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Figure 1: Relationship between the application, the kernel, and the simulator 
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Figure 2: Limes directory tree 
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Figure 3: The compilation process 
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 mov r 0,  r 1      # r 1 <-  r 0 
 mov $3,  r 2      # r 2 <-  3 
 st or e r 4,  ( r 3)      # Memor y( r 3)  <-  r 4 
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 mov r 0,  r 1      # unchanged 
 mov $3,  r 2      # unchanged 
 <cal l  t he ker nel  wi t h t ype=WRI TE,  addr ess=r 3,  val ue=r 4> 
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 movl  %ecx,  _var      # var  <-  %ecx 
 movl  $3, ( %eax)      # Memor y( %eax)  <-  3 
 movl  %eax,  4( %edx, %eax, 2)   # Memor y( %edx + 2* %eax + 4)  <-  %eax 
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 cmpl  $3, ( %eax)  
 i ncl  ( %ebx)  
 subl  %ebx, - 8( %ebp, eax)  
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 pushl  4( %eax)  
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 [ of f set ] ( base r egi st er [ , of f set  r egi st er [ , s i ze] ] )  
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  - 4( %eax)  
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 [ of f set ] _var i abl e 
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 <wr i t e addr ,  val ue> 
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 <wr i t e addr ,  val ue> 
 { cal l  t he ker nel  wi t h t ype=WRI TE,  addr ;  i t  wi l l  r ead val ue f r om addr }  
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 <r ead addr > 
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 { cal l  t he ker nel  wi t h t ype=READ,  addr ;  i t  wi l l  wr i t e val ue t o addr }  
 <r ead addr > 
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 <wr i t e addr ,  val ue> 
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 { save t he cont ent s of  addr  t o a l ocat i on known t o t he ker nel }  
 <wr i t e addr ,  val ue> 
 { cal l  t he ker nel  wi t h t ype=WRI TE,  addr ;  i t  wi l l  r ead val ue f r om addr }  
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 subl  %eax,  - 4( %ebp,  %ebx)  
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 . . .  
 l eal  - 4( %ebp,  %ebx) ,  %edi  
 pushl  %edi  
 . . .  
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 addl  ( %eax) , %ebx   # %ebx <-  %ebx + Memor y( %eax)  
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 { cal l  t he ker nel  wi t h t ype=READ,  addr =’ ( %eax) ’ }  
 addl  ( %eax) , %ebx 
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 addl  $3, ( %eax)    # Memor y( %eax)  <-  Memor y( %eax)  + 3 
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 { cal l  t he ker nel  wi t h t ype=READ,  addr =’ ( %eax) ’ }  
 addl  $3, ( %eax)  
 { cal l  t he ker nel  wi t h t ype=WRI TE,  addr =’ ( %eax) ’ }  
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L1:   movl  $3,  %eax      # EAX <-  3 

addl  %eax,  %ebx     # EBX <-  EBX + EAX 
cmpl  %ebx,  - 4( %edx, %ecx, 2)   # compar e EBX wi t h Memor y( EDX+2* ECX- 4)  

!���	��	�����������	��	�
��
!�"	
L1:   movl  $3,  %eax      # no change 

addl  %eax,  %ebx     # no change 
 
pushf l ;  pushal      # save f l ags and r egs 
addl  $2,  _sys_t hr ead_t i me  # updat e t i me 
l eal  - 4( %edx, %ecx, 2) ,  %edi   # get  memor y addr  
pushl  %edi       # send i t  t o t he ker nel  
pushl  $4       # s i ze:  4 byt es ( cmpl )  
pushl  REQUEST_READ    # t ype:  READ ( equ $1)  
cal l  _ker nel _memor yop   # cal l  t he ker nel  
addl  $12,  %esp     # r est or e st ack poi nt er  
popal ;  popf l       # r est or e CPU st at us 
 
cmpl  %ebx,  - 4( %edx, %ecx, 2)   # t he or i gi nal  i nst r .  
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Figure 4: Compilation dependencies of the kernel modules 
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t ypedef  unsi gned char        bi t s8;  
t ypedef  unsi gned shor t  i nt   bi t s16;  
t ypedef  unsi gned i nt         bi t s32;  
t ypedef  unsi gned l ong l ong  bi t s64;  
t ypedef  bi t s32   bi t sMAX;    / *  f or  32- bi t  bus.  Use bi t s64 f or  64- bi t  bus.  * /  
t ypedef  bi t s32   bi t sLOCK;  
t ypedef  bi t s32   bi t sADDR;  
#def i ne DATA_WI DTH si zeof ( bi t sMAX)  

�
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	bi t sMAX,  bi t sADDR,  DATA_WI DTH,  bi t sLOCK	�	�
�	�#�	��I�	
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enum Memor y_Request _Type {   / *  possi bl e r equest s f r om t he memor y s i mul at or  * /  
    REQUEST_NONE    = - 1,    / *  no r equest  * /  
    REQUEST_WRI TE   = 0,     / *  memor y wr i t e r equest  * /  
    REQUEST_READ    = 1,     / *  memor y r ead r equest  * /  
    REQUEST_LOCK    = 2,     / *  r equest  f or  a l ock ( t est  & set )  * /  
    REQUEST_UNLOCK  = 3     / *  unl ock r equest  ( s i mpl e c l ear )  * /  
    / *  add your  own her e,  i f  you have t hem.  * /  
    } ;  
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enum PE_r esponse {           / *  MemSi m' s PE[ I D]  r esponse t o a r equest  * /  
    PROCESSOR_NORESPONSE,    / *  no r esponse due t o no r equest  * /  
    PROCESSOR_STALLED,       / *  pr ocessor  st al l ed due t o a r ead mi ss et c.  * /  
    PROCESSOR_SATI SFI ED,     / *  memor y oper at i on compl et ed * /  
    PROCESSOR_LOCK_BUSY     / *  memor y r ef er ence compl et e but  t he l ock i s  busy * /  
    } ;  
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<'0'&'�������A���L������������
st r uct  Memor y_Request  {      / *  st r uct ur e descr i bi ng t he r equest  * /  
    enum Memor y_Request _Type t ype;   / *  READ/ WRI TE/ LOCK/ UNLOCK/ . . .  * /  
    bi t s32 v i r t ual _addr ;     / *  set  by t he ker nel  * /  
    bi t s32 addr ;             / *  comput ed by t he memsi m,  i f  TLBs ar e s i mul at ed * /  
    i nt     pi d;              / *  pr ocess I D ( == sys_t hr ead_I D)  - -  f or  TLBs * /  
    i nt     s i ze;             / *  s i ze of  one dat a chunk -  1. . MAX_DATA_WI DTH * /  
    i nt     i sshar ed;         / *  0 i f  i t  i s  not  * /  
    bi t sMAX dat a;            / *  dat a buf f er ,  f or  r eads and wr i t es * /  
    i nt  r equest ed_now;       / *  t hi s  one i s  set  by t he schedul er  when appr opr i at e 
    enum PE_r esponse sat i sf i ed;  / *  and t hi s  one i s  set  by t he mem.  s i mul at or  * /  
    } ;  
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Figure 5: Relationship between hardware modules in an SMP system 
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Figure 6: Software modules representing their hardware counterparts 
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Figure 7: State diagram/flow chart for the WTI protocol 
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Figure 8: Compilation dependencies of the snoopy simulator modules 
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Figure 9: Modules and their input/output ports 
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#i ncl ude " snoopy. h"  
#i ncl ude TOPOLOGY_HDR 
#i ncl ude " cache_memor y. h"  
#i ncl ude " bus_si gnal s. h"  
 
