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SYSTEM/370 MODEL 145 — GENERAL DESCRIPTION

The System/370 Mode! 145 is a high-availability, general-purpose
data processing system that provides the reliability, availability,
performance, and ience d ded by both b and
scientific users, This is achieved by:

® Using monolithic system technology (MST) circuitry. All
system storage-local, control, and main-is implemented
 using manolithic technotogy.

Providing iogout information. Hard copy is available under
console switch control, Programming determines whether
the fogout information is to be written en some 1/0 device
{disk, tape, etc).

Providing microprogram retry. Detected CPU hardware
errors can be retried automatically by CPU retry hardware.
CPU retry is accomplished by additional microprogram
routines and hardware.

Providing error checking and correction (ECC). Correction
circuitry for both main and control storage automatically
corrects single-bit errors. Double-bit storage errors are
detected, the error location is indicated in fixed storage,
and a machine-check interrupt ocours.

® Providing expanded machine-check interrupt facilities to
facilitate better error recording and recovery procedures,

3145 PROCESSING UNIT (CPU) contains from 112k to 2048k
bytes of main storage, ptus 32k for control storage. Monolithic
control storage is reloadable and is used to contain the micro-
program necessary for system operation. Control storage is not
accessible to the user,
The CPU coniains all hardware controlled by the microprogram,
y to decode and the Sy /370 instruction set

and, optionally, those in the hardware compatibility features

o

required by the 1401/1440/1460 and 1410/7010 emulator programs.
All CPU and ch | operations are iled by the micro-

program contained in control storage loaded from the console file.
The CPU clock isb ily one main . Its pulses are

distributer] to each board. Each board clock then develops the

basic timing signals to time the CPU circuitry. These clocks have

four basic cycle times: 202.5, 247.5, 292.5, and 315 nanoseconds.

|
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CONSOLE FILE through an integrated attachment is used to
ioad control storage with either the System.’370 microprogram
for customer operations or with the microdiagnostic used to
check out the CPU. For details about this integrated attachment;
refer to “Console-File Adapter (CFA)."”

SYSTEM CONTROL PANEL contains the operator panels, the
tights, and the switches used during check-out and maintenance
of the system. This console contains roll charts that can be
checked to determine the status of different conditions

using the same lights. For a detailed description of the system
controt panel, refer 1o “‘System Console (CNSL).”

AATANONANGNN WS

3215 CONSOLE PRINTER-KEYBOARD is’a wire-matrix printer
that prints 85 characters per second.

~ Either Console Printer-Keyboard can be used. For information
on integrated attachment for these Console Printer-Keyboards,
refer to “Console Printer-Keyboard (CPK).

3210 CONSOLE PRINTER-KEYBOARD MODEL 1 uses the
SELECTRIC ® 1/0 !l printing unit. The print element contains *
88 characters arranged in an optimized pattern to provide fast
response. The printing speed is 15.5 characters per second.




FEATURES

3145 Models GE, GFD, H, HG, and |
Standard Features

3145 Processing Unit (with main power frame}
160k to 512k Bytes of Main Storage
32k Bytes of Contro! Storage

Model Main Storage Control Storage

3145FED* | 114,688 bytes {112k}
3145GE 163.840 bytes (160k} -
3145GFD 212,992 bytes {208k) See Note 1
3145H 262,144 bytes {256k} E

3145HG"* | 393,216 bytes (384k)
31451°° 524,288 bytes {612k)

. *Withdrawn from the product line.
**See Note 2.

Audible Alarm
Byte-Multiplexer Channet
Byte-Oriented Operand

_ Channel Indirect Data Address

. Channe! Retry information
Console File
Control Registers
Dynamic Address Translation
Error Checking and Correction (ECC)
Extended Control
interval Timer
Machine-Check Handling
Microprogram Instruction Retry
0S/DOS Compatibility

. Program-Event Recording
Setector Channel 1 {without IFA) or Selector Channel 2

{with IFA) ’ :

Storage Protection (Store and Fetch)
System 370 Commercial Instruction Set
Time-of-Day Clock

Note 1: The standard control-storage is 32,768 bytes
{32k). The system is equipped with a movable control-
storage boundary that allows ub to 64k bytes of contro!
storage, depending upon the mix of features installed.
These additional control-storage requirements are at the
expense of main storage. The storage boundary is set
automaticaily as a function of the initial microprogram
load {IMPL) function. For additional information, refer
to “Control Storage Requirements.”

Note 2: Main storage above 256k bytes is contained in
the 3345 Storage and Control Frame Model 1 or 4
{128k additional bytes for 384k bytes total) or the 3345
Storage and Control Frame Model 2 or 5 {256k additionat
bytes for 512k total}). When any of these units is included,
it contains the low-order storage addresses. The 3046
Power Unit is required for these models. .
Both main and control-storage are equipped with error
checking and correction (ECC). '

Optional Features

Additional Byte-Multiplexer-Channe! Subchannels (Note 3)

Block-Multiplexer Channels {up to four) (Note 4)

Channel-to-Channel Adapter

Clock Comparator and CP!! Timer

Conditional Swapping Feature

Direct Control {with external interrupt)

System/370 Floating-Point Instruction Set and
Floating-Point {inctudes extended precision)

_ Integrated File Adapter (1FA)} (Note 5)

integrated Storage Control (contained in 3345
Models 3, 4, and 5}

Selector Channels 2, 3, and 4 (without {FA) or
Selector Channel 3 (with IFA) (Note 5)

Virtual Machine Assist Feature

Word Buffer (Note 6}

1401/1460, 1440 Emulator

1401/1460, 1440 and 1410/7010 Emulator

3210 Console Printer- Keyboard Model 1 (Note 7)

3210 Console Printer-Keyboard Model 2 (Note 7)

3215 Console Printer-Keyboard Model 1 (Note 7)

3345 Storage and Control Frame Mode! 1 or 4
(for 384k System}(Note 8)

- 3345 Storage and Control Frame Model 2 or §

(for 512k System}{Note 8)

Note 3: The byte-multiplexer channel has 16 subchanneis
that address up to 136 1/O devices (eight shared UCWs can
address up to 16 devices each; eight unshared UCWs can
address one device each). Up to eight control units can

be attached. Configurations with 32, 64, 128, or 256 sub-
channels are available.

Note 4: * A block-multiplexer feature can be ordered in
place of all installed selector channels. Block-multiplexer
channels cannot replace selector channels 1 and 4 when
integrated file adapter is installed.

Note 5: The integrated file adapter and
1and 4 are Iy lusive. Each sel channel
addresses up to 256 1/0 devices. Up to eight control
units can be attached.

Note 6: The word buffer feature is installed on ail
selector or block-muitipiexer channels or none. The
word buffer feature is not available for the integrated file
adapter feature.

Note 7: The 3210 Model 1 and the 3215 are mutually
exclusive; one is required. The 3210 Mode! 2 can be
used as an auxiliary printer-keyboard {except for alter/
display functions).

Note 8: A 3046 Power Unit Model 1 is required for alt
configurations having a 3345 Storage and Control

-Frame Model 1, 2,4, or 5.

3145 TM INTR3



3145 Models H2, HG2, 12, 1H2, J2, JI2, and K2

Standard Features

3145 Processing Unit (with main power frame) {Note 1)
256k to 2048k Bytes of Main. Storage
32k Bytes of Control Storage

Model Main Storage Control Storage|

314812 | 262,144 (256Kk) :
3145HG2 | 393,216 (284k) Note 2
314512 624,288 (512k)

31451H2 | 786,432 (768Kk)

3145J2 |1,048,576 (1024k)
3145 312 |1,572,864 {1536k)
3145K2 12,097,152 (2048k)

Audibie Alarm

Byte-Muitiplexer Channel
Byte-Oriented Operand

Channe! Indirect Data Address
Channel Retry Information

Console File

Control Registers

Dynamic Address Translation

Error Checking and Correction (ECC)
Extended Controf :
Interval Timer

Machine-Check Handling
Microprogram Instruction Retry
0S/DOS Compatibility

Program-Event Recording

Selector Channel 1 -
Storage Protection (Store and Fetch}
System/370 Commercial Instruction Set
Time-of-Day Clock

Note 1: The 3145 Models H2, HG2, 12, IH2, J2, JI2, and K2
require a 3047 Power Unit Model 1.

Note 2: The standard control storage is 32,768 bytes (32k).
The system is equipped with a movable control-storage
boundary that allows up to 64k bytes of controf storage,
depending upon the mix of features instalied. These addi-
tionat control-storage requirements are at the expense of
main storage. The storage boundary is set automatically
as a function of the initial microprogram load (IMPL) func-
tion. For additional information, refer to “"Control Storage
Requiremen{sf’

Both main and control storage are equipped with error
checking and correction (ECC).

Optional Features

Additional Byte-Multiplexer-Channel Subch Is (Note 3)

Advanced Control Program Support Feature (Note 4)

Block-Multiplexer Channels {up to four) {(Note 5)

Channel-to-Channet Adapter

Clock Comparator and CPU Timer

Conditional Swapping Feature

Direct Control (with External Interrupt}

System/370 Floating-Point Instruction set and
Floating-Point (includes extended precision)

Integrated Storage Control

Selector Channels 2, 3, and 4

Virtual Machine Assist Feature

Word Buffer {Note 6)

1401/1460, 1440 Emulator

1401/1460, 1440 and 1410/7010 Emulator

3210 Console Printer-Keyboard Model 1 {Note 7)

3210 Console Printer-Keyboard Model 2 {Note 7)

3215 Console Printer-Keyboard Modet 1 {Note 7}

Note 3: The byte-multiplexer channe! has_lG subchannels
that address up to 136 1/0 devices {eight shared UCWs can
address up to 16 devices each; eight unshared UCWs can
address one device each). Up to eight control units can be
attached. Configurations with 32, 64, 128, or 256 sub-
channels are available.

Note'4: Available only on 3145 Models 1H2, J2, J12, and K2.

Note 5: A block-multiplexer feature can be ordered in
place of all installed selector channels.

Note 6: The word buffer feature is installed on all selector
or block-multiplexer channels or none.

Note 7: The 3210 Model 1 and the 3215 are mutually
exclusive; one is required. The 3210 Modet 2 can be used
as an auxiliary printer-keyboard {except for aiter/display
functions). .

FEATURES INTR 4



OVERALL DATA FLOW
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3145 DATA FLOW"

This is a high-level data flow of the 3145 CPU. The general
layout is such that you can easily reference from any area of
this high-level data flow to the same area of the overall data
- tiow, The facing page illustrates the overall data flow for the
3145 CPU,

The number of bits entering or leaving a function or register
is identified either by the wight (thickness) of the line (see
the legend block at the lower center of the overall data flow)
or by placing the number of bits in the flow line,

- This section gives a brief descriptidn of the 3145 functional
units illustrated in the high-level data flow. Some basic facts

1o be introduced for overall understanding of the system follow,

® When power is fivst apiiied to the system,an automatic
tnitia! Microprogram Load {IMPL} occurs. Data is read from
the console-file disk into the external assembler Y. From the
assembler the data moves to the A-Registerﬂ. to the A-Byte
Assembler, out on Storage Data Bus-in SDB! and then the
data is loaded into control storage. I8}
® The 3145 is a word length processor. Each time storage is
» . accessed, a doubleword is read out. Through address bit for-
mat, the even or odd address word is gated and used for that
specific operation,
@ Normal addressing of storage is through the B-Register 0]
1o the M-Register. B The M-Register sets up the address of
main or control storage to be accessed, Control storage is a
reserved area and is unavailable to the user. All addresses
are validity checked. )
® The microprogram resides in control storage and is read
out into the C-Register. This control word information
provides clock cycle length and sets up hardware gating
controls for the handling of data. The clock is a variable
cycle clock designed to accommodate operations requiring
langer cycle times.
® Locat! Storage (LS) ¥ consists of two monolithic stacks
of 64 words 2ach (A-LS and B-LS). Destined data is written
into both A-and B-LS so that both stacks contain the same
information at any corresponding address. This permits
comparison checking of LS data.
®The External facilities are composed of registers, buses,
status lines, and other circuitry that form the communi-
cation line between the microprogram and:
Channels (CHNL) .
Console-File Adapter (CFA)
Console Printer-Keyboard {CPK)
Checking Facilities
Retry Circuits .
Integrated File Adapter (IFA)
Features.

External facilities have restrictions d with them b

of the manner in which they are used. For example, certain
externals cannot be addressed as destinations for data, Others

_cannot be sources for data.

o The arithmetic and logic unit (ALU) [ performs the logic
manipulations and adding operations in the CPU. Two ALU
units are provided to allow halfword binary and word-move
operations in one pass. Each ALU consists of A and B entry
gdates, logic and arithmetic circuits, and output gating to
position the output byte in the Z-Register. Il

® The SPTL, special external registers, are used for

direct and indirect addressing, byte selection, and status indi-
cations. The SPTL registers are destined in the same machine
cycle.

)

—
.

B-LS B-Local
Addr Storage
Decode
-] LS
’ -k; crl
Asm
A-LS A-Local E
Addr Storage
Decode M1 ) Control
Storage
A-Register B-Register r
; M2 po—
L A-8Byte Asm J [ B-BV'EAW] Main
[ M3 * Storage
Ext CF Dats ummmn _# A
Ex External IE ] o I ALU3 '
Asm ' 1
2Z-Register
sDBO Select sDBO [ OReaser ]
-q‘ Pre-Asm F [ Asm il

——

ﬁ C-Reg L——p -Controf Lines
| — L

SD8I {Storage Data Bus-in)

fremeame  SDBO (Storage Data Bus Out)
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STORAGE
For details about storage, refer to “Storage (STOR)L.”
Storage for the Model 145 is implemented by lithi

technology. It is based on bipolar, semiconductor storage
cells with nondestructive read capabilities. Unlike magnetic
core storage, the content of storage is lost when power is
turned off.

The main advantages of semiconductor storage are:
® oprice/performance
®. reliability and serviceability (a storage card can easily

be replaced).

Storage Structure

All 145 storage (local, control, and main) is implemented
using monolithic technology.

Main Storage

Thé 3145 processor has the following models and storage size
options:

Model Storage Size
FED 1M%k*
GE 160k
GFD . 208k
H or H2 256k
HG when used with a 3345 Model 1 or 4, or HG2 384k
| when used with a 3345 Model 2 or 8, or 12 512k
1H2 768k
J2 1024k
J2 1536k
K2 2048k

*112k withdrawn from product line,

Data-Transfer Times

Storage data path width is eight bytes, The CPU fetches a

doub! d in 540 ds. It stores one word in 607.5
wds. (This involves fetching eight bytes, updating

four of them, resetting the ECC, and then storing back. )

Control Storage (CS)

The amount of control storage required depends upon
features in the system.

Basic systemn microcode contains:
Standard instructions
Standard features
Patch area and routine

and requires 24,600 bytes of CS.

Additional storage is required for:

Byte and block MPX UCWs

Block MPX feature

Console support

Integrated file adapter {IFA)
14XX/7010/D0S emulators

Floating-point getic

3145 DATA FLOW
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Direct control

Clock comparator

Advanced control program

Sample requirements

CS is assigned in the high-order range of available storage,

Forexample: 160k Model 145

Amount Address Range
Main Storage 160k 0-160k
Control Storage 32k 160k-192k

Instructions accessing control storage cause address checks;
attempting to access a control word from main storage causes a
machine check, This is checked by comparing the address

with the setting of the address check boundary register (ACB).
The ACB register is part of the external facility. -

Reloadable Control Storage (RCS)—Ad g

® Amount of control storage needed is minimized by recorc’ing
a console-file cartridge for each customer according to the
features the customer orders.

. Engineering changes to the microprogram can be easily effected. )

® One storage system (single addressing ‘design, circuits, data
flow) allows greater serviceability,

@ Functions implemented through RCS can be easily extended.

