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COURSE DESCRIPTION 

F15D Multics Subsystem Programming 

Five Days 

Advanced Mul tics PL.iI programmers, familiar wi th standard 
Mul tics subroutines, who' need to use advanced Mul tics 
subsystem writer's tools e ' 

This intensive course describes how to bypass, replace, 
or supplement the standard Mul tics user interface by 
using system subroutines. Interprocess communication, 
tailoring the command environment, the message segment 
facility, the Multics ring mechanism, writing gates, 
dialing terminals to a process and writing I/O modules 
are among the topics covered in this course. 

Interactive workshops are included to reinforce the 
material presented. . 

Upon completion of this course, the student should be 
able to: 

1. Use subsystem writer's subroutines. 

2. Use a wide variety of facilities to create an 
environment tailored to the needs of a particular 
gro'up of users .. 

3. Understand the conventions compilers should follow 
when creating object segments. 

4. Understand how gates and I/O modules are written. 

Prerequisi tes: Mul tics Concepts and Utilization (F01), Prerequisi te 
Concepts for Programming on Multics (FlO), Introductory 
Multics PL/I Programming (F15A), Advanced Multics PL/I 
Programming (F15B), PL/I Programming with Multics 
Subroutines (F15C) or equivalent experience. 

Major Topics: 

Manuals: 

Writing I/O Modules 
Interprocess Communication, Locking, and Timers 
Advanced hcs Utilization 
Program Library Management 
Tailoring the Command Environment 
Dialing Terminals to a Process 
Message Segment Facility 
Rings and Gate Writing 
Data Segments, Temporary Segments 
Creating an Error Table 

MPM - Subsystem Writers' Guide (AK92) 
SON - Message Segment Facility (AN69) 
PLM - Library Maintenance (ANSO) 
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INTERPROCESS COMMUNICATION 

3 WRITING I/O MODULES 
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INTERPROCESS DATA BASE SHARING THE STACK AND ARGUMENT LISTS 
----------~----. 

INTRAPROCESS TIMER M~NAGEMENT SPECIAL PROGRAMMING TECHNIQUES 
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WORKSHOP 15 WORKSHOP 16 

THe PROCESS ENVIRONMENT DIAL FACILITY DEMONSTRATION 
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STUDENT BACKGROUND 

Multics Subsystem Programming (F15D) 

NAME: ____________________________ ___ PHONE: ________________ __ 

TITLE: ______________________________________________________ _ 

COMPANY ADDRESS: __________________________________________ ___ 

...... 

MANAGER: __________________________ _ OFFICE PHONE: ______ _ 

INSTRUCTOR'S NAME: 

1& 00 you meet the prerequisite as stated in the "Course Description" 
of the student text? If yes, check "a" or "b". 
If no, check "c" or "d". 

a [ ] Prerequisite satisfied by attending course indicated in "Course 
Description". 

b [.] Meet prerequisite by equivalent experience (explain briefly) 

c [ ] Elected or instructed to attend course anyway. 

d [ ] Was not aware of prerequisite. 

2. What related Honeywell courses have you attended? Furnish dates 
and instructors if possible. 

(PLEASE TURN ·OVER) 
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STUDENT BACKGROUND 

Multics Subsystem Programming (F15D) 

3~ Check the boxes for which you have any related experience. (May 
be other than Honeywel1 1 s) 

[ ] PL1 [ ] COBOL [ ] FORTRAN [ ] ASSEMBLY 

[ ] JCL . [ ) OPERATIONS [ ] GCOS [ ] MULTICS 

[ ] NPS [ ] GRTS ( ] CP6 [ ] OTHER 

~. Detail any experience you have had which is related to the 
material in this course. 

- - -------- ---
-~---- -

5. Objectives for attending this course (May check more than one). 

[ ] Require information to provide support for---a---RUI-tIcs--system 

[ ] To maintain an awareness of this product 

[ ] To evaluate or compare its potentials 

.. ] Required to use or implement L 

[ ] Need update from a previous release 

[ ] Require a refresher 

[ ] Other-: 
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INSTRUCTOR 

COURSE 

HONEYWELL MARKETING EDUCATION 

COURSE AND INSTRUCTOR EVALUATION FORM 

START DATE 

LOCATION 

STUDENT NAME (OPTIONAL) 

In the interest of developing training courseso··f-·h-i-gh~--q.ua-1-i-ty., 

and then improving on that base, we would like you to complete 

this questionnaire. Your information will aid us in making 

future revisions and improvements to this course. Both the 

instructor and his/her manager will review these respo~ses. 

Please complete the form and return it to the instructor upon the 

completion of the courseo In questions 1 through 14, check the 

appropriate box and feel free to include additional oomments~ 

Attach additional sheets if you need more room for comments. Be 

objective and 'concrete' in your comments -- be critical when 

criticism is appropriate. 
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1. Consid~ring the stated objectives of this course, rate the overall 
length of the course. 

2.-

CAN'T 
JUDGE 

, 0 I 
COMMENTS 

TOO ABOUT TOO 
SHORT RIGHT LONG 

I 1 121 3 I 4 I 5 I 6 I 7 I 8 191 
------------~~----------------------------------------

Considering the objectives, rate the technical level at which the 
course was taught. 

NOT 
CAN'T TECH ABOUT TOO 
JUDGE ENOUGH RIGHT TECH , 0 I I 1 I ? I 3 I it I 5 I 6 I 7 I 8 I 9 I 

COMMENTS 

3. Considering the objectives, rate the emphasis placed on the more 
important topics. 

- CAN'T 
JUDGE POOR "''''''''ft EXCELLENT .... _----.. _._----_._----. ___ \JUUIJ 

I g I I l I , I :3 I 4 I ~ I ~ I I I a I ~ I 
-COMMENTS ________ ~ _____________________________ -______________ _ 

--------------------
4. Rate the sequepce in which the topics were presented. 

-CAN'T 
-,~-JUDGE __ . POOR GOOD EXCELLENT 

I 0 I I 1 I 2 I 3 1 it I 5 I 6 , 7 I . 8 i- 9 I 
--COMMENTS-

--------------------------------------------------------
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5. Rate the format and quality of the learning materials (slides, 
student handbooks, supplementary handouts, etc.). 

CAN'T 
JUDGE POOR GOOD EXCELLENT 

I 0 I I 1 I 2 I 3 I 4 I 5 I 6 I 1 8 I 9 

COMMENTS 

6. Rate the amount of time given for the completion of the workshops. 

TOO TOO 
CAN'T LITTi..E ABOUT MUCH 
JUDGE TIME RIGHT TIME 

I 0 I I 1 I 2 I 3 I 4 I 5 I 6 I 1 I 8 I 9 I 

COMMENTS 

1. Rate the workshops' ability to relate back to and reinforce the 
material presented. 

CAN'T 
~JUDGE 

I 0 I 
POOR GOOD EXCELLENT 

I 1 I 2 ,--- 3---- I -- 9- - I 5 I 6 I 7 I 8 I 9 I 

COMMENrs ____________ ~---------------------~--------~-_____ __ 

-- - ---- - ~--,.;;;;--=--.-;.;;;-- .......... -.-------~------------------------.....-

- ----------"._ ..... -........ ;;;;;....;.-=;;,;.,;;;;;----------------------------.;.----
8. Rate the physical cond i tion of the classroom (space - available, 

temperature, lighting, etc.). 

CAN'T 
=JUDGE POOR GOOD EXCELLENT 

I 9 I I 1 I 2 I 3 I l! I 5 
, 6 7 I 6 9 I 

____ COMM~'tS 
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9. Rate the physical condition of the lab or workshop room. (systems 
configuration, space available, learning tools, terminals, tables, 
etc.). 

CAN'T 
JUDGE POOR GOOD EXCELLENT 

I 0 I I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 
COMMENTS 

10.. Rate your instructor's demonstrated knowledge of the course material. 

CAN'T 
JUDGE 

101 
COMMENTS 

POOR 

I 1 I 2 I 3 I 4 

-----

GOOD EXCELLENT 

5 I 6 I 7 1 8 1 9 I 

---~-----------------------------------------------.--------------

11. Rate your instructor's ability to convey the technical aspects of 
the various topics. 

CAN'T 
. . -J U-DGE--·- - -POOR 

I Q I III 2 

COMMENTS ___ <SIo ____ _ 

I 3 
, 4 

,..""" uvvu 

, 5 I 6 

--------------.-----------

EXCELLENT 
I 7 I 8 I 9 I 

--_._--_.-

12 e Rate the classroom and' workshop assistance given you by your 
instructor. 

CAN'T 
JUDGE POOR GOOD· EXCELLENT 

I Q I I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 . I -9 I 
COMMENTS 

.----_._-----------,---------------
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13. Rate the instructor's ability to create an environment in which 
you felt free to ask questions. 

CAN'T 
JUDGE POOR GOOD EXCELLENT 

I Q I I J 2 I 3 I 4 I 5 I 6 I 7 I 8 9 I 
COMMENTS 

14. Rate the relevance of the skills learned in the course with respect 
to your job or further training. 

CAN'T 
JUDGE 

I Q I 
-COMMENTS 

. POOR GOOD 
I 1 I 2 I 3 4 I 5 , 6 

15. What did you like ~ about this course? 

160 What did you like least about this course? 
--_. - - _ .. 

----------
.---. -- . --.-- -....... -_. - .. -. --

-~------.-.. -----.----.--~--. -------------------

EXCELLENT 
7 8 9 I 

----

-'---'= --, - -.--------. '----------------

- ... ---~ _._- .... 
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17. Other comments please: 

. 
18. Of the following job categories, check the ones which most nearly 

represent the bulk of your experience, and to the right of your 
responses· indicate the number of years you have acted in that 
capacity. 

[) 

[] 

[] 

(] 

() 

[] 

r, 
L.I 

Applications Programmer •• · . 
. . 

Field Engineering Analyst. 

Manager. •.•• • • • . . . · . 
Marketing Analyst •• . . . . . 
Salesperson. 

Secretary •• 

. . 

. . 
. . . . . . . 
. . . . . . . 

Systems Analyst~ ~ . . . . . . 
:(] Systems Programmer •• · . 

[ ] .Other. •.• • . . . . . . 
Please give "other" title 

xiv 

years 

years 

years 

years 

years 

years 

years 

years 

years 
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INTRODUCTION 

• ~ BASIC GOAL OF THE Multics SYSTEM DESIGN PHILOSOPHY: 

TO PROVIDE A SYSTEM WHICH IS OPEN-ENDED AND CAPABLE OF SUPPORTING 
USER DESIGNED SUBSYSTEMS 

o TO ACHIEVE THIS, Multics 

n HAS BEEN HIGHLY MODULARIZED 

n FUNCTIONALITY LOCALIZED 

o COMPLEXITY OF ANY GIVEN MODULE MINIMIZED 

o IS MOSTLY WRITTEN IN PL/I 

o MORE EASILY READ THAN ALM 

D ENABLES ADOPTION OF SUBSYSTEMS FROM OTHER MACHI~ES USING 
PL/I 

D FEATURES A WEALTH OF TOOLS TO HELP DESIGN, IMPLEMENT t AND 
MAINTAIN SUBSYSTEMS 

• THIS COURSE IS DESIGNED TO: 

o INTRODUCE MOST TOPICS COVERED I~I 'fHE SUBSYSTEM· WRITERS' GUIDE 
(SWG) 

o COVER IN DETAIL SEVERAL ADVANCED TOOLS AND TECHNIQUES OFTEN USED 
IN WRITING SUBSYSTEMS, 

o PROVIDE INSIGHT INTO HOW' TO WRITE SUBSYSTEMS "THE Mult1cs WAY" 

Not To Be Reproduced 1-1 F15D 



TERMINOLOGY 

• A SUBSYSTEM CAN BE DEFINED A VARIETY OF WAYS: 

D A nSYSTEMn WHICH OPERATES WITHIN THE CONFINES OF ANOTHER, LARGER 
SYSTEM 

n PROGRAM(S) THAT PROVIDE A SPECIAL ENVIRONMENT FOR SOME PARTICULAR 
PURPOSE 

D PROGRAM(S) THAT PROVIDE A NUMBER OF OPERATIONS ON SOME RESTRICTED 
UNIVERSE OF DATA 

• EXAMPLES OF STANDARD Multics SUBSYSTEMS: qedx, ted, emacs, calc, 
probe,. read_mail, send_mail, help, :ft.ii1iiiitt 

• A SUBSYSTEM IS SAID TO BE CLOSED IF: 

D ALL NECESSARY OPERATIONS CAN BE HANDLED WITHIN THE SUBSYSTEM 

D NO WAY EXISTS TO USE THE NORMAL MULTICS ENVIRONMENT FRUf-t WITHIN 
THE SUBSYSTEM 

n EXAMPLE: THE 'fast' SUBSYSTEM 

Not To Be Reproduced .. ") 
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~DESIGN CONCERNS 

• HAS THE PROBLEM ALREADY BEEN SOLVED? 

• SECURITY 

o IS SUBVERSION A REAL CONCERN? 

D WILL ACL ALONE SUFFICE, OR MUST WE RESORT TO RINGS AND AIM? 

o CLOSED SUBSYSTEM? 

• HOW SHALL WE INTERFACE WITH THE STORAGE SYSTEM? 

TEMPORARY SEGS 

AREAS 

PERMANENT SEGS, MSFs 

NAME AND ADDRESS SPACE MANAGEMENT 

USE HULTICS 1/0 SYSTEM? 

• WILL PROCESSES NEED TO COMMUNICATE WITH EACH OTHER? 
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DESIGN CONCERNS 

• DOES THE SUBSYSTEM HAVE A "MULTICS FLAVOR"? 

• DOCUMENTATION 

• SUBSYSTEM LIBRARY MAINTENANCE 

Not To Be Reproduced • •• 1-'" F1SD 



CAPABILlrIES FOR SUBSYSTEM DESIGN IN MULTICS 

• THE OPPORTUNITIES FOR SUBSYSTEM DESIGN IN Mul tics A.RE VIRTUALLY 
UNLIMITED, AND THE SUBSYSTEM DESIGNER MAY: 

o . MODIFY THE COMMAND INTERFACE TO THE Multics STORAGE SYSTEM 

o MANIPULATE THE ADDRESS SPACE OF A USER PROCESS 

o MODIFY THE COMMAND ENVIRONMENT OF A USER PROCESS 

o WRITE COMMAND AND/OR ACTIVE FUNCTION PROCEDURES 

·0 WRITE A COMMAND PROCESSOR PROCEDURE 

D HANDLE CONTROL COMMUNICATION BETWEEN ANY NUMBER QF ASYNCHRONOUS, 
COOPERATING PROCESSES 

n 
u CONCURRENT ACCESS TO CRITICAL, SHARED DATA BASES 

n USE TIMERS 

o INTERFACE NEW I/O DEVICES, MONITOR EXISTIKG I/O DEVICES, ETC. 

D MODIFY, RESTRICT, OR REPLACE ENTIRELY THE PROCESS ENVIRONMENT 
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CAPABILITIES FOR SUBSYSTEM DESIGN IN MULTICS 

o DIAL TERMINALS TO A PROCESS, OR ALLOW A PROCESS TO DIAL OUT TO A 
TERMINAL 

o WRITE GATES 

D MANIPULATE MESSAGE SEGMENTS 

D CREATE, UPDATE, AND IN GENERAL, MAINTAIN PROGRAM LIBRARIES 

D AND MANY, MANY OTHER THINGS 

To Be Reproduced 1-6 F15D 



SUBSYSTEM DESIGN TOOLS 

• TO ACHIEVE SOME OF THE SUBSYSTEM DESIGN TASKS MENTIONED ABOVE, THE 
DESIGNER HAS AVAILABLE A WIDE VARIETY OF RESOURCES INCLUDING: 

D COMMANDS AND SUBROUTINES 

n SOURCE PROGRAMS 

n WHOSE PERUSAL SHOWS THE DESIGNER HOW Multies DOES IT 

n WHICH MAY BE COPIED AND MODIFIED TO YIELD CUSTOMIZED BEHAVIOR 

o PL/1 AND ALM INCLUDE FILES 

n PROGRAM LIBRARY MAINTENANCE TOOLS 

o EXPEDITE ACCESS TO SYSTEM SOURCE, OBJECT AND INFO SEGMENTS 

D. MAINTAIN USER SUBSYSTEM LIBRARIES JUST AS THEY MAINTAIN THE 
Multics LIBRARIES THEMSELVES 

-
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STORAGE SYSTEM SUBROUTINES 

• TOPICS 2, 3 AND 4 PRESENT THE SOFTWARE WRITERS t GUIDE (SWG) SUBROUTINES 
USED IN MANIPULATING THE STORAGE SYSTEM 

• THE FOLLOWING LIST PROVIDES A COMPARISON OF THE STORAGE SYSTEM 
MANIPULATING SUBROUTINES COVERED IN F15C AND F15D 

o EXCEPT W~E NOTED F15C SUBROUTINES ARE DOCUMENTED IN THE 
SUBROUTIN MANUAL (AG93) AND F15D SUBROUTINES ARE DOCUMENTED IN 
THE SWG L K 2) . 
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STORAGE SYSTEM SUBROUTINES 

F15C 

CREATING STORAGE SYSTEM ENTITIES -

hcs $append branch 
hcs-$append-branchx 
hcs-$append-link 
hcs-$create-branch 
hcs-$make_seg -

DELETING STORAGE SYSTEM ENTITIES 

delete -----
hcs $delentry file 
hcs-$delentry-seg 
hcs $del_dir_tree (AK92) 

OBTAINING STATUS INFORMATION 

F15D 

hcs $get author 
hcs-$get-bc author 
hcs-$get-link target 
hcs-$get-max-Iength 
hcs-$get-max-length seg
hcs-$get-safety sw -
hcs-$get-safety-sw seg 

(hcs-$set-max length) 
(hcs-$set-max-length seg) 
(hcs-$set-safety sw)- -
(hcs $set safety-sw_seg) 
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STORAGE SYSTEM SUBROUTINES 

F15C I F15D 

WORKING, DEFAULT, AND PROCESS DIRECTORIES 

change wd1r 
get de?ault-wd1r (AK92) 
get-pd1r - -
get:wd1r: 

MANIPULATING THE ADDRESS AND NAME SPACES 

hcs $fs get path name 
hcs-$fs-get-ref name 
hcs-$fs-get-seg-ptr 
hcs-$inIt1ate -
hcs-$initiate count 
hcs-$make seg
hcs-$termin"ate file 
hcs-$terminate~name 
hcs-$terminate-noname 
hcs-$term1nate-seg 
term $refname -
term-$seg ptr 
term-$single refname 
term-$term -
term_$unsnap 

MULTISEGHENT FILES 

msf manager $aol add 
msr-manager-$acl-delete 
msr-manager-$acl-list 
msf-manager-$acl-replace 
msf-manager-$adjust 
msf-manager-$alose 
msf-manager-$get ptr 
msf_manager:$open 
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STORAGE SYSTEM SUBROUTINES 

F15C ·F15D 

NAMING AND MOVING DIRECTORY ENTRIES 

hcs $chname file 
. hcs-$ehname-seg 
hcs-$fs move file 
hes $rs_move seg 

AFFECTING LENGTH OF ENTRIES 

adjust bit count 
hcs $set bc 
hcs-$set-bc seg 
hcs-$truncate rile 
hes $truncate seg 

MANIPULATING PATHNAMES 

absolute pathname 
absolute-pathname-$add suffix 
expand pathname - -
expand:pathname $add_suffix 

MANIPULATING THE STAR AND EQUAL CONVENTION 

I , 

--
Hot To Be Reproduced 

check star name 
get equal name -
hes-$star- -
match star name 
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STORAGE SYSTEM SUBROUTINES 

:F15C 

AREAS 

SECURITY 

get group id " 
get-group-id-$tag star 
hcs-$add scI-entrIes 
hcs-$add-dir-acl entries 
hcs-$delete scl entries 
hcs-$delete-dir-acl entries 
hcs-$fs get-mode -
hcs-$llst acl 
hcs-$llst-dlr acl 
hcs-$replace acl 
hcs:$replace-dir_acl 

area info 
area-status * 
create area * 
defin"e -area 
release area 

F15D 

set sys~em storage * 
set user_storage * 

cross ring 
cross-ring-io $allow cross 
cu $level.get-(AG93)-
CU -$-le-vel---set---C A093) 
get ring -
hcs-$add-dir inacl entries 
hcs-$add-inacl entries 
hcs-$delete dir _inacl entries 
hcs-$delete-inacl ent~ies 
hcs-$get di"r ring-brackets 
hcs-$get-rlng brackets 
hcs-$get-user-effmode 
hcs-$llst d1r-inacl entries 
hcs-$list~1nacl -
hcs-$replace dir lnacl 
hcs-$replace-inacl 
hcs-$set dlr-r1ng brackets 
hcs-$set-entry bound 
hcs-$set-entry-bound seg 
hcs_$set ring_brackets 

* COMMANDS (INCLUDED FOR COMPLETENESS) 
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TOPIC II 

Storage System Subroutines 

Page 

Obtaining Status Information • • • • • • • • • • • • • • • • • 2-1 
Multisegment Files • • • • • • • • • • • • • • • • • • • • • • 2-8 
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OBTAINING STATUS INFORMATION -------

D call hcs ..... $get_8uthor (dir _name, entryn~rae, chase, author, code); 

D RETURNS Personid.Projectid.tag OF THE CREATOR OF A SEGMENT, 
DIRECTORY, MULTI SEGMENT FILE OR LINK 

. . 
o RETURNS Personid. Project1d. tag OF THE BIT COUNT AUTHOR OF A SEGMENT 

OR DIRECTORY 

o BIT COUNT AUTHOR = LAST PERSON WHO SET THE BIT COUNT 

--
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OBTAINING STATUS INFORMATION 

n RETURNS THE MAXIMUM LENGTH (IN WORDS) OF A SEGMENT, DIRECTORY OR 
L INK TARGET. 

n SUBROUTINES THAT CAN CHANGE THE MAXIMUM LENGTH OF A SEGMENT 

n SAME CALL ARGUMENTS AS ABOVE 

o A DIRECTORY CANNOT HAVE ITS MAXIMUM LENGTH CHANGED 

D ONCE MAX LENGTH HAS BEEN SET, AN out of bounds FAULT OCCURS 
WHEN REFERENCING BEYOND END OF SEGMENir -

n MAXIMUM LENGTH IS SET IN UNITS OF 1024 WORDS 

n CANNOT USE TO SHORTEN SEGMENT 

u DEFAULT MAX 'LENGTH OF A SEGMENT IS 255K 

n stack 4 HAS INITIAL MAX LENGTH OF 64K 

.. 
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OBTAINING STATUS INFORMATION 

n RETURNS THE VALUE OF THE SAFETY SWITCH OF A DIRECTORY OR SEGMENT , 

B SUBROUTINES THAT CAN CHANGE THE VALUE OF THE SAFETY SWITCH: 

n SAME CALL ARGUMENTS AS ABOVE 

.. D -call hcs_$get_link_target (d1r name, entryname, link dir name, 
11nk_entryname, code); - -

D RETURNS THE TARGET PATHNAME OF A LINK 

Not To Be Reproduoed 2-3 F15D 



OBTAINING STATUS INFORMATION 

• ON THE FOLLOWING PAGES IS AN EXAMPLE USING SOME OF THE SUBROUTINES 
PROVIDING STATUS INFORMATION 

D IT ALSO SERVES AS A REVIEW OF SOME ITEMS INTRODUCED IN F1SC 

- D WRITING A COMMAND 

DUSING 108 AND com err 

n IN YOUR FIRST WORKSHOP YOU WILL BE ASKED TO ENHANCE THIS PROGRAM 
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OBTAINING STATUS INFORMATION 

STATUS: proc; 
dcl cu$arg count entry (fixed bin), 

cU-$arg:ptr entry (fixed bin, ptr, fixed bin, fixed bin (35», 
hcs $status minf entry (char (*), char (*), fixed bin (1), 
fixed bin (2), fixed bin (24), fixed bin (35», 
hcs $get safety sw entry (char(*),char(*),bit (i) ,fixed bin (35», 
hcs-$get-max length entry (char (*), char C*), fixed bin (19), 

- - - . fixed bin (35», 
h~~ $get author entry (char C*), char C*), fixed bin (1), char (*), 

. - - fixed bin (35», 
expand pathname entry (char(*),char(*),charC*),fixed bin (35», 

(ioa , com err )-entry options (variable); 
dcl nargs fixed bTn; 
dcl argl fixed bin; 
dcl argp ptr; 
dcl arg char Cargl) based (argp); 
dcl dir char (168); 
dcl entry char (32); 
dcl code fixed bin (35); 
del type fixed bin (2), 

bc fixed bin (24), 
author char (32), 
max .length fixed bin (19), 
safety sw bit (1), 
ME char (6) static init ("STATUS") options (constant); 

del error_table_$wrong_no_of_args ext fixed bin (35); 
. , 

/- VERIFY NUMBER OF ARGUMENTS *1 
call cu $arg count (nargs); 
if nargs A= 1 then do; . 

call com err (error table $wrong no of args, HE); 
return; - - - - - -

end; 

1* PROCESS SEGMENT NAME ARGUMENT *1 
call cu $arg ptr (1, argp, argl, code); 
call expand pathname (arg, dir, entry, code); 
if code A= 0 then carl ERROR; 

'* FIND OUT WHAT TYPE OF-BRANCH IT IS *1 
call hes $status minf (dir, entry, 0, type, bc, code); 
'if code Y= 0 then call ERROR; 

Not To Be Reproduced 2-5 



OBTAINING STATUS INFORMATION 

1* TELL THE USER *1 
if type = 2 & bc A= 0 then 

call ioa ("A a is a Ai component multisegment file", 
entry, bc); 

else call ioa ( 
nAa is a ATlinkA;segmentA-directoryA] 

A[with bit count AiA;AsAjn. 
entry, type+1, (type = 1), bc); 

1* GET OTHER INFORMATION AND REPORT IT TO THE USER *' 
call hcs $get author (dir, entry, 0, author, code); 
if code ~= 0 then call ERROR; 
call has $get max length (dirt entry, max length, code); 
if code ~= 0 then-call ERROR; -
call hcs $get safety sw (dir, entry, safety sw, code); 
if code ~= 0 then caIl ERROR; -
call ioa (n It was created by Aa , 

it has a max length of Ai, 
and the safety switch is A[onAjoffA]_", 
author, max_length, safety_sw); 

ERROR: proc; 
call com err (code, ME); 
goto FINISH;~ c~ 

end; a 
FINISH: end STATUS; 
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OBTAINING STATUS INFORMATION 

!STATUS STATUS.pI1 
STATUS,p11 is·a segment 

• 

with bit count 23256 
It was created by NDibble.MEDmult.a, 

it has a max length of 261120, 
and the safety switch is orr • 

!STATUS < 
NDibble is a directory 

It was created by Initializer.SysDaemon.z, 
. it has a max length of 65536, 
and the safety switch is on. 

!STATUS test file 
test file is-a 2 component multisegment file 

- It was created by NDibble.MEDmult.a, 
it has a max length of 65536, 
and the safety switch 1s off. 

Ilk >udd)F15D)s1 blurp 

!STATUS blurp 
bl~rp is a link 

It was created by NDibble.HED.a, 
it has a max length of 65536, 
and the safety switch is off. 

!sml STATUS.p11 40960 

!STATUS STATUS.p11 
STATUS.p11 is a segment 

with bit count 23292 
It was created by HDibble.HEDmult.a, 

it has a ~ax length of 40960, 
and the safety switch is off. 

!STATUS --
STATUS: Entry not round. 
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MULTISEGMENT FILES 

• MULTI SEGMENT FILES ARE: 

o FILES THAT USE MORE THAN ONE SEGMENT FOR STORAGE 

o COMPOSED OF ONE OR MORE COMPONENTS, EACH IS A SEGMENT, AND IS 
IDENTIFIED BY AN UNSIGNED INTEGER. 

o VIEWED BY MANY MULTICS SUBROUTINES AS DIRECTORIES 

o USED FOR LARGE LISTINGS, INDEXED FILES, ETC. 

o MANAGED BY THE msf_manager_ SUBROUTINE 

• MANIPULATING A HULTISEGMENT FILE REQUIRES USE OF A MULTISEGMENT 
FILE CONTROL BLOCK 

D THE CONTROL BLOCK FOR A MULTI SEGMENT FILE IS CREATED AND MAINTAINED 
BY THE mSf_manager_ IN THE USER'S PROCESS DIRECTORY 

• LOCATIONS IN A MULTISEGMENT FILE ARE SPECIFIED BY A PATHNAME, COMPONENT 
NUMBER AND WORD OFFSET WITHIN THE COMPONENT 
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MULTI SEGMENT FILES 

n oall msf manager $open (dir name, entryname, rCb_ptr, oode); 
...... - \-

o CREATES A FILE CONTROL BLOCK IN SYSTEM FREE STORAGE AND RETURNS 
A FILE CONTROL BLOCK POINTER 

D THE MSF NEEDN'T EXIST (A FCB IS STILL ALLOCATED) 

o THE fOb_ptr IS USED BY ALL FUTURE CALLS TO msf_manager_ 

.D oallmsf_manager_$get_ptr (feb ptr, component, create sw, 
seg_ptr, bo, code); -

D RETURNS A POINTER TO A SPECIFIED COMPONENT IN THE MSF 

,0 COMPONENT IS AUTOMATICALLY CREATED, IF create sw = "1"b 

o IF THE FILE IS A SINGLE SEGMENT FILE AND A COMPONENT GREATER 
THAN 0 IS REQUESTED, THE SEGMENT IS CONVERTED INTO A MSF 
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MULTI SEGMENT FILES ------------ .-----

!pr MSF.p11 

MSF: proc; 
dcl msf manager $open entry (charC.), charC-), 

- - ptr, fixed bin(3S»; 
dcl msf manager $get ptr entry (ptr

l 
fixed. bin, bit(1), 

~ - -ptr, fixed bin 24), fixed bin(35»; 
del hes $initiate entry (charC·), char(·), charC.), 

- fixed bin(1), fixed bin(2), ptr, fixed bin(3S»; 
del code fixed bin (35); 
dc1 (fcb ptr, seg ptr) ptr; 
dcl bc fixed bin (24); 
dc1 sysprint file; 
del ioa entry() options(variable); 

call hcs_$inltiate (")udd)MED)nd)F15D", "test file", 
0, 0, seg_ptr, code); -

call loa ("ApA/", seg ptr); 
1* PROBE-BREAKPOINT SET HERE ./ 

"" , 

call msf~manager_$open (")udd)MED)nd>F15D", "test file", 
fcb_ptr,code); -

call msf_manager_$get_ptr Cfcb_ptr, OJ "O"b, ses_ptr, bc,eode); 

call 10a_ (""/Component 0 st~rts at "p", seg_ptr); 

call msf_manager_$get_ptr (fcb_ptr, 1, "l ltb, ses_ptr, bc,code); 

call 10a_ (n~iComponent i 

end MSF; 

!create test file 

! 1s test file· 

Segments = 1, Lengths = o. 
r w 0 tes~ file 

!MSF 

50310 

starts at 

stopped after line 17 of MSF. (level 1) 

! •• lrn 503 

503 >udd>MED>nd>F15D>test_file 
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MULTI SEGMENT FILES 

!continue 

Component 0 starts at 503~O 

Component 1 starts at 50110 

!lrn 503 501 

503 >udd>MED>nd>F15D>test file)O 

501 >udd>MED>nd>F15D>test_file>1 

11s test file 

Multisegment-files = 1, Lengths = 1. 

r w 1 test file 
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MULTISEGMEKT FILES 

D call msf_manager_$adjust (fcb_ptr, component, be, switch, code); 

D OPTIONALLY SETS THE BIT CQUNT, TRUNCATES·AND TERMINATES A COMPONEt~T 

D SWITCH HAS 3 BITS 

o IF BIT 1 IS ON THE BIT COUNT IS SET (BIT COUNT OF ALL COMPONENTS 
< component SET TO sys_info$max_seg_size) 

n IF BIT 2 IS ON THE COMPONENT IS TRUNCATED 

D ·IF BIT 3 IS ON THE COMPONEHTIS TERMINATED 

D ALL COMPONENTS WITH NUMBERS GREATER THAN THE GIVEN COMPONENT ARE 
DELETED 

D TERMINATES ALL COMPONENTS OF THE MSF, FREES THE FILE CONTROL 
BLOCK, AND SETS fob_ptr NULL 
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MULTISEGMENT FILES 

msf_manager _ ACL ENTRY POINTS ARE SIMILAR TO. hcs_ ACL ENTRY POINTS 

hcs 

list acl acl list 

acl .... replace 

add acl entries acl add - -
delete acl entries acl delete - -
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TEMPORARY SEGMENTS 

• TEMPORARY SEGMENTS 

n RESIDE IN THE PROCESS DIRECTORY 

n ARE MANAGED AS A POOL 

n HAVE A NAME OF THE FORM: 

<unique_name>.temp.<ses_number) 

DARE HEAVILI USED BY MANY COMMANDS, SUCH AS qedx 

• TEMPSEG POOLING ENABLES THE USE OF THE SAME TEMPSEG MORE THAN ONCE 
DURING THE LIFE OF A PROCESS J RESULTING IN A REDUCED COST TO THE 
PROCESS 

• THE list' temp segments COMMAND GIVES DETAILED INFORMATION ABOUT THE 
STATE OF-A PRUCESS' TEMPORARY SEGMENT POOL 
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TEMPORARY SEGMENTS 

• FOUR SUBROUTINES MANIPULATE ~TEMPORARY SEGMENTS: 

o RETURNS POINTERS TO TEMPORARY SEGMENTS FOR A SPECIFIED PROGRAM 

D CALLER SUPPLIES 

o NAME OF REQUESTING PROGRAM 

o AN ARRAY OF POINTERS WHOSE EXTENT EQUALS THE NUMBER OF 
TEMPSEGS DESIRED 
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TEMPORARY SEGMENTS 

n call release_temp_segments_ (program_name, ptrs, code); 

o USED TO RETURN TEMPORARY SEGMENTS TO THE FREE POOL (SO THAT 
THEY MAY BE REUSED, IF DESIRED) 

n CALLER SUPPLIES 

o NAME OF PROGRAM "OWNING" THE TEMPSEGS 

. 0 ARRAY OF POINTERS TO THE TEMPSEGS TO BE RETURNED TO POOL 

D THE TEMPORARY SEGMENTS BEING 'RETURNED' ARE NOT DELETED 

o IF RELEASE IS SUCCESSFUL, POINTERS ARE NULLED 

o . ANY· ATTEMPT TO RELEASE TEMPSEGS NOT "OWNED" BY RtQUESTOR RESULTS 
IN error~table_$argerr; PASSED POINTERS ARE UNCHANGED. 
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TEMPORARY SEGMENTS 

DEMO TEMP SEGS: proc; 
dcl get temp segments entry (char(*), (*) ptr, fixed bin(3S»; 
del release temp segments entry (cnar(*), (*) ptr, fixed bln(3S»; 
dol error table $argerr fixed bin(3S) ext static; 
del ioa ~ntry ~ptions (variable); 
dol p array(3) ptr; 
del code fixed bin(35)j 
call get temp segments ("requestor 1", p array, code); 
call i-oa- ("Check the 701lowing tempseg segnos:A/A(A2xApA)n, p_array); 
call release temp segments ("requestor 2", p array,- code); 
if code = error table $argerr then call-ioa - -

call ioa 
("re~uestor_2 may not free segments owned by requestor_l."); 

("Pointers after a bad call to release temp segments are: A/ A(A2x .... pA)ft, 
p array); - -

call release temp segments (nrequestor '", p array, code); 
end DEMO_TEM~_SEGSj - --

list temp segments 
- . 1~ Segments, 11 Free 

!BBBJHmQJDkmGxW.temp.0315 command_processor_ 

DEMO TEMP SEGS 
Check the-following tempseg segnos: 

344:0 35410 35510 
requestor 2 may not free segments owned by requestor 1. 
Pointers after a bad oall to release temp segments are: 

34410 35410 35510 - -

lrn 344 354 355 
34~ >process_dir_dir>IBcDBdwpbBBBBBB>IBBBJHmQJGFjKqg.temp.0344 

354 >process_dir_dir>!BcDBd~pbBBBBBB>!BBBJHmQJkkPNPb.temp.0354 

355 >process_dlr_dir>!BoDBdwpbBBBBBB>IBBBJHmQJkkkWlr.te~p.0355 

list temp segments 
- 1~ Segments, 11 Free 

!BBBJHmQJDkmGxW.temp.0315 command_processor_ 
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TOPIC III 

Storage System "Subroutines (cont) 
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" "- .. 

STAR AND EQUAL CONVENTIONS 

• MOTIVATION 

B THE WRITER OF A SUBSYSTEM OR COMMAND MUST DECIDE IF HE WILL 
ALLOW THE USER TO SPECIFY ENTRYNAMES THAT USE THE STAR AND EQUAL 
CONVENTIONS 

B RECALL THAT ENTRYNAMES USING THESE CONVENTIONS CONTAIN THE 
CHARACTERS •• ", "?", "=" OR "~n 

o THE FOLLOWING SUBROUTINES ARE USED TO PROCESS SUCH ENTRYNAMES 

B hcs_$star_ 

0 get_~qual_name_ 

0 check star name 

0 match star name 

F15D 



o 

D 

o 

STAR AND EQUAL CONVENTIONS 

call hcs $star (dir name, star name, star select sw, area ptr, 
star_entry_count, star~entry_ptr, star_names-ptr, code); 

FOR A GIVEN DIRECTORY, RETURNS AN ARRAY OF ENTRYNAHES THAT HATCH 
A. GIVEN STARNAME 

star_select_sw" DICTATES OPERATION: 

1 - LINK NAMES ONLY 

2 - SEGS AND DIRS ONLY 
(NSF'S COME BACK AS DIRS) 

3 SEGS, DIRS, AND LINKS 

D USER PROVIDES AN AREA FOR RETURNED ENTRYNAMES AND RELATED 
INFORMATION 
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~ AND EQUAL CONVENTIONS 

~~-u ___________ .. .-________________ -. 

~E2V§ 

star_entry ,Jltr 

type (link) 0 
nnames 1 
nindex 1 
type (sag) 1 
nnames 2 
nindex 2 
type (sag) 1 
nnames 2 
nindex 4 

type (directory) 2 
nnames 1 
nindex 6 

name_1 
name 2 
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STAR AND EQUAL CONVENTIONS 

tprint lsp11.p11 

lspl': proc; 
dcl get_system_free_area_ entry returns (ptr); 

dcl hcs $star entry (char (*), char (*), fixed bin (2), 
ntr7 fixea bin, ptr, ptr, fixed bin (35»;, 

dcl 1 star entries (star entry count) aliglfed-'basect,,( star entry ptr), 
2 type fixed binary (2) unsigned unaligned, --~... - -
2 nnames fixed binary (16) unsigned unaligned, 
2 nindex fixed binary (18) unsigned unaligned; 

dcl star_names (sum (star entries (·).nnames» 
char (32)-based (star_names_ptr); 

dcl star entry count fixed binary, 
star-entry-ptr pointer, 
star-names-ptr pOinter, 
code-fixed-bin (35), 
ioa_ entry options (variable); 

d c1 (i, j) fix_ed __ o in-i-

call hcs $star (n>~dd>MED>nd>F15Dft, " ••• p11", 
2, get system free area (), star entry count, 
star entry ptr, star names ptr, code); -
ioa -("Ai segments match .Y.p11: A

/", call 

00 i 
star entry count);· , 

= 1 to star entry count;-
if star entries (Y). type = -1 then do; 

do - j = star entr-tes (i). n index to . 
star-entries(i).nindex + 
star-entries{ i) .nnames - 1; 

_ call ioa ("A [A2xA] A a" , _ 
(j ~= star entries (i).nindex), 
star_names (j»; 

-

e-nd; 
end-- , 

----e-nd-j 
free star names ptr->star-n~est 
free star-entry-ptr->star-entrles; 

end lsp11; 
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~ AND EQUAL CONVENTIONS 

!lspl1 
13 segments match ··.pl1: 

decls.incl.p11 
listen decls.incl.pl1 
listen:p11 
put"message.pl1 
set-new command.pl1 
command-interceptor .pl1 
process-overseer .p~l 
user real init aamin .pI1 
"release.p11 - -

rl.p11 
get to c1 .pl1 
cookie:p1T 
bound prog.pl1 
lspI17pl1 

list_pl1.pl1 

• OTHER hcs $star RELATED ENTRY-P01NTS-RETURN""ADDITIONAL INFORMATION 
ABOUT ENtRIES -

D THESE RETURN INFORMATION SUCH AS WHEN LAST MODIFIED, WHEN LAST 
USED, MODE, RAW MODE, RECORD LENGTH, BIT COPRT, ETC. 

-
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STAR AND EQUAL CONVENTIONS 

• get equal name - - -

0- CONSTRUCTS A TARGET NAME FROM AN ENTRYNAME AND AN EQUALNAME 

D EXAMPLE 

-ENTRYNAME 

a.b.e 

abe.def.ghi 

EQUAL NAME 

new.=.: 

=.SI.5 

TARGET NAME 

new.b.e 

abe.de.5 

n CHECKS THE ENTRYNAME PORTION OF A PATHNAME TO SEE IF IT HAS BEEN 
FORMED ACCORDING TO THE RULES FOR CONSTRUCTING STAR NAMES 

D RETURNED CODES: 

o - ENTRYNAME VALID BUT ISN'T A STAR NAME 

1 - ENTRYNAME VALID AND IS A STAR NAME 

2 - ENTRYNAME IS **, * ••• , OR •••• 

error_table_$badstar 

D USED, FOR EXAMPLE, BEFORE CALLING hes_$star_ 
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STAR AND EQUAL CONVENTIONS --

• check star name $entry - - -

D call check_star_name_$entry (entryname, code); 

D SAME AS check star name $path, HOWEVER, ONLY REQUIRES AN ENTRYNAME 
AS INPUT - - -

• match star name - -

o call match_star_name_ (entryname, star_name, code); 

I INDICATES WHETHER OR NOT entryname MATCHES star name 
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• AREAS ARE 

AREA MANIPULATION 

INTRODUCTION 

D STORAGE REGIONS MANAGED BY THE AREA MANAGEMENT FACILITY 

D OFTEN USED TO PASS INFO BACK AND FORTH BETWEEN USER PROCESSES 
AND THE SUPERVISOR . 

D OFTEN (BUT NOT ALWAYS) FOUND IN PROCESS DIRECTORY SEGMENTS, NAMED 
(unique>.area.linker 

• WHY USE AREAS? 

o EMPTYING AN ENTIRE AREA (USING THE .'empty' BUILTIN) IS EASIER 
THAN USING SEVERAL free STATEMENTS 

o CAN allocate IN PERMANENT SEGS AND HAVE AREA MANAGER ·00 ALL THE
BOOK KEEPING FOR USER 

n GIVES USEFUL OPTIONS LIKE EXTENSIBILITY, ZERO ON FREE. ETC. 

D SOME SUBROUTINES REQUIRE POINTERS TO AREAS AS ARGUMENTS 

o PL/l OFFSETS ARE USABLE ONLY IN AREAS 
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AREA FORMAT 

• AREAS MAY BE DIVIDED INTO 4 TYPES BASED ON THE TWO FOLLOWING CRITERIA 

o EXTENSIBILITY 

o SOME AREAS ARE LIMITED TO THE SIZE OF A-SEGMENT (NON-EXTENSIBLE 
AREAS) 

n OTHERS CAN "GROW" INTO TEMP SEGMENTS IN THE PROCESS DIRECTORY 
(EXTENSIBLE AREAS) 

o FREEING OF SPACE WITHIN AN AREA FOR REUSE 

D - SOME AREAS HAVE BLOCKS OF FREED SPACE MAINTAINED IN LINKED 
LISTS AVAILABLE FOR REUSE (FREEING AREAS) 

o OTHERS DO NOT REUSE FREED SPACE IN THE AREA -- ALL ALLOCATIONS 
ARE DONE IN "VIRGIN ARE!" (NO-FREEING AREAS) 

o NO-FREEING AREAS ARE OBVIOUSLY HANDLED MUCH FASTER BY THE AREA 
MANAGER . 

• ALL AREAS HAVE 24 WORD HEADERS 

D EXTENSIBLE AREAS H~VE AN ADDITIONAL 12 WORD BLOCK ALLOCATED IN 
THE AREA (CONTAINS INFORMATION NEEDED BY THE AREA MANAGER TO 
EXTEND THE AREA) 
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AREA FORMAT ----

• FREEING AREAS ARE HADE UP OF: 

1. A HEADER THAT CONTAINS "THREAD HEADS" POINTING TO LINKED 
LISTS OF FREE BLOCKS (SPACE PREVIOUSLY USED AND THEN FREED) 

2. LINKED LISTS OF FREE BLOCKS (BLOCKS ARE PUT IN LIST BASED ON 
SIZE) 

FIRST LIST 8 TO 14 WORDS 
SECOND LIST 16 TO 30 WORDS 
THIRD LIST 32 TP 62 WORDS 
••• 

LAST LIST STARTS AT 2**16 WORDS 

3. USED BLOCKS OF_WORDS (E~EN WORD BQUNDARIES) 

4. VIRGIN SPACE 

. . 
.' EA.CH BLOCK STARTS WITH 2 WORDS OF MANAGEMENT INFORMATION SUCH AS 

SIZE AND A POINTER TO THE AREA HEADER 

• THE NEXT WORD OF AN EMPTY BLOCK COMTAlUS OFFSETS TO THE PREVIOUS 
AND NEXT BLOCKS IN THE LINKED LIST 
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AREA FORMAT 

•. WHEN SPACE IS FREED THE AR£A- MANAGER: 

D LOOKS AT THE FIRST 2 WORDS IN rHE BLOCK TO DETERMINE SIZE OF THE 
BLOCK 

D . MERGES SMALLER ADJACENT BLOCKS IF POSSIBLE 

D THREADS THE FREED BLOCKS ONTO THE APPROPRIATE LIST 

• NOTE 

AREA MANAGER DOES NOT UPDATE BIT COUNT 
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AREA FORMAT 

AREA MANIPULATING SUBROUTINES 

'0 THIS FUNCTION RETURNS A POINTER TO THE BASE OF THE PROCESS DIRECTORY 
SEG"ENT CONTAINING THE 'system free' AREA FOR THE RING IN WHICH 
IT IS CALLED - - -- ---. 

o USER MAY USE THIS AREA AS HEISHE PLEASES 

I 

del A area based (get system free area () ); 
del get system free area entry returns (ptr); 
del alpha based (beta); -
del beta pointer; 

allocate alpha in (A) set (beta); 

i* WARNING -- DO NCT SET "Aft = empty(); 
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AREA FORMAT -- -----
AREA MANIPULATING SUBROUTINES 

• define area 

n call define area (info_ptr, code); 

D INITIALIZES AN AREA 

o USED TO CONTROL SPECIAL AREA MANAGEMENT FEATURES: 

o EXTEND: ENABLES AREA TO GROW BEYOND MAX SIZE SET INTO TEMPSEGS 
(INSTEAD OF SIGNALLING THE area CONDITION) 

o ZERO ON ALLOCATION 

o ZERO ON FREEING 

o IGNORE ALL free REQUESTS (FOR DEBUGGING PURPOSES) 

o SET MAX SIZE TO SPECIFIED VALUE (0 modulo 8) 

D USES AN INFORMATION STRUCTURE FOUND IN area_info.inc1.pl1 

D REGION BEING INITIALIZED 

o IS POINTED TO BY ares_info.areap 

D~ IS AUTOMATICALLY ACQUIRED FROM PROCESS DIRECTORY TEMPSEG POOL 
IF area_inf~.areap = null() 
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AREA FORHAT 

AREA MANIPULATING SUBROUTINES -

• release area 

o call release area (area_ptr); 

o CLEANS UP AN AREA AFTER IT IS NO LONGER NEEDED 

D RETURNS ANY TEMPSEGS TO THE POOL 

• area info - -

n call area info (info""",ptr, code); 

D FILLS IN THE USER-ALLOCATED area info STRUCTURE (CALLER MUST SET 
area_info.areap) 
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AREA FORMAT -
AREA MANIPULATING SUBROUTINES 

dcl area_infop ptr; 

dcl 1 area info aligned based (area infop), 
2 version fixed bin, -
2 control aligned like area control, 
2 owner char (32) unal, -
2 n components fixed bin, 
2 size tixed bin (18), . 
2 version of area fixed bin, 
2 areap ptr,-
2 allocated blocks fixed bin, 
2 free blocks fixed bin, 
2 allocated words fixed bin (30), 
2 free_words fixed bin (30); 

dcl 1 area control aligned based, 
2 extend bit (1) unal, 
2 zero on alloe bit (1) unal, 
2 zero-on-free bit (1) unal, 
2 dont-free bit (1) unal, 
2 no freeing bit (1) unal, 
2 system bit (1) unal, 
2 pad bit (30) unal; 
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AREA FORMAT ----
AREA RELATED COMMANDS 

• AREA-RELATED COMMANDS (DOCUMENTED IN SWG) 

o . create· area 

o PERFORMS define area'S TASKS, GIVEN A VIRTUAL POINTER TO AN 
AREA TO BE·CREAfED -

D ENABLE A USER-CREATED AREA TO BE USED INSTEAD OF DEFAULT' system 
free' OR 'user free' AREAS 

D AREA SPECIFIED 

. B, MUST BE ZERO ON FREE OR ZERO ON ALLOe - ..... -- ~ 

D· SHOULD BE EXTE'NSIBLE 
\ 

o USEFUL FOR ISOLATING BUGS WHICH ARE INADVERTENTLY DESTROYING 
INFORMATION IN EITHER 'system free area' OR 'user free area' 

D ·area status 

D COMMAND INTE'RFACE TO area_info 

II YOU ARE HOW READY FOR WORKSHOP II 
II 11 
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INTRODUCTION 

• Multics HAS THREE ACCESS CONTROL MECHA.NISMS 

.1 THE ACCESS CONTROL LIST MECHANISM (ACL's) 

n~ THE ACCESS ISOLATION MECHANISM. (AIM) 

SEE APPENDIX A 

o THE RING MECHANISM 
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INITIAL AeLIS 

• THERE MAY BE, ASSOCIATED WITH EVERY DIRECTORY, TWO TYPES OF INITIAL 
ACL CONTROL LISTS (ONE FOR INFERIOR SEGMENTS ,ONE FOR INFERIOR 
DIRECTORIES) 

• FOR EVERY SUBROUTINE THAT MANIPULATES ACLIS THERE IS A CORRESPONDING 
SUBROUTINE THAT MANIPULATES IHACL'S 

ACL ENTRY POINTS IHACL ENTRY POINTS 

hos $add_ aol entries hes $add_ inael entries - - . -
hcs_$add~dir_ael_entries hes_$add_dir_ inael ent~ies 

hes_$delete_ ael entries hos_$delete_ inael entries 

hcs_$delete_dir ael entries hcs_$delete_dir inael entries - -
.-

.-ss;\~...,. .. - --" 

hes_$list_ael .hcs_$list_lnael 

bcs_$list_dir_ ael hes_$list_dir_ inael 

....... - ........ 

hcs_$replaee_ael hes_$replaee_inacl 

~ 

hcs_$replaee_dir_ael hcs_$replaee_dir_1nael 
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INITIAL ACL'S 

• ALL INACL ENTRY POINTS REQUIRE SPECIFICATION OF A RING NUMBER 

• SEGMENT INACL APPLIES TO MSF'S 

• SEE THE COMMANDS 

sis sid 

dis did 

l1s lid 

ALL OF WHICH ACCEPT A -ring CONTROL ARGUMENT 
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RINGS 

INTRODUCTION 

• INTRAPROCESS ACCESS IS CONTROLLED BY THE RING MECHANISM 

• TYPICAL APPLICATIONS 

D PROTECTION OF SUPERVISOR FROM USER PROGRAMS 

D PROTECTION OF SUBSYSTEM DATA BASE FROM DIRECT ACCESS 

• CLARIFICATION OF MISCON.CEPTION 

D ALL SEGMENTS ARE NOT "IN" JUST ONE RING 

D SEGMENTS MAY "SPAN" SEVERAL RINGS 
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RINGS 

RING BRACKETS 

• EACH SEGMENT HAS ASSOCIATED WITH IT 3 RING BRACKET NUMBERS (THESE 
NUMBERS DETERMINE THE RING BRACKETS FOR THAT SEGMENT) 

• RING BRACKETS DEFINE IN WHICH RING A USER CAN READ, WRITE, CALL OR 
EXECUTE A SEGMENT 

o THE FIRST TWO NUMBERS DELIMIT THE EXECUTE BRACKET 

o THE SECOND AND THIRD NUMBERS DELIMIT THE GATE BRACKET 

EXECUTE AND GATE BRACKETS 

r r r 
1 2 3 n n n 

--- -EXECUTE 
BRACKET 

- -

u u 
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RINGS 

RING BRACKETS 

• RING BRACKET NUMBERS ARE EXPRESSED r1,r2,r3 

ASSUMING A RING 4 USER, SPECIFY THE SEGMENTS FOR WHICH THE USER IS 
IN THE EXECUTE AND/OR GATE BRACKET 

r1 r? r3 EXECUTE GAT; 

4 4 4 
0 5 5 
0 0 5 
5 5 5 
1 1 1 
3 3 4 

• TYPICAL RING BRACKETS 

o USER SEGMENTS 4,4,4 

o SYSTEM COMMANDS AND SUBROUTINES 1,5,5 OR 0,5,5 

D SYSTEM GATES 1,1,5 -OR 0,0,5 (hcs_) 

• NOTICE THAT,TO EXECUTE hes THE USER HUST BE IN RING 0 

o HOWEVER, USERS ARE USUALLY THOUGHT OF AS BEING IN RING 4 

D. USERS ACTUALLY TRAVEL IN AND OUT OF THE RING STRUCTURE 
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o 

WRITE 
BRACKET 

'1 

RINGS 

RING BRACKETS 

RING MECHANISM SUMMARY 

7 

READ BRACKET 

EXECUTE 
BRACKET 

GATE 
BRACKET 

RING OF EXECUTION 

nn 
READ, EXECUTE 

EXECUTE (IF A GATE 
ONL Y. AND WITH RING 
CHANGE) 

..... ---+-...... NONE 

~ SUBJECTp OF COURSE, TO ACt ANu AiM 
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RINGS 

RING BRACKET SUBROUTINES 

o RETURNS THE USER'S CURRENT RING OF EXECUTION 

o RETURNS (r1,r2,r3) FOR A SPECIFIED SEGMENT 

o RETURNS (r1,r2) FOR A SPECIFIED DIRECTORY 
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RINGS 

RING BRACKET SUBROUTINES 

DSAME CALL ARGUMENTS AS CORRESPONDING ENTRY POINT ON PREVIOUS 
PAGE 

a SETS THE RING BRACKETS OF A SPECIFIED SEGMEllT OR DIRECTORY 

D THE -RING BRACKETS MUST BE >= THE CURRENT VALIDATION LEVEL OF THE 
CALLING PROCESS 

D SEE ALSO THE set ring brackets (srb), set d1r ring brackets (sdrb) , 
lset ring bracKets 'llsrb) AND lset <fir nng orackets (lsdrb) 
CO~M'INDS - . . - - -
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RINGS 

GATES 

• DEFINITION OF A GATE: ONLY POINT AT WHICH A PROCEDURE IN AN OUTER 
RING CAN TRANSFER TO A PROCEDURE IN AN INNER RING 

D IDENTIFIED BY PRESENCE OF GATE BRACKET (r2 ( r3) 

o CHANGES USER'S RING OF EXECUTION 

. • GATES ARE "CREATED" BY: 

o USING aIm MACROS 

o AFTER COMPILATION: 

D THE RING BRACKETS ARE SET TO THAT OF A GATE 

o THE ENTRY BOUND IS SET (DISCUSSED BELOW) 
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RINGS 

GATES 

• WHY GATES SHOULD BE WR~TTEN IN aIm 

D PREVIOUSLY IT WAS POSSIBLE TO ARTIFICIALLY JUMP INTO INNER CODE 
OF A-GATE (POTENTIAL BREACH OF SECURITY) 

D aIm ENABLES CAREFUL CONTROL OF OBJECT SEGMENT FORMAT (ONLY TRANSFER 
INSTRUCTIONS ARE PLACED AT BASE OF SEGMENT) 

o THE WRITER OF THE GATE SETS THE ENTRY POINT BOUND OF THE PROGRAM 
EQUAL TO THE END OF THE TRANSFER INSTRUCTIONS 

Not To Be Reproduced 4-1' F15D 



RING 5 

RING 4 

Not To Be Reproduoed 

RINGS 

GATES 

CROSSING RING BOUNDARIES 

put 
find 

Object entrypointneme.: 

put 
find 

Ring brackets: 

{4, 5, 51 

Object entrypointnames: 

put 
find 

Ring brackets: 

{4,4,5 J 

.......... --- the "gate" 

, CALLS 

put_find_gate_util_ 

._.P!gu 
Object entrypointnames: . 

put 
find 

Ring brackets: 

I t amp' READS AND WRITES 

Ring brackets: 
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RINGS 

GATES 

• USE hcs $set entry bound OR hcs-=$set==-entry~bound;..-seg TO SET ENTRY 
POINT SO'"UNlJ - -

n call hes $set entry bound (dir_name, entryname, entry_bound, 
code); - - -

n SETS A HARDWARE ENFORCED LIMIT ON ENTRY POINT OFFSET 

D IF entry_bound IS 0 THE MECHANISM IS DISABLED 

o ENTRY BOUND MAINTAINED IN CONTAINING DIRECTORY AND BUILT INTO 
THE SEGMENT DESCRIPTOR WORD (SDW) WHEN THE SEGMENT IS MADE KNOWN 

o OBJECT SEGMENT ITSELF IS UNCHANGED 
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EXAMPLE 

RINGS 

GATES 

_ !print bound_prog.pI1 1 

bound prog: proc; 
dcl ncs $set entry bound entry (char C*), char C*), 

fixed bin (14)~ fixed bin (35»; 
dcl code fixed bin (35); 

call hes $set entry bound (")udd)F15D>doodle", 
"bound prog", 10, code); 

end bound_pros; -

r 14:02 0.0662 

lbound prog 
r 1!1:0~ 0.081 3 

!bound_prog 

Error: Attempt by eu 1373 
(>system library 1>bound command loop ) 
to access >udd>F15D)doodTe)bound-progT16 
which is beyond the entry bound lor the gate. 
r 14:02 0.164 23 level. 2 
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• POTENTIAL PROBLEM: 

RINGS 

VALIDATION LEVEL 

D RING OF EXECUTION KEPT IN REGISTER IN THE PROCESSOR 

n RING OF EXECUTION KEEPS CHANGING 

n ASSUME A SEGMENT IS BEING CREATED 

o HOW DO SYSTEM SUBROUTINES ASSIGN PROPER RING BRACKETS? 

