
COURSE OVERVIEW

• Day 2 - Subsystems; System Management

- Subsystems

* Overview
* Definitions
* Structure
* View operations
* Code views
* Compatibility
* Multi-machine management
* Target builder
* Reservations and check-in/out
* Work orders

- Users, Groups, Access Control, and Accounting

* Users and groups
* Access control rules
* Job identity
* Privileged mode
* Universe Acls
* Problems and diagnosis



COURSE OVERVIEW

• Day 3 • Networking; Disks and Deamons

- Networking

- Disk daemon management

- Garbage problems

- Daemons

- Error log

- System availability



COURSE OVERVIEW

• Day 4 - System Diagnosis and Recovery

- System structure

- DFS

- Crash dumps

- Kernel and EEDB

- Diagnostic Tools

Disk errors

- Questions and answers



OBJECTS - DEFINITION

• Defined by R1000 architecture

• Low-level, execution-oriented

The term "object" is also used to refer to
environment objects such as files and Ada
units

• Consist of a "type part" and a "value part"

• 'Types" are special kinds of objects with a null
value part

• The "value part" is some number of bits of data

• The "type part" Indicates the type and structure
of the value. Part of the type part of an object
Is a type descriptor. The format of the type
descriptor is defined by the R1000 architecture.



R1000 GURU COURSE

• Objectives

- Understand the R1000system implementation

- Be able to diagnose system problems
* find solutions
* know what information to send
* know when to get help

- Be more effective at giving customers advice and
training their system experts

- Be a more worldly person



COURSE OVERVIEW

• Day 1 - Basic Structures and Ada

- Objects

- R1000 storage organization

- Instruction set

- Storage hierarchy

- Execution environment

- Exceptions, unchecked deallocation, unchecked conversion

- Program structure

- Tasking and task operation

- Virtual processors and jobs

- Object management system



OBJECTS - DEFINITION
(CONT'D)

• Part of the type Information Is the obJect.klmt

• The klrn1 divides objects Into masses that the
R1000 knows about. For example:

Discrete (includes integer, fixed, enumerations, etc.)
Float
Access
Entry
PackageJTask
Array
Record
Etc.

• The ~ identifies the specific Ada type and
Includes Information about the data format

• Types follow Ada semantics with respect to
type compatibility

• Type descriptors describe a type by storing
all information relevant to Interpreting the
bits that represent the value

7 h,ts {2..g I(.'-....As

-'I.I§ct u.5l!.d



OBJECT - TYPE DESCRIPTORS

• Examples of type descriptors

For discrete types:

1.. _lo_w_e_r_b_OU_"_d I_up_p_e_r_b_O_U_"_d__ --------

o 63 64 127

For floating types:

1.. _1o_w_e_r_b_OU_"_d I.. _u_pp_e_r_bO_U_"_d _

o 63 64 , 2 7

For access types:

object type det, area pointer
\ b<t!>e. ~~ Cb lIecb'ol-v J

o 63 64 127

For array types:
o 63 64 77

repeated
for each
dlmenalo '/

eleme"t type dlme"slon l"flZ.llt~m slzef slice alze I

\



OBJECTS - TYPE DESCRIPTORS
(CONT'D)

• For a record type:

for
each
compon

dlacrlm_alze Iflags •.•••• field count , .••• 1 fixed alze

/ component type offset I flags

ent · ·· ·
\ · ·

• Each reference to a type Is a pointer to one of these
descriptors.

• Most Ada type declarations result In the creation of
one (or more) of these type descriptors.

• Many operations on objects require that the
descriptor b~ examined.



OBJECTS - TYPE DESCRIPTORS
(CONT'D)

• Sometimes some type Information Is associated
with an Individual object rather than In the type
descriptor.

• Variant record objects are more complicated and
have more Information associated with them. They
are slower to create and access.

• Variant objects can be constrained or unconstrained.
An unconstrained object can assuem any of its
variants. A constrained object cannot - It can have
only one specific variant.



OBJECTS - ADA EXAMPLES

type Array_Type is array (integer range <» of character;

type T (x: integer:=10; b:boolean:=false) is record

A: Array_Type (1..x);

case B is
when true => F: integer
when false => F2: Array_type (1..500)

end case

end record;

V: T (1000,false);
W: T (1,true);
X:T;

big constrained object
small constrained object
unconstrained, giant object

• Default initial values versus constraints

subtype T1 is T (100,true);
V: T (1000,false);

constraints
constraints



OBJECTS - REPRESENTATION OF
VALUES

• For discrete and other "simple" objects, the
representation Is simple binary. Only the
number of bits needed to represent the
value are used. Values can be unsigned or
two's complement (the type Indicates which).

• Examples:

X: integer;
b: boolean:

32 bits
1bit unsigned

type E is (A,B,C);

V:E 2 bits unsigned

C: character; 8 bits - special case

I: long integer 64 bits

• Records and arrays are fully packed. (More
details on this later)

• "Scalar" objects have simple, fixed representations

• Records with no discriminants are also simply
represented by the values of each of the fields



OBJECTS - REPRESENTATION OF
VALUES (CONT'D)

• Array and variant record objects may require
additional descriptive information

There is an indicator of whether the value is
constrained (the "is_constrained bit")
There is a "variant clause index" indicating
which specific variant is active
There may be array bounds information
for array objects ("bounds with object")

• See handout #1 - Note the following:
a ('ro..(}-,

Objects of constrainedTsub)types do not have
extra bits
Unconstrained values have descriptors that
indicate their current configuration
Constants also have such descriptors



!USERS.PHIL.GURU COURSE.HANDOUT 1 REPRESENTATION OF OBJECTS'V(2} 1
5+{ ",'(j"-::' co b; +-$

o .. 20;
Short Int := 20) ~s

subtype Short_Int is Integer range
type T1 (D1 : Boolean := False; D2

record
F1 : Natural := 100;
case D1 ~s

when True =>
F2 : Boolean := True;

when False =>
F4 : Str~ng (1 .. D2);

end case:
end record;

V1 : 1'1;

type T1 s~ze = 334 bits
Object V1 size = 334 bits.
Object fits ~n 42 bytes.
0128000001900000 0100000003800000 0004000000500000 0000000000000000
0000000000000000 0002

subtype 1'2 is 1'1 (D1 => True, D2 => 3);
V2 : T2;

type T2 size = 47 bits
Object V2 size = 47 bits.
Object fits in 6 bytes.
80C7FFFFFFFE

subtype T3 is String (1 .. 5);
V3 : 1'3 := "abcde";

type String s~ze = 4294967359
type T3 size = 40

Object "abc" size = 88 bits.
Object fits in 11 bytes.
0000000100000003 616263

Object V3 s~ze
Object fits in
6162636465

= 40 bits.
5 bytes.

August 3, 1987 at 12:48:04 PM



OBJECTS - OTHER KINDS

• Not all R1000 architectural objects are Ada
data objects. Others Include:

SUbprograms
Packages and tasks
Exceptions
"Select" objects
Task entries

See handout #2 for a full list



!USERS.PHIL.GURU COURSE.HANDOUT 2 CONTROL WORD KINDS'V(2) 1
The Kind field is 7 bits.

o Discrete_Var,
1 Control State,
2 Subprogram_Ref_For_Call,
3 Word3 Flag,
4 Discrete_Ref,
5 Module Key,
6 Subprogram_For_Call,
7 Mar k_Wo rd_F lag ,
8 Float_Var,
A Variable_Ref,
C Float_Ref,
D Deletion_Key,
E Entry_Var,

10 Access_Var,
11 Static_Connection,
12 Subprogram_Ref_For_Call_Elaborated,
14 Access_Ref,
15 Interface_Key,
16 Subprogram_For_Call_Elaborated,
18 Task_Var,
19 Dependence_Link,
1C Task_Ref,
1E Select_Var,
IF Auxiliary_Mark,
21 Micro_Statel,
22 Subprogram_Ref_For_Call_Visible,
24 Subvector_Var,
26 Subprogram_For _ Call_Vis ible ,
29 Micro State2,
2C Subarray Var,
2E Family Var,
32 Subprogram_Ref_For_Call_Visible_Elaborated,
36 Subprogram_For _Call_Visible _Elaborated,
38 Heap_Access_Var,
3C Heap_Access_Ref,
3E Default Var,
3F Activation_Link,
41 Control Allocation,
42 Accept_Subprogram_Ref,
44 Record Var,
46 Accept-Subprogram,
49 Scheduling_Allocation,
4C Variant_Record_Var,
4E Delay_Alternative,
52 Interface_Subprogram_Ref,
56 Interface_Subprogram,
58 Package Var,
SF Accept_Link,
6C Vector Var,
6E Family_Alternative,
74 Matrix _Var,
76 Null_Subprogram,
7C Array _Var,
7E Exception_Var,
7F Activation State

August 3, 1987 at 12:48:03 PM



OBJECTS - BASIC MACHINE
PREDEFINED TYPES

NAME
Discrete scalar types (integer, fixed point,

enurneratlon)

Float floating point

Access pointers (access types)

Package Ada packages

Task Ada tasks

Array arrays

Record records

Variant Record variant records

Select internal state for select statement

Entry task entry

Family family of task entries

Exception Ada exceptions

Subprogram represent machine callable entities

• These are called "operand classes". If an instruction
tries to operate on the wrong kind of object, the
exception "operand_class_error" is raised.



OBJECTS-TAS~PACKAGE
OBJECTS

• Tasks and packages are treated almost Identically In
the R1000 architecture

• While a package Is elaborating It runs on Its own
"thread" of control

• Each package and task has Its own Id which is unique
on that machine

• The task Id (or more generally, module Id) is the
"value" part of a task or package object

• Each module takes several pages, minimum
~'"(."'f~

• Packages declare visible types, subprograms
and data objects. Each of these exists at a
specific pffset within the package. II\A"'~ ",~;'bk fill" ••••"t

• Tasks are similar, but can only declare visible
entries to be called

• Operations on tasks and packages Include calling the
entries of a task or the visible subprograms of a
package

• More on this later



R1000 STORAGE ORGANIZATION -
INTRODUCTION

• A module (package or task) Is the basic container of
Information

• Each module consists of several memory segmenm
A segment is a contiguous region of virtual memory

• The basic segments for a module are:

Type stack - contains type descriptions for types
declared in the module

Control stack - contains task control block (TCB),
visible objects, and procedure call stack

Data stack - contains value part of arrays and records.
Operates in parallel with control stack.

Import space - used to address non-local objects.
More later.

Queue space - used to store entry queue information
(tasks only)



R1000 STORAGE ORGANIZATION -
SEGMENTS

• In addition to Control, Type, Data, Import and
Queue segments, there are also:

- Code segments - which contain instructions to be
executed

- System segments - which are used for internal
machine state

• Segments (memory in general) are bit addressable.
Memory address bus addresses are always bit
addresses.

• From a software standpoint, some segments have
common word addressing structure.

1 bit

• 128 bit • Full bit
~128 bit Type Value Addressing

Part Part

64 bit 64 bit
3 3
2 Ind Field 2
1 7-blts 1
0 0

Type Stack Control Stack Data Stack

~-+-16 bit
•••••••~ ..

Same Format
•• Control
Stack 3

2
1

1 10

3
2
1

"""---_~ 0
Code Segment

(-+\.ll~s~~)
Import Space



OBJECTS - TYPE OBJECTS

• Same as a normal object, but value part Is null

Zero for discrete and float objects

Null pointer for record and array objects

Null task id for module objects

• Generic packages and task types are examples of
module types

• Each package has such a type (even for non-generic
packages)



OBJECTS - REVIEW

Type part and value part

Type descriptions

Variant records - constrained vs unconstrained

Basic machine types

Packages and task objects

Objects of type "type"

Key areas of Impact:

• Performance: costs in size and access time

• Unchecked_Conversion: bounds and constrained bits are
visible

• Debugging: misuse of unconstrained objects is a common
customer mistake and has big impact on system performance
and disk use*



R1000 STORAGE ORGANIZATION-
SEGMENTS (CONT'D)

• Each segment has a limit to Its size:

Segment Unit Unit Limit Byte limit

Control stack 128 bit word 220 (1M) words 16 MB

Type stack 128 bit word 220 (1M) words 16 MB

Data stack Bit 232 (4G) bits 512 MB

Import 128 bit word 220 (1M) words 16 MB

Code 16 bit instr 32K instructions 64 KB

• Control stack depth limits recruslve calls. An
Infinite recrusion will consume 16 MB, then raise
storage error

* Debug tables can extend up to 128 KB
;v..- Code. ~~wtW'r



R1000 STORAGE ORGANIZATION -
PHYSICAL MEMORY

• R1000 physical memory consists of four 8 MB
memory arrays.

• Memory Is accessed In words of 128 bits
(16 bytes) ECC is done on this unit.

• Memory modules respond directly to virtual
addresses; there is no virtual -> physical
address map.

• A Tag Store on each board Identifies which
virtual locations are present. A>so~\0..:4-\,,"'L

• Memory is further divided Into 1024 byte
pages.

Memory Array Tag Store

Page 0

Page 1

Page 2

0

0

0

0

virtual addr.

control Info.

virtual addr.

control Info.

virtual addr.

control Info.

0

0

0

J ~

~ ~



R1000 STORAGE ORGANIZATION -
PHYSICAL MEMORY (CONT'D)

MI.
I--

Page
Address BU8 Frame -

R1000 Tag Store - Memory
CPU \

•... ...
Array I--

~

Data Bus +.....•- Memory Board 0R1000

Memory Board 1

I Memory Board 2

I Memory Board 3

• On a memory access, If all four boards generate
a "miss" then the virtual address Is not present
in the physical memory and a page fault Is
signalled.

• The physical memory operates as a "cache" for
virtual pages from disk.

• All tags on all boards are searched In parallel
for fast access.



R1000 STORAGE ORGANIZATION -
REVIEW

•
::r[>€}

7 segment pyteS, each for different purpose

• Physical memory organization: tag store, ECC, 1K
pages /2.:t ~,i-b~

• Segment size limits



INSTRUCTION SET - INTRODUCTION

• Code stored in code segments

• 16 bit basic instructions; some 32 bit

• Stack oriented instructions

load (push)

load (push)

Add - no addresses in operator instruction

Store (pop)

• Basic instruction breakdown

Declarative instructions (4) - create types, variable,
subprograms

Stack instructions (9) - push, pop

- Subprogram call (3) - call, exit, end redezvous

- Classed action (2) - operate on typed operands

Unclassed action (1) - operate on untyped operands

Branch (6) - jump, case branch, counting loop

Literal (2) - load constants

- Special (5) - markers, not really instructions



INSTRUCTION SET - CODE SEGMENTSTRUCTURE
• Code segment consists of a header, a series of

subprograms, and a debug table

• The header Is the first 8 words (16 bit words) and
has the following structure:

o 4 8 1 5

o version of machine code

Diana version IRCG major version I RCG minor version

0

offset of debug table

default exception handler - raise Instruction

module termination Instruction - signal completion

offset to segment table (only In elab segments)

0 I wired I #I pages In .eg - 1

1

2

3

4

5

6

7

• Each subprogram has a 3 word header and begins on
a 128 bit word boundary. There may be a few unused
words at the end of a subprogram so that the next
starts at the proper boundary.

The header Is:

XXXO offset of begin (first statement)
XXX1 offset of exception handler
XXX2 number of locals
XXX3 first Instruction (entry point) of subprogram



INSTRUCTION SET - GETTING CODE
LISTINGS

• Controlled by switches

R1000 ce. Seg_Listing - controls code segment
Jisting

- shows order of module
elaboration

- produces earlier code
generating listing - less
useful

• Don't forget to do Switches.Associate when you create
a new switch fi Ie

• When the unit is coded, files will be created as
children of the Ada unit:

Foo
Foo
.<Code_Listing>
.<E labo rat ion_ Order _Listing>
.<E laborat ion_ Code_Listing>

C Proc_Spec
C Main_Body
File
File
File



INSTRUCTION SET - SAMPLE

push n on the control stack

Load_Encached n push contents of "special"
register on the control stack

Declare_Type ..• create a new type (pushes a
control word)

Complete_Type ... fill in more info. about a type

Declare_Variable ... create a new object (pushes a
control word)

Declare SUbprogram create a new subprogram (32 bit
instruction)

Load lex, offset push a copy of the specified
word on the stack

Store lex, offset pop a word and store into the
specified location

Execute class,field_write_op store into a record, array, or
package field

Exit_Subprogram n return and pop n words off the
control stack

Action accept_activation finished package is visible part
of elaboration

Action signaLactivation finished package elaboration,
starting body statements

Action break_optional



INSTRUCTION SET - OVERVIEW

• Declarative Instructions create types, objects and
subprograms. There are many flavors of these
Instructions

Declare_subprogram

Declare_variable <class> <options>

Declare_type <class> <options>

Complete_type <class> <options>

• Notes

<class> refers to the object class. For example: record,
array, task, etc.



INSTRUCTION SET - OVERVIEW
(CONT'D)

• Stack Instructions

Load lex level, offset

Store lex level, offset

Store_unchecked lex level, offset - no constraint check

Reference lex level, offset - push a reference
rather than a value

Store_top <class> <offset> - tos relative address

Store_top_unchecked <offset>

Load_top <offset> - tos relative address

Pop_control count

Load_encached <register#> - mag ic values

* tos = Top of Stack



Machine type S"Dlllary
!USERS.PHIL.GURU COURSE.HANDOUT 3 PREDEFINED MACHINE OPERAND CLASSES'V(2) 1

Discrete Cl.ass
Fl.oat Cl.ass
Access Cl.ass
Heap Access Cl.ass
Package Cl.ass
Task Cl.ass
Module Cl.ass
Array Cl.ass
Vector Cl.ass
Matrix Cl.ass
Sub array Cl.ass
Subvector Cl.ass
Record Cl.ass
Variant Record Cl.ass
Select Cl.ass
Entry Cl.ass
Famil.Y_Class
Exception_Cl.ass

+, -
+, -

*, /, =, /=, etc
*, /, =, /=, etc

Decl.are, Activate, etc.
Declare, Abort, etc.

Fiel.d Read/Write, Get_Bounds,
Field-Read/Write, Get_Bounds,
Fiel.d-Read/Write, Get_Bounds,
Fiel.d-Read/Write, Get_Bounds,
Field-Read/Write, Get_Bounds,
Fiel.d-Read/Write
Fiel.d-Read/Write
cal.l -
Rendezvous
Rendezvous
Raise, Test Value

etc.
etc.
etc.
etc.
etc.

August 3, 1987 at 12:48:03 PM



INSTRUCTION SET - OVERVIEW
(CONT'D)

• SUbprogram call

Call
Exit_Subprogram
End_Rendezvous

lex level, offset
pop count, exit options
parm count

also

Execute, Package, Field_Execute - - call to another package

• Unclassed actions

Action <operation>
signal_activated
swap_control
initiate_delay
etc.

General miscellaneous operations (about 56 of them).

• Classed Actions - cover most operations on typed
operands

Execute <class>
float
select
variant_record
module
array
discrete
etc.

<operation>
is_unsigned
time -..Quard_write
field_read_dynamic
check_elaborated
concatenate
not_equal

• Note: Vector, Subvector, Subarray, and Matrix are
special kinds of Array classes.



