
1HERM^D�>DERYL`

3,186'�¬�VLPXODWRU�GLJLWDOQLK�NROD
RSLVDQLK�X�MH]LNX�&��

5HDOL]RYDQ�MH�VLPXODWRU�NRML�VYRMRP�RUJDQL]DFLMRP�RODN^DYD�RSLV�NRPSOHNVQRJ
KDUGYHUD�L�JUXSLVDQMH�X�IDPLOLMH��.RQFLSLUDQ�MH�WDNR�GD�MH�ODNR�QDGRJUDGLY�]D�UDG
VD�DQDORJQLP�NROLPD��6LPXODFLMD�MH�DVLQKURQD��^WR�]QDaL�GD�X�RNYLUX�VLPXODFLMH
YUHPH� WHaH�NRQWLQXDOQR��3UREOHP�SRYUDWQH�VSUHJH� MH�UH^HQ� WDNR�^WR�QLMH�GR]�
YROMHQD�SURPHQD�L]OD]D�X�QXOWRP�YUHPHQX��YH`�VYDNR�NROR�PRUD�LPDWL�ND^QMHQMH�
NRMD� LPDMX� VYD� UHDOQD� NROD� ]ERJ� IL]LaNLK� NDUDNWULVWLND�PDWHULMDOD� RG� NRMLK� VX
QDaLQMHQL��3URJUDP�MH�UHDOL]RYDQ�X�GYH�FHOLQH���VDPX�VLPXODFLMX�L�PRQLWRUH�NRML
PRJX�aLWDWL�L�PHQMDWL�SDUDPHWUH�VLPXODFLMH��=D�NRPXQLNDFLMX�VH�NRULVWL�7&3�SUR�
WRNRO�

.OMXaQH�UHaL��HOHNWURQVND�NROD��VLPXODFLMD��REMHNWQD�RULMHQWDFLMD

3UREOHP�VLPXODFLMH�HOHNWURQVNLK�NROD

6LPXODWRU�NROD�MH�MHGDQ�RG�DODWD�NRML�VH�X�SURFHVX�SURMHNWRYDQMD�KDUG �
YHUD�aHVWR�NRULVWH��2Q�WUHED�GD�EXGH�VSRVREDQ�GD�UHODWLYQR�EU]R�L�XQXWDU
GR]YROMHQLK�WROHUDQFLMD�SUHGYLGL�NDNR�̀ H�VH�NROR�SRQD^DWL�X�UHDOQLP�VLWXDFL �
MDPD��7DNR_H��VOXCL�GD�RVORERGL�SURMHNWDQWD�YUHPHQVNL�L�PDWHULMDOQR�]D �
KWHYQLK�UDGQML�NDR�^WR�VX�SURUDaXQ�WROHUDQFLMD��SURYHUD�NRQIOLNDWD�X�NROX
SUH�WHVWLUDQMD�L�SURL]YRGQMD�SURWRWLSD��6LPXODWRURP�VH�SUREOHP�SRGLCH�QD
YL^L�QLYR�DSVWUDNFLMH�L�WLPH�RPRJX`DYD�YH`H�XVUHGVUH_HQMH�QD�VX^WLQX
SUREOHPD�

3UL�SURMHNWRYDQMX�VLPXODWRUD�WUHED�REUDWLWL�SRVHEQX�SDCQMX�XSUDYR�QD
QLYR�DSVWUDNFLMH��MHU�MH�WR�RVQRYQD�NDUDNWHULVWLND�SR�NRMRM�VH�VLPXODWRUL
UD]OLNXMX��'HWDOMDQ�PRGHO�VLPXOLUDQRJ�REMHNWD�PRCH�L]LVNLYDWL�SUHYL^H�YUH �
PHQD�]D�VLPXODFLMX��D�NDR�UH]XOWDW�GDWL�RSLV�NROD�NRML�]D�SRWUHEH�VLPXODFLMH
VDGUCL�VXYL^QH�LQIRUPDFLMH��.RG�VSHFLMDOL]RYDQLK�VLPXODWRUD��NDR�^WR�VX
VLPXODWRUL�GLJLWDOQLK�NROD��PRGHO�HOHPHQDWD�VLPXODFLMH�PRCH�VH�WDNR�XSURV �
WLWL��GD�VH�SRVPDWUDMX�VDPR�WUL�QLYRD�QDSRQD��D�IXQNFLMH�SUHOD]D�HOHPHQDWD
VH�RSLVXMX�MH]LNRP�PDWHPDWLaNH�ORJLNH��$NR�SRVPDWUDPR�VLJQDOH��WR�MH�GR �
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YROMQD�WDaQRVW��WDNR�GD�VH�NRG�VLPXODWRUD�GLJLWDOQLK�NROD��]D�JODYQL�aLQLODF

