
































































































































































































































































































































































Keyword 

FLUSH 

ACTIONS 

SR-0222 D 

Meaning 

Integer specifying the minimum number of unused entries 
allowed in the multitasking history trace buffer. When 
the number of unused entries falls below this level, the 
buffer is automatically flushed; that is, it is written 
to the dataset specified with the DN option. If DN is 
specified, the default FLUSH value is 40. 

Value is a 128-element integer array with a flag for each 
action that can be recorded in the multitasking history 
�t�r�a�~�e� buffer. If the array element corresponding to a 
particular action is nonzero, that action is recorded; if 
the array element is zero, the action is ignored. The 
array indices (action codes) corresponding to each action 
are as follows: 

Action Code 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24, 25 

Action 

Start a task 
Complete a task 
Call to TSKWAIT, no wait 
Begin wait for task 
Run after waiting for task 
Test task 

Assign lock 
Release lock 
Set lock 
Begin wait to set lock 
Run after waiting for lock 
Clear lock 
Test lock 

Assign event 
Release event 
Post event 
Clear event 
Call EVWAIT, no wait 
Begin wait for event 
Run after wait for event 
Test event 
Attach to logical CPU 
Detach from logical CPU 
Request a logical CPU 
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Keyword Meaning 

ACTIONS 
(continued) 

Action Code Action 

INFO 

TASKS 

LOCKS 

26 Acquire a logical CPU 
27, 28 Delete a logical CPU 
29, 30 Suspend a logical CPU 
31, 32 Activate a logical CPU 
33 Begin spin-wait for a logical CPU 
34 Assign barrier 
35 Release barrier 
36 Call BARSYNC, no wait 
37 Begin wait at barrier 
38 Run after wait for barriert 
39 - 64 (Reserved for future use) 
65 - 128 (Reserved for user access; see BUFUSER 

subroutine.) 

The value for this parameter is the integer user action 
code (65 through 128). 

If 

string This is an extra parameter available with the 
INFO keyword. The string for this parameter is a 
24-character information string, unique to each 
action, entered by the user and printed for each 
user action code that is dumped. 

BUFUSER lets you add entries to the multitasking 
history trace buffer. When the multitasking 
history trace buffer is dumped using DEBUG, 
BUFPRINT, or MTDUMP, this 24-character 
information string is dumped along with each 
action. This information must be available early 
in the program so that the strings can be written 
to the dump dataset for processing by MTDUMP. 
The INFO keyword does not turn these actions on 
to be recorded. They are normally on by default, 
but if previously turned off by the user, they 
may be reactivated with the ACTIONS or USERS 
keyword in a BUFTUNE call. 

value='ON'H, the actions with numbers 1 through 6 are 
recorded; if value='OFF'H, those actions are ignored. 
The default is 'ON'H. 

If value='ON'H, the actions with numbers 7 through 13 are 
recorded; if value='OFF'H, those actions are ignored. 
The default is 'ON'H. 

t Deferred implementation 
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Keyword 

EVENTS 

CPUS 

USERS 

FIOLK 

Meaning 

If value='ON'H, the actions with numbers 14 through 21 
are recorded; if value='OFF'H, those actions are 
ignored. The default is 'ON'H. 

If value='ON'H, the actions with numbers 22 through 33 
are recorded; if value='OFF'H, those actions are 
ignored. The default is 'ON'H. 

If value='ON'H, the actions with numbers 65 through 128 
are recorded; if value='OFF'H, those actions are 
ignored. The default is 'ON'H. 

If value='ON'H, actions affecting the Fortran 1/0 lock 
are recorded; if value='OFF'H, they are ignored. This 
lock is used by library routines that handle Fortran reads 
and writes. The default is 'OFF'H. 

The following BUFTUNE examples dump actions 1 through 6 to the dataset 
DMPFILE, which is the same as the function that TASKS performs. 

* Turn on task actions, turn everything else off 
INTEGER ACTION(128) 
DATA ACTION/6*1,122*OI 
CALL BUFTUNE( 'DN'H, 'DMPFILE'H) 
CALL BUFTUNE( 'ACTIONS'H,ACTION) 

or 

* Turn on task actions, turn everything else off 
CALL BUFTUNE( 'DN'H, 'DMPFILE'H) 
CALL BUFTUNE( 'TASKS'H, 'ON'H) 
CALL BUFTUNE( 'LOCKS'H, 'OFF'H) 
CALL BUFTUNE('EVENTS'H, 'OFF'H) 
CALL BUFTUNE( 'CPUS'H, 'OFF'H) 

8.2.2 BUFPRINT: FORMATTED DUMP OF TRACE 

BUFPRINT writes a formatted dump of the contents of the multitasking 
history trace buffer to a specified dataset. Actions are reported in 
chronological order. 

Call from Fortran: 

CALL BUFPRINT(empty[,dn]) 
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empty 

dn 

Set this integer flag to zero if you want the contents of 
the buffer to be left unchanged or nonzero if the buffer is 
to be emptied (zeroed out) after its contents are printed 

Name of the dataset to which a formatted dump of the 
contents of the multitasking history trace buffer is to be 
written. If none is specified, $OUT is used. 

The following example of BUFPRINT zeroes out the buffer after its 
contents are written to $OUT: 

IEMPTY = 1 
CALL BUFPRINT(IEMPTY) 

8.2.3 BUFDUMP: UNFORMATTED DUMP OF TRACE 

BUFDUMP writes an unformatted dump of the multitasking history ~race 
buffer to a specified dataset. MTDUMP can later use this dataset to 
provide formatted output of the dataset's contents or to let you examine 
the dataset. BUFDUMP adds a special entry if the buffer has overflowed, 
losing some entries. 

Call from Fortran: 

CALL BUFDUMP(empty,dn) 

empty 

dn 

Set this integer flag to zero if you want the contents of 
the buffer to be left unchanged or to nonzero if the buffer 
is to be emptied (zeroed out) after its contents are 
printed 

Name of the dataset to which an unformatted dump of the 
contents of the multitasking history trace buffer is 
written. To use the default dataset passed to BUFTUNE, a 
zero must be entered, but if no dataset is specified 
through BUFTUNE, the BUFDUMP call is ignored. 

8.2.4 BUFUSER: ADD USER ENTRIES TO TRACE 

BUFUSER lets you add entries to the multitasking history trace buffer. 
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Call from Fortran: 

CALL BUFUSER(action,data) 

action 

data 

SR-0222 D 

A numerical code that determines the action to be recorded 
in the buffer. The action codes 65 through 128 are 
reserved for this. The codes and their associated actions 
follow: 

1 - 64 

65 - 128 

>128 

You cannot add entries with these action 
codes; the program is aborted. 

This action code is compared to the action 
codes specified in BUFTUNE, either 
explicitly by the user or turned on by 
default, and if the action code appears in 
the BUFTUNE call, or is on by default, the 
corresponding entry is added to the 
multitasking history trace buffer. If the 
action code does not appear in the BUFTUNE 
call, this action/entry is ignored. 

If a string is provided (see BUFTUNE), it 
is dumped into the action field of the 
output for this entry. If no string is 
provided, the (decimal) action code is 
dumped into the action field. In either 
case, the data is written in octal (and 
ASCII, if it is a legal character) to the 
action-dependent data field of the output. 

The action code and data are added 
unconditionally (regardless of any BUFTUNE 
parameters) to the action code and 
action-dependent data fields of the 
output. They are both dumped in octal 
form (and in ASCII if it is a legal 
character). 

The only restriction on this value is that it be a single 
machine word. If it is a string, it must be 
left-justified, blank-filled, and less than 9 characters 
in length. It is dumped to the output in octal (and 
ASCII, if it is a legal character). 
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8.2.5 MTDUMP: EXAMINE TRACE DATASET 

MTDUMP is a tool that examines an unformatted dump of the multitasking 
history trace buffer, which has been written to a dataset specified by a 
call to BUFTUNE with the DN keyword. MTDUMP lets you display the 
multitasking events in any of several useful formats. 

The multitasking history trace buffer is dumped by calling BUFDUMP at any 
point in execution, or, if BUFDUMP is never called, the dump occurs 
automatically upon completion of the program. This automatic dump occurs 
only if BUFTUNE has been previously called with the DN keyword specifying 
a dataset to which to dump. If a dataset has not been specified, no dump 
is made and the only means of accessing the multitasking history trace 
buffer is through the DEBUG routine. 

If BUFDUMP is not called during execution and the program aborts rather 
than running to completion, the dump of the multitasking history trace 
buffer does not occur and DEBUG has to be used to dump it (see subsection 
8.1, DEBUG Display). 

8.2.5.1 COS format 

The MTDUMP control statement under COS is as follows. In the following 
format, braces indicate optional parameters that may have one or more 
occurrences. 

Format: 

8-8 

MTDUMP,DN=dn,L=ldn,FORMAT=f{:f},INTERVAL=int,TASK=t{:t}, 

DATA=d{:d},ACTION=a{:a},TASKS,LOCKS,EVENTS,CPUS,USERS. 

DN=dn 

L=ldn 

Dataset name; name of the dataset containing the 
unformatted dump of the multitasking history trace buffer. 
This parameter is required. 

Listing dataset name; name of the dataset to which the 
output listing is to be written. Default is $OUT. 

FORMAT=f{:f} 
One to five formats in which the multitasking history trace 
buffer is to be displayed. The options are as follows: 

TOTALS Summary of data found in multitasking history 
trace buffer 
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CHRON 

SYNC 

CPU 

STATUS 

Chronological display 

Display of synchronization points, with a 
separate column for each of up to 16 user 
tasks 

Display of logical CPU use, with a separate 
column for each of up to 16 logical CPUs 

Display of the status of up to 16 user tasks 
in uniform time intervals 

If MTDUMP is specified with no formatting options, TOTALS 
is the default. 

INTERVAL=int 
The number of clock periods in each time interval 
STATUS format display; the default is 1,000,000. 
parameter has no effect on other format displays. 

in the 
This 

The following parameters let you list selected groups of buffer entries. 
The default is that all actions relevant to a given display format are 
reported or accounted for. 

TASK=t{:t} 

DATA=d{:d} 

List of internal task identifier numbers for which buffer 
entries should be listed, with a maximum of 10 task 
identifiers allowed. The default is all tasks. Use this 
parameter only with CHRON formats. 

List of action-dependent data values to be searched for, 
with a maximum of 10 data values allowed. The default is 
to list entries for all data values. Use this parameter 
only with CHRON formats. 

ACTION=a{:a} 

TASKS 

SR-0222 D 

List of action codes of buffer entries to be listed, with a 
maximum of 40 actions allowed. The default is to list 
entries for all action codes unless one or more of the 
ACTION, TASKS, LOCKS, EVENTS, CPUS, and USERS parameters 
have been used. See subsection 8.2.1, BUFTUNE: Select 
Actions to be Recorded, for the action codes. Use this 
parameter only with CHRON formats. 

Actions involving tasks are listed; these include task 
starts, completions, waits, and tests. Use this parameter 
only with CHRON formats. 
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LOCKS 

EVENTS 

CPUS 

Actions involving locks are listed. Use this parameter 
only with CHRON formats. 

Actions involving events are listed. Use this parameter 
only with CHRON formats. 

Actions involving logical CPUs are listed. Use this 
parameter only with CHRON formats. 

USERS Actions involving user codes (65 through 128) are listed. 
Use this parameter only with CHRON and SYNC formats. 

8.2.5.2 UNICOS format 

The UNICOS mtdump command line is in the following format. You can 
specify the options in any order, and the blank spaces between the 
options (such as -f) and the arguments are optional. The only required 
operand is file. All output goes to stdout (standard output). 
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mtdump [-f form] [-i intr] [-t tsks] [-d data] 
[-a act] [-T] [-L] [-E] [-C] [-U] file 

-f form One to five formats, separated by commas (with no blank 
spaces) and listed in any order, in which the multitasking 
history trace buffer is to be displayed. The format 
options are as follows: 

totals 

chron 

sync 

cpu 

status 

Summary of data found in multitasking history 
trace buffer 

Chronological display 

Display of synchronization points, with a 
separate column for each of up to 16 user 
tasks 

Display of logical CPU use, with a separate 
column for each of up to 16 logical CPUs 

Display of the status of up to 16 user tasks 
in uniform time intervals 

If mtdump is specified with no formatting options, totals 
is the default. 
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-i intr The number of clock periods in each time interval in the 
status format display; the default is 1,000,000. This 
option has no effect on other format displays. 

The following options let you list selected groups of buffer entries. 
The default is that all actions relevant to a given display format are 
reported or accounted for. 

-t tsks 

-d data 

-a act 

-T 

-L 

-E 

-c 

-U 

file 

SR-0222 0 

List of internal task identifier numbers, separated by 
commas, for which buffer entries should be listed, with a 
maximum of 10 task identifiers allowed. The default is all 
tasks. Use this parameter only with chron formats. 

List of action-dependent data values to be searched for, 
separated by commas, with a maximum of 10 data values 
allowed. The default is to list entries for all data 
values. Use this parameter only with chron formats. 

List of action codes of buffer entries to be listed, 
separated by commas, with a maximum of 40 actions allowed. 
The default is to list entries for all action codes unless 
one or more of the action, tasks, locks, events, cpus, and 
users parameters have been used. See subsection 8.2.1, 
BUFTUNE: Select Actions to be Recorded, for the action 
codes. Use this parameter only with chron formats. 

If specified, actions involving tasks are listed; these 
include task starts, completions, waits, and tests. Use 
this parameter only with chron formats. 

If specified, actions involving locks are listed. Use this 
parameter only with chron formats. 

If specified, actions involving events are listed. Use 
this parameter only with chron formats. 

If specified, actions involving logical CPUs are listed. 
Use this parameter only with chron formats. 

If specified, actions involving user codes (65 through 128) 
are listed. Use this parameter only with chron and sync 
formats. 

Name of the file containing the unformatted dump of the 
multitasking history trace buffer. This parameter is 
required. 
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8.2.5.3 Tips on combining parameters for COS and UNICOS 

The MTDUMP program currently provides five different display formats: 
CHRON, SYNC, TOTALS, CPU, and STATUS. It also provides eight 
action-selection parameters: TASK=, DATA=, ACTION=, TASKS, LOCKS, 
EVENTS, CPUS, and USERS. 

The following points represent how these formats and action-selection 
parameters interact with each other: 

• The five formats do not interact with the eight action-selection 
parameters. If you selected the CPU format and the TASKS 
parameter, for example, you would get two separate reports. The 
TASKS information would be represented in the CHRON format. 

• If you choose multiple action-selection parameters, the 
information would be combined into one report in the CHRON format. 

• The DATA= and TASK= parameters act as screens on top of the action 
selectors. Mixing these two is not recommended, and mixing them 
with the action-selection parameters requires caution. If you do 
mix them with action-selection parameters, EVENT(I) is output only 
if all of the following are true: 

ACTION(I) is selected by any of the six action-selection 
parameters, or no action-selection parameter is chosen. 

TAKS(I) is explicitly listed in the task list with the TASK 
parameter, or the TASK parameter is not chosen. 

DATA(I) is listed with the DATA parameter or the DATA 
parameter, is not chosen. 

8.3 EXAMPLES 

This subsection contains examples of different output formats for the 
multitasking history trace buffer. A key to the terms used in each 
example follows the display. This example shows the different ways that 
MTDUMP can either dump the contents of the buffer dump dataset or allow 
selected groups of buffer entries to be listed. 
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The COS JCL for these examples (MTDUMP,DN=dumpdn,TASK=2:3:5.) is as 
follows: 

MULTI. 
CFT,ALLOC=STACK,L=O. 
SEGLDR. 
$ABD. 
DUMPJOB. 

* 
MTDUMP,DN=DMPFILE, FORMAT=CHRON: SYNC: CPU: STATUS:TOTALS, INTERVAL=2000000. 
MTDUMP,DN=DMPFILE, FORMAT=CHRON, EVENTS. 
MTDUMP,DN=DMPFILE,FORMAT=CHRON,TASKS. 
MTDUMP,DN=DMPFILE,FORMAT=CHRON,ACTION=1:2:4:5. 
MTDUMP,DN=DMPFILE,FORMAT=CHRON,TASK=4:5:6. 
MTDUMP,DN=DMPFILE,FORMAT=CHRON,DATA=47741:3. 

* 
IEOF 

PROGRAM TEST 

* Dump the buffer to a dataset when it is full. 
CALL BUFTUNE( 'DN'H, 'DMPFILE'H) 

STOP 
END 

The UNICOS equivalent for the COS JCL above is as follows: 

eft -a stack test.f 
segldr -0 test test.o segdir 
test 
od test 
mtdump -f chron,sync,cpu,status,totals -i 2000000 DMPFILE 
mtdump -E DMPFILE -f chron 
mtdump -T -f chron 
mtdump -a 1,2,3,4,5 -f chron 
mtdump -t 4,5,6 -f chron 
mtdump -d 47741,3 -f chron 

8.3.1 FORMAT PARAMETER 

The following COS JCL statement or UNICOS command line results in the 
outputs shown in the following seven pages of examples. 

MTDUMP, DN=dumpdn, FORMAT=CHRON:SYNC:CPU:STATUS, INTERVAL=2000000. 
mtdump -f chron,sync,cpu,status -i 2000000 dumpfile 

Each example shows the output that results from one of the values of the 
FORMAT parameter. 
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8.3.1.1 Chronological display 

FORMAT=CHRON in the COS JCL statement or -f chron in the UNICOS command 
line yields a chronological display of tasks and actions. 
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Time Task Action 

o 
1534 
1944 
4760 
5518 
5771 

756593 
757094 
757625 
758162 
758712 
759218 
759977 
760539 
761091 
762797 
763208 
763565 
765130 
765534 
765964 
766341 
768118 
768492 
768978 
771918 
772744 
773268 
776257 
777055 
777348 

1180970 
1184072 
1184873 
1185166 
1932758 
1935343 
1935797 
1935956 
1936699 
1937225 
1937872 
1938257 
1938609 

1 
1 
1 
2 
1 

1 
1 
1 
2 

2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
4 
1 

1 
5 
1 

1 

6 
3 
1 
1 
3 
3 

3 

start task 
assign lock 
assign event 
start task 
detach from logical CPU 
request logical CPU 
acquire logical CPU 
attach to logical CPU 
begin wait for event 
detach from logical CPU 
attach to logical CPU 
post event 
detach from logical CPU 
attach to logical CPU 
clear event 
set lock, no wait 
clear lock 
complete task 
attach to logical CPU 
run after wait for event 
post event 
clear event 
set lock, no wait 
clear lock 
TSKWAIT, no wait 
start task 
detach from logical CPU 
attach to logical CPU 
start task 
detach from logical CPU 
request logical CPU 
attach to logical CPU 
start task 
detach from logical CPU 
request logical CPU 
attach to logical CPU 
acquire logical CPU 
start task 
attach to logical CPU 
detach from logical CPU 
attach to logical CPU 
set lock, no wait 
clear lock 
complete task 

Action-dependent data 

0000000000000000000000 
00054413 
00054414 

0000000000000000000002 
o 

2 
2 

00054414 
2 
2 

00054414 
2 
2 

00054414 
00054413 
00054413 

0000000000000000000002 
2 

00054414 
00054414 
00054414 
00054413 
00054413 

2 
0000000000000000000003 

2 
2 

0000000000000000000004 
2 

1 
0000000000000000000005 

1 

1 
3 

0000000000000000000006 
3 

1 
1 

00054413 
00054413 

0000000000000000000003 
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Time Task Action Action-dependent data 
------ ---------------------

1940215 7 start task 0000000000000000000007 
1940973 1 detach from logical CPU 1 
1941477 1 attach to logical CPU 3 
1942046 4 attach to logical CPU 1 
1943918 4 set lock, no wait 00054413 
1944333 4 clear lock 00054413 
1944539 8 start task 0000000000000000000010 
1944693 4 complete task 0000000000000000000004 
1945406 1 detach from logical CPU 3 
1946282 1 attach to logical CPU 3 
1946966 5 attach to logical CPU 1 
1948847 5 set lock, no wait 00054413 
1949270 5 clear lock 00054413 
1949496 9 start task 0000000000000000000011 
1949652 5 complete task 0000000000000000000005 
1950431 1 detach from logical CPU 3 
1951363 1 attach to logical CPU 3 
1952095 6 attach to logical CPU 1 
1953420 1 set lock, no wait 00054413 
1953798 1 clear lock 00054413 
1954088 6 set lock, no wait 00054413 
1954354 1 begin wait for task 9 
1954909 1 detach from logical CPU 3 
1955100 6 clear lock 00054413 
1955655 7 attach to logical CPU 3 
1957531 7 set lock, no wait 00054413 
1957908 7 clear lock 00054413 
1958267 7 complete task 0000000000000000000007 
1959872 8 attach to logical CPU 3 
1961732 8 set lock, no wait 00054413 
1962100 8 clear lock 00054413 
1962445 8 complete task 0000000000000000000010 
1964010 9 attach to logical CPU 3 
1965905 9 set lock, no wait 00054413 
1966276 9 clear lock 00054413 
1966623 9 complete task 0000000000000000000011 
1968225 1 attach to logical CPU 3 
1968589 1 run after wait for task 9 
1969049 1 TSKWAIT, no wait 8 
1969506 1 TSKWAIT, no wait 7 
1969883 1 begin wait for task 6 
2371705 acquire logical CPU 4 

60212892 1 detach from logical CPU 3 
60213188 spin-wait logical CPU 3 
60313488 suspend logical CPU 3 
60355394 spin-wait logical CPU 4 
60455675 suspend logical CPU 4 
60498138 spin-wait logical CPU 2 
60598434 suspend logical CPU 2 
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Time Task Action Action-dependent data 
------ ---------------------

60645145 6 complete task 0000000000000000000006 
60646811 1 attach to logical CPU 1 
60647184 1 run after wait for task 6 
60647607 1 TSKWAIT, no wait 5 
60647992 1 TSKWAIT, no wait 4 
60648397 1 TSKWAIT, no wait 3 
60684734 1 complete task 0000000000000000000000 

Key to information ------------------

The time is from the real time clock, minus the 
starting time. 

