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AbVWUacW±The paper covers main message broker 
protocols and the patterns Zhich are used to manage 
technical problems. The article provides the reader Zith 
t\pical softZare engineering design issues Zhich might lead 
to conceptual violations, softZare non-functional 
requirements nonconformit\, Zhich is high coupling 
problem, s\nchronous operation performance loss, and 
s\stem constituent integration problem. The solutions Zhich 
come as a result of appl\ing messaging are brought covering 
each problem above, in particular establishing the 
communication betZeen loosel\ coupled applications, 
researching the application performance speedup Zith the 
Amdahl¶s laZ and appl\ing Read Model architectural 
pattern leveraging message brokers capabilities.  

Ke\ZRUdV ± meVVaging, aV\nchURnRXV RSeUaWiRnV, Amdahl¶V 
laZ, SURWRcRl, aSSlicaWiRn inWegUaWiRn. 

I.  IN75OD8C7ION 
EQWHUSULVH DSSOLFDWLRQV DUH DSSOLFDWLRQV WKDW GLVSOD\, 

PDQLSXODWH, DQG VWRUH ODUJH DPRXQWV RI GDWD DQG VXSSRUW RU 
DXWRPDWH EXVLQHVV SURFHVVHV ZLWK WKDW GDWD >1@. 6XFK 
DSSOLFDWLRQV XVXDOO\ FRQVLVW RI VHSDUDWHG PRGXOHV, VHUYLFHV 
RU HYHQ FOXVWHUV RI VHUYLFHV WKDW KDQGOH EXVLQHVV WDVNV 
GLIIHUHQWO\. 7DNLQJ LQWR DFFRXQW WKH FRPSOH[LW\ RI WKH 
DUFKLWHFWXUH, WKHUH LV D UHTXLUHPHQW WR VXSSRUW LQWHJUDWLRQ 
EHWZHHQ WKH FRPSRQHQWV RI WKH V\VWHP. 7KH LGHD RI 
PHVVDJH EURNHUV KDV FRPH DERXW DV DQ DGHTXDWH DQG 
IOH[LEOH VROXWLRQ IRU WKLV SXUSRVH. 

7KH PHVVDJH EURNHUV DUH D JRRG LQVWUXPHQW IRU 
UHVROYLQJ W\SLFDO FRPSXWHU V\VWHP SUREOHPV. 6HFWLRQ II 
GHVFULEHV WKH PDLQ PHVVDJLQJ FRQFHSWV DQG DGGUHVVHV WKH 
SDSHUV RI WKH VFLHQWLILF ILHOG FRYHUHG. 6HFWLRQ III SUHVHQWV 
ZKLFK LVVXHV FDQ DULVH GXULQJ WKH DSSOLFDWLRQ GHYHORSPHQW 
SURFHVV. 7KH SUDFWLFDO VROXWLRQV RI WKHP DUH SUHVHQWHG LQ 
VHFWLRQ I9 ZKLFK DUH DLPHG WR VROYH GLVWULEXWHG VHUYLFHV 
FRPPXQLFDWLRQ RQHV LQ DGGLWLRQ WR FHQWUDOL]LQJ GLVWULEXWHG 
GDWD YLD WKH PHVVDJLQJ FDSDELOLWLHV.  

II. LI7E5A785E 5E9IE: 
7KH MHVVDJH EURNHU LV DQ LQWHUPHGLDWH VRIWZDUH WKDW LV 

UHVSRQVLEOH IRU VHQGLQJ WKH PHVVDJHV RI D IRUPDW GHILQHG 
EHWZHHQ VRIWZDUH FRPSRQHQWV XVLQJ WKH VSHFLILF SURWRFRO, 
FRPPRQO\ M477 (MHVVDJH 4XHXLQJ 7HOHPHWU\ 
7UDQVSRUW), 67OMP (6WUHDPLQJ 7H[W OULHQWHG MHVVDJLQJ 
PURWRFRO), AM4P (AGYDQFHG MHVVDJH 4XHXLQJ PURWRFRO). 

MHVVDJLQJ V\VWHPV W\SLFDOO\ LQYROYH WKH LQWURGXFWLRQ RI 
DQ LQWHUPHGLDU\ EHWZHHQ WKH WZR V\VWHPV WKDW 
FRPPXQLFDWH LQ RUGHU WR IXUWKHU GHFRXSOH WKH VHQGHU IURP 

WKH UHFHLYHU RU UHFHLYHUV. IQ GRLQJ VR, WKH PHVVDJLQJ V\VWHP 
DOORZV D VHQGHU WR VHQG D PHVVDJH ZLWKRXW EHLQJ DZDUH RI 
UHFHLYHU, ZKHWKHU LW LV DFWLYH, RU LQGHHG KRZ PDQ\ LQVWDQFHV 
RI WKHP WKHUH DUH >3@. DLIIHUHQW WHFKQLTXHV (LQ RWKHU ZRUGV 
± SDWWHUQV) H[LVW WR DFKLHYH WKLV JRDO, QDPHO\:  

x PXEOLVKHU-VXEVFULEHU. 

x E[FOXVLYH SRLQW-WR-SRLQW. 

x 5PC (5HPRWH SURFHGXUH FDOO). 