-Ao.,,~o~'t

ILRM.MACHINE CODE'V(l) 1 !LRM.MACRINE CODE'V(l) 2

package Machine_Code i.
praqaa Subsystem (Ada_Base);
pragaa Module_Name (4, 67);

Version con.tant :- 15;

type Operand_Class i. (Discrete Class, Float Class, Access Class,
Beap Access Class, Packaqe Class, -
Task-Class,-Module Class, Array Class,
Vector Class, MatrIx Class, Subarray Class,
Subvector Class, Record Class, -
Variant Record Class, Select Class, Entry Class,
Family_Class, Exception_Class, Any_Class);

type Operation 1. (Equal Op, Not Equal Op, Greater Op, Less Op,
Greater Equal-Op, Less Equal Op; Case Compare Op,
Below BOund oP, Above Bound Op, In Ranqe Op, -
Not In Ranqe Op, Case-In Ranqe Op,-Bounds Check Op,
Reverse Bounds Check Op,-Bounds Op, Reverse Bounds Op,
First_oP, Last=Op, Set_Value_op; Set_Value_Unchecked_Op,
Set Value Visible Op, Set Value Visible Unchecked Op,
Test And Set PrevIous Op,-Test And Set Next Op, -
successor_Op; Predecessor_Op, And_Op, Or_Op; Xor_Op,
Complement Op, Unary Minus Op, Absolute Value Op,
Plus Op, Minus Op, TImes oP, Divide Op,-Modulo Op,
~aInder_Op, Minimum_Op; Maximum_oP, ExponentIate_Op,
Binary Scale Op, Multiply And Scale Op,
Divide-And Scale Op, PartIal Plus oP, Partial Minus Op,
Arithmetic-Shift-Op, Loqical-Shift Op, - -
Rotate Op,-Insert Bits Op, Extract-Bits Op,
Is UnsIqned Op, Count Nonzero Bits-Op, -
Count Leadinq Zeros op, Count-Trailinq Zeros Op,
Round-To Discrete oP, Truncate To Discrete oP,
Convert From Discrete Op, Equal Zero Op, -
Not Equal Zero Op, Greater zero-Op, Less Zero Op,
Greater Equal Zero Op, Less Equal Zero oP, Is-Null Op,
Not Null Op, Set NUll Op, Element-Type -Op, All Read Op,
All-Write Op, All Reference Op, Convert Reference Op,
AllOw Deallocate Op, Deallocate Op, Bash Op, -
Construct Seqment Op, Get seqment Op, Get Offset Op,
Diana Tree Kind oP, Diana-Map Kind To Vci-Op, -
Diana-Arity For-Kind Op, Diana AllOCate Tree Node Op,
Diana=Put_Node_On_se~Type_Op,- - - -
Diana_Se~Type_Get_Bead_Op,
Diana Find Peraanent Attribute Op, Diana SpareO Op,
Diana=Spare1_Op, Diana_spare2_Op, - -
Adaptive Balanced Tree Lookup Op,
Elaborate Op, Check Elaborated Op,
Auqment Imports Op,-Activate oP, Abort Op,
Abort MUltiple Op, Rendezvous Op, Count Op,
IS_Callable_Op; IS_Terminated=Op, -
Tiaed Duration Write Op, Terminate Guard Write Op,
Tiaed-Guard WrIte Op; Lenqth Op, - - -
Structure Write oP, Structure Clear Op,
5lice_Read_Op , Sllce_Write_Op; -

Slice Reference Op, Catenate Op,
Append Op, Prepend Op, Subarray Op,
Component Offset oP, Is ConstraIned Op,
Is Constrained Object oP, Make Constrained Op,
Indirects Appended Op; Structure Query Op,-
Reference-Makes Copy Op, Read Variant op,
Read Discriminant Constraint Op, -
Field Read Op, Field Write oP,
Field-Reference Op, Field Append Op,
Field-Type Op, Field Constrain oP,
Set Bounds-Op, Set Variant Op,-
Field ExeCUte Op, Entry Call Op,
Conditional Call Op, Timed Call Op,
Family Call-Op, Family Timed Op;
Family-Conditional Op,-Guard-Write Op,
Member-Write Op, Write Unchecked oP,
Field Read Dynamic Op,-Field Write Dynamic Op,
Field-Type-Dynamic-Op, Field-Execute DynamIc Op,
Field-Reference Dynaaic Op, - - -
Reference Lex l-Op, Convert Op,
Convert Unchecked Op, Convert To Formal Op,
Check In Type Op,-Check In Formal Type Op,
Check-In-Inteqer Op, In-TfPe Op, - -
Not In TYPe Op, Address-Op, Size Op,
Address Of Type Op, Make Root TfPe Op,
Set Constraint Op, Is Value oP, -
Is Scalar Op, Is Default Op;
Make Visible Op,-Make AlIqned Op,
Run Utility Op, Chanqe Utility Op,
Run-InitialIzation Utility Op,-
Has-Default Initialization-Op,
Has-Repeated Initialization Op,
IS_Initialization_Repeated_Op, Raise_Op, Reraise_Op,
Get Name Op, Is Constraint Error Op,
Is NumerIc Error Op, Is Proqraa Error Op,
IS-Taskinq-Error-Op, Is-Storaqe-Error-Op,
Is-Instruction Error Op; Instruction Read Op,
Spare14 Op, Spare1S Op, Spare16 Op, - -
Spare17-Op, Spare1e-Op, Spare19-0p,
Spare20-0p, Spare21-Op, Spare22-0p,
Spare23=Op, spare24=Op, Spare2S=Op);

type Type Sort i. (Defined, Constrained, Incomplete,
- Defined_Incomplete, Constrained_Incomplete);

type Type Option Set i.
record -

Is Visible : Boolean;
unsiqned : Boolean;
With Size : Boolean;
Accesses Protected : Boolean;
Values Relative : Boolean;
Bounds-With Object : Boolean;
Not Elaborated : Boolean;

end record;

type Type_Coapletion_Mode 1.

Augu.t 3. 1981 at 11:50:00 AM Augu.t 3, 1981 at 11:50:00 AM
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ILRM.MACHINE CODE'V(1) 3 ILRM.MACHINE CODE'V(1) 4

(By Defining, By Renaming, By Constraining, By Constraining Incomplete,
By=completing_constraint, By=Component_Completion); -

type Variable Option Set 1.
record - -

Is Visible : Boolean;
Duplicate : Boolean;
By Allocation : Booleanl
With Constraint : Boolean;
With-Subtype: Boolean;
With-Value: Boolean;
As Component : Boolean;
On-Processor: Boolean;
Choice Open : Boolean;

end record;

type Subproqram Sort 1. (For Call, For Outer Call,
- For=Accept, NUll_Subprogram);

type Subprogram Option Set 1.
racord - -

Is Visible : Boolean;
Not Elaborated : Boolean;
With Address : Boolean;

end record;

type Exit Option Set 1.
racord -

With Result : Boolean;
From-Utility : Boolean;

and racord;

Field_Index_Size : constant Integer :- 8;

type Field Index 1s ne. Integer range 0 " 2 •• Field Index Size - 1;
subtype Variant_Record_Index 1. Field_Index range 1 .~ Field_Index' Last;

No_Variants : constant Variant_Record_Index :_ Field_Index' Last;
type Field Sort i. (Fixed, Variant);
type Field=Mode i. (Direct, Indirect);

.ubtype Field Op 1. Operation ranga Field Read Op .. Member Write Op;

.ubtype component_Op 1s Fiel~Op range Fiel~Read_Op .. Field_Append_Op;

type Access Spec (Op : Operation :- Equal Op) 1.
racord - -

ca.e Op 1.
when component Op ->

Kind : Field Sort;
Mode : Field=Mode;

•hen others ->

null;
end c••a;

end record;

type Field Spec (Class : Operand Class :- Discrete Class;
- Op : Operation 7- Equal_Op) 1. -

record
ca.e Class 1.

whan Package Class I Task Class ->
Offset :-Field_Index;

whan Record Class I Select Class ->
Number : Field_Index; -

.han Variant Record Class ->
Index : Field Index;
Component: Access_Spec (Op);

whan other. ->
null;

endcu.;
and record;

type Operator_Spec (Class : Operand_Class :- Discrete_Class;
Op : Operation :- Equal_Op) 1.

record
casa Op 1s

when Field Op ->
Field: Field_Spec (Class, Op);

when others ->
null;

end ca•• ;
and record;

type Lexical Level 1. new Integer ran~ 0 .. 15;
type Lexical=Delta 1s na. Integer range -256 .. 511;

subtype Scope Delta 1s Lexical Delta ran~ 0 .. 511;
.ubtype Frame-Delta 1. Lexical-Delta range -256 .. 255;

type Object Reference 1.
record -

Level : Lexical Level;
Offset : Lexical Delta;

and racord; -

type Inner_Frame_Delta 1. ne. Integer range 0 .. 2 •• 8 - 1;

type Parameter_Count 1. ne. Integer range 0 .. 2 ** 8 - 1;
type Pc_Offset 1s naw Integer ranga -2 •• 10 .. 2 ** 10 - 1;

subtype Loop_Offset 1. PC_Offset ranga -2 •• 9 .. -1;

type Case_Maximum 1. na. Integer range 0 .. 2 •• 9 - 1;
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type Stack_Top_Offset 1. new Integer ranqe -6 .. 0;
type Stack_Pop_Count 1. new Integer range 1 .. 7;
type Encached_Object_Number 18 new Integer ranqe 0 .. 31;
type Symbolic_Labell. new Integer;

type Segment_Index 1. new Integer ranqe 0 .. 2 ** 3 - 1;
type Segment_Displacement 1. new Integer range 0 .. 2 ** 12 - 1;
type Segment Reference 1.

record -
Offset : Segment Displacement;
Index : Segment Index;

end record; -

type Short_Literal_Value 1. new Integer ranqe -2 ** 10 .. 2 ** 10 - 1;
type Partial_Structure 1. new Long_Integer range 0 .. 2 ** 32 - 1;
type Structure Literal Value 1.

record - -
High : Partial Structure;
Low : Partial Structure;

end record; -
type Literal (Of Kind : Operand Class :- Discrete Class) 1.record - - -

ca.e Of Kind 1.
when Discrete Class ->

Discrete_Literal : Long_Integer;
when Float Class ->

Float_Literal : Float;
when Any Class ->

Structure_Literal Structure_Literal_Value;
when other. ->

null;
end cue;

end record;

type Unsigned Immediate Value 1. new Integer range 0 .. 255;
type Signed_Immediate_Value 1. new Integer range -128 .. 127;
type Immediate Value (Is Signed : Boolean :- True) 1.

record - -
ca.e Is Signed 1.

when True ->
Signed_Value : Signed_Immediate_Value;

whan False ->
Unsigned_Value : UnSigned_Immediate_Value;
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and ca.e;
and record;

type Extended_Literal 1. new Integer ranqe 0 .. 2 ** 16 - 1;
type Extension_Kind 1. (Is_Literal, Is_Location);

Extension_Kind :- Is_Literal) 1.type Instruction Extension (Of Kind
record - -

ca.e Of Kind 1.
when Is Literal ->

Value : Extended_Literal;
when Is Location ->

Location : Segment Reference;
end ca.e; -

end record;

type Unclassed Action 1.
(Illegal, Idle,
Elaborate_Subprogram, Check_Subprogram_Elaborated,
Accept Activation, Activate Tasks, Activate Heap Tasks,
Signal-Activated, Signal Completion, Propagate Abort,
Set PrIority, Increase Priority, Get Priority,-
Initiate_Delay, Exit_NUllary_Function, Set_Block_Start,
Make_Default, Make_Self, Make_Scope, Make_Parent, Name_Partner,
Swap Control, Mark Auxiliary, Pop Auxiliary,
Pop_Auxiliary_Loop; POp_Auxiliary=Range,
POp_Block, Pop_Block_With_Result,
Break Unconditional, Break Optional, Exit Break,
Query-Break Cause, Query Break Address, OUery Break Mask,
Alter=Break=Mask, Query_Frame,-Establish_Frame, -
Loop Increasing Extended, Loop Decreasing Extended,
Push-Discrete Extended, Push Float Extended,
Push-Structure Extended, Push String Extended,
Push=String_Extended_Indexed,-Store_String_Extended,
Jump Extended, Jump Zero Extended, Jump Nonzero Extended,
Jump=Dynamic, Jump_Zero_Dynamic, Juap_Nonzero_Dynamic,
Load_Dynamic, Store_Dynamic, Call_DynamiC, Reference_Dynamic,
Spare6 Action, Spare7 Action, Spare8 Action,
Spare9=Action, spare10_Action, Sparell_Action);

type Op Code 1a (Declare Type, Complete Type, Declare Variable,
- Declare=Subprogram, LOad, Store, Store_Unchecked,
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Reference, Call, Exit_Subprogram, End_Rendezvous, Execute,
Action, Execute Immediate, Jump, Jump Zero, Jump Nonzero,
Jump Case, Loop-Increasing, Loop Decreasing, Short Literal,
Indirect Literal, Pop Control, Load Top, Store TOp;
Store Top Unchecked, Load Encached,-Extension,-
Literal_Value, Block~egin, Block_Handler, End_Locals);

type Instruction (For Op : Op Code :- Action) ia
record --

caae For Op is
when-Declare Type ->

Type Class : Operand Class;
Type-Kind: Type Sort;
Type=Options : TYPe_Option_Set;

when complete Type ->
Completion Class : Operand Class;
completion=Mode : Type_completion_Mode;

when Declare Variable ->
Variable-Class: Operand Class;
Variable=Options : variable_Option_Set;

when Declare Subprogram ->
Subprogram Kind : Subprogram Sort;
Subprogram=Options : Subprogram_Option_Set;

when Load I Store I Store Unchecked I Reference I Call ->
Object : Object_Reference;

when Exit Subprogram ->
New_Top_Offset : Inner_Frame_Delta;
Exit_Options : Exit_Option_Set;

when End Rendezvous ->
Return_Count : Parameter_Count;

when Execute ->
Operator : Operator_Spec;

when Action ->
To_perform : Unclassed_Action;

when Execute Immediate _>
Discrete-Op : Operation;
With_Value : Immediate_Value;

when Jump I Jump Zero I Jump Nonzero I
Loop Increasing I Loop Decreasing ->

RelatIve : Pc_Offset; -

when Jump Case ->
Case Max : Case_Maximum;

when Pop Control ->
Pop_Count : Stack_Pop_Count;

when Load Top ->
At_Offset : Stack_Top_Offset;

7 !LRM.MACBIHE CODE'V(l) 8

when Store Top I Store Top Unchecked ->
Target-Class: Operand-Class;
Target=Offset : Stack_Top_Offset;

when Load Encached ->
With_Number : Encached_Object_Number;

when Short Literal ->
Short_Value : Short_Literal Value;

when Indirect Literal ->
Value Class : Operand Class;
Value=Relative : Pc_Offset;

when Literal Value ->
Value : Literal;

when Extension ->
Argument : Instruction_Extension;

when Block Begin I Block Handler ->
Location : Segment_Reference;

when End Locals ->
Offset : Extended Literal;end ca••; -

end record;

-- indices into the encaching registers for declarations from Standard

Standard Cache Index : constant Encached Object Number :_ 0;
Boolean Cache Index : conatant Encached Object Number :- 1;
Integer-Cache-Index : conatant Encached-Object-Number :_ 2;
Natural-Cache-Index : conatant Encached-Object-Number :- 3;
Positive Cache Index : conatant Encached Object Number :_ 4;
Long Integer Cache Index : conatant Encached Object Number :_ 5;
Float Cache Index: conatant Encached Object-Number-:- 6;
DuratIon Cache Index : conatant Encached Object Number :_ 7;
Character Cache Index : con.tant Encached Object Number :- 8;
String Cache Index : con.tant Encached Object ~ber :- 9;
NUll_String_Cache_Index : con.tant Encached_Object_Number :_ 10;

-- indices into the encaching registers for declarations from Diana

Diana Cache Index : con.tant Encached Object Number :_ 11;
Diana-Tree Cache Index : conatant Encached Object Number :_ 12;
Diana-Symbol Rep-Cache Index: con.tant Ene.ched Object Number :_ 13;
Diana=se~Type_ciche_Index : COD.tant Encached_Object_NUMber :_ 14;
Diana_Sequence_Cache_Index : con.tant Encached_Object_Number :_ 15;

-~ indices into the encaching registers for declarations from System
Segment_Cache_Index : con.tant Encached_Object_Number :- 16;

-- more indices into the encaching registers for declarations from Dian.

Diana_Temp_Se~Index : conatant Encached_Object_Number :- 17;
Diana Attr List Index : conatant Encached Object Number :- 18;
Diana-Tree-Node-Index : con.tant Encached-Object-Number :- 19;
Diana=se~Type_Node_Index : conatant Encaehed_object_Number :- 20;
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-- unu8ed J.nd1c68

9

Unused Index 21
Unused-Index-22
Unused-Index-23
Unused-Index-24
Unused-Index-25
Unused-Index-26
Unused-Index-21
Unused-Index-28
Unused-Index-29
Unused-Index -30
Unused:=Index:=31

end Machine_Code;

conetaDt Encached_Object_NUmber :- 21;
conetaDt Encached_Object_Nuaber :- 22;
conetaDt Encached_Object_NUmber :- 23;
conetaDt Encached_Object_Nuaber :- 24;
conetaDt Encached_Object_Nuaber :- 25;
conetaDt Encached_Object_Nuaber :- 26;
conetaDt Encached_Object_Nuaber :- 21;
conetaDt Encached_Object_Nuaber :- 28;
conetaDt Encached_Object_Nuaber :- 29;
conetaDt Encached_Object_Number :- 30;
conetaDt Encached_Object_Nuaber :- 31;
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INSTRUCTION SET - DEBUGGER

• You can display code and monitor PC values with
the R1000debugger.

Memory_Display ("seg offset", count, "code")

Memory_Display ("17634250",30, "code");

t
hex segment name and offset

• Enable (Addresses)

Causes debugger to display PC and other machine
information in debugger displays.
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!USERS.PHIL.GURU COURSB.ARCHlTECTURE BXAMPLB'BODY'V(2) 1

procedura Nested (Parm : Natural) ~.
Nested Local : Inteqer;beq1.n -
Local Var1.able :- Para;
Nested Local :- Local Var1.able;
Local Value :- Parmi -
P2 (3) :- False;
Dull;

end Nested;

w1.th 10;
w~th Job_Seqment;

procedura Architecture Example ~.
packaqa Pl ~. -

procedura Op (X : Strinq);
aDd Pl;
packaqa body P1 1..

Local Value : Inteqer :- 33;
procedura Local Procedure (5 : Strinq) ~.
beq~D -

lo.Put Line (5 , Inteqer'Imaqe (Local Value»;
and Local_Procedure; -

procedura Op (X : Strinq) 1..
Local Variable : Inteqer;
type i ~.array (1 .. 10) ot Boolean;
Ar : A;
type Pa 1.. aeea.. A;
type Sa ~. aeea.. A;
praoaa Seqmented Heap (Sa);
P1 : Pa :- Dew A'(othar. _> True);
P2 : Sa :- Daw A' (othar. -> True);
praoaa Heap (Job_Seqment.Get);

beq1.n
Local Procedure (X , "hi");
Nested (23);

end Op;

and P1;
hi

beq1.n
Pl.Op ("this is a test""
Dull;

and Architecture Example;
praoaa Hain; -
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'UDJUJ .PHIL. c:uRD <:OOJUIW. ARCIIIftC'l'UM DAlCPLII' BODY. <COD. LISTDIC:>' V (2)
Code for ••~.nt 1033.,2

o 0000
1 0001
2 0002
3 0003
• 000.
5 0005
6 0006
1 0001

0001'
5800
0000
00B8
0100
OOBB
0000
0000

July 29, 1981 .t 3:11:35 PM

1 'UDJUJ .PHIL •QURD COORS •• ARCIIIftC'l'UM DAlCPLJ:' BODY. <CCIDJ! LISTING>' V (2) 2

;;; .odul. ARCRI'l'KCTURE DAlCPLII
11 OOOB: 029A OEc:I.AR'E_SOBPROG:RAN FOR rom CALL, 18 VI8IBL11,

- - - lfO'l'_~

8 0008 0010 BLOCK BEGIN 2, 0
'0009 000. BLOCK-HANDLER 0,.

10 OOOA 0001 END_L0cAL8 1

12 OOOc
13 0000
U OOOE
15 0001'
16 0010
11 0011
18 0012
19 0013
20 OOU
21 0015
22 0016
23 0011

00111
0081'
1000
00C1
OOBC
OOBB
0000
0000
0000
0000
0000
0000

D'l'Ii:NSION 3, 3 ; ;; ARCIII'l'KCTUU DAlCPLJ:
ACTION ACCKPT ACTIVATION -
JUC2CU'1'K:oemoIATi RU'DKlfCK LU 1 01', 13
ACTION - ELABORA'l'K SOBPROG:RAN- --
ACTION SICHAL _ ACTIVA'l'KD
ACTION SICHAL_CQG>LJ:TION
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IUDlUI.PBIL.c:oJm COURSE.~rntC'I'UU DAllPLE'BODY.<CODE LISTIlfG>'V(2)

H 0018: oo2i BLOCK UCDl
25 0019: OOOt BLOCK-BANDLRR
2' OOlA: 0002 END_LOCALs 2

5, 1
0, t

;;; .ubproqr_ AIlCBI'l'KC'l'UltK EXAMPLE
; ;; pacltaq. 1'1 b -

27 0018: t800 SB0R7 LITERAL 0
28 OOlC: 0093 EXTENSION lt7
29 OOlD: 0033 EXTENSION " 3 ;;; pu.h full addre •• of a locat~on ~

current coda .etplent
30 OOlE: 021.0 Dl:CLARE SUBPROCRAIC JIULL SUBPRoc:R»(
31 OOLF: 0382 D2CLARE-TYP2 PACKAGZ CLASS, DEFINED '" 1'1
32 0020: 0387 D2CLARE::::VARIABLE pACiAGK_CLASS '" 1'1

;;; package body 1'1 1.
33 0021: E001
3t 0022: 2002
35 0023: 2003
3' 002t: ta03
37 0025: Et02
38 002': 0202
39 0027: 0008
40 0028: 0201'

LOAD 0, 1 , " DUAUL'l'
LOAD 0, 2 , " JOB SKCMEN'l
LOAD 0, 3 '" 10
SBOR'l' LITERAL 3
LOAD - 2, 2 '" 1'1 ", 1'1
KXl:CU'l'K MODULECLASS, AUGMIDI'l IMPORTS OP
LOAD 'lOP 0 -", ( 2, 2) -, " 1'1-
KXKC:Un MODULE_CLASS, ACTIVAD_Op

L ;;;PLop ("th~. ~. a te.t");
;;; pu.h par_eter.

