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Summary: P rov ides  dat ab as e adm inis t rat ors  and dev elop ers  w it h v aluab le inf orm at ion on Mic ros of t ®  S Q L S erv er™ 
2 0 0 0  p erf orm anc e and t uning  c onc ep t s ,  w it h s p ec if ic  inf orm at ion f or t he b us ines s  int ellig enc e dev elop er. ( 9 2  p rint ed 
p ag es )   
Audience  
T his  p erf orm anc e t uning  g uide is  des ig ned t o help  dat ab as e adm inis t rat ors  and dev elop ers  c onf ig ure Mic ros of t ®  S Q L 
S erv er™ 2 0 0 0  f or m ax im um  p erf orm anc e and t o as s i s t  in det erm ining  c aus es  of  p oor p erf orm anc e of  relat ional 
dat ab as es ,  inc luding  t hos e us ed in dat a w arehous ing . I t  als o p rov ides  g uidelines  and b es t  p rac t ic es  f or loading ,  
index ing ,  and w rit ing  q ueries  t o ac c es s  dat a s t ored in S Q L S erv er. V arious  S Q L S erv er t ools  t hat  c an b e us ed t o analyz e 
p erf orm anc e c harac t eris t i c s  are als o dis c us s ed.  
SQ L  Se rv e r 2 0 0 0  p e rf o rman c e  an d  t un i n g  p h i l o s o p h y  
Mic ros of t  S Q L S erv er 7 .0  int roduc ed a m aj or enhanc em ent :  a dat ab as e eng ine t hat  is  larg ely s elf -c onf ig uring ,  s elf -
t uning ,  and s elf -m anag ing . B ef ore S Q L S erv er 7 .0 ,  m os t  dat ab as e s erv ers  req uired a c ons iderab le am ount  of  t im e and 
ef f ort  f rom  t he dat ab as e adm inis t rat or,  w ho had t o m anually t une t he s erv er c onf ig urat ion t o ac hiev e op t i m al 
p erf orm anc e. I n f ac t ,  a g ood m any c om p et it iv e dat ab as e of f ering s  s t ill req uire adm inis t rat ors  t o m anually c onf ig ure and 
t une t heir dat ab as e s erv er. T his  is  a k ey reas on m any c us t om ers  are t urning  t o S Q L S erv er. S Q L S erv er 2 0 0 0  b uilds  
up on t he s olid f oundat ion laid b y S Q L S erv er 7 .0 . T he g oal of  S Q L S erv er is  t o m ak e m anual c onf ig urat ion and t uning  of  
a dat ab as e s erv er an ob s olet e and arc haic  p rac t i c e.  
B y reduc ing  t he am ount  of  t im e req uired t o c onf ig ure and t une t he dat ab as e env ironm ent ,  S Q L S erv er 2 0 0 0  enab les  
c us t om ers  t o redirec t  t heir ef f ort s  t ow ard m ore p roduc t iv e endeav ors . R eaders  f am iliar w it h t he earlier v ers ion of  t his  
doc um ent ,  " MS  S Q L S erv er 7 .0  P erf orm anc e T uning  G uide, "  w ill not ic e t hat  f ew er op t ions  in S Q L S erv er 2 0 0 0  need t o 
b e m anually adj us t ed in order t o ac hiev e g ood p erf orm anc e.  
W hile it  is  s t ill p os s i b le t o m anually c onf ig ure and adj us t  s om e s p _ c o n f i g ure  op t ions ,  it  is  rec om m ended t hat  dat ab as e 
adm inis t rat ors  ref rain f rom  doing  s o and ins t ead allow  S Q L S erv er t o aut om at ic ally c onf ig ure and t une it s elf . S Q L 
S erv er 7 .0  has  an es t ab lis hed and p rov en t rac k  rec ord f or b eing  ab le t o m ak e s uc h adj us t m ent s ;  S Q L S erv er 2 0 0 0  
s ig nif ic ant ly im p rov es  on t his  t im e-p rov en f orm ula. Let t ing  S Q L S erv er s elf -t une allow s  t he dat ab as e s erv er t o 
dynam ic ally adj us t  t o c hang ing  c ondit ions  in your env ironm ent  t hat  c ould hav e an adv ers e ef f ec t  on dat ab as e 
p erf orm anc e.  
B a s ic P r incip l es  o f  P er f o r m a nce T uning   
Y ou c an t ak e a num b er of  ac t ions  t o m anag e t he p erf orm anc e of  your dat ab as es . S Q L S erv er 2 0 0 0  p rov ides  s ev eral 
t ools  t o as s is t  you in t hes e t as k s .  

Managing Performance 
� Let  S Q L S erv er do m os t  of  t he t uning . 

S Q L S erv er 2 0 0 0  has  b een dram at ic ally enhanc ed t o c reat e a larg ely aut o-c onf ig uring  and s elf -t uning  dat ab as e 
s erv er. T ak e adv ant ag e of  S Q L S erv er' s  aut o-t uning  s et t ing s  t o help  S Q L S erv er run at  p eak  p erf orm anc e ev en as  
us er load and q ueries  c hang e ov er t im e.  

� Manag e R A M c ac hing . 
R A M is  a lim it ed res ourc e. A  m aj or p art  of  any dat ab as e s erv er env ironm ent  is  t he m anag em ent  of  random  ac c es s  
m em ory ( R A M)  b uf f er c ac he. A c c es s  t o dat a in R A M c ac he is  m uc h f as t er t han ac c es s  t o t he s am e inf orm at ion f rom  
dis k . B ut  R A M is  a lim it ed res ourc e. I f  dat ab as e I / O  ( inp ut / out p ut  op erat ions  t o t he p hys ic al dis k  s ub s ys t em )  c an b e 
reduc ed t o t he m inim al req uired s et  of  dat a and index  p ag es ,  t hes e p ag es  w ill s t ay in R A M long er. T oo m uc h 
unneeded dat a and index  inf orm at ion f low ing  int o b uf f er c ac he w ill q uic k ly p us h out  v aluab le p ag es . T he p rim ary 
g oal of  p erf orm anc e t uning  is  t o reduc e I / O  s o t hat  b uf f er c ac he is  b es t  ut iliz ed.  

� C reat e and m aint ain g ood index es . 
A  k ey f ac t or in m aint aining  m inim um  I / O  f or all dat ab as e q ueries  is  ens uring  t hat  g ood index es  are c reat ed and 
m aint ained.  

� P art it ion larg e dat a s et s  and index es . 
T o reduc e ov erall I / O  c ont ent ion and im p rov e p arallel op erat ions ,  c ons ider p art it ioning  t ab le dat a and index es . 
Mult ip le t ec hniq ues  f or ac hiev ing  and m anag ing  p art it ions  us ing  S Q L S erv er 2 0 0 0  are addres s ed in t his  doc um ent .  

� Monit or dis k  I / O  s ub s ys t em  p erf orm anc e. 

M icr o s o f t  S Q L  S er v er  2 0 0 0  R D B M S  P er f o r m a nce T uning  G uide f o r  D a t a  W a r eh o us ing  
SQL Server  
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The physical disk subsystem must provide a database server with sufficient I/O processing power for the database 
server to run without disk q ueuing.  D isk q ueuing results in bad performance.  This document describes how to 
detect disk I/O problems and how to resolve them.   

� Tune applications and q ueries.  
This becomes especially important when a database server will be servicing req uests from hundreds or thousands of 
connections through a given application.  B ecause applications typically determine the S Q L  q ueries that will be 
ex ecuted on a database server,  it is very important for application developers to understand S Q L  S erver 
architectural basics and how to take full advantage of S Q L  S erver index es to minimiz e I/O.   

� Optimiz e active data.  
In many business intelligence databases,  a significant maj ority of database activity involves data for the most 
recent month or q uarter — as much as 8 0  percent of database activity may be due to the most recently loaded 
data.  To maintain good overall database performance,  make sure this data gets loaded,  index ed,  and partitioned in 
a way that provides optimal data access performance for it.   

Take Advantage of SQL Server Performance Tools 
� S Q L  P rofiler and the Index  Tuning W iz ard 

S Q L  P rofiler can be used to monitor and log the workload of a S Q L  S erver.  This logged workload can then be 
submitted to the S Q L  S erver Index  Tuning W iz ard so index  changes can be made to help performance if necessary.  
S Q L  P rofiler and Index  Tuning W iz ard help administrators achieve optimal index ing.  U sing these tools periodically 
will keep S Q L  S erver performing well,  even if the q uery workload changes over time.   

� S Q L  Q uery A nalyz er and G raphical E x ecution P lan 
In S Q L  S erver 2 0 0 0 ,  Q uery A nalyz er provides G raphical E x ecution P lan,  an easy method for analyz ing problematic 
S Q L  q ueries.  S tatistics I/O is another important feature of S Q L  Q uery A nalyz er described later in this document.   

� S ystem M onitor obj ects 
S Q L  S erver includes a complete set of S ystem M onitor obj ects and counters to provide information for monitoring 
and analyz ing the operations of S Q L  S erver.  This document describes key counters to watch.   

C onfi gu rati on O p ti ons Th at I mp act Performance 
max async IO 
A manual configuration option in SQL Server 7.0, max async IO h as  b een automated  in SQL Server 2 000. P revious ly , 
max async IO w as  us ed  to s pecify  th e numb er of s imultaneous  d is k  I / O  req ues ts  th at SQL Server 7.0 could  s ub mit to 
M icros oft W ind ow s ®  2 000 and  W ind ow s  N T ®  4 .0 d uring a ch eck point operation. I n turn, W ind ow s  s ub mitted  th es e 
req ues ts  to th e ph y s ical d is k  s ub s y s tem. T h e automation of th is  configuration s etting enab les  SQL Server 2 000 to 
automatically  and  d y namically  maintain optimal I / O  th rough put.  
N o t e  W ind ow s  9 8  d oes  not s upport as y nch ronous  I / O , s o th e max  as y nc I O  option is  not s upported  on th is  platform.  

Database Recovery Models 
SQL Server 2 000 introd uces  th e ab ility  to configure h ow  trans actions  are logged  at a d atab as e level. T h e mod el ch os en 
can h ave a d ramatic impact on performance, es pecially  d uring d ata load s . T h ere are th ree recovery  mod els :  F ull, B ulk -
Logged , and  Simple. T h e recovery  mod el of a new  d atab as e is  inh erited  from th e mo d e l  d atab as e w h en th e new  
d atab as e is  created . T h e mod el for a d atab as e can b e ch anged  after th e d atab as e h as  b een created .  
� F ull R ecovery  provid es  th e mos t flex ib ility  for recovering d atab as es  to an earlier point in time.  
� B ulk -Logged  R ecovery  provid es  h igh er performance and  low er log s pace cons umption for certain large-s cale 

operations  ( for ex ample, create ind ex  or b ulk  copy ) . I t d oes  th is  at th e ex pens e of s ome flex ib ility  of point-in-time 
recovery .  

� Simple R ecovery  provid es  th e h igh es t performance and  low es t log s pace cons umption, b ut it d oes  s o w ith  
s ignificant ex pos ure to d ata los s  in th e event of a s y s tem failure. W h en us ing th e Simple R ecovery  mod el, d ata is  
recoverab le only  to th e las t ( mos t recent)  full d atab as e or d ifferential b ack up. T rans action log b ack ups  are not 
us ab le for recovering trans actions  b ecaus e, in th is  mod el, th e trans actions  are truncated  from th e log upon 
ch eck point. T h i s  creates  th e potential for d ata los s . After th e log s pace is  no longer need ed  for recovery  from s erver 
failure ( active trans actions ) , it is  truncated  and  reus ed .  

K now led geab le ad minis trators  can us e th is  recovery  mod el feature to s ignificantly  s peed  up d ata load s  and  b ulk  
operations . H ow ever, th e amount of ex pos ure to d ata los s  varies  w ith  th e mod el ch os en.  
Imp o r t ant  I t is  imperative th at th e ris k s  b e th orough ly  und ers tood  b efore ch oos ing a recovery  mod el.  
E ach  recovery  mod el ad d res s es  a d ifferent need . T rad e-offs  are mad e d epend ing on th e mod el y ou ch os e. T h e trad e-
offs  th at occur pertain to performance, s pace utiliz ation ( d i s k  or tape) , and  protection agains t d ata los s . W h en y ou 
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ch oos e a recovery  mod el, y ou are d ecid ing among th e follow ing b us ines s  req uirements :   
� P erformance of large-s cale operations  ( for ex ample, ind ex  creation or b ulk  load s )   
� D ata los s  ex pos ure ( for ex ample, th e los s  of committed  trans actions )   
� T rans action log s pace cons umption  
� Simplicity  of b ack up and  recovery  proced ures   
D epend ing on w h at operations  y ou are performing, one mod el may  b e more appropriate th an anoth er. B efore ch oos ing 
a recovery  mod el, cons id er th e impact it w ill h ave. T h e follow ing tab le provid es  h elpful information.  

Mu lti -I n stan ce C on si derati on s 
SQL Server 2 000 als o introd uces  th e ab ility  to run multiple ins tances  of SQL Server on a s ingle computer. B y  d efault, 
each  ins tance of SQL Server d y namically  acq uires  and  frees  memory  to ad j us t for ch anges  in th e w ork load  of th e 
ins tance. P erformance tuning can b e complicated  w h en multiple ins tances  of SQL Server 2 000 are each  automatically  
and  ind epend ently  ad j us ting memory  us age. T h is  feature is  not generally  a cons id eration for mos t h igh -end  b us ines s  
intelligence cus tomers  w h o ty pically  ins tall only  a s ingle ins tance of SQL Server on each  computer. H ow ever, as  
ind ivid ual mach ines  b ecome s ignificantly  larger ( W ind ow s  2 000 D atacenter Server s upports  up to 6 4  gigab y tes  ( G B )  
R AM  and  3 2  C P U s ) , th e d es ire for multiple ins tances  may  come into play  even in s ome prod uction environments . 
Special cons id erations  apply  to ins tances  th at utiliz e ex tend ed  memory  s upport.  

E x ten ded Mem ory S u p p ort 
G enerally  s peak ing, b ecaus e SQL Server 2 000 d y namically  acq uires  and  frees  memory  as  need ed , it is  not us ually  
neces s ary  for an ad minis trator to s pecify  h ow  much  memory  s h ould  b e allocated  to SQL Server. H ow ever, SQL Server 
2 000 E nterpris e E d ition and  SQL Server 2 000 D eveloper E d ition introd uce s upport for us ing M icros oft W ind ow s  2 000 
Ad d res s  W ind ow ing E x tens ions  ( AW E ) . T h i s  enab les  SQL Server 2 000 to ad d res s  s ignificantly  more memory  
( approx imate max imum of 8  G B  for W ind ow s  2 000 Ad vanced  Server and  6 4  G B  for W ind ow s  2 000 D atacenter Server) . 
W h en ex tend ed  memory  is  configured , each  ins tance acces s ing th e ex tend ed  memory  mus t b e configured  to s tatically  
allocate th e memory  it w ill us e.  
N o t e  T h is  feature is  availab le only  if y ou are running W ind ow s  2 000 Ad vanced  Server or W ind ow s  2 000 D atacenter 
Server.  

W i n dow s 2 0 0 0  U sag e C on si derati on s 
T o tak e ad vantage of AW E  memory , y ou mus t run th e SQL Server 2 000 d atab as e engine und er a W ind ow s  2 000 
account th at h as  b een as s igned  th e W ind ow s  2 000 lock  pages  in memory  privilege. SQL Server Setup w ill automatically  
grant th e M SSQLServer s ervice account permis s ion to us e th e Lock Page in Memory option. If you are starting an 
instanc e of S Q L  S erv er 2 0 0 0  from  th e c om m and  prom pt using S q l serv r.ex e,  you m ust m anual l y assign th is perm ission 
to th e interac tiv e user' s ac c ount using th e W ind ow s 2 0 0 0  G roup P ol ic y util ity ( G ped it.m sc ) ,  or S Q L  S erv er w il l  b e 
unab l e to use A W E  m em ory w h en not running as a serv ic e.  
T o enab l e t h e Lock Page in Memory op t ion  
� O n th e S t art  m enu,  c l ic k  R u n ,  and  th en in th e O p en b ox ,  enter gp ed it . ms c.  
� In th e G rou p  Pol icy tree pane,  ex pand  C omp u t er C onf igu rat ion ,  and  th en ex pand  W ind ow s  S et t ings .  
� E x pand  S ecu rit y S et t ings ,  and  th en ex pand  Local  Pol icies .  

R ecov ery mod el  B enef it s  W ork l os s  ex p os u re R ecov er t o p oint  in t ime?  
S i m pl e P erm its h igh -perform anc e b ul k  

c opy operations. 
R ec l aim s l og spac e to k eep 
spac e req uirem ents sm al l . 

C h anges sinc e th e m ost 
rec ent d atab ase or 
d ifferential  b ac k up m ust b e 
red one. 

C an rec ov er to th e end  of any 
b ac k up. T h en c h anges m ust b e 
red one. 

F ul l  N o w ork  is l ost d ue to a l ost or 
d am aged  d ata fil e. 
C an rec ov er to an arb itrary 
point in tim e ( for ex am pl e,  
prior to appl ic ation or user 
error) . 

N orm al l y none. 
If th e l og is d am aged ,  
c h anges sinc e th e m ost 
rec ent l og b ac k up m ust b e 
red one. 

C an rec ov er to any point in 
tim e. 

B ul k -L ogged  P erm its h igh -perform anc e b ul k  
c opy operations. 
M inim al  l og spac e is used  b y 
b ul k  operations. 

If th e l og is d am aged ,  or 
b ul k  operations oc c urred  
sinc e th e m ost rec ent l og 
b ac k up,  c h anges sinc e th at 
l ast b ac k up m ust b e red one. 
O th erw ise,  no w ork  is l ost. 

C an rec ov er to th e end  of any 
b ac k up. T h en c h anges m ust b e 
red one. 
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� S el ec t th e U s ers  R igh t s  A s s ignment  fol d er.  
� T h e pol ic ies w il l  b e d ispl ayed  in th e d etail s pane.  
� In th e d etail s pane,  d oub l e-c l i c k  Lock p ages  in memory.  
� In th e Local  S ecu rit y Pol icy S et t ing d ial og b ox ,  c l ic k  A d d .  
� In th e S el ect  U s ers  or G rou p s  d ial og b ox ,  ad d  an ac c ount w ith  priv il eges to run S q l s erv r. ex e.  
T o enab l e W ind ow s 2 0 0 0  A d v anc ed  S erv er or W ind ow s 2 0 0 0  D atac enter S erv er to support m ore th an 4  G B  of ph ysic al  
m em ory,  you m ust ad d  th e /pae param eter to th e B oot.ini fil e.  
F or c om puters w ith  1 6  G B  or l ess you c an use th e /3 g b  param eter in th e B oot.ini fil e. T h is enab l es W ind ow s 2 0 0 0  
A d v anc ed  S erv er and  W ind ow s 2 0 0 0  D atac enter S erv er to al l ow  user appl ic ations to ad d ress ex tend ed  m em ory th rough  
th e 3  G B  of v irtual  m em ory,  and  it reserv es 1  G B  of v irtual  m em ory for th e operating system  itsel f.  
If m ore th an 1 6  G B  of ph ysic al  m em ory is av ail a b l e on a c om puter,  th e W ind ow s 2 0 0 0  operating system  need s 2  G B  of 
v irtual  m em ory ad d ress spac e for system  purposes. T h erefore,  it c an support onl y a 2  G B  v irtual  ad d ress spac e for 
appl ic ation usage. F or system s w ith  m ore th an 1 6  G B  of ph ysic al  m em ory,  b e sure to use th e /2 g b  param eter in th e 
B oot.ini fil e.  
N ot e If you ac c i d ental l y use th e / 3 gb  param eter,  W ind ow s 2 0 0 0  w il l  b e unab l e to ad d ress any m em ory ab ov e 1 6  G B .  

SQL Server 2000 Usage Considerations 
To enable the use of AWE memory by an instance of SQL Server 2000, use sp_configure to set the a w e ena b l ed  
op tion.  N ex t, restart SQL Server to activate AWE.  B ecause AWE sup p ort is enabled  d uring  SQL Server startup  and  
continues until SQL Server is shut d ow n, SQL Server w ill notify users w hen AWE is in use by send ing  an " Ad d ress 
Wind ow ing  Ex tension enabled "  messag e to the SQL Server error log .   
When you enable AWE memory, instances of SQL Server 2000 d o not d ynamically manag e the siz e of the ad d ress 
sp ace.  Therefore, w hen you enable AWE memory and  start an instance of SQL Server 2000, one of the follow ing  occurs, 
d ep end ing  on how  you have set m a x  serv er m em ory .   
� I f m a x  serv er m em ory  has been set and  there are at least 3  G B  of free memory available on the comp uter, the 

instance acq uires the amount of memory sp ecified  in m a x  serv er m em ory .  I f the amount of memory available on 
the comp uter is less than m a x  serv er m em ory  ( but more than 3  G B ) , then the instance acq uires almost all of the 
available memory and  may leave only up  to 1 28  M B  of memory free.   

� I f m a x  serv er m em ory  has not been set and  there is at least 3  G B  of free memory available on the comp uter, the 
instance acq uires almost all of the available memory and  may leave only up  to 1 28  M B  of memory free.   

� I f there is less than 3  G B  of free memory available on the comp uter, memory is d ynamically allocated  and , 
reg ard less of the p arameter setting  for a w e ena b l ed , SQL Server w ill run in nonAWE mod e.   

When allocating  SQL Server AWE memory on a 3 2-G B  system, Wind ow s 2000 may req uire at least 1  G B  of available 
memory to manag e AWE.  Therefore, w hen starting  an instance of SQL Server w ith AWE enabled , it is recommend  you 
d o not use the d efault m a x  serv er m em ory  setting , but instead  limit it to 3 1  G B  or less.   
F a il ov er C l ust ering a nd  M ul t i-I nst a nce C onsid era t ions 
I f you are using  SQL Server 2000 failover clustering  or running  multip le instances w hile using  AWE memory, you must 
ensure that the summed  value of the m a x  serv er m em ory  setting s for all running  SQL Server instances is less than 
the amount of p hysical R AM  available.  F or failover, you have to tak e into consid eration the low est amount of p hysical 
R AM  on any cand id ate surviving  nod e.  I f a failover nod e has less p hysical memory than the orig inal nod e, the instances 
of SQL Server 2000 may fail to start or may start w ith less memory than they had  on the orig inal nod e.   
sp_configure O pt ions 
cost  t h resh ol d  for pa ra l l el ism  O pt ion  
U se the cost  t h resh ol d  for pa ra l l el ism  op tion to sp ecify the threshold  w here SQL Server creates and  ex ecutes 
p arallel p lans.  SQL Server creates and  ex ecutes a p arallel p lan for a q uery only w hen the estimated  cost to ex ecute a 
serial p lan for the same q uery is hig her than the value set in cost  t h resh ol d  for pa ra l l el ism .  The cost refers to an 
estimated  elap sed  time in second s req uired  to ex ecute the serial p lan on a sp ecific hard w are config uration.  O nly set 
cost  t h resh ol d  for pa ra l l el ism  on symmetric multip rocessors ( SM P ) .   
Long er q ueries usually benefit from p arallel p lans;  the p erformance ad vantag e neg ates the ad d itional time req uired  to 
initializ e, synchroniz e, and  terminate the p lan.  The cost  t h resh ol d  for pa ra l l el ism  op tion is actively used  w hen a mix  
of short and  long er q ueries is ex ecuted .  The short q ueries ex ecute serial p lans w hile the long er q ueries use p arallel 
p lans.  The value of cost  t h resh ol d  for pa ra l l el ism  d etermines w hich q ueries are consid ered  short, thus ex ecuting  
only serial p lans.   
I n certain cases, a p arallel p lan may be chosen even thoug h the q uery' s cost p lan is less than the current cost  
t h resh ol d  for pa ra l l el ism  value.  This is because the d ecision to use a p arallel or serial p lan, w ith resp ect to cost  
t h resh ol d  for pa ra l l el ism , is based  on a cost estimate p rovid ed  before the full op timiz ation is comp lete.   
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The cost  t h resh ol d  for pa ra l l el ism  op tion can be set to any value from 0 throug h 3 27 6 7 .  The d efault value is 5  
( measured  in millisecond s) .  I f your comp uter has only one p rocessor, if only a sing le C P U  is available to SQL Server 
because of the value of the a ffinit y  m a sk  config uration op tion, or if the m a x  d egree of pa ra l l el ism  op tion is set to 1 , 
SQL Server ig nores cost  t h resh ol d  for pa ra l l el ism .   
m a x  d egree of pa ra l l el ism  O pt ion  
U se the m a x  d egree of pa ra l l el ism  op tion to limit the number of p rocessors ( a max imum of 3 2)  to use in p arallel 
p lan ex ecution.  The d efault value is 0, w hich uses the actual number of available C P U s.  Set the m a x  d egree of 
pa ra l l el ism  op tion to 1  to sup p ress p arallel p lan g eneration.  Set the value to a number g reater than 1  to restrict the 
max imum number of p rocessors used  by a sing le q uery ex ecution.  I f a value g reater than the number of available C P U s 
is sp ecified , the actual number of available C P U s is used .   
N ot e I f the a ffinit y  m a sk  op tion is not set to the d efault, the number of C P U s available to SQL Server on symmetric 
multip rocessor ( SM P )  systems may be restricted .   
F or servers running  on an SM P  comp uter, chang e m a x  d egree of pa ra l l el ism  rarely.  I f your comp uter has only one 
p rocessor, the m a x  d egree of pa ra l l el ism  value is ig nored .   
priorit y  b oost  O pt ion  
U se the priorit y  b oost  op tion to sp ecify w hether SQL Server should  run at a hig her sched uling  p riority than other 
p rocesses on the same comp uter.  I f you set this op tion to one, SQL Server runs at a p riority base of 1 3  in the Wind ow s 
sched uler.  The d efault is 0, w hich is a p riority base of seven.  The priorit y  b oost  op tion should  be used  only on a 
comp uter d ed icated  to SQL Server, and  w ith an SM P  config uration.   
C a ut ion B oosting  the p riority too hig h may d rain resources from essential op erating  system and  netw ork  functions, 
resulting  in p roblems shutting  d ow n SQL Server or using  other Wind ow s task s on the server.   
I n some circumstances, setting  priorit y  b oost  to anything  other than the d efault can cause the follow ing  
communication error to be log g ed  in the SQL Server error log :   
Error: 17824, Severity: 10, State: 0 Unable to write to ListenOn 
c onnec tion ' < servernam e> ' , log innam e ' < log in I D > ' , h ostnam e ' < h ostnam e> '  
OS Error: 6 4, T h e sp ec if ied  network  nam e is no long er available.  
Error 17824 indicates that SQL Server encountered connection problems while attempting to write to a client. These 
communication problems may  be caused by  network  problems,  if  the client has stopped responding,  or if  the client has 
been restarted. H owever,  error 17824 does not necessarily  indicate a network  problem and may  simply  be a result of  
having the priority boost option set to on.  
se t w ork in g  se t siz e  O ption   
U se the se t w ork in g  se t siz e  option to reserve phy sical memory  space f or SQL Server that is eq ual to the server 
memory  setting. The server memory  setting is conf igured automatically  by  SQL Server based on work load and available 
resources. I t will vary  dy namically  between m in  se rv e r m e m ory and m a x  se rv e r m e m ory. Setting se t w ork in g  se t 
siz e  means the operating sy stem will not attempt to swap out SQL Server pages even if  they  can be used more readily  
by  another process when SQL Server is idle.  
D o not set se t w ork in g  se t siz e  if  y ou are allowing SQL Server to use memory  dy namically . B ef ore setting se t 
w ork in g  se t siz e  to 1,  set both m in  se rv e r m e m ory and m a x  se rv e r m e m ory to the same value,  the amount of  
memory  y ou want SQL Server to use.  
The options l ig h tw e ig h t pool in g  and a f f in ity m a sk  are discussed in the section " K ey  P erf ormance C ounters to 
W atch"  later in this document.  
Optimizing Disk I/O Performance  
W hen conf iguring a SQL Server that will contain only  a f ew G B  of  data and not sustain heavy  read or write activity ,  it is 
not as important to be concerned with the subj ect of  disk  I / O  and balancing of  SQL Server I / O  activity  across hard 
drives f or max imum perf ormance. B ut to build larger SQL Server databases that will contain hundreds of  gigaby tes or 
even teraby tes of  data and/ or that can sustain heavy  read/ write activity ,  it is necessary  to drive conf iguration around 
max imiz ing SQL Server disk  I / O  perf ormance by  load-balancing across multiple hard drives.  

Optimizing Transfer Rates 
O ne of  the most important aspects of  database perf ormance tuning is I / O  perf ormance tuning. SQL Server is certainly  
no ex ception. U nless SQL Server is running on a machine with enough R A M  to hold the entire database,  I / O  
perf ormance will be determined by  how f ast reads and writes of  SQL Server data can be processed by  the disk  I / O  
subsy stem.  
B ecause transf er rates,  I / O  throughput,  and other f actors which may  impact I / O  perf ormance are constantly  improving,  
we will not provide specif ic numbers on what k inds of  speed y ou should ex pect to see f rom y our storage sy stem. To 
better understand the capabilities y ou can ex pect,  it is recommended that y ou work  with y our pref erred hardware 
vendor to determine the optimum perf ormance to ex pect.  
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What we do want to emphasize is the difference between sequential I/O operations (also commonly referred to as 
" serial"  or " in disk  order" )  in contrast to nonsequential I/O operations.  We also want to draw attention to the dramatic 
effect read-ahead processing  can hav e on I/O operations.   
Sequential and Nonsequential Disk I/O Operations  
It is worthwhile to ex plain what these terms mean in relation to a disk  driv e.  G enerally,  a sing le hard driv e consists of a 
set of driv e platters.  E ach platter prov ides surfaces for read/write operations.  A  set of arms with read/write heads is 
used to mov e across the platters and read/write data from/to the platter surfaces.  With respect to S Q L  S erv er,  these 
are the two important points to remember about hard driv es.   
F irst,  the read/write heads and associated disk  arms need to mov e in order to locate and operate on the location of the 
hard driv e platter that S Q L  S erv er requests.  If the data is distributed around the hard driv e platter in nonsequential 
locations,  it tak es sig nificantly more time for the hard driv e to mov e the disk  arm (seek  time)  and to spin the 
read/write heads (rotational latency)  to locate the data.  T his contrasts with the sequential case,  in which all of the 
required data is co-located on one contig uous physical section of the hard driv e platter,  so the disk  arm and read/write 
heads mov e a minimal amount to perform the necessary disk  I/O.  T he time difference between the nonsequential and 
the sequential case is sig nificant:  about 5 0  milliseconds for each nonsequential seek  in contrast to approx imately two to 
three milliseconds for sequential seek s.  N ote that these times are roug h estimations and will v ary based upon how far 
apart the nonsequential data is spread around on the disk ,  how fast the hard disk  platters can spin (R P M ) ,  and other 
physical attributes of the hard driv e.  T he main point is,  sequential I/O is g ood for performance and nonsequential I/O is 
detrimental to performance.   
S econd,  it is important to remember that it tak es almost as much time to read or write 8  k ilobytes (K B )  as it does to 
read or write 6 4  K B .  Within the rang e of 8  K B  to about 6 4  K B  it remains true that disk  arm plus read/write head 
mov ement (seek  time and rotational latency)  account for the maj ority of the time spent for a sing le disk  I/O transfer 
operation.  S o,  mathematically speak ing ,  it is beneficial to try to perform 6 4 -K B  disk  transfers as often as possible when 
more than 6 4  K B  of S Q L  S erv er data needs to be transferred,  because a 6 4 -K B  transfer is essentially as fast as an 8 -K B  
transfer and eig ht times the amount of S Q L  S erv er data is processed for each transfer.  R emember that read-ahead 
manag er does its disk  operations in 6 4 -K B  chunk s (referred to as a S Q L  S erv er ex tent) .  T he log  manag er performs 
sequential writes in larg er I/O sizes,  as well.  T he main point to remember is that mak ing  g ood use of the read-ahead 
manag er and separating  S Q L  S erv er log  files from other nonsequentially accessed files benefit S Q L  S erv er performance.   
A s a rule of thumb,  most hard driv es can deliv er performance that is as much as 2  times better when processing  
sequential I/O operations as compared to processing  nonsequential I/O operations.  T hat is,  operations that require 
nonsequential I/O tak e twice as long  to carry out as sequential I/O operations.  What this tells us is that,  if possible,  you 
should av oid situations that may lead to random I/O occurring  within your database.  While it should always be the g oal 
to perform I/O operations sequentially,  situations lik e pag e splitting  or out of sequence data do tend to cause 
nonsequential I/O to occur.   
T o encourag e sequential I/O it is important to av oid situations that cause pag e splitting .  It is also helpful to dev ise a 
well thoug ht out data loading  strateg y.  Y ou can encourag e data to be laid out sequentially on disk  by employing  a 
partitioning  strateg y that separates data and index es.  It is important that you set up j obs to periodically check  for 
frag mentation in your data and index es,  and that you use utilities prov ided with S Q L  S erv er to resequence the data 
when it becomes too frag mented.  M ore information about doing  these operations appears later in this document.   
Note L og s g enerally are not a maj or concern because transaction log  data is always written sequentially to the log  file 
in sizes rang ing  up to 3 2  K B .   

