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APPENDIX A

Detailed Simulation Results (using the Independent Process Model)
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APPENDIX B
Detailed Simulation Results (using the Cooperating Process Group Model)
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APPENDIX C
Program for the Simulated System
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1 hnical Implem jon N

The following are a number of details regarding implementation features of the
simulation system:

1.  All synchronisation between processes (both user processes and the simulated
processors) is peformed using UNIX signals. Since the manner in which the
system call sleep () is implemented, this code includes our own version using

pause () and alarm() to avoid deadlock under certain sequences of
interrupt.

2. Muwal exclusion is assured using the file "lock.f", and assigning aliasses to it

via the 1ink () ; this is used especially for access to pipes shared by user
processes.

3. The system can be run in the background using nohup, to allow the
experimenter to log out; his terminal is explicitly opened by the program for
writing, and so any error messages will still be displayed on the screen.

4.  Configuraton File Format :

Each processor has a configuration file "config", with the extension of its
processor identifier. This file must contain the following:

< number of physical links to/from the processor>
< identifying integers of neighbour processors on each link>

< link/distance pairs of integers for each other processor >

5.  Message Formats :

Each external message between processors has a header of type EM HDR
whose fields contain:

- the identity of the sending processor
- the name of the process causing message transmission

- the identity of the destination processor.
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The following messages are used for interkernel communications :

EM_CPORT (announcing port creation) :

fields :
- port name
- port's permitted message type

EM_DPORT (announcing port destruction) :

fields :
- port name

EM_LP REQ (request for remote port link) :
fields :
- "link to" port name
- "link from" port name
EM [P _ACK (acknowledgement of successful remote port link) :
fields :
- "link to" port name
- "link from" port name
EM _LP_NACK (announcing failure of remote port link) :
fields :

- reason for failure

EM _UP_REQ (request for remote port unlink) :
fields :
- "link to" port name
- "link from" port name
EM_UP_ACK (acknowledgement of successful port unlink) :
tields : |

- indication of successful unlink



EM_UP_NACK (announcing failure of remote port unlink) :
fields :

- reason for failure

MSG (user interprocess message) :

fields :

- message header
- message text

where message header has fields :

- source port of message
- destination port of message
- message length

- message type
- blocking/non-blocking send flag

Directory Structure :

The system is organised in the following directories :

include - files containing parameters of the system

kernel - files containing all kernel routines

physnetwk - files containing the network simulation

utils - files containing general utility routines

usrf - files containing user process interface routines
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DIRECTORY NAME : INCLUDE
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/= FILE: project/src/include/keywds.h */

/* This file contains useful defines for making the system more readable */

# define READ 0
# define WRITE 1
# define FIFO 0010000
# define OWNACC 0000700
# define EMPTY (-1)
# define FAIL (=1)
# define MANAGER (-1)
# define PENDING 1
# define BLCCKING 1
# define NCN_BLCCKIVG 2
# cdefine BLCCKED 1
# define (UN3LOCXZID 0
# define KCALL_MASK 0x8000
# define EMSG_MASX 0x4000
# define KCFAIL_MASK 0x8000
# define XCSUCC_MASK 0x4000
# define SUCCESS 0
4 Zefine FCRWARDED 1
# define SIGKCR SIGUSR1
# cdefine SIGXCRACX SIGUSR2
# define SIGMSG SIGUSR2
# gefine SIGHMSGACX SIGFPE

SIGMIG SIGFPE

SIGMIGACZX SIGUSR1

SIGCONT SIGTERM

SIGSCHED SIGINT

SISSETC2 SIGTERM

CHILD 0

PARENT default

REMLINK 2

RIMQUERY 3
+ define RIMUNLINK 4
4 define RW 2
¥+ define Cwi static
3 define LCCAL auto
# dafine RES register
# galfine EXTERN extern
4+ cafine PAXAMS /*=/
3 cefine FCREVER for(;;)
4 ze2fine TRUE ) 1
# cefine FALSE 0

/= Emsg types */

% define C2RCC_MSG
# define CPORT_MSG
# define DPORT_M3G
# define LPORT_REQ
# define LPCRT_ACK
# define LPORT_NACK
4 define UPORT_REQ
# define QPORT_REZQ
% define CPORT_ACX

W < o bnoas W= O
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define
define
define
define
define
define
define
define
define
define
deline

e M Gk R W 9 o W W W e

/* Kecall
# define
# cafine
# define
# define
# define
# define
# define
# define
# define
# define
# deline

# Zefine

PINFO_MSS
USR_MSG
UPORT_ACX
UPORT_NACXK
EXIT_MSG
PROBE_MSG
REPLY_PRC3

10
51
12
13
14
E_MSG 15

NEGCCIATE MSG 16

CH_AVE_MSG
LVEC_MSG

17
18

PORT_LCC_MSG 19

tyepes =/
CPROC_KC
CPORT_KC
EPROC_KC
DPORT_KC
LPORT_KC
UPORT_XC
QPORT_KC
BRMSG_KC
NBRMSG_KC
BSMSG_KC
NBSMSG_XC
COPROC_KC

/* Time tyces */

# define

USERtime

# cdefine OStime

LT=T s < R Y. (T T B I % R N S

o
= O

/= Shared memory size */

# dafine

$# defire

SHMSIZ

CTRL SIS

sizeof (PROC_ENTRY) *MAXPRCCS +)\
sizeof (ROUTE) *MAXMCS +\

sizeof (double) +\

sizeof (int) +\
sizeof{QTUM_ENTRf}'NQUANTA +\
sizeof (int)

312 sizeof(double) + MAXMCS * sizecof (unsigned short)



/* FILE: project/src/include/params.h

/* This file contains changeable parameters for the system */

define LCCXFNAME ‘"lock.f"
define OPLOCXSIZ 8
define KCRLCCXSIZ 8
define CPNAMSIZ 14
define KCRNAMSIZ 14
define MAXMCS 16
define MAXLINXS 8
define MAXPNAME 12
define MAXLFICM i
define MAXLTC E}
define MAXMSGS 4

define MAXOWNPRT 2
define MAXPRCTS 50
deZine MAXPORTS 100
define MAXFNAME 16
define N_SYS PRCCS 1
define MSG_SIZ2 6
deZine AVE_PRCC_GROUP 3
deline AVE_EXZIC_TIME 3.0

MM M e S e e aB GRS 3B dE e b S O e 48 98

/* Cefines for timing */

% delire CONTEXT_SWITCH 200

# define RX _BYTZ TIME 1

$ define TX 2¥Is DIME 1

# define PROTCCCL_TIME 1000

# define FAIL TIME 30

¥ deline AVE_IXNST 1

# celine NCUANTA 10

4 define CUANTCM 20000

# define DUMP_INTZIRVAL 10000000.0

# define SYNC _TIME 50000.0

/* Cefires

# define

&

¥

4

3 a1

3 2

4 TS0 10U 3

# SENDER 1

# RECZIVER 2

# GCING_UP 4.0

4 define GOING_DCWN 3.0

# define NAWAITS 10

4 define OVERLCADED my_average_load > global_average_load\
+ ACCEPTABLE_RANGE

# define UNDERLCALED my_average_load < global_average_load\

- ACCEPTABLE_RANGE
# define TIMECUT_INTERVAL 200000
# define VECTCR_SIZE 6

50



# define
# define
4 define
# define

NLOADS

VECTOR_SIZE/2

CONSICEZR_INTERVAL 1000000

SEND_INTZRVAL
MIN_EXZC_TIME

250000
200000
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/= FILE: project/src/include/sys/errcodes.h */
/* This file contains the system error codes */

define PIPE_CREATION 0
define FORK_MCS 1
define C_HDR_ERR 2
define TM_PORTS 3
define FORX_FAIL 4
define TM_PROCS 5
define PIPE READ 6
define PIPEZ _WRITE 7
define LCCK_OPEN 8
define PI PE_QOPEY 9

T e

/* User errsr codes */

# deiine TM_LTO 1
# define TM_LFRCM 2
# define UN_LFPCRT 8
# define UN_LTPCRT 9
# define (UN_RPCRT 10
# define TM_NBRCVS 11
# define UN_SPCRT 12
# define UN_DPCRT 13
$ define UN_MTYPES 14
4 define DP_LINXZD 15
# deZine UCP_MSGS 16
# deline EX_PORIS 17
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/* FILE: project/src/include/sys/globvars.h */
/* This file contains EXTERNal declarations of all global variables */

EXTERN PORT_ENTRY gpecrt_table [];
EXTERN PORT_ENTRY =*nxt_port;
EXTERN int nports;

EXTERN PRCC_ENTRY precess_table(];
EXTERN PRCC_ENTRY *nxt_proc;

EXTERN Jiac nprocs;
EXTERN int last_proc_creat;
EXTERN int own_pipe;
EXTZRN int kKcret_pipe;
EXTZIRN ROUTE route_table(];
EXTZRN int mcpids [];
EXTERN  iat this_me;
ZIXTERN PLINK phys_link [];
EXTERN char ownp_locks (] [CPLOCKSIZ];
ZXTEZRN char kcret_locks (] [KCRLOCKSIZ];
ZXTZIRN FILE *trace;
EXTEZRN FILE *config;
int nmes;
int boot;
ire load_bal_active;
int synth_workload;
int got_ackkersig;
int got_msgsigack;
int got_migack;
iac proc_setup;
iac n_local_procs;
int n_active_local procs;
double sys_real time;
int OScverhead;
0¥ ENIRY guantal(l:
ink current;
irnt shmid;
unsignec shert xsubil[];
double *stop_time;
unsigned snacrz *reached;
dcuble cumul_exist_time;
jin= n_deaths;
TIMZ_GUT too_low;

- toc_nigh;

.“Z2UT awaiting_process;
global_average_lecad;
n_virtual_procs;

EXTEZRN NTRY *scheduled_proc;
EXTERN my_average_load;
EXTERN PRCC_LCAD load_vector(];
EXTERN int process_groups(];
EXTERN unsigned short rnd_job(]:
EXTERN inc nxt_job;

EXTERN int n_migrates;
EXTERN int n_TXs;

EXTERN int n_nbours;
EXTERN int neighbours(];
EXTZRN int policy;
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/> FILE: project/src/include/sys/macros.h */
/* This file contains macro defs to ease writing of system routines */

# include <memory.h>

# define procncpyl(a,b) memcpy ( (char *)&(a), (char<)&(b), sizecf (PROCN))
# define kcfail(a) (KCR_HDR kcxr_hdr = (a) | KCFAIL_MASK;\
kcreturn (caller->upid, (char *)é&kcr_hdr,\
sizeof (KCR_HDR) ) ;\
time_update (FAIL_TIME * AVE_INST + CONTEXT_SWITCH *
AVE_INST,USERtime,caller);}

# define getp_blk(a) RX (({char *)&kc_hdr, sizeof(KC_HDR));\
RX ((char *)&p _blk, sizeof(a))
# define kcsucc(a,b) kcreturn (caller->upid, (char *)&({a), sizeof(a));\
time_update (CONTEXT_SWITCH * AVE_INST + (b) *
AVE_INST, USERtime, caller)
# define contxt_swtch time_update (CONTEXT_SWITCH * AVE_INST, USERtime,
caller)
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/* FTILE: project/src/linclude/sys/types.h */
/* This file contains typedefs for all common system types
/*xxxx MESSAGES **=<=/
typedef struct {
char dst_port [MAXPNAME] ;
char src_port [MAXPNAME];
int msg_length;
int snd_type;
int msg_type;
} MSG_HDR;
typedef struct msg {
MSG_HDR msg_hdr;
char msg_txt([MSG_SIZ];

struct msg *next;

} MSG;

/*==%xx DPCINTIR TO ZUNCTION *#*kxx/

typedeZ int (*2TI)();

*#xxx® DHVSICAL LINX w¥wsx/f
typedef struct |
inz 1link:

inz nbour;

} PLINZ;

-

Jrew%% FCUTZ TABLI INTRY *rrr¥/

]

ins Ink:
irt distance;

} RCTUTE;

J#x=xx DROCESS NAME =****/
typedef struct ({

int gme;
int gnum;
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} PGRP;

tyredef struct

PGRP pgroup;

char pname

} PRCCN;

[MAXPNAME] ;

/**=x*x PORT TABLE ENTRIES ##xxx/

typedef struct (

int 1lnkf_length;
int 1lnkt_length;
int nxt_lf;

int nxt_lt;

int inmq_length;
int nb_pending;

int b_pending;

} BCRT_PROF;

typedef struct port_entry |

char port_name [MAXPNAME];

int residency;

PROCN owner_precc;

struct port_entry *links_from [MAXLFROM];

struct link_to (
struct port_entry *port;
int nmsgs;
int tot_msglength;
}links_to [MAXLTO];

MSG *msg_gq_head;

MsSG *msg_q_tail;

MSG *nb_msg_loc;

int msg_type;

PFI destruct;

EEI rcvfunc;

PCRT_PRCF profile;

} PORT_ENTRY;

J#**x=x DROCESS TIMEG *x=xx/

typedef struct |

iat  exec_time;

int exec_here_time;
int residency_time;
int exist_time;

} TIMES;

/*#=xx PROCESS TABLE ENTRIES *****/
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typedef struct {
PROCN proc_name;
int n_probes;
inc mcs_probed [PROBE_LIMIT];
unsigned short schedulable;
int upid;

int residency;

int orig_me;

int migration_siz;
int siz;

inc tot_msg_siz;

TIMES times;

int blocked;

int preferred_mc;

int level of preference [MAXMCS];
PCORT_ENTRY *owned ports [MAXOWNPRT] ;
int ownp_length;

int nxt_ownp;

PRCCN parent;

} PROC_ENTRY;

/-tanrt HEADERS *=xxx/
typedef int COMMS_HCR;
typedef struct {
int sending mc;
BROCN caller;
int dst_mc;
} EM_HDR;

typedef PRCCN KC_HDR;

typedef int KCR_HDR;

Jx=%*x XCRETURNS =v=*%x/

tycedef int QRET;

J*xxxx TIME QUANTA ***=*x/

typedef struct (
int actual_load;

int wvirtual_leoad;
int OSportion;
int used;

} QTUM_ENTRY;
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/*xxxx TIME QUTS *=<x*/
tyvedef struct ({
unsigned short
dcuble
} TIME_OUOT;
typedef struct (
unsigned short

double

} AWAIT_TIMEOUT;

[xx=ex TOAD VECTOR *wxan/

typedef struct

int processor;

flcat load;

PRCC_LOAD;

set;
timer;

set;
timer [NAWAITS];
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DIRECTORY NAME : KERNEL
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/* TILE: project/src/kernel/kernel.c */
/* This file contains the main kernel routine */
/* Includes for this file */

include <sys/types.h>

include <sys/times.h>

include <stdio.h>

include <signal.h>

include <mach.h>

inelude <fentl.h>

include "/usr/acc:i/ian/project/src/include/keywds.h"
include "/usrc/acct/ian/project/sre/include/params.h"
include "/usrc/acct/ian/project/sre/include/sys/errcodes.h”
include "/usr/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/ian/project/src/include/sys/globvars.h"

e M- e e W W e o B R SR

/* Routines EXTERNal to this file */

TXTERN int epfgsal);
SXTERN int cpert():
ZXTIRN int exic_proc();
ZXTZRN int dporti():
IXTERN int lport():
ZXTIRN int upoxz:ii(};
IXTERN int gport():
EXTIRN int b_rmsg();
ZXTZAN int nb_rmsg();
IXTZRN  int b_smss();
EXTIRN int nb_smsg();
EXTIAN int do_;:ocessing();

int cprcc_msg(};

inz cport_msg();
IXTIZIAN int dport_msg();
IXTERN inct 1lp_regl);

ZXTZAM int 1lp_ack():

ZXTZRN  inz  1lp_nack():

EXTIAN  int up_reqg();

ZXTERN int gp_rec();

TXTIEN int  gp_ackl();

ZXTERN int pinfo_msgl();
EXTERN int usr_msg();

EXTZEN  int up_ack():

ZXTERN int up_nack();

EXTERN int exit_msg();
EXTERN int probe_msg();
EXTERN int procbe_reply msg();
EXTERN int negociate_msg();
EXTERN int change_ave_msg(};
EXTERN int receive_load_vector();
EXTERN int pert_loc_msg();

EXTERN int dump_grocs();
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EXTERN

float calc_ave_lcad();

/* Kernel call jump vector */

static

PFI kecvec {] = {

cproc,
cport,
exit_proc,
dport,
lport,
uport,
qgport,
b_rmsq,
nb_rmsg,
b_smsg,
nb_smsg,
do_processing

/* Trace msgs for kcalls */

static

char

*<c_msg [] = {

"create process",
"create port",
"dest process",
"dest port",
"link port"®,
"unlink port",
"query port",
"b_rcv msg",
"nb_rcv msg",
"b_snd msg",
"nb_snd msg",

"do some processing”

}i

/* Zxternal msqg jump vector */

szacic

PRI

emvec []

{

cgroc_msg,
cport_msg,
dport_msg,
lp_req,
lp_ack,
lp_nack,
up_req,
gp_req,
gp_ack,
pinfo_msg,
usr_msqg,
up_ack,
up_nack,
exit_msgqg,
probe_msg,
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probe_reply_msg,
negociace_msgq,
change_ave_msgqg,
receive_load vector,
port_loc_msg

bi
/* Trace msgs for emsgs */

static char *em_msg [] = {
"announce cproc",
"announce cport",
"announce dport",
"request lport",
"ack lport",
"nack lport™,
"request uport',
"request gport"™,
"ack gport",
"get pinfo”,
"get usrmsg",
"ack uport”,
"nack uport",
"remove zombie",
""get probe”,
"get probe reply”,
"negociate mig",
"change global average",
"receive load vector",
"update port location*®

it

ZXTZIAN double erandd8();

/*==== KERNEL *x*xx/

/* This routine is thne kernel executed by each mc */

kerael ()

{

LCCAL CCMMS_HDR comms_hdr;

LCCAL double last_performance_dump_time = 0.0;
LCCAL double nxz_arrival time;
LCCAL char jobs_name [MAXFNAME] ;
LOCAL FILE *jobs;

LCCAL int this_read;

LOCAL int mig_mc;

LOCAL int OK_to_schedule = 1;
LOCAL double nxt_send _time = Q;
LOCAL double nxt_consider_time = 0;
LOCAL int i;

EXTZRN int msgsigack_handler ();
EXTERN int ackkcrsig_handler ();



EXTERN int migsigack_handler ();

EXTERN int sigsetup_handler();
EXTERN int alarm_handler();
EXTERN FILE ~Zopen() ;

EXTEBRN float calc_ave load();

/* Set up initial environment */
initcy);

# ifdef DEBUG
printf("init exit CK\n") ;
# endirs

/* Set up sigmsgack handler */
signal (SIGMSGACK, msgsigack_handler);

/* Set up sigkcrack handler */
signal (SIGXCRACK, ackkcrsig_handler);

/* Set up sigmigack handler */
signal (SIGMIGACK, migsigack_handler);

/* Set up sigsetup handler */
siznal (SISSETUP, sigsetup_handler);

/= Set up alarm handler */
signal (SIZALRM, alarm_handler);

/* Set up RUBOUT to dump process table */
signal (SIGINT, dump_procs);

/* Make RNG unique =/
for (i=C; 1i<3; i++)
xsuzi{l] = this _mec + i;

/* Cgen jccs file =/

sprintf (jcbs_name, "jobs%d", this_me);
jobs = fcgen(icbs_name, "r");

fecntl ((inz) (fileno(jobs)), F_SETFD, 1);

first job arrival time */
an ‘ctcs, "%d", &nxt_job);
fzcenZ (jczos, "31I", &nxt_arrival_time);

printf ("%c - Entering leoop\n", this_mc);

/* Loop forever reading in comms. */
FOREVER
(
/* Checkx for work to do */
if ((this_read = read (own_pipe, (char *)é&comms_hdr,
slzeof (CCMMS_HDR))) == 0)
{
if (n_active_local_procs <=N_SYS_PROCS) time_update (10000,
0Stime, (PRCC_ENTRY *)EMPTY);
}

else
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/* Execute elther kcall or emsg routine */
if (cocmms_hdr & KCALL_MASK)
OK_to_schedule = kcall (comms_hdr § ~KCALL_MASX);
else
if (comms_hdr & EMSG_MASK)
emsg (comms_hdr & ~EMSG_MASK) ;
else
ERROR (C_HDR_ERR) ;

/* Check to see if reached synchronisation point */
if (sys_real _time >= *stop_time)
{
got_ackkersig = 0;
(*reached) ++;
wnile (!got_ackkecrsig)
{
alarm(3);
pause () ;
alarm(0);

/* Check to see if need to dump performance info */
if (sys_real time >= last_performance_dump_time + DUMP_INTERVAL)
{

perZcrmance_dump() ;

last_performance_dump_time = sys_real time;

/* Check to see 1f synth workload gen necessary */
if (!feof(jobs))
if (sys_real time >= nxt_arrival_time)

synth_workload = 1;

cocroc ()

synth_workload = 0;

£scanf (jobs, "%d", &nxt_jobl;

fscanf (jobs, "%1f", &nxt_arrival time);

/* Reschedule a process */
t€ (n active local procs > N_SYS_PROCS && OK_to_schedule)

{
raschecule();
OK_zo_schedule = 0;
}

}

} /* End of KERNEL */

Jxx=w= KCALL *=*=*/
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/* This routine cdeals with a kernel call */
kcall (kctype)

PARAMS int ketyce;

LCCAL int result;
LOCAL long clock = time(0);

/* Put trace msg to trace file */
¥ ifdef DEBJG
fprintf (tzace, "%s - kcall made to %s\n", ctime(&clock), kc_msg(kctypel);

# endis

/* Make Xernel call */
result = (*xcvec(kctype]) ();

# ifdef DEBUG
/= Record result of kernel call */
record_result (result);

E endif

return 1;

}. /= End.of KCALL */

/11111 EA\‘SG t'l‘*"/
/* T=is routine deals with receipt of an external msg */
emsg (emtyre)

PARAMS 1nt emtype;

LcCaL int result;
LCCAL long clocx = time (0);

/* Put trace msg to trace file */
#ifdef DEBUG

fprincf (trace, "gs\n", em_msg(emtype]);
#endif

/* Make emsg call */
result = (~emvec[emtypel) ()/

H ifdef DE3LUS
/* Record result of emsg call */
record_result (result);

¥ endif



} /* End of EMSG */

/*=*x%* RECORD_RESULT **%#%/

/* This routine records the result of a kcall or emsg */

record_result

PARAMS int

(zesult)

resuls;

switch (result)

{

case FAIL:

case SUCCESS:

case FCRWARDED:

case RIMLINK:

case REMCUERY:

case RIMUNLINK:

default:

frx=wxw INIT *=x*x=x/

/* Initial process */

init ()

fprintf
break;

fprintf
break;

fprintf
break;

fprintf
break;

fprintf
break;

fprinct
break;

fprintf
break;

(trace,

(trace,

(trace,

(trace,

(trace,

(trace,

{trace,
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failed\n");

success\n");

forwarded\n") ;

remote link\n");

remote gquery\n");

remote unlink\n");

unknown result\n");



/* Read in mcpids of other processors */
read (cwn_pipe, (char *)mcpids, sizeof (int) *MAXMCS) ;
printf ("%d - read pids\n", this_mc);

/* Set up reached pointer */
reached += this_me;

/* Start shell process */

boot = 1;

cproc() ;

boot=0;

printZ ("%<¢ - shell forked\n", this_me);

/* Start lcad balancing process */
f® load bal_aczive = 1;

cproc() ;

load_bal_active = 0; ¥/

} /* End of INIT */

/=x*x%*=x RESCHEDULE *x¥xx/

raschedule ()

CWM Iat active_zreoc = N_SYS _PROCS - 1;

o

LOCAL 1ot kval:

/= Establish next process to schedule */
do |
1f (++active_proc >= MAXPROCS)
active_proc = N_SYS_PROCS;

} Wwnile (process_table[active_proc].upid == EMPTY ||
orocess_table[active_vroc].schedulable == FALSE ||
process_table[active_proc].blocked == BLOCKED);

/* Schedule process */
if (prccess_table(active_proc].upid != EMPTY)
{
if ((kval = kill (process_table[active_proc].upid, SIGSCHED))==-1)

printf ("Kill failed\n");
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/* Remember last process scheduled */
schedulad_proc = process_table + active_proc;