~ t1 0029: 0092 AC'l'ION PUSB 8'l'RIN~ EXTENDED
42 0021.: 001.8 EXTENSION 21, 0-
t3 002B: E402 LOAD 2, 2 ;;; 1'1
U 002C: 1800 2lCECU'l'K PACKAGK_CLASS, I'IKLD_EXKCIJ'l'K_OP, 13 ", OP

;;; null;
45 0020: 4501 EXIT_SUBPROGRAM 1
4' 002E: 0000
47 0021': 0000

July 29, 1t87 at 3:17:35 PM

3 IUaRS.pBIL.(;URD COURSE.~rntCTUk& KXANPLE'BODY.<CODE LISTINC>'V(2)

48 0030: 003C BLOCK BK~DI
49 0031: 0004 BLOCIt-BANDLRR
50 0032: 0001' END_LOcALs

7, t
0,

15

; ;; aodule 1'1
; ;; procedure OP (X : STIlIlfG:);

51 0033: 0291. D2CLARE_SUBPROGRAM 1'000_0U'lER_CALL, IS VISIBLE,
- Nc:n~

52 0034: 0043 KXrENSION 8, 3 ;;; 01'
53 0035: OOBl' AC'l'ION ACCIU''l'_ACTIVATION

;;; LOCAL VALUE : INT2c:D :- 33;
54 0036: 0022 LOAD ENCACBED 2
55 0037: 0'21 KXEcUTK_~IA2S

; ;; procedure LOCAL PRoc:KDURE (S : S'l'RIMG) 1&
5' 0038: 0290 DECLARE SUBPRO<:RAM I'OR 0U'lER CALL
57 0039: 008B EXTENSION 17, 3 :;; LOCAL_PROCEDURE

; ;; procedure OP
58 0031.: 1000
59 003B: 00C7
'0 003C: OOBC
n 0030: OOBB
62 0032: 0000
63 0031': 0000

(X : S'l'RDfG) b
EXKCU'l'B_DMKDIA2S UI'ERENCE_LKX_1_0P, 13
ACTION 2LABORAD SUBPROGRAM
ACTION SICNAL ACTIVATKD
ACTION SICNAL::::CCIG'LETION
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U ooeo: 0079
65 OOH: oooe
66 00C2: 0009

1
e

'US'KJUI.PHIL.GURU COORS••ARCH I'DC'l'URI:KXAMPLE' Booy .<CooE LIS'l'INC>'V (2)

BLoat ue;m
BLoat-HANDLER
KND_LOcuS

15,
0,

;;; .ubproqr_ CIP
... LOCAL VARIABLE INT&C:I:Il.
", 67 00e3: 00E2 LOAD_ENC~ 2

;;; type A 1.e array (1 .. 10) of BOOLEAlf;
68 ooee: C801 SHORT LITERAL 1 '" 1
69 00C5: C80A SHORT-LITERAL 10 ;;; 10
70 00e6: 00E1 LOAD iNcAcHI:D 1 ;;; BOOLEAlf
71 oon: 02AO DEcr.iRK SUBPl\OG:RAM NULL_SUBPROG:IUM
72 00C8: C801 SHORT LITERAL 1
73 00C9: 035D DECLARE_TYPE ARRAY_CLASS, DEFINED

5 ,USERS .PHIL.c:t7RDCOORS•.ARCIII'lIICTUIUIRXUCPLE'Booy .<CooE LIS'l'ING>'V (2)
0068:
0069:
006A:
006B:
006C:
0060:
006E: A' (other. ->

TJWR)

caDI
1tC0B
1tC09
0106
3iTB
E403
01C3

104
105
106
107
108
109
110

SHORT LITERAL 1 ;;; TRUE
LOAD - 2, 11
LOAD 2, 9
IlXECUT1E V1EC'l'ORCLASS, rIlELD_IIJUTE_OP
LOOP INCJUr.ASINe; - -5
LOAD- 2, 3 ;;; A
KX&CUTE V1EC'l'OR_CLASS, CKRCX IN TYPE C4'

111 006F: E406 LOAD 2, 6 ;;; SA

;;; puah par ••• tera
112 0070: EOOI LOAD 0, 1 '" tmrAULT
113 0071: 1811 KX&CUTE PACJaI:a._CLASS, VIEW _ItDCU'l'lI_OP , 17 r , PROCESS
114 0072: E002 LOAD 0, 2 ; ;; JOB SRQIENT
115 0073: 1811 EXECUTE PACKAGlI:_CLASS-; rIEW ItDCU'l'lIOP, 17 " , c;n

'" A 116 0074: 0396 DECLARE_VARIABLE HEAP_ACCESS=:CLASS, BY_ALLOCATIc»f,
WITH VALUE " , ne., A' (other. -> TJWR)

; ;; All : A;
74 OOCA: 0008
75 004B: 0337

;;; ( 2, 3)
ARRAY CLASS

", A

;;; type PA ~. ace••• A;
76 ooec: Ee03 LOAD 2, 3 '" A
77 0040: 02AO DECLARE SUBPl\OG:RAM NULL_SUBPROG:IUM
78 004E: 4818 SHORT LITERAL 2e
79 004r: 0305 DECLARE_TYPE ACCESS_CLASS, DErrNED

;;; type SA ~. acae •• A;
80 0050: E403 LOAD 2, 3 ;;; A
81 0051: 02AO DECLARE SUBPl\OG:RAM NULL SUBPROG:IUM
82 0052: 03AD DECLARE=:TYPE BEAP_ACCESS_CLASS, DEFINED

; ;; praqaa SEGMEN'l'I:DRIlAP (SA);
83 0053: 0007 ACTION BREAK_OPTIONAL

;;; PI : PA :- ne., A' (other. -> TRIJI:);
8C 005C: E405 LOAD 2, 5 '"
85 0055: Ee03 LOAD 2, 3 '"
86 0056: 0337 DECLARE VARIABLE
87 0057: 480A SHORT LITERAL
88 0058: e801 SHORT-LITERAL
89 0059: 4801 SHORT-LITERAL
90 005A: EeOA LOAD - 2, 10
91 005B: Ee08 LOAD 2, 8
92 005C: 0106 EXECUTE VECTOR CLASS,
93 0050: 3iTB LOOP INCREASINe; --5
ge 005E: E403 LOAD- 2, 3 ;;; A
95 005P: 01C3 EXECUTE VECTOR_CLASS,

PA
A

ARRAY CLASS
10
1
1 TRUE

96 0060: Ee05
g7 0061: 03B6

;:; PA
ACCESS_CLASS, BY ALLOCATION, WITH VALUE

-;;; n•., A' (other. => TRUE)

A' (other. 2>
TRUE)

98 0062: C407 STORE 2, 7

;;; P2 : SA :- ne., A' (other. g> TRUE)
9g 0063: E406 LOAD 2, 6

100 0064: E403 LOAD 2, 3
101 0065: 0337 DECLARE VARIABLE
102 0066: 480A SHORT LITERAL
103 0067: 4801 SHORT-LITERAL

SA
A

ARRAY CLASS
10
1
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PA

,,, SA

117 0075: Ce08 S'l'ORE 2, 8
; ;; praqma HEAP (JOB SEGHIDIT.QRT) ;

118 0076: 0007 ACTION BREAK_OPTIOMAL

;;; procedure NESTED (PARK: KAXCRAL) ~.
119 0077: 029P DECLARE SUBPROGRAM 'lORCALL
120 0078: 009B EXTENSION 19, 3 :;; NESTED

... LOCAL PROCEDURE (X , "hi");
;;; puah param.ter.

121 0079: E5FF LOAD 2,-1
122 007A: 0092 ACTION PUSH STRINe;EXTENDED
123 007B: 00A9 EXTENSION 21, 1-
1H 007C: DIce EXECUTE VECTOR CLASS, CATENATE OP
125 0070: 820F CALL 1, 15 -", LOCAL_PROCEDURE

;;; ][

;;; NESTED (23);
" , pu.h par ••• ter.

126 007E: 4817 SHORT LITERAL 23 ", 23
127 007F: 8409 CALL 2, 9 '" RBS'l'ED
128 0080: 4502 HIT _SUBPl\OG:RAM 2
129 0081: 0000
130 0082: 0000
131 0083: 0000
132 0084: 0000
133 0085: 0000
134 0086: 0000
135 0087 : 0000
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'USJUUI.PHIL.c:tJRDCOOJUIK.ARCIII'l'IlC'l'URZ&XAMPU'BCI)Y.<CCI)K LISTING>' V(21

17,
0,

136 0088: 008B BLOCK B&~DI
137 0089: 0004 BLOCK-HANDLER
138 0081.: 0001 END_LOcALS 1

; aubproqr_ LOCAL PIlOCRI>URa
; IO.PUT LDm (S '-IlfTK(;EJl'DO.~ (LOCAL_VALtJa));
; puah par •••t.ra
139 008B: E5S? LOAD 2, -1 ;;; 8
140 008C: E20E LOAD 1, 14 ;;; LOCAL_VALtJa
141 0080: OOEO LOAD KRCACRaD 0 ;;; Standard
142 008E: 1818 EXEcUTa PACKAGE CLASS, FIELD EXECUTE OP, 24
143 0081': mcc EXECUTII: VECTOIl_CLASS, CATENATE_OP -
144 0090: E003 LOAD 0, 3 ;;; 10
US 0091: 1864 EXECUTa PACKAGE_CLASS, I'IELD_EXECUTE_OP, 100

146 0092 4502 KXIT_SUBPRDGRAM 2
147 0093 0000
148 0094 0000
149 0095 0000
150 0096 0000
151 0097 0000
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7 'USKlUI.PHIL.CUIlUCOUIlSE.ARCIIlTEC'l'URZaxAMPLE' BCI)Y.<CCI)ELISTING>' V (2) •
152 0098: 009C BLOCK B&~IM
153 0099: 0004 BLOCK-RANDUIl
154 0091.:0002 END LOCALS 2

;;; aubproqr_ NESTED
;;; NESTED LOCAL : IH'l'ECZR;

155 009B: 00E2 LOAD EHCACHKD 2

;;; LOCAL VAiliABLE :'"PAm(;
156 00ge: E7FF LOAD 3,-1
157 0090: 1.402 STORE UNCHECKED

t', PAlO(
2, 2

;;; NESTED LOCAL :- LOCAL VAlUABLE;
158 009E: E402 LOAD -2, 2 ," LOCAL VAlUABLE
159 009F: 1.602 STORE_UNCHECKED 3, 2 - '" NESTED_LOCAL

; ;; LOCAL VALUE : =- PARM;
160 001.0:E7FF LOAD 3,-1
161 001.1:A20E STORE UNCHECKED

'" PAm(
1, 14

;;; P2.all (3) :z FALSE;
162 00A2: 4800 SHORT_LlTEIlAL 0 '" I'ALSK
163 001.3:4803 SHORT LlTEIlAL 3 '" 3
164 001.4:E408 LOAD 2, 8 '" P2
165 00A5: 0217 EXECUTII: BKAP_ACCESS_CLASS, ALL REFERDICE OP '" P2.a11
166 001.6:01D6 EXECUTE VKCTOIl.-CLASS, FIELD WRITE OP

'" P2.&11 (3)- -
;;; Dull;

167 001.7:4502 EXIT_SUBPROGRAM 2



IUSRRS.PHIL.GUJm COUUa.ARCIIIDC'l'URa UAMPLa'BOOl' •<CODa LlftIlfG>' V(2) II IUSRRS •PHIL. GORO COORS •• ARCIIIDC'l'URa UAMPLa' BOOY •<cooa LIftING>' V (2) 10
;;; Strinq Pointer table ;;; dabu'1 table .tart

168 00A8: 0006 0012 0012 1U 00B8 0004 0000 53117 0000 0001 0007 OOOB 0000
192 ooeo 8000 0000 0018 OOOA 8001 0000 0033 ooaO

;;; Strinq Literal Pool 200 00C8 0000 0000 0036 00.3 0000 0000 0043 00a8
171 000 7468 61173 20611 7320 6120 7U5 7374 68611 Ithi. i. a te.thil 208 0000 0001 0000 008B 001'6 0001 0000 OOIlB 001'11
1711 00B3 0000 216 0008 0001 0000 0002 0002 0018 0021 00211 0020
180 00B4 0000 224 001E0 0001 0000 0033 0003 0000 0036 0038 003A
181 00B5 0000 232 001E8 OOOA 0002 0043 0044 OOU 004C 0050 0053182 00B6 0000 240 001'0 0054 0063 0076 0077 00711 0071E 0000 0001183 00B7 0000 248 00F8 008B 0001 0005 009B OOSle 0091E OOAO 00A2

256 0100 OOA7

~'-\b
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IOSERS.PHIL.CORD COORSK.HJIHDOO'r5 ODOGGD WITH ADDRESSES ENABLED'V(2)
RlOOO Ada Oabuqqar (Var.lon 9.1.6 - 7/11/87)
Beqinnlnq to dabuq: IUSERS.PHIL.TEST AREA • IUSERS.PHIL.TEST AREA.TASKY
Stop at: .eoa.and-proeadure, Root t&.k: ITa.It: ROOT_TASK, '79400).

Itnable (ADDRJ:SUS, TRUE);
The ADOUSSES flaq h•• been .et to TIWE.

Break (".TASKY .JONICCHOCK. IS", I, "all", "TROlI:");
The br_Jcpolnt ba. b_n cr_tad and actlvated:
Actlve Peraa.nent Break 1 at .TASn .JONlt.CHOCK .1S Iany ta.lt)

Execute ("all");
Break 1 : .TASI(1'•JUNICCROCK. 18 IT••1t
Pc a '21003, '~B.
Break 1: .TASI(1'.JO!D:.CROCK. 18 IT••1t
Pc - '21003, '9B.
Break 1 : .TASI(1'.JO!D:.CROCK. 18 IT••1t
Pc a '21003, ,9B.

nC800) .

'7CtDD) .

I7CCID) •

Staelt (""7CCDO", 0, 0);
Stacltof ta.It ,7CCDO:

1: CHUCICI.
- Pc - '21003,

2: BUSY2.2.
, Pc - '21003, '80, I'r_e
3: BOSY.68

- Pc - '21003, 'B9, I'r•••

,II...({- b
)
"IY "(,;tE

, ~
'9B, I'r••• - '7CCDD, 118, Lex 2, outer '7COOD, '0

'7CCDD, 112, Lex 2, outer '7COOO, ,0

'7CCDD, '0, Lex - I, outer • '7CCDO, ,0
Inforaatlon (Space, "all");

Job: 221, Root t••lt:'79400
Space u.. for t••1t,7C4D0:
CUrrent control 8pace: 1632, Max control .pace:
CUrrent data 8pace: 514, Max data 8pace: 2047
Addre ••• pace .1.e. (in blt.):

.egaent current aax
Control 13056 24448
Data 4112 16383
Type 0 0
Queue 0

3056 (byte.) .
(byt•• ).

Space u.e for t••1tROO'! TASK,
CUrrent control 8paea: -752,
CUrrent data .pace: 24, Max
Addre ••• pace .1z•• (in blt.):

.e~nt current aax
Control 3328 57216
Data 1~3 17104895
Type 2'88 8064
Queue 0

'71400:
Max control .pace: 8160 (byt•• ).
data 8pace: 2138111 (byte.).

Spac. u.e for ta.1t '7C8D0:
CUrrent control 8pace: 1632, Max control .pace:
CUrrent data 8pace: 514, Max data 8paee: 2047
Addre••• pace .1ze. (In blt.):

.egaent current aax
Control 13056 24448
Data 4112 16383
Type 0 0
Queue 0

3056 (byte.).
(byte.) .
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Space u.e for t••1t,7CalO:
CUrrant control 8paee: 1632, Max control .pace:
CUrrent data .paea: 514, Max data .pace: 2047
Addra ••• pace .1ze. (In blt.):

.eqaant current aax
Control 13056 24448
Data 4112 16383
Type 0 0
Quaue 0

3056 (byte.).
(byte.).

Ta.It_Ohplay ("all", ALL_TASKS);

Job: 221, Root t••lt: ,79400
,7C400 (.TASn.BUSY): At a braaltpolnt at .TASI(1'.JONK.CHOCK.l.IPrl.

Haeory cond • 0)
Stopped ln dabuqqer.

ROOT_TASK, '79400: Runninq, waltinq for delay IPrl - I, ~ry cond
,7C800 (.TAsn.BUSY): At a braaltpolnt at .TASltY.JONlt.CHUCK.l.IPrl

H••ory eond - 0)
stopped ln dabuqqar.

,7CCDO (.TASn.BUSY): At a braaltpolnt at .TASI(1'.JONK.CHOCK.l.IPrl-
Memory eond a 0)
Stoppad ln dabuqqar.

I,

- 0)I,

I,

Auquat 3, 1987 at 12:49:35 PM



INSTRUCTION SET - REVIEW

• Code Segments

• Basic flavor of instructions

• Getting code segment listings for a unit

• Using the R1000 debugger to look at code segments



STORAGE HIERARCHY

• Cache memory (RAM) and disk Interact closely
for ALL memory use by the R1000 CPU.

• No separation of program execution virtual space
and file space.

• If the disks get full, you cannot execute Instructions
on the machine, and you are hosed.

• Full virtual address

segment
number

:ros
seg kindvirtual page page offset

processor

3 bits

segment name offset

• The segment kind specifies which of control, type,
data, Import,code,queue, and system segments
are to be referenced.

• The virtual processor Is part of the segment naMe.
More later.

• Segments are divided Into 1 Kbyte pages.



STORAGE HIERARCHY - KERNEL

• The kernel subsystem manages segments on the disk.

• The microcode manages segments in the main
memory (cache).

• Segments can be created, used, and deleted without
ever reaching disk.

• Tasks cannot take page faults until the virtual
memory system Is up.



STORAGE HIERARCHY - SEGMENT
NAMES

• Each module (package or task) has a name.

• This name Is the segment name of the module's
control, type and data stacks.

• The import space for a module has a different name.

• Code segments also have different names.

• Independent data objects (files and Ada units,
for example) exist in their own data stacks. Each
of these segments has a name.



EXECUTION ENVIRONMENT

• Each active thread of control (task or package
during elaboration) has a control stack.

• The control stack contains a Task Control Block
(TCB) and the procedure call stack.

• The stack Is divided Into frames. Each frame
contains the information for a particular procedure
activation.

• The bottom frame represents the task or package
outer block.



EXECUTION ENVIRONMENT - ADA
ADDRESSING

With Text 10;

package body P Is

A: Natural

procedure Proc ( x: Natural) Is

y: Natural

procedure Proc_lnner ( Z: Natural) is

w: Natural

begin
If Z > 0 then

y: =Z;

Text_IO.Put (A);
Proc Inner (Z-1);

end If;
end Proc_lnner;

begin
Proc_lnner (X);

end Proc;

begin

A: = 1;
Proc (37);

end P;



EXECUTION ENVIRONMENT - ADA
ADDRESSING

A: Natural •.....----~

With Text 10; ..•••f--I

package body P Is

procedure Proc ( x: Natural) Is
fi2le~y: Natural ..•••f------------~ ~

procedure Proc_lnner ( Z: Natural) is

w: Natural ...•••1----------1

begin
If Z > 0 then

y: =Z;

Text_IO.Put (A);
Proc_lnner (Z-1);

end If;
end Proc_lnner;

begin
Proc Inner (X);

end Proc;

begin

A: = 1;
Proc (37);

end P;



EXECUTION ENVIRONMENT - ADA
ADDRESSING (CONT'D.)

• Stack frame for a subprogram Invocation.
Frame Offsets

Higher
Offsets

Tempor.rles S

t 4
Locals 3

3 2

~ Frame 1

Marker (2 words) 0

In-Parameters - 1
-2
-3

Out-Parameters -4
.I.lV'o..d P"'T"'tI~ tt.•..~

Lower
Offsets

• Stack frame for procedure Proc. Lex Level = 2

Proc_ln ner

y

Mark .•..•....