7KH PHVVDJH LV WKH DPRXQW RI GDWD WKDW LV FRQVLGHUHG WR 
EH H[FKDQJHG. 8VXDOO\, PHVVDJHV DUH UHVWULFWHG LQ VL]H. 
BHVLGHV, WKHUH DUH GLIIHUHQW PHVVDJLQJ SXEOLVKLQJ PRGHV: 

x E[acWO\-RQcH L.H. WKH PHVVDJH FDQ EH GHOLYHUHG RQO\ 
RQFH. 

x AW-OHaVW-RQcH L.H. WKH PHVVDJH FDQ EH GHOLYHUHG 
PXOWLSOH WLPHV ZLWK GXSOLFDWLRQV. 

MHVVDJHV FDQ EH SHUVLVWHQW RQ QRQ-SHUVLVWHQW ZKLFK 
GHQRWHV WKDW DIWHU PHVVDJH EURNHU¶V EUHDNGRZQ WKHUH LV WKH 
WHFKQLFDO RSSRUWXQLW\ WR UHGHOLYHU PHVVDJHV RU QRW 
UHVSHFWLYHO\.  

MHVVDJH FDQ FRQWDLQ SURSHUWLHV DQG KHDGHUV. MHVVDJH 
SURSHUWLHV DUH VSHFLILF PHVVDJH FKDUDFWHULVWLFV, IRU LQVWDQFH, 
SULRULW\ RU FRQWHQW W\SH.  

HHDGHUV DUH PHVVDJH FKDUDFWHULVWLFV WKDW FDQ EH IOH[LEO\ 
FKDQJHG. IQ RSSRVLWH WR PHVVDJH SURSHUWLHV, KHDGHUV FDQ EH 
WDNHQ LQWR DFFRXQW E\ D EURNHU WR UHVROYH WKH UHFLSLHQW. 

PXbOLVKHU-VXbVcULbHU SDWWHUQ EULQJV WKH FRQFHSWV RI 
VHQGHU, UHFHLYHU, PHVVDJH, DQG WRSLF.  

PXEOLVKHU DQG 6XEVFULEHU DUH WKH QRGHV RI 
FRPPXQLFDWLRQ WKDW H[LVW LQ WKH PDQ\-WR-PDQ\ 
UHODWLRQVKLS; WKH QRGHV DUH UHVSRQVLEOH IRU VHQGLQJ DQG 
UHFHLYLQJ PHVVDJHV UHVSHFWLYHO\ XVLQJ H[FKDQJH WRSLFV.  

E[FKDQJH WRSLFV DUH VWULQJ YDOXHV WKDW DUH XVHG E\ WKH 
PHVVDJH EURNHU WR LGHQWLI\ ZKLFK VXEVFULEHU LV LQWHQGHG WR 
UHFHLYH D PHVVDJH WKDW KDV EHHQ VHQW. 7KH SXEOLVKHU VHQGV D 
PHVVDJH WR WKH EURNHU ZLWK WKH H[FKDQJH WRSLF, WKH PHVVDJH 
EURNHU UHVROYHV ZKLFK FRQVXPHUV DUH FDSDEOH RI UHFHLYLQJ 
WKH PHVVDJH.  

E[FKDQJH WRSLF NH\ FDQ EH VSHFLILHG E\ FRQVXPHU 
HLWKHU DV D GLUHFW YDOXH RI WKH WRSLF¶V QDPH RU IROORZLQJ WR 
WKH SDWWHUQ. 

IW LV DVVXPHG WKDW D VLQJOH PHVVDJH FDQ EH GHOLYHUHG WR 
PXOWLSOH UHFHLYHUV.  
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TKH e[cOXVLYe SRLQW-WR-SRLQW SaWWeUQV XVHG LQ FDVH WKH 
SXEOLVKHU QHHGV WR VHQG D PHVVDJH WR RQO\ RQH PHVVDJH 
FRQVXPHU. EYHQ WKRXJK PXOWLSOH FRQVXPHUV PD\ EH 
OLVWHQLQJ RQ WKH TXHXH IRU WKH VDPH PHVVDJH, RQO\ RQH RI 
WKRVH FRQVXPHU WKUHDGV ZLOO UHFHLYH WKH PHVVDJH >4@. 

 
FLJ. 1. PXEOLVKHU-VXEVFULEHU SDWWHUQ W\SLFDO LQIUDVWUXFWXUH 

TKH VLQJOH PHVVDJH LV GHOLYHUHG WR H[DFWO\ RQH 
FRQVXPHU, WKH RUGHU RI PHVVDJHV UHPDLQV FRQVLVWHQW. 

 
FLJ. 2. E[FOXVLYH SRLQW-WR-SRLQW SDWWHUQ W\SLFDO LQIUDVWUXFWXUH 

RPC SaWWeUQ LV DQ H[WHQVLRQ RI WKH H[FOXVLYH SRLQW-WR-
SRLQW SDWWHUQ. AV RSSRVLWH WR RWKHU PHQWLRQHG PHVVDJLQJ 
SDWWHUQ, WZR-ZD\ FRPPXQLFDWLRQ H[LVWV EHWZHHQ VHQGHU 
DQG UHFHLYHU. FRU WKLV SXUSRVH, XVXDOO\ WZR GLIIHUHQW 
FKDQQHOV DUH FUHDWHG, VSHFLILFDOO\ IRU UHTXHVW DQG UHSO\ 
PHVVDJHV ZKLFK DUH WUHDWHG DV D VLQJOH UHTXHVW XVLQJ WKH 
LGHQWLILHU ± WKH FRUUHODWLRQ LG.  

