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7LPH L IRUPDWLR LV RI SDUDPR W LPSRUWD FH IRU
FRPS WHU V VWHPV D G WKHLU HW RUN FRPP LFDWLR ,W
H V UHV DFF UDWH L IRUPDWLR H[FKD JH D G L WHURSHUDELOLW
7 SLFDOO DWRPLF FORFNV RU 166 UHFHL HUV VHU H DV D SULPDU
WLPH VR UFH 3DFNHW EDVHG SURWRFROV OLNH WKH 1HW RUN 7LPH
3URWRFRO 173 GLVWULE WH WKH WLPH PHVVDJHV VL J VWD GDUG
FRPS WHU HW RUNV 8S WR R WKH GLVVHPL DWLR RI WLPH
L IRUPDWLR RUPDOO KDV WDNH SODFH LWKR W D VHF ULW
PHDV UHV DOOR L J SUHFDULR V DWWDFNV ([LVWL J VHF ULW
WHFK LT HV IRU 173 DUH HLWKHU VHF UH WRNH @ RU
LPSUDFWLFDO OLNH WKH 6 PPHWULF .H @ PHWKRG DV LW HHGV
SIUR W GLVWULE WLR RI FU SWRJUDSKLF NH V LD R HOHFWUR LF
PHGLD

7KLV VLW DWLR PRWL DWHG WKH GH HORSPH W RI D H NL G RI
VHF ULW PHDV UH IRU SDFNHW EDVHG WLPH GLVWULE WLR SURWRFROV
W WKH PRPH W WKH 1HW RUN 7LPH 6HF ULW 176 SURWRFRO

PDL O IRU VHF UL J 173 LV L D IL DO GH HORSPH W VWDWH D G
GHIL HG L D ,(7) GUDIW L HUVLR @ 7KH UHOHDVH DV D
5) LV H[SHFWHG L I OO I FWLR DO SURRI RI FR FHSW
3R LPSOHPH WDWLR LV DOUHDG D DLODEOH @ )L DO
SURG FWL H HUVLR V DUH VWLOO GHU GH HORSPH W EHFD VH RI
WKH GUDIW FKDUDFWHU RI WKH VSHFLILFDWLR

8VL J 176 LWK D 173 VHU LFH UHT LUHV FRPP LFDWLR
EHW HH WKH W R 173 UHT HVWV KD H WR EH VHF UHG E 176 D G
UHVSR VHV HHG WR EH HULILHG EHIRUH VWD GDUG 173 FD VH WKH
WLPH L IRUPDWLR 6HU HUV KD H WR FKHFN WKH L FRPL J UHT HVWV
D G WR VHF UH UHVSR VHV , HLWKHU FDVH D FRPP LFDWLR
L WHUIDFH EHW HH 173 D G 176 LV HFHVVDU V WKHUH LV R
JH HUDOO GHIL HG L WHUIDFH S WR R L WHJUDWLR RI 176 L WR
173 LV VSHFLILF WR WKH SDUWLF ODU LPSOHPH WDWLR 7KHUHIRUH
H HU 173 176 GH HORSHU GHVLJ V KLV R HUVLR 7K V
UHWURILWWL J RI 176 L H[LVWL J 173 LPSOHPH WDWLR V V UHO

LOO WDNH WLPH D G WKH VSUHDGL J RI KHD LO HHGHG VHF UL J RI
173 E 176 LOO EH KDPSHUHG , DGGLWLR VSHFLDO SODWIRUPV
U WKH ULVN RI ODWH RU H H R V SSO LWK 176 VHF ULW

7KLV SDSHU SUHVH WV D VRO WLR WR WKH SUREOHP GHVFULEHG
7KH SUL FLSOH LGHD VHV VRPH NL G RI W HOL J IRU 173
PHVVDJHV R HU D VR FDOOHG 176 GDHPR 176G 7KH 176G
L WHUFHSWV VHF UHG 173 PHVVDJHV FU SWRJUDSKLFDOO
VHF UHV WKH UHT HVWV E VH RI WKH 1HW RUN 7LPH 6HF ULW
SURWRFRO D G WUD VIHUV WKHP WR D RWKHU 176 GDHPR R WKH
VHU HU VLGH 7KDW GDHPR FKHFNV WKH PHVVDJHV D G SDVVHV
WKHP R WR WKH VWD GDUG 173 VHU HU 7KH VHU HU 176G DJDL
FDWFKHV WKH 173 UHVSR VH SDFNDJHV VHF UHV D G VH GV WKHP
WR WKH FOLH W VLGH 7KH FOLH W GDHPR FKHFNV WKH PHVVDJHV D G
WUD VIHUV WKH WU VWHG R HV WR WKH 173 FOLH W 7KH H WLUH
DSSURDFK DSSHDUV FRPSOHWHO WUD VSDUH W WR WKH 173
FRPP LFDWLR SDUW HUV 7KLV SURFHG UH H DEOHV DUELWUDU
173 LPSOHPH WDWLR V WR VH WKH 176 SURWRFRO LWKR W RU LWK
PL LPDO FKD JHV WR WKHLU VRIW DUH , DGGLWLR WKLV GRF PH W
D DO ]HV SRVVLEOH DV PPHWULHV L IHUUHG E 176 D G WKH 176G
D G GHSLFWV D FRPSH VDWLR PHWKRG

KDSWHU ,, SUHVH WV EDVLF L IRUPDWLR R 173 D G 176
KDSWHU ,,, GHVFULEHV WKH W HOL J FR FHSW WKH

FRPP LFDWLR VWU FW UH D G WKH FRPSH VDWLR PHWKRG L
PRUH GHWDLO KDSWHU ,9 LOO VWUDWHV WKH PHDV UHPH W VHW S D G
DFW DO PHDV UHPH WV VL J D ILUVW LPSOHPH WDWLR RI D 176
GDHPR KHUHDV FKDSWHU 9 GLVF VVHV WKH PHDV UHPH W UHV OWV
FRPSDUHG WR VHF UHG 173 D G D L WHJUDWHG 176 173
LPSOHPH WDWLR

,, � 35(/,0,1 5,(6

7KLV FKDSWHU JL HV D VKRUW UH LH RI ERWK SURWRFROV WKH
1HW RUN 7LPH 3URWRFRO 173 D G LWV VHF UL J SURWRFRO
1HW RUN 7LPH 6HF ULW 176 6RPH GHWDLOV FD DOUHDG EH
IR G H J L @ 0RUH GHWDLOV R WKH F UUH W HUVLR RI
176 @ DUH SUHVH WHG L @

