2YTpp/DOnu/?noauthor=1
https://paperpile.com/c/t2YTpp/rf1d/?noauthor=1
https://paperpile.com/c/t2YTpp/qmqt
https://paperpile.com/c/t2YTpp/qmqt/?noauthor=1


3.2. E[SeULPeQWaO cRQdLWLRQV
TKH H[SHULPHQW Kad a cRQWURO cRQdLWLRQ aQd WZR WUHaWPHQW cRQdLWLRQV. WH UaQdRPO\ aVVLJQHd WKH 183
SaUWLcLSaQWV WR RQH RI WKH WKUHH H[SHULPHQWaO cRQdLWLRQV. TKH WKUHH cRQdLWLRQV SULPaULO\ dLIIHUHd LQ WKH
aPRXQW RI LQIRUPaWLRQ abRXW WKH JUaSKHPH cOXVWHUV SURbOHP JLYHQ WR WKH SaUWLcLSaQW aIWHU WKH\
HYaOXaWHd WKH cRdH VQLSSHW LQ ScHQaULR 1, ZKLcK ZaV abRXW H[WUacWLQJ a VXbVWULQJ (VKRZQ LQ FLJ. 1).

FigXre 1 - The first of the si[ code assessment scenarios participants Zent throXgh in the e[periment.
The code snippet coXld prodXce incorrect resXlts Zhen the inpXt te[t had grapheme clXsters.

SSHcLILcaOO\, WKH cRQWURO JURXS UHcHLYHd QR IHHdbacN aW aOO aIWHU aVVHVVLQJ VcHQaULR 1 aQd cRQWLQXHd WR
UHYLHZ WKH UHVW RI WKH cRdH VQLSSHWV. BRWK WUHaWPHQW JURXSV UHcHLYHd baVLc LQIRUPaWLRQ abRXW WKH IacW
WKaW WKH DaUW SWULQJ API cRXOd SURdXcH LQcRUUHcW UHVXOWV ZKHQ H[WUacWLQJ a VXbVWULQJ IURP WH[W WKaW
LQcOXdHd JUaSKHPH cOXVWHUV aQd aQ H[aPSOH RI UHYLVLQJ WKH VQLSSHW XVLQJ WKH cKaUacWHUV SacNaJH.
TUHaWPHQW JURXS 1 ZaV JLYHQ IXUWKHU H[SOaQaWLRQ abRXW WKH XQdHUO\LQJ UTF-16 UHSUHVHQWaWLRQ RI WH[W
LQ DaUW¶V dHIaXOW SWULQJ API aQd ZK\ WKH API ZRQ¶W KaQdOH JUaSKHPH cOXVWHUV cRUUHcWO\. TabOH 1
VXPPaUL]HV WKH dLIIHUHQcHV bHWZHHQ WKH WKUHH H[SHULPHQWaO cRQdLWLRQV.

E[SHULPHQWaO CRQdLWLRQ E[SOaQaWLRQ RHcHLYHd aIWHU ScHQaULR 1
CRQWURO NR H[SOaQaWLRQ

TUHaWPHQW 1 FXOO H[SOaQaWLRQ
TUHaWPHQW 2 LLJKW H[SOaQaWLRQ

Table 1 ±  The differences betZeen the three e[perimental conditions.

3.3. E[SeULPeQWaO WaVNV
AV aIRUHPHQWLRQHd, HacK SaUWLcLSaQW ZaV aVNHd WR UHYLHZ cRdH VQLSSHWV ZULWWHQ IRU WKH IROORZLQJ VL[
WH[W PaQLSXOaWLRQ VcHQaULRV (VHH aQ H[aPSOH LQ FLJ. 1):

1) E[WUacWLQJ a VXbVWULQJ

2) VaOLdaWLQJ HPaLO addUHVVHV XVLQJ a UHJXOaU H[SUHVVLRQ

3) CKHcNLQJ cKaUacWHU OLPLW

4) SSOLWWLQJ a VWULQJ RQ aQ HPRML

5) CUHaWLQJ LQLWLaOV IURP a ILUVW QaPH aQd a OaVW QaPH
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6) TXUQLQJ RYHUIORZQ WH[W LQWR aQ HOOLSVLV

TKH cRdH VQLSSHWV LQ WKH 6 VcHQaULRV aOO XVHd WKH DaUW SWULQJ API WR SURcHVV WKHLU UHVSHcWLYH WH[W LQSXW.
APRQJ WKHP, ScHQaULR 1, 3, 5, aQd 6 ZRXOd SURdXcH XQH[SHcWHd UHVXOWV ZKHQ JUaSKHPH cOXVWHUV ZHUH
SaUW RI WKH WH[W bHLQJ PaQLSXOaWHd. PURJUaPPHUV cRXOd XVH WKH cKaUacWHUV SacNaJH LQVWHad aV a
UHPHd\. TKH H[SHULPHQW XVHd WKRVH VcHQaULRV WR cKHcN IaOVH QHJaWLYHV ± IaLOXUHV WR LdHQWLI\ SRWHQWLaO
SURJUaPPLQJ HUURUV. IQ cRQWUaVW, ScHQaULR 2 aQd ScHQaULR 4 ZHUH dHVLJQHd WR cKHcN IaOVH SRVLWLYHV ±
WKH SRWHQWLaO RI SaUWLcLSaQWV RYHUacWLQJ WR WKH LQIRUPaWLRQ SURYLdHd abRXW JUaSKHPH cOXVWHUV aQd KHQcH
PLVWaNHQO\ dLVPLVVLQJ WKH cRUUHcW XVH RI SWULQJ API LQ WKRVH WZR VcHQaULRV.

3.4. PRVW-WeVW TXeVWLRQQaLUe
TKH SRVW-WHVW TXHVWLRQQaLUH Kad WZR SaJHV. TKH ILUVW SaJH ZaV IRcXVHd RQ WKH SaUWLcLSaQW¶V aWWLWXdHV
WRZaUdV WKH JUaSKHPH cOXVWHUV SURbOHP aQd WKHLU SUHIHUUHd dHIaXOW VWULQJ daWa UHSUHVHQWaWLRQ (VHH FLJ.
2). TKLV VHcWLRQ RI WKH TXHVWLRQQaLUH ZaV RQO\ dLVSOa\Hd WR SaUWLcLSaQWV LQ WKH WUHaWPHQW JURXSV, VLQcH
WKH cRQWURO JURXS ZaV QRW LQIRUPHd RI WKH JUaSKHPH cOXVWHUV SURbOHP LQ WKH H[SHULPHQW.

FigXre 2 - One of the qXestions in the post-test qXestionnaire is aboXt preferred string representation
in Dart¶s String API.

OQ WKH VHcRQd SaJH RI WKH TXHVWLRQQaLUH, WKH SaUWLcLSaQW ZaV aVNHd WR SURYLdH WKHLU bacNJURXQd
LQIRUPaWLRQ, VXcK aV aZaUHQHVV RI WKH JUaSKHPH cOXVWHUV SURbOHP, SULRU NQRZOHdJH abRXW DaUW¶V
cKaUacWHUV SacNaJH, aQd IaPLOLaULW\ ZLWK SZLIW¶V SWULQJ API, ZKLcK PLJKW KHOS H[SOaLQ WKHLU bHKaYLRU
aQd aWWLWXdHV VKRZQ LQ WKH H[SHULPHQW.

3.5. H\SRWheVeV aQd daWa aQaO\VLV
AV PHQWLRQHd, SaUW RI WKH H[SHULPHQWaO JRaO ZaV WR PHaVXUH KRZ PXcK ZH caQ UHO\ RQ SURJUaPPHU
HdXcaWLRQ (H.J., UHadLQJ dRcXPHQWaWLRQ) WR KHOS WKH SURJUaPPHU PaNH VRXQd API cKRLcHV aQd KHQcH
PLWLJaWH WKH LPSacW RI WKH XVabLOLW\ aQd cRUUHcWQHVV PLVaOLJQPHQW. TKXV, WKH H[SHULPHQW ZaV dHVLJQHd
WR WHVW WKH IROORZLQJ K\SRWKHVHV:

Ɣ H1: PaUWLcLSaQWV ZKR Kad SULRU H[SRVXUH WR WKH JUaSKHPH cOXVWHUV SURbOHP LQ WH[W
PaQLSXOaWLRQ ZHUH PRUH OLNHO\ WR LdHQWLI\ WKH SURbOHP LQ cRdH VQLSSHWV.

Ɣ H2: PaUWLcLSaQWV ZKR ZHUH LQIRUPHd RI WKH JUaSKHPH cOXVWHUV SURbOHP HaUO\ LQ WKH H[SHULPHQW
(L.H., WKH WZR WUHaWPHQW JURXSV) ZRXOd bH abOH WR PRUH accXUaWHO\ aVVHVV WKH cRUUHcWQHVV RI WKH
cRdH VQLSSHWV WKaQ WKRVH ZKR ZHUHQ¶W (L.H., WKH cRQWURO JURXS).

Ɣ H3: PaUWLcLSaQWV ZKR ZHUH JLYHQ PRUH LQ-dHSWK H[SOaQaWLRQV RI WKH JUaSKHPH cOXVWHUV
SURbOHP HaUO\ LQ WKH H[SHULPHQW (L.H., WUHaWPHQW JURXS 1) ZRXOd dR bHWWHU LQ LdHQWLI\LQJ WKH
SURbOHP LQ WKH cRdH VQLSSHWV WKaQ WKRVH JLYHQ a baVLc H[SOaQaWLRQ (L.H., WUHaWPHQW JURXS 2).

Ɣ H4: TKH PaMRULW\ RI SaUWLcLSaQWV ZRXOd SUHIHU a SWULQJ API aZaUH RI JUaSKHPH cOXVWHUV b\
dHIaXOW aIWHU UHIOHcWLQJ RQ WKHLU RZQ abLOLW\ WR PaNH cRUUHcW API cKRLcHV.
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4. FiQdiQgV
IQ WKLV VHcWLRQ, ZH UHSRUW WKH PaLQ ILQdLQJV IURP aQaO\]LQJ WKH UHVXOWV RI WKH H[SHULPHQW b\ WKH RUdHU
RI WKH K\SRWKHVHV VWaWHd abRYH. DXH WR VSacH OLPLWV, ZH RPLW WKH UHVXOWV abRXW IaOVH SRVLWLYHV LQ
HYaOXaWLQJ ScHQaULR 2 aQd 4. AVVHVVPHQW UHVXOWV RI ScHQaULR 2 ZHUH aOVR PXddOHd b\ SaUWLcLSaQWV¶ OacN
RI H[SHULHQcH ZLWK UHJXOaU H[SUHVVLRQV.

