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Special Notices

References in this publication to IBM products, programs. or services do not
imply that IBM intends to make these available in all countries in which IBM
operates.

Any references to an IBM licensed program or other IBM product in this publi-
cation is not intended to state or imply that only IBM’s program or other
product may be used. Any functionally equivalent program that does not
infringe any of IBM’s intellectual property rights may be used instead of the IBM
product. Evaluation and verification of operation in conjunction with other pro-
ducts. except those expressly designated by IBM, is the user’s responsibility.

IBM may have patents or pending patent applications covering subject matter in
this document. The furnishing of this document does not give you any license
to these patents. You can send license enquiries, in writing, to the IBM Director
of Commercial Relations, IBM Corporation, Purchase, NY 10577.

The following terms, DENOTED BY AN ASTERISK (*). used in this publication,
are trademarks of the IBM Corporation in the United States or other countries:

IBM
LPDA
MVS
NetView
08S/2
PS/2
RETAIN
VSE
VTAM



Safety

General Safety

For general safety information, see:

¢ Telecommunication Products Safety Handbook, GA33-0126.

Safety Notices

See Safety Notices located at the beginning of the Maintenance Information Pro-
cedures manual.

Service Inspection Procedures

The Service Inspection Procedures help service personnel check whether the
3745 conforms to IBM* safety criteria. They have to be used each time the 3745
safety is suspected.

The Service Inspection Procedures section is located at the beginning of the
3745 Maintenance Information Procedures (MIP) manual, SY33-2070.

The 3745 areas and functions checked through service inspection procedures
are:

External covers

Safety labels

Safety covers and shields
Grounding

Circuit breaker and protector rating
Input power voltage

Power-ON indicator

Emergency power OFF.
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Federal Communications Commission (FCC) Statement

Note: This equipment has been tested and found to comply with the limits for a Class A digital device,
pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection
against harmful interference when the equipment is operated in a commercial environment. This
equipment generates, uses and can radiate radio frequency energy and, if not installed and used in
accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference, in which case
the user will be required to correct the interference at his own expense.

Properly shielded and grounded cables and connectors must be used in order to meet FCC emission
limits. IBM is not responsible for any radio or television interference caused by using other than
recommended cables and connectors or by unauthorized changes or modifications to this equipment.
Unauthorized changes or modifications could void the user’s authority to operate the equipment.

This device complies with Part 15 of the FCC Rules. Qperation is subject to the following two condi-
tions: (1) this device may not cause harmful interference, and (2) this device must accept any interfer-
ence received, including interference that may cause undesired operation.
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(O About This Book

This manual provides:

1. Introductory and how-to-fix information
2. Information for maintaining CSAs (Common Sub-assemblies)
3. Description of IBM 3745 Communication Controller functional units.

The console(s) and operator panel procedures are not provided in this manual,
but are in the:

» 3745 Advanced Operations Guide, SA33-0097, and 3745 Service Functions,
SY33-2069, for the maintenance functions used by service personnel.

» 3745 Basic Operations Guide, SA33-0146, for the control panel functions.

O

Who Should Use This Book

This manual is intended for the product support-trained CE (PST CE) to service
the IBM 3745 Communication Controller whenever the product-trained CE (PT
CE) cannot repair the machine using the Maintenance Information Procedures
manual.

The person using this Hardware Maintenance Reference (HMR) manual should:

* Have an understanding of the telecommunications environment.
0) * Be trained to service the 3745 Communication Controller.
l * Be familiar with the data circuit terminating equipment (modems, autocall
units, and so on) and the terminals that attach to 3745s.
« Be familiar with the host channel to which the 3745 can be attached.

! Service Personnel Definitions
, See Maintenance Information Procedures (MIP) SY33-2070, manual.

(:w How to Use the Maintenance Library

Maintenance on the 3745 is performed only when a failure or suspected failure
occurs in the machine. The customer is first expected to perform problem
determination to see if a 3745 problem exists. He uses the Problem Determi-
nation Guide and a host or 3745 console to perform the requested procedures.
The problem determination guide generally produces a reference code that the
customer should provide to the Hardware Central Service (HCS)

If the HCS is contacted, they will confirm that the initial problem determination
has been done correctly, and determine if a hardware failure is indicated.
Where hardware replacement is required, the HCS will determine which FRU(s)
should be replaced, and dispatch a CE with the information needed to identify
and replace them. When replacement has been completed, the CE will testthe
D machine as directed by the MIP and Service Functions manuals, to verify the
‘ repair.

At this point, the Maintenance Information Procedures portion of the 3745 Main-

tenance Library has been exhausted. If additional problem analysis is required,
the CE should contact the HCS for assistance, since the problem may require

© Copyright 1BM Corp. 1989, 1891 xi



special tools or techniques that are described in the Hardware Maintenance
Reference and Service Functions manuals, and are applied by a Product
Support-Trained CE.

Where to Find More Information

Xii

See "Bibliography” page X-7.
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3745 in a Network

1-2

The 3745 can be:
n Channel-Attached (via channel adapter) to one or more hosts.

ﬂ Link-Attached (via telecommunication facilities) to a host through another
IBM Communication Controller (allowing the 3745 to be used as a remote
concentrator).

Then, the 3745 allows simultaneous connection to:

a. Other IBM communication controllers, via high-speed lines (such as T1
or CEPT) and their associated DCEs.

b. Other IBM communication controllers, via medium- or high-speed lines
and their associated DCEs.

c. Local clusters and terminals, directly attached without DCE.

d. Remote clusters and terminals, via stand-alone DCEs and telecommuni-
cation facilities (switched or non-switched).

e. Remote communication controllers/clusters/terminals via X.25 public
data networks.

f. Remote communication controllers/clusters/terminals via integrated
DCEs and 4-wire nonswitched telecommunication facilities or DDS
network in the US.

g. Communication controllers/clusters/terminals on IBM token-ring local
area networks.