Words ¥-

X i'

3

2

1
o
1

• Thus the call to Proc Inner Is:
Load 2,-1 -- push X
Call 2, 3 -- invoke Proc Inner



EXECUTION ENVIRONMENT - ADA
ADDRESSING (CONT'D.)

.LEX LEVEL QFFSET

12 ~ jeg
P.A 1, 13

P.Proc 1, 14

Proc.X 2, -1

Proc.Y 2, 2 /6t. I ~,..x. wOV'C.\s

Proc.Proc_lnner.Z 3, -1 b.(j:) JJ 1'Wt~.,..K '..A,Io.re._~

Proc.Proc_lnner.W 3, 2

Text 10 0, 1 (probably)
l ;••..•J.--t. ~;u-t.



EXECUTION ENVIRONMENT - ADA
ADDRESSING (CONT'D.)

• j.exlcal Level Is the static level of nesting of an
object from Its containing package.

• Machine addressing limits lex level to 4 bits -
max procedure static nesting Is 15 levels.

• Lex level 0 refers to Import space.

• Each module Is a closed scope. Can only address
Internal objects and objects Imported to It by its
parent.



EXECUTION ENVIRONMENT - FRAME
INFORMATION

• Return address

• Data and type stack marks

• "Outer frame" pointer - name of enclosing package

• Lex level

• Flag

- utility
- rendezvous

• Children

- tasks,packages



, .

I •

EXECUTION ENVIRONMENT -
RETURNING VALUES

• Out parameters are on the stack

• Function return Is a control word left on the top-
of-stack after return

• Data and type stack are popped to the pre-call
values when the subprogram returns except:

- functions returning structured value: data stack
not popped because return value is up there.

Implications: Returning from a subprogram that
consumes a lot of data stack space may not free
that space. Loops with such calls could be trouble
spots causing Storage_Errors.

• The switch R1000_CG.Reclaim_Space cause the
code generator to emit code In each loop to
mark and pop the data stack to avoid run-away
allocation. This switch defaults to true and is
Invisible unless set to false. d~'-{ cf1W'~ ;'" ~J..-/k"'- {:Ie.. ~

-CA"'-' I b- ~"f-e' ",,,,iFf ~+

• This applies only to loops,



EXECUTION ENVIRONMENT -
RETURNING VALUES (CONT'D.)

• Thus, In

(A) for i in 1..5 loop
F (G(i»;

end loop;

and

(8) F(G(1»;
F(G(2»;
F(G(3»;
F(G(4»;
F(G(5»;

If G Is a function returning a structure, (B) consumes
5 times the data stack space as (A).



EXECUTION ENVIRONMENT -
DEBUGGER

• A number of debugger operations are available
to display the execution environment:

Enable (Addresses) causes display of machine
information by a number of
commands

Memory_Display shows contents of the
different kinds of memory
segments

Stack shows a module's call stack
with frame addresses and
information

Information (Space) shows sizes of various memory
segments

shows state of various tasks in
the program



EXECUTION ENVIRONMENT - REVIEW

• Control stack frames

• Lex level, offset addressing

• Import spaces

• Function returns and data stack

• Debugger and kernel commands

• Package addressing



EXECUTION ENVIRONMENT - KERNEL
COMMAND INTERPRETER

displays task names and
state based on various
queries

LMR Logical Memory Read. Hex
display of memory
segments. Especially use-
ful if debugger is not
runnable.

LMW Logical Memory Write

Jobs show information about
jobs. Covered more later.

Job Same as Jobs, but for one
job



EXECUTION ENVIRONMENT - OTHER
COMMANDS

displays stack dumps of
specified task or jobs.
More later.



EXECUTION ENVIRONMENT - PACKAGE
ADDRESSING

package P is

Type T is private;

x: Natural;

Subtype S is integer;

function F returns T;

package 10 renames Text 10; - ~ ~ .f.<- ~tL"f-' ~~

function G renames F; - ~ i/J~
private

• • •

end P;

G

F

S

X

T

TeB

17

16

1 5

1 4

13

12

•

o



EXECUTION ENVIRONMENT -
PACKAGE ADDRESSING (CONT'D.)

to get P.X from outside P

LOAD 0,4 suppose P is at import space
offset 4

Execute Package, Field_Read, 14 - - X

Similarly to call P.F

LOAD 0,4

Execute Package, Field_Execute, 16

• Each visible object has an offset in the module.
• Visible objects are marked specially as visible.
• Package renames occupy no runtime offset.
• Some constants also occupy no runtime offset.

/\E'J/£vJ



ADA FEATURES - EXCEPTIONS

• Exceptions are represented by a 48 bit number.

• An exception can be raised explicitly by loading
the exception number and executing:

Execute, Exception, Raise

• An exception can be raised Implicitly when some
Ada rule Is violated. This Is built Into the R1000
instruction set. Checks are done In parallel with
the operation.

• Exception propagation is handled largely by the
microcode. The header of the subprogram points
to the exception handler. If there Is no handler, ~ ~ w:Ll ~YDf(Jr

, ~~O""- •••~ J;. dlA It

It points to location 4 In the code segment. - l~~ e-~l.~

• Once raised, an exception variable Is pushed on
the stack. This control word contains the exception
number and raise PC.

• Functions are available In the environment to get
an Image of the exception variable

returns a string. Parameters control display of
raise PC and machine representation of the
exception number.



ADA FEATURES - EXCEPTIONS
(CONT'D)

• Some values of the exception number are pre-
defined. Others are encodlngs of the Diana
pointer to the exception declaration.

• Some values are grouped Into a contiguous
range that represents different flavors of
the same exception. This matters only In
the image function which displays the flavor:

Constraint_Error (type range)

Constraint Error (null access)

etc.

• See handout for ranges.



I

IUSERS.PHIL.CUJUJ COURSE.HANDOUT 58 PRKDU'INED U:CEP1'I~ NAMES'V(l) 1 IUSERS.PHIL.GURO
0 a> "UnknoWD (0) "; 226 ->
1 a> "Con.tra.1nt Itrror (Tn>- Ranq.)"; 227 ->
2 -> "Con.tra.1nt-&rror (ca•• Ranq.)"; 228 ->
3 -> "Con.tralnt-Krror (Itxpon.nt)"; 229 .. 255 ->• -> "Con.tra.1nt-Itrror (Null Ace ••• )"; 256 ->
5 -> "Con.traJ.nt-Itrror (Array Index)"; 257 ->
6 -> "Con.traJ.nt-ltrror (Length Krror)"; 258 ->
7 -> "Con.tra.1nt-Itrror (OJ..cr1AJ.nant)"; 259 .. 271 ->8 ••> "Con.tra.1nt-Itrror (VarJ.ant)"; 272 ->9 -> "Con.tra.1nt-Krror (Entry 1"•• J.1y)"; 273 ->
10 •. 31 -> "Con.tra.1nt-Itrror"; 27. ->
32 -> "NIJa.rJ.c Error (z.ro cUvlde)"; 275 .. 287 =>
33 -> "NIJa.rlc-Itrror (overflow)"; 288 ->
3. ·. 47 ..> "Nuaerlc -Error"; 289 ->
U -> "proqr_:&rror (.laboratJ.on order)"; 290 a>
.9 -> "proqr __ Krror (functlon .xJ.t)"; 291 ->
50 -> "proqr ••_Itrror (•• l.ct) "; 292 ->
51 -> "proqr __ Krror (pra.pt .x.cut.d)"; 293 ->
52 ·. 63 -> "Proqr __ Krror" ; 2114 .. 303 ->
U -> "Storaq._ltrror (control)" ; 30. ->65 -> "atorage_Error (type)" ; 305 ->66 -> "Storaq._Krror (data)"; 306 ->
67 -> "Storaq._ltrror (!aport) ": 307 ->68 -> IIstoraqe_Error (qu.u.)"; 308 ••>
fill -> "Storaq._Error (proqr •• )"; 3011 ->70 -> "Storaq._ltrror (al.locatlon) ": 310 ->71 -> "Storaq._&rror (job paqe l~t)"; 311 ,.>
72 -> "Storaq._ltrror (over.lz. obj.ct)"; 312 ->73 -> "Storaq._Error (n••• )"; 313 ->
H .. 7!l -> IIStoraqe_Krror"; 314 .. 31!1 ->80 -> "1'a.ltJ.nq_Itrror(actJ.vatJ.on)"; 320 ->81 -> "1'a.ltJ.nq_Itrror(co.pl.t.d taak)"; 321 ->82 -> "1'a.kinq_Itrror (abnoraa.l ta.k)"; 322 ->83 ·. !l5 -> "T•• k1ng_ltrrorft; 323 ->!l6 -> " ILra •Sy. t_ .Operand_ Cla ••_Error" ; 3H ->!l7 -> "ILra.Sy.t_.Tn>-_Itrror" ; 325 ->!l8 ,.> "ILra.8y.t_.Vl.J.bJ.1J.ty_Error"; 326 .. 335 ->119 -> "ILra.8y.t_.capabJ.IJ.ty_ltrror"; 336 .. 351 ->100 z> "ILra.Sy.t_.MachJ.n._Ile.trJ.ctlon"; 352 ••>
101 => "ILra.Sy.t_.Illeqal._In.tructJ.on" ; 353 ->102 -> "ILra.8y.t_.Illeqal._llef.r.nc."; 35. ->103 -> "ILra. Sy.t_.Illeqal._l"r ••• _KxJ.t"; 355 ->10. -> "ILra.8y.t_.llecord_FJ..ld_2rror"; 356 ->105 -> "ILra.Sy.t_.otJ.llty_Error"; 357 .. 367 ->106 -> "ILra.8y.t_.On.upportedy •• tur."; 368 ->107 -> "ILra.Sy.t_.Illeqal._H •• p_Acce ••••; 369 ->lOa -> "ILra.ly.t_.8elact_O ••_ltrror"; 370 ->lOll .. 127 -> "In.tructJ.on Error"; 371 ->l21 -> uT •• 1t_ Abort.ed" ; 372 .. 383 ->l21l -> "ILra. ly.t_.l"r __ &.tabll.h_&rror";
130 -> "On.t..pl_.n.ted_Mlcrocod._2rror";
131 -> "ILra. ly.t_.lConexJ..t.nt_Sp.ce_Error";
132 -> "ILra.8y.t_.Non.xJ..t.nt_p.q._Error";
133 -> " ILra. Iy.t_. Wrlt. _1'0_Ile.d_ Only_Paqe";
13. -> "ILra.Sy.t_.Reap_Polntar_Copy_ltrror";
135 -> " , Lr1I.. By. t_ .Aa •• rtioD .s=«: ;
136 -> "ILra.Sy.t ••. MJ.crocode_A •• l.t_Error";
137 .. 223 -> not u.ed
2H ••> "Conatralnt_2rror";
225 :> "NuaQr1.c Error";

COURSE.HANDOO"l' 5B PREDEFINED U:CEPTI~ NAMU'V(l) 2
"Proqraa _Error" ;
"storag_ Error";
"T •• kIng-Error":
not u.ed-
" I10.10 Exc.ptlon •. statu. &rror";
"IIo.Io-KxceptJ.on •. St.tu.-Error (already open)";
"IIo.Io-ExceptJ.on •. St.tu.-2rror (not open)";
"10 ExceptJ.on •. statu. Error";

110.10 ExceptJ.on •.Mod. Error";
IIO.Io-KxceptJ.on •. Mode-Error (111eqal. on J.nfll.)";
IIo.Io-ExceptJ.on •.Mode-Error (J.lleqal.on outfJ.l.)";
IIO.IO-Exc.ptlon •.Mode-Error";
110.10 -Exceptlon •• N ••• -Error";
IIO.Io-ExceptJ.on •. N"'-Error (J.llfor.ed n_.)";
IIo.Io-ExceptJ.on •.N •• e-Error (nonexl.tent dJ.r.ctory)";
IIO.Io-Exceptlon •.N"'-Error (nonexl.tent obj.ct)";
IIO.IO-KxceptJ.on ••N"'-Error (non.xJ..tent v.r.lon)";
110.10 -KxceptJ.on •.N ••• -Error (aablquou. n ••• )";
IIO.Io-Kxc.ptJ.on •• N ••• -ltrror";
IIO.IO-Kxc.ptJ.on •. O.e irror";
IIo.Io-KxceptJ.on •. O.e-&rror (ace ••• r•• trJ.ction)";
IIo.Io_Kxc.ptlon •. O ••_&rror (not checked out) ••;
110.10 -KxceptJ.on •• 0 ••-Error (wronq cl••• )";
IIO.IO-Kxception •. O.a-Error (object froz.n)";
IIo.Io-KxcaptJ.on •. O.e-&rror (lock .rror)";
IIO.IO-Kxception •. O.a-&rror (fl1.7devJ.c. full)";
IIo.Io-axceptJ.on •.O.e-&rror (llna/paq. l.ngth axceeded)";
IIo.Io-axc.ption •. O.e-&rror (r••• t talled)";
IIo.Io-Kxception •• O ••-&rror (oper.tlon un.upported)";
IIO.IO-KxceptJ.on •• O ••-&rror";
110.10- axceptJ.on •. DevIc. arror";
IIo.Io-axceptJ.on •. Devlc.-arror (nonexJ..tant paq.)";
1I0.Io-axc.ptJ.on •. DevJ.c.-arror (wrlt. to r•• d-only paqe)";
IIo.Io-axception •. DevJ.ce-arror (llleq.l ret.rence)";
IIo.Io-axceptJ.on •. Devlce-arror (illeq.l heap .cce •• )";
IIO.Io-Kxc.ptJ.on •. DevJ.c.-arror (davlce data error)";
IIO.Io-Exc.ptJ.on •• O •• &rror";
110.10 -Exc.ptJ.on •• &nd-&rror";
IIO.Io-KxceptJ.on •. DatA Error";
110. Io-Exc.ptJ.on •. Oata -Error (bad input .yntax)";
110.10 -axceptJ.on •. Data -Error (bad lnput val.ue)";

'IIo.Io-Kxception •• Data-Error (bad output valu.)";
"IIO.IO-ExceptJ.on •. oata-llrror (b.d output type)";
••I10.10- KxceptJ.on •• Data-Error" ;
"IIo.Io-ExceptJ.on •. LeyoUt arror";
"110. Io-KxceptJ.on •. Layout-arror (bad colt_n)";
"IIO.Io-ExceptJ.on •. Leyout-arror (bad po.J.tJ.on)";
"IIO.Io-KxceptJ.on •. Leyout-Error (bad It_ length)";
"IIo.Io:KxceptJ.on •. Leyout:arror";

Auqu.t 3, 1981 at 12:.9:35 PM Auqu.t 3, 1987 at 12:.9:35 PM
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, '.rOOLS.DEBI1G 'lOOLS'V(l) 1 !TOOLS.DEBUG 'lOOLS'V(l) 2

JlPAckage Debug_Tools ~. Machine_Info : Boolean :- False) return String;

procedure Debug On;
procedure Debug=Off;

-- Enable or di6able debugging for the calling task'6 job. When enabled,
only tasks that are descendents of the caller can be debugged.
When debugging is di6abled, the task is relea6ed to execute, and all
active debugger "hooks· are deactivated (eg, breakpoints, etc).

funct~on Debuqqinq return Boolean;

-- return true if calling ta6k i6 being debugged.

procedure Messaqe (Info: String);

Print the mes6age 6tring in the debugger window. NO operation if
the debugger is not activated

procedure User_Break (Info: String);

"Break" in the debugger. The calling ta6k stops as though it
encountered a breakpoint. If the debugger is not active, no action
is perfo~ed. Otherwise, the task remains 6topped until the
debugger user explicitly continues its execution.

procedure Set Task Name (Name: String);
funct~on Get_Task_Name return String;

-- Set or retrieve a 6tring "synonym" for the calling task. This name
i6 used within the debugger to make identifying task easier.
It is also useful for multiple instance6 of the same task type
to distinguish themselve6 in the debugger.
No operation if the debugger is not activate.

function Ada Location (Frame Number : Natural :- 0;
- Fully-Qualify : Boolean :- True;

Machine_Info : Boolean :- False) return String;

Return a 6tring name for the Ada location of execution in the
specified stack frame. Frame Nuaber - 0 refers to the caller
of Ada Location. Frame Number - 1 refer6 to its caller, and so
on. The null string is-returned if the frame is nonexistent or
its location cannot be found for some other serious reason.

This procedure works independent of whether there is an active
debugger for the calling tasks, but it may return less information
if there is not.

funct~on Get Exception Name (Fully Qualify : Boolean :- True;
- - Machine_Info : Boolean :- False) return String;

return a string representation of the exception most recently
executed by the calling task. Get Exception Name must be called
either directly or indirectly from-an exception handler. If
no exception is found, the null string is returned.

function Get_Raise_Location (Fully_Qualify Boolean :- True;
Y"ly 31, 1987 at 11:03:35 AM~uly 31, 1987 r~ 11:03:35 AM

-- return a string representation of the location of the exception
-- most recently executed by the calling ta6k. Get Raise Location

must be called either directly or indirectly from an exception
handler. If no exception is found or other problems encountered,
the null string is returned.

generic
type T i. l~ted private;

TYPe that will be di6played u6ing Image procedure a6 part
-- at debugger's object display procedure.

with function Image (Value : T;
Level : Natural;
Prefix : String;
Expand_POinters : Boolean) return String;

Given the Value, return it6 image. Level specifie6 the number
of levels to detail to be displayed. Expand Pointers indicate6
that internal pointer6 should be expanded in-the image.
Level - 0 -> entire object should be elided.

If any ASCII.LF's are emitted, the following line should
start with Prefix as an "indent" value.

procedure Register;
Hake this special display procedure known to the debugger

-- of the session making the call.

generic
type T i. l~ted private;

procedure Un Register;
Remove the display procedure from the calling session'6

-- database of special types for the type T given.

praqaa Subsystem (Native Debuqger);
praqaa Module_Name (4, 3802);

and Debug_Tools;



ADA FEATURES - EXCEPTIONS
(CONT'D.)

• Exception numbers representing native exceptions
are Interpreted differently from those representing
exception In cross-complied (MV) code.

~ 7 bit.

1....__ . p_a_c8_" a_m_8 1 unu.od ttJ__E_XC_"_I_"d_8_X __ 1 Native

o 31 32 38 39 40 41 47

40 bits

((\;~!.,r- <Space = 19230979, Index = 2>

r-J <Module = 3174, Ord = 46>

.t
(>0 ~~----------------------~~

'--- __ m_o_dU_18__ "_U m_b_e_r .....J8 node numbo, 1.,0 sa-com plied



ADA FEATURES - EXCEPTIONS

• Getting exception names

- Cross-compiled exceptions: exceptions that are defined
in the universe are built into a special table and the
names of these are, thus, known. When the name of
another cross-compiled exception is requested, the
MV-cross debugger is called if one is connnected. If
not connected, or the answer takes more than 20
seconds, the numeric form

<module = n, ord = n >

is returned.

- Native code exceptions: since the Diana pointer is
encoded into the exception number, the tree can be
accessed to get the exception name if the tree exists.
Cases where it doesn't:

* loaded main programs
* subsystem code views
* exceptions defined in command windows



ADA FEATURES - EXCEPTIONS

• Getting exception Information from the debugger

Information (Exceptions)

• If addresses Is enabled, shows control offset of
exception variable. Use Memory_Display to look
at this - It give the true Information about the
exception.

• When an exception Is raised in the environment, a
loaded main subprogram, or code view, the debugger
provides the view that the exception was actually
raised at the statement in Native code that called
whoever actually raised the exception.

• The debugger keeps this Information In a cache
that can be displayed with:

Debug.Show (Exception_Cache)

• In obscure cases, the cache Information can be lost
and the debugger will be vague about the raise
location.

• If putting in a problem report about an environment
exception flying out, It Is helpful to Include the true
raise address if the problem is not easily
reproducible.



ADA FEATURES-UNCHECKED
CONVERSION

•
( ,; "'>\l..~ c.-..\J'tr"5i-.. ')

Ada generic function '--'
checks type for legality on every call. This makes
it slow.

• Package Unchecked_Conversions
package Unchecked_Conversion_Package checks
type for legality when instantiation is elaborated.
Faster, but requires a module (several pages) for
each instantiation.
conversions to/from byte string; good performance
and very useful

~\~~

~ •\ The bits you put In are the bits you get out.

