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Introduction

* This class will cover (at the 50,000 foot level) many different areas
(but not all) of z/OS
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Introduction

* Don’t be overwhelmed. There is a ton of material here. The purpose
of this session is to acquaint you with some of the major concepts of
2/0S
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Why Z Matters?



Why Z Matters
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Why Z Matters

of the top 100
9 worldwide banks
run on Z
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Why Z Matters

out of 10 of the world’s
1 largest insurers
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Why Z Matters

of the US’s
> 9 O % largest retailers




Why Z Matters

of the US’s
>90% largest airlines




Why Z Matters

1.3 million

CICS transactions every
second of every day

In comparison, there
are 68,542 Google
searches every
second globally

z/0S Concepts #CC
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Why Z Matters

The average cost of a security breach
in the US is estimated at $11 million

IBM Z has the highest server t _?

security rating in the industry e e

Security Is built into every level of the ? ?

mainframe’s structure, including the processor,
operating system, communications, storage
and applications



Why Z Matters

Mainframes process 30 billion
business transactions per day

Mainframes process 1.3 million
CICS transactions. Every second. Every day.

- ¢o=.  Mainframes enable $6 trillion
L4 ed* A in card payments annually

80 percent of the world’s corporate
data originates on mainframes

91 percent of CIOs said new customer-
facing apps are accessing the mainframe

z/0S Concepts #CC 16



Naming of OS



z/0OS Lineage

e At the beginning there was:

0S/360 (1966)
* Configuration options PCP, MFT and MVT

0S/VS2 R1 (~1972)

* Retroactively renamed to SVS

0S/VS2 R2 (~1974)
* Also called MVS

MVS/370 (~1977)
* MVS/SPV1
* Optionally DFDS and DFEF

MVS/XA (1983)
* MVS/SP V2 or V3 and MVS/DFP

MVS/ESA (~1990)
e MVS/SP V4 or V5
* Either MVS/DFP or DFSMS/MVS

0S/390 (1996)

2/0S (2001)

z/0S Concepts #CC

Since 2001 the name
has remained z/OS

This is the longest
that it has been called
one name!
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Check your Knowledge
* What do you think the “Z" stand for in z/OS ?
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Check your Knowledge
* What do you think the “Z" stand for in z/OS ?

e Zero downtime

21



Hardware Context of
z/0S



IBM Z Server —the IBM z15




IBM Z Server — Support Element

Bottom layer
IS the Support
Element (SE)

Provides the

human interface
(technicians and system

programmers) tO the
CPC

)

24
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IBM Z Server — H/W. Microcode

Next layer Is the
hardware and

microcode

(a.k.a. Firmware,
BIOS)

CP, Memory, I/O
[T S Teaeml DR = T |

Support Element (SE)

z/0S Concepts
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IBM Z Server — H/W, Microcode

o : Software that Is
iy W built into the
B ST hardware and is
not accessible

by the user

microcode

CP, Memory, I/O
[ e T IS 5 T |
Support Element (SE

)
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Up to 190 processors |gi ¢
(CPs a.k.a. CPUs) are i
supported

64GB to 40TB
of memory Is
supported

)

z/0S Concepts
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IBM Z Server — PR/SM™

A hypervisor that managers V|rtual
machines (enables the logical
partitioning function (coming up next) of

the CPC)

~ PR/SM™
CP, Memory, /0
[ e T IS 5 T |
Support Element (SE)

28
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Customer Think of an
specifies the LPAR as

number of | equivalent to a

Logical separate CPC
Partitions (i.e., a virtual

(LPARS) o ’I machine)

PR/SM™
CP, Memory, /0
Suot Element (SE)

29
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Each LPAR can
be allocated
different

IBM Z Server — Multiple LPARs
Up to 85
LPARS can be
defined i
\X\
PR/SM™

Support Element (SE

z/0S Concepts

LPAR

amounts of
resources (up to
16TB memory)

=

CP, Memory, /0
[T Tl DY = T |

)
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IBM Z Hardware and z/OS

z/VNM®

Z/0S (a.k.a. Multiple Virtual

Storage - MVS)

Where we will be spending our §
time

31
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Features, and
Components



z/OS Concepts — Elements, Features,
Components

e 2/0OS is a collection of elements
* Each element consists of a collection of modules (called components)

N

Examples:
|OS, RSM, GRS, Contents,
Allocation, Consoles, NIP,
Scheduler, SMF, BCPIi, Logger
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z2/0S Concepts — Elements, Features,
Components

* Base elements are always included in z/OS
* BCP (Base Control Program)
* DFSMSdfp (Data Facility Storage Management Subsystem)
* Deliver essential operating system functions

Other Base Elements:
Communication Server, z/IOSMF,
HLASM, TSO, ISPF, JES2,
Metal C Runtime Library

z/0S Concepts #C 34



z/OS Concepts — Elements, Features,
Components

Optional Features
Examples:
Security Server, SDSF,
XL C/C++, RMF, JESS,
DFSMShsm, DFSMSdss

* Optional features installed in addition to base elements
* Requested separately from base elements
e Can be priced or free

z/0S Concepts #CC 35
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IBM z/0OS Software Stack

‘ Applications ‘

z2/0OS®
A

‘ Middleware ‘

_ ‘ Provides critical set of

system services made

possible by the
z/Architecture® and

firmware

z/0S Concepts #CC
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IBM z/0OS Software Stack

‘ Applications ‘

z2/0OS®
A

‘ Middleware ! Software that is

ISR <o coce nor
\

system code nor an
end-user application

z/0S Concepts #CC
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IBM z/0OS Software Stack

‘ Applications
‘ Middleware ‘

Db2® Data Base 2

CICS®  customer Information Control System
IMS™ Information Management System
WAS WebSphere® Application Server

IBM MQ IBM Message Queuing

SAP® Systems, Applications and Products in Data
Processing

TSO/E  Time Sharing Option/Extensions

z2/0OS®

| SAP is the registered trademark of SAP SE in Germany and in several other countries.
z/0S Concepts #CC 39




IBM z/0OS Software Stack

‘ Applications Provide end-user

: Interface to product
‘ Middleware ‘

solutions

z2/0OS®
A

ISPF Interactive System Productivity Facility
SA z/OS IBM Tivoli® System Automation for z/OS

z/0S Concepts #CC
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Application Development Environments,
Application Execution Environments and
z/OS Management Environments



Application Development Env

z/OS supports many programming languages as well as
modern IDEs and environments

z/0S Concepts #CC 42



Application Development Env

z/OS supports many programming languages as well as modern
IDEs and environments
 Assembler

« COBOL

« C/C++

« PL/I

* Fortran

« REXX

« JAVA™

 Python

 Node.s

« Scala

z/0S Concepts #CC 43



Application Development Env

Legacy interactive interface

=i
File Edit View Communication Actions Window Help
5| B 8% | ] @ 9|

=enu HUtiljitl



Application Development Env

Integrated Development
Legacy interactive interface Environment (IDE)

E'ﬁ \4 workspace - /05 Connect Enterprise Edition - IBM Developer for z Systems - [m) X
File Edit MNavigate Search Project Run Window Help

File Edit View Communication Actions Window Help M - i iR T M
= = [ Project Explorer 3 &M% v=8 £ test1API 33 [ ) 5 =g
s 2% B @ v & & B 35000
8 280
tilfit 11 Opt Hel & Testt
~ Describe your API
Name: test] Description:
Basepath: | /test!
Version: 100
4| Path T[S | %
newPath1?
4| Methods v
» S e senice..| [Mapping... || [ (%
>Test Service...| | Mapping... |- | & (¥
f 2/0S Connect EE Serv... 57 | 4 Rem =g
» D - Senice..| | Mapping... | [&] (%
Type to filter by name or status
» EEEEN e Senice..| [Mapping... |/ [ %
% MyZ0SConnect (mvs
B0 Host Connections | [ Properties 12 | g Progress [#) P E & * =0
Property Value

for Librarian

t defaults

FlzHelp




Application Development Env

Integrated Development

Legacy interactive interface Environment (|DE)

=g

File Edit View Communication Actions

indow Help

(&3 workspace - 205 Connect Enterprise Edition - [BM Developer for z Systems

Salection 3 = o
File Edt Navigate Search Project Run Window Help SEEID L 5 a1
- o v By o Qi il B - .

