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CPW – Commercial Processing Workload

•CPW: Based on TPC-C
– iSeries performance, because it is not a uni-processor, is not in direct 

relation to MHz. Rather, it is measured with a relative, commercial 
benchmark 

•Users use four distinct interactive applications
•Complex Transactions
•Reads, updates, inserts, deletes, block inserts,        
 index changes
•Journaling and commitment control
•Includes daytime batch
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Filesystem, Objectstore, ASP, 
Singellevel Storage, Userprofiles

iSeries Architecture – Part 2
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Use of Objects

Hardware

Kernel

OS

Applications

SLIC

OS/400OS/400 Objects

based on 

MI System Objects

- Objects are used for complex data structures

- Examples: Database file, User profile, Program, …
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3.1 Object-based Design
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Program?
Data File?
Control File
Batch File?

Conventional Systems

FILE
??

FILE

??
Unlabeled

- A string of bytes can be 
  allmost anything
- Anything in permanent store 
  is a file

Type = Program
Type = File

Type = Command

Type = System Object

Type = User Profile

Object header

-Object Based Architecture
-Informations are encapsulated 

iSeries

Storing Informations
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Obj  Type

COURSE *MSGF
CUSTMNU *MENU
CUSTPRT *CMD
PROG3 *PGM
PRTCHECKS *FILE
SETUP  *PGM

MYLIB

PRTCHECKS

CUSTPRT

PROG3

COURSE

SETUP

CUSTMNU

Libraries are used to organize objects
For security reasons

For backup reasons

By application

By owner

By object type: program versus files

By use: production versus test

What Is a Library?
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OS/400 Object File System

QSYS 
System 
Library

User & System 
Libraries

File

Job 
Queues

Data 
Areas

Program

Spool

User 
Objects

System 
Objects

QTEMP
QTEMP

QTEMP

File

Job 
Queues

Data 
Areas

Program

Spool

File

Job 
Queues

Data 
Areas

Program

Spool

File

Job 
Queues

Data 
Areas

Program

Spool

LIBA             LIBB             QGPL      
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Cursor

Spaces

Data Space Data Space Index

OS/400 Object Composition Example

Database File

how data should
be viewed

Physical data &
Field description

       ODP 
(open 
datapath)

Results of 
database 
operations

Filedescriptio
n
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MI Pointer
● 16 Byte long

Object description Virtual address

4 byte 8 byte

Status bits
• type of pointer

● System pointer
● Space pointer
● Data pointer
● …

• Informations about the object
●System pointer -> object type
●Data pointer -> type of date
●…

•Authorities
●Could only be changed by OS
 in system state

unused

4 byte

Remarks: 
• unused bits could be used to expand
  to 96-bit addresses without effecting
  any program above the MI
• type and object informations could
  also moved out of the pointer to go
  beyond 96 bits
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Machine Interface

RESOLVE name
Type and authority System pointer 

(adress capability*)

Find

SYS L1 L2
-Object type check

-Authority check

- Lock check

User profile

Object Identification: Library, Name, Type 

*A pointer containing the object address and the object authority.
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Stream Files vs. Database Files

field-a field-b field-c field-d

field-a field-b field-c field-d

field-a field-b field-c field-d

record 1

record 2

record n

Database files

Stream files

abc1234567ABd8t4444X-+¶xxy2348RWY+?¶efg7654321XYZ~?¶a …

field-a

…
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Simple name: CALL PAY02

Qualified name: CALL PAYTSTLIB/PAY02  

QSYS

QCWW      QCXXX

QCZZZ    QCYYY

PAYLIBPAYTSTLIB

INQLIB

PAY01         PAY04

PAY02    PAY05

 AP55          PAY02

PAY01     AP05

PAY77        AP60

PAY99    AP55

Job's library list 

QSYS
QSYS2
QHLPSYS
QUSRSYS

QRPG
QCBL

PAYLIB

QGPL
QTEMP

PAYTSTLIB

INQLIB

System libraries

Product libraries

Current library

User libraries

Finding an Object

© Copyright IBM Corporation 2005 
with kind permission
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Internal Structure of System Objects

depends on 
object type

byte space 
(pointer   or 

data)

Functional 
portion

Space portion

All system objects except spaces

Instruction 
stream

work 

space

Functional 
portion

Space portion

Example: Program

Spaces have no functional portion!
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-Program

- Queue

- User Profile

- etc.

