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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
\_

1-20

IBM 3745 Hardware Maintenance Reference (HMR)

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
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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.

Chapter 2. Central Control Unit (CCU) 2-13




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 hard 100%
One soft 100%
One hard and one soft 100%
Two hard 100%
Two hard and one soft 50%
Two soft 0%

SCTL-to-CCU Cache Interconnection

— Cache Miss Cache Error
‘._—_——____

Data valid CACHE SCTL Error
—

Line Inval. (High-speed buffer) CCU Error
———»

Line Xfer LSSD
—.———_—.—.’
A 1 v

Address (25) S
A

1 e

Data (36) J l | ! | | | I I

l l

Byte Select (4) I | | | I | |

o
4 4

_4
Py
vy

r_
A

Storage Go l | [ I ]

A

Storage Grant + | | | | C

v

Read/Write | | ]

A

Stg.Prot.¥Write Inhibit l |

A

Stg.User ID. (3) | |

A

Clocks (7) } |

A

Stg Size Installed (In 70) |

A

Stg Control (Out 74) !

A

Stg Error 1 and 2 (2)

v

LSSD (3)

A
v

Storage Control Mode
See the output X’74” instruction on page 2-29.
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CCU-to-Storage Interconnection

Cache Storage

The cache storage, packaged on the PUC together with the CCU, provides the
CCU with instructions and data at cycle rate.

if the instruction or data is not in the cache when it is fetched, the 16 contiguous
bytes are automatically transferred into the cache. The probability is high that
the next instruction{s) or data will be in those 16 bytes, then, as long as
instructions and data are found in the cache, the CCU is not slowed down by
main storage and can run at full speed.

Cache Storage Organization

2-16

1024 lines
of 16 bytes

LHETETHTETET

1624 lines
of 16 bytes

EEFEETTTETT T

1 row —»
(2 lines)

On CCU request, the cache can either write one byte, one halfword, or one
fullword. However, the cache is always loaded from storage with 16 contiguous
bytes forming a line. The 32K cache is made of 2048 x 16-byte lines and its
directory is two-set associative. Cache organization is thus: 1024 rows x 2 sets
x 16 bytes. The following table summarizes the various cache data path func-
tions:

Request Storage User | Cache Function Management
I-fetch Hit: cache read LRU update
prog. read Miss: line loaded from | LRU update

storage + cache read

Read
Other than Hit: cache read LRU update
I-fetch and
prog. read Miss: storage read ——

Hit: cache write LRU update

Write Any user + storage write

Miss: storage write e
Line DMA Invalidate a line LRU update
Invalidate in the cache

LRU: Least recently used

HSB is controlled by means of an X'74” out instruction.
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Write Policy
Write requests are always presented both to the cache and main storage (store-
through policy). The write request is sent to storage but as soon as it is
accepted by the SCTL. the CCU proceeds to the next instruction without waiting
for storage update completion. This policy ensures that cache and storage are
always consistent with each other and minimizes housekeeping when a cache
line must be replaced.

Since on a write request, main storage is always updated (regardless of cache
hit or miss), and since the CCU does not wait for write completion, there would
be no gain in loading a line in the cache in case of a cache miss. This new line
would most probably replace a more useful line in the cache. Therefore, the
cache is not loaded with a new line on a write miss.

Read Policy
A CCU read request can come from different sources. The source (called the
storage user) can be: The MOSS, the branch trace, the prefetch mechanism, the
program, or the IOC (cycle steal mode).
In order to increase the cache hit ratio, the cache is loaded with a new line only
when a read miss is caused by an I-fetch or a program read. Any other storage
user causing a read miss, results in the data being loaded directly from
memory to the CCU without cache involvement.

| Line Invalidation
[ Because of DMA operation, the SCTL requests the cache to invalidate a line.
] m An invalidation request has priority over a CCU request.

When a line invalidation is requested, the SCTL raises the line ‘invalid line’,
which instructs the cache not to propagate the storage address register {SAR)
to the storage address data (SAD) bus and to latch the address presented by

| the SCTL. In the cycle following the address transfer, the cache invalidates the
line in the cache and the SCTL ignores requests at the interconnection.

; Storage Protection

O Storage Protect and Address Exception (SP/AE)
Storage protect is a means of notifying the control program whenever the con-
tents of storage are accessed for unauthorized modification or unauthorized
code execution. Attempts to modify storage and attempts to execute
instructions are monitored by the following three mechanisms:

1. Address exception based on address exception key.
2. Storage protect based on read-only key.
3. Storage protect based on storage protection key and user key.

Main Storage Protection State
With the storage protect and address exception mechanism. a main storage
position can be placed in any of the following states:

¢ Write free

D « Wnite and instruction fetch controlled
* Read-only
« Write or/and read forbidden.
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Storage Protect and Address Exception Instructions
The CCU controls the storage protect and address exception instructions
(SP/AE) mechanism with the input X’73” and output X’73" instructions.

SP/AE Keys
Address Exception Key

This key indicates whether an 8-Kbyte block of storage is accessible.
Read Only Key

This key indicates whether a 4-Kbyte block of storage is in the read-only
state. For example, machine configuration data is placed in such a storage
block.

Storage Protection Key

This key determines the key value (3 bits) for writing in a defined 4-Kbyte
block of storage.

User Key

Every user is assigned a 3-bit register that holds the storage protection key
it must use for writing in storage and to fetch instructions for execution.

For more details, refer to Principles of Operations, SA33-0102.

SP/AE Key Locations
The storage keys are located in a local storage (storage key RAM) and the user
keys are located in registers.

To perform the necessary initialization, the program must execute output X'73’
instructions for setting the storage keys for all installed 4-Kbyte blocks of
storage and up to 6 output X’73’ instructions for setting the user keys.

CCU Timers
Two timers are available in the CCU. They are the 100 ms interval timer and
the high/low resolution timer.

100 ms Interval Timer
Every 100 ms, this timer requests a CCU level 3 interrupt. Output X777, byte 1,
bit 1 ON is used to reset the timer interrupt. The 100 ms timer is used to:

* Maintains a count of realtime in storage
* Perform long and short time outs
* Perform supervisory functions on a cyclic basis.

High and Low Resolution Timer
The high and low resolution timer does not raise any interrupts. it is driven by
clock pulses {every 131.6 ns). Output X’7A” selects the mode and initializes the
current timer value to X’00". Input X’7A’ reads the current timer value.
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CCU to and from Adapters

The CCU interconnects with the various adapters via the 10C bus. Refer to the
Chapter "IOC Bus” for details.

10C Control Logic

I0C Data Flow

Data, address, and control information exchanges take place between the CCU
work registers and the adapters attached to the 1/0 bus. They use the IOC
control logic.

The I0C logic, located in the PUC, operates in two different ways, depending on
whether the program initiates the operation (PIO), or an adapter initiates it
(AlO).

The data bus carries interrupt requests from the adapters (levels 1, 2, and 3)
when it is not busy with PIO or AlO operations.

The I/0 bus is an 18-bit (16 for data + 2 for parity) bidirectional bus with neces-
sary tags and controls.

D Register: It is an 18-bit (16 for information + 2 for parity) register. It is the
buffer used with the IOC bus for the exchange of all addresses, commands and
data to and from the adapters.

A Register: It is a 27-bit (24 for information + 3 for parity) register. In an
IOH/IOHI operation it is loaded by the R1 field. In AlO operations it contains the
cycle steal address.

The 10C bus operations are under the control of the IOC control logic using a
handshaking protoco! between the CCU and the adapters.

Level 2 and Level 3 Interrupt Reporting

I0C byte 1, bit 0 produces a single CA level 3 interrupt request to the CCU.
10C byte 0, bit 1 produces a single LA level 2 interrupt request to the CCU.
After interrupt recognition, the CCU executes an input X’77’ instruction to iden-
tify the level 2 and 3 interrupt request origin. (see input X’77" in this chapter.)

Input X’77" byte O is dedicated to level 2 interrupts. and byte 1 to level 3. The
input X’'77” bits are then set according to the logical rules.

Level 1 Interrupt Reporting

10C bus byte 0, bit 5 produces a single CA level 1 interrupt request.
IOC bus byte 1, bit 5 produces a single LA level 1 interrupt request.

After interrupt recognition, the CCU executes an input X’7E” instruction to iden-
tify the level 1 interrupt request origin. (see input X’7E” in this chapter.)

When the CCU executes the input X’76” instruction, the bit assignment of byte 0
is for 10C.
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Cycle Steal Pointer Allocation

The I0C bus may address up to four channel adapters. The cycle steal pointer
registers are allocated as follows:

Adapter 10C Pointer type
CAs 30-37 Dedicated (NCP)
LAs (CSC, 3F Shared pointer
HPTSS)

For all AlO operations, bit 5 = 0 for CA, bit 5 = 1 for LA and bits 11-14 (pointer
number if bit 5 = 0 and scanner ID if bit 5 = 1) of the CSCW are stored in an
external register accessible by the control program using input X’75". (See
input X’75" in this chapter.)

Reset or Stop Adapter Input or Output

Registers

General Registers

External Registers

See output X'76” and output X’79 in this chapter.

The controller has two types of register: general and external.

Forty general registers are available in the controller for program use. The
size of each register is 24 bits. The bits are assigned from left to right as byte
X, bits 0-7; byte 0, bits 0-7; and byte 1, bits 0-7.

The forty registers are divided into five groups of eight registers each. Each
group is assigned to a specific program level. Only one group of general regis-
ters is active at a given time (the group associated with the active program
level). The registers within the currently active group are directly addressable
with program instructions. The control program can access the general regis-
ters by specifying them as external registers in input and output instructions.

Instruction Address Register: General register O in each group is the instruc-
tion address register (IAR). This register is an implied base register and con-
tains the address of the next instruction to be executed for the associated
program level. Register O of the active group is always incremented to point to
the next sequential instruction before the current instruction is executed.
However, execution of a branch instruction can cause the IAR to be loaded with
a storage address other than that of the current instruction.

External registers are registers which are not directly accessible by the control
program. Therefore, by using an input instruction. the control program can load
the contents of an external register into a general register where it can operate
on the data. By using an output operation, the control program can load an
external register with the contents of the general register specified in the
instruction.

CCU external registers are located in:

* The local store (LS address X'00" to X'7F")
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The local store registers at address X ‘00 to 27 are the five groups of eight
general registers. Each group is associated to one program level.

* The hardware registers:
— Seven work registers
— Instruction address register (IAR)
— Lagging address register (LAR).
See “Hardware Registers” on page 2-38 for details.

« Hardware latches

The following tables, list the input and output instructions.
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Input Instructions

Input Register Function Local Storage
Register

00 - 07 General register group 0 (level 2) 00 - 07

08 - OF General register group 1 (level 3) 08 - OF

10 - 17 General register group 2 (level 4) 10 - 17

18 - 1F General register group 3 (level 5) 18 - 1F

20 - 27 General register group 4 (level 1) 20 - 27

28 - 2F Not used

30 - 37 IOC-CA pointer register 0-7 30-37

38 - 3E Not used 38 - 3E

3F IOC-CSP pointer register F 3F

40 Program interrupt start address level 1 40

41 Program interrupt start address level 2 41

42 Program interrupt start address level 3 42

43 Program interrupt start address level 4 43

44 Byte-addressable base register 44

45 Halfword addressable base register 45

46 Fullword addressable base register 46

47 CCU SCTLl/cache control 47

48 IOH TA substitution 48

49 - 4F Not used

50 - 5F Reserved for program use (see Note 1) 50 - 5F

60 - 67 Not used 60 - 67

68 Zero register 68

69 Holding register for IOH, IOHI, BAL instruction 69

6A Holding register for MOSS IOH 6A

6B Holding register for IOHI 6B

6C - 6E Not used

6F Not used 6F

70 Storage size installed Hardware register

71 Operator address or data entry register 71

72 Operator function select controls 72

73 Read SP/AE key Hardware register

74 LAR Hardware register

75 AlO CCW Hardware register

76 10C level 1 interrupt requests Hardware register

77 Adapter level 2, 3 or 4 interrupt requests Hardware register

78 Not used

79 Utility Hardware register

7A High-resoclution timer value Hardware register

7B Branch trace address pointer B

7C Branch trace buffer count 7C

7D CCU hard errors register Hardware register

7E Level 1 interrupt requests Hardware register

7F CCU level 2, 3 or 4 interrupt requests Hardware register
Notes:

1. Unassigned fullword registers are available for the program at this location.

2. If the control program tries to read locations 28-2F, 38-3E, 49-4F, 6C-6E, 78 an invalid operation con-

dition is detected and a level 1 interrupt is set.
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Output Instructions

Outputs Register/Function Local Storage
Register

00 - 07 General register group 0 (level 2) 00 - 07

08 - OF General register group 1 (level 3) 08 - OF

10 - 17 General register group 2 (level 4) 10 - 17

18 - 1F General register group 3 (level 5) 18 - 1F

20 - 27 General register group 4 (level 1) 20 - 27

28 - 2F Not used

30 - 37 IOC-CA pointer register 0-7 30- 37

38 - 3E Not used 38 - 3E

3F IOC-CSP pointer register F 3F

40 Program interrupt start address level 1 40

41 Program interrupt start address level 2 41

42 Program interrupt start address level 3 42

43 Program interrupt start address level 4 43

44 Byte-addressable base register 44

45 Halfword-addressable base register 45

46 Fullword-addressable base register 46

47 CCU SCTL/cache control 47

48 IOH TA substitution 48

49 - 4F Not used

50 - 5F Reserved for programs use 50 - 5F

60 - 67 Not used 60 - 67

68 Zero register 68

69 Holding register for IOH,IOHI, BAL instruction 69

6A Holding register for MOSS I0OH 6A

6B Holding register for IOHI 6B

6C - 6E Not used

6F Not used 6F

70 Hard stop Hardware register

7 Display register 1 Hardware register

72 Display register 2 72

73 Write/select SP/AE key Hardware register

74 Storage control Hardware register

75 Not writable

76 Miscellaneous control Hardware register

77 Miscellaneous control Hardware register

78 Not used Hardware register

79 Utility Hardware register

7A Resolution/utilisation counter control Hardware register

B Set PCl level 2 Hardware register

7C Set PCl level 3 Hardware register

7D Set PCl level 4 Hardware register

7E Set mask bits Hardware register

7F Reset mask bits Hardware register
Note:

If the control program tries to read locations 28-2F, 38-3F, 49-4F, 6C-6F. 75 an invalid operation condi-

tion is detected and a level 1 interrupt is set.
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Input/Output X’7x’ Instructions

2-24

The control program uses input and output instruction to access CCU registers
and/or to control and monitor the status of the CCU.

Input Instructions

Input X’70’ (storage size installed):
This instruction loads a general register with a combination of bits that indi-
cates the amount of storage installed.

Input X’71” (operator address or data entry register).
This instruction loads a general register with a combination of bits to indi-
cate data to be used in a control panel function.

Input X’72" (operator function select control):

This instruction loads a general register with a combination of bits to indi-
cate the operator display or function select. Through the use of this instruc-
tion, the program can accept information from the operator.

Input X’73’ (read storage protection or address exception key):
This instruction loads a general register with the storage protect or address
exception key addressed by the last output X’73” instruction executed.

Input X"’74” (lagging address register):

This instruction loads a general register with the contents of the lagging
address register. When this input is executed, the address transferred into
the general register is that of the last instruction executed before the input
instruction (this might not be true in case of error. Refer to Principles of
Operations Manual. for more information).

Input X’75” (AlO channel control word):

This instruction loads a general register with bits of the CCW received by

the 10C for an AlO which has been suspended or stopped due to an error
detected by the hardware. Otherwise, the data loaded in this general reg-
ister is NOT valid.

Input X”76” (10C level 1 interrupt requests):
This instruction loads a general register with information that can be used
to determine the type of error encountered.

Input X’77’ (adapter level 2, 3, or 4 interrupt requests):
This instruction loads a general register with information that can be used
to determine which adapter type caused a level 2, 3, or 4 interrupt.

Input X"79" (utility):

This instruction loads a general register with utility information. When it is
executed in program level 1, byte 1, bits 0-3 designate the program level
that was operating before the level 1 interrupt. When it is executed in
program levels 2, 3, or 4 (or level 1 if level 1 is re-entered immediately after
a level 1 exit), byte 1, bits 0-3 have no significance and are set to zero.
When input X'79" is executed at any level, byte O, bits 6 and 7 indicate the
state of the program level 5, C, and Z condition [atches.

Input X’7A” (high-resolution timer):
This instruction loads a general register with the high-resolution timer.
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Input X’7B” (BT address pointer):
This instruction loads a general register with the branch trace address
pointer.

Input X’7C’ (BT buffer count):
This instruction loads a general register with the branch trace buffer count.

Input X’7D” (CCU hard errors register):
This instruction loads a general register with information showing which
CCU hard error has been detected.

Input X’7E” (program level 1 interrth requests):

This instruction loads a general register with bits to indicate interrupt
requests for program level 1 interrupt. Also shown is the CCU hard error
summary bit.

Input X“7F” (level 2, 3, or 4 interrupt requests):
This instruction loads a general register with bits to indicate interrupt
requests for program levels 2, 3, and 4.

Output Instructions

Output X"70” (hard stop):

This instruction causes the CCU to enter a hard stop state. In this state,
program execution, program interrupts and adapter cycle steals are pre-
vented. The bit settings of the general register are ignored.

Output X"71” (display register 1):
‘ 0 This instruction loads the contents of the general register into display reg-
ister 1.

Output X’72’ (display register 2):
This instruction causes the contents of the general register to be loaded
into display register 2.

Output X’73’ (read storage protection or address exception register):
This instruction causes the contents of the general register to be used to
J address and or set the storage and protect keys.

Output X’74’ (storage control):
This instruction causes the contents of the general register to be used to
control the operational mode of the cache and the SCTL/ECC mechanism.

o}

Output X’76” and Output X’77” (miscellaneous control):
These instructions cause the contents of the specified general register to be
used to set or reset various interrupt requests.

Output X’79” (utility):

This instruction causes the contents of the specified general register to set
or reset various hardware latches. It permits ‘set IPL request’ (byte O bit 2).
This results in an interrupt to MOSS. It does not stop the control program.
If the control program is to stop after setting an IPL request, by using the
output X’70" instruction a hard stop must be sent by the control program in
addition to output X’79". It permits remote power OFF (bit 0.4). A remote
power OFF line is sent to the power subsystem.
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Output X’7A’ (utilization counter):
This instruction causes the contents of the specified general register to
control the high-resolution timer and the utilization counter.

Output X’7B’ (set PCl ievel 2):

This instruction causes a program-controlled interrupt request to be set for
program level 2 (PCl level 2). This allows a program level to transfer a
processing requirement to a different priority program level. The bit set-
tings of the general register are ignored. A PCI interrupt request is imme-
diately effective.

Output X’7C’ (set PCl level 3):

This instruction causes a program-controlled interrupt request to be set for
program level 3 (PCI level 3). This allows a program level to transfer a
processing requirement to a different priority program level. The bit set-
tings of the general register are ignored. A PCl interrupt request is imme-
diately effective.

Output X’7D’ (set PCI level 4):

This instruction causes a program-controlied interrupt request to be set for
program level 4 (PCl level 4). This allows a program level to transfer a
processing requirement to a lower priority level. The bit settings of the
general register are ignored. A PCl interrupt request is immediately effec-
tive.

Output X’7E’ (set mask bits):

This instruction causes the mask bits of the program levels to be set
according to the contents of the general register. When a mask bit is set
ON, interrupt requests for the program level that corresponds to that bit are
ignored. When the mask bit for program level 5 is ON, program execution
at that level is not allowed.

Output X’7F” (reset mask bits):

This instruction causes the mask bits of the program levels to be reset
according to the contents of the general register. If an interrupt for a partic-
ular level is pending when the mask bit for that level is reset, an interrupt
for that level will occur before the next instruction is executed.
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0 Input and Output X’7x’ Register Bits

X'70' Input: Output:
Storage Size Installed Hard stop

Byte X, Bit 0 Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Bit setting depending| Ignored
on storage size. Ignored
See Table below. Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored
Ignored

C O O0OOO0OOCCOo

Byte 0, Bit

Byte 1, Bit

NoOoOOhWwNaAaOyoumbhwnnaOgygounwWN a

OOC OO0 0OOCOo

Byte 0 Bit Setting

Storage Size Storage Card Input:
Byte 0 Bits
01234567P

' 4 1 card 00XXX001X
O litegal Wrong 01T XXXXXXX

Notes:

1. Byte O bits 2, 3, 4 carry the EC level of the SCTL cards.
2. A good parity is delivered to CCUI and DMA (it includes the EC bits).

3. If no card is installed, a storage control error is reported to CCUlI and DMA.
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X'71

Input:

Operator Address/Data

(LS) Entry Register

Output:
Program Display
Register 1 (DR1)

Byte X, Bit 0

Byte 0, Bit

Byte 1, Bit

N U WN 2PNy bW -

Addr/Data Byte X, Bit 0

Addr/Data Byte 0, Bit

Addr/Data Byte 1, Bit

NOOUDBDWN=2ONOOAWN-L,ONOOODWN =

DR1 Byte X, Bit 0

DR1 Byte 0, Bit

DR1 Byte 1, Bit

NOOUDWON=2ONOODDMON-=>2O~NOOOOHWN =

X'72

Input:
Operator Function
Select Control

Output:
Program Display
Register 2 (DR2)

Byte X, Bit O

Byte 0, Bit

Byte 1, Bit

NOOBRWON_,PNOoNRON 2PN dWN =

0

OO O OO

0

Function select 8
Function select 9
Function select A
Storage address
Register address
Function select B
Function select C
Function select D
Function select E
Function select 1
Function select 2
Function select 3
Function select 4
Function select 5
Function select 6
Function select 7

DR2 Byte X, Bit 0

DR2 Byte 0, Bit

DR2 Byte 1, Bit

NOOMHEWN—=LONODOHEWN=LONDDONDH WN -
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X'73'

Storage Protection
Storage Exception

5
bl

c

=3

Output:

Byte X, Bit 0

Byte 0, Bit

Byte 1, Bit

NOOBRWN=2PNoOBBWN =222 goudhwh -~

COOCOOCOOOOOOCOCOOCOCOCODOOCDOOCO

Key value bit 0
Key value bit 1
Key value bit 2

SKA bit 0

SKA bit 1

SKA bit 2

SKA bit 3

SKA bit 4

SKA bit 5

SKA bit 6

SKA bit 7

SKA bit 8

SKA bit 9

SKA bit 10

SKA bit 11 or UKA bit 0
UKA bit 1
UKA bit 2
UKA bit 3
UKA bit 4

Ignored

Enable SP or AE

I 00=user key 10=-exception key
I 01=stor. key 11=read only key

Modify key value
Key value bit 0
Key value bit 1
Key value bit 2

if byte 1 bits 1,2, 3 =
If byte 1 bits 1, 2, 3

1, 1, 0, the storage is not installed for exception key.
1, 1, 1, prevent write for read-only key.

X'74'

Input: Lagging Address
Register (LAR)

Output: Storage Control

Byte X, Bit 0

Byte 0, Bit

Byte 1, Bit

NO O WN-_2CNooObWON_LPyoUudh WO

LAR Byte X Bit 0

LAR Byte 0 Bit

LAR Byte 1 Bit

NOODWN=—=2COCONOU_WNN=_2C b WN =

See Output: Byte X next

Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
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Output: Byte X, Bit 01234567

Cache disable 0000X XXX
Cache flush 10X0XXXX
Cache normal 0001 XXXX
Cache wait state 0011 XXXX Cache functions
Cache retry state 1011 XXXX
Cache directory test 0010X XXX
Cache data array test 1001 XXXX
Disable CCU! interface XXXX001X
Bypass cache XXXX0 11X CCUI functions
CCUI normal operation XXXX000X
DMA SP RAM init XXXX010X

01000000 For CCUI and
01XX11XX MCTL functions

X1101 XXX
X1011XXX MCTL functions

SCTL normal operation
Disable SCTL error action

ECC disable
ECC transparent

MCTL error wrap 01111XXO0

ECC only mode 01111XX1

NO refresh mode 01 XX1X1X

Force storage errors 11XX1000 ForceY.7 at0

Force storage errors 11XX1010 ForceY.7 at 1

Force storage errors 11XX1100 ForceY.7,X7 at0
Force storage errors 11XX1110 ForceY.7,X7 at1
Force storage errors 11XX1101 ForceY.7, X7&10at0
Force storage errors 11XX1111 ForceVY.7, X7&1.0at1

X'75" Input: CSCW
Byte X, Bit 0

Output: NA

Byte 0, Bit IOC CSCW bit 5 (Note 1)
I0OC CSCW bit 11 (Note 2)
I0C CSCW Bit 12 (Note 2)
I0C CSCW Bit 13 (Note 2)
I0C CSCW Bit 14 (Note 2)
0

0

0

Not used

Not used

Not used

Not used

Not used

0

0

0

Byte 1, Bit

NOOUBAWNLPYoOoUVMWONL,CPNOUDWN =

Notes:

1. Bit 0 = 0: AIO from CAs.
Bit 0 = 1: AIO from LAs.
2. Bits 1 to 4 are: either pointer number if bit 0=0, or LAs address if bit 0=1.
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X'76' Input: IOC Level 1 Interrupt | Output: Miscellaneous
Request Control
Byte X, BitO | O Not significant
110 Not significant
210 Not significant
3]0 Not significant
410 Not significant
510 Not significant
6|0 Not significant
710 Not significant
Byte 0, Bit 0 | 10C Address excep. | See Reset |IOC errors
1 | 10C Storage protec. | Note | Not significant
2 | 10C Invalid CCW | Start branch trace mode
310 CCU prog. request to MOSS
4 | 10C Timout CCU prog. response to MOSS
5 | 10C Bus in parity Not significant
6'| 10C Adapter init.operation Not significant
7'| 10C MOSS init.operation Not significant
Byte 1, Bit O Not used Not used
1 Not used Not significant
2 | Not used Not significant
310 Not significant
4 | Not used Not significant
‘ 5 | Not used Not significant
‘ 6'| Not used Not significant
O 7'| Not used Not significant

! = This bit does not generate a level 1 interrupt.
Note: In byte 0 or 1, if bits 4 and 5 are zero, bits 0, 1, 2, and 3 are as shown.
If bit 4 or bit 5 is one, bits 0, 1, 2, and 3 contain |IOC internal status at the time of

‘ the error. (See further on input X’76” state meaning for time out or bus-in parity
error.)
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Input X’76’ State Meaning for Time Out or Bus-in Parity

State Valid 'Time out' Meanings “Bus in parity Error” Meanings

Latch Tags

Decode| (See Note)

0 08 1/0 tag is OFF No

1 10 1/0 tag raised new AlO or IOH No

2 18-11 No response to TA or channel grant No

3 - CCW parnty error CCW parity error

4 10 VH didn’t fall after TD fall AlO data read or channel pointer

register read 2nd transfer

5 18-16 No response to TD for Bus-in parity error on

11 AlO data read, or AlO data read, or
IOH data read I0OH data read
6 18-16 No response to TD for No
1 AlO data write, or
IOH data write

7 10 VH didn’t fall after TD fall (byte No
boundary transfer with ‘STG’)

8 08 1/0 tag is OFF, VH must rise (EOC Channel pointer register read
after channel pointer updating in transfer last transfer (EOC)
in local store)

9 10 VH didn’t fall after ‘CG’ fall, AlIO No
CCW: S/L or D/1.D or D/I.D.WR

A 08 1/0 tag is OFF, VH must rise (last No
AlO transfer data read is on byte
boundary)

B 10 No Loading of CCW

C 18-11 No response to TD for AlO pointer Bus-in parity error
initialization AlO address sent to adapter

during AlO direct operation

D - No No

E 10 VH didn’t fall after TD fall for AIO Channel pointer register read
pointer initialization 1st transfer

F 08 170 tag is OFF, VH must rise {IOH end Last AIO data read
or AlO end after data exchange) (EOC or VB + M)

Note:

Tags Encode Tags
08 VH
10 IRR
11 IRR, EOC
16 IRR, VB, M
18 IRR, VB
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X7 Input: Adapter Level 2, 3, Output: Miscellaneous
4 Interrupt Requests Control
Byte X, Bit 0 0 Not significant
1 0 Not significant
2 0 Not significant
3 0 Not significant
4 0 Not significant
5 0 Not significant
6 0 Not significant
7 0 Not significant
Byte 0, Bit O Not used Reset IPL level 1 and not init.bit
1 Level 2 bus 1 priority Reset CCU hard checks
2 Level 2 on bus 1 Reset MOSS panel inter.req.level 3
3 Not used Reset MOSS diag request level 3
4 0 Reset MOSS SVC request level 3
5 0 Reset MOSS SVC response level 4
6 0
7 0 Reset PCl level 2
Byte 1, Bit O Level 3 bus 1 priority Reset MOSS inoperative level 1
1 Not used Reset interval timer level 3
2 Level 3 on bus 1 Reset PCl level 3
3 Not used Reset MOSS level 2 diagnostic request
4 0 Reset address compare level 1
‘ 5 0 Reset program errors
’ 6 0 Reset PCI level 4
| 0 7 0 Reset SVC level 4

Byte 0 pertains to level 2 and byte 1 to level 3. The priority bits in byte O for
level 2 are independent of those in byte 1 for level 3.

Notes:
1. The following description applies to either byte.

One of the priority bits in a byte will be set ON if and only if one or both of
the bus interrupt bits in that byte are ON. However, the priority will be set
one cycle after the interrupt bit(s) is set, therefore there is a 1-cycle window
in which either or both interrupt bits can be ON without either priority bit.
This window occurs at the time interrupts are sampled from the adapter
bus, not necessarily at input X’77" time, but may affect the result of input
X777,

To avoid this window, it is recommended that the program use input X’'77’
in any one of the following ways.

a. Test only the priority bits in the appropriate byte, ignoring the interrupt
bits. This will insure that single and simultaneous bus interrupts will be
serviced in turn without the possibility of missed interrupts or ambiguity.
In this case, there is no restriction on when input 77 may be performed.

b. Test only the interrupt bits, ignoring the priority bits (in this case, the
program would have to decide by other means which interrupting bus to
service). There is no restriction on when input X’77° may be performed.
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c. If neither procedure above is used, the use of the input X’77” instruction
is restricted, as follows: input X’77” should be performed in level 2 or
level 3 only if there are no adapter interrupt(s) for that level.

If no adapter interrupts are pending, they must be serviced and an exit
performed. In addition to this restriction, input X’77” should not be per-
formed more than once in a level.

2. After the control program issues an IOH to clear an adapter interrupt, at
least 22 CCU cycles must be performed before executing an exit instruction
or an input X’77 or X'7E’ (read adapter interrupt) instruction. This is to
allow reset and re-sampling of interrupts from the adapters.

Utility
X179

5
°
b=
L d

Output:

Byte X, Bit 0 Not significant

Not significant

Not significant

Not significant

Not significant

Not significant

Not significant

Not significant

Not significant

Not significant

Set program IPL request

Not significant

Remote power OFF

Inhibit program level 5C and Z latches
Program level 5C condition Program level 5C latch

Program level 5Z condition Program level 5Z latch

Program level 2 interrupted (1) Not significant

Program level 3 interrupted (1) Not significant

Program level 4 interrupted (1) Set AIO stop mode on I0C (3)
Program level 5 interrupted (1) Reset AIO stop mode on 10C (3)
0 Set bypass CCU check stop (2/3)
0 Reset bypass CCU check stop (2/3)
0 Scope synchro pulse 1

0 Scope synchro pulse 2

Byte 0, Bit

COO0COCOOOOOO0OO0OOO0O0O

Byte 1, Bit

NOUDAON 2O Yo bWy h W

Notes:

1. Only one bit will be ON corresponding to the program level executing when
the level 1 interrupt was taken.

2. Bypass CCU checkstop mode bit is not set by the control program. This bit
is for potential use by diagnostics only.

3. When there is contention between set and reset bits, the set has priority.
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High-Resolution Timer | Input: Output:
X'7A" (LS) Address Pointer
Byte X, Bit 0 0 Not significant
1 0 Not significant
2 Timer bit 0 Not significant
3 Timer bit 1 Not significant
4 Timer bit 2 Not significant
5 Timer bit 3 Not significant
6 Timer bit 4 Not significant
7 Timer bit 5 Not significant
Byte 0, Bit 0 Timer bit 6 1=Reset timer or enable count
1 Timer bit 7 0 =High-resolution, 1 =low resol.
2 Timer bit 8 0 =Timer, 1=utilization count
3 Timer bit 9 Not significant
4 Timer bit 10 Not significant
5 Timer bit 11 Not significant
6 Timer bit 12 Not significant
7 Timer bit 13 Not significant
Byte 1, Bit 0 Timer bit 14 Not significant
1 Timer bit 15 Not significant
2 Timer bit 16 Not significant
3 Timer bit 17 Not significant
4 Timer bit 18 Not significant
5 Timer bit 19 Not significant
6 Timer bit 20 Not significant
7 Timer bit 21 Not significant
X'7B' Input: Branch Trace Output: Set PCl Level 2
(LS) Address Pointer
Byte X, Bit 0 Branch trace address bit X.0 Not significant
1 Branch trace address bit X.1 Not significant
2 Branch trace address bit X.2 Not significant
3 Branch trace address bit X.3 Not significant
4 Branch trace address bit X.4 Not significant
5 Branch trace address bit X.5 Not significant
6 Branch trace address bit X.6 Not significant
7 Branch trace address bit X.7 Not significant
Byte 0, Bit 0 Branch trace address bit 0.0 Not significant
1 Branch trace address bit 0.1 Not significant
2 Branch trace address bit 0.2 Not significant
3 Branch trace address bit 0.3 Not significant
4 Branch trace address bit 0.4 Not significant
5 Branch trace address bit 0.5 Not significant
6 Branch trace address bit 0.6 Not significant
7 Branch trace address bit 0.7 Not significant
Byte 1, Bit 0 Branch trace address bit 1.0 Not significant
1 Branch trace address bit 1.1 Not significant
2 Branch trace address bit 1.2 Not significant
3 Branch trace address bit 1.3 Not significant
4 Branch trace address bit 1.4 Not significant
5 Branch trace address bit 1.5 Not significant
6 Branch trace address bit 1.6 Not significant
7 Branch trace address bit 1.7 Not significant
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X'7C’

Input: Branch Trace
(LS) Buffer Count

Output: Set PCI Level 3

Byte X, Bit 0

Byte 0, Bit

Byte 1, Bit

~NOOUODWN =P NNy o b wN=

0

OO COoOOoOO

— Note

Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant

Note: Binary indication of branch trace buffer size in number of bytes. Actual
length is a multiple of 8 bytes; bits 1.5, 1.6, and 1.7 are ignored by the branch

trace mechanism.