 
FLJ. 3. RPC SDWWHUQ W\SLFDO LQIUDVWUXFWXUH 

MHVVDJH EURNHUV DUH DFWLYHO\ XVHG ERWK LQ D VLQJOH 
FRPSXWHU V\VWHP HQYLURQPHQW DQG GLVWULEXWHG RQH 
LPSOHPHQWLQJ GLIIHUHQW SDWWHUQV. JXQ-<RXQJ B\XQ DW HO.>5@ 
SURSRVHG D DMBS FORXG HFRV\VWHP ZLWK WKH XQGHUO\LQJ 
SXEOLVKHU-VXEVFULEH SDWWHUQ. TKH GHSOR\HG LQIUDVWUXFWXUH 
FDQ UDSLGO\ SURFHVV PHVVDJHV HQKDQFLQJ WKH PHVVDJH 
UHVSRQVH VSHHG ZLWKLQ PXOWLSOH UHJLRQV. DHVSLWH WKH 
H[WHQVLYH PHVVDJLQJ VHUYLFH KDV EHHQ EXLOW XS, WKH GDWD ZDV 

VHSDUDWHG DQG DFFHVVLQJ FURVV-FXWWLQJ GDWD LPSOLHV 
DGGLWLRQDO UHVRXUFH H[SHQVHV. 

AV WKH DUWLFOH LQYHVWLJDWHV WKH DV\QFKURQRXV SURFHVVLQJ 
XVLQJ WKH RPC SDWWHUQ, WKH SURSRVHG UHVHDUFK RI HO.>6@ KDYH 
EHHQ WDNHQ LQWR DFFRXQW. TKH FRPELQDWLRQ RI GUL]]O\ 
IUDPHZRUN IRU WKH HTTP VHUYHU DQG JHUVH\ VHUYHU KDV EHHQ 
WDNHQ DV D WDUJHW RI WKH UHYLHZ. HRZHYHU, PXFK RI WKH ZRUN 
GHSHQGHG PRUH RQ WKH SURJUDPPDWLF JDYD DSSOLFDWLRQ 
VROXWLRQV, SDUWLFXODUO\ GHSHQGLQJ RQ WKH JDYD WKUHDG SRRO 
OLPLWDWLRQV UDWKHU WKDQ IRFXVLQJ RQ PRYLQJ SDUDOOHO 
FRPSXWLQJ WR WKH PHVVDJH EURNHU LQVWDQFHV. TKHUHIRUH, HQG-
WR-HQG ODWHQF\ PHDVXUHPHQWV PLJKW KDYH KDG GLIIHUHQW 
UHVXOWV. 

A. MQTT SURWRcRO 
MQTT SURWRFRO (ZKLFK VWDQGV IRU MHVVDJH QXHXLQJ 

THOHPHWU\ TUDQVSRUW) LV D OLJKWZHLJKW UHDO-WLPH PHVVDJLQJ 
SURWRFRO ZKLFK OHYHUDJHV PXEOLVKHU-SXEVFULEHU SDWWHUQ WR 
GHOLYHU PHVVDJHV LQ ELQDU\ IRUPDW XVLQJ XQGHUO\LQJ TCP/IP 
SURWRFRO.  

TKH OLJKWQHVV RI WKH SURWRFRO LV DFKLHYHG E\ ORZ SDFNHW 
VL]H RYHUKHDG ZKLFK YDULHV IURP 1 E\WH WR 256 PHJDE\WHV. 
IQ DGGLWLRQ, LPSOHPHQWDWLRQV DUH GHVLJQHG WR VXSSRUW ORZ 
SRZHU XVDJH. TKH SURWRFRO LV DOVR GHVLJQHG VR WKDW WKH 
LPSOHPHQWDWLRQ VKRXOG FRQVLGHU OLPLWHG QHWZRUN 
EDQGZLGWK DQG KLJK ODWHQF\.  

TDNLQJ LQWR DFFRXQW DERYHPHQWLRQHG, WKH SURWRFRO LV 
FRPPRQO\ XVHG LQ FRPPXQLFDWLRQ EHWZHHQ VPDUWSKRQHV, 
IRT (IQWHUQHW RI TKLQJV) GHYLFHV, URXWHUV, HWF.  

TKH LPSOHPHQWDWLRQV RI WKH MQTT SURWRFRO LQFOXGH EXW 
LV QRW OLPLWHG WR EFOLSVH MRVTXLWWR, HTPWW, VHUQHMQ. 

B. STOMP SURWRcRO 
SWUHDPLQJ TH[W OULHQWHG MHVVDJLQJ PURWRFRO DV LWV 

QDPH VXJJHVWV LV D WH[W-RULHQWHG PHVVDJLQJ SURWRFRO. TKH 
SURWRFRO OHYHUDJHV WKH SXEOLVKHU-VXEVFULEHU SDWWHUQ DQG LV 
GHVLJQHG WR EH VLPSOH WR XVH. TKH WRSLFV DUH FDOOHG 
GHVWLQDWLRQV. 