(7 Project Explorer 5 BE B v =0 |88 ustone [{g}‘esnAm 57 | ) swaggerjson

& Test . Interactive Pl
& Tet API Editor

4 OPEN EDITORS

SWARRENJCL(RXZOSMFT)[SWARREN-SH...
= Describe your AP| 9 b MY PROGRAMS (WORKSPACE)
b OUTLINE
4 DATA SETS
b Favo

Name: test] Description:

Basepath: | /test]

Version: 1.00 4 SWARREN-SHARE
SWARREN.#51.SPFLOG1.LIST

RREN.#51.SPFTEMPC
| Path

o[ [% ARREN.#51.SUPERC.
SWARREN.BRODCAST
/newPath1?
SWARREN.HC.SYSOUT
T Methods ~ SWARRENJCL

BKAZOSMF

b O I et Senice...| | Mapping.. 47| | % BKSZOSMF

3 = BK6ZOSMF

N | S| epes ,

H 2/05 Connect EEServ... 53 | 4§ Remote Systems = HLTHCHK

» T - Servicer| [Mappmge (@] [@] [ RACDCERT

Type tofilter by name or status Nt E ; " = 1 [ RUNGETAD

est ervice.. | Mapping. R

l MyZOSConnect (mvs] centers.ihost.com: 10020) RUNREXX
0 Host Connections | [ Properties 5% | g Progress  [#] Problems SWARREN.REXXSAMP

Property Value HWT2

OLDEXEC1
RXEXEC1
RXEXECIA
RXEXEC1B

2/Gs COTICEP S FCT

Other Modern Application

Development Tools

RXZOSMF1)[SWARREN-SH. - My programs (W ) al Studio Code

= SWARRENJCL(RXZOSMFT)[SWARREN-SHARE] %

HTTP_getToolkitConstants
RESULT 2]
fatalError( "**

HTTP_init HWTH_HANDLETYPE_CONNECTION
RESULT ]
fatalError( ' **

HTTP_setupConnection
RESULT 8

nup(

HTTP_connect

HTTP_init HWTH_HANDLETYPE_HTTPREQUEST
RESULT

Ln129,Col1 Spaces3 UTF8 CRIF REXX @ M
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Application Development Env J
3

Visual Studio Code

@z Iravis Cl
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Application Execution Env
UNIX

Traditional z/OS z/0OS UNIX application
application environments, environment

including middleware

docker

Java Virtual Machine z/0S Container Extensions
application environment e application environment (new in z/0OS
z/0S Concepts V2 R4) 48




Management Environments

z/OS Management Facility (z7OSMF) provides modern interface
P manage your z/OS systems

to he

z/0S Concepts

BV ZI S ivianiagementFaciiity;

Welcome

Configuration

Links

[=] Performance
Capacity Provisioning
Resource Monitoring
Systern Status
Warkload Management

Problem Determination

zI0S Classic Interfaces

ZIOSMF Administration

Refresh

Welcome Resaurce Man...

Resource Monitoring

Dashboards Common Storage Activity B
Common Storage Activity (Running)
start | Pause | save || Actions -

* C5A & ECSA (Systems)

IRDT

IRDE | |13

PRODPLEX,SYSPLEN B CRA whiization by M/ S inage
PRODPLEX,SYSPLER % ECSA wiizabion by M5 inage

031852011 14:50:00- 0311872011 14:51:00 {444)

* S0A & ESOA (Systems)

IRDY

IRDE |

PRODPLEXSYSPLEX % S04 whiizabion by M/ S inage
PRODPLEXSYSPLEX & E5GA wtiization by M5 inage

0382011 14:50:00 - 03M 872011 14:51:00 (4/4)

Help

#CC
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IBM Speak — DASD

* DASD — Direct Access Storage Device
* Think “Hard Drive”

z/0S Concepts #CC 51



IBM Speak — DASD

e a.k.a. DASD Volume

e Volume needs a label
* Volume Serial Number (VOLSER)
 1to 6 characters

z/0S Concepts #CC 52
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IBM Speak — Data Set

 Data set
e Think “File”
Contains data in different structured formats

Need to choose the format of data set and reserve
space (allocate dataset) prior to using for the first time

Resides on DASD, Tape

z/0S has types of data sets
* Legacy Data set

* Unixfile IBM prefers the
spelling “data set” to
“dataset”

z/0S Concepts #CC 54



IBM Speak — Data Set

Data In a data set

\l_
| |

z/0S Concepts #CC 55



IBM Speak — Data Set

Broken up into records

— T — T T T T

z/0S Concepts #CC 56



IBM Speak — Data Set

| 80 [ 80 [ 80 [ 80

30

LRECL (Logical Record Length) = 80
Number of bytes in each record

z/0S Concepts

#CC

57



IBM Speak — Data Set

80 | 80 [ 80 [ 80

30

RECFM (Record Format) = F (Fixed)
All records are the same size

z/0S Concepts

#CC
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IBM Speak — Data Set

[ 80 T 80 [ 80 [ 80 [ 80 [ 80 |
\ AL y,
Y Y

RECFM (Record Format) = FB (Fixed Block)
Records grouped into blocks

BLKSIZE (Block Size) = 240

3 Records * LRECL = BLKSIZE

z/0S Concepts #CC 59



IBM Speak — Data Set

Broken up into variable
sized records

[40] 80 [ 50 Jo] 70 T 80 |

>

LRECL (Logical Record Length) = 80
Maximum number of bytes in arecord

z/0S Concepts #CC 60



IBM Speak — Data Set

20| 80 [ 50 70 180
| | kﬂ | Jl
2\'s 2\'s

RECFM (Record Format) = VB (Variable Block)
Records grouped into blocks

BLKSIZE (Block Size) = 174

Find largest block: Total LRECL values + 4 byte
descriptor = BLKSIZE

z/0S Concepts #CC 61




IBM Speak — Data Set

Record Format (RECFM) = Fixed Block (FB); Block Size
(BLKSIZE)=240; Logical Record Length (LRECL)=80

[ 80 T 80 [ 80 [ 80 [ 80 [ 80 |

Record Format (RECFM) = Variable Block (VB); Block Size
(BLKSIZE)=174; Logical Record Length (LRECL)=80

40 80 50 =] 70 | 80 |
~
Y

Block size =number of records to Choose the appropriate
be read as a single 1/O operation settings for the type of data

z/0S Concepts #CC 62



IBM Speak — Data Set

One other data set attribute:
DSORG (Data Set Organization)

z/0S Concepts #CC 63



IBM Speak — Data Set

DSORG=PS (Physically Sequential)

| _/\ Data |

Editing the data set gives you all
the data In the data set

z/0S Concepts #CC 64



IBM Speak — Data Set

DSORG=PO (Partitioned)

| Directory | Member 1 Data I Member 2 Data | Member 3 Data |

a.k.a. PDS (Partitioned Data Set)
or PDSE (Partitioned Data Set
Extended)

z/0S Concepts #CC 65



IBM Speak — Data Set

DSORG=PO (Partitioned)

