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O tcejb - rO ei nted Progr ma ming wi ht  C#: oF rms Defining fo  t eh  C# Class, feD i in tio  n  
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S oppu r ,t  aC sting Betwe ne   .  
 
PART – B  
 
 
 

eD pt. fo  TIBJS,ESI  egaP  1 



C# dna  mmargorP TEN. i gn  I60 S  167  
 

NU IT – 5 6 H uo rs  
cxE e itp ons and Object iL fetim :e  O ed  to Errors, Bugs, and Exc itpe ons, The R elo  o  f  

. EN T Ex pec tion dnaH i gn , ht e System. Ex pec t oi n saB e ssalC , Throwi gn  a eG n ire c  
Ex tpec i ,no  hctaC i gn  Ex ec p it o ,n  C RL  S etsy m – eveL l Excep it (no System. System  
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nildnaH g M tlu iple Excep it on, T eh  imaF ly kcolB , ht e tsaL  Cha cn e ecxE p it no   
D ny a lacim ly tnedI ifying Ap oitacilp n – dna  S metsy  Le lev  Excep it on eD bugg ni g  
System Exception sU i gn  VS. EN T, nU d sre tan id ng bO j tce  emitefiL , ht e CIT o  f  
n“ e ’w , T eh  aB s ci s of Garbage Collection,, Finalization a T py e, The Finalization  
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NU IT – 6 6 H uo rs  
etnI fr ac se  na d C lo lections: Defining nI et rfaces Using C# Invoking I tn erface Members  

at ht e object Level, Ex cre i is gn  ht e Sha ep s eiH rar hc y, dnU ersta idn ng E lpx icit  
etnI rf ca e Implementati no , I tn erfaces sA  Poly om rphic Agent ,s  Buildi gn  nI te fr ace  
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nu d re s at nd ni g the IC no ev rt bi le Interf ca e, Building a C su tom En emu r ta or ( nEI u em r ba le  
na d nE u tarem or), uB ilding Clo baen le  

stcejbo  )elbaenolCI( , dliuB ing Comp ara ble Objects ( I Compa ar lb e ), E px ol ri gn   
the syst me . Co cell it no s Na ,ecapsem  B liu ding a Cu ts om Container (R te r fo itting the  
Cars Ty ep )  .  
 

NU IT – 7 8 H uo rs  
Ca abll ck I etn r caf es, Deleg ta es, a dn  Eve tn s, Adv cna ed ceT nh iques: nU d re ts a dn ing  

aC l kcabl  etnI r ,secaf  Und natsre d ni g eht  .N TE  Delegate Type, Mem sreb  of System.  
itluM c sa t ,etageleD  The Simp tsel  P so is ble tageleD e Exa pm le, , B dliu ing More a  

alE bo etar  D ele ag te Exampl ,e  U dn e tsr a dn ing sA ynchro uon s Deleg eta s, U dn e sr t na di gn   
a( nd sU i gn ) vE ents  .  

T eh  Ad secnav  Ke sdrowy  of C#, A aC talog of #C  Ke rowy ds Bui idl ng a C su to  m  
,rexednI  A noitairaV  of t eh  sraC  nI dex re  In et r lan  eR p neser tation of T py e Indexer  .  

Usi gn  C# In ed xer rf om VB .N TE . vO erlo ida ng ope ar t ro s, The nI t re nal R erpe senta it on  
of aolrevO d ni g Opera ot rs, etni r nitca g iw th O ev lr oad pO erator orf m vO er aol ded-  
O ep r ta ro - Ch la le gn ed naL ug ga se , Cr tae ni g uC stom C revno si no  uoR tines, nifeD in  g  

cilpmI ti  srevnoC i no  Routines, T eh  In ret an l peR resentat noi s of uC stoms Con ev rsion  
R uo enit s  
 

INU T – 8 6 oH u sr   
U redn st idna ng . EN T Assembles: rP oblems w ti h alC ssic C MO  niB ar ,sei  An vO e vr iew  
of EN. T Assembly, uB ilding a Si pm le File Test Asse bm ly, A C#. ilC ne t A pp lication,  
A Vi us la  aB sic .NET eilC nt pA acilp it on, rC o ss  Language I hn e ir tance, E px l iro ng the  

aC r iL brary’ ,s  Manife ts , xE plo nir g ht e aC r iL b ar ry’s T epy s, dliuB i gn  t eh  M lu ti if le  
messA bl ,y  U is ng Asse bm l ,y  Underst na din  g  

P etavir  Asse ilbm e ,s  Pro gnib  for P avir te ssA emb il es (T eh  Basics), Pr avi te Assemblies  
XML gifnoC ru ta ions iF el s, iborP ng rof  rP iva et  Ass bme lies ( T eh  eD t )slia ,  

nU d natsre d ni g S erah d Assembly, nU d sre ta dn ing S ah er d Names, Build ni g a  
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erahS d Assembly, U edn rs at n nid g D ale y Signing, Installing/Removing Shared  
As es m lb ,y  Using a S ah red Assembly  
 
Text kooB :s   
1. An rd ew T :nesleor  P or  C# wi ht  EN. T 3. ,0  4th Edi it o ,n  Wiley In id a, 2009.  
Ch retpa s: 1 to 11 (up ot  pp. 963 )  
2. E. urugalaB samy: P gnimmargor  in ,#C  2 dn  Ed iti on, T ata  M Gc raw Hill, 20 40  .  
(Pro gnimmarg  Examples .3 ,7  .3 1 ,0  5.5 , .6 1, 7 ,2.  7.4, 7 5. , ,6.7  ,1.8  ,2.8  8.3, 8 ,5.  .8 7  ,  
8 ,8.  .9 1, 9 ,2.  .9 ,3  .9 4, 10.2, 10 ,4.  11.2, .11 4, 1 1.2 , ,4.21  12 ,5.  12.6, .31 1, 13 2. , 13.3  ,  

.31 ,6  14.1, 14.2, 14.4, 15.2, 15 ,3.  61 .1, 16.2, 16.3, 18.3, 18.5.18.6)  
 

feR ere cn e Book  :s  
1. Tom Archer: Inside #C , PW  P lbu is eh r ,s  02 10  .  
2. He br ert S tdlihc : #C  The Com lp te e Re ef r ne c ,e  T ata  Mc rG aw Hill, 2 00 4.  
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2.1  ehT  TEN.  S tulo i ,no   
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1.1 U dn ersta gnidn  the rP ve i uo s tS ate fo  Affairs  

erofeB  gninimaxe  eht  scificeps  fo  eht  TEN.  u vin esre , it’s pleh f lu  ot  noc s edi r mos e of  
eht  seussi  taht  mo it vated ht e genesis of Microso tf ’s cu rr ne t lp atform. To eg t in  eht  

p or ep r im nd- es ,t  le ’t s geb in this tpahc er htiw  a b ir ef and pa elni ss sih tory el sson ot   
mer e bm er ruo  stoor  a dn  dnu e dnatsr  eht  li im at it no s of ht e previo su  state of aff ia sr   

etfa( r a ,ll  da ttim ni g you have a problem is the first s et p to aw rd fin id gn  a os lu it o )n .  
Af et r c mo lp e it ng this quick t uo r of l efi  as ew  knew it, we ut rn uo r atten it on to t eh   

un m re ous eb nef ti s provi ded  by C# and t eh  .NET lp atform.  

L efi  sA  a 23niW/C  IPA  rgorP a remm   
noitidarT a yll  gnikaeps , de gnipolev  os ftw ra e of r eht  wodniW s af m li y of epo rat ni g  

smetsys  devlovni  gnisu  eht  C gnimmargorp  gaugnal e in conj cnu it no  iw th t eh   
wodniW s cilppa a noit  rgorp a gnimm  i tn erface A( P )I . Wh li e ti  is true t ah t un m re o  su  

ppa cil a it sno  evah  b ee n su cc ess uf ll y cr ae t de  su ni g iht s it me-honor de  pa p or a hc , few fo   
su  w uo dl  di as g er e t ah t ub li ding a pp il ca oit ns su i gn  the raw API is a oc m lp e  x  

dnu e nikatr g.  
ehT  tsrif  uoivbo s borp el m si  ht ta  C si  a ev ry te sr e la ugn a eg . C deve ol pers a er  fo decr  to  
noc t dne  htiw  launam  me yrom  ganam e nem t, gu ly pointer a tir hmetic, and ug yl   

atnys c cit al c sno t tcur s  . ruF  ther om re, gi ev n t ah t C is a structu der  l na g au ge, ti  l ca ks t eh   
eb nef ti s pr vo i ed d yb  the obj ce t- ro i ne t de  app aor ch c( an any no e as y spaghe tt i oc de?)  
hW en you oc mb ni e the t oh u nas ds of lg obal cnuf it ons and data types de if ned by the  

Win 23  PA I to an already for im dable langu ga e, it is l tti le w no der that ht ere a er  so m  yna  
ggub y ppa il ca it no s fl ao nit g ar uo nd today.  

efiL  sA  a CFM/++C  rgorP a remm   
nO e av st mi orp ev m ne t evo r ar w C A/ PI develop tnem  is the use of the +C +  

pr go ar imm ng al nguage. nI  many w ya s, C ++  ac n be thou hg t of as an bo j ce t- ro iented  
eyal r on t po  fo  C. ,suhT  even th uo gh C ++  orp grammers eb nef ti  rf om the fam de   

“pillars of OO ”P  (encapsulation, inher ti ance, dna  ylop morphis ,)m  t eh y are sti ll  at the  
crem y of ht e pa ni ful as ep cts of the C language (e.g ,.  ma un al memory ma gan eme tn ,  
ylgu  retniop  a ,citemhtir  dna  u ylg  s ny t itca cal noc rts tcu s). D pse ti e its c lpmo xe ti y,  

m na y +C + frameworks exist to ad y. For ex pma le, the Micr so oft F oitadnuo n C al sess   
)CFM(  sedivorp  ht e deve epol r w ti h a set of C ++  c al ss es taht  icaf li at te eht  oc nst cur it no   

of Wi 23n  app il ac it no s. ehT  main r lo e fo  M CF  si  to w par  a “ as ne subs te ” of the raw  
Wi 23n  API b he ni d a un m reb  of c al ss e ,s  m ga ic ma rc os, and num suore  oc de- neg e ar it o  n  
t oo ls (aka ziw ards). sseldrageR  fo  eht  lufpleh  ecnatsissa  dereffo  eht yb  CFM   krowemarf  

sa(  llew  sa  ynam  oth re  ++C - sab ed win od wi gn  toolki st ), the fact of the mat et r is t ah t  
+C + rp ogra imm ng remains a id ffi uc lt a dn  e rr or-p or ne e epx r ei nc ,e  given its his ot rical  

or ots in C.  
 
L efi  sA  a usiV al Ba is c 6.0 Programmer  

euD  ot  a heartfelt ed sire to e jn oy a simp el r life ts yle, many progra mm e sr  ha ev  hs if et d  
awa y f mor  the ow rld of C( )++ -based f ar me ow skr  to ik nder, ge ltn er lan aug g se  such sa   

lausiV  B cisa  .6 0 (VB6). V 6B  is popular eud  to ti s ba tili y to ub li d com lp ex use  r  
interfac se , code il b ar r ei s (e.g ,.  COM es rv re ,)s  and data a cc e ss  l go ic w ti h im nimal uf ss  

dna  b to her. Even om er  than MF ,C  VB6 ih d se  t eh  complex ti i se  of t eh  raw Win32 AP  I  
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from iv ew using a num eb r of integr ta ed code wizards, intri sn ic ad ta t py es, class se , dna   

BV - cificeps  f nu tc snoi .  
ehT  rojam  down llaf  of VB6 (w cih h has b nee  re itc fi de  ig ven the advent of iV aus l cisaB   

. )TEN  si  taht  ti  si  not a lluf y tcejbo - eiro nted l ugna age; r hta re , it si  ejbo“ ct a aw r ”.e  oF r  
xe a elpm , V 6B  seod  not a ll ow the prog ar mmer to esta lb ish “is-a” er la oit ns pih s eb tw nee   

t py es (i.e ,.  on  c al ss ical i hn er ti ance) and h sa  no in irt nsic sup trop  f ro  paramete ir zed  
salc s construct oi n. Mo revoer , BV 6 do ’nse t pr vo i ed  the ba il ti y to bu li d multithr ae ded  
ppa il c ta i sno  unl sse  you are willing to d por  down to l wo -l eve l Wi 23n  PA I ac lls  

hcihw(  si  co xelpm  at b se t a dn  egnad r suo  at wor ts ).  
 
L efi  sA  a EE2J/avaJ  rgorP a emm r  

 retnE J ava . ehT  vaJ a pr rgo a nimm g gaugnal e is a( oml s )t  moc p letel y ejbo ct or ei n det  na d  
sah  sti  syn at c it c ro to s in C++. As am ny fo  you era  a ,eraw  s’avaJ  s ert n tg hs a er  f ra  gr ae ter  
naht  sti  s pu po tr  for pla ft orm in ed pen ed n ec . J ava  (as a lan ug a eg ) cle na s pu  many  
snu a ov ry syn at ctical as ep cts of +C +. avaJ  a( s a lp a oft r )m  prov di es pr rgo a emm rs tiw h  a  
gral e un mb re  of rp e denifed  ”segakcap“  taht  c niatno  av r suoi  ty ep  ed finitions  . sU i gn  the es   

yt p se , avaJ  rp o rg a mm e sr  era  a elb  ot  ub i dl  1“ 0 %0  Pure Ja av ” app tacil io sn  c lpmo ete with  
da abat se c nno itce v yti , mes gas ni g s oppu tr , web-ena lb ed norf t end ,s  na d a rich user  

tni erface. hguohtlA  Ja av  si  a yrev  ele tnag  lan gaug e, no e top enti la  pr melbo  si  ht at us gni   
avaJ  yllacipyt  em a sn  taht  uoy  tsum  esu  vaJ a tnorf - ot - ab ck during t eh  de ev lopme tn   

cyc le. In eff ce t, Java fo fers l tti le hope of langu ga e integration, as this g eo s aga ni st ht e  
rg ain of Ja ’av s pr rami y goal (a single pr go ra imm ng lan ug age for e ev ry en ed). I  n  

,ytilaer  ho ,revew  ereht  era  snoillim  fo  nil se  of ixe s nit g doc e uo t eht er  in the ow rld tha  t  
ow u dl  i ed ally like to oc mm ingle with ne ew r vaJ a c do e. ,yldaS  avaJ  sekam  t sih  at sk  

melborp a it c. Pur  e J  ava i is s mpl ppa ton y r airpo t  rof e m g yna r hpa i ac lly o un r m re ically  
evisnetni  snoitacilppa  eseh  ,sesac  uoy  yam  f dni  J s’ava  noitucexe  ps e de  sevael   

some ht ing to be ed sired)  . A b te ter appr hcao  f ro  su hc  programs would eb  to esu  a  
lo ew r-level l gaugna e ( us hc  sa  C++) w eh re appro rp iate. lA as, w ih el  Java do se  provide  
a li im t de  ab ili ty to a cc ess non-Ja av  AP sI , there si  l ti tle su pp o tr  for true sorc s- al n ug a eg   

oitargetni n.  
 
L efi  sA  a COM rgorP a emm r  
T eh  Com nenop t Object M edo l (COM) w sa  iM rc so oft s’  pr ve ious lppa ica it o  n  

eved lopment framework. OC M is na  arch ti ce ture t ah t says in effe ,tc  “ fI  you bu li d your  
class se  in cca ord na ce w ti h t eh  ur les of C MO , oy u ne d up with a block of uer s ba le  
binary c do e.”  
T eh  be ua ty of a bi an ry COM server is ht at ti  c na  be cca e ss ed in a language- 
i dn ep tnedne  mann re . ,suhT  +C + mmargorp e sr  nac  liub d MOC  cl sa ses ht at can be u es d  
by VB6  . eD hpl i rgorp a mm ers c na  u es  COM classes bu tli  usi gn  C, and so forth  .  

revewoH , sa  oy u yam  eb  a aw ,er  OC ’M s lang gau e dni epe dn ence si  so hwem at mil ited.  
For example, the er  si  no yaw  to deri ev  a new C MO  cla ss  using  
na  nitsixe g OC M alc ss ( sa  C MO  ah s no s pu port for c al ss laci  hni er ti na ce). Rath re , uoy   

m su t m eka  use of the more uc m eb r os me ah“ s-a” rela it ons pih  to r ue se COM class  
t py es.  
A on t reh  b ne ef ti  of COM is ti s loca it no -t ar nspa ner t an ture. Us gni  c urtsno c st  s hcu  as  

cilppa ati no  i ned tifiers (AppID )s , stub ,s  prox ei s, na d t eh  COM nur mit e ne iv ronm ne t,  
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p or g ar mme sr  ac n va io d ht e een d to ow rk w ti h r wa  s stekco , RPC ac lls, na d ehto r wol - 

vel el de at ils. For example, consider the f ollo wi gn   
VB6 COM client c do e:  
' sihT  kcolb  fo  6BV  edoc  nac  etavitca  a MOC  ssalc  nettirw  ni   
' yna  MOC - erawa  ,egaugnal  hcihw  yam  eb  detacol  erehwyna   
' no  eht  krowten  gnidulcni(  ruoy  lacol  )enihcam .  

miD  c sa  ssalCMOCyM   
teS  c = weN  ssalCMOCyM  ' noitacoL  devloser  gnisu  .DIppA  

kroWemoSoD.c   
hguohtlA  MOC  nac  be deredisnoc  a yrev  seccus fs lu  tcejbo  edom l, it is e mertx e yl   

xelpmoc  ednu r t eh  h doo  (at least nu lit  you ha ev  spent m na y months exploring ti s  
plumbi gn —e ps ecially if you h pa pen to eb  a C ++  p or gra mm e )r . oT  eh lp simp il fy ht e  

eved l po ment fo  COM bi an ries, nu rem o su  COM- wa ra e rf owema r sk  ha ev  c mo e in  ot  
etsixe nce. For exam lp e, t eh  cA it ve eT m talp e Li rb ary (ATL) pr sedivo  a ehton r set of ++C   

,sessalc  met p etal s, dna  cam r so  ot  esae  eht  crea oit n of OC M sepyt . aM yn  hto  re  
segaugnal  osla  edih  a doog  trap  fo  eht  MOC  erutcurtsarfni  morf  weiv . Ho evew r  egaugnal ,  

troppus  a enol  si  ton  hguone  ot  edih  eht  c ytixelpmo  of MOC . nevE  nehw  oy u ch oo se a  
ylevitaler  mis ply OC M-a aw re l gna ua eg  such sa  VB6, you are still f ro dec  to contend  

with fragile regis rt ation ne tries dna  numer uo s deploym ne t-relat de  i ss ues (collectivel  y  
et rmed D LL  lleh ).  

 
L efi  sA  a swodniW  AND  orP grammer  

oT  rehtruf  etacilpmoc  ,srettam  ereht  si  a elttil  gniht  dellac  eht  tenretnI . revO  ht e al ts   
lareves  ey ra ,s M ci ro fos t ah s been dda ni g more Inter en t-aw ra e features into ti s fa lim y of  

epo ra nit g s sy tems dna  rp odu tc s. Sad ,yl  b idliu ng a bew  ap lp ic ita on u is ng OC M-b sa e  d  
Win swod  iD str bi uted etni rNet pA p noitacil s etihcrA c ut re (DNA) is also uq i et  co lpm ex.  
Some of this complexity is due to ht e s mi ple af ct that Win od sw  DNA re uq ri es ht e su  e  

fo  nu em r uo s tec lonh go ies and la gn uages A( SP, HTML, XM ,L  JavaScri ,tp  BV Scri tp , and  
COM(+), as well as a d ata  ca cess API us ch as )ODA . One problem is t ah t m yna  of ht e es   
tec nh ol go ies are oc mpletely nu rela et d rf om a syntactic point of view  . oF r exa lpm e,  
aJ v Sa c ir pt has a synt xa  um ch il ke C, whi el  V SB c tpir  is a s sbu et of V 6B . T eh  OC M  

revres s ht at are rc ae ted ot  run u edn r the OC M+ ru itn me have an en it rely d fi f re ent look  
dna  eef l from the SA P pages t ah t invoke th me . hT e er s lu t is a ih lhg y c no f desu  mishmash  

fo  seigolonhcet .  
rehtruF m ,ero  a dn  perh spa  erom  ,tnatropmi  e hca  la gaugn e /dna or te nhc olo yg  ah s its  

nwo  ty ep  tsys em ( ht ta  yam  ool k ton h gni  kil e ehtona s’r  epyt  system). nA  “int” i  n  
Ja av S rc i tp  si  on t quite the same as a “ n Integer” in BV 6.  
 
1.2 The .NET S lo u it on  
So much for the br ei f ih sto yr  l se son. T eh  bo mott  nil e is t ah t il fe as a Wi dn ow  s  
p or g ar mmer h sa  be ne  uot gh. hT e .NET Fram owe rk is a rat eh r radical and bru et -fo cr e  

ppa r ao ch to making uo r l vi se  easier. hT e solution pro op sed by EN. T is C“ hange  
reve yth gni ” yrros( , y uo  c t’na  blame ht e sem s egne r for the mess ega ). sA  you lliw  ees   

gnirud  eht  re redniam  fo  this b oo ,k  t eh  N. ET F ar mework is a co telpm le y new m edo l for  
ub nidli g ys stems on the W ni dows fa im ly of po re ati gn  s sy tems, sa  we ll  as o  n  

num suore  non - ciM r oso ft epo ar gnit  ys ste sm  such sa  aM c OS X and av r suoi  Un /xi L uni x  
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erp vious bullet points, t eh  EN. T pla oft rm ah s not ih ng ot  od  with OC M ( eb yond t eh   
af ct that both f ar m we skro  originat de  from Micros fo t). In fac ,t  the no yl  way .NET and  
OC M epyt s can intera tc  with each to eh r is using the in et r epo r iba l ti y al y .re  

 
1.3 nI tr udo c gni  the B nidliu g B ol skc  of the . EN T  
Platfo mr  (the CLR, CTS, and CL )S   

woN  taht  uoy  wonk  so em  fo  eht  tifeneb s dedivorp  yb  N. E ,T  ’tel s weiverp  ht r ee  key ( dna   
rretni )detale  e ititn se  ht ta  ma ek  ti  lla  p isso lb :e  the LC ,R  C ,ST  a dn  CLS. From  a  

rp o rg am em r s’  po ni t of iv e ,w  .NET ac n be und re stood as a new nur it em  ne vironme tn   
dna  a c mo p evisneher  esab  salc s il bra yr . The run- it me l ya er is p or p lre y refe rr ed to as  

the c nommo  al ugn age tnur i em , or CLR. hT e primary role of the CLR is to lo ac t ,e  load,  
and man ega  .NET types on your behalf. The CLR also at kes care of a un mber of ol w- 
level deta sli  cus h as memory ma gan em ne t dna  perfor im gn  ces ur ti y ch ce ks. nA ot eh r  

ub ilding bl co k fo  the .NET plat of rm is the Comm no  Ty ep  yS stem, or CTS. The CTS  
noitacificeps  fu yll  ed s sebirc  a ll  elbissop  atad  ty ep s and programm gni  c no s tcurt s  

troppus ed yb  t eh  runt emi , spec fi ies woh  the es  e tn i it es ac n tni er tca  htiw  ea hc  hto e ,r   
a dn  deta sli  woh  ht ey a er  represe tn ed ni  eht  EN. T me dat a at  fo amr t (more inf ro am tion  
no  datem a at  tal er ni  siht  hc a )retp .  

rednU s at nd that a ig ven N. TE -a aw re al n ug ga e im ght not su opp rt each and e ev ry  
rutaef e def ni de  yb  the STC . The Common L na gu ga e Spe ic if cation (CLS) is a rela et d  

eps cif ci a it on that ed fin se  a s bu es t of co mm no  types and p or gra imm ng c no structs ht at  
a ll  .NET progra imm ng la gn uages ac n agree on. Thus, if y uo  build .NET types th ta  onl  y  
xe p eso  C SL -comp il ant aef t ru e ,s  you can re ts  sa sured that all .NET-a raw e lang au g se  can  

c emusno  ht em  . ,ylesrevnoC  fi  uoy  ekam  esu  fo  a atad  epyt  ro  gnimmargorp  tcurtsnoc   
taht  is distuo e fo  eht  sdnuob  fo  ht e CLS, you ac nnot ug a ar n et e ht at ve yre  N. ET  

margorp - gnim  egaugnal  nac  in tcaret  tiw h ruoy  TEN.  edoc  yrarbil .  
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noitubirtsid s. oT  tes  ht e sta ,eg  reh e is a uq kci  r nu d wo n fo  os me roc e fe ta eru s pr vo ided  
uoc r et sy of .NET:  

• lluF  oretni p ilibare ty iw th ex itsi ng oc de hT : is si  (of c uo rse) a go do  th gni  . sixE it gn  CO  M  
nib a ir se  c na  co imm n elg  (i.e ,.  inter po ) iw th ne ew r EN. T bi an r ei s and vice ev rsa. oslA ,  

mroftalP  oitacovnI n Ser seciv  (PI ekovn ) a ll ows uoy  ot  ac ll  C- ab s de  il b rar sei  ( ni c gnidul   
eht  niylrednu g IPA  fo  ht e po re nita g ys s met ) rf mo  N. ET doc e.  

• telpmoC e dna  latot  egaugnal  getni ra oit n: ekilnU  ,MOC  TEN.  su opp r st  c or ss- 
egaugnal  natirehni c ,e  sorc s-la egaugn  e noitpecx  ildnah ng, and orc ss- al n ug ag  e  
niggubed g.  

• A common runti em  e gn ni e shared by la l .N TE -aware langu ga es: nO e sa pect of this  
enigne  si  a we ll - ed fi en d s te  of t py es that each EN. T-a aw re al n ug age “und re s at nds.”  

• A ab se lc ass li rb ary: This library provides s eh lter from the oc lpm ex ti i se  of ar w AP  I  
lac ls and reffo s a cons tsi ent obje tc  model used by a ll  . EN T-aw ra e la gn u ga es.  

• No om re COM plum ib ng: CI l aFssa c rot y, IU wonkn n, I psiD a ct h, DI L c do e, a dn  the e iv l  
AIRAV NT c mo p il na t ad ta typ se  ( SB RT , SA RRAEF AY, and so forth) ha ev  no pl ca e in a native  

.N TE  ib nary.  
• A rt uly s mi p fil ied deploym ne t model: Under ,TEN.  eht re is no n ee d to r ge is et r a  
bi an ry u tin   
into t eh  system ger istry  . uF rther ,erom  EN. T al wol s lum tiple ev r is o sn  of the same  

xe ist ni  h mra yno  on a si gn le m ca hine. As you can most il kely ga ht er morf  the  
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T eh  Role of the aB es  Cla ss  Libra eir s  
nI  oitidda n to eht  RLC  dna  CT /S C SL  s icep f ci a snoit , ht e . TEN  platform pr divo se  a sab e  

ssalc  yrarbil  taht  si  aliava ble ot  a ll  N. ET pr go r nimma g la segaugn . Not no ly seod  this  
ba es  cl sa s bil rary en ac sp ulate vari uo s p ir im it ev s us ch as th er a ,sd  if el  in up t/o tu p tu   

/I( O ,)  g cihpar al dner e ,gnir  a dn  aretni c noit  tiw h av r uoi s ext re nal rawdrah e cived es, ub  t  
ti  osla  orp v sedi  oppus rt rof  a rebmun  fo  ecivres s deriuqer  yb  om st laer -worl  d  

itacilppa no s. roF  elpmaxe , ht e esab  cl sa s lib ar seir  ed f ni e pyt se  ht ta  af ic l ti ate batad ase  
,ssecca  amLMX n lupi a it no , programma it c ces ur ti y, dna  the snoc tr cu oit n of web- 

en ba l de  (as we ll  as t dar iti ano l de ks top and c no sole- ab se )d  fr tno  ends  . F or m a ih gh  
leve ,l  you can visua il ze the er la oit hsn ip eb t ew ne  the ,RLC  TC ,S  LC ,S  a dn  ht e base  

alc ss bil rary.  
1.4 hW at #C  Bri gn s to the Ta lb  e  
Gi nev  t ah t . EN T is us hc  a ar di ac l de ap r ut re from previ suo  t ce hn olo ig es, Micr foso t  

sah  ed vel depo  a en w prog ar m im ng lan egaug , C# (p nor ou cn ed “see ”prahs ),  
sp ce ifically for this new platform. C# is a rp ogramm gni  la ugn age th ta  loo sk  ver  y  
sim li ar ( ub t on t i ed nti ac l) to the syntax of Java. ,revewoH  ot  llac  #C  a J ava  r pi -o ff   si  
in ca cu ar te. B to h C# dna  avaJ  are esab d on the synt ca ti ac l constructs of C++. tsuJ  sa   

avaJ  is ni  am ny yaw s a cl ae n de -up ev rsion of C ++ , #C  c na  be viewed as a c el aned-  pu  
versi no  of Java—after a ,ll  they are a ll  ni  t eh  same af lim y fo  l gaugna es  .  
 

ehT  tr tu h of the ttam er is ht at many of C#’s s atny c it c c no st ur cts are m do eled afte  r  
v ra i uo s sa p ce ts of iV s lau  B cisa  6 0.  and C ++  . roF  lpmaxe e, kil e BV 6, #C  troppus s ht e  

noiton  fo  lamrof  epyt  seitreporp  sa(  soppo ed ot  lanoitidart  retteg  dna  rettes  )sdohtem   
dna  eht  ytiliba  ot  ced l era  sdohtem  gnikat  gniyrav  rebmun  fo  gra u em nts (  aiv  
rap a retem  a yarr s)  . iL ke C ,++  C# a oll sw  you to overload ope ar tors, as we ll  as to c aer te  

st ur ctures, enume ar it sno , na d ac ll ba kc  f cnu it ons (via ed legates). uD e to the fact that  
C# is a byh rid fo  numerous l na guages, the re us lt is a pr udo ct that is as s ny tact ci ally  
lc ean— fi  on t cl ae ner—t nah  Ja av , is ba out as s mi ple sa  BV 6, and pr edivo s j su t ba out  
sa  um hc  op wer and flexibi il ty as C++ ( tiw hout ht e a oss cia et d ugly bi st ). nI  a nutshe ,ll   

t eh  C# l na g au ge offers t eh  of ll o iw ng f ae tures (ma yn  of ihw hc  are hs ar de  by other  
.NET-aware program im gn  lan aug ges):  
• No pointe sr  re uq ri e !d  C# gorp rams t py ci ally h eva  no n dee  for direct p tnio er  
m na i up la oit n  

tla( hough you ra e rf ee to drop od wn to that level if a sb olutely necessary).  
• itamotuA c omem ry am n emega nt throu hg  ag rb ega  col tcel i no . neviG  thi ,s  C# seod   

ton  pus  - trop  a led ete .drowyek  
• lamroF  s citcatny  tcurtsnoc s rof  mune e ,snoitar  s erutcurt s, and cl sa s rp ope eitr s  .  
• hT e C++- kil e ab ili ty to vo erl ao d opera ot rs of r a custom type, tiw oh ut the compl xe ity  
(e.g ,.  m ka i gn  sure to “return t* his ot  a ll ow c ah in ni g” is ton  ruoy  borp lem).  
• sA  fo  #C  2 00 ,5  eht  a tilib y to b liu d gene cir  yt p se  and eneg ir c me bm e sr  su gni  a syn at x  

yrev  mis i ral  to +C + te lpm ates.  
• lluF  troppus  rof  tni e afr ce- desab  p rgor amm ni g et c nh i euq s  .  
• Fu ll  roppus t for aspect-ori ne t de  program im gn  A( OP) t nhce iques via a tt r bi utes. ihT s  

arb nd fo  ved e ol p tnem  la ol ws you to sa sign c arah c et ris cit s to pyt es a dn  ieht r me ebm rs to  
rehtruf  yfilauq  ht e ri  beh oiva r  .  
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Pe hr aps the most i pm ortant point to und re s at nd about the C# language shipped  

iw ht  t eh  M ci rosoft . TEN  plat of rm is that ti  can only prod cu e co ed  that can e ex cute  
tiw hin t eh  .NET r nu mit e (you could n ve er use C# to ub ild a an tive COM es rver ro  a  

unm ana ged Win32 API a pp l ci a it on). ffO icially s ep aking, the et rm su de  to desc ir be the  
doc e targe it ng the EN. T run it me is deganam  c edo . ehT  b ni ary u tin  ht at c no t nia s t eh   

ganam ed c do e si  term de  na  sa s me bly erom(  sliated  on assemb il es in j su t a bit).  
C no ev rsely, oc de that onnac t be dir ce lt y host de  by t eh  N. TE  r nu it me is termed  

nu m degana  oc de.  
 
1.5 A idd t noi al .NET-Aw ra e Pr go ra mm ing La ugn ages  
Unde sr t dna  that C# is on t t eh  o yln  lan gaug e at rget ni g the EN. T lp atf ro m. hW en eht   
. TEN  lp a mroft  aw s if r ts  er vea el d to ht e eg ne ar l pu lb ic during the 2 00 0 M ci rosoft  

seforP s anoi l veD el po e sr  efnoC rence (PDC ,)  se ev ral ven od rs annou ecn d t eh y ew re ub sy  
bu li di gn  . TEN -a raw e v noisre s of their er s ep ct evi  co pm i srel  . tA  ht e mit e fo  this wr ti ing,  

zod ens of di ff er ne t al n ug a eg s have undergone .NET en gil htenm ne t. In ad id tion to the  
evif  al nguages that s ih p with Visual Studio 2005 (C#, J#, siV u la  Basic N. ET, aM na deg   

snoisnetxE  rof  ,++C  and ircSJ tp  EN. T ,)  t eh re a er  EN. T oc m elip sr  for S tllam la ,k  OC BOL  ,  
dna  csaP la  t( o an me a fe )w . hguohtlA  t ih s ob ok foc sesu  a( ml tso ) e isulcx ev ly on ,#C  Ta elb   

1-1 stsil  a nu rebm  fo  .N TE -enab el d orp gramming lang egau s and w ereh  to el a nr  m ro e  
tuoba  t meh  od(  eton  taht  eseht  URLs a er  us bj tce  to hc a gn e).  

Ta elb  1-1. A Samp il ng of . TEN -A eraw  rP ogr ma im ng Langu ga es  
. EN T Language eW b iL nk gninaeM  in fiL e  
htt /:p / www o. b nore . hte z c. /h o oreb n. en t  
htt /:p / www u. s .afa a m.f i /l fd / scfd /b soi /  
htt /:p / www n. e boct o c.l om roF  esoht  detseretni  ni  OC B LO  .NET.  
htt /:p / www e. i leff . oc m oF r t oh se i etn res et d in Eiffel .NET.  
htt /:p / www d. a amat n r. o/ fd ro th  
htt /:p / www s. i revl f sor t c. mo / f/11 tn 59 /  
tf n f_59 tro nar _59_ f _ro niw od sa.sw p  

htt /:p / www v. mx- en t oc. m  
 

awa eb esaelP r  e t tah  T ba l 1 e -  1 i on s t xe h ua stive  . N  fo tsil a niatniam setisbew suoremu  
compi el r ,s  no e of hw ci h ow u dl  be  

htt /:p / www d. o tent p ewo r de .co al/m ng egau s psa. x ( ga ain, the e ax ct 
URL is us bject to hc a )egn . I encour ga e you to vis ti  this pag ,e  as you era  us re to find  
many . EN T langua eg s ow rth inves it g ta ing L( I PS  .NE ,T  anyone?).  
 

efiL  ni  a litluM ang egau  dlroW   
As ved e ol pers fi sr t c mo e to dnu sre at nd t eh  l gna u ga e- nga os it c na rut e of EN. T,  
num re ous uq es it sno  arise. The om st preval ne t of eht se questions would have to be, “If  

lla  TEN.  al n egaug s oc mpi el  od wn to ganam‘ ed ,edoc ’ hw y od  ew  n dee  om er  naht  no  e  
”?relipmoc  erehT  era  a ebmun r of ways to na s ew r t ih s q tseu i no . ,tsriF  ew  sremmargorp   

era  a yrev  citrap u ral  tol  hw en ti  oc em s to uo r ciohc e of rgorp ma im ng gaugnal e lesym( f  
)dedulcni . So em  of su  ferp re  lang au g se  f llu  of se im co ol ns and uc lr y rb ekca ,st  tiw h sa  few  

egaugnal  sdrowyek  sa  elbissop . tO h re s e yojn  a egaugnal  taht  reffo s erom  “human- 
”elbadaer  citcatnys  ot k sne  s( uch sa  siV au l cisaB  N. )TE . llitS  ot eh rs may w na t to  
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pemoH a eg  of r itcA ve ebO r no  .NET.  
mfc.prahs_a/lmth_ccm   Homepage for #A   

oF r ht ose in eret sted in Fo tr h .NE .T  
oF r th so e in ret e ets d in oF rtran EN. T.  

Yes, ve en amS l tl alk .NET is availa lb e.  

.NET-awar  e  
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le garev e ht e ri  ma rfni a em  sk lli s wh li e mo gniv  to t eh  N. TE  lp a roft m (via CO OB L N. E )T .  

,woN  eb  tsenoh . fI  tfosorciM  erew  ot  ub i dl  a is ngle o“ fficial” .NET la gn u ga e ht at saw   
ed r evi d morf  eht  B SA IC fa im ly of lan ug a eg s, can you r ae l yl  say a ll  rgorp amm re s  
ow uld be pah py tiw h t ih s choice? Or, if the only “official” .NET language was based o  n  

Fortran syntax, imagine la l the fol sk  uo t  
ereht  ohw  dluow  erongi  TEN.  rehtegotla . esuaceB  eht  TEN.  ur n emit  t'ndluoc  care sel s  
hcihw  egaugnal  aw s used to build a block of m na ag de  cod ,e  .NET pr go ar mm ers c na   

ts ay urt e to their s ny tactic prefe er n ec s, and sha er  the compiled assembl ei s am no  g  
aet mma et s, departments, and ex et rnal o agr ni az it o sn  (r age rdl se s of which N. TE   

l ugna age ot sreh  oohc se to esu ). nA o reht  xe c tnelle  udorpyb tc  of int ge ar gnit  av r uoi s  
. TEN  segaugnal  otni  a elgnis  inu f dei  awtfos re os luti no  is the simple af ct that a ll   

rgorp a imm ng languag se  ah ve their wo n sets fo  streng ht s and we ka -nesses  .  roF  
xe a ,elpm  s emo  mmargorp ni g la gn uages o ff er excellent tni rins ci  s ppu ort rof   

a decnavd  htam ema lacit  orp c se s gni . srehtO  reffo  roirepus  oppus rt for f nani c lai   
,snoitaluclac  lacigol  ,snoitaluclac  noitcaretni  htiw  rfniam a em  oc tupm e ,sr  and so htrof .  

hW en you take ht e s rt eng ht s of a part ci u al r pr argo mm ni g ugnal a eg  a dn  neht  ocni r etarop   
eht  stifeneb  dedivorp  yb  eht  TEN.  ,mroftalp  ydobyreve  sniw . Of cou ,esr  in reality ht e  
ahc n ec s are qu ti e good th ta  you iw ll spend m cu h of y uo r t mi e bu li ding os tf aw er  gnisu   

ruoy  EN. T gaugnal e of c ecioh . Ho ew ,rev  once you learn ht e syntax of no e EN. T  
lang au g ,e  it is ev ry easy to mas et r anoth re . This is al os  uq ite eb neficial, es ep cially to  
t eh  co sn ult na st  of t eh  ow rld. If your l na guage of cho ci e ah ppe sn  to be C#, but you are  

calp ed at a c eil nt s eti  ht at sah  c timmo ted to Visual aB sic EN. T, oy u sh uo ld be able t  o  
srap e ht e xe i ts ni g co ed  body mla ost ni s at nt yl  ( noh se t )!  hw eli  still nitnoc u gni  ot   

egarevel  ht e . EN T Frame ow rk. E hguon  as id.  
 
1.6 An O ev rview of .NET essA m eilb s  
Re rag d sel s of wh ci h EN. T lang au ge you hc soo e ot  rp ogram with, nu derstand that  

sed p ti e the fact ht at .NET binaries take t eh  sa em  file extensi no  as COM es rvers and  
un am nag de  Win32 bin ra ei s . eP hr a  sp  

om st mi por ,tnat  TEN.  anib r sei  od  ton  iatnoc n talp form-sp ce if ci  inst ur c oit ns, ub t rather  
lp ofta rm-agn itso c int emre diate langu ga e (IL) and t py e em tadata. ugiF er  1-2 hs ows the  
ib g picture of ht e story ht us f ra .  

 
 
 
 
 
 
 
 
 
 
 
 
 

erugiF  1-2. lA l TEN. - erawa  srelipmoc  e tim  LI  snoitcurtsni  dna  me at d ata .  
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(*. ld l or xe.* e ,)  eht y h va e absolutely no internal 



 
 
 
 
 
 
 
 
 
 

dnub el d otni  an a ss e bm ly. You liw l exa nim e un m re ous ed ta li s of .NET  
a ess mb il es in Howe ev ,r  to fac tili ate t eh  di ucs ssi no  of the TEN.  run mit e envir no m ne ,t   

uoy  do een d to dnu e tsr and some ab sic pr epo rti se  of this new file form ta . As  
em n it o en d, an a ss embly c no ta ni s LIC  code, which is conceptually imis lar to J va a  

by et co ed  in that ti  is ton  oc mpiled ot  pla oft rm-sp ce i cif  ni struc it no s un lit  absol tu e yl   
necessary. Ty ip ca ll y, “absolute yl  ecen s as r ”y  is t eh  p io nt at which a olb ck of CIL  
instr cu tions s( u hc  as a method imple-  

)noitatnem  si  fer erenc de  of r u es  by ht e N. ET r itnu em .  
In dda iti on to CIL ni str cu it no s, a ess mb il es al os  contain me atadat  t ah t d se cri seb  in  
vivid ed ta li  ht e c rah a iretc s cit s of e ev ry t“ y ep ” l vi ing w ti hin the bi an ry. roF  ,elpmaxe  i  f  

Sp stro Car, eht  t py e tadatem a descr sebi  ed at li s s cu h as  
Spo str Car’s esab  ,ssalc  ihw ch in et fr ca se  are lpmi emented by Sp stro Car (if a yn ), sa  well  
sa  a full desc ir pt oi n of ea hc  mem eb r su opp rted yb  the S rop t aCs r type.  
si  a rd ama cit  pmi or veme tn  to COM type metadata  . As you may al er ady know, COM  

binari se  a er  yt pical yl  d cse ri deb  usi gn  an as cos iat de  t py e l bi rary (which is lit lt e mo er   
t nah  a b ani ry vers oi n of In et rf ca e eD fin ti ion La gn u ga e [I LD ] co ed ). hT e problems with  
COM t py e ni forma it on ra e t ah t ti  is n to  ug arant ee d to eb  p er nes t a dn  t eh  fact t ah t I LD   
oc de ah s no way to ucod m ne t the e tx ernally referen dec  serv re s ht at are r uqe ired for  
eht  corr ce t po era oit n fo  ht e uc rr ne t C MO  server  . In cont ar st, .N TE  metadata is  

a wl ays pr se ent and is automati ac l yl  generated by a given . TEN -aware compi el r.  
iF an lly, ni  dda oiti n to CIL dna  type meta ad ta,a ess mb il se  themsel sev  are also des rc ib de   
su i gn  datem a at , which si  o ff aici lly te demr  a am ni sef t. T eh  mani sef t c tno a ni s  

noitamrofni  tuoba  eht  erruc tn  version of t eh  as es lbm y, uc tl ure informa it no  ( desu  for  
loca il zi gn  stri gn  and mi age re os urces), dna  a il st fo  a ll  extern la ly re ef ren ec d  
sa s me b seil  ht ta  are r uqe ired for proper ex ce ut oi n. Yo ’u ll  ex ma ni e av r uoi s to slo  ht at  
nac  be su ed ot  enimaxe  na  essa m ’ylb s t epy ,s  me dat a ,at  a dn  manife ts  inf ro am ti no  over  

the c uo rse fo  t eh  next wef  chapters.  
 
1.7 S lgni e- iF le a dn  M lu tif li e Assem ilb es  
 
nI  a gr ae t un m reb  of ca ses , there is a s mi ple one-to-one c ro res dnop en ec  eb tween a  

and the bi an ry file ( .* ld l or *. xe e). Th ,su  fi  y uo  are b iu l id gn  a N. TE   
*.dll, ti  is fas e ot  cosi ed r that t eh  ib nary and ht e assembly are o en  dna  ht e sa em  .  

,esiwekiL  fi  oy u a er  bu li d gni  an exe c atu b el  desk 
eb  rrefer ed ot  sa  eht  ass me ylb  sti elf  .  
eT chni ac lly spea ik ng, if an asse bm ly is oc pm o des  of a sin lg e  

have a gnis le- if le messa bly. iS n elg -f eli  ssa e bm l ei s contain all t eh  en c se  
m te ada ta, dna  ass co iat de  m na ifest in an autonomous, s ni gle, we ll -def ni de  p ca ak ge.  
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uoy  evah  a c sal s man ed  

. TEN  metada at   

.NET as es mbly  

pot  a cilpp a ,noit  eht  xe.* e nac  s mi ply  
woh e ,rev  this si  not oc mp yletel  ca cura et .  

.* dll or .* exe module, you  
sary CI ,L   
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toN e erehT  si  eno  tniop  ot  eb  edam  gnidrager  eht  noitaiverbba  I“ L ”.  Du ir gn  the devel po em nt of .  ,TEN  
eht  iffo -  
laic  mret  rof  LI  saw  tfosorciM  emretni di eta  al gn uage M( LIS )  . Ho revew  htiw  eht  lanif  esaeler  fo  ,TEN.  t eh   
mret  saw  degnahc  ot  nommoc  idemretni ate language C( LI ). ,suhT  sa  uoy  daer  t . eh TEN  til era ut re  ,  

dnatsrednu  ht at ,LI  ,LISM  dna  LIC  era  lla  gnibircsed  eht  emas  ytitne tcaxe  . nI  gnipeek  htiw  ht e cu rr ne  t  
olonimret g ,y  I lliw  esu  eht  rbba ive a noit  ”LIC“  ht rou hg uo t ht is txet .  

nehW  a *. ld l or e.* xe has eeb n rc ae ted using a N. ET-aw ra e oc mpil re , t eh  re us itl gn   
m udo le i  s  
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elifitluM  seilbmessa , on ht e o reht  han ,d  era  c opmo es d of nu uorem s N. ET nib ra sei , ae ch  
fo  cihw h is et rmed a ludom e. Wh ne  ub li ding a mu itl f li e a ess mbly, o en  of the es   

m udo les (termed t eh  amirp ry om d lu e) um st oc ntain ht e sa es mbly am ni ef st (and  
sop sibly LIC  ni s snoitcurt  dna  me tadat a f ro  var suoi  yt pes). ehT  rehto  taler ed mo elud s  
tnoc a ni  a eludom  vel el ,tsefinam  IC L, and t py e tem a atad . sA  oy u gim ht susp ce t, ht e  

mirp ary mo lud e od c nemu st  the set of requir de  sec dno ary udom les wi iht n ht e  
ssa e lbm y manifest. S ,o  why wo lu d y uo  choose to create a mu tl ifile ssa embly? W eh n  

oy u ap rt iti on an sa sembly ni ot  discrete m udo el ,s  uoy  dne  up w ti h a om re fl xe ible  
ped l yo m ne t po it on. For e ax elpm , fi  a u es r is er f re en ic gn  a remote ass me b yl  aht t deen s  

ot  be olnwod a ded  otno  sih  ro  reh  cam h ni e, eht  tnur ime iw ll only do lnw dao  the  
er q riu de  modules. ,eroferehT  uoy  era  eerf  ot  tcurtsnoc  ruoy  ylbmessa  ni  hcus  a yaw   

less freq eu ltn y r qe ui der  yt pes (su hc  as a t py e nam de  Ha irDdr v rofeRe m etta r) ra e kep  t  
in a se ap  
nI  noc t sar ,t  if a ll  your t sepy  w re e pl eca d in a sing el -f li e sa es mbly, t eh  e dn  esu r may  

dne  pu  downl dao i gn  a large hc unk of data that is not r ae lly need de  (which is  
oivbo usly a waste of it me). ,suhT  sa  you can es e, an assembly is re lla y a logi  lac  

rg ouping fo  no e or more re tal ed mod lu es that are int ne ded to eb  in iti a yll  deployed  
and vers oi en d as a sin lg e nu it  .  
 
 

.1 8 The Role of the Common Int re m de ia et  Language  
 
Now t ah t oy u have a eb tt er feel for .NET sa s bme li se , let’s xe amine ht e or le fo  the  
common intermediate langu ga e (CIL) in a bit mo er  ed tail. CIL is a l na g au ge that sits  

oba ve a yn  pa tr icul ra  p tal rof m-s ep ci if c instruction es t. R ge ardle ss  of whi hc  N. ET- 
aware lan aug ge y uo  ch oo se, the assoc tai ed c pmo i rel  emits CIL instruc snoit . roF   
xe a elpm , t eh  fo ll owing C# co ed  models a trivial ac lcul ta or. oD n’t co ecn rn uoy r es lf  

with ht e ex ca t nys tax for now, ub t od  no cit e the format of the  
C la c cl sa s: 
//  sc.claC   

gnisu  ;metsyS  
ecapseman  elpmaxErotaluclaC   

{ 
//  sihT  ssalc  sniatnoc  eht  s'ppa  tne yr  .tniop  

cilbup  ssalc   
{ 

citats  diov  )(niaM  
{ 

claC  c = wen  ;)(claC  
tni  sna  84); 

01"(eniLetirW.elosnoC  + 48  si  ,".}0{  ;)sna  
 
//  tiaW  rof  resu  ot  sserp  eht  retnE  yek  erofeb  gnittuhs  .nwod  

Con los e eR. da L (eni ;)  
} 
} 
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t ah t  

etar  dnats - enola  eludom .  

Add() method in the  

ppAclaC   

= ,01(ddA.c  
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//  ehT  #C  .rotaluclac  

cilbup  ssalc   
{ 

cilbup  tni  dA d tni(  ,x  tni  )y  
{ nruter  x + ;y  } 
} 
} 
O cn e ht e C# c lipmo re  ( sc xe.c e) comp li se  ht is os ur ec  co ed  f li e, you end up iw ht   a  
si gn le-f li e * xe. e ssa me ylb  taht  tnoc a ni s a inam ef ts , CIL ni rts cu t oi sn , dna  me dat a at   

gnibircsed  each as cep t of the C la c and C la cApp cl ssa es. roF  example, if you were ot   
epo n ht is assembly us ni g li dasm.e ex  ( axe mined a lttil e lat re  ni  ht is ahc tp er), you  

w uo ld f ni d t ah t t eh  A dd ()me oht d si  repre es nted using  
. p dohtem cilbu  gisybedih  ecnatsni  23tni  23tni(ddA  ,x  23tni  )y  lic  deganam   
{ 
//  edoC  ezis  8 )8x0(  

.m sxa t kca  2 

. tini slacol  ]0[(  23tni  )0000$1$SC  
:0000_LI  1.gradl   
:1000_LI  2.gradl   
:2000_LI  dda   
:3000_LI  0.colts   

IL_ 000 4: .rb s 6000_LI   
:6000_LI  0.coldl   
:7000_LI  er t  

} //  dne  fo  dohtem  ddA::claC   
Don t’  w ro yr  if you ra e unable to make h dae s or tails fo  the r use l nit g CIL for thi  s  
method—w lli  descr bi e ht e ab s ci s of the C LI  pr go ra imm ng al nguage. T eh  po ni t ot   

etartnecnoc  no  is ht at the C# compiler e im ts CIL, not platform-spe ic fic ni s rt uctions  .  
,woN  llacer  taht  siht  si  eurt  fo  lla  TEN. - erawa  srelipmoc . To lli ustrat ,e  a uss me you  

cre ta de  this same a cilpp ita no  isu gn  iV su la  saB ic N. TE  ( BV  .NET ,)  r ta eh r ht an #C   
' bv.claC   

stropmI  metsyS   
 

ecapsemaN  elpmaxErotaluclaC   
' A VB TEN.  'eludoM'  si  a ssalc  taht  ylno  sniatnoc   
' citats  srebmem .  

eludoM  ppAclaC   
buS  )(niaM  
miD  sna  regetnI   
miD  c sA  weN  claC   
sna  = ,01(ddA.c  )48  

01"(eniLetirW.elosnoC  + 48  si  ,".}0{  )sna  
Con los e eR. da L (eni ) 

dnE  buS   
dnE  eludoM   
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claC   

LIC  s hcu  as t eh  fo iwoll gn : 

sA   
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ssalC  claC   
cilbuP  noitcnuF  Add laVyB(  x sA  ,regetnI  laVyB  y sA  )regetnI  sA  regetnI   
nruteR  x + y  

dnE  noitcnuF   
dnE  ssalC   
dnE  ecapsemaN   

fI  oy u exa im en  t eh  IC L of r t eh  Ad (d ) me ,doht  oy u fi dn  s imi lar ins rt u tc ions (s il g th ly  
ewt aked by  

ht e VB . EN T com ip el r):  
. cilbup dohtem  23tni(ddA 23tni ecnatsni  ,x  23tni  )y  lic  deganam   
{ 
//  edoC  ezis  9 )9x0(  

.m sxa t kca  2 

. slacol  tini  ]0[(  23tni  )ddA  
:0000_LI  pon   
:1000_LI  1.gradl   
:2000_LI  2.gradl   
:3000_LI  fvo.dda   
:4000_LI  colts 0.   

IL_ 000 5: .rb s 7000_LI   
:7000_LI  0.coldl   
:8000_LI  ter   

} //  dne  fo  dohtem  ddA::claC   
 

neB efits of IC L  
tA  ht si  p ,tnio  y uo  im g th  eb  ow nderi gn  caxe ylt  w ah t is ag i en d by c ilipmo gn  os urce  

co ed  into CIL ra ht er ht an id re yltc  to a s ep c ifi c ni struc noit  es t. O en  be ifen t si   
la ugn age ni te rg ati no  . sA  you have alr ae dy s ee n, ea hc  TEN. -aw era  compiler pr secudo   

aen rly i ed n it cal CIL i sn tr cu tio sn  . ehT r rofe e, a ll  nal guages era  lba e to ni teract wi ht in a  
we ll -defined binary a er na. ,eromrehtruF  nevig  taht  LIC  si  mroftalp - ,citsonga  eht  TEN.   

krowemarF  flesti  si  mroftalp - ,citsonga  gnidivorp  eht  emas  stifeneb  J ava  srepoleved  evah   
nworg  demotsucca  to ,.e.i(  a s elgni  edoc  esab  gninnur  no  suoremun  gnitarepo  )smetsys .  

nI  fac ,t  reht e si  an tni e lanoitanr  sta dn ard for t eh  C# la ugn a ,eg  dna  a al rge subset fo  the  
.NET platform na d pmi lem ne ta it sno  already xe ist for m yna  non-Wi odn ws epo itar n  g  
ys stems ( rom e iated ls ta  ht e conc ul s oi n of ht si  tpahc re ). nI  tsartnoc  ot  ,avaJ  ,revewoh   

. TEN  swolla  uoy  ot  dliub  snoitacilppa  gnisu  ruoy  augnal eg  fo  eciohc .  
 

oC mp ili ng CIL to lP a ft orm- epS cific In rts uc it ons  
euD  ot  eht  tcaf  taht  as mes b seil  con niat  LIC  urtsni c ,snoit  rehtar  ht an alp tfo mr -s cep i if c  

snoitcurtsni , LIC  edoc  um st be moc p li ed on t eh  f yl  eb fo er  esu . The ent ti y that oc m ip el s  
CIL code i tn o em aningful CPU tsni r cu t noi s is et rmed a uj ts - ni -t mi e (JIT  ) c mo piler,  

cihw h emitemos s seog  yb  eht  rf ie ldn y eman  of tiJ ter. ehT  N. ET ur ntime ne vir mno ent  
segarevel  a IJ T relipmoc  rof  e hca  CPU t ra teg i gn  ht e runti ae,em ch opti zim ed for ht  e  

gniylrednu  lp a roft m. For axe mple, if you era  ub ilding a . EN T app il cation that is to eb   
ped l yo ed to a ah ndheld ed vice s( uch as a Pocket PC), the c ro re ops dn ing iJ tt re  si  we ll   

equipped to r nu  within ol w-memory vne iro mn ent. On eht  rehto  ha dn , if y uo  a er   
de gniyolp  uoy r sa es bm ly to a ba kc -end server ( hw ere memory is seldom an i euss )  ,  
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t eh  Jitt re  w li l eb  opt mi i dez  to f nu cti no  in a high- em om ry e vn i mnor ent  . nI  this way,  

ved elop re s nac  write a single dob y fo  edoc  t ah t nac  be iffe c nei t yl  J TI -co pm i el d and  
exe c detu  on mac ih en s tiw h ffid erent architec ut ser . uF r ,eromreht  as a nevig  rettiJ   

selipmoc  LIC  snoitcurtsni  otni  gnidnopserroc  enihcam  ,edoc  ti  lliw  ehcac  eht  re stlus  ni   
me om ry in a mann re  suit de  ot  t eh  ta tegr  po re gnita  ys stem. nI  siht  ,yaw  fi  a llac  si  edam  ot   
 a met doh  nam de  rP ni tD co mu ne t()  , t  eh C  LI i sn t cur tion  s era  oc pm il de  into platform- 
eps cif ci  ni s urt c snoit  no  ht e if r ts  covni ation a dn  re eniat d in me om yr  for etal r use.  

,eroferehT  eht  txen  emit  irP n Dt uco m (tne ) ac si ll  ,de t eh r  e i  deen on s t  o r oce mpil  e t  eh CIL.  
 