TKH SURWRFRO KDV SOHQW\ RI LPSOHPHQWDWLRQV, IRU 
LQVWDQFH, AFWLYHMQ, RDEELWMQ, SWDPS\. 

C. AMQP SURWRcRO 
AMQP (AGYDQFHG MHVVDJH QXHXLQJ PURWRFRO) LV DQ 

DSSOLFDWLRQ-OHYHO ELQDU\ SURWRFRO WKDW OHYHUDJHV XQGHUO\LQJ 
TCP (TUDQVPLVVLRQ CRQWURO PURWRFRO) WR DV\QFKURQRXVO\ 
VWUHDP PHVVDJHV DFURVV WKH QHWZRUN LQ WKH ELQDU\ IRUPDW. 

CRPSDULQJ ZLWK MQTT DQG STOMP, AMQP LV TXLWH 
H[WHQVLYH DQG SURYLGHV D ZLGH UDQJH RI FDSDELOLWLHV IRU 
DSSOLFDWLRQV.  

TUDQVPLWWHG GDWD FDQ EH HQFU\SWHG XVLQJ TLS 
(TUDQVSRUW LD\HU SHFXULW\). TKH SURWRFRO VXSSRUWV 
FRQVLVWHQF\ E\ LPSOHPHQWLQJ WKH IHDWXUHV RI GHOLYHU\ 
DFNQRZOHGJPHQW, DWRPLFLW\ LQ D VLQJOH TXHXH WKRXJK 
ZLWKRXW FRPSOHWH WUDQVDFWLRQ VXSSRUW (FRU LQVWDQFH, 
RDEELWMQ LPSOHPHQWDWLRQ RI WKH SURWRFRO HQDEOHV 
WUDQVDFWLRQ VXSSRUW ZLWKLQ PHVVDJH SXEOLVK, 
DFNQRZOHGJPHQW, UHMHFW ZKLOH UHVRXUFH FUHDWLRQ/GHOHWLRQ 
VXFK DV TXHXHV DQG H[FKDQJHV LV QRW LPSOHPHQWHG WR EH 
WUDQVDFWLRQDO). AMQP DOVR JXDUDQWHHV WKDW PHVVDJHV WKDW 
KDYH EHHQ SXEOLVKHG LQ D VSHFLILF RUGHU ZLOO EH GHOLYHUHG WR 
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FRQVXPHUV LQ VWULFWO\ WKH VDPH RUGHU GHVSLWH WKH FRXQW RI 
WKH FRQVXPHUV.  

AMQP VXSSRUW DOO PHVVDJH SXEOLVK PRGHV ZKLFK ZHUH 
PHQWLRQHG HDUOLHU DV ZHOO DV WKH SDWWHUQV. 

TDNLQJ LQWR DFFRXQW DOO RI WKH DERYH, WKLV SURWRFRO LV 
SUHIHUUHG WR EH XVHG LQ HQWHUSULVH DSSOLFDWLRQV. 

A W\SLFDO LPSOHPHQWDWLRQ LV RDEELWMQ. 

III. PROBLEM FORM8LATION 
IQ RUGHU WR XQGHUVWDQG WKH UHDVRQV IRU LQWURGXFLQJ 

PHVVDJH EURNHUV, WKH IROORZLQJ FRQFHUQV VKRXOG EH 
UHVHDUFKHG: FRPSRQHQW GHFRXSOLQJ, D GLVDGYDQWDJH RI 
V\QFKURQRXV RSHUDWLRQV DQG WKH FRPSOH[LW\ RI QHZ 
FRPSRQHQWV LQWHJUDWLRQ.  

A. CRPSRQHQW GHcRXSOLQJ 

TKH VWDWHPHQW µHLJK FRKHVLRQ, ORZ FRXSOLQJ¶ LV D 
SULQFLSOH RI GHQHUDO RHVSRQVLELOLW\ AVVLJQPHQW SRIWZDUH 
PDWWHUQV. TKH ORZHU WKH VWUHQJWK EHWZHHQ WKH V\VWHP 
FRQVWLWXHQWV, WKH PRUH V\VWHP LV FRQVLGHUHG WR EH GHFRXSOHG 
>2@. IQ WHUPV RI HQWHUSULVH DSSOLFDWLRQV, LW LV UHSUHVHQWHG LQ 
WKH IROORZLQJ: FRGH GHSHQGHQFLHV, UHPRWH LQYRFDWLRQ 
GHSHQGHQFLHV ZLWKLQ WKH UDQJH RI SURWRFROV (HTTP>S@, 
TCP, SOAP, HWF.) 

GLYHQ D FRPSRQHQW A WKDW UHIHUHQFHV FRPSRQHQW B 
ZKLFK LWVHOI UHIHUHQFHV FRPSRQHQW C DQG A, DQG WKH 
IROORZLQJ FKDLQ RI FDOOV VKRXOG EH SHUIRUPHG LQ RUGHU WR 
VHQG DQ DUELWUDU\ PHVVDJH WR FRPSRQHQW =. SXFK DQ 
H[DPSOH VWUXFWXUH LV D W\SLFDO H[DPSOH RI D KLJKO\ FRXSOHG 
V\VWHP. 