N

| Directory I Member 1 Data I Member 2 Data | Member 3 Data |

\\ A

The PDS contains a directory to
locate the members

z/0S Concepts #CC 66



The Naming of
Data Sets



IBM Speak — Data Set Name

* Data set name (DSN or DSName)
e Think “File Name”

z/0S Concepts #CC 68



IBM Speak — Dat

* 1to 22 segments

a Set Name

e segments separated by a period
* each segment limited to 8 characters

FRED.ASSEMBLE.SOURCE

z/0S Concepts

#CC
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IBM Speak — Data Set Name

* Up to 44 characters (includes periods)
* High-level qualifier (HLQ) is typically your userid

z/0S Concepts

High-level
o Low-level
gualifier .
qualifier

\(Hﬁ)_ \/
FRED.ASSEMBLE.SOURCE

#CC
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IBM Speak — Data Set Allocation

* Data set allocation
* Think “Create Space” for a data set on disk

z/0S Concepts #CC 72



IBM Speak — Data Set Allocation

e Data set allocation

* Need:

* Data set name

* VOLSER (i.e., the DASD volume) where the space should be
allocated

* Data set attributes (Size, RECFM, LRECL, BLKSZE, DSORG)

73

z/0S Concepts #CC
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Check your knowledge

e What is a VOLSER?

z/0S Concepts #CC 75



Check your knowledge

* What is a VOLSER? -
* Volume Serial Number, name of your disk drive

z/0S Concepts #CC 76



Check your knowledge

* What is a VOLSER? -
* Volume Serial Number , name of your disk drive

* What is the maximum length of a z/OS data set name (including
periods)?

z/0S Concepts #CC 77



Check your knowledge

* What is a VOLSER? -
* Volume Serial Number , name of your disk drive

* What is the maximum length of a z/OS data set name (including
periods)?
* 44 Characters

z/0S Concepts #CC 78
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Interacting with z/OS — TSO

* End users (sometimes tens of thousands of them) use the
system

z/0S Concepts #CC 80



Interacting with z/OS — TSO

¢ TSO/ E (Time Sharing Option/Extensions) allows users to Iog on and
interactively share resources

e Supports limited set of basic commands
* Sometimes called using TSO in its “native mode”

z/0S Concepts #CC 81



Interacting with z/OS — TSO

Enter LOGON parameters below: RACF LOGON parameters:
Userid > BIBOLET

Password ===> New Password ===>
Procedure ===> Group Ident ===>

Acct Nmbr ===>

Size You provide your userid
Perform and paSSWOFd

Command

Enter an 'S’ before each option desired below:
-Nomail -Nonotice -Reconnect -0IDcard

PF1/PF13 ==> Help PF3/PF15 ==> Logoff PAl1 ==> Attention PA2 ==> Reshow
You may request specific help information by entering a '?" in any entry field




Interacting with z/OS — TSO

READY indicates
TSO will accept
commands
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Interacting with z/OS — ISPF

Because TSO/E
native mode
supports limited
functions, most
users go right to ISPF




Interacting with z/OS — ISPF

* |SPF (interactive System Productivity Facility)

* Full panel application
* Panels are hierarchical

z/0S Concepts #CC 86



Interacting with z/OS — ISPF

* Navigated via keyboard

* F7 and F8 scroll up (or backwards) and down (or forwards)
* Enter (not right-ctrl) moves cursor to next input field

* Home moves cursor to first input field

e |SPF use of Function Keys —z/0OS ISPF User’s Guide Vol |

z/0S Concepts

Table 1. Default Values

F1 HELP

F2 SPLIT
F3 END

F4 RETURN
F5 RFIND
F6 RCHANGE
F7 upP

F8 DOWN
F9 SWAP
F10 LEFT
F11 RIGHT

F12 RETRIEVE HCC

Link to ISPF
publication

87


https://www.ibm.com/support/knowledgecenter/en/SSLTBW_2.1.0/com.ibm.zos.v2r1.f54ug00/profun.htm

Interacting with z/OS — ISPF

* |ISPF use of Function Keys —z/0OS ISPF User’s Guide Vol |
* Provides text editor and browser

z/0S Concepts #CC 88
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Interacting with z/OS — ISPF

e |SPF use of Function Keys

e Data set utilities
* Allocation
e Deletion

* Locating and Listing
* etc.

z/0S Concepts #CC
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Interacting with z/OS — ISPF

Menu ReflList RefMode Utilities Help

Data Set List Utility

More:
blank Display data set list data set list
V Display VTOC information PV Print an formation

Enter one or both of the parameters below:
. . . BIBOLET.x.SOURCE takes us to

Dsname Level

Volume serial . . the Data Set List

Data set list options Ut|||ty
Initial View Enter "/" to select
1 1. Volume / Confirm Data Set Delete
2. Space Confirm Member Delete
3. Attrib
4, Total

Include Additional Qualifiers
Display Catalog Name
Display Total Tracks

!
!
!
!

Prefix Dsname Level

When the data set list is displayed, enter either:
"/" on the data set list command field for the command prompt pop-up,
an ISPF line command, the name of a TS0 command, CLIST, or REXX exec,




Interacting with z/OS — ISPF

Menu ReflList RefMode Utilities Help

Data Set List Utility

More:
blank Display data set list P Print data set list
V Display VTOC information PV Print VTOC information

Enter one or both of the parameters below:
Dsname Level . . . BIBOLET. x.S0URCE
Volume serial

Data set list options
Initial View Enter "/" 2lect option
1 1. Volume 7/ Confirm
2. Space Confirm
3. Attrib
4. Total

Include

EENEE  Specify the data set
Displa .
VRN o me (or use wildcards)

. that you want to display
When the data set list is displayed, enter e;
"/" on the data set list command field for and pI’ESS Entel’

an ISPF l1ine command, the name of a TS0 cot

!
!
!
!




with z/OS — ISPF

Utilities

Interacting

Menu

Options

View Compilers Help

Row 1 of 577
Scroll ===>» CSRE

DSLIST - Data Sets Matching BIBOLET. x. SOURCE
Command ===

Message

BIBOLET.
BIBOLET.

. SOURCE
. SOURCE

MIGRATZ2
MIGRATZ2

BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.

. SOURCE.
. SOURCE.
. SOURCE.
. SOURCE.
. SOURCE.
. SOURCE.
. SOURCE
ASMCLASS. SOURCE
ASSEMBLE . SOURCE

AULT.

SOURCE

DE20113
DR20413
DR20613
DR20713
DB21113
DR21413

AUTOARCT . SOURCE

AUTOR.
AUTOR.

SOURCE

SOURCE.

LOC

Data sets with
BIBOLET as an

HLQ and SOURCE
as the 39 qualifier

are displayed

MIGRATZ2
MIGRATZ2
MIGRATZ2
MIGRATZ2
MIGRAT2Z2
MIGRATZ2
MIGRATZ2
MIGRATZ2
SL2BOC

MIGRATZ2
MIGRATZ2
MIGRATZ2
MIGRATZ2

BIBOLET.AUTOR. SOURCE. REVIEW1
BIBOLET.AUTOR. SOURCE. TOOSMALL

MIGRATZ2
MIGRATZ2




Interacting with z/OS — ISPF

Menu Options

Yiew Utilities Compilers

DSLIST - Data Sets Matching BIBOLET.*.50URCE

Command ===

Command - Enter

BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.

BIBOLEL

n-..nJLl:I

"/" to select action

. 30URCE

. 30URCE

. 30URCE . DO20113
. 30URCE .DOZ20413
. 30URCE . DO20613
.30URCE .DOZ20713
. 30URCE . Do

S

. ASMCLASS . SOURCE
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.
BIBOLET.