• VALIDATION LEVEL 

D MEANS BY WHICH INNER RING (CALLED) PROCEDURE "KNOWS" THE LEVEL 
OF PRIVILEGE OF THE OUTER RING (CALLING) PROCEDURE 

n VALIDATION LEVEL CAN BE CHANGED 

o CANNOT BE SET LOWER THAN RING OF EXECUTION 

o VALIDATION LEVEL CHANGE USED FOR EXAMPLE: 

o TO CREATE A MAILBOX 

o BY A SUBSYSTEM WISHING TO CREATE A SEGMENT IN INNER RING 
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• C -_ ... , -"'!Ie' we'" u_OPJ.~. "'_e.~v (AG93) 

RINGS 

VALIDATION LEVEL 

n RETURNS THE CURRENT VALIDATION LEVEL 

D PRIMARILY USED PRIOR TO, A CALL TO cU_$level_set TO SAVE THE 
CURRENT VALIDATION LEVEL 

o ALLOWS THE CALL£R TO CHANGE THE CURRENT VALIDATION LEVEL 

o NEW LEVEL MUST BE )= CURRENT RING OF EXECUTION 

D call hcs $get user effmode (dir name, entryname, user~id, 
- - - ring, mo~e, code); 

o RETURNS THE EFFECTIVE MODE FOR THE SPECIFIED RING 
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RINGS 

CROSS RING I/O ----

• AN ATTEMPT TO DO "CROSS RING 1/0" USUALLY RESULTS IN A FATAL PROCESS 
ERROR 

D REASON: IOCB'S ARE PER RING 

D TYPICAL EXAMPLE: CALLING com err IN AN INNER RING 

• "CROSS RING 1/0" IS ALLOWED USING THE FOLLOWING 

D AN 1/0 MODULE WHICH ALLOWS AN OUTER RING TO ATTACH A SWITCH 
(BASICALLY ~S A SYNONYM) TO A PREEXISTING SWITCH IN AN INNER 
RING, AND TO PERFORM 1/0 OPERATIONS BY FORWARDING 1/0 FROM 
THE ATTACHMENT IN THE OUTER RING THROUGH A GATE TO THE INNER 
RING 

D AN INNER RING SWITCH MUST BE ATTACHED WHILE IN THE lNNER RING 
BEFORE cross_ring_ CAN BE USED TO ATTACH OUTER RING SWITCH 

n CALL MUST BE MADE IN THE INNER RING BEFORE THE OUTER RING 
ATTEMPTS TO ATTACH TO THIS SWITCH WITH cross_ring_ 
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!pat 

RINGS 

CROSS RIlIG IIO 

user i/o tty -login channel 
stream input output -

user input - syn user ilo -
user-output -syn- user-i/o 
error_output syn- user_i/o 

!pr-cross.p11 1 

cross: proc; 

" 

dcl gate$allow entry; 
del iox_$get_chars entry (ptr, ptr, fixed bin(21), 

fixed bin(21), fixed bin(35»; 
del iox $attach name entry (char(.), ptr, char(.), ptr, 

- - fixed bin(35); 
del iox_$open entry (ptr,. fixed bin, bit (1) aligned, 

fixed bin (35»; 
del com err entry() options(variable); 
dcl code fixed bin (3.5); 
del i-ocb ptr; 
del buffer char (20); 

call gate$allow; 

call iox_$attach_name ("outer"i ioob, "cross ring file 4", 
- nulle), code); 

call iox_$open (iocb, 3, "O"b, code); 

end cross; 

!pr gate.alm 1 

include gate_macros 
gate info 
gate- allow,allow,allow,O 
end 
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RINGS --
CROSS RING IIO --- -----

!pr allow.pl1 1 

allow: proej 
del cross_ring_io_$allow_cross entry 

del iox_$attaeh_name entry (char(*), 

iox $open entry (ptr, fixed bin, 
code fixed bin(35); 

(char(*), fixed bin, 
fixed bin(3S»; 

ptr, chare*), ptr, 
fixed bin(3S»); 

bit(1) aligned, fixed dcl 
del 
dcl 
del 
dcl 
del 
del 
dcl 
dcl 

com err entry() options(variable); 
iocD ptr; 
null builtin; 
cu $level set entry (fixed bin); 
cu-$level-get entry (fixed bin); 
old level-fixed bin; 
get-ring_ entry() returns(fixed bin(3»; 

call cu_$level_get (old_level); 

call cu_$level_set (get_ring_(»j 

bin(35»); 

call iox $attach name ("file", iocb, "vfile )udd)MED)nd>gate)file" , 
- - I') null"" code; 

call cross_ring_io_$allow_cross ("file", 5, code); 

call cu_$level_set (old_level); 

end allow; 

1st (wd] -rb 
5 ~ 5 

1st file cross gate allow -rb 
>udd)MED>NDibble>gate>file 

119 4, 4 
>udd)MED)NDibble>gate)cross 

4, 5, 5 
>udd)MED>NDibble>gate>gate 

4, 11, 5 
>udd)MED)NDibble>gate)allow 

4, 4, 11 
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!cross 

!pat 

RINGS 

CROSS RING I/O ------

. user ilo tty -login channel 
stream input output -

user input - syn user ilo 
user-output syn- user-i/o -
error output syn- user-i/o 
outer- cross_ring_ file 4 

!io put chars outer "line 1" 
!10 put-chars outer "line 2" 
!io posItion outer -1 
!io get line outer 

io_caIl:7 characters returned.line 1 

!pr file 
print: -Incorrect access on entry. )udd)MED)NDibble)gate>fl1e 

• TWO MAJOR POINTS TO REMEMBER 

o WORKING DIRECTORIES ARE PER RING 

o MUST SET VALIDATION LEVEL TO INNER RING BEFORE CREATING INNER 
'IOCB' 
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INTRODUCTION 

• THE SUBSYSTEM DESIGNER HAS THE CAPABILITY OF MODIFYING SEVERAL 
DIFFERENT ASPECTS OF THE COMMAND ENVIRONMENT 

• THE au (COMMAND UTILITY) SUBROUTINE ({ 1 ,5,5} PROCEDU·RE WRITTEN IN 
a1m) IS THE TOOL USED BY SUBSYSTEM DESIGNERS TO ACCOMPLISH THE 
FOLLOWING BASIC TASKS: 

o WRITING COMMAND OR ACTIVE FUNCTION PROCEDURES 

au $arg count 
cu-$arg-ptr . 
cu-$ar arg count 
cu-$at-return arg 

'au $aCarg_ptr 

D MODIFYING THE STANDARD COMMAND ENVIRONMENT 

n WRITING A COMMAND PROCESSOR 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

• THE STANDARD COMMAND ENVIRONMENT IS PROVIDED TO ALLOW THE USER TO 
PROCESS HIS COMMAND REQUESTS, EXECUTE HIS PROGRAMS, AND SO ON 

• THE BASIC COMMAND ENVIRONMENT HAS THE FOLLOWING CHARACTERISTICS: 

n t 1 i sten t IS INVOKED AT PROCESS START UP TIME AND IS ALWAYS. 
RETURNED TO FOLLOWING THE EXECUTION OF A COMMAND (OR FOLLOWING A 
PROGRAM ABORT)' 

n THIS "LISTENER'" ACCEPTS INPUT FROM THE' USER t S TERMINAL AND 
PASSES SUCH INPUT TO THE "CURRENT COMMAND PROCESSOR" FOR FURTHER 
PROCESSING ~ 

B EVERY TIME CONTROL RETURNS BACK TO THE "LISTE.NER", THE 'listen t 

'PROGRAM INVOKES.THE "CURRENT READY PROCEDURE" -

D THE "CURRENT COMMAND PROCESSOR" PROCESSES THE INPUT LINE TYPED 
BY THE USER AND PASSED TO IT BY THE LISTENER 

n THE STANDARD COMMAND PROCESSOR (command preooessor ) F-IRST DOES 
SUCH THINGS AS EXPANDING OUT ANY ITERATioN LOOPS [PA.RENTHESES} 
AND EVALUATING ACTIVE FUNCTIONS (BRACKETS) 

D THE STANDARD COMMAND PROCESSOR THEN DEVELOPS A CALL TO THE 
APPROPRIATE COMMAND OR USER PROGRAM 

o WHENEVER A QUIT OR OTHER "UNCLAIMED" SIGNAL (CONDITION NOT HANDLED 
BY USER) ARISES A "NEW LEVEL" OF THE LISTENER IS INVOKED BY 
"REENTERING COMMAND LEVEL" 

D WHEN THE DEFA\1LT HANDLER DECIDES TO REENTER COMMAND LEVEL, 
THE "CURRENT COMMAND LEVEL INTERMEDIARY" WILL BE INVOKED 

Not To Be Reproduced 5-2 F15D 



MODIFYING THE STANDARD COMMAND ENVIRONMENT 

• STANDARD COMMAND ENVIRONMENT CONCEPTS 

o CURRENT READY PROCEDURE 

D IS INVOKED WHEN LISTENER (OR ANY OTHER PROCEDURE) CALLS 
cU_$ready_proc 

D IS, BY DEFAULT, print_ready_message_, WHICH MERELY PRINTS THE 
READY MESSAGE 

D MAY BE SET BY A CALL TO cu_$set_ready_procedure 

G . f1AY BE DETERMINED BY -'" CALL TO cU_$get_ready_proaedure 

o CU_RENT COMMAND PROCESSOR 

D IS INVOKED WHEN LISTENER (OR ANY OTHER PROCEDURE) CALLS cu_$cp 

D 

D 

n 

IS, BY ~EFAULT, com~and~processor_ 

MAY BE SET BY A CALL TO cU_$set_command_processor.(NOTE THE 
'abbrev' COMMAND) 

MAY BE DETERMINED BY A CALL TO au $get command processor 
-'- - ~ 

Not To Be Reproduoed F15D 



MODIFYING THE STANDARD COMMAND ENVIRONMENT 

o CURRENT COMMAND LEVEL INTERMEDIARY 

D - IS INVOKED WHEN DEFAULT ERROR HANDLER (OR ANY OTHER PROCEDURE) 
CALLS cU_$cl 

n IS, BY DEFAULT FOR INTERACTIVE PROCESSES, 
get to c1 $unclaimed signal WHICH REENTERS COMMAND LEVEL VIA 
A CALL-TO~listen_$reTease_stack 

o MAY BE SET BY A CALL TO cu_$set_cl_intermediary 

D MAY BE DETERMINED BY A CALL TO cU_$get_cl_intermediary 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

This Page Intentionally L~rt Blank 
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MODIFYING THE STANDARD COHMAND ENVIRONMENT 

CURRENT READY PROCEDURE 

WHERE THE CURRENT 
READY PROCEDURE FITS IN 

listen _$listen _ 

CALL 

PRINTS READY MESSAGE 
IFF cu $get ready mode RETURNS •• ,,, b - - -

listen __ $listen _ 
"LISTENS·' FOR NEXT LINE 

• 
• 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 
~..-..;;;...-- - - -----

CURRENT READY PROCEDURE 

• MANIPULATING THE. READY PROCEDURE 

D CALLS THE CURRENT READY PROCEDURE 

o ESTABLISHES THE SPECIFIED PROCEDURE AS THE CURRENT READY 
PROCEDURE 

o RETURNS A NULL ENTRY VALUE IF THE CURRENT READY PROCEDURE IS 
THE DEFAULr-fJPrint_ready_message_) 

o OTHERWISE, RETURNS THE PL/l ENTRY VALUE OF THE -CURRENT READY 
PROCEDURE 

o SETS OR RESETS THE "STATIC READY MODE" SWITCH 

o tHECURR£NT READY PROCEDURE CAN (BUT NEEDN'T) CHECK THIS SWITCH 
TO SEE WHETHER TO PRINT OR NOT (NOTE THE 'ready on fI, AND 
'ready_off' COMMANDS) -

D RETURNS THE VALUE OF THE "STATIC READY MODE" SWITCH 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

CURRENT COMMAND PROCESSOR 

USER TYPES eepwd" 

CALL PASSING A LINE PTR.LlNE LENGTH. & CODE 

c.---THE "CURRENT COMMAND PROCESSOR" 

PASSING A LINE PTR. LINE LENGTH. & CODE 

listen $listen - -

Not To Be Re~roduced 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

CURRENT COMMAND PROCESSOR 

• MANIPULATING THE CURRENT COMMAND PROCESSOR 

o INVOKES THE CURRENT COMMAND PROCESSOR, PASSING TO IT AN INPUT 
LINE POINTER, LINE LENGTH AND CODE 

o BESIDES THE LISTENER, USED ALSO BY SUBSYSTEMS HONORING AN "en 
OR " •• " REQUEST 

o ESTABLISHES THE. SPECIFIED PROCEDURE AS THE CURRENT COMMAND 
.PROCESSOR (BY SPECIFYING AN ENTRY VALUE) 

o RETURNS A NULL ENTRY VALUE IF THE CURRENT COMMAND PROCESSOR 
IS THE DEFArJI:T (command_processor _$command_processor:...,.)-

o OTHERWISE RETURNS iHE. ENTRY VALUE OF THE CURRENT COMMAND 
PROCESSOR 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

COMMAND LEVEL INTERMEDIARY 
~-- -----

USER TYPES ·'print foo" 

!QUIT! 

CALL + 

WHERE THE COMMAND 
LEVEL INTERMEDIARY 

- FITS IN 

I command.JlrOC8SSOl' _ $c:onIna1d J>I'IICIISSIII' _ I 

• I .. __ pr_in_tS ... pn_·n_t_ ..... 1 DURING PRINTING OF foo. USER HITS QUIT KEY 

t CALL • · • 
quit CONDITION SIGNALLED AND A HANDLER IS FOUND 

CALL 

I cu_ $ready _proc 

CALL t 

PRINTS "QUIT lION TERMINAL 

(WHEN IT'S TIME TO RETURN TO COMMAND LEVEL) 

PRINT READY MESSAGE WITH "leveI2'" CLAUSE 
IFF cu_$get _ready_mode RETURNS "'," b 

"LISTENS" FOR FIRST COMMAND IN THIS LEVEL 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT ---- -- -----
COMMAND LEVEL INTERMEDIARY 

.. MANIPULATING COMMAND LEVEL INTERMEDIARY 

D . INVOKES THE CURRENT COMMAND LEVEL INTERMEDIARY 

D CALLED BY THE STANDARD ERROR HANDLERS 

D ESTABLISHES THE SPECIFIED PROCEDURE AS THE CURRENT COMMAND 
LEVEL INTERMEDIARY 

o IIOTE THA1--A-N -fNTERMEDIARY IS USED IN ABSENTEE PROCESSES TO 
FORCE PROCESS TERMINATION "WHEN AN ATTEMPT IS MADE TO REENTER 
COMMAND LEVEL" 

o cu $get c1 intermediary (AG93) 
~ - -- , 

o -RETURNS A NULL ENTRY VALUE IF THE CURRENT COMMAND LEVEL 
INTERMEDIAR~ THE DEFAULT (get_to_cl~$unc1almed_signal) 

n OTHERWISE RETURNS THE ENTRY VALUE OF THE CURRENT COMMAND LEVEL 
INTERMEDIARY 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

. SOME MISCELLANEOUS CU ENTRY POINTS -- --

n EXTRACTS THE POINTER COMPONENTS OF l PL/I ENTRY VALUE 

D USEFUL FOR DETERMINING IF AN ENTRY VALUE IS NULL 

D NOTE: RECENTLY REPLACED BY codeptr AND envlronmentptr BUILTINS 

D RETURNS A POINTER TO THE ARGUMENT LIST STRUCTURE PASSED TO THE 
CALLER 

I·: GEtlERALLY USED BY SUBROUTINES WHICH ARE CA.LLED WITH A VARYING 
NUMBER OF ARGUMENTS OF VARYING DATA TYPES (ioa FOR INSTANCE), 
TO ALLOW EXAMINATION OF THE ARGUMENT LIST DIRECTLY 

n SEE ALSO decode_desc.rlptor_ IN AK92 
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D 

o 

B 

MODIFYI~G THE STANDARD COMMAND ENVIRONMENT 

SOME MISCELLANEOUS CU ENTRY POINTS - -

ALLOWS A PROCEDURE TO REFERENCE THE nth ARGUMENT PASSED TO ANOTHER 
PROCEDURE, GIVEN A POINTER TO THAT OTHER PROCEDURE'S ARGUMEtlT 
LIST 

QUESTION: HOW WOULD A PROCEDURE OBTAIN THE arglist ptr OF ANOTHER 
PROCEDUR~? -

D IT COULD BE PASSED SUCH A POINTER 

o 'IT COULD LOOK IN STACK FRAME OF OTHER PROCEDURE 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

SOME MISCELLANEOUS CU ENTRY POINTS 

• GENERATING A CALL GIVEN AN ENTRY VALUE 

o GENERATES A STANDARD CALL TO THE SPECIFIED PROCEDURE (DESIGNAT~D 
BY !N ENTRY VALUE) WITH A SPECIFIED ARGUMENT LIST 

o DESIGNED PRIMARILY TO BE USED BY COMMAND PROCESSORS THAT CALL 
A COMMAND WITH AN ARGUMENT LIST BUILT FROM A COMMAND LINE 
INPUT FROM A TERMINAL 

B IS PREFACED BY A CALL TO hcs_$make_entry, WHICH ACCEPTS PATHNAMES 
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~~DIFYING THE STANDARD COMMAND ENVIRONMENT 

AN. EXAMPLE 

iprint change_cl.p11 1 

change_cl: proc; 

del codeptr builtin, _ 
eu $get 01 intermediary entry (entry), 
cU-$set-el-intermedlary e!ltry (entry), 
cu-$get-eommand processor e:lt.r-,Y' (tlrltry), 
loa entry options (variable); 

del var entry entry variable, 
my_1ntermediary.entry; 

'* FIND OUT THE CURRENT COMMAND PROC£SSOR *' 
call cu $get command processor (var entry); 
aall ioa_ ("~urrent command processor is Ap", eodeptr (vaT_entry)); 

/§ FIND OUT THE CURRENT INTERMEDIARY *' 
- call eu $get c1 intermediary (var entry); 

call 108_ ("~urrent intermediary Ts Ap", eodeptr (vaT_entry); 

'* NOW SET MY OWN INTERMEDIARY-.' 
. call cU_$set_cl_intermediary (my_intermediary); 

end change_elj 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

AN EXAMPLE 

r 19:26 0.132 9 

!print my_intermediary.p11 1 

my_intermediary: proc; 

dcl get to cl $unclaimed signal entry; 
del 10a_ entry options (variable); 

call loa ("TYPE 'start' TO RESTART PROCESS 
TYPE 'release' OR Trl' TO DISCARD STACK HISTORY"); 

call get to c1 $unclaimed signal; 
end my_intermediary; -

r 19:26 0.069 0 

!change cl 
Current-command processor is 30512676 
Current intermediary 1s 7777711 
r 19:27 0.089 0 

!lrn 305 

305 >sss>bound full cp 
do - --
response 
ab 
exec com 
r 1 9:27 O. 105 0 

!dcn >sss>bound full cp 2676 
2676 abbrev1334--

r 19:28 0.096 2 
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I(QUIT) 
QUIT 

MODIFYING THE STANDARD £~MMAND ENVIRONMENT 

AN EXAMPLE 

TYPE 'start' TO RESTART PROCESS 
TYPE ;release' OR !rl' TO DISCARD STACK HISTORY 
r 19:29 0.168 ~ level 2 

!probe . 

Condition quit raised at blockl15~ (level 6). 
stack 

13 
12 
11 
10 

!q 

9 
8 
7 
6 
5 
11 
3 
2 
1 

simple command processor I 12211 
commana processor 111014 
abbrev T7507 -
release stackl7755 
unclaimed signall27010 
my intermediary (line 8) 
waTll2602 
blockl154 
tty get linelS763 
audTtget linel5073 
listen 11066 
project start up 1~1673 
user_inTt_admln_T~2316 (alm) 

r 19:29 0.980 81 level 2 

!release 
r 19:29 O.O~~ 0 

!change cl 
Current-cOlnmand proo.~ssor is 30512676 
Current intermediary is ij56;26 
r 19:29 0.0~6 0 

tlrn 1156 

456 )udd)MED)NDibble>my intermediary 
my intermediary' -
r 19:30 0.047 0 . 
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MODIFYING THE STANDARD COMMAND ENVIRONMENT 

AN EXAMPLE 

·1 r YOU ARE NOW RE:~YFOR WORKSHOP 1 
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REVIEW 

• I/O SYSTEM BASIC CHARACTERISTICS: . 

o LOGICAL INPUT/OUTPUT REQUESTS ARE USED RATHER THAN DEVICE-SPECIFIC 
PHYSICAL REQUESTS 

o DEVICE INDEPENDENCE IS ACHIEVED VIA THE Mul tics I/O SWITCH ~iECHANISM 

B ALL I/O REQUESTS ARE DIRECTED TO A "SWITCH", WHICH IS "ATTACHED" 
BY A DEVICE-DEPENDENT PROGRAM, CALLED AN I/O MODULE, TO A PARTICULAR 
DEVICE OR FILE 

D THE SUPPORTING DATA STRUCTURE OF A SWITCH IS AN I/O CONTROL 
BLOCK (IOCB) 

• ALL I/O OPERATIONS CAN BE PERFORMED AT THREE BASIC LEVELS: 

D LANGUAGE LEVEL - 'open', 'close', 'get', 'read', 'put', 'write' 

o COMMAND LEVEL - THE 'io call' COMMAND 

D SUBROUTINE LEVEL - THE 'iox ' SUBROUTINE 
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CONTROL ORDERS 

• CONTROL OPERATIONS ARE ONE EXAMPLE OF EXTENDED POWER OF iox OVER 
LANGUAGE I/O 

• SOME I/O MODULES SUPPORT 'control' OPERATIONS AND SOME DO NOT 

• THEY ARE INVOKED BY A CALL' TO iox_$control 

• COMPLETE DESCRIPTIONS OF THE 1/0 MODULES, AND THE CONTROL ORDERS 
THEY SUPPORT CAN BE FOUND IN EITHER THE "MPH - Subroutines", ORDER 
NUMBER AG93, THE "MPH - Peripheral Input/Output", ORDER NUMBER AX49, 
OR THE "Communications Input/Ouput" MANOAL~ ORDg~ NUMBER CC92~ 

• THE SUBSYSTEM DESIGNER HAY WANT TO MAKE USE OF SOME OF THE 'control' 
OPERATIOnS SUPPORTED BY THE tty_ AND vfile_ 1/0 MODULES 
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CONTROL ORDERS ' 

USEFUL TTY CONTROL ORDERS 

• tty_ SUPPORTS THE FOLLOWING CONTROL ORDERS (DOCUMENTED IN CC92) 

n abort 
resetread 
resetwrite 

o THESE FLUSH BOTH THE INPUT AND OUTPUT INTERMEDIATE BUFFERS 
(abort), THE INPUT BUFFER (resetread) OR THE OUTPUT BUFFER 
(resetwrite) FOR AN OPENED SWITCH 

n hangup 

n DISCONNECTS THE TELEPHONE LINE CONNECTION OF TH£ TERMINAL, IF 
POSSIBLE 

o listen 

n: SENDS A WAKEUP TO THE PROCESS ONCE THE LINE ASSOCIATED WITH 
THIS DEVICE IDENTIFIER IS DIALED UP (SEE THE - DISCUSSION OF 
I'DIALING TERMINALS TO A PROCESS') 

o terminal info 

D RETURNS INFORMATION ABOUT THE DEVICE 'TO WHICH THE MODULE IS 
ATTACHED IN A USER-SUPPLIED STRUCTURE 

o ANSWERBACK-DERIVED TERMINAL 1D 

o TERMINAL TYPE 

g LIllE TYPE 

o -BAUD RATE 
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D quit enable 
quit disable 

CONTROL ORDERS 

USEFUL TTY CONTROL ORDERS 

o CAUSE 'quit' SIGNAL ~ROCESSING TO BE ENABLED OR DISABLED FOR 
THIS DEVICE (FOR EXAMPLE, THE STANDARD PROCESS CREATION CYCLE 
PROGRAMS ENABLE QUITS ONLY ONCE CONTROL HAS PASSED OUT TO THE 
USER RING, TO PREVENT A 'qui t ' FROM ALLOWING A PROCESS TO 
GAIN CONTROL IN AN INNER RING) 

n NOTE: EVEN IF TERMINAL QUITS ARE DISABLED, IT IS POSSIBLE TO 
SIGNAL 'quit' IN A USER PROGRAM, OR VIA THE 'signal' COMMAND 
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CONTROL ORDERS 

USEFUL TTY CONTROL ORDERS 

D start 

o 

o CAUSES A WAKEUP TO BE SIGNALLED ON THE EVENT CHANNEL ASSOCIATED 
WITH THIS DEVICE- THE REQUEST IS USED TO RESTART PROCESSING 
ON A·· DEVICE WHOSE WAKEUP MAY HAVE BEEN LOST OR DISCARDED 
_ (PERHAPS BECAUSE OF BEING INTERRUPTED BY AN ipc _ OR 
timer_manager_ CALLED ROUTINE) 

printer off 
printer on 

o CAUSE THE PRINTER MECHANISM OF THE TERMINAL TO BE TEMPORARILY 
DISABLED OR REENABLED (IF IT IS PHYSICALLY POSSIBLE FOR THE 
TERMINAL TO DO SO) - THIS MAY BE USEFUL FOR SUCH THINGS AS 
ACCEPTING PASSWORDS . 

o set delay 
get_delay 

o SET, OR RETURN, THE NUMBERS OF DELAY CHARACTERS ASSOCIATED 
WITH THE OUTPUT OF CARRIAGE MOTION CHARACTERS 

, . 
o DEFAULT VALUES CAN BE USED, OR DELAY CHARACTERS CAN BE SPECIFIED 

FOR VERTICAL AND HORIZONTAL NEW-LINE OUTPUTS, FORMFEEDS, AND 
THE LIKE 

Dset editing chars 
get editing chars 

o -CHANGE, OR FIND OUT, WHAT CHARACTERS ARE BEING USED FOR EDITING 
INPUT 

. -
I THE ERASE AND KILL CHARACTERS CAN BE SET TO ANY CHARACTERS 

DESIRED SUBJECT TO SOME RESTRICTIONS (E.G., NO CARRIAGE-MOVEMENT 
CHARACTERS, NOT 'NUL' OR.SPACE, AND 'SO ON) 
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CONTROL ORDERS 

USEFUL TTY CONTROL ORDERS 

o set input translation 
get input translation 

D SETS p OR READS, A TABLE WHICH IS USED FOR TRANSLA rION OF 
TERMINAL INPUT TO ASCII 

D set output translation 
get output translation 

o SETS, OR READS, A TABLE WHICH IS USED FOR TRANSLATING ASCII 
CHARACTERS TO THE CODE TO BE SENT TO THE TERMINAL 

o set input conversion 
ge~_input conversion 

o WRITE OR READ A TABLE WHICH IS USED IN CONVERTING INPUT TO 
IDENTIFY ESCAPE SEQUENCES AND CERTAIN SPECIAL CHARACTERS 

D set output conversion 
get-output conversion 

o -WRITE OR READ A TABLE USED IN FORMATTING OUTPUT TO IDENTIFY 
CERTAIN KINDS OF SPECIAL CHARACTERS (SUCH AS NEWLINE, CARRIAGE 
RETURN, BACKSPACE,'lND'SO ON) 

D set special 
get:special 

D WRITE OR READ A TABLE THAT SPECIFIES 1-3 CHARACTER SEQUENCES 
TO BE SUBSTITUTED FOR CERTAIN OUTPUT CHARACTERS, AND CHARACTERS 
WHICH ARE TO BE INTERPRETED AS PARTS OF ESCAPE SEQUENCES ON 
INPUT 
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CONTROL ORDERS 

USEFUL VFILE CONTROL ORDERS 

• vfile SUPPORTS THE FOLLOWING CONTROL ORDERS 

n read_position 

- 0 RETURNS THE ORDINAL POSITION OF THE NEXT RECORD (OR BYTE) AND 
THAT OF THE END OF THE FILE (RELATIVE TO THE FILE BASE) 

o seek head 

D USED FOR FILES OPENED FOR KEYED-SEQUENTIAL-INPUT OR 
KEYED-SEQUENTIAL-UPDATE 

n LOCATES THE FIRST RECORD WITH A KEY WHOSE HEAD HAS THE SPECIFIED 
.RELATION (=, )=; » WITH A GIVEN SEARCH-KEY 

- n USEFUL FOR APPLICATIONS WHICH MUST LOCATE THE FIRST RECORD 
THAT, FOR INSTANCE, BEGINS WITH "B" 

n: APPLICATION: MDBM USES THIS WHEN LOCATING TUPLES GIVEN ONLY 
LEADING PORTION OF KEf 

f file status 

o RETURNS VARIOUS ITEMS OF INFORMATION ABOUT THE F~·Il..E 

n SEE vfs COMMAND AND vfile status SUBROUTINE 
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n get key 
add-key 
delete key 
reassign_key 

CONTROL ORDERS 

USEFUL VFILE CONTROL ORDERS 

o MANIPULATE THE KEYS IN AN INDEXED FILE DIRECTLY <THUS ALLOWING 
SEVERAL KEYS TO BE ASSOCIATED WITH A GIVEN DATA RECORD, 
REASSIGNING THE DATA DESCRIPTOR OF A KEY TO ANOTHER DATA 
DESCRIPTOR, AND SO ON) 
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REVIEW OF IOCB'S 

• RECALL: 

o 

n 

D 

D 

o 

o 

n 

AN 'IOCB' IS A STANDARD DATA STRUCTURE 

IT IS THE PHYSICAL REALIZATION OF A SWITCH 

THEY ARE FOUND IN THE USER'S PROCESS DIRECTORY 

AN t IOCB' IS CREATED BY iox WHEN A SWITCHNAME IS USED IN AN 
"ATTACH STATEMENT" OR . "ATTACH COMMAND" FOR THE FIRST TIME IN A 
PROCESS 

ONCE AN 'IOCB' IS CREATED, IT LIVES THROUGHOUT THE PROCESS (UNLESS 
EXPLICITLY DELETED) . 

THE PRINCIPAL COMPONENTS OF AN 'IOCB' lRE 'pointer' VARI"BLES 
AND 'entry' VARIABLES 

THERE IS ONE 'entry' VARIABLE FOR EACH I/O OPERATION, WITH THE 
EXCEPTION OF THE ATTACH OPERATION 

G TO PERFORM AN I/O OPERATION THRU THE SWITCH 7 THE APPROPRIA T.E 
ENTRY VALUE IN THE CORRESPONDING 'IOCB' IS CALLED 
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REVIEW OF IOCB'S 

• WHEN iox_$attach_name IS CALLED IT: 

D INITIALIZES SOME OF THE ELEMENTS IN THE 'IOCB' STRUCTURE 

o CALLS (module_name>$(module_name>attach 

o THIS ENTRY POINT IN THE 1/0 MODULE FINISHES THE INITIALIZATION 
OF THE 'IOCB' 

• IT IS THE RESPONSIBILITY OF THE 1/0 MODULE TO MAINTAIN THE ACCURACY 
OF THE 'IOCB' 

• ONLY THE iox ENTRY POINTS RESULTING IN ATTACHMENT OF A SWITCH 
REQUIRE THE MODULE AS AN INPUT ARGUMENT 

o AFTER THAT TIME t THE ' IOCB' "POINTS TO" THE APPROPRIATE. ENTRY 
POINTS IN THE APPROPRIATE MODULE (THE USER NEED ONLY PROVIDE A 
POINTER TO THE 'IOCB') 
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REVIEW OF IOCB'S 

del 1 ioeb .ligned based, /* 1/0 control block. *1 
2 version fixed init(1), 1* Version number of structure. *1 
2 name char (32), 1*,110 name of this block.*l 
2 actual ioeb ptr ptr, I~ IOCB ultimately SYNed to. *' 
2 attach-descrip ptr ptr,l* Ptr to printable attach descrip. */ 
2 attach-data ptr ptr, /* Ptr to attach data structure. */ 
2 open descrip ptr, ptr, 1* Ptr to printable open description. *1 
2 open-data ptr ptr, /* Ptr to open data structure. */ 
2 reserved bit (72), /* Reserved for future' use. -*/ 
2 detach iocb entry (ptr, fixed (35», - '* detach iocb (p,s) *1 
2 open entry (ptr, fixeq, bit (1)aligned, fixed (35», 

1* open(p,mode,not used,s) *1 
2 close entry (ptr, fixed (35)1, 1* close(p,s) *' 
2 get line entry (ptr, ptr, fixed (21), fixed (21), fixed (35», 

- '* get line(p,bu£ptr,buflen,actlen,s */ 
2 get chars entry lptr, ptr, fixed (21), fixed (21), fixed (35», 

- /* get chars(p,bu£ptr,buflen,actlen,s) *' 
2 put chars entry Tptr, ptr, fixed (21), fixed (35», 

- 1* ~ut chars(p,bufptr,buflen,s) *1 -
2 modes entry (ptr-; char (*), char (*), fixed (35», 

, /* modes (p, neWlDode ,oldmode ,s) *1' 
2 po~ition entry (ptr, fixed, fixed (21), fix~d (35», 

1* position(p,u1,u2,s) *1 
2 control entry (ptr, char C*), ptr, fixed (35», 

1* control(p,order,lnfptr,s) *1 
2 read record entry (ptr, ptr, fixed (21), fixed (21), Cfixed (35», 

- 1* read record (p, bufptr, buflen ,actlen ,s) ,*' 
2 write record entry (ptr, ptr, fixed (21), fixed (35», 

- f* write record(p.bufptr,buflen,s) *1 . -
2 rewrite record entry (ptr,-ptr,'fixed (21), fix,ed (35», 

- 1* rewrite record(p,bufptr,buflen,s) *1 
2 delete record entry (ptr, fixed (35», 

- /* delete record(p,s) *1 
2 seek key entry (ptr-; char (256) varying,fixed (21), fixed (35'»), -

- 1* seek key(p,key,len,s) *1 
2 read_key entry Cp~r, char (256) varying, fixed (21~, fixed (35», '* read keY(Pikey,len,s) *f 
2 read length entry-(ptr t fixed (21), fixed (35.> )., 

- /* read_length(p,len,s) */j 

-
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REVIEW OF IOCB'S ------

1* "HIDDEN" PORTION *1 

2 i05 compatibility ptr, 
2 syn-inhlblts bit(36), 
2 syn-father ptr, 

1* Ptr to old DIM'~ IOS transfer vector. *1 
/* Operations inhibited by SYN. wI 
/* IOCB immediately SYNed-to.- */ 

2 syn-brother ptr, 
2 syn_son ptr; 

'* Next IOCB SYNed as this one is. */ 
'* First IOCB SYNed to this one. */ 

OTHER STRUCTURES OF INTEREST 

dcl 1 attach description based aligned, 
2 length-fixed bin (11) , _ 
2 string cHar (0 refer (attach_description.length) ); 

del 1 open description based aligned, 
2 length fixed bin(11), 
2 string char (0 refer (open_descrlpt1on.length) -); 

D BY DEFINITION~ IF THIS IS NULL, IOCB IS DETACHED 

D - THE ATTACH DESCRIPTION OF AN IOCB SIRED TO ANOTHE.R IS A_ DESCRIPTION 
OF THE SYNONYMIZATION, NOT A COPY OF THE OTHER _ IOCB' S ATTACH _ . 
DESCRIPTION ---
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REVIEW OF IOCB'S 

o IS OPTIONALLY USED BY THE 1/0 MODULE TO LOCATE AN INFORMATION 
STRUCTURE WHOSE FORMAT AND CONTENT IS MODULE-DEPENDENT 

11/0 MODULES AREN'T ALLOWED TO STORE SUPPLEMENTARY ATTACH DATA 
ANYWHERE ELS~ 

n BY DEFINITION, IF NULL, THE.IOCB IS CLOSED 

• iocb.ios_compatibility 

u- POINTS TO A MODULE THAT SIMULATES ALL FUNCTIONS ~FTHE OBSOLETE 
1/0 SWITCHING MECHANISM, ios 
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SYNONYMING 

• SYNONYMING IS ACCOMPLISHED THRU THE USE OF THE syn_ 1/0 MODULE 
WHICH: 

D ATTACHES AN 1/0 ·SWITCH, x, AS A SYNONYM FOR ANOTHER SWITCH, Y 

o THEREAFTER, PERFORMING AN OPERATION ON x (EXCEPT FOR DETACH) HAS 
THE SAME AFFECT AS PERFORMING IT ON y 

• THE ONLY WAY TO MAKE SYNONYMING BEHAVE DIFFERENTLY THAN DESCRIBED 
ABOVE IS TO U-SE THE -inhibit CONTROL ARGUMENT IN THE ATTACH DESCRIPTION 

o ioeb.syn_inhibits 

D FIRST 15 BITS MAP TO ioeb.open THRU iocb.read_length (detach 
CAN NOT BE INHIBITED) 

D WHEN A BIT IS ON, error_table_$no_operat1on IS RETURNED_ 
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!10 attach y vfile_ my_file 

!10 open ~ stream_input 

!io attach x syn_ y 

!io print locb y 
lOCB "y"-@ 257127320 . 
SYN son is "x" @ 257121160 

SYNONYMING 

attach description: "vfile >udd>MEDmult>F15D>new>my file", 
. . - attach data at 25713~521i' 

open description: "stream input", open data at 2571'271.162 
detach iocb >s11>bouna command loop $err not closed (27112370) 

- ft. - - - - - . open 
close 
get line 
get-chars 
put-chars 
modes 
position 
control 
read record 
write record 
rewrite record 
delete record 
seek key 
read-key 
read-length 

'>ss~>bound vfile $close file (37015526S) 
)sss)bound-vflle-$get line uns file (3701722) 
>sss)bound-vfile-$get-chars un'S file (370:51.12) 
>s11>bound-command loop $err no-operation (27112360) 
" - - - --

>sss>bound ~file $position uns file (37011142) 
>sss)bound-vfile-$control uns file (3701265) 
)sll>bound-command loop $err no operation (27112360) 

n -. - - --
ft 

" 
. ". 
" 
" 

!dcn >s11>bound command loop 2360 
2360 . iox_1114 - - . 
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SYNONYHING 

lio print iocb x 
IOCB "x"-@ 257121160 (actual lOeB is "y" @ 257127320) 
SYN father is ny" @ 257121320 ' 
attach description: "syny", attach data at 257;34666 
open description: "stream input", open data at 257127462 
detach iocb >sl1)bound.command loop $syn detach (271113205) 
open -. )s11)bound-command-loop-$err-not closed (271:2370) 
close)sss)bound-vfile $close-file-(370155265) 

- get line ')sss)bound-vfile-$get lfne uns file (3701722) 
,. get":'""chars )sss)bound-vfile-$get-chars uns file C:370 1542) 
. put-chars )sI1)bound-command loop $err no-operation (27112360) 

. modes .. ," :. .- . - - - - . 
. position)sss)bound vfile $position uns file (37011142) 

':control ')sss)bound-vfile-$control lins Tile (3701265) 
read record .)sll)bound-command loop $err no-operation (27112360) 
write record " - - - - --
rewrite record " 
delete record " 
seek key " 
read~key" , • 
read-length " 
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SYNONYMING 

!10 attach inhibiten syn_ y -inhibit close 

lio print iocb inhibited 
IOCB "innibited" @ 257127020 (actual IOCB is "y" @ 257;27320) 
SYN Cather is "y" @ 257127320 
SYN brother is "x" @ 257127160 
att~ch description: "syn y -inh close", attach data at 257135402 
open description: "stream input" t open data at 257; 27462----
detach iocb )sl' >bound command loop $syn detach (271173-205) 
open - )sl1)bound-command-loop-$err-not closed (271:2370) 
close )sl1)bound-command-loop-$err-no 'Operation (271;2360) (inh) 
get line >sss)bound-vfile $iet line uns file (3701722) 
get~chars >sss>bound-vfile-$get-chars uns file (3701542) 
put-chars )s11)bound-command loop $err no-operation (27112360) 
modes n - - - --
position >sss>bound vfile $positlon uns file (370t1142) 
control >sss>bound-vfile-$control- uns -rile (3701265) 
read record >s11>bound-command loop $err no operation (27112360) 
write record" - - - --
rewrite record " 
delete record " 
seek key n 
read-key n 
read-length " 

!pat y x inhibited 
y vfile >udd>MEDmult>F15D>new>my_file 

stream_input 
x 
inhibited 

110 close inhibited 

5yn_ y 
5YO_ Y -:lnh close 

io call: Invalid IIO operation. inhibited 

!pat y 
y vf:lle >udd>MEDmult>F15D>new>my_file 

stream_input 

110 close x 

!pat y x inhibited 
y vfile )udd>MEDmult>F150>new>my_file 

(not open) 
x syn_ y 
inhibited syn_ y -1nh close 
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THE HIDDEN 
PORTION SUPPORTS 

SYNONYMING 

----... __ syn_son 
-- syn_father _ 

V .. 

.. 

SYNONYMING 

syn_father , 
actuaI_ iocb.JJtr 

.... __ ---. .... syn_father. .. 
actual iocb ptr :. 

t-=~::;";';"""';----tl~ .... 

---
. syn_brother 

actual iocb.JJtr 

syn father 

x actuaI_iocb ptr 

actual_iocb-ptr 

f 
-

io attach x syn_ user_output 

io attach y syn_ user~output 
actual iocb ptr. syn_father - -

+ 
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!2!- ENTRY POINTS USED IN lID MODULES 

• THE FOLLOWING iox ENTRY POINTS ARE GENERALLY OF USE TO USERS WRITING 
1/0 MODULES: -

n iox_$propagate 

DREFLECTS MODIFICATIONS MADE· TO AN ULTIMATE IOCB BACK TO ALL 
MEMBERS OF THE "SYNONYM FAMILyn 

R··· MUST BE CALLED AT CERTAIN POINTS IN THE I/O MODULE AND NOT 
UNDER ANY OTHER CIRCUMSTANCES 

n DOES INDEED PROPAGATE INHIBIT BITS BACKWARD TO THE SONS 

B USE~ TO FIND (ONE AT A TIME) ALL EXISTING IOCBS IN THE CALLING 
RING, WHETHER ATTACHED OR DETACHED 

D SEE print_attach_table COMMAND 

. D RETURNS A POINTER TO THE IOCB FOR THE NAMED SWITCH IF IT· 
EXISTS. 
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IOX ENTRY POINTS USED IN 1/0 MODULES 

o iox $err no operation 
iox-$err-no~ open 
iox-$err-not-closed 
iox_$err-not attached 

o THESE ENTRY VALUES ARE ASSIGNED TO ENTRY VARIABLES IN THE 
IOCB IlfOlIT>!R TO RETURN AN ERROR CODE WHEN THAT ENTRY VARIABLE 
IS CALLED 

n THESE ENTRY POINTS SET THE VALUE OF THE 'code I ARGUMENT TO 
ONE OF THE FOLLOWING: 

error_table_$no_operatiori 

error_table_$not_open 

error_table_$not_closed 

error~table_$not_attached 
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TOPIC VII 

Writing I/O Modules 
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INTRODUCTION 

RECOMMENDED READING: THE Multics USER RING I/O SYSTEM PLM (Order Noo 
AN57) AND CHAPTER 4 IN THE SUBSYSTEM WRITERS' GUIDEo 

• SOME INSTANCES IN WHICH A USER MIGHT WISH TO CREATE A NEW I/O 
MODULE ARE: -

D TO USE A PSEUDO DEVICE OR FILE 

D AN ·1/0 MODULE COULD BE USED TO SIMULATE 110 TO/FROM A DEVICE 
OR FILE (discard_ IS. AN EXAMPLE) 

o TO SUPPORT A NEW FILE TYPE, SUCH AS ONE IN WHICH RECORDS HAVE 
·MULTIPLE KEYS 

I REINTERPRETING A FILE 

. O' AN 1/0 MODULE COULD BE DESIGNED TO OVERLAY A NEW STRUCTURE Ot~ 
.~ ~TANDARD TYPE OF FILE (E.G., INTERPRETING AN UNSTRUCTU~ED 
FILE AS A SEQUENTIAL FILE BY CONSIDERING 80 CHARACTERS AS A 
RECORD 

D TO MONITOR A SWITCH 

1-' AN I/O MODULE COULD BE DESIGNED TO PASS OPERATIONS ALONG TO 
ANOTHER MODULE WHILE MONITORING THEM IN SOME WAY 

I SEE audit 

D TO SUPPORT AN UNUSUAL DEVICE 

_I BY: ~WORKING THROUGH THE tty 1/0 MODULE IN TijE 'RAW'" MODE, 
--ANOTHER 1/0 MODULE MIGHT TRrNSMIT DATA TOIFROM A. DEVICE THAT 

IS NOT A STANDARD Multics DEVICE 
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IMPLEMENTATION RULES ------_.-

• SEVERAL IMPLEMENTATION RULES MUST BE FOLLOWED FOR PROPER OPERATION 
WITHIN THE Multics I/O ENVIRONMENT 

• IN BRIEF, TijE RULES ARE: . 

D EXCEPT FOR THE ATTACH OPERATION, THE ENTRY DECLARATION AND 
PARAMETERS OF A ROUTINE THAT IMPLEMENTS AN I/O OPERATION ARE THE 
SAME AS THAT OF THE CORRESPONDING ENTRY IN iox 

o FOR EXAMPLE, IT IS NOT PERMISSIBLE TO DECLARE THE ENTRY VALUE 
FOR THE 'put chars' OPERATION AS ANYTHING BUT THE DECLARATION 
OF iox_$put chars, WHICH IS 'entry (ptr~ ptr, fixed bin(21), 
fixed bin( 35» , 

o 'THE ATTACH OPERATION ACCEPTS FOUR ARGUMENTS: 

(ptr, (*)charC*) varying, bit(1) aligned, fixed bin (35» 

CORRESPONDING TO: 

o EXCEPT FOR ATTACH A'ND DETACH, THE "ULTIMATE" IOCB MUST BE REFERENCED 
USING THE VALUE OF iocb ptr-> iocb. actual iocb ptr - IT IS INCORRECT 
TO USE JUST locb_ptr - - - .'. . 

o IF AN I/O OPERATIOU CHANGES ANY·VALUES IN THE ULTIMATE IOCB, tHE 
I/O MODULE MUST CALL iox_$propagate BEFORE RETURNING: 

o ALL I/O OPERATIONS MUST BE EXTERNAL ENTRY POINTS 
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IMPLEMENTATION. ".RUI.,ES 
__ J 

• WHEN MODlF'tI,NG -AN IOCB IPS (INTER PROCESS SIGNAL) INTERRUPT (quit, 
alrm OR cput) CANNOT BE TOLERATED 

• I/O MODULES SHOULD MASK IPS SIGNALS AT FOLLOWS: 

D ESTABLISH AN any other HANDLER THAT CALLS terminate_proc~ss_ IF 
MASKING IS IN EFFECT 

o xCAL~ hcs $set ips mask (0, m~sk) 
'.~ ; -{ - - ~--

':-,ot 

n CHANGE THE IOCB 

-
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ENTRY P:t1IN'TS· OF AN 1/0 MODULE 

• AN 1/0 MODULE TYPICALLY HAS ENTRY POINTS FOR THE FOL~O,WING:.. 
'. . ... ) 

ATTACH OPERATION 

OPEN OPERATION 

. CLOSE OPERATION 

DETACH OPERATION 

ANY OTHER OPERATION E.NABLEDBY THE ABOVE 

• THE FOLLOWING IS A SIMPLIFIED SUMMARY OF "THE STEPS TAKEN' BY THE 
FIRST ,FOUR OF THE ABOVE ENTRY POINTS 

o TO'AVOID ADDED CONFUSION, DETAILS ABOUT THE HANDLING OF CONTROL 
ORDERS AND MODES IS OMITTED 

D COMPLETE DOCUMENTATION OF THE FOl.LOWING IS FOUND'IN THE SWG 
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ENTRY POINTS. OF,:A:ff.,IlO MODULE ------ ----~.:.:~ : ........ ' ~ ---

• ' .. ,HA..JOR$TE'PS OF THE ATTACH· OPERATION 

. n S:ET iocb~.ptr->iocb .open APPROPR!ATELY 

o SET iocb_ptr.;.)attach~descrip~ptr APPROPRIATELY 

n 

- D . SET -actualiocb ptr.->iocb.<operation> FOR EVEWY OPERATION THAT 
IS ALLOWED APPROPRIATELY 

o SET actual_iocb_ptr->open descrip_ptr APPROPRIATELY 

B CALL iox_$propagate 
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ENTRY POINTS OF AN I/O MODULE ---- ~ ........... - - - - ---

• MAJOR STEPS OF CLOSE OPERATION 

o SET actual_iocb_ptr->iocb.open APPROPRIATELY 

n SET actual_iocb_ptr->iocb.detach_iocb APPROPRIATELY 

o CLEAN UP (SET BIT COUNTS, FREE STORAGE, ETC.) 

D CALL iox_$prop~gate 

• MAJOR STEPS OF DETACH OPERATION 

o CALL iox_$propagate 
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EXAMPLE OF AN I/O MODULE 

• THE FOLLOWING BEHAVES EXACTLY LIKE THE SYSTEM MODULE disoard (IT 
IS NOT THE CODE FOR discard ALTHOUGH MUCH OF THE CODE IS""""VERY 
SIMILAR) -

my discard attach: proc(iocb ptr,option arraY,com err switeh,code); ...... - -..-. - ~ 

del option array(*) char(*) varying; 
dcl buflen-fixed(21); 
del bufptr ptr; 
dcl extend bit bit(1) aligned; 
dcl infptr-ptr; 
dcl iocb ptr ptr; 
dcl key char(256) varying; 
dcl len fixed{21); 
dcl comel"r switch bite!1) aligned; 
dcl mode fixed; 
dcl newmode char(*); 
dcl oldmode char( *,.; 
del order char(*); 
del any other condition; 
del blkptr ptr; 
dcl actual loeb ptr ptr; 
dcl code f1xed(35); 
dcl mask bit(36) aligned; 

~include iocb; 

dcl 1 block based (blkptr), 
2 attach descrip aligned, 

3 length fixed bln(17) 1ni~(11), 
3 string char (11) in1t ("my discard D), 

2 open descrip aligned i - -

3 length fixed bin (17), 
3 string char (40); 

dcl free area area based (get system free area ()l; 
dcl get system free area entry() re~urnsTptr)T 
dcl com-err ext entry options(varlable); 
del hes-$set ips mask entry (bit(36) aligned, blt(36) aligned}; 
del hes-$reset ips mask entry (blt(36) aligned, bit(36) aligned); 
del iox-$pro,pagate-ext entry(ptr); 
del iox-$err not open entry() options{variable);" 
del error ,taole $bad mode fixed (35) ext; , 
del error-table-$not-detached fixed bin(3S) ext; 
dcl error-table-$no record fixed(3S) ext; 
del error-table-$wrong no of args f1xed(35) ext; 
del error:table-$no_operation f1xed(3S) ext; 
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EXAMPLE OF AN I/O MODULE ------- -- -- --- ------

dcl stream output mode fixed int static'init(2); 
dcl sequential output mode fixed int stati~ init(S); 
dcl keyed sequential output mode fixed int static init(9); 

. del direct_output_moae fixea int static init(12); 

:dcl' (addr,hbound,null,size) builtin; 

1* Start Executable Code *' 
mask: "Ottb; 
on any other call handler; . 

. call hcs $set ips mask ("O"b, mask); 
if hbouna(option array ,.1 »0 then 

call error Terror table $wrong no of args); 
if ioeb ptr->iocb.attach descrip ptrA:null() then 

caIl error (error table $no~ detached); 
allocate block in (free area); -. 
iocb ptr->locb.attach descrip ptr, 
iocb-ptr->iocb.attach-data ptF : addr(attach descrip); 
iocb-ptr->iocb .detach-iocb-: my discard detach;· 
iocb-ptr->iocb.open :-my discard open; -

- call-iox $propagate{iocb-ptr); -
. 'call hcs-$reset ips maskTmask,mask); 

return;- --

1* Internal procedure to handle all attach errors. 
Calls "com err " if the "com err switch" is set. 
In any case, returns to caller 0'1 attach external 
procedure with proper error code after ensurin&. 
that the IPS interrupt mask. is. restored. *1 

error: proc(e); 
del e fixed(35); 
if maskA:"O"b then call hcs $reset ips mask(masklmask); 
if com err switch then ca11- --

com err (e !tmy discard "') •. , . _ _ J 

oode = c; 
go to exit; 
end error; 

exit: return; 

my discard detach: e!ltry(iocb_ptr, code); 
-~ code-: 0; 

, mask. = "a lib: 
on any othe~ c~ll handler; 
call hcs $set ips mask (IIO"b, mask); 
free iocb ptr=>iocb.attach data ptr -> block; 
ioeb ptr->iocb.attach descrip per = npll(); 
call-iox $propagate(iocb ptr); 
call hcs-$reset ips maskTmask,mask); 
return; - --
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1-, 

EXAMPLE OF AN I/O MODULE 

my discard open: entry(iocb ptr,mode,extend bit,eode); 
- mask-: "O"b; - -

on any other call handler; 
call hcs $set ips mask ("O"b, mask); 
actual iocb ptr :-iocb ptr->iocb.actual ioeb ptr; 
blkptr-: actual_iocb_ptr->iocb.attaeh_dita_ptr; 

if mode=stream output mode then do; 
blkptr->open descr1p.string = "stream output"; 
blkptr->open-deserip.length = 13; -
actual ioeb ~tr->iocb.put chars = my discard put chars; 
actual-iocb-ptr->iocb.modes = my discard modes; -
actual-iocb-ptr->iocb.control = my discard control; 
end; - ~ --

else 1f mode=sequential output mode then do; 
blkptr->·open descr1p. string = "sequential output"; 

. blkptr->open-descr1p.length = 17; -
actual iocb ~tr->iocb.wr1te record = my_discard~wr1te; 
end; - - -

else if mode=keyed sequential output mode then do; 
blkptr->open-descrip.str1ng = "keyed sequential output"; 
blkptr->open-descr1p.length = 23; - -

'actual iocb ~tr->iocb.write record = my discard write; 
actual-iocb-ptr->iocb.seek key = my discard seek key; 
end- - - - - --, . 

else if mode=direct output mode then do; 
blkptr->open descrip:string = "direct output"; 
blkptr->open-descrip.length = 13; -
actual iocb ptr->1ocb.wr1te record = my discard -write; 
actual-locb-ptr->10cb.seek key = my discard seek -key; 
end; - - - - --

else do; 
call Des $reset ips mask(maskpwask); 
code = error taole lbad mode; 
return; 
end; 

if extend bit then blkptr->open descrip.string 
:: blkptr->open descrip.stringl I" -extend"; 

actual iocb ptr->iocb.open descrip ptr = addr(open descrip); 
actual-10cb-ptr->1ocb.close :: my dIscard close;:- -'. -
call iox $propagate( actual iocb ptr'); -
call hcs-$reset ips mask(mask,mask); 
return; - --
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EXAMPLE OF AN I/O MODULE ------- -- -- ---

my discard close: entry(iocb- ptr, code); 
- code-: 0; - ~ 

mask : "O"b; 
on any other 

calI handler; 
call hcs $set ips mask ("O"b, mask); 
actual iocb ptr :-iocb ptr->iocb.actual iocb ptr; 
blkptr-: ac~ual ioeb p~r->iocb.attach data ptr; 
actual iocb ptr=>iocb*open descrip ptr : null(); 
actual-ioeb-ptr->iocb.detach loeb: my discard detach; 
actual-iocb-ptr->iocb.open :-my discara open; -
actual-iocb-ptr->iocb.control :-iox $err not open; 
actual-iocb-ptr->iocb.modes : iox $err not open; 
call iox $propagate(actual ioeb ptr); - -. 
call hcs-$reset ips mask(mask,mask); 
return; - --

my discard put chars: entry(iocb_ptr,bufptr,buflen,code); 
- co<ie-: 0; 

return; 

.my di~card modes: entry(iocb ptr,newmode,oldmode,code); 
- code-: 0; -

oldmode = tI"; 
return; 

my discard write: entry(iocb_ptr,bufptr,buflen,code); 
- code-: 0; 

return; 

my discard control: entry( iocb ptr;-order-", in-fptr,code); 
- if order: "io call" then code::: error_table_$no_operation; 

else code: OJ . 
return; 

my discard seek key: entry(iocb ptr,key,len,code); 
- len =- OJ - -

code = error table $no reoord; 
return; - ---
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EXAMPLE OF !! lID MODULE 

1* Internal procedure to handle faults while IPS interrupts 
are masked e While not masked, any signals are simply 
passed on up the stack to ·their normal handlers. For a 
fault while masked, the process is terminated (with the 
reason "unable to do critical 1/0") becaus'e the IIO 
control blocks are in an inconsistent state, and we can 
tolerate neither spawning a command loop with interrupts 
masked noi a restart with a possibly changed mask. *1 

handler: procedure; 
dcl continue to signal entry (fixed bin(35»; 
del terminate process -entry (char(*), ptr); 
dcl error tabie $unabie to do io fixed(35) ext; 
del 1 ti - - - - - aligned, 

2 version fixed bin init (0), 
2 code fixed bin (35); 

if mask A= "ORb 
.then 

do; 
ti.code = error table $unable to do 10; '* very bad trouble *' 
call terminate process ("ratal error", addr (ti»; 

end-· - - -
....... _ .. '''-''-'-' --'--._--- '------_ ... 

call continue to signal (0); 
end handler; - - -
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EXAMPLE OF AN I/O MODULE --- - - - ----~ 

YOU ARE NOW READY FOR WORKSHOP. 
13 

7-12 
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OVERVIEW 

• THE SUBSYSTEM DESIGNER IS OFTEN FACED WITH REQUIREMENTS FOR 
SOPHISTICATED INTERPROCESS AND INTRAPROCESS COMMUNICATIONS FACILITIES 

• SUBROUTINES EXIST WHICH ALLOW THE DESIGNER TO HANDLE: 

II SYNCHRONIZATION OF SEVERAL COOPERATING PROCESSES 

n ipc FACILITATES INTER~ROCESS COMMUNICATION VIA "STOP AND GO" 
SIGWALS BETWEEN PROCESSES 

n PROTECTION OF CONCURRENTLY ACCESSED DATA BASES 

D . set lock . ALLOWS COOPERATING PROCESSES TO SHARE A CRITICAL 
D.ATA BASE IN A CONTROLLED MANNER 

D INTRAPROCESS TIMING 

~-- --. -- -. 
--_. ---=-----~I----timer manager ALLOWS A PROCESS TO MAKE USE OF SEVERAL CPU OR 

REAL-TIME TIMERS 
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OVERVIEW 

• CONCEPT: 

o INTERPROCESS COMMUNICATION MEANS THAT TWO DISTINCT PROCESSES CAN 
PASS INFORMATION BACK AND FORTH BETWEEN THEM 

B A SIMPLE FORM OF INTERPROCESS COMMUNICATION MIGHT INVOLVE THE 
SHARING OF A COMMON SEGMENT BETWEEN TWO PROCESSES 

D - THIS SIMPLE FORM OF COMMUNICATION DOES NOT· ALLOW FOR DIRECT 
SYNCHRONIZATION, HOWEVER 

o Multics SUPPORTS A FULL INTERPROCESS COMMUNICATION FACILITY WHICH 
ALLOWS FOR CONTROL COMMUNICATION BETWEEN PROCESSES BY MEANS OF 
'STOP' AND 'GO' SIGNALS 
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OVERVIEW 

• THE INTERPROCESS COMMUNICATION MECHANISM 

a IS IMPLEMENTED BY THE ipc_ AND hcs_$wakeup SUBROUTINES 

n IS ACTUALLY MANAGED/COORDINATED BY THE Mul tics "TRAFFIC 
CONTROLLER" f WHICH IS RESPONSIBLE FOR THE CREATION, DELETION, 
AND DISPATCHING OF PROCESSES 

o THE DISCUSSION WHICH FOLLOWS WILL NOT DWELL ON TRAFFIC CONTROLLER 
CONCEPTS (SEE F80B) 

• EXAMPLE OF INTERPROCESS COMMUNICATION: THE 'send_message' AND 
'accept message' COMMANDS 

o THEY MAKE USE OF THE IPC FACILITY TO PASS TEXT MESSAGES FROM ONE 
-- PROCESS TO ANOTHER BY HAVING THEM PRINTED UPON THE RECEIPT-OF A 

• WAKEUP' 
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IPC TERMINOLOGY 

• event 

n AN EVENT IS THE OCCURRENCE OF SOMETHING SIGNIFICANT 

n ONE PROCESS INFORMS ANOTHER THAT AN EVENT HAS OCCURRED BY CALLING 
hcs_$wakeup 

n A PROCESS WILL ONLY RECEIVE NOTIFIC~TION OF AN EVENT WHEN IT IS 
"BLOCKED" 

o DO NOT ASSUME THAT ONLY "SLEEPING" PROCESSES ARE SUBJECT TO "WAKING 
UP,,-

• event channel 

D IS THE ONE-WAY CONTROL PATH OVER WHICH NOTIFICATION OF THE OCCURRENCE 
OF EVENTS IS TRANSMITTED 

o IS MAINTAINED BY TRAFFIC CONTROLLER . 

n IS CREATED ON BEHALF OF A USER IN A PARTICULAR RING 
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1PC TERMINOLOGY 

• event-wait channel 

n AN EVENT CHANNEL WHICH, WHEN NOTIFIED o.F AN EVENT, CAUSES THE 
PRo.CESS TO. RESUME EXECUTIo.N IF IT WAS "WAITING" (Mo.RE TECHNICALLY, 
"BLo.CKED") ,·OR AN EVENT CHANNEL WHICH MAYPERIo.DICALLY BE "Po.LLED" 
TO. DETERMINE~F THE EVENT OCCURRED 

• event-call channel 

n AN EVENT CHANNEL WHICH, WHEN No.TIFIED o.F THE o.CCURRENCE OF AN 
EVENT, CAUSES THE INVo.CATIo.N o.F A SPECIFIED PROCEDURE IN THE 
PRo.CESS THAT CREATED THE CHANNEL 

• blocked 

D A PRo.CESS CAN Go. "BLOCKED" ON AN EVENT-WAIT CHANNEL, IN WHICH 
CASE IT WILL RESUME EXECUTIo.N UPo.N EVENT NOTIFICATION-

n IS A PROCESS STATE IN WHICH THE PRo.CESS IS INACTIVE AND "LISTENING" 
TO. AN.EVENT-WAIT CHANNEL (OR CHANNELS) 

• wakeup. 

o A WAKEUP IS THE NOTIFICATIo.N o.F THE o.CCURRENCE o.F AN EVENT--

D is SENT TO A SPECIFIC PROCESS ACRo.SS A SPECIFIED EVENT-WAIT ·CR 
EVENT-CALL CHANNEL 
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IPC TERMINOLOGY 

B IS THE fixed bin(71) VALUE WHICH IS USED TO UNIQUELY IDENTIFY A 
PARTICULAR EVENT CHANNEL 

D IS DERIVED FROM THE SYSTEM CLOCK 

B IS ASSOCIATED WITH ONE AND ONLY ONE PROCESS 

o IS THE bit(36) VALUE WHICH UNIQUELY IDENTIFIES A PROCESS 

B .. IN ~RDER TO SEND A WAKEUP, ONE SPECIFIES THE channel 1d OF THE 
EVENT CHANNEL AND THE process_1d OF THE PROCESS OWNINdrTHE EVENT-
CHANNEL 

• message 

- . 

o A 72-BIT VALUE OF ARBITRARY CONTENT 'CONTAINING INFQRMATION WHOSE 
INTERPRETATION IS APpLICATION DEPENDENT 
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CHANNEL TYPE 

event-call 

event-wait 

Not To Be Reproduced 

IPC TERMINOLOGY 

OPTIONS 

When a process establishes an event call channel, 
execution proceeds with the statement immediately 
following the call to create the event-call channel. 
The process does not (and should not) go blocked 
on the channel. If/when a wakeup is received, 
execution is momentarily interrupted" and the 
procedure specified in the declaration is invoked. 
When this procedure completes, execution of the 
interrupted procedure continues. 

There are two optioris available: 

1) The process can explicitly go blocked on -the 
channel by calling ipc $block. In this case, 
the statement following the call to ipc $block 
will not be executed until/unless a waKeup is 
received on that channel. Notice that this 
effectively blocks the process itself. 