.1  9 hT e R lo e of .NET Type Metadata  
nI  dda iti on to C LI  ins rt cu it no s, a .NET as es lbm y oc tn ai sn  f ,llu  oc mplete, dna  cca u ar te  

met ada ta, ihw ch sebircsed  hcae  a dn  eve yr  ty ep  (c al s ,s  s curt t eru , en mu eratio ,n  a dn  s  o  
)htrof  nifed ed ni  ht e ib nary, as we ll  as t eh  mem sreb  of cae h yt ep  (pr po er it es, met doh s,  

ev ne ts, na d os  on). Th na k uf l yl , it is always t eh  j bo  of t eh  oc mpil re  n( ot t eh   
p or g ar mmer) ot  e tim  t eh  latest dna  gr ae et st yt pe me at - data  . ceB a esu  . EN T met da a at  is  
os  iw cke ld y met ci ulous, sa semblies are oc mpletely self- ed scribing en tit ei s—so m cu h  
,os  in af ct, ht at TEN.  bina ir es h va e no need to be regist re ed into ht e system reg tsi ry. T  o  

lli ustrate ht e format of .NET t epy  met ada t ,a  le ’t s ta ek  a l koo  at the metadata t ah t ha  s  
detareneg  rof  the dA d() me ht do  of the C# C la c class you axe m eni d rp ve i suo ly ( ht e  

met ada ta g ne e ar ted rof  ht e BV  .NET ve sr ion of the A (dd ) me ht od is s imi al r):  
feDepyT  2#  )30000020(   

--- --- - --- -- - ---- - --- - -- -- - ---- -- ---- - --- - ---- - -- --- --- 
yT p NfeD ema : C ucla otal rE max p aC.el lc (0 002 0 300 ) 

Flags ]cilbuP[  ]tuoyaLotuA[  ]ssalC[   
A[ n lCis ssa ] [ eB iFerof e nIdl it] 100( 0 00 10 ) 

sdnetxE  : 10000010  ]feRepyT[  tcejbO.metsyS   
dohteM  1#  )30000060(  

--- --- - --- -- - ---- - --- - -- -- - ---- -- ---- - --- - ---- - -- --- --- 
ddA  0060( 0 00 3) 

[H Bedi y giS ] R[ e Sesu ol ]t  000( 00 0 68 ) 
VR A : 09020000x0   

sgalFlpmI  : ]LI[  ]deganaM[  )00000000(  
Cal nCl v ntn : 

sihTsah   
:epyTnruteR   

2 stnemugrA   
tnemugrA  :1#  
tnemugrA  :2#   

2 sretemaraP   
)1(  nekoTmaraP  : )10000080(  emaN  : x :sgalf  ]enon[  )00000000(  
)2(  maraP nekoT  : )20000080(  emaN  : y :sgalf  ]enon[  )00000000(  

 
eM tadata is u des  yb  un merous asp ce ts of the N. ET ru mitn e vne ir no m ne ,t  sa  we ll  as by  

suoirav  oleved pm ne t t sloo . oF r maxe p ,el  ht e I tn ell neSi se ef uta re pr divo ed yb  iV sual  
oidutS   
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Met doh N ema : 
Flags  P[ u cilb ] : 

[ AFED U TL ] 
 
4I   

I4 
I4 

be ne   



C# dna  mmargorP TEN. i gn  I60 S  167  
 

02 05 is m da e p so sible by er ading an a ss e lbm y s’  met da ata at desi ng  it me  . eM t ada ta is  
also su de  by var oi us ob ej ct browsing u it l ti ies, debugging tools, and the C# compi el r  
ti self. To be s ,eru  metadata is the obkcab ne of un m ore us N. ET t hce nol go ies i cn lu id ng  

remo nit g, re lf ce it no , late nib d ,gni  LMX  bew  es r ,seciv  a dn  ob cej t es ri la iz oita n.  
 
1.10 hT e Role of the sA s me bly Ma in fest  

tsaL  tub  ton  ael st, remember t ah t a EN. T sa s me b yl  la so co atn ins m adate ta t  tah  
sed c sebir  ht e sa es mbly i st elf (tec nh ci ally t re med a finam est)  . Amo gn  hto er ed tail ,s  t eh   

m na ifest od cuments all xe te anr l assemb il se  r uqe i der  by the curr ne t as es lbm y ot   
uf cn oit n c ro cer ,ylt  the a ss e ylbm ’s ve sr ion un mber, copyright ni formati no , and so  

trof h. ekiL  pyt e me ,atadat  ti  si  la ways ht e oj b of ht e comp li er to g ne erate t eh   
as es mbly’s ma in fest. Here are s mo e rel nave t details of the  
CSh pra C cla lu a .rot exe efinam s :t  
. nretxe ylbmessa  bilrocsm   
{ 
. nekotyekcilbup  = 7B(  A7  C5  65  91  43  0E  98  ) 
. rev  0:0:0:2   
} 
. SC ylbmessa rotaluclaCprah   
{ 
. hsah  mhtirogla  40080000x0   
. rev  0:0:0:0   
} 
. exe.rotaluclaCprahSC eludom   
. 00000400x0 esabegami   
. 30000000x0 metsysbus   
. elif  tnemngila  215   
. 10000000x0 sgalfroc   
In a n tu ehs ,ll  this mani ef st d co mu e tn s t eh  il st of xe ternal as es mb il es r uqe ired yb   
CSh pra C cla lu a .rot exe aiv(  the . ylbmessa  retxe n d eri ct evi ) as llew  as av riou  s  

ahc racte tsir ics of the a ss em ylb   

1.11 U dn ersta nidn g the Common Type System  

A g evi n a ss embly m ya  co tn ain a yn  mun eb r of distinct t“ y ep s ”.  In the row dl  of .NET,  
t“ y ep ” is is ylpm  a ireneg c te mr  desu  ot  refer  ot  a bmem er rf om the s te  alc{ s ,s   

rutcurts e, tni e fr a ,ec  e mun e ar tion, led eg ta e}. W eh n you bu li d solut oi ns su ing a N. ET- 
aware l na g au g ,e  you will m so t l ki ely interact iw th ea hc  of these types. roF  examp el ,  
your as es mbly m ya  define a single class that mi plements s mo e nu bm er of interfaces  .  
Pe hr a sp  no e of ht e tni e fr ace ohtem ds ta ek s an en mu e ar tion pyt e as an inp tu   
pa emar et r dna  ter ru ns a ts r cu t eru  to t eh  lac l re . ceR a ll  ht at ht e Com om n yT pe yS stem  
C( TS) si  a formal specification that docu em nts how ty ep s m su t be d fe i den  in edro r to  
eb  oh sted yb  t eh  CLR. yT pic la ly, the only individua sl  who are d pee ly conc re ned htiw   

t eh  i nn er wor ik gn s of t eh  TC S are t esoh  bu li di gn  t oo ls na /d or oc mp li e sr that t egra t ht e  
. TEN  p tal form. tI  is mi op r at n ,t  oh we rev , for all . TEN  p or gra mm ers to lea nr  about oh w  
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to krow  tiw h ht e f vi e t sepy  d fe deni  yb  ht e C ST  in ht e ri  egaugnal  of ciohc e. reH e is  a  

feirb  weivrevo .  
STC  ssalC  Typ  se  

Every .NET-awa er  language suppo tr s, at the very least, t eh  notion of a c al ss type, whic  h  
si  the corn re st no e of object-orient de  p or gram nim g (OOP). A c al ss  m ya  be oc m op se  d  
fo  a yn  rebmun  fo  me rebm s (su hc  as porp ertie ,s  m te h sdo , and e tnev s) and da at  p io nt  s  

dleif( s). nI  ,#C  c al sess  a er  de alc r de  gnisu   
//  A #C  ssalc  epyt .  

cilbup  ssalc   
{ 

cilbup  tni  tni(ddA  ,x  tni  )y  
{ nruter  x + ;y  } 
} 
 
Ta elb  1-2. STC  C ssal  hC tsiretcara ics  

ssalC  tcarahC e ir s cit  gninaeM  ni  Li ef   
sI  eht  ssalc  ”delaes“  ro  ?ton  S ae l de  cl sa ses ac nnot func it on as a ba  es  

c al ss  to oth re  classes  .  
Do se  ht e c al ss  lpmi em ne t yna  in et rfa sec ? An interface is a elloc c noit  of ab ts tcar   

me bm e sr  taht  p divor e a oc n rt act be ewt en  
eht  ejbo ct na d o jb e tc  resu . hT  e  

 
STC  wolla s a salc s to mi plem ne t any number of int re faces.  

Is t eh  class abst car t or oc ncrete? bA s rt act sessalc  tonnac  eb  rid e ltc y erc ate ,d  ub t a  er  
tni e dedn  ot  defi en  com om n eb h va iors for der vi de  yt pes. oC n erc te classes can eb   

creat de  id rec ylt . What is t eh  v“ is ibi til ”y  of t sih  cla ss ? Each cl sa s mu ts  be co fn i ug red  
tiw h a visi ilib ty attri ub te. aB s ,yllaci  th si  tiart  enifed s fi  ht e lc sa s yam  be us de   yb  

lanretxe   
ssa e seilbm , or only rf om tiw hin the de if ning sa sembly (e.g., a p ir vate hel ep r c sal s).  
STC  erutcurtS  T sepy   
ehT  tpecnoc  fo  a erutcurts  si  osla  zilamrof de  rednu  eht  STC . If y uo  ha ev  a C backgroun  ,d  
uoy  dluohs  eb  desaelp  ot  taht wonk  resu eseht - denifed  sepyt  )sTDU(  evah  devivrus  ni   eht  

dlrow  fo  TEN.  hguohtla(  yeht  evaheb  a tib  yltnereffid  rednu  eht  )dooh . ylpmiS  ,tup  a  
rts uc ut re nac  eb  thguoht  fo  sa  a l thgiewthgi  ssalc  epyt  gnivah  eulav - desab  scitnames  . F  ro  

erom  sliated  no  eht  seiteltbus  fo  ,serutcurts  ees  retpahC  3. ,yllacipyT  serutcurts  era  tseb   
tius ed f ro  mode gnil  g oe metric a dn  mat eh ma cit al data, and are created ni   
curts tkeywor :d   

//  A #C  rutcurts e .epyt  
tcurts  tnioP   

{ 
//  serutcurtS  nac  niatnoc  .sdleif  

cilbup  tni  ,soPx  
 

serutcurtS //  nac  niatnoc  deziretemarap  .srotcurtsnoc  
cilbup  tni(tnioP  ,x  tni  )y  
soPx {  = ;x  soPy  = };y  
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//  utcurtS ser  yam  enifed  .sdohtem  

cilbup  diov  )(yalpsiD  
{ 

,}0{("(eniLetirW.elosnoC  ,"}1{  ,soPx  ;)soPy  
} 

STC  ecafretnI  sepyT   
secafretnI  era  n to hi gn  more ht na  a named collection of abs rt a tc  member d ife n ti i no s,  

which m ya  be sup op r det  ( ,.e.i  mi ple em nted) yb  a given cl sa s or st ur erutc . lnU ike CO ,M   
a oc mm no  sab e int re face such as knUI n nwo . nI   ,#C  

ecafretni  sepyt  era  denifed  gnisu  eht  afretni ce yek - row d, for examp el :  
//  A #C  ecafretni  epyt .  

cilbup  ecafretni  warDI   
{ 

diov  ;)(warD  
} 

nO  ht e ri  own, in et rfac se  are of ttil le u es  . How eve ,r  w neh  a cla ss  or str cu ture  
mi pleme tn s a g vi ne  i tn er af ce in ti s nu ique way, you are a lb e to uqer est ac ec ss to t eh   

s pu p il de  fu itcn ano til y isu ng na  ni t cafre e refe cner e in a op yl morphic am nn re .  
 
CTS nE um re ation Types  
Enumera it ons are a dnah y rgorp ma gnim  tcurtsnoc  taht  a ll o sw  y uo  ot  gro  pu  

eulav/eman  sriap . roF  example, as us me you are cr ae it gn  a vi ed o-game pa ilp ac it no  t ah t  
a ll wo s ht e player to sel ce t one of ht ree ahc racter ca et og ries ( ziW ard, Fi hg ter, or Thief).  
Rather t nah  keeping track of raw numeri ac  l  

dluoc  b dliu  a tsuc om enu arem tion using t eh  une m keyword: 
//  A #C  noitaremune  epyt .  

mune cilbup  epyTretcarahC   
{ 

draziW  = ,001  
rethgiF  = ,002  

feihT  = 003   
} 
By d afe u ,tl  ht e s rot age used to oh ld each item is a 32-b ti  ni et ge ;r  h wo e rev , it is op s is bl  e  
to a tl er this s ot ar eg  slot if een d be e( g. ., when pr go ra imm gn  rof  a low-memory device  
su hc  sa  a oP ck te  CP ). lA os , t eh  STC  deman sd  that enumerat de  types ed ri ev  rf mo  a  
oc mm no  esab  class, syS t E.me num . As oy u wi ll  see in ahC p ret  3, this ab se c al ss defines a  

nu ebm r of inte er sti gn  membe sr  ht at a ll ow uoy  to e tx r ca t, mani up l ta e, a dn  nart s of rm  
eht  dnu erl gniy  na em /va ul e riap s rp ogramm acita l yl .  

CTS geleD a et  Ty ep s  
Dele ag set  ra e ht e . EN T equiva el nt of a t epy -sa ef  C-style function op in et r. hT e key  

a .N TE  delegate is a ssalc  ht at deri sev  fr mo   
Sys met . luM it c Dtsa e gel ate , rather th na  a simple op i tn er to a raw em mory ad rd e ss .  nI  

,#C  delega et s ra e ed clar de  using the d gele ate ek yword: 
//  sihT  #C  etageled  epyt  nac  tniop'  'ot  yna  dohtem   
//  gninruter  na  regetni  a dn  gnikat  owt  sregetni  sa  .tupni  

cilbup  etageled  tni  tni(pOyraniB  ,x  tni  ;)y  
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setageleD  era  lufesu  nehw  uoy  hsiw  ot  edivorp  a way of r eno  ne t yti  to of rwa dr  a c lla   ot  
rehtona  ,ytitne  dna  ivorp ed  eht  noitadnuof  rof  eht  TEN.  tneve  erutcetihcra . tageled se   

evah  cisnirtni  oppus rt rof  gnitsacitlum  ,.e.i(  gnidrawrof  a tseuqer  ot  elpitlum  )stneipicer   
dna   

suonorhcnysa  dohtem  snoitacovni .  
 STC T  srebmeM epy  

Now t ah t uoy  evah  rp eviewed ea hc  fo  the yt pes forma il dez  yb  the C ST , r ae il ze ht at  
m tso  yt ep s take na y num eb r of me ebm rs. F mro a ll y speaki gn , a ty ep  member si   

deniartsnoc  yb  eht  set noc{ s rotcurt , ,rezilanif  citats  rtsnoc u tc o ,r  en s det  t py e, ope tar o ,r   
,dohtem  porp e ,ytr  rexedni , ,dleif  daer  ylno  f dlei , constant, ve ne t}. The TC S ed f ni e  s  

av r oi us da“ orn nem ts” that am y be associa et d iw th a ig ven mem eb r. roF  xe ampl ,e  e ca h  
me ebm r has a g evi n iv is bility trait (e.g., p bu lic, pr vi ate, pro et cted, and so for ht )  . Some  
mem eb rs may be d ce al red sa  sba tr ca t to enforce a op lymor hp ic vaheb ior no  ed riv de   
t py es as well sa  autriv l ot  de nif e a c na ned (b tu  ov re ri ad b )el  im lp em ne at t noi . Als ,o   

tsom  srebmem  may be noc figured as sta it c b( o dnu  at t eh  cl ssa  leve )l  or i sn tan ec   
(bound at t eh  o jb ce t le ev l). ehT  noc st ur ction  fo  
t py e mem eb sr  is axe mi den  over t eh  oc u esr  of the n xe t ves e ar l ahc tp ers.  

cisnirtnI  STC  taD a Ty sep   
ehT  lanif  tcepsa  fo  eht  STC  ot  eb  a eraw  of for ht e ti em  nieb g si  ht ta  it e ts ba il s eh s a well  

ed f deni  set of co er  da at  t py es. tlA h guo h a given language typ ci ally ah s a unique  
rowyek d u des  to ed cla er  an intrinsic CTS data t py e, a ll  language k ye ow rds u itl mately  

ssa me ylb  na em d csm or d.bil ll  . redisnoC  lbaT e  
1- ,3  wh hci  cod u stnem  woh  yek  STC  da at  yt pes are pxe er dess  ni  suoirav  . EN T  

ugnal a eg s  .  
 
Ta elb  1-3. ehT  rtnI insic CTS D ata  Types  

 ataD STC T epy  BV  N. ET eK yword #C  eK yword deganaM  snoisnetxE  of r ++C  K wye dro   
Sys met . tyB e yB te tyb e dengisnu  rahc   
Sys met . yBS te S yB te sb ty e dengis  rahc   
Sys met . tnI 16 S oh rt sh ro t trohs   
Sys met . tnI 32 I tn e reg  ni t ni t or gnol   
Sys met . tnI 64 Long long 46tni__   
Sys met . nIU t16 hSU ort u rohs t dengisnu  trohs   
Sys met . nIU t32 nIU t rege  niu t dengisnu  ni tor dengisnu  gnol   
Sys met . nIU t64 oLU ng ul no g dengisnu  46tni__   
Sys met . niS gle niS gle olf at taolF   
Sys met . uoD ble uoD ble uod ble elbuoD   
Sys met . jbO ect jbO ect o jb ect O tcejb ^ 
Sys met . ahC r hC ar ahc r t_rahcw   
Sys met . rtS ing rtS ing s nirt g S gnirt ^ 
Sys met . ceD ami l eD ci am l dec ami l lamiceD   
Sys met . ooB ael n oB ol ae n ob ol looB  
 
1. 21  U edn sr ta dn i gn  the Co mm on Language Sp ce ifi ac oit n  
As oy u era  a ,eraw  fid f tnere  segaugnal  xe p sser  the s ma e orp g ar imm gn  tsnoc r stcu  in  

,euqinu  egaugnal  cificeps  smret . roF  elpmaxe , ni  C# uoy  etoned  s gnirt  netacnoc a noit   
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gnisu  eht  sulp  rotarepo  ,)+(  elihw  in BV  .N TE  uoy  ty ip c lla y am ke use of t eh  am ep r as dn   
(&). nevE  ehw n wt o id s cnit t la segaugn  pxe ser s t eh  same pr go ramma it c idiom (e.g ,.  a  
uf oitcn n tiw h no retu nr  value ,)  t eh  ch na ces are v re y doog  that ht e s xatny  w li l a pp ear  

etiuq  tnereffid  no  eht  :ecafrus   
' BV  TEN.  dohtem  gninruter  gnihton .  

cilbuP  buS  )(dohteMyM   
' emoS  gnitseretni  edoc ...  

dnE  buS   
 
//  #C  dohtem  gninruter  .gnihton  

cilbup  diov  )(dohteMyM  
{ 
//  emoS  gnitseretni  edoc . ..  

} 
As uoy  ah ve a erl a yd  seen, these im on r s ny tactic av riatio sn  ra e in oc sn qe uential in t eh   

. TEN  ,emitnur  g nevi  t tah  ht e ser pe vitc e pmoc i el rs ( bv .c xe e ro  xe.csc e, in  
this ca es ) em ti  a simi al r es t of CIL i sn rt u itc no s. Ho ew v re , l na gua eg s nac  la so d fi fer iw th  

ger a dr  ot  ht e ri  ov re a ll  el vel of functio an il ty. roF  ,elpmaxe  a TEN.  egaugnal  yam  ro  yam   
ton  evah  a drowyek  ot  tneserper  dengisnu  ,atad  dna  yam  ro  yam  ton  troppus  retniop   
epyt s. neviG  eseht  elbissop  ,snoitairav  ti  dluow  eb  laedi  ot  evah  a enilesab  ot  hcihw  a ll   

. TEN - erawa  segaugnal  era  detcepxe  ot  mrofnoc . hT e Co mm no  Langua eg  Sp ce ifica it no   
( SLC ) is a es t of r lu es that ed scr bi e in v divi  deta li  t eh  im in lam  a dn  com lp e et  set  fo  
ef a serut  a vig en .NET-awa er  c ipmo ler must su tropp  to rp o ud ec  code that nac  be  

h so ted by the C RL , wh li e at the as me time be dessecca  in a unif ro m mann re  by all  
l na gu ega s ht at t gra et the N. ET platform  . In m na y w ya s, the LC S ac n be viewed as a  
us bs te  of the full f nu ctiona il yt  defin de  yb  the CTS  .  

The CLS is itlu mately a set of ru el s that compi el r bu li d re s must conform to, if they  
intend their products to cnuf it no  sea lm e ss ly nihtiw  ht e .NET nu ive sr e. E ca h rule is  

ssa igned a s mi p el  name (e.g ,.  “CLS Rule 6”) and describ se  how iht s rule affects ht ose  
w oh  bu li d t eh  c lipmo ers as we ll  as those who (in some w ya ) inte car t htiw  them. The  

emèrc  ed  al  crè em  of the C SL  si  the im thg y Rule :1   
• uR el  1: CLS ru el s pa ply no ly to ht so e ap rts of a type that are expo es d ou ist de ht e  
ed fini gn   

lbmessa y. viG en this rule, oy u can (correctly) ni fer ht at the remaining ru el s of the CL  S  
do n to  app yl  to t eh  ol g ci  used to ub i dl  eht  ni n re  ow r gnik s of a N. ET pyt e. The no  yl  
a eps cts of a t py e t ah t m su t con of rm ot  t eh  CLS a er  the me bm er de tinif i no s  

eht mselv se  .e.i( , nami gn  conve tn i no ,s  parameters, and er ut nr  pyt es). hT e  
mi pleme tn a oit n ol gic for a mem eb r m ya  esu  na y num reb  of on n- LC S t ce hniques  , as  

the outs di e ow rld ’now t k on w ht e di reff e cn e.  
si  ton  SLC - tnailpmoc , sa  eht  para tem e sr  a dn  ter u nr  va ul se  make use of uns gi ned ad ta  

cihw( h is not a requ ri e em nt of ht e LC S :)   
cilbup  ssalc  claC   

{  
//  desopxE  dengisnu  atad  si  ton  SLC  !tnailpmoc  

cilbup  gnolu  ddA ( gnolu  ,x  gnolu  )y   
{ nruter  x + };y  
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} 

,revewoH  fi  uoy  erew  ot  mis p yl  ekam  esu  fo  u ngisn ed atad  etni rn la ly sa  f lo l swo :  
cilbup  ssalc  claC   

{ 
cilbup  tni  tni(ddA  ,x  tni  )y  

{  
//  sA  siht  gnolu  elbairav  si  ylno  desu  ,yllanretni  
//  ew  era  llits  SLC  tnailpmoc .  

gnolu  ;pmet  
...  

nruter  x + ;y  
} 
} 

uoy  evah  llits  demrofnoc  to ht e r lu es of ht e C SL , dna  ac n tser  a ss ur de  ht at all . TEN   
lba e to i vn oke ht e dA d()m hte od. fO  ,esruoc  ni  noitidda  ot  eluR  ,1  eht   

SLC  senifed  uoremun s rehto  selur . roF  exampl ,e  eht  C SL  ed cs ri seb  how a given  
l gna u ega  um st r pe ser ent t xe t strin sg , how e un em itar no s shou dl  be erper sented  
in et rna yll  ( ht e b sa e yt pe us de  for egarots ,)  h wo  to d fe ni e ats tic em m eb r ,s  dna  so for ht .  

,ylikcuL  uoy  t’nod  evah  ot  oc timm  eseht  selur  ot  yromem  ot  eb  a tneiciforp  TEN.   
eved l epo r. ,niagA  yb  dna  ,egral  na  mitni a et  gnidnatsrednu  fo  eht  STC  dna  LC S  

snoitacificeps  si  ylno  fo  tseretni  ot  relipmoc/loot  sredliub .  
 

nE s ru ing CLS Com lp ian ec   
As y uo  iw ll  see over t eh  cou sr e of this book, C# d eo s def ni e a numb re  of pr go ra imm ng  

noc structs that are on t SLC - oc mpliant. The oog d new ,s  howev re , is that you ca  n  
ni struct ht e #C  compiler to hc eck uoy r doc e for SLC  oc pm lia ecn  su i gn  a nis g el  EN. T  
tta r tubi e:  
//  lleT  eht  #C  relipmoc  ot  cehc k rof  SLC  .ecnailpmoc  
a[ s bmes yl : yS ts SLC.me C lpmo i t(tna r eu )] 
 
1.13 hT e Assem lb y/Nam se pace/Type Dis nit ct noi   

hcaE  fo  su  rednu s sdnat  ht e impo tr a cn e of oc ed  il braries. The iop nt of bil ar ir es s cu h  sa  
,CFM  ,EE2J  and ATL is to gi ev  deve ol pers a we ll -defined es t of exis it gn  doc e  ot  

leverage ni  their pa ilp ca oit sn . ,revewoH  eht  #C  egaugnal  seod  ton  emoc  htiw  a  
egaugnal - cificeps  edoc  yrarbil . taR h ,re  C# de srepolev  evel r ga e the la gn ua eg -ne tu r la   

. EN T l bi raries. To ek ep lla  ht e epyt s wi iht n t eh  base c al ss  l bi ar seir  w lle  orga ezin d, ht  e  

. TEN  p mroftal  kam se  e netx s evi  esu  fo  ht e na capsem e co pecn t. oT  clarif ,y  Fi ug re 1-4  
sh swo  a s rc een s oh t fo  the Vi us al oidutS  2005 O ejb tc  worB er u it l ti y. T sih  tool all wo s you  
ot  xe a enim  eht  ssa e seilbm  fer ere decn  yb  ruoy  tnerruc  p jor e ,tc  t eh  an mes secap  iw thin  

a ap rticu al r sa es mbl ,y  the t py es iw thin a gi ev n na sem pace, and the memb re s of  a  
ht at ld.bilrocsm l co tn ains am yn  di eff r ne t names cap es, ea hc  with its  

own es mantical yl  rela et d yt pes. 
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erugiF  1-4. A single a ss me bly can ah ve na y numb re  of an em aps c se . 
 
1.14 hT e A ss emb /yl Namespa ec /Ty ep  D si ti tcn oi n  

hcaE  fo  su  rednu s sdnat  ht e impo tr a cn e of oc ed  il braries. The iop nt of bil ar ir es s cu h  sa  
,CFM  ,EE2J  and ATL is to gi ev  deve ol pers a we ll -defined es t of exis it gn  doc e  ot  

leverage ni  their pa ilp ca oit sn . ,revewoH  eht  #C  egaugnal  seod  ton  emoc  htiw  a  
egaugnal - cificeps  edoc  yrarbil . taR h ,re  C# de srepolev  evel r ga e the la gn ua eg -ne tu r la   

. EN T l bi raries. To ek ep lla  ht e epyt s wi iht n t eh  base c al ss  l bi ar seir  llew  orga ezin d, ht  e  

. TEN  p mroftal  kam se  e netx s evi  esu  fo  ht e na capsem e co pecn t. miS p yl  pu ,t   a  
an m se pa ec  is a gr puo ing of relat de  typ se  noc tai den  in an as es mbly. roF  xe amp ,el   

Sys met .IO na ecapsem  niatnoc s lif e I/O ler ated t epy s, the Sy mets . aD ta namespa ec   
senifed  cisab  esabatad  ,sepyt  dna  os  no . tI  si  yrev  tnatropmi  ot  tniop  tuo  taht  a elgnis   

ssa embl  y s( uc  h as ocsm r d.bil ll) nac  niatnoc  yna  bmun er fo  na em spa ,sec  ae ch of  
ihw ch can niatnoc  any nu bm er of ty sep .  

Ta elb  1-4. A Sa gnilpm  of TEN.  Namespaces  
. EN T aN m se p eca  gninaeM  ni  Life  
Sys et m iW t ih n syS tem you fi dn  numero su  su e uf l types dea il gn  tiw  h  
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cisnirtni  ,atad  htam lacitame  ,snoitatupmoc  modnar   
rebmun  eg n re a oit n, vne i nor m ne t av riables, dna  gar ab ge  

oc ell ct oi n, sa  we ll  sa  a nu bm er of c mo mon yl  us  de  
ecxe p snoit  na d at rt ibu et s.  

Sys met . loC el c oit ns esehT  na em s secap  nifed e a mun ber of ots ck co tn a ni er  
ejbo cts  

( rrA a siLy t, Q eu ue, a dn  so forth), as we ll  as b sa e  
 

and interfac se  t ah t a ll ow y uo  to b liu d custo im ez d  
co ll ce oit ns. As of .NET 2.0, t eh  collec it on t py  se  

 
be ne  e tx e dn de  iw th g ene ric ca ap ib l .seiti  

esehT  secapseman  a er  desu  rof  tni erac it ng with ad at ab s se   
 
 
1.15 eD olp ying the .NET R nu time  
 
tI  sho lu d come as no surpr si e t ah t EN. T assemblies can be ex ce uted only on a am chine  

th ta  sah  ht e . TEN  F ar mework ins at l el d. sA  an individ au l hw o bu li ds .NET softwa ,er  this  
hs o lu d nev re  be na  si s ,eu  sa  uoy r tnempoleved  am c nih e w li l eb  pr epo r yl  noc f ugi er d at  
eht  emit  uoy  tsni a ll  eht  yleerf  elbaliava  . TEN  krowemarF  0.2  KDS  (as llew  as  

laicremmoc  TEN.  tnempoleved  emnorivne nts hcus  sa  iV su la  tS u oid  2 00 5). ,revewoH  fi   
uoy  yolped  an ylbmessa  ot  a co retupm  ht at seod  ton  evah  TEN.  i sn lat el d, it wi ll  fail ot   
nur . F ro  this rea os n, Mi rc osoft p or div es a set pu  p ca kage nameddo ent tf e.x xe t ah t ac  n  

be rf ee yl  pihs ped and installed along with uoy r otsuc m softw era . sihT  ni stall ta ion  
margorp  si  ni c edul d tiw h the .NET Framework 2.0 DS K, and ti  si  also free yl   

d wo ln oad ba le from M ci rosoft. ecnO  entod t xe.xf e si  ,dellatsni  eht  tegrat  enihcam  lliw   
won  niatnoc  eht  TEN.  esab  ssalc  ,seirarbil  TEN.  emitnur  ( ocsm r .ee dll ,)  a dn  a dd i noit al  

. TEN  erutcurtsarfni  ( hcus  sa  eht  CAG ).  
 
1.16 hT e Plat of rm- dnI ependent Nat ru e fo  .NET  
 
To close this ahc pter, a woll  me to rb ief yl  oc mment on t eh  platform-i dn e nep d ne t an t ru e  
of t eh  .N TE  lp a roft m. To t eh  us rpri es  of most ed velope sr , .NET as es mb il es ac n be  

ed vel depo  and ucexe t de  on non - iM rc osoft op re gnita  systems ( aM c SO  X, emun r uo s  
xuniL  d noitubirtsi s, ,SOeB  dna  ,DSBeerF  ot  an me a few). oT  dnu e sr t na d how this i  s  

po iss bl ,e  oy u n dee  to oc me to terms to ey t ona ther bba re iv ation in the EN. T u in verse:  
LC I C( o mm on aL ng au ge nI fra ts ruc rut )e . Wh ne  M ci rosoft re ael sed t eh  C#  

gorp immar ng al n ug ga e and the . TEN  platfor ,m  ti  also craft de  a set of formal  
ucod m ne ts t ah t descri eb d the nys tax dna  sem na it sc  of eht  C# dna  CIL lang au g se , t eh   

. TEN  assemb yl  format, core .NET na em space ,s  and the em chanics of a hypothet ci al  

. EN T runtime en ig ne k( nown as the V ri laut  exE cu it no  S sy te ,m  or VE )S  . Be tt er ey ,t  th se e  
mi tt de  to Ecma In et nr a lanoit  sa  o ff laici  in et rna noit al s dradnat s  

( amce.www//:ptth - ro.lanoitanretni g ). etni fo snoitacificeps ehT r a tse r  e  
• ECMA-334: hT e C# La ugn age Spe ic fica it on  
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 :snoitseuQ dednemmoceR  
1. Ex nialp  eht  gniliub  kcolb  fo  TEN.  fr krowema   
2. gnirB  tuo  eht  tnatropmi  ereffid n sec  b neewte  is ngle dna  elifitlum  seilbmessa   
3. ?secapsemaneratahW  dnatsiL  nialpxe  ht e esoprup  fo  ta  tsael  evif  secapseman .  
4. tahW  si  TEN. ? htiW  a taen  margaid  ex nialp  eht  tnatropmi  ub i gnidl  skcolb  of TEN.   

mroftalp .  
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gnidliuB  #C  snoitacilppA   
TINU -2  

 
1.2  ehT  eloR  fo  eht  dnammoC  eniL  reilpmoC  c( cs e. x )e   
2.2  gnidliuB  C # noitacilppA  gnisu  e.csc xe  
3.2  gnikroW  htiw  exe.csc  esnopseR  ,seliF  G gnitarene  Bug  

stropeR   
4.2  ehT  dnammoC  eniL  reggubeD  )exe.gbdroc(   
5.2  gnisU  ,eht  lausiV  tS u oid  TEN.  EDI 6  
6.2  rehtO  Key stcepsA  fo  eht  TEN.SV  DI E  
7.2  ”:rossecorperP“#C  sevitceriD   
8.2  nA  gnitseretnI  edisA  : ehT  S metsy . mnorivnE e tn  lC ssa .  
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2.1 ehT  C# Com am dn -Li en  Comp li er c( sc.exe)  

rehT e era  a bmun er fo  euqinhcet s you am y u es  to oc mp li e C# so cru e co ed . nI  ad itid no   
to iV aus l tS u id o 2005 sa(  well as va ir o su  ht ird-party .NET I ED s ,)  you a er  a lb e to cre eta   

eht  #C  dnammoc - enil  moc p ,reli  sc c e. xe hw( e er  csc sdnats  rof  C- 
S lipmoC prah er). sihT  loot  si  dedulcni  htiw  ht e TEN.  krowemarF  0.2  KDS . elihW  ti  si  tr eu   

taht  uoy  yam  reven  ediced  ot  dliub  a egral - elacs  app il ac it on usi gn  t eh  command- nil e  
oc mp li e ,r  ti  is mi portant to un ed rstand the ba is cs of how to  

h na d. I nac  kniht  fo  a wef  snosaer  uoy  dluohs  teg  a pirg  no  eht  :ssecorp  
• hT e m so t obvious re sa on is ht e s mi ple af ct that you im ght on t h va e a copy of V usi a  l  

utS dio 2005.  
• uoY  p nal  to kam e use fo  au mot a det  bu li d to slo  cus h sa  MS uB ild or AN nt.  
• oY u w na t to ed e ep n uoy r understanding of C#. When y uo  use rg aph ci al IDEs to bu li d  

ca it ,sno  uoy  are mitlu ately instruc it ng sc c xe. e h wo  to manip lu ta e your C# input  
An ehto r n ci e  

yb -product of ow rki gn  iw ht  c e.cs xe ni  eht  raw si  th ta  you b ce ome t ah t m hcu  more  
oc mfort ba le m na i up lati gn  other oc mm dna - il ne t oo ls incl dedu  w ti h the N. ET  

Frame ow rk 2.0 SDK. As y uo  wi ll  see ht ro gu oh ut t ih s book, a num eb r of mi op rt na t  
seitilitu  era  ca c se sible only morf  t eh  co mm a dn  enil  .  

oC nfiguring eht  C# Co mm a dn -Li en  C lipmo re   
Before y uo  nac  be ig n ot  ma ek  esu  of t eh  C# comm dna - il en  oc mpiler, y uo  een d to  

deve empol nt enihcam  sezingocer  ht e ixe s cnet e fo  xe.csc e. fI  ruoy   
enihcam  si  ton  derugifnoc  ,yltcerroc  uoy  era  decrof  ot  yficeps  ht e lluf  htap  ot  ht  e  

id rec ot ry containing sc c e. xe b fe ore you c na  oc mp li e your C# f li es.  
oT  piuqe  ruoy  de tnempolev  nihcam e to elipmoc  *.cs selif  morf  yna  ,yrotcerid  wollof   

 eseht  
d fi fer sli hg tly): 
1. R gi ht-c il kc  t eh  My Com up t re  icon and es lect Pr po er it es f or m the pop -up menu.  
2. eleS ct eht  dA v na ced tab and click the En iv ron em nt Variables bu tt on.  
3. elbuoD - kcilc  eht  P ta h elbairav  morf  eht  Sy mets  elbairaV s il st ob x.  
4. A dd  ht e fol ol iw ng line to the end of t eh  cur ner t Pa ht  va ul e (n to e e ca h value in th  e  
Path av r ai ble is es parated by a se im colon):  
:C \ dniW swo \ iM c sor o .tf TEN \F wemar ork\ 2v . 5.0 0 512   

Of oc u sr e, oy ur entry m ya  deen  to be adjusted ab s de  no  oy ur curre tn  v re sion dna   
loca it no  of the .NET Framework 2.0 S KD  s( o eb  su er  to do a sani yt  ehc ck su in  g  
Wi wodn s Ex lp orer). O cn e y uo  ha ev  pu dat de  ht e aP th varia lb e, oy u may t eka  a test run  

yb  c ol sing any oc mma dn  wi dn ows open in ht e ab ckg or und ot(  c mo mit t eh  setti gn s  ,)  
dna  neht  po e in ng a new c mo am nd wind wo  dna  ent re i gn   
csc  ?/   

fI  you set things up co rr e tc yl , you shou dl  es e a list of o tp ions sup op rted by ht e C#  
c mo pi el r.  
 

oC n gnirugif  Ad lanoitid  N. TE  C mo am nd- niL e T oo sl   
erofeB  uoy  nigeb  ot  in tagitsev e .csc exe, da d t eh  follo iw ng add ti i no la  Path av ri ba le to  

t eh  System  
:)yrotcerid  
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steps ( hw ich as us me a iW ndows XP i sn t lla a it o ;n  iW ndows TN /2000 steps will  

selbairaV  tsil  ob x ,niaga(  ep fr orm a tinas y hc eck ot  e sn ure a av lid  
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:C \ seliF margorP \ fosorciM lausiV t  oidutS  8\ KDS \ 0.2v \ niB   

ceR a ll  ht at th si  rid e rotc y contains addi lanoit  oc mmand- nil e ot o sl  th ta  ra e oc mm ylno   
desu  ud r gni  N. ET development. W ti h ht ese t ow  pa ht s established, oy u should now eb   
elba  ot  run na y N. ET uti til y f or m any co mm and win wod . fI  uoy  iw sh to noc fi mr  iht s  

wen  nittes g, c sol e any po en c mmo and iw ndows, op ne  a en w co namm d niw do ,w  na d  
ne ter t eh  fo niwoll g command to view t eh  po oit sn  of  

litucag  ?/   
 
2.2 uB li ding C# Applicat oi ns Using csc.exe  

Now t ah t y ruo  de ev l po m ne t m ca hi en  r ce ngo izes cs xe.c e, eht  txen  og al is ot  b iu dl  a  
mis p el  nis g el  f li e sa es mbly nam de  Te pAts p.exe gnisu  eht  #C  com am nd-li en  comp li er  
dna  No pet ad. Fir ts , oy u  
llof o iw gn :  

//  A elpmis  #C  noitacilppa .  
gnisu  ;metsyS  

 
ssalc  ppAtseT   

{ 
cilbup  citats  diov  )(niaM  

{ 
elosnoC !gnitseT"(eniLetirW.  ,1  ,2  ;)"3  

} 
} 
On ec  oy u ah ve finis deh , save t eh  file in a conveni ne t loca it on e( .g., C:\CscE ax mp )el   

seT t c.ppA s. ,woN  s’tel  teg  ot  wonk  eht  eroc  snoitpo  fo  eht  #C  relipmoc . hT e first  
point of etni rest is ot  u edn rstand how to s ep ci yf  ht e name na d type of as es mbly to  

erc a et  .e( g ,.  a losnoc e noitacilppa  na dem   
biLhtaM . ld l, a W ni d wo s oF rms ap cilp at oi n named WyM i .ppAn exe, a dn  so for ht ). E hca   

op s is b li ity is re rp e es tn ed by a ceps i cif  galf  pa ess d ni to xe.csc e sa  a c mmo a dn - enil  
rap a retem  ( es e Tab el  2-2).  

Ta elb  2-2. Outp tu -centric pO tio sn  fo  the C# oC ipm ler  
oitpO n gninaeM  ni  Li  ef  

uo/ t This o itp on is u es d to ceps i yf  t eh  name of t eh  sa sembly to  eb  
created. yB   

defa ,tlu  t eh  assembly an me is t eh  as me as t eh  an me of ht e in iti al  
ni put sc.*  lif e i( n the c esa  of a .* ld l) or t eh  name of t eh  t epy   

Ma (ni ) me ht do  (in t eh  ca es  fo  na  .* exe .)  
/ta egr t xe: e sihT  noitpo  sdliub  na  e ucex t lba e c sno ole a pp acil tion. T sih  si  the  

fed a lu t fi el  ou tupt  t py e, dna  t uh s am y be imo ett d w eh n b iu ldin  g  
iht s  

itacilppa on t py e.  
/ta egr t il: rb ary sihT  op oit n dliub s a si elgn -f li e *. ld l lbmessa y.  
/ta egr t om: lud e ihT s op it on bui dl s a dom u el . Modules are elem ne ts of itlum f li e  

a ess m ilb es f( llu y csed r bi ed ni  tpahC re  11 ).  
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/ta egr t iw: xen e tlA hough you are fr ee  ot  ub li W d i dn ows-b sa ed app il ac it sno .  
 

oT  elipmoc  Te Ats p c.p s otni  a oc nsole a pp l ci a it on an med eT s e.ppAt xe, ch na ge to t eh   
contain ni g uoy r s cruo e code file and enter the fo ll o iw gn  oc mm and set (note  

th ta  com am nd- il ne fla sg  m su t come before ht e an me of the input f eli s, on t after): 
csc  / exe:tegrat  T Atse p .p cs  

ereH  I did  ton  ylticilpxe  yficeps  na  uo/ t ,galf  erofereht  eht  elbatucexe  lliw  eb  deman   
xe.ppAtseT e,  

nevig  ht at eT s pAt p si  the ssalc  ninifed g ht e gorp r s’ma  e tn ry niop t ( ht e (niaM )meth do ).  
Also be aware that m so t of t eh  C# co lipm er flags pus port na  bba r aive ted ev rsi no , s hcu   
as /t ar t reh  than / grat et uoy(  nac  iv ew all a bb er iv a noit s by ent re ing csc  /? ta  t  eh  

dnammoc   :)tpmorp csc  / exe:t  eT st .ppA cs romrehtruF e, evig n th ta  the t/ e: xe fl ga  is  
t eh  ed fault uo tput us de  by the C# compi el r, you could also oc mpile Te pAts p c. s s mi p yl   

yb  gnipyt  csc  sc.ppAtseT  eT s ppAt . xe e ac n now eb  run f or m t eh  command il en . 
feR e er ncing Ext anre l As es mb il es  

N xe t u ,p  le ’t s ex ima ne how to co lipm e an ppa li ac it no  that m eka s su e of t sepy  defined  
in a es ap ar te . EN T sa s ylbme . epS a nik g of which, just in case you are wonde ir ng how  

your re ef r ne ce ot  the S etsy m C. no s lo e t py e, reca ll  morf   
ahC pter 1 that csm o bilr . ld l is llacitamotua y 

i( f f ro  s mo e t nar ge reason you iw sh to id bas le thi  s  
/no dts lib alf g). oT  ulli st ar te ht e process of re ref cne i gn  e tx er an l as es mb il se , l ’te s update  
the seT t pA p noitacilppa  ot  d yalpsi  a W swodni  mroF s m se gas e xob . Open you  r  
Tes pAt p c. s lif e a dn  mo id fy ti  sa  llof o :sw  

gnisu  ;metsyS  
//  ddA  siht !  
su i gn  metsyS . dniW .swo F smro ; 
 

ssalc  ppAtseT   
{ 

cilbup  citats  diov  )(niaM  
{ 

!gnitseT"(eniLetirW.elosnoC  ,1  ,2  ;)"3  
 
//  ddA  !siht  

Mes gas e xoB S. h "(wo H lle o .. ."); 
} 
} 
No it ce t eh  reference to t eh  S etsy m niW. d swo oF. rms nam pse ace via the C# isu ng keywo dr   
i( ntrod ecu d in C pah t re  1). eR c lla  that wh ne  you ex lp ici lt y list ht e namesp ca es u es d  

tiw hin a g vi ne  c.* s 

dir ce tory  

the #C  c pmo i rel  un ed rstood  
decnerefer  dur ni g ht e oc mp li ta oi n orp c se s  

,roivaheb  oy u am y s icep fy ht e  

f eli , you a ov id the ne de  to m ka e u es  fo  f lu ly qualified an mes  
(which can lead to ha dn  cramp )s . tA  the c mo m dna  lin ,e  you m su t i ofn rm  

e.csc xe ihw ch as es mbly c tno a ni s t eh  “us de ” nam se paces. neviG  th ta  uoy  evah  ma ed   
esu  of eht  eM s oBegas x c sal s, you must s ep cify the Sy .mets W wodni s. roF m ld.s l assembly  

su i gn  the er/ f cnere e galf  (which can eb  abbreviat de  ot  /r):  
csc  / :r syS met niW. d swo oF. mr .s lld  et ts a c.pp s 
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gnilipmoC  elpitluM  ecruoS  seliF  htiw  exe.csc   
ehT  tnerruc  cni a nr a noit  fo  the tseT A e.pp xe pa ilp ac it no  w sa  cr ae t de  su i gn  a si gn le  
c.* s ecruos  edoc  file. Wh li e it is perfectly p re missi lb e to have all of your .NET types  
fed ined in a sing el  .* cs ,elif  om st p or ej cts are oc m desop  of m lu it ple c.* s lif se  to peek   

ruoy  edoc  esab  a bit more fle lbix e  . Assu em  y uo  vah e auth ro ed an a dd i it o an l alc ss  
tnoc a deni  ni  a en w if el  nam de  lleH o .gsM cs:  

//  ehT  egasseMolleH  ssalc   
gnisu  ;metsyS  

su i gn  metsyS . dniW .swo F smro ; 
 

ssalc  egasseMolleH   
{ 

cilbup  diov  )(kaepS  
{ 
Mes gas e xoB S. h "(wo H lle o .. ."); 
} 
} 

,woN  upd eta  your initial T Atse pp class to m eka  u es  of this new type, na d moc me tn  o tu   
t eh  pre  

gnisu  ;metsyS   
 
//  t'noD  deen  siht  eromyna .  
//  gnisu  ;smroF.swodniW.metsyS  
 

ssalc  ppAtseT   
{ 

cilbup  citats  diov  )(niaM  
{ 

!gnitseT"(eniLetirW.elosnoC  ,1  ,2  ;)"3  
 
//  t'noD  deen  siht  eromyna  .rehtie  
//  eM s egas xoB S. H"(woh e ll o .. . ;)"   
 
//  esicrexE  eht  egasseMolleH  !ssalc  

h egasseMolleH  = wen  ;)(egasseMolleH  
h.S aep k )( ; 
} 
} 

uoY  nac  comp eli  oy ur #C  lif es by itsil gn  each input if le xe lp ci lti y  :  
csc  lld.smroF.swodniW.metsyS:r/  sc.ppatset  sc.gsmolleh   
sA  an alte nr a it ve, t eh  C# oc mpiler al ol ws you to kam e use of the wi cdl ard c ah racter (*)  

ot  ofni mr  csc . xe e to in lc ude la l *.cs lif es contai en d in ht e pro ej ct dir ce tory as p tra  of  
t eh  uc rre tn  build:  

csc  lld.smroF.swodniW.metsyS:r/  sc.*  
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hW en uoy  nur  ht e rgorp am a ,niag  ht e out up t si  di e citn al. hT e only id eff r ne ce bet ew en  
the two app il ac it sno  is ht e f ca t t tah  t eh  curre tn  ol gic has been sp til  am gno  mu itl ple  

lif es.  
 
R fe e er ncing Multiple Ex et r lan  ssA emb il es  
On a related note, hw at if y uo  n dee  to reference num ore us e etx r an l as es mb il se  su i gn   
csc xe. e? Sim 

eps c fi y multiple extern la  assemblies for the curr ne t axe mpl ,e  but os me pmas le asu ge  
llof ows: 
csc  / :r syS met niW. do sw . oF mr s lld. ;S etsy m rD. a gniw . lld  sc.*   

 
2.3 W ro king iw th cs .c exe Response Files  
As you gim ht gu se s, if y uo  ew re to build a complex C# applica it on at the oc amm nd  
rp o tpm , your life would eb  full of ap in as oy u type ni  the lf ga s ht at ps ecify n emu or us  

.* cs input f li es. oT  help el s es n y uo r typing ub rden, the C  #  
c mo pi el r honors the use of re ops nse files. C# res snop e f li es co tn ain a ll  the ni st cur it no s  
to be used rud i gn  t eh  c lipmo a it no  fo  your current  
ni  a .* rsp r( es )esnop  extens oi n  . sA mus e t ah t uoy  ha ev  cr ae ted a res op sn e file named  

ppAtseT . sr p t ah t contai sn  the of ll ow ni g ar ug ments ( sa  oy u nac  see, oc mm ne ts a  er  
detoned  htiw  eht  #characte )r : 

# sihT  si  eht  esnopser  elif   
# rof  eht  exe.ppAtseT  ppa   
# fo  retpahC  2.  
 
# lanretxE  ylbmessa  .secnerefer  

niW.metsyS:r/ swod . roF sm lld.   
 
# tuptuo  dna  selif  ot  elipmoc  gnisu(  dracdliw  .)xatnys  

exe:tegrat/  exe.ppAtseT:tuo/  sc.*   
No ,w  as us im ng th si  file si  as ved in the same d ri e tc ory as the C# s uo cr e code fi el s ot  be  

y uo  are able to build uoy r ne it re pa plica it on as follows (note the use of th  e  
@ )lobmys : csc  T@ e Ats pp sr. p 
fI  the n ee d should arise, y uo  are also able to eps ci yf  multiple *. sr p lif es as input ( .e g ,.   

eS@ oc Fdn .eli sr p drihT@ F .eli r ps ). If oy u t eka  th si  pa proach, do  
c relipmo  sessecorp  eht  c ammo nd opti no s as they a er  e cn oun ret ed!  

m ne ts ni  a later *.rsp f eli  nac  ov re ride po tions in a  
slA o ton e ht at sgalf  l si ted pxe li ic lt y on ht e c nammo d l eni   

erofeb  a r nopse se f eli  wi ll  be vo re dir  
tne re   
csc  exe.ppAlooCyM:tuo/   

the name of the a ss embly would s lit l be eT s At p e.p xe rehtar(  naht  MyC Aloo p xe.p e),  
given the  
/ou T:t e Ats pp . xe e f al g sil ted in the tseT A r.pp sp re ps esno  f li e. Ho ew ver, if you il st flags  
after 

p yl  il st each ssa e lbm y using a semi oc lon-de imil t de  list. Y  ot deen t’nod uo  

er fe er nced assem lb i se  na d  

bu li d. yB  vnoc e oitn n, seht e if el s dne   

co pm iled,  

csc  psr.eliFtsriF@   
eb  aware t ah t t eh   

rehT e erof , c mo mand-l eni  a ugr  
rp evious r se p no se elif .  

ed n by t eh  specified r.* sp elif . ,suhT  fi  oy u ew er  ot   

psr.ppAtseT@   

a esnopser  lif e, the galf  iw ll evo rr edi  sett sgni  in ht e res snop e f li e.  
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ehT  tluafeD  esnopseR  eliF  )psr.csc(   
 
T eh  final op tni  ot  eb  m eda  er g ra di gn  r pse onse f li es is t ah t t eh  C# oc mp li re  has na   

esnopser  f eli  (cs r.c sp ,)  whi hc  is ol c eta d in ht e same dire tc ory as  
TEN.tfosorciM \ krowemarF \ .0.2v 5 5120 ) . fI  uoy  were ot   

nepo  iht s lif e nisu g ,dapetoN  uoy  will f ni d  
alre yda  eeb n ceps ified su ni g t eh  r/ : alf g. Wh ne  uoy  a er  bu li d ni g your #C  pr go ar m  s  

gnisu  c e.cs xe, this if el  will be automatic la ly refe ner ced, ev ne  w eh n you ppus yl   a  
custom sr.* p lif e. viG en ht e pr se ence of the d fe ault resp sno e file, the nerruc t  
Tes pAt p xe. e pa ilp ac it no  could eb  su cc essfu ll y comp li ed using t eh  f llo o iw gn  comm na d 
es t (as Sys met . niW do .sw F smro .dll si  refer ne ced w ti hin c cs . sr p :)  
csc  exe.ppAtseT:tuo/  sc.*   

nI  ht e e ev tn  ht at you iw sh ot  id sa lb e eht  au mot a it c readi gn  fo  csc r. sp, you ca  n  
sp ce ify eht  on/ co ifn g :noitpo   

csc  psr.ppAtseT@  gifnocon/   
ylsuoivbO , ht e #C  dnammoc - enil  relipmoc  sah  am ny rehto  snoitpo  aht t ac n eb  us de  to  

lortnoc  oh w t eh  re us l it ng TEN.  sa sembly is to be ge en rat de . fI  you wish to lea nr  more  
func it onal ti y of cs e.c xe, kool  pu  my a itr elc  t ti led oW“ ikr ng tiw h  

eht  C# 2 0.  Com nam d Li en  oC mp li re ” o iln en  at ht /:pt / ndsm . rcim o os ft oc. m. 
 
2 4.  The Com am nd-Line eD bugger (cord gb .exe)  
Bef ro e movi gn  on to our xe amin ta i no  fo  bu li ding C# lppa i tac i no s su ing TextPad, I  
would like to brief yl  point uo t that the N. TE  Framewo kr  2.0 SDK od es hs ip w ti h  a  

named cor xe.gbd e . This t oo l p or vides do ez ns of po it no s  
t ah t a ll ow uoy  to ed b gu  y ruo  ssa emb yl . You m ya  view t eh m by specify ni g the /? fla :g  

gbdroc  ?/   
Ta elb  2-3 do uc me stn  os me ( ub t certainly n to  la l) of ht e fla sg  recogn zi de  by  
cor gbd . xe e (with  

eht  a tl e nr a evit  htrohs a dn  taton i )no  ecno  uoy  evah  tne e der  a ed bug ig ng es ssion.  
 
Ta elb  2-3. A lufdnaH  fo  Us fe lu  cor .gbd exe C mmo na d-L ni e Flags  
Fl ga  gninaeM  in Li ef   
b[r kae ] teS  ro  yalpsid  tnerruc  stniopkaerb  .  
del ete[ ] Rem evo  o en  or more bre opka tni s.  
ex[ ti ] tixE  ht e reggubed .  

o[g ] itnoC n eu  gniggubed  eht  rruc e tn  ssecorp  litnu  hi tt i gn  en xt  
erb a niopk t.  

o[ut] tS ep tuo  fo  eht  cur er nt fu cn t oi n.  
p[r tni ] Pr tni  lla  loa ed d av riab sel  (local, a gr umen ,st  etc.).  
si St pe  ni to the en tx  line.  
so S pet  evo r ht e next l eni .  
 

sA  I assume th ta  mo ts  of you w lli  hc o so e to m eka  su e of t eh  siV u la  St idu o 2 00 5  
,reg  I lliw  not ehtob r to oc m nem t on e hca  flag of oc r gbd .exe. evewoH r  ,  
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rof  esoht  fo  uoy  ohw  a er  etni r se ted, the f llo o iw gn  ces oit n pre nes ts a im nimal wa kl - 
ht rough of t eh  basic orp cess fo  ubed gging at t eh  c mmo a dn  nil e.  

 
gniggubeD  ta  eht  dnammoC  iL n  e  

eB f ro e you can debug uoy r appl ci ation using co gbdr .exe, the fi tsr  step is to ge en ra et   
ubed g nig g ys mbols for y uo r uc rr ne t ap lp ic ita on by s ep cifying ht e d/ e ub g galf  fo   

csc xe. e. oF r ex ma ple, to ge en rate ed bugg ni g da at  for T tse A e.pp xe, ent re  t eh  of ll owi gn   
oc mm dna  es :t   
csc  psr.ppatset@  gubed/   

This g ne erates a en w lif e nam de  (in this case) testapp.pdb . If y uo  do on t have na   
sa cos iated .* p bd  file, it is s llit  pos bis le ot  ma ek  esu  fo  co dr b .g exe; ewoh v re , oy u will  
on t eb  able to view yo ru   

 
 
 
 

te pats p e. xe  
 
 
 

div ed by your I ED . fI  uoy  er q iu re mo er  informatio ,n  lo ko  up  
cor gbd . xe e ni  the .NET rF amework 2.0  
 
2.5 U is ng hT e, V si u la  idutS o .NET ID  E  

elihW  dapetoN  si  enif  rof  gnitaerc  mis ple N. TE  pr go r ma ,s  it o sreff  nihton g ni  ht e wa  y  
tivitcudorp y. It would eb  i ed al to ua thor *.cs fil se  usi gn  na  e tid or t ah t  

w dro  oc lori gn , oc de sni pp ets, dna  integr ta oi n tiw h a C#  
oc mp li er. As luck w uo dl  have i ,t  us ch a tool d eo s xe i :ts  TextPad. daPtxeT  si  na  rotide   

uoy  nac  esu  ot  a rohtu  dna  c elipmo  c edo  for nu em r uo s p or grammi gn  l gaugna se ,  
gnidulcni  #C . ehT  chief advant ga e of this p or ud ct is the fact that it si  ev ry s pmi le to u es   

a dn  vorp id se  just hguone  be ll s and ihw s lt se  to ahne n ec  uoy r doc ing effor st .  
,daPtxeT  etagivan  ot  htt //:p w et.ww x dapt .com a dn  d lnwo oad the c ru rent ev rs oi n  

at t eh  time fo  this wr ti ing). O ecn  y uo  have insta ll ed t eh  pr udo ct, uoy  w li l ah ve a  
erutaef -  fo noisrev etelpmoc T txe P h ;da o evew r ht , i oot s l f ton si r ee ware.  uoy litnU  
sahcrup e a elgnis - resu  esnecil  rof(  ra ound US 03$ .00 at the time of iht s wr iti ,)gn  y uo   

lliw  eb  pres ne t de  htiw  a f“ rien ld y re im edn r” each mit e oy u nur  the applica oit n.  
daPtxeT  si  ton  deppiuqe  ot  dnatsrednu  #C  sdrowyek  ro  krow  htiw  xe.csc e tuo  fo  eht  xob .  

oT  od  os , uoy  lliw  en de  ot  ni sta ll  na  add lanoiti  add-on. etagivaN  ot   
dda/moc.daptxet.www//:ptth - lmth.g2anys/sno  

dna  daolnwod  hsc arp iz.8 p gnisu  eht  #C“  ”5002  knil  oitpo n. This add-on t ka es into  
cca ou tn  ht e new  

detimil  ot  #C  1.1 ). Once oy u h va e un piz ped cs rah p8 z. ip, ecalp  a ypoc  of ht e e artx c det   
Samp el s sub id rec ot ry of the T xe tPad ni sta ll ation .e( g.,  
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#C  so cru e co ed  during the pr eco ss (which is t py ically no f nu   
hw a st o eve r, un el ss you wish to complicate ttam ers by reading C LI  co ed ). 

O ecn  you ha ev  eg nerat de  a p.* db f ,eli  nepo  a s se nois  tiw h oc r bd xe.g e yb  sp ce if iy ng  
your .NET a ss emb yl  as a comm na d-l eni  arg mu e tn  t( he *.pdb elif  will be  dedaol  

citamotua la yl :)   
exe.gbdroc   

 
nehW  uoy  hsiw  ot  q iu t de gniggub  wi ht  bdroc g exe. , si pm ly type exit ro(  eht  rohs t  dnah  

ex). gA a ,ni  un el ss you are a c mmo a dn -line ju kn ie, I sa sume y uo  liw l opt for the  
rg aphical de ub g eg r pro 

SDK doc mu e tn a it no . 

fo  de epolev r  
supports (at a im nimum) ek y 

oT  niatbo   
(4.7.3 

ek y sdrow  decudortni  htiw  #C  5002  ni(  tsartnoc  ot  eht  ”#C“  ,knil  cihw h si   

csh pra 8 ys. n f li e in t  eh  
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:C \Pr go ar m Files\TextPad 4\Sa pm les). ,txeN  la nu ch T xe tP da  a dn  pe ofr rm eht  foll iwo ng  
at sks using ht e New coD u tnem  Wiza dr . 