} /* End of RESCHEDULE */
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/* FILE: project/scc/kernel/cport.c */
/* This file contains routines to CREATE A PORT */
/* Includes for this file */

include <stdio.h>

include <signal.h>

include ™/usr/acct/ian/project/src/include/keywds.h"
include "/usr/acct/lan/project/src/include/params.h"
include ™/us:/acct/lan/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/ian/project/src/include/sys/globvars.h"
include "/usr/acct/ian/project/src/include/sys/macros.h”

H dp e e e R e O

/* Time defines */
+ define TIME_CPORT 70 * AVE_INST
# define TIME_MSG_CPORT 40 * AVE_INST
/* Routines EXTERNal to this file »/
EXTERN PROC_ENTRY *£find_proc();
/* Typedefs used in these routines */
tycedef struct {

char port_name [MAXPNAME];

int msg_type;

PFI destruct; T

PFI revfunc;

} KC_CPCRT;

tycedef struct {

int msg_type;

char port_name [MAXPNAME];

} EM_CPORT;

/t-l’" CZCRT *xwww /

/= This routine deals with a kcall made to create a port */

cport ()

{

LOCAL KC_HDR ke_hdr;

LOCAL KC_CPORT p_blk;

LCCAL PROC_ENTRY *caller;
LocAL int save_nxt_ownp;
LOCAL EM_CPORT cport_msg;

69



/* Get parameter block */
getp_blk (KC_CPORT) ;

/* Establish calling process */
caller = find proc (kc_hdr);

/* Update time due to context switch */
contxt_swtch;

/* Check for port table overflow *f
if (nports++ >= MAXPORTS)
{

nports =--;

kcfail (TM_PORTS) ;

return FAIL;

/* Check for overflow in owned perts table */
if (caller -> ownp_length++ >= MAXOWNPRT)
{

kcfail(TM_PORTS):

return FAIL;

/* Make entry in owned ports list */
caller -> owned _ports(caller -> nxt_ownp] = nxt_port;

/*** ENTER PORT INFQ **¥/

/* Pcrt name */
Strcpy (nxt_port => port_name, p_blk.port_name) ;

/* Residency */
nxt_pert -> residency = this_mc;

/* Owner process */
procacpy (nxt_port->owner_proc, caller->proc_name);

/* Incoming msg type */
nxt_oori -> msg_type = p_blk.msg_type;

/* Destruction routine =*/
nxt_gorz => destruct = p blk.destruct;

/* Rcuzine for non-blocking rev =/
nxt_pcrt -> rcevfunc = p_blk.rcvfunc;

/* Set up ext. msg to announce port creation and broadcast it =/
ccort_msg.msg_type = nxt_port -> msg_type;

strcpy (cport_msg.port_name, nxt_port =-> port_name);

broadcast (CPORT_MSG, caller, (char *)é&cport_msg, sizeof (EM_CPCRT));

/* Establish next avallable owned ports entry */

save_nxt_ownp = caller =-> nxt_ownp;
while (caller =-> owned_ports(caller->nxt_ownp] != (PORT_ENTRY *)EMPTY)

caller -> nxt_ownp++;
/* Establish next available port table entry */

while (axt_port -> residency != EMPTY)
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NXt_port++;

/* Increase migration size of caller */
caller =-> migration_siz += sizeof(PORT_ENTRY)+sizeoftint};

/* Return result to caller */
{ KCR_HDR ker_hdr = save_nxt_ownp | KCSUCC MASK;
kesuce (ker_hdr, TIME CPORT) ; -
}
# ifdef DEBUG
dump_procs () ;
dump_ports() ;
# endif

return SUCCESS;

} /* End of CPORT */

/***xxx CDCRT_MSG *=<*x/

/* This routine deals with an emsg announcing the creation of a port */
cport_msg ()

{

LCCAL EM_HDR em_hdr;
LCCAL EM_CPORT nsg;

/* Check i1f needs to be forwarded */
if (check_forward((char *)&em_hdr, (char *)amsg, sizeof (EM_CPORT),
CP2CRT_MSG) == FCRWARDED)
return FCORWARDED;

/* Check nct toco many global ports =/
if (nports++ >= MAXPORTS)
ZRRCR (TM_PCORTS);

/**= ENTZIR PCRT INFQ **x/

/* Port name */
strcpy (nxt_port => port_name, msg.port_name);

/* Owner process */
procacpy (nxt_port -> owner_proc, em_hdr.caller);

/* Msg type */
nxt_pcrt =-> msg_type = msg.msg_type;

/* Residency */
nxt port =-> resldency = em_hdr.sending_mec;
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/* Update next avallable port entry */
while (nxt_port =-> residency != EMPTY)

nXt_port++;
4 ifdef DEBUG

dump_ports();
# endif

return SUCCESS;

} /* End of CPORT_MSG */
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/* PILE:

[ This

/* Includ

include
include
include
include
include
include
include
include

dp SR G e BB B 9 9

/* Time d
# define

# cefine

/* Routin
ZXTERN P
EXTEIRN P
EXTERNY i

/* Typede

tyrcedel

Tyzedel

typede:

project/src/kernel/dport.c */
ile contains routines to DESTROY A PORT */
es for this file */

<stdio.h>

<signal.h>
"/usr/acct/ian/project/src/include/keywds.h"
"/usr/acct/lan/project/src/include/params.h"
"/usr/acct/ilan/project/src/include/sys/errcodes.h"
"/usr/acct/ian/project/src/include/sys/types.h"
"/usr/acct/ian/project/src/include/sys/globvars.h"
"/usr/acct/lan/project/src/include/sys/macros.h"

efines */
TIME _DPCRT 40 * AVE_INST
TIME_MSG_DPORT 30 * AVE_INST

es EXTERNal to this file */

RCC_ENTRY =*find_proc();
ORT_ENTRY +*find_port();
nt port_initds{();

fs for these routines */

struct ({
int dp_index;

} XC_DPORT;
struct |
KCR_HDR hdr;

PFI destruct;

} KCR_DPORT:

i
(]
1
_—

sExt
char port_name[MAXPNAME];

} EM_DPORT;

/*=*== DPORT **=**/

/* This routine deals with a kcall made to destroy a port */

dport ()

{

LOCAL KC_HDR kc_hdr;
LCCAL KC_DPCRT p_blk;

73



LCCAL PORT_ENTRY  =dstport;
LOCAL KCR_DPQRT ker;
LOCAL EM_DPCRT dport_msg;
LocaL PRCC_ENTRY *caller;

/* Get parameter block */
getp_blk (XC_DPORT);

/* Establish calling process */
caller = find proc (kc_hdr);

/* Update time due to context switch L
contxt_swtch;

/* Find dstport in port table */
if ((dstrort = caller -» owned_ports(p_blk.dp_index]) == (PORT;ENTRY
*) EMPTY)
{
kcfail (UN_DPORT);
return FAIL;

/* For simplicity, fail if still linked to other ports */
if (dstperz -> profile.lnkf length || dstport -> profile.lnkt_length)
{

kcfail (DCP_LINKED) ;

retura FAIL;

/* Fail if msgs still in q */
if (dstpert -> profile.inmg_length)
{

kcfail (CP_MSGS);

return FAIL;

/* OX tc destroy port */

/* Remeove eatry 1n caller's owned ports table */
caller -> owned ports(p_blk.dp_index] = (PORT_ENTRY *)EMPTY;

/* Decrement caller's migration size */
caller -> migration_siz -= (sizeof (PORT_ENTRY) + sizeof(int));

/™ Uccate caller's next owned port entry */
if (p_blkx.dp_index < caller -> nxt_ownp)
callar -> nXt_ownp = p_blk.dp index;

/* Decrement caller's owned ports length */
caller -> ownp_length --;

/* Decrement no of global ports */
nports =-=;

/* Update next available port */
1f (dstport < nxt_port)

nxt_por: = dstport;

/* Return destruction address to caller */
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kcr.hdr = KCSUCC_MASK;

Xcr.destruct = dstport =-> destruct;

kesuce (xcr, TIME_DPORT);

/* Broadcast news of destruction */

strcpy (dport_msg.port_name, dstport -> port_name) ;

broadcast (DPORT_MSG, caller, (char *) édport_msg, sizeof (EM_DPORT));

/* Re-initialise port entry */
port_initds (dstport);

#ifdef DEBUG
dump_procs () ;
dump _ocorts();
#endif

return SUCCESS;

} /* End of DPORT =/

[**xxx* DPORT_MSG **%*%x/
/* This routine deals with an emsg to announce port destruction */
doorz_msg ()

{

LCCAL EM_HDR em_hdr;
LSCAL EM_DPORT msg;
_CCAL PCRT_ENTRY *dstport;

/* Check if needs to be forwarded */
if (check_fecrward((char *)&em_hdr, (char *)é&msg, sizeof (EM_DPORT),
CPCRT_MSG) == FCRWARCED)
return FCRWARDED;

/* Find dstgzert in port table */
dstport = find port (em_hdr.caller, msg.port_name);

/* Re=initialise port table entry */

por:z_initds (dstport):

/* Decrement no of global ports */
nports =-;

/* Update nxt available port */

if (dstport < nxt_port)

nxt_port = dstport;

/* Update time */
time_update (TIME_MSG_DPCRT, OStime, (PROC_ENTRY *)EMPTY);

return SUCCESS;

} /* End of DPORT_MSG */
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/* FILE:

/* This £

/* Includ

include
include
include
include
include
include
include
include

Gu dp 4B 9k 9p OB 9B 9

/* Time d
define
define
define
define
define
define

e O e Sk e G

/* Routin

EXTZRN P
IATERN R

project/src/kernel/lport.c */
ile contains routines to LINK A PORT */
es for this file */

<stdio.h>

<signal.h>
"/usr/acct/lan/project/src/include/keywds.h"
"/usr/acct/lan/project/src/include/params.h"
"/usr/acct/lan/project/src/include/sys/errcodes.h"
"/usr/aczt/ilan/project/src/include/sys/types.h"
"/usr/acct/ian/project/src/include/sys/globvars.h"
"/usr/acect/lan/project/src/include/sys/macros.h"

efines */
TIME_LOC_LPORT 40 * AVE_INST
TIME_REIM LPORT 40 * AVE_INST
TIME_FAIL_REQ 30 * AVE_INST
TIME_OX_REQ 50 * AVE_INST
TIME_ACX 50 * AVE_INST
TIME_NACX 15 * AVE_INST

es EXTERNal to this file */

CRT_ENTRY =*find port();
RCC_INTRY =*find_proc();

/* Typedefs used in these routines */ ’

tyredef

typedef

typedel

typedef

struct {
iac 1f_index;
char lt_name [MAXPNAME];
} XC_LPORT;

struct (
char 1lt_name [MAXPNAME];
char 1f_name [MAXPNAME];
} EM_LP_REQ;
stztict f
char _1lt_name [MAXPNAME];
char 1f_name [MAXPNAME];

} EM_LP_ACK;

struct {
int result;

} EM_LP_NACK;
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/**~xx LPORT *xxxx/

/* This routine deals with a kcall made to link a port */

lport ()

LCCAL KC_HDR kc_hdr;
LOCAL KC_LPORT p_blk;
LOCAL PRCC_ENTRY *caller;
LOCAL PROC_ENTRY *1t cwner;
LCCAL PCRT_ENTRY =*lfport;
LOCAL PORT_ENTRY *ltport;
LCCAL KCR_HDR ker_hdr;

/* Get parameter block */
getp_blk (XC_LPORT) ;

/* Establish calling process */
caller = find_proc (kc_hdr);

/* Update time due to context switch */
contxt_swtch;

/* Check existence of ports */

/* LT port */
if ((lfpert = caller—>owned_ports[p_blk.lf_index]1
{ o

kcfail (UN_LFPORT) ;

return FAIL;

]
[

(PORT_ENTRY *)EMPTY)

/* LT pozt =/
if ((ltpert = find_port(caller->proc_name, p_blk.lt name)) == (PORT_ENTRY

kecfail (UN_LTPORT):
return FAIL;

/* Checx lfport has not got toc many links to other porzs */
£ (lZpoz: =-> profile.lnkt_length >= MAXLTO)

kcfail (TM_LTO);
recurn FAIL;

/* Check residency of ltport; local=enter info; remote=send reqg */
1f (ltport => residency == this_me) /* Local */

/* Check ltport has not got too many links from other ports */
if (ltport => profile.lnkf length >= MAXLFROM)
{

cfail (TM_LFROM) ;

return FAIL;
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/**= ENTER INFO FOCR PCRTS w**+/
I% 1% port *f

/* Make entry in links_from table */
ltport -> links_from[ltport->profile.nxt_lf] = lfport;

/* Increment links_from length */
ltport -> profile.lnkf length++;

/* Update next avail. links_from entry */
while (ltport -> links_from{ltport->profile.nxt_lf] !=

(PCRT_ENTRY *)EMPTY)

ltport -> profile.nxt_1f++;

/* Increment owner's migration size */
1t _owner = find _proc(ltport -> owner_proc):
lt_owner =-> migration_siz += MAXPNAME + sizeof(int);

/* 1f port */

/* Make entry in links_to table */
lfport -> links_to(lfport->profile.nxt_lt].port = ltport;

/* Increment links_to length */
lfport -> profile.lnkt_length++;

/* Make note of ltports index */
kcr_hdr = lfport -> profile.nxt_lt | KCSUCC_MASK;

/* Update next avail. links_to entry */
while (lfport =-> links_to[(lfport->profile.nxt_lt].port !=

(PCRT_ENTRY *)EMETY)

# 1:2def DEBUG

dump_preecs();

dump_pecrtsl):

# en

P b el

[+ D

lfport => proflle.nxt_lt++;

/* Increment caller's migration size */
caller -> migration_siz += MAXPNAME + sizeof(int);

/* Return result to caller */
kcsuec (ker_hdr, TIME_LOC_LPORT);

retuzn SUCTESS;

)

else
{

/* Renotze */

EM_LP_REQ lreq_msg;

EM_HDR

em_hdr;

COMMS_HDR comms_hdr = LPORT_REQ | EMSG_MASK;

/* Mark process as blocked */
caller -> blocked = BLOCKED;

/* Decrement active proc count *f
n_active_local _procs —=;
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/* Set up req msg */

em_hdr.sending_mc = this mc;

procacpy (em_hdr.caller, caller->proc_namel;
em_hdr.dst mc = ltport =-> residency;

strcpy (lreq_msg.lt_name, p_blk.lt name);
strcpy (lreq_msg.lf name, lfport->port_name) ;

/* Update time */
time_update (TIME_REM_LPORT, USERtime, caller);

/* Send req msg */

TX ((char *)s&comms_hdr, (char *)&em_hdr, (char *)&lreq msg,

sizeof (EM_LP_REQ), USERtime, caller);
return REMLINK;

}

} /* End of LPORT */

/'\rll’t LP‘—REQ ttttt/

/* This routine deals with an emsg to request a port link */

1z _req()

(

ICCAL  EM_HDR em_hdr;
LCCAL EM_LP_REQ msg;
LSCAL  COMMS _HDR comms_hdr;
LCCAL EM LP_ACK lack_msg;

LCCAL EM_LP_NACK lnack_msg;
LCCAL PCRT_ENTRY =ltport;
LCCAL PORT_ENTRY ~lfport;
LCCAL PROC_ENTRY *lt_owner;

/* Check 1f needs to be forwarded */

if (check_forward((char *)&em_hdr, (char *)&msg, sizeof(EM_LP_REQ),

CAT RZIZ) == FCAWARDED)
return FORWARDED;

/* Find ltport and lfport */
ltport = find_port (em_hdr.caller, msg.lt_name);
lfport = find_port (em_hdr.caller, msg.lf_name);

/* Check 1f migrated */

if (ltpert -> residency != this_mc)

{
comms_hdr = LPORT_REQ | EMSG_MASK;
em_hdr.dst_mc = ltport -> residency;

TX ((char *)é&comms_hdr, (char *)&em hdr, (char *)&msg,

sizeof (EM_LP_REC), OStime, (PROC_ENTRY *)EMPTY);
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recurn FCRWARDED;

/* Check ltport has not got too many links from other ports */
if (ltport -> profile.lnkf_length >= LFROM)
{

comms_hdr = LPORT_NACK | EMSG_MASK;

em_hdr.dst_mc = em_hdr.sending mc;

em_hdr.sending_mc = this_mc;

lnack_msg.result = TM_LFROM;

/* Update time */
time_update (TIME_FAIL _REQ, OStime, (PROC_ENTRY *)EMPTY);

TX ((char *)&comms_hdr, (char *)&em_hdr, (char *)&lnack_msg,
sizeof (EM_LP_NACX), OStime, (PROC_ENTRY *)EMPTY);

return FAIL;

/* Request must be OK so enter ltport info */
/* Make entry in links_from table */
ltport =-> links_from(ltport->profile.nxt_lf] = lfport,

/* Increment links_from length */
ltport -> profile.lnkf length++;

/* Update next avail. links_from entry */
while (ltport =-> links from[ltport->profile.nxt_lf] != (PORT_ENTRY
*) EMPTY)
ltport => profile.nxt_lf++;

/* Increment owner's migration size */
lt_cwner = find proc(ltport -> owner_proc);
1t _cwner -> migration_siz += MAXPNAME + sizeof (int);

/* Send ackncwledgement */

comms_hdr = LPORT_ACK | EMSG_MASK;

em_hdr.dst_mc = em_hdr.sending_mc;

em_hdr.sending mc = this_mc;

strcopy (lack_msg.lt_name, msg.lt_name);

strcpy (lack_msg.lf name, msg.lf_name);

TX ((char *)&ccemms_hdr, (char *)&em_hdr, (char *)&lack_msg,
sizeof (ZM_LP_ACX), OSt_.me, (PROC_ENTRY *)EMPTY);

/* Updates time */
time update (TIME_OK_REQ, OStime, (PROC_ENTRY *)EMPTY);

return SUCCZSS;

} /* End of LP_REQ */

/*tw*t LP_ACK i’ltl‘t/
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/* This routine deals with an emsg acknowledging a port link */

lp_ack()

(

LCCAL EM_HDR em_hdr;
LCCAL EM_LP_ACX msg;

LOCAL PORT_ENTRY *ltport;
LOCAL PORT_ENTRY =1 fport;
LOCAL KCR_HDR ker_hdr;
LCCAL PROC_ENTRY *caller;

/* Check if needs to be forwarded */

if (check_forward((char *)&em_hdr, (char *)amsg, sizeof(EM_LP_ACK),
LPORT_ACX) == FORWARDED)

return FCRWARDED;

/* Find ltport and lfport */
ltport = find _port (em_hdr.caller, msg.lt_name);
lfport = find port (em_hdr.caller, msg.lf name);

/*== ENTEX INFO FOR LFPORT **x/
/* Makxe entry in links_to table */
lfoczt -> links_to[lfport->profile.nxt_lt].port = ltport;

/= Increment links_to length */
lfport -> profile.lnkt_length++;

/* Make note of link_to index */
ker_hdr = lfport -> profile.nxt_lt | KCSUCC_MASK;

/* Update nxt avail. links_to entry =*/
wnile (lfport =-> links_to(lfport->profile.nxt_lt].port != (PORT_ENTRY

lfport -> profile.nxt_lt++;

/* Establish original caller */
caller = find_proc (em_hdr.caller);

ot

/* Increment caller's migration size */
caller -> migration_siz += MAXPNAME + sizeof(int);

/* Mark crocess as unblocked */
caller =-> blocked = UNBLCCKED;

/* Increment active proc count */
n active _lccal_procs ++;

/* Retura lt index to caller */
kesucc (kcz_hdr, TIME_ACK);

return SUCCESS;

} /* End of LP_ACX */
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Jrkxser LD NACK wwewws/

/* This routine deals with an emsg for a falled remote port link */

lp_nack()

LOCAL EM_HDR em_hdr;
LOCAL EM_LP_NACX msg;
LOCAL PROC_ENTRY *caller;

/* Check if needs to be forwarded */

if (check_forward((char *)é&em_hdr, (char *)é&msg, sizeof (EM LP_NACK),
LPORT_NACX) == FCRWARDED) :
return FORWARDED;

/* Establish original caller */
caller = find_proc (em hdr.caller);

/* Mark process as unblocked */
caller -> blocked = UNBLOCKED;

/* Increment active proc count */
n_active_lccal_procs ++;

/* Update time */
time_update (TIME_NACX, USERtime, caller);

/* Return result to caller */
kecfail (msg.result);

recurn SUCTESS;

) /* End of LP_NACX =/
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/* FILE project/szc/kernel/uport.c */
/* This file contains routines to UNLINK A PORT */
/* Includes for this file */

include <stdie.h>

include <signal.h>

include "/usr/acct/lan/project/src/include/keywds.h"
include “/usr/acct/ian/project/src/include/params.h"
include "/usr/acct/lan/project/src/include/sys/errcodes.h”
include ™/usr/acct/ian/project/src/include/sys/types.h"
include ™/usr/acci/lan/project/src/include/sys/glcobvars.h"
include '"/usr/acct/lan/project/src/include/sys/macros.h"

W e e e e Hp e 9k

/* Time defines */

# define TIME_LCC_UPCRT 55 * AVE_INST
# define TIME_REM UPORT 60 * AVE_INST
# define TIME_FAIL_REQ 30 * AVE_INST
# define TIME_OK_REQ 50 * AVE_INST
3+ define TIME ACK 15 * AVE_INST
# define TIME NACX 13 * AVE_INST

/* Routines EXTEIXNal to this file */

EXTERN PORT_EINTRY +*find_port():
IXTIRN PRCC_ENTRY *find_proc():

/* Tvcedefs used in these routines */
cycedef struct (

int 1lf_index:;

irt 1lt_index;

} XC_UPORT;

tycedef struct |

char ltﬂname[MAXPNAME]:

caar 1f_name [MAXPNAME];

} £4_UP_REQ;

typedef struct |
int .result;

} EM_UP_ACK;:

typedef struct (
int result;

} EM_UP_NACK;

/*xw#% UPORT *****/

83



/* This routine deals with a kcall made to unlink a port */
uport ()
{

LOCAL KC_HDR ke_hdr;
LoCAL KC_UPORT p_blk;
LOCAL PROC_ENTRY *caller;
LOCAL PROC_ENTRY *1lt_owner;
LOCAL PORT_ENTRY *lfport;
LOCAL PORT_ENTRY =*ltport;
LOCAL KCR_HDR ker_hdr;

LCCAL int ) =4

/* Get parameter block */
getp_blk (XC_UPORT);

/* Establish calling process */
caller = find _proc (kc_hdr);

/* Update time due to context switch */
contxt_swtch;

/* Find & check lfport */
if ((lfpert = caller -> owned_ports(p_blk.lf_ index]) == (PORT_ ENTRY
*) EMPTY)
(
kcfail (UN_LFPORT);
return FAIL;

/* Find & check ltport */
if ((ltporz = lfport -> links_to(p_blk.lt_index).port) == (PORT_ENTRY
*) EMpTY)
{
kcfail (UN_LTPORT);
return FAIL;

/* Remove ltport from lfport's links to table */

lfport => links_to[p_blk.lt_index].port = (PORT_ENTRY *)EMPTY;
lfgcrt -> links_to(p_blk.lt_index].nmsgs = 0;

lfpcrz => links_to([p_blk.lt_index].tot_msglength = O;

/* Update next link_to for lfport */
if (p_blk.lt_index < lfport -> profile.nxt_lt)
lfport => profile.nxt_lt = p blk.lt_index;

/* Decrement link to length for lfport */
lfport -> profile.lnkt_length --;

/* Decrement caller's migration size */
caller -> migration_siz -= (MAXPNAME + sizeof(int));

/* Check if ltport is local */

if (ltport => residency == this_mec) /* Local */
{
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/* Remove lfport from ltport's links from table */
p=20;
while (ltport -> links_from([p] != lfport)
pt+;
ltport -> links_from(p] = (PORT_ENTRY *)EMPTY;

/* Update next link_from for ltport */
if (p < ltport -> profile.nxt_l1f)
ltport -> profile.nxt_lf = p;

/* Decrement link_from length for ltport */
ltport =-> profile.lnkf_length --;

/* Find owner of ltport */
1t_owner = find proc (ltport -> owner_proc) ;

/* Decrement owner's migration size */
lt_owner -> migration_siz -= (MAXPNAME + sizeof(int));

/* Return to caller */
ker_hdr = KCSUCC_MASK;
kcsuce (ker_hdr, TIME_LOC_UPORT) ;
#ifdef DEBUG
dump_proecs () ;
dump_corts();
#endif
return SUCCESS;