2) The process may elect not to go blocked on 
this channel at all. Rather it will, from time 
to time, explicitly inquire ~s to whether or 
not a wakeup has been ~eceivede 

This polling technique 1s implemented via the 
ipc_$read_ev_chn entry pOint. 
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IPC PROTOCOL 

• SINCE IT IS NECESSARY TO KNOW THE channel id AND process 1d IN 
ORDER TO COMMUNICATE WITH ANOTHER PROCESS, SOME STANDARD PROTOCOL 
IS REQUIRED 

• THE STEPS REQUIRED TO SET UP INTERPROCESS COMMUNICATION: 

D STEP 1 

,/ 

o PROCESS 1 CREATES AN EVENT CHANNEL, BY WHICH ACT PROCESS 1 
RECEIVES THE channel id OF THE NEWLY CREATED EVENT CHANNEL -

D STEP 2 

o PROCESS 1 STORES THE channel id AND ITS OWN process id IN 
SOME KNOWN LOCATION IN A SHAR~D SEGMENT, THUS ALLOWIN~THESE 
VALUES TO BE ACCESSED BY OTHER COOPERATING PROCESSES 

D STEP 3 

u- SOME OTHER PROCESS, SAY PROCESS 2, OBTAINS THE proc"ess id AND 
channel 1d VALUES FROM THE SHARiD SEGMENT - -

.• IT IS NOW POSSIBLE FOR PROCESS 2 TO SEND WAKEUP.S. TO PROCESS .'- -
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IPC PROTOCOL 

• COMMUNICATION ON AN EVENT CHANNEL IS ONE-WAY ONLY 

• IF PROCESS 1 WISHES TO COMMUNICATE VIA ipc_ WITH PROCESS 2 IN THE 
ABOVE SCENARIO: 

o PROCESS 2 WOULD NEED ITS OWN EVENT-CHANNEL 

o IT WOULD BE_NECESSARY FOR PROCESS 2 TO REPEAT THE STEPS OUTLINED 
ABOVE 

• WHENEV.ER INTERPROCESS· COMMUNICATION IS USED BETWEEN USER PROCES'SES 
AND A SYSTEM PROCESS, A SUBROUTINE IS GENERALLY CALLED TO OBTAIN 
THE channel_ld AND process_id OF THE SYSTEM PROCESS 
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IPC PROTOCOL 

SENDING WAKEUPS 

• WAKEUPS ARE SENT FROM ONE PROCESS TO ANOTHER BY CALLING THE has $wakeup 
ENTRY POINT· -

D USAGE 

n process_id SPECIFIES TARGET PROCESS 

o channel id IDENTIFIES CHANNEL THAT WAS SET UP BY TARGET PROCESS 

D message IS TWO WORDS HAVING SOME AG~EED-UPON MEANING FOR THE 
COOPERATING PROCESSES 

o 'code IS A NON-STANDARD ERROR CODE (NOT IDEALLY SUITED TO com err ) - -" 
D = 1 IF SIGNALLING WAS CORRECTLY DONE, BUT THE TARGET PROCESS 

WAS IN THE STOPPED STATE (THE STATE A PROCESS IS IN JUST 
BEFORE THE FINAL STEP IN PROCESS TERMINATION) 

o = 2 IF AN INPUT ARGUMENT WAS INCORRECT, AND SIGNALLING WAS 
ABORTED . . 

n = 3 IF THE TARGET PROCESS WAS NOT FOUND, AND SIGNALLING 
WAS ABORTED 

o = error table $inva11d channel IF THE CHANNEL IDENTIFIER 
WAS NOT-VALID- -
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IPC SUBROUTINES 

• EVENT CHANNELS ARE CREATED, DESTROYED, AND MANIPULATED VIA THE ipc_ 
SUBROUTINE 

• 'ipc_ ENTRY POINTS MAY BE CLASSIFIED: 

o CREATING AND DESTROYING EVENT CHANNELS 

o ipc_$delete_ev_chn 
~ 

o GOING BLOCKED ON AN EVENT WAIT CHANNEL 

o 1pc_$block 

o READING AN EVENT-WAIT CHANNEL 
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IPC SUBROUTINES 

n CONTROL FUNCTIONS 

o MASKING OR ASSIGNING PRIORITY TO EVENT CHANNELS 
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IPC SUBROUTINES 

~ ERROR CODES 

• ALL CALLS TO ipc_ RETURN A NONSTANDARD STATUS CODE 

CODE 

o 

1 

3 

4 

Not To Be Reproduced 

MEA1~ING 

No error. 

A r.ing violation; for instance, the ev~nt channel 
. resides in a ring that is not accessible from 
the caller's ring. 

The table that contains the event channels.for 
a given ring was not found. 

The specified event channel was not found. 

A logical error in using the ipc subroutine 
was encountered; for instance, waiting on an 
event-call channel. . 

A bad argument was passed to the ipc_ subroutine; 
for instance, a zero-value event c~annel ide 
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Not 

IPC SUBROUTINES 

IPC ERROR CODES 

DAN OBSCURE SUBROUTINE THAT CONVERTS A NONSTANDARD ipc_ CODE TO A 
SYSTEM STANDARD CODE 

0 MAPPING 

ipcode returned code 

0 0 

1 error_table_$bad_ring_brackets 

2-4 error_table_$no_message 

5 error_table_$argerr 
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IPC SUBROUTINES 

CREATING AND DESTROYING EVENT CHANNELS 

• ipc CREATES EVENT-WAIT CHANNELS BY DEFAULT; HENCE, IN ORDER TO 
CREATE AN EVENT-CALC"CHANNEL, IT IS FIRST NECESSARY TO CREATE AN 
EVENT-WAIT CHANNEL, AND THEN TO CHANGE IT INTO AN EVENT-CALL CHANNEL 

• ENTRY POINTS TO CREATE AND DESTROY CHANNELS 

D CREATES AN EVENT-WAIT CHANNEL IN THE CURRENT RING, RETURNING 
THE channel id OF THE NEWLY CREATED CHANNEL, AND THE NONSTANDARD 
STATUS CODE-

D ~ESTROYS AN EVENT CHANNEL PREVIOUSLY CREATED BY THE PROCESS, 
REQUIRING THE channel 1d OF THE CHANNEL TO BE DESTROYED AND 
RETURNING THE NONSTANDARD STATUS CODE 

-
D. ONLY THE PROCESS CREATING AN EVENT CHANNEL (OR THE INITIALIZER 

PROCESS) MAY DESTROY IT 

o EVENT-CHANNELS ARE AUTOMATICALLY DESTROYED AT PROCESS 
TERMINATION TIME 

- -
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IPC SUBROUTINES 

CREATING AND DESTROYING EVENT CHANNELS 

o CHANGES AN EVENT-WAIT CHANNEL INTO AN EVENT-CALL CHANNEL 

o call ipc $decl ev call chn (channel id, proc entry, 
- - - - data~ptF, priori~y, code); 

D channel id IDENTIFIES EVENT-WAIT CHANNEL TO BE CHANGED 

D proc entry IS ENTRY VALUE OF "HANDLERft TO BE INVOKED UPON 
RECEIPT OF WAKEUP 

o data ptr POINTS TO A USER-DEFINED REGION CONTAINING DATA 
FOR proc_entry TO INTERPRET 

o priority INDICATES WHICH (OF POTENTIALLY MANY) SIMULTANEOUS 
EVENT-CALL CHANNEL EVENTS IN THIS RING WILL BE HONORED 
FIRST (THE LOWEST NUMBER IS HONORED FIRST) 

o USED TO CHANGE AN EVENT-CALL CHANNEL INTO AN EVENT-WAIT CHANNEL 

D IT REQUIRES THE channel id OF AN EVENT-CALL CHANNEL AND IT 
RETURNS THE NONSTANDARD STATUS CODE 

n NOTE: SINCE EVENT-WAIT CHANNELS ARE CREATED BY DEFAULT, THIS 
IS USED ONLY TO CHANGE AN EVENT-CALL CHANNEL BACK INTO AN 
EVENT-WAIT CHANNEL 
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IPC SUBROUTINES 

INVOKING AN EVENT-CALL PROCEDURE 

• WHEN A PROCESS IS AWAKENED ON AN EVENT-CALL CHANNEL, CONTROL IS 
IMMEDIATELY PASSED TO THE "HANDLER" PROCEDURE PREVIOUSLY SPECIFIED 
IN THE CALL TO ipc_$decl_ev_call_chn 

• "HANDLER" WILL BE CALLED WITH ONE ARGUMENT, A POINTER TO A STRUCTURE 
CONTAINING INFORMATION ABOUT THE WAKEUP 

o THE HANDLER SHOULD DECLARE THE FOLLOWING STRUCTURE BASED UPON 
THE event_call_inro_ptr PARAMETER 

dcl 1 event call info 
2 channel id-
2 message-
2 sender 
2 origin, 

3 dey signal 
3 r-ing 

2 data_ptr 

based (event call info ptr), 
fixed bin(71), - - -
fixed bin(71), 
bit(36), 

bit(18) unal, 
bit(18) unal, 
ptr; 

D RECALL: . THE VALUE OF data ptr WAS SPECIFIED IN THE -CALL TO 
ipc_$decl_ev_call_chn AND POINTS TO STRUCTURE OF THE USER'S CHOOSING 

o SEE >ldd>include>ev~nt_call_info.incl.p11 
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IPC SUBROUTINES 

GOING BLOCKED ON AN EVENT CHANNEL -- ---'- - -- ---

o CAUSES THE PROCESS TO GO BLOCKED ON THE SPECIFIED EVENT-WAIT 
CHANNEL(S) 

D IN-LINE PROGRAM EXECUTION WILL NOT PROCEED UNTIL/UNLESS A WAKEUP 
IS RECEIVED ON ONE OF THE CHANNELS 

o USAGE 

call ipc_$block (wait_:ist_ptr,. even~_walt_info_ptr, ;ode); 
I I I 

• • • I I I 
I I , 
• I I 

INPUT INPUT OUTPUT 

D A POINTER TO THE BASE OF A USER-ALLOCATED "WAIT-LIST·" STRUCTURE 
IS REQUIRED 

o THIS WAIT-LIST STRUCTURE CONTAINS THE channel idS OF THE 
EVENT-WAIT CHANNELS TO GO BLOCKED ON (TO LISTEN Tal 

del 1 wait list based aligned, 
2 nchan fixed bin, 
2 pad bit(36)i 
2 channel id (n refer wait_list.nohan) fixed bin(7i); 
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IPC SUBROUTI.NES 

GOING BLOCKED ON AN EVENT CHANNEL --

n ·ipc $block ALSO REQUIRES A POINTER TO THE BASE OF A STRUCTURE 
INTO WHICH IT CAN PUT INFORMATION ABOUT THE'EVENT THAT FREED THE 
PROCESS FROM ITS BLOCKtD STATE 

dcl 1 event wait info· aligned based(event wait info 'ptr) , 
2 channelid- fixed bin(71), - - -
2 message- fixed bin(71), 
2 sender blt(36), 
2 origin, 

3 dey Signal 
3 ring 

bit(18) unaligned, 
bit(18) unaligned, 

. 2 channel_~ndex' fixed bin; '* ·INDEX INTO 
wait list.channel id *' - -

D POSSIBLE USE OF event_wait_info.sender: 

D 

PASS sender TO get userid. SUBROUTINE (WHICH USES THE RESTRICTED 
SEGMENT )sc1 )answer table) AND IT. WILL RETURN Person id AND· 
ProJect_id -

SEE >ldd>include>event wait info.incl.plT 
. ~. - - . 
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IPC SUBROUTINES 

READING AN EVENT-WAIT CHANNEL 

• THE PROCESS CREATING AN EVENT-WAIT CHANNEL MAY SIMPLY INQUIRE AS TO 
WHETHER OR NOT AN EVENT HAS OCCURRED ON A' SPECIFIED EVENT-WAIT 
CHANNEL - THIS IS REFERRED TO AS "READING" THE EVENT-WAIT CHANNEL 

• READING THE EVENT "RESETS" IT 

• ipc $read ev chn' - --

. U READS THE INFORMATION ABOUT AN EVENT ON A SPECIFIED EVENT-WAIT 
CHANNEL IF THE EVENT HAS OCCURRED 

o REQUIRES AS INPUT THE channel_id OF THE EVENT-WAIT CHANNEL TO' BE 
READ 

o RETURNS A VALUE INDICATING WHETHER OR NOT AN EVENT OCCURRED, AND 
IF AN EVENT HAS OCCURRED, RETURNS INFORMATION ABOUT THAT EVENT 
IN event wait info STRUCTURE - -

o ALSO RETURNS THE NONSTANDARD STATUS CODE 
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IPC SUBROUTINES -
READING AN EVENT-WAIT CHANNEL 

! 1.1 70 
! PI'" DEMO_READ.p11 1 

DEMO_READ: proc; 

dcl 

dcl 

ipc $create ev chn entry (fixed bin (71), fixed bin (35», 
1pc-$delete-ev-chn entry (fixed bin(71), fixed bin(35»), 
ipc:$read ev chn entry (fixed bin (71), fixed bin, ptr, 

- - fixed bin(35», 
hes_$wakeup entry (bit (36), fixed bin (71), fixed bin (71), 

fixed bin (35», 
addr builtin, . . 
ioa entry options (var~able), 
com-err entry options. (variable), 
get-process_id_ entry returns (bit (36»; 

channel id fixed bin (71), 
message-fixed bin (71), 
code f-ix-ed bin (35), 
ev_occurred fixed bin; 

~include event~info; 1* My own private include file *1 

1* This short example illustrates the fact that reading an event-wait 
channel has the effect of 'resetting' it. ~f_ 

call ipc $create ev chn (channel id j code); 
if code ~= 0 th~n call trouble; -
message = 1; 
call hcs.$wakeup (get process id (), channel id, message, -- ... - ..... --. . code); 
if code A= 0 then call trouble; 
else call ioa ("WAKEUP successfully oompleted."); 
call 1pc $read ev chn (channel id, ev occurred, 

- - - iddr (event info), code); 
if code A = 0 then call trouble; -
call ioa ("read ev·chn says the event A[has n6tA;hasA] occu 

\erred, and the message is-Ai7", ev occurred.1, ev.ent info.message); 
call ipc $read ev chn (channel id, evoccurred, 

- - - addr (event info), 'code);-
_if code A: 0 then call trouble: -
call loa (nA second call of read ev chn says: The event A[h 

\cas notA;hasA] occurred.", ev_occurred.1)j- -. 

trouble: . proc; 
call com err (code, "DEMO_READ", "Something unexpected 

\0 occur·red 0") ; 
goto bottom; 

end trouble; 
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bottom: 

IPCSUBROUTINES 

READING AN EVENT-WAIT CHANNEL 

call ipc $delete ev chn (channel id, code); 
1* Ignore bad code;-if it should-occur. *1 

end DEMO_READ; 

! DEMO READ 
WAKEUP-successfully cOmpleted. 
read ev chn says the event has occurred, and the message is 1. 
A second call of read ev chn says: The event has not occurred. 
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IPC SUBROUTINES -
CONTROL FUNCTIONS 

• RESETTING CHANNELS AND INHIBITING THE NOTIFICATION OF EVEN·TS 

.n RESETS AN EVENT-WAIT CHANNEL SO THAT ANY PENDING EVENTS (EVENTS 
THAT HAVE BEEN RECEIVED AND QUEUED UP BUT NOT PROCESSED FOR 
THAT CHANNEL) ARE REMOVED 

o REQUIRES THE channel_id OF THE EVENT-WAIT CHANNEL 

o RETURNS THE NONSTANDARD STATUS CODE 

o OFTEN USED IN 'cleanup' HANDLERS 

n INHIBITS THE "READING" (IN THE GENERAL SENSE) -OF PENDING OR -
FUTURE EVENTS ON A SINGLE SPECIFIED EVENT (WAIT OR CALL) -CHA~NEL 

n NOTE THAT MORE (NEW) EVENTS CAN BE RECEIVED (AND QUEUED UP)~ 
BUT THEY WILL NOT CAUSE THE PROCESS TO WAKE UP 

D REQUIRES THE channel id OF THE EVENT CHANNEL TO CUTOFF, AND 
RETURNS THE NONSTANDihD STATUS CODE 

0- AN ATTEMPT TO READ' A CUtOFF CHANNEL RESULTS IN CODE 4 (A 
LOGICAL ERROR IN USING ipc_ WAS ENCOUNTERED) 

- .. -
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D ipc_$reconnect 

IPC SUBROUTINES 

CONTROL FUNCTIONS 

D ENABLES THE READING OF EVENTS ON A SINGLE SPECIFIED EVENT 
CHANNEL FOR WHICH READING HAD PREVIOUSLy BEEN INHIBITED BY A 
CALL TO ipc_$cutoff 

o WHEN CALLED, ALL PENDING SIGNALS, WHETHER RECEIVED BEFORE OR 
DURING THE TIME READING WAS INHIBITED, ARE HENCEFORTH AVAILABLE 
FOR READING (IN THE GENERAL SENSE) 

o REQUIRES THE channel id OF THE EVENT CHANNEL WHICH HAD BEEN 
CUTOFF, AND RETURNS thE NONSTANDARD STATUS CODE 
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IPC SUBROUTINES 

CONTROL FUNCTIONS 

!print DEMO CUTOFF.pI1 1 
DEMO_CUTOFF: proc; 

1* This experiment demonstrates the cutting off and reconnection of 
a single channel. It accomplishes this in the following steps! 

dcl 

1 get wait channel 
2 issue wakeup with msg = , 
3 cutoff channel 
4 issue wakeup with message = 2 
5 reconnect 
6 read channel twice 
7 delete channel 

ioa is called at strategic points to confirm ipc's behavior. *1 

channel id fixed bin (71), 
code fixed bin (35), 
i fixed bin, 
ev occurred fixed bin, 
addr builtin, . 
get process id entry returns (bit (36», 
message fixed bin (71), 
hcs $wakeup entry {bit (36), fixed bin (71), fixed bin (71), 

- ·fixed bin (35», 
ipc. $create ev chn entry (fixed bin (71),· fixed bin (35», 
ipc-$del~te-ev-chn entry (fixed bin (71), fixed bin (35» ,
ipc-$cutoff-en~ry {fixed bin (7i), fixed bin (35», 
ipc-$reconnect entry (fixed bin (71), fixed bin (35», . 
ipc-$read evchn entry (fixed bin (71); fixed bin, ptr, 

- - - fixed bin (35», 
(com err, ioa ) entry options (variable), 

1 event-info aligned, 
2 channel id fixed bin (71), 
2 message-fixed bin (71), 
2 sender ,bit (36), 
2"origin, 
3 dey signal bit (18) unaligned, 
3 ring bit (18) unaligned, 
2 channel index fixed bin; 

call-ipc $create ev chn (channel id, oode); 
if code ~= 0 then call trouble; -
call ncs $wakeup (get process id (), channel_id, 1, code); 
if code ~= 0 then call trouble; -
call ioa ("First wakeup successfully performed with msg = 1"); 
call ipc-$cutoff (channel id, code); 
if code 'X'= ·0 then call trouble; 
call ioa ("Channel successfully cutoff."); 
call hcs-$wakeup (get process id (), channel id, 2, code); 
if code "X'= 0 then call trouble; - -
-
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\cnnect. 
\ci.A]II, 

wrapup: 

IPC SUBROUTINES 

CONTROL FUNCTIONS 

call ioa ("2nd wake~p performed while channel was cutoffe H ); 
call ipc-$reconnect (channel id, code); 
if code ~= 0 then call trouble; 
do i = 1 to 2; 

call ipc $read ev chn (channel id, ev occurred, 
- - - addr-(event~info), code); 

if code A= 0 then call trouble; . -
call loa ("~[FirstA;SecondA] reading channel after reco 

The event A(hssnttA;hasA] occurred. A[AsA;A/The message is A 
it ev occurred+1, ev occurred+1, event info.message); 
end;- - -

call ip~ $delete ev ahn (channel_id, code); 
return; - - -

trouble: proc; 
call com err (code, "DEMO_CUTOFF", "Error not expected."); 
goto wrapup; 

end trouble; 

end DEMO_CUTOFF; 

!DEMO CUTOFF 
First-wakeup successfully performed with msg = 1 
Channel successfully cutoff. 
2nd wakeup performed while channel was cutoffo 
First reading channel after reconnect. The event has occurred. 
The message is 1. 
Second reading channel after reconnect. The event has occurred. 
The message is 2. 
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IPC SUBROUTINES 

MASKING OR ASSIGNING PRIORITY TO EVENT CHANNELS 

• SINCE THERE IS ACTUALLY SOME DELAY BETWEEN THE TIME- A WAKEUP IS 
RECEIVED AND THE TIME THE PROCESS IS NOTIFIED, IT IS POSSIBLE FOR 
SEVERAL .WAKEUPS TO BE PRESENT BY THE TIME A PROCESS IS AWAKENED 

D IT IS POSSIBLE TO SPECIFY RELATIVE PRIORITIES AMONG EVENT-CALL 
CHANNELS 

o POSSIBLE TO SPECIFY THAT EVENT-CALL CHANNELS HAVE PRIORITY OVER 
EVENT-WAIT CHANNELS AND VICE VERSA 

D BY DEFAULT, EVENT-CALL CHANNELS HAVE PRIORITY OVER EVENT-WAIT 
CHANNELS 

• MANIPULATING PRIORITIES 

o CAUSES EVENT-WAIT CHANNELS TO BE GIVEN PRIORITY OVER EVENT-CALL 
CHANNELS (THIS IS NOT THE DEFAULT) 

DONLY EVENT CHANNELS IN CURRENT RING ARE AFFECTED 
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IPC SUBROUTINES 

MASKING OR ASSIGNING PRIORITY TO EVENT CHANNELS 

n CAUSES EVENT-CALL CHANNELS TO BE GIVEN PRIORITY OVER EVENT-WAIT 
CHANNELS (THIS IS THE DEFAULT) 

D ONLY EVENT CHANNELS IN CURRENT RING ARE AFFECTED 

o CAUSES THE ipc $block ENTRY POINT TO COMPLETELY IGNORE ALL 
EVENT-CALL CHANNELS IN THE CALLER'S RING (I.E., TO MASK THEM) 
SO THAT ANYWAKEUPS SENT ACROSS EVENT-CALL CHANNELS ARE INSTEAD 

·QUEUED UP 

D ·CAUSES A "MASK COUNTER" TO BE INCREMENTED; MASKING IS IN EFFECT 
SO LONG AS COUNTER = 0 

o DECREMENTS THE "MASK GOUNTER"; EVENT-CALLS - ARE UNMASKED 
(NOTICED) WHEN COUNTER = 0 

O· SEVERAL EXTERNAL PROCEDURES MAY NEEPTO MASK AND UNMASK. AN 
INCREMENTAL COUNTER PERMITS INDISCRIMINATE CALLS WITHOUT FEAR 
OF PREMATURE UNMASKING 
; -
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IPC SUBROUTINES 

AN EXAMPLE USING EVENT-WAIT CHANNELS 

!print abs_print_punch.pll 1 

abs_print_punch: proc; .' 

del ME char (15) init ("abs print punch-) stati6 options (constant); 
del. hcs $initiate entry (char (*)-; char (*), char (*), 

fixed bin (1), fixed bin (2), ptr, fixed bin (35», 
get process id entry returns (bit (36», 
ipe-$create-ev-chn entry (fixed bin (71), fixed bin (35», 
ipc-$block entry (ptr, ptr, fixed bin (35», 

(ioa-, com err) entry options (variable), 
expand pathname entry (char C*), char '*), char (*), 
fixed bin (35»~ 
dprint_ entry (charC*),. char (*), ptr, fixed bin (35»; 

dcl code fixed bin (35); 
dell ipc info based (seg ptr)~ 

2 target process id bIt (36) unal, 
2 target-chnl_id-fix~d bin (71); 

$include dprint_argj /* USED BYdprint_ SUBROUTINE */ 

dell wait list based (wait llst ptr) , 
2 nchan fixed bin, - -
2 channel id (0 refer (nehan» fixed bin (71); 

del 1 event info, 
2 ohannel id fixed bin (71)-: 
2 message-fixed bin (71), 
2 sender bit (36), 
2 origin, 

3 dey signal bit (18) unal, 
3 ring bit (18) unal, 

2 channel_index fixed bin; 

del (seg_ptr, wai't_l1st_ptr) ptr; 

dcl dprint paths$ char (168) external statIc; 
del dir char (168), entry char (32); 

1* SUPPLY ipc PROTOCOL INFORMATION *1 
call hcs $initiate (">udd>F15dw>Auerbach", "ipc_seg1" , 

0, t, seg ptr, code); 
if seg ptr = null () then call ERROR;. 
call ipc $create ev chn ( 

seg-ptr -> ipc-info.target chnl id, code); 
if code ~= 0 then call ERROR; - -
seg_ptr -> ipc_info.target_process_id = get_process_id_ 

1* NOW GO BLOCKED WAITING FOR FURTHER INSTRUCTIONS *1 
allocate -wait_list; 
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IPC SUBROUTINES 

AN EXAMPLE USING EVENT-WAIT CHANNELS 

wait list ptr -> wait list.nchan = 1; 
wait-list-ptr -> wait-list.channel id (1) = 

-seg_ptr -> ipc_info.target_chnl_id; 

call ipc $block (wait list ptr, addr (event_info), code); 
if code ~= 0 then call ERROR; 

1* AN EVENT HAS OCCURRED - EXAMINE *1 
call ioa ("CHANNEL ID ~i~/MESSAGE AiA/SENDER A.30", 

event info.channel id, 
event-info.message~ 
event-info.sender); 

call ioa T"DEV SIGNAL A.3bA/RING A.3bA/CHANNEL INDEX Ai", 
event info.origin.dev signal, 
event-info.origin.ring, 
event:info.channel_index); 

if event info.message = 0 then goto CANCEL; 
if event-info.message = 1 then goto PRINT; 
if event-info.message = 2 then goto PUNCH; '* INVALID MESSAGE-*/ 

CANCEL: 

call com err (0, ME, "INVALID REQUEST CODE Ai", 
event info.message); 

return; - . 

/* NO PRINTING OR PUNCHING AT ALL */ 

DDT""" • .rn.l.n",. 

call ioa ("PRINT/PUNCH REQUEST CANCELLED"); 
return; -

/* PRINT REQUEST *1 

PUNCH: 

dprint arg.pt pch = 1; 
dprint-arg.output module =1; 
dprint-arg.class = "printer"; 
goto DPRINT; 

1* PUNCH REQUEST *1 
dprint arg.pt pch = 2; 
dprint-arg.output module = 3; 
dprint:arg.class = "punch"; 
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DPRINT: 

IPC SUBROUTINES 

AN EXAMPLE USING EVENT-WAIT CHANNELS 

call expand pathname (dprint paths$, dir, entry, code); 
if code A= 0 then call ERROR;-
dpr~nt arg.version = 4; 
dprlnt-arg.copies = 1i 

. dprlnt-argedelete = 0; 
dprint-arg.queue = 3; 
dprint-arg.notify = 1; 
dprlnt-arg.heading = ft"; 
dprlnt-arg.dest = ""; 
dprlnt-arg.nep = "ORb; 
dprlnt-arg .• slngle.= "ORb; 
dprlnt-arg.non edited = "ORb; 
dprlnt-arg.truncate = "ORb; 
dprlnt-arg.center top label = "O"b; 
dprlnt-arg.center-bottom label = "ORb; 
dprlnt-arg.lmargin = 10;
dprlnt-arg.line Ith = -1; 
dprlnt-arg.page~lth = -1; 
dprint-arg.top·Tabel = ""; 
dprlnt-arg.bottom label = ""; 
call dprlnt (rtrim (dlr), rtrlm (entry), 

addr (aprlnt arg) , code); 
If code A= a then-call ERROR; 

'* REPORT ACTION AND QUIT *' 
call 10a_ ("Aa)Aa A[DPRINTAjDPUNCHA] REQUEST SUBMITTED.", 

. dlr, entry, dprint arg.pt_pch); 

ERROR: 

FIN!S: 

call loa ("END Aa" H£T o - " 
procj 

end; 

call com err (code, ME); 
goto FINIS; -

end abs_print~punch; 
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AN EXAMPLE USING EVENT-WAIT CHANNELS 

r 11:12 0.122 15 

!print driver_ipc.p~1 1 

driver_ipc: proc; 

dc1 ME char (10) init ("driver ipc") static options (constant); 
del hcs $initiate entry (char T*), char (*), char (*), 

fixed bin (1), fixed bin (2), ptr, fixed bin (35»; 
dc1 code fixed bin (35); 
dcl seg ptr ptr; 
dc1 1 ipc info based (seg ptr), 

2 his-process id bit (36), 
2 his-chnl id-fixed bin (71); 

dcl hcs $wakeup entry (bit (36), fixed bin (71), fixed bin (71), 
fixed bin (35»; 

dcl dprint paths$ char (168) external static; 
dcl. message fixed bin (71); 
dc1 (ioa~, com_err_) entry options (variable); 

/* PICK UP ABSENTEE'S PROCESS AND CHANNEL IDS *' 
call hcs $initiate (">udd>F15dw>Auerbach", "ipc seg1" "" - - , , 

0; 1, seg ptr, code); 
if seg ptr = null () then call ERROR; 

• - . t 

/* TELL ABSENTEE TO PRINT AND GIVE IT A PATH TO PRINT *' 
dprint paths$ = n>udd>F15dw>Auerbach>abs_print_punch.p11"j 
message = 1; 

i* FIRE OFF WAKEUP SIGNAL *1 

ERROR: 

FINIS: 

call hcs $wakeup (ipc info.his process 1d, 
ipc:info .his_chnI id, - -= 

message, 
code); 

if code A= 0 then call ERROR; 

call ioa_ (nA[DPRINTA;DPUNCHA] REQUEST FOR Aa", 
message, dprint paths$); 

call ioa (UENDAa" -ME)-- " 
proc; 

. call com err (code, ME); 
goto FIN!Sj -

end; 

end driver _ipc; . 

r 11:12 0,,020 2 
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IPC SUBROUTINES 

AN EXAMPLE USING EVENT-WAIT CHANNELS -

Sprint ipo_example.absin 1 

abs print punoh 
logout -

-&quit 

r 11:12 0,,020 1 

lear ipo example 
27 alreaay requested. 
r 10:55 O.11~ 6 

!driver ipc .-
DPRINT REQUEST FOR >udd>F15dw>Auerbach)abs_print_punoh.pll 
END driver ipo 
r 11:13 0.~68 lJ 

!ldr -long 

Queue 3:' 

Pathname: 

1 request. 12 total requests. 

Type: 
CODies: 
Time: 
Delete: 
Notify: 

_ Options: 

r 11:13 0.138 10 

-
Not To Be Reproduced 

)udd>F15dw>Auerbach)abs print punch.pl1 
print - " -
1 . 
03/13/80 10:56 mst Thur 
no 
yes 
-indent 10 
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IPC SUBROUTINES 

AN EXAMPLE USING EVENT-WAIT CHANNELS 

!print ipc_example.absout 1 

Absentee user Auerbach F15dw logged in: 03/13/80 11:14 mst Thur 
r 11:14 1.827 34 

abs print punch 
CHANNEL ID 98439864961112869~69 
MESSAGE 1 
SENDER 004670305344 
DEV SIGNAL 000000 
RING 000004 
CHANNEL INDEX 1 
)udd)F15dw>Auerbach)abs print punch.pl1 DPRINT BEQUEST SUBMITTED. 
END abs print punch - -
r 11:15-2.314-27 

logout 

Absentee user Auerbach F15dw logged out 03/13/80 11:16 mst Thur 
CPU usage 2 sec, memory usage 1.0 units 

r 11:17 0.084 14 

From IO.SysDaemon (printer): 
printed )udd)F15dw)Auerbach)abs print punch.pl1. 
$0.06 queue 3 prtd 101'5' - -
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IPC SUBROUTINES 

AN EXAMPLE USING EVENT-CALL CHANNELS 

!print listen.p11 1 

listen: proc; 
del ipe $ereate ev ehn entry (fixed (71), fixed (35», 

get-process-ld- entry returns (bit (36», 
hcs-$wakeup-entry (bit (36), fixed bin (11), fixed (71), fixed (35», 
iox-$control entry (ptr, char C*), ptr, fixed (35J), 
code fixed (35), -
ipc_$decl_ev_call_chn entry (fixed (11), entry, ptr, fixed, 

fi x ed ( 35) ), --
hcs $initiate count entry (char 
fIxed (2), ptr, fixed (35», 

(*), char (*),char C*), fixed (24), 

del 

del 
del 
del 
del 

be fixed (24), 
iox $user output ext ptr, 
iox-$put chars entry (ptr, ptr, fIxed (21), fixed-(35», 

(ioa-, com err) entry options (variable); 
1 ipc info-based (seg ptr) , 
2 process id bit (36)--; 
2 ehannel-Id fixed bin (71); 

seg ptr j)tr; 
ME char-(6) init ("listen") static options (constant); 
event info ptr ptr; 

1 even~ info based (event info ptr) , 
2 channel id fixed bin (7T),· - -
2 message-fixed bin (71), 
2 sender bit (36)-, 
2 origin, 

3 dev signal bit (18) unal, 
3 ring bit (18) unal, 

2 data _ptr ptr; 

'* INITIATE PROTOCOL PASSING SEGMENT *' - --.. 
call hcs $in1tiate count (">udd>F15dw>Auerb~eh", "ipe_seg1" , 

n",-~e, 1, seg ptr, code); 
if seg_ptr = null () then call ERROR; 

'* CREATE EVENT CHANNEL AND MAKE IT A CALL CHANNEL- *' 
call ipc $create ev chn (ipc info.channel id, code); 
if code 'W'= 0 then call ERROR; --
ipc info.process id = get process id e); 
calI ipc $decl ev call chn (ipc info~channel id, 

- pr tiit msg -; null (r, 0, code); '* data ptr = null .*l 
if cod~ ~=-O then call ERROR; -

'* ALL DONE *' call ioa ("Now listening for messages."r;"" 
return'; -
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AN EXAMPLE USING EVENT-CALL CHANNELS 

print msg: entry (event info ptr); 
1* THIS HANDLER FOR TAK!NG HISSAGES DOES NOT USE THE 
event_info_ptr PARAMETER PASSED TO- IT. *1 

1* GET POINTER TO MAILBOX SEGMENT *1 
call hes $initiate count (">udd>F15dw>Auerbaeh", "mailbox", 

"",-be, 1, seg ptr, code); 
if ses_ptr = null (j then call ERROR; 

1* PRINT OUT CONTENTS OF >udd>F15dw>Auerbach)mailbox *1 
call ioa ("Message 15:"); 
call iox-$put chars (iox $user output, seg_ptr, 

divide (be,og, 21,0), code); 
if eode A= 0 then call ERROR; 

1* RESTART ANY INTERRUPTED OUTPUT AND RETURN *' 
ERROR: 

call iox $control (iox_$user_output, "start", null (), 
code) ; 

proc; 
call com err (code, ME); 
call iox-$control (iox $user output, "start", null (), -

codi); --
goto FINIS; 

end; 

FINIS: 
end listen; 

r 12:36 0.383 18 

!print put_message.p11 1 

put~message: proc; 

linclude listen deals; 
del mailbox rire; 
del 1 ipc info based (seg ptr) , 

2 process id bit (36)~ 
2 channel-id fixed bin (71); 

del seg_ptr ptr; 

1* THE FOLLOWING PL/l IIO STATEMENTS BUILD UP A SEGMENT 
- WHICH WILL BE DUMPED LATER BY THE print_msg EVENT: HANDLER. *' 

open file (mailbox) stream output; 
put file (mailbox) skip 

list ("Hello ••• thls 1s the absentee proceas •• "); 
put file (mailbox) skip 

list ("Just wanted to prove it works!!"); 
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put file (mailbox) skip; 
close file (mailbox); 

'* OBTAIN process id AND channel idSO THAT WE CAN SEND WAKEUP */ 
call hcs. $initiate count (tI)udd>F15dw)Auerbach", "ipc seg1"~ 

II",.-bc·, 1, seg ptr, code); -
if seg_ptr : null () then call ERROR; 

'* HOW SEND THE WAKEUP *' 
_ call hcs $wakeup (ipc info .process id', ipc_info.channel:_id, 
'0, code) j- - . 

if code A:.O then call ERROR; 

ERROR: proc; 
del ME char (11) init (ftput message") static options (constant); 

call com err -(code, ME); 
goto FIHiSHj-

end; 

FINISH: 
end 'put_message; 

r 12:36 0.0201 

!print pm.absin 1 

Dut message 
iogout -
&quit 

r 12:36 0.029 1 

!defer messages 
r 12:30' Oe018 5 

!listen 
Now listening for messages. 
r 12:36 0.015 3 

lear pm 
27 already requested. 
r i 2 : 36 o. 126 12 

Not To Be Reproduced 8-37 ~ F15D 



IPC SUBROUTINES 

!! EXAMPLE USING EVENT-CALL CHANNELS 

!who 

Multics MRS.O, load 55.0/130.0; 55 users 
Absentee users 0/3 

IO.SysDaemon 
Backup.SysDaemon 
IO.SysDaemon 
IO.SysDaemon 
IO.SysDaemon 
GCOS.SysDaemon 
Volume Dumper.Daemon 
Opr.Operator 
MFreeman.SSF 
Susan.NCB 
Jagernauth.Multics 
Irish.Doc 
Downing.Multics 
Wardd.Multics 
Falksenj.Multics 
Coppola.HFED 
Casselman.HCRC 
Martinson.SysMaint 
Nolde.Bus-Plan 
FED. VIS 
Lombreglia.NCB 
Lutz.GSASched 
Retriever.SysDaemon 
Harrison.Rapidata 
Stryk.HCRC 
Matheson.DEBUG 
Landrum.SED 
Baryza.FORD CONY 
Auerbach" F 1Sdw . 
Johnson.SysAdmin 
Donner.Multics 
Fawcett.VIS 
Message is: 

Hello ••• this is the absentee process •• 
Just wanted to prove it works!! 
Coflin.G66 
Friedman.F15aw 
Glicksman.HISCAN 
Berglund.Multics 
Arnwine.SiteSA . 
NThompson.NOPS 
Chouinard.BBbench 
JWilliams.SED 
Student 20.F01 
RBarnes:Multics 
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Bergum.HeRe . 
Gildersleeve.Multics 
Tilton.MMPP 
Watts.Doc 
FED.VIS 
Sam.SRB 
Student 14.F01 
Gowans .l!Sask 
PHJones.BBbench 
Troost.MMPP 
Whitford.Doc 
Gintell.Multics 
Grimes.SMP 
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INTRODUCTION 

• CONCEPT 

D ANOTHER FORM OF INTER PROCESS COMMUNICATION INVOLVES THE SHARING 
OF COMMON DATA BASE (NOT TO BE CONFUSED WITH MDBM) SEGMENTS 

9 BECAUSE SEVERAL PROCESSES MAY BE ATTEMPTING TO CONCURRENTLY ACCESS 
AND UPDATE A SHARED DATA BASE, SOME FORM OF CONTROL IS REQUIRED: 

t ""TO" PREVENT THE DATA BASE FROM BEING LEFT IN AN INCONSISTENT 
STATE 

B TO PREVENT ANY PROCESS FROM OPERATING UPON PARTIALLY-UPDATED 
DATA 

• A POSSIBLE SOLUTION 

o A "LOCKING" FACILITY: THE set_lock_ SUBROUTINE 

D COOPERATING PROCESSES OBSERVE A LOCKING PROTOCOL, IN WHICH A 
GIVEN PROCESS DOES NOT ACCESS A DATA BASE UNTIL IT CAN SET A 
LOCK WORD, AND IN WHICH. A PROCESS RESETS THAT LOCK WORD WHEN IT 
HAS COMPLETED A CRITICAL UPDATE OR RETRIEVAL 
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THE LOCKING MECHANISM 

• DATA BASE LOCKING IS IMPLEMENTED BY set lock SUBROUTINE (AG93) 
(BUT SEE ALSO THE PL/1 NON-STANDARD BUILTINS stac AND stacq) 

n A CALLER-SUPPLIED LOCK WORD IS USED FOR THE MUTUAL EXCLUSION OF 
PROCESSES 

·0 THIS LOCK WORD IS 

o DECLARED (blt(36) aligned) BY UPDATING PROGRAM(S) 

n . ZEROED ONCE BY SOME SPECIAL INITIALizATION PROGRAM WHEN DATABASE 
FIRST CREATED (THUS INDICATING IT'S UNLOCKED) 

n LOCATED 

o USUALLY IN A SPECIAL, SEPARATE SEGMENT ACCESSIBLE TO ALL 
COOPERATING PROCESSES 

D SOMETIMES IN THE DATABASE ITSELF 
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THE LOCKING MECHANISM 

D WHEN A PROCEDURE IS ABOUT TO ENTER A CRITICAL SECTION OF CODE, 
IT CALLS AN ENTRY POINT IN set lock WHICH ATTEMPTS TO SET THE 
LOCK BY PLACING THAT PROCESS'S -LOCK -IDENTIFIER IN THE LOCK WORD 
USING AN INDIVISIBLE MACHINE INSTRUCTION, stac (STORE-A 
CONDITIONAL) 

D stac USES A SPECIAL MAIN MEMORY REFERENCE THAT PROHIBITS SUCH 
. REFERENCES BY OTHER PROCESSES BETWEEN THE TEST AND THE DATA 

TRANSFER. . 

-D IF THE LOCK WORD ALREADY CONTAINS SOME OTHER VALID LOCK 
IDENTIFIER, THE INTERPRETATION IS THAT THE DATA BASE IS LOCKED 
BY THAT OTHER PROCESS, AND THE CALLING PROCESS WAITS FOR THE 
LOCK TO BE UNLOCKED BY THAT OTHER PROCESS 

D WHEN A CRITICAL SECTION OF CODE HAS BEEN COMPLETED BY THE PROGRAM, 
THE LOCK OUGHT TO BE UNLOCKED, ALLOWING ANOTHER PROCESS TO SET 
THE LOCK 

• SUCCESS HINGES ON THE FOLLOWING CONVENTIONS: . . 

o set lock IS THE ONLY PROCEDURf: THAT MAY MODIFY THE· L·OCK WORD 
(WI!H THE EXCEPTION OF THE PROGRAM WHICH INITIALIZES THE DATA 
BASE AND LOCK WORD> 

D ALL PROCESSES SHOULD CALL set lock $lock -BEFORE ENTERING A CRITICAL 
SECTION OF CODE --

D ALL PROCESSES SHOULD CALL set_lock_$unlock AFTER COMPLETING A 
CRITICAL SECTION OF CODE 
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THE-SET LOCK SUBROUTINE 

• set lock_$lock (AG93) 

D ATTEMPTS TO PLACE LOCK IDENTIFIER OF CALLING PROCESS IN THE GIVEN 
·LOCK WORD 

D wait time INDICATES THE NUMBER OF SECONDS THAT set lock .lock 
SHOUt:D WAIT FOR A VALIDLY LOCKED LOCK WORD TO ~E UNrOCKED 
BEFORE RETURNING UNSUCCESSFULLY (-1 INDICATES NO TIME LIMIT) 

n ONE OF THE FOLLOWING CODES IS RETURNED: 

·0 0 

D error_table_$invalid_lock_res.et 

o error_table_$locked_by_this_process 

n error_table_$lock_wait~time_exceeded 
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THE SET LOCK SUBROUTINE 

B . ATTEMPTS TO RESET A GIVEN LOCK WORD TO -"a"b 

n. RETURNS ONE OF THE FOLLOWING CODES: 

. 0 0 

D error table $locked ·by other process IF lock word CONTAINED 
. NON-ZERO VAl,UE NOT-EQUAL TO- LOCK IDENTIFIER-OF -THE CALLING 

PROCESS 
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AN EXAMPLE OF LOCKING - ----

! pwd 
>user dir dir>F15dw>Auerbach 
r 92:9 0.173 1 

!ls -pn >udd>F15dw>Auerbach>AJAX db 
, -

Segments = 2,'Lengths ='2~ 

r w ' 0 lock word, 
re' 2 book-seat 

" Multisegment-files = " Lengths = T. 

r w 7 flight_records 

r 09:29 0.06~ 0 

!print book_seat.pll 1 

book_seat: procedure; 

',* THIS PROGRAM UPDATES ,AN AIRLINES DATABASE 
WHICH IS LOCATED IN THE SAME DIRECTORY· 

""-'-'AS--tH1S-PROGRAM"~"AND WHICH ALSO CONTAINS 
A LOCK SEGMENT *' . 

del flight records file; 
del 1 flight rec based (rec ptr), 

2,total seats fixed bin~ 
2 seats-booked fixed bin t 

2 seat Tnfo (0 refer (se~ts booked», 
3 name char (20) varying,-
3 address char (30) varying; 

dcl flight no char (4) varying,' 
date enar (6) varying; 

dcl rec_ptr ptrj 

del 

,dcl 
del 

set lock $lock entry (bit (36) aligned, 
fixed bin, fixed bin (35», 
set lock $unlock entry (bit (36) aligned, 
fixed bin (35», 

(ioa , com err) entry options (variable), 
change_wd!r_ entry (char (168) aligned, fixed bin ,(35»;, 

'" .~S.eJ\ Ml"ll 
lock_wor~ bit (36) alIgned external static; 

(key, cleanup) conditioR; , . , 

'del (code, . , 
error table $invalid lQck reset external, 
error-table-$locked oy this process external, 
error _ table:$lock_wait-t,ime-exceeded external) ,fixed- bin (-35); 

-del ME char (9) init ~"book_seat") static options (constant); 
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AN EXAMPLE OF LOCKING 

1* ESTABLISH 'on unit' FOR 'cleanup' 
DO NOT UNLOCK LOCK - DATA BASE HAY BE 
IN AN INCONSISTENT STATE *1 

on cleanup close file (flight_records); 

1* ESTABLISH 'on unit' FOR 'key' CONDITION 
REPORT ERROR AND ASK AGAIN *1 

on key (flight records) begin; ~ 
call ioa -(ftInvalid key entered A a", onkey (»;
goto PRO~PT; 

end; 

1* BEGIN UPDATE PROGRAM *' 
call ioa ("AJAX Airlines flight ~ook1ng program begins"); 

1* CHANGE WORKING DIR TO AIRLINES DATABASE DIRECTORY *' 
call change wdir (")udd)F15dw)Auerbach>AJAX db", code); 
if code A= ~ then do; -

call com err (code, ME); 
return; - ~ 

end; 

1* OPEN DATABASE *1 
open file (flight_records) direct update; 

1* LOCK DATABASE NOW - TRY FOR 30 SECONDS *1 
_ call set_lock_$lock (lock_word$, 30, code); 

if code A= 0 then 
1* COULDN'T LOCK IT - FIND OUT WHY *1 

if code = error_taule_$lock_wait time exceeded 
then do; 

1* DATABASE IS BUSY *' 
call 10a ("Database busy - try again later."); 
goto WRA~UP; . 

end; 
else 
if code = error table_$1nvalid_lock_reset 
then do; 

1* SOMEBODY DIDN'T UNLOCK BEFORE DYING *' 
end; 
else 

call ioa ("Database has invalid lock"); 
call ioa- ("Notify DBA - no update allowed"); 
goto WRAPUP; 

if code = error_table_$locked_by_this~process then do; 

Not To Be Reproduced F15D 



AN EXAMPLE OF LOCKING 

'* SOMETHING IS VERY WRONG - DIE *' 
end; 
else; 

else; 

call loa ("FATAL ERROR!!"); 
call ioa- ("NOTIFY DBA IMMEDIATELY!!"); 
goto WRAJiUP; 

1* DATABASE IS NOW LOCKED *1 

PROMPT: 
1* BASIC REQUEST LOOP *1 

do while ("1"b); 
call loa ("Enter flight no, date for booking"); 
get list-(fli·ght no-, date); 
if flight no = "0" then goto WRAPUP; '* STOP WHEN flight no I! "0" *1 

1* TRY TO READ RECoin *1 
read file (flight records) key (flight_nolldate) 

set (rec_ptr); 

1* SEE IF ANY SEATS ARE LEFT *1 
if rec ptr ->'seats booked >= rec_ptr -> total_seats 
then do; -

call 10a_ <"Flight is booked fullo"); 
end; 

/* OKAY - GET REST OF INFO *1 
else do; 

seats booked = seats booked + 1; 
call 108 ("Enter name', address of cust".); 
get list-( 

flight rec.seat info (seats booked).name, 
flight-rec.seat-info (seats-booked).address); 

rewrite file (flight-records) -
from < rec_ptr -> flight_rec); 

end; 
end; 

WRAPUP: 
1* UNLOCK AND CLOSE DATABASE *1 

. call set lock $unlock (lock word$, code); 
close riTe (rlight records); 
call i08_ ("End Update Program ~an, ME); 

_ end book_seat; 
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AN EXAMPLE OF LOCKING 

r 09:29 0.025 2 

!AJAX db)book seat 
AJAX Airlines-flight booking program begins 
Enter flight no, date for booking 
!112,800303 -
Flight is booked rull~ 
Enter flight no, date for booking 
!O,O -
End Update Program book seat 
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INTRODUCTION 

• CERTAIN SOPHISTICATED PROGRAMS MAY REQUIRE THE USE OF ONE OR MORE 
CPU AND/OR REAL-TIME TIMERS 

• TIMER MANAGER FACILITY (TMF) OPERATES PRIMARILY IN CONJUNCTION WITH 
THE INTERPROCESS COMMUNICATION FACILITY, THUS ENABLING ~ROGRAMS TO 
RUN ASYNCHRONOUSLY WITHIN A PROCESS 

, 

-rl rv\E~ - rvtA~AqER 
• o~s ALLOWS A PROCESS TO: 

D BLOCK ITSELF FOR A SPECIFIED REAL TIME PERIOD (SLEEP) 

o CALL A SPECIFIED PROCEDURE WHEN A SPECIFIED TIME INTERVAL HAS 
ELAPSED 

o ISSUE" A WAKEUP ON A SPECIFIED EVENT-WAIT CHANNEL WHEN A'SPECIFIED 
TIME INTERVAL HAS ELAPSED 

• THE SUBROUTINE INTERFACE IS timer_manager_ (AK9~) 

• FOR MORE ABOUT·TIME, SEE THE MPH SUBROUTINES MANUAL: 

clock cpu time and paging 
. .decode_clock_value: - -
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TIMER MANAGEMENT TERMINOLOGY 

• timer_manager_ MAKES USE OF SEVERAL CRITICAL CONCEPTS: 

D alarm 

o "alarm" IS USED TO DESIGNATE A REAL~TIME TIMER; THAT IS, A 
":WALL-TIME" ELAPSED TIME - WHEN AN "alarm" TIMER GOES- OFF t 
THE ~alrm" (STATIC) CONDITION IS SIGNALLED 

D cpu, 

o "cpu" IS USED TO DESIGNATE A VIRTUAL CPU TIMER; WHEN A "cpu" 
TIMER GOES OFF, THE "cput" (STATIC) CONDITION IS SIGNALLED 

o relative time 

n A TIME MEASURED FROM THE CALL TO timer manager,; THAT IS, A 
TIME MEASURED FROM THE TIME THE TIMER IS CREATED 

o absolute time 

, , 

B A TIME MEASURED FROM THE FIXED POINT IN TIME "January 1, 1901 
0000 Hours" 
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TIMER MANAGER GENERIC ARGUMENTS 

• timer_manager_ ENTRY POINTS ACCEPT A COMMON SET OF GENERIC ARGUMENTS 

o channel 

o THE EVENT CHANNEL· 10 ,( fixed bin (71 » OVER WHICH A WAKEUP IS 
TO BE TRANSMITTED 

o SET UP PRIOR TO INVOCATION OF A timer_manager_ ENTRY POINT 

o routine 

o THE PROCEDURE TO BE INVOKED WHEN A "CALL" TIMER GOES OFF 
(SPECIFIED WHEN THE TIMER IS CREATED) 

o . THE PROCEDURE WILL BE PASSED TWO ARGUMENTS (UNLIKE AN EVENT-CALL 
PROCEDURE) AS FOLLOWS:: . 

o mc_ptr 

- 0 AN ALIGNED POINTER TO THE "MACHINE CONDITIONS" AT- THE 
- - TIME THE alrm OR cput CONDITION WAS SIGNALLED (SEE SECTION 
- 7 IN MPM REFERENCE GUIDE) 

o name 

o A CHARACTER STRING INDICATING WHETHER THE TIMER WAS AN 
ALARM TIMER (alrm) OR A CPU'TIMER (cput) 

o IS MOST OFTEN AN EXTERNAL ENTRY, BUT MIGHT BE INTERNAL (TAKE 
CAREl) 

Not To Be -Re:produced 10-3 - F15D 



TIMER MANAGER GENERIC ARGUMENTS 

n time 

D MANY timer manager ENTRY POINTS REQUIRE THAT THE TIME (fixed 
bin (71)') -BE SPECf'FIEDj alrm OR cput CONDITION IS SIGNALLED 
AT THAT TIME 

n flags 

D MANY timer manager ENTRY POINTS REQUIRE THIS bit(2) STRING, 
WHICH SPECIFIES HOW THE time ARGUMENT IS TO BE INTERPRETED 

0 "11"b MEANS RELATIVE SECONDS 

n "10nb MEANS RELATIVE MICROSECONDS (1e-6 SECONDS) 

n nOl nb MEANS ABSOLUTE SECONDS 

n "OO"b MEANS ABSOLUTE MICROSECONDS (le-6 SECONDS) 
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TIMER MANAGER ENTRY POINTS 

• timer_manager_ ENTRY POINTS ALLOW A PROCESS TO: 

D BLOCK A P~OCESS FOR A SPECIFIED REAL TIME INTERVAL 

8 timer_manager_$sleep 

o CAUSE. A SPECIFIED PROCEDURE TO BE INVOKED AT A SPECIFIED TIME 

o CAUSE A WAKEUP TO BE ISSUED ON A SPECIFIED EVENT-WAIT CHANNEL AT 
A SPECIFIED TIME 
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TIMER MANAGER ENTRY POINTS 

n RESET AND INHIBIT TIMERS 

n timer manager $reset alarm wakeup . " . -- - - -
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TIMER MANAGER ENTRY POINTS 

BLOCKING A PROCESS 

• timer manager $sleep CAUSES PROCESS TO GO BLOCKED FOR A PERIOD OF 
REAL lIME -

D OTHER TIMERS THAT ARE ACTIVE ARE PROCESSED WHENEVER THEY GO OFF 

D HOWEVER, THE PROCEDURE ISSUING THIS CALL WILL NOT RESUME (IcE., 
EXECUTE ITS NEXT INSTRUCTION) UNTIL THE REAL TIME HAS BEEN PASSED 

o EXAMPLE 

----SECONDS 
I 
I 

t 
call timer_manager_$sl~ep ( 30, nl1nb); 

. I 
I 
I 

RELATIVE----

o WOULD CAUSE THIS PROCESS TO GO TO nSLEEpn FOR THIRTY SECONDS 
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TIMER MANAGER ENTRY POINTS 

USING CALL TIMERS 

• ENTRY POINTS WHICH CAUSE A SPECIFIED PROCEDURE TO BE INVOKED WHEN A 
TIMER GOES OFF 

n SETS UP A REAL-TIMER 

n A SPECIFIED ROUTINE IS CALLED WHEN THE TIMER GOES OFF 

n IT REQUIRES THE time, flags, AND routine ARGUMENTS AS INPUT 

n EXAMPLE 

D WOULD CAUSE A PROCEDURE CALLED print usage TO BE INVOKED 
AFTER 80 SECONDS OF REAL TIME HAD ELA~ED 
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TIMER MANAGER ENTRY POINTS 

USING CALL TIMERS 

o SETS UP A CPU TIMER WHICH WILL CAUSE A SPECIFIED PROCEDURE TO 
BE INVOKED WHEN A SPECIFIED INTERVAL OF CPU TIME HAS ELAPSED 

e REQUIRES THE SAME ARGUMENTS AS THE timer_manager_$alarm_call 
ENTRY POINT 

o EXAMPLE 

----MICROSECONDS 
I 
8 

t 
call timer_manager_$cpu_call ( 1000, "10"b, print_cpu~usage); 

• • U 
I 
8 

RELATIVE----

o CAUSES THE PROGRAM print cpu usage TO BE INVOKED WHEN ONE 
MILLISECOND OF CPU TIME Rls £LAPSED 
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TIMER MANAGER ENTRY POINTS 

USING WAKEUP TIMERS 

• ENTRY POINTS BELOW ALLOW THE CALLER TO SPECIFY· THAT A WAKEUP IS TO_. 
BE SENT ACROSS SPECIFIED EVENT-WAIT CHANNELS WHEN THE TIMER GOES 
OFF 

o SETS UP A REAL-TIME TIMER THAT ISSUES A WAKEUP ON THE EVENT-WAIT 
CHANNEL SPECIFIED WHEN THE TIMER GOES OFF 

o CALLER MAY WISH TO GO BLOCKED ON THE CHANNEL (BUT NEEDN'T) 

o THE EVENT MESSAGE PASSED IS THE STRING "alarm ___ " 

o REQUIRES THREE INPUT ARGUMENTS - THE time t flags, AND channel_id 

D EXAMPLE 

call convert date to binary ("1 hour 5 minutes", time, code); 
. - oall timer_min.ager_$slarm_wakeup ( time, "22"b, channel_id); 

I I 
I I 
I I 

ABSOLUTE----I 
I 
I 
I 
I 

----MICROSECONDS 

o WOULD CAUSE A WAKEUP TO BE ISSUED ACROSS channel id 65 
WALL CLOCK MINUTES FROM THE TIME convert_date_to_bl_nary_ 
WAS "eALLED 
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TIMER MANAGER ENTRY POINTS 

USING WAKEUP TIMERS 

D OPERATES EXACTLY LIKE timer manager $alarm wakeup EXCEPT THAT 
THE TIMER IS A CPU TIMER ANt) THE EV!NT MES'SAGE IS "cpu_time" 

D EXAMPLE 

call timer..;..,manager_$cpu_wakeup (50, "22"b, channel_id); 
I I 
I • 
I I 

ABSOLUTE----I 
I 
I 
I 
I 

----SECONDS 

, 
. D WOULD CAUSE A WAKEUP TO BE ISSUED ON THE EVENT-WAIT CHANNEL 

IDENTIFIED BY channel 1d AFTER A TOTAL OF 50 CPU SECONDS 
HAD BEEN EXPENDED (MEASURED FROM PROCESS CREATION TIME) 
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TIMER MANAGER ENTRY POINTS 

RESETTING ill INHIBITIN"G TIMERS 

• timer manager ENTRY POINTS EXIST WHICH ALLOW A PROCESS TO RESET OR 
INHIBIT TIMER! . 

• USERS OF timer manager SHOULD BE AWARE OF THE PERILS OF ASYNCHRONOUS 
PROCESSING, AND PROGRAMS CREATING CALL OR WAKEUP TIMERS SHOULD PROVIDE 
AN 'on unit' FOR THE oleanup CONDITION TO RESET TIMERS 

o SUCH 'on units' GENERALLY DO NOTHING MORE THAN RESET THE TIMERS, 
THUS PREVENTING SUCH TIMERS FROM GOING OFF AT UNDESIRED TIMES 

D ENTRY POINTS WHICH RESET AND INHIBIT TIMERS: 

D tinier_manager_$reset_alarm_call 

fl RESETS,. OR TURNS OFF ALL REAL-TIME TIMERS (alarm) THAT 
CALL THE ROUTINE SPECIFIED WHEN THEY GO OFF ----------

D REQUIRES ONLY ONE ARGUMENT, THE NAME OF THE ROUTINE FOR 
WHICH TIMERS HAVE BEEN SET 

o EXAMPLE 

D THIS CALL WOULD TURN OFF ANY REAL-TIME TIMERS WHICH 
WOULD CALL print_usage IF THEY WENT OFF 
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TIMER MANAGER ENTRY POINTS 

RESETTING AND INHIBITING TIMERS 

o timer_manager_$reset_cpu_call 

n 
II 

D OPERATES IN THE SAME MANNER AS 
timer manager $reset alarm call EXCEPT THAT IT TURNS OFF 
CPU TIMERS FO~ THE S~ECIFIeD PROCEDURE -

timer mana~er $reset alarm wakeup 
.-. - -- ~ ..... 

o TURNS OFF ALL REAL-TIME TIMERS THAT ISSUE A WAKEUP ON THE 
EVENT-WAIT CHANNEL SPECIFIED 

B THE ONLY INPUT ARGUMENT IS THE channel id OF THE CHANNEL 
. FOR WHICH TIMER WAKEUPS ARE TO BE TURNE~OFF 

D EXAMPLE 

o THIS CALL WOULD TURN OFF ANY REAL-TIME TIMERS WHICH 
WOULD OTHERWISE ISSUE A WAKEUP ON THE CHANNEL IDENTIFIED 
BY channel_id WHEN THEY WENT OFF 

o t1mer_manager_$reset_cpu_wakeup 

o OPERATES EXACTLY LIKE timer manager $reset alarm-··wakeup 
EXCEPT THAT IT TURNS OFF CPU- TIMERS-FOR TirE EVElr.-WAIT 
CHANNEL SPECIFIED ---
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TIMER MANAGER ENTRY POINTS 

RESETTING AND INHIBITING TIMERS 

o INHIBITING INTERRUPTS WHILE USING CALL TIMERS ALLOWS THE PROCESS 
TO ENSURE THAT THE HANDLER (THE PROCEDURE INVOKED) WILL NOT BE 
INTERRUPTED BEFORE IT RETURNS 

D IF SUCH HANDLERS DO ijOT RETURN, THE PROCESS MAY MALFUNCTION, 
SINCE IT IS DANGEROUS TO INHIBIT INTERRUPTS FOR.TOO LONG 

o timer_manager_$alarm_call_inhibit 

n OPERATES EXACTLY LIKE timer manager $alarm call EXCEPT THAT 
ALL INTERRUPTS ARE INHIBITED JUST-BEFORE- THE HANDLER IS 
INVOKED 

B WHEN THE HANDLER RETURNS,-ALL INTERRUPTS ARE REENABLED 

o timer_manager_$cpu_call_inhlblt 

o OPERATES LIKE tl~~r manager $cpu call EXCEPT THAT ALL 
INTERRUPTS ARE INHIBITED WHII.E·--THE .... HA-NDL·ER -IS EXECUTING 
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TIMER MANAGER ENTRY POINTS 

STANDARD SYSTEM HANDLERS 

• OTHER ENTRY POINTS IN timer_manager_ SERVE AS STATIC HANDLERS FOR 
TWO CONDITIONS: 

o timer_manager_$alarm_interrupt (FOR 'alrm' CONDITION) 

• SEE THE CODE FOR user_real_init_admln~ IN APPENDIX B 
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TWO EXAMPLES USING TIMERS 

!print cookie.p11 1 

cookie: procj 
1* THE INFAMOUS COOKIE MONSTER PROGRAM 

THIS PROGRAM USES THE TIMER MANAGER FACILITY 
_ TO CAUSE THE COOKIE MONSTER PROGRAM TO BE 

REINVOKED AGAIN AND AGAIN, THUS BEWILDERING 
THE CALLER *1 

/dc1 timer manager $alarm call entry(fixed bin (71), bit (2), entry), 
~ timer-manager-$reset-alarm call entry (entry),' 

iox $control entry (ptr, char (*), ptr, fixed bin (35», 
(10a:, ioa_$nnl) entry options (variable); 

dcl (quit, cleanup) condition; 
dcl next time fixed bin (71); 
del null-builtin; 
dcl iox $user 10 ext ptr; 
dcl answer char (6); 
dcl sysin file; 
dcl code fixed bin (35); 
dcl i static init (1); . 