RAID 
R A ID  (redundant array of inex pensiv e disk s)  is a storag e technolog y often used for databases larg er than a few 
g ig abytes.  R A ID  can prov ide both performance and fault tolerance benefits.  A  v ariety of R A ID  controllers and disk  
config urations offer tradeoffs among  cost,  performance,  and fault tolerance.  T his topic prov ides a basic introduction to 
using  R A ID  technolog y with S Q L  S erv er databases and discusses v arious config urations and tradeoffs.   
� P erf orm anc e.  H ardware R A ID  controllers div ide read/writes of all data from Windows N T  4 . 0  and Windows 2 0 0 0  

and applications (lik e S Q L  S erv er)  into slices (usually 1 6 –1 2 8  K B )  that are then spread across all disk s participating  
in the R A ID  array.  S plitting  data across physical driv es lik e this has the effect of distributing  the read/write I/O 
work load ev enly across all physical hard driv es participating  in the R A ID  array.  T his increases disk  I/O performance 
because the hard disk s participating  in the R A ID  array,  as a whole are k ept equally busy,  instead of some disk s 
becoming  a bottleneck  due to unev en distribution of the I/O requests.   

� F ault toleranc e.  R A ID  also prov ides protection from hard disk  failure and accompanying  data loss by using  two 
methods:  mirroring  and parity.   

Mirroring is implemented by writing information onto a second (mirrored) set of drives. If there is a drive loss with 
mirroring in place,  the data for the lost drive can be rebu ilt by replacing the failed drive and rebu ilding the mirrorset. 
M ost R A ID  controllers provide the ability to do this failed drive replacement and remirroring while W indows and S Q L  
S erver are online. S u ch R A ID  systems are commonly referred to as " H ot P lu g"  capable drives.  
O ne advantage of mirroring is that it offers the best performance among R A ID  options if fau lt tolerance is req u ired. 
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B ear in mind that each S Q L  S erver write to the mirrorset resu lts in two disk  I/ O  operations,  once to each side of the 
mirrorset. A nother advantage is that mirroring provides more fau lt tolerance than parity R A ID  implementations. 
M irroring can enable the system to su rvive at least one failed drive and may be able to su pport the system throu gh 
failu re of u p to half of the drives in the mirrorset withou t forcing the system administrator to shu t down the server and 
recover from the file back u p.  
T he disadvantage of mirroring is cost. T he disk  cost of mirroring is one ex tra drive for each drive worth of data. T his 
essentially dou bles you r storage cost,  which,  for a data warehou se,  is often one of the most ex pensive components 
needed. B oth R A ID  1  and its hybrid,  R A ID  0 + 1  (sometimes referred to as R A ID  1 0  or 0 / 1 ) are implemented throu gh 
mirroring.  
P a rit y  is implemented by calcu lating recovery information abou t data written to disk  and writing this parity information 
on the other drives that form the R A ID  array. If a drive shou ld fail,  a new drive is inserted into the R A ID  array and the 
data on that failed drive is recovered by tak ing the recovery information (parity) written on the other drives and u sing 
this information to regenerate the data from the failed drive. R A ID  5  and its hybrids are implemented throu gh parity. 
T he advantage of parity is cost. T o protect any nu mber of drives with R A ID  5 ,  only one additional drive is req u ired. 
P arity information is evenly distribu ted among all drives participating in the R A ID  5  array.  
T he disadvantages of parity are performance and fau lt tolerance. D u e to the additional costs associated with calcu lating 
and writing parity,  R A ID  5  req u ires fou r disk  I/ O  operations for each write,  compared to two disk  I/ O  operations for 
mirroring. R ead I/ O  operation costs are the same for mirroring and parity. R ead operations,  however,  are u su ally one 
failed drive before the array mu st be tak en offline and recovery from back u p media mu st be performed to restore data.  
G eneral R u le of T hu mb:  B e su re to stripe across as many disk s as necessary to achieve solid disk  I/ O  performance. 
S ystem M onitor will indicate if there is a disk  I/ O  bottleneck  on a particu lar R A ID  array. B e ready to add disk s and 
redistribu te data across R A ID  arrays and/ or small compu ter system interface (S C S I) channels as necessary to balance 
disk  I/ O  and max imiz e performance.  
Effect of On-B oa r d  C a ch e of H a r d w a r e R A I D  C ontr ol l er s   
M any hardware R A ID  controllers have some form of read and/ or write caching. T his available caching with S Q L  S erver 
can significantly enhance the effective I/ O  handling capacity of the disk  su bsystem. T he principle of these controller-
based caching mechanisms is to gather smaller and potentially nonseq u ential I/ O  req u ests coming in from the host 
server (S Q L  S erver) and try to batch them together with other I/ O  req u ests for a few milliseconds so that the batched 
I/ O s can form larger (3 2 –1 2 8  K B ) and maybe seq u ential I/ O  req u ests to send to the hard drives. In k eeping with the 
principle that seq u ential and larger I/ O  is good for performance,  this helps produ ce more disk  I/ O  throu ghpu t given the 
fix ed nu mber of I/ O s that hard disk s are able to provide to the R A ID  controller. It is not that the R A ID  controller 
caching magically allows the hard disk s to process more I/ O s per second. R ather,  the R A ID  controller cache is u sing 
some organiz ation to arrange incoming I/ O  req u ests to mak e best possible u se of the u nderlying hard disk s'  fix ed 
amou nt of I/ O  processing ability.  
T hese R A ID  controllers u su ally protect their caching mechanism with some form of back u p power. T his back u p power 
can help preserve the data written in cache for some period of time (perhaps days) in case of a power ou tage. If the 
database server is also su pported by an u ninterru ptible power su pply (U P S ),  the R A ID  controller has more time and 
opportu nity to flu sh data to disk  in the event of power disru ption. A lthou gh a U P S  for the server does not directly affect 
performance,  it does provide protection for the performance improvement su pplied by R A ID  controller caching.  
R A I D  L ev el s   
A s mentioned above,  R A ID  1  and R A ID  0 + 1  offer the best data protection and best performance among R A ID  levels,  
bu t cost more in terms of disk s req u ired. W hen cost of hard disk s is not a limiting factor,  R A ID  1  or R A ID  0 + 1  are the 
best choices in terms of both performance and fau lt tolerance.  
R A ID  5  costs less than R A ID  1  or R A ID  0 + 1  bu t provides less fau lt tolerance and less write performance. T he write 
performance of R A ID  5  is only abou t half that of R A ID  1  or R A ID  0 + 1  becau se of the additional I/ O  needed to read and 
write parity information.  
T he best disk  I/ O  performance is achieved with R A ID  0  (disk  striping with no fau lt tolerance protection). B ecau se R A ID  
0  provides no fau lt tolerance protection,  it shou ld never be u sed in a produ ction environment,  and it is not 
recommended for development environments. R A ID  0  is typically u sed only for benchmark ing or testing.  
M any R A ID  array controllers provide the option of R A ID  0 + 1  (also referred to as R A ID  1 / 0  and R A ID  1 0 ) over physical 
hard drives. R A ID  0 + 1  is a hybrid R A ID  solu tion. O n the lower level,  it mirrors all data j u st lik e normal R A ID  1 . O n the 
u pper level,  the controller stripes data across all of the drives (lik e R A ID  0 ). T hu s,  R A ID  0 + 1  provides max imu m 
protection (mirroring) with high performance (striping). T hese striping and mirroring operations are transparent to 
W indows and S Q L  S erver becau se they are managed by the R A ID  controller. T he difference between R A ID  1  and R A ID  
0 + 1  is on the hardware controller level. R A ID  1  and R A ID  0 + 1  req u ire the same nu mber of drives for a given amou nt of 
storage. F or more information on R A ID  0 + 1  implementation of specific R A ID  controllers,  contact the hardware vendor 
that produ ced the controller.  
T he illu stration below shows differences between R A ID  0 ,  R A ID  1 ,  R A ID  5 ,  and R A ID  0 + 1 .  
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If you r browser does not su pport inline frames,  click  here to view on a separate page.  
N ote In the illu stration above,  in order to hold fou r disk s worth of data,  R A ID  1  (and R A ID  0 + 1 ) need eight disk s,  
whereas R aid 5  only req u ires five disk s. B e su re to involve you r storage vendor to learn more abou t their specific R A ID  
implementation.  
L ev el  0   
T his level is also k nown as disk  striping becau se of its u se of a disk  file system called a stripe set. D ata is divided into 
block s and spread in a fix ed order among all disk s in an array. R A ID  0  improves read/ write performance by spreading 
operations across mu ltiple disk s,  so that operations can be performed independently and simu ltaneou sly. R A ID  0  is 
similar to R A ID  5 ,  ex cept R A ID  5  also provides fau lt tolerance. T he following illu stration shows R A ID  0 .  

  
L ev el  1   
T his level is also k nown as disk  mirroring becau se it u ses a disk  file system called a mirror set. D isk  mirroring provides 
a redu ndant,  identical copy of a selected disk . A ll data written to the primary disk  is written to the mirror disk . R A ID  1  
provides fau lt tolerance and generally improves read performance (bu t may degrade write performance). T he following 
illu stration shows R A ID  1 .  
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L ev el  2   
T his level adds redu ndancy by u sing an error correction method that spreads parity across all disk s. It also employs a 
disk -striping strategy that break s a file into bytes and spreads it across mu ltiple disk s. T his strategy offers only a 
marginal improvement in disk  u tiliz ation and read/ write performance over mirroring (R A ID  1 ). R A ID  2  is not as efficient 
as other R A ID  levels and is not generally u sed.  
L ev el  3   
T his level u ses the same striping method as R A ID  2 ,  bu t the error correction method req u ires only one disk  for parity 
data. U se of disk  space varies with the nu mber of data disk s. R A ID  3  provides some read/ write performance 
improvement. R A ID  3  also is rarely u sed.  
L ev el  4   
T his level employs striped data in mu ch larger block s or segments than R A ID  2  or R A ID  3 . L ik e R A ID  3 ,  the error 
correction method req u ires only one disk  for parity data. It k eeps u ser data separate from error-correction data. R A ID  4  
is not as efficient as other R A ID  levels and is not generally u sed.  
L ev el  5   
A lso k nown as striping with parity,  this level is the most popu lar strategy for new designs. It is similar to R A ID  4  
becau se it stripes the data in large block s across the disk s in an array. It differs in how it writes the parity across all the 
disk s. D ata redu ndancy is provided by the parity information. T he data and parity information are arranged on the disk  
array so the two are always on different disk s. S triping with parity offers better performance than disk  mirroring (R A ID  
1 ). H owever,  when a stripe member is missing,  read performance degrades (for ex ample,  when a disk  fails). R A ID  5  is 
one of the most commonly u sed R A ID  configu rations. T he following illu stration shows R A ID  5 .  
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If you r browser does not su pport inline frames,  click  here to view on a separate page.  
L ev el  1 0  ( 1 + 0 )   
T his level is also k nown as mirroring with striping. T his level u ses a striped array of disk s,  which are then mirrored to 
another identical set of striped disk s. F or ex ample,  a striped array can be created u sing fou r disk s. T he striped array of 
disk s is then mirrored u sing another set of fou r striped disk s. R A ID  1 0  provides the performance benefits of disk  
striping with the disk  redu ndancy of mirroring. R A ID  1 0  provides the highest read/ write performance of any of the R A ID  
levels at the ex pense of u sing twice as many disk s. T he following illu stration shows R A ID  1 0 .  

 
If you r browser does not su pport inline frames,  click  here to view on a separate page.  
Onl i ne R A I D  Ex p a ns i on  
T his featu re allows disk s to be added dynamically to a physical R A ID  array while S Q L  S erver remains online. A dditional 
disk  drives are au tomatically integrated into the R A ID  storage. D isk  drives are added by installing them into physical 
positions called hot plu g drive slots,  or hot plu g slots. M any hardware vendors offer hardware R A ID  controllers that are 
capable of providing this fu nctionality. D ata is au tomatically re-striped across all drives evenly,  inclu ding the newly 
added drive,  and there is no need to shu t down S Q L  S erver or W indows. Y ou  can tak e advantage of this fu nctionality by 
leaving hot plu g slots free in the disk  array cages. If S Q L  S erver is regu larly overtax ing a R A ID  array with I/ O  req u ests 
(this will be indicated by D isk  Q u eu e L ength for the W indows logical drive letter associated with that R A ID  array),  it is 
possible to install one or more new hard drives into the hot plu g slots while S Q L  S erver is still ru nning. T he R A ID  
controller will move some ex isting S Q L  S erver data to these new drives so data is evenly distribu ted across all drives in 
the R A ID  array. T hen the I/ O  processing capacity of the new drives (7 5  nonseq u ential/ 1 5 0  seq u ential I/ O s per second,  
for each drive) is added to the overall I/ O  processing capacity of the R A ID  array.  
S y s tem  M oni tor  a nd  R A I D   
In S ystem M onitor (P erformance M onitor in M icrosoft W indows N T ®  4 .0 ),  information can be obtained for both logical 
and physical disk  drives. T he difference is that logical disk s in S ystem M onitor are associated with what W indows reads 
as a logical drive letter. P hysical disk s in S ystem M onitor are associated with what W indows reads as a single physical 
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hard disk .  
In W indows N T  4 .0 ,  all disk  cou nters for P erformance M onitor were tu rned off by defau lt becau se they cou ld have a 
minor impact on performance. In W indows 2 0 0 0  the physical disk  cou nters are tu rned on by defau lt and the logical disk  
cou nters are tu rned off by defau lt. D i s k p er f. ex e is the W indows command that controls the types of cou nters that can 
be viewed in S ystem M onitor.  
In W indows 2 0 0 0 ,  to obtain performance cou nter data for logical drives or storage volu mes,  you  mu st type diskperf -
yv  at the command prompt, and then press ENTER. This causes the disk performance statistics driver used for 
col l ecting  disk performance data to report data for l og ical  drives or storag e vol umes. B y  defaul t, the operating  sy stem 
uses the diskperf -yd command to ob tain phy sical  drive data.  
The sy ntax  for Diskperf.exe in W indow s 2 0 0 0  is as fol l ow s:   
diskperf [ -y[ d| v ]  |  -n [ d| v ] ]  [ \ \ c o m pu t ern a m e]  
P a ra m et ers  
( no ne)   

Reports w hether disk performance counters are enab l ed and identifies the counters enab l ed. 

-y  

S ets the sy stem to start al l  disk performance counters w hen y ou restart the computer. 

-yd   

Enab l es the disk performance counters for phy sical  drives w hen y ou restart the computer. 

-yv   

Enab l es the disk performance counters for l og ical  drives or storag e vol umes w hen y ou restart the computer. 

-n  

S ets the sy stem to disab l e al l  disk performance counters w hen y ou restart the computer. 

-nd   

D isab l es the disk performance counters for phy sical  drives. 

-nv   

D isab l es the disk performance counters for l og ical  drives. 

\\computername  

S pecifies the computer y ou w ant to see or set disk performance counters to use. 

W ith W indow s NT 4 .0  and earl ier, diskperf –y w as used for monitoring  hard drives, or sets of hard drives and RA I D  
control l ers, that w ere not using  W indow s NT softw are RA I D . W hen util iz ing  W indow s softw are RA I D , use diskperf –ye 
so that S y stem M onitor w il l  report phy sical  counters across the W indow s NT stripesets correctl y . W hen diskperf –ye is 
used in conj unction w ith W indow s NT stripesets, l og ical  counters w il l  not report correct information and shoul d b e 
disreg arded. I f l og ical  disk counter information is req uired in conj unction w ith W indow s NT stripesets, use diskperf –y 
instead. W ith diskperf –y, l og ical  disk counters w il l  b e reported correctl y  for W indow s NT stripesets, b ut phy sical  disk 
counters w il l  not report correct information and shoul d b e disreg arded.  
N o t e The effects of the diskperf command do not take effect until  W indow s has b een restarted ( b oth for W indow s 2 0 0 0  
and earl ier versions of W indow s NT) .  
C o nsid era t io ns fo r M o nit o ring  H a rd w a re R A I D  
B ecause RA I D  control l ers present mul tipl e phy sical  hard drives as a sing l e RA I D  mirrorset or stripeset to W indow s, 
W indow s reads the g rouping  as thoug h it w ere a sing l e phy sical  disk. The resul ting  ab stracted view  of the actual  
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underl y ing  hard drive activity  can cause performance counters to report information that can b e misl eading .  
F rom a performance tuning  perspective, it is very  important to b e aw are of how  many  phy sical  hard drives are 
associated w ith a RA I D  array . This information w il l  b e needed w hen determining  the numb er of disk I / O  req uests that 
Windows and SQL Server are sending to each physical hard drive. Divide the number of disk I/O requests that System 
M onitor reports as being associated with a hard drive by the number of actual physical hard drives known to be in that 
R A ID array.  
T o get a rough estimate of I/O activity for each hard drive in a R A ID array,  it is also important to multiply the number 
of disk write I/Os reported by System M onitor by either two ( R A ID 1  and 0 + 1 )  or four ( R A ID 5 ) . T his will give a more 
accurate account of the number of actual I/O requests being sent to the physical hard drives,  because it is at this 
physical level that the I/O capacity numbers for hard drives apply. T his method,  however,  will not calculate the hard 
drive I/O ex actly,  when the hardware R A ID controller is using caching,  because caching can significantly affect the 
direct I/O to the hard drives.  
When monitoring disk activity,  it is best to concentrate on disk queuing instead of on the actual I/O for each disk. Disk 
I/O speeds depend on the transfer rate capability of the drives,  which cannot be adj usted. B ecause there is little you 
can do other than buy faster,  or more,  drives,  there is little reason to be concerned with the amount of I/O that is 
actually occurring. H owever,  you do want to avoid too much disk queuing. Significant disk queuing reveals that you 
have an I/O problem. B ecause Windows cannot read the number of physical drives in a R A ID array,  it is difficult to 
accurately assess disk queuing for each physical disk. A  rough approx imation can be determined by dividing the Disk 
Queue Length by the number of physical drives participating in the hardware R A ID disk array for the logical drive being 
observed. It is optimal to attempt to keep the disk queue number below two for hard drives containing SQL Server files.  
Software RAID  
Windows 2 0 0 0  supports software R A ID to address fault tolerance by providing mirrorsets and stripesets ( with or 
without fault tolerance)  through the operating system when a hardware R A ID controller is not used. Y ou can set up 
R A ID 0 ,  R A ID 1 ,  or R A ID 5  functionality using operating system procedures. M ost large data warehouses use hardware 
R A ID,  but in the event that your installation is relatively small or you choose not to implement hardware R A ID,  software 
R A ID can provide some data access and fault tolerance advantages.  
Software R A ID does utiliz e some C P U  resources,  because Windows has to manage the R A ID operations that the 
hardware R A ID controller would typically manage for you. T hus,  performance with the same number of disk drives and 
Windows software R A ID may be a few percent less than with hardware R A ID,  especially if the system processors are 
nearly 1 0 0  percent utiliz ed for other purposes. B y reducing the potential for I/O bottlenecks,  Windows software R A ID 
will generally help a set of drives service SQL Server I/O better than if the drives are used without software R A ID. 
Software R A ID should allow for better C P U  utiliz ation by SQL Server because the server will wait less often for I/O 
requests to complete.  
Di s k  I/ O  P aral l el i s m   
A n effective technique for improving the performance of large SQL Server databases that are stored on multiple disk 
drives is to create disk I/O parallelism,  which is the simultaneous reading from and writing to multiple disk drives. R A ID 
implements disk I/O parallelism through hardware and software. T he nex t topic discusses using partitioning to organiz e 
SQL Server data to further increase disk I/O parallelism.  
Partitioning for Performance  
F or SQL Server databases that are stored on multiple disk drives,  performance can be improved by partitioning the data 
to increase the amount of disk I/O parallelism.  
P artitioning can be done using a variety of techniques. M ethods for creating and managing partitions include configuring 
your storage subsystem ( disk,  R A ID partitioning)  and applying various data configuration mechanisms in SQL Server 
such as files,  filegroups,  tables and views. While this section focuses on some of the partitioning capabilities as they 
relate to performance,  the white paper titled " U sing P artitions in a SQL Server 2 0 0 0  Data Warehouse"  specifically 
addresses the subj ect of partitioning.  
T he simplest technique for creating disk I/O parallelism is to use hardware partitioning and create a single " pool of 
drives"  that serves all SQL Server database files ex cept transaction log files,  which should always be stored on 
physically separate disk drives dedicated to log files only. T he pool may be a single R A ID array that is represented in 
Windows as a single physical drive. Larger pools may be set up using multiple R A ID arrays and SQL Server 
files/filegroups. A  SQL Server file can be associated with each R A ID array and the files can be combined into a SQL 
Server filegroup. T hen a database can be built on the filegroup so the data will be spread evenly across all of the drives 
and R A ID controllers. T he " drive pool"  method depends on R A ID to divide data across all physical drives to help ensure 
parallel access to that data during database server operations.  
T his drive pool method simplifies SQL Server I/O performance tuning because database administrators know there is 
only one physical location in which to create database obj ects. T he single pool of drives can be watched for disk 
queuing and,  if necessary,  more hard drives can be added to the pool to prevent disk queuing. T his method helps 
optimiz e for the common case,  in which it is unknown what parts of databases may get the most usage. It is better not 
to have a portion of the total available I/O capacity segregated on another disk partition j ust because five percent of 
the time SQL Server might be doing I/O to it. T he " single pool of drives"  method helps make all available I/O capacity 
" always"  available for SQL Server operations. It also allows I/O operations to be spread across the max imum number of 
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disks available.  
SQL Server log files should always be physically separated onto different hard drives from all other SQL Server 
database files. F or SQL Servers managing multiple busy databases that are very busy,  the transaction log files for each 
database should be physically separated from each other to reduce contention.  
B ecause transaction logging is primarily a sequential write I/O,  the separation of log files tends to yield a tremendous 
I/O performance benefit. T he disk drives containing the log files can very efficiently perform these sequential write 
operations if they are not interrupted by other I/O requests. A t times,  the transaction log will need to be read as part of 
SQL Server operations,  such as replication,  rollbacks,  and deferred updates. Some implementations use replication as a 
front end to their data transformation utility as a means of loading new data into the data warehouse in near real time. 
A dministrators of SQL Servers that participate in replication need to make sure that all disks used for transaction log 
files have sufficient I/O processing power to accommodate the reads that need to occur in addition to the normal log 
transaction writes.  
A dditional administration is required to physically segment files and filegroups. T he additional effort may prove 
worthwhile when segmenting for the purposes of isolating and improving access to very active tables or index es. Some 
of the benefits are listed below:   
� More accurate assessments can be made of the I/O requirements for specific objects, which is not as easy to do 

when al l  database objects are pl aced within one big  driv e pool .   
� P artitioning  data and index es using  fil es and fil e g roups can enhance the administrator' s abil ity to create a more 

g ranul ar back up and restore strateg y.   
� F il e and fil eg roups may be used to maintain the sequential  pl acement of data on disk , thus reducing  or el iminating  

nonsequential  I/O activ ity.  T his can be ex tremel y important if your av ail abl e window of time for l oading  data into 
the warehouse requires processing  be performed in paral l el  to meet the deadl ine.   

� P hysical l y seg menting  fil es and fil eg roups may be appropriate during  database dev el opment and benchmark ing  so 
database I/O information can be g athered and appl ied to capacity pl anning  for the production database serv er 
env ironment.   

Objects For Partitioning Consideration 
T he fol l owing  areas of S Q L  S erv er activ ity can be separated across different hard driv es, R A ID  control l ers, and P C I 
channel s ( or combinations of the three) :   
� T ransaction l og   
� tempdb  
� D atabase  
� T abl es  
� N oncl ustered index es 

Note In S Q L  S erv er 2 0 0 0 , Microsoft introduced enhancements to distributed partitioned v iews that enabl e the 
creation of federated databases ( commonl y referred to as scal e-out) , which spread resource l oad and I/O activ ity 
across mul tipl e serv ers.  F ederated databases are appropriate for some hig h-end onl ine anal ytical  processing  ( OL T P )  
appl ications, but this approach is not recommended for addressing  the needs of a data warehouse.   

T he physical  seg reg ation of S Q L  S erv er I/O activ ity is quite easy to achiev e using  hardware R A ID  control l ers, R A ID  hot 
pl ug  driv es, and onl ine R A ID  ex pansion.  T he approach that prov ides the most fl ex ibil ity is arrang ing  R A ID  control l ers so 
that separate R A ID  channel s are associated with the different areas of activ ity mentioned abov e.  A l so, each R A ID  
channel  shoul d be attached to a separate R A ID  hot pl ug  cabinet to tak e ful l  adv antag e of onl ine R A ID  ex pansion ( if 
av ail abl e throug h the R A ID  control l er) .  W indows l og ical  driv e l etters are then associated to each R A ID  array and S Q L  
S erv er fil es may be separated between distinct R A ID  arrays based on k nown I/O usag e patterns.   
W ith this config uration it is possibl e to rel ate disk  queuing  associated with each activ ity back  to a distinct R A ID  channel  
and its driv e cabinet.  If a R A ID  control l er and its driv e array cabinet both support onl ine R A ID  ex pansion and sl ots for 
hot pl ug  hard driv es are av ail abl e in the cabinet, disk  queuing  issues on that R A ID  array can be resol v ed by simpl y 
adding  more driv es to the R A ID  array until  S ystem Monitor reports that disk  queuing  for that R A ID  array has reached 
an acceptabl e l ev el  ( ideal l y l ess than two for S Q L  S erv er fil es) .  T his can be done whil e S Q L  S erv er is onl ine.   
S eg r eg a ti n g  th e T r a n s a c ti on  L og   
T ransaction l og  fil es shoul d be maintained on a storag e dev ice physical l y separate from dev ices that contain data fil es.  
D epending  on your database recov ery model  setting , most update activ ity g enerates both data dev ice activ ity and l og  
activ ity.  If both are set up to share the same dev ice, the operations to be performed wil l  compete for the same l imited 
resources.  Most instal l ations benefit from separating  these competing  I/O activ ities.   
S eg r eg a ti n g  tem p d b   
S Q L  S erv er creates a database, tem p d b , on ev ery serv er instance to be used by the serv er as a shared work ing  area 
for v arious activ ities, incl uding  temporary tabl es, sorting , processing  subqueries, buil ding  ag g reg ates to support G R OU P  
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B Y  or OR D E R  B Y  cl auses, queries using  D IS T IN C T  ( temporary work tabl es hav e to be created to remov e dupl icate rows) , 
cursors, and hash joins.  B y seg menting  tem p d b  onto its own R A ID  channel , we enabl e tem p d b  I/O operations to 
occur in paral l el  with the I/O operations of their rel ated transactions.  B ecause tem p d b  is essential l y a scratch area and 
v ery update intensiv e, R A ID  5  is not as g ood a choice for tem p d b  – R A ID  1  or 0 + 1  offer better performance.  R aid 0 , 
ev en thoug h it does not prov ide faul t tol erance, can be considered for tem p d b  because tem p d b  is rebuil t ev ery time 
the database serv er is restarted.  R A ID  0  prov ides the best R A ID  performance for tem p d b  with the l east number of 
physical  driv es, but the main concern about using  R A ID  0  for tem p d b  in a production env ironment is that S Q L  S erv er 
av ail abil ity mig ht be compromised if any physical  driv e fail ure were to occur, incl uding  the driv e used for tem p d b .  T his 
can be av oided if tem p d b  is pl aced on a R A ID  config uration that prov ides faul t tol erance.   
T o mov e the tem p d b  database, use the A L T E R  D A T A B A S E  command to chang e the physical  fil e l ocation of the S Q L  
S erv er l og ical  fil e name associated with tem p d b .  F or ex ampl e, to mov e tem p d b  and its associated l og  to the new fil e 
l ocations E : \ mssql 7  and C : \ temp, use the fol l owing  commands:   
alter database tempdb modify file (name='tempdev',filename= 'e:\mssql7\tempnew_location.mDF') 
alter database tempdb modify file (name='templog ',filename= 'c:\temp\tempnew_log location.mDF') 
The master database, msdb, an d mo del  databases are n o t u sed mu c h du ri n g  p ro du c ti o n  c o mp ared to  u ser databases, 
so  i t i s ty p i c al l y  n o t n ec essary  to  c o n si der them i n  I / O  p erf o rman c e tu n i n g  c o n si derati o n s.  The master database i s 
u su al l y  u sed o n l y  f o r addi n g  n ew  l o g i n s, databases, dev i c es, an d o ther sy stem o bj ec ts.   
D a t a ba se  P a r t i t i o n i n g   
D atabases c an  be p arti ti o n ed u si n g  f i l es an d/ o r f i l eg ro u p s.  A  f i l eg ro u p  i s si mp l y  a n amed c o l l ec ti o n  o f  i n di v i du al  f i l es 
g ro u p ed to g ether f o r admi n i strati o n  p u rp o ses.  A  f i l e c an n o t be a member o f  mo re than  o n e f i l eg ro u p .  Tabl es, i n dex es, 
tex t, n tex t, an d i mag e data c an  al l  be asso c i ated w i th a sp ec i f i c  f i l eg ro u p .  Thi s mean s that al l  thei r p ag es are al l o c ated 
f ro m the f i l es i n  that f i l eg ro u p .  The three ty p es o f  f i l eg ro u p s are desc ri bed bel o w .   
P r i ma r y  f i l e g r o u p   

Thi s f i l eg ro u p  c o n tai n s the p ri mary  data f i l e an d an y  o ther f i l es n o t p l ac ed i n to  an o ther f i l eg ro u p .  A l l  p ag es f o r 
the sy stem tabl es are al l o c ated f ro m the p ri mary  f i l eg ro u p .  

U se r -de f i n e d f i l e g r o u p   

Thi s f i l eg ro u p  i s an y  f i l eg ro u p  sp ec i f i ed u si n g  the F I L E G R O U P  k ey w o rd i n  a C R E A TE  D A TA B A S E  o r A L TE R  
D A TA B A S E  statemen t, o r o n  the P ro p erti es di al o g  bo x  w i thi n  S Q L  S erv er E n terp ri se M an ag er.  

D e f a u l t  f i l e g r o u p   

The def au l t f i l eg ro u p  c o n tai n s the p ag es f o r al l  tabl es an d i n dex es that do  n o t hav e a f i l eg ro u p  sp ec i f i ed w hen  
they  are c reated.  I n  eac h database, o n l y  o n e f i l eg ro u p  at a ti me c an  be the def au l t f i l eg ro u p .  I f  n o  def au l t 
f i l eg ro u p  i s sp ec i f i ed, the def au l t i s the p ri mary  f i l eg ro u p .  