}
else /* Ltport is remote */
{
EM_U?_REQ ureq_msg;
EM HDR em_hdr;
COoMMS_HDR comms_hdr = UPORT_REQ | EMSG_MASK;

/= Markx calling process as blocked */
caller -> blocked = BLOCKED;

/* Decrement active proc count */
n_active_local procs --;

/* Set up reqg. msg */

em_hcr,sending_mc = this_mec;

crochcpy (em_hdr.caller, caller -> proc_name);

em_hdr.dst_mec = ltport =-> residency;

strcpy (ureg_msg.lt_name, ltport =-> por:_name);
strcpy (ureg_msg.lf name, lfport -> port_name);

/* Send req msg */
TX ((char *)&comms_hdr, (char *)é&em_hdr, (char *)&ureq_msg,
sizeof (EM_UP_REQ), USERtime, caller);

/* Update time */
time_update (TIME_REM_UPORT, USERtime, caller);

#ifdef DE3UG
dump_procs ()’
dump_ports();
#endif
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return REMUNLINK;

} /* End of uport =/

/i*'l"l-* 932 REQ w:-q*/

/= This routine cdeals with an emsg requesting to unlink a port */

up_reg ()

{

LOCAL EM_HDR em_hdr;
LOCAL EM_UP_REQ msqg;
LCCAL COMMS_HDR comms_hdr;
LCOCAL  EM UP_ACX uack_msgqg;

LOCAL EM_UP_NACK unack_msg;
LCCAL PORT_ENTRY *1fport;

CCAL PORT_ENTRY *ltport;
LCCAL PROC_EINTRY *lt_owner;
LCCAL int )=

/* Check if needs to be forwarded */

1f (check_forward ((char *)&em_hdr, (char *)amsg, sizeof (EM_UP_REQ),

C?CRT_REQ) == FQRWARDED)
return FORWARDED;

/* Tind ltporct in port table */

if((lcport = find port (em_hdr.caller, msg.lt_name)) == (PORT_ENTRY

r} E‘JD"“V)

Do e 4

{
/* Ecrz must have been destroyed */
/* Send nack to sending mc */
comms_hdr = UPORT_NACK | EMSG_MASK;
em_hdr.dst_mc = em_hdr.sending_mc;
em_hcr.sending _mc = this_mc;
unacx_msj.result = UN_LTPORT;

TX ((char *)&comms_hdr, (char *)é&em_hdr, (char *)&unack_msg,

sizeof(EM_UP_NACX), OStime, (PROC_ENTRY *)EMPTY);

/* Update time */

time_update (TIME_FAIL_REQ, OStime, (PRCC_ENTRY *)EMPTY);

recura FAIL;

/* Checx 1f migrated */
if (ltport -> residency !=thls_mc)

{
comms_hdr = UPORT_REQ | EMSG_MASK;

em_hdr.dst_mc = ltport -> residency;
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TX ((char *)&comms_hdr, (char *)gem_hdr, (char *)é&msg,
sizeof (EM_UP_REQ), CStime, (PROC_ENTRY *)EMPTY);
return FORWARDED;
}

/* Find lfport in port table */
lfport = find_port (em_hdr.caller, msg.lf_name);

/* Remove links_from entry for ltport */
p = 0;
while (ltpert =-> links_from(p] != lfport)
p++;
ltport -> lirks_from([p] = (PORT_ENTRY *)EMPTY;

/* Update next link_from for ltport */
if (p < ltport -> profile.nxt_1f)
ltport -> profile.nxt_lf = p;

/= Decrement link_from length for ltport */
ltport -> profile.lnkf_ length --;

/* Find owner of ltport */
1lt_owner = find_proc (ltport -> owner_proc);

/* Decrement owner's migration size =*/
lt_owner -> migration_siz -= (MAXPNAME + sizeof (int));

/* Send ack to sending mc */

comms_hdr = UPORT_ACK | EMSG_MASK;

em_hdr.dst_mc = em_hdr.sending_mc;

em_hdr.sending_mc = this_mc;

uack_msg.result = p;

TX ((char =*)s&comms_hdr, (char *)é&em_hdr, (char *)&uack_msg,
sizeof (M UP_ACK), OStime, (PROC_ENTRY *)EMPTY);

dump_procs();
dump_ports();
#endis

return SUCIESS;

} /* End of UPCRT_REQ */

/‘lfi’*" UPORT_ACK lﬂ**‘l/

/* This routine deals with an emsg acknowledging an unlink port */

up_ack ()

{

Local EM_HDR em_hdr;
LocaL EM_UP_ACX msg;
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LOCAL KCR_HDR ker_hdr;
LOCAL PROC_EINTRY *caller;

/* Check if needs to be forwarded */
i1f (check_forward( (char *) &em_hdr, (char *)&msgqg, sizeoftEM_UP_ACKJ,
UPORT_ACK) == FORWARDED)
return FCRWARDED;

/* Find caller */
caller = find _proc (em_hdr.caller);

/* Mark caller as unblocked */
caller -> blocked = UNBLOCKED;

/* Increment actlve proc count */
n_active_local procs ++;

/* Send caller result =*/
ker_hdr = msg.result | KCSUCC_MASK;
kcsuce (ker_hdr, TIME_ACK) ;

return SCUCCESS;

} /* Ead of UP_ACK */

/t"*ii U?_NACK til’i‘l/

/* This routine deals with an emsg for a failed remote unlink port */

uo_nack ()

LCCAL EM_HDR em_hdr;
LCCAL EM_UP_NACX msg;
LCCAL PROC_ZNTRY  *caller;

/* Check 1f needs to be forwarded */
if (check_forward((char *)&em_hdr, (char *)&msg, sizeof(EM_UP_NACK),

CE2C RT_NACK] == FCRWARDED)
return FORWARDED;

/* Find caller */
caller = find proc(em_hdr.caller);

/* Mark caller as unblocked */
caller -> blocked = UNBLOCKED;

/* Increment active proc count */
n_active_local_procs ++;

/* Update time */
time_update (TIME_NACK, USERtime, caller);
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/* Send result to caller
kecfall (msg.result);

return SUCCESS;

} /* End of UP_NACK */

L
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/* FILE: project/src/kernel/cproc.c */

/* This file contains routines for dealing with a kernel call
/* TO CREATE A PROCESS */

/* Includes for this file */

include <stdio.h>

include "/usr/acet/ian/project/sre/include/keywds.h"
ineclude "/usr/acct/ian/project/srec/include/params.h"
include "/usr/acct/lian/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/ian/project/src/include/sys/globvars.h"
include "/usr/acct/lan/project/src/include/sys/macros.h"

9 W oe G e 9B o

/* Time defines */
# define TIME CPROC 150 * AVE_INST
/* Routines EXTERNal to this file */

EXTZIRN PROC_ENTRY *find_proc():

/* Types used in this file */

tycedef struct (
char pname [MAXPNAME];
char pfile(MAXFNAME];
int idr;

} KC_C2RCC;

typedef struct (
PROCN pid;

} EM_CPROC;
typedef struct ({
KCR_HDR hdr;

PRCCY pid;

} XCR_CPROC;

/tt:wn CPROC ttttt/

cproc{)

{

LOCAL KC_HDR kec_hdr;
LOCAL KC_CPROC p_blk;
LOCAL PROC_ENTRY *caller;
LCCAL int upid;
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LOCAL double rnd_num;

LOCAL int mig_mec;
CWN int gno;
EXTERN double erand48();

/* Check 1f boot time */
if (boot)
{
strcpy (p_blk.pfile, "shell.x");
strcpy (p_blk.pname, "shell");
time_update (CONTEXT_SWITCH, OStime, (PROC_ENTRY *)EMPTY);

/* Check 1f load balancing process needs to be created */
else if (load_bal_active)
{
strcpy (p_blk.pfile, "lb_alg.x");
sprintf (p_blk.pname, "1_bal%d", this_mc);
time_update (CONTEXT_SWITCH, OStime, (PROC_ENTRY *)EMPTY);

/* Check for synthetic workload generation */
else if (synth_workload)
(
strepy (p_blk.pfile, "parent.x");
sorintf (p_blk.pname, "usr%d", gno):
p_blk.idr = nxt_job;
caller = &process_table(0];

else

/* Get parameter block */
getp_blXk (XC_CPROC);

/* Establish calling process */
caller = find_proc (kc_hdr);

/* Update time due to context switch */
CONtXT_sSWLch)

# ifdef DE3LG
if (caller == (PROC_ENTRY *)EMPTY)
princf ("BUG\n");
else
printf ("Caller is %d\n", (caller -
process_table) /sizeof (PROC_ENTRY));
4 endif

/* Increment no. of global processes checking 1f too many */
if (++nprocs > MAXPROCS)
{

nprocs==;

/* Return reason for failure to caller */

kcfail (TM_PRCCS) ;

return FAIL;
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}
# ifdef DEBUG
printf ("cproc - check 1\n");
# endif

/* Increment active & local proc counts */
n_local_procs ++;
n_active_local_procs ++;

/* Enter new process info. */

if (boot)

{
NXt_proc =-> proc_name.pgroup.gmc = this_mc;
NXt_oroc =-> proc_name.pgroup.gnum = 0;
strcpy (nxt_proc->proc_name.pname, "shell");
nxt_proc -> residency = this_mc;
nxt_prec =-> orig_mc = this_me;
procacsy (nXt_proc->parent, nxt_proc->proc_name) ;

/* Check if load balancing process is being created */
else if (load _bal_active)
{
RXt_proc -> proc_name.pgroup.gmc = 0;
AXCt_proc -> proc_name.pgroup.gnum = 0;
sprintf (nxt_proc -> proc_name.pname, "l _bal%d",this mc);
rxt_proc -> residency = this_mc;
tcencpy (nxt_proc => parent, nxt_proc -> proc_name);

else
{
/* Prccess Name */
nxt_proc -> proc_name.pgroup.gmc = caller -> proc_name.pgroup.gmc;
Ftfdaf REMTEST
nXt_oroc -> prec_name.pgroup.gmc = 0;
#endics
if (caller -> proc_name.pgroup.gaum == 0}
{
gno+r;
nxT_proc -> proc_name.pgroup.gnum = gno;
}
else
nxt_proc =-> proc_name.pgroup.gnum = caller =-> proc_name.pgroup.gnum;
strcpy (nXt_proc->proc_name.pname, p_blk.pname) ;

/* Residency */
nxt_proc -> residency = this_mc;

nxt_prcc -> orig_mc = this_mc;

/* Parent */
procncpy (nxt_proc->parent, caller->proc_name) ;
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# ifdef DERUG
printf ("cproc - check 2\n");
# endif

proc_setup = 0;
alarm(Q);

if (!boot)
/* Start up new process */
switch (upid = fork())
{
case FAIL: ERROR (FORK_FAIL);

case CHILD: {
char mc_id [sizeof(int)+1];
char mypld [sizeof (PROCN) +1];
char kemk_lock [OPLOCKSIZ];
char kcrt_lock [KCRLOCKSIZ];
char uppid [sizeof(int)+1];
char idrstr(2];

/* Set up args for execl */
sprintf (mc_id, "%d", this_mc);

sprintf (mypid, "%d %d %s",
nXt_proc -=> proc_name.pgroup.gmc,
Nxt_proc => proc_name.pgroup.gnum,
nxt_proc -> proc_name.pname);
sprintf (kemk_lock, "%s", ownp_locks[this_mc]);
sprintf (kcrt_lock, "%s", kcret_locks(this_mc]);
sprintf (uppid, "%d", getppid()):
sprintf (idrstr,"%d", p_blk.idr);

close (own_pipe);
close (kcret_pipe);

if (leoad_bal_active)
{
char shared_id[sizeof (int)+1];
sprintf (shared_id, "%d", shmid);
execl (p_blk.pfile, p blk.pname,
mc_id, mypid, kecmk_lock, tert_lock,
uppid, shared_id, 0):
)
else
/* Exec new process */
execl (p_blk.pfile, p_blk.pname,
mc_id, mypid, kcmk_lock, kecrt_lock,
uppid, idrstr,0);

printf ("EXECL FAILED\n");

}

PARENT: /* Enter new process Unix pid */
nxt_proc -> upid = upid;
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# ifdef DEBUG

}

else /* Boot time */

if (!load_bal_active)

while (!proc_setup)

{
alarm(3);
pause () ;
alarm(0Q) ;

if (!synth_workload && !load _bal_active)
: 3
KCR_CPROC ker;

/* Send result back to caller */
ker.hdr = KCSUCC_MASK;

procncpy (ker.pid, nxt_proc->proc_name);
kesucc (ker, TIME_CPROC) ;

/* Store index of last process created */
last_proc_creat = ((int)nxt_proc -
(int)process_table) /sizeof (PROC_ENTRY) ;

/* Make process schedulable */
nxt_proc -> schedulable = TRUE;

/* Update nxt_proc */
while (nxt_proc -> residency != EMPTY)
NXt_proct+;

/* THRESHOLD LOAD BALANCING */
/*1f (n_local_procs > N_SYS_PROCS + THRESHOLD)
{*/
/* Suspend process */
/* (process_table + last_proc_creat) ->
schedulable = FALSE;
n_active_local _procs --; */

/* Prcbe for alternative processor */

/* send_probe (process_table + last_proc_creat);

I

recurn SUCCESS;

{
nxt_proc -> upid = 0;
nxt_proc++;
return SUCCESS;

}

} /* End of CPROC */
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/* FILE: project/szc/kernel/exit proc.c */
/* This file contains a routine to deal with process exit */

/* Includes for this file */

include <stdio.h>

include "/usr/acct/ian/project/src/include/keywds.h"
include *"/usr/acct/lan/project/src/include/params.h"
include *"/usr/acct/lan/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/ian/project/src/include/sys/globvars.h"
include "/usr/acct/lan/project/src/include/sys/macros.h"

B o 9 OB G9p 9B 9p

/* Defines for time */
# define TIME_EXIT 50 * AVE_INST

/* Functions EXTERNal to this file */
EXTERN PRCC_ENTRY *find_proc();

/* Typedefs for these routines */
typedei struct (
int retval;
} KC_EXIT;
cycedef struct {
int upid;
} EM_EXIT; r

J==w%=+* EXIT_PROC #***%/

/* This routine deals with a kcall to exit a process */

exiz_proc()

{

LCCAL KC_EXIT p_bik:
LCCAL KC_HDR kc_hdr;
LCCAL int died;
Loenl. dins status;

LCCAL PRCC_ENTRY *caller;

/* Get parameter block */
getp_blk (XC_EXIT);

/* Establish caller */
caller = find_proc (kc_hdr);

/* Update time due to context switch */
contXxt_swtch;

/* Check if caller has ports open - if so fail */
if (caller => ownp_length)
{



kcfall (EX_PORTS);
recturn FAIL;

else /* Exit is OK so return to caller */
{

KCR_HLCR kecr_hdr = KCSUCC_MASK;

kesues (ker_hdr, TIME_EXIT);

/* Dump process info for performance evaluation */
exit_dump (caller);

/* Wait for child to die */
if (caller->orig_mc != this_mc) /* Proc originated elsewhere */

EM_EXIT ex_msg;
EM_HDR  em_hdr;
COMMS_HCR comms_hdr = EXIT_MSG | EMSG_MASK;

/* Set up exit msg */

em_hdr.sending_mc = this_mc;

procncpy (em_hdr.caller, caller->proc_name);
em_hdr.dst_mc = caller -> orig_mc;
ex_msg.upid = caller =-> upid;

/* Send msg */
TX ((char *)&comms_hdr, (char *)&em_hdr, (char *)é&ex_msg,
sizeof (IM_EIXIT),0Stime, (PROC_ENTRY *)EMPTY);
}

else /= Process originated here */
died = wait (&status);

i (cled == =1) printf("Int during own wait\n");
i#f (status != Q) printf ("SIGNAL DEATH\n");

/* Remove process entry */
prcc inizds (caller);

f (caller < nxt_proc)

3

nx= zroc = caller;
/* Upcdate prccess counts */
nprocs ==;
n local procs --;
n active local _procs —-=;
/* Dump pe:formance information */

return SUCCESS;

} /* End of EXIT_BROC */
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[Exxxx DYTT MSG wxkxxf

/* This routine removes zombies from the process table */

exit msg{)

LOCAL EM_HDR em hdr;
LOCAL EM_EXIT msg;
LCCAL int status;
LCCAL int died;

/* Check if msg needs to be forwarded */
if (check_forward((char *)g&em_hdr, (char *)&msg, sizeof (EM_EXIT),
EXIT_MSG) == FORWARDED) .
return FORWARDED;

/* Remove zombie from process table */

died = wait (&status);

if (died == -l)printf ("Int during wait-msg\n"):
if (status != 0) printf("SIGNAL DEATH\n");

return SUCCESS;

} /* End of EXIT_MSG */
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/* This file contains a routine to do processing on a process's behalf =/

/* Includes for this file */

inelude <stdic.h>

include "/usr/acc:t/ian/project/src/include/keywds.h"
include "/usr/acct/lan/project/src/include/params.h”
include "/usr/acct/ian/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/ian/project/src/include/sys/globvars.h"
include ™/usr/acct/ian/project/src/include/sys/macros.h"

o o A e e e G

/* Routines EXTERNal to this file */
EXTERN PRCC_ENTRY =*find_proc();

f*=*x% DO PRCCESSING *wx#*/

/* This routine simulates normal processing */
/* Typedefs for this routine */

typedef struct {

int ninst;
} XC_DOPROC;

de_vrocessing()

LOCAL KC_HDR xc_hdr;
LOCAL KC_DCPROC p_blk;

LOCAL KCR_HCR kcr_hdr;
LCCAL PROC_ENTRY *caller;

/* Set up parameter block */
getp_blx (XC_DOPROC) ;

/* Tstaclish calling process */
caller = find_proc (kc_hdr);

iatc (trace,"Caller %s\n", caller->proc_name.pname);

/* Update time due to context switch */
contxtvswt:h;

/* Return to caller */

ker_hdr = KCSUCC_MASK;
kesuce (ker_hdr, p_blk.ninst*AVE_INST):

return SUCCEI3S;

} /= End of DO_PRCCISSING */
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/* FPILE: project/src/kernel/rmsg.c */

/* This file contains routines to receive msgs */

/* Includes for this file =/

include <stdio.h>

include <signal.h>

include "/usr/acct/lan/project/src/include/keywds.h"
include "/usr/acct/lan/project/src/include/params.h"
include "/usr/acct/ian/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include "“/usr/acct/lan/project/src/include/sys/globvars.h"
include "/usr/acct/ian/project/src/include/sys/macros.h”

S oW S e W e e e

/* Time defines */

# define TIME_NBR_SETUP 5 * AVE_INST

# define NBR_TIME_MSG_RDY 50 * AVE_INST
# define TIME PENDING_ NBR 10 * AVE_INST
# define BR_TIME_MSG_RDY 40 * AVE_INST
# define BR_PENDING_TIME 10 * AVE_INST

/= Routines EXTEZIRNal to this file */

ZXTIRN 2PRCC_ENTRY *find_proc():
SXTIRN PORT_ZINTRY *find port(); -
EXTIRN char *malloc();

/* Tvocedefs used in these routines */
typedef struct {

int port;

MSG  *msg_loc;

} XC_NBRMSG;

wypedef struct {
int port;

} KC_BRMSG;
typedef struct { N
XCR_HDR hdr;
MSG msg;

} KCR_BRMSG;

typedef struct {
char src_port_name [MAXPORTNAME];

} EM_NOT_MSG;
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[rxwan NB_R_MSG *exww [

/* This routine deals with a kcall made to nen-blecking rev a msg */

nb_rmsg ()

{

LOCAL XC_HDR ke _hdr;
LOCAL KC_NBRMSG p_blk;

LOCAL PROC_ENTRY *caller;
LCCAL PROC_ENTRY *save_caller;
LOCAL PORT_ENTRY *this_port;
L3CAL PCRT_ENTRY *src_port;
LOCAL MsG *save_p;

/* Get parameter block */
getp_blk (XC_NBRMSG) ;

/* Establish caller */
caller = save_caller = find proc {(kc_hdr);

/* Update time due to context switch */
contxt_swtcoh;

/* Check rcv port exists */
if ((this_port = caller =-> owned_ports([p blk.port]) == (PORT_ENTRY

T)EMETYY

{
kcfail (UN_RPORT);
return FAIL;

/* Check there are no more rcvs peanding */
if (this_port -> profile.nb_pending || this_port -> profile.b_pending)

kcfail(TH_NBRCVS);
return FAIL;
}
else
{
KCR_HCR xcr_hdr = KCSUCC_MASK;
kc:;c:rk::_hdr, TIME_NBR_SETUP);

/*awaic sig (); */ /* Waiting for ack from caller */

/* Checkx to see if msg is in g */
if (this_port -> profile.inmg_length)
(
printf ("In mg\n");
give_msg (p_blk.msg_loc, this_port->msg_q_head, this_port->recvfunc);

/* Check 1f msg rcv'd was sent blocking */
if (this_port -> msg_qg _head -> msg_hdr.snd_type == BLOCKING)

{
src_port = find port (caller->proc_name,

this_port->msg_z_head->msg_hdr.src_port);
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/* Caller is now msg sender so do a kcreturn for him */
if (src_port -> residency == this_mc)
{
caller = find proc (src_port -> owner_proc);
KCR_HDR kcr_hdr = KCSUCC_MASK;
kcsucc (ker_hdr, 0);
}
else
(
COMMS_HDR comms_hdr = NOT_MSG | EMSG_MASK;
EM_HDR em_hdr;
EM _NOT_MSG notify msg;

em_hdr.sending_mc = this_mc;

em_hdr.dst_mc = src_port -> residency;

procncpy (em_hdr.caller, caller -> proc_name);

strcpy (notify msg.src_port_name, src_port => port_name);

TX ((char *)&comms_hdr, (char *)é&em_hdr, (char *)&notify_msg),
sizeof (NOT_MSG), OStime, (PROC_ENTRY *)EMPTY);

/* Gzodate the msg q */
this_port -> profile.inmq_length --;

/* Decrement the caller's migration size */
save _caller -> migration_siz = save_caller -> migration_siz -

save_caller -> tot_msg_siz -=
or:—>msq_q_head—>msq_hdr.msg_length;

save_p = this_port -> msg_g_head;
tais port -> msg_q_head = (this_port->msg_qg_head) -> next;

if (this_port -> msg_gq_head == (MSG *) EMPTY)
this_port -> msg_g_tall = (MSG *)EMPTY;

/* Tell original caller that msg has arrived */
prints ("Informing\n");

got_msgsigack = 0;

kill (save_caller -> upid, SIGMSG);

/*awaiz_sig ():*/ /* Waiting for ack of receipt of msg */

while (!got_msgsigack)
{
alarm(3);
pause () ;
alarm(0Q);
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/* Update time */
time_update (NBR_TIME_MSG_RDY, USERtime, save_caller);

free ((char *)save p);
else /** NO msgs in the g *+/

this_port =-> profile.nb_pending = PENDING;
this_port => nb _msg_loc = p_blk.msg_loc;

/* Update time */
time_update (TIME_PENDING_NBR, USERtinme, caller);
}
#ifdef DEBUG
dump_p:ocs();
dump_oor=ts();
#endif =

return SUCCESS;

} /* End of NB_RMSG */

[r=xwx GIUE MSG **xxx/

/* This routine gives a msg to the caller */
give_msg (msg_loc, msg, rcvfunc)

FARAMS MSG Tmsg_lcc;

MSG *msg;
PTI reviunc;

/* Send asg location */
pwrite (xcret_pipe, (char *)é&msg_loc, sizeof (MSG *));

/* Send MS5 */
pwrize (xcret_pipe, (char *)msg, sizeof(MSG));

/* Send revfunc */
pwrite (kcret_pipe, (char *)&rcvfunc, sizeof(PFI));

JrEaw B_‘RMSG wxwxw f

/* This routine deals with a kcall made to blocking rcv a msg */
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b_rmsg()

LCCAL
LCccaL
LoCcAL
LOCAL
LOCAL
LCCAL

KC_HDR ke_hdr;
KC_BRMSG p_blk;
PRCC_ENTRY *caller;
PROC_ENTRY *save_caller;
PORT_ENTRY *rport;
MSG *save_p;

/* Get parameter block */

getp_blk (XC_BRMSG);

/*

Establish caller */

caller = save_caller = find proc (kc_hdr);

/*
if
{

/t
iZ

Check that rcv port exists */

((rport = caller -> owned ports(p blk.port]) == (PdRT_ENTRY *) EMPTY)
kcfail (UN_RPORT) ;
return FAIL;