TKH SUREOHP LV KRZ WR DYRLG FRGH GHSHQGHQFLHV 
UHJDUGOHVV RI ZKHWKHU FRPSRQHQWV EHORQJ WR D VLQJOH 
DSSOLFDWLRQ RU QRW. 

B. TKH GLVaGYaQWaJH RI V\QcKURQRXV RSHUaWLRQV 

S\QFKURQRXV RSHUDWLRQ A LV DQ RSHUDWLRQ WKDW LV 
H[HFXWHG E\ D SURJUDP WKDW GRHV QRW DOORZ WR SURFHHG ZLWK 
WKH SURJUDP H[HFXWLRQ WR RSHUDWLRQ B XQWLO A KDV EHHQ 
H[HFXWHG. IQ RWKHU ZRUGV, V\QFKURQRXV RSHUDWLRQ EORFNV WKH 
FXUUHQW WKUHDG. TKH H[DPSOHV DUH I/O RSHUDWLRQV, HTTP>S@ 
UHTXHVW.  

AV\QFKURQRXV RSHUDWLRQ LV DQ RSHUDWLRQ WKDW GRHV QRW 
EORFN WKH FXUUHQW WKUHDG.  

MDNLQJ WLPH-FRQVXPLQJ RSHUDWLRQV DV\QFKURQRXV, WKH 
DSSOLFDWLRQ FDQ EH FRQVLGHUHG UHVSRQVLYH. SXFK 
DSSOLFDWLRQV OHYHUDJH SDUDOOHOLVP RU SDUDOOHO FRPSXWLQJ. 

PDUDOOHO FRPSXWLQJ LV D W\SH RI FRPSXWDWLRQ ZKHUH 
RSHUDWLRQV FDQ EH H[HFXWHG VLPXOWDQHRXVO\ (LQ SDUDOOHO). 

IQ WHUPV RI HQWHUSULVH DSSOLFDWLRQV, WKH H[DPSOH RI D 
ORQJ-WHUP V\QFKURQRXV RSHUDWLRQ WKDW WDNHV D UHODWLYHO\ 
VLJQLILFDQW DPRXQW RI WLPH LV VHQGLQJ DQ HPDLO. 

TKH SUREOHP LV KRZ WR PDNH V\QFKURQRXV RSHUDWLRQV 
YLDEOH UHJDUGOHVV RI ZKHWKHU FRPSRQHQWV FRQWDLQLQJ ORQJ-
UXQQLQJ RSHUDWLRQV EHORQJ WR D VLQJOH DSSOLFDWLRQ RU QRW? 

C. TKH cRPSOH[LW\ RI QHZ cRPSRQHQW LQWHJUaWLRQ 

IQWHJUDWLRQ RI D QHZ FRPSRQHQW SDUWLDOO\ FRLQFLGHV ZLWK 
FRPSRQHQW GHFRXSOLQJ. EQWHUSULVH DSSOLFDWLRQV UDUHO\ 
FRQVLVW RI D VLQJOH H[HFXWLQJ LQVWDQFH. IQ FRQWUDU\, VSHFLILF 

VWDQGDORQH IHDWXUHV WKDW DUH QRW UHODWHG WR FRUH RQHV, DUH 
XVXDOO\ GHYHORSHG LQ WKH GLIIHUHQW DSSOLFDWLRQ LQVWDQFH. IQ 
WKLV FDVH, WKH DUFKLWHFWXUDO FRQFHUQ DULVHV: KRZ VKRXOG QHZ 
FRPSRQHQW UHVSRQVH GLIIHUHQW NLQG RI HYHQWV KDSSHQ LQ 
FRUH DSSOLFDWLRQ DQG YLFH YHUVD? 

AQRWKHU LQWHJUDWLRQ SUREOHP OLHV LQ PLJUDWLRQ GDWD IURP 
RQH GDWDEDVH SUREDEO\ RXWGDWHG DQG QRW VXSSRUWHG WR D 
GLIIHUHQW RQH. TKH LVVXH WDNHV SODFH LQ UHDO-WLPH 
DSSOLFDWLRQV WKDW VKRXOG KDQGOH FXUUHQW GDWD DQG KDYH DQ 
RSSRUWXQLW\ WR PHUJH ROG RQHV OLYH. 

I9. METHODS AND ANAL<SIS 
MHVVDJLQJ FRXOG EH EURXJKW DV DQ LQVWUXPHQW IRU 

VROYLQJ DERYHPHQWLRQHG SUREOHPV.  