4.1. PULRU e[SRVXUe WR Whe gUaShePe cOXVWeUV SURbOeP VhRZed a QegOLgLbOe effecW
AV H[SHcWHd, a PLQRULW\ RI RXU 183 SaUWLcLSaQWV UHSRUWHd SULRU aZaUHQHVV RI WKH JUaSKHPH cOXVWHUV
SURbOHP. SSHcLILcaOO\, 53 VaLd WKH\ Kad RQO\ KHaUd RI WKH LVVXH, aQd 22 VaLd WKH\ Kad UXQ LQWR WKH LVVXH
WKHPVHOYHV. TKH aQaO\VLV bHORZ ZaV IRcXVHd RQ SaUWLcLSaQWV¶ aVVHVVPHQW RI WKH cRdH VQLSSHW LQ
ScHQaULR 1, bHIRUH SaUWLcLSaQWV LQ WKH WZR WUHaWPHQW JURXSV ZHUH LQIRUPHd RI WKH JUaSKHPH cOXVWHUV
SURbOHP aIWHU WKLV VcHQaULR, aV dHVcULbHd LQ WKH SWXd\ DHVLJQ VHcWLRQ. AV a UHPLQdHU, WKH cRUUHcW
UHVSRQVH WR WKH aVVHVVPHQW TXHVWLRQ LQ ScHQaULR 1 VKRXOd bH ³NR.´

APRQJ WKH 53 SaUWLcLSaQWV ZKR Kad KHaUd RI WKH LVVXH bHIRUH, 26% PadH a cRUUHcW aVVHVVPHQW RI WKH
cRdH VQLSSHW LQ ScHQaULR 1. AQd aPRQJ WKH 23 SaUWLcLSaQWV ZKR cOaLPHd WR KaYH ILUVW-KaQd H[SHULHQcH
ZLWK WKH SURbOHP, 23% PadH a cRUUHcW aVVHVVPHQW. BRWK ZHUH RQO\ VOLJKWO\ bHWWHU WKaQ WKH SaUWLcLSaQWV
ZKR UHSRUWHd QR NQRZOHdJH RI WKH LVVXH SULRU WR aVVHVVLQJ ScHQaULR 1, aV VKRZQ LQ WKH JUHHQ SRUWLRQV
RI WKH baU cKaUW LQ FLJ. 3. A cKL-VTXaUHd WHVW dLdQ¶W VKRZ VWaWLVWLcaO VLJQLILcaQcH LQ WKH dLIIHUHQcHV
bHWZHHQ WKRVH ZLWKRXW SULRU NQRZOHdJH aQd WKRVH ZKR ZHUH aZaUH RI WKH SURbOHP WR VRPH dHJUHH.
TKHUHIRUH, WKH daWa dRHV QRW VXSSRUW H1.

FigXre 3 - Participants¶ assessments of the code snippet in Scenario 1 broken doZn b\ their prior
aZareness of the grapheme clXsters problem. The correct ansZer shoXld be ³No.´

4.2. E[SOaLQLQg Whe gUaShePe cOXVWeUV SURbOeP XSfURQW ZaV XVefXO bXW LQVXffLcLeQW
IQ WKH H[SHULPHQW, bRWK WUHaWPHQW JURXSV ZHUH LQIRUPHd RI WKH cRUUHcW aVVHVVPHQW RI WKH cRdH VQLSSHW
LQ ScHQaULR 1 aQd JLYHQ dLIIHUHQW aPRXQWV RI H[SOaQaWLRQ abRXW ZK\ WKH VQLSSHW cRXOd SURdXcH
LQcRUUHcW UHVXOWV. SLQcH WKLV LQIRUPaWLRQ ZaV JLYHQ ULJKW bHIRUH WKRVH SaUWLcLSaQWV ZHQW RQ aVVHVVLQJ
WKH UHVW RI WKH cRdH VQLSSHWV, LW¶V QRW VXUSULVLQJ WKaW WKH\ SHUIRUPHd PXcK bHWWHU WKaQ WKH cRQWURO JURXS
(VHH FLJ. 4). FRU H[aPSOH, LQ ScHQaULR 3 (cRXQWLQJ WKH QXPbHU RI cKaUacWHUV), RQO\ 15.5% RI WKH
SaUWLcLSaQWV LQ WKH cRQWURO JURXS ZHUH abOH WR dHWHUPLQH WKaW WKH VQLSSHW cRXOd SURdXcH ZURQJ UHVXOWV
ZKHQ JUaSKHPH cOXVWHUV ZHUH SaUW RI WKH VWULQJ, ZKLOH 46.3% RI WUHaWPHQW JURXS 1 aQd 36.2% RI
WUHaWPHQW JURXS 2 ZHUH abOH WR dR VR. MRUHRYHU, cKL-VTXaUHd WHVWV VKRZHd VWaWLVWLcaOO\ VLJQLILcaQW
dLIIHUHQcHV acURVV WKH WKUHH JURXSV¶ aVVHVVPHQW SHUIRUPaQcH IRU WKH WKUHH VcHQaULRV (#2, #5, aQd #6),
ZKHUH WKH SURYLdHd cRdH VQLSSHWV cRXOd KaYH WURXbOH SURcHVVLQJ JUaSKHPH cOXVWHUV.
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FigXre 4 - The percentage of participants Zho made a correct assessment of the code snippet in
Scenario 3, 5, and 6 across three e[perimental conditions

DLVaSSRLQWLQJO\, bRWK WUHaWPHQW JURXSV VWLOO PadH PRUH LQcRUUHcW aVVHVVPHQWV WKaQ cRUUHcW
aVVHVVPHQWV. OQ aYHUaJH, WUHaWPHQW JURXS 1 (UHcHLYHd aQ LQ-dHSWK H[SOaQaWLRQ abRXW WKH JUaSKHPH
cOXVWHUV SURbOHP) aQd WUHaWPHQW JURXS 2 (UHcHLYHd a baVLc H[SOaQaWLRQ) acKLHYHd aQ aYHUaJH
aVVHVVPHQW VXccHVV UaWH RI 45% aQd 33%, UHVSHcWLYHO\. IQ cRQcOXVLRQ, WKH daWa dRHV VXSSRUW H2, bXW
WKH HIIHcW RI SURYLdLQJ WKH SaUWLcLSaQWV ZLWK WKH dRcXPHQWaWLRQ RI WKH JUaSKHPH cOXVWHU SURbOHP aQd
WKH cKaUacWHUV SacNaJH LV PXcK ZHaNHU WKaQ PaQ\ PLJKW KaYH H[SHcWHd.

4.3. The aPRXQW Rf e[SOaQaWLRQ RQO\ Pade a VPaOO dLffeUeQce
IQ WKH H[SHULPHQWaO dHVLJQ, ZH JaYH WUHaWPHQW JURXS 1 a dHHSHU aQd PRUH WKRURXJK H[SOaQaWLRQ LQ WKH
KRSH WKaW SaUWLcLSaQWV LQ WKLV JURXS cRXOd aSSO\ WKLV NQRZOHdJH WR WKH aVVHVVPHQW RI VXbVHTXHQW WH[W
PaQLSXOaWLRQ VcHQaULRV WKaW ZHUH dLIIHUHQW IURP ScHQaULR 1. TKH daWa VKRZV WKaW WUHaWPHQW JURXS 1 dLd
VHHP WR SHUIRUP bHWWHU WKaQ WUHaWPHQW JURXS 2 LQ HYHU\ VcHQaULR ZKHUH XVLQJ WKH SWULQJ API ZaV
SURbOHPaWLc (VHH FLJ. 4). TKH OaUJHVW dLIIHUHQcH ZaV RbVHUYHd LQ ScHQaULR 6, ZKHUH WKH cRdH VQLSSHW
QHHdV WR HQIRUcH a cKaUacWHU OLPLW LQ a WH[W ILHOd aQd UHSOacH aQ\ RYHUIORZQ WH[W ZLWK aQ HOOLSVHV. IQ WKLV
VcHQaULR, 53.7% RI SaUWLcLSaQWV LQ WUHaWPHQW JURXS 1 PadH a cRUUHcW aVVHVVPHQW, ZKLOH RQO\ 32.8% RI
WKH WUHaWPHQW JURXS 2 ZHUH abOH WR dR VR. HRZHYHU, WKH dLIIHUHQcH bHWZHHQ WKH WZR JURXSV¶
SHUIRUPaQcH LQ ScHQaULR 6 ZaV QRW VWaWLVWLcaOO\ VLJQLILcaQW accRUdLQJ WR a cKL-VTXaUHd WHVW (S = 0.055),
VR ZHUH WKH WHVW UHVXOWV IRU WKH RWKHU WZR VcHQaULRV.

4.4. PaUWLcLSaQWV OacNed cRQfLdeQce LQ WheLU abLOLW\ WR PaNe cRUUecW API chRLceV
AV PHQWLRQHd LQ WKH VWXd\ dHVLJQ, SaUWLcLSaQWV LQ WKH WUHaWPHQW JURXSV ZHUH JLYHQ aQ RSSRUWXQLW\ WR
cRPSaUH WKHLU RZQ aVVHVVPHQWV RI WKH cRdLQJ VcHQaULRV ZLWK WKH cRUUHcW aVVHVVPHQWV aQd UHad a bULHI
H[SOaQaWLRQ abRXW HacK VcHQaULR. WH ZHUH cXULRXV abRXW KRZ WKaW RSSRUWXQLW\ WR UHIOHcW RQ WKHLU
aVVHVVPHQW SHUIRUPaQcH PLJKW LQIOXHQcH WKHLU RSLQLRQV abRXW KRZ WKH SWULQJ API VKRXOd bH dHVLJQHd.