See Figure 1-1 on page 1-3.
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Figure 1-1 3745 1n a Network
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3745 Data Flow

CAlUpto 4 [TERML] LSS (Up to B#)
I0C Bus | DMUX
TPS CADR | CAL CSC |— or LIC
™ ’ SMUX
To
Hosts '
CADR| CAL T R S S
TRA (Up to 2) TIC
CADR | CAL
| TRM
L TIC
STO |SCTL | PUC
HSS (Up to 2#)
CSP | FESH F
TERMD L
DMA Bus
DFA MPC PCC Control Panel
L
MSC
Q @ MCC  fnd
FDD HDD
L Local Console
L Remote/Alternate Console
RSF
(« The number of LSS+HSS does not exceed 6)
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Identification and Capacity

3745 Model 130

3745 Model 150

3745 Model 170

* 4CAs

¢ 0O low-speed scanner {LSS)

* 2 High-speed scanners (HSS)
e 2 Token-ring adapters (TRA).

« 0CA

1 low-speed scanner (LSS)

1 High-speed scanner (HSS)
1 Token-ring adapter (TRA)

32 Low-/medium-speed lines
16 integrated DCEs 14.4 kbps
* 3integrated DCEs 56 kbps.

4 CAs

6 low-speed scanners (LSS)

1 Token-ring adapter (TRA)

2 High-speed scanners (HSS)

96 Low-/medium-speed lines

32 Integrated DCEs 14.4 kbps
8 Integrated DCEs 56 kbps.

Note: All the following connection capabilities might not be present at the
same time as some items are mutually exclusive (see 3745 Configuration
Program, GA33-0093).

Chapter 1. General Information
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Controller Structure @ ;
) |

The 3745 consists of four functional areas:
Host(s)

@ |

] 0 ] \

Malmenaﬂce C0n1r0' Commurncauon
and Operator Subsystem Subsystem <:> Network
Subsystem
«> *«>

7N

' ¢ $ -

Power Supply

Control Subsystem (CSS)

]
Control
Sub-

System
VR
-

{
Main DMA Bus
Storage - Co?t?(;?/gD?\/l A [ —— HOTSS
HSB
MIOC Bus 10C Bus / ~
MOSS e CCU TSS, HPTSS, TRSS _
| |
-
|
Channel Adapter
H
Host

The control subsystem contains: .
e The central control unit (CCU), with its associated high-speed buffer (HSB). @

* The main storage.

* The storage control, equipped with a direct memory access (DMA).

1-6 1BM 3745 Hardware Maintenance Reference (HMR) ’g




* The channel adapters, eventually associated with two-processor switches
(TPS).

Two types of channel adapter are available:
— Channel adapter type 6: Channel adapter data streaming (CADS)
— Channel adapter type 7: Buffer chaining channel adapter (BCCA).
¢ The input/output control bus (IOC bus).
« The DMA bus.
* The MOSS input/output controi bus (MIOC bus).

Communication Subsystem

Commu.
System

Communication Subsystem

TRSS

CCuU

HPTSS S 1SS

DMA Bus
! CCu
; Storage

Three types of line connection are used to connect data communication lines:

* The low-/medium-speed transmission subsystem (TSS).
* The high-performance transmission subsystem (HPTSS).

* The token-ring subsystem (TRSS).

Chapter 1. General Information 1-7



Low-/Medium-Speed Transmission Subsystem (TSS)

Communication
Suosystem

2]

CCU <y

The TSS consists:

Low-Speed Scanner

TSS
r_,__wii‘lsdam . I
l‘ I TSS
r
r
LSS
4 Mex
I
{
| b
LiB
* Upto si_x low-speed scanners (LSS)
¢ Up to four LIC boards (LIBs).
TSS
Lm .—-

[

Sem}l Link
ot |_|C Boards

LSS
Communication '- Front
IoC Scanner End
CCU 4wl  pProcessor [4]  goanner
Storage Low-Speed

A low-speed scanner consists of one card housing a communication scanner
processor (CSP) associated to a front-end scanner low-speed (FESL).

1-8 IBM 3745 Hardware Maintenance Reference (HMR)
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LIC Board (LIB)

LiB

TSS

T
e

Commun.
Scanner

There are up to four LIC boards (LIB).

Each LIB houses:

¢ One multiplexer (MUX) and
* Up to eight line interface couplers (LICs).

32 lines max Ia LI?:s 508 16 lines max

lB LiCs1t0 4 32 lines max 32 lines max
or

32 lines max 8 LleStos | 16 lines max

8LICs1to4 32 lines max 8 LICsSto 6 16 lines max

Chapter 1.
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Three types of LIB can be installed:

* LIC board type 1 (LIB1) on 3745 models 150 and 170. LIB1 houses up to 8
LICs type 1-4.

* LIC board type 2 (LIB2) on 3745 models 150 and 170. LIB2 houses up to 8
LICs type 5-6.

* LIC board type 3 (LIB3) on 3745 model 150. LIB3 houses up to 4 LICs type
1-4.

Line Interface Couplers (LICs)

LIB
Commun. M LjLjL]L LLjLtL
Scanner <yl || uuipd || (| (| b ) 1] 1]
X clclcyc cl|c|c|c
- , .