Byte space System pointer

Space pointer

Data

Functional portion Space portion Contents of space

System object System object

Manipulating Data Inside an Object

•System pointer can point only to the beginning of an object
•Space pointer points to a byte in the space portion

●use space pointer to access and manipulate bytes in a space
•Space pointer can be modified by an MI program, system pointer cannot
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Template

CREATE xxx

INPUT

OUTPUT

System pointer

Secondary

Segment

Base segment

Storage management 
directory

Context

User profile

Space pointer

Object Creation

•System objects must be explicitly created with an CREATE instruction at MI
•A CREATE intructions references to an user-supplied template contined in a space object
•System pointers provides addressability of system objects
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Object Persistence

   Objects continues to exist in system memory 
forever,

unless it‘s explicitly destroyed!

Sharing data between user means in conventional systems 
requires to store informations in a filesystem.

iSeries have a single-level store!

No filesystem?Security?
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3.2 File Systems

© Copyright IBM Corporation 2005 
with kind permission



Architektur und Administration betrieblicher Anwendungssysteme, SS 2006, FU Berlin                                                                       

Integrated File System

User View From Desk Top

POSIX Compliant Name Space

Single Drive
Represents 
Entire iSeries

PC Style Directories

"Native" OS/400 Objects

Folders and Documents
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Applications
Integrated file sytem

Menus/commands

Non-Posix APIs Posix APIs

Logical filesystem

NFS

server

OS/400

Netserver

VFS (vnode) 
interface

xSeries server

Windows 

or

Linux

Integrated xSeries server

Root

file system

QOpenSys

file system

QSYS.LIB

file system

QDLS

file system

QOPT

file system

QFileSvr.400

file system

UDFS

file system

NFS

file system

QNTC

file system

QNetWare

file system

Integrated File System Structure
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Virtual File System (VFS)

• Virtual file system (VFS) is a standard and abstract software layer that allows the 
operating system kernel (e.g. the Linux kernel) to call file system functions without 
having to know the type of file system being used.

• A vnode is an object in kernel memory that speaks the UNIX file interface (open, 
read, write, close, readdir, etc.). Vnodes can represent files, directories, FIFOs, 
domain sockets, block devices, character devices. 

• Objectives:
1. Both different types of Unix file systems and non-Unix file systems should be 

supported at the same time. Different disk partitions may contain different types of 
file systems, but they should be mountable on each other to form a single directory tree.

2. Files belonging to different file systems should be easily sharable over a network.

© Copyright IBM Corporation 2005 
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Relationship between the vfs and vnode structures

rootvfs
vfs for root file

system
vfs for usr file

system

vnode for /
vnode for

 /usr
vnode for
root of usr

vfs_next

vfs_m
ntd

v_vfsp

v_mvfsp
vfs_m

ntd

v_vfsp

v_vfsp

vfs_mntdovervfs_mntdover

Null

root file system usr file system

1 2

3 3
4

2

1. The rootvfs points to the vfs root file system
2. The vfs_next pointers create a linked list of mounted filesystems
3. The vfs_mntd points to the vnode representing the root in the filesystem
4. The vfs_mntdover points to the vnode of the directory the file system is mount over.

© Copyright IBM Corporation 2005 
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Files? Directories?

© Copyright IBM Corporation 2007
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OS/400 Files

Filetypes, Subtypes, Createcommand

© Copyright iSeries Starterkit
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OS/400 Files

File Description Levels

© Copyright iSeries Starterkit



Architektur und Administration betrieblicher Anwendungssysteme, SS 2006, FU Berlin                                                                       

OS/400 Files

Database File Organisation

© Copyright iSeries Starterkit
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OS/400 Files

© Copyright iSeries Starterkit

Source File Organisation
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OS/400 Files

© Copyright iSeries Starterkit

Physical File with multiple Datamembers
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OS/400 Files

© Copyright iSeries Starterkit

DDM File Implemenntation
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3.3 Single-Level Store

… is not about large address space; 
it‘s about sharing.

© Copyright IBM Corporation 2005 
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Conventional Approach

● Non-shared address space model
– Each user gets a separate address space

● a file system outside of virtual memory (two-level store)
– Anything have to be moved into virtual memory before it can be used or 

changed

File

Virtual
Memory

File
(work copy)

Main
Memory

File System
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Pages and Frames

Page
Page size =
4096 bytes

Frame

Real
(physical)
Memory
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Address Space of Conventional Systems

Physical
Memory Process 1

Process 2

Virtual address
space

Effective
address

Paging space

Filesystem pages
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Objects in the Single Level Store
iSeries Objects

64-bit Virtual Address 
Space

(18 million TB)

Memory

Disk memory

Auxiliary storage
management

Main storage
management

Processor addressing
mechanism

© Copyright IBM Corporation 2005 
with kind permission
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Segment header

(32 bytes)

Encapsulated Program

Architecture (EPA) header

Customized header

Data

Associated space

Segment information

Common properties of all 
system objects

Unique properties of this system 
object

Data for this system object

Work area for OS/400

System Object Structure

© Copyright IBM Corporation 2005 
with kind permission
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Translating Addresses

The memory operation requested by the process or kernel is 
completed on the physical memory.