1. Ac it vate the C no figure weN  D muco e tn  ssalC  em nu opt noi  .  
2. retnE  ht e na em  C# .2 0 in the “Document class name” de ti  box.  
3. nI  eht  txen  ts e ,p  enter c.* sin ht e “Cl sa s members” ed ti  box.  
4. llaniF y, ane b el  xatnys  hgilhgih t gni , c sooh e sc h ra 8p . ys n f or m the drop-down il st  

xob , dna   
close the wi az dr . uoY  nac  won  kaewt  s’daPtxeT  #C  oppus rt using eht  oD c mu ent  

lC sa ses n do e ac sec sible from the Con if gure.  
Co fn iguring t eh  c.* s Fi el  liF ter  
The en xt c no fig ru ati no  deta li  is to c er a et  a f retli  for #C  source code fi el s displayed b  y  
the Open and aS ve dialog  :sexob  
1. Ac it vate the C no figure Prefere cn es menu po it on dna  sel ce t File Name tliF e sr  from  
t  eh  

ert e view control.  
2. C il ck t eh  New b ttu on, dna  e tn er C# into the Descrip oit n field and .* cs into the Wi dl   
cards te tx  box.  
3.  

ooH gnik  Into csc .e ex   
The al st major oc nf gi ura it no  ed ta li  to noc tend tiw h is ot  a ss ociate csc. xe e  htiw  

compile your C# if l se . hT e if r ts  way to do so si  using the To lo s  
nuR  unem  noitpo . eH re you a er  serp ne ted iw th a dialog box ht at a ll ows you to ps e ic  yf  

t eh  name of the tool ot  run and any en c se sary c mo am nd- il ne lf a sg . T  elipmoc o  
Tex aPt d seT .t cs tni o a .NET c no sole-ba es d executable, fo ll ow t eh se  
1. etnE r ht e luf l path to cs xe.c e into the mmoC and et xt b xo  (e.g.,  

:C \W ni dows\Microsoft.NET\  
Framew kro \ 2v .0. 51205 \ exe.csc ).  
2. E etn r t eh  command- nil e po it ons uoy  iw hs  to sp ce ify tiw hin t eh  aP ar meters text xob   

g.e( .  ,  
xe.ppAym:tuo/ e sc.* ). eR llac  that you ac n ps ecify a uc stom er sponse file to s mi plify  

ma rett s  
e( .g., @ Iym n .tup rsp)  

3. retnE  eht  yrotcerid  gniniatnoc  eht  tupni  selif  aiv  eht  laitinI  redlof  txet  xob   
:C( \T daPtxe T )elpmaxe siht ni ppAtse .  

4. fI  y uo  wish Te tx Pad to pac ture the compi el r uo tp tu  di cer lt y ( ar ther than w ti hin a  
s pe arate  
comm dna  iw dn ow), es l ce t t eh  Capture Output che kc  ob x  .  

tA  iht s po ,tni  oy u nac  htie re  run uoy r pr go r ma  by uod ble- ilc ck ni g the exe c lbatu e us ni g  
wodniW s  

sA cos ia it ng Run oC m nam ds w ti h M ne u tI ems  
PtxeT ad la so al swol  uoy  ot  c etaer  uc s mot  unem  ti e sm  t tah  re serp e tn  pre ed f ni ed ur n  
mmoc a dn s. Le ’t s erc a et  a cus mot  ti em un ed r the oT o sl  menu an med C“ ompile C#  

noC s elo ” ht at lliw  c mo lip e all #C  f li se  ni  ht e uc err tn  id er otc ry:  
1. etavitcA  eht  erugifnoC  secnereferP  unem  noitpo  na d tceles  slooT  morf  eht  ert e iv ew  

lortnoc .  
2. Us ni g ht e Add bu tt on, se el ct Pro rg am and eps ci yf  the uf ll pa ht  to sc c.exe.  
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Ex rolp er or l eve rage eht  Tools. 
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3. fI  uoy  ,hsiw  maner e .csc exe ot  a erom  ed s vitpirc e bal el ( moC p li e #C ) yb  c il kc gni  eht   

loot   
name and then clicki gn  KO .  
4. ,yllaniF  etavitca  eht  ugifnoC er   

celes t  
elipmoC  #C  morf  eht  slooT  edon , dna  iceps fy c.* s as ht e sole v ula e in ht e P ra a tem e  sr  

if eld. 
gniruD  ht e remmus  fo  ,4002  orciM soft introduc de  a br dna -new enil  of I ED s ht ta  f la l  

noitan  fo  ”sserpxE“  stcudorp  ( m//:ptth s im.nd c osor f e/moc.t x sserp ) . T  o  
da ,et  reht e are s xi  membe sr  fo  the Ex rp ess family:  
• iV s lau  beW  eveD l po re  2 00 5 Ex serp s: A thgiewthgil  ot ol rof  ub i idl ng nyd ma ic bew is tes  
a dn   
X LM  w be  ser seciv  using SA P.N TE  2.0  
• iV sual aB sic 002 5 Express: A s denilmaert  pr rgo a gnimm  ot ol edi al for on iv ce  

mmargorp sre  ohw  want to el arn oh w to build pa p cil a it ons using t eh  esu r-friendly synta  x  
of Vis au l B sa ic .NET iV s lau  #C  5002  xE p er ss , iV s lau  C++ 02 05 xE rp ,sse  na d iV sual J#  

02 05 xE press: Targeted DI Es for s ut dents a dn  en ht usiasts who wish to learn the  
dnuf am ne t sla  of oc m up ter science in th ie r sy xatn  of iohc ce  

• S LQS e vr e 02 r 50  xE p er ss: nA  yrtne - level  esabatad  tnemeganam  metsys  deraeg  drawot   
,stsiybboh  ,stsaisuhtne  dna  tneduts  srepoleved   

 
.2 6 Ot eh r Key Asp ce st  fo  the VS.NET I ED   

lausiV  idutS o 002 5 ig v se  su  ht e ability to sed i ng  salc ses v usi la ly tub(  this ca bap ili yt  is  
ton  edulcni d in lausiV  #C  2005 Exp ser )s . ehT  ssalC  rengiseD  tilitu y wolla s uoy  to iv ew  
dna  yfidom  eht  italer o spihsn  fo  eht  epyt s (c ,sessal  tni re ecaf s, structu ,ser  enum are t oi n ,s   
dna  led e etag s) ni  ruoy  rp o tcej  . gnisU  siht  ,loot  uoy  era  elba  ot  yllausiv  dda  ro(   )evomer  

srebmem  ot  ro(  )morf  a epyt  dna  evah  ruoy  snoitacifidom  detcelfer  ni  eht  gnidnopserroc   
#C  fi el . sA  llew , sa  you m ido fy a gi ev n #C  lif e, chang se  a er  er fle tc ed ni  the class  

diag ar m.  
To ow rk with this aspe tc  of Visual Studio 200 ,5  the fi tsr  ts ep is to inse tr  a new clas  s  
diagram f li e. erehT  era  nam y syaw  to do os , one of cihw h si  ot  c cil k ht e V ei w Cla  ss  

margaiD  bu ott n col ated no  S lo u it on Ex rolp e s’r  right side  
2 7.  #C  Preprocessor iD rectives  

iL ke am ny to her lan ug ga es ni  the C fa im ly, C# supports the use of v ra ious ys mbols that  
lla ow you to aretni ct htiw  t eh  moc lip a it on pr eco ss. eB f ro e examin ni g va ir ous C#  

perp roc se s ro  id r ce it ves, le s’t  get our te mr ni ol ygo  co rr ce t. hT e t re m #C“  p er pr seco sor  
”evitcerid  si  ton  yleritne  ca cur eta . nI  er a ,ytil  t sih  mret  is esu d lno y for noc s tsi e cn y w ti h  

eht  C dna  ++C  gorp r ma m gni  la ugn a seg . In C ,#  ht ere is no s pe a etar  rp pe ecor ssing ts ep.  
,rehtaR  gnissecorperp  evitcerid s a er  corp e dess  sa  ap tr  of eht  le ix cal a ylan sis ph esa  o  f  

t eh  c mo p li er  .  
nI  yna  ,esac  eht  xatnys  of ht e #C  p er corp e oss r id er sevitc  is ev ry s mi ali r ot  aht t of ht e  

rehto  mem  sreb  fo  eht  C fa ,ylim  ni  taht  eht  sevitcerid  era  syawla  dexiferp  htiw  eht  dnuop   
ngis  )#( . elbaT  9-4 nifed se  emos  fo  eht  erom  ylnommoc  desu  sevitcerid  tlusnoc(  eht  TEN.   

krowemarF  0.2  KDS  noitatnemucod  rof  etelpmoc  )sliated .  
Ta elb  9-4. Co omm n C# Pr pe r co essor iD r ce ti ev s  

eriD ctives gninaeM  ni  Li  ef  
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#re oig n, #e rdn eg oi n Us de  to mark sections of collapsible s uo cr e code  
#de nif e, #u edn f desU  ot  enifed  a dn  dnu e nif e co anoitidn l oc mp li a it on ys mb lo s  
i# f, ile# f, #else, e# n id f U des  to con itid ano ll y ks ip sec it sno  of os urce co ed  (b esa d  
no   

specifi de  com ip l ta oi n symb lo s  )  
gniyficepS   snoigeR edoC  

spahreP  emos  of eht  m tso  u es uf l of a ll  p er pr osseco r erid c vit se  ra e # er g oi n na d  
e# n rd egi no . Using  

a yldneirf  lautxet  rekram . Use of ger io sn  ac n help  
ek ep lengthy c.* s f eli s m ero  ganam e ba le. F maxe ro  

s’epyt  tcurtsnoc ,sro  rehtona  rof  epyt  ,seitreporp  dna  os  :htrof  
ssalc  raC   

{ 
etavirp  gnirts  ;emaNtep  
etavirp  tni  ;pSrruc  

 
noiger#  srotcurtsnoC   

cilbup  )(raC  
...  
cilbup  raC  tni(raC  ,pSrruc  gnirts  )emaNtep  

{ .. .} 
noigerdne#   

 
noiger#  seitreporP   
cilbup  tni  deepS   

{ ...  } 
bup cil  gnirts  emaN   

{ .. .} 
noigerdne#   

} 
 
2.8 An I retn se ting A is :ed  ehT  S sy te .m nE iv ronm ne t  
Cla ss   

’teL s exa im ne the Sys et m E. vn i mnor ent class in g er ater ed tail. ihT s cl sa s allows you t  o  
obtain a num 

citats  bmem e sr . oT  ulli s rt ate iht s c s’ssal  senlufesu ,s  u dp ate  
uoy r aM i (n )m te doh  iw th t eh  of ll o iw ng l igo :c   

cilbup  citats  tni  ][gnirts(niaM  )sgra   
{ 

...  
//  SO  gninnur  siht  ?ppa   

tnerruC"(eniLetirW.elosnoC  :SO  }0{  ,"  ;)noisreVSO.tnemnorivnE  
 
//  yrotceriD  gniniatnoc  siht  ?ppa   

tnerruC"(eniLetirW.elosnoC  :yrotceriD  }0{  ,"  
Env ori n nem .t C erru n iDt r ce ot r )y ; 
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t eh se t ,sga  y uo  are ba le to ps ecify a lb kco  of code t ah t m ya  be  
hi edd n fr mo  view dna  i ned tifi de  by 

,elp  you c uo ld create eno  oiger n for a  

ber of ed tails r ge ardi gn  t eh  opera it gn  sys tem curr ne lt y hos it gn  your .NET  
ppa cil a it no  su i gn  various  
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//  tsiL  eht  sevird  no  siht  .enihcam  

][gnirts  sevird  = evirDlacigoLteG.tnemnorivnE s ;)(  
tni(rof  i = ;0  i < ;htgneL.sevird  )++i  

evirD"(eniLetirW.elosnoC  { }0  : }1{  ,"  ,i  ;)]i[sevird  
 
//  hcihW  noisrev  fo  eht  TEN.  mroftalp  si  gninnur  siht  ?ppa   

gnitucexE"(eniLetirW.elosnoC  noisrev  fo  :TEN.  }0{  ,"  
Env ori n nem .t V isre o )n ; 

...  
} 
The yS s .met E orivn n em nt epyt  defines em bm sre  to her ht an tho es  p er tnes ed ni  ht  e  

erp oiv us  
lpmaxe e. T ba le 3-1 do uc m ne ts os me dda iti o an l pr po er it se  of int sere ;t  oh w eve r, eb  su er   

to check uo t the .NET Framework 2.0 DS K documentation for f lu l d ate i sl .  
 
Ta elb  3-1. S tcele  Pr po er it se  of Sy ets m nE. vi mnor ent   
Pr po erty naeM i gn  ni   efiL  
Mac nih e maN e Ge st  the name of the c ru rent machine  
New niL e teG s ht e nilwen e sym lob  rof  eht  c rru e tn  env ri no em n  t  
Pro sec s Cro nuo t Re nrut s ht e nu bm er of orp cesso sr  no  eht  cu rr ent m ca h ni  e  
Sys met D eri tc ory Returns t eh  fu ll  ap th to t eh  system dir ce to yr   
Use maNr e snruteR  eht  na em  fo  eht  e ytitn  taht  sta tr ed t sih  ap lp ci ita no   
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dednemmoceR  :snoitseuQ   
1. nilapxE  htiw  a taen  margaid  eht  wolfkrow  taht  at k se  ecalp  b neewte  oy ur so ecru  oc d ,e  a  

evig n TEN.  relipmoc  na d eht  TEN.  ex noituce  en enig .  
2. woH  TEN.  krowemarf  tnereffid  morf  rehto  gnimmargorp  stnemnorivne  ekil   

avaj,6BV,++C,MOC  ?cte   
3. feirB ly ssucsid  eht  ats te fo  fa f sria  taht  tneve u la ly del  ot  eht  TEN.  mroftalp . tahW  si  t eh   

. TEN  los noitu  dna  tahw  #C  sgnirb   t t eh  t ba l se ?  
4. tahW  era  eht  cisab  dliub i gn  skcolb  fo  . TEN  ftalp o mr ? Ex nialp  eht  nommoc  t epy  s  metsy  

ni  ed ta li .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

eD pt. fo  TIBJS,ESI  egaP  14  



C# dna  mmargorP TEN. i gn  I60 S  167  
 

TINU -3  
ehT  #C  nimmargorP g L na ug age  

1.3  ehT  otanA m a fo y  #C cisaB  lC  ssa  
2.3  gnitaerC  bo j :stce  curtsnoC t ro  B cisa s  
3.3  ehT  noitisopmoC  fo  a C# acilppA t noi   
4.3  tluafeD  ssA i tnemng  a dn  raV i ba le S oc pe  
5.3  ehT  #C  rebmeM  noitazilaitinI  S xatny   
6.3  cisaB  tupnI  dna  O tu p tu  htiw  eht  elosnoC  C ssal   
7.3  gnidnatsrednU  laV ue T sepy  dna  erefeR n ec  T sepy   
8.3  ehT  retsaM  oN d :e  yS s ,met  tcejbO   
9.3  ehT  S metsy  ataD  T sepy  dna(  #C  )sesailA   

01.3  gnitrevnoC  neewteB  eulaV  T sepy  dna  ecnerefeR  T :sepy  gnixoB  dna   
 ,gnixobnU  

11.3  inifeD ng margorP  C sno t na ts  
21.3  #C  noitaretI  stcurtsnoC   
31.3  #C  C ortno ls Fl wo  curtsnoC t  s  
41.3  ehT   etelpmoC Se  t fo  C  
51.3  sdohteM  retemaraP  M do i eif s  
61.3  rrA ay M noitalupina  ni  C  #  
71.3  gnirtS  upinaM la it no  ni   #C  
81.3  #C  unE m are it no s  
91.3  inifeD ng serutcurtS  in #C   
02.3  inifeD ng motsuC  ecapsemaN s  .  
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ehT 1.3  An ymota  fo  a lpmiS e C# rP go  mar  
#C  demands t ah t a ll  orp gram l go ic is noc tai den  w ti hin a t py e defin iti on (r ace ll  from  
hC pa ter 1 t ah t type is a term refe rr ni g to a em bm er of the es t {c al ss , interf eca ,  

structu ,er  une mera oit n, led e ag te}). Un ekil  in ,)++(C  ni  C# ti  is n to  p so s elbi  to rc eate  
labolg  noitcnuf s or lg o lab  po tni s of data. nI  sti  simp tsel  f ro m, a C# pr go ar m c na   eb  
nettirw  as fol wol  :s  

//  yB  ,noitnevnoc  #C  selif  dne  htiw  a sc.*  elif  .noisnetxe  
gnisu  ;metsyS  

 
ssalc  ssalColleH   

{ 
cilbup  citats  tni  ][gnirts(niaM  )sgra  

{ 
oC n elos rW. eti niL e( eH" l ol  W ro dl ! )" ; 

Con los e eR. da L (eni ;)  
nruter  ;0  

} 
} 

,ereH  a ifed nit oi n is cre ta ed for a cl sa s pyt e (He Coll l sa s) aht t su opp tr s a nis gle meth do   
named iaM (n ). Every xe ecutable C# applica it on must contain a cl sa s ed fini gn  a  

(niaM ) m te h do , hw ich si  u des  to s gi nify the ne try op tni  of ht e ppa il ac oit n. As you can  
es e, t ih s sig an ture of aM i (n ) si  denroda  tiw h the up b il c dna  sta it c drowyek s. etaL r in  

this c ,retpah  y uo  wi ll  be suppli de  with a formal defi 
U tn li  ht ne , dnu erstand ht at bup il c mem sreb  are cca e ss ible from other t py e ,s  wh li e  
sta it c me bm ers are ocs ped at t eh  class level (rather t ah n ht e object level) dna  can t uh s 
be inv deko  w ti uoh t the een d to f ri st rc eate a new cl sa s i sn ta ecn .  

snoitairaV  no  the aM in )(  Me ht do   
The rp ve io su  i et rati no  of aM i (n ) was ed fined to take a single parameter (an arr ya  of  
strings) na d ret ru n an integer data yt pe. ihT s is n to  ht e lno y op s bis le form of aM in(),  

tcurtsnoc  ruoy  s’noitacilppa  yrtne  tniop  gnisu  yna  fo  eht   
gniwollof  serutangis  gnimussa(  ti  si  deniatnoc  nihtiw  a C# cla ss  ro  s urt c rut e d ife n noiti ): 

//  oN  nruter  ,epyt  yarra  fo  sgnirts  sa  tnemugra .  
cilbup  tats ci  diov  ][gnirts(niaM  

{ 
} 
 
//  oN  nruter  ,epyt  on  .stnemugra  

cilbup  citats  diov  )(niaM  
{ 
} 
 
//  regetnI  nruter  ,epyt  on  .stnemugra  

cilbup  citats  tni  )(niaM  
{ 
} 
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gnissecorP  dnammoC - eniL  ugrA m tne s  
 

sA su em  aht t oy u now wish to up ad te He lColl ass to pro ec ss p so s bi le com dnam -l eni   
paramet re s:  
//  sihT  ,emit  kcehc  fi  uoy  evah  neeb  tnes  yna  dnammoc - enil  .stnemugra  

gnisu  ;metsyS  
 

ssalc  {ssalColleH  
cilbup  citats  tni  ][gnirts(niaM  )sgra  

{ 
LetirW.elosnoC dnammoC *****"(eni  enil  sgra  ;)"*****  

tni(rof  i = ;0  i < ;htgneL.sgra  )++i  
:grA"(eniLetirW.elosnoC  }0{  ,"  ;)]i[sgra  

...  
} 
} 

eH re, y uo  are hc ecking to see if t eh  ra ray of ts rings conta ni s s mo e num eb r of item  s  
Length pr po re ty fo  System.Array (as uoy ’ll ees  lat re  in th si  pahc ,ret  a ll  C#  

ra rays ca t au yll  a il as the Syst me .Array epyt , a dn  ht erefore h va e a c mo m no  set o  f  
m bme ers). As uoy  ol op revo  hcae  ti em ni  t eh  ra ray, ti s va ul e is pr tni de  ot  the oc ns lo e  

odniw w. ppuS l gniy  eht  stnemugra  at ht e c mo am nd line is e uq a ll y sa  mis ple  .  
a etl rna it ve to t eh  st na da dr  of r ol o ,p  oy u may i et rate over in oc ming string rra ays u is gn  
t eh  C# rof cae h ek y ow rd. This bit of sy tn ax is uf ll y e px lai den  later ni  siht  hc apter, ub t  
here is some as mple us ega :  
//  ecitoN  uoy  evah  on  deen  ot  ehc kc  eht   

'fo aer c 'h . 
cilbup  citats  tni  ][gnirts(niaM  )sgra  

{ 
...  

gnirts(hcaerof  s ni  )sgra  
:grA"(eniLetirW.elosnoC  }0{  ,"  ;)s  

...  
} 
Fina ll y, you are la so able to a cc e ss  command-line a ugr ments usi gn  the static  

oCteG dnamm  iL en (sgrA )me doht  fo  eht  syS t .me E rivn on nem t pyt e. The return value of  
str gni s. ehT  rif st dni ex identifies the ruc rent dir ce tory  

iatnoc n gni  eht  a ilpp cation itse fl , ihw le the amer ini gn  le eme tn s ni  eht  a yarr  con at in  
eht  laudividni  oc mma dn - enil  a tnemugr s nehw(  gnisu  siht  cet h in q ,eu  you no lo gn er  

deen  ot  de enif  the M ia n() met doh  sa  t ka ing a string arr ya  pa ar meter)  
 

cilbup  citats  tni  ][gnirts(niaM  )sgra  
{ 

...  
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gnisu  tsyS e E.m vn .tnemnori  
= En LdnammoCteG.tnemnoriv Aeni r )(sg ; 

rW.elosnoC htaP"(eniLeti  ot  siht  ppa  :si  ,"}0{  ;)]0[sgrAeht  
...  

} 
 

gnitaerC 2.3  tcejbO s C: ons  scisaB rotcurt  
woN  taht  uoy  evah  eht  r elo  of M nia () dnu er your eb ,tl  le ’t s move no  to t eh  t po ic of  

tion  . llA  o ejb ct-ori ne et d (OO) langu ga es am ke a clear dist ni c it no   
be ewt en cla ess s and objects. A ssalc  is a defini it no  o( r, fi  you w ,lli  a blu nirpe t) for a  

resu - denifed  epyt  ( DU T).  nA jbo ce t is simply a et rm ed scr nibi g a gi nev  inst na ce fo  a  
par it uc lar class in memory. In ,#C  t eh  en w drowyek  si  eht  de  
ob ej ct. ekilnU  rehto  OO  segaugnal  hcus(  as ++C ), it is on t op ss ible to al etacol  a class  
t py e on the stack; the er fore, if uoy  attempt ot  use a class vari ba le that h sa  on t been  

wen“ -e ”,d  uoy  era  deussi  a c elipmo - emit  e rorr . hT su  t eh  f llo o iw ng C# oc ed  si  elli gal: 
gnisu  ;metsyS   

lc ssa  ssalColleH   
 

citats  tni  ][gnirts(niaM  )sgra  
 

esU  fo  dengissanu  lacol  .'wen' esu tsuM !elbairav  
ssalColleH  ;1c  

c1. moS e teM oh d )( ; 
...  

} 
} 
To ulli st ar te the pro ep r procedu er s of r bo ject c aer it no , bo s re ve ht e llof o iw ng u adp te  :  

gnisu  ;metsyS   
 

ssalc  olleH ssalC   
 

citats  tni  ][gnirts(niaM  )sgra  
 

uoY  nac  eralced  dna  etaerc  a wen  tcejbo  ni  a elgnis  enil . ..  
ssalColleH  1c  = wen  ;)(ssalColleH  

 
//  .. . ro  kaerb  noitaralced  dna  noitaerc  otni  owt  .senil  

ssalColleH  ;2c  
2c   

 
 
 
 

dna  ca iuq nir g su ff ici ne t omem ry from the nam aged heap. Here, you h eva   
a ll ocat de  owt  bo j ce ts fo  the lleH o salC s salc s epyt . natsrednU d ht ta  #C  ob cej t av r selbai   

era  er ylla  a ecnerefer  to the bo j ce t in memory, not the ac ut al ob ej ct it les f. hT su , in this  
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//  teG  stnemugra   
sgrAeht ][gnirts   

bo ject construc 

af cto way to c er ate an  

rE r ro ! 

{ 
cilbup   

{ 
//   

{ 
cilbup   

{ 
//   

= wen  ;)(ssalColleH  
...  

} 
} 

hT e new drowyek  is ni  egrahc  fo  c lucla a nit g t eh  c ro rect ebmun r of b sety  for eht  eps cified  
tcejbo   
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il thg , c1 a dn  c2 hcae  re ef re ecn  a u qin ue H lle o salC s  

aeh p. 
 

.3 3 The Compo is tion fo  a C#  
ehT  suoiverp  lColleH ass bo jects vah e eeb n c no structed u is ng the defa lu t oc sn tructor  ,  

noit  never ta ek s ar mug en st . revE y C# c sal s si  ua tomat ci a ll y provided  
tiw h a erf e d fe au tl  con ts r cu ,rot  whi hc  you may er d ife ne if en de  eb . ehT  fed a lu t  

rotcurtsnoc  e sn u ser  taht  lla  me rebm  atad  is s te  to an a pp or priate default value ( iht s  
roivaheb  is true of r la l c tsno ruc ot )sr . tsartnoC  siht  ot  ,++C  erehw  ininu -  

data p io nts to garbage s( mo eti sem  ht e li ltt e th sgni  em an a lo )t . ,yllacipyT  sessalc   
orp v edi  lanoitidda  oc n srotcurts  dnoyeb  eht  def tlua . nI  gniod  ,os  uoy  eht edivorp   tcejbo  
resu  htiw  a s mi p el  yaw  ot  itini a ezil  eht  etats  fo  na  tcejbo  ta  eht  emit  fo  rc e noita . kiL e in  

Java a dn  C+ ,+  in #C  co tsn ruc ot rs era  na dem  ident ci ally to the c al ss they are  
div e a re nrut  ton( eulav  e nev  iov d). He er  si  eht   

lColleH ass t epy  cno e again, iw th a cu ts om oc n rts uct ,ro   
dna  a point of pu lb ic s rt ing data: 

//  ,ssalColleH  htiw  srotcurtsnoc .  
gnisu  ;metsyS  

 
ssalc  ssalColleH   

{ 
//  A tniop  fo  etats  .atad  
//  tluafeD  .rotcurtsnoc  

cilbup  lColleH a )(ss  
{ tluafeD"(eniLetirW.elosnoC  rotc  ;)"!dellac  } 
 
//  sihT  motsuc  rotcurtsnoc  sngissa  etats  atad   
//  ot  a resu - deilppus  eulav .  

cilbup  ssalColleH  gnirts(  )gsm  
{ 

W.elosnoC r eti eniL ( uC" mots  c ot r c ;)"!della  
egasseMresu   

} 
 
//  margorP  yrtne  tniop .  

cilbup  citats  tni  ][gnirts(niaM  )sgra  
 

llaC  tluafed  .rotcurtsnoc  
ssalColleH  1c  = wen  ;)(ssalColleH  

eulaV"(eniLetirW.elosnoC  fo  :egasseMresu  }0{ \ ,"n  )egasseMresu.1c ; 
 
//  llaC  deziretemarap  .rotcurtsnoc  

ssalColleH  ;2c   
2c  = wen  ,gnitseT"(ssalColleH  ,1  ,2  ;)"3  

eulaV"(eniLetirW.elosnoC  fo  :egasseMresu  ,"}0{  ;)egasseMresu.2c  
Con los e eR. da L (eni ;)  
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tcejbo  a tacoll ed no  eht  ma gan e  d  

cihw h by de if ni 

zilait ed state  

noc struct ni g, and they ven re  pro 
a er d nife ed fed au tl  co rtsn u tc ,ro   

= ;gsm  

{ 
// 
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nruter  ;0  
} 
} 
 
 

.3 4 afeD ult A ss ign em nt na d vari lba e ocs pe  
,yltnerruC  ht e He lColl sa s epyt  sah  neeb  c no s detcurt  ot  pe ofr rm owt  du seit . riF st, the  

lc ass d ife nes the entry op int of t eh  pa lp i ac it no  (t eh  aM i (n ) em ht do ). Seco dn ,  
lColleH ass maint ia ns a poi tn  of fiel  d  

dna  g ,doo  ti  yam  es em a bit str egna  la( hguoht  nys  
Mai (n ) method erc ates an i sn nat ec  of t eh  very class ni  whi hc  ti   

ssalc  ssalColleH   
{ 

...  
cilbup  citats  tni  ][gnirts(niaM  )sgra  

{ 
ssalColleH  1c  = wen  ;)(ssalColleH  

...  
} 
} 

aM ny fo  ym  ni ti ial e ax mp el s take this app or ach, uj st to ek pe  focused on lli ustrating the  
hand. woH e ,rev  a erom  na rut al design would be to refac ot r the cu rr ent  
lColleH ass pyt e into wt o dis it n tc  lc asse :s  Hel salCol s a dn  leH l pAo p. Wh ne  you bu li d #C   

cilppa a noit s, ti  becomes quite co omm n ot  have one t py e fun itc oning as the “applica it on  
ob ej ct” (the t py e that d ife nes ht e Ma (ni ) em t )doh  dna  uoremun s to h re  ty ep s ht a  t  

tutitsnoc e ht e a acilpp tion at la egr  In OO rap lan ,ec  this is termed the se ap ar t oi n of  
conce nr s. nI  a n tu shell, ht is des gi n nirp ci lp e stat se  t ah t a class uohs dl  be r pse onsible  
for t eh  least a om u tn  of ow rk. ,suhT  we could r nee ig neer ht e  
of l gniwol  eciton(  taht  a wen  me bm re  na dem  eMtnirP s egas () sah  neeb  dedda  ot  ht e  
Hel Col l sa s :)epyt  

ssalc  ssalColleH   
{ 

cilbup  gnirts  ;egasseMresu  
 

cilbup  lleH lCo a )(ss  
tluafeD"(eniLetirW.elosnoC {  rotc  ;)"!dellac  } 

 
cilbup  gnirts(ssalColleH  )gsm  

{ 
W.elosnoC r eti eniL ( uC" mots  c ot r c ;)"!della  

egasseMresu   
} 
 

cilbup  diov  )(egasseMtnirP  
{ 

egasseM"(eniLetirW.elosnoC  :si  ,"}0{  ;)egasseMresu  
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atad  dna  a ef w co sn t ur ctors. W lih e th si  si  a ll  w le l  
at c it c ylla  well-for em d) that the static  

was def ni ed: 

at sk at  

c rru e tn  pr rgo am into th  e  

= ;gsm  
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} 
} 
 

ssalc  ppAolleH   
{ 

cilbup  citats  tni  ][gnirts(niaM  )sgra  
{ 

ssalColleH  1c  = wen  yeH"(ssalColleH  ereht .. ". ;)  
c1. irP n eMt ss a )(eg ; 

...  
} 
} 
3.5 C# Member I tn azilai t oi n Sy tn a  x  

aM ny fo  the examp el  pa lp ications rc eated o ev r t eh  course of ht e es  first few chap et rs  
esu  of eht  syS t C.me o sn lo e lc ass. lihW e a elosnoc  su er tni erface ( UC )I  is  

ro  bew  ,IU  gnitcirtser  eht  ylrae  selpmaxe  ot  a IUC  lliw   
wolla  su  ot  peek  desucof  no  eht  stpecnoc  rednu  exa im an it no , ar ther t nah  d ae nil g tiw h  

As sti  n ma e i pm l ei ,s  eht  losnoC e salc s  
setaluspacne  ,tupni  ,tuptuo  dna  rorre  maerts  lupinam a noit s of r con elos - ab es d  

noitacilppa s. htiW  t eh  esaeler  fo  TEN.  ,0.2  eht C losno e epyt  sah  neeb  decnahne  htiw   
lanoitidda  ytilanoitcnuf . aT ble 3-2 lists os me (but not a ll ) new m me eb rs of in et rest.  

elbaT  3-2. tceleS  .N TE  2.0–S cep i if c eM mbers of S tsy e C.m no s lo e   
rebmeM  gninaeM  ni  Lif  e  

Bac rgk o dnu oC lor Th se e rp po erties set the ba gkc r f/dnuo oregr nuo d colors for  
ht e  

rruc ent  
For rge o dnu oC lor o tu put. They m ya  eb  a ss igned any me bm re  of the  

roloCelosnoC   
ne u oitarem n.  

Buf ref H gie ht esehT  seitreporp  lortnoc  eht  htdiw/thgieh  fo  eht  s’elosnoc   
reffub   

.aera  
htdiWreffuB   

Cle (ra ) This method cle ra s t eh  buffer na d co osn le di ps l ya  ar ae .  
Title This pr po er yt  sets t eh  ltit e of t eh  uc rr ne t console.  
Win wod H gie ht esehT  treporp i se  c lortno  ht e id me isn ons of the c no os el  i  n  

noitaler   
t  o  

Win wod W tdi h eht  es dehsilbat  reffub .  
poTwodniW   
tfeLwodniW   

 
6.3  cisaB  tupnI  dna  tuptuO  htiw  eht  elosnoC  ssalC   

nI  dda iti on to t eh  me bm ers in Table 3-2, the Co osn le epyt  de senif  a tes  of m te h do s ot   
erutpac  i pn ut 

kam e extens vi e  
ton  sa  en it c gni  as a Wi swodn  

t eh  c mo pl xe iti se  of ub li ding GU sI  .  

na d o ptu u ,t  a ll  of whi hc  ra e defi den  as sta it c na d are theref ro e ac ll de  at  
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t eh  class l ve el. As uoy  ha ev  seen, rW i niLet (e ) pum sp  a text string (i cn l du i gn  a carri ega   
return) to t eh  uo tp tu  str ae m. hT  e tirW e() htem od pu pm s text to the uo tp tu  str ae m  

htiw tuo  a c rra iage re rut n. R dae iL n (e ) al ol ws you to receive info mr a oit n from the i upn t  
s rt ae m pu  un lit  t eh  ac rriage return, while eR a (d ) is esu d to ca rutp e a  elgnis  

oT  li lustrate sab ic I/O usi gn  the Co sn ole class, noc sid re  the  
morp pts the su er for s mo e bi st  of ni f itamro on  dna  

e hc eo s ea hc  item to the standa dr  ptuo ut stream. 
erugiF  3-5 s swoh  a et st r nu .  

 
//  ekaM  esu  fo  eht  elosnoC  ssalc  ot  mrofrep  cisab  .O/I  

citats  diov  ][gnirts(niaM  )sgra  
{ 
//   
 

= ;)(eniLdaeR.elosnoC  
leH"(eniLetirW.elosnoC ,ol  }0{  ,"  ;)s  

 
retnE"(etirW.elosnoC  ruoy  :ega  ;)"  

s = ;)(eniLdaeR.elosnoC  
uoY"(eniLetirW.elosnoC  era  }0{  sraey  ,"dlo  ;)s  

} 
tsrednU 7.3 a dn ing V la eu  Ty ep s a dn  refeR ence Ty  sep  

L ki e yna  program im ng language, C# defin se  a num eb r of k ye row sd  that represent  
basic ad at  yt ep s us ch as wh lo e un bm e ,sr  ch retcara  tad a, aolf ting-po tni  numb ,sre  a dn   

oB o nael  seulav . fI  you come rf om a C++ bac gk rou dn , you lliw  eb  h pa yp  to k on w th ta   
th se e tni ri sn ic ty ep s ra e fixed consta tn s in t eh  univer es , m nae i gn  that w eh n you rc eate  
an int ge er ad ta p ,tnio  a ll  TEN. -aw ra e lang au ges underst na d ht e f xi ed nature of this  
typ ,e  dna  a ll  agree on the r na ge ti  is c bapa le of h na ild gn .  

yllacificepS  ,gnikaeps  a TEN.  atad  epyt  yam  be lav ue- ab sed or ecnerefer - esab d. V eula - 
wh ci h ni clude all nu em rical data yt pes ( ni t, olf ta , et .c ), as we ll  as  

detacolla  no  eht  ts ack. neviG  th si  ,diotcaf  eulav  sepyt   
nac  eb  ylkciuq  devomer  morf  yromem  ecno  yeht  llaf  tuo  fo  the d fe i in ng s oc p :e   
//  sregetnI  era  eulav  !sepyt   

cilbup  diov  )(dohteMemoS  
{ 

tni  i = ;0  
Con los e rW. ti e eniL ( )i ; 

deppop  ffo  eht  kcats  !ereh  
hW en you a ss ign no e value t py e to anoth re , a member-by-me bm er copy is ca hi deve  by  

de af ult. nI  et rms of nume ir cal or oB olean da at  t py e ,s  the only “member” to co yp  is ht  e  
va ul e of t eh  v aira ble i est fl :  
//  ingissA gn  owt  cisnirtni  eulav  sepyt  stluser  ni   
//  owt  tnednepedni  selbairav  no  eht  .kcats  

cilbup  diov  )(dohteMemoS   
{ 

tni  i = ;99  
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character  
from the pni ut st er am. 
of llowing aM i (n ) m hte od, wh ci h  

ohcE  emos  .stats  
retnE"(etirW.elosnoC  ruoy  :eman  ;)"  

gnirts  s 

 ,sepyt desab  
une merations and st ur ctures, ra e 

} //  'i'  si   
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tni  j = ;i  
 
//  retfA  eht  gniwollof  ,tnemngissa  'i'  si  llits  .99  

j 8 237 ; 
} 

elihW  eht  suoiverp  xe a lpm e si  no rojam  wen s ,hsalf  dnatsrednu  taht  TEN.  serutcurts  dna(   
remune a noit s, wh ci h are e ax m ni ed la et r in this chap et r) are also val eu  types. rtS cu ut res,  

mis p yl  up ,t  orp vi ed  a way to ach ei ve the bare-bones eb nef ti s of ob ej ct orien itat on (i. .e ,  
cne a lusp a it no ) hw ile having the fe ficiency of stack- lla co ated data. iL ek  a c al ss  ,  

struc ut res ac n t eka  c sno t cur tors (pr vo ided they ah ve ar ug m ne ts) and nifed e any  
llA  s rt uct seru  a er  implic ti ly de ir v de  from a lc a ss  n ma  de  

.metsyS V eula pyT e. ,yllanoitcnuF  eht  ylno  up r esop  fo  S etsy m ulaV. eType  ot si “  ”edirrevo  
eht  lautriv  sdohtem  denifed  yb  O.metsyS b cej t debircsed(  in uj st a mo nem t) to h no or  

va eul - sab ed, rev s su  ecnerefer - ,desab  itnames cs. nI  ,tcaf  eht  ecnatsni  htem  
byS metsy . eulaV T py e era  i citned al to oht se of tcejbO.metsyS : 

serutcurtS //  dna  snoitaremune  dnetxe  .epyTeulaV.metsyS  
cilbup  tcartsba  ssalc  epyTeulaV  : tcejbo   

{ 
cilbup  lautriv  loob  tcejbo(slauqE  ;)jbo  
cilbup  lautriv  tni  ;)(edoChsaHteG  
cilbup  epyT  ;)(epyTteG  

lautriv cilbup  gnirts  T ;)(gnirtSo  
} 

sA su em  you have rc eat de  a C# struc ut re named M ioPy nt, isu gn  t eh  #C  s rt uct k ye ow rd:  
//  serutcurtS  era  eulav  !sepyt   

tcurts  tnioPyM   
{ 

cilbup  tni  ,x  ;y  
} 

oT  colla ate a struc rut e type, you may make su e fo  the en w key ow rd, whi hc  m ya  ees m  
nuoc terintu ti i ev  given t ah t ew  typically think en w a wl ays impl ei s heap al ol ac ti no . sihT  si   
trap  of ht e s ekom  and im rr ors maintained by ht e CLR. As orp gra mm e sr , we c na   

sa sume ever hty i gn  is na  ob ej ct and wen  av lue ty ep s. ,revewoH  wh ne  eht  run mit e  
ne c tnuo ers a pyt e derived from etsyS m aV. lu Te py e , stack  
//  llitS  no  eht  !kcats   

tnioPyM  p = wen  ;)(tnioPyM  
As an a tl erna it ev , str cu tures ac n eb  a ll o ac ted tiw uoh t su i gn  t eh  en w ek y row d:  

tnioPyM  ;1p  
x.1p  = ;001  
y.1p  = ;001   

If you take this appr cao h, oh ew ve ,r  uoy  sum t itini ali ez  cae h pi ece  of field ad ta eb fore  
su e.  

Fa nili g to do so results in a oc mpi el r err ro .  
V  eula T  secnerefeR ,sepy T  rotarepO tnemngissA eht dna ,sepy  

][gnirts(niaM diov citats  )sgra   
{ 

 
eD pt. fo  TIBJS,ESI  egaP  05  

= 

bmun er fo  m me sreb .  

ods ed fined  

a coll ati no  si  achi ve de :  
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osnoC *****"(eniLetirW.el  eulaV  sepyT  / ecnerefeR  sepyT  ;)"*****  
"(eniLetirW.elosnoC -> gnitaerC  1p )" ; 

tnioPyM  1p  = wen  ;)(tnioPyM  
x.1p  = ;001  
y.1p  = ;001  

"(eniLetirW.elosnoC - gningissA >  2p  ot  1p \ ;)"n  
tnioPyM  2p   

 
//  ereH  si  .1p  

x.1p"(eniLetirW.elosnoC  = ,"}0{  p ;)x.1  
y.1p"(eniLetirW.elosnoC  = ,"}0{  ;)y.1p  

 
//  ereH  si  .2p  

x.2p"(eniLetirW.elosnoC  = ,"}0{  ;)x.2p  
y.2p"(eniLetirW.elosnoC  = ,"}0{  ;)y.2p  

 
//  egnahC  x.2p . sihT  lliw  TON  egnahc  .x.1p  

"(eniLetirW.elosnoC - gnignahC >  x.2p  ot  ;)"009  
x.2p  = ;009  

 
//  tnirP  niaga . 

"(eniLetirW.elosnoC -> ereH  era  eht  X seulav  niaga .. . ;)"  
x.1p"(eniLetirW.elosnoC  = ,"}0{  ;)x.1p  
x.2p"(eniLetirW.elosnoC  = ,"}0{  ;)x.2p  

Con los e eR. da L (eni ;)  
}  
//  sessalC  era  syawla  ecnerefer  .sepyt  

ssalc  tnioPyM  //  =<  woN  a !ssalc   
{ 

cilbup  tni  ,x  ;y  
} 
 

aV eul  sepyT  gniniatnoC  ecnerefeR   sepyT  
Now ht at you have a bet et r feeling for ht e id ffer cne es between value ty ep s and  

nerefer ce t py e ,s  le ’t s axe im en  a m ero  oc mplex axe mple. sA us me you have ht  e  
of l niwol g er f cnere e (cla )ss  t py e that ma ni t ia sn  na  inf ro am tion la  stri gn  t tah  can eb  es t  

isu ng a uc stom c no s rt tcu  :ro  
ssalc  ofnIepahS   

{ 
cilbup  gnirts  ;gnirtSofni   
cilbup  gnirts(ofnIepahS  )ofni  

{ gnirtSofni  = ;ofni  } 
} 
Now as us me that you wa tn  to contain a av ria lb e of this cl sa s type within a av lue yt pe  

RyM e tc angle . oT  a ll ow t eh  outside world to es t ht e val eu  of t eh  inner  
a custom c no structor ( sa  pxe al ni ed in uj st a b ,ti  the  

de af lu t c sno t cur tor of a str cu ture is er served a dn  c nna ot be redef ni ed):  
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name  d  
S ah peI fn o, you al os  provide 



C# dna  mmargorP TEN. i gn  I60 S  167  
 
s elgnatceRyM tcurt   
{ 
//  erutcurts  sniatnoc  a ecnerefer  epyt  .rebmem  
 
 

cilbup  tni  ,pot  ,tfel  ,mottob  ;thgir  
cilbup  gnirts(elgnatceRyM  )ofni  

{ 
ofnItcer  = wen  ;)ofni(ofnIepahS  

pot  = tfel  = ;01  
mottob  = thgir  = ;001  

} 
} 

tA  th si  p io n ,t  you have conta ni ed a reference type within a va ul e type. ehT  illim no - 
it on now be oc m ,se  w ah t sneppah  if uoy  assi ng  one eRyM ct gna le av ir able to  

oy u al daer y onk w ba out va ul e yt ep s, oy u would eb  oc rrect ni   
a uss im ng that t eh  tni eger ad ta (which  

ytitne  of r ae ch M tceRy an lg e av ri ba le  .  
citats  diov  ][gnirts(niaM  

{ 
//  etaerC  eht  tsrif  .elgnatceRyM  

"(eniLetirW.elosnoC -> gnitaerC  1r )" ; 
elgnatceRyM  1r  = wen  sihT"(elgnatceRyM  si  ym  tsrif  ;)"tcer  

 
//  woN  ngissa  a wen  elgnatceRyM  ot  .1r  

"(eniLetirW.elosnoC -> gningissA  2r  "1r ;)  
elgnatceRyM  ;2r  

r2 
 
//  egnahC  seulav  fo  2r .  

"(eniLetirW.elosnoC -> gnignahC  lla  seulav  fo  ;)"2r  
gnirtSofni.ofnItcer.2r  = sihT"  si  wen  ;"!ofni  

mottob.2r  = ;4444  
 
//  tnirP  seulav   

"(eniLetirW.elosnoC -> seulaV  retfa  ;)":egnahc  
(eniLetirW.elosnoC "-> 1r r. nItce f nirtSofni.o :g  { "}0 , r er.1 Itc fn ni.o f irtSo gn ); 
(eniLetirW.elosnoC "-> 2r r. nItce f :gnirtSofni.o  { "}0 , r er.2 Itc fn ni.o f irtSo gn ); 
"(eniLetirW.elosnoC -> :mottob.1r  ,"}0{  ;)mottob.1r  
"(eniLetirW.elosnoC -> :mottob.2r  ,"}0{  ;)mottob.2r  

} 
 

eulaV  dna  ecnerefeR  :sepyT  laniF  sliateD   
To wrap pu  this to ip c, dnop er the informa it on in baT le 3-8, ihw ch summ ra i ez s t eh   
co er  id s it cn it ons betwe ne  av l eu  t sepy  a dn  re ef rence t py es.  
 

elbaT  3-8. laV ue yT pes na d R erefe n ec  Ty ep s iS de by Side  
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elgnatceRyM ehT   
cilbup  ofnIepahS  ;ofnItcer  

od all r ques 
na to eh r? iG v ne  what  

si  ni d dee  a urts c erut ) hs uo ld be an i dn e ep n ed nt  

ra sg ) 

ot   

= ;1r  
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gniugirtnI  noitseuQ   eulaV T epy   ecnerefeR T epy   
erehW  si  iht s epyt  detacollA  no  ht e s kcat . detacollA  no  eht  mana deg   

detacolla ? aeh p.  
woH  is a av ri ba le Value type vari ba les are ecnerefeR  epyt  av r lbai se   

serper ent de ? local era  seipoc p. o nitni g ot  the  
memory o cc upied yb  th  e  

colla a det  ni s nat ce.  
tahW  si  ht e esab  epyt ? Mu ts  ed r vi e rf om Can ed ri ev  rf om any othe  r  

type  
 

ejbO.metsyS :edoN retsaM ehT 8.3 c  t  

nI  N. E ,T  yreve  epyt  si  mitlu a let y devired  morf  a co omm n esab  c al s :s  Sy mets . ejbO ct .  
The Ob ej ct class  

a c ssal  aht t seod  on t pxe li ic lt y spe ic fy its ab se cla ,ss   
uoy  lticilpmi y ed r evi  fr mo  S etsy m. jbO ect:  

//  gnivired ylticilpmI  morf  tcejbO.metsyS .  
ssalc  ssalColleH   

{ .. .} 
fI  uoy  hsiw  ot  eb  erom  raelc  htiw  ruoy  ,noisnetni  eht  #C  noloc  rotarepo  (:) a oll ws oy u to  

ylticilpxe  ps e ic fy a t py e’s ba es  lc ass (such as Sy mets . ejbO ct):  
//  nI  htob  sesac  ew  era  ylticilpxe  gnivired  morf  .tcejbO.metsyS  

ssalc  ofnIepahS  : tcejbO.metsyS   
{ .. .} 
 

ssalc  ofnIepahS  : tcejbo   
{ .. .} 

.metsyS O cejb t senifed  a tes  of ni s cnat e- evel l a dn  c al ss - evel l s( t ta ic) me bm sre . Note that  
some of ht e ni stance-level mem eb rs are ced al r de  us ni g t eh  iv r aut l ek ywo dr  na d can  
th fere ore be vo erridden  
//  ehT  tsompot  ssalc  ni  eht  TEN.  :esrevinu  tcejbO.metsyS   

ecapseman   
{ 

cilbup  ssalc  tcejbO   
{ 

cilbup  ;)(tcejbO   
cilbup  lautriv  tcejbO(slauqE naelooB  ;)jbo  
cilbup  lautriv  23tnI  ;)(edoChsaHteG  
cilbup  epyT  ;)(epyTteG  
cilbup  lautriv  gnirtS  ;)(gnirtSoT  

detcetorp  lautriv  diov  ;)(ezilaniF  
detcetorp  tcejbO  ;)(enolCesiwrebmeM  

cilbup  citats  loob  tcejbo(slauqE  ,Ajbo  tcejbo  ;)Bjbo   
cilbup  citats  loob  tcejbo(slauqEecnerefeR  ,Ajbo  tcejbo  ;)Bjbo  

} 
} 
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de senif  a nommoc  tes  fo  mem b sre  suppo tr ed by e ev ry ty ep  in t eh   
. TEN  vinu erse. nehW  uoy  cr ae te 

by a de ir ved lc sa :s  

metsyS   
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ehT  eD fault Behavior of System.Obj ce t  
To ulli strate mos e of t eh  ed f ua lt be ah vior provided by the etsyS m O. b ej ct base class,  

ssa ume a cla  ss  
named Per os n nifed de  ni  a cus mot  names ap ec  named bO je eMtc t oh ds:  
//  ehT  'ecapseman'  drowyek  si  ylluf  denimaxe  ta  eht  dne  fo  siht   

sdohteMtcejbO ecapseman   
{ 

ssalc  nosreP   
{ 

cilbup  gnirts(nosreP  ,emanf  gnirts  ,emanl  gnirts  ,s  etyb  )a  
{ 

emaNtsrif   
emaNtsal  = ;emanl  

NSS  = ;s  
ega  = ;a  

} 
cilbup  }{)(nosreP  

 
//  ehT  etats  fo  a .nosrep  

cilbup  gnirts  cilbup;emaNtsrif  gnirts  ;emaNtsal  
cilbup  gnirts  ;NSS   
cilbup  etyb  ;ega  

} 
} 

,woN  nihtiw  ruo  (niaM ) me oht d, we m ka e use of the eP r os n pyt e sa  s :o   
citats  diov  ][gnirts(niaM  )sgra  

{ 
*****"(eniLetirW.elosnoC  gnikroW  htiw  tcejbO  ***** \ ;)"n  

 
,"derF"(nosreP  ,"kralC"  111" - 11 - ,"1111  ;)02  

elosnoC rW. eti eniL ("->  
W.elosnoC r eti eniL ("->  

//  ekaM  emos  rehto  secnerefer  ot  .'derf'  
nosreP  2p  = ;derf  
cejbo t o = ;2p  

 
gnitniop  ot  eht  emas  tcejbo  ni  ?yromem   

)derf(slauqE.o(fi  &&   
2p ,derf"(eniLetirW.elosnoC  dna  o era  gnicnerefer  eht  emas  ;)"!tcejbo  

Con los e eR. da L (eni ;)  
} 

riF st, on it ec  oh w ht e defa tlu  mi plementa it on of oT St gnir () simply returns the fully  
uq a il f ei d name of ht e t epy  e( g. ,.  eman sp eca . yt p ane me ). Ge yTt (ep ) er irt ve e  s  

a S metsy .Type jbo ec ,t  ihw ch fed ines a orp pe tr y n ema d aB s pyTe e sa(  uoy  c na  seug s, iht s  
lliw  yfitnedi  eht  ylluf  deifilauq  na em  fo  eht  s’epyt   
taht  segarevel  eht  (slauqE )m hte od. ,ereH  a n we  sreP onob tcej  si  lp a dec  on the m ana g de   
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tpahc er. 

= ;emanf  

nosreP  derf  = wen   
.derf oT :gnirtS  ,"}0{  fre T.d o rtS in ))(g ; 
derf .G Hte hsa oC :ed  {0 "} , erf d teG. H doChsa e ))( ; 

//  erA  lla  3 secnatsni   
E.2p q au sl ( )o ) 

sab e cla ss ). ,woN  enimaxeer  eht  edoc   
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hea ,p  and ht e er f re e cn e to this object is s ot red in the f er d er fe er nce av r ai ble.p2 is a sl o fo   
yt p  e Pe sr on h , o evew r, a uoy r  e not cr ae it ng a new ecnatsni  of eht  reP os ncl ssa , but  

assi ng ing 2p  ot  fred. Therefore, rf ed dna  p2ar b e ot  h pointi  gn t  o th s e am o e bject in  
mem ory  sa , i  s t v eh ari lba e o (of type o jb ect, which w sa  thrown in for good m sae u )er  .  

Given t ah t erf d, p2, and o lla  po ni t to t eh  as me object i  n  
us c ec ed .s  

 
gnidirrevO  emoS  feD a tlu  Beh roiva s fo   

lA though ht e cann de  be ah vior of S metsy . ejbO ct c na  f ti  the bi ll  in m tso   
esac s, ti  is quite common f ro  y uo r custom types ot  over ir ed  so em  fo  ht ese  ehni r ti e  d  

meth do s  . tpahC er 4 vorp ides a c lpmo e et  xe a im nat oi n of OO P u dn er C#, but in a  
nut hs e ,ll  overri id gn  is t eh  pr co e ss  of red fe ini gn  t eh  b vahe ior  

em mber ni  a derived cl sa s. As you have j su t es ne , yS s et m O. bject  ed fines a un m eb r fo   
iv rt au l met doh s (su hc  as= To tS nir g() and uqE a (sl )) that od  define a canned  

pmi lement 
lautriv  me srebm  of r a ed r vi ed  

gnidirrevO  )(gnirtSoT.tcejbO.metsyS   
gnidirrevO  eht  oT S nirt g() htem od pr vo edi s a way to quick yl  gain a snapshot of an  

ob ej ct’s cu rr ent  
rp ocess. T tel ,etartsulli o ’  edirrevo s S etsy m bO. j T.tce o irtS n (g ) ot  ter u nr  a te utx al  

noitatneserper  fo  a pe ’nosr s sta et  ( on te ew  a er  nisu g a n we  n sema pa ec  n ma ed  
Sys met . xeT t):  
//  deeN  ot  ecnerefer  txeT.metsyS  ot  ssecca   

gnisu  ;metsyS  
gnisu  ;txeT.metsyS  

 
 
{ 
//  gnidirrevO  syS .met jbO ce SoT.t t .)(gnir  

gnirts edirrevo cilbup  )(gnirtSoT   
{ 

nirtS redliuBg  bs  = wen  ;)(redliuBgnirtS  
 

"(tamroFdneppA.bs   
amroFdneppA.bs (t "  

bs . eppA Fdn mro (ta " egA = ]}0{ ,"  
nruter  ;)(gnirtSoT.bs   

} 
...  

} 
woH  uoy  tamrof  eht  gnirts  denruter  morf  Syst ejbO.me c SoT.t t gnir () si  ylegral  a rettam  fo   

hc io ce. nI  this e ax mple, ht e name/va ul e pairs evah  neeb  contai den  ihtiw n  
s auq er  br ca kets, htiw  e ca h riap  pes arated by a es m oloci n a(  c mmo on euqinhcet  nihtiw   

eht  TEN.  esab  ssalc  )seirarbil . lA so n to eci  that this exa pm el  makes use of a new yt p  ,e  
.metsyS T S.txe t Bgnir u edli r ( hcihw  is also  

 
eD pt. fo  IBJS,ESI T 

memor ,y  ht e e uq a il yt  te ts   

Sy  tcejbO.mets  

of an i ehn r ti ed iv r ut al  

tat ion. ,revewoH  fi  uoy  tnaw  to bu dli  a motsuc  lpmi e tnem a oit n of t eh se  
ty ep , you make use of the C# evo rr di e .drowyek  

 
 

tats e. sA  uoy  thgim  ,sseug  th si  nac  eb  lufpleh  gnirud  eht   gniggubed  
 
 
 

redliuBgnirtS  .epyt  
 
 
 

ssalc  nosreP   
 
 
 
 
 
bs . eppA dn F ro m "(ta [ riF s Nt ma e }0{= ; ,"  iht s f. i tsr Na )em ; 

saL aNt em ;}0{= ", ht .si al s maNt e); 
SS N= ;}0{ ,"  ht is NSS. ;)  

ht is ega. ;)  

p re os  lan  

a am t ret  fo  srep o an l c oh i ec ). hT is t epy  is  

 
egaP  55   
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descri deb  ni  rg eat re  deta li  la et r in t eh  c ah tp re . evewoh ,rewsna trohs ehT r  taht si ,  

BgnirtS u edli r si  a mo er  tneiciffe  a etl rn ta vi e to #C  str ni g noc c neta ita no .  
O rrev iding syS tem.Obj ce t. auqE ls()  
Let s’  al os  overri ed  ht e heb av oi r of etsyS m.O E.tcejb q (slau )  to work wi ht  value-b sa ed  
semantics. Rec lla  th ta  by defa lu t, E auq ls() re snrut  eurt  ylno  fi  eht  t ow  r fe e ner ces being  

ot  ht e same object on ht e eh ap. In nam y ac se ,s  h wo ever, you  
t’nod  ecen s ras y c ra e if wt o secnerefer  ra e poin it ng to the as me bo j ce t in mem yro , but  

uoy  are om er  interest de  if t eh  two o jb ce ts evah  ht e same sta et  da at  ( an me, SS N, and  
ga e ni  eht  sac e of a Pe sr on):  

cilbup  edirrevo  loob  tcejbo(slauqE  )o  
{ 
//  ekaM  erus  eht  rellac  tnes  a dilav   
//  nosreP  tcejbo  erofeb  .gnideecorp  
fi  o(  =!  llun  &&  o si  )nosreP   

{ 
//  woN  ees  fi  eht  gnimocni  nosreP   
//  sah  eht  tcaxe  emas  noitamrofni  sa   
//  eht  tnerruc  tcejbo  .)siht(  

nosreP  pmet  = ;o)nosreP(  
fi  emaNtsrif.pmet(  ==  emaNtsrif.siht  &&   

emaNtsal.pmet  ==  emaNtsal.siht  &&   
NSS.pmet  ==  NSS.siht  &&   
ega.pmet  ==  )ega.siht  

nruter  ;eurt  
} 

nruter  ;eslaf  //  toN  eht  !emas  
} 
Here oy u a er  if r ts  ve ir f iy ng t eh  cal el r did inde de  p sa s in a osreP n object to the  

(slauqE ) m te oh  su ing t eh  #C  is k ye word. tfA er iht s po ,tni  oy u go ab tuo  xe ma in gni  eht   
seulav  fo  eht  nimocni g retemarap  niaga st eht  seulav  fo  eht  tnerruc  s’tcejbo  dleif  atad   

eton(  eht  esu  fo  ht e iht s ek ywo ,dr  hcihw  fer ers  
ehT  torp o pyt e of tsyS e cejbO.m t auqE. l (s ) at k se  a lgnis e ra nemug t of epyt  bo j ce t. suhT ,  
uoy  era  er riuq ed to ep rform an explic ti  ca ts  iw thin the lauqE s() m hte od ot  ca c se s t eh   

mem eb rs of t eh  sreP on  
wt o bo j ce ts with ht e same state ad ta and therefo er  r ute nr  urt e. fI  a yn  iop nt of tad a i  s  

ton  ,lacitnedi  uoy  er ut rn f la se. If y uo  over ir ed  Sy mets .O cejb t oT. St nir g() for a g nevi   
,ssalc  uoy  nac  ekat  a very s lpmi e ohs r ct ut wh ne  evo rr gnidi  etsyS m.O E.tcejb q (slau ) .  

iG ven that the value re ut rned from SoT t gnir () s uoh ld t ka e  
ssop dna( ssalc tnerruc eht fo selbairav rebmem i ad elb t ced a lar  de i c esab n l ,)sessa  

Equ (sla ) ac n s mi ylp  com ap re t eh  va ul es of ht e stri gn  typ se :  
cilbup  edirrevo  loob  tcejbo(slauqE  )o  

{ 
fi  o(  =!  llun  &&  o si  )nosreP  

{ 
fi  )(gnirtSoT.siht(  ==  ))(gnirtSoT.o  

nruter  ;eurt  
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derapmoc  a er  gnitniop   

ot  eht  tnerruc  ejbo ct).  

yt pe  . If the an m ,e  SSN, na d age of ea hc  a er  i ned ti ac ,l  you ah v  e  

otni  tnuocca  lla  fo  eht   
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esle   
nruter  ;eslaf  

} 
nruter  ;eslaf  

} 
Now, for t eh  sake of argume ,tn  sa us me you vah e a t py e named aC r, dna  a tpmett  ot  ap ss  
ni  a raC  ni stan ec  to eht  Per nos . uqE la s() me doht  as os :  
//  sraC  era  ton  !elpoep   
raC  c = wen  ;)(raC  

nosreP  p = wen  ;)(nosreP  
p.E auq l c(s ); 

neviG  ruoy  itnur em  ch kce  rof  a eurt - ulb e osreP no jb e tc  ( aiv  t eh  is  eht )rotarepo  
slauqE ()method  

//  !spoO   
nosreP  p = wen  ;)(nosreP  

p.E auq l n(s lu l); 
sihT  dluow  sla o be ,efas  vig en uoy r hc e kc  f ro  na  ocni m gni  null ref re e ecn .  