� 7KH 1H RUN 7LPH 3UR RFRO 173

3UHVH WHG DOUHDG L DV 5) E ' / 0LOOV @
D G UH LVHG L L HUVLR 173 DV 5) @ WKH
1HW RUN 7LPH 3URWRFRO LV D OR J VWD GL J D G LGH VSUHDG
SURWRFRO IRU GLVWULE WL J WLPH L IRUPDWLR 173 VHV WKH
FR HFWLR OHVV 8'3 SURWRFRO LD SRUW ,WV DUFKLWHFW UH
RSHUDWHV LWK D KLHUDUFKLFDOO OD HUHG FRPP LFDWLR PRGHO
5HFHL L J WLPH L IRUPDWLR IURP VWUDW P VR UFHV W SLFDOO
DWRPLF FORFNV RU 166 UHFHL HUV VWUDW P VHU HUV GLVWULE WH
WKH WLPH WR OD HUV EHOR D G VR R :LWK H HU OD HU WKH
VWUDW P PEHU L FUHDVHV D G WKH DFKLH DEOH DFF UDF
GHFUHDVHV HVLGHV RWKHU FRPP LFDWLR PRGHOV WKH LFDVW
PRGH FOLH W WR VHU HU VHU HU WR FOLH W LV WKH PRVW SUH DOH W
PRG V RSHUD GL , LFDVW FRPP LFDWLR WKH FOLH W VH GV D
UHT HVW WR WKH VHU HU DW WLPH 7 )LJ D G WKH VHU HU UHFHL HV
LW DW 7 IWHU SURFHVVL J WKH VHU HU VH GV WKH UHVSR VH WR WKH
UHT HVW DW 7 D G WKH FOLH W UHFHL HV LW DW 7 V DOO IR U



WLPHVWDPSs are recorded the client computes the delay δ LWK
L GLFDWL J WKH VR FDOOHG UR G WULS WLPH RI WKH SDFNHW D G

the time offset θ betwee FOLH W D G VHU HU VL J :LWK
HT DO SURSDJDWLR GHOD RI WKH SDFNHWV IURP WKH FOLH W WR
VHU HU D G LFH HUVD WKH WLPH RIIVHW T D WLILHV WKH WLPH
GLIIHUH FH EHW HH FOLH W D G VHU HU 7KLV DEHUUDWLR LV VHG
WR FR WURO WKH ORFDO FORFN RI WKH FOLH W 9DULDWLR RI WKH
SURSDJDWLR GHOD R WKH FRPP LFDWLR SDWKV WR D G IURP WKH
VHU HU FD VHV D FRUUHFWDEOH WLPH RIIVHW EHW HH VHU HU D G
FOLH W

δ = (Τ4 − Τ1) − (Τ3 − Τ2) (1)

θ = ((Τ2 − Τ1) − (Τ4 − Τ3)) / 2 (2)

� 7KH 1H RUN 7LPH HF UL 3UR RFRO 17

SSOLFDWLR RI 173 L 6PDUW ULG FRPP LFDWLR L
HUPD OHG WR WKH PRWL DWLR WR H KD FH 173 LWK VHF ULW

PHDV UHV V H[LVWL J VHF ULW IHDW UHV DUH VHF UH RU
LPSUDFWLFDO WKH GHVLJ RI WKH 1HW RUN 7LPH 6HF ULW SURWRFRO
VWDUWHG WR VRO H WKLV SUREOHP ,W H[WH GV 173 FRPP LFDWLR
D G DOOR V FU SWRJUDSKLFDOO VHF UHG WLPH PHVVDJHV 176 LV
VWLOO GHU GH HORSPH W E W L D SUH IL DO VWDWH @ D G WKH
WUD VLWLR WR 5) LV H[SHFWHG L WKH HDU I W UH 7KH 176
SURWRFRO GHU H W LPSRUWD W GHVLJ FKD JHV HVSHFLDOO IURP
@ WR WKH IROOR L J GUDIW HUVLR V 3UH LR V RUN L @

GHVFULEHV WKH GLIIHUH FHV D G IRF VHV R WKH DFKLH DEOH
LPSUR HPH WV L SUDFWLFDO VH

V WKH LFDVW PRGH LV WKH SUH DOH W PRGHO 176
FR FH WUDWHV R WKDW PRGH 176 L LFDVW PRGH SURFHHGV L
W R FR VHF WL H SKDVHV )LJ 7KH ILUVW VWHS VHV 7/6

@ WR VWDUW WKH 176.H (VWDEOLVKPH W 176 .( 7KH
FOLH W VHWV S D 7/6 FR HFWLR LWK WKH .H (VWDEOLVKPH W
VHU HU WKDW PD EH WKH VDPH FRPS WHU DV WKH 176 VHF UHG 173
VHU HU RU IRU ORDG EDOD FL J S USRVHV D RWKHU GHGLFDWHG
VHU HU 8VL J WKDW OL N WKH V PPHWULF NH V IRU FOLH W D G VHU HU

6 6 DUH H[FKD JHG D G D V LWDEOH ( '
WKH WLFDWHG ( FU SWLR LWK VVRFLDWHG 'DWD @ PHWKRG

LV HJRWLDWHG GHIL L J WKH H FU SWLR DOJRULWKP , DGGLWLR
WKH 176 .( VHU HU V SSOLHV WKH FOLH W LWK D VHW RI FRRNLHV

PR JVW RWKHU WKL JV WKH FRRNLHV FR WDL H FU SWHG
L IRUPDWLR DER W WKH ( ' DOJRULWKP FKRVH D G WKH
JH HUDWHG NH V W HDFK WLPH UHT HVW WKH FOLH W UHVH GV V FK
D FRRNLH WR WKH 176 VHU HU 7KH VHU HU GHUL HV WKH DOJRULWKP
WKH NH V D G RWKHU L IRUPDWLR IURP WKH FRRNLHV KLFK DOOR V
LW WR RUN L D VWDWHOHVV IDVKLR

IWHU WKH 176 .H (VWDEOLVKPH W WKH VHFR G SKDVH
H[FKD JHV VHF UHG 173 SDFNHWV E L FRUSRUDWL J WKH 176
FR WH W L WR 173 V H[WH VLR ILHOGV 7R WKLV H G LW GHIL HV
VSHFLDO H[WH VLR ILHOGV IRU WKH LT H LGH WLILHU WKH FRRNLHV
WKH FRRNLH SODFHKROGHUV D G WKH 176 D WKH WLFDWRU 7KH
LT H LGH WLILHU SUH H WV UHSOD DWWDFNV 7KH FRRNLHV VHU H

IRU LGH WLILFDWLR RI WKH FOLH W D G H DEOH WKH VWDWHOHVV
RSHUDWLR RI WKH VHU HU 7KH FOLH W WUD VPLWV FRRNLH
SODFHKROGHUV WR JHW H FRRNLHV WK V DFFRPSOLVKL J UHT HVW
PHVVDJHV D G UHVSR VH PHVVDJHV RI HT DO VL]H KLFK
SUH H WV DPSOLILFDWLR DWWDFNV 7KH 176 D WKH WLFDWRU
H[WH VLR ILHOG FDUULHV WKH UHV OW RI WKH ( ' DOJRULWKP
DSSOLHG WR WKH 173 SDFNHW 7KH FRPP LFDWLR L WKH VHFR G
SKDVH PD ODVW WLO WKH VHU HU FKD JHV KLV L WHU DO FU SWR
SDUDPHWHUV WKH FOLH W U V R W RI FRRNLHV RUPDOO R O KH
PHVVDJHV JHW ORVW RU LWV FRRNLHV DUH WRR ROG 7KH WKH
FRPP LFDWLR UHVWDUWV LWK WKH 176 .( SKDVH