5

If the page is currently located on disk, a free frame is found 
in physical memory, and the page is loaded into this frame.

4

The page containing the virtual address is located in physical 
memory or on disk.

3

The hardware translates the address into a system wide virtual 
address.

2

An effective address is referenced by a process or by the 
kernel.

1

ActionStep

© Copyright IBM Corporation 2005 
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Effective segment ID Page Byte

4 bits 16 bits 12 bits

32-bit effective 
address

Segment table

Virtual segment ID    Page Byte

40-bit virtual page number 12 bits

52-bit virtual 
address

Page table

Real page number Byte

12 bits20 bits

32-bit real 
address

Segment-Relative Addressing

© Copyright IBM Corporation 2005 
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iSeries Memory Model Characteristic

● The page size is 212 bytes (4 KB)
● The effective address range is 264 bytes

– The effective segment size is 224 bytes (16 MB)
– The number of effective segments is 240

● There are two special types of effective addresses
– 0x800   Effective = Real addresses map all real memory 
                 (-> The real address range is 252 bytes)
– 0x801 Effective = Direct-Store addresses map I/O space

● The virtual address range is 264 bytes
– The number of virtual segments is 240-229

– The size of virtual segments is 224 bytes (16 MB)

No need for effective-to-virtual translation!

© Copyright IBM Corporation 2005 
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Effective adress

Translated address E = R address E = DS address

Virtual 
adressTranslation

Look up in page table

Real address

Implemention dependent

Either

Data/instruction store interrupt

or Translated adress

Real address I/O address

EA does not 
match 0x800... 
Or 0x801

EA matches 
0x800...

Ea matches 
0x801...

Problem statePrivileged state Privileged state

iSeries Address Translation

© Copyright IBM Corporation 2005 
with kind permission



Architektur und Administration betrieblicher Anwendungssysteme, SS 2006, FU Berlin                                                                       

Effective segment ID Page Byte

36 bits 16 bits 12 bits

64-bit effective 
address

Virtual segment ID    Page Byte

52-bit virtual page number 12 bits

64-bit virtual 
address

Page table

Real page number Byte

12 bits40 bits

52-bit 
real 

address

Steps Involved in Address Translation

© Copyright IBM Corporation 2005 
with kind permission
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3.3.3 Pointer Protection
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Aside from performance, the biggest advantage of a single-
level store is that everything can be shared; it‘s biggest 
disadvantage is that everything can be shared.

© Copyright IBM Corporation 2005 
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Tag-bit

● Pointers should not be modified by MI programs
– MI programs can use object names and should not 

modify resolved pointers containing a virtual address of 
an object

● Usage of a memory protection bit (tag-bit)
– only privileged instructions can modify the contents of 

a pointer
– Tag-bits are used to detect modifications

© Copyright IBM Corporation 2005 
with kind permission



Architektur und Administration betrieblicher Anwendungssysteme, SS 2006, FU Berlin                                                                       

MI Pointer in Memory

Object description Virtual address

4 byte 8 byte

unused

4 byte

• Representation in memory:
● 2 64-bit words
● 8 ECC*-bits/word
● one tag-bit/word

• Every write to memory means also
● create and store the ECC bits
● turns off the tag-bits

• Only privileged instructions can set the tag-bits
● MI transalator does not generate tag instructions 

* Error Correction Code 
© Copyright IBM Corporation 2005 

with kind permission
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Single-level Store and Disk Management

● All data is spread across available disk arms 
– Optimum performance - automatically

● Not all information is necessarily contiguous (1MB)
– Improved performance (Balanced disk arm utilization)

● Optional rebalancing
– space/arm utilization

● Minimal Database Administration 
– Information accessed by name not hardware address

OS/400

Data

© Copyright IBM Corporation 2005 
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Auxilary Storage Pool (ASP)

© Copyright IBM Corporation 2005 
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OS/400

Database Changes

ASP-3
(Appl-2)

ASP-2
(Journal Receiver)