JUH^NH�X]LPD�UH]ROXFLMD�YUHPHQD�VD��NRMRP�PRJX�GD�UDGH��2YDNYH�VLPX�
ODFLMH�QDLOD]H�QD�SUREOHPH�NRG�RSLVD�NRPSOHNVQLMLK�NROD��,DNR�VH�WHRULMVNL
VYDND�ORJLaND�IXQNFLMD�PRCH�RSLVDWL��NRG�YHOLNRJ�EURMD�XOD]D�NROD�%RROH�
RYH�IXQNFLMH�SRVWDMX�VXYL^H�VORCHQH�L�]D�SURMHNWDQWD�L�]D�UDaXQDU��8�WRP

VOXaDMX��SRJRGQR�MH�RSLVDWL�SRQD^DQMH�MH]LNRP�NRML�MH�VSHFLMDOL]RYDQ�]D�WD�
NDY�YLG�VLPXODFLMH��

6�RE]LURP�GD�VX�RYDNYL�SUREOHPL�SULVXWQL�YH`�GXCH�YUHPH��SULPHQMHQD
VX�UD]QD�UH^HQMD��0H_X�QDMSR]QDWLMLP�UH^HQMLPD��X�REOLNX�MH]LND�]D�RSLV�
LVWLaX�VH�9+'/�L�9HULORJ�

9+'/��9+6,&�+DUGZDUH�'HVFULSWLRQ�/DQJXDJH�¬�MH]LN�]D�RSLVLYDQMH
9+6,&�KDUGYHUD��9+6,&�¬�9HU\�+LJK�6SHHG�,QWHJUDWHG�&LUFXLW��RGQRVQR
LQWHJULVDQD�NROD�YHOLNH�EU]LQH���SURMHNDW�YODGH�6$'�L]�������JRGLQH��MH�UR�

EXVWDQ�MH]LN�SULKYD`HQ�RG�VWUDQH�,(((�NDR�VWDQGDUG�]D�RSLV�GLJLWDOQLK�NROD
�$VKHQGHQ��������.DUDNWHUL^X�JD�NRPSOLNRYDQD�L�QHSURGXNWLYQD�VLQWDNVD�
WH�QLMH�SRGHVDQ�]D�RSLVLYDQMH�VORCHQRJ�KDUGYHUD��9HULORJ�MH�WDNR_H�MH]LN�]D

RSLV�GLJLWDOQLK�NROD�L�NRQFHSWXDOQR�MH�VOLaDQ�9+'/�X��2YL�MH]LFL�SUHGVWD�
YOMDMX�VWDQGDUGQH�VWUXNWXUDOQH�SURJUDPVNH�MH]LNH��NRML�QH�PRJX�HOHJDQWQR
UH^LWL�SUREOHP�RSLVD�HOHNWURQVNLK�NROD�

.DR�DOWHUQDWLYD��PRCH�VH�XSRWUHELWL�REMHNWQR�RULMHQWLVDQ�MH]LN��aLPH�VH

REH]EH_XMH�PQRJR�ODN^L�RSLV�NROD�]ERJ�LQWHJUDFLMH�VWUXNWXUH�RSLVD�VD�IXQN�
FLMRP�NROD��-HGQD�WDNYD�UHDOL]DFLMD�MH]LND�]D�RSLVLYDQMH�NROD�MHVWH�3,186'�

2EMHNWQD�RULMHQWDFLMD

6LPXODWRU�GLJLWDOQLK�NROD�3,186'�MH�LPSOHPHQWLUDQ�X�REMHNWQR�RUL�

MHQWLVDQRP�MH]LNX�&����.ODVH�VH�IRUPLUDMX�L�RUJDQL]XMX�WDNR�GD�RGJRYDUDMX
PRGHOLPD�HOHPHQDWD��2VQRYQH�NODVH�SUHGVWDYOMDMX�RS^WH�GHILQLFLMH�HOH�
PHQDWD�NROD��L�QMLKRYLP�QDVOH_LYDQMHP�NUHLUDMX�VH�NRQNUHWQL�HOHPHQWL��2E�
MHNWQRP�RULMHQWDFLMRP�MH�SRVWLJQXW�SULURGQLML�RSLV�HOHPHQDWD�NROD��D

SROLPRUIL]PRP�VH�RPRJX`DYD�NUHLUDQMH�IDPLOLMD�HOHNWURQVNLK�NRPSRQHQWL�
-HGQD�RG�RVQRYQLK�NODVD�X�3,186'�MH�9DOXH��2QD�VDGUCL�RSLV�YUHG�

QRVWL�NRMD�PRCH�ELWL�L]PHUHQD�X�VLPXODFLML��3ULPHU�]D�YDOXH�EL�ELOH�YUHG�

QRVWL�QDSRQD�LOL�VWUXMH��DOL�L�VWDQMH�ELWD�LOL�UHJLVWUD�SURFHVRUD��.ODVD�MH
DSVWUDNWQD��]D�VYDNX�YUVWX�YUHGQRVWL�VH�QDVOH_XMH�X�QRYH�NODVH��7LPH�VH
VLPXODWRU�QH�RJUDQLaDYD�VDPR�QD�VLPXODFLMX�GLJLWDOQLK�NROD��YH`�MH�PRJX`D