7KH 2VWIDOLD 8 L HUVLW RI SSOLHG 6FLH FHV SUHVH WHG
ILUVW 3R LPSOHPH WDWLR V RI 176 @ DV HOO DV 176
L WHJUDWHG L D R 173 VHU LFH @ VWDUWL J D ILUVW 176
VHU HU EDFN L -D DU 6L FH WKH 2VWIDOLD FUHDWHG H
LPSOHPH WDWLR V KH H HU GLIIHUH W GUDIW HUVLR V HUH
UHOHDVHG 1R WKUHH 176 VHU HUV LWK GLIIHUH W GUDIW HUVLR V
DUH RIIHUHG IRU WHVWV LWK RWKHU LPSOHPH WHUV , DGGLWLR
2VWIDOLD GHIL HG D VWD GDUG L WHUIDFH IRU LWV 176 OLEUDU L
RU KLFK FD EH VHG E RWKHU 173 LPSOHPH WDWLR V

@
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V DOUHDG PH WLR HG WKH IDVW GLVVHPL DWLR RI WKH 176
VWD GDUG R OG EH GHVLUDEOH E W LV KL GHUHG E HFHVVDU
DGDSWDWLR V RI WKH DULR V 173 LPSOHPH WDWLR V D G R
VWD GDUGL]HG 3,V RI 176 OLEUDULHV VSHFLDO VHU LFH WKH
176 GDHPR KLFK W HOV 173 SDFNHWV RI D
LPSOHPH WDWLR D G VHF UHV WKHP LWK 176 SUHVH WV WKH
VRO WLR D G GHI VHV WKH SUREOHP , DGGLWLR 173 FOLH WV
VL J P OWLSOH VHU HU FR HFWLR V FD IUHHO GHFLGH KLFK

FR HFWLR V VKR OG EH VHF UHG D G KLFK RW )LJ 7KLV
FKDSWHU GHVFULEHV WKH VWU FW UH RI WKH 176 GDHPR D G WKH
FRPP LFDWLR SURFHVV EHW HH 173 D G 176G WKDW DOVR
SUR LGHV D RSSRUW LW WR FRPSH VDWH IRU 176 UHODWHG WLPH
ODJV

� 7KH 17 DHPRQ 17 G

7KH EDVLF LGHD LV RW WR VH 176 DV D L WHJUDO SDUW RI 173
RU WR HPEHG LW DV D PRG OH E W WR RSHUDWH LW VHSDUDWHO DV D
VHU LFH 7KH GDHPR FRPP LFDWHV H[FO VL HO LD WKH
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)LJ 7KH 176 GDHPR FD EH VHG IRU DUELWUDU 173 FR HFWLR V



HW RUN L WHUIDFH LWK WKH FR HFWHG 173 RU 176G L VWD FHV
7KLV DOOR V GDWD H[FKD JH EHW HH 173 D G 176G LWKR W
WKH HHG IRU FKD JHV WR WKH 173 LPSOHPH WDWLR 7KH GDHPR
DOVR PD DJHV FR HFWLR V WR DULR V WLPH VHU HUV WKDW SUR LGH
D 176G L WHUIDFH D G FR WUROV WKH VHF UH FRPP LFDWLR
7KLV LV GR H VL J WKH 176 HPEHGGHG L 176G )LJ WKDW
H V UHV WKH L WHJULW RI WKH 173 SDFNHWV D G WKH D WKH WLFLW
RI WKH VHU HU

7KH FRPP LFDWLR EHW HH 173 D G 176G WDNHV SODFH
VL J D 8'3 FR HFWLR 7KH FOLH W VLGH 176G OLVWH V R WKH
173 VWD GDUG SRUW RI WKH ORFDOKRVW DGGUHVVHV WR L WHUFHSW
R WER G 173 UHT HVW SDFNHWV SRUW FKD JH L WKH
FR ILJ UDWLR RI WKH 173 LPSOHPH WDWLR LV HFHVVDU
KLFK VLPSOLILHV WKH DSSOLFDWLR RI WKH 176G R H[LVWL J

V VWHPV 7KH VLP OWD HR V VH RI VHF UHG D G VHF UHG 173
FR HFWLR V WK V LV SRVVLEOH E W RW DG LVDEOH ,I WKH 173
FOLH W UHT LUHV D VHF UHG FR HFWLR WR D WLPH VHU HU WKH
S EOLF ,3 DGGUHVV RI WKH VHU HU LV VSHFLILHG DV V DO L WKH 173
FR ILJ UDWLR +R H HU WR VH D VHF UH FKD HO D ,3
DGGUHVV IURP WKH ORFDOKRVW DGGUHVV UD JH WR

LV VHG 7KH WUD VPLWWHG 173 SDFNHW LV
UHFHL HG LD 8'3 SRUW IURP 176G D G SURFHVVHG
DFFRUGL JO 7KH DVVLJ PH W RI WKH 173 SDFNHW WR WKH VHF UH
WLPH VHU HU LV WKH FDUULHG R W LD D ,3 PDSSL J LWKL WKH
176 GDHPR 7KH VLPSOHVW VRO WLR KHUH LV WR VH D
FR ILJ UDWLR ILOH IRU 176G WKDW PD DOO DVVLJ V D VHF UH
WLPH VHU HU WR D VSHFLILF ORFDOKRVW DGGUHVV +R H HU D LGHD
IRU D WRPDWHG ,3 PDSSL J FR OG DOVR EH D 1 7 OLNH SURFHG UH
LWKL 176G

7KH PDL WDVN RI WKH GDHPR LV WR VHF UH R WJRL J D G
HULI L FRPL J 173 SDFNDJHV VHF UHG E 176 7KH
L WHJUDWLR RI 176 LV UHDOL]HG DV D PRG OH WKDW FRPP LFDWHV
LD D GHIL HG SURJUDPPL J L WHUIDFH 6LPLODU WR 173 176
DOVR DOOR V VLP OWD HR V FRPP LFDWLR LWK GLIIHUH W WLPH
VHU HUV D G PD DJHV L GL LG DO VWDWHV 7KH D WKH WLFDWLR RI
WKH WLPH VHU HUV D G WKH HJRWLDWLR RI FU SWRJUDSKLF
SDUDPHWHUV DUH FDUULHG R W LD D 176 .H (VWDEOLVKPH W
VHU HU 7KLV FD EH HLWKHU D VHSDUDWH DFWRU L WKH
FRPP LFDWLR FKDL RU SDUW RI WKH VHU HU VLGH 176 GDHPR
,I WKH 176 .( VHU HU LV VHSDUDWH WKH ,3 P VW EH N R D G
VHW DFFRUGL JO L WKH 176G FR ILJ UDWLR 7KH WUD VPLVVLR
RI L IRUPDWLR D G SDUDPHWHUV EHW HH 176G D G WKH 176
.( VHU HU LV L GHSH GH W RI WKH 173 FRPP LFDWLR D G
RFF UV R HU D VHSDUDWH 7/6 FKD HO 7KH FOLH W D G VHU HU
176G L VWD FHV KR H HU FRPP LFDWH LD D 8'3 FKD HO
7KH SRUW R KLFK WKH VHU HU VLGH 176G OLVWH V LV RW GHIL HG
F UUH WO D G WK V IUHHO FR ILJ UDEOH IURP WKH SRRO RI
D DLODEOH SRUW PEHUV 7KH 176 VHF UHG 173 SDFNHWV DUH
WUD VPLWWHG R HU WKLV FKD HO ,I WKH 176G UHFHL HV V FK D
SDFNHW LW IRU DUGV LW WR WKH 173 L VWD FH DV VWD GDUG 173
SDFNHW LD D ORFDOKRVW FR HFWLR DIWHU V FFHVVI O HULILFDWLR
+R H HU FRUU SW RU PD LS ODWHG SDFNHWV DUH GLVFDUGHG