Speed
Fetch cycle: 540 ns, 8 bytes.

RCS SIZE

32k bytes is the minimum. RCS may be expanded. in increments
of 2k bytes up to 64k at the expense of main storage,

The location of the RCS/main ge b blished
by microcode at IMPL time.

dary is
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For details of items on this
For storage protsction, refer to

“'CPU Hardware (CPUL"
sge {STORL"

STORAGE DATA BUS-OUT ASSEMBLER n

® The Storage Data Bus-Out (SDBO) preassembler recsivesa
. doubleword of data from main storage.

® The output of the SDBO preassembler is gated to provide
word, halfword, or byte selection. .

® The SDBO assembler receives input data from the SDBO pre-
assembler, the storage-protect stack and the D-register. 1t
provides an output that is used as data for external bus-in
{EBI) and local storage.

C-REGISTER B

The C-register decodes the control word and provides control
and gating of CPU functions, When read out of control storage
and gated to the C-register, the controi word is decoded to
determine: .
® Word type
® CPU function
® CPU clock cycle and length
The C-register is set through the dary ] bl

- during certain operations; for example, manually setting a

control word from the switches on the console.

M-REGISTER

L] Composed of M1, M2, and M3, which provides a 21-bit
(plus three parity bits) storage address.

® Addresses main and control storage. Storage is read outon a
doubleword boundary and stored on a word boundary.

N-REGISTER
@ Composed of N2 and N3.
® Backup register for control-storage addressing.

® N2 is set with the same information as M2 and is changed
only when the contro! word being executed performs a
module-switch function.

® N3 is set with the same information as M3.

N is not changed when a trap occurs.

@ When a trap occurs, the M-register is set to the trap address.
The trap routine stores the contents of N (the N-Reg
contains the next address that wouid have been used had
the trap not occurred). At the end of the trap routine, M
and N are restored to their original value so that the control-
word sequence may continue as if there had not been any
oap.

d:n_j N
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MB-REGISTER

@ Composed of MB2, MB3,

® Set with the control-word address in M2, and M3 from M2
8FR and M3 BFR.

© When the CPU clock is pped, MB ins the address of
the fast word executed.

© MB output is available to the retry and backup circuits as
well as the external asssmbler.

STORAGE PROTECTION B

The storage-pratect unit has a 64 x 8 monolithic storage
protection stack that applies to main storage locations zero
thwough 131.072 {in sequential blocks of 2,048 bytes).
Additional stacks are provided in the CPU when main-
storage capacity extends from 131,072 bytes to 524,288
bytes. Above 524,288 bytes, storage protect is located in
the Power Frame (03} and is a mix of 64 x 8 and 64 x 18

monolithic storage cards.

Storage-protect circuits prevent accessing protected
areas during either store or fetch operations. To protect
specific areas of storage, key bits are first stored in the array of
the storage-protect circuit by a write-key operation. During 3
subsequent store or fetch operation, one of the prestored keys
is accessed and compared with the key provided by the user,
If the keys match, access to data storage is granted; if not,
access is denied.

3145 ™
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For details of items on this psge, refer to “CPU Hardwars (CPU)."*
A- AND B-REGISTERS ’

The A- and B-registers, each with a fullword capacity, provide the

primary data inputs to the ALUs.
The B-register also feeds the M-register during address setup:
@ |n the first cycle of a storage word, or

@ During a return function in which the return address is
taken from local storage or an external facifity.

ARITHMETIC AND LOGIC UNITS (ALUs) B

Two one-byte ALUs (ALU2 and ALUS3) perform the
foliowing operations in one CPU cycle:

® Binary addition, true or complement, of up to two fullword
operands. Two halfword additions are performed to achieve
the fultword add. Binary hatfword addition is achieved by
gating the two low-order operand bytes of each haifword
into ALU3, and two high-order operand bytes of each half-
word into ALU2.

® Logical operation on two 1-byte operands. The operation
can be AND, OR, or Exclusive OR.

® One-byte, packed-decimal addition (true or complement).

® Operations and microprogram symbols are:

Symbol Operation

A, AND

JOR, . OR

JOE, Exclusive OR

+ True ADD

- Complement ADD

D+, Decimal ADD

+- Binary ADD

A, Complement AND
Z-REGISTER

ALU results are set into the four-byte Z-register. The ALU
result data can then be routed from Z to:

® The D-register (normal gating)
® TheS,P, T, or L-registers
® The A- or B-registers.

Also, the Z-register data (that is, ALU result) is tested, if so
specified in the control word being executed, to set/reset
S-register bits.

D-REGISTER

The D-register is used as an interim destination for data to be
routed to external facilities or local storage. The data leaves
the D-register on the following control-word cycle.
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SPTL--SPECIAL EXTERNAL WORD
® Addressed directly by control-word bits.
® Has special data path to A- and B-register inputs.

@ Only external that can be used as a B-source,

® Only facility that is destined in the same cycle {except H-Reg).

® Composed of four one-byte registers: S, P, T, and L.

S-Register: holds the status of arithmetic and logical results;
controls some arithmetic functions. ’

P-Register: base address register for local storage and external
addressing. .

T-Register: used in conjunction with special branch f

H-REGISTER

The setting of the latches in the H-register isused to determine
the priority of traps. The bits are set during trap-2 cycle and
prevent traps of lower priority from occurring.

BACKUP AND RETRY EXTERNAL REGISTER

To allow recovery from certain kinds of errors, hardware
registers (externals) are provided. The backup registers are set
to the current cycle setting of the prime register; the retry

registers are set to the cycle prior to the one currently being
ted, .

shifting, storing, and indirect-byte addressing.

L-Register: used in conjunction with P-high bits to form indirect
tocal-storage addresses.

FLUSH-THROUGH CHECK

Data routed to local storage, as the result of some control-word
operation, other than a storage word read, is gated from the D-
register through the SDBO assembler [[§ to local storage. The data
that is'stored in A-local storage is set into the Flush-Through
Check {FTC) latches and is matched to the data routed from the
D-register. If the match is unequal, an error condition is set. The
same check is made on information routed to the external
facilities from the D-register.



For details about items on thIgJ¥ refer to “CPU Hardware tcPul. "

LOCAL STORAGE B 2’

® AandB tocai storage are identical monolithic stacks of 64
words each.

@ Both stacks contain the same infor at the corresponding

ADDRESS ADJUST AND DYNAMIC ADDRESS
TRANSLATE

. This logic is used by the 0S/DOS compatibility and Dynamic

Address Translation features. 0S/DOS compatibility feature
uses the lagic for executing a DOS supervisor and DOS

- programs under control of the OS supervisor in any main-

address. This enables checking to ensure that data being
operated on is correct.

® The microprog"am uses the local-storage area as 8 buffer
between main storage and the CPU hardware,

@ Addresses are formed with combinations of bits from the
controi word, P-register, L-register, T-register, console-file
command register, and forced by the selector channel,

® Access time is 24 nanoseconds.

EXTERNAL FACILITIES B

® External facilities are composed of registers, buses, status lines,

and other circuitry that form the communications line
between the microprogram and:

Channels

Consote file

Documentary console

Checking facilities

Retry circuits

Integrated file adapter

Features

@ Addresses are formed from controf words, console-file data,
selector-channe! circuits, console switches, retry information,
and Jocal-storage address data.

® Data from the externals enters the data flow through the
external assembler to the A-Reg.

® Data to the externals is gated through the SDBO assembler on
the external bus-in (EBI).

EXPANDED LOCAL STORAGE

The expanded local storage (EXPLS) registers are hardware
registers addressed as though they are local-storage (LS)
registers. EXPLS operates similar to the external facilities;
however, the output is routed to the A- and B-registers similar
to LS.

1-CYCLE CONTROLS B

" This hardware improves the cPU peffntmm for System/360
and System/370 ir by reducing the time during [-Phase
of mstruction processing.

I-BUFFERS

The 1-buffers consist of three 1-word registers and are used to
hold the present instruction plus, in most cases, the next
doubleword of the instruction stream. '

ge location. Dy ic Address Translation uses the
logic to make available by software and hardware up to
16M of virtual storage,

S&\D B-LOCAL STORE COMPARE

Data stored in local storage is located at the corresponding
address in both local-storage stacks, The data is read from both
stacks and compared. If the data does not compare, an error
cordition is set, Note that the output of expanded local storage
is routed along the same path but is not compared.
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MICROPROGRAMS

For details about mi refer to “Mi mic)”

® Al functions performed by the 3145 are controlled by a
microprogram,

@ Before any processing may begin, the microprogram must be

loaded into the control-storage area.

@ The microprogram is loaded into controt storage from a disk

_that is read by the console file.

. - @ This loading process is called lnma| Mlcraprogram Program
o Load (lMPL)

° The microprogram is composed of mlcroroutmes of varymg

sizes, each having a specific task to perform.

® The microprogram handles the pr ing of the instr
" and data that are read into the mzin-storage area.
® Channel operations and the operations of the integrated
devices are also handled by the microprogram.
® Each microroutine is composed of bit-significant control
" words that handle particutar functions. These functions

control execution of the specified task of the microroutine.

CONTROL WORD READOUT

Before a control word can perform any of its functions, it

-+~ must be set into the four-byte control register (C-Reg). [ The
" - outputs of the C-Reg activate circuitry that causes the execution

of specified data-flow functions.
Control words are normally read from control storage and

set into the C-Reg. However, control words can be set into the

- C-Reg directly from the console file, and certain control-word
bit combinations may be forced into the C-Reg by circuitry.
Assume that control and main storage have been loaded and
that processing has begun:

1. Control words are read out of control storage and gated out

on the Storage Data Bus-Out (SDBO).

2. Portions of the control words are gated from the SDBO to
either the local storage control assembler Elor the external

control assembler BJ. This is done to set up source addresses

for these facilities early in the cycle.

3. The control words are gated into the control register
- {C-Reg) E, where they are decoded. Decoding the control
words brings up controt and addressing lines that access
and execute the programs located in main storage.

MICROPROGRAMS
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INSTRUCTION/DATA READOUT

When a control word performs a read operation on main
storage, either instructions or data is accessed. All read
operations, for control or main storage, result in a double-
word’s being accessed from storage. '

Assume that a control word is performing a read operation
on main storage;

1. The doubleword from main storage is gated out on the
sDBO M to the SDBO pre-assembly latches @ . -

2. The odd or even address word, of the doubleword is
selected and gated to the SDBO assembler.

3. 1f the word selected is a data word, it is gated to local
storage [ or some external facility

4. If the word is an instruction, it is gated to the I-buffers E,

expanded local storage ll and in some cases to the addres

ad;ustmenx c:rcults .




controL worp FURons

For details about control words, refer ta “Microprogram GMIC)”.j v
The control words and their high-levei functions are:

Branch and Module Switch

“Functions:
® Branch

® Moduleswitch . Arithmetic Word
® Destine data to the S, T, or L-registers :

WORD TYPE - DEFINITION

Type 10 Functions:
® Perform a variety of arithmetic and logical operations

Branch Word . @ Operate on fullwords for arithmetic or shifting operations Byte 0
Functions: Type 11 Functions: :
‘ The first hex digit of the
. ® Branch ® (xjerates on bytes only control word is found on the
® Module switch {special ionl ® Performs OR, or true ADD only microprogram listing
3, and in the C-register

® Set/reset bits in focal storage or external registers ® Provides A-register input crossing
o byte 0, bits 0-3.

Byte 1 h

Branch and Link or Return

Branch and Link Functions:

® Store S, P, N2, N3 into a link register

® Set P with a value, or module switch

® Branch . - Byte 2

Word Example 08 39 CE 09

- Return Functions:
® Restore S, P, N2, N3

First Hex Control-Word

. . Digit Type
@ Reset H-register bits 0 Branch and modute switch
@ Alter the link address in some cases 1 Branch
2 Branch and link or return
Byte3 3 Word move '

Word Move

® Move a fullword or selected bytes from one local
storage/external location to another.

® Branch

47 Storage word
&8 Arithmetic type 10
CF Arithmetic type 11

l-ﬂOO-QOO

[»]
E
m
@

Storage Word

Functions:

® Read data from or store data into—
Local storage
Main storage
Control storage
External registers
Storage protect stack

© Branch

3145 TM INTR13



ERROR HANDLING

1 application-program errors occur {such as illogical action
requests), the aperating system attempts to handle the exception
and provide any Y op

if a failure occurs within the CPU or an 1/0 unit, provisions are
made to retry the failing operation. Error-logout facilities to
record any such failures are incorporated into the system. This
is in addition to any pravisions made by the operating system
for error retry and error logging.)

Microprogram instruction retry, limited and extended channel
logout, storage validation {Error Checking and Correction--ECC)
the main and control storage, and other error-detection and
error-handling provisions are standard.

MICROPROGRAM INSTRUCTION RETRY

_ The ability to recover from most intermittent failures is provided
by retry techniques. CPU retry is done by microprogram routines
that save the source data before it is altered by the operation.
When an error is detected, a microprogram routine returns the
CPU to the beginning of the operation (or to a point during the
operation that was executed correctly}, and the operation is

repeated. For a detailed description of microprogram instruction

retry, refer to the “"Recovery Features {REC).

ERROR CHECKING AND CORRECTION (ECC)

Error checking and correction circuitry for main and control
storage automatically corrects single-bit errors. Automatic
detection of double-bit errors is also provided. For a detailed
description of ECC circuits, refer to “Storage (STOR),"”

For a description of handling ECC errors, refer to “’Recovery
Features (REC).”

CHANNEL RETRY

This feature ensures that most failing channel operations can
be retried by error-handling routines. Both a limited and an
extended channel logout are impl, d. When a ch 1

ERROR HANDLING—3145 COMPATIBILITY INTR 14

COMPATIBILITY of MODEL 145, with OTHER SYSTEM/370 MODELS

and SYSTEM/360

Within the storage capacity, internal and input/output

The 705-byte extent {the per ly assigned progt
I } can be reduced to 512 bytes by moving .

channel processing rates, and type of input/output d
that can be attached, compatibility is maintained with other
System/370 and Sy /360 models, with the following

error or a CPU error assaciated with a channel operation
occurs, the channel status word (CSW) and an extended
channel status word (ECSW) are stored in the fixed lower
storage area during the I/O interrupt. The ECSW or limited
channel log out data provides additional, more exacting
status information about the channe! failure. This datais .
formatted by the channel check handler (CCH) routine and
passed to a device-dependent error recovery routine to be
used in the retry of the failing 1/0 operation. The ECSW
contains information as to:

Which unit detected the error

Which unit caused the error

Successful retries

Channel retries

Validity flags

Retry code--how far has the instruction progressed in

execution

COMMAND RETRY

Command retry is a control-unit-initiated procedure between the
channel and the control unit. {(Not all control units have this
capability.) No /0 interruption is required, The number of
retries is device-dependent,

1. Programs using machine-dependent data (for example,
machine logouts).

2. Programs using the ASCl1 bit {PSW bit ..).

3. Programs that depend upon features or 1/O devices that
are not implemented on this system {such as special
instructions for ths System/360 Model 44).

4. Programs that depend upon validity of data after the
system power has been turned off and restored.

Programs written for other System/370 or System/360
modets that contain the following conditions or require-
ments should be evaluated on an individual basis to ensure
proper operation.

1. Time-dependent programs.

2. Programs written to cause deliberate program checks.

3. Programs that depend upon model-dependent features of
other System/370 and System/360 models.

4, Programs that use storage locations between address 128
{decimal) and 704 after a diagnostic logout into program
storage. However, such programs may be executed if: .
a. Check-control switch is set to Stop After Log

position, in this case, processing stops after the

diagnostic logout into program storage takes place.