Check if a msg is available in msg_g */

(zporz -> profile.inmq_length)

XCR_BRMSG kcr;

/* Return the msg to the caller */
ker.hdr = KCSUCC_MASK;
kcr.msg.msg_hdr.msg_length = rport -> msg_g_head ->

msg_hdr.msg_length;

kcr.msg.msg_hdr.msg_type = rport -> msg_g_head -> msg_hdr.msg_type;
kcr.msg.msg_hdr.snd_type = rport -> msg_q_head =-> msg_hdr.snd_type;
strcpy (kcr.msg.msg_hdr.dst_port,

rpors->msg_g_head->msg_hdr.dst_port);

strcoy (ker.msg.msg_hdr.src_port,

rporT->msg_g_head->msg_hdr.src_port);

strcpy (kcr.msg.msg_txt, rport -> msg_g_head -> msg_txt);

/* Do a xcreturn to caller */
got_ackkcrsig = 0;
cwrite (kcret_pipe, (char *)g&kcr, sizeof(ker));
kil! (caller=->upid, SIGKCR);
while (!got_ackkecrsig)
{
alarm(3);
pause();
alarm(0);

/* Update time */
time_update (BR_TIME_MSG_RDY, USERtime, caller);

/* Check to see if msg rcv'd was sent blocking */
if (this_port -> msg_g_head -> msg_hdr.snd_type == BLOCKING)

{
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src_port = find _port (caller->proc_name,
this_port->msg_q_head->msg_hdr.src_port);

/* Caller is now msg sender so do a kcreturn for him */
if (src_port =-> residency == this_mc)
{
caller = find_proc (src_port -> owner_proc);
KCR_HDR kcr_hdr = KCSUCC_MASK; '
kecsucc (ker_hdr, 0);
}
else

(

COMMS_HDR comms_hdr = NOT_MSG | EMSG_MASK;
-EM_HDR em_hdr;
EM_NOT_MSG notify_msg;

em_hdr.sending_mc = this_mc;

em_hdr.dst_mc = src_port -> residency;

procncpy (em_hdr.caller, caller -> proc_name);

strcpy (notify msg.src_port_name, src_port -> port_name);

TX ((char *)&comms_hdr, (char *)&em_hdr, (char *)é&notify msg),
sizeof (NOT_MSG), OStime, (PROC_ENTRY *)EMPTY);

/* Update msg_g */
rzezt -> profile.inmg_length --;

/* Decrement caller's migration size */

save caller -> migraticn_siz = save_caller =-> migration_siz =
sizeof (MS3):

save caller -> tot_msg_siz == rport->msg_qg_head->msg_hdr.msg_length;

save_p = rport -> msg_g_head;

roorz -> msg_g_head = rport -> msg_g_head -> next;

free ((char *)save_p);

else /= No MSG in the g */
(
rport => profile.b_pending = PENDING;

/* Mark process as blocked */
caller -> blecked = BLCCKED;

/* Decrement active proc count */
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n_actlive_local_procs --;
/* Update time */

time_update (BR_PENDING_TIME, USERtime, caller);

#ifdef DEBUG
dump_proecs() ;
dump_portst):
#endif

return SUCCESS;

} /* End of B_RMSG =/
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/* FILE: project/szc/kernel/smsg.c */

/* This file contains routines to non-blocking send a msg */
/* Includes for this file */

ineclude <stdio.h>

include <signal.h>

include "/usr/aczt/lan/project/src/include/keywds.h"
include ™/usr/acct/ian/project/src/include/params.h"
include "/usr/acc:z/ian/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include ™/usrc/acct/ian/project/src/include/sys/globvars.h”
include "/usr/acct/ian/project/src/include/sys/macros.h"

o d o e W e

/* Time defines */

# define TIME_NBS_SETUP 5 * AVE_INST
$ define TIME_NBR_WAITER 50 * AVE_INST
#+ define TIME_3R_WAITER 40 * AVE_INST
# define TIME_APP_MSGQ 20 * AVE_INST
# define TIME_REMOTE 50 * AVE_INST

/* Routines EXTZRWal to this file */

PRCC_ENTRY =find_proc();
PORT_ZNTRY <Iind_port():
char *malloc();

/= Typedefs used in these routines */

tycedef struct {
sport;
dport;

a | fa
cron

msg_length;
msg_type:
char msg_txt[MSG_SIZ);

i ot
(4 T~
(ad

(al

} XKC_NBSMSG:

L3}
i
0
(o
.

tycedef str:
#CR_EDR  hdr;
MEG msg;

} XCR_3RMSG;

tyoedef struct (
MSG *umsg;

} EM_UMSG;

typedef struct {
char src_port_name;

} EM_NOT_MSG;
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[*2*xe NB SMSG *wvay

/* This routine deals with a kcall made to non-blocking snd a msg */

nb_smsg ()

{

LOCAL KC_HDR ke hdr;
LOCAL KC_NBSMSG pﬁglk;
LOCAL PRCC_ENTRY *caller;
LOCAL PROC_ENTRY *rev_caller;
LCCAL PROC_ENTRY *powner;
LCCAL PORT_ENTRY *src_port;
LccaL PCRT_ENTRY *dst _port;
LICAL MsG *msq:

/* Get parameter block */
getp_blk (XC_NBSMSG) ;

/* Allocate space for MSG */
msg = (MSG *)mallocc(sizeof (MSG));

[* Establish caller */
caller = find proc (kc_hdr);

/= Update time due to context switch */
contxt_swtch;

/* Establish scurce port */
if ((src_port = caller->owned ports[p_blk.sport]) == (PORT_ENTRY *)EMPTY)
{

xcZail (UN_SPORT);

f£ree ((char *)msg);

rezura FAIL;

/* Zstaziish destination port */
if ((dst_gport = src_port->links_to(p_blk.dport].port) == (PCRT_ENTRY
*) EM27Y)

-k

({

f£ail (UN_DPORT);
2e ({char *)msg);
vura FAIL;

}

/* Check msg_type of dst port is correct */
if (dst_port -> msg_type != p_blk.msg_type)

{
kcfail (UN_MTYPE);

free ((char *)msg);
return FAIL;

else /* Return success to caller */

{
KCR_HCR Xcr_hdr = KCSUCC_MASK;
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src_port =-> links_to[p_blk.dport].nmsgs ++;

src_port -> links_to(p_blk.dport].tot_msglength += p_blk.msg_length;
kesuse(ker_hdr, TIME_NBS_SETUP);

/* Set up rest of MSG */

msg -> msg_hdr.msg_length = p blk.msg_length;

msg -> msqg_hdr.snd_type = NON_BLOCKING;

msg -> msg_hdr.msg_type = p blk.msg_type;

strcpy (msg->msg_hdr.dst_port, dst_port->port_name);
strcpy (msg->msg_hdr.src_port, src_port->port_name);
strcpy (msg->msg_txt, p_blk.msg_txt);

msg -> next = (MSG *)EMPTY;

/* Check 1f dst port is local or remote */
if (dst _pert -> residency == this_mc)
{
/* See if there is an nb_rcv pending */
if (dst_port -> profile.nb_pending)
(
dst_port -> profile.nb_pending = !PENDING;

/* Give the msg to the waiter! (sic!) */

give_msg (dst_port->nb_msg_lcc, msg, dst_port->revfunc);
free ({(char *)msg);

rcv_caller = find_proc(dst_port->owner_procj;
got_msgsigack = 0;

kill (rcv_caller->upid, SIGMSG);

/* Wait for acknowledgement */
while (!got_msgsigack)
{

alarm(3);

pause();

alarm(0);

}

/* Update time */
time_update (TIME_NBR_WAITER, USERtime, rcv_caller);

/= See if there is a blocking recv pending */
if (dst_port -> profile.b_pending)

KCR_BRMSG kcr;

/* Unset b_pending */
dst port -2 profile.b_pending = IPENDING;

/* Establish rcv caller */
rev caller = find_proc (dst_port =2 owner_proc);

/* Mark process as unblocked */
rcv caller -> blocked = UNBLOCKED;

/= Increment active proc count ay
n active_local procs ++/
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/* Do a kcreturn for blocked rcv'er */

ker.hdr = KCSUCC_MASX;

ker.msg.msg_hdr.msg_length = msg -> msg_hdr.msg_length;
kcr.msg.msg_hdr.msg_type = msg -> msg_hdr.msg_type;
kcr.msg.msg_hdr.snd_type = msg -> msg_hdr.snd type;
stzcpy (kcr.msg.msg_hdr.dst_port, msg->msg_hdr.dst_port);
strcpy (kcr.msg.msg_hdr.src_port, msg->msg_hdr.src_port);
strcpy (kcr.msg.msg_txt, msg->msg_txt);

/* Send msg to blocked recv'er */
got_ackkecrsig = 0;
pwrite (kcret_pipe, (char *)&kcr, sizeof(ker));
free ((char *)msqg);
kill (rcv_caller->upid, SIGKCR);
while (!got_ackkcrsig)
{
alarm(3);
pause();
alarm(0);

}

time_update (TIME_BR_WAITER, USERtime, rcv_caller);

else /* No waiters so append to msg_g */
{
if (dst_port -> profile.inmq_length == 0)
dst_port =-> msg_g_head = msg;
else
(dst_port->msg_g_tail) -> next = msg;

dst_port => msg_g_tail = msg;
dsz_port -> profile.inmg_length ++;

/* Increment owner's migration size */f
pewner = find_proc (dst_pert => owner_proc) ;
powner —> migration_siz += sizeof(MSG);

/= Increment owner's size */
powner => tot_msg_siz += msg->msg_hdr.msg_length;

/= Update time */
=:me update (TIME_APP_MSGQ, USERtime, caller);

else /=~ dst port ls remote */

{

CCMMS_HDR comms_hdr = USR_MSG | EMSG_MASK;
EM_HDR em_hdr;

/* Set up em_hdr */

em hdr.sending_mc = this_me;

em*hcr.ds: mec = dst_port -> residency;
pr;cncpy(e;_hdr.caller. caller->proc_name);
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/* Send MSG */

TX {(char *)&comms_hdr, (char *)gem hdr, (char *)msg, sizeof (MSG)
USERtime, caller); - ‘

free ((char *)msqg);

/* Ugdate time */
time_update (TIME_REMOTE, USERtime, caller);

#ifdef DEBUG
dump_procs () ;
dump oorts();
$endif

retuxn SUCCESS:

} /* End of NB_SMSG </

/1111* CSR_:'ESG ‘lt‘n't/
/* This rocutine deals with the arrival of an external usr msg */

usr_msg{)

LCCAL EM_HDR em_hdr;
LCCAL EM_uMsG msg;

IICAL  PCRT_EINTRY ~dst_port;
LOCAL  PRCC_ZINTRY *rcv_caller;
ZCCAL PRCC_ZINTRY *pcwner;
LCCAL cCoMMs_HCR comms_hdr;

/* BAllocate space for MSG */
msg.umsg = (MSG *)malloc(sizeof (MSG));
if (msg.umsg == (MSG *)EMPTY) fprintf(trace, "Malloc failed in umsg\n");

if (checx_forward ((char *)&em_hdr, (char *) (msg.umsg), sizeof (MSG),
C3R_MEG) == FCAWARIZID)
{

har *} (msg.umsg)):

free &
T CRWARDED;

(
retuzn

/* Eszablish destination port */
dst_port = find port (em_hdr.caller, msg.umsg->msg_hdr.dst_port);
if (dst_port == (PORT_ENTRY *)EMPTY) fprintf(trace,"BUG 1\n");

/* Check if migrated */
if (dst_pcr:t -> residency != this mc)
{
comms_hdr = USR_MSG | EMSG_MASK;
em hdr.dst_mc = dst_port =-> residency;
TX ((char *)é&comms_hdr, (char *)é&em_hdr, (char *) (msg.umsg),
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5£zeot{MSG), OStime, (PRCC_ENTRY *)EMPTY);
free ((char *) (msq.umsg));
return FORWARDED;

/* See if there is an nb_rcv pending on dst port */
if (dst_cort -> profile.nb_pending)
{

dst_port -> profile.nb_pending = !PENDING;

/* Give the msg to the waiter */
give_msg (dst_port->nb msg_loc, msg.umsg, dst_port->recvfunc);
free ((char*) (msg.umsg));

rcv_caller = find_proc (dst_port—>owner_proc];
got_msgsigack = 0;

|

11l (zcv_caller->upid, SIGMSG);

/* Walt for acknowledgement */
while (!got_msgsigack)

{
alarm(3);
pause() ;
alarm(0) ;
}

/* Check i1f msg recv'd was sent blocking */
if (dst_port -> msg_g_head =-> msg_hdr.snd _type == BLOCKING)
{
PRCC_ENTRY *save_caller = caller;
szc_port = find port {caller->proc_name,
cs:_por:—>msg_g_head—>msq_hdr.src_port};

/= Caller is now msg sender so do a kcreturn for him */
if (src_port -> residency == this_me)
{
caller = find_proc (src_port =-> owner_proc);
KCR_HDR ker_hdr = KCSUCC_MASK;
kecsucc(ker_hdr, 0);

CCMMS _HDR comms_hdr = NOT_MSG | EMSG_MASK;
EM_HDR em_hdr;
ZM_NOT_MSG notify msg;

em_hdr.sending_mc = this_mc;
em_hdr.dst_mc = src_port =-> residency;
procncpy {(em_hdr.caller, caller -> proc_name};

strcpy (notify msg.src_port_name, src_port -> port_pame);

TX ((char *)s&comms_hdr, (char *)&em_hdr, (char *)s&notify msg),

sizeof (NOT_MSG), OsStime, (PRCC_ENTRY *)EMPTY);

1
caller = save_caller;

}
/* Uzdace time */
time update (TIME_NBR_WAITER, USERtime, rcv_caller);
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else

/* See if there is a blocking rcv pending */
if (dst_port -> profile.b_pending)

{

KCR_BRMSG ker;

/* Unset b_pending */ :
dst_port -> profile.b_pending = !PENDING;

/* Establish original rev'er */
rcv_caller = find proc (dst_port -> owner_proc);

/* Marx process as unblocked */
rcv_caller -> blocked = UNBLOCKED;

/* Increment active proc count */
n_active_local_procs ++;

/* Do a kcreturn for blocked recv'er */

kecr.hdr = KCSUCC_MASK;

kcz.msg.msg_hdr.msg_length = msg.umsg->msg_hdr.msg_length;
kcr.msg.msg_hdr.msg_type = msg.umsg->msg_hdr.msg_type;
kcr.msg.msg_hdr.snd_type = msg.umsg->msg_hdr.snd_type;

strcpy (kcr.msg.msg_hdr.dst_port, msg.umsg->msg_hdr.dst_port);
stzcpy (ker.msg.msg_hdr.srtc_port, msg.umsg->msg_hdr.src_port);
strcpy (kcr.msg.msg_txt, msg.umsg->msg_txt);

free ({(char *) (msg.umsg));

/* Send msg to blocked rcv'er */
gct_ackkersig = 0;
kill (rev_caller->upid, SIGKCR);
gwrite (kxcret_pipe, (char *)gkcr, sizeof(ker));
while (!got_ackkcrsig)
{
alarm(3);
pause();
alarm(QC);

/* Uodate time */
time update (TIME_BR_WAITER, USERtime, rev_caller);

/* Check if msg rcv'd was sent blecking */

if (dst_port => msg_g_head -> msg_hdr.snd type == BLCCKING)

{

PRCC_ENTRY *save_caller = caller;
src_port = find_port (caller->proc_name,
dst_port->msg_g_head->msg_hdr.src_port);

/* Caller is now msg sender so do a kcreturn for him */
if (src_port => residency == this_mc)
(
caller = find_proc (src_port -> owner_proc);
KCR_HDR kcr_hdr = KCSUCC_MASK;
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kesucc (ker_hdr, 0);

else

CCMMS_HDR comms_hdr = NOT_MSG | EMSG_MASK;
EM_HDR em_hdr;
EM_NOT_MSG notify msg;

em_hdr.sending mc = this_mc;

em_hdr.dst_mc = src_port -> residency;

procncpy (em_hdr.caller, caller -> proc_name);

strecpy (notify msg.src_port_name, src_port -> port_name);

TX ((char *)scomms_hdr, (char *)&em_hdr, (char *)&notify_msg),
sizeof (NOT_MSG), OStime, (PRCC_ENTRY *)EMPTY);

}

caller = save_caller;

else /* No waiters so append to msg_gq */
{
if (dst_port =-> profile.inmg_length == 0)
dst_port -> msg_gq_head = msg.umsg;
else
dst_gort->msg_g_tall->next = msg.umsg;

dst_porz -> msg_q_tail = msg.umsg;
dsz_gort -> profile.inmq_length ++;

/* Ircrement owner's migration size */
vowrer = find proc (dst_port -> owner_proc);
pocwner -> migration_siz += sizeof (MSG);

/* Iacrement process's size */
pcwner -> tot_msg_siz += msg.umsg->msg_hdr.msg_length;

/* Upcate time */
=ime update (TIME_APP_MSGQ, Ostime, (PRCC_ENTRY *)EMPTY);

return SUCIZSS;

} /= End of USR_MSG */
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/* FILZ: project/src/kernel/b_smsg.c */
/* This file contains routines to blocking send a msg */
/* Includes for this file */

# include <stdio.h>

# include <signal.h>

# include ™/usr/acct/ian/project/src/include/keywds.h"

# include "/usr/acct/lan/project/src/include/params.h"

# include "/usr/acc:i/lan/project/src/include/sys/errcodes.h"
# include "/usr/acct/ian/project/sre/include/sys/types.h”

# include ™"/usr/acct/ian/project/src/include/sys/globvars. h"
$ include "/usr/acct/ian/project/srec/include/sys/macros.h”

/* Time defines =/

+ deZine TIME_BS_SETUP 5 * AVE_INST

# deiine TIME_NBR_WAITER 50 * AVE_INST
+ define TIME_BR_WAITER 40 * AVE_INST
# cefine TIME_APP_MSGQ 20 * AVE_INST
# define TIME_REMOTE 50 * AVE_INST

/* Routines EXTERNal to this file */
IXTERN PRCC_ENTRY =find proc();
T{TIZRN  PORT_ENTRY =Iind_port();

ZXTZRY char =malloc();
/* Tycedefs used in these routines */
tycedaf struct {
int sport;
iat dport;
int msg_length;
int msg_type;
cnar msg_txt [MSG_SIZ];
} XC_BSMSG;
tycecdeZ struct |
XTR_HDR hdr;
MS5G msqg;

} XCR_BRMSG;

tycedef struct {
MIG  *umsg;

} £M_UMSG;

typedef struct {
char src_port_name;

} EM_NOT_MSG;

/'tt'* NB_’.SHSG ""'/
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/% This routine deals with a kcall made to blocking snd a msg */

b_smsg ()

{

LocaL KC_HDR ke_hdr;
LOCAL KC_BSMSG p_blk;
LOCAL PROC_ENTRY *caller;
LCCAL PRCC_ENTRY *rcv_caller;
LCCAL PROC_ENTRY *powner;
LOCAL PORT_ENTRY *src_port;
~CCAL PORT_ZINTRY *dst_port;
LOCAL MSG *msg;

/* Get parameter block */
gets_blk (XC_3SMSG) ;

/* Allocate space for MSG */
msg = (MSG *)malloc(sizeof (MSG));

/* Escablish caller */

caller = firnzg proc (kc_hdr);

/* Upcate time due to context switch */
CONTXT_swilh;

/* Zstablisa source port */
iZ ((srz_scrt = caller->owned _ports([p_blk.sport}) == (PORT_ENTRY *)EMPTY)
{

xcZall (UN_SPCRT);

frse ((char *)msg);

racurn.  JAIL:

/* Istablish destination port */
if ((dst_gor: = src_port->links_to[p_blk.dport].pert) == (PORT_ENTRY
) EMETY)

{

Xxcfail (UN_DPORT);
free ((char *)msg);
raTursn FAIL;

/* Check ms3_type of dst port is correct */
if (dst_peor:t -> msg_type != p_blk.msg_tyge)
{

Xcfail (UN_MTY2E):

free ((char *)msg);

recurn FAIL;

/* Set up rast of MSG */
msg -> msg_hdr.msg_length = p_blk.msg_length;
msg —-> msg_nhdr.snd_type = BLOCKING;
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msg -> msg_hdr.msg_type = p_blk.msg_type;

strcpy (msg->msg_hdr.dst_port, dst_port=>port_name);
strepy (msg->msg_hdr.src_port, src_port->port_name);
strcpy (msa->msg_txt, p_blk.msg_txt);

msg -> next = (MSG *)EMPTY;

/* Check if dst port 1s local or remote */
if (dst_pert -> residency == this_mc)
{
/* See if there 1s an nb_rcv pending */
if (dst_port -> profile.nb_pending)
(
dst_port -> profile.nb_pending = !PENDING;

/* Gilve the msg to the walter!(sic!) */ )
give_msg (dst_port->nb_msg_loc, msg, dst_port->rcvfunc);
free ((char *)msqg);

rcv_caller = find_proc(dst_port->owner_proc);
got_msgsigack = 0;

kill (rcv_caller->upid, SIGMSG);

/* Wait for acknowledgement */
while (!got_msgsigack)
{

alarm(3);

pause () ;

alarm{(0Q);

/* Update time */
time_update (TIME_NBR_WAITER, USERtime, rcv_caller);

KCR_4DR kcr_hdr = KCSUCC_MASK;
src_port -=> links_to[p_blk.dport].nmsgs ++;
src_port => links_toip_blk.dport].toc_msglength +=
o_blk.msg_length;
kcsuce (ker_hdr, TIME_BS_SETUP);

else
/* See if there is a blocking rcv pending */
if (dst_port => profile.b_pending)

{
KCR_3RMSG keI

/* Unset b_pending */
dst port -> profile.b_pending = !PENDING;

/* Establish rcv caller */
rev caller = find_proc (dst_port => owner_proc);

/* Mark process as unblocked */
rev caller -> blocked = UNBLOCKED;

/* Increment active proc count */
n_active_local_procs ++;

/* Do a kereturn for blocked rcv'er */
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kcr.hdr = KCSUCC_MASK;

kcr.msg.msg_hdr.msg_length = msg -> msg_hdr.msg_length;
kcr.msg.msg_hdr.msg_type = msg -> msg_hdr.msg_type;
kcr.msg.msg_hdr.snd_type = msg -> msg_hdr.snd_type;
strepy (kcr.msg.msg_hdr.dst_port, msg->msg_hdr.dst_port);
strcpy (kcr.msg.msg_hdr.src_port, msg->msg_hdr.src_port);
strcpy (kcr.msg.msg_txt, msg->msg_txt);

/* Send msg to blocked recv'er */
got_ackkcrsig = 0;
pwrite (kcret_pipe, (char *)&ker, sizeof (kcr));
free ((char *)msg);
kill (rev_caller->upid, SIGXCR);
while (!got_ackkcrsig)
{
alarm(3);
pause();
alarm(0) ;

time_update (TIME_BR_WAITER, USERtime, rcv_caller);

KCR_HDR kcr_hdr = KCSUCC_MASK:
sre_port -> links_to(p_blk.dport].nmsgs ++;
src_port -> links_to([p_blk.dport].tot_msglength +=

_Slk.msg_lengzIh;

kcsucc (ker_hdr, TIME_BS_SETUP);

else /* No waiters so append to msg_gq */
{
if (dst_port -> profile.inmqg length == 0)
dst_zort -> msg_qg_head = msg;
else
(dst_port->msg_g_tail) -> next = msg;

dst_port —-> msg_g_tail = msg;
dsz_port —-> profile.inmg_leagth ++;

/= Increment owner's migration size */
cowner = find_proc (dst_port -> owner_proc);

cowner —-> migration_siz += sizeol (MSG);

/* Increment owner's size */
oswner => tot_msg_siz += msg->msg_hdr.msg_length;

/* Update time */
time update (TIME_APP_MSGT, USERtime, caller);

else /* dst port ls remote */
{ COMMS_HOR comms_hdr = USR_MSG | EMSG_MASK;
EM_HDR em_hdr;

/* Set up em_hdr */
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em_hdr.sending_mc = this_mc;
em_hdr.dst_mc = dst_port => residency;
procncpy (em_hdr.caller, caller->prcc_name);

/* Send MSG */

TX ((char *)&comms_hdr, (char *)&em_hdr,
USERtime, caller);

free ((char *)msg);

(char *)msg, sizeof (MSG),

/* Update time */
time_update (TIME_REMOTE, USERtime, caller);

$ifdef DEBUG
dump_procs();
dump_ports();
#endif

return SUCCESS;

} /* End of B_SMSG */
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/* FILE : project/src/Xernel/port_loc.c */
/* This file contains routines to UPDATE PORT LOCATICN */
/* Includes for this file */

include <stdio.h>

include <signal.h>

include "/usr/acct/ian/project/src/include/keywds.h"
include ™/usr/acct/ian/project/src/include/params.h"
include "/usr/acct/lan/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include “/usr/acct/lan/project/src/include/sys/globvars.h"
include ™/usr/acct/ian/project/src/include/sys/macros.h"

4 4 9 e 9 S W W

/* Routines EXTERNal to this file */
EXTERN PCRT_ENTRY =*find port();
/* Typedefs used in these routines */

typedef struct {

int residency:;

iat n_entries;

PRCCYN owner;

char port_name [MAXOWNPRT] [MAXPNAME];

} EM_PORT_LOC;

/*<=*x DORT_LCC_MSG *****/
/* Tais routine deals with a msg to update a port location */

cerz_loc_msg ()

LZCAL EM _HDR em_hdr;
TCCAL ZF_?CRT cc msqg;
tccalL  int i
ICEADL EBORT ENTRY *port?