SUHFR GLWLR IRU WKH FRUUHFW RSHUDWLR RI WKH 176
GDHPR LV WKH VH RI WKH LFDVW RSHUDWL J PRGH L 173 VL FH
WKH V SSRUW RI RWKHU PRGHV E 176 LV RW HW JL H 6RPH
UHVWULFWLR V PD DOVR RFF U LWK WKH ORFDOKRVW FRPP LFDWLR
EHW HH 173 D G 176G )RU H[DPSOH WKH 173 UHIHUH FH
LPSOHPH WDWLR 173' @ VHV SDUW RI WKH ORFDOKRVW DGGUHVV
UD JH D G ORFNV WKH UHVW 7R EH DEOH WR VH WKHP DJDL D VOLJKW
DGDSWDWLR RI WKH 173' LPSOHPH WDWLR LV HFHVVDU 7KLV
PD EH SRVVLEOH LWK RSH VR UFH VRIW DUH E W LW LV RW LGHDO
, WKLV FDVH D FR WDL HU IRU H[DPSOH RFNHU @ LWK D
HPEHGGHG 176 GDHPR RIIHUV D FR H LH W DOWHU DWL H 7KH
FRPP LFDWLR EHW HH 173 176G WKH RSHUDWHV LD D IUHHO
FR ILJ UHG ,3 DGGUHVV 7KLV SURFHG UH DOVR VRO HV SRVVLEOH
SRUW FR IOLFWV LI L DGGLWLR WR WKH 173 FOLH W D 173 VHU HU
DSSOLFDWLR LV ORFDWHG R WKH V VWHP D G FODLPV 8'3 SRUW
IRU LWVHOI 7KH FR WDL HU VRO WLR DOOR V WKH 176 GDHPR WR
FRPP LFDWH LWK WKH 173 L VWD FH H H LWKR W D ORFDOKRVW
FR HFWLR ) UWKHUPRUH D ODWHU UHSODFHPH W RI WKH 173
LPSOHPH WDWLR LWK R H KD L J 176 DWL HO L WHJUDWHG LV
HDVLO SRVVLEOH D G GRHV RW FR IOLFW LWK WKH 176G 2I FR UVH
WKH WKH W HOL J WKUR JK WKH GDHPR LV R OR JHU HFHVVDU

� &RPP QLFD LRQ 2 HU LH

7KH 176G VHF UHG FRPP LFDWLR DO D V VWDUWV R WKH
FOLH W VLGH E JH HUDWLR RI D VHF UHG UHT HVW SDFNHW L WKH
173 L VWD FH )LJ 1RUPDOO WKH 173 FOLH W ULWHV WKH
WLPHVWDPS 7 L WR WKLV SDFNDJH D G VH GV LW , DGGLWLR LW
WHPSRUDULO VWRUHV WKH WLPHVWDPS 7 L RUGHU WR EH DEOH WR
DVVLJ WKH V EVHT H W UHVSR VH WR WKH UHT HVW ' H WR WKH
WUD VPLVVLR RI WKH 173 SDFNHW WR D ORFDOKRVW DGGUHVV WKH
SDFNHW DUUL HV DW WKH FOLH W 176 GDHPR DW WKH 8'3 SRUW
7KHUH WKH PHVVDJH LV IRU DUGHG WR WKH L WHU DO 176 PRG OH
KLFK ILUVW FKHFNV KHWKHU WKH GHVWL DWLR VHU HU KDV DOUHDG

EHH D WKH WLFDWHG D G WKH FU SWRJUDSKLF L IRUPDWLR IRU
VHF UL J WKH 173 SDFNHWV IRU WKLV WLPH VHU HU LV D DLODEOH ,I
RW D 7/6 FR HFWLR WR WKH 176 .( VHU HU LV D WRPDWLFDOO

HVWDEOLVKHG L RUGHU WR REWDL WKLV L IRUPDWLR IWHU DUGV WKH
VHF UL J RI WKH 173 SDFNDJH E 176 LV SRVVLEOH 7KH
SURWHFWLR RI WKH 173 SDFNHW LV DFKLH HG E PHD V RI 173
H[WH VLR ILHOGV LWK L WHJULW FKHFN RI WKH SDFNHWV IWHU
UHW U L J RI WKH 176 VHF UHG SDFNHW IURP WKH L WHU DO 176
PRG OH WR WKH FOLH W 176G L VWD FH LW LOO EH WUD VPLWWHG WR
WKH VHU HU VLGH 176G R HU WKH 8'3 FR HFWLR 7KHUH 176G
IRU DUGV WKH VHF UHG SDFNDJH GLUHFWO WR WKH 176 PRG OH
KLFK SHUIRUPV WKH L WHJULW FKHFN 8SR V FFHVV WKH VHU HU

176G WHPSRUDULO VWRUHV VRPH 176 UHODWHG L IRUPDWLR RI WKH
UHT HVW SDFNHW D G UHPR HV WKH H[WH VLR ILHOGV DGGHG E
176 7KH GDHPR WKH IRU DUGV WKH VWD GDUG 173 SDFNHW WR
WKH 173 VHU HU LD ORFDOKRVW

8SR UHFHSWLR RI WKLV SDFNHW WKH 173 VHU HU LPPHGLDWHO
FDSW UHV WKH UHFHL H LPH DPS 7 6 EVHT H WO WKH
WLPHVWDPS 7 ULWWH E WKH FOLH W LV VKLIWHG L WR WKH 173
KHDGHU RI WKH UHT HVW SDFNHW D G WKH WLPHVWDPS 7 LV DGGHG
1R WKH VHU HU JH HUDWHV WKH UDQ PL LPH DPS 7 D G
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)LJ 176G VHF UHG 173 FRPP LFDWLR



