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This publication describes the characteristics of the IBM

System/370 Model 115, including the central processing

unit, multiplexer channel, direct disk attachment, and the

integrated attachments and adapters for other input/output
devices. Its main purpose is to give systems analysts an
understanding of the structure, features, and operations of
the system. The manual also provides system programmers
with information which is essential when writing and
maintaining channel programs and operating systems for

the System/370 Model 115.

In the six chapters of the manual, the characteristics of
the Model 115 are described in terms of:

1. The basic system structure.

2. Main storage addressing.

3. The operations which can be performed and the means
of manual and program control.

4. Compatibility features.

5. The commands, status and sense information for
input/output devices attached other than through the
multiplexer channel.

6. The characteristics of the integrated communications
adapter.

Preface

Appendixes A, B, and C provide (respectively) code tables
for the integrated communications adapter, instruction
timings, and definitions of the abbreviations and specia}
terms used in this manual.

The reader is assumed to be conversant with the IBM
System/370 instruction sets, data formats, channel
operations, and basic programming concepts such as status
switching and interruption.

Prerequisite Reading

IBM System/370 System Summary, GA22-7001.
1IBM System/370 Principles of Operation, GA22-7000.

Associated Publications

IBM System/370 Input/Output Configurator, GA22-7002.
General Information — Binary Synchronous Communica-
tions, GA27-3004.

The titles of other publications that may help the reader
appear in IBM System/360 and System/370 Bibliography,
GA22-6822 and its newsletter, Accumulative Index of
Publications and Programs, GN20-0360.
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Introduction

This chapter contains general information on the IBM

System/370 Model 115. The following graphic pages show:

® The features of the system (Figures 1 and 2)

® The concept of the central processing unit (CPU) — the
IBM 3115 Processing Unit (Figure 3)

® The system configuration (Figure 4)

o Simplified data flow (Figure 5). ‘

The chapter closes with a short description of System/370

Model 115 operation,

Introduction
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Figure 1. System Profile

2

A general-purpose data processing
system of wide application — the
low-cost entry into the System/370

Al L L 2 : 7

System/370 Model 115

Applications

Commercial, scientific and teleprocessing

Compatibility
@ Upward compatibility with IBM
System/370

® Feature available for compatibility
with IBM System/360 Model 20

System Profile

107801
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The Model 115 consists of th
3115 Processing Unit {with
main storage, addressing and
instruction processing
facilities), connected to a
number of input/output
(1/0) devices.

All 1/0 devices appear to be
channel-attached and are
programmed accordingly.
Operations begin with a
‘start 1/0" instruction and
are implemented through
channel command words
{CCWs).

Specialized integrated adapters
integrated attachments, a
direct disk attachment, and a
standardized channel are used
for attaching /O devices. The
integrated adapters, attach-
ments, and the channel work
like System/360 channels.

For programming purposes,
the 1/0 attachment facilities
are considered to consist of
three channels.

System Features

Figure 2. System beatures  [10781]
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Model 115 Design

The Mode! 115 has a decentralized design and
consists of several independent subprocessors
grouped round the main storage. A specialized
unit therefore exists for each main system

function, and there is little interference within
the system.

Main Storage

® Nondestructive readout
® Storage cycle 480 nanoseconds (ns) per halfword
® Storage sizes (in bytes):

65,536

98,304

All storage has automatic correction of single bit

errors in a halfword, and detection of double bit
errors in a halfword.

Main Storage Controller

The main storage controller (MSC) regulates access to

The three types of subprocessors, located in
the 3115 are:
® Machine Instruction Processor
e Service Processor
e input/Output Processors.

Each subprocessor has its own storage, work
registers, and an arithmetic and logic unit
(ALU), and is controlled by its own micro-
program and timing device.

E) Machine Instruction Processor (MIP)

Fetches and executes program instructions
Carries out arithmetic/logical instructions entirely
Analyzes 1/0 instructions so that the 1/O processor
can be selected
Calculates addresses, sets condition codes, updates
PSW
Controls the direct disk attachment.
The MIP has a similar internal structure to that of
an 1/0 processor, and uses a byte-wide data flow. To
fulfill its tasks, the MIP includes special hardware
such as:

A byte-sized shift unit
A six correction unit
An expanded local storage
An expanded control storage
A translation lookaside buffer with 8 associative
arrays.
With these hardware and microprogram enhancements,

the MIP is able to process more instructions than can
be processed by an /O processor, and can handle the
full complement of System/370 instructions.

Main

Machine

Instruction
Processor

Storage

Processors

main storage. The MSC is composed of circuitry and
has no microprogram. Subprocessors may request
access at any time. At reguler intervals the MSC
examines requests and accepts the one with the
highest priority, as follows:

HIGH 11 = Address stop

PRIORITY 10 = (Not used)
9 = Multiplexer channel
8 = Integrated communications
adapter (ICA)
7 = Direct disk attachment
6 = {(Not used)
5 = Magnetic tape adapter
4 = Integrated card input/output
and printer attachments
g }Spare
1 = Service processor
LOW 0 = Machine instruction processor
PRIORITY

Addressing

Main storage is addressed through address registers in
the MSC local storage. Each subprocessor has two or

more address registers (not available to the programmer).

On a request from a subprocessor, the MSC uses the
contents of the assigned register to address main
storage. During access, the MSC updates the main
storage address, and later returns it to the original
local storage register. Thus, a subprocessor provides
only the start address of the data fieid.

The MSC also notifies the requesting subprocessors
of selection, data validity, and of errors such as
protection violation, bad parity, and violation of the
upper storage limit. Communication between the
subprocessors and the MSC is over a data bus, a
control bus, and direct control lines.

Input/Output Processors (I0Ps)

® Execute /0 commands
® Supervise data transfer between the addressed 1/0
device and MSC.

An 10P is a subprocessor with its own microprogram
storage, ALU, internal and external work registers, and
clock. It operates on a cycle of 450 nanoseconds. All
10Ps have the same design. To meet the special
needs of a connected 1/0 device, they are supplemented
by a ““front end”’ which is compatible with the i/0
interface, over which signals pass to and from the
device. Special microprograms are loaded to service
attached 1/O devices, and several microprograms can
run concurrently in one 10P in “time-slicing’ mode.
Each identical I1OP thus performs a different task,
representing an attachment, adapter, or the multiplexer
channel.

B Service Processor (SVP)

® | oads microprograms into all subprocessors
(including itself)

@ Provides the link between the operator and the
system

® Reloads microprograms upon request from any iOP,
logs error conditions and reads them out later for

program analysis .

The SVP is a microprogram-controlled subprocessor
with a data fiow and ALU one byte wide. The small
“bootstrap’’ program in read-only storage allows the
SVP to load its own main microprogram from the
console file. This file also stores the microprograms
of the other subprocessors, and provides space for
error logging,

The SVP contains local storage for handling data,
and the circuitry for operating the console file and
the operator console,

Figure 3. CPU Concept

[10782]
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IBM 3340
Disk Storage

IBM 5203
Printer

OR l ::BM 3203
rinter

IBM 5425 Multifunction
m—OR Card Unit (MFCU)

IBM 2560 Multifunction
Card Machine (MFCM)

1BM 3410 Magnetic

Tape Units, 1BM
P S

3411 Magnetic Tape

Unit and Control Up to 32 subchannels

5 synchronous lines
(U.S.A. only)

IBM 5213 Printer — O R

4 synchronous and 8
asynchronous lines

¥ Either the integrated card 1/O attachment or the
multiplexer channel, but not both, can be attached
to the Model 115.

Features

Standard 4 Optional

Direct disk attachment External signals

System/370 commercial instruction set Floating point instruction set
Byte-oriented operands ' Byte multiplexer channel, or integrated
Store and fetch protection . attachment for a multifunction
Error correction and checking for main storage card 1/0 device

Extended control mode ) Integrated adapters for:

Dynamic address translation Magnetic tape units

Indirect data addressing Telecommunications

Program event recording Integrated attachments for:
Monitor call Line printer

L.ocation 80 timer Console printer

TOD clock, CPU timer, clock comparator Feature for compatibility with
CPU and channel identification System/360 Mode! 20

Limited channel logout '

Configurator

Figure 4. Configurator [10783]
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Input/Output Units Input/Output Units

Simplified Data Flow

Figure 5. Simplified Data Flow [10784]
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Outline of Operation

The Model 115 is generally under the control of an
operating system. To prepare the system for operation,
however, and also to check details and enter information,
action must be taken by the operator.

OPERATOR CONSOLE

The operator controls the system by means of an operator
console, which consists of a video display with a keyboard
and control panel. The video screen displays the state of the
machine in clear text. The keyboard allows the operator to
display and alter registers and storage locations, or to enter
new information.

POWER ON

To make the system operational, the operator must first
press the POWER ON key. The key lights up red and
remains red until the power-on sequence is completed,
when it changes to white. The control storages of the
various subprocessors are then automatically loaded, and
corresponding messages such as ‘MIP Loaded’ appear on the
screen. When loading is completed, the Model 115 is in
manual mode and the operator can take over.