There are six types of LIC, namely:
« LIC1, LIC3, LIC4A and LIC4B for attaching to:
— Local direct-attached terminals {no DCEs)
— Remote terminals via standalone DCEs and telecommunication facilities.

An internal clock function (ICF) is available on these LICs to provide
clocking signals to non-clocked DTEs or DCEs.

» LICS5 and LICS, both housing integrated DCEs providing direct access to the
telecommunication facilities for attaching to remote terminals.

1-10 1BM 3745 Hardware Maintenance Reference (HMR)
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High-Performance Transmission Subsystem (HPTSS)

Commun.cation
Subsy/sem

[2]
HPTSS
L 1
Iy s}
i-— e e - i
T wes ]
10C Bis Front $; fem V.35

i [Communicatiory

CCL < Scanner [ _ End
‘| Processor | Scanner

High-Speed

% | Storage | i‘——r—- = X.21
| |

9]
O
-
|
(v
N B
>
N B
I
N R
I
|

The HPTSS consists of up to two high-speed scanners (HSS).

Each HSS consists of a communication scanner processor (CSP) card, associ-
ated with a front-end scanner high-speed (FESH) card.
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Token-Ring Subsystem (TRSS)

1-12

Communicazion
Suosystem

2]

TRSS)

TRSS
AR N 1

| TRA s

t . = R . .

{ TIC | Token-Ring

10C @L@SI Token-Ring *—L*L =
CCL <mmmmid Multiplexer 1 o

: TIC M:[_—U('mj“[ ~ " Token-Ring

—

The TRSS consists of one token-ring multiplexer (TRM) driving two token-ring
interface couplers (TICs) providing access to two IBM token-rings operating at 4

or 16 Mbps.
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Maintenance and Operator Subsystem (MOSS)

{ Control Drogﬁgsor ___ Power
Adapter
Panel ot} Storage | P .
Local )
Alternate Conso'e JCommunic.
Remote " Acapters Control
RS m— Adapter
Diskette |- =~ File - g?”g
Drive "1 Adapters Dr?/e

MOSS

The MOSS provides:

Powerful procedures for the 3745 initialization and IPL functions.

Host-independent product maintenance and rapid isolation and repair of
failures within the controller.

Easy problem determination procedures for the operator.

The MOSS also provides:

Controller initialization, IML and IPL control
Automatic IPL and dump operations
Operating mode management

Line configuration management

Controller supervision

Controller concurrent diagnostic

Online event recording and error notification including for the integrated
DCEs

Problem determination (error in the network including the controller)
Failure isolation and repair (error in the controller)

Remote support facility link management.

The MOSS continuously monitors the status of the communication controller,
Abnormal conditions are analyzed and reported via alarms to the 3745
console(s) and alerts to the network control console.
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Among the components of the communication controller, multiple adapters
allow the MOSS to monitor the status of the CCU, control DMA, and I0C bus,
and to enable and disable channel adapters.

A power control adapter with a dedicated microprocessor monitors 3745 power.

A file adapter provides MOSS storage control. A 72MB hard disk, in addition to
a 3.6MB diskette, provides extensive capacity for file and data storage.

The MOSS interfaces to the control panel indicators and switches. These
provide an alternative method for controlling the primary power subsystem,
activating MOSS functions, and for operator notification.

A console adapter allows 3745 to be controlled from a local console located
within 7 m (23 ft), or an alternate console located within 120 m (400 ft), or a
remote console connected via a 1200 bps DCE to the controller. Only one
console may be active at a time. If the remote support facility is used, it allows
communication between the MOSS and the IBM RETAIN system, providing
remote service facility (RSF). The RETAIN terminal can be used as an operator
console as weli as for transferring microcode patches to the MOSS if required.

1-14 1BM 3745 Hardware Maintenance Reference (HMR)
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Operator Consoles and Remote Support Facility
An operator console is required for:

* Installation
* Operation

¢ Maintenance.

The 3745 provides attachment for three different types of consoles:
* A local console, which is mandatory, and

* A remote or an alternate console.

It also provides attachment for the remote support facility (RSF). The consoles
and RSF are connected to the MOSS via a common communication adapter.

Local
/———\Direct-Attached
(7 m max)
RSF
o
LR
c——
RN
Alternate
(= 1BM
T e : RETAIN
|$"° or — System
£ N\
Direct-At:ached (=73 ==
(122 m max} ==
/
( SN
N’
Remote
[—
FAN

Only one console can be active at a time.

Three types of password enable access to the MOSS from a local, remote or
alternate console, and for remote IBM maintenance (via RSF).
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Power ON/OFF

116

The 3745 can be:

1. Powered ON and OFF by a channel-attached host.
2. Powered ON and OFF locally by the operator.
3. Powered ON by the operator and OFF by a remote SNA command.
4. Powered ON through the scheduled power ON MQSS function.
5. Re-powered ON automatically by the auto-restart function after a power
outage.
6. Re-powered ON automatically by a retry function after a power supply or
fan problem.
Host
|
®
SNA % on/off e

Ai——’ —_ @) on | @ on/off
— QEE| e
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Programming Support and Network Management

The 3745 operates under the control of IBM licensed programs:

Host
| 3745
C] i Host-Resident!
3 it - (=]
! Progams |
e e e e e o e o ] '
—— | Controller- |
e 1 Resident !
”‘”“”‘”‘“ + Program_ |
Mw
Host-Resident Programs
Operating Systems
s MVS*/370
* MVS/XA
* VM/SP
* VM/SP HPO
* VM/XA
* VSE*/AF
* VSE/SP.