L VHUWV LW L WR WKH 173 SDFNHW ,PPHGLDWHO WKHUHDIWHU WKLV
SDFNHW LV VH W EDFN WR WKH VHU HU 176G LD WKH ORFDOKRVW
DGGUHVV 7KH GDHPR IRU DUGV WKH SDFNDJH GLUHFWO WR WKH
176 PRG OH D G VHV WKH SUH VWRUHG SDFNDJH L IRUPDWLR
IURP WKH UHT HVW WR VHF UH WKH SDFNDJH 7KH 176G VH GV WKH
SURWHFWHG 173 SDFNHW EDFN WR WKH FOLH W VLGH 176G 7KH
SUH LR VO VWRUHG SDFNHW L IRUPDWLR LV GLVFDUGHG H DEOL J D
VWDWHOHVV PRGH RI WKH VHU HU 176G 0HD KLOH WKH FOLH W VLGH
176G FKHFNV WKH VHF UHG 173 SDFNHW L WKH 176 PRG OH ,I
WKHUH LV R L WHJULW LRODWLR WKH GDHPR UHPR HV WKH
H[LVWL J 176 H[WH VLR ILHOGV IURP WKH 173 SDFNHW D G
IRU DUGV LW DV D VWD GDUG 173 SDFNHW WR WKH FOLH W 173
L VWD FH , FDVH RI D HUURU 176G GLVFDUGV WKH SDFNDJH
,PPHGLDWHO DIWHU UHFHL L J WKH 173 SDFNHW WKH 173 FOLH W
JH HUDWHV WKH GH LQD LRQ LPH DPS 7 D G WKH FRPSDUHV WKH
RUL LQ LPH DPS 7 LWK WKH 7 L LWLDOO VWRUHG ,I ERWK PDWFK
WKH 173 FOLH W VHV WKH SDFNHW IRU WLPH V FKUR L]DWLR

& � HOD &RPSHQ D LRQ

173 VHV WKH WLPHVWDPSV 7 WR 7 WR GHWHUPL H WKH UR G
WULS WLPH RI WKH SDFNHW D G WR FDOF ODWH WKH WLPH RIIVHW EHW HH
173 FOLH W D G VHU HU E VH RI D G +R H HU WKH
H[WH VLR RI WKH 173 FRPP LFDWLR SDWK E WKH DGGLWLR RI
176G FD VHV D L FUHDVH RI WKH UR G WULS WLPHV 7KLV L W U
FD OHDG WR D UHG FWLR RI WKH DFKLH DEOH V FKUR L]DWLR
DFF UDF , SDUWLF ODU WKH VHF UL J SURFHVV E 176 FD VHV
DV PPHWULF U WLPHV D G UHV OWV L D V VWHPDWLF WLPH RIIVHW
2 WKH VHU HU VLGH SURWHFWLR RI 173 SDFNDJHV DO D V RFF UV
DIWHU WKH WLPHVWDPS 7 KDV EHH ULWWH D G WKH G UDWLR RI WKH
SURFHVV DULHV GHSH GL J R WKH SHUIRUPD FH RI WKH KDUG DUH

+R H HU WKH DGGLWLR DO WLPH V FKUR L]DWLR MLWWHU
JH HUDWHG E 176G FD EH PLWLJDWHG E H[WH GL J WKH I FWLR
RI WKH GDHPR 7KHUHIRUH WKH FOLH W GDHPR JH HUDWHV IR U
DGGLWLR DO WLPHVWDPSV KLFK DUH UHFRUGHG LPPHGLDWHO KH
D SDFNHW LV UHFHL HG RU VH W 7KHVH DUH VWRUHG IRU WKH G UDWLR
RI WKH F UUH W UHT HVW RI WKH 173 FOLH W D G DOOR WKH
VHJPH WDWLR RI WKH UR G WULS WLPH L WR WKHLU L GL LG DO
SKDVHV 7KH VHU HU VLGH 176G L VWD FH DOVR UHFRUGV
WLPHVWDPSV D G RSWLR DOO FD KD GOH 173 VHU HU WDVNV 7KH
I FWLR RI D 173 VHU HU L LFDVW PRGH LV HVVH WLDOO
OLPLWHG WR WKH L VHUWLR RI W R WLPHVWDPSV L WR WKH 173 SDFNHW
KHUHDW WKH RSHUDWL J V VWHP SUR LGHV WKH WLPH L IRUPDWLR
LD 3,V 7KLV I FWLR DOLW FD HDVLO EH LPSOHPH WHG L WKH
VHU HU 176G LWVHOI KLFK HOLPL DWHV WKH HHG IRU D GHGLFDWHG
173 VHU HU D G WKH U WLPHV JH HUDWHG WKHUHE 7KLV OHDGV WR
WKH SUL FLSDO FR ILJ UDWLR VKR L )LJ 5HJDUGOHVV WKH
VHU HU FD VWLOO VH D VHSDUDWH 173 L VWD FH WR H V UH LWV R
WLPH V FKUR L]DWLR

7KH GHOD FRPSH VDWLR VHV WKH IR U WLPHVWDPSV 7 WR 7
JH HUDWHG E 173 DV D EDVLV 7KH DGM VWPH W RI WKHVH

WLPHVWDPSV DOOR V WKH FRPSH VDWLR RI WKH SURFHVVL J WLPHV
L WKH 176 GDHPR L RUGHU WR UHG FH WKH MLWWHU L WLPH
V FKUR L]DWLR 6L FH WKH FOLH W 173 L VWD FH VWRUHV 7
ORFDOO IRU ODWHU LGH WLILFDWLR RI WKH UHVSR VH LW LV H[FO GHG
IURP DGDSWDWLR , WKH VDPH D 7 LV JH HUDWHG L WKH 173
VRIW DUH DIWHU UHFHL L J WKH UHVSR VH D G WK V FD RW EH
FKD JHG +H FH WKH FRUUHFWLR LV OLPLWHG WR WKH DGM VWPH W RI
WKH W R WLPHVWDPSV 7 D G 7

7 LV WKH VHU HU VLGH UHFHL H WLPHVWDPS D G LV FDSW UHG L
WKLV PRGHO )LJ E WKH VHU HU 176G DIWHU UHFHL L J WKH
UHT HVW 7 7KH S UH SDFNHW WUD VLW WLPH L WKH HW RUN FD
EH GHWHUPL HG E V EWUDFWL J WKH SURFHVV G UDWLR 7 7
6L FH WKH VHU HU GRHV RW N R WKHVH U WLPHV WKLV DGM VWPH W
P VW EH H[HF WHG L WKH FOLH W GDHPR DIWHU UHFHL L J WKH
UHVSR VH PHVVDJH )RU WKLV S USRVH LW WHPSRUDULO VWRUHV WKH
WLPHVWDPSV 7 D G 7 WLO WKH FRUUHVSR GL J UHSO PHVVDJH
KDV EHH SURFHVVHG 7KH G UDWLR 7 7 LV FRPSRVHG RI WKH
ORFDOKRVW WUD VPLVVLR WLPH 7 7 D G WKH 176 SURFHVVL J
WLPH 7 7 RWK U WLPHV DUH DULDEOH D G FD EH
HOLPL DWHG FRPSOHWHO E WHPSRUDU VWRUDJH RI WKH
WLPHVWDPSV UHJDUGOHVV RI KLFK WLPH LV DFW DOO VWRUHG L WKH
UHT HVW SDFNHW