. dcl fir~t_time bit (1) static init ("l n b); 

1* ESTABLISH 'on unit' FOR CLEANUP 
RESET ~NY TIMERS THAT MAY BE AROUND *' 
~on cleanup call timer_manager_$reset_alarm_call (handler); 

1* COME HERE IF FIRST TIME EXECUTING COOKIE *' 
if first time then do; 

/* FOR INITIAL CALL, SET TIME TO 10 SECONDS *1 
next time = 1Q; 

end; 
first_time = nO"b; 

1* WHEN COOKIE IS CALLED AGAIN, 
SET THE TIME TO 80 SECONDS *1 

else next_time = 80; 

1* NOW SET UP TIMER TO CALL handler AND RETURN 
IT WILL SEEM TO THE CALLER THAT ALL IS NORMAL *1 
-=='--- -}. call timer manager $alarm call (next time, n 11"b, handler); 

return; - - - -
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TWO EXAMPLES USING TIMERS 

'* COME HERE WHEN TIMER GOES OFF *' 
handler: entry; '* ESTABLISH 'on unit' TO TRAP HIS QUITS *' 

on quit begin; 

end; 

call ioa ("QUIT"); 
call 10a- ("You wanna get yourself logged out??"); 
1 = 1+1;-
go toask .... again; 

'* BASIC PROMPTING LOOP 
WE READ INPUT LOOKING FOR COOKIES *' 

ask again: 
- if i 

else 
else 

= 1 then call ioa <"I want a cookie."); 
if 1 = 2 then call ioa ("Please give me a cookie."); 
if 1 = 3 then call 10a- ( 
"You bad better give me a cookie. n); 

else If i = 4 then call loa <nI WANT A COOKIE!"); 
else if i = 5 then call 10a- ( 

npLEASE--GIMME A COOKIE!!I!"); 
else do; 

call 10a ("I glve up. You're hopeless."); 
call 10a-$nn1 <"Guess I'll have to get one myself."); 
call loa: ("COOKIECOOKIECOOKIE"); 

'* AT THIS POINT I EITHER GOT A COOKI~ FROM HIM 
OR FROM MYSELF - RESET 1 AND CALL COOKIE AGAIN *' 

next set: 
1 = 1; 
call cookie; 
call lox $control (iox_$user _10, n start", null," code) ; 
return; -

'* HERE'S 

end; 

end;, 

WHERE I GRAB HIS INPUT LINES *' 
get list (answer); 
if answer = "cookieR I answer = "COOKIE" then do; 

call 10a_ ("Thanks. I needed that. YumYumYum ••• ")j 
go to next_set; 

end; 
else do; 

i :: 1+1; 
go to ask_again; 

end; 
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TWO EXAMPLES USING TIMERS 

!cookie 
r 11:56 0.065 1 

!hmu 

Multics MRS.O, load 63.0/100.0; 63 users 
Absentee users 015 

r 11:56 0.058 0 

I want a cookie. 
!who 
Please give me a cookie. 
!(QUIT) 

QUIT 
You wanna get yourself logged out?? 
You had better give me a cookie. 
!new proc 
PLEASE--GIMHE A COOKIE!!!! 
!logout 
I give up. You're hopeless. 
Guess I'll have to get one myself.COOKIECOOKIECOOKIE 
!new proc 
r 11:57 1 .829 68 
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TWO EXAMPLES USING TIMERS 

!print usage.p11 1 

usage: proc (mc_ptr, name); 

'* THIS PROGRAM PRINTS OUT PAGE FAULT AND PAGING DEVICE 
FAULT INFORMATION EVERY HALF-SECOND OF CPU TIME*' 

dcl (me ptr ptr, 
name char (*» parameter; 

~dcl timer manager $cpu call entry (fixed bin (71), bit (2), entry), 
~ tlmer-manager-$reset cpu call entry (entry), 
~cpu time and paging -entry (fixed bin, fixed bin (71), 

\ 

fixed bin), - -
iox $control entry (ptr, char (*), ptr, fixed ~in (35», 
io~: entry options (variable); 

dcl cleanup condition, 
code fixed bin (35), 
iox_$user_io external ptr; 

dcl (total pf fixed bin, 
total-pdf fixed bin, 
first time bit (1) init ("1"b» static; 

del pf fixed bin, 
time fixed bin (71), 
pdf' fixed bin; 

'* ESTABLISH cleanup HANDLER TO RESET TIMER *' 
~ on cleanup call timer_manager_*reset_cpu_call (usage); 

'* PERFORM INITIALIZATION IF FIRST TIME *' 
if' first time then do; 
~cal'! epu_time_and_paging __ (total_pf, time, total_pdf); 

call ioa ("Uaage counters initialized"); 

end; 

call ioa <"Total page faults since process began Al", 
total pf), 

call 10a T"Total pd faults since process began A1", 
total pdf); 

flrst_time-: "ORb; 

'* COMES HERE WHEN TIMER GOES OFF *1 
else do; 
~>eall cpu time and paging (pr, time, pdf); 

call 10a- ("In the half-second CPU interval:"); 
call ioa: ("Ai page' faults were taken", 

pi' - total pf); 
call ioa ("Ai paging device faults were taken", 

pdr-- total pdf); 
total_pi : pC; -
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TWO EXAMPLES USING TIMERS -

total pdf = pdf; 
call iox $control (iox $user io, "start", 

'null (), code); - -
end; 

1* FIRE UP NEXT TIMER IN EITHER CASE *1 
~call timer_manager_$cpu_call (500000, "10"b,usage)j 

end usage; 
!usage 
Usage counters initialized 
Total page faults since process began 703 
Total pd faults since process began 0 
r 12:19 0.083 4 . 

!hmu 

Multics MR8.0" load 63.0/100.0; 63 users 
Absentee users 1/5 

r 12:19 0.055 7 

!list -first 2 

Segments = 62, Lengths = 127. 

re 1 usage 
r w 1 usage.p11 

r 12:' 9 O. 201 21 

!cookie 
r 12:19 0.052 1 

! pwd 
>udd>F15dw>Auerbach 
r 12:19 00035 0 

I want a cookie. 
!cookie 
Thanks. I needed that. YumYumYum ••• 
!whome 
In the halr~second CPU interval: 
55 page faults were taken 
o paging device faults were taken 
Auerbach.F15dw 

r 12:19 0.310 30 
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!p11 cookie 
PL/I 

TWO EXAMPLES USING TIMERS .......... 

In the half-second CPU interval: 
60 page faults were taken . 
o paging device faults were taken 
In the half-second CPU interval: 
41 page faults were taken 
o paging device faults were taken 
In the half-second CPU interval: 
63 page faults were taken 
o paging device faults were taken 
r 12:20 1.876 163 
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TIMER MANAGER SUMMARY 

FOR REAL-TIME TIMERS 

sleep 

alarm call 

alarm call inhibit - -

reset alarm call - -

FOR CPU-TIME TIMERS 

cpu_call 

cpu_call_inhibit 

reset_cpu_wakeup 

Not To Be Reproduced 

GO BLOCKED AT THIS POINT FOR SPECIFIED 
TIME 

CALL SPECIFIED ROUTINE AT SPECIFIED TIME 

CALL SPECIFIED ROUTINE AT SPECIFIED TIME 
WITH ALL INTERPROCESS SIGNALS MASKED OFF 

ISSUE A WAKEUP ON SPECIFIED EVENT-WAIT 
CHANNEL WHEN TIMER GOES OFF, PASSING A 
MESSAGE OF "alarm ___ " 

TURN OFF ALL TIMERS THAT CALL ROUTINE 
SPECIFIED WHEN MATURE 

TURN OFF ALL TIMERS THAT WAKEUP SPECIFIED 
EVENT~WAIT CHANNEL WHEN THEY MATURE 

CALL SPECIFIED ROUTINE AT SPECIFIED TIME 

CALL SPECIFIED ROUTINE AT SPECIFIED TIME 
WITH ALL INTERPROCESS SIGNALS MASKED OFF 

ISSUE A WAKEUP ON SPECIFIED EVENT-WAIT 
CHANNEL WHEN TIMER GOES OFF, PASSING 
A MESSAGE OF "cpu_time" 

TURN OFF ALL TIMERS THAT CALL ROUTINE 
SPECIFIED WHEN THEY MATURE 

TURN OFF ALL TIMERS THAT WAKEUP SPECIFIED 
EVENT-WAIT CHANNEL WHEN THEY MATURE 

ARE nOW READY FOR WORKSHOP II 
15 II 
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The Stack and Argument Lists 

Page 

The Process Stack Segmento • • • • • • • e • • • • • ~ • 11-1 
The Stack Header • • " • • • • • • • • • • • .. • 11-2 
The Stack Frame. • • • • • • • • • • • • • • • e • 11-4 

Argument List Format • • • It • • • • • • • • • • • • • e • D 11-7 
Argument Descriptor-s · • • • 8 • • • • • • • • tl D e 0 0 • • • 11-10 

11-1 F15D 



THE PROCESS STACK SEGMENT 

• EXECUTION IN A STANDARD Multics PROCESS USES A STACK SEGMENT 

D THERE IS ONE STACK SEGMENT PER RING WITH ENTRYNAME I stack nl 

WHERE 'n' IS THE RING OF EXECUTION 

D EACH STACK CONTAINS A STACK "HEADER" FOLLOWED BY AS MANY STACK 
"FRAMES" AS ARE REQUIRED BY THE PROCESS 

B . THE STACK DYNAMICALLY EXPANDS AND SHRINKS AS INDIVIDUAL FRAMES 
A'RE "PUSHED" ONTO THE STACK (BY AN INVOKED PROCEDURE) AND "POPPED" 
OFF THE STACK (BY A.RETURNING PROCEDURE) 

~ STACK 4 
DKIIIAL GCTA&. 
0HII1'S 0PIW1'I 

0 0 

63 STACK HEADER 77 
84 100 

·511 m 512'--------------1,000 

.. ISOT 

1023 ...... ___ --------.... 'm 
1024 UIIr_unit_.tmin_ 2000 

I · · · 
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THE PROCESS STACK SEGMENT 

THE STACK HEADER - ----- ~...-...-.-

• MOSTLY CONTAINS POINTERS TO SPECIAL CODE (STANDARD CALL, PUSH, AND 
RETURN OPERATORS) AND SPECIAL DATA BASES (LINKAGE OFFSET TABLE, 
REFERENCE NAME TABLE, ETC) WHICH ARE REQUIRED FOR THE NORMAL EXECUTION 
OF A PROCESS IN THE CORRESPONDING RING 

dcl 1 stack header based (sb) aligned, 

2 padl (4) fixed bin, 
2 old lot ptr ptr, /* OBSOLETE *' 
2 comoineo_stat_ptr ptr, '* POINTS TO AREA CONTAINING 

SEPARATE STATIC *' 
2 cir ptr' ptr, '* AREA PTR FOR LINKAGE SECTION ALLOCATION *' 
2 max-lot size fixed b1n(11)-unal, 
2 main proc invoked fixed bin(11) unal, 

.~ 2 run unit depth fixed binCS) unal, 
2 cur:lot_size fixed bin(17) unal, /* IN WORDS *' 

2 system_free_ptr .ptr, '* USUALLY POINTS TO SYSTEM FREE STORAGE 

2 nUIl_ptr 

2 stack begin ptr 
2 stack-end_ptr 

ptr, '* USUALLY POINTS TO 
<unique>.area.llnkerIO *' 

ptr, /* THERE IS NO STACK FRAME 
PREVIOUS TO THE HEADER *' 

ptr, 
ptr, '* POINTS TO NEXT USEABLE 

STACK FRAME */ 
2 lot_ptr ptr, '* INITIALLY POINTS TO BASE O~ STACK *' 
2 signal_ptr ptr, 

2 bar_mode_sp ptr, 

2 pll_operators_ptr ptr, 

2 call_op_ptr ptr, 

i- POINTS TO SIGNALLING PROC FOR 
THIS RING *' i* HEEDED BECAUSE BAR MODE PROGS CAN 

CHANGE THE STACK FRAME PTR REGISTER 
(PR6) *' '* POINTS TO pl1 operators 
$operator tabTe *' .-

,. POINTS TO-ALM CALL OPERATOR *' 
2 push op ptr ptr, /* POINTS TOALM PUSH OPERATOR *' 
2 return op ptr ptr, '* POINTS TO STANDARD RETURN ALM OPERATOR *' 
2 return:no:pop_op_ptr ptr, '* POINTS TO SHORT RETURN··ALM OPERATOR *' 
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2 
2 

2 
2 

2 

2 

2 
2 
2 

entry op ptr 
trans-op:tv_ptr 

isot p·tr 
sct_ptr 

unwinder_ptr 

THE PROCESS STACK SEGMENT 

THE STACK HEADER 

ptr, ,. POINTS TO ALM ENTRY OPERATOR ., 
ptr, ,. POINTS TO A VECTOR OF SPECIAL 

LANGUAGE OPERATORS ., 
ptr, 
ptr, ,. POINTS TO SYSTEM CONDITION 

TABLE (SCT) ., 
ptr, /. POINTS TO UNWINDER PROCEDURE 

FOR THIS RING *' 

sys_link_info_ptr ptr, ,. POINTS TO *system LINK NAME 
TABLE ./ 

rnt ptr ptr, ,. POINTS TO REFERENCE NAME TABLE 
ect-ptr ptr, ,. OBSOLETE ., 
assign linkage ptr ptr, ,. OBSOLETE *' 

2 pad3 (!) - bit (36); '* ~OR FUTURE EXPANSION ., 

• NOTE: 

set_systeM_storage SETS stack_header.system_free_ptr 

set_user_storage SETS stack_header.user_free_ptr 

WHEN THE NUMBER OF INITIATED SEGMENTS EXCEEDS 512, THE 
lot AND isot ARE COPIED TO SYSTEM FREE STORAGE. 
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THE PROCESS STACK SEGMENT 

THE STACK FRAME 

• STACK FRAMES ARE VARIABLE LENGTH, AND CONTAIN BOTH CONTROL INFORMATION 
AND DATA FOR ACTIVE PROCEDURES 

• IN GENERAL, A STACK FRAME IS ALLOCATED EXPLICITLY BY THE PROCEDURE 
TO WHICH IT BELONGS (ITS OWNER) WHEN THAT PROCEDURE IS INVOKED 

• STACK FRAMES ARE THREADED TO EACH OTHER WITH FORWARD AND BACKWARD 
POINTERS, MAKING IT EASY TO TRACE THE PROCESS HISTORY 
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THE PROCESS STACK SEGMENT 

THE STACK FRAME -

dcl 1 stack_frame based(sp) aligned, 

2 pointer registers(O : 7) ptr, '* FOR ALM CALL PSEUDO-OP *' 
2 prey sp-polnter, 
2 next-sp pointer, '* IF EQUAL TO stack end ptr, POINTS TO 

NEXT AVAILABLE STACK FRAME LOCATION *' 
2 return ptr pointer, "/* TELLS US WHERE TO RESUME EXECUTION *' 
2 entry ptr pointer, '* POINTS TO THIS PROCEDURE'S ENTRY 

- POINT *' . 
2 operator_and_lp_ptr ptr, '* POINTS TO OPERATOR SEGMENT BEING 

USED BY THIS PROCEDURE OR, 
IF ALM PROCEDURE, POINTS TO 
LINKAGE SECTION *' 

2 arg_ptr pointer, '* POINTS TO arg list TO BE USED BY THIS 
PROCEDURE *' -

2 static ptr ptr unaligned, '* POINTS TO INTERNAL STATIC 
- REGION *' 

2 fio ps ptr" ptr unal, '* FOR FORTRAN 1'0 *' 
2 on_un1t~relp1 b1t(1S) unaligned, '* POINTS TO A LIST OF 

" ENABLED CONDITIONS 
(RELATIVE TO STACK 
FRAME BASE)·*' 

2 on unit relp2 bit(18) unaligned, '* OBSOLETE *'" 
2 translator id bitC1S) unaligned, '* A CODED NUMBER INDICATING 

WHAT GENERATED THE OBJECT *' 
2 operator~return_ofrset b1t(18) unaligned, '* USED BY SOME 

pl1 operators -
FUNCTIONS; IF-a, 
THEN A DEDICATED 
REGISTER CONTAINS 
RETURN LOCATION *' 

2 x(O: 7) bit(18) unaligned, } 
2 a bltt16', } USED TO SAVE REGS WHEN AND IF THIS 
2 q blt(36), } PROCEDURE DOES AN ALK CALL ----
2 e b1t(36), } 
2 timer bit(27) unaligned, 
2 pad bit(6) unaligned, 
2 ring_alarM_reg bit(3) unaligned; 

'* AUTOMATIC VARIABLES *' 

'* THREADED LIST OF ON UNITS -, 
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THE PROCESS STACK SEGMENT 

THE STACK FRAME 

dell on unit based aligned, 
2 name ptr, '* ptr to the condition name */ 
2 body ptr, '* ptr to proc to handle condition *' 
2 size fixed bin, '* length of the condition name *' 
2-next bit (18) unaligned, '* rel ptr to next on unit./ 
2 flags unaligned, 

3 pl1 snap bit (1) unaligned, 
3 p11: bit (1) unaligned, 

3 pad bit (16) unaligned, 

,. if "1"bthen call snap proc *' 
/* "lab indicates to use 

system condition handler */ 

2 file ptr; '* ptr to file descriptor for pI' I/O 
condition *' 
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ARGUMENT LIST FORMAT 

• AN OBJECT SEGMENT CREATES AN ARGUMENT LIST BEFORE INVOKING ANOTHER 
PROCEDURE 

n ARGUMENT LISTS CONFORM TO STANDARD FORMAT 

n ARGUMENT LISTS DO NOT CONTAIN THE ARGUMENTS THEMSELVES 

n SPECIFICALLY, THE ARGUMENT LIST CONTAINS 

n A TWO WORD HEADER 

D AN ARRAY OF ARG POINTERS 

n -AN OPTIONAL POINTER TO STACK FRAME OF CONTAINING BLOCK 

o AN OPTIONAL ARRAY OF POINTERS TO ARGUMENT DESCRIPTORS 
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PRESENT ONLY 
IF NUMBER OF 
DIMENSIONS ~ 0 

o 
1 

2 

4 

FLAG 

I 

ARGUMENT ~ FORMAT 

STANDARD ARGUMENT LIST 
ARGUMENT COUNT-n CODE 

DESCRIPTOR COUNT-n 0 

- POINTER TO ARGUMENT 1 

-, POINTER TO ARGUMENT 2 

• - • 
e 

- POINTER TO ARGUMENT n 

- OPTIONAL POINTER TO STACK FRAME 
OF CONTAINING BLOCK 

- POINTER TO DESCRIPTOR 1 

~ POINTER TO DESCRIPTOR 2 

• 
• 
e" 

- POINTER TO DESCRIPTOR n: 

STANDARD DESCRIPTOR 
PACKED , ' /' ';'--NUMBER OF DIMENSIONS 

i'l TYPE I~I.T T SIZE 

LOWER BOUND 

UPPER BOUND 

ELEMENT SEPARATION° 

• • • 

.. 

.. 
• 

-
.. 

-

-
-

.. 

'" .-

J FOR RIGHTMOSl 
DIMENSION 

~OWER BOUND } 
~ _______ U_W_E_R_BO __ U_N_D ______________ ~ ~:E~~~OST-

ELEMENT SEPARATION· 

~------------------------------~ 
• IN BITS IF PACKED; IN WORDS OTHERWISE 
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ARGUMENT LIST FORMAT ----

• IN THE PREVIOUS DIAGRAM: 

n IS THE NUMBER OF ARGUMENTS PASSED TO THE CALLED PROCEDURE 

code IS 4 FOR NORMAL INTERSEGMENT CALLS AND IS 10 (OCTAL) 
FOR CALLING SEQUENCES THAT CONTAIN AN EXTRA STACK FRAME 
POINTER - IT WILL BE PRESENT FOR CALLS TO PL/I INTERNAL" 
PROCEDURES 

descriptor count = n OR 0 
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ARGUMENT DESCRIPTORS 

• A PROCEDURE WHICH MAY RECEIVE 

A VARYING NUMBER OF ARGS 

ARGS WITH VARYING EXTENTS 

MUST: BE PASSED AN ARGUMENT LIST CONTAINING DESCRIPTORS OF THOSE 
ARGUMENTS, SO THAT THE CALLED PROCEDURE HAY KNOW HOW TO INTERPRET 
THE ARGUMENTS 

o PL/l ONLY PASSES DESCRIPTORS IF CALLED PROCEDURE IS DECLARED 
. 'entry options (variable)' OR PARAMETERS OF CALLEE HAVE • 
EXTENTS 

o IT IS THE RESPONSIBILITY OF A PROGRAM CALLING SUCH A PROCEDURE 
TO BUILD DESCRIPTORS AND INCLUDE THEM IN THE ARGUMENT LIST 

o DESCRIPTORS HAVE A STANDARD FORMAT AS DEFINED BELOW: 

del 1 descriptor 
(2 flag 
2 type 
2 packed 
2 number dims 
2 size -

aligned, 
bit(1), 
b1t(6), 
bit(1), 
b1t(4), 
bit(24» 

,'I = 15 max ", 
unaligned; '* HAS VARIOUS 

MEANINGS ,,/ 

WHERE type IS ENCODED AS SHOWN ON THE NEXT PAGE • 

.• 
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ARGUMENT DESCRIPTORS 

'* BEGIN INCLUDE FILE ••• std_descriptor_types.incl.p11 *' 
'* This include file defines mnemonic names for the Multics 

standard descriptor types, using both pI1 and cobol terminology~ *' 
dcl (real fix bin 1 dtype init (1), 

real-Cix-bil'l-:-"2-d-ty-pe i-nit (2), 
real-f'lt-bln-l-dtype In1t (3), 
real-flt-bin-2-dtypelnlt (4), 
cplx-fix-bin-'-dtype Inlt (5), 
cplx-rix-bln-2-dtype init (6), 
cplx-flt-bln-'-dtype inlt (7), 
cplx-flt-bin-2-dtype Init (8), 
real-fix~dec-9bit 1s dtypeinit (9), 
real-flt-dec-gblt-dtype init (10), 
cplx-fix~dec-9bit-1s dtype Init (11), 
cplx-flt-dec-9b1t-dtype Init (12), 
pointer dtype Init (13), 
offset atype init (14), 
label atype inlt (15), 
entry-dtype init (16), 
structure dtype inlt (17), 
area dtype Init (18), 
blt dtype Init (19), 
varying bit dtype Init (20), 
char dtype 1nlt (21), 
varying char dtype inlt (22), 
flle dtype Inlt (23), 
real-fix dec 9blt Is overp dtype Inlt (29), 
real:fix:dec:9bit ts-overp_dtype Inlt (30), 
real fix bin i unS d~ype 1nit (33), 
real-flx-bin-2-uns-dtype in it (34), 
real-fix-dec-gblt uns dtype Inlt (35), 
real-flx-dec-9blt-ts atype inlt (36), 
real-fix-dec-4blt-uns dtype In1t (38), . '* digit-aligned *' 
real-fix-dec-4blt-ts atype init (39), '* byte-aligned *' 
real-fix-dec-4blt-byteallgned uns dtype 1nit (40l, '* COBOL *' 
real-fix-dec-4blt-ls dtype Inlt (~1), /* digit-aligned *' 
real-flt-dec-4b1t-dtype In1t (42), 1* digit-aligned *1 
real-f1x-dec-4blt-byteallgned Is dtype 1nit (43), 
real-flt-dec-4bit-byteallgned-:dtype 1nlt (44), 
cpl.x-fix-dec-4bit-bytealigned-ls dtype Init (45), 
cplx-rlt:dec-4blt~bytealigned:dtype Inft (46), 
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ARGUMENT DESCRIPTORS 

cobol comp 6 dtype init (1), 
cobol-comp-7-dtype 1n1t (1), 
cobol-display Is dtype 1nit (9), 
cobol-structure atype init (17), 
cobol-char string dtype Inlt (21), 
cobol-display ls overp dtype 1nlt (29), 
cobol-display-ts-overp-dtype Init (30), 
cobol-dlsplay-uns dtype init (35), 
cobol:display:ts_dtype 1n1t (36), 
cobol comp a uns dtype init (38), '* digit aligned *' 
cobol-comp-S-ts dtype Init (39), '* byte aligned *' 
cobol-comp-S-uns dtype init (40), 
cobol-comp-a-ls atype init (41) '* digit aligned *' 
) fixed bin Internal static options (constant); . 

del Cft integer dtype in1t (1), 
ft-real dtype 1nit (3), 
ft-double dtype 1n1t (4), 
ft-eomplex dtype 1nit (7), -
ft-externa! dtype In1t (16), 

.ft-logical dtype Init (19), 
ft-ehar dtype Init (21) 
) 1ixed-bln internal static options (constant): 

dcl (label constant runtime dtype Init (24), 
int entry runtIme dtype Init (25), 
ext-entry-runtlme-dtype Inlt (26), 
ext-proceaure runtime dtype Init (27), 
picture runtlme dtype-lnlt (63) 
) fixed-bln internal static options (constant); 

'* END INCLUDE FILE ••• std_descrlptor_types.inclopll *' 
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ARGUMENT DESCRIPTORS 

o L-.r--~-_-C--~·M ----1--~------~--4------~ , 
2 

3 

4 

5 

.. 

i 

desc count -
POINTER TO ARGUMENT 1 

POINTER TO DESCRIPTOR' 

{::;}?:: j{:j~}~t:}~:~\:·;::·:-:·:·:·:-:·:~:::~::II 

:::::::;: ?I:I{{f{·: 
:::: :::::: :::::::::::::::: 

::::::::::::.:.: . 

A 

cn) 

0(2) 

C(3) 
0(3) 

C(4) 

0(4) 
C(5) 

0(5) 

--

~~I'~17~IO~O~-------------~2 
11 10 L 
11 !O 2 

1 

5 

2 

'1 Jol I 

6 

2 

10) o J 17 
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del 1S, 

2 A fixed bin (17.4), 

2 B(5), 

3C, 
3D; 

BASICDESCRiPiOR OF S 
-._.:--_.- --.--

BASIC DESCRIPTOR -OF A 

BASIC DESCRIPTOR OF B 

LOWER BOUND OF B 

UPPER BOUND OF B 
.- . 

ELEMENT SEPARATION OF B 

BASIC DESCRIPTOR OF C 
; 

LOWER BOUND OF C 

UPPER BOUND OF C 

ELEMENT SEPARATION OF C 

BASIC DESCRIPTOR OF 0 
LOWER BOUND OF D 

UPPER BOUND OF D 

ELEMENT SEPARATION OF D 
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TOPIC XII 

Special Programming Techniques 
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CALLING ! PROCEDURE ON THE FLY 

-. MOTIVATION 

D CONSIDER THE COMMAND PROCESSOR, WHICH: 

D -TAKES-THEC"OMMANDLINE FROM THE USER 

B - PARSES THE LINE INTO COMMAND NAME AND ARGUMENTS 

D CALLS THE COMMAND 

o HOW CAN IT CALL ALL THE VARIOUS COMMANDS (AND USER WRITTEN OBJECT 
- SEGMENTS) WITHOUT HAVING DECLARED THEM AS AN EXTERNAL ENTRY? 
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CALLING ! PROCEDURE 2! THE !1! 

• HOW CAN THE USER DO SUCH A "CALL ON THE FLY"? 

o call hcs_$make_entry (ref ptr, entryname, entry_point_name, 
entry_point, code); 

D GIVEN A REFERENCE NAME AND AN ENTRY POINT NAME, RETURNS THE 
ENTRY vILuE OF THE SPECIFIED ENTRY POtNT 

D I~ THE REFERENCE NAME HAS NOT BEEN INITIATED, THE SEARCH 
RULES ARE USED TO FIND A SEGMENT WITH THAT NAME, THE SEGMENT 
IS MADE KNOWN AND THE REFERENCE NAME INITIATED 

o USED TO INVOKE A PROCEDURE BY PASSING IT'AN ENTRY VALUE AND 
AN ARGUMENT POINTER (THE ENTRY VALUE WAS OBTAINED BY A PREVIOUS 
CALL TO hcs_$make_entry) 

o THE USER MUST HAVE PROVIDED AN ARGUMENT .LIST STRUCTURE 
(EVEN IF NO ARGUMENTS ARE PASSED TO 1'.BE PROCE,DURE BEING 
INVOKED) 
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CALLING A PROCEDURE ON THE FLY 

• SIMPLIFIED EXAMPLE: 

generate pwd: proc; 
dcl 1 ari list aligned, 

2 header, 
3 arg count fixed bin (17) unsigned unal init (0), 
3 padT bit (1) unal, 
3 call type fixed bin (18) unsigned unal, 
3 desc-count fixed bin (17) unsigned unal, 
3 pad2-bit (19) unal, 

2 arg ptr ptr init (null(», 
2 desc_ptr ptr init (null(»; 

dcl cu $generate call ent~y (entry, ptr); 
dcl hcs_$make_entry entry (ptr, char e*), char (*), entry, 

fixed bin (35»; 
del code fixed bin (35); 
dcl com err entry options (variable); 
dcl entry_point entry variable; 

call hcs $make entry (nulle), "pwd" , "pwd", entry_point, code); 
it code "JI"= 0 tlien do; . 

call com err (code, "generate"); 
return; - - . . 

end; 
call cu $generate call (entry_point ~ addr (arg~llst).); 

generate:pwd; -
I I end 
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BUILDING DATA SEGMENTS 

n USED IN CONJUNCTION WITH THE create data segment COMMAND TO CREATE 
A DATA SEGMENT IN STANDARD OBJECT ~ORMA~ 

D REFERENCES A PL/l DATA STRUCTURE (SUPPLIED BY THE USER) WHEN 
BUILDING THE DATA SEGMENT 

D PERMITS THE CALLER' TO' CREATE A DATA SEGMENT FOR WHICH THE 
LEVEL-2 MEMBERS OF THE PL/1 STRUCTURE ARE ACCESSIBLE AS ENTRY 
POINTS (NOTE THE pds AND sys_1nfo SEGMENTS) 
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BUILDING DATA SEGMENTS 

HOW cds WORKS 

Not To Be Reproduced 

~- CREATED BY SOME TEXT EDITOR 

CREATES 

THIS EXECUTABLE OBJECT 
PROGRAM IS CREATED WHEN 
cds CALLS THE PL/1 COM PI LER 

6-_1-- CREATED WHEN cds COMMAND 
PROCEDURE AUTOMATICALLY 
CALLS demo_cds 
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BUILDING B!!! SEGMENTS 

pr >ldd>include>cds_args.incl.p11 

'* BEGIN INCLUDE FILE cds_args.incl.pl1 *' 
dcl 1 cds args based aligned, 

2 sections (2), 
3 p ptr, '* pointer to data for text/static section */ 
3 len fixed bin (18), '* size of text/static section *' 
3 struct name char (32), i* name of declared structure *' 

2 seg name-char (32), '* name to create segment by *' 
2 num-exclude names fixed bin, '* number in exclude array *' 
2 exclude array ptr ptr, '* pointer to exclude array *' 
2 switches, -. '* control switches *' 

3 defs in link bit (1) unal, '* says put ders in linkage *' 
3 separate_static bit (1) unal, '* separate static section 

wanted *' 
3 have text bit (1) unal, '* ON if text section given *' 
3 have-static bit (1) unal,'* ON if static section given *' 
3 pad bit (32) unal; /* must be zero *' 

dcl 'exclude names (1) char (32) based; 
/* pointed to by cds_args.exclude_array_ptr *' 

/* END INCLUDE FILE cds_args.incl.pl1 *' 
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BUILDING DATA SEGMENTS -------- ---- --------

I pr demo_cds.pl1 

demo cds: proc; 
del -create data segment entry (ptr, fixed bin (35»; 
linclude cds args; -
del cds arg-ptr ptrj 
dcl (10a-, com err) entry options (variable); 
del code fixea bin (35); 
del (size, null) builtin; 
dcl 1 entrypointnames based (cds_arg_ptr -> cds_args.sections __ (1) .p), 

2 alpha fixed bin (35), 
2 beta char (4), 
2 gamma bit (36), 
2 delta ptrj 

allocate cds args set (cds arg ptr); 
cds arg ptr => cds args.sections (l).len = size (entrypo1ntnames); 
cds-arg-ptr -> cds-args.sectio-ns (1) .struct name = "entrypointnames"; 
cds-arg-ptr -> cds-args.seg name = "data seg"; 
cds-arg-ptr -> cds-args.sec~ions (2).len-: 0; 
cds-ar.g-ptr -> cds-args.sections (2).struct name = ""; 
cds-arg-ptr -> cds-args.num exclude names =-0; 
cds-arg-ptr -> cds-ar-gs.exc'Iude array ptr = null (); 
cds-arg-ptr -> cds-args·.switchei.defs-in link = "O"b; 
cds-arg-ptr -> cds-args.switches.separate static = "O"b; 
cds-arg-ptr -> cds-args.sw1tches.have tex~ = "1"b; 
cds-arg-ptr -> cds-args.switches.have-static = "O"b; 
cds arg:ptr -> cds-args.switches.pad ;- "O"b; 

call create data segment (cds arg ptr, code); 
if code A= 0 then call com err~ (code, "demo cdsft ); 

else call ioa (nSegmen~ creation complete."); 
end demo_cds; 
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Ian demo cds.pl1 =.cds 
r 14:32-0.096 2 

! cds demo cds 
CDS -PL/I 26a 

BUILDING DATA SEGMENTS 

Segment creation complete. 
r 14:32 1.699 53 

! Is -first 3 

Segments = 43, Lengths = 155. 

r 1 data seg 
re 1 demo-cds 
r w 1 demo-cds.p11 

demo-cds.cds 

r 14:33 0.151 2 

data_seg 10/10/80 1433.9 mat Fri 

Object Segment )udd)MEDmult)F15C)do>data seg 
Created on 10/10/80 1432.9 mst Fri -
by HDibble.MEDmult.a 
using create_data_segment_; Version II of Friday, May 16, 1980 

Object 
Start a 
Length 2211 

6 Definitions: 

Text 
o 
6 

Defs 
6 

44 

segneme: data_seg 

text;O 
textl1 
textl4 
texti2 
symb;O 

No Links. 

alpha 
beta 
delta 
gamma 
symbol_table 
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Link 
52 
10 

Symb 
62 

126 

Static 
62 
o 
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CREATING AN ERROR TABLE 

• USERS MAY CREATE THEIR OWN STATUS CODE TABLE 

D THEY ARE CONSTRUCTED USING ALM MACROS DEFINED IN et _macros. incl. alm 

D THE SKELETON OF THE SOURCE CODE IS AS FOLLOWS: 

include et macros 
et ••••• -
ec ••••• 
ee ••••• 
ec ••••• 

• 
• 
• 

end 

D THERE ARE THUS 2 MACROS USED 

B THE net" MACRO INITIALIZED THE CODE TABLE AND MUST- APPEAR 
FIRST 

et <name of table> 

D THE nee" MACRO ASSOCIATES A STATUS CODE NAME WITH A SHORT 
MESSAGE AND A -LONG MESSAGE 

ec <code_name>,<short_message>,«long_message» 

o EXAMPLE: 

include et macros 
et user errors 
ec too lew arguments,-toofew,(There were too few arguments.} 
ec could n~t access data,nopriv, 

(User-is not sufficiently priviliged to access da-ta-. 
ee (fatal,dlsaster) ,disaster, I 

(Th-ere was a disastrous error in the data base.) 
end 
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CREATING AN ERROR TABLE -------

o THE CODE NAME: 

D MUST BE 31 CHARACTERS OR LESS IN LENGTH 

D MULTIPLE NAMES MAY BE GIVEN (SEPARATED BY COMMAS AND ENCLOSED 
IN PARENTHESIS) : 

o THE SHORT MESSAGE: 

o MUST BE 8 OR LESS CHARACTERS IN LENGTH 

o IF OMITTED, IT IS SET TO THE CODE NAME 

o THE LONG MESSAGE MUST BE: 

o 100 OR LESS CHARACTERS IN LENGTH 

D . ENCLOSED IN PARENTHESIS 
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CREATING AN ERROR TABLE 

• PI'" weird_errors.alm 

include et macros 
et weird errors 
ec error-a,number2,(Warning: The number has reached two.) 
ec error-b,number3,(Second Warning: The number has reached three.) 
end ,-

t aIm weird errors.a1m 
ALK -

t PI'" calling_program.p11 

calling program: procj 
del x-fixed bin (17) external static lnit(O); 
dcl com err entry options (variable); 
dcl my subprogram entry (fixed bin(17), fixed bin (35»; 
dcl code fixed bin (35); 
dcl sysprint file; 
x = x + 1; / 
put data (x); . 
put skip; 
call my suprogram (x, code); 
ifcode-A = 0 then call com_err_ (code, ~calling_program"); 

end calling_program; 

! PI'" my_subprogram.pl' 

my subprogram: proc (input, code); 
acl input fixed bin (17); 
dcl code fixed bin (35); 
dcl weird errors$error a fixed bin (35) external st~tic; 
dcl weird-errors$error-b fixed bin (35) external static; 
code = 0;- -
if input: 2 then code = weird errors$error a; 
if input = 3 then code = welrd-errors$error_bj 

end my_subprogram; 

calling program 
x= - 1; 

calling program 
x= - 2; 
calling_p~ogram: Warning: The number pas

i 
reached two. 

! calling program 
X=. : - 3; 
calling_progra!ll: Second Warning.: The number has 'reached three. 

calling program 
v- - u • .. - At. 
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CREATING AN ERROR TABLE 

" YOU ARE HOW READY FOR WORKSHOP 
16 

Not To Be Beproduced 12-12 
(End Of Topic) 

F15D 



TOPIC XIII 

The Process Environment 
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THE STANDkRD PROCESS ENVIRONMENT -

• THE STANDARD PROCESS ENVIRONMENT IS ESTABLISHED FOR A PROCESS BY 
THE SUPERVISOR WHEN THAT PROCESS IS CREATED 

• THE SERIES OF PROGRAMS INVOKED BEGINNING WITH THE TIME THAT A USER 
CONNECTS WITH THE FRONT-END PROCESSOR AND TERMINATING WITH THE FIRST 
READY MESSAGE PRINTED ON THE USER'S TERMINAL IS CONSIDERED THE "PROCESS 
CREATION CYCLE" 

• MUCH OF THE WORK DONE TO CREATE A PROCESS IS DONE BY THE SUPERVISOR 
IN THE SUPERVISOR RING (RING 0), AND SOME OF THE WORK IS DONE IN 

. THE USER'S RING 
... : . 

"-
• BEFORE EXAMINING THE OPTIONS AVAILABLE TO THE DESIGNER FOR MODIFYING 

OR REPLACING THE STANDARD PROCESS ENVIRONMENT, AN EXAMINATION OF 
WHAT STEPS THE SUPERVISOR NORMALLY TAKES WILL BE WORTHWHILE 
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THE STANDARD PROCESS ENVIRONMENT 

THIS IS THE EVENT.cALL HANDLER 
THAT WAS SET UP 

- ASSUCK8Y ... _ .... _1iIiIIn 

RING 
. r;ttANGE 

"'_.CREATED 

• PRINT LOGIN BANNER 

• VERIFIES PERSON_ID 
AND PASSWORD 

• REFERENCES THE PROJECT DEFINITION TABLE (pdt) 
• VERIFIESPAOJECT_ID 
• INITIALIZES SOME ACCOUNTING 

DATABASES 

• PROCESS DIRECTORY CREATED AND- SCREECH-NAMED 
• PROCESS INITIALIZATION TABLE (pitt CREATED/INITIALIZED 
• ACT1VE PROCESS TABLE ENTRY C ...... CREATED/INITIALIZED 
• KNOWN SEGMENT TABLE (lest) CREATED/INITIALIZED 
• PROCESS DATA SEGMENT (pdtt CREATED/INITIALIZED 
• 38-SlT PROCESS-ID DEVELOPED 

-CURRENT VALIDATION LEVEL ADJUSTED 

r 
• IFDAEMON t 

IF A 1Wt_ .... IS TO BE 
CXECUTED. COMMAND 
UNEIS 

t 

- *"_IIPM IcogiA in--=tM 
OTHERWise. COMMAND 
LINE IS NULL 

Hot To Be Reproduced 

__ init_ .... _ , CHECKS pit TO SEE IF ....... intiInI:tiw, 
or cr.na. BEING LOGGED IN 

: IF ABSENTEE , 
( ...... _ .... _init_--_ ) 

RETURN 

IF 
INTERACTIVE 

__ iniI_ .... _ 

-. MAKE ATTACHMENTS OF • STANDARD SWfTCHES 
• DETERMINE initJrOC FROM pit 
• ESTABLISH STATIC HANDLERS FOR WIn, 

cput ....... CONDITIONS 

CALL 'initJrOC' PACCEDURE (NORMALLY pnxIISI_-_J 
PASSING addrCpitt IFF SYSTEM-SUPPLIED (iVERSEER 
BEING CALLED 

13-2 

• SET UP DEFAULT HANDLER .waI) ::OR 
THE 811Y_cnt. CONDITION 

• PRINT MOTD IF Rart_UfUC NOT TO BE EXECUTED 
AND LOGI:'4 NOT -brief _ _ __ _ 

= CE~~LCP Ii. CO!WA.~O ~!.~E A."!O PAS! IT TO --_ .... -
• ESTABLISHES LEVEL 1 
• INVOKES CURRENT READY PROCEDURE BY 

CALLING 01_ "-iyJFOC 
• CALLS cu_kIt. WHICH PASSES coMMAND LINE 

- TO.cuRRENT COMMAND ~ESSOR 
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THE STANDARD PROCESS ENVIRONMENT 

PROCESS CREATION IN THE SUPERVISOR RING 

• THE "SYSTEM CONTROL PROCESS" (Initializer.SysDaemon) IS RESPONSIBLE 
FOR RESPONDING TO ATTEMPTS TO CREATE A PROCESS, AND SOME OF THE 
MODULES EXECUTED BY THE SYSTEM CONTROL PROCESS IMPLEMENT PROCESS 
CREATION AS FOLLOWS: 

o ANSWERING SERVICE 

o IS RESPONSIBLE FOR 

D INTERACTIVE LOGINS 

D HANGUPS 

o THE LOGGING OF THESE ACTIVIT1ES 

n MANAGING THE COMMUNICATION LINES CURRENTLY ATTACHED TO SYSTEM 
(USES CHANNEL DEFINIT!ON TABLE) 

D asu $asu listen ESTABLISHES AN EVENT-CALL CHANNEL FOR 
EAC~ COM~INE, MAKING 'dialup_' THE EVENT HANDLER 

o A "CONNECT" ON A COMLINE IS CONSIDERED A "TTY EVENT", 
WHICH RESULTS IN A WAKEUP ON ONE OF THESE CHANNELS 

o IS AUTOMATICALLY CALLED WHEN A TERMINAL IS CONNECTED 

o PRINTS LOGIN BANNER ON THE TERMINAL 

- --n READS INITIAL TYPED LINE (login, enter, enterp, dial, "ETC) 
AND PASSWORD 

o CALLS 19_ctl_$login TO VERIFY PERSON ID AND PASSWORD 
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THE STANDARD PROCESS ENVIRONMENT 

PROCESS CREATION IN THE SUPERVISOR RING -- --

n dialup_, CONTINUED 

o CALLS act_ctl_$open_account AND act_ctl_$cp TO 

D VERIFY PROJECT_ID (VIA A CHECK OF PROJECT DEFINITION TABLE) 

D INITIALIZE SOME ACCOUNTING DATA BASES FOR THIS PROCESS 

D FINALLY CALLS cpg (CREATE PROCESS GROUP) TO ACTUALLY CREATE 
PROCESS - .. 

D 36-BIT PROCESS ID DEVELOPED 

o PROCESS DIRECTORY CREATED AND SCREECH-NAMED 

/ 0 PROCESS INITIALIZATION TABLE CREATED/INITIALIZED 

n ACTIYE PROCESS TABLE ENTRY CREATED/INITIALIZED 

B KST AND DSEG CREATED/INITIALIZED 

.. 0 PROCESS DATA SEGMENT (RING a STACK) CRE_TED/INITIALIZED 

n FINALLY, CONTROL IS PASSED IN A RATHER UNUSUAL FASHION TO THE. 
OUTER RING IN WHICH THE PROCESS IS TO RESIDE 

n A STACK SEGMENT IS CREATED IN THE ULTIMATE RING (USUALLY 4) 

D· A STACK FRAME IS LAID .DOWN FOR A USER RING INITIALIZATION 
PROGRAM 

D THE CURRENT VALIDATION LEVEL IS ADJUSTED TO THAT .RING LEYEL 

D A PSEUDO-RETURN IS MADE TO THAT USER-RING INITIALIZATION PROGRAM 
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THE STANDARD PROCESS ENVIRONMENT -
PROCESS INITIALIZATION IN THE USER RING 

• THE STANDARD PROCESS ENVIRONMENT IS ESTABLISHED IN THE USER RING BY 
THE INVOCATION OF THE USER-RING PROCESS CREATION PROGRAMS: 

D AFTER BEING INVOKED THROUGH ONE OF THREE 

n 
n 

D 

user 1n1t admin -
absentee init adm1n - -
daemon 1nit admin - - -

o IT CALLS EITHER 

D user real init_adm1n_$user_real_1n1t_8dmin_ 

o OR daemon_real_1n1t_adm1n_$daemon_real_1.n1t_adm1n 

·1 OR absentee_real_1n1t_adm1n_$absentee_real_init_adm1n_ 

D- - ,,'HEN RETURNED TO BY ONE OF ABOVE, IT CALLS THE '1nit_proc' 
PROCEDURE 

D THE VALUE ·OF '1n1t_proc' IS RETURNED BY ONE OF. THE ABOVE 
THREE 

& A p1t_ptr IS PASSED TO 1nit_proc 
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o 

THE STANDARD PROCESS ENVIRONMENT 

PROCESS INITIALIZATION IN THE USER !l!Q 

user real init admin FUNCTIONS 

n 

D 

D 

D 

D 

- -- - -
DEVELOP PTR TO PROCESS INITIALIZATION TABLE (pit) 

DETERMINE FROM pit W~ICH 10_MODULE TO USE (USUALLY tty_, 

ATTACH user input, user output, error_output AS SYNONYMS FOR 
user ilo - . -

ATTACH AND OPEN user_i/o TO CHANNEL_NAME FOUND IN pit 

DETERMINE (FROM pit) WHAT 'init proc' PROCEDURE IS TO BE USED 
(USUALLY process_overseer_$process_overseer_) 

o PROJECT ADMINISTRATOR MAY FORCE A PARTICULAR in1t ·proc TO 
BE USED ; -

B USER MAY HAVE BEEN GIVEN PERMISSION TO USE '-po' CONTROL 
ARG OF THE login COMMAND, AND COULD HAVE USED IT TO SPECIFY 
THE DESIRED init_proc 

o SET UP STATIC HANDLERS FOR 'alrm', 'cput', AND 'term' CONDITIONS 
BY CALLING sct_manager_$set 
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THE STANDARD PROCESS ENVIRONMENT -
PROCESS INITIALIZATION !! THE ~ !!!Q 

D process_overseer_ FUNCTIONS 

D CALL condition TO SET UP I defaul t error handler _$wall' AS 
THE HANDLER FOr ' any_other' CONDITIOtT' -

·1 IMPORTANT: IN ORDER TO COMPLETELY CONTROL A USER, ONE 
MUST BE ABLE TO CHANGE THIS DEFAULT BEHAVIOR. THIS IS ONE 
OF THE MOST IMPORTANT REASONS FOR FURNISHING A SPECIAL 
init_proc. 

D CHECK pit TO SEE IF .T}!IS IS new_proc OR login 

B CHEC~ pit TO-SEE IF start_up.ec SHOULD BE INVOKED 

D- RECALL: USE OF -ns LOGIN CONTROL ARG IS RESTRICTABLE 

D . BUILD ONE OF TWO I INITIAL COMMAND LINES: --- .. ----

D exec_com startup_dir>start_up instance type 

D WHERE startup dir IS HOME DIRECTORY, PROJECT DIRECTORY, 
OR >sc1 -

I WHERE instance IS 'login' OR 'new_proc' 

D AND type IS 'interactive' OR 'absentee' 

D home_dir, instance, AND type ARE DETERMINED FROM pit_ 

D nn (NULL COMMAND LINE) 

D TERMINATE pit 

D CALL listen_$11sten_ WITH INITIAL COMMAND LINE 
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o listen 

THE STANDARD PROCESS ENVIRONMENT 

PROCESS INITIALIZATION IN THE USER RING 

o BASIC FUNCTIONS 

o 'LISTENS' FOR LINES TYPED BY THE USER 

n PASSES COMMAND LINE ON TO THE CURRENT COMMAND PROCESSOR 

o INVOKES CURRENT READY PROCEDURE WHEN RETURNED TO (AFTER 
COMMAND LINE EXECUTION OR PRINTING OF ERROR MESSAGES) 

D ALSO ENABLES QUITS 

D ENTRY POINTS IN listen : 

D listen 

o INVOKED ONLY BY init_proc 

o ESTABLISHES A FRAME CONSIDERED TO BE "FIRST LEVEL" 

o PASSES com_line_ptr AND com_line_length TO cu_$cp 

D CALLS cU_$ready_proc WHEN "RETURNED TO 

o release stack 

D CALLED WHEN AN ATTEMPT IS MADE TO REENTER COMMAND LEVEL 
(LEVEL ~ 1) 

D ESTABLISHES ITS STACK FRAME AS CURRENT LEVEL OF LISTENER 

o 'REMEMBERS' PREVIOUS LEVEL AND VERY FIRST LEVEL OF LISTENER 
(FOR PURPOSES OF release) 

o PASSES com_line_ptr AND com_llne_length TO cu_$cp 

o CALLS cU_$ready_proc WHEN RETURNED TO 

o OTHER ENTRY POINTS 

o USED BY OTHER PROCEDURES TO OBTAIN INFO ABOUT 

WHERE TO RELEASE TO 
WHERE TO 'start' 
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MODIFYING THE PROCESS ENVIRONMENT 

• ONE CAN MODIFY THE STANDARD PROCESS ENVIRONMENT USING SEVERAL DIFFERENT 
TECHNIQUES 

• THE AMOUNT OF CONTROL DESIRED ON A PROCESS CAN BE CLASSIFIED AS 
- FOLLOWS: 

B SIMPLE CONTROL 

D USING 'exec_com' SEGMENTS, THE USER CANo BE RESTRICTED TO LABEL 
ENTRY POINTS IN THE ec SEGMENT ITSELF 

o STANDARD PROCESS OVERSEERS 

n PROVIDED BY SYSTEM TO CONTROL THE ENVIRONMENT OF THE USER !N 
VARYING LEVELS OF RESTRICTION 

D accounts overseer IS USED BY 'REGISTRATION AND ACCOUNTING 
ADMINIST~ATORS' TO LIMIT THE NUMBER OF THINGS THEY CAN DO 
.( SEE APPENDIX B) 

n SEE APPENDIX E FOR SOME OF THE STANDARD ~VERSEERS 

n CLOSED SUBSYSTEM OVERSEERS 

o THE 'fst prooess overseer' IS AN EXAMPLE OF AN OVERSEER WHICH 
PLACES THE USER IN A COMP~ETELY CLOSED ENVIRONMENT FROM WHICH 
ESCAPE IS IMPOSSIBLE 
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MODIFYING THE PROCESS ENVIRONMENT 

o LIMITED SUBSYSTEMS 

o THE SYSTEM PROVIDES THREE WAYS OF 'FORCING USERS INTO A LIMITED 
SUBSYSTEM 

o USER-CREATED SUBSYSTEMS 

o BY WRITING ONE'S OWN PROCESS OVERSEER, ONE CAN ATTAIN COMPLETE, 
CUSTOMIZED CONTROL OVER A PROCESS 

• MOST OF THESE FUNCTIONS REQUIRE INVOLVEMENT OF A PROJECT ADMINISTRATOR 
(BECAUSE OF NEED TO MODIFY pmf AND INSTALL NEW pdt) 

• EXAMPLE OF A pm! 

Project1d: 
In1tproc: 
Grace:' 
Attributes: 

Limit: 

personid: 
personld: 
personid: 
personid: 
personid: 
per-sonld: 
personid: 

end; 
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F15D; 
process overseer ; 
60; . - .-
vlnltproc,vhomedlr,multip,nostartup,dialok, 
dlsaonnectok,save on disconnect; 
15.00; - --

Student 01;' 
Student-02; 
Student-03; 
Student-Oll; 
Student-OS; 
Student-06; 
Student:07; 
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MODIFYING THE PROCESS ENVIRONMENT 

PROJECT ADMINISTRATION 

• THE LIST OF PERSONS-WHO MAY LOG IN ON A PROJECT IS CONTAINED IN A 
BINARY TABLE,THE PROJECT DEFINITION TABLE (pdt), WHICH RESIDES IN 
THE DIRECTORY >sc1>pdt ' 

o ONE pdt SEGMENT EXISTS FOR EACH PROJECT 

U ONE pdt ENTRY EXISTS FOR EACH USER, SPECIFYING THE USER t S ATTRIBUTES 
AND RESOURCE LIMITS ON ~ PARTICULAR PROJECT 

o USING THE cv pm! COMMAND, A PROJECT ADMINISTRATOR CREATES A 
TEMPORARY pdt- FROM A SEGMENT KNOWN AS THE PROJECT MASTER FILE 
(pm!), WHICH IS USUALLY UNDER THE PROJECT DIRECTORY 

D THE TEMPORARY pdt IS INSTALLED IN THE SYSTEM DIRECTORY BY THE 
PROJECT ADMINISTRATOR USING THE install COMMAND 

o :At~ LOGIN TIME, act ctl USES THE APPROPRIATE pdt TO DETERMINE 
WHICH OPTIONS AND R!SOURCES ARE AVAILABLE TO A US:ER 

• SEE HAM PROJECT ADMINISTRATOR (Order No. A(51) FOR COMPLETE DETAILS 
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MODIFYING ~ PROCESS ENVIRONMENT 

PROJECT ADMINISTRATION 

• SOME OF THE ATTRIBUTE !NFORMATIONMAINTAINED FOR EACH USER IN THE 
PDT IS GIVEN BELOW: 

U .homedir - ABSOLUTE PATHNAME OF USER'S HOME DIRECTORY 

D initproc - NAME OF THE USER'S PROCESS OVERSEER PROCEDURE 

o . attributes: 

B . nobump - USER NOT SUBJECT TO PREEMPTION 

o dialok - USER MAY USE THE DIAL FACILITY 

n multip - USER MAY LOG IN MORE THAN ·ONE INTERACTIVE PROCESS 

D vinitproc - USER MAY SPECIFY PROCESS OVERSEER Ar LOGIN 

o vhomedlr - USER MAY SPECIFY HOME DIRECTORY AT LOGIN 

o nostartup - USER MAY ESCAPE FROM USING HIS start_up.ec 

B AND SOON ••• 
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MODIFYING THE PROCESS ENVIRONMENT 

CLOSED SUBSYSTEMS 

• A CLOSED S~BSYSTEM IS A SUBSYSTEM IN WHICH THE Multics SYSTEM IS 
NOT DIRECTLY AVAILABLE - RATHER, THOSE PROGRAMS IMPLEMENTING THE 
CLOSED ENVIRONMENT TAKE FULL CONTROL OVER A PROCESS 

• THE SYSTEM-SUPPLIED OVERSEER t accounts overseer ' IMPLEMENTS A CLOSED 
SUBSYSTEM - -

D accounts overseer HANDLES ALL INPUT FROM THE TERMINAL (I.E., IT 
IS IT'SQWN LISTENER), AND IT SEVERELY RESTRICTS THE USER TO A 
SMALL SET OF COMMANDS 

D IT MAKES USE OF AN exec com SEGMENT f '>tools>master .ec' TO IMPLEMENT 
SPECIAL FUNCTIONS r-OR THE n REGISTRATION AND A.CCOUNTING 
ADMINISTRATOR" WHO WILL BE -OPERATING UNDER "'THIS-'EN'VIRONMENT 

- -. THE SYSTEM-SUPPLIED 'fst process overseer ' ALSO IMPLEMENTS A ,C.LOSED 
SUBSYSTEM, A "TIME-S~AR!RG FORTg}N" SYST~ 

• THE SYSTEM SUPPLIED OVERSEER 'project_start_up_' MAY BE USED TO 
IMPLEMENT A- CLOSED SUBSYSTEM 

/ . 

o . project directory>project start up .ec ALWAYS EXECUTED BEFORE 
start_up.ec (WITH QUITS D!SABLE15) 
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MODIFYING THE PROCESS ENVIRONMENT 

LIMITED SUBSYSTEMS 

• IN A LIMITED SUBSYSTEM, THE USER IS LIMITED TO A SET OF COMMANDS 
CONTAINED IN A "COMMAND LIST" SEGMENT 

• THREE MEANS OF UTILIZING THE "LIMITED SERVICE SUBSYSTEM": 

n 

o 

n 

LIST OF COMMANDS ARE CONTAINED IN >sss>lss command list 

command processor WILL CHECK EVERY COMMAND ENTERED BY THE 
USER AGAINST THIS LIST - ONLY IF IT IS ON LIST WILL IT BE 
EXECUTED 

IN ADDITION, A CPU USAGE GOVERNOR WILL BE ENABLED, LIMITING 
THE PROCESS TO 'ratio' CPU SECONDS PER 'interval' REAL SECONDS 

B NOTE: IF >sss>lss command list NOT FOUND AT LOGIN TIME, 
MESSAGE RELkYED IS: 

"The system is currently unavailable". 