Access Methods
Normal Mode:

* Virtual Telecommunications Access Method (VTAM~).

Emulation Mode:
* Basic Telecommunications Access Method (BTAM)
* BTAM Extended Support (BTAM-ES)
* Remote Terminal Access Method (RTAM).
System Support Programs

+ Advanced Communications Function for System Support Programs (SSP) in
an MVS environment,

* Advanced Communications Function for System Support Programs in MVS,
VM, and VSE environments.

SSP is used to generate the 3745 control program.

In addition, SSP provides utilities for loading, dumping, and tracing the 3745
control program,
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It also supports:
* Dump transfer of the 3745 storage to the host.
* Dump printing at the host.
» 3745 disk file transfer to the host.

Network Management
The 3745 network management is supported by the NetView™ program. By
monitoring and managing the controller and its resources, and by diagnosing
problems, this program contributes to the optimization of the 3745.

It integrates functions of several network management products and VTAM
functions, for example:

* A command facility, which lets the user control, record, and automate
various operator tasks. It can be used as an operator’s interface to VTAM in
a data communication network.

* A session monitor, which enables the user to examine, from a central
control point, information related to the SNA network and to identify network
problems.

* A hardware monitor, which helps the user 1o get problem determination
information that is generated at resources that are either link-attached or
channel-attached to the host system.

As a cohesive set of SNA host network management services, the NetView
program offers:

« Consistency and usability in its support for network management

* Easy instaliation procedure

* Device support

* Operator usability.

The 3745 supports:
* Link Problem Determination Aid (LPDA?*) facilities provided by IBM DCEs.
* NetView Performance Monitor (NPM) under VM and MVS.

Host
Net/iew ) - DCE “l
-
I3M DCE
NPM
— ——
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O Controller-Resident Programs

The 3745 runs under control of one of the following:

* Advanced Communications Function for Network Control Program (NCP) to
support SNA devices.

¢ Emulation programming (EP) to support non-SNA devices.

Host Access o |
Methods ontro
Programs
VTAM NCP <—=——=> SNA
; Devices
BTAM

| BTAM-ES <z-—>> Non-SNA
0 RTAM Devices

* Partitioned emulation programming (PEP) extension of NCP to support SNA
and non-SNA devices.

Network Control Program (NCP)
NCP provides major capabilities for SNA networks with synchronous data link
control (SDLC).

\ Start-stop and binary synchronous terminals and existing networks can be
0 migrated to a 3745 with the IBM Network Terminal Option (NTO) program. For
start-stop protocols, NCP supports a variety of transmission codes including
ASCII, EBCDIC, EBCD, and BCD. Additionally, it supports a correspondence
code for which it provides translation from and to EBCDIC. For the BSC pro-
tocol, this support and translation operation is performed by the scanners.

| NCP includes the token-ring interconnection functions.

NCP coexists with the following IBM licensed programs:

0} » Network Routing Facility (NRF)
| * Network Terminal Option (NTQ)

» X.25 NCP Packet Switching Interface (NPSI)
* X.25 SNA Interconnection (XI)
» X.21 Short Hold Mode/Multiple Port Sharing (X.21 SH/MPS).

Partitioned Emulation Programming Extension
The partitioned emulation programming (PEP) extension of the NCP allows the
Network Control Program and the Emulation Program to coexist in the same
3745. The PEP lets the NCP operate certain lines in network control mode while
operating others in emulation mode.

! D The PEP can run only in a channel-attached controller. Channel attachment

must be a byte-multiplexer channel, where one emulated subchannel address is
specified per EP line.
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The PEP emulates most of the functions of the IBM 2701 Data Adapter Unit, IBM |
2702 Transmission Control, or IBM 2703 Transmission Control and can commu- @
nicate with various access methods running in the host. Most programs written |
for these machines can operate in a 3745 without modification. However, pro-
grams that involve timing or special hardware considerations may have to be
changed.

Generating and Loading the Control Program

SSP is used on the owning host to generate the control program load module

and to load it into the controller storage. The control program for the controller

is generated from standard program modules of the NCP library using the NCP

definition facility (NDF) procedure. The control program must reflect the /
required controller configuration. Several control programs can be generated i
to handle different subsets of lines attached to the same controller.

N

Multiple Load Module !K )
The network operator can transfer and save one or two CCU load modules onto ~
the integrated hard disk. Either load module can be used at controller initializa-
tion.

Automatic Control Program Load
VTAM and the 3745 MOSS allows the automatic IPL/dump capability. For an
automatic IPL from the controller disk, the network operator must have
assigned this option during NCP loading.

Coexistence and Migration a2
The 3745 running under NCP can coexist with other IBM communication control- N
lers.

The 3745 supports networks based on the earlier IBM 2701 Data Adapter Unit,

IBM 2702 Transmission Control, or IBM 2703 Transmission Control. It also sup-

ports networks in which these units are emulated on a 3725 and the 3745 via

PEP. PEP permits migration from the 2701, 2702, 2703, and I1BM 3704, 3705,

3720, and 3725 communication controllers that run EP.

The IBM Transaction Processing Facility program is supported by NCP. 2
\_
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Configurations with EP only, the IBM Network Extension Facility (NEF), or the
IBM Non-SNA Interconnection (NSI) are supported.

The 3745 offers a path for conversion from existing systems and for continuing
growth. A system designed for the IBM 3725 or 3720 may be applied to the
3745 after regeneration of the control program. The control program generation
deck that was used in the 3725 or 3720 program generation can be used with
some modifications to statements (assuming that the controller has the same
line configuration).
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Using the Library for Service

Remote Service from Hardware Control Service
iBM HCS

RETAIN
System

—

Data Base

.