7 LV WKH VHU HU VLGH WUD VPLW WLPHVWDPS RI WKH 173 SDFNHW
D G LV DOVR VHW E WKH VHU HU 176G DGGL J WKH G UDWLR
7 7 WR WKLV WLPHVWDPS D ODWHU WUD VPLVVLR WLPH RI WKH
VHU HU LV VLP ODWHG V D UHV OW WKH 173 FOLH W FD DJDL
GHWHUPL H WKH S UH SDFNHW WUD VLW WLPH RI WKH UHVSR VH PHVVDJH
L WKH HW RUN +R H HU 7 LV RW FRPSOHWHO FRUUHFWDEOH L
FR WUDVW WR 7 2 H GLIILF OW LV WKH VHU HU VLGH SURWHFWLR RI
WKH 173 SDFNHW E 176 DW WLPH 7 EHFD VH WKH ODWHU GLVSDWFK
WLPH 7 FD RW EH VWRUHG SIUR W L WKH 173 SDFNHW
DGM VWPH W RI WKH WLPHVWDPS DIWHU VHF UL J LV R OR JHU
SRVVLEOH RWKHU LVH WKH L WHJULW RI WKH SDFNDJH R OG EH
LRODWHG D G WKH FOLH W R OG GLVFDUG LW DIWHU WKH HULILFDWLR

SURFHVV OWKR JK WKH SURFHVVL J WLPH 7 7 FD EH
GHWHUPL HG E 176 LW FD RW EH VHG GLUHFWO GGL J D
HVWLPDWH DO H R 7 WR GHWHUPL H WKH SUREDEOH WUD VPLVVLR
WLPH 7 SUR LGHV R H SRVVLEOH VRO WLR 7KLV HVWLPDWH FR OG
EH H J D PR L J PHGLD RI WKH SURFHVVL J WLPH DOOR L J D
UR JK FRUUHFWLR +R H HU LW VKR OG EH RWHG WKDW GLIIHUH W
FU SWRJUDSKLF SDUDPHWHUV RI WKH 173 SDFNHWV D G VHU HU VLGH
IO FW DWL J RUNORDGV KD H D LPSDFW R WKH VHF UL J
G UDWLR RWKHU SUREOHP H[LVWV R WKH FOLH W VLGH KH
DGGL J S WKH ORFDOKRVW U WLPH 7 7 6L FH WKH
WLPHVWDPS 7 FD RW EH GHWHUPL HG E WKH FOLH W 176G D
HVWLPDWH DOVR P VW EH VHG KHUH VV PL J WKDW WKH L WHU DO
ORFDOKRVW U WLPHV EHW HH 173 D G 176G DU R O VOLJKWO
IRU UHT HVW D G UHVSR VH SDFNHWV WKH G UDWLR 7 7 FD
EH VHG DVHG R WKH PRGHO SUHVH WHG KHUH WKH IROOR L J
FRUUHFWHG WLPHVWDPSV L WR R UHV OW

Ὕ1 ൌ Ὕ1 (3)

Ὕ2 ൌ Ὕ2 − ሺὝ1 − Ὕ1 ሻ (4)

Ὕ3 ൌ Ὕ3  Δὸ  ሺὝ4 − Ὕ4 ሻ  Δὸ ℎ (5)

LWK Δὸ ൌ Ὕ3 − Ὕ3 D G Δὸ ℎ ൌ Ὕ1 − Ὕ1

Ὕ4 ൌ Ὕ4 (6)

+R H HU VWLOO D SUREOHP PD RFF U LWK WKH WLPHVWDPS
7 173 LPSOHPH WDWLR V VL J WKH GDWD PL LPL]DWLR GUDIW
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)LJ GGLWLR DO WLPHVWDPSV WDNH IRU WKH UR G WULS WLPH 577
FRPSH VDWLR 173 VHU HU L WHJUDWHG L WR 176 GDHPR



@ WR LPSUR H WKH SUL DF SURWHFWLR WUD VPLW D UD GRP
PEHU D VR FDOOHG R FH L WKH 173 SDFNHW L VWHDG RI WKH

WLPHVWDPS 7 6RPH LPSOHPH WDWLR V OLNH 173VHF @
KUR @ RU 2SH 173' @ DSSO WKLV PHWKRG V D

UHV OW WKH G UDWLR 7 7 FD RW EH GHWHUPL HG 2 H
VRO WLR LV D ORFDOKRVW GHOD PHDV UHPH W RI WKH FOLH W 176G
WR LWVHOI +HUH R FH RU SHULRGLFDOO D 173 SDFNHW LV VH W R W
E 176G D G DGGUHVVHG WR LWVHOI 7KH UR G WULS WLPH LV
PHDV UHG D G VHG DV D DSSUR[LPDWLR IRU 7 7
VLPSOH FKHFN RI WKH UHFHL HG WLPHVWDPS 7 LWK WKH F UUH W
WLPH DOOR V 176G WR GHWHUPL H LI LW LV D UD GRP PEHU RU D
WLPHVWDPS

,W VKR OG EH RWHG DW WKLV SRL W WKDW WKH VH RI ILOWHU
PHFKD LVPV RU WKH SKDVH ORFNHG ORRS 3// LV GHWHUPL HG
H[FO VL HO E WKH 173 LPSOHPH WDWLR VHG 176G GRHV RW
VH D RWKHU ILOWHU PHFKD LVPV L DGGLWLR WR WKH GHVFULEHG
WLPHVWDPS FRUUHFWLR

,9 �0( 685(0(17 6(783 1' 21), 85 7,21

DVHG R WKH 176 GDHPR GHVFULEHG DER H D 3R
LPSOHPH WDWLR KDV EHH GH HORSHG WR SUR LGH L VLJKW L WR WKH
HIIHFWV RI WKH SUHVH WHG FR FHSW R WKH V FKUR L]DWLR
DFF UDF 7KLV DOOR V D L LWLDO DVVHVVPH W RI WKH SUDFWLFDOLW
D G SUR LGHV I UWKHU L IRUPDWLR WKDW LV DG D WDJHR V IRU
RSWLPL]L J WKH SURFHVV 7KH GDHPR ULWWH L WKH
SURJUDPPL J OD J DJH VHV D HPEHGGHG 176 OLEUDU
GH HORSHG L WR VHF UH WKH 173 SDFNDJHV RWK VRIW DUH
FRPSR H WV DUH D DLODEOH DV RSH VR UFH VRIW DUH @
7KH GDWD H[FKD JH EHW HH 176G D G WKH HPEHGGHG 176
WDNHV SODFH LD D L WHUIDFH SUR LGHG E 176 7KH GDHPR
LPSOHPH WHG L WKH WHVW VHW S LV GHVLJ HG IRU /L [
H LUR PH WV E W FD DOVR EH VHG IRU RWKHU RSHUDWL J V VWHPV
DIWHU VRPH DGDSWDWLR V 7KH FKRLFH IRU WKH 173 LWVHOI IHOO R
WKH UHIHUH FH LPSOHPH WDWLR 173' @ G H WR LWV LGH
VSUHDG 7KLV UHT LUHG VPDOO DGM VWPH WV WR H V UH ORFDOKRVW
FRPP LFDWLR EHW HH 173 D G 176G 7KHVH HUH OLPLWHG
WR WKH DGDSWLR RI WKUHH OL HV RI FRGH L 173' WR UHOHDVH D SDUW
RI WKH ORFDOKRVW DGGUHVV UD JH IWHU IL DO FR ILJ UDWLR RI WKH
VHU LFHV E VHWWL J WKH SRUWV D G ,3 DGGUHVVHV 173' D G
176G HUH RSHUDWLR DO D G UHDG IRU WHVWV