ASP-1
(System, Appl-1)

Data

Data
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iSeries Storage Architecture

•Data is scattered across all disks in a 
disk pool
•Good performance due to Parallel I/O
•Disks fill evenly

– No manual data placement
– No individual "disk full" conditions to 

handle

•Newly added disk capacity is utilized 
automatically
•No continuous disk performance 
monitoring
•Automatic disk operations eliminating 
DBA needs

Object B Object C Object DObject A

Storage Management

OS/400

I/O

  TIMI

Single Level Store
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with kind permission
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3.4 Hardware Integration
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3.4.1 Hierachy of Micro Processors

© Copyright IBM Corporation 2005 
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iSeries

iSeries Terminals are connected via Twinax cabling topology to a central system
Display and printer devices
PCs with Twinax adapter and emulation software
Seven Twinax station addresses per iSeries 5250 workstation controller port
Twinax cable, up to 1500 m, UTP cable shorter distance           

Twinax Twinax

Local Attached Devices

© Copyright IBM Corporation 2005 
with kind permission
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0    1    2    3 4    5    6    7
Twinax
workstation
controller

Twinax cable
attached
workstations
and printers

Local workstations and printers

Switch
setting = 0

Switch
setting = 1

Switch
setting = 2

PRT01

DSP02

DSP01

0    1    2    3 4    5    6    7

Locally Attached:
Workstation Controller (Twinaxial)

CTL02

CTL01

*DEVD

*CTLD
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with kind permission



Architektur und Administration betrieblicher Anwendungssysteme, SS 2006, FU Berlin                                                                       

Hierachy of Micro Processors

Twinax
ASCII
Apple

PCI LAN
Attached
Devices

Token Ring
Ethernet
Local Talk
FDDI
Integrated 
Netfinity Server

DASD Future
Coprocessors

SPD-System Product Division
PCI-Peripheral Component Interconnect 

PCI I/O Buses  
PCI I/O Buses   SPD I/O Buses  

System Main Storage Bus
I/O 

Interface
Main

Storage
Main

Storage
Main

Storage

Processor

Cache-L1/L2 .
Processor Processor

 SPD I/O Buses  

I/O 
Interface

PCI I/O Buses 

.

IOP IOP

LAN

IOP IOPIOP IOP

Cache-L1/L2Cache-L1/L2

Main
Storage

Central
Electronic 
Complex

 SPD I/O Buses  
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3.4.2 iSeries I/O Structure

Remember the Secret of Success …

© Copyright IBM Corporation 2005 
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Processor

Cache

Memory

System memory bus

SPD bus generation

Parallel-to-
serial 

conversion

Serial-to-
parallel 

conversionIOP/IOA

IOP/IOA

IOP/IOA IOP/IOA

IOP/IOA

SPD optical fiberSPD parallel copper

Original SPD I/O Structures
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SPD-PCI Transition

● SPD – System Product Devision

● RIO – Remote I/O
● PCI – Peripheral Component Interface

© Copyright IBM Corporation 2005 
with kind permission
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Processor

Cache

Memory

System memory bus

SPD bus generation
Parallel-to-

serial 
conversion

Serial-to-
parallel 

conversion
IOP/IOA

IOA

IOA
IOP

SPD optical fiberSPD parallel copper

I/O hub

I/O switching bridge

RIO bus

IOAPCI 
bus

PCI 
bus

Transition I/O Structure
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Processor

Cache

Memory

System memory bus

IOP

IOA

IOA

IOP

I/O hub

I/O switching bridge

RIO bus

IOA

IOA

PCI bus

PCI-to-PCI bridge PCI-to-PCI bridge

RIO/PCI I/O Structure
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Function managers (FMs)

I/O managers (IOMs)

Inter-Process Communication Facility (IPCF)

Bus Transport Mechanism (BTM)

I/O bus hierarchy

Bus Transport Mechanism (BTM)

Inter-Process Communication Facility (IPCF)

Storage device-
specific code

Communications 
device-specific code

other     device-
specific code

Machine Interface

RIO bus system

K
er

ne
l s

er
vi

ce
s

IOPs

SLIC

OS/400

I/O Software Structure
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iSeries I/O SW-Modules
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OS/400 Commands
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OS/400 Commands
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OS/400 Commands

SNDMSG MSG('Hello World') TOUSER(someone) MSGTYPE(*INFO) RPYMSG(*voyager)

Hello World

someone
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OS/400 Userprofile
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OS/400 Userprofile
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OS/400 Userprofile