(A logout -hold IS DONE) 

o SIMILAR TO ABOVE, BUT 15s command list IS SEARCHED FOR IN 
USER'S PROJECT DIRECTORY - --
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MODIFYING THE PROCESS ENVIRONMENT 

LIMITED SUBSYSTEMS 

D THE COMMAND, enter_lss 

n USER SPECIFIES SEGMENT CONTAINING THE "COMMAND LIST" 

D CONSIDER IF enter_lss COMMAND APPEARS IN project_start_up.ec 

• COMMAND TABLES ARE CREATED USING THE 'make commands' COMMAND 

n make commands ACCEPTS THE NAME OF AN ASCII SEGMENT WITH THE SUFFIX 
OF iCt· t AND PRODUCES A COMMAND TABLE SEGMENT (THE ENTRYNAME 
WITHOUT THE 'ct' SUFFIX) 

B ASCII COMMAND LIST CONTAINS THREE TYPES OF STATEMENTS: 

n ratio: R; 

o SPECIFIES THE NUMBER OF CPU SECONDS MAXIMUM ALLOWED FOR 
THE PROCESS DURING THE SPECIFIED INTERVAL 

o interval: Hi 

o SPECIFIES THE NUMBER OF REAL-TIME SECONDS WITHIN WHICH THE 
PROCESS IS LIMITED TO 'R' CPU SECONDS 

D (command list): pathnamej 
command name: pathname; 

D SPECIFIES THAT THE COMMANDS IN THE (BLANK DELIMITED) 
command list OR THE COMMAND SPECIFIED BY command name ARE 
ALLOWED~ AND THAT THEY SHOULD CAUSE THE PROCEDURE SPEciFIED 
BY PATHNAME TO BE INVOKED WHEN THEY ARE ENTERED AS COMMANDS 
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MODIFYING THE PROCESS ENVIRONMENT 

LIMITED SUBSYSTEMS 

• A COMMAND LIST EXAMPLE 

'* set ratio and interval length *' 
ratio: 
interval: 

1* define commands *1 

(add name an): 
calc: 
(delete dl): 
(deletename dn): 
(list Is): 
logout: 
(print pr): 
(program interrupt pi): 
(rename rn): 
(start sr): 
edit:· . 
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45; 
120; 

· , 
; 
· , )udd)MED)nd)list; 
· , · t 

; 

· , )sss)qedx; 
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MODIFYING THE PROCESS ENVI,RONMENT 

LIMITED SUBSYSTEMS 

r 19:39 0.116 2 

Ipr xxx.ct 1 

logout: >sss>logout; 
pwd: >sss>pwd; 
1s: >sss>ls; 
new proc: >sss>new proc; 
probe: >sss>probe; 

r 19:39 0.104 3 

Imake commands xxx 
r 19:43 0.248 14 

! Is -first 1 

Segments = 72, Lengths = 80. 

re 1 xxx 

r 19:43 0.216 13 

tenter Iss xxx 
r 19:1i4 '0.065 0 

!who 
who is not a legal command 
r 19:44 0.058 0 

QUIT 
r 19:44 0.118 4 level 2 

Iwho 
who is not a legal command 
r 19:44 0.035 2 level 2 

! pr xxx .ct 
pr is not a legal oommand 
r 19:44 0.033 0 level 2 

!logout 
ND1bble MED logged ;out 02/26/81 1459.8 mat Thu 
CPU usage 7 sec» memory usage 23.0 units, cost $0.48.' 
hangup 
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MODIFYING THE PROCESS ENVIRONMENT 

NEW SUBSYSTEMS 

• IN THE MOST EXTREME CASE, A DESIGNER MAY IMPLEMENT HIS/HER OWN 
PROCESS ENVIRONMENT BY REPLACING THE STANDARD PROCES3 OVERSEER WITH 
HIS/HER OWN PROCESS OVERSEER 

D THE DESIGNER IS WARNED TO BE SURE TO PERFORM THE CRITICAL FUNCTIONS 
WHICH ARE NORMALLY PERFORMED BY STANDARD OVERSEERS, BUT BEYOND 
THESE RESTRICTIONS, THE DESIGNER IS FREE TO IMPLEMENT ANY 
ENVIRONMENT DESIRED 

D I process overseer .p11' IS A GOOD REFERENCE FOR THE DESIGNER 
ATTEMPTING TO CREITE A NEW ONE (SEE APPENDIX B) 

I YOU ARE NOW RE:~Y FOR WORKSHOP I 
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TOPIC XIV 

Dialing Terminals to a Process 
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OVERVIEW 

• NORMALLY THERE IS A ONE-TO-ONE CORRESPONDENCE BETWEEN AN INTERACTIVE 
PROCESS AND A TERMINAL DEVICE 

• HOWEVER, Mul tics PROVIDES THE 'dial' FACILITY WHICH ENABLES A PROCESS 
TO. CONTROL MORE THAN ONE TERMINAL DEVICE 

• THE DIAL FACILITY IS PART OF THE ANSWERING SERVICE 

• THE ANSWERING SERVICE IS RESPONSIBLE FOR LISTENING TO THE COMMUNICATION 
LINES ATTACHED TO THE FRONT-END PROCESSOR (FNP) 

• A PROCESS HAVING THE 'dialok' ATTRIBUTE (ASSIGNABLE BY THE SYSTEM 
AND PROJECT ADMINISTRATORS) MAY USE THE DIAL FACILITY 

D ACCEPT DIALED TERMINALS- (REQUIRES NO SP.ECIAL HARDWARE) 

'-

n DIAL OUT TO TERMINALS (REQUIRES ACCESS TO AUTO-CALL CHANNEL) 
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IMPLEMENTATION OF THE DIAL FACILITY 

• ipc ESTABLISHES THE EVENT CHANNEL REQUIRED FOR COMMUNICATION BETWEEN 
THE-USER PROCESS AND THE ANSWERING SERVICE 

• dial~manager_ INTERFACES TO THE ANSWERING SERVICE'S DIAL FACILITY 

• convert dial message INTERPRETS THE SPECIAL IPC MESSAGE SENT BY 
THE ANS;ERING SERVICE TO A USER PROCESS 

-
• THE I dial' PRE-ACCESS COMMAND IS USED BY A TERMINAL OPERATOR ATTEMPTING 

TO DIAL IN TO AN EXISTING PROCESS (AG92) 
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IMPLEMENTATION OF THE Q!!h FACILITY 

dial manager 

• A POINTER TO AN ARGUMENT STRUCTURE IS PASSED IN ALL CALLS TO 
dial manager , AND THE MEANING OF THE STRUCTURE MEMBERS VARIES WITH 
EACH-ENTRY POINT . 

del 1 dial manager arg based aligned, 
2 versIon - fixed bin 1* MUST BE SET TO 1 *1 
2 dial qualifier char(22), 
2 dial-channel fixed bin(71), '* EVENT-WAIT CHANNEL *1 
2 channel_name char(32); 

D dial_qualifier 

D WILL BE A 'dial id' TO BE SUPPLIED WHEN THE dial COMMAND IS 
TYPED (IF WE' RE -ACCEPTING. DIALS) 

. 0 'OR WILL BE A PHONE NUMBER (IF WE'RE DIALING OUT) 

o dial channel 

o 

o MUST BE THE SAME FOR ALL CALLS TO dial_manager_ IN THIS PROCESS 

channel name -
n IDENTIFIES A LINE ADAPTER AND PORT NUMBER ON THE FRONT END

PROCESSOR 

n SEE APPENDIX C 

-
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DIALING TERMINALS TO ! PROCESS 

• STEPS INVOLVED IN DIALING TERMINALS TO A PROCESS 

o PROCESS DECLARES AN EVENT-WAIT CHANNEL TO BE USED BY THE ANSWERING 
SERVICE TO NOTIFY THE PROCESS OF CRITICAL EVENTS (SUCH AS SOMEONE 
DIALING IN TO THE PROCESS, SOMEONE HANGING UP, AND SO ON) 

o PROCESS REQUESTS THAT THE ANSWERING SERVICE NOW ALLOW DIALS FOR 
THE PROCESS, PASSING THE EVENT-WAIT CHANNEL ID AND A "DIAL 
QUALIFIER" -

D PROCESS MAY NOW CONVERT WAIT-CHANNEL TO CALL CHANNEL, IF DESIRED 

D TERMINALS ARE DIALED INTO THE PROCESS USING THE 'dial' COMMAND 

o UPON NOTIFICATION FROM THE ANSWERING SERVICE THAT A TERMINAL HAS 
DIALED-IN, PROCESS MUST INTERPRET THE IPC MESSAGE PASSED, WHICH 
CONTAINS 

o CHANNEL-NAME (DEVICE 10) OF THE TERMINAL DIALED-IN 

o FLAGS INDICATING WHAT TOOK PLACE ON THE COMLINE (DIALUP 11 HANGUP) 

n --- PROCESS NOW ATTACHES THAT DEVICE AND COMMENCES TO DO LOGICAL IiO 
TO THAT TERMINAL 
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DIAL"ING TERMINALS TO ! PROCESS 

SUBROUTINES 

• dial manager $allow dials 
1- - ~ 

o REQUESTS THAT THE ANSWERING" SERVICE ALLOW TERMINALS TO DIAL TO 
THE CALLING PROCESS 

D THE CALLER SETS 'dial qualifier' IN THE dial manager arg 
STRUCTURE TO AN ALPHANUMERIC STRING FROM 1 TO 22 CHARACTERS 

o THE CALLER SETS dial manager arg .dial channel TO THE EVENT-WAIT 
CHANNEL ID ESTABLI~ED FOR-COMMUNICATING WITH THE ANSWERING 
SERVICE- (NOTE THAT FOLLOWING A CALL TO 
dial manager $allow dials, THE CALLER MAY CHANGE THE EVENT-WAIT 
CHAN'IEL INTO-AN EVEllT-CALLCHA"NEL IF DESIRED) " " 

o PERMITS TERMINALS TO DIAL IN WITHOUT FURNISHING Personid. Projectid 
AS dial COMMAND ARGUMENT 

o dial_qualifier MUST BE REGISTERED BY SYSTEM ADMINISTRATOR 

o CALLER MUST HAVE rw ON >sc1>rcp>dial.<dlal_quallfier>.acs 
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DIALING TERMINALS TO A PROCESS 

SUBROUTINES 

o INFORMS THE ANSWERING S·ERVICE THAT THE PROCESS WISHES TO PREVENT 
FURTHER DIAL CONNECTIONS, AND THAT EXISTING CONNECTIONS SHOULD 
BE TERMINATED 

D ACCEPTS SAME INFORMATION AS d1al_manager_$allow_dials 

o IMPORTANT RESTRICTION: dial channel MUST BE AN EVENT-WAIT; CALLER 
MAY THEREFORE HAVE TO CALL rpc_$decl_ev_wait_chn FIRST 

I 

'. 
o SHOULD BE INVOKED BY A PROCESS WHEN IT HAS RECEIVED A WAKEUP 

FROM THE ANSWERING SERVICE 

. 
D REQUIRES THE IPC event_into.message AS INPUT AND RETURNS: 

o THE DEVICE-ID (CHANNEL NAME) OF THE COMMUNICATIONS LINE THAT 
HAS DIALED-UP OR HUNG-UP 

U- A STRUCTURE INDICATING WHETHER THE TERMINAL IN QUESTION HAS 
DIALED-UP, OR HUNG-UP 
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DIALING TERMINALS TO ! PROCESS 

THE 'DIAL' COMMAND 

• THE 'dial' COMMAND~ 

o IS TYPED IN LIEU OF THE login COMMAND· 

D IS A REQUEST TO THE ANSWERING SERVICE TO CONNECT THE TERMINAL TO 
AN EXISTING PROCESS AND TO NOTIFY THAT PROCESS OF THE CONNECTION 

o USAGE: 

dial dial_id {Person_id.Project_id} 

D . THE USER MUST SPECIFY THE' dial id' THAT WAS PASSED TO THE ANSWERING 
SERVICE BY THE PROCESS ACCEPTING DIALS 

o THE USER MUST ALSO SPECIFY TaE 'Person id. Project id' OF THE 
EXISTING PROCESS, UNLESS dial manager $registered-server WAS 
ORIGINALLY USED TO ALLOW DIALS - - -
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DIALING TERMINALS TO ! PROCESS 

AN EXAMPLE 

SET UP DIAL: proc; 
dcl- ipc $create ev chn entry (fixed bin (71), fixed bin (35», 

ipc-$delete-ev-chn entry (fixed bin (71), fixed bin (3S»j 
lpc-$decl ev call chn entry (fixed bin (71), entry, 
ptr~ fixea bin, fixed bin (35», 
dial manager $allow dials entry (ptr, fixed bin (35», 

(ioa ~ com err, ioa-$ioa switch) entry options (variable); 
del codi fixea bin (35)~ -

ME char (12) varying init ("SET UP DIAL") ; 
del 1 dial manager arg aligned static, -

2 version fixea bin init (1), 
2 dial qualifier char (22) init ("astra"), 
2 dial-channel fixed bin (71), 
2 channel_name char (32) ; 

call loa ("Begin A a", ME); 
call ipc-$create ev chn (dial manager argodial channel, 

code); - - - - -
if code A= 0 then call ERROR (1); . 
call dial manager $allow dials (addr (dial manager arg) , 

code}; - - --
if code A= 0 then call ERROR (2); 
call ipc $decl ev call chn (dial manager arg.dial channel, 

-DIAL HANDrER~ nul!C), 0, code); - ~ 
if code A~ 0 then call ERROR (3); 

call loa ("Now listening for dials: A a", ME); 
return; 
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DIALING TERMINALS TO A PROCESS 

AN EXAMPLE 

DIAL HANDLER: entry (info ptr); 
dcl -info ptr ptr parameter; 
dcl 1 event info based (info ptr) , 

2 cha.nnel id fixed bin (71) , 
2 message-fixed bin (71),.-
2 sender bit (36), 
2 origin, 

3 dey signal bit (18) unal, 
3 ring bit (18) unal, 

2 data_ptr ptr; 

dcl convert dial message $return 10 module entry (fixed bin(71), 
char(*)~ char(*), fixed bin,-1 aligned, 2 bit(1) unal, 
2 bit(1) unal, 2 bit(1) unal, 2 bit(33) unal, fixed bin(35»; 

dcl which channel char (32); 
del iocb_ptr ptr; 

del ipc $cutoff entry (fixed bin(11), fixed bin(35»; 
dcl ipc_$rec~nnect entry (fixed bin(71), fixed bin(35»; 

del iox $attach name en-tr¥--Cc.haJ'"_t!lJ_, __ ptr, char(.), ptr, fixed bin( 35» ; 
del iox-$open entry (ptr, fixed bin, bit(1) aligned, fixed bin(35»; 
del iox-$close entry (ptr, fixed bin(3S»; 
dcl iox-$detach iocb entry (ptr, fixed bin(35»; 
dcl iox-$controI entry (ptr, char(.), ptr, fixed bin(35»; 
dcl iox-$get line entry (ptr, ptr, fixed bin(21), fixed bin(21), 

- - fixed bin(3S»; 

dcl- buffer char (80); - --- -- -- ---- ----.-
dcl actually read charCn read) based (addr(buffer»; 
dcl n_read fIxed bin (21); 

ME = "DIAL_HANDLER"; 

call ipc $cutoff (dial manager arg.dial channel, code); 
if code w: 0 then call-ERROR (q); 

call convert dial message $return io module ( 
event info.message, which channel, ftft, 0, ftO"b, code); 

if code A:-O then call ERROR (;); 
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DIALING TERMINALS !Q ! PROCESS 

AN EXAMPLE 

call lox $attach name ("switch", ioeb ptr, 
- - "tty "I Iwhich-channe1 9 null(),code); 

if code "= a then call ERROR (6); -

call iox $open (iocb ptr, 3, "ORb, code); 
if code ~= a then caIl ERROR (7); 

call 10a $ioa switch (loeb ptr, "Welcome to my world. 
Please type a line-and 1 will echo it-back."); 

call iox $get line (loeb ptr, addr(buffer), 80, n read, code); 
call ioa-$ioa-swltch (locb ptr, "Aa", actually read); 
call loa $loa:swltch (locb:ptr, "Good bye"); -

call lox $control (loeb ptr, "hangupn, null(), code); 
if code w= 0 then call ~RROR (8); 

call lox $close (iocb ptr, code); 
if code ~= 0 then cal! ERROR (9); 

call lox $detach iocb (iocb ptr, code); 
if code w= 0 then call ERROl (10); 
return; 
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DIALING TERMINALS TO A PROCESS 

AN EXAMPLE 

ERROR: proe (error number); '* Internal-proc to report errors *' 
del error number; 

iall com err (code,'ME, "Check call Ai of ERRORn, 
- - error_number); 

goto FINISH; 
end ERROR; 

SHUTOFF: ent.ry; 

dcl dial manager $shutoff dials entry (ptr, fixed bin (35»; 
dcl ipc_$decl_ev wait_chn-entry (fixed bin (71), fixed bin (35»; 

. ME = nSHUTOFFn; 

call ipc $Qeel ev wait chn (dial manager arg.dial channel, code); 
if code w= 0 then-call-ERROR (11); - -
call dial manager $shutoff dials (addr (dial manager arg), code); 
if code A;- 0 then-call ERROR (12); -. -
call ipc $delete ev chn (dial manager arg.dial channel, code); 
if code w= 0 then call ERROR \13); - - ' 
return; 

FINISH: 
end SET UP DIAL; - - , 
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DIALING TERMINALS TO ! PROCESS 

AN EXAMPLE 

• THE PRECEDING EXAMPLE IS VERY SIMPLE AND THEREFORE HAS LITTLE 
PRACTICAL APPLICATION 

D OBVIOUS PROBLEMS: 

1. IT ONLi HANDLES ONE DIALED IN TERMINAL AT A TIME 

2. IT CANNOT HANDLE THE SITUATION IN WHICH THE DIALED IN 
TERMINAL SIMPLY "HANGS UP" 

3. IT CANNOT HANDLE THE SITUATION IN WHICH THE DIALED IN 
TERMINAL SIGNALS QUIT (USER HITS BREAK KEY) 

4. THE MASTER PROCESS GOES BLOCKED WHILE WAITING FOR INPUT 
FROM THE "SLAVE" TERMINAL 

• A 10 PAGE EXAMPLE APPEARS IN APPENDIX G 

D THIS EXAMPLE SOLVES ALL OF THE ABOVE PROBLEMS _ 

o IT PROVIDES A STARTING POINT FOR A REALISTIC DIAL IN APPLICATION 
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DIALING OUT TO A TERMINAL ----- - - - ----

• STEPS INVOLVED IN DIALING OUT 

n ESTABLISH EVENT-WAIT CHANNEL 

D REQUEST ANSWERING SERVICE TO DIAL A SPECIFIED PHONE NUMBER 

D ONE CAN CHANGE EVENT-WAIT TO EVENT-CALL CHANNEL AT THIS' TIME 

o AFTER NOTIFICATION OF SUCCESSFUL DIAL-OUT, USER ATTACHES DEVICE 
AND DOES LOGICAL I/O 

• A PRIVILEGED PROCESS (HAVING 'rw' ON THE APPROPRIATE ACCESS CONTROL 
SEGMENT) MAY USE THE DIAL FACILITY TO DIAL OUT TO A TERMINAL 
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DIALING OUT TO A TERMINAL ---
DIAL MANAGER ENTRY POINTS 

• ENTRY POINTS USED TO DIAL OUT: 

n REQUESTS THAT AN AUtO-CALL CHANNEL BE DIALED TO A GIVEN 
TELEPHONE NUMBER, AND, IF THE CHANNEL IS SUCCESSFULLY DIALED, 
THAT THE CHANNEL BE ASSIGNED TO THE REQUESTING PROCESS 

o 

o 

-0 

THE CALLER SETS dial manager arg.dial qualifier TO THE 
TELEPHONE NUMBER TO BE DIALED (NONNUMERIC CHARACTERS IN 
THE NUMBER ARE IGNORED, SO THE NUMBER MAY BE SPECIFIED AS, 
FOR INSTANCE, "301/917-~292n) 

dial manager arg.dial channel IS SET TO THE EVENT-WAIT 
CHANNEL CREATED TO ALLOW THE ANSWERING SERVICE TO 
COMMUNICATE WITH THE PROCESS 

THE CALLER MAY SET dial manager arg.channel name TO A 
SPECIFIC CHANNEL-NAME OF AN AUTO-CALL CHANNEL - IF THE 
CALLER ASSIGNS THE NULL STRING TO THIS ARGUMENT, THE 
ANSWERING SERVICE WILL ATTEMPT TO ASSIGN ANY AVAILABLE 
AUTO-CALL CHANNEL AND CALLER MUST USE 
convert dial message $return io module TO DETERMINE WHAT 
IT IS - - - - -

D REQUESTS THAT THE ANSWERING SERVICE HANG UP AN AUTO-CALL LINE 
AND UNASSIGN IT FROM THE REQUESTING PROCESS 

o ACCEPTS THE SAME INFO AS dial~manager_$dial_out 

o HOWEVER, THE 'channel name' ARGUMENT MUST BE SUPPLIED WITH 
THE NAME OF THE AUTO-~ALL CHANNEL WHICH WAS USED FOR THE 
DIAL OUT 
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TOPIC XV 

Message Segment Facility 
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• A SERIES OF PRIMITIVES, SUBROUTINES AND COMMANDS 

• DESIGNED TO 

o MANIPULATE RING 1 MESSAGE SEGMENTS 

o FACILITATE PROTECTED AND ORDERED MESSAGE EXCHANGE BETWEEN AND 
WITHIN PROCESSES 

o SALVAGE MESSAGE SEGMENTS CONTAINING "DAMAGED" MESSAGES 

D MINIMIZE WRITE/UPDATE WINDOW TIME 

o SUPPORT CHANGE-ABLE MESSAGE SIZE 
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APPLICATIONS 

• 1/0 AND ABSENTEE DAEMON QUEUES 

• SUPPORT FOR MAIL AND SEND_MESSAGE FACILITIES 

• USER-DESIGNED APPLICATIONS REQUIRING THE SPECIAL CAPABILITIES OF 
MESSAGE SEGMENTS 
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THE MESSAGE SEGMENT 

• PROPERTIES 

I ACCESSIBLE ONLY IN RING 1 (AND RING 0) 

o HAS A SUFFIX 

B '.s' FOR QUEUE MESSAGE SEGMENTS 

o 'mbx' FOR MAILBOXES 

D MUST BE A SINGLE-SEGMENT FILE 

D HAS AN EXTENDED ACCESS CONTROL LIST 
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THE MESSAGE SEGMENT 

• STRUCTURE 

0 HEADER 

D LOCK WORD 

D 36-BIT MESSAGE SEGMENT ID BIT PATTERN 

0 OFFSET TO FIRST MESSAGE 

D OFFSET TO LAST MESSAGE 

·0 MESSAGE COUNT 

D ·SWITCHES 

D MSEG INCONSISTENT 

n MSEGHAS BEEN SALVAGED 

o ALLOCATION BIT STRING SAYS WHICH BLOCKS ARE USEn-

o LENGTH (ALLOCATION BIT STRING) 

o MESSAGE BLOCK SIZE 

o UNUSED BLOCK COUNT 

o ••• AND OTHER INFO 

Not To Be Reproduced 15-4 F15D 



THE MESSAGE SEGMENT 

n DOUBLY-THREADED LIST OF MESSAGES 

n EACH MESSAGE IS COMPRISED OF 1 OR MORE FIXED-LENGTH BLOCKS 

B EACH BLOCK HAS A HEADER CONTAINING 

B OFFSET TO NEXT BLOCK IN MESSAGE (OR ZERO) 

n A "FIRST-BLOCK" SWITCH 

o NUMBER OF MESSAGE BITS IN BLOCK 

D FIRST BLOCK IN MESSAGE ALSO HAS A TRAILER 

D EACH MESSAGE TRAILER CONTAINS 

o MESSAGE BIT SIZE 

o TIME MESSAGE WAS SENT 

·0 VALIDATION LEVEL OF SENDER 

. 0 Person1d.Project1d OF SENDER 
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LAYERED DESIGN 

• TWO HIGH-LEVEL SUBROUTINE INTERFACES ALREADY EXIST FOR MANIPULATION 
OF MESSAGE SEGMENTS 

n message_segment_ FOR QUEUE. MESSAGE SEGMENTS 

o mailbox FOR MAILBOXES 

• TWO CORRESPONDING COMMAND-SETS EXIST AS WELL 

n FOR QUEUE MSEGS WE HAVI: 

ms_add_name, msan 

ms_ create, .mscr 

ms ... delete, msdl 

ms_delete_acl, msda 

ms_delete ..... name, msdn 
-

ms_list_acl, msla 

ms_rename, msrn 

ms_set_Bcl, mssa 
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LAYERED DESIGN 

D FOR MAILBOXES WE HAVE: 

mbx_add_name, mban 

mbx_create, mbcr 

mbx_delete, mbdl 

mbx_delete_acl, mbda 

mbx_delete_name, mbdn 

mbx_list_acl, ~bla 

mbx_rename, mbrn~ 

mbx_set_acl, mbsa 

• message_segment_ AND mailbox_ ARE GATES INTO THE ADMINISTRATIVE RING 

o W-HICH TRANSFER CONTROL TO THE PROCEDURES queue mseg AND mbx mseg , 
RESPECTIVELY· - - --

D queue msg AND mbx mseg IN TURN CALL MODULES IN THE- PRIMITIVE 
MESSA~E SEGMENT FACLLITY-

--
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LAYERED DESIGN 

PRIMITIVE MESSAGE SEGMENT FACILITY 

• THE PRIMITIVE MESSAGE FACILITY IS COMPRISED OF MODULES WHICH 

If CREATE·AND DELETE MSEGS 

n MANIPULATE EXTENDED ACCESS 

o LOCK AND UNLOCk MSEGS 

B MANI PULA·T£' MESSAGES 

D MANIPULATE 'OWN' MESSAGES 

n SALVAGE MSEGS 

o CONVERT MSEGS FROM A PREVIOUS FORMAT 

. . 

Not To Be Reproduced . 15-8 F15D 



EXTENDED ACCESS 

• BOTH QUEUE AND MAILBOX MSEGS EMPLOY THESE ATTRIBUTES: 

D a 

ALLOWS USER TO ADD A MESSAGE 

D d 

ALLOWS USER TO DELETE ANY MESSAGE 

o r 

ALLOWS'" USER TO READ ill MESSAGE 

o 0 

ALLOWS USER TO READ/DELETE 'OWN' MESSAGES 

D s 

ALLOWS USER TO DETERMINE WHETHER MSEG HAS BEEN SALVAGED AND 
MESSAGE COUNT 

• IN ADDITION, MAILBOX MESSAGE SEGMENTS EMPLOY: 

D w 

ALLOWS USER TO SEND NORMAL WAKEUP WHEN ADDING MESSAGE 
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MESSAGE SEGMENT SUBROUTINE SUMMARY 

• CREATING AND DELETING QUEUE MESSAGE SEGMENTS 

message_segment_$create 

message segment $delete -- -- .. 

• MANIPULATING EXTENDED ACCESS 

• RENAMING 

message_segment_$ms_acl_sdd 

message~segment_$ms_acl_delete 

message_segment_$ms_acl_list 

message_segment_$ms_acl_replace 

• OPENING AND CLOSING 

message_segment_$open 

message_segment_$close 
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MESSAGE SEGMENT SUBROUTINE SUMMARY 

• OBTAINING HEADER STATUS INFO 

message segment $check salv bit index 
message_segment $check_salv_bit:file 

message segment $get message count index 
message:segment-$get-message_count:file 

• OBTAINING EFFECTIVE ACCESS 

message segment $get mode index 
message-segment $get mode_file 

• MANIPULATING MESSAGES 

message segment $add index 
message segment-$add:file 

message segment $delete index 
message:segment_$delete_file 

message segment $read index 
m:ssage segment $read:file 

message segment $1ncremental read index 
message:segment-$incremental-read:file 

message segment $update~message index 
message-segment~$update:message file 

• MANIPULATING 'OWN' MESSAGES 

message segment $own read index 
message:segment:$own:read:rile 

message segment $own incremental read index 
message segment-$own-incremental:read-file 
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MESSAGE SEGMENT FACILITY ILLUSTRATIVE EXAMPLE 

CALLS 
end; -

end; 

trans _read: proc; 

end; 

tranS_summary: proc; 

end; 

open: entry ••• ; 

close: entry •• 0 ; 

get_massage_count: entry eoo ; 

add_index: entry ••• ; 

delete_index: entry ••• ; 

own_read_index: entry ••• ; 

own_incremental_read_ index: entry ••• ; 

MANIPULATES 

>udd>F15d>trans.ms THE 
.- MESSAGE 

SEGMENT 

and trans; 1 

t 
COMMAND PROCEDUR~ 

MESSAGE SEGMENT FACILITY 

ILLUSTRATIVE EXAMPLE 
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INTRODUCTION 

• LARGE AND COMPLEX SUBSYSTEMS REQUIRE GOOD PROGRAM LIBRARY MANAGEMENT 
TECHNIQUES 

o THE DESIGNER MUST BE CONCERNED WITH PROPERLY ORGANIZING THE SOURCE 
PROGRAMS, OBJECT PROGRAMS, BOUND SEGMENTS, LISTINGS, AND SO ON 

o THE DESIGN'ER COULD DEVELOP HIS OWN LIBRARY CONVENTIONS AND TOOLS, 
BUT: 

• CONVENTIONS AND SYSTEM-PROVIDED TOOLS EXIST FOR 

o ORGANIZING SOURCE, OBJECT, EXECUTABLE, AND DOCUMENTATION LIBRARIES 
IN-A CONVENIENT MANNER 

o MANIPULATING THE COMPONENTS OF A USER MAINTAINED LIBRARY IN A 
CONTROLLED MANNER 

B CONTROLLING THE INSTALLATION AND DE-INSTALLATION OF. SUBSYSTEM 
MODULES IN AN ORDERLY MANNER 
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INTRODUCTION 

ORGANIZATION OF PROGRAM LIBRARIES 

• A USER'S PROGRAM LIBRARY FOR A GIVEN SUBSYSTEM IS GENERALLY ORGANIZED 
AS A DIRECTORY SUBTREE 

D A DIRECTORY SEGMENT, NAMED FOR THE LIBRARY ITSELF, SERVES AS THE 
ROOT OF THE SUBTREE 

o EXECUTABLE PROGRAMS, WHETHER STAND-ALONE OR BOUND, RESIDE UNDER 
THE LIBRARY ROOT DIRECTORY 

D SUBDIRECTORIES UNDER THIS ROOT CONTAIN: 

D SOURCE PROGRAMS~ EITHER INDIVIDUALLY OR IN ARCHIVE SEGMENTS 

D OBJECT PROGRAMS, EITHER INDIVIDUALLY, OR (MORE GENERALLY) IN 
ARCHIVE SEGMENTS 

o LISTINGS AND/OR BIND MAPS 

o INCLUDE'FILES 

D HELP FILES 
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INTRODUCTION 

NAMING CONVENTIONS 

• THE LIBRARY COMPONENTS MENTIONED ABOVE ARE GENERALLY NAMED ACCORDING 
TO THE FOLLOWING STANDARD NAMING CONVENTIONS: 

D THE SOURCE SUBDIRECTORY IS GENERALLY GIVEN THE NAMES 

source 
s 
S 

D THE OBJECT PROGRAM SUBDIRECTORY IS GENERALLY GJVEN THE NAMES 

object 
o 
o 

D THE LISTINGS SUBDIRECTORY IS GENERALLY GIVEN THE NAMES 

lists 
1 
L 

D THE INCLUDE FILE SUBDIRECTORl IS GENERALLY GIVEN THE NAMES 

include 
incl 

o THE HELP FILES SUBDIRECTORY IS GENERALLY GIVEN THE NAMES 

info 
INFO 
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INTRODUCTION 

NAMING CONVENTIONS 

• NAMING CONVENTIONS FOR BOUND SEGMENTS AND CORRESPONDING ARCHIVES 

D 

D 

o 

THE BOUND SEGMENT ITSELF IS GIVEN AN ENTBYNAME "bound ???????", 
WHERE ?????11 IS A NAME CHOSEN BY THE DESIGNER (E.G., 
bound_command_loop_) 

THE ARCHIVE WHICH CONTAINS THE SOURCE PRD.GRAMS USED TO GENERATE 
THE INDIVIDUAL COMPONENTS OF THE BOUND SEGMENT IS NAMED 
"bound_???????s.archive" (E.G., bound_command_loop_.s.archive) 

THE ARCHIVE WHICH CONTAINS THE OBJECT PROGRAMS AND WHICH WAS 
INPUT TO THE BINDER IS NAMED "bound_??????? .archive" (E.G., 
bound_command_loop_earchive) 
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INTRODUCTION 

A TYPICAL PROGRAM LIBRARY 

Ilist >udd>F15dw>Auerbach)user_library_i -all 

Directories = 1. 

sma user library 1 
ulT . -

!list -pn >udd>F15dw)Auerbach>u11 -all 

Segments = 3, Lengths = 4. 

re 2 bound cde 
c 
d 
e 

roe 1 b 
re 1 a 

Director~es' = 5. 

sma include 
incl 

sma info 
INFO 

sma lists 
1 
L 

sma object 
o 
o 

sma source 
s 
S 

!cwd )udd)F15dw)Auerbach>u11 
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. INTRODUCTION 

A TYPICAL PROGRAM LIBRARY 

!ls -pn source -all 

Segments = 3, Lengths = 3. 

r w , bound ode .s.archive 
c.p11- -
d.p11 
e.p11 

r w , b.fortran 
r w 1 a.p11 

!Is -pn object -all 

Segments = 3, Lengths = 4. 

r w 2 bound cde .archive 
c 
d 
e 

- -

bound cde .bind 
r w , b -
r w 1 a 

!Is -pn L -all 

Segments = 6, Lengths = 6. 

r w 1 bound ode .list 
r w 1 a .. list 
r w 1 b.list 
r w , c.list 
r w 1 d.list 
r w 1 e.list 
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INTRODUCTION 

A TYPICAL PROGRAM LIBRARY 

!Is -pn INFO -all 

Segments = 6, Lengths = 6. 

r w 1 user library 1.g1.info 
r w , e.into - . 
r w 1 d .info 
r w 1 o.info 
r w 1 b.info 
r w 1 a.info 

lIs -pn include -all 

Segments = 3, Lengths = 3. 

r w 1 DATABASE STRUCTURE.inol.p11 
r w 1 REC2eincl.p11 
r w 1 REel.incl.p11 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

• LIBRARY ADMINISTRATOR TOOLS EXIST TO PROPERLY UPDATE AND MANIPULATE 
LIBRARIES IN A STRICTLY CONTROLLED AND CONSISTENT MANNER 

• THE MAJOR TOOLS CAN BE CLASSIFIED AS FOLLOWS: 

o INSTALLATION TOOLS 

o PROGRAM LIBRARY MANIPULATION TOOLS 

-
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

• THE "INSTALLATION PROBLEM" 

D ARISES FROM ATTEMPTS TO DYNAMICALLY INSTALL A NEW OR REPLACEMENT 
VERSION OFA HEAVILY USED SUBSYSTEM MODULE (OR MODULES) 

o THOSE USERS CURRENTLY EXECUTING THE (NOW) OBSOLETE MODULES 
MUST CONTINUE TO EXECUTE THEM UNTIL THEY HAVE COMPLETED THEIR 
SESSION - IN ADDITION, ANY USERS WHO SUBSEQUENTLY ATTE~PT TO 
EXECUTE THE MODULE SHOULD RECEIVE THE NEW, UPDATED VERSION 

o ANY MODIFICATIONS TO THE PROGRAM LIBRARY SHOULD BE CAREFULLY 
DOCUMENTED OR LOGGED 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

• SOLUTION TO PROBLEM: Multics INSTALLATION SYSTEM (MIS) 

o MIS SUBROUTINES ·ARE 

o RESTARTABLE ACROSS A SYSTEM OR PROCESS FAILURE (AS LONG AS 
STORAGE SYSTEM IS INTACT) 

o REVERSIBLE, ALLOWING FOR ftDE-INSTALLATIONft IF TROUBLE ARISES 
. MIDSTREAM . 

D MIS FEATURES 

D PLANNED AUTOMATIC RECOVERY (VIA DE-INSTALL ENTRY POINTS) FOR 
. ERRORS LIKE record_Quota_overflow, namedup, entry_not_found 

D AUTOMATIC DOCUMENTATION OF AN INSTALLATION 

o A COMMAND INTERFACE: update_seg 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS' 

• update seg IS USE~TO DEFINE THE CONTENTS OF A MODIFICATIONs AND TO 
INSTALL OR DE-INSTALL THAT MODIFICATION IN A LIBRARY . 

D A MODIFICATION IS A GROUP OF PHYSICALLY OR LOGICALLY RELATED 
SEGMENTS WHICH MUST BE INSTALLED IN A LIBRARY AT THt SAME TIME 
IN ORDER TO MAINTAIN LIBRARY CONSISTENCY AND INTEGRITY 

D SOURCE AND OBJECT ARE PHYSICALLY RELATED 

o OBJECT AND OBJECT ARE LOGICAL'LY RELATED 

o A MODIFICATION IS INSTALLED THUSLY: 

D 'THE INSTALLATION OF EACH SEGMENT IS DIVIDED INTO A SERIES OF 
STEPS (GETTING A UNIQUE 10, NAMES, AND ACL OF THE NEW AND OLD 
SEGMENTS, COPYING THE TARGET SEGMENT, ADDING TO AND DELETING 
FROM THE TARGET SEGMENT t S NAMES, FREEING NAMES ON THE OLD 
SEGMENT, ETC.) 

o ONE STEP AT A TIME IS PERFORMED FOR ALL SEGMENTS OF THE 
MODIFICATION BEFORE HOVING ON TO THE NEXT STEP 

n THE EXECUTABLE SEGMENTS ARE INSTALLED LAST, AS A GROUP, AFTER 
INSTALLING THE OTHER SEGMENTS IN THE MODIFICATION (SOURCE 
SEGMENTS, ARCH!VES i ETC.) 

o THE INSTALLATION WINDOW CAN BE REDUCED TO LESS THAN ONE MINUTE 
PER MODIFICATION, AND IS USUALLy ABOUT FIVE SECONDS 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

• OPERATIONS PERFORMED BY update_seg: 

D CREATING MODIFICATIOH-S 

initiate 
set defaults 
print_defaults 

D DEFINING OPERATIONS TO -BE PERFORMED DURING THE MODIFICATION 

add 
delete 
move 
replace 

D LISTING THE DEFINED MODIFICATION 

print 
l1.st 

o INSTALLING/DE-INSTALLING THE MODIFICATION 

install 
de install 

o CLEARING THE CURRENT MODIFICATION 

. clear -
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

• NONPRIVILEGED USERS OF update_seg SHOULD FIRST TYPE: 

initfate [wh hcs_] tnstallatioD_tools_ 

OTHERWISE ENTRY POINTS IN installation tools WILL BE CALLED BY 
update_seg AND MOST USERS HAVE NULL ACCESS TO THIS SEGMENT 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

!list -first 3 

Segments = 74, Lengths = 62. 

r w 0 04/06/81.audit 
rew 1 test 
rew 1 test.p11 

!cwd junk 

!list 
Directory empty: >user_dir_dir>MED>NDibble>junk 

Icwd < 
Ius print_defaults 

Global defaults 
ring brackets: 

1,5,5 
ACL: 

. re *. *. * 
Ius initiate example -rb 4 4 4 

Ius print_defaults 

Defaults for >user dlr dlr>MED>NDlbble>example.io 
ring brackets:- -

4,4,4 
ACL: 

re * * * • e 

Global ·defaults 
ring brackets: 

1,5,5 
ACL: 

re *G~e· 

!list -first 4 

Segments = 75, Lengths :: 126" 

r w 64 example.io 
r w 0 04/06/81.audit 
rew 1 test 
rew 1 test.pl1 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

! us add test. p11 junk>:: , 

Ius move test junk>:: 

Ius print 

Add >user d1r dir>MED>NDibble>test.p11 
as >user-dir-dlr)MED>NDlbble>junk)test.p11 

Set ring brackets: 
11,4,11 

Access control list: 
re ••••• 

Names: 
test.p11 . 

Move >user dir dlr>MED>NDlbble>test 
to >user-dlr-d1r)MED)NDlbble)junk>test 

Access control-list: . 
rew HDibble.MED •• 
rew NDibble •••• 

. rw - .SysDaemon •• 
Names: 

test 

t list -first 2 

Segments: 75, Lengths: 126. 

r w 611 example.10 
r w 0 04/06/81.audlt 

!us list 

!list "..first 2 

Segments: 76, Lengths: 127. 

r w 1 example.Il 
r w 64 example.10 
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!print example.il 1 

PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

INSTALLATION OBJECT SEGMENT >user_dir_dir>MED>NDibble>example.io 

Listed on: 
Created by: 

O~/06/81 0728.3 mst Mon 
NDibble.MED.* 

Created with: 
Created on: 

update seg (MIS Version 1.5) 
O~/06/S1 0727.1 mst Mon 

SUMMARY OF THE INSTALLATION: 

Add >user dir dir>MED>NDibble)test.p11 
as >user dir-dir>MED>NDibble>junk>test.p11 

Move >user dir dir>MED>NDlbble>test 
to >user:dir_dir>MED>NDibble>junk>test 

INSTALLATION OBJECT SEGMENT HAS !Q! BEEN INSTALLED. 

A DESCRIPTION OF THE INSTALLATION FOLLOWS. 

INSTALLATION DESCRIPTION: 

Add >user dir dir>MED>NDibble>test.p11 
as >user-dir-dir>MED>NDibble>junk>test.p11 

Set ring brackets: 
~,4,4 ' ~ 

Access control list: 
re * .•.• 

Names: 
'test.pI1 

Move >user dir dir>MED>NDibble>test 
to >user-dir-dir>MED>NDibble>junk>test 

Access control-list: ' 
rew NDibble.MED •• 
rew NDibble •••• 
rw *.SysDaemon.* 

Names: 
test 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

Ius install 
Beginning installation of example.io 
Error: Linkage error by upd ring task $set11000 
(>system library tools)bound-mis r -
referencTng installation too~s Iset ring brackets 
Incorrect access on entry. - - -. -

! list. -first 5 

. Segments = 76, Lengths = 127. 

r w 1 example.il 
r w 64 example.io 
r w 0 04/06/81.audit 
rew 1 test 
rew 1 test.pl1 

Icwd junk 

Ilist 

Segments = 2, Lengths = 2. 

r w 1 IBBBJKzgHHgZMDK· 
r w 1 !BBBJKzg~HFJDLd 

lin [wh hcs_] installation_tools 

Ius de install . 
update seg: The lock was already locked by this processo 
Non-fatal error encountered while locking 

)user dir dir>MED>NDibble>example.10. 
update seg will continue performing the de install functionc 
Non-special target segments deleted. -
De-installation completec 

Ilist 
Directory empty: >user_dir_dir>MED>NDibble>junk 

Ius install 
Beginning installation of example.io 
Installation complete. 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

INSTALLATION TOOLS 

Ilist 

Segments = 2, Lengths = 2. 

rew 1 test 
re 1 test.pl1 

. ! cwd < 

!list -first 5 

Segments = 76, Lengths = 127. 

r w 1 example.!l 
r w 6~ example.io 
r w 0 04/a6/S1.audlt 
rew 1 test.1 

!BBBJKzgHHgZMll 
rew 1 test.pl1 

. Icob test.1 junk>test 

)user dir dir>MED>NDibble>test.1: (segment \1) 
03/1ij781 -'121.1 mst Sat PL/I 

)user dir dir>MED>NDibble>junk>test: (segment 2) 
03/14781 -'121.1 mst Sat PL/I 

The 2 segments match. 

Ius list 

!dp example.i.l 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

LIBRARY DESCRIPTOR TOOLS 

• THE 'library descriptor' COMMANDS ARE A COLLECTION OF TOOLS ALLOWING 
THE SUBSYSTE'R DESIGNER OR LIBRARY ADMINISTRATOR TO MANIPULATE LIBRARY 
STRUCTURES 

o ALL REFERENCE 'library_descriptors', WHICH ARE 

o SPECIAL SEGMENTS THAT 

o DESCRIBE THE STRUCTURE OF LIBRARIES IN THE HIERARCHY 

D LIST THOSE LIBRARY DESCRIPTOR COMMANDS WHICH MAY BE USED 
ON THE DESCRIBED LIBRARIES 

o NAME THE PROCEDURES WHICH "KNOW" HOW TO OPERATE ON THE 
DESCRIBED LIBRARIES 

o -CREATED IN A TWO STEP OPERATION 

o ASCII DESCRIPTOR SOURCE SEGMENT IS TRANSLATED INTO AN aIm 
SEGMENT BY library_descr1ptor_compller COMMAND PROCEDURE 

D a1m ASSEMBLER GENERATES BINARY LIBRARY DESCRIPTOR 

o THE COMMANDS ARE 

D library_fetch, If 

D COPIES SPECIFIED ENTRIES FROM A LIBRARY 
DEFINED BY THE "CURRENT LIBRARY DESCRIPTOR" INTO THE USER'S 
WORKING DIRECTORY 

o ACCEPTS THE STAR CONVENTION 

o HAS SOME USEFUL OPTIONS 

D CAN TELL YOU WHERE MATCHING ENTRY WAS FOUND (-long) 

o CAN BE TOLD WHERE TO PUT FETCHED ENTRIES AND WHAT TO 
CALL THEM (-into) 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

- LIBRARY DESCRIPTOR TOOLS 

o CAN COpy THE ENTIRE ARCHIVE CONTAINING THE MATCHING 
ENTRIES, AS OPPOSED TO JUST SOME OF THE ARCHIVE COMPONENTS 
(-container) 

o CAN INDIVIDUALLY COpy 'ALL COMPONENTS OF 
CONTAINING" THE MATCHING ENTRlES (-components) 

ARCHIVES 

D library_print 

n 
u 

o SELECTS PRINTABLE ENTRIES FROM A LIBRARY DEFINED BY THE 
CURRENT LIBRARY DESCRIPTOR AND WRITES THEM TO A FILE SUITABLE 
FOR DPRINTING 

o DPRINT CONTAINS AN INDEX 

n ACCEPTS THE STAR CONVENTION 

o USEFUL OPTIONS 

o -container 

D ..... components 

D CAN PRINT CUSTOMIZED PAGE FOOTINGS (-footer) AND FIRST 
PAGE HEADING (-header) 

n RETURNS TO THE TERMINAL STATUS INFORMATION ABOUT SPECIFIED 
ENTRIES IN LIBRARY DEFINED BY CURRENT LIBRARY DESCRIPTOR 

o ACCEPTS THE STAR CONVENTION 

D USEFUL OPTIONS 

D -container 

D -components 

-
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PROGRAM LIBRARY MANAGEMENT TOOLS 

LIBRARY DESCRIPTOR TOOLS 

n LIKE library info, BUT GENERATES A MAP FILE SUITABLE FOR 
DPRINTING -

D USEFUL OPTIONS 

I -header 

D -rooter 

o library_cleanup, lcln 

o LISTS LIBRARY ENTRIES THAT HAVEN'T BEEN MODIFIED WITHIN 
THE SPECIFIED "GRACE" PERIOD 

o OPTIONALLY DELETES· SUCH ·OLD" SEGMENTS, LINKS, AND 
MULTISEGMENT FILES 

-0 ACCEPTS THE STAR CONVENTION 

D library_descriptor, lds 

D PRINTS INFORMATION ABOUT LIBRARY DESCRIPTORS, AND CONTROLS 
USE OF LIBRARY DESCRIPTORS BY THE OTHER LIBRARY DESCRIPTOR 
COMMANDS 

D RETURNS NAME OF CURRENT LIBRARY DESCRIPTOR BEING USED 

D CHANGES CURRENT LIBRARY DESCRIPTOR 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

LIBRARY DESCRIPTOR TOOLS 

• lib_descriptor_ SUBROUTINE 

n CONTAINS ENTRY POINTS THAT ARE CALLED BY ABOVE COMMANDS TO ACHIEVE 
THEIR GOALS 

n REFERENCES THE LIBRARY DESCRIPTORS 

• WHY ALL THIS INDIRECTION? 

D AVOIDS REPLICATION OF COMMON CODE IN LIBRARY DESCRIPTOR COMMANDS 

D AVOIDS MODIFICATION OF MANY, SEPARATE COMMANDS WHEN 

o A NEW LIBRARY IS ADDED 

o A NEW LIBRARY ORGANIZATION IS INSTITUTED 

o PERMITS LIBRARY DESCRIPTOR COMMANDS TO WORK ON NON-SYSTEM LIBRARIES 
WITHOUT REWRITING THEM 
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. LIBRARY DESCRIPTOR SUMMARY 

THE Multics 
STORAGE HIERARCHY 

ASCII 
DESCRIPTOR SOURCE 

SEGMENT 
. x.ld 

IS TRANSLA "ED BY 
MASSAGES ANDIOR 
RETURNS INFO ABOUT 

library _fetch 
COMMAND 

library _Info 
COMMAND 

library_map 
COMMAND 

library _print 
COMMAND 

( . 

___ C_A_LL_S ..... fetch: 

CALLS i f 
----a-;.n;.;.;.o~: __ __' 

CALLS 
--a.. map: 

library _cleanup CALLS 
COMMAND ------ cleanlllp: 

DOer- U ES 

lib_descriptor _ 

SUBROUTINE 

COULD ALSO 
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VAR'OUS SEARCH SYSTEM,PROVIDED 
PROCEDURES LIBRARY DESCRIPTOR 
'--...,-I multIC:I_librarlll_ 
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COULD ALSO ,...---------.. 
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SPECIFIES 

t· SPECIFIES 

.------f-----..L--
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PROGRAM LIBRARY MANAGEMENT TOOLS 

LIBRARY DESCRIPTOR TOOLS 

! list -first 1 

Segments = 3, Lengths = 80. 

r w 1 handout desc.ld 

!pr handout_desc.ld 1 

Descriptor: handout_desc; 

Define: commands; 
command: library print; 

library name: -han~out; 
search names: **; 

command: Ii; 
library name: handout; 
search names: **; 

Root: handout; 
path: >udd>F15D>sl>handout; 
search procedure: multics library search $hardcore bc dir; 

- - - - -- ~ 

End: handout_desc; 

!ldc handout desc 

!list -first 2 

Segments = 4, Lengths = 82~ 

r 2 handout desc.alm 
r w 1 handout-desc.ld 

!a1m handout desc.alm 
ALM 

!list -first 3 

Segments = 5, Lengths = 83. 

re 1 handout desc 
r 2 handout-desc.alm 
r w 1 handout-desc.ld 
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PROGRAM LIBRARY MANAGEMENT TOOLS 

LIBRARY DESCRIPTOR TOOLS 

!li gw.archive 
library info: Use 

While-searching 
Descriptor: 
library name: 
search name: 

of star convention resulted in no match. 
for entries in the library. 

!lds set handout dese 

111 gw.archive 

1 gw .. archive 

multics libraries 
online-libraries~ 
gw.archive 

path: )udd>F15D)s1)handout 
contents modified: 02/18/81 16~8.4 

!lpr gw.archive -components 

!list -first 4 

Segments = 6, Lengths :119. 

r w 36 library.print 
re 1 handout desc 
r 2 handout-dese.a1m 
r w 1 handout-desc.ld 
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CONCEPTS 

• SOME BASIC TERMINOLOGY AND PROPERTIES SHOULD BE UNDERSTOOD: 

D AIM IS A NONDISCRETIONARY ACCESS CONTROL MECHANISM 

D SENSITIVITY (AS MANY AS 8) 

o CATEGORY SET (AS MANY AS 18) 

. 0 ACCESS CLASS OF A SEGMENT IS COMPRISED OF A SENSITIVITY AND A 
CATEGORY SET 

o ACCESS AUTHORIZATION OF A PROCESS IS LIKEWISE COMPRISED OF A 
SENSITIVITY AND A CATEGORY SET 

o RELATIONSHIPS BETWEEN AUTHORIZATIONS AND ACCESS CLASSES 

AUTH > ACCESS CLASS 

AUTH = ACCESS CLASS 

OTHERWISE 

SEGS DIRS 

re s 

rew sma 

null null 

l SYSTEMS "NOT RUNNING AIM" USE A SENSITIVITY OF "SYSTEM LOW" WITH 
NO CATEGORIES 

-
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CONCEPTS 

n DETERMINING THE "PROCESS MAXIMUM AUTHORIZATION" 

D TAKE THE MINIMUM OF THE FOLLOWING 3: 

n PERSON MAXIMUM AUTHORIZATION ON ANY PROJECT 

n PERSON MAXIMUM AUTHORIZATION ON THE GIVEN PROJECT 

D PROJECT MAXIMUM AUTHORIZATION 

n A SEGMENT RECEIVES ITS ACCESS CLASS FROM THE CONTAINING DIR, XOT 
FROM THE ACCESS AUTHORIZATION OF THE CREATING PROCESS 

n A DIRECTORY'S ACCESS CLASS DEFAULTS TO ITS CONTAINING DIRECTORY, 
BUT CAN BE "UPGRADED" Up·TO THE PROCESS MAXIMUM AUTHORIZATION 
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COMMANDS !!Q SUBROUTINES 

• THE FOLLOWING COMMANDS AND SUBROUTINES DEAL WITH THE ACCESS ISOLATION 
MECHANISM: 

n THIS COMMAND PRINTS THE SHORT AND LONG NAMES OF THE AIM 
SENSITIVI~IES AND CATEGORIES SET FOR THIS SITE 

o get_authorization_ (AG93) 

o RETURNS THE AUTHORIZATION VALUE. FOR THE CALLING PROCESS AS 
'bit(72)' 

o THIS COMMAND RETURNS CHAR-STRING REPRESENTATION OF THE PROCESS I 
AUTHORIZATION 

D RETURNS THE MAXIMUM AUTHORIZATION VALUE OF THE CALLING PROCESS 
AS THE 'bit(72)' VALUE 

o convert_authorization_ (AG93) 

. O· PROVIDES SEVERAL ENTRY POINTS FOR CONVERTING AN AUTHORIZATION 
. BACK AND FORTH BETWEEN ITS BIHARY AND ITS CHARACTER-STRING 
REPRESENTATION 
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COMMANDS AND SUBROUTINES 

D hcs $get access class AG93) 
hcs=$get=access=class~seg (AG93) 

n THESE RETURN THE ACCESS CLASS OF A SEGMENT OR DIRECTORY GIVEN 
EITHER A DIRECTORY PATHNAME AND ENTRYNAME, OR GIVEN A POINTER 
TO THE SEGMENT ITSELF -

n aim check (AK92) 

n 

n PROVIDES SEVERAL ENTRY POINTS WHICH ALLOW THE CALLER TO DETERMINE 
THE AIM RELATIONSHIP (nEQUALn., "GREATER", "GREATER-OR-EQUAL") 
BETWEEN TWO ACCESS ATTRIBUTES (AUTHORIZATION OR ACCESS CLAS~) 

read allowed (AK92) 
write allowed (AK92) 
read_write_allowed~ (AK92) 

D DETERMINE WHETHER THE SUBJECT OF A SPECIFIED AUTHORIZATION 
HAS ACCESS TO READ, WRITE, OR READ-AND-WRITE AN OBJECT OF 
SPECIFIED ACCESS CLASS 

o THIS FUNCTION RETURNS THE ACCESS PRIVILEGES OF THE CALLING 
PROCESS (E.G., ipc ALLOWED, ETC.) 

FOR A DISCUSSION OF AIM, SEE CHAPTER 6 OF THE MPH REFERENCE GUIDE. 
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APPENDIX B 

Program Listings 

Page 

user init admin 0 • • • • " " e I> • e • I> 8 • I> " & • • I> B-1 
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user ini"t admin 

.. ************************* •• * •• *****.**************** •• 
" * • 
II * • .. .. 
n 

* Copyright (c) 1972 by Massachusetts Institute of * 
* Technology and Honeywell Information Systems, Inc. * 
* * ... * " 

n ** ••• ***** •• **.*************.***.* ••• ********* •••• **** 

name 
" entry 
entry 
entry 

tempd 
include 

user lnit admin 
user-init-admin-
daemon init admin 
absentee inrt admTn 

pit ptr,po ptr,arg(3) 
stack header . 

user init admin : 
-eppab-
tra 

<user real init_admin_>lruser_real_init_admin_l 
join 

daemon init admin 
. eppab 

tra 
<daemon_real_init_admin_>:[daemon_real_1nit_admin_l 
join 

absentee init admin : 
- eppab -(absentee real lnit adm1n_>I[absentee_real in1t admin ] 

tra join' '-

join: push 
eppbp po_ptr prepare argument lis~ 
spribp arg+2 
eppbp pit_ptr 
spribp arg+4 
fld :2b24,dl 
staq arg 

11 

" call real in it admin (po_ptr, p1t_ptr) 
'IV 

call ab:O(arg) 
It 

wv call the process overseer always pass it the pit pointer €I e e 

n 
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user init admin 

use arglist: 
- fld :1b2Q,dl 

staq sp;O 
eppbp pit ptr,* 
sprlbp splli' 
eppbp spiq 
spribp spl2 
eppbp po ptr,* 

--eppap spTo 
short call bp;O 

set up argument list (1 arg) 

retrieve the pi~ pOinter 

savepolnter to process overseer 
ge~ pointer to argumen~ list 

eppbp- process killing pointer 
get a pointer to =2;0 which will blow us away n 

arg 0 
even 

process killing pointer: 
- its - -2,0 

end 
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user real init admin 

1* ****************************************************** 
* * 
* * • Copyright (c) 1972 by Massachusetts Institute of ,. 
* Technology and·Honeywell Information Systems, Inc. * 
* * 
* * •• *.******.*****.***************~**.****************** *' 

1* This procedure is called by user init admin and is the second . 
user ring program called in a newly created-process. It 
initializes the 1/0 system and returns a pointer to the 
process overseer to be called by user init admin after it 
returns. *1 - - -

user_real_init_admin_: proc (process_overseer_ptr, pit_ptr); 

del process overseer ptr ptr; 1* pointer returned to user lnit admin *' 
dcl pit ptr-ptrj 1* pointer to pit: returned non-null only for- -

- stan.dard case of process_overseer_ *1 

del po ptr ptr, 1* points to process overseer for process *' 
(type, string) ch.ar (32) t 

status bit (72) aligned, 
code"fixed bin (35), 
based c~de fixed bin (35) based (addr(status», 
pp ptr; 1* points to PIT *' 

del (null, length, addr, substr, po~nter) 1.0. •• ,,' .... "._. uu.&..&.".&.u, 

dcl terminate process ext entry (char (*)~ ptr), 
sct manager $set entry (fixed bin, entry, fixed bin (35», 
timer manager $alarm interrupt entry, 
timer-manager-$cpu time interrupt entry, 
term signal handler entry, . 
sus signal handler -entry, 
change wdir entry-(char (168), fixed bin (35», 
wkp signal nandler entry, 
hcs-$terminate nonsme enttry (ptr, fixed bin C 35» ,
hcs-$make seg entry (char (*), char (*), char (*r,-

- - . fixed bin (5), ptr, fixed bin (35», 
iox $attach iocb entry (ptr, char (*), fixed bin (35», 
iox:$open entry (ptr, fixed bin, 01 t (1) aligned i -fixed bin (35», 
iox $user io ptr ext, 
ios-$attach entry (char (*), char (*), char (*), char C*), 

- - bit (72) aligned), . -
find command $fc no message entry (ptr, fixed bin, ptr, 

- - - fIxed bin (35», 
10s $i05 quick init entry (), 
10a: entry optlons (variable); 
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user real init admin 

Sinclude pitmsg; 
~include static handlers; 
~include iox_modes; 

c a 11 h c s _ $m a k e _ s e g ( '''', "pit", " "7 0 1000 b, p p , code); 
/* get pointer to PIT */ 

type = pp -> ·pit.outer module; 1* Get DIM name *1 
call. ios_$ios_quick_inIt; /* initialize syn attachments *1 

/* now do things that need doing before working direxists *1 

if App _> pit~at.vinitproc then call.find_po_and_dim; 

call change wdir (pp -> pit.homedir), code); 
1* put home-dir ,Tnto search path *1 
I*.ignore code--' if no wd ir we do the best we can */ 

if pp -> pit.at.vinitproc then call find_po_and_dim; 

1* Now set up static handlers for "alrm", "cput", and "term" ,*' 
call sct manager $set (cput sct index, 

timer manager $cpu time interrupt, code); 
call set manager $set (ilrm sct index, 

timer manager $alarm interrupt, code); 
call sct manager $set (term set index, 

term signal-handler, TO»; 
call set manager-$set (wkp sct index, 

wkp-signal nandler , codeT; 
call set-manager $set (susp sct index, 

sus_slgnal_handler_, ('0»;- . 

return; 

find po and dim: 
- - procedure (); 

open: 

if' type = "tty_tI then do; 
call iox $attach iocb (iox $user iO, 

"tty -login channel"~ code); 
if code =-0 then go to open; 

end; 
call iox $attach iocb (iox $user iO, 

type :: " "-: 1 pp -> pit.tty, code); 
/* attach primary input/output stream ./ 
if code = d then do; 

call iox $open (iox $user io, 
Stream input output,-"O"b, code); 

if code A= 0 then-call login abort ("io attach", 
- -code); . 

end; 
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else 

end; 

user real init admin 

do; 
string = pp -> pit.tty; 
call ios $attach ("user i/o", type, 

string 211' status) ~ -" , 
if based code A= 0 then call login abort 

("io_attach", based_code); -

pit_ptr = pp; 

call find-command $fc no message 
(addr (pp ->-pit7login responder), 
length (pp -> pit.login responder), po_ptr, code); 

if code A= 0 then do; -

\eprocedure: 
call ioa- ("Co'uld not find specified ini tial 

A a", pp -> pit.iogin responder); 
call login_abort ("no_initproct1 , code); 

end; 
process overseer ptr = po_ptrj 
returnj- -

end 1* find po and dim */; - - .-
login abort: proc (why, fatal code); 

1* this procedure logs out the process with a special 
message indicating that an initialization error occurred *1 

del why char (*); 1* reason we can't go *} 
dcl fatal_code fixed bin (35); 1* code indicating fatal error *' 
del 1 term structure aligned static, 

2 verslon fixed bin init (0), 1* version of structure *' 
2 status_code fixed bin (35); 1* fatal error code *1 

status code = fatal code; 
1* transmit code to-terminate routine *1 
call terminate process (why, addr (term_structure»; 
1* terminat~ the process *1 

end login_abort; 

end user real init_admin_; 

-
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process overseer 

1* ****************************************************** 
* 
* 

* 
* * Copyright (c) 1972 by Massachusetts Institute of • 

* Technology and Honeywell Information Systems, 1nc8 * 
* * 
* * ****************************************************** *1 

process_overseer_: proc (pit=ptr); 

1* process overseer is the standard process overseer on the system. 
It has four responsrbilities: 

setting up an unclaimed signal handler, otherwise known as an any other 
handler. This handler catched otherwise uncaught conditions:- The 
supplied handler, defaul t error handler ·$wall prints any message provided 
for the error condition~ establishes a condition wall, and calls the 
listener to get a new listener level. A condition wall is just another 
any other handler; this intercepts conditions that might otherwis~ be 
caught by other handlers present on the stack. 

setting up a static handler for the mme2 condition. The mme2 condition 
is raised when the mme2 instruction is executed. It is used by debug 
to establish breakdots. The handler transfers control to debug when 
the condition is signalled. 

allowing the"~.o" excape to ~ommand query. This is enabled by calling 
command_query_$set_cp_excape with the appropriate bitso 

finding the start up.ec. It looks in the homedir, projectdir, and 
finally >sc1 to try to find it. It ends by calling listen with "eo 
start_upName" as the initial command line. -

The code is wrftten for time rather than space efficiency, so that 
operations that might look prettier in a do loop are"done with inline 
code. *1 
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process overseer 

1* Automatic *1 

del initial command line char (10~) var init (""); 
dcl pit ptr-ptr; -
dcl code fixed bin (35); 
dcl unaligned homedir char (64) unaligned based 

(addr (pit:ptr -> pit.homed1r»; -
dcl bc fixed bin (24); -
dcl entry type fixed bin (2); 
dcl first process bit (1); 

'* Constants *1 

dcl process type (0 : 3) character (12) varying internal 
static ;ptions(constant) initial ("initializer", "interactive", 
"absentee", "daemon"); 

dcl down scl char (4) internal static options (constant) init (">sc1"); 
del start up dot ec char (11) interna~ static options (constant) 

init T"st'art-up.ec"); 
1* Entries *1 -

dcl hcs $terminate noname entry (ptr, fixed bin (35»; 
dcl condition entry (char (*), entry); -
dcl command query $set cp e-scape enable entry (bit (1) aligned, 

bit (l)-aligned); - ~ -
dcl listen ext entry (char (*) var); 
del default error handler $wall entry; 
dcl hcs $status minf entry (char (*), char (*),fixed bin (1), 

fixed bin (2), fixed bin (24), fixed bin (35»; 
dcl sct manager $set entry (fixed bin, ptr, fixed bin (35»; 
del - process overseer $mme2 faul t handler - entry (ptr, char (*), 

ptr, ptr, bit (1»; - ~ -

1* External variables *1 

del iox_$user_output ptr ext; 

'* Builtins */ 

dcl (eodeptr, divide, null, rtrim) builtin; 

~include pitmsg; 
~inelude static_handlers; 

I*set up the unclaimed signal handler *' _ 
call condition_ ("any_other", default_error_handler_$wall); 

1* turn on " •• " *1 
call command_querY_$set_cp_escape_enable ("1"b, ("nb»j 

first process = (pit ptr -> pit.n processes = 1); 
/* see if new_proc or login *1 -
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process overseer 

if' lit. pi t ptr -) pi t. at. nostartup then do; 
-1* start up is allowed *1 

initial command line = "exec com "; 

'* First try homedir */ 

call hcs $status minf (unaligned homedir, 
start_up-dot_ec,-1, entry_type, bc, code); 

/* note that we assume any error is cause to look elsewhere to 
give best chance of success */ 

if code = 0 & entry type = , then 
initial command line = initial command line :; 
rtrim (pit_ptr ::> pit.homedirf; 