Program-storage locations that are overiaid by the

diagnostic logout are restored with the program require-

ments followed by an appropriate program restart
procedure,

1

Any attempt to continue processing after a dianostic logout
to program storage without restoring your program informa-
tion to the logout area has unpredicatable results,

the 192 bytes (between locations 512 and 704).into another
program-storage area. The technique used to accomplish this

o "

1 dep upon your applicati :

CONTROL REGISTERS

The control registers provide for loading and storing control infor-
mation. .
The structure provides for sixteen 32-bit registers for ]
purposes, These registers are not part of addressable storage.
One or more specific bit p in control regi are
assigned to each function requiring register space. Some of
these functions and registers are: |
Making the timer interrupt and external interrupt in

. control register 0,

Masking machine-check subclasses by bits set in control
register 14,
Pointing to an extended CPU logout area in control regis-
ter 15, - :
For details of the control registers, refer to “CPU Hardware .. .
{CPU)."” - :

PROGRAM STATUS WORD CHANGES

Bit 7 External Mask bit is now a summary bit with control
register 1 conataining the individual mask bits.

Bit 12 is now reserved and must be zero. ASCIH code is removed.
Bit 6 is the mask bit for channels 6 and over.

Bit 13 Hard Stop bit is now a summary bit. Control registes
14 contains mask bits for subclasses of machine checks.



STANDARD INTERWGEE

The standard intérface for System/370 has all the lines used
on the System/360 standard interface, plus several additional
fines. ' The additional lines used by the 3145 are identified
on this page. For details of these lines, refer to “Channel
{CHNLL" ’

DATA-IN

During read and sense operations, Data-In rises when data is
available on Bus-In. During write and control operations,
Data-In indicates that the control unit is ready to receive
data.

Data-In indicates to the channel that data on Bus-Out was
accepted by the control unit or that the control unit pro-
vided the requested data on Bus-In.

Data-in is effective with sel /block itipl h |
only and is used along with the Service-In Tag fine to increase
data rates.

DISCONNECT-IN

Disconnect-in provides control units with the ability to alert
the system of malfunctions, .

The channel responds to Disconnect-in by performing a
selective reset,

CHANNEL

/

\

BUS-OUT

9 Lines
Bits P, 0-7

BUS-IN

9 Lines
Bits P, 0-7

"MARK  Mark-0-In

AN

TAGS OUT
Address-Out
Command-Out
Service-Out
Data-Out

TAGS IN N\
Address-in
Status-In
Service-In
Data-In
/Dlsconnect‘ln

SELECTION CONTROLS §
Select-Out
Hold-Out
Operational Out
Suppress-Out
Select-In
Request-In
Operational-in .

METERING CONTROLS

Metering-Out
Metering-in

/ONTROL uNIT

MARK-0-IN _
Mark-0-in is used only for the Command Retry feature.
When the d being d s a con-

dition requiring retry, the control unit indicates this by
raising Mark-0-In.

DATA-QUT

Data-Out is the response to Data-in.

Data-Out indicates to a control unit that data on Bus-In
was accepted by the channel or that the channel provided
the requested data on Bus-Out.

Data-Out is effective with selector/block-multiplexer
channels only and is used along with the Service-In Tag
line to increase data rates.

3145 ™
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3145 CHANNELS—GENERAL DESCRIPTION

For details, refer to “Channel (CHNL).”

The Model 145 has two types of channels available:
® Byte Multiplexer

® Selector
The selector channel optionally may have the block-
multiplexer feature attached.

Channels on the Model 145 are integrated in the CPU and
share CPU cycles for 1/0 operations.

STANDARD FEATURES

® Byte multiplexer channel

® Selector channel 1 (Channel 2 if the IFA is present)
® Channel retry

OPTIONAL FEATURES
@® Selector channels 2-4 (only selector channel 3 if IFA is present).
® Block-muitiplexer feature.

® (ntegrated File Adapter for 2319 DSF. (Displaces Channels 1
and 4.)

® Channel-to-Channel Adapter.

BYTE-MULTIPLEXER CHANNEL
Functionally is equivalent to the System/360 multiplexer channet,
Data transfer is on a byte basis only,

UCWs (Unit Control Words) are provided for subchannels
in control storage. Each UCW is contained in four words
(16 bytes).

® UCWs provide a place to store channel register data between
data transfers, thus allowing multiplexing of data.
® A maximum of 256 subchannels is available on the Model 145,
® 16 UCWs are standard on the Model 145,
A shared UCW can be shared by up to 16 devices, of which
only one can operate at a time.
A non-shared UCW can be used by one device only,
Thus, with 16 UCWs3, if 8 are shared and 8 non-shared, a
total of 136 1/0 devices can be attached,
Up to eight control units can be attached per channel.

® Configurations of 32, 64, 128, or 256 subchannels are
available. The number of subchannels must be specified so
that the proper amount of control storage may be allocated
and written on the console file,

CHANNELS INTR 16
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Data Rates

® Aggregate data rate in byte mode is 50 kb. Note that the
selector channels and IFA can interfere with the byte
multiplexer channel,

©® Burst mode data rate is 180 kb.

SELECTOR CHANNELS

The 3145 has one selector channel as standard., Up to three
more may be attached as an optional feature. DASD devices
without command retry feature should not be attached to
channel 4, )

® Functionally is equivalent to the System/360 selector channel,
® If the IFA is installed. only channels 2 and 3 can be installed,

selector channels and increases channel data rates,

@ A one-byte operation requires 585 nanoseconds; a one-
byte fetch operation requires 517.5 nanoseconds, The
word buffer feature allows four bytes to be transferred
rather thar one, '

® The word buffer is required if the 2305 is attached.
This buffer is recommended if the 3330 is attached.
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Data Transfer Data Rates
Data is transferred one byte at a time unless the optional word ® Single Channel
buffer feature is installed on the channel, without word buffer .82 megabytes
® A four-byte buffer is provided for each channel if the with word buffer 1.85 megabytes
feature is installed, ® Aggregate data rate
® The word buffer feature atlows fewer accesses to main without word buffer 1.5 megabytes
storage to be made while transferring data from the with word buffer 5.0 megabytes



BLOCK-MULTIPLEXER"FEATURE

The block-muttiplexer feature may be installed on the setector
channels as an optional feature,

It is required if the 3330 and 2305 are attached.

The selector channel operates as a block-multiplexer channel
when the mode bit in the controi register is set on, -

A maximum of 512 UCWs is provided when thé block-
multiplexer feature is installed. These UCWSs provide a pool that
may be assigned to devices. Each UCW is contained in two words.

® UCWs may be shared or non-shared
® UCWs are contained in control storage

® Shared UCWs must be determined and assigned device
addresses,

® Non-shared UCWs are dynamically assigned in blocks of
eight to devices at start 1/O time, If no UCWs are avail-
able, a not-operational-condition code is returned.

® UCWs are provided in control storage in increments of
16 UCWSs, Each increment contains two groups of 8 UCWs.

Block Multiplexing

Block muitiplexing allows the channel to disconnect a device at
channel-end time, During the interval between channel-end and
device-end, another device on the channel could be started or
could complete data transfer for a previously started oéération.
Thus, a block-muitipk channel can multiplex btocks of data
from different devices giving a much greater effective data rate
than a selector channel. ' y

Block muitiptexing occurs only if a control unit presents
channel-end and not device-end during command chaining,
- and the channe! is in block MPX mode,

The block-r ipl h can op as a sel
- channe! so that existing Sy /360 ch f progr can
run unchanged.

g

Block-Multiplexer Operation

Because the channel is busy only during the time when data is
‘actually being transferred, several channel programs can be
executed concurrently by sharing the channel hardware, This
is called “Channel Multiprogramming,”

The sequence of events in channel multiprogramming is:

A channel program controlling a device is started by the
channel and remains active until the device signals that it
has no need for the channel path at that stage of its
operation. ’

The channel disconnects the channel program and stores
all information needed to restart the program in UCWs
that are in control storage,

The channet can start another channel program at this
point if one is ready.

Upon receipt of a signat from the previously disconnected
device indicating that it is ready to use the channel data
path again, the channel restarts the appropriate channel
program,

The process is repeated for all active devices until each
one is completely serviced.

1f a channel is busy when a device reconnection is
requested, the device must wait until the channel becomes
available,

; 7 ilahli

To facilitate channel scheduling, a new
interrupt has been defined for the block-multiplexer
channel, :

L

At di time for a 1 program, the channel is

ilable for the p of an i ct |
program or the initiation of a new one, A channel available
i pt occurs at di time if any |/O command was
issued previously while the ch 1 was busy.

INTEGRATED FILE ADAPTER

©® The Integrated File Adapter (1FA) feature connects three
to eight 2314-type disk drives to the System/370 Model 145.

® The IFA feature is assigned exclusive use of the ch 11
address and functions as both channel and control unit for
the files,

® Data transfer takes place one byte at a time on a share-cycle
basis the same selector channels.

@ The initiation of operations and each step of the file sequence
requires the CPU controls and microprogramming.

The primary control for the IFA is contained in the CPU,
where it can make use of the CPU hardware and microprogram
for operation. The 2319-A1 contains the read clocking circuits,
the write oscillator, and the storage module switching for up to
eight files. The disk storage drives operate the same as the 2314
system connected to a selector channel. The record format is
identical, and the operation requires the same programming
systems.

The IFA controf-unit operation is initiated as a channel
operation using the $/O instructions and channel commands.
Primary control information for the file operation is stored
in the CPU, Operating commands are processed by micro-
programs stored in the CPU. The microprogram starts the
operation by devefoping the appropriate information for a
portion of the sequence.and issues a mini-op to the control-unit
hardware, White the hardware is performing the mini-op, the
microprogram stores a link address and returns to CPU operation,
When the hardware finishes that portion of the sequence, it
requests a trap to return to the microprogram link address to
continue the operation. To complete a command, an operation
may require ‘several of these transfers between the microprogram
and hardware. .

Data movement during the hardware control period is per-

f by requesting a sel -ch 1 share cycle for each byte.
The CPU or other channel operations can use the CPU hardware
and microprogram for other operations when time is not

required by the IFA controls either for setup or data transfer.
The file operation should never overrun during normal operation
because of the assigned priorities,

For details on the IFA, refer to “Integrated File Adapter (1FA).”

3145 T™ INTR 17



CPU HARDWARE

CONTENTS ; . ,
SPTL . . = . . . ... ... ....CPU3 EXTERNALFACILITIES . . . . .. ... CPU29 Execute Phase {I-Cycles) . . . . . crusz STANDARD FEATURES D » (TR L
. : Example 2B Add (5A) lnstrucnon (Double .

SRegister . .. . .. . L. L. CcPU4 Time-of-Day Clock CPU 109
! ) e Indexing with Al 0. . . .. -of-Day Clock . . . . . . . . . v .. U
P-Reg{ster P P o T 1 )E(x;egaal ‘;”""?' Assembler . . . . . . .., . CPU29 VG (Dg) Ilnstrutlfir:)nr:?x)am e ’ g::j gi Physical Description . . . e+ . .. . CPU1D9
TRegister . . ... . .. .. ......CPUSB - e e T CPU29 Eroate 44 hnstoustion Examote. T GhUes Clock Security Switch (TOD CLK) . . . . . . CPU109
LRegister . . . . . . .. ... ....cPu7 urce Addressing . . . . . . . . ... . CPU29 , Ple- e Clock Validity Indicator (TOD CLK INVAL} . . CPU 109