RHVSRQdLQJ WR a PXOWLSOH cKRLcH TXHVWLRQ LQ WKH SRVW-WHVW TXHVWLRQQaLUH, abRXW KaOI RI WKRVH
SaUWLcLSaQWV VaLd WKH\ ZRXOd SUHIHU a VWULQJ UHSUHVHQWaWLRQ aZaUH RI JUaSKHPH cOXVWHUV b\ dHIaXOW,
JLYHQ WKH WUadH RII bHWZHHQ cRUUHcWQHVV aQd a SRWHQWLaO KLW WR cRPSXWaWLRQaO HIILcLHQc\ (VHH FLJ. 5).
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FigXre 5 - Participants¶ preferred defaXlt string representation as stated in the post-test qXestionnaire

SRPH SaUWLcLSaQWV YRLcHd cRQcHUQV RYHU WKHLU abLOLW\ WR bH cRQVWaQWO\ RQ WKH ORRNRXW IRU VXbWOH LVVXHV
dXH WR PLVKaQdOLQJ RI JUaSKHPH cOXVWHUV:

³EYen Zhen \oX Xnderstand hoZ this cXrrentl\ Zorks in theor\, it is EXTREMELY eas\ to
forget in practise. The cXrrent behaYior WILL create man\, man\ bXgs.´

³...making the api catch those errors b\ defaXlt Zill improYe the qXalit\ of apps since most
deYelopers don't handle emoji Xse cases Xntil the\ haYe a real crash.´

FRU WKH PLQRULW\ ZKR SUHIHUUHd UTF-16 aV WKH dHIaXOW VWULQJ UHSUHVHQWaWLRQ (L.H., WKH VWaWXV TXR LQ
DaUW), VRPH IHOW WKHUH ZaV YaOXH WR bH cRQVLVWHQW ZLWK RWKHU OaQJXaJHV:

³CXrrent behaYioXr is consistent Zith other langXage paradigms Zhich alloZ loZ leYel
manipXlations.´

OWKHUV WKRXJKW HPRMLV ZHUH VWLOO UaUH LQ WKHLU SaUWLcXOaU XVH caVHV:

³In man\ Xse-cases, emojis probabl\ Zon't shoZ Xp. Let's sa\ I'm deYeloping an application
for an insXrance compan\, or ma\be a medical info app. In these cases, it's highl\ Xnlikel\ to
haYe emojis dXe to the professional natXre of the app.´

TR VXP XS, WKH daWa ZHaNO\ VXSSRUWV H4, bXW a ORW RI SaUWLcLSaQWV ZHUH XQabOH WR PaNH XS WKHLU PLQd,
UHIOHcWLQJ WKH cRPSOH[LW\ RI WKH WUadH-RIIV LQYROYHd LQ PRdHUQL]LQJ a IRXQdaWLRQaO API VXcK aV SWULQJ
LQ a PaWXUH SURJUaPPLQJ OaQJXaJH.

5. DiVcXVViRQ
IQ WKLV VHcWLRQ, ZH dLVcXVV ZKaW PLJKW KaYH cRQWULbXWHd WR WKH dLIILcXOW\ RI PaNLQJ API cKRLcHV
RbVHUYHd LQ WKH H[SHULPHQW, WKH LPSOLcaWLRQV IRU dHVLJQLQJ SURJUaPPLQJ WRROV aQd HQYLURQPHQWV, aQd
WKH OaUJHU TXHVWLRQ RI KRZ SULRULWLHV aQd YaOXHV aUH IUaPHd aQd acWHd XSRQ LQ VRIWZaUH dHYHORSPHQW.

5.1. FacWRUV e[aceUbaWLQg Whe LPSacW Rf PLVaOLgQPeQW
OXU ILQdLQJV VKRZ WKaW WKH PLVaOLJQPHQW bHWZHHQ API XVabLOLW\ aQd cRUUHcWQHVV caQ bH dLIILcXOW IRU
WKH API XVHU WR dHaO ZLWK. TKH cRQYHQWLRQaO ZLVdRP PLJKW OHad XV dRZQ a SaWK RI PRUH XVHU
HdXcaWLRQ abRXW WKH SURbOHP WKURXJK dRcXPHQWaWLRQ, bXW WKH UHVXOWV RI RXU H[SHULPHQW, ZKLcK LQ PaQ\
Za\V VLPXOaWHd VXcK aQ aSSURacK, VXJJHVW WKaW LW LV LQVXIILcLHQW. SR ZK\ dLd RXU VWXd\ SaUWLcLSaQWV,
aIWHU WKH\ Kad bHHQ H[SRVHd WR WKH JUaSKHPH cOXVWHUV SURbOHP HLWKHU bHIRUH WKH VWXd\ RU dXULQJ LW, VWLOO
H[SHULHQcHd VR PXcK dLIILcXOW\ LdHQWLI\LQJ LW LQ WKH VLPSOH cRdH VQLSSHWV WKH\ H[aPLQHd? TKHUH cRXOd
bH VHYHUaO cRQWULbXWLQJ IacWRUV, VRPH RI ZKLcK ZH KaYH WRXcKHd RQ ZKHQ dHVcULbLQJ UHOaWHd ZRUN:

Ɣ InsXfficient absorption and recall of information. AOWKRXJK WKH H[SOaQaWLRQ abRXW WKH
JUaSKHPH cOXVWHUV SURbOHP aQd WKH cKaUacWHUV SacNaJH ZaV SURYLdHd WR aOO SaUWLcLSaQWV LQ WKH
WUHaWPHQW JURXSV, WKHUH ZaV QR JXaUaQWHH WKaW HYHU\ SaUWLcLSaQW ZaV abOH RU ZLOOLQJ WR IXOO\
abVRUb WKLV LQIRUPaWLRQ LQ WKH ILUVW SOacH aQd WR UHcaOO WKaW LQIRUPaWLRQ OaWHU ZKHQ LW ZaV
QHHdHd LQ HYaOXaWLQJ addLWLRQaO VcHQaULRV. TKLV ZaV HVVHQWLaOO\ boXnded rationalit\ aW ZRUN.
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Ɣ The failXre of imagination. IW cRXOd bH dLIILcXOW WR LPaJLQH aQ HdJH caVH WKaW ZRXOd SURdXcH
LQcRUUHcW UHVXOWV. GUaSKHPH cOXVWHUV LV a cRPSOLcaWHd cRQcHSW LQ XQLcRdH. OQO\ VRPH HPRMLV
aQd QRQ-ASCII cKaUacWHUV QHHd WR bH UHSUHVHQWHd LQ PRUH WKaQ RQH UTF-16 cRdH XQLW, aQd
RQO\ VSHcLILc W\SHV RI WH[W PaQLSXOaWLRQV ZRXOd bUHaN WKHP. AV a UHVXOW, LW¶V KaUd IRU
SURJUaPPHUV WR cRPH XS ZLWK H[aPSOH VWULQJV WR YHULI\ WKH cRUUHcWQHVV RI WKHLU cRdH.

Ɣ The lack of learning transfer (PHUNLQV HW aO., 1992). SRPH SaUWLcLSaQWV PLJKW KaYH XQdHUVWRRd
ZK\ WKH ILUVW cRdLQJ VcHQaULR ZaV SURbOHPaWLc aQd WKH JUaSKHPH cOXVWHU LVVXH LQ abVWUacW aIWHU
UHcHLYLQJ IHHdbacN, bXW WKH\ PLJKW QRW KaYH dHYHORSHd WKH abLOLW\ WR aSSO\ WKLV NQRZOHdJH WR
WKH aVVHVVPHQW RI VXbVHTXHQW cRdLQJ VcHQaULRV.

Ɣ The habitXal Xse of APIs and roXtini]ed operations. BHcaXVH PaQLSXOaWLQJ WH[W LV aQ
H[WUHPHO\ cRPPRQ WaVN LQ SURJUaPPLQJ, WKH Za\V RI VROYLQJ dLIIHUHQW WH[W PaQLSXOaWLRQ
SURbOHPV aUH OLNHO\ WR KaYH bHcRPH URXWLQHV LI QRW KabLWV. IW LV WKXV dLIILcXOW WR cULWLcaOO\
HYaOXaWH IaPLOLaU cRdH VQLSSHWV XVHd VR PaQ\ WLPHV bHIRUH ZLWKRXW LVVXHV.

WKHQ RQH RU PRUH RI WKHVH IacWRUV aUH aW SOa\, WKH LPSacW RI WKH PLVaOLJQPHQW bHWZHHQ API XVabLOLW\
aQd cRUUHcWQHVV caQ bH HVSHcLaOO\ KaUd WR RYHUcRPH.

5.2. IPSOLcaWLRQV fRU deVLgQ
WKLOH RXU UHVXOWV VXJJHVW WKaW LW LV LPSRUWaQW WR aYRLd RU UHPRYH WKLV W\SH RI PLVaOLJQPHQW LQ API
dHVLJQ ZKHQHYHU SRVVLbOH, LW LV QRW aOZa\V IHaVLbOH ZKHQ HYROYLQJ aQ H[LVWLQJ SDK ZLWK PaQ\ XVHUV
aQd UHaO-ZRUOd aSSOLcaWLRQV bXLOW RQ WRS RI LW. FRUcLQJ a UHaOLJQPHQW RI WKH API cRUUHcWQHVV aQd
XVabLOLW\ cRXOd bUHaN bacNZaUdV cRPSaWLbLOLW\ aQd OHad WR HcRV\VWHP IUaJPHQWaWLRQ.

NRQHWKHOHVV, WKH SDK dHVLJQHU cRXOd VWLOO cRQVLdHU WKH IROORZLQJ PLWLJaWLRQV WKaW VSHcLILcaOO\ addUHVV
WKH WKUHH IacWRUV cRQWULbXWLQJ WR WKH dLIILcXOW\ RI LdHQWLI\LQJ aQd PaQaJLQJ WKH PLVaOLJQPHQW.

Ɣ Making the choices Yisible and readil\ aYailable. FRU H[aPSOH, FOXWWHU, a SRSXOaU UI
IUaPHZRUN IRU DaUW, KaV LQWHJUaWHd WKH cKaUacWHUV SacNaJH LQ LWV SDK, VR FOXWWHU SURJUaPPHUV
dRQ¶W QHHd WR PaQXaOO\ LPSRUW LW WR WKHLU SURMHcWV. IQ addLWLRQ, WKH CKaUacWHUV API LV aOVR PadH
aYaLOabOH RQ SWULQJ RbMHcWV aQd OLWHUaOV WKURXJK H[WHQVLRQ PHWKRdV. TKHUHIRUH, LQ a FOXWWHU UI
SURJUaPPLQJ cRQWH[W, LW¶V PXcK HaVLHU WR JHW UHPLQdHd RI WKLV QHZ, PRUH URbXVW Za\ RI
PaQLSXOaWLQJ WH[W WKURXJK WKH IDE¶V aXWRcRPSOHWH IacLOLW\ (VHH FLJ. 6).

