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XLEX�MW�VITPEGIH�[MXL�YWIV�HIJMRIH�XI\X��*SV�I\EQTPI�

'�@[MR��ETT@RWV@FMR�scanner -B \\.\Tape0

w

-QTSVXERX��-QTSVXERX�MRJSVQEXMSR�ERH�GEYXMSREV]�RSXIW�XLEX�
TVIZIRX�]SY�JVSQ�QEOMRK�E�QMWXEOI��
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Preface
Year 2000 Compliance

2IX;SVOIV4S[IV�)HMXMSR�WYTTSVXW�HEXIW�MR�XLI�]IEV������ERH�FI]SRH��*SV�
EHHMXMSREP�MRJSVQEXMSR�ERH�HIXEMPW�EFSYX�VIPEXIH�XIWX�GEWIW��WII�XLI�=IEV������
'SQTPMERGI��=�/��WIGXMSR�SR�XLI�0IKEXS�[IF�WMXI�EX�[[[��PIKEXS�GSQ�

Information and Services

8EFPI���TVSZMHIW�E�PMWX�SJ�0IKEXS
W�WIVZMGIW��MRGPYHMRK�IPIGXVSRMG��XIPITLSRI��ERH�
JE\�WYTTSVX�XLEX�TVSZMHI�GSQTER]��TVSHYGX��ERH�XIGLRMGEP�MRJSVQEXMSR�

Technical Support

8EFPI���TVSZMHIW�E�PMWX�SJ�0IKEXS
W�WSYVGIW�EZEMPEFPI�XS�JYPJMPP�]SYV�XIGLRMGEP�
WYTTSVX�RIIHW�

Table 1. Legato Services and Resources

Legato Service or Resource
Technical 
Bulletins

Binary 
Patches

Company & 
Product 
Information

Training 
Programs

[[[�PIKEXS�GSQ =IW =IW =IW =IW

JXT�PIKEXS�GSQ��
-RXIVRIX�EHHVIWW�������������
�PSK�MR�EW�ERSR]QSYW�

=IW =IW

0IKEXS�-RWMHI�7EPIW�
����� ���������SV�WEPIW$PIKEXS�GSQ

=IW

0IKEXS�)HYGEXMSR�7IVZMGIW�
����� ���������SV�XVEMRMRK$PIKEXS�GSQ

=IW

2SXI��*SV�HIXEMPIH�MRJSVQEXMSR�EFSYX�SYV�WIVZMGIW��WYTTSVX�TSPMGMIW��ERH�WSJX[EVI�
WYFWGVMTXMSRW��TPIEWI�VIJIV�XS�XLI�0IKEXS�'YWXSQIV�7IVZMGI�ERH�7YTTSVX�+YMHI�MRGPYHIH�MR�XLI�
QIHME�TEGOEKI�

Table 2. Legato Technical Support Services

Technical Support Service Address

,SXPMRI ��������������

I�QEMP WYTTSVX$PIKEXS�GSQ

8IGL�(MEPSK��VIUYMVIW�TEWW[SVH� [[[�PIKEXS�GSQ�XIGLCHMEPSK
9



Customer Service
Customer Service

8EFPI���PMWXW�XLI�0IKEXS�GYWXSQIV�WIVZMGIW�VIWSYVGIW�EZEMPEFPI�XS�]SY��'SRXEGX�
0IKEXS�'YWXSQIV�7IVZMGI�MJ�]SY�LEZI�UYIWXMSRW�EFSYX�PMGIRWMRK��VIKMWXIVMRK��SV�
EYXLSVM^MRK�]SYV�0IKEXS�TVSHYGXW��'YWXSQIV�7IVZMGI�EPWS�WYTTPMIW�
MRWXVYGXMSRW�JSV�XVERWJIVVMRK�PMGIRWIW�XS�E�HMJJIVIRX�WIVZIV��VILSWXMRK��ERH�
TVSZMHIW�WXEXYW�SR�TVSHYGX�SVHIVW�

Customer Feedback

0IKEXS�[IPGSQIW�]SYV�GSQQIRXW�ERH�WYKKIWXMSRW�EFSYX�WSJX[EVI�JIEXYVIW��
HMWEWXIV�VIGSZIV]�TVSGIHYVIW��ERH�HSGYQIRXEXMSR��4PIEWI�WIRH�ER]�
WYKKIWXMSRW�ERH�GSQQIRXW�XS�JIIHFEGO$PIKEXS�GSQ��=SY�[MPP�VIGIMZI�E�RSXMGI�
GSRJMVQMRK�VIGIMTX�SJ�]SYV�I�QEMP��%PXLSYKL�[I�GERRSX�VIWTSRH�TIVWSREPP]�XS�
IZIV]�VIUYIWX��[I�GSRWMHIV�EPP�]SYV�GSQQIRXW�ERH�WYKKIWXMSRW�HYVMRK�TVSHYGX�
HIWMKR�

Table 3. Legato Customer Services

Customer Service Address

XIPITLSRI�RYQFIV ����������������STXMSR���

JE\�RYQFIV ��������������

I�QEMP WIVZMGI$PIKEXS�GSQ

I�QEMP�JSV�SVHIV�WXEXYW SVHIVEHQMR$PIKEXS�GSQ
10



Chapter 1: Power Edition Features

0IKEXS�2IX;SVOIV�MW�ER�IRLERGIH�2IX;SVOIV�WIVZIV�TVSHYGX�JSV�;MRHS[W�28�
ERH�92-<�STIVEXMRK�W]WXIQW��-X�MW�STXMQM^IH�JSV�LMKL�WTIIH�FEGOYT�ERH�
VIGSZIV�STIVEXMSRW�SR�PEVKI�EQSYRXW�SJ�GSQTPI\�HEXE�

Power Edition Advantages

4S[IV�)HMXMSR�EHHVIWWIW�XLI�WXSVEKI�QEREKIQIRX�ERH�HEXE�TVSXIGXMSR�RIIHW�
SJ�IRXIVTVMWIW�XLEX�LEZI�LMKL�TIVJSVQERGI�HEXEFEWI�WIVZIVW�ERH�JMPI�WIVZIVW��8S�
TVSXIGX�ZIV]�PEVKI�HEXEFEWI��:0(&��ETTPMGEXMSRW��SRPMRI�XVERWEGXMSR�TVSGIWWMRK�
�3084��ETTPMGEXMSRW��HEXE�[EVILSYWIW��ERH�[IF�WIVZIVW��XLI�FEGOYT�WSJX[EVI�
LEW�XS�[SVO�UYMGOP]��SJXIR�[LMPI�XLI�HEXE�ERH�ETTPMGEXMSR�EVI�SRPMRI�ERH�
EZEMPEFPI�XS�SXLIV�YWIVW�

4S[IV�)HMXMSR�XEOIW�EHZERXEKI�SJ�XLI�LMKL�XLVSYKLTYX�SJ�XLI�PIEHMRK�
IRXIVTVMWI�GPEWW�XETI�HIZMGIW��4IVJSVQERGI�MW�WGEPIH�PMRIEVP]�EW�EHHMXMSREP�JEWX�
WXSVEKI�HIZMGIW�EVI�EHHIH�XS�XLI�W]WXIQ��YT�XS�XLI�PMQMX�SJ�XLI�WIVZIVkW�-�3�
FERH[MHXL�

-R�SVHIV�XS�EPPS[�XLI�WIVZIV�XS�QEMRXEMR�LMKL�HEXE�XVERWJIV�VEXIW��4S[IV�)HMXMSR�
YWIW�E�QMRMQYQ�SJ�XLI�TVSGIWWSV�GETEGMX]��-R�FIRGLQEVOMRK�XIWXW��4S[IV�
)HMXMSR�VEVIP]�YWIW�QSVI�XLER����TIVGIRX�SJ�XLI�'49�GETEGMX]�HYVMRK�FEGOYT�
11



Power Edition Advantages

1

Performance Enhancements in Power Edition

8LI�QENSV�TIVJSVQERGI�IRLERGIQIRXW�SJ�4S[IV�)HMXMSR�MRGPYHI�

w -QQIHMEXI�WEZI�ERH�VIGSZIV

;LIR�]SY�FEGO�YT�HEXE�JVSQ�XLI�4S[IV�)HMXMSR�WIVZIV�SV�WXSVEKI�RSHI��
XLMW�EYXSQEXMG�JIEXYVI�WTIIHW�YT�HEXE�XVERWJIV��'49�PSEH�MW�VIHYGIH�
FIGEYWI�HEXE�MW�XVERWJIVVIH�[MXLMR�QIQSV]��4S[IV�)HMXMSR�IREFPIW�PSGEP�
FEGOYT�ERH�VIGSZIV�XS�F]TEWW�XLI�'49�SZIVLIEH�SJ�RIX[SVOMRK�TVSXSGSPW�

w 7XSVEKI�RSHIW

%�4S[IV�)HMXMSR�WIVZIV�GER�LEZI�WIZIVEP�WXSVEKI�RSHIW�EXXEGLIH��IEGL�[MXL�
QYPXMTPI�HIZMGIW��IREFPMRK�XLI�XVERWQMWWMSR�SJ�YT�XS�E�QE\MQYQ�SJ�����
TEVEPPIP�FEGOYT�WIWWMSRW�[MXL�E�QE\MQYQ�SJ�����HIZMGIW��&IGEYWI�4S[IV�
)HMXMSR�WXSVEKI�RSHIW�WXSVI�HEXE�PSGEPP]�ERH�QEMRXEMR�EPP�SJ�XLI�QIXEHEXE�
EWWSGMEXIH�[MXL�XLI�GSRXVSPPMRK�4S[IV�)HMXMSR�WIVZIV��FEGOYT�WTIIH�ERH�
IJJMGMIRG]�MW�IRLERGIH��=SY�GER�YWI�MQQIHMEXI�WEZI�ERH�MQQIHMEXI�
VIGSZIV�XS�FEGO�YT�ERH�VIGSZIV�HEXE�LSWXIH�SR�E�WXSVEKI�RSHI�

w ,MKL�WTIIH�HIZMGI�WYTTSVX�

4S[IV�)HMXMSR�WYTTSVXW�E�FVSEH�VERKI�SJ�EYXSGLERKIVW�ERH�WMPS�XETI�
PMFVEV]�QSHIPW��%YXSGLERKIVW�ERH�WMPSW�GER�GSRXEMR�QYPXMTPI�WXSVEKI�
HIZMGIW��XETI�HVMZIW�SV�STXMGEP�HVMZIW���8LI]�EPWS�GER�EYXSQEXI�XLI�XEWOW�SJ�
PSEHMRK��YRPSEHMRK��ERH�PEFIPMRK�WXSVEKI�QIHME��WS�FEGOYTW�GER�TVSGIIH�
[MXLSYX�]SYV�MRXIVZIRXMSR��,MKL�WTIIH�HIZMGIW�EVI�GSRJMKYVIH�JSV�LMKLIV�
XLVSYKLTYX��WS�XLI]�GER�[VMXI�HEXE�XS�QIHME�JEWXIV��MR�PEVKIV�FPSGOW�

w *MPI�HIZMGI�X]TI�ERH�WEZI�WIX�WXEKMRK

7YTTSVX�JSV�XLI�JMPI�HIZMGI�X]TI�IREFPIW�FEGOYT�XS�HMWO��7EZI�WIX�WXEKMRK�
IREFPIW�EYXSQEXIH�XVERWJIV�SJ�HEXE�JVSQ�SRI�QIHMYQ�XS�ERSXLIV�EGGSVHMRK�
XS�YWIV�HIJMRIH�TSPMGMIW�

w 6IQSXI�TVSGIHYVI�GEPP��64'��IRLERGIQIRXW

4S[IV�)HMXMSR�MRGPYHIW�MQTVSZIQIRXW�XS�64'��XLI�GSQQYRMGEXMSRW�
FIX[IIR�TVSGIWWIW��XS�MQTVSZI�XLI�IJJMGMIRG]�SJ�FSXL�PSGEP�ERH�VIQSXI�
FEGOYT�ERH�VIGSZIV�STIVEXMSRW�

4S[IV�)HMXMSR�VIHYGIW�XLI�XMQI�MX�XEOIW�XS�FEGO�YT�HEXE�PSGEPP]��FIGEYWI�XLI�
HEXE�ERH�XLI�4S[IV�)HMXMSR�WIVZIV�EVI�LSWXIH�SR�XLI�WEQI�GSQTYXIV��(EXE�HSIW�
RSX�LEZI�XS�XVEZIP�XLVSYKL�E�TVSXSGSP��WYGL�EW�8'4�-4��FIJSVI�MX�MW�HMVIGXIH�XS�E�
WXSVEKI�HIZMGI��-RWXIEH��HEXE�MW�XVERWJIVVIH�[MXLMR�QIQSV]�SR�XLI�WIVZIV��8LYW��
RIX[SVO�XLVSYKLTYX�MW�IPMQMREXIH�EW�E�TSXIRXMEP�FPSGOEKI��8LI�WEQI�MW�XVYI�JSV�
VIGSZIV�STIVEXMSRW�
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Chapter 1: Power Edition Features

1

;LIR�]SY�FEGO�YT�HEXE�JVSQ�VIQSXI�GPMIRXW��XLI�HEXE�XVEZIPW�SZIV�XLI�RIX[SVO�
XLVSYKL�E�TVSXSGSP��WYGL�EW�8'4�-4��)RLERGIQIRXW�XS�64'�ERH�LMKL�WTIIH�
HIZMGIW�MQTVSZI�XLI�TIVJSVQERGI�SJ�FSXL�VIQSXI�ERH�PSGEP�FEGOYTW�

Architecture Shared with the NetWorker Base Product

8LI�4S[IV�)HMXMSR�WIVZIV��PMOI�XLI�2IX;SVOIV�WIVZIV��WGLIHYPIW�FEGOYT�SJ�HEXE�
ERH�EYXSQEXIW�XLI�TVSGIWW�WS�XLEX�]SY�HS�RSX�LEZI�XS�GLERKI�QIHME�SV�WXEVX�XLI�
FEGOYT�TVSGIHYVI�QERYEPP]��=SY�GER�GVIEXI�WGLIHYPIW�XLEX�FEGO�YT�]SYV�HEXE�
EX�XMQIW�[LIR�MX�MW�PIEWX�YWIH��JSV�MRWXERGI��EX�RMKLX�SV�SR�[IIOIRHW��

8LI�4S[IV�)HMXMSR�WIVZIV�EPWS�QEMRXEMRW�VIGSVHW�SJ�XLI�HEXE�FEGOIH�YT�F]�XLI�
4S[IV�)HMXMSR�WIVZIV�ERH�MXW�WXSVEKI�RSHIW��XS�QEOI�VIGSZIV�STIVEXMSRW�IEWMIV��
-R�GPMIRX�JMPI�MRHI\IW��XLI�WIVZIV�VIGSVHW�XLI�JMPIREQI�SJ�IEGL�TMIGI�SJ�HEXE��-R�
XLI�QIHME�HEXEFEWI��XLI�WIVZIV�VIGSVHW�XLI�GSRXIRXW�SJ�IEGL�QIHME�ZSPYQI��
&VS[WI�TSPMGMIW�ERH�VIXIRXMSR�TSPMGMIW�HIXIVQMRI�LS[�PSRK�XLIWI�VIGSVHW�EVI�
OITX��&EGOYTW�]SY�QEOI�SR�E�4S[IV�)HMXMSR�WIVZIV�SV�WXSVEKI�RSHI�GER�FI�VIEH�
F]�E�2IX;SVOIV�WIVZIV��ERH�ZMGI�ZIVWE�

4S[IV�)HMXMSR�EPWS�WYTTSVXW�XLI�JMPI�HIZMGI�X]TI��JSV�FEGOYT�XS�HMWO��EW�[IPP�EW�
WEZI�WIX�WXEKMRK��[LMGL�IREFPIW�EYXSQEXIH�XVERWJIV�SJ�HEXE�JVSQ�SRI�QIHMYQ�
XS�ERSXLIV�EGGSVHMRK�XS�TSPMGMIW�]SY�HIJMRI�

&IGEYWI�XLIWI�JYRGXMSRW�EVI�XLI�WEQI�JSV�4S[IV�)HMXMSR�EW�JSV�XLI�2IX;SVOIV�
FEWI�TVSHYGX��VIJIV�XS�]SYV�TPEXJSVQ
W�%HQMRMWXVEXSV
W�+YMHI�JSV�QSVI�
MRJSVQEXMSR�EFSYX�XLI�WGLIHYPMRK��QIHME�QEREKIQIRX��ERH�MRHI\�
QEREKIQIRX�JIEXYVIW�SJ�XLI�2IX;SVOIV�TVSHYGX�PMRI�

Overview of Performance

4IVJSVQERGI�MW�XLI�WTIIH�ERH�IJJMGMIRG]�[MXL�[LMGL�E�XEWO�MW�GSQTPIXIH��
&EGOYT�ERH�VIGSZIV�TIVJSVQERGI�MW�HITIRHIRX�SR�WIZIVEP�LEVH[EVI�ERH�
WSJX[EVI�ZEVMEFPIW��FYX�MR�KIRIVEP��]SYV�FEGOYT�GER�KS�RS�JEWXIV�XLER�XLI�WTIIH�
SJ�]SYV�WPS[IWX�GSQTSRIRX�

8LMW�KYMHI�TVSZMHIW�XIWXW�]SY�GER�YWI�XS�QIEWYVI�ERH�QE\MQM^I�XLI�
TIVJSVQERGI�SJ�]SYV�GSQTYXIV��;LIR�]SY�JMRH�XLI�WPS[IWX�GSQTSRIRX�MR�XLI�
HEXE�TEXL�FIX[IIR�XLI�PSGEXMSR�SJ�XLI�HEXE�ERH�XLI�WXSVEKI�HIZMGI��]SY�GER�
GLERKI�WSJX[EVI�WIXXMRKW�SV�VITPEGI�E�LEVH[EVI�GSQTSRIRX�XS�MQTVSZI�FEGOYT�
ERH�VIGSZIV�TIVJSVQERGI��
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Overview of Performance

1

,EVH[EVI�TIVJSVQERGI�MW�PMQMXIH�F]�XLI�PS[IWX�HEXE�VEXI�SJ�XLI�JSPPS[MRK�
GSQTYXIV�GSQTSRIRXW�ERH�VIPEXIH�TIVJSVQERGI�JEGXSVW�

w 7IVZIV�WTIIH�

r '49

r 1IQSV]�

r -RTYX�SYXTYX��-�3��FERH[MHXL

r 7'7-�FERH[MHXL

r 2YQFIV�SJ�TSVXW

w (IZMGI�WTIIH��GSQFMRIH�JSV�EPP�WXSVEKI�HIZMGIW�YWIH�GSRGYVVIRXP]��

r -�3�XVERWJIV�VEXI

r &YMPX�MR�GSQTVIWWMSR�ERH�MRMXMEPM^EXMSR�GLEVEGXIVMWXMGW

-J�]SY�FEGO�YT�GPMIRXW�SZIV�E�RIX[SVO��XLI�JSPPS[MRK�LEVH[EVI�TIVJSVQERGI�
JEGXSVW�GER�EPWS�EJJIGX�TIVJSVQERGI�

w 'PMIRX�WTIIHW��GSQFMRIH�JSV�EPP�GPMIRXW�EGXMZI�EX�E�TSMRX�MR�XMQI�

r '49

r 1IQSV]�

r (MWO�WTIIH

w 2IX[SVO�WTIIH�

r 2IX[SVO�-�3�FERH[MHXL

r 2IX[SVO�TEXL

r 2IX[SVO�PSEH

7SJX[EVI�TIVJSVQERGI�JEGXSVW�MRGPYHI�

w *MPIW]WXIQ�TIVJSVQERGI�

w %TTPMGEXMSR�WTIGMJMG�STXMQM^EXMSR�

w &EGOYT�ETTPMGEXMSR��JSV�I\EQTPI��4S[IV�)HMXMSR��
14



Chapter 2: Power Edition Configuration

8LMW�GLETXIV�TVSZMHIW�XLI�HIXEMPW�SR�XLI�JIEXYVIW�ERH�JYRGXMSREPMX]�YRMUYI�XS�
XLI�4S[IV�)HMXMSR�ZIVWMSR�SJ�2IX;SVOIV��MRGPYHMRK�HIXEMPW�SR�LS[�4S[IV�
)HMXMSR�[SVOW�

Power Edition Configuration

4S[IV�)HMXMSR�MW�E�WTIGMEPM^IH�2IX;SVOIV�WIVZIV��WS�XLI�GSRJMKYVEXMSRW�]SY�
MQTPIQIRX�JSV�4S[IV�)HMXMSR�EVI�WSQI[LEX�HMJJIVIRX�XLER�JSV�XLI�2IX;SVOIV�
WIVZIV��8LMW�WIGXMSR�HIWGVMFIW�MQQIHMEXI�WEZI�ERH�VIGSZIV]��E�WTIGMEP�JIEXYVI�SJ�
4S[IV�)HMXMSR��-X�EPWS�TVSZMHIW�I\EQTPIW�ERH�MPPYWXVEXMSRW�XLEX�HIWGVMFI�
GSRJMKYVEXMSR�GSRWMHIVEXMSRW�XLEX�EVI�WTIGMJMG�XS�4S[IV�)HMXMSR�

How Immediate Save and Recover Works

(YVMRK�E�FEGOYT�WIWWMSR�SR�E�4S[IV�)HMXMSR�WIVZIV�SV�WXSVEKI�RSHI��4S[IV�
)HMXMSR�GER�VIGSKRM^I�[LIXLIV�XLI�HEXE�VIWMHIW�SR�XLI�WEQI�GSQTYXIV�SV�E�
VIQSXI�GSQTYXIV��;LIR�XLI�HEXE�VIWMHIW�SR�XLI�WEQI�GSQTYXIV��MQQIHMEXI�
WEZIW�ERH�MQQIHMEXI�VIGSZIVW�EVI�MRZSOIH�EYXSQEXMGEPP]��-RWXIEH�SJ�
XVERWJIVVMRK�HEXE�EGVSWW�XLI�RIX[SVO��HEXE�MW�XVERWJIVVIH�[MXLMR�QIQSV]�SR�XLI�
4S[IV�)HMXMSR�WIVZIV�SV�WXSVEKI�RSHI��

-QQIHMEXI�WEZIW�ERH�VIGSZIVW�EVI�EZEMPEFPI�SRP]�MR�XLI�GEWI�SJ�PSGEP�HEXE�
XVERWJIV��[LIVI�XLI�HEXE�ERH�XLI�4S[IV�)HMXMSR�WIVZIV�SV�WXSVEKI�RSHI�EVI�
LSWXIH�SR�XLI�WEQI�GSQTYXIV��-J�XLI�HEXE�MW�SR�E�VIQSXI�GPMIRX��XLI�HEXE�MW�
XVERWJIVVIH�SZIV�XLI�RIX[SVO�YWMRK�8'4�-4�

4IVJSVQERGI�JSV�VIQSXI�FEGOYT�MW�MQTVSZIH�XLVSYKL�64'�IRLERGIQIRXW��8LI�
I\EQTPIW�MR�XLI�JSPPS[MRK�WIGXMSRW�MPPYWXVEXI�[LIR�MQQIHMEXI�WEZI�MW�MRZSOIH��
ERH�[LIR�MX�GERRSX�FI�MRZSOIH�
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Power Edition Configuration

2

Power Edition Local Backup and Recover

;LIR�SRI�GSQTYXIV�MRGPYHIW�FSXL�GPMIRX�ERH�WIVZIV�SV�WXSVEKI�RSHI�WSJX[EVI��
[MXL�WXSVEKI�HIZMGIW�EXXEGLIH��XLI�HEXE�MW�FEGOIH�YT�YWMRK�MQQIHMEXI�WEZI��
*MKYVI���WLS[W�ER�I\EQTPI�SJ�PSGEP�FEGOYT�SJ�E�4S[IV�)HMXMSR�WIVZIV��4S[IV�
)HMXMSR�GER�FEGO�YT�HEXE�SJ�ER]�X]TI�WYTTSVXIH�F]�E�2IX;SVOIV�GPMIRX��
MRGPYHMRK�E�VERKI�SJ�HEXEFEWIW��

Figure 1. Local Backup and Recover

&EGOYT�MW�JEWXIV�MR�XLMW�WIXYT�JSV�4S[IV�)HMXMSR�XLER�JSV�XLI�2IX;SVOIV�FEWI�
TVSHYGX��FIGEYWI�4S[IV�)HMXMSR�GER�YWI�XLI�MQQIHMEXI�WEZI�XIGLRSPSK]��
4VSGIWWIW�ERH�HEXE�XLEX�XVEZIP�XLVSYKL�E�TVSXSGSP�WXEGO�MR�E�WXERHEVH�
2IX;SVOIV�WIXYT�EVI�MRWXIEH�TEWWIH�MR�QIQSV]�SR�XLI�WEQI�GSQTYXIV��8LI�
RIX[SVO�XVERWQMWWMSR�FPSGOEKI�MW�IPMQMREXIH��8LI�WEQI�MW�XVYI�JSV�VIGSZIV�
STIVEXMSRW��

-J�XLI�HEXEFEWI�MW�SJJPMRI��ER]�HEXEFEWI�GER�XEOI�EHZERXEKI�SJ�MQQIHMEXI�WEZI�
JSV�PSGEP�FEGOYT�[MXL�E�2IX;SVOIV�GPMIRX��7SQI�2IX;SVOIV�&YWMRIW7YMXI�
1SHYPI�GPMIRXW�GER�EPWS�XEOI�EHZERXEKI�SJ�MQQIHMEXI�WEZI�JSV�SRPMRI�HEXEFEWI�
FEGOYTW��6IJIV�XS�XLI�HSGYQIRXEXMSR�]SY�VIGIMZIH�[MXL�]SYV�&YWMRIW7YMXI�
1SHYPI�XS�HIXIVQMRI�[LIXLIV�MQQIHMEXI�WEZI�JSV�SRPMRI�FEGOYT�MW�GYVVIRXP]�
WYTTSVXIH�

Storage Device

Database Server
Power Edition

NetWorker Client
NetWorker BusinesSuite Module Client
(X/Open Backup Services API Library)

Power Edition Server

SCSI Connection
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Power Edition Backup and Recover of Remote Client Data

*MKYVI���WLS[W�ER�I\EQTPI�SJ�XLI�4S[IV�)HMXMSR�WIVZIV�MRWXEPPIH�SR�E�HMJJIVIRX�
GSQTYXIV�XLER�XLI�HEXE��8S�FEGO�YT�HEXE�JVSQ�E�JMPIWIVZIV�SJ�E�TEVXMGYPEV�
TPEXJSVQ��XLI�2IX;SVOIV�GPMIRX�JSV�XLEX�TPEXJSVQ�MW�MRWXEPPIH�SR�XLI�JMPIWIVZIV�
GSQTYXIV��8LI�4S[IV�)HMXMSR�WIVZIV�WSJX[EVI�ERH�E�2IX;SVOIV�GPMIRX��XS�FEGO�
YT�HEXE�XLEX�VIWMHIW�SR�XLI�4S[IV�)HMXMSR�WIVZIV�MXWIPJ��EVI�MRWXEPPIH�SR�XLI�
4S[IV�)HMXMSR�WIVZIV�

Figure 2. Remote Backup and Recover

&IGEYWI�XLI�2IX;SVOIV�GPMIRX�ERH�XLI�JMPIWIVZIV�HEXE�VIWMHI�SR�E�VIQSXI�
GSQTYXIV��XLI�HEXE�MW�XVERWJIVVIH�EGVSWW�XLI�RIX[SVO�HYVMRK�FEGOYT�

*SV�E�VIGSZIV]��XLI�TVSGIWW�MW�VIZIVWIH��;LIR�XLI�2IX;SVOIV�GPMIRX�SR�XLI�
JMPIWIVZIV�GSQTYXIV�QEOIW�E�VIGSZIV�VIUYIWX��XLI�HEXE�MW�EKEMR�XVERWJIVVIH�
EGVSWW�XLI�RIX[SVO�

&EGOYT�ERH�VIGSZIV�TIVJSVQERGI�SZIV�XLI�RIX[SVO�MW�IRLERGIH�JSV�XLI�4S[IV�
)HMXMSR�WIVZIV�GSQTEVIH�XS�WXERHEVH�2IX;SVOIV�WIVZIVW��FIGEYWI�SJ�64'�
IRLERGIQIRXW�XLEX�OIIT�WPS[IV�GPMIRXW�JVSQ�WPS[MRK�HS[R�XLI�FEGOYT�SJ�
JEWXIV�GPMIRXW��(EXE�XLEX�VIWMHIW�SR�XLI�4S[IV�)HMXMSR�WIVZIV�MW�EYXSQEXMGEPP]�
FEGOIH�YT�YWMRK�MQQIHMEXI�WEZI��SV�EYXSQEXMGEPP]�VIGSZIVIH�YWMRK�MQQIHMEXI�
VIGSZIV��

-J�XLI�HEXE�MW�FEGOIH�YT�XS�E�LMKL�WTIIH�HIZMGI��TIVJSVQERGI�MW�MQTVSZIH�
FIGEYWI�XLI�HIZMGI�GER�XVERWJIV�HEXE�JEWXIV�ERH�[VMXI�HEXE�MR�PEVKIV�FPSGOW��

Fileserver
NetWorker Client

Fileserver Storage
Device

SCSI
Connection

Power Edition
NetWorker Client

Power Edition
Server

TCP/IP
Connection

R Bk R
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Power Edition Storage Nodes

*MKYVI���WLS[W�ER�I\EQTPI�SJ�E�4S[IV�)HMXMSR�WIVZIV�YWMRK�E�WXSVEKI�RSHI�JSV�
FEGOYT�ERH�VIGSZIV�STIVEXMSRW��(EXE�LSWXIH�SR�IEGL�4S[IV�)HMXMSR�WXSVEKI�
RSHI�MW�FEGOIH�YT�ERH�VIGSZIVIH�YWMRK�MQQIHMEXI�WEZI�ERH�MQQIHMEXI�
VIGSZIV�XIGLRSPSK]��8LI�QIXEHEXE�EWWSGMEXIH�[MXL�FEGOYTW�MW�XVERWJIVVIH�SZIV�
XLI�RIX[SVO�XS�XLI�GSRXVSPPMRK�4S[IV�)HMXMSR�WIVZIV��ERH�XLI�HEXE�MW�XVERWJIVVIH�
HMVIGXP]�XS�HIZMGIW�EXXEGLIH�XS�XLI�WXSVEKI�RSHI��

4S[IV�)HMXMSR�WXSVEKI�RSHIW�IREFPI�]SY�XS�HIWMKR�WGEPEFPI�GSRJMKYVEXMSRW��
WMRGI�QYPXMTPI�HIZMGIW�GER�FI�EXXEGLIH�XS�QYPXMTPI�WXSVEKI�RSHIW��ERH�HEXE�
XVERWJIV�STIVEXMSRW�GER�VYR�MR�TEVEPPIP�

Figure 3. Power Edition Storage Node Backup and Recover

Power Edition Local Backup to a Silo

;LIR�]SY�EHH�E�WMPS��WTIGMEPM^IH�LMKL�WTIIH�WXSVEKI�HIZMGI��XS�XLI�PSGEP�
FEGOYT�WGIREVMS��TIVJSVQERGI�MRGVIEWIW�FIGEYWI�SJ�XLI�WTIIH�ERH�RYQFIV�SJ�
HIZMGIW�MR�XLI�WMPS��8LI�WMPS�VIUYMVIW�ERSXLIV�GSQTYXIV�XS�FI�XLI�WMPS�WIVZIV��
[LMGL�GSRXVSPW�XLI�VSFSXMGW�MR�XLI�WMPS��8LI�WMPS�WIVZIV�GERRSX�FI�XLI�WEQI�
GSQTYXIV�EW�XLI�2IX;SVOIV�WIVZIV��

-R�*MKYVI����E�WMPS�ERH�MXW�WMPS�WIVZIV�EVI�EHHIH�XS�E�4S[IV�)HMXMSR�PSGEP�FEGOYT�
ERH�VIGSZIV�GSRJMKYVEXMSR��

Storage
Device

SCSI
Connection

Power Edition
NetWorker Client

Power Edition
Server

TCP/IP
Connection

PowerEdition Storage Node
NetWorker Client

Storage
Node
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Figure 4. Local Backup to a Silo

(YVMRK�FEGOYT��MQQIHMEXI�WEZI�MW�MRZSOIH�XS�XVERWJIV�HEXE�JVSQ�XLI�
2IX;SVOIV�GPMIRX�TVSGIWWIW�XS�XLI�4S[IV�)HMXMSR�WIVZIV�TVSGIWWIW�MR�XLI�
QIQSV]�SJ�XLI�4S[IV�)HMXMSR�WIVZIV�GSQTYXIV��-J�XLI�HEXE�MW�[VMXXIR�XS�E�HIZMGI�
MR�E�WMPS��XLI�RWVQQH�WIVZMGI�MRMXMEXIW�ER�780-�GEPP�XS�XLI�WMPS�WIVZIV��JSV�
I\EQTPI��XS�QSYRX�E�XETI��

8LI�780-�GEPP�MW�XVERWJIVVIH�EGVSWW�XLI�RIX[SVO�GSRRIGXMSR�XS�XLI�WMPS�WIVZIV��
XLIR�SZIV�E�7'7-�GSRRIGXMSR�XS�XLI�HIZMGI�MR�XLI�WMPS��8LI�HEXE�MW�XVERWJIVVIH�
SZIV�E�7'7-�GSRRIGXMSR�JVSQ�XLI�4S[IV�)HMXMSR�WIVZIV�XS�XLI�HIZMGI�

(YVMRK�E�VIGSZIV��XLI�TVSGIWW�MW�WMQMPEV��1IHME�LERHPMRK�MRJSVQEXMSR�MW�
XVERWJIVVIH�EGVSWW�XLI�RIX[SVO�GSRRIGXMSR�JVSQ�XLI�4S[IV�)HMXMSR�WIVZIV�XS�
XLI�WMPS��8LI�WMPS�QSYRXW�XLI�XETIW��ERH�XLIR�XLI�HEXE�MW�XVERWJIVVIH�SZIV�XLI�
7'7-�GSRRIGXMSR�XS�XLI�4S[IV�)HMXMSR�WIVZIV�GSQTYXIV��[LIVI�XLI�HEXE�MW�
XVERWJIVVIH�MR�QIQSV]�XS�XLI�2IX;SVOIV�GPMIRX�TVSGIWW�

*SV�QSVI�MRJSVQEXMSR�EFSYX�WMPSW�ERH�LS[�XLI]�MRXIVEGX�[MXL�4S[IV�)HMXMSR��
WII�]SYV�2IX;SVOIV�%HQMRMWXVEXSV
W�+YMHI�

SCSI

TCP/IP
Connection

Silo Server
(Robotics Driver)

Computer

Power Edition Server
Database Server
NetWorker Client

NetWorker BusineSuite 
Module Client

(XBSA Library)
Silo Client

(Silo Tape Library 
Interface library and

device drivers)

Power Edition
Server

Silo

SCSI
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How NetWorker Power Edition Works

&IGEYWI�4S[IV�)HMXMSR�MW�E�2IX;SVOIV�WIVZIV�TVSHYGX��MX�WLEVIW�E�WMQMPEV�
EVGLMXIGXYVI�[MXL�XLI�2IX;SVOIV�FEWI�TVSHYGX��8LMW�WIGXMSR�TVSZMHIW�ER�
SZIVZMI[�SJ�LS[�XLI�2IX;SVOIV�TVSHYGXW�TIVJSVQ�FEGOYT�ERH�VIGSZIV�
STIVEXMSRW�

%PP�2IX;SVOIV�WIVZIVW�GSRWMWX�SJ�WIVZMGIW�ERH�TVSKVEQW�XLEX�SZIVWII�XLI�
FEGOYT�ERH�VIGSZIV�TVSGIWWIW�ERH�QEREKI�WXSVEKI�QEREKIQIRX�GPMIRX�
GSRJMKYVEXMSRW��GPMIRX�JMPI�MRHI\IW��ERH�XLI�QIHME�HEXEFEWI��8LI�2IX;SVOIV�
GPMIRX�WSJX[EVI�MRGPYHIW�E�GPMIRX�WIVZMGI�ERH�YWIV�MRXIVJEGI�TVSKVEQW��8LI�
WIVZMGIW�ERH�TVSKVEQW�MR�2IX;SVOIV�TVSHYGXW�GSQQYRMGEXI�YWMRK�XLI�64'�
�VIQSXI�TVSGIHYVI�GEPP��TVSXSGSP��

NetWorker Services and Programs

8LI�WIVZMGIW�ERH�TVSKVEQW�MR�XLI�2IX;SVOIV�WSJX[EVI�GSSVHMREXI�XLI�XEWOW�
EWWSGMEXIH�[MXL�E�FEGOYT�SV�VIGSZIV�STIVEXMSR��VIGSVH�MRJSVQEXMSR�EFSYX�[LEX�
[EW�FEGOIH�YT��ERH�XVEGO�XLI�QIHME�XLEX�GSRXEMRW�XLI�FEGOIH�YT�HEXE�

Services and Programs on the NetWorker Server

8LMW�WIGXMSR�HIWGVMFIW�XLI�WIVZMGIW�ERH�TVSKVEQW�SR�XLI�2IX;SVOIV�WIVZIV��
[LMGL�GSRXEGX�XLI�GPMIRX�JSV�E�FEGOYT�ERH�QEMRXEMR�XLI�GPMIRX�JMPI�MRHI\IW�ERH�
QIHME�HEXEFEWI�SR�XLI�WIVZIV��

8EFPI���PMWXW�XLIWI�WIVZMGIW�ERH�TVSKVEQW��

Table 4. Services and Programs on the Server

Service/
Program Function

ERWVH 8LMW�WIVZMGI�QSRMXSVW�ER�EGXMZI�WEZI�SV�VIGSZIV�TVSKVEQ�WIWWMSR��8LMW�MW�ER�
EKIRX�TVSGIWW�WTE[RIH�F]�RWVH�MR�VIWTSRWI�XS�E�WEZI�SV�VIGSZIV�WIWWMSR�

EWEZIKVT 8LMW�WIVZMGI�QSRMXSVW�XLI�TVSKVIWW�SJ�MRHMZMHYEP�WEZI�WIXW��8LMW�MW�ER�EKIRX�
TVSGIWW�MRZSOIH�F]�XLI�WEZIKVT TVSKVEQ�

RWVGO 8LMW�WIVZMGI�GLIGOW�XLI�GSRWMWXIRG]�SJ�XLI�GPMIRX�JMPI�MRHI\��-X�MW�MRZSOIH�F]�
RWVH�[LIRIZIV�XLI�GSRWMWXIRG]�SJ�XLI�GPMIRX�JMPI�MRHI\�RIIHW�XS�FI�GSRJMVQIH�

RWVH 8LMW�WIVZMGI�TVSZMHIW�ER�64'�FEWIH�WEZI�ERH�VIGSZIV�TVSKVEQ�JYRGXMSR�XS�
2IX;SVOIV�GPMIRXW��8LMW�MW�XLI�QEWXIV�2IX;SVOIV�WIVZMGI�
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8LI�2IX;SVOIV�QEWXIV�WIVZMGI��RWVH�

w 7XEVXW�SXLIV�WIVZMGIW

w %PPSGEXIW�QIHME�WIVZMGIW�SR�WIVZIV�GSQTYXIVW

w %YXLSVM^IW�FEGOYT�ERH�VIGSZIV�WIVZMGIW�JSV�XLI�GPMIRX

w 'SRXEGXW�GPMIRXW�JSV�WGLIHYPIH�FEGOYTW

w 1EMRXEMRW�2IX;SVOIV�GSRJMKYVEXMSR�MRJSVQEXMSR

w 1SRMXSVW�FEGOYT�ERH�VIGSZIV�WIWWMSRW

w 1EMRXEMRW�WIVZIV�WXEXMWXMGW�ERH�QIWWEKI�PSKW

Services and Programs on the NetWorker Client

8LI�RWVH WIVZMGI�GEPPW�YTSR�XLI�2IX;SVOIV�GPMIRX�WIVZMGI��RWVI\IGH��ERH�
WIZIVEP�TVSKVEQW�SR�XLI�GPMIRX�[LIR�E�WGLIHYPIH�SV�SR�HIQERH�FEGOYT�
VIUYIWX�MW�VIGIMZIH��%�XIQTSVEV]�WIVZIV�EKIRX�WIVZMGI��ERWVH��WXEVXW�SR�XLI�
2IX;SVOIV�WIVZIV�XS�QSRMXSV�XLI�TVSKVIWW�SJ�XLI�FEGOYT�WIWWMSR��

RWVMQ 8LMW�WIVZMGI�EYXSQEXMGEPP]�QEREKIW�XLI�WIVZIV
W�QIHME�HEXEFEWI��8LMW�
WIVZMGI�MW�MRZSOIH�F]�RWVQQHFH�[LIR�MX�WXEVXW�YT��EX�XLI�IRH�SJ�XLI�WEZIKVT 
TVSKVEQ��ERH�F]�RWVH�[LIR�E�YWIV�VIQSZIW�XLI�SPHIWX�FEGOYT�G]GPI�

RWVMRHI\H 8LMW�WIVZMGI�TVSZMHIW�E�QIXLSH�JSV�MRWIVXMRK�IRXVMIW�MRXS�XLI�GPMIRX�JMPI�MRHI\�
FEWIH�SR�MRJSVQEXMSR�TEWWIH�F]�XLI�WEZI TVSKVEQ�

RWVQQH 8LMW�WIVZMGI�TVSZMHIW�HIZMGI�WYTTSVX��KIRIVEXIW�QSYRX�VIUYIWXW��ERH�
QYPXMTPI\IW�WEZI�WIX�HEXE�HYVMRK�E�QYPXM�GPMIRX�FEGOYT��8LI�RWVH�WIVZMGI�GER�
WXEVX�WIZIVEP�RWVQQH�WIVZMGIW��YT�XS�X[MGI�XLI�RYQFIV�SJ�HIZMGIW�WTIGMJMIH�MR�
XLI�WIVZIV�

RWVQQHFH 8LMW�WIVZMGI�TVSZMHIW�QIHME�HEXEFEWI�QEREKIQIRX�WIVZMGIW�XS�XLI�PSGEP�nsrd�
ERH�RWVQQH�WIVZMGIW�ERH�VIGSVHW�IRXVMIW�MR�XLI�QIHME�HEXEFEWI��8LMW�MW�XLI�
QIHME�QEREKIQIRX�HEXEFEWI�WIVZMGI�

WEZIKVT 8LMW�TVSKVEQ�VYRW�E�KVSYT�SJ�2IX;SVOIV�GPMIRXW�XLVSYKL�XLI�WEZI�TVSGIWW�

Table 4. Services and Programs on the Server (Continued)

Service/
Program Function
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8EFPI���HIWGVMFIW�XLI�WIVZMGIW�ERH�TVSKVEQW�SR�XLI�2IX;SVOIV�GPMIRX�

How NetWorker Backs Up Data

;LIR�]SY�GSRJMKYVI�E�FEGOYT�KVSYT�SR�XLI�2IX;SVOIV�WIVZIV��]SY�WGLIHYPI�E�
WXEVX�XMQI�JSV�XLI�FEGOYT�KVSYT��8LI�RWVH WIVZMGI�WXEVXW�XLI�WIVZIV
W�WEZIKVT�
TVSKVEQ�JSV�XLI�FEGOYT�KVSYT�EX�XLI�WGLIHYPIH�XMQI�

8LI�WEZIKVT�TVSKVEQ�UYIVMIW�XLI�GPMIRX�VIWSYVGIW�GSRJMKYVIH�SR�XLI�
2IX;SVOIV�WIVZIV�XS�HIXIVQMRI�

w ;LMGL�GPMIRXW�GSRJMKYVIH�SR�XLI�WIVZIV�EVI�QIQFIVW�SJ�XLI�WGLIHYPIH�
KVSYT

w ;LEX�PIZIP�SJ�FEGOYT��WEZI��XS�TIVJSVQ

w ,S[�QER]�WEZI�WIXW�XS�VYR�GSRGYVVIRXP]��HIXIVQMRIH�F]�XLI�TEVEPPIPMWQ�
ZEPYI�WIX�SR�XLI�2IX;SVOIV�WIVZIV

w ;LIR�XLI�QSWX�VIGIRX�FEGOYT�SJ�XLI�KVSYT�SGGYVVIH

-J�ER]�SJ�XLMW�MRJSVQEXMSR�MW�RSX�EZEMPEFPI�SR�XLI�2IX;SVOIV�WIVZIV��XLI�WEZIKVT 
TVSKVEQ WIRHW�E�VIUYIWX��WSQIXMQIW�GEPPIH�E�TVSFI��XS�XLI�RWVI\IGH�GPMIRX�
WIVZMGI�XS�VYR�WEZIJW�SR�IEGL�GPMIRX�EWWMKRIH�XS�XLI�FEGOYT�KVSYT�XS�KEXLIV�XLI�
RIGIWWEV]�HIXEMPW�

8LI�WEZIJW�TVSKVEQ�XIPPW�WEZIKVT�[LMGL�SFNIGXW�XS�FEGO�YT�JSV�XLI�GPMIRX��%JXIV�
WEZIKVT�VIGIMZIW�MRJSVQEXMSR�EFSYX�XLI�SFNIGXW�XS�FEGO�YT��WEZIKVT�EWWIQFPIW�
E�[SVO�PMWX�JSV�XLI�WIVZIV��8LI�[SVO�PMWX�WTIGMJMIW�XLI�SVHIV�MR�[LMGL�GPMIRXW�EVI�

Table 5. Services and Programs on the Client

Service/
Program Function

RWVI\IGH 8LMW�WIVZMGI�EYXLIRXMGEXIW�XLI�2IX;SVOIV�WIVZIV
W�VIQSXI�I\IGYXMSR�VIUYIWX�
ERH�I\IGYXIW�XLI�WEZI�ERH�WEZIJW�GSQQERHW�SR�XLI�GPMIRX�

VIGSZIV 8LMW�TVSKVEQ�FVS[WIW�XLI�2IX;SVOIV�WIVZIV
W�GPMIRX�JMPI�MRHI\�ERH�VIWXSVIW�
XLI�WTIGMJMIH�JMPI�XS�TVMQEV]�HMWO�WXSVEKI�

WEZI 8LMW�TVSKVEQ�WIRHW�WTIGMJMIH�JMPIW�MR�E�QYPXMTPI\IH�HEXE�WXVIEQ�XS�XLI�
2IX;SVOIV�WIVZIV�JSV�FEGOYT�XS�QIHME�F]�RWVQQH�ERH�IRXV]�MR�XLI�GPMIRX�JMPI�
MRHI\IW�ERH�QIHME�HEXEFEWI�F]�RWVMRHI\H�

WEZIJW 8LMW�TVSKVEQ�WIRHW�MRJSVQEXMSR�EFSYX�XLI�WEZI�WIXW�XS�FEGO�YT�JSV�XLI�GPMIRX�
ERH�MHIRXMJMIW�WEZI�WIX�HEXE�QSHMJMIH�WMRGI�XLI�TVIZMSYW�PIZIP�WEZI�
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GSRXEGXIH�JSV�FEGOYT��8LI�SVHIV�SJ�XLI�[SVO�PMWX�MW�HIXIVQMRIH�F]�XLI�'PMIRX�
4VMSVMX]�EXXVMFYXI�MR�XLI�'PMIRXW�VIWSYVGI��8LI�GPMIRX�[MXL�XLI�PS[IWX�ZEPYI�MR�XLI�
'PMIRX�4VMSVMX]�EXXVMFYXI�MW�GSRXEGXIH�JMVWX�

-J�TVSFPIQW�[IVI�IRGSYRXIVIH�[MXL�XLI�GPMIRX�JMPI�MRHI\�HYVMRK�XLI�TVIZMSYW�
FEGOYT�WIWWMSR��RWVH�MRZSOIW�XLI�RWVGO�WIVZMGI�XS�GLIGO�XLI�GSRWMWXIRG]�ERH�
WXEXI�SJ�XLI�2IX;SVOIV�WIVZIV
W�GPMIRX�JMPI�MRHI\IW��8LIR��RWVH�WXEVXW�XLI�
RWVMRHI\H�GPMIRX�JMPI�MRHI\�MRWIVXMSR�WIVZMGI�

8LI�WEZIKVT�TVSKVEQ�GSRXEGXW�XLI�JMVWX�GPMIRX�SR�XLI�WIVZIV
W�[SVO�PMWX��8LI�
GPMIRX
W�RWVI\IGH�MW�MRZSOIH�ERH�WXEVXW�E�WEZI�WIWWMSR�SJ�XLI�JMVWX�WEZI�WIX�PMWXIH�
SR�XLI�WIVZIV
W�[SVO�PMWX��8LI�save�TVSKVEQ�TEWWIW�XS�RWVH�EPP�WEZI�GVMXIVME��WYGL�
EW�KVSYT��GPMIRX��WEZI�WIXW��ERH�PIZIP�SJ�XLI�WEZI�HEXE��;MXL�XLMW�MRJSVQEXMSR��
RWVH�HIXIVQMRIW�XLI�TSSP�SJ�ZSPYQIW�XLEX�[MPP�WXSVI�XLI�HEXE�ERH�JSV[EVHW�XLI�
MRJSVQEXMSR�XS�XLI�ETTVSTVMEXI�QIHME�WIVZMGI��SR�XLI�2IX;SVOIV�WIVZIV�

8LI�QIHME�WIVZMGI��RWVQQH�

w 7IRHW�E�QIWWEKI�XS�XLI�2IX;SVOIV�WIVZIV�GSRWSPI��VIUYIWXMRK�E�QSYRX�SJ�
XLI�QIHME�EWWMKRIH�XS�XLI�ZSPYQI�TSSP�MRHMGEXIH�F]�RWVH

w ;VMXIW�XLI�HEXE�WIRX�F]�WEZI�XS�WXSVEKI�QIHME

w *SV[EVHW�WXSVEKI�MRJSVQEXMSR�XS�RWVQQHFH�JSV�VIGSVHMRK�MR�XLI�
2IX;SVOIV�WIVZIV
W�QIHME�HEXEFEWI

%R]�XMQI�XLIVI�MW�E�PYPP�MR�WEZI�WIX�EGXMZMX]�JVSQ�XLI�GPMIRX��XLI�2IX;SVOIV�
WIVZIV�EXXIQTXW�XS�JMRH�ERSXLIV�WEZI�WIX�MR�XLI�KVSYT�XS�OIIT�XLI�TVSGIWW�
QSZMRK��8LI�WEZIKVT�TVSKVEQ�EXXIQTXW�XS�GSRGYVVIRXP]�FEGO�YT�EW�QER]�WEZI�
WIXW�EW�TSWWMFPI��YT�XS�XLI�PMQMX�WIX�F]�XLI�TEVEPPIPMWQ�EXXVMFYXI�MR�XLI�
2IX;SVOIV�WIVZIV
W�GSRJMKYVEXMSR��XS�YXMPM^I�XLI�FEGOYT�HIZMGIW�XS�XLIMV�
QE\MQYQ�TSXIRXMEP��

8LI�WEZIKVT�TVSKVEQ�VITIEXW�XLI�TVSGIWW�JSV�IEGL�MXIQ�SR�XLI�WIVZIV
W�[SVO�
PMWX�YRXMP�EPP�GPMIRXW�MR�XLI�KVSYT�EVI�FEGOIH�YT��&IJSVI�XLI�WEZIKVT�TVSKVEQ�
JMRMWLIW��MJ�XLI�2IX;SVOIV�WIVZIV�MW�TEVX�SJ�XLI�KVSYT�FEGOMRK�YT�SV�XLI�WIVZIV�
MW�RSX�TEVX�SJ�ER]�IREFPIH�KVSYT��XLI�2IX;SVOIV�WIVZIV
W�FSSXWXVET�JMPI�MW�
FEGOIH�YT��

-J�]SY�LEZI�WIX�YT�XLI�FSSXWXVET�RSXMJMGEXMSR�ERH�]SY�LEZI�MRWXEPPIH�ERH�
GSRJMKYVIH�8'4�-4�TVMRX�WIVZMGIW��E�FSSXWXVET�TVMRXSYX�MW�WIRX�XS�XLI�HIJEYPX�
TVMRXIV�GSRJMKYVIH�JSV�XLI�2IX;SVOIV�WIVZIV�EJXIV�XLI�FSSXWXVET�FEGOYT�
JMRMWLIW��/IIT�XLI�FSSXWXVET�TVMRXSYX�MR�E�WEJI�TPEGI�MR�GEWI�]SY�RIIH�XS�VIWXSVI�
XLI�2IX;SVOIV�WIVZIV�

3R�;MRHS[W�28�W]WXIQW��XLI�JMREP�VIWYPXW�SJ�XLI�WEZIKVT�I\IGYXMSR�EVI�
VIXYVRIH�XS�XLI�WIVZIV�ERH�ETTIRHIH�XS�XLI�\nsr\logs\savegrp.log�JMPI��3R�92-<�
W]WXIQW��XLI�VIWYPXW�EVI�ETTIRHIH�XS�XLI�/nsr/logs/savegrp.log�JMPI�
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How NetWorker Power Edition Works

2

*MKYVI���WLS[W�LS[�EPP�SJ�XLI�2IX;SVOIV�GPMIRX�ERH�WIVZIV�WIVZMGIW�ERH�
TVSKVEQW�MRXIVEGX�HYVMRK�E�WGLIHYPIH�WEZI�

Figure 5. How NetWorker Services and Programs Interact During a Scheduled Backup
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2

How NetWorker Recovers Data

;LIR�2IX;SVOIV�VIGIMZIW�E�VIGSZIV�VIUYIWX�JVSQ�E�GPMIRX��XLI�WIVZIV
W�RWVH�
QEWXIV�WIVZMGI�GSRXEGXW�XLI�WIVZIV
W�RWVQQH�QIHME�WIVZMGI��8LI�RWVQQH�
WIVZMGI�GSRXEGXW�XLI�WIVZIV
W�RWVQQHFH�QIHME�HEXEFEWI�WIVZMGI�XS�HIXIVQMRI�
[LMGL�QIHME�GSRXEMR�XLI�WEZI�WIX�VIUYIWXIH�F]�XLI�VIGSZIV�TVSKVEQ��%JXIV�
RWVQQH�JMRHW�XLI�WEZI�WIX�SR�QIHME��RWVQQH�MWWYIW�E�QSYRX�VIUYIWX��XLI�
QIHME�MW�TSWMXMSRIH�XS�XLI�FIKMRRMRK�SJ�XLI�WEZI�WIX��ERH�XLI�WEZI�WIX�WXSVIH�SR�
XLI�QSYRXIH�QIHME�MW�TEWWIH�XS�RWVQQH��8LI�QIHME�WIVZMGI�JSV[EVHW�XLI�WEZI�
WIX�XS�XLI�GPMIRX
W�VIGSZIV�TVSKVEQ��[LMGL�VIWXSVIW�XLI�HEXE�XS�XLI�GPMIRX
W�
JMPIW]WXIQ�

*MKYVI���WLS[W�LS[�XLI�2IX;SVOIV�WIVZIV�ERH�GPMIRX�WIVZMGIW�ERH�TVSKVEQW�
MRXIVEGX�[LMPI�VIGSZIVMRK�HEXE�XS�E�2IX;SVOIV�GPMIRX�

Figure 6. How NetWorker Services and Programs Interact During a Recover Session
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Chapter 3: Testing and Tuning Basics

-QTVSZMRK�XLI�TIVJSVQERGI�SJ�HEXE�WXSVEKI�QEREKIQIRX�MW�QSVI�ER�EVX�XLER�E�
WGMIRGI��-J�XLI�HEXE�WXSVEKI�QEREKIQIRX�TVSGIWW�MW�STIVEXMRK�ZIV]�TSSVP]�SV�
RSX�EX�EPP��XLI�GEYWI�GER�FI�XVEGIH�XS�E�WMRKPI�TVSFPIQ��-J�]SYV�WXSVEKI�
QEREKIQIRX�IRZMVSRQIRX�WIIQW�KIRIVEPP]�3/��FYX�MW�RSX�VIEGLMRK�XLI�
TIVJSVQERGI�PIZIPW�]SY�[ERX��]SY�QMKLX�RIIH�XS�MRZIWXMKEXI�ERH�XYRI�QYPXMTPI�
IPIQIRXW�MR�XLI�IRZMVSRQIRX�

8LMW�GLETXIV�MHIRXMJMIW�XLI�HMJJIVIRX�LEVH[EVI�ERH�WSJX[EVI�GSQTSRIRXW�XLEX�
QEOI�YT�]SYV�HEXE�WXSVEKI�QEREKIQIRX�IRZMVSRQIRX��HMWGYWWIW�XLIMV�MQTEGX�
SR�WXSVEKI�QEREKIQIRX�XEWOW��ERH�TVSZMHIW�KIRIVEP�KYMHIPMRIW�JSV�PSGEXMRK�
TVSFPIQW�ERH�WSPYXMSRW��8LI�X[S�WYFWIUYIRX�GLETXIVW�EHHVIWW�WTIGMJMG�
TIVJSVQERGI�XIWXW�ERH�JM\IW��TEVXMGYPEVP]�XLSWI�XLEX�TIVXEMR�XS�XLI�WTIGMJMG�
STIVEXMRK�W]WXIQ�SR�[LMGL�]SY�EVI�YWMRK�4S[IV�)HMXMSR�

Overview of Performance Testing and Tuning

8LI�FIRGLQEVO�XIWXW�YWIH�MR�XLI�GSQTYXIV�MRHYWXV]�EVI�HSRI�MR�GSRXVSPPIH�
IRZMVSRQIRXW��XS�WMQTPMJ]�EREP]WMW�ERH�WLS[�TVSHYGXW�EX�XLIMV�KVIEXIWX�
EHZERXEKI��;LIR�]SY�XIWX�XLI�TIVJSVQERGI�SJ�4S[IV�)HMXMSR�MR�]SYV�
IRZMVSRQIRX��]SY�QYWX�HIGMHI�LS[�GSRXVSPPIH�E�XIWX�XS�VYR��

8S�VYR�E�GSRXVSPPIH�XIWX��XYVR�SJJ�EPP�I\XVERISYW�TVSGIWWIW�XS�MWSPEXI�XLI�
TIVJSVQERGI�SJ�4S[IV�)HMXMSR��8LI�VIWYPXW�SJ�XLMW�X]TI�SJ�XIWX�WLS[�]SY�XLI�
STXMQEP�TIVJSVQERGI�SJ�4S[IV�)HMXMSR�[MXL�]SYV�GYVVIRX�LEVH[EVI�ERH�
WSJX[EVI�GSRJMKYVEXMSR�

8S�VYR�E�PIWW�GSRXVSPPIH�XIWX��HS�RSX�WLYX�HS[R�SXLIV�ETTPMGEXMSRW�ERH�RIX[SVO�
XVEJJMG��8LI�VIWYPXW�SJ�XLMW�X]TI�SJ�XIWX�WLS[�]SY�LS[�4S[IV�)HMXMSR�TIVJSVQW�
[LMPI�XLI�GSQTYXIV�MW�VYRRMRK�SXLIV�TVSKVEQW�ERH�TVSGIWWIW��
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Meeting Minimum System Requirements

3

-J�]SY�VYR�FSXL�E�GSRXVSPPIH�XIWX�ERH�E�XIWX�[MXL�RSVQEP�SV�WMQYPEXIH�PSEH��XLI�
HMJJIVIRGI�FIX[IIR�XLI�VIWYPXW�GER�LIPT�]SY�HIGMHI�LS[�XS�WGLIHYPI�]SYV�
FEGOYTW�ERH�[LIXLIV�XS�VYR�SXLIV�TVSKVEQW�SR�]SYV�4S[IV�)HMXMSR�WIVZIV�

8LI�XIWXW�MR�XLMW�ERH�XLI�JSPPS[MRK�GLETXIVW�JSPPS[�E�FEWMG�WXVEXIK]��

�� 1IEWYVI�XLI�GYVVIRX�TIVJSVQERGI�SJ�4S[IV�)HMXMSR�WIVZIV�

�� :MI[�XLI�VIWYPXW�XS�JMRH�E�FPSGOEKI�SV�PMQMXMRK�JEGXSV�

�� %HNYWX�XLI�LEVH[EVI�ERH�WSJX[EVI�XS�GSVVIGX�XLI�FPSGOEKI�

�� 1IEWYVI�XLI�TIVJSVQERGI�SJ�XLI�4S[IV�)HMXMSR�WIVZIV�

%PXLSYKL�XLIVI�[MPP�EP[E]W�FI�WSQI�FPSGOEKI�MR�E�W]WXIQ��]SY�GER�YWI�XLMW�
TVSGIWW�XS�IPMQMREXI�XLI�KVIEXIWX�SFWXEGPIW�XS�JEWX�FEGOYT�TIVJSVQERGI�

Meeting Minimum System Requirements

&IJSVI�MRWXEPPMRK�ERH�YWMRK�4S[IV�)HMXMSR�SV�SXLIV�WXSVEKI�QEREKIQIRX�
TVSHYGXW��VIEH�XLI�QMRMQYQ�W]WXIQ�VIUYMVIQIRXW�XS�IRWYVI�]SY�LEZI�
WYJJMGMIRX�GSQTYXIV�ERH�RIX[SVO�LEVH[EVI�MRWXEPPIH�XS�WYTTSVX�XLI�
ETTPMGEXMSR��

7]WXIQ�VIUYMVIQIRX�MRJSVQEXMSR�MW�YWYEPP]�PSGEXIH�MR�]SYV�2IX;SVOIV�
MRWXEPPEXMSR�HSGYQIRXEXMSR��*EMPMRK�XS�QIIX�XLI�W]WXIQ�VIUYMVIQIRXW��
TEVXMGYPEVP]�JSV�QIQSV]��JVII�WTEGI��ERH�'49�WTIIH��[MPP�LEZI�ER�SFZMSYW�ERH�
MQQIHMEXI�RIKEXMZI�MQTEGX�SR�]SYV�WXSVEKI�QEREKIQIRX�TVSGIWWIW�

Server Hardware

8LI�JSPPS[MRK�WIGXMSRW�EHHVIWW�HMJJIVIRX�LEVH[EVI�GSQTSRIRXW�SJ�XLI�4S[IV�
)HMXMSR�WIVZIV��MRGPYHMRK�TVSZMHMRK�XIWXW�SR�MQTVSZMRK�XLI�TIVJSVQERGI�SJ�
XLIWI�GSQTSRIRXW�

Physical Disks

8LI�TL]WMGEP�HMWOW�MR�E�GSQTYXIV�W]WXIQ�EVI�MR�GSRWXERX�QSXMSR��VIEHMRK�ERH�
[VMXMRK�HEXE�JSV�WXSVEKI�ERH�VIGSZIV]�ERH�JSV�QEMRXEMRMRK�XLI�GPMIRX�JMPI�
MRHI\IW�ERH�QIHME�HEXEFEWI��4VSFPIQW�[MXL�XLI�HMWOW�GER�RIKEXMZIP]�EJJIGX�
IZIV]�PIZIP�SJ�TIVJSVQERGI�[MXLMR�]SYV�WXSVEKI�QEREKIQIRX�IRZMVSRQIRX�

8LI�X]TI�SJ�HEXE�]SY�FEGO�YT�ERH�LS[�MX�MW�PEMH�SYX�SR�HMWO�GER�GEYWI�FEGOYT�
TIVJSVQERGI�XS�ZEV]��-J�]SY�LEZI�PEVKI�JMPIW�XLEX�EVI�JVEKQIRXIH��SV�MJ�]SY�LEZI�
QER]�WQEPP�JMPIW��XLI�HMWO�TIVJSVQERGI�WYJJIVW�FIGEYWI�XLI�HMWO�LIEH�LEW�XS�
QSZI�XS�KS�JVSQ�SRI�JVEKQIRX�SV�JMPI�XS�ERSXLIV��&EGOYT�MW�QSWX�IJJMGMIRX�JSV�
PEVKI�JMPIW�[MXL�QMRMQEP�JVEKQIRXEXMSR�
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-J�XLI�HEXE�MW�GSQTVIWWIH�SR�XLI�HMWO��XLI�STIVEXMRK�W]WXIQ�SV�ETTPMGEXMSR�LEW�
XS�HIGSQTVIWW�XLI�HEXE�FIJSVI�XVERWJIVVMRK�MX�JSV�FEGOYT��8LI�'49�WTIRHW�
G]GPIW�XS�HIGSQTVIWW�XLI�JMPIW��ERH�XLI�HMWO�GER�VEVIP]�KS�EX�MXW�QE\MQYQ�
WTIIH�

Disk Read Speed Testing Methods

*SPPS[�XLIWI�KYMHIPMRIW�XS�HIXIVQMRI�XLI�VIEH�WTIIH�SJ�]SYV�HMWOW�

w 8IWX�XLI�VIEH�WTIIH�SJ�IEGL�MRHMZMHYEP�HMWO��[MXLSYX�2IX;SVOIV�VYRRMRK�

w 8IWX�XLI�VIEH�WTIIH�SJ�EPP�HMWOW��[MXLSYX�2IX;SVOIV�VYRRMRK�

w 8IWX�XLI�VIEH�WTIIH�SJ�IEGL�MRHMZMHYEP�HMWO��[LMPI�2IX;SVOIV�MW�VYRRMRK�

w 8IWX�XLI�VIEH�WTIIH�SJ�EPP�HMWOW��[LMPI�2IX;SVOIV�MW�VYRRMRK�

=SY�GER�YWI�XLI�2IX;SVOIV�YEWQ�QSHYPI��[LMGL�WEZIW�ERH�VIGSZIVW�
JMPIW]WXIQ�HEXE��XS�XIWX�LS[�JEWX�]SYV�W]WXIQ�GER�VIEH�JVSQ�]SYV�HMWO�

8LI�W]RXE\�MW�EW�JSPPS[W�

uasm -s [-benov] [-ix] [-t time] [-f proto] [-p ppath] path

uasm -r [-dnv] [-i {nNyYrR}] [-m src = dst] [-z suffix] 
path

uasm -c [-nv] path

*SV�I\EQTPI��IRXIV�XLI�JSPPS[MRK�GSQQERH�EX�XLI�GSQQERH�TVSQTX�

uasm -s filename > NUL

8LI�YEWQ�QSHYPI�VIEHW�JVSQ�XLI�HMWO�EX�XLI�QE\MQYQ�WTIIH��-R�XLMW�I\EQTPI��
XLI�HEXE�MW�[VMXXIR�XS�E�RYPP�PSGEXMSR�WS�XLI�HMWO�VIEH�MW�RSX�WPS[IH�HS[R�XS�
EPPS[�XMQI�JSV�[VMXMRK��

8LI YEWQ�QSHYPI�LEW�XLVII�QSHIW��WEZI��VIGSZIV��ERH�GSQTEVI�

w -R�WEZI�QSHI��YEWQ�[EPOW�HMVIGXSV]�XVIIW�ERH�KIRIVEXIW�E�WEZI�WXVIEQ�SR�
MXW�WXHSYX�VITVIWIRXMRK�XLI�JMPIW�ERH�SVKERM^EXMSR�SJ�XLI�HMVIGXSV]�XVII��
7]QFSPMG�PMROW�EVI�RIZIV�JSPPS[IH�F]�ETTPMGEXMSR�WTIGMJMG�QSHYPIW�
�%71W���I\GITX�rawasm��

w -R�VIGSZIV�QSHI��YEWQ VIEHW�E�WEZI�WXVIEQ�JVSQ�MXW�WXHMR�ERH�GVIEXIW�XLI�
GSVVIWTSRHMRK�HMVIGXSVMIW�ERH�JMPIW��

w -R�GSQTEVI�QSHI��YEWQ�VIEHW�E�WEZI�WXVIEQ�JVSQ�MXW�WXHMR�ERH�GSQTEVIW�
XLI�WEZI�WXVIEQ�[MXL�XLI�JMPIW�EPVIEH]�SR�XLI�JMPIW]WXIQ�

-R�WEZI�QSHI��YEWQ GER�FI�GSRXVSPPIH�F]�HMVIGXMZI�JMPIW��(MVIGXMZI�JMPIW�GSRXVSP�
LS[�HIWGIRHIRX�HMVIGXSVMIW�EVI�WIEVGLIH��[LMGL�JMPIW�EVI�MKRSVIH��LS[�XLI�WEZI�
WXVIEQ�MW�KIRIVEXIH��ERH�LS[�XS�TVSGIWW�WYFWIUYIRX�HMVIGXMZI�JMPIW�
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%PP�%71W�EGGITX�XLI�STXMSRW�HIWGVMFIH�FIPS[��8LIWI�STXMSRW�EVI�KIRIVEPP]�
VIJIVVIH�XS�EW�XLI�lWXERHEVH�EWQ�EVKYQIRXW�z�%71W�GER�EPWS�LEZI�EHHMXMSREP�
STXMSRW��%�TEVXMGYPEV�%71
W�EHHMXMSREP�STXMSRW�EVI�MR�GETMXEP�PIXXIVW�

)MXLIV�-s��WEZI���-r��VIGSZIV��SV -c��GSQTEVI��QSHI�QYWX�FI�WTIGMJMIH�ERH�QYWX�
TVIGIHI�ER]�SXLIV�STXMSRW��;LIR�WEZMRK��EX�PIEWX�SRI�TEXL�EVKYQIRX�QYWX�FI�
WTIGMJMIH��8LI�TEXL�EVKYQIRX�GER�FI�IMXLIV�E�HMVIGXSV]�SV�E�JMPIREQI�

Options Valid for All Modes of uasm

w 9WI�XLI�-R�STXMSR�XS�TIVJSVQ�E�HV]�VYR��;LIR�WEZMRK��[EPO�XLI�JMPIW]WXIQ�
FYX�HS�RSX�EXXIQTX�XS�STIR�JMPIW�ERH�TVSHYGI�XLI�WEZI�WXVIEQ��;LIR�
VIGSZIVMRK�SV�GSQTEVMRK��GSRWYQI�XLI�MRTYX�WEZI�WXVIEQ�ERH�HS�FEWMG�
GLIGOW��FYX�HS�RSX�EGXYEPP]�GVIEXI�ER]�HMVIGXSVMIW�SV�JMPIW�[LIR�VIGSZIVMRK�
SV�HS�XLI�[SVO�SJ�GSQTEVMRK�XLI�EGXYEP�JMPI�HEXE�

w 9WI�XLI -v STXMSR�XS�XYVR�SR�ZIVFSWI�QSHI��8LI�GYVVIRX�%71��MXW�
EVKYQIRXW��ERH�XLI�JMPI�MX�MW�TVSGIWWMRK�EVI�HMWTPE]IH��;LIR�E�JMPXIVMRK�
%71�STIVEXMRK�MR�JMPXIVMRK�QSHI��XLEX�MW��TVSGIWWMRK�ERSXLIV�%71
W�WEZI�
WXVIEQ��QSHMJMIW�XLI�WXVIEQ��MXW�REQI��EVKYQIRXW��ERH�XLI�GYVVIRX�JMPI�EVI�
HMWTPE]IH�[MXLMR�WUYEVI�FVEGOIXW�

Options for Save Mode

w 9WI�XLI�-F�STXMSR�XS�TVSHYGI�E�F]XI�GSYRX��8LMW�STXMSR�MW�PMOI�XLI�-R�
STXMSR��FYX�F]XI�GSYRX�QSHI�IWXMQEXIW�XLI�EQSYRX�SJ�HEXE�XS�FI�
TVSHYGIH��MRWXIEH�SJ�EGXYEPP]�VIEHMRK�JMPI�HEXE��WS�XLMW�STXMSR�MW�JEWXIV�FYX�
PIWW�EGGYVEXI�XLER�XLI -R�STXMSR��&]XI�GSYRX�QSHI�TVSHYGIW�XLVII�
RYQFIVW��XLI�RYQFIV�SJ�VIGSVHW��JMPIW�ERH�HMVIGXSVMIW���XLI�RYQFIV�SJ�
F]XIW�SJ�LIEHIV�MRJSVQEXMSR��ERH�XLI�ETTVS\MQEXI�RYQFIV�SJ�F]XIW�SJ�JMPI�
HEXE��&]XI�GSYRX�QSHI�HSIW�RSX�TVSHYGI�E�WEZI�WXVIEQ��WS�MXW�SYXTYX�
GERRSX�FI�YWIH�EW�MRTYX�XS�ERSXLIV�%71�MR�VIGSZIV�QSHI�

w 9WI�XLI�-o�STXMSR�XS�TVSHYGI�ER�lSPH�WX]PIz�WEZI�WXVIEQ�XLEX�GER�FI�
LERHPIH�F]�SPHIV�2IX;SVOIV�WIVZIVW�

w (S�RSX�WTIGMJ]�XLI�-I�STXMSR��FIGEYWI�YEWQ�HSIW�RSX�KIRIVEXI�XLI�JMREP�
lIRH�SJ�WEZI�WXVIEQz�FSSPIER��8LMW�STXMSR�WLSYPH�FI�YWIH�SRP]�[LIR�ER�
%71�MRZSOIW�ER�I\XIVREP�%71�ERH�[LIR�ER�STXMQM^EXMSR�GLSSWIW�RSX�XS�
GSRWYQI�XLI�KIRIVEXIH�WEZI�WXVIEQ�MXWIPJ�

w 9WI�XLI�-M STXMSR�XS�MKRSVI�EPP�WEZI�HMVIGXMZIW�JVSQ�.nsr�HMVIGXMZI�JMPIW�
JSYRH�MR�XLI�HMVIGXSV]�XVII�

w 9WI�XLI�-J proto�STXMSR�XS�WTIGMJ]�XLI�PSGEXMSR�SJ�E�.nsr�HMVIGXMZI�JMPI�XS�
MRXIVTVIX�FIJSVI�TVSGIWWMRK�ER]�JMPIW��;MXLMR�XLI�HMVIGXMZI�JMPI�WTIGMJMIH�F]�
proto��  TEXL""�HMVIGXMZIW�QYWX�VIWSPZI�XS�JMPIW�[MXLMR�XLI�HMVIGXSV]�XVII�
FIMRK�TVSGIWWIH��SXLIV[MWI�XLIMV�WYFWIUYIRX�HMVIGXMZIW�[MPP�FI�MKRSVIH�
30



Chapter 3: Testing and Tuning Basics

3

w 9WI�XLI��T�STXMSR�XS�WTIGMJ]�  TEXL""�[MXL�TTEXL��;LIR�]SY�WTIGMJ]�-T 
TTEXL, XLMW�WXVMRK�MW�EHHIH�XS�XLI�FIKMRRMRK�SJ�IEGL�JMPI
W�REQI�EW�MX�MW�
SYXTYX����8LMW�EVKYQIRX�MW�YWIH�MRXIVREPP]�[LIR�SRI�%71�I\IG
W�ERSXLIV�
I\XIVREP�%71��8LI�TEXL�]SY�IRXIV�JSV�TTEXL�QYWX�FI�E�TVSTIVP]�JSVQEXXIH�
TEXL�XLEX�MW�IMXLIV�XLI�GYVVIRX�[SVOMRK�HMVIGXSV]�SV�E�XVEMPMRK�GSQTSRIRX�
SJ�XLI�GYVVIRX�[SVOMRK�HMVIGXSV]�

w 7TIGMJ]�E�HEXI�[MXL�-X�HEXI�XS�WIX�XLI�HEXI�EJXIV�[LMGL�JMPIW�QYWX�LEZI�FIIR�
QSHMJMIH�FIJSVI�XLI]�EVI�WEZIH�

w 7TIGMJ]�-\�XS�GVSWW�JMPIW]WXIQ�FSYRHEVMIW��2SVQEPP]��JMPIW]WXIQ�
FSYRHEVMIW�EVI�RSX�GVSWWIH�HYVMRK�[EPOMRK��7]QFSPMG�PMROW�EVI�RIZIV�
JSPPS[IH��I\GITX�MR�XLI�GEWI�SJ�VE[EWQ�

Options for Recover Mode

w 7TIGMJ]�-i {R2]=V6}�XS�HIJMRI�XLI�MRMXMEP�HIJEYPX�SZIV[VMXI�VIWTSRWI�
STXMSR��3RP]�SRI�PIXXIV�MW�EPPS[IH��;LIR�XLI�REQI�SJ�XLI�JMPI�FIMRK�
VIGSZIVIH�GSRJPMGXW�[MXL�ER�I\MWXMRK�JMPI��XLI�YWIV�MW�TVSQTXIH�JSV�
SZIV[VMXI�TIVQMWWMSR��8LI�HIJEYPX�VIWTSRWI�STXMSR��WIPIGXIH�F]�TVIWWMRK�
?6IXYVRA��MW�HMWTPE]IH�[MXLMR�WUYEVI�FVEGOIXW�

9RPIWW�SXLIV[MWI�WTIGMJMIH�[MXL�XLI�- M�STXMSR� R�MW�XLI�MRMXMEP�HIJEYPX�
SZIV[VMXI�VIWTSRWI�STXMSR��)EGL�XMQI�E�VIWTSRWI�STXMSR�SXLIV�XLER�XLI�
HIJEYPX�MW�WTIGMJMIH��XLI�RI[�VIWTSRWI�STXMSR�FIGSQIW�XLI�HIJEYPX�

;LIR�]SY�WTIGMJ]�IMXLIV�2��6��SV�=��]SY�EVI�TVSQTXIH�SRP]�[LIR�
2IX;SVOIV�GERRSX�EYXS�VIREQI�E�JMPI�XLEX�EPVIEH]�IRHW�[MXL�XLI�VIREQI�
WYJJM\��ERH�IEGL�WYFWIUYIRX�GSRJPMGX�MW�VIWSPZIH�EW�MJ�XLI�GSVVIWTSRHMRK�
PS[IV�GEWI�PIXXIV�LEH�FIIR�WIPIGXIH�

8EFPI���PMWXW�XLI�SZIV[VMXI�VIWTSRWI�STXMSRW�ERH�XLIMV�QIERMRKW��
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w 9WI�XLI�-Q src!dst�STXMSR�XS�QET�XLI�JMPIREQIW�XS�FI�GVIEXIH��%R]�JMPIW�
XLEX�WXEVX�I\EGXP]�[MXL�WVG�EVI�QETTIH�XS�LEZI�XLI�TEXL�SJ�dst�VITPEGMRK�XLI�
PIEHMRK�src�GSQTSRIRX�SJ�XLI�TEXLREQI��8LMW�STXMSR�MW�YWIJYP�MJ�]SY�[ERX�
XS�TIVJSVQ�VIPSGEXMSR�SJ�XLI�VIGSZIVIH�JMPIW�XLEX�[IVI�WEZIH�YWMRK�
EFWSPYXI�TEXLREQIW�MRXS�ER�EPXIVREXI�HMVIGXSV]��JSV�I\EQTPI��
-Q c:\win32app=.��

w )RXIV�-z�suffix XS�WTIGMJ]�XLI�WYJJM\�XS�ETTIRH�[LIR�VIREQMRK�GSRJPMGXMRK�
JMPIW��8LI�HIJEYPX�WYJJM\�MW R�

Disk Performance Tuning Methods

-J�]SY�JMRH�E�TIVJSVQERGI�FPSGOEKI�MR�]SYV�HMWO�W]WXIQ��]SY�GER�QEOI�XLI�
JSPPS[MRK�GLERKIW�XS�MQTVSZI�TIVJSVQERGI�

w (IJVEKQIRX�JMPIW�XS�VIHYGI�XLI�RYQFIV�SJ�HMWO�WIIOW�

w 9WI�PEVKIV�JMPIW�SV�JI[IV�JMPIW�XS�VIHYGI�XLI�RYQFIV�SJ�HMWO�WIIOW�

w 'LERKI�XS�E�JEWXIV�7'7-�EHETXIV��[MXL�W]RGLVSRSYW�-�3�WYTTSVX�ERH�FYW�
QEWXIVMRK�

w 9WI�WXVMTI�WIXW�SR�QYPXMTPI�HMWOW�XS�EGGSQQSHEXI�PEVKI�JMPIW�ERH�
HEXEFEWIW��WS�XLI�TL]WMGEP�HMWOW�GER�[SVO�MR�TEVEPPIP�XS�VIEH�HEXE�

w 7TVIEH�HMWO�MRXIRWMZI�TVSKVEQW�SRXS�HMJJIVIRX�WIVZIVW�

w 4YVGLEWI�HMWOW�[MXL�LMKLIV�XVERWJIV�VEXIW��

Table 6. Overwrite Response Options

 Option Meaning

R (S�RSX�VIGSZIV�XLI�GYVVIRX�JMPI�

2 (S�RSX�VIGSZIV�ER]�JMPIW�[MXL�GSRJPMGXMRK�REQIW�

] 3ZIV[VMXI�XLI�I\MWXMRK�JMPI�[MXL�XLI�VIGSZIVIH�JMPI�

= 3ZIV[VMXI�EPP�JMPIW�[MXL�GSRJPMGXMRK�REQIW�

V 6IREQI�XLI�GSRJPMGXMRK�JMPI��%�HSX��l�z��ERH�E�WYJJM\��F]�HIJEYPX�l6z��EVI�
ETTIRHIH�XS�XLI�VIGSZIVIH�JMPI
W�REQI��-J�E�GSRJPMGX�WXMPP�I\MWXW��2IX;SVOIV�
TVSQTXW�]SY�EKEMR�

6 %YXSQEXMGEPP]�VIREQIW�GSRJPMGXMRK�JMPIW�F]�ETTIRHMRK�E�HSX��l�z��ERH�E�WYJJM\��-J�E�
GSRJPMGXMRK�JMPIREQI�EPVIEH]�IRHW�MR�E�l�z�WYJJM\��2IX;SVOIV�TVSQTXW�]SY�XS�
EZSMH�TSXIRXMEP�EYXS�VIREQI�PSSTMRK�GSRHMXMSRW�
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Memory

)EGL�FEGOYT�WIWWMSR�VIUYMVIW�'49�ERH�QIQSV]�VIWSYVGIW�SR�]SYV�4S[IV�
)HMXMSR�WIVZIV��-J�SXLIV�ETTPMGEXMSRW�EVI�VYRRMRK�GSRGYVVIRXP]�[MXL�XLI�FEGOYT��
XLI]�MQTSWI�ER�EHHMXMSREP�PSEH�SR�XLI�W]WXIQ��,IEZ]�W[ETTMRK�SV�TEKMRK�
EGXMZMXMIW�MRHMGEXI�XLEX�XLI�WIVZIV�MW�'49��SV�QIQSV]�FSYRH�

%�4S[IV�)HMXMSR�WIVZIV�SV�WXSVEKI�RSHI�GSQTYXIV�GER�RIZIV�LEZI�XSS�QYGL�
QIQSV]��(EXE�XVERWJIV�[MXLMR�QIQSV]�MW�QYGL�JEWXIV�XLER�SZIV�E�RIX[SVO��
1IQSV]�LSPHW�JVIUYIRXP]�YWIH�HEXE�WS�XLI�HMWO�HSIW�RSX�LEZI�XS�FI�VIEH�EW�
SJXIR��3TIR�ETTPMGEXMSRW��VYRRMRK�TVSGIWWIW��ERH�HMWO�GEGLI�EPP�YWI�QIQSV]��-J�
XLI�STIVEXMRK�W]WXIQ�MW�GETEFPI��HMWO�WXSVEKI�WTEGI�GER�FI�YWIH�EW�WMQYPEXIH�
QIQSV]��SJXIR�ORS[R�EW�ZMVXYEP�QIQSV]�

*SV�FIWX�VIWYPXW��MRWXEPP�XLI�QE\MQYQ�EQSYRX�SJ�QIQSV]�XLEX�]SYV�GSQTYXIVW�
[MPP�WYWXEMR��IWTIGMEPP]�JSV�]SYV�4S[IV�)HMXMSR�WIVZIV�ERH�WXSVEKI�RSHIW�

CPU

)EGL�FEGOYT�WIWWMSR�EPWS�VIUYMVIW�'49�ERH�QIQSV]�VIWSYVGIW�SR�]SYV�4S[IV�
)HMXMSR�WIVZIV��-J�SXLIV�ETTPMGEXMSRW�EVI�VYRRMRK�GSRGYVVIRXP]�[MXL�XLI�FEGOYT��
XLI]�MQTSWI�ER�EHHMXMSREP�PSEH�SR�XLI�W]WXIQ��,IEZ]�W[ETTMRK�SV�TEKMRK�
EGXMZMXMIW�EVI�MRHMGEXMZI�XLEX�XLI�WIVZIV�MW�'49��SV�QIQSV]�FSYRH�

8S�MRGVIEWI�'49�TIVJSVQERGI�ERH�FERH[MHXL��YTKVEHI�XS�E�JEWXIV�'49�SV�EHH�
EHHMXMSREP�'49W�MJ�]SYV�4S[IV�)HMXMSR�WIVZIV�WYTTSVXW�QYPXMTPI�TVSGIWWSVW��
=SY�GER�EPWS�WLYX�HS[R�SXLIV�TVSGIWWIW�HYVMRK�FEGOYT�XMQI�XS�WII�MJ�XLEX�
VIHYGIW�XLI�TVSGIWWSV�PSEH�ERH�MQTVSZIW�FEGOYT�TIVJSVQERGI��

7MQMPEVP]��]SY�WLSYPH�EP[E]W�WIX�WGLIHYPIH�FEGOYTW�JSV�PS[�XVEJJMG�TIVMSHW�XS�
EZSMH�TIVJSVQERGI�HIKVEHEXMSR�SV�I\GIWWMZI�RIX[SVO�XVEJJMG��8LI�HIJEYPX�
2IX;SVOIV�FEGOYT�WXEVX�XMQI�MW������E�Q�

=SYV�GSQTYXIV
W�STIVEXMRK�W]WXIQ�QMKLX�GSRXEMR�ZEVMSYW�YXMPMXMIW�JSV�XIWXMRK�
ERH�XYRMRK�'49�WTIIH��%HHMXMSREPP]��]SY�GER�GLIGO�XLI�'49�YXMPM^EXMSR�SJ�
IEGL�2IX;SVOIV�JYRGXMSR��8LI�TVSGIWWIW�MRZSPZIH�MR�E�4S[IV�)HMXMSR�FEGOYT�
EVI�XLI�JSPPS[MRK�

w 2IX;SVOIV�WIVZMGIW

r RWVI\IGH

r RWVH

r RWVQQH

r RWVQQHFH

r RWVMRHI\H

w WEZI��XLI�2IX;SVOIV�FEGOYT�TVSKVEQ
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w %TTPMGEXMSR�WTIGMJMG�WIVZMGIW��WYGL�EW�JSV�E�HEXEFEWI�WIVZIV

=SY�GER�YWI�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV�XS�QIEWYVI�ERH�VIGSVH�
'49�WTIIH�JSV�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV��7II�
l8IWX�'49�4IVJSVQERGIz�SR�TEKI ���

Server Input/Output

8LI�JSPPS[MRK�TIVJSVQERGI�ZEVMEFPIW�VIPEXI�XS�XLI�MRTYX�SYXTYX��-�3��
XLVSYKLTYX�SR�]SYV�4S[IV�)HMXMSR�WIVZIV�

Input/Output Backplane 

3R�E�[IPP�GSRJMKYVIH�4S[IV�)HMXMSR�WIVZIV��XLI�QE\MQYQ�HEXE�XVERWJIV�VEXI�SJ�
XLI�WIVZIVkW�-�3�FEGOTPERI�MW�XLI�PMQMXMRK�JEGXSV�JSV�FEGOYT�XLVSYKLTYX��8LI�
XLISVIXMGEP�FEGOYT�XLVSYKLTYX�PMQMXEXMSR�MW�XLI�JSPPS[MRK�JSVQYPE��

&EGOYT�XLVSYKLTYX�!�1E\MQYQ�-�3�XLVSYKLTYX��

%X�QMRMQYQ��4S[IV�)HMXMSR�VIUYMVIW�X[S�-�3�XVERWEGXMSRW�TIV�HEXE�FPSGO�

w %�VIEH�JVSQ�XLI�HMWO�XS�QIQSV]

w %�[VMXI�JVSQ�QIQSV]�XS�QIHME

SCSI I/O Bandwidth 

7'7-�FYW�TIVJSVQERGI�HITIRHW�SR�XLI�XIGLRSPSK]�HITPS]IH��7SQI�
WTIGMJMGEXMSRW�JSV�HMJJIVIRX�X]TIW�SJ�7'7-�XIGLRSPSK]�EVI�

w 7'7-���WMRKPI�IRHIH�����1&�WIG

w *;(��JEWX�[MHI�HMJJIVIRXMEP������1&�WIG

w 9PXVE7'7-�����1&�WIG

w *MFVI

2SXI��LS[IZIV��XLI�JSPPS[MRK��

w 8LI�VEXIH�WTIIHW�SJ�7'7-�FYWIW�EVI�HIJMRIH�EX�FIWX�GEWI�

w 8LI�WIPIGXMSR�SJ�9PXVE7'7-�GSQTEXMFPI�HIZMGIW�MW�GYVVIRXP]�PMQMXIH�
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Power Edition Settings

4S[IV�)HMXMSR�LEW�WIZIVEP�EXXVMFYXIW�XLEX�GSRXVSP�XLI�WTIIH�ERH�ZSPYQI�SJ�HEXE�
FIMRK�FEGOIH�YT��=SY�GER�EHNYWX�XLIWI�EXXVMFYXI
W�WIXXMRKW�XS�QSHMJ]�FEGOYT�
PIZIPW�XS�EXXEMR�XLI�FIWX�TIVJSVQERGI�SR�]SYV�4S[IV�)HMXMSR�WIVZIV�

8LI�JSPPS[MRK�WIGXMSRW�EHHVIWW�XLI�ZEVMSYW�4S[IV�)HMXMSR�WIXXMRKW�MR�TVMRGMTPI��
&IGEYWI�XLIWI�EXXVMFYXIW�ETTIEV�MR�HMJJIVIRX�PSGEXMSRW�MR�XLI�;MRHS[W�28�ERH�
92-<�ZIVWMSRW�SJ�4S[IV�)HMXMSR��PSSO�MR�XLI�WYFWIUYIRX�GLETXIVW�JSV�WTIGMJMG�
MRWXVYGXMSRW�SR�LS[�XS�EGGIWW�XLIWI�WIXXMRKW�FEWIH�SR�XLI�WIVZIV�TPEXJSVQ�

Server Parallelism

8LI�WIVZIV�TEVEPPIPMWQ�EXXVMFYXI�GSRXVSPW�LS[�QER]�WEZIWXVIEQW�XLI�WIVZIV�
EGGITXW�EX�XLI�WEQI�XMQI��8LI�QSVI�WEZIWXVIEQW�XLI�WIVZIV�GER�EGGITX��XLI�
JEWXIV�XLI�HIZMGIW�ERH�GPMIRXW
�HMWOW�VYR��YT�XS�XLI�PMQMX�SJ�XLIMV�TIVJSVQERGI�SV�
XLI�PMQMXW�SJ�XLI�GSRRIGXMSRW�FIX[IIR�XLIQ�

Client Parallelism

8LI�GPMIRX�TEVEPPIPMWQ�EXXVMFYXI�GSRXVSPW�LS[�QER]�WEZIWXVIEQW�E�GPMIRX�GER�
WIRH�EX�XLI�WEQI�XMQI��8S�EZSMH�HMWO�GSRXIRXMSR��HS�RSX�WIX�E�ZEPYI�JSV�GPMIRX�
TEVEPPIPMWQ�XLEX�MW�LMKLIV�XLER�XLI�RYQFIV�SJ�TL]WMGEP�HMWOW�SR�XLI�GPMIRX�

Multiplexing

8LI�XEVKIX�WIWWMSRW�EXXVMFYXI�WIXW�XLI�XEVKIX�RYQFIV�SJ�WEZIWXVIEQW�XS�[VMXI�XS�
E�HIZMGI�EX�XLI�WEQI�XMQI��&IGEYWI�XLMW�ZEPYI�MW�RSX�E�PMQMX��E�HIZMGI�QMKLX�
VIGIMZI�QSVI�WIWWMSRW�XLER�XLI�XEVKIX�WIWWMSRW�EXXVMFYXI�WTIGMJMIW��8LI�PEVKIV�XLI�
RYQFIV�SJ�WIWWMSRW�]SY�WTIGMJ]�JSV�XEVKIX�WIWWMSRW��XLI�QSVI�WEZI�WIXW�EVI�
QYPXMTPI\IH��SV�MRXIVPIEZIH��SRXS�XLI�WEQI�ZSPYQI�

7SQI�TIVJSVQERGI�XIWXMRK�ERH�IZEPYEXMSR�MW�LIPTJYP�MR�HIGMHMRK�[LIXLIV�
QYPXMTPI\MRK�MW�ETTVSTVMEXI�JSV�]SYV�W]WXIQ��*SPPS[�XLIWI�KYMHIPMRIW�[LIR�
IZEPYEXMRK�XLI�YWI�SJ�QYPXMTPI\MRK�

w *MRH�XLI�FEGOYT�VEXI�SJ�IEGL�HMWO�SR�XLI�GPMIRX��9WI�XLI�uasm�XIWX�
HIWGVMFIH�MR�l(MWO�6IEH�7TIIH�8IWXMRK�1IXLSHWz�SR�TEKI ���

w *MRH�XLI�QE\MQYQ�VEXI�SJ�IEGL�HIZMGI��9WI�XLI�bigasm�XIWX�HIWGVMFIH�MR�
l(IZMGI�4IVJSVQERGI�;LMPI�6YRRMRK�2IX;SVOIVz�SR�TEKI ���

-J�XLI�WYQ�SJ�XLI�FEGOYT�VEXIW�JVSQ�EPP�HMWOW�MRZSPZIH�MR�E�FEGOYT�MW�KVIEXIV�
XLER�XLI�QE\MQYQ�VEXI�SJ�XLI�HIZMGI��HS�RSX�MRGVIEWI�WIVZIV�TEVEPPIPMWQ��-J�]SY�
QYPXMTPI\�QSVI�WEZI�KVSYTW�MR�XLMW�GEWI��FEGOYT�TIVJSVQERGI�HSIW�RSX�
MQTVSZI��ERH�VIGSZIV�TIVJSVQERGI�GSYPH�WPS[�HS[R��
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Immediate Save and Immediate Recover

8LI�4S[IV�)HMXMSR�WIVZIV�WIPIGXW�MQQIHMEXI�WEZI�XIGLRSPSK]�EYXSQEXMGEPP]�JSV�
PSGEP�FEGOYT�ERH�VIGSZIV�STIVEXMSRW��8LIVI�EVI�RS�WIXXMRKW�XS�EHNYWX�JSV�
MQQIHMEXI�WEZI�SV�MQQIHMEXI�VIGSZIV�

8S�ZIVMJ]�XLEX�XLI�MQQIHMEXI�WEZI�JYRGXMSR�MW�[SVOMRK�[LIR�]SY�I\TIGX��VYR�E�
PSGEP�FEGOYT�MR�HIFYK�QSHI��ERH�PSSO�EX�XLI�SYXTYX�JSV�YWMRK�MQQIHMEXI�WEZI�

*SV�I\EQTPI��SR�E�;MRHS[W�28�GSQTYXIV�REQIH�QEVW��]SY�[SYPH�IRXIV�XLI�
JSPPS[MRK�GSQQERH�EX�XLI�TVSQTX�

save -D 1 -s mars c:\autoexec.bat

8LI�SYXTYX�MW�[SYPH�FI�EW�JSPPS[W�

save: using `C:\AUTOEXEC.BAT’ for `c:\autoexec.bat’

save: ssid 56420 using immediate save to `mars’

asm -s C:\AUTOEXEC.BAT

save: access(C:\nsr\debug\NSR_NTBUFFERED) sets 
NT_buffered to 0

asm -s C:\

save: mars.legato.com:C:\AUTOEXEC.BAT size 3 KB, 2 
file(s), took   0 min 2 sec

save: C:\AUTOEXEC.BAT 3 KB 00:00:09      2 files

save completion time:  7-24-97  5:25p

Power Edition Settings Performance Tuning Methods

,IVI�EVI�WSQI�QIEWYVIW�VIPEXIH�XS�4S[IV�)HMXMSR�WIXXMRKW�XLEX�GER�MQTVSZI�
]SYV�WIVZIV�TIVJSVQERGI�

w 7IX�XLI�WIVZIV�4EVEPPIPMWQ�ERH�8EVKIX�7IWWMSRW�EXXVMFYXIW�WS�XLEX�XLI�XSXEP�
SJ�XLI�TIVJSVQERGI�SJ�XLI�HMWO�HVMZIW�IUYEPW�XLI�XSXEP�TIVJSVQERGI�SJ�XLI�
XETI�HVMZIW��-J�]SY�WIX�XLI�4EVEPPIPMWQ�EXXVMFYXI�XS�E�LMKLIV�ZEPYI��XLIVI�MW�
RS�FIRIJMX��

8S�WIPIGX�XLI�VMKLX�ZEPYIW�JSV�XLI�4EVEPPIPMWQ�ERH�8EVKIX�7IWWMSRW�EXXVMFYXIW��
YWI�XLI�JSPPS[MRK�IUYEXMSR�

Parallelism = Number of Devices * Target Sessions

*SV�I\EQTPI��MJ�]SY�LEZI�XLVII�XETI�HVMZIW�EZEMPEFPI�JSV�FEGOYT��ERH�]SY�
[ERX�IEGL�XETI�HVMZI�XS�EGGITX�X[S�WEZIWXVIEQW��WIX�XLI�ZEPYI�SJ�WIVZIV�
TEVEPPIPMWQ�XS���ERH�XLI�ZEPYI�SJ�XEVKIX�WIWWMSRW�XS���
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w (IGVIEWI�XLI�WIVZIV�4EVEPPIPMWQ�ERH�8EVKIX�7IWWMSRW�EXXVMFYXIW�XS�YRPSEH�
ER�SZIV[SVOIH�4S[IV�)HMXMSR�WIVZIV��;MXL�XLI�GSVVIGX�WIXXMRKW��XLI�
GSQTYXIV
W�RSVQEP�STIVEXMSR�WLSYPH�RSX�FI�MRXIVVYTXIH�F]�FEGOYTW�SV�
SXLIV�4S[IV�)HMXMSR�EGXMZMXMIW��

w %HH�QSVI�QIQSV]�XS�LERHPI�E�LMKLIV�TEVEPPIPMWQ�WIXXMRK��

w -RGVIEWI�'49�TS[IV�F]�YTKVEHMRK�XLI�'49�SV�EHHMRK�EHHMXMSREP�'49W�XS�
XLI�WIVZIV��MJ�TSWWMFPI�

w 6IHYGI�WIVZIV�PSEH�F]�WTVIEHMRK�FEGOYTW�EGVSWW�QYPXMTPI�WIVZIVW�SV�
WXSVEKI�RSHIW�

w &EPERGI�XLI�RYQFIV�SJ�HMWOW�ERH�HIZMGIW��WS�XLI�FEGOYTW�JMRMWL�EX�EFSYX�
XLI�WEQI�XMQI��*SV�MRWXVYGXMSRW�SR�LS[�XS�GLERKI�XLIWI�WIXXMRKW��VIJIV�XS�
]SYV�%HQMRMWXVEXSV
W�+YMHI��

,IVI�EVI�WSQI�QIXLSHW�SJ�FEPERGMRK�XLI�[SVO�PSEH�SR�HMWOW�ERH�HIZMGIW�

r -R�KIRIVEP��WXEVX�FEGOYTW�JSV�XLI�WPS[IWX�SV�XLI�FMKKIWX�HMWO�ZSPYQIW�
JMVWX��FIGEYWI�SXLIV�HMWOW�GER�NSMR�MR�PEXIV�XS�QEXGL�XLI�QE\MQYQ�
FERH[MHXL�SJ�XLI�HIZMGI�

r 9WI�TSSPW�SJ�QIHME�XS�JSVGI�XLI�FMKKIV�ERH�JEWXIV�HMWO�ZSPYQIW�XS�
FEGO�YT�XS�JEWXIV�HIZMGIW�

r -J�]SY�LEZI�E�ZIV]�PEVKI�ERH�JEWX�HMWO�ZSPYQI�ERH�QER]�XETI�HVMZIW��
]SY�GER�QERYEPP]�HMZMHI�XLI�ZSPYQI�MRXS�WIZIVEP�WEZI�WIXW��WYGL�XLEX�
IEGL�SJ�XLIQ�GER�KS�XS�IEGL�XETI�HVMZI�MR�TEVEPPIP�

r &EPERGI�HEXE�PSEH�JSV�WMQYPXERISYW�WIWWMSRW�QSVI�IZIRP]�EGVSWW�
EZEMPEFPI�HIZMGIW�F]�EHNYWXMRK�XLI�8EVKIX�7IWWMSRW�EXXVMFYXI��8LMW�
TEVEQIXIV�WTIGMJMIW�XLI�QMRMQYQ�RYQFIV�SJ�WEZI�WIWWMSRW�XLEX�QYWX�
FI�IWXEFPMWLIH�FIJSVI�4S[IV�)HMXMSR�EXXIQTXW�XS�EWWMKR�WEZI�WIWWMSRW�
XS�ERSXLIV�HIZMGI��

w 8S�JYPP]�YWI�XLI�FERH[MHXL�SJ�E�LMKL�WTIIH�HIZMGI�[LIR�]SY�LEZI�QER]�
WPS[�GPMIRXW�SV�HMWOW��QYPXMTPI\�XLI�WEZI�WIXW�SR�QIHME��=SY�QE\MQM^I�XLI�
TIVJSVQERGI�SJ�]SYV�HIZMGIW�[LIR�XLI]�HS�RSX�LEZI�XS�WXEVX�ERH�WXST�XS�
[EMX�JSV�HEXE�

w 8S�MQTVSZI�VIGSZIV�TIVJSVQERGI��QYPXMTPI\�WEZI�WIXW�XLEX�]SY�[MPP�
VIGSZIV�XSKIXLIV�SRXS�XLI�WEQI�XETI��*SV�I\EQTPI��QYPXMTPI\�XLI�HMWOW�SJ�
XLI�WEQI�GSQTYXIV�SRXS�XLI�WEQI�QIHME��FIGEYWI�MX�MW�PMOIP]�XLEX�XLI�HEXE�
[SYPH�FI�VIGSZIVIH�EX�XLI�WEQI�XMQI�
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-R�GEWIW�[LIVI�]SY�FEGO�YT�HEXE�EGVSWW�E�RIX[SVO��XLI�JSPPS[MRK�WYKKIWXMSRW�
GER�EPWS�MQTVSZI�TIVJSVQERGI�

w -RGVIEWI�XLI�GPMIRX�TEVEPPIPMWQ�EXXVMFYXI��IWTIGMEPP]�JSV�GPMIRXW�[MXL�E�
PSKMGEP�ZSPYQI�QEREKIV�ERH�WIZIVEP�TL]WMGEP�HMWOW��8LI�FERH[MHXL�SJ�
]SYV�RIX[SVO�GSYPH�PMQMX�XLI�RYQFIV�SJ�WEZIWXVIEQW�]SY�GER�XVERWQMX�EX�
SRI�XMQI�

w 8S�VIHYGI�WIVZIV�PSEH��WTPMX�FEGOYTW�EGVSWW�QYPXMTPI�WIVZIVW�

w 8YVR�SR�HEXE�GSQTVIWWMSR�MR�XLI�2IX;SVOIV�GPMIRX�XS�MQTVSZI�IJJIGXMZI�
HEXE�XLVSYKLTYX�ERH�VIHYGI�RIX[SVO�XVEJJMG��

w 'SRJMKYVI�GPMIRXW�[MXL�LMKL�XVERWJIV�VEXI�VIUYMVIQIRXW�XS�LEZI�E�
TVIJIVIRGI�JSV�E�TEVXMGYPEV�FEGOYT�WIVZIV�SR�XLI�WEQI�WYFRIX��EZSMH�
VSYXIV�LSTW�FIX[IIR�XLI�2IX;SVOIV�WIVZIV�ERH�MXW�GPMIRXW��

Backup Devices

&EGOYT�HIZMGIW�EVI�YWIH�F]�4S[IV�)HMXMSR�ERH�SXLIV�WXSVEKI�QEREKIQIRX�
TVSHYGXW�XS�[VMXI�FEGOIH�YT�HEXE�XS�XLI�WXSVEKI�QIHME�ZSPYQI��ERH�JSV�
VIEHMRK�WEZIH�HEXE�JVSQ�XLI�WXSVEKI�QIHME�HYVMRK�VIGSZIVMIW��(IZMGIW�TEWW�
HEXE�XS�ERH�JVSQ�XLI�4S[IV�)HMXMSR�WIVZIV�MXWIPJ��SV�E�2IX;SVOIV�WXSVEKI�RSHI��
XLVSYKL�E�7'7-�GSRRIGXMSR��&EGOYT�HIZMGIW�GER�MRGPYHI�STXMGEP�HMWOW��ERH�MR�
QSWX�GEWIW��XETI�HVMZIW��;LIR�E�FEGOYT�HIZMGI�LEW�QYPXMTPI�HVMZIW��WYGL�EW�JSV�
EYXSGLERKIVW��IEGL�HVMZI�MW�GSRWMHIVIH�E�WITEVEXI�HIZMGI�

Device Write Performance Tuning Methods

-J�XLI�HMWO�VIEH�WTIIH�MW�RSXMGIEFP]�JEWXIV�XLER�XLI�HIZMGI
W�EFMPMX]�XS�[VMXI��XLEX�
QMKLX�MRHMGEXI�E�TVSFPIQ�[MXL�XLI�HIZMGI
W�[VMXI�TIVJSVQERGI��8S�FI�XLSVSYKL�
MR�IZEPYEXMRK�]SYV�HIZMGI
W�TIVJSVQERGI��JSPPS[�XLIWI�XIWXMRK�KYMHIPMRIW�

w 1IEWYVI�XLI�[VMXI�WTIIH�SJ�IEGL�MRHMZMHYEP�HIZMGI��[MXLSYX�2IX;SVOIV�

w 1IEWYVI�XLI�[VMXI�WTIIH�SJ�EPP�HIZMGIW��[MXLSYX�2IX;SVOIV�

w 1IEWYVI�XLI�[VMXI�WTIIH�SJ�IEGL�MRHMZMHYEP�HIZMGI��[LMPI�2IX;SVOIV�MW�
VYRRMRK�

w 1IEWYVI�XLI�[VMXI�WTIIH�SJ�EPP�HIZMGIW��[LMPI�2IX;SVOIV�MW�VYRRMRK�

-X�MW�VIGSQQIRHIH�XLEX�]SY�IZEPYEXI�]SYV�HIZMGI�TIVJSVQERGI�[MXLSYX�
2IX;SVOIV�VYRRMRK�JMVWX��ERH�XLIR�IZEPYEXI�]SYV�HIZMGIW�EKEMR�[MXL�
2IX;SVOIV�VYRRMRK�

)RWYVI�XLEX�]SY�YWI�XLI�WEQI�XETI�HVMZIW�JSV�]SYV�XIWXW�FSXL�[LIR�2IX;SVOIV�
MW�VYRRMRK�ERH�[LIR�MX�MW�RSX��XS�IRWYVI�GSRWMWXIRG]�MR�XLI�QIEWYVIQIRXW�
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Device Performance Without Running NetWorker

9WI�XLI�QX�TVSKVEQ�XS�HIXIVQMRI�HIZMGI�TIVJSVQERGI�[LIR�2IX;SVOIV�MW�RSX�
VYRRMRK��9WMRK�XLI�QX�TVSKVEQ�EPPS[W�]SY�XS�IZEPYEXI�]SYV�HIZMGI�
TIVJSVQERGI�[MXLSYX�GSRWMHIVMRK�XLI�SZIVLIEH�MRGYVVIH�[LIR�YWMRK�
2IX;SVOIV��

8LI�QX�TVSKVEQ�EPPS[W�]SY�XS�STIVEXI�E�QEKRIXMG�XETI�HIZMGI��WYGL�EW�
VI[MRHMRK��JEWX�JSV[EVHMRK��ERH�INIGXMRK�XETIW��8LI�QX�TVSKVEQ�GERRSX�FI�
YWIH�XS�QIEWYVI�XLI�[VMXMRK�HEXE�VEXI��FYX�GER�MRHMGEXI�TIVJSVQERGI�VEXIW�
VIPEXIH�XS�LEZMRK�XETIW�WXEVX�SJJ�PSEHIH�ERH�VI[SYRH�TVMSV�XS�QIEWYVMRK�[VMXI�
WTIIHW�XS�XETI��

8LI�QX�TVSKVEQ�GSQIW�[MXL�2IX;SVOIV�ERH�MW�IRXIVIH�EX�XLI�GSQQERH�PMRI��
YWMRK�XLI�JSPPS[MRK�W]RXE\�

mt -f devicename command count

&]�HIJEYPX��XLI�mt�TVSKVEQ�TIVJSVQW�XLI�VIUYIWXIH�STIVEXMSR�SRGI��8S�TIVJSVQ�
XLI�STIVEXMSR�QSVI�XLER�SRGI��WTIGMJ]�E�ZEPYI�MR�TPEGI�SJ�count�

8LI�EZEMPEFPI�GSQQERHW�EVI�PMWXIH�FIPS[��

w eof, weof�

;VMXIW�GSYRX�IRH�SJ�JMPI��)3*��QEVOW�EX�XLI�GYVVIRX�TSWMXMSR�SR�XLI�XETI�

w JWJ�

*SV[EVH�WTEGIW�SZIV�GSYRX�)3*�QEVOW��8LI�XETI�MW�TSWMXMSRIH�SR�XLI�JMVWX�
FPSGO�SJ�XLI�JMPI�

w JWV�

*SV[EVH�WTEGIW�GSYRX�VIGSVHW�

w bsf�

&EGOWTEGIW�SZIV�GSYRX�)3*�QEVOW��8LI�XETI�MW�TSWMXMSRIH�SR�XLI�
FIKMRRMRK�SJ�XETI�WMHI�SJ�XLI�)3*�QEVO�

w FWV�

&EGOWTEGIW�GSYRX�VIGSVHW��

w RFWJ�

&EGOWTEGIW�GSYRX�JMPIW��8LI�XETI�MW�TSWMXMSRIH�SR�XLI�JMVWX�FPSGO�SJ�XLI�JMPI����
8LMW�MW�IUYMZEPIRX�XS�GSYRX�����FWJ�JSPPS[IH�F]�SRI�JWJ��
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w EWJ

%FWSPYXI�WTEGI�XS�GSYRX�JMPI�RYQFIV��8LMW�MW�IUYMZEPIRX�XS�E�VI[MRH�
JSPPS[IH�F]�JWJ�GSYRX�

*SV�XLI�JSPPS[MRK�GSQQERHW��GSYRX�MW�MKRSVIH�

w ISQ�

7TEGIW�XS�XLI�IRH�SJ�VIGSVHIH�QIHME�SR�XLI�XETI�8LMW�MW�YWIJYP�JSV�
ETTIRHMRK�JMPIW�SRXS�TVIZMSYWP]�[VMXXIR�XETIW�

w rewind�

6I[MRHW�XLI�XETI��

w SJJPMRI��VI[SJJP

6I[MRHW�XLI�XETI�ERH��MJ�ETTVSTVMEXI��XEOIW�XLI�HVMZI�YRMX�SJJPMRI�F]�
YRPSEHMRK�XLI�XETI�

w status�

4VMRXW�WXEXYW�MRJSVQEXMSR�EFSYX�XLI�XETI�YRMX��

w VIXIRWMSR�

6I[MRHW�XLI�GEVXVMHKI�XETI�GSQTPIXIP]��XLIR�[MRHW�MX�JSV[EVH�XS�XLI�IRH�SJ�
XLI�VIIP�ERH�FEGO�XS�FIKMRRMRK�SJ�XETI�XS�WQSSXL�SYX�XETI�XIRWMSR�

w IVEWI�

)VEWIW�XLI�IRXMVI�XETI�

w JSVQEX

*SVQEXW�XLI�XETI�EX�E�PS[�PIZIP�

8LI�mt�TVSKVEQ�VIXYVRW�E���I\MX�WXEXYW�[LIR�XLI�STIVEXMSRW�[IVI�WYGGIWWJYP����
MJ�XLI�GSQQERH�[EW�YRVIGSKRM^IH�SV�MJ�mt�[EW�YREFPI�XS�STIR�XLI�WTIGMJMIH�
XETI�HVMZI��ERH���MJ�ER�STIVEXMSR�JEMPIH�

2SX�EPP�HIZMGIW�WYTTSVX�EPP�STXMSRW����7SQI�STXMSRW�EVI�LEVH[EVI�HITIRHIRX��
*SV�I\EQTPI��F]�IRXIVMRK�XLI�JSPPS[MRK�GSQQERH�

D:\>mt -f \\.\Tape0 status

XLI�JSPPS[MRK�SYXTYX�MW�HMWTPE]IH�

\\.\Tape0:

Media Capacity  = 2.12GByte

Media Remaining = 3.06GByte
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Media Block size = 0

Media Partition Count = 0

Media is not write protected

default block size = 8192

maximum block size = 1040384

8LI�QE\MQYQ�FPSGO�WM^I�ZEPYI�PMQMXW�XLI�QE\MQYQ�RYQFIV�SJ�F]XIW�TIV�7'7-�
XVERWJIV�SR�HMWO�VIEHW�ERH�ZSPYQI�[VMXIW��

Device Performance While Running NetWorker

8S�QIEWYVI�7'7-�XLVSYKLTYX�ERH�XLI�[VMXI�WTIIH�SJ�E�HIZMGI�[LMPI�2IX;SVOIV�
MW�VYRRMRK��YWI�XLI�bigasm�QSHYPI�TVSZMHIH�[MXL�2IX;SVOIV��8LI�bigasm�
QSHYPI�KIRIVEXIW�E�JMPI�SJ�XLI�WTIGMJMIH�WM^I��XVERWJIVW�MX�SZIV�E�7'7-�
GSRRIGXMSR��ERH�[VMXIW�MX�XS�E�XETI�SV�STXMGEP�HIZMGI�

8LI�HIWGVMTXMSR�ERH�STXMSRW�SJ�bigasm��ERH�EPP�SXLIV�ETTPMGEXMSR�WTIGMJMG�
QSHYPIW��EVI�XLI�WEQI�EW�JSV�XLI�usam QSHYPI��7II�l(MWO�6IEH�7TIIH�8IWXMRK�
1IXLSHWz�SR�TEKI ���JSV�E�JYPP�HIWGVMTXMSR�SJ�XLI�YEWQ�QSHYPI�

8S�WIX�YT�E�bigasm�XIWX��JSPPS[�XLIWI�WXITW�

�� 'VIEXI�E�HMVIGXMZI�JMPI��nsr.dir��XLEX�GSRXEMRW�XLI�JSPPS[MRK�GSQQERH�

bigasm -Ssize : filename

*SV�I\EQTPI�

bigasm -S100M : bigfile

�� 'VIEXI�E�JMPI�[MXL�XLI�REQI�]SY�WTIGMJMIH�MR�]SYV�HMVIGXMZI��JSV�I\EQTPI��
bigfile��MR�XLI�WEQI�HMVIGXSV]�EW�]SYV�HMVIGXMZI��

�� &EGO�YT�XLI�JMPI�YWMRK�4S[IV�)HMXMSR��*SV�I\EQTPI��MJ�]SYV�JMPI�MW�GEPPIH�
bigfile�ERH�]SYV�4S[IV�)HMXMSR�WIVZIV�MW�GEPPIH�jupiter��IRXIV�

save -s jupiter bigfile
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Device Performance Tuning Methods

8LI�JSPPS[MRK�WIGXMSRW�EHHVIWW�WTIGMJMG�HIZMGI�VIPEXIH�EVIEW�[LIVI�]SY�GER�
MQTVSZI�TIVJSVQERGI�

Input/Output Transfer Rate 

-RTYX�SYXTYX��-�3��XVERWJIV�VEXIW�GER�EJJIGX�HIZMGI�TIVJSVQERGI��8LI�-�3�VEXI�
MW�XLI�VEXI�EX�[LMGL�HEXE�GER�FI�[VMXXIR�XS�XLI�HIZMGI��(ITIRHMRK�SR�XLI�HIZMGI�
ERH�QIHME�XIGLRSPSK]��HIZMGI�XVERWJIV�VEXIW�GER�VERKI�JVSQ�����/&�TIV�WIGSRH�
XS����1&�TIV�WIGSRH��(IJEYPX�FPSGO�WM^I�ERH�FYJJIV�WM^I�SJ�E�HIZMGI�EJJIGX�MXW�
XVERWJIV�VEXI��-J�]SY�FIPMIZI�XLEX�-�3�PMQMXEXMSRW�EVI�LEQTIVMRK�MQTVSZIH�
TIVJSVQERGI�SJ�4S[IV�)HMXMSR��XV]�YTKVEHMRK�]SYV�IUYMTQIRX�XS�EJJIGX�E�FIXXIV�
XVERWJIV�VEXI�

Built-In Compression

8YVR�SR�E�HIZMGI
W�GSQTVIWWMSR�XS�MRGVIEWI�IJJIGXMZI�XLVSYKLTYX�XS�XLI�HIZMGI��
7SQI�HIZMGIW�LEZI�E�FYMPX�MR�LEVH[EVI�GSQTVIWWMSR�JIEXYVI��(ITIRHMRK�SR�
LS[�GSQTVIWWMFPI�XLI�FEGOYT�HEXE�MW��XLMW�GER�MQTVSZI�IJJIGXMZI�HEXE�
XLVSYKLTYX��JVSQ�E�VEXMS�SJ�������XS�����

Drive Streaming

8S�SFXEMR�TIEO�TIVJSVQERGI�JVSQ�QSWX�HIZMGIW��WXVIEQ�XLI�HVMZI�EX�MXW�
QE\MQYQ�WYWXEMRIH�XLVSYKLTYX��;MXLSYX�HVMZI�WXVIEQMRK��XLI�HVMZI�QYWX�
WXST�XS�[EMX�JSV�MXW�FYJJIV�XS�VIJMPP�SV�XS�VITSWMXMSR�XLI�QIHME�FIJSVI�XLI�HVMZI�
GER�VIWYQI�[VMXMRK��8LMW�GER�GEYWI�E�HIPE]�MR�XLI�G]GPI�XMQI�SJ�E�HVMZI��
HITIRHMRK�SR�XLI�HIZMGI�

Device Drives

%HH�QSVI�XETI�HVMZIW�SV�YTKVEHI�XS�LMKLIV�WTIIH�XETI�HIZMGIW�JSV�MRGVIEWIH�
XLVSYKLTYX�

Device Load Balancing

&EPERGI�HEXE�PSEH�JSV�WMQYPXERISYW�WIWWMSRW�QSVI�IZIRP]�EGVSWW�EZEMPEFPI�
HIZMGIW�F]�EHNYWXMRK�WIWWMSRW�TIV�HIZMGI��8LMW�TEVEQIXIV�WTIGMJMIW�XLI�
QMRMQYQ�RYQFIV�SJ�WEZI�WIWWMSRW�XLEX�QYWX�FI�IWXEFPMWLIH�FIJSVI�2IX;SVOIV�
EXXIQTXW�XS�EWWMKR�WEZI�WIWWMSRW�XS�ERSXLIV�HIZMGI�
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File Type Device and Staging

2IX;SVOIV�MRGPYHIW�XLI�JMPI�X]TI�HIZMGI�ERH�WEZI�WIX�WXEKMRK�JIEXYVIW��[LMGL�
]SY�GER�YWI�XS�MQTVSZI�FEGOYT�TIVJSVQERGI��9WI�XLI�JMPI�X]TI�HIZMGI�JIEXYVI�
XS�HMVIGX�]SYV�FEGOYTW�XS�HMWO�QIHME�MRWXIEH�SJ�XETI�SV�STXMGEP�QIHME��WMRGI�
VIEHMRK�ERH�[VMXMRK�HEXE�XS�HMWO�MW�KIRIVEPP]�JEWXIV�XLER�XS�XETI�SV�STXMGEP�
QIHME�

9WI�WEZI�WIX�WXEKMRK�MR�GSRNYRGXMSR�[MXL�FEGOYTW�XS�XLI�JMPI�X]TI�HIZMGI��7EZI�
WIX�WXEKMRK�PIXW�]SY�QSZI�WEZI�WIXW�]SY�LEZI�FEGOIH�YT�JVSQ�SRI�QIHMYQ�XS�
ERSXLIV�EGGSVHMRK�XS�GVMXIVME�]SY�WIX��WYGL�EW�WTEGI�VIQEMRMRK�SR�XLI�HMWO�SV�
XLI�EKI�SJ�XLI�WEZI�WIX��;MXL�WXEKMRK��]SY�GER�EYXSQEXI�XVERWJIVVMRK�SPHIV�
FEGOYTW�JVSQ�XLI�JMPI�X]TI�HIZMGI�XS�E�PIWW�I\TIRWMZI�WXSVEKI�QIHME�ERH�JVII�YT�
LEVH�HMWO�WTEGI�JSV�RI[�FEGOYTW�

%�TSWWMFPI�GSRJMKYVEXMSR�XS�QE\MQM^I�TIVJSVQERGI�SJ�JMPI�X]TI�HIZMGIW�[SYPH�
FI�XLI�JSPPS[MRK�

�� 'VIEXI�SRI�HMVIGXSV]�TIV�YWIV��TVIJIVEFP]�[MXL�E�QRIQSRMG�REQI�
QEXGLMRK�E�GPMIRX��

�� 'VIEXI�SRI�JMPI�X]TI�HIZMGI�TIV�HMVIGXSV]��WIXXMRK�XLI�ZSPYQI�WM^I�XS���+&��

�� 'VIEXI�SRI�GPMIRX�TIV�W]WXIQ��WIXXMRK�XLI�HIZMGI�XLEX�MW�EP[E]W�YWIH�XS�LEZI�
XLI�QEXGLMRK�QRIQSRMG�HIZMGI�REQI�

8LMW�GSRJMKYVEXMSR�PMQMXW�]SYV�W]WXIQ�XS����YWIVW�[MXL�4S[IV�)HMXMSR��WMRGI�
SRI�YWIV�IUYEPW�SRI�HIZMGI��ERH�XLEX�MW�LS[�QER]�HIZMGIW�4S[IV�)HMXMSR�
WYTTSVXW��,S[IZIV��MJ�]SY�YWI�WXSVEKI�RSHIW��XLIR�]SY�GER�LEZI����HIZMGIW�TIV�
IEGL�RSHI�YT�XS�E�QE\MQYQ�SJ�����HIZMGIW�XSXEP�JSV�2IX;SVOIV�ERH�EPP�
EXXEGLIH�WXSVEKI�RSHIW�

-J�]SY�FEGO�YT�]SYV�HEXE�XS�JMPI�X]TI�HIZMGIW��]SY�KIX�LMKL�WTIIH�FEGOYTW�XS�E�
LEVH�HVMZI�MR�RIEV�VIEP�XMQI��FYX�XLI�HMWO�XIRHW�XS�JMPP�UYMGOP]�[MXL�FEGOYTW��
;MXLSYX�WEZI�WIX�WXEKMRK��]SY�[SYPH�LEZI�XS�GPSWIP]�QSRMXSV�HMWO�YWEKI�XS�
EZSMH�VYRRMRK�SYX�SJ�WTEGI�JSV�]SYV�FEGOYTW��ERH�]SY�[SYPH�IMXLIV�LEZI�XS�
QSZI�WEZI�WIXW�QERYEPP]�SV�GVIEXI�ZIV]�WLSVX�FVS[WI�ERH�VIXIRXMSR�TSPMGMIW��

;MXL�WEZI�WIX�WXEKMRK��XLI�TVSGIWW�SJ�QSZMRK�HEXE�JVSQ�HMWO�WXSVEKI�XS�XETI�SV�
STXMGEP�HMWO�MW�EYXSQEXIH��ERH�XLI�WTEGI�XLEX�[EW�SGGYTMIH�F]�XLI�WEZI�WIX�MW�
JVIIH�XS�QEOI�WTEGI�JSV�RI[�FEGOYTW��8LI�FVS[WI�ERH�VIXIRXMSR�TSPMGMIW�JSV�XLI�
WEZI�WIXW�SR�XETI�SV�STXMGEP�HMWO�GER�FI�EW�PSRK�EW�]SY�PMOI��=SY�GER�EPWS�YWI�
WEZI�WIX�WXEKMRK�XS�QSZI�JMPIW�JVSQ�SXLIV�X]TIW�SJ�QIHME��FYX�XLI�WTEGI�MW�SRP]�
VIGPEMQIH�SR�XLI�JMPI�X]TI�HIZMGI�

-J�]SY�EVI�[SVVMIH�EFSYX�HMWO�GSRXIRXMSR�[LIR�]SY�FEGO�YT�XS�JMPI�X]TI�
HIZMGIW��]SY�GER�YWI�QER]�WQEPPIV�HVMZIW��JSV�I\EQTPI����HVMZIW�SJ���+&�IEGL�
ERH���YWIVW�TIV�HVMZI��MRWXIEH�SJ�SRI����+&�HVMZI��
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=SY�GER�EPWS�YWI�E�6%-(�EVVE]��[LMGL�TVSZMHIW�VIHYRHERG]�MR�GEWI�SJ�E�HVMZI�
JEMPYVI��;MRHS[W�28�MRGPYHIW�E�WSJX[EVI�6%-(�GETEFMPMX]�XLEX�[SVOW�[IPP��FYX�
YWIW�QER]�'49�G]GPIW��%�LEVH[EVI�6%-(�WSPYXMSR�MW�QSVI�IJJMGMIRX��FYX�XLMW�
WSPYXMSR�MW�QSVI�I\TIRWMZI�

Network Hardware

-J�]SY�FEGO�YT�HEXE�JVSQ�VIQSXI�GPMIRXW��XLI�VSYXIVW��RIX[SVO�GEFPIW��ERH�
RIX[SVO�MRXIVJEGI�GEVHW�]SY�YWI�EJJIGX�XLI�TIVJSVQERGI�]SY�KIX��8LMW�WIGXMSR�
PMWXW�XLI�TIVJSVQERGI�ZEVMEFPIW�MR�RIX[SVO�LEVH[EVI�ERH�WYKKIWXW�WSQI�FEWMG�
XYRMRK�JSV�RIX[SVOW��8LI�JSPPS[MRK�WIGXMSR�EHHVIWW�WTIGMJMG�RIX[SVO�
TIVJSVQERGI�EVIEW�

Network Input/Output Bandwidth

8LI�QE\MQYQ�HEXE�XVERWJIV�VEXI�EGVSWW�E�RIX[SVO�VEVIP]�ETTVSEGLIW�XLI�
QERYJEGXYVIV
W�WTIGMJMGEXMSR�FIGEYWI�SJ�RIX[SVO�TVSXSGSP�SZIVLIEH��

Network Path 

2IX[SVOMRK�GSQTSRIRXW�WYGL�EW�VSYXIVW��FVMHKIW��ERH�LYFW�GSRWYQI�WSQI�
SZIVLIEH�FERH[MHXL��[LMGL�HIKVEHIW�RIX[SVO�XLVSYKLTYX�TIVJSVQERGI��

Network Load 

3XLIV�RIX[SVO�XVEJJMG�PMQMXW�XLI�FERH[MHXL�EZEMPEFPI�XS�4S[IV�)HMXMSR�ERH�
HIKVEHIW�FEGOYT�TIVJSVQERGI��%W�RIX[SVO�PSEH�VIEGLIW�E�WEXYVEXMSR�
XLVIWLSPH��HEXE�TEGOIX�GSPPMWMSRW�HIKVEHI�TIVJSVQERGI�IZIR�QSVI��

How to Tune NetWork Hardware Performance

)QTPS]�XLI�JSPPS[MRK�QIEWYVIW�XS�MQTVSZI�RIX[SVO�LEVH[EVI�TIVJSVQERGI�

w %HH�EHHMXMSREP�RIX[SVO�MRXIVJEGI�GEVHW�XS�GPMIRX�W]WXIQW�XS�I\TERH�
RIX[SVO�FERH[MHXL�EZEMPEFPI�XS�GPMIRXW��

w 9TKVEHI�XS�JEWXIV�0%2�QIHME��WYGL�EW�����1&�)XLIVRIX�SV�*((-��XS�
MQTVSZI�RIX[SVO�FERH[MHXL��2SXI��LS[IZIV��XLEX�8'4�TEGOIX�SZIVLIEH�
GER�VIHYGI�XLI�XSXEP�XVERWJIV�VEXI�

w 'SRJMKYVI�GPMIRXW�XLEX�LEZI�LMKL�XVERWJIV�VEXI�VIUYMVIQIRXW�XS�WLS[�E�
TVIJIVIRGI�JSV�E�TEVXMGYPEV�FEGOYT�WIVZIV��SV�WXSVEKI�RSHI��SR�XLI�WEQI�
WYFRIX��EZSMH�VSYXIV�LSTW�FIX[IIR�2IX;SVOIV�WIVZIV�ERH�GPMIRXW�

w 1MRMQM^I�XLI�RYQFIV�SJ�RIX[SVO�GSQTSRIRXW�MR�XLI�HEXE�TEXL�FIX[IIR�
XLI�GPMIRX�ERH�WIVZIV��
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8LMW�GLETXIV�TVSZMHIW�EHHMXMSREP�TIVJSVQERGI�XIWXMRK�ERH�XYRMRK�MRJSVQEXMSR�
JSV�]SYV�4S[IV�)HMXMSR�WIVZIV�SR�92-<��8LI�MRJSVQEXMSR�TVSZMHIH�MR�XLMW�
GLETXIV�WYTTPIQIRXW�XLI�QEXIVMEP�SR�KIRIVEP�4S[IV�)HMXMSR�TIVJSVQERGI�
MWWYIW�GSZIVIH�MR�XLI�TVIZMSYW�GLETXIV��7II�l��8IWXMRK�ERH�8YRMRK�&EWMGWz�SR�
TEKI ���XS�JEQMPMEVM^I�]SYVWIPJ�[MXL�XLIWI�KIRIVEP�MWWYIW�FIJSVI�GSRXMRYMRK�SR�
XS�XLMW�GLETXIV��-R�WSQI�GEWIW��MRJSVQEXMSR�TIVXEMRMRK�XS�E�WTIGMJMG�TIVJSVQERGI�
MWWYI�SV�XYRMRK�QIXLSH�MW�GSZIVIH�MR�FSXL�GLETXIVW��8LI�MRJSVQEXMSR�LIVI�MW�
WTIGMJMGEPP]�[VMXXIR�JSV�XLI�92-<�IRZMVSRQIRX��ERH�TVSZMHIW�92-<�FEWIH�
I\EQTPIW�

+MZIR�XLI�QYPXMXYHI�SJ�TPEXJSVQ��ERH�RIX[SVO�WTIGMJMG�ZEVMEFPIW�XLEX�GER�
MQTEGX�92-<�W]WXIQ�TIVJSVQERGI��MX�MW�RSX�TSWWMFPI�XS�HMWGYWW�XLIQ�EPP�
GSQTVILIRWMZIP]�MR�E�WMRKPI�GLETXIV��-RWXIEH��XLI�WGSTI�SJ�XLMW�GLETXIV�MW�
PMQMXIH�XS�XLI�HIXIGXMSR�ERH�EREP]WMW�SJ�TVSGIWWIW�XLEX�LEZI�ER�MQTEGX�SR�XLI�
EFMPMX]�SJ�4S[IV�)HMXMSR�XS�IJJMGMIRXP]�TIVJSVQ�FEGOYTW�

;LMPI�XLIVI�EVI�RS�WMQTPI�WSPYXMSRW�XS�TIVJSVQERGI�MWWYIW��XLMW�GLETXIV�
TVSZMHIW�E�KIRIVEP�XIWXMRK�WXVEXIK]�JSV�PSGEXMRK�TIVJSVQERGI�FPSGOEKIW��8LI�
XIWXMRK�WXVEXIK]�YWIW�FIRGLQEVOW�ERH�FEWIPMRIW�HIVMZIH�JVSQ�GSQQSR�92-<�
YXMPMXMIW��

8LI�MRJSVQEXMSR�MR�XLMW�GLETXIV�EWWYQIW�XLEX�]SY�EVI�JEQMPMEV�[MXL�XLI�92-<�
W]WXIQ�MRJVEWXVYGXYVI��MRGPYHMRK�RIX[SVOMRK�ERH�HIZMGIW��-R�EHHMXMSR��]SY�
WLSYPH�FI�JEQMPMEV�[MXL�[VMXMRK�92-<�WLIPP�WGVMTXW�ERH�YWMRK�92-<�YXMPMXMIW�
WYGL�EW�XEV�

8LI�WGVMTXW�MR�XLMW�GLETXIV�YWI�WXERHEVH�92-<�YXMPMXMIW��8LI�I\EQTPIW�EVI�
WTIGMJMG�XS�7SPEVMW��FYX�XLI�WGVMTXW�GER�FI�ETTPMIH�XS�QSWX�92-<�TPEXJSVQW�[MXL�
QMRMQEP�GLERKIW�
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8LI�XIWXMRK�WXVEXIK]�ERH�WGVMTXW�YWI�XLI�JSPPS[MRK�WGIREVMS�

w %PP�FEGOYT�TVSGIWWIW�EVI�PSGEP��XLEX�MW��RSX�SZIV�E�RIX[SVO��

w %PP�XETI�HIZMGIW�STIVEXI�EX�XLI�WEQI�WTIIH�

w (EXE�MW�WXSVIH�SR�E�JMPIW]WXIQ��RS�HEXEFEWIW�EVI�YWIH��

Physical Disks

8LI�JSPPS[MRK�WIGXMSRW�TVSZMHI�MRJSVQEXMSR�ERH�WYKKIWXMSRW�SR�XIWXMRK�ERH�
IZEPYEXMRK�XLI�VIEH�WTIIH�TIVJSVQERGI�SR�]SYV�4S[IV�)HMXMSR�WIVZIV
W�
TL]WMGEP�HMWOW��8LI�92-<�STIVEXMRK�W]WXIQ�TVSZMHIW�WIZIVEP�YXMPMXMIW�JSV�
HIXIVQMRMRK�HMWO�VIEH�WTIIH��8LI�JSPPS[MRK�WIGXMSRW�HIXEMP�XLIMV�YWEKI�

%TTP]�XLI�JSPPS[MRK�XIWXMRK�WXVEXIK]�XS�GSPPIGX�FEWIPMRIW�XS�QIEWYVI�XETI�HVMZI�
TIVJSVQERGI�

w 8IWX�XLI�VIEH�WTIIH�SJ�IEGL�MRHMZMHYEP�HMWO��[MXLSYX�2IX;SVOIV�VYRRMRK�

w 8IWX�XLI�VIEH�WTIIH�SJ�EPP�HMWOW��[MXLSYX�2IX;SVOIV�VYRRMRK�

w 8IWX�XLI�VIEH�WTIIH�SJ�IEGL�MRHMZMHYEP�HMWO��[LMPI�2IX;SVOIV�MW�VYRRMRK�

w 8IWX�XLI�VIEH�WTIIH�SJ�EPP�HMWOW��[LMPI�2IX;SVOIV�MW�VYRRMRK�

Benchmark Evaluation

8LI�92-<�YXMPMX]��FMR�XMQI�VITSVXW�XLI�EQSYRX�SJ�XMQI�VIUYMVIH�XS�I\IGYXI�E�
TVSKVEQ��FVIEOMRK�HS[R�XLI�XSXEP�XMQI�MRXS�XLVII�GSQTSRIRXW��VIEP�XMQI��YWIV�
XMQI��ERH�W]WXIQ�XMQI��6IEP�XMQI�MW�XLI�XMQI�XLEX�XLI�TVSKVEQ�XEOIW�XS�VYR�EW�MX�
[SYPH�FI�QIEWYVIH�F]�E�YWIV�WMXXMRK�EX�XLI�XIVQMREP�YWMRK�E�WXST[EXGL��9WIV�
XMQI�MW�XLI�EGXYEP�XMQI�XLEX�XLI�GSQTYXIV�WTIRX�I\IGYXMRK�GSHI�MR�XLI�YWIV�WXEXI��
7]WXIQ�XMQI�MW�XLI�XMQI�XLI�GSQTYXIV�WTIRX�I\IGYXMRK�92-<�W]WXIQ�GSHI�SR�
FILEPJ�SJ�XLI�YWIV�

*SV�I\EQTPI��XLI�VIWYPX�SJ�VYRRMRK�XLI��FMR�XMQI�XEV�GZJ����WTEGI��"��HIZ�RYPP�
GSQQERH�SR�E�7SPEVMW�GSQTYXIV�REQIH�TEWWTSVX�TVSZMHIW�XLI�JSPPS[MRK�VIWYPX�
JSV�XLI�QSYRX�TSMRX��WTEGI��

RESULTS:
real     6:53.4
user       18.2
sys      1:48.1
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How to Test the Read Speed of a Single Disk

8S�XIWX�XLI�VIEH�WTIIH�SJ�ER�MRHMZMHYEP�HMWO��JSPPS[�XLIWI�WXITW�

�� 9WI�XLI�HJ�GSQQERH�XS�HMWTPE]�E�PMWX�SJ�QSYRXIH�JMPIW]WXIQW�ERH�XLIMV�
VIWTIGXMZI�WM^IW�

�� 6YR�XLI��FMR�XMQI�YXMPMX]�XS�HIXIVQMRI�LS[�PSRK�MX�XEOIW�XS�VIEH�IEGL�
JMPIW]WXIQ��*SV�I\EQTPI��SR�7SPEVMW��IRXIV�

/bin/time tar cf - mount_point > /dev/null

8S�EGLMIZI�E�GSRWMWXIRX�VIWYPX��RS�SXLIV�HMWO�SV�W]WXIQ�EGXMZMX]�WLSYPH�FI�
VYRRMRK�[LIR�]SY�VYR�XLMW�GSQQERH�

How to Test the Read Speed of Several Disks

%JXIV�]SY�I\IGYXI�XLI��FMR�XMQI�YXMPMX]�JSV�IEGL�MRHMZMHYEP�JMPIW]WXIQ��QIEWYVI�
XLI�VIEH�XMQI�JSV�EPP�XLI�JMPIW]WXIQW�SR�IEGL�7'7-�FYW��-J�]SY�EVI�VYRRMRK�XLI�
HMWOW�MR�TEVEPPIP��HIZIPST�E�FEWIPMRI�JSV�XLI�RYQFIV�SJ�TEVEPPIP�HMWOW��*SV�
I\EQTPI��MJ�XLIVI�EVI�����HMWOW��ERH����EVI�MR�TEVEPPIP��QIEWYVI�XLI�FEWIPMRI�JSV�
XLI����HMWOW�

8S�WXVIEQPMRI�XLMW�XEWO��GVIEXI�E�WLIPP�WGVMTX�YWMRK�XLI�IHMXSV�SJ�]SYV�GLSMGI��
*SPPS[MRK�MW�ER�I\EQTPI�WLIPP�WGVMTX�JVSQ�E�7SPEVMW�GSQTYXIV�XLEX�[EW�GVIEXIH�
JSV�QYPXMTPI�HMWOW���WTEGI���WTEGI���IXG���

/bin/time tar cf - /space > /dev/null &

/bin/time tar cf - /space2 > /dev/null &

/bin/time tar cf - /space3 > /dev/null &

...

How to Test the Read Speed of a Single Disk While Running NetWorker

8S�XIWX�XLI�VIEH�WTIIH�SJ�ER�MRHMZMHYEP�HMWO�YWMRK�2IX;SVOIV��JSPPS[�XLIWI�
WXITW�

�� 9WI�XLI�HJ�GSQQERH�XS�HMWTPE]�E�PMWX�SJ�QSYRXIH�JMPIW]WXIQW�ERH�XLIMV�
VIWTIGXMZI�WM^IW�

�� 6YR�XLI�YEWQ�GSQQERH�JSV�IEGL�HMWO��*SV�I\EQTPI��SR�7SPEVMW��IRXIV�

/bin/time uasm -s mount_point > /dev/null

(ITIRHMRK�SR�XLI�GSRJMKYVEXMSR�SJ�]SYV�GSQTYXIV��]SY�QMKLX�RIIH�XS�
WTIGMJ]�XLI�TEXL�JSV�YEWQ�MR�XLI�GSQQERH�EFSZI�

7II�l(MWO�6IEH�7TIIH�8IWXMRK�1IXLSHWz�SR�TEKI ���JSV�QSVI�MRJSVQEXMSR�SR�
XLI�YEWQ�GSQQERH�
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How to Test the Read Speed of Several Disks While Running NetWorker

8IWX�XLI�VIEH�WTIIH�JSV�EPP�XLI�HMWOW�SR�E�7'7-�GLERRIP��-J�]SY�EVI�VYRRMRK�XLI�
HMWOW�MR�TEVEPPIP��HIZIPST�E�FEWIPMRI�JSV�XLI�RYQFIV�SJ�TEVEPPIP�HMWOW��*SV�
I\EQTPI��MJ�XLIVI�EVI�����HMWOW��ERH����EVI�MR�TEVEPPIP��QIEWYVI�XLI�FEWIPMRI�JSV�
XLI����HMWOW�

8S�WXVIEQPMRI�XLMW�XEWO��GVIEXI�E�WLIPP�WGVMTX�YWMRK�XLI�IHMXSV�SJ�]SYV�GLSMGI��
*SPPS[MRK�MW�ER�I\EQTPI�WLIPP�WGVMTX�JSV�E�7SPEVMW�GSQTYXIV�XLEX�[EW�GVIEXIH�JSV�
QYPXMTPI�HMWOW���WTEGI���WTEGI���IXG���

/bin/time uasm -s /space > /dev/null &
/bin/time uasm -s /space2 > /dev/null &
/bin/time uasm -s /space3 > /dev/null &
...

8S�GEPGYPEXI�XLI�VIEH�WTIIH�SJ�]SYV�HMWO��JSPPS[�XLIWI�WXITW�

�� 9WI�XLI�HJ�GSQQERH�XS�SFXEMR�XLI�JMPI�WM^I��MR�OMPSF]XIW��SJ��WTEGI��

% df

Filesystem kbytes used capacity Mounted on 
/dev/dsk/c0t1d0s0 1952573 797935 46% /space2

�� (MZMHI�XLI�VIEP�XMQI�F]�XLI�WM^I��MR�OMPSF]XIW��SJ��WTEGI���

*SV�I\EQTPI��FEWIH�SR�XLI�VIWYPX�ERH�WM^I�SJ��WTEGI��EFSZI��XLI�VIEH�WTIIH�
SJ��WTEGI��MW������/&�WIG�

'SQTEVI�XLI�VIWYPXW�SJ�XLI�FIRGLQEVOW�KIRIVEXIH�JVSQ�MRHMZMHYEP�HMWOW�
[MXLSYX�2IX;SVOIV�XS�XLI�VIWYPXW�SJ�MRHMZMHYEP�HMWOW�VYRRMRK�2IX;SVOIV��
8LIR��GSQTEVI�XLI�VIWYPXW�SJ�XLI�FIRGLQEVOW�KIRIVEXIH�JVSQ�QYPXMTPI�HMWOW�
[MXLSYX�2IX;SVOIV�XS�XLI�VIWYPXW�SJ�QYPXMTPI�HMWOW�VYRRMRK�2IX;SVOIV�

Devices

%TTP]�XLI�JSPPS[MRK�XIWXMRK�WXVEXIK]�XS�GSPPIGX�FEWIPMRIW�XS�QIEWYVI�XETI�HVMZI�
TIVJSVQERGI�

w 8IWX�XLI�[VMXI�WTIIH�SJ�IEGL�MRHMZMHYEP�XETI�HVMZI��[MXLSYX�VYRRMRK�
2IX;SVOIV�

w 8IWX�XLI�[VMXI�WTIIH�SJ�EPP�XETI�HVMZIW��[MXLSYX�VYRRMRK�2IX;SVOIV�

w 8IWX�XLI�[VMXI�WTIIH�SJ�IEGL�MRHMZMHYEP�XETI�HVMZI��[LMPI�2IX;SVOIV�MW�
VYRRMRK�

w 8IWX�XLI�[VMXI�WTIIH�SJ�EPP�XETI�HVMZIW��[LMPI�2IX;SVOIV�MW�VYRRMRK�

)RWYVI�XLEX�]SY�XIWX�XLI�WEQI�XETI�HVMZIW�FSXL�[LIR�2IX;SVOIV�MW�VYRRMRK�
ERH�[LIR�MX�MW�RSX��XS�IRWYVI�GSRWMWXIRG]�MR�XLI�QIEWYVIQIRXW�
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Benchmark Evaluation

'SQTEVI�XLI�VIWYPXW�SJ�XLI�FIRGLQEVOW�KIRIVEXIH�JVSQ�MRHMZMHYEP�HVMZIW�
[VMXMRK�HEXE�[MXLSYX�2IX;SVOIV�XS�XLI�VIWYPXW�SJ�MRHMZMHYEP�HVMZIW�[VMXMRK�
HEXE�[LIR�2IX;SVOIV�MW�VYRRMRK��8LIR��GSQTEVI�XLI�VIWYPXW�SJ�XLI�
FIRGLQEVOW�KIRIVEXIH�JVSQ�QYPXMTPI�HVMZIW�[VMXMRK�HEXE�[MXLSYX�2IX;SVOIV�
XS�XLI�VIWYPXW�SJ�QYPXMTPI�HVMZIW�[VMXMRK�HEXE�[LMPI�VYRRMRK�2IX;SVOIV�

How to Test the Write Speed of a Single Tape Drive

8S�XIWX�XLI�[VMXI�WTIIH�SJ�E�WMRKPI�XETI�HVMZI��VYR�XLI�JSPPS[MRK�GSQQERHW�JSV�
IEGL�XETI�HVMZI�

mt -f /dev/rmt/drive_name rewind

dd if=/dev/zero of=/dev/rmt/drive_name \
bs=block_size count=1;\

/bin/time dd if=/dev/zero of=/dev/rmt/drive_name \
bs=block_size count=1000

%PXLSYKL�XLI�FPSGO�WM^I�GER�ZEV]�HITIRHMRK�SR�]SYV�IRZMVSRQIRX��[I�YWI�E�
FPSGO�WM^I�ZEPYI�SJ����JSV�SYV�XIWXMRK�ERH�I\EQTPIW�

-QTSVXERX��9WMRK�XLI�QX�VI[MRH�GSQQERH��JSPPS[IH�F]�XLI�HH�GSQQERH��GER�
GEYWI�XLI�IVEWYVI�SJ�E�XETI��)\IVGMWI�GEYXMSR�[LIR�YWMRK�XLIWI�GSQQERHW�

How to Test the Write Speed of Several Tape Drives

8IWX�XLI�[VMXI�WTIIH�SJ�EPP�XLI�XETI�HVMZIW�SR�]SYV�7'7-�GLERRIP��8S�WXVIEQPMRI�
XLMW�XEWO��GVIEXI�E�WLIPP�WGVMTX�YWMRK�XLI�GSQQERH�EFSZI��8LI�JSPPS[MRK�MW�ER�
I\EQTPI�SJ�E�WLIPP�WGVMTX�JSV�E�7SPEVMW�GSQTYXIV�XLEX�[EW�GVIEXIH�JSV�QYPXMTPI�
HVMZIW���QFR���QFR���QFR��IXG���

mt -f /dev/rmt/0mbn rewind; dd if=/dev/zero \ 
of=/dev/rmt/0mbn bs=32k count=1; \
/bin/time dd if=/dev/zero of=/dev/rmt/0mbn \ 
bs=32k count=1000 &

mt -f /dev/rmt/1mbn rewind; dd if=/dev/zero \ 
of=/dev/rmt/1mbn bs=32k count=1; \
/bin/time dd if=/dev/zero of=/dev/rmt/1mbn \
bs=32k count=1000 &
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mt -f /dev/rmt/2mbn rewind; dd if=/dev/zero \ 
of=/dev/rmt/2mbn bs=32k count=1; \
/bin/time dd if=/dev/zero of=/dev/rmt/2mbn \ 
bs=32k count=1000 &
...

How to Test the Write Speed of a Single Drive While Running NetWorker

8S�XIWX�XLI�[VMXI�WTIIH�SJ�E�WMRKPI�HVMZI�[LMPI�VYRRMRK�2IX;SVOIV��JSPPS[�XLIWI�
WXITW�

�� 7IX�XEVKIX�WIWWMSRW�XS���

�� 0EFIP�XLI�XETI�

�� 7IX�YT�FMKEWQ�

E� )RXIV�XLI�JSPPS[MRK�GSQQERH�EX�XLI�TVSQTX�XS�GVIEXI�ER�IQTX]�
HMVIGXSV]�

mkdir /empty

F� )RXIV�XLI�JSPPS[MRK�GSQQERH�EX�XLI�TVSQTX�XS�KS�XS�XLI�HMVIGXSV]�
IQTX]�

cd /empty

G� )RXIV�XLI�JSPPS[MRK�GSQQERH�EX�XLI�TVSQTX�XS�GVIEXI�ER�IQTX]�JMPI�

touch e

H� )RXIV�XLI�JSPPS[MRK�GSQQERH�EX�XLI�TVSQTX�XS�GVIEXI�E��RWV�JMPI�[MXL�E�
FMKEWQ�HMVIGXMZI�MR�XLI�IQTX]�HMVIGXSV]�

bigasm -S100M : e

8LMW�GSQQERH�VIWYPXW�MR�[VMXMRK�E�����1&�JMPI�XS�XLI�XETI�

�� 6YR�XLI�JSPPS[MRK�WGVMTX�XS�HIXIVQMRI�XLI�FEWIPMRI�

save -s server_name /etc/motd; /bin/time save -s \
server_name -f /empty/e

2SXI��-R�XLI�GSQQERH�EFSZI��XLIVI�MW�E�WTEGI�FIX[IIR���RWV�ERH��IQTX]�

2IX;SVOIV�EYXSQEXMGEPP]�EWWMKRW�IEGL�GSQQERH�XS�E�XETI��WMRGI�XEVKIX�
WIWWMSRW�EVI�WIX�XS���

How to Test the Write Speed of Several Drives While Running NetWorker

8S�XIWX�XLI�[VMXI�WTIIH�SJ�WIZIVEP�HVMZIW��VITIEX�WXITW�����MR�l8IWX�XLI�;VMXI�
7TIIH�SJ�E�7MRKPI�(VMZI�;LMPI�6YRRMRK�2IX;SVOIVz�JSV�IZIV]�HVMZI�SR�XLI�
7'7-�GLERRIP�EX�XLI�WEQI�XMQI�
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8LMW�GLETXIV�EHHVIWWIW�WTIGMJMG�TIVJSVQERGI�XIWXMRK�ERH�XYRMRK�XEWOW�]SY�GER�
TIVJSVQ�SR�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV��*SV�E�
HMWGYWWMSR�SJ�KIRIVEP�TIVJSVQERGI�MWWYIW�EJJIGXMRK�EPP�ZIVWMSRW�SJ�4S[IV�
)HMXMSR��WII�l'LETXIV����8IWXMRK�ERH�8YRMRK�&EWMGWz�SR�TEKI ���

Windows NT Performance Monitor

9WI�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV�TVSKVEQ�XS�XIWX�W]WXIQ�
TIVJSVQERGI��-R�XLI�4IVJSVQERGI�1SRMXSV��]SY�GER�GLSSWI�[LMGL�SFNIGXW��JSV�
I\EQTPI��XLI�TVSGIWWSV�SV�QIQSV]��XS�[EXGL��[LMGL�GSYRXIVW�XS�XIWX��JSV�
I\EQTPI��EZEMPEFPI�F]XIW�SJ�QIQSV]���ERH�LS[�XS�HMWTPE]�XLI�HEXE��8LI�HIJEYPX�
ZMI[�SJ�XLI�HEXE�MW�E�VIEP�XMQI�PMRI�GLEVX��,S[IZIV��]SY�GER�EPWS�GLSSWI�XS�PSK�
XLI�HEXE��JSVQEX�MX�EW�E�VITSVX��SV�GVIEXI�EPIVXW�XLEX�[EVR�]SY�[LIR�E�GSYRXIV�
VIEGLIW�E�GIVXEMR�PMQMX�

How to How to Start the Windows NT Performance Monitor

8S�WXEVX�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV�SR�]SYV�2IX;SVOIV�JSV�
;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV��JSPPS[�XLIWI�WXITW��

�� 7IPIGX�7XEVX"4VSKVEQW"%HQMRMWXVEXMZI�8SSPW"4IVJSVQERGI�1SRMXSV�XS�
STIR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[��

�� 7IPIGX�6ITSVX�JVSQ�XLI�:MI[�QIRY��

8LI�HIJEYPX�ZMI[MRK�QSHI�SJ�4IVJSVQERGI�1SRMXSV�MW�'LEVX��FYX�XLI�
4IVJSVQERGI�1SRMXSV�VIPEXIH�XEWOW�MR�XLMW�GLETXIV�YWI�XLI�6ITSVX�QSHI��

�� 7IPIGX�%HH�8S�6ITSVX�JVSQ�XLI�)HMX�QIRY�XS�STIR�XLI�%HH�XS�6ITSVX�HMEPSK�
FS\�
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�� 7IPIGX�[LEX�GSQTSRIRX�SJ�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�
)HMXMSR�WIVZIV�]SY�[ERX�XLI�4IVJSVQERGI�1SRMXSV�XS�XVEGO�JVSQ�XLI�3FNIGX�
HVST�HS[R�PMWX��8LI�3FNIGX�GLSMGI�]SY�QEOI�HIXIVQMRIW�XLI�'SYRXIV�ERH�
-RWXERGI�GLSMGIW�EZEMPEFPI�XS�]SY�

�� 7IPIGX�E�GLSMGI�JVSQ�XLI�'SYRXIV�PMWX�FS\��'PMGO�)\TPEMR�XS�ZMI[�
HIWGVMTXMSRW�SJ�IEGL�GSYRXIV�

�� 7IPIGX�E�GLSMGI�JVSQ�XLI�-RWXERGIW�PMWX�FS\��

�� 'PMGO�%HH�[LIR�]SY�GSQTPIXI�EPP�]SYV�GLSMGIW��8LI�4IVJSVQERGI�1SRMXSV�
[MRHS[�RS[�VIJPIGXW�]SYV�4S[IV�)HMXMSR�WIVZIV�ERH�XLI�GSQTSRIRX�
[LSWI�TIVJSVQERGI�]SY�[ERX�XS�QSRMXSV�

�� 6ITIEX�7XITW�����JSV�IEGL�GSQTSRIRX�SR�XLI�4S[IV�)HMXMSR�WIVZIV�[LSWI�
TIVJSVQERGI�]SY�[ERX�XS�XIWX��)EGL�GSQTSRIRX�MW�PMWXIH�WITEVEXIP]�YRHIV�
XLI�4S[IV�)HMXMSR�WIVZIV
W�REQI�MR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[�

�� 'PMGO�(SRI�[LIR�]SY�LEZI�GSQTPIXIH�EHHMRK�EPP�XLI�4S[IV�)HMXMSR�WIVZIV�
GSQTSRIRX�]SY�[ERX�XS�XIWX�

��� 7XEVX�E�FEGOYT�ERH�ZMI[�SV�GETXYVI�XLI�VIWYPXW�

=SY�GER�WEZI�XLI�TIVJSVQERGI�QSRMXSVMRK�MRJSVQEXMSR�MR�PSK�JSVQ�F]�TPEGMRK�
XLI�4IVJSVQERGI�1SRMXSV�MR�0SK�QSHI�ERH�WIPIGXMRK�3TXMSRW�JVSQ�XLI�0SK�
QIRY�

0EXIV�MR�XLMW�GLETXIV�]SY�[MPP�YWI�XLI�4IVJSVQERGI�1SRMXSV�XS�XIWX�ERH�IZEPYEXI�
WTIGMJMG�EVIEW�SJ�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV�

8S�XIWX�XLI�QE\MQYQ�TIVJSVQERGI�SJ�4S[IV�)HMXMSR��WLYX�HS[R�EPP�I\XVERISYW�
TVSGIWWIW��ERH�VYR�NYWX�XLI�RIGIWWEV]�WSJX[EVI�SR�]SYV�4S[IV�)HMXMSR�WIVZIV�

How to Test a Power Edition Server from Another Computer

&IGEYWI�XLI�4IVJSVQERGI�1SRMXSV�YWIW�W]WXIQ�VIWSYVGIW��]SY�QMKLX�[ERX�XS�
VYR�XLI�4IVJSVQERGI�1SRMXSV�SR�E�HMJJIVIRX�;MRHS[W�28�GSQTYXIV�SR�XLI�
RIX[SVO�HYVMRK�GSRXVSPPIH�XIWXW�SJ�]SYV�4S[IV�)HMXMSR�WIVZIV�

;LIR�]SY�VYR�XLI�4IVJSVQERGI�1SRMXSV�SR�E�HMJJIVIRX�;MRHS[W�28�W]WXIQ��
XLI�4IVJSVQERGI�1SRMXSV�WXMPP�YWIW�WSQI�VIWSYVGIW�SR�XLI�4S[IV�)HMXMSR�
W]WXIQ��-X�IWTIGMEPP]�EHHW�XS�RIX[SVO�XVEJJMG�HYVMRK�VIQSXI�FEGOYT��&YX�XLI�
TIVJSVQERGI�SJ�XLI�TVSGIWWSV�ERH�7'7-�XLVSYKLTYX�SR�XLI�4S[IV�)HMXMSR�
W]WXIQ�EVI�RSX�EJJIGXIH�
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8S�XIWX�XLI�TIVJSVQERGI�SR�SRI�SV�QSVI�4S[IV�)HMXMSR�WIVZIVW�JVSQ�ERSXLIV�
;MRHS[W�28�GSQTYXIV��JSPPS[�XLIWI�WXITW�

�� 7IPIGX�7XEVX"4VSKVEQW"%HQMRMWXVEXMZI�8SSPW"4IVJSVQERGI�1SRMXSV�SR�
XLI�QSRMXSVMRK�;MRHS[W�28�GSQTYXIV�XS�STIR�XLI�4IVJSVQERGI�1SRMXSV�
[MRHS[�SR�XLEX�GSQTYXIV�

�� 7IPIGX�6ITSVX�JVSQ�XLI�:MI[�QIRY�

�� 7IPIGX�%HH�8S�6ITSVX�JVSQ�XLI�)HMX�QIRY�XS�STIR�XLI�%HH�XS�6ITSVX�HMEPSK�
FS\�

�� )RXIV�XLI�REQI�SJ�XLI�4S[IV�)HMXMSR�WIVZIV�]SY�[ERX�XS�XIWX�MR�XLI�
'SQTYXIV�XI\X�FS\��IMXLIV�F]�IRXIVMRK�MX�HMVIGXP]�SV�F]�GPMGOMRK�XLI�l���z�
FYXXSR�XLEX�EPPS[W�]SY�XS�FVS[WI�XS�XLI�ETTVSTVMEXI�4S[IV�)HMXMSR�WIVZIV�

�� 7IPIGX�E�GLSMGI�JVSQ�XLI�3FNIGX�HVST�HS[R�PMWX��8LI�3FNIGX�GLSMGI�]SY�
QEOI�HIXIVQMRIW�XLI�'SYRXIV�ERH�-RWXERGI�GLSMGIW�EZEMPEFPI�XS�]SY�

�� 7IPIGX�E�GLSMGI�JVSQ�XLI�'SYRXIV�PMWX�FS\��'PMGO�)\TPEMR�XS�ZMI[�
HIWGVMTXMSRW�SJ�IEGL�GSYRXIV�

�� 7IPIGX�E�GLSMGI�JVSQ�XLI�-RWXERGIW�PMWX�FS\��

�� 'PMGO�%HH�[LIR�]SY�GSQTPIXI�EPP�]SYV�GLSMGIW��8LI�4IVJSVQERGI�1SRMXSV�
[MRHS[�RS[�VIJPIGXW�XLI�4S[IV�)HMXMSR�WIVZIV�ERH�XLI�GSQTSRIRX�[LSWI�
TIVJSVQERGI�]SY�[ERX�XS�QSRMXSV�

�� 6ITIEX�7XITW�����JSV�IEGL�GSQTSRIRX�SR�XLI�4S[IV�)HMXMSR�WIVZIV�[LSWI�
TIVJSVQERGI�]SY�[ERX�XS�XIWX��)EGL�GSQTSRIRX�MW�PMWXIH�WITEVEXIP]�YRHIV�
XLI�4S[IV�)HMXMSR�WIVZIV
W�REQI�MR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[�

��� 6ITIEX�7XITW�����MJ�]SY�[ERX�XS�QSRMXSV�XLI�TIVJSVQERGI�SJ�ER]�SXLIV�
4S[IV�)HMXMSR�WIVZIVW��SV�ER]�SXLIV�;MRHS[W�28�GSQTYXIVW�MR�KIRIVEP��

��� 'PMGO�(SRI�[LIR�]SY�LEZI�GSQTPIXIH�EHHMRK�EPP�XLI�4S[IV�)HMXMSR�WIVZIV�
GSQTSRIRXW�]SY�[ERX�XS�XIWX�

��� 7XEVX�E�FEGOYT�ERH�ZMI[�SV�GETXYVI�XLI�VIWYPXW�

=SY�GER�WEZI��EHH�XS��ERH�VIHMVIGX�XLI�TIVJSVQERGI�QSRMXSVMRK�MRJSVQEXMSR�
]SY�VIGIMZI�JVSQ�XLMW�TVSGIHYVI��*SV�QSVI�HIXEMPIH�MRJSVQEXMSR�EFSYX�XLI�
4IVJSVQERGI�1SRMXSV�ERH�;MRHS[W�28��VIJIV�XS�]SYV�;MRHS[W�28�STIVEXMRK�
W]WXIQ�HSGYQIRXEXMSR�
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Physical Disk

8LMW�WIGXMSR�HIWGVMFIW�YWMRK�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV�XS�XIWX�ERH�
IZEPYEXI�TL]WMGEP�HMWO�TIVJSVQERGI�TVSFPIQW�VIPEXIH�XS�]SYV�2IX;SVOIV�JSV�
;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV��*SV�E�KIRIVEP�HMWGYWWMSR�SJ�HMWO�VIPEXIH�
TIVJSVQERGI�TVSFPIQW�ERH�WSPYXMSRW��WII�l4L]WMGEP�(MWOWz�SR�TEKI ���

How to Test Disk Performance

8S�XIWX�XLI�HMWO�TIVJSVQERGI�SJ�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�
)HMXMSR�WIVZIV�YWMRK�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV��JSPPS[�XLIWI�
WXITW�

�� 7IPIGX�7XEVX"4VSKVEQW"%HQMRMWXVEXMZI�8SSPW"4IVJSVQERGI�1SRMXSV�XS�
STIR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[��

�� 7IPIGX�6ITSVX�JVSQ�XLI�:MI[�QIRY��

�� 7IPIGX�%HH�8S�6ITSVX�JVSQ�XLI�)HMX�QIRY�XS�STIR�XLI�%HH�XS�6ITSVX�HMEPSK�
FS\�

�� 7IPIGX�4L]WMGEP�(MWO�JVSQ�XLI�3FNIGX�HVST�HS[R�PMWX�

�� 7IPIGX�XLI�JSPPS[MRK�GSYRXIVW�JVSQ�XLI�'SYRXIV�PMWX�FS\�

r ��(MWO�8MQI

r 'YVVIRX�(MWO�5YIYI�0IRKXL

'PMGO�)\TPEMR�XS�ZMI[�HIXEMPW�SR�IEGL�GSYRXIV�

=SY�GER�WIPIGX�QYPXMTPI�MXIQW�MR�XLI�'SYRXIV�PMWX�FS\�F]�LSPHMRK�HS[R�XLI�
?7LMJXA�SV�?'XVPA�OI]�[LMPI�WIPIGXMRK�IEGL�MXIQ�

-J�]SYV�4S[IV�)HMXMSR�WIVZIV�LEW�QSVI�XLER�SRI�TL]WMGEP�HMWO��WIPIGX�XLIWI�
GSYRXIVW�JSV�IEGL�HMWO��

�� 'PMGO�%HH�[LIR�]SY�GSQTPIXI�EPP�]SYV�GLSMGIW��8LI�4IVJSVQERGI�1SRMXSV�
[MRHS[�RS[�VIJPIGXW�]SYV�4S[IV�)HMXMSR�WIVZIV�ERH�XLI�GSQTSRIRX�
[LSWI�TIVJSVQERGI�]SY�[ERX�XS�QSRMXSV��'PMGO�(SRI�

�� 7XEVX�E�FEGOYT�ERH�ZMI[�SV�GETXYVI�XLI�VIWYPXW�

2SXI��-J�XLI�HMWO�TIVJSVQERGI�GSYRXIVW�HS�RSX�[SVO��]SY�QYWX�MRWXVYGX�
;MRHS[W�28�XS�XYVR�XLIQ�SR��3TIR�ER�17�(37�[MRHS[�ERH�IRXIV�XLI�
JSPPS[MRK�;MRHS[W�28�GSQQERH�EX�XLI�TVSQTX�

diskperf -y

=SY�QYWX�VIWXEVX�]SYV�4S[IV�)HMXMSR�WIVZIV�EJXIV�YWMRK�XLMW�GSQQERH�MR�SVHIV�
XS�XYVR�SR�XLI�GSYRXIVW�
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Disk Performance Evaluation Methods

9WI�XLI�ZEPYIW�KEXLIVIH�JVSQ�]SYV�TIVJSVQERGI�XIWXMRK�EW�JSPPS[W�XS�
HIXIVQMRI�MJ�]SYV�4S[IV�)HMXMSR�WIVZIV�LEW�E�HMWO�VIPEXIH�FPSGOEKI�

w -J�XLI�ZEPYI�JSV�XLI�4IVGIRX�(MWO�8MQI�GSYRXIV�I\GIIHW����TIVGIRX�

8LMW�GSYRXIV�QIEWYVIW�XLI�TIVGIRXEKI�SJ�STIVEXMRK�XMQI�]SYV�HMWO�MW�
SGGYTMIH�[MXL�VIEH�SV�[VMXI�VIUYIWXW��

w -J�XLI�ZEPYI�JSV�XLI�(MWO�5YIYI�0IRKXL�GSYRXIV�I\GIIHW���

8LMW�GSYRXIV�QIEWYVIW�XLI�EZIVEKI�RYQFIV�SJ�VIEH�SV�[VMXI�VIUYIWXW�XLEX�
[IVI�[EMXMRK�XS�FI�WIVZMGIH�HYVMRK�XLI�WEQTPMRK�MRXIVZEP�

Disk Tuning Methods

8LI�QIXLSHW�JSV�XYRMRK�HMWO�TIVJSVQERGI�MR�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�
4S[IV�)HMXMSR�WIVZIV�MW�XLI�WEQI�JSV�XYRMRK�GSQTYXIV�HMWOW�MR�KIRIVEP��
MRGPYHMRK�XLI�JSPPS[MRK�

w (IJVEKQIRX�JMPIW�XS�VIHYGI�XLI�RYQFIV�SJ�HMWO�WIIOW�

w 9WI�PEVKIV�JMPIW�SV�JI[IV�JMPIW�XS�VIHYGI�XLI�RYQFIV�SJ�HMWO�WIIOW�

w 'LERKI�XS�E�JEWXIV�7'7-�EHETXIV��[MXL�W]RGLVSRSYW�-�3�WYTTSVX�ERH�FYW�
QEWXIVMRK�

w 9WI�WXVMTI�WIXW�SR�QYPXMTPI�HMWOW�XS�EGGSQQSHEXI�PEVKI�JMPIW�ERH�
HEXEFEWIW��WS�XLI�TL]WMGEP�HMWOW�GER�[SVO�MR�TEVEPPIP�XS�VIEH�HEXE�

w 7TVIEH�HMWO�MRXIRWMZI�TVSKVEQW�SRXS�HMJJIVIRX�WIVZIVW�

w 4YVGLEWI�HMWOW�[MXL�LMKLIV�XVERWJIV�VEXIW��

Memory

8LMW�WIGXMSR�HIWGVMFIW�YWMRK�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV�XS�XIWX�ERH�
IZEPYEXI�QIQSV]�VIPEXIH�TIVJSVQERGI�TVSFPIQW�VIPEXIH�XS�]SYV�2IX;SVOIV�
JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV��*SV�E�KIRIVEP�HMWGYWWMSR�SJ�QIQSV]�
VIPEXIH�TIVJSVQERGI�TVSFPIQW�ERH�WSPYXMSRW��WII�l1IQSV]z�SR�TEKI ���

How to Test Memory Performance

8S�XIWX�XLI�QIQSV]�VIPEXIH�TIVJSVQERGI�SJ�]SYV�4S[IV�)HMXMSR�WIVZIV��JSPPS[�
XLIWI�WXITW�

�� 7IPIGX�7XEVX"4VSKVEQW"%HQMRMWXVEXMZI�8SSPW"4IVJSVQERGI�1SRMXSV�XS�
STIR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[��

�� 7IPIGX�6ITSVX�JVSQ�XLI�:MI[�QIRY��
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�� 7IPIGX�%HH�8S�6ITSVX�JVSQ�XLI�)HMX�QIRY�XS�STIR�XLI�%HH�XS�6ITSVX�HMEPSK�
FS\�

�� 7IPIGX�1IQSV]�JVSQ�XLI�3FNIGX�HVST�HS[R�PMWX�

�� 7IPIGX�XLI�JSPPS[MRK�GSYRXIVW�JVSQ�XLI�'SYRXIV�PMWX�FS\�

r %ZEMPEFPI�&]XIW

r 4EKIW�WIG

r 'SQQMXXIH�&]XIW

r 'SQQMX�0MQMX

'PMGO�)\TPEMR�XS�ZMI[�HIXEMPW�SR�IEGL�GSYRXIV��

=SY�GER�WIPIGX�QYPXMTPI�MXIQW�MR�XLI�'SYRXIVW�PMWX�FS\�F]�LSPHMRK�HS[R�XLI�
?7LMJXA�SV�?'XVPA�OI]�[LMPI�WIPIGXMRK�IEGL�MXIQ�

�� 'PMGO�%HH�[LIR�]SY�GSQTPIXI�EPP�]SYV�GLSMGIW��8LI�4IVJSVQERGI�1SRMXSV�
[MRHS[�RS[�VIJPIGXW�]SYV�4S[IV�)HMXMSR�WIVZIV�ERH�XLI�GSQTSRIRX�
[LSWI�TIVJSVQERGI�]SY�[ERX�XS�QSRMXSV��'PMGO�(SRI�

�� 7XEVX�E�FEGOYT�ERH�ZMI[�SV�GETXYVI�XLI�VIWYPXW�

8S�PIEVR�QSVI�EFSYX�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV��WII�l,S[�XS�7XEVX�
XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSVz�SR�TEKI ���

Memory Performance Evaluation Methods

9WI�XLI�ZEPYIW�KEXLIVIH�JVSQ�]SYV�TIVJSVQERGI�XIWXMRK�EW�JSPPS[W�XS�
HIXIVQMRI�MJ�]SYV�4S[IV�)HMXMSR�WIVZIV�LEW�E�QIQSV]�VIPEXIH�FPSGOEKI�

w -J�XLI�ZEPYI�JSV�%ZEMPEFPI�&]XIW�MW�PIWW�XLER���1&�

8LMW�GSYRXIV�QIEWYVIW�LS[�QYGL�QIQSV]�MW�RSX�EPVIEH]�SGGYTMIH��8LI�
WQEPPIV�XLI�ZEPYI�SJ�%ZEMPEFPI�&]XIW��XLI�WPS[IV�]SYV�TIVJSVQERGI�

w -J�XLI�ZEPYI�JSV�4EKIW�WIG�MW�KVIEXIV�XLER����

8LMW�GSYRXIV�QIEWYVIW�ZMVXYEP�QIQSV]�EGXMZMX]��XLEX�MW��LS[�SJXIR�XLI�
QIQSV]�[VMXIW�XS�HMWO��;LIR�]SYV�GSQTYXIV�MW�QIQSV]�FSYRH��MX TEKIW�
XS�XLI�ZMVXYEP�QIQSV]�SR�HMWO�QSVI�SJXIR�

w -J�XLI�ZEPYI�JSV�'SQQMXXIH�&]XIW�MW�KVIEXIV�XLER�XLI�EQSYRX�SJ�TL]WMGEP�
QIQSV]�SR�]SYV�GSQTYXIV�

8LMW�GSYRXIV�MW�XLI�XSXEP�QIQSV]�SJ�EPP�ETTPMGEXMSRW�MR�YWI�EX�XLI�QSQIRX��
%TTPMGEXMSRW�KIRIVEPP]�VIWIVZI�QSVI�QIQSV]�XLER�XLI]�YWI�HYVMRK�
VIKYPEV�STIVEXMSR��&YX�ER�ETTPMGEXMSR�HSIW�RSX�[VMXI�HEXE�XS�QIQSV]�
[MXLSYX�GSQQMXXMRK�XLI�QIQSV]�JMVWX��7S�XLI�ZEPYI�JSV�'SQQMXXIH�&]XIW�
WLS[W�XLI�EQSYRX�SJ�QIQSV]�XLI�ETTPMGEXMSRW�GYVVIRXP]�RIIH�
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-J�QSVI�QIQSV]�MW�GSQQMXXIH�XLER�]SY�LEZI�TL]WMGEP�QIQSV]�XS�
EGGSQQSHEXI��]SYV�GSQTYXIV�TEKIW�QIQSV]�GSRXIRXW�XS�HMWO��ZMVXYEP�
QIQSV]���ERH�]SYV�GSQTYXIV�[SVOW�QSVI�WPS[P]��FIGEYWI�TL]WMGEP�
QIQSV]�MW�JEWXIV�XLER�ZMVXYEP�QIQSV]�

w -J�XLI�ZEPYI�JSV�'SQQMXXIH�&]XIW�GSRWMWXIRXP]�I\GIIHW�XLI�ZEPYI�JSV�
'SQQMX�0MQMX

8LI�'SQQMX�0MQMX�GSYRXIV�MW�XLI�WM^I�SJ�ZMVXYEP�QIQSV]�XLEX�GER�FI�
GSQQMXXIH�[MXLSYX�LEZMRK�XS�I\XIRH�XLI�TEKMRK�JMPI��)ZIV]�XMQI�;MRHS[W�
28�I\XIRHW�XLI�TEKMRK�JMPI��MX�KSIW�XS�HMWO�ERH�WIEVGLIW�JSV�QSVI�WTEGI�XS�
YWI�JSV�ZMVXYEP�QIQSV]��8LMW�TVSGIWW�LEW�E�LMKL�TIVJSVQERGI�GSWX��ERH�]SY�
QMKLX�VYR�SYX�SJ�HMWO�WTEGI�

How to Tune Memory Performance in Windows NT

8LI�JSPPS[MRK�WIGXMSR�I\TPEMRW�LS[�XS�XYRI�QIQSV]�TIVJSVQERGI�SR�]SYV�
2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV�

Virtual Memory

8S�EHNYWX�XLI�EPPSGEXIH�WM^I�SJ�ZMVXYEP�QIQSV]�SR�]SYV�4S[IV�)HMXMSR�WIVZIV��
JSPPS[�XLIWI�WXITW�

�� 7IPIGX�7XEVX"7IXXMRKW"'SRXVSP�4ERIP�XS�STIR�XLI�'SRXVSP�4ERIP�[MRHS[�

�� (SYFPI�GPMGO�XLI�7]WXIQ�MGSR�XS�STIR�XLI�7]WXIQ�4VSTIVXMIW�HMEPSK�FS\�

�� 'PMGO�XLI�4IVJSVQERGI�XEF�XS�QEOI�MX�EGXMZI��

�� 'PMGO�'LERKI�XS�STIR�XLI�:MVXYEP�1IQSV]�HMEPSK�FS\�

�� 'LERKI�XLI�WM^I�ERH�PSGEXMSR�SJ�XLI�HMWO�WTEGI�EPPSGEXIH�XS�ZMVXYEP�QIQSV]�
XS�QIIX�]SYV�RIIHW��'PMGO�3/�

8S�HIXIVQMRI�E�KSSH�FEWIPMRI�WM^I�JSV�XLI�ZMVXYEP�QIQSV]�JMPI��pagefile.sys���PSK�
XLI�'SQQMXXIH�&]XIW�GSYRXIV�SZIV�E�TIVMSH�SJ�XMQI��EHH����XS����TIVGIRX�XS�XLI�
QE\MQYQ�ZEPYI��ERH�IRXIV�XLEX�ZEPYI�MR�XLI�-RMXMEP�7M^I��1&��XI\X�FS\�MR�XLI�
:MVXYEP�1IQSV]�HMEPSK�FS\�

Physical Memory Allocation

8S�EHNYWX�TL]WMGEP�QIQSV]�EPPSGEXMSR�SR�]SYV�4S[IV�)HMXMSR�WIVZIV��JSPPS[�
XLIWI�WXITW�

�� 7IPIGX�7XEVX"7IXXMRKW"'SRXVSP�4ERIP�XS�STIR�XLI�'SRXVSP�4ERIP�[MRHS[�

�� (SYFPI�GPMGO�XLI�2IX[SVO�MGSR�XS�STIR�XLI�2IX[SVO�HMEPSK�FS\�

�� 'PMGO�XLI�7IVZMGIW�XEF�XS�QEOI�MX�EGXMZI�
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�� 7IPIGX�7IVZIV�JVSQ�XLI�2IX[SVO�7IVZMGIW�PMWX�FS\�

�� 'PMGO�4VSTIVXMIW�XS�STIR�XLI�7IVZIV�HMEPSK�FS\�

�� 7IPIGX�SRI�SJ�XLI�JSPPS[MRK�STXMSRW�

r 1MRMQM^I�1IQSV]�9WIH��9WI�[LIR�XLI�WIVZIV�LEW�JI[IV�XLER����
YWIVW��JSV�I\EQTPI��4S[IV�)HMXMSR�PSGEP�FEGOYT�

r &EPERGI��9WI�[LIR�XLI�WIVZIV�LEW����XS����YWIVW�

r 1E\MQM^I�8LVSYKLTYX�JSV�*MPI�7LEVMRK��%PPSGEXI�QSWX�SJ�XLI�QIQSV]�
XS�XLI�JMPI�WIVZIV�QSHYPI��JSV�W]WXIQW�[MXL�QSVI�XLER����YWIVW�

r 1E\MQM^I�8LVSYKLTYX�JSV�2IX[SVO�%TTPMGEXMSR��9WI�JSV�E�GPMIRX�
WIVZIV�ETTPMGEXMSR�WIVZIV��WYGL�EW�E�2IX;SVOIV�WIVZIV�[MXL�VIQSXI�
GPMIRXW�

�� 'PMGO�3/�

Memory-Related Server Tuning Methods

8S�WTIIH�YT�ZMVXYEP�QIQSV]��]SY�GER�MQTPIQIRX�XLI�HMWO�VIGSQQIRHEXMSRW�MR�
l(MWO�8YRMRK�1IXLSHWz�SR�TEKI ����=SY�GER�EPWS�HIJVEKQIRX�XLI�HMWOW�[LIVI�
pagefile.sys�VIWMHIW��-X�MW�RSX�VIGSQQIRHIH�XS�TYX�pagefile.sys�SR�E�WXVMTI�WIX��
FIGEYWI�ZMVXYEP�QIQSV]�MW�PIWW�IJJMGMIRX�[LIR�MX�MW�JVEKQIRXIH��-X�MW�EPWS�RSX�
VIGSQQIRHIH�XS�TYX�pagefile.sys�SR�E�QMVVSVIH�HVMZI��FIGEYWI�IZIV]�[VMXI�MW�
HSRI�X[MGI��[LMGL�WPS[W�HS[R�[VMXIW�XS�ZMVXYEP�QIQSV]��

=SY�GER�EPWS�VIHYGI�XLI�QIQSV]�]SYV�4S[IV�)HMXMSR�WIVZIV�YWIW��7YKKIWXMSRW�
XS�VIHYGI�QIQSV]�VIUYMVIQIRXW�MRGPYHI�XLI�JSPPS[MRK�

w 6IHYGI�XLI�RYQFIV�SJ�SXLIV�ETTPMGEXMSRW�XLEX�VYR�SR�XLI�4S[IV�)HMXMSR�
WIVZIV��(IHMGEXI�]SYV�4S[IV�)HMXMSR�WIVZIV�XS�VYR�XLI�HEXEFEWI�WIVZIV��
2IX;SVOIV�GPMIRX��&YWMRIW7YMXI�1SHYPI�GPMIRX��ERH�4S[IV�)HMXMSR�WIVZIV�

w 7XST�WIVZMGIW�XLEX�]SY�HS�RSX�YWI��*SV�I\EQTPI��MJ�]SY�LEZI�SRP]�7'7-�
HIZMGIW��WXST�XLI�%8(-7/�WIVZMGI��[LMGL�MW�JSV�-()�HIZMGIW�SRP]�

w 6IQSZI�GSQQYRMGEXMSRW�TVSXSGSPW�]SY�HS�RSX�YWI��*SV�I\EQTPI��MJ�]SY�
SRP]�YWI�8'4�-4�FYX�]SY�EPWS�LEZI�74<�MRWXEPPIH��VIQSZI�74<�
58



Chapter 5: Testing and Tuning on Windows NT

5

CPU

8LI�JSPPS[MRK�WIGXMSRW�EHHVIWW�XIWXMRK�ERH�XYRMRK�MWWYIW�JSV�]SYV�2IX;SVOIV�
JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV�'49�W���*SV�E�KIRIVEP�HMWGYWWMSR�SJ�
LS[�'49�MWWYIW�EJJIGX�4S[IV�)HMXMSR�TIVJSVQERGI��WII�l'49z�SR�TEKI ���

How to Test CPU Performance

=SY�GER�HIXIVQMRI�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV
W�
'49�TIVJSVQERGI�F]�XSXEP�'49�YXMPM^EXMSR�ERH�F]�'49�YXMPM^EXMSR�JSV�IEGL�
MRHMZMHYEP�TVSGIWW�

Total CPU Utilization

8S�XIWX�XSXEP�'49�YXMPM^EXMSR�SJ�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�
)HMXMSR�WIVZIV�HYVMRK�FEGOYT��JSPPS[�XLIWI�WXITW��

�� 7IPIGX�7XEVX"4VSKVEQW"%HQMRMWXVEXMZI�8SSPW"4IVJSVQERGI�1SRMXSV�XS�
STIR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[��

�� 7IPIGX�6ITSVX�JVSQ�XLI�:MI[�QIRY��

�� 7IPIGX�%HH�8S�6ITSVX�JVSQ�XLI�)HMX�QIRY�XS�STIR�XLI�%HH�XS�6ITSVX�HMEPSK�
FS\�

�� 7IPIGX�4VSGIWWSV�JVSQ�XLI�3FNIGX�HVST�HS[R�PMWX�

�� 7IPIGX���4VSGIWWSV�8MQI�JVSQ�XLI�'SYRXIV�PMWX�FS\��'PMGO�)\TPEMR�XS�ZMI[�
HIXEMPW�SR�XLMW�GSYRXIV�

�� 7IPIGX�XLI�TVSGIWWSVW�]SY�[ERX�XS�XIWX�JVSQ�XLI�-RWXERGI�PMWX�FS\�MJ�]SYV�
4S[IV�)HMXMSR�WIVZIV�LEW�QSVI�XLER�SRI�TVSGIWWSV��

=SY�GER�WIPIGX�QYPXMTPI�MXIQW�MR�XLI�-RWXERGI�PMWX�FS\�F]�LSPHMRK�HS[R�XLI�
?7LMJXA�SV�?'XVPA�OI]�[LMPI�WIPIGXMRK�IEGL�MXIQ�

�� 'PMGO�%HH�[LIR�]SY�GSQTPIXI�EPP�]SYV�GLSMGIW��8LI�4IVJSVQERGI�1SRMXSV�
[MRHS[�RS[�VIJPIGXW�]SYV�4S[IV�)HMXMSR�WIVZIV�ERH�XLI�GSQTSRIRX�
[LSWI�TIVJSVQERGI�]SY�[ERX�XS�QSRMXSV��'PMGO�(SRI�

�� 7XEVX�E�FEGOYT�ERH�ZMI[�SV�GETXYVI�XLI�VIWYPXW�

8S�PIEVR�QSVI�EFSYX�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV��WII�l,S[�XS�7XEVX�
XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSVz�SR�TEKI ���
59



CPU

5

CPU Performance by Process

=SY�GER�EPWS�XIWX�'49�YXMPM^EXMSR�JSV�IEGL�TVSGIWW�MRZSPZIH�MR�XLI�FEGOYT��XS�
HIXIVQMRI�[LMGL�TVSGIWWIW�YWI�QSWX�SJ�XLI�'49�GETEGMX]��8LI�TVSGIWWIW�
MRZSPZIH�MR�E�4S[IV�)HMXMSR�FEGOYT�EVI�XLI�JSPPS[MRK�

w 2IX;SVOIV�WIVZMGIW

r RWVH��7IVZIV�TVSGIWW

r RWVI\IGH��'PMIRX�TVSGIWW

r RWVMRHI\H��'PMIRX�JMPI�MRHI\�TVSGIWW

r RWVQQH��(IZMGI�TVSGIWW

r RWVQQHFH��1IHME�HEXEFEWI�TVSGIWW

w save��8LI�2IX;SVOIV�FEGOYT�TVSKVEQ

w %TTPMGEXMSR�WTIGMJMG�WIVZMGIW��WYGL�EW�JSV�E�HEXEFEWI�WIVZIV

8S�XIWX�XSXEP�'49�YXMPM^EXMSR�SJ�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�
)HMXMSR�WIVZIV�HYVMRK�FEGOYT��JSPPS[�XLIWI�WXITW��

�� 7IPIGX�7XEVX"4VSKVEQW"%HQMRMWXVEXMZI�8SSPW"4IVJSVQERGI�1SRMXSV�XS�
STIR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[��

�� 7IPIGX�6ITSVX�JVSQ�XLI�:MI[�QIRY��

�� 7IPIGX�%HH�8S�6ITSVX�JVSQ�XLI�)HMX�QIRY�XS�STIR�XLI�%HH�XS�6ITSVX�HMEPSK�
FS\�

�� 7IPIGX�4VSGIWW�JVSQ�XLI�3FNIGX�HVST�HS[R�PMWX�

�� 7IPIGX�XLI���4VSGIWWSV�8MQI�JVSQ�XLI�'SYRXIV�PMWX�FS\��'PMGO�)\TPEMR�XS�
ZMI[�HIXEMPW�SR�XLMW�GSYRXIV�

�� 7IPIGX�XLI�MRHMZMHYEP�WIVZMGIW��TVSKVEQW��SV�SXLIV�TVSGIWWIW�]SY�[ERX�XS�
XIWX�JVSQ�XLI�-RWXERGI�PMWX�FS\�

=SY�GER�WIPIGX�QYPXMTPI�MXIQW�MR�XLI�-RWXERGI�PMWX�FS\�F]�LSPHMRK�HS[R�XLI�
?7LMJXA�SV�?'XVPA�OI]�[LMPI�WIPIGXMRK�IEGL�MXIQ�

�� 'PMGO�%HH�[LIR�]SY�GSQTPIXI�EPP�]SYV�GLSMGIW��8LI�4IVJSVQERGI�1SRMXSV�
[MRHS[�RS[�VIJPIGXW�]SYV�4S[IV�)HMXMSR�WIVZIV�ERH�XLI�GSQTSRIRX�
[LSWI�TIVJSVQERGI�]SY�[ERX�XS�QSRMXSV��'PMGO�(SRI�

�� 7XEVX�E�FEGOYT�ERH�ZMI[�SV�GETXYVI�XLI�VIWYPXW�
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CPU Performance Evaluation Methods

=SY�ORS[�]SY�LEZI�E�'49�FPSGOEKI�MJ�XSXEP�'49�YXMPM^EXMSR�VIQEMRW�EFSZI�
����JSV�PSRK�TIVMSHW�HYVMRK�XLI�FEGOYT�TVSGIWW�

Server Input/Output

8LI�JSPPS[MRK�WIGXMSRW�EHHVIWW�XIWXMRK�ERH�XYRMRK�MWWYIW�JSV�XLI2IX;SVOIV�JSV�
;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV�MRTYX�SYXTYX��-�3���*SV�E�KIRIVEP�
HMWGYWWMSR�SJ�LS[�-�3�MWWYIW�EJJIGX�4S[IV�)HMXMSR�TIVJSVQERGI��WII�l7IVZIV�
-RTYX�3YXTYXz�SR�TEKI ���

How to Test Input/Output Performance

8S�XIWX�XLI�-�3�SJ�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV�QSWX�
IJJIGXMZIP]��]SY�QYWX�WXEVX�ERH�GSRJMKYVI�XLI�;MRHS[W�28�4IVJSVQERGI�
1SRMXSV��ERH�XLIR�VYR�WTIGMJMG�2IX;SVOIV�-�3�VIPEXIH�XIWXW��8LIWI�XIWXW�EVI�
HIXEMPIH�MR�XLI�GLETXIV�SJ�XLMW�KYMHI�GSZIVMRK�KIRIVEP�TIVJSVQERGI�KYMHIPMRIW�

8S�WXEVX�ERH�GSRJMKYVI�XLI�;MRHS[W�28�4IVJSVQERGI�1SRMXSV�XS�XIWX�]SYV�
2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV�-�3��JSPPS[�XLIWI�WXITW�

�� 7IPIGX�7XEVX"4VSKVEQW"%HQMRMWXVEXMZI�8SSPW"4IVJSVQERGI�1SRMXSV�XS�
STIR�XLI�4IVJSVQERGI�1SRMXSV�[MRHS[��

�� 7IPIGX�6ITSVX�JVSQ�XLI�:MI[�QIRY��

�� 7IPIGX�%HH�8S�6ITSVX�JVSQ�XLI�)HMX�QIRY�XS�STIR�XLI�%HH�XS�6ITSVX�HMEPSK�
FS\�

�� 7IPIGX�7]WXIQ�JVSQ�XLI�3FNIGX�HVST�HS[R�PMWX�

�� 7IPIGX�*MPI�;VMXI�&]XIW�WIG�JVSQ�XLI�'SYRXIV�PMWX�FS\��'PMGO�)\TPEMR�XS�ZMI[�
HIXEMPW�SR�XLMW�GSYRXIV�

�� 'PMGO�%HH�[LIR�]SY�GSQTPIXI�EPP�]SYV�GLSMGIW��8LI�4IVJSVQERGI�1SRMXSV�
[MRHS[�RS[�VIJPIGXW�]SYV�4S[IV�)HMXMSR�WIVZIV�ERH�XLI�GSQTSRIRX�
[LSWI�TIVJSVQERGI�]SY�[ERX�XS�QSRMXSV��'PMGO�(SRI�

�� 6YR�XLI�JSPPS[MRK�XIWXW��ERH�ZMI[�SV�GETXYVI�XLI�VIWYPXW�

r YEWQ��7II�l(MWO�6IEH�7TIIH�8IWXMRK�1IXLSHWz�SR�TEKI ���

r QX��7II�l(IZMGI�4IVJSVQERGI�;MXLSYX�6YRRMRK�2IX;SVOIVz�SR�
TEKI ���

r FMKEWQ��7II�l(IZMGI�4IVJSVQERGI�;LMPI�6YRRMRK�2IX;SVOIVz�SR�
TEKI ���
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How to Tune Input/Output Performance

8LI�VEXI�EX�[LMGL�E�7'7-�HIZMGI�GER�[VMXI�HEXE�XS�QIHME�MW�PMQMXIH�F]�XLI�
EQSYRX�SJ�HEXE�XLEX�XVERWJIVW�SZIV�XLI�7'7-�FYW�MR�E�WMRKPI�-�3�STIVEXMSR��8S�
XYRI�7'7-�TIVJSVQERGI��GLERKI�XLI�RYQFIV�SJ�QIQSV]�TEKIW�XLI�7'7-�LSWX�
FYW�EHETXIV��,&%��GER�WGEXXIV�KEXLIV�MR�E�WMRKPI�HMVIGX�QIQSV]�EGGIWW��(1%���
-R�;MRHS[W�28��XLI�RYQFIV�SJ�F]XIW�XLEX�GER�FI�XVERWJIVVIH�MR�E�WMRKPI�7'7-�
-�3�MW�PMQMXIH�F]�XLI�RYQFIV�SJ�QIQSV]�TEKIW�XLEX�XLI�7'7-�LSWX�FYW�EHETXIV�
GER�WGEXXIV�KEXLIV�MR�E�WMRKPI�(1%��

)EGL�ZIRHSV
W�7'7-�HVMZIV�WTIGMJMIW�XLI�QE\MQYQ�RYQFIV�SJ�TEKIW�XLEX�XLI�
,&%�GER�WGEXXIV�KEXLIV�JSV�XLI�(1%�XVERWJIV��;LIR�]SY�QYPXMTP]�XLI�TEKI�
WM^I�F]�XLI�RYQFIV�SJ�WGEXXIV�KEXLIV�IRXVMIW��XLI�TVSHYGX�MW�XLI�IJJIGXMZI�PMQMX�
XS�XLI�RYQFIV�SJ�F]XIW�XLEX�GER�FI�XVERWQMXXIH�MR�E�WMRKPI�-�3�STIVEXMSR��

8LI�IUYEXMSR�MW�XLI�JSPPS[MRK�

-�3�STIVEXMSR�WM^I�!�4EKI�WM^I�����SJ�WGEXXIV�KEXLIV�IRXVMIW����

9WIV�QIQSV]�MW�RSX�RIGIWWEVMP]�TEKI�EPMKRIH��XLIVIJSVI�

-J�1E\MQYQ7+0MWX�!�����XLIR�XLI�-�3�XVERWJIV�WM^I�MW��/������!�����/�

*SV�XLI�HVMZIVW�SJ�WSQI�7'7-�LSWX�EHETXIVW��]SY�GER�GLERKI�XLI�QE\MQYQ�
RYQFIV�SJ�WGEXXIV�KEXLIV�TEKIW��1ER]�XETI�HVMZIW�ERH�HMWO�HVMZIW�TIVJSVQ�
FIXXIV�[MXL�E�PEVKIV�-�3�PMQMX��%�GLERKI�MR�XLI�RYQFIV�SJ�WGEXXIV�KEXLIV�TEKIW�
GER�QEOI�E�PEVKI�TIVJSVQERGI�HMJJIVIRGI��*SV�I\EQTPI��

w 8LI�%QTI\�(78�XETI�HVMZI�[VMXIW�SRP]���1&�TIV�WIGSRH�[MXL����/&�7'7-�
XVERWJIVW�ERH����1&�TIV�WIGSRH�[MXL�����/&�7'7-�XVERWJIVW��

w 8LI�7'7-�HMWO�l'=&)62)8���<4z�VIEHW�����1&�TIV�WIGSRH�[MXL�E����/&�
VIEH�FYJJIV�WM^I�ERH����1&�TIV�WIGSRH�[MXL�E�����/&�VIEH�FYJJIV�WM^I�

8S�GLERKI�XLI�QE\MQYQ�WGEXXIV�KEXLIV�TEKIW�WIXXMRK�MR�XLI�;MRHS[W�28�
6IKMWXV]��EHH�XLI�JSPPS[MRK�RI[�6IKMWXV]�WYFOI]�XS�WTIGMJ]�XLI�QE\MQYQ�
RYQFIV�SJ�WGEXXIV�KEXLIV�PMWX�IPIQIRXW�JSV�IEGL�HIZMGI�SR�E�KMZIR�FYW�

,/)=C03'%0C1%',-2)@7=78)1@'YVVIRX'SRXVSP7IX@7IVZMGIW@
(VMZIV2EQI@4EVEQIXIVW@(IZMGI�RYQFIV@1E\MQYQ7+0MWX

-QTSVXERX��1SHMJ]MRK�XLI�6IKMWXV]�MW�ZIV]�HERKIVSYW��(S�RSX�EXXIQTX�XS�
QSHMJ]�XLI�6IKMWXV]�YRPIWW�]SY�LEZI�ER�YT�XS�HEXI�FEGOYT�SJ�XLI�6IKMWXV]�XS�
[LMGL�]SY�GER�VIZIVX�ERH�]SY�EVI�GSRZMRGIH�XLEX�XLI�QSHMJMGEXMSR�]SY�EVI�
EFSYX�XS�QEOI�MW�GSVVIGX��-RETTVSTVMEXI�GLERKIW�XS�XLI�6IKMWXV]�GER�VIWYPX�MR�
XLI�RIIH�XS�VI�MRWXEPP�;MRHS[W�28�
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8S�EHH�XLI�WYFOI]�IRXV]�XS�XLI�;MRHS[W�28�6IKMWXV]��JSPPS[�XLIWI�WXITW�

�� 7XEVX�XLI�;MRHS[W�28�6IKMWXV]�)HMXSV�TVSKVEQ�F]�WIPIGXMRK�7XEVX"6YR�
ERH�IRXIVMRK�XLI�JSPPS[MRK�ZEPYI�MR�XLI�3TIR�XI\X�FS\�ERH�TVIWWMRK�
?)RXIVA�

regedt32

=SY�GER�EPWS�STIR�XLMW�TVSKVEQ�EX�XLI�JSPPS[MRK�PSGEXMSR�

�7]WXIQ6SSX�@;MRRX@7]WXIQ��@VIKIWX���I\I

�� 7IPIGX�;MRHS[",/)=C03'%0C1%',-2)�XS�QEOI�XLEX�[MRHS[�EGXMZI�

�� )\TERH�XLI�JSPPS[MRK�JSPHIVW�[MXLMR�XLI�HMVIGXSV]�XVII�SJ�XLI�
,/)=C03'%0C1%',-2)�[MRHS[�XS�HMWTPE]�XLIMV�GSRXIRXW�

7=78)1@'YVVIRX'SRXVSP7IX@7IVZMGIW

�� 7IPIGX�XLI�ETTVSTVMEXI�HVMZIV�JSV�]SYV�7'7-�GSRXVSPPIV��JSV�I\EQTPI��
%-'��\\�JSV�%HETXIG
W����\����\�WIVMIW�

�� 7IPIGX�)HMX"7YFOI]�XS�STIR�XLI�%HH�/I]�HMEPSK�FS\��

�� )RXIV�XLI�REQI�SJ�XLI�QMRMTSVX�HVMZIV�MR�XLI�/I]�2EQI�XI\X�FS\�ERH�GPMGO�
3/��8LI�REQI�SJ�XLI�QMRMTSVX�HVMZIV�RS[�ETTIEVW�EW�E�WYFOI]�XS�XLI�
7IVZMGIW�JSPHIV�

�� 7IPIGX�XLI�RI[P]�EHHIH�QMRMTSVX�HVMZIV�IRXV]�MR�XLI�
,/)=C03'%0C1%',-2)�[MRHS[�ERH�VITIEX�7XIT���JSV�IEGL�SJ�XLI�
JSPPS[MRK�WYFOI]�XIVQW�MR�WIUYIRGI�

r 4EVEQIXIVW

r (IZMGI�RYQFIV��[LIVI�RYQFIV�MW�XLI�FYW�RYQFIV�EWWMKRIH�EX�
MRMXMEPM^EXMSR�

r 1E\MQYQ7+0MWX

;LIR�GSQTPIXIH��XLIWI�XIVQW�JSVQ�XLI�JSPPS[MRK�TEXL�

HKEY_LOCAL_MACHINE\CurrentControlSet\Services\DriveName\
Parameters\Device number\MaximumSGList

6IQIQFIV�XLEX�FSXL�l(VMZI2EQIz�ERH�XLI�RYQFIV�JSV�XLI�l(IZMGIz�
IRXVMIW�EVI�ZEVMEFPIW�[LSWI�ZEPYIW�]SY�QYWX�HIXIVQMRI�

-J�E�ZEPYI�MW�HIJMRIH�JSV�1E\MQYQ7+0MWX�MR�XLMW�WYFOI]�[LIR�XLI�HIZMGI�
MRMXMEPM^IW��XLI�7'7-�TSVX�HVMZIV�YWIW�1E\MQYQ7+0MWX�EW�XLI�MRMXMEP�ZEPYI�
JSV�2YQFIV3J4L]WMGEP&VIEOW��8LI�QMRMTSVX�HVMZIV�GER�WIX�
2YQFIV3J4L]WMGEP&VIEOW�XS�E�PS[IV�ZEPYI��MJ�ETTVSTVMEXI��8LI�QE\MQYQ�
ZEPYI�JSV�1E\MQYQ7+0MWX�MW������FYX�]SY�WLSYPH�YWI�XLMW�EHNYWXQIRX�
WTEVMRKP]�FIGEYWI�WGEXXIV�KEXLIV�PMWXW�GSRWYQI�RSR�TEKIH�QIQSV]��
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�� 6IWXEVX�]SYV�4S[IV�)HMXMSR�WIVZIV�

�� 3TIR�ER�17�(37�[MRHS[�ERH�IRXIV�XLI�JSPPS[MRK�GSQQERH�EX�XLI�
TVSQTX�

mt -f \\.\Tape0 stat 

)RXIVMRK�XLMW�GSQQERH�HMWTPE]W�XLI�RI[�ZEPYI�JSV�QE\MQYQ�FPSGO�WM^I�

3XLIV�WYKKIWXMSRW�JSV�XYRMRK�-�3�TIVJSVQERGI�EVI�EW�JSPPS[W�

w 1SZI�XLI�LEVH[EVI�GSRJMKYVEXMSR�EVSYRH��JSV�I\EQTPI��QSZI�WSQI�HMWOW�
SJJ�E�7'7-�FYW�XLEX�MW�SZIVPSEHIH�

w -J�TSWWMFPI��YWI�4'-�EHETXIVW�MR�]SYV�4S[IV�)HMXMSR�WIVZIV��-J�]SY�QYWX�
YWI�SXLIV�EHETXIVW��)-7%�EHETXIVW�EVI�FIXXIV�XLER�-7%�EHETXIVW��FIGEYWI�
-7%�EHETXIVW�LEZI�FYW�GSRXIRXMSR�TVSFPIQW�XLEX�HIKVEHI�W]WXIQ�
TIVJSVQERGI�

w 9WI�E�HYEP�4'-�FEGOTPERI�W]WXIQ��VEXLIV�XLER�E�FVMHKIH�4'-�FEGOTPERI��

w 9WI�QYPXMTPI�7'7-�FYWIW�[MXL�HIZMGIW�SJ�XLI�WEQI�X]TI��JSV�I\EQTPI��
9PXVE7'7-��SR�XLI�WEQI�FYW�

w 9WI�WLSVX��LMKL�UYEPMX]�GEFPIW�[MXL�EGXMZI�XIVQMREXSVW�

w )RWYVI�XLEX�7'7-�GSQQYRMGEXMSRW�EVI�SGGYVVMRK�W]RGLVSRSYWP]��RSX�
EW]RGLVSRSYWP]�

Devices

8LI�JSPPS[MRK�WIGXMSRW�EHHVIWW�XIWXMRK�ERH�XYRMRK�MWWYIW�JSV�XLI�4S[IV�)HMXMSR�
FEGOYT�HIZMGIW�[MXLMR�XLI�;MRHS[W�28�IRZMVSRQIRX��*SV�E�KIRIVEP�
HMWGYWWMSR�SJ�LS[�HIZMGI�MWWYIW�EJJIGX�4S[IV�)HMXMSR�TIVJSVQERGI��WII�
l&EGOYT�(IZMGIWz�SR�TEKI ���

How to Test Device Performance

8S�XIWX�HIZMGI�MRTYX�SYXTYX��WII�XLI�bigasm QSHYPI XIWX�HIWGVMFIH�MR�l,S[�XS�
8IWX�-RTYX�3YXTYX�4IVJSVQERGIz�SR�TEKI ���

How to Tune Device Performance

1SWX�XETI�HVMZIW�GSQI�[MXL�LEVH[EVI�HEXE�GSQTVIWWMSR�IREFPIH�F]�HIJEYPX��
;LIR�GSQTVIWWMSR�MW�IREFPIH��HIZMGI�TIVJSVQERGI�ERH�QIHME�GETEGMX]�GER�
HSYFPI��

,EVH[EVI�HEXE�GSQTVIWWMSR�MW�GSRXVSPPIH�F]�XLI�276C23C,;C'3146)77�
IRZMVSRQIRX�ZEVMEFPI��;LIR�]SY�WIX�XLMW�IRZMVSRQIRX�ZEVMEFPI�XS�l=IW�z�HEXE�
MW�RSX�GSQTVIWWIH�F]�XLI�LEVH[EVI�FIJSVI�MX�MW�[VMXXIR�XS�QIHME��
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2SXI��*SV�HEXE�XLEX�MW�EPVIEH]�GSQTVIWWIH�FIJSVI�MX�VIEGLIW�XLI�HIZMGI��
LS[IZIV��EHHMXMSREP�GSQTVIWWMSR�QMKLX�EGXYEPP]�MRGVIEWI�XLI�WM^I�SJ�XLI�HEXE��
-J�XLI�HEXE�GSQIW�XS�XLI�HIZMGI�EPVIEH]�GSQTVIWWIH��]SY�QMKLX�[ERX�XS�HMWEFPI�
GSQTVIWWMSR�SR�XLI�WXSVEKI�HIZMGI�

8S�XYRI�XLI�LEVH[EVI�GSQTVIWWMSR�W]WXIQ�ZEVMEFPI��JSPPS[�XLIWI�WXITW�

�� 7IPIGX�7XEVX"7IXXMRKW"'SRXVSP�4ERIP�XS�STIR�XLI�'SRXVSP�4ERIP�[MRHS[�

�� (SYFPI�GPMGO�XLI�7]WXIQ�MGSR�XS�STIR�XLI�7]WXIQ�4VSTIVXMIW�HMEPSK�FS\�

�� 7IPIGX�XLI�)RZMVSRQIRX�XEF�XS�QEOI�MX�EGXMZI�

�� 6IZMI[�XLI�ZEVMEFPIW�ERH�ZEPYIW�PMWXIH�MR�XLI�7]WXIQ�:EVMEFPIW�PMWX�FS\��
(ITIRHMRK�SR�[LIXLIV�XLI�276C23C,;C'3146)77�ZEVMEFPI�EPVIEH]�
I\MWXW�SV�RSX��JSPPS[�XLI�ETTVSTVMEXI�WXIT�

r -J�XLI�276C23C,;C'3146)77�ZEVMEFPI�MW�EPVIEH]�PMWXIH��ERH�]SY�
WMQTP]�[ERX�XS�GLERKI�MXW�ZEPYI��WIPIGX�MX��8LI�ZEVMEFPI�REQI�ERH�MXW�
ZEPYI�ETTIEV�MR�XLI�:EVMEFPI�ERH�:EPYI�XI\X�FS\IW��'LERKI�MXW�ZEPYI�XS�
l]IWz�ERH�GPMGO�7IX�XS�GSRJMVQ�XLI�GLERKI��8LI�
276C23C,;C'3146)77�ZEVMEFPI
W�YTHEXIH�ZEPYI�MW�RS[�
VIJPIGXIH�MR�XLI�7]WXIQ�:EVMEFPIW�PMWX�FS\�

r -J�XLI�276C23C,;C'3146)77�ZEVMEFPI�MW�RSX�PMWXIH��]SY�RIIH�XS�
GVIEXI�MX��7IPIGX�ER]�ZEVMEFPI�WS�XLEX�MXW�REQI�ERH�ZEPYI�EVI�HMWTPE]IH�
MR�XLI�:EVMEFPI�ERH�:EPYI�XI\X�FS\IW��'LERKI�XLI�I\MWXMRK�ZEVMEFPI�
REQI�XS�l276C23C,;C'3146)77�z�IRXIV�XLI�ZEPYI�l]IW�z�ERH�
ERH�GPMGO�7IX�XS�GSRJMVQ�XLI�RI[�ZEVMEFPI��

;LIR�]SY�GLERKI�XLI�REQI�SJ�ER�I\MWXMRK�ZEVMEFPI��;MRHS[W�28�
XVIEXW�MX�EW�E�RI[�ZEVMEFPI�ERH�HSIW�RSX�SZIV[VMXI�SV�HIPIXI�XLI�
SVMKMREP�ZEVMEFPI��8LI�RI[�ZEVMEFPI�ERH�MXW�ZEPYI�MW�RS[�VIJPIGXIH�MR�
XLI�7]WXIQ�:EVMEFPIW�PMWX�FS\��ERH�XLI�SVMKMREP�SRI�]SY�WIPIGXIH�
VIQEMRW�YRGLERKIH�

�� 'PMGO�3/�[LIR�]SY�LEZI�GSQTPIXIH�EHHMRK�SV�QSHMJ]MRK�XLI�
276C23C,;C'3146)77�ZEVMEFPI�ERH�SV�MXW�ZEPYI�

�� 6IWXEVX�]SYV�2IX;SVOIV�JSV�;MRHS[W�28�4S[IV�)HMXMSR�WIVZIV�

8S�WII�XLI�HIZMGI�GSQTVIWWMSR�WIXXMRK��STIR�ER�17�(37�[MRHS[�ERH�IRXIV�XLI�
JSPPS[MRK�EX�XLI�TVSQTX�

mt -f \\.\Tape0 stat

-R�XLI�SYXTYX�SJ�E�HIZMGI�[MXL�GSQTVIWWMSR�IREFPIH��]SY�WII�E�PMRI�XLEX�WE]W�XLI�
JSPPS[MRK�

Compress Enabled
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Windows NT Software

8LI�JSPPS[MRK�ZEVMEFPIW�EJJIGX�XLI�SZIVEPP�;MRHS[W�28�STIVEXMRK�W]WXIQ�
TIVJSVQERGI�ERH�XLI�WTIIH�SJ�FEGOYT�

w *MPIW]WXIQ�SZIVLIEH

*MPIW]WXIQ�MRTYX�SYXTYX��-�3��GER�HIKVEHI�-�3�TIVJSVQERGI��-J�]SY�
MRXIKVEXI�PSKMGEP�ZSPYQI�QEREKIVW�[MXL�XLI�JMPIW]WXIQ��]SY�GER�MRGVIEWI�
HMWO�TIVJSVQERGI�ERH�EHH�E�LSWX�SJ�SXLIV�JIEXYVIW�XS�MQTVSZI�
QEREKIEFMPMX]�SJ�PEVKI�JMPIW]WXIQW��%PWS��HITIRHMRK�SR�XLI�PIZIP�SJ�6%-(�
�6IHYRHERX�%VVE]�SJ�-RHITIRHIRX�(MWOW��]SY�MQTPIQIRX��6%-(�GER�
MQTVSZI�SV�EHZIVWIP]�EJJIGX�FEGOYT�TIVJSVQERGI��

w 7IVZIV�QIQSV]�YWEKI�WIXXMRK

=SY�GER�WIX�;MRHS[W�28�WIVZIV�QIQSV]�YWI�XS�FI�STXMQM^IH�JSV�E�WQEPP�
RYQFIV�SJ�GPMIRXW��E�PEVKI�RYQFIV�SJ�GPMIRXW��E�JMPI�WIVZIV��SV�E�HSQEMR�
GSRXVSPPIV��7II�l4L]WMGEP�1IQSV]�%PPSGEXMSRz�SR�TEKI ���JSV�QSVI�
MRJSVQEXMSR�

w 4EKI�JMPI�WM^I

=SY�GER�EHNYWX�XLI�WM^I�ERH�PSGEXMSR�SJ�XLI�ZMVXYEP�QIQSV]�JMPI��pagefile.sys��
SR�]SYV�PSGEP�HMWOW��7II�l,S[�XS�8YRI�1IQSV]�4IVJSVQERGI�MR�;MRHS[W�
28z�SR�TEKI ���JSV�QSVI�MRJSVQEXMSR�
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8LMW�KPSWWEV]�GSRXEMRW�XIVQW�ERH�HIJMRMXMSRW�JSYRH�MR�XLMW�QERYEP��1SWX�SJ�XLI�
XIVQW�EVI�WTIGMJMG�XS�2IX;SVOIV�TVSHYGXW��

��� 7II�PIZIP�?���A�

EGXMZI�KVSYT %�KVSYT�[MXL�MXW�EYXSWXEVX�EXXVMFYXI�IREFPIH��

%HQMRMWXVEXSVW�
KVSYT

%�;MRHS[W�28�YWIV�KVSYT�[LSWI�QIQFIVW�LEZI�
EPP�XLI�VMKLXW�ERH�EFMPMXMIW�SJ�YWIVW�MR�SXLIV�KVSYTW��
TPYW�XLI�EFMPMX]�XS�GVIEXI�ERH�QEREKI�EPP�XLI�YWIVW�
ERH�KVSYTW�MR�XLI�HSQEMR��3RP]�QIQFIVW�SJ�XLI�
%HQMRMWXVEXSVW�KVSYT�GER�QSHMJ]�;MRHS[W�28�
37�JMPIW��QEMRXEMR�XLI�FYMPX�MR�KVSYTW��ERH�KVERX�
EHHMXMSREP�VMKLXW�XS�KVSYTW�

ERRSXEXMSR %�GSQQIRX�XLEX�]SY�EWWSGMEXI�[MXL�ER�EVGLMZI�
WEZI�WIX��XS�LIPT�MHIRXMJ]�XLEX�HEXE�PEXIV�SR��
%RRSXEXMSRW�EVI�WXSVIH�MR�XLI�QIHME�MRHI\�JSV�IEWI�
SJ�WIEVGLMRK�ERH�EVI�PMQMXIH�XS������GLEVEGXIVW�

%TTPMGEXMSR�7TIGMJMG�
1SHYPI��%71�

%�TVSKVEQ�XLEX��[LIR�YWIH�MR�E�HMVIGXMZI��
WTIGMJMIW�XLI�[E]�XLEX�E�WIX�SJ�JMPIW�SV�HMVIGXSVMIW�MW�
XS�FI�FEGOIH�YT�ERH�VIGSZIVIH�

EVGLMZI 8LI�TVSGIWW�F]�[LMGL�2IX;SVOIV�FEGOW�YT�
HMVIGXSVMIW�SV�JMPIW�XS�ER�EVGLMZI�ZSPYQI�ERH�XLIR�
STXMSREPP]�HIPIXIW�XLIQ�XS�JVII�YT�HMWO�WTEGI�
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EVGLMZI�GPSRI�TSSP %�ZSPYQI�TSSP�GSQTSWIH�I\GPYWMZIP]�SJ�EVGLMZI�
GPSRI�WEZI�WIXW�

EVGLMZI�TSSP %�ZSPYQI�TSSP�GSQTSWIH�I\GPYWMZIP]�SJ�EVGLMZI�
WEZI�WIXW�

EVGLMZI�ZSPYQI %�XETI�SV�SXLIV�WXSVEKI�QIHMYQ�YWIH�JSV�
2IX;SVOIV�EVGLMZIW��EW�STTSWIH�XS�E�FEGOYT�
ZSPYQI�

�%71 7II�%TTPMGEXMSR�7TIGMJMG�1SHYPI��%71��

EXXVMFYXI %�TVSTIVX]�SJ�E�VIWSYVGI��WLS[R�MR�XLI�KVETLMGEP�
YWIV�MRXIVJEGI�EW�ER�IRXV]�JMIPH��TYWL�FYXXSR��SV�E�
PMWX�JVSQ�[LMGL�]SY�WIPIGX��See also�VIWSYVGI�

EYXS�QIHME�
QEREKIQIRX

%�JIEXYVI�XLEX�IREFPIW�2IX;SVOIV�XS�EYXSQEXMGEPP]�
PEFIP��QSYRX��ERH�SZIV[VMXI�E�ZSPYQI�MX�GSRWMHIVW�
YRPEFIPIH��2IX;SVOIV�EPWS�EYXSQEXMGEPP]�VIG]GPIW�
ZSPYQIW�IPMKMFPI�JSV�VIYWI�

EYXSGLERKIV %�QIGLERMWQ�XLEX�YWIW�E�VSFSXMG�EVQ�XS�QSZI�
QIHME�EQSRK�ZEVMSYW�GSQTSRIRXW�PSGEXIH�MR�E�
HIZMGI��MRGPYHMRK�WPSXW��QIHME�HVMZIW��QIHME�
EGGIWW�TSVXW��ERH�XVERWTSVXW��%YXSGLERKIVW�
EYXSQEXI�QIHME�PSEHMRK�ERH�QSYRXMRK�JYRGXMSRW�
HYVMRK�FEGOYTW�ERH�VIGSZIVW��8LI�XIVQ�
lEYXSGLERKIVz�VIJIVW�XS�E�ZEVMIX]�SJ�FEGOYT�
HIZMGIW��MRGPYHMRK�NYOIFS\��GEVSYWIP��PMFVEV]��RIEV�
PMRI�WXSVEKI��HEXE[LIIP��ERH�EYXSPSEHIV�

FEGOYT�G]GPI 8LI�TIVMSH�SJ�XMQI�JVSQ�SRI�PIZIP�JYPP�FEGOYT�XS�
XLI�RI\X�PIZIP�JYPP�FEGOYT�

FEGOYT�KVSYT� %�KVSYT�SJ�2IX;SVOIV�GPMIRXW�XLEX�FIKMR�XLIMV�
WGLIHYPIH�FEGOYTW�EX�XLI�WEQI�XMQI�
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FEGOYT�PIZIPW &EGOYT�WIXXMRKW�XLEX�HIXIVQMRI�LS[�QYGL�HEXE�
2IX;SVOIV�WEZIW�HYVMRK�E�WGLIHYPIH�SV�QERYEP�
FEGOYT��8LI�FEGOYT�PIZIPW�EVI�
full���FEGOW�YT�EPP�JMPIW��VIKEVHPIWW�SJ�[LIXLIV�XLI]�
LEZI�GLERKIH�
levels 1-9���FEGO�YT�JMPIW�XLEX�LEZI�GLERKIH�WMRGI�
XLI�PEWX�PS[IV�RYQFIVIH�FEGOYT�PIZIP�
incremental (incr)���FEGOW�YT�SRP]�JMPIW�XLEX�LEZI�
GLERKIH�WMRGI�XLI�QSWX�VIGIRX�FEGOYT�

FEGOYT�ZSPYQI &EGOYT�QIHME��WYGL�EW�QEKRIXMG�XETI�SV�STXMGEP�
HMWO�

FIRGLQEVOMRK 8IWXW�MR�E�GSRXVSPPIH�IRZMVSRQIRX�XS�QIEWYVI�XLI�
TIVJSVQERGI�SJ�E�TVSHYGX�EW�MX�TIVJSVQW�WTIGMJMG�
XEWOW�

&EGOYT�3TIVEXSVW�
KVSYT�

%�;MRHS[W�28�KVSYT�[LSWI�QIQFIVW�LEZI�XLI�
GETEFMPMX]�SJ�PSKKMRK�SR�XS�E�HSQEMR�JVSQ�E�
[SVOWXEXMSR�SV�E�WIVZIV��FEGOMRK�MX�YT��ERH�
VIWXSVMRK�XLI�HEXE��&EGOYT�3TIVEXSVW�EPWS�GER�WLYX�
HS[R�WIVZIVW�SV�[SVOWXEXMSRW�

FSSXWXVET� -RJSVQEXMSR�XLEX�MRGPYHIW�XLI�WIVZIV�MRHI\��QIHME�
MRHI\��ERH�GSRJMKYVEXMSR�JMPIW�RIIHIH�JSV�
VIGSZIVMRK�2IX;SVOIV�EJXIV�E�HMWO�GVEWL��

FSXXPIRIGO 8LI�WPS[IWX�TSMRX�MR�E�W]WXIQ��[LMGL�VIWXVMGXW�XLI�
W]WXIQ�JVSQ�STIVEXMRK�ER]�JEWXIV�

FVS[WI�TSPMG] %�TSPMG]�XLEX�HIXIVQMRIW�LS[�PSRK�IRXVMIW�JSV�
]SYV�FEGOYT�HEXE�VIQEMR�MR�XLI�GPMIRX�JMPI�MRHI\�

GEVSYWIP %�XVE]�SV�XETI�GEVXVMHKI�XLEX�LSPHW�QYPXMTPI�
FEGOYT�ZSPYQIW�

GPMIRX %�GSQTYXIV�XLEX�EGGIWWIW�XLI�2IX;SVOIV�WIVZIV�XS�
FEGO�YT�SV�VIGSZIV�JMPIW��'PMIRXW�QE]�FI�
[SVOWXEXMSRW��4'W��SV�JMPIWIVZIVW�
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GPMIRX�JMPI�MRHI\ %�HEXEFEWI�SJ�MRJSVQEXMSR�QEMRXEMRIH�F]�XLI�
2IX;SVOIV�WIVZIV�XLEX�XVEGOW�IZIV]�JMPI�SV�
JMPIW]WXIQ�FEGOIH�YT��8LI�2IX;SVOIV�WIVZIV�
QEMRXEMRW�E�WMRKPI�GPMIRX�MRHI\�JMPI�JSV�IEGL�GPMIRX�
GSQTYXIV��

GPSRI 8LI�TVSGIWW�F]�[LMGL�2IX;SVOIV�QEOIW�ER�I\EGX�
GST]�SJ�WEZIH�HEXE��WEZI�WIXW���2IX;SVOIV�GER�
GPSRI�MRHMZMHYEP�WEZI�WIXW�SV�XLI�IRXMVI�GSRXIRXW�SJ�
E�FEGOYT�ZSPYQI�

GPSRI�ZSPYQI %�HYTPMGEXIH�ZSPYQI��2IX;SVOIV�GER�XVEGO�JSYV�
X]TIW�SJ�ZSPYQIW��FEGOYT��EVGLMZI��FEGOYT�GPSRI��
ERH�EVGLMZI�GPSRI��7EZI�WIXW�SJ�HMJJIVIRX�X]TIW�QE]�
RSX�FI�MRXIVQM\IH�SR�SRI�ZSPYQI�

GSQQERH�PMRI�
MRXIVJEGI

%R�MRXIVJEGI�[MXL�XLI�2IX;SVOIV�WSJX[EVI��FEWIH�
SR�GSQQERH�XI\X�IRXIVIH�JVSQ�XLI�WLIPP�TVSQTX��
See also�WLIPP�TVSQTX�

GSQTVIWWEWQ %�2IX;SVOIV�HMVIGXMZI�YWIH�JSV�GSQTVIWWMRK�ERH�
HIGSQTVIWWMRK�JMPIW�

HEXEFEWI %�GSPPIGXMSR�SJ�VIPEXIH�HEXE�XLEX�GER�WIVZI�QYPXMTPI�
TYVTSWIW�ERH�WYTTSVX�QYPXMTPI�YWIVW�

HIZMGI 8LI�FEGOYT�HIZMGI��XETI�HVMZI��STXMGEP�HVMZI��SV�
EYXSGLERKIV��GSRRIGXIH�XS�XLI�2IX;SVOIV�WIVZIV��
YWIH�JSV�FEGOMRK�YT�ERH�VIGSZIVMRK�GPMIRX�JMPIW�

HMVIGXIH�VIGSZIV %�QIXLSH�SJ�VIGSZIV]�XLEX�VIGSZIVW�HEXE�ERH�VI�
GVIEXIW�MX��IMXLIV�SR�XLI�QEGLMRI�[LIVI�XLI�FEGOYT�
SVMKMREXIH��SV�SR�XLI�QEGLMRI�[LIVI�XLI�
EHQMRMWXVEXSV�VIUYIWXW�XLI�HMVIGXIH�VIGSZIV�

HMVIGXMZI %R�MRWXVYGXMSR�HMVIGXMRK�2IX;SVOIV�XS�XEOI�WTIGMEP�
EGXMSRW�SR�E�KMZIR�WIX�SJ�JMPIW�

IREFPIV�GSHIW 7TIGMEP�GSHIW�TVSZMHIH�F]�0IKEXS�XLEX�EPPS[�]SY�
XS�VYR�]SYV�2IX;SVOIV�WSJX[EVI�TVSHYGX�

JMPI�MRHI\ %�HEXEFEWI�SJ�MRJSVQEXMSR�QEMRXEMRIH�F]�
2IX;SVOIV�XLEX�XVEGOW�IZIV]�JMPI�SV�JMPIW]WXIQ�
FEGOIH�YT�
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JMPIWIVZIV %�GSQTYXIV�[MXL�HMWOW�XLEX�TVSZMHIW�WIVZMGIW�XS�
SXLIV�GSQTYXIVW�SR�XLI�RIX[SVO�

JMPIW]WXIQ ���%�JMPI�XVII�MW�SR�E�WTIGMJMG�HMWO�TEVXMXMSR�SV�SXLIV�
QSYRX�TSMRX��JSV�I\EQTPI��XLI�'��HVMZI������8LI�
IRXMVI�WIX�SJ�EPP�JMPIW�����%�QIXLSH�SJ�WXSVMRK�JMPIW�

JYPP��J� %�FEGOYT�PIZIP�MR�[LMGL�EPP�JMPIW�EVI�FEGOIH�YT��
VIKEVHPIWW�SJ�[LIR�XLI]�PEWX�GLERKIH�

KVSSQMRK 8LI�TVSGIWW�SJ�VIQSZMRK�JMPIW�EJXIV�E�WYGGIWWJYP�
EVGLMZI�

KVSYT %�GPMIRX�SV�KVSYT�SJ�GPMIRXW�XLEX�WXEVXW�FEGOMRK�YT�
JMPIW�EX�E�HIWMKREXIH�XMQI�

LIXIVSKIRISYW�
RIX[SVO

2IX[SVOW�[MXL�W]WXIQW�SJ�HMJJIVIRX�TPEXJSVQW�XLEX�
MRXIVEGX�QIERMRKJYPP]�EGVSWW�XLI�RIX[SVO�

MQQIHMEXI�WEZI %�XIGLRSPSK]�IQTPS]IH�MR�2IX;SVOIV�XLEX�QEOIW�
XLI�PSGEP�FEGOYT�TVSGIWW�JEWXIV��(EXE�MW�XVERWJIVVIH�
MR�QIQSV]�MRWXIEH�SJ�XLVSYKL�E�RIX[SVOMRK�
TVSXSGSP�

MRGVIQIRXEP��M� %�FEGOYT�PIZIP�MR�[LMGL�SRP]�JMPIW�XLEX�LEZI�
GLERKIH�WMRGI�XLI�PEWX�FEGOYT�EVI�FEGOIH�YT�

MRXIVSTIVEFMPMX] 8LI�EFMPMX]�SJ�WSJX[EVI�ERH�LEVH[EVI�SR�QYPXMTPI�
QEGLMRIW�JVSQ�QYPXMTPI�ZIRHSVW�XS�GSQQYRMGEXI�
QIERMRKJYPP]�

PIZIP�?���A %�FEGOYT�PIZIP�XLEX�FEGOW�YT�JMPIW�XLEX�LEZI�
GLERKIH�WMRGI�XLI�PEWX�FEGOYT�SJ�ER]�PS[IV�PIZIP�

QERYEP�FEGOYT %�X]TI�SJ�FEGOYT�XLEX�E�YWIV�VIUYIWXW�JVSQ�XLI�
GPMIRX
W�save�TVSKVEQ��8LI�YWIV�WTIGMJMIW�
TEVXMGMTEXMRK�JMPIW��JMPIW]WXIQW��ERH�HMVIGXSVMIW��%�
QERYEP�FEGOYT�HSIW�RSX�KIRIVEXI�E�FSSXWXVET�WEZI�
WIX�

QIHME 1EKRIXMG�XETI�SV�STXMGEP�HMWOW�YWIH�XS�FEGO�YT�
JMPIW�
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QIHME�HEXEFEWI %�HEXEFEWI�SJ�MRJSVQEXMSR�QEMRXEMRIH�F]�
2IX;SVOIV�XLEX�XVEGOW�IZIV]�FEGOYT�ZSPYQI�

QIHME�QEREKIV 8LI�2IX;SVOIV�GSQTSRIRX�XLEX�XVEGOW�WEZI�WIXW�XS�
FEGOYT�ZSPYQIW�

QYPXMTPI\MRK %�2IX;SVOIV�JIEXYVI�XLEX�TIVQMXW�HEXE�JVSQ�QSVI�
XLER�SRI�WEZI�WIX�XS�FI�MRXIVPIEZIH�ERH�XLIR�
[VMXXIR�XS�SRI�WXSVEKI�ZSPYQI��

2IX;SVOIV 8LI�0IKEXS�RIX[SVO�FEWIH�WSJX[EVI�TVSHYGX�JSV�
FEGOMRK�YT�ERH�VIGSZIVMRK�JMPIW]WXIQW�

2IX;SVOIV�GPMIRX %�GSQTYXIV�XLEX�GER�EGGIWW�XLI�FEGOYT�ERH�
VIGSZIV�WIVZMGIW�JVSQ�E�2IX;SVOIV�WIVZIV�

2IX;SVOIV�WIVZIV 8LI�GSQTYXIV�SR�E�RIX[SVO�VYRRMRK�XLI�
2IX;SVOIV�WSJX[EVI��GSRXEMRMRK�XLI�SRPMRI�
MRHI\IW�ERH�TVSZMHMRK�FEGOYT�ERH�VIGSZIV�
WIVZMGIW�XS�XLI�GPMIRXW�SR�XLI�WEQI�RIX[SVO�

RSXMGI %�VIWTSRWI�XS�E�2IX;SVOIV�IZIRX�

RSXMJMGEXMSR %�QIWWEKI�KIRIVEXIH�F]�XLI�2IX;SVOIV�WIVZIV�XS�
EPIVX�XLI�EHQMRMWXVEXSV�[LIR�XLI�2IX;SVOIV�
WIVZIV�RIIHW�EXXIRXMSR��JSV�I\EQTPI��XS�GPIER�E�
HIZMGI�SV�QSYRX�E�XETI��

RWVLSWX 8LI�PSKMGEP�LSWXREQI�SJ�XLI�GSQTYXIV�XLEX�MW�XLI�
2IX;SVOIV�WIVZIV�

SRPMRI�MRHI\IW 8LI�HEXEFEWIW�PSGEXIH�SR�XLI�WIVZIV�XLEX�GSRXEMR�
EPP�XLI�MRJSVQEXMSR�TIVXEMRMRK�XS�XLI�GPMIRX�
FEGOYTW�ERH�FEGOYT�ZSPYQIW�

STIVEXSV 8LI�TIVWSR�[LS�QSRMXSVW�XLI�WIVZIV�WXEXYW��PSEHW�
FEGOYT�ZSPYQIW�MRXS�XLI�WIVZIV�HIZMGIW��ERH�
SXLIV[MWI�I\IGYXIW�HE]�XS�HE]�XEWOW�YWMRK�
2IX;SVOIV�

SZIVVMHI %�FEGOYT�PIZIP�XLEX�XEOIW�TPEGI�MRWXIEH�SJ�XLI�
WGLIHYPIH�SRI�
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TEVEPPIPMWQ %�2IX;SVOIV�JIEXYVI�XLEX�IREFPIW�XLI�2IX;SVOIV�
WIVZIV�XS�FEGO�YT�WEZI�WIXW�JVSQ�WIZIVEP�GPMIRXW��SV�
QER]�WEZI�WIXW�JVSQ�SRI�GPMIRX��EX�XLI�WEQI�XMQI��
4EVEPPIPMWQ�MW�EPWS�EZEMPEFPI�HYVMRK�VIGSZIVW�

TEXLREQI -RWXVYGXMSRW�JSV�EGGIWWMRK�E�JMPI��%R�EFWSPYXI�
TEXLREQI�XIPPW�]SY�LS[�XS�JMRH�E�JMPI�FIKMRRMRK�EX�
XLI�VSSX�HMVIGXSV]�ERH�[SVOMRK�HS[R�XLI�
HMVIGXSV]�XVII��%�VIPEXMZI�TEXLREQI�XIPPW�]SY�LS[�XS�
JMRH�XLI�JMPI�WXEVXMRK�[LIVI�]SY�EVI�RS[�

TIVJSVQERGI 8LI�WTIIH�ERH�IJJMGMIRG]�[MXL�[LMGL�ER�STIVEXMSR�
MW�TIVJSVQIH�

TSSP %�JIEXYVI�XLEX�EPPS[W�XLI�2IX;SVOIV�
EHQMRMWXVEXSV�XS�WSVX�FEGOYT�HEXE�XS�WIPIGXIH�
ZSPYQIW��%�ZSPYQI�TSSP�GSRXEMRW�E�GSPPIGXMSR�SJ�
FEGOYT�ZSPYQIW�XS�[LMGL�WTIGMJMG�HEXE�LEW�FIIR�
FEGOIH�YT�

TVIGSRJMKYVIH )\MWXMRK�WIPIGXMSRW�SV�GSRJMKYVEXMSRW�JSV�HMJJIVIRX�
2IX;SVOIV�JIEXYVIW�

TVMRX 8S�WIRH�HEXE�XS�E�TVMRXIV�

UMG %�GLSMGI�MR�XLI�(IZMGIW�[MRHS[��VITVIWIRXW�
UYEVXIV�MRGL�GEVXVMHKI�XETI�

VIGSZIV 8LI�2IX;SVOIV�GSQQERH�YWIH�XS�FVS[WI�XLI�
WIVZIV�MRHI\�ERH�VIGSZIV�JMPIW�JVSQ�E�FEGOYT�
ZSPYQI�XS�E�GPMIRX
W�HMWO�

VIGSZIV] %�QIXLSH�XLEX�VIGVIEXIW�ER�MQEKI�SJ�XLI�GPMIRX�
JMPIW]WXIQW�ERH�HEXEFEWI�SR�XLI�2IX;SVOIV�WIVZIV�
QEGLMRI�

VIG]GPI %�ZSPYQI�[LSWI�HEXE�LEW�TEWWIH�FSXL�MXW�FVS[WI�
ERH�VIXIRXMSR�TSPMGMIW�ERH�MW�EZEMPEFPI�JSV�
VIPEFIPMRK�
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6IKMWXV] %�HEXEFEWI�SJ�GSRJMKYVEXMSR�MRJSVQEXMSR�GIRXVEP�XS�
;MRHS[W�28�STIVEXMSRW��8LI�SZIVEPP�IJJIGX�
GIRXVEPM^IW�EPP�;MRHS[W�28�WIXXMRKW�ERH�TVSZMHIW�
WIGYVMX]�ERH�GSRXVSP�SZIV�W]WXIQ��WIGYVMX]��ERH�
YWIV�EGGSYRX�WIXXMRKW�

VIWSYVGI %R�IRXMX]�XLEX�HIWGVMFIW�E�2IX;SVOIV�WIVZIV�WXEXI��
-R�XLI�2IX;SVOIV�EHQMRMWXVEXMSR�TVSKVEQ��
VIWSYVGIW�EVI�VITVIWIRXIH�EW�[MRHS[W�SV�HMEPSK�
FS\IW�XLEX�GSRXEMR�EXXVMFYXIW��[LMGL�]SY�GER�YWI�XS�
ZMI[�SV�WIX�JIEXYVIW�SJ�2IX;SVOIV��See also�
EXXVMFYXI�

VIXIRXMSR�TSPMG] %�2IX;SVOIV�TSPMG]�XLEX�HIXIVQMRIW�LS[�PSRK�
IRXVMIW�[MPP�FI�VIXEMRIH�MR�XLI�QIHME�HEXEFEWI�ERH�
XLYW�FI�VIGSZIVEFPI�

VIXVMIZEP 8LI�TVSGIWW�SJ�PSGEXMRK�ERH�GST]MRK�FEGO�JMPIW�ERH�
HMVIGXSVMIW�XLEX�2IX;SVOIV�LEW�EVGLMZIH�

WEZI 8LI�2IX;SVOIV�GSQQERH�XLEX�FEGOW�YT�GPMIRX�
JMPIW�XS�FEGOYT�ZSPYQIW�ERH�QEOIW�HEXE�IRXVMIW�MR�
XLI�SRPMRI�MRHI\�

WEZI�KVSYT %�KVSYT�SJ�FEGOYT�GPMIRXW�WLEVMRK�XLI�WEQI�WEZI�
GLEVEGXIVMWXMGW�

WEZI�WIX %�WIX�SJ�JMPIW�SV�E�JMPIW]WXIQ�FEGOIH�YT�SRXS�
FEGOYT�QIHME�YWMRK�2IX;SVOIV�

WEZI�WIX�-( %R�MRXIVREP�MHIRXMJMGEXMSR�RYQFIV�XLEX�2IX;SVOIV�
EWWMKRW�XS�E�WEZI�WIX�

WEZI�WIX�VIGSZIV 8LI�VIGSZIV]�SJ�WTIGMJMIH�WEZI�WIXW�XS�XLI�
2IX;SVOIV�WIVZIV�

WEZI�WIX�WXEXYW %R�MRHMGEXMSR�SJ�[LIXLIV�E�KMZIR�WEZI�WIX�MW�
VIWXSVEFPI��VIGSZIVEFPI��SV�VIG]GPEFPI��8LI�WEZI�WIX�
WXEXYW�EPWS�MRHMGEXIW�[LIXLIV�SV�RSX�XLI�WEZI�WIX�
LEW�FIIR�WYGGIWWJYPP]�FEGOIH�YT�

WEZIWXVIEQ 8LI�HEXE�ERH�WEZI�WIX�MRJSVQEXMSR�FIMRK�[VMXXIR�XS�
E�WXSVEKI�ZSPYQI�HYVMRK�E�FEGOYT��%�WEZIWXVIEQ�
SVMKMREXIW�JVSQ�E�WMRKPI�WEZI�WIX�
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WGERRIV 8LI�2IX;SVOIV�GSQQERH�YWIH�XS�VIEH�E�FEGOYT�
ZSPYQI�[LIR�XLI�SRPMRI�MRHI\IW�EVI�RS�PSRKIV�
EZEMPEFPI�

WIVZIV 8LI�GSQTYXIV�SR�E�RIX[SVO�VYRRMRK�XLI�
2IX;SVOIV�WSJX[EVI��GSRXEMRMRK�XLI�SRPMRI�
MRHI\IW�ERH�TVSZMHMRK�FEGOYT�ERH�VIGSZIV�
WIVZMGIW�XS�XLI�GPMIRXW�SR�E�RIX[SVO�

WIVZMGI %�TVSKVEQ�XLEX�MW�RSX�MRZSOIH�I\TPMGMXP]��FYX�PMIW�
HSVQERX�[EMXMRK�JSV�E�WTIGMJMIH�GSRHMXMSR�W��XS�
SGGYV�

WLIPP�TVSQTX %�GYI�JSV�MRTYX�MR�E�WLIPP�[MRHS[�[LIVI�]SY�IRXIV�
E�GSQQERH��See also�GSQQERH�PMRI�MRXIVJEGI�

WMPS %�WXSVEKI�TIVMTLIVEP�XLEX�GER�LSPH�LYRHVIHW�SV�
XLSYWERHW�SJ�ZSPYQIW��7MPS�ZSPYQIW�EVI�MHIRXMJMIH�
F]�FEVGSHIW��RSX�F]�WPSX�RYQFIVW��8LI�VSFSXMGW�MR�
E�WMPS�EVI�GSRXVSPPIH�F]�WMPS�QEREKIQIRX�WSJX[EVI�
SR�E�WMPS�WIVZIV�QEGLMRI�

WOMT��W� %�FEGOYT�PIZIP�MR�[LMGL�JMPIW�EVI�WOMTTIH�ERH�RSX�
FEGOIH�YT�

WXERH�EPSRI�HIZMGI %�WXSVEKI�HIZMGI�XLEX�GSRXEMRW�E�WMRKPI�HVMZI�JSV�
FEGOMRK�YT�HEXE��

WXSVEKI�HIZMGI 8LI�LEVH[EVI�XLEX�VIEHW�ERH�[VMXIW�HEXE�HYVMRK�
FEGOYT��VIGSZIV��SV�SXLIV�2IX;SVOIV�STIVEXMSRW��

W]WXIQ�EHQMRMWXVEXSV 8LI�TIVWSR�RSVQEPP]�VIWTSRWMFPI�JSV�MRWXEPPMRK��
GSRJMKYVMRK��ERH�QEMRXEMRMRK�2IX;SVOIV�ERH�XLI�
W]WXIQ�WSJX[EVI��

YWIV %�TIVWSR�[LS�GER�YWI�2IX;SVOIV�JVSQ�LMW�SV�LIV�
[SVOWXEXMSR�XS�FEGO�YT�ERH�VIGSZIV�JMPIW�

ZIVWMSRW 8LI�HEXI�WXEQTIH�GSPPIGXMSR�SJ�EZEMPEFPI�FEGOYTW�
JSV�ER]�WMRKPI�JMPI��

ZSPYQI &EGOYT�QIHME��WYGL�EW�QEKRIXMG�XETI�SV�STXMGEP�
HMWO�
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ZSPYQI�-( 8LI�MRXIVREP�MHIRXMJMGEXMSR�EWWMKRIH�XS�E�FEGOYT�
ZSPYQI�F]�2IX;SVOIV�

ZSPYQI�REQI 8LI�REQI�]SY�EWWMKR�XS�E�FEGOYT�ZSPYQI�[LIR�MX�
MW�PEFIPIH�

ZSPYQI�TSSP %�JIEXYVI�XLEX�EPPS[W�]SY�XS�WSVX�FEGOYT�HEXE�XS�
WIPIGXIH�ZSPYQIW��%�ZSPYQI�TSSP�GSRXEMRW�E�
GSPPIGXMSR�SJ�FEGOYT�ZSPYQIW�XS�[LMGL�WTIGMJMG�
HEXE�LEW�FIIR�FEGOIH�YT�
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A

%HQMRMWXVEXSV
W�+YMHI�7II�2IX;SVOIV�
%HQMRMWXVEXSV
W�+YMHI ���

%HSFI�%GVSFEX
JSVQEX ��
6IEHIV ��

ERWVH�WIVZMGI ���r��
ETTPMGEXMSR�WTIGMJMG�QSHYPI�7II�%71W
EWEZIKVT�WIVZMGI ���
%71W ���r��
EYHMIRGI��JSV�4IVJSVQERGI�8YRMRK�+YMHI ��
EYXSGLERKIVW �������

B

FEGOYT�G]GPI ���
FEGOYT�HIZMGIW�7II�HIZMGIW
FEGOYTW

FEPERGMRK�HMWOW�ERH�HIZMGIW ���
KVSYT ���
PSGEP ���
6%-(�TIVJSQERGI ���
VIQSXI �������
VIQSZMRK�SPHIWX ���
WGLIHYPIH ���
WTPMXXMRK ���r��

FIRGLQEVOW ���
HIZMGIW ���
HMWOW ���

FMKEWQ�QSHYPI ���������������
FSSXWXVET�JMPI ���
FVS[WI�TSPMGMIW �������

C

GPMIRX�JMPI�MRHI\ �������r��
GPMIRXW

FEGOYTW
EH�LSG ���
KVSYTW ���
QYPXMTPI ���
WGLIHYPIH ���

GSQTVIWWMSR ���
KVSYTW ���r��

FEGOYTW ���
LMKL�XVERWJIV�VEXI ���
TEVEPPIPMWQ �������
TVSKVEQW ���
VIQSXI ���

FEGOYT ���
VIGSZIV ���

WIVZMGIW ���
GSQTVIWWMSR �������r��

FYMPX�MR�HIZMGI ���
GSRJMKYVEXMSR

JMPI�X]TI�HIZMGIW ���
4S[IV�)HMXMSR ���

GSRXIRXMSR��HMWO ���
GSRZIRXMSRW��HSGYQIRXEXMSR ��
'49 �����������

IZEPYEXMRK�TVSFPIQW ���
TIVJSVQERGI ���
XIWXMRK �������
XYRMRK ���
YWEKI ���

GYWXSQIV
JIIHFEGO ���
WYTTSVX ���

D

HEXE
GSQTVIWWMSR �������
VIGSZIV]�F]�2IX;SVOIV ���
VIQSXI�GPMIRX

FEGOYT ���
VIGSZIV ���

WXVIEQMRK ���
XVERWJIV ���
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HEXEFEWIW
MQQIHMEXI�WEZI��YWMRK ���

HIZMGIW �����������r��
EYXSGLERKIVW �������
FEPERGMRK�FEGOYT�PSEH ���
FIRGLQEVOW��IZEPYEXMRK ���
GSQTVIWWMSR��FYMPX�MR ���
HEXE�WXVIEQMRK ���
HVMZIW��EHHMRK ���
JMPI�X]TI ���r������
LMKL�WTIIH ���r������
MRTYX�SYXTYX ���
NYOIFS\IW �������
PMFVEVMIW �������
PSEH�FEPERGMRK ���
QEKRIXMG�XETI ���
QYPXMTPI ���
TIVJSVQERGI �������
6%-( ���
7II�EPWS�LMKL�WTIIH�HIZMGIW
WMPSW �������r��
XIWXMRK ���r����������r������

QYPXMTPI ���r��
2IX;SVOIV�VYRRMRK ���

XYRMRK ���
[VMXI�WTIIH �������r������

HJ�GSQQERH ���r��
HMVIGXMZI�JMPIW ���
HMWOW ���

FEPERGMRK�FEGOYT�PSEH ���
FIRGLQEVOW ���
GSRXIRXMSR ���
HEXE

GSQTVIWWMSR ���
JVEKQIRXEXMSR ���

IZEPYEXMRK�TVSFPIQW ���
JMPI�X]TI�HIZMGI�YWEKI ���
TIVJSVQERGI �������r��
VIEH�WTIIH �������
XIWXMRK ���r������r��

QYPXMTPI ���r��
2IX;SVOIV�VYRRMRK ���r��

XYRMRK �����������

HSGYQIRXEXMSR
GSRZIRXMSRW ��
SFXEMRMRK ��

E

I�QEMP
GYWXSQIV�WYTTSVX ���
SVHIV�WXEXYW ���
7II�EPWS�0IKEXS

IRLERGIQIRXW
TIVJSVQERGI ���
4S[IV�)HMXMSR ���
64' ���r����������

IZEPYEXMRK
FIRGLQEVOW �������
'49 ���
HMWOW ���
QIQSV] ���

F

JE\�RYQFIVW
GYWXSQIV�WYTTSVX ���
7II�EPWS�0IKEXS

JIIHFEGO��GYWXSQIV ���
JMPI�X]TI�HIZMGIW ���r������

GSRJMKYVEXMSR ���
HMWOW

GSRXIRXMSR ���
YWEKI ���

6%-( ���

H

LMKL�WTIIH�HIZMGIW ���������������
7II�EPWS�HIZMGIW

I

-�3�7II�MRTYX�SYXTYX
MQQIHMEXI�WEZI�ERH�VIGSZIV �������r��

XIWXMRK ���
78



Index
In

d
ex
MRJSVQEXMSR��0IKEXS�WIVZMGIW ��
MRTYX�SYXTYX

HIZMGIW ���
WIVZIV

FEGOTPERI ���
7'7-�FERH[MHXL ���

;MRHS[W�28�JMPIW]WXIQ ���
MRWXEPPEXMSR ��

J

NYOIFS\IW �������

L

0IKEXS
GYWXSQIV�WYTTSVX ���
HSGYQIRXEXMSR ��
)HYGEXMSR�7IVZMGIW ��
-RWMHI�7EPIW ��
WIVZMGIW ��
XIGLRMGEP�WYTTSVX ��
[IF�WMXI ��

PMFVEVMIW ���
PSGEP�FEGOYT�ERH�VIGSZIV �����������
PSKW��WEZIKVT�I\IGYXMSRW ���

M

QERYEPW ��
QIHME�HEXEFEWI �������r��
QIQSV] �����������

IZEPYEXMRK�TVSFPIQW ���
TIVJSVQERGI ���r��
TL]WMGEP�EPPSGEXMSR ���
WIVZIV��YWEKI ���
XYRMRK ���r������
ZMVXYEP �������

QX�TVSKVEQ ���
QYPXMTPI\MRK ���r����������

N

RIX[SVO
FERH[MHXL ���
MRTYX�SYXTYX ���
PSEH ���
TEXL ���
TIVJSVQERGI ���
XYRMRK ���

2IX;SVOIV �������
FEGOYT�ERH�VIGSZIV ���
FEGOYTW��LS[�HSRI ���
FEWI�TVSHYGX ���
GPMIRX�JMPI�MRHI\ ���r��
MRWXEPPEXMSR ��
QIHME�HEXEFEWI ���r��
4S[IV�)HMXMSR

GSQTEXEFMPMX]�[MXL ���
VIPEXMSRWLMT�XS ���

TVSGIWWIW ���
TVSKVEQW ���
VIGSZIV��HEXE ���
WIVZIVW ���
WIVZMGIW ���
XIWXMRK�[LMPI�VYRRMRK ���

2IX;SVOIV�%HQMRMWXVEXSV
W�+YMHI ���
2IX;SVOIV�-RWXEPPEXMSR�+YMHI ��
RWVGO�WIVZMGI �������
RWVH�WIVZMGI ���r������
RWVI\IGH�WIVZMGI ���r��
RWVMQ�WIVZMGI ���
RWVMRHI\H�WIVZMGI ���r��
RWVQQH�WIVZMGI �������r������
RWVQQHFH�WIVZMGI �����������

O

SVHIV�WXEXYW��I�QEMP�EHHVIWW ���

P

TEVEPPIPMWQ ���r������r��
GPMIRX �������
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4(*�7II�%HSFI�%GVSFEX ��
TIVJSVQERGI

FEGOYTW ���
FIRGLQEVOW

HIZMGIW ���
HMWOW ���

'49 �������
HIZMGIW ���r����������r����������
HMWOW ���r������r������
IRLERGIQIRXW ���
IZEPYEXMRK

'49 ���
HMWOW ���
QIQSV] ���

JEGXSVW
LEVH[EVI ���
RIX[SVO ���
WSJX[EVI ���

JMPI�X]TI�HIZMGI ���
JMPIW]WXIQ�SZIVLIEH ���
LEVH[EVI ���
MRTYX�SYXTYX��WIVZIV ���
QIQSV] ���r��

XYRMRK ���
RIX[SVO �����������

XYRMRK ���
SZIVZMI[ ���
VIQSXI�FEGOYTW ���
64'�IRLERGIQIRXW ���
7II�EPWS

4S[IV�)HMXMSR
9RM\�FEWIH�TIVJSVQERGI
;MRHS[W�28�FEWIH�TIVJSVQERGI

WIVZIV ���
MRTYX�SYXTYX ���

WMPSW ���
WSJX[EVI ���
WXEKMRK ���
XIWXMRK

'49 ���
HIZMGIW ���r����������
HMWOW ���r������r��
QIQSV] ���

SZIVZMI[ ���
WIVZIV�MRTYX�SYXTYX ���

XYRMRK
'49W ���
HIZMGIW �������r��
HMWOW �����������
JMPI�X]TI�HIZMGIW ���
QIQSV] �������r������
RIX[SVO�LEVH[EVI ���
SZIVZMI[ ���
4S[IV�)HMXMSR�WIXXMRKW ���

92-<�FEWIH��SZIVZMI[ ���r��
;MRHS[W�28�WSJX[EVI ���
;MRHS[W�28�FEWIH��SZIVZMI[ ���

4IVJSVQERGI�1SRMXSV ���
'49 �������
HMWOW ���r��
QIQSV] ���r��
SZIVZMI[ ���
VIQSXI�QSRMXSVMRK ���r��
WIVZIV�MRTYX�SYXTYX ���
WXEVXMRK ���

4IVJSVQERGI�8YRMRK�+YMHI�EYHMIRGI ��
TLSRI�RYQFIVW ��

GYWXSQIV�WYTTSVX ���
0IKEXS�)HYGEXMSR�7IVZMGIW ��
7II�EPWS�0IKEXS
XIGLRMGEP�WYTTSVX�LSXPMRI ��

TL]WMGEP�HMWOW�7II��HMWOW
TSPMGMIW

FVS[WI �������
VIXIRXMSR �������

TSSPW �������
4S[IV�)HMXMSR

EHZERXEKIW ���
EVGLMXIGXYVI ���
FEGOTPERI ���
GPMIRX�TEVEPPIPMWQ ���
GSRJMKYVEXMSR ���
'49 ���
HEXE�XVERWJIV ���
LS[�[SVOW ���
MQQIHMEXI�WEZI�ERH�VIGSZIV ���
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QIQSV] ���
2IX;SVOIV

GSQTEXMFMPMX]�[MXL ���
VIPEXMSRWLMT�[MXL ���

SZIVZMI[ ���
TIVJSVQERGI ���

IRLERGIQIRXW ���
LEVH[EVI�JEGXSVW ���
RIX[SVO�JEGXSVW ���
64'�IRLERGIQIRXW ���
WSJX[EVI�JEGXSVW ���

7II�EPWS�TIVJSVQERGI
WIVZIV ���

'49 ���
MRTYX�SYXTYX ���
QIQSV] ���
QYPXMTPI\MRK ���
TEVEPPIPMWQ ���r��
7'7-�FERH[MHXL ���
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