INITIAL PROGRAM LOADING

After the control storages have been loaded with
microprogram, the program load display for the operator
appears on the screen. Into this display, the operator keys
the address of the device from which the program is to be
entered. He must then make sure that the program medium
(for example, magnetic tape or punched cards) is loaded
into the device and that the device is ready. When he
presses the ENTER key, loading begins and the screen is
available to the operating system.

MACHINE OPERATION

As soon as the program is loaded, the machine takes over
and the program is executed. From time to time, the
operating system may send messages which are displayed on
the video screen and/or printed out on the console printer
(if installed). The operator may have to respond to these
messages by keying in specifications.

Program Execution

Before the Model 115 executes a program, it must first
analyze the current program status word. Depending on the
setting of the PSW bits, interruptions will be allowed or
disallowed, and certain modes will be set. The PSW also
contains the address of the next instruction to be
processed. This instruction is fetched by the machine

instruction processor, which analyzes the operation code
(op code) to find out which operation must be performed
next.

Arithmetic and Logical Instructions

If the next instruction to be processed is arithmetic or
logical, the MIP executes it (that is, a result is produced and
placed in main storage, and a condition code showing the
outcome is set). The program can use the condition code to
branch to a specific routine.

1/0 Instructions

If the next instruction to be executed is an input/output
instruction, the MIP transfers it to the input/foutput
processor responsible for the addressed I/0 device. By
means of a condition code, a response is sent through the
IOP, allowing the program to branch, check on the actual
condition (indicated in the CSW), or proceed normally.

The MIP waits only for the initial response, then fetches
the next instruction. Thus the IOP is left to process the 1/0
command independently. In this way, the data transfer
from or to main storage and the actions controlling the
device are performed at the same time as logical operations
in the MIP.

Interruptions

When an IOP has executed a command, it attempts to
inform the program by requesting an interruption from the
MIP. The MIP is prepared for such requests because, before
executing each instruction, it checks whether interruptions
are allowed. If they are allowed, the MIP scans for the
interruption requests, and if the interruption request line
(from all IOPs to the MIP) is active, it does not execute the
next sequential instruction, but switches instead to a new
PSW.

By introducing a new PSW, the MIP has also brought in a
new address for the next sequential instruction. Con-
sequently, the MIP fetches an instruction from a different
storage location owing to the switching of the PSWs, and
the interruption has the effect of a program branch.

The program branch is usually to a routine which
examines the interruption code in the old PSW to
determine the interruption source. If the source was, for
example, an I/O device which had finished delivering data
to main storage, the program will now process this data.
When the processing is completed, the program will restore
the old PSW as the current PSW, thus continuing at the
point of interruption.

Manual Operations

Manual operations are those performed by the operator and
not by the program. First, the operator brings the mode
selection display onto the video screen by pressing the

Introduction 7



MODE SEL (mode selection) key. The 3115 Processing
Unit does not stop, but the screen is now no longer
available for messages from the operating system.

The mode selection display (Figure 6) shows the
repertoire of modes (with selector characters) which are
available to the operator. The operator selects a mode by
keying in the selector character at the keyboard and
pressing the ENTER key.

(7 *MODE SELECTION™* \

L T T

A ALTER DISPLAY

I INSTRUCTION STEP

P RESTART

M MAINTENANCE

S STORE STATUS

U SAVE USAGE COUNTERS

R SYSTEM RESET

C ADDRESS COMPARE
L PROGRAM LOAD

T INTERVAL TIMER

K CHECK CONTROL

D STORAGE DUMP

E ICA MODES

MODE SPECIFICATION**—**

\_ Y,

[10785]

Figure 6. Video Display — Mode Selection

The following paragraphs describe, as examples, the
actions the operator must take to select and to perform
operations in two typical modes. For further information,
see the description of mode selection in the “Operator
Controls” section of “System Control”.

Program Load

If the manual operation to be performed is program load,
the operator must select ‘L’ (by pressing ‘L’ on the
keyboard) and then press the ENTER key. The program
load display (Figure 7) will then appear on the screen. The
operator enters the address of the device from which the
program is to be loaded by means of the alphameric keys,
and the selected address appears in hexadecimal characters
on the screen under ‘Channel’, ‘Control Unit’, and ‘Device’.

Program loading begins with a system reset which the
operator can specify as “normal” or “clear” by keying in
‘N’ or ‘C’. In normal loading, the general registers, floating
point registers, control registers, and main storage contents
remain unchanged but the parity is made valid in all
registers. In clear loading, these facilities are reset to zero
(with valid parity), except the control registers, which are
initialized.

Providing no errors have been made and the selected
device is loaded and ready, pressing the ENTER key will
now cause program loading to commence.
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*PROGRAM LOAD* \

L T

CHANNEL CONTROL UNIT DEVICE
0-5 0-F 0-F

EE N *H KK L 2

NORMAL/CLEAR
N/C

R

\_ Y,

Figure 7. Video Display — Program Load [10786]

4 * MAIN STORAGE ADDRESS COMPARE * \
ACTION COMPARE TYPE STORAGE ADDRESS
S STOP A ANY 000000-FFFFFF
Y SYNC D DATA STORE
P PROCESS I 1/O DATA

C INSTR COUNT

LR * ke - o

N y

[10787]

Figure 8. Video Display — Main Storage Address Compare

Address Compare

If the operator wishes to perform an address compare

operation, he must first key ‘C’ into the mode selection

display and then press ENTER. The main storage address
compare display (Figure 8) will appear on the screen.

Under ‘Storage Address’, the operator keys in the main
storage address which is the subject of the address compare
operation (the search address). Under the ‘Compare Type’
heading, the operator keys in a code letter which represents
one of four possible types of compare operation.

1. Any (A). If the operator keys in code ‘A’, all addresses
used in the system are checked against the search
address.

2. Data Store (D). If the operator keys in code ‘D’, only
addresses used by the CPU to -store data into main
storage are compared with the search address.

3. I/O Data (I). If the operator keys in code ‘I’, only
addresses wused in transferring data to and from
input/output devices are compared with the search
address.



4. Instr Count (C) If the operator keys in code ‘C’, only
addresses used by the CPU to fetch instructions
(instruction count) are compared with the search
address.

Under the ‘Action’ heading, the operator keys in a code
letter which represents the action the machine should take
when an address match occurs. If the operator keys in code
‘S’ (stop), the machine halts as if the STOP key had been
pressed. If code Y’ (sync) is keyed in, a signal is made
available for the customer engineer. If code ‘P’ (process) is
keyed in, address compare mode is turned off, and the
Model 115 is restored to normal processing,.

Introduction
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Main Storage Addressing

In the System/370 the addressable main storage is not
confined to the storage bytes physically installed in the
CPU. These bytes of “real storage” are supplemented by a
large area of “virtual storage” on an external file. By this
arrangement programmers can address up to 16,777,217
bytes of storage, even though, for example, only 65,536
bytes may be installed in the CPU.

When bytes of virtual storage are addressed by the
program they are automatically called into main storage on
a “page” of information, and their addresses are adjusted
by a translation process.

The virtual storage facility is supported by three standard
features: dynamic address translation, extendéd control
mode, and indirect data addressing.

This chapter consists of five graphic pages on main
storage addressing, The first graphic page shows how either
normal address computation or dynamic address translation
may be specified (Figure 9). The remaining pages show
how, in the process of dynamic address translation, virtual
addresses are converted to real addresses in three successive
steps (Figures 10 to 13).
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Figure 9. Types of Main Storage Addressing

12

. isused.

To obtain access to main storage, the MIP must
place a real address, which falls within the main
storage boundaries, into MSC local storage.
The method of address generation is determined

by PSW bit 5.

O=Norm'é'| Address
Computation

by adding the 12-bit binary displacement to

. the 24-bit base address. In RX instructions,

- the 24-bit index is also added. Since overflows
- are ignored, the result is always a 24-bit binary
' number representing a real address within the

main storage limits.

The MIP transfers the 24-bit number to the
MSC, without change, in two steps. First, the
sixteen low-order address bits are loaded, then

- the two high-order bits and the four-bit protec-
~ tion key. During step two, the MSC checks if

the storage boundary has been surpassed, and
if so, sets a check bit, which later causes an
addressing error indication when the address

If PSW bit 5 is off, the MIP computes addresses

1=vb'ynam.i”c’:mAddress
Translation

If PSW bit 5 is set, the MIP forms a 24-bit
address in the same way as when the bit is off,
but does not take this as a real address within
the main storage limits. Instead, the 24-bit
binary number is interpreted as a virtual address
and the steps described in Figures 11 to 13 are
carried out. Setting PSW bit 5 for dynamic
address translation is only effective when PSW
bit 12 has also been set to place the Model 115
into EC mode.