The task number given is the unique internal task 
identifier assigned by TSKSTART. 

If action involves: then action-dependent data is: 

user-defined task value 
user-defined task value 

start task 
complete task 
TSKWAIT 
lock 

internal task ID of waited-upon task 
lock address 

event event address 
logical CPU logical CPU number 

8.3.1.2 Synchronization points 

FORMAT=SYNC in the COS JCL statement or -f sync in the UNICOS command 
line yields a display of synchronization points, with a separate column 
for up to 16 user tasks. 

Time 

o 
4760 

757094 
757625 
758712 
759218 
760539 
761091 
762797 
763208 
763565 

8-16 

(-------- Internal Task Identifier -------) 
1 2 3 4 5 6 7 8 9 16 

$ 0000000000000000000000 
* $ 0000000000000000000002 
* 

e. event at 00054414 
* 

p* event at 00054414 
* 

C* event at 00054414 
(* lock at 00054413 
)* lock at 00054413 

$ 0000000000000000000002 
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(-------- Internal Task Identifier -------) 

Time 1 2 3 4 5 6 7 8 9 16 

765130 * 
765534 * event at 00054414 
765964 p* event at 00054414 
766341 C* event at 00054414 
768118 (* lock at 00054413 
768492 )* lock at 00054413 
768978 t* task 2 
771918 * $ 0000000000000000000003 
773268 * 
776257 * $ 0000000000000000000004 

1180970 * 
1184072 * $ 0000000000000000000005 
1932758 * 
1935797 * $ 0000000000000000000006 
1935956 * * 
1937225 * * 
1937872 * (* lock at 00054413 
1938257 * )* lock at 00054413 
1938609 * $ 0000000000000000000003 
1940215 * $ 0000000000000000000007 
1941477 * 
1942046 * * 
1943918 * (* lock at 00054413 
1944333 * ) * lock at 00054413 
1944539 * * $ 0000000000000000000010 
1944693 * $ 0000000000000000000004 
1946282 * 
1946966 * * 
1948847 * ( * lock at 00054413 
1949270 * )* lock at 00054413 
1949496 * * $ 0000000000000000000011 
1949652 * $ 0000000000000000000005 
1951363 * 
1952095 * * 
1953420 (* * lock at 00054413 
1953798 )* * lock at 00054413 
1954088 * (* lock at 00054413 
1954354 t. * task 9 
1955100 )* lock at 00054413 
1955655 * * 
1957531 * (* lock at 00054413 
1957908 * )* lock at 00054413 
1958267 * $ 0000000000000000000007 
1959872 * * 
1961732 * (* lock at 00054413 
1962100 * )* lock at 00054413 
1962445 * $ 0000000000000000000010 
1964010 * * 
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(-------- Internal Task Identifier 
Time 1 2 3 4 5 6 7 

1965905 '* 
1966276 '* 
1966623 '* 
1968225 '* '* 
1968589 '* '* 
1969049 t'* '* 
1969506 t'* '* 
1969883 t. '* 

60645145 $ 
60646811 * 
60647184 '* 
60647607 t'* 
60647992 t'* 
60648397 t'* 
60684734 $ 

Key to symbols used ------------------­
$ begin task/complete task 
'* running 

('* set lock 
)'* clear lock 
t'* TSKWAIT, no wait 
e'* EVWAIT, no wait 
P'* post event 
c* clear event 

ready; waiting for CPU 
waiting for lock, event, 

1. begin wait for lock 
e. begin wait for event 
t. begin wait for task 

8.3.1.3 Logical CPU use 

or task 

8 9 

('* 
)'* 

$ 

-------) 
16 

lock at 00054413 
lock at 00054413 
0000000000000000000011 

task 9 
task 8 
task 7 
task 6 
0000000000000000000006 

task 6 
task 5 
task 4 
task 3 
0000000000000000000000 

FORMAT=CPU in the COS JCL statement or -f cpu in the UNICOS command 
line outputs a table of logical CPU use, with a separate column for each 
of up to 16 logical CPUs. 

Logical CPU Number 
Time 1 2 3 4 16 

5518 
756593 
757094 1 
758162 
758712 2 
759977 
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Logical CPU Number 
Time 1 2 3 4 16 

760539 2 
765130 1 
772744 
773268 1 
777055 

1180970 1 
1184873 
1932758 1 
1935343 1 
1935956 1 3 
1936699 3 
1937225 1 3 
1940973 3 
1941477 1 
1942046 4 1 
1945406 4 
1946282 4 1 
1946966 5 1 
1950431 5 
1951363 5 1 
1952095 6 1 
1954909 6 
1955655 6 7 
1959872 6 8 
1964010 6 9 
1968225 6 1 
2371705 6 1 

60212892 6 
60213188 6 
60313488 6 
60355394 6 
60455675 6 
60498138 6 
60598434 6 
60646811 1 

Key to symbols used 
-------------------

n executing task n 
active 
inactive 
in hold loop 
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8.3.1.4 User task status 

FORMAT=STATUS, INTERVAL=2000000, in the COS JCL statement or -f status 
-i 2000000 in the UNICOS command line yields the status of up to 16 user 
tasks in uniform time intervals. Here, the interval equals 2,000,000 
clock periods (default is 1,000,000). 

(----------- Internal Task Identifier ------------> 
Time 1 2 3 4 567 8 9 16 

0 * 
1000000 * * * * * * * 
2000000 * 
3000000 * 
4000000 * 
5000000 * 
6000000 * 
7000000 'Ie 

8000000 'Ie 

9000000 * 
10000000 * 
11000000 * 
12000000 * 
13000000 * 
14000000 'Ie 

15000000 * 
16000000 * 
17000000 * 
18000000 * 
19000000 * 
20000000 * 
21000000 * 
22000000 * 
23000000 'Ie 

24000000 * 
25000000 'Ie 

26000000 * 
27000000 * 
28000000 'Ie 

29000000 'Ie 

30000000 'Ie 

31000000 * 
32000000 * 
33000000 * 
34000000 * 
35000000 'Ie 

36000000 * 
37000000 * 
38000000 * 
39000000 * 
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(----------- Internal Task Identifier ------------) 
Time 1 2 3 4 5 6 7· 8 9 16 

40000000 Ie 

41000000 * 
42000000 Ie 

43000000 Ie 

44000000 Ie 

45000000 * 
46000000 * 
47000000 Ie 

48000000 * 
49000000 Ie 

50000000 * 
51000000 Ie 

52000000 Ie 

53000000 * 
54000000 * 
55000000 * 
56000000 * 
57000000 * 
58000000 * 
59000000 * 
60000000 Ie * 

Key to symbols used 

* running 
ready; waiting for CPU 
waiting for lock, event, or task 

In this example, seven tasks are shown running during time 1000000. Only 
four, of course, could be running at anyone time with just four 
processors. The output suggests that there was a changeover in the tasks 
executing during that interval. Tasks 3 and 4 and probably one or two 
other tasks were running when the interval began, and task 6 and two or 
three other tasks were running when it ended. 

8.3.1.5 Summary display 

FORMAT=TOTALS in the COS JCL statement or -f totals in the UNICOS 
command line outputs the following summary statistics: 

Task activities 
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9 TSKSTARTs 
9 task completions 
8 TSKWAITs 

6 did not wait 
2 required a wait 
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Lock variables 
1 locks encountered 
1 LOCKASGNs 
o LOCKRELs 

10 LOCKONs 
10 did not wait 
o required a wait 

10 LOCKOFFs 

Event variables 
1 events encountered 
1 EVASGNs 
0 EVRELs 
1 EVWAITs 

0 did not wait 
1 required a wait 

2 EVPOSTs 
2 EVCLEARs 

(100.0%) 
( 0.0%) 

( 0.0%) 
(100.0%) 

Library scheduler: logical CPU connections 
20 attaches 
12 detaches 

3 CPUs acquired 
3 spin-waits 

Library scheduler: system requests 
3 requests 
o deletes 
3 suspends 
o activates 

No user defined actions found 

Detailed task wait statistics 

8-22 

TSKWAITs for user task: 00000000002 
Total TSKWAITS: 1 

no wait required: 
wait required: 

1 
o 

TSKWAITs for user task: 00000000003 
Total TSKWAITS: 1 

no wait required: 
wait required: 

1 
o 

TSKWAITs for user task: 00000000004 
Total TSKWAITS: 1 

no wait required: 
wait required: 

1 
o 
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TSKWAITs for user task: 00000000005 
Total TSKWAITS: 1 

no wait required: 
wait required: 

1 
o 

TSKWAITs for user task: 00000000006 
Total TSKWAITS: 1 

o 
1 

no wait required: 
wait required: 

avg. wait time: 58677301 clocks 

TSKWAITs for user task: 00000000007 
Total TSKWAITS: 1 

no wait required: 
wait required: 

1 
o 

TSKWAITs for user task: 00000000010 
Total TSKWAITS: 1 

no wait required: 
wait required: 

. 1 

o 

TSKWAITs for user task: 00000000011 
Total TSKWAITS: 1 

no wait required: 
wait required: 

avg. wait time: 

Detailed lock statistics 

Lock variable at address: 
LOCKASGNs: 

LOCKRELs: 
LOCKONs: 

no wait required: 
wait required: 

LOCKOFFs: 

Detailed event statistics 

o 
1 

00000054413 
1 
0 

10 
10 

0 
10 

14235 clocks 

(100.0q.o) 
( O.OClo) 

Event variable at address: 00000054414 
EVASGNs: 1 

EVRELs: 0 
EVPOSTs: 2 
EVWAITs: 1 

no wait required: 0 ( 0.0%) 
wait required: 1 (100.0%) 

avg. wait time: 7909 clocks 
EVCLEARs: 2 
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8.3.2 EVENTS PARAMETER 

This COS JCL statement or UNICOS command line yields an output of only the 
actions that involve events. 

MTDUMP,DN=dumpdn,EVENTS. 
mtdump -E dumpfile 

Time Task Action 
------

1621 1 assign event 
359183 1 begin wait for 
360640 2 post event 
362522 2 clear event 
362680 1 run after wait 
363092 1 post event 
363438 1 clear event 

8.3.3 TASKS PARAMETER 

Action-dependent data 
---------------------

00047741 
event 00047741 

00047741 
00047741 

for event 00047741 
00047741 
00047741 

This COS JCL statement or UNICOS command line yields an output of only the 
actions that involve tasks; these include task start and completion, task 
waits, and task test. 

MTDUMP,DN=dumpdn,TASKS. 
mtdump -T dumpfile 

Time Task Action 
------

0 1 start task 
4363 2 start task 

1535837 2 complete task 
1553992 1 TSKWAIT, no wait 
1556783 3 start task 
1560909 4 start task 
1951310 5 start task 
2378672 6 start task 
2382796 7 start task 
2386879 8 start task 
2390960 9 start task 

16355452 4 complete task 
16411316 1 begin wait for task 
16415279 5 complete task 
16526420 3 complete task 
30435080 6 complete task 
30437023 1 run after wait for 
30437556 1 TSKWAIT, no wait 
30438065 1 TSKWAIT, no wait 
30438574 1 TSKWAIT, no wait 
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Action-dependent data 
---------------------
0000000000000000000000 
0000000000000000000002 
0000000000000000000002 

2 
0000000000000000000003 
0000000000000000000004 
0000000000000000000005 
0000000000000000000006 
0000000000000000000007 
0000000000000000000010 
0000000000000000000011 
0000000000000000000004 

3 
0000000000000000000005 
0000000000000000000003 
0000000000000000000006 

task 3 
4 
5 
6 
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Time Task Action Action-dependent data 
------ ---------------------

30439033 1 begin wait for task 7 

30488255 7 complete task 0000000000000000000007 
30489225 1 run after wait for task 7 
30489677 1 begin wait for task 8 
30491617 8 complete task 0000000000000000000010 
30492593 1 run after wait for task 8 
30493011 1 begin wait for task 9 
30771250 9 complete task 0000000000000000000011 
30773152 1 run after wait for task 9 
34066223 1 complete task 0000000000000000000000 

8.3.4 ACTION PARAMETER 

This COS JCL statement or UNICOS command line lets you select the 
specific actions to be listed, using the numeric codes for the actions 
listed in subsection 8.2.1, BUFTUNE: Select Actions to be Recorded. The 
default is to list entries for all of the action codes; only the use of 
one or more of the ACTION, TASKS, LOCKS, EVENTS, CPUS, or USERS 
parameters overrides this. The four actions chosen in this example are 
as follows: 

Action = 1 Start task 
2 Complete task 
4 Begin wait for task 
5 Run after wait for task 

MTDUMP,DN=dumpdn,ACTION=1:2:4:5. 
mtdump -a 1,2,4,5 dumpfile 

Time Task Action 
------

0 1 start task 
4363 2 start task 

1535837 2 complete task 
1556783 3 start task 
1560909 4 start task 
1951310 5 start task 
2378672 6 start task 
2382796 7 start task 
2386879 8 start task 
2390960 9 start task 

16355452 4 complete task 
16411316 1 begin wait for task 
16415279 5 complete task 
16526420 3 complete task 
30435080 6 complete task 
30437023 1 run after wait for task 
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Action-dependent data 
---------------------

0000000000000000000000 
0000000000000000000002 
0000000000000000000002 
0000000000000000000003 
0000000000000000000004 
0000000000000000000005 
0000000000000000000006 
0000000000000000000007 
0000000000000000000010 
0000000000000000000011 
0000000000000000000004 

3 
0000000000000000000005 
0000000000000000000003 
0000000000000000000006 

3 
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Time Task Action Action-dependent data 
------ ---------------------

30439033 1 begin wait for task 7 

30488255 7 complete task 0000000000000000000007 
30489225 1 run after wait for task 7 
30489677 1 begin wait for task 8 
30491617 8 complete task 0000000000000000000010 
30492593 1 run after wait for task 8 
30493011 1 begin wait for task 9 
30771250 9 complete task 0000000000000000000011 
30773152 1 run after wait for task 9 
34066223 1 complete task 0000000000000000000000 

8.3.5 TASK PARAMETER 

This COS JCL statement or UNICOS command line produces a listing of 
internal task identifier numbers of the tasks recorded in the multitasking 
history trace buffer that you want to see. The default is all tasks. 

MTDUMP,DN=dumpdn,TASK=4:5:6. 
mtdump -t 4,5,6 dumpfile 

Time Task Action Action-dependent data 
------ ---------------------

1560909 4 start task 0000000000000000000004 
1950719 4 attach to logical CPU 3 
1951310 5 start task 0000000000000000000005 
2378672 6 start task 0000000000000000000006 
2380419 5 attach to logical CPU 1 

16354735 4 set lock, no wait 00047740 
16355097 4 clear lock 00047740 
16355452 4 complete task 0000000000000000000004 
16357208 6 attach to logical CPU 3 
16414562 5 set lock, no wait 00047740 
16414924 5 clear lock 00047740 
16415279 5 complete task 0000000000000000000005 
30434358 6 set lock, no wait 00047740 
30434723 6 clear lock 00047740 
30435080 6 complete task 0000000000000000000006 

8.3.6 DATA PARAMETER 

This COS JCL statement or UNICOS command line lets you specify 
action-dependent data values to be searched for in the multitasking 
history trace buffer. The default is to list entries for all data values. 
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MTDUMP,DN=dumpdn,DATA=47741:3. 
mtdump -d 47741,3 dumpfile 

Time Task Action 
------

1621 1 assign event 
359183 1 begin wait for event 
360640 2 post event 
362522 2 clear event 
362680 1 run after wait for event 
363092 1 post event 
363438 1 clear event 

1556783 3 start task 
1950257 acquire logical CPU 
1950719 4 attach to logical CPU 

16357208 6 attach to logical CPU 
16411316 1 begin wait for task 
16526420 3 complete task 
30436717 1 attach to logical CPU 
30437023 1 run after wait for task 
30439544 1 detach from logical CPU 
30439812 spin-wait logical CPU 
30488914 1 attach to logical CPU 
30490189 1 detach from logical CPU 
30490689 spin-wait logical CPU 
30492286 1 attach to logical CPU 
30493563 1 detach from logical CPU 
30494066 spin-wait logical CPU 
30594344 suspend logical CPU 

8.3.7 INFO KEYWORD 

Action-dependent data 

00047741 
00047741 
00047741 
00047741 
00047741 
00047741 
00047741 

0000000000000000000003 
3 

3 
3 
3 

0000000000000000000003 
3 
3 
3 

3 
3 

3 

3 
3 
3 
3 
3 

The following example shows two outputs, the first resulting from using 
BUFTUNE with the INFO keyword and calling BUFPRINT within the user 
program, and the second resulting from the JCL statement MTDUMP, the user 
having previously called BUFUSER to add entries to the multitasking 
history trace buffer. In this example, MTDUMP outputs the task calls and 
user calls. 

The first output is dumped by calling BUFPRINT within the user program. 
The call to BUFTUNE with the DN keyword specifies the dataset to which the 
multitasking history trace buffer is to be dumped. The INFO keyword in 
the BUFTUNE call lets you associate descriptive (mnemonic) strings with 
the actions that you want recorded. 