FigXre 6 - DiscoYering the characters API is mXch easier after FlXtter integrated it into its SDK.

Ɣ ProYiding assistance in creating XsefXl test cases. TKLV VWUaWHJ\ LQWHQdV WR addUHVV WKH IaLOXUH
RI LPaJLQaWLRQ LQ PaNLQJ API cKRLcHV. SSHcLILcaOO\, SURJUaPPLQJ WRROV QHHd WR KHOS
SURJUaPPHUV ZULWH WHVW caVHV WKaW cRYHU JUaSKHPH cOXVWHUV b\ VXJJHVWLQJ H[aPSOH LQSXW
VWULQJV aQd VKRZLQJ ZaUQLQJV ZKHQ H[LVWLQJ WHVW caVHV IaLO WR cRYHU HdJH caVHV. IQ addLWLRQ WR
aXJPHQWLQJ aXWRPaWHd WHVWV, a WRRO VLPXOaWLQJ dLYHUVH WH[W LQSXWV, VXcK aV HPRMLV aQd
QRQ-ASCII cKaUacWHUV, cRXOd KHOS WKH dHYHORSHU dLVcRYHU WH[W PaQLSXOaWLRQ bXJV HaUO\.

Ɣ Breaking habitXal Xse of API b\ making neZ local defaXlts. WKHQ LW¶V LQIHaVLbOH WR cKaQJH WKH
JORbaO dHIaXOW, LW PLJKW bH SRVVLbOH WR HQacW ORcaO dHIaXOWV WR PLWLJaWH ULVNV RI PLVXVLQJ APIV.
FRU H[aPSOH, a UI WRRONLW RIWHQ UHTXLUHV WKH SURJUaPPHU WR cUHaWH a caOObacN IXQcWLRQ WR
KaQdOH XVHU LQSXW. TKLV SaUWLcXOaU cRQWH[W LV KLJKO\ VXVcHSWLbOH WR LVVXHV UHOaWHd WR JUaSKHPH
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cOXVWHUV. TKH cRdH HdLWRU cRXOd SURacWLYHO\ cRPSOHWH a WHPSOaWH IRU VXcK caOObacN IXQcWLRQV
ZKHUH WKH JUaSKHPH-aZaUH API LV XVHd LQ WKH JHQHUaWHd cRdH. AddLWLRQaOO\, WKH cRdH HdLWRU
caQ XVH OLQWV WR ZaUQ SURJUaPPHUV LQ SRWHQWLaO KLJK-ULVN WH[W PaQLSXOaWLRQ cRQWH[WV.

5.3. DeYeORSeU LQceQWLYeV aQd YaOXeV
TKH QHHd IRU SURcHVVLQJ JUaSKHPH cOXVWHUV IaU SUHdaWHV HPRMLV. IQ IacW, WKH\ KaYH bHHQ XVHd WR HQcRdH
QRQ-ASCII cKaUacWHUV LQ PaQ\ QaWXUaO OaQJXaJHV IRU aOPRVW 20 \HaUV (DaYLV, 2001). BXW ZK\ dLd WKLV
SURbOHP, a SULPH H[aPSOH RI API XVabLOLW\ aQd cRUUHcWQHVV PLVaOLJQPHQW, VHHP WR dUaZ OLWWOH LQWHUHVW
IURP WKH SURJUaPPLQJ OaQJXaJH dHVLJQ cRPPXQLW\ XQWLO UHcHQWO\?

TR aQVZHU WKLV TXHVWLRQ, ZH QHHd WR cULWLcaOO\ H[aPLQH VRIWZaUH dHYHORSHUV¶ LQcHQWLYHV aQd WKH
HcRQRPLcV RI dHVLJQLQJ aQd bXLOdLQJ VRIWZaUH IRU a dLYHUVH XVHU SRSXOaWLRQ. TKH YaOXH RI bHLQJ
cRUUHcW LQ WKH SUHVHQcH RI JUaSKHPH cOXVWHUV LQ WH[W PaQLSXOaWLRQ ZaV SURbabO\ cRQVLdHUHd OHVV
LPSRUWaQW WKaQ SURYLdLQJ a VWUaLJKWIRUZaUd, IaPLOLaU, aQd HIILcLHQW SWULQJ API XQWLO WZR XQdHUO\LQJ
HcRQRPLc IRUcHV bHcaPH PRUH SURPLQHQW LQ WKH OaVW IHZ \HaUV:

Ɣ TKH UaSLd JURZWK RI bRWK WKH SURSRUWLRQ RI IQWHUQHW XVHUV ZKR VSHaN a OaQJXaJH RWKHU WKaQ
EQJOLVK aQd WKH SURSRUWLRQ RI QRQ-EQJOLVK ZHb SaJHV (WLNLSHdLa cRQWULbXWRUV, 2020)

Ɣ TKH ULVH RI HPRMLV LQ daLO\ HOHcWURQLc cRPPXQLcaWLRQV (DaQHVL, 2016)

MRUH UHcHQWO\ dHVLJQHd SURJUaPPLQJ OaQJXaJHV, VXcK aV SZLIW, PadH WKH JUaSKHPH cOXVWHUV a
ILUVW-cOaVV cLWL]HQ LQ LWV SWULQJ API. TKLV cKaQJH RI aWWLWXdH PLUURUV WKH JUadXaO ULVH RI accHVVLbLOLW\,
ZKLcK aOVR VXIIHUHd IURP the failXre of imagination. FRU H[aPSOH, aQ abOH-bRdLHd ZHb dHYHORSHU cRXOd
KaYH WURXbOH WKLQNLQJ WKURXJK WKH H[SHULHQcH RI WKH VLWH IURP WKH SHUVSHcWLYH RI a YLVXaOO\ LPSaLUHd
XVHU. MRdHUQ dHYHORSHU WRROV SURYLdH IacLOLWLHV WR VLPXOaWH WKH H[SHULHQcH RI XVHUV ZLWK accHVVLbLOLW\
QHHdV. WH bHOLHYH a VLPLOaU aSSURacK caQ bH IUXLWIXO LQ KHOSLQJ dHYHORSHUV bXLOd aZaUHQHVV aQd
HPSaWK\ WRZaUdV XVHUV ZLWK dLYHUVH WH[W LQSXW QHHdV.

6. CRQcOXViRQV
IQ WKLV SaSHU, ZH SURSRVHd aQd H[aPLQHd WKH SURbOHP RI PLVaOLJQHd API XVabLOLW\ aQd cRUUHcWQHVV ±
WKH PRUH XVabOH API SURdXcHV OHVV cRUUHcW UHVXOWV WKaQ a KaUdHU WR XVH RU OHVV IaPLOLaU API. WH
PHaVXUHd KRZ ZHOO SURJUaPPHUV caQ KaQdOH WKLV W\SH RI PLVaOLJQPHQW WKURXJK a cRQWUROOHd
H[SHULPHQW LQ WKH cRQWH[W RI PaQLSXOaWLQJ XQLcRdH WH[W WKaW LQcOXdHV JUaSKHPH cOXVWHUV, ZLdHO\ XVHd
WR UHSUHVHQW HPRMLV aQd cKaUacWHUV LQ QRQ-EQJOLVK VcULSWV. TKRVH cKaUacWHUV aUH QRW SURSHUO\ VXSSRUWHd
b\ WKH dHIaXOW SWULQJ API LQ PRVW PaLQVWUHaP SURJUaPPLQJ OaQJXaJHV, aQd WKH\ RIWHQ UHTXLUH add-RQ
OLbUaULHV WR SURSHUO\ SURcHVV WKHP. OXU H[SHULPHQW UHVXOWV VXJJHVW WKaW LW LV dLIILcXOW IRU PaQ\
SURJUaPPHUV WR LdHQWLI\ LQVWaQcHV ZKHUH WKH dHIaXOW SWULQJ API cRXOd SURdXcH LQcRUUHcW UHVXOWV LQ
cRPPRQ WH[W PaQLSXOaWLRQ VcHQaULRV, dHVSLWH XVHU HdXcaWLRQ aQd ZaUQLQJV SURYLdHd HaUOLHU LQ WKH
H[SHULPHQW LQ WKH IRUP RI dRcXPHQWaWLRQ. TKH ILQdLQJV OHad WR VSHcLILc LPSOLcaWLRQV IRU dHVLJQLQJ
SURJUaPPLQJ HQYLURQPHQWV WKaW IacLOLWaWH WKH SURcHVV RI PaNLQJ API cKRLcHV LQ RUdHU WR PLWLJaWH VXcK
PLVaOLJQPHQWV.

7. AcNQRZOedgePeQWV
WH WKaQN RXU VWXd\ SaUWLcLSaQWV IRU WKHLU WLPH. IQ addLWLRQ, WKLV VWXd\ ZRXOd QRW bH SRVVLbOH ZLWKRXW
WKH VXSSRUW aQd IHHdbacN IURP IaQ HLcNVRQ, MLcKaHO TKRPVHQ, LaVVH NLHOVHQ aQd LHaI PHWHUVHQ IURP
WKH FOXWWHU WHaP aQd WKH DaUW WHaP aW GRRJOH.
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ASSeQdi[: QXeVWiRQQaiUe DeVigQ
ScUeeQeU
TKaQN \RX IRU \RXU LQWHUHVW LQ SaUWLcLSaWLQJ LQ WKLV UHVHaUcK VWXd\ RQ WKH XVabLOLW\ RI DaUW¶V API. TR
dHWHUPLQH \RXU HOLJLbLOLW\, SOHaVH aQVZHU TXHVWLRQV RQ WKLV SaJH.

II \RX TXaOLI\, \RX caQ H[SHcW WR cRPSOHWH WKH VXUYH\ ZLWKLQ 15 PLQXWHV. POHaVH PaNH VXUH \RX ZLOO
QRW bH LQWHUUXSWHd. II \RX RSHQHd WKLV VXUYH\ RQ a PRbLOH dHYLcH, ZH NLQdO\ UHTXHVW \RX WR ILOO LW RXW
IURP a dHVNWRS/OaSWRS cRPSXWHU WR HQVXUH cRUUHcW UHQdHULQJ RI WKH cRQWHQW.