 
O rrev iding syS t me .Obj tce .Get saH h edoC ()  

hW en a cl sa s ov re ri ed s eht  Equal (s ) em oht d, best practi ec s dicta et  that you s oh ul  d  
also evo r dir e Syst .me O jb ect G. e Ht a hs C do e() . If you fail to od  so, you are iss deu   a  
comp li erwarning. hT e role fo  eG tHashCode()  is ot  ret nru  a un merical v la ue that  
ident fi ies an object based on ti s internal state data. T uh ,s  fi  oy u evah  two  
Per os n o ejb cts that h va e na  identical first name, al st name, SS N, and age,  

tbo a ni  eht  same hash .edoc  
 
There are m yna  al rog ti hms ht at can eb  u des  ot  create a h sa h co ed —some fan yc , others  

ton  os  ycnaf . As me noitn e ,d  an object’s ah sh va ul e w lli  be sab de  no  its state data  . sA   
Sy mets . irtS ng c ssal  has a v yre  solid mi plementa it on of  

Get saH h doC e() ht at is ba des  on t eh  strin s’g  
i ed n it fy a stri gn  field aht t should eb  uni uq e among objects  
SSN fi le d), you c na  si pm ly ca ll  eG t hsaH C (edo ) no  t eh  s’dleif  str ni g er pr se entation: 
//  nruteR  a hsah  edoc  desab  no  eht  s'nosrep  NSS .  

cilbup  edirrevo  tni  )(edoChsaHteG  
{ 

nruter  ;)(edoChsaHteG.NSS  
} 
fI  uoy  tonnac  yfitnedi  a elgnis  tniop  fo  atad  ni  ruoy  ,ssalc  tub  evah  vo  neddirre  

(gnirtSoT ), y  uo  
can simply re ut rn the ah sh code of the string er tur en d from your c su tom  

nirtSoT g() nemelpmi t ita on:  
//  nruteR  a hsah  edoc  desab  ruo  motsuc  )(gnirtSoT .  

cilbup  edirrevo  tni  )(edoChsaHteG  
{ 
er t nru  SoT irt )(gn HteG. sa oCh (ed ); 

} 
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snruter  fa esl . woN  c disno er ht e fol ol iw ng ni voca it on: 

uoy  ohs u dl   

ul kc  w luo d evah  ,ti  t eh   
ch ra ac et r d ata . Therefore, if uoy  nac   

(such as the eP r os n’  s  
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eR dna sepyT eulaV neewteB gnitrevnoC 01.3 f T ecnere y :sep  gnixoB   dna  
gnixobnU  itarepO no  s  

iG ven ht at .NET defines wt o major ca et gories of types v( a ul e b sa ed a dn  er ref e cn e  
sab e ,)d  you am y co casionally en de  to rep ser ent a av ri ba le of one cat oge ry as a variable  

fo  the other cate og ry. #C  provides a ev ry is mple m ce hanis ,m  term de  ob xing, to conve tr   
a va ul e type to a er ef rence ty ep . mussA e  
//  ekaM  a trohs  eulav  epyt .  

trohs  s = ;52  
,fI  du ir ng the c uo rse fo  y uo r appli ac tion, you wish to rep er s ne t this va ul e t py e as  a  

refer ence type, you wo lu d “box” the v la ue as f lo lows:  
//  xoB  eht  eulav  otni  na  tcejbo  ecnerefer .  

tcejbo  trohSjbo  = ;s   
nixoB g nac  be mrof ally ed f ni ed as ht e proce ss  of e px l ci i lt y vnoc re ti gn  a ulav e epyt  in ot   

spondi gn  refer ne ce t epy  by stori gn  ht e vari ba le in a etsyS m bO. ject . hW en you  
xob  a va ,eul  eht  RLC  setacolla  wen a  tcejbo  no  eht  paeh  dna  seipoc  eht  eulav  s’epyt   eulav  

)52 ,esac siht ni(  otni  taht  ecnatsni . What is returned to you is a refer ne ce to ht e ne lw y  
a ll ocated bo ject. Usi gn  this technique, .NET eved l po re s vah e on  ne de  to make esu  of a  
set of w par per classes su de  to te pm orar li y t aer t s at kc  ad ta as he pa -al ol cated objects.  
The op tisop en o rep a it on is also ep rm detti  ht r hguo  nu boxing. U bn o  fo ssecorp eht si gnix  

vnoc re t ni  g  
eht  eulav  dleh  ni  eht  tcejbo  ecnerefer  kcab  otni  a gnidnopserroc  eulav  epyt  no  eht  kcats .  
ehT  gnixobnu  itarepo on snigeb  yb  gniyfirev  taht  ht e gniviecer  data t epy  si  equ lavi ent to  

eht  dexob  ,epyt  dna  fi  ,os  ti  seipoc  eht  eulav  kcab  otni  a lacol  kcats - desab  av r elbai . F  ro  
ow r  sk ccus e lufss ly, g vi en that the underlying  

typ  e o  f ht e Sjbo h ro tis i dn eed ash ro t(you’ll axe im ne t eh   #C  ni rotarepo gnitsac d  ni liate  
eht  txen  ,retpahc  os  dloh  thgit  rof  :)won   
//  xobnU  t eh  ecnerefer  kcab  otni  a gnidnopserroc  trohs .  

trohs  trohSrehtona  = ;trohSjbo)trohs(   
,niagA  ti  si  yrotadnam  taht  uoy  xobnu  otni  an approp ir a et  da at  type. ,suhT  ht  e  

gniwollof   
bnu oxing l go ic gene ar tes na  avnI l aCdi s Et ecx p oit n xe c noitpe  erom(  liated s no   
cxe noitpe  dnah l ni g  

//  lagellI  gnixobnu .  
citats  diov  ][gnirts(niaM  )sgra  

{ 
...  

 
 

ehT  epyt  deniatnoc  ni  eht  xob  si  TON  a ,tni  tub  a !trohs  
tni  i = ;trohSjbo)tni(  

} 
dilavnI(hctac tsaC E ecx itp no  )e  

{ 
oC n elos rW. eti eniL ( OO" !SP \n }0{  ", T.e So rt in )(g ); 

} 
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ht ta  oy u have creat de  a variable of t py e ohs rt: 

a cor er  

,elpmaxe  eht  gniwollof  gnixobnu  noitarepo   

in etpahC r 6): 

yrt   
{ 
//   
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} 
 

oS me Practi ac l (U B)n o ix ng Ex ma lp es  
So  uoy , m ht eb ya i kn i  dluow nehw ,gn y  uo r ae ll  deen y t  o m na ually bo ( x o  r unbox ad a ) t  a  

?epyt  ehT  suoiverp  elpmaxe  saw  ylerup  evitartsulli  ni  ,erutan  sa  ereht  saw  no doog   
ohs rt atad  tniop . ehT  hturt  fo  the rettam  si  taht  uoy   

lliw  modles — fi  reve — deen  ot  yllaunam  xob  atad  
relipmoc  yllacitamotua  sexob  selbairav  nehw  etairporppa . roF  ,elpmaxe  fi  uoy  ssap  a  

eulav  epyt  otni  a dohtem  gniriuqer  na  tcejbo  ,retemarap  nixob g srucco  dniheb  eht   
curt nia s.  

ssalc   
{ 

citats  diov  ][gnirts(niaM  )sgra  
{ 
//  etaerC  na  tni  eulav(  .)epyt  
tni  tnIym  = ;99  

 
//  esuaceB  tnIym  si  dessap  otni  a  
//  dohtem  depytotorp  ot  ekat  na  ,tcejbo  
//  tnIym  si  'dexob'  yllacitamotua .  

Use ihT s jbO ce t Iym( n )t ; 
Con los e eR. da L (eni ;)  
} 
 

citats  diov  tcejbo(tcejbOsihTesU  )o  
{ 

eulaV"(eniLetirW.elosnoC  fo  o :si  ,"}0{  ;)o  
} 
} 

citamotuA  gnixob  a sl o srucco  nehw  gnikrow  wi ht  ht e pyt se  of eht  . EN T esab  cl sa s  
axe mp ,el  t eh  S etsy m. loC l tce noi s names ap ce (formally examined i  n  

ahC pter 7) defines a c sal s ty ep  named rrA a siLy t. kiL e om st oc ell itc no  epyt ,s   
Arr Lya ist provides mem eb rs t ah t a ll ow you ot  insert, o tb a ,ni  a dn  remo ev  ti ems: 

tsiLyarrA.snoitcelloC.metsyS ssalc cilbup  : ,tcejbo   
yS s .met loC cel noit s I. Li ts ,  

Sys met . loC el c noit s I. Co ll ce t noi , 
Sys met . loC el c noit s EI. n mu re a elb , 

elbaenolCI   
{ 

...  
cilbup  lautriv  tni  tcejbo(ddA  ;)eulav  
cilbup  lautriv  diov  tni(tresnI  ,xedni  tcejbo  ;)eulav  
cilbup  lautriv  diov  tcejbo(evomeR  ;)jbo  
cilbup  lautriv  tcejbo  tni[siht  ]xedni  ;teg{  ;tes  } 

} 
 
 
 

eD pt. fo  TIBJS,ESI  egaP  95  

nosaer  to b xo  dna(  ht en xobnu )  eht  
epyt s. hcuM  fo  ht e emit , ht e #C   

margorP   

arbil r ei s. F  ro  
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As uoy  ac n ees , the es  mem eb rs ope ar te no  eg n re ic syS t .me bO j ce t epyt s. viG en that  
ve re yth ni g  

efrep c ylt  :lagel  
][gnirts(niaM diov citats  )sgra   

{ 
...  

tsiLyarrA  stnIym  = wen  ;)(tsiLyarrA  
myI stn . ddA 8( 8); 
myI stn . ddA 3( . )33 ; 
myI stn . ddA f( a )esl ; 
} 

,revewoH  nevig  ruoy  gnidnatsrednu  fo  eulav  sepyt  dna  ecnerefer  ,sepyt  uoy  thgim   
hw at saw  calp ed into ht e rrA a siLy t yt pe. cnerefeR( es? Co seip  of  

?secnerefer  seipoC  fo  )?serutcurts  tsuJ  ekil  htiw  eht  suoiverp  hTesU si (tcejbO )method, it  
hs o lu d be c ael r taht  ea hc  of eht  etsyS m 3tnI. 2 atad  epyt s erew  edni ed boxed befo er   

gnieb  decalp  otni  the rA r ya List type. oT  eveirter  na  meti  morf  eht  
siLyarrA t ,epyt  uoy  era  deriuqer  ot  xobnu  :ylgnidrocca   

)(stnIxobnUdnAxoB diov citats   
{ 
//  xoB  stni  otni  .tsiLyarrA  

tsiLyarrA  stnIym  = wen  ;)(tsiLyarrA  
myI stn . ddA 8( 8); 
myI stn . ddA 3( . )33 ; 
myI stn . ddA f( a )esl ; 
 
//  xobnU  tsrif  meti  morf  .tsiLyarrA  
tni  metItsrif  = ;]0[stnIym)tni(   

tsriF"(eniLetirW.elosnoC  meti  si  ,"}0{  ;)metItsrif  
} 
To be s ,eru  ob xing a dn  nu b nixo g sepyt  sekat  emos  nissecorp g mit e ,dna  fi  esu d ohtiw ut  

tniartser , dluoc  truh  eht  pe ecnamrofr  fo  ruoy  ppa li ac ti no . Ho ,revew  tiw h siht  .N TE   
euqinhcet , uoy  era  lba e ot  mys metri ac ll y operate no  va eul - sab de  na d r fe nere ce-ba es d  

epyt s.  
 

 11.3 P gninifeD  r o g r a m 

woN  taht  uoy  evah  es en woh  to eralced  ssalc  ,selbairav  s’tel  ees  woh  ot  ed f ni e tad a ht at  
be reassi eng d  . C# ffo ers the const ek yword to define v ra ia lb es with a fixe ,d   

una etl rable v la ue. Once the val eu  of a snoc t na t has b ee n estab il s deh , a yn  a tt e tpm  ot   
a etl r ti  r use tl s in a oc mp eli r error  . nU like  

esu d ot  qua yfil  rap ame sret  ro  nruter  seulav , a dn  is r se er dev  for eht  c er noita  of col la  o  r  
ecnatsni - level  data. tI  si  mi portant to und re stand that t eh  val eu  a ss ig den  ot  a tnatsnoc   

av r bai el  tsum  eb  nwonk  at oc mp eli  time, a dn  th ere fore a c no st na t member cannot be  
dengissa  to an object er f ere nce (whose value si   

esu  fo  eht  co sn t ek ywo ,dr  emussa  eht  gniwollof  ssalc  :epyt  
ssalc  ataDtsnoC   

 
eD pt. fo  TIBJS,ESI  egaP  06  

u mitl a ylet  sevired  morf  th si  oc m nom  ab se salc s, eht  fol gniwol  c do e is  

rednow  yltcaxe   

 tnatsnoC  

dluohs  even r  

in C ,++  #C ni  ht e snoc t ek y row d cannot be  

detupmoc  ta  )emitnur . T  etartsulli o t  eh  
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{ 
//  ehT  eulav  dengissa  ot  a tsnoc  tsum  eb  nwonk   
//  ta  elipmoc  .emit  

cilbup  tsnoc  gnirts  maeTabNtseB  = ;"sevlowrebmiT"  
cilbup  tsnoc  elbuod  IPelpmiS  = ;41.3   
cilbup  tsnoc  loob   
cilbup  tsnoc  loob  ytislaF  = ;hturT!  

} 
 

citoN e ht at the va ul e of each constant is known at the t mi e of moc pilation. In fac ,t  fi   
vi we  th se e constants using adli s xe.m e, you would fi dn  the value ah rd- 

doc ed direc lt y into the sa sem 
 

noitaretI #C 21.3  stcurtsnoC   

llA  progra mm ni g l na g gau es pr vo di e aw ys to r pe e ta  bl co ks of c do e u tn il a et rm ni a it gn   
oc ndi it no  has b ee n m te . Regar ld e ss  fo  ihw ch lang au eg  uoy  have used in ht e p sa ,t  t  eh  
#C  ti erat oi n sta met ents sh uo ld n to  raise t oo  m na y e ey b wor s and s oh u dl  re uq i er  il t elt   

lpxe a an tion. C# provid se  t eh  of llowi gn   
ruof  it re at noi  constructs:  

• of r pool   
• rof each/in loop  
• ihw le pool   
• od /wh li e pool   
Le ’t s ciuq kly exa im en  e ca h loopi gn  c no struct in tu nr .  
 

ehT  of r pooL   
nehW  uoy  deen  ot  etareti  revo  a kcolb  fo  edoc  a dexif  rebmun  fo  ,semit  eht  of r tats em ne t  

si  eht  c no  
kcolb  fo  edoc  staeper  ,flesti  sa  we ll  as the et r nim a nit g cond ti ion. tuohtiW  be obal r gni  eht   
,tniop  ereh  si  a elpmas  fo  eht  :xatnys  

//  A cisab  rof  pool .  
][gnirts(niaM diov citats  )sgra   

{ 
ylno  elbisiv  nihtiw  eht  epocs  fo  eht  rof  .pool  

tni(rof  i = ;0  i < ;01  )++i  
{ 

irW.elosnoC rebmuN"(eniLet  :si  }0{  ,"  ;)i  
 

ton  elbisiv  .ereh  
 

llA  of ruoy  dlo  C, +C +, and Java t ir cks s it ll hold when buil id ng a C# for s etat ment. Y  uo  
nac  erc ate c pmo l xe  et r im nat ni g cond ti io sn , bu li d e dn l se s loops, and am ke use of th  e  
otog , co unitn e, and rb eak  

ow rk 2.0 DS K do uc mentation if you req iu re  
furt eh r de at ils on ht e C# of r k ye ow rd.  
 

eD pt. fo  TIBJS,ESI  egaP  16  

hturT  = ;eurt  

you ew re  ot  
lb y.  

tcurts  fo  snoipmahc . nI  ,ecnesse  uoy  era  elba  ot  yficeps  woh  ynam  semit  a  

//  !etoN  'i'  si   

} 
//  'i'  si  

} 

owyek rds  . ussa ll’I m i siht dneb lliw uoy taht e t tare snoc noi truct  
if ees uoy sa t. C usno l  TEN. eht t Frame 
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ehT  hcaerof  Loop  
hT e C# rof cae h k ye word a ll ows y uo  to iter eta  over a ll  items tiw hin an a yarr , iw tho tu   

the en de  to et st for the ra ’yar s u epp r imil t. He er  ra e two xe amp el s using rof each, one t  o  
rt a ev sr e na  a arr y of strings  
//  etaretI  yarra  smeti  gnisu  hcaerof .  

][gnirts(niaM diov citats  )sgra   
{ 

moC"{ elp x A rogl hti sm ", 
oD"  uoy  rebmemeR  cissalC  ,"?MOC  
#C"  dna  eht  . TEN  ;}"mroftalP   

hcaerof  gnirts(  s ni  )skoob  
Con los e rW. ti e eniL ( )s ; 
 

][tni  stnIym  = { ,01  ,02  ,03  04  ;}  
hcaerof  tni(  i ni  )stnIym  

Con los e rW. ti e eniL ( )i ; 
} 
nI  da itid no  to ti era it ng over s mi ple arrays, rof e ca h is also ba le to ti erate vo er system  

s pu p il de  ro  su er-def eni d c lo lecti sno . ll’I  ho dl  ffo  no  eht  deta sli  unt li  etpahC r 7, sa  th  si  
tcepsa  of ht e fo caer h drowyek  e tn a li s an rednu sta dn ing fo  in cafret e- ab sed  

gnimmargorp  a dn  t eh  or le fo  t eh  I nE u arem tor and nEI um lbare e tni e afr ces.  
 

hT e w lih e a dn  /od wh li e L oo ip ng Co sn tructs  
The wh li e lo gnipo  urtsnoc ct si  lufesu  shou dl  oy u w hsi  ot  e cex ute a olb ck of  

tats e stnem  u litn  mos e mret i an it gn  condition ah s been reached. W ti hin the scope of  
ot  e sn u er  th si  et imr nati gn  ve e tn  si  edni ed  

;dehsilbatse  o ,esiwreht  uoy  lliw  be ts cu k in an seldne s ol op. In ht e of ll o iw gn  e ax mple,  
the m se sage “In while l poo ” w li l eb  cont ni u suo ly printed unt li  the user imret nates eht   

pool  by enter ni g yes at eht  c mo ma dn  pr mo p :t  
citats  diov  ][gnirts(niaM  

{ 
gnirts  enoDsIresu  = ;"on"  

 
//  tseT  no  a ewol r ssalc   

)(rewoLoT.enoDsIresu(elihw  =!   
{ 

erA"(etirW.elosnoC  uoy  ?enod  :]on[ ]sey[  ;)"  
enoDsIresu  = ;)(eniLdaeR.elosnoC  

nI"(eniLetirW.elosnoC  elihw  ;)"pool  
} 
} 

ylesolC  ler a et d to ht e hw ile pool  si  ht e do/w ih le ats t eme nt. kiL e a sim elp  ihw le l oo p,  
do/ elihw   

si  taht  do/ lihw e ol po s era  aug ar nteed to e ex cute t eh   
erroc spond gni  b kcol  of edoc  at sael t cno e (in c no - rt sa ,t  ti  is sop sib el  that a s mi lp e  
lihw e ol op may never cexe ute if the ter im nati gn  condition is false  

 
eD pt. fo  TIBJS,ESI  egaP  26  

and t eh  other ot  t ar ver es  na  arr ya  of integers: 

][gnirts  skoob  = 

a wh li e loo ,p  you lliw , of c uo rse, en ed  

ra sg ) 

ypoc  fo  eht  .gnirts  
ey" s") 

is esu d when uoy  ne de  ot  perform some ca it no  for an ednu ter im en d un m reb   
of mit es. ehT  d fi fer ecne  

morf  ht e sno e .)t  
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citats  diov  ][gnirts(niaM  )sgra  
{ 

gnirts  enoDsIresu  = ;""  
{ 

W.elosnoC r eti eniL ( I" n  
erA"(etirW.elosnoC   

enoDsIresu  = ;)(eniLdaeR.elosnoC  
)(rewoLoT.enoDsIresu(elihw}  =!  ;)"sey"  //  etoN  eht  !nolocimes  

} 
 

tcurtsnoC wolf lortnoC #C 31.3 s  

Now ht at oy u nac  ti erate ov re  a bl kco  of statem ne t ,s  t eh  n xe t relat de  con pec t is how to  
noc t or l ht e f wol  of pr go r ma  exe noituc . #C  senifed  wt o lpmis e snoc rt tcu s to a tl er ht  e  
wolf  of uoy r pr go ar ,m  ab s de  no  var oi us contin eg ncies:  

• ehT  if/ le se ats t me ent  
•  ehT ws itch ts ta tneme   
 

hT e i e/f l es  Sta met  tne  
sriF t up is our go do  fr ei nd the if/else ats met ne t. ekilnU  in C na d +C ,+  howe ev ,r  the  

if/ sle e st tnemeta  in #C  setarepo  ylno  on oB o el an rpxe se ,snois  on t ad coh  va eul s such  
as – ,1  0  . Given t ih ,s  if/ esle   

nwohs  in lbaT e 3-6 in redro  ot  tbo a ni  a retil al elooB an va .eul  
 

elbaT  3-6. #C  noitaleR al dna  uqE a ytil  Op re ta ors  
#C  ytilauqE /Rela it onal pO erator Ex pma le Us ga e gninaeM  in L  efi  

Re ut rns t ur e ylno  if e ca h pxe ser nois   si  
 

Re ut rns t ur e lno y fi  ae ch pxe r noisse   
 
 

nruteR s eurt  if e px re ss noi  A is  ssel  
 

rg e ta er ,naht  el ss ht an or e auq l to,  
or greater t ah n or qe ual ot  expressi no   

 
 
 
A ag in, C and C ++  pr margo mers need to be aw era  t ah t t eh  old tric sk  of t se ti gn  a  

noc dition for a av lue “ ton  eq au l to ez ro” w lli  not work in C#. Le s’t  s ya  you naw t to see if  
t eh  ts ring you ra e working w ti h is ol nger t nah  zero char ca ters. oY u am y be tempted  ot  
write \  
//  sihT  si  ,lagelli  nevig  taht  htgneL  snruter  na  ,tni  ton  a .loob  

gnirts  yaDehTfOthguoht  = uoY"  NAC  hcaet  na  dlo  god  wen  ;"skcirt  
if( oht u thg fO T aDeh y eL. n tg h) 
{ 
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elihw/od   ol o )"p ; 
uoy  ?enod  ]sey[  :]on[  ;)"  

ts a emet n st  yt p ci la yl  evlovni  eht  esu  of the #C  epo r rota s  

== ega(fi  ==  )03  
eht  emas   

!= "ooF"(fi  =!  )rtSym  
 si  

 tnereffid  
< sunob(fi  < )0002  

,naht   
> sunob(fi  > )0002  
<= sunob(fi  =<  )0002  
B  
>= sunob(fi  =>  )0002  



 
 
 
 
 
 

you need to om dify your cond ti ional expr se sion as lof lows: 
 
//  ,lageL  sa  siht  sevloser  ot  rehtie  eurt  ro  .eslaf  
(fi  0 =!  )htgneL.yaDehTfOthguoht  

{ 
...  

} 
An if statement m ya  be c mo desop  of complex expressions as we ll  na d can noc tain  

me tn s ot  per of rm erom -co lpm ex test gni . hT e tnys ax is i ed nti ac l to C +( +)  
dna  vaJ a a( nd not ot o far er devom  rf mo  iV s lau  cisaB ). oT  ub dli  oc mpl xe  xe rp essi sno  ,  

#C  offe sr  an e px ect de  set of c dno iti ano l operators, as shown ni  Tab el  3-7. 
elbaT  3-7. #C  tidnoC ional Ope tar ro s  

Operator E max p el  gninaeM  ni  Lif  e  
&& ega((fi  ==  )03  &&  eman(  ==  ))"derF"  oC n lanoitid  AND  

otarepo r  
|| ega((fi  ==  )03  ||  eman(  ==  ))"derF"  Con itid ano l O  R  

po erator  
! fi ( Bym! ool) noC tid ional TON  po erator  
 
The switch Statement  
The ehto r simple se el ction cons rt u tc  o eff red by C# is ht e tiws ch stat eme nt. As ni  othe  r  
C b esa d la ,segaugn  eht  ctiws h ts ateme tn  a woll s oy u ot  nah dle gorp mar  flow ab s de  on  a  

denifederp  tes  fo  seciohc . roF  ,elpmaxe  the foll iwo ng (niaM ) igol c stnirp  a iceps fic str gni   
egassem  ab es d no  no e of t ow  op ss lbi e es l ce it ons (t eh  de uaf lt ca es  ah ndles na  ni av il d  

sel ce oit n):  
//  hctiwS  no  a laciremun  eulav .  

citats  diov  ][gnirts(niaM  
{ 

1"(eniLetirW.elosnoC  ,]#C[  2 ;)"]BV[  
aelP"(etirW.elosnoC es  kcip  ruoy  egaugnal  :ecnereferp  ;)"  

 
gnirts  eciohCgnal  = ;)(eniLdaeR.elosnoC  

tni  n = ;)eciohCgnal(esraP.tni  
 

hctiws  )n(  
{ 

esac  :1  
dooG"(eniLetirW.elosnoC  ,eciohc  #C  si  a enif  ;)".egaugnal  

bre ka ; 
esac  :2  

BV"(eniLetirW.elosnoC  :TEN.  ,POO  ,gnidaerhtitlum  na d ;)"!erom  
bre ka ; 
def lua :t  
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...  
} 
fI  you iw hs  to am ke use of t eh  eL.gnirtS n tg h orp pe tr y to de et r im en  fi  you have a  n  

emp yt  string,  

sle e state 

ra sg ) 
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Con los e rW. ti e eniL ( eW" ll .. . doog  kcul  htiw  ;)"!taht  
bre ka ; 
} 
} 

enO  ecin  utaef re of eht  #C  iws tch ts ate tnem  si  taht  you can eva aul te s irt ng data in  
noitidda  ot  remun ic d ata . He er  is na  updated sw cti h statem ne t ht at does this very thing  

n( o it ec  we ah ve no een d  
pa p aor ch): 

citats  diov  ][gnirts(niaM  )sgra   
{ 

W.elosnoC r eti eniL ( C" #  
esaelP"(etirW.elosnoC  kcip  ruoy  egaugnal  :ecnereferp  ;)"  

 
gnirts  eciohCgnal  = LdaeR.elosnoC ;)(eni  
hctiws  hCgnal( o )eci  

{ 
esac  :"#C"  

dooG"(eniLetirW.elosnoC  ,eciohc  #C  si  a enif  ;)".egaugnal  
bre ka ; 

esac  :"BV"  
BV"(eniLetirW.elosnoC  :TEN.  ,POO  gnidaerhtitlum  dna  ;)"!erom  

bre ka ; 
def lua :t  
Con los e rW. ti e eniL ( eW" ll .. . doog  kcul  htiw  ;)"!taht  
bre ka ; 
} 
} 
 
3 41.  T eh  oc pm lete s te  of C  
C# CLS  

nahtrohS d ?tnailpmoC   metsyS T epy  gnaR e inaeM ng in L efi   
sbyte No Sy ts me . tyBS e – 821  ot  127 ngiS ed 8-bit  

bmun e  r  
tyb e Y se  Sy ts me . tyB e 0 ot  52 5 dengisnU  8- tib   

number  
short Y se  S etsy m tnI. 16 – 23 ,768 to 23 ,767 dengiS  61 - tib   

un mb re   
ush ro t No yS s .met U nI t16 0 ot  65 5, 35 nU sign de  16-b ti   
number  
ni t Y se  Sy mets . 3tnI 2 – ,2 41 7,4 ,38 648 to iS g den  23 - tib   
un mb re   

,741,2 4 746,38   
niu t No Sy ts me . tnIU 32 0 to 4 92, 4 69, 7, 592  U sn ign de  32-b  ti  

number  
nol g Y se  Sy ts me . 6tnI 4 –9, 322 ,37 ,458,630,2 775,808 S engi d 64-bit  
mun b  re  
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ot  pa esr  eht  su er atad  otni  a mun e cir  v ula e w ti h t ih s  

ro  ;)"BV  
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ot  9, 3,322 72,0 8,63 54 77, 5,8 70   
ulong No Sy ts me . tnIU 64 0 to U sn ign de  64-bi  t  

81 , 644 , 907,370,447 ,55 16,1 5 un m reb   
ahc r Y se  Sy ts me . ahC r 000U 0 to fU fff A single 61 - ib t  
inU code character  

float Y se  S etsy m niS. gle .1 5 01 - 54  to .3 4 01 38 32- tib  floa it ng  
op in  t  

number  
dou lb e Y se  S etsy m uoD. ble .5 0 10- 423  ot  1.7 10 03 8 46 -b ti  float ni  g  

op in  t  
number  

oob l Y se  Sy ts me . looB nae  rt ue or slaf e eR erp es nts tr tu h  
or  
fals yti   
deci am l Y se  S sy et m ceD. i lam  100 ot  10 82  A 69 -b ti  sig en d  
number  
str ni g Y se  S etsy m rtS. ing L mi ited by syst me  memory R pe resen st  a  
es t of  

inU c do e characters  
obj ce t Y se  S etsy m jbO. ect ynA  epyt  ac n eb  ts or de  ehT  base lc ass  
of  lla  
in an o jb ce t rav i ba le types in the .NET  

vinu erse  
 

dohteM 51.3  retemaraP   sreifidoM  

teM ho sd  s( ta it c a dn  instan ec  level) t ne d to take pa ar mete sr  pa ess d in by the caller.  
,revewoH  kilnu e mos e gorp ra nimm g languages, C# provides a set of ap ar me et r  

om dif rei s ht at control how argum ne st  a er  es tn  ni to (and op ssibly retur den  from) a  
given met doh , sa  hs o nw  ni  T ba le 3-5.  
 

elbaT  3-5. C# Pa ar em ter M eifido sr   
retemaraP  oM difier gninaeM  ni  L efi   

on( n )e  If a parame et r is on t marked tiw h a parameter m do ifie ,r  ti  is  
a uss m de  t  o  
be ap ss de  yb  v la ,eu  me na i gn  the ac ll ed method re ec ives a oc py of t eh   
original data.  
uo t  tuptuO parameter a s r ssa e ign  de b  eht y me ht  do b nie g ac dell  ( dna   

there of r  e  
passe  d by refere cn e .)  fI  eht  dellac  dohtem  sliaf  ot  ngissa  tuptuo  ,sretemarap   
y  era uo i oc a deuss mpi re rel ror.  
par ma s hT is ap ramet re  mo id fier a ll wo s uoy  ot  send in a av ria lb e  
nu ebm r o  f  
iden cit a ll y epyt d gra u tnem s sa  a elgnis  igol c la  parameter. A ohtem d  nac  

evah  ylno  a elgnis  marap smo id f ,rei  and ti  um st eb  t eh  f ni la  rap ame et r o  f  
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eht  dohtem .  
er f Th av e l i eu s in ti i la l ssa y ig en  d by the ac l el r, a dn  may be opti no ally  

reassi ng ed  
b lac eht y l  sa( dohtem de t ad eh t  a i a s l  dessap os b  y r efe r cne e). N pmoc o il  re  
re ror is neg e ar ted if ht e ac ll ed met oh d fails to a ss i ng  a er f etemarap r  .  

 
 tluafeD ehT P etemara r-  roivaheB gnissaP  

ehT  fed a tlu  rennam  ni  ihw ch a par ma e et r si  sent tni o a uf nc oit n is by value  . miS lp y  
pu ,t  if y uo  od  ton  kram  na  gra u em nt with a parameter-centric m ido fie ,r  a copy of ht e  
varia elb  si  pass de  in ot  ht e uf ncti  :no  
//  stnemugrA  era  dessap  yb  eulav  yb  tluafed .  

cilbup  citats  tni  tni(ddA  ,x  tni  )y   
{ 

tni  sna   
 
//  rellaC  lliw  ton  ees  eseht  segnahc   
//  sa  uoy  era  gniyfidom  a ypoc  fo  eht   
//  lanigiro   

x = ;00001  
y = ;88888  

nruter  ;sna  
} 

eH re, t eh  ni oc im gn  integer parameters lliw  be pas des  by av lue. T eh er f ,ero  if you  
ahc nge the av lues of the paramete sr  nihtiw  eht  ocs pe of the memb re , the ac ell r is  

b sil sfu yll  unaware, gi nev  that you ra e hc anging the av eul s of copies of ht e ac l rel ’s  
inte eg r d ata  t py e :s   

][gnirts(niaM diov citats  )sgra   
{ 

tni  x = ,9  y = ;01  
.elosnoC rW eti eniL ( eB" rof e  
.elosnoC rW eti eniL ( nA" ews r  
.elosnoC rW eti eniL ( fA" ret   

} 
As you would ho ep , the values of x dna  y re am ni  iden it ac l before and fa et r t eh  ac ll  ot   
dA d )( . 

ehT  tuo  reifidoM  ,txeN  ew  evah  ht e su e of tuptuo  ap ram ete rs. sdohteM  taht  evah  neeb   
denifed  ot  ekat  tuptuo  etemarap rs era  under ob il ag it no  to ass gi n t eh m ot  an pa pr po riate  

va ul e rofeb e e nitix g the meth do  in ques it no  (if y uo  fa li  to sne ru e this, y uo  w lli  rece vi  e  
T tsulli o r ta e, eh r  e i la na s t re an ti  ev ev rsion o  f t eh  Ad (d ) dohtem  taht   

snruter  eht  mus  fo  owt  sregetni  gnisu  eht  #C  uo t reifidom  eton(  eht  lacisyhp  nruter  eulav   
fo  siht  dohtem  si  won  iov d): 
//  tuptuO  sretemarap  era  detacolla  yb  eht  .rebmem  

cilbup  citats  diov  tni(ddA  ,x  tni  ,y  tuo  tni  )sna  
{ 

sna  = x + ;y  
} 

 
eD pt. fo  TIBJS,ESI  egaP  76  

Y: 

= x + ;y  

d ta .a  

}0{ ,"  ,x(ddA  ;))y  
:llac  :X  ,}0{  :Y  

,"}1{  ,x  ;)y  
 

,"}1{  ,x  ;)y  

ac ll: 
si : 

:X  ,}0{  

relipmoc  )srorre .  
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gnillaC  a dohtem  htiw  tuptuo  marap ete sr  la so seriuqer  eht  use of t eh  uo t eifidom r  .  
Recall ht a  t  

rofeb e u es  ( fi  you do so, the ori ig an l v la ue si  lo ts  af et r eht  ac ll ), for e ax mple: 
][gnirts(niaM diov citats  )sgra   

{ 
//   

 
 
 
 
 

eht  eulav  fo  ruoy  noitammus  gnisu  na  uo t tup  retemarap . Ho ,revew  the C#  
uo t m do ifier od es serve a very use uf l purpose: it a ll ows the caller to bo tain mul it ple  

re ut rn values from a single met oh d i ovn ca it on.  
//  gninruteR  elpitlum  tuptuo  sretemarap .  

citats  diov  tuo(seulaVesehTlliF  tni  ,a  tuo  gnirts  ,b  tuo  loob  )c  
 

9; 
yojnE"  ruoy  ;".gnirts  

c = ;eurt  
} 

ehT  rellac  ow u dl  eb  ab el  ot  kovni e eht  fo ll ow gni  me oht :d   
irts(niaM diov citats ][gn  )sgra   

{ 
tni  ;i  

gnirts  ;rts  
loob  ;b  

 
tuo(seulaVesehTlliF  ,i  tuo   

oC n elos rW. eti eniL ( nI" t is: 
gnirtS"(eniLetirW.elosnoC  :si  ,"}0{  ;)rts  
naelooB"(eniLetirW.elosnoC  :si  ,"}0{  ;)b  

} 
 

ehT  fer  reifidoM   
woN  redisnoc  eht  esu  of ht e C# er f rap ameter m ido fier. feR e ner ce rap ame sret  era   

uoy  iw sh ot  a ll wo  a me oht d to opera et  on (and usu lla y change the  
va eul s of) av r suoi  da at  stniop  lced a der  in t eh  ac ell r’s cs ope (su hc  as a os r it gn  o  r  
swappi gn  uor it ne). N eto  ht e id s noitcnit  between uo t tup  dna  fer ere ecn  pa retemar :s  
• Out up t ap ramet re s od  on t deen  to eb  itini a il zed feb o er  t yeh  p sa s de  ot  t eh  me ht od.  
T eh  re osa n for this? hT e me ht do  m su t assign uo pt ut pa ar meters before xe iti gn .  
• R fe er ne ce paramete sr  tsum  eb  in iti a zil ed rofeb e yeht  era  sap sed ot  eht  meth do . T  eh  

aer nos  rof  ?siht  uoY  era  gnissap  a ecnerefer  ot  na  ixe s nit g v ra elbai . fI  uoy  t’nod  ngissa  ti   
ot  na  ni ti ial av l eu , t ah t wo lu d be t eh  uqe i av le tn  of po era nit g on an nu ass gi ned local  

varia lb e.  
s’teL  kcehc  tuo  eht  esu  fo  eht  er f drowyek  by aw y fo  a me doht  ht at swa sp  wt o ts r gni s: 
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local av ria selb  ap s des  as out up t va ir ables are on t requ ri ed to be sa sign de   

oN  deen  ot  ngissa  ol lac  tuptuo  .selbairav  
tni  ;sna  

,09(ddA  ,09  tuo  ;)sna  
09"(eniLetirW.elosnoC  + 09  = }0{  ,"  ;)sna  

} 
The iverp ous exa pm le is inte dn de  ot  be illustrative in na ut re; you really h va e no er ason  
to return  

{ 
a =  
b =  

cilbup   

,rts  tuo  ;)b  
,"}0{  ;)i  

yrassecen  hw en  
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//  ecnerefeR  .retemarap  

cilbup  citats  diov  fer(sgnirtSpawS  gnirts  ,1s  fer  gnirts  )2s  
{ 

gnirts  rtSpmet  = ;1s  
1s  = ;2s   

s2 
} 
This method can be called as so  :  

citats  diov  iaM ][gnirts(n  
{ 

gnirts  s = tsriF"  ;"gnirts  
gnirts  2s  = yM"  rehto  ;"gnirts  

:erofeB"(eniLetirW.elosnoC  ,}0{  }1{  ,"  ,s  ;)2s  
fer(sgnirtSpawS  ,s  fer  ;)2s   

:retfA"(eniLetirW.elosnoC  ,}0{  }1{  ,"  ,s  ;)2s  
} 
Her ,e  the ac ll re  h sa  ssa i eng d an initial av lue to lo ac l string ad ta (s a dn  s2). O ecn  t eh   
ac ll  to pawS S irt n (sg ) returns, s now c no tai sn  the av l eu  M" y hto er s gnirt ", while s2  

rep ro ts the value " tsriF  s gnirt ".  
 

ehT  arap ms oM d ifi er  
ehT  lanif  retemarap  reifidom  is ht e marap s ,reifidom  hcihw  a swoll  uoy  to c etaer  a  

se tn  ot  a es t of citnedi lla y epyt d a gr ume tn s sa  a sin lg e l go i lac   
retemarap . ,seY  siht  can eb  gnisufnoc . oT  cl ae r the ria , sa s mu e a me ht od that er turns ht e  

reva age of any number of doubles: 
//  nruteR  egareva  fo  emos'  'rebmun  fo  selbuod .  

elbuod citats  claC smarap(egarevAetalu  ][elbuod  )seulav   
{ 

elbuod  mus  = ;0  
rof  tni(  i = ;0  
mus  =+  ;]i[seulav  

nruter  mus(  / ;)htgneL.seulav  
} 
This me ht od ah s been ed if n de  to take a parameter array of doubl se . tahW  siht  dohtem   si  
ni  tcaf  gniyas  ,si  dneS“  me any numb re  of od ub el s a dn  I’ll compute t eh  av re age.” Given  

laC c vAetalu e egar () ni  yna  fo  eht  gniwollof  syaw  fi(  oy u d di  not kam e  
esu  fo  the marap s reifidom  ni   fo noitinifed eht arevAetaluclaC eg )( , eht  tsrif  noitacovni  fo   

thi  s met  doh w uo l  d r use l  t i oc a n mpile  r err ro ): 
tats ][gnirts(niaM diov ci  )sgra   

{ 
//  ssaP  ni  a ammoc - detimiled  tsil  fo  selbuod . ..  

elbuod  ;egareva  
egareva  = ,0.4(egarevAetaluclaC  ,2.3  

egarevA"(eniLetirW.elosnoC  fo  ,0.4  ,2.3  
//  .. . ro  ssap  na  yarra  fo  .selbuod  

][elbuod  atad  = { ,0.4  ,2.3  7.5  ;}  
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= ;rtSpmet  

ra sg ) 

ohtem d taht  yam  b  e  

i < ;htgneL.seulav  )++i  

this, you can ca  ll  

5 )7. ; 
,"}0{  ;)egareva  

 
 
 

egaP  96   

7.5  :si  



C# dna  mmargorP TEN. i gn  I60 S  167  
 

egareva  = ;)atad(egarevAetaluclaC  
fo egarevA"(eniLetirW.elosnoC  atad  :si  ,"}0{  ;)egareva  

Con los e eR. da L (eni ;)  
} 
T ah t w par s pu  our initial l koo  at pa ar meter mo id fiers. ll’eW  iver s ti  th si  ipot c later in  

eht  tpahc erw neh  we axe nim e ht e dis it cn oit n between va ul e types and refer ne ce types.  
txeN  ,pu  s’tel  kcehc  tuo  eht  noitareti  dna  noisiced  snoitcurtsnoc  fo  eht  C#  

gnimmargorp  l na ug age  .  
3.16 A arr y Mani up lat oi n in C#  

llamroF y nikaeps g, na  yarra  is a col el cti no  of data po ni ts, of the as em  defined data  
,epyt  ht at a er  ac ec s des  using a un meri ac l i edn x  . arrA ys are re ref enc se  ty ep s and deri ev   

named S tsy em rrA. ay. By default, .NET arrays always have a  
lbis e ot  rc ae te an arr ya  w ti h an ar ib trary low re   

Sy mets .A yarr . rC ae te nI s cnat e() m te hod. 
C# a rr ays c na  be ced lared in a h na d uf l of wa sy . Fi sr t of a ll , if uoy  are rc e ita gn  na  rra ay  

esohw  ulav es lliw  eb  sp ce ified at a later mit e (perha sp  d eu  to ey t- ot -be- bo tained use  r  
is ze of t eh  a rr ya  using squ ra e brackets ([]) ta  eht  t mi e of sti   

,noitacolla  for xe a lpm e: 
//  ngissA  a gnirts  yarra  gniniatnoc  3 stnemele  0{  - }2   

str gni ][  
MOCnOskoob  = wen  ;]3[gnirts  

 
//  ezilaitinI  a 001  meti  gnirts  ,yarra  derebmun  0{  - }99  

][gnirts  teNtoDnOskoob  = wen  ;]001[gnirts   
cnO e oy u ah ve ed clared an ar yar , you can ma ek  use of the ind xe er syntax to f li l each  

ti em iw th a valu :e   
//  ,etaerC  ,etalupop  dna  tnirp  na  yarra  fo  eerht  .sgnirts  

][gnirts  ob ok CnOs ;MO  
MOCnOskoob  = wen  ;]3[gnirts  

s'repoleveD"  pohskroW  ot  MOC  dna  LTA  ;"0.3  
edisnI"  ;"MOC   
edisnI"   

f hcaero  gnirts(  s ni  )MOCnOskoob  
Con los e rW. ti e eniL ( )s ; 

sA  a dnahtrohs  ,noitaton  fi  uoy  wonk  na  s’yarra  seulav  ta  eht  emit  fo   uoy ,noitaralced  
yam  yficeps  ht ese  values tiw hin uc rly b car kets. toN e taht  in this ac se, the a rr ay si ez  is  

op it onal (as ti  is ac lcul ta ed  
snoitaralced  era  :lacitnedi   

//  dnahtrohS  yarra  noitaralced  seulav(  tsum  eb  nwonk  ta  emit  fo  .)noitaralced  
][tni  n = wen  ][tni  { ,02  ,22  ,32  0 ;}   
][tni  3n  = { ,02  ,22  ,32  0 ;}  

T eh re is one final m nna er in whi hc  uoy  ac n cr ae te na  arr ya  type:  
[tni ] 2n  = wen  ]4[tni  { ,02  ,22  ,32  0 // ;}  4 ,stnemele  0{  - }3  

nI  this case, the n emu ric val eu  ps eci if ed r pe r ese nts the ebmun r fo  el me e stn  in ht e arr ya ,  
on t t eh  va eul  of t eh  up rep  bound. If ht re e is a mismatch be wt ee n ht e declared s zi e an  d  

the ebmun r of initial- zi er ,s  uoy  ra e si s deu  a c pmo i el  time e rr or  .  
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rf om a c mmo on ab se cl sa s  
lo ew r bou dn  of ez r ,o  although it is op s 

nuob d usi gn  t eh  static  

upni t ,)  spec fi y t eh   

oob k CnOs OM; 

]0[MOCnOskoob  = 
]1[MOCnOskoob  = 
]2[MOCnOskoob  = AT "L ; 

no  eht  fly), as is t eh  en w rowyek d. ,suhT  eht  gniwollof   
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sseldrageR  fo  woh  uoy  eralced  na  ,yarra  eb  erawa  taht  eht  stnemele  ni  a TEN.  yarra   era  
llacitamotua y set ot  th rie  r pse ective ed fa lu t val seu  un it l you i dn ci ate otherw si e. Thus, i  f  

oy u have an array of nu em r ci al ,sepyt  ae ch m bme re  is tes  to 0 (or 0.0 in ht e case fo   
gnitaolf - tniop  ,)srebmun  stcejbo  era  tes  ot  ,llun  dna  naelooB  sepyt  era  tes  ot  eslaf .  

 
rrA a sy  sA  Para em et sr  (a dn  Re ut rn V eula s)  

ecnO  uoy  evah  detaerc  na  ,yarra  uoy  era  eerf  ot  ssap  ti  sa  a retemarap  dna  eviecer  ti  sa  a  
av lue  . roF  ,elpmaxe  eht  gniwollof  tnirP A (yarr )method takes an inco nim g  

yarra  fo  stni  dna  pr stni  hcae  rebmem  ot  eht  noc s ,elo  wh eli  ht  e  
irtSteG n arrAg y() =dohtem  op setalup  na  yarra  fo  sgnirts  dna  snruter  ti  ot  eht  :rellac   
citats  diov  ][tni(yarrAtnirP  )stnIym  

{ 
tni(rof  i = ;0  i < ;htgneL.stnIym  )++i  

metI"(eniLetirW.elosnoC  }0{  si  ,"}1{  ,i  ;)]i[stnIym  
} 
 

citats  ][gnirts  )(yarrAgnirtSteG  
{ 

][gnirts  sgnirtSeht  = { lleH" ,"o  ,"morf"  "yarrAgnirtSteG"  ;}  
nruter  ;sgnirtSeht  

} 
T eh se me ht ods may be inv deko  from a iaM n() method as os :  

][gnirts(niaM diov citats  )sgra   
{ 

][tni  sega  = ,02{  ,22  ,32  }0  ; 
;)sega(yarrAtnirP   

][gnirts  srts  = ;)(yarrAgnirtSteG  
gnirts(hcaerof  s ni  )srts  

oC s(eniLetirW.elosn ;)   
Con los e eR. da L (eni ;)  
} 
 

gnikroW  tiw h iditluM mens oi nal Arrays  
nI  oitidda n to t eh  si gn le-d mi sne i no  arrays uoy  ah ve seen t suh  f ra , C# also supports two  

varie eit s of itlum d mi ens oi nal arra sy . ehT  if r ts  of seht e is t re em d a re tc angul ra  a rr ay,  
hw ich is simply an array of itlum ple dim sne i sno , hw ere hcae  row is of eht  as me l gne th.  
oT  ced ral e a dn  f lli  a mu itl d mi ensi ano l rect na gu al r ra yar , pr co eed as follows:  

citats  diov  ][gnirts(niaM  
{ 

...  
//  A ralugnatcer  DM  .yarra  

],[tni  ;xirtaMym   
irtaMym x = wen  ;]6,6[tni  

 
//  etalupoP  6(  * )6  .yarra  

tni(rof  i = ;0  i < ;6  )++i  
tni(rof  j = ;0  j < ;6  )++j  
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 rebmem r  nrute  

ra sg ) 
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,i[xirtaMym  ]j  = i * ;j  
 
//  tnirP  6(  * )6  .yarra  

tni(rof  i = ;0  i < ;6  )++i  
 
{ 

tni(rof  j = ;0  j < ;6  )++j   
,i[xirtaMym(etirW.elosnoC  ]j  + "\ ;)"t  

Con los e rW. ti e eniL (); 
} 

...  
} 
T eh  ces ond type of um itl d mi sne i ano l arr ya  si  et rm de  a aj g eg d ar ar y. As the an me  
mi p ,seil   

j ga g de  arr sya  co tn ain os me un m eb r of ni ner arrays, each of which may evah  a nu i euq   
u pp er li tim , for maxe p el :  

][gnirts(niaM diov citats  )sgra   
{ 

...  
//  A deggaj  DM  yarra  ,.e.i(  na  yarra  fo  .)syarra  
//  ereH  ew  evah  na  yarra  fo  5 tnereffid  .syarra  

yarrAgaJym ][][tni  = wen  ;][]5[tni  
 
//  etaerC  eht  deggaj  .yarra  
rof  tni(  i = ;0  i < rAgaJym ;htgneL.yar  )++i  

]i[yarrAgaJym  = wen  i[tni  + ;]7   
 
//  tnirP  hcae  wor  ,rebmemer(  hcae  tnemele  si  detluafed  ot  )!orez  

tni(rof  i = ;0  i < ;5  )++i  
{ 

htgneL"(etirW.elosnoC  fo  wor  }0{  si  }1{  :\ ,"t  ,i  ;)htgneL.]i[yarrAgaJym  
tni(rof  j = ;0  j < htgneL.]i[yarrAgaJym ; )++j  

]j[]i[yarrAgaJym(etirW.elosnoC  " +  ;)"   
Con los e rW. ti e eniL (); 
} 
} 

woN  ht at oy u nu der ts and woh  ot  build a dn  po lup ate C# arrays, tel ’s ut rn our  
a tt e noitn  ot  ht e  
 
The Sy ts em. yarrA  saB e Cla ss   

revE y .N TE  array y uo  aerc et  si  automa cit lla y d re i dev  from S metsy A. arr y. hT is c sal s  
ed f eni s a num reb  of he pl ful me ht ods that make ow rking iw th a arr ys mu hc  more  

pala at ble. Ta elb  3- 41  g evi s a ur n nwod  of s mo e (but not all) of ht e more int re e its n  g  
members.  
 
Ta lb e 3- 41 . leS ect eM mbers of yS s met A. r ar y  

rebmeM  ninaeM g ni  Lif  e  
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Bin yra S rae (hc ) This st ta ic m te hod s ae rches a ( erp vi uo sly so tr de ) a rr ay f ro  a  
giv ne  item.  
fI  ht e a rr ay is composed of custom t py se  you have created, the type i  n  

noitseuq  tsum  pmi tnemel  eht  ICo rapm er in et rface (see Chap et r 7) to  
ne g ega  in a binary aes rch.  

Cle (ra ) This sta it c method sets a r gna e of elem ne ts in t eh  a rr ya  ot   
empty av l seu   
(0 for va ul e t py es; null for refe er nce ty ep s).  
Cop (oTy ) This me ht od is us de  ot  ypoc  elem ne ts from t eh  sour ec  array  
into ht e  
de noitanits  rra ay.  
Len tg h sihT  aer d- ylno  porp e ytr  is su ed to ted re mine ht e un bm er  fo  

tnemele s  
ni  na  a rr ay.  
naR k sihT  ytreporp  snruter  eht  bmun er fo  mid e sn i no s of ht e cu nerr  t  

yarra .  
Rev sre e() sihT  ts a cit  me doht  ver e sesr  eht  tnoc e stn  fo  a one-dim ne siona  l  

arra y.  
Sor (t ) sihT  dohtem  stros  a eno - nemid s lanoi  ra yar  fo  ni trins ci  ty sep . If  
the  
le me ents in the array lpmi ement the IC rapmo er inte afr c ,e  you ac n a osl   

tros  y uo r custom types a( gain, see Chapter 7).  
 
 

s’teL  ees  emos  fo  eht se bmem sre  ni  act noi . The following code makes u es  of the st ta ic  
)(esreveR  a dn  aelC r() em t doh s dna(  t eh  L ne gth )ytreporp  ot  pmup  tuo  emos   

noitamrofni  tuoba  na  yarra  fo  stri sgn  named f Ntsri a em s to ht e con os le:  
//  etaerC  emos  gnirts  syarra  dna  sicrexe e emos  yarrA.metsyS  srebmem .  

][gnirts(niaM diov citats  )sgra   
{  
//  yarrA  fo  sgnirts .  

][gnirts  semaNtsrif  = ,"evetS" {  ,"cinimoD"  ,"wollawS"  }"ydlaB"  ;  
 
//  tnirP  seman  sa  deralced  
 
 

eht si ereH"(eniLetirW.elosnoC  ;)":yarra   
tni(rof  i = ;0  i < semaNtsrif ;htgneL.  )++i   

:emaN"(etirW.elosnoC  }0{ \ ,"t  ;)]i[semaNtsrif   
iLetirW.elosnoC en ("\n ;)"   

 
//  esreveR  yarra  dna  tnirp .  