The second output is from the MTDUMP statement using the input buffer from 
the first output example. The MTDUMP JCL statement dumps the multitasking 
history trace buffer entries that were selected with the TASKS and USERS 
parameters. 
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8-28 

MULTI. 
CFT,ALLOC:::STACK. 
SEGLDR. 
$ABD. 
DUMPJOB. 
MTDUMP,DN:::dumpdn,TASKS,USERS. 
IEOF 

PROGRAM TEST 
CHARACTER*24 STRING 
INTEGER ISTRING(3) 
DATA ISTRINGI'THIS IS STRING NO. 66'H/ 

CALL BUFTUNE('DN'H, 'dumpdn'H) 
STRING::: 'THIS IS STRING NO. 65' 
CALL BUFTUNE('INFO'H,65,STRING) 
CALL BUFTUNE('INFO'H,66,ISTRING) 
CALL BUFTUNE('INFO'H,67, 'THIS IS STRING NO. 67'H) 
CALL BUFTUNE( 'INFO'H,68, 'THIS IS STRING NO. 68'H) 
CALL BUFTUNE( 'INFO'H,69, 'THIS IS STRING NO. 69'H) 
CALL BUFTUNE( 'INFO'H,128, 'THIS IS STRING NO.128'H) 

IEMPTY ::: 0 
CALL BUFPRINT(IEMPTY) 

END 

SUBROUTINE SUB2 
C task 

CALL TSKVALUE(ITASK) 
CALL BUFUSER(65,ITASK) 
CALL BUFUSER(66, 'DATA 66'H) 
CALL BUFUSER(67, 'DATA 67'H) 
CALL BUFUSER(68, 'DATA 68'H) 
CALL BUFUSER(69, 'DATA 69'H) 
CALL BUFUSER(69,777B) 
CALL BUFUSER(70, 'DATA 70'H) 
CALL BUFUSER(71, 'DATA 71'H) 
CALL BUFUSER(128, 'DATA 128'H) 
CALL BUFUSER(129, 'DATA 129'H) 
CALL BUFUSER(130,130B) 

END 
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MULTITASKING HISTORY TRACE BUFFER BUFPRINT 

Time Task Action Action-dependent data 

------ ---------------------
0 1 start task 0000000000000000000000 

4688 1 assign lock 00053240 
5040 1 assign event 00053241 
7948 2 start task 0000000000000000000002 
8789 1 detach from logical CPU 0 
9029 request logical CPU 

775900 acquire logical CPU 2 
776375 1 attach to logical CPU 2 
776895 1 begin wait for event 00053241 
777418 1 detach from logical CPU 2 
777904 2 attach to logical CPU 1 
778177 spin-wait logical CPU 2 
778384 2 post event 00053241 
779148 2 detach from logical CPU 1 
779663 2 attach to logical CPU 2 
780214 1 attach to logical CPU 1 
780394 2 clear event 00053241 
780578 1 run after wait for event 00053241 
781037 1 post event 00053241 
781418 1 clear event 00053241 

3044299 1 set lock, no wait 00053240 
3044731 1 clear lock 00053240 
3045246 1 begin wait for task 2 
3045846 1 detach from logical CPU 1 
3046154 spin-wait logical CPU 1 
3146412 suspend logical CPU 1 

132777326 2 set lock, no wait 00053240 
132777729 2 clear lock 00053240 
132778079 2 complete task 0000000000000000000002 
132779742 1 attach to logical CPU 2 
132780064 1 run after wait for task 2 
132782953 3 start task 0000000000000000000003 
132783768 1 detach from logical CPU 2 
132784123 activate logical CPU 1 
133076653 1 attach to logical CPU 1 
133079629 4 start task 0000000000000000000004 
133080442 1 detach from logical CPU 1 
133080682 request logical CPU 
133918469 acquire logical CPU 3 
133918932 1 attach to logical CPU 3 
133920086 3 attach to logical CPU 2 
133920627 3 THIS IS STRING NO. 65 0000000000000000000003 
133920925 3 THIS IS STRING NO. 66 0421012504044015433040 DATA 66 
133921200 3 THIS IS STRING NO. 67 0421012504044015433440 DATA 67 
133921341 4 attach to logical CPU 1 
133921479 3 THIS IS STRING NO. 68 0421012504044015434040 DATA 68 
133921754 3 THIS IS STRING NO. 69 0421012504044015434440 DATA 69 

SR-0222 D 8-29 



MULTITASKING HISTORY TRACE BUFFER BUFPRINT 

Time Task Action Action-dependent data 
------ ---------------------

133921885 4 THIS IS STRING NO. 65 0000000000000000000004 
133922024 3 THIS IS STRING NO. 69 0000000000000000000777 
133922187 5 start task 0000000000000000000005 
133922309 3 70 0421012504044015630040 DATA 70 
133922415 4 THIS IS STRING NO. 66 0421012504044015433040 DATA 66 
133922594 3 71 0421012504044015630440 DATA 71 
133922689 4 THIS IS STRING NO. 67 0421012504044015433440 DATA 67 
133922851 3 THIS IS STRING NO.128 0421012504044014231070 DATA 128 
133922970 4 THIS IS STRING NO. 68 0421012504044015434040 DATA 68 
133923113 1 detach from logical CPU 3 
133923221 3 0000000000000000000201 0421012504044014231071 DATA 129 
133923359 request logical CPU 
133923447 4 THIS IS STRING NO. 69 0421012504044015434440 DATA 69 
133923542 3 0000000000000000000202 0000000000000000000130 
133923707 4 THIS IS STRING NO. 69 0000000000000000000777 
133923964 4 70 0421012504044015630040 DATA 70 
133924228 4 71 0421012504044015630440 DATA 71 
133924491 4 THIS IS STRING NO.128 0421012504044014231070 DATA 128 
133924735 4 0000000000000000000201 0421012504044014231071 DATA 129 
133924972 4 0000000000000000000202 0000000000000000000130 
248569711 acquire logical CPU 4 
248570171 1 attach to logical CPU 4 
248571265 5 attach to logical CPU 3 
248571796 5 THIS IS STRING NO. 65 0000000000000000000005 

455841660 suspend logical CPU 4 
467556467 9 set lock, no wait 00053240 
467556864 9 clear lock 00053240 
467557229 9 complete task 0000000000000000000011 
467558554 spin-wait logical CPU 3 
467658846 suspend logical CPU 3 
471358042 6 set lock, no wait 00053240 
471358451 6 clear lock 00053240 
471358798 6 complete task 0000000000000000000006 
471360523 1 attach to logical CPU 2 
471360844 1 run after wait for task 6 
471361261 1 begin wait for task 7 
471361800 1 detach from logical CPU 2 
471362092 spin-wait logical CPU 2 
471462336 suspend logical CPU 2 
477017939 7 set lock, no wait 00053240 
477018349 7 clear lock 00053240 
477018704 7 complete task 0000000000000000000007 
477020408 1 attach to logical CPU 1 
477020731 1 run after wait for task 7 
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MULTITASKING HISTORY TRACE BUFFER 

Time Task Action 
------

477021187 1 TSKWAIT, no wait 
477021653 1 TSKWAIT, no wait 
477022205 1 assign lock 
477022611 1 set lock, no wait 

MULTITASKING HISTORY TRACE BUFFER 

Time Task Action 
------

0 1 start task 
7948 2 start task 

3045246 1 begin wait for task 
132778079 2 complete task 
132780064 1 run after wait for task 
132782953 3 start task 
133079629 4 start task 
133920627 3 THIS IS STRING NO. 65 
133920925 3 THIS IS STRING NO. 66 
133921200 3 THIS IS STRING NO. 67 
133921479 3 THIS IS STRING NO. 68 
133921754 3 THIS IS STRING NO. 69 
133921885 4 THIS IS STRING NO. 65 

255246551 7 THIS IS STRING NO. 66 
255246808 7 THIS IS STRING NO. 67 
255247081 7 THIS IS STRING NO. 68 
255247338 7 THIS IS STRING NO. 69 
255247595 7 THIS IS STRING NO. 69 
255247852 7 70 
255248109 7 71 
255248366 7 THIS IS STRING NO.128 
439079590 1 TSKWAIT, no wait 
439080320 1 TSKWAIT, no wait 
439080957 1 begin wait for task 
439082622 8 THIS IS STRING NO. 65 
439082903 8 THIS IS STRING NO. 66 
439083172 8 THIS IS STRING NO. 67 
439083442 8 THIS IS STRING NO. 68 
439083706 8 THIS IS STRING NO. 69 
439084009 8 THIS IS STRING NO. 69 
439084283 8 70 
439084540 8 71 
439084797 8 THIS IS STRING NO.128 
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Action-dependent data 

8 

9 
00003560 
00003560 

Action-dependent data 
---------------------

0000000000000000000000 
0000000000000000000002 

2 
0000000000000000000002 

2 
0000000000000000000003 
0000000000000000000004 
0000000000000000000003 
0421012504044015433040 
0421012504044015433440 
0421012504044015434040 
0421012504044015434440 
0000000000000000000004 

0421012504044015433040 
0421012504044015433440 
0421012504044015434040 
0421012504044015434440 
0000000000000000000777 
0421012504044015630040 
0421012504044015630440 
0421012504044014231070 

3 
4 
5 

0000000000000000000010 
0421012504044015433040 
0421012504044015433440 
0421012504044015434040 
0421012504044015434440 
0000000000000000000777 
0421012504044015630040 
0421012504044015630440 
0421012504044014231070 

BUFPRINT 

MTDUMP 

DATA 66 
DATA 67 
DATA 68 
DATA 69 

DATA 66 
DATA 67 
DATA 68 
DATA 69 

DATA 70 
DATA 71 
DATA 128 

DATA 66 
DATA 67 
DATA 68 
DATA 69 

DATA 70 
DATA 71 
DATA 128 

8-31 



MULTITASKING HISTORY TRACE BUFFER MTDUMP 

Time Task Action Action-dependent data 
------ ---------------------

453550985 5 complete task 0000000000000000000005 
453553406 9 THIS IS STRING NO. 65 0000000000000000000011 
453553680 9 THIS IS STRING NO. 66 0421012504044015433040 DATA 66 
453553938 9 THIS IS STRING NO. 67 0421012504044015433440 DATA 67 
453554216 9 THIS IS STRING NO. 68 0421012504044015434040 DATA 68 
453554490 9 THIS IS STRING NO. 69 0421012504044015434440 DATA 69 
453554753 9 THIS IS STRING NO. 69 0000000000000000000777 
453555010 9 70 0421012504044015630040 DATA 70 
453555267 9 71 0421012504044015630440 DATA 71 
453555527 9 THIS IS STRING NO.128 0421012504044014231070 DATA 128 
455738083 8 complete task 0000000000000000000010 
455740025 1 run after wait for task 5 
455740552 1 begin wait for task 6 
467557229 9 complete task 0000000000000000000011 
471358798 6 complete task 0000000000000000000006 
471360844 1 run after wait for task 6 
471361261 1 begin wait for task 7 
477018704 7 complete task 0000000000000000000007 
477020731 1 run after wait for task 7 
477021187 1 TSKWAIT, no wait 8 
477021653 1 TSKWAIT, no wait 9 
483466811 1 complete task 0000000000000000000000 
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9. ADVANCED MACROTASKING IN FORTRAN 

Several high-level concepts have emerged from the research on parallel 
processing. This section describes high-level parallelism concepts, both 
those that have been implemented directly through the macrotasking 
library routines and extensions to Fortran and those that can be 
implemented indirectly, using the macrotasking library routines. 

9.1 PARALLELISM 

Multitasking exploits parallelism in programs. Parallelism occurs when 
certain independence and order requirements are satisfied. The degree of 
parallelism is based on the adherence of program constructs to these 
requirements. The following levels of parallelism are discernable: 

Level Name 

Full Concurrent 

Partial Exclusive 

None Sequential 

Characteristics 

Complete independence and order independence 

Special dependence relationship and order 
independence 

Dependence and order dependence 

Concurrent parallelism and exclusive parallelism are candidates for 
multitasking. No multitasking speedup is possible without parallelism. 

The TSKSTART and TSKWAIT library routines initiate and complete concurrent 
parallelism. The initiation and completion of a task can be used as 
synchronization points. 

The management of concurrent parallelism uses the EVPOST and EVWAIT 
library routines, which synchronize work between tasks and can be used in 
communicating data among tasks. 

Exclusive parallelism is managed with the LOCKON and LOCKOFF library 
routines, which monitor special program segments that can be executed in 
any order, but not simultaneously. Exclusive parallelism is profitably 
exploited only within the environment of concurrent parallelism. 

Subsequent subsections expand on these ideas. 
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9.2 SYNCHRONIZATION 

Synchronization is the process of bringing two or more tasks to a known 
and coordinated stage in their execution. The location in each task 
where this happens is called a synchronization point. Synchronization is 
required to ensure that dependencies are satisfied, which frequently 
means ensuring that variables in one task are computed before they are 
used in another task. 

Synchronization is a cooperative process among tasks. Certain variables, 
such as event variables, must be accessible to all tasks, and each task 
must execute proper, coordinated multitasking calls. 

The initiation and completion of a task are synchronization points, as 
the following example shows: 

Task 0 

Initialize a, b 

SYNCH POINT -) CALL TSKSTART ----) 

I 
I 

1/2 work (a) 

I 
I 

CALL TSKWAIT 
SYNCH POINT -) (---------------

Results computed 
in (b) needed here 

Task 1 

1/2 work (b) 

I 
I 

Management of concurrent parallelism uses events for synchronization. 
Tasks agree on which events signal the beginning and end of requested 
work. 

In the following example, task 0 uses event EV1 to synchronize these two 
tasks by signaling task 1 that any initialization for work (b) is 
complete. Task 1 uses event EV1 to synchronize these two tasks by 
waiting for it to be posted before beginning work (b). In a similar 
fashion, both tasks use event EV2 to synchronize the completion of work 
(a) and (b) before the start of work (c). 
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Task 0 Task 1 
I 
I 

CALL TSKSTART ----) 
I CALL EVWAIT(EV1) 

SYNCH POINT -) CALL EVPOST(EV1) 

I 
-) -

CALL EVCLEAR(EV1) 

I I 
1/2 work (a) 112 work (b) 

I I 
CALL EVWAIT(EV2) CALL EVPOST(EV2) 

SYNCH POINT -) (-----------------
CALL EVCLEAR(EV2) CALL EVWAIT(EV1) 

I 
sequential work (c) 

I 
SYNCH POINT -) CALL EVPOST(EV1) -) 

I CALL EVCLEAR(EV1) 

I I 
1/2 work (d) 1/2 work (e) 

I I 
CALL EVWAIT(EV2) CALL EVPOST(EV2) 

SYNCH POINT -) (-----------------
CALL EVCLEAR(EV2) CALL EVWAIT(EV1) 

I 
I 

An alternative method uses locks for synchronization. This technique 
requires that the locks be initialized to the locked state. Each 
synchronizing task needs only one call to the multitasking library. 

Task 0 Task 1 

CALL LOCKON(L1) 
CALL LOCKON(L2) 

I 
CALL TSKSTART ---) -

I I 
SYNCH POINT -) CALL LOCKOFF(L1) -) CALL LOCKON(Ll) 

I I 
I I 
1/2 work (a) 1/2 work (b) 

I I 
I I 

CALL LOCKON(L2) CALL LOCKOFF(L2) 
SYNCH POINT -) (---------------

I 
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Task 0 Task 1 

sequential work (c) 

I 
SYNCH POINT -) CALL LOCKOFF(L1) -) CALL LOCKON( L1) 

I I 
I I 

1/2 work (d) 1/2 work (e) 

I I 
I I 

CALL LOCKON(L2) CALL LOCKOFF(L2) 
SYNCH POINT -) <---------------

I 
I 

Barriers can also be used to implement synchronization, as follows: 

SYNCH POINT -) 

SYNCH POINT -) 

SYNCH POINT -) 

SYNCH POINT -) 

Task 0 

CALL BARASGN(B1,2) 
CALL TSKSTART ----) 
CALL BARSYNC(B1) 

I 
I 

Task 1 

CALL BARSYNC(B1) 

I 
I 

1/2 work (a) 1/2 work (b) 

I I 
I I 

CALL BARSYNC(B1)<--)CALL BARSYNC(B1) 

I 
I 

Sequential work (c) 

I 
I 

CALL BARSYNC(B1) <--)CALL BARSYNC(B1) 

I I 
I I 

1/2 work (d) 

I 
I 

1/2 work (e) 

I 
I 

CALL BARSYNC(B1)<--)CALL BARSYNC(B1) 

I 
I 

Barriers are also convenient for synchronizing larger numbers of tasks. 
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9.3 COMMUNICATION 

Occasionally one task must communicate a variable value to other tasks 
while all are executing. To ensure that the value is computed in one 
task before it is used in another, the communication must occur at a 
synchronization point. The communicating tasks must agree on the 
location of the shared value. One task computes the value before the 
synchronization point, and the other tasks reference the value only after 
the synchronization point. 

In the following program, the main task uses the shared variable JOB to 
indicate the computations to be executed by the subordinate task, T. 
Task T stops when JOB equals 3. 

PROGRAM MAIN 
COMMON/MT/ISTART,IDONE,JOB,A(1000),B(1000),C(1000) 

call EVASGN, etc. 
CALL TSKSTART(IDTASK,T) 
JOB = 1 
CALL EVPOST(ISTART) 
DO 10 I = 1, 500 

B(I) = A(I) + 1.0 
10 CONTINUE 

CALL EVWAIT(IDONE) 
CALL EVCLEAR(IDONE) 
JOB = 2 
CALL EVPOST(ISTART) 
DO 20 I = 501, 1000 

C(I) = B(I) + 2.0 
20 CONTINUE 

CALL EVWAIT(IDONE) 
CALL EVCLEAR(IDONE) 
JOB = 3 
CALL EVPOST(ISTART) 
CALL TSKWAIT(IDTASK) 
STOP 
END 

SUBROUTINE T 
COMMON/MT/ISTART,IDONE,JOB,A(1000),B(1000),C(1000) 

1 CALL EVWAIT(ISTART) 
CALL EVCLEAR(ISTART) 
IF( JOB.EQ.2 ) GO TO 19 
IF( JOB.GT.2 ) GO TO 99 
DO 10 I = 501, 1000 

B(I) = A(I) + 1.0 
10 CONTINUE 

CALL EVPOST(IDONE) 
GO TO 1 

19 CONTINUE 
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DO 20 I = 1, 500 
C(I) = B(I) + 2.0 

20 CONTINUE 
CALL EVPOST(IOONE) 
GO TO 1 

99 CONTINUE 
RETURN 
END 

The integrity of the variable JOB is ensured because the programmer has 
defined and followed a rule allowing the main task to reference JOB only 
after IOONE is posted and before ISTART is posted, and allowing task T to 
reference JOB only after ISTART is posted and before IOONE is posted. 

9.4 MONITOR 

Certain program constructs have data and storage dependencies that at 
first appear to prevent parallel processing. These constructs involve 
updating a variable using an operation that is both commutative and 
associative, such as addition or multiplication. This is the case of 
exclusive parallelism, and it can be executed in parallel if you know any 
update of a variable will never interfere with any other update of that 
same variable. You can be certain that this is the case if you monitor 
the updates to ensure that only one update is ever executing at a given 
time. 

DO 20 I = 1, N 
DO 10 J = 1, N 

A(I,J) = B(I)*C(J) 
10 CONTINUE 

S = S + SIN(A(I,l» 
20 CONTINUE 

In the previous example, the iterations of the 20 loop are data- and 
storage-dependent because of the variable S. The dependence causes a 
problem if the updates to S are attempted in different tasks. Within a 
given task, fetching S may not obtain the correct value if the other task 
is currently in the update process. Simultaneous updates may overwrite 
and lose a needed value. 

This problem can be circumvented and the iterations of the 20 loop 
executed in parallel if the updates are never simultaneous. Two 
solutions are possible: 

• Use the LOCK facilities to form a critical region around the 
problem code. Subsection 9.10, Critical Region, describes this 
alternative in detail. 
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• Recognize that only the last value, rather than intermediate 
values, of S is required. Refer to subsection 9.11, Summation and 
Other Reduction Constructs. 

9.5 SHARED AND PRIVATE VARIABLES 

To ensure independence, you must analyze the use of variables in the code 
you intend to multitask. Based on the analysis results, you can 
deliberately allocate the variables according to their use. 

The allocation of variables in the original program may conflict with 
their multitasked use. The modifications that you make for multitasking 
can affect portions of the program that are not being multitasked. The 
allocation of variables for use in multitasking is one of the most 
important steps in conversion, and it is too easily overlooked. Failure 
to address this aspect of multitasking gives rise to subtle data 
dependency violations that are difficult to identify during debugging. 

You can categorize variables used in a multitasked segment of code 
according to the way they are used by the tasks that have access to 
them. In a correctly multi tasked code segment, you can categorize 
variables as one of the following types: 

1 

2 

3 

4 

Category 

Shared, read-only access 

Shared, partitioned access 

Shared, protected access 

Private, with no restrictions on use but always defined 
before use 

The first three variable types are accessible to all tasks, while the 
fourth is accessible to only one task. 

The multitasked use of a variable is a characterization of the variable's 
accessibility by tasks. A variable's uniprocessing use is determined by 
the following: 

• Its appearance on the left or right side of assignment statements 
• Whether the variable is subscripted by the loop variable 
• The variable's scope with respect to the loop 
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Variables within a multi tasked loop can be characterized by their use 
within the loop as follows (the variable I is the loop index): 

Type 1: Appears only on the right-hand side 
Mayor may not be subscripted by I 
Read-only references 

DO 1 I = 1, N 

1 CONTINUE 

= A(I) 
= S 

Type 2: Appears on both left- and right-hand sides 
Subscripted by I 
Each iteration operates on independent elements 

DO 2 I = 1, N 
A( I) 

A( I) = 
A(I) = A(I) 

2 CONTINUE 

Type 3: Appears on the right- and left-hand side in one statement 
Is not subscripted by I 
Accumulation operation 

DO 3 I = 1, N 
S S + 

3 CONTINUE 

Type 4: Appears on the left-hand side, then on the right-hand side 
Is not subscripted by I 
Reused temporary variable 

DO 4 I = 1, N 
S 

S 
4 CONTINUE 

Other uses of variables in loops inhibit mUltitasking. 

The uniprocessing scope of variables with respect to the loop to be 
multitasked is also important. See subsection 2.6, Scope. 

You must look at the original code and analyze the ramifications of 
introducing a new scope boundary in order to categorize the variables in 
the program and identify the allocation required for multitasking. 
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Consider the following original code: 

B = ••• 

c = ••• 
DO 10 I 1, 1000 

A = B + FLOAT(I) 
C = C + 1. 
D(I) = A*2. 

10 CONTINUE 

= C 
••• = D(K) 

The analysis showing that the iterations of the 10 loop can be done in 
parallel relies on the analysis of the multitasking use of the variables 
referenced in the loop. An attempt to multitask this loop introduces a 
new scope boundary at DO 10 and CONTINUE. Identify and compare the scope 
of the variables referenced in the loop with this new scope region. If 
the scope of a variable is contained within the introduced scope 
boundaries, that variable is private to each task. Private variables are 
always defined (assigned) before being used within the new scope 
boundaries. The variable A in the preceding example is a private 
variable. 