• See handout



''l'OOLS •UNCHECKED CONVERSIONS' V (1)

with System;

1

pactaqe Unchecked_Conversions i.

qeneric
type Source 1.a 1a1ted pr1vate;
type Target i. 1a1ted pr1vate;

package Unchecked_Conversion_Package 1.

on

function Convert (S : Source) return Target;
Package fOrM of LRH Unchecked Conver~ion.
TYPe-specific calculation~ are made during package elaboration, making
calls to this convert fa~ter than to an equivalent Unchecked_Conversi\

in~tantiation. Speed improvement depends on the type involved.
end Unchecked_Conversion_Package;

qeneric
type Source 1. 1aited privata;

function Convert To Byte String (S : Source) return System.Byte String;
-- Convert from Source to a byte string. The byte string may contain
-- .ore bits than the object.

qener1c
type Target 1. 1a1ted privata;

function Convert_From_Byte_String (5 : Systea.Byte_String) return Target;
Convert from a byte string to a Target type. The string should
have been produced by an inst&ntiation of Convert To Byte String
with the same type. A constrained object is always returned.

pragaa Subsystea (Miscellaneous);
pragaa Module Name (4, 35(3);

end Unchecked_Conversions;

July 30, 1987 at 10:20:38 PM



ADA FEATURES - UNCHECKED
CONVERSION (CONT'D.)

!3wo Go,-,O'LJ.", W!'+f\ Objec..t
f;,WT I;""'",..J..) t>','-f-l-t'ly/U

• Some examples of object layout

String constant: "abc"

header I '.' I 'b' I 'c' 'SS bits

8 8 864

S: string (1 ..5)

~_header _I I I I I ,'04 bits

64 8 8 8 8 8

Subtype Fixed_String is string (2 ..4);

S2: Fixed_String

24 bits - no header



IUSERS.PHIL.CURU COURSIE.RAIIDOU'l' 6 UNCRIECJCEDCONVIEJUIION IEXAMPLES'V(2)
with Di.play; -- a .imple generic that du.p. an object in hex.
with Sy.t... 10;
with Unchecked_Conver.ion; -- the .low unchecked conver.ion

type Block i. array (0 .. 7) of Sy.tea.Byte; -- !hi. i. the de.t type
Te.t Block : Block;

S : Stri.nq (1 •• 5) :- "abcd.a";
.ubtype Fixed String i. string (2 .. 4);
s2 : Fixed_stri.ng := "123";

qeneric
type IE i. private;
type A i. array (Po.itive ranqe <» of IE;

function Convert (source : A) return Block;
Thi. q.n.ric conv.rt. "any" array type into a block. Rai•••
neaty .xc.ption. of the data do••n't fit. Only actual data i.
•tored, not d••criptor bit •.

function Conv.rt (Source : A) return Block i.
Size : Natural :- Source' Length * IE' Size; -- Number of data bit.

type Bit_V.ctor i. array (Int.gar range <» of Boolean;
.ubtyp. Bit Vect i. Bit Vector (1 .. 1024); -- bit taage of Source
•ubtype Block_Bit. i. BIt_vector (1 •• Block'Siz.); of Block

Bit. : Bit Vect;
Rae1 Bit. : Block Bit.;
Data:off ••t : Natural;

c:at.binary aaq. of .ource object
c:at.binary aag. of value to return
Off.et in Bit. of .tart of real data

funct10n C1 i. new unch.ck.d Conver.ion (A, Blt Vect);
function c2 i. new unchecked-Conv.r.ion (Block_Bit., Block);

baqin
IO.Put_Lin. ("aource .ize " 'Natural'I_g. (Siz.»;
Io.Put Lin. ("aource obj ai••• " , Natural'Iaaqe (Source'Si••»;
-- Fora bi.nary taage of .ource par••••t.r
Blt. :- C1 (source);

-- txtract real data b1t.
Data Offaet :~ Source'Si.e - 11•• + 1;
Rael:Blta (1 .• Slze) :- Blt. (Data_off••t .. Sourc.'Sl.e);

-- r.turn flnal value
r.turn C2 (Rael_Blta);

end COnvert;

function cvt 1. n.w Convert (Charact.r, Strlng);
procedure D la n.w D1.pIay (Block);

begin
Io.Put Line ("String con.tant");
Te.t Block :- cvt ("abc");
D (T••t Block);
IO.Mew_Lin.;

Io.Put Line ("string varlab1e");
Teat Block :m cvt (s);

Auquat 3, 1987 at 12:49:34 PM Auquat 3, 1987 at 12:49:34 PM

1 IUSERS.PHIL.CURU COURSE.HANDOUT 6 UNCRlECJ(KI) CONVERSION IEXAMPLES'V(2 2

Io.Put Lln. ("String .xpre ••lon");
Teat Block :z cvt ("A" , S , "A");
D (T.at Block);
IO.New_Lin.;

D (Te.t_Block);
IO.New_Line;

40
104

bit •.
bytea.

Io.Put Line ("COnatrained .tring varlable");
Teat Block :- cvt (S2);
D (T.at Block);

end ArraY_E~ple;

Output frca th1a proqraJll:

string conatant
.ource .i.. 24
.ourc. obj .i.e 88
Object .iz. ~ 64 bita.
Object fita in 8 bytea .
616263AB0829AA09v;m;r-
String varlable
aourc •• .1••
aource obj aize
Object ai•• - 64
Object fita in 8
6162636465090128

String expreaaion
aource al.e 56
aource obj .i.. E 120
Object ai•• = 64 bita.
Object fita in 8 bytea.
4161626364654138

Conatrained atring
aource .ize
.ource obj aize =
Object ai.e - 64
Object fita in 8
~07278F6374

variable
H
24

bit..
byte •.



I USERS •PHIL. G:UJtD COORSJ:. UlfCHECIaI:D CCIRVEJlSION J:XAMPLJ:' V (2)
••lth Unchecked Con_r.lon; -- Lanquaqe-deflned functlon fram ILRM
••lth unchecked=Conver.lon.; -- package fora fram !tool.
••lth Btrinq_utl1ltle., 10, By.tam;

procedure Conver.lon 1.

type V.trlnq (Max Lenqth Po.ltlve) 1.
record -

Lanqth : Po.ltl_;
Content. : Btrlnq (1 Nax_Lenqth);

.nd record;

.ubtype V20 18 V.trinq (20); -- A con.tralned .ubtype.
type Blt. 1. array (0 " 400) ot Boolean;

V20;
Blt.;

B
B

We ••111 be convertinq bat_en the.e two object.

functlon Convartl 1. ne••Unchecked Con_r.lon (V20, Blt.);
packaqe Con_rt2 la ne••Unchecked Conver.lon •.Unchecked Conver.lon Package

(Blt.,-V20); --

O'enerlc
type T la prlvate;

procedure Dl.play (Object: T);
-- Thl. procedure produce. a blnary dump of the Object.
procedure Dl.play (Object : T) 1.

functlon Con_rt To Byte. la
n_ uncheckec(:conver.lon•.Convert_To_Byte_BtrinO' (Bource _> T);

procedure Dlaplay Byte. (Value : By.tam.Byte_BtrinO') 1.
Byte. OUtput -:Natural :_ 0;

begin -
Io.Put_Line ("Object tlta in ••, Natural'IlIIaqe(Value'Lanqth) ,

n byt ••. ");
for I in Value'rlr.t .. Value'La.t loop

IO.Put (BtrinO'_utllltle•.Numbar_To_BtrinO' (Integer (Value (I»,
Baae -> 16,
Wldth 00> 2,
LaadinO' -> '0'»;

Byte._output :- Byte._OUtput + 1;
lf Byte. OUtput ••od 32 z< 0 then

Io.N••• Llne;
el.lf Byte. OUtput mod 8 = 0 then

lo.Put (" fI);
end If;

end loop;
end Dl.play_Byte.;

begin
Io.Put Llne ("Object .1ze '"'••, Inteqer'Iaaqe (Object'Bize) , ••blt •.••);
Dl.plaY Byte. (Con_rt To Byte. (Object»;
Io.Ne••Llne; - -

end Dlaplay;

procedure Dump 1. n_ Dl.play (V20); -- In.tantiate dump for each
procedure Dump 1. ne••Dlaplay (Blta); -- of the two type•.

beqln
B.Lanqth :- 15; -- Initialize B

July 30, 1987 at 10:24:50 PM

1 IUSERS.PHIL.GURU COURSE.UNCHECIaW CONVERSION J:XAMPLJ:'V(2) 2
S.Content. (1 .. 15) :z "00001l1l2222abc";

-- Di.play initial object
Io.Put Line ("initial VBtrinq object: ••);
DuJop (8);

-- Con_rt and diaplay re.ult
IO.Put Line ("con_rted bit. object");
B :- Convert1 (B);
DUIIp (B);

-- Nov, aodify the bit. ln
IO.Put Line ("Modified oriqinal object ••);
B (256) :- True; -- Thla chanqe. one ot the character.
S :- Con_rt2.Con_rt (B); -- Conv.rt blt. back into record
Dump (B);
Io.Put Line (B.Content. (1 '. 15»;

end Con_r.ion;

Ganerated output:

initial VBtrinq object:
Object .ize - 351 bit •.
Object fit. in CC byte •.
800000140000001£ 00000080000001CO 0000000200000028 6060606062626262
6C646464C2C4C600 00000000
con_rted bit. object
Object .ize - COI bit •.
Object fit. in 51 byte •.
80000014000000lK 00000080000001CO 0000000200000028 6060606062626262
6C646C64C2CCC600 0000000100000028 000000
Modified oriqinal object
Object .1ze •• 351 bit •.
Object fit. in C4 byte •.
8000001COOOOOOlK 00000080000001CO 0000000200000028 6060606062626262
E46C646CC2C4C600 00000001
00001l1lr222ahc

J

July 30, 1987 at 10:24:50 PH



!USERS.PHIL.GURU COURSE.HANDOUT 7 OBJECT BINARY DUMP'V(2) 1

generic
type T is private;

~rocedure Display (Object: T);
- This procedure produces a binary dump of the Object.

with Unchecked Conversions;
with Io;
with System;
with String_Utilities;

procedure Display (Object : T) is
function Convert_To _Bytes is

new Unchecked_Conversions.Convert_To_Byte_String (Source => T);

procedure Display_Bytes (Value : System. Byte_String) is
Bytes_Output : Natural := 0;

begin
Io.Put_Line ("Object fits in " ,

Natural'Image (Value'Length) , " bytes.");
for I in Value'First .. Value'Last loop

IO.Put (String_Utilities.Number_To_String (Integer (Value (I»,
Base => 16,
Width => 2,
Leading => '0'»;

Bytes Output := Bytes Output + 1;
if Bytes_Output mod 32 = 0 then

Io.New Line;
elsif Bytes_Output mod 8 = 0 then

IO.Put (" ");
end if;

end loop;
end Display_Bytes;

begin
Io.Put_Line ("Object size = " , Integer'Image (Object'Size) , " bits.");
Display_Bytes (Convert_To_Bytes (Object»;
Io.New_Line;

end Display;

August 3, 1987 at 12:48:03 PM



IUSERS.PHIL.GURU COURSILHANDOO'l'8 NUANCES OJ'ONCRECKEO CCfiVEIlSION'V(2)

wJ.th Sy.t_;
wlth Unchacked Conver.lon;
wlth Taxt 10; -
wlth Dbplay;

procedura Unch 1.
B••a B : con.tant :- 31;
B••a-: con.tant Long Intaqar :- 2 ** aa.a B;
.ubtype Unlver.al Dlqlt 1. Long Integer ranga -(B••a - 1) .. (Ba.a - 1);
type Vector 1. array (Po.ltlve ranga <» of Unlver.al Dlglt;
X : Vactor (1 .. 1) := (1 -> 6); -
.ubtype Int 1. Vactor (1 .. X'Length);
Y : Int :- X; --.aka .ura •• hava a raal Objact of type Int

.ubtype Str 1. Sy.t••.Byta strJ.ng
(1 .. X'Length * Unlver.al_Dlglt'Slza I Sy.tam.Byta'Slza);

functlon Xbyta. 1. new Unchacked Convar.lon (Int, Str);
Ra.u1t : con.tant Sy.t••.Byta Strlng :- Str' (Xbyta. (Int'(X)));
Re.ult2 con.tant sy.t••.Byt. StrJ.ng :- Str' (Xbyta. (Y));
Re.ult3 : con.tant sy.t••.Byta=strJ.ng :- Str' (Xbyta. (X));

procedura Dump 1. new Dl.play (Int);
procedure Dump 1. naw Dl.play (Str);

procedura Show (a..ult : Str) J..
begln

Taxt IO.Put LJ.na (nra.ult'f1.r.t _ n , Intaqar'Imaqa (Ra.ult'F1.r.t));
Taxt-Io.put-Llna (nra.ult'laat •• " , Integer'Image (a..ult'La.t));
for I J.na.;ult'a.nga loop

Taxt Io.Put (Sy.tam.Byta'Imaqa (a..ult (I)) , n A);
and loop;

and Show;
begln

Dwap (X);
Dwap (Y);
Dwap (Re.ult);
Show (Re.ult);
Dwap (Re.ult2);
Show (Re.ult2);
Dwap (R•••ult3);
Show (R•••ult3);

and Unch;

Output from thl. proqr ••••:

Objact .1za.. 96 blt •.
Object flt. In 12 byta •.
0000000100000001 00000006

-- Dwap of X Vector (1..1) :- (1=>6)

Objact .1ze
Object flt. In
00000006

32 blb.
4 byt •••.

-- Dump of Y lnt ::z: X; -- con.traln ••d

Object .1ze 32 blt •. -- Re.ult convarsLon of Int' (X)
Augu.t 3, 1987 at 12:49:34 PH
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Object flt. In
00000001
ra.ult'flr.t -
ra.ult'I •••t

o 0 0 1

Objact .1za
Object flb In
00000006
ra.ult'flr.t ••
ra.ult'l •••t

000 6

Objact .1za
Ci>ject flt. In
00000001
ra.ult'flr.t ••
ra.ult'la.t

000 1

4 byt•••.
-- anded up wlth array bounda blt. I

1
C

32 blb.
C byta •.

1
C

32 blb.
4 byta •.

1
C

a..ult2 : conver.lon of Y

corract an.war

a..ult3 : conver.lon of X

qat. array bounda blt.

August 3, 1987 ••t 12:49:34 PH



UNCHECKED - DEALLOCATION

• Normally, calls to Instantiations of Unchecked_
Deallocation do not reclaim storage.

• For certain access types deallocation can be
enabled and Unchecked_Dealiocation will actually
reclaim storage.

• When deallocatlon is enabled, storage requirements
In the collection are increased.

small amount on (a per page basis) for headers
twice the 'size of the access type per allocated
object (used to maintain the free list).

• Enabling deallocation for an access type, enables ./:
deallocation for all of its subtypes and all types tI~

derived from it (since they all share the same t-}J \r ~
collection).



ENABLING UNCHECKED
DEALLOCATION

• Pragma Enable_Dealiocatlon (Access_ Type_Name)

Enables deallocation, If possible, only for the named
access type. Wanrings are produced when the unit is
coded if the compiler can determinte that deallocation
is not possible for ths type.

This pragma may be applied to generic formal access
types and the compiler will produce warnings for
instantiations that provide actual access types for
which deallocation is enabled.

• Library switch R1000_Cg.Enable_Dealiocatlon:=True

Enables deallocaiton for all access types for which
deallocation is possible. Deallocation may be disabled
for specific access types using pragma Disable_
Deallocation (Access_Type_Name).



ALLOCATION STRATEGY

• First fit

• Items that are larger than required are split,
If possible (remaining fragment must be big
enough).

• Deallocation returns Items to the head of the
free list.



RESTRICTIONS ON UNCHECKED
DEALLOCATION

• Designated type may not be a task or contain task
components

• Designated type may not be access to task or
contain access to task components

• Access type may not be a segmented heap pointer

• Designated type may not be a segmented heap
pointer or contain segmented heap pointers

• The compiler cannot always detect these cases
at compile time to produce warnings. To determine
If Unchecked_Dealiocation will actually reclaim
storage, Instantiate the following generic In
!Tools:

Generic
type Object is limited private;
type Name is access object;

function Allows Deallocation return Boolean;



PROGRAM STRUCTURE

• When a command Is run or main program Is built,
Information on the entire program Is gathered.

the unit state of all units is checked
the code for all units is located
an elaboration order for library units is computed
specs in spec views are matched with bodies
in load views using the current activity
an elaboration module is generated

• The elaboration module Is like a package that
contains all units In the program. It:

1) Declares each package type
2) Sets-up import spaces for the modules
3} Creates instances for each package
4} Elaborates packages in order
5} Calls the command procedure



PROGRAM STRUCTURE -
ELABORATION SEGMENT

• When a main subprogram (pragma main) Is
promoted from Installed to coded, Its
elaboration segment Is built.

• This will take a long time If the closure is
large. Thus, one shouldn't put code likely to
change In such a unit.

• There is no Ada source, or Diana tree for
the elaboration segment, and a minimal
debug table.

• Occasionally an exception will be raised in an
elaboration segment. It is difficult to pinpoint
this with the debugger because there is no
source. One must take the PC and look at the
code to see If it Is an elaboration segment.
The segment listing can be helpful here.

• A special attribute called "units In program"
Is attached to the elaboration module. It
lists all the Ada units In the program closure.
See !Compiler_'nterface.Unlts_'n_Program.
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July 29, 1987 at 3:18:12 PM

Coda for .eo-ent 1035520

8 0008 OOOR BLOCK BRGIM 1, 6
, 0009 000. BLOCK- HANDLD 0, •o 0000: 0001' I I 10 OOOA 0001 RNO LOcALs 1

1 0001 5800
2 0002 0000 ; ;; .odule Ma.Ln
3 0003 0068 11 0008 029C DIlCLARR_ SUBPIIOGRAN I'OR_oorD._CALL, IS_VISIBLR
• 000. 0100 12 oooe 0013 RXTENSION 2, 3
5 0005 0088 13 OOOD OOD ACTION ACCZP'l' ACT~TION
6 0006 0048 14 OOOE OOBC ACTION 8IGNAL-ACT~'1'RD
7 0007 0000 15 OOOF 0088 ACTION S IGNAL- <XMPLR'l'ION

July 29, 1987 at 3:18:12 PM



~~

••. S.PHIL.GURU COORSK.ARCHITEC'l'tJRK KXAMPLE'BOOY.<ELABORATIClf CODE LISTING>'V(2)

16 0010 0015 BLOCK BEGIN
11 0011 OOlA BLOCK-HANDLER
18 0012 0002 END LOcALs 2

2, 5
3, 2

;;; aubproqr_ ARCHITIlC'lURIl EXAMPLE
19 0013: 02gr DECLARIl sUBPROGRAM rOR CALL
20 0014: 0023 EXTENSION 4, 3 -
21 0015: 8402 CALL 2, 2
22 0016: 1801 JUMP 1
23 0011 0003 EXTENSION 3
24 0018 006F ACTION BREAK UNCONDITIONAL
25 001g 4501 EXIT SUBPROGRAM- 1
26 OOlA 1801 JUMP- 1
21 001B 0003 EXTENSION 3
28 OOlC 0061' ACTION BREAK UNCONDITIONAL
2g 0010 0008 LOAD TOP 0 - ;;; ( 2, 3)
30 001E 0100 IlXECUTJl EXCEPTIClf CLASS, RAISE OP
31 001r 0000 --

July 29, 1981 at 3:18:12 PM

3 ..• S .PHIL. GURU COORSK.ARCHI'l'KC'l'URlI UANPLE' BOOY•<KLAB<»tATIClf CODIl LIS'l'IRG>' V (2) 4

32 0020 OOU BLOCK BEGIlf
33 0021 0004 BLOCK-HANDLER
34 0022 0006 END LOcALs 6

s, 2
0, 4

;;; aubproqr_ ARCHITEC'l'UJUI:EXAMPLE
35 0023: 1801 JUMP 1-
36 0024: 0002 IlXTENSION 2
31 0025: 006F ACTION BREAK UNCONDITIONAL
38 0026: 603g INDIRECT_LITERAL DISCRETE_CLASS, 51

39 0021: 6034 INDIRECT LITERAL

40 0028 E002
41 002g 11001
42 002A 1835
43 002B 1800
U 002C 4800
45 0020 602A
46 002E 02AO
41 002F 038E

48 0030 0381
49 0031 0008
50 0032 1900

51 0033: 6020

52 0034
53 0035
54 0036
55 0031

56 0038
51 0039
58 003A
59 003B

DISCRETE_CLASS, 52

;;; paqe l1.a1t -
actual valua 1a patchad

;;; aodul. nam. of
(Runt1.aa_ut1l1t1aa)

LOAD 0, 2 ; ;; Proto Package Type
LOAD 0, 1 ;;; Uoode Aaa1at Package
EXECU'l'Il PACtU.GK CLASS, rn:LD IlXIlCUTll OP, 53
IlXECUTE PACItAGK-CLASS, FIELD-IlXIlCUTE-OP, 13
SHORT LITERAL 0- --
INDIRECT_LITERAL DISCRETE_CLASS, 42
DECLARE SUBPROGRAM NULL SUBPROGRAM
DECLARE-TYPE PACJtAGZ_CLAsS, DUINED