ASSEMBLE . S0URCE
AULT . SOURCE
AUTOACT . SOURCE
AUTOR . SOURCE
AUTOR . SOURCE.LOC
AUTOR . SO0URCE.REVIEW1
AUTOR . SOURCE . TOOSMALL

Row 1 of 591
Scroll ===3 CSR

Mes=sage Yolume

Side note:
To list the available

commands, enter a
slash “ | ¢

MIGRHTZ
MIGRATZ
MIGRAT?Z
sLT32C

MIGRAT?Z
MIGRAT?Z
MIGRAT?Z
MIGRAT?Z
MIGRAT?Z
MIGRATZ




Interacting with z/OS — ISPF

Menu Options View Utilities Compilers Help

Data Set List Actions Enter the number 1

of the function you
desire

Data Set: BIBOLET.ASSEMBLE.SOURCE

DSLIST Action --
Edit . Reset MIGRATZ

View . Move MIGRATZ

Browse . Copy MIGRATZ

Member List . Refadd MIGRATZ

Delete . Exclude MIGRATZ

MG ELTS . Unexclude 'NX' MIGRATZ

Info . Unexclude first "'NXF' MIGRATZ

Short Info . Unexclude last "NXL' MIGRATZ

. Print . auperlC '5C° MIGRATZ

. Catalog . asuperCE '5CE’ MIGRATZ

. Uncatalog . aearch-For '5F' sL732C

. Compress . aearch-ForkE 'SFE' MIGRATZ

. Free . Allocate MIGRATZ

. Print Index MIGRATZ
MIGRATZ
MIGRATZ
BIBOLET.AUTOR.50URCE. TOOSMALL MIGRATZ




Interacting with z/OS — ISPF

File Edit Edit Settings Menu Utilities Compilers Test Help

EDIT BIBOLET.ASSEMBLE.SOURCE (HELOWRLD) - 0©1.00 Columns 00001 Q0072
Command ===>» Scroll ===>» CSR

KEKEKKEKKKKKKEKK KKK KKK KR KRR X kxx% Top OFT Data 5 % oK Kk K K K K K K K K K K K K K K KK K K K K K K K K K

o]olojolok] '"Hello World Program For The Assembler Class’

000002 Helolrld 31 Addressing mode is 31-bit

000003 HelolWrld 31 Residency mode is 31-bit

Q00004 HelolWrld ’

OOOOOS5 (14, 12) Save caller’'s registers

000006 R12,0 Obtain addressability address

olojolololg x, R12 Establish addressability

POPDOS8

CEREED ok e K K K K K K K K K K K K K K K K K K K KK K KK K KK K KK K KK K K K K K K K K K K K .

QODDO1OD =x Chain our savearea to the caller’'s saveare. YOU erte yOUI'
CICVEEN L L o o5 o e o 0 3 30 0 0 K0 K0 0 00 K0 K0 8000 D0 D00 D0 D0 D0 D0 D0 DK K NI I DB DI DI D D0 D0 D0 K G DI B DI DI DK O K K K K

000012 program!
ooPO13 R2, SaveArea Get address of ou

000014 R2,8(,R13) Make caller SA point to our SH
000015 R13, SaveArea+4 Make our SA point to our

0o0016 caller’'s SA

ofojolokirg R13,R2 Setup SA to be used by code
oEEE18 that we call

QODO19




z/OS UNIX



2708
Interacting with z/OS — UNIX

» z/OS UNIX a certified UNIX operating system by the Open Software
Foundation

 z/OS UNIX® provides another interactive way to access z/0S

* Before we examine some UNIX functions, we need to understand the
z/OS UNIX file system

* |In particular, the zFS (zSeries File System)

UNIX is a registered trademark of The Open Group
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Interacting with z/OS — UNIX zFS

Directo . . :
Y A hierarchical file
| system structure
Directory Directory
Directory Directory Directory
AN [N — I\ I\
file file file file
[N AN [— D\ AN
file file file file
[ I\ [N [— I\ —
file file file file
[— I\ [ I\ [N
file file file
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Interacting with z/OS — UNIX zFS

* Path name identifies a file
* Consists of directory names and a file name

z/0S Concepts #CC 99



Interacting with z/OS — UNIX zFS

* Up to 1023 characters

z/0S Concepts #CC 100



Interacting with z/OS — UNIX zFS

* Directories and file name separated by a forward-slash ( /)
/dirl/dir2/dir3/MyFile

z/0S Concepts #CC 101



Interacting with z/OS — UNIX zFS

* Names are case sensitive

z/0S Concepts #CC 102



Interacting with z/OS — UNIX zFS

 All files are sequential files
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Interacting with z/OS — UNIX

 z/OS UNIX provides three main environments

* ISHELL

* |SPF panel interface to z/OS UNIX System Services
* Good for users familiar with TSO and ISPF

z/0S Concepts #CC 104



Interacting with z/OS — UNIX

* OMVS
* The z/OS UNIX shell
* Users of current UNIX systems find the z/OS UNIX shell environment familiar

z/0S Concepts #CC 105



Interacting with z/OS — UNIX

e Remote UNIX interfaces

* z/0OS UNIX can be accessed thru standard UNIX interfaces remotely
* Telnet, SSH, NFS

z/0S Concepts #CC 106
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Interacting with z/OS — ISHELL

File Directory Special_file TJTools File_systems QOptions Setup Help

UNIX System Serwvices ISPF Shell
Enter a pathname and do one of these:
- Press Enter.
- Select an action bar choice.
- Specify an action code or command on the command line.

Return to this panel to work with a different pathname.

u/bibolet

EUID=175 Entering ISHELL from the TSO

Ready prompt (TSO native
mode) displays this panel

Command ===>




Interacting with z/OS — ISHELL

File Directory Special_file TJTools File_systems QOptions

Setup

Help

UNIX System Serwvices ISPF Shell
Enter a pathname and do one of these:
- Press Enter.
- Select an action bar choice.
- Specify an action code or command on the command line.

Return to this panel to work with a different pathname.

u/bibolet

EUID=175

Press Enter to
get a list of files

Command ===>




Interacting with z/OS — ISHELL

File Directory Special_file Commands Help

This panel is
tailorable so your
data may be
displayed differently

Directory List

Select one or more files with / or action codes. I
action from the action bar otherwise your default ac
with 8§ to use your default action.
navigation. See help for details.
EUID=175 u/bibolet/
Type Changed-ESTSEDT
Dir 2017-02-23 13:34
File 2017-02-23 11:46
Dir 2017-02-23 11:46
2017-02-23 03:08
2017-01-23 10:40

Cursor select c=:

Owner Filename Row 1 of 47
TCP

BIBOLET
BIBOLET
BIBOLET

BIBOLET

Perm
555
600
755
755
700

.sh_history

Dir . jazz-scm

Dir .ezrtcwi.Bb0397286

Dir
Dir
Dir
Dir
Dir
Dir
Dir
Dir
Command

755
700
700
700
700

TOO
===5

2017-01-23
2017-01-04
2016-10-26
2016-08-23
2016-08-22
2016-08-23
2016-08-10
2016-08-10

10:
12:
11:
10:
13:
15:
15:
13:

36
39
43
04
41
53
23
33

BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET

HBBT77BO

.ezrtcwi. 33
.ezrtcwi. 33
.ezrtcwi. b0
.ezrtcwi. 83
.ezrtcwi.B7
.ezrtcwi. 33
.ezrtcwil. 33

620188
620049
397473
952394
175005
620238
620533




Interacting with z/OS — ISHELL

File

Edit Edit _Settings Menu Utilities Compilers Test Help

EDIT

susbibolet/assemble/sourceshelowrld Columns QQ0Q00RQ1 QOOT2
===> Scroll ===> PAGE

KKK KK K KK K KK K KKK KKK KKK KR Kk xxxx Top OF Data %K kKKK KKK KKK KK KK KK KKK KK KK KK

-Warning- The UNDO command 1is not available until you change
your edit profile using the command RECOVERY ON.