'* now try projectdir *' 
else do; 

call hcs $status min! (">udd>" :: 
rtrim lPit ptr--> pit.project), 
st~rt_up_dot_ec, 1,. entry_type, bc, code); 

if code = 0 & entry type = 1 then 
initial commana line = initial command line I: 
">udd>n-;; rtrim (pit ptr -> pIt.project); 

else do; -
call hcs $status minr (down sc1, 
start up-dot ec,-', entry type, bc, code); 

-if code ~ 0 & entry type; 1 then 
initial commana line = 
initial-command-line : I down_~cl; 

else do; -
initial command line = ftn; 
geto no_start_up; , 

end; 
end; 

end; 

initial command line = initial command line:: ">"; 
initial-command-line = initial-command-line :; 

- - start up dot ecT '* the piecemeal assemble makes faster code-*'~ -

if first process 

n login IV; 
then initial command line = 

initial-command~line ; I 
else initial command line-: 

lnitial:command:line :, n new proc n. - , 
initial command line = initial command line 

l~ process type (pit ptr -> pit.process type); 
end; '* the block-that checked pit.nostart*! -
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process overseer 

no start up: 
- - call hcs_$terminate_noname (pit_ptr, code); 

/*set up the mme2 handler-/ '* this is done here rather than in xxx real init admin so that 
process overseers for limited subsystems can leave it out -, 

call sct manager $set" (mme2 sct inde"x, 
codeptr (process_overseer_$mme2-fault_handler_), code); 

do while ("1"b); 
call listen (initial_command_line); 

end; 

return; 

mme2 fault handler: entry (mop, cname, cop, infoPt cont); 
dcl Tmcp p~r, 1* to machine conditions -, 

cname char (*), '* name of condition being signalled *1 
cop ptr, 
infop ptr, 
cont bit (1» parameter; 

dcl debug$mme2_fault entry (ptr); 

call debug$mme2 fault (mcp); 
cont = "ORb; I*-do not continue searching for h"andlers" *1 
return; 

end process_overseer_; 
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project start up 

1* ******************************************.*********** 
* * 
* * * Copyright (c) 1972 by Massachusetts Institute of * 
* Technology and Honeywell Information Systems, Inc. * 
* * * * 
**.******.****.***.*.********************************* */ 

project start up : 
procedure (pit_ptr); 

dcl pit ptr ptr; 
dcl initial command line char (256) varying; 
del listen--entry (char (*) var); 
dcl terminate process entry (char (*), ptr); 
dcl com err entry ()-options (variable); 
dcl ioa-$i08 switch entry options (variable); 
dcl any-other handler entry variable; 
dcl any-other-condition; 
dcl (length, null, unspec) builtin; 

%include' iox_dcls; 

any other handler = error handler; 
on any otner call any other handler; '* Set-up any_other handler-outside the begin block *' 
begin options (non_quick); 

dcl saved e1 intermediary entry variable; 
del home dlr-ehar (168); 
dcl project dir char (168); 
dcl mme2 handler ptr; 
dcl saved mme2 handler ptr; 
del ps ec-cl character (256) ~ligned; 
dcl eoae ?ixed bin (35); 
del bc fixed bin (24); 
dcl entry type fixed bin (2); 
dcl first-process bit (1); 
del (first ec- arg, second ec arg) char (12); 
dcl wall_entry entry variable; 

dcl process type (0:3) character (12) 
internal static options (constant) initial 

("initializer", "interactive", "absentee", "daemon"); 
del down sal char (19) internal static 

options (constant) init (">system control dir"); 
del start UP dot ee char {11} intern'a'! static

~pt1onsGTconstant) init ("start_up.ec"); 
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project start up 

dcl cu $cp entry (ptr, fixed bin (21), fixed bin (35»; 
dcl convert· status code entry (fixed bin (35), 

char (8) aligned, char (.100) aligned); 
dcl change wdir entry (char (168), fixed bin (35»; 
dcl·hcs $make entry ·entry (ptr, char (*), char (*), 

entry, fixed bin (35»; 
del hcs $terminate noname entry (ptr, fixed bin (35»; 
del command query $set cp escape enable entry 

(bit (1) aligned, bit-(1) aligned); 
dcl default error handler $wall entry; 
dcl hcs $status minf entry (char (*), char (*), 

fixed bin (1), fixed bin (2), fixed bin (24), 
fixed bin (35»; 

dcl sct manager $set entry (fixed bin, ptr, 
fixed bin (35»; 

dcl sct manager $get entry (fixed bin, ptr, 
fixed bin (35»; 

del process overseer $mme2 fault handler 
entry (ptr, char-(*), ptr, ptr, bit T1»; 

dcl cu $set cl intermediary entry (entry); 
dcl cU:$get cl-intermediary entry (entry); 

dcl command_error condition; 

dcl (addr, codeptr, length, null, rtrim, unspec) 
builtin; 

~include pitmsg; 
~include static_handlers; 

home dir : pl~ ptr -> pit.homedir; 
project dir : n)user dir dir>" II 

rtrim (pit_ptr => pit.project); 

call sct manager $get (mme2 sct index, 
saved_mme2_handler, (0»; -

call'hcs $status minf (project dir, 
. "project start upsec", 1,-entry type, be, code); 
if A(entry type = 1-& code = 0) -
then call abort handler (rtrim (project dir) Ir 

">project start up.eo was not found or is not a segment.", 
- .. code); 

call change wdir (project_dir, code); 
if code A: 0 -
then call abort handler 

("Could not set working directory to project directory.", code); 
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project start up 

first process = (pit ptr ->pit.n processes = 1); 
if first process - - . 
then first ec arg = "login"" - - , else first_ec_arg = "new_proc"; 

second_ec_arg = process_type (pit_ptr -> pit.process_type); 

call hcs $make entry (null (), "default error handler ", 
"waT1", will entry, code); - - -

if code ""= 0 -
then wall_entry = default_error_handler_$wall; 

any_other_handler = wall_entry; 

call cu $get cl intermediary (saved cl intermediary); 
call cU-$set-cl:intermediary (error-handler); 

on command error call com err handler; 
/* die on com err */ --
.' -

ps eo cl = "exec com" I I rtrim (project dir) I; 
- ">project start up " :1 rtrim (first ec arg) :: 

" " : I rtrim (second eo arg); - -
call cu $cp (addr (ps ec cl)~ 

length (rtrim (ps_eo_cl», (0»; 

revert command_error; 

call cU_$set_cl_intermediary (saved_cl_intermediary); 

call change wdir (home dir, code) i. 
if code A= 0 - -
then call com err (code, "project start un ", 

"Could not set working directory-to ""a.", home_dir); - "-

call command_query_$set_cp_escape_enable ("1"b, ("lib»; 

if ""pit ptr -> pit.at.nostartup 
then do; 

Not To Be Reproduced 

1ni tial command line = ".exec com "; 
call hcs $status minf (home dir, 

start: up dot-ec, 1, entry type, be, code); 
if code =-0 & entry type = 1 -

then initial command line = 
initia1_comm~nd line--: f rtrim (home_dir); 
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project start up 

else do; 
call hcs $status min! (project dir, 
start_up dot_ec~-lJ entry_type: be: code); 

if code = 0 & entry· type = 1 
then initial command line = 
initial command line-II project dir; 

else do; - - -
call hos $status minf (down sc1, 

start up dot ec, 1, entry-type, 
bc, code); -- -

if code = 0 & entry type = 1 
then initial command line = 
initial command line-l I down sc1; 

else do; - - -
initial comma~d line = ""; 
goto no-start up; 
end; - -

end; 
end; 

initial command line = initial command line I I ">"; I I 

initial-command-line = initial-command line I I 
I I 

start up dot ec; -
initial command lIne = initial command line • I II II I I 

I I I I 

first eo arg; 
initial command line = initial command line I I II " I I 

I I I I 

second _ec_arg; 
end; 

no start up: 
calI hcs $terminate noname (pit ptr, code); 
call sct-manager $get (mme2 sct-index,' mme2 handler, (0»; 
if mme2 nandler = saved mme~ handler -
then call set manager $set (mme2 sct index, eodeptr 

(process-overseer $mme2 fault handler ), code); 
end- - - - - 0-, 

call listen (initial command line); 
do while ("T"b); - -

call listen_ (nn); 
end; 
return; 

com err handler: 
- proced ure; 

Sinclude condition info header; 
~include condition-info; . 
~include com af error info; 

declare 1 CI aligned like condition info; 
declare find condition info entry Tpointer, pointer, 

fixea binary (jS»;-
de~lare code fixed bin (35); 
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project start up 

unspec (eI) = ~"b; 
call find condition info (null (), addr (el), code); 
if code A~ 0 -
then call abort handler ("Can't get error message.", code); 
call loa $ioa switch (iox $error output, "A a", 

CI.Tnfo ptr -> com aT error-info.info string); 
call abort_handler ("Error-in project start up.", 0); 

end; 
error handler: 

entry; 

call abort handler ("Error in project start up.", 0); 

abort handler: 
proc (reason, code); 

dcl code fixed bin (35); 
del reason char (.); 
dcl 1 term structure aligned, 

2 version fixed bin Inlt (0), 
2 status_code fixed bin (35); 

status code = code; 
call loa $ioa switch (lox $error output, reason); 
call terminate_process_ (ftinit_error", addr (term_structure»; 

end; 
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listen 

1* ****************************************************** 
* * 
* * * Copyright (c) 1972 by Massachusetts Institute of * 
* Technology and Honeywell Information Systems, Inc. * 
* * 
* • 
****.**** •• *.***** •• *** •• *** •• ** •• ** •••••••••• ** •••• ** *' 

listen_! procedure (initial .... command_line); 

1* Multics Listener ., 
dcl iox $user input ptr ext static; 
dcl iox-$user-io ptr ext static; 
dcl (buffer ptr, 

read p'[r ptr, 
dummy ptr ptr, 
pet internal static initial (null), 
old sp 
) pointer aligned; 

dcl (input tength, buffer length) fixed bin (21); 
dcl total-input length fIxed bin (21); 
dcl entry-; ,. O::>$listen , l->$release stack ., 

i fixed bin aligned;- -
dcl code fixed bin (35) aligned; 

dcl initial command line char (.) var, '* first command line to be executed ., 
command_line char (input_length) aligned based (buffer_ptr); 

dcl spno bit (18) aligned, '* used to store staok segno *1 . 
(should restore attachments, 
(first,-'. "l"b-means control structure not initialized ./ 
quits not enabled) int static init ("l"b) 
) bit-(l)-aligned; 

del 1 x based (buffer ptr) aligned, 
2 ch (O:q5536) char (1) unaligned; 

dcl 1 
2 
2 

label var aligned based, '* overlay for a label.' 
target ptr, '* target of entry/label variable ., 
stackp ptr; '* stack offset of entry/label variable ., 

del 1 
2 
2 

ct aligned, i* automatic structure containing control info *1 
prey ptr ptr, '* ptr to last listener staok frame (if any) *' 
release all label, ,. label in "topn level to release to *1 
release-label, '* label to release to *' 2 

2 
2 
2 

new release label, '* label next invocation is to release to *' 
start label, '* label for start command ., 
flags aligned, 
3 dont_restore bit (1) unal, '* "1 nb causes io attachments 

not to be restored on start ., 
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listen 

3 pad bit (35) unal, 
2 frame fixed bin, 1* stack frame oof current invocation *1 
2 level fixed bin; 1* level of current invocation (from 1) *1 

dcl 1 bet aligned based (pet) like ct; 

o dcl ios signal entry (char (32) aligned, fixed bin (3S», 
iox-$get lIne entry (ptr, ptr, fixed bin O(21), fixed bin (21» 
returns-(fixed bin (35», 

iox $control entry (ptr,char (*), ptr) returns (fixed bin (35», 
com-err entry options (variable), 
cu $cp ext entry (ptr, fixed bin (21), fixed bin (35», 
cu-$ready proc ext entry (), 
eU-$grow stack frame entry (fixed bin (21), ptr,fixed bin (35», 
get system free area entry returns (ptr), 
cU_$stack_Trame:ptr ext entry () returns (ptr)j 

dcl (addr, 
baseno, 
divide, 
fixed, 
length, 
min~ 
null, 
ptr, 
reI 
) builtin; 

del cleanup condition; 
dcl error table $long record ext static fixed bin (35); 
~include stack_frame; -
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'* Establish this frame as the "top" of the listener frame thread, 
so that this frame ,cannot be "released" around. *' 

entry = 0; 
go to re_enter; 

1* Entry called after processing quit or unclaimed signal *' 
release_stack: entry (should_restore_attachments); 

entry = 1; 

. '* Save pointer to ·previous listener control information, save return 
\c 

point for subsequent invocations of the listener, 
and initialize sW.i tches *' 

re enter: 
if first then do; '* no previous invocation to work from *' 

ct.prev ptr = nUll; 
at.level = 1; /* this is first invocation· *' 
sp = cu $stac~ frame ptr (); '* find stack frame *' 
spno = baseno Tsp); 7* get segno for comparing ~I 
i=·O; 

·do while (baseno (sp -> stack frame.prev sp) = spno); 
. i = i + 1; ... - -

Sl) =-sp-;;}s~acK-fr-ame.prev sp; 
end; =--

et.frame = 1; 
end; 
else do; '*can ·use.info from previous invocation *' 

at.prev ptr = pet; 

end; 

at.level = bet.level + 1; . 
old_sp = addr (b~t.start) -> label_var.staekp; '* find previous frame A, . 
sp = cu $stack frame ptr ();. 
i = bct7frame;- -. 
do while (sp A= old_sp); '* find ntimber of intervening frames *' 

i = i + 1; . 
sp = sp \-> staak_frame.prev ..... sp; 

end; 
ct.frame = i; 

'* fill in labels for release and start *' 
if (entry = 0) ; first then do; 

ct.release all, 
. ct.re!'ease, 

ct.newrelease = readyt; 
first = "onD; 

end; 
else do; '* will want to release to invocation before this one *' 

ct.release all = bet.release all; '* dont chang~ it ./ 
et.release-: bct.new_release; 
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listen 

ct.new release = readyt; 
end; -
at.start = start_return_point; 

pet:: addr (ct); 
'* have finished getting info from old frame *' 

ct.flags.dont_restore = "O"b; 

1* set ptrs to current control info and to buffer 
in which to read in command line */ 

buffer length = 32; /* start wi th 128 char input bu·f'fer * / 
call cu $grow stack frame (buffer length,buffer ptr, code); 

'* get storage for initial buCfer *' -
1* Establish cleanup procedure to restore control structure thread *' 

on condition (cleanup) begin; 
pct = bct.prev ptr; /* pop structure of inter~st *' 
if pct = null then first = "l"b; 

end; 

'* Check for entering via "release stack" entry without having first 
entered via "listen ". This can-happen, e.g., if user takes fault 
before standard process overseer calls listen • If this happens, 
enable quits. *7 - - -

if quits not enabled then do; 
quits not enabled = "O"b; 
code ~ 10x_$control (iox_$user_l0,"quit_enable",null); 

end; . 
/* If called at the listen entry, set up initial command 

line and enable quits *7 
if entry = 0 then do; 

end; 

if initial command line A= nn then do; 
if length (inTtial command line) > 
buffer length * ij-then do; 

end; 

end; 

call com err (0, "listen ", 
nlnitiaI command line is-too long."' I 
"Max=Ad chars.",burrer length*4); 

go to readyt; -

input length = length (initial command line); 
command line = initial command-line; - . 
total input length = 0; -
go to-CALL_CP; 
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I. • ••••••••• ·.········START OF BASIC LISTENER LOOp·.·······*· ., 

1* Call the "ready procedure"Q ·1 
readyt: call cU_$ready_proc e); 

,. Read the next command line .1 
readnew: .read ptr : buffer ptr; 

read: 

total input length: 0; '* extra input line character count *' -
code = iox $get line (iox $user input, read ptr, 
buffer length.1f-total input 1ength,input length); 

if code-A: 0 then do; - - -
if code A: error table $long record then 
call i08 signal-CRuser input", code); 

else do; - . . -
if input length < 
buffer Tength • ~ - total input length 
then goto CALL CPj - -

call cu $grow stack frame (buffer length, 
-dummyptr, code); 7* double size-of buffer ., 

burfer-length = burfer length +burfer length; 
read ptr = addr (read ptr -> ch (input-length»; 
total input length = total input length + 
input_length; --

end; 
goto read; 

end; 

.- CALL .CP: call cu $cp (buffer ptr, total=input length + input length, 
. - code); -

if code : 100 then go to readnew; 
,. ignore null command line *' 

go to readyt; 

I • • ·*****.·.·· ••• *END OF BASIC LISTENER LOOp ••• * ••••••••••••••• , 
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start return point: '* start command goes here *'. 
- if-ct.flags.dont restore then 

should restore attaQhments = "O"b; 
pct = bct.prev ptr; 
return; -

get pct: entry (ct ptr); 
dcl- ct_ptr ptrj -

'* Return pOinter to control structure *' 
ct ptr = pct; 
return; 

get level: entry (level no, frame no); '* return command level-number and stack frame number of caller's 
caller *' 

dcl (level_no, frame_no) fixed bin; 

if pet ~ null then do; '* no previous invocation *' 
level no = OJ 
old sp ="ptr (addr (old sp), 0) -> 
stack header.stack begin ptT; '* in case we're not in hIghest-ring *' 

end; 
frame_no = OJ 

else do; '* count only up to previous listener *' 
level no = pct -> bet.level; 

end; 

old sp = addr (bet.start) -> label_var.staekp; 
frame_no = bet. frame; 

sp = cu $staek frame ptr () -> stack_frameeprev_sp -) 
stack 1rameeprev SPj '* want-frame no o? caller's caller *' 

do while (sp A: old sp); 
frame no = frame no + 1; 
sp = sp -> stack_frame.prev_sp; 

endj 
return; 

get_area: entry returns (ptr); 
return (get_system_rree_area_ (»; 

Sinelude stack_header; 

end; 
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( 
\ 

The name used to designate an MeS communications channel 1s a character 
string of up to 32 characters. The name is composed of components 
separated by periods, where each component represents a level of 
multiplexing. the first two components identify the physical channel 
on an FNP; further components (if present) identify the subchannels of 
a concentrator (such as a VIP 7700 controller). 

Format of physical channel name: The physical channel name (which 
corresponds to the old-style name of the from ttyXXX) has the following 
format: 

F.ANSS 

where: 
F 

A 

N 

SS 

Examples: 
Name 

a.1000 
a.hl08 
b.h016 

is an FNP identifier (a, b, c t or d) 

is an adapter type (h for an HSLA channel, 
1 for an LSLA channel) 

is the number of the particular adapter 
(0-2 for an HSLA t 0-5 for an LSLA) 

is the decimal number of the subchannel on the 
specified adapter. 

Description Old form 

FNP a, LSLA 0, subchannel 0 ttyOOO 
FNP a, HSLA 1 , subchannel 8 tty708 
FNP b, HSLA 0, sub channel 16 ttyG16 

Multiplexed channels: The format of the additional components of the 
names of subchannels of a concentrator or nmultiplexern depends on the 
particular multiplexer; it may be a station id, or a sequential number, 
etc. For example: 

Name Description 

b.h016.01 FNP b j HSLA 0, subchannel 16, 
concentrator subchannel 1 

bvh016009 same physical channel, concentrator 
subchannel 9 

ARPANET channels: The names of ARPANET channels are of the form netXXX 
for user telnet channels or rtpXXX for file-transfer channels, where 
XXX is an arbitrary 3-dig1t number. 
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The following segments set up the environment such that students may 
complete the interprocess communication workshop. Note in ipc driver .p11 
the call to get userid. For this call to successfully return, it 1s 
required that your instructor obtain read access to >sc~>answer_table. 

ipc_report: proc; 

dcl i fixed bin, 
get wdir entry returns (char (168», 
stua ptr-ptr, 
ioa -entry options (variable), 
hcs-$initiate entry (char C*), char (*), char C*), 
fixed bin (1), fixed bin (2), ptr, fixed bin (35», 
code fixed bin (35), 
clock entry returns (fixed bin (71», 
date ~ime entry (fixed bin (71), char (*», 
my_ t'Ime cnar (24); 

del 1 stud ipc based (stud ptr) aligned, 
2 index fixed bin, -
2 studs (0 refer (index», 

(3 codes char (8), 
3 name char (22), 
3 proj char (9), 
3 time char (16» unal; 

call date time (clock e), my time); 
call hcs $1nitlate (get wdir T), Ripe statusn , 

0, 1, stud_ptr, code); - -
nn , 

call ioa ("REPORT FOR F15D WORKSHOP 13 Aan , my time); 
call ioa- ( RA 31 user 10 timeA

/ n); 
do i = ,-to index; 

if name (1) A: nn then 
call 10a (n~aGAa Aan 

name (1), proj li), time (1»; 
end; 
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ipc_driver: proc; 

dcl send mail entry (char (*), char (*), ptr, fixed bin (35», 
get wdir -entry returns (char (168», 
hcs-$make seg entry (char C*), char C*), char (*), fixed bin (S), 
ptr~ fixed bin (35», 
hcs $wakeup entry (bit (36), fixed bin (71), fixed bin (71), 
fixed bin (35», 
ipc $oreate ev chn entry (fixed bin (71), fixed bin (35», 
ipc ...... $decl ev oall 9hn entry (fixed bin (71) t entry t ptr., fixed bin, 
fixed bln-(3'S') l t -

get process id entry r~turns (bit (36», 
(loa-, com err lentry options (variable), 
get-useria entry (bit (36), char (*), char (*), fixed bin, fixed bin, 
fixed bin T35», 
iox $control entry (ptr, char (*), ptr, fixed bin (35», 
date time entry (fixed bin (71), char (*», 
clock entry returns (fixed bin (71», 
unique bi ts entry returns (bit (70», , 
unique chars_ entry (bit (*» returns (char (15»; 

dcl 1 send mail info aligned, 
2 versIon fTxed bin init (1), 
2 sent from char (32) aligned init ("Mr. Wonderful"), 
2 swi~ches-, --.. --.-----.---.-
(l wakeup bit (1) init ("1"b), 
3 mbz1 bit (1), 
3 always add bit (1) init C"1"b), 
3 never add bit (1) init ("O"b), 
3 mbz2 oit (1), 
3 acknowledge bit (1) init ("O"b), 
3 mbz bit (30» uDal; 

del congrats char (~O) internal static options (const~nt) . 
init ("Congratulations - mission accomplished! I"); 

del ipc_status_full_Msg c~ar (66) internal static options (constant) init 
(n Instructor's table ha-s overflowed. Plea-se notify him immed iately II n) ; 

del destination char (32); 
del code fixed bin (3S); 

del 1 set up based (au ptr), 
2 my pid bit (36),-
2 my-chid fixed bin (71); 

del me char, (10) 1nit (Ripc_driver") static options (constant); 

del 1 event info based (ei ptr) , 
2 channel ld fixed bin-ell), 
2 m-essage-fixed bin (71), 
2 sender bit (36), 
2 origin, 

3 dev signal bit (18) unal~ 
3 ring bit (18) unal, 

2 data_ptr ptr; 
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del (su ptr, ei ptr, sptr) ptr; 
dcl iox $user To ext ptrj 
dcl error table $invalid channel ext fixed bin (35);· 
dcl stringO static fixed-bin (71); 
dcl string1 char (8) based (sptr), 

string2 char (8) based (mptr); 
dcl mptr ptrj 
dcl person char (22), 

project char (9), 
(type, anon) fixed init (0) bin, 
stud_ptr statio ptr; 

del 1 stud ipc based (stud ptr) aligned, 
2 index fixed bin, -
2 studs (0 refer (index», 

(3 codes char (8), 
3 name char (22), 
3 proj char (9), 
3 time char (16» unal; 

dcl i fixed bin; 

'* Set it up ., 
call hcs $make seg (get wdir e), "channel_info", 

su ptr, code); - -
call lpc $create ·ev chn (my chld, code); 
if code 'W'= 0 then 40; -

call com err (code, "ipc drlver"); 
return; - - -

end; 

"" , 

my pid = get process ld (); 
call ipc $decl ev call chn {my_chid, wakeme, null (i, 0, code); 
if code w= 0 tnen-do; -

call com err .(code, "ipc_driver"); 
. f!.eturn; - -

end; . 
call loa ("End Aa$Aa", me, me); '* •••••• * •••••••• y •••• ** ••••••••••••••••••••••••••••••••••••••••••• *' 

dcl timer manager $sleep entry C fixed bin (71), blt _(2»; 
do while-C"1"b); . 

end; 
call timer_manager ... $sleep. (gOO, "11"b); '*. 15 mine *l 

return; 

1* Come here when wakeup received -, 
wakeme: entry (el ptr); -

call hes $make seg (get wdlr 
stua_ptr,~code); -
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if stud ptr = null () then do; 
call com err (code, "ipc_driver"); 
return; - -

end; 
call get userid (sender, person, project, type, anon, code); 
if code 'W'= 0 then--.do; 

'call com err(~ode, uipc driver ft , 
ftHeed 'F' access on >sc1>answer table")· - , 

return; 
end; 

call ioa <"A wakeup from Aa.Aa was just received. ft , person, 
project); '* But that does not imply he'll wake me 

up again with the proper reversed msg *' 
mptr = addr (message); 
do 1 = 1 to 250 while (codes (i) A= ""); 
. if string2 = codes (i) then goto .got_one;, 
end; 

if i = 251 then do; 
call com err (0, "ipc driver", 

"TaDle Tn the segment 'ipc status' is full. 
System will not function properly."); 

destination = rtrim (person) II "." II rtrlm (project); 
call send mail Crtr1m (destination), ipc status full msg, 

addr-( senq mail info), code); -. - - " 
if code A= 0 then do; . \ 

call com err (code, "ipo driver", "Bad call to send ma_. __ ) 
occurred while trying to complain about full table in 'ipc_status'."); - -

end; 

return; 
end; 
return; 

sptr = addr (stringO); /* Overlay string1 onto stringO *' 
string1 = substr (unique chars (unique bits (», 8, 15); 
index = index + 1 /* index re?lects the true size of 

stud ipc.studs array *' 
codes (index) = reverse (string1); . 
call hos $wakeup (sender, message, stringO, code); 
if code 'W'= 0 then dO;i . 

oall com err (code, "ipo driver"); 
return; - - -

."n! ...... -- 7-

goto finis; 

name (i) = person; 
proj (1) = project; 
call date time (clock e), time (i»; 
call ioa -( "Aa7Aa compI'etes aSSignment" t person ,- 'project) ; 
destinatTon = rtrim (person) I Ift."1 Irtrim (project); 
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finis: 

call send mail (rtrim (destination), congrats, 
-addr-(send mail info), code); 

if code A= 0 then do; -

end; 

call Gom err (code, "ipc_dr1ver", IIBad call to send mail "): 
return; - - - _. 

end ipc_driver; 
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init_ipc: proc; 

dcl get wdir entry returns (char (168»; 
del 1 stud_ipc based (stud_ptr) aligned, 

2 index fixed bin, 
2 studs (250), 

(3 codes char (S), 
3 name char (22), 
3 proj char (9), 
3 time char (16» unal; 

del hcs $make seg entry (char (§), char (*), char (*), 
fixed bin-(S), ptr, fixed bin (35»; 

del hcs $add acl entries entry (char (*), char (*), ptr, 
fixed bin, fixed bin (35»; 

.dcl 1 seg acl aligned, 
2 acciss name char (32) lnlt ("*.F15d.*"), 
2 modes oit (36) lnit ("1"b), 
2 zero pad bit (36) init ("ORb), 
2 status code fixed bin (35); 

del code fixed bin (3S), 
ioa entry options (variable), 
stud ptr ptr, { 
i fixed bin; 

call ioa ("Begin lnit ipcB); 
call hcs-$make seg (get" wd 1r ()." ipc status" "" 

10,-stud ptr, code); -' - " 
call hcs_$add:acl_entries (get wdir (), "ipc status", 

-addr-(ses_acl)~ 1, code); 
index = 0; 
do i = 1 t02S0j 

time (1), name (i), proj 
end;· 
call" loa (BEnd 1nit_ipc"); 

end Init_ipc;-

ABSENTEE SCRIPT ipc.absin 

&ready off 

1.1'\ 
\ J./-t codes (1) :: "". , 

cwd >uad)F15d)s1 
ipc driver 
& To prevent the absout segment from growing inordinately large, 
& the instructor has inserted the following command, which will guarantee 
& an absout segment of 10k or less. 
if [greater Cst ipc.absout -bc] 1474560] -then "te !pceabsoutft 
logout 
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On April 23, 1981, the following command was typed: 

li *overseer_.- -library source 

The terminal output that resulted appears below. 

1 accounts overseer .p11 type: arch comp 
- path: >ldd>tools>source>bound_admin rtnes .s.archive 

component updated: 01/29/75 1711.6 

1 cards overseer .p11 
- path: 

component updated: 

type: arch comp 
>ldd>tools>source>bound card input .s.archive 
09/04/79 1718.4 - - -

1 dfast process overseer .pI1 type: arch comp 
- -path: >Tdd>unb>source>bound dfast .s.archive 

component updated: 09/01/76 1342.7 -

1 fst process overseer .p11 type: arch comp 
- - path: ->Idd>unb>source>bound fast_os.archive 

component updated: 06/07/77 1504.7 -

1 ftp server overseer .pI' type: arch comp 
- . - path:- >Idd>net>source>bound ftp server .s.archive 

component updated: 09/23/71 1031.5 - - -

1 iod overseer .p11 
- - path: 

component updated: 

type: arch comp 
>ldd>tools>source>bound_iodc_.s.archive 
03/13/81 1038.7 

1 terminals overseer .p11 _.~YP.~: __ ~rci:! ~OfDP 
-. path: >ldd>tools>source>bound admin rtnes .s.archive 

component updated: 031'23/81 1014.8 ~ 

1 tolts overseer .p11 
- path: 

contents modified: 
>ldd>tools>source 
12/01/80 1136.8 

Another important overseer: project_start_up_ 
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set_up_dial: proc; 

1* The set_up_dial entry point initializes the dialing environment 

1) An event-call channel is established so that 
the answering service can notify this process 
of dialins, hangups, etc. 

2) Dials are enabled ., 
,. ~dialok' attribute essential if this procedure is to succeed ., 

del ipc $create ev chnentry {fixed bin (71), fixed bin (35», 
ipc-$delete-ev-chn entry (fixed bin (71), fixed bin (35», 
ipc-$decl ev call chn entry (fixed bin (71), entry, 
ptr~ fixed bIn, fixed bin (35», 
hcs $assign channel entry (fixed bin (71), fixed bin (35», 
dial manager $allow dials entry (ptr, fixed bin (35», 
(ioa_~ com_err_, ioa $ioa_sw1tch) entry options (variable); 

dcl wasted channel fixed bin (71); 
del time char (24); . . 
dcl code fixed bin (35), 

iox.$user output external static ptr, 
ME char (f2) varying init ("set_up_dial") ; 

dcl 1 dial manager arg aligned static, 
2 versIon fixeo bin init (1), 
2 dial qualifier char (22) inlt ("astra"), 
2 dial-channel fixed bin (71), 
2 channel_name char (32) .; 

'* ••• ***.*** •••••••••••• * •• *.****** ••••• ** •• **. *' 
call ioa_ ("Begin A a", ME); 

,. The following code is inserted to fake out tty t which will 
attempt to give u~ fast channels we can not deal with (see the 
'read status~ control order). By consuming all the fast channels now 
(and -there aren't many available to us), we'll force tty to use 
garden_variety channels, which we can easily handle. *' .-

code = 0; 
do while (code = 0>; 

call hcs_$assign_channel (wasted_channel, code); 
end; 
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/* Channel must be obtained for notifying this process of *1 
/* all hangups and dialups. *1 

call ipc $create ev chn (dial manager arg.dial channel, 
code) ; - - , - "'"" -

if code A= 0 then,call ERROR (1); 

1* Next let the answering service know we will accept 
dials - we must do this before changing the event-wait 
channel to an event-call'channel *1 

call dial manager $allow dials (addr (dial_manager_arg), 
codeT; - - . 

if code A= 0 then call ERROR (2); 

1* Make the event-wait channel an event-call channel and 
specify that my 'dial handler' will be invoked whenever 
the answering service-wakes my process on this channel *1 

call ipc $decl ev call cpn (dial manager arg.dial channel, 
d1al_handIer~ nul! (), 0, code); - -

if code A= 0 then call ERROR (3); 

1* Okay ••• now return and wait for so~ething to happen .1 
call ioa ("Now listening for dials: Aa", ME); 
return; -

1* .***** ••• ******* •• *********** •••••••••••••••• *' 
dial_h.andler: entry (info_ptr); 

I· Handler for dial messages - this entry point will 
be invoked whenever something happens that the answering 
service notifies me about *' 

'-

del ,info ptr ptr parameter; 
dcl 1 event info based (info ptr), 

2 channel id fixed bin (71), 
2 message-fixed bin (71), 
2 sender bit (36), 
2 origin, 

3 dev signal bit (18) unal, 
3 ring bit (18) unal, 

2 data_ptr ptr; 

dcl llsten to dial entry(ptr); I· proc to ~ialog with terminals *1 
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del convert dial message $return io module entry 
(fixed bIn (71) t char-' *), c.har r*) ,fix.edbin, 

1 aligned like status_flags, fixed bin (35»; 

dcl 1 status flags aligned, 
(2 dialed-up bit (1), 
2 hung up bit (1), 
2 control bit (1), 
2 pad bit (33» unal; 

dcl 1 dialed static, '* This structure works for 
max num allowed <= 10 *' 

2 no dialed fixed bin init (0), - -
2·sw-(10), 

3 swname char (6) init ( 
"dialOl", "dial02", 
"dial03", "dial04", 
"dial05", "dial06", 
"dial07", "dial08", 
"dial09", "diall0"), 

3 iocb~ptr ptr init «10)null (»,I- An available switch is 
characterized by null ptr *1 

3 devname char (32);-

--'*-.we-wi-l;l--e-nlytalk to 2 terminals at a time, h·anging up the third */ 
del max num allowed internal. static options (constant) init (2); 

del nomore ptr internal static ptr init (null (»; ,- This iocbptr 1s 
used for talking to a doomed t~y when system full *1 

del iox $find iocb entry (char (-), ptr, fixed bin (35», 
iox-$attach ptr entry (ptr, char (*), ptr, fixed bin (35». 
iox-$destroy iocb entry (ptr, fixed bin (35», 
iox-$control-entry (ptr, char (*), ptr,. fixed bin (35», 
error table $io no permission external static fixed -bin (35), 
iox $open· entry-(ptr, fixed bin, bit (1) aligned, fixed bin (35», 
iox-$detach iocb entry (ptr, fixed bin (35», 
iox-$elose entry (ptr, fixed bin (35», 
clock entry returns (fixed bin (71», 
date time entry (fixed bin (71), char (e», 
ipc lcuto?f entry (fix~d bin (71), fixed bin (35», 
ipc-$reconnect entry (fixed bin (71), fixed bin (35»; 

dcl i fixed bin; /* an index */ 

del (which channel automatic, nomore channel static) char (32), 
io mOQule char (32), -
n dialed fixed bin; 
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ME = ndial handlern ; '* For com err *' '* First 07 all, interpret the event message-sent from 
the answering service - it should either be that 
someone has dialed 1n or hung up */ 

call convert dial message $return io module ( 
event info.message, which channel, 
io module, n dialed, status flags, code); '* n_dialed = -1 Tf this is an informative 

message (which it is)*' 
if code A= 0 & 
code A= error_table_$io~no_permission then call ERROR (5); 

'* Log in event *' 
call date time (clock (), time); 
call ioa $ioa switch (Tox $user output, 

nAa: A[DiALED UPA;HU~G UPA! AT Aa .", . 
which_channel, status_flags.dialed_up, time); 

'* Restart any interrupted io to the master terminal *' 
call iox_$control (iox_$user_output, "startn , null e), code); 

if Astatus flags.dialed up then do; ,. Then it must 
be a hang up and we have to find out which 
device, mark it available, & detach the switch. *( 

do i = , to max num allowed 
whil~-(d1iled.sw (i).devname A= 

end; 
which_channel); . 

if A. (i > max num allowed) then do ;. __ 
dialed .no-dialed = dialed .no dialed -1; . 
call 10a $ioa s.wi tah (iox $u'ier output, 

nA9xAt this instant, Ai A[t~FminaIA;terminals~] A[isA;areAl logged on.", 
dialed.no dialed, (dialed.no dialed = 1), 
(dialed.no_dialed = 1»; -

'* Close and detach the switch *' 

end; 

call lox $close (dialed.sw (i).iocb ptr, code); 
if code ~= 0 then call ERROR (6); . -
call iox $detaeh ioeb (dialed.sw (i).ioeb ·ptr, 

codi'); - -
if code A= error table $10 no permission 
& code A= 0 then-call !RRO~ (l); 
dialed.sw (i).ioeb ptr = null (); '* free 

this switch .• /, 
end; 
return; 
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- else if status flags.dialed up then do; 
1* Somebody dialed in - get to work on attaching and 
listening to him. As we must update a critical database 
(the structure 'dialed'), let us prevent interruption 
during the update period by 'masking' wakeups on the 
event-call channel 'dial manager arg.dial channel'. *1 

call ipc $cutoff (dial-manager arg.dial channel, code); 
if code "111'= 0 then call-ERROR ('If); -

1* Loop until we find a free locb 
(indicated by a null ioeb ptr) , OR 
until. we exceed max num allowed. *1 

do i =1 to max num allowed -
while-(dialed.sw (i).ioeb ptr 
A= null (»; -

end; 

if ACi > max num allowed) then do; 
1* if thereTs a switch available *1 
dialed.devname (i) = which channel; 
dialed.no dialed = dialed.no dialed + 1; 
call ioa $ioa switch· (iox $uier output, 

"A9xAt this instant, Ai A[teFmlnaTA;termlnals"lll'] A[isAjareA] logged on.", 
dialed.no dialed, (dialed.no dialed = 1), 
(dialed.no_dialed = 1»; -

1* Find an locb for the user and at.taeh user's device 
via tty 1/0 module */J 

.call iox $find ioeb (dialed.sw (i).swname, 
dialed.sw (i).loeb ptr, code); 
call ipe $reconnect 
I~~_' --~a~-" ~"~ A~a' ~h~ftft.' ~nd-~. \U.La.L wall 2!)'W1 Q4C)._- - _ •• _-" •• _-, ""'- .;;Jj - '* Safe to unmask *1 

call iox $attach ptr (dialed.sw (i).ioeb ptr, 
"tty "I Idialed.sw (i).devname, nul! e), code); 

if code Ai' 0 then call ERROR (9); 

Not To Be Reproduced 

call iox $open (dialed.sw (l).locb ptr, 
3 i'E stre.am_10 *', -
"O"b, '* unused must be zero *1 code); 

if code A= 0 then call ERROR (10); 
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/* Now that we have attached the user's terminal, call the main 
program that handles these users; it will handle all 
processing for these terminals, and when the user is 
done, it will simply return to me *i 

call listen to dial (dialed.sw (i).iocb_ptr); 
return; --

end; 
else do; /* we've run Qut of switches *1 

if nomore ptr = null () then do; 
call-tax $find 10cb ("nomore", nomore ptr. code); 
/* Nope,-we can not avoid this call. T/ . 
if code A= 0 then call ERROR (14); 

end; 
nomore channel = which channel; 
call iox $attach ptr (nomore ptr, 

- "tty wI I which channel, 
null-(), code); 

if code A= 0 then call ERROR (15); 
call iox $open (nomore ptr, 2, "O"b, code); 

1* stream output suffices for doomed tty */ 
if code A= 0 then call ERROR (16); 
call ioa $i08 switch (nomore ptr, 
"DIAL SYSTEM astra FULL WITH-Ai USERS. 

TRY AGAIN LATER.", max num allowed); 1* SORRY FELLA */ 
caIl iox $control (nomore ptr, "hangup", null (), code); 
it code ~= 0 then call ERROR (17); 

end; 
end; 

call iox $close (nomore ptr, code); 
if code w= 0 then call ~RROR (24); 
call iox $detach iocb (nomore ptr, code); 
if code ~= 0 & - -
code A:~error table $10 no permission 

then call-ERROR-(25J; -
call ipc $reconnect (dial manager arg.dial channel, 

- codeT; 1* SaTe to unmask now */ 
return; 

ERROR: proc (error number); 

del 
/* Internal-proc to report errors */ 

error number; 
- oa1l com err (code, ME, "Check call "'1 or- ERROR", error_number): 

/* Restart any interrupted To to the master terminal */ 

end; 

call lox $control (iox_$user_output, "start", null (), code); 
goto FINISH; 
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shutoff: -entry; 

1* This entry poi_nt resets the environm-ent: 
1) shuts off dials 
2) zeroes-dialed.no dialed 
3) wipes out i~cbs and nulls ptrs. *1 

dcl dial manager .$shutoff dials entry (ptr, fixed bin (35»; 
dol ipo_$decl_ev-wait_chn-entry (fixed bin (71), fixed bin (35»; 

ME= "shutofftl ; 

1* IT IS FIRST NECESSARY TO CHANGE THE EVENT-CALL BACK INTO AN 
EVENT-WAIT CHANNEL, BECAUSE THE shutoff dials ENTRY POINT WILL 
NOT WORK ON ANYTHING BUT. - *1 

FINISH: 

oall ipo $deol ev wait ohn (dial manager arg.dial channel, code); 
if code w= 0 tnen-oall-ERROR (21); - - -
call dial manager $shutoff dials (addr (dial-manager arg) , code); 
if code .... = 0 then-call E-RRnR (22); --
oall ipc $delete ev chn (dial man~ger arg.dial channel, code); 
if code w: 0 then call ERROR T23); - -
dialed.no d-ia1ed = 0; '* In ca~e we 'set up dial' again *' 
do i = 1 to max num allowed; - -

if dialed.sw(i):iocb ptr A=null() then do; 
call iox $olose (dialed.swei).ioeb ptr, code); 

end; 
end; 
return;-

call iox-$detach iocb (dialed.sw(1T.1ocb ptr, code); 
call iox $destroy iocb (dialed. sw( i) • iocb-- ptr, code); 

1* The above cail automatioally NULLS tne 
ioob_ptr. *' 

end set_ up_dial; 

-
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1* Procedure to dialog with a dial-up terminal 

Sinclude dCl_iox_entries; 

dcl 
ioeb ptr ptr parameter, 
code-fixed bin, (35), 
hcs $initiate count entry (char (*), char (*), char C*), 
fixed bin (24J i fixed bin (2), ptr, fixed bin (35», 

(seg ptr 1, seg ptr 2) internal static ptr in it (null (», 
(bit-count 1, bit count 2) fixed bin (2ij) internal static, 
burT ptr ptr, - -
buffer char (256), 
n read fixed bin (21), 
com err entry options (variable), 
get wdir_ entry returns (char (168»; 

del 1 info structure aligned, 
2 ev chan fixed bin (71),' 
2 input available bit (1); 

del (addr, after) builtin; 
dcl ipc'$decl ev call chn entry (fixed bin (71), entry, 

ptr-; fixed bin, fIxed bin (35)"); 
dcl ~pc_$delete_ev_chn entry (fixed bin (71), fixed bin (35»; 

del i08_$io8_switch entry options (variable); 

Sinclude iocb; 1* We need this structure to get the 
attaeh_descrip_ptr *' 

--- --- -~ ---- - --

dcl 1 attach description unaligned based 
(loeb ptr -> iocbgattach descrip ptr) , 

2 descrip length fixed bin (35J, -
2"desc char (0 . 

refer (attach_description.descrip_length» unal; 

call ioa $108 switch (iocb ptr, 
"Dialed to 'astra' on channel A a .", 
after (attach description.desc, "-"»; 

if seg ptr 1 :-null () then 1* Efficiency technique ., 
call ncs $init1ate count (get wdir (), "msg1", 

"" ,-bit count-', " seg ptr 1-; code); 
call iox $put chars (ioeb ptr, seg ptr 1, 

- bit-count 1/9, code); - -
if code A: 0 then call ERROR; " 
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call iox $control (iocb ptr, Bread status", 
_ - addr (info_structure), code); 

if code A= 0 then call ERROR; 
if Ainfo structure.input available then do; '* If no-line is availabYe, use 'garden variety' 
event channel provided to us by 'read status' order *' 

call ipc $decl ev call chn (lnfo-structure.ev chan, 
respond to line la_ter, iocb-ptr, 0, cOdeT; 

'*locb ptr in above-call-is really our 'data ptr' *' 
If-code A= -0 then call ERROR; -

end; 
else call respond to line now (ioeb ptr, 0); '* Else 

there is something out there to read NOW *' 
return; '* so much for listen to dial *' 

respond_to_line_later: entry (information_ptr); 
• I • 

dcl information_ptr ptr parame-ter; 

dcl 1 event info based (infor~ation ptr), 
. 2 channel id fixed bin (71), -

2 message~fixed bin (71), 
2 sender bit (36), 
2 origin; 

3 dev signal bit (18) unal, 
3 ring bit (18) unal, 

2 data_ptr ptrj 

call respond to line now (event info.data ptr, 
event info:channel Id); - -'* But we-are not sure whether there is a quit or 

null line out there. *' 
return; 

respond_to_line_now:entry (iocb_ptr, read_status_channel); 

dcl read status channel fixed bin (71) parameter; -'* Channel ultimately to be deleted *' 
call ~ox_$control (iocb_ptr, nread_status", 

. -- addr (info structure), code); 
if code_ A= 0 then c-al1 ERROR; -
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ERROR: 

if info structure. input available then do; 
n read = 0; -
burrptr = addr (burfer); 
call-iox $get chars (iocb ptr, buff ptr, 

256~ n read, code); - -
if code A= 0 then call ERROR; 
if n read> 1 then do; '* If there's something more 

-than just a newline, then _do •• o *' 
call iox $put chars (ioeb ptr, buff ptr, 

n read, code); - - -
if code A: 0 then call ERROR; 
if seg ptr 2 = null () then -

call hcs $initiate count (get wdir (l, 
"msg2" "" bTt count 2 -1, -, , T - t 
seg ptr 2, codeJ; 

'* Ignore code, it should be fine *' 

end; 

call iox $'put char s (locb ptr, seg_ptr _2, 
bit count_2'9,'code); 

if read status channel A= 0 then call 
ipc $delete ev chn (read status channel, 

- code);-'*-We no longer neea it *' 
call iox $control (iocb ptr, "hangup", 

- null e), code}; 
if code A= 0 then call ERROR; 

end; 
return; '* There really is nothing else to do */ 

else return; '* If no input_available *' 
proc; 

call com err (code, "listen to dial", 
"Truly unexpected."); - -

goto return point; '* Intentionally non-local */ 
end ERROR; -

return_point: return; 
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Guiz 1 

1. Subsystem re~uests that accept pathnames as input may allow 

(
:t-he final entryname in the pathname to be a star name. To first 
~termine whether the starname is valid (ie. does nat besin or 

'end with a period etc.)p the followins routine should be called: 

( 

e. none of the above 

2. A free pool. of' temporarY segments available to each user 
makes it possible to use the same temporarY sesment more than 
once via the "set_temp_sesments_U and urelease_temp_sesments_1t 
routinesr without having to create one when needed. 

errol" is 

e. all of the above 

3. A multisesment file is composed of one 01" more components 
each the size of a sesmenta 

a. like sin91e sesment 'iles7 any word in a MSF can be specified 
by a pathname and a word offset 

b: the first component of' a MSF is named component 0 

c. components are stored in a relational data base with the 
path name of t'he MSF . 

d. components are identified by consecutive upper case letters 

e. all of the above 
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4. A call to the routine hcs_Sstatus_minf is commonly used to 
distinsuish between a segmentr a directory and a MSF. 
Specifically the return arsuments indicate a MSF when: 

a. type is 0 

b. type is 1 

c. type is 2 and hit count is 0 

d. type is 2 and bit count is nonzero 

e. none of' "the above 

5. The working directory is the directorY in which the user·s 
activity is centered and which identifies the user·s location 
within the storage system. The directory that becomes the 
workins dir when the "cwd" command is siven without arguments is 
known as the: 

a. home directory 

b. referencing directory 

c. process directory 

d. default working directorY 

e. none of' the above 

6. The subroutine "hcs_$set_max.,.,lensthlt is often used to define 
the size limit of a sesment sa that an "out_of_bounds" condition 
will be obtained with any too-large offset. 

a= the normal maximum len9th of a sesmentis 255k 

b. the maximum length of a directory is 64k 

c. the maximum length of a directorY cannot be changed 

de system wid@ maximum lensths can be imposed by the system 
administrator 

e. all of the above 
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7. The " rras f_manaser" Multics subroutine creates a File Control 
·qlock (fcb) in order to keep track of manipulations on the MSF. 

hich of the followins is true? 

a. the MSF must exist for the fcb to be allocated 

b. the feb is allocated on the stack frame of the caller 

c ~ the feb is sood throushout the life of the the process 

dOl the address of the feb must be siv'e·n for any operation on the 
MSF 

e. all of the above 

8. Many. Multics subroutines require an "area_ptr" to an area in 
which data and ·information is returned to the user. This is so 
for example wi th "h·cs_Sstar U "'hi ch returns star name matches. 
Areas can be formatted by: 

a. a PL1 declaration specifying the lIarea" attribute 

b. ·the "define_area_" subroutine 

uc·c .. the Mul ti cs command "create_area" 

e. ail of the above 

9. The subroutine call to "hcs_Sstar" returns 2 pointers within 
a user provided areap star_entry_ptr and star_names_ptr. The 
star_names_ptr addresses a name arrav OT matching names: 

a. for links 

b. for seSlflents 

c. for directDries 

d. for entries dependi.ns upon the value of "star_select_sw" 

" e. none of' the above 
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10. The "define_Grea_1f subroutine must be provided with the 
address of' some place to be f'ormatted into an area. This address 
in the f'orm of' a pointer: 

a. is provided as argument 1 of' the call to IIdef'ine_area_ 1I 

b. must not be null 

c. is provided within the i nf'or·mat ion structure that 
"define_area_ 1t must know about 

d. must point to a permanent segment in the storase hierarchy 

e. none of' the above 
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1. 
(";( Y 

If the ring brackets for a p~rticular object segment are 
z) the segment is resarded as a sate when: 

oil .. X = Y = Z 

h. K < Z 

c. y < z 

d. )( ) z 

e. none of the above 

2. Inner rins procedures are often called by outer rin9 
prGcedures to perform some service. It is necessary therefore 
for the inner rins procedure to - know which rins it is workins 
for. This rin9 information known as the uVALIDATION LEVELl; can 
be obtained via: 

( • set_ri ns_ () 

d. cross_rin9_ 

-e-_----t1-0na of the above 

3. Many subsystems honor an "e u - request (ctedx calc probe etc.) 
What entrypoint is used in the implementation of this feature? 

e. none of the above 
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4. Since the "hcs_" subroutine is the means whereby the user 
can manipulate ring 0 directory se9mentsp likely ring brackets 
are: 

a. 0 0 0 

h. 0 1 1 

c. 0 0 5 

dot 4 4 4 

e. none of the above 

5. The command level in~ermediarY is usually not an active 
procedure unless an abnormal. event (e9. condition) occurs and it 
becomes invoked. The procedure responsible for invoking it is: 

a. default error handler 

e. none of the above 

6. Saving the attachments of the standard I/O switches, 
restoring these attachments to their default state and entering a 
new loop of reading and eKecutins command lines is part of 
establishing a new command level. This is accomplished by: 

a. the current command level intermediary 

h. the current command processor 

c. the current process oversaer 
-

d. the listener <1isten_> 

e. none of the above 
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7. The routine responsible for actuallY 
(~essage which indicates command level to the 

printing 
user is= 

the ready 

a.- I isten_ 

e. nGne Df the above 

8. Consider-the case of a user (Ring 4) attempting to execute a 
segment with rin9 brackets of {3, 3, 4} 

a. a segment can be in one ring only 

b. the user can only read the segment subject of course to ACL 
and AIM 

c-•. the user's process cannot execute in rins 3 

( '''''' 'i.~ 
I 

the user can execute the segment with a ring change 

e-•. nDneof the above 

9., The IIhcs_$set_entry_bound u routine provides the user wi th a 
me~hod of limiting which locations of a segment may be targets of 
a call. If the entry-bound is to he set for a siven object 
sesment: 

a. the user must have "modify" permission on the containing 
directory 

b. all calls to the segment must be made to an entrYPoint with 
o'fset less than the entry-bound 

c~ the segment itself remains unchanged 

d .• , the defaul t entry bound is 0 

e. all of the above 
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10. The "cross_rins_" io_module 
attachments of switches: 

which allows cross ring 

a. must be siven the outer rlns s~itchname as an arsument 

b~ is used to attach the inner ring switch to a previously 
existing outer ring switch 

~c. enables use of the "cross_ring_io_$allow_cross" subroutine to 
do cross ring io 

d. the inner ring switch must be open 

e. all of the above 
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Quiz 3 

1. There is actuallY a delay between the time a wakeup is 
r'eceived and the time the process is notified. It is possible 
~ ~ere'ore for several wakeups to be queued by the time a process 
is awakened. The priority disposition is as follows: 

a. event wait channels have priority by default 

be event call cha'nnels have priority by default 

c. no priority exists and priority cannot be assigned 

d. no priority exists but priority can be assigned 

eIB none of the above 

2. When a process establishes an event call channel: 

aD the process must 90 blocked on the . channel and wait 'or a 
. wakeup to be received 

be the channel should be polled via "ipc_Sread_ev_chn u to 
determine whether a wakeup has been received 

• the process should 
900 seconds 

call Ittimer_manager_Ssleep" for at least 

de the process may continue executing until' interrupted by ~ 
wakeup on that channel 

e. none 0' the above 

3. On occasionF io to the user 9 s terminal may be interrupted by 
..an invoked uipc_" or "timer_manaser_iI routine. In order to set 
things going asainF the user should call the Uiox_$control U 

subroutine with the 'ollowins order: 

a. printer_on 

c .. start 

Sa none of the above 
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4. The IOCB which is the supporting structure for a switch, is 
created and partially initialized by either lIiox_Sattach_name" or 
lIiox_Sattach_pt r u. Thereafter the IOCB is updated and maintained 
by: 

~. the io_module 

b. the user prosram 

d. continue_to_sisnal 

e. none of the above 

5. When "pointer or lIentry" variables are to be changed in a 
chain of synonymously attached IOCB9 sr the change must take place 
in the actual IOCB and then reflected in the other IOCS·s via: 

e. none of the above 

6~ If' a switch has been opened for "stream_input", obviously 
record_io is not suPPorted. This illlPlies that the "entry" value 
for flread_recard" in the IOCB would be: 

a. a null pointer 

b. a null character string 

e. none of the above 
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7. In order that a process communicate with another~ it must 
(now the event channel identifier of a channel created by the 
'uther process. The former process gets this info from: 

~. none 0' the above 

When a p~ocess is awakenad on an event call channel, control is 
immediately passed to the procedure specified by the 
uipc_Sdecl_ev_call_chn" with one arsument. This arsument is a-" 
pointer to a structure that specifies: 

a. the channel~ on which everits are heing awaited 

b. information about the event that caused it to return 

( • data passed from the procedure that set UP the event call 
channa I 

d. the machine conditions at the time of the interrupt 

e. none of the above 

8. The one way control path over which notification of the 
occurance of events is transmitted is called an event channel. 
The user obtains an event channel for the purposes oT 
inter-process communication by: 

a. looking UP the channel master file (C~F) 

b. looking UP the channel definition table (COT) 

c. making one UP 

e. none 0' ·the above 
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10 •. If a user wishes to inhibit reading of events on a 
particular channel but would like to have them queued for later 
handling. the following procedure should be invoked: 

a. ipc_$cutof'f 

e. none of the above 

\ 
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1. Often to ensure that only one process at a time can execute t critical section of code7 that section of code is associated 
.",ith a so-called IIl oc kword u which must be zero (unlocked) and 
into which a process places an identifier (thus locking it) via 
Uset_lock_1; routine. IT' many critical sections of' code share the 
same lockword: 

(. 

a. an execution time error will result 

b. each section can be executed by a different process at a siven 
time, thu~ multiplexing the lockword 

c. only one process can execute in any section at a siven time 

d. the lockword will be reset by any process encountering a 
locked lock .from another section 

•• none' of the above 

2__ The "lock identifier" placed in the lockword by a process to 
indicate a locked status is a: 

-=t •. bit strins of 36 binary 1·s 

b~.· hit strins of 36 binary zeroes 

,.. ...... 81.8 U.51I1A senerated on the fly '-. "'" .. ,w...- YQ.. ,.. .. 

d. a special lock identifier kept in the active process tabie 
entry for this process 

e~ none of the above 

3. If a procedure that sets UP timers by callins entrypoints in 
"timer_manager_" terminates abnormally, th.ose timers which have 
been set will: 

a. 90 0" at some undesired time· 

b. be discarded as the proc~dure is popped off the stack 

c. cause the process to hang 

d~ be reset by the system default condition handler 

l •. none of the above 
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4. When an "alrm" or "cputll condition is sisnalled: -

a. the stack is,searched for a user d~'ined on-unit 

b. a static handler is invoked that 
user-specified procedure should be called 

determines which 

c. some handler "executes and the user 9 s process is returned to 
command level 

d. either internal static storage for the Ittimer_manaser_" 
subroutine has been destroyed or the system is about to crash 

~. none of the above 

5. In order that a process so blocked 'or a certain period of 
time the followins subroutine should be called. ' 

b .. ipc-$block 

e. none of the above 

6. The user_free_ptr stored in the process stack header points 
~o the place where based and conttolled variables ~tc~ are 
stored. This is by default the: 

a. process data sesment 

h. descriptor segment 

c. Cuni~ueJ.area.linker 

~. user rins stack 
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7. The process stack segment is a: 

a. circular linked list 

b. single forward linked list 

c. double threaded list with forward and backwar~ pointers 

d. stack of controlled variables 

e. none of the above 

8. A null pointer has a sesment number 0'; 

a. negative 2 

b. ne sative 1 

c. zero 

d. "garbage valuetl'that causes a fault 

e. none of the above 

9~ The standard descriptor that 
argument list indicates the arsument 
if the TYPE field has a value of 

a. 16 

b. 17 

c. 18 

d. 19 

e. none of the above 
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10.. The IIcds" software used to build data segments for the user: 

a. creates a file in standard object format· 

b .. enables users to reference 
<data_se9>$<data_item> 

data . usins the format 

c. requires as input a pointer addressing among other things the 
name of the data segment 

d. invokes the PL1 compiler when the user issues the "cds" 
. command 

e. all of the above 
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WORKSHOP ONE 

1. Copy the segment >udd>F15D>s1>STATUS.pI1. This is the source code 
for the program that was discussed in Topio 2. Alter this program 
so that it will: 

accept the star ,convention 

print out the link target ~lt Is.8 link 

2. When Calling~_$sta~u must Bass' it a ,Rointer 1<.2 an·~. 
Rather than usJrg get tem free area , create an area using the 

@fine area:::'subroutine. Have Ldefine area obtain a segmen.t for 
tJle area from the temporary segment pool,. lSake t~ area freeing, 

v zero on free, extensible with a size of 50 words. ~ass hos $star 
~ poInter to that area ~ - - - .J 

Part of this workshop is to look at the oontents of the area you 
have created. Therefore, contrary to good programming practice, 
do not free the structures allooated in the area by hcs $star • 
....... -c --- - .""'"-=~_=~" 

3. Test out your program. ·Be sure to test its ability to aocept star 
names •. As a final test give your program the argument, .*. Use 
the list temp segments oommand. The last temp segment will be the 
area you-just-~reated. Use the area status command with the -long 
argument to examine the eontents of the area. (The area status 
command will accept a segment number for an. argument, therefore, 
you can avoid typing the screeoh name). 

You will probably want to use the following declarations which are 
in >udd>F15D>s1)inolude>w1.incl.pl1. -
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dcl hcs_$get_link_target entry (char(-), char(·), char(-), 
char(-), fixed bin(3S»; 

dcl check star name $entry entry (chare-), fixed bin(35»; 
dcl hcs $star -entry (char(*), char(-), fixed bin(2), ptr, 

- - fixed bin, ptr, ptr, fixed bin(3S»; 
del star ent-ry count fixed bin ; 
dcl star-entry-ptr pointer; 
dcl star-names-ptr pointer; 
dcl 1 star entries (star entry count) aligned based (star_entry_ptr), 

2 type fixed binary (2) unsigned unaligned, 
2 nnames fixed bin (16) unsigned unaligned, 
2 nindex fixed bin (18) unsigned unaligned; 

dcl star names (sum (star entries (*).nnames» char (32) 
based (star_names_ptr); 

del define area entry (ptr, fixed bin(3S»; 
dcl area_inro_ entry (ptr, fixed bin(3S»; 

dcl area_infop ptr; 

dcl 1 area info alig~ed based (area infop), 
2 versIon fixed bin, -- -- ------------- - -__ _ 
2 control aligned like area control, 
2 owner char (32) unal, -
2 n components fixed bin, '* returned only *' 
2 sIze fixed bin (18), 
2 version of area fixed bin, '* returned only *' 
2 areap ptr,-
2 allocated blocks fixed bin, 
2 free blocks fixed bin, 
2 allocated words fixed bin (30), 
2 free words fixed bin (30); 

del 1 area control aligned based, 
2 extend bit (1) unal, 
2 zero on alloc bit (1) unal, 
2 zero~on=free bit (1) unal, 
2 dont-free bit (1) unal, 
2 no freeing hit (1) unal, 
2 system hit (1) unal, 
2 pad bit (30) unal; 
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Changing the Command Environment 

The command environment can be shaped in several ways by using cu 
entry pointso In this workshop, you will write a procedure which wilT 
'intercept' commands before they get to your usual command processor, 
and by so doing, restrict yourself to a limited set of commands. In 
addition, your own version of a ready procedure. will be installed. 