If the scope of a variable extends outside the new scope boundaries, the 
variable is shared by all tasks. Program modifications are needed to 
maintain the variable's scope over the new multitasked code. Usually 
these modifications involve putting the variable into COMMON statements 
or putting the variable into the argument list of the TSKSTART 
statement. Avoid the latter method whenever possible, however, because 
passing arguments through TSKSTART causes many of the bugs in multitasked 
programs. The variables B, C, and D in the preceding example are shared 
variables. Variable B is a shared variable that has only fetch 
references, variable C is a shared variable that must be monitored to 
avoid simultaneous updates, and variable D is a COMMON variable whose 
elements are independently assigned. 

You can convert the previous original code for multitasking as follows: 

MULTITASKED CODE 
COMMON / MT / LOCKC, B, C, D(1000) 
B = ••• 
C = ••• 
CALL TSKSTART( IDTASK, TASK ) 
DO 10 I = 1, 500 

A = B*FLOAT(I) 
CALL LOCKON( LOCKC 
C = C + 1. 
CALL LOCKOFF( LOCKC ) 
D(I) = A*2. 

10 CONTINUE 
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CALL TSKWAIT( IDTASK ) 

= C 
••• = D(K) 

SUBROUTINE TASK 
COMMON / MT / LOCKC, B, C, 0(1000) 
DO 10 I = 501, 1000 

A = B*FLOAT(I) 
CALL LOCKON( LOCKC 
C = C + 1. 
CALL LOCKOFF( LOCKC ) 
D(I) = A*2. 

10 CONTINUE 
RETURN 
END 

Two variables are now named A, one in MAIN and one in TASK. Storage 
location B is only fetched in both tasks and needs only to be made 
accessible to all tasks. Storage location C is both fetched and assigned 
and needs to be monitored as well as made accessible to all tasks. 
Different storage locations of array D are assigned by each task, but the 
whole array is accessible to all tasks. 

The modifications for multitasking (putting variables into COMMON blocks) 
may interfere with the storage assignment of variables in the original 
program. In the preceding example, variable A may have been originally 
contained in a COMMON block. Its uniprocessing use accommodated its 
accessibility (or reusability) by several program units. Its 
multitasking use requires that it be private. 

Likewise, variables B, C, and D may have been contained in COMMON blocks 
along with other variables not involved in multitasking. Also, the 
placement of these variables into COMMON blocks may interfere with the 
use of the variables or with other variables having the same name in 
other parts of the program. You must understand completely, over the 
whole program, the use of all variables involved in multitasking (and 
other variables with the same names). You must pay special attention to 
variables that are Fortran equivalenced to other variables. 

The following rules aid in determining the categories of the variables 
appearing within a loop considered for multitasking. The loop control 
variable is assumed to be I. 

1. Variable is subscripted by I - SHARED. 
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2. Variable is not subscripted by I. 

a. Variable appears only on the left-hand side; PRIVATE. 
Watch out for a live variable after loop. 

b. Variable appears only on the right-hand side; 
SHARED. 

c. Variable appears on both left- and right-hand sides 

1) Variable always defined before used; PRIVATE. 
2) Variable not defined before used; ERROR or SHARED 

(and monitored). 

The characteristics of private and shared variables are important when 
identifying the multitasked use of variables: 

• Variables private to tasks: 

Multiple copies (one per task) 
Temporary existence (dies when task dies) 
Cannot be referenced by other tasks 
Always defined before used within task 
Usually scalars or small workspace arrays 

• Variables shared by tasks: 

One copy (independent of number of tasks) 
Permanent existence (dies when job dies) 
Can be referenced by all tasks (common) 
Are fetch only, independently used, or monitored 
Usually larger arrays, lock or event variables, constants 

9.6 TASK COMMON 

Standard Fortran provides COMMON blocks for sharing variables among 
program units. Common blocks are also used to minimize the length of 
argument lists in CALL statements. 

Variables appearing in COMMON blocks occupy static storage locations for 
the life of the program. The fact that variables in COMMON blocks are 
accessible to all tasks and all program units can cause a conflict. A 
task might require that the different program units composing it all have 
access to a certain variable, therefore needing that variable in COMMON 
storage. The same task may also require, however, that no other tasks 
have access to the variable, necessitating that the variable be in 
private storage. Further, several different tasks can execute some of 
the same program units, requiring that you consider not only which 
program unit may access a variable but also which task a program unit is 
in when it accesses a variable. 
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TASK COMMON is a Cray Fortran language extension that provides a way for 
tasks to obtain storage that is private to the task but that can be used 
by all subroutines called within the task. The syntax for a TASK COMMON 
declaration is as follows: 

TASK COMMON Icbnamelnlist 

TASK COMMON must be named, and the items cannot be saved or preset with 
DATA or NAMELIST 1/0, but otherwise the syntax and usage are identical to 
those of regular COMMON. 

When compiled with static storage allocation (the default) or the CFT77 
STATIC option, TASK COMMON is treated in the same way as regular COMMON. 
When compiled with the STACK option, TASK COMMON blocks are set up on the 
stack when a task is started and go away when a task completes. 

The following program illustrates a problem for which TASK COMMON 
provides a solution: 

COMMON I ARGS I A(100), B(100) 
COMMON I RESULT I C(100) 
DO 20 I = 1, 100 

DO 10 J = 1, 100 
A(J) = I+J 
B(J) = I*J 

10 CONTINUE 
CALL SUB(I) 

20 CONTINUE 
STOP 
END 
SUBROUTINE SUB(I) 
COMMON I ARGS I A(100), B(100) 
COMMON I RESULT I C(100) 
C(I) = SDOT(100,A,1,B,1) 
RETURN 
END 

Without using TASK COMMON, this program can be converted for multitasking 
by duplicating code and using a variable, IOFFSET, to share the 
statically allocated COMMON block. This process must be followed for 
each task that is used, as in the following example: 

9-12 

COMMON I ARGS I A(200), B(200) 
COMMON I RESULT I C(100) 
CALL TSKSTART( IDTASK, TASK ) 
IOFFSET = 0 
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DO 20 I = 1, 50 
DO 10 J = 1, 100 

A(J+IOFFSET) I+J 
B(J+IOFFSET) = I*J 

10 CONTINUE 
CALL SUB(I,IOFFSET) 

20 CONTINUE 
CALL TSKWAIT( IDTASK ) 
STOP 
END 
SUBROUTINE TASK 
COMMON / ARGS / A(200), B(200) 
COMMON / RESULT / C(100) 
IOFFSET 100 
DO 20 I = 51, 100 

DO 10 J = 1, 100 
A(J+IOFFSET) = I+J 
B(J+IOFFSET} = I*J 

10 CONTINUE 
CALL SUB(I,IOFFSET) 

20 CONTINUE 
RETURN 
END 
SUBROUTINE SUB(I,IOFFSET) 
COMMON / ARGS / A(200), B(200) 
COMMON / RESULT / C(100) 
C(I) = SDOT(100,A(1+IOFFSET),1,B(1+IOFFSET),1) 
RETURN 
END 

Alternatively, A and B can be made private variables in MAIN and TASK, 
and passed as arguments to SUB. 

CFT?? and CFT contain a language extension that explicitly provides for a 
TASK COMMON capability. This extension permits a simple program 
modification to produce the desired results, as in the following example: 

TASK COMMON / ARGS / A(100), B(100) 
COMMON / RESULT / C(100) 
CALL TSKSTART( IDTASK, TASK ) 
DO 20 I = 1, 50 

DO 10 J = 1, 100 
A(J) = I+J 
B(J) = I*J 

10 CONTINUE 
CALL SUB(I) 

20 CONTINUE 
CALL TSKWAIT( IDTASK ) 
STOP 
END 
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SUBROUTINE TASK 
TASK COMMON I ARGS I A(100), B(100) 
COMMON I RESULT I C(100) 
DO 20 I = 51, 100 

DO 10 J = 1, 100 
A( J) = I +J 

B(J) = I*J 
10 CONTINUE 

CALL SUB(I) 
20 CONTINUE 

RETURN 
END 
SUBROUTINE SUB(I) 
TASK COMMON I ARGS I A(100), B(100) 
COMMON I RESULT I C(100) 
C(I) = SDOT(100,A,1,B,1) 
RETURN 
END 

Using TASK COMMON to provide a separate workspace for each task requires 
only that the COMMON IARGSI statement be replaced with TASK COMMON 
IARGS/. Other program modifications may not be necessary. In the 
preceding example, two COMMON blocks have the name ARGS. One is 
accessible by the main task (main and SUB), while the second is 
accessible by the started task (TASK and SUB). References in subroutine 
SUB to A and B apply to the TASK COMMON block associated with the task to 
which SUB belongs. 

9.7 DOALL 

A DOALL is a loop with independent iterations. A partition of the 
iterations of a DO loop divides the iterations into groups. These groups 
can be executed in parallel by multiple tasks. 

The partitioning of iterations is called static if the iterations 
belonging to each group are known before execution time. The 
partitioning of iterations is called dynamic if either the number of 
iterations belonging to a group or the assignment of iterations to groups 
is unknown until execution time. 

For vectorization, most of the work is found in loops, which is where 
parallelism is exploited. This is also true of multitasking, but on a 
larger scale. A frequent application of multitasking is the simultaneous 
execution of independent iterations of loops that have been broken apart 
into separate subprograms. The techniques to multitask loops are of 
fundamental importance. 
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The first case considered is a loop in which each iteration has equal 
computational requirements. A choice exists as to how these independent 
iterations should be grouped for execution as distinct tasks. At one 

extreme, each iteration can be computed by a separate task. At the other 
extreme, the iterations can be grouped into a number of tasks equal to 

the number of processors. Having fewer groups (tasks) than processors 
prevents full use of the processor resources. In the middle, a balance 
of the number of groups and the number of iterations per group can 
enhance both vectorization and multitasking speedups in some cases. 

For workloads with equal iterations and a given number of processors (for 
example, two), statically dividing the iterations into two groups is 
natural. Each group may comprise the even- or odd-numbered iterations or 
the first and second half. The even-odd partition may increase bank 
conflicts. Consider the following matrix addition example: 

DO 20 J = 1, N 
DO 10 I = 1, N 

A(I,J) = B(I,J) + C(I,J) 
10 CONTINUE 
20 CONTINUE 

The 20 loop is multitasked by partitioning the range of J into first half 
and second half. This corresponds to partitioning the matrix addition 
problem into two parts: the left half of A and the right half of A. For 
a sufficiently large N, the right-half computation may be formed into a 
separate task, as follows: 

Task 0 

COMMON I MT I A,B,C,N 
L = N/2 
LP1 = L + 1 
CALL TSKSTART(IDT,T,LP1,N) 

CALL T(1,L) 

CALL TSKWAIT(IDT) 

Task 1 

10 

SUBROUTINE T(IS,IE) 
COMMON I MT I A,B,C,N 
DO 20 J = IS, IE 

DO 10 I = 1, N 
A(I,J) = B(I,J)+C(I,J) 

CONTINUE 
20 CONTINUE 

RETURN 
END 

The same subroutine T is part of both tasks in the preceding example. 
Its arguments determine which half of the computation is to be performed. 
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The overhead of task generation (for example, stack allocation of local 
variables) usually makes EVENTs better mechanisms for managing loop 
parallelism. This is especially true when several loops can be 
multitasked, as the following example shows: 

PROGRAM MAIN 
COMMON/MT/ISTART,IDONE,JOB,A(1000),B(1000),C(1000) 
CALL TSKSTART(IDTASK,T) 
JOB = 1 
CALL EVPOST(ISTART) 
DO 10 I = 1, 500 

B(I) = A(I) + 1.0 
10 CONTINUE 

CALL EVWAIT(IDONE) 
CALL EVCLEAR(IDONE) 
JOB = 2 
CALL EVPOST(ISTART) 
DO 20 I = 501, 1000 

C(I) = B(I) + 2.0 
20 CONTINUE 

CALL EVWAIT(IDONE) 
CALL EVCLEAR(IDONE) 
JOB = 3 
CALL EVPOST(ISTART) 
CALL TSKWAIT(IDTASK) 
STOP 
END 

SUBROUTINE T 
COMMON/MT/ISTART,IDONE,JOB,A(1000),B(1000),C(1000) 

1 CALL EVWAIT(ISTART) 
CALL EVCLEAR(ISTART) 
IF( JOB.EQ.2 ) GO TO 19 
IF( JOB.GT.2 ) GO TO 99 
DO 10 I = 501, 1000 

B(I) = A(I) + 1.0 
10 CONTINUE 

CALL EVPOST(IDONE) 
GO TO 1 

19 CONTINUE 
DO 20 I = 1, 500 

C(I) = B(I) + 2.0 
20 CONTINUE 

CALL EVPOST(IDONE) 
GO TO 1 

99 CONTINUE 
RETURN 
END 
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In the preceding example, the event ISTART signals the waiting task T to 
begin work specified by the flag JOB. The event IDONE signals the main 
task that work has been completed. Task T is programmed as an infinite 
loop always going back to statement 1 to look for more work to do. A 
flag value of 3 terminates task T. 

When the workload of each iteration varies, a different technique may be 
appropriate. A static partition of the iterations may result in unequal 
execution times for each task, causing some tasks to wait unnecessarily 
for other tasks to complete. One solution is to have the iterations 
schedule themselves as follows: 

Task 0 

COMMONI MT IA(100,100),J,JLOCK,N 
J = 0 
CALL TSKSTART(IDT,T) 

CALL T 

CALL TSKWAIT(IDT) 

Task 1 

SUBROUTINE T 
COMMONI MT IA(100,100),J,JLOCK,N 

1 CALL LOCKON( JLOCK ) 
JLOCAL = J + 1 
J = JLOCAL 
CALL LOCKOFF( JLOCK 
IF( JLOCAL.GT.N ) GO TO 99 
IF( A(1,JLOCAL).EQ.0.0 ) GO TO 20 
DO 10 I = 1, N 

A(I,JLOCAL) = 

A(I,JLOCAL)/A(1,JLOCAL) 
10 CONTINUE 
20 GO TO 1 
99 RETURN 

END 

Subroutine T is a part of both tasks in the previous example. Each task 
accesses and updates a shared variable J, which is the outer loop 
variable. This access is under the protection of a lock to ensure 
exclusive updates. Each task copies the next value of J to a private 
location, JLOCAL, and commits itself to that iteration. When an 
iteration completes, each task goes back to look for unprocessed 
iterations until all are performed. 

Which task computes a given iteration is unknown at the start. Using 
this technique, the workload tends to be balanced among the tasks. The 
task that commits to shorter iterations does more of them. The 
difference in completion time between the two tasks is, at most, one 
iteration time. 

The dynamic partitioning technique incurs an overhead for each iteration, 
raising the question of whether the overhead compensates for the workload 
imbalance. An alternative is to dynamically schedule fixed size groups 
of iterations. A task then commits to a range of the values of J. This 
reduces the overhead, but it also reduces the capability for load 
balancing. 
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9.8 COBEGIN 

A COBEGIN is a sequence of independent program segments, which may be 
loops or CALL statements. Because the segments are independent, 
profitable multitasking is possible if the segments are of similar size. 

Example: 

CALL FFT( IN1, OUT1, TEMP1, N 
CALL FFT( IN2, OUT2, TEMP2, N 

The independence of input, output, and workspace allows these Fast 
Fourier Transforms (FFTs) to be done in separate tasks. Multitasking 
speeds up the computation in this case, while vectorization across the 
FFTs does not help. 

COBEGIN can be viewed as a generalization of DOALL with independent 
segments instead of independent iterations. The relationship is made 
clearer by transforming the segments into a loop. 

DO 10 I = 1, 2 
IF(I.EQ.1) CALL FFT( IN1, OUT1, TEMP1, N 
IF(I.EQ.2) CALL FFT( IN2, OUT2, TEMP2, N 

10 CONTINUE 

This example is easily converted for multitasking. 

CALL TSKSTART( IDFFT, FFT, IN1, OUT1, TEMP1, N ) 
CALL FFT( IN2, OUT2, TEMP2, N ) 
CALL TSKWAIT( IDFFT ) 

9.9 DOPIPE 

A DOP1PE is a software pipeline of program segments within a loop. 
Dependencies among the segments prevent the loop from having independent 
iterations. Nevertheless, the iterations of the loop can be executed in 
parallel if the dependencies are satisfied. 

Example: 

DO 10 I = 2, N 
A(I) = A(I-1) + B(I) (--- Statement 1 
D(1) = A(1) + C(1) (--- Statement 2 

10 CONTINUE 
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In this example, dependencies involving the variable A prohibit 
performing the loop iterations independently. After the value is 
assigned to A in one iteration, however, the next iteration can begin. 
Figure 9-1 shows how the iterations are pipelined to satisfy the 
dependence requirement and to allow simultaneous execution of the 
iterations. 

Time 

Task 0 

Task 0 

STMT 1 (1=2) 
STMT 2 (1=2) 
STMT 1 (1=4) 
STMT 2 (1=4) 

Task 1 

WAIT 
STMT 1 (1=3) 
STMT 2 (1=3) 
STMT 1 (1=5) 
STMT 2 (1=5) 

Task 1 

COMMON/MT/A,B,C,D,N,EV1,EV2 
CALL TSKSTART(IDT,T) 

SUBROUTINE T 
COMMON/MT/A,B,C,D,N,EV1,EV2 
DO 10 I = 3, N, 2 DO 10 I = 2, N-2, 2 

A(I)=A(1-1)+B(I) 
CALL EVWAIT(EV2) 
CALL EVCLEAR(EV2) 
CALL EVPOST(EV1) 
D(I)=A(I)+C(I) 
CALL EVWA1T(EV2) 
CALL EVCLEAR(EV2) 
CALL EVPOST(EV1) 

10 CONTINUE 
A(N) = A(N-1) + B(N) 
D(N) = A(N) + C(N) 
CALL TSKWAIT(1DT) 

CALL EVPOST(EV2) 
CALL EVWAIT(EV1) 
CALL EVCLEAR(EV1) 
A(I) = A(I-1)+B(I) 
CALL EVPOST(EV2) 
CALL EVWA1T(EV1) 
CALL EVCLEAR(EV1) 
D(I) A(I)+C(I) 

10 CONTINUE 
RETURN 
END 

Figure 9-1. Pipelining 

Use a dynamic pipeline to allow independent iterations, and use locks to 
monitor the commitment of tasks to iterations. 

The following example gives an alternative, dynamic implementation: 

Original code: 

DO 10 I=1,N 
A(I) = A(I-1) + B(I) 

10 D(I) = A(I) + C(I) 
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Task 0 

COMMONI MT IA,B,C,0,N,I,L1 
1=1 
CALL TSKSTART(IOT,T) 

CALL T 

CALL TSKWAIT(IOT) 

Task 1 

SUBROUTINE T 
COMMONI MT IA,B,C,0,N,I,L1 

10 CALL LOCKON(L1) 
IL = 1+1 
I = IL 
IF( IL.GT.N ) GO TO 20 
A(IL) = A(IL-1) + B(IL) 
CALL LOCKOFF (L1) 
O(IL) = A(IL) + C(IL) 
GO TO 10 

20 CALL LOCKOFF(L1) 
RETURN 
END 

The following example contains two (or more) piping segments. This 
implementation approach is independent of the number of segments or the 
number of processors. 

Original code: 

DO 10 I=1,N 
A(1) A(1-1) + B(1) 

10 0(1) = 0(1-1) + A(I) 

9-20 

Task 0 

COMMONI MT IA,B,C,0,N,I,L1,L2 
1=1 
CALL TSKSTART(IOT,T) 

CALL T 

CALL TSKWAIT(IOT) 

Task 1 

SUBROUTINE T 
COMMONI MT IA,B,C,0,N,I,L1,L2 

10 CALL LOCKON(L1) 
1L = 1+1 
I = IL 
IF( IL.GT.N ) GO TO 20 
A(IL) = A(IL-1) + B(IL) 
CALL LOCKON (L2) 
CALL LOCKOFF (L1) 
0(1) = 0(1-1) + A(I) 
CALL LOCKOFF(L2) 
GO TO 10 

20 CALL LOCKOFF(L1) 
RETURN 
END 
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For this technique to be worth the price of the overhead, the program 
segments in the pipeline must be of sufficient size. Additionally, each 
segment must be of similar size so that the workload for each task is 
balanced at every stage. 

9.10 CRITICAL REGION 

A critical region is a program segment that can be executed by only one 
task at a given time. The lock facilities ensure that this happens. 
Locks are not associated directly with any computational variable or its 
storage location; they are rather associated with code that references 
the variable. 