B\ VXbPLWWLQJ \RXU UHVSRQVHV LQ WKLV VXUYH\, \RX acNQRZOHdJH WKaW \RX aUH aW OHaVW 18 \HaUV RI aJH
aQd WKaW GRRJOH aQd LWV aIILOLaWHV Pa\ XVH \RXU UHVSRQVHV WR LPSURYH GRRJOH¶V SURdXcWV aQd VHUYLcHV
LQ accRUdaQcH ZLWK GRRJOH PULYac\ PROLc\.

# QXHVWLRQ CULWHULRQ

Q2 WKaW LV \RXU OHYHO RI H[SHULHQcH ZLWK SURJUaPPLQJ LQ
DaUW?

Ɣ NR H[SHULHQcH
Ɣ AZaUHQHVV
Ɣ NRYLcH
Ɣ IQWHUPHdLaWH
Ɣ AdYaQcHd
Ɣ E[SHUW

CULWHULRQ: PXVW bH
³IQWHUPHdLaWH´ RU KLJKHU WR
bH HOLJLbOH.

Q3 HRZ SURILcLHQW aUH \RX LQ EQJOLVK?
Ɣ NRQH
Ɣ BHJLQQHU
Ɣ IQWHUPHdLaWH
Ɣ AdYaQcHd
Ɣ NaWLYH

CULWHULRQ: PXVW bH
³IQWHUPHdLaWH´ RU KLJKHU WR
bH HOLJLbOH.

Q4 HRZ cRQILdHQW aUH \RX LQ XVLQJ WKH IROORZLQJ DaUW APIV?

OSWLRQV
Ɣ AV\Qc, aZaLW aQd IXWXUH
Ɣ SWULQJ
Ɣ DaWHV aQd WLPHV
Ɣ MaWK
Ɣ RHJXOaU H[SUHVVLRQV

LHYHOV
Ɣ NRW aW aOO cRQILdHQW
Ɣ SOLJKWO\ cRQILdHQW
Ɣ MRdHUaWHO\ cRQILdHQW
Ɣ QXLWH cRQILdHQW
Ɣ TRWaOO\ cRQILdHQW

CULWHULRQ: cRQILdHQcH LQ XVLQJ
WKH SWULQJ API PXVW bH
³PRdHUaWHO\ cRQILdHQW´ RU
KLJKHU WR bH HOLJLbOH.

IQWURdXcWLRQ
IQ WKLV VXUYH\, ZH aUH PHaVXULQJ WKH H[SHULHQcH RI UHadLQJ DaUW SURJUaPV IRU WKH SXUSRVH RI
LPSURYLQJ LWV API. YRX ZLOO JR WKURXJK a QXPbHU RI cRdLQJ VcHQaULRV aQd dHWHUPLQH LI a JLYHQ cRdH
VQLSSHW caQ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ HacK VcHQaULR. BRWK \RXU aQVZHUV aQd WKH WLPH \RX
VSHQd RQ aQVZHULQJ HacK TXHVWLRQ ZLOO bH UHcRUdHd LQ WKLV VXUYH\.
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POHaVH UHad WKH LQIRUPaWLRQ LQ WKH VXUYH\ caUHIXOO\, ZKLcK Pa\ KHOS \RX bHWWHU aVVHVV WKRVH cRdLQJ
VcHQaULRV. TR HQVXUH WKH YaOLdLW\ RI WKH VWXd\ UHVXOWV, ZH UHTXHVW \RX WR QRW VKaUH WKH VXUYH\ ZLWK
RWKHUV. OQ bHKaOI RI WKH DaUW WHaP, WKaQN \RX IRU \RXU WLPH.

SceQaULR 1 (VXbVWULQg)

NRWH: WKH SXUSRVH RI WKLV WaVN LV WR LQWURdXcH WKH JUaSKHPH cOXVWHUV LVVXH WR SaUWLcLSaQWV LQ WKH
WUHaWPHQW JURXSV. TUHaWPHQW JURXS 1 ZLOO UHcHLYH addLWLRQaO cRQcHSWXaO H[SOaQaWLRQ RI WKH SURbOHP.

IPaJLQH WKaW \RX ZaQW WR LPSOHPHQW a IXQcWLRQ WKaW dHOHWHV WKH OaVW cKaUacWHU IURP a VWULQJ aQd UHWXUQV
WKH UHVXOW aV a QHZ VWULQJ. TKH VWULQJ cRPHV IURP XVHU LQSXW LQ a WH[W bR[.

YRX cRPH acURVV WKH IROORZLQJ VQLSSHW RQOLQH:

String skipLastChar(String text) {

return text.substring(0, text.length - 1);

}

NRWH: WKH VXbVWULQJ (LQW VWaUWIQdH[, [LQW HQdIQdH[])) PHWKRd UHWXUQV WKH VXbVWULQJ RI WKLV VWULQJ WKaW
H[WHQdV IURP VWaUWIQdH[, LQcOXVLYH, WR HQdIQdH[, H[cOXVLYH. FRU H[aPSOH, ³KHOOR´.VXbVWULQJ(0, 4)
UHWXUQV ³KHOO´.

# QXHVWLRQ DLVSOa\ LRJLc

Q7 DRHV WKLV VQLSSHW cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ
WKH VcHQaULR (aVVXPLQJ WKH V\QWa[ RI WKH cRdH KaV bHHQ cKHcNHd)?

Ɣ YHV
Ɣ NR
Ɣ Ma\bH

Q9 WKaW dR \RX WKLQN cRXOd bH PLVVLQJ RU LQcRUUHcW LQ WKLV VQLSSHW,
LI aQ\?
_______________

SKRZ LI aQVZHU WR Q7 LV
³NR´ RU ³Ma\bH´

SceQaULR 1 feedbacN

NRWH: WKLV bORcN ZLOO bH dLVSOa\Hd WR bRWK WUHaWPHQW JURXSV bXW QRW WKH cRQWURO JURXS.

TKH cRUUHcW aQVZHU LV ³NR´, bHcaXVH WKH cRdH VQLSSHW ZRQ¶W SaVV WKH WHVW bHORZ.

THVW cRdH:

test("skipLastChar(text) removes the last character from the string", () {

var string Ó 'Hi ';

expect(skipLastChar(string), equals('Hi '));

});
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THVW UHVXOWV:

Expected: 'Hi '

Actual: 'Hi ???'

Which: is different. Both strings start the same, but the actual value

also has the following trailing characters: ???

IW WXUQV RXW DaUW¶V SWULQJ API dRHVQ¶W KaQdOH VRPH HPRMLV aQd QRQ-EQJOLVK cKaUacWHUV (H.J., Jࡇ ,각, aQd
िष) ZHOO. TKH IRUPaO WHUP IRU WKRVH cKaUacWHUV LV H[WHQdHd JUaSKHPH cOXVWHUV. TKH JRRd QHZV LV WKaW
DaUW KaV aQ H[SHULPHQWaO SacNaJH caOOHd cKaUacWHUV WR KaQdOH WKLV NLQd RI VLWXaWLRQ. HHUH LV KRZ WR
UHZULWH WKLV VQLSSHW XVLQJ WKH SacNaJH:

String skipLastChar(String text) {

return text.characters.skipLast(1).toString();

}

NRWH WKaW WKH SacNaJH SURYLdHV aQ H[WHQVLRQ PHWKRd ZKLcK WXUQV a SWULQJ RbMHcW LQWR a CKaUacWHUV
RbMHcW.

# QXHVWLRQ DLVSOa\ LRJLc
& RaWLRQaOH

Q11 BHIRUH SaUWLcLSaWLQJ LQ WKLV VXUYH\, Kad \RX UXQ LQWR, RU KHaUd abRXW, aQ\
LVVXHV ZKHQ XVLQJ DaUW¶V SWULQJ API WR PaQLSXOaWH WH[W LQSXW WKaW
LQcOXdHV H[WHQdHd JUaSKHPH cOXVWHUV VXcK aV HPRMLV (H.J.,   )
aQd accHQWHd OHWWHUV (H.J., caIp)?

Ɣ I Kad UXQ LQWR VXcK LVVXHV bHIRUH.
Ɣ I Kad KHaUd RI VXcK LVVXHV bXW QHYHU UaQ LQWR WKHP.
Ɣ I KadQ¶W KHaUd RI VXcK LVVXHV bHIRUH.
Ɣ I¶P QRW VXUH.

RaWLRQaOH:
cKHcN LI WKH
UHVSRQdHQWV
NQHZ abRXW WKLV
LVVXH \HW VWLOO
JaYH WKH ZURQJ
aQVZHU.

AddLWLRQaO e[SOaQaWLRQ fRU WUeaWPeQW gURXS 1

String skipLastChar(String text) {

return text.substring(0, text.length - 1);

}

SR ZKaW ZaV WKH IXQdaPHQWaO SURbOHP LQ WKLV cRdH VQLSSHW? TKHUH aUH a cRXSOH RI WKLQJV JRLQJ RQ
KHUH:

Ɣ DaUW¶V VWaQdaUd SWULQJ cOaVV XVHV WKH UTF-16 HQcRdLQJ, ZKLcK PHaQV WKaW WKH VWULQJ LV VWRUHd
LQ a VHTXHQcH RI 16-bLWV cRdH XQLWV. TKH OHQJWK SURSHUW\ RI SWULQJ UHWXUQV WKH QXPbHU RI WKRVH
UTF-16 XQLWV.

Ɣ HRZHYHU, VRPH HPRMLV aQd QRQ-EQJOLVK cKaUacWHUV UHTXLUH PRUH WKaQ RQH UTF-16 cRdH XQLW
WR VWRUH. FRU H[aPSOH, LV VWRUHd LQ 4 UTF-16 cRdH XQLWV LQ a DaUW SWULQJ. SXcK cKaUacWHUV
aUH IRUPaOO\ caOOHd H[WHQdHd JUaSKHPH cOXVWHUV.

PPIG 2020 98 www.ppig.org



IW LV cOHaU WKaW ZKHQ XVLQJ DaUW SWULQJ¶V VXbVWULQJ PHWKRd WR UHPRYH WKH OaVW ³cKaUacWHU´ IURP 'HL ',
LW ZLOO UHPRYH WKH OaVW RI WKH IRXU cRdH XQLWV UHSUHVHQWLQJ WKH IOaJ, OHaYLQJ WKH UHVXOWLQJ VXbVWULQJ
cRUUXSWHd.