/ /  s t at es a l i ne i n t he WTI  pr ot ocol  can be f ound i n 
c l ass WTI _Li ne_St at e {  
  publ i c:  
    enum St at e {  I NVALI D,  VALI D }  st at e;  
    WTI _Li ne_St at e( )                 { st at e = I NVALI D; }  
    bool   i sval i d( )                  { r et ur n st at e == VALI D; }  
    St at e get ( )                      { r et ur n st at e; }  
    voi d  set ( St at e new_st at e)       { st at e = new_st at e;  }  
    char   symbol ( )                   { r et ur n st at e == VALI D ? ' V'  :  ' I ' ; }  
    } ;  
 
/ /  t he WTI  cache cont r ol er  modul e decl ar at i on 
c l ass WTI _Cache {  
    i nt  i ndex;                           / /  i ndex of  t he bel ongi ng pr ocessor  
    / /  i nst ant i at e cache memor y wi t h WTI _Li ne_St at e as i t s  Li ne_St at e 
    Cache_Memor y<WTI _Li ne_St at e> cache_memor y;    
    / /  por t  def i ni t i ons 
    s t r uct  I n {                          / /  I nput  por t :  
        s t r uct  Memor y_Request  r equest ;   / /  f r om t he CPU 
        bool  BUS_GNT;                    / /  bus gr ant  ( f r om t he bus modul e)  
        bool  LOCK_GNT;                 / /  i gnor ed 
        Bus_Si gnal s bus;                 / /  bus cont ent s,  t o be r ead f r om t he bus 
        }  i n;  
    s t r uct  Out  {                         / /  Out put  por t  
        s t r uct  Response {                / /  t o t he CPU 
            enum PE_r esponse si gnal ;     / /  s i gnal  t o t he I O_Buf :  
                                        / /  PROCESSOR_SATI SFI ED,  _STALLED,  et c.  
            bool  STROBE;                 / /  set  t o hi gh when ' s i gnal '  i s  f or med 
            }  r esponse;  
        bool  BUS_REQ;                    / /  bus r equest :  sent  t o t he bus modul e 
        bool  LOCK_REQ;                   / /  i gnor ed  
        Bus_Si gnal s bus;                 / /  bus cont ent s,  t o go on t he bus 
        }  out ;  
    / /  s t at es t hi s  f i ni t e st at e machi ne cal l ed WTI  can be f ound i n 
    enum St at e {  
        I NI TI AL,                         / /  I NI TI AL - -  not  doi ng anyt hi ng 
        READ_WAI T_BGNT,                  / /  wai t i ng f or  bus t o do a READ 
        READ_WAI T_MEMORY,                / /  wai t i ng f or  t he memor y t o compl et e 
        WRI TE_WAI T_BGNT,                 / /  wai t i ng f or  bus t o do a WRI TE 
        WRI TE_WAI T_MEMORY,               / /  wai t i ng f or  t he memor y t o compl et e 
        LOCK_WAI T_BGNT,                  / /  wai t i ng f or  bus t o do a LOCL 
        LOCK_READ_WAI T_MEMORY,           / /  wai t i ng f or  bus do r ead l ock val ue 
        LOCK_SLEEP                      / /  s l eepi ng,  s i mul at es spi n del ay 
        }  s t at e;  
    / /  some i nt er nal  var s 
    bool  snoop_hi t ;                      / /  t r ue f or  a snoop hi t  
    i nt  wai t _st at e_count er ;  
    const  READ_WAI T_STATES              = 2;  
    const  WRI TE_WAI T_STATES             = 2;  
    const  BUSY_LOCK_SLEEP_CYCLE_COUNT   = 1;  
    i nt  busy_l ock_sl eep_cycl e_count ;  
    / /  s t at i st i cs 
    s t r uct  St at  {  
        i nt  r eq;                         / /  r equest s 
        i nt  i nv;                         / /  i nval i dat i ons 
        St at ( )   {  r eq=i nv=0; }  
        voi d dump( i nt  i ndex) ;  
        }  s t at ;  
  publ i c:                                / /  decl ar at i on of  met hods 
    WTI _Cache( ) ;                         / /  c t or  
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    voi d assi gn_i ndex( i nt  i nd)  {         / /  i ndex i s  assi gned by Topol ogy 
        i ndex = i nd;  }    
    voi d I nt r oduce( ) ;                    / /  cal l ed at  st ar t up 
    voi d cycl e( ) ;                        / /  cal l ed at  each s i mul at ed cycl e 
    bool  i s i dl e( )  {                      / /  f al se i f  not  i n I NI TI AL st at e 
        r et ur n ( st at e == I NI TI AL) ;  }      
    voi d dump_st at e( ) ;                   / /  f or  debuggi ng 
    voi d dump_st at s( )  {                  / /  dump st at i st i cs at  end 
        s t at . dump( i ndex) ;  }       
    TOPOLOGY_FRI ENDS                    / /  Topol ogy c l ass i s  WTI ' s  f r i end 
    } ;  
 
#i f def  PRAGMA_I MPLEMENTATI ON_WTI _CACHE 
/ /  t he WTI  cache cont r ol l er  modul e i mpl ement at i on 
 