A critical region is formed by turning the lock on before entering the 
program segment and off after leaving. A critical region may be one 
physical program segment or corresponding program segments in different 
tasks. A task attempting to enter a critical region that is occupied by 
another task must wait until the other task exits the region, as shown in 
the following example: 

Task 0 

CALL LOCKON(LOCK1) 

I 
critical region 1 

I 
CALL LOCKOFF(LOCK1) 

I 
I 
I 
I 
I 
I 

CALL LOCKON(LOCK2) 

wait 

critical region 2 

CALL LOCKOFF(LOCK2) 

I 
I 
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Task 1 

CALL LOCKON(LOCK1) 

wait 

critical region 1 
I 

CALL LOCKOFF(LOCK1) 
I 
I 

CALL LOCKON(LOCK2) 

I 
critical region 2 

I 
CALL LOCKOFF(LOCK2) 

I 
I 
I 
I 
I 
I 
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The following example shows the use of locks to manage exclusive 
parallelism in the environment of concurrent parallelism. Consider the 
original code segment: 

S = 0.0 
DO 20 I = 1, N 

DO 10 J = 1, N 
A(I,J) = B(I)*C(J) 

10 CONTINUE 
S = S + SIN(A(I,l» 

20 CONTINUE 

The iterations of the 20 loop can be executed in parallel if the updates 
to S are never performed simultaneously. One lock protects the access of 
all tasks to this update statement. The multitasked code is as follows: 

Task 0 

COMMON/MT/A,B,C,N,S,LOCKS 
CALL LOCKASGN( LOCKS ) 
S = 0.0 
CALL TSKSTART( lOT, T ) 
DO 20 I = 1, N/2 

DO 10 J = 1, N 
A(I,J) = B(I)*C(J) 

10 CONTINUE 
CALL LOCKON( LOCKS ) 
S = S + SIN(A(I,l» 
CALL LOCKOFF( LOCKS 

20 CONTINUE 
CALL TSKWAIT( IDT ) 

Task 1 

SUBROUTINE T 
COMMON/MT/A,B,C,N,S,LOCKS 
DO 20 I = N/2+1, N 

DO 10 J = 1, N 
A(I,J) = B(I)*C(J) 

10 CONTINUE 
CALL LOCKON( LOCKS ) 
S = S + SIN(A(I,l» 
CALL LOCKOFF( LOCKS ) 

20 CONTINUE 
RETURN 
END 

The following subsection offers another approach to the multitasking of 
summation. 

9.11 SUMMATION AND OTHER REDUCTION CONSTRUCTS 

Occasionally, exclusive parallelism constructs are found within the 
context of otherwise completely independent code. Such constructs include 
summation, product, minimum, maximum, and search. One alternative for 
executing these constructs in parallel along with the rest of the code is 
presented in subsection 9.10, Critical Region. That technique uses locks 
to maintain the exclusive independence of the construct while exploiting 
a higher level of parallelism. 
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The technique presented here exploits parallelism in the constructs 
themselves. This technique is useful when parallelism is not present at 
a higher level or when these constructs form a significant portion of the 
work to be done. 

Each task forms a partial result such as a partial sum or a local maximum, 
and the partial results are collected to form a total result by the main 
task after all tasks have synchronized. This approach does not require 
locks, because each task has independent storage locations in which to 
compute its partial result. The main task needs access, however, to all 
partial results. The following code shows the example of the previous 
subsection using this technique. 

Task 0 

COMMON/MT/A,B,C,N,SI 
SO = O. 
SI = o. 
CALL TSKSTART( IDT, T ) 
DO 20 I = 1, N/2 

DO 10 J = 1, N 
A(I,J) = B(I)*C(J) 

10 CONTINUE 
SO = SO + SIN(A(I,l» 

20 CONTINUE 
CALL TSKWAIT( IDT ) 
S = SO + Sl 

Task 1 

SUBROUTINE T 
COMMON/MT/A,B,C,N,Sl 
DO 20 I = N/2+1, N 

DO 10 J = 1, N 
A(I,J) = B(I)*C(J) 

10 CONTINUE 
Sl = Sl + SIN(A(I,l» 

20 CONTINUE 
RETURN 
END 

In the preceding code, task 0 computes its partial sum in SO, while task 1 
computes its partial sum in SI. After task 1 completes, task 0 computes 
the total sum, S, from SO and Sl. 

9.12 FORK/JOIN 

You can implement FORK/JOIN in a Fortran program without moving code into 
a separate subroutine by setting up alternative entry points that 
TSKSTART calls indirectly. You must use a dummy subroutine because the 
compiler does not allow a subroutine to pass itself as an argument. 

You must decide whether each variable is local or global, but this 
analysis aids in the understanding of the algorithm. Because the 
compiler must know how to handle each variable, each variable in the 
COMMON code is treated the same for each entry point. This means that 
all arguments to the subroutine must also be passed on to the alternative 
entry point so they are available to the COMMON code, and arguments that 
are passed only to the alternative entry point cannot be used by code 
entered directly through the main entry point. 
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A master/slave relationship must exist between the main task and the 
tasks that use the alternative entry point so that all of the 
subroutine's work is completed before it returns. The master task must 
always wait for all slave tasks to complete before returning. 

The following examples show three ways to convert a simple matrix 
multiply routine (MXM is the routine from which the others are derived): 

C 

C 

SUBROUTINE MXM(A,L,B,M,C,N) 
REAL A(L,M),B(M,N),C(L,N) 

DO 40 I = 1,L 
DO 10 J = 1,N 

C(I,J) = 0 
10 CONTINUE 

DO 30 K = 1,M 
DO 20 J = 1,N 

C(I,J) = C(I,J) + A(I,K)*B(K,J) 
20 CONTINUE 
30 CONTINUE 
40 CONTINUE 

RETURN 
END 

MULTMXM splits the matrix into two equal parts. TRANS is a simple way to 
avoid a recursive call. 

C 

C 
C 
C 

C 
C 
C 

C 

SUBROUTINE MULTMXM(A,L,B,M,C,N) 
INTEGER TID(3) 
EXTERNAL TRANS 
REAL A(L,M),B(M,N),C(L,N) 

TID(l) = 2 
CALL TSKSTART(TID,TRANS,A,L,B,M,C,N) 

split into 2 equal tasks 

Set up parameters for the master task. 

JL = L/2+1 
LL = L 
LCHILD = 0 
GOTO 1 

Set up parameters for the slave task. 

ENTRY MULTMXM1(A,L,B,M,C,N) 
JL = 1 
LL = L/2 
LCHILD = 1 

C Common code for both tasks. 
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C 

C 
1 CONTINUE 

DO 40 I = JL,LL 
DO 10 J = 1,N 

C(I,J) = 0 
10 CONTINUE 

DO 30 K = 1,M 
DO 20 J = 1,N 

C(I,J) = C(I,J) + A(I,K)*B(K,J) 
20 CONTINUE 
30 CONTINUE 
40 CONTINUE 

C 
C The master task must wait for the slave to complete before 
C returning. 
C 

IF (LCHILD .EQ. 0) CALL TSKWAIT(TID) 
RETURN 
END 

SUBROUTINE TRANS(A,L,B,M,C,N) 
CALL MULTMXM1(A,L,B,M,C,N) 
RETURN 
END 

simple way to avoid a 
recursive call 

SELSYNDO uses a self-synchronizing DO-loop technique. 

C 

C 

SUBROUTINE SELSYNDO(A,L,B,M,C,N) 
INTEGER TID(3) 
EXTERNAL TRANS1 
REAL A(L,M),B(M,N),C(L,N) 
DATA LOCKI,IGLOBAL 1-1,01 

CALL LOCKASGN(LOCKI,-l) 
IGLOBAL = 0 
TID(l) = 2 
CALL TSKSTART(TID,TRANS1,A,L,B,M,C,N) 

C Set the flag for the master task 
C 

C 

LCHILD 0 
GOTO 1 

C Set up the slave task 
C 

C 
C 
C 

ENTRY SELSYND1(A,L,B,M,C,N) 
LCHILD = 1 

Common code shared by both tasks 
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C 
1 CONTINUE 

99 CONTINUE 
CALL LOCKON (LOCKI) 

IGLOBAL = IGLOBAL + 1 
I = IGLOBAL 

CALL LOCKOFF(LOCKI) 
IF ( I .GT. L) GOTO 1000 
DO 10 J = 1,N 

C(I,J) = 0 
10 CONTINUE 

DO 30 K = 1,M 
DO 20 J = 1,N 

C(I,J) = C(I,J) + A(I,K)*B(K,J) 
20 CONTINUE 
30 CONTINUE 

GOTO 99 
1000 CONTINUE 
C 
C The master waits for the slave to complete before returning 
C 

IF (LCHILD .EQ. 0) CALL TSKWAIT(TID) 
RETURN 
END 

SUBROUTINE TRANS1(A,L,B,M,C,N) 
CALL SELSYND1(A,L,B,M,C,N) 
END 

SELSYNDN also uses the self-synchronizing DO-loop technique but is 
generalized for NPROC tasks. 

C 

C 

SUBROUTINE SELSYNDN(A,L,B,M,C,N) 
PARAMETER (NPROC = 4) 
INTEGER TID(3,NPROC-1) 
EXTERNAL TRANS2 
REAL A(L,M),B(M,N),C(L,N) 
DATA LOCKI,IGLOBAL 1-1,01 

CALL LOCKASGN(LOCKI,-l) 
IGLOBAL = 0 

DO 2 I = 1,NPROC-1 
TID ( 1, I) = 3 
TID ( 3 , I) = I 

self-synchronizing DOs 

CALL TSKSTART(TID(l,I),TRANS2,A,L,B,M,C,N) 
2 CONTINUE 

C 
C Set up the flag for the master task 
C 

LCHILD = 0 
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GOTO 1 
C 
C Set up the flags for the slave tasks 
C 

C 

ENTRY SELSYND2(A,L,B,M,C,N) 
CALL TSKVALUE(LCHILD) 

C Common code for all tasks. 
C 

C 

C 

1 CONTINUE 

99 CONTINUE 
CALL LOCKON (LOCKI) 

IGLOBAL = IGLOBAL + 1 
I = IGLOBAL 

CALL LOCKOFF(LOCKI) 
IF ( I .GT. L) GOTO 1000 

DO 10 J = 1,N 
C(I,J) = 0 

10 CONTINUE 
DO 30 K = 1,M 

DO 20 J = 1,N 
C(I,J) = C(I,J) + A(I,K)*B(K,J) 

20 CONTINUE 
30 CONTINUE 

GOTO 99 
1000 CONTINUE 
C 
C The slave tasks return when their work is done: the master 
C task must wait until all slave tasks have completed. 
C 

IF (LCHILD .NE. 0) RETURN 
DO 1001 I = 1,NPROC-1 

CALL TSKWAIT(TID(l,I» 
1001 CONTINUE 

RETURN 
END 

SUBROUTINE TRANS2(A,L,B,M,C,N) 
CALL SELSYND2(A,L,B,M,C,N) 
RETURN 
END 
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10. MACROTASKING IN CAL 

Multitasked programs may include user software written in languages other 
than Fortran. This section addresses some of the areas of special 
concern, focusing on CAL. Section 11, Multitasking with Pascal, covers 
Pascal multitasking in detail. 

You can generally modify software written in CAL to work in a multitasked 
program, but you must be careful when doing so. 

First, the subroutine should use the calling sequence first introduced 
with the COS 1.12 release. Using ENTER, EXIT, and associated macros is 
recommended. If the CAL subroutine is to be reentrant, it must use the 
stack calling sequence and should access local variables using the LOAD 
and STORE macros. CAL Version 2 supports a STACK SECTION option in which 
names can be assigned stack attributes. The size of such sections is 
passed to SEGLDR, and the assembler checks for improper use of these 
names in expressions. (The Macros and Opdefs Reference Manual describes 
these macros.) A subroutine coded with ENTER, EXIT, LOAD, STORE, and 
associated macros produces stack-based code if assembled with a version 
of the system text that has the stack flag set. 

Second, you should ensure that global variables are stored in memory 
before subroutine calls that may lead to a task switch. COMMON blocks 
can be defined within CAL code for consistency with CFT77 or CFT code. 
CAL Version 2 supports a TASK COMMON SECTION option. 

Third, you must be careful if I/O is included. The COS IIO tables (LFTs 
and DSPs), the datasets, and the I/O buffers may require treatment as 
shared variables requiring protection. 

Finally, call the multitasking library subroutines as described in the 
Programmer's Library Reference Manual. Register preservation assumptions 
are the same as with any library call. 

For examples of CAL subroutines that have been modified to work in a 
multitasking environment, you could look at subroutines in the various 
CRI default libraries. 
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10.1 PROCESSOR CLUSTERING 

At the hardware level, multitasking involves grouping processors with a 
mechanism called clustering. Clustering allows several processors to 
communicate efficiently with one another and to coordinate and control 
their combined activity in executing a single multi tasked job. The 
two-processor CRAY X-MP computer system has three clusters of shared 
registers, while the four-processor CRAY X-MP computer system has five 
clusters. 

A processor is assigned to a cluster according to the Exchange Package 
that is active in the processor. The Exchange Package contains a field 
called cluster number (CLN) to which the operating system assigns a 
value. If each of several processors contains an Exchange Package with 
the same cluster number value, these processors are clustered together. 
Figure 10-1 shows the configuration for a four-processor CRAY X-MP 
computer system. 

Any combination of processors can be clustered together. In a system 
with no multitasked jobs, each processor is assigned a different cluster, 
and independent jobs do not share a cluster. For a multitasked job, all 
the Exchange Packages of a job are assigned the same cluster number. 
Tasks executing on different processors cause the processors to be 
clustered together, which lets the tasks share the registers in the 
cluster. 

10.1.1 SHARED REGISTERS 

Processors clustered together may access a shared register set. Each 
cluster is identical and contains three groups of registers. Eight 
24-bit shared address (SB) resisters, eight 64-bit shared scalar (ST) 
registers, and thirty-two I-bit semaphore (SM) registers make up each 
cluster. The shared registers can be used to pass address and scalar 
information from one processor to another or for control among 
processors. Figure 10-2 shows shared registers in a cluster. 
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1==< 
Cluster 1==< 

1 1==< 
1==< 

1==< 
Cluster 1==< 

2 1 ==< 
1==< 

1==< 
Cluster 1==< 

3 1 ==< 
1==< 

1==< 
Cluster 1==< 

4 1==< 
1==< 

1==< 
Cluster 1==< 

5 1==< 
1==< 

I 1 CPU 0 
<==1 Ex. 1 ___ _ 

1 Pkg·1 
1 1 Code/Data 1 

1 1 CPU 1 
<==1 Ex. 1 ___ _ 

1 Pkg.1 
1 1 Code/Data 1 

1 1 CPU 2 
<==1 Ex. 1 ___ _ 

1 Pkg.1 
1 1 Code/Data 1 

1 CPU 3 
<==1 Ex. 1 ___ _ 

1 Pkg.1 
1 1 Code/Data 1 

Figure 10-1. Clusters and Processors for a Four-processor 
CRAY X-MP Computer System 
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10-4 

-------------------------< 

========================== 

sao sal sa2 
1 1 1 

sa7 
1 

========================== 

1--< 
1--< 
1--< 

1--> 
1--> 
1--> 

-------------------------> 

-------------------------< 

========================== 

STO ST1 ST2 

1 1 1 

ST7 

1 

========================== 

1--< 
1--< 
1--< 

1--> 
1--> 
1--> 

-------------------------> 

-------------------------< 

========================== 

SMOO SM01 SM02 

1 1 1 

. . . SM37 

1 

========================== 

1--< 
1--< 
1--< 

1--> 
1--> 
1--> 

-------------------------> 

(Ai) CPU 
(Ai) CPU 
(Ai) CPU 
(Ai) CPU 

Ai CPU 
Ai CPU 
Ai CPU 
Ai CPU 

(Si) CPU 
(Si) CPU 
(Si) CPU 
(Si) CPU 

Si CPU 
Si CPU 
Si CPU 
Si CPU 

(Si) CPU 
(Si) CPU 
(Si) CPU 
(Si) CPU 

Si CPU 
Si CPU 
Si CPU 
Si CPU 

Figure 10-2. Shared Registers in a Cluster 

NOTE 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

CAL subroutines used in a multitasking system must not 
use hardware semaphore registers 0 through 16; these 
registers are reserved for system use. Direct use of 
cluster registers and shared a and T registers should 
be done with care, because system software and CFT77 or 
CFT-generated code may use these currently or in the 
future. 
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10.1.2 MACHINE INSTRUCTIONS 

The machine instructions that access the shared registers in a cluster 
are listed below. These instructions access the cluster to which the 
processor is assigned. You should consult the appropriate hardware 
mainframe reference manual for timing, reservation, and conflict 
resolution information. 

Monitor mode: 

0014j3 CLN j 

User mode: 

026ij7 Ai SBj 
027ij7 SBj Ai 

072ij3 Si STj 
073ij3 STj Si 

072i02 Si SM 
073i02 SM Si 
0034jk SMjk 1,TS 
0036jk SMjk 0 
0037jk SMjk 1 
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Enter j into CLN field 
of Exchange Package 

Transmit (SBj) to Ai 
Transmit (Ai) to SBj 

Transmit (STj) to Si 
Transmit (Si) to STj 

Transmit (SM) to Si 
Transmit (Si) to SM 
Test and set SMjk 
Clear SMjk 
Set SMjk 
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11. MACROTASKING WITH PASCAL 

Macrotasking can be accomplished within a Cray Pascal program in much the 
same way as within a Fortran program. Microtasking, however, is not 
possible with Pascal. 

Only Pascal programs compiled with Pascal version 3.0 or later can be 
used with the multitasking library routines. Earlier versions of the 
Pascal compiler used a different stack management system that did not 
include tables used by the multitasking routines. 

Pascal code used in a multi tasked program must be compiled with the 
reentrant (Z+) option, which is turned on by default. The multitasking 
versions of all libraries with routines that will be used must be local 
to the job when the program is loaded, just as with multitasked Fortran 
programs. You can specify heap and stack initial sizes and increments at 
load time. 

The multitasking library routines are accessed from Pascal in the same 
way that they are accessed from Fortran code. All of the routines must 
be declared as external procedures before they are used, and the $PSCLIB 
procedure P$TASK should be used in place of TSKSTART. 

11.1 MULTITASKING PROCEDURES 

P$TASK initiates a task because TSKSTART cannot be called directly from 
Pascal code due to the way in which procedure parameters are passed. If 
more than one procedure is used for starting new tasks, there must be a 
different version of the procedure declaration of P$TASK for each 
starting procedure, unless their argument list declarations are identical. 

P$TASK and the multitasking library routines are not predefined Pascal 
procedures, so they must be declared in any Pascal modules that use 
them. Suggested declarations for these routines are given in subsection 
11.9, Declarations for Multitasking Data Types and Procedures. 
Declarations equivalent to the following are needed to declare P$TASK: 
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TYPE 
TASKVALTYPE = one-word-data-type; 
TASKCONTROL = RECORD 

TCSIZE: INTEGER; 
TASKID: INTEGER; 
TASKVAL: TASKVALTYPE; 

END; 
PROCEDURE taskproc [(list)]; 
... (body of procedure) 
PROCEDURE TSKSTART (VAR TCS: TASKCONTROL; 

PROCEDURE TASKPROC [(list); 
list]); 

IMPORTED (P$TASK); 

TSKSTART(taskrecord,taskproc[,argumentlist]); 

taskrecord 

taskproc 

argumentlist 

Task control structure used for this task. Word 1 
must be set; word 3, if used, must also be set. On 
return, word 2 is set to a unique task identifier that 
must not be changed later in the program because the 
multitasking library routines use this word. (See 
subsection 11.2, Task Control Structure.) 

Procedure in which task execution begins. This 
procedure must be declared before it is used as an 
argument to P$TASK. It can be used as an argument 
only in procedures from which it could be called 
directly. 

List of arguments being passed to the procedure in 
which the new task begins execution. The types of 
items in this list must match the declared types of 
parameters in the procedure declaration for taskproc. 
All arguments passed to the new task must be passed as 
VAR parameters. 

The following example shows two declarations for P$TASK. The two 
different declarations are necessary because the procedures in which new 
tasks begin have different argument lists. 
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Example: 

PROGRAM multi; 
CaNST 

taskcount = 4; 
TYPE 

taskvaltype = ALFA; 
taskcontrol = RECORD 

tcsize: INTEGER; 
taskid: INTEGER; 
taskval: taskvaltype; 

END; 
datalist = ARRAY [1 .. 1000] OF REAL; 

VAR 
temp1, temp2 : integer; 
tcs: ARRAY [1 .. taskcount) OF taskcontrol; 
m: ARRAY [1 .. taskcount) OF datalist; 
tcs2: taskcontrol; 

PROCEDURE tskstart1(VAR tcs: taskcontrol; 
PROCEDURE taskproc (VAR x: datalist); 
VAR x: datalist); IMPORTED (P$TASK); 

PROCEDURE tskstart2(VAR tcs: taskcontrol; 
PROCEDURE taskproc (VAR i,j: integer); 
VAR i,j: integer); IMPORTED (P$TASK); 

PROCEDURE tskwait (VAR tcs: taskcontrol); EXTERNAL; 

PROCEDURE exttask (VAR i,j: integer); EXTERNAL; 

PROCEDURE task (VAR x: datalist); 
(* declarations and body for procedure task *) 

BEGIN 

(* Load data from some outside source *) 

(* Create tasks to each work on a portion of the data *) 

FOR i := 1 TO taskcount DO 
BEGIN 

WITH tcs[i] DO 
BEGIN 

tcsize := 3; 
taskname := 'TASK '; 
taskname [6) : = chr (ord( '0' ) +i) ; 

END; 
tskstart1(tcs[i),task,m[i); 

END; 
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(* Start an additional task in an external procedure *) 

tcs2.tcsize := 3; 
tcs2.taskname := 'EXT TASK'; 
temp1 := 500; 
temp2 := 1000; 
tskstart2(tcs2,exttask,temp1,temp2); 

(* Wait for all tasks to finish *) 

FOR i := 1 TO taskcount DO 
tskwait(tcs[i]); 

tskwait(tcs2); 

(* Perform some post-execution cleanup *) 

END. 