/* Check if needs to be forwarded */ ‘
{f (check forward ((char *)&em_hdr, (char *)&msg, sizeof (EM_PCRT_LCC),
PCRT_LOC_MSG) == FORWARDED)
B return FORWARDED;

/* Update moved port entries */
if (msg.residency != this_mc)
for (i=0; i<msg.n_entries; i++)
{ port = find_port (msg.owner, msg.port_name(i]);
if (porz != (PORT_ENTRY *) EMPTY)
if (port =-> residency != this_mc)
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port -> residency = msg.residency;

return SUCCESS;

} /* End of PORT_LOC_MSG */
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/* FILE: project/src/kernel/pinfo.c */

)

/* This file contains routines to RECEIVE A MIGRATING PROCESS
/* Includes for this file */

# include <stdio.h>

# include <signal.h>

# include "/usr/acct/lan/project/src/include/keywds.h"

# include "/usr/acct/ian/project/sre/include/params.h"

# include "/usr/acct/lan/project/src/include/sys/errcodes.h"
# include "/usrc/acct/ian/project/src/include/sys/types.h"

# include "/usr/acct/ian/project/srec/include/sys/globvars.h”
# include "/usr/acct/ian/project/src/lnclude/sys/macros.h"

/* Time defines */
$ dafine

TIME_RCV_PROC 200*AVE_INST

/* Routines EXTERNal to this file */

EXTEAN PROC_ENTRY
ZXTERN PORT_EWTRY
ZXTZIN char

/* Tycedefs used in

typecef int

*find_proc();
*£ind_port();
*malloc();

these routines */

EM_PINFO;

/=x**x PINFO_MSG *==*x/

/* This routine rcvs a migrating process */

cinfo_nmsg()

LCCAL EM_HDR
LCCAL Eﬁ_?INFO
LCCAL PROC ENTRY
LocAL int

LOCAL  int

LCCAL PGRT.ENTRY
verAY inc

LoCAL  int

LCCAL char

LccAL int

LOCAL PROC_ENTRY
LocaL int

Local int

LCCAL int

em_hdr;
msg;
mig_proc;
op;
oc_lndex;
mig_port;
lnk;
1nk_1index;
pname [MAXPNAME] ;
m;
*this_proc;
tot_siz;
siz;
distance;

if (check forward ((char *)&em_hdr, (char *)é&msg,

PINFO MSG) == FORWARCZD)
- return FCRWARDED;

sizeof (EM_PINFQ),

/* Cancel first pending awaiting process timeout */
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if (awaiting orocess,set)
{

/* fprintI (trace, "Proc arrived - waited for\a"); =/
remove_await_ timeout();
/> fprinti (trace, "Virtual lcad %d\n", n virtual procs); */
: = i
/* Get the actual size of the process */
RX((char *)stot_siz, sizeof(int));
/* Get the process table entry */
RX ((char *)simig_proc, sizeof (PROC_ENTRY)) ;
/* Get the list (possibly empty) of owned ports */
for (op=C; cp < mig_proc.ownp_length; op++)
{
/* Get the port's index and port table entry */
RX ({char *)s&op_index, sizeof(int));
RX ((char *)&mig_port, sizeof (PORT_ENTRY));
/* Get the (possibly empty) list of link_to ports and their indexes
e

for (lax=0; lnk < mig_port.profile.lnkt_length; lnk++)
{
RX ((char *)&lnk_index, sizeof(int));
RX (pname, MAXPNAME) ;
mig_port.links_to[lnk_index].port = find port
(rnig_proc.proc_name, pname);

}

/* Get the (possibly empty) list of link from ports and their indexes

*/
for (lzk=0; lnk < mig_port.profile.lnkf length; lnk++)
{
RX ((char *)&lnk_index, sizecf(int));
RX (pname, MAXPNAME) ;
mig port.links_from(lnk_index] = find port (mig_proc.proc_name,
cname):

/* Get the (poss empty) msg_g */
mig_ceort.msg_g_head = mig_port.msg_g_tail = (MSG *)EMPTY;
for (m=0; m < mig_port.profile.inmqg_length; m++)
if (mig_port.msg_gq_head == (MSG *)EMPTY)
{
mig_portz.msg_g_head = (MSG *)malloc(sizeof (MSG));
RX (({char *) (mig_port.msg_g_head), sizeof(MSG));
mig_port.msg_qg_tall = mig_port.msg_g_head;
mig_port.msg_g_tail -> next = (MSG *)EMPTY;
}
else
{
mig_port.msg_g_tail = mig_port.msg_g_tail -> next = (MSG
*)malloc(sizeof (M5G))/
RX ((char *¥) (mig_port.msg_g_tail), sizeof(MSG));
mig_port.msg_q_tail -> next = (MSG *)EMPTY;



/* Put pointer to mig _port in mig_proc's owned ports list =*/

. migﬁp:oc‘owned_ports[op_index] = find_port (mig_proc.proc_name,
mlg_port.porI_nanme) ;

/* Zater mig_port info in port table */

memcpy ((char *)(miq_proc.owned_ports[opﬁindexl), (char *)&mig_port,
sizeof (PORT_ENTRY));

/* Updates time for comms.*/

siz = msg + tot_siz;

time_update (siz*RX_BYTE TIME, OStime, (PROC_ENTRY *)EMPTY) ;
[ fprinci (trsce, "Pinfol: time %d\n", siz*RX BYTE_TIME); */

* Enter mig_proc info in process table */
memcpy ((char *)nxt_proc, (char *)&mig_proc, sizeof(PRCC_ENTRY));
/* fprintf (trace, "Pinfo: rcved %d\n", nxt_proc->upid); */

/* Set times for process N.B. allow for migration time in exist_time */

nxt_proc->times.exec_here_time = 0;

nxt_prcc->times.residency_time = 0;

distance = route_table(em_hdr.sending_mc].distance;

/* fgrintf (trace, "Dist to %d is %d\n", em_hdr.sending_mc, distance);*/

nxt_orsc -> times.exist_time += distance~(2*PROTOCOL_TIME*AVE_INST +
siz*RX_BYTE TIME +
siz*TX_BYTE_TIME);

/* fprintf (trace, "Pinfo2: time %d\n", distance

* (2*PRCTCCOL_TIME*AVE_INST + siz+*RX_BYTE TIME + siz*TX BYTE TIME)); */

/* Update time */
time_ugdate (TIME_RCV_PRCC, Ostime, (PROC_ENTRY *)EMPTY);

/= Increment leccal proc count */
n_lccal_oroscs ++;

scess is active increment active proc count */
! nxz proc -> blocked)
n_active _local _procs ++;

/* Ccnziaue suspended process */
xill (nxz_prcc->upid, SIGCONT)

/* Ucdaze next process pointer */
while (axt proc -> residency != EMPTY)
NXT_DIroc++;

$ifdef DEBUG
dump_ports();
dump_procs ()7
#endif

return SUCCESS;



/* FILE : /usr/acct/ian/project/sre/kernel/negociate.c */

/* This file contains routines to NEGOCIATE process migration */

/* Includes for this file */

include <stdic.h>
include <signal.h>
include "“/usr/acct/lan/project/src/include/keywds.h"
include "/usr/acct/lan/project/src/include/params.h"

oM HE R AR S G o

/* Routines EXTERNal to this file */

EXTERN PRCC_ENTRY =choose_proc_to_migrate();

/* Typedefs for these routines */

tycedef struct (
unsigned short negociation_type;
unsigned short forward_it;

} ZM_NEGOCIATION;

typedef struct (
flecat new_average;

} IM_CHANGE_AVERAGE;

/*=*== NEGCCIATZ_MSG w=w#*%/

include "/usr/acczt/ian/project/sre/include/sys/errcodes.h”
include "/usr/acct/lan/project/sre/include/sys/types.h"
include "/usr/acct/lan/project/src/include/sys/globvars.h"
include "/usr/acct/ian/project/src/include/sys/macros.h"

/=~ This routine deals with receipt of a TOC_HIGH or ACCEPT msg *f

negcciate_msg ()

LCTAL  EM_HEZR em_hdr;

LCCAL CCMMS_HTR comms_hdr;

LOCAL EM_NESOCIATICN msg;

LOCAL PRCC_ENTRY *mig_proc;

LOCAL int i;

EXTERN PRCC_ENTRY *choose_proc_to_migrate();

/* Check if needs to be forwarded */
if (check_forward ((char *) sem_hdr, (char *)é&msg,

NEGCCIATE_MSG) == FCRWARDED)
return FORWARDED;

switch (ms3.negociation_type)

(
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case TOO_HIGH : if (UNDERLOADED)
{
/* Cancel too low timeout */
too_low.set = FALSE;

/* Set awaiting process timecut */
add_await_timeout();

/* Send accept msg */

msg.negociation_type = ACCEPT;

comms_hdr = NEGCCIATE_MSG | EMSG_MASK;

em_hdr.dst_mc = em_hdr.sending_mc;

em_hdr.sending _mec = this_mc;

TX ((char *)&comms_hdr, (char *)&em_hdr, (char
*) &msg, sizeof (EM_NEGCCIATICN), OStime, (PROC_ENTRY *)EMPTY);

}
else
{
if (msg.forward it)
{
msg.forward it --;
for (i=0; i<n_nbours; i++)
if (neighbours([i]!=em_hdr.sending_mc)
{
comms_hdr = NEGOCIATE MSG | EMSG_MASK;
em_hdr.dst_mc = neighbours(i];
TX{(char *)&comms_hdr, (char
*) &em_hdr, (char *)&msg, sizeof (EM _NEGOCIATION), OStime, (PROC_ENTRY *)EMPTY);
}
}
}
break;

case ACCERT : /* Cancel too high timeout */
too_high.set = FALSE;

/* Migrate process if still overloaded */
if (OVERLCADED &§& n_active_local procs > N_SYS_PROCS

{
if ((mig_proc = chocse_proc_to_migrate())!=
{PRCC ENTRY *)ZMETY)

migrate (mig_prec, em_hdr.sending mc);

break;

return SCCCESS;

} /* End of NEGOCIATE_MSG */
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/**xxx CHANGE_AVE_MSG **ww*/

/* This routine medifies the system wide average load value */
change_ave_msg ()

{

LOCAL EM_HDR em_hdr;
LOCAL EM_CHANGE_AVERAGE msg;

/* Check if needs to be forwarded */
if (check_forward ((char *)&em_hdr, (char *)smsg,
sizeof (EM_CHANGE_AVERAGE), CH_AVE_MSG) == FORWARDED)
return FORWARDED;

/* Update average */
global_average_load = msg.new_average;

/* Cancel timeouts */
too_low.set = FALSE;
too_high.set = FALSE;

return SCUCCESS;

} /* End of CHANGE_AVE_MSG */

/**%xx< ADD AWAIT TIMEOUT *****/
/* This routine adds an await process to the gqueue */
CWN int await_length = 0;

add_await zimecut ()

if (awaiz_leangth == 0) awaiting_process.set = TRUE;

/* Add a tize to the queue of timeouts */
awaiting orocess.timer[await_length++] = sys_real time + TIMECUT_INTZRVAL:

/* Increase virtual locad */
n_virtual procs ++;

} /* End of ADD_AWAIT_TIMEOUT =*/

/*=#*%x REMOVE_AWAIT_TIMEOUT ***=*/

/* This routine removes an awalt process timeocut from the queue */

remove await_timeout ()
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LCCAL int i;

for (i=1; i<await_length; i++)
awaiting_process.timer(i-1] = awaiting process.timer(i];

await_length --;
if (await_length == 0) awalting_process.set = FALSE;

/* Decrease virtual load */
n_virtual procs --;

} /* End of REMOVE_AWAIT_TIMECUT */
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/* FILE: /fusr/acct/ian/project/src/kernel/probe.c */
/* This file contains routines to DEAL WITH PROBING */
/* Includes for this file =/

include <stdio.h>

include <signal.h>

include <math.h>

include "/usr/acct/lan/project/src/include/keywds.h"
include "/usr/acct/ian/project/src/include/params.h"
include "/usr/acct/ian/project/src/include/sys/errcodes.h”
include "/usrc/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/ian/project/src/include/sys/glcbvars.h”
include */usr/acct/lan/project/src/include/sys/macros.h"

B oo S e e S e de 9B

/* Routines EXTERNal to this file */
EXTERN double erand48();

/* Typedefs for these routines */

typedef struct (
PROC_ENTRY *proc;

} EM_PROBE;
tvcedel struct {
PRCC_ENTRY *proc;

unsigned short above_threshold;

} IM_REPLY_PROBE;

[xxe=xx ?ROBE_:‘!SG tt'r'/

/= This routine deals with receipt of a probe msg */

i

LCCAL CCMMs HER comms_hdr;
1SCAL EM_HDR em_hdr;
LOCAL EM_2RZBZ - msg;
LCCAL EM_REPLY_ PRC3E reply;

/* Check to see 1f needs to be forwarded *f
if (check forward ((char *)&em_hdr, (char *)&msg, sizeof (EM_PROBE),
PROBE MSG) == FORWARDED)
- return FCRWARDED;

/* Test whether would be above threshold if process comes here */
{f (n_local procs + 1 > N_SYS_PRCCS + THRESHOLD)
reply.above_threshold = TRUE;

else
reply.acove_threshold = FALSE;
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/* Send rec.y */

comms_hdr = REPLY_PROBE_MSG | EMSG_MASK;

em_hdr.dst_mc = em_hdr.sending_mc;

em_hdr.sending_mc = this_me;

reply.proc = msg.proc;

TX ((char *)é&comms_hdr, (char *)&em_hdr, (char *)é&reply,
sizeof (EM_REPLY_PROBE), OStime, (PROC_ENTRY *)EMPTY) ;

return SUCCESS;

} /* End of PROBE_MSG */

Vil PROBE_REPLY MSG **x*x/
/* This routine deals with a reply to an earlier probe */
probe_reply msg()

{

LCCAL EM_HDR em_hdr;
LICAL EH”RE?LY_PRGBE msg;
LOCAL inc i;

/* Check 1if needs to be forwarded */
if (check_forward ((char *)&em_hdr, (char *)&msg, sizeof(EM_REPLY_PROBE),
RIPLY PRCBE_MSG) == FORWARDED)
return TCRWARDED:

/* 1f prcbad mc is above threshold send another probe */
/* otherwise migrate process */
if (msg.acove_threshold == TRUE)
send_orcbe (msg.proc);
else
{
for (i=C; i<msg.proc->n_probes; 1i++)
{m3g.proc->mecs_probed) (i] = EMPTY;
msg.prsc -> n_prokes = 0;
msc.prcc -> schedulable = TRUE;
migraze (msg.proc, em_hdr.sending_mc);

return SUCCESS;

} /* End of PROBE_REPLY MSG */

/***%* SEND_PROBE *=#**/
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send_probe (p)

PARAMS PROC_ENTRY *p;

{

LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
EXTERN

COMMS_HDR  comms_hdr;

EM_HDR em_hdr;
int mc;
EM_PRCBE msg;
double rnd_num;
double erand48 () ;

/* Check if probe limit exceeded */
if (p -> n_prcbes < PROBE_LIMIT)

{

/* Generate random mc no. */

do |
rnd_num = erand48(xsubi) * nmes;
mc = (int)rnd_num;
} while ((probed (p, mc)) || (mc == this_me));

/* Update probe info */
P -> mcs_probed(p->n_prcbes] = mc;
P => n_probes ++;

/* Send probe */

comms_hdr = PROBE_MSG | EMSG_MASK;
em_hdr.dst_mc = mc;
em_hdr.sending_mc = this_mc;
msg.Droc = p;

TX ((char *)&comms_hdr, (char *)é&em_hdr, (char *)s&msg,

sizeof (EM_PRCBZ), CStime, (PROC_ENTRY *)EMPTY);

}

else /* Probe limit has been exceeded - must process locally */

{

n_active local procs ++;
p -> schedulable = TRUE;

} /= End of SEND_2RCBE */

/xxxx* PROBED ****x/

probed (p, mc)

PARAMS

PRCC_ENTRY *p;
int mc;
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LOCAL int &;

/* Check to see if mc has already been probed */
if (p -> n_probes > 0)

i =0;
while (L <= PRCBE_LIMIT - 1)

if (p -> mcs_probed(i++] == mc)
return 1;

return 0;

} /* End of PROBED */
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/* FILE: project/src/kernel/utlls.c */

/* This file contains routines commonly used by kernel routines */

/* Includes for this file */

# include <stdio.h>

# include <signal.h>

# include <sys/types.h>

$ include <sys/ipc.h>

# include <sys/shm.h>

# include "/usr/acct/ian/project/src/include/keywds.h"

# include "/usr/acct/lan/project/src/include/params.h"

# include "/usr/acct/lan/project/src/include/sys/errcodes.h"
# include "/usrc/acct/ian/project/src/include/sys/types.h"

# include "/usr/acc:t/lan/project/src/include/sys/globvars.h"
# include "/usr/acct/ian/project/src/include/sys/macros.h”

/* Routines EXTERNal to this file */

EXTERN char *malloc();

/*x=== CHECX_FCRWARD *wxnw f
/* This routine checks if an emsg needs to be forwarded */
check forward (em_hdr, msg, msize, em_type)

PARAMS char *em_hdr;
char *msg;
int msize;
int em_type;

LOCAL char *var_msg;

/* Receive ext. msg. hdr */
RX (em_hdr, sizeof(EM_HDR));

/* Receive ext. msg. itself */
RX (msg, msize{:

/* Update elapsed time */
if (em type != EXIT_MSG)
time update (PROTOCOL_TIME * AVE_INST +
- (sizeof (COMMS_HDR) +sizeof (EM_HDR) +msize) * RX_BYTE_TIME,
OStime,
(PROC_ENTRY *)EMPTY) ;

/* If msg not for this mc then forward iy *f
if (((EM_HDR *)em_hdr) => dst_mc != this_mc)

{
/* Set up comms hdr */
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COMMS_HCR comms_hdr = em_type | EMSG_MASK;

/* Test 1f var length msg */
if (em_type == PINFO_MSG)
{
var_msg = malloc (*((int *)msg)+2*sizeof (int));
memcpy (var_msg, msg, sizeof(int));
RX (var_msg+sizeof(int), sizeof(int));
RX (var_msg+2*sizeof(int), *((int *)msqg));

time_update ((*((int *)msqg)+*((int *) (var_msg+2*sizeof(int)))) *
RX_BYTE_TIME, OStime, (PROC_ENTRY *)EMPTY);

TX ((char *)&comms_hdr, em_hdr, var_msg, *((int
*)msg) +2*sizeof (int), OStime, (PROC_ENTRY *)EMPTY);
free(var_msq) ;
else
(

if (em_type == USR_MSG)

time_update ((((MSG *)msg)->msg_hdr.msg_length) *RX_BYTE_TIME,
Ostime, (PRCC_ENTRY *)EMPTY);

/* Transmit, i.e. forward, msg */
TX ((char *)&comms_hdr, em_hdr., msg, msize, OStime, (PRCC_ENTRY

*) EM2TY)

return FORWARDED;

else return !FORWARDED;

} /= End of CHECX_FORWARD */

/*=*%*x KCRETURN #*xxx%/ -

/* This routine recurns the result of a kernel call to the caller */
kcreturn (upid, result, rsize)

PARAMS int upid;

char *result;
int rslze;

got_ackkcrsig = 0;
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/* Wake up caller =*/
kill (upid, SIGKCR);

/* Send back results */
pwrite (kcret_pipe, result, rsize);

while (!got_ackkcrsig)
{
alarm(3);

pause();
alarm(0);

} /* End of KCRETURN */

[x=xex Dy trxww /

/* This routine receives a comms. msg */
RX (buffer, n_bytes)

PARAMS char *buffer;
int  n_bytes;

pread (buffer, n_bytes, own_pipe);

} /* End of RX */

,.tqt-.- TX r*wt-/

/* This routine transmits an ext. msg */

TX (comms_hdr, em_hdr, msg, msize, time_type, calling_ proc)

PARAMS char *comms_hdr;
char *em_hdr;
char *msg;
int msize;
int time_type;
PRCC_ENTRY *calling_proc;
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LOCAL int mclink = phys_link({route_table(((EM_HDR *)em_hdr) ->dst_mc].1lnk].link;
LCCAL int nbour_mc = phys_link([route_table[ ({EM_HDR
*}em_hdr) ->dst_me] .1lnk].nbour;

LOCAL COMMS_HDR chdr:;

/* Increment count of TXs */

n_TXs ++;

if (((EM_HDR *)em_hdr)->dst_mc == this_mc)

{

mclink = phys_link([0].link;
nbour_mc = phys_link[0].nbour;

/* Seize neighbour's comms. lock */
seize (ownp_locks(nbour_mc]);

/* Send cemms hdr */
pwrite (mclink, comms_hdr, sizecf(COMMS_HDR));

/* Send em hdr */

pwrite (mclink, em_hdr, sizeof(EM_HDR));

/* Send msg */
pwrite (mclink,

msg, msize);

chdr = *((CCMMS_HDR *)comms_hdr) ;

/* Update elapsed time */

if ((chdr & ~EMSG_MASK) != EXIT_MSG)

time_update ( PROTOCOL_TIME * AVE_INST +
(sizeof(COHMS_HDR}+size0f{EM_HDRJ+msize) * TX_BYTE_TIME,
time_type,
calling_proc);

1f ((chdr & ~EMSG_MASK) == USR_MSG)

time_update

time_type, calling proc);

else if ((chdr &
{

LCCAL

LOCAL

/r

/* Release comms.