QDGJUDGQMD�GR�VLPXODWRUD�DQDORJQLK�NROD�
0HUOMLYD�WDaND�X�VLPXODFLML�PRCH�VDGUCDWL�YL^H�YUHGQRVWL��7DNYX�WDaNX

SUHGVWDYOMD�NODVD�3URSHUW\��QD�SULPHU��SLQ�QD�LQWHJULVDQRP�NROX��X�VLPX�
ODFLML�DQDORJQLK�NROD��MHGDQ�SURSHUW\�EL�VDGUCDR�YUHGQRVWL�L�QDSRQD�L�VWUXMH��

.DNR�MH�3,186'�]D�VDGD�RNUHQXW�LVNOMXaLYR�GLJLWDOQLP�NROLPD��RVQRYQD
PHUQD�NODVD�MH�3URSHUW\7UL6WDWH��QDVOH_HQD�RG�NODVH�SURSHUW\��]D�NRMX�VX
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GHILQLVDQD�WUL�ORJLaND�VWDQMD��7R�VX�VWDQMD�ORJLaNH�QXOH��MHGLQLFH��LOL�VWDQMH
YLVRNH�LPSHGDQVH��1HNL�DXWRUL�GHILQL^X�L�QLYRH�VQDJH��QDMaH^`H�WUL�QLYRD�
]D�SREROM^DQ�UDG�VD�CLaQLP�NROLPD��$VKHQGHQ�������/LWRYVNL�HW�DO��������
0H_XWLP��X�3,186'��QLYRL�VQDJH�QLVX�GHILQLVDQL��YH`�SRVWRMH�WUL�QDaLQD
SRQD^DQMD�CLaQLK�YH]D��aYRUL^WD���3UL�NRQIOLNWX�QD�aYRURYLPD��SUHRYODGDYD
ORJLaND�QXOD�LOL�MHGLQLFD��LOL�VH�SULMDYOMXMH�JUH^ND�X�VLPXODFLML��^WR�VH
RGUH_XMH�RSLVRP�NROD��3RWSXQR�UHDOQX�VLPXODFLMX�CLaQLK�YH]D�PRJX`H�MH
RVWYDULWL�SUR^LUHQMHP�NODVH�3URSHUW\7UL6WDWH��WDNR�̂ WR�EL�VH�X�QMX�LPSOHPHQ�
WLUDOL�QLYRL�VQDJH�

6YDNR�NROR�X�VLPXODFLML�LPD�YUHGQRVWL�NRMH�VD�QMHJD�PRJX�GD�VH
PHUH��7R�VX�UD]QL�SURSHUW\ML��NDR�^WR�VX�UHJLVWUL�SURFHVRUD��LQWHQ]LWHW�VYHW�
ORVWL�QD�/(�GLRGL��LOL�VDGUCDM�PHPRULMVNLK�HOHPHQDWD��8�RSLVX�NROD�GHILQL^X
VH�SURSHUW\ML�NRML�PRJX�ELWL�SRVPDWUDQL�QD�NROX�

3RVHEQL�SURSHUW\ML�VX�SLQRYL��.ODVD�3LQ�QDVOH_XMH�NODVX�SURSHUW\�L
RPRJX`DYD�SRYH]DQRVW�VD�QHNLP�GUXJLP�SLQRP��3URPHQD�QD�MHGQRP�SLQX
PHQMD�YUHGQRVW�L�QD�SLQX�VD�NRMLP�MH�SRYH]DQ��

1D�NUDMX��NRPSRQHQWD��NODVD�&RPSRQHQW��QDVOH_XMH�JUXSX�SLQRYD
�NODVD�3LQ*URXS��L�JUXSX�SURSHUW\�MD��NODVD�3URSHUW\*URXS���VOLND�����

>HPD�QHPD�aYRURYH�NDR�SRVHEQH�FHOLQH��YH`�VX�aYRURYL�NRPSRQHQWH
NRMH�VH�SRQD^DMX�NDR�^WR�EL�VH�SRQD^DR�aYRU�X�^HPL��8�WLP�NRPSRQHQWDPD
VH�GHILQL^H�SRQD^DQMH�CLaQLK�NROD��'YH�NRPSRQHQWH�WUHED�GD�EXGX�SRYH]DQH
aYRURP��GD�EL�VH�SUDYLOQR�VLPXOLUDOH�VLWXDFLMH�NDGD�GYD�VXVHGQD�SLQD
SRVWDYH�UD]OLaLWH�YUHGQRVWL��VOLND�����

6YDND�NRPSRQHQWD�LPD�VYRMX�H[HFXWH���IXQNFLMX�NRMD�L]UDaXQDYD
QDUHGQH�YUHGQRVWL�QMHQLK�PHUQLK�WDaDND��LPDMX`L�X�YLGX�SUHWKRGQD�VWDQMD�
7D�IXQNFLMD�VH�L]YU^DYD�VYDNL�SXW�NDGD�GR_H�GR�SURPHQH�QD�QHNRP�SURS�
HUW\MX�LOL�SLQX�NRPSRQHQWH��1MRP�VH�GHILQL^H�SRQD^DQMH�NRPSRQHQWH�

6OLND���
+LMHUDUKLMD�RVQRYQLK
NODVD�

)LJXUH���
+LHUDUFK\�RI
HVVHQWLDO�FODVVHV�
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9UHPH

7RN�YUHPHQD�VH�X�VLPXODWRULPD�GLJLWDOQLK�NROD�PRCH�GHILQLVDWL�QD�YL^H

QDaLQD��'YD�RVQRYQD�QDaLQD�VLPXODFLMH�YUHPHQD�VX�VLQKURQD�L�DVLQKURQD

VLPXODFLMD��.RG�VLQKURQH��NROR�VH�SRVPDWUD�X�SUDYLOQLP�LQWHUYDOLPD�L�WX��X

]DYLVQRVWL�RG�GXCLQH�LQWHUYDOD��PRCH�GR`L�GR�UD]OLaLWLK�JUH^DND�X�UH]XOWDWX

VLPXODFLMH��8�3,186'�MH�UD_HQD�DVLQKURQD�VLPXODFLMD��L�SULPHQMXMH�VH

SULQFLS�QDUHGQRJ�GRJD_DMD��/LWRYVNL�HW�DO���������WM��VWDQMD�QD�L]OD]LPD�VH

L]UDaXQDYDMX�VDPR�NDGD�VH�SURPHQL�QHNR�RG�VWDQMD�QD�XOD]LPD�
6YD�LQWHJULVDQD�NROD�LPDMX�ND^QMHQMD��]ERJ�RVRELQD�PDWHULMDOD�RG�NR�

MLK�VX�QDSUDYOMHQD��.ROD�X�3,186'�QHPDMX�PRJX`QRVW�SURPHQH�VWDQMD�X

QXOWRP�YUHPHQX��RGPDK�QDNRQ�SURPHQH�QD�XOD]X���YH`�LPDMX�REDYH]QR

ND^QMHQMH��7R�ND^QMHQMH�UH^DYD�SUREOHP�SRYUDWQH�VSUHJH��L�aLQL�VLPXODFLMX

UHDOQLMRP��6YDNR�NROR�PRCH�GHILQLVDWL�ND^QMHQMH�]D�VYDNL�VYRM�L]OD]�

3ULOLNRP�GRGHOH�YUHGQRVWL�SLQX��X�RSLVX�VH�QDYRGL�NDGD�WD�SURPHQD�VWXSD

QD�VQDJX��3R�X]RUX�QD�NOMXaQX�UHa�9+'/�D��XYHGHQD�MH�IXQNFLMD�DIWHU��

�VOLND����
8NROLNR�VH�YUHPH�QH�QDYHGH��SRGUD]XPHYD�VH�XVYRMHQD�YUHGQRVW�RG

���µV��PLNURVHNXQGH�VX�X�3,186'�R]QDaHQH�NDR�X6HFRQG��

3ULPHU��Pin[2] = Hi

2VLP�^WR�RPRJX`DYD�GHILQLVDQMH�ND^QMHQMD��IXQNFLMD�DIWHU���VH�PRCH

LVNRULVWLWL�]D�VWYDUDQMH�YUHPHQVNL�]DYLVQLK�NROD��WDNW�JHQHUDWRUH���

6OLND���
AYRURYL�NDR
NRPSRQHQWH�

)LJXUH���
1RGHV�DV�FRPSRQHQWV�
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3ULPHU��VOLND����

Pin[1].after (uSecond(1)) = Hi

Pin[1].after (uSecond(2)) = Lo ���

8�HYDOXDWH���IXQNFLML�NROD�QH�PRCH�VH�GLUHNWQR�PHQMDWL�VWDQMH�QD�SLQX�
3RVHEQD�FHOLQD��(YHQW0DQDJHU��MH�]DGXCHQD�]D�WR��6YDND�SURPHQD�YUHG�
QRVWL�SLQD�YU^L�VH�WDNR�^WR�VH�(YHQW0DQDJHUX�]DNDCH�YUHPH�SURPHQH�YUHG�
QRVWL��W����ND^QMHQMH���D�RQ�`H�WX�YUHGQRVW�SRVWDYLWL�QDNRQ�]DGDWRJ
ND^QMHQMD�

3R^WR�VH�SRVWDYH�SRaHWQL�XVORYL�VLPXODFLMH��SR]RYH�VH�H[HFXWH���VYLK
NRPSRQHQDWD��(YHQW0DQDJHU�`H�WDGD�LPDWL�OLVWX�]DND]DQLK�SURPHQD�QD�SL�
QRYLPD��6OHGH`L�NRUDN�VLPXODFLMH�EL`H�X�PRPHQWX�NDGD�MH�]DND]DQD
QDMVNRULMD�SURPHQD��7DGD�̀ H�(YHQW0DQDJHU�SURPHQLWL�]DGDWH�SLQRYH��L�SR]�
YDWL�H[HFXWH���SURPHQMHQLK�NRPSRQHQWL��NRML�`H�]DND]DWL�QRYH�SURPHQH�
3URSHUW\�VYDNH�NRPSRQHQWH�VH�WDNR_H�SRQD^D�NDR�SLQ��SD�VH�L�SURPHQH�QD
QMHPX�SULMDYOMXMX�(YHQW0DQDJHUX��

0RJX`H�MH�IXQNFLMRP�DIWHU���]DND]DWL�X]DVWRSQH�SURPHQH��DOL�XNROLNR
VH�]DNDCH�SURPHQD�QD�RGUH_HQRP�SLQX��NRMD�WUHED�GD�VH�GHVL�SUH�YH`
]DND]DQLK�SURPHQD�QD�LVWRP�SLQX��RYH�NDVQLMH�SURPHQH�SRVWDMX�QHYDCH`H�

2UJDQL]DFLMD

5DGL�SRGHOH�^HPH�X�RUJDQL]DFLRQH�FHOLQH��SRVWRMH�EORNRYL�NROD��NRML
X�VHEL�VDGUCL�MHGQR�LOL�YL^H�NROD�L�QMLKRYH�PH_XVREQH�YH]H��%ORN�VH�WDNR_H
SRQD^D�NDR�NRPSRQHQWD��FRPSRQHQW���V�WLP�̂ WR�X�VYRMRM�HYDOXDWH���IXQNFLML
SR]LYD�HYDOXDWH���IXQNFLMH�VYLK�aODQRYD��VOLND����

%ORN�QLNDNR�QH�PHQMD�SRQD^DQMH�NROD�X�QMHPX��YH`�VOXCL�VDPR�NDR
RUJDQL]DFLRQD�FHOLQD��2Q�RODN^DYD�RSLV�NROD��aLQL�JD�RaLJOHGQLMLP��DOL�L�XEU�
]DYD�VLPXODFLMX��7DNR_H��RPRJX`DYD�L�ODN^H�GHOMHQMH�VLPXODFLMH�QD�YL^H
SURFHVD�

6OLND���
,]OD]�JHQHULVDQ
QDUHGEDPD������

)LJXUH���
2XWSXW�JHQHUDWHG�E\
VWDWHPHQWV�����
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,PSOHPHQWDFLMD�L�GDOML�UD]YRM

&���QHPD�PRJX`QRVW�GLQDPLaNRJ�XaLWDYDQMD�NODVD��SD�GRGDYDQMH�QR�
YH�NRPSRQHQWH�]DKWHYD�L�SRQRYQR�NRPSDMOLUDQMH��=DWR�MH�VLPXODWRU�UH^HQ
NDR�NOLMHQW�SURJUDP�NRML�SULPD�NRPDQGH�RG�VHUYHUD��6HUYHU��QDNRQ�VYDNRJ
GRGDYDQMD�NRPSRQHQWH�X�VLVWHP��NRPSDMOLUD�L]YRUQH�IDMORYH�NRML�VDGUCH
RSLV�NRPSRQHQWL��OLQNXMH�L�SRQRYR�VWDUWXMH�NOLMHQWD��6HUYHU�SULPD�L�SURVOH �
_XMH�SRUXNH�RG�MHGQRJ�LOL�YL^H�PRQLWRUD��SURJUDPD�NRML�SRVWDYOMDMX�XVORYH
VLPXODFLMH�L�RaLWDYDMX�VWDQMH�PHUQLK�WDaDND���VOLND�����

0RQLWRUL�UDGH�NDR�SRVHEQL�SURFHVL�SDUDOHOQR�VD�VLPXODWRURP��^DOMX
NRPDQGH�NRMH�PHQMDMX�VWDQMH�VLPXODFLMH�L�NRQWUROL^X�WRN�YUHPHQD�X�VLPX�
ODFLMH��.RPXQLNDFLMD�VH�YRGL�SR�7&3�SURWRNROX��^WR�]QDaL�GD�VH�VLPXODWRU�
PRQLWRUL�L�VHUYHU�QH�PRUDMX�REDYH]QR�L]YU^DYDWL�QD�LVWRP�UDaXQDUX��.R�
PDQGH�VX�X�WHNVWXDOQRP�IRUPDWX��SRJOHGDWL�SULORJ���

*ODYQL�SRUW�QD�NRPH�UDGL�VLPXODWRU�MH��������8NROLNR�SRVWRML�YL^H
VLPXODWRUD�QD�MHGQRM�PD^LQL��RQL�VH�UDVSRUH_XMX�QD�VORERGQH�81,;�SRU�

6OLND���
%ORNRYL�NRPSRQHQWD�

)LJXUH���
&RPSRQHQW�EORFNV�

6OLND���
,QWHUSURFHVQD
NRPXQLNDFLMD�

)LJXUH���
,QWHURSURFHVV
FRPPXQLFDWLRQ�
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WRYH��L�SULMDYOMXMX�VH�VLPXODWRUX�QD�JODYQRP�SRUWX��6YDNL�PRQLWRU�PRCH�GR�
ELWL�VSLVDN�VYLK�VLPXODWRUD�QD�UDaXQDUX�LVSLWXMX`L�VLPXVODWRU�NRML�MH�QD�JOD�
YQRP�SRUWX�

3,186'�MH�UD_HQ�NDR�RWYRUHQ�VLVWHP��VD�RVQRYQRP�LGHMRP�GD�EXGH
ODNR�QDGJUDGLY��1DVOH_LYDQMHP�RVQRYQLK�NODVD�]D�YUHGQRVWL�L�GRGDYDQMHP
LQWHJUDFLRQLK�DOJRULWDPD�X�aYRURYH�PRJDR�EL�VH�QDSUDYLWL�VLPXODWRU�DQDORJ�
QLK�NROD��3R^WR�VH�NRULVWL�&���]D�NRJD�SRVWRMH�NRPSDMOHUL�]D�VNRUR�VYH
SODWIRUPH��3,186'�MH�ODNR�SRUWDELODQ��=ERJ�,3&�D��LQWHUSURFHVQD�NRPX�
QLNDFLMD���PRJX`H�MH�QDSUDYLWL�HGLWRUH�^HPD�L�SURJUDPH�]D�QDGJOHGDQMH
VLPXODFLMH��2YLP�EL�VH�]DRNUXCLR�SDNHW�VLPXODFLMH�GLJLWDOQLK�HOHNWURQVNLK
NROD��6OHGH`L�NRUDN�X�VDPRP�VLPXODWRUX�EL�ELOR�RPRJX`LYDQMH�GLVWUXEXLUD�
QRVWL�VLPXODFLMH�

/LWHUDWXUD

/LWRYVNL��9�&���3HWNRYL`��3�0���0LORYDQRYLF��'�3���0LOHQNRYL`��6�/M�
'DPMDQRYL`��0�6��������&$'(&����6LPXODFLMD�L�SURMHNWRYDQMH�WRSRORJLMH
LQWHJULVDQLK�NROD��%HRJDG��1DXND

$VKHQGHQ��3�-��������7KH�9+'/�&RRNERRN��$GHODLGH��8QLYHUVLW\�RI�$GH�
ODLGH��'HSW��&RPSXWHU�6FLHQFH�

1HERM^D�>DERYL`�DQG�3UHGUDJ�0LQL`

3,186'�¬�6LPXODWRU�RI�'LJLWDO�(OHFWULQLF�&LUFXLWV�LQ�&��

3,186'�LV�D�VLPXODWRU�RI�GLJLWDO�HOHFWURQLF�FLUFXLWV��ZKLFK�DUH�GH�
VFULEHG�LQ�REMHFW�RULHQWHG�ODQJXDJH��&�����,W±V�RUJDQLVDWLRQ�VLPSOLILHV�WKH
GHVFULSWLRQ�RI�FRPSOH[�KDUGZDUH�DQG�JURXSLQJ�LQWR�IDPLOLHV�RI�FLUFXLWV�
7KH�EDVH�FODVVHV�XVHG�WR�GHVFULEH�YDOXHV�PHDVXUHG�LQ�VLPXODWLRQ�DUH�DE�
VWUDFW��ZKLFK�PDNHV�3,186'�HDVLO\�XSJUDGDEOH�IRU�ZRUN�ZLWK�DQDORJ�FLU�
FXLWV��7KH�FRQQHFWLRQV�DUH�ZDWFKHG�DV�VHSDUDWH�FLUFXLWV�DQG�WKHLU�EHKDYLRXU
FDQ�EH�FKDQJHG��7KH�SDVVDJH�RI�WLPH�LV�FRQWLQXDO��WKH�VLPXODWLRQ�LV�DV\Q�
FKURQRXV���DQG�LPSOHPHQWHG�RQ�WKH�CQH[W�HYHQW±�SULQFLSOH��$V�LQ�UHDO�FLU�
FXLWV��DOO�VLPXODWHG�FLUFXLWV�PXVW�GHILQH�GHOD\V�RQ�WKHLU�RXWSXWV��ZKLFK
VROYHV�WKH�SUREOHP�ZLWK�IHHGEDFN�DQG�PDNHV�VLPXODWLRQ�PRUH�UHDOLVWLF�
7KH�VLPXODWLRQ�FRQVLVWV�RI�WKH�VLPXODWRU�DQG�PRQLWRUV�WKDW�FDQ�UHDG�DQG
PRGLI\�WKH�SDUDPHWHUV�RI�VLPXODWLRQ�DQG�FRQWURO�WLPH�LQ�VLPXODWLRQ��6LPX�
ODWRU�DQG�PRQLWRUV�FRPPXQLFDWH�E\�7&3�SURWRFRO��ZKLFK�HQDEOHV�WKH�VLPX�
ODWLRQ�WR�ZRUN�RQ�VHYHUDO�FRPSXWHUV��7KH�FKRLFH�RI�&���DV�D�FRPPRQO\
XVHG�ODQJXDJH�PDNHV�IRU�JRRG�SRUWDELOLW\�RI�3,186'�
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3ULORJ��.RPDQGH