//w—
: PSN —[esed}——f
\/_/’

Documentation Used by the PTCE:

Problem Maintenance Service Connection
Determination Information Functions and
Guide Procedures (SF) Integration
(PDG) (MIP) Guide
(CIG)
YZ Pages Parts
Catalog
0
Documentation Used by the PSTCE: Same as PTCE, PLUS:
Hardware Diagnostic External Cable Service
Maintenance Descriptions Reference Master Index
Reference (oD) (ECR) {SMI)
(HMR)
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On Site Service

3745

Local
Console

Documentation Used by the PTCE:

Problem Maintenance Service Connection
Determination Information Functions and
Guide Procedures (SF) Integration
(PDG) (MIP) Guide
(C1G)
YZ Pages CA OLT | Parts
Guide Catalog
(PC)
Documentation Used by the PSTCE: Same as PTCE, PLUS:
Hardware Diagnostic External Cable Service
Maintenance Descriptions Reference Master Index
Reference (DD) (ECR) (SMI)
(HMR)
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Maintenance
Preventive Maintenance
The battery is replaced by maintenance personnel.

An alert notifies the customer for battery replacement, and provides the CE with
a reference code.

The Maintenance Information Procedures (MIP), SY33-2070, guides the mainte-
nance personnel for replacement procedures.

Maintenance Philosophy
The MIP, Chapter 1 “Introducing the IBM 3745 Communication Controller.”

Maintenance Aids

Tools and Test Equipment
The MIP, Chapter 1 ”“Introducing the IBM 3745 Communication Controller.”

g
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The CCU in 3745 Data Flow

CSS TSS
CA(Upto 4} EE@_U LSS (Up to Bx)
[OC Bus DMUX
TPS CADR | CAL CSC |~ or LIC
- SMUX
To
Hosts
CADR| CAL T R S S
TRA (Up to 2) TIC —
CADR| CAL
| TRM |
L TIC e
HPTSS
STO | SCTL PUC
HSS {Up ta 2#)
. CSP | FESH
|
DMA Bus
MQOSS PCSS
DFA MPC PCC Controf Panet
[ 1
MSC

Foo

]

HOD

MCC

Local Console

Remote/Alternate Console

RSF

(« The number of LSS+HSS does not exceed 6)

Figure 2-1. The CCU in 3745 Data Flow

2-2 I1BM 3745 Hardware Maintenance Reference (HMR)

To Terminals,
DCEs, or
Telecom.
Lines.

To Ring

To High
Speed
Lines

N
\\L //

NS



General Description
The 3745 is equipped with one CCU.

Data Flow
css
Storage 1 Card (ST0)
4 or 8 Mbytes
DMA and Storage Control 1 Card (SCTL)
A I
‘ High—Speed
K Buffer CACHE 1 Card (PUC)
(32 Kbytes)
pC —m4m™|—»
ﬂj Oscillator ccu MIOC MIOC Bus
il m , Control | «—————— to MOSS
Power —m8 ™ —|[—> I0C
Supplies Control
‘\ v
H DMA Bus 10C Bus
Packaging
See YZ pages for locations.
The communication subsystem (CSS) includes the following components:
* Processor unit card (PUC)

* Storage basic card (STO) 4 or 8 Mbytes
» Storage control card (SCTL).
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Functional Description

Program Levels

The central control unit (CCU) is an interrupt-driven processor with a stored
program called the ‘control program’ (CP} in this manual, that controls the data
transfers on the channel and transmission interfaces.

The CCU:

« Executes the machine instruction set {CCU cycle =131.6 ns) to perform

arithmetic or logical operations, exchange data between main storage and
the work registers, and also between the local store and the work registers.

Data transit between the CCU and main storage is achieved via a high-
speed buffer (CACHE) under the control of the SCTL logic.

Data can also transit directly between main storage and high-speed
adapters via the direct memory access (DMA) logic.

Communicates with adapters through the input or output control 10C logic
in program-initiated operations (PIO) or in adapter input or output oper-
ations (AlO) mode:

PIO mode: The exchange operation is initiated by input or output halfword
(IOH) or input or output halfword immediate (IOHI) instructions in the CCU.

AlO mode: The operation uses cycle steal for data exchange between
adapters and main storage without control program intervention.

One bus (IOC) gives access to the adapters” environment.

Communicates with the MOSS through the MOSS |IOC (MIOC). The oper-
ations performed can be direct or indirect (MIOH/MIOHI).

MOSS uses the CCU level sensitive scan design (LSSD) to read or write any
CCU discrete latch. ‘

The controller hardware has five operational program levels:

Program level 1

This is the highest priority program level. Interrupt requests assigned to
level 1 include all critical check conditions such as CCU checks, program
checks, addressing exceptions, and adapter checks. Initial program load
(IPL) and address compare interrupts are also handled in this level.

Program level 2

Normal operational interrupt requests from the communication adapters are
assigned to this program level and certain program controlled interrupts
(PCls) are also assigned to this level.

2-4 |BM 3745 Hardware Maintenance Reference (HMR)
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Interrupts

Program level 3

Normal operational interrupt requests from the channel adapters, interval
timers and program-controlled interrupt 3 (PCl) requests and panel inter-
rupts are assigned to this level.

Program level 4

Certain program controlled interrupt (PCI) requests and the supervisor call
(SVC) request (generated when the exit instruction is executed at program
level 5), and MOSS request service and request response are assigned to
this interrupt program level. This level is the lowest priority interrupt level.

Program level 5

This level is the lowest priority level and is normally active when none of
the other four levels requires program cycles.