SUDFWLFDO LPSOHPH WDWLR RI WKH WHVW VHW S DV FDUULHG
R W LWK WKH V SSRUW RI 0HL EHUJ E SUR LGL J V LWDEOH
PHDV UL J HT LSPH W 17 0( 0 )LJ IRUPV WKH
KDUG DUH EDVLV IRU WKH FOLH W DV HOO DV IRU WKH VHU HU 7KHVH
DUH HT LSSHG LWK D 4 H HQ ERDUG FDUU L J D Q HO RP
( SURFHVVRU [ +] DV HOO DV 5 0 7KHVH
GH LFHV U 17 0( 2 /726 D /L [ EDVHG V VWHP
R KLFK 173' D G WKH GH HORSHG 176G DUH H[HF WDEOH
' UL J WKH PHDV UHPH W FOLH W D G VHU HU FRPP LFDWH R HU
(WKHU HW LD D 1&20 V LWFK LWK LJDELW
FR HFWLR

) UWKHUPRUH ERWK GH LFHV DUH HT LSSHG LWK D 36
UHFHL HU 3 KLFK DUH VHG WR V FKUR L]H WKH V VWHP
WLPH FR WUDVW WKH WLPHVWDPSV WKH FOLH W UHFHL HV IURP WKH
VHU HU DUH RW VHG IRU V FKUR L]DWLR E W WR PHDV UH WKH
WLPH RIIVHW D G GHOD KLFK 173' FR WL R VO ULWHV L WR
VWDWLVWLFV ILOHV 7KLV H DEOHV UHFRUGL J D G FRPSDUL J
PHDV UHPH W VHULHV LWK GLIIHUH W FR ILJ UDWLR V

9 � 0( 685(0(175(68/76

:LWK WKH VHW S GHVFULEHG L KDSWHU ,9 W R PHDV UHPH W
VHULHV HUH FDUULHG R W WR H DEOH FRPSDULVR EHW HH
VHF UHG D G VHF UHG 173 FRPP LFDWLR )RU ERWK VHULHV

WKH FOLH W SHUIRUPHG VH HUDO PHDV UHPH WV VLP OWD HR VO
KLFK WKH 173 LPSOHPH WDWLR UHFRUGHG 2 H PHDV UHPH W

VHULHV FR VLVWV RI WKUHH WLPH VR UFHV )LJ 7KH ILUVW VR UFH
(1(5 & VHU HV DV UHIHUH FH WLPH KLFK LV SUR LGHG E

WKH 36 PRG OH D G KDV D KLJK VWDELOLW 7KH FOLH W
V FKUR L]HV LWVHOI LWK LW L RUGHU WR EH DEOH WR H DO DWH WKH
GHOD D G RIIVHW RI WKH RWKHU FKD HOV 7KH VHFR G VR UFH

LV D 173 FR HFWLR W HOHG WKUR JK WKH 176
GDHPR WR WKH FR HFWHG WLPH VHU HU 7KLV FD EH VHH IURP
WKH ORFDOKRVW DGGUHVV WKDW LV VSHFLILHG KHUH DV WKH VHU HU 7KH
WKLUG VR UFH SUR LGHV D VHF UHG 173
FR HFWLR DV LW LV V DO LWK 173' D G LV L GLFDWHG E D
S EOLF ,3 7KLV R H JHWV WKH WLPH IURP WKH VDPH WLPH VHU HU
E W GRHV RW VH WKH 176 W HOL J RWK PHDV UHPH W VHULHV
L SUL FLSOH VH WKH VDPH VR UFHV E W GLIIHU L WKH 176
FR ILJ UDWLR :KLOH WKH 176G L WKH ILUVW PHDV UHPH W VHULHV
H[FO VL HO W HOHG WKH 173 SDFNHWV WKH FRPSH VDWLR
PHWKRG GHVFULEHG L KDSWHU ,,, DV VHG L WKH VHFR G
PHDV UHPH W VHULHV )RU DOO PHDV UHPH WV WKH FR VROH
R WS WV RI DOO LPSOHPH WDWLR V KDG EHH GHDFWL DWHG L RUGHU
WR D RLG PHDV UHPH W GLVWRUWLR ) UWKHUPRUH ERWK
PHDV UHPH WV VH D IL[HG SROO RI PHVVDJH JH HUDWLR H HU

VHFR GV IRU D G UDWLR RI KR UV HDFK

7KH UHV OWV VKR WKDW 176 W HOL J RI 173 SDFNHWV
RUNV HOO D G WKDW PD LS ODWHG SDFNHWV OLNH D VHF UHG

173 FR HFWLR DUH GLVFDUGHG 7KH FRPSDULVR RI WKH UHV OWV
UH HDOV FOHDU GLIIHUH FHV EHW HH WKH WKUHH PHDV UHPH WV
)LJ SUHVH WV WKH UR G WULS WLPH GHOD δ FDOF ODWHG E

)LJ 0HDV UHPH W VHW S LWK W R / 17,0(0

)LJ Delay δ measured for standard NTP (left), normal NTSd tunneling
PLGGOH D G FRPSH VDWHG 176G FRPPP LFDWLR 6DPSOL J WLPH V

)LJ 6WDWLVWLFV R WS W RI 173' )LUVW OL H VKR V GDWD RI WKH
V FKUR L]DWLR VR UFH KHUHDV WKH VHFR G JL HV GDWD RI WKH 176G
VHF UHG FRPP LFDWLR 7KH ODVW OL H SUHVH WV GDWD RI D VWD GDUG 176G
FR HFWLR



173' IRU WKH UHVSHFWL H FR HFWLR V )LJ VKR V WKH WLPH
GH LDWLR RIIVHW θ RI WKH WLPH VR UFHV FRPSDUHG WR WKH FOLH W
V FKUR L]HG LWK 36 D G 7DEOH L GLFDWHV WKH VWDWLVWLFDO
DO HV RI DOO FR HFWLR V 7KHVH UHV OWV HUH FDOF ODWHG IURP
WKH PHDV UHG DO HV REWDL HG E 173G

' H WR WKH VKRUW WUD VPLVVLR GLVWD FH RI WKH KDUG DUH
WKH UR G WULS WLPH RI VWD GDUG 173 LV LVLEO VKRUW 7KH
FRPSH VDWHG 176G W HOL J R WKH RWKHU KD G KDV D

VLJ LILFD WO KLJKHU DO H VL FH DOO U WLPHV FD VHG E WKH
GDHPR DUH L FO GHG L WKLV DO H :LWK DFWL DWHG ODWH F
FRPSH VDWLR 176G LV DOPRVW FRPSOHWHO DEOH WR DFKLH H WKH
VDPH DO H DV LWK WKH VHF UHG 173 FR HFWLR 2 WKH
RWKHU KD G WKH UHV OWV IRU WLPH RIIVHW DUH D ELW V USULVL J 7KH
VHF UHG 173 VKR V R O D HU VPDOO GH LDWLR RI V
KLOH WKH FRPSH VDWHG 176 W HOL J FD VHV D V VWHPDWLF