Flush-ThroughCheck . . . . . ., . . . ., . CPU29 .o Error Detection CPU 108
External Assembler Data Flow i CPU 30 e s
. oo A-REGISTER, B-REGISTER d ALU P Clock-Setting Sequence. . . . . . . . . . CPUTIO
Expanded External Assembler Data Flow. . . . . CPU31 . , an S. . CPUBgE 2
. TOD Clock Update Sequence. . . . . . . . CPU110
. External Assignment and IndexMap . . . . . . CPU32 ARegister and AByte Assombi TOD Manuat Set CPU 116
. -Register and A-Byte Assembler . ., . . ., . . CPUSY
SDBO PRE-ASM,ASM .. . . . . . . . .. cpuva NpREG\;\lord. C e v e e e .. ... CPU3M B-Reglster and B.Byte Assombler CPUSO TOD Clock Instructions . . . . . . . . . cPUTIG
: g{"g"‘xlmds‘/‘e; S e (é:;uaa ALU AEntry Gating . . . . . . ceuel TOD Clock Output Assembler . . . . . . . CPUTI2
SDBO PRE-ASSEMBLER UNIT DATA FLOW . cpus o Byted. . e e OPUBE U B Entry Gating o Pl TOD Circuit Card Locations and
‘ UWord . .. .. S U Gating . . . L cPU 92 Related Logic. . . . . . . . . ... CPUN3
. ’ v SW Word (Console Switches) . . . . . . . . CPU34 ALU K-Assembier. R Srps Interval Timer. . . . . . .. .. ... .CPUI4
LOCALSTORAGE. . . . . . .. .. .. CPUIO0 PSWCTLWord .. . . . . . . . ... CPU4 Arithmaie mnd Lonlo Unit 1AL} e Description .+ . . T Chunia
Local Storage Operation . . . . . . . . . . CPU1D Misc Word Bytes2and 5" . . . . . . ., . . CPU34 Half-Sum Checki T Interval Timer Operation . ... . . . . . . CPU1I4
Data Checking. . . P ¢« (VA 1] In Word (Interrupt Register) . . . . . . . . CPU34 alf:Sum Checking . . . . v .o oo CPUSS 0S/DOS Compatibility . . . . . . . . CPUIE
Flush-Through Check {FTC) S04 . ... CPUT0 ACB (Address Check Boundary) Register . . . . CPU35 ' introduction . . . . . . . .. cPUE
. A|a;d B- Lo:a| Storage Compare S e e e gsu :g Sys (System) Register . . . . -+ . . CPU3B  Z.REGISTERand D-REGISTER . . . . . . cPu®a 0S/DOS Functional Umts L. .. . . cPU?
L:ca‘ torage Timing . . d e e e CPUH Puoru}ty pperatlon§~ﬂ Register . . . . . . . . CPU39 i New Instructions for 0S/DOS Emu!ator .. .. cPU1B
cDaStorage DLesu:aAt:)n Ad ressmg SEIERE U” Priority Operations .. .. . . . ., . ., . . CPU39 Z-Register Parity Checkmg e e e . . . CPUYS Monitor Calt , . , . C e Ve ... . CPU30
estination ook ead . . . . . . e CPU H-Register . . .. L. oL e . CPUMY Z-Register . . . - . . . . . . . . . cCPUS4 Monitor Cali lnstructlon . .. .. . . CPUI3D
A-Local Storage UnitData Flow . . . . .". . CPUI12 Priority and Trap Controls Le e e ... CPUAB D-Register . . . . CPUGS Extended Control Mode CPU 131
A-Local Storage Address Assembly ., . . . . CPU13 M2 Gating (Traps) C e e e ... CPUA D-Register and FIushThroughCheck(FTC) . . . CPUGB Introduction R CPU 131
B-Local Storage UnitData Flow . . . ... [ . . CPU14 M3 Gating (Traps) . . . . . .. . . . . CPU4S Regist e r et
. N : . gister FeatureMask . . . . . . . . . . . . . CPUI31
B-Local Storage Addressing Assembly ., . . . ., . CPU15
Local Storage Map (370 Microprogram in . . ) : Control Registers. . . I
Control Storage) . . . . . . . CPU1E C-REGISTER (CONTROL WORD DECODE). . cpugs Permanent Storage Ass-gnmems e e - . . . .CPUT3S
Scope Procedure for Local- Stora e Addressm CPU17 PSW Interchange Sequence . . . . . . . . CPU136
pe 9 g . . . FCYCLES . . . . . v . .. ... cPu4r C-Register . e v+ s . . ... CPUOB Interrupt Codes . . . ... ... . . CPU13s
: ' Store Then Mask Instructions . .. .. . .CPU138
EXPANDED LOCAL STORAGE (EXPLS) . . . CPU19  1PhaseFunctions . . . . . . . . . . . . CPU48 M N and MB-REGISTERS . . . . cPuip2  Dynamic Address Translation. . . . . . . . . CPU139
. Hardware Functions. . . . . . . . . . . CPU49 Introduction . . . .. . . . .CPU
Expanded LocaiStorageMap. . . . . . . . . CPU21 Microcode-Hardware Functions . . . . . . . CPUSO M-Register . ., ., ., ., . . .. CPU102 Addresses Subject to Transla(non .. . .. .CPUI33
I-Register (EXPLSSB0) . . . . . . . . . . CPU21 - Microcode-Hardware Retationship . . . . . . CPUS1 Setting M-Register for Main Storage Addressm . CPU 103 Addresses Not to be Translated . . . . . . . CPU139
g .
V-Register (EXPLSSY). . .. . . . . . . CPU2t _ |-Cycles Microcode Module Assignment .- . . . CPUB2 Setting M-Register for Control Storage Basic Operation of fynamic Address Translation . CPU 140
g
W-Register (EXPLS82). . . . . . . . . . CPU21 1-Cycles Microcode and Control Hardware Addressing. . . . . . . . . . .. . . CPU103 Associated Hardware . . . . ., . . . . . CPU 148
U-Register {EXPLSS3), . . . . . . . . . CPU2! Loading of |-Buffers . ., . . .. . CPUSB3 N-Register . , . . . ., . . . .. .. .. CcPU103 DAT Functional Operations .- . . .. . ., . CPU 156
1BU-Register (EXPLSS54) . . . . . . . . . CPU21 1-Cycles Microcode and Contro) Hardware MB-Register . . . . . . . . .. . ... CPU103 Instructions Associated With DAT . .. . . . ., CPU 161
TR-Register tEXPLS §5) . . . ... CPU2T . Calculate Operanc Address and Perform Prefetches CPU 54 Buffer Registers . . . . . . CPU103 Hardware Error Checking . . . . . . . .. . CPU162
iCS {1-Cycle Status) Register (EXPLS 56) .. cPU21 I-Cycie Hardware Locations . . . . . . . . CPUS6 M-, N-, and MB-Registers Branch chuns . . . . CPU104 DAT Exercise . . . e e e . . . CPUlB4
G2DRL, G2DRL, GIDRL, and GADRL (EXPLS I-Cycie Hardware Description. . . . . ., .. . CPUS7 Channel Indirect Data Addressmg “ v .« . . . CPUTTD
60,64,68and 6C) . . . .. CPU22 I-Cycles Data Flow . . . . . .. . CPUSB Introduction . . . . . . . . . . . . .CPUITD
G2DBRL, G3DBRL. G1DBAL, and GADBRL Instruction Cycles Address Generation. . . . . CPus3 CPUCLOCK . . . . . . . .. ... .. cPu9g Byte-Multiplexer Channel . . . CPU170
(EXPLS 61,65,69,and6D) . . . . . . . . CPU22 1-Cycles Control Line Generation . . . . . . CPUG64 CPU Clock Oscillator. .. . ... . . crugg Selector and Block Multiplexer and |FAChannels . CPU170
SN-Register (EXPLS78) . . . . . . . . . CPU22 I-Cycles Address Generation and Contro! CPU Clock Timing . . . . . . . . . CPU 99 Program Event Recording (PER). . . . . . . . CPUI73
PN-Register (EXPLS79) . . . . . . . . . CPU22 Decode . . . . . . .. . CPUBS CPU Clock Checks and Adjustmems o CPU 100 {ntroduction . . . e e e e . . . CPUTT3
WK-Register (EXPLS7A} ... . . . . . . . CPU22 Unique Condmons Durlng | Cycles .« . . . CPUBE T Control Register Allomnon e - . . . .. . CPUTZ
NP-Register tEXPLS7B) . . . . . . . . . CPU22 I-Cycle Error Condlitions . . . . . . . . . CPUG6 E Extended InterruptCode . . . . . ., . CPU173
DK-Register (EXPLS7C) . . . . . . . . . CPU22 Storage CorrectionCycle . . . . . . . . . CPU6E SECONDARY CONTROL ASSEMBLER . . . cPu104 Successful Branch Instruction .-, . . . . . CPU174
Expanded Local Storage: SourceGating . . . . . CPU23 i-Cycle Timings . . . . . . . . . .. . CPUB? Instruction Fetching. . e e e CPU 174
Expanded Local Storage: Source Gating Examples. . CPU 25 1-Cycle Operational Description . . . . . . . CPU68 CONTROL REGISTERS. . . . . . . . . . CPU106 Storage Alteration . . e e e e . .. .CPUtTS
Expanded Local Storage: Destmmg. - e . - . . CPU27 I-Cycles Alignment Routine . . . ., . . . . CPU73 General Reg:sterAlteranon c e e . . L CPUTS
Destination Controf . . . .- . . . . . CPU2B 1-Cycles Program Modification . . . . . . . CPU76 Description. . . . . . . . . . . .. .. CPU1I0B PER Operations tntroduction . . .CPUTN4

3145 TM CPU1



SPTL

]

The SPTL word is a special external register that has a word

" I i e~
address of 04, el _N.ﬂ._@wm — i, "!1 b
. e s o ’i‘“ o holl pui e
® Addresséd directly by control-word bits. im e I J__:E;g [ - ;

@ Has special data path to A- and B-register inputs. t" R G S -y i
@ Only external that can be used as a B-source. ; i
@ Only facility (other than the H-Reg) that is destined in the e - : :
same cycle, HI ) [oootomy . :
® Composed of four byte registers: §, P, T, and L. Tl ] '[ E.'::;... ; : "«,
® Set by I-cycle controls during I-cycles. % A L. :
. o L s = = ;
B g N ENEIEE
i - —_—

= - s
S P T L - - = fermrer ]

aTAam hel 2er 3
Totreren 43
R i Y NI VU N g rodten
—
oo el <
r-’vm.“

S-Register: holds the status of
arithmetic and logical results;

Used with P-high bits to

- ““controls some arithmetic form indirect local-storage .

functions, addresses, . T |
Base address registers for ’-{ii:.}—@ LL =) ..E:ﬂ.l Lt el T ]
local-storage and external | { T
addressing, - ey

is expanded e fo—— .
Sc:‘":: oro 9:3 Used with special branch D —— § —
addressing functions, shifting, storing, SR . %‘ o
and indirect-byte addressing, 7 § ——— D e ame
I N

Note: For details concerning how SPTL affects control-word
operations and addressing, see the Microprogram (MIC) section,
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S-REGISTER

indicates true or
complement add.

Status set for
arithmetic words.

Status set for storage
and arithmetic words.

S-register bits are used primarily to indicate the results of ALU
operations or to specify how certain ALU operations are to be
performed.

Branch fields in the control words can be set to specify branch
testing of S-register bits. The results of the branch testing are used
to determine a portion of the next controi-word address. There-
fore, a control-word sequence can be modified according to ALU
results, For example, the following is frequently used in micro-
program routines.

1. A control word specifying an ALU operation calls out set/
reset of specific S-register bits, depending upon the ALU
result. -

2. A subsequent control word specifies branching on the same’
S-register bits. .

Note: If the S-register is set with a control word and this same

control word is branching on S-bits, the branch test is made ona

previous S-register setting and not on the result of the current
control-word operation,

3. The control word branched-to onti the
sequence required by the ALU result,

program

The S-register can also be used as a general-purpose data
register, For example, a control word can cause the S-register
to be loaded with a byte for use in operations with subsequent
control-word operations such that none of the following descrip-
tions apply. Such use of the S-register is determined by the
microprogrammer. The following listed S-register bit functions
are not automatically performed. Any function must be
explicitly specified in the control word for which the function
is desired.

The data from the S-register is used in the M-register for
branching.
Note: The duplicate S-registers are designated S-register
A and B, respectively. The data from S-register B is displayable,
and is gated to the A-register and B-register. '

General-purpose status
E indicators for branching.
Status set for
arithmetic and storage words.

Normally set to the value of
the high-order carry during
an arithmetic operation.

SO
The setting of SO determines whether a true or pl add
is to be performed in the ALU(s} when either a binary or decimal

add is specified by the controi word,

S0 Value Specifies
0 True add
1 Complement add

The true/complement circuitry affects only the B-input (from
the B-register or the K-assembler) to the ALU(s). The A-register
input is always presented to the ALU(s) in true form, regardless
of the value of SO.

In arithmetic word (type 10) shift operations, the value of SO is
shifted into the four high bits of the result word (shifted right)
when the shift field of the arithmetic word specifies (SR4, S0).
The bits {4-7) shifted out of the source-word byte 3 are set into
T-register bits 0 through 3, respectively.

s1

1. In decimal operations, St is set to 1 if an invalid decimal digit
is detected in the A or B inputs to the ALU. S1 is-not changed
if the decimal digits are all valid. A decimal digit greater than
1001 (binary) is invalid. The test on the inputs is made
before the original decimal data is binarily added in ALU3;
no such test is made on decimal data when it is being sent to
ALU3 on a 16 correction cycle. B

1n order for S1 to function in this manner, the arithmetic
control word (type 10) must specify both decimal addition
{C, D+-, C), and the S12 status set.
2. In binary operations, St is set to the value of the carry-out
of:
a. Bit 1insingie-type ALU operations,
b. Bit 1 of byte 0 in fullword ALU operations.
The control word must specify the S12 status set, along with

the appropriate binary ALU operation, in order for S1 to
function in either of these two ways.

© ,
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S2

1. In byte operations, S2 is set to 1 if the Z-bus (ALU resuit
byte 3) is not zero (20). If the Z-bus is zero S2 is not
changed from its prior setting. The arithmetic control word
calling for the byte operation must specify the S12 status '
set in order for the S2 bit to function in this manner.

2, In fullword binary operations, S2 is set to 1 if the entire 32

bit result is nonzero. S2 is not changed if the 32-bit result is

zero, A status set of $12 must be specified in the arithmetic
control word {calling for the fullword operation} in order for

§2 to function in this manner.

In fullword binary operation, S2 is set to 1 if:

a. A 224 status set is specified, and i

b. The low-order 24 bits {ALU result bytes 1, 2, and 3} are
nonzero. If the low-order 24 bits are all zero, S2 is not
changed.

4. When an S2 status set is specified in a storage word, S2 is set
to 1 if the count field is not zero after the count is decremented;
$2 is set to 0 if the count field is zero after decrementing. The
decrement-count function is specified in the storage word to
effect the following actions: ’

a. The 24-bit address, in bytes 1, 2 and 3 of the even word (of

. aneven/odd pair of local-storage words}, is updated.

b. The count field (low-order 186 bits of the odd word of the

pair) is decremented.
¢. S2is set according to the low-order 16-bit result of step b.
Note that the count value is updated by circuitry and that S2 is

set/reset if the S2 status set is specified even if decrement count is
not specified. In this case, however, the updated count value is not
stored back into the count location.



S3

83 is set to the value of the carry-out of bit-0 of the ALU opera-
tion. This function is used in both byte and word operations. Tite®
arithmetic operation field must contain a bit configuration -
designated by a statment that contains a C at the left, in order
for S3 to function in this er. Fore ple, in the

S0=0

c+0
the C specifies that S3 is to be set/reset.

in fullword arithmetic operations, S3 is set to the carry-out of:
a. Bit 0 of byte 0 if an S12 or no status set is specified.
b. Bit 0 of byte 1 if a Z24 status set is specified.

$3 is not set/reset in storage-word address and count updates.

S4 and S5

In arithmetic words {types 10 and 11) that specify a status set of
S46, S4 and S5 are set/reset according to the bit values of the ALU
result byte as follows:

Bit Value Indicates Result Byte Bits

sS4 0 0-3 not equal to 0000
sS4 1 0-3=0000
S5 0 4-7 not equal to 0000
S5 1 4-7 = 0000

If a Z6 status set is specified:
Bit . Value Indicates Result Byte Bits

sS4 0 0-5 not equal to 000000
S4 1 0-5 = 000000

S5 0 4-7 not equat to 0000
S5 1 4-7 = 0000

The S45 and Z6 status sets can be specified in an arithmetic word,
only if a single-byte ALU operation is called for; S45 and Z6 do
not pertain to.fullword arithmetic operations.

In storage-word operations, S4 and S5 functivns are the same as
in the arithmetic words and are specified in the same manner (S45
and Z6). S4 and S5 are set according to the value of the low-order
byte of the count field after the count has been decremented.

The count is in bytes 2 and 3 of the odd word of an even-odd pair
of local-storage words. The address is in bytes 1, 2, and 3 of the
even-word location.

In an arithmetic word (type 10) that specifies an AB CK byte
operation: S4 is set to 1 if a parity-check error is detected on
the A input to the ALU(s).

Note: |f an J24 status set is specified in a type 10 arithmetic
word, no S-register bit setting occurs, regardiess of any other
specified status set. For example, if the operation specified is:
S0=0
c+0
and 124 is also specified, then S3 and SO are not changed even
though the operation field calls for such set/reset functions.
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P-REGISTER
T
6 t+ 2 3'4 5 8 7
1
. °
. Used with C1 or C2
Used with L-Reg bits bits to form direct
to farm indirect tocal- tocal-storage addresses.
storage-word addresses. ’

Used with C1 bits to form

i
external facility addresses. P3 = 1 indicates external

addressing if C1 bit 0 = 1.

*Used for expanded
local-storage control.

The primary function of the P-register is to provide a base address
during local-storage or external-register addressing. That is, the
P-register is used to point to groups of external registers or areas
of locat storage; the remainder of the external/local-storage ad-
dress is specified by the outputs of the C-register. In some cases,
the L- and/or T-register contents are used to determine portions
of the address.

T REGISTER

0 1 2 3 4 -1 6 7

Used as » byts pointer

Bits 0 and 1 are gated to )
bits 2and 3 of M3 for the B-source during -
during the next control- e ic word using
word address setup for indiract-byte addressing.
special module-switch Usually sot by a special
function of the branch function of & storage
word. word read operation.

Used as a mask fora Used as a byte pointer

store-word function, for the A-source during

Used to hold low-order arithmetic word using

hex digit shifted out indirect byte addres+ng.

during arithmetic word Usually set by a spec.ai

shift-right function. function of a storage

May be used as digit word read operation.

shifted into the high-
order position of a
right shifted resuit,

The T-register is used in a variety of ways:

1. Bits 4 and 6 and/or 6 and 7 are used in indirect-byte N
addressing and branching operations.

2, Bits 0 and 1 are used to form a portion of the next-
control-word address when a module-switching operation is
specified in the branch word.

3. Bits 0 through 3 are used in arithmetic fullword
shift operations,

4. In certain storage-word read operations, bits 4 and 5 or
6and 7 are set to the value of the two low-order storage-
address bits before the address is updated.

5. tn certain storage-word store operaiions, bits O through 3
are used to specify which bytes of a source are to be stored
and what constant, if any, is to be used to update the
storage address.

6. May be used as a working register.

CPU 6



L-REGISTER

Used with high-order Used with high-order

bits of the P-register bits of the P-register

to form indirect sddress to form indirect

of local-storage register sddress of locsl-storage

containing first operand. register containing
sscond operand.

The primary purpose of the L-register is to hold the addresses of
the general or floating-point registers, all of which are in local
storage. The address of a general register can be specified by LO
through L3 or L4 through L7. For example, L0-3=0111 can
specify general register 7. Note, however, that while this address
corresponds to the hexadecimal address of general register 7, that
register’s address in local storage is determined by C, P, and L-
register bits when the L-register is used in the addressing.