CCU Hard Errors

X'7D’

Input: CCU Hard Errors

Output: Set PCI Level 4

Byte X, Bit 0

Byte 0, Bit

Byte 1, Bit

NOOBRWN 2PN bhwNn PN dwiNn =

COO0OO0OOCOO

0

POP parity error
MDOR parity error
MIOC parity error
Storage error 1
Cache/CCU error
Cache/SCTL error
Storage error 2

Local store parity error
Cache internal error
A/B bus parity error

D1 register parity error
Not significant

SAR parity error

ROS parity error

Z register parity error
D2 register parity error

Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
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X'7E’ Input: Output:
Level 1 Interrupt Requests Set Interrupt Mask
Byte X, Bit O 0 Not significant
1 0] Not significant
2 0 Not significant
3 0 Not significant
4 0 Not significant
5 0 Not significant
6 0] Not significant
7 0 Not significant
Byte 0, Bit 0 MOSS inoperative Not significant
1 CCU hard error summary Not significant
2 IOC-line adapter Not significant
3 Level 51O error Not significant
1 4 Invalid operation Not significant
}‘ 5 I0C-channel adapter Not significant
| 6 | Not significant Not significant
: 7 I10C level 1 summary Not significant
‘ Byte 1, Bit O Address compare level 1 Not significant
: 1 Address exception inst.fetch Adapter level 1 request
O 2 Storage protection inst.fetch Level 2 request
3 Address exception pgm.exec. Level 3 request
4 Storage protection pgm.exec. Level 4 request
5 Not significant Program level 5 execution
6 IPL level 1 Not significant
7 Not significant Not significant

Note: Byte O, bits 3 and 6 are encoded:
If the value is 01 = interface error

If the value is 10

SCTL internal error
If the value is 11 = unrecoverable storage error.

Notes:

1. For CCU hard error summary see input X’7D".

2. For IOC level 1 see input X'76".

When the CCU executes the input X’76” instructions, it places |0C level 1 inter-
rupt requests into byte 0.
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X'7F"

Input: CCU Level 2, 3,
or 4 Interrupt Requests

Mask

Output: Reset Interrupt @
/

Byte 0, Bit

Byte X, Bit 0

OCOO0OO0OO0OO0COoOOo

PCl level 2

MOSS diagnostic level 2
MOSS diagnostic level 3
MOSS request SVC level 4
MOSS response SVC level 4
0

CE/Operation int.req.level 3
PCl level 4

Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant

Byte 1, Bit 0 Not significant

0 Adapter level 1 request

0 Level 2 request

0 Level 3 request

0 Level 4 request

Interval timer level 3 Program level 5 execution
PCl level 3 Not significant

SVC level 4 Not significant

Nombhwnm2Pgoubhwun 2Oy s W

Hardware Registers

2-38

Hardware registers are used to store and pass information essential to con-
troller operation. Some of these hardware registers are available to the control
program as external register addresses through the use of input and output
instructions.

Instruction Address Register (IAR): See ‘General Registers’ above.

Lagging Address Register (LAR): The LAR is loaded from the IAR at the begin-
ning of each instruction execution. The lagging address register is a ‘came
from’ register. When displayed by the operator or by the program using input
X’74” or MOSS indirect input X’74’, it contains the address of the last instruction
executed prior to the instruction that is currently being executed if any (this
might not be true in case of error. Refer to Principles of Operations Manual. for
more information).

The control program can load the contents of the LAR into a general register by
executing an input X’74" instruction. The control program can then either
examine the contents of the general register or display the address on the
control panel by using the general register as input to the display registers.

Operation Register (OP Register): The operation register is used to hold the
first 16 bits of the instruction being executed. This register can be displayed on
the control panel.
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Storage Address Register (SAR): The storage address register contains the
storage address currently used or last used.
The contents of the SAR can be displayed on the control panel.

Program Display Register 1: This register in local storage (LS address X'79")
contains a parameter passed from the program running in the CCU to the
program running in MOSS for eventual display as display register 1, to an oper-
ator.

It can be loaded by executing an output X’71 instruction.

Program Display Register 2: This register in local storage (LS address X'7A’)
contains a parameter passed from the program running in the CCU to the
program running in MOSS for eventual display as display register 2 to an oper-
ator.

It can be loaded with data by executing an output X'72” instruction.

Operator Address/Data Value Register: This register in local storage (LS
address X’71’) contains a parameter passed from the program running in MOSS
to the program running in the CCU when an operator wishes to express an
address or data value.

It can be read by executing an input X’71” instruction.

(LS address X’72°) contains a parameter passed from the program running in
MOSS to the program running in the CCU when an operator wishes to express

” a selected function value.
0/ It can be read by executing an input X’72" instruction.

Maintenance Temporary Address Register (MTAR): This register in local
storage (LS address X'7E’) contains the main storage address used by any
operation initiated by the program running in MOSS and involving main
storage.

? Operator Function Select Value Register (16 Bits): This register in local storage
|
i

/ Maintenance Temporary Data Register (MTDR): This register in local storage
(LS address X'7F’) contains information read out of main storage for the oper-
ations described for the maintenance temporary address register(MTAR) (see
above).

CCU to and from MOSS

The CCU interconnects with the MOSS via the MOSS input and output controller
(MIOC) logic located in the PUC (part of the CCU).

The MIOC enables the MOSS to:

* Read or write any register or storage location in the CCU.
e Set or reset all CCU latches and read out their status.
¢ Interrupt the CCU (CCU hardware errors, IPL request. and so on)

Also, the MIOC allows the CCU to interrupt the MOSS.
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CCU Diagnostics

The CCU has diagnostic facilities designed to allow the program to perform test
procedures on the controller hardware. The test routines can be either part of
the online control program or a stand-alone control program used for testing
purposes only. If these test routines are part of the online control program, the
telecommunication lines and adapters not being tested are allowed to continue
operating.

The following operations are availabie for program use:

Set and Reset the Bypass CCU Check Stop Mode: Output X'79’, byte 1, bit 4 set
to 1 prevents CCU hard stop and MOSS interrupt from being set due to a CCU
hard check. To reset the bypass mode, the control program must execute an
output X’79" instruction with byte 1, bit 5 setto 1.

However, MOSS can also issue a bypass CCU check stop or a CCU hard stop.
The following table shows the resulting CCU mode.

MOSS Program CCU Mode Resuit
- - Normal (2)
- Bypass Bypass
Bypass - Bypass
Bypass Bypass Bypass
Bus stop (1) - Normal (2)
Bus stop (1) Bypass Normal (2)
Bus stop Bypass
and bypass
Notes:

1. Adapter interface check stop causes adapter interface errors to be handled
as hard errors.

2. See “"CCU Error Handling” and “Program Errors” on page 2-43 for mare
informatian.

Set and Reset the Level 1 Adapter Mask: Program level 1 interrupt requests
caused by a check condition in an adapter (scanner or CA) can be masked by
using an output X'7E’, byte 1, bit 1. To unmask the level 1 requests, the control
program must execute an output X'7F" (reset mask bits) with byte 1, bit 1 set to
1.

CCU Error Handling

The following are the basic principles of the CCU error handling strategy:

CCU-Detected Hardware Errors: They are high-severity errors, usually hard-
ware failures. They stop the CCU. No retry is performed. The error indication
latches are sensed by MOSS through the LSSD path.

CCU-Detected Not Hard Errors: They are low-severity errors, either program
errors, or IOC bus errors, or MOSS ’‘interconnection” errors. They do not stop
the CCU. They can be encountered during the following operations:
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1. MOSS operations through the MIOC or adapter operations (AlOs) performed
with the MOSS flag.
These errors are reported to MOSS only.

2. Program instructions and adapter operations (non-MQOSS):
These errors are reported to the program only.

Checking the Checkers
All checkers can be checked by the LSSD scan path.

CCU Error Handling Summary

A

!
Operation
I
ccy
< Detected
No Error
Yes
(No level 1
to NCP) MOSS
r——————<— Error
Yes| Not Hard
Inter. MOSS
~4— Report (< Interface No ¢
to MOSS|Y |[Type Err. Yes
ccu »—>— Bypass [ 4
No ¢ Hard Error| 4 Yes
Inter. No y Yes
¢ to MOSS|<4- MIOH No ¢ Queue
Halt to Error * o* ccu * Level 1 Interr.
csp Hardcheck| |[Entered Level 1
¥ Bus Error !
Yes \ 4 No
‘ No y (Prog. High-Level
I v Error) Int.to MOSS
O‘ Interrupt Level 1
‘ <+ level 1 < < Level 1 Queued
to Prog. No Entered Yes |to NCP
A

Notes: * CCU hard check results in stopping the program,
AlO0s, and branch trace.
** Bus error without adapter interface check stop mode.
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CCU Error Detection

Hardware Errors

Handling

2-42

Control ROS Parity Error: Parity error detected on one of the CCU control word

registers (latches receiving one ROS field).

MOSS Data Operand Register (MDOR) Parity Error: Parity error during a read

MDOR operation on the MDOR-to-MOSS bus.
MIOC Parity Error: Parity error during MOSS write operation.

Local Storage Parity Error: Parity error detected on data bytes 0 or 1 of the
local storage during a read operation. (Possible parity error on byte X is not
detected.)

D1/D2 Register Parity Errors {Two Errors): Parity error detected in the IOC D
register after each register setting (except when set from adapter bus which
results in putting the bus in parity check).

Z Register Parity Error: Parity error detected on any byte X0 or 1in the Z
register except during input X’7x” instruction execution.

POP Parity Error: Parity error detected in the pre-OP register (containing the
pre-fetched instruction) before transferring its contents to the OP register.

SAR Parity Error: Parity error detected in the storage address register at any
time.

For other parity errors, see “CCU Hard Errors” on page 2-36.

Notes:

1. At storage initialization time unrecoverable storage errors are inhibited and

storage write operations are not prevented when ECC disable is set (see
OUT X'74%).

2. A CCU clock check is also provided. This check activates an error condi-
tion latch in the MOSS.

These errors are latched inside the CCU. A CCU hard check condition is
detected, which stops the CCU, that is:

* Program stop

¢ AlO stop

* Hard stop

¢ MOSS direct operations are allowed. Indirect MOSS operations may be
performed if the CCU is in bypass hard stop mode.

A high-level interrupt is sent to the MOSS.

An interrupt level 1 to the control program is queued but not executed unless
bypass check stop mode.

When the CCU is stopped the LSSD path is used by the MOSS to collect the
error information from the CCU error latches through the “scan out’ line.
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This error information can be made available to the operator by MOSS.

When these error latches are set by errors (not forced by diagnostics) they are
unavailable to the control programs which reside in main storage.

After error information collection, MOSS may cause a re-IPL to take place.
Program Errors
Storage Protect Program Execution Error: Storage protect keys mismatch or

read-only key violation during a program storage instruction.

Address Exception Program Execution Error: Program attempt to read or write
uninstalled storage.

Storage Protect Instruction Fetch Error: Attempt to execute an instruction
fetched from a storage area whose key did not match the program user key.

Address Exception Instruction Fetch Error: Attempt to execute an instruction
i fetched from an uninstalled storage location.

Level 5 1/0 Error: Attempt to perform an input or output instruction in program
level 5.

Invalid OP-Code: Attempt to execute an instruction with an OP-code that does
not compare to any of the 53 valid OP-codes, or input, or output instruction to
invalid external register addresses.

5

Handling
These errors result in an interrupt level 1 sent to the control program except if
already in program level 1 {in this case a CCU hard check condition occurs).

Error information can be obtained by the control program using the input X‘7E’
instruction (see “Input Instructions” on page 2-24).

However, storage protect or address exception errors are unrecoverable in
program execution (load or store instruction) because, in some cases, the next
instruction will be executed before the interrupt to program level 1.

For details on DMA storage protect, see Chapter 5, “High Performance Trans-
mission Subsystem (HPTSS)” on page 5-1.

Adapters Interconnection Errors
I0C Adapter Bus Parity Error: Parity error detected when reading the 10C bus.

I0C Time-Out Error: Erroneous timing sequence on IOC interface.
10C Adapter CCW Error: Invalid channel control word coming from the adapter.

IOC Storage Protect Error: Storage protect violation detected during an
adapter-initiated operation (AlO) write.

10C Address Exception Error: Attempt to read or write storage not installed
during an adapter-initiated operation.
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Notes:

1. Parity and time-out errors can be encountered with program user (IOH.
IOHI) or with MOSS user (MIOH).

2. All errors can be encountered with AlOs.

3. In adapter interface check stop mode these bus errors are handled as hard
errors.

Handling

2-44

With Program User (IOH, IOHI): These errors result in an interrupt level 1 sent
to the program, and a halt signal is sent to the adapter. Error information can
be obtained by the control program, using the input X'7&” and input X'76’
instructions.

With MOSS User (MIOH): (MOSS I0Cs OP error)

These errors result in a high-level interrupt to MOSS and a halt signal is sent to
the adapter. No level 1 interrupt will be issued by the LAs in this case. Error
information can be obtained by MOSS, using the input X’76" instruction.

During Program AlOs: These errors result in an interrupt level 1 to the control
program and a halt signal is sent to the adapter. No level 1 interrupt will be
issued to the MOSS by the LAs.

Error information can be obtained by the control program, using input X’7E” and
input X’76” instructions.

The adapter address will be obtained by the program, using the input X’75’
instruction which allows sensing the CCW bits.

During MOSS AlOs: These errors during an adapter AlO operation for MOSS
will result in a halt signal sent to the adapter. These AlOs are differentiated
from the program AlOs by bit 1.0 of the CSCW which is set ON for MOSS.

A high-level interrupt is sent to MOSS, if the error occurs after the CCW is
transferred.

Adapter Interface Check Stop Mode: When the CCU is in adapter interface
check stop mode, that is, when MOSS has sent the adapter interface check stop
bit, any IOC bus error encountered with any user will be handled like a hard
error.

Notes:

1. Error detected during MOSS operations (MIOH) are not reported to the
control program.

2. Error detected during control program operations (MOSS AlOs) are not
reported to the MOSS.

IBM 3745 Hardware Maintenance Reference (HMR)
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Summary of Actions Taken During AlOs and PIOs

Event Action In

AlO for Program AlO for MOSS IOH/IOHI MIOH
AlO stop (by Mask ch.req. * mask ch.req. * Mask ch.req. * Mask ch.req. *
MOSS)

SP/AE violation

Add. compare
stop

Adapter bus
error (wo add.
bus check stop
mode)

Hard check

Halt to add.
level 1

Mask ch.req. *

Halt to add
level 1

Halt to add
mask ch.req. *

Halt to add
HLIR to MOSS

Mask ch.req. *

Halt to add
HLIR to MOSS

Halt to add
mask ch.req. *

Level 1 (when |
fetch)

Mask ch.req. *

Halt to add
level 1

Halt to add
mask ch.req. *

Not available

Not available

Halt to add
HLIR to MOSS

Halt to add
Mask ch.req. *

MOSS Interconnéction Type Errors

Handling

* "Mask ch.req.” means "Mask channel

set.

MOSS Interconnection Parity Error

request” for AlOs, that is, AlO stop is

¢ Parity error detected either on MOSS address bus or on MOSS data bus
during a write operation.

e Parity error detected on MOSS address bus during a read operation.

MOSS OP Error:

Moss initiates an indirect operation while the CCU busy bit is

ON, meaning that CCU resources are already used for a previous MOSS indi-

rect operation.

MOSS Address Exception Error:

which is not installed.

MOSS attempted to read or write storage

These errors result in a high-level interrupt to MOSS (for MOSS OP error and
MOSS address exception error), or in a signal returned to MOSS through an
interface line (for MOSS interface parity error).

Chapter 2. Central Control Unit (CCU)
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Performance Test Points @

The performance test points (TPs) (see the list on the following table), located
on the PUC card. may be used to scope or to count the internal events with the
appropriate tools.

Signal Name Physical Signal Name Physical
Pin Pin
Coordinate Coordinate
+ CCU cycle pulse A30E0O - Latched scope sync 1 A30F00
Not used A30E10 - Latched scope sync 2 A30F10
- CCU level 1 A30E20 + MOSS current A30F20
- CCU level 2 A30E30 + Stop C clock latched A30F30
- CCU level 3 A30E40 - 10C1 10 tag A30F40 ]
- CCU level 4 A30ES50 - 10C1 AlO/hold A30F50 /\
- CCU level 5 A30EB0 Not used A30F60 S
- Any instruction A30E70 Not used A30F70
+ Process ADDR compare A30E80 Spare pin A30F80
-10 wait A30ESO Spare pin A30F90

The performance test points (TPs) are located on the wiring side of the PUC
card {CCU). The following figure will help in locating the test points.

A306 BOO Coo EQO
4567891123456789(12/ /6789]123456789 N
006000 | 000000060 |00/ /0000|000000000 . '
/1 s
H /) A30 h
Ps Detail ¥
Bottom Top
/ / B30
f I
1 Wiring Side VS
Connectors Connectors N
/] €30
T T
/7 / / / /
Test Points Detail [
A30EGO A30E30 A30E50 A30E70 A30E90 A30F10 \
l A30Ezol A3og4ol A30Eﬁol A30E801 A30Fool
Horizontal ——* o0 o o o ©o © ©0o ©0 ©O0 0 0 0 A
A30 pin row

L The first pin begin at this coordinate A30E0D
(+ CCU cycle pulse)
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The Buses in 3745 Data Flow

CSS 1SS
CAfUptoh) | TERMI | LSS (Up to B#}
[OC Bus DMUX
TPS CADR | CAL ¢SC [~ or Le — D
] SMUX
S———
.
To
Hosts
CADR| CAL _{ TRSS
TRAtUp to 2 e b—
C
CADR AL TRM D
L TIC jommmeee
HPTSS
STQ | SOTL
puc HSS (Up fo 2«)
csP | FESH : |>
I
DMA Bus
MOSS PCSS
DFA MPC PCC Controt Panet
j 1
MSC

MCC

Local Console

Remote/Alternate Console

RSF

{* The number of LSS+HSS does not exceed 6}

Figure 3-1. The Buses in 3745 Data Flow

3-2 IBM 3745 Hardware Maintenance Reference (HMR)

To Terminals,
DCEs, or
Telecom.
Lines.

To Ring

To High
Speed
Lines

[ -

N

=
N




Generalities

Two types of bus connect the adapters to the CCU/SCTL.
1. 10C bus: This bus connects the CCU to the adapters.

2. DMA bus: This bus connects the SCTL card to the high-speed adapters.
See “DMA Bus" on page 3-9.

I0C Bus

Data, address, and control information exchanges take place between the work
registers and adapters attached to the 10C bus.

The IOC logic operates differently depending on whether the program initiates
an operation (Pl10), or the adapter initiates it (AlO}.

In both operations, the A (address) and D (data) registers of the data flow con-
trolled by the 1QC logic act as buffers between the CCU(s) and the adapters
{CAs and LAs).

The 10C bus carries interrupt requests from the adapters (levels 1, 2, and 3)
when not busy with PIO or AlQ operations.

10C Bus Protocol
Read PIO example

’ I0 Line ‘
; Out Tag
| —_—
'!
! m TA Tag
Control
<
Lines TD Tag
Valid Valid
— HY Hud —
Parity
Valid —
Data I
< 10 Add/ Data
Lines | —— Command HY —
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CCU-Bus Layout (Maximum Configuration)

Storage

SCTL

pucC

DMA Bus

TERM

D

Figure 3-2. CCU-Bus Layout
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CCU/Adapters Interconnection

Each interconnection consist of 18 bidirectional lines, (two data bytes plus two

parity bits) and 16 tag and control lines.
For details on line function, see Figure 3-3.

For details on bus layout, see Figure 3-2 on page 3-4.

CCU Bus Line Function

Line Function Abbr | CCU | CA LA

Address/Command Tag (1) TA X

Data Tag (1) 0 X .

Interrupt Req. Removed (1) IRR . X

CS Req. High (1) CSRH .

CS Req. Low (1) CSRL . X

CS Grant High (1) CSGH X

CS Grant Low (1) CSGL | «x

Input/Output (1) I/0 X

Halt (1) HLT X

Out (1) R/M X . .

Valid Byte (1) VB X X

Valid Halfword (1) VH X X

End of Chain (1) EOC X X

Modifier (1) M X X

Parity Valid (1) PV X X

CA IPL Detect (1) CAIPL X

Reset Tag (See Note 1) RST

Data Byte 0 (9)  OUT DBO x | . .
IN DBO . X X

Data Byte 1 (9) OUT DB1 X . .
IN DB1 . X X

Scan Int (See Note 2) SCI X

Legend:

(): The contents of the parentheses indicate the number of wires in

line function
X : Signal generated
: Indicates where the signal arrives
Notes:

1. Reset line is activated directly from the MOSS.

2. Sent directly to MOSS (MCC card).

Figure 3-3. CCU-Bus Line Function

Chapter 3. Buses
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3-6

The following is a short description of each of the lines in the summary table
above,

Address/Command Tag (TA): The 'TA’ line is activated by the CCU to indicate
that the adapter address is in data byte 0 and the command is in data byte 1.

Data Tag (TD): The 'TD’ line is activated by the CCU to indicate that the data
bus contains write data or that the CCU is ready to receive read data while the
"1/0’ line is active.

When the '1/O” line is not active. the ‘TD’ line is activated by the CCU to indicate
that it is permissible to change the state of any interrupt request on the data
bus.

Interrupt Request Removed (IRR): The 'IRR’ line is activated by any adapter
that has removed its interrupt request from the data bus.

Each adapter should activate 'IRR’ in response to the ’I/O’ line being activated
and, of course, remove its interrupt request from the data bus.

Each adapter should allow "IRR’ to change to the inactive level when the 'I/0’
line is inactive.

When all the adapters have allowed ‘IRR’ to drop, this common 'IRR’ line going
inactive indicates to the CCU that all adapters have placed their interrupt
requests, if any, on the data bus and that the CCU may now sample for inter-
rupts.

Cycle Steal Request High (CSRH): A scanner activates "CSRH’ whenever it
wishes to start an AlO operation.

The scanner keeps 'CSRH’ active until it receives 'CSGH’ (Cycle Steal Grant
High).

Cycle Steal Request Low (CSRL): A channel adapter activates CSRL whenever
it wishes to start an AIO operation.

The channel adapter keeps "CSRL’ active until it receives 'CSGL’ (Cycle Steal
Grant Low).

Cycle Steal Grant High (CSGH): The CCU activates ‘'CSGH’ in response to
‘CSRH’ for the purpose of selecting a scanner for an AlO operation, and
receiving a ‘CSCW’ from the selected scanner.

"CSGH’ will be deactivated by the CCU when ‘valid halfword’ is received from
the scanner.

Cycle Steal Grant Low (CSGL): The CCU activates "CSGL’ in response to
"CSRL’ for the purpose of selecting a channel adapter for an AlO operation, and
receiving a ‘'CSCW’ from the selected channel adapter.

‘CSGL’ will be deactivated by the CCU when “valid halfword’ is received from
the channel adapter.

Input/Output (1/0): The ’l/O’ line is activated by the CCU to indicate either that
an 1/0 operation is about to start on the 10C bus, or that one is in progress.

IBM 3745 Hardware Maintenance Reference (HMR)
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For any I/O operation, ‘I/Q’ is the first line activated and the last one deacti-
vated.

When the ‘I/0O’ line is active, all adapters should remove any interrupt requests
on the data bus until the 1/O is deactivated.

Halt (HLT): The CCU activates the "halt’ line to indicate to the selected adapter
that the CCU has detected an error condition associated with the current opera-
tion.

The CCU will activate the “halt’ line after 'TA’, ‘'CSGH’, or ‘CSGL” has been
deactivated. The CCU will deactivate the ‘halt’ line when it deactivates the ‘I/O*
line. The selected adapter will terminate the current operation and set a check
bit active in its status register.

Out (R/W): The CCU activates the ‘out’ line, while the ‘I/O’ line is active, to
indicate that the direction of information on the data bus is outbound from the
CCU. The CCU deactivates the ‘Out’ line to indicate that the direction of infor-
mation on the data bus is inbound to the CCU.

Valid Byte (VB): A selected adapter will activate the ‘valid byte’ line during an
AlO operation to indicate a byte transfer instead of a halfword transfer. The
valid byte of information will be data bus byte 1.

Valid Halfword (VH): In some places the term "valid’ is used in place of "valid
halfword’. A selected adapter will activate the "valid halfword’ line in response
to the activation of the ‘'TA’, ‘'TD’, ‘'CSGH’, or ‘CSGL’ line from the CCU.

‘Valid halfword’ line active indicates that the adapter has either placed informa-
tion on the data bus or has received information from the data bus. It also indi-
cates that the CCU may deactivate its control line.

All adapters will activate “valid halfword” when the CCU deactivates the "1/0*
line, and deactivate ‘valid halfword’ when the CCU activates the "I/O’ line.

The CCU will proceed with an 10 operation after all adapters have deactivated
‘valid halfword’. A selected adapter will activate the “end of chain’ line instead
of ‘valid halfword’ for the last halfword transfer of an AlO operation.

End of Chain (EOC) ‘End of chain” active indicates that the AlO operation should
be concluded and that the adapter has either placed information on the data
bus or has received information from the data bus.

Modifier (M): A selected adapter will activate the ‘'modifier” line with “valid byte’
line for the last byte transfer of a AlO operation.

‘Modifier’ line active at this time indicates that the AlO operation should be con-
cluded.

Parity Valid (PV): A selected adapter will activate “parity valid’ to indicate to the
CCU that it wishes to have parity checking of data inbound to the CCU.

If “parity valid’ is active and bad parity is detected by the CCU, the CCU will
activate the "halt’ line.

If “parity valid” is deactivated and bad parity is detected by the CCU, the parity
is corrected, the data is stored, and a status bit is set.
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CA IPL Detect (CAIPL): A CA adapter will activate this line when it detects a
"WRITE IPL” command on the host interface. When the CCU receives this
signal it will raise a Level 1 interrupt to MOSS.

Reset (RST): The MOSS may activate the ‘reset’ line at any time to initialize all
adapters. This initialization will cause all adapters to immediately terminate
current operations, go to a ready state, and prepare to respond to PIO com-
mands.

Data bus bytes 0 and 1: The data bus is halfword wide with 18 bidirectional
lines. Each of the two bytes (0 and 1) contains 8 bits plus a parity bit (0-7,P).

Information is transferred between the CCU and the adapters in either direction
when the ‘I/O’ line is active.

Four bits of the bus are used for an additional function when the I/O’ line is
deactivated, as follows:

* Byte O bit 1 = LAs Level 2 interrupt request to CCU.
* Byte O bit 5 = CAs Level 1 interrupt request to CCU.
* Byte 1 bit 0 = CAs Level 3 interrupt request to CCU.
* Byte 1 bit5 = LAs Level 1 interrupt request to CCU.

The adapters activate their interrupt requests to the CCU using these paths, but
only when the ‘I/O’ line is inactive.

The CCU will sample the data bus for interrupts after activating the “TD’ line,
while the ’I/O’ line is inactive.

Scanner Interrupt (Scan Int): Interrupt level 4 generated by the line adapter to
the MOSS (MPC).

Physical Interconnection

3-8

The physical interconnection is made by board wiring.

See Figure 3-2 on page 3-4.
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DMA Bus

This bus is used to transfer data from/to CCU storage to/from the high-speed
adapters (FESH cards).

This DMA bus is routed from the SCTL card to the FESH card(s).
See Figure 3-4 for details.

Physical Interconnection

Storage SCTL PuC
DMA Bus
FESH cSP p—
FESH CSP +—
TERMD

Figure 3-4. DMA Bus Physical Interconnection
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Interconnection Layout

FESH

SCTL Request (1)
Card |«
Grant (1)
valid (1)

Read/Write (1)

<4

Data Bus In/Out (18)

Ready (1)

A 4

Byte Select In/Out (1)

v

&

Turnaround (1)

A 4

SCTL Clock (1)

v

FESH Clock (1)

v

4

Error (3)

(): The figure in parentheses indicates the number of wires in the line

function.

v

Figure 3-5. DMA Bus Interconnection Layout

DMA-to-SCTL Bus Line Function

3-10

Line Function SCTL | FESH
Request (1) . X
Grant (1) X .
Valid (1) X
Read/uWrite (1) . X
Data Bus (18) Out X .
In . X
Ready (1) X
Byte Select (1) Out X .
In X
Turnaround (1) X
SCTL Clock (1) X .
FESH Clock (1) . X
Error (3) X
Legend:

(): The figure in parentheses indicates

the number of wires in the line function.

x : Signal from.

Figure 3-6. DMA Bus Line Function
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The following is a short description of each of the lines in the preceding
summary tables.

Request: Each request indicates that a FESH requests a DMA service (such as
a Write or Read data transfer). Write means that storage will be written. Read
means that storage data will be sent to the adapter.

Grant: Each grant indicates an answer to a request.

Valid: Indicates that the grant has been taken into account by the adapter and
that the DMA data transfer can start.

Read/Write: Indicates the direction of the DMA data transfer.

Data bus: 18 bidirectional lines. Used to transfer the CCU address and burst
length from the selected adapter, and to support the data transfers.

Ready: It is an envelope of the actual data transfer, (if the ready bit is ON there
is a data transfer).

Byte Select: One bidirectional line. Indicates that only one byte is transferred
in the last halfword data transfer. ’

Turnaround: Indicates a read data transfer.

SCTL Clock: Synchronizes the DMA bus operations.

FESH Clock: It consists in the SCTL clock gated by the valid tag in the FESH.
Errors: Used to report errors to the adapter.

See Chapter 5, “High Performance Transmission Subsystem (HPTSS)” on
page 5-1 for details.
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DMA Bus During Read Operation

+ Read/- i.-!m'te——————————-J

+ Request -—J

cserLoeek W ULy Ly L L L

H C| A Delay D1{ D3} D5} D7| D9|D11 0131 Dx H
+ Data Bus 0 _
H Al A Delay D2| D4| D6| D8|D10|D12 0141 Dy H
+ Data Bus 1 -
+ valid 1 L
+ Ready L———-—~—
+ Turnaround L————————
H H H
+ Byte Select
+ Error (3)
= Address
= Count
Data

A
C
D=
H
D
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DMA Bus During Write Operation

+ Read/- Vrite

+ Request ——J

+ Grant —————J L————
csetlcr LU UYL Uyt
Y FEsH ok —— LT LT UL L

H C | A | D1| D3] D5 071 Dx Delay H
+ Data Bus 0 -
H A | A | D2| D4| D6 DSI Dy Delay H
+ Data Bus 1 -
;(::D + Valid —————————J l

+ Ready ——I l

+ Turnaround

‘ H H
‘ 0 + Byte Select —————
+ Error (3)
= Address
= Count
= Data

It

High-impedance driver 3 states

A
C
D
H
Delay = Delay to transfer data to storage
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PIO Operation

PIO Operation Sequence

A PIO operation to control a channel or an LA operation may be started either
by the control program in the CCU, or by the microcode in the MOSS.

PIO Initiated by the CCU

During such an operation two halfwords (address, command. and data) are
exchanged with a selected adapter.
A PIO operation has four steps:
1. IOH or IOHI instruction decode
2. 10C initialization
3. Adapter addressing and selection
4 Data transfer:
Write = from CCU
Read = to CCU
At step 1:

* Instruction code 50 = IOH with R1 and R2.
e |nstruction code 70 = |IOHI with R1 and the second halfword of the instruc-
tion whose contents go into the D register.