((({MSG *)msg)->msg_hdr.msg_length) *TX_BYTE_ TIME,
~EMSG_MASK) == PINFO_MSG)

char *mig_ptr = msgqg;

int siz;

mig_ptr += sizeof (int);

siz = *((int *)mig_ptr);

time update (siz*TX_BYTZ_TIME, time_type, calling _proc);
fprintf (trace, "TX: time %d\n", siz~TX BYTE TIME);=/

lock */

release (ownp_locks[nbour_mc]);

} /* End of TX */

/=xxx=xx BROADCAST *<*=x/
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/™ This routine sends an ext. msg to all mcs */
broadcast (em_type, caller, msg, msize)

PARAMS int em_type;
PROC_ENTRY *caller;
char *msg;
int msize;

LCCAL COMMS_HDR comms_hdr = em_type | EMSG_MASK;
LOCAL EM_ECR em_hdr;
LCCAL int mc;

/* Set up em hdr */
em_hdr.sending_mc = this_mc;
if (caller != (PROC_ENTRY *)EMPTY)
procacpy (em_hdr.caller, caller -> proc_name);

/* TX to all mcs */
for (mc=0; mc<nmcs; mc++)
if (mec != this_mec)
({
em_hdr.dst_mec = mc;
TX ((char *)&comms_hdr, (char *)&em_hdr, msg, msize, OStime,
(PRCC_ENTRY *)EMPTY);
}

} /* End of BRCADCAST */

J*=%x** ACKKCRSIG_HANDLER *****/

ackkcrsig_handler ()

ZXTZ2N  int ackkcrsig_handler ()7

signal (SIGKCRACX, ackkcrsig_handler);

# ifdeZ DE2UG
priatf ("%d - ackhandler\n", getpid());
# endif

got_ackkcrsig ++;

} /= End of ACXKCRSIG_HANDLER */

136



/*=xx* MSGSIGACK_HANDLER ***%x/
msgsigack_handler ()

{

EXTERN int msgsigack_handler ():

signal (SIGMSGACK, msgsigack_handler);
printf (“Got msgsigack\n");

got_msgsigack ++;

} /* End of MSGSIGACK_HANDLER */

/*==xx* MIGSIGACK_HANDLER **¥wx/
migsigack_handler ()

{

ZXTERN int migsigack_handler();

signal (SIGMIGACK, migsigack_handler);
/* prints ("Get migsigack\n"): */

got_migack ++;

} /* End of MIGSIGACK_HANDLER */

/**=*= SIGSETUP_HANDLER wx¥**/

sigsetup_handler()

EXTZRN int sigsezup_handler();
signal (SIG3ZTUP, sigsetup_handler);
pProc_setup ++;

} /* End of SIGSETUP_HANDLER */

JrEmEn ALAR}{_HANDLER whEEk f
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alarm_handler ()
(
EXTERN 4int alarm handler();
signal (SIGALRM, alarm_handler):

} /* End of ALARM HANDLER */

# define TIME_MIG_PROC 200*AVE_INST
Jrrux= MIGRATE **x=w/
/* This routine migrates a process to another processor */

tycedef struct {

int residency;

int n_entries;

PROCN owner;

char port_name [MAXOWNPRT] [MAXPNAME];

} EM_PORT_LOC;
migrate (proc, mc)

257AMS  PRCC_ENTRY =groc;

int mc;
{
LCCAL int opno;
LSCAL int mno;
LCCAL int lnk;
LZZAL int np_sent;
LCZEL int nl_sent;
LIZCAL char *mig_info;
LCCAL char *mig_ptr;
LCCAL  PCRT_ENTRY ‘*port;
LCCAL MsG *msg_p;
LCCAL COMMS_HDR comms_hdr;
LCCAL EM_HDR em_hdr;
LOCAL int tot_siz;

LCCAL EM_PCORT_LCC loc_port_msg;

/- fporintf (trace,"Migrating Proc. %d %d %s to mc %d\n",

prec->proc_name.pgroup.gme, Proc->proc_name.pPgroup.gnum, Proc->proc_name.pname,

mc) ;*/
/* Update time */
time_update (TIME_MIG_PROC, OStime, (PROC_ENTRY *)EMPTY);
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/* Increment count of migrates =/
n_migrates ++;

/* Allocate space for migration msg =/
mig_info = mig_ptr = malloc (proc -> migration_siz+2+sizeof(int));

/* Put Info for process in mig info */

proc -> residency = mc; -

memcpy (mig_ptr, (char *)&(proc->migration_siz), sizeof(int));
mig _ptr += sizeof(int);

tot_siz = proc->siz + proc->tot_msg_siz;

memcpy (mig_ptr, (char *)&tot_siz, sizeof(int));

mig _ptr += sizeof(int);

memcpy (mig_ptr, (char *)proc, sizeof (PRCC_ENTRY));

mig_ptr += sizeof (PROC_ENTRY) ;

/* Put Ianfo for each owned port in mig_info */
np_sent = C;
loc_port_msg.residency = mc;
loc_port_msg.n_entries = 0;
procncpy (loc_port_msg.owner, proc =-> proc_name);
for (opno = 0; np_sent < proc->ownp_length; opno++)
if ((port = proc->owned_ports(opno]) != (PORT_ENTRY *)EMPTY)
(
loc_port_msg.n_entries ++;
strepy (loc_port_msq.port_name[np_sent], port->port_name) ;
memcpy (mig_ptr, (char *)&opno, sizeof(int));
mig_ptr += sizeof(int);
pcrt -> residency = mc;
memcpy (mig ptr, (char *)port, sizeof (PORT_ENTRY));
mig_ptr += sizeof (PORT_ENTRY);

/* Put Link_to Info in mig_info */
nl_sent = 0;
for (lnk=0; nl_sent < port->profile.lnkt_length; lnk++)
if ({port—)links_to[lnk].portl != (PORT_ENTRY *) EMPTY)
{
memcpy (mig_ptr, (char *)&lnk, sizeof(int));
mig_ptr += sizeof (int);
memcpy (mig_ptr,
(pers->links to[lnk!.port)->port_name, MAXPNAME);
- mig ptr += MAXPNAME;
nl_sent++;
}

/= Put Link_from Info in mig_info */
nl sent = 0;
fo; (lnk=0; nl sent < port->profile.lnkf_length; lnk++)
Lf ((port->links_from(lnk]) != (PORT_ENTRY *)EMPTY)
{
memcpy (mig_ptr, (char *)&lnk, sizeof(int));
mig_ptr += sizeof(int);
memcpy (mig_ptr, (port->links from(lnk])->port_name,
MAXPNAME) ;
mig_ptr += MAXPNAME;
nl_sent++;

/* Put msg_q Info in mig_info */
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msg_p = port -> msg_q_head;
for {(mne=0; mno < port->profile.inmqg_length; mno++)
{
memcpy (mig_ptr, (char *)msg_p, sizeof (MSG)):
mig_ptr += sizeof (MSG);
msg_p = msSg_p =-> next;

np_sent ++;

/* Interrupt process and send it new info L 4
got_migack = 0;
kill (proc=->upid, SIGMIG);

pwrite (xcret_pipe, (char *)&mc, sizeof(int));:
pwrite (kcret_pipe, (char *)&mcpids(mc], sizeof(int)):

while (!got_migack)
{
alarm(3);
cause();
alarm(Q);

/* Transmit the process info to new mc */

comms_hdr = PINFO_MSG | EMSG_MASK;

em_hdr.sending_mc = this_mc;

em_hdr.dst_mc = mc;

TX ((char =)s&comms_hdr, (char *)s&em_hdr, mig_info,
proc->migration_siz+2*sizeof (int), OStime, (PRCC_ENTRY *)EMPTY);

/* Brcadcast locc of owned ports */
if (procec->cwnp_length > 0)
broadcast (PCRT_LOC_MSG, (PROC_ENTRY *)EMPTY, (char *)&loc_port_msg,

sizeof (EM 2CRT_LCC));

/* Tree allcc'ed space */
free (mig_infc);

/* Establish new next process pointer */
if (prece < nxt_proc)
NXt_prcc = proc;

/* NEED TO BROADCAST NEW LOC OF PORTS HERE */

} /* End of MIGRATE */
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[***x*x TIME UPDATE #****+/

/* This function notes the passage of time in the system */
time_update (elapsed_time, time_type, call proc)

PARAMS int elapsed_time;

int time_type;
PRCC_ENTRY *call_proc;

LOCAL PRCC_ENTRY =*p = process_table;
LOCAL int np = 0;

/* Update system elapsed real time */
sys_real time += elapsed_time;

# ifdef DEBUG
fprintf (trace, "Sr_time is %f\n", sys_real time);
¥ endif

/* If time is User add to process's exec time */
if (time_type == USERtime)
{
call proc -> times.exec_time += elapsed_time;
call proc -> times.exec_here_time += elapsed_time;

/* Add time to residency and exist time for all local processes */
while (nz < n_local_procs)

{
if (p -> upid != EMPTY)

{
p -> times.resldency time += elapsed_time;
p -> times.exist_time += elapsed_time;
np++;

}

/* Update guanta for averaging of load over a periocd */
quanta_update (elapsed_time, time_type);

} /* End of TIME_UPDATE */

/***%* QUANTA_UPDATE it

/* This function updates the array of time quanta given an amount of elapsed
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time */
quanta_update (elapsed_time, time_type)

PARAMS  int elapsed_time;
int time_type;

LOCAL int added_time;

/* Loop adding elapsed time to quanta*/
/* Must lcop cos time may be > quantum */
while (elapsed_time > 0)
{

added_time = elapsed time;

/* Check 1if time will fill rest of gquantum */
if (elapsed_time + quanta[current].used >= QUANTUM)
{
added_time = QUANTUM - quanta(current].used;
add_to_quantum (added_time, time_type):

/* Move on to next guantum */
next_quantum() ;

else
add_to_gquantum (added_time, time_type);

elapsed time -= added_time;

} /* End of CUANTA_UPDATE */

/*=*== ADD_TO_QUANTUM ==*=+/
/* This functicn adds an amount of time to a quantum *f
add_to_quantum (add_time, time_type)

PARAMS int time_type;
int add_time;

/* If time is 0S add it to OStime counts */
if (time_type == OStime)

{
quanta[cur:ent].OSportion += add_time;

OSovernead += add_time;
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/* Add time to part of the quantum used */
quanta(current].used += add_time;

} /* End of ADD_TO_GUANTUM */

/**xxx NEXT QUANTUM ***++/
/* This function moves on to the next quantum in the period */

next_guantum()
(

current++;

/* Check if need to 'wrap' current to start of array */
12 (current >= NQUANTA)
current = 0;

/* Initialise new quantum */

guanta(current].used = 0;

OSoverhead -= gquanta(current].OSportion;
quanta(current].0OSportion = 0;
quanta(currsnt].actual_load = n_active_local_procs;
quanta(current].virtual_load = n_virtual_procs;

} /* Zad of NEXT_QUANTUM */

Jxx%xx INIT SHARZID_GLOBALS **w*x*/

/* This routine initialises shared global variables */

LZCAL PRCC_ENTRY *5roc;
LCCAL RQUTE= *rte;
LOCAL QTUM_ENTRY *qta;

/* Process table */
for (proc=process_table; proc<process_table+MAXPROCS; proc++)

proc_initds (proc);

nxt_proc = process_table;
scheduled proc = process_table;

/* Routing table */

for (rte=route table; rte<route_table+MAXMCS; rte++)

{
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rte => lnk = EMPTY;
rte -> distance = EMPTY;

/* Time info */
OSoverhead = 0;
sys_real time = 0;

for(gta=quanta; qta<quanta+NQUANTA; gta++)
{

qta -> actual load = N_SYS_PROCS;

qta -> virtual_load = 0;

gta -> OSportion = 0;

gta -> used = 0;

current = 0;

/* Process counts */

/*==%xx PERIFCRMANCZ DUMP *»wxx/
/* This routine durps performance info to trace file */

perZormance_dump()

k4 ifndef FILE_INPUT
priati ("M¥c %d - Time is %f\n", this_mc, sys_real time);

4 endif
forincf (trace, "Performance dump at %f\n", sys_real time);
orintf (trace, "No. of procs %d\n\n", n_local procs);

if (n_cdeaths != 0)
foriantf (traca2, "Ave RT = %f\n", cumul_exist time/(double)n_deaths);

alse
forintf {tzace, "“Ave RT = 0.0\n");

fprintf (tzace, "No. migrates = %d\n", n_migrates);
n_migrates = 0;

fprintf (trace, "No. TXs = %d\n", n_TXs);

n_TXs = 0;

} /* End of PERFCRMANCE_DUMP */
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it f o] CALC_AVE_LOAD *x»x=/

/* This routine averages the local load over NQUANTA time quanta */
float calc_ave_load()

{

LOCAL int total_lead = 0;
LocAL int 4;

for (i=0; L<NQUANTA; i++)
total load += quanta(l].actual load + quanta(i].virtual_load;

return ((float)total_ load/NQUANTA);
} /* Znd of CALC_AVE_LOAD */
typedef struct {
unsigned short negociation_type;
unsigned short forward it;

} EM_NEGOCIATION;

tvcedef struct {
float new_average;

} EM_CHANGE_AVERAGE;

[x=xxx QUERLOAD CHECX ***»w/
/* This rouzine checks if mc is overlocaded and if sc¢ broadcasts for help */

overload check ()

LCCAL EM NEGCCIATION msg;

LCCAL CCMMS_HDR comms_hdr;
LCCAL =M _4CR em_hdr;
LCCAL int i;

if (OVERLOADED && !too_high.set)
{

/* Brcadcast too high msg */
msg.negoclation_type = TOO_HIGH;
msg.forward_it = 1;

comms_hdr = NEGOCIATE_MSG | EMSG_MASK;
em_hdr.sending_mc = this_mc;

for (i=C; l<n nbours; 1i++)

{
em_hdr.dst_mc = neighbours([i];

TX ((char *)&comms_hdr, (char *)&em_hdr, (char *)é&msg,
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sizeof(EﬁqNEGSC:ATION). OStime, (PROC_ENTRY *)EMPTY);
}

/* Set timeout */
too_high.set = TRUE;
too_high.timer = sys_real time + TIMEOUT INTERVAL;

return;

} /* End of OVERLCAD CHECK */

/*x*x*xx UNDERLOAD_CHECX *wwwx/

/= This routine sets a too low timeout if mec is underlcaded */

underlead_check ()

if (UNCERLCADED €& !too_low.set)
({

/* Set too low timeout */

too_low.set = TRUE;
=so low.timer = sys_real time + TIMECUT_INTERVAL;

}

} /= End of UNDERLOAD_CHECX */

[e==wx EXD HIGH CHITK wwww=/

/* This routine checks to see if a too high timecut has explred */
exp_high_check ()

{
LCCAL EM_CHANGE_AVERAGE msg;

if (tooc high.set && sys_real time >= too_high.timer)
{

/* If still overloaded average load must change *f
if (OVERLOADED)
(
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global_average_load += CHANGE_AMCUNT;
/* Broadcast new average */
msg.new_average = global_average load;
broadcast (CH_AVE_MSG, (PROC_ENTRY *)EMPTY, (char *) &msq,
sizeof (IM_CHANGE_AVERAGE)) ;
}

/* Cancel too high timecut */
too_high.set = FALSE;

recurn;

} /* End of EXP_HIGH CHECK */

fx=x=x EXP LCW_CHECX %*xxx/

/* This routine checks if a too low timeout has expired */
exp_low_check ()

{

LCCAL EM_CHANGEI_AVEIRAGE msg;

if (too_lcw.set && sys_real time >= too_low.timer)

{

/* If still underloaded average load must change */
if (UNDERLOADED)
{

glckbal_average_load -= CHANGE_AMCUNT;

/* crcoadcast new value */

msg.new_average = global_average_load;

croadcast (CH_AVE_MSG, (PRCC_ENTRY *)EMPTY, (char *)&msg,
sizeof {EH_CHAEIGE_AVERAGEJ )i

}

/* Cancel too low timecut */
too_lcw.set = FALSE;

return;

} /* End of EXP_LCW_CHECK */
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[*x*wx EXP AWAIT CHECK wxwxx/
/* This routine checks for an awaiting process timeout =/

exp_await_check ()
{

if (awaiting_orocess.set && sys_real_time >= awaiting_process.timer(0])
{

remove_await_timeout ();

} /* End of EXP_AWAIT_CHECK */

/====% CHCOSE 2RCC_TO MIGRATE ***%%/

/= This routine picks a non-executing process to migrate */
PRCC_ZENTRY *choose_proc_to_migrate ()

{

CWY PRCC_ENTRY *mig_p = process_table + N_SYS_PRCCS - 1;
LCCAL int p_count = N_SYS_PROCS;

if (n_active_local_procs <= N_SYS_PRCCS + 1)
recturn (?RCC__ENTR! =) EMPTY;

/* Pick prccess */
do {
if (++mig_p >= process_table + MAXPRCCS)
mig o = process_table + N_SYS PRCCS;
if (!nig o =-> blocked && mig_p -> upid != EMPTY)

D_COount++;

} while ((mig_p =-> upid == EMPTY ||
mig_p == scheduled proc ||
mig_p -> blocked == BLCCKED)
£& p_count <= n_active_local_procs);

if (p_count > n_active_local_procs)
return (PROC_ENTRY *)EMPTY;

else
return mig_p;

} /= End of CHOCSE_PROC_TO_MIGRATE */
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/**xxx CONSIDER_MIGRATION **www/
consider_migration()

{

LOCAL int 1;

LOCAL int lowest;

LOCAL PROC_ENTRY *p = (PROC_ENTRY *)EMPTY;
EXTERN PROC_ENTRY *choose_proc_to_migrate();

if ((p=choosa_proc_to_migrate()) != (PROC_ENTRY *)EMPTY)
{

/* Consider if process would run better elsewhere */
lowesz = 1;
for (l=1; 1<VECTOR_SIZE; l++)
if (load_vector[l].load < load vector([lowest].load
&& load _vector(l].processcr != EMPTY)
lowest = 1;

if (load_vector({lowest].lcad < n_active_leocal_procs -1
&6 load_vector(lowest],.processor != this_mc)

migrate (p, load_vector(lowest].processor);

}

} /= End of CCNSIDZR_MIGRATION */
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DIRECTORY NAME : PHYSNETWK
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/= FILE : proiecz/src/physnetwk/main.c */
/* This is the main function for the whole simulation */
/* Includes for this file */

include <stdie.h>

include <signal.h>

include <featl.h>

include "/usr/acct/ian/project/src/include/keywds.h"
include "/usr‘acct/ian/project/sre/include/params.h"
include "/usr/acst/ian/project/src/include/sys/errcodes.h”
include "/usr/acct/ian/project/src/include/sys/types.h"

S GdE e O9F 4R W W

/* GLOBAL variables definitions */

PORT_ENTRY port_table [MAXPORTS]; /* Global port table */

PCRT_ENTRY =*axt_rort; /* Ptr to nxt avail. port */

inc nports; /* No. of entries in port tab */
PRCC_INTRY oprocess_table [MAXPROCS]; /* Global process table */
PRCC_ENTRY ‘*axt_proc; /* Ptr to nxt avail. process */
AT norocs; /* No. of entries in process tab */
int last_pgroc_creat; /* Index of last proc. created */
by own_pipe; /* Processors comms. pipe */

tnz xcret_»ige; /* Kernel call return pipes */
RCTTE rsute_table [MAXMCS]; /* Network routing table */

inz mcezids [MAXMCS]; /* UNIX pids of simulated mcs */

B os this_mc; /* Id of this processor */

PLINK phys_link [MAXLINKS]; /* Table of links to other mcs */
char ownp_lccks [MAXMCS] [CPLOCKSIZ]; /* For exc. access to comms. */
char kcret_locks [MAXMCS] [KCRLOCKSIZ];/* For exc. access to kcrets */
Pl *-race; /* Trace file for monitoring */
SELE =confic: /* Configuration file */

Ens amcs; /* No. of processcrs in network */
b i el beot; /* Is this boot time? */

g lcad zal active; /* Is load balancing active? */
intc syn:; wc?kload; /* Is workload synthetic? */

int qot_a;kkcrsiq; /* Has an ackker signal arrived? =/
iaz ¢t msgsigack; /* Has an ackmsg signal arrived? */
inz gcn migack; /* Has a migack signal arrived? */
ink arc; setun; /* Has proc. setup CK? */

int ; Lc;a; DIOCS; /* No of lccal processes */

int nﬂac:iv; local procs; /* No of active local processes */
doubie s;s reai—:ime;_ /* Elapsed system time */

int OSo;e:he;a; /* Unavailable time over quanta */
QTUM ENTRY quanta [NQUANTA]; /* Time quarza */

int B current; /* Current time quantum */

int shmid; /* Shm seg id */

unsigned short xsubi(3]={300,400,500}; /* Seed for R.N.G. */

double *stop_time; /* Sync. point for all mc's */
unsigned short *reached; /* Have mc's reached stop_time? */
double cumul_exist_time; /* Cumulative proc. exist times */
int n_deaths; /* No. of processes thru system */
TIME_OUT too_low; /* Too low time_out */

151



TIME_OUT too_high;
AWAIT TIMEOUT awaiting_process;

float global_average_load;
float my_average_load;
time quanta */

int n_virtual_procs;

o

PROC_ENTRY
2RCC_LOAD

*scheduled_proc;
lcad_vector [VECTOR_SIZE];

int process_groups(] = { 2,3,4};
unsigned short =nd_job(] = (7. 8, 9};
int nxt_Jjeb;
int n_migrates;
int n_TXs;
int n_nbeurs;
fne neighbours [MAXLINKS];
int policy = SENDER;
/* Functions EXTERNal to this file */
IXTZRAN int init_ds():
EXTEAN int starz_up();
IXTIRN 1nt alarm_handler();
IXTZRN int ERRCR():
z RN int pipes_create();
IXTIRN  int mes_createl();
IXTIRN iat waiz_for_children();
main (azge, argv)
SAZAMS int arge;
char =argv.;;
{
LOEAL: inn: Tockig:
LOCAL int me:

LCCAL int outypy

/* Redirect stdout to
outz = ocgen {argv({l], WRITE):
clcse(WRITZI);

dup (outp) s

clese (outg)

printf

/* Open trace for debugging */
# ifdef DEBUG
trace = fopen("maln.tre", "w");

/*
/t
/t
[ *

/*
/t
/*
/w
/*
/*
/*
/=
/*
/*

Too high time_out */

Awaiting process timeout */
System_wide average locad per mc */
Local load averaged over NQUANTA

No. of procs. in transit to here

Process last scheduled */
Processor load vector */

2,3,4 process groups */

Seed to choose rnd proc grp */
Proc grp to be created */

Ne. of migrations */

No. of msg transmissions */
No. of direct neighbours */

Mec 1d of neighbours */

Rcver or sender policy? */

terminal (nohup has redirected it to nohup.out * f

("stdout redirected to terminali\n");

fentl ((inz) (fileno(trace)), F_SETFD, 1):

¥ endif
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ifdef DEBUG

fprintf (trace, "%d\n", port_table);
endif

/* Create control seq for synchronising mec's */
create_cocntrol_segment () ;

/* Initialise all global variables */
init ds();

/* Set up SIGINT handler for starting network simulation */
signal (SIGINT, start_up);

/* Set up alarm_handler */
signal (SIGALRM, alarm_handler);

/* Open lock file used for mutual exclusion */

if ((lockfd = open (LOCKXFNAME, O_RDONLY|O_CREAT)) < 0)
ERRCR (LOCK_OPEN) ;

fentl (lockfd, F_SETFD, 1);

ifdef FILE INPUT
config = fopen ("config.main", "r"):
endiZf

/= Establish no. of processors in network */
nmc_enter(};

/* Create job streams */
job_creatical();

/* Creaze pipes for communication (interprocessor and kcalls)
pices_creata();

/* Fork simulated processors */
mcs_create();

ifdeZ FTILZ_INPOT
fclose {(cznfig):
endif

/= Send piis of mcs */
i€ (this_mc == MANAGER)

for (mc=

{

; mc<nmecs; mc++)

char opname [OPNAMSIZ];

sprintf (opname, "own_p%d", mc);

if ((own_pipe = open (copname, O_WRONLY, 0)) == FAIL)
ERROR (PIPE_OPEN); :

write (own_pipe, (char *)mcplds, sizeof (int)*MAXMCS);

close (own_pipe);
}

/* Pause waiting for SIGINT (rubout key) */

pause () ;

/* Wait for processors to terminate */
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/* Executed by initial process only */
wait_for_children();

} /* END OF MAIN =/
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Fl

FILE: project/src/physnetwk/setup.c */

.
*

This file contains routines to set up the simulated network */

b3
*

Includes for this file */

include <stdio.h>

include <signal.h>

include <fentl.h>

include <sys/types.h>

include <sys/ipc.h>

include <sys/shm.h>

include "/usr/acct/lan/project/src/include/keywds.h"
inelude "/usr/acct/ian/project/src/include/params.h"
include "/usr/acct/ian/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/lan/proiect/src/include/sys/globvars.h"

/* Functions EXTERNal to this file */

IXTEAN int dump_ports{):

IXTZRN int dump_procs();

IXTERN int port_initds();
IXTIZRAN int proc_initds();
TETZAN dnav seizel)y

ZXTZRN int release();
TXTERN int ERRCR{);
IXTEZAN int els{):

IXTIZIRN double lcgl);
ZXTZXN double erand48();

unsigned shert exp_xsubi[] = (55213, 10232, 2721});

unsigned shor:t rad_xsubif] = (3, 4, 5};
/-r-rvt' :}I:':_:s(} Q!I'*/

/= This r-uzine initialises all global vars */

LCCAL PCRT_ZINTRY *port;

TONT 4 s
At e i i’

/* Initialise Port Table */
for (port=port_table; port<port_table+MAXPORTS; port++)
port_initds (port);

nxt port = port_table;
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/* Initialise other tables */
for (i=0; i1<MAXMCS; i++)

sprincf (ownp_locks([i], "opsd", i);
sprintf (keret_locks(i], "kcrsd", i);
mcpids (1] = EMPTY;

for (i=0; i<MAXLINKS; i++)