The address of a floating-point register is usually specified by v
LO-3 only {not L4-7).

. The L-register may be used as a working register. . N
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SDBO PRE—ASM, ASM

@ The Storage Data Bus-Out (SDBO) preassembler receives
a doubleword of data from internal or external storage.

® The output of the SDBO preassembler is gated by M3 bits
5, 6, and 7 to provide word, halfword, or byte selection,

® The SBDO assembler receives inputs from the SDBO
preassembler, the storage-protect stack, and the D-register.
The assembler provides an output that is used as data for
External Bus-in (EBI} and local storage.

The selection of data fed to the SDBO assembier is
accomplished by decoding M3 bits 5, 6, and 7, The decode
of the M3 bits causes corresponding gating lines to be
activated, which cause data from the SDBO preassembler to
be routed to the SDBO assembler.

M3 Reg Selects
bits | O Even word bytes 0-3
1 0Odd word bytes 4-7
bité | O Even halfword, bytes 0, 1
1 Odd halfword, bytes 2,3
bhit? | O Even bytes 0, 2
1 Odd bytes 1,3
Read Word
Word Selected  Word, Halfword, SDBO
by bit § Byte Selection Assembler

2

B

SDBO PRE-ASM, ASM

. —
L

ol T )

WRCTE
i 2

L

Py

{ed

T
ﬂ. T w2l

R

-

by e

e - ik e

o m— MRS

Read Halfword, M3 bit 6=0

Read Halfword, M3 bit 6=1

I o] o | o] '
KN - 1 ] n 1]
ll 2 | o] ‘___ ‘ l
n ' n n i n To Bytes 2and 3

LS/EXT

I

2|

l‘_ToBytm2and3 i
LS/EXT

Read Byte

BE

WIN [~

jga=p

M3 bit 6,7=00, Byte 0 to X
M3 bit 6,7=01, Byte 1 to X
M3 bit 6,7=10, Byte 2to X
M3 bit 6,7=11, Byte3to X

GELE)

cPUSB

|—-——- To Byte 3

LS/EXT



SDBO PRE-ASSEQ.ER UNIT DATA FLOW

INTERNAL

SDBO Bytes 0-7

Data to
System
Bits
0—63

$Q203 -~ SQ302

Gate Internal Storage

Store-2 Cycle
1-Time

O-Time

O-Time Diy

D-Registar

Gate D-Reg through SDBO Asm

$SD80 Data
. SDBO Preasm Latches

Gate SDBO

Local Storage Gating

External SDBO Bytes 0-7

v

Store-1 Cycle
oT T 2T

OR}-Rst SDBO Asm Lth

—
{Not) SDBO Gate ——-E A
| A

. SDBO
PRE-ASM

Bytes 0-3

Bit 5 Setect Even Data

Bytes 4-7

k
RC113 - RC193

Next Control
Store-2 Cycle Word Cycle

0T T 27 oT T 27

Gate SDBO
I M3

o-T

Destine prev cycle ;_._].

Destine address

L—__ Destine count

Store data

SDBO Gating
MODE _ The bytes in the shaded
ares are gated but are
not used at the output.
SDBO Asm
o
o A-LS
1
RAVIS-RAI66DRep g e 5.5
Gate D-Reg through SDBO Asm
2
—EE!
" 3
] ms1 ;5 Pn:m Stack 0 K=t
RC114-RC194 GeSt Prot through SOBO Asm RC114-RC194

The two-word SDBO preassembler latches retain the storage
entry for use during the cycle.

M3 bit 5 of the storage address defines which word of the
storage access is to be gated to the SDBO assembler.

For a word-mode operation, the fullword is gated to the
assembler when the gate SDBO line is raised.

For a halfword-mode operation, the upper or lower halfword;
depending on M3 bit 6, is gated to bytes 2 and 3. Input bytes 0
and 1 continue to gate to output bytes 0 and 1.

For byte-mode operation, the byte defined by M3 bits 6 and 7
is gated to byte 3. The remaining input bytes are gated to their
respective output positions.

The protect stack readout is gated to the SDBO assembler
byte 3 during the ISK instruction to allow transfer to a GP-
register. .

The four-byte output of the D-register is gated to the
respective outputs of the SDBO assembler when neither the
gate SDBO line nor the gate st prot line are active.
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LOCAL STORAGE

® |ocal Storage (LS) consists of two monolithic stacks of 64 words
each {A-LS and B-LS). .

® Destined data is written into both A- and B-LS so that both stacks
contain the same information at any ponding address, This
permits comparison checking of LS data.

® LS is used by the microprogram as a high-speed buffer. Access
time is 24 nanoseconds. .

Readout is nondestructive.
Address range within each stack is 00 to 3F (Hex).

Addressing is accomplished with binations of {-word bits,
P-register bits, L-register bits, T-register bits, selector-channel
share-cycle forced bits, and console-file command-register bits,

LS has assigned locations for specified functions. Refer to *“Local
Storage Map (370 Microprogram in Control Storage).” Locations
included are:

16 general registers

4 floating-point registers

Selector-channel work area

CPU work area )

These locations are valid when the 370 microprogram is located in
control storage. When diagnostics are running, another set of LS
assignments is in effect.

LS is external to main and control storage. Each 64-word stack is
located on two MST cards: .

Bytes Card Location
ALS Oand 1 A-B4P2

2and 3 A-B4M2
B-LS Oand? A-C4B2

2and 3 A-C4aCc2

Note: Do not remove or replace LS array cards with power on.

LOCAL STORAGE OPERATION

Read

@ Either or both A-LS and B-LS can be accessed in one cycle.
® Data from A-LS is gated to the A-register, ‘
® Data from B-LS is gated to the B-register,

® A-LS and B-LS sources can be different addresses,

Write/Read

©® Data destined to LS always is written into both A- and B-LS."

‘e Data destined during any cycle is written during the next
cycle.

@ A write LS is always followed by a read LS. The read LS
data is used for flush-through checking and A- and B-LS
comparing.

DATA CHECKING

Flush-Through Check (FTC)

Data destined to local storage as a result of some control-word
operation, other than a storage word read, is gated from the '
D-register through the SDBO assembler to local storage. The
data in the D-register is compared with the data from the
A-LS address that was the destinati If the pare is not
equal, bit 2 of MCKA 1 sets to indicate an FTC error.

A and B Local Storage Compare

Data destined to focal storage is stored at corresponding addresses
in both local-storage stacks. The data is then read from these
addresses and compared, If the compare Is not equal, bit 1 of
MCKA 1 sets to indicate the error.

B-LS AandB
Local +
- Storag — MCKAT1, Bit 1
C
FTC
Latches
o
1
ALS 2
3
D-Register
o FTC L MCKA1,
, Match Bit2
2 |
3
LOCAL STORAGE TIMING
0-Time 1-Time
I 0-Time Delayed 1-Time I
Delayed
Read mo—
Write/Read —

FTC
A/B-LS Compare I

Write/Read, FTC, and A/B-LS compare occur during the cycle
following the control-word cycle that the data was destined.

(Write) LS Bit Gate —

SDBO Asm (Data-in}

(Read) LS Set Byte

LOCAL STORAGE

CPU 10
s

e~
..m....{ i
ooy

1

o

[

L

Set Pwr

Sense Amp Lth
Sen: —]A
o  —
Amp - | Spee
32 +4P
32 +4p .:-

X0 —

X1

X2 4

x3 - X

x4 Drivers

(8)

64 Words
{1 Stack}
8x8

Yo -1

Yt -

Y2+

Y3 — 3

Y4 — Orivers

vs —| 8 :

Y6

Y7 — e ®




LOCAL STORAGE DaATION ADDRESSING

The type/form of the control word: selects the source address 5>,

(A or B) that is used for the destination address.

1. During fast gate, decaded source addresses are stored in

the A and B buffers. B

At the begmnmg of slow gate, the previous comrol-word

destination address is gated from the A and B destmatmn

address latches to the address decoders. &

The data destined during the previous cycle is written. [

. The buffer (A or B) selected by the word type/form is
gated to both the A and B destination address latches. Bl

. At slow gate of the next cycle, this address is gated to the
address decoders for destination write/read. [J

'

> w

w

! lﬁestination Look-Ahead @ .

A new source address may be the same localstorage address

as the previpus destination address. When this condition occeurs,
the destined data in the Z-register is not stored into local storage

in time to be accessed by the following control word as source
data. Destination fook ahead detects this condition by comparing
A and B new source addresses with the previous destination
address. An unequal compare (previous destination not new source)
gates the new source data from local storage to the A- or B-register.
An equal pare {previous di s new source) gates the
new source data directly from the Z-register to the A- or B-register.
This compare is done on a byte basis.

LOCAL STORAGE ADDRESSING

Force Selector Channel e -
c -
7 e B-LS Source/Destine
Cons, File Command Reg Bits 2-7 Addr w 8-LOCAL
- ’ STORAGE
P-flog L-Reg wimed Decode H Desti To B-Reg
; g 8 i 8 E SDBO ASM tummm
il T Dest
§ BFR % E§ Addr [ 8
£ Destine % $ ’ Comp
H ! 1 g jnt
<080 = 8 Source % ﬂ$ g
= iR
L S Control u% Dest | pecode Gate 8-LS or 2-Reg to B-Reg Aand B
A e "
Look $ a L
E ocal
Ahead | A i Storage [===— MCKA1 Bit 1 {error)
Secondary Contro! Asm e Decode llmnlmumuunlnmmumm@l mmlﬁ’wnlmmnmslunmmmnlunnmmllnmlg 1 Compare
£ g
£ Destine ‘&%f z
§ gﬁ:mmnummmm QTS § Y Gate A-LS or 2-Reg to A-Reg
LAO21 H % A .._l
LA033 E )
LA115 urce | A Destine o Com A-LOCAL
Fomi wmmnmllm BFR SR Dest -
LA125 3 H Addr |y Back-up and Retry Regs STORAGE To A-Reg
S A-LS -
P.Reg L-Reg Addr ; Source/Destine SOBO ASM M
Decode
M3 (05) (See externsl facilities CPURTY word)
Force Selector Channel e
D-Reg FTC f=—= MCKA1 Bit 2 (error)
L O-Time | _1Time | OTime § 1Time | _OTime | 1-Time |
- 1
1-Time
L 0-Time Delay { 1-Time Delay . 0-Time Delay \ 1-Time Delay ¢ 0-Time Delay \ Delay
Qc=0+Y RC=R+Y RC-R+Q
Fast Gate SRR
Q Y R Y R Q
Set A/B Buffers
Qv R Y R Q
Read A/B-LS p—  SSase——— USSSeenen E—
Set A/B-Regis:» ; .
Slow Gate y —————
Prev. Dest. Q R
Gate Dest. Addr. Lths S
Prev. Dest. Q R
Write/Read
Q R R
m Set A/B Dest, Addr Lths
4 B-LS to B-Rep B-LS 0 B-Reg B-LS to B-Reg
8 Compare Unequal
A-LS to A-Reg A-LS to A-Reg
ACompare  equat N
A Compare Equal S

3145 TM CPU 11



ALOCAL STORAGE UNIT DATAFLOW®
CARD

LOCAL STORAGE

CIRCUIT : ALD
FAST DECODE C4F2,CAN2,CAM2 LAOH-LAOIB,LAO21 LAT11-LAT1? 0-Time 4 1-Time
DEST BER LATCHES 567 cass tAz22 ' 0ime Oly XTime Oly
DEST ADDR LATCHES 5,6,7 cas4 LA222
SLOW X ASSEMBLER c4Ga LA211 Dest Bfr Latches -
SLOW Y ASSEMBLER C4s4 LA221 S -
COMPARE C4aN2,cAL2 LA022-LA024, LAO31-LA032 Gate Slow Path
X DECODE CcarF2 LAO15-LA016
¥ DECODE cam2 LA114 Dest Addr Latches
X CHECK caG4 LA212 e—as—
¥ CHECK caa LA222 .
MONO BUFFER B84P2,34M2 LA311,LA327
Note: For local-storage card hini refer to the m
{REF) section.
. X-CHECK
Set MCKAQ bit 0 (During Source Access}
LOCAL STORAGE ry SLOW X X-DECODE Set MCKAO bit 2 (During Destination Access)
CONTROL ASM . ASSEMBLER X0
B-Local Storage Bir. Latches 2-4. M3 Bits 0-2 §;
SDBO 0 Bits 0-2 32
Switch G bit 0, Switch F bits 2,3 ewmd %
SDBO 4 Bits 02 ey ¢ ﬂz X8
E 3 X6
Sec. Ctrl. Asm. 0 Bits 0-2 Force X or Y check L4_j ;r' X7 ToAand8
0Aa
DEST BFR DEST ADDR A Storage
P FAST LATCHES LATCHES . Compare
SDBO 1 Bits 0-6 H DECODE  ALocaL sTorace
2 COMPARE
SDBO 5 Bits 0-6 ememmmmem—ed | 3 .
b i e Gate Z-Register to A-Register ol 7O A-Register
Sec. Ctrl. Asm. 1 Bits 0-6 2 P-Reg Bits 1.2.5,6.7 wmey {Byte Compare) Block A-LS
7|1 L-Reg Bits 0,4 commmumed]
) ) DEST BFR DEST ADDR .
SDBO 2 8it5 0-3 emswmmmermsmmmant LATCHES LATCHES
SDBO 6 Bits 0-3 |, [ H I H Yo FTC
L 7] M)
Sec. Ctrl. Asm. 2 Bits 0-3 et , M Set MCKA1
M3 Bits 3-6 Ya D-Reg bit2.
B-Local Storage Bfr. Latches 57, SWitch G bits 1-3 smmemn I ¥§
v7
SLOW Y
ASSEMBLER
Y-DECODE Set MCKAO bit  {During Source Access)

LOCAL-STORAGE CONTROL ASSEMBLER

A control word read from control storage {on the SDBO), or

din the y control ler, is gated to the
localstorage control assembier. In the local-storage control
assembler, the word type is identified to specify the type of
addressing needed.

E DIAGNOSTIC FUNCTION:
With DIAGO bit 5 on, and RTY backup Asm
byte 0 bit 5 off, an extra X-line is forced up to
cause an X-check.
With DIAGO bit 5 on, and RTY backup Asm
byte O bit 6 off, an extra Y-line is forced up to
cause a Y-check.

DIAGNOSTIC FUNCTION:

With DIAGO bit 4 or § on, and RTY backup
Asm byte 3 bit 6 off, the storing of data into

A local storage is blocked, This causes both a
flush-through check and an A- and B-local store
compare error.

Set MCKAO bit 2 {During Destination Access)
Y-CHECK

B x ent vicuecs

The X-and Y-checks are tests 10 determine
, Whether if at least one, but not more than
one, X- and Y-line is active at a time,

CPU 12



A-LOCAL STORAGE AMESS ASSEMBLY

A-SOURCE DIRECT ADDRESS

When the A-source is called for by its symbolic name, or the
actual address, is used, bit 0 of byte 1 of the control word is 0
to Hag direct addressing. Bits 1, 2, and 3 of byte 1 of the ~
control word form the Y-line, and bits 5, 6, and 7 of the P-Reg
form the X-line.

FAST
DECODE

P-Reg bits 5,6, 7 2

X

3
=

LS Ctrt Asm 1 bits 1,2,3

5
6

7 |

~

A-SQOURCE DIRECT ADDRESS |
{X- and Y- Lines carried in control word)

Two control words have the capability of carrying the X- and
¥-lines in the bit structure of the control word. The Branch and

Link or Return word carries the X- and Y-lines of the link register
in bits 1-6 of byte 1. The word-move word carries the X- and Y-lines

of the source or destination in byte 1,

FAST
DECODE

LS Ctrl Asm 1 bits4,5,6

LS Ctri Asm 1 bits 1,2,3

INDIRECT ADDRESSING

w~oalswwn
1

l

LCSC MODE

A special diagnostic function called LSCS (Local-Storage
Control Storage} mode causes control words located in focat
storage to be read cut and executed, The X- and Y-lines of
the control word to be executed are formed from bits 0-5
of the M3.register, which is set up by the last word executed.
Any of the other ways of addressing local storage may be
used for data accesses during the execution of the controd
words read from local storage. For additional information
about LSCS mode, refer to the Diagnostic Functions (DIAG)
section under the heading “'Basic Tests.”