Functions LOCKTEST, EVTEST, and TSKTEST normally return Fortran logical 
results. You should declare them to return integer results (nonzero for 
true and zero for false) or replace them with local procedures that 
substitute Pascal Boolean results for Fortran logical results. 

Unlike Fortran code, TSKTUNE in Pascal is declared with a fixed number of 
parameters and can be called only with that number of inputs. It is 
therefore suggested that TSKTUNE be declared with one keyword/value pair 
of parameters and simply called multiple times for multiple inputs (see 
the examples provided in subsection 11.9, Declarations for Multitasking 
Data Types and Procedures). 

11.2 TASK CONTROL STRUCTURE 

Each user-created task is represented by a task control structure, 
constructed by the user program. At a minimum, the structure must 
consist of 2 Cray words. A third word can be included. This structure 
can be either an integer array of 2 or 3 words or a record in which at 
least the first word is an integer. The structure of this array or 
record is as follows: 
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o 8 16 24 32 40 48 56 63 

+----------------------------------------------------------------+ 
I LENGTH I 
1----------------------------------------------------------------1 
I TASK ID I 
1----------------------------------------------------------------1 
I TASK VALUE I 
+----------------------------------------------------------------+ 

Field 

LENGTH 

TASK ID 

Description 

Length of the structure in Cray words. The length must be 
set to a value of 2 or 3, depending on the optional 
presence of the task value field. You set the length field 
before creating the task. 

A task identifier assigned by the multitasking library when 
a task is created. This identifier is unique among active 
tasks within the job step. The multitasking library uses 
this field for task identification, but the task identifier 
is of limited use to user programs. 

TASK VALUE (optional field) 
Field that you can set to any value that fits in a Cray 
word before creating the task. If TASK VALUE is used, 
LENGTH must be set to a value of 3. The task value can be 
used for any purpose. Suggested values include a 
programmer-generated task name or identifier or a pointer 
to a task local storage area. During execution, a task can 
retrieve this value with the TSKVALUE procedure. 

11.3 STORAGE OF TASK CONTROL STRUCTURES AND LOCK AND EVENT VARIABLES 

Task control structures, lock variables, and event variables must be 
accessible to all procedures that use them. The actual storage location 
of a lock or event variable is manipulated by the multitasking library 
routines; therefore, all of these variables should be in static storage 
areas unless the stack frame for the procedure in which they are declared 
is guaranteed to exist for the entire time when the variables can be 
referenced. Variables declared in the main program or in the outermost 
level of a module are in static storage areas, as are variables declared 
in the STATIC declaration section of a nested procedure. Task control 
structures, lock variables, and event variables must be passed as VAR 
parameters. 
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11.4 ARGUMENTS PASSED TO A PROCEDURE HAVING A NEW TASK 

Arguments passed to a procedure in which a new task begins must be passed 
as VAR parameters. If they are passed by value, the temporary storage in 
which their values reside can be reused any time after P$TASK returns to 
the calling task, even though the started task may not have executed. 

VAR parameters to the new task are passed by address, becoming shared 
data whose subsequent use by different tasks must be synchronized. 

As in Fortran programs that use multitasking, it is important to protect 
the use of shared variables by establishing lock variables for particular 
shared variables. These locks are then set and released around critical 
regions of code that use the shared variables. 

11.5 PASSING PROCEDURAL AND FUNCTIONAL PARAMETERS TO A TASK 

The Pascal compiler uses temporary storage areas for descriptors for 
procedural and functional parameters. If you pass procedures or functions 
to a new task, you must ensure that the parent task that called task 
start is suspended until the new task begins executing and copies the 
descriptors into its own storage locations. If you do not guarantee this 
situation, the parent task can reuse its temporary storage, overwriting 
the descriptors that the new task needs. To prevent this overwriting, 
call EVWAIT immediately after the call to P$TASK and call EVPOST within 
the procedure in which the new task begins. 

Example: 

VAR task_started: INTEGER; 

PROCEDURE task (procedure passed_proc); 
BEGIN 

evpost (task started); 

passed_proc; 
END; 
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BEGIN 

evasgn (task started); 
tskstart (tca, task, passed); 
evwait (task started); 

END; 
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11.6 USE OF NONLOCAL VARIABLES 

A Pascal procedure C, nested within procedures B and A, can reference the 
variables declared in those two procedures. In a multitasked Pascal 
program, nonlocal variables can be referenced from different tasks. If B 
has variables that are referenced by C in a separate task, B must not 
return from its call until its variables are no longer needed by C in its 
task. You can ensure that B does not return by calling TSKWAIT from B, 
which called TSKSTART on C. Calling TSKWAIT is necessary because the 
variables declared in B are stored in a stack frame that is released when 
the call of B is completed. The following example shows this technique: 

Example: 

PROCEDURE A; 
VAR x : REAL; 

PROCEDURE B; 

(* variable to be used in a separate task *) 

VAR tca : taskcontrol; 

PROCEDURE C; (* procedure to be executed as a separate task *) 
VAR Y 
BEGIN 

REAL; 
(* procedure C *) 

y := x; (* use of a nonlocal variable (x) from another task *) 

END; 
BEGIN 

(* procedure C *) 
(* procedure B *) 

tskstart (tca, C); 

END; 
BEGIN 

x .-

B; 

END; 

(* procedure B *) 
(* procedure A *) 

4.5; 

(* procedure A *) 

In the previous example, there is no call to TSKWAIT for the task that 
executes procedure C. Procedure A could there~ore release its stack 
space and return from its call before the new task (involving procedure 
C) even began execution. This would result in an invalid or undefined 
value for variable x in procedure C. To prevent this, TSKWAIT should be 
called from procedure B or the declaration of tea should be moved to 
procedure A and TSKWAIT then called from procedure A. 
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Variables declared in the main program or at the module level and 
referenced by nested procedures in separate tasks should not be assigned 
to B or T registers. If program- or module-level variables are used in 
separate tasks, add O=BREG=O:TREG=O to the Pascal control statement. If 
any nonlocal variables are used in separate tasks, add O=BREG-:TREG- to 
the Pascal control statement. 

11.7 INPUT AND OUTPUT IN MULTI TASKED PASCAL 

File buffer variables should be treated as shared data when file variables 
are used by more than one task. 

Only one task at a time should attempt to read from a particular Pascal 
input file. Sections of code that use the standard Pascal input routines 
(RESET, GET, READ, and READLN) or that reference the file's buffer 
variable directly should be locked if the file could be read from more 
than one task at a time. 

There are two methods of protecting an output dataset that will be used 
by more than one task at a time. The first method is to lock all 
sections of code that use the standard Pascal output routines (REWRITE, 
PUT, WRITE, and WRITELN) or change the file's buffer variable. The 
second method is to provide a local file variable for each task that will 
write to the dataset, and to connect each local file variable to the 
external dataset. Use the $PSCLIB procedure P$LSTREW should be used in 
place of REWRITE to avoid rewinding the dataset for each task. 

The second method protects output to individual records, but it allows 
records from more than one task to be interspersed. If any task writes 
messages of more than one record that should be kept together, you should 
use the first method of protecting output files. 

11.8 TASK COMMON IN PASCAL 

Cray Fortran TASK COMMON blocks can be used in Pascal code as TASKVAR 
variables. These variables are treated the same as regular common blocks 
when o=z- is used on the Pascal control statement and are the same as 
TASK COMMON when O=Z+ (the default) is used. 
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11.9 DECLARATIONS FOR MULTITASKING DATA TYPES AND PROCEDURES 

You must declare all multitasking library routines before they can be 

used in a Pascal procedure. The following suggested declarations can be 
used to declare these procedures: 

TYPE 
lock = INTEGER; 
event = INTEGER; 
taskvaltype ALFA;(* or anything else that will fit in one word *) 
taskcontrol = RECORD 

tcsize: INTEGER; 
taskid: INTEGER; 
tskval: taskvaltype; (* this one is optional *) 

END; 

PROCEDURE tskwait (tcs: taskcontrol); EXTERNAL; 

PROCEDURE tskvalue (VAR tskval: taskvaltype); EXTERNAL; 

FUNCTION tsktest (tcs: taskcontrol): INTEGER; EXTERNAL; 
or 

FUNCTION tsktest (tcs: taskcontrol): BOOLEAN; 
FUNCTION fortran tsktest (tcs: taskcontrol): INTEGER; 

IMPORTED (TSKTEST); 
BEGIN 

tsktest .- fortran tsktest(tcs) <> 0; 
END: 

PROCEDURE tsktune (keyword: ALFA: val: INTEGER): EXTERNAL; 

PROCEDURE tsklist; EXTERNAL; 

PROCEDURE lockasgn (VAR name: lock); EXTERNAL; 
or 

PROCEDURE lockasgn (VAR name: lock; initval: INTEGER); EXTERNAL; 

PROCEDURE lockon (VAR name: lock); EXTERNAL; 

PROCEDURE lockoff (VAR name: lock): EXTERNAL; 

PROCEDURE lockrel (VAR name: lock); EXTERNAL; 

FUNCTION locktest (name: lock): INTEGER; EXTERNAL; 
or 

FUNCTION locktest (name: lock): BOOLEAN; 
FUNCTION fortran locktest (name: lock): INTEGER; 

IMPORTED (LOCKTEST); 
BEGIN 

locktest .- fortran_locktest(name) <> 0; 
END: 
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PROCEDURE evasgn (VAR name: event); EXTERNAL; 
or 

PROCEDURE evasgn (VAR name: event; initval: INTEGER); 

PROCEDURE evwait (VAR name: event); EXTERNAL; 

PROCEDURE evpost (VAR name: event) ; EXTERNAL; 

PROCEDURE evclear (VAR name: event); EXTERNAL; 

PROCEDURE evrel (VAR name: event); EXTERNAL; 

FUNCTION evtest (name: event) : INTEGER; EXTERNAL; 
or 

FUNCTION evtest (name: event): BOOLEAN; 
FUNCTION fortran evtest (name: lock): INTEGER; 

IMPORTED (EVTEST); 
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BEGIN 
evtest 0- fortran_evtest(name) <> 0; 

END; 

EXTERNAL; 

SR-0222 D 



APPENDIX SECTION 





A. MULTITASKING ON A SINGLE-PROCESSOR CRAY X-MP COMPUTER SYSTEM 

Any multitasked program that runs correctly on a single-processor 
CRAY X-MP computer system will run correctly on a multiple-processor 
CRAY X-MP computer system, and vice versa. All CRAY X-MP computer 
systems have hardware semaphores and operating system support for 
multiple logical CPUs. 

A program whose source has been modified for multitasking should be 
recompiled and the absolute module rebuilt if transferred between machine 
types. Binaries, especially absolute binaries, are not transportable. 

Multitasked codes that run correctly on a CRAY-l computer system execute 
correctly on a CRAY X-MP computer system, but the converse is not always 
true. For example, a program could be set up in which the 
synchronization between two tasks is by way of COMMON variables in 
memory, and one task loops until a second task has updated the 
variables. Although this is not a recommended design, it could execute 
correctly on a CRAY X-MP computer system (if the machine is dedicated and 
the update period is long) because the operating system time slices the 
logical CPUs assigned to the user job. Over time, both tasks will 
execute. 

Under the simulation mode, an opportunity may never arise for the library 
scheduler to swap control between the two tasks, because no explicit 
synchronization is performed. Hence, one task or the other could retain 
control, either looping or updating until the job's time limit is 
exceeded. 

The COS system calls that create and delete tasks are available for 
CRAY-l computer systems, but the lack of an intertask synchronization 
mechanism (as provided by CRAY X-MP computer system hardware) makes these 
generally useless. 
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B. MESSAGES 

The following messages may be encountered during the development and 
testing of a multitasked application. For information on other messages, 
see the COS Message Manual, publication SR-0039. 

AB199 - MAXIMUM USER TASKS PER JOB EXCEEDED 
The user has created more than I@MAXNUT (a COS installation parameter) 
active logical CPUs. This occurs only if TSKTUNE was called with MAXCPU 
set above I@MAXNUT. 

MTOOl - FILE filename IS EMPTY 
The file named on MTDUMP, DN = filename is empty. Use a file 
containing the unformatted contents of the multitasking history trace 
buffer. 

MT002 - UNRECOGNIZED FORMAT ON MTDUMP 
The parameter FORMAT = $ on MTDUMP accepts TOTALS, eHRON, SYNC, CPU, or 
STATUS as valid parameters; others are unrecognized. Use one of the 
correct formats. 

UT013 - FATAL STACK OVERFLOW 
Insufficient space is available for expansion of the stack. Insufficient 
space was allocated for the stack, and the increment is zero on the LDR 
STK or the SEGLDR STACK directive is zero. 

UT015 - EVREL CALLED WITH TASKS WAITING FOR EVENT 
An event variable was released with EVREL, but some task was waiting for 
it. 

UT016 - LOCKREL CALLED WITH LOCK SET 
A lock variable was released with LOCKREL but was currently in use by 
some task. 

UT017 - INVALID LOCK IDENTIFIER 
LOCKREL was called, but the specified lock variable appears to be 
invalid. Check to ensure that the lock variable was assigned and that it 
was not accidentally overwritten. 

UT019 - HEAP IS FULL, CAN'T SATISFY REQUEST 
Insufficient space is available for expansion of the heap. Either 
insufficient memory space remains in the job's field length or the 
increment on the LDR MM or SEGLDR HEAP directive is zero. 
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UT024 - DEADLOCK - ALL USER TASKS WAITING FOR LOCKS, EVENTS, OR TASKS 
The library detected a situation in which all active tasks are suspended 
for events, locks, or other tasks. 

UT025 - UNRECOGNIZED SCHEDULER PARAMETER NAME 
An ASCII string passed as a TSKTUNE parameter was not recognized. 
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c. APPROXIMATE TIMINGS 

This appendix contains approximate timings for the multitasking library 
subroutines. These timings are subject to change and are provided only 
for planning purposes. The timings are grouped by the subroutine 
groupings used in section 5, Macrotasking. 

Parallelism subroutines: 

Subroutine and Beginning Conditions 

TSKSTART (first call in program) 
(later call, if logical cputt needed) 
(later call, if logical CPU not needed) 

TSKWAIT (task completed execution) 
(task exists) 

TSKVALUE 

Protection subroutines: 

Subroutine and Beginning Conditions 

LOCKASGN 
LOCKON (lock free) 

(lock locked) 
LOCKOFF (no tasks waiting) 

(tasks waiting) 
LOCKREL 

Clock Periods 

1,500,000+ 
40,000 

2,500 

400+ttt 
2, 500+ ~f 

150 

Clock Periods 

400 
400 

1, 500+ ~f~f 
400 

1,800 
400 

t The value of 1,500,000 for TSKSTART is a worst case and may occur 
when a memory expansion must obtain stack space. Parameters on the 
SEGLDR control statement can bring about this memory allocation at 
load time rather than at run time (see section 5, Macrotasking). 
Experience has shown that for most multitasking applications, the 
initial one or two TSKSTART calls are subject to the larger times 
shown above, while all subsequent calls take only about 2500 clock 
periods. Section 5 describes the events that could lead to longer 
times, but these are typically uncommon. 

tt Logical CPUs are discussed in subsection F.1.1. 
ttt Plus approximately 25 clock periods for each existing task 
~f Plus time spent waiting for task to complete execution 
~f~f Plus time spent wai ting for lock to be unlocked 
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Synchronization subroutines: 

Subroutine and Beginning Conditions 

EVASGN 

EVWAIT (event posted) 
(event clear) 

EVPOST (no tasks waiting) 
(tasks waiting) 

EVCLEAR 

EVREL 

t Plus time spent waiting for event to be posted 

Clock Periods 

400 

300 
1,800+t 

400 
1,900 

300 

400 
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D. MULTITASKING STATUS FEATURES 

Three function subprograms (one each for tasks, locks, and events) can be 
used to obtain the status of an entity. The following descriptions are 
not described in section 5, Macrotasking, because the subprograms are of 
limited use and carry a high risk. The risk is that a task using one of 
these subroutines may unintentionally enter a busy wait or a spin lock 
condition, locking all other tasks out of execution. For this reason, 
using these features in general code is discouraged. 

0.1 TSKTEST 

TSKTEST returns a value indicating whether or not the indicated task 
exists. TSKTEST must be declared LOGICAL in the calling module. 

Format: 

return=TSKTEST (taskarray) 

return A logical .TRUE. if the indicated task exists; a logical 
.FALSE. if the task was never created or has completed 
execution. 

taskarray Task control array 

D.2 LOCKTEST 

LOCKTEST tests to see whether a lock is in the locked state. LOCKTEST 
acts the same as LOCKON, except that the task never waits. A task using 
LOCKTEST must always look at the return value before continuing. 
LOCKTEST must be declared LOGICAL in the calling module. 
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Format: 

return=LOCKTEST (name) 

return 

name 

0.3 EVTEST 

A logical .TRUE. if the lock was originally in the locked 
state; a logical .FALSE. if the lock was originally in the 
unlocked state. The lock variable's state is always set to 
locked upon return. 

Name of an integer variable used as a lock 

EVTEST tests whether an event is posted. It must be declared LOGICAL in 
the calling module. 

Format: 

return=EVTEST (name) 

return 

name 

0-2 

A logical .TRUE. if the event is posted; a logical .FALSE. 
if the event has never been posted or is cleared. The 
event variable's state is unaffected by a call to EVTEST. 

Name of an integer variable used as an event 
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F. DESIGN DESCRIPTION 

This section presents an overview of the design of the multitasking 
library subroutines and provides detail about the library subroutines. 

F.! LIBRARY SCHEDULER 

The multitasking library is the primary manager and scheduler of tasks 
within a program. This approach offers advantages in the following areas: 

• Performance; you can perform multiple operations at the library 
level without calls to the operating system. 

• Tunability; you can tune the library for individual user programs, 
tuning it differently for different programs running 
simultaneously. 

• Flexibility; making library changes is easier than making the same 
changes to the operating system. 

• Ease of use; you are not required to maintain queues or task 
information, or to program in CAL in order to use the hardware 
multitasking features. 

F.!.! LOGICAL CPU 

The logical CPU is the key concept of the operating system interface to 
the library scheduler. (The logical CPU is referred to in COS 
documentation as a user task and in UNICOS as a process.) A logical 
CPU is the entity that the operating system schedules for execution on 
physical CPUs, and it is identified as an entry in the COS Task Execution 
Table (TXT), or the UNICOS Process Table. 

Initially, a job is assigned one logical CPU, but the library scheduler 
can request additional logical CPUs for a particular job, thereby 
bringing about multitasking. The number of logical CPUs need not, 
however, equal the number of tasks active in the user job. The maximum 
number of logical CPUs is a major tuning component of the library 
scheduler (see subsection 5.4, Tuning). 
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The job of the library scheduler, therefore, is to connect user tasks to 
logical CPUs in the most efficient manner. If a task must wait for a 
lock or an event, that task is disconnected from its logical CPU so that 
the logical CPU is freed for use by another task in the job or possibly 
for return to the system. 

In many multitasking applications, the concept of the logical CPU may 
seem redundant or unnecessary. For example, if only two tasks are active 
on a CRAY X-MP computer system, the library scheduler would likely 
allocate and use two logical CPUs. The concept becomes important when 
there are more defined tasks than physical CPUs. Generally, the number 
of logical CPUs should not be greater than the number of physical CPUs to 
allow task scheduling to occur at the higher (and faster) level. 

F.l.2 QUEUE MANAGEMENT 

The library scheduler manages several queues of tasks. Tasks are moved 
between queues as their states change through the use of the multitasking 
facilities. 

The queues are generally handled in first-in, first-out (FIFO) order. 
However, when a task calls any of the multitasking subroutines, it is 
placed in the front of the Waiting for Logical CPU queue. If a task is 
moved from one queue to another, it is placed at the end of the new 
queue. The following discussion describes only two queues: the Waiting 
for Logical CPU queue and the Suspended queue. (Multiple suspended 
queues are actually implemented.) 

A number of the library subroutines exit through the library scheduler. 
The scheduler selects the first task in the Waiting for Logical CPU 
queue. If the task selected is the one that made the library call, that 
task is already connected to a logical CPU! The scheduler simply 
returns, and execution resumes in the user program. If a task other than 
the one that made the call is selected, registers for the task are loaded 
and execution resumes in the new task. 