Types of Main Storage Addressing

[10788]
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The virtual address shown below Using the computed binary number The cantents of the selected

consists of the segment address, as a real address, the MIP fetches page table entry represent the
the page address, and the byte the contents of the selected seg- high-order part of the real
address. ment table entry and adds them : address. The hyte address

The segment address is added to the page address portion of portion of the virtyal address
to the segment table origin address the 24-bit virtual address. The - is attached as the low-order
located in bits 8 to 25 of control resulting binary number points part, and the resulting bit
register 1. The resulting binary to an entry in the page table. string represents the real
number points to a specific entry address,

of the segment table in main storage.

Step 1 Step 2 Step 3

Virtual Address
Page Address

Segment Address

Byte Address

Control Register 1

Segment Table
Origin Address

Segment
Table

NS

High-order| Low-order
Part

Real Address

To MSC
Local

Storage
Register

Dynamic Address Translation Overview

Figure 10. Dynamic Address Translation Overview [10789]
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Tests
1 Mega Size

A string of eight zero bits is generated and compared
with the segment tabie length specification in bits

0 to 7 of control register 1. (Zeros are used because
bits 1 to 7 do not exist in a 24-5it virtual address.)

A segment translation exception is indicated if the
virtual address bits represent a value larger than the
length specification.

64K Size

The segment table length specification in control
register 1 is extended with three high-order zeros and
compared with bits 1 to 11 of the virtual address.
Because only bits 8 to 11 exist in a 24-bit address, bits
0 to 7 are generated as zeros to allow for comparison.
If the test shows that the 24-bit result address will
designate an entry within the segment table, the add
operation is performed, and the entry is fetched from
main storage; if not, a segment translation exception is
indicated. The segment table must be located in real
storage.

If the test against the table length is
successful, the 4-bit segment address Address
(for a 1 mega segment)....

Segment

8 11

or the 8-bit segqment address (for a
64K segment) is added to the
segment table origin address

Segment Address

:8 % 15:
BN
Segment Table Length Segment Table Origin Address 00 0 00O
0 7 8 ;22 25:26 29:30 31

The result is a 24-bit number

24-bit Result

The data fetched from the segment table is a 32-bit field
containing information which allows access to the page table:

Length 00 00O
0 3 4 7 8

Page Table Origin Address 00
28 29 30 31

Dynamic Address Translation Step 1

Figure 11. Dynamic Address Translation Step 1 [10790]
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As a prerequisite for translation step 2, the invalid bits of the page address are compared with the length
bit (bit 31) in the segment table entry must be zero. code (bits 0 to 3) of the data fetched from the segment &
A one-bit causes a segment translation exception. table. If the length code is smaller, a page translation

A length check is carried out to ensure that the exception is recognized. If the check is satisfactory,
computed page table address points to an existing the 24-bit address is used to fetch the selected page
page table entry. In this check, the four high-order table entry.

Three low-order zeros are

attached to the page table
origin address, and the page Page Table Origin Address 0
address is aligned with bit 30 T T |
and added to it. | 22|23 25,26,27 30, 3
| [ I
[ i
I |
[ T 19!
P | :
- ; b
Depending on segment size |
and page size, the page (o 16 20
address may be 4, 5, 8, or i '
9 bits wide. |
|
N 19:
12 20
The result is a 24-bit number
24-bit Result
If page size is 11o0lo0
- 2048 bytes
The data fetched from th.e 0 13 14 15
page table has the following
format:
If page size is
4096 bytes 1)jofojo
0 12 13 14 15

Dynamic Address Translation Step 2

Figure 12. Dynamic Address Translation Step 2 [10791]
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Further processing depends on the state of
the invalid bit (bit 12 or 13, according to
the page size}. If the invalid bit is set, the
page address is invalid and a page transla-
tion exception is recognized. If the invalid
bit is off, the page address is valid, and
either bits 0 to 11 or 0 to 12 represent the
high-order part of the real address.

Real Address

Page Frame Address Byte Address

Page Frame Address ' . Byte Address
31

The low-order part of the real address is
formed by attaching the byte portion from
the virtual address. This completes the
dynamic address translation process per-
formed by the MIP microprogram.

Dynamic Address Translation Step 3

Figure 13. Dynamic Address Translation Step 3  [10792]
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System Control

The Model 115 is controlled by means of the following
main facilities:

® Program status words

Control registers

® Fixed areas in main storage

Interruption mechanism
® Timers
® Operator console

All of these control facilities are available to the operating
system and/or the operator.

System Control 17



Program Status Words

The PSW is the most important factor in system control,
because it contains the basic information required for
running programs. Throughout the course of a program, the
PSW provides the internal control mechanism with
information on where the next instruction is located, which
facilities are masked off, and which states and modes apply.
The PSW is a doubleword (that is, 64 bits long) with a
choice of two formats. The format is determined by the
state of PSW bit 12: when this bit is off, it specifies basic
control mode, when set, it specifies extended control mode.
The microprogram always examines bit 12 first because it
determines how the rest of the PSW is to be interpreted.

Note: In System/360 machines, PSW bit 12 specifies either
EBCDIC or ASCII mode. This choice is not available in the
Model 115, which always uses EBCDIC as its internal code.

PSW IN BC MODE

A PSW in which bit 12 is off is interpreted as shown in
Figure 14. The PSW bit assignment in BC mode is similar,
but not identical, to the format in System/360. For
instance, when the external mask bit (PSW bit 7) is set, it is
only effective in BC mode for those interruption-requesting
sources which have a -subclass mask bit set in control
register O (see Figure 18).

Loading-a BC Mode PSW

When a BC mode PSW is set up by means of the ‘load PSW’
instruction, the doubleword designated by the operand
address is loaded as the current PSW. The interrupt code
(bits 16—31) and the instruction length count (bits 32—33)
of the current PSW loaded in this way are always zero.

Changing Bits in the BC Mode PSW

Several instructions are available to the programmer for
changing PSW bits. New information can be placed into
PSW bits 0 to 7 by means of the ‘set system mask’
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instruction, or individual bits can be changed by the
instructions ‘store then OR system mask’ and ‘store then
AND system mask’. The program mask (PSW bits 36 to 39)
can be replaced with a new mask by giving the ‘set program
mask’ instruction, which also introduces a new condition
code. The instruction address (PSW bits 40 to 63) can be
changed by means of the ‘branch and link’ instruction.

BC Mode PSW Errors

If a PSW containing any of the following errors is

introduced by a ‘load PSW’ instruction or by an

interruption, these errors will be recognized during the

execution of the next instruction:

® A one-bit, pointing to an odd boundary, is in the
low-order position (PSW bit 63) of the instruction
address (specification error).

® The location specified by the instruction address is
outside the available main storage (addressing error).

® The location specified by the instruction address is
protected against fetching (protection error).

The detection of any of these errors causes a specification
exception interruption during which the invalid PSW is
stored as the old PSW, the instruction length count having a
value of 1, 2, or 3 to indicate the number of halfwords by
which the instruction address has been updated. The extent
of this updating (1, 2, or 3 halfwords) depends on the
format of the instruction (RR, RX/RS/SI, or SS) in
progress when the exception is recognized.

There are conditions in which the invalid PSW may not be
recognized. If the invalid PSW enabled pending 1/O and/or
external and/or machine check interruptions, these
interruptions would occur instead of any interruptions
caused by the errors listed above, thus preventing
recognition of the invalid PSW. The same applies if the
invalid PSW has the wait state bit set, because the CPU then
enters the wait state and leaves it only through an
interruption, which again prevents detection of the
invalidity.



0—5 Channel Mask

Bits O to 5 are assigned to channels 0 to 5. When a channel
mask bit is set, I/0 interruptions are enabled for the
respective channel. If a bit is off (zero), interruptions are
disabled for that channel. The interruption conditions
remain pending. -

6 Input/Output Mask

1 = Interruptions are enabled for channel 6 and above.
0 = Interruptions are disabled for channel 6 and above.
These channels are not available on the Model 115.

7 External Mask

1 = Interruptions are enabled from the following external )
sources:
® | ocation 80 timer
® CPU timer
® Clock comparator
® [nterrupt key on console
® External signals
0 = External interruptions are disabled.
Note: CPU timer and clock comparator interruption con-
ditions remain pending only if no new values are set before
the interruption is taken,

8—-11 Key

This is a binary key which is compared with a key in
storage when the CPU stores a result or fetches data from
a fetch-protected location. Fetching and storing only
succeed if these two keys match or the PSW key is zero.

12 Extended Control Mode

1= EC mode is set and the PSW bits are interpreted as
shown in Figure 15.

0 = Basic control (BC) mode is set and the PSW bits are
interpreted as shown in this Figure.

13 Machine Check Mask

1 = Interruptions due to machine checks (such as parity
errors, system, processing, or timer damage) are enabled.
0 = Interruptions due to machine checks are disabled.
They remain pending.

14 Wait State

1 = The CPU is in the wait state (no instruction processing
by MIP and no CPU meter recording).
0 = The CPU is in the running state.

15 Problem State

1= The CPU is in the problem state, and only unprivileged
instructions are executed.

0 = The CPU is inh the supervisor state, and both privileged
and unprivileged instructions are executed.