SLOW X

ASSEMBLER

N

M3 bits 0-2

X

3
4

SLowY

ASSEMBLER

M3 bits 35

Y

5
L]
L7

FAST
. DECODE
USING L HIGH (LH) P-Regbits 1,2 2 "
Two symbols in the microprogram language call for indirect . 3
word addressing. The symbol LH calls for focal-storage addressing. -
The high bits of the L-register and bits 1 and 2 of the P-register t-Reg bits 0-3 5 ] Y
form the X- and Y-fines, . 6
: ] 7
FAST
USING L LOW (LL) DECCDE
P-Reg bits 1,2 2
The symbol LL calls for local-storage addressing. The low ——'—-‘l 3 __’_(_
bits of the L-register and bits 1 and 2 of the P-register form 4
the X- and Y-lines. -
L-Reg bits 47 s v
6
iz
SLOW X
ASSEMBLER
Switch G bit 0 X
ADDRESSING FROM CONSOLE Switch F bits 2, 3 3
———l 4
Loca! storage is also accessible from the operatos’s
console. The X-line is formed from bits 2 and 3 of
switch F and bit 0 of switch G. The Y-line is formed
from bits 1-3 of switch G. stowy
ASSEMBLER
ey
swicnGbiu1d | 5| v
L7

3145
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LOCAL STORAGE CPU 14
B-LOCAL STORAGE UNIT DATA FLOW

CIRCUIT CARD ALD
FAST DECODE CAF2,CAN2,C4H2 LAO11-LAOI8,LAC21,LA121-LA127
DEST 8FR LATCHES2,34  C4G2 LA232 -+
DEST 8FR LATCHES 5,67  C4J2 LA242
DEST ADDR LATCHES 2,34 CAG2 LA232 .
UEST ADDR LATCHES 5.6.7  C4J2 LA242
SLOW X ASSEMBLER caG2 LA231 Ml"' 1 . 1-1':m.
SLOW Y ASSEMBLER cas2 LA241 o Twve I PR
ly ~Time Diy
COMPARE can2,caL2 LAO22-LA024,LA031-LAG32 ! ) _—
X-DECODE C4aF2 LAO17-LAO1S : Read Source Write-Read Previous Destination
Y-DECODE CaH2 LA124 . i Dest Br Latches '
X-CHECK caG2 LA232 v
Y-CHECK ca2 LA242 Gate Slow Path
Dest Addr Latche:
X-CHECK : :
Set MCKAD bit T (During Source Access}
Set MCKAO bit 3 (During. Destination Access)
SLOW X X-DECODE
LOCAL STORAGE ASSEMBLER X0
CONTROL ASM.. A-Local Storage Bfr Latches 2-4 g b'l ;_; C d ' §;
SDBO 0 Bits 0-2 eemmmseamewmmer—rmmesm——t eg bits
' a q)‘ Switch G bit 0, Switch F bits 2,3 === o
Bi I X5
SDBO 4'Bits 0-2 | | 2 I
D8O 4 Bits 0 Force LS X or ¥ ck . § 3 . ) g
4
SEC. Ctrl. A, 0 Bits 02 cemmmmmemne] nels-;nzlsn 2]
: DEST ADDR
. LATCHES LATCHES ' 8-LOCAL STORAGE
. DECODE .
SDBO 1 Bits 06 . COMPARE )
P-Reg Bits 1,2,5,6,7 wmes } : J :
SDBO§ 8its 06 1 L-Reg Bits 0,4 e Gato Z-Register to B-egister ~ SDBO ASMBM . [T B-Register
(Byte Comparsel}
Sec. Ctrl. Asm. 1 Bits 0-6 .
P DEST ADDR : . :
] DEST BFR
SDBO 2 Bits 0-3 of DEST.arR LATCHES XOR
it MATCH
2 5 3 s
SDBO 6 Bits 0-3 smmemsaceme—m——ud  , 3{{ 3 6 }
H L 1 21 Switeh G bits 1-3 ememmem] Set MCKAT bit 1
. 5 ) |  A-Local Storage Data
Sec. Ctrl. Asm. 2 Bits 0-3 6 Force Count {Storage Word) s *
z A-Local Storage Bfr Latches 57 Console File Command
Reg. bits 5-7 —
SLOW ¥
ASSEMBLER Set MCKAOD bit 1 {During Source Access)
Y-DECODE
Set MCKAD bit 3 (During Destination Access)
Y-CHECK
LOCAL-STORAGE CONTROL ASSEMBLER : E DIAGNOSTIC FUNCTION
" A controf word read from control storage on the SDBO or With DIAGO bit 5 on, and RTY backup Asm X-and Y- CHECKS
in the dary control is gated to the byte 0 bit 6 off, an extra X-line is forced up to : The X- and Y-checks are tests to determine whether at least
local-storage control assembier. In the local-storage control cause an X-check. ) I N
assembler, the fields that indicate the source accessing are With DIAGO bit § on, and RTY backup Asm B one but not mote than ane X- and Y-ing is activa at a time.
tested to determine the type of address formation needed byte 0 bit 6 off, an extra Y-line is forced up to

cause a Y-check.
to address local storage.



B-LOCAL STORAGE ADDRESS ASSEMBLY

B8-SOURCE DIRECT ADDRESS

When the B-source is called for by its symbalic name, or the
sctual adaress is used, bit 0 of byte 2 of the control word is 0
10 flag direct addressing. Bits 1, 2, and 3 of byte 2 of the control
word form the Y-line, and bits 5, 6, and 7 of the P-reg form the
X-ine.

FAST
DECODE

P-Reg bits 5, 6, 7 X

LS Ctrl Asm 2bits 1,2,3 v

NoaoidwN
1

ADDRESSING FROM CONSOLE FILE

Some console-file commands cause the control word
currently in the C-register to be executed, The X- and
Y-ines that would normally be formed by control word
bits are formed from bits 2-7 of the console-file command
register, .

SLOW X
ASSEMBLER

Console-File Commend Regbits 24 | 2 l X

|+ ]

stowy
ASSEMBLER

Consale-File Gommand Reg Bits 5-7 | 5 |

i_;--IV

FORCE COUNT ADDRESS

When a storage word with the decrement count
function is executed, an odd local storage address must
be forced. The Y-line in effect, for addressing the source
register, is assumed to be an even Y-lire. The count to
be accessed is in the next higher address; therefore,
the néxt higher Y-line is forced.

For exampie: A storage word is addressing the GD
register for selector-channel! 2 {(see ““Lacal Storage Map.
{370 Microprogram in Control Storage” ). The X Y-ines
tor GD are X4, Y0. To access the count, Y1 is forced,
and the GC register is sddressed.

The X-line remaing the same for the count sccess.

SLOW X
ASSEMBLER

E x

sLtowy
ASSEMBLER

5
Forcs Count (Storsge word) | 6

—_—|

Y

FAST
INDIRECT ADDRESSING DECODE
USING L HIGH (LH) .".*2_'*'.'&1 2]
Two sy in the mi gram languege call for indirect ) 4
word addressing. The symbol LH calls for local-storage sddressing, L-Reg bits 03 ® . Y
The high bits of the L-register and bits 1 and 2 of the P-register 6 fr—
form the X- and Y-fines. 7
FAST
DECODE
USING L LOW (LL) P-Reg bits 1,2 2
——————' H X
The symbol LL caiis for local-storage sddressing. The low 4
bits of the Lregister and bits 1 and 2 of the P-register form 47 <1
the X- and Y-lines, s LU : LY
7
SLOW X
ADDRESSING FROM CONSOLE (8 - LS) ASSEMBLER
Switch G bit 0
—an]
Local storage is siso accessible from the operator’s console. Switch F bits 2,3 3 X
The X-tine is formed from bits 2 and 3 of switch F and bit 0 l 4
of the switch G. The Y-line is formed from bits 1-3 of switch
G.
SLOwWY
ASSEMBLER
swich G s 13_| b
L
v
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R LOCAL STORAGE
LOCAL STORAGE MAP (370 MICROPROGRAM IN CONTROL. STORAGE) Piow  Phigh
Word IFA LS Byte 0 Byte 1 Byte2 Byte 3 X and Y Direct  indirect
Piow P hign Name | Name Location Line Accem  Access
Word Ls Byte 0 Byte 1 Byte 2 Byte 3 Xand Y Direct  Indirect GD 20 X4 YO
Name Location Line Access  Access §X2 GC 21 Count X4 Y1
00 General Register 0 X0 YO GM 2 Protect CCW Address X4 Y2
o1 General Register 1 X0 Y1 GW 23 X4 Y3 4
02 General Register 2 X0 Y2 ' GD 24 X4 Y4
03 General Register 3 X0 Y3 SX3 GC 25 Count X4 Y5
04 General Register 4 X0 Y4 ‘ GM 26 Protect CCW Address X4 Y86
05 General Register § X0 Y5 GW 27 X4 Y7 4
06 General Register 6 X0 Y6 GD FD 28 X5 YD
07 General Register 7 X0 Y? sxX1 —i GC FC 29 Count X5 Y1
08 General Register 8 X1 YO GM M 2A Pratect CCW Address X5 Y2
09 General Register 9 X1 Y1 GwW FW 28 X5_Y3 5
OA General Register A X1 Y2 GD FA 2C X6 Y4
08 General Register 8 X1 Y3 1 SX 4 ———{ GC FB 2D Count X5 Y5
oc General Register C X1 va4 GM Fs 26 Protect CCW Address | X5 Y6
oD General Register D X1 Y5 GW FL 2F X5 Y7
OE General Register E X1 Y6 30 Floating-Point Register 0 X6. YO
OF General Register F X1 Y? 31 Floating-Point Register 0 X6 Y1
AX 10 SRTN Temp Link X2 YO 32 Floating-Point Register 2 X6 Y2
Dt 11 Alter/Dispiay Log Link X2 Y1 33 Floating-Point Register 2 X6 Y3 €
RTX 12 Retry Link X2 Y2 34 Floating-Point Register 4 X6 Y4
DTX 13 Translate Link X2 Y3 35 Floating-Point Register 4 X8 Y&
X 14 Working X2 Y4 36 Floating-Point Register 6 X6 Y6
R 15 Warking X2 Y5 37 Floating-Point Register 6 X6 Y7
Y 16 Working X2 Y6 SO B X7_Y0
Q 17 Working X2 Y7 PM 33 PE Control PE Code Group After Mask X7 Y1
MA 18 Working X3 YO DM 3A Adjustment Factor l X7 Y2
MPX MBS 19 Working X3 Y1 RW 3B Addréss Adjustment Working X7 Y3 7
Channel MX 1A Working X3 Y2 bp 3C 1F A Low-Priority Link X7 v4
we 18 Working X3 Y3 LNiC 30 }.Cycle Link X7 Y3
™D e Working X3 va Pax 3E SX-4 Link Register | X7 Y6
MF ) Working X3 Y5 P3X 3F $X-1, 2, 3 Link Register X7 Y7
Mw 1E Working X3 Y6 ' .
X 1F cPU Link Register X3 Y7 Note: Words 28 through 2F are shown with selector channel designations.
BC
Current PSW System Mask KEY omwe finterrupt Code iLc cc Program Mask Instruction Address
(1] 8 " 12 15{16 3|32 3|4 35 |36 37 38 39 {40 63
Displayed in: External 10 EXP LS 50 | EXPLSS3 | H EXP LS 53 | EXP LS 53 EXP LS 50 |
\ : Byte 0 | Byte1 : ! Byeeo Payeo { Byte 0 i !
'NOTE: The PSW can be manually displayed ulsing ] | Bito,1 Ut Bit2,3 | Bits 47 | Bytes1,2.3 |
! the Console PR-KB. This procedure is | -7 Pl | i
! contained in CPK. | PR t I
f i \ | o - i i
t . i ) | - < ] i
1EC - 1 -
System Mask KEY 1MWP 00 icc, Proa | 000000000 00000000 Instruction Address
[ 718 11]12 15[16 {18 i20 kZS!L 3132 40 63

CPU 16



SCOPE PROCEDURE F&OCAL&ORAGE
ADDRESSING .

Use Tektronix® Type 454, or equivalent
10X Probes

Set Time/Div: .05 us

Set Channel 1 Volt/Div: 50 MV

Set Channel 2 Volit/Div: 50 MV

Store 385E6F C8 {using system console rotary switches A
through M) in an unused location of control storage. This is a +0-Time
word-move word: Y = LNK, SF, STOP

Set the P-register = 02

The word-move word is the version 1 type that carries the X-
and Y-lines of the Source register in byte 1 of the control word. .
. The mask of F specifies that all four bytes of the source areto -
be moved to the destination register. The STOP function is active
{bit 4 of byte 3 = 1); therefore, the word-move word is continually
executed.

After storing the word and setting the Pregister,
1. Dial the address of the word-move word into switches E

through H,

2. Operate the control address set key.
3. Operate the start key.

YS

Note: The manual indicator is on because the soft-stop condition
is set by the STOP function of the word-move word.

4. Sync with channel 1 on +0-time {gate A C4 E2 G05). -
With channel 2, scope the + A-LS ADDR Y EQUALS 5 tine
(C4M2J12). .

+0-Time

By altering the P-register setting, and the address bits in the

X7
word-move word, all the local-storage registers may be addressed,

For example:

Original word—385E6FC8  Statement—Y = LNK, SF, STOP
Change word to—385E7FC8 Statement—Q = LNK, SF, STOP

Change P-register setting
to 03; leave the original
control word in controf
storage. Statememt—MN=LNK, SF, STOP

- *:For the P-register settings necessary for addressing local

storage, refer to the local-storage map in the CPU-Hardware
{CPU) section. .

For variations of this word, refer to the bit definition of the
word-move word in the Microprogram {(MIC) section.

*Manufactured by Tektronics, Inc.

CYCLE l CYCLE 2 l
WM Word WM Word

P
++

\
ot
-

N

e e “.-: L\‘.'YT. o P R R ..L
LA AREIAREEES MU RS R R R AT LR LEARE LR
= ,_;: i
EE —— \~
| CYCLE 1. |B CYCLE2 |
WM Word WM Word
1
11 4iia - -1 e TS Wi TR AN ||k
M AR LR L LARR) LS AN LERR]
™ 7N [~
¥ {
F

With channel 2, scope the + A-LS ADDR X EQUALS 7 line (C4 F2 G12).

* Scope pictures §j and g show the X- and Y- kines for the source
register LNK being activated early in the cycle of the word-move word.

With channel 2, scope the + SLOW AX PATH DECODE 2 (C4 G4 B03)

| cveer © | CYCLE 2 |
WM Word WM Word

O-Time /W’\ é ,wu—\.\
| U

TS I
-+

X2 -‘\4_\

el

X2 Latched for write/read of
previous destination.

X2 Latched for write/read of
destination reg. of cycle 1.

With channei 2, scope the + SLOW AY PATH DECODE 6(C4 J4 D02)?

Y 1 CYCLE 2
I :I:VMC\}VErd n I WM Word '

(.
N
L

N
0-Time L J

e R

T
\

3
B

Y8

—
—_——

PSP -e“

]

4
N
u

Y6 Latched for write/ read
of previous destination.

Y6 Latched for write/read
of Destination reg. of cycle 1.