In order to use some internal static variables it is recommended that 
you write just one procedure wi th a1 tern ate entry points. Your procedure 
should have the following skeleton: 

change_env: proc; 

<declarations) 

<code to save entry value of current command processor 
and install interceptor and new ready procedure) 

restore_cp: entry; 

<~ode to reinstall the command processor whose entry 
value you saved> 

my_ready: entry; 

<code for new ready procedure> 

command_interceptor: entry (a_line_ptr, a_line_len, code); 

<code for your command interceptor) 

end change_env; 
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1. The 'my ready' entry point should determine if you are in 'ready 
on' m~de. If so, it should output the following line: 

'Next Command: ' 

You should not append a . new-line character at the end of this 
'ready message'. 

2. The' command intercepto'r' entry point will intercept commands before 
they get - to your usual command processor (typically 
'command processor • or 'abbrev '). It should examine the a line 
to determine whether the commandlline contains any of the following 
commands: 

3. 

4. 

new proc 
logout 
probe, pb 

. exec ,com, eo 
readY·on, rdn 
ready-off, rdf 
restoFe_cp 

If one of these comma~ds is input to command_interceptor, it should 
pass the parameters along to whatever was the previous command 
processor. If any other command is input, the command interceptor 
should print out a message informing the user that the command is 
not allowed, and should then return. 

The 'change_env' entry point should establish command interceptor 
as the current command.processor and the my ready procedure-as the 

- current ready procedure. Note that this procedure should first 
determine the value of the current command processor and make that 
value available to the 'command interceptor' and 'restore cpt entry 
points. - -

The 'restore cp' entry point should restore your usual command 
processor invironment (ie. disable the activity of 
command_interceptor). 

Test ,out your solutions by executing 'change env'; You should now be 
running under the modified command environment. Try typing some 
~isallowed commands and some allowed commands. Especially observe the 
behavior of ready on and ready off. Verify your ability to ieturn to 
your usual commana processor environment by executing 'restore_cpl. 

You will probably want to use the following declarations which are in 
>udd>F15D>sl.>include>w2.incl.pl1. 
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del a line ptr ptr;' 
dcl a-line-len fixed bin (21); 
del a-line-ehar (a line len) based (a line ptr); 
dcl com err entry-options (variable)T -
dcl (ioa $nol, ioa ) entry options (variable); 
dcl (ltrlm, rtrim,-substr, index, null, 'codeptr) builtin; 
dcl cu $set ready procedure entry (entry); 
dcl cu-$get-commaod processor entry (entry); 
dcl cU-$set-command-processor entry (entry); 
dcl cU-$get-readymode entry (1 aligned, 2 bit (1) unaligned, 

- - - 2 bit (35) unaligned); 
dcl old command processor entry variable options (variable) 

- - internal static; 
dcl command processor $command processor entry (ptr, 

- - fixed bin (21)-; fix,ed bin (35»; 
dcl 1 mode aligned, 

2 ready sw bit (1) unaligned, 
2 mbz bit (35) unaligned; 

dcl code fixed bin (35); 
dcl end fixed bin (21); 
del test string char (80) init (n new proc logout probe pb exec com 

ec ready on-rdn ready off rdf restore .cp-n) 
- - internal static options (constant); 
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General Outline for wor~ 2, FlSO 

change_env: proci 

/* Variable and subreutine declarations */ 

/* Get old command precesser and eld ready precedure and 

/* 

/* 

sto.re them in internal entries */ 

set the new command processer and new ready 
precedure. These beth are entries which are internal 
to procedure 'change_env' */ 

Pop the 'change -env' frame eff the stack via a 
'return' statement */ 

my_ready: entry; 

/* 'my -ready' is the entry _specified above in the 
subreutine call to. set the new ready precedure */ 

/* check the value ef the 'ready -sw'. If ready sw is 
true (nlnb) then print yeur ready message - */ 

/* pop the frame off the stack */ 

restere_ready: prec7 

/* 'restereready' sheuld simply make a call to. the 
apprepriate subreutine to. set the ready message back 
to. the entry value that was stered abcve */ 

/* pcp the frame cff the stack */ 

cemmand_interceptor: entry(a~line~ptr, a~line_len, code); 

/* 'command intercepter' is the entry specified abeve in 
the call-to the subro.utine to. set the new command 
precesser */ 

/* Precess the cemmand. If it is a valid cemmand, i.e. 
is a command centained in the variable 'test string', 
then pass the co.mmand to. the subreutine which 
accesses the default command processor~ Otherwise; 
print an erro.r message */ 

/* pep the frame cff the stack */ 

restere_cp: entry; 

/*.. 'restere cpr sheuld simply make a call to the 
apprepriate subreutine to. set the cemmand precesser 
back to. the entry value that was stcred abeve */ 

/* pcp the frame cff the stack */ 



WORKSHOP THREE 

Synonyming and IOCB's 

10 Use the command 'io call print iocb <switchname>, to examine the 
IOCB's for user ilo, user input, user output and error output. 
Verify that the diagram showing synonym1ng at the end of-Topic 6 
is correct. 

20 Look at the declaration of an 'IOCB' in Topic 6. List the structure 
members where a synonymed switch's lOeB may differ from the IOCB 
of the switch to which it is synonymed, as:Suming no inhibition in 
effect. There are 7 of them. . 

3. Refering back to part 1, look carefully at the entry value for 
iocb.put chars for all four switches examined. Try doing a 'io call 
put chars <name> hell~' using each of the four switches. You snould 
be able to explain exactly what happened, in terms of what lOeB's 
were referenced, what arguments were passed to which entry point 
of which I/O module and-how the code in that module caused the-
observed result. If not, ask your instructor.· . 

What will happen if .you execute 'io call close error_output'? Try 
it. 

4" Detach user output.. Attach it using t;ne syn_ module, however, 
this time inhibit the close 1/0 operation. 

'io call attach user-"output syn_ ~ser_i/o -inhib.it close' 

Use io.ca11 to examine the IOeB for user output. What two places 
do you-see evidence that the close operation has been inhibited? 

Try to close user_output. 

Using io call is an excellent way to learn about and test the Multics 
1/0 mechanism. In any remaining time, feel free to experiment, but be 
aware of the fact that you may get yourself into some situations which 
require that you hang up the phone to get out of them. 
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An Interprocess Communication Workshop 

The interprocess communication facility is used to coordinate processing 
between separate processes. In this workshop, you will design and 
inplement a procedure which will communicate with the instructo"r's 
process as follows: 

Write a pl1 procedure called 'get_message.pll' which will: 

1) Create an event-call channel specifying that the procedure entry 
point ~reversemess~ge' Is to be invoked when a wakeup is received 
on the event-~all channel. The handler-called 'reverse message' 
will be' an entry point;- in the 'get message' procedure itself 
(see step 3 bel~w). ~ -

2) O~n the erQeess id and channel id of the instructor's event call 
channel by initiating the segment >udd>F1SD>sl>channel info and 
uSlng" the followlng structure: - -

t' del 1 channel info pverlay based(channel info ptr) , 
2 process:ld - bit(36), ~~--;,- L 
2 channel_id fixed bin (71); -/-of Y:?>v-~ ~i" .s:-e, f~ 

- J 

Using this information, ~end a wakeup to the instru~tor's process 
prov id ing the channel id of your event call channel as the 
, me s saM,' e .......... -~-----"----
~-

Your' reverse message' handler will be invoked when theJn.s.~uctor.!...s pro-c-ess ~ends' your'-pro·ce~s~",=a"Wia(-Eiiii~. This handler should i..nterpret 
'"the '."message' from the instructor ~ , char (8) t str ing; the-
handle? should reverse this string (the pI1 'reverse' builtin 
function can be used) and finally, your process should send another 
wakeup to the instructor's process using the reversed string as 
the 'message'. 

Note that the instructor's process will be able to determine whether 
or not you have successfully accomplished the task. If you have, you 
will receive immediate notification from the instructor's process '( via 
'send mail '). Therefore, make sure you are in 'accept message' mode 
prior-to testing your solution. In addition, use the 'who' command to 
verify that the instructor's absentee process is indeed running prior 
to testing your solution. 

You will probably want to use the following declarations which are in 
>udd>F15D>sl)inelude>w4.incl.pll. 
~ , 

.r-so£~ '>wKSPS -;;:> r:lc;,,:~'> c;i >'1\ e I '::- "It! ..• '" c -.J, 
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dcl (ioa , com err) entry options (variable), 
~cs-$wakeup entry (bit (36), fixed bin (71), fixed bin (71), 

fixed bin (35», ..,.., 
--ipc $create ev chn entry, (fixed bin (71), fixed bin (35», 
-ipc-$decl ev call chn entry (fixed bin (71), entry, ptr, fixed bin, 

fixed bin -( 35», -
hes $inlt1atE eut" y (ehat" (*), ehal (*), ehar E*), 
failEi'd sift (1), Pixed bin (!), ptr, fixed bin (35», 

........ ----Ift~e~sH$~t;.E9i-1F!fImHiH:Rl-Cal-tt;.Ee~AK3aIf.lAraafBIm~e~e~n~t~ry.y-<..( Jlpt.t ~r-rj -+f~i xl1e~aHb~i1in~(t-:3~5T.)r.)~;:--~ 

del my ehid fixed bin (71), 
c ptr ptr static, 
i-ptr ptr', 
code fixed bin (35); 

dc11 channel info based (c_ptr), 
2 his pid-bit (36), 
2 his-chid fixed bin (71); 

del 1 event info based (i ptr) , 
2 channel id fixed bin (71), 
2 message-fixed bin (71), 
2 sender bit (36), 
2 origin, 

3 dev signal bit (18) unal, 
3 ring bit (18) unal, 

2 data_ptr ptr; 

del (null, reverse) builtin; 

Not To Be Reproduced w-s F15D 



WORKSHOP FIVE 

Timers 

Write a program called lock.pl1 that implements the following ficticious 
command: ~ 

USAGE: lock {-min minutes} 

FUNCTION: Prompts the user for a password and locks the 
user's terminal for the number of minutes specified 
(default = 10 minutes). To regain control of the terminal 
the user hits the break key and is again prompted for the 
password. If he does not supply the co~ect ijassword, the 
ter~~al remains loc_~~. ::: 1 t-'t(.."'y~-e .. t-- r!J6i~ 

When the t~e specified eepires, the user is logged out. 

tIOTE5: This command ~rints out the following EJessage..,; 

-~ It is MM/DD/YY hhmm.m zzz www. 
~This terminal is locked, please find another terminal. 

This message is printed out when lock is first invoked a~d 
every 5 minutes thereaf~er. 

Essentially your program should go to sleep for a specified length of 
time. However, during that period, you must also repeat the message 
every 5 minutes. 

This command takes either 0 or 2 arguments. 

For the sake of debugging you should probably use a time interval 
shorter than 5 minutes and rather than logging out the user, simply 
print some message. 
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Sample terminal session: 

! 

lock -min 20 
Password: 

<- user supplies password 

It is 07/21/81 0812.2 mst Tue. 
This terminal is locked, please find another terminal. 

It is 07/21/81 0817.2 mst Tue. 
This terminal is locked, please find another terminal. 

<QUIT) 
Password: 

<- user gives wrong password 

Incorrect password given. 

It is 07/21/81 0822.2 mst Tue. 
This terminal is locked, please find another terminal. 

It is 07/21/81 0827.2 mst Tue. 
This terminal is locked, please find another terminal. 

<QUIT> 
Password: 

<- user gives correct password 

Terminal unlocked. 

------------~----------~~----------------~--~----------~-----------~-----
lock -min 1 
Password: 

It is 07/21/81 0905.1 mst Tue. 
This terminal is locked, please find another terminal. 

The lock time for your terminal has expired. 
You will be logged out. 

NDibble MED logged out 07/21/81 0906.3 mst Tue. 
CPU usage 12 sec, memory usage 97g3 units, cost $3.55. 
hangup 

You will probably want to use the following declarations which are in 
>udd)F15D)sl)include)w5.incl.p11. 
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WORKSHOP FIVE 

~¥ 
dclrcu $arg count entry (fixed bin, fixed bin(35»; 
dcl?-~u __ $arCptr entry (fixed bin, ptr, fixed bln(21)~ fixed bin(35»; 
dcl("nargs; 
dclraptr ptr; 
del.- arg char (arg length) based (aptr); 
dcl- ar length fIxed bin (21); 

c~ ...... ~~ ----,~- jj;.-cb<~~~.J-

deL-read password entry (char(*), char(.»; 
~--7de~timer manager-$sleep entry (fixed bin(71), bit(2»; 

dclr~imer manager $alarm_call entry (fixed bin(71), bit(2), entry); 
dcl tImer manager $reset alarm call entry (entry); 
dcl·;time ?ixed bin(71) init (leD; 
del cv dec check entry (char(·), fixed bin(35» returns(fixed bin(35»; 
dclyquIt condition; 
dcl,clock entry() returns(fixed bin(71»; 
d c 1 .. ·d ate tim e en tr y (f i xed bin (71 ), c na r ( * ) ) ; 
del-{pas5wordT, password2) char(S); 
dcl-code fixed bin(35); . 
dcl.{com_err_, 10a_) entry() op~1ons(var1able); 

Not To Be Reproduced W .... 11 F15D 



WORKSHOP SIX 

Generating Calls and Creating Status Tables 

1 GO Write a procedure called 'please execute .pll' which will ask the 
user, "Wh-at do you want me to execute for you? " The user may 
then respond with an entryname. The entryname could be a command 
or a user written program. To keep things simple, no arguments 
are allowed (ie~ the user may respond 'list', but not 'list -d'). 
Also, you may assume the user's response is both the entryname and 
the entry point name. Your program should then generate a call to 
execute the user's request. 

-3. 

To save time, you will probably want to make a copy of the segment, 
>udd>F15D>sl>generate pwd.pl1 and simply edit in the necessary 
changes. -

Tryout your procedure responding with commands such as 'pwd', 
'hmu' and 'list'. Then use it to execute some simple programs you 
have written or copied into your working directory during this 
course. You might even like to ask 'please execute' to execute 
'please_execute'. -

Ask 'please execute' to execute the 'list' command and when it 
starts to fist -your segments, hit the break/ qui t/ interrupt key. 
Use the 'stack' request from within 'probe' to examine the user 
stack. 

NUMBERS 4 AUD 5 ARE OPTIONAL 

4" Next ask 'please execute' to execute some program that does not 
exist (make up a- name). Notice the error message returned when 
your program calls com_err_. 

5e Create a status table and alter your program so that when you ask 
your program to execute a program that doe~ not exist j it will 
still call com err " however, it will not behave as in part 4. 
Instead it should -print some other error message (one you have 
made up and put in a status table you have built). 
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WORKSHOP SEVEN 

The Limited Service Subsystem 

In workshop two you modified the user' s environment such that only 
certain commands were acceptable. Utilize the 'enter 1ss' command to 
achieve the same resul t. The following list of commands should be 
accepted (you may expand upon this list if you want to): 

new proc 
logout 
probe, pb 
exec com, ec 
ready on, rdn 
ready:off, rdf 

Test your solution. 

Not To Be Reproduced W-13 F15D 
(End Of Topic) 



L D r 8 e I n r 0 r m a ~ l.Q ~ S Y s t ems D 1 v"H 0 n e y w ell I n r 0 r mat 1 0 n S y s t ems, I n o. 

. . ,M u, 1 t :1 0 sC 0 m put, e r C e n t e r, P hoe n 1 x A z. 

Printed on: 

Pr1nted by: 

Desor1ptor: 

Pr1nto~t of the 5 Entries 

of the 

handout Library 

Wht.oh Hatch· the Searoh Name 

8M.aroh1ve 

011/06/81 08011.0 

ND1bble.MED.a 

handout_deso 



pfgu.list arch oomp in: >udd>F15D>s1>handout>gwearohlve 
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handout 

component updated: 03/19/80 10QQeO system id: 3q-11t~C 

~ I' ( 

COMPILATION LISTING OF SEGMENT pfgu 
Complled by: Multios PL/I·Comp11erl Release 25c, of February 18, 1980 

.Compiled at:· HoneYwel~ LlS~.Phoenlx., System M 
Complled. on: 03/19/80 .. 10"3.5 mst Wed 

Options: map, 

1 find: proo (last_name, first_name, emp_struo, oode); 
2 

1 3 ,. Modified by R. Frommer on June 12, 1979 to do -elesant ORlng. referenoe mode bits dlreotly, and us, -extend option ./ 
It /. THESE DECLARATIONS SHARED BY BOTH ENTRYPOINTS ./ 
5, 
6 dol ael nam~a array (It) ohar (32) internal statio options (oonstant) 
.,. init ("soc sea nO.80s", "manager.aos", "mail station.aos". "salary.aos"); 
EI dol aooess_allowed-( 16) bit (1); -
9 dol acoess allowed overlay bit(lt) unaligned defined (aooess allowed); 

10 dol dlr name ch8r T168);-
11 dol useF id qhar (32); 
1~! dol ring-fixed bln (11); 
13 del mode flxed bin ~5); 
1q del 1 bit mode struo aligned based (mode ptr)t 
15 2 pad-blt T30) unaligned, -
16 2 two bits ~it(2) unaligned, /. don't oare 1/ '·1 2 reaCl' bit (1) unaligned. /' On if read erfeotive aooess .. / 
18 2 fourth bit (1) unaligned, /1 don't oare I, 
19 2 write bit(1) unaligned; /1 On If write effeotlve aooess 1/ 
20 dcl ME char (It); 
21 dol find bit (1); 
22 dol 1 emp struc, 
2:~ 2 soo-seo no pio "(9)9"" 
2~ 2 manager-pic "(9)9", 
25 2 mail station ohar (3), 
26 2 salary fixed dec (8, 2); 
2'1 dol (oode, dummy oode) fixed bin (35); 
28 dol (first name,-last name) ohar (15); 
29 dol (substr. null, addr, slze o rtrlm) builtin; 
30 dol error table $moderr ext statio fixed bin (35); 
31 del error-table-Sno reoord ext statio fixed bin (35); 
32 dol . I fixad bln; -
33 dol (locbp, mode ptr) ptrinlt (null (»; 
34 dol· unused ree len fixed bin (21); 
35 dol old_level 'lixed bin; 
36 

1 
2 
3 
II 
5 
6 
1 

dol 
lox .attach ptr entry (ptr~ ohar(.), ptr, flxed bin (35», 
10x--$attach-name entry (ohar( I) v ptr 1 char (.). ptr, flIed bin (35», 
10x-$010se intry (ptrp fixed bin (351), 
10x-$control entry (ptr, ohar(')o ptr, fixed bin(35». 
iox--$delete reoord entry (ptr. fixed bin( 35», ' 
lo()detach:ioob entry (ptr. fixed bin( 35» , 
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1 
1 

" 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

8 
9 

10 
11 
12 
13 
111 
15 
16 
11 
18 
19 
20 
21 
22 
31 
38 

lox $find iocb entry (ohar('), ptro fixed bin(35», 
lox-$get ~hars entry (ptr, ptr, fixed bin(21), fixed bin(21), fixed bin(35», 
lox-$get-line entry (ptr, ptro fixed bin(21), fixed bin (21), fixed bin (35», 
iox-$modis entry (ptr, ohare'), ohare'), fixed bin (35», 
10x-$move attach entry (ptr, ptr, fixed bin(35», 
lox-$open-entry (ptr, fixed bin, bi t( 1) aligned, Irixed bin (35» , 
lox~$posltlon entry (ptr, fixed bin, fixed bin(21), fixed bin (35», 
iox-$put ohars entry (ptr, ptr, fixed bin(21). fixed bin(35», 
iox-$rea(J key entry (ptr, ohare 256) varying, fixed b in( 21), fixed. bin (35~) 9 

iox-$read-length entry (ptr, fixed bln(21), fixed bln(35» 
lox-$read-record entry (ptr, ptr, fixed bln(21l, :fixed bin(2", fixed bin (35». 
10x-$rewrlte record entry (ptr. ptr t fixed bin ('21). fixed bin (35» , 
iox-$seek kei entry (ptr f ohar(256) varying, fl~ed bin(21)~ fixed bln(35», 
iox-$write reoord entry \ptr, ptr, fixed bln(21)'. fixed bin (35», 
lox:$destroy~loob entry (ptr, fixed bln(35»; i 

39 dol cu $level get entry (fixed bin); 
ou-$level-set entry (fixed bin); ·110 dol 

111 dol 
142 dol 
113 dol 
1111. 
115 
116 
111 
48 
119 put,: 
50 
51 
52 

ge~ ring -entry () returns (fixed bin (3»a 
hos-$get-user efrmode entry (char (I), ohar (I), char (I), .flxed bin, flxed bin (5), flxed bin (35»; 
get:group_ld_l'tag_star entry () returns (char (32»; 

HE = "ril'lld"; 
(lnd = "1"b; 
goto COMMOtl_CODE; 

entry (last name, fir st._name 0 emp_.struo 8 oode); 
ME = "put~";-
find = "O"b; 

53 COMMON_CODE: 
5" 
55 
56 

" 51 
58 
59 

. 60 
61 
62 
63 
64 
65 
66 
61 
68 
69 
10 
11 
12 

call ou $level get (Qld level); 
ring. iet ring (); -
call oU_$livel_set (ring); 

code =- 0;; 

dlr name = ">udd>F15d)s1"; 
user id • get group ld $tag star (); 
call-has $get-user iffiiiode Tdlr name f ·\lemp" II user _id p rlng, mode t. oode); 
if oode ''"= 0 'then so to return point; 
mode ptr = addr (mode); -
if - . 
(Aflnd & A(bit mode struo.read & bit mode struc.wrlte» 
(find & · ... bit mode struo.read) then do; - " If 

end; 

oode = error-table $moderr; 
goto return_point;-

I " If put, we must have read and write on emp " 
find, we must have read on emp '/ 

13 ,I If we get here. then it must be the oase tha1~ we have status on 
1'" our ourrent working direotory. I, 
75 
76 ,I Obtain the effeotlve aooess on the access control segments of Interest I, 
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\0" 

71 
1,8 
1'9 
80 
81 
82 
83 
811 
85 
86 
87 
88 
89 
90 
91 
92 
93 
911 

-95 
96 
97 
98 
9'9 

100 
101 
1012 
1013 
104 
105 
106 
101 

108 
109 
1101 
111 

do i = 1 to It;, /1 Once for each access oontrol seg '/ 

end; 

oall hos $get user efemode (dir name, aoa names' array (1), user_id, ring, mode, oode); 
if find then aooess allowed (1)-= bit modi struo .read; 
else access_allowed-(l) = blt_mode_struo.write; 

/' ottE OF TWO BLOCKS OF CODE, DEPENDING UPON EN'fRYPOINT TAKEN ••• ,'/ 

if find then do; 

if aooess allowed overlay then do; . /' elegant ORing '/ 
call-lox • fHid loob ( .. elop sw", ioobP. oode); \ 

end~ 

oall iox-.attach ptr (iooop, "vflle .. II rtrlm (dir name) II ")emp", null ()e code); 
call lox-topen (Toobpo 11 " direot-input 'I, "O"b. oode); 
oall iox-.seek key (locbp, (last name II first name), 4 • slze (emp struc), code); 
if oode = 0 then do; - - -

call lox .read reoord (loobP. addr (emp atruo), 4 'size (emp_struo), unused_rec_lel~, code); 
If Aacoeis allowed (1) then soo sec no • 0; 
if Aaooess-a110wed (2) then maniger-z 0; 
if Aaooess-allowed (3) then mall station = ""; 
if Aaccess:allowed (4) then salary = 0; 

/' else nothing" 
end; 
else; 
oa11 10x $olose (ioobp p dummy oode), 
oa11 lox-.detach 100b (ioobp,-dummy_oode)B I 

goto return_poln't; /' To reset validation level 'I 

else code • 1;' " This speoia1 oode indioates that no fields were aocessible 

end; 
else do; 

112 if acoe8~_al1owed (1) & aooess_a11owed (2) & aooes8_a1lowed (3) & aooess_allowed (Q) then do; " If all of 
\cthem are write-able -, 

113 oal1 iox $find ioob ("emp sW"p loobp, oode); 
oall 10x-$attaoh ptr (loeop, "vflle " II rtrlm (dlr name) II ")emp -extend", null (), oode); 
oall 10x-.open (tocbp, 12 " dlreot-output '/p "O"b,-oode); 

114 
115 
n6 
117 

\cuo), code); 
1118 

call 10x-Sseek key (loobp, (last name II first name), 4 , size (emp strue). oode); 
if oode = error_.table_$no_reoord-then oa11 iox:*wrlte_reoord (ioobp~ addr (emp_strue)8 4'size (emp_str 

1119 
120 
121 

oa11 lox $olose (loobp dummy oode); 
oall lox-.detaoh locb lioobpp-dummy oode); 
goto return_point'; -

1 c~2 end; 
1 ~~3 
1 ~~II else code = 1; ,- This special code indicates that some fields were inaocessi 

\oble ./ 
1 ;~5 
126 ,- FALL THROUGH TO return_point '/ 
127 end; 
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128 
129 return pOint: 
130 - call cu_.$level_set (old_level); 
131 end find; 
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SOURCE FILES USED IN THIS COMPILATIONu 

LINE HUMBER DATE MODIFIED NAME 
o 07/19/79 1110.0 pfgu.pll 

37 1 02/13/79 171J1.q dol_lox_entrles"inol.pll, 

P1gu.llst 

PATIINAME 
)user dlr dir)F15D)Student 01)pfIU.pll 
)user:dir:dir>F15D)Student:01)dol_iox_entrles.lnol.pll 
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\ , 
NAMES DECLARED I" THIS COMPILATION. 

IDENTIFIER OFf,SET LOC STORAGE CLASS DATA ~YPE 

NAMES DECLARED BY DECLARE &TATEHENT. 
ME 000165 automatio 
aooess_allowed 000100 automatio 

I 

aooess allowed overlay 
aos names array 
addr -
bit mode struo 
oode -

~u '$'lo~el get 
ou-$level-set 
dir name -
dummy oode 
emp_struo 

error table $moderr 
error-tabl.-$no reoord 
find - --
first name 
get group id .tag star 
get-ring - - -
hos-$get-user effmode 
i - - -
ioobp 

iox $attaoh ptr 
10x-$010se -
iox-$detaoh ioob 
iox-.find ioob 

defined 
It', ' 000000 oonstant 

based 
parameter 

00003" oonstant 
000036 constant 
000101 automatic 
000161 automatio 

000010 
000012 
000166 

0000 .... 
0000 .. 0 
0000 .. 2 
000170 
000112 

parameter 

external statio 
external static 
automatio 
parameter' 
constant 
oonstant 
oonstant 
automatio 
automatio 

iox-$open-
10x-$read reoord 
iox-$seek-key 
iox-$wri'ti reoord 

I \' I· II' 

0000'" constant 
000016 oonstant 
000020 oonstant 
000022 constant 
0000211 constant 
000026 oOlllstant 
000030 oonstant 
000032 oOlllstant 

last' name -
mall:statlon 
manager 
mode 
mode ptr' 
null-
old level 
read 
ring 
rtrim 
salary 
size 
soo seo no 
unused Feo len 
user to -
write 

. , : 

II( 18) 
2(09) 

0(32) 

·6 

parameter 
parameter 
parameter. 

00016 .. automatic 
00011" automatio 

000111 automatio 
based 

000163 au'~omatio 

parameter 

parameter 
000116 automatio 
000153 automatio 

based 

\ I 

ohar,(" ) 
bit(" 

bit(",) 
ohar'(32) , 
builtin funotion 
strllloture 
flxetd bin( 35.0) 

entr'y 
entr'y 
char'( 168) 
fixEld bin(35,0) 
struoture 

flxEtd bin( 35,0) 
fiXEtd bin(35.0) 
bit(1) 
cha.·( 15) 
ent.·y 
ent.·y 
ent.·y 
fixe,d bin( 11,0) 
pointer 

entl~y 

entl!"y 
entl!"y 
entl!"Y 
entlry 

, entlry 
entl!"y 
entry 
chair( 15) 
char(3) 
pio'ture(9) 
fixled bin(S,O) 
pOinter 
bull t1n function 
fixed bin(11.0) 
blt(1) 
fixed bin( 17,0). 
J;Juiltin funotion 
fixed deo(8,2) 
builtin funotlon 
pioture(9) 
fixed bln(21,0) 
cha~(32)' 
bit(1) 

handout> pfgu.lis,t 

ATTRIBUTES AND REFERENCES 
(' indioates a set oontext) 

unaligned dol 20 set ref "5' 50' 
array unaligned do~ 8 set ref 81' 82' 89 89 96 97 98 

99 112 112 112 112 
unaligned dol 9 ref 89 
initial array unaligned dol 6 set ref 80' 
dol 29 ref 65 95 95 117 111 
level 1 dol'" 
del 27 set ref 1 49 59' 63' 6 .. 69' 80' 90' 91' 92' 

93' 9" 95' 107' 113' " .. ' 115' 116' 117 117' 1241 
external dol 39 ref 53 
external dol "0 ref 57 129 
unaligned dcl 10 set ref 61' 63' 80' 91 1'" 
dol 21 set r~f 102' 103' 118' 119' 

'level 1 unaligned dol 22 set ref 1 "9 93 95 95 95 
116 111 111 111 

dol 30 ref 69 
dol 31 ref 111 
unaligned dol 21 set ref 46' 51' 66 66 81 87 
unaligned dol 28 ref 1 "9 93 116 
external dol "3 ref 62 
external dol .. 1 ref 56 
external dol "2 ref 63 80 
'dol 32 set ref 10- 00 81 82' 
initial dol 33 set ref 33' 90" 91' 92' 93' 95' 102' 

103' 113' 11 .. ' 115' 116' 117' 118' 119' 
external dol 1-1 ref 91 114 
external dol 1-1 ref 102 118 
external dol 1-1 ref 103 119 
external dol 1-1 ref 90 113 
external dol 1-1 ref 92 115 
ext$rnal dol 1-1 ref 95 . 
external dcl 1-1 ref 93 116 
external dol 1-1 ref 111 
unaligned dcl 20 ref 1 "9 93 116 
level 2 paoked unaligned dol 22 set ref 98' 
level 2 packed unaligned dol 22 set ref 91' 
dol 13 set ref 63' 65 80' 
initial dol 33 set ref 33' 651 66 66 66 01 82 
dol 29 ref 33 3391 91 l1q 1111 
dol 35 set ref 53' 129' 
level 2 paoked unaligned dol 1" ref 66 66 81 
dol 12 set ref 56' 511 63' 80' 

! dcl 29 ref 91 1," 
level 2 dol 22 set ref 99' 
dol 29 ref 93 95 116 117 
level 2 paoked unaligned dol 22 set ref 96' 
dol 34 set ref 95' 
unaligned dol 11 set ref 62' 63' 80' 
level 2 packed unaligned dol , .. ref 66 82 
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DECLARE STATEMENT AHD HEVER REFEREHCEDo HAMES DECLARED BY 
lox $attach name 
10x-$controI 
iox-$delete record 
10x-$destr'oy loeb 
iox-$get chars 
iox-$get-llne 
10x-$mode~J 
10x-$move attach 
lox - $ po s il~ Ion 
iox-$put ohars 
lox-$read key 
lox-$read--length 
iox-$rewrlte record 

000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 constant entry 
000000 oonstant entry 
000000 constant entry 

substr - builtin funotion 

NAMES DECLARED BY EXPLICIT CONTEXT. 
COMMON CODE 0001115 constant 
find - 000117 constant 
put 0001311 constant 
return_point 001200 constant 

THERE WERE NO NAMES DECLARED BY CONTEXT OR IMPLICATION. 

STORAGE REQUIREMENTS FOR THIS PROGRAMe 

Start 
Length 

Objeot 
o 

1700 

Text 
o 

- 12111 

Link 
113113 

116 

Symbol 
11162 
201 

Defs 
121_ 
-200 

label 
entry 
entry 
label 

Statio 
111211 

o 

external dcl 1-1 
external dcl 1-1 
external dcl 1-1 
external dcl 1-1 
external dcl 1-1 
external dcl 1-1 
external dcl 1-1 
external dol 1-1 
external dcl 1-1 
external del 1-1 
external dcl 1-1 
external dcl 1-1 
external dol 1-1 
dol 29 

dol 53 ref 117 
external dol 1 
external del 119 
dcl 129 ref 611 70 

BLOCK NAME 
fInd 

STACK SIZE TYPE WHY NOHQUICK/WHO SHARES STACK FRAME 
233 external prooedure is an external prooedureo 

STORAGE FOR AUTOMATIC VARIABLESo 

STACK FRAME 
find 

LOC IDEt~TIFIER 
000100 aocess allowed 
000101 dlr name 
000153 useF Id 
000163 rlng-
0001611 mode 
000165 ME 
000166 find 
000167 dummy oode 
000110 i -
000112 iocbp 
00017" mode ptr 
000116 unused reo len 
000171 Old .. _level -

THE FOLLOWING EXTERNAL OPERATORS ARE USED BY THIS PROGRAM. 

BLOCK MAttE 
find 
find 
find 
flnd 
find 
find 
find 
flnd 
flnd 
find 
find 
find 
find 

alloe es oat_realloc_cs ,aall_ext_out_desc oall_ext_out 
ext_eiitr;t' 

pfgu.llst 

return 

lOll 120 
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THE FOLLOWING EXTERNAL ENTRll~S ARE CALLED !BY THIS PROGRAM. 
eu $level get ou $level set 
hei $get TIser effmode ioi $attaih ptr 
iox-$flnd iocb iox:$open -
iox:$write_record 

get group ld $tag star 
lox-$olose - -
lox:$read_record 

THE FOLLOWING EXTER~AL VARIABLES ARE USED BY THIS PROGRAM. 
error_table_$moderr error_table_$no_reoord 

LINE LOC LINE I.OC LINE LOC LINE LOC LINE LOC 
33 000105 1 000112 45 000125 46 000121 41 000131 
5.1 Q001,.4 53 0001"5 56 000154 51 000165 59 000114 
63 000210 64 000250 65 00025" 66 000256 69 000303 
80 00031,. 81 000352 82 000362 83 000361 81 000371 
91 000422 92 000~.07 93 000532 9" 000570 95 00057" 
98 0006,., 99 000651 102 000661 103 000672 101i 000703 

112 000710 113 000,'32 114 000756 115 0010113 116 001066 
. 119 001163 120 0011114 1211 001175 129 001200 131 0'01201 

pfgu.l1st'---

get ring 
lox-$detaeh loob 
lox:$seek_key 

LItlE LOC LINE LOC 
49 000132 50 000142 
61 000176 62 000201 
10 000306 18 000301 
89 000373 90 000376 
96 000617 97 000630 

101 000101i 109 000707 
117 001124 118 001152 
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put.list arch comp 1n: )udd)F15D)sl)handout)gw.archlve 
component updated: 03/19/8~ 1043.9 system Id: 

COMPILATIOH LISTING OF SEGMENT put 
Complied by: Multlos PLII Compiler, Release 250, of February 18. 1980 
Compiled at: Honeywell LISD Phoenix, System M 
Compiled on: 03/19/80 103900 mat Wed 

Options: map 

1 II 
2 

Command interface to the put_find_8ate_ gate entryp01nts '1 

3 
Ii 
5 
6 
1 
8 
9 

10 
'11 
12 
13 
1l& 
15 
16 
11 
18 
19 
20 
21 
22 
23 
2Jt 
25 
26 
21 
28 
29 
30 
31 
32 
33 
311 
35 
36 
37 
38, 
39 
!1Qi 

ill 
q~~ 

1I3\ 

II Modified on June 12, 1979 by R. Frommer to produce better diagnostic messages. 
find: proo; 

I' DECLARATIOHS 'I 

del 
dol 
del 
dol 
dol 
del 
dol 
del 

dol 
dol 

dol 
dol 
dol 
dol 

dol 

ME char (1I) varying; 
nar8s fixed bin; 
argl ri~ed bin (21); 

(first name, last name) char' (15); 
code 11xed bin (35); 
arg char (argl) based (argp), 
argp ptr; 

1 emp strue,. 
2 soc-sec no pic "(9)9", 
2 maniger-plc·"(9)9", 
2 mail station char (3), 
2 salary fixed dec (8, 2). 
(error table $bigarg, error table .wrong no of args) ext statio fixed 
(flxedoverflow. oonv~rsion,-slze)--oondltronT - , 

cu Sarg ptr entry (fixed bln p ptr, flxed bin (21), fixed bip (35»; 
Qu-Sarg-oount entry (fixed bin); i 

(com err-, ioa ) entry options (variable); I 

(put-flna gate-$find p put find gate $put) entry I 
(ohar (15), char (15), 1 itructure.-2 pie "(9)9" member. 2 pILe "(9)9" 
2 char (3) member, 2 fixed dec (8, 2) member t fixed bin (35); 
cv_deo_oheok_ entry (ohar(*), fixed bin(35» returns (flxed 1 bin(35»; 

t1E = "find"; 
oall au $arg oount (nargs); 
if nargs A= ~ then do; 

end; 

call com err (error table $wrong no of ergs, ME,.· 
"A/~orreot invocation: flnd-Flrst:name Lastl.namett ); 

return; 

bin (35); 

member, 

·1 

call cu $arg ptr (1. argp, argl, code); 
if argl-) 15-then do; 

oall oom err (error table $bigarg, MEg "Aa exceeds 15 oharaoters o ", arg); 
'return; - - - -

end; 
else first name = arg; 

put.list - 9 



\0; 

If If 
1f5 
.. 6 
1f7 
1f8 
1f9 
50 
51 
52 
53 
51f 
55 
56 
57 
58 
59 
60 
61 
62 
63 
61t 
65 
66 
67 
68 
69 
10 

, 
call ou $arg ptr (2, argpo argl, code); 
if argl-~~ 15-then do; 

,oal1 com err (error table $bigargj ME. "Aa exceeds 15 characterse", arg); 
return; - - - -

end; 
else last_name = arg; 

" Xnitialize emp_:struo prior to calling the gatEl entrypoint " 

soc sea no, manager, salary = 0, 
maiT_station .- .. "; 

oa11 put find gate $flnd (last name" fjLrst name tamp struo, oode); 
if code ~;; 1 ttl this 1s a speoial case ttl tnen -

oa11 oom err (0, ME, "You don't have proper access on the fields In the employee file."); 
else tfoode "IIr. O-then oall com err (clode, ME); 
else oall loa ("A[AsA;SOCIAL s!cURITY NUMBER. Ai 

A]A[AsA;MANAGERtS SOCIA! SECURITY NUMBER II Ai 
A]A[AsA;MAILSTATION = Aa 
A]A[AsA;SALARY = $Al 
A]". (soo seo no II 0), soc seo no, 

- - (manager II ~). manager, 
(mall station :I "H), mail station, 
(salary II 0), salary); -

return; - " END OF find PROCEDURE '/ 

put: entry (); 

ME :I "put"; 
oal1 ou $arg count (nargs); 
if nargs: All !' then do~ 

11 
72 
13 
7" 
75 
76 

oal1 oom err (error table $wrong no of args, ME, 
"A'~orriat lnvooation: put FIrs{_nime Last_name Emp10yee's_ss_no Managerts_ss_no Mall Station Salary") 

77 
18 
19 

end; 
ret,urn; 

80 " OBTAIN SIX REQUIRED ARGUMENTS " 

oal1 ou .arg ptr (1, argp, arl1, oode); 
if argl-") 15-then do; 

oal1 oom err (error table $bigarl, ME. 
return; - - - -

end; 
else fir'st_name • arg; 

oa11 au $arg ptr (2, argp, arg1, oode); 
if arg1-) 15-then do; 

arg); 

81 
82 
83 
81t 
85 
86 
81 
88 
89 
90 
91 
92 
93 
91t 
95 

oal1 com err (error table $bigarg,ME, "A a", arg); 
return; - - - -

96 I ' 

97 ! 

end; 
else lalit_name = arg; 

oall ou $arg ptr (3~ argp, argl, oode); 
if argl-A• 9-' verify (arg, "0123"56789") A. 

put.lisf~ 

o then dOl 
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98 oall oom err (0, ME, q~a 1s not a suitable social security number for A a .", 
99 arg; lest name); 

100 return; --
101 end; 
102 else soo_sec_no : cv_dec_cheok_(arg, code); 
103 
104 oall ou $arg ptr (4, argp, argl, oode); 
105 if ergl-A

: 9-' verify (arg, "0123456789") A: 0 then do; 
106 call oom err (0, ~'Et II1"'a 1s not a suitable 8001al .security number for "'a'8 manager."p arg, last_name); 
107 return; - -
108 end, 
109 else manager: ov_dec_check_(arg, oode); 
110 
111 oall cu $arg ptr (5, argp, argl, code); 
112 if argl-A

: 3-then do;; 
113 call com err (0, HE, "Aa 1s not a suitable 3-character mail drop.", arg); 
114 return; - -
115 end; 
116 else mail_station. arg; 
111' 
118 call cU_$arg_pt,· (6, argp, argl, code); 
119 
120 on fixedoverflow, size beglnl 
121 call com err (0 , ME, " a is not 8 proper salary. It must resemble 999999.99", arg); 
t2t! goto bottom;O-
123 end; 
1211 salary = cv dec check (arg, oode); 
125 if code .... 0 then do;- . 
12«) call com err (0, ME, ·"'a 1s not a proper salary. It must resemble 999999.99", arg); 
12ir goto bottom;-
128 end; 
12!~ 
130 oall put flnd gate $put (last name, first na •• , amp struo, oode); 
13" if code. 1 then oall com err- (O~ ME, ·you laok aooess on one or more of the fields in the database."); 
132 else if code "'= 0 then oaIl oom err (oode, ME); 
13:3 else oall 108_ ("Reoord written:");-
13i~ 
135 bottom: 
136 return; 
13'1 
138 end find; 

lPut .. 11st Page 



SOURCE FILES USED IN THIS COMPILATION. 

LINE NUMBER DATE MODIFIED NAME 
o 07/19/79 1109.5 put.pl1 

handout put .1 ist~ 

PATtiNAME 
)udd>F15D>Student_01>put.p11 
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I NAMES DECLARED IN,~HlS COMPILATION. 
I . 

IDENTIFIER OFFSET LOC STORAGE CLASS DATA TYPE 
. ' I I i 1 ' 

NAMES DECLARED OY DECLARE STATEMENT. 
ME 0001100 automatic 

arg based 

argl 000103 automatio 

argp 000116 Butomatic 

code . 000114 automatio 

oom_err_ 000020 constant. 

000016 oonstant 
000014 constant 

ou $arg oount 
cu-$ar(C"ptr 
ov-dec Ciheok 
emp stFuo -
er'ror table $blsarg 
error-tablo-$wroRS no or arga 
first-name - - - -

000030 constant . 
000120 automatio 
000010 external statio 
000012 external statio 
0001011 automatio ' 
000132 staok reference 
000022 constant 

fixedovorflow 
loa 

. last name 
mall:statlon 4(18) 

000110 automatio 
000120 8utomat;io 

manager 

nargs 
put flnd gate $flnd 
·put~flnd-:'8ate-$put 
salary - -
size 
soo_8eo~no . 

2(09) 000120 automatio 

000102 automatio 
0000211 oonstant 

6 
000026 oonstant 
000120 automatio 
000140 staek referenoe 
00.0120 automatio 

varying ohar(lI) 

char 

fixed bin(21 ,O~ 

pOinter 

fixed bin(35,O) 

entry 

entry 
-entry 
entry· 
strueture 
flxed bln(35,O) 
flxed bln(~5,O) 
ohar(15) 
oondition 
entry 
ohar(15) 
ohar(3) 

pioture(9) 

fixed bln(17,0) 
entry 
entry. 
fixed deo(S,2) 
eondition 
pieture(9) 

NAME DECLARED BY DECLARE STATEMENT AND NEVER REFERENCED. 
oonversion 000000 staok reference oondition 

NAMES DECLARED BY EXPLICIT CONTEXTo 
bottom 002025 oonstant 
find 000315 oonstant 
put 000753 oonstant 

NAME DECLARED BY CONTEXT OR IMPLICATION. 
verify 

handou f 

label 
'entry 
entry 

builtin funotlon 

put.iisE 

ATTRIBUTES AND REFERENCES 
(' indicates a set oontext) 

dcl 8 set ref 31' 34' 40' 46' 57' 59' 72' 75' 84' 
91' 98' 106' 113' 121' 126' 131' 132' 

unaligned dcl 13 set ref 40' 43 46' 49 84' 87 91' 94 
97 98' 102' 105 106" 109' 113' 116 121' 124' 126' 

dol 10 8~t ref 38' 39 40 40 43 44' 45 46 46 49 82' 
83 84 84 87 89' 90 91 91 94 96' 97·97 98 98 102 
102 104' 105 105 106 106 109 109 111' 112 113 113 
116 118' 121 121 124 124 126 126 

dcl 14 set ref 38' 40 43 44' 46 49 82* 84 87 89' 91 
94 96' 97 98 102 104' 105 106 109 111' 113 116 
118' 121 124 126 

dol 12 set ref 3S' 44~ 56' 57 59 59' 82' 891 96' 
102' 104' 109' 111' 118' 124' 125 130' 131 132 
1321 

external dcl 25 ref 34 .0 46 57 59 75 84 91 98 106 
113 121 126 131 132 

external dol 24 ref 32 73 
external dcl 23 ref 38 44 82 89 96 104 111 118 
external del 29 ref 102 109 124 
level 1 unaligned del 15 set ref 56- 130' 
del 20 set ref 40' 46' 841 91' 
del 20 set ref 34' 75' 
unaligned dol 11 set ref 43' 56' 87' 130' 
del 21 ref 120 
external dol 25 ref 60 133 
unaligned del 11 set ref 4g' 56' 94' 98' 106' 130' 
level 2 paeked unaligned dol 15 set ref 54' 60 60' 

116' 
level 2 packed unaligned del 15 set ref 53' 60 60' 

109' 
dol 9 set ref 32' 33 73' 14 
external dol 26 ref 56 
external dol 26 ref 130 
level 2 del 15 set ref 53' 60 60' 1241 
dol 21 ref 120 
level 2 packed unaligned dol 15 set ref 531 60 60' 

102-

dol 21 

del 135 ref 122 127 
external dol 1& 
external dol 70 

ref 91 105 
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STORAGE REQUIR~"ENTS FOR THIS PROGRAMo 

Start 
Length 

Object 
o 

2610 

Text 
o 

2237 

Link 
2364 

32 

Symbol 
2416 

155 

Defs 
2237 

125 

Statio 
23711 

o 
BLOCK NAME 
find 

STACK SIZE TYPE WHY NONQUICK/WHO SHARES STACK FRAME 
226 external procedure is an external procedure. 

on unit on line 120 98 on unit 

STORAGE FOR AUTOMATIC VARIABLES. 

STACK FRAME 
. find 

Loe IDEUTIFIER 
1000100 ME 
000102 nargs 
000103 argl 
000104 first name 
000110 last name 
000114 oode-. 
000116 argp 
000l120emp_struo 

THE FOLLOWINQ EXTERNAL OPERATORS ARE USED BY THIS PROGRAM. 

BLOCK NAME 
find 
flnd 
flnd 
flnd 
flnd 
find 
find 
find ) 

r e as . r ne as oull ext out deso oall ext out return 
enaole eit_intr'y lntJntry - unpaok_pto 

THE FOLLOWING EXTERNAL ENTR]:ESARE CALLED BY THIS PROGRAM. 
oom err au .arl oount ou $arl ptr 
loa: - put_flnd_late_$flnd put_flnd_gate_$put 

THE FOLLOWIUG EXTERNAL VARIABLES ARE USED BY THIS PROGRAM. 
error_table_$blgarg error_table_$wrong~no_of_arBa 

LINE LOe. 
II 0003111 

39 0001103 
47 000521 ' 
60 000632 
77 001022 
90 001122 

100 001263 
111 00111111 
121 001561& 
130001720 

handout 

LINE " Loe 
31 000322 
110 000406 
49 000522 
68 000751 
82 001023 
91 00'1125 

. 102 001264 
112 00'1466 
122 001620 
131· ,00'1735 

i \ . 

-II 

, t' 

LINE Loe 
32 000326 
41 0004410 
53 000526 
10 000752 
83 001042 
92 001156 

10 .. 001315 
113 001411 
120 001623 
132 901766 

LINE: Loe 
33: 00033-
11'3: 000441 
54 000541 
72~ 000760 
84 001045 
911', 001151 

105, 001334 
11~~ 00152" 
12~~ 001630 
13~1 002006 

I' 

,put .llst~ 

LINE' Loe 
34 000331 
44 000445 
56 000544 
13 000164 
85 001076 
96 001163 

106 001356 
116 001525 
125 001661 
135 002025 

LINE LOe 
36 000363 
115 0004611 
51 000561 
14 000713 
87 001077 
91 001202 

107 001415 
118 001531 
126 001663 

LINE Loe 
38 000364 

'· .. 6 0001167 
59 000612 
15 000776 
89 001103 
98 0012211 

109 001416 
120 001550 
121 001117 
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It 

II 

" tI 

handout. 

arch comp 1n: )udd~F15D)sl)handout)gw.aroh1ve 
component updated: 03/1~/80 1609.5 system 1d: 

Gate procedure written by Raphael Frommer of Marketing Eduoation 
to be used in conjunction with the "find" and "put" command 

·proc1edures. Transfers control to the p11 prooedure ·put_flnd_gat~_util_. 

inolude gate~macros 
gate info 
gate
gate 
end 



arch oomp in: )udd)F15D)sl)handout)gwoarohive 
component updated: 03/18/80 1609.5 system id: 34-14oC 

ASSEMBLY LISTING OF SEGMENT )udd)F15D)s1)put find gate .alm 
ASSEMBLED ON: 03/18/80 1557.0 mst Tue- - -
OPTIONS USED: list 
ASSEMBLED BY: ALM Version 6.2 9 June 1979 
ASSEMBLER CREATED: 01/28/80 0927.8 mat Hon 

1 
2 
3 
Ii 
5 

1-1 
1-2 
1-3 
1-1i 
1-5 
1-6 
1-7 
1-8 
1-9 

Gate prooedure written by Raphael Frommer of Marketing Eduoation 
to be used in oonjunotion with the "find" and "put" command 
prooedlUr4tSo Transfers control to the p11 procedure "put_flnd_gate_.util_o 

include gate_macros 

" BEGIN INCLUDE FILE •••••• gate macros.inol.alm 
lit Last modified «)/77 by H. Morris, B. Greenberg, " T. VanVleck 
n Modified 14121;~ by PO to inhibit while' computing virtual CPU time 

lit This file contains several macros used when generating gate segments~ 
" The major macros that are defined are: 

gate :!lnfc) general setup code for normal gates 
1-10 
1-11 
1-12 
1-13 
1-11& 
1-15 
1-16 
1-11 
1-18 
1-19 
1-20 
1-21 

19 

" " III 
hardcore gate info general setup oode for hardoore gates 
bad dlr liandler setup and handler for bad dir condition (goes at bottom) 
bad-dlr-handler entry entrypolnt for above (goes at top) 

000000 

handout 

" 
" III 

III 

" 

gate - - to define a normal gate 
hgste to define a hardcore gate 
fgate to define a fast hard core gate 

macliat off 
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handout ._ 

1 
2 
3 
II 
5 
6 
1 
8 
9 

10 
11 
12 
13 
111 
15 

1 
2 
3 

" 5 
6 

1 
2 
~ 
q 
5 
6 

'~22 
t, .. 23 
1-24 
"-25 
1-26 
1-21 
1,-28 
1 .. 29 
l-30 
1-31 
1-32 
"·33 
1 .. 311 
1-35 
1-36 
1-31 
1-38 
1-39 
1-110 
1-111 
1-112 
1-113 
1-1111 
l-it5 
1-46 
1-111 
1-48 
,,·119 
',-50 
1-51 
1-52 
',-53 
1-511 
1-55 
1-56 
1-51 
;1-58 
1-59 
11-60 
~-61 
~ ... 62 
1-63 
~-611 
,1-65 
~-66 
:1-61 
~-68 
~-69 
:1-10 
1-11 
1-12 
il-13 
,1-111 
~-15 

" HGATE - define a hardoore gate entry 
" 
" 
" 

hgate gatename,prooedure,entry,args(,bad~dlr_trap) 

" The entrypoint gatename is defined In the gate segment. If args 
" is nonzero, the number of arguments passed to gatename must be 
" equal to args. When gatename 1s oalled, it will in turn oall 
" prooedure.entry. 
" 
maoro hgate 

gentry &1,&Q I 2,&1.t 
tsx2 .aetup 

&:&5,bad dir trap&[ taxO .set dir tra~ 
&] - shol·t .oall &2$&3(apIO) - -

eppbp- . lpl&1.t 
tra .return' code 
macllst restore-
use linkage 
even 
maollst on,save 

&l.t: 
baa ,6 

maollst restore 
'end 

" FGATE - define a fast ,hard core gate 
" II fgate gatename,prooedure,entry 
• 
maoro fgate 

• sentry ",0,0 
epplp .my Ip,' 
tra &2$'3 

maollst ofr 
lend 

• GATE - define a normal gate entry 
• 
" 
" 
macro 

gate gatename,prooedure,entry,arga 

gate 
gentry &1,&.12.0 
tax2, '. setup 
short call &2$'3(apIO) 
return 

madliat restore 

11 



7 1-76 &end 
1-71 
1-78 
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1-19 
1-80 maoro gentry 

1 1-81 macl!st on,save 
2 1-82 segdef &1 
3 1-83 macllst restore 
q 1-816 use transfer_veotor 
5 1-85 maclist on,save 
6 1-86 &1: 
7 1-87 tra &1.e 
8 1-88 maollst restore 
9 1-89 use maln 

10 1-90 maollst onosave 
11 1-91 zero &2g&3 
12 1 .. 92 &l.e: 
13 1-·93 &:end 

1 .. 911 
1-95 

hslI1(jjoa.nr-------- put find gate 0'4st -- - ------ 19 



1-96 
1-97. 

" HARDCORE_GATE_INFO - general Info for hardcore gates 

'-98 macro hard core gate Info 
1 1-99 maclist - on.~ave 
2 '~100 name &1 
3 1.,.101 
4 1.102 include staok_header 
5 1~103 
6 1.,.104· inolude staok_frame 
7 1-105 
8 1-106 maolist restore 
9 1-107 eject 

10 1-108 
11 1-109 tempd .temp 
12 1-110 tempd .label varlable{O) 
13 1-111 tempd .. timer; .tlme2! 
14 1-112 tempd ~unwlnder arglist(O) 
15 1-113 tempd .on_unit(~) I 
16 1-114 temp .pf pentryp : 
·17 1-115 tempd .. vfl arglist(~) 
18 1-116 tempd .mcptr I 
19 1-117 
20 1-118 use transfer veotbr 
21 1-119 equ .tv_begin.' ! 
22 1-120 I 
23 1-121 tra .aotor I 

i 

211 1-122 
25 1-123 use tv_end 
26 1-124 
27 1-125 segder .tv end 
28 1-126 .tv_end: vfd 14/TI-.tv_belin) 
29 1-127 
30 1-128 use main 
31 1-129 
32 1-130 seldef .my_lp 
33 1-131 even 
34 1-132 .lIIy_lp: bss ,2 
35 1-133 
36 1-134 join /text/transf'er_vector,tv_end,main 
37 1-135 
38 1-136 use linkage 
39 1-137 joln /link/linkage 
110 1.138 
III 1-139· use main 
112 1-11l0 
113 1-11l1 maollst restore 
Illl 1-11l2 eject 
45 1-143 ' 
46 1-1114 .aotor: epplp .my Ip,' 
117 1-11l5 maclist restore 
"8 1-1116 gate_act~or 

119 1-1117 
50 1-1'18 
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I 

51 h·149 
52 1,..150- .setup: . push 
53 1,..151 epplp .my lp,' 
54 1,..152 sprl1p splitaok_frame.lp_ptr 
55 1-153 
56 1-151& macllst restore 
57 1-155 gC,heck 
58 1-156 
59 1-151 ' inhibit on <+>(+><+><+><+><+><+><+><+><+><+><+> 
60 1-158 reel ays info$olock " oaloulate times. 
61 1-159 sbaq pdslcpu time -
62 1-160 staq .timel -
63 1-161 sbaq pds.virtual delta 
64 1-162 staq .tlme2 ,-
65 1-163 lda pds.page walts 
66 1-164 sta .pf -
61 1-165 inhibit off <-><-><-><-><.><-><-><-><-><-><-><-> 
68 1-166 tra 0,2 
69 1-161 
10 1-168 maolist restore 
71 1-169 ejeot 
72 1-170 
13 1-111 oreturn_oode: 
74 1-112 inhibit on <+><+><+><+><+><+><+><+><+><+><+)<+> 
15 1-113 rool sy. info.olook " oaloulate timea 
16 1-1111 sbaq pdslopu time -
11 1-115 staq .. temp -
78 1 .. 116 sbaq ottme1 
19 1-111 adaq bplO 
80 1-118 staq bplO 
81 1-119 ida'll .temp 
82 1-180 sbaCl! pds$vlrtual delta 
83 1-181 sbaq .tlme2 -
84 1-182 ada'll bpl2 
85 1-183 staq bpl2 
86 1-184 lda pds.pase walts 
81 :1-185 sblm .. pf -
88 -'-186 asa bpPI 
89 1-181 80S bpl5 
90 1-188 inhibit off <-><-><.><-><-><-><-><-><-)(-><-><-> 
91 1-189 
92 1-190 return 
93 1-191 
94 1- -192 maollst restore 
95 1·-193 eject 
96 1-1911 maolist restore 
97 1-195 &end 

1-196 
1-197 

---------------~--~----------·--~p~utL_·tnl~n~d-_~g~at~e~-~'4~~s~E------------------------------------------------ij~a-g-e--~2~1 



handout 

1-198 
1-199 
1-200 
1-201 

1 1-202 
2 1-203 
3 1-201t 
It 1-205 
5 1-206 
6 1-20'1 
7 . 1-208 
81-209 
9 1-210 

10 1-211 
11 1-212 
12 1-213 
13 1-2111 
14 1-215 
15 1-216 
16 ·1-217 
17 1-218 
18 1-219 
19 1-220 
20 1-221 
21 1-222 
22 1-223 
23 1-2211 
211 1-225 
25 1-226· 
26 1-221 
21 1-228 
28 1-229 
29 1-230' 
30 1-231 
31 1-232 
32 1-233 
33 ,1-2311 

" DAD_DIR_HANDLER - oode to setup and handle bad dlr oondition 
n put this after the-last hgate m80.·0 

maoro bad dir handler 
mactlst- on,save 

inolude on_unit 

transfer _veotor' use 
"handler entry: 

- tra .. handler 
.handler restart entry: 

- tra - .han~ler_restart_polnt 

use 
.. set dir traps 

-- - atxO 

mlr 
des09a 
deso9a 
eppbp 
spribp 
eppbp 
spribp 
lxll 
sx11 
eaa 
abla 
ata 
Ida 
oraa 
tra 

strins 

main 

.entryp 

(),(pr).fill(OOO) 
0,0 
.on unit. 10'" 
.. bal dir name 

save for restart 

.on unit+on unit.name 

.handler entry 
~on unit+on unit.body 
.baa dir deBo 
.on unit+onunit.aize 
.on-unit - set up on-unit for bad_dir_ 
spJ~tdu •• make rei to sp 
splataok frame.on unit rei ptra 
staok frame.oondition Wit,ClI 
splatiok frame.flag word . 
0,0 - -

bad_dlr_ 
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I 

31t h·235 
3~ 1'!'236 "handler: epaq aplO verify that call came from ring 0 
36 '-r237 , cana -l,dl check ring number 1n At 
37 1 ... 238 tze '+2 
38 1'!'239 zero 0 go way kid you bother me 
39 1.,.240, 
40. 1 ... 241 push " ok, we like the call 
41 1,.242 epplp .my lp,' 
112 1 ... 2"3 IdxO a,pllJ get display 
"3 1-2411 eppbp apI2,0' 
114 1-245 Ida bpi stack frame.prev sp 
115 1-246 oana =0100000';dl -from another rins? 
116 1-247 tze .oontinue signal if not, back to signal_ 
117 1-:2118 eppop apl2,' - Get mcptr 
48 1-2119 \ eppap aplO,' 
qg 1-250 sprlap bpi .mcptr save 1n gate frame 
50 1-251 sprlbp .label variable+2 
51 1-252 eppbp .handler restart entry 
52 1-253 sprlbp .label variable -
53 1-254 eppbp .label-variable' 
54 1-255 aprlbp .unwlnaer arglist+2 
55 1-256 rId .'b2Q,dl -
56 1-257 staq .unwinder arglist 
57 1-258 oall ' unwlnder~iunw1nder_(.unwinder_argllst) 
58 1-259 
59 1-260 ~oontlnue signal: 
60 1-261 -Ida lIolIOOOOOgdu "l"b 
61 1-262, I5ta spll0,' set oontinue bit 
62 1-263 return 
63 1-2611 
64 1-265 ohandler restart point: 
65 1-266 - epaq - apiO check that call came from ring 0 
66 1-267 oana -ll1dl 
67 '··268 tze '+2 
68 1-269 :zero 1 , 
69 ,.·270 epplp oilY Ip,' 
70 1-271 1ca stack frame.oondltion blt+l,dl' Vanish on·aunit 
11 '·~272 ansa splstiok frame.rlag word 
12 1 .. 273 eppbp omoptr - -
73 1-27" spribp "vrl arglist+2 
14 '· .. 215 rId .lb211' ,dl 
75 1 ... 216 staq .vfl arglist 
76 1-271 short oall verify lock$verify look bad d1r(ovfl argllst) 
17 1 ... 278 IdxO - .entryp - - - - -
78 1 ... 279 eppap splstaok_frame.ars_ptr,· 
19 '~280 tra 0,0 retry the call 
80 1-281 
81 1 ... 282 macil1st restore 
82 1-283 ejeot 
83 ',-284 mac1ist restore 
,811 ,1-285 lend 

11,-286 
; 1-281 

"'age 23 



1-288 " GATE_INFO - general. info for non-hardoore gates 
1-289 
1-290 macro gate info 

1 1-291 maollst on,save 
2 1-292 use transfer_veotor 
3 1-293 trs .actor 
4 1-294 
5 1-295 use maln 
6 1-296 join Itext/transfer_veotor,maln 
7 1-297 
8 1-298 macllst restore 
9 1-299 ejeot 

10 1-300 
11 1-301 .actor: getlp 
12 1-302 maollst restore 
13 1-303 gate_aotor 
14 1-304 
15 1-305 maol.lst restore 
16 1-306 ejeot. 
17 1-307 
18 1-308 osetup: push 
19 1-309 getlp 
20 1-310 maolist restore 
21 1-311 gcheok 
22 1-312 tra 0.2 
23 1-313 
24 1-314 maolist restore 
25 1-315 ejeot 
26 1-316 
27 1-'311 maol1st restore 
28 1-318 'end 

1-319 
1-320 
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1.0·321 " Macro to generate gate aotor. 
".·322 
"-323 maoro gate actor 

'1 1 .. 32li maclTst on,~ave 
2 1 .. 325 eppbp apl2,' 
3 "'·326. lda bpl-l get length or string 
1I 1-327 tze .return_name zero length :) get name 
5 1 .. 328 
6 1 ... 329 adla 1,dl include length of acc 
7 1-330 stz aplll,' 
8 1-331 taxO .searoh_derB 
9 1-332 

10 1-333 ompc (pr,rl),(pr,rl) compare name 
11 1-334 deso9a bpl-1(3),al 
12 1-335 desa9a bblO,al 
13 1-336 tnz .next_der 
14 1-337 
15 1-338 lda abl1,2 return location 
16 1-339 arl 18 
17 1-340 . ata apl4,' 
18 1-341 
19 1-342 short_return 
20 1-343 
21 1-3411 oreturn_name: 
22 1-345 lx13 splil,' get location 
23 1-3116 taxO "searah_dera. 
211 1-341 

ab11~2 25 1-348 cmpx3 oompare loa at ion 
26 1-349 tnz .next_der 
21 1-350 
28 1-351 Ida bblO get length of name 
29 1-352 arl 21 
30 1-353 sta bpl-1 aet length of varying string 
31 1-354 mlr (pr,rl),(pr,rl) return 'tring 
32 1-355 desc9a bbIO(1).al 
33 1-356 daso9a bplO,al 
311 ,1-35'1 
35 ,1-358 short_return 
36 ,1-359 
31 "-360 "Iearoh_ders: 
38 ,1-361 eax2 0 
39 "-362 eppab lpIO,' ab .) ders 
40 :1-363 .. der. loop: 
41 .1-3611 - lx11 abll,2 get 01as8 and flags 
"2 1-365 cmpxl .:oIlOOOOO,du must be 018ss 0 
11,3 .1-366 tnz .next_der 
44 11-361 
115 il-368 Idx1 ab12,2 
.46 "-369 eppbb abl 0 ,:1 bb .. ) name 
,47 ,1-370 tra 0,,0 , test derinition 
,118 ,1-371 anext_der: 
49 1-:372 Idx2 a~10,2 chain to next der 
.50 i1-373 tnz .dars_loop 
.S1 ,1-3111 
I' 

i I 
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llaiidout 

52 1-375 
53 1-376, 
54 1-377 &end 

1-378 
1-379 
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1-380 " Miscellaneous maor08. 
1-381 
1-382 macro gcheck 

1 1-383 maollst onDsave 
2 1-384 ldx1 -2,2 get number of args expeoted 
3 1-385 tze .no gate error if zero, none or doesn't matter 
4 1-386 cmpx1 apl"li - oompare against number given 
5 1-387 tze .no_gate_error args match. call procedure 
6 1-388 
7 1-389 oall signal $signal (signal arglist) 
8 1-390 oct o - - -
9 1-391 

10 1-392 even 
11 1-393 slgnal;,..srgllst: 
12 1-394 zero 2,4 
13 1-395 zero 2,0 
·14 1-396 arg .gate_errorname 
15 1-391 arg 
16 1-398 arg .gate_errordeso 
11 1-399 arg 
18 1-400 
19 1-401 string gata_error 
20 1-1102 
21 1-"03 
22 1-1&04 IIno gate errorg 
23 1-1&05 & end' -

1-1106 
1-lt07 maoro strlns 

1 1-1&08 o&ln8me: 
:2 1-1&09 acl GI&l" 
3 1-1110 .&ldesc: 
1& 1-ill1 vfd 09/525,0211&11 
5 1-412 
6 1-2&13 &end 

1-4111 
1-""5 maoro ejeot 

1 .1-1& 16 lIDao11at On eS8.,a 
2 11-18 11 
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. I 

000000 Oa 000001& 7100 00 
\ 

handout. 