16—31 Interruption Code

This is a binary code which identifies the source of an
interruption,

32—33 Instruction Length Code

This is a binary code which shows the length of the last-
interpreted instruction (1, 2, or 3 halfwords) when a
program or supervisor call interruption occurs.

34—-35 Condition Code

This is a binary number set by the results of various
instructions, so that branching decisions can be made.

36—39 Program Mask

When set the program mask bits enable interruptions due
to:

® [ixed point overflow (bit 36)

® Decimal overflow (bit 37)

® Exponent underflow (bit 38)

® Significance {bit 39) )

If the bits are 0, the relevant interruptions are disabled.

40—63 Instruction Address

This is a binary field representing the main storage address
of the next instruction to be executed.

L [ Tl

I I I |

o

56 78 111213141516

3132 33343536 3940 63

Program Status Word (BC Mode)

Figure 14. Program Status Word (BC Mode) [10793])
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PSW IN EC MODE

When bit 12 of the current PSW is set, the contents of the
PSW are interpreted as shown in Figure 15, Some of the bit
assignments are the same as in the BC mode PSW. Bits 8 to
11, 13, 14, and 15, for instance, ate identical in meaning
for both BC mode and EC mode PSWs. Other assignments
differ. For example, the BC mode PSW contains an
instruction length count and an interruption code, but
when EC mode is specified, these two fields are located in a
fixed area of main storage.

Loading an EC Mode PSW

When an EC mode PSW is set up by means of the ‘load
PSW’ instruction, the doubleword designated by the
operand address is loaded as the current PSW. In contrast to
the BC mode PSW, the EC mode PSW is loaded unchanged,
and none of the bits is forced to zero, The reason is that in
EC mode the instruction length count and interruption
code are located in fixed areas of main storage and not in
the PSW.

Changing Bits in the EC Mode PSW

Several instructions are available to the programmer for
changing PSW bits. New information can be placed into
PSW bits 0 to 7 by means of the ‘set system mask’
instruction, or individual bits can be changed by the
instructions ‘store then AND systern mask’ and ‘store then
OR systemn mask’. The program mask (PSW bits 20 to 23)
can be replaced by means of the ‘set program mask’
instruction. The instruction address (PSW bits 40 to 63) can
be changed by means of the ‘branch and link’ instruction.

EC Mode PSW Errors

When an EC mode PSW containing errors is introduced by a
‘load PSW’ instruction or by an interruption, certain errors
are recognized while the next instruction is being executed,
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and other errors are recognized immediately. The following
error causes a specification exception interruption before
the PSW becomes active:

® One or more unassigned bits are set. (Bits 0, 2, 3,4, 16,
17, and 24 to 39 are unassigned and must be zero.)

Should this error be detected, a specification exception
interruption occurs, even if the invalid PSW enables pending
I/0 or machine check interruptions, or has the wait state
bit set. The specification exception interruption thus takes
priority. The pending I/O or machine check interruptions
are under the control of the new PSW introduced by the
specification exception interruption. The wait state bit is
ignored when the described error occurs.

The specification exception interruption, which occurs
immediately when the error is detected, causes the
instruction length count (in main storage) to be reset to
zero because instruction processing has not been started.

The following errors in an EC mode PSW are recognized
during the execution of the next instruction:

1. The low-order bit of the instruction address (PSW bit
63) is set (that is, an odd address is specified).

2. The location designated by the instruction address is
outside addressable storage, or is protected against
fetching.

If either of these errors is detected, an interruption
occurs. The instruction length count in main storage is
updated by one, two, or three, indicating the number of
halfwords by which the instruction address was updated.
The updating depends on the format of the instruction in
progress when the exception is recognized. Any pending
1/0 interruptions or machine check interruptions enabled
by the invalid PSW will, however, occur, and the invalidity
of the PSW is therefore not detected. The same applies
when the invalid PSW has the wait state bit set, because the
CPU then enters the wait state and leaves it only by an
interruption which again prevents detection of the PSW
invalidity.



1 Program Event Recording Mask

1 = Program events specified in control register 9 (such as
successful branching) will cause an interruption.
0 = Program event recording is disabled.

b Translation Morde

1 = Dynamic address translation is used (the address base
+ displacement is translated via segment and page
tables into the real storage address).

0 = Address translation is not used.

6 Input/Qutput Mask

1 =1/0 interruptions are enabled for all channels whose
mask bits in control register 2 are set.

0 = All 1/0 interruptions are disabled, and requests
remain pending.

7 External Mask

1 = External interruptions are enabled for all sources whose
mask bits in control register O are set.
Q = External interruptions are disabled.

8—11 Key

This is a binary key which is compared with a key in
storage when the CPU stores a result or fetches data from
a fetch-protected location. Fetching and storing only
succeed if the keys match or the PSW key is zero.

12 Extended Control Mode

1= Model 115 is in EC mode and the PSW bits are
interpreted as shown in this Figure.

0 = Model 115 is in BC mode and the PSW bits are
interpreted as shown in Figure 14.

13 Machine Check Mask

1 = Machine check interruptions are enabled for:
® System and processing damage.
® All other machine checks whose mask bits in control
register 14 are set.
0 = Machine check interruptions are disabled.

14 Wait State

1= The CPU is in the wait state (no instruction processing
by MIP and no CPU meter recording).
0 = The CPU is in the running state.

15 Problem State

1 = The CPU is in the problem state, and only privileged
instructions are executed.

0 = The CPU is in the supervisor state, and both privileged
and unprivileged instructions are executed.

18,19 Condition Code

This is a binary number set by the results of various
instructions, so that branching decisions can be made.

20—23 Program Mask

When set, these bits enable interruptions due to:

® Fixed point overflow (bit 20)

® Decimal overflow (bit 21)

® Exponent underflow (bit 22)

® Significance (bit 23)

If a bit is 0, relevant interruption is disabled (the condition
remains pending).

40--63 Instruction Address

This is a binary field representing the main storage address
of the next instruction to be executed.

lof Jooof J[J]  [[[]Joof ]

o 000000 0fofooooooo jj

01234586738

11121314151617 1819 20 2324

313233 3940 63

Program Status Word (EC Mode)

Figure 15. Program Status Word (EC Mode) [10794]
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Control Registers

The control registers (Figures 16 to 23) are a standard
feature on the Model 115. The feature provides 16 registers,
each of which is one word (32 bits) wide. The registers are
not part of addressable main storage, they are located in the
MIP. The bits in these registers define how certain features
such as monitoring, program event recording, and dynamic
address translation are to operate. ’

The control registers are automatically initialized during a
system teset operation, but they can also be loaded by
means of the ‘load control’ instruction. This instruction
contains two register specification fields, the first of which
defines the first register to be loaded, the other defines the
last register to be loaded. The operand address designates
the storage location from which the data is to be fetched.
During execution, the instruction causes as many words to
be fetched from main storage (in ascending order of
address) as are required to fill the number of control
registers specified (including the first and the last).

The contents of the control registers can be made

available for inspection by means of the ‘store control’ .

instruction. This instruction causes the opposite effect of
the ‘load control’ instruction, that is, the contents of as
many registers as are specified are placed in main storage.
Note: The first register to be loaded or stored may be any
of the 16 registers, it need not be register 0. The count
wraps around during loading or storing and continues in
ascending order until the last register is reached. The last
register may, likewise, be any of the 16 registers.

The following is supplementary information related to
individual control registers.

BLOCK MULTIPLEXING CONTROL

When bit 0 of Control Register O (see Figure 18) is set, disk
files operate in block multiplexing mode and interleaving is
allowed. For example, if command chaining has been
specified and channel end is presented separately from
device end, the channel logically disconnects from the
control unit to make the interface available for other disk
operations. In block multiplexing mode, the channel also
provides a ‘channel available’ interruption to indicate to an
instruction which previously caused a channel busy
response (condition code 2) that it may now proceed.

MONITORING

Control register 8 (sce Figure 20) contains the monitor
mask bits for the Monitoring feature which is standard in
the Model 115. Monitoring provides the means to record
and analyze software cvents such as entry or exit from
specific subroutines, program exccution time, and the
sequence in which programs were entered.
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Each bit in the monitor mask field (bits 16 to 31 of
control register 8) represents a class of events, and the bit
setting determines whether or not the class is to be
monitored. Each bit can be addressed by a ‘monitor call’
instruction.

The ‘monitor call’ instruction contains a monitor class
number that can range from O to 15. The number 0
addresses mask bit 16, number 1 addresses mask bit 17,
number 2 addresses mask bit 18, and so on. When the
‘monitor call’ instruction addresses a mask bit that is O, the
instruction has no effect (no-op). However, when the
‘monitor call’ instruction addresses a mask bit that is set, an
interruption occurs.

The interruption causes the class number (in the
instruction), the result of the B1/D1 field of the instruction
(the monitor code), and a monitor interruption bit to be
stored in main storage. Class number, monitor code, and
monitor interruption bit together identify the cause of the
interruption and the unique monitoring event that is thus
indicated. A program can be monitored in detail by
including ‘monitor call’ instructjons at strategic points.