({
phys_link(i].link = EMPTY;
phys_link(i].nbour = EMPTY;

/* Initlaiise pipes fds */
OoWwn_pipe = EMPTY;
kcret pice = EMPTY;

this_mc = MANAGER;

/* Times =/

*stop_time = 0.0;
reset_reached();
cumul_exist_time = 0.0;
n_deaths = 0;

/* Time outs */

too_low.set = FALSE;

too low.timer = (double)0.0;

too_high.sez = FALSE;

too_high.timer = (double)0.0;

awaiting_crocess.set = FALSE;

for (i=0; I<NAWAITS; i++) awaiting_process.timer[i] = (double)0.0;

/* Load values */
global_average_lcad = (float)N_SYS_PROCS;
my_average_lcad = (float}N_SYS_PRCCS;

/* 2rocess counts */

n_active_l
ol yiredal =

/= Ferfcrmance data */
n_migrates = 0y
n_TXs = 0;

} /* End of INIT DS =/

JEEEE PIPES_CREﬁTE *xwN [

/* This routine creates pipes for communication */

156



Pipes_create()

{

LCCAL
LCCAL
LOCAL
LCCAL

int p;

int p result;

char opname [CPNAMSIZ];
char kcrname [XCRNAMSIZ];

for (p=0; p<nmcs; p++)
{
/* Create own pipe */
sprintf (opname, "own_p%d", p);
if ((p_result = mknod (opname, FIFO|OWNACC, 0)) == FAIL)
ZRRCR (PIPE_CREATION) ;

/* Create kecall return pipe */

spriatf (kcrname, "kecr p%d", p): .

if ((p_result = mknod (kcrname, FIFO|OWNACC, 0)) == FAIL)
ERROR (PIPE_CREATION);

} /* End of PI?ES_CREATE *

/*=®=% NMC_ZNTER *==~+/

nmc_enter ()

(

dof

LE_INPUT
£ (config, "%d", &nmcs);

ifgef FI
f£scan

else
priatf ("EZnter no. of processors");
scanf ("%d", &nmcs);

——
ena_.o

}while {nmcs<l || nmcs>MAXMCS) ;

} /* Ead of NMC_ZNTZIR */

/**=*=* MCS_CREATE wean f

/* This routine creates nmcs processors */
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mcs_create()

{

LCCAL int me;

LOCAL char opname [OPNAMSIZ]:
LOCAL char kcrname [KCRNAMSIZ];
LOCAL int bodge;

LOCAL char trce_file[MAXFNAME];
tifdef FILE_INPUT

LCCAL char config_file [MAXFNAME];
#endif

/* FORK nmcs processors */

for (mc=0; mc<nmecs; mc++)
switch (mcpids(mc] = fork())
{

case CHILD: /* Open trace file */
this_mc = mc;
sprintf (trce_file, “"trace%d.trc", this_me);
trace = fopen (trce_file, "w");
setbuf (trace, NULL);
fcntl ((int) (fileno(trace)), F_SETFD, 1);

/* Open own pipe for reading|no_delay */
sprintf (opname, "own_p%d", this_mc);
if ((own_pipe =
ce2n(opname, O_ROCNLY [O_NDELAY, 0)) == FAIL)
ERROR (PIPE_OPEN);
fcntl (own_pipe, F_SETFD, 1);

/* Open kcall return pipe for writing =/
sprintf (kcrname, "kcr_p%d", this_mc);

bodge = open (kcrname, O _RDONLY|O_NDELAY, 0);
fcntl (bodge, F_SETFD, 1);

if ((kcret_pipe = copen (kcrname, O_WRONLY, 0))

== FAIL)
ERROR (PIPE_OPEN);
fcntl (kcret_pipe, F_SETFD, 1);
/* Create shared mem seg */
/* shm_creat(); */
/* Initialise shared globals */
init_shared_globals();
# ' ifdef FILE_INPUT
sprintf (config_file, "config.%d", this_mec);
config = fopen (config_file, "r");
# endif

/* Get more info on "up" processors */
if (this_mc < nmecs)

{
get_link_infol();

fclose (config);
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set_neighbours ();

printf ("%d - configured\n", this mc);

return;
case FAIL: ERROR (FORK_MCS) ;
PARENT: break;

} /* End of MCS_CREATE */

[Exxnk GET_LINK_INFO *RAAKR [
/* This routine asks for info regarding physical links */
gez_link_info()
LCCAL int mc;
LSCAL int 1;
LZCAL irt nlinks;
F iZndef FILZ_INPUT
seize ("tty"):

cls();

printf ("EIntering Info for Processor %d\n",=his me);
ingf (Me————mm— - - -\n\n") ;

/* Get no. of links for this processor */
nlnk_enter (&nlinks);

/* Zstablish direct neighbour on each link */

# ifndef FILE_INPUT
printf ("Enter processor no, of direct neighbour on following links\n");

# endif

for (1=0; l<nlinks; 1++)
get_neighbour (1);

/* Establish routing to all processors */

for (mc=0; mc<nmcs; mc++)
get_routing (mc, nlinks);
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E ifndef FILE_INPUT
release ("tzy");
# endif

} /* End of GET_LINK_INFO */

/tw*tt NLNK_ENTER *ttt\!/
/* This routine enters the no. of links for a processor */
nlnk_enter (nlinks)

PARAMS int *nlinks;
{

do{

i ifdef FILE_INPUT
fscanf (config, "%d", nlinks);

¥ else
printf ("How many links to/from this processor?"):
scanf ("%d", nlinks);

* endif

}while (*nlinks<l || *nlinks>MAXLINKS);

} /* Znd of NLNK EINTER */

/t-!w' GET_:\IE:SHECL‘R tw:r*/
/* This routine enters dir. neighbour on each link */
gez_neighbour (lak)

PARAMS int lnk;

LOCAL int neighbour;
LOCAL char pname [OPNAMSIZ];:

/* Get id of direct neighbour on this link */

do({
¥ ifdef FILE INPUT
fscanf (config, "%d", &neighbour);
# else

printf ("Link %d ", 1lnk):
scanf ("%d", &neighbour);
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# endif
}while (neighbour<0 || neighbour>nmcs) ;

/* Enter appropriate pipefd into physical link table */

sprintf (pname, "own_p%d", neighbour);

if ((phys_link([lnk].link = open (pname, O_WRCNLY, 0)) == FAIL)
ERROR (PIPE_OPEN);

fentl (phys_link(lnk].link, F_SETFD, 1):

phys_link[lnk].nbour = neighbour;

} /* End of GET_NEIGHBOUR */

/**=*%x GET_RCUTING *****/
/* This routine enters routing info for each processor */
get_routing (mc, nlinks)

SARAMS int me;
int nlinks;

if (mc != this mc)
do{
3 ifdef FILE_INPUT
fscanf (config, "%d", &(route_table([mc].lnk));
fscanf (config, "%d", &(route_zable[mc].distance));
B else
printf ("Processor %d on link ", mc):
scanf ("%d", &(route_table(mc].lnk));
printf ("Distance ");
scanf ("%d", &(route_table(mc].distance));

B endif

}while (route_table[mc].lnk<0 || route_table(mec].lnk>nlinks |

rsuza_tablemc].distance<?);

} /* End of GET_RCUTING. */

J**w=* START_UP *=**x/

/* This is a handler for SIGINT. It starts up each processor */

start_up()

{
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EXTERN int start_up():
signal (SIGINT, start_up);

/* Decide 1f processor should be up */

if (this_mc<nmcs &s this_me>=0)

{
seize ("tty");
printf ("Processor %d up\n", this mec);
release ("tty"); d B

/* Run the kernel ¥/
kernel () ;
}
else if (this_mc == MANAGER)
{ master();
}

else pause();

} /* End of START_UP */

i td WAIT FOR _CHILDREN #*%%x=x/
/* This routine waits for all forked processors */

walt_fcr_children()
{

LoCar int me;
LCCAL int died;
LCCAL int status;
for (mc=0; mc<nmcs; mc++)
{
died = walt (&status);
printi ("Process no. %d dead\n", died);

if (scatus!=0)
priantf ("Signal %d\an", status);

} /* End of WAIT_FOR_CHILDREN */

R R R R A AR RN AR R AR A AR RT I AN I ARK A K INNIINRHINNENXINNIN NS A [

J*x%*xx JOB_CREATICN ****x%/
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job_creation()

{

LOCAL int 57

LOCAL int bF

LOCAL FILE ~jobs [MAXMCS] ;
LOCAL char job_name [MAXFNAME] ;
LCCAL double rnd_num;
LOCAL double rnd_grp:
LOCAL double new_rand;
LOCAL double t =0.0;

LOCAL float lamda:

LOCAL int niobs;

EXTERN double log();

EXTERN double erand48();

printf ("CREATING job streams ...\n");

/* Open job files */

for (i=0; i<nmecs; i++)

{
sprintf (job_name, "jobs%d", i);
jobs[i] = fopen (job_name, "w");

3 ifdef FILE_INPUT
fscanf (config, "%d", &njobs);
fscanf (config, "%f", slamda);

# else
printf ("Inter no. of jobs ");
scanf ("%d", &njobs);
orintf ("Znter system load value ");
scanf ("%£", &lamda);

F endif

/* Create job streams */
for (j=0; j<nijecbs; Jj++)
{
/* Gererate exp. random no. */
rnd_num = erand48 (exp_xsubi);
new_rand = -leg({rnd_num)/((double) (lamda*nmcs));

/* Eszablish time of creation */
t += new_rand * 1000000 * AVE_PROC_GROUP * AVE_EXEC TIME;:

/* Give job to random mc */

rnd_grp = erandd8(rnd_job);

rnd _gzp *= 3;

rnd_num = erandd48(rnd_xsubi);

rnd_num *= nmcs;

fprintf (jobs((int)rnd_num], "%d ", process_groups((int)rnd_grp]):
fprintf (jobs((int)rnd num], "%f\n", t);

/* Close job flles */
for (i=0; i<ames; 1i++)
fclose (jobs(i]);
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printf ("Job Creation COMPLETE\n\n");

} /* End of JOB_CREATION */

/**I’i**""tt"““ LR t'**‘“‘it'*"tI"*'*’*'XI’""-'t***"*"**'**‘R*i"“'i"**"**‘l**)’

/**%** MASTER #**#xx/

master ()

LCCAL int n_reached;
LCCAL int 1i;
EXTERN int wait_for_children();

nice (39);
signal (SIGINT, wait_for_children);

/* Lceo checking to see if mes have reached stop time */
FCREVER
{

/* Count no of mcs who have reached stop time */
n_reached = 0;
while (n_reached < nmcs)
{
n_reached = 0;
£z (i=0; i<nmcs: 1i++)
if (reached[i])
n_reached++;
else
break;

/* Reset reached array to zeros */
reset_reached();

/= Tstaziish next stop time */
zime += SYNC_TIME;

/* Allcw mcs to continue */

restart_mes();

} /* End of MASTER */
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/wtwuv*twtttt-ttﬁwtw-t-ttttit*ﬂ*ttttwttwlwttﬁt*itwt*tw*wnwttwnt*frtttttwt*t/
/*x**x* RESET REACHID ***%*/

reset_reached()

{

LOCAL int i;

for (i=0; i<amecs; 1i++)
reached([i] = 0;

} /* End of RESET_REACHED */

/ttw LR & & & 4 iitt'!‘ttll"fl'!*I’tl*t'l'*I'*'l'l***'*itt****iit**i****'*tit*i*****t*ti!*/
JHExEkd RESTERAT MCS *iexx/
:estart_mcs(}
{
LOCAL int i;
for (i=0; i<nmecs; 1++)

kill (mcpids(i], SIGKCRACK);

} /* Znd of RISTART_MCS */

/ttTItwi't*tirrtrr!"ttti*t*rtt***t'**t'iﬂt**ttttttrt*tt*ttt*itf**ttttttti*/
/*==*= CRATATI CCUTRCL_SEG wxxwn )

create_control_segment ()

LCCAL int ctrl_shmid;
LOCAL char *shmloc;
LOCAL char *shmpt>;
EXTERN char *shmat();

/* Create control segment */
ctrl_shmid = shmget (IPC_2RIVATE, CTRL_SEG_SIZ, IPC_CREAT|SHM_RISHM_W) ;

/* Attach it */
shmloc = shmat (ctrl_shmid, 0, 0);
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/* Set up pointers to control seg */
shmptr = shmloc;

stop_time = (double *)shmptr;

shmptr += sizeof (double);

reached = (unsigned short *)shmptr;

} /* End of CREATE_CONTROL_SEGMENT */

/**xx%x SET NEIGABCGRS #*=x***/

set_neighbours ()

{

LocaL int i;

}

n_nbours = C;

for (i=0; i<nmcs; i++)
if (i!=this_mc && route_table[i].distance==1)
(
neighbours(n_nbours] = i;
n_nbours ++;
prinzf ("Mc %d nbour %d\n",this_mec,i);
}
pzints ("Mc %d 3%d nbours\a",this_mc,n_nbours);

/* Ead of SET_NEIGHBCURS =~/
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DIRECTORY NAME : UTILS

167



/* FILE: project/src/utils/ERROR.c */
/* This file contains a common error routine */
/* Includes for this file */

include <stdio.h>

include "/usr/acct/ian/project/src/include/keywds.h"
include "/usr/acct/lan/project/src/include/params.h"
include "/usr/acct/ian/project/sre/include/sys/errcodes.h”
inelude "/usr/acct/lan/project/src/include/sys/types.h"
include "/usr/acct/lan/project/src/include/sys/globvars.h”

S e e dp e e

/':t“ ERROR ttttw/
/* This routine deals with system errors */
ERRCR (errccde)

2ARAMS int errcode;

OWN char *sys_errs(] = ( "Failed to create pipes\n", /* PIPE_CREATION */
"Failed to fork mcs\n", /* FORK_MCS */
"Comms. hdr. error\n", /* C_HDR_ERR */
"Too many global ports\n", /* TM_PORTS */
"Failed to fork usr precess\n", /* FORK_FAIL */
"Too many glcbal processes\n", /* TM_PROCS */
"Error during pipe read\n", /* PIPE_READ */
"Error during pipe write\n", /* PIPE_WRITE */
"Failed to open lock file\n", /* LOCX_OPEN */
"Failed to open pipe\n" /* PIPE_OPEN */

}:

{trace, "Fatal system error on mc %d”, this_mc);
(zrace, "%s\n", sys_errs(errcecde]);

exit (-1);

} /* End of ERROR */
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/* TILZ: project/src/utils/tabutils.c */

/* This file contains a number of routines common to */

/* many modules for manipulating the process and port */
/* tables*/

/* Includes for this file */

include <stdio.h>

inelude "/usr/acct/lan/project/sre/include/keywds. h"
include "/usr/acct/ian/project/src/include/params.h"
include "/usr/acct/ian/project/src/include/sys/errcodes.h”
include "/usr/acct/lan/project/src/include/sys/types.h"
include "/usr/acct/ian/project/src/include/sys/glcbvars.h”

dE o odm W 9E e

#ifdef RMSGDBUG
ZIXTERN char *malloc{);
$endif

/=<*== FIND_BORT **~+*/

/* This routine finds a port given its name */

"

CRT_ZNTRY ~find_port (pid, port_name)

PARAMS PRCCN pid;
char cort_name(];

LOCAL PCRT_ENTRY *p = port_table;
while (p -> owner_prcc.pgroup.gme != pid.pgroup.gmec ||
p -> owner_proc.pgroup.gnum != pid.pgroup.gnum ||

(stzcmp (p->port_name,port_name) != 0))

i# (p++ > port_table+MAXPORTS)
return (PORT_ENTRY*) EMPTY;

retura p;

} /* End of FIND_PGCRT */

Jxxxxx FIND_PROC *****/

/* This routine finds a process given its name */
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PRCC_ENTRY *find proc (pid)
PARAMS PROCN pid;
(

LOCAL PRCC_ENTRY *p = process_table;

while (p -> proc_name.pgroup.gmc != pid.pgroup.gmec ||
P —> proc_name.pgroup.gnum != pid.pgroup.gnum ||
(strcmp (p=>proc_name.pname, pid.pname) != 0))

if (p++ > process_table+MAXPROCS)
return (PROC_ENTRY*) EMPTY;

recurn p;

} /* End of FIND_PROC */

/**===x DUMP_PROCS **=ww/
/= This routine dumps the process table for debugging */

dump_procs ()
{

CCAL long clock = time (0);
OCal i

AT
e

intc b iR
int i

| Sl = Al &)

fprintf (trace, "Dump at %s\n", ctime(&clock));

forintf (trace, "Active %d\n", n_active_local procs);
forinctf (trace, "Local %d\n", n_local procs);

srinti (trace, "Ackkcr %d\n", got_ackkcrsig);
fzrintf (trace, "Migack %d\n", got_migack);

foprintf (trace, "Process Table\n\n\n");

=)

for (i=0; 1i<MAXPRCCS; i++)
{

fprintf (trace,
"Entry no. %d\n\

Name %d %d %s\n\
Schedulable %d\n\
N_probes %d\n)\
Mc_p(0] %d\n\
Mc_p(1l] %d\n\
Mc_p[2] %d\n\
Upid #%d\n\
Residency %d\
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Exec_time %d\
Res time %d\
Exist time %d\
Mig Size %d\n",

i,
process_table(i].proc_name.pgroup.gmc,
process_table([i].proc_name.pgroup.gnum,
process_table(l].proc_name.pname,
process_table[i].schedulable,
process_table[i].n_probes,
process_table(i] .mcs_probed (0],
process_table(i].mcs_probed(l],
process_table([i].mcs_probed(2],
process_table(i].upid,
process_table([l].residency,
process_table[i].times.exec_time,
process_table(i].times.residency_time,
process_table(i].times.exist_time,
process_table(i].migration_siz

)i

fprintf (trace, "Owned Ports\n");

for (3=0; j<MAXOWNPRT; j++)
if ((process_table[i].owned_ports(j])== (PORT_ENTRY*)EMPTY)
fprintf(trace, "EMPTY\n");
else
forintf (trace,
"ss\n",
(process_table(i].cowned_ports([j]) =-> port_name
)i

fprinzf (trace,
“\n\nCwnp_length %d\n\
Nxt_ownp %d\n\n\n",
process_table[i].ownp_length,
process_table(i].nxt_ownp
)i
}

} /* End of DUMP_PROCS */

/vttwu DUHP_PORTS * ut:w/

/* This routine dumps the port table for debugging */

dump_ports ()
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LOCAL long clock = time (0);
LOCAL int i, 1

fprintf (trace, “Dump at %s\n", ctime (&clock));:
fprintf (trace, "Port Table\n\n\n");

for (i=0; 1<MAXPORTS; i++)
{
fprintf (trace,
"Entry no. %d\n\

Name %s\n\
Residency %d\n\

Msg Type %d\n\
Lnkf_len %d\n\
Lakt_len %d\n\
Nxt_1f %d\n\

Nxt_lt %d\n\
Inmg_len %d\n\
nb_pending %d\n\
b_pending %d\n\n\n",

i,
port_table(i].port_name,
port_table(i].residancy,
port_table[i] .msg_type,
port_table[i].profile.lnkf length,
port_table(i].profile.lnkt_length,
port_table(i].profile.nxt_lf,
port_table[i].profile.nxt_lt,
port_table(i].profile.inmg_length,
port_table(i].profile.nb_pending,
port_table(i].profile.b_pending

);

fprintf (trace, "Links_to\n\n");
for (3=0; j<port_table(i].profile.lnkt_length; j++)
fprincf (trace,
"Link_to %d\n\

Nmsgs %d\n\
Tor_l %d\n\n",

j'
port_table(i].links_to(j].nmsgs,
port_table(i].links_to[j].tot_msgleagth

fprintf (trace, "\n\n\n");

}

} /* End of DUMP_PORTS */
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Vit hd o] PORT_INITDS w*¥%«x/

/* This routine initialises a port table entry */
port_initds (port)

PARAMS PORT_ENTRY *port;

{

LCCAL int 1i;

for (i=0; i<MAXPNAME; i++)
porT -> port_name(i] = ' *;

Port -> residency = EMPTY;
port -> owner_proc.pgroup.gmc = EMPTY;
POIrt =-> owner_ proc.pgrour.gnum = EMPTY;

; 1<MAXPNAME; i++)
T =-> owner_proc.pname(i] = ' ';

for (i=0; L<MAXLFROM; i++)
port -> links_from(i] = (PORT_ENTRY*) EMPTY;

for (i=0; i<MAXLTO; i++)
{
porz -> links_to([i].nmsgs = 0;
perz -> links_to[i].tet_msglength = 0;
serz -> links_tofi].port = (PORT_ENTRY*) EMPTY;

port -> msg_g_head = (MSG *)EMPTY;
port -> asg_q_tail = (MSG *)EMPTY;
#:fdef RMSGDECG
porz -> msg_g_head = port -> msg_g_tail = (MSG *)malloc(sizeof (MSG));
port -> msg_g_head -> msg_txt = malloc (100);
strcey (port-»msg_c_head->msg_txt, "TEST MESSAGZ") ;
perTt -> msg_q_head ->msg_hdr.msg_length = 100;
portT => rcviunc = port =-> destruct = (PFI) EMPTY;
port -> msg_type = EMPTY;
porz => profile.lnkf_ length = 0;
port => prcfile.lnkt_length = 0;
port -> profile.nxt_1f = 0;
port -> profile.nxt_lt = 0;
port -> profile.inmg_length = 0;
#ifdef RMSGDBUG
port -> profile.inmg_length = 1;
#endif
port -> prcfile.nb_pending = 0;
port => profile.b_pending = 0;

} /* End of PORT_INITDS =*/
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/*x*<*x PROC_INITDS *=*=*/
/* This routine initialises a process table entry */
proc_initds (process)

PARAMS PROC_ENTRY *process;

LCCAL int &;

process =-> proc_name.pgroup.gmc = EMPTY;
process -> proc_name.pgroup.gnum = EMPTY;

for (i=0; i<MAXPNAME; i++)
process —-> proc_name.pname([i] = ' ';

i=C; i<PROBE_LIMIT; i++)
(process -> mcs_probed) (1] = EMPTY;

process -> n_probes = 0;

process -> schedulable = FALSE;
process -> upid = EMPTY;

process -> residency = EMPTY;
rocess -> orig_mc = EMPTY;
recess -> times.exec_time = 0;
precess -> times.exec_here time =

.