TKH CKaUacWHUV SacNaJH ZaV cUHaWHd WR addUHVV WKLV OLPLWaWLRQ RI WKH SWULQJ API. POHaVH WaNH a IHZ
PLQXWHV WR WaNH a ORRN aW WKH dRcXPHQWaWLRQ RI WKH cKaUacWHUV SacNaJH bHORZ:

[IQVHUW VcUHHQVKRW: KWWSV://SXb.dHY/dRcXPHQWaWLRQ/cKaUacWHUV/OaWHVW/cKaUacWHUV/CKaUacWHUV-cOaVV.KWPO]

TUaQVLWLRQaO Sage
NH[W, \RX ZLOO UHad a IHZ PRUH cRdLQJ VcHQaULRV aQd HYaOXaWH cRdH ZULWWHQ WR VaWLVI\ WKRVH VcHQaULRV.
II \RX caQQRW dHWHUPLQH ZKHWKHU WKH cRdH ZRXOd ZRUN RU QRW, SOHaVH UHVSRQd ³Pa\bH´ LQVWHad RI
WU\LQJ WR UXQ WKH cRdH RXWVLdH RI WKH VXUYH\.

SRPH VcHQaULRV ZLOO SURYLdH cRUUHcW aQVZHUV LPPHdLaWHO\ aIWHU \RX JLYH \RXU aVVHVVPHQW, ZKLOH
RWKHUV ZLOO VKRZ cRUUHcW aQVZHUV aW WKH HQd RI WKLV H[HUcLVH.

SceQaULR 2 (ePaLO YaOLdaWLRQ)

NRWH: WKH SXUSRVH RI WKLV WaVN LV WR cKHcN LI WKH SaUWLcLSaQWV LQ WKH WZR WUHaWPHQW JURXSV ZRXOd
RYHUUHacW WR ZKaW WKH\ MXVW OHaUQHd abRXW WKH SWULQJ API¶V OLPLWaWLRQV LQ SURcHVVLQJ JUaSKHPH
cOXVWHUV. TKH VQLSSHW LQ WKLV VcHQaULR LV acWXaOO\ cRUUHcW.

YRX¶UH aVNHd WR UHYLHZ cRdH ZULWWHQ WR LPSOHPHQW WKH IROORZLQJ UHTXLUHPHQWV:

Ɣ TKH cRdH LV a IXQcWLRQ WKaW cKHcNV LI WKH WH[W LQSXW cRQWaLQV a OLNHO\ HPaLO addUHVV.

Ɣ SLQcH HPaLO addUHVVHV Pa\ LQcOXdH QRQ-EQJOLVK cKaUacWHUV WKHVH da\V, WKH cKHcN QHHdV WR bH
LQcOXVLYH.

Ɣ AIWHU VRPH WHVWLQJ, WKH IROORZLQJ UHJXOaU H[SUHVVLRQ LV cRQVLdHUHd JRRd HQRXJK:
'[^@\.]+@[^@\.]+\.[a-]]*'

bool containEmail(String email) {

return email.contains(RegExp(r'[^@\.]Ï@[^@\.]Ï\.[a-z]*'));

}

# QXHVWLRQ DLVSOa\ LRJLc

Q16 DRHV WKLV VQLSSHW cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH
VcHQaULR (aVVXPLQJ WKH V\QWa[ RI WKH cRdH aQd WKH UHJXOaU H[SUHVVLRQ KaYH
bHHQ cKHcNHd)?

Ɣ YHV
Ɣ NR
Ɣ Ma\bH

Q18 WKaW dR \RX WKLQN cRXOd bH PLVVLQJ RU LQcRUUHcW LQ WKLV VQLSSHW, LI aQ\?
Ɣ TKH cRdH VKRXOd XVH WKH cKaUacWHUV SacNaJH LQVWHad.
Ɣ TKH SURbOHP LV XQUHOaWHd WR WKH cKaUacWHUV SacNaJH. POHaVH

dHVcULbH WKH SURbOHP bULHIO\: _________
Ɣ I dRQ¶W NQRZ.

AQVZHU WR WKH
SUHYLRXV Q LV
³NR´ RU
³Ma\bH´ AND
WKH SaUWLcLSaQW
LV QRW LQ WKH
cRQWURO JURXS
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NH[W SaJH

Q19 TKH cRUUHcW aQVZHU LV ³YHV´, WKLV VQLSSHW caQ VaWLVI\ WKH UHTXLUHPHQWV
dHVcULbHd LQ WKH VcHQaULR. IQ IacW, WKLV VcHQaULR UHTXLUHV WKH SWULQJ API.
FLUVW, UHJXOaU H[SUHVVLRQV caQ bH XVHd WR PaWcK WH[W ZLWK QRQ-EQJOLVK
cKaUacWHUV. SHcRQd, WKH cKaUacWHUV SacNaJH dRHVQ¶W VXSSRUW UHJXOaU
H[SUHVVLRQV.

SKRZ LI WKH
SaUWLcLSaQW LV
QRW LQ WKH
cRQWURO JURXS.

Scenario 3 (count characters)

NRWH: WKH SXUSRVH RI WKLV WaVN LV WR cKHcN LI WKH SaUWLcLSaQW ZRXOd UHaOL]H WKH\ QHHd WR XVH WKH
cKaUacWHUV SacNaJH WR cRUUHcWO\ PHaVXUH WKH QXPbHU RI cKaUacWHUV LQ a VWULQJ.

YRX¶UH aVNHd WR UHYLHZ cRdH ZULWWHQ WR LPSOHPHQW WKH IROORZLQJ UHTXLUHPHQWV:

Ɣ TKH cRdH LV a IXQcWLRQ WKaW cKHcNV LI WKH WH[W HQWHUHd b\ WKH XVHU KaV H[cHHdHd a VSHcLILc
QXPbHU RI cKaUacWHUV.

Ɣ TKH IXQcWLRQ UHWXUQV a SRVLWLYH QXPbHU RI UHPaLQLQJ cKaUacWHUV LI WKH OLPLW KaVQ¶W bHHQ
UHacKHd, RU a QHJaWLYH QXPbHU RI H[WUa cKaUacWHUV LI WKH OLPLW KaV bHHQ H[cHHdHd.

int checkMaxLength(String input, int limit) {

var length Ó input.length;

return limit - length;

}

# QXHVWLRQ DLVSOa\ LRJLc

Q20 DRHV WKLV VQLSSHW cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH
VcHQaULR (aVVXPLQJ WKH V\QWa[ RI WKH cRdH KaV bHHQ cKHcNHd)?

Ɣ YHV
Ɣ NR
Ɣ Ma\bH

Q22 WKaW dR \RX WKLQN cRXOd bH PLVVLQJ RU LQcRUUHcW LQ WKLV VQLSSHW, LI aQ\?
Ɣ TKH cRdH VKRXOd XVH WKH cKaUacWHUV SacNaJH LQVWHad.
Ɣ TKH SURbOHP LV XQUHOaWHd WR WKH cKaUacWHUV SacNaJH. POHaVH

dHVcULbH WKH SURbOHP bULHIO\: _________
Ɣ I dRQ¶W NQRZ.

AQVZHU WR WKH
SUHYLRXV Q LV
³NR´ RU
³Ma\bH´ AND
QRW LQ WKH cRQWURO
JURXS

SceQaULR 4 (VSOLW VWULQg)

NRWH: WKH VQLSSHW ZaV LQLWLaOO\ cRQVLdHUHd WR bH cRUUHcW LQ RUdHU WR WHVW RYHUUHacWLRQ, bXW ZH OaWHU
dLVcRYHUHd a cRQdLWLRQ ZKHUH WKLV VQLSSHW ZRXOd SURdXcH LQcRUUHcW UHVXOWV. TKHUHIRUH, daWa IURP WKLV
VcHQaULR ZaV H[cOXdHd IURP WKH aQaO\VLV.
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YRX¶UH aVNHd WR UHYLHZ cRdH ZULWWHQ WR LPSOHPHQW WKH IROORZLQJ UHTXLUHPHQWV:

Ɣ TKH cRdH LV a IXQcWLRQ WKaW VSOLWV a VWULQJ aW µ ¶ aQd UHWXUQV a OLVW RI VXbVWULQJV. FRU H[aPSOH,
WXUQLQJ µVSacH LV IRU HYHU\bRd\¶ LQWR [µVSacH¶, µLV¶, µIRU¶, µHYHU\bRd\¶].

RHYLHZ WKH IROORZLQJ cRdH VQLSSHW aQd dHWHUPLQH LI LW caQ cRUUHcWO\ PHHW \RXU UHTXLUHPHQWV.

List splitStarSeparatedWords(String text) {

return text.split(' ');

}

# QXHVWLRQ DLVSOa\ LRJLc

Q23 DRHV WKLV VQLSSHW cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH
VcHQaULR (aVVXPLQJ WKH V\QWa[ RI WKH cRdH KaV bHHQ cKHcNHd)?

Ɣ YHV
Ɣ NR
Ɣ Ma\bH

Q25 WKaW dR \RX WKLQN cRXOd bH PLVVLQJ RU LQcRUUHcW LQ WKLV VQLSSHW, LI aQ\?
Ɣ TKH cRdH VKRXOd XVH WKH cKaUacWHUV SacNaJH LQVWHad.
Ɣ TKH SURbOHP LV XQUHOaWHd WR WKH cKaUacWHUV SacNaJH. POHaVH

dHVcULbH WKH SURbOHP bULHIO\: _________
Ɣ I dRQ¶W NQRZ.

AQVZHU WR WKH
SUHYLRXV Q LV
³NR´ RU
³Ma\bH´
AND QRW LQ
WKH cRQWURO
JURXS

NH[W SaJH

Q26 TKH cRUUHcW aQVZHU LV ³YHV´, WKLV VQLSSHW caQ VaWLVI\ WKH UHTXLUHPHQWV
dHVcULbHd LQ WKH VcHQaULR. TKH VQLSSHW ZRUNV bHcaXVH WKH SWULQJ API¶V VSOLW
PHWKRd caQ aSSURSULaWHO\ KaQdOH HPRMLV aV VHSaUaWRUV. MRUHRYHU, WKH
cKaUacWHUV SacNaJH dRHVQ¶W KaYH a VSOLW PHWKRd RU LWV HTXLYaOHQW.