PIO Initiated by the MOSS

MIOH/MIOHI instructions are equivalent to IOH/IOHI instructions except that:

1. The MOSS initiates the operation.
2. R2 contents are found at the LS address given by the LSAR at TA time.
3. The MDOR receives or sends at data TD time instead of R1.
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P10 Operation Sequence (Initialization)

When all VH are dro

TA dropped

pped, TA—»>

ccu 10C ADAPTERS
I OH INITIALIZATION
R2|R1 I0H/I0HI 10 —»
decode Ciear DBO DB1
(Data Bus) CAs
and LAs
CCU WKRs Removes any interrupt
requests
<«—]RR from all the
—1—| R2 contents to B Reg adapters
R2| 0|1
—_— l BUS CLEARED
0 DBO
—_— DBl ===
—»R1| 0 | 1 01 788 F
ek | 4
Adapter _I_ I— R/MW —>
Address Read =1
Write=0
Cmd

DBO-1 read by adapter
<+—VH raised by
selected adapter

BUS CLEARED

|<—VH dropped

R2
R1

Address field
Data field

Chapter 3. Buses




PIO Operation Sequence (Data Transfer)

Local Store

Value
equiva—
lent to

R2
contents

IOH
— LSAR

MDOR E—

> e |1 F——

If Read:

D dropped ——»

10 dropped ——»
R/t dropped ——»

ccu IoC ADAPTERS
DATA TRANSFER
If Write:
R1 contents to D Reg
1 R/M —>»
DBO
Data Data DBl ===»
TD —»| Selected adapter reads
DBG DB1
<«— VH from selected
MTIOH adapter

<+—VH dropped

BUS CLEARED

Data

MICH

D dropped —

10 dropped —
BUS cleared—»

0 —»

<+— VH

Data + Parity

<«===DB0
DB1

«—PV

«—VH

The CCU waits for VH
to sample data on DBO
and DB1.

If PV is raised the
parity has to be
checked by the CCU.
If PV is not raised
the CCU generates

the parity.

<+—— VH dropped

<«— IRR dropped
<«— VH

ADAPTER DESELECTION:
<— Interrupt Request
if any

<+—Cycle Steal Request
if any
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P10 Read (Halfword Adapter)

ouT

10C DATA BUS l ADDRESS | | DaTA I

0 byte 0
bl

10C DATA BUS l COMMAND DATA

byte 1

PV l Insignificant |

Scan. Int.

i @ PIO Write (Halfword Adapter)

10C DATA BUS l ADDRESS | DATA ]
byte 0 -
10C DATA BUS | COMMAND | DATA l
byte 1 )
PV
L
Scan. Int.

Note: Line explanation is given starting on page 3-6.
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AlO Operation

AlO Operation (Cycle Stealing)
During such an operation. several units of data are exchanged between CCU
and adapter storage without CP intervention. The maximum burst of data trans-

ferred is 256 bytes.

A selected LA provides the storage addresses at which the data bytes are to be
stored. For this purpose, a pointer is shared by all LAs cycle steal control word
(CSCW).

This information is first placed in the adapter registers by the control program,
using the IOH/IOHI instructions in PIO mode.

A selected channel adapter uses its dedicated pointer which was first loaded by
the control program.
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AlO Operation Sequence (Initialization)

O

ccu 10C ADAPTERS
Registers
Adapter registers Byte count

preset to prepare sub-—
sequent AIO operation.——— PI0 mode ————|Storage address in Read
I0H/IOHI decode and
execution. Storage address in Write

0 INITIALIZATION
<+— (SR

AIQ operation starts 10 —»| Adapters remove any
interrupt requests.

AIO mode

The objective is to
clear DBO DB1 for any
interrupt request.
<«— IRR from all
adapters

VH dropped

l BUS CLEARED
0 CSG —>»—Adapters are cabled
in priority order,
and the reguesting
adapter with the
highest priority
keeps the 'Grant'.
Example:

Adapter [No
1 request

0 Adapter
| 2 Request

Adapter
3 Request

CSG is chained

and only adapter 2
proceeds with the request.
(See Table 2)

<«— CSR of the selected
adapter is dropped.

Table 1

O
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AlO Operation Sequence (CSCW Transfer)

Is parity correct ?

Yes No = HALT —»

l

B register contains CSCW

000 |00

02 34 l 67 8 ABEF

ccu 10C ADAPTERS
CYCLE STEAL CONTROL WORD
TRANSFER (CSCW)
DBO
<=== DBl
<«— VH

<«— PV if LA AIO
If CA AIO, PV may be
OFF but the parity
must be correct and
the CCU checks it.

CA =0 I
LA =1 1 = only byte 1 in this control

Type of operation word is valid.

0

both bytes of this control

word are valid.

Pointer LS register number
only for CA. If LA, pointer
register contains the address
bytes X, 0, and 1 which are
loaded to SAR.

CSG dropped

VH dropped  (See
Tables 3-1 and 3-2)

Table 2
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v

ccu I0C ADAPTERS

STORAGE ADDRESS TRAMSFER

]

|

I

|

i

I

!

T S B E—

f{__ SAR e——| X o | 1 |

‘ — d L : No address data:

i | ——— | l j f only POINTER NUNBER
! < INCREHENTER —

I —_ l | from

‘ v l i control
, v o ey | word (CSCH)
I Main Storage | < for CA
I | LS !

| | |

I

|

For data transfer in
Read mode, see
Table 5.

For data transfer in
 Write mode, see
Table 4.

Table 3-1

AlO Operation Sequence for LA (Storage Address Transfer)

ccu 10C i ADAPTERS
_ | .
STORAGE ADDRESS TRAHSFER l
| «— PV
[« VH
m —>
- -mo———-——— 4===Address byte X
i TD dropped ! VH dropped
! | ¢—VH
i i) ____,f
l r~—-—v<*f~v~47‘<===Address bytes 0,1
v v ! VH dropped
— ——— i
SAR le——rd X 0 1 1 E i
. _ ) |

i
'« THCREMEMTER ——
e

|
i
|
v
Main storage.
For data transfer in
Write mode, see
Table 4.

For data transfer in
Read mode, see
Table 5.

Table 3-2
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AlO Operation Sequence (Data Transfer in Write)

ccu

10C

ADAPTERS

Main storage

Cycle Steal
L »

Cycle Steal

o

DATA TRANSFER — Write mode: CSCW (8)=0

B Reg

m—

Data

Data

DB1

LAST DATA TRANSFER

B Reg

TD dropped

m —

Data

Data

DB1

TD dropped
BUS CLEARED

10 dropped

mn —

DBO ===»

loop

<+— VH

VH dropped

Last byte or last
halfword 7
Yes No ——»—

i

“— M .
<+— VB . +— EOC

DBO ===»

M dropped .EOC dropped
VB dropped.

ADAPTER DESELECTION:

<+— VH
<+— [RR dropped

<+— Interrupt Request
if any

<+—C(Cycle Steal Request
if any

Table 4
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AlO Operation Sequence (Data Transfer in Read)

(A] 10C ADAPTERS

Main storage

DATA TRANSFER - Read mode: CSCW (8)=1

m—
<«— PV <+
611 <+— VH loop
B Reg
Cycle Steal DBO |€===
/ / - Data Data DB1
. m —
‘ 01 |e VH dropped
; If bad parity: HALT —»
i TD dropped
? Last byte or last
' hal fuord?
|
P Yes No ——
i LAST DATA TRANSFER l
i m— . halfword
‘ ‘[::D <« PV . «— PV
<« M
<+« VB . +—— EOC
Cycle Steal DBO | ===
‘"——————1 Data Data DB1

| o —»
i BUS CLEARED
¥ If bad parity: HALT —»

M dropped .EOC dropped
VB dropped.

TD dropped
10 dropped

ADAPTER DESELECTION:

<+«— VH

<+— IRR dropped

m —»

<+— [Interrupt Request
if any

<+—C(ycle Steal Request
if any

Table 5
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AlO CA Read Indirect Operation (8-Byte Transfer)

3-24

I0

ouT

IRR

VH

CSR

CSG

D]

10C DATA BUS

CSCw

byte 0

I0C DATA BUS

CSCw

byte 1

EoC

PV

Note: The last data (byte) is in bytes 0 and 1 {(same data in bytes 0 and 1
during the inbound operation (VB + M tag).
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0 AlO CA Write Indirect Operation (7-Byte Transfer)

10

out

IRR

|

VH

CSR

CSG

10C DATA BUS esecw | o ] oA | T | A

byte 0

10C DATA BUS csew | o S N ¢

0 P

EOC

byte 1

VB

Note: The last data (byte) is in byte 0 during the outbound operation (VB+M
tag).
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AlO Direct/Indirect LA/TRA Read (16-Byte Transfer)

3-26

10

ouT

IRR L

10C DATA|CSCU|ptrl|ptre| D | A ] |17 | |A]

BUS byte ©

10c DATA|cScu|ptrilptre] D | | A | | T | | A |

BUS byte 1

EOC H

PV

Note: The last data (byte) is in byte 1 during the read operation (VB +M tag).

IBM 3745 Hardware Maintenance Reference (HMR)
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AIO Direct/Indirect LA/TRA Write (16-Byte Transfer)

o | L
| nl
m | L

VH

10¢ DATAlCSCw|ptr1|ptr2l o | 1A |t fa] I
BUS hyte 0
10¢ DATAlcscwlpmlptrz{ o | la | T |a I—I
BUS byte 1

I
o

AlO TRA Read Direct Operation (2-Byte Transfer)

o |

ouT

I

|
—
—

I N

CSR

o] i

10C DATAQ 1 csew | DATA |

10C DATAL l csor | DATA I

£0C l
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Bus Propagation Cards (BPC1/BPC2)

Configuration Rules

The bus propagation cards type 1 or type 2 (BPC1/BPC2) are installed on basic
board 01G-A1 according to the 3745 model and its configuration.

3745 Model 130
e CAL cards:
One BPC1 is required in positions A2 and E2 for TPS.

e CSP/TRM cards:

— If no TRA is installed:
No BPC1 or BPC2 installed

— If one TRA is installed:
One BPC1 is required in position Q2.
One BPC1 is required in positions R2 and T2, if no CSP is installed.
One BPC2 is required in position P2.

— If two TRAs are installed:
One BPCH1 is required in position Q2.
One BPC1 is required in positions R2 and T2, if no CSP is installed.

3745 Model 150
One BPC1 is required in position T2, if no CSP is installed.

3745 Model 170
e CAL cards:
One BPC1 is required in positions A2 and E2 for TPS.

* CSC/CSP cards:
— If no TRA is installed:

— If no CSC is installed in position Q2:
No BPC1 or BPC2 installed

— If a CSC is installed in position Q2:
One BPC1 is required in positions R2 and T2, if no CSC or CSP are
installed in these positions.

— If a TRA is installed:
One BPC1 is required in the free positions of the CSC and CSP cards.
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Adapter Addressing

Logical Adapter Address

A logical address is composed of:

« Type address

« Adapter group

* Slot.
The address is valid at IOH/MIOH command time, in PIO mode. This command
is generated by the control program or the MOSS.

* The type address defines the kind of adapter (LA or CA) addressed by the
control program, at TA time (and TD time for the CA) of the IOH.

« The adapter group defines the group of two adapters (LA or CA) on the |IOC
bus contained in the 3745.

* The slot gives the position of the adapter in the adapter group on the 10C
bus.

Physical Address Wiring
The logical address sent on the 10C bus at TA time is compared by each
adapter with its proper physical address.
* The type address part is provided by the logic of the adapter card.

* The slot and the adapter group part, (the bit of lowest weight), are
imbedded in the printed circuit of the board.

¢ The adapter group part. (the remaining bit(s) of higher weight), is provided
by the board.
The physical address of each adapter is provided by the following:
¢« WU is the I0C bus connection: I0C1 (WU = 0).
« WS is the slot wire: Position 0 or 1 in the group.

e WG1, WG2, WG3 are the group address wires.
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CA Addressing

PIO Mode
The number of CAs to address is four.
The IOH OUT 07’ is the only one which selects a CA. The definition of the
IOH/MIOH bit pattern is:
¢ Byte 0, bit 0 of TA time is the IOC connection:
0 = 10C1
* Byte 0, bits 1-4 is the type address: Code = 000 1 for all CAs
* Byte 0, bits 5-7 and byte 1, bits 0-7 is the
command code = 0000111x0xx
« Byte 1, bit 4 indicates the origin :
0 = Control program (IOH) /N
1 = MOSS (MIOH) "
¢ The remaining part of the address is contained in the TD field. Only the
MIOH command ‘07’ is able to select a channel adapter with the following
convention:
— Byte 0, bit 2 is equal to 1 to select a CA indicated by byte 0, bits 4 to 6.
— Byte 0, bits 4 and 5 is the group address:
00 = CA Group 1
01 = CA Group 2
— Byte 0. bit 6 is the siot address. )
0 = Siot 1 o0
1 = Slot 2 NS
Note: In case of TPS, the B interface uses the slots of the following CA, part of
the same CA group. The address of the CA replaced by the B interface is lost.
I0C bus at TA time I0C bus at TD time
Byte 0 Byte 1 Byte 0 Byte 1
0(112(314(5(6(7{0]1|2}3]|4|5]|6|7 011{213(4|5{6|710]1(2]|3]|415{6|7 VR
U[O[B[O|T[XIX|XIX|X|X{X]X|0]|X]|X X(X|1T{O]|G|G{S|X[X|XIX|X[X{X|X|X N
[ Type L Command T— Slot
address — Group address
10C Select CA
GG =00 | GG = 01
S=0 [S=1 [S=0 (S=1
I0C1 CA| CA|CA|CA
U=0 | 05|06 | 07 | 08
C
[
3‘[
i
|1
i
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Channel Adapter Addresses

10C bus at TA I0C bus at TD
time time
Byte 0 Byte 1 Byte 0

&
<

v
4
v
v

&
<

0(1|2{3{4|5(6/|7/0|1|2{3|4{5(6|7|]|0[1]|2|3|4|5]|6]7

CAU000100001110000 0(0{1|0({G|G|S|0
65 [0|0|0j01|0(0|0jO(1|1|1(0|O(O|C 1| (o|o}0
06 |0(6j0(0|1|0(0|0(O[1|1{1|0(0]|0|O 1| {00}l
07 (0|0jojofl|efo|ejaf1jlj1(o|o|o|0 1 {0]1|0
08 |o]ojo|of1l]o[o|eje|1)|1|{1je|0|0|0 1| j0]1]1

MOSS Screen CA Address Display: As an example, address 0800 for CA 5A
displayed on the MOSS screen is composed as follows:

0800
O v
xxxx 000x = Byte 0 at TD Time,

. Bits 4-5 (GG) = 60 and
. Bit 6 (S) = ©

\
‘ 0000 1xxx = Byte 0 at TA Time,
h . Bit @ (U) =0 and
. Bits 1-4 (Type Address) = 0001
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Line Adapter Addressing (LSS and HSS)

P10 Mode
The number of LSS to address is six (LA3-4 and LA9-12).
Two high-speed lines can be installed in the system at line adapter addresses:
LA 3 and LA 4.
See Figure 3-2 on page 3-4
The HSS are addressed like the LSS.
The LA address is defined at TA time of the IOH.
The line addresses for this LA are given at TD time.
The LA address is given at TA time of the IOH.
* Byte 0, bit 0 is the IOC connection:
0 = 10C1
* Byte 0, bits 1-4 is the type address and slot indicator.
Three type addresses, 0010, 0100, and 01 10 are recognized by the
line adapters.
Type address 0 1 1 0 has the meaning of command broadcast to all LAs.
Bits 2 and 3 also have a meaning for the slot identification:
Bits 2-3 = 01 indicates slot 1 in a group address of the I0C bus.
Bits 2-3 = 10 indicates slot 2 in a group address of the IOC bus.
Bits 2-3 = 11 broadcast to all LAs.
e Byte 0, bits 5-7 is the group address. The group address identifies a pair of
scanners. Three group addresses are used:
001 = Group address 2
010 = Group address 3
011 = Group address 4
I10C bus at TA time
Byte 0 Byte 1
4 P
011121314]5|617|10]11]12]|314|5{6|7
uleisisie|G|G|G|C{C|C|C|C|C|C|C
|—- Group —— Command
address
—— Type
address
10C
3-32 IBM 3745 Hardware Maintenance Reference (HMR)
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G=001|G=610|6=011
SS[SS|SS|SS|SS|SS

6ij10({01{10(01(10

10C1 [LA|LA[LA|LA[LA|LA
U=0 |03{04|09(10(11|12

I10C bus at TA time
Byte 0

LA Hex

03 |ofojo|1j0|@{0|1] 11

04 |0|0j1]0]6|0]0|1f 21.

09 |B|oj0i1|E{0|1]{0] 12

10 |o|o|1je|0|0|1i6| 22

11 (6|o|of1|0f{O]1|1| 13

MOSS Screen LA Address Display: As an example, address 12 for LA 9 dis-
played on the MOSS screen is composed as follows:

12

O !

0001 0016 = Byte 0 at TA Time,
. Bit @ (V) = o,
. Bits 2-3 (SS) = 01, and
. Bits 5-7 (66G6) = 010
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LIC Board Addressing

The LIC board address is set with a seven-position switch located at the A1
position of the LIC board.

For location, see page YZ038 or YZ039.

Switch

0 1
OFF ON

6| | —I For LIB2 only.
» Not-used.
7 ‘ ’I Must be set to the OFF position.

Switch Position for LIB1/3 Type (LICs 1-4)

Board Switch
Location 1 2 3 4 5

01IM-Al 1100|060
01M-A2
01L-A2 ejlejoej1fo

(<}
(o)
o
D

Switch Position for LIB2 Type (LICs 5-6)

Board Switch
Location |1 2 3 4 5 6 7

81L-Al 1{1(0]06|0]|06}O0
01L-A2 6(1470]06}0610]0

Figure 3-7. LIC Board Addressing Switch Position
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Line Addressing

Line Numbering

The line address used by the control program is composed of the LA address,
previously defined, and of the LIC/PORT address given at TD time of the' IOH
using byte 1, bits 2 to 7:

Depending on the configuration, two cases of line numbering are possible:

1. The floating LIC board 01L-A2 is LIB1 type (LICs type 1-4).

Possibility of 96 lines, LICs type 1-4 and 16, lines LICs type 5-6 numbered as

follows:

32
LIC 1-4
01M-Al

63

80

LIC 5-6
01L-Al1

95

00
LIC 1-4
01M-A2

31

128

LIC 1-4
01L-A2

159

2. The floating LIC board 01L-A2 is LIB2 type (LICs type 5-6)

Possibility of 64 lines, LiCs type 1-4 and 32 lines, LICs type 5-6 numbered as

follows:

32
LIC 1-4
01M-A1

63

80

LIC 5-6
01L-A1

95

00
LIC 1-4
01M-A2

31

64

LIC 5-6
01L-A2

79

Chapter 3. Buses
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LIC1 LIC3 LIC4A and LIC4B Addressing

I0C bus at TD time

Byte 0 Byte 1
44— - —— g -~ . P
EPE PR IRIN US DRSS I
0}1]2 3 45617 0/1,2}3 4 5]6 7i
m (RRAARN AR
10,010:0,0{0/0,0°0,0/E LlLrPIP I
e R _l__L 1.1 1

* Byte 1,

— Bit
— Bit

« Byte 1,

— 00
- 01
- 10
- 1

* Byte 1,

— 00
- 01
~ 10
- 1

IR

\ i LA,L__ Transmit/receive
L‘_ Port on the LIC
[ LIC position

-- HUX extension

bit 2 identifies part 1 or 2 in the LIC board (MUX extension).

2 = 0 the scanner controls part 1 in the LIC board
2 = 1: the scanner controls part 2 in the LIC board.

bits 3-4 indicates the LIC position in part 1 or 2.

= First LIC in part 1 or 2
Second LIC in part 1 or 2
Third LIC in part 1 or 2
= Fourth LIC in part 1 or 2

bits 5-6 indicates the port of the LIC.

= First port
= Second port
= Third port
= Fourth port

LIC Type 1 and LIC Type 4A have four ports.
LIC type 3 and LIC type 4B have only one port.

* Byte 1,

bit 7 indicates the transmit or receive address.

— When bit 7 = 1: receive address.
— When bit 7 = 0: transmit address.

1
];— 00
H 01
U
X 03

LIC Position

2 3 4 5 6 8

7
l0a] [os] [12] [16] [20] [2a] [26] pp - 00

105 09 13 17 !21 25 29l PP = 01

’06 10 14 18| 122 126 30’ PP = 10

I07 11 15 19 23 )27 31; PP =11

— — — RN S DR S P

LL=00! LL=01 { LL=10’LL=11 |LL=00!LL=01" LL=10| LL=11

Part 1, E=0 Part 2, E =1
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3-37

[%2]
k ]
(2]
3
a
E [ap]
—
]
-
Q.
3 3]
e
] O
3 » — [aa] [¥s) ~ [=2) (&S] (=) L — [a2] w M~ (2] [==] [=} [ — 2] wy ~ ()] o0 o (¥ — ~ v r~ (=] [aa) [an) [
R M o (=] o [=) o o [=} o — — — — — — — — N ~N ~N ~N ~N ~N ~ o~ o~ ~™ laa] [aa] o [ag] [aa] (a2
E £ b = —t —— — e e e e
o - — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
E - — e e - - R RS S .
4 ....d. o o - o — o — (=] — o - o — o - o — o — o — o — < — o — o — [} — o —
ﬂ - o o o — — o o — — o o — — o o — — o o — — o o — —t o o — — o o — —
RS SR I GRS Ey S S - (S oG VOV VA S SRS i SESADS SR S S MRS WM S S S - - . . M
M- © -l o (=] o [==} - - -~ ~ o o o o — ~ - — Q [ (o= o — — — — o (= (=4 (=] — — — —
= —t -
o ﬁL o o o o [=} o o o — — — — — — — — (=) o o o f=} (==} [e=) o — — — — — — — —
E > @ w o o o o (=) o o o o o o o o o o o — — — — — — — — — — — — — —
- e = " e N S S SR BN S SO R O S O
W o o o o o o o o o (=} o o o o (=} o o o o o o o (=] (=4 o o (=4 o (=] o [e=} o (=}
= = U T4 Sy G S Y g G R g S Mg
h o o o o o o o o o o o o [=) o o o o (=] (=] o o o o o o o o o o [=] (=} o
E b — e g— = - —t = A SV g S g S
o [
= c (=3 - o [»a} < w0 O ~ xQ (=)} o — o~ [aa] ol w [t ~ @© o o — o~ o < w o ~ @K [=2) (=] —
N ..U o o o o S o o (=) o o — — — — — - —t — — — N N [gV} ~N ~N ~N ~N o~ N ~N [ae} [ap}
3
3 a — PN QRN SU—
* (=4 o o o @K << <« wt o ~N st = o« <€ « w o I\ <t O fecl <C < ] o N <t e @ <C Q w
M o o o [=] < o (=] o — — — - — — - — o~ N o~ o ~N ~ ~N o~ [ag) [ag] lagl [ag) (28] [ag} ™ [ag}
5
N.Iu [ (=] o (=) (=] (== o (=] (= (=] o [ =] o (=] o (=} (=) o o (== [=] o (=] (=] (=] o (=} o o o o (=} o
n a. o — o - o - o —t (=] — o - o Ll (=] — o — [} - o — (=) — (=] — < — o — o —
@ al ool w | wlTolTo |~ wleolol e |lol~| oo~~~ &cT ol oo~ lol -1~
o - -1 -1 AL O S NN P S S E P A 8 R Sy e T S S ST T s " S B - -
o © -l (=) (=] Q (=] = — o o o (=] — — — — o o o o — — — — (=] (= o [=) — — — —
PR ESiap U P ISR s SRV R SR S S I oo IR I
E o ﬁ -t o (=] o o o o o o .|.|_ Ll — — — — — — o o o o o o o o — — — ~ — — - —
E — [ Sy S e Sy s St S Dty SRS WL S PRSI KSR — — — T -
3 m © w o (=] (= [e=) (=) o o (o) o o o (=] o = (= o — — — -~ - — — — — —t — — — — — —
E FY SR W N S S S S ———
E m (-] o o o o [+=] o o o o o o o (=) [=) < Q o o o o o =) o o [=) (=] o o o o o o
3 Gy PR B Gl I S I O S G VB S i S B S G Y RS P g 0 S O i GO S S [ S S T S G S SRR G S B
E .” (=] o o o [==] o o o o o (=] o o o o = o [=] o (=] o o [} o o o o o o [} o o (=1
3 o @
3 = = Q - N [2a) < [Ya) o ~ oo D o — o [22] < el e} ~ (o] (=3} (=] — o~ ”m < e O ~ @ (2] o -
.N H o o o [==] [ae] o (=] o o o — — — — — — — — — — ~N ~N ~N o~ ~N ~ o~ o~ o~ ~N [as] ~
3
(=]
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LICS and LIC6 Addressing

3-38

I0C bus at TD time

Byte © Byte 1

7 N

A
v

v

L Transmit /receive
Port on the LIC

LIC position
MUX extension

* Byte 1, bit 2 identifies the LIC board in the LIC unit.

— Bit2
— Bit2

* Byte 1, bits 3-5 indicates the LIC position in the LIC board.

— 000 =
— 001 =
- 010 =
- o011 =
— 100 =
— 101 =
—- 110 =
— 111 =

0: the scanner controls the lower board in the LIC unit.
1. the scanner controls the upper board in the LIC unit.

LIC position 1
LIC position 2
LIC position 3
LIC position 4
LIC position 5
LIC position 6
LIC position 7
LIC position 8

« Byte 1, bit 6 indicates the port of the LIC.

— 0 = First port
— 1 = Second port

LIC type 5 has two ports.
LIC type 6 has only one port.

« Byte 1, bit 7 indicates the transmit or receive address.

— When bit 7 = 1: receive address.
— When bit 7 = 0: transmit address.

IBM 3745 Hardware Maintenance Reference (HMR)
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LIC Position

Port Position for LIC Type 5 and LIC Type 6 at 9.6 and 19.2 kbps

LIC Position

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
— e — ——
S m 66 68 70 72 74 76 78 | E“ g(; 82 —8—4} 86 88 90 92 94
I I B i el R ~| e=0|n = = P=0
u : | U !
T Tty ey — = - -
A 65 i 67, (69 |71 |73} |75 77 1791 B 81 83| 1|85 87 (89; 191 93 95
J— === ] e — ~J— —| =l =] |—] (P2
1 O X s e A
LLL = 000 001 o010 011 100 101 110 111 LLL = 000 001 010 011 100 101 110 111
| Lower Board E =0 l l Upper Board E =1 ‘
Port Position for LIC Type 6 at 56 kbps
LIC Position LIC Position
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
A ———— e o o o 1 — 1 — —— [ ] —
S 64 68 72 76 S 84 88 92|
M ol et I el B e I e B e B e il et B - I T e B e e e I S B B —| *—| |p=0
U U
X —t =l 1= = = = = X = === =
A B
LLL = 000 010 100 110 LLL = 000 010 100 110
| Lower Board E = 0O I Upper Board E =1

* = The LIC cassette can be plugged in an odd position only.

For plugging restrictions refer to “LIC Type 6, Plugging Limitations” on page 4-10.
Note: LIC type 5 and LIC type 6 are installed starting from line address 064.
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TSS Line Addressing for LICs 5-6

3-40

During Transmit Operation

During Receive Operation

i . Byte 1 ‘j ’ Byte 1
Line io‘D‘EiLEL L;P I! Hex Line 0 OIE»LELIL‘PjI Hex
64 10?050;0:0 olojo| oo 64 o ofoio olojol1] o1
65 050?0}0 olol1lo] o2 65 (0/0/0l0]0jo/1]1] 03
66 ogoiololo 1jolo] 04 66 |0lolojofo|1}oi1] o5
67 0/0/0lo/of1]1]o] o5 67 |0l0/0,0{0/1[1]1] 07
63 |0/0 0]o/1]olofo! o8 68 |0/0/olo/1]ojo[1] o9
69 |o/ololo|1]o/1]0| oa 69 0lojojoj1]o|1|1] oc
70 joj0i0j0[1]1joj0] oc 70 0/0{0,0({1{1{0[1| 0D
71 lolo'ofol1]1l1]o] o 71 |ojojojo|1{1|1]1] oF
72 |olojo|1}olololo| 10 72 |ojojo{10/0f0l1] 11
73 |olojo|10/01]0] 12 73 |ojofol1]ojo[1]1] 13
74 |olofo]1]0]1]olo] 14 74 [ojojo|1]o]1|o[1| 15
75 [ojojo|1]o[1|1]0| 16 75 [olojol1]o}1|1]1] 17
76 |ololo{1]1[ojo]o| 18 76 [ojojo|1]1]olo]1] 19
77 lojolo}1[1lol1]o] 1a 77 [olojo|1|1]o|1]1] 18
78 lolo|o[1]1|1]o]o| 1c 78 [o/o]o|1]1[1/o[1] 1D
79 |ojolo|1]1]1]1]o| 1E 79 lojojo|1|1|1{1]1| 1F
80 |olo/1]o|ojojoo| 20 80 [ojo|1{o[ojojo[1] 21
81 |olo|1]oc]o|1|0| 22 81 [ojo|1]o|olo|1]1] 23
82 |ojo|1/o]o|1|o]o| 24 82 [ojo|1|o|o|1|o]1] 25
83 |oloj1]ojo[1|1]0| 26 83 |olo|1|o[o[1|1]1] 27
84 |ofoi1]o/1[0jojo| 28 84 |0jo|1jo[1]ofo1] 29
85 |ojo1[o[1]o|1]0| 2a 85 |olol2(o[1]of1]1] 28
86 |0oj1]o1]1/0]0| 2 86 |ojo1{o[1]1fo1] 28
87 |ojol1jo{1]1|1]0| 2t 87 |ojoj1o|1(1|1{1] 2F
88 |ojo/1|1]o[o/o|o| 30 88 |o|oj1]1]ofojo{1] 31
89 |ojo|1|1]ofo|1]0| 32 89 |ojoj1/1]ojo[1]1] 33
90 |o|o[1|1{o[1/0]0| 34 90 |[ojoj1|1]o[1jo[1] 35
o1 lolo[1|1]o[1]1]0| 36 91 [ojo|1|1]o]1|1]1] 37
92 |ojo|1|1]1]0/0]o| 38 92 |olol1]111]ofo|1] 39
93 |ojoj1(1]1]o/1l0| 3A 93 |olol1]1{1]0j1|1] 38
9 |olo[1]1]1]1/0]0] 3c 9 [olo1|1{1]1j0]1] 30
o5 |o|o[1|1]1]1]1]0| 3E 95 lolo[1|1]1]1]1]1] 3F

IBM 3745 Hardware Maintenance Reference (HMR)

O

N

@

K
1



HPTSS Line Addressing

Up to two lines can be addressed for each HPTSS, but only one is active at a
time.

Byte 1 bit 6 selects the port:

e 0 = port1
e« 1 = port 2

Line numbers 1028 through 1031 are dedicated for HPTSS use.

Adapter Line Tailgate
Number Address Position
3 Port 1 1028 01Q-Co J2
Port 2 1029 01Q-Co J1
4 Port 1 1030 01Q-00 J2
Port 2 1031 01Q-D0 J1
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Token-Ring Adapter (TRA) Addressing

Up to two TRMs can be installed on the 3745.

They are addressed at TA time of the IOH.
The TRM address is included in the TA halfword of the 10H.

Byte 0, bit 0 is the IOC connection.
Byte 0. bits 1-4 is the type address and is equal to 1 00 1.

Byte 0. bits 5-7 is the group address. This group address is unique and set
to 00 0.

Byte 1. bit 4 indicates the origin: 0 = Control program
1 = MOSS

Byte 1, bit 5 indicates whether a TRM or a TIC is addressed:

— Bit5 = 0 indicates a command to a TIC.
— Bit5 = 1 indicates a command to a TRM.

Byte 1, bit 6 is the slot address: 0 = Slot 1

1 = Slot 2
I0C bus at TA time I0C bus at TD time
Byte 0 Byte 1 Byte © Byte 1
«—  r — » “—— P

I
L Command E—- R/Y L Data bits
Group TRM1/2

“— Type address TRM/TIC
I0C address IOH/MICOH

I0C bus at TA time

Byte 0 Byte 1

TRM
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Token-Ring Line Addressing

O Two token-ring adapters (TRA) can be installed.
See Figure 3-2 on page 3-4.

The TRA is addressed at TA time of the IOH

One TRM controls 2 TICs. Byte 1, bits 2 and 3 from the command are used 1o
identify one of the TICs.

e |f bits 2 and 3 00, TIC 1 is addressed.
e Ifbits2and 3 = 01, TIC 2 is addressed.

The TIC is addressed when byte 1, bit5 = 0.