WTI _Cache: : WTI _Cache( )  {                         / /  c t or  
    i ndex = 0;                                   / /  def aul t ,  but  wi l l  be changed 
    cache_memor y. I ni t i al i ze( ) ;                   / /  i ni t i al i ze cache memor y 
    s t at e = I NI TI AL;                             / /  go t o t he I NI TI AL st at e 
    out . r esponse. si gnal  = PROCESSOR_NORESPONSE;  / /  c l ear  i nput  and out put  por t s 
    out . r esponse. STROBE = 0;  
    i n. BUS_GNT = 0;  
    out . BUS_REQ = 0;  
    i n. bus. r eset ( ) ;  
    out . bus. r eset ( ) ;  
    } ;  
 
voi d WTI _Cache: : I nt r oduce( )  {  
    COUT << " Pr ot ocol :  WTI  ( v1. 0) .  " ;  
    COUT << " \ n" ;  
    COUT << " READ_WS="  << READ_WAI T_STATES << " ,  " ;  
    COUT << " WRI TE_WS="  << WRI TE_WAI T_STATES << " ,  " ;  
    COUT << " LOCK_WS="  << BUSY_LOCK_SLEEP_CYCLE_COUNT << " \ n" ;  
    cache_memor y. I nt r oduce( ) ;  
    }  
 
voi d WTI _Cache: : St at : : dump( i nt  i ndex)  {  
    i f  ( r eq)  COUT << " WTI " <<i ndex<<" :  "  << 
        " r eq=" <<r eq << " , i nv=" <<i nv << " \ n" ;  
    }  
 
/ /  t he mai n met hod:  Topol ogy cal l s  i t  i n each s i mul at ed cycl e.  I f  i t  was not  
/ /  i n i ni t i al  st at e,  i t  wi l l  r esume f r om t he poi nt  wher e i t  l ef t  of f  i n t he 
/ /  pr evi ous cycl e.  
/ /  Thi s met hod f i r st  r eads t he bus.  Then i t  checks i f  t her e i s  SNOOP si gnal  
/ /  hi gh on i t ,  and,  i f  so,  checks i f  i t  has t he l i ne t o i nval i dat e.  I f  t r ue,  
/ /  does so and ski ps t hi s  cycl e.  Thi s r ef l ect s t he f act  t hat  t her e ar e t wo 
/ /  cont r ol l er s i n t hi s  one,  t he Pr ocessor  Cache Cont r ol l er  ( PCC)  and t he 
/ /  Snoop Cache Cont r ol l er  ( SCC) ,  each of  whi ch has i t s  own copy of  cache 
/ /  t ags,  but  t he cache memor y i t sel f  can be accessed onl y by one cont r ol l er  
/ /  at  a t i me,  and t he SCC par t  has pr ecedence.  
 
/ /  A f ew wor ds about  t hi s  pr ot ocol :  WTI  means ' wr i t e- t hr ough,  i nval i dat e' .  
/ /  That  means t hat  each wr i t e i s  wr i t e- t hr ough,  i . e.  st r ai ght  t o t he memor y 
/ /  ( and al so t o t he cache i f  we have t he l i ne i n i t ) ,  whi l e i nst r uct i ng 
/ /  al l  t he ot her  caches t o i nval i dat e t hei r  own copy of  t he l i ne,  i f  t hey 
/ /  have one.  On a r ead mi ss,  t he whol e l i ne wi l l  be f et ched f r om t he memor y.  
     
voi d WTI _Cache: : cycl e( )  {  
     
    Topol ogy: : cache_r ead_bus( i ndex) ;         / /  r ead t he bus cont ent s f i r st  
 
    / /  check i f  t her e i s  SNOOP si gnal  on t he bus,  but  i ssued by a cache 
    / /  ot her  t han mysel f :  
 
    i f  ( i n. bus. SNOOP && ! i n. BUS_GNT)  {     / /  ! i n. BUS_GNT:  ' I  don' t  have t he bus'  
        / /  t her e i s:  sel ect  f r ame #1 of  cache_memor y' s C ( cur r ent )  var s,  
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        / /  whi ch keep t he cur r ent  posi t i on of  t he l i ne 
        cache_memor y. set _cur r ent _f r ame( 1) ;    
        / /  check i f  t he addr ess i s  ' val i d'  -  t he l i ne exi st s,  and i s  not  I NVALI D 
        snoop_hi t  = cache_memor y. i sval i d( i n. bus. addr ) ;  
        i f  ( snoop_hi t )  {  
            / /  i f  so,  f or ce t hi s  l i ne I NVALI D:  
            cache_memor y. set st at e( WTI _Li ne_St at e: : I NVALI D) ;  
            cache_memor y. unt ouch( ) ;          / /  f or ce i nval i d l i ne MRU 
            ++st at . i nv;           / /  s t at i st i cs:  i ncr ement  t he i nval i dat i on count  
            }  
        / /  now r est or e Cur r ent  f r ame #0 f or  use wi t h t he PCC par t  
        cache_memor y. set _cur r ent _f r ame( 0) ;    
        i f  ( snoop_hi t )  r et ur n;  / /  i f  t hi s  was i nval i dat e HI T,  ski p t hi s  cycl e 
        / /  ( act ual l y,  i t  shoul d ski p t hi s  cycl e anyway;  t r y  i t  t o see how 
        / /  i t  af f ect s t he per f or mance. )  
        }  
         
    / /  OK,  t her e was no snoop or  t her e was a snoop mi ss,  so we cont i nue.  
    / /  We mi ght  or  mi ght  not  be i n I NI TI AL st at e.  I f  we ar e,  we' l l  check 
    / /  i f  t her e' s a r equest  f or  us f r om our  pr ocessor .  I f  we ar e not ,  t hat  
    / /  means we cont i nue f r om wher e we st opped i n t he pr evi ous cycl e,  and 
    / /  we' l l  use ' got o'  t o r esume.  
     
    swi t ch ( st at e)  {  
        case I NI TI AL                :  got o STATE_I NI TI AL;  
        case READ_WAI T_BGNT         :  got o STATE_READ_WAI T_BGNT;  
        case READ_WAI T_MEMORY       :  got o STATE_READ_WAI T_MEMORY;  
        case WRI TE_WAI T_BGNT        :  got o STATE_WRI TE_WAI T_BGNT;  
        case WRI TE_WAI T_MEMORY      :  got o STATE_WRI TE_WAI T_MEMORY;  
        case LOCK_WAI T_BGNT         :  got o STATE_LOCK_WAI T_BGNT;  
        case LOCK_READ_WAI T_MEMORY  :  got o STATE_LOCK_READ_WAI T_MEMORY;  
        case LOCK_SLEEP             :  got o STATE_LOCK_SLEEP;  
        def aul t                      :  br eak;  
        }  
     