SKRZ LI WKH
SaUWLcLSaQW LV
QRW LQ WKH
cRQWURO JURXS.

SceQaULR 5 (cUeaWe LQLWLaOV)

NRWH: WKH SXUSRVH RI WKLV WaVN LV WR WHVW LI WKH SaUWLcLSaQW ZRXOd UHaOL]H WKaW WKH LQdH[ RSHUaWRU caQ
bUHaN JUaSKHPH cOXVWHUV.

YRX¶UH aVNHd WR UHYLHZ cRdH ZULWWHQ WR LPSOHPHQW WKH IROORZLQJ UHTXLUHPHQWV:

Ɣ TKH cRdH LV a IXQcWLRQ WKaW cUHaWHV LQLWLaOV IURP WKH ILUVW QaPH aQd WKH OaVW QaPH WKH XVHU
HQWHUV LQ WZR VHSaUaWH WH[W ILHOdV.

Ɣ FRU H[aPSOH, WKH IXQcWLRQ QHHdV WR JHQHUaWH LQLWLaOV VXcK aV ³JS´ IURP ³MRKQ´ aQd ³VPLWK´.

String createInitials(String firstName, String lastName) {

return firstName[0].toUpperCase() Ï lastName[0].toUpperCase();

}
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# QXHVWLRQ DLVSOa\ LRJLc

Q27 DRHV WKLV VQLSSHW cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH
VcHQaULR (aVVXPLQJ WKH V\QWa[ RI WKH cRdH KaV bHHQ cKHcNHd)?

Ɣ YHV
Ɣ NR
Ɣ Ma\bH

Q29 WKaW dR \RX WKLQN cRXOd bH PLVVLQJ RU LQcRUUHcW LQ WKLV VQLSSHW, LI aQ\?
Ɣ TKH cRdH VKRXOd XVH WKH cKaUacWHUV SacNaJH LQVWHad.
Ɣ TKH SURbOHP LV XQUHOaWHd WR WKH cKaUacWHUV SacNaJH. POHaVH

dHVcULbH WKH SURbOHP bULHIO\: _________
Ɣ I dRQ¶W NQRZ.

AQVZHU WR WKH
SUHYLRXV Q LV
³NR´ RU ³Ma\bH´
AND QRW LQ WKH
cRQWURO JURXS

SceQaULR 6 (We[W RYeUfORZ eOOLSVLV)

NRWH: WKH SXUSRVH RI WKLV VcHQaULR LV WR cKHcN LI WKH SaUWLcLSaQW VWLOO UHPHPbHUV WKH VXbVWULQJ
VcHQaULR ZKHUH WKH\ ZHUH ILUVW H[SRVHd WR WKH JUaSKHPH PaQLSXOaWLRQ LVVXH.

YRXU aSS QHHdV WR dLVSOa\ a OLVW RI PHVVaJHV, RQH SHU OLQH. YRX¶UH aVNHd WR UHYLHZ cRdH ZULWWHQ WR
LPSOHPHQW WKH IROORZLQJ UHTXLUHPHQWV:

Ɣ TKH cRdH LV a IXQcWLRQ WKaW dLVSOa\V WH[W RYHUIORZ aV aQ HOOLSVLV ZKHQ WKH PHVVaJH¶V OHQJWK
H[cHHdV WKH JLYHQ cKaUacWHU OLPLW.

Ɣ FRU WKH SXUSRVH RI WKLV VXUYH\, \RX caQ LJQRUH WKH YaU\LQJ ZLdWKV RI cKaUacWHUV.

String textOverflowEllipsis(String text, int limit) {

if (text.length Õ limit) {

return text.substring(0, limit - ¾) Ï '...';

} else {

return text;

}

}

QXHVWLRQ DLVSOa\ LRJLc

Q30 DRHV WKLV VQLSSHW cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH
VcHQaULR (aVVXPLQJ WKH V\QWa[ RI WKH cRdH KaV bHHQ cKHcNHd)?

Ɣ YHV
Ɣ NR
Ɣ Ma\bH

Q32 WKaW dR \RX WKLQN cRXOd bH PLVVLQJ RU LQcRUUHcW LQ WKLV VQLSSHW, LI aQ\?
Ɣ TKH cRdH VKRXOd XVH WKH cKaUacWHUV SacNaJH LQVWHad.
Ɣ TKH SURbOHP LV XQUHOaWHd WR WKH cKaUacWHUV SacNaJH. POHaVH

dHVcULbH WKH SURbOHP bULHIO\: _________
Ɣ I dRQ¶W NQRZ.

AQVZHU WR WKH
SUHYLRXV Q LV ³NR´
RU ³Ma\bH´ AND
QRW LQ WKH cRQWURO
JURXS
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ReYLeZ cRUUecW aQVZeUV
POHaVH UHYLHZ WKH H[SHcWHd aQVZHUV WR WKH TXHVWLRQV LQ WKH SUHYLRXV cRdH VcHQaULRV. TKLV SaJH aOVR
VKRZV WKH cRUUHcW cRdH IRU cRdLQJ VcHQaULRV ZKHUH WKH VQLSSHWV SURYLdHd Kad LVVXHV.

SXPPaU\ Rf cRUUecW aQVZeUV
TKH WabOH bHORZ VKRZV WKH H[SHcWHd UHVSRQVHV WR WKH TXHVWLRQ "WLOO WKH cRdH abRYH cRUUHcWO\ VaWLVI\
WKH UHTXLUHPHQWV dHVcULbHd LQ WKH VcHQaULR?"

ScHQaULR # YRXU AQVZHU CRUUHcW AQVZHU

2 (HPaLO YaOLdaWLRQ) <IQVHUW WKH SaUWLcLSaQW¶V aQVZHU> YHV

3 (cRXQW cKaUacWHUV) <IQVHUW WKH SaUWLcLSaQW¶V aQVZHU> NR

4 (VSOLW VWULQJ) <IQVHUW WKH SaUWLcLSaQW¶V aQVZHU> YHV

5 (cUHaWH LQLWLaOV) <IQVHUW WKH SaUWLcLSaQW¶V aQVZHU> NR

6 (WH[W RYHUIORZ HOOLSVLV) <IQVHUW WKH SaUWLcLSaQW¶V aQVZHU> NR

SceQaULR 2 (ePaLO YaOLdaWLRQ)
WLOO WKH cRdH abRYH cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH VcHQaULR?

Ɣ CRUUHcW aQVZHU: YHV.

Ɣ TKLV VcHQaULR UHTXLUHV WKH SWULQJ API. FLUVW, UHJXOaU H[SUHVVLRQV caQ bH XVHd WR PaWcK WH[W
ZLWK JUaSKHPH cOXVWHUV. SHcRQd, WKH cKaUacWHUV SacNaJH dRHVQ¶W VXSSRUW UHJXOaU H[SUHVVLRQV.

SceQaULR 3 (cRXQW chaUacWeUV)
WLOO WKH cRdH abRYH cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH VcHQaULR?

Ɣ CRUUHcW aQVZHU: NR. TKH cRdH ZRQ¶W SaVV WKH WHVW bHORZ.

Ɣ THVW cRdH:

test("checkMaxLength(String input, int limit) returns how many characters left

in the space", (){

var input Ó "Laughter is the sensation of feeling good all over and showing

it principally in one place.";

var limit Ó 1¿0;

expect(checkMaxLength(input, limit), equals(¿Ä));

input Ó "Laughter  is the sensation of feeling good all over and showing

it principally in one place.";

expect(checkMaxLength(input, limit), equals(¿Â));

});

Ɣ THVW UHVXOWV:

00:00 Ï1 -2: checkMaxLength(String input, int limit) returns how many

characters left in the space [E]

Expected: Ô¿ÂÕ

Actual: Ô¿ÁÕ

package:test_api  expect

test.dart 22:À main.ÔfnÕ

Ɣ CRUUHcW cRdH:
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int checkMaxLength(String input, int limit) {

var length Ó input.characters.length;

return limit - length;

}

SceQaULR 4 (VSOLW VWULQg)
WLOO WKH cRdH abRYH cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH VcHQaULR?

Ɣ CRUUHcW aQVZHU: YHV

Ɣ TKH VQLSSHW ZRUNV bHcaXVH WKH SWULQJ API¶V VSOLW PHWKRd caQ aSSURSULaWHO\ KaQdOH HPRMLV aV
VHSaUaWRUV. MRUHRYHU, WKH CKaUacWHUV cOaVV dRHVQ¶W KaYH a VSOLW PHWKRd RU LWV HTXLYaOHQW.

SceQaULR 5 (cUeaWe LQLWLaOV)
WLOO WKH cRdH abRYH cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH VcHQaULR?

Ɣ CRUUHcW aQVZHU: NR. TKH UHaVRQ LV WKaW WKH VXbVcULSW LQWHUIacH aV XVHd LQ QaPH[0] cRXOd JUab a
IUacWLRQ RI a cKaUacWHU. FRU H[aPSOH, WKH cRdH ZRQ¶W SaVV WKH WHVW bHORZ, bHcaXVH WKH cKaUacWHU
"e" caQ bH a cRPbLQaWLRQ RI aQ "E" aQd aQ acXWH "�".

Ɣ THVW cRdH:

test(

"createInitials(firstName, lastname) creates initials from a first name

and a last name",

() {

var firstName Ó "eғtienne";
var lastname Ó "bézout";

expect(td.createInitials(firstName, lastname), equals('EғB'));
});

Ɣ THVW UHVXOW:

00:01 Ï1 -À: createInitials(firstName, lastname) creates initials from a first

name and a last name [E]

Expected: 'EғB'
Actual: 'EB'

Which: is different.

Expected: EғB
Actual: EB

^

Differ at offset 1

Ɣ CRUUHcW cRdH:

String createInitials(String firstName, String lastName) {

var initials Ó firstName.characters.first.toUpperCase() Ï

lastName.characters.first.toUpperCase();

return initials;

}

SceQaULR 6 (We[W RYeUfORZ eOOLSVLV)
WLOO WKH cRdH abRYH cRUUHcWO\ VaWLVI\ WKH UHTXLUHPHQWV dHVcULbHd LQ WKH VcHQaULR?