Masking Program Level Priorities

Programs at levels 1, 2, 3, or 4 can mask all interrupt requests for program
levels 2, 3, or 4 and can mask adapter interrupt requests for level 1. Moreover,
program execution in level 5 can be masked.

The normal operational priority structure can be changed by output instructions
X’7E” and X'7F’ (set or reset mask register).

When the mask is set for one or more of program levels 2, 3, or 4, interrupt
requests for those levels will not cause an interrupt. When the mask is set for
program level 1, requests by adapters for level 1 will not cause an interrupt
though any other request will be honored.

When the mask for level 5 is set, the use of machine cycles for program exe-

cution in level 5 is prevented. Thus, level 5 program execution is masked. In
this case, when no program is executing in levels 1, 2, 3, or 4, the CCU enters
the wait state and no program executes.

To selectively mask one or more program levels, one of the active general reg-
isters is loaded with the bits corresponding to those program levels to be
masked. Output instruction X’7E” (set mask register) is then executed using the
general register as input to the mask register. To selectively unmask one or
more program levels, the same procedure is followed except that the output
X'7F” (reset mask register) instruction is executed.

The communication controller operates in response to requests from either the
control program {CP) or the hardware. Since these requests may have varying
degrees of urgency, a priority system is used. Each program, CCU and adapter
request, is assigned a particular priority level. A request for use of the con-
troller by the control program or hardware functions is called an interrupt
request.

Chapter 2. Central Control Unit (CCU) 2-5



Interrupt Mechanism

The interrupt mechanism determines when an interrupt can be handled. If the
interrupt request is to be allowed, the change from the active program level to
the interrupting program level takes place immediately after completion of the
current instruction. If several interrupt requests having different priorities are
present at the same time, the one with the highest priority obtains use of the
controller. When an interrupt request is granted use of the controller, it can be
interrupted in that use by another request having a higher priority.

When an interrupt occurs, instruction execution at the lower priority program
level is suspended until instruction execution is completed at the higher priority
level. An interrupt to a specific program level prevents future interrupt
requests assigned to either that level or to lower priority program level from
causing another interrupt until the servicing of the first interrupt is complete.

interrupt Request Determination

The priority of simultaneous interrupt requests assigned to the same interrupt
program level is resolved by the order in which the program tests the set/reset
condition of the CCU and adapter interrupt request latches.

Interrupt requests from the CCU and the adapters are grouped together
according to their source for ease of identification. The set/reset condition of a
specific interrupt request latch can be determined by checking the interrupt
request group to which it is assigned. Input X’77” indicates the non-level 1
interrupt requests that are set by the adapters. Input X’7F” indicates the non-
level 1 interrupt requests that are set by CCU or program. Input X'7E" indicates
all level 1 requests. These inputs load the contents of the appropriate interrupt
request group into an active general register. The program may then test the
general register to identify the request.

Setting/Resetting Interrupt Requeéts

2-6

A particular interrupt request latch can be set as a result of a hardware-
detected condition or, in some cases, by the program through the execution of
an output instruction. The latch can be reset by one of several output
instructions, depending upon the specific interrupt request. The procedures for
setting and resetting individua! adapter interrupt requests are described in the
adapter sections.

For special service requests. program levels 1, 2, 3, and 4 may issue a
program-controlled interrupt (PCIl) request to program levels 2, 3, and 4 Output
instructions X’7B’ {set PCI level 2}, X’7C’ (set PCl level 3), and X'7D’ {set PCI
level 4) set the PCI interrupt requests. Certain bits in output X'77" {miscella-
neous control) reset the PCI requests and other CCU interrupt requests such as
the interval timer level 3 request and the supervisor call (SVC) level 4 request.
If any bits are ON in registers X'77", X'7E’, X'7F’, a request for a particular
program level is active and must be reset or masked before the program can
execute in a lower level. The following example illustrates the interrupt mech-
anism.

IBM 3745 Hardware Maintenance Reference (HMR)
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Time

Level 5

Interrupt Request
Level 4

v

Level 4

Branch to Level 4
Start Address
Interrupt Request

Level 2
»>ilLevel 2

Branch to Level 2

Start Address

No Higher Request

Exit
‘ Return to
Level 4
Exit
Return to Level 5 [Instruction
Wait for Next
v Interrupt Request
Interrupt Request Sources
Interrupt Level 1 Interrupt Level 3
Adapter level 1 request {error) Adapter level 3 request (CA)
Address compare level 1 MOSS diagnostic level 3
Address exception level 1 Interval timer level 3
Level 5 1/0 check level 1 Program-controlled interrupt level 3
Protection check level 1 Panel interrupt request level 3
Invalid operation check level 1
IPL request level 1 Interrupt Level 4
MOSS inoperative level 1
Hard error level 1 (Note 1) Adapter level 4 request (not used)
I/O parity error Program-controlled interrupt level 4
I/0 time-out error MOSS request SVC level 4
MOSS request response level 4

Interrupt Level 2 SVC level 4 (call from level 5)
Adapter level 2 request (LA) Level 5 No interrupt (first entry)

Program-controlled interrupt level 2
MOSS diagnostic level 2
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The following figure shows the various links between the different priority

levels.

Program Level 1

Hardware

Starting address in LS 40
(Note 2)

Exit instruction

C and 7 latches for level 1

General register group 4
register addresses X'20'to'27'

Program Level 2

interrupted level 2:

Return address from
from reg.X'00'=[AR

Hardware

Starting address in LS 41
(note 2)

Exit instruction

C and Z latches for level 2

General register group 0
register addresses X'00'to'07'

Program Level 3

interrupted level 3:

Return address from
from reg.X'08'=IAR

Hardware

Starting address in LS 42
(Note 2)

Exit instruction

C and Z latches for level 3

General register group 1
register addresses X'08'to'OF!'