F i l es an d f i l eg ro u p s are u sef u l  f o r c o n tro l l i n g  the p l ac emen t o f  data an d i n dex es an d to  el i mi n ate dev i c e c o n ten ti o n .  
Q u i te a f ew  i n stal l ati o n s al so  l ev erag e f i l es an d f i l eg ro u p s as a mec han i sm that i s mo re g ran u l ar than  a database i n  
o rder to  ex erc i se mo re c o n tro l  o v er thei r database bac k u p / rec o v ery  strateg y .   
H o r i z o n t a l  P a r t i t i o n i n g  ( T a bl e )   
H o ri z o n tal  p arti ti o n i n g  seg men ts a tabl e i n to  mu l ti p l e tabl es, eac h c o n tai n i n g  the same n u mber o f  c o l u mn s bu t f ew er 
ro w s.  D etermi n i n g  ho w  to  p arti ti o n  the tabl es ho ri z o n tal l y  dep en ds o n  ho w  data i s an al y z ed.  A  g en eral  ru l e o f  thu mb i s 
to  p arti ti o n  tabl es so  q u eri es ref eren c e as f ew  tabl es as p o ssi bl e.  O therw i se, ex c essi v e U N I O N  q u eri es, u sed to  merg e 
the tabl es l o g i c al l y  at q u ery  ti me, c an  i mp ai r p erf o rman c e.   
F o r ex amp l e, assu me bu si n ess req u i remen ts di c tate that w e sto re a ro l l i n g  ten  y ears w o rth o f  tran sac ti o n al  data i n  the 
c en tral  f ac t tabl e o f  o u r data w areho u se.  Ten  y ears o f  tran sac ti o n al  data f o r o u r c o mp an y  rep resen ts mo re than  o n e 
bi l l i o n  ro w s.  A  bi l l i o n  o f  an y thi n g  i s a c hal l en g e to  man ag e.  N o w  c o n si der that ev ery  y ear w e hav e to  dro p  the ten th 
y ear o f  data an d l o ad the l atest y ear.   
A  c o mmo n  ap p ro ac h admi n i strato rs tak e i s to  c reate ten  sep arate, bu t i den ti c al l y  stru c tu red tabl es, eac h ho l di n g  o n e 
y ear' s w o rth o f  data.  Then  the admi n i strato r def i n es a si n g l e u n i o n  v i ew  o v er to p  o f  the ten  tabl es to  p ro v i de en d u sers 
w i th the ap p earan c e that al l  o f  the data i s bei n g  ho u sed i n  a si n g l e tabl e.  I n  f ac t, i t i s n o t.  A n y  q u ery  p o sed ag ai n st the 
v i ew  i s o p ti mi z ed to  searc h o n l y  the sp ec i f i ed y ears ( an d c o rresp o n di n g  tabl es) .  H o w ev er, the admi n i strato r do es g ai n  
man ag eabi l i ty .  The admi n i strato r c an  n o w  g ran u l arl y  man ag e eac h y ear o f  data i n dep en den tl y .  E ac h y ear o f  data c an  
be l o aded, i n dex ed, o r mai n tai n ed o n  i ts o w n .  To  add a n ew  y ear i s as si mp l e as dro p p i n g  the v i ew , dro p p i n g  the tabl e 
w i th the ten th y ear o f  data, l o adi n g  an d i n dex i n g  the n ew  y ear o f  data, an d then  redef i n i n g  the n ew  v i ew  to  i n c l u de the 
n ew  y ear o f  data.   
W hen  y o u  p arti ti o n  data ac ro ss mu l ti p l e tabl es o r mu l ti p l e serv ers, q u eri es ac c essi n g  o n l y  a f rac ti o n  o f  the data c an  ru n  
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f aster bec au se there i s l ess data to  sc an .  I f  the tabl es are l o c ated o n  di f f eren t serv ers, o r o n  a c o mp u ter w i th mu l ti p l e 
p ro c esso rs, eac h tabl e i n v o l v ed i n  the q u ery  c an  al so  be sc an n ed i n  p aral l el , thereby  i mp ro v i n g  q u ery  p erf o rman c e.  
A ddi ti o n al l y , mai n ten an c e task s, su c h as rebu i l di n g  i n dex es o r bac k i n g  u p  a tabl e, c an  ex ec u te mo re q u i c k l y .   
B y  u si n g  a p arti ti o n ed v i ew , the data sti l l  ap p ears as a si n g l e tabl e an d c an  be q u eri ed as su c h w i tho u t hav i n g  to  
ref eren c e the c o rrec t u n derl y i n g  tabl e man u al l y .  P arti ti o n ed v i ew s are u p databl e i f  ei ther o f  the f o l l o w i n g  c o n di ti o n s i s 
met.  F o r detai l s abo u t p arti ti o n ed v i ew s an d thei r restri c ti o n s, see S Q L  S erv er B o o k s O n l i n e.   
� A n  I N S TE A D  O F  tri g g er i s def i n ed o n  the v i ew  w i th l o g i c  to  su p p o rt I N S E R T, U P D A TE , an d D E L E TE  statemen ts.   
� The v i ew  an d the I N S E R T, U P D A TE , an d D E L E TE  statemen ts f o l l o w  the ru l es def i n ed f o r u p databl e p arti ti o n ed 

v i ew s.   
Segregating Nonclustered Indexes  
I n d e x e s  r e s i d e  i n  B -t r e e  s t r u c t u r e s ,  w h i c h  c a n  b e  s e p a r a t e d  f r o m  t h e i r  r e l a t e d  d a t a b a s e  t a b l e s  ( e x c e p t  f o r  c l u s t e r e d  
i n d e x e s )  b y  u s i n g  t h e  A L T E R  D A T A B A S E  c o m m a n d  t o  s e t  u p  a  d i s t i n c t  f i l e g r o u p .  I n  t h e  e x a m p l e  b e l o w ,  t h e  f i r s t  A L T E R  
D A T A B A S E  c r e a t e s  a  f i l e g r o u p .  T h e  s e c o n d  A L T E R  D A T A B A S E  a d d s  a  f i l e  t o  t h e  n e w l y  c r e a t e d  f i l e g r o u p .   
alter database testdb add filegroup testgroup1 
alter database testdb add file ( n am e =  ' testfile' ,   
filen am e =  ' e: \ m ssq l7 \ test1. n df' )  to filegroup testgroup1 
A f t e r  a  f i l e g r o u p  a n d  i t s  a s s o c i a t e d  f i l e s  h a v e  b e e n  c r e a t e d ,  t h e  f i l e g r o u p  c a n  b e  u s e d  t o  s t o r e  i n d e x e s  b y  s p e c i f y i n g  t h e  
f i l e g r o u p  w h e n  t h e  i n d e x e s  a r e  c r e a t e d .   
c reate table test1( c ol1 c h ar( 8 ) )  
c reate in dex  in dex 1 on  test1( c ol1)  on  testgroup1 
S P _ H E L P F I L E  r e p o r t s  i n f o r m a t i o n  b a c k  a b o u t  f i l e s  a n d  f i l e g r o u p s  i n  a  g i v e n  d a t a b a s e .  S P _ H E L P  < t a b l e n a m e >  h a s  a  
s e c t i o n  i n  i t s  o u t p u t ,  w h i c h  p r o v i d e s  i n f o r m a t i o n  o n  a  t a b l e ' s  i n d e x e s  a n d  t h e i r  f i l e g r o u p  r e l a t i o n s h i p s .   
sp_ h elpfile 
sp_ h elp test1 

Parallel Data Retrieval 
S Q L  S e r v e r  c a n  p e r f o r m  p a r a l l e l  s c a n s  o f  d a t a  w h e n  r u n n i n g  o n  a  c o m p u t e r  t h a t  h a s  m u l t i p l e  p r o c e s s o r s .  M u l t i p l e  
p a r a l l e l  s c a n s  c a n  b e  e x e c u t e d  f o r  a  s i n g l e  t a b l e  i f  t h e  t a b l e  i s  i n  a  f i l e g r o u p  t h a t  c o n t a i n s  m u l t i p l e  f i l e s .  W h e n e v e r  a  
t a b l e  i s  a c c e s s e d  s e q u e n t i a l l y ,  a  s e p a r a t e  t h r e a d  i s  c r e a t e d  t o  r e a d  e a c h  f i l e  i n  p a r a l l e l .  F o r  e x a m p l e ,  a  f u l l  s c a n  o f  a  
t a b l e  c r e a t e d  o n  a  f i l e g r o u p  t h a t  c o n s i s t s  o f  f o u r  f i l e s  w i l l  u s e  f o u r  s e p a r a t e  t h r e a d s  t o  r e a d  t h e  d a t a  i n  p a r a l l e l .  
T h e r e f o r e ,  c r e a t i n g  m o r e  f i l e s  f o r  e a c h  f i l e g r o u p  c a n  h e l p  i n c r e a s e  p e r f o r m a n c e  b e c a u s e  a  s e p a r a t e  t h r e a d  i s  u s e d  t o  
s c a n  e a c h  f i l e  i n  p a r a l l e l .  S i m i l a r l y ,  w h e n  a  q u e r y  j o i n s  t a b l e s  o n  d i f f e r e n t  f i l e g r o u p s ,  e a c h  t a b l e  c a n  b e  r e a d  i n  p a r a l l e l ,  
t h e r e b y  i m p r o v i n g  q u e r y  p e r f o r m a n c e .   
A d d i t i o n a l l y ,  a n y  text ,  ntext ,  o r  im age c o l u m n s  w i t h i n  a  t a b l e  c a n  b e  c r e a t e d  o n  a  f i l e g r o u p  o t h e r  t h a n  t h e  o n e  t h a t  
c o n t a i n s  t h e  b a s e  t a b l e .   
E v e n t u a l l y ,  a  s a t u r a t i o n  p o i n t  i s  r e a c h e d  w h e n  t h e r e  a r e  t o o  m a n y  f i l e s  a n d  t h e r e f o r e  t o o  m a n y  p a r a l l e l  t h r e a d s  c a u s i n g  
b o t t l e n e c k s  i n  t h e  d i s k  I / O  s u b s y s t e m .  T h e s e  b o t t l e n e c k s  c a n  b e  i d e n t i f i e d  b y  u s i n g  W i n d o w s  S y s t e m  M o n i t o r  
( P e r f o r m a n c e  M o n i t o r  i n  W i n d o w s  N T  4 . 0 )  t o  m o n i t o r  t h e  P h y sicalD isk  o b j e c t  a n d  D isk  Q ueue L ength  c o u n t e r .  I f  t h e  
D isk  Q ueue L ength  c o u n t e r  i s  g r e a t e r  t h a n  t h r e e ,  c o n s i d e r  r e d u c i n g  t h e  n u m b e r  o f  f i l e s .   
I t  i s  a d v a n t a g e o u s  t o  g e t  a s  m u c h  d a t a  s p r e a d  a c r o s s  a s  m a n y  p h y s i c a l  d r i v e s  a s  p o s s i b l e  i n  o r d e r  t o  i m p r o v e  
t h r o u g h p u t  t h r o u g h  p a r a l l e l  d a t a  a c c e s s  u s i n g  m u l t i p l e  f i l e s .  T o  s p r e a d  d a t a  e v e n l y  a c r o s s  a l l  d i s k s ,  f i r s t  s e t  u p  
h a r d w a r e -b a s e d  d i s k  s t r i p i n g ,  a n d  t h e n  u s e  f i l e g r o u p s  t o  s p r e a d  d a t a  a c r o s s  m u l t i p l e  h a r d w a r e  s t r i p e  s e t s  i f  n e e d e d .   
P arallel Q uery  R ecom m endations  
S Q L  S e r v e r  c a n  a u t o m a t i c a l l y  e x e c u t e  q u e r i e s  i n  p a r a l l e l .  T h i s  o p t i m i z e s  t h e  q u e r y  e x e c u t i o n  i n  m u l t i p r o c e s s o r  
c o m p u t e r s .  R a t h e r  t h a n  u s i n g  o n e  O S  t h r e a d  t o  e x e c u t e  o n e  q u e r y ,  w o r k  i s  b r o k e n  d o w n  i n t o  m u l t i p l e  t h r e a d s  ( s u b j e c t  
t o  t h e  a v a i l a b i l i t y  o f  t h r e a d s  a n d  m e m o r y ) ,  a n d  c o m p l e x  q u e r i e s  a r e  c o m p l e t e d  f a s t e r  a n d  m o r e  e f f i c i e n t l y .   
T h e  o p t i m i z e r  i n  S Q L  S e r v e r  g e n e r a t e s  t h e  p l a n  f o r  t h e  q u e r y  a n d  d e t e r m i n e s  w h e n  a  q u e r y  w i l l  b e  e x e c u t e d  i n  p a r a l l e l .  
T h e  d e t e r m i n a t i o n  i s  m a d e  b a s e d  o n  t h e  f o l l o w i n g  c r i t e r i a :   
� D o e s  t h e  c o m p u t e r  h a v e  m u l t i p l e  p r o c e s s o r s ?   
� I s  t h e r e  e n o u g h  m e m o r y  a v a i l a b l e  t o  e x e c u t e  t h e  q u e r y  i n  p a r a l l e l ?   
� W h a t  i s  t h e  C P U  l o a d  o n  t h e  s e r v e r ?   
� W h a t  t y p e  o f  q u e r y  i s  b e i n g  r u n ?   
W h e n  a l l o w i n g  S Q L  S e r v e r  t o  r u n  p a r a l l e l  o p e r a t i o n s  l i k e  D B C C  a n d  i n d e x  c r e a t i o n  i n  p a r a l l e l ,  t h e  s e r v e r  r e s o u r c e s  
b e c o m e  s t r e s s e d ,  a n d  y o u  m i g h t  s e e  w a r n i n g  m e s s a g e s  w h e n  h e a v y  p a r a l l e l  o p e r a t i o n s  a r e  o c c u r r i n g .  I f  w a r n i n g  
m e s s a g e s  a b o u t  i n s u f f i c i e n t  r e s o u r c e s  a p p e a r  f r e q u e n t l y  i n  t h e  s e r v e r  e r r o r  l o g ,  c o n s i d e r  u s i n g  S y s t e m  M o n i t o r  
( P e r f o r m a n c e  M o n i t o r  i n  W i n d o w s  N T  4 . 0 )  t o  i n v e s t i g a t e  w h a t  r e s o u r c e s  a r e  a v a i l a b l e ,  s u c h  a s  m e m o r y ,  C P U  u s a g e ,  
a n d  I / O  u s a g e .   
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Do not run heavy queries that are executed in parallel when there are active users on the server. Try executing 
m aintenance j ob s such as DB C C  and I N DE X  creation during of f load tim es. These j ob s can b e executed in parallel. 
M onitor the disk  I / O  perf orm ance. O b serve the disk  queue length in S ystem  M onitor ( P erf orm ance M onitor in W indows 
N T 4 .0 )  to m ak e decisions ab out upgrading your hard disk s or redistrib uting your datab ases onto dif f erent disk s. 
U pgrade or add m ore processors if  the C P U  usage is very high.  
The f ollowing server conf iguration options can af f ect parallel execution of  the queries:   
� cost threshold f or parallelism   
� m ax degree of  parallelism   
� m ax work er threads  
� query governor cost lim it  

Optimizing Data Loads 
There are m ultiple tips and techniques to k eep in m ind f or accelerating your data loading activities. The techniques will 
lik ely vary b ased on whether you are doing initial data loads or increm ental data loads. I ncrem ental loads in general are 
m ore involved and restrictive. The techniques you choose m ight also b e b ased on f actors outside your control. 
P rocessing window requirem ents,  your chosen storage conf iguration,  lim itations of  your server hardware,  and so on,  
can all im pact the options availab le to you.  
There are a num b er of  com m on things to k eep in m ind when perf orm ing b oth initial data loads and increm ental data 
loads. The f ollowing sub j ects will b e discussed in detail b elow:   
� C hoosing an appropriate datab ase recovery m odel  
� U sing bcp ,  B U L K  I N S E R T,  or the b ulk  copy A P I   
� C ontrolling the L ock ing b ehavior  
� L oading data in parallel  
� M iscellaneous,  including:  

� B ypassing ref erential integrity check s ( constraints &  triggers)   
� L oading presorted data  
� E f f ects of  rem oving indexes  

Choosing an Appropriate Database Recovery Model 
We discussed database recovery models in the section "Configuration Options That Impact Performance." It is 
important to remember that the recovery model you choose can have a significant impact on the amount of time 
needed to perform your data load. B asically,  these recovery models control the amount of data that w ill be w ritten out 
to the transaction log. This is important because performing w rite operations to the transaction log essentially doubles 
the w ork load.  
Logged and Minimally Logged Bulk Copy Operations  
When using the full recovery model,  all row -insert operations performed by one of the bulk  data load mechanisms 
( discussed below )  are logged in the transaction log. F or large data loads,  this can cause the transaction log to fill 
rapidly. To help prevent the transaction log from running out of space you can perform minimally logged bulk  copy 
operation. Whether a bulk  copy is performed as logged or nonlogged is not specified as part of the bulk  copy operation;  
it is dependent on the state of the database and the table involved in the bulk  copy. A  nonlogged bulk  copy occurs if all 
the follow ing conditions are met:   
� The recovery model is S imple or B ulk -L ogged or the database option selec t into/ b ulkc opy is set to true.  
� The target table is not being replicated.  
� The target table has no index es,  or if the table has index es,  it is empty w hen the bulk  copy starts.  
� The TA B L OCK  hint is specified using b c p_ c ontrol w ith eOption set to B CPH IN TS .  
A ny bulk  copy into an instance of S Q L  S erver that does not meet these conditions is fully logged.  
On initial data loads you should alw ays operate under the B ulk -L ogged or S imple recovery model. F or incremental data 
loads,  consider using bulk -logged as long as the potential for data loss is low . B ecause many data w arehouses are 
primarily read-only or have a minimal amount of transaction activity,  setting the database recovery model to bulk -
logged may pose no problem.  

Using bcp, BULK INSERT, or the Bulk Copy APIs 
Tw o mechanisms ex ist inside S Q L  S erver to address the needs of bulk  movement of data. The first mechanism is the 
b c p utility. The second is the B U L K  IN S E R T statement. b c p is a command prompt utility that copies data both into or 
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out of SQL Server. With SQL Server 2000, the bcp util ity  w a s  rew ritten  us in g  the O D B C  b ul k  c op y  a p p l ic a tion  
p rog ra m m i n g  in terfa c e ( A P I ) . E a rl ier vers ion s  of the bcp util ity  w ere w ritten  us in g  the D B -Lib ra ry  b ul k  c op y  A P I .  
B U LK  I N SE R T  is  a  T ra n s a c t-SQL s ta tem en t in c l ud ed  w ith SQL Server tha t c a n  b e ex ec uted  from  w ithin  the d a ta b a s e 
en viron m en t. U n l i k e bcp, B U LK  I N SE R T  c a n  on l y  p ul l  d a ta  in to SQL Server. I t c a n n ot p us h d a ta  out. A n  a d va n ta g e to 
us in g  B U LK  I N SE R T  is  tha t it c a n  c op y  d a ta  in to a n  in s ta n c e of SQL Server us in g  a  T ra n s a c t-SQL s ta tem en t, ra ther tha n  
ha vin g  to s hel l  out to the c om m a n d  p rom p t.  
A  third  op tion , w hic h often  a p p ea l s  to p rog ra m m ers , is  the b ul k  c op y  A P I s . T hes e A P I s  en a b l e p rog ra m m ers  to m ove 
d a ta  in to or out of SQL Server us in g  O D B C , O LE  D B , SQL-D M O , or even  D B -Lib ra ry -b a s ed  a p p l ic a tion s .  
A l l  of thes e op tion s  en a b l e y ou to ex erc is e c on trol  over the b a tc h s iz e. U n l es s  y ou a re w ork in g  w ith s m a l l  vol um es  of 
d a ta , it is  g ood  to g et in  the ha b it of s p ec ify in g  a  b a tc h s iz e for rec overa b i l ity  rea s on s . I f n on e is  s p ec ified , SQL Server 
c om m its  a l l  row s  to b e l oa d ed  a s  a  s in g l e b a tc h. F or ex a m p l e, y ou a ttem p t to l oa d  1 ,000,000 row s  of n ew  d a ta  in to a  
ta b l e. T he s erver s ud d en l y  l os es  p ow er j us t a s  it fin is hes  p roc es s in g  row  n um b er 9 9 9 ,9 9 9 . When  the s erver rec overs , 
thos e 9 9 9 ,9 9 9  row s  w il l  n eed  to b e rol l ed  b a c k  out of the d a ta b a s e b efore y ou a ttem p t to rel oa d  the d a ta . B y  s p ec ify in g  
a  b a tc h s iz e of 1 0,000 y ou c oul d  ha ve s a ved  y ours el f s ig n ific a n t rec overy  tim e b ec a us e y ou w oul d  ha ve on l y  ha d  to 
rol l b a c k  9 ,9 9 9  row s  in s tea d  of 9 9 9 ,9 9 9 . T his  is  b ec a us e y ou w oul d  ha ve a l rea d y  c om m itted  row s  1 -9 9 0,000 to the 
d a ta b a s e. A l s o, w ithout a  s p ec ified  b a tc h s iz e, y ou w oul d  ha ve to res ta rt the l oa d  p roc es s in g  b a c k  a t row  1  in  ord er to 
rel oa d  the d a ta . With the s p ec ified  b a tc h s iz e of 1 0,000 row s , y ou c oul d  s im p l y  res ta rt the l oa d  p roc es s i n g  a t row  
9 9 0,001 , effec tivel y  b y p a s s in g  the 9 9 0,000 row s  a l rea d y  c om m itted .  

Controlling the Locking Behavior 
T he bcp util ity  a n d  B U LK  I N SE R T  s ta tem en t a c c ep t the T A B L O C K  hin t, w hic h a l l ow s  the us er to s p ec ify  the l oc k i n g  
b eha vior to b e us ed . T A B L O C K  s p ec ifies  tha t a  b ul k  up d a te ta b l e-l evel  l oc k  w i l l  b e ta k en  for the d ura tion  of the b ul k  
c op y  op era tion . U s i n g  T A B L O C K  c a n  im p rove p erform a n c e of the b ul k  c op y  op era tion  d ue to red uc ed  l oc k  c on ten tion  
on  the ta b l e. T his  s ettin g  ha s  s ig n ific a n t im p l i c a tion s  w hen  p a ra l l el  l oa d s  a re b ein g  p roc es s ed  a g a i n s t a  s in g l e ta b l e 
( d i s c us s ed  in  n ex t s ec tion ) .  
F or ex a m p l e, to b ul k  c op y  d a ta  from  the A uthors .tx t d a ta  fil e to the a u t h o r s 2  ta b l e in  the pu bs  d a ta b a s e, s p ec ify in g  a  
ta b l e-l evel  l oc k , ex ec ute from  the c om m a n d  p rom p t:   
bcp pubs..authors2 in authors.txt -c -t,  -S se rv e rnam e  -U sa -P passw ord  -h "TABLOCK" 
Alternatively, you could use the BULK INSERT statement from a query tool, such as SQL Query Analyzer, to bulk copy 
data, as in this ex ample:   
BU LK I N S E R T p u b s . . a u t ho r s 2  F R OM  ' c : \ a u t ho r s . t x t '  
W I TH  (  
D ATAF I LE TY P E  =  ' c ha r ' ,  
F I E LD TE R M I N ATOR  =  ' , ' ,  
TABLOCK 
) 
If TABLOCK is not specified, the default locking  uses row -level locks, unless the t a b l e  l o c k  o n  b u l k  l o a d  option is set 
to o n  for the table.  Using  the t a b l e  l o c k  o n  b u l k  l o a d  option w ith the s p _ t a b l e o p t i o n  command is an alternative w ay 
to set the locking  behavior for a table during  a bulk load operation.   

N o t e  If the TABLOCK hint is specified, it overrides the setting  declared using  the s p _ t a b l e o p t i o n  for the duration of 
the bulk load.   

Loading Data in Parallel 
P a r a l l e l  Lo a d  - N o n p a r t i t i o n e d  Ta b l e   
It is possible to perform parallel data loads into a sing le, nonpartitioned table using  any of the bulk data load 
mechanisms in SQL Server.  This is done by using  running  multiple data loads simultaneously.  The data to be loaded in 
parallel needs to be split into separate files ( data sources for the bulk insert AP I)  prior to beg inning  the load.  Then all 
the separate load operations can be initiated at the same time so that the data loads in parallel.   
F or ex ample, assume you need to load a consolidation database for a service company that operates in four g lobal 
reg ions, each reporting  report hours billed to clients on a monthly basis.  F or a larg e service org anization, this could 
represent a larg e amount of transactional data that needs to be consolidated.  If each of the four reporting  reg ions 
provided a separate file, it w ould be possible using  the methodolog y described earlier to load all four files 
simultaneously into a sing le table.   
N o t e  The number of parallel threads ( loads)  you process in parallel should not ex ceed the number of processors 
available to SQL Server.   

Ta b l e  l o c k  o n  b u l k  l o a d  Ta b l e  l o c k i n g  b e h a v i o r  
O ff Row -level locks used 
O n Table-level lock used 
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The following illustration shows parallel loading on a nonpartitioned table.  

 
I f y our browser does not support inline fram es,  c lic k  here to v iew on a separate page.  
Parallel Load - H ori z on t al Part i t i on i n g  ( T ab le)   
This sec tion foc uses on how horiz ontal partitioned tables c an be used to im prov e the speed of y our data loads. I n a 
prev ious sec tion,  we disc ussed loading data from  m ultiple files into a single ( nonpartitioned)  table. H oriz ontal 
partitioning of the table offers an opportunity  to possibly  im prov e the c ontiguousness of y our data as well as speeding 
up the load proc ess by  reduc ing dev ic e c ontention. Though the abov e figure shows the data being loaded into different 
sec tions of the table,  this m ay  not be an ac c urate depic tion. I f all three threads in the abov e load were being proc essed 
sim ultaneously ,  the ex tents tak en for the table would lik ely  end up interm ingled. The interm ingling of the data c ould 
result in less than optim al perform anc e when the data is retriev ed. This is bec ause the data was not stored in phy sic ally  
c ontiguous order,  whic h c ould c ause the sy stem  to ac c ess it using nonseq uential I / O .  
B uilding a c lustered index  ov er this table would solv e the problem ,  bec ause the data would be read in,  sorted into the 
k ey  order,  and written bac k  out in c ontiguous order. H owev er,  the reading,  sorting,  deletion of the old data,  and writing 
bac k  out of the newly  sorted data c an be a tim e c onsum ing task  ( see loading presorted data below) . To av oid this 
interm ingling,  c onsider using filegroups to reserv e c hunk s of c ontiguous spac e where y ou c an store large tables. M any  
installations also use filegroups to segregate index  data away  from  table data.  
To illustrate,  assum e a data warehouse that is alloc ated onto one large phy sic al partition. A ny  load operations 
perform ed in parallel to that database are lik ely  to c ause the affec ted data/ index  pages to be stored in a nonc ontiguous 
( interm ingled)  state. W hat sort of operations?  A ny  operation that m odifies the data will c ause the data to bec om e 
nonc ontiguous. I nitial data loads,  inc rem ental data loads,  index  c reation,  index  m aintenanc e,  inserts,  updates,  deletes,  
and so on are all ac tiv ities that one m ight be tem pted to perform  in parallel in order to m eet proc essing window 
req uirem ents.  
The following illustration shows partitioning a table ac ross m ultiple filegroups.  
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I f y our browser does not support inline fram es,  c lic k  here to v iew on a separate page.  

Loading Pre-S ort ed D at a 
E arlier v ersions of S Q L  S erv er inc luded an option that allowed y ou to spec ify  a S O R TE D _ D A TA  option when c reating an 
index . This has been elim inated in S Q L  S erv er 2 0 0 0 . The reason for spec ify ing this option as part of y our C R E A TE  
I N D E X  statem ent in earlier v ersions is that it enabled y ou to av oid a sort step in the index  c reation proc ess. B y  default 
in S Q L  S erv er,  when c reating a c lustered index ,  the data in the table is sorted during the proc essing. To get the sam e 
effec t with S Q L  S erv er 2 0 0 0 ,  c onsider c reating the c lustered index  before bulk  loading the data. B ulk  operations in S Q L  
S erv er 2 0 0 0  use enhanc ed index  m aintenanc e strategies to im prov e the perform anc e of data im portation on tables 
hav ing a preex isting c lustered index ,  and to elim inate the need for resorting data after the im port.  

I m p ac t  of  F I LLF A C T O R  and PA D _ I N D E X  on D at a Loads  
F I L L F A C TO R  and P A D _ I N D E X  are ex plained m ore fully  under the sec tion titled " I ndex es and I ndex  M aintenanc e."  The 
k ey  thing to rem em ber about both F I L L F A C TO R  and P A D _ I N D E X  is that leav ing them  set to default,  when c reating an 
index ,  m ay  c ause S Q L  S erv er to perform  m ore writes and read I / O  operations than are needed to store the data. This is 
espec ially  true of data warehouses hav ing v ery  little write ac tiv ity  going on in them ,  but high am ounts of read ac tiv ity . 
To get S Q L  S erv er to pac k  m ore data into a single page of the data or index  pages,  y ou c an spec ify  a partic ular 
F I L L F A C TO R  when c reating the index . I t is a good idea to spec ify  the P A D _ I N D E X  when prov iding an ov erriding 
F I L L F A C TO R  v alue.  

G eneral  G u idel ines  f or I nit ial  D at a Loads  
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W h i le Loadi n g  D at a  
� R em ov e index es ( one ex c eption m ight be in loading pre-sorted data – s e e  a b o v e )   
� U s e  B U L K  I N S E R T ,  bcp o r  b u l k  c o p y  A P I   
� P a r a l l e l  l o a d  u s i n g  p a r t i t i o n e d  d a t a  f i l e s  i n t o  p a r t i t i o n e d  t a b l e s   
� R u n  o n e  l o a d  s t r e a m  f o r  e a c h  a v a i l a b l e  C P U   
� S e t  B u l k -L o g g e d  o r  S i m p l e  R e c o v e r y  m o d e l   
� U s e  t h e  T A B L O C K  o p t i o n   
Af t e r  L o a d i n g  D a t a   
� C r e a t e  i n d e x e s   
� S w i t c h  t o  t h e  a p p r o p r i a t e  r e c o v e r y  m o d e l   
� P e r f o r m  b a c k u p s   

General Guidelines for Incremental Data Loads 
� L o a d  d a t a  w i t h  i n d e x e s  i n  p l a c e .   
� P e r f o r m a n c e  a n d  c o n c u r r e n c y  r e q u i r e m e n t s  s h o u l d  d e t e r m i n e  l o c k i n g  g r a n u l a r i t y  ( s p_ i n d e x o pt i o n ) .   
� C h a n g e  f r o m  F u l l  t o  B u l k -L o g g e d  R e c o v e r y  m o d e l  u n l e s s  t h e r e  i s  a n  o v e r r i d i n g  n e e d  t o  p r e s e r v e  p o i n t -i n -t i m e  

r e c o v e r y ,  s u c h  a s  o n l i n e  u s e r s  m o d i f y i n g  t h e  d a t a b a s e  d u r i n g  b u l k  l o a d s .  R e a d  o p e r a t i o n s  s h o u l d  n o t  a f f e c t  b u l k  
l o a d s .   

Indexes and Index Maintenance 
I / O  c h a r a c t e r i s t i c s  o f  t h e  h a r d w a r e  d e v i c e s  o n  t h e  s e r v e r  h a v e  b e e n  d i s c u s s e d .  N o w  t h e  d i s c u s s i o n  w i l l  m o v e  t o  h o w  
S Q L  S e r v e r  d a t a  a n d  i n d e x  s t r u c t u r e s  a r e  p h y s i c a l l y  p l a c e d  o n  d i s k  d r i v e s .  I n d e x  p l a c e m e n t  i s  l i k e l y  t o  b e  t h e  s i n g l e  
b i g g e s t  i n f l u e n c e  y o u  c a n  h a v e  o v e r  y o u r  d a t a  w a r e h o u s e  t o  i m p r o v e  p e r f o r m a n c e  o n c e  y o u r  d e s i g n  i s  s e t .   

T y p es of Index es in S Q L S erv er 
A l t h o u g h  S Q L  S e r v e r  2 0 0 0  i n t r o d u c e d  s e v e r a l  n e w  t y p e s  o f  i n d e x e s ,  a l l  o f  t h e m  a r e  b a s e d  o n  t w o  c o r e  f o r m s .  T h e  t w o  
c o r e  f o r m s  a r e  a  c l u s t e r e d  i n d e x  o r  a  n o n c l u s t e r e d  i n d e x  f o r m a t .  T h e  t w o  p r i m a r y  t y p e s  o f  i n d e x e s  a v a i l a b l e  t o  
d a t a b a s e  d e s i g n e r s  i n  S Q L  S e r v e r  a r e :   
� C l u s t e r e d  i n d e x e s .   
� N o n c l u s t e r e d  i n d e x e s .   
A d d i t i o n a l  v a r i a t i o n s  o f  t h e  t w o  p r i m a r y  t y p e s  i n c l u d e :   
� U n i q u e  i n d e x e s .   
� I n d e x e s  o n  c o m p u t e d  c o l u m n s .   
� I n d e x e d  v i e w s .   
� F u l l  t e x t  i n d e x e s .   
E a c h  i n d e x  t y p e  m e n t i o n e d  a b o v e  w i l l  b e  d e s c r i b e d  i n  d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n s  b e l o w  e x c e p t  f o r  F u l l  t e x t  i n d e x e s .  
F u l l  t e x t  i n d e x i n g  i s  a  s p e c i a l  c a s e  u n l i k e  o t h e r  d a t a b a s e  i n d e x e s  a n d  i s  n o t  c o v e r e d  i n  t h i s  d o c u m e n t .  A n  i n d e x e d  v i e w  
i s  a  n e w  t y p e  o f  i n d e x  i n t r o d u c e d  i n  S Q L  S e r v e r  2 0 0 0  t h a t  s h o u l d  p r o v e  t o  b e  o f  p a r t i c u l a r  i n t e r e s t  t o  t h e  d a t a  
w a r e h o u s i n g  a u d i e n c e .  A n o t h e r  n e w  f e a t u r e  i n t r o d u c e d  i n  S Q L  S e r v e r  2 0 0 0  i s  t h e  a b i l i t y  t o  c r e a t e  i n d e x e s  i n  e i t h e r  
a s c e n d i n g  o r  d e s c e n d i n g  o r d e r .   

H ow  Index es W ork  
I n d e x e s  i n  d a t a b a s e s  a r e  s i m i l a r  t o  i n d e x e s  i n  b o o k s .  I n  a  b o o k ,  a n  i n d e x  a l l o w s  y o u  t o  f i n d  i n f o r m a t i o n  q u i c k l y  w i t h o u t  
r e a d i n g  t h e  e n t i r e  b o o k .  I n  a  d a t a b a s e ,  a n  i n d e x  a l l o w s  t h e  d a t a b a s e  p r o g r a m  t o  f i n d  d a t a  i n  a  t a b l e  w i t h o u t  s c a n n i n g  
t h e  e n t i r e  t a b l e .  A n  i n d e x  i n  a  b o o k  i s  a  l i s t  o f  w o r d s  w i t h  t h e  p a g e  n u m b e r s  t h a t  c o n t a i n  e a c h  w o r d .  A n  i n d e x  i n  a  
d a t a b a s e  i s  a  l i s t  o f  v a l u e s  i n  a  t a b l e  w i t h  t h e  s t o r a g e  l o c a t i o n s  o f  r o w s  i n  t h e  t a b l e  t h a t  c o n t a i n  e a c h  v a l u e .   
I n d e x e s  c a n  b e  c r e a t e d  o n  e i t h e r  a  s i n g l e  c o l u m n  o r  a  c o m b i n a t i o n  o f  c o l u m n s  i n  a  t a b l e  a n d  a r e  i m p l e m e n t e d  i n  t h e  
f o r m  o f  B -t r e e s .  A n  i n d e x  c o n t a i n s  a n  e n t r y  w i t h  o n e  o r  m o r e  c o l u m n s  ( t h e  s e a r c h  k e y )  f r o m  e a c h  r o w  i n  a  t a b l e .  A  B -
t r e e  i s  s t o r e d  i n  s o r t e d  o r d e r  o n  t h e  s e a r c h  k e y  i n  e i t h e r  a s c e n d i n g  o r  d e s c e n d i n g  o r d e r  ( d e p e n d i n g  o n  t h e  o p t i o n  
c h o s e n  w h e n  t h e  i n d e x  i s  c r e a t e d ) ,  a n d  c a n  b e  s e a r c h e d  e f f i c i e n t l y  o n  a n y  l e a d i n g  s u b s e t  o f  t h a t  s e a r c h  k e y .  F o r  
e x a m p l e ,  a n  i n d e x  o n  c o l u m n s  A ,  B ,  C c a n  b e  s e a r c h e d  e f f i c i e n t l y  o n  A ,  o n  A ,  B ,  a n d  A ,  B ,  C .   
W h e n  y o u  c r e a t e  a  d a t a b a s e  a n d  t u n e  i t  f o r  p e r f o r m a n c e ,  y o u  s h o u l d  c r e a t e  i n d e x e s  f o r  t h e  c o l u m n s  u s e d  i n  q u e r i e s  t o  
f i n d  d a t a .  I n  t h e  pu bs  s a m p l e  d a t a b a s e  p r o v i d e d  w i t h  S Q L  S e r v e r ,  t h e  e m pl o y e e  t a b l e  h a s  a n  i n d e x  o n  t h e  e m p_ i d  
c o l u m n .  W h e n  s o m e o n e  e x e c u t e s  a  s t a t e m e n t  t o  f i n d  d a t a  i n  t h e  e m pl o y e e  t a b l e  b a s e d  o n  a  s p e c i f i e d  e m p_ i d  v a l u e ,  
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SQL Server query processor recognizes the index for the emp_id column and uses the index to find the data. The 
follow ing illustration show s how  the index stores each emp_id value and points to the row s of data in the tab le w ith 
the corresponding value.  