(esreveR.yarrA rif s aNt sem ;)   
si ereH"(eniLetirW.elosnoC  eht  yarra  ecno  ;)":desrever   

tni(rof  i = ;0  i < ;htgneL.semaNtsrif  )++i   
irW.elosnoC :emaN"(et  }0{ \ ,"t  ;)]i[semaNtsrif   
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Con los e rW. ti e eniL ("\n"); 
 
//  raelC  tuo  lla  tub  .ydlaB  

tuo deraelC"(eniLetirW.elosnoC  lla  tub  ydlaB ... ;)"  
,semaNtsrif(raelC.yarrA  ,1  ;)3  

tni(rof  i = ;0  i < f ;htgneL.semaNtsri  )++i   
oC n elos rW. eti aN"( m :e  { }0 \t", if tsr emaN i[s ;)]  

Con los e eR. da L (eni ;)  
} 
3. 71  rtS ing aM ni lup at noi  in #C   
T eh  C# s nirt g yek word is a hs o tr hand nota it on of ht e etsyS m irtS. ng t py e, ihw ch  
pro iv d se  a num eb r  

sil ts so em  (but n to  a ll ) of t eh  inte ser ting membe .sr  
 
Ta lb e 3- 21 . leS ect eM mbers of yS s met S. t nir g  

rebmeM  gninaeM  ni  L  efi  
Len tg h ihT s porp e ytr  er t snru  ht e l gne th of the cu nerr t st ir ng.  
Con iat n (s ) T sih  me doht  si  desu  ot  d enimrete  if t eh  ruc r tne  s rt i gn  ob ej tc   

niatnoc s  
a s ep cified ts r ni g.  
For (tam ) This sta it c met doh  is us de  ot  form ta  a stri gn  til e ar l su i gn  othe  r  
pr itimi ves  

.i( e ,.  laciremun  tad a and ehto r ts ri gn s) na d t eh  {0} ton a it on exa im ned earlier  
ni  siht  chapter.  
Ins (tre ) hT si  method is esu d to rec evie  a copy of t eh  uc rr ne t stri gn  that  
c no tai  sn  
ne lw y i esn rted str ni g data.  
Pad feL t() T seh e em oht ds er ut rn c po ei s fo  the uc rr ent str ni g that ah s b ee n  
pa dd ed  
Pad giR h (t ) htiw  s ep cif ci  data.  
Rem (evo ) Use th se e methods to er ec i ev  a copy of a string, iw th modif ci ation  s  
Rep cal e() (c tcarah e sr  devomer  ro  re calp e )d .  
Sub rts i (gn ) sihT  dohtem  nruter s a s gnirt  taht  re tneserp s a s sbu tring of th  e  

tnerruc  st ir ng.  
ToC rah A arr y() T sih  me ht od ret ru sn  a cha ar cter array rper e es nt gni  ht e cu rr ent  
s irt ng.  
ToU epp r() These meth do s create a c po y of a gi ev n string in pu pe cr ase or  
l wo ercase.  
ToL ewo r() 
Basic String Op re ations  
To ulli strate so em  ab sic string epo ra it no s, co sn ider ht e follo iw ng M ia n() em th do :  

citats  diov  ][gnirts(niaM  
{ 

*****"(eniLetirW.elosnoC  nuF  htiw  sgnirtS  ;)"*****  
gnirts  s = ,yoB"  siht  is 
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fo  srebmem  uoy  luow d e px e tc  rf mo  such a tu ility salc s. Table 3-12  

ra sg ) 

gnikat  a gnol  ;".emit  
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"(eniLetirW.elosnoC -- > s sniatnoc  :?'yo'  
"(eniLetirW.elosnoC -- > s sniatnoc  :?'yoB'  

Con los e rW. ti e eniL (s.Re calp e '.'( , 
Con los e rW. ti e eniL (s.In tres (0, 
Con los e eR. da L (eni ;)  
} 

oY u sh uo ld be a raw e that a tl hough rts ing is a ref re ecne  yt ep , the qe ua til y operators  
(== dna  !=)  
whi hc  t eh y refer. oferehT re, ht e of ll wo ni g com rap i os n ave luat se  ot  true: 

gnirts  1s  = olleH"  ;"   
gnirts  2s  = olleH"  ;"  

1s"(eniLetirW.elosnoC  ==  :2s  ,"}0{  1s  ==  ;)2s  
where sa  this oc m rap i nos  ave luat se  ot  false: 

gnirts  1s  = olleH"  ;"   
gnirts  2s  = ;"!dlroW"  

1s"(eniLetirW.elosnoC  ==  :2s  ,"}0{  1s  ==  ;)2s  
W eh n you wi hs  to concat ne a et  xe is it ng strin sg  into a new stri gn  t ah t is ht e sum of a ll   

C# provides t eh  + po erator as we ll  as t eh  sta it c Stri gn .Con ac t() method  .  
neviG  iht s, ht e gniwollof  ts a stnemet  a er  uf nc it o lan ly equ vi la ne :t   

//  noitanetacnoC  fo  sgnirts .  
gnirts  gnirtSwen  = s + 1s  + ;2s  

s"(eniLetirW.elosnoC  + 1s  + 2s  = ,"}0{  ;)gnirtSwen  
,s(tacnoC.gnirts"(eniLetirW.elosnoC  )2s ,1s  = ,"}0{  cnoC.gnirts ,s(ta  ,1s  ;))2s  

nA o eht r hel fp ul f ae ut re of the st nir g type is ht e a ytilib  to ti erate over e hca  i dn ivi ud al  
char ca ter  
a cc e ss  to ht eir noc t ne ts ekam  su e of an i dn xe er met oh d. uoY ’ ll  l ae rn woh  ot  bu li d  
ni d xe e sr  in Ch pa ter 9; howeve ,r  to i ll u ts r eta  t eh  oc n ec pt, t eh  fo ll owi gn  edoc  prints e ca h  

char ca ter of t eh  s1 stri gn  obj ce t to t eh  console:  
//  gnirtS.metsyS  osla  senifed  na  rexedni  ot  ssecca  hcae   
//  retcarahc  ni  eht  gnirts .  
rof  tni(  k = ;0  k < ;htgneL.1s  )++k   

rahC"(eniLetirW.elosnoC  }0{  si  ,"}1{  ,k  ;)]k[1s  
sA  na  vitanretla e ot  in gnitcaret  tiw h ht e s’epyt  ,rexedni  eht  str gni  c al ss  nac  la so eb  us de   

the C# rof e ca h noc rts cu t. iG ven t ah t S S.metsy t nir g si  ma tni a gnini  an a arr y o  f  
idni v laudi  yS s .met C ah r ,sepyt  eht  fo ll o gniw  c edo  la so pr stni  e hca  ch ra tca er of s1 to the  

noc sole: 
rahc(hcaerof  c ni  )1s  

Con los e rW. ti e eniL ( )c ; 
 

epacsE  Ch ara c sret   
ekiL  in rehto  C- desab  ,segaugnal  ni  C# ts r ni g li et r la s may c iatno n var suoi  cse epa   

,sretcarahc  cihw h lauq i yf  woh  eht  hc a ar c ret  atad  dluohs  eb  p ir n det  to eht  out up  t  
ts r mae . aE ch es ac pe hc aracter b ge ins with a ab ckslash, of llow de  yb  a ps ce i if c to nek .  nI  

esac  uoy  a er  a tib  ytsur  no  eht  aem n sgni  be nih d these es pac e hc ra ca et rs, T ba le 3- 31   
lists ht e more common po it no s.  
Ta lb e 3- 31 . nirtS g laretiL  Escape Ch ra acter  s  
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,"}0{  noC.s at o"(sni y ;))"  
,"}0{  oC.s tn "(snia B ;))"yo  

' '! )); 
yoB"  'O  ;))"  

era  de denif  ot  compa er  ht e eulav  w ti h ht e string o ejb cts, on t t eh  mem yro  to  

ti s parts,  

using an a rr ay il ke ys n xat . Forma ll y sp kae ing, o ejb cts t ah t us pport ar yar il k  e  

 nihtiw  
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C ah ra tc er gninaeM  ni  L  efi  
\' Inserts a sin lg e quote into a string etil ral.  
\" Inser st  a double quote into a str ni g til eral.  
\\ Inserts a b kca sl hsa  into a s irt gn  til eral. ihT s c na  be uq ti e eh l ufp l  
w neh   
ed fining file p ta hs.  

\a irT gg sre  a s tsy me  a el tr  b( e pe ). roF  c elosno  a ,snoitacilpp  t sih  nac  be  
na  aud oi   

clue to t eh  su er.  
\n stresnI  a new l eni  ( no  niW 32 lp atform )s .  
\r nI se str  a ca gairr e r te urn.  
\t nI se tr s a latnoziroh  bat  otni  the gnirts  til e ar l.  
 

oF r example, to print a stri gn  t ah t contai sn  a tab be wt nee  each word, y uo  can m eka   
\t e cs ape hc arac et :r  

//  laretiL  sgnirts  yam  niatnoc  yna  rebmun  fo  epacse  sretcarahc .  
eH" l ol \ Tt h ere \tA niag ;"  

Con los e rW. ti e eniL ( )3s ; 
As a on ht er exa lpm e, as us me y uo  wi hs  ot  create a str ni g til e ar l that oc nta ni s quota it no   
marks, a ton her that defines a dir ce ot ry path, na d a final s rt ing literal that inserts  

gnitnirp  eht  retcarahc  atad . To do so w ti h uo t oc mpiler re or rs,  
oy u wou dl  en de  to make use of ht e \", 

\\, a dn  \n escape characters: 
enoyrevE"(eniLetirW.elosnoC  l sevo  \ olleH"  W lro d\ )"" ; 

Con los e rW. ti e eniL ( :C" \\M Ay pp\\bin\\ ed b "gu ;)  
etirW.elosnoC eniL ( lA" l f ni dehsi .\n\n\ ;)"n   

 
Wo gnikr  htiw  C# mitabreV  nirtS gs  

#C  tni r udo ces t eh  @-pref xi ed stri gn  etil ral on ta it on term de  a v re bat mi  stri gn . Using  
ev rba mit  ts ri gn s,  
om st esu uf l = ehw n ow rking tiw h str ni sg  r pe er senting dire tc ory dna  n te w ro k p hta s.  

Th ,erofere  rehtar  aht n nikam g use of \\ esc pa e  
fol ol iw ng: //  ehT  gniwollof  gnirts  si  detnirp  mitabrev   
//  ,suht  lla  epacse  sretcarahc  era  deyalpsid .  
oC n elos rW. eti eniL ( C"@ :\M Ay pp \ ib n\ ubed g ;)"   

Al os  n to e ht at ver ab it m str ni gs c na  eb  us de  to preser ev  white s ap ce f ro  strings that  
f ol w over mu itl ple il nes:  
//  etihW  ecaps  si  devreserp  htiw  mitabrev  sgnirts .  

gnirts  gnirtSgnoLym  = sihT"@  si  a ev yr   
yrev   
yrev   
gnol  ;"gnirts  

Con los e rW. ti e eniL ( Lym o gn tS r )gni ; 
oY u ac n la so insert a d uo lb e quote in ot  a il et r la  stri gn  by doubling t eh  " token, for  

xe ample:  
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use of t eh   

gnirts  3s  = 

three bl kna  lines afte  r  

you id sable ht e processing of a literal’s e cs ape hc a ar cters. This can be  

c arah c et r ,s  oy u can s mi ply write the  
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ehT  eloR  fo  T.metsyS e BgnirtS.tx redliu   
Wh li e eht  s nirt g cefrep si epyt t w  neh oy w u i  hs t  o r pe r se ne t ab si s c t ir gn  av ri ba l f( se ir ts   

ti  nac  eb  tneiciffeni  fi  uoy  era  gnidliub  a margorp  taht  sekam  yvaeh  esu   
 fo t xe tu  = la ad ta. ehT  nosaer  sah  ot  od  htiw  a yrev  tnatropmi  tcaf  gnidrager  TEN.  s :sgnirt   
eht  eulav  fo  a gnirts  tonnac  eb  deifidom  ecno  dehsilbatse . #C  sgnirts  era  .elbatummi  
nO  eht  ,ecafrus  iht s so sdnu  l ki e a flat-out il e, evig n ht at we ra e al syaw  sa s gningi  n  we  

str gni  av r bai l se . Ho ew v ,re  if you axe mine the m te hods of S S.metsy t nir g, y  uo  
eciton  taht  eht  sdohtem  t tah  seem to in et rnally modify a string in fact re ut rn  a  

om dified poc y of the o ir ginal s irt gn . oF r xe am 
jbo ec ,t  you ra e not= om di yf i gn  eht  un ed rlyi gn  b fu ef r fo  an exis it gn  stri gn  obj ce t, but  
cer e vi e a new st ir ng object in upper ac se for :m   

][gnirts(niaM diov citats  )sgra   
{ 

...  
//  ekaM  segnahc  ot  ?dexiFrts  !epoN   

gnirtS.metsyS  dexiFrts  = sihT"  si  woh  I nageb  ;"efil  
Con los e rW. ti e eniL ( rts F xi de ;)  

gnirts  noisreVreppu  = ;)(reppUoT.dexiFrts  
Con los e rW. ti e eniL ( rts F xi de ;)  
oC n elos rW. eti eniL ( 0{" }\n\n ,"  pu pe reVr s noi ;)  
...  

} 
nI  a ralimis  ve ni , ehw n uoy  ngissa  an e six t ni g str gni  ob ej ct ot  a new va ul e, uoy  hav  e  

llautca y  
a ll ocat de  a new str gni  in eht  p or c se s (the origin la  string ob ej ct iw ll  e ev ntually b  e  
ag rbage loc el cted). A s imi l ra  process o cc u sr  tiw h stri gn  co acn tena it no .  

To help der uce ht e a uom nt of stri gn  copying, ht e S metsy . xeT t man e ecaps  defi en s a  
ssalc  na dem  rtS i iuBgn l ed r tsrif(  se ne  ud r gni  ruo  exa nim ation of yS s et m.O jb ect ear il er  

ni  this chapter). ilnU ke tsyS e nirtS.m g, edliuBgnirtS rpr sedivo  uoy  tcerid  ssecca  ot  eht   
reffub gniylrednu . ekiL  nirtS.metsyS g, St ir ng uB i dl er vorp i ed s un m ore us me bm e sr  that  

wolla  uoy  ot  appe dn , fo mr ta , i sn e ,tr  na d r me  evo  
rF amework 2.0 S KD  d co mu atne it on for f llu  d ate i sl ). 

nehW  uoy  cr tae e a tS r liuBgni der ,tcejbo  uoy  yam  yficeps  aiv(  a oc n ts ruc ot r ar tnemug )  
 eht sretcarahc fo rebmun laitini eht jbo ect ac n c iatno n. s od ton od uoy fI o  tluafed eht ,  

capac ti  a fo y tS ir n Bg ui dl re  61 si . nI  rehtie  ,esac  fi  uoy  dda  retcarahc erom  atad   ot  
a rtS i iuBgn l ed r  elba si = ti naht dloh ot , t fub eh f  re is  

elpmaxe  fo  gnikrow  wi ht  siht  cla ss  pyt e: 
gnisu  ;metsyS   
gnisu  ;txeT.metsyS  //  redliuBgnirtS  sevil  .ereh  

 
ssalc  ppAgnirtS   

{ 
citats  diov  ][gnirts(niaM  )sgra  

{ 
redliuBgnirtS  reffuBym  = wen  yM"(redliuBgnirtS  gnirts  ;)"atad  

irW.elosnoC yticapaC"(eniLet  fo  siht  :redliuBgnirtS  ,"}0{   
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eulav s ot   

,elp  when oy u ac ll eppUoT r() on a stri  gn  

data from t eh  ob ej tc  (con us lt the . EN T  

lf eht no deziser y. ereH  is na   
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myB ffu e C.r pa a ytic ;)  

"(dneppA.reffuBym  sniatnoc  emos  laciremun  :atad  ;)"  
,}0{"(tamroFdneppA.reffuBym  ,".}1{  ,44  ;)99  
yticapaC"(eniLetirW.elosnoC  fo  siht  :redliuBgnirtS  ,"}0{  

;)yticapaC.reffuBym   
Con los e rW. ti e eniL ( Bym u ff re ;)  
} 
} 

,woN  od  ednu sr tand t ah t ni  m yna  cases, S sy t nirtS.me g wi ll  eb  your textual o jb e tc  of  
hc o eci . F  ro  
fo  ahc rac et r ad ta lliw  eb  elbigilgen  . Ho evew r  , i  f y a uo r iub e ld ni  a g text-int ne siv  e  

noitacilppa  hcus(  sa  a drow  rossecorp  ,)margorp  uoy  lliw  tsom  ylekil  dnif  taht  gnisu   
.metsyS T S.txe t Bgnir u edli r sevorpmi  ecnamrofrep .  

81.3  W gnikro  htiw  EN. T E un itarem no  s  
 
nI  ad id t noi  ot  st ur tc ru e ,s  une m re ita no s (or si pm yl  une ms) are the other mem eb r of ht e  

. TEN  eulav  epyt  yrogetac . nehW  uoy  dliub  a pr go r ,ma  it is oft ne  c vno e nein t to rc eate  a  
tes  of bmys o il c eman s rof  dnu erlyi gn  numeri lac  va eul s. roF  maxe p el , if uoy  ar  e  

gnitaerc  na  me p eeyol  lloryap  s tsy me , oy u m ya   
eganaM r, nurG t, artnoC c rot , and VP rehtar  naht  elpmis  laciremun  seulav  hcus  sa  ,0{  ,1   

,2  }3 . #C  su stropp  ht e ton i no  fo  = c otsu m en mu e ar tions f ro  th si  very aer son. F  ro  
xe ma ple, eh re is ht e pmE T py e ne umera it :no  
//  A motsuc  noitaremune .  

mune  epyTpmE   
{ 
Man rega , 
Gru tn , 
Con art c rot , 
PV   

} 
The pyTpmE e remune ta noi  fed i sen  ruof  na dem  const na st  cor er s op dn i gn  to sp ce ifi  c  

emun ric la   
,tluafed  dewollof  yb  a  n n + 1 orp gress oi n. You era  eerf  ot  egnahc  th si  roivaheb  as uoy   

 
nigeB  gnirebmun  ta  .201  

mune  epyTpmE   
{ 

reganaM  = ,201   
Gru tn , //  = 301   
Con art c rot , //  401 =  
VP //  = 501   
} 

snoitaremunE  od  ton  ylirassecen  deen  ot  wollof  a uqes e tn i la  redro . fI  f( or mos e  
g doo  sen es  ot  se t ba il hs  oy ur Em yTp pe sa  of ll ows, ht e c lipmo er  

noc nit ues ot  eb  h pa py: 
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mo ts  a pp il c ita ons, the evo r eh ad associated with returning om di eif d copi se   

iw sh to u es  the c no sta tn s  

//  = 0  
//  = 1 
//   2 =  

//  = 3 

seulav . In ,#C  eht  nirebmun g emehcs  es ts eht  f ri st eleme tn  ot  zero (0)  yb  

ees  :tif  
//   

reason) ti  made  
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//  stnemelE  fo  na  noitaremune  deen  ton  eb  !laitneuqes  
mune  epyTpmE   

{ 
reganaM  = ,01  

tnurG  = ,1  
rotcartnoC  = ,001  

PV  = 9  
} 
U redn  t eh  dooh , ht e sto egar  yt ep  u des  of r e ca h ti em in na  enumera it on m spa  ot   

yb  tluafed . uoY  era  osla  eerf  ot  egnahc  iht s ot  ruoy  gnikil . roF  ,elpmaxe  fi   
uoy  tnaw  ot  tes  eht  gniylrednu  egarots  av lue of pyTpmE e ot  be a byte rehtar  naht  na  int,  
uoy  dluow  irw et  the f lo l wo ing:  

//  sihT  ,emit  epyTpmE  spam  ot  na  gniylrednu  etyb .  
mune  epyTpmE  : etyb   

{ 
reganaM  = ,01  

tnurG  = ,1  
oC rotcartn  = ,001  
PV  = 9  

} 
 

etoN  #C  remune a snoit  eb nac  ni denifed  a limis ar m enna r for na y fo  t eh  un me cir al ty ep  s  
( tyb e, tybs e, s oh rt, ohsu rt, int, iu nt, ol gn , or lu o gn ). sihT  nac  eb  lufpleh  if oy u a er  pr go ra imm gn   

rof  wol - yromem  secived  hcus  sa  tekcoP  sCP  ro  TEN. - delbane  ralullec  senohp .  
 

cnO e you have es at b il ehs d the ra gn e a dn  sto gar e type of your e un meratio ,n  you can  
lp ca e of so-c la led magic num eb rs. As us me you ha ev  a cl sa s defining a ts a it c  

fun tc ion, t ka ing pmE Type 
citats  diov  epyTpmE(sunoBroFksA  )e   

{ 
swi hct (e) 
{ 

esac  oC.epyTpmE tn r tca or: 
uoY"(eniLetirW.elosnoC  ydaerla  teg  hguone  hsac .. . ;)"  

bre ka ; 
esac  :tnurG.epyTpmE   

uoY"(eniLetirW.elosnoC  evah  tog  ot  eb  gniddik .. . ;)"  
bre ka ; 

esac  ganaM.epyTpmE er: 
woH"(eniLetirW.elosnoC  tuoba  kcots  snoitpo  ;)"?daetsni  

bre ka ; 
esac  :PV.epyTpmE  

"(eniLetirW.elosnoC EV YR  ,DOOG  riS "! ;)  
bre ka ; 

:tluafed  ;kaerb  
} 
} 
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a 23tnI.metsyS   

esu  them in  
as t eh  os le parameter:  
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This met oh d can be in ov ked sa  so: 

citats  diov  ][gnirts(niaM  
{ 
//  ekaM  a rotcartnoc  .epyt  

epyTpmE  ;derf  
derf  = ;rotcartnoC.epyTpmE  

Ask roF B uno (s f )der ; 
} 
 
The S sy et m E. un m Base Class  
The eretni s it ng thing a ob ut EN. T enumera it o sn  si  that they mi plic ti ly ed ri ev  from  
Sys met . unE m. This  
na d tra sn form a given ne mu er oita n. lbaT e 3-9 tnemucod s emos  ti e sm  fo  etni re ts , all o  f  

hcihw  era  sta it c. 
 

elbaT  3-9. S tcele  tS cita  Members of tsyS e nE.m um   
rebmeM  gninaeM  ni  Lif  e  

For (tam ) C vno erts a va ul e of a specif ei d en mu erat de  type to ti s  
e uq ival ne t stri  gn  

rper e tnes a it no  accor id ng to ht e s ep c fi ied format  
Get maN e() R te r ei ev s a an me (or an arr ya  noc ta nini g a ll  an m se ) for t eh   
oc nsta tn  in  

Get maN e (s ) eht  deificeps  noitaremune  t tah  sah  eht  spe eific d va ul e  
Get dnU e ylr ni g epyT () Retur sn  t eh  ednu niylr g data t epy  us de  ot  h dlo  ht e val seu  for  
a giv ne   

oitaremune n  
Get laV u (se ) Retrieves an a rr ya  of the values of the cons at nts in a spe ic fi  de  

oitaremune n  
IsD ife n (de ) Returns an in id ac oit n of w eh t reh  a const na t tiw h a sp ce ifi de   

av lue  
exists ni  a s cep ifi de  e un m are it no   
Par (es ) oC n strev  eht  gnirts  re serp e noitatn  fo  the na em  ro  nume ir c  
v ula e of one  

ro  erom  detaremune  stnatsnoc  ot  na  aviuqe l tne  detaremune  tcejbo   
 
 

oY u can am ke u es  fo  the s at tic .munE F tamro () me ht od and t eh  same xe act string  
of rm ta ting f gal s exami den  ae r il er in ht e cha tp er ud r gni  our examina noit  o  f  

etsyS m noC. s lo e . roF  example, y uo  may e tx car t t eh  stri gn  name ( yb  ceps ifying G), the  
he ax dec mi al value (X), or un meric val eu  (D, F, e ct .) of  

enifed s a s citat  me oht d man ed (seulaVteG ). sihT  dohtem  snruter  na  ecnatsni  fo   
.metsyS A arr y denimaxe(  retal  ni  siht  ,)retpahc  htiw  hcae  item ni  eht  yarra  gnidnopserroc   

ot  eulav/eman  n 
fo ll owing: 

][gnirts(niaM diov citats  )sgra   
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ra sg ) 

base class d fe in se  a num eb r of me ht sdo  t ah t a ll wo  uoy  to inter or gate  

a gi nev  ne um. syS t unE.me m la so  

iceps eht fo sriap f ei d enumer oita n. T li o l su t ar t  eseht e points, nop  red th  e  
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{ 
//  tnirP  noitamrofni  rof  eht  epyTpmE  .noitaremune  

yarrA  jbo  = ;))epyTpmE(foepyt(seulaVteG.munE  
C sihT"(eniLetirW.elosno  mune  sah  }0{  ,".srebmem  ;)htgneL.jbo  
 

epyTpmE(hcaerof  e ni  )jbo  
{ 

gnirtS"(etirW.elosnoC  :eman  ,",}0{  
"(etirW.elosnoC  :tni  ,",)}0{(  
"(etirW.elosnoC  :xeh  )}0{( \ ,"n  

 
 
 
 
 
 

na em  is a mem eb r of ht e cu rr ne t e un em ar oit n. oF r xe a elpm , sa s mu e oy  u  
siw h to wonk  if eht  v la eu  osrePselaS n is part of the pyTpmE e ne mu eration. oT  od  ,os  uoy   

tsum  nes d ti  ht e pyt e in oitamrof n fo  eht  ne u noitarem  cihw( h nac  eb  enod  aiv  eht  #C   
oepyt f )rotarepo  na d the gnirts  n ema  fo  eht  eulav  uoy   hsiw  

lliw  eb  denimaxe  ni  hcum  retaerg  liated  ni  retpahC  :)21  
][gnirts(niaM diov citats  )sgra   

{ 
...  
//  seoD  epyTpmE  evah  a nosrePselaS  ?eulav   
fi ( nifeDsI.munE de pyt( e fo E( m pyTp e ,)  " selaS P osre n )" ) 

ew ,peY"(eniLetirW.elosnoC  evah  selas  ;)".elpoep  
esle   

,oN"(eniLetirW.elosnoC  ew  ah ev  on  stiforp .. ". ;)  
} 
tI  is also p so sible to generate na  une mera it no  set to t eh  cor cer t value from a stri  gn  
til e ar l vi  a  

ht e ats t ci  E un m raP. s (e ) me ht od. eviG n ht at aP r (es ) retu snr  a ge en ir c syS t O.me b tcej ,  
uoy  lliw  n ee d  

//  :stnirP  yllaS"  si  a "reganaM   
mE epyTp  yllas  = ,)epyTpmE(foepyt(esraP.munE)epyTpmE(  ;)"reganaM"  

yllaS"(eniLetirW.elosnoC  si  a ,"}0{  ;))(gnirtSoT.yllas  
aL st b tu  on t l ae s ,t  ti  is ow tr h pointi gn  out that C# e un em rations sup op rt ht e use fo   
av r oi us epo rators, which et st aga ni st t eh  assi ng de  val eu s, for examp :el   

][gnirts(niaM diov citats  )sgra   
{ 

...  
//  hcihW  fo  eseht  owt  epyTpmE  selbairav  sah  eht  tsetaerg  laciremun  ?eulav   

epyTpmE  eoJ  = ;PV.epyTpmE  
epyTpmE  narF  = ;tnurG.epyTpmE  

 
eoJ(fi  < )narF  
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T.e o tS r gni ()); 
munE . tamroF ( epyt o (f pmE T )epy , 
unE m amroF. t pyt( e fo mE( p epyT ,)  

,e  ;))"D"  
,e  ;))"X"  

} 
} 
As you ac n g seu s, this c do e block prints out the an me/va ul e pairs (in dec mi al and  

xeh ade mic al)  
 
Ne ,tx  s’tel  e rolpx e eht  I enifeDs d() em oht d. Th si  pr po erty al ol sw  you to de et rmine fi   a  

evig n ts ir gn   

ot  yreuq  ( pyt e mrofni a noit   

ot  tsac  eht  re nrut  eulav  i otn  the oc r cer t en mu  ty :ep  



C# dna  margorP TEN. mi gn  I60 S  167  
 

s'eoJ"(eniLetirW.elosnoC  eulav  si  ssel  naht  s'narF  ;)".eulav  
esle   

s'narF"(eniLetirW.elosnoC  eulav  si  ssel  naht  s'eoJ  ;)".eulav  
} 
 
3. 91  eD fin ni g Structures in C  #  
The nu em r ci al types of . TEN  s pu port aM xVa ul e dna  niM V ula e pr po erti se  t tah  prov di e  
informa 

 
 
 
 

= ;00003  
na  61tnIU  :si  }0{  ,"  ;)eulaVxaM.61tnIU  
na  61tnIU  :si  }0{  ,"  ;)eulaVniM.61tnIU  
:si  }0{  ,"  ;)61tnIUym   

ma  :a  }0{  ,"  ;))(epyTteG.61tnIUym  
 
//  woN  ni  61tnIU.metsyS  dnahtrohs  ,.g.e(  a .)trohsu  

trohsu  61tnIUrehtOym  = ;00021  
.elosnoC xaM"(eniLetirW  rof  na  61tnIU  :si  }0{  ,"  ;)eulaVxaM.trohsu  

niM"(eniLetirW.elosnoC  rof  na  61tnIU  :si  }0{  ,"  ;)eulaVniM.trohsu  
:si eulaV"(eniLetirW.elosnoC  }0{  ,"  ;)61tnIUrehtOym   

Con los e rW. ti e eniL ("I }0  ,"  ;))(epyTteG.61tnIUrehtOym  
Con los e eR. da L (eni ;)  
} 
In a noitidd  ot  ht e niM V ula e/ xaM V ula e porp ert ei s, a ig v ne  system yt pe am y de nif e  
uf rther su eful me bm e sr . For axe mpl ,e  t eh  Sy .mets D lbuo e type a ll ows y uo  to obtain t  eh  
av lues of r Eps li on and  

"(eniLetirW.elosnoC -> :nolispE.elbuod  ,"}0{  ;)nolispE.elbuod   
od lbu .e :ytinifnIevitisoP  ,"}0{  lbuod .e oP itis v ifnIe ni )yt ; 
od lbu .e :ytinifnIevitageN  ,"}0{  lbuod .e eN itag v ifnIe ni )yt ; 

:eulaVxaM.elbuod  ,"}0{  lbuod .e M aVxa ul e ;)  
od bu iM.el n :eulaV  "}0{ od, u M.elb i ulaVn e); 

 
Ne tx , consider the Syste oB.m o el an tad a type. ekilnU  (C ++), the only v ila d issa gn tnem  a  

#C  oob l nac  take is morf  the set eurt{  | 
.e( g., –1, 0, 1) to a C# bool,  

Given ht is op in ,t  ti  shou dl  be cl ae r that yS s ooB.met l ae n seod  on t us pp ro  t  
aMin ulaV e/ aVxaM lue  ,tes ytreporp tub  rat eh r urT e tS ri gn / tSeslaF ir gn  :  
//  oN  erom  da  coh  B naeloo  sepyt  ni  !#C   

loob  b = ;0  //  !lagellI   
loob  2b  = - ;1  //  oslA  !lagelli   
loob  3b  = ;eurt  //  oN  melborp .  
loob  4b  = ;eslaf  //  oN  melborp .  

LetirW.elosnoC eni ("-> :gnirtSeslaF.loob  {0 "} , b nirtSeslaF.loo g ;)  
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tion regarding the ra gn e a g vi en t py e can sto er . Assume you have rc eated  
some vari ba les of t py e 
Sys met . nIU t16 (an dengisnu  trohs ) and ex re sic ed it as f llo wo s: 

citats  diov  ][gnirts(niaM  )sgra  
{ 

61tnIU.metsyS  61tnIUym   
iLetirW.elosnoC en ( xaM"   
iLetirW.elosnoC en ( niM"   

rof   
rof   

oC n elos rW. eti eniL ( aV" l eu   
iLetirW.elosnoC en ( I"   

ma  :a  { 

in if nity values:  

elosnoC rW. eti eniL ("->  
elosnoC rW. eti eniL ("->  
elosnoC rW. eti eniL ("->  

"(eniLetirW.elosnoC ->  

fa sl e}. Y uo  cannot as is ng  mak se hift v la ues  
w ih ch (to most rp ogr ma mers) is a welc emo  change.  
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"(eniLetirW.elosnoC -> :gnirtSeurT.loob  0{ }", ob nirtSeurT.lo g ;)  
 

#C  lautxet  atad  si  detneserper  yb  eht  cisnirtni  #C  gnirts  dna  ahc r atad  sepyt . EN. llA T- 
rawa e langua eg s m pa  t xe tual ad ta to the emas  nu derlyi gn  types ( syS t S.me tr ni g  dna  

Sys met . ahC r ,)  tob h of hcihw  a er   
The yS s .met C ah r ty ep  vorp i ed s you with a gr ae t deal fo  func it no a til y eb yond ht e a ib il ty  
to h lo d  

ods of tsyS e hC.m ar , uoy  are ba le to ed et r nim e if a vig ne  hc arac et r  
is n mu re i ac ,l  alph eba cit a ,l  a p io nt  

eht  :gniwollof   
citats  diov  ][gnirts(niaM  

{ 
...  
//  tseT  eht  hturt  fo  eht  gniwollof  stnemetats ... 

elosnoC rW. eti eniL ("->  
elosnoC rW. eti eniL ("->  

W.elosnoC r eti eniL ("->  
elosnoC rW. eti eniL ("->  

W.elosnoC r eti eniL ("->  
olleH"(ecapSetihWsI.rahc  ,"erehT  ;))5   

"(eniLetirW.elosnoC -> hc capSetihWsI.ra e olleH'(  ,'erehT  6): {0 ,"}  
H"(ecapSetihWsI.rahc e oll  ,"erehT  )6 ;)  

rahc . eLsI ett Or igiDr t( )'?' : {0 "} , 
cha I.r s teL et r iDrO g (ti '? ))' ; 

rahc . uPsI tcn au oit n(' )'! : 0{ }", 
cha I.r s nuP tc u oita n !'( ' )) ; 

rahc . uPsI tcn au oit n(' )'> : 0{ }", 
cha I.r s nuP tc u oita n >'( ' )) ; 

rahc . uPsI tcn au oit n(' )', : 0{ }", 
cha I.r s nuP tc u oita n ,'( ' )) ; 

...  
} 

sA  you can s ,ee  e hca  of th ese  s at it c mem eb sr  of metsyS . ahC r sah  owt  gnillac  :snoitnevnoc   
a elgnis   
char ca ter to t se t. 
 

gninifeD 02.3  motsuC   secapsemaN  

Up to iht s op in ,t  you have neeb  bu li di gn  sma ll  test programs l ve er ga ni g xe is it gn   
.N TE  inu rev se (Sy ets m in rap t ci ula )r . hW en y uo  bu dli  y uo r ow  n  

uc stom = ap ilp ac noit ,s  ti  c na  be ev ry eh lpf lu  ot  gro pu  yo ru  ler a det  t epy s into uc stom  
eman s ecap s. In #C , this si  ac oc m lp is eh d u nis g the  

emussA  uoy  era  gnipoleved  a noitcelloc  fo  cirtemoeg  sessalc  deman  rauqS e, criC le, dna   
viG en th ie r s alimi r ti ei ,s  you wou dl  l ki e to uorg p ht em la l t ehtego r tni o  a  

uoY  evah  owt  cisab  sehcaorppa . riF ts , y uo  m ya  c oh so e to  
d ife en  ae ch lc sa s tiw hin a single lif e ( epahs s- c.bil s llof sa ) o sw :  
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edocinU  ednu r eht  .dooh  

a sin lg e point of hc arac et r data (which must be p al ced be wt ee n single quote )s .  
Us ni g t eh  sta it c meth 

fo  ,noitautcnup  ro  tontahw . oT  ,etartsulli  kcehc  tuo   

ra sg ) 

hc a .r sI D tigi ( )'K' : 
hc a .r sI D tigi ( )'9' : 

c .rah I teLs t '(re 10', 
hc a .r sI L ette r )'p'( : 

,"}0{  hc .ra I igiDs (t ' ;))'K  
,"}0{  hc .ra I igiDs (t ' ;))'9  
:)1  ,"}0{  ,"01"(retteLsI.rahc  ;))1  

,"}0{  c rah . teLsI et '(r ;))'p  
olleH'(ecapSetihWsI.rahc  ,'erehT  :)5  ,"}0{  

W.elosnoC r eti eniL ("->  

W.elosnoC r eti eniL ("->  

W.elosnoC r eti eniL ("->  

W.elosnoC r eti eniL ("->  

hc ar ca ter or a stri gn  tiw h a un m re i ac l index ht at ps ce ified ht e op s oiti n of the  

an m se pa ec s in t eh   

eman s ap ce .drowyek  

Hexagon.  
ommoc n tsuc om na em spa .ec  
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//  sc.bilsepahs   
 
 
 
 

elcriC  .ssalc  
ssalc  {elcriC  */  gnitseretnI  sdohtem ...  /*  } 

//  nogaxeH  ssalc .  
ssalc  {nogaxeH  */   

//  erauqS  ssalc .  
{erauqS ssalc  */  

 
 
No cit e woh  the SyM h epa s na em s cap e tca s as eht  c cno e autp l “co tn ai ”ren  of t eh se t sepy  .  

anretlA  
parw  eht  nevig  c ssal  d fe ni i oit ns ni  the mas e na em spac :e  

//  sc.elcric   
gnisu  ;metsyS  

 
ecapseman  sepahSyM   

{ 
//   

 
 
 
 
 
 
 
 

nogaxeH  .ssalc  

 
 
 
 
 
 
 
 

erauqS  .ssalc  
 
} 

sA  uoy  aerla yd  ,wonk  nehw  rehtona  ecapseman  sehsiw  ot  esu  stcejbo  nihtiw  a tcnitsid   
ht e isu ng k drowye  nac  eb  su ed as f :swollo  

//  ekaM  esu  fo  sepyt  denifed  eht  epahSyM  .ecapseman  
gnisu  ;metsyS   
gnisu  ;sepahSyM  
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gnisu  ;metsyS  
 

ecapseman  sepahSyM   
{ 
//   

eroM  gnitseretni  sdohtem ...  /*  } 

gnitseretni  em doht s .. . /*  } nevE  erom   

vit e ,yl  uoy  nac  tilps  a elgnis  name ps a ec  into multip el  C# f eli s. oT  od  ,os  ylpmis   

elcriC  .ssalc  
ssalc  {elcriC  } 

} 
 
//  sc.nogaxeh   

gnisu  ;metsyS  
 

ecapseman  sepahSyM   
{ 
//   

ssalc  {nogaxeH  } 
} 
 
//  sc.erauqs   

gnisu  ;metsyS  
 

ecapseman  hSyM sepa   
{ 
//   

ssalc  {erauqS  } 

n ma espa ec ,  
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ecapseman  ppAyM   
{ 

ssalc  retseTepahS   
{ 

citats  diov  ][gnirts(niaM  )sgra  
{ 

nogaxeH  h = wen  ;)(nogaxeH  
elcriC  c = wen  ;)(elcriC  
erauqS  s = wen  ;)(erauqS  

} 
} 
} 
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dednemmoceR  qu se noit s  
.1  ef yek eht era tahW uta er s #C ?  
.2  nidliub cisab eht era tahW g kcolb s tS lausiV krowemarf TEN. fo u na oid d  

lpxe a ni .  
.3  ialpxE n th gnisc e l eewteb etaitnereffiD.seiranib TEN. fo tpecnoc dna elif e n  

na elif elgnis messa elifitlum d lb ei s.  
.4  adateM epyT TEN. fo elor eht si tahW t aM ylbmessA dna a in  tsef  
.5  itsiretcarahc ssalc STC eht era tahW c  s  
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NU IT – 4  

OOP with C#  

inifeD 1.4 n salC #C eht fo g s  ,  
itinifeD 2.4 o lbuP tluafeD“ eht n i  ”ecafretnI c o yT a f p  e  

liP eht gnippaceR 3.4 l ra s o  ,POO f  
iP tsriF ehT 4.4 l italuspacnE s’#C :sral o vreS n i uesP ,sec od -  

noitaluspacnE : nitaerC g daeR - lnO y leiF sd   
hnI s’#C:ralliP dnoceS ehT5.4 stroppuS ecnatire   

.4 8  ,snoitinifeD epyT detseN ,drowyeK ”detcetorP “ ehT :sterceS ylimaF gnipeek  

.4 9 myloP s’# C :ralliP drihT ehT o pr h  ,troppuS ci  
eB gnitsaC 8.4 t eew n.  
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.4 1 Defition fo  ht e #C  C sal s  
fI  oy u evah  b nee  “d nio g objec st ” in ona ther prog ar m im gn  l egaugna , uoy  are on  buod t  

a aw er  of t eh  role of class d fe in oiti ns. Forma yll , a class is n to hing m ero  th na  a suc mot   
u es r-d fe ni ed type (UDT) ht at is co pm osed of field data (so em it mes termed me bm er  
varia lb se ) a dn  func oit sn  fo( ten called met doh s in OO aeps k) ht at ca t on this ad at . ehT   

tes  fo  if e dl  da at  col el tc vi e yl  r pe er se stn  ht e ats“ te” of a class instance.  
T eh  op wer of bo j ce t-o ir ne t de  l na g au ges is t ah t yb  gr puo ing tad a and uf nc it ano ytil  in a  
si gn le ,TDU  you ra e a elb  to model your os ftware typ se  after r lae -wo lr d e itn ties  . F  ro  
ex ma p ,el  as us me you ra e in et rested ni  m edo ling a generic employee for a payr llo   
system. tA  im n mi u ,m  uoy  yam  siw h to dliub  a ssalc  t tah  am i atn ins the nam ,e  ruc rent  
pa ,y  dna = me p ol y ee  ID for each w ro ker  . nI  noitidda ,  

,dohtem  na em d Gi oBev n su (), whi hc  incr ae ses an i dn ivi aud ’l s cur ner t p ya  by so  em  
a om unt, and na o ht er, = named lpsiD ay atS t (s ) , hcihw  pr tni s tuo  eht  sta et  tad a f ro  th si  

audividni l  .  
//  ehT  laitini  eeyolpmE  ssalc  .noitinifed  

seeyolpmE ecapseman   
{ 

cilbup  ssalc  eeyolpmE   
{  
//  dleiF  .atad  

etavirp  gnirts  ;emaNlluf  
etavirp  tni  ;DIpme  
etavirp  taolf  ;yaPrruc  

 
//  .srotcurtsnoC  

cilbup  {)(eeyolpmE  } 
gnirts(eeyolpmE cilbup  ,emaNlluf  tni  pme ,DI  taolf  )yaPrruc  

{ 
emaNlluf.siht  = ;emaNlluf  

DIpme.siht  = ;DIpme  
yaPrruc.siht  = ;yaPrruc  

} 
 
//  pmuB  eht  yap  rof  siht  .eeyolpme  

diov cilbup  taolf(sunoBeviG   
{ yaPrruc  =+  ;tnuoma  } 
 
//  wohS  tnerruc  etats  fo  siht  .tcejbo  

cilbup  diov  )(statSyalpsiD  
{ 
Con los e rW. ti e eniL ( aN" me: 
Con los e rW. ti e eniL ( aP" :y  
Con los e rW. ti e eniL ( DI" : 
} 
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ht e E pm l eyo e ssalc  ed f eni s o en   

a nuom )t  

}0{  ,"  f Nllu a )em ; 
rruc P )ya ; }0{  ,"  

}0{  ,"  me p DI ); 
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} 
} 

cilbup  ssalc  eeyolpmE   
{ 

...  
cilbup  {)(eeyolpmE  } 

...  
} 

ekiL  ++C  dna  ,avaJ  fi  uoy  esoohc  ot  d fe eni  uc s mot  noc s otcurt rs in a lc sa s ed finit noi ,  
eht  tluafed  c no rts cu tor is yltnelis  devomer . T ereh for ,e  if y uo  wish to allow the bo ej ct  
esu r to create an ni stance of your class as f llo o :sw   

][gnirts(niaM diov citats  )sgra   
{  
//  sllaC  eht  tluafed  .rotcurtsnoc  

eeyolpmE  e = wen  yolpmE ;)(ee  
} 

oy u um st explic ti ly redef ni e the defa tlu  c no structor for your c sal s ( sa  ew  ha ev  done  
h re e). fI  oy u do no ,t  you w lli  rece vi e a comp li er re or r w eh n creating an ins at n ec  of you  r  

otcurtsnoc r. In na y case, the fol ol iw gn  aM i (n ) me ht o  d  
creat se  a few = pmE eyol e bo ej cts su ing our uc s-  

mot  eerht - mugra e tn  construct ro :  
//  ekaM  emos  eeyolpmE  stcejbo .  

citats  diov  ][gnirts(niaM  
{ 

e = wen  ,"eoJ"(eeyolpmE  ,08  ;)00003  
2e ; 

2e  = wen  ,"hteB"(eeyolpmE  ,18  ;)00005  
;)(eniLdaeR.elosnoC   

} 
 

2.4  gninifeD  eht  cilbuP  tnI ecafre  fo  a ssalC   

O ecn  oy u ah ve establ si hed a clas ’s s etni rnal state ad ta na d constructor es ,t  oy ur n xe t  
step is to fl se h out t eh  deta sli  of eht  ilbup c tni erf ca e ot  eht  ssalc . ehT  mret  efer sr  ot  eht   

tes  fo  rebmem  taht  era  yltcerid  a cc e ss lbi e rf om an jbo ce t vari ba le via t eh  dot po erator.  
rF om ht e c sal s b s’redliu  op int of view, the public int re face is a yn  ti em decl ra de  in  a  

the pu ilb c rowyek d. Be oy nd field data dna  oc nst cur to sr , the bup il c  
inter ecaf  of a class m ya  eb  pop-ulat de  by un merous mem eb rs, i cn l du i gn  the f llo o iw gn :  
• dohteM s: Nam de  u in ts of ow rk ht at model some eb hav oi r of a c al ss  
• Pr po re it es: lanoitidarT  rossecca  a dn  tum a rot  noitcnuf s in id s iug se  
• stnatsnoC / daeR - ylno  leif ds: iF e dl  ad at  t ah t can on t be c ah nged af et r sa gis n nem t  

neviG  taht  ruo  eyolpmE e rruc e tn ly ed f ni es two ilbup c dohtem s (Gi ev B (suno )  dna  
(statSyalpsiD )  ,)  

we ra e able to int re act iw th the public int fre ace as of llows:  
//  tcaretnI  htiw  eht  cilbup  ecafretni  fo  eht  eeyolpmE  ssalc   

][gnirts(niaM diov citats  )sgra   
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lc a ss  t py e = using ht e de af ult  

ra sg ) 

eeyolpmE   
eeyolpmE   

lc a ss  usin  g  

ty ep . 
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{ 

*****"(eniLetirW.elosnoC  ehT  eeyolpmE  epyT  ta  kroW  ***** \ ;)"n  
e = wen  ,"eoJ"(eeyolpmE  ,08  ;)00003  

 
 
 

2e ; 
= wen  ,"hteB"(eeyolpmE  ,18  ;)00005  

e2. viG e noB su ( 0001 ;)  
e2. siD p yal tS a )(st ; 
Con los e eR. da L (eni ;)  
} 
 
4.3 Reca gnipp  the P lli sra  of OO P  

llA  tcejbo - etneiro d l na segaug  c dnetno  htiw  erht e co er  nirp c pi el s fo  bo ject-o ir e etn d  
,gnimmargorp  o tf en ca ell d the fa dem  “ lip lars fo  OO .P ”  

• En ac psula oit n: H wo  od es iht s l gna u ega  h di e na  bo jec ’t s inte anr l mi plem ne ta it ?no   
• I hn er ti na ce: H wo  do se  this langu ga e pr mo ote co ed  er use  ?  
• Polym pro ih sm: woH  seod  iht s gaugnal e let uoy  t er at r le a det  ob ej tc s in a is mi al r wa ?y   
Before di gg ni g into the ys nt ca it c ed ta li s of ea hc  p lli ,ra  ti  is im rop ta tn  you dnu re st dna   
t eh  = basic r lo e of each. ,eroferehT  ereh  si  a ,ksirb  hgih - vel el r dnu o ,nw  suj t ot  clear fo f  

yna  = sbewboc  uoy  may ha ev  ac iuq red between p jor ect deadl ni es.  
 
Encaps lu a it on  

hT e first ip llar of OOP is called spacne lu a it on . sihT  tiart  liob s wod n to the langua s’eg   
tiliba y ot  hide ecennu s yras  lpmi eme tn a noit  liated s from eht  ob tcej  resu . roF  ,elpmaxe   

na dem  D bata a Res e eda r ht at ah s wt o me ht ods man ed  
 
//  setaluspacne redaeResabataD  eht  sliated  fo  esabatad  noitalupinam .  

jbObd redaeResabataD  = wen  ;)(redaeResabataD  
 
dbO .jb O nep @( " :C \Em olp y ee .s m )"fd ; 
//  oD  gnihtemos  htiw  esabatad ... 

dbO .jb C sol (e ;)  
T eh  fic itit ous aD tabaseReader  cl ssa  h sa  ne capsulated the inner de liat s of lo ac ti gn  ,  

,gnitalupinam  dna  c gnisol  ht e ad at  f eli . Ob ej ct users l vo e e acn sp ulati no , as  
this p ralli  of POO  ek e sp  pro rg am im ng t ksa s mis pler. erehT  is on  ne de  ot  ow rr y  tuoba  

gni  dniheb  eht  senecs  ot  rac ry tuo  eht  krow  fo   
eht  ataD b eResa a ed r ssalc . llA  uoy  do si  etaerc  na  ecnatsni   

segassem  ,.g.e(  nepo“  eht  elif  .)”evird C ym no detacol fdm.seeyolpmE deman  
rehtonA  cepsa t fo  ne c luspa a noit  si  eht  noiton  of da at  pr to tce ion. ,yllaedI  na  s’tcejbo   

ts ate data should eb  defined as pri av te rehtar  naht  pu lb ic (as aw s ht e case in erp iv uo s  
chapters). nI  ht is ,yaw  the outs di e ow r dl  um s a“ t sk tilop ely” in dro er to cha gn e or bo ta  ni  
the und lre ying val eu .  
In eh ritanc  e  
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eeyolpmE   
e.G evi B uno (s 2 00 ); 
e.D psi l Sya at t )(s ; 
 

eeyolpmE   
2e   

emussa  uoy  ra e us ni g a salc s  
Ope (n ) a dn  Cl (eso ): 

loa nid g,  

eht  suoremun  senil  fo  edoc  taht  era  krow  
na d dnes  ht e porppa r etai   
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The en xt allip r of ,POO  ni h tire a cn e, boils down to the al n ug a ’eg s ab ili ty to allow you  
to b dliu  en w c al ss  ed fin ti io sn  b sa ed on exis it ng c sal s defi tin io sn . In ess ecne ,  
i hn er ti na ce a ll ows you to xe t dne  the be ah v oi r of a base (or ap rent) class by ena lb ing a  

bus cla ss  to i ehn rit oc re fu cn tiona til y (a sl o called a ed ir ev d class or dlihc  lc ass).  
oF r example, if uoy  are m do eling an ua tom bo ile, oy u might wish to e px ress the idea  

t ah  t  
a car h“ as-a” ra id o. It would be li l go ci al to attempt ot  ed r vi e the Car ssalc  fr mo  a aR dio,  
or vice ev sr a.  
A(  Car “ si -a” R ida o? I niht k on !t ) Ra eht r, you vah e wt o i dn epe dn ent lc a ess s ow kr ing  

toge reht , where  
uf cn oit an til y: 

cilbup  c ssal  oidaR   
{ 

cilbup  diov  loob(rewoP  )nOnrut  
{ oidaR"(eniLetirW.elosnoC  :no  ,"}0{  };)nOnrut  
} 
 

cilbup  ssalc  raC   
{ 
//  raC  sah" - "a  .oidaR  

etavirp  oidaR  oidaRym  = wen  ;)(oidaR  
 

diov cilbup  loob(oidaRnOnruT  )ffOno  
{  
//  etageleD  ot  renni  .tcejbo  

myR ida o oP. ew r Ono( f )f ; 
} 
} 
He er , the containi gn  t epy  ( aC r) is responsible for c aer it gn  ht e noc tain de  o jb ce t (Radio).  
If the aC r iw s eh s to make the daR io s’  ivaheb ro  acce ss lbi e rf mo  a aC r tsni a ,ecn  ti  tsum   

dnetxe  ti s own p bu  
tnoc a deni  epyt . citoN e taht  ht e ejbo ct su er has on  clue that ht e aC r c ssal  is mak ni g su e  

fo  na  enni r daR io o jb ce  :t  
][gnirts(niaM diov citats  )sgra   

{  
//  llaC  si  drawrof  ot  oidaR  .yllanretni  
raC  repiv  = wen  ;)(raC  

vip .re T nru nO R oida ( urt e); 
} 
Polymorphism  

ehT  lanif  rallip  of OOP si  lop y ihprom sm. sihT  rt tia  erutpac s a s’egaugnal  ytiliba  to rt e ta   
ler ated bo ej cts t eh  emas  way. hT is t ene tn  of an bo j ce t-ori ne t de  l na g au ge a ll ows a base  

c al ss to d fe ine a set of members f( orma ll y termed the p lo y om hpr ic in et rface) ot  lla   
ed sc dne e tn s. A c ssal  s’epyt  cihpromylop  i tn erf ca e is co tsn ru tc de  us ni g any bmun er of  
iv r ut la  or ba s rt act memb re s. In a nut hs ell, a iv r ut al me bm er am y eb  gnahc ed (o  r  

more forma yll  sp ae king, overri dd en) yb  a derived clas ,s  whereas an a sb t ar tc  m hte o  d  
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ht e conta ini gn  class cr ae tes na d e opx s se  the contai en d cla ss s’   

il c tni e ecafr  htiw  mos e set fo  f nu c it o sn  ht at po e tar e on ht e  
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m tsu  be overri ed n by a deri dev  t py e. hW en der evi d pyt es override the em mbers  
def ni de  yb  a ba es  c al ss , th ye  are esse tn ia yll  red fe ining oh w t eh y dnopser  to t eh  as me  
r uqe est.  
 
4.4 hT e iF sr t P li l ra : C# s’  En ac psula it on Servi ec s  

ehT  co cn tpe  fo  e pacn s noitalu  revo sevl  dnuora  eht  noiton  ht at an s’tcejbo  if e dl  tad a  
dluohs  ton  be direc ylt  a cc e ss ible from t eh  pu ilb c tni erface. Ra reht , fi  an bo ject user  

iw s eh s to al et r ht e state of an bo jec ,t  ti  eod s os  ni dir ce lt y using accessor eg( t) and  
mutator es( t) me ht do s. In #C , en ac p us la oit n si   
pub il c, rp i tav e, orp t ce ted, and tcetorp ed tni e anr l key 
3. oT  etartsulli  eht  en ed rof  cne a sp u noital , as mus e uoy  evah  taerc ed eht  fol ol w gni   

ssalc  ed f ni i oit n:  
//  A ssalc  htiw  a elgnis  cilbup  .dleif  

cilbup  ssalc   
{ 

cilbup  tni  ;segaPfOrebmun  
} 
T eh  problem tiw h pub il c fie dl  data is that the items have on  ba tili y to dnu“ erst na d”  
w eh t eh r  
t eh  cur er tn  av l eu  ot  whi hc  t yeh  are assi deng  is av il d w ti h ger ard ot  ht e uc rre tn  busi en ss  

tsys em. As you k ,won  t eh  up ep r range of a C# ni t is iuq te al gr  e  
(2, ,741 4 38 ,647). The er fore, ht e oc m 
//  mmuH ...   

citats  diov  ][gnirts(niaM  
{ 

kooB  levoNinim  = wen  ;)(kooB  
min oNi v le . segaPfOrebmun  = ;00000003  
} 
A tl guoh h you od  not o ev rflow the bou adn ri se  of na  int ege r data t epy , it should be  
clear that a im ni-n vo el iw th a p ga e count of 30,000,0 00  pa eg s is a b ti  nu reas no ba le ni   
the real ow r dl . sA  y uo  nac  es e, up bl ci  fie dl s do on t pr divo e a aw y to ne fo cr e tad a  

noitadilav  ru sel . fI  oy ur system h sa  a b su i sen s rule th ta  states a nim i- von el must b  e  
be ewt en 1 and 200 ap g ,se  y uo  ra e at a ol ss to ne f cro e this progr mma acita ll y. uaceB es   
fo  iht s, up b cil  if e sdl  ty cip a yll  vah e on  p cal e in a pr udo c noit - level  c sal s def itini no   
p( u ilb c r ae d- no ly fields eb i gn  t eh  xe c pe oit n). acnE ps lu a it no  orp div es a w ya  ot   

preser ev  ht e integr ti y of state data. Ra ht er naht  ninifed g pu ilb c fiel sd  (w ih ch can  
sae ily fost re  data c ro r pu tion), you should eg t in the habit of ed fin ni g pri av te da  at  
dleif s, which a er  i dn irec lt y m na pi ulated by the ca ll er using one of wt o main  

tec nh i seuq :  
• enifeD  a riap  fo  t lanoitidar  secca s ro  and m tu ta ro  em thods.  
• enifeD  a named ytreporp .  

hW i vehc er te nhc i uq e uoy  oohc s ,e  the op int is t ah t a we ll - ne caps lu ated class uohs ld  
hide ti  s  

war  data and the details of oh w ti  po erates from ht e prying e ey s of t eh  outside ow r dl .  
This is o tf en et r dem  lb ca k box pr go ar mm ing. ehT  aeb tu y of this ppa or ca h is ht at  a  
class a tu hor is fr ee  to ch na ge oh w a gi ev n met oh d is mi plem ne t de  dnu er the dooh ,  
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enfo cr de  at t eh  syntactic level using t eh   
ow rds, sa  descri deb  in C pah ter  

kooB   

lur es of ht e  
relip  lla o sw  eht  fol gniwol  a ss ig tnemn :  

ra sg ) 



C# dna  mmargorP TEN. i gn  I60 S  167  
 

tiw uoh t kaerb i gn  any exis it ng edoc  m ka i gn  su e of ti  (p vor ided ht at eht  sig tan u er  fo   
eht  dohtem  re sniam  c no stant).  

 
Enforcin  g Encapsula it on Usi gn  Tr da iti no al Acce ss ro s a dn  Mutators  

s’teL  nruter  ot  eht  ex gnitsi  Em lp yo ee salc s. If uoy  wa tn  t eh  uo tsi ed  world to ni ter ca t tiw  h  
yo ru  private uf l maNl e ad ta field, tr da oiti n id ctat se  defining an cca se ros  teg(   )dohtem  

dna  m tatu or tes(  em ht od).  
//  lanoitidarT  rossecca  dna  rotatum  rof  a tniop  fo  etavirp  .atad  

cilbup  ssalc   
{ 

etavirp  gnirts  ;emaNlluf  
...  
//  .rosseccA  

ilbup c gnirts  FteG u ll N ma e )(  { nruter  ;emaNlluf  } 
 
//  .rotatuM  

cilbup  diov  FteS u aNll me gnirts(  )n  
{  
//  evomeR  yna  lagelli  sretcarahc  ,!(  ,@  ,#  ,$  ,)%  
//  kcehc  mumixam  htgnel  ro(  esac  )selur  erofeb  gnikam  .tnemngissa  

emaNlluf   
} 
} 

ednU r ats n ,d  fo  uoc r ,es  ht at eht  lipmoc re  c uo ld on t c era  l se s hw at you lac l uoy r ca ce ss or  
a dn   

um t rota  m te ho sd . iG v ne  the fact ht at Ge uFt ll N (ema ) dna  FteS u maNll e() luspacne a et  a  
etavirp  gnirts  named ful maNl e, iht s choice of method an em s seems to f ti  ht e b li l. hT e  

cal gnil  lo ig c si  as f lo ol sw  :  
//  rotatum/rosseccA  egasu .  

citats  diov  ][gnirts(niaM  )sgra  
{ 

eeyolpmE  p = wen  ;)(eeyolpmE   
p.S uFte ll aN me erF"( d F ;)"enotstnil  

eeyolpmE"(eniLetirW.elosnoC  si  :deman  ,"}0{  .p eG tF llu N ma e )( ); 
Con los e eR. da L (eni ;)  
} 
 

nA o reht  mroF  fo  luspacnE a oit n: Class P itrepor es  
nI  c tsartno  ot  rt a lanoitid  rossecca  dna  tum ta or tem h do s, . EN T al n aug g se  rp efer t  o  

crofne e pacne sula it no  using orp pe tr ies, which s umi late up blicly acc se sible points of  
data. R hta er than requiring t eh  su er to ac ll  two differ ne t methods to eg t and set t  eh  
state data, ht e user is ba le to ca ll  what pa pears  
sa sume you have p or v di ed a pr epo rty named ID that wraps the tni ernal  

empID me bm er vari ba le of t eh  Em eyolp e epyt . The c lla i gn  sy tn ax w uo ld look like thi :s  
//  gnitteS  / gnitteg  a s'nosrep  DI  uorht hg  ytreporp  xatnys .  

citats  diov  ][gnirts(niaM  
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roF  maxe ple: 

eeyolpmE   

= ;n  

to eb  a p bu lic field. oT  il rtsul ta e  ,  

ra sg ) 
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{ 

eeyolpmE  p = wen  ;)(eeyolpmE  
 
//  teS  eht  .eulav  

p. DI  = ;18  
 
//  teG  eht  .eulav  

nosreP"(eniLetirW.elosnoC  DI  :si  }0{  ,"  .p ID ;)  
Con los e eR. da L eni ( ;)  
} 
T epy  pr po er it es a wl ays map ot  “r ae l” ca cessor and mutat ro  methods u dn er t eh  hood.  
Th ,erofere  as a c al ss des gi ner y uo  are able to perform na y internal logic nec se sary  

eb fore m ka i gn  the value ass gi nme tn  e( g. ., pu percase the av lue, scr bu  the v la ue for  
a n mu erical av l eu , na d so on)  . ereH  is the #C   

ys ntax behind the ID porp e ,ytr  a hton er orp p tre y ( aP y) ht at e pacn s lu a et s ht e  
aPrruc y f ei l ,d  na d a if nal orp trep y ( emaN ) to enc pa su al te the Nlluf ame atad  .tniop  

//  noitaluspacnE  htiw  seitreporp .  
cilbup  ssalc   

{ 
...  

etavirp  tni  ;DIpme  
etavirp  taolf  ;yaPrruc   
etavirp  gnirts  ;emaNlluf  

 
//  ytreporP  rof  .DIpme  

cilbup  tni   
{ 

teg  { nruter  };DIpme  
tes   

{  
//  uoY  era  llits  eerf  ot  etagitsevni  dna(  ylbissop  )mrofsnart  
//  eht  gnimocni  eulav  erofeb  gnikam  na  tnemngissa .  