‘ Token-Ring Address
] 0 IOC bus at TA time

Byte 0 Byte 1

<
<

v
A
A4

0(1|12(3|4|5(6|7]/0{112(3/4(5(6|7
TRM | TIC

Line numbers 1088 and 1091 are dedicated for TRSS use.

‘ TIC Line
0 Number Address

| 1 1088

2 1089

3 1690

4 1091
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Adapter Bypass Mechanism

For Line Adapters

There is no bypass mechanism. Any missing LA must be replaced by a BPC
card except if it is the last in the chain.

For Channel Adapters

¢ The bypass mechanism is under MOSS and NCP control through the CDF
(at IPL time or by a ‘shut-down’ command).

« The MOSS tells the CAs what the adapter configuration is on the bus (each
CA must know if the preceding and the next adapter are present or not).

¢« Two chains are involved is this mechanism:
— Cycle Steal Grant (CSG).
— Autoselection chain.
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Cycle Steal Grant (CSG) and Autoselection Mechanism for Model 170

Without TPS and Without HPTSS

BOARD 01G-Al

T CAO8 CAO7 CAOb CAGS T
4 CSG-bypass 4
# HHRHRHHHHRBRHA AR R RS CSG-L # CSG-H
# # # H#HHHE #H##H AR # #E###H #H#H#4H
# # B D # #F # # H J K #L M N P Q R #S #T1T #U v
#r# ri # # # M M #r— # #r 1
#C C |+ | HC «#|C T T| #{7T|#4C | <HABHA#UBHHHHC | HC || | #HC| | | |P
A AL T ] |A A I I R S P P S S| |1 ISt I v
L D | 1] |t D ¢ M C ¢ C C el | (el || |c
# R <#|R 1 1 9 4 3
#L# J # # # LJ lJ
# # salmple| # # # LA12 LA11 LA10 LAGY9 LAO4 LAG3
# # # HEHEH #
# # sample out  #bypass #
# HEHBHRHHBERHHHH AR #
# sample out wrap dot #
HAHARHHHHRHHHHHH AR AR AR R R A0
With TPS and HPTSS
BOARD 01G-Al
T CA 07 CA 05 T
CSG-bypass
CSG-L CSG-H
B D F H J K L M N P Q R S T U v
B C Cl<|C B C Cl<¢|C T C C C C C F C F P
P A A A P A A A I I R S S S S S E S E U
¢ D L D C D L D C M C C ¢ C p S p S C
1 R < (R 1 R “ (R H H
sa|mple LA12 LA11l LA1O LAQ9  LAO4 LAO3
sample| out bypass
sample out wrap dot

### CSG and sample paths defined by the bypass mechanism for this example of configuration
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Cycle Steal Grant (CSG-L) Scenario for CAs

As an answer to ‘CSR’ from any CA, the CCU raises 'CSG-L" line to the CAs.

This line is propagated as follows:
* INPUT:
- The first CA in the chain is looking at ‘CSG-L’ from the CCU.
— Other CAs are looking at:
— ’‘CSG-through’ line if the previous CA is in the chain.
— ’CS8G-bypass’ line if the previous CA is not in the chain.
+ OUTPUT:
— The CA which has raised 'CSR’ keeps the "CSG’ and breaks the chain.
— Other CAs raise:
— ‘CSG-through’ if the next CA is in the chain.
— ‘CSG-bypass’ if the next CA is not in the chain.
One CA only can be looking at ‘CSG-bypass” and one CA only can raise

"CSG-bypass’, the consequence is that only one CA or group of consecutive
CAs can be missing on the bus.

If a CA is TPS {CAO01 in the drawing). the next CA must be replaced by a BPC
card to propagate the ‘CSG-through’ line.

Autoselection Scenario for CAs

3-46

As an answer to ‘level 3" interrupts from any CA, the CCU issues an IOH X'0OF’
to the bus.

There is always one CA initially selected in the chain.

This IOH start the propagation of the ‘sample’ line from the initially selected CA
as follows:

* INPUT:

— The first CA on the bus is looking at ‘sample out wrap dot’ from the last
CA.

— Other CAs are looking at:
— ’‘Sample’ line if the previous CA is in the chain.
— ’‘Sample-bypass’ line if the previous CA is not in the chain
» OUTPUT:

— The CA which is to be selected keeps the ‘sample’ and breaks the
chain.

— The last CA on the bus raises “sample out wrap dot".

— Other CAs raise:
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— ’‘Sample’ if the next CA is in the chain.
— ‘Sample out-bypass’ if the next CA is not in the chain.
One CA only can be looking at ‘sample-bypass’ line and one CA only can raise

‘sample-bypass’, the consequence is that only one CA or group of consecutive
CAs can be missing on the bus.

If a CA is TPS, the next CA must be replaced by a BPC card to propagate the
‘sample’ line.
BPC Card Installation Rules (Model 170)

¢ Channels adapters:
One BPC1 card is required in positions A2 and E2 for TPS.

* Line adapters:
— If no TRA is installed:

— If no CSC is installed in position Q2:
No BPC1 or BPC2 are required.

— If a CSC is installed in position Q2:
One BPC1 is required in positions R2 and T2 if no CSC or CSP are
installed in these positions.

— If a TRA is installed:
One BPC1 is required in the free positions of the CSC and CSP cards.
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Cycle Steal Grant (CSG) and Autoselection Mechanism for Model 130 With TPS

BOARD 01G-Al

T T
4 CSG-bypass
| ] £S6-L €SG-H
B D r\_‘ F HooJ K Q R[S |T |u v
B C C C B C C C B C F C F p
p A A A P A A A I I p S £ S E U
C D L D C D L D C C C P S P S C
1 R R 1 R 4R 1 H H
sa|mple LAO4 LAG3

sample out bypass

sample out wrap dot

BPC1 card installation rules

* Channels adapters:
One BPC1 card is required in positions A2 and E2 for TPS.

* Line Adapters:
— If no TRA is installed: No BPC1 or BPC2 are required.

— If a TRA is installed:
One BPC1 is required in position Q2. One BPC1 is required in positions
R2 and T2 if no CSP is installed. One BPC2 is required in position P2.

— If two TRAs are installed:
One BPC1 is required in position Q2. One BPC1 is required in position
R2 and T2 if no CSP is installed.

Cycle Steal Grant (CSG) for Model 150

BOARD 01G-A1l CSG-H
T
A B C D E F G H J K L M N P Q R S T U v

T T TR YR T Yl T Yl e
e e R s sl
LT el el i fef s e
Lottt L T 0 O O

BPC1 card installation rules

* One BPC1 is required in position T2 if no CSP is installed.
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I0C Bus Scoping Routine

The purpose of the PIO scoping routine is to allow scopi(‘»ng of the PIO tags and
data bus. |
The following adapters can be exercised using MIOH commands sent from the

MOSS: i
|
* CAs !

. LAs
How to Start the Routine

1. Start the routine by calling routine WAO1.
DIAG==> WAD1

2. Put in the ADP field the 10C bus number (1) on which scoping is planned.
I0C adapter bus = 1

ADP # ==> 1
3. Put the adapter number in the LINE field

LINE == > 3 (for adapter 03)

4 The screen should look like this:

DIAG==> WA01 ADP ==> 1 LINE==>3 OPT==> N
5. Then press SEND.

A check is made to see if the selected |I0C bus can be used, {checking of
bits: enable, present, available, concurrent).

If the conditions are not satisfied for the selection, a message:
"ADAPTER NOT IN CDF’, or

"ADAPTER NOT INSTALLED’, or

‘INVALID REQUEST" 1s displayed.

If the inputs are correct. a message is then returned to the operator:

"xx! 032 SELECTED - ENTER : Rooccdddd’

! = xx may be TSS, HPTSS, TRSS. or CA
2 03 is the adapter number (3-4 and 9-12)

|

I

The first part of the message allows the operator to check that the right
adapter is selected . The second part of the message prompts the operator
to send the three parameters which define the MIOH operation.
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Adapter Selection

ENTER: "Rooccdddd” THEN PRESS SEND.

R

. is mandatory

oo : defines the OPTION (hexadecimal)

cc . defines the COMMAND (hexadecimal)
dddd : defines the DATA to/from adapter (hexadecimal)

These parameters are checked:

If the inputs are valid the MIOH operation is started according to the specified
parameters.

If the inputs are not valid, a message is then returned to the operator :
“INVALID INPUTS - ENTER : Rooccdddd”

Parameter Description

Option “00”: Four options are possible

1.

‘00" ='01" The requested MIOH is executed only once. The ‘01" option may
be repeated as long as needed. A message is sent to the operator after
each MIOH :

‘ENTER : R for another cycle or REE to leave’

Therefore if the answer is 'R’, the operator is prompted for another MIOH
with the selected adapter:
"ENTER: ‘Rooccdddd” THEN PRESS SEND’

This allows to perform a write followed by a read operation, because inputs
may be different.

. '00"="02" The requested MIOH is executed and loops on this MIOH until an

error is found. The error is reported only once via a RAC . To continue ‘G’
(for go) has to be typed, the routine then loops indefinitely until the Power
On Reset key is pressed or another error is found.

. '00"="03" This option is identical to option ‘02, except that no checking is

made. This allows looping about four times faster, and therefore easier
scoping. The routine loops indefinitely until the Power On Reset key is
pressed.

‘00" ='04" This option is reserved for the TSS, and is used to scope Adapter
Level 1 and Level 2 interrupt requests to the CCU.

Commands 10 to 21 can be used only with option 04.

Because this option needs a Power On Reset on the CSP, each operation

‘lasts about 10 seconds.

For option 04 at TD time on the 10C bus, byte 1 bit 5 will be ON for level 1
interrupts and byte 0 bit 1 ON for level 2.

COMMAND (or MIOH operation) "cc” Since the purpose of the scoping routine

is only to activate the bus lines and the tag lines on the I0C bus, it is only nec-

essary to be able to execute one type of write operation and the corresponding
read operation to check the data previously written.
For this reason the command codes are limited to:
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RACs Generated

RAC Meaning

1. ‘cc’=’01" Defines a write operation to any adapter type. TA values are
automatically generated, according to the adapter type and the write opera-
tion defined for this adapter.

2. ‘cc’='02" Defines a read operation from any adapter type. TA values are
automatically generated, according to the adapter type and the read opera-
tion defined for this adapter.

In loop mode, (OPTION ‘00" ="02" or ‘03"), when a read operation is
requested, the first operation is a write in order to store the data in one
register of the addressed adapter. All subsequent operations are read
operations in order to recall the data from the register previously written.

3. ‘cc’="10" Special for the TSS, requests to the selected adapter used with
option 04 only, to reset the level 1 interrupt to the CCU. This level 1 is then
tested at CCU level and a message:

“LEVEL 1 INTRPT IS RESET' is displayed.

4. ‘cc’="11" Special for the TSS, used with option 04 only, requests to the
selected adapter to set the level 1 interrupt to the CCU. This level 1 is then
tested at CCU level and a message:

‘LEVEL 1 INTRPT IS SET’ is displayed.

5. ‘cc’="20" Special for the TSS, used with option 04 only, requests to the
selected adapter to reset the level 2 interrupt to the CCU. This level 2 is
then tested at CCU level and a message:

"LEVEL 2 INTRPT IS RESET’ is displayed.

6. ‘cc’=’21" Special for the TSS, used with option 04 only, requests to the
selected adapter to set the level 2 interrupt to the CCU. This level 2 is then
tested at CCU level and a message:

‘LEVEL 2 INTRPT IS SET’ is displayed.

DATA: ’dddd’ (mandatory for any command) defines either:

¢ The data (TD value) sent to the adapter through the 10C bus at TD time
during a write operation or,

+ The data (TD value) received from the adapter through the IOC bus at TD
time during a read operation.

For example, data can be hexadecimal:
‘55557, "AAAA’, ...

When the scoping routine does not run, the following RACs are generated.
These RACs must not be entered with the BRC function.
Run the corresponding adapter diagnostic.

231 Unexpected interrupt CA operation
232 Unexpected interrupt TSS operation
233 Unexpected interrupt HPTSS operation
234 Unexpected interrupt TRSS operation
235 Level 2 not set by TSS or HPTSS

236 Level 2 not reset by TSS or HPTSS
237 Level 1 not set by TSS
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238 Level 1 not reset by TSS ‘
241 Unexpected data from CA @
242 Unexpected data from TSS |
243 Unexpected data from HPTSS

244 Unexpected data from TRSS

ERC Meaning
The error reference codes displayed with the RAC have the following meanings:
0001 Error during selection
0002 Error during write (01 operation)

0003 Error during read (02 operation)
0004 Error during first write (02 requested)

N
|
. NS
Error Bit (ERR)
The error bit patternsdisplayed with the RAC have the following meanings:
For RACs 231 to 238:
Byte 0
Bit 0 = CA to CCU level 1 o
Bit 1 = CA to CCU level 3 £
Bit 2 = CA to MOSS level 1 N
Bit 3 = CA to MOSS level 4
Bit 4 = TSS to CCU level 1
Bit 5 = TSS to CCU level 2
Bit 6 = Not used
Bit 7 = TSS to MOSS level 4
Byte 1
N

Bit 0 = MOSS level 1 10C time out |

Bit 1 = MOSS level 1 IOC invalid CCW g
Bit 2 = MOSS level 1 10C other error

Bit 3 = CCU level 1 SAR parity error

Bit 4 = CCU level 1 I0OC time out

Bit 5 = CCU level 1 IOC invalid CCW

Bit 6 = CCU level 1 |IOC other error

Bit 7 = CA to MOSS level 1 CAIPL

For RACs 241 to 244:

ERR bits = Data received from the adapter

|
|
|
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Examples of Scoping Routine on Bus Terminator
A good quality oscilloscope is required (high luminosity).

For pin locations, see “Bus Terminator (TERMI) Connector Pin Assignments™ on
page 3-55.

Channel Adapter or Token-Ring Adapter

CAO050or TRA 1
Options: 02 or 03
Command: 02 (read)
Data: ‘AAAA’

Oscilloscope:
Sync: +10 line

Calibration: 0.5 us
+10 cycle option 2 = 40 ms
+10 cycle option 3 = 13 ms
| +10
L 3 ps
I < >
g S
O
ov —
|
f TA time | 7D time
! 1.5 ps 0.5 us
v - |
i\ V- - -
0 :
ov
Byte 0-1 not | Bytes 0-1
significant Data bits
for CA | (ARAA)

For TRA, see |
page 3-42
I

o
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TSS or HPTSS @

LSS 03 or HSS 04
Options: 02 or 03
Command: 02 (read)
Data: ‘AAAA’

Oscilloscope:
Sync: +10 line
Calibration. 2us

+10 cycle option 2 = 40 ms
+10 cycle option 3 = 13 ms

//>\\
+10 Line i '
\\\ .
12 ps -
V- - -
ov E—
N
TA time | TD time f
2 us 1 ps ~
— | >
V- -~
ov
Byte 0-1 | Bytes 0-1
For LSS, and | Data bits ah
HSS, see (AAAA) N~
page 3-32 I

At TA time, for LSS 03 (TSS):
Byte 0 bits P, 3, and 7 are ON
Byte 1 bits 1 and 3 are ON

At TA time, for HSS 04 (HPTSS):

Byte 0 bits P, 2, and 7 are ON
Byte 1 bits 1 and 3 are ON

|
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0 Bus Terminator (TERMI) Connector Pin Assignments

02 W13 X02 X13
1 1 [

A\ A\
B LT_TJV' ZA

A A
W22 H33—~‘| l-——X22 X33

Basic Board Rear Side, TERMI Location

ZB
O i
+TA Tag. . . . . . W22 We2| + Data Byte 1 Bit P
+ 10 Tag. . . . .. W23 W03} + Data Byte 1 Bit ©
+ 10 Tag. . . . . . W24  W04| + Data Byte 1 Bit 1
+0UT Tag . . . . . W25 We5| + Data Byte 1 Bit 2
+ Halt Tag. . . . . W26  WO6| + Data Byte 1 Bit 3
+ CS Req. Priority. |W27 WO7| + Data Byte 1 Bit 4
+ Level 2 Priority. (W28 WO8| Ground
+ Valid Byte. . . . |W29 WO9| + Data Byte 1 Bit 5
+ Modifier. . . . . W30 W10| + Data Byte 1 Bit 6
‘ + End of Chaine . . [W31 W11} + Data Byte 1 Bit 7
O + Parity Valid. . . {W32 W12| + Reset Tag
+ Valid Halfword. . [W33 W13| + CA Nohold
+IRR . . . . ... X22  X02| + CA MOSS POR
‘ + CS Req. Low (CA). [X23  X03| + CA Level 1 to MOSS
+ CS Req. High (CS) |X24 XB84| + CA Level 4 to MOSS
+ Data Byte 0 Bit P [X25 X05| + CA CSG Bypass
0 + Data Byte 0 Bit 0 |X26 X06| + CA CSG Bypass
+ Data Byte 0 Bit 1 |{X27 X07[ + CA Valid Feed Auto
’ + Data Byte 0 Bit 2 [X28 X08| Ground
+ Data Byte 0 Bit 3 |X29 X09| + CA Valid Feed Auto
+ Data Byte @ Bit 4 |X30 X10| + CA Sample Bypass
+ Data Byte 6 Bit 5 {X31 X11| + CA Sample Bypass
+ Data Byte 0 Bit 6 {X32 X12| + CA Sample Wrap DOT
+ Data Byte 0 Bit 7 {X33 X13| + CS Grant Low
L_—_J—_
ZA
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Chapter 4. Transmission Subsystem (TSS)

3745 Data Flow . . . . . . ...
Definitions . . . . . . .
Low-Speed Scanner (LSS) . . . . ... ...
Definition . . . .. ... ... ... ..... e
Communication Scanner Processor (CSP) . . . . . . . ... ... . ....
Front-End Scanner Low-Speed (FESL) . . . . .. ... ... ..... ...
LICBoard . . . . . . . e
Definition . . . . . ...
Multiplexer Card (MUX) . . . . . .. . ... . . ...
Line Interface Coupler (LIC) . . . . .. . .. .. .. ... .. ... ..., .

LIC Types 1 to 4 Characteristics . . .. ... .. ...

LIC Types 5/6 Characteristics . . . .. . .. .. ... ... ... ......

Line Weights . . . . .. .. ... ... ... ... ...

LIC Internal Clock Function (ICF) . . .. .. .. ... .. ... ......
Serial Link (SL) . ... .. S e e e e e e e
Communication Scanner Processor (CSP) . . . . . . . . ... .. ... ...

Components . . . . ...

Local Storage . . .. . . ..

Read-Only Storage . . . . . . . . . . ...

Control Storage . . . . . . . . .

CSP External Registers . . . . . .. .. ...

CCU/CSP Register Use . . . . . . . .. .

Ping/Pong Buffers . . . . . . . ...

Processor Characteristics . . . . .. .. .. . .. .. ... ..

Error Management . . . . ... ... Lo

Scanner States . . . . ..
Scanner Commands . . . . .. ... S
Front-End Scanner (FES) . . . . . . . . . . .. . ...
Throughput . . . . . ..
Data Flow . . . . . . . e
Storages . . ... ..
FESL Reset . . . . . . . . . o
FESL Reset Flow . . . . . . . . . . ...
Power ON Reset . . . . . . . . ... ... . .. ... ... ... .
Programmed Reset . . . . . .. ... .. ...
Front-End Scanner Adapter (FESA) . . . . . . .. ... ... ... ...

FESA Data Flow . . .. ... ... ... ... ......

FESA-CSP interconnection . . . . . . . ... ... ..
FESA-Serial Link Interconnection . . .. . . . .. .. ... ... ... ..

FESA Description . . . ... ... .. ... .. ...
FESA RAM Organization . .. ... ... ... ...
FESA Inbound/Outbound RAMs Addressing . . . . .
FESA-FES Interconnection Management . . . .. ..
Serial Link (SL) . .. ... ... ... L

Connection to LIC Type 5 and LIC Type 6 . . .. . . ... ... ... ...

Double Muttiplexer Card (DMUX) . .. .. ... ...

DMUX Functions . . . . . . . . . e
MUX1or2DataFlow .. .. ... .. ... ...

DMUX Functional Description . . .. . .. ... ..
DMUX Reset . .. ... ... ... ... ... ...

DMUX Hot Plugging . . . . . . .
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Single Multiplexer Card (SMUXA/B) . . . . .. .. ... .. ... ....... 4-39 ‘
SMUX Functions . . . .. ... L 4-39 @
Transmit Level . . . .. . .. 4-40
SMUX Data Flow . . . . . . . .. 4-41
SMUX Functional Description . . . . . . ... .. ... L. 4-42
SMUX Reset . . . . . . ... .. 4-42
SMUX Hot Plugging . . . . ... .. . . ... 4-42

LICTypes 1tod Cards . . . . . . . . . .. 4-43
Interface Lines . . . . . . . .. 4-43
Transmit/Receive Data Mechanism . . .. ... ... .. ... . ..... . 4-44
LIC Reset . . . . . . . 4-44
Line Enable/Disable . . . . . . ... ... 4-44
Selective Scanning . . .. ... L o 4-45
LIC Logical Addressing Function . . . . .. .. ... ... ... ....... 4-46
LICSwap . .. . 4-46 .
LIC Address Register Contents . . . . . . ... ... .. ... ... ... 4-47 \ \
LIC Control Register . . . . . oo o 4-47 -
Enable Clock Mode . . . . . . . .. . .. ... 4-47
Transmit Clock Gating by RFS (LICs 1,2,and 3) . . .. ... ... ... 4-48
LIC 4 Personalization . . . . ... ... 4-48
LIC Wideband with Line Speed Higher than 128 kbps . . . . . . . . . .. 4-48
RTS Through DCE or Data Paths . . . . .. ... .. ... .......... 4-48
LIC Modem-in Process for Non-X.21 Lines . . ... ... ... ....... 4-48
LIC Modem-In Process for X.21 Lines . . . . ... .. .. . ....... 4-48
Internal Clock Function (ICF) . . . .. .. .. .. ... .. ....... 4-50
LICWraps . . . . . e 4-51 N
Hot Plugging of LICs . . . . . . . .. .. . ... ... 4-53 N

LIC Types 5 and 6 DTE Function . . . . . .. ... .. .. ... .. ... ... 4-54 B
Transmit/Receive Data Mechanism . . . . ... .. .. ... . ....... 4-54
LIC Reset . . . . .. e 4-55
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3745 Data Flow

CSS TSS
CAtUptio ) m LSS (Up to 6%)
IOC Bus DMUX
TPS CADR | CAL CSC {~— or LIC [— [>
- SMUX
-—1 .
To
Hosts
CADR{ CAL TRSS
TRA {Up to 2) 1c ——
CADR | CAL
| v~ TRM [>
L TIC e
HPTSS
STO [8QTL { Puc
HSS (Up to 2«
CSP | FESH |>
DMA Bus
MOSS PCSS
DFA MPC pPcC Control Panet
i L
MSC

FOD

o] £

MCC

HDD

Local Console

Remote/Alternate Console

RSF

(» The number of LSS+HSS does not exceed 6)
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Definitions
The TSS consists of low-speed scanners {LSSs) associated to LIC a board
through serial links.

LSSs LIBs

10C bus LSS Serial link LIC unit

Transmission
| | interface

However, it is possible to connect any LIC board to any low-speed scanner
(LSS) by simply moving the serial link cables.

LSS 1 Lig  ———|—
LSS 2 LIB |
10C
bus I [
LSS X | |
Transmission
0 | | | interface
l | |

LSS 6 | |
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Low-Speed Scanner (LSS)

Definition
A low-speed scanner (LSS) is located on a communication scanner card (CSC)
consisting of:

* A communication scanner processor (CSP)
* A front-end scanner low-speed (FESL).

¢sc

10C bus FESL Serial link
CSP

FES FESA

Communication Scanner Processor (CSP)
The communication scanner processor {CSP):

* Supports various line protocols with partial handling of the data link control
for BSC and SDLC lines. (The microcode allows the implementation of spe-
cific customer protocols.)

» Provides character buffering and cycle steal transfer into CCU main storage

» Supports start-stop with: 8/5, 9/7, 10/7, 10/8, 11/8 bits, BSC (EBCDIC, ASCII),
SDLC, DIAL, X.21 native and X.21 bis

« Controls transmission interfaces

« Handles a variable number of lines depending on the protocol and trans-
mission speed

* Provides four types of operating mode with NCP/EP

¢ Performs the checkout of the ROS code

¢ Interconnects the IOC buses through the receivers and drivers.

Front-End Scanner Low-Speed (FESL)

The front-end scanner low-speed (FESL) provides logical connection between
the CSP and the LIC unit. It is composed of:

* The front-end scanner (FES)
« The front-end scanner adapter (FESA).

FES: It is composed of two layers:

» The front-end layer serializes and deserializes the characters, provides line
service management depending on the protocols and ext:hanges the char-
acters with the scanner processor.

e The scanner base layer communicates with the CSP via several paths:

— An asynchronous path is used by the CSP microcode to initialize and
send commands to the FESL and the LICs.

— A cycle steal path supports data exchange of one halfword with the CSP
control store.

An interrupt mechanism is used to request line service management.
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FESA: The FESA converts FES parallel data into a serialized bit stream and
conversely to communicate with the LIC units. In addition, the FESA performs
modem-in control lead confirmation.

LIC Board
Definition
A line interface coupler (LIC) board consists of:
« Multiplexer cards (MUXs) and
* Line interface coupler cards (LICs).
Depending on the type of LIC implemented, the above elements are named:
LIB1 for LICs 1 to 4 on models 150-170
LIB2 for LICs 5 and 6 on models 150-170
LIB3 for LICs 1 to 4 on model 150.
Model 130: NG Model 138: NO
150: LIB1 156 LIB2 Boards viewed from the rear
170: LIB1 170: LIB2 part of the machine
] Model 130: NO Model 130: NO
150: LIB3 150: NO
‘ 176: LIB1 170: LIB1 or
LIB2

Multiplexer Card (MUX)

Double Multiplexer Card (DMUX)
DMUX is associated with LIC1s to LIC4s on LIB1.

It provides two serial link attachments to connect to two scanner units. Each of
them:

» Converts the serial link bit stream in a suitable form for LIC buses
* Performs the serial link clock recovery, synchronization, and repowering
* Manages LIC control and clocking.

The first MUX can attach up to:

* 8 LICs to one scanner if the second one is not used.
* 4 LICs to one scanner and the second MUX either {see TSS definition).
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Serial

DMUKX

MUX

link

MUX

Single Multiplexer Card (SMUX)

4-8

SMUXA and SMUXB are slightly different in packaging but are functionally iden-

tical.

8 LICs type
1, 2 or 4

Serial

DMUX

Tink

Serial

MUX

Tink

MUX

4 LICs type
1, 2or 4

4 LICs type
1, 2 or 4

« SMUXA is associated with eight LIC type 5 and LIC type 6 on lower LIB2.
« SMUXB is associated with eight LIC type 5 and LIC type 6 on upper LIB2.

Depending on the transmission rate in a given LIB2, only one scanner may be
needed for that LIB2. In that case, the SMUXB only bypasses the signals and

controls from the SMUXA to the upper LIB2.

High speed Medium speed

Serial

S S
link M LIB2 M LIB2

U (8 LICs) U (8 LICs)

X X

B B

S S

M LIB2 M LIB2

u (8 LICs) U (8 LICs)
Serial X Serial X

A A
link Tink

The SMUX cards provide one or two serial link attachment(s) to one or two
scanner unit(s). Each of them:

¢ Converts the serial link bit stream in a suitable form for LIC buses

* Performs the serial link clock recovery, synchronisation and repowering
+« Manages LIC control and clocking
* Provides 1 MHz clock signal to the LIC type 5 and LIC type 6
* Provides a 4-bit transmit level bus to the LIC type 5 DCEs.
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Line Interface Coupler (LIC)

One line interface coupler (LIC) attaches up to four FDX/HDX lines to the con-
troller. Two main families of LICs are available:

1. Types 1 to 4 (DTE functionally) to attach up to four:

* Stand-alone DCEs and/or

s Direct-attached DTEs.

2. Types 5 and 6 (DTE plus DCE functions) to attach up to two telecommuni-
cation lines.

LIC Types 1 to 4 Characteristics

LIC Type 4B
LIC Type 2 LIC Type 4A .
LIC Type 1 LIC Type 3 high-speed
(RPQ) (note 5) {note 4) (note 4)
V.24 (RS-232C),
V.25 autocall US wideband.
S (RS-366), Services 8751, X.21 medium-
Line interface X.21 bis 8801 and 8803 V.35 high-speed speed X.21 high-speed
X.20 bis Bell 303
V.25 bis
. Up to Up to Up to Up to
:'::Z'“‘ssw" 19 200 bps 230 400 bps 256 000 bps :’N"O:g ?)600 bps 256 000 bps
P (Note 1) (Note 1) (Note 1) (Note 1)
Number of lines Up to four One One Up to four One

Transfer mode

Half-dupliex or

Half-duplex or

Haif-duplex or

Half-duplex or

Half-duplex or

duplex duplex duplex duplex duplex
Protocols gg’[tc‘smp’ BSC, BSC and SDLC BSC and SDLC SDLC sDLC
?NToEtecg’)Cking ;Jg ;‘(’)0‘ bps Not allowed Not allowed Not allowed Not allowed
ment (Rote 37| 15 200 tps Not allowed 246 760 bps Upto9600 bps | ZiCT 0 O
Notes:

1. The total number of LICs per CSC is not limited by performance consider-
ations (refer to “Selective Scanning” on page 4-45 for description).
2. Called “internal clock” on CDF information screen.

@

Direct attachment allowed with internal clock function (ICF).

4. LIC type 4A and LIC type 4B are physically identical {(same part number).
The microcode sets the LIC to the appropriate type at set mode time.

5. LIC type 2 is available only on RPQ basis.
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LIC Types 5/6 Characteristics

LIC Type 5

LIC Type 6

Line interface

Normal quality or
M.1020/1025 4-wire tele-

DDS, local loop, or
unloaded baseband

communication lines 4-wire lines
Transmission " 4800 bps = 9600 bps
speed * 9600 bps * 19 200 bps
P « 14 400 bps « 56 000 bps
Number of lines Two One

Transfer mode

Half-duplex or duplex

Half-duplex or duplex

Protocols BSC and SDLC BSC and SDLC
DTE clocking Not allowed Not allowed
Direct attach- Not allowed Not allowed

ment

LIC Type 6, Plugging Limitations
Speeds < 19 200 bps
The LIC type 6 can be plugged contiguously in all card positions of the
board.

Speed = 56 000 bps
Only the odd position out of a pair (even/odd) of card positions can be
used to plug the LIC type 6. In this case:

¢ The LIC type 6 must be plugged in the odd position.,

* Any attempt to plug a LIC in the empty position associated with the
LIC type 6 makes the latter inoperative with its yetllow LED flashing to
signal that condition.

* Any CDF change involving a 56 000 bps LIC 6 plugged in even position
will be ignored.

Line Weights

The weight of a line is a value (0.4 through 100) that represents the percentage
of scanner occupation. The total weight of all the lines connected to a scanner
must be less than or equal to 100.

The maximum number of LIC positions supported per low-speed scanner
depends on the line with the highest transmission speed connected to the
scanner, and is limited to:

* Eight LIC1s to LIC4s per scanner (LIB1), or
¢ Four LIC1s to LIC4s per scanner (LIB3, on model 150 only), or
« Sixteen LIC type 5 or LIC type 6 per scanner (LIB2)

For each speed, LIC types 1/4A/5 have two weights per protocol depending on
the number of LICs per scanner.
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The line weight can be calculated by using the formula:

Speed (bps)
Weight = ———
K

where K is specified by the chart below:

LIC Types 1/4A/5 LIC Types 3/4B/6
Number of LIC 1/4A or
Line Protocol Number of LIC 5 Pairs
per LSS
<4 >4
SDLC FDX 1920 1536 2560
« SDLC HDX
e BSC EBCDIC NCP 3456 3072 4052
 BSCEP
BSC ASCII NCP 2420 2016 3041
Start/stop (burst 43 x B, where B is the number of bits/character
mode) (for example 430 if 10-bit characters)

Refer to the Connection and Integration Guide, SA33-0129 Appendix B, for more
information to calculate the line weights.

Complete information to populate the 3745 properly can be displayed or printed
from the 3745 Configuration Program diskette, GA33-0093 running in any IBM
PC.

Inactive Lines

Unlike earlier communication controllers, 3745 LICs are not scanned if all the
lines connected to them are inactive, and hence do not load the scanner.

LIC Internal Clock Function (ICF)

Implemented on each LIC 1 to 4, the internal clock function (ICF) provides the
clock control to:

¢ Non-clocked DCEs
¢ Direct-attached terminals.
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Serial Link (SL)

A serial link interconnects a LIC board and a scanner unit via MUX and CSC

cards.

Communication Scanner Processor (CSP)

Components

412

The communication scanner processor (CSP) operates under the control of the
scanner microcode loaded from the hard disk drive or diskette drive into CSP
storage during IML.

The CSP is located on the communication scanner card (CSC).