 
I f your b row ser does not support inline frames,  click  here to view  on a separate page.  
The performance b enefits of indexes,  how ever,  don' t come w ithout a cost. Tab les w ith indexes require more storage 
space in the datab ase. A lso,  commands that insert,  update,  or delete data can tak e longer and require more processing 
time to maintain the indexes. W hen you design and create indexes,  you should ensure that the performance b enefits 
outw eigh the extra cost in storage space and processing resources.  

Index Intersection 
A  unique feature found inside the SQL Server query processor is the ab ility to perform index intersection. This is a 
special form of index covering,  w hich w e explain in detail later,  b ut index intersection b ears mentioning now  for tw o 
reasons. F irst,  it is a technique that may influence your index design strategy. Second,  this technique can possib ly 
reduce the numb er of indexes you need,  w hich can save significant disk  space for very large datab ases.  
I ndex intersection allow s the query processor to use multiple indexes to solve a query. M ost datab ase query processors 
use only one index w hen attempting to resolve a query. SQL Server can comb ine multiple indexes from a given tab le or 
view ,  b uild a hash tab le b ased on those multiple indexes,  and utilize the hash tab le to reduce I / O  for a given query. The 
hash tab le that results from the index intersection b ecomes,  in essence,  a covering index and provides the same I / O  
performance b enefits that covering indexes do. I ndex intersection provides greater flexib ility for datab ase user 
environments in w hich it is difficult to predetermine all of the queries that w ill b e run against the datab ase. A  good 
strategy in this case is to define single-column,  nonclustered indexes on all the columns that w ill b e frequently queried 
and let index intersection handle situations w here a covered index is needed.  
The follow ing example mak es use of index intersection:   
Create index Indexname1 on Table1(col2) 
Create index Indexname2 on Table1(col3 ) 
S elect col3  f rom table1 w h ere col2 =  ' v alu e'  
W hen the previous query is performed,  the indexes can b e comb ined to quick ly and efficiently resolve the query.  

Index A rch itectu re In S Q L  S erv er 
A ll indexes in SQL Server are physically b uilt upon a B -tree index structures,  w hich are stored on 8 -K B  index pages. 
E ach index page has a page header follow ed b y the index row s. E ach index row  contains a k ey value and a pointer to 
either a low er-level index page or an actual data row . E ach page in an index is also referred to as an index node. The 
top node of the B -tree is called the root node. The b ottom layer of nodes in an index are called the leaf nodes. A ny 
index levels b etw een the root and the leaves are collectively k now n as intermediate levels or nodes. P ages in each level 
of the index are link ed together in a doub ly-link ed list.  
SQL Server data and index pages are b oth 8  K B  in size. SQL Server data pages contain all of the data associated w ith a 
row  of a tab le,  w ith the possib le exception of text and image data. I n the case of text and image data the SQL Server 
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data page that contains the row  associated w ith the text or image column w ill contain,  b y default,  a pointer to a b inary 
tree ( or B -tree)  structure of one or more 8 -K B  pages that contain the text or image data. A  new  feature in SQL Server 
2 0 0 0  is the ab ility to store small text and image values in-row ,  w hich means that small text or image columns w ill b e 
stored on the data page. This feature can reduce I / O  b ecause the additional I / O  required to fetch corresponding image 
or text data can b e avoided. F or information ab out how  to set a tab le to store text or images in row ,  see SQL Server 
B ook s O nline.  

C l u stered Indexes 
C lustered indexes are very useful for retrieving ranges of data values from a tab le. N onclustered indexes are ideally 
suited for targeting specific row s for retrieval,  w hereas clustered indexes are ideally suited for retrieving a range of 
row s. H ow ever,  adhering to this simple logic for determining w hich type of index to create is not alw ays successful. This 
is b ecause only one clustered index is allow ed for each tab le. There is a simple physical reason for this. W hile the upper 
parts ( nonleaf levels)  of the clustered index B -tree structure are organized j ust lik e their nonclustered counterparts,  the 
b ottom level of a clustered index is made of the actual 8 -K B  data pages from the tab le. A n exception to this is w hen a 
clustered index is created over the top of a view . B ecause indexed view s w ill b e explained b elow ,  w e w ill discuss 
clustered indexes b eing created on actual tab les. W hen a clustered index is created on a tab le,  the data associated w ith 
that tab le is read,  sorted,  and physically stored b ack  to the datab ase in the same order as the index search k ey. 
B ecause data for the tab le can only b e persisted to storage in one order w ithout causing duplication,  the restriction of 
one clustered index applies. The follow ing diagram depicts the storage for a clustered index.  

  
Clustered Indexes and Performance  
T h e r e  a r e  s o m e  i n h e r e n t  c h a r a c t e r i s t i c s  o f  c l u s t e r e d  i n d e x e s  t h a t  a f f e c t  p e r f o r m a n c e .   
R e t r i e v a l  o f  S Q L  S e r v e r  d a t a  b a s e d  o n  k e y  s e a r c h  w i t h  a  c l u s t e r e d  i n d e x  r e q u i r e s  n o  p o i n t e r  j u m p  ( i n v o l v i n g  a  l i k e l y  
n o n s e q u e n t i a l  c h a n g e  o f  l o c a t i o n  o n  t h e  h a r d  d i s k )  i n  o r d e r  t o  r e t r i e v e  t h e  a s s o c i a t e d  d a t a  p a g e .  T h i s  i s  b e c a u s e  t h e  
l e a f  l e v e l  o f  t h e  c l u s t e r e d  i n d e x  i s ,  i n  f a c t ,  t h e  a s s o c i a t e d  d a t a  p a g e .   
A s  m e n t i o n e d  p r e v i o u s l y ,  t h e  l e a f  l e v e l  ( a n d  c o n s e q u e n t i a l l y  t h e  d a t a  f o r  t h e  t a b l e  o r  i n d e x e d  v i e w )  i s  p h y s i c a l l y  s o r t e d  
a n d  s t o r e d  i n  t h e  s a m e  o r d e r  a s  t h e  s e a r c h  k e y .  B e c a u s e  t h e  l e a f  l e v e l  o f  t h e  c l u s t e r e d  i n d e x  c o n t a i n s  t h e  a c t u a l  8 -K B  
d a t a  p a g e s  o f  t h e  t a b l e ,  t h e  r o w  d a t a  o f  t h e  e n t i r e  t a b l e  i s  p h y s i c a l l y  a r r a n g e d  o n  t h e  d i s k  d r i v e  i n  t h e  o r d e r  d e t e r m i n e d  
b y  t h e  c l u s t e r e d  i n d e x .  T h i s  p r o v i d e s  a  p o t e n t i a l  I / O  p e r f o r m a n c e  a d v a n t a g e  w h e n  f e t c h i n g  a  s i g n i f i c a n t  n u m b e r  o f  r o w s  
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f r o m  t h i s  t a b l e  ( a t  l e a s t  g r e a t e r  t h a n  6 4  K B )  b a s e d  o n  t h e  v a l u e  o f  t h e  c l u s t e r e d  i n d e x ,  b e c a u s e  s e q u e n t i a l  d i s k  I / O  i s  
b e i n g  u s e d  ( u n l e s s  p a g e  s p l i t t i n g  i s  o c c u r r i n g  o n  t h i s  t a b l e ,  w h i c h  w i l l  b e  d i s c u s s e d  e l s e w h e r e  i n  t h e  s e c t i o n  t i t l e d  
" F I L L F A C T O R  a n d  P A D _ I N D E X " ) .  T h a t  i s  w h y  i t  i s  i m p o r t a n t  t o  p i c k  t h e  c l u s t e r e d  i n d e x  o n  a  t a b l e  b a s e d  o n  a  c o l u m n  
t h a t  w i l l  b e  u s e d  t o  p e r f o r m  r a n g e  s c a n s  t o  r e t r i e v e  a  l a r g e  n u m b e r  o f  r o w s .   
T h e  f a c t  t h a t  t h e  r o w s  f o r  t a b l e  a s s o c i a t e  w i t h  a  c l u s t e r e d  i n d e x  h a v e  t o  b e  s o r t e d  a n d  s t o r e d  i n  t h e  s a m e  o r d e r  a s  t h e  
i n d e x  s e a r c h  k e y  h a s  t h e  f o l l o w i n g  i m p l i c a t i o n s :   
� W h e n  y o u  c r e a t e  a  c l u s t e r e d  i n d e x ,  t h e  t a b l e  i s  c o p i e d ,  t h e  d a t a  i n  t h e  t a b l e  i s  s o r t e d ,  a n d  t h e n  t h e  o r i g i n a l  t a b l e  i s  

d e l e t e d .  T h e r e f o r e ,  e n o u g h  e m p t y  s p a c e  m u s t  e x i s t  i n  t h e  d a t a b a s e  t o  h o l d  a  c o p y  o f  t h e  d a t a .   
� B y  d e f a u l t ,  t h e  d a t a  i n  t h e  t a b l e  i s  s o r t e d  w h e n  t h e  i n d e x  i s  c r e a t e d .  H o w e v e r ,  i f  t h e  d a t a  i s  a l r e a d y  s o r t e d  i n  t h e  

c o r r e c t  o r d e r ,  t h e  s o r t  o p e r a t i o n  i s  a u t o m a t i c a l l y  s k i p p e d .  T h i s  c a n  h a v e  a  d r a m a t i c  e f f e c t  i n  s p e e d i n g  u p  t h e  i n d e x  
c r e a t i o n  p r o c e s s .   

� W h e n e v e r  p o s s i b l e ,  y o u  s h o u l d  l o a d  y o u r  d a t a  i n t o  t h e  t a b l e  i n  t h e  s a m e  o r d e r  a s  t h e  s e a r c h  k e y  y o u  i n t e n d  t o  u s e  
t o  b u i l d  t h e  c l u s t e r e d  i n d e x .  O n  l a r g e  t a b l e s ,  l i k e  t h o s e  t h a t  o f t e n  c h a r a c t e r i z e  d a t a  w a r e h o u s e s ,  t h i s  a p p r o a c h  w i l l  
d r a m a t i c a l l y  s p e e d  u p  y o u r  i n d e x  c r e a t i o n ,  a l l o w i n g  y o u  t o  r e d u c e  t h e  a m o u n t  o f  t i m e  n e e d e d  t o  p r o c e s s  i n i t i a l  d a t a  
l o a d ( s ) .  T h i s  s a m e  a p p r o a c h  c a n  b e  t a k e n  w h e n  d r o p p i n g  a n d  r e b u i l d i n g  a  c l u s t e r e d  i n d e x ,  a s  l o n g  a s  t h e  r o w s  o f  
t h e  t a b l e  r e m a i n  i n  s o r t e d  o r d e r  d u r i n g  t h e  t i m e  t h a t  t h e  c l u s t e r e d  i n d e x  i s  n o t  i n  p l a c e .  I f  a n y  r o w s  a r e  n o t  
c o r r e c t l y  s o r t e d ,  t h e  o p e r a t i o n  c a n c e l s ,  a n  a p p r o p r i a t e  e r r o r  m e s s a g e  w i l l  b e  g i v e n ,  a n d  t h e  i n d e x  w i l l  n o t  b e  
c r e a t e d .   

� A l s o ,  b u i l d i n g  c l u s t e r e d  i n d e x e s  o n  s o r t e d  d a t a  r e q u i r e s  m u c h  l e s s  I / O .  T h i s  i s  b e c a u s e  t h e  d a t a  d o e s  n o t  h a v e  t o  b e  
c o p i e d ,  s o r t e d ,  s t o r e d  b a c k  t o  t h e  d a t a b a s e ,  t h e n  t h e  o l d  t a b l e  d a t a  d e l e t e d .  I n s t e a d ,  t h e  d a t a  i s  l e f t  i n  t h e  e x t e n t s  
w h e r e  i t  w a s  o r i g i n a l l y  a l l o c a t e d .  I n d e x  e x t e n t s  a r e  s i m p l y  a d d e d  t o  t h e  d a t a b a s e  t o  s t o r e  t o p  a n d  i n t e r m e d i a t e  
n o d e s .  
N ote T h e  p r e f e r r e d  w a y  t o  b u i l d  i n d e x e s  o n  l a r g e  t a b l e s  i s  t o  s t a r t  w i t h  t h e  c l u s t e r e d  i n d e x  a n d  t h e n  b u i l d  t h e  
n o n c l u s t e r e d  i n d e x e s .  I n  t h i s  w a y ,  n o  n o n c l u s t e r e d  i n d e x e s  w i l l  n e e d  t o  b e  r e b u i l t  d u e  t o  t h e  d a t a  m o v i n g .  W h e n  
d r o p p i n g  a l l  i n d e x e s ,  d r o p  t h e  n o n c l u s t e r e d  i n d e x e s  f i r s t  a n d  t h e  c l u s t e r e d  i n d e x  l a s t .  T h a t  w a y ,  n o  i n d e x e s  n e e d  t o  
b e  r e b u i l t .   

Nonclustered Indexes 
N o n c l u s t e r e d  i n d e x e s  a r e  m o s t  u s e f u l  f o r  f e t c h i n g  f e w  r o w s  w i t h  g o o d  s e l e c t i v i t y  f r o m  l a r g e  S Q L  S e r v e r  t a b l e s  b a s e d  o n  
a  s p e c i f i c  k e y  v a l u e .  A s  m e n t i o n e d  p r e v i o u s l y ,  n o n c l u s t e r e d  i n d e x e s  a r e  b i n a r y  t r e e s  f o r m e d  o u t  o f  8 -K B  i n d e x  p a g e s .  
T h e  b o t t o m ,  o r  l e a f  l e v e l ,  o f  t h e  b i n a r y  t r e e  o f  i n d e x  p a g e s  c o n t a i n s  a l l  t h e  d a t a  f r o m  t h e  c o l u m n s  t h a t  c o m p r i s e d  t h a t  
i n d e x .  W h e n  a  n o n c l u s t e r e d  i n d e x  i s  u s e d  t o  r e t r i e v e  i n f o r m a t i o n  f r o m  a  t a b l e  b a s e d  o n  a  m a t c h  w i t h  t h e  k e y  v a l u e ,  t h e  
i n d e x  B -t r e e  i s  t r a v e r s e d  u n t i l  a  k e y  m a t c h  i s  f o u n d  a t  t h e  l e a f  l e v e l  o f  t h e  i n d e x .  A  p o i n t e r  j u m p  i s  m a d e  i f  c o l u m n s  
f r o m  t h e  t a b l e  a r e  n e e d e d  t h a t  d i d  n o t  f o r m  p a r t  o f  t h e  i n d e x .  T h i s  p o i n t e r  j u m p  w i l l  l i k e l y  r e q u i r e  a  n o n s e q u e n t i a l  I / O  
o p e r a t i o n  o n  t h e  d i s k .  I t  m i g h t  e v e n  r e q u i r e  t h e  d a t a  t o  b e  r e a d  f r o m  a n o t h e r  d i s k ,  e s p e c i a l l y  i f  t h e  t a b l e  a n d  i t s  
a c c o m p a n y i n g  i n d e x  B -t r e e s  a r e  l a r g e  i n  s i z e .  I f  m u l t i p l e  p o i n t e r s  l e a d  t o  t h e  s a m e  8 -K B  d a t a  p a g e ,  l e s s  o f  a n  I / O  
p e r f o r m a n c e  p e n a l t y  w i l l  b e  p a i d  b e c a u s e  i t  i s  o n l y  n e c e s s a r y  t o  r e a d  t h e  p a g e  i n t o  d a t a  c a c h e  o n c e .  F o r  e a c h  r o w  
r e t u r n e d  f o r  a n  S Q L  q u e r y  t h a t  i n v o l v e s  s e a r c h i n g  w i t h  a  n o n c l u s t e r e d  i n d e x ,  a t  l e a s t  o n e  p o i n t e r  j u m p  i s  r e q u i r e d .   
N ote T h e  o v e r h e a d  a s s o c i a t e d  w i t h  e a c h  p o i n t e r  j u m p  i s  t h e  r e a s o n  t h a t  n o n c l u s t e r e d  i n d e x e s  a r e  b e t t e r  s u i t e d  f o r  
p r o c e s s i n g  q u e r i e s  t h a t  r e t u r n  o n l y  o n e  o r  a  f e w  r o w s  f r o m  a  t a b l e .  Q u e r i e s  t h a t  r e q u i r e  a  r a n g e  o f  r o w s  a r e  b e t t e r  
s e r v e d  w i t h  a  c l u s t e r e d  i n d e x .   
T h e  f o l l o w i n g  d i a g r a m  s h o w s  t h e  s t o r a g e  f o r  a  n o n c l u s t e r e d  i n d e x .  N o t i c e  t h e  a d d e d  l e a f  l e v e l  t h a t  p o i n t s  t o  t h e  
c o r r e s p o n d i n g  d a t a  p a g e s .  T h a t  i s  w h e r e  t h e  a d d e d  p o i n t e r  j u m p  t a k e s  p l a c e  w h e n  u s i n g  a  n o n c l u s t e r e d  i n d e x  t o  a c c e s s  
t a b l e  d a t a  a s  o p p o s e d  t o  u s i n g  a  c l u s t e r e d  i n d e x .  F o r  m o r e  i n f o r m a t i o n  o n  n o n c l u s t e r e d  i n d e x e s ,  s e e  S Q L  S e r v e r  B o o k s  
O n l i n e .   

Page 23 of 47Microsoft SQ L  Serv er 2000 R D B MS Performance Tu ning G u ide for D ata W arehou sing

12/11/2004ms-help://MS.TechNet.2004SEP.1033/sql/tnoffline/prodtechnol/sql/maintain/dba/rdbmspft.htm



  

U ni q ue Indexes 
B o t h  c l u s t e r e d  a n d  n o n c l u s t e r e d  i n d e x e s  c a n  b e  u s e d  t o  e n f o r c e  u n i q u e n e s s  w i t h i n  a  t a b l e  b y  s p e c i f y i n g  t h e  U N I Q U E  
k e y w o r d  w h e n  c r e a t i n g  a n  i n d e x  o n  a n  e x i s t i n g  t a b l e .  U s i n g  a  U N I Q U E  c o n s t r a i n t  i s  a n o t h e r  w a y  t o  e n s u r e  u n i q u e n e s s  
w i t h i n  a  t a b l e .  U N I Q U E  c o n s t r a i n t s ,  l i k e  u n i q u e  i n d e x e s ,  e n f o r c e  t h e  u n i q u e n e s s  o f  t h e  v a l u e s  i n  a  s e t  o f  c o l u m n s .  I n  
f a c t ,  t h e  a s s i g n m e n t  o f  a  U N I Q U E  c o n s t r a i n t  a u t o m a t i c a l l y  c r e a t e s  a n  u n d e r l y i n g  u n i q u e  i n d e x  t o  f a c i l i t a t e  t h e  
e n f o r c e m e n t  o f  t h e  c o n s t r a i n t .  B e c a u s e  t h e  u n i q u e n e s s  c a n  b e  d e f i n e d  a n d  d o c u m e n t e d  a s  p a r t  o f  t h e  C R E A T E  T A B L E  
s t a t e m e n t ,  a  U N I Q U E  c o n s t r a i n t  i s  o f t e n  p r e f e r r e d  o v e r  t h e  c r e a t i o n  o f  a  s e p a r a t e  u n i q u e  i n d e x .   

Indexes on C om p uted C olum ns 
S Q L  S e r v e r  2 0 0 0  i n t r o d u c e d  t h e  c a p a b i l i t y  t o  c r e a t e  i n d e x e s  o n  c o m p u t e d  c o l u m n s .  T h i s  i s  a  h a n d y  f e a t u r e  f o r  
s i t u a t i o n s  w h e r e  q u e r i e s  a r e  c o m m o n l y  s u b m i t t e d  a n d  c o m p u t e d  c o l u m n s  a r e  r o u t i n e l y  p r o v i d e d ,  b u t  t h e  a d m i n i s t r a t o r  
w o u l d  p r e f e r  n o t  t o  p e r s i s t  t h e  d a t a  i n t o  a n  a c t u a l  c o l u m n  o f  a  t a b l e  s i m p l y  t o  a l l o w  t h e  c r e a t i o n  o f  a n  i n d e x .  I n  t h i s  
c a s e ,  c o m p u t e d  c o l u m n s  c a n  b e  r e f e r e n c e d  t o  c r e a t e  a n  i n d e x  a s  l o n g  a s  t h e  c o m p u t e d  c o l u m n  s a t i s f i e s  a l l  c o n d i t i o n s  
r e q u i r e d  f o r  i n d e x i n g .  A m o n g  o t h e r  r e s t r i c t i o n s ,  t h e  c o m p u t e d  c o l u m n  e x p r e s s i o n  m u s t  b e  d e t e r m i n i s t i c ,  p r e c i s e ,  a n d  
m u s t  n o t  e v a l u a t e  t o  text ,  ntext ,  o r  i mag e d a t a  t y p e s .   
D etermi ni sti c  
A  n o n d e t e r m i n i s t i c  u s e r -d e f i n e d  f u n c t i o n  c a n n o t  b e  i n v o k e d  b y  e i t h e r  a  v i e w  o r  c o m p u t e d  c o l u m n  i f  y o u  w a n t  t o  c r e a t e  
a n  i n d e x  o n  t h e  v i e w  o r  c o m p u t e d  c o l u m n .  A l l  f u n c t i o n s  a r e  d e t e r m i n i s t i c  o r  n o n d e t e r m i n i s t i c :   
� D e t e r m i n i s t i c  f u n c t i o n s  a l w a y s  r e t u r n  t h e  s a m e  r e s u l t  a n y  t i m e  t h e y  a r e  c a l l e d  w i t h  a  s p e c i f i c  s e t  o f  i n p u t  v a l u e s .   
� N o n d e t e r m i n i s t i c  f u n c t i o n s  m a y  r e t u r n  d i f f e r e n t  r e s u l t s  e a c h  t i m e  t h e y  a r e  c a l l e d  w i t h  a  s p e c i f i c  s e t  o f  i n p u t  v a l u e s .   
F o r  e x a m p l e ,  t h e  D A T E A D D  b u i l t -i n  f u n c t i o n  i s  d e t e r m i n i s t i c  b e c a u s e  i t  a l w a y s  r e t u r n s  a  p r e d i c t a b l e  r e s u l t  f o r  a  g i v e n  
s e t  o f  a r g u m e n t  v a l u e s  p a s s e d  i n  v i a  i t s  t h r e e  i n p u t  p a r a m e t e r s .  G E T D A T E  i s  n o t  d e t e r m i n i s t i c .  W h i l e  i t  i s  a l w a y s  
i n v o k e d  w i t h  t h e  s a m e  a r g u m e n t  v a l u e ,  t h e  v a l u e  i t  r e t u r n s  c h a n g e s  e a c h  t i m e  e x e c u t e d .   
Preci se  
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A  c o m p u t e d  c o l u m n  e x p r e s s i o n  i s  p r e c i s e  i f :   
� I t  i s  n o t  a n  e x p r e s s i o n  o f  t h e  float d a t a  t y p e .   
� I t  d o e s  n o t  u s e  i n  i t s  d e f i n i t i o n  a  f l o a t  d a t a  t y p e .  F o r  e x a m p l e ,  i n  t h e  f o l l o w i n g  s t a t e m e n t ,  c o l u m n  y i s  i nt a n d  

d e t e r m i n i s t i c ,  b u t  n o t  p r e c i s e .  
CREATE TABLE t2 (a int, b int, c int, x float,  
y  AS  CAS E x  
W H EN  0  TH EN  a  
W H EN  1  TH EN  b  
ELS E c  
EN D )  

The IsPrecise p r o p er t y  o f  t he C O L U M N P R O P E R TY  f u n c t i o n  r ep o r t s  w het her  a  co m p u t ed _ co l u m n _ ex p ressio n  i s  
p r ec i s e.   
N o t e A n y  f l o a t  ex p r es s i o n  i s  c o n s i d er ed  n o n p r ec i s e a n d  c a n n o t  b e a  k ey  o f  a n  i n d ex ;  a  f l o a t  ex p r es s i o n  c a n  b e u s ed  i n  
a n  i n d ex ed  v i ew  b u t  n o t  a s  a  k ey .  Thi s  i s  t r u e a l s o  f o r  c o m p u t ed  c o l u m n s .  A n y  f u n c t i o n ,  ex p r es s i o n ,  u s er -d ef i n ed  
f u n c t i o n ,  o r  v i ew  d ef i n i t i o n  i s  c o n s i d er ed  n o n d et er m i n i s t i c  i f  i t  c o n t a i n s  a n y  f l o a t  ex p r es s i o n s ,  i n c l u d i n g  l o g i c a l  o n es  
( c o m p a r i s o n s ) .   
C r ea t i o n  o f  a n  i n d ex  o n  a  c o m p u t ed  c o l u m n  o r  v i ew  m a y  c a u s e t he f a i l u r e o f  a n  I N S E R T o r  U P D A TE  o p er a t i o n  t ha t  
p r ev i o u s l y  o p er a t ed  c o r r ec t l y .  S u c h a  f a i l u r e m a y  t a k e p l a c e w hen  t he c o m p u t ed  c o l u m n  r es u l t s  i n  a n  a r i t hm et i c  er r o r .  
F o r  ex a m p l e,  a l t ho u g h c o m p u t ed  c o l u m n  c  i n  t he f o l l o w i n g  t a b l e w i l l  r es u l t  i n  a n  a r i t hm et i c  er r o r ,  t he I N S E R T s t a t em en t  
w i l l  w o r k :   
CREATE TABLE t1  (a int, b int, c AS  a/ b)  
G O  
I N S ERT I N TO  t1  V ALU ES  (' 1 ' , ' 0 ' )  
G O  
I f ,  i n s t ea d ,  a f t er  c r ea t i n g  t he t a b l e,  y o u  c r ea t e a n  i n d ex  o n  c o m p u t ed  c o l u m n  c ,  t he s a m e I N S E R T s t a t em en t  n o w  w i l l  
f a i l .   
CREATE TABLE t1  (a int, b int, c AS  a/ b)  
G O  
CREATE U N I Q U E CLU S TERED  I N D EX  I d x1  O N  t1 . c 
G O  
I N S ERT I N TO  t1  V ALU ES  (' 1 ' , ' 0 ' )  
G O  

Indexed Views 
I n d ex ed  v i ew s  a r e v i ew s  w ho s e r es u l t s  a r e p er s i s t ed  i n  t he d a t a b a s e a n d  i n d ex ed  f o r  f a s t  a c c es s .  A s  w i t h a n y  o t her  
v i ew s ,  i n d ex ed  v i ew s  d ep en d  o n  b a s e t a b l es  f o r  t hei r  d a t a .  S u c h d ep en d en c y  m ea n s  t ha t  i f  y o u  c ha n g e a  b a s e t a b l e 
c o n t r i b u t i n g  t o  a n  i n d ex ed  v i ew ,  t he i n d ex ed  v i ew  m i g ht  b ec o m e i n v a l i d .  F o r  ex a m p l e,  r en a m i n g  a  c o l u m n  t ha t  
c o n t r i b u t es  t o  a  v i ew  i n v a l i d a t es  t he v i ew .  To  p r ev en t  s u c h p r o b l em s ,  S Q L  S er v er  s u p p o r t s  c r ea t i n g  v i ew s  w i t h s c hem a  
b i n d i n g .  S c hem a  b i n d i n g  p r o hi b i t s  a n y  t a b l e o r  c o l u m n  m o d i f i c a t i o n  t ha t  w o u l d  i n v a l i d a t e t he v i ew .  A n y  i n d ex ed  v i ew  
y o u  c r ea t e w i t h t he V i ew  D es i g n er  a u t o m a t i c a l l y  g et s  s c hem a  b i n d i n g ,  b ec a u s e S Q L  S er v er  r eq u i r es  t ha t  i n d ex ed  v i ew s  
ha v e s c hem a  b i n d i n g .  S c hem a  b i n d i n g  d o es  n o t  m ea n  y o u  c a n n o t  m o d i f y  t he v i ew ;  i t  m ea n s  y o u  c a n n o t  m o d i f y  t he 
u n d er l y i n g  t a b l es  o r  v i ew s  i n  w a y s  t ha t  w o u l d  c ha n g e t he v i ew ' s  r es u l t  s et .  A l s o ,  i n d ex ed  v i ew s ,  l i k e i n d ex es  o n  
c o m p u t ed  c o l u m n s ,  m u s t  b e d et er m i n i s t i c ,  p r ec i s e,  a n d  m u s t  n o t  c o n t a i n  t ex t ,  n t ex t ,  o r  im a g e c o l u m n s .   
I n d ex ed  v i ew s  w o r k  b es t  w hen  t he u n d er l y i n g  d a t a  i s  i n f r eq u en t l y  u p d a t ed .  The m a i n t en a n c e o f  a n  i n d ex ed  v i ew  c a n  b e 
hi g her  t ha n  t he c o s t  o f  m a i n t a i n i n g  a  t a b l e i n d ex .  I f  t he u n d er l y i n g  d a t a  i s  u p d a t ed  f r eq u en t l y ,  t hen  t he c o s t  o f  
m a i n t a i n i n g  t he i n d ex ed  v i ew  d a t a  m a y  o u t w ei g h t he p er f o r m a n c e b en ef i t s  o f  u s i n g  t he i n d ex ed  v i ew .   
I n d ex ed  v i ew s  i m p r o v e t he p er f o r m a n c e o f  t hes e t y p es  o f  q u er i es :   
� J o i n s  a n d  a g g r eg a t i o n s  t ha t  p r o c es s  m a n y  r o w s .   
� J o i n  a n d  a g g r eg a t i o n  o p er a t i o n s  t ha t  a r e f r eq u en t l y  p er f o r m ed  b y  m a n y  q u er i es .  

F o r  ex a m p l e,  i n  a n  O L TP  d a t a b a s e t ha t  i s  r ec o r d i n g  i n v en t o r i es ,  m a n y  q u er i es  w o u l d  b e ex p ec t ed  t o  j o i n  t he Pa rt s ,  
Pa rt S u p p l ier,  a n d  S u p p l iers t a b l es .  A l t ho u g h ea c h q u er y  t ha t  p er f o r m s  t hi s  j o i n  m a y  n o t  p r o c es s  m a n y  r o w s ,  t he 
o v er a l l  j o i n  p r o c es s i n g  o f  hu n d r ed s  o f  t ho u s a n d s  o f  s u c h q u er i es  c a n  b e s i g n i f i c a n t .  B ec a u s e t hes e r el a t i o n s hi p s  a r e 
n o t  l i k el y  t o  b e u p d a t ed  f r eq u en t l y ,  t he o v er a l l  p er f o r m a n c e o f  t he en t i r e s y s t em  c o u l d  b e i m p r o v ed  b y  d ef i n i n g  a n  
i n d ex ed  v i ew  t ha t  s t o r es  t he j o i n ed  r es u l t s .   

� D ec i s i o n  s u p p o r t  w o r k l o a d s .   
� A n a l y s i s  s y s t em s  a r e c ha r a c t er i z ed  b y  s t o r i n g  s u m m a r i z ed ,  a g g r eg a t ed  d a t a  t ha t  i s  i n f r eq u en t l y  u p d a t ed .  F u r t her  

a g g r eg a t i n g  t he d a t a  a n d  j o i n i n g  m a n y  r o w s  c ha r a c t er i z es  m a n y  d ec i s i o n  s u p p o r t  q u er i es .   
I n d ex ed  v i ew s  u s u a l l y  d o  n o t  i m p r o v e t he p er f o r m a n c e o f  t hes e t y p es  o f  q u er i es :   
� O L TP  s y s t em s  w i t h m a n y  w r i t es .   
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� Databases with many updates.  
� Q uer ies that do  no t inv o l v e ag g r eg atio ns o r  j o ins.  
� A g g r eg atio ns o f  data with a hig h deg r ee o f  c ar dinal ity f o r  the k ey. A  hig h deg r ee o f  c ar dinal ity means the k ey 

c o ntains many dif f er ent v al ues. A  uniq ue k ey has the hig hest po ssibl e deg r ee o f  c ar dinal ity bec ause ev er y k ey has a 
dif f er ent v al ue. I ndex ed v iews impr o v e per f o r manc e by r educ ing  the number  o f  r o ws a q uer y has to  ac c ess. I f  the 
v iew r esul t set has al mo st as many r o ws as the base tabl e,  then ther e is l ittl e per f o r manc e benef it f r o m using  the 
v iew. F o r  ex ampl e,  c o nsider  this q uer y o n a tabl e that has 1 , 0 0 0  r o ws:  
SELECT PriKey, SUM(SalesCol) 
F R O M Ex am p leTab le 
G R O UP B Y  PriKey 
I f  the c ar dinal ity o f  the tabl e k ey is 1 0 0 ,  an index ed v iew buil t using  the r esul t o f  this q uer y wo ul d hav e o nl y 1 0 0  
r o ws. Q uer ies using  the v iew wo ul d,  o n av er ag e,  need o ne tenth o f  the r eads needed ag ainst the base tabl e. I f  the 
k ey is a uniq ue k ey,  the c ar dinal ity o f  the k ey is 1 0 0 0  and the v iew r esul t set r etur ns 1 0 0 0  r o ws. A  q uer y has no  
per f o r manc e g ain f r o m using  this index ed v iew instead o f  dir ec tl y r eading  the base tabl e.  