RIIVHW RI V ' H WR FRUUHFWHG SURFHVVL J WLPHV D G
UHV OWL J DV PPHWULHV L WKH UR G WULS WLPH WKLV UHV OW LV DV
H[SHFWHG +R H HU D L FUHDVHG RIIVHW LV DOVR LVLEOH L 176
W HOL J LWK DFWL H FRPSH VDWLR

3UHV PDEO WKH NL G RI REWDL L J WKH WLPHVWDPSV IURP WKH
V VWHP FORFN PDNHV WKH GLIIHUH FH 176G F UUH WO VHV VR
FDOOHG VHUVSDFH WLPHVWDPSV KLFK WKH RSHUDWL J V VWHP
SUR LGHV E KLJK OH HO I FWLR V 173' R WKH RWKHU KD G
VHV VRFNHW WLPHVWDPSV KLFK DUH GLUHFWO REWDL HG IURP WKH
/L [ NHU HO D G SUR LGH PRUH DFF UDWH DO HV , DGGLWLR
FRPSDUHG WR D FODVVLF VHF UHG 173 FR HFWLR WKH FOLH W
D G VHU HU RI D 176G FR HFWLR JH HUDWH VH H H[WUD
WLPHVWDPSV

) UWKHU GLIIHUH FHV FD EH IR G L WKH VH G D G UHFHL H
I FWLR V KLFK FD KD H DULDEOH ODWH F WLPHV 'HSH GL J
R WKH DOLJ PH W D G V P RI WKH L GL LG DO ODWH FLHV WKLV OHDGV
WR D DV PPHWU L WKH FDOF ODWHG UR G WULS WLPH KLFK LV
UHIOHFWHG DV D V VWHPDWLF RIIVHW 7KR JK I UWKHU L HVWLJDWLR
LV HFHVVDU LW FD EH VHH WKDW WKH 176 GDHPR KDV R VWUR J
L IO H FH R WKH V FKUR L]DWLR DFF UDF IRU W SLFDO 173
DSSOLFDWLR V

9, � 21 /86,216 1' )857+(5:25.

:H SURSRVHG D VRO WLR WR H KD FH VWD GDUG 173 VHU LFHV
E 176 VHF UHG FRPP LFDWLR LWK R RU UDWKHU PL RU
PRGLILFDWLR V WR WKH RUPDO 173 LPSOHPH WDWLR 7KH
DSSURDFK VL J D 176 GDHPR IRU VHF UL J D G W HOL J
VWD GDUG 173 SDFNHWV SUR HG WR SHUIRUP HOO FKLH DEOH
DO HV RI WLPH RIIVHWV DUH PRUH WKD V IILFLH W IRU W SLFDO 173
DSSOLFDWLR V 7KH ORVV RI DFF UDF LV PL LPDO D G FD EH
PL LPL]HG E I UWKHU D DO VLV D G RSWLPL]DWLR HVSHFLDOO R
WKH PHWKRG KR WR REWDL WKH WLPHVWDPSV , WH VL H WHVWL J
GHU UHDOLVWLF FR GLWLR V LV D RWKHU SRL W IRU I W UH RUN WR

FUHDWH EHWWHU FRPSDULVR SRVVLELOLWLHV

5()(5(1 (6

@� ' )UD NH ' 6LEROG . 7HLFKHO 0 'D VDULH 5 6 GEODG 1HW RUN
7LPH 6HF ULW IRU WKH 1HW RUN 7LPH 3URWRFRO , WHU HW 'UDIW GUDIW
LHWI WS VL J WV IRU WS - O

@� 0 /D JHU . 7HLFKHO ' 6LEROG D G 5 HUPEDFK 7LPH
6 FKUR L]DWLR 3HUIRUPD FH 8VL J WKH 1HW RUN 7LPH 6HF ULW
3URWRFRO L ( URSHD )UHT H F D G 7LPH )RU P ()7) GRL

()7) 7 UL ,WDO

@� ' / 0LOOV 1HW RUN 7LPH 3URWRFRO 173 5) GRL
5) 6HSWHPEHU

@� ' / 0LOOV - UED N : .DVFK - 0DUWL (G 1HW RUN 7LPH
3URWRFRO 9HUVLR 3URWRFRO D G OJRULWKPV 6SHFLILFDWLR 5)

GRL UIF - H

@� ' 6LEROG 6 5RHWWJHU . 7HLFKHO 8VL J WKH 1HW RUN 7LPH 6HF ULW
6SHFLILFDWLR WR 6HF UH WKH 1HW RUN 7LPH 3URWRFRO , WHU HW 'UDIW
GUDIW LHWI WS VL J WV IRU WS 6HS

@� 0 /D JHU . 7HLFKHO ' 6LEROG 5 HUPEDFK 3HUIRUPD FH
RPSDULVR HW HH 1HW RUN 7LPH 6HF ULW 3URWRFRO 'UDIWV ,(((

, WHU DWLR DO )UHT H F R WURO 6 PSRVL P D G ( URSHD )UHT H F
D G 7LPH )RU P ,) 6 ()7) 2UOD GR 86 L SUHVV

@� ' / 0LOOV +DEHUPD (G 1HW RUN 7LPH 3URWRFRO 9HUVLR
WRNH 6SHFLILFDWLR 5) GRL UIF - H

@� ( 5HVFRUOD 7KH 7UD VSRUW /D HU 6HF ULW 7/6 3URWRFRO 9HUVLR
5) UIF J

@� ' 0F UH , WHUIDFH D G OJRULWKPV IRU WKH WLFDWHG
( FU SWLR 5) GRL 5) -D

@� 1HW RUN 7LPH )R GDWLR 173' 2 OL H@ DLODEOH
KWWSV JLWK E FRP WS SURMHFW WS

@� KWWSV GRFNHU FRP 2 OL H@ DLODEOH

@� ' )UD NH 0DOKRWUD 173 OLH W 'DWD 0L LPL]DWLR , WHU HW
'UDIW GUDIW LHWI WS GDWD PL LPL]DWLR 0DUFK :RUN L
3URJUHVV

@� ( 5D PR G 0LOOHU 0 6HOVN + 0 UUD HW DO 173VHF
2 OL H@ DLODEOH KWWSV JLWODE FRP 173VHF WSVHF

@� . 2'R RJK H ' 6LEROG 6 )ULHV 1H VHF ULW PHFKD LVPV IRU
HW RUN WLPH V FKUR L]DWLR SURWRFROV ,((( , WHU DWLR DO
6 PSRVL P R 3UHFLVLR ORFN 6 FKUR L]DWLR IRU 0HDV UHPH W
R WURO D G RPP LFDWLR ,63 6 0R WHUH

@� 0 /D JHU 1HW RUN 7LPH 6HF ULW 2 OL H@ DLODEOH
KWWSV JLWODE FRP 0/D JHU WV WDJV

@� 7 HK 176G 1HW RUN 7LPH 6HF ULW 3URWRFRO 'DHPR 2 OL H@
DLODEOH KWWSV VR UFHIRUJH HW SURMHFWV WVG
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