Program Level 4

interrupted level 4:

Return address from
from reg.X'10'=IAR

Hardware

Starting address in LS 43
(Note 2)

Exit instruction

C and Z latches for level 4

General register group 2
register addresses X'10'to'17!

Program Level 5

Return address when no
interrupt is pending:

from reg.X'18'=IAR
Hardware

C and Z latches for level 5

General register group 3
register addresses X'18'to'lF'

Notes:

No return address
(higher level 0
<+— interrupt)

1. Hard errors stop the CCU unless it is in bypass mode.

2. The interrupt levels 1, 2, 3, and 4 starting addresses are set during-IPL via
output instructions X'40” through X’43".
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Instruction Set

The 3745 contains 53 executable instructions.

Any attempt at program levels 2, 3, 4, or 5 to execute an operation code other
than one of the 53 specified operations results in a level 1 interrupt with the
invalid operation check bit set ON in the CCU interrupt request group 1 register
X7E’.

An attempt to execute an invalid operation code in program level 1 sets the
hard error bit in the CCU check register along with an invalid operation check
bit. In all cases, execution is suppressed.

For details on instruction operation, refer to 3745 Principles of Operation,
SA33-0102. However, hereafter is the list of instructions with their different
formats for quick reference only. The formats are described in detail in the
3745 Principles of Operation, SA33-0102.

Number | Instruction Format
of CCU
Cycles
No
Br |Br
(1) (1) CZ|0|1/2|3{4|5|6{7|8(9|10(11|12|13|14(15
- |13 |B Branch 106101 +
2 | 4 |BCL | Branch on C latch 160611 T -
2 | 4 |BZL | Branch on'Z latch 10001
3 | 4 |BCT | Branch on count 1011 1 T +
2|4 |BB Branch on bit 11MM M -
1| - |LRI | Load register immediate * 110000
1| - JARI | Add register immediate 110010
1| - |SRI Subtract register immediate * 11606100 RN I
1 | - [CRI | Compare register immediate *1190110
1 | - [XRI | Exclusive OR register immediate *(11000
1 | - [ORI | OR register immediate *(11010
1 | - [NRI | AND register immediate *111100
1| - {TRM | Test register immediate *111110 <+———1Mask bits—»
1 | - |LCR | Load character register * 10 0 600 01 06 6 ©
1 1 - |ACR | Add character register * 10 0 6006 1 1 0 0 0
1 | - |{SCR | Subtract character register * 10 0 601 0 1 0 0 0
1 | - |CCR | Compare character register * (0[R2 N2|O|R1I N1j6 @1 1 1 0 0 6
1 | - |XCR | Exclusive OR character register * [0 0 010 061 6 0 0
1 | - JOCR | OR character register * 10 0 610 1 1 6 06 0
1 | - |NCR | AND character register * 10 0 611 061 0 0 0
1 | - |LCOR| Load channel with offset register |[|* |0 0 611 1 1 0 0 o

Notes:

1. The number of CCU cycles shown does not include storage cycles when
performed after the last CCU cycle (Br= Branch).
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Number | Instruction

of CCU
Cycles
No
Br (Br
(1)| (1) ;] 4|5/6{7(8 0(11{12(13|14]15
3 1 - [ICT | Insert character & count 0 0
3 | - |STCT| Store character & count 0 0
2 (- (IC Insert character 0 R IN D
14 - [STC | Store character 0
2 | 4 |LH Load halfword 0 0 1
1| - ISTH | Store halfword 0 6} R 1
315 L Load 0 0 0 0
2 | - |ST Store 0 0 1 0
1 | 3 [LHR [ Load halfword register * 10 0 1006 06 06 06 0 ©
1 | 3 |AHR | Add halfword register * 10 0] R1|]160 1 06 0 0 0
1 | 3 |SHR | Subtract halfword register * 10 0 101 0 06 06 0 0
1] 3 [CHR | Compare halfword register * 10 0 101 1 06 06 0 O
1 | 3 [XHR | Exclusive OR halfword register * 10 0 116 06 06 06 0 0
11 3 |OHR | OR halfword register * 10 0l R1|1106 1 6 06 60 0
1 | 3 INHR | AND halfword register * 10 0 111 6 06 06 0 0O
1 | 3 [LHOR| Load halfword with offset register |* |0 0 111 1 0 6 06 o
1] 3 |LR Load register * 10 0 1606 61 06 0 0
14§ 3 |AR Add register * 10 0 1006 1 1 06 0 0
1] 3 [SR Subtract register * 10 0 101 061 0 0 0
1] 3 |CR Compare register * 10 0 1061 11 0 0 O
1| 3 |XR Exclusive OR register * 10 0 110 6 1 0 0 ©
1| 3 {OR OR register * 10 0 110 1 1 06 6 o
1| 3 [NR AND register * 10 0 111 06 1 0 0 0
1| 3 [LOR | Load with offset register * 10 0 111 11 06 6 0
- | 3 [BALR| Branch & 1link register 0 0f RL|e6106 ©6 6 06 0 0
I0H | Adapter in or out * 10 0 6106 1 6 0 0 ©
I0HI| Adapter 10 immediate * o ol R |e11 1 06 0 0
2| - |IN CCU register in 0 0 1 1 0 0
1| 3 (OUT | CCU register out ey E {0y R 01 0 0
- | 3 |BAL | Branch and link 10111 R A (2
21 3 |LA Load address 16111 A (2
- | 9 |EXIT| Exit loeooolooeole 0 0

The figure shown is valid for normal instruction cases.