STATE_I NI TI AL:   / /  check i f  t her e i s  a r equest  
    i f  ( !  Topol ogy: : cache_r ead_r equest ( i ndex) )  r et ur n;   / /  not  as such 
    ++st at . r eq;                                          / /  s t at i st i cs 
    / /  much of  t he f ol l owi ng shoul d be sel f - expl anat or y:  
    swi t ch ( i n. r equest . t ype)  {  
        case REQUEST_READ :   
            / /  f i r st ,  check i f  t her e i s  a l i ne i n t he cache 
            i f  ( cache_memor y. i sval i d( i n. r equest . addr ) )   {  
                / /  yes.  Ther e i s  not hi ng el se t o be done,  so t el l  t he pr ocessor  
                / /  t hat  i t s  r equest  was sat i sf i ed 
                out . r esponse. si gnal  = PROCESSOR_SATI SFI ED;  
                out . r esponse. STROBE = 1;  
                s t at e = I NI TI AL;     / /  and set  st at e t o I NI TI AL ( was al r eady)  
                r et ur n;              / /  not hi ng el se t o be done i n t hi s  cycl e 
                }  
            / /  no,  t he l i ne i s  not  i n t he cache,  or  i s  i nval i d 
            out . BUS_REQ = 1;         / /  t el l  t he bus t hat  we need i t  and set  
            s t at e = READ_WAI T_BGNT;  / /  ' s t at e'  so t hat  i n t he next  cycl e we' l l  
            r et ur n;                  / /  cont i nue f r om STATE_READ_WAI T_BGNT 
        case REQUEST_UNLOCK:         / /  wi l l  f al l  down t o t he ' WRI TE'  case 
            MEMSI M_WRI TE_LOCK(  i n. r equest . addr ,  0) ;  / /  do t he act ual  wr i t e 
                                                    / /  t o t he memor y 
        case REQUEST_WRI TE :  
            / /  a wr i t e i s  al ways sat i sf i ed i mmedi at el y 
            out . r esponse. si gnal  = PROCESSOR_SATI SFI ED;  
            out . r esponse. STROBE = 1;  
            out . BUS_REQ = 1;         / /  we need t he bus t o wr i t e t he wor d t hr ough 
            s t at e = WRI TE_WAI T_BGNT;  
            r et ur n;  
        case REQUEST_LOCK :  
            out . BUS_REQ = 1;         / /  t he bus i s  used as a bi nar y semaf or e 
            s t at e = LOCK_WAI T_BGNT;  / /  f or  accessi ng l ock var i abl es 
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            r et ur n;  
        def aul t :  br eak;  
        }  
    r et ur n;           
                 
 
STATE_READ_WAI T_BGNT:    / /  her e we come i f  we ar e i n st at e READ_WAI T_BGNT 
    / /  don' t  f or get  t hat  al l  t he i nput s f r om t he bus have been r ead al r eady 
    i f  ( ! i n. BUS_GNT)  r et ur n;     / /  r et ur n i f  t he gr ant  s i gnal  has not  come yet  
    / /  i ni t i al i ze cache memor y l i ne f or  ' f et chi ng'  f r om t he memor y:  t hi s  
    / /  met hod oper at es on t he cur r ent  l i ne;  by cal l i ng i sval i d( ) ,  we al so 
    / /  i nst r uct ed t he cache memor y modul e t o sel ect  an appr opr i at e l i ne f or  
    / /  r epl acement ,  whi ch di d so by i nspect i ng i n. r equest . addr ' s  t ag and 
    / /  checki ng LRU i nf o i n t he bel ongi ng set .  So we i ni t i al i ze t he cache 
    / /  memor y f or  t hi s  oper at i on,  and i t  wi l l  r et ur n t he addr  of  t he f i r st  
    / /  wor d i n t he l i ne.  Ther ef or e,  we don' t  have t o know anyt hi ng at  al l   
    / /  about  t he cache geomet r y.  
    cache_memor y. l i ne_f et ch_i ni t ( &out . bus. addr ) ;  
    out . bus. memcmd = REQUEST_READ;   / /  a ' READ'  cmd wi l l  be seen on t he bus 
    out . bus. s i ze   = DATA_WI DTH;     / /  t hi s  i sn' t  r eal l y  necessar y,  but . . .  
    out . bus. SNOOP  = 0;              / /  no snoopi ng and no I NV;  we j ust  want   
    out . bus. I NV    = 0;              / /  t o f et ch t he l i ne f r om t he memor y 
    / /  now pr epar e t o wai t  READ_WAI T_STATES cycl es f or  t he memor y t o f i ni sh.  
    wai t _st at e_count er  = READ_WAI T_STATES;  
    s t at e = READ_WAI T_MEMORY;  
    r et ur n;  
     
STATE_READ_WAI T_MEMORY:  
    i f  ( wai t _st at e_count er - - )  r et ur n;  
    / /  ok,  t he s l ow memor y has compl et ed.  Not e t hat  ot her  pr ot ocol s use 
    / /  mor e sophi st i cat ed scheme,  wher e t he # of  wai t  st at es f or  subsequent   
    / /  wor ds may di f f er  f r om t he number  of  wai t  st at es f or  t he f i r st  wor d 
 
    / /  check i f  t he cur r ent  addr ess mat ched t he one f r om t he r equest  
    i f  ( out . bus. addr  <= i n. r equest . addr  &&  
        i n. r equest . addr +i n. r equest . s i ze <= out . bus. addr  + DATA_WI DTH)  {  
        / /  yes,  send t hi s wor d t hat  has j ust  been r ead t o t he pr ocessor  
        out . r esponse. si gnal  = PROCESSOR_SATI SFI ED;  
        out . r esponse. STROBE = 1;  
        }  
    / /  cache memor y hi des t he l i ne s i ze f r om us:  so,  we' l l  r epeat edl y cal l  
    / /  . l i ne_f et ch_put next ( )  met hod,  whi ch wi l l  r et ur n t he addr ess of  t he 
    / /  next  wor d,  and f al se i f  t her e ar e no mor e wor ds i n t he l i ne 
    i f  ( cache_memor y. l i ne_f et ch_put next ( &out . bus. addr ) )  {  
        wai t _st at e_count er  = READ_WAI T_STATES;   / /  mor e wor ds t o come 
        r et ur n;  
        }  
    / /  count i ng done,  whol e l i ne f et ched 
    / /  set  new st at e t o VALI D 
    cache_memor y. set st at e( WTI _Li ne_St at e: : VALI D) ;  
    / /  dr op t he bus r equest .  The bus modul e wi l l  i n t ur n dr op our   
    / /  BUS_GNT i nput  s i gnal  i mmedi at el y 
    out . BUS_REQ = 0;  
    s t at e = I NI TI AL;     / /  r et ur n t o t he i ni t i al  st at e.  
    r et ur n;  
         