As shown on the next data flow the CSP:

(A)

(B)

(€)

(D)

(E)

(F)
(G)

(H)
"

Connects to the IOC bus to receive or transmit data and controls

Executes the instructions of the microcode to transmit and receive data,
supports the link protocols, translates characters, and controls the com-
munication interface.

Stores the microcode, the transmitted/received data, the line interface
parameters, and the diagnostics

Provides registers in local storage for current CSP operation and perma-
nent code in the ROS to start the microcode IPL.

Controls the storage and manages (by hardware only) the cycle steal
with the FESL.

Controls the CSP interrupts.

Provides control storage address compare, and generates a CSP inter-
rupt when the selected address is encountered.

Detects and reports the CSP errors via the CSP error register.

Generates clocking signals to the processor, to the FESL and their asso-
ciated logic from the basic 49.152 MHz clock.
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Local Storage

The local storage is 128 bytes long (64 halfwords) addressed by byte or by
halfword. It is organized in 16 blocks (or pages) of eight loca! storage registers
(LSRs), each of them being one-byte long, used to store the microcode pointers,
the cycle steal and command queue control blocks, the program status words,
and working register.

The local storage registers can be displayed or altered from the operator
console, using the TSS functions.

Read-Only Storage

The read-only storage (ROS) is 8K bytes long (4K halfwords) addressed by
halfwords. It includes all the permanent code needed to IML or dump the
microcode and to perform diagnostics.

The ROS can be displayed from the operator console, using the TSS functions.

Control Storage

The control storage is 64K halfwords long addressed by halfword.

In each module, an error checking and correction (ECC) mechanism detects
and corrects the single or double bit errors (soft or hard) of that module.

When an unrecoverable double error is detected, register X'03" bit 1 is set ON,
a hardstop condition is raised, and two data bytes with parity are sent to the
CCu.

The control storage is used to store:

* The scanner microcode.

* The buffers for the transmitted and received data, and the line control
blocks and parameters.

* Tables and service buffers.

The control storage can be displayed or altered from the operator console,
using the TSS functions.

CSP External Registers

414

The CSP uses 32 eight-bit external registers located in the main communication
scanner components: |IOC bus connection, address compare, error reporting,
and front-end scanner.

The external registers are connected to the CSP via the data in {odd) bus
during read operations, and data out {odd) bus during write operations. Their
bits are set ON or OFF by the hardware or the microcode.

The external registers can be displayed or altered from the operator console,
using the TSS functions.
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Address

Function

00 Miscellaneous control

01 {OC bus control

02 IOC bus service

03 CSP error

04 CSP miscellaneous

05 External interrupt request

06 Not used

07 Synchro/configuration data set

08 Not used

09 Not used

0A Fast get line ID byte O

oB Fast get line ID byte 1

oC Scanner alternate address

10 Extended interrupt request

11 Not used

12 Interrupt request line interface address
13 Asynchronous access RAM A/B/C
14 Data in/out

15 Asynchronous access RAM A/B/C
16 Asynchronous operation status

17 FESL general command

18 Not used

19 PCI/10 interrupt level request

1A Current CSP interrupt

1B Address compare control

1C Address compare byte O

1D Address compare byte 1

1E CSP interrupt masks

1F Local storage page register (hex)
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CCU/CSP Register Use

The CSP external registers are used by the following operations:

* Program-initiated operation (PIO)
* Adapter-initiated operation {(AlO}
* Interrupt operation.

Ping/Pong Buffers

Two half-word registers, called the ping and pong buffers, located in the local
storage, are alternately connected to the 10C bus in flip/flop mode.

They are used for transferring commands, data, and control words between the
I0C bus and the CSP.

Switching from one buffer to the other is controlled by the IOC logic.

Processor Characteristics
Program Levels

The interrupts are raised by the microcode (all levels) or by hardware (levels 0,
1, and 2). Levels 0 through 3 can be masked by the microcode.

Level Function
0] Error handling and address compare
1 CCU instruction processing
2 FESL interrupt processing
3 Queue and command processing
4 Not used
5 Not used
6 Not used
7 Timer control and disconnect stop initialization

Clock

An oscillator on the CSC card provides the 49.152 MHz square wave to gen-
erate the scanner processor’s clock. The 49.152 MHz is also sent to the FES
and FESA for clock generation.

Two other clocks are generated in the CSP:

* A 100 ms clock used for timer purposes
* A 15.4 us clock used to refresh the storage.

Error Management
Internal CSP errors detected by the CSP hardware cause a CSP hardstop. Two

bytes of status information are presented by the CSP either to the CCU control
program {(NCP) or to the MOSS after the hardstop condition is detected.
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Hardstop

Scanner States

A hardstop condition is handled by the CSP hardware as follows:

1. A permanent cycle steal request is forced internally to the CSP processor,

preventing any cycle steal operation.

Cycle steal having the highest priority with CSP storage, the CSP microcode
processing stops, but the CSP clocks keep running.

* A level 1 interrupt request is presented to the CCU control program
(NCP) if the CSP is in "Connect’ mode.

* Alevel 4 interrupt request is presented to the MOSS processor control
program if the CSP is in ‘Disconnect” mode.

. The CCU control program {(NCP) responds to its level 1 interrupt request by

sending a ‘get error status’ command, as long as the CSP which has raised

the the level 1 is found.

The CSP then sends the two bytes of ‘error status type hardstop’ if the CSP

clocks are not stopped by the hardstop condition.

3. The MOSS control program responds to its level 4 interrupt request by
sending a ‘get command completion” command. The CSP then sends the

two bytes of "MOSS command completion’ if the CSP clocks are not stopped

by the hardstop condition. Then the MOSS control program sends a ‘get
error status’ command to which the CSP responds with the two bytes of
"error status type hardstop’.

The error status type hardstop does not transit through the ping/pong buffers,

but is directly presented on the I0C bus data bytes.

The hardstop is reset from the CCU or the MOSS via a programmed reset
command or a general reset.

The state of a scanner is shown on the console display (refer to the 3745
Service Functions, SY33-2069). The state may be:

Inoperative The scanner is inoperative when it is not in any other state.

Initialized The scanner is initialized when the CSP is loaded with the
microcode and the FESL storage is initialized to all zeros.
There is no operation with the control program.

Connected The scanner is connected when it runs under control of the

control program. Errors on CCU I/0 instructions are reported
to the control program, and errors on MOSS /O instructions to

the MOSS.

Disconnected The scanner is disconnected when it does not run under
control of the control program but under control of the MOSS
microcode.

Only MOSS 1/0 instructions are executed. Any instructions
from the CCU are not answered.

When disconnected from the control program, the scanner may

be:
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CSP Reset

Running (disconnected-go)
The scanner can be in this state while being IMLed,
dumped, or being fixed using the TSS services.
Stopped (disconnected-stop)
The microcode continues to react to the MOSS
instructions. The scanner can be in this state while
being fixed using the TSS services.

Any errors are reported to the MOSS.
The scanner may be disconnected by the :

* Operator when entering a service command (stop or
address compare with the stop option selected, for
example)

* Microcode when certain errors are detected (a CCU inter-
rupt level 1 is requested with the disconnect indication).

Resetting a CSP can be done by:

* A specific power ON reset (POR) line coming from the power box for each
CSP.

* A programmed reset PIO for each CSP, sent by the control program or by
the TSS services (operator console).

In these two cases, the state of the CSP is reset. In case of individual POR, the
MOSS microcode waits 12 s, before attempting to start an operation with the
CSP again.

I0C programmed reset

ccu ¢
l F—CSC—-
POR CSP

'

FES

v

pcc

— M 3 o U

v
FESA

Serial link

v

DMUX [4—Hot plug —
or SMUX

TTTTT
L* LIC n |4
|

———| LIC n+8{e¢—
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Power ON Reset

Programmed Reset

When the CCU activates the line POR (on the IOC bus) during a general IPL or
a power ON, the register X'04’ bit 2 is set in every scanner, which:

1. Forces a CSP interrupt level 0.
2. Starts microcode execution at address 0, initiating the following functions:

* General reset with a reset of the CSP storage

+ Start of ROS diagnostics

* Reset of clocks

* Reset of external registers X’03" (CSP error) and X'08’ (error
indicators/bad parity generator).

3. Disables the 10C bus and reset the FESL (by setting ON the reset adapter).
The LICs and ICFs are reset at the same time.

The control program can reset a specific scanner by sending a write command
in PIO mode, with the operation code ‘programmed reset’, along with the
scanner address.

This command is latched on external register X'04’ bit 1, then, the selected
scanner:
1. Disables the hardstop (X'04” bit 3 ON).

2. Starts the microcode at level 0 address 0, with a jump to the end of diag-
nostics to wait for a dump or re-IML.

3. Resets the interrupt requests to the MOSS and CCU (X’05” bits 0 and 2 ON).

4. Stops the connected FESL (FESL status: freeze) but the storages of the CSP
and FESL are not reset and the CSP storage can be dumped.

The ‘reset to adapter’ is activated by the microcode, rising the X'04" bit 2 during

a few instructions.

Scanner Commands

The following commands may be used from the operator console to modify the
scanner state.

Current State Possible Scanner Resulting State
Commands
Stop Disconnected/stop
Reset Reset
Connected Dump Reset
IML Initialized
Stop Disconnected/stop
Disconnected/go Reset Reset
g Dump Reset
IML Initialized
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Current State

Possible Scanner

Resulting State

Commands

Start Disconnected/go
Disconnected/sto Reset Reset

P Dump Reset

IML Initialized
Reset Reset Reset
or Dump Reset
Unknown mode IML Initialized

Stop Disconnected/stop

Connect Connected
Initialized Reset Reset

Dump Reset

IML Initialized

Reset Reset
Inoperative Dump Reset

IML Initialized
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Front-End Scanner (FES)'

The front-end scanner (FES) is an adapter of the CSP. It is part of the communi-
cation scanner card {(CSC). Its scanning circuit supports, under the control of
the CSP, a wide range of protocols and line interfaces.

Throughput
The FES maximum throughput varies from 256 kbps (for one line attached), to
307.2 kbps (for 32 lines at 9600 bps distributed over eight LICs).
The throughput is spread over the LICs up to the last one enabled on the LIC
unit. If only one LIC is enabled, all the throughput is devoted to that LIC.
Data Flow
As shown on the next data flow, the FES:
(A) Controls the FES timing, the exchange with the CSP, and the RAM opera-
tion.
(B) Controls the transfer of characters between the front-end and the CSP.
(C) Handles the data halfwords coming from or going to the control storage.
(D) Provides cycle steal control for the CSP.
(E) Interrupts the CSP on level 2 for buffer and data management, and for
error reporting.
(F) Serializes/deserializes the data bits transmitted to or received from the
FESA.
(G) Provides line services related to link protocol and modem control by
managing the LICs via the FESA and the serial link.
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CcspP FES FESA

Data Out Bus

External Register Address Address/Commands
Scheduler o
Controls and Controls
o Address
Reset Adapter Selector General Reset o
From CSP — Clock  }
Y Control
RAM A
. Control Storage Address @
i 3
v ¥ @
Character Cycle Steal | Cycle Steal
Service Data Adress
< Interrupt Request : Scanner Bose Layer
Internal Bus
\
RAM B RAM C
Control
' O,
@ Bit Line Line
Service Interface Service
Front End Layer
'y .
LIC Registers _
Data/Bit Service
Data In Bus
Storages

The FES includes three random access storages (RAMs):

« RAM A for character service
* RAM B for bit service
+ RAM C for line service.
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These RAMs are used in receive and transmit, and give a total of 4x64 = 256

halfwords per RAM. @

The FES storages can be displayed or altered from the operator console, using
the TSS functions.

FESL Reset

The FES (part of the CSC card) can be reset from the CSP by a programmed
reset. The FES reset is sent to the FESA to reset:

e The FESA
e The MUXs
* The attached LICs.
7N
FESL Reset Flow ,
oS
CSP microcode
POR Microcode
programmed reset
| RI04I
1 | 2 —¢——Set/reset
FEg]reset .
Lcsp—x X "
| N
—FESL—Xx X
FES v
Reset FES latches e|l1]|2{x17'
Reset FES RAM i
FES freeze
FES freeze Reset FES RAM
Reset FES latches
/"‘\
_________________ N
FESA
Reset tag Control reg. X'A'
Addr 60
0 f1]2
Reset FESA latches i
Reset FESA RAM l FESA freeze
Reset FESA RAM
Reset FESA latches
Serial link
 / to MUX
A
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Power ON Reset

The FES ‘reset line” signal is driven by CSP R’04’ bit 2. This bit is set by the
hardware in case of POR, or by the microcode in case of programmed reset. |t
is reset by the microcode. This ‘FES reset’ signal:

1. Resets the FES latches and sets the FESA reset tag.
2. Disables the lines between the CSP and the FES.

3. Resets the FES RAMSs: all bits are set to zero and the correct parities are
written.

4. Stops all scanning (the FES remains in the freeze state after this reset).
The reset tag from FES starts the following sequence in the FESA:

1. Reset FESA latches and set FESA serial link to 'no transmission’.
2. When reset OFF, reset FESA RAMs.
3. Then, set FESA to normal mode.

Programmed Reset
The FESA can also be reset by the microcode by setting bits 0, 1, and 2 of the
control register common address X’A’” with line address "00°.

¢ Bit O resets FESA latches and sets FESA serial link to "no transmission’.
« Bit 1 resets FESA RAMs.
e Bit 2 freezes FESA.
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Front-End Scanner Adapter (FESA)

The front-end scanner adapter (FESA) is the third part of the CSC card

The first purpose of the FESA is to convert the FES parallel bus into the serial

link bit stream and conversely.

FESA Data Flow

4-26

The FESA data flow shows:

* The interconnection of FESA with the two serial link processors (inbound

and outbound).

e The FESA to FES interconnection.

* The internal organization around the FESA RAMs to manage the data and
control information exchanged by the FES and the serial link.
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To CSP
O A
7~ N
Control

4 Lovel 2 Data Line 1 FESA
Interrupt Bits Regist. Bus Ack.
Lic LIC Address
Present Wideband
Dota Bit Scanning Control
Exchange Control Interconn.
A 1 1
Y
Interrupt FESA
O Doto Management Control R
RAM Regs Contral
A RAM
Xmit Outbound
Data
h RAM c;:tMm'
v Reve ¢ Inbound
‘w \ 4
J‘ Inbound Outbound
Processor Processor

0 A !

Inbound Diag Outbound
Serial Link - Serial Link
Interconn | wrqp Interconn
Inbound Serial Outbound

Link

FESA-CSP Interconnection

The FESA level 2 interrupt tag allows the FESA to directly communicate with the
CSP.

FESA-Serial Link Interconnection

The FESA is connected to the associated LIC units (through the DMUX/SMUX
cards) by means of two twisted pairs:

‘ * One pair for the outgoing frames (outbound serial link)
; 0 e One pair for the incoming frames {inbound serial link).
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FESA Description

The FESA converts FES parallel data into a serial bit stream.

Three RAMs are implemented in the FESA to be used as LIC/MUX registers
(inbound and outbound control RAMs), and to be used as data buffer during the
process (data RAM).

* The outbound control RAM stores the FES and microcode commands to
MUX and LICs (set mode) before being carried by the proper slots of the
outgoing frames sent on the outbound serial link.

* The inbound control RAM stores the MUX and LIC registers information
sent by the LICs, and transferred to the CSP on microcode request.

* During the transmit and receive process, the data RAM stores data and
control bits for each line. The FESA uses the RAM as a working area to
serialize and assemble the data bursts.

Each RAM is divided into 32 areas (one area per line). In the control RAMs,
each area contains the line register information.

The RAMs are time-shared by the FES and the two serial link interconnections
{inbound and outbound).

The FESA synchronizes the various RAM requests. It monitors the FES RAM
access requests and monitors the outbound and inbound serial link frames.

RAMs can be displayed or altered, using the TSS functions.

In addition, the FESA:

» Controls the FES scanning mechanism by generating the LIC present and
the LIC wideband patterns

« Controls the modem-in leads according to parameters loaded by microcode
in the FESA control RAMs

* Detects and reports the errors occurring on the LIC, the MUX, the serial
link, or the FESA itself

* Generates the FESA level 2 interrupts to the CSP microcode to report DCE
management events or errors

» Performs the diagnostic functions to test the FESL card, the DMUX or SMUX
card and the serial link

* Synchronizes the frame and superframe with the MUXs.

FESA RAM Organization

There are three RAMs in the FESA:

* Two 1-Kbyte control RAMs
* One data RAM of 128 halfwords.
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O FESA Inbound and Outbound Control RAMs

The control RAMs contain all the information required by the FES and the
microcode to manage the lines.

The control RAMs are divided into 32 areas. Each area stores the contents of
the MUX/LIC registers associated to one line.

FESA Inbound/Outbound RAMs Addressing

The CSP microcode uses two CSP external registers (X'13” and X’15") to access
the outbound and inbound RAMs,

The FESA external registers are located in the outbound and inbound RAMs.
The following tables show the bits of registers X’13" and X’15" used to access
O the FESA inbound and outbound RAMs.

X’13’: Line Interface Address

Bits Functions
00.. .... Not used, always 00
.. XX X... | Card address
XX Line address
. Z See 'FESA inbound/outbound RAM layout’
‘ 0 X’15": Asynchronous Operation Command
Bits Functions
X. .. ... OFF = read, ON = write
! XX L External
" I RR.. See 'FESA Inbound/Qutbound RAM layout’

Local Store 6 (CHHITMIO Input)

Bits Functions

X... ... OFF read, ON = write
XL OFF = outbound RAM, ON = inbound RAM
.I RREZ See 'FESA Inbound/Qutbound RAM Layout’

FESA Inbound/OCutbound RAM Layout

FESA control register bit 5, controls the type of operation:

OFF Write or output operation
ON Read or input operation.
| 0 BitDecoding | \y .o (FESA ctrl reg bit 5=0) | Read (FESA ctrl reg bit 5=1)
E1ZRR Outbound RAM inbound RAM
00000 Not used Not used
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Bit Decoding |\ ite (FESA ctrl reg bit 5=0) | Read (FESA ctrl reg bit 5=1)
"E1ZRR Outbound RAM Inbound RAM
00001 Modem out Driver check pattern
00010 Line control Line control
00011 Driver check mask Clock failure timer
00100 FESA modem control Modem in
00101 RFS parameters RFS work timer
060110 Wrap control Wrap ctrl/ cable id
00111 LIC clock mode LIC card ID/clk mode
01000 Receive interrupt control Receive interrupt stack
01001 Xmit interrupt control Xmit interrupt stack
FESA/MUX/LIC registers FESA/MUX/LIC registers
01010
(See note) (See note}
01011 Not used, FES diag Not used, FES diag
01100 DSR/RI parameters DSR/RI work timer
01101 RLSD parameters RFS/TI drop w.rlsd
01110 ICF RAM 4C ICF RAM 4C
01111 Not used, FES diag Not used, FES diag

v

Note: These registers are called 'FESA general registers’. General register
‘00" is dedicated to line 0, general register ‘01’ is dedicated to line 1, and so on.
To extend FESA/MUX/LIC register addressing, the microcode sets the FESA

control register with the external register address bit ON (E).

Bit Decoding |\ ite (FESA ctrl reg bit 5=0) | Read (FESA ctrl reg bit 5=1)
ElZRR Outbound RAM inbound RAM
10011 Not used Line error register
10100 SDF SDF

110101 Control SDF/burst size Control SDF
10110 PDF PDF
170111 Control PDF Control PDF
171000 Line diagnostic register Line diagnostic register
171001 Logical address Physical add./EC number
11010 Not used, FESA/MUX reg Not used
11011 Not used, FES diag Not used FES diag
171100 ICF RAM 4D1 ICF RAM 4D1
171101 ICF RAM 4D2 ICF RAM 4D2
171110 Not used Modem-in immediate
11111 Not used FES diag Not used FES diag

FESA Data RAM
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The FESA data RAM is divided into 32 areas (one area per line) of four
halfwords each:




Byte 6 Byte 1
Hal fword (Even address) (0dd address)
0 Receive SDF Receive control
1 Receive PDF 0 (Not used)
2 Receive PDF 1 (Not used)
3 Transmit SDF Transmit control 1
4 Transmit PDF Transmit control 2

The data RAM is shared by the inbound and outbound serial link data
processors, and by the FES for data exchange.

FESA-FES Interconnection Management
LIC Enabled Leads

The LIC enabled leads are used by the microcode to dynamically modify the
FES scanning range. A LIC is enabled when at least one line of that LIC is
enabled (line control register bit 1 ON).

The LIC is disabled when all lines of the LIC are in the disabled state (line
control register bit 1 OFF in all lines.)

The FESA builds the LIC enabled pattern by monitoring the line enabled infor-
mation sent by the LICs over the inbound serial link.

Note: Disabled LICs are seen as not present by the FES and, consequently,
these LICs are not scanned in order to accept higher throughput on remaining
actives lines. The 'LIC O present’ is not given to the FES, which always
assumes that the first LIC is present, as a minimum configuration.

The FESA makes no difference between the LIC’s physical and logical
addresses:

» For the FESA, the position of a LIC is determined by the slots occupied by
this LIC in the inbound frame.

*« When a line is enabled by the microcode, and presents ‘line enabled’ to
the FESA, the FESA does not set 'LIC present” immediately.
Instead, it sets line control register bit 6 in the inbound control RAM (‘line
enabled remembrance’), and waits for the next "line enabled” (at next
superframe), to set line control register bit 1, and update 'LIC present’.

* The ‘LIC enabled’ pattern can be read by the microcode, by successively
addressing the two corresponding registers in the FESA.

Note: For example, assuming a LIC plugged in physical position 0 on the LIC
board:
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» If this LIC receives logica! address 7, it occupies the slots assigned to LIC
number 7 and will be seen as LIC in physical position 7 by the FESA and
FES.

« If this LIC has no line enabled, it will not be scanned.

LIC Wideband Leads

The LIC wideband information is used by the FES to scan wideband lines four
times faster than non-wideband lines.

DCE Lead Management

4-32

Modem-in: The modem-in information coming from the lines, is stored in the
inbound control RAM address X’1E’ of each line. When a line is scanned by the
FES, modem-in is passed by the FESA to the FES for DCE change detection.

To perform the modem-in control, the FESA keeps the confirmed modem-in pat-
terns in the inbound control RAM (Address X'04") for the FES requests, and
monitors.

Control of DSR, Rl, and RLSD: For any line, the FESA is able to confirm the
changes of any of these signals by using specific timers. DSR, RIl, and RLSD
are confirmed for both raising and falling edges.

Integration of | (X.21) is performed for | drop only (I going ON is immediately
reported to FES in any case.

A different timer starts each time the associated signal switches. The change
is confirmed when the time out is reached.

The confirmation delay is specified, for each signal, in a 3-bit parameter field,
loaded by the microcode, in the outbound control RAM.

Parameter Value Time out

000 0 (Immediate reporting)
001 1 ms

010 4 ms

011 16 ms

100 32 ms

101 64 ms

110 128 ms

111(RI, I, or RLSD) 256 ms

111 (DSR drop) 10s

111 (DSR raising) Parameter value loaded elsewhere for Ri

Control of RFS: Only the drop of RFS is controlled. The FESA monitors the
drop on microcode request, in the following way: The FESA controls the drop of
RFS when the microcode loads the RFS drop time out value in the outbound
control RAM, along with the clock select bit which chooses the decrement
clock.
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Outbound control RAM address: X'05' (00101)

0 4 5

RFS drop timeout value X

T

Clock select Decrement clock
0 100 ms
1 800 ms

Control of TI: The immediate value of Tl is passed by the FESA to the FES in
the modeme-in field for DCE change detection. When Tl is masked in the FES,
the FESA memorizes {(for microcode information) that Tl has raised, by setting
bit Tl ‘remembrance’ (saved in the inbound control RAM). Tl remembrance is
reset by the microcode.

Confirmation of Clear (X.21): The 16-bit time confirmation of the X.21 steady
states is performed in the LIC. The only X.21 steady state confirmed by the
FESA is ‘clear’ when the protocol requires a 10 ms confirmation instead of the
16-bit time.

Modem-out: The modem-out pattern coming from the FES, is stored by the

FESA in the outbound control RAM. The FESA also controls the integrity of the
modem-out patterns up to the LICs output (LIC driver check).
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Serial Link (SL)

All information between the LIC board and the scanner unit is exchanged via
the TSS serial link in two modes:

* Iinbound mode from DMUX/SMUX to FESA.

All LIC information is stacked in FESA RAM and is available for the FES
synchronously or asynchronously.

— The LICs give the data received from transmission lines to the FESA.
— The FESA reads the registers from the MUXs or LICs.

* Qutbound mode from FESA to DMUX/SMUX.

— The FESA gives to the LICs the data to transmit.
— The FESA writes into the MUXs or LICs registers.

Connection to LIC Type 5 and LIC Type 6
Information exchange between the scanner and LIC type 5 and LIC type 6 DCEs
is performed via a serial link, which consists in:

Inbound link From LIC to scanner
Outbound link From scanner to LIC.

This information is carried in a frame structure.

Frames
A frame is a sequence of 32 double slots (data + control).
[/
data |control|data |control data |control
!/ /
double slot 0 double slot 1 double slot 31
‘+“—r —Pp >
A superframe is defined as a sequence of 32 frames. A corresponding delim-
iter is put in control slots of frame 31, to sighal the end of a superframe.
!/
frame 0 | frame 1 frame 31
!/ /
Slots

A double slot is made of:

* A data slot
« A control slot.

A slot is an eight-bit element of information.
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O Data Slots
Data exchange between the scanner and the DCE is performed on a
request/answer basis, in order to enslave the serial link data speed to the DCE
transmit and receive clocks.

The transmit and data slots carried by the serial outbound and inbound links,
contain bursts of data or are empty.

Up to five data bits can be sent or received in a data burst.

A data delimiter indicates the actual length of a data burst.

An empty data slot is ignored by the LIC and RTS remains at the previous state.
Control Slots

Control slots are used by the SMUX or DTE (LIC) registers, according to the

frame number: inside a superframe, control slots of all even frames are dedi-

cated to the V.24 registers.

Notes:

1. One double slot is used for DCEs working at speeds less than 20 kbps.

2. Four double slots are needed for DCEs working at 56 kbps.

3. A maximum of four DCEs working at 56 kbps can be attached to a same
scanner.

o

. When an even (resp. odd) DCE cassette address is used by a 56 kbps DCE,
the odd (resp. even) corresponding address must be left free.

Double Multiplexer Card (DMUX)
For LIC types 1 to 4 (DTE function only).

0} DMUX Functions

The two MUXs (on the DMUX card) convert the serial link bit stream coming
from the FES into the LICs bit stream.

On the serial link side the DMUX:

* Monitors the frames coming from the FESA.

* Retrieves and decodes the serial link bit stream encoded information {code

Manchester).

Detects the frame sync and transmits it to the LICs.

= Copies in the proper register the incoming information addressed to the
DMUX.

On the LIC bus side the DMUX:

» Monitors the serial information coming from the LICs.
! 0 » Transmits it to the FESA via the serial link after Manchester encoding.
* Sends control data stored in DMUX registers to FESA.

In addition the DMUX provides:

* A bit timing synchronized from the received data (PLO function)
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* Three clocks for LIC internal clock function (ICF) /(\J
* Three functional clocks for LICs synchronized on the outbound data flow U
* Two clocks for clock failure detection function assumed by the LIC
* Eight LIC reset commands (to isolate any LIC from the inbound data flow)
« DMUX physical address, machine frame configuration, and DMUX EC
number information to the FESA
* Error detection
* Diagnostic facilities.

MUX 1 or 2 Data Flow
There are two multiplexors (MUX) within a DMUX card. Each MUX attaches to
one serial link.

The data flow of the two MUXs is identical and is as follow:

VR
Clocks “x\;/’
Osc »— Decode > LICs/ICF clocks
T Bit sync.| Drivers —>
l - (5+3)
Slot/line/frame
From PLO > counters
serial
cable ¢ v i i ‘ Frame/ superframe
(1 or 2) Sync (2)
»— Driver —>
Rcve (2) Serial bus Frame inbound (8) .
- interconnection <
xmit (2) Frame outbound (1) N7
—>] »— Driver >
T Physical address (4)
Line frame configuration (2)
MUX registers —<
EC number (2)
-
LICs reset registers N
> LICs reset (8)
Hardware reset »— Drivers >
»— Or
Power ON reset h
To/from FESA To/from LICs

Note: Numbers in parentheses are the number of leads.
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DMUX Functional Description
Only one or both of the two MUXs of the DMUX card can be used depending on
connecting to one or two scanners.

Connection to one scanner Connection to two scanners
In this 'MUX extended configuration, up to 8 LICs ! In this ‘Not extended configuration', up to 4 LICs
(physical address O to 7) are connected to the l (physical addresses 0 to 3, or 4 to 7) are connected
scanner. to each scanner
The 'Cable 2 Present' bit is set OFF in the DMUX card The ‘Cable 2 Present' bit is set OM in the DMUX card
DMUX
====== | ICs number Serial link LICs number
4 to 7 CsC 4 to 7
Cable 2
Serial link LICs number Serial link LICs number
cs¢ 0to3 CsC 0 to 3
Cable 1 ; Cable 1
| ]
| S —
‘\
!
g‘ DMUX Reset
The DMUX card and, consequently, the two MUXs can be reset:
POR Serial Serial
l link 1 link 2
! X X X
! Analog L L
i reset Reset——Serial linkr—{Serial link
i MUX 1/2 | control 1 control 2
ex SL ctl
|
\ @ Reset Serial Tink
both MUXs 2 present
1
Reset—LICs——|Reset LICs r—{Reset LICs
ITT1
XXXX XXXX
1234 5678
1. A POR line coming from the power supply {one hne for two DMUX cards).
In that case a MUX reset is done and a reset LIC is sent to each associated
LIC.
0 2. The DMUX card being hot pluggable, an analog reset circuit allows to
perform the reset as for a POR line.

3. If there is a detection of 'no transmission” on the serial link, the MUX itself
generates a reset MUX, except on the serial link control part and generates
a reset on the associated LICs (extend mode or not.)
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LIC Reset

LIC reset is done either by the selective reset LIC line coming from the MUX or
by an analog reset circuit on the LIC itself in case of hot plugging.

A selective reset can be done by the microcode through the serial link by
selecting the appropriate bit in the LIC reset register of the MUX.

The reset allows to isolate the LIC from the MUX (via the LIC bus). and from the
attached lines.

DMUX Hot Plugging

4-38

Bottom connectors with several level of indentations and an analogic power ON
reset delay provide the required power sequences.
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SMUX Functions

(O  Ssingle Multiplexer Card (SMUXA/B)

For LIC types 5 and 6 (DTE plus DCE functions):

* The SMUXA is associated to the lower board.
*+ The SMUXB is associated to the upper board.

SMUXA and SMUXB are slightly different in packaging (cable connector), but
are functionally identical; therefore, SMUXA of SMUXB will be referred to as
SMUKX cards.

The SMUX cards convert the serial Manchester-encoded bit stream into the LIC
serial outbound bit stream and, conversely, the serial inbound bit stream from
the LICs into serial Manchester-encoded bit stream for the FES.

Inbound
Serial Link < LIC
FESA SMUX >
Outbound
0 1
0 1

Manchester encoding

On the serial link side:

* Monitors the frames coming from the FESA.

Retrieves and decodes the Manchester-encoded information.

Detects the frame synchronization pattern and transmits sync pulses to the
LICs.

¢ Loads the information devoted to the SMUX into the proper register.

On the LIC bus side:

* Monitors the serial information coming from the LICs.
¢ Transmits it to the FESA after Manchester-encoding.
¢ Sends the control information from the SMUX registers to the FESA.

In addition the SMUX provides:

¢ A bit timing synchronized from the received data (PLO function)

e Two functional clock signals to the LICs (synchronized from the outbound
data flow)

* Eight LIC reset commands (to isolate any LIC from the inbound data flow)

e SMUX physical address, machine frame configuration, SMUX EC number
and ‘LIC5/6 present’ indication

* Error detection

» Diagnostic facilities

* 1 MHz clock signal to the LICs for PKD operation

* Four binary coded bits to LIC type 5 for transmit level setting (see transmit
level hereafter).
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Transmit Level

The transmit level is country-dependent.

The correct transmit level for a given country must be set at installation time by

the CE each SMUX card by means of four switches (0 to -15 dBm).

SMUX

——»0ON

ilslsls

-—

At IML, those switch values are read into each corresponding LIC type 5 non-

volatile RAM. However, if one of these transmit levels has to be slightly modi-

fied in the field (for example to compensate for line impairments), it can be
modified from the PKD by the CE.

Card Replacement

In case of SMUX replacement, carefully note down the previous SMUX switch
settings or use the following table to determine the maximum authorized
transmit level in your country.