KKK EE KKK KKK KK KRR KKK KRR E KR Bottom of Data %K KKK KKK KKK K K K KK K KK KX KK
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Interacting with z/OS — OMVS

* OMVS is the command to invoke the z/OS UNIX shell

* Specify:
e At the TSO READY prompt
* From the ISPF Command Shell (option 6)
* From an ISPF panel input field

Menu ReflLi=st RefModi¢ Utilitiesz Help

Data Set List Utility
Option === t=o0 omvs

blank Display data =zet li=st P Print data =set li=st
V Display YTOC information PY Print VTOC information

Enter one or both of the parameterzs below:
D=name Level . . .
Yolume serial




Interacting with z/OS — OMVS

IBM

Licensed Material - Property of IBM

5650-Z0S Copyright IBM Corp. 1993, 2015

(C) Copyright Mortice Kern Systems, Inc., 1985, 1996.

(C) Copyright Software Development Group, University of Waterloo, 1989.

U.S. Government Users Restricted Rights -
Use,duplication or disclosure restricted by

GSA ADP Schedule Contract with IBM Corp.

IBM is a registered trademark of the IBM Corp.

Opening

od have mail in Ausr/mail/BIBOLET.
J screen

INPUT
ESC=¢ 1=Help 2=SubCmd 3=H1lpRetrn 4=Top 5=Bottom 6=TS0O
T=BackScr 8=Scroll 9=NextSess 10=Refresh l11=FwdRetr 12=Retrieve




druxr-xr-x
druxr-xr-x
“ruXr—-xr-x

druxr-xr-x
“rW-rWw-rw-
“rFrWXr—-Xr-x
“rFrWXr—-Xr-x
“rFrWXr—-xXr-x
druxr-xr-x
druxr-xr-x
“FWXP—XI—X
“FWXP—XI—X
“FWXP—XI—X
“FWXP—XI—X
“FWXP—XI—X
“FWXr—XIr—-X
“FWXr—XIr—-X
druxr-xr-x

$

ESC=¢

1=Help
T=BackScr

)
LY

NEPrPPRPRPRPPPPNNREREPPRPRPRPRENGPRE

BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
TCP

BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET

==>» cd assemble/source

2=5SubCmd
8=5croll

DEPTDEDO
DEPTDBEO
DEPTDBEO
DEPTDBEDO
DEPTDBEDO
DEPTDBEDO
DEPTDBD
DEPTDBD
DEPTDED
DEPTDGEO
DEPTDGEO
DEPTDED
DEPTDED
DEPTDED
DEPTDED
DEPTDED
DEPTDED
DEPTDED
DEPTDEDR

8192
8192
42
8192
352
1240

0

647

49

320
256

0
16760
116617
117494
117494
117087

3=H1pRetrn
9=NextSess

Interacting vvlth z/OS — OMVS

HBEB77AD

HBB77BO

LOGFILE
assemble
cmvclogdir
dead. letter
ezc.diag.err
ezc.diag.out
hbb77b0.extract

We use the cd
command to
change our

working directory

o
-
o
-
)
-
)
-
)
-
o4

RUNNING
6=TS0O
12=Retrieve

E=Bottom
11=FudRetr

4=Top
10=Refresh




Interacting vvlth z/0S — OI\/IVS

drwxr-xr-x
“FWXr=Xr—-X

druxr-xr-x
“rW-ruw-ru-
“rWXr-xr-x
“rWXr-xr-x
“rWXr-xr-x
druxr-xr-x
druxr-xr-x
“rWXr-xr-x
“rWXr-xr-x
“rWXr-xr-x
“rWXr-xr-x
“rWXr-xr-x
“rWXr-xr-x
“rWXr—-xXr-x
druxr-xr-x

P P PP RPRPEPNNEPERPRPRPRRERPNWGRE

2

BIBOLET
BIBOLET
BIBOLET
BIBOLET
TCP

BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET

$ cd assemble/source

$

===» 1s -al

ESC=¢

1=Help
T=BackScr

2=5SubCmd
8=5croll

DEPTDEO
DEPTDEO
DEPTDGEO
DEPTDEO
DEPTDEO
DEPTDBEO
DEPTDEO
DEPTDEO
DEPTDEO
DEPTDGEO
DEPTDEO
DEPTDEO
DEPTDBEO
DEPTDEO
DEPTDEO
DEPTDEO
DEPTDGEO
DEPTDEO

8192
42
8192
3562
1240

0

647

49

320
256

0
16760
116617
117494
117494
117087

3=H1lpRetrn
9=NextSess

HEBT77BO
LOGFILE
assemble
cmvclogdir
dead. letter
ezc.diag.err
ezc.diag.out
hbb77b0.extract
jcljobs

new
nohup.out
ted

Now list the files In
our working
directory

RUNNING
6=TS0
12=Retrieve

E=Bottom
l11=FudRetr

4=Top
10=Refresh




“rWXr-xr-x
“rFrWXr—-Xr-x
“rWXr-xr-x
druxr-xr-x
druxr-xr-x
“rWXr-xr-x
“rWXr—-xr-x
“rWXr-xr-x
“rWXr—-xr-x
“rWXr-xr-x
“rWXr—-xr-x
“rWXr-xr-x
druxr-xr-x

F P RPRPRPRFERRPRPNNRPRPRPBR

2

BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET

% cd assemble/source

$ 1s -al
total 48

DEPTDEDO
DEPTDBDO
DEPTDEDO
DEPTDEO
DEPTDEO

Here

our helowrld

DEPTDGEO

Interacting with z/OS — OI\/IVS

ezc.diag.err
ezc.diag.out
hbb77b0.extract
jcljobs

new

nohup.out

ted
ted.
ted.
ted.biger
ted.
ted.
tedl

we have aghfe

big
f||e ipcs
stuff

2 BIBOLET
3 BIBOLET
1 BIBOLET

DEPTDBO
DEPTDBD
DEPTDBO

8192 Feb 23 15:
8192 Feb 23 14:
1892 Feb 23 14:

helowrld

RUNNING
6=TS0O
12=Retrieve

2=5SubCmd
8=5croll

E=Bot tom
l11=FudRetr

1=Help
T=BackScr

3=HlpRetrn 4=Top
S8=NextSess 10=Refresh




“rWXr-xr-x
“rFrWXr—-Xr-x
“rWXr-xr-x
druxr-xr-x
druxr-xr-x
“rWXr-xr-x
“rWXr—-xr-x
“rWXr-xr-x
“rWXr—-xr-x
“rWXr-xr-x
“rWXr—-xr-x
“rWXr-xr-x
druxr-xr-x

