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Sommario 

In questo lavoro di tesi viene affrontato un problema che affligge il 
rilevamento delle intrusioni tramite metodi di machine learning : l’incapacità 
dei classificatori più utilizzati di ottenere alte prestazioni uniformemente per 
tutte le classi di attacco.  
La ricerca di una soluzione ha portato allo sviluppo di un metodo innovativo: 
il Classificatore Esperto Multilivello (CEM), che combina diversi 
classificatori dello stato dell’arte per migliorarne le prestazioni relativamente 
alle singole classi di attacco. In questa tesi sono descritte tutte le fasi della 
ricerca (analisi dei metodi classici, analisi del dataset utilizzato, descrizione 
del CEM) e la valutazione sperimentale dei metodi classici e del metodo 
proposto. Risultati sperimentali suggeriscono come il metodo progettato 
soddisfi i requisiti preposti, ottenendo i miglioramenti prestazionali ricercati. 
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1HO PRQGR PRGHUQR� O¶ �LQIRUPD]LRQH �UDSSUHVHQWD XQD GHOOH ULVRUVH SL� LPSRUWDQWL SHU� � � � � � � � � � �
LPSUHVH�H�RUJDQL]]D]LRQL��FRVu�FRPH�SHU�L�VLQJROL�LQGLYLGXL��

8QD EXRQD JHVWLRQH� FRQVHUYD]LRQH H FRPXQLFD]LRQH GHOOH LQIRUPD]LRQL WUD GLYHUVL� � � � � � � � � �
FRPSRQHQWL GHOOH RUJDQL]]D]LRQL ULFRSURQR XQ UXROR IRQGDPHQWDOH QHOOD� � � � � � � �
PDVVLPL]]D]LRQH�GHOOD�SURGXWWLYLWj�LQ�DPELHQWH�ODYRUDWLYR��

, VLVWHPL UHODWLYL DOO¶ �,QIRUPDWLRQ 7HFKQRORJ\ �,7� �ULFRSURQR� GXQTXH� XQ UXROR FULWLFR� � � � � � � � � � �
SHU SHUPHWWHUH DG HQWL SURGXWWLYL H IRUQLWRUL GL VHUYL]L GL UDJJLXQJHUH FRQ VXFFHVVR JOL� � � � � � � � � � � � � �
RELHWWLYL�GL�EXVLQHVV�GHVLGHUDWL��

&RQ LO WHUPLQH ,7 VL LGHQWLILFDQR WXWWL L PHWRGL H OH WHFQRORJLH FKH VIUXWWDQR UHWL�� � � � � � � � � � � � � � �
FDOFRODWRUL H LPSLDQWL GL WHOHFRPXQLFD]LRQH SHU UHFXSHUDUH� WUDVPHWWHUH H PDQLSRODUH� � � � � � � � � �
GDWL��R��LQIRUPD]LRQL��LQ�TXDOVLDVL�IRUPDWR�HOHWWURQLFR���

3HU TXDQWR GHWWR DSSDUH HYLGHQWH LO FRQWULEXWR GHOO¶,7 UHODWLYDPHQWH DOOR VYLOXSSR GL� � � � � � � � � � � �
D]LHQGH H RUJDQL]]D]LRQL� /¶LPSLHJR GL WHFQRORJLH LQIRUPDWLFKH SHUPHWWH LQIDWWL GL� � � � � � � � � �
ULVFRQWUDUH�QXPHURVL�EHQHILFL�LQ�PROWH�DWWLYLWj�ODYRUDWLYH��GL�VHJXLWR�LOOXVWUDWL��

�

)UD TXHVWL� XQR GHL SULQFLSDOL FRQVLVWH QHOOD SRVVLELOLWj GL �DFFHVVR UHPRWR �DL GDWL� L� � � � � � � � � � � � � �
VLVWHPL GL ,7 LQIDWWL SHUPHWWRQR O¶DFFHVVR DL GDWL �SHUVRQDOL R D]LHQGDOL� GD TXDOVLDVL� � � � � � � � � � � � �
GLVSRVLWLYR FROOHJDWR DOOD UHWH� IRUQHQGR FRVu OD SRVVLELOLWj GL LQWHUDJLUH FRQ OH� � � � � � � � � � � �
LQIRUPD]LRQL GHVLGHUDWH GD RJQL SRVL]LRQH� &Lz� ROWUH DG DXPHQWDUH� � � � � � � � �
VLJQLILFDWLYDPHQWH OD SURGXWWLYLWj JUD]LH DOO¶DXPHQWR GL DFFHVVLELOLWj DL GDWL� SHUPHWWH� � � � � � � � � �
O¶LQVWDXUD]LRQH GL IRUPH LQQRYDWLYH GL UDSSRUWL ODYRUDWLYL FRPH LO ODYRUR GD UHPRWR R OR� � � � � � � � � � � � � �
VPDUW�ZRUNLQJ ���

�

&RPH SHU RJQL ULVRUVD GL YDORUH q QHFHVVDULR JDUDQWLUH FKH OH LQIRUPD]LRQL VLDQR� � � � � � � � � � � � �
SURWHWWH GD HYHQWXDOL PLQDFFH� (VVH UDSSUHVHQWDQR LQIDWWL XQ EHQH WDQWR SUH]LRVR� � � � � � � � � � �
TXDQWR VHQVLELOH H VRQR VSHVVR RELHWWLYR GL XWHQWL PDOLQWHQ]LRQDWL� FKH SRWUHEEHUR� � � � � � � � � � �
WHQWDUH GL DSSURSULDUVHQH R� SL� JHQHULFDPHQWH� FRPSURPHWWHUQH OD VLFXUH]]D� /D� � � � � � � � � �
SUHVHQ]D GL TXHVWL ULVFKL KD IDWWR Vu FKH� SDUDOOHODPHQWH DOOR VYLOXSSR GL DSSOLFD]LRQL� � � � � � � � � � � � �
,7��YHQLVVHUR�LGHDWL��VLVWHPL�GL�VLFXUH]]D�LQIRUPDWLFD ��PLUDWL�D�FRQWUDVWDUOL���

8QD SRVVLELOH VROX]LRQH SHU GLIHQGHUH ULVRUVH LQIRUPDWLFKH GD SHULFROL FKH SRVVDQR� � � � � � � � � � �
PLQDUQH OD VLFXUH]]D SRWUHEEH FRQVLVWHUH QHOO¶LPSOHPHQWD]LRQH GL XQ VLVWHPD� � � � � � � � �



��

FRPSOHWDPHQWH VLFXUR� LQ JUDGR GL SUHYHQLUH WDOL DWWDFFKL SHU PH]]R GL PLVXUH� � � � � � � � � � � �
HVWUHPDPHQWH VWULQJHQWL >��@� SHU HVHPSLR FRQWUROOL ULJRURVL GHOOH LGHQWLWj� OD� � � � � � � � � �
UHDOL]]D]LRQH GL XQ WDOH VLVWHPD q WXWWDYLD LPSUDWLFDELOH >��@ D FDXVD GL XQD YDULHWj GL� � � � � � � � � � � � � � �
IDWWRUL���

�

Ɣ q DWWXDOPHQWH LPSRVVLELOH RWWHQHUH XQ VRIWZDUH FRPSOHWDPHQWH SULYR GL EXJ� LO� � � � � � � � � � �
FRGLFH QHFHVVDULR SHU LPSOHPHQWDUH VLVWHPL GL VLFXUH]]D DYDQ]DWD H DIILGDELOH� � � � � � � � � �
ULVXOWD PROWR FRPSOHVVR D FDXVD GHL QXPHURVL UHTXLVLWL GD VRGGLVIDUH�� � � � � � � � � �
/¶LQWHUD]LRQH GHOOH PROWH FRPSRQHQWL QHFHVVDULH SHU OD FRVWUX]LRQH GL XQ WDOH� � � � � � � � � � �
PHFFDQLVPR QH UHQGH SUHVVRFKp LPSUDWLFDELOH XQ¶LPSOHPHQWD]LRQH SULYD GL� � � � � � � �
HUURUL��

Ɣ OD EDVH GL PHFFDQLVPL GL VLFXUH]]D JLj HVLVWHQWH H LQVWDOODWD QHL VLVWHPL GL� � � � � � � � � � � � �
WXWWR LO PRQGR UHQGH SDUWLFRODUPHQWH RVWLFD OD WUDQVL]LRQH VX ODUJD VFDOD D XQ� � � � � � � � � � � � �
QXRYR�VLVWHPD��SHU�TXDQWR�VLFXUR��QHOO¶HYHQWXDOLWj�LQ�FXL�VLD�LPSOHPHQWDWR���

Ɣ DQFKH LQGLYLGXDQGR XQ VLVWHPD GL VLFXUH]]D SULYR GL YXOQHUDELOLWj� � � � � � � � �
ELVRJQHUHEEH DIIURQWDUH OH FULWLFLWj LQWULQVHFDPHQWH SUHVHQWL QHL PHWRGL GL� � � � � � � � �
FULWWRJUDILD XWLOL]]DWL� HVVL QRQ VRQR LQIDWWL SULYL GL SXQWL GHEROL� OH SDVVZRUG� � � � � � � � � � � �
JHQHUDWH SRVVRQR HVVHUH LQGLYLGXDWH GD XQ DWWDFFDQWH H LQWHUL VLVWHPL� � � � � � � � � �
FULWWRJUDILFL SRVVRQR HVVHUH DWWDFFDWL H DJJLUDWL� FRPH JLj DYYHQXWR LQ� � � � � � � � � �
SDVVDWR��

Ɣ DQFKH XQ VLVWHPD SHUIHWWDPHQWH VLFXUR H SULYR GL YXOQHUDELOLWj SRWUHEEH� � � � � � � � � �
HVVHUH VRJJHWWR DG XWLOL]]L QRQ DSSURSULDWL GD SDUWH GL XWHQWL LQWHUQL FKH�� � � � � � � � � � � �
PDOL]LRVDPHQWH R PHQR� SRWUHEEHUR DEXVDUH GHL SURSUL SULYLOHJL� ELVRJQD� � � � � � � � �
LQIDWWL WHQHU FRQWR GHO IDWWRUH XPDQR� VSHVVR QHFHVVDULR QHOOD JHVWLRQH GHL� � � � � � � � � � �
VLVWHPL�GL�VLFXUH]]D��

Ɣ q VWDWR PRVWUDWR FKH OD UHOD]LRQH WUD LO OLYHOOR GL FRQWUROOR GHOOD VLFXUH]]D H� � � � � � � � � � � � � �
O¶HIILFLHQ]D SHU JOL XWHQWL q GL SURSRU]LRQDOLWj LQYHUVD� SL� LO SULPR q VWULQJHQWH�� � � � � � � � � � � � �
SL��OD�VHFRQGD�ULVXOWD�ULGRWWD��

�

3HU TXDQWR GHWWR q LQHYLWDELOH OD FUHD]LRQH GL VLVWHPL FRQWHQHQWL YXOQHUDELOLWj� FKH� � � � � � � � � � � �
GHYRQR HVVHUH DIIURQWDWH HIILFDFHPHQWH� �Ê GXQTXH HVVHQ]LDOH LGHQWLILFDUH OH SRVVLELOL� � � � � � � � � �
PLQDFFH �SUHVHQWDWH GD HQWLWj HVWHUQH DL VLVWHPL DO ILQH GL SURJHWWDUH VLVWHPL H� � � � � � � � � � � � �
WHFQLFKH PLUDWL DOOD SURWH]LRQH GHOOH LQIRUPD]LRQL HODERUDWH QHL VLVWHPL LQIRUPDWLFL� /D� � � � � � � � � � �
GLVFLSOLQD FKH VL RFFXSD GL WDOH SURWH]LRQH SUHQGH LO QRPH GL �6LFXUH]]D ,QIRUPDWLFD �� � � � � � � � � � � � � �



��

LQ ,QJOHVH �&RPSXWHU 6HFXULW\��� FRVu GHILQLWD GDO 1,67 � �1DWLRQ ,QVWLWXWH RI 6WDQGDUGV� � � � � � � � � � � �

DQG�7HFKQRORJ\��>��@��

�

OD SURWH]LRQH IRUQLWD D XQ VLVWHPD LQIRUPDWLYR DXWRPDWL]]DWR FRQ OR VFRSR GL� � � � � � � � � � � �

UDJJLXQJHUH JOL RELHWWLYL DSSOLFDELOL GL SUHVHUYDUH O¶LQWHJULWj� GLVSRQLELOLWj H� � � � � � � � �

FRQILGHQ]LDOLWj GHOOH ULVRUVH GHO VLVWHPD LQIRUPDWLYR �LQFOXGHQGR KDUGZDUH� VRIWZDUH�� � � � � � � � �
ILUPZDUH��LQIRUPD]LRQL�GDWL�H�WHOHFRPXQLFD]LRQL���

�

(VLVWRQR PROWHSOLFL ULVFKL H FRQWURPLVXUH UHODWLYL DOOD WUDVPLVVLRQH GL LQIRUPD]LRQL� � � � � � � � � �
VXOOD UHWH� 8QD GHOOH SL� JUDQGL PLQDFFH q UDSSUHVHQWDWD GDOOH �LQWUXVLRQL �QRQ� � � � � � � � � � � �
DXWRUL]]DWH LQ VLVWHPL LQIRUPDWLFL R UHWL GL FDOFRODWRUL GD SDUWH GL XWHQWL PDOHYROL R� � � � � � � � � � � � � �
VRIWZDUH�PDOLJQR��

4XHVWR WLSR GL DWWDFFKL SUHVHQWD ULVFKL GL JUDYH HQWLWj SHU XQ VLVWHPD LQIRUPDWLFR�� � � � � � � � � � � � �
8Q¶LQWUXVLRQH HIIHWWXDWD GD XQ XWHQWH LQGHVLGHUDWR �VSHVVR FKLDPDWR �KDFNHU�� SXz� � � � � � � � � �
HVVHUH LGHQWLILFDWD FRPH DSSDUWHQHQWH D XQD GL WUH FODVVL� XQ �PDVTXHUDGHU �q XQ� � � � � � � � � � � � �
LQGLYLGXR QRQ DXWRUL]]DWR DOO¶XWLOL]]R GL XQD ULVRUVD GHO VLVWHPD H FKH YL DFFHGH� � � � � � � � � � � � �
VIUXWWDQGR O¶LGHQWLWj GL XQ XWHQWH OHJLWWLPR� XQ �PLVIHDVRU �q XQ XWHQWH OHJLWWLPR FKH� � � � � � � � � � � � �
DFFHGH D GDWL� SURJUDPPL R ULVRUVH SHU OH TXDOL QRQ KD DXWRUL]]D]LRQH GL DFFHVVR� � � � � � � � � � � � � �
RSSXUH DEXVD GHL SULYLOHJL SRVVHGXWL� XQ �XWHQWH FODQGHVWLQR q XQ LQGLYLGXR FKH� � � � � � � � � � � �
RWWLHQH RWWLHQH LO FRQWUROOR GHOOD VXSHUYLVLRQH GL XQ VLVWHPD H OR XWLOL]]D SHU HOXGHUH LO� � � � � � � � � � � � � � �
FRQWUROOR�GHJOL�DFFHVVL�H�OD�UDFFROWD�GL�ORJ�ULJXDUGDQWL�O¶DWWLYLWj�GHO�VLVWHPD���

/H LQWUXVLRQL HIIHWWXDWH GD VRIWZDUH FRPSRUWDQR O¶LQJUHVVR GL �PDOZDUH �FLRq VRIWZDUH� � � � � � � � � � �
PDOHYROR� QHO VLVWHPD� �YLUXV�� �ZRUP �� �WURMDQ KRUVH SRVVRQR LQQHVWDUVL QHOOH� � � � � � � � � �
PDFFKLQH GHO VLVWHPD XWLOL]]DQGR FRPH PH]]R GL WUDVPLVVLRQH OD UHWH R DQFKH� � � � � � � � � � � �
GLVSRVLWLYL�ILVLFL�LQIHWWL���

$SSDUH HYLGHQWH FRPH JOL LQJUHVVL LQGHVLGHUDWL LQ XQ VLVWHPD LQIRUPDWLFR SRVVDQR� � � � � � � � � � �
FDXVDUH GDQQL GL HQWLWj LPPHQVD� /¶LQWUXVLRQH GD SDUWH GL KDFNHU SXz SRUWDUH D� � � � � � � � � � � � �
FRQVHJXHQ]H FDWDVWURILFKH SHU XQ¶RUJDQL]]D]LRQH� LQWHUURPSHUH LO IXQ]LRQDPHQWR GL� � � � � � � �
VHUYHU ZHE� HVWUDUUH SDVVZRUG� PDQLSRODUH R HVWUDUUH LQIRUPD]LRQL ULVHUYDWH GD� � � � � � � � � �
GDWDEDVH VRQR VROWDQWR DOFXQH GHOOH D]LRQL GLVWUXWWLYH FKH XQ LQWUXVR SRWUHEEH� � � � � � � � � � �
SRUWDUH D WHUPLQH� O¶LQJUHVVR GL VRIWZDUH PDOHYROR FRVWLWXLVFH XQD PLQDFFLD� � � � � � � � � �
DOWUHWWDQWR JUDYH� LQ TXDQWR PDOZDUH FRPH TXHOOL VRSUD PHQ]LRQDWL SRVVRQR FDXVDUH� � � � � � � � � � �
OD GLVWUX]LRQH GL JUDQGL TXDQWLWj GL GDWL RSSXUH OD FUHD]LRQH GL SXQWL GL DFFHVVR SHU� � � � � � � � � � � � � � �
IDFLOLWDUH�LO�VXFFHVVLYR�LQJUHVVR�GL�KDFNHU��

�
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/H FRQWURPLVXUH HVLVWHQWL SHU DIIURQWDUH LO ULVFKLR GL LQWUXVLRQL VL GLYLGRQR LQ GXH� � � � � � � � � � � � �
FDWHJRULH���

/D SULPD� OD �3UHYHQ]LRQH GHOOH ,QWUXVLRQL �LQ ,QJOHVH �,QWUXVLRQ 3UHYHQWLRQ �� ,3�� q� � � � � � � � � � � � �
DQFKH OD SL� FRPSOHVVD GD DWWXDUH� SHU SUHYHQLUH WRWDOPHQWH LQJUHVVL LQGHVLGHUDWL QHL� � � � � � � � � � � �
VLVWHPL LQIRUPDWLFL VDUHEEH QHFHVVDULR LQGLYLGXDUH HG HOLPLQDUH RJQL VXD SRVVLELOH� � � � � � � � � �
YXOQHUDELOLWj� XQ DWWDFFDQWH KD LQIDWWL ELVRJQR GL LQGLYLGXDUH XQD VROD IDOOD QHOOD� � � � � � � � � � � �
VLFXUH]]D SHU SRUWDUH D WHUPLQH XQ DWWDFFR PLUDWR VSHFLILFDPHQWH D VIUXWWDUOD SHU� � � � � � � � � � � �
JXDGDJQDUH�O¶DFFHVVR�DO�VLVWHPD��

1HOO¶DPELWR GHOOD VLFXUH]]D LQIRUPDWLFD� GXQTXH� LO �5LOHYDPHQWR GHOOH ,QWUXVLRQL �LQ� � � � � � � � � �
,QJOHVH��,QWUXVLRQ�'HWHFWLRQ����,'��KD�DVVXQWR�XQ�UXROR�GL�IRQGDPHQWDOH�LPSRUWDQ]D���

&RQ ULOHYDPHQWR GHOOH LQWUXVLRQL VL GHILQLVFH OD SUDWLFD GL DSSUHQGHUH LQIRUPD]LRQL VX� � � � � � � � � � � �
GL XQ DWWDFFR PLUDWR DO VLVWHPD� SULPD R DQFKH GRSR FKH VLD VWDWR SRUWDWR D WHUPLQH�� � � � � � � � � � � � � � � �
(VVHQGR OD VROX]LRQH SL� SODXVLELOH IUD OH GXH LOOXVWUDWH� O¶,' q VWDWD UHFHQWHPHQWH� � � � � � � � � � � � �
RJJHWWR GL QXPHURVH ULFHUFKH� SXU QRQ SHUPHWWHQGR XQD SUHYHQ]LRQH DVVROXWD GHOOH� � � � � � � � � � �
LQWUXVLRQL� FKH FRUULVSRQGHUHEEH D XQD VLFXUH]]D WRWDOH� O¶LQGLYLGXD]LRQH GL WDOL� � � � � � � � � �
DWWDFFKL�DSSRUWD�EHQHILFL�GL�VLFXUH]]D�QRQ�LQGLIIHUHQWL��

8QD UDSLGD LQGLYLGXD]LRQH GL XQ¶LQWUXVLRQH SRWUHEEH SHUPHWWHUH GL LGHQWLILFDUH H� � � � � � � � � �
ULPXRYHUH GDO VLVWHPD O¶LQWUXVR� SRVVLELOPHQWH SULPD FKH TXDOVLDVL GDQQR VLD VWDWR� � � � � � � � � � �
FDXVDWR� RSSXUH OLPLWDUH L GDQQL QHO FDVR LQ FXL O¶DWWDFFR VLD JLj VWDWR SRUWDWR D EXRQ� � � � � � � � � � � � � � � �
ILQH� 1RQ q LQROWUH WUDVFXUDELOH O¶D]LRQH GHWHUUHQWH FKH XQ EXRQ VLVWHPD GL� � � � � � � � � � � �
ULOHYDPHQWR GHOOH LQWUXVLRQL SXz DWWXDUH QHL FRQIURQWL GHL SRVVLELOL DWWDFFDQWL� Ê LQILQH� � � � � � � � � � � �
IRQGDPHQWDOH OD UDFFROWD GL LQIRUPD]LRQL FROODWHUDOH DOO¶RSHUD GL XQ VLVWHPD GL ,'� WDOL� � � � � � � � � � � � �
GDWL UHODWLYL DOOH WHFQLFKH GL LQWUXVLRQH SRVVRQR HVVHUH XWLOL]]DWL SHU UDIIRU]DUH L IXWXUL� � � � � � � � � � � � �
VYLOXSSL�GL�VLFXUH]]D�OHJDWL�DOO¶,'���

�

, VLVWHPL GL LQGLYLGXD]LRQH GHOOH LQWUXVLRQL VL EDVDQR VX GL XQ SULQFLSLR IRQGDQWH� q� � � � � � � � � � � � � �
DVVXQWR FKH LO FRPSRUWDPHQWR GHJOL LQWUXVL SUHVHQWL GLIIHUHQ]H TXDQWLILFDELOL ULVSHWWR DO� � � � � � � � � � �
FRPSRUWDPHQWR GHJOL XWHQWL OHJLWWLPL� ,O FRQILQH WUD L GXH FRPSRUWDPHQWL QRQ q WXWWDYLD� � � � � � � � � � � � �
EHQ GHILQLWR� LO FKH SRUWD GXQTXH DOO¶LQHYLWDELOH SUHVHQ]D GL �IDOVL SRVLWLYL�� LVWDQ]H GL� � � � � � � � � � � � �
XWHQWL HUURQHDPHQWH LGHQWLILFDWL FRPH LQWUXVL QRQRVWDQWH IRVVHUR OHJLWWLPL� &HUFDUH GL� � � � � � � � � �
OLPLWDUH L IDOVL SRVLWLYL FRQGXFH WXWWDYLD DOO¶HUURUH RSSRVWR� L �IDOVL QHJDWLYL� � � � � � � � � � �
UDSSUHVHQWDQR XWHQWL PDOHYROL LGHQWLILFDWL FRPH OHJLWWLPL� 4XDQWR GHWWR QHFHVVLWD OD� � � � � � � � � �
ULFHUFD GL XQ FRPSURPHVVR QHOO¶LPSOHPHQWD]LRQH GL VLVWHPL GL ,'� OD FRPSOHVVLWj� � � � � � � � � � �
SUHVHQWDWD GD TXHVWD LQGDJLQH q LO PRWLYR SULQFLSDOH SHU FXL OD ULFHUFD LQ TXHVW¶DPELWR� � � � � � � � � � � � � �



��

q DWWXDOPHQWH �SDUWLFRODUPHQWH DWWLYD �� �QRQ DYHQGR DQFRUD LQGLYLGXDWR XQD VROX]LRQH� � � � � � � � � �
JOREDOH�SHU�TXHVWR�SUREOHPD��

�

/D WHVL GL ULFHUFD TXL SUHVHQWDWD VL SURSRQH GL DIIURQWDUH LO SUREOHPD� � � � � � � � � � � �
GHOO¶LQGLYLGXD]LRQH GHOOH LQWUXVLRQL VIUXWWDQGR JOL VWUXPHQWL PHVVL D GLVSRVL]LRQH GDO� � � � � � � � � �
0DFKLQH /HDUQLQJ�� SHU OD SURJHWWD]LRQH H UHDOL]]D]LRQH GL XQ VLVWHPD GL ULOHYDPHQWR� � � � � � � � � � � �
GHOOH LQWUXVLRQL EDVDWR VXOOD FRPELQD]LRQH GL SL� FODVVLILFDWRUL SHU RWWHQHUH� � � � � � � � � �
SUHVWD]LRQL VXSHULRUL ULVSHWWR D TXHOOH GHL VLQJROL PHWRGL� 7DOH VLVWHPD KD OR VFRSR GL� � � � � � � � � � � � � �
VXSHUDUH OH OLPLWD]LRQL ULVFRQWUDWH VSHULPHQWDOPHQWH LQ WDOL FODVVLILFDWRUL VLQJROL� � � � � � � � �
PDQWHQHQGR DO FRQWHPSR FRQWHQXWR O¶LPSHJQR WHPSRUDOH ULFKLHVWR� /D WUDWWD]LRQH� � � � � � � � �
VHJXHQWH�VDUj�FRVu�VXGGLYLVD��

��

�� ,QWURGX]LRQH ���

�� 6WDWR GHOO¶DUWH �� GHVFUL]LRQH SL� DSSURIRQGLWD GHO ULOHYDPHQWR GHOOH LQWUXVLRQL�� � � � � � � � �
GHOOH�VILGH�FKH�SUHVHQWD�H�GHOOH�WHFQLFKH��SL��DYDQ]DWH�SHU�DIIURQWDUOH��

�� &HQQL WHRULFL�� LQWURGX]LRQH VLQWHWLFD DO �0DFKLQH /HDUQLQJ H DSSURIRQGLPHQWL� � � � � � � � �
WHRULFL�VXL�FODVVLILFDWRUL�WUDWWDWL��

�� &ODVVLILFDWRUH (VSHUWR 0XOWLOLYHOOR�� SUHVHQWD]LRQH GHO PHWRGR SURSRVWR�� � � � � � �
GHVFUL]LRQH�GHOOD�VXD�DUFKLWHWWXUD�H�LOOXVWUD]LRQH�GHO�SURFHVVR�GL�VYLOXSSR��

�� $QDOLVL GHO GDWDVHW�� �GHVFUL]LRQH GHO SURFHVVR GL ULFHUFD GHO �GDWDVHW GD� � � � � � � � � � �
XWLOL]]DUH��

�� $QDOLVL VSHULPHQWDOH �� UHVRFRQWR GHOOD IDVH GL VWXGLR DSSOLFDWLYR� ULVXOWDWL GHOOH� � � � � � � � � �
DQDOLVL�HIIHWWXDWH�VXL�PHWRGL�FODVVLFL�H�VXO�&ODVVLILFDWRUH�(VSHUWR�0XOWLOLYHOOR��

�� &RQFOXVLRQL���
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$�������	�%RXZPDQ��-����������7KH�)$,5�*XLGLQJ�3ULQFLSOHV�IRU�VFLHQWLILF�GDWD�
PDQDJHPHQW�DQG�VWHZDUGVKLS��6FLHQWLILF�GDWD�����
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DQDO\VLV�RI�WKH�.''�&83����GDWD�VHW��,Q������,(((�V\PSRVLXP�RQ�FRPSXWDWLRQDO�
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5�������	�9LJQD��*���������1RYHPEHU���<RXU�ERWQHW�LV�P\�ERWQHW��DQDO\VLV�RI�D�ERWQHW�
WDNHRYHU��,Q�3URFHHGLQJV�RI�WKH���WK�$&0�FRQIHUHQFH�RQ�&RPSXWHU�DQG�
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