PROGRAM EVENT RECORDING

Program event recording (PER), which is a standard feature
of the Model 115 but available in EC mode only, is handled
through control register 9 (see Figure 21). Bits O to 3 and
16 to 31 specify which predefined event (such as a
successful branch, instruction fetching, or storage altera-
tion) can cause an interruption. Bits 4 to 15 are not
assigned.

When a particular bit is set, the assigned event is
monitored and an interruption is requested when the event
occurs. Whether or not the interruption takes place depends
on the PER mask bit in the EC mode PSW (bit 1). The
interruption can only occur if PSW bit 1 is set. The cause of
the interruption is identified as described in the following
text.

Successful Branch

When bit 0 of control register 9 is set, the instructions
‘branch on condition’, ‘branch and link’, ‘branch on count’,
‘branch on index high’, and ‘branch on index low or equal’
are being monitored. If one of these instructidns causes a
branch, the address to which the instruction branched is
placed into the program old PSW, and the address of the
instruction that caused the branch is placed into the
program event address field of main storage during the
interruption. If the successful branch instruction is the
object of an ‘exccute’ instruction, the address of the
‘exccute’ instruction is recorded in main storage.



Instruction Fetching

When bit 1 of control register 9 is set, the main storage area
defined by the start and end addresses in control registers
10 and 11 is monitored. If an instruction which has its first
(leftmost) byte in this area is fetched, the event occurs.
During the resulting interruption, the updated instruction
address is transferred to the program old PSW, and the
address of the first byte of the instruction is recorded in the
program event address field in main storage. In addition,
the instruction length code is set to indicate the length of
the instruction that caused the event. If the instruction is
the object of an ‘execute’ instruction, the address of the
‘execute’ instruction is recorded.

Storage Alteration

When bit 2 of control register 9 is set, the storage area
defined by the start and end addresses in control registers
10 and i1 is monitored for alteration. The monitoring is
limited to operations in which the MIP replaces part or all
of an operand. Typically, these are operations such as
move, shift, edit, and arithmetic operations. An operand is
considered to have been altered even if it has merely been
shifted by zero, or if a zero has been added.

Automatic CPU operations such as timer updating, PSW
exchange during interruption, and so on (that is, operations
not caused by an explicit instruction) are not monitored. If
the timer value is changed by an instruction, however, a
program event is recognized.

When main storage is altered within the monitored area,
the resulting interruption causes the address of the
instruction responsible for the alteration to be recorded in
the event address field in main storage, and the updated
instruction address is placed.in the program old PSW. If the
altering instruction is the object of an ‘execute’ instruction,
the address of this ‘execute’ instruction is recorded.

General Register Alteration

When bit 3 of control register 9 is set, bits 16 to 31
determine which general register is being monitored. If bit 3
is zero, alterations to the general registers cannot cause
interruptions.

Bits 16 to 31 of register 9 correspond to the general
registers 0 to 15. If any of these bits is set, the assigned
general register is monitored for alteration. If the
monitored register is altered, an interruption can occur only
if bit 3 in control register 9 and PSW bit 1 are set.

If the monitored register has been altered, or implicitly or

explicitly designated as the destination, the address of the
instruction responsible for the alteration or designation is
recorded, and the updated instruction address is placed in
the old PSW during the event interruption. Should the
responsible instruction be the object of an ‘Execute’
instruction, the address of the ‘execute’ instruction is
recorded.
Note: Program event recording applies to all System/360
and System/370 instructions, including ‘do interpretive
loop’ (DIL). The emulator routines called via DIL are,
however, not monitored explicitly. Because of this, a
program event is indicated for any string of DIL
instructions whenever the PER bit is on, whether or not the
event occurred.

ERROR RECOVERY ENHANCEMENT

The Error Recovery Enhancement feature, which is a
standard feature available in BC and EC mode, is handled
through control register 14. Those error recovery functions
implemented on the Model 115 are shown in Figure 23.
The following functions, available on other System/370
models, are not implemented on the Model 115 because
errors are logged and analyzed without the need for
program support.

Bit  Function (Not On Model 115)

1 Synchronous machine-check
Extended logout mask

2 Input/output extended logout

mask

(Not assigned)

(Not used)

(Not used)

Warning mask

Asynchronous machine-check

logout mask

9 Asynchronous fixed logout control

X3 nbhw

System Control 23



Block Set System DAT DAT Clock cPU Control
Muttiplexing Mask Page Segment Comparator Timer Timer Key Signal R .
Mode Interrupt Size Size Mask Mask  Mask Mas k Mask €g Isters

X

N OO O s W N = O

Channel S'é'gme'n't'Table
Masks Length Origin Address
PER PER Gen Reg
Successful  Instruction Gen Reg Alteration Monitor

Fetch

Al Mask Field

Hard Storage External PER

Stop Alteration Damage End
Report Mask Address

Unassigned
Registers

Control Registers Overview

Figure 16. Control Registers Overview  [10795]
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Program

Event
Recording Translation 1/0 E xternal Machine
Mask Mode Mask Mask Check Mask

k| |[EC Mode PSW

63

Control
Registers

0123 456 78 910111213141516171819 20212212425262728293031 :

Dynamic Addr Extended 0
Translation External Masking

>

1

Channel 2
> Masks

< Program Event Masks 9

10

1"

12

13

14

15

Hard External

Stop Damage
Report
Mask

Relationship between EC Mode PSW Masks
and Control Registers

Figure 17. Relationship between EC Mode PSW Masks and Control Registers {10796}
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0 Block Multiplexing

1 = The direct disk attachment operates as a block multiplexer if
the block multiplexing feature is installed.

0 = The block multiplexing feature (optional) on the direct disk
attachment is disabled.

1 Set System Mask Interruption

1 = The 'set system mask’ instruction is suppressed and an inter-
ruption occurs instead.
0 = The ‘set system mask’ instruction is executed normally.

8,9 DAT Page Size

If dynamic address translation is specified in the PSW, these bits
specify the page size as follows:

Bit 8 Bit 9
0 1 2,048 bytes
1 0 4,096 bytes (optional)

Other codes are invalid when DAT is on. The bits are ignored when

DAT is off.

11,12 DAT Segment Size

If dynamic address translation is specified in the PSW, these bits
specify the segment size as follows:
Bit 11 Bit 12
0 0 65,536 bytes (64K)
1 0 1048,576 bytes {1 Mega) (optional)

Other codes are invalid when DAT is on. The bits are ignored when

DAT is off.

20 Clock Comparator Mask

1« An interruption will occur if the clock comparator value s less
than the time-of-day (TOD) clock value, and PSW bit 7 is set.

0 = The interruption is disabled but remains pending as long as the
comparator value is less than the TOD clock value. The inter-
fuption condition is removed if a greater value is set by the ‘set
clock comparator’ instruction.

21 CPU Timer Mask

1 = An interruption can occur if the value in the CPU timer becomes
negative, and PSW bit 7 is set.

0 = The interruption is disabled but remains pending-as long as the
value in the CPU timer is negative. If a positive value (zero is
considered positive) is introduced, the interruption condition is
removed.

24 Timer Mask

1 = An interruption can occur if the location 80 timer value
becomes negative, and PSW bit 7 is set (in EC or BC mode).
0 = The interruption remains pending.

2 5 Key Mask

= An interruption can occur if the INTRPT (interrupt) key on the
console keyboard is pressed, and PSW bit 7 is set (in EC or BC
mode).
0 = The interruption remains pending.

26 Signal Mask

An interruption can occur from a condition in one or more of
the six optional external signal lines, provided PSW bit 7 is set
{in EC or BC mode).

0 = The interruption remains pending.

Effect of System Reset
Bit Setting Meaning
0 0 Block multipfexing on disk is off.
8,9 0 Page size is set to an invalid code.
10 0 Unassigned; must be zero.
1,12 0 Segment size is set to 64K.
20 0 Clock comparator interruption is disabled.
21 0 CPU timer interruption is disabled.
24 1 Timer interruption is enabled.
25 1 INTRPT key is enabled.
26 1 External signal interruptions are enabled.
Unassigned bits are set to 0.

HEENEER |

L1 L1l ]

78 91011 1213

Control

Figure 18. Control Register 0 [10797]
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Effect of System

0—7 Segment Table Reset

Length

A binary field that indicates the
length of the DAT segment table
in units of 64 bytes. During
address translation, the segment
address is matched against the
length code to determine
whether the entry is inside or
outside the table. The bits are
significant only in EC mode
with PSW bit 5 set.

8—25 Segment Table
Origin Address

This field is part of an address that
designates the main storage location
of the DAT segment table. During
ddress translation, six low-order
ero bits are appended to bit 25,to
orm the real address where the
egment table begins. The segment
ddress is then added to the origin
ddress to obtain the location of a
pecific entry. The bits are signifi-
ant only in EC mode with PSW

it bset.

Bits O to 31 are reset to zero.