Country (non-switched lines) | Transmit level Country (non-switched lines) | Transmit level
AG and A/PG (generally) 0 Greece 0
Australia -13 Hong-Kong -9
Canada 0 Iceland -10

Chile -6 Ireland 0
Denmark -10 ltaly -10
EMEA (generally) -6 Japan l -15
Finland -10 Sweden -10
France -15 UK -13
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SMUX Data Flow
The data flow of the SMUX A/B is as follows:

Osc

Stot/1ine/frame
From PLO —» counters LIC clocks (2)
serial >
cable l l 1 i Frame/ superframe
Sync (2)

—| Driver >
Reve (2) Serial bus Frame inbound (8)
D E— interconnection «—
Xmit (2) Frame outbound (1)
— —| Driver >

Physical address (4)

A

Line frame configuration (2)

A

MUX registers

EC number (2)

LICs reset registers
@ > LICs reset (8)

A

P~ =

Hardware reset »— Drivers >
> or
Power ON reset
To/from FESA To/from LICs

| Note: Numbers in parentheses are the number of leads.
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SMUX Functional Description

Aithough SMUXB might not be used, SMUXA and SMUXB are permanently

installed on both LIB2s.

If a serial link cable is connected to a SMUXB, it works exactly as a SMUXA.

Connection to one scanner

Up to 16 LICs (addresses 0 to 15) are
connected to the scanner

Connection to two scanners

Up to 8 LICs (addresses O to 7) are connected

to each scanner

Serial link 2
¢sc

Serial link 1
csC

SHUXB

SHUXA

==== | ICs number
0 to 7

==== LICs number
0 to 7

SMUX A and B cards can be reset by either of the following ways:

* By the POR line coming from the power supply. The POR line acts on both
SMUX A and B cards. Both SMUX A and B are reset and send a ‘LIC reset’

+ By an “analog reset’ when a SMUX card is hot-plugged.

* When absence of signal is detected on the outbound serial link.

SMUXB |==== LICs number
==== 8 to 15
Serial link | SMUXA |==== LICs number
CsC ==== 0 to 7
SMUX Reset
to each associated LICs.
LIC Reset

LIC reset is done either by the “selective reset line” coming from the SMUX or

by an analog reset circuit when the LIC is hot-plugged.

Selective reset can be done:

+ Either by microcode through the serial link
« Or by selecting the appropriate bit in the LIC registers of the SMUX.

SMUX Hot Plugging

Bottom connectors with several levels of indentations and an analogic power

ON reset delay provide the required power sequences.
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LIC Types 1 to 4 Cards

Interface Lines

The LIC types 1 to 4 provide DTE function only. They connect the DMUX card to
various types of DCEs or direct-attached DTEs.

There are four types of LICs according to the CCITT interfaces.

LIC1s to LIC4s to DMUX interconnection is identical {the number and meaning
of bits may however differ according to the type of DCE attachment).
Some LICs require internally generated clock signals for either:

» Low-speed DCE attachment

* Direct attachment to terminals.

The internal clock function (ICF) on the LIC card itself, provides these clock
facilities.

DMUX buses DTE to DCE interfaces
Power ON reset Modem-out lines
LIC reset >

Modem-in lines

Y

A A

ICF clocks (3)

Y

Transmitted data

LIC clocks (3) >
Received data

A\

A

Other clocks

> LIC
DCE receive clock
Super frame, <
Frame sync DCE transmit clock
Frame inbound Transmit clock from ICF

< »
< »

Frame outbound

\ 4

Cable ID

A A
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Transmit/Receive Data Mechanism

LIC
DMUX J—L
JUuL UL [wigh-speed | L[ ow-speea || < LI /]

FES MUX serializer/ _J——L serializer/ DCE
Manchester Infoutbound||deserializer deserializer|| CCITT Telephone
encoded interface line
Serial link —I_L

|

5 data bits plus
1 delimiter

The data is passed from/to the FES to the telecommunication line via the MUX
and LIC as shown above.

The LIC communicates with the FES to:

* Request new data to be transmitted (when in transmit mode)

» Signal ‘transmit overrun/underrun’: ‘LIC line error register bit 3" (when in
transmit mode)

< Signal ‘overrun’: ‘LIC line error register bit 2’ if more than 5 data bits are
received between two serial link requests (when in receive mode).

LIC Reset
See also “DMUX Reset” on page 4-37.

The purpose of the LIC reset command is to isolate the LIC from the LIC bus
and from the attached lines (DMUX card provides one reset lead per LIC).

« At power ON, all leads are activated during the power ON reset, until the
DMUX detects a start pattern from the FESA.
« After power ON, one reset lead may be activated on request, to reset the
logic in the corresponding LIC and to disable all the line interface drivers.
— In the reset state, no information can be exchanged with this LIC.
— Any command to a LIC in reset state ends with a LIC check at the
FES-FESA interconnection.

Line Enable/Disable

When a line is enabled, it accepts read/write operations as well as data
transmission/reception and DCE interface handling.

After a LIC reset, all lines are automatically disabled and do not handle any
more data transmission/reception nor DCE interface handling.

* On one-line LICs, when the line is disabled (but not in the reset state), it
can be written and read.
* On four-line LICs:
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— When the four lines are disabled (but not in the reset state), it can be
written but cannot be read.
— When at least one line is enabled, it ean be written and read.

Each LIC (not under reset state) monitors the incoming and outgoing frames to
receive and send register information belonging to its lines. This allows the
lines, even disabled. to receive commands from the microcode and the FES,
and to pass status information to the scanner.

These facilities allow the FESA to:

« Handle the line enabled/disabled bits to generate the LIC present pattern
¢ Modify the FES scanning and dynamically adapt the FES resources to the
line configuration changes, without manual intervention.

For example, assuming a LIC plugged in physical position 0 on the LIC board:

e If this LIC receives logical address 7, it occupies the slots assigned to LIC
number 7 and is seen as LIC in physical position 7 by the FESA and FES.

¢ If this LIC has no line enabled, it will not be scanned.

¢ See “LIC Enabled Leads” on page 4-31 for the microcode handling of these
leads.

Selective Scanning
Selective scanning gives more flexibility for backup configurations using the
same scanner, as only the LICs which have at least one line enabled, are

@ scanned.
As a result, the total weight of the LICs which can be installed or connected
physically to one scanner may be more than the supported weight of the
scanner (100), as long as the total weight of the lines enabled at any time, does
not exceed the scanner’s supported weight.

Selective scanning enables the customer to install on the same scanner, LICs
which are enabled only for one configuration at one time, and LICS which will
be enabled only for a second configuration later (the first configuration having
to be disabled first).

Selective scanning is managed by the CSP microcode.

Notes:

1. When modifying a configuration containing one or several LIC4s, the
scanner must be re-IMLed.
2. No checking is made to verify that a scanner is overloaded.
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LIC Logical Addressing Function

LIC logical function allows selective scanning.

In the example of configuration changes hereafter:

* The logical address function allows multi-configuration changes without

card plugging or unplugging.

—— LIC board

Physical addresses
0 1 2 3 4 5 6 7
DMUX | LIC | LIC | LIC | LIC | LIC | LIC | LIC | LIC
Card A B C D E F G H
9.6 25% 1.2 1.2 1.2 64 64 9.6

Line speeds (kbps)

* The customer may define several configurations without any physical LIC

changes. For example:

Physical addresses 0 2 7

Configuration | DMUX | LIC | LIC | LIC

1 card A C H
Physical addresses 2 3 4 7
Configuration | DMUX | LIC | LIC | LIC | LIC

2 card C D E H
Physical addresses 0 2 3 6 7
Configuration | DMUX | LIC | LIC | LIC | LIC | LIC

3 card A C D G H
Physical addresses 1

Configuration | DMUX | LIC
4 card B

LIC Swap

8 lines at 9.6 kbps
4 lines at 1.2 kbps
12 lines at 1.2 kbps
4 lines at 9.6 kbps
1 1ine at 64 kbps
8 Tines at 9.6 kbps
8 Tines at 1.2 kbp

1 line at 256 kbps

The logical addressing function implemented in the 3745 LICs, allows LIC

address swap.

Supposing two LICs, one plugged at physical address A (LICA) and the other
one plugged at physical address H (LICH).

The logical addressing function allows to “swap’ the logical addresses between
LICA and LICH. For example, assign logical address A to LICH, and logical

address H to LICA.
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Before the swap

Physical addresses ¢] 1 2 3 4 5 6 7

DMUX LIC | LIC | LIC LIC LIC LIC LIC LIC
card A B C D E F G H

Logical addresses 0 1 2 3 4 5 6 7

After the swap

Physical addresses 0 1 2 3 4

w
[=2]
~

DMUX | LIC | LIC | LIC | LIC | LIC | LIC | LIC { LIC
card A B C D E F G H

Logical addresses 7' 1 2 3 4 5 6 ‘0’

After the swap, on the serial link, LICA takes the slots of LICH and LICH takes
the slots of LICA.

LIC Address Register Contents

Write mode Read mode

Bits Meaning Bits Meaning
0] LIC logical address bit O 0 LIC wired address bit O
1 LIC logical address bit 1 1 LIC wired address bit 1
2 LIC logical address bit 2 2 LIC wired address bit 2
3 Enable/disable logical add 3 Not used
4 Not used 4 EC number
5 Not used 5 EC number

LIC Control Register
The LIC control register X’02” bit 1 and bit 3 (Line enable EO and E1) controls
the swapping.

Bits Meaning
0 High-speed line
1 Line enable EO
2 X.21 CCITT used by FESA 80
3 Line enable E1
4 Not used
5 Transmit bit echo

Enable Clock Mode
Register X’03’ bits 4 and 5 select the clock mode. They are OFF after a reset
command (that is 00 = diag mode).

There is no clock until the enable clock mode bit is set, except if the LIC detects
that the cable ID is a local attach cable.

After the reset the LIC forces the local attach clock mode: 11 (speed given by
ICF after reset: 2400 bps).
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Transmit Clock Gating by RFS (LICs 1, 2, and 3)

If LIC control register X'02” bit 2 is set for a given line, it aliows gating the inter-
face transmit clock by the modem-in lead RFS (despite the clock mode setting).

There is no clock failure reporting if the transmit clock on the interface is
stopped because RFS is OFF.

LIC 4 Personalization
There is only one LIC type 4 part number. The LIC type 4A or 4B
(personalization) is defined at IML by the microcode.

The LIC 4 ‘wideband bit’, when set, specifies LIC 4A depending on the NCP
speed parameter definition at set mode time.

LIC Wideband with Line Speed Higher than 128 kbps

The wideband LIC is scanned four times faster than the non-wideband LIC. The
wideband LIC line takes four data slots in the frame.

* With a line speed less than 128 kbps, the four data slots dedicated to the
LIC in a frame are sufficient for the four lines attached.

* With a line speed higher than 128 kbps, only one line may be attached to
the scanner (the ‘high-speed line’ bit is set in the control register).

RTS Through DCE or Data Paths
According to the value of modem-out bit 5, the lead RTS of the DCE interface
will change with the new modem-out register or at the boundary of transmit
data burst as follows: ’

* RTS through the DCE path:

When modem-out bit 5 is ON, RTS changes according to the modem-out bit
1 sent to the LIC by the FESA in even frames. RTS change occurs as soon
as the new modem-out is loaded.

* RTS through the data path:

When modem-out bit 5 is OFF, RTS changes according to the value of bit 0
of the transmit data burst. The RTS change occurs at the boundary of the
transmit burst, that is, with the last data bit.

LIC Modem-In Process for Non-X.21 Lines
The LIC sends the modem-in information without any process to the FESA. The
FESA then processes this information in order to raise an interrupt to the FES
only with confirmed modem-in information.
For more information see “DCE Lead Management” on page 4-32 in the FESA
section.

N

LIC Modem-In Process for X.21 Lines

The LIC performs the confirmation of X.21 steady states by scanning a 16 bits
time.

The LIC sends the modem-in information to the FESA and when the state is

confirmed after 16-bits count, the ’bit state confirm” of X.21 modem-in register is
raised.
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An option is provided to the microcode (when register X’06’ is ON) o perform a
10 ms confirmation instead of a 16-bits time. In that case, the LIC sends
modeme-in to the FESA and the FESA itself confirms the state for ‘DCE clear’
after a 10 ms count. state confirm still being delivered after a 16 bits time for
the other three states.
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Internal Clock Function (ICF)

ICF Data Flow @

MUX card LIC card

Bus data rate

Clocks Internal transmit

>
>

CJ ICF clocks (4) LIC
logic Togic
Internal receive CCITT
CK >
clocks (4) interface

Y

Y

CM Local clocks (4) N
AN

A\ 4

>

ICF errors

\ 4

For each line, the transmission speed is selected at initialization by the micro-
code (set mode depending on NCP generation). The internal clock function
(ICF) provides the transmit and/or receive clocks to:

¢ The LICs and their low-speed non-clocked DCEs. 7N
* The LICs only when their direct-attached terminals use their own clock. S
* The LICs and their direct-attached unclocked terminals.

The ICF is not used when a LIC is attached to a clocked DCE.

Depending on the above configurations, the ICF mode can be ’“internal’, 3745’
or ‘External’, and the clockings are provided as follows.

Internal Mode
LIC DCE w/o Clock g

\ ,
@ ICF @ cF —F— o

LIC DTE with Clock

@ ICF @Terminu

The internal clocking mode is set by the microcode at initialization time in the
LIC card (ICF activated).
NCP parameters: clock=internal, speed =xxx.

The following data rates are available: (C

e Asynchronous lines (start-stop)
— From 50 to 19 200 bps
— 1200 bps transmit / 75 bps receive (for test purposes).

4-50 IBM 3745 Hardware Maintenance Reference (HMR) {




* Synchronous lines (BSC or SDLC)
— From 50 to 4800 bps.

3745 Mode
LIC DTE w/o Clock

@ ICF @ ICF

The 3745 clocking mode is set by the microcode at initialization time in the LIC
card (ICF activated).

NCP parameters: =direct attach, speed =xxx.

The following data rates are available:

» Asynchronous lines (start-stop)
— From 50 to 19 200 bps.

* Synchronous lines
— Up to 245 760 bps for SDLC
— Up to 55 845 bps for BSC

External Mode
LIC DCE with Clock

” @DCE @ pce —F—

The external clocking mode does not activate the ICF since the DCE provides
the transmit and receive clocks to both the LIC and itself.

LIC Wraps

Refer to:

¢ “Problem Determination Aid for LIC Types 1 {0 4” on page 4-92 for more
information on wraps

e Advanced Operations Guide, SA33-0097, to invoke these function from the
MOSS console

* Diagnostic Descriptions, SY33-2059, for diagnostics using LIC wraps.

Two LIC wraps are available on the CCITT interface of the LICs:

* Loop 1 {line wrap)
* Loop 3 {loop back).

{LIC register X"2” bit "Loop 1" or bit "Loop 3’).

Loop 1 on V.24
Loop 1 on the V.24 interface performs the following wraps:
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Loop 1 on V.25

Loop 1 on X.21

Loop 3 on V.24

Loop 3 on X.21

»
>

Transmit data: OFF

> DCE

LIC logic wrap Drivers
|— DTR: OFF
325 1 —)I(_ RTS: OFF
- u— R
S ———

For the V.25 autocall interface, transmit data line is replaced by digit present
line inside LIC1 hardware and no transmit or receive clock is available.

Loop 1 on the X.21 interface performs the following wraps:

LIC Togic

wrap Drivers

C
I

Xmit data
Rcve data

|-— Control: OFF

»

___)1(_

Transmit data: OFF DCE

pu—

»

Loop 3 on the V.24 interface performs the following wraps:

LIC logic

wrap Drivers

DTR
DSR
RTS
RFS
Xmit data
Rcve data

-— DTR

RTS

\ 4

— |
— ]

A\ 4

DCE

> > — > ——

<

A 4

<

Only DTR and RTS are wrapped to DSR and RFS before the drivers.

Loop 3 on the X.21 interface performs the following wrap:

\

DCE

LIC logic wrap Drivers
|— Ccontrol
S— ]‘
Xmit data X
Rcve data <

Y
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Hot Plugging of LICs
The bottom of the LIC card has three levels of indentation to provide the
required power sequences.

When plugged power ON. the LIC logic gets into the reset state long enough to
avoid transient disturbances on the interfaces.
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LIC Types 5 and 6 DTE Function

The LIC types 5 and 6 provide DTE and integrated DCE functions. They connect

SMUX cards to telecommunication lines.

* LICs type 5 connect to normal quality or M.1020/1025 4-wire telecommuni-

cation lines

* LICs type 6 connect to DDS. local loops or unloaded baseband 4-wire lines

in the US only.

Here follows information about the DTE part of LICs type 5 and LICs type 6
which is common to both LICs. Refer to the specific LICs type 5 or LICs type 6

section for DCE function.

Transmit/Receive Data Mechanism

LICs type 5 and LICs type 6 interconnection to SMUX cards is identical (the
number and meaning of bits may however differ according to the type of line).

4-54

Serial link

The data is passed from/to the FES to the telecommunication line via the MUX

==l

5 data bits plus
1 delimiter

and LIC as shown above.

The LIC communicates with the FES to:

LIC
DTE
—JIJIJIJI— —Jﬁl—J_l—J_ High-speed Low-speed Telephone
FES} SMUX serializer/ serializer/ DCE
Manchester In/outbound||seserializer deserializer line
encoded

* Request new data to be transmitted (when in transmit mode)

» Signal ‘transmit overrun’: “LIC line error register bit 3’ {(when in transmit

mode)

» Signal ‘transmit underrun’: "LIC line error register bit 3’ {(when in transmit

mode)

» Signal ‘overrun”: “LIC line error register bit 2" if more than 5 data bits are

received between two serial link requests (when in receive mode).
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LIC Reset
See “SMUX Reset” on page 4-42, and "LIC Reset” on page 4-44.

Line Enable/Disable
See “Line Enable/Disable” on page 4-44.

Selective Scanning
See “Selective Scanning” on page 4-45.

LIC Swap

See “LIC Swap” on page 4-46, keeping in mind that LICs type 5 have only four
logical addresses per SMUX card.

LIC Address Register Contents

Write mode Read mode

Bits Meaning Bits Meaning
: 0] LIC logical address bit O 0 LIC wired address bit O
‘ 1 LIC logical address bit 1 1 LIC wired address bit 1
i; 2 LIC logical address bit 2 2 LIC wired address bit 2

3 Enable/disable logical add 3 Odd position

| 4 Not used 4 EC number
| 5 Not used 5 EC number

D LIC Control Register
The LIC control register X’02" bit 1 and bit 3 (line enable EO and E1) controls the

swapping.
Bits Meaning
|
| 0 Not used
W 1 Line enable EO
2 Not used
3 Line enable E1
4 Not used
5 Transmit bit echo
LIC Wraps
Refer to

¢ “Problem Determination Aid for LIC Types 1 to 4” on page 4-92 for more
information on wraps

¢ Advanced Operations Guide, SA33-0097 to invoke these functions from the
MOSS console.
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Loop 3 on V.24

Loop 3 on the V.24 interface performs the following wraps:

DTE DCE

¢  ———> (invokes loop 3) LIC 5 or 6
+— DSR
RIS ——

«——— RFS

Y

Xmit data

A

Rcve data

<«—— DCRLSD

+— TI

Loop 3 is performed between the transmitter output and the receiver input
{before the line transformers) in the DCE part of LIC type 5 and LIC type 6.

A 700 € load is maintained on the line during loop 3. Loop 3 is started by ‘test
control” (TC) rise. The DCE answers back by rising ‘test indicator’ (T}, then
starts data looping.

LICs Hot Plugging

LIC card bottom connector have three levels of indentation to provide the
required power sequences.

When plugged power ON, the LIC logic gets into the reset state for a time long
enough to avoid transient disturbances on the interfaces.
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LIC Type 5 DCE Function

Maintenance Approach
Four basic methods are used to identify network/link problems or DCE failures:

1. Link problem determination aid (LPDA-Q) hardware function implemented in
each LIC type 5 DCE.

LPDA-2 is used in conjunction with the NetView program and console at
host location. LPDA-2 commands and report messages are given in LPDA
Description, SY33-2064.
2. MOSS wrap tests.
3. Diagnostics invoked from the MOSS console.
4. Manual tests from:
¢ LIC type 5 panel or
» 5869 portable keypad display (PKD).

For details, see “Problem Determination Aid for LIC Type 5 and LIC Type 6” on
page 4-95, and appropriate 786X and 5822 documentation listed in the MIP bibli-

ography.
Data Flow
LICS
Telephone Tine
" DCE
SMUX DTE Control panel
L Telephone line
DCE
Logic Part
* DTE serializer/deserializer
* DCE microprocessor and signal processor
« DCE ROS, RAM, and NVPROM.
Analog Part
* DCE coder/decoder
* DCE transmit/receive filters
* DCE line transformers.
Speeds

Each LIC type 5 houses two DCEs which can operate at: 4800 bps (2400 bps
backup). or 9600 bps (7200 bps backup). or 14 400 bps (12 000 bps backup) over
non-switched 4-wire telephone lines

In the event of severe degradation due to temporary line problems, the backup
speed may be used.
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In multipoint network, the backup inbound speed may be required for only one
or several drops, while the other drops continue to operate at full speed. @

Speed Setting

The speed is set at LIC installation from the PKD, and can be different for each

DCE of a given LIC type 5

The speed setting cannot be done either by NetView or by MOSS.

Configurations

LIC type 5 DCEs are compatible with IBM 586X and 786X DCEs. They operate in
point-to-point or multipoint configurations as follows.

Point-to-Point - LIC Type 5 to LIC Type 5

3745

LICS

Primary

Point-to-Point - LIC Type 5 to 586X or 786X

3745

LICS

!/

Primary

i
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Point-to-Point - LIC Type 5 to Tailed 586X

Tailing Tailed
3745
LIC5 {4/ /—1 DCE DCE —/ /— DCE DTE
1 2 1
Primary Secondary Primary Secondary
1: Transmit clock = received

|

2: Transmit clock = external

Speed control = DTE.
Multipoint - LIC Type 5 to LICs Type 5
3745 3745
LICS !/ / 0 LICS
Control Tributary
3745
+ LICS
, l
| Tributary
O |
Multipoint - LIC Type 5 to 586Xs
3745
LIC5 /7 0 DCE DTE
Tributary
Control
? DCE DTE
| Tributary
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Multipoint - LIC Type 5 to One Tailed 586X

Point-to-point Multipoint
Tailing | Tailed
3745
LICS —/ /— DCE |— DCE |—/ /—o— DCE — DTE
1 2 1
Primary Secondary Control Tributary
(9600 bps only)
o— DCE — DTE
1
|  Tributary
1: Transmit clock = received
2: Transmit clock = external
Speed control = DTE.
Multipoint - LIC Type 5 to 586Xs (Including Tailed)
This configuration does not support LPDA2.
Tailing Tailed
3745
Li¢c5 pH—/ /—o— DCE |— DCE |—/ /—o0— DCE DTE
1 2 1
Control Tributary Control Tributary
— DCE |—DTE —1 DCE DTE
1 1
Tributary Tributary
1: Transmit clock = received
2: Transmit clock = external
Speed control = DTE.

Configuration Options

Depending on the 'IBM native’ or CCITT type of modulation, the different ways

of setting the various CNM functions are as follows:
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CNM functions Hodulation Settable by

IBM native CCITT NetView | PKD | MOSS
Manual commands Yes Local No Yes No
Local wrap (loop 3) Yes Yes No Yes Yes
Remote wrap (loop 2) Yes Yes Mo Yes No
Local self-test Yes Yes Yes Yes Yes
LPDA-2 Yes Local Yes No No
Sense/operate contacts | Remote No Yes Yes No

Although LIC type 5 has no ‘sense/operate’ contact feature, it is possible to
have these functions implemented in the remote 586X, and use them through a
LIC type 5.

Data Encoding and Modulation
LICs type 5 use combined amplitude and bi-phase differential modulation
encoding. Each couple (phase, amplitude) corresponds to a single bit pattern.

In addition, the data is scrambled/descrambied to avoid single frequencies over
the telephone line when repetitive data patterns appear at the DCE interface.

Below are the:

* Modulation rate

» Carrier frequency

* Number of encoded bits per signaling period
* Modulation type.

For the A to E configurations shown in the following table:

A B C D E F G

14 400 bps * *

9600 bps * * *

4800 bps . .

Native

CCITT V.27 bis *

CCITT V.33 *

CCITT V.29 *

Point-to-point

Multipoint inbound

Multipoint outbound
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A - Native Mode

Speed 14 400 bps 12 000 bps
Modulation Rate 2400 2400
Carrier Frequency 1700 Hz 1700 Hz
Number of encoded bits per sig- 6 5

nalling periods

Modulation QAM trellis coded QAM trellis coded
RTS/RFS Delay 2 ms 2ms

B - CCITT Mode
Speed 14 400 bps 12 000 bps
Modulation Rate 2400 2400
Carrier Frequency 1800 Hz 1800 Hz
Number of encoded bits per sig- 6 5
nalling periods
Modulation QAM V.33 QAM V 33
RTS/RFS Delay 2 ms 2 ms

C and D - Native Mode

Speed 9600 bps 7200 bps
Modulation Rate 2400 2400
Carrier Frequency 1700 Hz 1700 Hz
Number of encoded bits per sig- 4 3
nalling periods
. oramt | .o aaw
RTS/RFS Delay 2ms 2 ms

E - CCITT Mode
Speed 9600 bps 7200 bps 4800 bps
Modulation Rate 2400 2400 2400
Carrier Frequency 1700 Hz 1700 Hz 1700 Hz
Number of encoded bits per sig-
nalling periods 4 3 2
Modulation QAM V.29 QAM V.29 QAM V.29
RTS/RFS Delay 2 ms 2 ms 2 ms
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nalling periods

F - Native Mode
Speed 4800 bps 2400 bps
Modulation Rate 2400 2400
Carrier Frequency 1700 Hz 1700 Hz
Number of encoded bits per sig- 9 1

4-phase differen-

4-phase differen-

nalling periods

Modulation tial encoding tial encoding
RTS/RFS Delay 2 ms 2 ms

G - CCITT Mode
Speed 4800 bps 2400 bps
Modulation Rate 1600 1200
Carrier Frequency 1800 Hz 1800 Hz
Number of encoded bits per sig- 3 9

Modulation

8-phase differen-
tial encoding

8-phase differen-
tial encoding

RTS/RFS Delay

2ms

2 ms

DCE to Telephone Line Interface

LIC type 5 interfaces the telephone line through balanced impedances matching
the networks (both input and output circuitries may be regarded as 2-port net-

works).

Unbalanced »————— Transmit —0

source terminator I 600 Q balanced output
I stage o0
/11171

Unbalanced «————— Receive —0

receiver terminator 600 Q balanced input

‘E stage —o0

/1117

The circuits are not damaged:

¢ Under open circuit condition

* By a short circuit between the leads
= By a short circuit from either lead to ground.
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The DC isolation between input and output leads with regard to ground is

AN
greater than 20 MQ. U
Surge Protection
1. Primary protection: a telephone line surge protection (carbon block or gas
tube) should also be provided by the line connector before the DCE wall
plug
2. Secondary protection: three protection devices connected from tip to frame
ground, from ring to frame ground, and tip to ring.
In the countries where it is authorized, this limits the maximum voltage to
80 V peak (line to ground) or 80 volts peak (line to line). In addition, the
transformer saturation characteristics, and the Zener diode network across
the line transformer secondary windings, limit the maximum peak voltage to
12 V (line to ground). -
a
- - \\ .
Transit Time ~7
The transit time is the time that elapses between the input of a bit in the local
transmitter and the output of this bit from the remote receiver, assuming a zero
transmission delay over the telephone line.
Transit time (ms)
Modulation type
14 400 | 12 400 | 9600 7200 4800 2400
IBM Native 21.4 214 17.2 18.0 N
CCITT v.33 21.4 21.4 NS
IBM Native 18.0 18.0
CCITT V.29 16.8 16.8 16.8
IBM Native 17.4 21.4
CCITT V.27 bis 12.2 15.6
RFS Delay I
The RFS delay is 2 ms for LICs type 5 in any configuration. It must be added to AN
the transit time to evaluate the turnaround time.
r\
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LIC Type 5 Panel

I

J-’ 14 — Telephone line 1

connector
L

r DCE active (green) 1 —0
LEDs
L DCE failed (yellow)2 —+0

[:EL— PKD connector

PT2 connector

<+——1— PKD switch select
1 {to line 1 or 2)

DCE active (green) 1 —+»0
LEDs I:

DCE failed (yellow)2 —»0

— Telephone line 2

connector
1 lit DTR is ON (green LED)
2 lit Severe local DCE error is detected (yellow LED)
1 and 2 flashing LIC card plugged in a wrong place

Line Specifications
* 4-wire non-switched lines
* US and Canada: non-conditioned
* Other countries: CCITT M.1020 or M.1025 conditioning.

Line Spectrum
* V.27 bis

— Centered on 1800 Hz
— Spreads from 1000 to 2600 Hz.

* Native and V.29

— Centered on 1700 Hz
— Spreads from 450 to 3050 Hz, including a 12.5 % roll-off.
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* V.33

— Centered on 1800 Hz
— Spreads from 600 to 3000 Hz.

3002 Channel (US) Characteristics
Attenuation distortion

Delay distortion

Insertion loss at 1004 Hz
Non-linear distortion (H2)
Non-linear distortion (H3)
Phase jitter

Frequency shift

Signal to noise ratio
Impulse noise

M.1020 Line Characteristics
Attenuation distortion

Delay distortion

Insertion loss at 800 Hz
Harmonic distortion
Phase jitter

Frequency shift

Signal to noise ratio
Impulse noise

M.1025 Line Characteristics
Attenuation distortion

Delay distortion

Frequency error
Insertion loss at 800 Hz
Harmonic distortion
Phase jitter

Frequency shift

Signal to noise ratio
Impulse noise

(Overall loss relative to that at 1004 Hz)
-2 to + 8 dB from 500 to 2500 Hz
-3to +12 dB from 300 to 3000 Hz

Less than 1750 us from 800 to 2600 Hz

16 dB

25 dB minimum

30 dB minimum

No more than 10° peak-to-peak

+ 5Hz

24 dB

Threshold of -6 dB to signal level at an average rate

of 15 impulses per 15 mn.

{Overall loss relative to that at 800 Hz):
-2to +6 dB from 300 to 500 Hz
-1to +3 dB from 500 to 2800 Hz
-2 to +6 dB from 2800 to 3000 Hz
{Group delay relative to the minimum group delay):
Less than 500 us from 1000 to 2600 Hz
Less than 1500 us from 600 to 2600 Hz
Less than 3000 us from 500 to 2800 Hz
13dB + 4
25 dB minimum (below received level)
No more than 15° peak-to-peak (normally 10°.)
+ 5 Hz
24 dB
Threshold of -8 dB to signal level, at an average
rate of 18 impulses per 15 mn.

(Overall loss relative to that at 800 Hz):
-2to +12 dB from 300 to 500 Hz
-2to + 8 dB from 500 to 2500 Hz
-2to +12 dB from 2500 to 3000 Hz
{Group delay relative to the minimum group delay):
Less than 300 us from 600 to 2800 Hz
Less than 1500 us from 1000 to 2600 Hz
Less than + 5 Hz
13dB t 4
25 dB minimum (below received level)
No more than 15° peak-to-peak {normally 10°)
+ 5 Hz
24 dB
Threshold of -8 dB to signal level at an average rate
of 18 impulses per 15 mn.
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Specific Country Line Characteristics
In the following countries, the line characteristics are specified by the PTT:

* France

The French PTT offer a 4-wire normal quality line with the following specifi-
cations:

Attenuation distortion {Overall loss relative to that at 800 Hz):
-2.6 to +4.5dB from 500 to 2000 Hz
-2.6 to +6.0 dB from 300 to 2600 Hz
-3to + 9 dB from 1700 to 2300 Hz
-3to +12 dB from 2300 to 2800 Hz
Loss at 800 Hz: 6.4 dB, with a possible variation
of less than 4.5 dB.
Delay distortion (Group delay relative to the minimum group
delay):
Less than 1000 us from 1000 to 2400 Hz
Less than 1500 us from 800 to 2600 Hz
The DC loop resistance of a wholly metallic line
is less than 4000 Q.

* Japan

The NTT offer a normal quality line (3.4 kHz service). According to
NTT-supplied information, these lines should have the following specifica-
tions:

Attenuation distortion (Overall loss relative to that at 806 Hz over
carrier section):
-3.8to +13.0dB from 300 to 400 Hz
-3.8to0 + 5.8 dB from 400 to 600 Hz
-3.8 to + 3.8 dB from 600 to 2400 Hz
-3.8 to + 9.4 dB from 2400 to 3000 Hz
-3.8 to +17.4 dB from 3000 to 3400 Hz
Delay distortion (Group delay relative to the minimum group
delay):
Less than 1750 us from 1000 to 3000 Hz

« UK

The Post Office provides a quality telephone line according to CCITT recom-
mendation M.1025.

Options and Configurations
The options are entered from the PKD, using the “CONF’ command or via
LPDA-2 commands. They are stored into a non-volatile RAM except for micro-

code and EC levels.

These options are:

* Read and set by the customer
» Read and set by the CE only
* Read-only.

They can be read and set:

¢ Through the PKD
» Through the LPDA-2 commands
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* In the local LIC type 5 DCE
* In the remote DCE (LIC type 5 or IBM 586X DCE).