Scope pictures and show the X- and Y-lines for the destination
Y-register being activated in the second half of the word-move word cycle.
Destination addressing is always activated for the destining of the previous
control word’s results,
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EXPANDED LOCATORAGE (EXPLS)

o Composed of hardware registers that are physically
exicrnals but are logically connected as tocal storage.

® Source addresses are formed through the expanded local-
storage-address assernbler.

W

e Destination addresses are formed through the local-
storage-control assembler and the A-local-storage-address
assembler. B :

xreenal

o Expanded local-storage registers are not duplicated as
are the local-storage registers.

$ o

ks

o I!;t:l»n‘m

oot avone @ .:J
v. ooa
. e -
rres
au
-y

Used with I-cycles, selector channels, and address-adjustment  *
circuits,

» In order to access expanded local storage :
1. Mode register bit 1 must be on.

2. Direct local-storage addressing must be specified {C1 or ! H e i
C2bit0=0). : BEAEE B =]
P-register bits 0, 3, and 4 control the expanded local- el =l

storage inputs to the A- and B-registers {shown on page
CPU 20). :

Only one expanded local-storage register can be accessed
as a source in any one control word.

The branch and link/return word and the word-move word
version 1 cannot access expanded local-storage registers.

All expanded local-storage registers may be displayed
from the console, but altered only from the console
printer-keyboard.

The I, V, U, and W-registers are not under control of bits
0 and 4 of the P-register, but do require that P low=2 .
or A, ’ .

If different expanded local-storage addresses are called
for with A and B inputs, the register designated as the A
source is used for both A and B sources.
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' ) EXPANDED LOCAL STORAGE (EXPLS) CPU 20
LOCAL STORAGE GATING EXPANDED B-LOCAL STORAGE INPUT

LS S X S X S % -

N e e 2 Y oo =]

PO=0
Pa=0 ) ExpLS

P0O=0

Exp 1S Pa=1

k“““““““

KN
l

EXPANDED A-LOCAL STORAGE INPUT

ALs ORhmwmwmwa
-

1, V, U, and W are not dependent on the setting of PO or P4.

WA WA WA WA WAY

“““" ““

20 WA . -

'

Exp LS
PO=1

P4=0
P3=0

Note: if P3 is equal 1o, 1, the address accesses an external
location rather than expanded local storage.




EXPANDED LOCAL STORAGE MAP

'
Note. Expanded local starage may be attered
from the printer-keyboard with the CE key on.
A . Xand Y
EXP LS Word Name Byte O Byte 1 Byte 2 Byte 3 Line
50 i Key 1-Register X2 Y0
51 Vi V-Register X2 Y1
52 W W-Register X2 Y2
53 U U-Register X2Y3
54 1BU 1BU-Register X2Y4
55 TR TR-Register X2Y5
56 . ICS I-Cycie Contro! Display X2Y6
57 through 5F unassigned
2] G2DRL DATA ADDR (SX 2) X4 YO
61 G20BRL . BACKUP DATA ADDR X4 Y1
62 T T~ XEV2
53 1 X4 Y3
54 G3DRL DATA ADDR (SX 3) X4 Y4
65 G3DBRL BACKUP DATA ADDR X4Y5
&6 T X4 Y6
67 X4Y7
63 GI1DRL DATA ADDR (SX 1} X5 Y0
63 G1UBRL BACKUP DATA ADDR X5 Y1
[ 1 X5 Y2
€8 1 X5 Y3
&C G2DRL DATA ADDR ($X 4) X5 Y4
60 G4DBRL BACKUP DATA ADDR X5 Y5
8 : 1 X5 Y6
5F X5 Y7
70 through 77 unassigned

73 SN SEGMENT NUMBER GATE X7Y0
79 PN B PAGE NUMBER GATE X7Y1

174 WK ] Working Register X7 Y2
78 ) NP * CONTROL { CONTROL X7Y3 B
c DK Local.-Addr. Reg. TLB DESTINATION GATE X7Y4
70 3 SEG SIZE X7Y5
7E X7Y6
7F X7Y7

% SEGMENT AND PAGE NO. FROM PAA

I-Register (EXPLS 50)

When the instruction counter register is used as a destination,
byte 0, 24 bits, or fullword-loading is possible.

Byte O: {f the I-Reg is destined, byte 0 is gated to the Key-Reg
Bytes 1,2, and 3 contain the instruction address

V-Register {(EXPLS 51)*

Bytes 1, 2, and 3 usually contain the second operand address
gererated during i-cycles.

W-Register (EXPLS 52)*

Bytes 1, 2, and 3 usually contain the first operand address
.. generated during I-cycles.

* 1 used in 3 storage word, the key register is gated as byte 0.
The key register contains the storage protect key (bits 0-3,
bits 4-7=0).
1f V or W is used as a storage address in a storage word, the
KEY reg is gated as byte 0. The KEY reg is always gated as
byte 0 for I, TR, and 1BU.

U-Register (EXPLS 53) )

When used as a destination, byte 2 may not be changed (loaded
via hardware}

Byte 0 bits 0-1 used for ILC

bits 2-3 used for CC

bits 4-7 used for propram mask

bits 0-1 reserved for FLP mult. and divide
bit 2 indicates that GRs 0-3 need restoring.
bit 3 indicates LEX MODE

bit 4-7 used for OWMP

Byte 2 used for Op-code

Byte 3 used for i diate byte infor

Note: Byte 0 bits 0 and 1 and Byte 2 bits 0 through 7 are set
only by hardware.

Byte 1

1BU-Register (EXPLS 54) * .

Upon entering I-cycles, 1-Reg bytes 1, 2, and 3 are set into {BU.
If a retry condition is encountered during {-cycles, the instruction
may be repeated (return to DFOC), In this event, IBU is moved
to the t-Reg. This source-only register may not be used as a desti-
nation. 1BU is loaded via hardware only from the I-register.

TR-Register (EXPLS 55) *

This register is the address of next doubleword after the address in
the 1-register. TR-Reg may not be used as a destination, but changes
if the 1-Reg is destined.

ICS (1-Cycie Status) Register (EXPLS 56)

This unique register is provided for manual display only, and is
not accessible via microcode. While the specific signals occupy an
expanded local-storage register address, no such register exists.
Instead, various key signals from the i-cycle hardware {under
hardware control) are gated via the register address to form a
display. interpretation of the display requires a fundamental

knowledge of the functional operation of the I-cycle hardware.

Byte 0 forced to zeros
Byte 1 forced to zeros
Byte 2
bit 0 BR Read Latch
bit 1 Op Load Latch
bit2 Op L2
bit3 Op L1
bit 4 Prefetch required
bit & Prefetch inhibit
bit6 FLP Long
bit 7 Op B8R to DF
Byte 3
bit 0 1-Bfr O parity check latch
bit 1 1-Bfr 1 parity check latch
" bit2 Half Adder check latch
bit 3 1MM byte modifier parity check
bit4 X=0
bit5 B8=0
bit & Set Control Address
bit7 Low bit

ICS Bits: Functional Significance

Byte 2: Bit0 (BR Read Latch}, when on, indicates thata RTN
to |-cycles has forced an initial 1-cycle address of
DFOC.

Bit 1 (Op Load Latch), when on, indicates a hardware
attempt to: !
a) provide an initial 1-cycle address of DF 14 (if
byte 2 bit 0 is off).
b) provide an address of DF 14 for a further fetch
of the instruction when within I-¢ycles and Set
Control Address (Set CA} (byte 3 bit 6) is on.

Byte 3:

Op Length

1 2 Format
0| RR

0 1 RX SI

1 1 SS

Bit 2 {Op Length 2) from decode of two high-order bits
of Op Reg, when on, denotes that the data currently
in Op Reg is not an RR format.

Bit 3 (Op Length 1) from decode of two high-order bits
of Op Reg, when on, denotes that the data currently
in Op Reg is not of RX, RS, Si format.

Bit 4 (Prefetch required) when on indicates (as a func-
tion of I-Reg, I-Bfrs, and current instruction con-
ditions) that the next instruction should be pre-
fetched.

Bit 5 (Prefetch inhibit) When on, indicates that a
Prefetch will not be allowed. This signai is also
a function of |-Reg, 1-Bfrs, and current instruction,
Note that this signal does not take into account
other functions, such as Real Instruction Address
Compare mode.

Bit 6 (Floating Pt Long), when on, represents a partial
deco the data in the Op Reg. This signal is
used with RR-instruetion format to determine a
specific {-cycle path.

Bit 7 (Op Branch to DF), when on, indicates that the
end of the hardware !-cycles branched to the read and
align phase of 1-cycles (the other half of the DF module
instead of a CX module).

Bit 0 (I-Bfr O parity check latch), when on, indicates an
incorrect parity condition for {-Bfr 0.

Bit 1 (1-Bfr 1 parity check latch) when on, indicates an
incorrect parity condition for |-Bfr 1.

Bit 2 (Half Adder check latch), when on, indicates that
a check condition occurred in the haif adder
during an l-register hardware update,

Bit 3 (immediate Byte Modifier parity check), when on,
indicates a parity check of the immediate byte
modifier register. This signat is the check latch
input.

Note: The above four signals are combined to
form the signal ‘t-—cycle hardware check’.

Bit 4 (X=0) Has particular significance when the op
reg data is for an RX format. When this bit is
off {and byte 3 bit 5 is off} double indexing is
indicated for RX format instructions, Note that
RS, S1, and SS format instructions force this
signal on,

Bit 5 (B=0), when on, indicates that the data being gated
through the base assembler of the i-Bfrs is zero.
(refers to GPROO). This signal has no significance
RR format instructions,

3145 T™™ CPU21



Bit6  (Set CA), when on, indicates either that the current
control store address is not within the hardware
icycle range, or that a branch point within that
address range has been encountered.

Bit7  (Low Bit) when on, indicates that hardware-
detected conditions are currently satisfied for
deviating from the normal branch to the execution:
the starting address is C (Op code} 4 instead of C
{Op cade} 4. This signat has significance for certain
branch instructions, floating-point, and shift-double
instructions.

Byte 3 buts 0-3 provide a further definition of the cause of an
I-cycle hardware check. Byte 2, bits 0-6 and byte 3, bits 4-6 may
be used, with discretion, to detérmine the starting address for
tcycte sequences. Byte 2 bit 7 indicates when the “read and align”
phase is used; and Byte 3 bit 7 indicates the status of hardware
tests for branch on condition, floating-point reg, specification, etc,

G2DRL, G3DRL, G1DRL, and G4DRL (EXPLS 60, 64,
68, and 6C)

These registers function as a pointer to the next storage location
used for a share cycle.
BYTE O contains the protect key.

G2DBRL, G3DBRL, G1DBRL, and G4ADBRL (EXPLS 61,
65, 69, and 6D)

Only bytes 1 and 2 exist.

SN-Register (EXPLS 78)

Byte 0 FF hex
Byte 1 00 hex

PN-Register (EXPLS 79)

Byte 0 FF hex
Byte 1 00 hex

WK-Register (EXPLS 7A)

Working Register
Byte 0=FF

NP-Register (EXPLS 78)
Bytes 0 and 1 Logical Address

Byte 2
Bit0
Bit 1
Bit2
Bit3
Bit 4
BitS
Bit6
Bit7

Byte 3
BitO
Bit 1
Bit2
Bit3
Bit4
Bit5
Bit 6
Bit 7

Lex Mode

Reset Tables

Execute Instruction -

See “Dynamic Address Translati
and NPS Register,” page CPU 1565.

NP2

EXPANDED LOCAL STORAGE (EXPLS) CcPU 22

DK-Register (EXPLS 7C) )

Byte 0

Byte 1

Byte 2

- Byte 3

Bit0 )
it 1
Bit2
Bit3
Bit4
Bit5
Bit6
Bit7
Bit0
Bit1
Bit 2
Bit3

Y Logical Address

Bit4 J

Bit5
Bit 6
Bit7

Bit0 )

Bit1
Bit 2
Bit3
Bit 4
Bit5
Bit 6
Bit7
Bit0
Bit1
Bit 2
Bit3
Bit4
Bit5
Bit6
Bit7

o0

> Real Address




EXPANDED LOCAL STUMAGE: SOURCE GATING

When used as a source, expanded local storage is addressed

by the expanded local-storage address.assembler. The address
bits from the control word are intercepted as the control word
is being read from control storage, and gated to the expanded : -
local-storage address assembler, Gating lines generated by : hal il
the address assember gate the proper expanded local-storage
register to either the A- or B-register.

1f expanded local storage is being gated to the A-register,
the sense latches for A-local storage are blocked from being
set, If expanded local storage is being gated to the B-register,
the sense latches for B-iocal storage are blocked.

If the expanded local-storage register is also the destination,
the destination latches in local storage are set to be used in
the following control-word cycle.

Examples on the following pages show the various ways
the expanded local-storage gates may be formed for source
addressing.

Whether the expanded local-storage register isan AoraB
source, it is gated to both the A-LS and B-LS assemblers.

The source gating circuits then gate the A or B assembler
to the A- or B-register,

There are control words in the microprogram listings that
appear to be addressing two different expanded local-storage
registers as sources in the same word, However, the B-source
address defaults to the A-source, For example:

Control Word—————WK1 = NP2, OE, WK1

e T - . ' S e R » ]
o s - Y o — 3

on

e

S| et

49vm]

- Tevee rm,.
Y comtaons
B

i it

Tt arser

NP2 is the A-source
WK1 is the B-source

The decode of this word defaults to read effectively

WK1 = NP2, O, NP20 e e | (B

This type of control word is valid only if the B-source is . . ] Homtam e e
being blocked from ALU entry. . - :
; ! i

i i

o e i b e e s s W F N S L i e,
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EXPANDED LOCAL STORAGE (EXPLS) CPU 24

RV 012 (NOT) EXP LSCA BYTE 2 BIT 1 ] T oy
EXPLS SOURCE X = 2 A 81 BrocaL I°4 fonl
DATA TOSYS BITS " e
[ ] o! STORE ': E ’
- : )
RV 011 {NOT) EXP LSCA BYTE 1BIT 1 garee s 1 oua Ll i e
L =1 __ GATE EXPLS TO B-REG X
No— | GATE B-HOOK —4 A A o
N OR oTIME
T H 1
BLSLATCHRESEY | - ¢t} ALocAL I3k |°R|
T .
O-TIME BFR : p— o : STORE : :é
R ¢ g
L 'S
GATE A EXPLS : r:’EG—l a~neﬂ
OR cPU28
— TE EXP -RE M I
Lcois oTimg —{ * o
(WQRD 0 = 1(A-HOOK) A - I
TYPE 2,3) MODE REG BIT 1=1 CROSS & GATING
RV 013 L — ALUs, HALF-S
|——BLOCK A-LS LATCH SET ) - HALF-SUM CHECKING
Lcoe onmeser | A
ZREG
x A-ASM
SDBO EBI EXPANDED i
ASM v LOCAL ) 1 l
. STORAGE :
x—1B-ASM}|—
X - Y NECODE
EXPANDED GATEEXPLS '
m LOCAL STORAG!
ADDR ASM




EXPANDED LOCAL SHAGE SOURCE GATING
EXAMPLES

Rv 012 (Not) Exp I.SCA 8yte 1 Blt 1
EXPLS Source X=2

Patato'SYS Bits -

CO Bits 0-4

P4=1 {B-Hook)

3 RN B A
EE PR
i o B S—

i T : - —
\.NBLL__‘__ - Block A-Hook-Er——-———,b 4
N Not T | . B , |

e e 2 po=1 (A-Hook)

tword o
Tyoe2, 3) N Mode Reg Bit 1=1
nv 013 i S —

. o i :

Gate A Exp LS :

Waord-Move Version 0 °
P Low=2 (X2 decode) -
Statement . CO Bits 0-4=00110

C2 Bits 0-3=0010
o=W,D7

in this word-move example, the expanded local-storage W-register
is the B-source. W is one of the four expanded LS-registers thatdo -
» oot rely on PO or P4 to bringup a gatmg line,”’ ;
The upper AND circuit is activated by this control word The line
“Gate B Exp LS’ gates the W-register {from the B-Asm) to the
. B-ocalstorage bus-out. This gating line also blocks the B-local
storage sense latch set.