STATE_WRI TE_WAI T_BGNT:    
    i f  ( ! i n. BUS_GNT)  r et ur n;  
    / /  a r eal  cache woul d now do a " wr i t e"  i n i t s  memor y 
    / /  send t he bus t he i nf or mat i on f or  bot h t he mai n memor y and ot her   
    / /  cache cont r ol l er s:  
    out . bus. memcmd   = REQUEST_WRI TE;  
    out . bus. addr      = i n. r equest . addr ;  
    out . bus. s i ze     = i n. r equest . s i ze;  
    out . bus. SNOOP    = 1;                        / /  SNOOP = hi gh 
    out . bus. I NV      = 1;                        / /  I NVALI DATE = hi gh 
    wai t _st at e_count er  = WRI TE_WAI T_STATES;      / /  now wai t  f or  t he memor y 
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    s t at e = WRI TE_WAI T_MEMORY;                   / /  t o compl et e 
    r et ur n;  
                     
STATE_WRI TE_WAI T_MEMORY:  
    out . bus. SNOOP    = 0;    / /  do not  act i vat e snoop cont r ol l er s 
    i f  ( wai t _st at e_count er - - )  r et ur n;  
    out . BUS_REQ = 0;  
    s t at e = I NI TI AL;  
    r et ur n;  
 
    / /  Thi s cache cont r ol l er  i s  i mpl ement ed so t hat  i t  knows about  l ocks,  
    / /  and per f or ms t hem as TEST&TEST&SET i nst ead of  j ust  TEST&SET.   
    / /  TEST&SET coul d be accompl i shed by gai ni ng excl usi ve access t o t he 
    / /  bus,  r eadi ng t he l ocat i on,  wr i t i ng non- zer o t o i t ,  f r eei ng t he bus,  
    / /  and r et ur ni ng t he ol d val ue of  t he gi ven l ocat i on.  TEST&TEST&SET 
    / /  omi t s t he t hi r d st ep ( wr i t i ng)  i f  i t  f ounds a non- zer o val ue i n 
    / /  t he l ocat i on,  t her eby savi ng possi bl y a l ot  of  i nval i dat i ons.  
    / /  ( Ber kel ey and Dr agon use speci al  ar bi t r at or  f or  l ocks so t hat  t he 
    / /  bus can be used f or  or di nar y r ead and wr i t es unobst r uct edl y.  
    / /  I f  t he cont r ol l er  f i nds a non- zer o val ue on t he l ock addr ess,  i t  
    / /  coul d ei t her  r et ur n PROCESSOR_LOCK_BUSY r esponse,  and l et  t he s i mul at or  
    / /  spi n by cal l i ng t he cache agai n and agai n,  or  i t  can spi n i t sel f  
    / /  t her eby maki ng t he s i mul at i on a bi t  f ast er .  On t he syst em wher e 
    / /  each pr ocess r esi des on a di f f er ent  pr ocessor ,  t her e i s  no di f f er ence.  
    / /  bet ween t he t wo appr oaches,  so t he ot her  one i s  used,  t hough i t  does 
    / /  not  r ef l ect  t he r eal i t y.  But  t he r esul t s  wi l l  be t he same.  
     
STATE_LOCK_WAI T_BGNT:     
    i f  ( ! i n. BUS_GNT)  r et ur n;  
    / /  check i f  i t  i s  i n t he cache 
    i f  ( cache_memor y. i sval i d( i n. r equest . addr ) )   
        got o check_l ock_val ue;  
    / /  ok,  t her e i s  not ,  r ead i t  f r om t he memor y 
    out . bus. memcmd   = REQUEST_READ;  
    out . bus. addr      = i n. r equest . addr ;  
    out . bus. s i ze     = s i zeof ( bi t sLOCK) ;  
    out . bus. SNOOP    = 0;  
    out . bus. I NV      = 0;  
    wai t _st at e_count er  = READ_WAI T_STATES;  
    s t at e = LOCK_READ_WAI T_MEMORY;  
    r et ur n;  
         
STATE_LOCK_READ_WAI T_MEMORY:  
    i f  ( wai t _st at e_count er - - )  r et ur n;  
 
check_l ock_val ue:  
    i f  ( MEMSI M_READ_LOCK( i n. r equest . addr )  == 0)  {    / /  l ock f r ee 
        out . r esponse. si gnal  = PROCESSOR_SATI SFI ED;  
        out . r esponse. STROBE = 1;          
        / /  Do t he act ual  " wr i t e 1"  t o t he l ock l ocat i on i n  
        / /  r eal  ( appl i cat i on' s)  memor y 
        MEMSI M_WRI TE_LOCK(  i n. r equest . addr ,  1) ;   
        / /  go t o t he r egul ar  WRI TE t o do t he r est  of  t he j ob 
        got o STATE_WRI TE_WAI T_BGNT;      / /  [ we do have GNT al r eady]  
        }  
    / /  t he l ock i s  busy;  t her e i s  not hi ng t o be wr i t t en.  dr op t he bus and sl eep 
    out . BUS_REQ = 0;  
    busy_l ock_sl eep_cycl e_count  = BUSY_LOCK_SLEEP_CYCLE_COUNT;  
    s t at e = LOCK_SLEEP;  
    r et ur n;  
     