F-2 

NOTE 

Band T registers are explicitly loaded by the library 
scheduler; A, S, and V registers are loaded as needed 
within the user code. Because the multitasking 
features are implemented as library subroutines, 
programmers cannot assume that the contents of A, S, 
and V registers are preserved across the call or that 
the generated code or the CAL code performs its own 
reloading as required. 
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F.2 KEY LIBRARY SUBROUTINES 

The following subsections describe the key library subroutines in detail. 

F.2.1 TSKSTART 

TSKSTART builds a stack for the task, copying initial information from the 
task control array into a Task Information Block at the base of the stack. 
The task is then placed in the Waiting for Logical CPU queue, and control 
passes to the library scheduler. 

F.2.2 TSKWAIT 

TSKWAIT checks the status of the specified task, returning control to the 
calling task if the specified task has completed execution. If the 
specified task is active, the calling task is placed in a Suspended queue, 
the identifier of the task for which it is waiting is saved, and control 
passes to the library scheduler. 

F.2.3 LOCKON 

LOCKON checks the status of the lock variable. If the lock variable is 
unlocked, the subroutine locks it and returns control. If the lock 
variable is locked, the calling task is placed in a Suspended queue, the 
identifier of the lock for which the task is waiting is saved, and control 
passes to the library scheduler. 

F.2.4 LOCKOFF 

LOCKOFF changes the status of the lock variable to unlocked. LOCKOFF 
then removes the first task waiting for that lock from a Suspended queue 
and puts it in the Waiting for Logical CPU queue. Control passes to the 
library scheduler. 

F.2.5 EVWAIT 

EVWAIT checks the status of the event. If the status is posted, control 
returns to the calling task without further action. If the status is 
cleared, the task is put in a Suspended queue, the identifier of the 
event for which it is waiting is saved, and control passes to the library 
scheduler. 
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F.2.6 EVPOST 

EVPOST changes the status of the event variable to posted. EVPOST then 
removes all tasks waiting for that event from a Suspended queue and puts 
them in the Waiting for Logical CPU queue. Control passes to the library 
scheduler. 

F.2.7 EVCLEAR 

EVCLEAR changes the status of the event variable to cleared, and control 
returns to the calling task. 

F.3 STATE TRANSITIONS 

The multitasking routines and library scheduler, previously described, 
cause user tasks to move from state to state over the course of a job. 
Figure F-1 shows these transitions. 

Suspended 
for (5) 

LOCK 

Connected 
to Physical (1) 
CPU 

Connected to Logical 
CPU, Waiting for (2) 
Physical CPU 

Waiting 
for Logical 
CPU 

Suspended 

( 3 ) 

for (6) 
EVENT 

Non­
existent 

Suspended 
on (7) 

TSKWAIT 

Figure F-1. Transitions of User Tasks 

(4) 
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The descriptions of transitions between states in figure F-1 are as 
follows: 

Transition 

(1)-->(2) 

(2)-->(1) 

(2)-->(3) 

(3)-->(2) 

(3)-->(4) 

(4)-->(3) 

(3)-->(5) 

(5)-->(3) 

(3)-->(6) 

(6)-->(3) 

(3)-->(7) 

(7)-->(3) 

F.4 TASK COMMON 

Description 

Because of an interrupt, the task is removed from a 
physical cpu. 

The operating system selects the task for execution on 
a physical CPU. 

A multitasked routine is called. (This transition may 
be transitory and may be immediately followed by the 
opposite transition.) 

The library scheduler assigns the task to a logical 
CPU, using the internal FIFO queue. 

The task completes execution. 

The task is created through a call to TSKSTART. 

The task executes LOCKON for a lock that is already on. 

Some other task executed LOCKOFF, and this task is 
selected to receive the lock. 

The task executes EVWAIT for an event that is not 
posted. 

Another task posts the event for which this task is 
waiting. 

The task executes TSKWAIT for an existing task. 

The task being waited for completes execution. 

When you use static allocation, TASK COMMON is treated the same as 
COMMON. When you use stack allocation, SEGLDR and LDR set up a table 
with the externally accessible name of $TASKCOM, containing the following 
information: 

• The number of TASK COMMON blocks 

• The sum of their lengths 
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• For each TASK COMMON block, its ASCII name, its length, and its 
address 

The loaders consider the address of a TASK COMMON block to be the offset 
into $TASKCOM of the address/offset field. 

TSKSTART performs the following actions at run time to set up TASK COMMON 
blocks: 

• Copies the table from the externally accessible prototype into the 
stack for the new task 

• Allocates memory space for the TASK COMMON blocks and places the 
address for each block into the table 

• Places the address of word 0 of the table into a field at the top 
of the stack 

This implementation allocates space for all TASK COMMON blocks to each 
task, regardless of whether or not it uses them. 

F.S MEMORY MANAGEMENT 

The following levels of memory management exist within a multitasked 
program: 

• Heap storage 
• Stacks 
• Activation blocks 

F.S.l HEAP 

The heap is an area of memory within the user field length managed by 
user-callable library routines that provides dynamic storage allocation 
for a single job. Initial heap space is allocated at load time; the heap 
manager library routines request additional memory from the operating 
system when they are unable to satisfy requests using the free space 
already on the heap. 

The heap generally follows blank COMMON. It can be placed after the user 
code and data and before blank COMMON if the program does its own memory 
management. The heap is not allowed to expand when it precedes blank 
COMMON. 
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The initial size, increment size, and location (before or after blank 
COMMON) of the heap are specified at load time, as described in 
subsection 5.4.2, LDR and SEGLDR Memory Management Tunings. 

F.5.2 STACKS 

A stack is a linear list data structure for which all accesses are made 
from one end. Additions to the list are made by pushing down an item 
onto the top of the stack, and deletions involve popping up an item 
from the top of the stack. The last item entered on the stack is the 
first item out. 

Stacks provide the reentrant property needed for tasks and subroutines in 
a multitasking environment. Reentrant Fortran and CAL routines use stack 
space managed by the stack manager library routines. Stacks are 
allocated from the heap. Each task has its own stack with one or more 
stack segments. The initial stack segment for a task is set up when the 
task is initialized and includes a task information block used by the 
multitasking library routines, a table with TASK COMMON block names and 
addresses, and the TASK COMMON blocks themselves. Each active subroutine 
in the task has an activation block in the stack. 

Additional stack segments are added when a stack overflows. Each stack 
segment is linked to the previous segment and to the stack header at the 
base of the task's initial stack segment. 

The stack mechanism provides for reentrancy by giving each task an 
independent local workspace in TASK COMMON blocks that can be shared by 
all subroutines in a task. Additionally, a single subroutine can be used 
by more than one task, because the necessary independence required for 
reentrancy is provided by a separate activation block for each occurrence 
of the subroutine. 

The initial size and increment size of the stack are specified at load 
time, as described subsection 5.4.2, LDR and SEGLDR Memory Management 
Tunings. 

A portion of the user's area in memory is allocated for stack space and 
is called managed memory. The default location for managed memory is 
following the blank COMMON area, as indicated in figure F-2. 

Within the managed memory area are the stacks associated with tasks in 
the job. Each task has its own stack, and items in stacks are called 
stack frames. At the base of each stack is a task information block 
containing data such as the task rD, task value, and other information 
used by the multitasking library. The next frame contains any defined 
TASK COMMON blocks. 
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When a task calls a subroutine, a new frame (called an. activation 
block) is pushed onto the stack. If this subroutine calls another 
subroutine, a new activation block is added on top of the previous one 
(see figure F-3). The number of activation blocks on the stack reflects 
the current depth level of subroutine calls. When a subroutine returns, 
its activation block is popped off the stack. 

User Code 

Named COMMON 

Blank COMMON 

Managed Memory 

Figure F-2. User Area in Memory 

Task Information Block 

TASK COMMON Blocks 

Activation Block 1 TASKSTACK 

Activation Block 2 1 

Activation Block 3 

Task Information Block 

TASK COMMON 

Activation Block 1 TASKSTACK 

Activation Block 2 2 

Activation Block 3 

Figure F-3. Task Stacks in Managed Memory 
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F.S.3 ACTIVATION BLOCKS 

Each active subroutine in a task has an activation block on the stack. 
This activation block contains local variables, save areas for Band T 
registers, and temporary storage. An activation block is pushed onto the 
stack in the subroutine entry processing and is popped off in the exit 
processing. The number of activation blocks On the stack reflects the 
current depth level of subroutine calls in the task. Figure F-4 
illustrates an activation block. 

B Register Save Area 

T Register Save Area 

Local Variables 

Temporary Variables 

Argument Addresses 

Figure F-4. Activation Block Stack Frame 

Register B02 is the current base pointer, pointing to the base of the 
activation block for the subroutine that is executing. Register B66 is 
the current top pointer, pointing to the first word past the current 
activation block. Fortran code uses B03 to point to the beginning of the 
local variables for the subroutine that is executing. 

During the entry sequence, stack pointers in registers B02 (the current 
base pointer) and B66 (the current top pointer) are updated to delimit 
the activation block for the routine just entered. An overflow occurs 
when the stack does not contain enough memory for the new routine, 
causing B66 to be greater than B67 (the absolute top pointer). The stack 
overflow library routine is then called to extend the stack segment or 
add a new stack segment. 

During the exit sequence, the stack pointers for the calling routine are 
restored. When a routine that caused an overflow returns, the stack 
underflow library routine is called to release the additional stack 
segment. The stack space for a subroutine is reused after the subroutine 
returns. 

Figure F-S shows the division of memory in the user area. (The} symbols 
indicate areas that are expanded in other parts of the figure.) 
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G. NOTES ON MULTITASKING 

This appendix contains miscellaneous notes on multitasking. 

G.1 USING COS MULTITASKING MACROS 

The Macros and Opdefs Reference Manual describes several macros that 
directly create and delete logical CPUs from user code. The library 
scheduler uses these macros and programmers can also use the macros, but 
they will be unable to synchronize between tasks created in this manner 
and any tasks created using the library routines described in this 
manual. In general, macros and library calls should be viewed as 
mutually exclusive. 

G.2 BATCH USE OF MULTITASKING 

As mentioned in section 1, Introduction, multitasking is aimed at the 
dedicated environment, though jobs can be run in a batch environment and 
batch processing can be useful for program development and debugging. 
Some suggestions for more effective batch use follow: 

• Subsection 5.4, Tuning, includes a discussion of the tuning 
subroutine, TSKTUNE. One of the parameters to this routine 
defines the maximum number of CPUs that will execute in an idle 
loop if otherwise unneeded. If a program tends to keep CPUs 
unused for long periods of time, you should consider setting the 
parameter to zero in a production batch environment. Otherwise, 
the CPU will execute the idle loop and be unavailable to other 
jobs in the system. 

• Performance in a batch environment is highly variable. If 
performance testing during batch is considered important, a site 
could establish a job class for multitasking that assigns a higher 
priority to such jobs. However, tasks in such jobs are still 
scheduled individually, depending upon their priority and those of 
other jobs present in the system. Sites should not introduce such 
a job class without carefully considering the impact on system 
throughput. 
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G-2 

• Using microtasking in a batch environment is strongly encouraged. 
A microtasked application will use more than one CPU only if those 
CPUs would otherwise be idle. If no extra CPUs are ever available, 
the application should only minimally increase its execution time. 
Using microtasking, especially in situations when CPUs are 
frequently idle, improves both job and system throughput. 
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GLOSSARY 

A 

Activation block - An area of local storage that each active subroutine 
has on the stack. This area contains local variables, save areas for B 
and T registers, and temporary storage. 

Assign - Identifies a variable that the program intends to use as a lock 
or event. Locks and events must be assigned before they can be used. 

C 

Clear - (1) An event state indicating that no signal is outstanding. 
(2) An operation causing the event state to change to clear. 

Clustering - Grouping processors at the hardware level in multitasking 
for efficient communication 

COBEGIN - A sequence of independent program segments 

COMMON - Accessible to multiple parts of a program. COMMON is a type of 
scope declaration in Fortran. 

Computational dependence - A form of dependence resulting from either 
control dependence, data dependence, or both 

Control dependence - A form of dependence that occurs when the order of 
execution depends upon preceding segments of code 

Control structure - In microtasking, a mechanism for bounding a portion 
of work that must be completed before processors are allowed to proceed 

Critical region - A segment of sequential code that accesses a shared 
resource 

D 

Data dependence - A form of dependence that occurs when the data resulting 
from one segment of code depends upon the data resulting from preceding 
segments of code 
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Deadlock - A condition in which locks and synchronization mechanisms have 
been misused to the extent that a task is waiting for something to happen 
that will never happen 

Deadlock detection - Recognizing a deadlock situation after the deadlock 
has occurred 

Deadlock prevention - The use of procedures or rules to ensure that 
deadlock does not occur 

Deadly embrace - A form of deadlock 

Dependence graph - A pictorial representation of the relationship~ between 
segments of code in a program 

DOALL - A loop with independent iterations 

DOPIPE - A software pipeline of program segments within a loop. Data 
dependencies prevent the loop from having independent iterations. 

E 

Event - (l) A facility that allows signaling between tasks. Events have 
two states: cleared and posted. {2} A variable used to represent an 
event. 

Event variable - An integer variable representing an event. This term is 
synonymous with event. 

F 

Fray - In microtasking, a section of code where multiple processors are 
allowed to execute. This term is intended to be descriptive of the 
chaotic flow of processors through a multitasked code section. 

G 

Granularity - The relative size of tasks executed in parallel: If the 
tasks into which a program is broken consist of large amounts of code, 
the multitasked program is said to have a large granularity. 

H 

Heap - Memory space between the job and the lID buffers in user space 
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L 

Library scheduler - A library subroutine that assumes primary 
responsibility for managing and scheduling the tasks within a program 

Library task - A task created by a user job using the library calls 
described in this manual. A library task is referred to simply as a task 
in this manual. 

Load balancing - A process used to ensure that the amount of work done by 
each of the processors involved in a job is approximately equal 

Local - Accessible only to a particular part of a program (usually a 
single module). Local is a type of scope. 

Lock - (1) A facility that monitors critical regions of code. Locks have 
two states: locked and unlocked. (2) A variable used to represent a 
lock. 

Lock variable An integer variable representing a lock. This term is 
synonymous with lock. 

Logical CPU - An entity scheduled by COS for execution on physical CPUs: 
a user task. 

M 

Macrotasking - An implementation of multitasking that allows parallel 
execution of code at the subroutine level on multiple processors. 

Managed memory - A portion of the user's area in memory that is allocated 
for stack space and has a default location following the blank COMMON 
area. 

Microtasking - An implementation of multitasking that allows parallel 
execution of very small segments of code, such as individual iterations 
of DO loops, on multiple processors. 

Monitor - Controlling access to critical regions 

Multiprocessing - A property of the hardware in which two or more CPUs 
are available 

Multiprogramming - A property of the operating system that permits 
overlapping and interleaving the execution of more than one program 

Multitasking - The structuring of a program into two or more tasks that 
can execute concurrently on two or more processors 

Multithreading - See reentrancy. 
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Mutual exclusion - A property of a critical region in which no more than 
one task can execute it at a time 

N 

Nondeterministic - Not able to determine from the start. Multitasking is 
nondeterministic with respect to time; the order of execution of parallel 
tasks cannot be determined from run to run. 

Nonreentrancy - A property of a program module that allows it to be used 
only once. Such a module is called nonreentrant. 

P 

Parallelism - The simultaneous processing of jobs, parts of jobs, 
programs, or parts of programs. The order of execution for code segments 
that execute in parallel typically cannot be determined ahead of time. 

Parallel processing - The simultaneous processing of two or more segments 
of code 

Post - An operation causing the event state to change to posted 

Posted - An event state indicating that a signal is outstanding 

Private - Local to a task: existing only within the task's scope 
boundaries. Private is a type of scope. 

Process - In microtasking, a portion of work that will be completed by 
only one processor 

R 

Reentrancy - A property of a program module that allows one copy of it to 
be used by more than one job or task in parallel. Such a module is called 
reentrant. 

Release - Indicating that a variable is no longer intended for use as a 
lock or event 

S 

Scope - The region of a program in which a variable is defined and can be 
referenced. See local, common, and shared. 

Scope boundaries - The beginning and end of the region of a program that 
is the scope of a variable 
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Serial reusability - A property of a program module that allows it to be 
used multiple times but by no more than one task at a time 

Shared - Accessible by multiple parts of a program. Shared is a type of 
scope. 

Single threading - Limiting the executing of a region of code to a single 
task 

Spin off - The process by which a task calls subroutines that are then 
made into independent tasks and run in parallel with the original 

Stack - A data structure providing a dynamic, sequential data list having 
special provisions for access from one end or the other. A last-in, 
first-out (push down, pop up) stack is accessed from just one end. 

Stackframe - An element of a stack. A stackframe is allocated when a 
reentrant subroutine is entered and deallocated on exit. 

Starvation - A characteristic of a multitasking program in which one or 
more tasks get no (or virtually no) execution time on a physical CPU 

Storage dependence - A form of dependence that occurs when tasks share 
variables 

Synchronization - The process of coordinating the steps within processes 
that can be run in parallel 

Synchronization point - A point in time at which a task has received the 
go-ahead to proceed with its processing 

System task - One of the modules that constitute the Cray operating 
system COS; for example, Disk Queue Manager (DQM) or Station Call 
Processor (SCP). 

T 

Task - A software process. A task is a unit of computation that can be 
scheduled and whose instructions must be processed in sequential order; 
a subprogram. 

TASK COMMON - Data that must be common to all subroutines that are 
executed by a single task but should be local to that task 

Task control array - A data structure used to represent a user-created 
task 

Task granularity - The approximate execution time of a task, usually 
given as an order of magnitude 
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Task information block - An area in the base of the task's stack that 
contains internal information about the task 

Task value - An optional word within a task control array that may be set 
to any value by the user before creating the task 

U 

User task - An entity scheduled for execution by COS. A user task is 
referred to as a logical CPU in this manual. 
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INDEX 

Accessing 
a shared resource, 2-7 
microtasking preprocessor, 4-15 

Actions, multitasking, to record, 8-3 
Activation block 

definition, Glossary-l 
description, F-9 

Adding user entries to history trace, 8-6 
Advanced multitasking in Fortran, 9-1 
Advantages, macrotasking vs. microtasking, 

1-2, 1-3 
ALSO PROCESS directive, 4-9 
Amdahl's Law, description, 2-15 
Analysis, program, 4-7, 6-1 
Antidependence, 3-4 
Arguments, passing 

local variables as, 6-4 
to a task, 5-5 

new task, Pascal, 11-6 
Arrays 

COMMON block, padding between, 6-11 
efficient dimensioning, 6-10 

Assign, definition, Glossary-1 
Assigning 

a barrier variable, 5-20 
an event variable, 5-16 
lock variable, 5-12 

Assumptions, macrotasking, 5-27 

Balancing, load, 2-12 
BARASGN routine, 5-20 
BARREL routine, 5-21 
Barriers 

description, 5-20 
examples of use, 5-21 
using for synchronization, 9-4 

BAR SYNC routine, 5-21 
Basics of multitasking, 3-1 
Batch use of multitasking, G-1 
Bibliography, E-1 
Blank COMMON, extending, 5-28 
Blocks, TASK COMMON, 5-9 
Boundaries of scope, changed by 

multitasking, 3-13 
BUFDUMP routine, 8-6 
Buffer, multitasking history trace, 8-1 
BUFPRINT routine, 8-5 
BUFTUNE routine, 8-2 
BUFUSER routine, 8-6 
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CAL, macrotasking in, 10-1 
Calculating speedup, 3-20 
Categories of scope, multitasking, 3-13 
CFT and CFT77 optimization, 5-29 
CFT77 microtasking 

COS PREMULT parameter, 4-17 
UNICOS PREMULT parameter, 4-18 

CHARGES, times COS tasks, 7-4 
Checklist to avoid errors, 7-1 
Chime overlap, example, 6-9 
Choosing vectorization over multitasking, 

3-29 
Chunking factor 

definition, 4-11 
trade-offs in selecting, 3-25 

Clear, definition, Glossary-1 
Clearing 

a lock, 5-13 
an event, 5-19 

Clustering 
definition, Glossary-1 
processor, CAL, 10-2 

CMIC$ 
ALSO PROCESS directive, 4-9 
CONTINUE directive, 4-14 
DO GLOBAL BY directive, 4-11 
DO GLOBAL directive, 4-10 
DO GLOBAL FOR directive, 4-12 
DO GLOBAL LONG VECTOR directive, 4-11 
END GUARD directive, 4-14 
END PROCESS directive, 4-10 
GETCPUS directive, 4-8 
GUARD directive, 4-13 
MICRO directive, 4-9 
PROCESS directive, 4-9 
RELCPUS directive, 4-8 
STOP ALL PROCESS directive, 4-13 