DECLARE VARIABLE
LOAD TOP 0
EXEcUTE PACtU.GK CLASS, FIELD RUIlRlDfCll OP, 13 ;;; Local

copy of lib un1t - aubprograi ARCHITECTURE EXAMPLE
INDIRECT LITERAL DISCRETE CLASS, 32 ;;; aodule nam. of

- 10

PAr.l(AGE CLASS

E002
11001
1835
6018

ARCHITECTURE_EXAMPLE
ARCHITECTIJRIl EXAMPLE

LOAD 0, 2 ;;; Proto Package Type
LOAD 0, 1 ;;; Uoode Aaa1at Package
EXECUTE PACtU.GK CLASS, rIELD IlXIlCUTE OP, 53
INDIRECT LITERAL - DISCRETE_cLiss, 24 - aodule n... of

JOB SEGMEN'l'
E002
E001
1835
6010

LOAD 0, 2 ;;; Proto Packaga Typa
LOAD 0, 1 ;;; Uoode Aaa1at Package
EXECU'l'Il PACtU.GK CLASS, rIELD IlXIlCUTE OP, 53
INDIRECT LITERAL - DISCRETE_cLiss, 16- aodule n... of

DUAlJLT
LOAD 0, 2 ;;; Proto Package Type
LOAD 0, 1 ;;; Uoode Aaa1at Package
EXECU'l'Il PACtU.GK CLASS, rIELD EXECUTE OP, 53
LOAD TOP 0 ;;; ( 3, 6) - ;;; DUAULT
LOAD- 3, 5 ; ;; JOB SEGMENT
LOAD 3, 4 ;;; 10-
SHORT LITERAL 3
LOAD - 3, 2 ; ; ; ARCHITECTURE_EXAMPLE
EXECUTE MOOULIlCLASS, AUGMENTIMPORTS OP
LOAD 3, 2 ;;; ARCHITECTURi EXAMPLK
EXECUTE MOOULIlCLASS, ACTIVATE-OP
JUMP 2 ;;;-code aaqmant rataranca tabla
EXTENSION 5, 5
EXTENSION 0
CALL 3, 3
EXIT SUBPROCRAM
LITERA!. VALUE

ARCHITECTURE EXAMPLE
1

DISCRETE_CLASS, 931844

July 29, 1981 at 3:18:12 PM

DISCRETE_CLASS, 935940

60 003c: 11002
61 0030: EOOI
62 003E: 1835
63 003F: 0008
64 0040: E605
65 0041: E604
66 0042: 4803
61 0043: &602
68 0044: 020E
69 0045: &602
10 0046: 02 OF
11 0047: 1802
12 0048: 0020
13 0049: 0000
14 004A: 8603
15 004B: 4501
16 004C: 0000
11 0040: 0000
18 004E: OOOE
19 004F: 3804
80 0050: 0000 LITERAL_VALUE
81 0051: 0000

atart



•••a.PHIL.GURU CClOlllIK.ARCBIftCTOR&KXAMl'LK'Ba)r.~Ictr CODE LIS'lIHC>'V(2)
82 0052: OOOE
83 0053: UO&
1& 005&: 0000 LITERAL ~OK DISCRETE CLASS, 35901&8
85 0055: 0000 - -
86 0056: 0036
87 0057: C80&
88 0058: 000. LITERAL ~OK DISCRETE CLASS, 1033&72
89 0059: C500 - -
90 005A: 0000
91 005B: OOBO
92 005C: 0000 LITERAL ~OK DISCRETE CLASS, 16&1&76
93 005D: 0000 - -
9t 005E: 0019
95 005.: OCO&
96 0060: 0000 LITERAL ~OK DISCRETE CLASS, 0
97 0061: 0000 - -
98 0062: 0000
99 0063: 0000

100 006&: 0000
101 0065: 0000
102 0066: 0000
103 0067: 0000

July 29, 1987 at 3:11:12 PM

5 ..•a .PHIL.GURU CClOlllIK.ARCHI'l'KC'ltJRKKXAMl'LK'BOOr.<lU.ABORA2'IctrCODE LIS'lDG>'V (2) ,
; ;; debugtabla start

10& 0068: 000& 0000 5397 0000 0001 0001 OOOB 0000
112 0070: 0009 0000

July 29, 1987 at 3:18:12 PM



PROGRAM STRUCTURE - LIBRARY
UNITS

• Each library package Is a child of the elaboration
module.

• Library unit subprograms are wrapped in packages.
Thus, each library unit Is a module.

• Consequently, many library subprograms occupy
far more pages than one package with many
subprograms. There may be closure size Issues
with this approach.



PROGRAM STRUCTURE - MAIN UNITS

• Main subprograms serve as roofs over entire
programs. When a main subprogram Is called,
a new set of library units are elaborated.

package P is ... end p

with P; procedure Mis ..• end m; pragma main;

• A command:

M;
M;
M;

will elaborate 3 Independent copies of package P,
not one shared copy. If M were not a main sub-
program, only one shared copy of P would be
elaborated.

• In addition to the semantic Implications, this
also has debugger Implications since there can
be more than one elaborated copy of a package
in a program.

• If any unit In the closure of a main unit Is uncoded,
the main unit will be demoted as well.

I

_ . ",-'.J- ~'* :>~
\~oi-'r~'j

, • .;$¥ \.~ \ .

~e''''':~
"
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PROGRAM STRUCTURE - LOADED
MAIN UNITS

• A loaded main unit Is built by the Compilation. Load
command and Is a single object containing a full
copy of the entire closure of the main unit.

• It does not Include any trees or source and cannot
be debugged. .(\..Il\)(~W"- lo~'N...)

• It is independent of the units from which it was
built - they can be demoted or deleted independent
of the loaded main unit.



PROGRAM STRUCTURE - PAGE
LIMITS

• When a page limit pragma appears, the limit value
for the job Is set to that value If that value
Is bigger.

• Every unit has a limit associated with It. The value
from the switch file Is used If there Is no explicit
pragma.

• The largest limit Is set before program elaboration
begins.

• An explicit call in the program to set the limit
will set the limit Independent of any value
imposed by pragmas or switches.



PROGRAM STRUCTURE - PAGE
LIMITS (CONT'D.)

EXAMPLE 1

Session Default: 8000

Library Default: 9000

Unit A: Pragma Page_Limit (7000)

Unit B: No Pragma

Unit C: Pragma Page_Limit (10000)

Result: Elaboration begins
with limit 10000

EXAMPLE 2

Session Default: 8000

Library Default: 12000

Unit A: Pragma Page_Limit (7000)

Unit B: No Pragma

Unit C: Pragma Page_Llmlt(10000)

Result: Elaboration begins
with limit 12000

EXAMPLE 3

Session Default: 8000

Library Default: 8000

Unit A: Pragma Page_Limit (9000)

Unit B: Main subprogram with Its
limit 12000

Result: Elaboration begins with <;'+"'Y> ~f- (<'000

limit 9000. Limit raised wl-l.", B It:t·\4r~

to 12000 when B is called.
(N.B. - This currently does not work.)

¥-A~ -1'1KJ



PROGRAM STRUCTURE - REVIEW

• Elaboration modules

• Library units

• Setting-up Import spaces

• Main unit semantics

• Loaded main subprograms

• Page limits



TASKING - BASICS

• Each task has a name. This is the segment name of
the task's control, type, and data stacks.

• Recall that each package Is a "task", too.

• Tasks have state and other information the system
keeps about them.

• Task creation, activation, termination, rendezvous,
etc., are handled by the R1000 microcode.

• Major steps in a task:
creation of the task type
creation of the task
activation of the task - elaboration of declarative part
* occurs when "begin" reached; Tasking_Error if

exception during activation; or when allocated
execution of the task; interactions with other tasks;
delays
completion of the task r callable = false
termination of the task r terminated = true
aborts make tasks "abnormal"

"* ~t sru-h"",,,,;~")...,. fO;,AJ) "b.t.~ ...,,'(\ "t"e __ ~",-~



TASKING - TASK CONTROL BLOCK

• The first 13 words of each control stack are the
Task Control Block (TCB).

• This has lots of state Information concerning the
task.

• See handout for format.

• Many debugger and diagnostic commands extract
Information from the TCB

• Summary

Word

o
1

* 2
3

* 4
* 5
* 6

7
8
9
A
B
C

Outer block mark words
" " " "

Current PC, TOS, priority
Data TOS, Type TOS
Microcode temp storage

" " " ..
Task type, import space, and declarer
Task dependence information
Size of control stack, break mask
Size of type, queue, and data spaces
Delay, scheduler, and debugger information
Debugger interface subprogram
Microcode temp storage for slice information

* These tend to be the most interesting during problem
diagnosis
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TASKING - STATES

• See handout ( r-.u-f 6?~)

• Described in debugger manual

• In bad situations, a task may get "stuck" in an
unusual state.

• Examples of this Include:
unrecoverable disk error
microcode bug
I/O problems

• Diagnosis
Kernel Show_Task_States command. Normally shows
"interesting" tasks.
Show_Tasks environment command. This is in the
System_Maintenance subsystem.
Debugger Task_Display command if job is running
under the debugger
more shortly



• Unblocked--running"-The task is ready to execute or is currently executing.
(Higher-priority tasks may prevent the task from running, but there is no condi-
tion associated with the task to keep it from running.)

• Declaring_Module--Waiting for child elaboration--The module is in the pro-
cess of declaring a task or pa.cbge.

• Awaiting_Adivation--Waiting for parent elaboration--The module is waiting
for a package or task it has declared to become activated.

• Adivating_Module--activating child pac:kages--The module is waiting for chil-
dren packages to become elaborated.

• Adivating_ Tasks--activating child tasks--The module is telling its child tasks
to become activated. .
• Awaiting_Taak_Adivation--Waiting for task activation--The module has told

ita child taake to become activated and is waiting for confirmation that each has
been activated.

• Awaiting_Children--Waiting for children--The task is waiting for ita children
tasks to be terminated.

• Terminable_ALEnd--package completed'[-e-The task has reached its end and
will terminate according to Ada rules when its parent decides it's time to termi-
nate.

• Blocking_On_Entry--waiting at entry for accept--The task is blocked waiting
for an entry call to be accepted.

• Delaying_On_Entry--Waiting at timed entry for accept--The task is blocked
at a timed entry call waiting for the called task to accept the call.

• AUempting_Entry--aUempting entry call--Reserved for future use.
• Delaying--waiting for delay--The taak is blocked at a delay statement.
• Aborting_Module--begin abortedf -e-The module is in the process of aborting

a taak it haa declared.
• Terminated--terminated--The taak is terminated.
• In_FS_Rendezvous--state presently unknown--The task is processing a page

fault. This transient state is unlikely to be seen.
• In., Wait_Service--in wait service--The taak is blocked in an Environment ser-

vice.
• DelaylngcIn.; Wait_Service--delaying in wait service--The task is blocked in

an Environment service and has' a maximum wait time.
• Blocking_in_Abort--being aborted--The module is in the process of making

another taak abnormal (see Ado lA'I&fU4ge Refereru:.e MtJfttwl, Section 9.10).
• Blocking_On_Accept--waiting at accept for entry call--The task is blocked at

an accept statement, waiting for an entry call.
• Blocking_On_Select--Waiting at select for entry call--The taak is blocked at a

select statement, waiting for an entry call.
• Delaying_On_Select--Waiting at select-delay for entry call--The task is blocked

in a select with a delay alternative waiting for an entry call.
• Awaiting_Children_In_Select--waiting at select-terminate for entry call--The

task is executing at a select, with a terminate alternative, and has dependent
tasks.

• Terminable_In_Select--waiting at select-terminate for entry call--The taak is
blocked in a select, with a terminate alternative, waiting for an entry call and
can terminate.



TASKING - KERNEL SHOW TASK
STATES

• Kernel CI command

• By default, shows names and states of "Interesting"
tasks

• Simple use: on lOA console, type fl until the
kernel prompt appears, then enter:



!USERS.PBI:L.GURU COURSE.HANDOUT 11 KERNEL TASlUNG COMMAND EXAMPLES'V(2) 1
EEDB: kernel i

Kernel: show task states
CACHE/DISK [CACHET:
16#4388004#; I:NWAI:T SERVI:CE X25 WAIT; PRI 1
16#27805#; UNBLOCKED; PRI: 15 -
16#488D9#; I:NWAIT SERVICE TCP IP INPUT WAI:T; PRI 14
16#127CD804#;-DELAYI:NG I:NWAIT-SERVICE U031; PRI 3
16#1245A804#; IN WAIT SERVICE TCP IP I:NPUT WAI:T; PRI 3
16#5B8D3#; UNBLOCKED;-PRI: 14 - - -
1615B4D3#; UNBLOCKED; PRI: 14
16#52CEE'; UNBLOCKED; PRI: 8
16#5BCD3#; UNBLOCKED; PRI: 14
16#5C4D7#; I:NWAI:T SERVICE TCP IP INPUT WAIT; PRI: 4
1617C8DDI; DELAYING IN WAI:T SERVICE NATiVE DEBUGGI:NG WAIT; PRI 8
1617C4DD#; DELAYING-IN-WAIT-SERVI:CE NATrvE-DEBUGGING-WAI:T; PRI 8
16#7CCDD#; DELAYI:NG-IN-WAIT-SERVI:CE NATrvE-DEBUGGI:NG-WAIT; PRI 8
Kernel: enable-priv:cmds - --
You are enabling a set of commands which must be used
with extreme care. They should be used only by
knowledgeable support personnel. These commands can
easily crash/hang the machine; some can competely trash
the state of the machine such that you must recover the
machine from backup tapes.
Proceed [FALSE]: yes
Password: secret
*Kernel: lmr
KI:ND [1]:
NAME [0]: 16#794dd@
EXPECTED VALUES ARE: 0.. 4294967295
NAME [0]: 16#794dd#
OFFSET [0]:
COUNT [0]: 5

not WIRED not I:N TRANSIT DIRTY not PERMANENT READ WRI:TE
16#00# 16#000794DD0000007F# 16#0000000000180001#
16#01# 16#000794DD9800003F# 16#FFFFF00200000000#
16#02# 16#FFB802D810000D01# 16#DD021D0300000422#
16#03# 16#0007C8DDOOOOOABFI 16#00014000000000C1#
16#04# 16#0000000000000021# 16#0000063EOOOOOOOO#
*Kernel: job
VPID [4]: 16#dd#

Job Pri Stat CPU% ModCt Cache Disk PgLim DskWts D/S JSegSz WsSiz WsL~

o221 6 I,AT
*Kernel: quit
EEDB:

8000 88 50 50o 8 63 o 50

August 3, 1987 at 12:48:45 PM



TASKING - EXCEPTION
PROPAGATION

• If an exception propagates out of a package that
package terminates and the exception Is re-ralsed
at the point of declaration of the package. The
raise PC is set to the point of declaration. This
has debugging implications.

• If you did not cath the original raise In the debugger,
It may be difficult to locate the source of the
exception without re-reunnlng the program.



TASKING - WAIT SERVICE

• Walt service Is a wait/signal mechanism used by
the environment.

• It allows a task to block until another task signals
(rousts) it.

• The wait service is used as part of normal operation
to wait for I/O transfers and resource availability.

• The wait service is also used when a serious error
is detected. Then, the affected task may be blocked
in the wait service so someone can look at It and
evaluate the situation.

• The kernel Show Task States command shows- -
stopped in the waiter service and displays the
reason they are stopped

';;...-. ENVIRONMENT _DEBUGGING_WAIT
/,- \

Is the reason that appears for such fatal conditions.

• Tasks stopped in the walt service can be manually
rousted by using a kernel command.



TASKING - WAIT SERVICE (CONT'D.)

• This Is generally dangerous and should only be done
If you know what you are doing or have advice from
someone who does. Permanent, fatal system damage
can result If a task Is rousted at the wrong time,
although this Is rare

*Kernel: ROUST

Taskid: 16#127FB04#

• Kernel always takes decimal numeric parameters.
Used based notation (16#...#) for hex addresses
and names.



TASKING - SHOW TASKS COMMAND

• Displays stack of specific or group of tasks

• Useful to monitor progress or diagnose hangs

• Return dump of this In hung editor or session case

• When given job Id, attempts to locate as many tasks
as possible In that job

• !Commands.System_Maintenance.Current_Combined_
Mload provides source Information for the
environment itself. This Is packages level
information only.

• There are parameters to specify the type of stock
display, and to filter the task search.



TASKING - SHOW TASKS COMMAND
(CONT'D.)

• Parameters

Task_or_Job_ID

Show_Stack if false, only list task names and
states

Show Full Stack show each stack word one way or- -
another, not just frames

Show Hex Stack show control words in hex- -

Show_Packages display packages as well as tasks

Name Filter skip entries that don't include this as
a name fragment

Max_Tasks stop after this many tasks have been
found. You many need to increase this
to get all tasks in a job.

Names_File file containing environment package/
segment map

Debug_File not used



TASKING - SHOW TASKS COMMAND
(CONT'D.)

• Output

- First, symbol segment files are read
- Next, stacks are scanned to locate as many modules as

possible
- For each module

Module name'-Task #58803
/

INITIATOR

Name of module
Diana node number of
declaration

Ii
(180.)J08

ACTIVATING MODULE Parent=#12784804,

/ t
Module state Frame where

this module
I. declared

#0 SA=#99 40C,#343

t
Code start address
of this module

FR OFF P~ OUTER J.X

0 8e #88811 #11004 2 KERNEL_ELABORATOR (278.8!)oS

t t t t t ! ! \
Frame Control PC of Enclosing Lex Package Diana Statement
Number Stack this package level name node number
(O=top) Offset frame name corresponding number

to PC of subprogram

.TASKY.JUNK.8USY2.2S

t
Ada name of location If
code I. Native

• No Ada names available for elaboration code, loaded
main programs or code views, or environment code if
file Is missing.



IUSERS.PHIL.GURU COURSE.HANDOU'l'U SHOW TASU EXAMPLES'V(2)

U•• r Lin. Jab S

U.er Statu. on Augu.t 2, 1987 at 2:13:5. PM

PHIL H2 223 roLl:
238 RUN
251 RUN

Show Taaka

Tia. Jab N••••

1:26:18
1:26:27

•.382

[PHIL.S 1 Command]
[PHIL.S-1 Editor]
IUSERS.PHIL , WHAT.USERS

(Ta.k Or Job Id -> 238,
Show-Stack ~ True,
Show-Full stack ~> Fal ••,
Show-H.x Stack -> Fa1 ••,
Show-paokag •• -> Fal •• ,
N".-1"11ter -> ""
Max Tub -> 20, '
N•••••I'il. -> "IC....-nda.Sy.t_ Maint.nanc ••8 Mload",
Dabug:=File -> "IC<:aaanda.Sy.t_:=Maint.nanc •.@:=Rdabug");

IUSERS.PHIL.GURU_COORSR , SROW_TASKS STAR'l'JI!D2:15:36 PM

Proce ••ing fil.: ICOMMANDS.SYSTEM MAINTENANCR.A 9 18 0 COMBINED MLOAD'V(l) ...
- - - - - - 1326 d.fined.

Proce ••ing fil.: lCOMMANDS.SYSTEM MAINTENANCK.LA7EST COMBINED MLOAD'V(l)
- - - 1349 d.fined.

Proce ••ing fil.: lCOMMANDS.SYSTEM_MAINTENANCK.UOC931_MLOAD'V(2) ..• 33 defined.