STATE_LOCK_SLEEP:  
    i f  ( busy_l ock_sl eep_cycl e_count - - )  r et ur n;  
    out . BUS_REQ = 1;  
    s t at e = LOCK_WAI T_BGNT;          / /  s t ar t  agai n 
    r et ur n;  
    }  
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#i ncl ude " snoopy. h"  
#i ncl ude TOPOLOGY_HDR  / /  TOPOLOGY_HDR symbol  i s  def i ned as " t opol ogy. h"  
#i ncl ude " cache_memor y. h"  
#i ncl ude " bus_si gnal s. h"  
 
c l ass WTI _Cache {  
    . . .  
    s t r uct  I n {  
        . . .  
        Bus_Si gnal s bus;          
        }  i n;  
    . . .  
    TOPOLOGY_FRI ENDS  / /  t hi s  macr o expands t o " f r i end c l ass Topol ogy; "  
    } ;  
. . .  
voi d WTI _Cache: : cycl e( )  {  
    / /  r ead t he bus cont ent s f i r st  
    Topol ogy: : cache_r ead_bus( i ndex) ;  / /  cal l  Topol ogy t o r ead t he bus 
 . . .  
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#i ncl ude " snoopy. h"     / /  def i ni t i on of  t he al i ases t hat  f ol l ow 
cl ass CACHE_CLASS;     / /  c l ass WTI _Cache;  
c l ass BUS_CLASS;      / /  c l ass Bus;  
c l ass I O_BUF_CLASS;     / /  c l ass I O_Buf  
 
c l ass Base_Topol ogy {  
  pr ot ect ed:  
    s t at i c  I O_BUF_CLASS             *  i o_buf [ MAX_CPU_COUNT] ;  
    s t at i c  CACHE_CLASS              *  cache[ MAX_CPU_COUNT] ;  
    s t at i c  BUS_CLASS                *  bus;  
  publ i c:  
    / /  ser vi ces f or  t he communi cat i ng modul es 
    s t at i c  bool  i o_buf _i nput ( i nt  i ndex) ;  
    s t at i c  bool  cache_r ead_r equest ( i nt  i ndex) ;  
    s t at i c  voi d cache_r ead_bus( i nt  i ndex) ;  
    s t at i c  bool  bus_r ead_REQs( ) ;  
    s t at i c  bool  bus_r ead_LOCK_REQs( ) ;  
    s t at i c  voi d bus_r ead_cont ent s( i nt  mast er _i ndex) ;  
 
    / /  syst em ser vi ces, cal l ed by t he Memsi m cl ass.  They exi st  f or  al l  s i mul at or s 
    s t at i c  voi d syst em_i ni t ( ) ;  
    s t at i c  voi d syst em_cl eanup( Thr ead_Ti me l ast _t i me) ;  
    s t at i c  bool  syst em_i si dl e( ) ;  
    s t at i c  voi d syst em_dump_st at e( ) ;  
    s t at i c  voi d syst em_col l ect _r equest s( ) ;  
    s t at i c  voi d syst em_cycl e( ) ;  
    } ;  
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#i ncl ude <st di o. h> 
#i ncl ude " t opol ogy. h"  
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#i ncl ude CACHE_HDR  / /  #i ncl ude " wt i _cache. h"  
#i ncl ude BUS_HDR   / /  #i ncl ude " bus. h"  
#i ncl ude I O_BUF_HDR  / /  #i ncl ude " i o_buf . h"  
 
/ /  we have t o i nst ant i at e obj ect s t hr ough poi nt er s 
I O_BUF_CLASS            *  Base_Topol ogy: : i o_buf [ MAX_CPU_COUNT] ;  
CACHE_CLASS             *  Base_Topol ogy: : cache[ MAX_CPU_COUNT] ;  
BUS_CLASS               *  Base_Topol ogy: : bus;  
 
/ /  t hese r out i nes ar e cal l ed f r om t he memsi m 
voi d Base_Topol ogy: : syst em_i ni t ( )  {   
    bus = new BUS_CLASS;  
    f or ( i nt  i =0;  i <MAX_CPU_COUNT;  ++i )   {  
        i o_buf [ i ]  = new I O_Buf ;  
        cache[ i ]   = new CACHE_CLASS;          
        i o_buf [ i ] - >assi gn_i ndex( i ) ;   / /  each modul e i n t he ar r ay i s  assi gned 
        cache[ i ] - >assi gn_i ndex( i ) ;   / /  an i ndex 
        }  
    cache[ 0] - >I nt r oduce( ) ;      / /  say who you ar e ( t o be pr i nt ed out )  
    }  
/ /  syst em_cl eanup i s  mai nl y used f or  dumpi ng st at i st i cs:  
voi d Base_Topol ogy: : syst em_cl eanup( Thr ead_Ti me l ast _t i me)  {   
    PRI NTF( " TOTAL si mul at i on t i me:  %d cycl es. \ n" ,  l ast _t i me) ;  
    f or ( i nt  i =0;  i <MAX_CPU_COUNT;  ++i )    
        cache[ i ] - >dump_st at s( ) ;       
    bus- >dump_st at s( l ast _t i me) ;  
    }  
/ /  r et ur ns t r ue i f  al l  t he modul es i n t he syst em ar e i dl e:  
bool  Base_Topol ogy: : syst em_i si dl e( )  {  
    f or  ( i nt  i =0;  i <CPU_COUNT;  ++i )  {  
        i f  ( ! i o_buf [ i ] - >i s i dl e( ) )  r et ur n f al se;  
        i f  ( ! cache[ i ] - >i s i dl e( ) )  r et ur n f al se;  
        }  
    r et ur n t r ue;  
    }  
voi d Base_Topol ogy: : syst em_dump_st at e( )  {  
    f or ( i nt  i =0;  i <CPU_COUNT;  ++i )    
        cache[ i ] - >dump_st at e( ) ;  
    bus- >dump_st at e( ) ;        
    }  
/ /  Cal l ed at  t i mes when a set  of  r equest  * coul d*  exi st :  
voi d Base_Topol ogy: : syst em_col l ect _r equest s( )  {  
    f or ( i nt  i =0;  i <CPU_COUNT;  ++i )   
        i o_buf [ i ] - >st ar t _cycl e( ) ;  
    }  
/ /  The mai n f unct i on:  pol l s  al l  t he modul es t o do t hei r  shar e i n t hi s  cycl e:  
voi d Base_Topol ogy: : syst em_cycl e( )  {  
    f or ( i nt  i =0;  i <CPU_COUNT;  ++i )   
        cache[ i ] - >cycl e( ) ;  
    bus- >cycl e( ) ;  
    f or ( i =0;  i <CPU_COUNT;  ++i )   
        i o_buf [ i ] - >end_cycl e( ) ;  
    }  
/ /  Topol ogy f or  your  own si mul at or  wi l l  need al l  t he met hods l i s t ed  
/ /  above;  onl y i mpl ement at i ons of  t hese met hod wi l l  di f f er .  
 