DHDOLQJ ZLWK GHFRXSOLQJ RI WKH DSSOLFDWLRQ FRPSRQHQWV 
OHDGV WR UHIHUHQFLQJ WKH PHVVDJH EURNHU LQVWHDG RI WKH RWKHU 
FRPSRQHQWV LWVHOI. CRPSRQHQW A LV QR PRUH UHVSRQVLEOH 
IRU GHWHUPLQLQJ ZKLFK QRGHV DUH FRQVLGHUHG WR EH WKH 
UHFHLYHU RI D PHVVDJH, KRZ WR KDQGOH UHFHLYHU EUHDNGRZQ, 
KRZ PXFK UHFHLYHUV H[LVW, VKRXOG UHFHLYHU DFFHSW WKH 
PHVVDJH RU QRW. IQVWHDG, WKH FRPSRQHQW VLPSO\ SXVKHV WKH 
PHVVDJH WR WKH GLUHFW WRSLF QDPH RU SDWWHUQ WRSLF QDPH DQG 
D PHVVDJH EURNHU GHOLYHUV LW WR FRPSRQHQW B, C, HWF. TKH 
WRSLF OLVWHQHU FRPSRQHQWV ZKLFK FDQ HLWKHU VXEVFULEH RU 
XQVXEVFULEH WKH WRSLF GHILQH WKH GHSHQGHQF\ RQ UHFHLYLQJ 
WKH PHVVDJH LWVHOI. TKH EUHDNGRZQ RI D QRGH OLVWHQLQJ WR D 
PHVVDJH FDXVHV WKH EURNHU WR UHGHOLYHU WKH PHVVDJH DV 
PDQ\ WLPHV DV LW LV FRQILJXUHG. MRUHRYHU, GLIIHUHQW FKDQQHO 
WRSLFV GLVWLQJXLVK WKH UHFHLYHUV RI DQ HYHQW.  

 
FLJ. 4. E[DPSOH RI FRPSRQHQW GHFRXSOLQJ 

MHVVDJH EURNHUV DUH JRRG FDQGLGDWHV IRU EULQJLQJ 
DV\QFKURQRXV SURFHVVLQJ LQWR WKH DSSOLFDWLRQ. 
IPSOHPHQWLQJ D FKDQQHO OLVWHQHU DXWRPDWLFDOO\ PDNHV WKH 
SURFHVVLQJ DV\QFKURQRXV, LQ RWKHU ZRUGV, WKH PHVVDJH 
EURNHU FOLHQW KDV EURXJKW SDUDOOHO SURFHVVLQJ. MRUHRYHU, 
WKH PHVVDJH EURNHU-FOLHQW GHFUHDVHV WKH RYHUKHDG RI 
LPSOHPHQWLQJ DV\QFKURQRXV SURFHVVLQJ WKURXJK PXOWLSOH 
LQVWDQFHV ZLWK SXEOLVK-VXEVFULEH SDWWHUQV.  

TKH DGYDQWDJH RI SDUDOOHOLQJ WKH WDVNV SHU WDVN W\SH FDQ 
EH GHVFULEHG ZLWK WKH APGDKO¶V ODZ. APGDKO¶V ODZ 
UHSUHVHQWV D UHODWLRQ EHWZHHQ WKH VSHHGXS DQG D ZRUNORDG 
WKDW FDQ EH DQWLFLSDWHG IURP D V\VWHP RU FRPSRQHQW. TKH 
ODZ LV UHSUHVHQWHG LQ WKH IROORZLQJ IRUPXOD: 
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V

                                  (1ሻ 

ZKHUH 

x SODWHQF\ LV WKH WKHRUHWLFDO VSHHGXS RI WKH H[HFXWLRQ RI 
WKH WDVN; 

x V LV WKH VSHHGXS RI WKH SDUW RI WKH WDVN WKDW EHQHILWV 
IURP LPSURYHG V\VWHP UHVRXUFHV; 

x S LV WKH SURSRUWLRQ RI H[HFXWLRQ WLPH WKDW WKH SDUW 
EHQHILWLQJ IURP LPSURYHG UHVRXUFHV RULJLQDOO\ 
RFFXSLHG. 

7KH PHVVDJH EURNHUV DUH EHQHILFLDO LQ LQWHJUDWLQJ QHZ 
FRPSRQHQWV LQWR WKH H[LVWLQJ V\VWHP, HVSHFLDOO\ LQ 
PLFURVHUYLFH DUFKLWHFWXUH DSSOLFDWLRQV. AV\QFKURQRXV 
UHVSRQVH WR H[LVWLQJ V\VWHP EXVLQHVV SURFHVVHV FDQ EH 
LPSOHPHQWHG YLD FKDQJLQJ QHZ FRPSRQHQWV LQ D ZD\ WKDW 
QHZ DSSOLFDWLRQ FRPSRQHQWV DUH VXEVFULEHG WR GDWD 
PDQLSXODWLRQ RSHUDWLRQV IURP WKH FRUH DSSOLFDWLRQ WR NHHS 
LQWHUQDO GDWD FRQVLVWHQW RU WR UHIOHFW RXWHU FKDQJHV LQ WKH 
LQWHUQDO DSSOLFDWLRQ. 