F P RPRPRPRFERRPRPNNRPRPRPBR

2

BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET
BIBOLET

% cd assemble/source

$ 1s -al
total 48

DEPTDEDO
DEPTDBDO
DEPTDEDO
DEPTDEO
DEPTDEO
DEPTDEO
DEPTDED
DEPTDEO
DEPTDED
DEPTDEO
DEPTDED
DEPTDEDO
DEPTDGEO

Interacting with z/OS — OI\/IVS

647

49

320
256

0
16760
116617
117494
117494
117087
0

288

ezc.diag.err
ezc.diag.out
hbb77b0.extract
jcljobs

new

nohup.out

We use the

command

to edit the file

2 BIBOLET DEPTDBO
3 BIBOLET DEPTDZ
1 BIBOLET DE

2192 Feb 23 15:09
8192 Feb 23 14:44 ..
1892 Feb 23 14:54 helowrld

===>» pedit helowrld

RUNNING
6=TS0O
12=Retrieve

ESC=¢ 2=5SubCmd

8=5croll

E=Bot tom
l11=FudRetr

1=Help
T=BackScr

3=HlpRetrn 4=Top
S8=NextSess 10=Refresh




Interacting with z/OS — OMVS

File Edit Edit_Settings Menu Utilities Compilers Test Help

EDIT usbibolet/assemble/sourceshelowrld Columns Q00001 QQOT2
Command ===> Scroll ===> CS5SR

KK KK KKK KKK KK KK KKKKK KX KK KR XKkX* Top OFT Data ok kK K K K K K K K K K K K K K K K K K K K K K K K K K X

oJolojolokl Title 'Hello World Program For The Assembler Class’

OEEEE2 HelolWrld AMODE 31 Addressing mode 1is 31-bit

OEEEE3 HelolWrld RMODE 31 Residency mode is 31-bit

OEEEOE4 HeloWrld CSECT ,

0OOBO5 SAVE (14,12) Save caller’'s registers

eJojojolels BASR R12,0 Obtain addressability address

OREEOT USING x,R12 Establish addressability

olojojolok:;

CQOOOES % ok K K K K K R K K K K K KK K KR KR K K K K K K K R KR K K K K K K R KR K K K K K K K R K K K K K K K K K K K K K K K R R R K
QOOR1O x Chain our savearea to the caller’'s savearea

DEAEE L L kK kK K K K K K K K K KK K KK K R K K K K K KK KK K K K K KK K KK K K K K K K K K K K K K KK K KK K KK K K K K K K KK K K K
QERE12

OOEE13 LA Rz, SavefArea Get address of our sawvearea

0OEO14 ST R2,8(,R13) Make caller SA point to our SA

Qo00O15 ST R13, SaveArea+4 Make our SA point to our

QOEO16 caller’'s SA

QooO17 LR R13, R2 Setup SA to be used by code

Oopp18 that we call

QEEE19
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Interacting with z/OS - Telnet

 Remote command execution
* Connection may be encrypted

* Automatically converts EBCDIC on the mainframe side to ASCII on the
user side

* Telnet client is needed
* Userid/password of valid z/OS userid required



Interacting with z/OS — Telnet

B 7
Categary:
=- S[Eessil:un Basic options for your PuTTY session
- Ten L.Dglging Specify the destination you want to connect to
—J- Termina ]
- Keyboard Host Mame {or IP address) Port
- Bell |hnstname.ibm.u:u:um | |23
- Features Connection type:
il B Window (JRaw (@ Telnet () Rlogin (CJ55H () Serial
- Appearance
Ao ) Load, save or delete a stored session
- Behaviour
. Tranelation Saved Sessions
+- Selection
 Colours Default Settings Load
=I- Connection .
- Data Save
i Prowy
- Telnet Delete
i Rlogin
+- 55H
""" Sefial CJ:::SE window on exit: H
() Aways () Never (®) Only on clean exit
About Help Cpen Cancel




Interacting with z/OS — SSH

* Remote command execution
e Connection is encrypted

* Automatically converts EBCDIC on the mainframe side to ASCII on the
user side

e SSH client is needed

* Public/private encryption key pair needs to be generated
* No userid/password needs to be specified
* Public key needs to be stored on z/0S



Interacting with z/OS — SSH

B3R PuTTY Configuration =X &P 192.86.32.159 - PuTTY o ==

Category login as: z99999
Session Basic ophions for your Pul T session z99999Q 192,
g Specily the desimstion you want 1o connect 1o L9539 2/ 299993
Host Name (of IP addiess) Poit
Connechion type:

Raw Telnet Rlogn @ S55SH Serial

Load, save of delete & stored sess0n

Saved Sesnon:
-l ()¢ Lm
Save
Dalete
Closa wirrdow on el
Abways Mever (@ Only on clean et

About | Open | Cancel




Interacting with z/OS — SSH




Interacting with z/OS — NFS

* Network file system
* Acts as a file server to remote systems

* Client sees data sets or files as if they are local resources
* Access to both traditional z/OS data sets and z/OS UNIX files
* Connection may be encrypted

e Automatically converts EBCDIC on the mainframe side to ASCII on the
user side

* NFS client is needed
* mvslogin command required to logon to z/0S

* mount command used to make a connection between a drive letter of
local system and z/OS data sets or z/OS UNIX directories



Interacting with z/OS — NFS

c:\znfs-client-utils>mvslogin mvshost smith

GFSA968I UNIX uid=502/gid=1000 for user JSmith obtained
from local passwd file.

Password required

GFSA973A Enter MVS password for SMITH: ***x*x*xx*xx*
GFSA955I SMITH logged in ok.

c:\znfs-client-utils>mount \\mvshost\mvs\smith J:
J: 1s now successfully connected to \\mvshost\mvs\smith
The command completed successfully.

c:\znfs-client-utils> J:

e \>
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z/OS Address Spaces

z2/0OS®

z/0S Concepts

z/OS Is structured around address spaces

#CC
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z/OS Address Spaces

z2/0OS®

z/0S Concepts

Address spaces are ranges of addresses in
virtual storage

#CC
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z/OS Address Spaces

z2/0OS®

z/0S Concepts

Each user gets an address space containing
the same range of addresses

#CC
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z/OS Address Spaces

Each user’s
Wilma Barney |address space has
16 EB
the same range of
addresses
O-16 EB
2 GB — (exabyte)
16 MB —— __

z/0S Concepts #CC 132



z/OS Address Spaces

Each user’s

Fred Wilma Barney |address space has

the same range of
addresses

16 EB

0-16 EB
2 GB (exabyte)
1 EB =1 billion

16 M8 gigabytes (10%9)

z/0S Concepts #CC 133



z/OS Address Spaces

z/OS has given
names to two
addresses:

Wilma Barney
16 EB

The Line

2 GB

16 MB

z/0S Concepts #CC 134



z/OS Address Spaces

z/OS has given

Fred Wilma Barney
16 EB names to two
addresses:
The Line
2 GB
The Bar

16 MB

z/0S Concepts #CC
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z/OS Address Spaces_

Besides an
address space for
each user, z/0OS
creates address
spaces (~35) for
some of Its
Internal
components

—r———————————

#CC 136



z/OS Address Spaces

Then address
spaces for
middleware
and
applications
are created

137



z/OS Address Spaces

SD5F DA 50Ul
COMMAND INPUT
FREFIX=% DEST=(ALL)

S0ul1

PAG © SDSF DA SOW1

COMMAND INPUT
PREFIX=% DEST=(ALL)

OWMER =% = OWNHER =%

HP

JOBHAME
*MASTER=*
PCAUTH
RASP
TRACE
DUMPSRY
XCFAS
GRS
SHSPDSE
CONSO0LE
WLH
ANTHMAIHN
ANTASGOO
DEVHMAN
GTZ

OHYSs
IEFSCHAS
JESXCF
ALLOCAS
SHS
I05ASs

I XGLOGR
AXR

CEA

SHF
RESOLVER
LLA
JESZHMON
JESZ2

VLF
TH3270C
SD5F
EPWFFST
DBBGHMETR
JHOM
HZSPROC
SDEFAUX

StepMHame ProcStep

PCAUTH
RASP
TRACE
DUMPSRY
XCFAS
GRS
SMSEPDSE
COMS0LE
WLH
AMNTHMAIHN
AMNTAS000
DEVHMAN
GTZ

OMYS
IEFSCHAS
JESXCF
ALLOCAS
b ) Y
I05AS

I XGLOGR
AXR

CEA

SMF
RESO0LVER
LLA
JEZZMON
JESZ

VLF
TH3Z27OC
3D5F
FFST
DBBGHMSTR
JHMON
HZZPROC
SDSFAUX

DUMPSRY
IEFPROC

IEFPROC
IEFPROC
IEFPROC
IEFPROC
GTZ
OMYSs

IEFPROC

IEFPROC
IEFPROC
IEFPROC
IEFPROC
IEFPROC
IEFPROC
EZBREINI
LLA
IEFPROC
IEFPROC
VLF
TH3270O
=D5F
EPWFFST
IEFPROC
JHON
HZ53TEP
SDSFAUX