1-1118 
1-1119 
1-1120 
1-1121 

6 

&end 

" END INCLUDE F~LE •••••• gate_maoroa.incl.alm 

gate lnfo 
use - transfer veotor 
tra .aator -

use main· . 
j01n Itext/transfer_vector,maln 
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OOOOOll! aa "1 000116 2121 20 .aotor: getlp 
OOOOO!) aa o 00002 3521 20 eppbp apl2,· 
000006 aa 2 11711 2351 00 lda bpl-1 get length or string 
00000" Oa 000023 6000 00 tze oreturn_name zero length :) get name 

; 

000010 aa 000001 035001 adla 1,dl inolude length or aco 
000011 aa o 000011 4501 20 stz aplll,· 
000012 Oa 000036 1000 00 taxO .search_defa 

00001:~ aa o 00140 1065 40 cmpc (pr,rl),(pr,rl) oompare name 
0000 1 1II aa 211111 600005 desc9a bpl-1(3),al 
000015 aa 300000 000005 des09a bblO,al 
000016 Oa 000046 6010 00 tnz . .next_def 

00001'1 aa 1 00001 2351 12 Ida abl1,2 return looation 
000020 aa 000022 1110 00 arl 18 
00002·' aa o 00004 7551 20 sta aplll,-

000022 aa 1 OOOlll& 7101 20 short_return 

00002:3 .return_.name: 
000023 aa o OOOOq 1231 20 lx13 apl"~- let looation 
00002111 Oa 000036 1000 00 taxO .searoh_defs 

00002!) aa 1 00001 1031 12 ompx] ab11,2 oompare loo~tion 
000026 Oa 0000116 601() 00 tnz .next..;..der 

00002" aa 3 00000 2351 00 lda bblO get length ot name 
000031) aa 000033 1110 00 arl 27 
000031 aa 2 71111 7551 00 sta bpl-1 set length ot varying string 
000032 aa o 001qO 1005 !to mlr (pr,rl),(pr,rl) return string 
00003:3 8a 300000 200005 des09a bblO(1) ,al 
00003111 aa 200000 000005 deso9a bp,O,al 

00003!; aa 7 00041i 7101 20 short_return 

000036, .. searob __ defs: 
000036 aa, 000000 6220 00 eax2 ° 000031 aa .. 00000 3515 20 eppab lpl 0 ,:- ab -) dets 
000040 .det. loop: 
000040 aa 1 00001 7211 12 - lx11 abll,2 get olass and flags 
OOOOq'l aa 400000 1010 03 cmpx1 .oIlOOOOODdu must be olass 0 

'0000Q2 Oa 0000Q6 6010 00 tnz .next_der 

000043 aa 1 00002 2211 12 ldx1 abl2,2 
OOOOQq aa 1 00000 3535 1'1 eppbb ablO,1 bb -> name 
0000Q5, aa 000000 1100 10 tra 0,0 test definition 
0000116 .next_det: 
0000Q6 aa 1 00000'2221 12 Idx2 ablO,2 chain to next det 
oooolf~r Oa 000040 6010 00 tnz .dets_loop 

000050 aa 7 00044 7101 20 short_return 
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00005'1 aa 000060 6270 00 .. setup: push 
000052 aa 1 OOOliO 2721 20 
000053 aa ., 0001&6 2721 20 getlp 
00005J1.i 8a 177176 2210 12 Idxl -2,2 get number of args expected 
00005~; 08 000102 6000 00 tze .. no gate error if zero, none or doesn·t matter 
000056 a8 o 00000 1011 00 cmpx1 apitJ - compare against number given 
00005'1 Oa 000102 6000 00 tze ono_gate_error args matoh, oall procedure 

000061() aa 6 00000 2541 00 oall slgnal_$slgnal_(slgnal_arglist) 
000061 Os 000010 3500 00 
00006,2 lia q 00010 3521 20 
000063 aa 6 000110 7531 00 
000061& ao ., 00036 6101 20 
000065 8a 6 00000 1131 00 
000066 aa 6 000110 0131 00 
000061 aa 000000 000000 oot 0 

even 
000010 signal_aralist: 
000010 aa 000002 000004 zero 2," 
000011 aa 000002 000000 zero 2,0 
000012 Os 000016 0000 00 arg _gate_errornem," 
000013 aa 000000 0000 00 arg 
000011& Oa 000101 0000 00 ara .. I~te_errordes'o 
000015 aa 000000 0000 00 arg 

str1nl gll~._.rror 
000016 .Iate errorname: 
000076 aa 1111 1111 1611 11&5 - aol "S.illte_errortll 
00007'7 aa 131 145 162 162 
0001(J10 aa 151 162 000 000 
OOOHJI1 .Iate errordello: 
000101 aa 525000 000010 - vfd 9?/525,027/10 

~ .' ~ 

000102 .• no late errol": 
000102 aa 000000 1100 12 - - tra 0,2 



1 gate find,put find late utii ,find,_ 
000001 seider find '~ - - - , 

000001 find: 
000001 Oa 000104 1100 00 tra find.e 
000103 aa 000010 000000 zero "-2,0 
0001011 flnd .ei 
0001011 Oa 000051 1020 00 tsx2 .setup 
000105 Ila It 00012 3521 20 short_oall put_flnd_gate..;.util_$flnd(apIO) 
000106 aa 7 00036 6101 20 
000101 aa 6 00030 3101 20 
000110 aa 1 000112 1101 20 return 

8 gate put,put ·find gate utl1 ,put ... 
000002 segder put ,-' - - - , 

000002 put: 
000002 Oa 00.0112 110.0 00 tra put •• 
000111 aa Q00010 0.0.0000 zero "-2,0, 
00.0.112 put.e: 
0.00112 o. 00.00.51 1020 00 tsx2' .aetup " ' 
0.00113 Ila 1& 000.14 3521 20. ahort_caJLI put~tind_gate_uti.I.;...put(apIO) 
000.114 aa 1 000.36 610.1 20 
000.115 a. 6 00030 310.1 20 
00.0.116 aa 1 00.0112 1101 20. return 

9 end 

NO. LITERALS 
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NAME DEF1(NITIONS FOR ENTRY POINTS AND SEGDEFS 

000120 Sa 000003 000000 
000 1 ~~1 5a 000032 600000 
0001:!2 aa 000000 000000. 
000123 55 ,000012 000002 
0001~!1I Sa 000002 4.00003 1 

000125 55 000006 00001,2 
0001:~6 aa 0:16 160, 165 1.613 
0001:n aa 131 '116 1511 1.56 
0001)0 aa 111" 1,31. 1111· till. 
000131 aa 161& 1lt5 131 000 
000132 55 000016 000003 
000133 Oa 000002 400000 
0001]1f 55 000015 000003 
0001:35 aa 003 160 165 164 put 
0001:36 55 - 000023 000012 
0001:37 Oa 000001 400000 
000 1 ill 0 55 000021 000003 
0001 1

" 
aa 004 146 151 156 find 

0001·112 881 llf4 000 000 000 
0001·113 55 000002 000016 
0001Jflf 6111 000000 1100002 
0001,"5 55 000026 000003 
0001·116 aa 01" 163 111 155 symbol •• table 
0001,111 aa ' .. 2 15,1 151& 131 
0001'50 aa 164 1111 11&2 154 
0001'51 aa 145 OQiO 000 000 

DEFINI'fIONS HASH TABLE: 

000152 all 000000 000015 
000153 all 000000 000000 
0001511 aa 0000(l10 000000 
000155 Sa 000012 000000 
000156 aa OOOOCIO 000000 
000151 aa OOOOClIO 000000 
000160 an 0000C10 000000 
000161 Sa 0000 1; 6 000000 
000162 58 0000~!3 000000 
000163 8n 0000(10 000000 
0001611 a. 000000 000000 
000165 au OOOOCtO 000000 
000166 au OOOOCIO 000000 
000167 80 OOOOCtO 000000 

EXTERNAL HAMES 

000110 aa 023 UtO 165 1611 put_tlnd_sate_utl1_ 
000111 aa 131 1136 151 156 
000172 8a 144 1 ~11 141 lJ11 
000173 811 164 1115 131 165 
000171f 8a 164 151 15_ 131 
000175 all 007 1fi] 151 1111 slsnal_ 
000116 all 156 I'll 151& 137 
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NO TRAP POINTER WORDS 

TYPE PAIR BLOCKS 

000111 aa 
000200 55 
000201 aa 
000202 55 
000203 aa 
000204 55 
000205 aa 
000206 aa 

000001& 000000 
000050 000015 
000001& 000000 
000050 000021 
000001& 0000100 
000055 000055 
000001 000000 
000000 000000 

INTERNAL EXPRE~SION ~ORDS 

000201 5a 
000210 5a 
000211 5a 

handout 

000051 000000 
000061 000000 
000063 ·000000 

Page 3q 
I· 



LINKAGE INfORMATION 

000000 aa 
000001 Os 
000002 aa 
000003 aa 
0000011 aa 
000005 aa 
000006 22 
000001 a2 
000010 9& 
000011 5a 
000012 9a" 
000013 5a 
000014 9& 
000015 5a 

'fianCllout 

000000 000000 
000120 000000 
000000 000000 
000000 000000 
000000 000000 
000000 000000 
000010 000016 
000000 000000 
171110 0000 46 
000011 0000 00 
111166 0000 it6 
000070 0000 00 
117764 0000 46 
000061 0000 00 

algnal_lslgnal_ 

put_flnd_sat8_utl1_lflnd 

put_flnd_gate_utl1_Iput 
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SYMBOL INFORMATION 

SYMBOL TABLE HEADER 

000000 : aa 000000 ,OOOOQ 1 I 

000001 aa 163171 1551142,. 
000002 aa 164162Ul51qS, 
000003 aa 000000 000001l, 
000004' aa 000000 106130, 
000005, aa 41434 .. 011300, 
000006 aa 000000 101021 
000001 aa 564756 21713'1 
000010 aa 1111154 155040 
000011 aa 040040 040040 
000012 aa 000024 0000110 
000013 aa 000034 0000110 
0000111 aa 000044 000100 
000015 aa 000002 000002 
000016 aa 000061& 000000 
000011 aa .000000 000143 
000020 aa 000000 000111 
000021 aa . 000000 00013;0 
000022 aa 000134 000111 
000023 aa 00006,. 0000010 
000024 aa 1011111 115011,0 
000025 aa . 1261115 1621E13 
000026. aa 151151 1560QO 
000021 aa 066056 062054 
000030 aa 0110112 165156 
000031 ae 1450110 06101'1 

. 000032 ea 061011 0400~10 
000033 . ea 0"0040 0400JuO 
0000311 ' aa 106162 151155 
000035 aa 1551115 162056 
000036 aa . 115105 1011141 
000031 aa 144155 1511~i6 
00001:10, aa ,056141 01100110 
000041 aa '0400110 OllOOIJO 
000042 aa . " 040040 01100110 
000043 .e 040040 0400110 
000044 aa 154151 163Hi4 
000045 aa ,0400400400110 
000046 aa ,0400110 ,01100110 
000041 aa 0400110 011001'0 
'0.00050 aa 040040 ,01100140 
000051 aa ·01100110· 014001'° 
000052 aa ,01100110 .0llOOIJO 
000053 aa 040040 04001.0 
000054 aa 040040 ,0400140 
000055 aa 040040 0400J.O 
000056 aa 040040· 0400J~0 
000051 aa 040040 OllOOJ~O 
000060 aa 040040 OIlOOJ~O 
000061 aa 01&0040 OIlOOJ~O 
000062 aa 0110040 040040 

liiii'a'out put fInd ,aEt .11st 
- ... ".,,! .. ~ .• 

Page 36 



000063 aa 01100110 101100110 
0000611 aa 000000 ,000001 ., 

000065 aa 000000 000002 
000066 aa 000076 000037 
000067 as 0631&53 113111011 
000070 aa 000000 107027 
000011 aa 5611153 1100000 
000012 aa 000106 0000111 
000013 aa 057660 372535 
0000111 aa 000000 105766 
000015 aa 053324 600000 
000076 aa 016165 1111111111 )udd)F15D)s1)put_find_sate_ o alm 
000017 aa 076106 061065 
000100 aa 104076 163061 
000101 aa 076160 165164 
000102 aa 137146 151156 
000103 aa 1114137 11171111 

.000104 aa 161&1115 137056 
000105 aa 1111154 1550110 
000106 88 0161511 141&1114 . ) ldd) inolude) late _maoroa .• inol. alm 
000101 8a 016151 1561113 
000110 a8 154165 14 .. ,115 
000111 aa 0761111 14116. 
000112 88 1115137 155'.' 
OOOl'i 88 1113162 157163 
00011 88 056151 1561"3 
000115 88 1511056 111115 ... · 
000116 88 1550 .. 0 01100"0 
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HULTICS ASSEHBLY CROSS REFERENCE LISTING 

·Value Symbol Source Cl1e Linla number 

16 .actor put Cind gate : 60 
160 "deCs loop put-Clnd-gate-: 6. 

101 ogate-errordeso put-Clnd-gate-: 6. 
76 .. gate-errorname put-Clnd-gate-: 6. 
166 "next-def put-Clnd-gate-: 6. 

102 .no gate error I)ut-Clnd-gate-:: 6.-
23 oreturn name I)ut-Clnd-gate-: 6. 
36 .. search:defa put-Clnd-gat.-: 6. 
51 "setup put-Clnd-gate-: 6, 7. 80 

1 Cind put-find-gate-: 7. 
I. I 1011 find .. e put-flnd-gate-: 7. 

II main put-flnd-gate-: 6, 7, 8. 
2 put put-Clnd-gate-: 8. 

112 . put •• put-rlnd-gate-: 80 
put find sate utl1 put-Clnd-gate-: 1. 80 
slgnal - -,- put-flnd-gate-: 6. 

10 signal-arglt.st put-Clnd-gate-: . 6. 
0 transfer _ vec!tor lPut:flnd:gate:~ . 6, : 7, 8. 

NO FATAL ERRORS· 

handout 
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trans.llst arch oomp ina )udd>F15D)s1)handout)gw"archlve 
oomponent updated: 03/19/80 1044.0 system id: 

COMPILATION LISTING OF SEGMENT trans 
Compiled by: Hultlo8 PL/X Compller p Release 25c, of February 18, 1980 

I Complied at: Honeywell LISD Phoenix, System M 
Compiled on: 03/~9/80 10~3~7 mst Wed 

Options: map 

trans: proo; 

Name: 1~ranl 

Tbt. trans command adds, counts, deletes, reads, and summarizes 
transac't.lons resident in a lIessage aeament whose pathname 1s 
)udd)F1!5d)trrans.lIs.. The amount of information it ·.ay return and the 
ability to add "transaotions" into the seament are governed by 
extendel! access" 

trans key (arga} 

where: 

1.. ~ey 
is one or the functions listed below. 

add" a 

count, 0 

( 

adds a transaotion to the .eaaace 86ament. 
~ Illdditlonal arguments must be' furnished: 

'10 part name -'6 oharaoters or le8s 
20' unit prioe 

-not to exoeed 9999,,99 
, :3. how many sold 

- not-to eloeed 99999 

Three 

The caller must have 'append' extended aooess to 
the segllent trans.ms" 

returns the number of tranaaotions (messages) in 
the segment. The caller must have status extended 
access to the seament trans.ms. 

delete, d 
deletes the Mourrent" transaotlon" A transaotion 

trans.llst 

318-14.C 
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read o r 

aumllftery, 

2. args 

ba~ao\!t 

is made current by some previous read operation. 
If the last transaction read was not added by the 

-c'ller~ the oaller must hav~ delete extended 
aocess on trans.mSD Otherwise~ ~he caller must at 
least ha~e 'own' extended ac~~ss. 

s 

reads one or more tran5actlon~. 
argument is furnished. it must 
following: 

If an additional 
be on,e of the 

1 ... all 
If user has 'read~' extended aooess, 
every transaotion is dumped. 

If user has 'own', but not 'read', only 
. • ow~' transact~ions are dumped. 

2.. first 

last 

.... next 

If user has 'read •• ~~ended aooessD the 
first transaotion Is dumped. 

If user has '~wn', but not 'read', the 
first 'own' transaotion is dumped. 

analogous tottrans r~ad flrs~' 
"1" . 

. It U8er has 'I read' 'e.tended aooe8s, the 
next transaotjlon intrana.ma i8 dumped. 

If U8er haa 'own'.'but not 'read', the 
oaller's nexttran8aotion Is dumped. 

5. prior . 
8nalogou$ to "trana re,_d next' 

6.. <argument. IIl'8sinl) 
, reada the ourrent·meaa8ge. 

If the oaller has 'read' extended aooess, the 
dollar amount grand total ot all transaotions in 
t~ese8ment la returned •. It the oaller has 'own', 
but not 'read', the dollars amou~t grand total of 
'own' transaotions is rClturnecf ihstead. 

ia dependent upon key as dooumented above. 

trans~ll:st Pase Qo 



1 
1 
1 
1 
1 

I 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

\c); 

1 ;, : 

96 del :IE intern,l statio options (oonstant) ohar (5) Init ("trans"); 
91 dol TARGET_SEGMENT. int statio options (oonstant) ohar (8) lnit ("trans.ma"); 
98,dol TARGET DIR int static options (oonstant) char (9) init (")udd)F15d"); 
99 dol (error table $moderr, error table $no message. error table .bigarg. 

100 I error-tllble-$bad arg. error table $too many args, error table $wrong no of args) 
101" I ext stat;.le 11xed-bin (35); - - - - - - - - -
102' dol· are·ap p1ir; " , 
103 dol (arIP, mossagep, arg ltst ptr) ptr; 
, 1, ,. BEGIN INCJ .. UDE FILE '0' -: • mieg return arga v3 .. inol'.pl 'I ., 

2 - - -
3: 
1(1 ,. struoture returned when lIIessage is read froll a meaaage segment I, 
5i 
~I 
l' dol IIs_arg_ll»tr ptr 3 
EI 
~I dol 

10 
111 
1.! 
1 :~ 
1" 
1~; 
Ui 
1ir 
11S 

1 maea rttturn arga ballled (8s_arg_ptr) alisned. 
2 Dla p'tr ptr,-
2 ms-Ien fixed bin (18), 
2 aenderld ohar (32)J 
2 level llxed bin, 
2 111& ld bit (72), 
2 sender authorization bit (12), 
2 Booeaa::olaai bit (12) I 

1~J ,. END INCLUDE FILE 0 • II maeg return arga v301!inal'.pt1 -, 
101,. -. - -. • . 

10!) dol (oode. binary number .Iold) 'bln (35); 
106 dol Index fixed bin; - . 
10" 

,. pointer to message I, 
,. length of message In bits I, 
,. proaess-sroup ID of sender I, 
,. validation level of sender I, ,I unique ID of message I, ,I aooes& authorization of messase 
,. messase aooess olass I, 

mess8ge_sesment_$open entry (ohar (I), ohar (I)., tlxed bin, fixed bin (35»; 
mesaage aegment toloae entry (flxed bin, fixed .~in (35»; 

sender I, 

101~ dol 
10~~ dol 
1U) dol 
111 dol 
11:2 dol. 
113 dol 
11,_ dol 

mess8g8·-.egment-tset message count .index entr, ftlxed bin, fixed bin, fixed bin (35) >; 
message·-segment-$add-index eiitry ('llxed bin, ptr; tixed bin (2"), bit (12) ailined, bin (35»; 
lIIes.age:segment:$delite_lndex entry (fixed bln,bit (12)ali,ned, tlxed bin (35»;. 
lDeasage! segment tread inde. entry (f1xed bln,.ptr, bit (1) allened, ptr, flxed bin (35),); 
message:segment:.lnorimental_read_lndex entry ('fixed bin, ptr, bit (2) allsned, blt (12) alisned, ptr, rixed bin (35) 

'1115 dol 
116 dol 

\o( 35»; 

meSSa8tl_segment_.own,_read,_lndex entry (flied bin, ptr, bit (1) a11gned, ptr, fixed bin (35»; 
mesaa8f~sesment_.own_lnoremental_read_lndel entrr (tixed bin, ptr, bit (2) aligned, blt (12) allsned, ptr, fixed bin 

111 1 

,"8 dol ·1 trans mSI based (ms ar8 ptr .. ) mse,_return_arg'.lIs_ptr), ,I Sometimes pointed to by measasep " 
1192 .,1dse1: nalle char (1"6'). -
120 2 unit Itrloe pio " •••• 9.v99". 
121 2 how iony sold fixed deo (5, 0), 
122 2 total coit pic "(1)$9.v99"· 
123 del srand l~otal dollars Internal statio plo ~(1)$9.Y99"; 
124 del s11en~ bit T1) internal statio init ("O"b); 
125 dol read option ,(2:6) char (5) internal statio opt.ona (oonstant) 
126 inlt-( ltall". "next", "prior", "first", "last"";. 
121 dol. ourren'; message 1d bit (12) internal statio aligned lnlt ("O"b); 
128 dol looping:lndex rlxed bin (11) Init (1); 

handouf trana.llat 6 age Iif 



129 del 
130 dol 
131 
132 
133 
1311 
135 
136 
131 
138 dol 
139 dol 
1110 dol 
1111 dol 
1112 dol 
1113 dol 

. 11111 dol 
1115 dol '''6 dol 
1117 del 
1118 dol 
1119 dol 
150 dol 

.151 dol 
152 dol 
153 del 
1511 dol 
155 dol 
156 dol 
157 

handout 

own bit (1) Jnit ("O"b); . 
read options tnternal statio options (oonstant).ohar (121) 
In1 t-( "Your ra ad options artt: 

trans reBid 
trans resJd all 
trans reBid next 
trans read prior 
trans reEld first 
trans read last"); 

(oom err, ioa ) entrf options (variable); 
ou larg-eount--entry (fixed bin); 
oU:$arg:ptr entry (fixed bin, ptr, fixed bin(21), fixed bin (35»; 
ou $arg list ptr entry (ptr); 
oU:$arg-ptr-ye1 entry (fixed bin, ptr, fixed bin(21), fixed bin (35), ptr); 
nargs rlxed bj~n, argl fixed bln(21); 
arg ohar (argl) based (argp); 
auto area are,;, (20118); ,I Should be . large enough for any and all a1100ated struotures I, 
string ohar (211);' . 
date time entry (fixed bin (71)l char (I»; 
c100K entry w'eturns (fixed bin 11» ; 
ov dec check entry (ohar (I), fixed bin (35i»Ntturns (fixed bin (35»; 
oonveriion oondition; . 
binary time f~xed bin (11)-
alternate bin •• ry time bit l'12) aligned basedl; 

(size, addr) builtin; 
message oount I; 
iox $oontro1 ~tntry (pt.r, ohar(I), ptr, fixeell bin(35); 
iox:$user _io ~txt statio ptr; 

I 
tran8;rr::~st~----------------------------------------------------------Pa-g-e----ij~2 



" 158 
159 
160 
161 
162 
163 
16,. Please 
165 'add', 
166 'args' 
167 
168 
169 
170 
·111 
172 
173 
1711 
175 
176 
111 
178 

oall ou $ar8 count (nar8~); 
if (!larg i = O-then do; 

" COMMON BEGINNING POINT " 

call oom err (error table $wrong no of args, "trans", 
""/You have not ~nvoked " trans' propirl'Y. 

type 'trans key {args}', where 'key' ls elther 
e deletle v p 9 read', 'summary', or 'oount •• 
is a function of what key has been supplied."); 

return; 
end; 
oall oU $arg ptr (1, argp. argl, oode); 
oall Qu-targ-list ptr (arg. list ptr); "Set:s an automatio pOinter " 
it arg = "add" I irg • "aft-then-oall trans add; 
else it arg • "delete" I arg = ad" then oall trans delete; 
else it arg • "read" I arg =' "r" then oall trans read; 
else it arg = "summary" I arg = ·s" then oal1 trins summary; 
else if ara • "count" I arg = "c" then aall trans oount; 
else oall oom err (error table .bad ar8, HE. 8rgT; 
return; - - - - -

transollsE 



119 trans read: proof 
t80, -

,; 

181' . 
182 
183 
184 
185 
186 
181' 
188 
189 
190 
191 
192 
193 
194 
195 
196 
191 
198 
199 
200 
201 
202 
203 
204 
205 
206 
201 
208 
209 
210 read_label (1): 
211 
212 
213 
214 
215 
216 
2111 
218 
219 
220 
221 
222 
223 
224 
225 
226 
221 
228 
229 
230 
231 
232 
\ i 

handout .\ 

if n~rgs ) 2 then do; 
oa11 oom err (erro."_tab1e_$too_many_ar8s, ME, read_options); 
return; - --

endj 

/' (;oa1 o.r the following do group 121 to set 10opin'g lndex to 
1,2,3,4,5, or 6 for a subsequent 'soto'. - '/ 

if.nargs. 2 then do; 
oal1 ou $arg ptr rei (2, argp, argl, oode, arg llst ptr); 
do loopIng lidex-. 2 to 6 while (ara .A. read_option-(looplng_inde~),. 
end; -

if looping index • 7 then do; 
oall 0000 err (error table $bad arB, HE, read_options); 
return; - - . - - . - . 

end; 
end:i 

call. message segment $open (TARGE'l' DIR,' TARGET SEGMENT, index, oode) I 

• 

. .if ~lode A. O-then do; -". ..-
oa11 oom err (oode, HE, IiWhj~le attemptlns to open As>"'a.", TARGETj>IR, TARGET_SEGMERT); 
return; - - . 

end; 

areap = addr (auto area); 
all~)oate mseg return arsa in (elute» are .• )aet (ms arg ptr); 
. /' No neid to wor.ry about frt.iins above, beo.usi area It.el,f 1s automatio '/ 
sot~) read_l~bel (loopins_index); 

,I 'trans read' '/ 
if ourrent message ld = "ORb then dOl 

oal;l. ioa_err_-to. HE, "There 1s no oUr rent messase."); 
return; .~ 

end; 
else do; 

1 I • , I 

oa11l message~sesment_'inorem~!ntal read_index (index, areap, "OO"b t. . 

ourrent message ide IDS arB p'E'r, oode); /' User must have 'r' extended aooess '/ 
if oode • error table .moderlr tlien C).ll message segment Sown inoremental read index (index, 

areap, "OOWb, ouFrent_m~ltssaae_ld. 1D1,-arg_p'Er, oodeT; - --
if code ,... (]l then do; ,. . . 

oa11 oom err (oode, ME).' . 
oall message-segment $olose (index, oode); 

~: return, -:. :-
end:; 

oa11 print_message (); 
\ . ' .. 
oallme&sage segment $olose (index. oode); 
retur.n;.. -. -

end; .' 
.• I 

I I I I 
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233 
2311 
235 
236 
231 
238 
239 
2110 
2111 
2112 
2113 
2411 
2115 
2116 
2111 
2118 
21119 
250 
251 
252 
253 
2511 
255 
256 
251 
258 
259 
260 
261 
262 
263 
26J& 
265 
266 
261 
268 
269 
210 
211 
272 
273 
2711 
275, 
276, 
211' 
21Si 
279 
28()1 
281 
28i!! 
283~ 
281l~ 
285i 
28ft 
281' 

, 1 " 'trans read all' w, 
oal1 message_segment_$read_lndex (index, areap, "O"b ,I from the first I" 

ms arg ptr, code); 
if code-. e'rror_table_$moderr then do; 

end; 

oall message segment town read index 
(lndex,-areap, vO"b,-ms'arg ptr. oode); 

if code. error table $moderF thin do; 
call com_err_ (oode, HE); 
oa11 message segment $e10se (index, oode); 
return; - -

end; 
own. "l"bi 

if code :I: error table $no message then do; 
oall oom err (oade,-ME, "A[you have noA-Ho] messages in Aa)A a .", own, TAROET_DIR, TARGET_SEGMENT); 
call lIlesiage:segment_$olose (lridex, codeJ; 
return; 

end; 

if own then do; 

do while (ood,e ~ •. error _table_tno_message); 

oall print message (); 
ourrent meisage Id • liS ari ptr -> mseg return arss.ms id; 
call messase aegment $oWn:'iiioremental read index (index, areap It "Ol"b ,. next '/0 

current:messase:id, is....;..rs_ptr, coder; 
end; 

end; 
elae do; 

end; 

do while (oode ~. error_table_$no_messase); 

oall print messase (); 
current meisaae id • ms .rl, ptr -> Ilsel return args.IDs id; 
call message .eimen~ .inor •• ental read Yndex ~Tndex, areap, "01 Wb /- next -I, 

current:messase:id •• __ 8r,_ptr, oode); 
end; 

oall message segment tolose (index, code); 
return; - -

read._label en: . 
'tr.ns read next' I, 

it current message id • "O"b then do; 
, oalloom err -(0, ME, "There is no ourrent message."); 

, return; - -
end; 
elae do';: 

transellst . ',se 1i5 



288 
289 
290 
291 
292 
293 
294 
295 
296 
291 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
311t 
315 
316 
311 
318 
319 
320 
321 
322 
323 
3211 
325 
32,6 
327 
328 
329 
330 
331 
332 
333 
331t 
335 
336 
337 
338 
339 
31t0 
3'" 342 

handout 

end; 
read_label (It): 

,ourrent message Id, ms arg ptr, oode). 
if oode = error table $moderr then oall message segment $own lncremental read index (Index, 

areap, titOfll'b, current message id, ms arg p'Er, codeT; - --
if oode = erll"'or_table_$moderr then-do; - -

call com err (code, ME); 
call message-segment $c10se (lndex, code); 
return; - -

end; 
if code = error _table_$no~_mefl~sage then do; 

call oom err (code, ME, "There is no next message."); 
oal1 message:segment_$ol.ose (index, oode); 
return; 

end; 

call print_message (); 

ourrent message ld = ms arg I)tr -> ms ld; " Update what is now the current msg -, 
oal1 message_segment_$close-(index, oode); 
return; 

" 'trans read prior' 

if current message Id = "O"b then do; 
oa1100m err -(0, HE, "There 1s no current message."); 
return; - -

end; 
else do; 

call message segment .inorementa1 read Ind~x (index, areap, "10"b, 
ourrent~message-ld. InS larg ptr; oode);i 

if oode • error table .modeFIr tlien oa11 message segment town inorementa1 read index (index, 
areap, "10Wb, ourrent_message_id, ms_~rg_ptr, oodeT; - -

if code : error table $moderr then do; '\ 
oa11 oom err (code, ME); i, 
call message-segment $010se (index, c~de); 
return; ,- - " , , 

end; I 
if oode • error _table_$no_message then do; I 

call com err (code, ME. "There 1s no :prior message."); 
c .. 1l message-segment $olose (indeJt. code); 
return; - -

end; 

oall print_message (); 

current message id • ms arg ptr -> mseg return args.ms id; " Update what is now the current msg I, 
call meisage segment $close-(index, codi); - -

endi; 
read label (5): .,.. 

return; - -

,I 'trans read first' 

call message ~egment $read index (lndex, areap, "O"b ,I the first 1/, 
ms_ars_ptr, code); -

trans.list 
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3113 
3114 
345 
346 
3117 
348 
3119 
350 
351 
352~ 
3531 
35Qi 
355; 
356 
351' 
35EI 
359 
360 
361,1 
36c! 
363 
31611 
36!) 
36.) 
36ir 
361~ 
36~J 
311) 
37' 
31;i! 
313 
31,q 
3715 
3115 
3'1'1 
31,8 
"319 
,380 
381 
3821 
383 
381& 
385 
386 

read_label (6): 

if oode = error table $moderr then do; 
oall messaie segment $own read index (index, areap, "O"b ,I the first 1'0 

rns arg ptr, oodi); - -

end; 

if oode-. error_table_$moderr then do; 
call oom err (oodeo ME); 
call message-segment $olose (indexe oode); 
return. - -

end. 
own = "1"bi 

if oode = error table $no message then do; 
oal1 (Jom err (oode,-ME o "A[you have noA;H01 messages 1n Aa)A a .", own, TARGET_DIR, TARGET_SEGMENT); 
oa11 message:segment_$olose (index, oode); 
return; 

end. 

oall print message (); 
ourrent message id = ms arg ptr -) mseg return args.ma 1dS ,I For a possible 

- - - 'trans-read' in the future I, 
oall message segment $olose (index, oode). 
return; - .-

,I 'trans read last' 

oall message_seglllent_$read_index (ind~x, areap, ",ftb /' the last I" 
illS arg ptr9 oode)· 

I, 

It oode-. error table 'moderr then dor 
call messaie segment town read Index (Index, areap, "1 ftb " the laat liD 

Ims arg ptr, oodi); - -
own • "Tetb;-

end; 
if oode • error table $no mesaale then do; 

oall Qom err (oode,-ME,· [You 'have noA;No] messales in Aa)A8 .ft, own, TARGET_DIR, TARGET_SEGMENT); 
oall mesiale-segment $010s8 (lnd.x. oode); 
return; - -

end; 

oal1 pr.int messase (); 
ourrent_messase_ld • ms_ars_ptr -) mse, return arls.ms ld; ,I For a possible 

- - otran.-read' in the future 8, 
oal1 message.esment $olose (Index, oode); 
return; - -

end trans_read; ,I 

trans .. l1st 



'1 

\0'1 

\oms 

387 
388 
389 
390 
391 
392 
393 

391& 
395 
396 
397 
398 
399 
400 
401 
1&02 
1&03 
401& 
1105 
406 
1107 
408 
409 
1110 
1111 
1112 
1113 
11111 
415 
416 
411 
418 
419 
1&20 
421 
Jt22 
423 
'I 
4211 
1125 
426 
427 
1128 
429 
430 
1131 
1132 
1133 
431& 
435 
1&36 
1&37 
438 

trans add: proo; 
- 'if nargs ~= .. then do; 

oall com err (errol~ table $wrong no of args, HE, "Proper invooation: 
trans add widget name jjnlt price how-many soldlf);-

return; - --
end; 

II Assign the elements in the struoture trans_msg one by one 

all(~oate 'tr,ans msg 1n (auto area) set (messagep); 
oail oU_$arB_ptr_Irel (2, arip, argl, oode, arg_liat_ptr); 
if orgl ) 16 then do; 

call OODl_ err._ (error _ table_$bigarg, ME .. "Widget_name mustn' t exoeed 16 aharacters."); 
return; 

end;, 
elSE! messagep -) trans...;msg.w1dget_.name :I arg; 

oall ou $arg ptr rei (3. argp, arll, oode, arg list ptr); 
on clonversion beiin; -- -

oall com err (error table .bad arg, ME, "Unit prioe speoified does not look something like 9999.99"); 
goto add:r~tiirn_polnt; - -

,end;; 
mesuagep -) trans._msg.unlt_prioe • ara; 
revnrt oonversion; 'I' If we get here, oonversion went fine '/ 
oall ou .ars ptr rel (4, argp, arll. oode, arg list ptr); 
binury number soYd = ov dec oheck (arS, ooder; -
if (,ode ~= 0 'Ehen do; - - --

oall oom err (error table $bad arg, HE, "Number sold oould not be oonverted into an integer."); 
return; - - - - ,-

end;; 
elsu if binary number sold) 99999 then do; 

oall oom err (error table .Iltad arg p HE, "Number sold exoeeds 99999."); 
return; - - - - -

endji 
elsu messagep -> trans_msg .how_manly_sold • binary_number _sold; 

mesuagep -) trans msg.total oost = mes.asep -) trans msg.unit prioe I 
messagep ~) trans msge,how manlY' sold; - -

- -~ - I' trans_mss struoture ready for addition to )udd)F15d)trans. 

oall message segment $open (TARGE1~ DIR, TARGET_SEGMENT. index. oode); 
if (lode "= O-then do; -

. oall oom err (oode, ME, "Whi.le attempting to open "a)"8.", TARGET_DIR, TARGET_SEGMENT); 
return; - - . 

endii 
binary time = olock (); I. Need a unique id for message id, hence olock 'I 
oall message segment $add index <J.ndex, messBgep, 36 I sIze (messagep -)-trans_mag), 

addr (bInary_time) -> alternslte_binary time, oode); 
if Clode ~= 0 then call com_err ... '(clode, ME, '1fWhl1e attempting to add a transBotion."); 
els4! do; 

ourrent message id = addr (binary time) -) alternate binary time; 
oall date time -( (ourrent metllsBg.-id), string); - -
call ioa __ ("Tr'insaotion aCIdeell at ""a", string); 

end~ 
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q39 oal1 message segment $0108e (index~ Dode); 
qqO add return point: - -
IU" end trans_add; 
qq2 /. 
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11113 
111111 
11115 
11116 
11117 
11118 
11119 
1150 
1151 
1152 
1153 
11511 
1155 
1156 
1157 
1158 
1159 
1160 
1161 
1162 
463 
464 
465 
466 
467 
1168 
469 
470 

handout .. 

trans delete: proof 

if nargs A. 1 then do; 
oall com err (error_table_$wrong_no_of_args, HE, "Proper invooation: 

trans delete "); - -
return; 

end; 
if current message id = "O"b then do; 

0011 com err -(0, HE, "There is no ourrent transaotion to delete. 
Try some kind of read 11rst."); 

return; 
end; 
else do; . 

oall message segment .open (TARGET DIR, TARGET SEGMENT, index, oode); 
if oode A. O-then do; . - -

oall oOln err (oode, ME, "While attemptins to open "'a)"'a."., TARGET_DI •• TARGET_SEGMENT); 
return; - - . . 

endi; 

end; 
oall message segment .delete index (Index, ourrent_messaBe~ld, oode); 
if oode = 0 ~hen do,- _. . 

end; 
else 
call 

ourrent_messaBe_ld • "O."b; . 
call 10a_ ("Transaotion deleted."); 

oall com err (oode, ME! "While attempt1ns to delete the ourrentmessase."); 
messag~_iegmint_$olo8e \ Index , oode); 

end tranl,_delete; 

trans.llst 
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trans_summar.y: proo; 

del trans entry options (variable); 

if nargs A~ 1 then do; 
call oom err (error table $wrong no of arga, HE, "Proper invooation: 

trans summary"); - - - - - - - . 
return; 

end; 
/. We oan not tolerate a quit, so •••• / 

call lox $contro1 (lox .user io, "quit disable", null (), oode); 
silent :-"l"b; - - . -
grand_total_dollars : 0; 

oall trans ("read", "all"); 

call 10a_ ("Grand total a A a", grand_total_dollars); 

silent : "ORb; 
grand total dollars. O' 

. 7- How-safe to unmask quits -/ 
oal1 101_.00ntrol (lox_Suser_io, "quit_enable", null (). oode); 

elld trans_summary; ,-
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*' "96 
497 
"98 
"99 
500 
501 
502 
503 
50" 
505 
506 
507 
508 
509 
510 
511 
512 
513 
51" 
515 
516 
511 
518 
519 

handout 

trans_count: proc; 

,- User must have status extended access on transoMs -, 

if nargs A= 1 then do; 
call com err (error,_table_.$w,·ong_no_of_args,. ME, "Proper invocation: 

trans count"); - -
return; 

end; 

call message segment $open (TARGET •• DIR. TARGET_SEGMENT, index. code); 
if code A: O-then do; 

end; 

eall eom err (code, ME, "While attempting to open Aa)A a .", TARGET_DIR, TARGET_SEGMENT); 
return; - -

call message segment $get message ~,ount index (index. message count, code); 
if oode • 0 thenoall 10a- ("There are "'"d messages 1n A a", message_count, TARGET_SEGMENT); 
else oall cODl_err_. (oode,-HE); , 

oall mess8ge_segment_$01ose (index. oode); 

end tran~_oounti 

, I 
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520 print_message:: proo (); 
521 
522 " Can tally dollars OR print transaction 1nfo -, 
523 
524 oall date_tlme_ «ms_arg_ptr -) mS_ld), string); 
525 if ~s11ent then oall 10a_ ("At Aa , Aa sold' Ad Aa.A~ at a total cost of Aa , (unit price = Aa)"p 
526 string. ms arg ptr -) mseg return args.sender id. how many sold, widget_name, total_cost p unit_price); 
521 else grand_.totaI_doTlars II: grai1(f_total:dollars + total_cost; 
528 
529 en<!! print_message; 
530 
531 bottom of_trIi1D8~ 
532 
533 end trans; 
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LINE 

1011 

handout 

SOURCE FILES USED IN THIS COMPILATION. 

NUMBER DATE MODIFIED 
o 03/11/80 1122.9 
1 08/03/77 1651.9 

NAME 
trans.p1.1 
mseg_return_arss_v3.1nol.p11 

trans.llst 

PATHNAME 
)user dl~ d1r)F15D)Student 01>trans.p11 
> ldd> Inolude>mses_return_args_ v3 .1nol. p11, 
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,NAMES DECLARED IN THIS COMPILATION .. 

IDENTIFIEI~' OFFSET LOC STORAGE CLASS DATA TYPE 

NAMES DECLARED BY DECLARE STATEMENT. i 

ME 000062 constant char(5) 

J 

TARGET_DIIR, 

TARGET_SEIGHENT 

addr 
al ternate._binary_ time 
areap 

arg 

arg list ptr 
arg! -

argp 

auto area 
binary number aold 
binary-time -
olock -
oode -

oonveB"sion 
ou .arg oount 
Qu-tars-list ptr 
cU-$arg-ptr - . 
oU-$arg-l)tr rel 
cuFrent:mesiage_id 

ov deo oheck 
date tIml! -
erroF_tabIe_$bad_ars 

0000511 oonstant 

000060 oonstant 

based 
000100 automatic 

based 

000106 automatic 
000120 automatio 

000102 automatia 

000122 automatio 
000113 automatic 
0011130 automatio 
000012 oonstant 
000112 automatio 

0000511 oonstant 

000000 staok referenoe 
000060 constant 
0000611 constant 
000062 constant 
000066 constant 
0000111 internal statio 

ohar(9) 

ohar(8) 

builtin funotion 
bit(12) 
pointer 

char 

pointer 
fixed bin(21 I1 0) 

pointer 

area(201&8) 
fixed bln(35,O) 
fixed bin(?1 to) 
entry 
fixed bin(35,O) 

entry 

condition 
entry 
entry 
entry 
entry 
bit(72) 

000014 constant entry 
000070 constant entry 
00002Q external statio flxed bin(35,O) 

ATTRIBUTES AND REFERENCES 
(' indioates a set context) 

initial unaligned del 96 set ref 116' 182' 1~1I' 201' 
213' 223' 2111' 2118' 282' 292' 291' 312' 322' 327' 
3111' 3511' 375' 389' 397' 4011' 412' 1116' 1127' 1133' 
11116' 1151' 1158' 1166' 476'501' 50S' 5111' 

inItial unaligned del 98 set ref 199' 201' 2118' 3511' 
375' 1125' 1121' 1156' 458' 506' 508' 

initial unaligned del 97 set ref 199' 201' 2118' 3511' 
375' 1125' 1127' 1156' 1158' 506' 50S' 513' 

dol 153 ref 205 431 1135 
dol 152 set ref 431' 1135 
dol 102 set ref 205' 218' ~20' 233. 230' 259' 210' 

287' 289' 311' 319' 338' 311111 3611' 310' 
unaligned del 11111 set ref 111 111 112 112 173 173 

1111 1111 115 115 116' 190 400 1101 1I10B 

dcl 103 set ref 170' 189' 395' 1102' 1109' 
dol 1113 set ref 169' 111 111 112 172 173 113 1711 1111 

115 175 176 116 189' 190 395' 396 1100 1102' 1101 
1109' 1110 1110 

dol 103 set ref 169' 171 171 172 172 113 173 1711 1711 
175 175 116 189' 190 395' 400 1102' 1101 1109' 410 

dol 1115 set ref 1115' 205 206 394 
del 105 set ref 1110' 1115 419 
del 151 set ref 1130' 431 1135 
external dol 1118 ref 1130 
dol 105 set ref 169' 189' 199' 200 201' 2181 220 

220' 222 223' 2211' 230' 233' 231 238' 240 2111' 
2112' 2111 2118' 2119' 255 259' 266 210' 216' 281' 289 
289' 291 292' 293' 296 297' 298' 305' 311' 319 
319' 321 322' 323' 326 327' 328' 335' 338' 3113 
3114' 346 341' 34S' 353 354' 355' 362' 364' 369 
310' 3711 375' 376' 383' 39S' 402' 409' 1110' 1111 
112S' 426 1127' 431' 1133 433' 1139' 4S6' 451 1158' 
1161' 1162 466' 1161' 1181' 492' S06' S01 S08' S12' 
513 51 .. ' 516' 

external dol 138 ref 162 176 182 1911 201 213 223 2111 
2118 282 292 291 312 322 321 3111 3511 375 389 391 
1104 1112 416 ~27 1133 11116 1151 458 1166 1116 501 508 
5111 

dol 150 ref 1103 ~08 
external dol 139 ref 160 
external dol ,q, ref 110 
external del 1110 ref 169 
external dol 1112 ref 189 395 402 409 
initial dol 121 set ref 210 218' 220' 258' 259' 269' 

270' 278 281' 289' 3011' 308 317' 319' 3311' 360' 
381' 1135' 1136 IIS0 461' 1163' 

external dol 1119 ref 410 
external del 1117 ref 1136 52q 
dol 99 set ref 116' 1911' IIOq' Q12' Q16' 
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error table $bigarg 
error-table-$moderr 
error-table-$no ~p.ssage 
error-table-$too many args; 
error-table-$wrong no-of args 
grand-total-dollars - -

000022 external static 
000016 external static 
000020 external static 
000026 external static 
000030 external static 
000010 internal statio 

how many soId 6 
index -

ioa 
iox-$eontrol 

based 
000114 automatl~ 

000056 constant 
000076 ·constant 

iox-$user io 
looping index 
message-count 
message-segment $add index 
message:segment:$close 

000100 external statio 
000115 automatic 
004132 automatic 
000040 constant 
000034 constant 

message segment $delete index 000042 constant 
message-segment-$get message oount index 

- ., - - -. 00'0036 constant 
message segment $incremental read index 

. -. . - - 0'000146 constant 
message segment $open 000032 oonstant 
message-segment-$own incremental read. index 

- - - ~0005~ constant 
message segment $own read index 000050 constant 
message-segment-$rea~ index 000044 constant 
messagep - - 000104 automatic 

ms id . 
ms-ptr 
mseg return args 
nargs -
own 

read option 
read-options 
sender id 
silent-
size 
string 
total_cost 

trans 
trans msg 
unit_price 

widget_name 

3 

10 

4 

000110 automatic 

based 
based 
based 

000111 automatic 
000116 automatic 

000045 con:atant 
000006 constant 

based 
000013 internal 

004122 automatic 
based 

000102 constant 
based 
based 

based 

static 

fixedl bin(35,0) 
fix edi, bin ( 35 , 0 ) 
fixedl bin( 35 to) 
fixed! bin(35,0) 
fixedl bin(35,0) 
picture( 11) 
fixedl dee(5,0) 
fixed! bin(17.0) 

entrl' 
entr)r 
pointier 
fixed bin(17.0) 
fixed bin(11,O) 
entr3' 
entr3' 

entrJ' 

entrJ' 

entr:, 
entry 

entr:, 
entr:, 
entr:, 
poinl~er 

poin11;,er 

bi t( '12) 
pointer 
struloture 
fixelrj bin(11,0) 
bit(l) 

char(5) 
char(121) 
ehar(32) 
bit(1) 
builtin function 
o.har(24) 
picture(11) 

entry 
struoture 
picture(8) 

ohar(16) 

hanaout trans .. list 

dcl 99 set ref 397' 
dcl 99 ref 220 237 240 289 291 319 321 343 346 369 
del 99 ref 247 255 266 296 326 353 374 
dcl 99 set ref 182' 
dol 99 set ref 162' 389' 446' 476' 501' 
unaligned dcl 123 set ref 483* 487' 490' 527* 527 
level 2 dcl 118 set ref 419' 421 525' 
dcl 106 set ref 199' 218' 220' 224' 230' 233' 238' 

242* 249* 259' 270' 276* 287' 289' 293' 298' 305* 
311* 319' 323' 328* 335' 338' 344' 348' 355' 362* 
364* 310' 376' 383' 425' 431* 439' 456' 461' 467' 
506' 512' 516' 

external dcl 138 ref 431 464 481 513 525 
external dcl 155 ref 4S1 492 
dcl 156 set ref 481' 492* 
initial dcl 128 set ref 128' 190' 190* 193 208 
del 154 set ref 512' 513' 
external dcl III ref 431 
external dcl 109 ref 224 230 242 249 276 293 298 305 

323 328 335 348 355 362 316 383 439 461 516 
external del 112 ref 461 

external dcl 110 ref 512 

external dcl 114 ref 218 210 281 311 
external dcl 108 ref 199 425 456 506 

external dcl 116 ref 220 259 289 319 
external dcl 115 ref 238 344 310 
external dcl 113 ref 233 338 364 
dol 103 set ref 394' 400 401 419 421 421 421 431' 

431 
dol 1-1 set ref 206' 218' 220' 233' 238' 258 259' 

269 210' 287' 289' 304 317 8 319' 334 338' 344' 360 
364* 370' 381 524 525 525 525 525 525 527 

level 2 dcl 1-9 ref 258 269 304 334 360 381 524 
level 2 dcl 1-9 ref 525 52S 525 ~2~ 527 
level 1 dol 1-9 set ref 206 
dcl 143 set ref 160' 161 181 188 388 445 415 500 
initial unaligned dcl 129 set ref 129' 245' 248' 253 

351' 354' 312' 315' 
initial array unaligned dol 125 ref 190 
initial unaligned del 130 set ref 182' 194' 
level 2 dcl 1-9 set ref 525' 
initial unaligned del 124 set ref 482' 489' 525 
del 153 ref 431 
unaligned dcl 146 set ref 436' 437' 524' 525' 
level 2 packed unaligned del 118 set ref 421* 525' 

521 . 
external del 473 ref 485 
level 1 unaligned dcl 118 set ref 394 431 
level 2 packed unaligned del 118 set ref 401' 421 

525' 
level 2 paoked unaligned dol 118 set ref 400' 525' 
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NAMES DECLARED BY EXPLICIT CONTEXTo 
add return point 0031165 constant 
bottom of trans 001025 oonstant 
print mcs:saae 0014330 constant 
read label 000000 constant 
trans 000570 constant 
trans add 002644 constant 
trans-COUIl'lt 004122 constant 
trans-del·ete 003466 constant 
trans-read 001026 constant 
trans:summary 003727 constant 

NAMES DECLARED BY CONTEXT OR IMPLICATION. 
empty 
null 

STORAGE REQUIREMENTS FOR THIS PROGRAHo 

Object Teut Link Symbol 
Start a 0 5024 5130 
Length 5lt62 !l501 101t 315 

BLOCK fiAMIE STACK SIZE TYPE 
trans 2555 external 
trans reald internal 
trans-add " 262 lnternal 
on unIt Qln line 1t03 94 on unit 
trans delete internal 
trans-sullimary internal 
trans-count lnternal 
pr int:messag,e internal 

STORAGE FOR INTERNAL STATIC VARIABLES. 

LOC I[)ENTIFIER 
000010 grand total dollars 
000013 sjlleni' -

BLOCK NAME 
trans 
trans 
trans 00001 It current_message._id 

STORAGE FOR AUTOMATIC VARIABLES. 

STACK FR~~HE 
trans 

LOC IDENTIFIER 
000100 areap 
000102 argp 
0001014 mes:Jagep 
000106 arg list ptr 
000110 ms "ir8 ptr 
000112 cooe -

label del lP,O ref 405 
label dol 531 
entry internal dol 520 ref 
label array(6) del 210 ref 
entry external del 1 
entry internal del 387 ref 
entry internal del 496 ref 
entry internal del 443 ref 
entry internal del 179 ref 
entry internal dol 471 ref 

builtin funotion ref 145 
builtin funotion ref 4S1 itSl !l92 492 

DeCI Statio 
4501 50311 

322 6 

WHY NONQUICK/WHO SHARES STACK FRAME 
procedure is an external prooedure. 
prooedure shares staok frame of external prooedure 
prooedure enables or reverts oonditions. 

procedure shares staok frame of external prooedure 
procedure shares stack frame of external procedure 
procedure shares stack frame of external prooedure 
procedure shares staok frame of external prooedure 

000113 binary number sold 
000111t index - -

BLOCK NAME 
trans 
trans 
trans 
trans 
trans 
trans 
trans 
trans 
trans 
trans 
trans 
trans 
trans 

000115 looping index 
000116 own -
000117 narl"s 
000120 argl 
000122 auto area 

"', 

228 257 268 302 332 359 380 
208 

171 
175 
1'72 
173 
114 

trans. 

trans. 
trans. 
trans. 
trans .. 

.~. 
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001f122 string 
00~,130 binary time 
00~132 message_count 

THE FOLLOWING EXTERNAL OPERATORS ARE USED BY THIS PROGRAM. 

trans 
trans 
trans 

r e as call ext out deso call ext out· 
enable ext_entry - lnt_entry 

call tnt this 
any_to_any_tr 

return 
unpack_pic 

trs ext 
sllao_based 

empty 

THE FOLLOWING EXTERNAL ENTRIES ARE CALLED BY THIS PROGRAMo 
clock com err ou $arg oount 
cu $arg ptr ou iarg-ptr rel ov-dec check 
loa - lox $oontro! meisage segment $add index 
message segment $delete lnde-x message segment $get message count inoex - -

cu $arg list ptr 
date time -
message_segment_$close 

message-segment-$incremental read index - - - message segment $open 
message-3egment-$own incremelntal read index message:segment:$own_read_lndex 
message:segment:$reaa_index trins-

THE FOLLOWING EXTERNAL VARIABLES ARE USED BY THIS PROGRAM. 
error table $bad arg error table $bigarg error table $moderr 
error:table:$too:many_args error:table:$wrOrg_no_of_SrgS iox_$user_i~ 

WARNING 235 ON LINE 1107 
"arg" has been oonverted fr~m a string value to an arithmetio value. 

WARNING 235 ON LINE 436 
Itcurrent_message_ld" has been oonverted from a string value to an arithmetio value. 

WARNING 235 ON LINE 5211 
"ms_id" has been oonverted from a string value to an arithmetic value. 

LINE LOC 
1 000561 

161 000643 
115 000164 
183 001053 
195 0011110 
208 001234 
223 001340 
231 0011123 
2111 001503 
258 001566 
210 001631 
281 001115 
29'1 002021 
308 002015 
323 002215 
334 002267 
341 002356 
356 002460 
310 002525 
381 002625 

handout 

LINE LOC 
128 00(1515 
169 0006411 
116 001;001 
188 001i0511 
199 00111111 
210 0011236 
224 0011355 
238 00u1l27 
2118 0011505 
259 001573 
272 001653 
289 001737 
298 00~W1l1l 
312 OO,!100 
324 002226 
335 OO~~214 
348 00c?312 
359 00c~461 
312 OOC~545 
383 OOc~632 

LINE LOC 
129 000511 
110 000663 
111 0010211 
189 001055 
200 001166 
213 0012111 
225 001366 
2110 001441 
249 001544 
261 001615 
216 0016511 
291 001765 
299 002055 
313 002124 
326 002227 
336 002304 
349 002403 
360 0021162 
314 002541 
38lt 0026~2 

LINE LOC 
145 000601 
111 000612 
531 001025 
190' 001016 
201 001170 
214 001265 
228 001367 
2111 001453 
250 001555 
263 001616 
271 001664 
·292' 001711 
302' 002056 
317 002125 
327 002231 
338, 002305 
351 0021104 
362~ 002467 
375, 002553 
387' 002643 

trans.list 

LINE LOC 
160 000604 
172 000715 
179 001026 
191 001112 
202 001224 
218 001266 
230 001370 
242 001461 
253 001556 
266 001617 
278 001665 
293 002005 
304 002057 
319 002141 
328 00225lt 
343 002326 
353 002406 
363 002477 
376 002612 
388 002651 

LINE LOC 
161000613 
173 000732 
181 001027 
193 001114 
205 001225 
220 001310 
231 001401 
243 001500 
255 001561 
268 001623 
282 001670 
294 002016 
305 0020611 
321 002175 
329 002265 
344 002332 
354 002410 
364 002500 
317 002623 
389 002655 

LINE LOC 
162 000615 
174 000747 

"182 001032 
194 001117 
206 001227 
222 001336 
233 001402 
245 001501 
257 001565 
269 001624 
283 001714 
296 002017 
306 002074 
322 002201 
332 002266 
311'6 002352 
355 0024117 
369 002521 
380 002624 
391 002700 
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394 0012701 
1103 0013010 
411 0013137 
1121 003223 
1133 003362 
111'5 003li67 
"57 003573 
1165 003670 
"'78 003757 
1190 0()1I064 
506 004153 
516 004316 

;J1 .... , 

handout 

39~) 002710 
1I0'~ 0030211 
41:2 003142 
112'5 0032111i 
li35 0031112 
IIli6 003472 
458 003575 
li66 003671 
1181 003760 
492 0011070 
507 00"200 
518 004327 

396 002731 397 002735 398 002761 1100 002762 1102 002767 
1105 0030117 1107 003052 1108 003071 . 1109 003072 1&10 003113 
""3 003166 1115 003167 ""6 003172 1117 003216 1&19 003217 
1126 003271 li27 0032711 li2R 003330 1130 003331 li31 0033liO 
1136 003li1S 1137 003li32 li39 003li53 "liO 003li65 11113 0031166 
"'li8 003516 1&50 003517 451 003522 1153 0035"'6 456 0035"'7 
459 003631 li61 003632 li62 '003645 463 0036li7 4611 003652 
li67 003715 li69 003726 "'71 003727 475 003730 1&76 003733 
482 00li012 1183 0011015 li85 00li021 1187 001l0li1 1189 0011062 
11911 0011121 li96 0011122 500 0011123 501 00""26 503 0011152 
508 0011202 509 001&236 512 001&237 513 0011252 511i OOli301 
'520 001&330 5211 001&331 525 00"'352 527 00"'1125 529 0011"'53 
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pfgu.list 0." 
put.llst • e ~ •• g 

put find gate .alm • 
put-flnd-gate-ollst 
trans.list • : 0 ~ • 

handout 

1 
9 

15 
16 
39 
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