 
FLJ. 5. E[DPSOH RI KDQGOLQJ HYHQWV  

A PRUH GHWDLOHG H[DPSOH RI LQWHJUDWLRQ QHZ FRPSRQHQW 
ZLWK PHVVDJLQJ OLHV LQ WHUPV RI WKH DSSOLFDWLRQ V\VWHP 
FRQWDLQLQJ PXOWLSOH LQVWDQFHV ZKLFK GRPDLQ ILHOG LV 
LQWHUVHFWHG DPRQJ PXOWLSOH VHUYLFHV. IQ WKLV FDVH, GDWD 
GXSOLFDWLRQ EHFRPHV DQ LQYLDEOH VROXWLRQ DV LQFRQVLVWHQF\ 
GHYHORSV. MHVVDJLQJ FDQ EH DSSOLHG WR LPSOHPHQW 5HDG 
MRGHO WRJHWKHU ZLWK WKH HYHQW-GULYHQ DSSURDFK. IQ WKLV 
VFHQDULR, HDFK PLFURVHUYLFH WKDW KDV RZQ GRPDLQ ORJLF 
VKRXOG SXEOLVK DQ HYHQW LQ FDVH RI VXFFHVVIXO GDWD FKDQJH 
WR WKH GHGLFDWHG FKDQQHO. 7KXV, WKH QXPEHU RI HYHQWV ZLOO 
FRPH LQWR H[LVWHQFH ZKLFK FDQ EH HYHQWXDOO\ EH FRQVXPHG 
E\ D VLQJOH UHDG PRGHO VHUYLFH. 7KLV VHUYLFH ZLOO EH 
UHVSRQVLEOH IRU VWRULQJ FURVV-GDWD GDWDEDVH UHFRUGV WKDW FDQ 
EH TXHULHG E\ PXOWLSOH VHUYLFHV DW D WLPH, EULQJLQJ HYHQWXDO 
FRQVLVWHQF\ LQWR WKH V\VWHP DV DV\QFKURQRXV SURFHVVLQJ RI 
HDFK HYHQW QHHGV WKH DPRXQW RI WLPH WR EH GHOLYHUHG WR UHDG 
PRGHO VHUYLFH. 

DDWDEDVH GDWD PLJUDWLRQ FDQ EH DFKLHYHG LQ D OLYH 
PLFURVHUYLFH SURGXFWLRQ HQYLURQPHQW OHYHUDJLQJ 
PHVVDJLQJ. EDFK VHUYLFH WKDW QHHGV GDWD WR EH PLJUDWHG LQ 
DGGLWLRQ WR DOUHDG\ H[LVWLQJ RQH XVXDOO\ LV FDSDEOH RI 
FUHDWLQJ WKH VDPH W\SH RI GDWD. 7KLV FDQ EHFRPH D SRLQW RI 
LQWHJUDWLRQ EHLQJ DGDSWHG DQG LQMHFWHG LQWR FKDQQHO OLVWHQHU, 
WKDW ZLOO GHOLYHU GRPDLQ HQWLWLHV IURP WKH RXWGDWHG GDWD 
VRXUFH WR D QHZ RQH. FRU WKLV SXUSRVH, DGGLWLRQDO 
LQWHJUDWLRQ PLFURVHUYLFH VKRXOG EH GHSOR\HG WKDW ZLOO 
SXEOLVK GDWD RQ FRPPDQG.  

 

 
FLJ. 6. E[DPSOH RI XVLQJ C456 SDWWHUQ ZLWK XQGHUO\LQJ PHVVDJLQJ 

9. 5E68L76 AND DI6C866I2N 
DXULQJ WKH UHVHDUFK, D VLQJOH HQYLURQPHQW KDV EHHQ 

GHSOR\HG ZLWK D PLFURVHUYLFH DUFKLWHFWXUH DSSURDFK 
DSSOLFDWLRQ ZKLFK UHVXOWHG LQ WKH IROORZLQJ ILQGLQJV.  

IQYHVWLJDWLRQ WKH DFWXDO SHUIRUPDQFH JURZWK, FRQVLGHU 
53C SDWWHUQ LPSOHPHQWDWLRQ ZLWK WKH WDVN ; WKDW FRPSULVHV 
H[HFXWLQJ WDVNV A ZKLFK ODVWV IRU 0.2 VHFRQGV, WDVN B ZKLFK 
ODVWV IRU 0.5 VHFRQGV DQG WDVN C ZKLFK ODVWV IRU 0.3 VHFRQGV. 
AVVXPH WKDW WDVNV B DQG C FDQ EH H[HFXWHG LQ SDUDOOHO. IQ 
WRWDO, WDVNV B DQG C ODVW IRU 0.8 VHFRQGV, KHQFH WKH\ 
FRQVWLWXWH 80% RI WDVN ;. HHQVH, IURP WKH HTXDWLRQ (1) S = 
0.8. AV WDVNV, B DQG C H[HFXWLQJ LQ SDUDOOHO ZRXOG HQG QRW 
HDUOLHU WKDQ WKH DPRXQW RI WKH H[HFXWLRQ RI WKH ORQJHVW 
WLPH-FRQVXPLQJ WDVN (KHUH ± ZLWKLQ 0.5 VHFRQGV), WKH 
VSHHGXS RI SDUDOOHOLQJ WKH WDVNV FDQ EH HYDOXDWHG DV 0.5 
FRPSDUHG ZLWK 0.8 VHFRQGV RI VHTXHQWLDO H[HFXWLQJ. 
HHUHRI, WKH SURSRUWLRQ RI H[HFXWLRQ WLPH WKDW VSHHGXSV FDQ 
EH FDOFXODWHG DV 1 + (0.5 / 0.8)  = 1.625 ZKLFK LV V IURP WKH 
HTXDWLRQ (1). 7DNLQJ LQWR DFFRXQW DERYHPHQWLRQHG, 
APGDKO'V ODZ VWDWHV WKDW WKH RYHUDOO VSHHGXS RI DSSO\LQJ 
WKH LPSURYHPHQW ZLOO EH:  