Notes:

1. The number of CCU cycles shown does not include storage cycles when

performed after the last CCU cycle {Br= Branch).

2. The A field contains 22 bits, therefore the branch address is always below

four megabytes.
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O CCU Environment

The figure below shows all interconnections to the CCU.

To Main Storage

Bidirectional Bus

(36 Bits)
SCTL
A
DMA | Bus Bidirectional Bus
(36 Bits)
‘ CACHE
PUC ———> (High-speed
‘ Oscillator buffer)
MIOC Bus to MOSS
ccu MIOC < >
Control
Power —»
‘ Supplies
‘ 10C
' Control
O |
To Adapters via To Adapters via
DMA Bus 10C Bus

Storage Control Interconnection

Writing data to main storage is performed through the write storage data
register (this register is 27 bits wide; 24 data bits + 3 parity bits). Data
read from storage is written directly into one or more CCU registers and/or
in local storage. Main storage is read and written across the storage data
bus (bidirectional, 36 bits wide) which is the only port to/from main storage
for the whole machine.

o

MIOC Interconnection

Through the MIOC interface, the MOSS will be able to obtain or alter the
state of 3745.

I0C Bus

This is a multipurpose compatible bus that is used as the base attachment
interface for alt channel adapters, and line adapters to the CCU.

PUC Oscillator Interconnection

The PUC 53.1914 MHz quartz oscillator signal is used by the CCU to gen-
erate its timings.
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Power Interface

The power interface provides the CCU with all necessary power voltage
requirements needed to operate all 3745 functions.

CCU Subsystem Power-ON Reset (POR)

Storage control

ST0

Note 1

\ 4
A 4

SCTL —»1 CCU
POR POR

PCC PS1

Note: STO is zeroed.

POR is activated at the machine power ON, or at machine reset.
The MOSS code can ask the PCC to activate the POR line.

At the end of the POR signal, the following sequence of ‘warm up’ storage is
started.

1. Clear all latches and counters,
2. Then, perform 128 cycles to initialize storage,
3. Perform one cycle to configure storage type and size,

4. Then, blank storage with proper ECC.

During all that time, incoming requests are inhibited.

Main Storage

The main storage contains the control program. It is packaged on one card of 4
or 8§ Mbytes.

The storage word consists of 4 bytes, referenced as follows:

0 70 70 70 7

The bytes are addressed from the storage address register, which is 27 bits
wide.
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Storage Environment
@ The main storage communicates with:
1. The CCU via the storage control (SCTL)

2. The high-speed adapters via the direct memory access bus (DMA bus)
through the SCTL.

Storage 1 card (ST0)
4 or 8 Mbytes

DMA Bus and Storage Control 1 card (SCTL)

| A I
High—Speed
Buffer

& 1 card (PUC)

ccu

| v
DMA Bus 10C Bus

@ Direct Memory Access and Storage Control (SCTL)
The direct memory access and storage control functions are packaged on one
card (SCTL) and the main functions are the following:

» Allocate main storage access to the different users (CCU via the cache
storage), and high-speed adapters via the DMA function of the SCTL).

» Control the different storage operations and ensure data transfer integrity:

— CCU read and write

Y Write requests are buffered in SCTL so that the CCU and the storage
w operations can overlap.

— Cache storage line loading
— DMA burst transfers.

The data is aligned and temporarily stored in a buffer so as to optimize
the use of storage bandwidth.

« Control the cache operations (line loading) Maintain cache consistency
with storage during DMA write operations, by means of a cache line invali-
dation mechanism.

e Check for unauthorized DMA write operations with a DMA storage protect
mechanism.
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Function Partitioning

2-14

The SCTL card can be partitioned into three distinct functional parts:

» The central control unit interconnection (CCUI) logic
* The direct memory access (DMA) logic
* The storage control (MCTL) and, error checking and correction (ECC) logic.

SCTL
c_ T
c | B
U {¢————->
/| || ccul Logic |
H |[e——» MCTL
S | S
B and t
— 4—P»| 0
e T «{ ECC | | r
4P| 3
D g
— | Logic e
M| | DMA Logic
 ——p |
A |
CCUI logic

The CCUI logic interconnects the CCU cache storage. It receives and
buffers requests from CCU/cache and controls cache line loading. !t con-
trols cache line invalidation and accesses the DMA storage protect RAM
{(during DMA write operations) on behalf of the DMA logic. The CCUI logic
makes storage requests to the MCTL/ECC.

DMA Logic

The DMA logic interconnects the DMA bus on which the high-speed
adapters are hooked. It receives requests from the high-speed adapters. It
performs data alignment, reads or writes its DMA buffer and makes storage
requests to the MCTL and ECC. During a DMA write storage transfer, it
makes requests to the CCUI logic for cache line invalidations and for access
to the DMA storage protect RAM.

MCTL and ECC

The MCTL and ECC interconnects the storage. It receives storage requests
from the CCUI logic and the DMA logic. It performs arbitration between
these two users, accesses storage and controls the ECC mechanism.

The storage control contains an error correction code {one word) which is
permanently stored, either with its original parity or inverted, thus allowing
to correct at least one error in addition to the one-bit correction.

The correcting capability of the ECC depends on the type of bit error,
whether it is a hard error {storage position stuck to 0 or 1), or a soft (tran-
sient) error.

The correction coverage is the following:
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Type of Fault Coverage
One har<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>