� E x panding  j o ins,  whic h ar e v iews who se r esul t sets ar e l ar g er  than the o r ig inal  data in the base tabl es.  
Desig n yo ur  index ed v iews to  satisf y mul tipl e o per atio ns. B ec ause the o ptimiz er  c an use an index ed v iew ev en when 
the v iew itsel f  is no t spec if ied in the F R O M  c l ause,  a wel l -desig ned index ed v iew c an speed the pr o c essing  o f  many 
q uer ies. F o r  ex ampl e,  c o nsider  c r eating  an index  o n this v iew:   
CR EA TE V I EW  Ex am p leV iew  (PriKey, Su m Colx , Cou n t Colx ) 
A S 
SELECT PriKey, SUM(Colx ), CO UN T_ B I G (Colx ) 
F R O M MyTab le 
G R O UP B Y  PriKey 
N o t o nl y do es this v iew satisf y q uer ies that dir ec tl y r ef er enc e the v iew c o l umns,  it c an al so  be used to  satisf y q uer ies 
that q uer y the under l ying  base tabl e and c o ntain ex pr essio ns suc h as S U M ( C o l x ) ,  C O U N T _ B I G ( C o l x ) ,  C O U N T ( C o l x ) ,  and 
A V G ( C o l x ) . A l l  suc h q uer ies wil l  be f aster  bec ause they o nl y hav e to  r etr iev e the smal l  number  o f  r o ws in the v iew 
r ather  than r eading  the f ul l  number  o f  r o ws f r o m the base tabl es.  
T he f ir st index  c r eated o n a v iew must be a uniq ue c l uster ed index . A f ter  the uniq ue c l uster ed index  has been c r eated,  
yo u c an c r eate additio nal  no nc l uster ed index es. T he naming  c o nv entio ns f o r  index es o n v iews ar e the same as f o r  
index es o n tabl es. T he o nl y dif f er enc e is that the tabl e name is r epl ac ed with a v iew name.  
A l l  index es o n a v iew ar e dr o pped if  the v iew is dr o pped. A l l  no nc l uster ed index es o n the v iew ar e dr o pped if  the 
c l uster ed index  is dr o pped. N o nc l uster ed index es c an be dr o pped indiv idual l y. Dr o pping  the c l uster ed index  o n the v iew 
r emo v es the sto r ed r esul t set,  and the o ptimiz er  r etur ns to  pr o c essing  the v iew l ik e a standar d v iew.  
A l tho ug h o nl y the c o l umns that mak e up the c l uster ed index  k ey ar e spec if ied in the C R E A T E  U N I Q U E  C L U S T E R E D 
I N DE X  statement,  the c o mpl ete r esul t set o f  the v iew is sto r ed in the database. A s in a c l uster ed index  o n a base tabl e,  
the B -tr ee str uc tur e o f  the c l uster ed index  c o ntains o nl y the k ey c o l umns,  but the data r o ws c o ntain al l  o f  the c o l umns 
in the v iew r esul t set.  
Note Y o u c an c r eate index ed v iews in any editio n o f  S Q L  S er v er  2 0 0 0 . I n S Q L  S er v er  2 0 0 0  E nter pr ise E ditio n,  the 
index ed v iew wil l  be c o nsider ed auto matic al l y by the q uer y o ptimiz er . T o  use an index ed v iew in al l  o ther  editio ns,  the 
N O E X P A N D hint must be used.  

Covering Indexes 
A covering index is a nonclustered index that is built upon all of the columns required to satisfy an SQL query, both in 
the selection criteria and the W H E R E  predicate.  C overing indexes can save a huge amount of I / O , and hence bring a lot 
of performance to a query.  B ut it is necessary to balance the costs of creating a new  index ( w ith its associated B -tree 
index structure maintenance)  against of the I / O  performance gain the covering index w ill bring.  I f a covering index w ill 
greatly benefit a query or set of queries that w ill be run very often on SQL Server, the creation of that covering index 
may be w orth it.   
T he follow ing example demonstrates use of a covering index intersection:   
Create index indexname1 on table1(col2,col1,col3). 
S elect col3 f rom table1 w h ere col2 =  ' v alu e'  
W hen the above query is performed, the values needed from the underlying table could be retrieved quick ly by j ust 
reading the smaller index pages and the query w ould be resolve quite efficiently.  I n general, if the covering index is 
small, in terms of the number of bytes from all the columns in the index compared to the number of bytes in a single 
row  of that table, and it is certain that the query tak ing advantage of the covered index w ill be executed frequently, it 
may mak e sense to use a covering index.   

Index S el ec t ion 
T he choice of indexes significantly affects the amount of disk  I / O  generated and, subsequently, performance.  
N onclustered indexes are good for retrieval of a small number of row s and clustered indexes are good for range-scans.  
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T he follow ing guidelines can be helpful in choosing w hat type of index to use:   
� T ry to k eep indexes as compact ( few est number of columns and bytes)  as possible.  T his is especially true for 

clustered indexes because nonclustered indexes w ill use the clustered index as its method for locating row  data.   
� I n the case of nonclustered indexes, selectivity is important.  I f a nonclustered index is created on a large table w ith 

only a few  unique values, use of that nonclustered index w ill not save much I / O  during data retrieval.  I n fact, using 
the index w ill lik ely cause much more I / O  than simply performing a sequential table scan.  G ood candidates for a 
nonclustered index include invoice numbers, unique customer numbers, social security numbers, and telephone 
numbers.   

� C lustered indexes perform better than nonclustered indexes for queries that involve range scans or w hen a column 
is frequently used to j oin w ith other tables.  T he reason is because the clustered index physically orders the table 
data, allow ing for sequential 6 4 -K B  I / O  on the k ey values.  Some possible candidates for a clustered index include 
states, company branches, date of sale, z ip codes, and customer district.  O nly one clustered index can be created 
for a table;  if a table contains a column from w hich typical queries frequently fetch large sequential ranges and 
columns of unique values, use the clustered index on the first column and nonclustered indexes on the columns of 
unique values.  T he k ey question to ask  w hen trying to choose the best column on each table to create the clustered 
index on is, " W ill there be a lot of queries that need to fetch a large number of row s based on the order of this 
column? "  T he answ er is very specific to each user environment.  O ne company may do a lot of queries based on 
ranges of dates, w hereas another company may do a lot of queries based on ranges of bank  branches.   

Index Crea t ion a nd P a ra l l el  O p era t ions 
T he query plans built for the creation of indexes allow  parallel, multi-threaded index create operations on computers 
w ith multiple microprocessors in SQL Server E nterprise and D eveloper editions.   
SQL Server uses the same algorithms to determine the degree of parallelism ( the total number of separate threads to 
run)  for create index operations as it does for other T ransact-SQL statements.  T he only difference is that the C R E AT E  
I N D E X , C R E AT E  T AB LE , or ALT E R  T AB LE  statements that create indexes do not support the M AX D O P  query hint.  T he 
maximum degree of parallelism for an index creation is subj ect to the max degree of parallelism server configuration 
op tion,  b ut y ou cannot set a d ifferent M A X D O P  val ue for ind ivid ual  ind ex  creation op erations.   
W h en S Q L  S erver b uil d s a create ind ex  q uery  p l an,  th e num b er of p aral l el  op erations is set to th e l ow est val ue of:   
� T h e num b er of m icrop rocessors,  or C P U s in th e com p uter.   
� T h e num b er sp ecified  in th e max degree of parallelism server configuration op tion.   
� T h e num b er of C P U s not al read y  over a th resh ol d  of w ork  p erform ed  for S Q L  S erver th read s.   
F or ex am p l e,  on a com p uter w ith  eigh t C P U s,  b ut w h ere th e max degree of parallelism op tion is set to 6 ,  no m ore 
th an six  p aral l el  th read s are generated  for an ind ex  creation.  I f five of th e C P U s in th e com p uter ex ceed  th e th resh ol d  
of S Q L  S erver w ork  w h en an ind ex  creation ex ecution p l an is b uil t,  th e ex ecution p l an sp ecifies onl y  th ree p aral l el  
th read s.   
T h e m ain p h ases of p aral l el  ind ex  creation incl ud e:   
� A  coord inating th read  q uick l y  and  rand om l y  scans th e tab l e to estim ate th e d istrib ution of th e ind ex  k ey s.  T h e 

coord inating th read  estab l ish es th e k ey  b ound aries th at w il l  create a num b er of k ey  ranges eq ual  to th e d egree of 
p aral l el  op erations,  w h ere each  k ey  range is estim ated  to cover sim il ar num b ers of row s.  F or ex am p l e,  if th ere are 
four m il l ion row s in th e tab l e,  and  th e max degree of parallelism op tion is set to 4 ,  th e coord inating th read  w il l  
d eterm ine th e k ey  val ues th at d el im it four sets of row s w ith  one m il l ion row s in each  set.   

� T h e coord inating th read  d isp atch es a num b er of th read s eq ual  to th e d egree of p aral l el  op erations,  and  w aits for 
th ese th read s to com p l ete th eir w ork .  E ach  th read  scans th e b ase tab l e using a fil ter th at retrieves onl y  row s w ith  
k ey  val ues w ith in th e range assigned  to th e th read .  E ach  th read  b uil d s an ind ex  structure for th e row s in its k ey  
range.   

A fter al l  th e p aral l el  th read s h ave com p l eted ,  th e coord inating th read  connects th e ind ex  sub units into a singl e ind ex .  
I nd ivid ual  C R E A T E  T A B L E  or A L T E R  T A B L E  statem ents can h ave m ul tip l e constraints th at req uire th e creation of an 
ind ex .  T h ese m ul tip l e ind ex  creation op erations are p erform ed  in series,  al th ough  each  ind ivid ual  ind ex  creation 
op eration m ay  b e p erform ed  as a p aral l el  op eration on a com p uter w ith  m ul tip l e C P U s.   

Index Maintenance 
W h en y ou create an ind ex  in th e d atab ase,  th e ind ex  inform ation used  b y  q ueries is stored  in ind ex  p ages.  T h e 
seq uential  ind ex  p ages are ch ained  togeth er b y  p ointers from  one p age to th e nex t.  W h en ch anges are m ad e to th e 
d ata th at affect th e ind ex ,  th e inform ation in th e ind ex  can b ecom e scattered  in th e d atab ase.  R eb uil d ing an ind ex  
reorganiz es th e storage of th e ind ex  d ata ( and  tab l e d ata in th e case of a cl ustered  ind ex )  to rem ove fragm entation.  
T h is can im p rove d isk  p erform ance b y  red ucing th e num b er of p age read s req uired  to ob tain th e req uested  d ata.   
F ragm entation occurs w h en l arge am ounts of insert activity  or up d ates,  w h ich  m od ify  th e search  k ey  val ue of th e 
cl ustered  ind ex ,  are p erform ed .  F or th is reason,  it is im p ortant to try  to m aintain op en sp ace on ind ex  and  d ata p ages 
to p revent p ages from  sp l itting.  P age sp l itting occurs w h en an ind ex  p age or d ata p age can no l onger h ol d  any  new  
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row s and  a row  need s to b e inserted  into th e p age b ecause of th e l ogical  ord ering of d ata d efined  in th at p age.  W h en 
th is occurs,  S Q L  S erver need s to d ivid e up  th e d ata on th e ful l  p age and  m ove ap p rox im atel y  h al f of th e d ata to a new  
p age so th at b oth  p ages w il l  h ave som e op en sp ace.  B ecause th is consum es sy stem  resources and  tim e,  d oing it 
freq uentl y  is not recom m end ed .   
W h en ind ex es are initial l y  b uil t,  S Q L  S erver attem p ts to p l ace th e ind ex  B -tree structures on p ages th at are p h y sical l y  
contiguous;  th is al l ow s for op tim al  I / O  p erform ance w h en scanning th e ind ex  p ages using seq uential  I / O .  W h en p age 
sp l itting occurs and  new  p ages need  to b e inserted  into th e l ogical  B -tree structure of th e ind ex ,  S Q L  S erver m ust 
al l ocate new  8 -K B  ind ex  p ages.  I f th is occurs som ew h ere el se on th e h ard  d rive,  it b reak s up  th e p h y sical l y  seq uential  
nature of th e ind ex  p ages.  T h is can cause I / O  op erations to sw itch  from  b eing p erform ed  seq uential l y  to 
nonseq uential l y .  I t can al so d ram atical l y  red uce p erform ance.  E x cessive am ounts of p age sp l itting sh oul d  b e resol ved  
b y  reb uil d ing y our ind ex  or ind ex es to restore th e p h y sical l y  seq uential  ord er of th e ind ex  p ages.  T h is sam e b eh avior 
can b e encountered  on th e l eaf l evel  of th e cl ustered  ind ex ,  th ereb y  affecting th e d ata p ages of th e tab l e.   
I n S y stem  M onitor,  p ay  p articul ar attention to " S Q L  S erver:  A ccess M eth od s – P age S plit s/ sec . "  N onz ero val ues for 
th is counter ind icate th at p age sp l itting is occurring and  th at furth er anal y sis sh oul d  b e d one w ith  D B C C  S H O W C O N T I G .   
T h e D B C C  S H O W C O N T I G  com m and  can al so b e used  to reveal  w h eth er ex cessive p age sp l itting h as occurred  on a 
tab l e.  S can D ensity  is th e k ey  ind icator th at D B C C  S H O W C O N T I G  p rovid es.  I t is good  for th is val ue to b e as cl ose to 
1 0 0  p ercent as p ossib l e.  I f th is val ue is significantl y  b el ow  1 0 0  p ercent,  consid er running m aintenance on th e p rob l em  
ind ex es.   
D B C C  I N D E X D E F R A G   
O ne ind ex  m aintenance op tion is to use a new  statem ent ( D B C C  I N D E X D E F R A G ) ,  w h ich  w as introd uced  in S Q L  S erver 
2 0 0 0 .  D B C C  I N D E X D E F R A G  can d efragm ent cl ustered  and  noncl ustered  ind ex es on tab l es and  view s.  D B C C  
I N D E X D E F R A G  d efragm ents th e l eaf l evel  of an ind ex  so th e p h y sical  ord er of th e p ages m atch es th e l eft-to-righ t l ogical  
ord er of th e l eaf nod es,  th us im p roving ind ex -scanning p erform ance.   
D B C C  I N D E X D E F R A G  al so com p acts th e p ages of an ind ex ,  tak ing into account th e F I L L F A C T O R  sp ecified  w h en th e 
ind ex  w as created .  A ny  em p ty  p ages created  as a resul t of th is com p action w il l  b e rem oved .   
I f an ind ex  sp ans m ore th an one fil e,  D B C C  I N D E X D E F R A G  d efragm ents one fil e at a tim e.  P ages d o not m igrate 
b etw een fil es.  E very  five m inutes,  D B C C  I N D E X D E F R A G  w i l l  rep ort to th e user an estim ated  p ercentage com p l eted .  
D B C C  I N D E X D E F R A G  can b e term inated  at any  p oint in th e p rocess,  and  any  com p l eted  w ork  is retained .   
U nl ik e D B C C  D B R E I N D E X  ( or th e ind ex  b uil d ing op eration in general ) ,  D B C C  I N D E X D E F R A G  is an onl ine op eration.  I t 
d oes not h ol d  l ock s l ong term  and  th us w il l  not b l ock  running q ueries or up d ates.  A  rel ativel y  unfragm ented  ind ex  can 
b e d efragm ented  faster th an a new  ind ex  can b e b uil t b ecause th e tim e to d efragm ent is rel ated  to th e am ount of 
fragm entation.  A  very  fragm ented  ind ex  m igh t tak e consid erab l y  l onger to d efragm ent th an to reb uil d .  I n ad d ition,  th e 
d efragm entation is al w a y s ful l y  l ogged ,  regard l ess of th e d atab ase recovery  m od el  setting ( see A L T E R  D A T A B A S E ) .  T h e 
d efragm entation of a very  fragm ented  ind ex  can generate m ore l og th an even a ful l y  l ogged  ind ex  creation.  T h e 
d efragm entation,  h ow ever,  is p erform ed  as a series of sh ort transactions and  th us d oes not req uire a l arge l og if l og 
b ack up s are tak en freq uentl y  or if th e recovery  m od el  setting is S I M P L E .   
A l so,  D B C C  I N D E X D E F R A G  w i l l  not h el p  if tw o ind ex es are interl eaved  on th e d isk  b ecause I N D E X D E F R A G  sh uffl es th e 
p ages in p l ace.  T o im p rove th e cl ustering of p ages,  reb uil d  th e ind ex .  D B C C  I N D E X D E F R A G  cannot correct p age sp l its 
for th e sam e reason.  I t essential l y  reord ers ind ex  p ages al read y  al l ocated  into seq uential  ord er refl ective of th e search  
k ey .  I nd ex  p ages m ay  get out of ord er for a variety  of reasons,  such  as unord ered  d ata l oad s,  ex cessive insert,  up d ate,  
d el ete activity ,  etc.   
S Q L  S erver B ook s O nl ine incl ud es a h and y  p iece of sam p l e cod e th at y ou can use to autom ate a variety  of ind ex  
m aintenance task s w ith  a few  m od ifications.  T h e ex am p l e sh ow s a sim p l e w ay  to d efragm ent al l  ind ex es in a d atab ase 
th at h ave fragm ented  ab ove a d ecl ared  th resh ol d .  I n th e S Q L  S erver B ook s O nl ine top ic " D B C C  S H O W C O N T I G " ,  see 
section E ,  " U se D B C C S H O W C O N T I G  and  D B C C  I N D E X D E F R A G  to d efragm ent th e ind ex es in a d atab ase. "   
D B C C  D B R E I N D E X   
D B C C  D B R E I N D E X  can reb uil d  j ust a singl e sp ecified  ind ex  for a tab l e or al l  ind ex es for a tab l e d ep end ing on th e sy ntax  
used .  S i m i l ar in th e ap p roach  tak en to d rop p ing and  re-creating ind ivid ual  ind ex es,  th e D B C C  D B R E I N D E X  statem ent 
h as th e ad vantage of b eing ab l e to reb uil d  al l  of th e ind ex es for a tab l e in one statem ent.  T h is is easier th an cod ing 
ind ivid ual  D R O P  I N D E X  and  C R E A T E  I N D E X  statem ents and  a tab l e' s ind ex  or ind ex es can b e reb uil t w ith out k now l ed ge 
of th e tab l e structure or any  assigned  constraints.  A l so,  th e D B C C  R E I N D E X  statem ent is inh erentl y  atom ic.  T o ach ieve 
th e eq uival ent atom icity  w h en cod ing sep arate D R O P  I N D E X  and  C R E A T E  I N D E X  statem ents,  y ou w oul d  h ave to w rap  
th e m ul tip l e sep arate com m and s w ith in a transaction.   
D B C C  D B R E I N D E X  autom atical l y  tak es ad vantage of m ore op tim iz ations th an ind ivid ual  D R O P  I N D E X  and  C R E A T E  
I N D E X  statem ents d o,  esp ecial l y  if m ul tip l e noncl ustered  ind ex es reference a tab l e th at h as a cl ustered  ind ex .  D B C C  
D B R E I N D E X  is al so useful  to reb uil d  ind ex es enforcing P R I M A R Y  K E Y  or U N I Q U E  constraints w ith out h aving to d el ete 
and  re-create th e constraints ( b ecause an ind ex  created  to enforce a P R I M A R Y  K E Y  or U N I Q U E  constraint cannot b e 
d el eted  w ith out d el eting th e constraint first) .  F or ex am p l e,  y ou m ay  w ant to reb uil d  an ind ex  on a P R I M A R Y  K E Y  
constraint to reestab l ish  a given fil l  factor for th e ind ex .   
D R O P _ E X I S T I N G   
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A noth er w ay  to reb uil d  or d efragm ent an ind ex  is to d rop  and  recreate it.  R eb uil d ing a cl ustered  ind ex  b y  d el eting th e 
ol d  ind ex  and  th en re-creating th e sam e ind ex  again is ex p ensive b ecause al l  th e second ary  ind ex es d ep end  up on th e 
cl ustering k ey  th at p oints to th e d ata row s.  I f y ou sim p l y  d el ete th e cl ustered  ind ex  and  re-create it,  y ou m ay  
inad vertentl y  cause al l  referencing noncl ustered  ind ex es to b e d el eted  and  re-created  tw ice.  T h e first d rop / recreate 
occurs w h en y ou d rop  th e cl ustered  ind ex .  A  second  d rop / recreate w il l  occur w h en y ou go to re-create th e cl ustered  
ind ex .   
T o avoid  th is ex p ense,  th e D R O P _ E X I S T I N G  cl ause of C R E A T E _ I N D E X  al l ow s th is re-create to b e p erform ed  in one step .  
R e-creating th e ind ex  in a singl e step  tel l s S Q L  S erver th at y ou are reorganiz ing an ex isting ind ex  and  avoid s th e 
unnecessary  w ork  of d el eting and  re-creating th e associated  noncl ustered  ind ex es.  T h is m eth od  al so offers th e 
significant ad vantage of using th e p resorted  d ata from  th e ex isting ind ex ,  th us avoid ing th e need  to p erform  a sort of 
th e d ata.  T h is can significantl y  red uce th e tim e and  cost of re-creating th e cl ustered  ind ex .   
D R O P  I N D E X  /  C R E A T E  I N D E X   
T h e final  w ay  to p erform  ind ex  m aintenance is sim p l y  to d rop  th e ind ex  and  th en re-create it.  T h is op tion is stil l  w id el y  
p racticed  and  m igh t b e p referab l e to p eop l e w h o are fam il iar w ith  it and  w h o h ave th e p rocessing w ind ow  to 
accom m od ate ful l  re-creates of al l  ind ex es on a tab l e.  T h e d raw b ack  to using th is ap p roach  is th at y ou m ust m anual l y  
control  events so th ey  h ap p en in p rop er seq uence.  W h en m anual l y  d rop p ing and  re-creating ind ex es,  b e sure to d rop  
al l  noncl ustered  ind ex es b efore d rop p ing and  recreating th e cl ustered  ind ex .  O th erw ise,  al l  noncl ustered  ind ex es w il l  
autom atical l y  b e recreated  w h en y ou go to create th e cl ustered  ind ex .   
O ne ad vantage to m anual l y  creating noncl ustered  ind ex es is th at ind ivid ual  noncl ustered  ind ex es can b e recreated  in 
p aral l el .  H ow ever,  y our p artitioning strategy  m ay  affect th e resul ting p h y sical  l ay out of th e ind ex es.  I f tw o noncl ustered  
ind ex es are reb uil t at th e sam e tim e on th e sam e fil e ( fil egroup ) ,  th e p ages from  b oth  ind ex es m igh t b e interw oven 
togeth er on d isk .  T h is m ay  cause y our d ata to b e stored  in a nonseq uential  ord er.  I f y ou h ave m ul tip l e fil es ( fil egroup s)  
l ocated  on d ifferent d isk s,  y ou can sp ecify  sep arate fil es ( fil egroup )  to h ol d  th e ind ex  up on creation,  th us m aintaining 
seq uential  contiguousness of th e ind ex  p ages.   
T h e sam e w arnings m entioned  ab ove ab out b uil d ing ind ex es on p re-sorted  d ata ap p l y  h ere.  C l ustered  ind ex es b uil t on 
sorted  d ata d o not h ave to p erform  an ad d itional  sort step ,  w h ich  can significantl y  red uce th e tim e and  p rocessing 
resources need ed  to b uil d  th e ind ex .   
FILLFACTOR and PAD_INDEX  
T h e  F I L L F A C T O R  o p t i o n  p r o v i d e s  a  w a y  t o  s p e c i f y  t h e  p e r c e n t a g e  o f  o p e n  s p a c e  t o  l e a v e  o n  i n d e x  a n d  d a t a  p a g e s .  T h e  
P A D _ I N D E X  o p t i o n  f o r  C R E A T E  I N D E X  a p p l i e s  w h a t  h a s  b e e n  s p e c i f i e d  f o r  F I L L F A C T O R  o n  t h e  n o n l e a f  l e v e l  i n d e x  p a g e s .  
W i t h o u t  t h e  P A D _ I N D E X  o p t i o n ,  F I L L F A C T O R  a f f e c t s  m a i n l y  t h e  l e a f  l e v e l  i n d e x  p a g e s  o f  t h e  c l u s t e r e d  i n d e x .  I t  i s  a  
g o o d  i d e a  t o  u s e  t h e  P A D _ I N D E X  o p t i o n  w i t h  F I L L F A C T O R .   
P A D _ I N D E X  a n d  F I L L F A C T O R  a r e  u s e d  t o  c o n t r o l  p a g e  s p l i t t i n g .  T h e  o p t i m a l  v a l u e  t o  s p e c i f y  f o r  F I L L F A C T O R  d e p e n d s  
o n  h o w  m u c h  n e w  d a t a  w i l l  b e  i n s e r t e d  w i t h i n  a  g i v e n  t i m e  f r a m e  i n t o  a n  8 -K B  i n d e x  a n d  d a t a  p a g e .  I t  i s  i m p o r t a n t  t o  
k e e p  i n  m i n d  t h a t  S Q L  S e r v e r  i n d e x  p a g e s  t y p i c a l l y  c o n t a i n  m a n y  m o r e  r o w s  t h a n  d a t a  p a g e s  b e c a u s e  i n d e x  p a g e s  
c o n t a i n  o n l y  t h e  d a t a  f o r  c o l u m n s  a s s o c i a t e d  w i t h  t h a t  i n d e x ,  w h e r e a s  d a t a  p a g e s  h o l d  t h e  d a t a  f o r  t h e  e n t i r e  r o w .  A l s o  
b e a r  i n  m i n d  h o w  o f t e n  t h e r e  w i l l  b e  a  m a i n t e n a n c e  w i n d o w  t h a t  w i l l  p e r m i t  t h e  r e b u i l d i n g  o f  i n d e x e s  t o  c o r r e c t  p a g e  
s p l i t s ,  w h i c h  a r e  b o u n d  t o  o c c u r .  T r y  t o  r e b u i l d  t h e  i n d e x e s  o n l y  w h e n  t h e  m a j o r i t y  o f  t h e  i n d e x  a n d  d a t a  p a g e s  h a v e  
b e c o m e  f i l l e d  w i t h  d a t a .  I f  a  c l u s t e r e d  i n d e x  i s  p r o p e r l y  s e l e c t e d  f o r  a  t a b l e ,  t h e  n e e d  t o  r e b u i l d  i n d e x e s  w i l l  b e  
i n f r e q u e n t .  I f  t h e  c l u s t e r e d  i n d e x  d i s t r i b u t e s  d a t a  e v e n l y  s o  n e w  r o w  i n s e r t s  i n t o  t h e  t a b l e  h a p p e n  a c r o s s  a l l  o f  t h e  d a t a  
p a g e s  a s s o c i a t e d  w i t h  t h e  t a b l e ,  t h e  d a t a  p a g e s  w i l l  f i l l  e v e n l y .  O v e r a l l ,  t h i s  p r o v i d e s  m o r e  t i m e  b e f o r e  p a g e  s p l i t t i n g  
s t a r t s  t o  o c c u r  a n d  r e b u i l d i n g  t h e  c l u s t e r e d  i n d e x  b e c o m e s  n e c e s s a r y .   
D e t e r m i n i n g  t h e  p r o p e r  v a l u e s  t o  u s e  f o r  P A D _ I N D E X  a n d  F I L L F A C T O R  r e q u i r e s  y o u  t o  m a k e  a  j u d g m e n t  c a l l .  Y o u r  
d e c i s i o n  s h o u l d  b e  b a s e d  o n  t h e  p e r f o r m a n c e  t r a d e o f f s  b e t w e e n  l e a v i n g  a  l o t  o f  o p e n  s p a c e  o n  p a g e s ,  o n  t h e  o n e  h a n d ,  
a n d  t h e  a m o u n t  o f  p a g e  s p l i t t i n g  t h a t  m i g h t  o c c u r ,  o n  t h e  o t h e r .  I f  a  s m a l l  p e r c e n t a g e  f o r  F I L L F A C T O R  i s  s p e c i f i e d ,  i t  
w i l l  l e a v e  l a r g e  o p e n  s p a c e s  o n  t h e  i n d e x  a n d  d a t a  p a g e s ,  c a u s i n g  S Q L  S e r v e r  t o  r e a d  l a r g e  n u m b e r s  o f  p a r t i a l l y  f i l l e d  
p a g e s  i n  o r d e r  t o  a n s w e r  q u e r i e s .  F o r  l a r g e  r e a d  o p e r a t i o n s ,  S Q L  S e r v e r  w i l l  o b v i o u s l y  p e r f o r m  f a s t e r  i f  m o r e  d a t a  i s  
c o m p r e s s e d  o n t o  t h e  i n d e x  a n d  d a t a  p a g e s .  S p e c i f y i n g  t o o  h i g h  a  F I L L F A C T O R  m a y  l e a v e  t o o  l i t t l e  o p e n  s p a c e  o n  p a g e s  
a n d  a l l o w  p a g e s  t o  o v e r f l o w  t o o  q u i c k l y ,  c a u s i n g  p a g e  s p l i t t i n g .   
B e f o r e  a r r i v i n g  a t  a  F I L L F A C T O R  o r  P A D _ I N D E X  v a l u e ,  r e m e m b e r  t h a t  r e a d s  t e n d  t o  f a r  o u t n u m b e r  w r i t e s  i n  m a n y  d a t a  
w a r e h o u s i n g  e n v i r o n m e n t s .  P e r i o d i c  d a t a  l o a d s ,  h o w e v e r ,  m a y  i n v a l i d a t e  t h e  a b o v e  s t a t e m e n t .  M a n y  d a t a  w a r e h o u s e  
a d m i n i s t r a t o r s  a t t e m p t  t o  p a r t i t i o n  a n d  s t r u c t u r e  t a b l e s / i n d e x e s  t o  a c c o m m o d a t e  t h e  p e r i o d i c  d a t a  l o a d s  t h e y  
a n t i c i p a t e .   
A s  a  g e n e r a l  r u l e  o f  t h u m b ,  i f  w r i t e s  a r e  a n t i c i p a t e d  t o  b e  a  s u b s t a n t i a l  f r a c t i o n  o f  r e a d s ,  t h e  b e s t  a p p r o a c h  i s  t o  s p e c i f y  
a s  h i g h  a  F I L L F A C T O R  a s  f e a s i b l e ,  w h i l e  s t i l l  l e a v i n g  e n o u g h  f r e e  s p a c e  i n  e a c h  8 -K B  p a g e  t o  a v o i d  f r e q u e n t  p a g e  
s p l i t t i n g ,  a t  l e a s t  u n t i l  S Q L  S e r v e r  c a n  r e a c h  t h e  n e x t  a v a i l a b l e  w i n d o w  o f  t i m e  n e e d e d  t o  r e -c r e a t e  i n d e x e s .  T h i s  
s t r a t e g y  b a l a n c e s  I / O  p e r f o r m a n c e  ( k e e p i n g  t h e  p a g e s  a s  f u l l  a s  p o s s i b l e )  a n d  a v o i d s  p a g e  s p l i t t i n g  ( n o t  l e t t i n g  p a g e s  
o v e r f l o w ) .  I f  t h e r e  w i l l  b e  n o  w r i t e  a c t i v i t y  i n t o  t h e  S Q L  S e r v e r  d a t a b a s e ,  F I L L F A C T O R  s h o u l d  b e  s e t  a t  1 0 0  p e r c e n t  s o  
t h a t  a l l  i n d e x  a n d  d a t a  p a g e s  a r e  f i l l e d  c o m p l e t e l y  f o r  m a x i m u m  I / O  p e r f o r m a n c e .   
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T h i s  s e c t i o n  p r o v i d e s  s a m p l e  c o d e  t o  l o a d  a  t a b l e  w i t h  d a t a ,  w h i c h  i s  t h e n  u s e d  t o  i l l u s t r a t e  t h e  u s e  o f  S Q L  P r o f i l e r  a n d  
S Q L  Q u e r y  A n a l y z e r  f o r  a n a l y z i n g  a n d  t u n i n g  p e r f o r m a n c e .   