Control Register 1

o ch | Effect of System
—5 annel Masks Reset

Each of these bits is assigned to Bits O to 5 are set, enabling
the correspondingly numbered interruptions for all channels.
channel and determines whether The unassigned bits (6 to 31)
the CPU is enabled or disabled , are at zero.

for interruption from this channel
1= An I/O interruption from the
associated channel can occur

provided PSW bit 6 (in EC
mode) is set.

0 = The interruption remains
pending.

The bits are significant in EC

mode but not in BC mode.

Control Register 2

Figure 19. Control Registers 1 and 2 [10798]
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16—31 Monitor Mask Fiel

Each bit represents a class of events, which
is monitored when the bit is set. Bit
addressing is done by a ‘monitor call’
instruction containing a monitor class

number ranging from 0 to 15. Number O
addresses mask bit 16, number 1 addresses
mask bit 17, and so on. When a bit set at
one is addressed, an interruption occurs;
when a bit which is off is addressed there

0 1516

31

Effect of System Reset

All bits are reset to zero, thus switching
monitoring off.

Control Register 8

Figure 20. Control Register 8 [10799]
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Successful Branch (PER

= Any successful branch instruction
causes an interruption if PSW bit 1
is set. The address to which the
instruction branched is placed into

the old PSW, and the address of the
branch instruction is placed into
program event address field in
main storage.

= Interruptions on successful
branching are disabled.

3 General Register
Alteration (PER)

1 = The general registers defined by bits
16 to 31 in control register 9 are
monitored for alterations. Such
alterations cause an interruption if
PSW bit 1 is set.

0 = Interruptions caused by alterations to

general registers are disabled.

LI

01234

1 Instruction Fetching
(PER)

= The main storage area defined in con-
trol registers 10 and 11 is monitored
to discover if the first byte of any
instruction is there. When any such
instruction is fetched, an interruption
occurs if PSW bit 1 is set.

' 0= Interruptions on instruction fetching

are disabled.

2 Storage Alteration
(PER)

1 = The storage area defined by control
registers 10 and 11 is monitored to
discover if the MIP replaces part or
all of an operand. When any such
alteration takes place, an interruption
occurs if PSW bit 1 is set.

0 = Interruptions on storage alteration are

disabled.

16—31 General Register
Alteration Mask

(PER)

These 16 bits correspond to the 16
general registers. When a mask bit is set,
the assigned general register is monitored
for alteration. Such alterations cause an
interruption, if bit 3 in control register 9
and PSW bit 1 are set.

Effect of System Reset

All bits are reset to zero, thus switching off
program event recording.

Control Register 9

Iligure 21. Control Register 9 [10800]
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8—31 PER Start and
End Addresses

These bits contain the start address
{control register 10) and the end address -
{control register 11), which define the area :
in main storage to be monitored for two of
the program events, instruction fetching and :
storage alteration. The addresses are both
virtual. When both addresses are identical,
only one location (byte) is monitored.

If the start address is higher than the end
address, monitoring extends to location
16,777,215, wraps around and continues
from O through the end address.

31

Effect of System Reset

Both addresses are forced to zero.

Control Registers 10 and 11

I'igure 22. Control Registers 10 and 11 [10801}
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O Hard Stop 6 External Damage
Report Mask

A 'hard’ machine check condition
causes the system to enter the check
stop state, provided machine check
interruptions are masked off (PSW bit
13 is 0). In the check stop state, the
machine is stopped and the START
key does not function. Recovery is
by reloading the program.

Bit O is always treated as if it were
turned on.

An interruption reporting damage to
the location 80 timer, the TOD clock,
the CPU timer, the clock comparator,
i/0 attachments, channel, or other
external sources can occur if PSW bit
13 is set.

External damage interruptions cannot
occur.

lmmj

31

Effect of System Reset

2 1/0 Extended Logout
Mask Bit ISetto

Bit 2 has no function. The Model 115 0 1
performs no 1/0 extended logouts 2 0
because errors are logged and analyzed ' 6 1
without the need for program support.
The bit may be set or at 0.

Control Register 14

IYigure 23. Control Register 14 [10802]
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Fixed Areas in Main Storage

The fixed areas in main storage (Figures 24 to 31) are
important for system control because they contain the
various new and old program status words, and special
reports which show, for example, channel error data. The
areas are permanently allocated and the internal control
mechanism of the Model 115 relies on this allocation.

MACHINE-CHECK LOGOUT

Instead of logging error information into fixed or extended
main storage areas, the Model 115 logs detailed information
about the nature of the malfunction onto its internal file.
This log operation occurs whenever the interrogation loop
(which runs continuously) detects an error condition. If
such a condition is detected, a machine-check interruption
is requested. For details of the machine-check interruption
code see Figure 29; for details of limited channel logout see
Figure 27.
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External Supervisor Call Input/Qutput |

Program Machine Check

Main Storage Id Program Status Word
Address D e 78 1516
(decimal) | i T l
CAW interval External | Supervisor Cali | Program | Machine Check | input/Output |
Timer S
: ew Program Status Words
64 7172 7576 8384 8788 95 96 103 104 111112 119120
Transla'tlon Mon. PER Program NMonitor Limited 1/0
Exception | Class Code Event Code Channel ID Channel Address
External I Program| Address No. Address - Logout
128 131 132 135136 139 140 1437144 147 148 149 150151 152 155 156 159 160 167 168 171172 175176 179180 183 184 185 187 188 191
. . Failing .
CPU Timer Clock Comparator Machine-Check Region
. Storage
Save Area Save Area Interruption Code Code
Address
216 223 224 231 232 239 240 248 257 252 355
Current PSW
Save Area
256 263 264 271 272 279 280 287 288 295 296 303 304 311 312 319
Floating Point Register Save
320 327 328 335 336 343 344 359 360 367 368
! i | { I l |
General Register Save Area
| | l | l I L
384 391 392 399 400 407 408 415 416 423 424 431 432 439 440 447

448 455 456

Not Assigned

Not used by Model 115

Figure 24. Fixed Areasin Main Storage [10803]

463 464 471 472 479 480 487 488 495 496 503 504 511

1. Storage locations O through 7 are also used

for the Restart New PSW. Program residence
2. Storage locations 8 through 15 are also used begins here
for the Restart Old PSW.

Fixed Areas in Main Storage
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External Interruption
Code

SVC Interruption
Code

with Instruction Length Count

Program Interruption
Code

with Instruction Length Count

40

i OOOOOOOOOOOOI lOI interruption Code
12 f15 16
ILC iLC

This storage location is used only
when an external interruption
occurs during operation in EC
mode. If BC mode was specified,
the code is placed into bits

16 to 31 of the external old PSW.

When EC mode is specified, the
supervisor call (SVC) interruption
code and the instruction length

When EC mode is specified, the
program interruption code and the
instruction length count are placed
in storage location 140 to 143, In
BC mode, the code is placed into
bits 16 to 31 and 32 to 33 of the
program old PSW.

count are placed in storage location
136 to 139. In BC mode, the code
is placed into bits 16 to 31 and

32 to 33 of the supervisor call old
PSW.

O
o
—+
@
>3
)
[ 3
w
N
AN
N
w

Main Storage Lo

Figure 25. Main Storage Locations 132-143  [10804]
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152—155 Program Event
Address

OOOOOOOOJ Program Event Address ]
0 78 31

159 168 171

The program event address is stored during an inter-
ruption caused by a program event. The address point:
to the location of the instruction that caused the even
(such as a general register alteration, a storage

alteration, or a successful branch, etc.).

156—159 Monitor Code

[00000000 | Monitor Code l
0 78 31

During a monitor call interruption, the monitor code
is stored to identify uniquely the monitored event. Th
code is the result of adding the contents of the base

register (referenced in the ‘'monitor call’ instruction) t
the displacement provided by this instruction.

144—-147 Translation Exception
Address

IOOOOOOOO[ Translation Exception Address J

0 78 31

This field is used only when EC mode and dynamic
address translation are on and the translation
process ends with a segment translation or page
translation exception interruption. The virtual
address responsible is stored in location 144-147
and the interruption code identifies the exception.

168—171 Channel Identification

IType | Model [Not Used by Model 115 |
0 34 1516 31

This field is stored as the result of the ‘store channet
ID instruction. The identification data is generated
by adding the contents of the base register to the dis-
placement provided by the ‘store channel ID" instruc-
tion. The type field specifies:

Selector Type {0000)

Multiplexer {0001)

148—-151 Monitor Class Number
' and PER Code

]00000090 [cuass No. lPER Code |oooooooo]

Block Multiplexer (0010}
The model number in bits 4-15 identifies the

0 78 1516 2324 31 3
integrated adapters, attachments, and the channel as

follows: .
Hex Code Channel
00C 0 {multiplexer)
00E 1 (direct disk attachment)
00D 2 (magnetic tape adapter)
00F All integrated adapters and attach-
ments in channel 0 (console, card
/0, line printer, ICA)

The monitor class number originates from the ‘monito
call’ instruction and corresponds to the monitor class
bit found in the control register. The resulting inter-
ruption causes the class number to be stored.