DIpme  = va ul e; 
} 
} 
 
//  ytreporP  rof  .emaNlluf  

cilbup  gnirts  emaN   
{ 

teg  nruter{  };emaNlluf  
tes  emaNlluf{  = };eulav  

} 
 
//  ytreporP  rof  .yaPrruc  

cilbup  taolf  yaP   
{ 

teg  nruter{  };yaPrruc  
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lli egal rahc acter ,s  che kc  the b nuo ds  fo  

eeyolpmE   

DI   
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tes  { yaPrruc  = };eulav  
} 
} 
A C# property is c pmo osed usi gn  a get b ol kc  (ac sec sor) and set b ol kc  (mutato )r . hT e  
C# “va eul ” kot en re rp esen st  the gir ht-hand is de of the ass nemngi t. The un ed rlyi gn   

ed p dne s no  ihw ch so tr  of d ata  it r pe er s tne s. In th  si  
xe ma ple, ht e ID porp e ytr  si  po e itar ng on a int atad  t py ,e  whi hc , as oy u reca ,ll  maps t  o  

a S sy t I.me nt32: 
//  18  si  a ,23tnI.metsyS  os  "eulav"  si  a .23tnI.metsyS  

eeyolpmE  e = wen  ;)(eeyolpmE  
e. DI  = ;18   

oT  evorp  eht  ,tniop  emussa  uoy  evah  u tadp ed eht  ID pr po e tr y s’  tes  l go ic as follows  :  
//  ytreporP  rof  eht  DIpme .  

cilbup  tni   
{ 

teg  { nruter  };DIpme  
tes   

{ 
eulav"(eniLetirW.elosnoC  si  na  ecnatsni  :fo  }0{  ,"  .eulav teG Type( ;))  

s'eulav"(eniLetirW.elosnoC  :eulav  }0{  ,"  ;)eulav  
 

DIpme  = ;eulav  
} 
} 
 

daeR -  dna ylnO W etir - treporP ylnO  sei  
hW en cre ta ni g class types, you may wish to c no figure a er ad-only pr epo r yt . T  ,os od o  

mis p yl  liub d a p or perty w ti hout a cor er s nop d gni  s te  kcolb . ,esiwekiL  fi  uoy  hsiw  ot  evah   
t  eh eg t bl kco . W  on evah e nee  d t f os od o o  r thi axe s mple;  

how eve r, eh r  e is how t eh  muNytiruceSlaicoS b re  
:ylno   
cilbup  ssalc   

{ 
...  
//  woN  sa  a daer - ylno  .ytreporp  

cilbup  gnirts  rebmuNytiruceSlaicoS  { teg  { nruter  ;NSSpme  } } 
} 

iG ven this adjustmen ,t  the only ma enn r in wh ci h an emplo ey e’s US oS cial Se uc rity  
nu ebm r can be set is ht r guo h a cons urt c rot  gra ume tn .  
 
4.5 hT e Sec dno  P lli ar: #C ’s nI her ti ance S oppu rt  

Now ht at oy u ha ev  se ne  various t nhce iques t ah t a ll ow uoy  to cr ae te a si gn le we ll - 
en pac sulated cl sa s, it is t mi e to t ru n y uo r atten it on to bu li ding a fa im ly of related  
cla ess s. As m ne it on de , ni heri- t na ec  is ht e as ep ct of POO  that fac ili tates code reuse.  

ehnI r ti a cn e comes in owt  fla rov s: c sal si ac l atirehni n ec  eht(  “is-a” re noital s )pih  dna   eht  
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da at  t py e of t eh  value t ko e  n  

DI   

etirw a - treporp ylno y  timo ,  
porp e ytr  c dluo  eb  dettiforter  as read- 

eeyolpmE   
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d/tnemniatnoc noitagele  ledom  eht(  sah“ - ”a  )pihsnoitaler . s’teL  nigeb  yb  gninimaxe  eht   
lacissalc  si“ - ”a  ledom .  

hW en uoy  tse a hsilb  si“ - ”a  ler a oit nships betwe ne  classes, uoy  a er  ub i nidl g a  
de nep dency  
be wt een yt pes. hT e basic idea b he i dn  classi ac l inh re ti an ec  is ht at new classes m ya   
lever ega  ( dna  po ss libi y exte dn ) ht e f nu c it ona il ty of oth re  cla sess . oT  ulli s rt ate, as mus e  

t eh  f cnu oit an til y of t eh  E olpm yee c ssal  to rc ea et  wt o new  
 
F axe ruo ro mple  , w w e ill ussa m  e t ah t t  eh naM a eg r e ssalc xt ne  sd mE plo ey eb  y r  eht gnidroce  
n rebmu  fo  cots k op it o ,sn  wh eli  eht  laS e ePs sr on c ssal  sniatniam  ht e nu bm er of sa sel . In  

#C , e tx e dn ing a cl sa s si  acc lpmo ished nisu g t eh  co ol n opera ot r (:) on the lc ass  
de if in t oi n. Th si  being as di , here are t eh   
//  ddA  owt  wen  sessalcbus  ot  eht  seeyolpmE  an ecapsem .  

seeyolpmE ecapseman   
{ 

cilbup  ssalc  reganaM  : eeyolpmE   
{ 
//  sreganaM  deen  ot  wonk  rieht  rebmun  fo  kcots  .snoitpo  

gnolu etavirp  ;snoitpOfOrebmun   
cilbup  gnolu  stpObmuN   

{ 
teg  { nruter  };snoitpOfOrebmun  
tes  { snoitpOfOrebmun  } 

} 
} 
 

cilbup  ssalc  S nosrePsela  : eeyolpmE   
{  
//  elpoepselaS  deen  ot  wonk  rieht  rebmun  fo  .selas  

etavirp  tni  ;selaSfOrebmun  
cilbup  tni  selaSbmuN   

{ 
teg  { nruter  };selaSfOrebmun  
tes  { selaSfOrebmun  = ;eulav  } 

} 
} 
} 

si“ na dehsilbatse evah uoy taht woN -a ihsnoitaler ” p  , Sa Psel er os n na d ganaM erha ev   
llacitamotua y hni e tir ed lla  cilbup  dna(  torp e )detc  me bm ers of the Em olp ey e b esa  class.  

oT  :etartsulli  
//  etaerC  a ssalcbus  dna  ssecca  esab  ssalc  .ytilanoitcnuf  

citats  diov  ][gnirts(niaM  
{  
//  ekaM  a .nosrepselas  

nosrePselaS  nats  = wen  ;)(nosrePselaS  
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th ta  you wish to el ev rage  
ssalc se . 

ed rived salc s epyt s: 

= ;eulav  

ra sg ) 
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//  esehT  srebmem  era  detirehni  morf  eht  eeyolpmE  esab  .ssalc  

DI.nats  = ;001  
emaN.nats  = ;"natS"  

 
//  sihT  si  denifed  yb  eht  nosrePselaS  .ssalc  

selaSbmuN.nats  = ;24  
Con los e eR. da L (eni ;)  
} 

oD  eb  wa are that ni heritance rp e es rves encapsul ta oi n. Therefore, a deri dev  class  
cann to   
dir ce lt y a cc e ss  t eh  private mem eb sr  d fe ined by ti s b esa  cl sa s.  
 
Control il ng Base Class C er a it on with base  

,yltnerruC  elaS sP osre n dna  anaM ger can ylno  eb  c er ta ed using a ed f tlua  noc s curt t ro .  
htiW  th si  ni  m ni ,d  as us me you have added a new s xi -ar ug ment noc struc ot r to the  
ganaM er ty ,ep  wh ci h is inv eko d  
citats  diov  ][gnirts(niaM  )sgra  

{  
//  emussA  ew  won  evah  eht  gniwollof  rotcurtsnoc .  
//  ,eman(  ,ega  ,DI  ,yap  ,NSS  rebmun  fo  kcots  .)snoitpo  

ykcuhc reganaM  = wen  ,53 ,"ykcuhC"(reganaM  ,29  ,000001  333" - 32 - ,"2232  ;)0009  
} 
If you look at t eh  gra mu e tn  il s ,t  you can clea lr y see t ah t m so t of t eh se parameters  
should be  

derots  ni  eht  me rebm  selbairav  de denif  yb  eht  pmE l eyo e ba es  c sal s. To od  s ,o  uoy  coul  d  
= mi plement  
//  fI  uoy  od  ton  yas  ,esiwrehto  a ssalcbus  rotcurtsnoc  yllacitamotua  sllac  eht   
//  tluafed  rotcurtsnoc  fo  sti  esab  ssalc .  

gnirts(reganaM cilbup  ,emaNlluf  tni  ,ega  tni  ,DIpme  
taolf  ,yaPrruc  gnirts  ,nss  olu gn  )stpOfObmun  

{ 
//  sihT  tniop  fo  atad  sgnoleb  htiw  !su  

snoitpOfOrebmun  ;stpOfObmun =   
 
//  egareveL  eht  suoirav  srebmem  detirehni  morf  eeyolpmE   
//  ot  ngissa  eht  etats  atad .  
DI  = ;DIpme  
egA   
emaN  = ;emaNlluf  

rebmuNytiruceSlaicoS  = ;nss  
yaP  = ;yaPrruc  

} 
 

6.4  ipeeK ng Fa im yl  ceS r :ste  hT e torp e detc  rowyeK d  
As uoy  alr ae dy nk o ,w  up b il c ti ems are direc lt y ac ec ssible rf om anywh re e, while private  
ti ems c nna ot be acc se sed f or m any bo j ce t be noy d ht e class that has de if ned it. C#  
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this new noc struc ot r as follow :s  

= ;ega  
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t seka  eht  l dae  of many ot reh  om ed rn bo ject l gna u sega  dna  provides an add iti ano l l eve l  
of a cc e ss ib tili y: prot ce t de . hW en a b esa  cl ssa  nifed se  pr to ce ted data ro  pr eto cted  

ti ems that can be accessed directly yb  a yn   
ed sc ne dent. If y uo  wish ot  olla w the S la esPer os n  and Ma an ger ch li d c sal s se  to id rectl  y  

secca s the data sector ed f ni ed by E olpm yee, y uo  nac  update t eh  orig ni al pmE l eyo e cl sa  s  
noitinifed  sa  :swollof  

//  detcetorP  etats  .atad  
cilbup  ssalc   

{ 
//  dlihC  sessalc  nac  tcerid yl  ssecca  siht  noitamrofni . tcejbO  sresu  .tonnac  

detcetorp  gnirts  ;emaNlluf   
detcetorp  tni  ;DIpme   
detcetorp  taolf  ;yaPrruc  
detcetorp  gnirts  ;NSSpme  
detcetorp  tni   

...  
} 
T eh  neb efit of def ini gn  prot ce t de  me bm ers ni  a base class is ht at deri dev  yt sep  on   
l gno er have ot  acc sse  the data using p bu il c me oht ds ro  properties. The p sso ible  

od wnfall, of cour ,es  is ht at hw ne  a der vi de  type has id rect acce ss  to its ap r ne ’t s  
in et rnal data, ti  is ev yr  possible to acci ed llatn y apyb ss exis it gn  business ur les of und  

tiw h ni  pub il c p por erties s( u hc  as the im ni- evon l t ah t ex eec ds ht e page c uo nt). ehW n  
uoy  define pr to ce ted mem eb rs, uoy  are crea nit g a l eve l of trust be wt nee  t eh  p ra ent and  
lihc d clas ,s  as t eh  oc mpi el r lliw  not c ta ch a yn  viola it on of y uo r typ s’e  ub sines  s  

ur l se . laniF l ,y  rednu sta dn  taht  sa  raf  sa  eht  tcejbo  su er si  c cno e nr ed, pr eto c det  data is  
ger a dr ed as virp a et  sa(  eht  resu  si  o“ uts ”edi  of ht e fam )yli . ehT er for ,e  ht e f llo iwo gn  is  
lli e lag :  

][gnirts(niaM diov citats  )sgra   
{  
//  !rorrE  

eeyolpmE  pme  = wen  mE ;)(eeyolp  
NSSpme.pme  = 111" - 11 - ;"1111   

} 
 
4.7 hT e Third lliP ra : C#’s P lo my or ihp c Sup op rt  

s’teL  won  enimaxe  eht  lanif  rallip  fo  OO P: po ihpromyl sm. llaceR  ht at ht e E olpm yee base  
clas  s  
def ni ed a method named Giv noBe u (s ), wh hci  saw  emelpmi n det  as f llo ow :s   
// eviG  sunob  ot  seeyolpme .  

cilbup  ssalc   
{ 

...  
diov cilbup  taolf(sunoBeviG  )tnuoma  

{ yaPrruc  =+  ;tnuoma  } 
} 
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member ,s  ti  is a lb e to cr ae te a es t of  

eeyolpmE   

Apme ge; 

t'naC  ssecca  detcetorp  atad  morf  tcejbo  .ecnatsni  

eeyolpmE   
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B ace use this method has eeb n defi den  as bup il c, you can on w gi ev  nob u es s to  
salesp poe le and ma gan ers (as we ll  as part- mit e sal se people)  :  

citats  diov  ][gnirts(niaM  
{ 
//  eviG  hcae  eeyolpme  a .sunob  

ykcuhc reganaM  = wen  ,05 ,"ykcuhC"(reganaM  ,29  ,000001  333" - 32 - ,"2232  ;)0009  
chu ykc . viG Be o un s( )003 ; 
chu ykc . siD lp a atSy t )(s ; 
 

nosrePselaS  f nar  = wen  ,"narF"(nosrePselaS  ,34  ,39  ,0003  239" - 23 - ,"2323  ;)13  
fran.Gi Bev uno s( 02 )0 ; 
fra D.n i lps ya S stat (); 

;)(eniLdaeR.elosnoC   
} 

ehT  rp o lb em htiw  eht  tnerruc  ed s ngi  is ht at t eh  ni heri et d Gi noBev us() em oht d  
ca ll y for a ll  subcla ss es. ,yllaedI  ht e bo un s fo  a sa srepsel on or trap -ti em   

pselas e nosr  dluohs  ta ek  ni to ca cou tn  eht  nu bm er fo  s la es  . eP rh spa  m na age sr  uohs ld  
ag in a dd iti onal sto kc  po it o sn  in c no uj nc it on iw th a m eno tary ub mp ni  sa yral . iG ev n  

t ih s, uoy  are neddus ly faced tiw h na  inter se it gn  ques it no : “How c na  related o jb ce ts  
er dnops  dif ef re ltn y to t eh  as me r seuqe t?” 

4.8 saC ting Betwee .n   
Next u ,p  you need to learn the laws of C# ac ts ni g oper ta io sn . R ce lla  t  eh  
Emp yol ees ih era cr hy and the fact t ah t t eh  t po m so t class ni  the ys stem is tsyS em bO. j ce t.  
Th ofere r ,e  e rev ything si“ - ”a  obje tc  and  

lagel  ot  erots  na  ecnatsni  of a yn  pyt e iw iht n a ejbo ct av ri ba le: 
//  A reganaM  si" - "a  tcejbO.metsyS .  

tcejbo  knarf  = wen  knarF"(reganaM  ,"appaZ  ,9  ,00004  111" - 11 - ,"1111  ;)5  
In t eh  E olpm y ee s tsys em, anaM g re s, S ela sP sre on, and TP S sela Pe osr n epyt s lla  xe dnet   

so ew  can store any of t eh se objec st  in a va il d ab se cl sa s re ref ne ec . erehT fore  ,  
the of niwoll g statem ne ts are also legal: 
//  A reganaM  si" - "a  eeyolpmE  oot .  

eeyolpmE  tinUnoom  = wen  tinUnooM"(reganaM  ,"appaZ  ,2  ,00002  101" - 11 - ,"1231  ;)1   
 
//  A nosrePselaSTP  si" - "a  .nosrePselaS  

nosrePselaS  llij  = wen  ,"lliJ"(nosrePselaSTP  ,438  ,000001  111" - 21 - ,"9111  ;)09  
ehT  tsrif  law fo  itsac ng be ewt ne  cl sa s epyt s is ht at hw ne  two sessalc  ra e er etal d by an  

si“ -a”  
ler a it ons ih p, it is always s fa e to s ot re a deriv de  type iw thin a base class reference.  
oF rma yll , th si  si  called an mi lp icit cast, sa  “ ti  tsuj  ”skrow  nevig  eht  al ws of hni ire tance.  

gnimmargorp  stcurtsnoc . roF  maxe ple, if uoy  have a lc sa  s  
man ed aMehT c nih e ht ta  s stroppu  the f lo  

up cilb  ssalc  enihcaMehT   
{ 

cilbup  citats  diov  (nosrePsihTeriF eeyolpmE  e) 
{  
//  evomeR  morf  esabatad ...  
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ra sg ) 

setarepo  itnedi  

c na  be treated as s cu h. viG en iht s ,tcaf  it si   

Emp eyol e,  

This le da s to os me po ew r uf l  
lo iw ng sta it c method:  
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//  teG  yek  dna  licnep  reneprahs  morf  derif  eeyolpme . ..  

} 
} 

oy u can e eff ctive yl  ap ss na y descendent from ht e Em eyolp e class i otn  this method  
dir ce ylt , gi nev  t eh   
//  enilmaertS  eht  ffats .  

;)tinUnoom(nosrePsihTeriF.enihcaMehT  //  "tinUnoom"  saw  deralced  sa  na   
Emp yol ee. 
The caM h eni F. i hTer i ePs r os (n j lli ); //  "llij"  saw  deralced  sa  a .nosrePselaS  

ehT  gniwollof  edoc  co selipm  g nevi  eht  mi p il ic t c sa t rf mo  eht  ab se c sal s pyt e ( lpmE o ey e)  
to the  
stor de  in a g ne er ci  tsyS e .m bO j ce t ?)ecnerefer  fI  uoy  p sa s ht e narf k ejbo ct id rectly ni to  
The caM h eni F. i hTer i ePs r os n() as  
//  A reganaM  si" - "a  ,tcejbo  tub ...   

cejbo t knarf  = wen  knarF"(reganaM  ,"appaZ  ,9  ,00004  111" - 11 - ,"1111  ;)5  
...  

The caM h eni F. i hTer i ePs r os (n f knar ); //  !rorrE  
uoy  a er  ussi ed a c ipmo ler rre ro . hT e aer s no  si  y uo  ca onn t a otu m ita cal yl  treat  a  
etsyS m jbO. ect as a d re ived E eyolpm e rid e yltc , ig v ne  that cejbO t si“ - ton - ”a  E yolpm ee. As  

oy u can s ee , ho ew v ,re  the object refer ne ec  is op in nit g to na  mE p eyol e- oc pm a bit  el  
jbo ect. oY u nac  fsitas y ht e co pm i el r by p fre gnimro   

nI  C#, explicit casts are ed on ted by p al cing pa er ntheses around the t py e you w si h to  
ac st to, fo oll wed yb  ht e obj ce t uoy  are a tt emp nit g to cast f or m. roF  :elpmaxe   
//  tsaC  morf  eht  cireneg  tcejbO.metsyS  otni  a ylgnorts   
//  depyt  reganaM .  

reganaM  rgm  = ;knarf)reganaM(  
s'knarF"(eniLetirW.elosnoC  :snoitpo  ,"}0{  ;)stpObmuN.rgm   

fI  you w uo ld rath re  on t de alc re a speci cif  variable of t“ ype to cast t ,o ” oy u are able to  
ednoc nse eht  pr uoive s doc e sa  f wollo s:  

//  nA  "enilni"  ticilpxe  tsac .  
oC n elos rW. eti eniL ( rF" kna s'  itpo :sno  0{ "} , (( aM na reg ) arf nk N.) u pObm ts); 
sA  af r sa  p sa nis g the yS s .met Ob ej ct refer ence tni o ht e riF e sihT P sre o (n ) ,dohtem  eht   

prob el m  
//  ylticilpxE  tsac  tcejbO.metsyS  otni  na  eeyolpmE .  

The caM h eni F. i hTer i ePs r os (n ( lpmE oy f)ee r kna ;)  
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“ si -a” rel oita ns pih : 

derived yt ep . ewoH ,rev  what if you a sl o aw nt de  to f ri e F ar nk Zappa ( uc rr en ylt   

lof l wo s: 

an lpxe i tic  tsac . 

can be rectified as fo ll ows: 
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tseuQ dednemmoceR i no s:  

.1  ra tahW margorP detneirO tcejbO fo sralliP eerhT e m  ?gni  

.2   ?#c ni noitaluspacnE nialpxE  

.3  iL s rehnI fo sepyt suoirav eht nialpxE dna t ti en .ec   
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TINU  - 5  
Ex  snoitpec a cejbO dn t emitefiL   

edO1.5  ot  ,srorrE  ,sguB  dna  Ex ,snoitpec   
2.5  ehT  eloR  fo  TEN.  Ex noitpec  dnaH in ,g   

 ehT 3.5 S metsy . Ex noitpec  esaB  ssalC  ,  
4.5  gniworhT  a cireneG  ,noitpecxE   
5.5  gnihctaC  Ex noitpec  ,  
6.5  RLC  metsyS  – L leve  noitpecxE  (S metsy . S sy t me  Ex ,)noitpec   
7.5  motsuC  noitacilppA - leveL  noitpecxE  (S etsy m. S metsy  ,)noitpecxE   
8.5  gnildnaH  elpitluM  xE noitpec   
9.5  ehT  inaF ly ,kcolB  eht  tsaL  ecnahC  noitpecxE  lacimanyD ly  

gniyfitnedI  noitacilppA  – dna  S metsy  leveL  itpecxE no  gniggubeD  S etsy m  
01.5  Ex noitpec  gnisU  SV . ,TEN   
11.5  gnidnatsrednU  tcejbO  Li emitef ,  
21.5   ehT C TI  “ fo n ’we ,  
31.5  ehT  scisaB  fo  egabraG  tcelloC i no ,  
41.5  noitazilaniF  a yT pe, ehT  ilaniF z noita  secorP s,  
51.5  gnidliuB  na  dA  coH  tcurtseD i no  ,dohteM   
61.5  egabraG  noitcelloC  imitpO z ta i ,sno   
71.5  ehT  S etsy m. CG  T epy .  
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.5 1 edO  to rrE ors, uB gs, dna  Ex pec tion  s  
erhT e oc m ylnom  desu  mona aly- ec n cirt  ret m :s   

• Bugs: This is, s mi ylp  up ,t  an error on t eh  part of t eh  p or grammer  . oF r exa pm le,  
a er  prog mar im gn  tiw h nu ma an g de  C++. If you make ca ll s no  a LUN L p io nter  

or fa li  ot  ed le et  allocated memory r( e us l it ng in a memory leak), y uo  have a b gu .  
• Use  r errors: Un il ke sgub , user errors ra e t py i ac l yl  c esua d by the i dn ividu la  r nnu i gn   
your cilppa a ,noit  htar er th na  by those hw o cr detae  ti . For xe ample, an dne  su er w  oh  
ne ters a ma fl ormed ts ri gn  into a t xe t box c uo ld very we ll  ge en rate an error fi  uoy  fa li  to  

eldnah  iht s ytluaf  ni up t in your c do e esab .  
• cxE eptions: E cx e itp no s ra e typ ci ally reg ra ed d as r nu t mi e anomal ei s ht at are difficu ,tl   
fi  not elbissopmi , ot  a occ u tn  rof  elihw  p argor mmi gn  your a pp l aci ti no . Possible  

ex pec it sno  i cn lude a tt me pt gni  ot  c enno ct to a database that no nol ger ex tsi s, opening  
a oc rr etpu d elif , ro  c atno cti gn  a cam hi en  ht at is cu rr ently o nilff e. nI  ea hc  fo  ht ese  
ac ses, t eh  orp gra mm er (a dn  e dn  use )r  h sa  lttil e c no tr lo  over these “ex pec it ano l”  

circumst cna es. iG ev n the pr ve ious definiti no s, it shou dl  be cle ra  ht at . TEN  struc rut ed  
ex ec p oit n ha dn ling is a t hce nique we ll  s tiu ed ot  d ae l w hti  r nu t mi e xe pec it ons.  
How eve r, sa  of r the bugs a dn  user errors that h eva  cse aped your view, the C RL  w li l  
often eg ne ar te a co rr es nop di gn  exc pe it on that i ned ti- fies the borp lem at ha dn  . T eh   
. EN T sab e cla ss  il brari se  define num re uo s ex ec p it ons su hc  sa   
I dn exO tu O Rf a gn e xE ception , Fi el Not oF u dn E cx e tp ion , Ar ug m ne tOu fOt R na geE cx e tp ion ,  
and so f ro th. 
 
5.2 ehT  Role of .N TE  Exc tpe ion Ha dn il ng  
Pri ro  to N. E ,T  orre r ldnah ni g u dn er the Windows operating system w sa  a confus de   
mi hs m sa h of techni uq se . Many rp o rg a remm s roll de  ht eir own re ror ah ndling logic  

tiw hin the cont xe t of a gi ev n a tacilpp ion. roF  xe ma ,elp  a de polev em tn  team ma  y  
enifed  a tes  fo  mun e lacir  co tsn a stn  aht t re tneserp  nk o nw  error c no id t noi s, na d  ekam  

esu  fo  th me  sa  ohtem d return va ul es. By aw y fo  an example, po edn r the fo ll owing  
ap rtial C oc de:  
*/  A yrev  C- elyts  rorre  gnippart  msinahcem . /*   

DNUOFTONELIF_E enifed#  0001   
 

tni  itcnuFemoS o )(n  
{ 
//  emussA  gnihtemos  sneppah  ni  t sih  )x(f   
//  taht  sesuac  eht  gniwollof  nruter  .eulav  

nruter  _E LIF E FTON NUO D; 
}  
 

diov  )(niam  
{ 

tni  laVter  = ;)(noitcnuFemoS  
== laVter(fi  )DNUOFTONELIF_E   

tonnaC"(ftnirp  dnif  elif ... ;)"  
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} 

sihT  pa aorp ch si  el ss than id ae ,l  ig ven t eh  fa tc  that ht e constant E_ NELIF O UOFT ND is  
little m ero   

woh  ot  deal with t eh  pr bo el m. ,yllaedI  uoy  dluow  ekil  ot  parw  ht e name, messag ,e   
dna  hto er eh l ufp l ni forma it on er gard ni g this err ro  c no d ti ion into a singl ,e  well- 

defined package w( hich is exactly what happens under structured cxe epti no   
ha gnildn ). nI  noitidda  ot  a s’repoleved  da  coh  ,seuqinhcet  eht  swodniW  IPA  senifed   

sderdnuh  fo  rorre  sedoc  ht at oc em  by w ya  of #d senife , SERH U TL s, and far too am yn   
av riations no  ht e mis ple oB olean ( ob ol, OB OL, AIRAV N OOB_T L, and so )no . ,oslA  many  

++C  OC M eved lop sre  (and ind ri ectl ,y  ma yn  BV 6 C MO  developers) have made use of  
a sma ll  set of s at n ad rd COM inte fr ac se  (e.g ,.  oppuSI r fnIrorrEt o  ,  
IEr ror I fn o, IC aer t rEe ro fnIr o) to er turn me na ing uf l error informati no  to a COM  
c il ne t.  
symmetry. aE ch a pp r ao ch is more or sel s tailo er d to a g vi ne  t ce hnol go y, a give  n  
lang au ge, a dn  pe hr aps ve ne  a given pr tcejo . nI  redro  ot  tup  na  end to t ih s am d en ,ss  ht e  
. TEN  lp a mroft  sedivorp  a dnats a dr  nhcet ique ot  se dn  a dn  rt ap ur tn emi  erro  :sr  

urts c derut  cxe e noitp  gnildnah  S( HE .)  
T eh  Atoms fo  .NET Ex ec ption Hand il ng  

orP gramm ni g w ti h structu der  e pecx it on han ild gn  i ovn lves the su e of four in et rrelated  
ne itit es:  

• A cla ss  yt pe t ah t er pres ne ts the ed ta sli  of the e pecx it on that ucco rr de   
• A rebmem  ht at sworht  na  i sn tan ec  of ht e xe ce itp no  class ot  the ca ell r  
• A bl co k of c do e on the call ’re s side that in ov kes ht e xe ce tp ion-pr no e membe  r  
• A block of code on the c la ler’s side that will pr co ess (or ac tch) t eh  exc pe it on s uoh ld ti   
oc uc  r  
T eh  C# pr argo mming l egaugna  sreffo  four k ye words ( rt y, ac tch, throw, and  
if na ll y) t ah t  

lborp em at hand is a class der vi de  rf om Syst me . xE cep it on ro(  a ed s tnednec  reht eof)  .  
eviG n iht s ,tcaf  let’s c eh ck uo t eht  r lo e of  

 
.5 3 The S tsy em. ecxE ption B sa e Class  

A ll  su er- and system-defi en d xe cep it ons u mitl ately derive from the  
S sy tem E. x ec p it on  base cl sa s (which in ut rn ed r vi es from syS te bO.m j ce t). etoN  ht at  

mos e fo  eseht  me bm e sr  era  vir aut l na d am y  
cilbup  ssalc  noitpecxE  aireSI : noitpecxE_ ,elbazil   

{  
cilbup  lautriv  yranoitciDI  ataD  { ;teg  } 

detcetorp  fnInoitazilaireS(noitpecxE o ,ofni  tS er nima g tnoC txe  ;)txetnoc  
cilbup  gnirts(noitpecxE  ,egassem  noitpecxE  ;)noitpecxErenni  
cilbup  gnirts(noitpecxE  ;)egassem  
cilbup  ;)(noitpecxE   

ilbup c lautriv  noitpecxE  ;)(noitpecxEesaBteG  
cilbup  lautriv  diov  ofnInoitazilaireS(ataDtcejbOteG  ,ofni  

tS r imae Cgn tno txe  tnoc ex )t ; 
epyT.metsyS cilbup   

detcetorp  tni   
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ht an a nu em rical val eu , dna  is far from be ni g a help uf l a neg t rega dr ni  g  

T eh  ob iv ous problem w ti h t seh e pr ve oi us t hce in uq es is t eh  rt em ne d suo  al ck of  

wolla  uoy  ot  ht row and ha dn le cxe e tp i no s. T eh  type that represents th  e  

ht is except noi -c tne ric base class. 

ht us eb  evo rri dd en by deri dev  types: 

eG t epyT (); 
tluseRH  { ;teg  ;tes  } 
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cilbup  lautriv  gnirts  kniLpleH  { ;teg  ;tes  } 
cilbup  noitpecxE.metsyS  noitpecxErennI  { ;teg  } 
cilbup  lautriv  gnirts  egasseM  { ;teg  } 
cilbup  lautriv  gnirts  ecruoS  { ;teg  ;tes  } 
cilbup  lautriv  gnirts  ecarTkcatS  { ;teg  }  
cilbup  esaBdohteM  etiStegraT  { ;teg  } 
cilbup  edirrevo  gnirts  ;)(gnirtSoT  

} 
The Simp el st Pos is lb e E ax lpm e  
To ulli str ta e ht e useful sen s of st ur ct ru ed xe ec p it on h na d il ng, we n ee d to rc eate a type  
th ta  am y ht or w na  noitpecxe  rednu  t eh  tcerroc  secnatsmucric . sA s mu e ew  vah e  

pr jo ce t (nam de  SimpleE ecx itp on) ht at defi sen  tw  o  
class t py es ( aC r and idaR o) detaicossa  gnisu  eht  sah“ - ”a  pihsnoitaler . T eh  Ra id o epyt   

senifed  a elgnis  dohtem  taht  snrut  eht  ’oidar s rewop  no  ro  :ffo  
cilbup  ssalc  oidaR   

{ 
cilbup  diov  loob(nOnruT  )no  

{ 
if( no ) 
Con los e rW. ti e eniL ( aJ" m im ng .. ."); 

esle   
oC n elos rW. eti eniL (" uQ i te  mit e .. . ;)"  

} 
} 

.5 4 Throwing a Gen cire  Exce itp on  
woN  ht at we h va e a uf nctional aC r pyt ,e  I’ ll  li ul str eta  the simplest aw y to throw a  n  

xe ception. The uc rr e tn  lpmi e nem tat oi n of ccA e arel t (e ) id ps l sya  an err ro  me ss a eg  if  
t eh  ca ll er attempts to ps e de  pu  ht e aC r dnoyeb  sti  up ep r il im t  .  
ot  worht  na  e noitpecx  fi  eht  resu  stpmetta  ot  deeps  pu  ht e ua ot mobi el  after ti  h sa  me  t  
ti s m eka r, oy u wa tn  to cr ae te na d oc nf gi ure a new i sn t na ce of the yS st E.me x itpec on  
lc a ss , setting the val eu  of ht e read-o ln y seM sage rp ytrepo  aiv  eht  cla ss  rtsnoc u tc or.  

nehW  uoy  wi hs  to s dne  the e rr or ob ej ct back to the calle ,r  make use of the C#  
throw rowyek d. reH e is t eh  rel nave t oc de pu d eta  ot  t eh  Ac elec r (eta ) em t doh :  
//  sihT  ,emit  worht  na  noitpecxe  fi  eht  resu  sdeeps  pu  dnoyeb  pSxam .dee  

cilbup  diov  tni(etareleccA   
{ 
fi  )daeDsIrac(  

}0{"(eniLetirW.elosnoC  si  tuo  fo  redro ... ,"  ;)emaNtep  
esle   

{ 
deepSrruc  =+  ;atled  

fi   
{ 

daeDsIrac  = ;eurt  
deepSrruc  = ;0   

//  esU  "worht"   
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taerc ed a wen  c no s lo e ppa l aci tion  

To re tifort  iht s dohtem   

de atl ) 

deepSrruc(  =>  )deepSxam  
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worht  n we  }0{"(tamroF.gnirts(noitpecxE  sah  ,"!detaehrevo  ;))emaNtep  
} 

esle   
>="(eniLetirW.elosnoC  deepSrruC  = ,"}0{  ;)deepSrruc  

} 
} 

eB f ro e e ax ninim g oh w a caller would c hcta  t ih s e cx pe tion, a few po ni ts of ni te er st  . riF st  
of lla , nehw  uoy  era  ht r gniwo  na  itpecxe ,no  ti  si  syawla  pu  ot  uoy  ot  ediced  e yltcax  tahw   

setutitsnoc  eht  rorre  in uq es it on, and w neh  ti  hs ould be thrown. ,ereH  oy u ra e m ka i gn   
a tt e tpm s to in rc ea es  t eh  s ep ed of a car that has  

ripxe ed, a etsyS m cxE. e oitp n yt pe hs ou dl  be thrown to i dn icate the Acc tarele e()met doh   
can ton  con it un e ( hw ich m ya  or may not be a valid sa s mu ption). lA te anr it ev ly, y  uo  

uoc ld mi plem ne t Acce el r ta e() ot  recover a motu a it cal yl  wi uoht t nee nid g to ht row an  
noitpecxe  ni  ht e rif st p ecal . yB  a dn  l ra ge, ex pec oit ns uohs ld eb  t orh nw  no ly w neh  a  

m ero  te nimr al noc d noiti  sah  be ne  met rof(  e ax m lp e, not find ni g a ne sec ras y if l  ,e  
gniliaf  ot  co enn ct to  

a ,esabatad  dna  )tontahw . eD cid gni  xe ac lt y what c no s it tutes ht ro iw ng an xe ception is a  
ed sign si sue you um st a wl sya  cont ne d tiw h. roF  uo r curre tn  up r esop s, ass mu e that  

as gnik  a ood em d au bomot ile to increa es  ti s deeps  ju ts if ei s a suac e ot  t worh  na   
itpecxe on.  

 
5.5  Cat hc ing Exce oitp ns  

Because the Ac lec re a et () dohtem  n wo  sworht  na  e ecx p it o ,n  ht e cal rel  ne de s to eb   
ydaer  to h na d el   

 
 
extract t eh  ed ta li s of the borp lem. tahW  oy u od  w ti h siht   

am y siw h to log ht is information to a repo tr  file, w tir e the data to the W ni dows eve tn   
l go , e-ma li  a ys stem a imd nistrator, or dis lp ya  ht e problem to t eh  ne d user  . ,ereH  uoy  
w lli  simply du pm  t eh  noc t ne ts to ht e oc ns lo e iw ndo :w  
//  eldnaH  eht  nworht  noitpecxe .  

citats  diov  ][gnirts(niaM  
{ 

gnitaerC *****"(eniLetirW.elosnoC  a rac  dna  gnippets  no  ti  ;)"*****  
raC  raCym  = wen  ,"yppiZ"(raC  ;)02   

myC .ra C nar Tk u (sen t eur ;)  
 
//  deepS  pu  tsap  eht  s'rac  xam  deeps  ot   
//  reggirt  eht  noitpecxe .  
yrt   

{ 
tni(rof  i = ;0  i < ;01  )++i  

myCar. Ac lec e tar (e 1 )0 ; 
} 

noitpecxE(hctac  )e  
{ 
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t eh  sa us mption that if t eh  program  

eht  e noitpecx  s uoh ld it co cur. ehW n uoy  are invo ik gn  a met doh  t ah t  
m ya  ht row an xe ce itp no , oy u kam e esu  of a try/ tac ch colb k. nO ce you have c ua ght th  e  

cxe ep oit n type, you a er  ab el  to invoke the m me b re s of ht e tsyS e E.m x ec tp ion t py e to  
da at  si  al rge yl  up ot  uoy . Y  uo  

ra sg ) 
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(eniLetirW.elosnoC "\n ***  rE or !r  ;)"***  
ohteM"(eniLetirW.elosnoC d: ,"}0{  .e raT g te S ti e); 

sseM"(eniLetirW.elosnoC :ega  ,"}0{  e. eM s as ge ;)  
ecruoS"(eniLetirW.elosnoC : ,"}0{  .e uoS rce ;)   

} 
 
//  ehT  rorre  sah  neeb  ,deldnah  
oC n elos rW. eti eniL ("\n *** **  

Con los e eR. da L (eni ;)  
} 
5.6 CLR S sy tem-Level E ecx tp oi ns (S sy et .m SystemException)  

ehT  TEN.  esab  ssalc  libraries ed f ni e ma yn  cl sa ses ed r vi ed fr mo  tsyS e xE.m c oitpe n. For  
xe ample, the syS tem an me ps a ec  ed fines core e orr r ob ej cts us hc  sa   

nemugrA t fOtuO R oitpecxEegna n, oitpecxEegnaRfOtuOxednI n, oitpecxEwolfrevOkcatS n, a dn   
os  htrof . htO er namespa ec s de if ne e cx pe tio sn  that r lfe ect the eb ha iv or of t ah t  
an m se pa ec  (e.g ,.  etsyS m arD. wi P.gn r ni nit g defines prin it gn  ex pec it on ,s  yS s met .IO  

senifed  IO- ab es d e cx e snoitp , tsyS e taD.m adefines ad tabase-centric exceptio ,sn  and  os  
xE ec p it o sn  that ra e thrown by the CLR are ( pa propriately) called ys stem  

ex ec p oit ns. Th se e exc pe it ons a er  r ge arded as n no rec vo era lb e, fatal errors. S sy tem  
a esab  class an m de  yS s S.met y Emets x tpec ion , wh ci h i  n  

ut nr  de ir ev s rf om tsyS em cxE. e itp on (wh ci h de sevir  f mor  S etsy m bO. ject):  
oitpecxEmetsyS ssalc cilbup n : noitpecxE   

{  
//   

} 
G aht nevi t ht  e oitpecxEmetsyS.metsyS n epyt  seod  ton  dda  yna  lanoitidda  ytilanoitcnuf   
eb y snoc fo tes a dno t srotcur , y  uo m ow thgi dn  re w yh  syS t xEme c oitpe n stsixe  ni  eht  tsrif   

calp e. S tup ylpmi , w e na neh x tpec noi  t py red e vi f se rom tsyS cxEmetsyS.me e tp i no , uoy   era  
ba l  e t reted o m ni e t t tah eh  N. E r T nu it m  e is  

rehtar  than eht  edoc  ab es  fo  eht  e cex uti gn  a pp l aci t oi n. 
 
5.7 Custom A pp il cat oi n- eL vel Ex tpec ions S( etsy m.A pp licationException)  
Gi nev  t ah t a ll  .NET exce itp no s are class yt ,sep  you are fr ee  to cr ae te your wo n  

xe c pe it no s. ,revewoH  eud  ot  eht  tcaf  taht  eht   
.metsyS S metsy E tpecx ion b esa  class serper e stn  exc pe tions ht r nwo  rf mo  eht  LC R, uoy   

yam  yllarutan  emussa  taht  uoy  dluohs  evired  ruoy  motsuc  snoitpecxe  morf   
.metsyS E tpecx ion epyt . lihW e uoy  dluoc  do ,os  tseb  ecitcarp  id c setat  taht  uoy  daetsni   

evired  morf  ht e Sy ets m cilppA. a Enoit x itpec on epyt : 
noitpecxEnoitacilppA  : noitpecxE   

 
suoiraV  co rtsn tcu o sr . 

} 
liuB d gni  Cu ts om cxE e oitp n ,s  Ta ek  enO   

Wh eli  you can al aw ys th or w i sn tan ec s of syS t xE.me ec p oit n to signal a run mit e e rr or (a  s  
hs own in uo r 

seunitnoc gnissecorp  htiw  eht  txen  .tnemetats  
tuO  fo  noitpecxe  cigol  ;)"*****  

fo tr h).  

excep it ons derive directly from 

suoiraV  co rtsn tcu o sr . 

ht e ytitne  ht at sah  nworht  eht  e cx e tp i no ,  

ppa cil a it no -sp ce ific  

th  e  

cilbup  lc ssa   
{  
//   

f ri st xe amp el ), it si  some mit es vda na tageous to build a rts on lg y typed  
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cxe eption t ah t re erp s stne  t eh  u euqin  de sliat  fo  your cu err nt lborp em. F ro  axe mple,  
a muss e you w hsi  to bu li d a custom e pecx it on (n dema  aC r aeDsI d ecxE pt oi n) t  o  

neserper t eht  e rorr  fo  gnideeps  pu  a doo em d tua mo ob eli . T eh  f ri st ts ep is to de ir ve  a  
new class f or m yS s et m cilppA. a Enoit x itpec on yb(  ,noitnevnoc  lla  e cx e oitp n lc sa ses  

iw th eht  “E cx e tp i no ” suffix .)  
//  sihT  motsuc  noitpecxe  sebircsed  eht  sliated  fo  eht  rac - si - daed  noitidnoc .  

cilbup  ssalc  itpecxEdaeDsIraC on : noitpecxEnoitacilppA   
}{  
kiL e any cla ,ss  you are fr ee  to inclu ed  any n mu ber of custom members ht at can be  

eht  tac ch olb ck of ht e ca ll i gn  logic. You are also free to override a yn  vi tr ual  
memb re s defined by your parent alc sses. For xe ampl ,e  we c uo ld mi plem ne t  
C ra IsD ae d xE c pe t oi n  by overriding the iv r ut al asseM ge proper yt : 

noitpecxEdaeDsIraC ssalc cilbup  : noitpecxEnoitacilppA   
{ 

etavirp  gnirts  ;sliateDegassem  
 

cilbup  {)(noitpecxEdaeDsIraC  } 
cilbup  raC DsI ae pecxEd t (noi s nirt g m asse eg ) 

{ 
sliateDegassem  = ;egassem  

} 
 
//  eht edirrevO  egasseM.noitpecxE  .ytreporp  

cilbup  edirrevo  gnirts  egasseM   
{ 

teg   
{ 

nruter  raC"(tamroF.gnirts  rorrE  :egasseM  ,"}0{  ;)sliateDegassem  
} 
} 
} 
He er , ht e aC r sI D ae dException  type ma ni tains a irp va et  data membe  r  
(m se sageDe at ils ) aht t  
s te  usi gn  a custom cons urt c ot r. hT or iw gn  this error from the A elecc r (eta ) is  
strai hg tforw ra d. S mi ply a ll co ate, c no fi ug re, and t worh  a Ca sIr D dae xE c itpe on epyt   

rehtar  ht an a neg e ir c yS s .met Ex tpec ion  :  
//  worhT  eht  tsuc mo  .noitpecxEdaeDsIraC  

cilbup  diov  tni(etareleccA   
{ 

...  
noitpecxEdaeDsIraC  xe  = sah }0{"(tamroF.gnirts(noitpecxEdaeDsIraC wen   

,"!detaehrevo  ;))emaNtep   
kniLpleH.xe  = h" /:ptt ww/ .w RsraC U ;"moc.s  

ex. taD a dA. (d " emiT S mat p", 
;))woN.emiTetaD   

ex. taD a dA. (d " suaC e", 
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end  

llac ed within  

represe tn s data rega dr ing the c ru r ne t excepti no , which can be  

de atl ) 

ehT"(tamroF.gnirts  rac  dedolpxe  ta  ,"}0{  

uoY"   evah  a dael  ;)".toof  
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worht  ;xe  
...  

} 
oT  c ta ch t ih s incomi gn  exc pe tion explicitly, your ctac h sc epo  nac  won  be up tad ed to  

ctac h  
a spe ic fic sIraC D Edae x itpec on ty ep  h( owever, given th ta  eDsIraC adE itpecx on si“ -a  ”  

metsyS .E tpecx ion, ti  is its ll p re missible to catch a g ne eric Sy .mets xE itpec on sa  well :)   
][gnirts(niaM diov citats  )sgra   

{ 
...  

cat hc ( EdaeDsIraC xc tpe noi  )e  
{ 
//  ssecorP  gnimocni  .noitpecxe  

} 
...  

} 
So, now that you under ts and the basic process of bui dl i gn  a uc stom xe c pe tion, you am y  

ow n ed r hw ne  you ra e r qe u ri de  ot  do os . ,yllacipyT  uoy  on yl  en ed to etaerc  custom  
is git h lt y nuob d ot  t eh  cl sa s i ss niu g eht  re ror f( or e elpmax , a  

motsuc  F li e class t ah t th or ws a num eb r of f li e-re tal ed er or r ,s  aCar cla ss  t ah t thr wo s a  
mun eb r of c ra -related errors, and os  forth). nI  gniod  s ,o  you pro iv de ht e caller iw th ht e  

tiliba y to ha dn le un mer uo s exceptions no  na  e rr or-by- rre or basis.  
 
5 . 8 H  n a d  i l ng Multiple E ecx tp oi n  s  
In its is mpl tse  form, a try bl kco  has a s gni le catch lb ock. nI  rea il ty, you of net  r nu   

tni o a situa it on where the ts a et nem ts wi ht in a t yr  olb kc  oc dlu  trigger n mu re o su   
op ssible e cx eptions. For example, ssa ume the car’s Accelerat (e ) me ht od la so  

th or ws a ab es -cla ss -libra yr  prede nif ed Argum ne tOutOf aR n eg E cx e tp ion  if you pass an  
invalid ap rameter (which we will sa sume is na y  
//  tseT  rof  dilavni  tnemugra  erofeb  gnideecorp .  

cilbup  diov  tni(etareleccA   
{ 

atled(fi  < )0  
worht  wen  deepS"(noitpecxEegnaRfOtuOtnemugrA  tsum  eb  retaerg  naht  ;)"!orez  

...  
} 
The ac tch l go ic could on w s ep cif ci ally pser ond to each yt pe of e cx eption: 

citats  diov  ][gnirts(niaM  
{ 

...  
//  ,ereH  ew  era  no  eht  tuokool  rof  elpitlum  .snoitpecxe  
yrt   

{ 
tni(rof  i = ;0  i < ;01  )++i  

myC .ra A ecc el r (eta 1 )0 ; 
} 
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cxe tpe oi ns when the error  

value le ss  ht an zero): 

de atl ) 

ra sg ) 
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ac t C(hc Ira eDs xEda ce tp i no  e) 
{  
//  ssecorP  .noitpecxEdaeDsIraC  

} 
ac t A(hc ugr nem uOt tO aRf n eg xE c itpe on e) 
{  
//  ssecorP  emugrA uOtn fOt aR xEegn c .noitpe  

} 
...  

} 
hW en you are authoring mult pi le ctac h b ol c ,sk  you must be aw ra e that hw en a  n  
cxe eption i  s  
rht own, it w li l be proce ss ed by t eh  “first av ia lable” catch. oT  tartsulli e ltcaxe y wh ta  the  

ctac h aem n ,s  sa s emu  you re rt o tif ted the erp vi uo s logic iw th an da d ti i no   
ctac h s oc pe taht  a tt e pm ts to h na d el  a ll  ex ec ptio sn  be oy dn  Ca eDsIr a tpecxEd ion an  d  

nemugrA tO fOtu R Eegna x oitpec n yb  catchi gn  a gene ir c tsyS e cxE.m ept oi n as f wollo s: 
//  sihT  edoc  lliw  ton  !elipmoc   

citats  diov  ][gnirts(niaM  
{ 

...  
yrt   

{ 
tni(rof  i = ;0  i < ;01  )++i  

myC .ra A ecc el r (eta 1 )0 ; 
} 

noitpecxE(hctac  )e  
{  
//  ssecorP  lla  rehto  ?snoitpecxe   

} 
ac t (hc C Ira eDs xEda ce tp i no  e) 
{  
//  ssecorP  .noitpecxEdaeDsIraC  

} 
ac t A(hc ugr nem uOt tO aRf n eg xE c itpe on e) 

{ 
//  ssecorP  emugrA uOtn fOt aR xEegn c .noitpe  

} 
...  

} 
 

,suhT  fi  uoy  hsiw  a enifed ot ctac hst nemeta t dnah lliw taht l a e n e y r  sror yeb o dn   
C ra sI eD da xE ec pt oi n dna  Arg emu ntO fOtu R Eegna x tpec ion , you wo lu d wri et  the following:  
//  sihT  edoc  selipmoc  tsuj  enif .  

citats  diov  ][gnirts(niaM  
{ 

...  
yrt   
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tsrif“  va a li ba el  ”  

ra sg ) 

ra sg ) 
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{ 

tni(rof  i = ;0  i < ;01  )++i  
myC .ra A ecc el r (eta 1 )0 ; 
} 
ac t C(hc Ira s eD xEda ce tp i no  e) 
{  
//  ssecorP  .noitpecxEdaeDsIraC  

} 
ac t A(hc ugr nem uOt tO aRf n eg xE c itpe on e) 

{ 
//  ssecorP  emugrA uOtn fOt aR xEegn c .noitpe  

} 
noitpecxE(hctac  )e  

{  
//  sihT  lliw  won  eldnah  lla  rehto  elbissop  snoitpecxe   
//  nworht  morf  stnemetats  nihtiw  eht  yrt  pocs e.  

} 
...  

} 
 

eG en cir  tac hc  State stnem   
#C  la so suppor st  a g“ e en ir ”c  ca ct h sc po e t ah t d eo s not explic ti ly r ce ie ve the e cx ep it on  

ob ej tc  ht or wn  

 
 
 
 
 
 
 
 
} 

hctac   
{ 

W.elosnoC r eti eniL ( oS" tem ih gn  dab  deneppah .. ". ;)  
} 

...  
} 
O vb i suo ly, this is not the om st informa vit e way ot  h na ld e xe c pe oit ns, g vi ne  ht at uoy   

ah ve no way to bo t nia  mea fgnin ul data about the error ht at occ ru r de  (such as the  
me doht  n ma e, call ts ack, or suc ot m em s as g )e . eveN r ht eless, C# d eo s al ol w for such a  

noc struct.  
 

rhteR o  snoitpecxE gniw  
Be aw ra e t ah t it is per im s is ble for log ci  in a try blo kc  to ter h wor  na  ex pec it on up ht e  
ca ll  ts ack to t eh  previous caller. To do s ,o  s mi lp y make use of t eh  rht ow ek y drow  ihtiw n  
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by a g vi ne  mem eb r: 
//  A cireneg  hctac .  

citats  diov  ][gnirts(niaM  )sgra  
{ 

...  
yrt   

{ 
tni(rof  i = ;0  i < ;01  )++i  

myC .ra A ecc el r (eta 1 )0 ; 
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a c cta h block. This sap s se  the cxe eption up the chain of ac ill ng l cigo , hw ci h ac n be  

eh lpful if y uo r ctac hbl kco  si  on yl  ab el  t  o parti la ly  
//  gnissaP  eht  kcub .  

citats  diov  ][gnirts(niaM  )sgra  
{ 

...  
yrt   

{  
//  deepS  pu  rac  cigol ...  

} 
ac t C(hc Ira eDs xEda ce tp i no  e) 
{  
//  oD  yna  laitrap  gnissecorp  fo  siht  rorre  dna  ssap  eht  kcub .  
//  ,ereH  ew  era  gniworhter  eht  gnimocni  noitpecxEdaeDsIraC  tcejbo .  
//  ,revewoH  uoy  era  osla  eerf  ot  worht  a tnereffid  noitpecxe  fi  deen  .eb  

worht  ;e  
} 

...  
} 
 
5.9 ehT  Fin ylla  Block  
Atry/c cta h scope may also ed f ni e an o itp no al anif lly colb k. ehT  mo it av oit n be ih dn   
a anif lly blo kc   

rt a ,et  a ss ume y uo  iw sh ot  yawla s ewop r wod n the ac ’r  s  
ar dio bef ro e ex ti ing iaM n(), ldrager e ss  of yna   

][gnirts(niaM diov citats  )sgra   
{ 

...  
raC  raCym  = wen  ,"yppiZ"(raC  ;)02  

myC .ra C nar Tk u (sen t eur ;)  
 

yrt   
{  
//  deepS  pu  rac  .cigol  

} 
ac t C(hc Ira eDs xEda ce tp i no  e) 

{ 
//  ssecorP  .noitpecxEdaeDsIraC  

} 
ac t A(hc ugr nem uOt tO aRf n eg xE c itpe on e) 
{  
//  ssecorP  emugrA uOtn fOt aR xEegn c .noitpe  

} 
noitpecxE(hctac  )e  

{  
//  ssecorP  yna  rehto  .noitpecxE  
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han ld e ht e error at nah :d  

is to sne ru e ht at a set of co ed  statements liw l always exe cu ,et  exception  
o( f a yn  ty ep ) or n to . T sulli o  

ha dn el d ex ec p oit :n  



C# dna  mmargorP TEN. i gn  I60 S  167  
 
} 

yllanif   
{ 
//  sihT  lliw  syawla  rucco . noitpecxE  ro  .ton  

myC .ra C nar Tk u (sen f sla e); 
} 

...  
} 
 
5.10 Ex tpec oi ns U is ng V si ual utS d oi  02 05  

oT  parw  th gni s ,pu  do eb  a raw e that V si ual tS du io 2005 pr vo i ed s a number of too sl  that  
gubed  deldnahnu  motsuc  cxe e snoitp . A ag i ,n  as us me you have in rc eased the  

eps ed of aCar ejbo ct be noy d ht e ma mumix . fI  you ew er  to trats  a d be ugging ses sio  n  
su( ing the Debug Start me un  sel ce oit n), Visual tS du io ua toma it ca ll y breaks at t eh   

t mi e t eh  u acn ug th  ex pec it no  is thro nw . Better  
5.11 U redn ats dn ing tcejbO  Li tef ime  

ehW n you era  ub li ding yo ru  C# app il ac it sno , uoy  a er  c ro r ce t ot  as us me t ah t t eh   
m degana  heap will take care of ti self htiw out your dir ce t tni er nev it on. In fact, ht e  
golden ur le of EN. T me om ry ma an geme tn  is s mi ple:  
• R elu : ollA ac et  na  o jb ce t o otn  t eh  m na a deg  he pa  usi gn  ht e en w k ye word na d forget  
ba out ti . Once “n we - de ,  regnol on si ti nehw tcejbo eht yortsed lliw rotcelloc egabrag eht ”  
en dede . ehT   txen  
ted er enim  nehw  na  tcejbo  si  on  regnol  n ee d ?”de  ehT  sh tro  ( ,.e.i  ni c mo ple et ) a sn ew r is  

th ta  eht  ag r ab ge collec ot r rem sevo  an bo ej ct from t eh  eh ap ehw n ti  is ernu achable yb   
yna  ap rt of uoy r edoc  b esa . Assume you have a method that alloca set  

cilbup  citats  iov d )(raCAekaM   
{  
//  fI  raCym  si  eht  ylno  ecnerefer  ot  eht  raC  ,tcejbo  
//  ti  yam  eb  deyortsed  nehw  eht  dohtem  snruter .  
raC  raCym  = wen  ;)(raC  
...  

} 
ehT21.5  CIL of en w  

nehW  eht  #C  relipmoc  sretnuocne  eht  newk wye ord, it w li l me  ti a LIC  bowen j inst ur tc i no   
ni ht ot e met doh   

bly u gnis  xe.msadli e, uoy  dluow  dnif  t eh  f gniwollo  IC L  
stnemetats  nihtiw   eht M (raCAeka ) htem od  :  

. dohtem  cilbup  gisybedih  citats  diov  )(raCAekaM  lic  deganam   
{ 
//  edoC  ezis  7 )7x0(  

.m sxa t kca  1 

. slacol  tini  ]0[(  ssalc  raC.ezilaniFelpmiS  )c   
IL_ 000 0: jbowen  atsni cn e ov di  pmiS Fel ina ezil . ::raC . rotc )(  

:5000_LI  0.colts   
:6000_LI  ter   

} //  dne  fo  dohtem  raCAekaM::margorP   
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,tey  uoy  a er  p eser detn  wi ht  a w .wodni  

suoivbo  ,noitseuq  fo  ,esruoc  ,si  “ woH  seod  eht   rotcelloc egabrag  

a local aC r object:  

oitatnemelpmi n. fI  uoy  erew  ot  lipmoc e ht e tnerruc  elpmaxe  edoc  dna   
etagitsevni  eht  gnitluser  messa  
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eB f ro e we e ax m ni e the xe ca t rules that deter im ne ehw n an obj ce t is er moved morf  th  e  
,paeh  s’tel  kcehc  tuo  eht  elor  fo  eht  LIC  bowen j ni struc it no  in a b ti  m ero  ed ta li .  

riF s ,t  dnu erstand ht ta  eht  managed h ae p is om er  t ah n just a ra modn  c nuh k o  f  
me om ry acce ss ed by t eh  C RL . T eh  . TEN  ag r gab e elloc c ot r is uq ite a t di y h uo es ek eper  
fo  ht e paeh , evig n aht t it iw ll apmoc tc  emp yt  kcolb s of memory (wh ne  neces as ry) for  

rup po es s of op imit zati no . To aid in this ne d vae ro , the m ana g de  he pa  ma tni ai sn  a  
op inter oc( mm no ly er f re red ot  as t eh  n txe  bo je tc  poin et r or n we  ob tcej  po ni ter) t ah t  

fitnedi ies e ax c lt y hw re e the n xe t o jb e tc  will be lo ac ted.  
bowen j i sn t tcur i  no i ofn rm  s t  eh CLR ot  p fre orm t eh  fo ll owing oc re t sa ks: 

• Cal uc la et  t eh  total am nuo t fo  memory requir de  f ro  t eh  bo ej ct to eb  a ll o ac t de   
i( cn lu id gn  t eh  necessary mem yro  requir de  by t eh  t py ’e s mem eb r vari ba el s and the  

’epyt s b sa e clas es s).  
• E ax im en  ht e m gana ed heap to ensu er  t ah t ht re e is inde de  enou hg  room to host ht e  

tcejbo  ot  eb  detacolla . fI  siht  si  eht  ,esac  eht  s’epyt  rotcurtsnoc  si  ,dellac  dna  eht  rellac  si   
etamitlu yl  denruter  a re eref nce ot  ht e en w ob tcej  ni  me ,yrom  hw ose a erdd ss uj st  

neppah s to be edi n lacit  to eht  tsal  op siti no  of the txen  ejbo ct retniop .  
• Fi an ll y, before re ut rning the referen ec  ot  the ca ll e ,r  adv na ce t eh  xen t bo ject p tnio er  
to op int ot  ht e next av alia b el  ls to  no  ht e man dega  paeh .  
As you ra e busy nitacolla g tcejbo s in uoy r ap ilp c oita n, the aps ce on eht  mana eg d h ae p  

yllaut  eb come f llu . hW en proc se nis g the n owe bj ni s rt uc oit n, if ht e LC R  
de et r im n se  ht at t eh  managed eh ap od se  not ha ev  su ff tneici  me rom y ot  colla ate eht   

detseuqer  ,epyt  ti  lliw  mrofrep  a gabrag e itcelloc on in na  a tt e tpm  to rf ee up memory.  
,suhT  eht  txen  elur  fo  egabrag  noitcelloc  si  osla  etiuq  elpmis .  