/ /  These met hods ar e cal l ed f r om var i ous modul es;  t hei r  names and 
/ /  i mpl ement at i ons depend on t he st r uct ur e of  your  syst em:  
 
/ /  * * * * * * * * * * * * * * * * * * *  wr i t e i n I O_buf ' s  i nput  por t  * * * * * * * * * * * * * * * * * * *  
 
/ /  each I O_Buf  cal l es t hi s  met hod ( passi ng i t s  i ndex)  upon t he end 
/ /  of  each s i mul at ed cycl e.  Thi s met hod checks i f  t he cache cont r ol l er  
/ /  pl aced i mmedi at el y bel ow t he i o_buf  modul e i n quest i on has set  i t s  
/ /  STROBE bi t  hi gh.  I f  so,  t he cont r ol l er  has an i nf or mat i on t o communi cat e 
/ /  t o t he i o_buf  modul e.  The t opol ogy wi l l  r ead t hi s  i nf or mat i on f r om t he 
/ /  cont r ol l er ' s  out put  por t ,  wr i t e i t  i nt o t he i o_buf  modul e' s  i nput  por t ,  
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/ /  and c l ear  t he STROBE bi t .  
 
bool  Base_Topol ogy: : i o_buf _i nput ( i nt  i ndex)  {  
    i f  ( cache[ i ndex] - >out . r esponse. STROBE)  {  
        i o_buf [ i ndex] - >i n. r esponse. si gnal  =  
            cache[ i ndex] - >out . r esponse. si gnal ;  
        cache[ i ndex] - >out . r esponse. STROBE = 0;   / /  c l ear  
        r et ur n t r ue;     / /  t el l  t he i o_buf  t hat  a r esponse appear ed 
        }         
    el se 
        r et ur n f al se;  
    }  
 
/ /  * * * * * * * * * * * * * * * * * * * * *  cache modul es ser vi ces * * * * * * * * * * * * * * * * * * * * *  
 
/ /  The s i mi l ar  pr ocedur e i s  f ol l owed f or  r eadi ng i o_buf ' s  out put  
/ /  ( r equest  descr i pt i on)  and wr i t i ng i t  i nt o cache cont r ol l er ' s   
/ /  i nput  por t .  The STROBE bi t  i s  al so used.  However ,  t he cont r ol l er  
/ /  modul e wi l l  not  cal l  t hi s  met hod at  ever y cycl e,  but  onl y when 
/ /  i t ' s  i dl e.  I f  i t  i s  al r eady pr ocessi ng pr evi ous r equest  ( such as 
/ /  r ead t hat  was a mi ss) ,  i t  wi l l  not  cal l  t hi s  met hod and t he STROBE 
/ /  bi t  wi l l  not  be c l ear ed.  Onl y when t he cont r ol l er  get s i dl e agai n 
/ /  ( r et ur ns t o i t s  I NI TI AL st at e)  i t  wi l l  cal l  t hi s  met hod.  By i nspect i ng 
/ /  i t s  STROBE bi t ,  t he I O_Buf  can know t hat  t he cont r ol l er  has r ead t he 
/ /  r equest .  
 
bool  Base_Topol ogy: : cache_r ead_r equest ( i nt  i ndex)    {  
    i f  ( i o_buf [ i ndex] - >out . r equest . STROBE)  {  
        cache[ i ndex] - >i n. r equest  =  
            *  i o_buf [ i ndex] - >out . r equest . r equest _pt r ;  
        / /  t hi s  i s  wher e v i r t ual  addr ess t r ansl at es t o physi cal .  
        / /  I n t hi s  case,  j ust  physci al  = v i r t ual .  
        cache[ i ndex] - >i n. r equest . addr  =  
            ( cache[ i ndex] - >i n. r equest . v i r t ual _addr ) ;  
        i o_buf [ i ndex] - >out . r equest . STROBE = 0;           / /  c l ear  
        r et ur n t r ue;     / /  yes,  a r equest  exi st s 
        }  
    el se 
        r et ur n f al se;    / /  no r equest  t hi s  t i me 
    }  
 
/ /  * * * * * * * * * * * * * * * * * *  BUS- r el at ed Topol ogy f unct i ons * * * * * * * * * * * * * * * * * *  
 
/ /  The bus modul e cal l s  t hese t o r ead bus and l ock r equest s 
bool  Base_Topol ogy: : bus_r ead_REQs( )  {  
    bool  any=0;  
    f or  ( i nt  i =0;  i <CPU_COUNT;  ++i )   
        any = any |  ( bus- >BUS_REQ[ i ]  = cache[ i ] - >out . BUS_REQ) ;  
    r et ur n any;  
    }  
 
bool  Base_Topol ogy: : bus_r ead_LOCK_REQs( )  {  
    bool  any=0;  
    f or  ( i nt  i =0;  i <CPU_COUNT;  ++i )   
        any = any |  ( bus- >LOCK_REQ[ i ]  = cache[ i ] - >out . LOCK_REQ) ;  
    r et ur n any;  
    }  
 
/ /  t hi s  met hod i s  cal l ed by t he bus when i t  want s t o r ead t he cont ent s 
/ /  of  t he cont r ol l er ' s  out put  por t  t hat  shoul d appear  on t he bus,  
/ /  f or  t he modul e t hat  cur r ent l y  hol ds t he bus 
 
voi d Base_Topol ogy: : bus_r ead_cont ent s( i nt  mast er _i ndex)  {  
    bus- >bus_cont ent s = cache[ mast er _i ndex] - >out . bus;  
    / /  i f  someone has SUPPLY hi gh,  hi s  dat a goes t o t he bus 
    bool  suppl y_l i ne = 0;  
    bool  sh_l i ne = 0;  
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    f or ( i nt  i =0;  i <CPU_COUNT;  ++i )  {  
        i f  ( cache[ i ] - >out . bus. SUPPLY)  {  
            suppl y_l i ne = 1;  
            }  
        sh_l i ne | = cache[ i ] - >out . bus. SH_LI NE;  
        }  
    bus- >bus_cont ent s. SUPPLY  = suppl y_l i ne;  
    bus- >bus_cont ent s. SH_LI NE = sh_l i ne;  
    }  
 
/ /  t hi s  met hod i s  cal l ed by each cache cont r ol l er  modul e when i t  want s 
/ /  t o r ead what  i s  on t he bus.  Of  cour se,  each cache cont r ol l er  cal l s  
/ /  t hi s  met hod i n each si mul at ed cycl e.  
 