The PER code corresponds to the program event
control bit or bits in the control register. The bit is
stored during an interruption to identify the event
causing the interruption.

Main Storage Locations 144—171

Figure 26. Main Storage Locations 144—171  [10805]
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76—179 Limited Channel Logout

[o[ scu [ D-Field | S-Field |0|0|0| Valid Flags ]Termloo] ]S-COde]
01 34 78 2 14 16 2 4 278 2 31

176 179 L .
The following uncorrectable channel errors cause this The limited channel logout is stored when the CSW

eport to be generated: is updated, provided the affected |OP is not damaged

Channel Data Check to an extent which prevents CSW-updating and
1 J Channel Control Check logout storing. If the IOP is damaged, the SVP
Interface Control Check initiates an external damage interruption instead

of a limited channel logout.

8—-12 Source Field

he most likely source of the error is indicated by the
setting of one of the following bits:

1—3 Storage Control Unit

These bits are at zero, indicating that the MSC was the
unit through which the storage reference was directed
when the error occurred. The Model 115 has no other

16—23 Field Validity Flags

A field validity flag bit set at one indicates that the
assigned field was stored with valid information. If a
bit is zero, the assigned field is unpredictable. Assign-

29—31 Sequence Code

The 1/0 sequence in progress when the error occurred
is identified by the following bit settings:

Bit Designation Bit .
t control unit ments are: Setting Meaning
8 CPU Bit Designation .
9 Channel 000  Execution of test 1/0
10 Storage control unit 16 Interface address (not applicable 001 Command byte went out but status
4-—-7 Detect Field 1 Storage unit to Model 115 not yet available
The unit detecting the error is identified by the setting 12 Control unit 1; } Reserved 010  Command acc:pted but data transfer
L 1 ot yet starte
of one of the following bits: In the Model 115 the most likely source will be either not yet s
) ) ] ' the channel or control unit 19 Sequence code 011 At least one data byte already
Bit Designation : 20 Unit status transferred
4 CPU 21 Command address and key 100  Command not yet sent or not
5 Channel 22 Channel address accepted
6 Storage control unit 23 Device address 101 Command accepted but data transfer
7 Storage unpredictable

In the Model 115 the error is always detected by the

110
} Reserved
channel.

11

Note: These codes are meaningless for ‘halt 1/0" or
‘halt device’ instructions

24—-25 Type of Termination

These bits indicate how the affected channel operation
was ended, as follows:

Bit

. Meani
Setting eaning

00 Interface disconnect

01 Stop, stack or normal termination
10 Selective reset

11 System reset

Note: Bit 28 is not used by the Model 115

Main Storage Locations 1776—179

Figure 27. Main Storage Locations 176179  [10806]
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185—187 1I/0 Address 224—231 Clock Comparator
Save Area

1/O address is stored at locations 186-187, and zeros The contents of the clock comparator are stored in
this area during a machine-check interruption,-or
when a store status operation is carried out by the

During an 1/O interruption in EC mode, the two-byte

are stored at location 185.

operator.

- 216—223 CPU Timer Save Area

This location is used during a machine check inter-
ruption to save the contents of the CPU timer.

Main Storage Locations 184—231

Figure 28. Main Storage Locations 184-231  [10807]
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| &

232 239

O System Damage 2 System Recovery

This bit is set to indicate uncorrect-

able errors in one of the following This bit is set to indicate thaft
units or functions: automatic recovery (made after

e MIP detection of an error) was

® MSC control circuitry successful.

® |nterruption system (leading to
loss of interruptions)
® Direct disk attachment (parity
errors affecting MIP).

: These are hard errors causing entry 3 Timer Dama ge
. into the check stop state.

This bit is set to indicate an
uncorrectable error in the location
80 timer.

1 Instruction

Processing Damage
This bit is set to indicate uncorrect-
able parity errors as follows:

4 Timing Facilities

® In MIP

® From main storage to MIP Dam age

® In addresses. This bit is set to indicate damage
Processing damage is a hard con- to the TOD clock, clock comparator
dition causing entry into the check or CPU timer.

stop state.

Main Storage Locations 232—239

Figure 29. Main Storage Locations 232—239  [10808]
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5 External Damage

14 Backup

232—-239 Machine-Check Interruption Code

L] i | |

Il J

012345 141618 20 3132 35

This code identifies the damage and gives
information on the location and point in the
program at which the condition caused the
interruptioh. A machine-check interruption is
requested only after internal logging has been
completed. The code is stored in locations
232 to 239 when the machine-check inter-
ruption occurs.

This bit is set to indicate an
uncorrectable error in an 10P or its
attachment, or in the SVP. A
limited channel logout may be
available.

= The instruction address in the
machine-check old PSW refers
to the instruction that caused
the error, or was being executed
when the error was detected.

= The address in the machine-chec

old PSW points to an instruction

located beyond the point of

error detection.

46 48 63

Note: |f the machine-
check interruption
code cannot be stored
or the interruption
cannot be executed,
the system enters the
check stop state.

15 Delayed

This bit is set when the machine-
check interruptior was delayed,
because machine checks were
masked off at the time of request.

16 Storage Error

This bit, when set, indicates that a
storage reference caused the detec-
tion of uncorrectable damaged data.
(For example, a double-bit error in
a storage with automatic correction
for single-bit errors.)

17 Storage Error
Corrected

This bit, when set, indicates that a
storage reference resulted in an error
that was corrected.

18 Storage Key Error
Uncorrected

This bit, when set, indicates that a
storage reference caused the detec-
tion of an uncorrectable key error.
Storage keys are checked for errors
only when the PSW or CAW key is

non-zero.

20—-63 Machine-Check

Interruption
Code Validity Bits

These bits indicate the reliability of
information stored during a machine-
check interruption. The degree of
damage so far caused can be assessed
by evaluating these bits whose
meanings, when set, are as follows:

Bit
20

21

Meaning

Bits 12 to 15 of machine-
check old PSW are valid
PSW masks and key of
machine-check old PSW
valid

Program mask and condition
code valid in old PSW
Instruction address valid in
old PSW

Failing storage address
valid {in storage)

Region code valid (in
storage)

Always 0

Floating point registers
valid (in storage)

General purpose registers
valid (in storage)

Control registers valid

(in storage)

(Not used)

Storage area prior to inter-
ruption point valid

(Not used)

CPU timer saved valid
Clock comparator

{Not used)




248—251 Failing Storage Address

|oooooooo| Failing Storage Address 1

[0} 78 31
| - | During a machine-check interruption, this area is used
256 263 to record the address of the failing storage location if
{ an uncorrectable storage error occurs.

252--255 Region Code 256—263 Current PSW Save Area

The current PSW is stored in this area when the operator
carries out a store status operation.

l Channell Device I Not Used
0 78 15 16 31

The region code is stored during a machine-check
interruption that is caused by external damage. The
code identifies the affected 10P, and therefore also
identifies the native attachment or channel (or the
timing facility).

Bits 0 to 15 provide the following information:

Hex code Meaning

NOOE Card /0 and printer
NO1F Video console

N020 Telecommunications
NOFO Multiptexer channel
N100 Disk attachment
N200 Tape adapter

003A Timer facilities
003B External signals

N = 0 if damage occurred during 1/0
instruction.

N = 1 if damage occurred during interrupt
handling.

The device address from the instruction is used in
the region code if it is available, otherwise the
addresses listed above are used.

Main Storage Locations 248—263

Figure 30. Main Storage Locations 248-263  {10809]
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Note on Register Saving

If the MIPis damaged, the task of saving registers is
delegated to the SVP. |f the SVP is unsuccessful,
system damage is indicated. The validity bits in
the machine-check interruption code show the
extent to which saving was successful.

352—-383 Floating Point

Register Save Area

f a machine-check interruption occurs, the CPU attempts
o save the contents of all floating point registers (if
loating point feature is installed) into this area. If none
or only part of the registers can be saved, the validity bit
n the machine-check interruption code will be zero.

384—447 General Register
Save Area

During a machine-check interruption, the CPU attempts
o save the contents of all general registers,

448-—-511 Control Register
Save Area

During a machine-check interruption, the CPU attempts
to save the contents of all control registers.

Main Storage Locations 352—511

Figure 31. Main Storage Locations 352-511 [10810]
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Interruption Mechanism

The interruption mechanism of the Model 115 is logically
the same as that of the System/360 except for handling
differences in EC mode and the extra information available
in certain new types of program interruptions. An
interruption consists of storing the current PSW into a main
storage location where it becomes the old PSW, and
fetching a new PSW which is set up as the current PSW.
Processing then continues in the state and at the instruction
address introduced by this PSW. The old PSW contains the
address of the instruction which would have been executed
next if the interruption had not occurred, and also the
interruption code (bits 16 to 31) if BC mode is set. In EC
mode, the interruption codes have fixed main storage
allocations as shown in Figure 24.

The following types of interruptions, defined in IBM

System/370 Principles of Operation, GA22-7000, are
recognized by the Model 115:

® [nput/Output interruptions
® Program interruptions

® Supervisor call interruptions
® External interruptions

® Machine check interruptions.