Sample Data and Workload 
T o  i l l u s t r a t e  u s i n g  t h e  S Q L  S e r v e r  p e r f o r m a n c e  t o o l s ,  u s e  t h e  f o l l o w i n g  e x a m p l e .  F i r s t ,  t h e  f o l l o w i n g  t a b l e  i s  
c o n s t r u c t e d :   
create table testtable  
( n k ey 1  i n t i d en ti ty ,   
co l2  ch ar( 3 0 0 )  d ef au lt ' abc' ,   
ck ey 1  ch ar( 1 ) )  
Next, the table is loaded with 20,000 rows of test data. The data being loaded into column nkey1 lends itself to a 
nonclustered index. The data in column ckey1 lends itself to a clustered index and the data in col2 is merely filler to 
increase the siz e of each row by 3 00 bytes.  
d eclare @ co u n ter i n t 
set @ co u n ter =  1  
w h i le ( @ co u n ter < =  4 0 0 0 )  
beg i n  
i n sert testtable ( ck ey 1 )  v alu es ( ' a' )  
i n sert testtable ( ck ey 1 )  v alu es ( ' b' )  
i n sert testtable ( ck ey 1 )  v alu es ( ' c' )  
i n sert testtable ( ck ey 1 )  v alu es ( ' d ' )  
i n sert testtable ( ck ey 1 )  v alu es ( ' e' )  
set @ co u n ter =  @ co u n ter +  1  
en d  
The following q ueries make up  the database serv er workload:   
select ck ey 1  f ro m  testtable w h ere ck ey 1  =  ' a'  
select n k ey 1  f ro m  testtable w h ere n k ey 1  =  5 0 0 0  
select ck ey 1 , co l2  f ro m  testtable w h ere ck ey 1  =  ' a'  
select n k ey 1 , co l2  f ro m  testtable w h ere n k ey 1  =  5 0 0 0  

SQL Profiler 
A  common ap p roach to p erformance tuning is often called mark and measure. To v erify that changes made to imp rov e 
p erformance actually do imp rov e p erformance, you first need to establish a baseline or mark of the existing bad 
p erformance situation. M easure refers to establishing q uantifiable ways to demonstrate that p erformance is imp rov ing.  
S Q L  P rofiler is a handy tool for marking and measuring. Not only can it cap ture activ ity that is taking p lace within your 
serv er for p erformance analysis;  it can also p layback that activ ity again at a later time. The p layback cap abilities in S Q L  
S erv er p rov ide a useful regression-testing tool. U sing p layback, you can conv eniently determine whether actions being 
taken to imp rov e p erformance are hav ing the desired effect.  
The p layback cap abilities can also simulate load or stress testing. M ultip le p rofiler client sessions can be set up  to p lay 
back simultaneously. This cap ability allows the administrator to easily cap ture activ ity from fiv e concurrent users, for 
examp le, and then start ten simultaneous p laybacks to emulate what the system p erformance might look like if there 
were 5 0 concurrent users. Y ou can also take traces of database activ ity and p lay that activ ity back against a database 
modification under dev elop ment or against a new hardware configuration being tested.  
The thing to remember is that P rofiler allows you to record activ ity that is occurring on your S Q L  S erv er databases. 
P rofiler can be configured to watch and record one or many users executing q ueries against S Q L  S erv er. I n addition to 
the S Q L  statements, a wide and v aried amount of p erformance information is av ailable for cap ture using the tool. S ome 
of the p erformance information av ailable for recording using P rofiler includes items such as I / O  statistics, C P U  statistics, 
locking req uests, Transact-S Q L  and R P C  statistics, index and table scans, warnings and errors raised, database obj ect 
create/ drop , connection connect/ disconnects, stored p rocedure op erations, cursor op eration, and more.  
Capturing Profiler Information to Use with the Index Tuning Wizard  
W hen used together, S Q L  P rofiler and the I ndex Tuning W iz ard p rov ide a v ery p owerful tool combination to help  
database administrators ensure that p rop er indexes are p laced on tables and v iews. S Q L  P rofiler records the resource 
consump tion for q ueries into one of three p laces. O utp ut can be directed to the .trc file, to a S Q L  S erv er table, or to the 
monitor. The I ndex Tuning W iz ard can then read the cap tured data from either the .trc file or the S Q L  S erv er table. The 
I ndex Tuning W iz ard analyz es information from the cap tured workload and information about the table structures, and 
then p resents recommendations about what indexes should be created to imp rov e p erformance. The I ndex Tuning 
W iz ard p rov ides a choice of automatically creating the p rop er indexes for the database, scheduling the index creation 
for a later time, or generating a Transact-S Q L  scrip t that can be rev iewed and executed manually.  
The following step s are req uired for analyz ing a q uery load:   
S et up Profiler  
1. S tart P rofiler from S Q L  S erv er E nterp rise M anager by selecting S Q L  Profiler on the Tools menu.  
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2. P r e s s  C T R L + N  t o  c r e a t e  a  n e w  P r o f i l e r  t r a c e . I n  t h e  Connect to SQL Server d i a l o g  b o x ,  s e l e c t  t h e  s e r v e r  y o u  w a n t  
t o  c o n n e c t  t o .  

3 . S e l e c t  t h e  SQLP rof i l erT u ni ng  t e m p l a t e  f r o m  t h e  d r o p d o w n  l i s t  b o x .  
4 . S e l e c t  e i t h e r  t h e  Sa ve to f i l e o r  Sa ve to ta b l e c h e c k b o x . T h e  Sa ve to ta b l e o p t i o n  o p e n s  t h e  C o n n e c t i o n  d i a l o g  

b o x ,  w h e r e  y o u  c a n  s a v e  t r a c e  i n f o r m a t i o n  t o  a  s e r v e r  o t h e r  t h a n  t h e  s e r v e r  p r o f i l i n g  t h e  q u e r y . B o t h  c h e c k b o x e s  
c a n  b e  s e l e c t e d  i f  y o u  w o u l d  l i k e  t o  s a v e  t r a c e d  a c t i v i t y  t o  b o t h . P o i n t  t o  a  v a l i d  d i r e c t o r y  a n d  f i l e  n a m e  i f  y o u  w a n t  
t o  s a v e  a s  a  .t r c  f i l e . P o i n t  t o  a n  e x i s t i n g  t r a c e  t a b l e  i f  y o u  h a v e  a l r e a d y  r u n  t h e  t r a c e  a n d  a r e  r u n n i n g  i t  a g a i n ;  y o u  
c a n  a l s o  p r o v i d e  a  n e w  t a b l e  n a m e  i f  t h i s  i s  t h e  f i r s t  t i m e  y o u  h a v e  c a p t u r e d  t r a c e  a c t i v i t y  t o  t h e  t a b l e . C l i c k  O K .  

5 . C l i c k  R u n.  
R u n th e w ork l oa d  s evera l  ( 3 -4 )  ti m es   
1 . S t a r t  S Q L  Q u e r y  A n a l y z e r ,  e i t h e r  f r o m  S Q L  S e r v e r  E n t e r p r i s e  M a n a g e r  o r  f r o m  t h e  Sta rt m e n u .  
2. C o n n e c t  t o  S Q L  S e r v e r  a n d  s e t  t h e  c u r r e n t  d a t a b a s e  t o  t h e  d a t a b a s e  w h e r e  y o u  c r e a t e d  t h e  t e s t  t a b l e .  
3 . E n t e r  t h e  f o l l o w i n g  q u e r i e s  i n t o  t h e  q u e r y  w i n d o w  o f  S Q L  Q u e r y  A n a l y z e r :  
select ckey1 from testtable where ckey1 = 'a' 
select n key1 from testtable where n key1 = 5 0 0 0  
select ckey1, col2  from testtable where ckey1 = 'a' 
select n key1, col2  from testtable where n key1 = 5 0 0 0  

4 . P r e s s  C T R L + E  t o  e x e c u t e  t h e  q u e r i e s . D o  t h i s  t h r e e  o r  f o u r  t i m e s  t o  g e n e r a t e  a  s a m p l e  w o r k l o a d .  
Stop  SQL P rof i l er  
� I n  t h e  S Q L  P r o f i l e r  w i n d o w ,  c l i c k  t h e  r e d  s q u a r e  t o  s t o p  t h e  P r o f i l e r  t r a c e .  
Loa d  th e tra ce f i l e or ta b l e i nto I nd ex  T u ni ng  W i z a rd   
1 . I n  SQL P rof i l er ,  s t a r t  t h e  I nd ex  T u ni ng  W i z a rd  b y  s e l e c t i n g  I nd ex  T u ni ng  W i z a rd  o n  t h e  T ool s  m e n u . C l i c k  

N ex t.   
2. S e l e c t  t h e  d a t a b a s e  t o  b e  a n a l y z e d . C l i c k  N ex t.  
3 . C h o o s e  o p t i o n s  o f  w h e t h e r  o r  n o t  t o  k e e p  e x i s t i n g  i n d e x e s ,  o r  a d d  i n d e x e d  v i e w s .  
4 . Choose one of the tuning modes (Fast ,  M e d i u m ,  or  T h o r o u g h ) .  I ndex  T uning W iz a r d r eq uir es l ess time to p er for m 

the a na l y sis for  F a st tuning mode b ut does a  l ess thor ough a na l y sis – T hor ough mode p r oduc es the most thor ough 
a na l y sis b ut ta k es the most time.   

5 . T o l oc a te the tr a c e fil e/ ta b l e tha t w a s c r ea ted w ith S Q L  P r ofil er ,  sel ec t M y  w o r k l o ad  f i l e  or  the S Q L  S e r v e r  T r ac e  
T ab l e .  Cl ic k  N e x t .   

6 . I n the S e l e c t T ab l e s to  T u n e  dia l og b ox ,  sel ec t the ta b l es y ou w a nt to a na l y z e a nd then c l i c k  N e x t .   
7 . I n d e x  T u n i n g  W i z ar d  w i l l  a na l y z e the tr a c ed w or k l oa d a nd ta b l e str uc tur es to deter mine the p r op er  index es to 

c r ea te in the I n d e x  R e c o m m e n d ati o n s dia l og b ox .  Cl ic k  N e x t .   
8 . T he w iz a r d p r ov ides the c hoic e of c r ea ting the index es immedia tel y ,  sc hedul ing the index  c r ea tion (a n a utoma ted 

ta sk  for  l a ter  ex ec ution) ,  or  c r ea ting a  T r a nsa c t-S Q L  sc r i p t c onta ining the c omma nds to c r ea te the index es.  S el ec t 
the p r efer r ed op tion a nd then c l ic k  N e x t .   

9 . Cl ic k  Fi n i sh .   
T r an sac t-S Q L  G e n e r ate d  b y  I n d e x  T u n i n g  W i z ar d  f o r  th e  S am p l e  D atab ase  an d  W o r k l o ad   
/* Created by: Index Tuning Wizard */ 
/* D ate: 9 /6 /2 0 0 0  */ 
/* Tim e: 4 :4 4 :3 4  P M  */ 
/* S erv er N am e: J H M IL L E R -A S 2  */ 
/* D atabas e N am e: Trac eD B  */ 
/* Wo rk l o ad F il e N am e: C:\ D o c um ents  and S ettings \ j h m il l er\ M y D o c um ents \ trac e. trc  */ 
U S E  [ Trac eD B ]   
go  
S E T Q U O TE D _ ID E N TIF IE R  O N   
S E T A R ITH A B O R T O N   
S E T CO N CA T_ N U L L _ Y IE L D S _ N U L L  O N   
S E T A N S I_ N U L L S  O N   
S E T A N S I_ P A D D IN G  O N   
S E T A N S I_ WA R N IN G S  O N   
S E T N U M E R IC_ R O U N D A B O R T O F F   
go  
D E CL A R E  @ bE rro rs  as  bit 
 
B E G IN  TR A N S A CTIO N  
S E T @ bE rro rs  =  0  
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C R E A T E  C L U S T E R E D  I N D E X  [ t e s t t a b l e 1 ]  O N  [ d b o ] . [ t e s t t a b l e ]  ( [ c k e y 1 ]  A S C  )  
I F (  @ @ e r r o r  < >  0  )  S E T  @ b E r r o r s  =  1  
 
C R E A T E  N O N C L U S T E R E D  I N D E X  [ t e s t t a b l e 2 ]  O N  [ d b o ] . [ t e s t t a b l e ]  ( [ n k e y 1 ]  A S C  )  
I F (  @ @ e r r o r  < >  0  )  S E T  @ b E r r o r s  =  1  
 
I F (  @ b E r r o r s  =  0  )  
C O M M I T  T R A N S A C T I O N  
E L S E  
R O L L B A C K  T R A N S A C T I O N  
The indexes recommended by Index Tuning Wizard for the sample table and data are what we would expect – a 
clustered index on ck ey1  and a nonclustered index on nk ey1 .  There are only fiv e uniq ue v alues for ck ey1  and 4 0 0 0  
rows of each v alue.  G iv en that one of the sample q ueries ( select ck ey1 ,  col2  from testtable where ck ey1  =  ' a' )  req uires 
retriev al from the table based on one of the v alues in ck ey1 ,  it mak es sense to create a clustered index on the ck ey1  
column.  The second q uery ( select nk ey1 ,  col2  from testtable where nk ey1  =  5 0 0 0 )  fetches one row based on the v alue 
of the column nk ey1 .  B ecause nk ey1  is uniq ue and there are 2 0 , 0 0 0  rows,  it mak es sense to create a nonclustered 
index on this column.   
The combination of S Q L  P rofiler and the Index Tuning Wizard becomes v ery powerful in real database serv er 
env ironments,  where many tables are used and many q ueries are processed.  U se S Q L  P rofiler to record a . trc file or 
trace table while the database serv er is experiencing a representativ e set of q ueries.  Then load the trace into the Index 
Tuning Wizard to determine the proper indexes to build.  F ollow the prompts in the Index Tuning Wizard to 
automatically generate and schedule index creation j obs to run at off-peak  times.  Y ou may want to run the combination 
of S Q L  P rofiler and the Index Tuning Wizard regularly ( perhaps week ly or monthly)  to see if q ueries being executed on 
the database serv er hav e changed significantly,  thus possibly req uiring different indexes.  R egular use of S Q L  P rofiler 
and the Index Tuning Wizard together helps database administrators k eep S Q L  S erv er running in top form as q uery 
work loads change and database size increase ov er time.   
Analyzing the Information Recorded in Profiler with Query Analyzer  
A fter the information is recorded into the S Q L  S erv er table,  Q uery A nalyzer can be used to determine which q ueries on 
the system are consuming the most resources.  In this way,  database administrators can concentrate on improv ing the 
q ueries that req uire the most help.  S toring the trace data to a table enables you to easily select from and filter out 
subsets of trace data in order to identify the poorest performing q ueries for tuning purposes.  F or instance,  in the 
example abov e,  the column D uration ,  which is captured automatically when you use the S QL Profiler T uning 
template,  can be used to identify q ueries that req uired the greatest number of milliseconds to execute.  To find the top 
ten percent of the longest running q ueries you can run a q uery lik e the following:   
S E L E C T  T O P  1 0  P E R C E N T  *   
F R O M  [ T r a c e D B ] . [ d b o ] . [ T r a c e ]  
O R D E R  B Y  D u r a t i o n  D E S C  
To find the top fiv e longest running q ueries you can run a q uery lik e the following:   
S E L E C T  T O P  5  *   
F R O M  [ T r a c e D B ] . [ d b o ] . [ T r a c e ]  
O R D E R  B Y  D u r a t i o n  D E S C  
To place only the rows you want to use for tuning into a separate table,  consider using the following S E L E C T/ IN TO  
statement:   
S E L E C T  T O P  1 0  P E R C E N T  *   
I N T O  T u n i n g T a b l e  
F R O M  [ T r a c e D B ] . [ d b o ] . [ T r a c e ]  
O R D E R  B Y  D u r a t i o n  D E S C  
The S QL Profiler T uning template,  mentioned abov e,  is simply a suggested set of preselected columns and filter 
settings recommended for tuning purposes.  Y ou may find that you want to capture more information.  It is certainly 
possible for you to create your own custom tuning templates by simply opening one of the presupplied templates and 
sav ing it under a different name.  M any ev ents can be captured,  including I/ O  statistics,  lock ing information,  and much 
more.   

SQL Query Analyzer 
You can use SQL Query Analyzer to tune queries. This tool provides a number of mechanisms such as Statistics I/O and 
the ex ecution plans you can use to troubleshoot problem queries.  
Statistics I/O  
SQL Query Analyzer provides an option that you can use to obtain information about the I/O consumption for a query 
that you ex ecute in Query Analyzer. To set this option,  in Query Analyzer,  select C u r r e n t C o n n e ctio n  P r o p e r tie s on 
the Q u e r y  menu to display the C u r r e n t C o n n e ctio n  P r o p e r tie s dialog  box . Select the Se t statistics I/O check box  
and close the dialog  box . N ex t,  ex ecute a query and select the M e ssag e  tab in the results pane to see the I/O 
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statistics.  
F or ex ample,  the follow ing  query on the sample data created earlier in the SQL P rofiler section returns the follow ing  I/O 
information on the messag es tab w hen the Se t statistics IO option is selected:   
select ckey1, col2 from testtable where ckey1 = 'a' 
T able 'testtable'.  S can  cou n t 1, log i cal read s 8 0 0 , p hysi cal read s 6 2, read -ahead  read s 7 6 0 .  
U sing  statistics I/O is a g reat w ay to monitor the effect of query tuning . F or ex ample,  create the index es that Index  
Tuning  W izard sug g ested for the sample data and then run the query ag ain.  
select ckey1, col2 from testtable where ckey1 = 'a' 
T able 'testtable'.  S can  cou n t 1, log i cal read s 16 4 , p hysi cal read s 4 , read -ahead  read s 16 2.  
N otice that the number of log ical and physical reads is sig nificantly low er w hen an index  is available.  
Execution Plan  
G r a p h i c a l  e x e c u t i o n  p l a n s  c a n  b e  u s e d  t o  f o c u s  a t t e n t i o n  o n  p r o b l e m a t i c  S Q L  q u e r i e s  b y  d i s p l a y i n g  d e t a i l e d  i n f o r m a t i o n  
o n  w h a t  t h e  q u e r y  o p t i m i z e r  i s  d o i n g .   
A n  e s t i m a t e d  e x e c u t i o n  p l a n  f o r  a  q u e r y  c a n  b e  d i s p l a y e d  i n  t h e  R e s u l t s  p a n e  o f  Q u e r y  A n a l y z e r  b y  e x e c u t i n g  a n  S Q L  
q u e r y  w i t h  C T R L + L  o r  b y  s e l e c t i n g  D is p lay  Es tim ated  Execution Plan o n  t h e  Q uer y  m e n u .  I c o n s  i n d i c a t e  t h e  
o p e r a t i o n s  t h a t  t h e  q u e r y  o p t i m i z e r  w o u l d  h a v e  p e r f o r m e d  i f  i t  h a d  e x e c u t e d  t h e  q u e r y .  A r r o w s  i n d i c a t e  t h e  d i r e c t i o n  o f  
d a t a  f l o w  f o r  t h e  q u e r y .  D e t a i l s  a b o u t  e a c h  o p e r a t i o n  c a n  b e  d i s p l a y e d  b y  h o v e r i n g  t h e  m o u s e  p o i n t e r  o v e r  t h e  
o p e r a t i o n  i c o n .  T h e  a p p r o x i m a t e  c o s t  o f  e a c h  s t e p  o f  t h e  o p e r a t i o n  i s  a l s o  n o t e d  b e n e a t h  e a c h  o p e r a t i o n  i c o n .  T h i s  l a b e l  
a l l o w s  y o u  t o  q u i c k l y  z e r o  i n  o n  w h i c h  o p e r a t i o n  i s  m o s t  e x p e n s i v e  i n  t h e  q u e r y .   
Y o u  c a n  a l s o  s e e  t h e  a c t u a l  e x e c u t i o n  p l a n  f o r  a  q u e r y  b y  s e l e c t i n g  S h ow  Execution Plan o n  t h e  Q uer y  m e n u  a n d  
t h e n  e x e c u t i n g  t h e  q u e r y .  I n  c o n t r a s t  t o  t h e  D is p lay  Es tim ated  Execution Plan o p t i o n ,  S h ow  Execution p lan 
e x e c u t e s  t h e  q u e r y  b e f o r e  d i s p l a y i n g  t h e  a c t u a l  e x e c u t i o n  p l a n  u s e d  f o r  t h e  q u e r y .   
A  t e x t  v e r s i o n  o f  a n  e x e c u t i o n  p l a n  c a n  b e  c r e a t e d  b y  s e l e c t i n g  C ur r ent C onnection Pr op er ties  o n  t h e  Q uer y  m e n u  
a n d  t h e n  c h e c k i n g  t h e  S et s h ow p lan_ text o p t i o n  i n  t h e  d i a l o g  b o x .  T h e  e x e c u t i o n  p l a n  w i l l  b e  d i s p l a y e d  a s  t e x t  i n  t h e  
r e s u l t s  t a b  w h e n  t h e  q u e r y  i s  e x e c u t e d .   
E x e c u t i o n  p l a n  o p t i o n s  c a n  a l s o  b e  s e t  w i t h i n  t h e  q u e r y  b y  e x e c u t i n g  e i t h e r  o f  t h e  f o l l o w i n g  c o m m a n d s :   
set showplan_all on 
g o 
set showplan_tex t on 
g o  
S E T  S H O W P L A N _ A L L  i s  i n t e n d e d  t o  b e  u s e d  b y  a p p l i c a t i o n s  d e s i g n e d  t o  r e a d  i t s  o u t p u t .  U s e  S E T  S H O W P L A N _ T E X T  t o  
r e t u r n  r e a d a b l e  o u t p u t  f o r  M i c r o s o f t  M S -D O S ®  a p p l i c a t i o n s ,  s u c h  a s  t h e  os q l u t i l i t y .   
S E T  S H O W P L A N _ T E X T  a n d  S E T  S H O W P L A N _ A L L  r e t u r n  i n f o r m a t i o n  a s  a  s e t  o f  t e x t u a l  r o w s  t h a t  f o r m  a  h i e r a r c h i c a l  t r e e  
r e p r e s e n t i n g  t h e  s t e p s  t a k e n  b y  t h e  S Q L  S e r v e r  q u e r y  p r o c e s s o r  a s  i t  e x e c u t e s  e a c h  s t a t e m e n t .  E a c h  s t a t e m e n t  
r e f l e c t e d  i n  t h e  o u t p u t  c o n t a i n s  a  s i n g l e  r o w  w i t h  t h e  t e x t  o f  t h e  s t a t e m e n t ,  f o l l o w e d  b y  s e v e r a l  r o w s  w i t h  t h e  d e t a i l s  o f  
t h e  e x e c u t i o n  s t e p s .   
Exam p les  of  Execution Plan O utp ut  
U s i n g  t h e  e x a m p l e  q u e r i e s  d e f i n e d  e a r l i e r  a n d  " s e t  s h o w p l a n _ t e x t  o n "  e x e c u t e d  i n  Q u e r y  A n a l y z e r  p r o v i d e s  t h e s e  
r e s u l t s .   
Q uer y  1   
selec t c k ey 1 , c ol2  f r om  testtab le wher e c k ey 1  =  ' a'  
T ext-b as ed  execution p lan outp ut  
|- - C lu ster ed  I nd ex  S eek  ( O B J E C T : ( [ T r ac eD B ] . [ d b o] . [ testtab le] . [ testtab le1 ] ) ,  S E E K : ( [ testtab le] . [ c k ey 1 ]
= ' a' )  O R D E R E D  F O R W A R D )  
Eq uiv alent g r ap h ical execution p lan outp ut  
T h e  f o l l o w i n g  i l l u s t r a t i o n  s h o w s  t h e  g r a p h i c a l  e x e c u t i o n  p l a n  f o r  q u e r y  1 .   
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I f  y o u r  b r o w s e r  d o e s  n o t  s u p p o r t  i n l i n e  f r a m e s ,  c l i c k  h e r e  t o  v i e w  o n  a  s e p a r a t e  p a g e .   
T h e  e x e c u t i o n  p l a n  t a k e s  a d v a n t a g e  o f  t h e  c l u s t e r e d  i n d e x  o n  c o l u m n  c k e y 1  t o  r e s o l v e  t h e  q u e r y ,  a s  i n d i c a t e d  b y  
Clustered Index Seek .   
I f  t h e  c l u s t e r e d  i n d e x  i s  r e m o v e d  f r o m  t h e  t a b l e  a n d  t h e  s a m e  q u e r y  i s  e x e c u t e d  a g a i n ,  t h e  q u e r y  r e v e r t s  t o  u s i n g  a  
t a b l e  s c a n .  T h e  f o l l o w i n g  g r a p h i c a l  e x e c u t i o n  p l a n  i n d i c a t e s  t h e  c h a n g e  i n  b e h a v i o r .   
T ext-b a sed exec uti o n p la n o utp ut  
|- - T a b l e  S c a n ( O B J E C T : ( [ T r a c e D B ] . [ d b o ] . [ t e s t t a b l e ] ) ,  W H E R E : ( [ t e s t t a b l e ] . [ c k e y 1 ] = [ @ 1 ] ) )  
E q ui v a lent g ra p h i c a l exec uti o n p la n o utp ut  
T h e  f o l l o w i n g  i l l u s t r a t i o n  s h o w s  t h e  g r a p h i c a l  e x e c u t i o n  p l a n  f o r  q u e r y  1 .   
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I f  y o u r  b r o w s e r  d o e s  n o t  s u p p o r t  i n l i n e  f r a m e s ,  c l i c k  h e r e  t o  v i e w  o n  a  s e p a r a t e  p a g e .   
T h i s  e x e c u t i o n  p l a n  u s e s  a  t a b l e  s c a n  t o  r e s o l v e  q u e r y  1 .  T a b l e  s c a n s  a r e  t h e  m o s t  e f f i c i e n t  w a y  t o  r e t r i e v e  i n f o r m a t i o n  
f r o m  s m a l l  t a b l e s .  B u t  o n  l a r g e r  t a b l e s ,  t a b l e  s c a n s  i n d i c a t e d  b y  a n  e x e c u t i o n  p l a n  a r e  a  w a r n i n g  t h a t  t h e  t a b l e  m a y  
n e e d  b e t t e r  i n d e x e s  o r  t h a t  t h e  e x i s t i n g  i n d e x e s  n e e d  t o  h a v e  t h e i r  s t a t i s t i c s  u p d a t e d .  S t a t i s t i c s  c a n  b e  u p d a t e d  o n  a  
t a b l e  o r  a n  i n d e x  u s i n g  t h e  U P D A T E  S T A T I S T I C S  c o m m a n d .  S Q L  S e r v e r  a u t o m a t i c a l l y  u p d a t e s  i n d e x e s  i f  t h e  h e u r i s t i c  
p a g e s  g e t  t o o  f a r  o u t  o f  s y n c h  w i t h  t h e  u n d e r l y i n g  i n d e x  v a l u e s .  A n  e x a m p l e  w o u l d  b e  i f  y o u  d e l e t e d  a l l  t h e  r o w s  
c o n t a i n i n g  a  c k e y 1  v a l u e  =  " b "  f r o m  y o u r  t e s t t a b l e  a n d  t h e n  r a n  q u e r i e s  w i t h o u t  f i r s t  u p d a t i n g  t h e  s t a t i s t i c s .  I t  i s  a  
g o o d  i d e a  t o  a l l o w  S Q L  S e r v e r  t o  a u t o m a t i c a l l y  m a i n t a i n  i n d e x  s t a t i s t i c s  b e c a u s e  i t  h e l p s  g u a r a n t e e  t h a t  q u e r i e s  w i l l  
a l w a y s  h a v e  g o o d  i n d e x  s t a t i s t i c s  t o  w o r k  w i t h .  S Q L  S e r v e r  w i l l  n o t  a u t o  u p d a t e  s t a t i s t i c s  i f  y o u  s e t  t h e  
A U T O _ U P D A T E _ S T A T I S T I C S  d a t a b a s e  o p t i o n s  t o  O F F  u s i n g  t h e  A L T E R  D A T A B A S E  s t a t e m e n t .   
Q uery  2   
s e l e c t  n k e y 1 , c o l 2  f r o m  t e s t t a b l e  w h e r e  n k e y 1  =  5 0 0 0  
T ext-b a sed exec uti o n p la n o utp ut  
- - B o o k m a r k  L o o k u p ( B O O K M A R K : ( [ B m k 1 0 0 0 ] ) ,  
O B J E C T : ( [ T r a c e D B ] . [ d b o ] . [ t e s t t a b l e ] ) )  
|- - I n d e x  S e e k ( O B J E C T : ( [ T r a c e D B ] . [ d b o ] . [ t e s t t a b l e ] . [ t e s t t a b l e 2 ] ) ,  
S E E K : ( [ t e s t t a b l e ] . [ n k e y 1 ] = C o n v e r t ( [ @ 1 ] ) )  O R D E R E D  F O R W A R D )  
E q ui v a lent g ra p h i c a l exec uti o n p la n o utp ut  
T h e  f o l l o w i n g  t w o  i l l u s t r a t i o n s  s h o w  t h e  g r a p h i c a l  e x e c u t i o n  p l a n  f o r  q u e r y  2 .   
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I f  y o u r  b r o w s e r  d o e s  n o t  s u p p o r t  i n l i n e  f r a m e s ,  c l i c k  h e r e  t o  v i e w  o n  a  s e p a r a t e  p a g e .   

 
I f  y o u r  b r o w s e r  d o e s  n o t  s u p p o r t  i n l i n e  f r a m e s ,  c l i c k  h e r e  t o  v i e w  o n  a  s e p a r a t e  p a g e .   
T h e  e x e c u t i o n  p l a n  f o r  q u e r y  2  u s e s  t h e  n o n c l u s t e r e d  i n d e x  o n  t h e  c o l u m n  n k e y 1 .  T h i s  i s  i n d i c a t e d  b y  t h e  I n d e x  S e e k  
o p e r a t i o n  o n  t h e  c o l u m n  n k e y 1 .  T h e  B o o k m a r k  L o o k u p  o p e r a t i o n  i n d i c a t e s  t h a t  S Q L  S e r v e r  n e e d e d  t o  p e r f o r m  a  p o i n t e r  
j u m p  f r o m  t h e  i n d e x  p a g e  t o  t h e  d a t a  p a g e  o f  t h e  t a b l e  t o  r e t r i e v e  t h e  r e q u e s t e d  d a t a .  T h e  p o i n t e r  j u m p  w a s  r e q u i r e d  
b e c a u s e  t h e  q u e r y  a s k e d  f o r  t h e  c o l u m n  c o l 2 ,  w h i c h  w a s  n o t  a  c o l u m n  c o n t a i n e d  w i t h i n  t h e  n o n c l u s t e r e d  i n d e x .   
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Q uery  3   
s e l e c t  n k e y 1  f r o m  t e s t t a b l e  w h e r e  n k e y 1  =  5 0 0 0  
T ext-b a sed exec uti o n p la n o utp ut  
|- - I n d e x  S e e k ( O B J E C T : ( [ T r a c e D B ] . [ d b o ] . [ t e s t t a b l e ] . [ t e s t t a b l e 2 ] ) ,  S E E K : ( [ t e s t t a b l e ] . [ n k e y 1 ] = C o n v e r t
( [ @ 1 ] ) )  O R D E R E D  F O R W A R D )  
E q ui v a lent g ra p h i c a l exec uti o n p la n o utp ut  
T h e  f o l l o w i n g  i l l u s t r a t i o n  s h o w s  t h e  g r a p h i c a l  e x e c u t i o n  p l a n  f o r  q u e r y  3 .   

 
I f  y o u r  b r o w s e r  d o e s  n o t  s u p p o r t  i n l i n e  f r a m e s ,  c l i c k  h e r e  t o  v i e w  o n  a  s e p a r a t e  p a g e .   
T h e  e x e c u t i o n  p l a n  f o r  q u e r y  3  u s e s  t h e  n o n c l u s t e r e d  i n d e x  o n  n k e y 1  a s  a  c o v e r i n g  i n d e x .  N o t e  t h a t  n o  B o o k m a r k  
Lookup operation was needed for this query. This is because all of the information required for the query (both SELECT 
and W H ER E clauses)  is prov ided by the nonclustered index . This means that no pointer j umps to the data pag es are 
required from the nonclustered index  pag es. I / O  is reduced in comparison to the case where a bookmark lookup was 
required.  

System Monitoring 
System M onitor (P erformance M onitor in W indows N T 4 )  prov ides a wealth of information about what W indows and SQ L 
Serv er operations are taking  place during  database serv er ex ecution.  
I n System M onitor g raph mode,  take note of the Max and Mi n  v alues. D on' t put too much emphasis on the av erag e. 
B ecause heav ily polariz ed data points can distort the av erag e,  be careful of ov eremphasiz ing  the av erag e. Study the 
g raph shape and compare to Mi n  and Max to g et an accurate understanding  of the behav ior. U se the B A CK SP A CE key 
to hig hlig ht counters with a white line.  
I t is possible to use System M onitor to log  all av ailable W indows and SQ L Serv er system monitor obj ects/ counters in a 
log  file,  while at the same time looking  at System M onitor interactiv ely (chart mode) . The setting  of sampling  interv al 
determines how quickly the log file g rows in siz e. Log files can g et v ery larg e,  v ery fast (for ex ample,  1 0 0  meg abytes in 
one hour with all counters turned on and a sampling  interv al of 1 5  seconds) . I t is hoped that the test serv er has 
enoug h free g ig abytes to store these types of files. I f conserv ing  space is important,  howev er,  try running  with a larg e 
log  interv al so System M onitor does not sample the system as often. Try 3 0  or 6 0  seconds. This way all of the counters 
are resampled with reasonable frequency but a smaller log file siz e is maintained.  
System M onitor also consumes a small amount of CP U  and disk I / O  resources. I f a system does not hav e much disk I / O  
and/ or CP U  to spare,  consider running  System M onitor from another machine to monitor SQ L Serv er ov er the network. 
W hen monitoring  ov er the network,  use g raph mode only — it tends to be more efficient to log  performance monitoring  
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information locally on the SQ L Serv er instead of sending  the information across a local area network. I f you must log  
ov er the network,  reduce the log g ing  to only the most critical counters.  
I t is a g ood practice to log  all counters av ailable during  performance test runs into a file for later analysis. That way any 
counter can be ex amined further at a later time. Config ure System M onitor to log  all counters into a log file and at the 
same time monitor the most interesting  counters in one of the other modes,  like g raph mode. This way,  all of the 
information is recorded but the most interesting  counters are presented in an uncluttered System M onitor g raph while 
the performance run is taking  place.  
S e t t i n g  u p  a S y s t e m  Mo n i t o r  S e s s i o n  t o  b e  L o g g e d   
1 . F rom the W indows 2 0 0 0  S t ar t  menu point to P r o g r am s ,  point to A d m i n i s t r at i v e  T o o l s ,  and then click 

P e r f o r m an c e  to open the System M onitor.  
2 . D ouble-click  P e r f o r m an c e  L o g s  an d  A l e r t s ,  and then click C o u n t e r  L o g s .  
3 . A ny ex isting  log s will be listed in the details pane. A  g reen icon indicates that a log  is running ;  a red icon indicates 

that a log  has been stopped.  
4 . R ig ht-click a blank area of the details pane,  and click N e w  L o g  S e t t i n g s .  
5 . I n N am e ,  type the name of the log ,  and then click O K .  
6 . O n the G e n e r al  tab,  click A d d . Select the counters you want to log . This is where you decide which SQ L Serv er 

counters to monitor during  the session.  
7 . I f you want to chang e the default file,  make the chang es on the L o g  F i l e s  tab.  
8 . Log g ed sessions can be set to run automatically for predefined time periods. To do this,  you modify the schedule 

information on the S c h e d u l e  tab. 
N o t e  To sav e the counter setting s for a log  file,  rig ht-click the file in the details pane and click S av e  S e t t i n g s  A s . 
Y ou can then specify an .htm file in which to sav e the setting s. To reuse the sav ed setting s for a new log ,  rig ht-click 
the details pane,  and then click N e w  L o g  S e t t i n g s  F r o m .  