COBEGIN 
definition, Glossary-l 
structure, 9-18 

Code, writing multitasked, 6-8 
Combining parameters to MTDUMP, 8-12 
Command line, MTDUMP, UNICOS, 8-10 
Commands to microtask under UNICOS, 4-19 
Comments on manual, making, 1-6 
COMMON 

blank, extending, 5-28 
block arrays, padding between, 6-11 
blocks in CAL, 10-1 I 
definition, Glossary-1 
TASK, 9-11 
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Communication between tasks, 9-5 
Compiler memory optimizations, 6-4 
Computational dependence, 3-2 

definition, Glossary-1 
Concepts 

multitasking, 2-1 
microtasking, 4-2 

Conditional 
multitasking, 6-1 
statements and dependence, 3-8 

Contention, minimizing memory, 6-9 
CONTINUE directive, 4-14 
Control 

array, task, 5-3 
dependence, 3-8 

definition, Glossary-1 
statement, MTDUMP, 8-8 
structure 

definition, 4-3, Glossary-1 
mark beginning for microtasking, 4-9 
task, Pascal, 11-4 

CONTRPV request, 5-32 
Conventions used in manual, 1-5 
Conversion to multitasking, 6-1 
Coordinating steps within tasks, 2-13 
COS 

CPU 

assumptions, macrotasking, 5-27 
format, MTDUMP, 8-8 
invoking PREMULT under, 4-16 
IOAREA lock, 5-33 
JCL for multitasking job, 5-36 
multitasking, 1-4 
reprieve processing, 5-32 
tasks versus user tasks, 7-4 

seconds, measuring, 2-19 
logical, use, 

COS, 8-9 
sample output of trace, 8-18 
UNICOS 8-11 

number active, 5-23 
Creating independence, 6-6 
Critical region, 9-21 

definition, 2-7, Glossary-1 
mark beginning for microtasking, 4-13 
monitoring in macrotasking, 5-11 
within reentrant module, 2-11 

Cross-reference, FTREF, Fortran, 7-5 
Curve, Amdahl's Law, 2-16 

Data 
dependence, 3-2 

definition, Glossary-1 
protection, macrotasking, 5-9 
scope, with microtasking, 4-2 
types, multitasking, declaring in 

Pascal, 11-9 
DATA statement 

causes static storage, 6-3 
for static assignment, 5-10 

Dataset, use of term in manual, 1-6 

Index-2 

Deadlock 
definition, 2-14, Glossary-2 
detection, 7-9 

definition, Glossary-2 
prevention, definition, Glossary-2 

Deadly embrace, definition, Glossary-2 
DEBUG 

display, 8-1 
heap and stack statistics, 5-27 
utility, 7-9 

Debugging, 7-1 
routines needing locks, 5-33, 7-14 

Declarations, Pascal, 11-9 
Dependence 

computational and storage, 3-1 
graph, definition, Glossary-2 

Design description, F-1 
Detecting deadlock, 2-15, 7-9 
Determinism, 3-14 
Differences between macrotasking and 

microtasking, 1-2, 1-3 
Dimensioning arrays, 6-10 
Directives, microtasking, 4-8 
Dividing work among processors, 2-12 
DO GLOBAL directive, 4-10 

BY directive, 4-11 
FOR directive, 4-12 
LONG VECTOR directive, 4-11 

DO loop 
level multitasking, 4-1 
mark beginning for microtasking, 4-10 

DOALL 
loop, 9-14 
definition, Glossary-2 

DOPIPE 
structure, 9-18 
definition, Glossary-2 

Dump of history trace, 8-5 
Dynamic 

load balancing, brief summary, 2-12 
partitioning, microtasking, 3-25 

Eliminating operating system multitasking, 
7-5 

END 
GUARD directive, 4-14 
PROCESS directive, 4-10 

ENDRPV request, 5-32 
Entry point for task, specifying, 5-5 
Errors 

frequent, 7-1 
performance, 7-3 

EVASGN 
routine, 5-16 
timing, C-2 

EVCLEAR 
processing, F-4 
routine, 5-19 
timing, C-2 

Event 
definition, Glossary-2 
displaying 

COS, 8-10 
UNICOS 8-11 
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Events (continued) 
for managing loop parallelism, 9-16 
macrotasking, 5-15 
tracing, sample output, 8-24 
using for synchronization, 9-2 
variable, definition, Glossary-2 

storage in Pascal, 11-5 
EVPOST 

processing, F-4 
routine, 5-18 
timing, C-2 

EVREL 
routine, 5-19 
timing, C-2 

EVTEST routine, D-2 
EVWAIT 

processing, F-3 
VWAIT routine, 5-17 
timing, C-2 

Examining unformatted dump of trace, 8-8 
Example 

DEBUG output, 7-10 
FTREF output, 7-7 
macrotasking, 5-34 
microtasking, longer, 4-28 
MTDUMP, 8-13 
multitasking in Pascal, 11-3 
pipelining, 9-19 
using barriers, 5-21 

Execution order, determining, 3-14 
Exit microtasking control structure, 4-13 
Extending blank COMMON, 5-28 

Factors 
affecting performance, 3-26 
limiting speedup, 1-2 

Fast Fourier Transform microtasked, 4-4 
Features, multitasking status, D-l 
FFT microtasking example, 4-4 
File, use of term in manual, 1-6 
Flow dependence, 3-2 
FLOWTRACE, 7-8 

with microtasking, 4-7 
FORK/JOIN construct, 9-23 
Formatted dump of history trace, 8-5 
Formula for calculating speedup, 3-20 
Fortran 

cross-reference, FTREF, 7-5 
multitasking, advanced, 9-1 

Fray, definition, 4-3, Glossary-2 
Frequent errors, 7-1 
FTREF 

Fortran cross-reference, 7-5 
with microtasking, 4-7 

Function parameter, passing to Pascal task, 
11-6 

Gains with multitasking, 3-1 
Generalizations about dependence, 3-12 
GETCPUS directive, 4-8 
Global 

data with microtasking, 4-6 
variables, definition, 2-6 
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Granularity 
definition, 2-1, Glossary-2 
large 

for macrotasking, 5-1 
in DO loop, example, 3-24 

of tasks, 3 -16 
small 

in DO loop, example, 3-24 
with microtasking, 4-2 

GUARD 
directive, 4-13 
within control structures only, 4-26 

Guidelines 
for tuning macrotasking, 5-25 
moving to stack, 6-2 

Heap 
allocation routines, 5-29 
definition, Glossary-2 

and design, F-6 
setting initial size, 5-26 
statistics from DEBUG, 5-27, 7-9 

History trace buffer, multitasking, 8-1 
HPALLOC and HPDEALLC routines, 5-29 

I/O 
dependence, 3-6 
in multitasked Pascal, 11-8 
multitasking, 6-8 
tables with CAL macrotasking, 10-1 

IF statements and dependence, 3-8 
Independence 

verifying and creating, 6-6 
Independent iterations of DO loop, 3-3, 4-21 
INFO keyword to MTDUMP, example of use, 8-27 
Initiating a task, 5-5 
Innermost DO loop, mark for microtasking 

and vectorization, 4-11 
Input in multi tasked Pascal, 11-8 
Instructions ta access shared registers, 

10-5 
Interpreting tracebacks, 7-8 
Introduction to multitasking, 1-1 
Invoking 

DEBUG, 7-9 
PREMULT 

under COS, 4-16 
under UNICOS, 4-18 

IOAREA lock, COS, 5-33 

JCL 
COS, for multitasking job, 5-36 
for microtasking, example, 4-17 
using DEBUG, 8-1 

Job 
JCL for microtasking, 4-17 
step, definition, 1-4 
stream, definition, 2-3 

JOIN construct, 9-23 
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LOR memory management tunings, 5-25 
Levels of parallelism, 2-1 
Libraries 

debugging routines needing locks, 7-14 
routines 

multitasking, with CAL, 10-1 
nonreentrant, 5-33 

scheduler 
definition, Glossary-3 
description, F-1 

subroutines, key, F-3 
task, definition, Glossary-3 
with stack option, 5-28 

Limitations to speedup, 1-2 
Listing 

DEBUG, 7-10 
MTDUMP, 8-14 

Load balancing, 2-12 
definition, Glossary-3 
description, 3-21 

Loader memory management tunings, 5-25 
Local 

data with microtasking, 4-6 
definition, Glossary-3 
variables 

definition, 2-6 
use with stack, 6-2 

Locating potential parallelism, 6-5 
Lock 

COS IOAREA, 5-33 
definition, Glossary-3 
description, 5-11 
displaying 

COS, 8-10 
UNICOS 8-11 

using for synchronization, 9-3 
variable 

assigning, 5-12 
definition, Glossary-3 
storage in Pascal, 11-5 

LOCKASGN 
routine, 5-12 
timing, C-1 

LOCKOFF 
processing, F-3 
routine, 5-13 
timing, C-1 

LOCKON 
routine, 5-13 
processing, F-3 
timing, C-1 

LOCKREL 
routine, 5-14 
timing, C-1 

LOCKTEST routine, 0-1 
Logical CPU 

definition, Glossary-3 
description, F-1 
number active, 5-23 
use 

sample output of trace, 8-18 
tracing, COS, 8-9 
tracing, UNICOS, 8-11 

Loop unrolling, example, 6-9 

Index-4 

Machine instructions to access shared 
registers, 10-5 

Macros for CAL macrotasking, 10-1 
Macrotasking 

checklist to avoid errors, 7-1 
definition, Glossary-3 
description, 5-1 
in CAL, 10-1 
pros and cons, 1-2 
with Pascal, 11-1 

Managed memory, definition, Glossary-3 
Management of queues, F-2 
Manual performance prediction, 3-26 
Manuals that may be helpful, iii 
Mark 

beginning on control structure for 
microtasking, 4-9 

end of microtasking process, 4-10 
Measuring 

microtasking performance, 4-28 
time and work, 2-18 

Mechanisms for synchronization 
macrotasking, 2-14 
microtasking, 2-14 

Memory 
contention, minimizing, 6-9 
division of in user area, F-10 
management 

tunings, 5-25 
design, F-6 

optimizations, compiler, 6-4 
storing variables to, 5-29 

Messages, B-1 
MICRO directive, 4-9 
Microtasking 

definition, Glossary-3 
description, 4-1 
JCL for, 4-17 
not with Pascal, 11-1 
preprocessor, accessing, 4-15 
pros and cons, 1-3 
rules in brief, 4-27 
sample commands under UNICOS, 4-19 

Minimizing memory contention, 6-9 
Modify tuning parameters, 5-22 
Monitor, definition, Glossary-3 
Monitoring 

critical regions, 2-7 
variable updates, 9-6 

Moving from static to stack, 6-2 
MTDUMP program, 8-8 
$MULTC, COS CAL output from PREMULT, 4-16 
Multc.s, UNICOS CAL output form PREMULT, 

4-18 
$MULTF, COS Fortran output from PREMULT, 

4-16 
Multf.f, UNICOS Fortran output from 

PREMULT, 4-18 
MULTI control statement 

example, 1-4 
with microtasking, 4-17 

Multiprocessing, definition, 2-3, Glossary-3 
Multiprogramming, definition, 2-2, 

Glossary-3 
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Multitasking 
basics, 3-1 
choosing vectorization over, 3-29 
conditional, 6-1 
definition, 2-4, Glossary-3 
eliminating operating system, 7-5 
history trace buffer, 5-1 
in Fortran, advanced, 9-1 
library routines, with CAL, 10-1 
notes, G-! 
on a single processor, A-I 
overview, 1-4 
procedures, Pascal, 11-1 
status features, D-l 

Multithreading, definition, 2-9, Glossary-3 
Mutual exclusion, definition, Glossary-4 

Names reserved by PREMULT, 4-19 
Nesting control structures when 

microtasking, 4-21 
Nondeterministic, definition, Glossary-4 
Nonlocal variables, Pascal, 11-7 
Nonreentrancy, definition, Glossary-4 
Nonreentrant library routines, 5-33 
Notes on multitasking, G-l 

Operating system multitasking, eliminating, 
7-5 

Optimization, CFT and CFT77, 5-29 
Optimizations, compiler memory, 6-4 
Order of execution, determining, 3-14 
Output 

dependence, 3=5 
from MTDUMP, 8-14 
in multitasked Pascal, 11-8 

Overhead 
calculating, 3-28 
stack mode, 5-11 
with microtasking, 4-1 

Overlap, chime, example, 6-9 
Overlays, 5-28 
Overview, multitasking, 1-4 

Parallel processing, definition, Glossary-4 
Parallelism, 9-1 

and tasks, 5-2 
definition, 2-1, Glossary-4 
locating potetial, 6-5 
sample tasks containing, 3-18 

Parameters 
modify tuning, 5-22 
to MTDUMP, combining, 8-12 

Partitioning 
dynamic, example, 3-24 
interleaved static, 3-24 

Pascal, macrotasking with, 11-1 
Passing parameters to a task, Pascal, 11-6 
PERFMON with microtasking jobs, 4-28 
Performance 

errors, 7-3 
of microtasked programs, 4-28 
predicting, 3-26 
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Pipelining, example, 9-19 
Post, definition, Glossary-4 
Posted, definition, Glossary-4 
Posting an event, 5-18 
Predicting performance, 3-26 
PREMULT 

description, 4-15 
microtasking preprocessor, 4-2 

Preprocessor 
directives, microtasking, 4-8 
microtasking, accessing, 4-15 

Private 
data, macrotasking, 5-10 
definition, Glossary-4 
scope, definition, 2-5 
varia~les, 9-7 

Procedure 
parameter, passing to Pascal task, 11-6 
multitasking 

declaring in Pascal, 11-9 
Pascal, 11-1 

PROCESS directive, 4-9 
Process, definition, 4-3, Glossary-4 
Processor clustering, CAL, 10-2 
Processors 

do not assume number when microtasking, 
4-19 

get for microtasking, 4-8 
release from microtasking, 4-8 

Program 
analysis and conversion, 6-1 
analyzing for microtasking, 4-7 

Protecting data, macrotasking, 5-9 
P$TASK, Pascal equivalent of TSKSTART, 11-1 

Queue management, F-1 

Random access lID, not locked, 5-33 
RANF, not reentrant, 6-3 
READ statement and data dependence, 3-6 
Reader comments, 1-6 
Ready queue, how often sample, 5-24 
Recording multitasking actions, 8-2 
Reduction constructs, 9-22 
Reentrancy, definition, 2-9, Glossary-4 
Region, critical, 9-21 
Registers 

semaphore, with CAL, 10-4 
shared, CAL, 10-2 

Relationships between tasks, 5-3 
RELCPUS directive, 4-8 
Release 

a lock, 5-14 
barrier variable, 5-21 
definition, Glossary-4 
event variable, 5-19 
processors, microtasking, 4-8 

Reordering statements by compiler, 5-30 
Reprieve processing, COS, 5-32 
Reserved names, PREMULT, 4-19 
Resource sharing with microtasking, 4-2 
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Routines 
debugging, needing locks, 7-14 
for history trace buffer, 8-2 
multitasking, with CAL, 10-1 
nonreentrant, 5-33 

Rules for 
microtasking, 4-19 
microtasking, in brief, 4-27 

Sample tasks containing parallelism, 3-18 
SAVE statement for static assignment, 5-10 
Scope 

boundaries, definition, Glossary-4 
definition, 2-5, Glossary-4 
macrotasking, 5-9 
of data with microtasking, 4-2 
of variables, 9-8 

description, 3-12 
SECOND routine, 2-18 
SEGLDR memory management tunings, 5-25 
Segments, 5-28 
Selecting multitasking actions to record, 

8-2 
Semaphore registers with CAL, 10-4 
Serial reusability, definition, Glossary-5 
Serially reusable code, definition, 2-10 
SETRPV request, 5-32 
Setting a lock, 5-13 
Shared 

data 
macrotasking, 5-9 
modify within structure when 

microtasking, 4-20 
definition, Glossary-5 
registers, CAL, 10-2 
resource, accessing, 2-7 
scope, definition, 2-5 
variables, 9-7 

Single-task mode, 7-5 
Single threading, definition, 2-8, 

Glossary-5 
Sort/merge routines, not locked, 5-33 
Speedup 

calculating, 3-20 
factors that limit, 1-2 
from multitasking, factors, 3-16 
predicting, 3-26 
reasons for lack of, 7-3 
theoretical, 2-15 

Spin off, definition, 2-3, Glossary-5 
Spy, 7-8 

with microtasking, 4-7 
Stack 

definition, Glossary-5 
and design, F-7 

frame 
definition, Glossary-5 
of an activation block, F-9 

from static, moving, 6-2 
option for libraries, 5-28 
overflow, indication of, 7-8 
statistics from DEBUG, 5-27, 7-9 
task, in managed memory, F-8 
use for private data, 5-10 

Index-6 

Starting a task, 5-5 
Starvation, definition, Glossary-S 
State 

transitions, F-4 
of tasks, 5-3 

Static 
assignment, when necessary, 5-10 
load balancing, brief summary, 2-12 
to stack, moving, 6-2 

Statistics, heap and stack from DEBUG, 7-9 
Status 

features, D-1 
of tasks, 5-8 

displaying, COS, 8-9 
displaying, UNICOS, 8-10 
sample output of trace, 8-20 

Steps to converting to multitasking, 6-5 
$STKUFEX in traceback, 7-8 
STOP ALL PROCESS directive, 4-13 
Storage dependence, 3-10 

definition, Glossary-5 
Storage of multitasking data, Pascal, 11-5 
Subprogram multitasking, 2-4 
Subroutine 

designate for microtasking, 4-9 
key library, F-3 
macrotasking, 5-1 

Summation, 9-22 
Synchronization, 9-2 

definition, 2-13, Glossary-5 
macrotasking, 5-15 
points 

display 
COS, 8-9 
UNICOS, 8-10 

sample output of trace, 8-16 
Synchronize tasks with barriers, 5-21 
System task, definition, Glossary-5 

Table manager routines, need locks, 5-33 
$TASKCOM, name of TASK COMMON, F-5 
TASK COMMON, 9-11 

and data scope, 2-6 
data, macrotasking, 5-9 
definition, Glossary-5 
internal design, F-5 
SECTION option, CAL2, 10-1 
Pascal, 11-8 

Tasks 
and parallelism, 5-2 
communicating with each other, 9-5 
containing parallelism, sample, 3-18 
control array, 5-3 

definition, Glossary-5 
control structure, Pascal, 11-4 
COS versus user, 7-4 
definition, 2-3, Glossary-5 

using macrotasking, 5-3 
dumping trace of 

COS, 8-9 
UNICOS, 8-11 

granularity, 3-16 
definition, Glossary-5 
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Tasks (continued) 
information block, definition, 

Glossary-6 
stacks in managed memory, F-8 
status, user, sample output of trace, 

8-20 
tracing, sample output, 8-24, 8-26 
user, transitions, F-4 
value, definition, Glossary-6 

Temporary storage, problems of, 5-31 
Terms 

multitasking, 2-1 
microtasking, 4-2 

Theoretical speedup, 2-15 
calculating, 3-27 

Time, measuring, 2-18 
TIMEF routine, 2-18 

needs lock, 5-34 
Timings, C-1 
Tips on combining parameters to MTDUMP, 8-12 
Tools to help microtask, 4-7 
Trace, multitasking history trace, 8-1 
Tracebacks, interpreting, 7-8 
Trade-offs 

in selecting chunking factor, 3-25 
multitasking, 1-2 

Transitions, state, F-4 
TSKLIST routine, 5-8 
TSKSTART routine 

description, 5-5 
processing, F-3 
timing, C-1 

TSKTEST routine, D-1 
TSKTUNE routine, 5-22 
TSKVALUE routine, 5-7 

timing, C-1 
TSKWAIT routine, 5-6 

processing, F-3 
timing, C-1 

Tuning, macrotasking, 5-22 
Types, multitasking, declaring in Pascal, 

11-9 

Unformatted dump of history trace, 8-6 
UNICOS 

assumptions, macrotasking, 5-27 
commands to microtask, 4-19 
format, MTDUMP, 8-10 
invoking PREMULT under, 4-18 
multitasking, 1-5 

Unknown dependence, 3-5 
Unrolling inner loop, example, 6-9 
User 

area in memory, F-8 
entries, adding to history trace, 8-6 
identifier, retrieve, 5-7 
task 

definition, Glossary-6 
status, sample output of trace, 8-20 
transitions, F-4 

Using nonlocal variables, Pascal, 11-7 
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Variable 
barrier, assigning, 5-20 
event, definition, 5-15 
lock, 5-11 

and event storage in Pascal, 11-5 
nonlocal, Pascal, 11-7 
scope 

definition, 2-5 
description, 3-12 

shared and private, 9-7 
storing to memory, 5-29 
updates, monitoring, 9-6 

Vectorization 
choosing over multitasking, 3-29 
with microtasking, 4-7 

Verifying independence, 6-6 

Wait for task to finish, 5-6 
Waiting for an event, 5-17 
Wall-clock time 

measuring, 2-19 
with microtasking, 4-28 

Work, measuring, 2-18 
WRITE statement and data dependence, 3-6 
Writing multitasked code, 6-8 
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