ADDC Ime Tip [Parametri]

'RGDMH�NRPSRQHQWX�WLSD�7LS��SR�LPHQX�,PH��0RJX`H�MH�NRPSRQHQWL
X�NRQVWUXNWRUX�SURVOHGLWL�SDUDPHWUH��^WR�NRULVWH�EORNRYL�GD�EL�]QDOL
NRMH�NRPSRQHQWH�GD�XNOMXaH�X�VYRM�VDVWDY�

RMC Ime

%UL^H�NRPSRQHQWX�SR�LPHQX�,PH

2YH�GYH�IXQNFLMH�SUHVUH`H�VHUYHU�L�SRWUHEL�UHNRPSDMOLUD�NOLMHQWD

CONNECT Komponenta1.BrPin Komponenta2.BrPin

.UHLUD�YH]X�L]PH_X�GDWLK�SLQRYD��8NROLNR�MH�QHNL�RG�SLQRYD�ELR�YH`
SRYH]DQ��RWNDaL`H�JD�L�YUDWLWL�XSR]RUHQMH�

NEXT [Vreme]

,]YU^DYD�VLPXODFLMX�GR�YUHPHQD�DNR�VH�QDYHGH��VWRSLUDMX`L�QD�SUYRM
SURPHQL��DNR�VH�RQD�GHVL�SUH�]DGDWRJ�YUHPHQD��8NROLNR�VH�QH�QDYHGH�
L]YU^DYD�VOHGH`L�YUHPHQVNL�LQWHUYDO��9UD`D�YUHPH�QDNRQ�NUDMD�VLPX�
ODFLMH�

GET Komponenta.Property[.Value]

9UD`D�WHNVWXDOQX�YUHGQRVW�YDOXHD�SR�GDWRP�LPHQX�NRPSRQHQWH��$NR
VH�NRQNUHWQR�LPH�YDOXHD�QH�QDYHGH��YUD`D�YUHGQRVW�VDPRJ�SURSHUW\MD�
^WR�MH�QDMaH^`H�WHNVW�VYLK�YDOXHRYD�WRJ�SURSHUW\MD�

SET  Komponenta.Property[.Value]

3RVWDYOMD�YUHGQRVW�SURSHUW\�MD�LOL�QHNRJ�YDOXHD�WRJ�SURSHUW\MD�

INFO [Ime[.Property]]

8NROLNR�VH�,PH�QH�QDYHGH��YUD`D�VSLVDN�NRPSRQHQDWD��,QDaH�YUD`D
VSLVDN�SURSHUW\MD�LOL�YDOXHRYD�GDWH�NRPSRQHQWH�

SAVE

9UD`D�WUHQXWQR�VWDQMH�FHORNXSQH�VLPXODFLMH��7R�SUHGVWDYOMD�YUHGQRVW
VYLK�SURPHQMLYLK�¬�LQIRUPDFLMH�SRPR`X�NRMLK�VH�VLPXODFLMD�NDVQLMH
PRCH�GRYHVWL�X�LVWR�VWDQMH��0RQLWRU�PRCH�VQLPLWL�YUD`HQX�YUHGQRVW�X
IDMO�L�NDVQLMH�MH�XaLWDWL�

RESTORE [Podaci]

3RVWDYOMD�VLPXODFLMX�X�VWDQMH�NRMH�MH�RSLVDQR�SRGDFLPD��)RUPDW�SR�
GDWDND�MH�LVWL�NDR�NRG�6$9(�QDUHGEH�¬�IDMO�VD�NRPSDMOLUDQLP�NRP�
SRQHQWDPD�SUH�OLQNRYDQMD�VD�VLPXODWRURP�SUD`HQ�VWDQMLPD�VYLK
NRPSRQHQDWD��6WDQMD�NRPSRQHQDWD�VH�GRELMDMX�SRPR`X�IXQNFLMD�6DYH�
6WDWH�5HVWRUH6WDWH�NRMH�VYDND�NRPSRQHQWD�LPD��8NROLNR�NODVD�NRPSR�
QHQWH�VDGUCL�SRLQWHUH��GD�EL�LK�XaLWDOD�VQLPLOD�PRUD�GD�QDVOHGL�WH
IXQNFLMH�L�RPRJX`L�VQLPDQMH�WLK�SRGDWDND�

�����•��3(71,A.(�69(6.(��� '(2��,



CLONE

.ORQLUD�VLPXODWRU�L�VHUYHU��YUD`DMX`L�DGUHVX�QRYRJ�VHUYHUD��$NR�MHGDQ
PRQLWRU�SURPHQL�VLPXODFLMX��VYL�RVWDOL�`H�ELWL�REDYH^WHQL�R�WRPH��$OL�
XNROLNR�PRQLWRU�CHOL�GD�L]YU^L�QHNH�SUHJOHGH�NRML�`H�XWLFDWL�QD�VWDQMH
VLPXODFLMH��D�GD�SUL�WRPH�QH�XWLaH�QD�JODYQX�VLPXODFLMX��IXQNFLMD
&/21(�RPRJX`DYD�NORQLUDQMH�VHUYHUD�

QUIT

>DOMH�]DKWHY�]D�JD^HQMH�VHUYHUX��6HUYHU�`H�SRVODWL�SRUXNX�VYLP�PRQL�
WRULPD�L�DNR�VH�VYL�VORCH��XJDVLWL�VHUYHU�

1HNROLNR�NRPDQGL�RPRJX`XMX�NRPXQLNDFLMX�PH_X�VHUYHULPD�

LIST

9UD`D�OLVWX�VYLK�VHUYHUD�NRML�VX�SULMDYOMHQL��6HUYHU�NRML�QLMH�QD
JODYQRP�SRUWX�YUD`D�JUH^NX�XNROLNR�PX�VH�SURVOHGL�RYD�NRPDQGD�

REGISTER Adresa Ime

2YX�NRPDQGX�NRULVWL�VHUYHU�SULOLNRP�VWDUWRYDQMD��GD�EL�VH�SULMDYLR
VHUYHUX�QD�JODYQRP�SRUWX��$GUHVD�MH�DGUHVD�VHUYHUD�NRML�VH�SULMDYOMXMH�
,PH�MH�LPH�VLPXODFLMH�L�]DGDMH�VH�SULOLNRP�VWDUWRYDQMD�VLPXODWRUD�
6HUYHU�NRML�QLMH�QD�JODYQRP�SRUWX�YUD`D�JUH^NX�XNROLNR�PX�VH
SURVOHGL�RYD�NRPDQGD�

VER

9UD`D�LPH�L�YHU]LMX�VWDUWRYDQRJ�VLPXODWRUD��*ODYQL�VHUYHU�PRCH�SUR�
YHULWL�GD�OL�VH�QD�WRM�DGUHVL�QDOD]L�VHUYHU�NRML�PX�MH�SULMDYOMHQ�

3R^WR�VLPXODWRUL�QH�̂ DOMX�MHGQL�GUXJLPD�LQIRUPDFLMH�RVLP�5(*,67(5�
D��VLPXODWRU�QD�JODYQRP�SRUWX�SHULRGLaQR�SURYHUDYD�VWDWXV�SULMDYOMHQLK�VHU�
YHUD�^WR�LK�SLWD�]D�YHU]LMX�L�SURYHUDYD�GD�OL�VH�RQD�VODCH�VD�SULMDYOMHQRP�
2VWDOL�VLPXODWRUL�WDNR_H�SRYUHPHQR�SURYHUDYDMX�JODYQL�SRUW��3UYL�NRML�XV�
WDQRYL�GD�MH�JODYQL�VLPXODWRU�RGVXWDQ��JODYQL�SRUW�VORERGDQ��]DX]LPD
JODYQL�SRUW��D�RVWDOL�VH�SULMDYOMXMX�SRQRYR�

.DR�RGJRYRU��VLPXODWRU�PRCH�SRVODWL�

ERROR [Tekst]

*UH^ND�X�L]YU^DYDQMX�NRPDQGH�

OK [WARN Upozorenje] 

[UPDATED Ime[.Property[.Value]]] ...] [DATA Odgovor]

2.�R]QDaDYD�GD�MH�NRPDQGD�L]YU^HQD��:$51�R]QDaDYD�XSR]RUHQMH
¬�JUH^NX�NRMD�QLMH�RQHPRJX`LOD�L]YU^DYDQMH�NRPDQGH��8NROLNR�MH�83�
'$7('�SULVXWDQ��NRPDQGD�MH�SURPHQLOD�VWDQMH�VLPXODFLMH��8NROLNR�VX
QDYHGHQD�LPHQD�NRPSRQHQWL��LOL�QMLKRYLK�SURSHUW\MD��]QDaL�GD�MH
NRPDQGD�L]PHQLOD�VDPR�VWDQMH�QDYHGHQLK�REMHNDWD��8NROLNR�MH
NRPDQGD�]DKWHYDOD�RGJRYRU��L]D�'$7$�VWRML�WHNVW�RGJRYRUD�
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