voi d Base_Topol ogy: : cache_r ead_bus( i nt  i ndex)    {  
    cache[ i ndex] - >i n. BUS_GNT = bus- >BUS_GNT[ i ndex] ;  
    cache[ i ndex] - >i n. LOCK_GNT = bus- >LOCK_GNT[ i ndex] ;  
    cache[ i ndex] - >i n. bus     = bus- >bus_cont ent s;  
    }  
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cl ass Memsi m {  
    Thr ead_Ti me l ast _si mul at i on_t i me;  
  publ i c:  
    voi d i ni t ( )  {  Topol ogy: : syst em_i ni t ( ) ;  }  
    voi d end( )   {  Topol ogy: : syst em_cl eanup( l ast _si mul at i on_t i me) ;  }  
    voi d s i mul at e( Thr ead_Ti me t i me_bef or e,  Thr ead_Ti me t i me_now) ;  
    voi d dump_st at e( )     
        {  Topol ogy: : syst em_dump_st at e( ) ;  }  
    }  memsi m;  
 
/ *  
 *  The mai n r out i ne.  Cal l ed by t he ker nel  ever y t i me a new r equest  or  a set  
 *  of  r equest s appear s,  and i n successi ve cycl es wher e al l  t he pr ocessor s 
 *  ar e st al l ed.  
 * /  
voi d Memsi m: : s i mul at e( Thr ead_Ti me t i me_bef or e,  Thr ead_Ti me t i me_now)  {  
 
    f or ( Thr ead_Ti me t i me=t i me_bef or e;  t i me<=t i me_now;  ++t i me)  {  
        i nt  i ;  
 
        / /  opt i mi zat i on:  i f  t he whol e syst em i s i n i ni t i al  t i me,  
        / /  shi f t  cur r ent  t i me t o pr esent  
        i f  ( t i me < t i me_now && Topol ogy: : syst em_i si dl e( ) )  t i me = t i me_now;  
 
        / /  i f  t i me now i s  t i me_now,  wher ei n t her e ar e some r equest s,  f or  
        / /  t hat  i s  t he r eason we have been cal l ed i n t he f i r st  pl ace,  
        / /  col l ect  t hem.  The onl y s i t uat i on wher e bef or e ! = now i s  when 
        / /  i n bef or e- 1 ever yone was sat i sf i ed,  and we had t o f i ni sh a 
        / /  wr i t e or  somet hi ng.  Fr om bef or e t o now- 1 t her e ar e no r equest s.  
        i f  ( t i me == t i me_now)   
            Topol ogy: : syst em_col l ect _r equest s( ) ;  
        Topol ogy: : syst em_cycl e( ) ;  
        }  
    l ast _si mul at i on_t i me = t i me_now;  
    }  
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Figure 12: Virtual address space layout for a single process (an example) 
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Figure 13: Virtual address space layout for multiple threads (an example) 
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/ *   
 *  CubbyHol e i s  a moni t or  obj ect :  pr oducer  wr i t es t o i t  and consumer  r eads 
 *  f r om i t ,  wi t h get ( )  and put ( )  met hods,  t hat  r equi r e synchr oni zat i on.  
 * /  
 
c l ass CubbyHol e :  publ i c  Moni t or  {  
 i nt  cont ent s;   / /  val ue wr i t t en t o by t he Pr oducer  and r ead by t he Consumer  
 bool  avai l abl e;  / /  i ndi cat es t hat  t he new val ue i s  avai l abl e 
  publ i c:  
 synchr oni zed i nt  get ( )  {    / /  cal l ed by t he Consumer  
  acqui r e( ) ;  
  whi l e ( avai l abl e == f al se)   
   wai t ( ) ;  
  avai l abl e = f al se;  
  not i f y( ) ;   / /  not i f y  t he Pr oducer  t hat  t he obj ect  has been consumed 
  i nt  t emp_cont ent s = cont ent s;  / /  t hi s  i s  a wor kar ound f or  t he f act  
  r el ease( ) ;       / /  t hat  r el ease( )  shoul d be done bef or e 
  r et ur n t emp_cont ent s;    / /  r et ur n;  i n Java,  r el ease( )  i s  i mpl i c i t  
  }  
 synchr oni zed i nt  put ( i nt  val ue)  {  / /  cal l ed by t he Pr oducer  
  acqui r e( ) ;  
  whi l e ( avai l abl e == t r ue)   
   wai t ( ) ;  
  cont ent s = val ue;  
  avai l abl e = t r ue;  
  not i f y( ) ;   / /  not i f y  t he Consumer  t hat  t he new val ue i s  avai l abl e 
  r el ease( ) ;  
  }  
 } ;  
 
/ *  
 *  Pr oducer  and Consumer  ar e t hr eads,  get t i ng t he addr ess of  a CubbyHol e 
 *  obj ect  t o wor k wi t h upon i ni t i al i zat i on.  
 * /  
    
c l ass Pr oducer  :  publ i c  Thr ead {  
 CubbyHol e * cubbyhol e;  
publ i c:  
   Pr oducer ( CubbyHol e &c)  {  
    cubbyhol e = &c;  
  }  
   voi d r un( )  {  
    f or  ( i nt  i =0;  i  < 10;  ++i )  {  
     cubbyhol e- >put ( i ) ;  
     pr i nt f ( " Pr oducer  put :  %d\ n" ,  i ) ;  
     }  
  }  
 } ;  
 
c l ass Consumer  :  publ i c  Thr ead {  
 CubbyHol e * cubbyhol e;  
publ i c:  
   Consumer ( CubbyHol e * c)  {  
    cubbyhol e = c;  
  }  
   voi d r un( )  {  



	 ==	

    i nt  val ue;  
    f or  ( i nt  i =0;  i  < 10;  ++i )  {  
     val ue = cubbyhol e- >get ( ) ;  
     pr i nt f ( " Consumer  got :  %d\ n" ,  val ue) ;  
     }  
  }  
 } ;  
 
voi d mai n( i nt  ar gc,  char  * ar gv[ ] )  {  
 CubbyHol e * c = new CubbyHol e;  
 Pr oducer  * p1 = new Pr oducer ( c) ;  
 Consumer  * c1 = new Consumer ( c) ;  
 p1- >st ar t ( ) ;  
 c1- >st ar t ( ) ;  
 del et e p1,  c1;  / /  synchr onous del et e 
 del et e c;  
 }  
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