S t ar t i n g  a L o g g e d  Mo n i t o r i n g  S e s s i o n   
1 . F rom the W indows 2 0 0 0  S t ar t  menu,  point to P r o g r am s ,  point to A d m i n i s t r at i v e  T o o l s ,  and then select 

P e r f o r m an c e  to open the System M onitor.  
2 . D ouble-click P e r f o r m an c e  L o g s  an d  A l e r t s ,  and then click C o u n t e r  L o g s .  
3 . R ig ht-click the C o u n t e r  L o g  to be run and select start.  
4 . A ny ex isting  log s will be listed in the details pane. A  g reen icon indicates that a log  is running ;  a red icon indicates 

that a log  has been stopped.  
S t o p p i n g  a L o g g e d  Mo n i t o r i n g  S e s s i o n   
1 . F rom the W indows 2 0 0 0  S t ar t  menu point to P r o g r am s ,  point to A d m i n i s t r at i v e  T o o l s ,  and then select 

P e r f o r m an c e  to open the System M onitor.  
2 . D ouble-click P e r f o r m an c e  L o g s  an d  A l e r t s ,  and then click C o u n t e r  L o g s .  
3 . R ig ht-click the C o u n t e r  L o g  to be run and select stop.  
L o ad i n g  d at a f r o m  a L o g g e d  Mo n i t o r i n g  S e s s i o n  i n t o  S y s t e m  Mo n i t o r  f o r  an al y z i n g   
1 . F rom the W indows 2 0 0 0  S t ar t  menu point to P r o g r am s ,  point to A d m i n i s t r at i v e  T o o l s ,  and then select 

P e r f o r m an c e  to open the System M onitor.  
2 . Click S y s t e m  Mo n i t o r .  
3 . R ig ht-click the System M onitor details pane and click P r o p e r t i e s .  
4 . Click the S o u r c e  tab.  
5 . U nder D at a S o u r c e ,  click L o g  F i l e ,  and type the path to the file or click B r o w s e  to browse for the log  file you 

want.  
6 . Click T i m e  R an g e . To specify the time rang e in the log  file that you want to v iew,  drag  the bar or its handles for 

the appropriate starting  and ending  times.  
7 . Click the D at a tab and click A d d  to open the A d d  C o u n t e r s  dialog  box . The counters you selected during  log  

config uration are shown. Y ou can include all or some of these in your g raph.  
H o w  t o  r e l at e  S y s t e m  Mo n i t o r  l o g g e d  e v e n t s  b ac k  t o  a p o i n t  i n  t i m e   
� From within the System Monitor session, right-c l i c k  the System Monitor d eta il s p a ne a nd  c l i c k  Properties .  A  time 

ra nge a nd  a  sl id er b a r l ets you  p osition the b egin, c u rrent, a nd  end  times to b e v iewed  in you r gra p h.   

Key Performance Counters to Watch 
Sev era l  p erf orma nc e c ou nters p rov id e inf orma tion a b ou t the f ol l owing a rea s of  interest:  memory, p a ging, p roc essors, 

Page 38  of 47Microsoft SQ L  Serv er 2000 R D B MS Performance Tu ning G u ide for D ata W arehou sing

12/11/2004ms-help://MS.TechNet.2004SEP.1033/sql/tnoffline/prodtechnol/sql/maintain/dba/rdbmspft.htm



I / O , a nd  d isk  a c tiv ity.   
M on itorin g  M em ory   
B y d ef a u l t, SQ L  Serv er c ha nges its memory req u irements d yna mic a l l y, b a sed  on a v a il a b l e system resou rc es.  I f  SQ L  
Serv er need s more memory, it q u eries the op era ting system to d etermine whether f ree p hysic a l  memory is a v a i l a b l e 
a nd  u ses the a v a i l a b l e memory.  I f  SQ L  Serv er d oes not need  the memory c u rrentl y a l l oc a ted  to it, it rel ea ses the 
memory to the op era ting system.  H owev er, the op tion to d yna mic a l l y u se memory c a n b e ov errid d en u sing the m in  
serv er m em ory , m a x  serv er m em ory , a nd  set w ork in g  set siz e serv er c onf igu ra tion op tions.  For more 
inf orma tion, see SQ L  Serv er B ook s O nl ine.   
T o monitor the a mou nt of  memory b eing u sed  b y SQ L  Serv er, ex a mine the f ol l owing p erf orma nc e c ou nters:   
� P roc ess:  W ork ing Set  
� SQ L  Serv er:  B u f f er Ma na ger:  B u f f er C a c he H it R a tio  
� SQ L  Serv er:  B u f f er Ma na ger:  T ota l  P a ges  
� SQ L  Serv er:  Memory Ma na ger:  T ota l  Serv er Memory ( K B )   
T he W ork in g  S et c ou nter shows the a mou nt of  memory u sed  b y a  p roc ess.  I f  this nu mb er is c onsistentl y b el ow the 
a mou nt of  memory SQ L  Serv er is c onf igu red  to u se ( set b y the m in  serv er m em ory  a nd  m a x  serv er m em ory  serv er 
op tions) , SQ L  Serv er is c onf igu red  f or more memory tha n it need s.  O therwise, a d j u st the siz e of  the work ing set u sing 
the set w ork in g  set siz e serv er op tion.   
T he B u f f er C a c h e H it R a tio c ou nter is a p p l ic a tion sp ec if ic ;  howev er, a  ra te of  9 0  p erc ent or higher is d esira b l e.  A d d  
more memory u ntil  the v a l u e is c onsistentl y grea ter tha n 9 0  p erc ent, ind ic a ting tha t more tha n 9 0  p erc ent of  a l l  
req u ests f or d a ta  were sa tisf ied  f rom the d a ta  c a c he.   
I f  the T ota l  S erv er M em ory  ( K B )  c ou nter is c onsistentl y high c omp a red  to the a mou nt of  p hysic a l  memory in the 
c omp u ter, more memory ma y b e req u ired .   
H a rd  Pa g in g   
I f  M em ory :  Pa g es/ sec  is grea ter tha n z ero or  M em ory :  Pa g e R ea d s/ sec  is grea ter tha n f iv e, W ind ows is u sing d isk  
to resol v e memory ref erenc es ( ha rd  p a ge f a u l t) .  T his c osts d isk  I / O  +  C P U  resou rc es.  M em ory :  Pa g es/ sec  is a  good  
ind ic a tor of  the a mou nt of  p a ging tha t W ind ows is p erf orming a nd  the a d eq u a c y of  the d a ta b a se serv er' s c u rrent R A M 
c onf igu ra tion.  A  su b set of  the ha rd  p a ging inf orma tion in System Monitor is the nu mb er of  times p er sec ond  W ind ows 
ha d  to rea d  f rom the p a ging f il e to resol v e memory ref erenc es, whic h is rep resented  b y M em ory :  Pa g es R ea d s/ sec .  
I f  M em ory :  Pa g es R ea d s/ sec  >  5 , this is b a d  f or p erf orma nc e.   
A u toma tic  SQ L  Serv er memory tu ning wil l  try to a d j u st SQ L  Serv er memory u til iz a tion d yna mic a l l y in ord er to a v oid  
p a ging.  A  sma l l  nu mb er of  p a ges rea d  p er sec ond  is norma l , b u t ex c essiv e p a ging req u ires c orrec tiv e a c tion.   
I f  SQ L  Serv er is a u toma tic a l l y tu ning memory, a d d ing more R A M or remov ing other a p p l i c a tions f rom the d a ta b a se 
serv er a re two op tions to hel p  b ring M em ory :  Pa g es/ sec  to a  rea sona b l e l ev el .   
I f  SQ L  Serv er memory is ma nu a l l y c onf igu red  on the d a ta b a se serv er, it ma y b e nec essa ry to red u c e memory giv en to 
SQ L  Serv er, remov e other a p p l i c a tions f rom the d a ta b a se serv er, or a d d  more R A M to the d a ta b a se serv er.   
K eep ing M em ory :  Pa g es/ sec  a t or c l ose to z ero hel p s d a ta b a se serv er p erf orma nc e.  I t mea ns W ind ows a nd  a l l  its 
a p p l ic a tions ( this inc l u d es SQ L  Serv er)  a re not going to the p a ging f il e to sa tisf y a ny d a ta  in memory req u ests, so the 
a mou nt of  R A M on the serv er is su f f ic ient.  I f  Pa g es/ sec  is grea ter tha n z ero b y a  sma l l  a mou nt, this is a c c ep ta b l e, b u t 
rememb er tha t a  rel a tiv el y high p erf orma nc e p ena l ty ( d isk  I / O )  is p a i d  ev ery time d a ta  is retriev ed  f rom the p a ging f il e 
ra ther tha n R A M.   
I t is u sef u l  to c omp a re Memory: Pages Input/sec to L ogi cal  D i sk : D i sk  R ead s/sec a c r os s  a l l  d r i v e s  a s s oc i a te d  
w i th  th e  W i n d ow s  p a g i n g  f i l e ,  a n d  Memory: Page O utput/sec to L ogi cal  D i sk : D i sk  W ri tes/sec a c r os s  a l l  d r i v e s  
a s s oc i a te d  w i th  th e  W i n d ow s  p a g i n g  f i l e ,  b e c a u s e  th e y  p r ov i d e  a  m e a s u r e  of  h ow  m u c h  d i s k  I / O  i s  s tr i c tl y  r e l a t e d  to 
p a g i n g  r a th e r  th a n  oth e r  a p p l i c a ti on s  ( th a t i s ,  S Q L  S e r v e r ) .  A n oth e r  e a s y  w a y  to i s ol a te  p a g i n g  f i l e  I / O  a c ti v i ty  i s  to 
m a k e  s u r e  th a t th e  p a g i n g  f i l e  i s  l oc a te d  on  a  s e p a r a t e  s e t of  d r i v e s  f r om  a l l  oth e r  S Q L  S e r v e r  f i l e s .  S e p a r a t i n g  th e  
p a g i n g  f i l e  a w a y  f r om  th e  S Q L  S e r v e r  f i l e s  c a n  a l s o h e l p  d i s k  I / O  p e r f or m a n c e  b e c a u s e  i t a l l ow s  d i s k  I / O  a s s oc i a te d  w i th  
p a g i n g  to b e  p e r f or m e d  i n  p a r a l l e l  to d i s k  I / O  a s s oc i a te d  w i th  S Q L  S e r v e r .   
S of t Pagi ng  
I f  Memory: Pages F aul ts/sec i s  g r e a te r  th a n  z e r o,  W i n d ow s  i s  p a g i n g ,  b u t i n c l u d e s  b oth  h a r d  a n d  s of t p a g i n g  w i th i n  
th e  c ou n te r .  I n  th e  p r e v i ou s  s e c ti on ,  w e  d i s c u s s e d  h a r d  p a g i n g .  S of t p a g i n g  m e a n s  th a t a p p l i c a t i on ( s )  on  th e  d a ta b a s e  
s e r v e r  a r e  r e q u e s t i n g  m e m or y  p a g e s  s ti l l  i n s i d e  R A M  b u t ou ts i d e  of  W i n d ow s  W ork i ng S et .  Memory: Page 
F aul ts/sec i s  h e l p f u l  f or  d e r i v i n g  th e  a m ou n t of  s of t p a g i n g  th a t i s  oc c u r r i n g .  T h e r e  i s  n o c ou n te r  c a l l e d  S of t F a u l ts  p e r  
s e c on d .  I n s te a d ,  u s e  th i s  c om p u ta ti on  to c a l c u l a te  th e  n u m b e r  of  s of t f a u l ts  h a p p e n i n g  p e r  s e c on d :  Memory: Pages 
F aul ts/sec - Memory: Pages Input/sec =  S of t Page F aul t/sec .   
T o d e te r m i n e  i f  S Q L  S e r v e r ,  r a th e r  th a n  a n oth e r  p r oc e s s ,  i s  c a u s i n g  e x c e s s i v e  p a g i n g ,  m on i tor  th e  Process: Page 
F aul ts/sec c ou n te r  f or  th e  S Q L  S e r v e r  p r oc e s s  a n d  n ote  w h e th e r  th e  n u m b e r  of  p a g e  f a u l t s  p e r  s e c on d  f or  th e  
S q l s e r v r . e x e  i n s ta n c e  i n  q u e s t i on  i s  s i m i l a r  to th e  n u m b e r  of  Memory: Pages/sec .   
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S of t f a u l ts  g e n e r a l l y  a r e  n ot a s  b a d  a s  h a r d  f a u l t s  f or  p e r f or m a n c e  b e c a u s e  th e y  c on s u m e  C P U  r e s ou r c e s .  H a r d  f a u l t s  
c on s u m e  d i s k  I / O  r e s ou r c e s .  T h e  b e s t e n v i r on m e n t f or  p e r f or m a n c e  i s  to h a v e  n o f a u l ti n g  of  a n y  k i n d .   
N ote W h e n  S Q L  S e r v e r  a c c e s s e s  a l l  of  i ts  d a ta  c a c h e  p a g e s  f or  th e  f i r s t ti m e ,  th e  f i r s t a c c e s s  to e a c h  p a g e  w i l l  c a u s e  a  
s of t f a u l t.  D o n ot b e  c on c e r n e d  w i th  i n i ti a l  s of t f a u l ti n g  oc c u r r i n g  w h e n  S Q L  S e r v e r  f i r s t s ta r ts  u p  a n d  th e  d a ta  c a c h e  i s  
f i r s t b e i n g  e x e r c i s e d .   
Moni tori ng processors  
Y ou r  g oa l  s h ou l d  b e  to k e e p  a l l  of  th e  p r oc e s s or s  th a t a r e  a l l oc a te d  to th e  s e r v e r  b u s y  e n ou g h  to m a x i m i z e  
p e r f or m a n c e ,  b u t n ot s o b u s y  th a t p r oc e s s or  b ottl e n e c k s  oc c u r .  T h e  p e r f or m a n c e  tu n i n g  c h a l l e n g e  i s  th a t i f  C P U  i s  n ot 
th e  b ottl e n e c k ,  s om e th i n g  e l s e  i s  ( a  p r i m a r y  c a n d i d a t e  i s  th e  d i s k  s u b s y s t e m ) ,  s o C P U  c a p a c i t y  i s  b e i n g  w a s te d .  C P U  i s  
u s u a l l y  th e  h a r d e s t r e s ou r c e  to e x p a n d  ( a b ov e  s om e  c on f i g u r a t i on  s p e c i f i c  l e v e l ,  s u c h  a s  f ou r  or  e i g h t on  m a n y  c u r r e n t 
s y s te m s ) ,  s o i t s h ou l d  b e  s e e n  a s  a  g ood  s i g n  th a t C P U  u ti l i z a ti on  i s  m or e  th a n  9 5  p e r c e n t on  b u s y  s y s te m s .  A t th e  
s a m e  ti m e ,  th e  r e s p on s e  ti m e  of  tr a n s a c ti on s  s h ou l d  b e  m on i tor e d  to e n s u r e  th e y  a r e  w i th i n  r e a s on ;  i f  n ot,  C P U  u s a g e  
g r e a t e r  th a n  9 5  p e r c e n t m a y  s i m p l y  m e a n  th a t th e  w or k l oa d  i s  too m u c h  f or  th e  a v a i l a b l e  C P U  r e s ou r c e s  a n d  e i th e r  
C P U  r e s ou r c e s  h a v e  to b e  i n c r e a s e d  or  w or k l oa d  h a s  to b e  r e d u c e d  or  tu n e d .   
L ook  a t th e  S y s te m  M on i tor  c ou n te r  Processor: %  Processor T i me to m a k e  s u r e  a l l  p r oc e s s or s  a r e  c on s i s te n tl y  
b e l ow  9 5  p e r c e n t u ti l i z a t i on  on  e a c h  C P U .  S ystem:Processor Q ueue L ength  i s  th e  p r oc e s s or  q u e u e  f or  a l l  C P U s  on  a  
W i n d ow s  s y s te m .  I f  S ystem: Processor Q ueue L ength  i s  g r e a te r  th a n  tw o f or  e a c h  C P U ,  i t i n d i c a t e s  a  C P U  
b ottl e n e c k .  W h e n  a  C P U  b ottl e n e c k  i s  d e te c te d ,  i t i s  n e c e s s a r y  to e i th e r  a d d  p r oc e s s or s  to th e  s e r v e r  or  r e d u c e  th e  
w or k l oa d  on  th e  s y s te m .  R e d u c i n g  w or k l oa d  c a n  b e  a c c om p l i s h e d  b y  q u e r y  tu n i n g  or  i m p r ov i n g  i n d e x e s  to r e d u c e  I / O  
a n d ,  s u b s e q u e n tl y ,  C P U  u s a g e .   
A n oth e r  S y s te m  M on i tor  c ou n te r  to w a tc h  w h e n  a  C P U  b ottl e n e c k  i s  s u s p e c t e d  i s  S ystem: C ontex t S w i tch es/sec 
b e c a u s e  i t i n d i c a t e s  th e  n u m b e r  of  ti m e s  p e r  s e c on d  th a t W i n d ow s  a n d  S Q L  S e r v e r  h a d  to c h a n g e  f r om  e x e c u t i n g  on  
on e  th r e a d  to e x e c u t i n g  on  a n oth e r .  T h i s  c os ts  C P U  r e s ou r c e s .  C on te x t s w i tc h i n g  i s  a  n or m a l  c om p on e n t of  a  
m u l ti th r e a d e d ,  m u l ti p r oc e s s or  e n v i r on m e n t,  b u t e x c e s s i v e  c on te x t s w i tc h i n g  c a n  d e g r a d e  s y s te m  p e r f or m a n c e .  T h e  
a p p r oa c h  to ta k e  i s  to on l y  w or r y  a b ou t c on te x t s w i tc h i n g  i f  th e r e  i s  p r oc e s s or  q u e u i n g .   
I f  p r oc e s s or  q u e u i n g  i s  ob s e r v e d ,  u s e  th e  l e v e l  of  c on te x t s w i tc h i n g  a s  a  g a u g e  w h e n  p e r f or m a n c e  tu n i n g  S Q L  S e r v e r .  I f  
c on te x t s w i tc h i n g  s e e m s  to b e  a  c on tr i b u tor ,  th e r e  a r e  tw o a p p r oa c h e s  y ou  m i g h t w a n t to c on s i d e r :  u s i n g  th e  af f i ni ty 
mask  op ti on ,  a n d  u s i n g  f i b e r -b a s e d  s c h e d u l i n g .   
U s e  th e  af f i ni ty mask  op ti on  to i n c r e a s e  p e r f or m a n c e  on  s y m m e tr i c  m u l ti p r oc e s s or  ( S M P )  s y s te m s  ( w i th  m or e  th a n  
f ou r  m i c r op r oc e s s or s )  op e r a ti n g  u n d e r  h e a v y  l oa d .  Y ou  c a n  a s s oc i a te  a  th r e a d  w i th  a  s p e c i f i c  p r oc e s s or  a n d  s p e c i f y  
w h i c h  p r oc e s s or s  S Q L  S e r v e r  w i l l  u s e .  Y ou  c a n  a l s o e x c l u d e  S Q L  S e r v e r  a c ti v i ty  f r om  u s i n g  c e r ta i n  p r oc e s s or s  u s i n g  a n  
af f i ni ty mask  op ti on  s e tti n g .  B e f or e  y ou  c h a n g e  th e  s e tti n g  of  af f i ni ty mask ,  k e e p  i n  m i n d  th a t W i n d ow s  a s s i g n s  
d e f e r r e d  p r oc e s s  c a l l  ( D P C )  a c ti v i ty  a s s oc i a te d  w i th  N I C s  to th e  h i g h e s t n u m b e r e d  p r oc e s s or  i n  th e  s y s te m .  I n  s y s te m s  
w i th  m or e  th a n  on e  N I C  i n s ta l l e d  a n d  a c ti v e ,  e a c h  a d d i t i on a l  c a r d ' s  a c ti v i ty  i s  a s s i g n e d  to th e  n e x t h i g h e s t n u m b e r e d  
p r oc e s s or .  F or  e x a m p l e ,  a n  e i g h t-p r oc e s s or  s y s te m  w i th  tw o N I C s  h a s  D P C s  f or  e a c h  N I C  a s s i g n e d  to p r oc e s s or  7  a n d  
to p r oc e s s or  6  ( 0 -b a s e d  c ou n ti n g  i s  u s e d ) .  W h e n  u s i n g  th e  l i gh tw ei gh t pool i ng op ti on ,  S Q L  S e r v e r  s w i tc h e s  to a  
f i b e r -b a s e d  s c h e d u l i n g  m od e l  r a th e r  th a n  th e  d e f a u l t th r e a d -b a s e d  s c h e d u l i n g  m od e l .  Y ou  c a n  th i n k  of  f i b e r s  a s  
e s s e n t i a l l y  l i g h tw e i g h t th r e a d s .  U s e  th e  c om m a n d  sp_configure 'lightweight pooling',1 to e n a b l e  f i b e r -b a s e d  
s c h e d u l i n g .   
W a tc h  p r oc e s s or  q u e u i n g  a n d  c on te x t s w i tc h i n g  to m on i tor  th e  e f f e c t of  s e tti n g  v a l u e s  f or  b oth  af f i ni ty mask  a n d  
l i gh tw ei gh t pool i ng .  I n  s om e  s i tu a ti on s ,  th e s e  s e tti n g s  c a n  m a k e  p e r f or m a n c e  w or s e  i n s te a d  of  b e tte r .  A l s o,  th e y  
g e n e r a l l y  d o n ot y i e l d  m u c h  b e n e f i t u n l e s s  y ou r  s y s te m  h a s  f ou r  or  m or e  p r oc e s s or s .  D B C C  S Q L P E R F  ( T H R E A D S )  
p r ov i d e s  m or e  i n f or m a ti on  a b ou t I / O ,  m e m or y ,  a n d  C P U  u s a g e  m a p p e d  b a c k  to s p i d s .  E x e c u t e  th e  f ol l ow i n g  S Q L  q u e r y  
to ta k e  a  s u r v e y  of  c u r r e n t top  c on s u m e r s  of  C P U  ti m e :   
select *  from  m a ster. sysprocesses ord er b y cpu d esc.  
Moni tori ng Processor Q ueue L ength   
I f  S ystem: Processor Q ueue L ength  i s  g r e a te r  th a n  tw o,  th i s  m e a n s  th e  s e r v e r ' s  p r oc e s s or s  a r e  r e c e i v i n g  m or e  w or k  
r e q u e s t s  th a n  th e y  c a n  h a n d l e  a s  a  c ol l e c ti v e  g r ou p .  T h e r e f or e ,  W i n d ow s  n e e d s  to p l a c e  th e s e  r e q u e s ts  i n  a  q u e u e .   
S om e  p r oc e s s or  q u e u i n g  i s  a n  i n d i c a tor  of  g ood  ov e r a l l  S Q L  S e r v e r  I / O  p e r f or m a n c e .  I f  th e r e  i s  n o p r oc e s s or  q u e u i n g  
a n d  i f  C P U  u ti l i z a ti on  i s  l ow ,  i t m a y  b e  a n  i n d i c a t i on  th a t th e r e  i s  a  p e r f or m a n c e  b ottl e n e c k  s om e w h e r e  e l s e  i n  th e  
s y s te m ,  th e  m os t l i k e l y  c a n d i d a t e  b e i n g  th e  d i s k  s u b s y s te m .  H a v i n g  a  r e a s on a b l e  a m ou n t of  w or k  i n  th e  p r oc e s s or  
q u e u e  m e a n s  th a t th e  C P U s  a r e  n ot i d l e  a n d  th e  r e s t of  th e  s y s te m  i s  k e e p i n g  p a c e  w i th  th e  C P U s .   
A  g e n e r a l  r u l e  of  th u m b  f or  a  g ood  p r oc e s s or  q u e u e  n u m b e r  i s  to m u l ti p l y  th e  n u m b e r  of  C P U s  on  th e  d a ta b a s e  s e r v e r  
b y  tw o.   
P r oc e s s or  q u e u i n g  s i g n i f i c a n t l y  a b ov e  th i s  c a l c u l a t i on  n e e d s  to b e  i n v e s t i g a te d  a n d  m a y  i n d i c a t e  th a t y ou r  s e r v e r  i s  
e x p e r i e n c i n g  a  C P U  b ottl e n e c k .  E x c e s s i v e  p r oc e s s or  q u e u i n g  c os ts  q u e r y  e x e c u t i on  ti m e .  S e v e r a l  d i f f e r e n t a c ti v i ti e s  
c ou l d  b e  c on tr i b u ti n g  to p r oc e s s or  q u e u i n g .  E l i m i n a t i n g  h a r d  a n d  s of t p a g i n g  w i l l  h e l p  s a v e  C P U  r e s ou r c e s .  O th e r  
m e th od ol og i e s  th a t h e l p  r e d u c e  p r oc e s s or  q u e u i n g  i n c l u d e  S Q L  q u e r y  tu n i n g ,  p i c k i n g  b e tte r  i n d e x e s  to r e d u c e  d i s k  I / O  
( a n d ,  h e n c e ,  C P U ) ,  or  a d d i n g  m or e  C P U s  ( p r oc e s s or s )  to th e  s y s te m .   
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Moni tori ng I/O   
D i sk  W ri te B ytes/sec a n d  D i sk  R ead  B ytes/sec c ou n te r s  p r ov i d e  a n  i d e a  of  th e  d a ta  th r ou g h p u t i n  te r m s  of  b y te s  
p e r  s e c on d  p e r  l og i c a l  or  p h y s i c a l  d r i v e .  W e i g h  th e s e  n u m b e r s  c a r e f u l l y  a l on g  w i th  D i sk  R ead s/sec a n d  D i sk  
W ri tes/sec .  D o n ot l e t a  l ow  a m ou n t of  b y te s  p e r  s e c on d  l e a d  y ou  to b e l i e v e  th a t th e  d i s k  I / O  s u b s y s t e m  i s  n ot b u s y .   
M on i tor  th e  D i sk  Q ueue L ength  f or  a l l  d r i v e s  a s s oc i a te d  w i th  S Q L  S e r v e r  f i l e s  a n d  d e te r m i n e  w h i c h  f i l e s  a r e  a s s oc i a te d  
w i th  e x c e s s i v e  d i s k  q u e u i n g .   
I f  S y s te m  M on i tor  i n d i c a t e s  th a t s om e  d r i v e s  a r e  n ot a s  b u s y  a s  oth e r s ,  th e r e  i s  th e  op p or tu n i ty  to m ov e  S Q L  S e r v e r  
f i l e s  f r om  d r i v e s  th a t a r e  b ottl e n e c k i n g  to d r i v e s  th a t a r e  n ot a s  b u s y .  T h i s  w i l l  h e l p  s p r e a d  d i s k  I / O  a c ti v i ty  m or e  
e v e n l y  a c r os s  h a r d  d r i v e s .  I f  on e  l a r g e  d r i v e  p ool  i s  b e i n g  u s e d  f or  S Q L  S e r v e r  f i l e s ,  th e  r e s ol u ti on  to d i s k  q u e u i n g  i s  to 
m a k e  th e  I / O  c a p a c i t y  of  th e  p ool  b i g g e r  b y  a d d i n g  m or e  p h y s i c a l  d r i v e s  to th e  p ool .   
D i s k  q u e u i n g  m a y  b e  a n  i n d i c a t i on  th a t on e  S C S I  c h a n n e l  i s  b e i n g  s a tu r a te d  w i th  I / O  r e q u e s t s .  S y s te m  M on i tor  c a n n ot 
d i r e c t l y  d e te r m i n e  i f  th i s  i s  th e  c a s e .  S tor a g e  v e n d or s  g e n e r a l l y  of f e r  a d d i t i on a l  tool s  to h e l p  m on i tor  th e  a m ou n t of  I / O  
b e i n g  s e r v i c e d  b y  a  R A I D  c on tr ol l e r  a n d  w h e th e r  th e  c on tr ol l e r  i s  q u e u i n g  I / O  r e q u e s ts .  T h i s  i s  m or e  l i k e l y  to oc c u r  i f  
m a n y  d i s k  d r i v e s  ( te n  or  m or e )  a r e  a tta c h e d  to th e  S C S I  c h a n n e l  a n d  th e y  a r e  a l l  p e r f or m i n g  I / O  a t f u l l  s p e e d .  I n  th i s  
c a s e ,  th e  s ol u ti on  i s  to c on n e c t h a l f  of  th e  d i s k  d r i v e s  to a n oth e r  S C S I  c h a n n e l  or  R A I D  c on tr ol l e r  to b a l a n c e  th a t I / O .  
T y p i c a l l y ,  r e b a l a n c i n g  d r i v e s  a c r os s  S C S I  c h a n n e l s  r e q u i r e s  a  r e b u i l d  of  th e  R A I D  a r r a y s  a n d  f u l l  b a c k u p / r e s tor e  of  th e  
S Q L  S e r v e r  d a ta b a s e  f i l e s .   
Percent D i sk  T i me  
I n  S y s te m  M on i tor ,  th e  Ph ysi cal D i sk : %  D i sk  T i me a n d  L ogi cal D i sk : %  D i sk  T i me c ou n te r s  m on i tor  th e  p e r c e n t a g e  
of  ti m e  th a t th e  d i s k  i s  b u s y  w i th  r e a d / w r i t e  a c ti v i ty .  I f  th e  %  D i sk  T i me c ou n te r  i s  h i g h  ( m or e  th a n  9 0  p e r c e n t ) ,  
c h e c k  th e  C urrent D i sk  Q ueue L ength  c ou n te r  to s e e  h ow  m a n y  s y s te m  r e q u e s t s  a r e  w a i ti n g  f or  d i s k  a c c e s s .  T h e  
n u m b e r  of  w a i ti n g  I / O  r e q u e s ts  s h ou l d  b e  s u s ta i n e d  a t n o m or e  th a n  1 . 5  to 2  ti m e s  th e  n u m b e r  of  s p i n d l e s  m a k i n g  u p  
th e  p h y s i c a l  d i s k .  M os t d i s k s  h a v e  on e  s p i n d l e ,  a l th ou g h  r e d u n d a n t a r r a y  of  i n e x p e n s i v e  d i s k s  ( R A I D )  d e v i c e s  u s u a l l y  
h a v e  m or e .  A  h a r d w a r e  R A I D  d e v i c e  a p p e a r s  a s  on e  p h y s i c a l  d i s k  i n  S y s te m  M on i tor ;  R A I D  d e v i c e s  c r e a t e d  th r ou g h  
s of tw a r e  a p p e a r  a s  m u l ti p l e  i n s ta n c e s .   
D i sk  Q ueue L ength   
I t i s  i m p or ta n t to m on i tor  f or  e x c e s s i v e l y  l on g  d i s k  q u e u e s .   
T o m on i tor  d i s k  q u e u e  l e n g t h ,  y ou  w i l l  n e e d  to ob s e r v e  s e v e r a l  S y s te m  M on i tor  d i s k  c ou n te r s .  T o e n a b l e  th e s e  
c ou n te r s ,  r u n  th e  c om m a n d  d isk perf –y f r om  th e  W i n d ow s  2 0 0 0  or  W i n d ow s  N T  c om m a n d  w i n d ow  a n d  r e s ta r t th e  
m a c h i n e .   
P h y s i c a l  h a r d  d r i v e s  th a t a r e  e x p e r i e n c i n g  d i s k  q u e u i n g  w i l l  h ol d  b a c k  d i s k  I / O  r e q u e s t s  w h i l e  th e y  c a tc h  u p  on  I / O  
p r oc e s s i n g .  S Q L  S e r v e r  r e s p on s e  ti m e  w i l l  b e  d e g r a d e d  f or  th e s e  d r i v e s .  T h i s  c os ts  q u e r y  e x e c u t i on  ti m e .   
I f  y ou  u s e  R A I D ,  i t i s  n e c e s s a r y  to k n ow  h ow  m a n y  p h y s i c a l  h a r d  d r i v e s  a r e  a s s oc i a te d  w i th  e a c h  d r i v e  a r r a y  th a t 
W i n d ow s  s e e s  a s  a  s i n g l e  p h y s i c a l  d r i v e ,  i n  or d e r  to c a l c u l a t e  d i s k  q u e u i n g  f or  e a c h  p h y s i c a l  d r i v e .  A s k  a  h a r d w a r e  
e x p e r t to e x p l a i n  th e  S C S I  c h a n n e l  a n d  p h y s i c a l  d r i v e  d i s tr i b u t i on  i n  or d e r  to u n d e r s t a n d  h ow  S Q L  S e r v e r  d a ta  i s  h e l d  
b y  e a c h  p h y s i c a l  d r i v e  a n d  h ow  m u c h  S Q L  S e r v e r  d a ta  i s  d i s tr i b u t e d  on  e a c h  S C S I  c h a n n e l .   
T h e r e  a r e  s e v e r a l  c h oi c e s  f or  l ook i n g  a t d i s k  q u e u i n g  th r ou g h  S y s te m  M on i tor .  L og i c a l  d i s k  c ou n te r s  a r e  a s s oc i a te d  w i th  
th e  l og i c a l  d r i v e  l e tte r s  a s s i g n e d  th r ou g h  D i s k  A d m i n i s t r a tor ,  w h e r e a s  p h y s i c a l  d i s k  c ou n te r s  a r e  a s s oc i a te d  w i th  w h a t 
D i s k  A d m i n i s tr a tor  s e e s  a s  a  s i n g l e  p h y s i c a l  d i s k  d e v i c e .  N ote  th a t w h a t a p p e a r s  to D i s k  A d m i n i s tr a tor  a s  a  s i n g l e  
p h y s i c a l  d e v i c e  m a y  e i th e r  b e  a  s i n g l e  h a r d  d r i v e  or  a  R A I D  a r r a y ,  w h i c h  c on s i s ts  of  s e v e r a l  h a r d  d r i v e s .  C urrent D i sk  
Q ueue L ength  i s  a n  i n s ta n ta n e ou s  m e a s u r e  of  d i s k  q u e u i n g  w h e r e a s  A v erage D i sk  Q ueue L ength  a v e r a g e s  th e  d i s k  
q u e u i n g  m e a s u r e m e n t ov e r  th e  s a m p l i n g  p e r i od .  T a k e  n ote  i f  on e  of  th e  f ol l ow i n g  c on d i ti on s  i s  i n d i c a t e d :   

Logical Disk: Avg. Disk Queue Length > 2 

P hy sical Disk: Avg. Disk Queue Length > 2 

Logical Disk: C ur r ent Disk Queue Length > 2 

P hy sical Disk: C ur r ent Disk Queue Length > 2 

T h e s e  r e c o m m e n d e d  m e a s u r e m e n t s  a r e  f o r  e a c h  p h y s i c a l  h a r d  d r i v e .  I f  a  R A I D  a r r a y  i s  a s s o c i a t e d  w i t h  a  d i s k  q u e u e  
m e a s u r e m e n t ,  t h e  m e a s u r e m e n t  n e e d s  t o  b e  d i v i d e d  b y  t h e  n u m b e r  o f  p h y s i c a l  h a r d  d r i v e s  i n  t h e  R A I D  a r r a y  t o  
d e t e r m i n e  t h e  d i s k  q u e u i n g  p e r  p h y s i c a l  h a r d  d r i v e .   
N ote O n  p h y s i c a l  h a r d  d r i v e s  o r  R A I D  a r r a y s  t h a t  h o l d  S Q L  S e r v e r  l o g  f i l e s ,  d i s k  q u e u i n g  i s  n o t  a  u s e f u l  m e a s u r e  
b e c a u s e  t h e  l o g  m a n a g e r  d o e s  n o t  q u e u e  m o r e  t h a n  a  s i n g l e  I / O  r e q u e s t  t o  S Q L  S e r v e r  l o g f i l e ( s ) .   