Address
spaces listed
In SDSF

JOBMAME
EPWFFST
DBBGMSTR
JHOM
HZ5PROC
SDSFAUX
YTAM
DEBGIRLH
RRS
R5ED3
oAH

RACF
CATALOG
ZF3
JESZAUX
DBEBGDBEM1
DBEBGADMT
R5ED3
BPXOINIT
35HD1
R5ED1
FTPSERVE
DBBGDIST
RSEDZ2
THF

RSED

C5F

VHCF
TCPIP
TH3270O
EXITHYS
TCAS
R5EDA4
R5EDS
35HDY
S5HDG
AUGGERO

StepMame
FFST
DEBGHMSTR
JMOHN
HZSPROC
SDSFAUX
YTAM
DEBGIRLH
RRS
STEP1
oAM

RACF
CATALOG
ZF 5
JESZAUX
DBEBGDBEBM1
DEBGADMT
STEP1
BPXOINIT
STEP1
STEP1
STEP1
DEBGDIST
STEP1
THF

RSED

CsF

VYMCF
TCPIP
TH3Z 70O
EXITHVS
TCAS
STEP1
STEP1
STEP1
STEP1
*0OMVSEX

ProcStep
EPWFFST
IEFPROC
JHMOHN
HZS5TEP
SDSFAUX
YTAM

RRS

IEFPROC
RACF
IEFPROC
ZFZG0

IEFPROC
STARTADH

BPXOINIT

IEFPROC

IEFPROC
RSED
CSF
IEFPROC
TCPIP
TH3270O
5To1
TCAS




What makes up an
Address Space?



What Makes Up an Address Space?

16 EB l J'

So you have 16
2 GB exabytes aI_I for your
‘The —f= = = = =— = = use. Right?
Bar"
16 MB
“The — b = = = = e e e e e - = = -
Line”
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What Makes Up an Address Space?

16 EB l J'

So you have 16
) o exabytes aI_I for your
The — = == == - - - - use. Right?
Bar"

Wrong!

16 MB
The —F - === == == == == -
Line”

z/0S Concepts #CC 141



What Makes Up an Address Space?

16 EB l l z/OS has storage ranges that

contain code/data that is

T T | common to all address spaces

2 GB AMMMMINHITHITTIIa

TThe — [ ———————
Bar"

16 MB
“The — = = = == - - - —

Line”

0

z/0S Concepts

]- ------- Shared and common data areas

«<—— Not available to z/OS. Used by JAVA™
«— 7/0OS system data for the address space

} ....... System code and data
common to all address spaces

«—— Prefixed Save Area (PSA)

#CC
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What Makes Up an Address Space?

16 EB > ) )
l l What is left is
------- Private Area the “Private

T T Area’” that is
available for
your use

2 GB AMMMMINHITHITTIIa

"The —— e S

Bar"
} ------- Private Area
16 MB

“The — s = = = = = = - = = = — -
Line”

0
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What Makes Up an Address Space?

16 EB l l
But how much

-

can your
program see
(l.e., address)?

2 GB AMMMMINHITHITTIIa

TThe — [ ———————
Bar"

16 MB
“The — b === - oo - -
Line”
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Addressing Modes

24-bits In a word
OOFFFFFF

2/05 Concepts

being 4

Memory addresses
consisted of Iowe% bytes

#CC

IBM 3168
vintage 1977
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Addressing Modes

Memory Addressability
range:
0-16,777,215 bytes
or
16,777,216 bytes
or
16 MB
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Addressing Modes

An address space size
IS limited to the
amount of memory
that can be addressed

In 1977, an address
space was limited to
16 MB

16 MB——

0
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Addressing Modes

Memory addresses
consisted of lower IBM 3081

31-bits in a word vintage 1981

TFFFFFFF
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Addressing Modes

Memory Addressability
range:
0-2,147,483,647 bytes
or
2,147,483,648 bytes
or
2 GB
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Addressing Modes

An address space size
IS limited to the
amount of memory
that can be addressed

2 GB —— e In 1981, an address
space was limited to
2 GB

0
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Addressing Modes

2GB——

16 MB
“The — = = = == - - — - —

Line”

z/0S Concepts

#CC

The concept of
“The Line” was
Introduced
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Addressing Modes

2GB o — Programs not changed to

support 31-bit addressing

had to run and could only
access data that was

16 MB “Below the line”
“The — b c e e e - =

Line”

0
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Addressing Modes

Programs changed to
support 31-bit addressing
could run and could also

access data that was

“Above the line”

MyPgm31
/ Data
16 MB
“The — | =4 === oo — - -
Line” v
Data MyPgm24

0

z/0S Concepts

#CC
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Addressing Modes

Needed a way to indicate
which addressing mode the
program supported

Programs now have to
specify:
AMODE 24 or
AMODE 31

2GB——
MyPgm31

/ Data
16 MB
“The — | =4 === oo — - -
Line” v

Data MyPgm24

0)

z/0S Concepts

#CC
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Addressing Modes

Since AMODE 31 programs
could run (i.e., be loaded)

above or below the line, a

way was needed to request
where the program should

2GB—— .
reside
MyPgm31
/ Data
16 MB
“The — | =4 === oo — - -
Line” v
Data MyPgm24
0
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Addressing Modes

2GB ——
MyPgm31

/ Data
16 MB
“The — | =4 === oo — - -
Line” v

Data MyPgm24

0

z/0S Concepts

Programs now have to

specify aresidency mode:

RMODE 24 or
RMODE 31

so z/OS knows where to
load the program

#CC
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Addressing Modes

AMODE 31
RMODE 31

S

he

Line” v

o) > I
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Addressing Modes

2GB— This request is
also possible
Data
16 MB /
I‘:-irnhee” B ] —
Data MyPgm31 ‘I/ AMODE 31
o | | RMODE 24
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Addressing Modes

This request is Impossible!