The following new types of program interruptions in the
Model 115 (Figure 32) provide additional information:

® Monitor interruptions

® Program event recording interruptions
® Translation exception interruptions
CPU timer interruptions

Clock comparator interruptions.

) : Main Storage Location Operating Mode in which
Type of Interruption Code Stored (Hexadecimal) (Decimal) whare code P . 9 K
N the interruption occurs
is stored i
DAT segment translation exception Interruption code 0010 |
DAT page translation exception Interruption code 0011 142-143 l EC only
DAT specification exception Interruption code 0012 !
Monitor code 156—159 I
Monitor . EC and BC
Monitor class number 148—-149 :
Program event code 150-151 ;
Program event recording EC only
Program event address 162-155 ! .
1/0 address 185—187 , EC onty
Limited channe! logout 176-179 ! EC and BC, when channel
Input/output - data check, channe' cortrol
| check, or intertace contro!
! check 15 set
Interruption code 232-239 |
J
Failing storage address 248-251 )
Machine check (depending on error) EC and BC
Contents of floating poiht, 352-511
general, and control registers '
132—-135 - EC
CPU time Interruption code
fmer b Old PSW bits 16-31 BC
132~-135 EC
Clock comparator Interruption code
Old PSW bits 16—-31 BC

Figure 32. Additional Information on Interruptions

[10811]
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Timers

A time-of-day clock, two timers, and a clock comparator
(Figures 33 to 36) are available as standard features on the
3115. The TOD clock measures elapsed time; the timers
and the clock comparator provide program-controlled
interruptions.

These interruptions, which are classed as external
interruptions, are enabled, disabled, or left pending
according to the setting of the external mask (PSW bit 7)
and the appropriate bits in control register O (see Figure
18). If the external mask bit and the relevant timer mask
bit are set, timer interruptions are enabled. If the external
mask bit or the relevant timer mask bit is zero, timer
interruptions are disabled, except for location 80 timer
interruptions which remain pending.

As most of the timing facilities are not located in main
storage, special instructions are provided for the
programmer to examine or change the contents of timer
locations. An exception is the interval timer at main storage
location 80, which can be addressed by any suitable
instruction that has location 80 as an operand.
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‘mask (PSW bit 7) and the timer subclass mask (bit 24

The timer is a 32-bit word at main storage location 80.
Suitable instructions, designating location 80 as an
operand, can store a value into or fetch a value from

the timer at any time, provided location 80 is not
protected against those operations.

The data in the timer is interpreted as a signed binary
integer. Fetching from or storing into location 80 is
interlocked to prevent collision with updating or with
carry propagation. The updating of the timer causes
internal performance degradation of 0.4%.

Updating

When the system is in run mode, bit position 23 is
decremented by one every 3.33 milliseconds {ms).
If higher priority requests prevent the MIP from
accessing main storage, the next update compensates
for the delay. Updating stops when the system is
stopped or in the check-stop state. Updating is also
suspended during manual operations that cause the
Model 115 to stop, such as alter/display. In the wait
state, however, the timer runs.

System reset normal does not change the timer
data, but system reset clear resets the location 80
timer with valid parity.

Sign Change

n interruption is requested in EC or BC mode when
he count goes from positive to negative if the extern

control register 0) are both set. If the timer is
asked off, the interruption remains pending (even
a positive value is introduced).

Ignored

Bit positions 24 to 31 do not participate in updating,
and data placed in these positions remains unchanged.

Location 80 Timer

Figure 33. Location 80 Timer [10812]
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The time-of-day clock is a doubleword binary counter, The clock value can be changed by the ‘set clock’
with contents corresponding to a fixed point number instruction. This instruction only works successfully,
of double precision. The clock is not located in main however, if the clock security switch at the operator
storage. lts contents can be inspected by the ‘store console is simultaneously held to the ENBL SET
clock’ instruction. The clock has a resolution of 16 us, position. This safeguards against accidental resetting.

but successive instructions of this kind each store a The success or failure of the ‘set clock’ instruction
unique clack value. is indicated in the PSW condition code.

Updating

Time is measured by incrementing the clock value
according to the rules for fixed point arithmetic. A
‘one’ is added to bit position 47 every 16 us
(equivalent to adding one to bit position 51 every us).
The clock is set to zero and begins counting after a
successful power-on sequence. It keeps running
until power is turned off, and is not affected by the
stopped, check-stop, or wait states; nor by system
reset, manual operations, or IPL. It can be stopped
only by power-off or hy damage. Updating is
unaffected by heavy activity in main storage.

Effect of Carry Ignored

Bit positions 48 to 63 do not participate in updating
because they are physically non-existent. Therefore,
a 'store clock’ instruction cannot retrieve data from
. these positions, and a ‘set clock’ instruction cannot
place data there.

No interruption takes place when the clock is full, that
is, a carry emerges from bit position 0. This carry is
ignored, and counting continues from 0 onwards.

Time-of-Day Clock

I'igure 34. Time-of-Day Clock  [10813]
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The CPU timer is a binary counter with the same format The CPU timer value can be changed by the ‘set CPU
as the time-of-day clock. It is not located in main storage. timer’ instruction at any time without removing an inter
Its contents can be retrieved by the ‘store CPU timer’ lock (there is no associated switch).

instruction. Successive instructions of this kind each store
a unique value into main storage.

Updating

Time is measured by subtracting one from bit position

47 every 16 us. Subtract operations synchronize with the
add operations in the TOD clock, so the two counters
operate in unison. They are, however, independent in
that the CPU timer sometimes runs when the TOD clock
does not (in the case of damage, for example). Conversely
the CPU timer stops when the system is in stopped mode
but the TOD clock does not stop. The CPU timer also
stops during manual operations such as alter/display. 1t
does not stop when the system is in the wait state.

System reset or IPL resets the timer to zero.

- Sign Change Ignored

_ An interruption condition is created in EC or BC mode
when the count is negative. The interruption occurs if the
" external mask (PSW bit 7) and the CPU timer subclass
 mask (bit 21 in control register 0) are set while the timer

s negative. |f a positive value is set before the interrup-
ion is taken, the interruption condition is removed.

Bit positions 48--63 do not physically exist and no data
can be stored into or fetched from these positions.

CPU Timer

Figure 35. CPU Timer  [10814]
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Resetting

'System reset or IPL resets the clock comparator to zero.

Purpose

The clock comparator is used to cause an interruption
when the value of the TOD clock reaches or passes a
value specified in the program.

Setting

The clock comparator is set by the ‘set clock
comparator’ instruction.

Inspection of Contents

The contents of the clock comparator can be
inspected by means of the ‘store clock comparator’
instruction

Interruptions

The 48 bits of the clock comparator represent
an unsigned binary integer matching the size
of the TOD clock. The comparator value is
compared continuously with the TOD clock
values, even if the system is in the stopped,
check-stop, or wait state.

An interruption condition occurs when-
ever the comparator value is smaller than the
TOD clock value, regardless of whether the
clock is running, or in the error state. The
interruption takes place if the external mask
(PSW bit 7) and the comparator subclass
mask (bit 20 in control register 0) are set.

The condition is removed if a larger value is
introduced by a ‘set clock comparator’
instruction before the interruption has occurred.

Clock Comparator

Figure 36. Clock Comparator [10815]
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Operator Console

The operator console (Figures 37 to 48), consisting of a
video display and keyboard with control panel, is the means
by which the operator can control the Model 115. The
operator console replaces the conventional machine panel
equipped with switches and lights.

Manual operations (such as displaying and altering data,
loading programs, and running the system in instruction
step or address compare mode) are performed by keying
selector characters from the keyboard into displays on the
video screen. The screen is used to display all actions. There
are no indicator lights to be decoded, because all
information is displayed on the screen, in clear text,
hexadecimal notation, or binary zeros and ones. A console
printer is available, as an optional feature, to record
messages as hard copy.

When the console is not being used as an operator panel,
it is available to the operating system for displaying
messages, and receiving responses from the operator.

A permanent display of the 3115 status is provided on
the lower part of the video screen.

System Control
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The Model 115's operator console is a
standard integrated feature which allows:
§ ® Communication between the operator

and the system
e Manual control of events within the
system.

Video Screen

The video screen dis-
plays keyboard input
and messages from the
operating system
Control Panel
The control panel con-
tains keys and lights for
functions which cannot
be handled conveniently
by the video display and
keyboard

Console Keyboard

The console keyboard is
used for keying informa-
tion into the system,
starting and stopping
programs, and so on

Operator Console

Figure 37. Operator Console [10816]
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The console keyboard allows the
operator to communicate with the
system. Most of its functions are
available in the stopped and in the
running states of the system. There
are three types of keys:

Alphameric Keys

Cursor, Backspéce,
and Tabulator Keys

Function Keys

- < | % | | >1] ] (1) ] -Y-+ N
CNCL «— | [START| STOP
1 ; 2 3 4 5 6 7 8 9 0 - ‘1 &
4 ¢ MODE
ILT ———-rq Q W E R T Y U |