Max_Ta.k. r.ached; not all taak. will be diaplay.d

Ta.k 'LAOEK USER (210.)
BLOCltING ON ENTRY Par.nt-,U8U, '0 SA=i6B300B, 'B

Fr Off - Pc OUt.r Lx

o
1
2

26
1K

o

'6B1COB, ,293'1271780.
'69300B, '136 '1AOKK

'6B300B, '59 ,1AOEK

2 ROUTER (225.2.)
2 USER (643.3.)
1 USER (H.b)

Ta.k '198£1 CORE EDITOR (•••. )
BLOCKING ON SKLECT-Par.nt-t1F5.04, '0 BA-l6B380B, ,B

Fr Off - Pc OUt.r Lx

o
1

76 ,69380B, 'E53
o '69380B, '239

,198KK
1198KK

2 CORK EDITOR (1785.2.)
1 CORE:=KDlTOR (30.5.)

Ta.k ,IA.EK RUM MACRO (230.)
BLOCKING 011 ENTRy-par.nt-'198U, '0 SA=i6B2COB , 'B

I'rOff - Pc OUt.r Lx

o
1
2

1A '6B1COa, '35A,1271780.
15 '6B2COa, ,40 ,1A.EK
o ,6B2COB, '28 ,lA.EE

2 ROU'l'ER(319.1.)
2 RUN MACRO (9•.1.)
1 RUN:=MACRO (10.••)

Augu.t 3, 1987 at 12:49:3. PM

1 IUSERS.PHIL.GURU COURSE.RANDOU'l'16 SHOW TASKS EXAMPLES'V(2) 2

Ta.k 119CEK INPUT (190.)
IN_MAlT_SERVICE Par.ntc'198KK, ,0 ~'6B280B, 'B

Fr Off Pc outer Lx-------------- --------
0 Ai" 'B82CH, ,181' 119CO. 2 PROCESSOR MANAGER (1272.S.)
1 AD 'B82CH, '143 119CO. 2 PROCESSOR-MANAGER (638.2.)
2 A7 ,18F.08, ,n ,6780. 2 WAIT_DlnrlCE (85.la)
3 A3 '715008, '1000 ,6FCO • 2 TCP_IP_DRlVER (5.1.2.)• 97 '715008, 'UF ,6FCO. 2 TCP_IP_DRlVER (295.168)
5 81' '546808, ,23E,12459.0. 2 TCP_IP_COUPLER (338.la)
6 88 '55B008, 137K ,27340. 2 TRANSPORT (372.18)
7 81 '718C08, 1803 ,272804 • TELNET PROTOCOL (215S.1.)
8 76 ,718C08, ,731 '27280. 3 TELNET-PROTOCOL (2129.••)
9 60 '718C08, '572 '27280. 2 TELNET-PROTOCOL (2072.2.)

10 63 '718C08, ,6CD ,27280. 3 TELNET-PROTOCOL (3216.2.)
11 SC '718C08, 1375 '272804 2 TELNET-PROTOCOL (384.9.)
12 U '710808, 119E 127640. 2 TELNET:=SERVER (121.11.)
13 46 ,6KC09, ,F8,12490804 2 TELNET COUPLJ:R (282.1.)
14 3D '6C1008, ,5F. ,36B004 3 TERMrMAL 10 (2100.3.)
15 36 '6C1008, ,326 ,36B004 2 TERMrNAL-IO (300.7.)
16 2C ,6C1008, '37B ,36B004 2 TERMINAL-IO (370.la)
17 22 143E008, 142B 'FBCO. 2 TERMINAL-MANAGER (.12.2.)
18 1A ,6B280B, ,A7 119CRE 2 INPUT (309.2.)
19 0 ,6B280B, ,38 119CEK 1 INPUT (18.4.)

Ta.k ,1BCEK SCREEN TASK (289.)
DELAYING ON SKLJ:CTpar.nt-t12703004, ,0 ~'68KOOB, 'B

Fr Off - Pc outer Lx

o 1F2 '68EOOB, ,4K71
1 0 '68EOOB, ,775

,lBCRE 2 SCREKH TASK (S077.2.)
,1BCEK 1 SCREEN-TASK (16.S.)

Ta.k ,lF8EK COMMAND EDITOR (.19.)
BLOCKING ON SKLJ:CTparent='1276800., '0 S~'68A809, ,1713

Fr Off - Pc outer Lx

5C ,68A80B, ,23EB
o '68A80B, 118BO

o
1

,lF8EE
I1F8EK

2 COMMAND EDITOR (2737.2.)
1 COMMAND-EDITOR (30.••)

Taak I1E4Eli! TEXT OBJECT EDITOR (311.)
BLOCKING ON SELECT-Parent~'22A804, ,0 SA-t61000B, ,2A.3

Fr Off - Pc OUt.r Lx

o
1

6K ,61000B, '3801'
o ,61000B, ,2BBF

I1E4EK
I1E4EE

2 TEXT OBJECT EDITOR (1205.2.)
1 TEXT-OBJECT-EDITOR (6.b'

Ta.k ,1D.EK BUFFER TASK (121.)
BLOCKING ON SELECT p&rent~'1271780., '0 ~'6B180B, 'B

Fr Off - Pc outer Lx

I6B180B, '231'
,6B180B, ,9E

o
1

36
o

I1D4EE
I1D4EE

2 9UFFER TASK (1102.2.)
1 BUFFER:=TASK (2•.4.)

Tallk ,230EE ADA EDITOR (174.)
August 3, 1987 at 12:49:34 PH



IUSERS.PHIL.GURU COURSE.HANDOO'l'16 SHOW TASItSEXAMPLES'V(2)

o
1

BLOCKING ON SELECT Par.nt='12766804, ,0 SA=,5COBOB, ,15BB
Fr Off - Pc out.r Lx

5c '5C080B, ,lE63
o '5C080B, 11729

,230U:
1230EE

IUSERS.PHIL.GURU_COURSE , SHOW_TASltS

2 ADA EDITOR (5041.2a)
1 ADA-EDITOR (46.4a)

STARTED 2:31:05 PM

Proc.aainq fil.: ICOMMANDS.SYSTEM MAINTENANCE.LATEST COMBINED MLOAD'V(l)
- - - 1349 defined.

acenninq atack of ,58803 toa •• In
acanninq atack of ,5A003 to. x 13
acenninq atack of ,5B003 to. - 16
acenninq atack of ,5B803 to. - 42
acenninq atack of ,5B403 toa -= 46
acanninq atack of ,5ACD3 toa = 13
acanninq atack of ,59CD3 to. :::I: 26
8cenninq atack of ,5BCD3 to. = 51

Taak ,58803 JOB INITIATOR (180.)
ACTIVATING MOOULE-Par.nt-,127B4804, ,0 S~'9940C, ,343

Fr Off Pc outer Lx

o 8C 'BBB81l, ,384 ,11004
1 81 '27009, ,813'1243F804
2 7C '003C16, ,104 ,192004
3 76 '003C16, ,12B '192004
4 70 '56ECOB, ,5A9,1278B004
5 68 '56ECOB, ,102,1278B004
6 59 ,68ABOB, ,103B'12768004
7 4B ,6BA80B, ,29A,12768004
8 37 ,5COBOB, ,956'12766804
9 32 '6B100B, ,25B,1279B004

10 2E ,6B140B, ,339 ,lFA004
11 24 ,56500B, ,2577'127B3C04
12 IF 'AB40C, 'l107'127B4004
13 0 '9940C, ,3B2 ,5B803

2 JCERNEL EI.ABORMOR (278.8a)
2 ENVIRciiMENT ELABORATOR DATABASE
2 EXECUTION (131.1a) -
2 EXECUTION (81.4a)
2 ADA INTERPRETER (1628.2a)
2 ADA-INTERPRETER (lB.10a)
2 CaMMANo EDITOR (4110.34a)
2 COMMAND-EDITOR (80.4a)
2 ADA EDITOR (1138.5a)
2 REGISTRATION (191.1a)
2 OE COUPLER (306.1a)
2 LriiRARy OBJECT EDITOR (820.9a)
2 LINE EDITOR (664.3a)
1 JOB_INITIATOR (20.6a)

(1083.la)

Taak ,5BB03 .TASKY.BUSY
UNBL~ Par.nt=,59CD3, '14 SA=t21003, 'AB

Fr Off Pc outer Lx-------------- --------
0 31 ,2E0808, 1167 ,4B404 2 BOUNDED (145.2a)
1 20 'BOC08, ,56F I4BC04 3 STRING_UTILITIES (644.16a)
2 29 ,8OC08, '553 I4BC04 3 STRING_UTILITIES (644.11a)
3 21 ,8OC08, ,232 ,4BC04 2 STRING_UTILITIES (120.6a)

I:-~vl~ "",-J.( CYQ:>;')4 1B ,8OC08, ,20B I4BC04 2 STRING UTILITIES (96 11)
5 12 '21003, ,BO ,5B003 2 .TASItY~JUN!t.BUSY2.2a rl."-\ ~\\Nl..
6 0 '21003, 'BA ,5B803 1 .TASItY.BUSY.7a

Auguat 3, 19B7 at 12:49:34 PH

Taak ,5B403 .TASItY.BUSY
UNBLOCKED Parent=#59CD3, #14 SA='21D03, #AB

3 IUSERS.PHIL.GURU COURSE.HANDOO'l'16 SHOW TASItSEXAMPLES'V(2)
Fr Off Pc Outer Lx-------------- --------

0 2A '2E0808, I2AD ,4B404 2 BOUNDED (326.1d)
1 21 ,BOC08, ,223 ,4BC04 2 STRING UTILITIES (120.1a)
2 1B ,BOCOB, ,20B I4BC04 2 STRING-UTILITIES (96.1.)
3 12 '21003, ,80 ,5B003 2 .TASItY~JUN!t.BUSY2.2a
4 3D 'BOCOB, '553 I4BC04 3 STRING UTILITIES (644.11a)
5 39 ,BOCOB, ,553 ,4BC04 3 STRING-UTILITIES (644.11a)
6 35 'BOC08, ,553 ,4BC04 3 STRING-UTILITIES (644.11a)
7 31 ,BOCOB, '553 I4BC04 3 STRING-UTILITIES (644.11a)
B 2D ,BOCOB, ,553 I4Bc04 3 STRING-UTILITIES (644.11a)

4

Packaq. ,59CD3 unknown - nO table
DELAYING Parent=#5B803, I8c SA=143502, 113

Fr Off Pc Outer Lx-------------- --------
0 14 '21003, 142 ,5A003 2 .TASItY.3a
1 12 143102, I1C ,5ACD3 2 unknown - no tab1.
2 0 '43502, ,39 ,59CD3 1 unknown - no table

Ta.k ,5BCD3 .TASItY.BUSY
UNBL~ Parent=,59CD3, '14 SA=,21003, ,AB

Fr Off Pc Outer Lx-------------- --------
a 29 ,BOC08, ,56A I4BC04 3 STRING UTILITIES (644.16a)
1 21 ,8OC08, ,232 ,4BC04 2 STRING-UTILITIES (120.6a)
2 1B ,BOC08, 1208 I4BC04 2 STRING-UTILITIES (96.1a)
3 12 '21003, ,80 ,5B003 2 .TASItY~JUN!t.BUSY2.2a
4 0 '21003, 'BA ,5BCD3 1 .TASItY.BUSY.7a

IUSERS.PHIL.GURU COURSE , SHOW TASltS- - STARTED 2:32:03 PM

Proceaainq fil.: ICOMMANDS.SYSTEM MAINTENANCE.LATEST COMBINED MLOAD'V(l)
- - - 1349 defined.

acanninq atack of ,58B03
acanninq atack of '5AOD3
acanninq atack of ,5BOD3
acanninq atack of ,5B803
acanninq atack of ,5B403
acanninq atack of ,5ACD3
acanninq atack of ,59CD3
acanninq atack of ,5BCD3

toa
toa
toa z:

toa -=:
to. -=
toa :.:
toa s:

toa s::

147
13
16
79
63
13
26
48

Taak ,5B8D3 JOB INITIATOR (180.)
ACTIVATING MODULE-Parent=,127B4B04, 'A SA='9940C, ,343

Pacuq.. ,5A003 .TASKY
TERMINABLE AT END Par••nt=,59CD3, 'A SA=,21003, ,B

Packaqe ,5BOD3 .TASKY.JUN!t'SPEC. 1d
TERMINABLE AT_END Parent='59CD3, '14 SA='21D03, ,63

August 3, 1987 at 12:49:34 PH



IUSERS.PHIL.GURU COURSE.HANDOUT 16 SROW TAS~ EXAMPLES'V(2) 5

Taak 15B8D3 .TASKY.BUSY
UNBLOCKED Parant=15~3, Il~ BA-I21D03, lAB

Taak 15B ~D3 .TASltY.BUSY
UNBLOCKED Parant=159CD3, Il~ SA~21D03, lAB

Packaga 15ACD3 unknown - no tabla
TERHINABLE_AT~ Parant-159CD3, 10 SA=I~3102, IB

Packaga 159CD3 unknown - no table
DELAYING Parent=1588D3, 18C SA=I~3502, 113

Taak 15BCD3 .TASltY.BUSY
UNBLOCKED Parant=159CD3, Il~ SA-121D03, lAB

Auquat 3, 1987 at l2:~9:3~ PH



TASKING - REVIEW

• Task Iifecycle

• TCe

• Task state

• Commands:

Show_Task_States

Show Tasks

Roust

• Packages and tasks

• Wait service



VIRTUAL PROCESSORS

• A Virtual Processor (VP) is a grouping of resources
that the envrionment deals with as a unit.

• All objects on a particular VP exist on the same disk
volume.

• All tasks running on a particular VP are scheduled
as a unit.

• Part of the segment name of each segment identifies
the VP. The bottom 10 bits of the segment name are
the VPID number.

• Of the 1024 VPIDs, VP 1 through 255 are used for
jobs. Others are used for data objects.



VIRTUAL PROCESSORS - SPECIAL
VPs

0-3 Reserved for kernel

4 System

5 Daemons

6-7 Reserved for System

8 - 25 Cross-compiled code segments

26 - 255 User jobs

256 - 1023 Storage of "permanent" data



VIRTUAL PROCESSORS - JOBS

• The VP number for a Job VP Is the same as the Job
Id.

• Information associated with a Job

- Priority
- Name
- Class - Attached, Detached, Server, CE, OE
- State - Run, Wait, Idle, Disabled, Queued
- Resource use
- Access control identity
- Session
- Root task
- Start time
- Elapsed time
- Termination message
- Accounting information

• Task NameNP conversion

Task id (hex) Jobid

4388004 4

1C8E7 E7 = 231

220DF OF = 223

• Take right two hex digits. Next two higher bits
always are zeros. (Why?)

~fJ..'t- --- vf c$ , 1255"



VIRTUAL PROCESSORS - JOB
INFORMATION

• Resource Use

CPU MS/S or
Percentage computed by scheduler

Module Count Number of modules (tasks and
packages). Computed by the
microcode.

Cache Number of pages in cache occupied
by the jobs modules. Computed by
Microcode.

Disk Number of pages of disk occupied
by the job's modules. Computed
by the kernel.

Page Limit Page limit - set by the job.

Disk Waits Number of times job has waited
for disk I/O. Roughly, the number
of page faults (including I/O).

Disk Waits/Second Rate of disk waits.

Job Segment Size Number of pages in the job's
garbage heap.

Working Set Size Current job working set size in
pages. Computed by scheduler.

Working Set Limit Maximum size working set can be
before scheduler discriminates
against the job.



VIRTUAL PROCESSORS - JOB
INFORMATION (CONT'D.)

• Identity

Root Task The task id of the root module
of the job. May be zero for system
jobs and editor jobs.

. Job Name A string name of the job. Usually
the context and command.

Job Segment Name Segment name of the job garbage
heap. Environment code allocates
space here on behalf of the job.

Group Identity The set of groups the job is a member
of. Used for access control.

• Priority The priority of the job. User jobs
start at 6. Bigger numbers are lower
priorities.



VIRTUAL PROCESSORS - GETTING
INFORMATION

• From the Environment

What.Users Shows user, session, elapsed time,
state, and name

What.Jobs Updated OE display of jobs. Can be
set for different thresholds.

Shows, for individual, active, or
all jobs, priority, CPU, status,
module, cache, and disk page
counts, etc. Very useful for
watching resources go.

Similar to Show_Jobs, but displays
names, root task, and job segment
name.

Show_Identity Shows access control and user
identity of a job.

• From the kernel (or kernel via EEDB)

Jobs Same as Show_Jobs. Threshold =0
for interesting jobs only, = 1 for
all.

Job Same as Show Jobs, but for a
specific job.

Same as Show Job Names, but for- -
a specific job.



VIRTUAL PROCESSORS - GETTING
INFORMATION (CONT'D.)

Similar to Show_Jobs, Includes
scheduler information

Jobs_MTS for a specific job

Show VPs Shows for each VP, the volume the
VP is assigned to

MTSq Show medium term scheduler
queues

Hogs Find big objects on specified VPs

• From programs

package !.Commands.Scheduler get information

package !.Tools.System_Utilities get information
page limits

package !.Commands.Program create jobs



!USERS.PHIL.GURU COURSE.HANDOUT 13 JOBS COMMAND EXAMPLES'V(2)

What.Users

1

User Status on August 2, 1987 at 11:57:05 PM

Line Job S Time Job NameUser

*SYSTEM 4 RUN 1/05:41 System
5 RUN 1/05:41 Daemons

225 IDLE 1/05:32 Print_Spooler
227 IDLE 1/05:32 Console Command Interpreter
228 IDLE 1/05:31 Problem Report Transfer Server
231 IDLE 1/05:32 Ftp Server
236 IDLE 1/05:32 Archive Server

NETWORK PUBLIC 217 IDLE 6:30:35 Print Queue Server

PHIL 245 211 RUN 9:26:11 !USERS.PHIL.TEST AREA %
!USERS.PHIL.TEST AREA.TASKY

213 IDLE 13:12.090 [PHIL.S_1 Debugger]
215 RUN 1:10:41 [PHIL.S 1 Editor]
219 IDLE 1:10:36 [PHIL.S=1 Command]
220 RUN 1. 016 !USERS.PHIL.GURU COURSE % WHAT. USERS
221 IDLE 13:16.808 !USERS.PHIL.TEST AREA %

!USERS~PHIL.TEST AREA.TASKY

Show Jobs (Job => 0, Active_Jobs_Only => True);

Job Pri Stat CPU% ModCt Cache Disk PgLim DskWts D/S JSegSz WsSiz WsLim
------ ----- ------ ------ ------ ------ ----- -----

4 0 R,AT 1 4052 9184 12101 65536 116128 0 777 11007 11000
211 0 R,DT 98 8 17 13 8000 12 0 78 26 50
213 0 I,SV 0 170 831 7 16000 499 0 18 58 75
215 6 R,CE 0 47 438 14 16000 400 0 67 164 150
228 0 I,SV 0 5 12 17 8000 200 0 178 42 75

Show Job Names;- -

Job CPU% Root Job Seg Name
-------- --------- --------------------------

4 0 0 14F9903 System
211 95 588D3 1277902 !USERS.PHIL.TEST AREA % !USERS.PHIL.TEST AREA.T
213 0 BB4D5 1566503 [PHIL.S_1 Debugger]
215 0 0 1283D02 [PHIL.S 1 Editor]
228 0 2B4E4 1133901 Problem-Report Transfer Server

August 3, 1987 at 12:48:44 PM
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!TooLS.SYSTEM UTILITIES'V(l) 1 ITooLS.SYSTEM UTILITIES'V(l) 2

with Directory;
with Machine;
with Calendar;
with System;

package System_Utilities is

praqma Subsystem (Tools, Closed);
praqma Module_Name (4, 3973);

subtype Job Id is Machine.Job Id range 4 .. 255;
subtype Session_Id is Machine~Session_Id;

subtype Version is Directory.Version;
subtype Object is Directory.Object;

subtype Port is Natural range 0
subtype Tape is Natural range 0

4*16*16;
4;

subtype Byte_String is System.Byte_String;

-- Job (Process) characteristics
function Get Job return Job Id;
function Priority -

(For Job JOb_Id:- System_Utilities.Get_Job) return Natural;
function Elapsed-

(For Job Job Id .- System Utilities.Get Job) return Duration;
function Cpu (For Job : Job Id :- System Utilities.Get Job) return Duration;
function Job Name- - - -

(For_Job Job_Id:- System_Utilities.Get_Job) return String;

-- Active Session characteristics
function Get Session return Session Id;
function Get=Session (For_Job Job=Id) return Session_Id;

function Session Name
(For-Session Session_Id:- System_Uti1ities.Get_Session)

return String;
function User Name

(For Session : Session_Id :- System_Utilities.Get_Session)
return String;

function Terminal (For Session Session_Id:- System_Uti1ities.Get_Session)
return Port;

function Terminal (For Session Session Id :- System_Utilities.Get_Session)
return Version;

function Terminal (For Session : Session Id :- System_Utilities. Get_Session)
return Object; -

function Session (For Session: Session Id :- System_Utilities.Get_Session)
return Version; -

function Session (For Session: Session Id :- System_Utilities.Get_Session)
return Object; -

function User (For Session: Session Id :- System_Utilities.Get_Session)
return Version; -

function User (For Session : Session Id :- System_Utilities.Get_Session)
return Object; -

-- Inactive Session characteristics

function Hcae_Library (User : String := User_Name) return String;
August 2, 1987 at 1:22:58 AMAugust 2, 1987 At 1:22:58 AM

function Last Login (User : String; Session : String :- •• )
- return Calendar.Time;

function Last Logout (User : String; Session : String :- •• )
- return Calendar. Time;

function Logged_In (User : String; Session : String :- ••) return Boolean;