Understanding SQL Server Internals 
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U n d e r s t a n d i n g  s o m e  o f  t h e  i n t e r n a l s  o f  S Q L  S e r v e r  2 0 0 0  c a n  a s s i s t  y o u  i n  m a n a g i n g  t h e  p e r f o r m a n c e  o f  y o u r  
d a t a b a s e s .   

Worker Threads 
S Q L  S e r v e r  m a i n t a i n s  o f  p o o l  o f  W i n d o w s  t h r e a d s  t h a t  a r e  u s e d  t o  s e r v i c e  b a t c h e s  o f  S Q L  S e r v e r  c o m m a n d s  b e i n g  
s u b m i t t e d  t o  t h e  d a t a b a s e  s e r v e r .  T h e  t o t a l  n u m b e r  o f  t h e s e  t h r e a d s  ( r e f e r r e d  t o  i n  S Q L  S e r v e r  t e r m i n o l o g y  a s  w o r k e r  
t h r e a d s )  a v a i l a b l e  t o  s e r v i c e  a l l  i n c o m i n g  c o m m a n d  b a t c h e s  i s  d i c t a t e d  b y  t h e  s e t t i n g  f o r  t h e  sp _ conf igur e o p t i o n  m ax  
w or ker  thr ead s .  I f  t h e  n u m b e r  o f  c o n n e c t i o n s  a c t i v e l y  s u b m i t t i n g  b a t c h e s  i s  g r e a t e r  t h a n  t h e  n u m b e r  s p e c i f i e d  f o r  
m ax  w or ker  thr ead s ,  w o r k e r  t h r e a d s  w i l l  b e  s h a r e d  a m o n g  c o n n e c t i o n s  a c t i v e l y  s u b m i t t i n g  b a t c h e s .  T h e  d e f a u l t  o f  
2 5 5  w i l l  w o r k  w e l l  f o r  m a n y  i n s t a l l a t i o n s .  N o t e  t h a t  t h e  m a j o r i t y  o f  c o n n e c t i o n s  s p e n d  m o s t  o f  t h e i r  t i m e  w a i t i n g  f o r  
b a t c h e s  t o  b e  r e c e i v e d  f r o m  t h e  c l i e n t .   
W o r k e r  t h r e a d s  t a k e  o n  m o s t  o f  t h e  r e s p o n s i b i l i t y  o f  w r i t i n g  o u t  d i r t y  8 -K B  p a g e s  f r o m  t h e  S Q L  S e r v e r  b u f f e r  c a c h e .  
W o r k e r  t h r e a d s  s c h e d u l e  t h e i r  I / O  o p e r a t i o n s  a s y n c h r o n o u s l y  f o r  m a x i m u m  p e r f o r m a n c e .   

Lazy Writer 
The lazy writer is a SQL Server system process that functions within the buffer manager. The lazy writer flushes out 
batches of d irty,  aged  buffers ( buffers containing changes that must be written back  to d isk  before the buffer can be 
reused  for a d ifferent page)  and  mak es them available to user processes. This activity helps to prod uce and  maintain 
available free buffers,  which are 8 -K B  d ata cache pages empty of d ata and  available for reuse. A s the lazy writer 
flushes each 8 -K B  cache buffer to d isk ,  the id entity of the cache page is initialized  so other d ata may be written into the 
free buffer. The lazy writer minimizes the impact of this activity on other SQL Server operations by work ing d uring 
period s of low d isk  I / O .  
SQL Server automatically configures and  manages the level of free buffers. The performance counter SQL Server: 
B u f f er M a n a g er: La z y  W ri t es / s ec  ind icates the number of 8 -K B  pages being physically written out to d isk . M onitor 
SQL Server: B u f f er M a n a g er: F ree P a g es  to see if this value d ips. O ptimally,  the lazy writer k eeps this counter level 
throughout SQL Server operations,  which means the lazy writer is k eeping up with the user d emand  for free buffers. I f 
the value of System M onitor obj ect SQL Server: B u f f er M a n a g er: F ree P a g es  reaches zero,  there were times when 
the user load  d emand ed  a higher level of free buffers than the lazy writer was able to provid e.  
I f the lazy writer is having problems k eeping the free buffer stead y,  or at least above zero,  it could  mean the d isk  
subsystem is not able to provid e sufficient d isk  I / O  performance. C ompare d rops in free buffer level to d isk  q ueuing to 
confirm this. The solution is to ad d  more physical d isk  d rives to the d atabase server d isk  subsystem in ord er to provid e 
more d isk  I / O  processing power.  
M onitor the current level of d isk  q ueuing in System M onitor by look ing at the performance counters A vera g e D i s k  
Qu eu e Len g t h  or C u rren t  D i s k  Qu eu e Len g t h  for logical or physical d isk s,  and  ensure the d isk  q ueue is less than 2  
for each physical d rive associated  with any SQL Server activity. F or d atabase servers that employ hard ware R A I D  
controllers and  d isk  arrays,  remember to d ivid e the number reported  by Logical/ P hysical D isk  counters by the number 
of actual hard  d rives associated  with that logical d rive letter or physical hard  d rive number ( as reported  by D isk  
A d ministrator) ,  because W ind ows and  SQL Server are unaware of the actual number of physical hard  d rives attached  to 
a R A I D  controller. I t is important to be aware of the number of d rives associated  with the R A I D  array controller in ord er 
to properly interpret the d isk  q ueue numbers that System M onitor is reporting.  
F or more information,  search for the strings " freeing and  writing buffer pages"  and  " write-ahead  transaction log"  in SQL 
Server B ook s O nline.  

C h ec k p o in t 
P eriod ically,  each instance of SQL Server ensures that all d irty log and  d ata pages are flushed  to d isk . This is called  a 
check point. C heck points red uce the time and  resources need ed  to recover from a failure when an instance of SQL 
Server is restarted . D uring a check point,  d irty pages ( buffer cache pages that have been mod ified  since being brought 
into the buffer cache)  are written to the SQL Server d ata files. A  buffer written to d isk  at a check point still contains the 
page and  users can read  or upd ate it without reread ing it from d isk ,  which is not the case for free buffers created  by 
the lazy writer.  
C heck point logic attempts to let work er thread s and  the lazy writer d o the maj ority of the work  writing out d irty pages. 
C heck point logic d oes this by trying an ex tra check point wait before writing out a d irty page if possible. This provid es 
the work er thread s and  the lazy writer more time to write out the d irty pages. The cond itions und er which this ex tra 
wait time for a d irty page occurs is d etailed  in SQL Server B ook s O nline in the topic " C heck points and  the A ctive P ortion 
of the Log."  The main id ea to remember is that check point logic attempts to even out SQL Server d isk  I / O  activity over 
a longer time period  with this ex tra check point wait.  
F or more efficient check point operations when there are a large number of pages to flush out of cache,  SQL Server 
sorts the d ata pages to be flushed  in the ord er the pages appear on d isk . This helps to minimize d isk  arm movement 
d uring cache flush and  tak es ad vantage of seq uential d isk  I / O  where possible. The check point process also submits 8 -
K B  d isk  I / O  req uests asynchronously to the d isk  subsystem. This allows SQL Server to finish submitting req uired  d isk  
I / O  req uests faster because the check point process d oesn' t wait for the d isk  subsystem to report back  that the d ata has 
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been actually written to d isk .  
I t is important to watch d isk  q ueuing on hard  d rives associated  with SQL Server d ata files to d etermine if SQL Server is 
send ing more d isk  I / O  req uests than the d isk ( s)  can hand le;  if this is true,  more d isk  I / O  capacity must be ad d ed  to the 
d isk  subsystem so it can hand le the load .  

Lo g  M an ag er 
Lik e all other maj or R D B M S prod ucts,  SQL Server ensures that all write activity ( insert,  upd ate,  and  d elete)  performed  
on the d atabase will not be lost if something were to interrupt SQL Server' s online status,  such as power failure,  d isk  
d rive failure,  fire in the d ata center,  and  so on. The SQL Server logging process helps guarantee recoverability. B efore 
any implicit ( single SQL q uery)  or ex plicit transaction ( d efined  transaction that issues a B E G I N  TR A N / C O M M I T,  or 
R O LLB A C K  command  seq uence)  can be completed ,  the log manager must receive a signal from the d isk  subsystem that 
all d ata changes associated  with that transaction have been written successfully to the associated  log file. This rule 
guarantees that if SQL Server is abruptly shut d own for whatever reason and  the transactions written into the d ata 
cache are not yet flushed  to the d ata files by the check point and  lazy writer,  the transaction log can be read  and  
reapplied  in SQL Server upon startup. R ead ing the transaction log and  applying the transactions to SQL Server d ata 
after a server stoppage is referred  to as recovery.  
B ecause SQL Server must wait for the d isk  subsystem to complete I / O  to SQL Server log files as each transaction is 
completed ,  it is important that the d isk s containing SQL Server log files have sufficient d isk  I / O  hand ling capacity for 
the anticipated  transaction load .  
The method  of watching out for d isk  q ueuing associated  with SQL Server log files is d ifferent from SQL Server d atabase 
files. U se the System M onitor counters SQL Server: D a t a b a s es  < d a t a b a s e i n s t a n c e> : Lo g  F l u s h  W a i t s  T i m es  and  
SQL Server: D a t a b a s es  < d a t a b a s e i n s t a n c e> : Lo g  F l u s h  W a i t s / s ec  to see if there are log writer req uests waiting 
on the d isk  subsystem for completion.  
A  caching controller provid es the highest performance,  but should  not be used  for d isk s that contain log files unless the 
controller guarantees that d ata entrusted  to it will be written to d isk  eventually,  even if the power fails. F or more 
information on caching controllers,  refer to the section in this d ocument titled  " E ffect of O n-B oard  C ache of H ard ware 
R A I D  C ontrollers."   

R ead -A h ead  M an ag em en t 
SQL Server 2 0 0 0  provid es automatic management for read ing large seq uential read s for activities such as table scans. 
R ead -ahead  management is completely self-configuring and  self-tuning,  and  is tightly integrated  with the operations of 
the SQL Server q uery processor. R ead -ahead  management is used  for large table scans,  large ind ex  range scans,  
probes into clustered  and  nonclustered  ind ex  binary trees,  and  other situations. This is because read -ahead s occur with 
6 4 -K B  I / O s,  which provid e higher d isk  throughput potential for the d isk  subsystem than d o 8 -K B  I / O s. W hen it is 
necessary to retrieve a large amount of d ata,  SQL Server uses read -ahead  to max imize throughput.  
SQL Server uses a simple and  efficient I nd ex  A llocation M ap ( I A M )  storage structure that supports read -ahead  
management. The I A M  is the SQL Server mechanism for record ing the location of ex tents – each 6 4  K B  ex tent contains 
eight pages of d ata or ind ex  information. E ach I A M  page is an 8 -K B  page that contains tightly pack ed  ( bitmapped )  
information about which ex tents contain req uired  d ata. The compact nature of I A M  pages mak es them fast to read ,  and  
more regularly used  I A M  pages can be maintained  in buffer cache.  
R ead -ahead  management can construct multiple seq uential read  req uests by combining q uery information from the 
q uery processor with information about the location of all ex tents that need  to be read  from the I A M  page( s) . 
Seq uential 6 4 -K B  d isk  read s provid e ex tremely good  d isk  I / O  performance. The SQL Server: B u f f er M a n a g er: R ea d -
A h ea d  P a g es / s ec  performance counter provid es information about the effectiveness and  efficiency of read -ahead  
management.  
SQL Server 2 0 0 0  E nterprise E d ition d ynamically ad j usts the max imum number of read  ahead  pages based  on the 
amount of memory present. F or all other ed itions of SQL Server 2 0 0 0  the value is fix ed . A nother ad vance in SQL Server 
2 0 0 0  E nterprise E d ition is commonly called  merry-go-round  scan,  which allows multiple task s to share full table scans. 
I f the ex ecution plan of an SQL statement calls for a scan of the d ata pages in a table,  and  if the relational d atabase 
engine d etects that the table is alread y being scanned  for another ex ecution plan,  the d atabase engine j oins the second  
scan to the first at the current location of the second  scan. The d atabase engine read s each page once and  passes the 
rows from each page to both ex ecution plans. This continues until the end  of the table is reached . A t that point,  the first 
ex ecution plan has the complete results of a scan,  but the second  ex ecution plan must still retrieve the d ata pages that 
occur before the point at which it j oined  the in-progress scan. The scan for second  ex ecution plan then wraps back  to 
the first d ata page of the table and  scans forward  to the point at which it j oined  the first scan. A ny number of scans can 
be combined  in this way;  the d atabase engine will k eep looping through the d ata pages until it has completed  all the 
scans.  
O ne caveat about read -ahead  management is that too much read -ahead  can be d etrimental overall to performance 
because it can fill cache with unneed ed  pages,  using I / O  and  C P U  that could  have been used  for other purposes. The 
solution is a general performance tuning goal to tune all SQL q ueries so a minimal number of pages are brought into 
buffer cache. This includ es mak ing sure you have the right ind ex es in place and  are using them. U se clustered  ind ex es 
for efficient range scanning and  d efine nonclustered  ind ex es to help q uick ly locate single rows or smaller rowsets. F or 
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ex ample,  if you plan to have only one ind ex  in a table and  that ind ex  is for the purposes of fetching single rows or 
smaller rowsets,  you should  mak e the ind ex  clustered . C lustered  ind ex es are nominally faster than nonclustered  
ind ex es.  

Miscellaneous Performance Topics 
Database Design Using Star and Snowflake Schemas 
Data warehouses use dimensional modeling to organize data for the purpose of analysis. Dimensional modeling 
produc es star and snowflak e sc hemas,  whic h also prov ide performanc e effic ienc y for the massiv e data read operations 
that are freq uently performed in data warehousing. H igh-v olume data ( often hundreds of millions of rows)  is stored in a 
fac t tab le that has v ery short rows,  whic h minimizes storage req uirements and q uery time. A ttrib utes of b usiness fac ts 
are denormalized into dimension tab les to minimize the numb er of tab le j oins when retriev ing data.  
F or a disc ussion of datab ase design for data warehouses,  see the c hapter " Data W arehouse Design C onsiderations, "  in 
the Microsoft SQL Server 2000 Resource Kit.  

SQ L  to A v oid,  I f P ossible 
U sing ineq uality operators in S Q L  q ueries will forc e datab ases to use tab le sc ans to ev aluate the ineq ualities. T his 
generates high I / O  if these q ueries regularly run against v ery large tab les. W H E R E  c lauses that c ontain the " N O T "  
operators ( !=, <>, !<, !>), such as WHERE <column_name> != some_value will generate high I / O .  
I f these types of q ueries need to b e run,  try to restruc ture the q ueries to eliminate the N O T  k eyword. F or ex ample:   
I nstead of:   
select  *  f r om t ab leA  w her e col1  != " value"  
T ry using:   
select  *  f r om t ab leA  w her e col1  < " value"  and  col1  > " value"  

R edu ce R owset Siz e and C ommu nications O v erhead 
Datab ase programmers who work  in S Q L  work  with easy-to-use interfac es lik e the M ic rosoft A c tiv eX ®  Data O b j ec ts 
( A DO ) ,  R emote Data O b j ec ts ( R DO )  and Data A c c ess O b j ec ts ( DA O )  datab ase A P I s need to c onsider the result sets they 
are b uilding. A DO / R DO / DA O  prov ide programmers with great datab ase dev elopment interfac es that allow ric h S Q L  
rowset func tionality without req uiring a lot of S Q L  programming ex perienc e. B ut this c omes at a c ost. P rogrammers c an 
av oid performanc e prob lems if they c arefully c onsider the amount of data their applic ation is returning to the c lient,  and 
k eep trac k  of where the S Q L  S erv er index es are plac ed and how the S Q L  S erv er data is arranged. S Q L  P rofiler,  the 
I ndex  T uning W izard,  and graphic al ex ec ution plans are v ery helpful tools for pinpointing and fix ing these prob lem 
q ueries.  
W hen using c ursor logic ,  c hoose the c ursor that is appropriate for the type of proc essing you intend to do. Different 
types of c ursors c ome with v arying c osts. Y ou should understand what types of operations you intend to perform ( read-
only,  forward proc essing only,  and so forth)  and then c hoose your c ursor type ac c ordingly.  
L ook  for opportunities to reduc e the size of the resultset b eing returned b y eliminating c olumns in the selec t list that do 
not need to b e returned,  or b y returning only the req uired rows. T his helps reduc e I / O  and C P U  c onsumption.  
Using Multiple Statements  
Y o u  c a n  r e d u c e  t h e  s i z e  o f  y o u r  r e s u l t s e t  a n d  a v o i d  u n n e c e s s a r y  n e t w o r k  c o m m u n i c a t i o n s  b e t w e e n  t h e  c l i e n t  a n d  y o u r  
d a t a b a s e  s e r v e r  b y  p e r f o r m i n g  t h e  p r o c e s s i n g  o n  t h e  d a t a b a s e .  T o  p e r f o r m  p r o c e s s e s  t h a t  c a n n o t  b e  d o n e  u s i n g  a  
s i n g l e  T r a n s a c t -S Q L  s t a t e m e n t ,  S Q L  S e r v e r  a l l o w s  y o u  t o  g r o u p  T r a n s a c t -S Q L  s t a t e m e n t s  t o g e t h e r  i n  t h e  f o l l o w i n g  
w a y s .   

G r o uping meth o d  D esc r iptio n 
B a t c h e s  A  b a t c h  i s  a  g r o u p  o f  o n e  o r  m o r e  T r a n s a c t -S Q L  s t a t e m e n t s  s e n t  f r o m  a n  a p p l i c a t i o n  

t o  t h e  s e r v e r  a s  o n e  u n i t .  S Q L  S e r v e r  e x e c u t e s  e a c h  b a t c h  a s  a  s i n g l e  e x e c u t a b l e  
u n i t .  

S t o r e d  p r o c e d u r e s  A  s t o r e d  p r o c e d u r e  i s  a  g r o u p  o f  T r a n s a c t -S Q L  s t a t e m e n t s  t h a t  h a s  b e e n  p r e d e f i n e d  
a n d  p r e c o m p i l e d  o n  t h e  s e r v e r .  T h e  s t o r e d  p r o c e d u r e  c a n  a c c e p t  p a r a m e t e r s ,  a n d  
c a n  r e t u r n  r e s u l t  s e t s ,  r e t u r n  c o d e s ,  a n d  o u t p u t  p a r a m e t e r s  t o  t h e  c a l l i n g  
a p p l i c a t i o n .  

T r i g g e r s  A  t r i g g e r  i s  a  s p e c i a l  t y p e  o f  s t o r e d  p r o c e d u r e .  I t  i s  n o t  c a l l e d  d i r e c t l y  b y  
a p p l i c a t i o n s .  I t  i s  i n s t e a d  e x e c u t e d  w h e n e v e r  a  u s e r  p e r f o r m s  a  s p e c i f i e d  
m o d i f i c a t i o n  ( I N S E R T ,  U P D A T E ,  o r  D E L E T E )  t o  a  t a b l e .  

S c r i p t s  A  s c r i p t  i s  a  s e r i e s  o f  T r a n s a c t -S Q L  s t a t e m e n t s  s t o r e d  i n  a  f i l e .  T h e  f i l e  c a n  b e  u s e d  
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T h e  f o l l o w i n g  S Q L  S e r v e r  f e a t u r e s  a l l o w  y o u  c o n t r o l  t h e  u s e  o f  m u l t i p l e  T r a n s a c t -S Q L  s t a t e m e n t s  a t  a  t i m e .   

Reusing Execution Plans 
P e r f o r m a n c e  g a i n s  c a n  b e  r e a l i z e d  w h e n  S Q L  S e r v e r  i s  a b l e  t o  l e v e r a g e  a n  e x i s t i n g  e x e c u t i o n  p l a n  f r o m  a  p r i o r  q u e r y .  
T h e r e  a r e  a  n u m b e r  o f  t h i n g s  t h e  d e v e l o p e r  c a n  d o  t o  e n c o u r a g e  S Q L  S e r v e r  t o  r e u s e  e x e c u t i o n  p l a n s .  T r a n s a c t -S Q L  
s t a t e m e n t s  s h o u l d  b e  w r i t t e n  a c c o r d i n g  t o  t h e  f o l l o w i n g  g u i d e l i n e s .   
� U s e  f u l l y  q u a l i f i e d  n a m e s  o f  o b j e c t s ,  s u c h  a s  t a b l e s  a n d  v i e w s .  

F o r  e x a m p l e ,  d o  n o t  c o d e  t h i s  S E L E C T :   
SELECT * FROM Shippers WHERE ShipperID = 3 
Instead, using ODBC as an example, use the SQLBindParameter ODBC f unc tio n:   
SELECT * FROM N o rt hw in d . d b o . Shippers WHERE ShipperID = 3 

� U se par ameter iz ed q uer ies, and supply  the par ameter  v alues instead o f  spec if y ing sto r ed pr o c edur e par ameter  
v alues o r  the v alues in sear c h c o nditio n pr edic ates dir ec tly .  U se either  the par ameter  sub stitutio n in 
s p _ ex ec u tes q l  o r  the par ameter  b inding o f  the A DO, OL E  DB, ODBC, and DB-L ib r ar y  A P Is.  
F o r  example, do  no t c o de this S E L E CT :   
SELECT * FROM N o rt hw in d . d b o . Shippers WHERE ShipperID = 3 
Instead, using ODBC as an example, use the SQLBindParameter ODBC f unc tio n to  b ind the par ameter  mar k er  ( ? )  
to  a pr o gr am v ar iab le and c o de the S E L E CT  statement as:   
SELECT * FROM N o rt hw in d . d b o . Shippers WHERE ShipperID = ?  

� In a T r ansac t-S Q L  sc r ipt, sto r ed pr o c edur e, o r  tr igger , use s p _ ex ec u tes q l  to  exec ute the S E L E CT  statement:  
DECLA RE @ In t V a ria b l e IN T 
DECLA RE @ SQ LSt rin g  N V A RCHA R( 5 0 0 )  
DECLA RE @ P a rm Def in it io n  N V A RCHA R( 5 0 0 )  
/ * B u il d  t he SQ L st rin g .  */  
SET @ SQ LSt rin g  = 
N ' SELECT * FROM N o rt hw in d . d b o . Shippers WHERE ShipperID = @ ShipID'  
/ * Spec if y  t he pa ra m et er f o rm a t  o n c e.  */  
SET @ P a rm Def in it io n  = N ' @ ShipID in t '  
/ * Ex ec u t e t he st rin g .  */  
SET @ In t V a ria b l e = 3 
EX ECU TE sp_ ex ec u t esq l  @ SQ LSt rin g ,  @ P a rm Def in it io n ,  
@ ShipID = @ In t V a ria b l e 

s p _ ex ec u tes q l  is a go o d alter nativ e w hen y o u do  no t w ant the o v er head o f  c r eating and maintaining a separ ate sto r ed 
pr o c edur es.   
R eu s ing  E x ec u tio n Pl ans  f o r Batc h es   
If  multiple c o nc ur r ent applic atio ns w ill exec ute the same b atc h w ith a k no w n set o f  par ameter s, implement the b atc h as 
a sto r ed pr o c edur e that w ill b e c alled b y  the applic atio ns.   
W hen an A DO, OL E  DB, o r  ODBC applic atio n w ill b e exec uting the same b atc h multiple times, use the 
P R E P A R E / E X E CU T E  mo del o f  exec uting the b atc h.  U se par ameter  mar k er s b o und to  pr o gr am v ar iab les to  supply  all 
needed input v alues, suc h as the expr essio ns used in an U P DA T E  V A L U E S  c lause o r  in the pr edic ates in a sear c h 
c o nditio n.   

as input to  the o s q l  utility  o r  S Q L  Q uer y  A naly z er .  T he utilities then exec ute the 
T r ansac t-S Q L  statements sto r ed in the f ile.  

F eatu re D es c rip tio n 
Co ntr o l-o f -f lo w  statements A llo w  y o u to  inc lude c o nditio nal lo gic .  F o r  example, if  the c o untr y  is Canada, per f o r m 

o ne ser ies o f  T r ansac t-S Q L  statements.  If  the c o untr y  is U . K . , do  a dif f er ent ser ies o f  
T r ansac t-S Q L  statements.  

V ar iab les A llo w  y o u to  sto r e data f o r  use as input in a later  T r ansac t-S Q L  statement.  F o r  
example, y o u c an c o de a q uer y  that needs dif f er ent data v alues spec if ied in the 
W H E R E  c lause eac h time the q uer y  is exec uted.  Y o u c an w r ite the q uer y  to  use 
v ar iab les in the W H E R E  c lause, and c o de lo gic  to  f ill the v ar iab les w ith the pr o per  
data.  T he par ameter s o f  sto r ed pr o c edur es ar e a spec ial c lass o f  v ar iab les.  

E r r o r  handling L ets y o u c usto miz e the w ay  S Q L  S er v er  r espo nds to  pr o b lems.  Y o u c an spec if y  
appr o pr iate ac tio ns to  tak e w hen er r o r s o c c ur , o r  display  c usto miz ed er r o r  messages 
that ar e mo r e inf o r mativ e to  a user  than a gener ic  S Q L  S er v er  er r o r .  
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Maintaining Statistics on Columns 
SQL Server allows statistical information regarding the distribution of values in a column to be created even if the 
column is not p art of an index .  T his statistical information can be used by  the q uery  p rocessor to determine the op timal 
strategy  for evaluating a q uery .  W hen y ou create an index ,  SQL Server automatically  stores statistical information 
regarding the distribution of values in the index ed column( s) .  I n addition to index ed columns,  if the 
A U T O _ C R E A T E _ ST A T I ST I C S database op tion is set to O N  ( which it is by  default) ,  SQL Server automatically  creates 
statistics for columns that get used in a p redicate even if the columns are not in index es.   
A s the data in a column changes,  index  and column statistics can become outdated and cause the q uery  op timiz er to 
mak e less-than-op timal decisions about how to p rocess a q uery .  P eriodically ,  SQL Server automatically  up dates this 
statistical information as the data in a table changes.  T he samp ling is random across data p ages,  and tak en from the 
table or the smallest nonclustered index  on the columns needed by  the statistics.  A fter a data p age has been read from 
disk ,  all the rows on the data p age are used to up date the statistical information.  T he freq uency  at which the statistical 
information is up dated is determined by  the volume of data in the column or index  and the amount of changing data.   
F or ex amp le,  the statistics for a table containing 1 0 , 0 0 0  rows may  need to be up dated after 1 , 0 0 0  index  values have 
changed because 1 , 0 0 0  values may  rep resent a significant p ercentage of the table.  H owever,  for a table containing 1 0  
million index  entries,  1 , 0 0 0  changing index  values is less significant,  and so the statistics may  not be automatically  
up dated.  SQL Server,  however,  alway s ensures that a minimum number of rows are samp led;  tables that are smaller 
than 8  M B  are alway s fully  scanned to gather statistics.   
Note O utdated or missing statistics are indicated as warnings ( table name in red tex t)  when the ex ecution p lan of a 
q uery  is grap hically  disp lay ed using SQL Query  A naly z er.  A dditionally ,  monitoring the M i s s i n g  C ol u m n  S tati s ti c s  
event class using SQL P rofiler indicates when statistics are missing.   
Statistics can easily  be created on all eligible columns in all user tables in the current database in a single statement by  
using the s p _ c r eates tats  sy stem stored p rocedure.  C olumns not eligible for statistics include nondeterministic or 
nonp recise comp uted columns,  or columns of i m ag e ,  tex t ,  and n tex t data ty p es.   
C reating statistics manually  allows y ou to create statistics that contain multip le column densities ( average number of 
dup licates for the combination of columns) .  F or ex amp le,  a q uery  contains the following clause:   
WHERE a = 7 and b = 9 

C reating manual statistics on both columns together ( a ,  b)  can allow SQL Server to mak e a better estimate for the 
q uery  because the statistics also contain the average number of distinct values for the combination of columns a and b .  
T his allows SQL Server to mak e use of the index  ( p referably  clustered in this case) ,  if it is built on col1  rather than 
needing to resort to a table scan.  F or information on how to create column statistics,  see the top ic " C R E A T E  
ST A T I ST I C S"  in SQL Server B ook s O nline.   
Finding More Information  
� SQL Server Books Online provides information on SQL Server architecture and database tuning along with complete 

documentation on command sy ntax  and administration.  SQL Server Books Online can be installed from the SQL 
Server installation media on any  SQL Server client or server computer.   

� F or the latest information on M icrosoft SQL Server,  including technical papers on SQL Server,  visit the public 
M icrosoft SQL Server W eb sites at:  
http: / / www. microsoft. com/ sq l  
http: / / www. microsoft. com/ technet/ prodtechnol/ sq l  
http: / / msdn. microsoft. com/ sq lserver  

� A n ex ternal resource that provides good information in the form of a periodical can be found at 
http: / / www. sq lmag. com .  Y ou will find many  optimiz ation and tuning hints,  code samples,  and insightful articles 
outlining the internal workings of SQL Server and other valuable information.   

� D elaney ,  K alen &  Soukup,  R on.  I nside M icrosoft SQL Server 2 0 0 0 ,  M icrosoft P ress,  2 0 0 1 .  
T his book updates the previous version ( I nside M icrosoft SQL Server 7 . 0 )  with information for SQL Server 2 0 0 0 .  
T his book delves into many  of the internal concepts of SQL Server that cannot easily  be found elsewhere.   

� K imball,  R alph.  T he D ata W arehouse Lifecy cle T oolkit,  J ohn W iley  and Sons,  1 9 9 8 .  
T his is considered by  many  to be one of the best data warehousing how-to books written on the subj ect.  I t provides 
ex cellent insight into data warehouse database design and does a great j ob of ex plaining dimensional modeling 
concepts.   

� C elko,  J oe.  SQL for Smarties .  M organ K aufmann,  1 9 9 9 .  
T here is some very  helpful information in this book.  C ontains solutions to common problems such as representing 
and q uery ing hierarchical data.  C hapter 2 8  is dedicated to optimiz ing SQL q ueries.   

T he information contained in this document represents the current view of M icrosoft C orporation on the issues 
discussed as of the date of publication.  Because M icrosoft must respond to changing market conditions,  it should not be 
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interpreted to be a commitment on the part of M icrosoft,  and M icrosoft cannot guarantee the accuracy  of any  
information presented after the date of publication.   
T his white paper is for informational purposes only .  M I C R OSOF T  M A K E S N O W A R R A N T I E S,  E X P R E SS OR  I M P LI E D ,  A S 
T O T H E  I N F OR M A T I ON  I N  T H I S D OC U M E N T .   
C omply ing with all applicable copy right laws is the responsibility  of the user.  W ithout limiting the rights under 
copy right,  no part of this document may  be reproduced,  stored in or introduced into a retrieval sy stem,  or transmitted 
in any  form or by  any  means ( electronic,  mechanical,  photocopy ing,  recording,  or otherwise) ,  or for any  purpose,  
without the ex press written permission of M icrosoft C orporation.   
M icrosoft may  have patents,  patent applications,  trademarks,  copy rights,  or other intellectual property  rights covering 
subj ect matter in this document.  E x cept as ex pressly  provided in any  written license agreement from M icrosoft,  the 
furnishing of this document does not give y ou any  license to these patents,  trademarks,  copy rights,  or other intellectual 
property .   
©  2 0 0 1  M icrosoft C orporation.  A ll rights reserved.   
M icrosoft,  M S-D OS,  W indows,  and W indows N T  are either registered trademarks or trademarks of M icrosoft C orporation 
in the U nited States and/ or other countries.   
T he names of actual companies and products mentioned herein may  be the trademarks of their respective owners.   
 

Sen d  feed b ac k  to M ic rosoft 
©  2 0 0 4  M i c rosoft C orp oration .  A l l  rig h ts reserv ed .  
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