Branches within MyPgm24 would
fail since the target location is in 31-

2GB— bit storage but the address being
used is a 24-bit address
MyPgm24
16 MB /
The —p-fo-moomoo -
Ine v
- AMODE 24
RMODE 31
0

z/0S Concepts

#CC
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Addressing Modes

Memory addresses
consisted of all 64-bits
of a doubleword
FFFFFFFF FFFFFFFF
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Addressing Modes

Memory Addressabillity range:

0 - 18,446,744,073,709,551,615 bytes
or
18,446,744,073,709,551,616 bytes
or
16 EB
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Addressing Modes

16 EB l J'

-

AT

16 MB

“The — == = = - = = -

Line”

z/0S Concepts

#CC

An address space size
IS limited to the
amount of memory
that can be addressed

In 2000, an address
space is limited to
16 EB
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Addressing Modes

The concept of
“The Bar” was
Introduced

16 EB l

-

—_—1

2 GB
"The —
Bar"

16 MB
‘The — = === == = == = == -
Line”

z/0S Concepts #CC
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Addressing Modes

16 EB l

-

- -

Data
2 GB .
"The —
Bar"

| MyPgm6431
/ Data

16 MB 1
“The — | =4 - = — - - - -
Line” ¥

Data MyPgm6424

0

z/0S Concepts

#CC

AMODE 64 is introduced
and data can now be

accessed “Above the
Bar”
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Addressing Modes

16 EB l ‘ ‘
MyPem6464 ' With z/OS V2R3 (2017),
T / / \ z/OS supports

/ / RMODE 64
v / With restrictions
Data

2 GB @

"The — e m

Bar'ef
/ Da'ta

16 MB —

‘The —f = - - - / --------

Line” ’ |

Data
0
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Addressing Modes
16 EB l ‘ ‘

MyPgm6464 \

Data /
?T%E_,ﬁm Programs will be loaded
Bar" “Above the Bar”

/ Da'ta
16 MB -
“The — | -2 - R
Line” v [

Data
0
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Knowledge



Check Your Knowledge

* (T or F) Each user gets an address space containing the same range of
Addresses?
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Check Your Knowledge

* (T or F) Each user gets an address space containing the same range of
Addresses? TRUE

* (T or F) A module’s RMODE value can be greater than its AMODE
value.
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Check Your Knowledge

* (T or F) Each user gets an address space containing the same range of
Addresses? TRUE

* (T or F) A module’s RMODE value can be greater than its AMODE
value. FALSE

 What is the address range for area below the bar?
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Check Your Knowledge

* (T or F) Each user gets an address space containing the same range of
Addresses? TRUE

* (T or F) A module’s RMODE value can be greater than its AMODE
value. FALSE

 What is the address range for area below the bar? -0 - 2GB
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Check Your Knowledge

* (T or F) Each user gets an address space containing the same range of
Addresses? TRUE

* (T or F) A module’s RMODE value can be greater than its AMODE
value. FALSE

 What is the address range for area below the bar? -0 - 2GB
* To address data that resides “above the bar”, what mode is required?
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Check Your Knowledge

* (T or F) Each user gets an address space containing the same range of
Addresses? TRUE

* (T or F) A module’s RMODE value can be greater than its AMODE
value. FALSE

 What is the address range for area below the bar? -0 - 2GB

* To address data that resides “above the bar”, what mode is required?
— AMODE 64
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Storage

* Programs are written to utilize a given amount of memory.
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Storage

* Programs are written to utilize a given amount of memory.

* The amount of memory required by all the running tasks is usually
much greater than the amount of real storage available.
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Storage

* Programs are written to utilize a given amount of memory.

* The amount of memory required by all the running tasks is usually
much greater than the amount of real storage available.

* This is facilitated by the use of virtual storage.
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Storage

When a task is active, its memory
is brought into real storage.

a4 B
Task A Task B Task C
Required Required Required
Memory Memory Memory Real Storage
Task A
Task B
! Task C
Supervisor
b ‘ Auxiliary Storage

Virtual Storage
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Storage

When a task is not active, the real
storage that it used can be used

. N by another task.
Task A Task B Task C
Required Required Required
Memory Memory Memory Real Storage

’

Task B

Task C

Supervisor
L ‘ Auxiliary Storage

Virtual Storage
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Storage

When the task is reactivated, its
memory is restored from auxiliary

Task A
Required
Memory

~ storage.
Task B Task C
Required Required
Memory Memory Real Storage

=

Task A

Task B

. ' Task C
Supervisor
‘ Auxiliary Storage

z/0S Concepts

Virtual Storage

#CC
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Storage

Only the virtual storage that is
being used needs to be in real

Task A
Required
Memory

~ storage.
Task B Task C
Required Required
Memory Memory Real Storage

=

Task A

Task B

. ' Task C
Supervisor
‘ Auxiliary Storage

z/0S Concepts

Virtual Storage

#CC
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Storage

The rest can stay in auxiliary
storage, enabling the remaining
real storage to be used for other

~ L
programs.
Task A Task B Task C
Required Required Required
Memory Memory Memory Real Storage

==

Task A

. ' Task C
Supervisor
4 ‘ Auxiliary Storage

Virtual Storage
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Storage

* Virtual storage is divided into 4KB pieces called pages.
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Storage

* Virtual storage is divided into 4KB pieces called pages.
* Real storage is divided into 4KB pieces called frames.
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Storage

* Virtual storage is divided into 4KB pieces called pages.
* Real storage is divided into 4KB pieces called frames.
* Auxiliary storage is divided into 4KB pieces called slots.
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Storage

r )
Task A Task B Task C
Required Required Required
Memory Memory Memory Real Storage
Task A
Task B
: ' Task C
Supervisor

Auxiliary Storage

Virtual Storage
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Dynamic Address
Translation (DAT)



208
Address Translation

* When a program is running, the processor must be able to
locate its virtual pages in real storage.
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Address Translation

* When a program is running, the processor must be able to
locate its virtual pages in real storage.

* Address translation is the process that enables a processor
to convert virtual addresses into real addresses.
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Address Translation

z/0S Concepts

9000

8000

7000

6000

0

! Program

-

Virtual Storage

#CC

A program is loaded at
address 6000.
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Address Translation

z/0S Concepts

9000

8000

7000

6000

0

Work Area 1

Program

-

Virtual Storage

#CC

A 4KB work area is
obtained at address
7000.
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Address Translation

z/0S Concepts

9000

Wrlk Aran
8000 Copying

Work Area 1
7000

Program

6000

O—Jr‘

Virtual Storage

#CC

256 bytes of data are

copied from address
7800 to 8800.
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Address Translation

z/0S Concepts

9000

8000

7000

6000

0

Alnrle Araa 2

Copying
Work Area 1

Program

-

Virtual Storage

#CC

The hardware feature
that makes all this
possible is called the
dynamic address
translation (DAT).
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Please submit your session feedback!
* Do it online at http://conferences.gse.org.uk/2019/feedback/af

 This session Is AF

2. Was the length of this presention correct?

1 to 4 ="Too Short" 5 ="0K" 6-9 ="Too Long"
I 1 2 3 4 5 6 7 8 9
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3. Did this presention meet your requirements?
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4, Was the session content what you expected?
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IBM Systems Worldwide Client Experience Centers

IBM Systems Worldwide I

IBM Systems Worldwide Client Experience Centers
maximize IBM Systems competitive advantage in the
Cloud and Cognitive era by providing access to world
class technical experts and infrastructure services to
assist Clients with the transformation of their IT
implementations..

9 Worldwide Locations (* also Infrastructure Hubs):
Austin TX, *Poughkeepsie NY, Rochester MN,
Tucson AZ, *Beijing CHINA, Boeblingen GERMANY,
Guadalajara MEXICO,*Montpellier FRANCE, Tokyo
JAPAN

Architecture &
Design

Infrastructure
Solutions

Client Experience

Tailored, in-depth
technology
Innovation Exchange
Events
Relationship building
Demonstrations
Meetups
Solution workshops
Remote options

Benchmarks, MVP & Proof
of Technology
“Test Drives”
Demonstrations
Infrastructure Services
Certify ISV solutions
Hosting
Cloud Environment

Advise clients, “Art of the
Possible”
Discovery & Design
Workshops, Consulting,
Showcases, Reference
Architectures, Co-Creation
of assets
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(Inbound & Outbound) (Inbound to Centers)

Client Experience Centers

Content

Content Development
IBM Redbooks
Training Courses
Video courses
“Test Drives”
Demonstrations

NEW: Co-Creation Lab; CEC Cloud; RedHat Center of Competency

For further information, please
contact the Centers via email at:
ccenter@us.ibm.com
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