• R elu : fI  the man ega d heap do se  n to  ah ve sufficie tn  me om ry to allocate a r qe u se t de   
bo ej c ,t  a ag r gab e co ll e oitc n wi ll  ucco r. nehW  a co ell c noit  od se  ekat  calp e, ht e g ra egab   

rotcelloc  liraropmet y sdnepsus  lla  ca t evi  thr ae ds tiw h ni  t eh  uc r ner t p cor ess to ensure  
t ah t t eh  app il ca it no  does not cca e ss  t eh  heap dur ni g t eh  c lo le tc ion p secor s. oH ew ve ,r   
of r the ti em  being, si lpm y re ag rd a ht r ae d as a p ta h of execution tiw hin a running  

exe cutable. cnO e eht  egabrag  oitcelloc n lcyc e sah  c ,detelpmo  t eh  sus dnep ed daerht s  
era  ttimrep ed ot  yrrac  no  rieht  w kro . Tha kn f yllu , the .NET garbage c lo lector is hi hg ly  

po timize ;d  y uo  will es ldom i( f ve er) no it ce this brief i tn erru tp ion in y uo r appli ac t noi .  
 
5.13 ehT  b isa cs of Ga br a eg  c llo tce ion  

ehW n t eh  LC R is attempting to locate rnu ea hc able obj ce ts, is d eo s on t til era ll y  
xe ima ne each and e ev ry jbo e tc  lp aced no  ht e managed h ae p. bO vi uo sly, od ni g so  
ow uld involve consi ed rable mit ,e  se pecially in larger (i.e., real-world) applic ita sno .  
oT  help zimitpo e the secorp s, ae ch obj ce t on the eh ap is sa si ng de  ot  a spe ic fi  c  
eg“ n re a it no .”The aedi  dniheb  snoitareneg  si  s mi p :el  ehT  regnol  na  o tcejb  sah  ixe s det  no   

to st ya  ht e er . roF  ex ma pl ,e  t eh  bo j tce  mi pl me e itn gn   
(niaM ) lliw  eb  ni  m me ory tnu il t eh  prog ar m et mr in seta . ,ylesrevnoC  stcejbo  taht  evah   

neeb  yltnecer  decalp  no  eht  paeh  era  ylekil  ot  eb  elbahcaernu  rehtar  ylkciuq  hcus(  sa   na  
ejbo ct c taer ed nihtiw  a meth do  cs o )ep . G nevi  ht se e ass oitpmu ns, e ca h obje tc  on ht e  

aeh p belo gn s to no e of ht e follo iw ng ge en ra it no s:  
• eG n re ita on 0: I ed n it f ei s a newly alloca et d ob ej ct that h sa  en ver be ne  marked for  

loc lect oi  n  
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m na aged  

ehT se thi gn  s eb i s gn aid, t  eh  

yam  neve  

eht  ,paeh  eht  erom  kil e yl  it si   
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• eG ner noita  1: Ide itn f ei s an o jb e tc  that ah s su vr ived a gar ab ge colle itc on .i( e., it w sa   

am rk de  for co ell ction, but was not removed d eu  to the fact t ah t the su ff ic nei t hea  p  
caps e was acq iu red)  

• Gener ta i no  2: I ed tn i if se  an ejbo ct t tah  has survived mo er  t ah n o en  sweep of the  
rag bage c llo ce tor The gar ab ge co ll ector iw ll  i sevn it ag te a ll  ge en oitar n 0 ob ej tc s if tsr .  fI  

nikram g na d s gnipeew  eseht  ob ej cts er us lts in the required a om unt of fr ee  memory, a yn   
rus v nivi g obje tc s are promoted to ge en ra noit  1. oT  etartsulli  woh   noitareneg s’tcejbo na  

stceffa  eht  noitcelloc  ssecorp .  
 

41.5  ehT  noitazilaniF  a ,epyT  ehT  noitazilaniF  ssecorP   
Not to aeb t a aed d horse, but alw ya s remember t ah t t eh  or le of t eh  Fi ilan z (e ) dohtem   
si  to ensure  

 
 

dluohs  ngised  ruoy  sepyt  ot  diova  gnitroppus  a (ezilaniF )  
nosaer  taht  nif a noitazil  kat se  ti em . hW en you a oll ca et  na  bo j ce t no to the m degana   

he pa , the ur mitn e automa it ac ll y ed ter nim es w eh t eh r your bo j ce t supports a cus ot m  
zilaniF e() method. If ,os  t eh  object is marked as if n ila zable,  

si  stored on na  inter lan  qu eue  named t eh  if n ila z ita no  qu ue e. T eh  if na zil ati no  uq eue is a  
ta lb e tniam ained by eht  ga br age c lo lec rot  ht at po ni ts to cae h a dn  every jbo ect that 

um st be f ani il zed b fe o er  ti  is removed rf om t eh  eh ap. Wh ne  t eh  ga abr ge collect ro   
ed termi en s ti  is it me ot  free an ob cej t rf om memory, ti  xe a im nes each e tn ry no  ht e  
if na il az it on uq eu ,e  and c ipo se  eht  obje tc  off ht e h ae p ot  ey t a on ther managed 

erutcurts  demret  eht  nif a zil ati no  reachable ta lb e (of net  a erbb viated as rf ae chable, a dn   
ffe“ -re ca h ba ”el ). tA  iht s ,tniop  a rapes a et  aerht d is spa nw ed ot  invo ek  t eh   

ae ch tcejbo  on t eh  rf ahcae b el  ta lb e ta  eht  next rag bage  
loc l itce no . neviG  t ,sih  ti  iw ll  t eka  at ev ry le tsa  wt o g bra age collect oi ns to urt ly final zi e  

na  obje tc . The ob t ot m l ni e is ht at w lih e fi ilan az it on fo  na  cejbo t does ensure an  
obj ce t ac n cl ae n up unma an ged resources, it is s it ll nondeterministic ni  nature, and  
due to the extra behind-the-  
 
5.15 uB li ding Ad Hoc eD str cu tionM te hod  

pus ehT rem  e ab se cla  ss o . f NET, cejbO.metsyS t, senifed  a iv r laut  dohtem  named  
Fin ila z (e ). ehT  de tluaf  lpmi eme noitatn  fo  siht  m te h do  eod s n to ih gn  hw atsoe ev r:  
//  tcejbO.metsyS   

cilbup  ssalc  tcejbO   
{ 

...  
detcetorp  lautriv  diov  laniF )(ezi  }{  

} 
nehW  uoy  evo rr di e niF a zil (e ) of r your custom c sal se ,s  you estab hsil  a s ep cific  

location to per 
is ed fi den  as prot ce ted, ti  is n to  op s is b el  ot  d ri ec ylt  c la l an jbo ce ’t s Fin zila e() tem hod.  
Ra ,reht  ht e ag gabr e oc l tcel ro  w lli  ca ll  an o jb ce s’t  F lani iz (e ) dohtem  fi(  roppus det )  

erofeb  gnivomer  eht  tcejbo  morf  yromem . Of c uo rse, a ca ll  ot  Fi an l (ezi ) lliw   
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ht at a TEN.  ob ej ct can elc an up unm na aged reso ru ces hw ne  ag r gab e  
etcelloc d. hT u ,s  if uoy  era  b liu d ni g a t py e ht at do se  on t make use of unm na aged e tn i it es  

yb(  raf  eht  tsom  nommoc  ,)esac  zilanif ta noi  is fo  il t lt e u es . nI  ,tcaf  fi  ta  lla  issop b ,el  uoy   
me oht d for ht e very s mi pl  e  

and a op inter to iht s obj ce t  

rp uono n ec d 
Fin ila z (e ) dohtem  rof   

curta ni s rp co sse in ,g  c no sider ylba  slowe .r  

fo mr  any cen essary c el an pu  logic for your type  . viG en ht at this mem eb  r  
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)yllautneve(  rucco  gnirud  a ”larutan“  egabrag  noitcelloc  or hw en oy u pr go ar mm a acit l yl   
ecrof  a c llo e noitc  v ai  G elloC.C c (t ). nI  itidda o ,n  a ty ’ep s fin ezila r method  

yllacitamotua  eb  ca ll de  hw en ht e a pp il ac it on do niam  hos it ng ruoy  ap ilp ac it no  is  
unl ao d de  fr mo  yromem . desaB  no  ruoy  tnerruc  dnuorgkcab  ni  ,TEN.  oy u yam  kn wo  taht   

oitacilppa n doma sni  (or is mply pA pDo iam ns) era  used to ho ts  na  exe uc tab el  a ss embly  
dna  any ne ec s as ry xe ternal oc de il brari se  .  

 
61.5  gniliateD  eht  noitazilaniF  ssecorP   

Not to aeb t a aed d horse, but alw ya s remember t ah t t eh  or le of t eh  Fi ilan z (e ) dohtem   
si  to ensure  

 
 

dluohs  ngised  ruoy  sepyt  ot  diova  gnitroppus  a (ezilaniF )  
nosaer  taht  nif a noitazil  kat se  ti em . hW en you a oll ca et  na  bo j ce t no to the m degana   

he pa , the ur mitn e automa it ac ll y ed ter nim es w eh t eh r your bo j ce t supports a cus ot m  
zilaniF e() method. If ,os  t eh  object is marked as if n ila zable,  

si  stored on na  inter lan  qu eue  named t eh  if n ila z ita no  qu ue e. T eh  if na zil eti no  uq eue is a  
ta lb e tniam ained by eht  ga br age c lo lec rot  ht at po ni ts to cae h a dn  every jbo ect that 

um st be f ilani zed b fe o er  ti  is removed rf om the eh ap. Wh ne  t eh  ga abr ge collect ro   
ed termi en s ti  is it me ot  free an ob cej t rf om memory, ti  xe a im nes each e tn ry no  ht e  
if na il az it on uq eu ,e  and c ipo se  eht  obje tc  off ht e h ae p ot  ey t a on ther managed 

erutcurts  demret  eht  nif a zil ati no  reachable ta lb e (of net  a erbb viated as rf ae chable, a dn   
ffe“ -re ca h ba ”el ). tA  iht s ,tniop  a rapes a et  aerht d is spa nw ed ot  invo ek  t eh   

ae ch tcejbo  on t eh  rf ahcae b el  ta lb e ta  eht  next rag bage  
loc l itce no . neviG  t ,sih  ti  iw ll  t eka  at ev ry le tsa  wt o g bra age collect oi ns to urt ly final zi e  

na  obje tc . The ob t ot m l ni e is ht at w lih e fi ilan az it on fo  na  cejbo t does ensure an  
obj ce t ac n cl ae n up unma an ged resources, it is s it ll nondeterministic ni  nature, and  
due to the extra behind-the-  
5.17 The System.GC Type  
The sab e class l bi raries provide a c al ss type named Sys met .GC t ah t a ll ows you to  

i tn era tc  w hti  ht e gar ab eg  c llo tce or us ni g a set of sta it c bmem ers.  
No ,w  do be very a aw re that you will dles mo  (if eve )r  deen  to kam e su e fo  iht s pyt e  

ltcerid y in uoy r c edo . yT p ci a ll y spe ka i gn , the on yl  time uoy  will ma ek  use of eht   
rebmem s of tsyS e G.m C is wh ne  you ra e crea it ng types that am ke use of  

er os urc se . lbaT e 5-1 pr edivo s a rund nwo  of os me of the more in et er ts ing memb re s  
tlusnoc(  ht e EN. T rF a krowem  0.2  KDS  oD c tnemu ta noi  for moc plete ted a li s). 

 
Ta elb  5-1. S le tce  Members of t eh  syS te G.m C T  epy  

gninaeM  ni  Li ef   
wollA  uoy  to ps ce ify a mun re ci al va ul  e  

taht  er pres tne s ht e gnillac  s’tcejbo   
u“ r eg ncy el v le ” rager ding the garbage  

co ell ct oi n proc sse . eB  awa er  that these  
me sdoht  s oh u dl  alter pressure ni  t na dem  
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will  

ht at a TEN.  ob ej ct can elc an up unm na aged reso ru ces hw en ag r gab e  
etcelloc d. hT u ,s  if uoy  era  b liu d ni g a t py e ht at do se  on t make use of unm na aged e tn i it es  

yb(  raf  eht  tsom  nommoc  ,)esac  zilanif ta noi  is fo  il t lt e u es . nI  ,tcaf  fi  ta  lla  issop b ,el  uoy   
me oht d for ht e v re y s mi pl  e  

and a op inter to iht s obj ce t  

rp uono n ec d 
Fin ila z (e ) dohtem  rof   

curta ni s rp co sse in ,g  c no sider ylba  slowe .r  

p or g ar mma it ac ll y  

nu man ga ed  

Sys met .GC Mem eb r  
Add meM o Pyr er s erus )(  
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a dn  ht us a dd ed.  
Col cel t() croF se  the CG  to p re f mro  a g ra bage  

collect oi n. 
Col cel t noi oC u (tn )  Re ut rns a un meri ac l av lue represen nit g  

h wo  many times a given generat noi  has  
b nee  sw pe t.  

Get neG e tar ion()  snruteR  ht e reneg a noit  ot  wh hci  an  
tcejbo  c yltnerru  be .sgnol  

Get toT a eMl om r (y )  snruteR  eht  detamitse  tnuoma  fo  yromem   
nerruc )setyb ni( t la yl l aco t  eht no de  

m na aged he pa . hT e Boolean ap rameter  
eps cif ei s hw et eh r the c la l luohs d wait f ro   

egabrag  c llo ce t noi  to occur b fe ro e  
ninruter g.  

Max neG e tar ion system. Un ed r Microsoft’s N. ET 2.0,  
th re e ra e t erh e po ss ible ge en r snoita  ( ,0  1,  

dna  2).  
Sup erp s iFs an l ezi ()  Se st  a flag ind ci ating that t eh  sp ce i deif   

ejbo ct should on t have its  
Fi ilan ze() me doht  called. 

Wai oFt r neP id n niFg a zil e sr ()  uS s ep n sd  ht e tnerruc  erht ad unt li  a  ll  
lbazilanif e tcejbo s evah  eeb n if nalized.  

sihT  me doht  si  yllacipyt  llac ed d eri c lt y  
retfa  nikovni g  

 
ednoP r the fo iwoll ng aM i (n ) method, whi hc  i ll ustrates es lect members of Sy G.mets C:  
citats  ][gnirts(niaM diov  )sgra   

{  
//  tnirP  tuo  detamitse  rebmun  fo  setyb  no  paeh .  

no setyb detamitsE"(eniLetirW.elosnoC  :paeh  ,"}0{   
meMlatoTteG.CG yro ( laf )es ;)   

 
//  noitareneGxaM  si  orez  ,desab  os  dda  1 rof  yalpsid  sesoprup .  

sah SO sihT"(eniLetirW.elosnoC  0{ } tcejbo  .snoitareneg \ ,"n   
noitareneGxaM.CG(  + ;))1   

 
raC  raCyMoTfer  = wen  ,"yppiZ"(raC  ;)001   

oC n elos rW. eti eniL ( fer MoT Cy oT.ra St gnir ( ;))   
 
//  tnirP  tuo  noitareneg  fo  raCyMoTfer  tcejbo .  

raCyMoTfer fo noitareneG"(eniLetirW.elosnoC  :si  ,"}0{   
GteG.CG ene tar oi (n r Tfe yMo aC ;))r   

 
;)(eniLdaeR.elosnoC   

} 
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itseuQ dednemmoceR o :sn   
1. Ex nialp  eht  ssecorp  fo  fi ezilan  cejbo i t n en.  t vne ir no m ne t  
2. etirW  a margorp  ni  #c  ot  worht  dna  eldnah  gniwollof  ex pec snoit  ni  iknab ng tacilppa i no   

muminim  ecnalab  ex noitpec  ugra m tne  tuo  fo  ar n eg  ex tpec i no   
3. tsiL  dna  ex nialp  htiw  oc de eroc  m srebme   fo sy ets m. t noitpecxE y  ep  
4. enifeD  a m dohte  taht  wo dlu  dna  tros  na  array fo  i  regetn  
5. tsiL  dna  nialpxe  eroc  srebmem  fo  t eh  s metsy  ex noitpec  typ wo.e  dluow  oy  u dliub  motsuc   

 ?noitpecxe  
6. etirW  #c  noitacilppa  ot  etartsulli  gnildnah  m tlu iple ex tpec i sno .  
7. tahW  si  tnaem  by tcejbo  efil  emit ? ebircseD  eht  elor  fo  teN.  esabrag  ,noitcelloc   

noitazilanif  ssecorp  dna  dA  coH  rtsed u noitc  em t ,doh  htiw  exampl se .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

eD pt. fo  TIBJS,ESI  egaP  811  



C# dna  mmargorP TEN. i gn  I60 S  167  

 
 
 
 

TINU  - 6  
 secafretnI a noitcelloC dn s  

 
1.6  gninifeD  secafretnI  gnisU  #C   
2.6  gnikovnI  nI t ecafre  srebmeM  ta  eht  tcejbo  eL ,lev   
3.6  Ex gnisicre  eht  sepahS  crareiH hy  
4.6  gnidnatsrednU  ticilpxE  ecafretnI  ,noitatnemelpmI   
5.6  secafretnI  sA  oP l cihpromy  ,stnegA   
6.6  gnidliuB  ecafretnI  seihcrareiH  ,noitatnemelpmI   
7.6  secafretnI  gnisU  SV  gnidnatsrednu,TEN.  eht  elbitrevnoCI  nI t re f ca e  ,  
8.6  gnidliuB  a motsuC  E rotaremun  ( emunEI r elba  dna  ,)rotaremunE   
9.6  gnidliuB  enolC  ba le stcejbo  ( ,)elbaenolCI   

01.6  gnidliuB  elbarapmoC  stcejbO  I lbarapmoC e  
11.6  gnirolpxE  eht  s metsy . snoitcelloC  ecapsemaN   
21.6  gnidliuB  a motsuC  reniatnoC  ttiforteR( gni  the sraC  T )epy .  
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6.1 Defining Interfaces in C  #  
oT  beg ni  iht s hc a ,retp  lla ow me to pr ivo de a of rmal defin ti ion of the “in et fr a ”ec  type.  

An i tn e fr ace is nihton g om re ht an a named c ello ction of es ma tn ica yll  er l eta d tcartsba   
rebmem s. hT e spec cifi  me bm e sr  de denif  yb  an i tn e ecafr  ped end no  eht  xe a tc  aheb v roi   

ti  is om ed il gn . ,seY  s’ti  eurt . An inter af ec  xe pre ss es a heb avior ht at a given class o  r  
tA  a syntact ci  lev le , an interface si  defined su ing the  

C# ni et r caf e owyek rd. Un il ke o ht er .NET ty ep s, interfaces en ver specify a b sa e class  
(not ve en S etsy m O. ejb ct) dna  niatnoc  srebmem  taht  od  not kat e na  a cc ess mo id f ei r (a  s  

lla  ni te fr ca e memb sre  ra e mi plic ti ly publi )c . oT  get the lab l ro ll ing, here is a uc stom  
in ret face defi en d in C#:  
//  sihT  ecafretni  senifed  eht  roivaheb  fo  gnivah"  ".stniop   

cilbup  ecafretni  ytnioPI   
{  
//  ylticilpmI  cilbup  dna  .tcartsba  
yb te G uNte ebm Or tnioPf s(); 

} 
As oy u c na  se ,e  ht e IPo tni y i tn er af ce de nif es a gnis el  meth do . Ho ,revew  . EN T  

etni r ecaf  yt p se  ra e a osl  able to def ni e any un m eb r of pr epo rties. oF r lpmaxe e, uoy  dluoc   
cr tae e eht  IP tnio y tni erface  
acc se sor em ht o :d  
//  ehT  ytniop  roivaheb  sa  a daer - ylno  .ytreporp  

cilbup  ecafretni  ytnioPI   
{ 

etyb  };teg{stnioP  
} 

oD  dnu erstand that ni terface types are quite usele ss  on their own, as ht ye  are  
noth ni g mo er  than a named colle tc ion of a tsb r ca t me ebm rs. viG en this, you ac nn to   

lla ocate in et rface ty ep s as you would a class or st ur cture:  
//  !kcA  gellI la  ot  "wen"  ecafretni  sepyt .  

citats  diov  ][gnirts(niaM  
{ 

ytnioPI  p = wen  ;)(ytnioPI  //  relipmoC  !rorre  
} 
In ret f eca s do not bri gn  hcum  ot  eht  elbat  un lit  ht ey era  lpmi eme detn  yb  a c ssal  o  r  

I tnioP y si  an in ret face ht at exp ser ses the behavior of “having points.”  
As uoy  c na  tell, this beh iva ro  mi hg t eb  usef lu  ni  t eh  ahs p se  h ei rarchy de ev lop de  ni   

hC pa ter 4. ehT  edi a is mis p el : Some c sal ses in  
as t eh  xeH ga on), while ot eh rs (such as the C cri le) od  n to . If you c no if ug re eH ax gon na d  
Tri lgna e to pmi leme tn  ht e PI ointy inter ecaf , y uo  can safely ass mu e ht at each lc as  s  

won  stroppus  a c ommo n be ,roivah  and therefo er  a common set of me bm ers  .  
 
6.2 Invoking In et rfa ec  Mem reb  s a  t o ejb ct level in C#  

ehW n a class (or structure) c ooh ses to xe t dne  ti s uf nc oit an til y by s pu porti gn  interfa ec   
t py es, ti  do se  so u is ng a com am -d le im ti ed list in t eh  t py e defi in ti no . eB  erawa  taht  the  

eht  f ri ts  item il sted etfa r ht e oc l no  epo rator. When your ssalc   
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structure may ohc o es  to su pp ort.  

ot  use a r ae d- ylno  p por er yt  rath re  t ah n a rt ad iti onal  

ra sg ) 

st rutcur e. Here,  

the Shapes h ei rar yhc  h eva  op tni s ( hcus   

tcerid  esab  alc ss um ts  b  e  

 
eD pt. fo  IBJS,ESI T  



C# dna  mmargorP TEN. i gn  I60 S  167  
 

epyt  ed ir ves d ri e ltc y fr mo  S ejbO.metsy ct, y uo  are f er e to s mi ply list the in fret a ec ( )s   
us p op rted by the c sal ,s  as ht e C# co ipm ler liw l extend y uo r  

y uo  do not say otherwi es . On a related note, given ht at structures alwa sy  deri ev  rf om  
yS s et m.V la ueT py e es( e hC a tp er )3 , ylpmis  il st hcae  tni e afr ec  di cer tly a tf er ht e  

erutcurts  defini it on. noP der the following e ax mp el s:  
//  sihT  ssalc  sevired  morf  tcejbO.metsyS  dna   
//  stnemelpmi  a elgnis  ecafretni .  

cilbup  ssalc  ssalCemoS  : ecafretnIemoSI   
{ .. .} 
 
//  sihT  ssalc  osla  sevired  morf  tcejbO.metsyS   
//  dna  stnemelpmi  a elgnis  ecafretni .  

cilbup  ssalc  ssalCyM  : ,tcejbo  ecafretnIemoSI   
{ .. .} 
 
//  sihT  ssalc  sevired  morf  a motsuc  esab  ssalc   
//  dna  stnemelpmi   

ssalCrehtonA ssalc cilbup  : ,ssalCesaByM  ecafretnIemoSI   
{ .. .} 
 
//  sihT  tcurts  sevired  morf  metsyS epyTeulaV.  dna   
//  stnemelpmi  owt  secafretni .  

tcurtSemoS tcurts cilbup  ,ecafretnIemoSI :  ytnioPI   
{ .. .} 

dnatsrednU  taht  gnitnemelpmi  na  ecafretni  si  na  lla - ro - gnihton  noitisoporp . ehT   
t py e is on t able to es l ce it ev ly c oh so e which mem eb rs ti  w lli  implem ne t.  

Giv ne  that the nioPI yt  ni terfa ec  def ni es a si gn le property, this is not t oo  m hcu  of  a  
burden  . ,revewoH  if oy u ra e mi plem ne it ng an interface ht at defines t ne  mem eb sr , the  
t py e is on w r opse nsible for fleshi gn  uo t ht e details of eht  ten ba s rt a tc  ititne es.  
ca ,es  here is ht e mi plem ne tation of the upda det  sha ep s h ei rar chy ( on te t eh  new  
Tri gna le lc a ss  typ )e  :  
//  won nogaxeH  stnemelpmi  ytnioPI .  

cilbup  ssalc  nogaxeH  : ,epahS  ytnioPI   
{ 

cilbup  {)(nogaxeH  } 
cilbup  gnirts(nogaxeH  )eman  : {)eman(esab  } 
cilbup  edirrevo  diov  )(warD  

{ gniwarD"(eniLetirW.elosnoC  }0{  eht  ,"nogaxeH  ;)emaNteP  } 
 
//  ytnioPI  .noitatnemelpmI  

cilbup  etyb  stnioP   
{ 

teg  { nruter  ;6  } 
} 
} 
 
//  weN  epahS  devired  ssalc  deman  .elgnairT  
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cilbup  ssalc  elgnairT  : ,epahS  ytnioPI   
{ 

cilbup  )(elgnairT  { } 
cilbup  gnirts(elgnairT  )eman  : )eman(esab  { } 
cilbup  edirrevo  diov  )(warD   

{ gniwarD"(eniLetirW.elosnoC  }0{  eht  ,"elgnairT  ;)emaNteP  } 
 
//  ytnioPI  .noitatnemelpmI  

cilbup  etyb  stnioP   
{ 
eg t { nruter  ;3  } 

} 
} 
 
6.3 Ex crec i is ng S ah ep  Hi re a hcr y  

 
 
 
 
 
 
 
 
6.4U redn sta dn ing Exp il cit I retn fa ec  Implem tne a oit n  
nI  ruo  rruc e tn  de noitinif  fo  arDI w3D , we w ere  forced to an me ti s os le metho  d  
Dra D3w () ni  dro er ot  a diov  c al s nih g w ti h ht e a tcartsb  Dr (wa ) htem do  denifed  ni  eht   

pahS e sab e ssalc . lihW e ereht  si  gnihton  lbirroh y rw o gn  w ti h this inte fr ca e defi tin ,noi  a  
rom e larutan  dohtem  man e ow uld is lpm y be D (war ):  

//  rotcafeR  dohtem  eman  morf  "D3warD"  ot  ."warD"  
cilbup  ecafretni   

{ 
diov  Draw(); 

} 
If we were to ma ek  such a chan eg , iht s w uo ld req riu e su  ot  also up ad te our  
mi pleme tn a oit n of  

cilbup  citats  diov  D3warDI(D3nIwarD  )d3fti  
{ 

"(eniLetirW.elosnoC -> gniwarD  D3warDI  elbitapmoc  ;)"epyt  
itf d3 . rD aw ;)(  
} 
Now, ass mu e you have def ni ed a new class named niL e aht t vired es morf  t eh  a sb t car t  

epahS   
ssalc  dna  imple em nts ID war 3D ob( th of which on w define an i ed itn ca yll  named sba t ar ct  

ohtem )d : 
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//  ?smelborP  tI  sdneped ...  

cilbup  ssalc  eniL  : ,epahS  warDI D3   
{ 

cilbup  edirrevo  diov  )(warD  
{ 

gniwarD"(eniLetirW.elosnoC  a enil ... ;)"  
} 
} 
 

5.6  In ret f eca  as Polymor hp ic A eg nt  
E px ticil  in afret ce mi lp e em nta it no  can also be v re y pleh f lu  hw ene ev r oy u ra e  
mi ple nitnem g a n rebmu  fo  etni r af c se  taht  ha pp en to contain ide tn i lac  members. oF r  

example, assume oy u wi hs  to c er ate a c al ss that mi ple nem ts a ll  t eh  fo ll owing new  
in et rface types:  
//  eerhT  secafretni  hcae  enifed  yllacitnedi  deman  sdohtem .  

cilbup  ecafretni   
{ 

diov  ;)(warD  
} 
 

cilbup  ecafretni  retnirPoTwarDI   
{ 

iov d ;)(warD  
} 
fI  oy u wish ot  b liu d a c sal s n ma ed S Irepu m ga e taht  stroppus  cisab  gniredner  ( warDI ,)  3D  

niredner g (ID war 3D ,)  as llew  sa  p ir n it ng es r iv sec  ( PoTwarDI r etni r), the no ly way t  o  
orp v di e unique mi plemen at  

lpmi e :noitatnem  
//  toN  gnivired  morf  ,epahS  tub  llits  gnitcejni  a eman  hsalc .  

cilbup  ssalc  egamIrepuS  : D3warDI ,retnirPoTwarDI ,warDI   
{ 

diov  ID war D. r (wa ) 
{ */  cisaB  gniward  cigol . /*  } 
 

diov  ID war oT P tnir e D.r r wa () 
{ */  retnirP  cigol . /*  } 
 

diov  ID war D3 . warD )(  
{ */  D3  gniredner  cigol . /*  } 
} 
 
6.6 Bu li ding I retn fa ec  Hi re a cr hies  
To oc ntin eu  our in ev s it g ta oi n of crea it gn  uc stom inte fr aces, le ’t s examine the t po ic  
of int re f ca e hier ra c ih se . Just as a class ac n res ve sa  a esab  class to other c al ss es (whi hc   
can in ut rn uf cn oit n sa  esab  sessalc  ot  tey  na hto er salc s ,)  ti  si  ssop i elb  ot  bu li d  

hni e tir a ecn  spihsnoitaler  gnoma  ni ter ecaf s. As you im ght xe p ce ,t  the t po most  
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interface ed fines a general beh va roi , wh li e the m so t derived in ecafret  de senif  m ro  e  

cificeps  vaheb i sro . oT  ,etartsulli  rednop  eht  gniwollof  ecafretni  :yhcrareih   
//  ehT  esab  ecafretni .  

ecafretni cilbup   

 
 
 
 
 
 
{ diov  ;)(redneR  } 
Now, if a class wi hs ed to support ae ch be ah v oi r e px ressed in th si  interface h ei ar rchy, it  

ed r vi e rf om the htn - tsom  interfa ec  (I eM t liFa e dneR er in this case). nA y me ht ods  
def ni de  yb  ht e b sa e fretni a (ec s) a er  autom ta i llac y carr ei d into ht e d fe i in t noi . oF r  
exa elpm :  
//  sihT  ssalc  stroppus  ,elbawarDI  ,elbatnirPI  dna  redneReliFateMI .  

mIrepuS ssalc cilbup ega  : redneReliFateMI   
{ 

cilbup  diov  )(warD  
cisaB"(eniLetirW.elosnoC {  gniward  ;)".cigol  } 

 
cilbup  diov  )(tnirP   

{ warD"(eniLetirW.elosnoC  ot  ;)".retnirp  } 
 

cilbup  diov  )(redneR  
redneR"(eniLetirW.elosnoC {  ot  ;)".elifatem  } 

} 
eH re is some samp el  su ga e of e ex rcisi gn  e hca  ni et fr ace morf  aSu ep rI gam e ecnatsni :  
//  esicrexE  eht  secafretni .  

citats  diov  ][gnirts(niaM  
{ 

egamIrepuS  is  = wen  ;)(egamIrepuS  
 
//  teG  .elbawarDI  

elbawarDI  warDfti  = ;is)elbawarDI(  
itf arD w rD. wa (); 
 
//  woN  teg  ,redneReliFatemI  hcihw  sesopxe  lla  sdohtem  pu   
//  eht  niahc  fo  ecnatirehni .  
fi  warDfti(  si  )redneReliFateMI  

{ 
redneReliFateMI  FMfti  = ;warDfti)redneReliFateMI(  

itf .FM R dne re (); 
itf .FM P nir (t ;)  
} 
Con los e eR. da L (eni ;)  
} 
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elbawarDI   
{ };)(warD diov  
 

cilbup  ecafretni  elbatnirPI  : elbawarDI   
{ diov  ;)(tnirP  } 
 

cilbup  ecafretni  redneReliFateMI  : elbatnirPI   

ow uld  

ra sg ) 
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6.7 I retn fa ec s U is ng V .S NET,Un red sta dn ing ht e IConvertable I fretn ca e  

hguohtlA  cafretni e-ba des  rgorp a gnimm  si  a yrev  wop e lufr  progr ma im ng t hce in q ,eu   
lpmi eme gnitn  in et rf ca es m ya  enta li  a aeh tl yh  am nuo t fo  ty ip ng. Giv ne  ht at retni af ces  

are a nam de  es t of abstr ca t mem eb rs, oy u wi ll  be requ ri de  to t epy  in t eh  stub oc d  e  
( dna  mi plem ne ta it )no  for hcae  ecafretni  em t doh  no  cae h lc sa s that oppus str  ht  e  
be ivah or.  

sA  oy u dluow  poh e, lausiV  S idut o 5002  od es s oppu rt av r suoi  ot o sl  t tah  kam e eht  at sk fo   
me itn ng ni ter af c se  le ss  drub ensome  . mussA e y uo  w si h to implement the  

aCI r in et rf eca  on a new class named Mi naVin . oY u lliw  no it ce hw en you complete  
t py ing ht e in afret c ’e s an me o( r when y uo  noitisop  eht  uom se cu sr or on ht e i tn e ecafr   

eman  ni  ht e c do e ,)wodniw  t eh  fir ts  le tt er is u dn e lr i en d Once you eles ct po oit ns, you  
w lli  see that Visual tS du oi  20 50  has ub tli  generated st bu  oc de w( hti in a named c do  e  
r noige ) for uoy  ot  update ( ton e t tah  the defau tl  implemen oitat n t rh ow  s  
Sys met . cxE pe t oi n). 

yhcrareiHecaFI ecapseman   
{ 
p cilbu  ssalc  naViniM  : raCI   
{ 

cilbup  )(naViniM  
{ 
} 
 

noiger#  raCI  srebmeM   
cilbup  diov  )(evirD  

{ 
wen  ehT"(noitpecxE  dohtem  ro  noitarepo  si  ton  ;)".detnemelpmi  

} 
noigerdne#   

} 
} 
Now t ah t y uo  have dr lli ed into the s cep ifics of b liu di gn  na d i lpm eme itn gn  suc tom  
inter caf es, ht e rem nia der fo  t eh  chapter examines a number of prede if ned interfac se   
contain de  wit ih n ht e .NET b sa e class libra ir es.  
6.8 uB li ding unE me ar ble Ty ep s (I nE um re able and  
IEnumerator)  

oT  lli su tra et  the p or cess of mi plement ni g existing . EN T int re f seca , el t’s first xe amine  
nEI um lbare e dna  unEI m tare or . Assume you h va e developed a c sal s named  

Gar ga e taht  conta sni  a set of ni d udivi al Car typ se  (see Chapter 6) stored withi  n  
a S metsy .A rr ay: 
//  egaraG  sniatnoc   

cilbup  ssalc  egaraG   
{ 

etavirp  ][raC  rac ;yarrA  
 
//  lliF  htiw  emos  raC  stcejbo  nopu  .putrats  
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t eh  or le  fo  

a tes  fo  raC  .stcejbo  
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cilbup  )(egaraG  
 
 

= wen  ,"ytsuR"(raC  
= wen  ,"reknulC"(raC  
= wen  ,"yppiZ"(raC  
= wen  ,"derF"(raC  ;)03  

} 
} 

edI a ,yll  ti  would be oc vn ne ei nt to iterate over ht e Ga gar e ejbo c ’t s su tib ems us ni g ht e #C   
for cae h  
//  sihT  smees  elbanosaer . ..  

cilbup  ssalc   
{ 

citats  diov  ][gnirts(niaM  )sgra  
{ 

egaraG  toLrac  = wen  ;)(egaraG  
 
//  dnaH  revo  hcae  rac  ni  eht  ?noitcelloc   

raC(  c ni  )toLrac  

 
 
 
 
 
 
 
 
 

are a elb  ot  ex sop e atnoc i den  s bu items to t eh   
:rellac  

//  sihT  ecafretni  smrofni  eht  rellac   
//  taht  eht  s'tcejbo  smetibus  nac  eb  .detaremune  

ecafretni cilbup   
{ 
EI n remu ota r G nEte remu at (ro ;)  

} 
sA  oy u ac n see, t eh  Get aremunE t (ro ) dohtem  nruter s a re ref e cn e ot  tey  a on ther tni e cafr e  
an m de  S metsy . elloC tc EI.snoi n aremu tor . Th si  in fret ace prov di es the ni rf astructure ot   

wolla  the cal el r to tr va erse t eh  inter an l bo ej cts noc tai den  by t eh  EI n lbaremu e- 
elbitapmoc  co atn i en r:  

//  sihT  ecafretni  swolla  eht  rellac  ot   
//  iatbo n a s'reniatnoc  smetibus .  

ecafretni cilbup   
{ 

loob  txeNevoM  ;)(  //  ecnavdA  eht  lanretni  noitisop  fo  eht  .rosruc  
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{ 
yarrArac  = wen  ]4[raC ; 

car rrA a 0[y ] 3 )0 ; 
car rrA a 1[y ] 
car rrA a 2[y ] 
car rrA a 3[y ] 

)55 ; 
3 )0 ; 

rtsnoc u :tc  

margorP   

hcaerof   
{ 

}0{"(eniLetirW.elosnoC  si  gniog  }1{  ,"HPM  
.c P aNte em , .c uC eepSrr d); 

} 
} 
} 
S da yl , the oc mp li er informs you that the aG r ga e alc ss seod  ton  imp el me tn  a method  

deman  eG unEt m are tor() . ihT s ohtem d is formali dez  yb  ht e IE mun e lbar e interf eca ,  
w ih ch is found ul rking w ihti n ht e etsyS m.C llo ce t noi s an m se pace. jbO e tc s ht at  
s oppu rt iht s behavior a vd er it se ht at eht y  

elbaremunEI   

rotaremunEI   
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tcejbo  tnerruC  { };teg  //  teG  eht  tnerruc  meti  daer( - ylno  .)ytreporp  
diov  eR tes  //  teseR  eht  rosruc  erofeb  eht  tsrif  .rebmem  

} 
fI  y uo  iw sh to up ad te the araG ge yt ep  to support the es  tni erfa sec , uoy  uoc ld take t eh   

l gno  ro  da  
orp iv de customized ev r is o sn  fo  teG E mun re a (rot ), Mo eNev xt(), Cur ner t, and R ese t(),  

ereht  si  a relpmis  yaw . As the Sy mets .A arr y ty ep  a( s llew  sa  ma yn  oth re  pyt )se  alrea  yd  
tnemelpmi s I emunE rable na d I munE e otar r, oy u can simply d ele ag et  t eh  re euq st to eht   

Sys met . rrA ay as f llo ows:  
su i gn  tsyS .me oC itcell o sn ; 
...  

cilbup  ssalc  egaraG  : elbaremunEI   
{  

a yarrA.metsyS // ydaerl  stnemelpmi  !rotaremunEI  
etavirp  ][raC  ;yarrArac  

 
 
 
 

= wen  ,"eeFeeF"(raC  
]1[yarrArac  = wen  ,"reknulC"(raC  
]2[yarrArac  = wen  ,"yppiZ"(raC  
]3[yarrArac  = wen  ,"derF"(raC  ,03  

} 
 

cilbup  rotaremunEI  )(rotaremunEteG  
{  
//  nruteR  eht  yarra  s'tcejbo  emunEI .rotar  
er t nru  ac r teG.yarrA nE u arem to )(r ; 

} 
} 

cnO e you have u dp ated your garaG e type, you can now safely su e the type within t eh  C#  
hcaerof  tsnoc cur t  . uF rthermor ,e  gi ev n th ta  the G unEte m tare o (r )met oh d ah s eeb n  

nifed de  pub il c ,yl  the o ejb ct user uoc dl  also interact w ti h ht e emunEI r ota r type:  
//  krow yllaunaM  htiw  rotaremunEI .  

rotaremunEI  i = ;)(rotaremunEteG.toLrac  
i.M evo N txe )( ; 

raC  raCym  = ;tnerruC.i)raC(   
}0{"(eniLetirW.elosnoC  si  gniog  }1{  ,"HPM  ,emaNteP.raCym  ;)deepSrruC.raCym  

fI  uoy  ow u dl  p er ef r to edih  eht  f cnu t anoi l ti y of IE emun r ba le from the object vel e ,l   
is mply make  

cilbup  rotaremunEI  )(rotaremunEteG.elbaremunEI   
{  
//  nruteR  eht  yarra  s'tcejbo  .rotaremunEI  
er t nru  ac r teG.yarrA nE u arem to )(r ; 

} 
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)( ; 

dna  tnemelpmi  hcae  em doht  yllaunam . Wh li e you ra e certainly erf e t  o  

cilbup  )(egaraG  
{ 

yarrArac  = wen  ;]4[raC  
car rrA a 0[y ] 002 , 

09 , 
)0 ; 
)0 ; 

,03  ;)0  
0 ;)  

use of e px il c ti  interfa ec  lpmi eme tn a it no : 
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6.9 uB li ding C ol en able tcejbO s (IC ol neable)  

sA  uoy  r ace ll orf m hC a tp er ,3  yS s O.met b cej t senifed  a rebmem  deman   
(enolCesiwrebmeM ). sihT   dohtem  

em siht llac ton od sresu tcejbO t  ti sa( yltcerid doh i  s protected  ;) ho ew ver, g a i ev  n obje  tc  
ac yam l  l thi  s method it es l  f ud ring the cl gnino  p or c se s. oT  ,etartsulli  sa sume you evah  a  

class named ioP nt  :  
//  A ssalc  deman  .tnioP  

cilbup  ssalc  tnioP   
{  
//  cilbuP  rof  ysae  .ssecca  

cilbup  tni  ,x  ;y   
cilbup  tni(tnioP  ,x  tni  )y  { x.siht  = ;x  y.siht  = };y  
cilbup  nioP }{)(t  

 
//  edirrevO  .)(gnirtSoT.tcejbO  

cilbup  edirrevo  gnirts  )(gnirtSoT  
nruter {  X"(tamroF.gnirts  = ;}0{  Y = ,"}1{  ,x  y ;)  } 

} 
iG ven hw at you alre da y know about refer ne ce ty ep s and value types (Chapter 3), you  

are a aw re  
t ah t if uoy  assi ng  o en  refer ne ce v ra i ba le ot  a on ther, you h va e two referen sec   

op in nit g to t eh  as me o cejb t in mem yro . Thu ,s  the fo niwoll g ass gi nm ne t o ep ra it no   
P io nt o tcejb  on ht e ;paeh  mo id f ci ta ions su ing  

htie er refer e ecn  a tceff  eht  sa em  ob tcej  on ht e aeh p: 
][gnirts(niaM diov citats  sgra )  

{  
//  owT  secnerefer   

tnioP  1p  = wen  ,05(tnioP  ;)05  
tnioP  2p  = ;1p  

x.2p  = ;0  
Con los e rW. ti e eniL ( )1p ; 
Con los e rW. ti e eniL ( )2p ; 
} 

ehW n you iw sh ot  equip your cust mo  t epy s to ppus ort ht e ba ytili  to ret nru  an iden cit al  
ypoc  of  

ti self to t eh  lac el r, uoy  may i lpm em ne t t eh  ts na d dra  ICl eno a lb e tni e fr ca e. sihT  pyt e  
senifed  a elgnis  em t doh  n ema d Cl eno ()  :  
cilbup  ecafretni  elbaenolCI   

{ 
tcejbo  ;)(enolC  

} 
uoivbO s ,yl  ht e lpmi e em ntation of the nolC (e ) me ht od varies eb wt een obj ce ts. Ho evew r  ,  

 eht  
tni o a new tcejbo  ni sta ,ecn  dna  nruter  ti  ot  ht e su er. To ulli s ,etart  po edn r ht e f lo lo iw ng  

pu date to th  e nioP t class:  
//  ehT  tnioP  won  stroppus  enolc" - ".ytiliba   
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si  desu  ot  niatbo  a s ah ll wo  co yp  of the tnerruc  tcejbo .  

resu tl s in owt  references to t eh  as me  

ot  emas  !tcejbo  

cisab  ytilanoitcnuf  sdnet  ot  be ht e mas e: ypoC  ht e va seul  of your bmem re  v ra ai b sel   
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cilbup  ssalc  tnioP  : elbaenolCI   
{ 

cilbup  tni  ,x  ;y  
cilbup  {)(tnioP  }  
cilbup  tni(tnioP  ,x  tni  )y  { x.siht  = ;x  y.siht  = };y  

 
//  nruteR  a ypoc  fo  eht  tnerruc  .tcejbo  

cilbup  tcejbo  )(enolC  
{ nruter  } ;)y.siht ,x.siht(tnioP wen  
 

cilbup  edirrevo  gnirts  )(gnirtSoT  
nruter {  X"(tamroF.gnirts  = ;}0{  Y = ,"}1{  ,x  y ;)  } 

} 
nI  this way, you can create e ax ct sta dn -alone oc p ei s of the Po ni t yt pe, as illustrated  
yb  ht e fol  

][gnirts(niaM diov citats  )sgra   
{ 
//  ecitoN  )(enolC  snruter  a cireneg  tcejbo  epyt .  
//  uoY  tsum  mrofrep  na  ticilpxe  tsac  ot  niatbo  eht  devired  .epyt  

tnioP  3p  = wen  ,001(tnioP  ;)001  
tnioP  4p  = ;)(enolC.3p)tnioP(  

 
//  egnahC  x.4p  hcihw(  lliw  ton  egnahc  .)x.3p  

x.4p  = ;0  
 
//  tnirP  hcae  .tcejbo  

Con los e rW. ti e eniL ( )3p ; 
Con los e rW. ti e eniL ( )4p ; 
} 

elihW  eht  c tnerru  i melpm e tn a it on fo  ioP nt f ti s ht e b li l, you can ts r ae m il ne things just a  
b ti .  
Because t eh  ioP nt t epy  does on t contain referen ec  t epy  variables, you uoc ld s mi p il fy  
t eh  mi plementa it on of t eh  nolC e() me ht do  as fol ol ws:  

cilbup  tcejbo  )(enolC  
{ 
//  ypoC  hcae  dleif  fo  eht  tnioP  rebmem  yb  .rebmem  
er t nru  ht iwrebmeM.si se nolC e(); 

} 
eB  ,erawa  ,revewoh  taht  if eht  Po ni t did  c niatno  a yn  fer ere ecn  ty ep  me rebm  rav ia lb e ,s   

rebmeM -  
wis lCe o (en ) lliw  ypoc  the er ref e cn es to t soh e objects (aka a sh la l wo  copy). If you iw s  h  
to sup op rt  
a true de pe  co yp , you lliw  need to rc eate a n we  ni st na ce of any refe er nce type variab el s  

ud ring ceht lon ni g p or c sse .  
 
6.10 uB li ding Comparable Obj ce st  (IComparable)  
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The yS s .met I apmoC r ba le interf eca  ps ecifi se  a be vah ior t ah t al ol ws na  ob ej ct to eb   
sorted ab s de  no   

emos  deificeps  yek . He er  is the formal ed fin ti i no :  
//  sihT  ecafretni  swolla  na  tcejbo  ot  yficeps  sti   
//  neewteb pihsnoitaler  rehto  ekil  stcejbo .  

ecafretni cilbup  {elbarapmoCI   
tni  tcejbo(oTerapmoC  ;)o   

}  
Le ’t s assume uoy  ha ev  dpu at de  t eh  aC r alc ss to am ni t ia n an tni ern la  ID bmun e  r  
r( epresented yb  a simple integer an m de  ac rID) ht at can be es t via a construc ot r  

par ma et re  and ma upin lated  
isu ng a new property an m de  DI . reH e era  eht  ler e tnav  pu d ta es to t eh  aC r t py e  :  

p cilbu  ssalc  raC   
{  

...   
etavirp  tni  ;DIrac   
cilbup  tni  DI   

{  
teg  { nruter  ;DIrac  }  
tes  { DIrac  = ;eulav  }  

}  
cilbup  gnirts(raC  ,eman  tni  ,pSrruc  tni  )di   

{  
deepSrruc  = ;pSrruc   

emaNtep  = ;eman   
DIrac  = ;di   

}  
...   

}  
ejbO ct esu rs im ght create an rra ay of aC r pyt es as fo ll o sw :  

][gnirts(niaM diov citats  )sgra   
{  
//  ekaM  na  yarra  fo  raC  sepyt .  

][raC  sotuAym  = wen  ;]5[raC   
]0[sotuAym  = wen  ,"ytsuR"(raC  ,08  ;)1   
]1[sotuAym  = wen  ,"yraM"(raC  ,04  ;)432   
]2[sotuAym  = wen  ,"repiV"(raC  ,04  ;)43   
]3[sotuAym  = wen  ,"leM"(raC  ,04  ;)4   
]4[sotuAym  = wen  ,"ykcuhC"(raC  ,04  ;)5   

}  
sA  oy u rec ,lla  ht e Sy ets m A. rr ay c ssal  defi sen  a ats tic m te hod named oS tr (). W eh n uoy   

ekovni   
this met doh  no  an array of intrinsic t py es (i tn , hs ort, irts ng, cte .), oy u ra e able t  o  

tros  ht e items in the a rr ay ni  nu em ric la / hpla a eb tic o dr er as t eh se tni rinsic data  
ty ep s melpmi e tn  pmoCI a bar le . ,revewoH  tahw  if uoy  erew  ot  dnes  na  yarra   fo  
aC r types in ot  eht  troS () ohtem d sa  fo ll o ?sw   
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//  troS  ym  ?srac   

Arr .ya S tro m( y otuA s); 
fI  uoy  nur  siht  ,tset  uoy  dluow  dnif  taht  na  rA g xEtnemu c oitpe n noitpecxe  si  nworht  yb  eht   

emitnur ,  
htiw  eht  gniwollof  :egassem  tA“  tsael  no e tcejbo  um st mi p emel nt ”.elbarapmoCI  nehW   

tom ty ep ,s  uoy  can i lpm e em nt I arapmoC ble ot  wolla  syarra  fo  ruoy  ty sep  to  
eb  detros . nehW  uoy  hself  tuo  eht  sliated  fo  (oTerapmoC ), ti  lliw  eb  pu  ot  uoy  ot   ediced  

tahw  eht  enilesab  fo  eht  gniredro  noitarepo  lliw  eb . F  ro t  eh aC r ty ep , ht e etni rna  l  
Irac D smees  ot  be eht  tsom  lo lacig  nac :etadid  

//  ehT  noitareti  fo  eht  raC  nac  eb  deredro   
//  desab  no  eht  .DIraC  

cilbup  ssalc  raC  : elbarapmoCI   
{ 

...  
//  elbarapmoCI  .noitatnemelpmi  
tni  .elbarapmoCI C pmo a tcejbo(oTer  bo {)j  
raC  pmet  = ;jbo)raC(   

DIrac.siht(fi  > )DIrac.pmet  
nruter  ;1  

DIrac.siht(fi  < )DIrac.pmet  
nruter  - ;1  

esle   
nruter  ;0  

} 
} 
 
6. 11  Exp ol ring T eh  I fretn a ec s fo  ht e System.Co ll tce oi ns Na em spac  e  
The om st pr imi tive oc n iat en r construct ow uld have to be uo r good rf ie dn  Sy mets . arrA y.  

sA  uoy  hav  e  
,gnisrever  ,gnitros  c el ra ,gni  a dn  enumerat gni ). ,revewoH  ht e s lpmi e Ar ar y class sah  a  

un m reb  of li tim a it ons, most on ta ylb  ti   
or cl rae  ti ems. When you n ee d to c no tain t py es in a om er  f ixel ble niatnoc e ,r  oy u am y  

hsiw  ot  egarevel  eht  ty sep  nifed ed with ni  eht  .metsyS C cello t noi s namespace (or as  
dis uc ss ed in Chapter 10, the Sy .mets C ello cti neG.sno e ir c namespace). The  
Sys met . loC el c oit ns an m apse ce ed fin se  a un mb re  of tni erf ca es s( mo e fo  which oy u  

ah v  e  
ytirojam  fo  eht  noitcelloc  sessalc  lpmi e nem t t eh es  inte ecafr s ot  prov edi  a secc s ot  eht ir  

tnoc e tn s. elbaT  7-2 ig v se  a nwodkaerb  fo  ht e core oc ll ec it on-ce tn ric retni fa sec . 
 
Ta elb  7-2. I etn cafr es fo  snoitcelloC.metsyS   

gninaeM  ni  efiL   
Defines eg n re ic hc ar ca teris it sc  (e.g ,.   

nuoc t na d th daer  sa ef ty) of r a co ell ction  
type.  

 
egaP  131  

uoy  ub i dl  suc  

ydaerla  nees  ni  retpahC  3, siht  c ssal  sedivorp  a bmun er of es r iv c se  ( ,.g.e   

does on t nyd ma ically r se ize it es lf as oy u dda   

a rl ae yd  mi plem ne ted duri gn  the c uo rse of thi  s ch pa et )r  . sA  oy u nac  sseug ,  a  

Sy mets . elloC c oit ns  In et rf ca  e  
IC ello c oit n  
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enifeD s sdohtem  ot  ppus ort t  eh  
irapmoc s no  fo  o ejb cts rof  eq au ytil .  

wollA s an object to re erp sent it  s  
oc nte stn  nisu g na eulav/em  pairs.  

setaremunE  eht  tnoc e stn  of a yt pe  
itroppus ng DI ict oi nary.  

Re ut rns t eh  IE remun ator retni caf e for a  
nevig  ejbo tc .  

Genera ll y su pp orts rof e ca h-style  
ti era it on fo  bus types.  

snruteR  eht  ah sh c do e of r the  
lpmi eme gnitn  epyt  gnisu  a uc ots zim ed  
hsah  a irogl ht m.  

 
( sihT  in ecafret  is new to N. ET .2 0 ).   

senibmoC  ht e oitcnuf n ytila  fo   
ICo apm rer dna  hsaHI C do e orP vi ed r ot   

wolla  objec st  to be co pm ared in a  
hsah“ -co ed - pmoc a elbit  rennam ” .e( g.,  

fi  ht e stcejbo  a er  deedni  qe u la , ht ey  
um st a osl  nruter  ht e sa em  sah h c do  e  

va ul e).  
edivorP s eb hav oi r to add, er move, and  

index ite sm  in a list of bo je stc . lA so,  
this inter af ce ed fines me bm ers ot   

ed ter im en  tehw her the impl me e itn ng  
lloc ec noit  t py e si  read-on yl  a dn / ro  a  

if ex d-s zi e contai en r. 
 
6.11 uB li ding a Cu ots m co tn ia ren  Retrofi tt ing eht  Car Ty ep  with  
Dele ag et s  

,ylraelC  eht  suoiverp  iS m Delp el tage e e ax mple w sa  int dedne  to eb  pu er yl  ulli st ar it ev   
ht at ereht  dluow  eb  on  nosaer  ot  dliub  a led e tag e is mp yl  ot  add two  

bmun ers. ,yllufepoH  h ,revewo  iht s exa lpm e ed ym s it f ei s ht e pr eco ss fo  ikrow ng tiw h  
de el gate t sepy . oT  edivorp  a erom  er a citsil  esu  of etageled  sepyt , le s’t  tiforter  ruo   
aC r epyt  ot  es nd t eh  pxE l edo d dna  bA o BoTtu low snoitacifiton  gnisu  TEN.  setageled   

r suc a naht rehta t ac mo ll ab  kc int afre ce. dnoyeB  on  regnol  gnitnemelpmi   
EenignEI ve tn s,  
enifeD  eht  A tuob T lBo ow dna  pxE lo ed d geled a et s.  

eD c ral e member av riables of each delegate type in the aC r salc s.  
etaerC  repleh  nuf cti no s no  eht  Car that a ll ow t eh  ac ll er to sp ce ify t eh  met sdoh   

eht  led e etag  me bm er bairav le .s  
 
cor tcer  

dna #C   gnimmargorP TEN.  
 

IE lauq i moCyt p ra er   
 

ID itci o ran y 
 

rotaremunEyranoitciDI   
 

IE emun r ba le   
 

IE emun r ota r  
 

IH Chsa o orPed v di re  
 
 
 

IK oCye m erap r 

 
 
 
 
 
 
 

IL si t 

in an tu er , giv  ne  

reh e are the steps we wi ll  en ed to t ka e: 
• 
• 
• 
maintai den  yb   
• etadpU  t eh  ccA e tarel e() met doh  to i ekovn  ht e ed le ag te’s inv aco it no  il st nu d re  t eh   

cric mu ats cn es. P dno er the fo oll w ni g u adp t de  aC r class, wh ci h da dresses t eh   
rif st thr ee  op ints:  
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cilbup  ssalc  raC   
{  
//  enifeD  eht  etageled  .sepyt  

etageled cilbup  diov  gnirts(wolBoTtuobA  ;)gsm  
cilbup  etageled  diov  dedolpxE  gnirts(  ;)gsm   

 
//  enifeD  rebmem  selbairav  fo  hcae  etageled  .epyt  

etavirp  wolBoTtuobA  ;tsiLdaeDtsomla  
etavirp  dedolpxE  ;tsiLdedolpxe  

 
//  ddA  srebmem  ot  eht  noitacovni  stsil  gnisu  repleh  .sdohtem  

cilbup  diov  olBoTtuobAnO wolBoTtuobA(w  )dohteMtneilc   
{ tsiLdaeDtsomla  = ;dohteMtneilc  } 

cilbup  diov  dedolpxE(dedolpxEnO  )dohteMtneilc  
tsiLdedolpxe {  = ;dohteMtneilc  } 

...  
} 
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ednemmoceR noitseuq d s  :  
1. ni desu era yeht yhw ?ecafretni na si tahW   #c ?.  
2. atnoc si margorp #c a etirW i  n inter ecaf .  
3. ed suonorhcnysa dna suonorhcnys neewteb etaitnereffiD ?etageled a si tahW el ag t w ,e ti  h  

 01.selpmaxe m  
4. clac ot margorp #c etelpmoc a etirW ppa gnitirw yb tseretni elpmis yalpsid dna etalu r rpo ia et   

margorp fo dohtem etageled hguorht dellac eb dluoc hcihw sdohtem m gnini  .  
5. am sti tsiL ?ecnatirehni elpitlum troppus ot hcaorppa etanretla eht si hcihW j aef ro tur .se   
6. axe na htiw ,nialpxe ylfeirB ni ticilpxe,elpm t atnemelpmi ecafre t  noi  
7. tpecca ot #C ni margorp a etirW   eht mrofrep dna sgnirts owt f lo l wo i gn  arepo t  ?snoi  

i) nirts ot 2gnirts ypoc g 3  
ii) gnirts kcehc  sdne 1  iw t GGNE” h ” or on t.  .3 gnirts ni ’a‘ retcarahc hcraes ,eurt si ti fI  

ni )iii SYS.ti yalpsid dna 6 noitisop ta 2 gnits ni ”UTV“ tres T  ME  
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TINU   7  

tageleD ,secafretnI kcabllaC e  ,s a  stnevE dn  
 

gnidnatsrednU1.7  kcabllaC  afretnI c ,se   
7 gnidnatsrednU2.  eht  TEN.  etageleD  T ,epy   

3.7  srebmeM  fo  S metsy . tsacitluM  ,etageleD  The tselpmiS  P sso ible  
etageleD  ,elpmaxE  gnidliuB  eroM  a etarobalE  etageleD  Ex elpma   

4.7  gnidnatsrednU  As suonorhcny  ageleD t se ,  
5.7  idnatsrednU ng ( dna  sU i )gn  Ev  stne  
6.7  hT e secnavdA  Keyw sdro  fo  ,#C  A lataC og fo  #C  yeK w dro  s  
7.7  gnidliuB  a motsuC  In ed x ,re  A noitairaV  fo  eht  sraC  ednI x re  lanretnI   

noitatneserpeR  fo  T epy  rexednI   
8.7  gnisU  #C  ednI x re  from BV  TEN. . gnidaolrevO  ,srotarepo  The retnI n la   

noitatneserpeR  fo  lrevO o da gni  Op tare o sr , ehT  lanretnI  snoitatneserpeR   
fo  smotsuC  revnoC is no  R senituo   
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7.1 Unde sr tanding C lla b ca k I tn erf ca es  

sA  uoy  vah e es en in the rp ev uoi s hc apte ,r  interfaces de if ne a beha oiv r that may b  e  
support de  by vari uo s ty ep s ni  your ys stem. dnoyeB  using ni terfa ec s to est lba ish  

mylop hpro ism, ni terfa ec s may also be u es d sa  a c lla back mec ah nism. This  
technique enables objects to engage in a two-way c vno ersa it on us gni  a com nom   

To tsulli rate ht e use of ca ll b ca k fretni a ec s, ’tel s pu date the now  
fam li iar Car epyt  ni  such a way t ah t ti  is a lb e to inf ro m t eh  ac ll er wh ne  ti  is uoba t to  

pxe lode (the curre tn  ps e de  is 10 lim se  below t eh  am ix mum ps ee d) and sah   
edolpxe d eht(  rruc e tn  deeps  is at ro  voba e ht e xam imum s eep d). The  

 dna r iece v e eseht e v w stne ill caf eb ilitat tiw de h a cust i mo nte fr ac  e named  
I ignE n Ee ev tn s: 
//  ehT  kcabllac  .ecafretni  

cilbup  ecafretni  stnevEenignEI   
{ 

diov  gnirts(wolBoTtuobA  ;)gsm  
dedolpxE diov gnirts(  ;)gsm   

} 
 

vE e tn  tni erfac se  are n to  ty cip a ll y im lp emented dir ce lt y by ht e object dir ce tly  
tni e er sted in r ece iv ni g t eh  ev ne ts, ub t ar ht er by a eh lper bo j ce t ac ll ed a sink obje tc .  