¢}
process -> times.residency_time = 0;
ocess =-> times.exist_time = 0;
ocess -> migration_siz = sizeof (PROC_ENTRY);
process -> siz = 10000; /* TEMBORARY */
process -> tot_msg_siz = 0;
orocess => slocked = UNBLOCKED;
process -> preferred_mc = this_mc;

for (i=0; I<MAKMCS; i++)

for (i=0; i<MAXCWNPRT; i++)
process -> owned_ports[i] = (PORT_ENTRY*) EMPTY;

process -> ownp_length = 0;
process => nxt_ownp = 0;
process -> parent.pgroup.gmc = EMPTY;

process =-> parent.pgroup.gnum = EMPTY;

for (1=0; 1<MAXPNAME; 1++)
process -> parent.pname(i] = ' ';

} /* End of PROC_INITDS */
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Jrrean EXIT_DUMF LA LAY
/* This routine dumps a process's info when it exits =*/
exit _dump (proc)

PARAMS PROC_ENTRY *proc;

cumul_exist_time += proc -> times.exist_time;
n_deaths ++;
# ifdef DEBUG
fprincf (trace, "\t\t\t\t\t\t\t\t\t\tAve RT = %f\n",
cumul_exist_tlime/(double)n_deaths);
fprintf (trace, "Process died at %f \n", sys_real_time);
Eprintf (trace; M-—s—-ss—isadine s e s A S \n\n") ;

fprintf (trace, "Name %d %d %s \n",
proc -> proc_name.pgroup.gmc,
proc -> proc_name.pgroup.gnum,
proc -> proc_name.pname) ;
fprintf (trace, "Exec %d Exist %d\n",
proc -> times.exec_time,
proc => times.exist_time);

fprintf (trace, "Response Ratio = %f\n\n\n",
(float) (proc —-> times.exec_time) / (float) (proc

times.exist_time));
¥ endif

} /* End of EXIT_DUM? =/
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/*

/t
/i

/*

M = S e e

FILE: project/src/utils/utils.c */

This file contains a number of routines common to */
many modules */

Includes for this file */

include
ineclude
include
include
include

<stdio.h> .
"/usr/acct/lan/project/src/include/keywds.h"
"/usr/acct/ian/project/src/include/params.h"
"/usr/acct/lan/project/src/include/sys/errcodes.h"
"/usr/accst/ian/project/src/include/sys/types.h"

/’t*** SEIZE tttti/

/* This routine provides exclusive access to an object */

seize

(resource)

2ARAMS char resource(];

while (link (LCCKFNAME, resource) < 0)

{

alarm(3);
cause ()7
alarm(0);

/* End of SZIZZ =/

/f**" RELEASZ trttw/

/* This routine releases a seized object */

release (resource)

PARAMS char resourcel];

unlink (rescurce);

} /* End of RELEASE */
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/t*t*w CLS t‘t*t/
/* This routine clears the screen */

cls ()
{

printf ("\033[H\033([2J");

} /* End of CLS */

[x*x=xx DREAN ti!ii/

/* This routine reads from a given pipe into a given buffer =*/

pread (buffer, n_bytes, pfd)

PARAMS char *buffer;
int n_bytes;
fnt pid;

LCCAL int this_read = 0;
LCCAL int n_read = 0;

while (n_read < n_bytazs}

{
this_read = read (pfd,
if (this_read == FAIL)
n_read += this_read;

} /= End of PREAD */

Jx%xxxx DWRITE *=+=x/

buffer+n_read, n_bytes-n_read);
ERROR (PIPE_READ);

/* This routine writes from a given buffer to a given pipe */
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pwrite (pfd, buffer, n_bytes)

PARAMS int pfd;
char *buffer;
int n_bytes;

LCCAL int this_write = 0;
LOCAL int n_written = 0;

while (n_written < n_bytes)
{

this_write = write (pfd, buffer+n_written, n_bytes-n_written);
if (this_write == FAIL) ERROR (PIPE_WRITE);
n_written += this_write;

} /* End of PWRITE =/
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DIRECTORY NAME : USRF
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/* FILE: project/szc/usrf/ERROR.c */

include <stdio.h>

include "/usr/acct/lan/project/src/include/keywds.h"
include "/usr/acct/lan/project/src/include/sys/errcodes.h"
include "/usr/acct/ian/project/src/include/params.h”

include "/usr/acct/ian/project/src/include/sys/types.h" -
include <errnc.h>

Bl S U

EXTERN PRCCN myoid;
EXTERN int mc_id;
EXTERN int scheduled;
IXTERN int got_contsig;
EXTERN int got_xersig;

ERROR (errcode)

PARAMS int errccde;

if (errccde == PIPE_READ)

(
priatf ("ERROR in pipe read\n");
printf ("errno %d\n", errno):;
priatf ("crig mc %d\n", mypid.pgroup.gmc);
printf ("now on %d\n", mc_id);
printf ("sched %d\n", scheduled);
printZ (“Cont %d\n", got_contsig);
priatf ("Xcrsig %d\n", got_kecrsig);
exit {=1});

}

else
if (errcode == PIPE_WRITE)

"ERRCR in pipe writel\n");

if (errccde == PIPE_OPEN)
{

printZ ("ERRCR on pipe open\n");
exiz (-1);
)
else
{
printf ("Unknown ERROR\n");
exitc (-1};
}
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/* FILE: project/src/usrf/kcalls.c */

/* This file contains the user kernel call routines */

/* Includes for this file */

include <stdio.h>
ineclude <signal.h>

i e o de R AR e

/* Routines EXTERNal to this file */

IXTERN char *mallcc();

/* Glcbal error no and got signal flag */

int err;

int got_kcrsig = 0;
int got_contsig = 0;
int scheduled = 0;

include "/usr/acct/ian/project/src/include/keywds.h"
include ™/usr/acct/lian/project/src/include/params.h"
include ™"/usr/acect/lan/project/src/include/sys/errcodes.h"
include “/usr/acct/ian/project/src/include/sys/types.h"
include "/usr/acct/lan/project/srec/include/sys/macros.h"

/i**r-tw*wtttwt*rtxttttwttttitri*ttt ivittwttr*wtt*tt*tt-t**tw**tt*tt*****t*ﬂ/

/twtt1 C?RCC tilwi/

/* Typedefs for this routine */

typedef struct
char pname [MAXPNAME];
char pfile[MAXFNAME];
int idr;

} XC_CPROC;

/= This is the routine for creating a process
PROCN *cproc (pname, pfile,idr)
PARAMS char “*pname;

char *pfile;
int idr;

{
LOCAL KC_CPROC p_blk;

LOCAL char *uproc_name;
LocaL int result;
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/* Set up parameter block */
strcpy (p_blk.pname, pname);
strcpy (p_blk.pflle, pfile);
p_blk.idr = idr;

/* Make the call */
make_call (CPROC_KC, sizeof(KC_CPROC), (char *) &p_blk);

/* Pause walting for kcall return */
/= await_sig (); */

/* Get result of kcall */
uproc_name = malloc (sizeof (PROCN));
result = get_kcret (CPROC_KC, uprec_name) ;

/* Return result to user */

if (result & KCFAIL_MASK)

{
err = result & ~KCFAIL_MASK;
return (PROCCN *)FAIL;

}

else
return (PRCCN *)uproc_name;

} /* End of CPROC =/

/ttw*vtttww*i*i’ttttttttitiitIfl‘t*ttiiiti**f***ifiwtittts\-tﬁii**i*iixw*itttt**i/

/rrw*r C?ORT *:rtr/
/* Typedefs for this routine */
typedef struct {

char port_name[MAXPNAME];
int msg_type;

BFI destruct;
BFI rcvfunc;

} XC_CPORT;

cport (port_name, msg_type, destruct, rcvfunc)

PARAMS char port_name(];
int msg_type;
PFI destruct;
PFI rcviunc;

{

LOCAL KC_CPORT p_blk;
LOCAL int result;
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/* Set up parameter block */

strcpy (p_blk.port_name, port_name) ;
p_blk.msg_tyre = msg_type;
p_blk.destruct = destruct;
p_blk.rcvifunc = rcvfunc;

/* Make the call */
make_call (CPORT_KC, sizeof (KC_CPORT), (char *)&p blk);

/* Pause waiting for kcall return */
/*awailt_sig (); */

/* Get result of kcall */

result = get_kcret (CPCRT_KC, NULL);

/* Return result to caller */

if (result & KCFAIL_MASK)

{
err = result & ~KCFAIL_MASK;
return FAIL;

}

else return (result & ~KCSUCC_MASK);

} /* End of CPORT */

/"'*‘!****Il*"'*!tl’l'ttl't***tttt‘ittﬁ*t**tttttttﬁt'*titit‘*tttxttt*tt**it**tt/
/tx**r LPORT ttltl‘/
/* This routine makes a kcall to link a port */
/* Typedefs for this routine */
typedef struct ({
int 1f_index;

cnar  lt_name [MAXPNAME];

} KC_LPORT;

lport (1lf_index, 1lt_name)

PARAMS int 1f_index;
char lt_name(];

LOCAL KC_LPORT p_blk;
LCCAL int result;
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/* Set up parameter block */
p_blk.lf index = 1f_index;
strepy (p_blk.lt_name, lt_name);

/* Make the call */
make_call (LPORT_KC, sizeof(KC_LPORT), (char *)&p_blk);

/* Pause walting for kcall return */
/*await_sig (); */

/* Get result of kcall */

result = get_kcret {LPORT_KC, NULL) ;

/* Return result to caller */

if (result & KCFAIL MASK)

{
err = result & ~KCFAIL_MASK;
return FAIL;

}

else retura (result & ~KCSUCC_MASK);

} /* End of LPCRT */

/"t'1Y'**‘*'"‘1'It1‘iIii*’*""l"l‘l""I"'f!’"‘!I*‘l’I"I‘l"l'*"I’ﬂl’ttﬂﬂ*‘!**t**********t***/

/ﬂ"!l'i* NB*RMSG I*tit/
/* This routine maxes a kcall to non-blocking rcv a msg */
/* Typedefs for this routine */
tycedef struct {
int port;

MSG *msg_loc;

} KC_NBRMSG;

nc_rmsg (port, msg_lec)

PARAMS int porz;
MSG **msg_loc;

{

LOCAL KC_NBRMSG p_blk;

LOCAL int result;

EXTERN int sigmsg_handler () ;

/* Allocate space for MSG */
*msg_loc = (MSG *)malloc(sizeof (MSG));

/* Set up parameter block */
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p_blk.port = port;
pP_blk.msg_loc = *msg_loc;

/* Set up sigmsg handler routine */
signal (SIGMSG, sigmsg_handler) ;

/* Make the call */
make_call (NBRMSG_KC, sizeof (KC_NBRMSG), (char *) &p_blk);

/* Pause waiting for kcall return */

/*await_sig (); */

/* Get result of kcall */
result = get_kcret (NBRMSG_KC, NULL);

/* Return result to caller */
1f (result & KCFAIL_MASK)
{
err = result ¢ ~KCFAIL_MASK;
return FAIL;

return SUCCESS;

} /* End of NB_RMSG */

/rfr**rt*ttlt*l‘i!it'w‘l**i’1’*i’t‘l’**I*'***1’*‘!’"fr*‘t‘t‘l‘!’t**i*ﬂt******t*il*l**t*i‘lt*/

Jrxens B RMSG waxes)
/* This routine makes a kcall to blocking recv a msg */
/* Tycedefs for this routine */

sypedef struc: {
iat port;

} KC_BRMSG;

MSG *b_rmsg (port)
PARAMS 1int port;

{

LOCAL KC_BRMSG p_blk:
LCCAL int result;
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LOCAL MsG *nsqg;

/* Allocate space for MSG */
if ((msg = (MSG *)malloc (sizeof (MSG))) == NULL)
printf ("Malloc failed\n");;

/* Set up parameter block */
p_blk.port = port;

/* Make the call =/ 4
make_call (BRMSG_KC, sizeof(KC_BRMSG), (char *) &p_blk);

/* Get result of keall */
result = get_kcret (BRMSG_KC, (char *)msq);

/* Return result to caller */
1f (result & KCFAIL_MASK)
{
err = result & ~KCFAIL_MASK;
free ((char *)msg);
return (MSG *)FAIL;
}
else
return msgqg;

} /* End of B_RMSG */

/nv-v-tr'**tt-‘--ty-t"-'t***‘-ittt'*tti**ttitt*ttttr*ttivtt*xrr*t*vttt*tr*tt*f*/

/*'lwti NB_SMSG I‘I‘i"/

/= This rouzine makes a kcall to non-blocking snd a msg */
/* Typedefs Zor this routine */

typedef struct {
int sport;
intc dport;
iac msg_length;
int msg_type;
crhar ~msg_txt (MSG_SIZ];

} KC_NBSMSG;

nb_smsg (sport, dport, msg_length, msg_type, msg_txt)

PARAMS int  sport;
intc dport;
int msg_length;
int msg_type;
char msg_txt(];
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LCCAL XC_NBSMSG p_blk:
LOCAL int result;

/* Set up parameter block */
p_blk.sport = sport;
p_blk.dport = dport;
p_blk.msg_length = msg_length;
p_blk.msg_type = msg_type;
strcpy (p_blk.msg_txt, msg_txt);

/* Make the call */
make_call (NBSMSG_KC, sizeof (KC_NBSMSG), (char *)g&p blk);

/* Get result of call */

result = get_kcret (NBSMSG_KC, NULL);

/* Return result to caller */

if (result & KCFAIL MASK)

{
err = result & ~KCFAIL MASK;
return FAIL;

}

else

recurn SUCCESS;

} /* End of NB_SMSG */

/'ttxtvrtt‘l'ttttttir*tltll*!’1"!’**"*l“l"'*llt*tl‘!"***I‘#*‘I‘*#*tttilt***‘f**t*‘l"*'**/

/t‘ll‘l‘ﬂ' DPOR’: rtwt-/
/* This routine makes a kcall to destroy a port */
/* Tyvedefs for thls rcutine */

tyzcedal struct |
int dp_index;

} XC_DPORT;

dport (dp)

PARAMS int dp;

LOCAL KC_DPORT p_blk;
LocAL int result;
LOCAL PFI destruct;
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/* Set up parameter block */
p_blk.dp_index = dp;

/* Make the call */
make_call (DPORT_KC, sizeof(KC_DPORT), (char *)&p blk);

/* Get result of kcall */
result = get_kcret (DPORT_KC, (char *)sdestruct):

/* Return result to caller */
if (result ¢ KCFAIL_MASK)
{
err = result & ~KCFAIL_MASK;
return FAIL;
}
else if (destruct != (PFI)EMPTY)
{
(*destruct) ();
return SUCCESS;

recurn SUCCESS;

} /* End of DPORT ~*/

/y1rt11—xt-tir'-!rt*tttt-lttttti*-lqttttfi*ttwtttwii*wttttittttt*x-ttttit*t*ttit**t*/

J¥=xtx UDORT Sxwsw/
/* This routine makes a kcall to unlink a port */
/= Typedefs for this routine */
tyvedef strucz |
int 1f_index;

int 1lt_index;

} KC_UPORT;

PARAMS int 1f;
int 1t;

LCCAL KC_UPORT p_blk;
LOCAL int result;

/* Set up parameter block */
p_blk.lf_index = 1lf;
p_blk.lt_index = lt;
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/* Make the call */
make_call (UPORT_KC, sizeof(Kc_UPORT], {(char *) &p_blk);

/* Get result of kcall */
result = get_kcret (UPORT_KC, NOULL);

/* Return result to caller */
if (result & KCFAIL_MASK)
{
err = result & ~KCFAIL_MASK;
return FAIL;
}
else return SUCCESS;

} /* End of UPCRT */

/"‘I‘*l’*t"""*l’l'l"l'I‘l*t*I’I’*I*I'!’*"I’I"I'**T"‘R‘k*"‘**"l'*‘l*‘l'*I'I‘I"l"l’“***'**"*IH****I******/
/vtwtt EXIT PRCC w-nritt/
* This routine maxes a kcall to exit a process */
/* Typedefs for this routine */
typedef struct {
int retwval;
} XC_EXIT;
exit_proc(exit_val)

2ARAMS iat exit_val;

LCCAL KC_EXIT p blk;
LCCAL int result;

/* Set up parameter block */
o blk.zecval = exit_val;

/* Make the call */
make call (EPRCC_KC, sizeof (KC_EXIT), (char *)&p_blk);

/* Get result of kcall */
result = get_kcret (EPROC_KC, NULL);

/* Return result to caller */
if (result & KCFAIL_MASK)

{
err = result & ~KCFAIL_ MASK;

retura FAIL;
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else exic(C);

} /* End of EXIT_PRCC */

/ttt*it*t‘ﬂt*'i**ttuititittttt'*tt*ﬂtti***tt***t*twrtttf*tw*w***tt*t*t*t***/

/**x** DO_PROCESSING ***x*/
/* This routine simulates an amount of processing */
/* Typedefs for this routine */
typedef struct {
int ninst;
} XC_DOPRCC;

do_processing (ninst)

PARAMS int ninst;

LCCAL KC_DCPRCC p_blk;
LCCAL int result;

/* Set up parameter block */
p_blk.ninst = ninst;

/* Make the call */
make_call (COPROC_KC, sizeof (KC_DCPRCC), (char *)&p_blk);

/* Get result of call =*/
result = ge:_kcret (DCPROC_KC, NULL);

/* Return to caller */
recurn SUCCZZISS;

} /* End of DO_PRCCI3SING *f

/rtr:
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/* FILE: pr

oject/src/usrf/interface.c */

/* This file contains routines for interfacing with kernel call routines

/* Includes

include
include
include
include
include
include
include
include
include

e W B W S A e W W

for this file */

<stdio.h>

<signal.h>

<errno.,h>

<fcntl.h>
"/usr/acct/ian/project/srec/include/keywds.h"
"/usr/acct/lan/project/src/include/params.h"
"/usr/acct/lan/project/src/include/sys/errcodes.h™
"/usr/acct/ian/project/src/include/sys/types.h"
"/usr/acct/ian/project/src/include/sys/macros.h"

/* Routines EXTERNal to this file »/

EXTERN char *malloc();

/* Got signal flags */

TXTIRY int
IXTERN iac

EXTERN dng

got_kcrsig;
got_ccntsig;
schecduled;

/= Hidden static variables */

static int kcmk_pid;
scaviec . int ‘kezp pldy

int mc_id:

2RCCN mypid;
statisz char kcmk_lock [OPLOCXSIZ];
static char kert_lock [KCRLOCKSIZ];

static inc

uppid;

static char oprame[CPNAMSIZ];
static char kcrname[XCRNAMSIZ];

/*-vt- =T ge tvt.r/

/* This routine sets up a usr process's environment *x/

set_up (args)

PARAMS cha

EXTERN int
EXTERN int
EXTERN int
EXTERN int

r *args(]:

kcrsig_handler () ;
sigmig_handler();
sigcont_handler();
sigsched_handler();
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EXTERN int alarm_handler();

/* Get
sscanf
sscanf

sscanf
sscanf
sscanf

info from argv concerning making kcalls
(args(l], "%d", &mc_id);
{args{2], "%d %d %s",
& (mypid.pgroup.gme),
& (mypid.pgroup.gnum),
mypid.pname) ;
(args (3], "%s", kcmk_lock);
(args{4], "%s", kcrt_lock);
(args([5], "%d", &uppid):

/* Set up mc's own pipe name */
sprintf (opname, "own_p%d", mc_id);

/* Set

up kcall return pipe name */

sprintf (kcrname, "kcr_p%d", mc_id);

/* Set
signal
signal
signal
signal
signal

up interrupt handlers */
(SIGKCR, kcrsig_handler);
(SIGMIG, sigmig_handler);
(SIGCONT, sigcont_handler);
(SIGSCHED, sigsched_handler);
(SIGALRM, alarm_handler);

/* Allow Xernel to continue */
kill (uppid, SIGSETUP):;

sifdef DEBUG

retdrn mypid.pgrouop.gmc;

} /* End of SET_

up =/

ftr:rt MAKE_CALL ttttt/

/= This routine sends a kcall to the kernel */

4 define snd_k(a,n) pwrite(kemk_pfd.a,b)

typedef struct

{
int ~ sport;
int dport;
int msg_length;
int msg_type;
char ™*msg_txt;

} KC_NBSMSG;

make_call (kctype, kcsize, kcall)

PARAMS int kctype;
int kcsize;
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char r*kcall;

LOCAL COMMS_HDR ccmms_hdr;

4

/* Set up cocmms hdr */
comms_hdr = ketype | KCALL_MASK;

/* Wait to be scheduled */
while (!scheduled)
{
alara(3);
pause () ;
alarm(0);
}
scheduled = 0;

got_xcrsig = 0;

/* Seize "make kcall lock" */
seize (kcmk_lock);

/* Ccen mc's own pipe */
if ((kcak_pfd = open(opname, O_WRONLY, 0)) == FAIL)
ERRCR (PIPE_OPEN);

/* Make the call by sending it to kernel */
snd_k ((char *)&comms_hdr, sizeof(COMMS_HDR));
snd_X {(char *)&amypid, sizeof (PRCCN));

snd_k (kcall, kcsize);

/* Close pige */
close (kemk_pfd);

/* Release "make call" lock */
release (Xcmk_lock);

/* Wait for return */
while (!got_xcrsig)
{
alarm(3);
pause();

alarmi{c)s

ifdef DE3UG
printf ("%d - got kcrsig\a", getpid());
endif

} /* End of MAKE_CALL */

/**»xxx GET_KCRET *=*=**/
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/* This routine gets the return from a kcall */
# define rcv_k(a,b) pread(a,b,kcrt_pfd)
KCR_HDR get_kcret (kctype, res_loc)

PARAMS int kctype;
char *res_loc;

LCCAL KCR_HDR kcr_hdr;

/* Seize kcreturn lock for this mc */
£% seize (kert_lock); */

/* Open kcall return pipe */
if ((kcrt_pfd = open (kcrname, O_RDONLY, 0))} == FAIL)
ERRCR (PIPE_OPEN);

/* Get the header of the kcreturn */
rcev_k((char *)skcr_hdr, sizeof (KCR_HDR));

/* If successful kcall, may need more returns */
: 5 (!{kxcr_hdr & KCFAIL_MASK))
switch (kctype)
{
case QPORT_KC: rcv_k(res_loc, sizeof (QRET));
break;

case CPROC_KC: rcv_k(res_loc, sizeof (PROCN));
break;

case BRMSG_XC: rcv_k(res_loc, sizeof (MSG));
break;

case DPORT KC: rcv_k(res_loc, sizeof(PFI));
break;

=
(a}

default: break;

/* Clcse pize */
close (kcrz_pId);

/* Release kcreturn lock */

I* release (xcrt_lock); */

# ifdef DEBUG .
printf ("%d sending ack to %d\n", getpid(), uppid);

# endif

{f((kill (uopid, SIGKCRACK)) == FAIL) (printf (“sig falled\n");
printf("errno %d\n", errno);!

return kcr_hdr;

} /* End of GET_KCRET */
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/**x*x KCRSIG_HANDLER *#*%~+/

kersig_handler ()

—

EXTERN int kcrsig_handler();

signal (SIGXCR, kersig_handler);

+ ifdef DEBUG
printf ("%d - kcrsighandler\n", getpid());
# endif

got_kcrsig ++;

[Exnex SIGMSG_HANDLER ****x/
/* This is the interrupt routine for dealing with msqg arrival */

sigmsg_handler ()

ZXTERN int sigmsg_handler ();
LOCAL  MSG  *msg_loc;
LCCAL PFI revfunc;

/* Reset signal */
signal (SIGMSG, sigmsg_handler);

/* Cancel alarm */

alarm(%);

signal (SIGALRM, alarm_handler);
/* Open kcall return pipe */

if ((xcrt_pfd = open(kcrname, O_RDONLY, 0)) == FAIL)
ERRCR (PIPE_OPEN);

/* Seize kcall return lock */
/* seize (kert_lock);*/

/* Get location of msg */
rev_k ((char *)&msg_loc, sizeof (MSG *));

/* Get MSG */
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/=

rcv_k ((char *)msg_loc, sizeof (MSG)):;

/* Get rcvfunc */
rcv_x ((char *)&rcvfunc, sizeof (PFI));

/* Release kcall return lock */
release (kcrt_lock); */

/* Close pipe */
close (kert_pfd);

/* Interrupt kernel to contiﬂue */
kill (uppid, SIGMSGACK):

/* Call rcvfunc if non_NULL */
if (recvfunc != (PFI)EMPTY)
(*revfunc) () ;

frex== SIGMIG_HANDLER *x#*#x/

signig
{

.
PR S G S

IXITERN
SXTEAN

_handlex ()

int save_uppld;
int sigmig_handler();
int alarm handler();

signal (SIGMIG, sigmig_handler);

/= save old uppid for acknowledgement */
save uppid = uppid;

/* Cancel alarm and ensure that SIGALRM is caught */
alarm(0);
signal (SIGALRM, alarm_handler);

/* Ccen Xcall return pipe */
iZ ((xcrzz_pfd = open{kcrname, O_RDONLY, 0)) == FAIL)
ZRACR (PIPE_OPEN) ;

/* Get new process info */
preac ((char *)a&mc_id, sizeof{int), kcrt_pfd);
pread ({((char *)&uppid, sizeof(int), kecrt_pfd);

/* Close old mc's pipes */
close (keczt_pfd);

/* Setup new kcall and return pipe names */
sprintf (cpname, "own_p3%d", mc_id);
sprintf (kcrname, "kcr_p%d", mc_id);

sprintf (kcmk_lock, "op%d", mc_id);

got_centsig = 0;
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/* Acknowledge process migration */
kill (save_uppid, SIGMIGACK);

/* Suspend until kernel ready to continue */
while (!got_contsig)
{

alarm(3);

pause () ;

alarm(0);

} /* End of SIGMIG_HANDLER */

/***xx STGCCNT_HANDLER *xwwx*/

sigcont_handler ()

—

ZXTERN int sigcont_handler();
signal (SISCONT, sigcont_handler);
got_contsiy ++;

} /* Znd of SIGCCNT_HANDLER */

Jxx==x SIGSCHED HANDLER #**»*=*/

sigsched_handler ()

ZIXTERN int sigsched_handler();
signal (SISSCHED, sigsched_handler);
scheduled ++;

} /* End of SIGSCHED_HANDLER */

J*xxx* ALARM_HANDLER *****/

alarm_handler ()
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EXTERN int alarm_handler():
signal (SIGALRM, alarm_handler);

} /* End of ALARM_HANDLER */
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