6=
1

(1-0.8ሻ+ ଴.଼
1.625

≈ 1.44 ≈ 44%                 (2ሻ 

7DONLQJ DERXW WKH LQWHJUDWLRQ LPSURYHPHQWV, WKHUH DUH 
WKH IROORZLQJ GUDZEDFNV RI XVLQJ PHVVDJH EURNHUV: 
LQFUHDVHG LQIUDVWUXFWXUH VXSSRUW FRPSOH[LW\ DQG DQ 
DGGLWLRQDO SRLQW RI IDLOXUH LQ DGGLWLRQ WR WKH GHQRUPDOL]HG 
GDWD XVXDOO\ UHVLGLQJ LQ VHSDUDWH PLFURVHUYLFHV. 

AV UHJDUGV OHYHUDJLQJ PHVVDJH EURNHUV WR DSSO\LQJ WKH 
UHDG PRGHO - WKH GUDZEDFN RI WKH VWDWHG DSSURDFK LV 
LQFUHDVHG GHPDQG IRU WKH PHVVDJLQJ HYHQW VWRUH DV ZHOO DV 
WKH QHHG IRU DGGLWLRQDO PRQLWRULQJ IRU PHVVDJH EURNHU 
DYDLODELOLW\. 7UDQVDFWLRQDO ACID SURSHUWLHV FRXOG QRW EH 
DFKLHYHG DV ZHOO (AWRPLFLW\, CRQVLVWHQF\, IVRODWLRQ, 
DXUDELOLW\) UHPDLQLQJ WKH V\VWHP FRQVLVWHQF\ DFW ZLWKLQ 
BA6E FRQVLVWHQF\ SURSHUWLHV (BDVLFDOO\ AYDLODEOH, 6RIW 
VWDWH, EYHQWXDO FRQVLVWHQF\).  

9I. C2NCL86I2N AND F8785E :25K 
AV FRPSXWHU V\VWHPV JURZ, WKH QHHG LQ UHVSRQVLYH, 

VFDODEOH DQG VXSSRUWDEOH DSSOLFDWLRQ LQFUHDVHG. 7KH 
PHVVDJLQJ DSSURDFK KDV EHHQ GHYHORSHG WR DFFRPPRGDWH 
FODVVLF DQG PRGHUQ VRIWZDUH DSSOLFDWLRQ SDWWHUQV WKDW DUH 
HPSOR\HG WR PDLQWDLQ HQJLQHHULQJ PDWXULW\. 

MHVVDJLQJ HQDEOHV QHZ DUFKLWHFWXUDO SDWWHUQV WKDW EULQJ 
DGGLWLRQDO HIIRUW WR LPSOHPHQW DQG PDLQWDLQ. HRZHYHU, WKH 
PHVVDJH EURNHU UHTXLUHV WDNLQJ PHDVXUHV WR JXDUDQWHH KLJK 
DYDLODELOLW\ DQG EURNHU LQVWDQFH PRQLWRULQJ. 
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2019 IQWHUQDWLRQDO 6FLHQWLILF-3UDFWLFDO CRQIHUHQFH  
PURblePV Rf IQfRcRPPXQicaWiRQV. ScieQce aQd TechQRlRg\ 3,C 6&7'2019 

 

IQ WKLV DUWLFOH, ZH DGGUHVVHG WKH PHVVDJH EURNHU GHVLJQ 
RYHUYLHZ DQG KDQGV-RQ H[DPSOHV RI GHVLJQ VROXWLRQV WKDW 
FDQ EH LQWHJUDWHG LQWR DQ HQWHUSULVH DSSOLFDWLRQ. FURP WKH 
SUDFWLFDO SRLQW RI YLHZ, SHUIRUPDQFH LQYHVWLJDWLRQ EHWZHHQ 
GLIIHUHQW PHVVDJLQJ SDWWHUQV VKRXOG EH FRQVLGHUHG ZKHQ 
LPSOHPHQWLQJ RQH LQWR WKH H[LVWLQJ DSSOLFDWLRQ DV D 
SURJUDP V\VWHP YDULHV ZLWK WKH DSSOLFDWLRQ GRPDLQ DQG 
IXQFWLRQDO UHTXLUHPHQWV. BHVLGHV, WHVWLQJ RI WKH V\VWHP 
VHUYLFHV ZKLFK KDYH XQGHUO\LQJ PHVVDJLQJ XVDJH LV WKH 
SRLQW RI WKH FRQVLGHUDWLRQ WR DFW ZLWKLQ DSSOLFDWLRQ QRQ-
IXQFWLRQDO UHTXLUHPHQWV. 

7KH UHVXOWV RI WKH ZRUN FDQ EH XVHG LQ WKH ILHOG RI 
LQWHJUDWLQJ KHWHURJHQHRXV V\VWHPV; HQYLURQPHQWV WKDW 
UHTXLUH EHQHILWV RI XVLQJ SDUDOOHO FRPSXWLQJ. 
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