The table below shows the various ways of reading and setting these options.

Keying 'LOCAL CONFIGURATION’ will cause the DCE to display and scroll field
by field its own configuration; the operator may update each configuration field
which appears on the display.

If the operator does not update the configuration, Tl is not raised and data
traffic can take place without interruption.

If the operator updates the configuration, (keying 'ERASE’), Tl is raised, CD and
RFS are dropped at local interface, and the data traffic through the DCE is inter-
rupted.

Keying "/REMOTE CONFIGURATION’ causes the DCE to display and scroll the
configuration of the selected remote DCE.

During the operation, Tl is raised, CD and RFS are dropped at the local and the
remote interface, and the DATA traffic through the DCE is interrupted.

\\

~
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Options

Settable in the
Local LIC Type 5

Settable in the
Remote LIC Type
5 (if not CCITT)

PKD LPDA-2

PKD LPDA-2

DCE address

Default speed
Point-to-point - Multipoint
Control - Tributary
Type: IBM native

Long training sequence
Anti streaming
Transmit clock control
RFS delay

Line quality threshold
Receive level threshold
Hit count threshold
Nonswitching transmit level
CCITT

CD sensitivity

LPDA-1 enable

LPDA-2 enable

2nd backup speed
Auto self-test

Switched transmit level
Autoanswer

Ring protection
Autodisconnection
Telephone numbers
Serial number

Base card EC level
Machine EC level
Microcode EC levels
Customer information

*

* Read and set by customer
I Set by CE only
A Read-only.

Note: As options and some other configuration items can be set either locally
or remotely, contentions may occur. The last received configuration, either
from the line or from the attached operator panel. overrides the previous one.

Some of the above options are self explanatory: the others are explained here-

after.

DCE address

* Control and primary LIC type 5s :

» Tributary and secondary LIC type 5s :

Default speed

always 01
any value

The non-volatile RAM holds the default speed indication,

defined at configuration time. which is used at each power ON.

Point-to-point/multipoint

LIC type 5 can be "Primary’, ’Control’.. ‘Secondary’. or

‘Tributary’.
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Transmit clock control

Two options are available:

Internal clock The transmit clock is provided internally by the
LIC type 5.

Receive clock The local transmit clock i1s locked onto the
recelve clock (decoded from the received
data).

Line quality threshold

From O to 15, displayed in hexadecimal (0 to F)

* LPDA-2 setting ranges from O to E
» Control panel setting ranges from 0 to F. F means 'no
threshold’.

If the line quality parameter is above or equal to that threshold,
the line quality indication 'LQ" in the background information
blinks on the displayed value, and the buzzer gives an audible
alarm.

At installation. the threshold value is 8 which corresponds to a
10°% bit error rate.

Receive level threshold

Carrier detector

This is to specify the threshold above which a warning indi-
cation will be reported during LPDA-2 modem and line status
report.

The range is from 0 to -43 dBm.

sensitivity
Two sensitivities are provided:

Low CD sensitivity Received signal below 31 dBm is not
detected

Normal CD sensitivity Received signal is detected down to 43
dBm.

LPDA-2 hit count threshold

Transmit level

ccir

LPDA-2 enabled

From O to 64. This field cannot be accessed from the control
panel.

LPDA-2 setting ranges from 0 to 63. (64 means' 'no threshold’).
See SMUX A/B section for authorized levels and settings.

Applied to point-to-point, makes the LIC type 5 compatible with
CCITT V.27 bis, V.29 or V.33 recommendation for 4800, 9600 or
14 400 bps.

Enabled Default option. The DCE intercepts and executes
LPDA-2 commands.
Disabled the DCE ignores LPDA-2 commands.

Since LPDA-2 commands flow into the DCE as other pieces of
data, the disable option may be selected if there is a chance
that the LPDA-2 header may be erroneously detected in the
data bit stream. The LPDA-2 header is guaranteed unique for
the following data transmission protocols:
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* SDLC NRZI
» BSC USACII or EBCDIC
+ ALC

First/second backup speed
Only used with CCITT V.29 option, to specify whether the 7200
or 4800 bps backup speed is used.

Card EC level One digit, from 0 to 3, wired on the LIC5 card, that specifies the
level of the electronic components.

Microcode EC level
The EC level of the ROS and UVPROMSs can be read on the
PKD from the ROS themselves. They cannot be updated.

Host Support
Host support for LIC type 5 is NetView from R3, using LPDA-2 functions. See
LPDA Description, SY33-2064 for LPDA-2 protocols, formats, and commands.
Three sets of commands are available for:

¢ Problem determination
* DCE configuration
» Testing from the TSS.

Problem Determination Commands
Supported commands are:

» DCE status and test
¢ Line status

* Transmit/receive test
« Line analysis.

DCE Configuration Commands
The following ‘operational commands” are supported:

} * Read local configuration
» Write local configuration
H[ * Set local transmit speed
‘ 0‘ » Read remote configuration
« Write remote configuration

* Set remote transmit speed
* Remote contact sense/operate.

Note: The following commands are not supported:

e Call-out

« Disconnect

+ Local contact sense/operate in local LIC type 5
* Read local coupler

+ Read remote coupler

» Write local coupler

* Write remote coupler.
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TSS Commands

Manual Tests

Two commands can be initiated from the TSS (FESA) to test the LIC type 5:

¢ CCITT loop 3 (with or without line wrap block)
* Self-test.

CCITT loop 3
This test is initiated by the 3745 TSS (FESA) on the DTE interface.
The FESA has to detect RFS going ON before sending the data to be
looped. For security purpose, the FESA can set up a timer (2100 ms
maximum) to guard against no answer from a failing DCE.

The TSS/FESA follows the following sequence:

1. Start loop
¢ Put RTS OFF
¢ Detect RFS OFF in less than 50 ms
« Set TC ON
« Detect TI ON in less than 700 ms
« Set RTS ON
¢ Detect RFS ON in less than 200 ms
* Send data to be looped on TD.
2. End loop
* Stop data transmission
e Put RTS OFF
e Detect RFS OFF in less than 50 ms
e Put TC OFF
¢ Detect TI OFF in less than 100 ms.

Self-test The self-test from OFFline diagnostics pre-empts any other DCE func-
tions.

It can be run only when the DCE is not connected to the network,
and it doesn’t need any line wrap plug.

The "MODEM FAILED’ bit is set to 1 in case of error. The '’MODEM
BUSY’ bit is raised solely as an answer to the self-test request from
the 3745.

The test sequence is as follows:

1. Read interface
‘Modem failed” bit ON = error
"Modem busy’ bit staying ON for more than 4 s = error.
2. Set ‘Self-Test Request” ON
‘Modem busy” should come ON in less than 200 ms.
3. Put ‘Self-Test Request’” OFF (to avoid continuous self-test)
"Modem busy’ should come OFF in less than 4 s.
‘Modem failed” OFF = self-test successful.

The following manual tests are all initiated from the PKD:

Data disruptive

*» Local loop back yes!
» Remote loop back yes!
+ Local self-test yes?
* Local status no

* Remote self-test yes
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* Remote status yes

= Digital test (xmit/receive test) yes!
* Analog test (line analysis) yes
¢ LIC line analysis procedures (LLAP) yes

! Run continuously until keying ‘EXIT’.

Descriptions of the above manual tests are given later in this chapter, under
‘Problem Determination Aid’ for LIC type 5/LIC type 6.

Alarm Tone Detection
A failure tone is sent when a hard internal failure is detected. However, LIC
type 5 DCEs detect both:

* Remote power OFF tones
* Remote failure tones.

Alarm tones are not detected if the DCE is executing a self-test.

If a failure tone and a power OFF tone are detected while executing a local
status. only one of them is displayed.

Tone Characteristics
Frequency 325 Hz + 10 Hz
Level As written in NVRAM (default value provided by the switches on
the SMUX card)
Power OFF tone duration

¢ 100 ms + 20 ms if power OFF lasts more than 100 ms
» Equals the power OFF duration if power OFF lasts less than
100 ms.
Failure tone duration
300 ms (repeated every 90 s until the DCE is powered OFF or the
internal error disappears).

Tone Reception
The detection is controlled by the microprocessor, which monitors the tone
duration in order to differentiate the power OFF tone from the failure tone.

DCE Configuration
DCE (LIC type 5 or 586X) configuration (local or remote) is achieved by keying a
set of commands from the IBM 5869 PKD connected to the relevant LIC type 5.
See the MIP, §Y33-2054 for detailed command procedures.
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Portable Keypad Display (PKD) @
The IBM 5869 PKD consists of a keyboard of 20 keys associated with a
16-character alphanumeric display, and audible alarm.

e

bt s e LAY |

| |
| S| J
L _

0 0O 0 g }
N 0o r ~
oo uo ! e
0o 0o o
O 0 0O O —Gto LIC5 (or LIC6)
KEYPAD (/\,
N
TEST STATUS SPEED CONFIG
Loc 0 1 2 3
TEST STATUS FULL CONFIG
REM 4 5 6 7
-
ANALOG DIGITAL BCKUP CMD N
8 9 A B
PD LOC. LOOP
C D £ F
GO ERASE EXIT STOP

the following are the available main display operations. For procedures, ’
display analysis, and actions, refer to:

* 3745 Problem Determination Guide, SA33-0096
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* 3745 Connection and Integration Guide, SA33-0096.

Lamp Test
The "GO’ key displays all positions during 5 s on the screen to test the LEDs.

\t'"\ ,\r ,‘

Acdressl La l OperT RTS TRFST ™ I CD I RO

A specific key display can also be tested {by keeping that key pressed longer
than 5 s).

Background Information
This is the default information that appears on the screen in nhormal mode. You
find, from left to right:

= 3745 line physical (or logical in case of LIC swap) address: 2 characters

¢ Line quality irrelevant = x: x from O to F (O is the best)

* Operate OFF = x: L = Non-switched, W = Local wrap via TC

« RTSOFF =0 ON =1

« RFSOFF =0 ON =1

« CD OFF =0 ON =1

* TD blinks on TD activity, indicates also speed of transmission: F = full, B
= backup

* RD blinks on RD activity, indicates also speed of reception: F = full, B =
backup.

il

Notes:

1. "WRAP’ is displayed instead of line address and line quality if a manuat
loop back test is running.

Transitions between 0 and 1 on the screen indicate that activity is taking
place on the lead {except for RD and TD). If there is no activity the actual
status is displayed.

When CD = 0, RD indicates the speed of last data reception.
When RFS= 0, TD indicates the speed of last data transmission.

DCE Information
When the background information is displayed, keeping the ERASE key pressed
will give you a display of the form:

aaaa bbb cc
where:

aaaa 4800 bps or 9600 bps or 14 400 bps or V.27 or V.29 or V.33
bbb  Transmit clock option

* INT for internal {from local)

* RCV for received (from remote).
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cc Network configuration
* PP for point-to-point primary
* PS for point-to-point secondary
* MC for multipoint control
* MT for multipoint tributary
* MT for CCITT V.29 or V.33.

This operation is not data disruptive. Releasing the ERASE key returns to back-
ground display.

LIC 5 Physical Address
When the background information is displayed, press the EXIT key for more
than 0.5s. The LIC physical position on the board is then displayed.

POR - Bring-Up Information SN
At power ON reset time all the segments on the screen are lit ("*’), then "COPY- ‘ﬁ\ J
RIGHT IBM 88" appears on the screen. -

Normally, after the initial self-test is completed, the screen displays the back-
ground information. In the normal case, the DCE goes to ‘operate’. If a severe
problem occurs, the ”*" remain on the screen.

If the initial self-test detects a severe error, the message:
LIC 5 FAILED

appears on the screen during 2 s and the DCE loops on bring-up. /TN

Keying Procedures
Each function is performed in three steps:

1. Selection
2. Execution
3. Report.

Command Rejection
In some cases commands are rejected: 7N

No response The remote did not answer, disruption of data transmission has N
already taken place.

Bad response The remote gave an invalid answer (wrong FCS), disruption of
data has already taken place.

Busy TC ON If the lead TC is ON, all operator commands are rejected with
the following message:

BUSY TC ON

The buzzer sounds one beep, and the message stays on the
screen until the operator presses EXIT. There is no disruption
of data.
Not executed = The command can also be rejected with the ‘NOT EXECUTED’
message. Either it was a remote command and the DCE is in
CCITT mode or the DCE is continuously busy with host com- ‘
mands (this may be an abnormal condition). If the message is C
caused by CCITT mode there is no disruption of data.

A remote speed change is not executed if the clock option of
the remote DCE is not set to internal clock.
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Self-Tests

Status

| Analog Test

Digital Test

Local Loop

Speed Change

The buzzer sends the audible attention at the beginning of the report.

In report step, pressing a function key causes the return to selection step. This
is a means to chain several commands without being pre-empted by commands
coming from the host or the line (see contentions).

The following self-tests are available:

¢ Local self-test (key 0)
* Remote self-test (key 4).

The following status can be examined:

Local status Key 1. Not disruptive but forbidding LPDA-2 commands,
informs on:

* Logged warnings

¢ Line quality end received level in dBm

* Hit count since the last 15 mn

* DTE interface local status and transitions

Remote status Key 5. Disruptive

* Logged warnings

¢ Line quality end received level in dBm

¢ Hit count since the last 15 mn

« DTE interface local status and transiions

This test (key 8) provides line analysis. [t involves both local and remote DCEs
and lasts 6 s on each side.

This test (key 9) is a transmit/receive test It involves both the local and remote
DCEs. Blocks of data are sent from the local to the remote DTE which wraps
them back to the local one.

Block errors are counted on both sides and displayed on both screens See
page 4-99.

This command (key F) prepares the DCE for a loop 3 test See page 4-56

This option allows to change the speed locally and/or remotely from nominal to
backup, and conversely The speed cannot be changed if the remote DCE:

* Has the DSRS option
« Already runs at requested speed.
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Configuration AR
The PKD being connected to a given DCE, the local DCE or the remote DCE b
configuration settings may be:

« Scrolled and displayed
* Updated.

Some fields are modifiable by the CE only, some others fields are 'read only’
{for example. model).

If vital fields have been modified, returning to background causes a self-test to
take place.

The table on page 4-69 shows the various configuration fields for local LICs type

5.
N
Contact Sense/Operate —
These facilities are not available on LIC type 5, but on remote 586Xs only. They N
are:
* Open the ‘contact operate’ relay
* Close the ‘contact operate’ relay
* Get the status of the “contact operate” and ’‘contact sense’.
Commands
The following commands can be executed in CE mode only:
» Send a 1004 Hz tone on the telephone line N
¢ Load the default configuration {transmit level not changed) '\L\ Y
¢ Update the configuration (all fields may be updated)
* Address a specific DCE via its serial number
¢ Long timer (10 mn) for LLAP
¢ Contact sense/operate (remote only).
All the above commands are reset at:
* Power OFF
¢ DCE re-initialization.
7N
Buzzer Control N
Each time a valid key is pressed there is a short bip. The absence of bip
means that the key is either irrelevant to the current protocol or has not been
taken in account by the keypad hardware.
Contentions
A request to execute an LPDA-2 command can come from:
* The local host
* The remote via the telephone line
* The panel.
Contentions are solved on a “first request/first to be served’ basis.
From the moment you release the GO key, until the end of the test, the DCE N
does not answer commands either from the line or from the DTE. ( P
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While executing a non-disruptive command the DCE does not answer LPDA
requests from the host or from the line.

Re-synchronization is inhibited for remote commands.

Unsolicited Messages

PT2/3

These messages appear on the screen, without any operator intervention. If a
PKD operator session is in progress the unsolicited messages are delayed.
They can appear only when the screen displays background information. For
complete information, refer to the Configuration and Integration Guide.

CMD FROM LINE (2 s)

CMD FROM DTE (2 s)

REM MODEM FAILED
Stays on screen until the operator presses EXIT. This
message is not displayed if the PKD was not present
when the condition occurred.

REM PWR LOSS In point-to-point, this message remains until CD goes ON
or the operator presses EXIT. It appears as soon as the
PKD is present if CD is still 0.

CONFIG FROM LINE When the DCE is being configured from the line or from
the host.

CONFIG FROM HOST
Disappears at end of configuration, or if a power loss or
failure tone is detected. If end of configuration has not
been received the message stays on the screen during 5
mn. This message appears as soon as the PKD is
present if the condition still holds.

CONFIG MISMATCH Configuration error.

KEY n STUCK When the indicated key appears to be pressed during
more than 5 s. The message stays 10 s then the control
panel is reinitialized. This indicates a mechanical or
electrical problem.

aa LIC5 FAILED At power ON, the initial self-test failed. If the operator
presses GO, the DCE attempts to start.

TEST FROM HOST A test from the 3745 has been initiated.

WRONG SLOT The cassette has been plugged in a wrong position.
TEST FAILED A host self-test has failed.

SELF TEST FAILED A self-test failed after a configuration change.

TEST OK A self-test requested by the host was successful.

SELF TEST OK A self-test was successful after a configuration change.
TEST OK NOWRP A manual self-test without tel wrap plug was successful.
TEST OK WRAP A manual self-test with tel wrap plug was successful.

A 10-pin connector is available on the LIC type 5 panel to connect a PT2/3 used
to investigate and record control and data signals.
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LIC Type 6 DSU/CSU Function

DSU/CSU stands for: ‘Data service unit/channel service unit’, which is, in the
LIC type 6, the equivalent of the DCE function of a LIC type 5.

Connection to US DDS
The DSU/CSU allows DTE-to-DTE communication through the digital data
service (DDS) in the US.

O

LIC6
DDS
[—-—--- 1
DTE — DSu/CSU | // } DSU/CSU +— DTE
bo-m - ] N
‘\\_‘/
Limited Distance Connection
The DSU/CSU also allows DTE-to-DTE communication through private limited
distance lines. The data is encoded and decoded as for DDS (protocols, rules,
and so on).
Note: The LIC type 6 offers no local area data channel (LADC) attachment
facility. N
N
Maintenance Approach
Same as LIC type 5; see page 4-57.
Data Flow
LIC6
DDS or N
DCE - N
LD line N
SMUX DTE '
Control panel
Logic part
e DTE serializer/deserializer
« DCE microprocessor and signal converter
« DCE ROS, RAM, and EEPROM.
Analog part
¢ DCE coder/decoder N
* DCE transmit/receive filters \k/
¢ DCE line transformers. |
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Speeds
Each LIC type 6 houses one DCE which can operate at the following speeds,
depending on the network it is connected to.

US digital data service network

« 56 000 bps
e 19 200 bps
¢ 9600 bps

Non-switched 4-wire limited distance lines

* 56 000 bps
¢ 19 200 bps
¢ 9600 bps.

Speed Setting

The speed is set at installation time by a microswitch on the LIC type 6 card

19 200

] 9600 56 000

[H !

* In V.35-like mode (56 000 bps). only one speed is available.
* In V.24-like mode {19 200 and 9600 bps), two speeds are available and must
also be set at installation time from the PKD.

The speed setting cannot be changed either by NetView or by the MOSS.

Configurations
LIC type 6 DSU/CSUs are compatible with IBM 5822-10 DSU/CSUs. They
operate in:

¢ Point-to-point and multipoint when connected to DDS

* Point-to-point only when connected to a limited distance line
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Configuration Options

The following table shows the different ways of setting the CNM functions.

Settable by
CNM Functions
NetView PKD MOSS
Manual Command No Yes No
Local wrap (loop 3) No Yes Yes
Local self-test Yes Yes Yes
LPDA-2 No No No

Data Format

Synchronous, binary serial.

Modulation Technique
Bipolar, return-to-ze

DSU/CSU to Line Interface

The LIC type 6 interfaces the DDS/LDM through balanced impedances matching
the networks {both input and output circuitries may be regarded as 2-port net-

works).

ro.

Unbalanced

source | o——

Transmit
terminator
stage

—0

0

il

1111

Unbalanced

receiver —4———

Receive
terminator
stage

0

0

il

11111

135 Q balanced output

; 135 Q balanced input

The circuits are not damaged under the following conditions:

¢ Open circuit

* Short circuit between the leads
» Short circuit from either lead to ground.

The DC isolation between input and output leads with regard to ground is

greater than 20 MQ.
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Surge Protection

Transit Time

RFS Delay

Primary protection
A line surge protection (carbon block or gas tube) should also be
provided by the line connector before the DCE wall plug.

Secondary protection
One protection device connected from tip to ring and two capacitors,
from tip to frame ground, and from ring to frame ground.

This limits the maximum voltage to 80 V peak (line to line).

The transit time is the time that elapses between the input of a bit in the local
transmitter and the output of this bit from the remote receiver, assuming a zero
transmission delay over the telephone line.

Transmitter and receiver refer to the V.24 interface.

Transmission Speed (bps)
56 000 19 200 9600
Transit time (ms) 35 33 33

The RFS delay is 7 to 20 bit-time for LIC type 6 in any configuration. It must be
added to the transit time to evaluate the turnaround time.

9600 bps 2.5 ms
19 200 bps 1.5 ms
56 000 bps 0.5 ms
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LIC Type 6 Panel

<— Line connector

1

DSU/CSU active (green) —1»0

LEDs I: 2
DSU/CSU failed (yellow) —4»0

< PKD connector

«+——— PT2 connector

1 lit DTR is ON (green LED)
2 lit Severe loca! DSU/CSU error is detected (yellow LED)
1 and 2 flashing LIC card plugged in a wrong place.

Line Specifications
DDS network  Refer to DDS documentation

Limited distance connection
The line specification depends on the length and the gauge of
the wires.

Lengths and Gauges

The next table gives the maximum lengths in km (and miles) for the most
common gauges used.
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Table 4-1. Maximum line length, according to wire diameter and transmission

speed
Wire Diameter in mm/(Gauge)
Transmission Speed
0.4 (26) 0.5 (24) 0.6 (22) 0.8 (20)
56 000 bps 4.2 km 6.0 km 8.1 km 13.7 km
{2.6 miles) | (3.7 miles) | (5.0 miles) | (8.5 miles)
19 200 bps 5.8 km 7.9 km 10.2 km 15.7 km
(3.6 miles) | (4.9 miles) | (6.3 miles) | (9.7 miles)
9600 bps 7.3 km 9.8 km 12.6 km 18.7 km
(4.5 miles) | (6.0 miles) | (7.8 miles) | {11.6 miles)

Line ic capacitor

| Line ic inductance
k Line ic resistor
Load impedance

Options and Configurations

page 4-81.

EC level.

LIC type 6.

50 nF / km

650 puHenry / km

135 uQ2 (resistive).

* 4 km up to 19 200 bps
* 3 km at 56 000 bps.

Chapter 4. Transmission Subsystem (TSS)

Note: The most commonly used lines are 0.4 and 0.6 mm.

The LIC type 6 1s not configurable via LPDA-2 commands.

The distances given in the previous table (in kilometers and miles) are calcu-
lated for 34 dB of attenuation at the Nyquist frequency and associated with the
following line parameters:

44/(DxD) in pQ / km with D = line diameter in mm
f Using an IBM cabling system type 1 (cable PN 4716748) or type 6 (cable PN

4716743) the expected distances will be:

On loops which meet the noise requirements defined in the Bell PUB 62310 the
bit error rate will not exceed 4/100 000.

At data rate over 19 200 bps, lines with a diameter greater than 0.6 mm will
increase the group delay distortion.

The speed option (V.35/V.24) is set from a switch on each LIC type 6 card but
the speed option (19 200/9600) is set from the PKD. See “Speed Setting” on

The options are set in a non-volatile PROM, except for microcode and machine

The next table shows the options available to both customer and CE on local
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Options Local LIC Type
6

Point-to-point - Multipoint Yes

DSU/CSU - Limited distance Yes

Timing source Yes

Network services! Yes

Byte 1 (speed V.35/V.24) Switch

Speed 19 200/8600 Yes

DCE address Read only

Anti streaming No

TC enabled No

Buffer enable Yes

Serial number No

Machine EC level No

Microcode level Yes

Point-to-point/multipoint

DSU-CSU/LD

Timing source

LIC type 6 can be "Primary’, ‘Control’, ‘Secondary’, or
“Tributary’.

Defines attachment to DDS network or limited-distance con-
nection.

The receive clock provided by the LIC type 6 to the host is
always recovered from the received signal.

The transmit clock can be provided by the LIC type 6 to the
host in two different modes:

* Internal clock generation within the LIC type 6: this mode
gives better performances in LDM connections

* Network clock used to generate transmit clock (synchro-
nous mode).

Network services

+ If selected {default option) the LIC type 6 intercepts and
executes LPDA-2 commands

« If disabled, the LIC type 6 ignores LPDA-2 commands

* Since LPDA-2 commands flow into the LIC type 6 as other
pieces of data, the disable option may be selected if there
is a chance that the LPDA-2 header may be erroneously
detected in the data bit stream. The LPDA-2 header is
guaranteed unique for the following data transmission pro-
tocols:
— SDLC NRZI
— BSC USACIl or EBCDIC.
— ALC.

1 If the option 'Network Services’ is selected on the local LIC type 6, the option ‘Network Services” or ‘|LPDA-2
Enable’ must be selected on the remote DSU/CSU.
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Host Support

TSS Commands

DDS Loop

DCE address

e Control and primary LIC type 5 : always 01
e Tributary and secondary LIC type 5: any value

Speed control See 'Speed Setting” on page 4-81.

Host support for LIC type 6 is NetView, using LPDA-2 functions. See LPDA
Description manual, form SY33-2064 for LPDA-2 protocols, commands, and
formats.

Two sets of commands are available for:

* Problem determination
* Testing from the TSS.

Problem Determination Commands

Supported commands are:

« DSU/CSU status
* Line status
* Transmit/receive test.

Two commands can be initiated by the 3745 TSS (FESA) to test the LIC type 6:

« CCITT loop 3 (with or without line wrap block)
» Self-test.

CCITT loop 3  This test is initiated by the 3745 TSS (FESA) on the DTE inter-
face. It is the same as for LIC type 5. See page 4-72.

Self-test This test is the same as for LIC type 5. See page 4-72.

This test is initiated by the DDS link via a bipolar code violation or a DC line
current polarity reversal, as defined in the preliminary ATT PUB 62310 dated
September 1983. It consists in a wrap at the DTE interface:

Detect bipolar code violation or current polarity reversal

Raise TI

Set ‘modem busy’ bit ON in DTE registers

Drop CD and RFS, DSR kept ON

Force data to ‘mark’ at the host side, while looping back data from DDS
Detect end of bipolar code violation and current polarity reversal

7. Drop Tl and reset the ‘modem busy’ bit.

S abwn =

The test lasts as fong as a code violation or polarity reversal is detected. It
runs only if the LIC type 6 is in operate mode.

Alarm Tone Detection

A failure signal is sent when a hard internal failure is detected. provided that
‘network services’ are enabled. This signal contains in a long sequence of
bipolar zeroes.

However, LICs type 6 detect both:
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* Remote power OFF tones
* Remote failure tones.

Tone Characteristics

Speed data speed

Duration
Power OFF 126 zeroes
Failure 252 zeroes

End-to-end passthrough delay
varies from 32 to 64-bit times depending on the configuration.

Tone Reception
The LIC type 6 receiving the alarm signal detects the alarm pattern and inter-
prets the information as a remote failure or power OFF.

This information is kept in storage and is reported to the NCP on request.

DSU/CSU Configuration
DSU/CSU (LIC type 6 or 5822-10) configuration is achieved locally only by
keying a set of commands from the IBM 5869 PKD connected to the relevant LIC
type 6.

Portable Keypad Display (PKD)
See PKD, page 4-74.

LLamp Test
See page 4-75.

Background Information
This is the default information that appears on the screen in normal mode. You
find, from left to right:

» 3745 line physical address (logical in case of LIC swap): 2 characters

e Line quality irrelevant = x : x from 0 to F (0 is the best)

* Operate OFF = X : L = leased, W = local wrap via TC, D = DDS loop test

« RTSOFF =0 ON =1

* RFSOFF =0 ON =1

« CD OFF =0 ON =1

« RD blinks on TD activity, indicates also speed of transmission’ F = full, B
= backup

< TD blinks on RD activity, also indicates speed of reception F = high, B =
low.

Notes:

1. 'WRAP’ is displayed instead of DSU/CSU address and line quality if a local
manual loop back test is running.

2. Transitions between 0 and 1 on the screen indicate that activity is taking
place on the lead.

If there is no activity the actual status is displayed.
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Keying Procedures

Digital Test

Local Loop Back

Speed Change

DSU/CSU Information

When the background information is displayed the operator can request the
local DSU/CSU main information, by keeping the ‘ERASE’ key pressed. The
display show the information in the form:

ttt ccc nn mmm
where:

ttt Type of functioning
* 56 000 bps
* 19 200 or 9600 bps
ccc  Transmit clock option
* INT for internal (from local)
* NC for network clocking (from remote)
nn Network configuration
PP  Point-to-point primary
PS Point-to-point secondary
MC Multipoint control
MT Multipoint tributary
mmm Connection mode
* DDS for connections to DDS network
* LDM for limited distance connections

The DSU/CSU information is displayed as long as the operator keeps pressing
the ERASE key. Release the ERASE key to return to background display.

This operation is not data disruptive.

POR - Bring Up Information

Same as for LIC type 5; see page 4-76.

Same as for LIC type 5; see page 4-76.

Command Rejection

Same as for LIC type 5, see page 4-76.

Notes:

1. 'DTE ONLY’ command rejection not available.
2. 'DDS LOOP ACTIVE’ brings a command rejection.

See page 4-99.

This command prepares the DCE for a loop 3 test. See page 4-96.

Only for 19 200/9600 bps. See "Speed Settings”. page 4-81
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Configuration

The PKD being connected to a given LIC type 6. the local DSU/CSU configura-
tion settings may be:

* Scrolled and displayed
* Updated.

Some fields are ‘read only’ (for example. machine level).

If vital fields have been modified, returning to background causes a self-test to
take place.

The table on page 4-85 shows the various configuration fields for local LIC type
6:

Buzzer Control

Same as for LIC type 5; see page 4-78.

Contentions

Same as for LIC type 5, see page 4-78.

Note: If a function is selected while a 1oop (loop 3 or DDS loop) is being exe-
cuted, a message (BUSY TC ON or DDS LOOP ACTIVE) appears on the screen.

If TC raises after selection but before execution BUSY TC ON is displayed.

Unsolicited Messages

4-90

These messages appear on the screen, without any operator intervention. If a
PKD operator session is in progress the unsolicited messages are delayed.
They can appear only when the screen displays background information. For
complete information, refer to the Configuration and Integration Guide.

LDM LINE DOWN or DDS LINE DOWN
Lack of receiver timing or error on received block.

DDS OOS or DDS OOF
DDS out frame or DDS out of service indication.

CMD FROM LINE (2 s)

CMD FROM DTE (2 s)

REM DSU/CSU FAILED
Stays on the screen until the operator presses EXIT. This
message is not displayed if the PKD was not present
when the condition occurred.

REM PWR LOSS In point-to-point, this message remains until CD goes ON
or the operator presses EXIT. It appears as soon as the
PKD is present if CD is still O.

KEY n STUCK When the indicated key appears to be pressed during
more than 5 s. The message stays 10 s then the operator
panel is reinitialized. This indicates a mechanical or
electrical problem.

aa LIC6 FAILED At power ON, the initial self-test failed.
DEFAULT CONFIG  Operator intervention is required to reconfigure the
DSU/CSU.

INV PATTERN RCV  Invalid pattern received (ex: a DDS pattern in LDM mode).
TEST FROM HOST A test has been initiated from the 3745.
WRONG SLOT The cassette has been plugged in a wrong position.
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MAND DDS LOOP A mandatory DDS loop has been initiated from the DDS

(reversal polarity loop).
y OPT DDS LOOP An optional DDS loop has been initiated from the DDS

{bipolar code violation loop).

TEST FAILED A manual self-test failed or a host self-test failed.

SELF TEST FAILED A self-test failed after a configuration change.

TEST OK A self-test requested by the host is successful.

SELF TEST OK A self-test is successful after a configuration change.

TEST OK NOWRP A manual self-test without tel wrap plug is successful.

TEST OK WRAP A manual self-test with tel wrap plug is successful.

DEFAULT CONFIG  Operation intervention is required to reconfigure the
CSU/CSU.

Manual Tests
The following manual tests are all initiated from the PKD:

O) Data disruptive
. yes!

Local loop back

* Local self-test yes!
« Digital test (transmit/receive test) yes!
* LIC line analysis procedures (LLAP) yes

! Run continuously until keying "EXIT".

| Descriptions of the above manual tests are given later in this chapter, under
‘ ‘Problem Determination Aid” for LIC type 5 and LIC type 6.
0 PT2/3

A 10-pin connector is avaitable on the LIC type 6 panel to connect a PT2/3 used
to investigate and record control and data signals.
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Problem Determination Aid for LIC Types 1 to 4

In addition to the TSS diagnostics, several aids are available to help in problem
determination on a line or TSS problem:

Line interface display (LID) function (refer to Advanced Operations Guide,
SA33-0097).