Ɣ CRUUHcW aQVZHU: NR, WKH cRdH ZRQ¶W SaVV WKH WHVW bHORZ.
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Ɣ THVW cRdH:

test(

"textOverflowEllipsis(String text, int limit) displays an ellipsis for

overflown text",

() {

var input Ó " rhinoceros";

var limit Ó Â;

expect(td.textOverflowEllipsis(input, limit), equals(" rhi..."));

});

Ɣ THVW UHVXOW:

00:01 Ï1 -¾: textOverflowEllipsis(String text, int limit) displays an ellipsis

for overflown text [E]

Expected: ' rhi...'

Actual: ' rh...'

Which: is different.

Expected: rhi...

Actual: rh...

^

Differ at offset ¿

Ɣ CRUUHcW cRdH:

String textOverflowEllipsis(String text, int limit) {

return text.characters.take(limit - ¾).toString() Ï '...';

}

AWWLWXdeV aQd SUefeUeQceV
(DLVSOa\ ORJLc: WUHaWPHQW JURXSV RQO\)

# QXHVWLRQ DLVSOa\ LRJLc &
RaWLRQaOH

Q37 HRZ LPSRUWaQW LV LW WR KaQdOH HPRMLV cRUUHcWO\ LQ WH[W PaQLSXOaWLRQ
WaVNV ZKLOH dHYHORSLQJ aSSV?

Ɣ E[WUHPHO\ LPSRUWaQW
Ɣ VHU\ LPSRUWaQW
Ɣ MRdHUaWHO\ IPSRUWaQW
Ɣ SOLJKWO\ LPSRUWaQW
Ɣ NRW aW aOO LPSRUWaQW

RaWLRQaOH: TR PHaVXUH
SHUcHLYHd LPSRUWaQcH
RI WKH LVVXH.

Q38 WKLcK RI WKH IROORZLQJ VWaWHPHQWV bHVW dHVcULbHV KRZ \RX ZRXOd
aSSURacK WH[W PaQLSXOaWLRQ LQ DaUW LQ WKH IXWXUH?

Ɣ I ZRXOd VWLcN ZLWK WKH SWULQJ API XQOHVV I KaYH HYLdHQcH
WKaW VRPHWKLQJ LV bURNHQ IRU P\ aSS¶V XVHUV.

Ɣ I ZRXOd HYaOXaWH HYHU\ XVH caVH RI WKH SWULQJ API LQ P\
SURMHcW aQd dHcLdH ZKHQ WKH cKaUacWHU SacNaJH VKRXOd bH
XVHd LQVWHad.

RaWLRQaOH: TR PHaVXUH
SRWHQWLaO bHKaYLRU
cKaQJH
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Ɣ I ZRXOd XVH WKH cKaUacWHUV SacNaJH WR PaQLSXOaWH WH[W
ZKHQHYHU LW caQ bH XVHd.

Ɣ I¶P QRW VXUH.
Ɣ OWKHU: ____________

Q39 HRZ HaV\ LV LW WR dHWHUPLQH ZKHQ \RX QHHd WR XVH WKH cKaUacWHUV
SacNaJH WR ZULWH cRUUHcW cRdH.

Ɣ VHU\ HaV\
Ɣ SRPHZKaW HaV\
Ɣ NHXWUaO
Ɣ SRPHZKaW KaUd
Ɣ VHU\ KaUd

RaWLRQaOH: TR PHaVXUH
cRQILdHQcH LQ PaNLQJ
LQWXLWLYH cKRLcHV.

Q40 IQ \RXU RZQ ZRUdV, KRZ ZRXOd \RX VXPPaUL]H VLWXaWLRQV ZKHUH WKH
cKaUacWHUV SacNaJH VKRXOd bH XVHd WR SURSHUO\ PaQLSXOaWH WH[W?

___________

RaWLRQaOH: TR
PHaVXUH, KRZ ZHOO WKH
XVHU caQ cRPH XS ZLWK
UXOHV RI WKXPb WKH\
caQ UHPHPbHU. A
UXbULc QHHdV WR bH
cUHaWHd WR JUadH WKLV
aQVZHU.

Q41 II DaUW¶V SWULQJ API caQ SURYLdH dLIIHUHQW YLHZV LQWR WKH daWa VWRUHd
LQ a SWULQJ RbMHcW, ZKLcK dR \RX SUHIHU WR bH WKH dHIaXOW YLHZ:

Ɣ UTF-16. TKLV LV WKH cXUUHQW bHKaYLRU. RaQdRP accHVV b\
VWULQJ LQdH[ (H.J., LQSXW[2]) LV HIILcLHQW, bXW LW cRXOd bUHaN
VRPH HPRMLV aQd accHQWHd OHWWHUV.

Ɣ GUaSKHPH COXVWHUV. AOO HPRMLV ZLOO bH KaQdOHd cRUUHcWO\
RXW RI WKH bR[. RaQdRP accHVV b\ VWULQJ LQdH[ (H.J.,
LQSXW[2]) caQ bH VLPXOaWHd bXW LW ZLOO bH PRUH H[SHQVLYH.

Ɣ I¶P QRW VXUH.

RaWLRQaOH: TR PHaVXUH
XVHU SUHIHUHQcH RI
dHIaXOW VWULQJ YLHZ.

Q42 WK\ dR \RX SUHIHU WKH RSWLRQ \RX cKRVH LQ WKH SUHYLRXV TXHVWLRQ?
_________________

PaUWLcLSaQW bacNgURXQd

# QXHVWLRQ DLVSOa\ LRJLc &
RaWLRQaOH

YRX¶UH aOPRVW dRQH. WH KaYH MXVW a cRXSOH PRUH TXHVWLRQV RQ WKLV
SaJH.

Q43 WKLcK W\SHV RI aSSV KaYH \RX dHYHORSHd XVLQJ DaUW/FOXWWHU?
(SHOHcW aOO WKaW aSSO\)

Ɣ BXVLQHVV aQd SURdXcWLYLW\ WRROV (H.J., caOHQdaU, WR-dR)
Ɣ CRPPXQLcaWLRQ aQd VRcLaO QHWZRUN
Ɣ EdXcaWLRQ
Ɣ EQWHUSULVH
Ɣ FLQaQcLQJ aQd baQNLQJ
Ɣ HHaOWK
Ɣ GaPHV

RaWLRQaOH: ASSV LQ
caWHJRULHV VXcK aV
³bXVLQHVV aQd
SURdXcWLYLW\ WRROV´ RU
³cRPPXQLcaWLRQ aQd
VRcLaO QHWZRUN´ aUH
PRUH OLNHO\ WR KaYH
XVHU LQSXW WKaW
LQcOXdHV EGC.
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Ɣ LLIHVW\OH, IRRd, aQd dULQN (H.J. VKRSSLQJ, QHZV, WUaYHO,
ILWQHVV)

Ɣ MXVLc aQd VLdHR
Ɣ UWLOLWLHV (H.J., ZHaWKHU, caOcXOaWRU)
Ɣ SSRUWV
Ɣ OWKHU

Q44 IV EQJOLVK WKH SULPaU\ OaQJXaJH LQ \RXU cRXQWU\?
Ɣ YHV
Ɣ NR

RaWLRQaOH: DHYHORSHUV
LQ QRQ-EQJOLVK
VSHaNLQJ cRXQWULHV
PLJKW bH PRUH aZaUH
RI WKH EGC LVVXH.

Q45 BHIRUH SaUWLcLSaWLQJ LQ WKLV VXUYH\, Kad \RX UXQ LQWR, RU KHaUd abRXW,
aQ\ LVVXHV ZKHQ XVLQJ DaUW¶V SWULQJ API WR PaQLSXOaWH WH[W LQSXW
WKaW LQcOXdHV H[WHQdHd JUaSKHPH cOXVWHUV VXcK aV HPRMLV (H.J., 

 ) aQd accHQWHd OHWWHUV (H.J., caIp)?
Ɣ I Kad UXQ LQWR VXcK LVVXHV bHIRUH.
Ɣ I Kad KHaUd RI VXcK LVVXHV bXW QHYHU UaQ LQWR WKHP.
Ɣ I KadQ¶W KHaUd RI VXcK LVVXHV bHIRUH.
Ɣ I¶P QRW VXUH.

LRJLc: VKRZ LI
cRQdLWLRQ = cRQWURO.
RHVSRQdHQWV LQ
WUHaWPHQW cRQdLWLRQV
JHW WKLV TXHVWLRQ ULJKW
aIWHU VcHQaULR 1.

RaWLRQaOH: cKHcN LI WKH
UHVSRQdHQWV NQHZ
abRXW WKLV LVVXH \HW
VWLOO JaYH WKH ZURQJ
aQVZHU.

Q46 WKLcK RI WKH IROORZLQJ VWaWHPHQWV bHVW dHVcULbHV \RXU NQRZOHdJH
abRXW WKH cKaUacWHUV SacNaJH IRU DaUW bHIRUH SaUWLcLSaWLQJ LQ WKLV
VWXd\?

Ɣ I dLdQ¶W NQRZ WKLV SacNaJH H[LVWHd bHIRUH WKH VWXd\.
Ɣ I KHaUd abRXW LW bXW NQHZ OLWWOH abRXW ZKaW LW dRHV.
Ɣ I NQHZ WKH SacNaJH aQd WKH SURbOHP LW VROYHV, bXW I KaYHQ¶W

XVHd LW.
Ɣ I¶YH XVHd WKH cKaUacWHUV SacNaJH LQ P\ RZQ SURMHcWV.

Q47 WKaW LV \RXU OHYHO RI H[SHULHQcH ZLWK SURJUaPPLQJ LQ SZLIW?
Ɣ NR H[SHULHQcH
Ɣ AZaUHQHVV
Ɣ NRYLcH
Ɣ IQWHUPHdLaWH
Ɣ AdYaQcHd
Ɣ E[SHUW

Q48 HRZ RIWHQ dLd \RX KaYH WURXbOH XQdHUVWaQdLQJ VRPHWKLQJ LQ WKLV
VXUYH\ (H.J., TXHVWLRQV, LQVWUXcWLRQV, RU dHVcULSWLRQV)?

Ɣ AOZa\V
Ɣ OIWHQ
Ɣ SRPHWLPHV
Ɣ RaUHO\
Ɣ NHYHU

Q49 WKaW ZaV XQcOHaU LQ WKLV VXUYH\?
__________

LRJLc: VKRZ LI WKH
aQVZHU WR Q48 LV QRW
³RaUHO\´ RU ³NHYHU´.
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