Car pyt e in siht  ac se) iw ll make ca ll s on ht e nis k ednu r  
eht  rporppa etai  secnatsmucric . ssA u em  eht  is nk ssalc  si  c lla ed raC E nev t iS nk, whi hc   
mis ply rp tni s uo t t eh  cni imo ng mes as ges to the oc nso el . yeB o dn  th si  point, our sin  k  

lliw  sla o iam ntain a string ht at id tne ifies its friendly name:  
//  raC  tneve  knis .  

cilbup  ssalc  C kniStnevEra  : stnevEenignEI   
{ 

etavirp  gnirts  ;eman  
}{)(kniStnevEraC cilbup   

cilbup  gnirts(kniStnevEraC  aNknis em ) 
{ eman  = ;emaNknis  } 
 

cilbup  diov  gnirts(wolBoTtuobA  )gsm  
{ }0{"(eniLetirW.elosnoC  :gnitroper  ,"}1{  ,eman  ;)gsm  } 

cilbup  diov  gnirts(dedolpxE  )gsm  
{ }0{"(eniLetirW.elosnoC  :gnitroper  ,"}1{  ,eman  ;)gsm  } 
} 
Now taht  uoy  evah  a s kni  ejbo ct aht t implem tne s ht e e nev t i tn e afr ce, y uo r ne tx  at sk  

a referen ec  to this s ni k into t eh  Car pyt e. The aC r oh sdl  no to t eh  reference  
dna  m seka  ac lls b ca k on t eh  is nk hw en approp tair e. nI  redro  ot  wolla  ht e Car to  

niatbo  a ecnerefer  ot  the knis , we w li l en ed ot  da d a pub il c he pl er mem reb  to the  
aC r type ht at ew  will call A esivd ()  . L ki we si ,e  if the caller wishes to deta hc  from t eh   

ev ne t os cru e, ti  m ya  ca ll  ona th re  helper met doh  no  t eh  Car epyt  nam de  danU v (esi ). 
niF a ll y, ni  or ed r to allow ht e c la ler to r ge ister mu tl ip el  ev ne t si kn s (for the up r op ses  
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ht e Car won  mainta ni s an rA r iLya st ot  tneserper  hcae  stuo gnidnat   
 
//  sihT  raC  dna  rellac  nac  won  etacinummoc   
//  gnisu  eht  stnevEenignEI  .ecafretni  

cilbup  ssalc   
{ 
//  ehT  tes  fo  detcennoc  .sknis  

tsiLyarrA  skniStneilc  = wen  ;)(tsiLyarrA  
 
//  hcattA  ro  tcennocsid  morf  eht  ecruos  fo  .stneve  

cilbup  diov  nEI(esivdA stnevEenig  )knis  
{ lc ei tn kniS s ddA. s( i ;)kn  } 
 

cilbup  diov  stnevEenignEI(esivdanU  )knis  
{ c eil tn kniS s meR. vo e is( kn ;)  } 

...  
} 

oT  yllautca  dnes  eht  ,stneve  s’tel  etadpu  eht  leccA.raC e etar ()me ht od ot  tareti e revo  ht  e  
tsil  fo  snoitcennoc  deniatniam  yb  eht  LyarrA si tand fire the co rr ect on tifi ac it no  w eh n  

pa propriate (note the Car cl sa s now mainta ni s a elooB an rebmem  elbairav  deman   
aeDsIrac d ot  tneserper  eht  s’enigne  :)etats   

//  ecafretnI - desab  tneve  !locotorp   
ssalc   

{ 
...  
//  sI  eht  rac  evila  ro  ?daed   
loob  aeDsIrac ;d  

 
cilbup  diov  tni(etareleccA  )atled  

{  
//  fI  eht  rac  si  ,'daed'  dnes  dedolpxE  tneve  ot  hcae  .knis  

if( rac I eDs da ) 
{ 

stnevEenignEI(hcaerof  e ni  )skniStneilc  
,yrroS"(dedolpxE.e  siht  rac  si   

} 
esle   

{ 
deepSrruc  =+  ;atled  

 
//  dneS  wolBoTtuobA  .tneve  

01(fi  ==  deepSxam  - )deepSrruc  
{ 

stnevEenignEI(hcaerof  e ni  )skniStneilc  
C"(wolBoTtuobA.e ar lufe  !yddub  noG na b wol ;)"!  

} 
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deepSrruc(fi  =>  )deepSxam   
daeDsIrac  = ;eurt   

esle   
"(eniLetirW.elosnoC \ SrruCt deep  }0{ =  ,"  ;)deepSrruc   

}  
}  

ereH  si  mos e tneilc - edis  ,edoc  won  gnikam  u es  fo  a ac l abl ck in et fr ca e ot  l netsi  ot  ht  e  
aC r events:  
//  ekaM  a rac  dna  netsil  ot  eht  stneve .  

cilbup  ssalc  ppAraC   
{  

][gnirts(niaM diov citats  )sgra   
{  

***"(eniLetirW.elosnoC tneve sa secafretnI **  srelbane  ;)"*****   
raC  1c  = wen  ,"guBgulS"(raC  ,001  ;)01   

 
//  ekaM  knis  tcejbo .  

kniStnevEraC  knis  = wen  ;)(kniStnevEraC   
 
//  ssaP  eht  raC  a ecnerefer  ot  eht  knis .  

;)knis(esivdA.1c   
 
//  deepS  pu  siht(  lliw  reggirt  eht  )stneve .  

(rof tni  i = ;0  i < ;01  )++i   
;)02(etareleccA.1c   

 
//  hcateD  morf  tneve  ecruos .  

;)knis(esivdanU.1c   
;)(eniLdaeR.elosnoC   

}  
}  
 
7.2 Unde sr tanding eht  N. ET Delega et  Type  

erofeB  yllamrof  d fe ni i gn  . EN T del ge a et s, ’tel s ga ni  a b ti  of ep rs ep ct evi . iH storical yl   
sp ae king, t eh  Windows API m eka s f qer ue tn  esu  of C-style nuf ction op i tn ers to rc ae te  
ne titi se  et rmed c lla back uf cn it ons or simply bllac acks  . Usi gn  ac ll cab ks, programm sre   

we er  ba le to config ru e eno  func it no  ot  report back to ( lac l b ca k) an hto er nuf c it on in  
ht e cilppa a noit . ehT  orp blem iw th s at n rad d C- ts yle ca abll ck f cnu tions si  taht  yeht   

tneserper  elttil  erom  naht  a raw ad rd ess in me om ry. ,yllaedI  ca ll b ca ks luoc d eb   
derugifnoc  ot  edulcni  a noitidd al epyt - efas  amrofni t oi n us ch as t eh  num reb  fo  ( na d ty ep s  

fo ) p ra ame sret  and ht e re ut rn va ul e (if a yn ) of the method point de  ot . ,yldaS  iht s si   ton  
the sac e in t ar d ti ional ca ll back functio sn , and, as you am y us spec ,t  can th re fe ro e be a  
rf qe u ne t s ruo ec  of gub ,s  hard cras seh , a dn  ot eh r ur n emit  disasters. Ne ev rtheless,  
ac ll ab cks ra e useful enti seit . nI  eht  N. ET rF a ,krowem  skcabllac  era  ts ill sop s elbi , and  

their uf nc it onality is ca comp il shed in a much safer and more obj ce t ro ei tn e  d  
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manner us ni g ed legates. nI  e ess nc ,e  a led egate is a pyt e- as fe o jb ect t ah t niop ts ot   
a hton er htem od (or po ss ylbi  multip el  em t oh ds) ni  t eh  appli ac t noi , hw ich can be  

kovni ed at a la et r t mi e  . icepS fi ac yll  s ep aking, a de gel ate t epy  am i tn ia ns th eer   
tropmi a tn  seceip  fo  ni fo amr tion:  

• ehT  man e fo  the tem oh d on hw ci h it kam es calls  
• ehT  argu em nts fi(  any) of iht s me oht d  
•  ehT nruter  ulav e fi(  )yna  of iht s me oht d  
 
Defin ni g a D ele gate in C#  

nehW  uoy  tnaw  ot  erc a et  a led e tag e in #C , you make su e of ht e de gel ate 
owyek rd. hT e an me of uoy  r  

def ni e ht e delegate ot  mat hc  t eh  si ang ture of the me ht do  ti  wi ll  op int to. For example,  
ssa ume you iw sh to ub ild a delegate an med iB n Oyra p  

nruter s an ni t ege r and takes two ni tegers as pni ut par ma eters: 
//  sihT  etageled  nac  tniop  ot  yna  ohtem ,d   
//  gnikat  owt  sregetni  dna  gninruter  na   
//  regetni .  

cilbup  etageled  tni  tni(pOyraniB  ,x  tni  ;)y   
hW en ht e #C  compiler processes del ge ate types, it ua t mo atical yl  ge en rates a es aled  

ing f or m syS t M.me ul acit s Dt le e ag te . This salc s (in con uj nction iw th its base  
lc a ss , Sys .met D gele ate) orp iv des the n ce ess yra  in rf astructure for t eh  ed legate to h lo d  
no to the il st fo  met oh ds to eb  i ekovn d  

Bin Oyra p del age te usi gn  li ad s xe.m e 
 
7.3 ehT  System M. ulticastDe agel et  and System.D le e ag et  Base C sal ses  

,oS  ehw n uoy  ub ild a t epy  using the C# led e ag te yek w dro , uoy  i dn ir ce lt y ed clare a  
cl ssa  type that derives from yS mets . luM t aci s Dt ele g ta e . sihT  class p vor id se   
des ec nd ne st  iw th access ot  a list that  
maintai den  by the del ge ate t epy , as we ll  as es veral dda iti onal methods (and a few  
overl ao d de  ope ar tors) to interact tiw h t eh  invoca it on il st. Here are some es l ce t 
mem eb rs of Sy ets m. luM t saci tD gele ate :  
[Se air l azi lb ]e  

cilbup  tcartsba  ssalc  etageleDtsacitluM  etageleD :   
{  
//  sdohteM   

cilbup  delaes  edirrevo  ][etageleD  itacovnIteG ;)(tsiLno  
 
//  srotarepo dedaolrevO   

citats cilbup  loob  rotarepo  etageleDtsacitluM(==   
citats cilbup  loob  rotarepo  etageleDtsacitluM(=!   

 
//  sdleiF   

etavirp  rtPtnI  ;tnuoCnoitacovni_  
tcejbo etavirp  ;tsiLnoitacovni_   

} 
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led egate can eb  what ve er uoy  des ri e. How ve er, you must  

taht  ac n niop t to a yn  meth do  that  

lc a ss  ed r vi  

at a later time. roF  lpmaxe e, fi  uoy  nimaxe e ht e  

noc ta sni  t eh  da rd es es s of t eh  met doh s  

,1d  etageleDtsacitluM  ;)2d  
,1d  etageleDtsacitluM  ;)2d  
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yS stem.MulticastDel ge ate  obtains idda tio lan  uf nct anoi l yti  from its par tne  class,  
yS stem.  

Del age te  . H re e is a p ra it al sn pa s oh t of t eh  class defin oiti n:  
S[ e lair azi elb , IssalC n fret a lC(ec sa nIs ret fa yTec p tuA.e o lauD )]  

ssalc tcartsba cilbup  etageleD  : ,elbaenolCI  elbazilaireSI   
{  
//  sdohteM   

citats cilbup  smarap(enibmoC etageleD  ][etageleD  ;)setageled   
cilbup  citats  etageleD  etageleD(enibmoC  ,a  etageleD  ;)b   

lautriv cilbup  ][etageleD  ;)(tsiLnoitacovnIteG   
etageleD citats cilbup  ageleD(evomeR et  ,ecruos  etageleD  ;)eulav   
etageleD citats cilbup  etageleD(llAevomeR  ,ecruos  etageleD  ;)eulav   

 
//  srotarepo dedaolrevO   

cilbup  citats  loob  rotarepo  etageleD(==  ,1d  etageleD  ;)2d   
cilbup  citats  loob  rotarepo  (=!  etageleD  ,1d  etageleD  ;)2d   

 
//  seitreporP   

cilbup  ofnIdohteM  dohteM  { ;teg  }  
cilbup  tcejbo  tegraT  { ;teg  }  

}  
No ,w  er me ebm r that you iw ll  n eve r id rectly ed r vi e rf om th se e base cl sa ses a dn  can  
t py ci ally oc ncern oy urself no ly iw th ht e mem sreb  ucod m ne t de  in baT le 8-1.  
 
 
Ta elb  8-1. leS e tc  M me b re s of Sy mets . tluM c Dtsa e agel te /S etsy m geleD. ate  

detirehnI  bmeM er gninaeM  ni  Li ef   
Met oh d sihT  ytreporp  uter rn  s  

a syS te eR.m f tcel i eM.no th Ido nfo epyt   
taht  stneserper  de sliat  fo  a s itat  c  

dohtem  ht at si  tniam ia en d by ht e  
tageled e.  

Tar eg t fI  the tem h do  to be called is def ni ed a  t  
the obj tce  level r( at eh r ht na  a ts atic  
method), raT getr  taht tcejbo na snrute  
r pe r  stnese ht  e m  dohte m atnia i den  by  
the de el ag te. fI  eht  value er ut r den  rf mo   

egraT t lauqe s ,llun  ht e me ht od to b  e  
llac de  is a sta it c memb re .  

Com nib e() nI  C#, you trigger this meth do  usin  g  
t eh  over ol ad de  += rotarepo  sa  a  

rohs t dnah  n to at oi n.  
Get vnI o tac oi n tsiL ()  This method r te ur sn  an array of  

.metsyS D agele te sepyt , ae ch  
gnitneserper  a itrap cul ra  htem od taht   

yam  eb  dekovni .  
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T eh se sta it c met doh s er m evo s a  
met doh  (or a ll  methods) f or m t eh   
Re evom A ll () i ovn ca it no  il st.  
In ,#C  the R me o (ev ) me doht  can be  

dellac  yltceridni  nisu g  
-= otarepo r. 

 
The S mi plest Po ss ible Delegate xE ample  
D le age tes ac n t ne d to cause a great aed l of oc nf su i no  w eh n en nuoc et red for the fi sr t  

g te  t eh  b lla  ,gnillor  s’tel  ekat  a l koo  ta  a rev y simp el  ex lpma e t ah t lever sega   
our yraniB Opd gele ate t epy . ereH  is eht  co etelpm  c do e, iw ht  na a yl sis to fol ol  :w  

etageleDelpmiS ecapseman   
{ 
//  sihT  etageled  nac  tniop  ot  yna  ,dohtem  
//  gnikat  owt  sregetni  dna  gninruter  na   
//  regetni .  

cilbup  etageled  tni  tni(pOyraniB  ,x  tni  ;)y  
 
//  sihT  ssalc  sniatnoc  sdohtem  pOyraniB  lliw   
//  tniop  ot .  

cilbup  ssalc  htaMelpmiS   
{ 

cilbup  citats  tni  tni(ddA  ,x  tni  )y  
{ nruter  x + ;y  } 

cilbup  citats  tni  tni(tcartbuS  ,x  tni  )y  
{ nruter  x – ;y  } 
} 
 

ssalc  margorP   
{ 

citats  diov  ][gnirts(niaM  )sgra  
{ 

*****"(eniLetirW.elosnoC  elpmiS  etageleD  elpmaxE  ***** \ ;)"n  
 
//  etaerC  a pOyraniB  tcejbo  taht   
//  stniop"  "ot  )(ddA.htaMelpmiS .  

aniB pOyr  b = wen  ;)ddA.htaMelpmiS(pOyraniB  
//  ekovnI  )(ddA  dohtem  gnisu  etageled .  

01"(eniLetirW.elosnoC  + 01  si  ,"}0{  ,01(b  ;))01  
Con los e eR. da L (eni ;)  
} 
} 
} 

gA a ni  no it ce the f ro mat of the OyraniB pdeleg ,eta  wh ci h can point to any ohtem d nikat  g  
owt  getni e sr  dna  gninruter  na  i tn eger. eviG n this, we have crea et d a cla ss  name  d  

Sim elp M ta h, w ih ch ed fines owt  sta it c methods that ( us rprise, surprise) mat hc  ht e pattern  
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Wh ne  uoy  w na t to in res t ht e at rget met doh  to a gi ev n  
 
 
 

si  yllaer  dellac  !ereh  
01"(eniLetirW.elosnoC  + 01  si  ,"}0{  ,01(b  ;))01  

rednU  eht  ,dooh  ht e itnur me ac aut l yl  ca sll  t eh  comp li er- eg n re a et d In (ekov )me ht od.  
uoY  nac  yfirev  siht  tcaf  rof  flesruoy  fi  uoy  nepo  ruoy  ylbmessa  ni  li d xe.msa e dna   

etagitsevni  eht  LIC  edoc  nihtiw  eht  aM i (n ) :dohtem  
. dohtem  etavirp  gisybedih  citats  diov  ][gnirts(niaM  )sgra  lic  deganam   
{ 

...  
. slacol  tini  ]0[(  ssalc  pOyraniB.etageleDelpmiS  )b  

23tni  S lpmi e leD age et pmiS. l 3tni(ddA::htaMe 2, ni t 23 ) 
 

,tcejbo(rotc.::pOyraniB.etageleDelpmiS  itan ve 0.colts)tni   
01"  + 01  si  "}0{   

0.coldl   
s.4i.cdl  01   
s.4i.cdl  01   
trivllac  ecnatsni  23tni  Sim Delp e el ag t iB.e n Oyra p vnI:: oke ,23tni(  )23tni  

...  
} 

llaceR  taht  TEN.  setageled  ekilnu(  C- elyts  noitcnuf  )sretniop  era  efas epyt . ehT r ofe re, if  
uoy  tpmetta  ot  ap ss a ed el gate a method t ah t od es on t “mat hc  t eh  ap tt e nr ,” uoy  re ec vi e  

lli u ,etarts  sa s mu e the Si elpm M ta h ssalc  senifed  na  lanoitidda   
dohtem  deman  (rebmuNerauqS ): 
cilbup  ssalc  htaMelpmiS   

{ 
...  

cilbup  citats  tni  tni(rebmuNerauqS  )a  
{ nruter  a * ;a  } 
} 

iG ven ht at the Bi an Oyr p ed legate ac n no ly tniop  to ohtem sd  ht ta  t ka e owt  in et gers a  dn  
er ut rn  
//  !rorrE  dohteM  seod  ton  hctam  etageled  !nrettap   

pOyraniB  b = wen  ;)rebmuNerauqS.htaMelpmiS(pOyraniB  
 
A roM e Elaborate Del ge ate Exam lp e  

oT  lli u ts r eta  a rom e ad nav ced su e of d ele gates, le ’t s b ge in by u dp a it ng the Car c al ss to  
include wt o  

a w sa h (is triD y ;)  eht  to h re  tneserper s ehw ther eht  c ra  ni   
noitseuq  si  ni  deen  fo  a ti er  tor ation ( ohs u oRdl t ta e). oT  en ba le t eh  object user t  o  

inte ar ct w ti h this en w state ad ta, Car also def ni es s mo e  
detadpu  rotcurtsnoc . Here si  the story so af r: 

...  
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nifed ed by the iB n yra Opd tagele e.  
ed l age te, s lpmi y pass ni  ht e an me of the me oht d to the delega ’et s constru tc ro  . At thi  s  
op int, you are ba le to invo ek  t eh  mem reb  op tni ed to using a sy tn ax th ta  lo ko s l ki e a  
id rect f nu ction inv co ati no : 
//  )(ekovnI  

ntfdl   
...  

new bo j 
rtsdl   

ecnatsni  diov   

a oc m ip le- mit e err ro . T  o  

an in ,reget  ht e llof o niw g doc e is i gell al a dn  w li l not c mo pi :el  

new B loo e na  mem reb  varia selb . hT e first is used to ed te mr i en  hw e ht er  
oy ur ua omot b li e is eud  of r 

lanoitidda  seitreporp  dna  na   
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//  erA  ew  ni  deen  fo  a ?hsaw  deeN  ot  etator  ?serit   

etavirp  loob  ;ytriDsi  
etavirp  loob  ;etatoRdluohs  

 
//  artxE  smarap  ot  tes  .sloob  

cilbup  gnirts(raC  ,eman  tni  ,xam  tni  ,rruc  
loob  ,raChsaw  loob  )seriTetator   

{ 
...  

ytriDsi  = ;raChsaw  
etatoRdluohs  = ;seriTetator  

} 
cilbup  loob  ytriD   

{ 
{teg  nruter  } ;ytriDsi  
{tes  ytriDsi  = ;eulav  } 

} 
cilbup  loob  etatoR   

{ 
nruter  uohs oRdl t ta e; 

etatoRdluohs  = ;eulav  } 
} 
} 

,woN  sla o sa us me the aC r type en sts a new d le egate, raC De agel te:  
//  raC  senifed  tey  rehtona  etageled .  

cilbup  ssalc   
{ 

...  
//  naC  llac  yna  dohtem  gnikat  a raC  sa   
//  a retemarap  dna  gninruter  gnihton .  

cilbup  etageled  diov  raC(etageleDraC  ;)c  
...  

} 
He er , oy u have cr ae t de  a del age te nam de  CarD gele ate. ehT  aC rD ele g ta e pyt e  

erper s stne  “some f cnu it ”no  t ka i gn  a aC r as a parameter a dn  re rut n ni g iov d.  
7.5 Understanding C# E ev nts  
Dele ag tes a er  fair yl  interes it ng constructs in t ah t th ye  en ba le two objects in mem yro  to  
ne g ega  ni  a owt -way conver as it on. sA  uoy  yam  ,eerga  woh e ,rev  wor gnik  w ti h de tagel es  
ni  eht  war  od es ent lia  a good amount of ob li erplate c do e (d fe ining t eh  ed l age t ,e   

declar ni g neces as ry mem reb  vari ba les, a dn  c gnitaer  motsuc   
noitartsigernu/noitartsiger  )sdohtem . B ace u es  the ab tili y for one bo ject ot  ca ll  kcab  ot   

ona ther o ejb ct is us ch a eh lpful oc nstruc ,t  C#  
drub en fo  us gni  de setagel  ni  t eh  war . hW ne  the com lip er p or ces es s t eh   

event ke ,drowy  uoy  a er  au mot atica ll y rp ov di ed wi ht  er gistrat noi  na d nu er gist ar oit n 
met sdoh  sa  we ll  as yna  n ce e ss ary mem reb  vari ba le of r yo ru  del age te t py es. In this  
il gh ,t  the ev tne  

uoy  os me ty nip g time. eD f ni ing an e ev nt is a t ow - ets p proce ss . riF s ,t  uoy  deen  to  
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set{ 
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raC   

sedivorp  ht e neve t drowyek  to el ss en t eh   

yek word is ttil le more ht na  nys tac it c us ga ,r  whi hc  c na  eb  u des  ot  vas e  
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enifed  a de gel a et  t tah  tnoc a ni s ht e  
oy u ed cl ra e ht e eve tn s ( su ing ht e C# neve t ek y 

a nutshe ll , def nini g a pyt e t ah t ac n send events ne ta li s ht e fo oll wi gn  ap tt e nr  ( hs own in  
pseudo- doc e):  

ssalc cilbup  stnevEfOredneS   
{ 

cilbup  etageled  lavter  A ss o taic ed eleD g ta e(a gr s); 
cilbup  tneve  etageleDdetaicossA  Nam fOe E ev nt;  

...  
} 

ehT  tneve s of ht e aC r pyt e liw l take t eh  same an me as ht e p er vi uo s del ge ate  s  
(Ab tuo To olB w and Ex olp ded). hT e wen  d ele gate to wh ci h t eh  events are a oss cia et d lliw   
eb  cal el d aC rE nev t dnaH el r. ereH  a er  eht  ni i it al etadpu s ot  ht e aC r typ :e   

cilbup  ssalc  raC   
{  
//  sihT  etageled  skrow  ni  noitcnujnoc  htiw  eht   
//  s'raC  stneve .  

etageled cilbup  diov  gnirts(reldnaHtnevEraC  ;)gsm  
 
//  sihT  rac  nac  dnes  eseht  .stneve  

cilbup  ve tne  reldnaHtnevEraC  ;dedolpxE  
cilbup  tneve  reldnaHtnevEraC  ;wolBoTtuobA  

...  
} 

eS n nid g an event ot  the cal el r is as s mi ple as eps ci iyf ng ht e e ev nt yb  na em  sa  we ll  as  
yna  deriuqer  para tem e sr  as de denif  yb  eht  ass taico ed de gel a et . oT  erusne  taht  eht   
llac er ah s deedni  iger s deret  htiw  ,tneve  uoy  lliw  naw t ot  ehc ck eht  ve e tn  tsniaga  a nu ll   

em oht d set. hT ese things bei gn  said, eh re is th  e  
new eti ration of the raC ’  s ccA e arel t (e ) em t doh : cilbup  diov  tni(etareleccA  )atled  
{ 
//  fI  eht  rac  si  ,daed  erif  dedolpxE  eve .tn  
fi   

{ 
fi  dedolpxE(  =!  )llun  

siht ,yrroS"(dedolpxE  rac  si  daed .. . ;)"  
} 
 

esle   
{ 

deepSrruc  =+  ;atled  
 
//  tsomlA  ?daed   
fi   
&&   

{ 
uferaC"(wolBoTtuobA  l !yddub  noG an  olb "!w ;)  

} 
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meth sdo  ot  eb  ac ll ed w neh  eht  e tnev  is fi der . Next,  

wor )d  ni  t re ms fo  ht e related delega et . In  

eulav  erofeb  gnikovni  eht  s’etageled   

ac( Ir s daeD ) 

01(  ==  deepSxam  - deepSrruc   
wolBoTtuobA  =!  )llun   
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deepSrruc(  =>  )deepSxam  
daeDsIrac  = ;eurt  

esle   
"(eniLetirW.elosnoC - deepSrruC>  = ,"}0{  ;)deepSrruc  

} 
} 
W ti h this, oy u have oc nfi ug r de  ht e car to dnes  wt o custom neve ts tiw hout t eh  n ee d to  
def ni e cus mot  regis art t noi  func oit ns. uoY  lliw  see the su age of this new autom bo ile in  
uj st a mom ne t, but f ri s ,t  let’s c eh kc  ht e event archi et cture in a bit mo er  deta li .  

 
7.  6 ehT  Advanced eK ywo dr s of C# A,  Ca at lo o g C f # yek row  sd  

oT  c esol  th si  ,retpahc  y ll’uo  enimaxe  so em  of eht  om er  se ot re ci  C# ke owy rds:  
• ehc cked/ dekcehcnu   
• uns fa e/sta lakc loc/fi ex d/ foezis   
T el ,trats o t’ h tuo kcehc s o rp #C w o  citemhtira fo noitceted citamotua sediv o frev ol  dna w  

snoitidnoc  isu ng ht e ch kce ed dna  unc ceh ked .sdrowyek  
 
The dekcehc  eK yword  
As y uo  are on  doubt we ll  awar ,e  each numeri ac l data ty ep  h sa  a fix de  u pp er and lo ew  r  

yam  eb  deniatbo  rgorp a itamm c ylla  u is gn  eht  M Vxa a ul e  dna  
Min ulaV e seitreporp ). ,woN  nehw  uoy  era  gnimrofrep  tira h citem  po e snoitar  on a cificeps   

,epyt  ti  si  yrev  elbissop  taht  uoy  yam  yllatnedicca  revo - wolf  ht e mixam um s rot age of th  e  
epyt  ,.e.i(  ngissa  a eulav  taht  is retaerg  naht  eht  mumixam  )eulav  ro  wolfrednu  ht e  

minim um s garot e fo  the pyt e e.i( ., sa s gi n a va ul e aht t is less ht na  ht e im in m mu  v la u )e  .  
To k ee p ni  step w ti h the LC R, I iw ll  refer to both of eht se p so si ib l eiti s coll ce ti ylev  as  

lliw  ,ees  dekcehc  wolfrevo  dna  wolfrednu  snoitidnoc  tluser  ni   
.metsyS O lfrev o ecxEw p oit n pyt e. erehT  is no S U.metsy n lfred o ecxEw p oit n epyt  ni  eht  b sa e  

ssalc  ).seirarbil  oT  etartsulli  eht  ,eussi  emussa  uoy  evah  detaerc  owt  tyB.metsyS e ty ep s a(   
#C  ,)etyb  hcae  fo  hcihw  has been ass gi en d a av lue t ah t is safely below t eh  maximum  

2( 55)  . fI  uoy  erew  to a dd  ht e eulav s of t eh se epyt s (c tsa i gn  eht  er us tl i gn  i tn e reg  as a  
tyb e ,)  uoy  dluow  emussa  ht at ht e er s lu t wou dl  eb  ht e e ax ct sum fo  ae ch me bm :re   

an m se ap ec  hC e dekc hcnU e ekc d 
{ 

ssalc  margorP   
{ 

citats  diov  ][gnirts(niaM  )sgra  
{  
//  wolfrevO  eht  xam  eulav  fo  a .etyB.metsyS  

xaM"(eniLetirW.elosnoC  eulav  fo  etyb  si  ,".}0{  ;)eulaVxaM.etyb  
niM"(eniLetirW.elosnoC  eulav  fo  etyb  si  ,".}0{  ;)eulaVniM.etyb  

1b  = ;001  
2b  = ;052  
mus  = 1b()etyb(  + ;)2b  
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yb et   
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//  mus  dluohs  dloh  eht  eulav  ,053  revewoh ...  

mus"(eniLetirW.elosnoC  = ,"}0{  ;)mus  
Con los e eR. da L (eni ;)  
} 
} 
} 
If you w re e to iv ew the uo tp tu  of this ppa il ac ti no , you gim ht eb  s ru pris de  ot  f ni d t ah t  

ta ni s t eh  av l eu  49  ( ar th re  ht na  t eh  xe pect de  053 ). T eh  re nosa  is s mi ple. iG ve  n  
that a Sy ts me . tyB e ac n hold a v la ue no ly be wt ee n 0 and 255 (inclusiv ,e  for a grand total  
of 256 ls o st ), us m on w co tn a sni  ht e 
es e ,n  if y uo  take on  corre itc ve course of a tc ion, ove fr wol  ucco rs with tuo  e pecx t noi . tA   

,semit  this eddih n revo f ol w am y cau es  no ha mr  hw a veost re  in uoy r ejorp ct. tO he  r  
mit es, this loss of ad ta is oc mpletely u eccan tp a lb e. oT  eldnah  wolfrevo  ro  wolfrednu   
noc d noiti s in yo ru  appl ci ation, you have two o tp io sn . ruoY  f ri st eciohc  si  ot  vel re  ega  

ruoy  stiw  dna  gnimmargorp  slliks  ot  nah d el  a ll  wolfrevo  noc d snoiti  yllaunam . ussA m gni   
uoy  erew  deedni  elba  ot  dnif  e hca  evo fr wol  c idno t noi  ni  uoy r pr go ar m, uoy  luoc  d  

evloser  t eh  p er vio su  ove wolfr  orre r as fo ll o sw :  
//  erotS  mus  ni  na  regetni  ot  tneverp  wolfrevo .  

etyb  1b  = ;001  
etyb  2b  = ;052   

tni  mus  = 1b  + ;2b  
Of c sruo e, the probl me  with this et chnique is the s mi ple fact that you era  muh a ,n  and  

best a tt empts m ya  resu tl  in errors ht at h va e es pac ed your ey se . viG ne  t  ,sih  
C# pro iv des t eh  kcehc ed k ye ow rd. hW en you wr pa  a statem ne t (or a block o  f  
ts ate em n st ) iw thin the ocs pe of the ekcehc d key- word, eht  C# com ip ler emits eps cific  

CIL instructi sno  that test of r overflow condi it o sn  ht at may resu tl  w eh n addi gn ,  
mu lpitl y ni g, subtra itc ng, or dividing wt o numeric la  ad ta ty ep s. fI  na  wolfrevo  sah   
co c ru red, the run it me w lli  throw a  etsyS m.O wolfrev E tpecx ion type. esbO rve ht e  

niwollof g dpu a :et  
ssalc  margorP   

{ 
citats  diov  ][gnirts(niaM  

{ 
//  wolfrevO  eht  xam  eulav  fo  a .etyB.metsyS  

xaM"(eniLetirW.elosnoC  eulav  fo  etyb  si  ,".}0{  ;)eulaVxaM.etyb  
etyb  1b  = ;001  
etyb  2b  = ;052  

 
yrt   

{ 
etyb  mus  = c kceh ed 1b()etyb((  + ;))2b  

mus"(eniLetirW.elosnoC  = ,"}0{  ;)mus  
} 

noitpecxEwolfrevO(hctac  )e   
{ oC ns .elo irW et (eniL e M. se s )ega ; } 
} 
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} 

eH re, you wrap ht e add ti ion of b1 a dn  b2 iw thin t eh  epocs  of t eh  ehc c ek d ek y ow rd. If  
you wish to fo cr e evo fr ol w ehc c nik g to co cur vo re  a b kcol  of c do ,e  y uo  can int re tca   

htiw  eht  ehc cked ek yword  
yrt   

{ 
dekcehc   

{ 
etyb  mus  = 1b()etyb(  + ;)2b  

mus"(eniLetirW.elosnoC  = ,"}0{  ;)mus  
} 
} 
ac t O(hc rev olf cxEw ep it on e) 

{ 
Con los e rW. ti e eniL ( M.e e ss ga e); 
} 
I ie n t  edoc eht ,esac reh i tseuq n i  no wil e eb l v ula at p rof de ossibl  e ove fr lo c w no diti no  s  

,yllacitamotua  hcihw  lliw  reggirt  na  wolfrevo  noitpecxe  fi  deretnuocne .  
 

tteS gni  rP jo e tc wide Overflow Che ikc ng  
No ,w  if uoy  ra e cr ae it gn  an ppa il ac oit n t ah t sho dlu  ven er a ll ow sil ne t overflow to  
oc uc r, you m ya  dnif  oy urs fle  in the anno iy ng pos iti on of wrapp ni g un me or us il en s of  

ekcehc d k ye w ro d. As na  a tl erna it ve, the C# comp li er  
su opp rts t eh  / cehc ked flag. hW en enabl de , all 
of y uo r ar ti hme it c will be e av l au ted of r overflow w ti uoh t t eh  een d to m eka  use of th  e  

#C  dekcehc  k ye wo dr . fI  evo wolfr  ah s eb en d si co ev red, you wi ll  s llit  cer e vi e a run it me  
oT  elbane  siht  f gal  nisu g lausiV  S ut d oi  5002 , o nep  ruoy  s’tcejorp   

ytreporp  egap  a dn  ilc ck eht  Adv ecna d ub tt on no  t eh  Bu dli  t ba . F or m the er su itl ng  
golaid  ob x, sel ce t the “Check for tira hmet ci  evo fr ednu/wol fr ”wol  hc e kc  xob  

 
7.7 uB li ding a uC stom I dn exer  
As rp o rg a emm rs, we are ev ry fa im liar with the proce ss  of accessing id s rc ete ti ems  

tnoc ained iw thin a standard ar ar y su i gn  t eh  in ed x po erator, for e ax mple:  
//  eralceD  na  yarra  fo  sregetni .  
ni ][t  stnIym  = { ,01  ,9  ,001  ,234  ;}4789  
 
//  esU  eht  ][  rotarepo  ot  ssecca  hcae  .tnemele  

tni(rof  j ;0  j < ;htgneL.stnIym  )++j  

 
 
 
 
 
 

uoy  ha ev  dedda  s troppu  rof  an i dn e rex  em t oh d ot  ht e cu ts om co ll ection  
( araG ge) de ev lop de  in 
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as f llo o sw : 

edoc  tiw ih n t eh  cs o ep  of the  

Overflo cxEw eption.  

. 

= 
xednI"(eniLetirW.elosnoC  }0{  = }1{  ,"  ,j  ;)]j[stnIym  

The rp ev oi su  code si  by no em ans a ma oj r ne sw flash. woH e ,rev  ht e #C  langu ga e  
orp v edi s ht e cap ba tili y to ub li d suc tom classes dna  str cu tures t ah t may be ind exe d just  

kil e a standard ra ray. tI  dluohs  eb  on  gib  sirprus e ht at eht  em t doh  t tah  provi ed s t eh   
ytilibapac  ot  ssecca  ti e sm  ni  iht s am nner is termed an xedni er.  

eB f ro e e px ol ri gn  how to create such a construct, le s’t  begin by seeing one in action  .  
sA us em   
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//  srexednI  wolla  uoy  ot  ssecca  smeti  ni  na  ekilyarra  .noihsaf  

cilbup  ssalc   
{ 

citats  diov  ][gnirts(niaM  )sgra  
{ 

*****"(eniLetirW.elosnoC  nuF  htiw  srexednI  ***** \ ;)"n  
 
//  emussA  eht  egaraG  epyt  sah  na  rexedni  .dohtem  
aG egar  toLrac  = wen  ;)(egaraG  
 
//  ddA  emos  srac  ot  eht  egarag  gnisu  .rexedni  

]0[toLrac  = wen  ,"eeFeeF"(raC  
]1[toLrac  = wen  ,"reknulC"(raC  
]2[toLrac  = wen  ,"yppiZ"(raC  

 
//  woN  niatbo  dna  yalpsid  hcae  meti  gnisu  .rexedni  

tni(  i = ;0  i < ;3  )++i  
 

irW.elosnoC raC"(eniLet  :rebmun  ,"}0{  ;)i  
Con los e rW. ti e eniL ( aN" me: 
oC n elos rW. eti eniL ( aM" x  

Con los e rW. ti e eniL (); 
} 
Con los e eR. da L (eni ;)  
} 
} 
As you can see, indexers beh va e much li ek  a custom loc el c it on sup op rt ni g the  
IEn emu r ota r and IE emun r lba e interfaces. T eh  ylno  am roj  reffid e ecn  si  taht  rehtar  ht an  

gnissecca  t eh  tnoc e tn s usi  gn  
elloc c noit  of a tu o om b eli s uj st il ek  a s at ndard ra ra .y  

you configure t eh  raG age lc ass o( r yna  c al ss /structure) to sup-  
nA  dni e ex r is r pe resented sa  a s il ghtly mang el d C# pr epo rty. In ti s s mi pl se t for ,m  na   

i dn exer is cr ae ted using ht e th si [] sy atn x. ereH  si  eht  tnaveler  etadpu  ot  eht   
Gar ga e type:  
//  ddA  eht  rexedni  ot  eht  gnitsixe  ssalc  noitinifed .  

cilbup  ssalc  egaraG  : elbaremunEI  //  hcaerof  noitareti   
{ 

...  
//  esU  tsiLyarrA  ot  niatnoc  ht e raC  .sepyt  

etavirp  tsiLyarrA  yarrArac  = wen  ;)(tsiLyarrA  
 
//  ehT  rexedni  snruter  a raC  desab  no  a laciremun  .xedni  

cilbup  raC  tni[siht   
{  
//  etoN  tsiLyarrA  sah  na  rexedni  sa  !llew  
teg  { nruter  ;]sop[yarrArac)raC(  } 
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margorP   

20 )0 ; 
9 )0 ; 

03 ;)  

rof   
{ 

}0{ ,"  c ra [toL i .] NteP am )e ; 
:deeps  ,"}0{  ca oLr t .]i[ C pSrru e )de ; 

in afret ce yt pes, oy u ra e able to am nipulate t eh  in et rnal  
woN  for the b gi  que ts ion: H wo  do  

rop t t ih s f nu ctiona il yt ?  

pos] 
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tes  { ]sop[yarrArac  = eulav  } 
} 
} 

dnoyeB  ht e esu  of eht  iht s key ow rd, ht e inde ex r lo ko s uj st l ki e any ot eh r C# property  
ed cla ar  

noyeb d t eh  use fo  t eh  subs rc i tp  po e ar t ro . In other words, the bo ject us re  onnac t wr ti e  
code s cu h as ht e of llo iw ng: 
//  esU  tnuoC.tsiLyarrA  ?ytreporp  !epoN   

sraC"(eniLetirW.elosnoC  ni  :kcots  }0{  ,"  .toLrac uoC nt ;)  
 

oT  us pport this f cnu it ona til y, y uo  wo dlu  deen  to dda  oy ur wo n uoC nt porp e ytr  ot  eht   
Gar ga e  

cilbup  ssalc  :egaraG  elbaremunEI   
{ 

...  
//  iatnoC noitageled/tnemn  ni  noitca  ecno  .niaga  

cilbup  tni  tnuoC  { teg  { nruter  ;tnuoC.yarrArac  } } 
} 
As y uo  can ga ht er, ind xe re s are yet ano eht r form of syn at ctic s gu ar, given that thi  s  

can al os  be hca iev de  using “ on rmal” public me ht o sd  . oF r exa elpm , if the  
po tr  na  indexer, you w uo ld be a lb e to a ll ow t eh  outsi ed  world  

to in et car t tiw h t eh  inter an l arr ya  list us gni  a deman  porp e ytr  ro  tr anoitida l  
rotatum/rossecca  sdohtem . Neve htr e ,ssel  nehw  uoy  troppus  i dn exers no  y uo r custom  

elloc c noit  types, ht ey in et grate we ll  into the fabric of the . TEN  b sa e class il braries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

eD pt. fo  TIBJS,ESI  egaP  941  

tion. oD  be awa er  that i xedn ers do on t pro div e yna  arr ya - il ke uf nc it ona til y  

t py e, dna  ed l age te cca ordi gn ly: 

f nu ctionality  
Gar ga e t py e d di  on t sup 
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 snoitseuq dednemmoceR  

1. tahW  era  ?setageled  nialpxE  eht  srebmem  fo  setageleDtsacitluM.metsys . etirW  a gorp r  ma  
ni  #c  ot  tnemelpmi  rotarepo  revo  idaol ng fo  + dna  – rof  idda ng cartbus t gni  t ow   erauqs  

irtam ec s.  
2. Ex nialp  eht  owt  lautpecnoc  sweiv  fo  teN.  ylbmessa  htiw  a n tae  gaid ram. tahW  era  t eh   

eroc  eb n stife  fo  siht ?  
3. htiW  na  ex ssucsiD,elpma  decnavda  ke rowy sd  fo  C ,dekcehc:#  un ,dekcehc  un ,efas   

,collakcats  elitalov  dna  si ez  fo .  
4. etirW  a margorp  ni  #C  ot  tros  dna  esrever  na  rra ay fo  evif  ele m stne  gnisu  s ro t )(   dna  

sdohtem )(esrever .  
5. tahW  od  uoy  dnatsrednu  by ev stne  dna  setageled  in C #? e eviG. x  selpma  
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TINU  -8  
gnidnatsrednU  eht  tamroF  fo  a TEN.  ylbmessA   

 
1.8  smelborP  htiw  cissalC  MOC  Bi ran i se ,  
2.8  nA  weivrevO  fo  N. ET bmessA l ,y   
3.8  gnidliuB  a elpmiS  iF le tseT  bmessA ly  
4.8  A #C  C tneil  lppA i ,noitac   

A5.8  lausiV  saB ic TEN.  tneilC  ,noitacilppA  Ex gnirolp  eht  raC  arbiL r s’y   
tsefinaM   

6.8  gnirolpxE  eht  raC  arbiL r s’y  T sepy   
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8.1 Problems with Classic COM Bina ir es  
. TEN  ilppa c ta i sno  a er  urtsnoc c det  yb  eip cing to teg h re  a yn  un bm er of a ss emblies  .  

miS ply up ,t  na  a ss embly is a ve sr ione ,d  es lf-d se cribing binary f eli  ho ets d by t eh  CLR.  
seilbmessa  h eva  axe c ylt  eht  s ma e if el  e netx s snoi   

( xe.* e or .* d ll ) sa  pre iv o su  Win32 binaries (i cn lud 
ev yr  l tti le in mmoc on nu der the hood. Thus, ot  set t eh  stage of r the ni formati no  ot   
moc ,e  le ’t s ponder emos  of the b ene fits provided by ht e a ss e bm ly format.  

 
essA m seilb  etomorP  C edo  esueR   

As oy u vah e neeb  bu gnidli  ruoy  elosnoc  noitacilppa s evo r ht e verp i uo s hc a etp r ,s it am y  
evah  demees  taht   lla fo  eht  a ilpp c snoita ’ f nu tc noi ality was niatnoc de  wi iht n ht e  

elbatucexe  lbmessa y uoy  rew e noc rts gnitcu . In aer til y, your pa ilp ac it no s ew re  
lever ga ing un m ore us t py es noc tain de  ihtiw n t eh  a wl sya   
m cs orl bi . ld l  (recall that the C# oc mpiler refer ne ces ms oc r il b.dll tua o itam ac ll y ,)  sa   

llew  sa  Sy .mets W wodni s .smroF. dll. sA  y uo  may nk wo , a oc de library (also term de   a  
cl sa s il brary) is a * ld. l t tah  tnoc ai sn  t py se  i etn n ded  to be esu d by txe e nr al  

itacilppa ons. W eh n you are rc eating xe ecutab el  sa sembl sei , you liw l on  d uo bt be  
lever ga ing numerous system-supplied a dn  uc s ot m code l bi raries as y uo  create the  

noitacilppa  ta  dnah . oD  be a raw ,e  howe ev r, that a c do e l bi r ra y en de  on t t ka  e  
a* ld. l lif e e netx s noi . tI  is perf ce lt y p so s lbi e for an ucexe t ba le assembly to m eka  u es   
of types defi den  w ti nih  an xe ter an l  
la so be c no s redi ed a “c do e arbil r ”.y  

 
8.2 Unde sr tanding eht  F ro mat of a .N TE  A ss embly  

woN  taht  ev’uoy  rael n de  tuoba  lareves  stifeneb  pr divo ed by ht e .NET sa se lbm y, ’tel s  
tfihs  raeg s dna  g te  a be tt er di ae  fo  how an a ess lbm y is com op es d dnu er ht e dooh .  

tS ruc rut a ll y aeps ik gn , a  TEN.  
tnemele s: 

• A iW 3n 2 lif e heade  r  
• A  redaeh elif RLC  
• CI  edoc L  
• Type metadata  
• nA  ylbmessa  inam fest  
• tpO noi al e ddebm ed r se ources  

elihW  eht  tsrif  t ow  le e stnem  eht(  23niW  dna  RLC  )sredaeh  era  skcolb  fo  atad  taht  uoy  nac   
yllacipyt  ,erongi  yeht  od  evresed  emos  br fei  noitaredisnoc . sihT  gnieb  ,dias  na  evo r weiv   

fo  hcae  ele tnem  swollof .  
 
 
T eh  Win 23  F eli  Header  
T eh  Wi 23n  f li e aeh d re  esta ilb shes the f ca t ht at the assembly nac  eb  ol aded na d  
m na i up lated yb  ht e Wi swodn  fa lim y of o itarep ng sy ts e sm . Th si  redaeh  tad a la so  

seifitnedi  eht  dnik  fo  noitacilppa  elosnoc( - ,desab  IUG - ab se ,d  ro  *.dll code l bi rary) to  
eb  oh s et d by the Wi odn sw  operating syste .m  
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,woN  de ps i et  the af ct t ah t . EN T  
i gn  legacy COM es r ev rs ,)  ht ye  have  

lbissecca e .N TE  co ed  il brar ,y   

atucexe ble if el . nI  iht s li hg t, a r fe ere nc de  .* exe can  

assembly ( d.* ll or * e. xe) tsisnoc s of ht e fol gniwol   
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8.3 uB li ding a dn  Consuming a Sin lg e-F li e A ss embly  
T pmoc fo ssecorp eht nigeb o r eilbmessa TEN. fo dlrow eht gnidnehe oy ,s u’ll fi sr t rc ea  a et  

ssa e bm yl  (named Car iL arb ry) that contains a small set of pu lb ic t py es.  
oT  dliub  a doc e l bi ar yr  us gni  Visual tS udio 2005, is mply se el ct the Cla ss  Library pro ej c  t  
ow kr s ap ce T eh  desi ng  of your ua tom bo li e library eb ig ns tiw h an a sb tract ab se c al ss   

nifed es a bmun er of rp ot tce ed data me bm ers opxe sed rht o gu h cus mot   
propert ei s. ihT s ssalc  has a s gni le rtsba act me oht d n ema d bruT o sooB t(), w cih h m seka   

esu  fo  a c su tom e mun are t oi n ( nE g Seni t ta e) gnitneserper  eht  cu rr e tn  c noitidno  fo   eht  
rac ’ :enigne s   

gnisu  ;metsyS   
 

ecapseman  yrarbiLraC   
{  
//  stneserpeR  eht  etats  fo  eht  .enigne  

cilbup  mune  etatSenignE   
{ ,evilAenigne  daeDenigne  } 
 
//  ehT  tcartsba  esab  ssalc  ni  eht  .yhcrareih  

cilbup  tcartsba  ssalc  raC   
{ 

detcetorp  gnirts  ;emaNtep  
tcetorp de  trohs  ;deepSrruc  

detcetorp  trohs  ;deepSxam  
detcetorp  etatSenignE  etatSnge  = ;evilAenigne.etatSenignE  

 
cilbup  tcartsba  diov  ;)(tsooBobruT  

 
cilbup  }{)(raC  
cilbup  gnirts(raC  ,eman  trohs  ,xam  trohs  )rruc  

{ 
emaNtep  = ;eman  deepSxam  = ;xam  deepSrruc  = ;rruc  

} 
 

cilbup  gnirts  emaNteP   
{ 

teg  { nruter  ;emaNtep  } 
tes  { emaNtep  = } ;eulav  

} 
cilbup  trohs  deepSrruC   

{ 
teg  { nruter  ;deepSrruc  } 

} ;eulav = deepSrruc { tes  
} 

cilbup  trohs  deepSxaM   
{ teg  { nruter  ;deepSxam  } } 

etatSenignE etatSenignE cilbup   
{ teg  { ruter n ;etatSnge  } } 
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s gni le- if l  e * d. ll  

an m de  aC r aht t  
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}  
}  

woN  ssa u em  ht at y uo  vah e two cerid t d se ec n tned s of ht e aC r epyt  n dema  aViniM n na d  
SportsCar. E hca  overrides ht e abs rt ca t Tu oBobr o (ts ) em t doh  ni  an pa rp opriate  

ennam r.  
su gni  ;metsyS   

gnisu  ;smroF.swodniW.metsyS   
 

ecapseman  yrarbiLraC   
{  

cilbup  ssalc  raCstropS  : raC   
{  

cilbup  {)(raCstropS  }  
cilbup  gnirts(raCstropS  ,eman  trohs  ,xam  trohs  esab:)rruc  ,eman(  ,xam  {)rruc  }  

 
diov edirrevo cilbup  )(tsooBobruT   

{  
hS.xoBegasseM gnimmaR"(wo  ,"!deeps  retsaF"  si  retteb .. . ;)"   

}  
}  

cilbup  ssalc  naViniM  : raC   
{  

cilbup  {)(naViniM  }  
cilbup  gnirts(naViniM  ,eman  trohs  ,xam  trohs  esab:)rruc  ,eman(  ,xam  {)rruc  }  

diov edirrevo cilbup  )(tsooBobruT   
{  
//  snaviniM  evah  roop  obrut  ilibapac !seit   

= etatSnge  ;daeDenigne.etatSenignE   
emiT"(wohS.xoBegasseM  ot  llac  ,"AAA  ruoY"  rac  si  ;)"daed   

}  
}  
}  

.8 4 A C# Cl ei nt App acil tion  
tA  siht  tniop  uoy  nac  liub d ruoy  tneilc  noitacilppa  ot  ekam  esu  fo  eht  lanretxe  sepyt .  

U adp te ruoy  ni it lai  C# lif e as so:  
gnisu  ;metsyS   

 
//  t'noD  tegrof  ot  'esu'  eht  yrarbiLraC  !ecapseman   

gnisu  ;yrarbiLraC   
 

ecapseman  tneilCraCprahSC   
{  

cilbup  ssalc  tneilCraC   
{  

][gnirts(niaM diov citats  )sgra   
{  
//  ekaM  a strops  rac .  
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raCstropS  repiv  = wen  ,"repiV"(raCstropS  ,042  ;)04  
vip .re T bru Bo o (tso ;)  
 
//  ekaM  a .navinim  

naViniM  vm  = wen  ;)(naViniM  
mv. ruT b oBo so t )( ; 
Con los e eR. da L (eni ;)  
} 
} 
} 
This oc de looks just like the other app il ac it sno  de ev l po ed thus far. The only point of  
in et rest is th ta  eht  #C  cl ei nt application si  now making use of t epy s ed fin de  iw thin a  

rapes a et  uc stom ssa embly. oG  eha ad and nur  oy ur program. As oy u w uo ld e px e ,tc  ht e  
exe cu oit n of th si  program results in ht e dis lp ay of av r suoi  me gass e ob x se .  

 
5.8  gnidliuB  a lausiV  cisaB  TEN.  tneilC  noitacilppA   

To lli su trate ht e l augna ge- songa it c a titt edu  fo  ht e N. ET platfor ,m  le ’t s cr ae te na hto er  
con os le a pp lic noita  (Vb eN tCar ilC ent), ht is time u is gn  Visu la  Basic .N TE  (see Fi ug re 11 - 

t eh  p or ject, es t a refe er n ec  to Ca rbiLr ar .y dll su ing t eh  Add  
Refere cn e dialog box. stropmI  yrarbiLraC  
 

eludoM  1eludoM   
 

buS  )(niaM  
dnE  buS   

 
dnE  eludoM   
toN ice that the M (nia ) htem do  si  defined iw thin a Visual Basic TEN.  Modu el  t py e  

cihw( h has noth gni  ot  od  w ti h a *. en t om dule elif  of r a um tl if li e a ess ylbm )  . Mod lu es a er   
si pm ly a Visual B sa ic  
oc tn ain on yl  static me ht ods. oT  evird  

th si  op int home, eh re wo dlu  be t eh  as me construct ni  C#  :  
//  A BV  TEN.  'eludoM'  si  ylpmis  a delaes  ssalc   
//  gniniatnoc  citats  sdohtem .  

cilbup  laes de  ssalc  1eludoM   
{ 

cilbup  citats  diov  )(niaM  
{ 
} 
} 
nI  a yn  case, to exe cr i es  eht  niM i aV n dna  stropS Car sepyt  u nis g the syn at x o  f siV u la  B cisa   

. ,TEN  etadpu  ruoy  niaM () me doht  as so:  
buS  )(niaM  

*****"(eniLetirW.elosnoC  nuF  htiw  lausiV  cisaB  TEN.  )"*****  
miD  m naViniMy  sA  weN  )(naViniM  

myM ini V .na uT r oBob o (ts ) 
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1 )0 . nO ce y uo  have cre ta de   

. EN T s roh th na d n to a oit n of r de if nin g a es aled c al ss that ca  n  
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miD  raCstropSym  sA  weN  )(raCstropS  
myS rop t aCs .r T obru B soo t() 
Con los e eR. da L (eni ) 

dnE  buS   
hW en y uo  compile and ur n your pa plication, you wi ll  o cn e again find a ser ei s of  

me ss age b xo es id ps l eya d.  
 

6.8  gnirolpxE  eht  s’yrarbiLraC  sepyT   
R ace ll  t tah  hw ne  you eg nerate a str gno  name for na  assembly, t eh  ne tire pu ilb c ek y is  
r ce ord de  ni  eht  ssa e ylbm  ma in f tse . On a relat de  on te, w neh  a c il ne t referenc se  a  

ma in fest records a con ed ns de  h hsa  v la ue fo  the full  
up b il c key, denoted by the . up bl ekci y ekot n tag. fI  uoy  erew  ot  po en eht  inam f tse  of  

Sha der C Lra bi C neil t xe. e using li d .msa exe, y uo  dluow  f dni  eht  f llo wo ing:  
. nretxe ylbmessa  yrarbiLraC   
{ 
. ekcilbup nekoty  = 12(  E9  3F  08  9C  43  A8  )83  
. rev  0:0:0:1   
} 
fI  you co rapm e the v la ue of ht e public key token er co dr de  in the c eil nt am nifest wit  h  

the pub il c key token value sh nwo  in the GAC, you will find a ed ad-on m ta ch. llaceR  aht  t  
a ilbup c yek  stneserper  eno  as tcep  of ht e ts ro gn ly na dem  assem lb s’y  di e tn i yt . viG ne   

,siht  eht  CLR lliw  only load ev sr noi  .0.1 0 0.  of na  a ess ylbm  na dem  aC biLr rar y ht at h sa  a  
cilbup  yek  taht  c na  eb  ha hs ed nwod  to ht e av lue 21 E9 F 083 C 439 8A38. If the CLR does  

not if nd an a ss embly m ee ting this descri tp ion in the AG C (and  
ylbmessa  deman  yrarbiLraC  ni  ht e lc ie tn s’  d eri c ot ry), a eliF N uoFto nd itpecxe on i  s  

ht rown.  
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 :noitseuq dednemmoceR  
1. etirW  trohs  eton s no  eht  :gniwollof  )i  cissalc  OC  M seiranib  susrev  .N te  ass me bl sei  ii )  

ssorC  egaugnal  ecnatirehni .  
2. etirW  trohs  seton  :no  I)i n ecafret  fo  s metsy  noitcelloc  )ii  nI dex sre  )iii  derahS  lbmessa i se   

lautuM)vi  dna  ummi t ba le rts i sgn .  
3. etartsullI  htiw  na  maxe ,elp  ecnereffid  neewteb  s suonorhcny  dna  as suonorhcny   

eled g ta es.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

eD pt. fo  TIBJS,ESI  egaP  751   