Wrap tests (WTT) function (refer to “Wrap Tests Controlled from the MOSS”
on page 4-94 and Advanced Operations Guide, SA33-0097).

Control program procedure (CPP) function (refer to Advanced Operations
Guide, SA33-0097).

TSS services (refer to 3745 Service Functions manual, SY33-2069).
Traces: external, internal SIT traces, checkpoint trace, NCP line trace.
TSS dump.

Port swap (refer to Advanced Operations Guide, SA33-0097).

Note: Internal SIT trace and TSS dumps can be transferred via RSF to be ana-
lyzed remotely by the PST CE.

Intermittent Error Messages or Messages Lost

Intermittent error messages or messages lost without alarm or BER-created,
may come from an intermittent hardware failure of the LIC card or of the CSC
card {data bit failure).

4-92

For that kind of symptom, run diagnostics to isolate the FRU:

A LIC card hardware failure affects only the one to four lines of this LIC.
A CSC card hardware failure, affects all lines attached.
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O Wrap Tests Controlled from the Host

Below are the different wrap test possibilities from the TSS to the terminal.

The wrap tests at the DCE (or NTT) cable level are part of the line functions and
are described in the 3745 Advanced Operations Guide, SA33-0097.

IIUX,} LIC -— o Wrap plug/wrap cable
| -—o0 (LICls to LIC4s only)

Primary (Note 1) Secondary DCEs
! (Local) (Remote) (Tailing) (Tailed)
o ]
'r_.___4|
i o1 DCEX //-1 DCE -—— DCE -// 1 DCE
T T e D el A S B
0 ' (Note 2) (Note 2)
i
| o -- |
|
' Cable Cluster +———
= === Local t—//-1 Remote |
— DCE* DCE T
b———————~+ Terminal||
00 ] I |
00 |

el | | |

> l
0 Local Toop back (V.54 loop3) | | | |

>

Remote loop back (v.54 loop2) | |

Link level 2 | |

<+

>

0 OLTT or IBH SHA test |
|

>

Remote loop back on secondary link

<
«

* Stand-alone for LIC type 1 to LIC type 4
Integrated for LIC type 5 and LIC type 6.
Notes:

1. The primary DCE is equipped with the data multiplexing feature or FIFO
feature.
2. The telecommunication line is a 4-wire non-switched or switched line.
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Wrap Tests Controlled from the MOSS )
Below are the wrap tests controlled from the MOSS. U

The wrap tests at DCE (or NTT) cable level are part of the line functions and are
described in the 3745 Advanced Operations Guide, SA33-0097.

T

i

FESL| | MUX! LIC { o Mrap plug/wrap cable
—o (LICls to LIC4s only)

i -—o Line wrap block (note 4)
| i —o {LIC5s and LIC6s only)

I
1 Cluster ——
c=— -——— Local r-//~1 Remote f— 4— —v——rrte—
DCE* DCE —

--———--- = Terminal N
AN

| | l —
00 NTT cable
e

— [
\ |

L

— |
FESL diagnostics
«—)
—
V} \ MUX diagnostics
< | | |
> \
| Internal LIC wrap (notes 1, 2, and 3) )
< ‘ (// \\
P, ‘
} | LIC diagnostics \\*v’/

| Tine wrap tests (note 1)

A\ 4

| LIC diagnostics
line wrap tests (note 4)

A

A 4

Y A

LIC diagnostics
line wrap tests (note 5)

LIC diagnostics
Toop 3 (LIC5/6 only)

Y A

Line wrap tests

A
Y
N

* Stand-alone for LIC type 1 to LIC type 4
Integrated for LIC type 5§ and LIC type 6.

Notes:

1. A line position can be plugged with a line cable, with a wrap plug (LIC type
1, 2, 4) or with a wrap cable (LIC type 3).

When the TSS diagnostics are run, the hardware for a selected line is:
¢ Tested up to the LIiC drivers.
» Fully tested if a wrap plug or a wrap cable is present on the selected
line. Plugging a wrap plug or wrap cable selects the section ‘RC’.

2. During LIC wrap mode operation, the transmit data line and the control C
lines are not deactivated at the DCE interface (the DCE may be power ON /
or OFF). .

3. Although this is not a user-activated test, an ‘echo-check’” mechanism i
(inline) checks the transmitted data in wrap mode. 1
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4. For manual intervention routines, refer to Maintenance Information Proce-
dures, SY33-2070.

5. If the cable is NTT with the connector switch set to ‘operate’, the test indi-
cator (TI) signal is not forwarded to the connected DCE, so that the received
pattern differs from the expected one.

Problem Determination Aid for LIC Type 5 and LIC Type 6

Wrap Tests Controlled from the Host
To test the DTE part of a LIC type 5 and LIC type 6, these tests are the same as
for LICs type 1 to LICs type 4. See page 4-93.

Wrap Tests Controlled from the MOSS
To test the DTE part of LICs type 5 and LICs type 6, these tests are the same as
for LICs type 1 to LICs type 4 (see page 4-94). In addtion, the following tests

\ are available:

* Wrap test up to DCE output (with or without line wrap block).
« Self-test (which occurs before ‘control lead wrap’ command takes place)
| ¢ LIC line analysis procedures (LLAP).

See the Advanced Operations Guide, and the Problem Determination Guide for
j details.

Manual Tests Controlled from the PKD
To test the DCE part of the LIC type 5 and LIC type 6, all the following tests are
manually initiated from the PKD:

o

Manual Test Data LIC LIC
Disrup- | Type 5 Type 6
tive

Local loop back Yes! * *

Remote loop back Yes! *

Local self-test Yes! * *

Local status No *

Remote self-test Yes *

Remote status Yes *

Digital test (transmit/receive test) Yes! * *

Analog test (line analysis) Yes *

LIC line analysis procedures (LLAP) Yes " *
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Notes:

1. The above tests run continuously until keying ‘EXIT’. See the Connection
and Integration Guide for details.

2. The process of the “status bits” from the PKD is independent from the
LPDA-2.

They are:

* Alarm tone received (remote DCE power loss)
* Alarm tone received (remote DCE failure)

e Carrier loss

* DCE re-initialization.

Local Loop Back (Loop 3)

DCE

The DCE transmitter is wrapped to the DCE receiver, through the whole analog
front-end section, except the line driver and receiver.

Receiver is set compatible with the transmitter, that is, for a multipoint control
DCE, the receiver is set to multipoint tributary.

This test is a CCITT loop 3 wrap. It is the host’s responsibility to send data
under RFS control, and check receive data when CD is ON.

Remote Loop Back (Loop 2)

Local Remote
—_—
DCE /! DCE
B —— <+

The DCE modem performs a digital loop, sending back the data it is receiving
from the line. It is executed in CCITT mode only.

This test is a CCITT loop 2 wrap. It is the host’s responsibility to send data
under RFS control, and check receive data when CD is ON.

Local Self-Test for LIC Type 5

DCE |] Line wrap block

A line wrap block may be plugged into the line interface to allow line interface
checking.
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Local Self-Test for

Remote Self-Test

If the line wrap block is not plugged when “local self-test’ is selected from the
PKD, a ‘remote power loss’ indication may appear at the remote DCE.

During the test execution, Tl is raised at the local DTE interface, CD and RFS
are dropped, and the data traffic through the DCE is interrupted.

DSR is dropped if DTR was OFF; otherwise DSR is kept ON.

During the test, the same sequence of operations is continuously repeated. The
number of such cycles already performed since the beginning of the test is con-
tinuously displayed and incremented. Whenever an error is encountered, the
test stops, the number of cycles is preserved, and an error code may be dis-
played by pressing the "GO’ key.

If during a self-test, the remote DCE sends an alarm tone, this tone is ignored
by the DCE in self-test.

LIC Type 6

This tests checks the following components/functions:

* Microprocessor

+ ROS

* Internal and external RAM

« NVRAM (RAM part and configuration parameters)
* Read/write registers

* DTE module

* Line loop circuitry

* SDLC adapter

* Alarm signal (transcode test)

s CSU ({stress test).

This test is automatically performed at each power ON. In this case, a check of
the CMOS modules LSSD string hardware is added.

If an error is found during the tests of the configuration parameters in the
NVRAM (checksum error which could be due to a blank area), then:

1. A default configuration is transferred from the RAM in the NVRAM.
2. The indication is recorded for a future LPDA-2 report if applicable.
3. The LIC type 6 is put in idle mode.

4. A warning is displayed.

Supervisory message

>

—_—
DCE // DCE Self-test
‘._____.—
Local Supervisory message Remote

A supervisory message is sent from the local DCE to the remote (along with the
DCE address). On reception of this message, the addressed DCE starts a self-
test (less than 5 s) and sends back the result of the test in a supervisory
message.
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Local Status

Remote Status

During the test execution, "WAIT’ is displayed on the local and the remote
DCEs, Tl is raised, RFS and CD dropped at the local and remote DTE interfaces,
and the DATA traffic through the DCEs is interrupted.

DSR drops at the local DCE, if DTR is OFF.

At the end, a report is displayed on the local DCE and normal background infor-
mation on the remote DCE.

If the request causes the remote DCE to fail, the alarm tone is sent, and a
report is displayed.

If a non-productive time out occurs after the request, a report is displayed.

DCE //

Local status

When initiated on the local DCE, the following information is displayed:

* Local line status (current quality, number of hits within the last 15 mn,
warnings logged, current receive level)
* lLocal DTE interface status and activity.

Data traffic through the DCE is not interrupted. Normal operation take place at
the DTE interface and Tl is not raised. Then this test displays line quality and
received level, until the ‘STOP’ key is pressed, or a 30 s time out is reached.

Any LPDA-2 command issued to the DCE from the DTE is ignored (Tl is kept
OFF).

DCE /] OCE
<___.—__

Local Status Remote

Remote status

When initiated on the local DCE, along with the remote DCE address, the fol-
lowing information is received (within 5 s maximum) and displayed at local DCE
in the following sequence:

¢ Remote line status {current quality, number of hits within the last 15 mn,
warnings logged, current receive level).
* Remote DTE interface state and transition since the last request.

During execution, Tl is raised, RFS and CD dropped at the local and remote
DTE interfaces, and the data traffic through the DCE is interrupted.
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At local and remote DCE, DSR drops if DTR is OFF; otherwise, DSR is kept ON.

Digital Test (Transmit/Receive) for LIC Type 5

Loop test with a tributary station is performed in chopped carrier mode and
half-duplex protocol. This protocol allows different inbound and outbound
speeds in the control DCE of a multipoint network.

For each test 16 blocks (256 bytes each), are transmitted in each direction. The
blocks missed or in error, are counted as erroneous.

In point-to-point, the test is run in continuous carrier operation.

During the test execution, Tl is raised, RFS and CD dropped at the local and
remote DTE interfaces, and the data traffic through the DCE is interrupted.

DSR drops at the remote DCE, if DTR is OFF.

This test loops on local and remote error counters, until the 'STOP’ key is
pressed.

Digital Test (Transmit/Receive) for LIC Type 6

This test, which is not protocol-transparent, can be selected only if LPDA-2 is
enabled. During this test, local and remote DSU/CSUs exchange predefined bit
patterns.

Analog Line Analysis Test

Causes the DCE, after about 10 s, to display some parameters of a telecommu-
nication line between two DCEs (defined as local ‘L” and remote 'R’).

At test initialization some parameters'are already available, because they are
derived from data signal and continuously carried out during normal trans-
mission, these values are inserted into line analysis report.

The other parameters are measured during the test itself:

* Data driven parameters:

— Received level ‘RL’
— Minimum received level (last 15 mn) ‘MRL’
— Number of impulse hits { 7 ) "HIT’
— Number of line breaks ( 7 7 ) ‘LBK’

Larger than 10 dB below average value, for a duration longer than 10
ms (typical values).
* Impairments measured during test:
— Line round trip delay, 'RTD’

Measured at local side, is the difference between command sending
and acknowledgment receiving times The measure does not include
the DCEs passthrough delay.

— Non linear distortion ‘H2” and "H3’

— Signal-to-noise ratio ‘S/N’

Measured from a 1004 Hz tone, into voiceband.
— Phase jitter 'PJ’

Phase modulation imposed by the channel to a 1004 Hz tone. Peak-to-
peak phase jitter is measured in a 300 Hz bandwidth.
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—~ Frequency shift 'FS’ @

LIC Line Analysis Procedures (LLAP)
The LLAP is a set of tests initiated manually from the PKD and which are auto-
matically chained. They are intended to test a communication facility: the line
itself and the two DCEs.

DCE / / DCE
Local Line Remote _
LIC 5/6 7N

The following areas are successively tested :

* Local self-test

* Local self-test with telephone wrap plup

* Remote self-test

* Local/remote configuration compatibility

* Received and transmitted data activity on both DCEs
* Received line signal quality.

Note: Devices beyond the remote DCE (such as tailed DCEs and lines) are not \L \
tested. ~

Detailed LLAP procedures are described in the Problem Determination Guide.

TSS interface cables

For details on interface cables and connectors, see the External Cable Refer-
ence, SY33-2075. =
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0 HPTSS in 3745 Data Flow
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Figure 5-1. HPTSS in 3745 Data Flow
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Introduction

The high performance transmission subsystem (HPTSS) is a combination of one
or several high-speed link scanners (HSSs) and NCP for the 3745.

The HSS is capable of clear channel, duplex, leased-line, HDLC/SDLC trans-
mission using satellite, Transfix, and any other transmission link {fiber, direct
attachment of 3745, 3725, and so on) requiring high-speed data transmission up
to 2.048 Mbps.

This point-to-point non-switched connection can be attached to any network
with the proper network adapter like data communication equipment (DCE) or
network communication terminal equipment (NCTE).

The HSS operates with the Network Control Program (NCP) and is transparent
to the SDLC data traffic.

System Environment

HSS Packaging

Since the HSS is transparent to the data, the NCTE or DCE must conform to the
network standards. The HPTSS adapters (HSSs) can operate as secondary to
the network clock connected to a network. When operating as a secondary, the
HSS operates with any clock speed up to 2.048 Mbps.

The HSSs can also be directly connected back-to-back without a network.

When directly attached to each other, the adapters can operate at any one of
the three speeds set by the NCP: 245.76 kbps, 1.47456 Mbps or 1.8432 Mbps.
The connection to a 3725 is limited to 245.76 kbps.

The HSS provides two separate V.35 or X.21 interfaces to a network.
However, only one V.35 or X.21 interface to the NCTE or DCE can be active and
enabled at a time.

The handling and management of such a high-speed data link is achieved by
two cards:

¢ One communication scanner processor packaged on one card, the CSP
card identical to those of the low-speed scanner (LSS) but with a different
CSP microcode load module {(Refer to “CSP Microcode Summary” on
page 5-7).

* One high-speed front-end scanner packaged on one card, the FESH card.

For board and card locations, refer to the Maintenance Information Procedures
manual, SY33-2070.
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Line Addressing

I0C Bus To High—-Speed Data Link

< CSP |1 FESH —>
To CCU Card Card —--=-=—-==—=—— - - >
DMA Bus

<

To Main Storage

Up to two HSSs (coupled CSP/FESH cards) may be installed on the basic board
of the base frame, to control up to two high-speed data links at one time.

On each FESH, a fan-out (standard feature) allows two high-speed data links to
be connected at the tail gate to that FESH. But only one of them must be active
at a time.

No line interface coupler card (LIC) needs to be installed as for the lines con-
nected to the low-speed scanner (LSS).

Each HSS supports a maximum of two line addresses. However, only one line
at a time may be active.

With two possible HSSs, the maximum number of lines is 4. Line numbers 1028
through 1031 are dedicated for HSS use.

The two lines associated with a particular HSS are addressed by the TD1 field
of the IOH. TD1 bit 6 selects one of the two lines. TD1 bit 7 selects an inter-
face: ‘0’ for the transmit and ‘1’ for the receive.

Line Scanner | Line Board Tailgate
Adapter and Line Address | Card and Position
Port Connector
Number Position

3 Port 1 1028 404 01G-A1U-J1 | 01Q-C9-J2
3 Port 2 1029 405 01G-A1U-J2 | 081Q-C0-J1
4 Port 1 1030 406 01G-A1S-J1 | 01Q-D0-J2
4 Port 2 1031 407 01G-A1S-J2 | 01Q-D0O-J1
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HSS Commands

Commands are set in TDO of the start line or start line initial instructions. The

following NCP commands are supported by the HSS:

Commands Codes
(Hex)
Set mode 01
Enable 02
Disable 03
Change 06
Flush data 09
ResetD 0B
ResetN 0C
SOLC transmit control 10
SOLC transmit data 11
SOLC receive 13
SDLC receive continue 14
Trace 2C
Stop trace 20
Halt Fo
Halt inmediate F1
Dump Control blocks (no status) Fé4
Dump Control blocks (status) F5

The following MOSS command is supported by the HSS:

Commands Codes
(Hex)
Wrap 2E

Interface Types

Two types of line interface are available at the exit of the FESH card:
{Refer to "Communication Interfaces” on page 5-40 for more details)

1. V.35

2. X.21 leased (including French Transfix).

They allow the 3745 to be connected to:
¢« U.S. T1 type line

¢ European high-speed lines {CEPT lines)

e Satellites

* In-plant transmission link for direct-attached adapters.

5-6 IBM 3745 Hardware Maintenance Reference (HMR)
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O HPTSS Data Flow

TERMI
— CAs
—— LSSs HSSs
—
CSP FESH High
Lo~
10C Bus T Speed
> Data
csP FESH
‘(::,’ - - Links
TERMD
DMA Bus
’ 2 HSSs Maximum
1 on Basic Board
4 Only
) ccu
SCTL
Main Storage

Figure 5-2. HPTSS Data Flow

CSP Microcode Summary
The HSS requires a different CSP microcode load module than the LSS to take
advantage of the hardware buffer management for supporting speeds up to
2.048 Mbps.

Listed below are the main microcode functions supported by the HSS.

» Supported line speed: up to 2.048 Mbps

« Supported line interfaces: V.35 and X.21 {called X.21 Transfix in France)
leased line

* SDLC/HDLC duplex protocol on point-to-point leased line

A network adapter may be required, such as DCE or network communi-
o cation terminal equipment (NCTE).

* Echo suppression

* Frame up to 64 kbytes long (SNA maximum size)

« CSP ROS common with other microcode load modules
* SDLC address compare performed by FESH
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NCP buffer prefixes automatically handled by FESH via DMA bus (except for
SIT buffers)
The HSS transfer of data between adapter and NCP differs from the LSS:

— When the LSS transfers data to the NCP buffers, via the IOC bus, it uses
the cycle steal mechanism.

— When the HSS transfers data to the NCP buffers, via the DMA bus, it
uses the FESH hardware.

One PIO per SDLC frame for transmit

One or several PIOs per SDLC frame are possible for receive

10C cycle steal is not used (except for IML, dump or back-up for LSS ser-
vices).

Main Differences with LSS

Buffering of the receive and transmit frames is done in a FESH buffer
instead of CSP storage.

SDLC transmit continue command not supported.
SDLC receive monitor command not supported.
No multiplexing (only one line).

HSS microcode deals with buffer prefixes only with scanner interface trace
{SIT). The remaining buffer prefix handling is done by the FESH.

CCU storage access for NCP buffer data is done through DMA instead of
I0C cycle steals as in LSS.

However, 10C is still used for the following:

1.
2.

Dump, IML, diagnostics.

Sending status (followed by CCU level 2 interrupt) when FESH, DMA or
SCTL error has to be reported.

Facilities (Refer to “Problem Determination Aid” on page 5-37) invoked
from the operator console (MOSS) to:

a. Perform diagnostics.
b. Access FESH registers and random access memory.

I0H transfer between NCP and CSP.
MOSS exchange with HSS.

5-8 IBM 3745 Hardware Maintenance Reference (HMR)
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Internal Interconnections

As shown in “HPTSS Data Flow” on page 5-7, each HSS interconnects with the
communication subsystem (CSS) and the MOSS via the IOC bus and the DMA
bus.

CSP-to-10C Bus

This connection is used for:

« Communication with the NCP (through the same IOH high level commands
as the other LSS scanners)

* MOSS command exchange

* HSS IML

* Diagnostics.

The physical interconnection between the HSS CSP and the CCU is identical to
that between the LSS CSP to the CCU (Refer to the Chapter "Transmission Sub-
system”).

For board and card locations, refer to the Maintenance Information Procedures
manual, SY33-2070.

NCP-HSS Microcode
The CCU uses {OH and IOHI to exchange data, commands and statuses with the
HSS CSP in the same way as with the LSS, but cycle steal is not used when the

O FESH is running.

CLDP-HSS Microcode
The controller load/dump program (CLDP) is used in a remote 3745 to intercon-
nect the CCU and the HSS CSP microcode. The main functions performed are:

¢ |IPL of the remote 3745
* Dump of the remote 3745

The CLDP never:

* Uses data areas, but NCP buffer pointers for both transmit and receive

0 * |Issues SDLC transmit continue or receive monitor commands
operations.

FESH to CSP
The physical interconnection between the FESH and the CSP is identical to that
of the internal interconnection between the FES fonction and the CSP of the
LSS.

For board and card locations, refer to the Maintenance Information Procedures
manual, SY33-2070.

Microcode to FESH
The picocode is loaded from the CSP in each layer of the FESH RAM at IML
time. The FESH-to-CSP interconnection is activated and controlled via external
0 registers and control words (CW). A CW is built by the CSP microcode and
specifies the actions to be performed by the FESH. The CW is cycle stolen by
FESH, then executed. The FESH informs the CSP microcode when the action is
completed.
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Data Transmission
The CSP microcode can issue the following commands to the FESH:

e Start transmit initial

« Start transmit

» Soft stop transmit (For example; it causes the FESH to transmit the error
sequence, which is a MOSS init parameter from the NCP)

* Hard stop transmit (For example; it forces the transmit data line to a mark
level all ones).

Data Reception
The CSP microcode can issue the following commands to the FESH:

e Start receive

+ Start receive continue

¢ Stop receive

¢ Flush the current frame.

Data and Modem Management
The CSP microcode can issue the following commands to the FESH:

* Start modem monitor
¢ Start modem-out
* Start data management

FESH to DMA Bus

This connection is used for direct CCU storage access and specifically:

* NCP buffer prefix exchange
« Data transfer between the high-speed line and main storage
* Parameters and status exchange between the NCP and the HSS microcode.

Communication Scanner Processor (CSP)

The HSS CSP hardware is identical to that of the LSS CSP (Refer to the Chapter
“Transmission Subsystem” for details).
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Figure 5-3. FESH Data Flow

The transmit/receive handling of the FESH is functionally organized in layers as
follows:

0 To CSP
A Transmit Layers

Transmit Transmit Transmit Transmit
CSP Byte Bit Front Front
Layer |<»1 <4 Layer ¥ Layer 1 End > End
Queue
n
t
e
r |
0) To DMA n
<+— layer > ———-— - — - — - — - —— — ——
DMA 1 Receive Layers
Bus
B |
u
s
Receive Receive Receive Receive
RAM Byte Bit Front Front
Data *»{ 144 Layer —{ Layer < End < End
Buffer Queue

Figure 5-4. Transmit and Receive Layers
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Transmit Layers
The transmit layers are composed of:

« The front-end circuits which perform the following functions:

— Serialization of data
— Flag generation

— Zero insertion

— CRC generation.

* The transmit bit layer which.

— Handles byte transfer between transmit front-end buffers and the FESH
RAM.

* The transmit byte layer which:

— Handles NCP buffer prefixes for transmission.

— Interconnects with the CSP layer {(external registers and control words).

Receive Layers
The receive layers are composed of:

* The front-end circuits which perform the following functions:

— Deserialization of data

— Zero deletion

— Flag detection

— Early flag detection

— Abort detection

— Idle detection

— Overrun detection

— CRC calculation error detection

— Address compare/satellite echo suppression
— Interconnection with receive queue buffer.

* Receive bit layer:
— Handles byte transfer between receive front-end buffer and FESH RAM.
* Receive byte layer:

— Handles NCP buffer prefixes for receive
— Interconnects with CSP layer (external registers and control words).

Modem-Out Layer

The modem-out layer:
* Interconnects with the CSP layer control word (CW).

» Activates output modem control leads according to the modem-out CW pre-
pared by the CSP microcode.

Modem-In Layer
The modem-in layer:

* Interconnects with the CSP layer (control word and external registers).

e Performs input modem control lead status confirmation.
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* Reports input modem control lead changes and X.21 steady states
according to the modem-in CW prepared by the microcode and stored in
the FESH RAM.

Data Management Layer
The data management layer:

* Handles transfer from/to the NCP, to/from CSP storage of any information
exchange between the NCP and the CSP storage (mainly NCP
parameters/status).

* Interconnects with the CSP layer (control word and external registers).

DMA Manager Layer
The DMA manager layer:

* |nterconnects on one side with:

— FESH RAM
— Data management buffer

* Interconnects on the other side with the DMA bus.
* Handles the DMA bus protocol.

* Performs data transfer from/to CCU main storage, to/from
transmit/receive/data management buffers.

« Handles priorities of DMA bus requests from transmit/receive data manage-
ment layers.

CSP Layer
The CSP layer:

* Interconnects on one side with the CSP storage and microcode.

* Interconnects on the other side with the various FESH layers via CSP
external registers and cycle steal operations.

* Handles the protocols of CSP external registers and cycle steal operations.

| Q * Handles cycle steal requests from transmit/receive/data
‘ management/modem-in/out layers on a priority basis.

Scanner Status After the IML
At the end of scanner IML it is possible to get from the CCU storage, the status
of the scanners associated with their mailbox.

The 16-byte mailboxes are located from CCU storage address 3F8000.
The status of the scanners just IMLed are in the last two bytes of the mailbox.
These values must be displayed before any mailbox exchange between the

CCU storage and the corresponding scanner (for example: CCU functions).

Below are the possible statuses of the scanner after an {ML:
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Values

Description

X'nnFF!

X'C900'
X'coo1'
X'cg02'
X'Coe4’

No answer from scanner following the MOSS
command ‘'nn'

Normal status IML OK

FESH picocode failed

FESH card and picocode level not compatible
FESH card not installed

Figure 5-5. Values of the Last Two Bytes of the Mailboxes after IML

Reset FESH

All latches are reset, the DMA and modem interfaces are disabled, the card is
kept in ‘freeze mode’ (FESH not operational) until the CSP loads the microcode
in those storage locations which are not reset.

Transmit Operation

Microcode Functions
The microcode:

FESH Hardware Functions

* Handles NCP transmit commands through PIO operations on the I0C bus.

* Gets transmit parameters and sends transmit status from/to the NCP via the
DMA bus.

* Builds the transmit control word (CW) to be sent to the FESH.

* Indicates to the FESH transmit layer (external register setting) the:

— Transmission coding mode (NRZI or non-NRZI) at set mode

— Start of transmit initial
— Start of transmit
— Stop of transmit operation (hard and soft).

Transmit Initial Command
The transmit initial command is used between the CSP and FESH hardware to
perform a wrap test on the X.21 interface. The NCP issues a wrap command to
the FESH with modifier bits indicating the type of wrap to be performed.

5-14

Then, the CSP issues the transmit initial command with the loop bit ON to the
FESH, to support X.21 network testing, or to send a data pattern other than flags
between SDLC frames.

On reception of a start transmit initial command from the microcode, according
to a control bit (loop bit), the FESH sends in ‘'non-zero insert mode’ to the
transmit line:

IBM 3745 Hardware Maintenance Reference (HMR)
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* Loop bit OFF:

— An initial character sequence (7 characters maximum) prepared by the
microcode at initialization time.

— Then, the SDLC frame with the receipt of the transmit command (Refer
to the "Transmit Command” on the next paragraph).

* Loop bit ON:
— The initial character sequence (7 characters maximum)

— Then sends the last two characters of the sequence continuously until
the microcode sets the start transmit command or the stop transmit
command (used by the X.21 wrap command from the CSP to the FESH).

Transmit Command
On reception of a start transmit command, the FESH transmit layer cycle steals
the transmit control word prepared by the microcode in CSP storage.

When the control word is loaded, the transmit byte layer:

» Cycle steals the A/C fields prepared by the microcode in CSP storage.

+ If the SDLC frame contains A/C fields only the transmit byte layer starts the
transmission.

« If the SDLC frame contains an I-field, the FESH begins a DMA operation to
load the I-field from the CCU storage to the FESH RAM via the DMA bus.

Note: The maximum size of an A/C field is four bytes.

For an SDLC I-frame transmission, the bit layer machine and the byte layer
machine operations are overlapped so that the transmission of data can con-
tinue while data is being obtained from the CCU via the DMA interconnection.

This overlap of operations continues until a zero buffer pointer is detected.

* When a zero buffer pointer is detected the bit layer instructs the front-end to
send the CRC and ending flag, followed by the ending sequence specified at
set mode (line at mark or continuous flags).

* The byte layer also sets the end of transmit bit in the transmit status reg-
ister and generates a level 2 interrupt to the CSP.

During the transmission over the line, the hardware may detect that no data
has been loaded in the external RAM whereas the FESH bit layer requests a
new buffer (DMA transfer up to the buffer count not completed), in that case the
hardware:

e Sets the underrun and the end transmit bits in the transmit status register.
+ Raises a level 2 interrupt to the CSP.
+ Sends the transmission error sequence initialized at set mode.
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Soft Stop Transmit Command
On reception of this command. the hardware:

« Stops transmitting the data.
e Stops any transmit DMA transfer in process.
+ Sends the transmission error sequence initialized at set mode.

Hard Stop Transmit Command
On reception of this command, the hardware:

« Stops transmitting data.
+ Stops any transmit DMA transfer in process.
¢ Puts the line at mark.

Receive Operation

Microcode Functions
The microcode:

* Handles NCP receive commands through PIO operations on the IOC bus.
* Gets receive parameters from the NCP.

+ Sends receive status from/to the NCP through data management exchanges
on the DMA bus.

¢ Prepares the receive control word (CW) for the FESH:

— The CSP cycle steals the storage address of the received SDLC frame
address/control fields.

— If a non-l frame is to be transmitted, the number of bytes of the A/C field
is indicated(4 bytes maximum).

¢ Indicates to the FESH (external register setting) the:

— Transmission coding mode (NRZI or non-NRZI) at set mode
— Start of receive command

— Receive continue command

— Stop of receive operation command

— Flush command.

FESH Hardware Functions

Receive Command
When the FESH is enabled it always:

« Monitors for flag (flush other characters).

* Performs address compare.

» On flag recognition, starts accumulating received characters in the receive
queue buffer.

* Performs zero deletion.

¢ Performs CRC accumulation (The two CRC characters are not stored in the
receive queue buffer).

¢ On flag recognition, checks the CRC.

» Stores the receive ending conditions in the receive queue buffer and then in
external register X’10" for the microcode:
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— End of receive CRC OK
— End of receive CRC bad
— Flag OFF boundary
— Abort (not followed by idle)
— ldle
— Overrun.
* Accumulates multiple frames in the receive buffer queue.
* If receive queue full:
— Indicates overrun as ending condition in receive queue.
— Flushes further incoming characters of the frame on which the overrun

occurred.
— Ignores subsequent data and flags until the CSP issues a receive

command.

Receive Flow
On reception of a receive command from the microcode, the FESH receive

layer:
* Cycle steals the receive control word (CW) prepared by the microcode in
CSP storage.
When the CW fetch is completed, the receive byte layer:

¢ Cycle steals the A/C field into CSP storage starting at the address specified
in the receive CW.

If the ending condition is reached (no I-frame) the byte layer:

* Generates a level 2 interrupt to the CSP.

If no ending condition is detected in the receive queue (I field), the following
operations are performed.

Receive Operation For [-Frame:

The receive operations are overlapped so DMA operations are done in parallel
with the extraction of the data characters from the transmission line.

The process is continued until the ending condition is detected.

End of Receive:

When an ending condition is detected in the receive queue, the byte layer
sends the address of the last NCP buffer used, plus the residual byte count of
the last buffer, in CSP storage, and generates a level 2 interrupt to the CSP.

Receive Continue Command
During the receive flow, the byte layer detects the end of message:

» Stops reading characters from the receive queue, but the FESH continues
receiving characters from the line.

* Raises an interrupt to the CSP and indicates to the microcode that a new
buffer pool is needed.

* Waits for start receive continue from the microcode.

* On reception of start receive continue from the microcode, the hardware
resumes the normal process.
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Flush End of Frame Command
When receiving I-frames to be flushed, a ‘frame reject” frame (FRMR) can be @
received and must not be flushed. For this purpose, the NCP issues a receive
command to get the A/C field of the received frame.

In that case the FESH performs an action similar to the receive continue
process and:

¢ Stops reading characters from the receive queue after having sent the A/C
fields into CSP storage.

* Raises a level 2 interrupt to the CSP and indicates to the microcode that a
new buffer pool is requested.

* Waits for start receive continue from the microcode in case of FRMR frame,
or for a flush end of frame command.

(,/”\\
Flush Command N
On reception of this command, the hardware reads and flushes the remaining -
data characters of the frame out of the receive queue, until an ending condition
is re