-- Names for Text_IO/Simple_Text_IO standard file nalles

function Output Name
(For Session Session Id :- System_Utilities. Get_Session)
return String;

function Input Name
(For Session: Session Id :- System_Utilities. Get_Session)

return String;
function Error Name

(For Session: Session_Id :- System_Utilities. Get_Session)
return String;

function Tape_Name (Drive : Tape := 0) return String;

-- Terminal characteristics

subtype Stop Bits Range is Integer range 1 .. 2;
subtype Character-Bits Range i. Integer range 5 .. 8;
type Parity_Kind i. (None, Even, Odd);

function Terminal Name
(Line-: Port :- System_Utilities. Terminal) return String;

function Terminal Type
(Line-: Port :- System_Utilities. Terminal) return String;

function Input Count
(LIne : Port :- System_Utilities. Terminal) return Long_Integer;

function Output Count
(Line : Port :- System_Utilities. Terminal) return Long_Integer;

The number of characters input/output from/to the specified terminal
since the machine was booted. Input from the terminal that has not
been read by a session or user program will not be counted as input.

function Input Rate
(LIne : Port :- System_Utilities. Terminal) return String;

function Output Rate
(Line : Port .- System_Utilities. Terminal) return String;

function Parity (Line: Port :- System Utilities.Terminal)
return Parity Kind; -

function Stop Bits (Line: Port :- System Utilities. Terminal)
- return Stop Bits Range;

function Character Size (Line: Port :- System Utilities. Terminal)
- return Character_Bits_Range;

function Xon Xoff Characters
(Line-: Port :- System Utilities.Terminal) return String;

function Xon Xoff Bytes -
(Line-: Port :- System_Utilities. Terminal) return Byte_String;

function Receive Xon Xoff Characters
(Line: Port :- System Utilities.Terminal) return String;

function Receive Xon Xoff Bytes -
(Line: Port := Systa. Utilities. Terminal) return Byte String;

returns a 2-element string conslsting of Xon followed by Xoff



tl ILl

ITooLS.SYSTEM UTILITIES'V(l) 3 !TooLS.SYSTEM UTILITIES'V(l) 4

function Flow Control
(Line: Port :- System Utilities. Terminal) return String;

function Receive Flow Control -
(Line: Port :- System Utilities.Terminal) return String;

-- return one oE NONE, XON_XOFF, RTS, DTR

function Enabled (Line: Port :- System_Utilities.Terminal) return Boolean;

function Disconnect On Disconnect
(Line :-Port :- System Utilities. Terminal) return Boolean;

Logoff On Disconnect -
(Line: Port :- System Utilities.Terminal) return Boolean;

Disconnect On Logoff -
(Line :-port :- System Utilities.Terminal) return Boolean;

Disconnect On Failed Login
(Line :-Port :- System Utilities.Terminal) return Boolean;

Log Failed Logins -
(Line :-Port :- System Utilities.Terminal) return Boolean;

Login Disabled -
(LIne : Port :- System Utilities.Terminal) return Boolean;

Detach On Disconnect -
(Line: Port :- System_Utilities.Terminal) return Boolean;

function

function

function

function

function

function

-- Iterate over all active sessions

type Session Iterator i. private;
procedure InIt (Iter: out Session Iterator);
function Value (Iter : Session Iterator) return Session Id;
function Done (Iter: Session Iterator) return Boolean;-
procedure Next (Iter: in out-session_Iterator);

-- Iterate over all jobs Eor a session

type Job Iterator i. private;
procedure Init (Iter : out Job Iterator;

For Session: Session Id :- Get Session);
function Value (Iter: Job Iterator) return Job-Id;
function Done (Iter : Job Iterator) return Boolean;
procedure Next (Iter: in-out Job_Iterator);

type Terminal Iterator i. private;
procedure Init (Iter: out Terminal Iterator);
function Value (Iter : Terminal Iterator) return Natural;
function Done (Iter : Terminal Iterator) return Boolean;
procedure Next (Iter: in out Terminal_Iterator);

fUnction System Up Time return Calendar. Time;
function System=Boot_Confiquration return String;

function Image (Version: Directory.Version) return String;

procedure Set Page Limit (Max Pages : Natural;
- - For=Job : Job_Id :- System_Utilities.Get_Job);

Set the upper limit Eor pages created by the speciEied job.
Attempts to create additional pages result in Storage Error.
Requires operator capability iE For Job speciEies a job belonging
to a user diEEerent from the caller~ IE For Job parameter defaults,

then the limit applies to the calling job. In the worst case,
the job can allocate twice Hax Pages pages beEore getting a storage
error. Raises constraint_error iE the job_id is illegal.

procedure Get_page_counts (Cache Pages : out Natural;
Disk Pages : out Natural;
Max Pages : out Natural;
For=Job : Job_Id :- System_Utilities.Get Job);

-- Return the counts Eor the speciEied job. Cache Pages is the number oE
-- pages presently in main memory; Disk_Pages is the number oE pages that

have disk space allocated Eor them. Max Pages is the current page
-- limit. -

-- Operations Eor reading machine inEormation:

type Bad Block Kinds i. new Long Integer range 0 .. 7;
Manufacturers Bad Blocks : con. tint Bad Block Kinds :- 1;
Retargeted Blocks-: con.tant Bad Block Kinds :- 2;
All Bad_Blocks : con.tant Ba~BIOck_Kinds :- 3;

type Block_List i. array (Natural range <» of Integer;

fUnction Bad Block List
(For Volume : Natural;

Kind : Bad Block Kinds :- Retargeted Blocks) return Block List;
Return the list oE bad blocks oE the speciEied-kind on the specified
disk. Return null array iE Kind or volume are illegal.

function Get Board Info (Board : Natural) return String;
return information about the speciEied board in the machine. The
string identiE1es the inEormation.
Board speciEies the particular board:

o : IOA/IOC
1 : SYS
2 : SEQ
3 : VAL
4 : TYF
5 : FIU
100 : HEHO
101 : HEH1
102 : HEH2
103 : HEH3

etc.
end System_Utilities;

August 2, 1987 at 1:22:58 AM August 2, 1987 at 1:22:58 AM



VIRTUAL PROCESSORS - COMMANDS
TO CONTROL THEM

• Environment

- Job.Kill
- Scheduler.Set Job Attribute- -
- Scheduler.Set_WSL_limits

SLkJ~r. ~\~u.b:>le
I L::~~j,;, l~

• Kernel

- Disable Job good to stop runaways and look around
at them

- Enable Job

Abort Task

• If a program has runaway and Is using unexpected
CPU or disk space (or job segment size large), you
can disable it from the kernel and then use Show
Tasks to dump the job state.



VIRTUAL PROCESSORS - REVIEW

• Volumes

• VPIDs and job Ids

• Job Information

• Job resources

• Commands:

What.Users

What.Jobs

Show_Jobs

Show_Jobs_Names

Show_Identity

etc.



"jov\- ~ re;

!COMMANDS. SCHEDULER' V (1) 1 !COMMANDS.SCHEDULER'V(l)

with Machine;

2

packaqe Scheduler i.

•ubtype Job Id i. Machine.Job Id;
.ubtype Cpu-Priority i. Natural ranqe 0 .. 6;
.ubtype Milliseconds i. Long_Integer;

procedure Disable (Job: Job Id);
procedure Enable (Job: Job Id);
function Enabled (Job : Job:ld) return Boolean;

function Get_Cpu_Priority (Job : Job_I d) return Cpu_Priority;

type Job Kind i. (Ce, Oe, Attached, Detached, Server, Terminated);
function-Get_Job_Kind (Job: Job_Id) return Job_Kind;

type Job State i. (Run, Wait, Idle, Disabled, Queued);
function-Get_Job_State (Job : Job_I d) return Job_State;

the current state of job.
the job is currently runnable
the job is runnable but being withheld by the scheduler.
the job isn't using cpu time and has no unblocked tasks.
an external agent has disabled the job from running.
the job is DETACHED and must wait for another to complete.

returns
RUN:
"AIT:
IDLE:
DISABLED:
QUEUED:

function Get_Cpu_Time_Used (Job : Job_Id) return Milliseconds;

returns the number of milliseconds of cpu time used by the job.
belongs on the previous page, put here for compatability reasons

function Disk_Waits (Job Job_Id) return Long_Integer;

-- returns the number of disk_waits the job has done since last initialized

function Working_Set_Size (Job : Job_Id) return Natural;

-- returns the number of pages in the job's working set.

.ubtype Loa~Factor i. Natural;

-- for run queues, number of tasks * 100

procedure Get Run Queue Load- - - (Last Sample : out Load Factor;
Last-Minute: out Load-Factor;
Last-S Minutes: out Load Factor;
Last-1S Minutes: out Load Factor);
100 - - --- number of runnable tasks *

procedure Get_Disk_Wait_Load (Last_Sample : out Load_Factor;
Last Minute : out Load Factor;
Last-S Minutes: out Load Factor;
Last-1S Minutes: out Load Factor);

-- number of tasks waiting for a page-on the disk wait ~eue * 100

procedure Get_Withheld_Task_Load (Last_Sample : out Load_Factor;
Last Minute : out Load Factor;
Last=S_Minutes : out Load_Factor;

Last 1S Minutes: out Load Factor);
returns the average number of tasks-withheld from running-by
the scheduler • 100. In this call LAST SAMPLE is the number of tasks
held at the last lOOms scheduling cycle .

procedure State;

-- print scheduler state

procedure Display (Show Parameters : Boolean :- True;
Show-Queues: Boolean :- True);

-- display current SCheduler state and queues

type Job Descriptor i.
record

The Cpu Priority : Cpu Priority;
The-State : Job State;-
i~e-Disk Waits: Long Integer;
The-Time-Consumed : Milliseconds;
The-WorkIng Set Size : Natural;
The-Working-Set-Limit : Natural;
The-Milliseconds Per Second: IJatural;
The-Disk Waits Per Second: Natural;
The-MapS-To : Job Yd;
The-Kind-: Job Kind;
The-Made Runnable : Long Integer;
The-Total Runnable : Long Integer;
The-Made Idle: Long Integer;
The-Made-Wait : Long-Integer;
The-Wait-Disk Total: Long Integer;
The-Wait-Memory Total: Long Integer;
The-Wait-Cpu Total: Long Integer;
The-Min workIng Set Limit-: Long Integer;
The-Max-Working-Set-Limit : Long-Integer;

end record;- - - -

function Get Job_Descriptor (Job : Job_I d) return Job_Descriptor;

-- use to get a consistent snapshot of a job's statistics.

'lenerlc
with procedure Put (Descriptor: Job_Descriptor);

procedure Traverse_Job_Descriptors (First, Last: Job_Id);

use to get a consistent, efficient snapshot of a range of
job's statistics.

procedure Set (Parameter: String :- wW; Value: Integer);
function Get (Parameter : String) return Integer;

and display
Default

1
10

-250
250
130

o

Programmatic versions of set
initial parameters
CPU Scheduling
Percent For Background
~n Foregro~nd Budget
Hax-Foreground-Budget
Withhold Run Load
Wlthhold=HUltiple_JobS

(]hits
1 or 0 (true or false)
t
milliseconds (-5000..OJ
lIIilliseconds (0..5000)
load • 100
1 or 0 (true or false)

Auguat 2, 19B7 at 1:21:30 AM August 2, 1987 at 1:21:30 AM
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!COHMANDS.SCHBDULZR'V(l) 3 !COHMANDS.SCHBDULER'V(l) 4

-- No message of any kind if success.Memory Scheduling
Enviro'iiment Wsl
Hln Ce Wsl -
Max- Ce-Wsl
Hln- De-Wsl
Max- De-Wsl
Hln-Attached Wsl
Max-Attached-Wsl
Hln-Detached-Wsl
Max- Detached- Wsl
Hln-Server WSI
Max- Server-Wsl
Daemon Wsl-
Wsl Decay Factor
Wsl- GroortiiFactor
Hln-Available Memory
page_Withdrawl_Rate

1
11000

400
1000
250

2000
50

2000
50

4000
400

1000
200

50
50

2048
1

1 or 0 (true or false)
pages
pages
pages
pages
pages
pages
pages
pages
pages
pages
pages
pages
pages
pages
pages
n·640 pages/sec (n in 0..64)

Disk Scheduling
Max Disk Load
Hln-Disk-Load

1
250
200

1 or 0 (true or false)
Load Factor
Loa{:Factor

Foreground Time Limit
Background-Streams
Stream Time N
Stream-Jobs N
Strict=Stream_policy

60
3

2,5,20
3,0,0

o

seconds

minutes
jobs
1 or 0 (true or false)

procedure Set Job Attribute (Job : Job Id;
- - Attribute-: String :- "Kind";

Value: String :- "Server");
function Get Job Attribute

(Job-: Job_Id; Attribute String :- "Kind") return String;

These interfaces exist to deal with ongoing changes to scheduler
characteristics without requiring new procedures.

The default parameters to Set_Job_Attributes make the indicated job
a server.

See the documentation for other attributes.

procedure Set Wsl Limits (Job : Job Id; Min, Max
procedure Get-Wsl-Limits (Job: Job-Id; Min, Max
procedure Use=Default_Wsl_Limits (Job: Job_Id);

Natural) ;
out Natural);

-- Each class of job has a default for working set min and max.
-- Set Parameter lets you change the default value. Set Wsl Limits lets
-- you-override the default for a specific job. Use Default Wsl Limits

restores the values to the defaults, cancelling any prior-Set-Wsl Limits
call. - -
Get Wsl Limits returns the current values for a specific job.
Min-and-Max specify the range (in number of pages) in which the
working set limit is set. The scheduler chooses the working set
limit based on prevailing conditions on the machine. If Min and
Max are the same, the a fixed limit is specified.
Min must be less than or equal to Max and Max less than the memory size.
Error messages are sent to an output window in the case of errors.

praqma Subsystem (Os Commands);
praqma Module_Name (4, 3923);

end Scheduler;
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OBJECT MANAGEMENT SYSTEM

• Data stack segments can be created that are not
associated with a control stack. The data segments
are called heaps or segmenteQheaps. The are used
to store permanent objects In the environment.

• Segmented heaps are managed by a variety of
mechanisms at several levels:

Kernel Level: basic mechanisms for creating,
copying, and deleting heaps; page
differential copies; snapshot
coordination.

Object Management
Level: Specific protocols and uses of heaps

for storage of different types of
objects; Action Semantics.

Directory Level: association of objects with names;
versions; Ada semantics.



OBJECT MANAGEMENT SYSTEM -
HEAP MECHANISMS

• Segmented heaps behave as Ada collections. Typed
objects are placed In them using special allocator
pragmas.

type Heap_Ptr is access T;
pragma Segmented_Heap (Heap_Ptr);

X:= New T;
pragma Heap (Job_Segment.Get);

• Not for customer use. Similar things can be done
with Direct_10, Sequential_10, POlymorphic_10, etc.

• The first word in a heap indicates the next offset
for allocation.



OBJECT MANAGEMENT SYSTEM -
TEMP HEAPS

• Internal structure similar to temp files.

• Each has a marker saying who owns It.

• Temp heaps are deleted during system boot.

• They usually are deleted explicitly by their
creator, but this may not happen due to bugs
or aborting of the creator.

• Recovery of this space Is one reason to reboot
on occasion.



OBJECT MANAGEMENT SYSTEM -
MANAGERS

• Each object manager provides some type-specific
operations to support Its object type. Managers
generally coordinate access to their objects using
an open/close protocol.

• Atomic transactions make It possible to read and
update several objects atomically.

• The most significant object managers are:

Ada provides storage and access for all
Ada objects in the system

File provides storage and access for files

Directory stores mapping betwen string names
and objects. Also stores information
about objects.

• Each manager stores its global information in a heap.
During operation, new space Is allocated in this heap
and old space discarded.

• The daemon makes a copy of the heap, copying only
the currently valid Information. This Is how
compaction works.



OBJECT MANAGEMENT SYSTEM -
MANAGERS (CONT'D.)

• In addition, large objects that are managed by the
object manager are each stored In their own heap
or heaps.

• Small objects are stored In the manager heap and
do not have their own heaps.



Figure 4-1: Object Managementsystem atructure and Information. Each of the
managers in the Object Managers layer instantiates one of the Object
Management Generics. The number of types and subprograms that
appear as generic parameters are indicated. All code is based on

the common aupport code.
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OBJECT MANAGEMENT - OBJECT IDs

• Each object has a unique object Id.

• The object Id is a triple:

<manager id, object number, machine id>

• The manager Ids are:

0 Null 6 Session 12 Link
1 Ada 7 Tape 13 Null_Device
2 DDB 8 Terminal 14 Pipe
3 File 9 Directory 15 Archived_Code
4 User 10 Configuration
5 Group 11 Code_Segment

• Each manager assigns object numbesto their
objects. This Is usually done sequentially starting
with one.

• The machine Id Is not really used and Is always 1.
(Except in a few cases.)

• Given an object Id, you can find the name (If any)
using:

Action_ Utilities. Display _Object (Class,lnstance,Host)

or

Lib.Resolve (" <[Clas,§,lnstance,tisul]> ")

• From the directory point of view, each version of an
object has an object Id and Is, from the OM viewpoint,
a separate object.



OBJECT MANAGEMENT - ACTIONS

• Actions serve two purposes:

1) as atomic transactions that can be committed or
abandoned

2) as locks that are held on objects

• An action
has a unique action id
has an owner task
holds locks on zero or more objects
tracks changes in those objects

• When committed, the changes take effect and
become "permanent" (at the next snapshot).

• When abandoned, the changes are all undone.

• Storing information to undo changes if actions are
abandoned is one reason lots of disk garbage is
produced doing routine things.

• If a task dies without explicitly committing or
abandoning Its actions, they are automatically
abandoned the next time the action daemon runs
or the next time someone attempts to update the
affected object.

• Action "compaction" does not compact anything -
It only abandons actions owned by dead tasks. The
state size will only decrease when the system Is
shutdown and rebooted (not crashed and rebooted).

• To manually run the action manager daemon:

Daemon.Run ("Action");



OBJECT MANAGEMENT - SNAPSHOTS

• When a snapshot occurs, the state of each object
manager and the action manager are saved. Each
object modified since the last snapshot Is flushed
to disk and marked as committed.

• If the system crashes and Is rebooted, during
elaboration, each action that was In progress as
of the last snapshot Is abandoned. Thus, objects
being modified when the snapshot occurred are
restored to their pre-modified state.

• If there were bad objects lying around, they would
be noticed at this point, probably when the action
manger stopped in wait service due to a fatal
error.

• During the snapshot, for part of the time, all
object managers must save their state. During
this time, not much else can happen. During the
rest of the time, normal operations can proceed.

• To take a snapshot:

Daemon.Run ("Snap")

From EEDB

EEDB: Snap

• There Is a kernel command called snapshot. Never

--7 use this. It will Irrecoverably destroy the system
(most likely).

• To be included, actions must be committed before
the snapshot begins.



OBJECT MANAGEMENT - BACKUP
AND RECOVERY

• Backup saves address spaces In raw form. Individual
objects would be difficult to recover as they are
spread across segments and object manager state.

• When backup starts, a snapshot Is taken. This Is
called a retained snapshot because It Is saved
until the backup completes. It Is the contents of
this snapshot that is saved.



OBJECT MANAGEMENT - LOCKS

• The Show_Locks command can be used to display
lock Information and diagnose lock problems.

• There are several other commands to get
Information about locked objects:

What.Locks (M-F20) Gives simple information about
a locked object, or objects.

Action_Utilities.Lock_lnformation

More detailed information about
locked objects given either object
id, string name, or Directory.
Version (which is really an
Object.ld)



OBJECT MANAGEMENT - ARCHIVE
ON SHUTDOWN

• Some software updates require changing the
data structures stored by the object managers
in their manager heap.

• "Archive on Shutdown" provides a mechanism to
do this. When enabled, during shutdown, all
managers convert their state to string form.

• On boot, the strings are converted back to internal
form.

• Hopefully, the new software was loaded before
re-booting.

• Operator.Archlve_On_Shutdown (true);

Operator.Shutdown

after booting turn it off

Operator.Archive_On_Shutdown (false)
Daemon.Run ("Snap");

Op.Show_Shutdown_Settings displays state



OBJECT MANAGEMENT - LOCKS

• There Is a limit of 1024 actions. If a job starts
actions and leaves them pending, the system
could run out, or run low.

• Messages and errors "out of action Ids" appear
In this case.

• Show_Locks can show who has what actions If it is
possible to run commands. Parameters:

show what each action has
locked

limit to this job

Action 10 Filter limit to this action



OBJECT MANAGEMENT - REVIEW

• Segmented heaps

• Object managers

• Object Ids

• Actions

• Snapshots

• Backup and recovery

• Locks

• Commands:

Action_ Utilities. Display _Object

Daemon.Run ("Action")

Daemon.Run ("Snap")

Show_Locks