SO RS ——

RV 012 (Not) Exp LSCA am 18it1
EXPLS Source X=2
EN

“Data 1o SYS Bits
€O Bits 0-4
L

e pm e e TR T

RV 011 {Not) Exp LSCA Byts 1 Bk‘f

N g ; S Gate B-HOBK o
T OR
. 2 ; 3
3 T L R
Not 4
twm 0)
RV 013

P4=1 (B-Hook}
N\Noto - BlookA-Hook

: g h\\-:L(L—— »“"N‘»"‘\»\a

sy " PO=1 (AHOOK) =
TWV":: ‘; » Mode Reg Bit 1=

- RV 013

Gate AExp LS

E_ e e L s bl ki B e et 3 b R A

Arithmetic Word (A destination)
P Low=2 (X2 decode)

Statement CO Bits 0-4=11000
C1 Bits 0-3=0001

" vo=0

The decode of this arithmetic word specifies that the expanded
local-storage V-register is to be accessed as the A-source and is also
to be destination of the arithmetic resuit.

The ‘Gate A Exp LS’ line is activated through the AND circuit
highlighted in the diagram. The X and Y decode for the V-register is
also set up in the A-local storage destination latches for use in the
following control word cycle.

3145 T™
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EXPANDED LOCAL STORAGE (EXPLS) CPU 26

e e e T

RY 012 (Not) Exp LSCA Byte 1 Bit 1 RV 012 (Not) Exp LSCA B

o ) { - cve B EXPLS Source X=2
Data 10 SYS Bits ' EXPLS Source X2 A Data to SYS Bits
€O Bits 0-4 % €O Bits 0-4
—1 L
L
) ' i RV 011 (Nou) Exp LSCA Byte 1 Bit 1
§ Lf RV OLLiNGy Exp tSCA Byt BT T S
N6 B —— _Gate B-Hook & —— Gate B-Hook -~
on ‘

RV OI3

A

WM 0)

oaI R
(WM 0}

RV 013 - 3
P4 (BHook) -

T T T T kel

LTy
OR |- »Gate’A Exp LS

N0 T} Block A-Haok E—-——-———‘ .
o Notd :
Al @ i :
2 : bl ,
_PO=1 {A-Hook) wrrom A p— PO=1 {A-Hook)
{Word i 'Mode Reg Bit 1=1 . Made Reg Bit 1=1
Type 2,3) # . o

S

RV 013 ;

Storage Word (Read Word) ' ‘ ‘ : Arithmetic Word (A destination) -

‘P Low = F (X7 decode) pgy
Statement CO Bits 0-4=01000
: €2 Bits 0-3-0010 . , , Statement CO Bits 0-4=10001
RDW RW WK, NOP ’ : - C1 Bits 0-3=0011
The expanded local-storage WK-register is the address source for : . . NP2=NP2, OR, K05
this Read Word. The highlighted AND circuit brings up the ‘Gate B ] N . o . g : ' .
Expls’ line. The set to the B-local-storage sense latches is blocked to : The expanded local-storage NP2 register is the A-source and
prevent any contlict on the B-register input. destination in this arithmetic word. The ‘Gate A Exp LS’

line is brought up by the highlighted AND circuit,
The X- and Y-decode for NP is set up in the A-local storage
destination latches for use in the following control word cycle.




EXPANDED LocAL.qAGE: DESTINING

When expanded local storage is addressed as a destmauon, .
the destination address latches of A-local storage are used to +
retain the addréss untit - the following cycle, © : CEY
At destination time, the bit gates for both A- and B lml

- storage are blocked to prevent local storage from bemg set.

""The data destined to expanded local storage is Qated from -
the D-register through the SDBO assembler on the EBI
to.the ded local ge register addressed by the A-
local storage destination latches.

= e
[ :

3|

%
B L
5y B S oo
o . - )
g - : =
-, — au
: _I e
3 l o ! LOCAL $TORAGE.

]

s

T B s
o | e dt] . -

ch pri 0 L _._.ML o s ] [
W 3 [N KA LB s wa e emeus

= 1] s Ao bl
— [ e _ﬁ
10t ot aann I Rhn s &3
. EE D

e S T
El

il

H

n
oomTmn ot

g

H

1
d

-
=L

mn L

— o fmem}

or o aron 1 ] i whra o 2 o ]

cvent oo AooRs 8 A #TORAOL PROTIEY

. T T
2] wtan I :’ [ e

conmon

. ¥ -
i NN R
3 Anreray
. : oo )
3 aave  Aoemas . i st
2 Cram 1 0w a90 T — o oM e | Rl
1 emame 47 W2 3 - ol
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EXPANDED LOCAL STORAGE (EXPLS) CcPU 28

A-LS Addr

|

I

I

: |
e SO

DESTINATION CONTROL
cPu 24 ;
, s - \ 8 Ts '
GATE A EXPLS e — o 'T:B'LOCAL [ 5 [~
: . oH A o o! STORE |3 o
TIME = (NOT} EARLY DEST IS EXT — R : H H
B8,BALWMO,0r ARITH A-DEST l
| STORAGE INTERLOCK - L] : : =T s,
CYCLE - Lco1? . o 1 le
, : » S T 71A-LOCAL; ,.i on
o | Is . .
e : D . i : :
: — I s o These latches provide the R: STORE :eg g — e . Y
WMO ~ : delay to destine expanded - Lo : . ¥
g A locat storage in the next cycle, - : - : I A-REG I ¢ l B-REGJ
crema=1 ) LATE DESTINE ISEXPLS [} BLOCK LS l
Lco17 I N JeiTeate ‘ :
READ ADDRESS ADJUST ] ! CROSS & GATING
STORAGE CYCLE 2 A ALUs, HALF-SUM CHECKING
1.TIME
: + ’ . Lcoi? kS ' '
. ) : : ZREG
) ! © (NOT} EARLY DEST IS EXT ] . . . l [
{NOT) BR,BAL,WMO, or ARITH : L ! EOTRR N A :
N DEST * ’ A A L v v i R S :
~ - INOT) STORAGE i . . R S e
i lNTEBLOC_KCYCLE Cwow Loor? ; ) ) v i iy L ) i l D-REG l
. | EXPANDED
SDBO EBI -3 B
. —X— LOCAL
ASM SIR
CPU 24 EXPLS | STORAGE
GATE B EXPLS : S e — — ‘ —
PH b S PR 8
r -
| DESTINATION . |
| LATCHES = |
LC017 | 21 1
TIME | 3 !
| : {__ X-YDECODE _|
' 6
| 7



exTERNAL FAGEHES

® External facilities are composed of registers, buses, mtug ; FLUSH-THROUGH CHECK E

lines, and other circuitry that form the commumcahons

: Ilne between the mu:ropmgram and:
. Channels ~ - : : s b
*“Console File .+ "/ ST RS

Console Printer-Keyboard

Checking facilities

Retry circuits

Integrated File Adapter

D-register through the SD

Data destined to some external facility is gated from the =

Bus-in to the selected external facility, The data from the
D-register is gated to the flush-through-check match circuit
where it is compared with the data from the external that

was the destination, 1f the data does not compare, bit 2
of MCKA1 is set to indicate the error.

Data gated from the console file to the CFOR is not
ftush-through-checked.

Features

@ Addresses are formed from control vdo_rds, console-file
data, selector-channel circuits, console switches, retry

‘ ﬁ] ~

& oura wm—

xreanay

information, and local-storage address data.

~ ® Data from the externals enters the data flow through the

~external assembler ta the A- Reg only. Externa!s cannot
be gated to the B‘Reg ;
Daxa to the extemals is gated throug he SDBO assembler
on the External Bus-in {EBI). :

External facilities have restrictions associated with- them -
~~because of the manner in which they are used. For example,
- certain externals cannot be addressed as desnnatlons for data,

- others cannot be sources of data.
EXTERNAL CONTROL ASSEMBLER m .
. ® Receives data from the SDBO early in the CPU cycle to * °

form the source gates necessary to gate-in external data
0 the data flow in time to be used in source-controi- -
~weord operation. :

-
cowten yrbase

}

' ® Receives data from the secondary control assembler to
form addresses in conjunction with source selector
channel, console file, or display operation.

X-Y DECODES a
The X- and Y-lines are brought up only for destmauon :
addresses. The X- and Y-combinations are routed to the

- various external hardware locations to bring up set and
gating lines, -

I LL-:'.R ;
7heienre BEGE IS

coumor

s swar anors

oo

. The X- and Y-lines are checked to assure that one and

EXAMPLE of SOURCE, DESTINATION, and FTC TIMING

i L e D sl

. CYCLE 1
e Control Word (Mode = 0, OE, K10) is executed in this cycle. —t

CYCLE 2

e The destining of the Mode Register and the FTC is —-—-’.
performed in this cycle.

O-Time :: 1+Time 0-Time 1-Time
{ 0-Time Delayed ) 1-Time Delayed =em—m—e—=sfe————0-Time De|aved ~———fp——1-Time DIy
Read Mode Reg Write/Read Mode Reﬁ

Result to Z-Reg

Z-Register to D-Register

" only one X-line, and one and only one Y-line is activated e
for a destination address. An X-compare check sets
MCKA3 bit 0. A Y-compare check sets MCKA3Dbit 1.
SOURCE ADDRESSING

o Sogirce addressing is pgrfpfry\ed by generating gating lines.

. that allow selected external buses to feed through the »
external or expanded externaj bler into the CPU MODE ACCESS
dara flow. 2. and D-Register

FTC of Mode and O}
SRR ——

Flush-Through Check

3145 TM CPU29



EXTERNAL FACILITIES CPU 3
EXTERNAL ASSEMBLER DATA FLOW

{BE111) EXT DECBIT7B8FR 1 (BFR 2) - 8IT?)

T_Em_\j

(BE 111) (External decode gote 1 bfr 1,2)

\_{BIT 7 A

OR

{RE021-024, REO31—036) (MCKA External word- 36 bits) EESEEEE——- —
\__{NOTBIT 7}
A
* (REC41—REOS4) (MCKB Exterrial word-36 bits) 36_

N_(8tT 7} A

{BE 111) (E xternal decode gate 2 bfr 1,2)
. PD025, PD041--PD043 (DOC External word - 36 bits) —

“The gate for these bus lines is effectively
{not} Gate External Group A, 8, and C.

36

FAD11-FA014, FA111—-FA131 (MPX External word-36 bits ) s s

{BE 111) (Externat decode gate 3 bfr 1}

KF022,RH022—-RH025, RS011-RS013 {SYS External word-36 bits) N 36
{NOT BIT 7) A

(BE 111) {Externaj decode gate 4 bfr 1)

KF022,RD071,RD072,RJ011—AJ013 (IN External word- 36 bits) 36]36
BE112—~164 '
N Note x
Sem——
Ed or
JGOTT (1FA or SX1-36 bits) s a0 R R S aN. X oR
BEO11, BEO21 (Sel Chni 2- 36 bits) — - B — |
: ' | X PE: :
RC112-RC192 (SW or CF asm- 36 bits)
?_ I ! A Bytes 0-3, Bits 0-7' (EXT Asm Bytes 0-3, Bits -7/
_ 36
BE211-BE242 (RTY—~DIAG—ACB asm- 36 bits} - To A-REG and FTC
|
[ 36
. RR116-RR148 (RTY back-up asm- 36 bits) n
36] 36

I BE112-164 — P-Bits

BE111 Gate E Group A
BE111 Gate E | Group B
BE111 Gate E 1 Group C
DEO16 (Force Parity Bit)
This tine performs a diagnostic function by . “
causing bad parity. It results in A-Reg Parity ~ .
errors. . .

Nots: Refer to “External Assembler” diagram in the
3145 Pr ing Unit 3 S$Y24-3580.




EXPANDED EXTERIESSEMBLER DATA FLOW

4.

BF 111 EXP EXT DEC BIT 7 BFR 1 (BFR 2) ¢ BIT7)

LE,}.NOT v ——
.
: : \(NOT s8It N 5
BF 111 Expanded EXT Decode Gate 1 bfr 1,2 ?
RM 812 RJ 011 RJ 012 PSW CTL External word - 36 bits mmassummmse tm— . |
L \(BlT N~—-A
OR
BF 001 CTCAX External word-36 bits w8 %
\lNOT BIT7\H A ‘The gate for these bus lines is effectively )
BF 111 Expanded EXT Decode 3ate 2 bfr 1,2 ? {not} Expanded Gate External Groups A,
BE 071 RD Q62 MISCE. i word-36 bits — m 36 B,and C, .
: ] peeeessssnsm——
|_ \(atr n—-y~
PF 002 CTCAY External word-36 bits \m 1%
; —Jda
BF 111 Expended EXT Decode Ga ta 3bfr 1 BTy
JA 022 JA 023 DC External word-36 bits 36|
: ) AN A
BF 111 Expanded EXT Deocde Gate 3 bfr 2 INOT BIT 7}
RM 811 KF 031 CPU External word-36 bits suummmen 36436
BF112-164
] Note
N
| DE—
' 36 OR
BE 031 BE 041 Set Chn! 3 36 bits X
[ | oR
BE 051 BE 061Se! Chni 4 36 bit X -
| | i |36
{Spare) umm— ol Al s Exp Ext Asm Bytes 0-3 Bits P-7 mesmsm—"
. i 36 To A-REG and FTC
CT 112CT 214 CT 224 CT 311—CT 311 IFA-TOD Asm-36 bits T
o . [ ]| E
TB 002—TB 006 PIR or PIRM 33 bits IS A
’ 3636
2-164
These externat group gates are £ - ] BF11
ot expa toca! st BF 111 Expanded meExtmjﬂ Group A
P ——————— 8F 111 Expended Gate Externsi Group B
: BF 111 Expanded Gate External Group C
i
1
! Note: Refer to “Expanded E | Assembler’” diagrem in the
3145 Pr ing Unit Maiy Diagrams, SY24-3580.

3145 TM CPU31



EXTERNAL FACILITIES ** - CPU 32

EXTERNAL ASSIGNMENT AND INDEX MAP k i !

‘The one SPTL word and the one SYS word appear in every eight-
word group. These two registers have direct-type addressing and
are accessible with any P-register setting. SPTL is addressed when
the hex digit C is specified in either the A-source or the B-source
fieids of a control word. SYS is addressed when the hex digit D

- is specified in the A-source field.

Bit MCKA and MCKB are set to zero when MCKA is used as a
“'.- destination in a word-move word, with the NOREG as the source.

Described tn

- Address
WORD. WORD BYTE BYTE BYTE BYTE XY 0 REC
ADDRESS | NAME ° 1 2 3 LINE o1 Py ’
% — — T e w55 z l.').l'AG (Bytes 0, 1) CPU (Bytes 2,3}
01 NOREG NOREGO |NOREG: | NOREG2 |NOREG3 .| 01 s U
02 DIAG - DIAGO | DIAGH FEAT2 _ |FEAT3 02 05 REC (Bytes 0, 1, 2) CPU (Byte 3) v
03 XXXXXXKX | XXXXXXXX] XXXEXKK] XXXXXXX] XXXXXXXX ] 03 06 REC
04 SPTL * S-REG P-REG T-REG L-REG 04 o7 REC
05 SYS SYS0 SYSt svsz HREG 05 ot ey
06 MCKD * MCKBO MCKB1 MCKB?2 MCKB3 06 ) . B 0 CFA
a7 MCKA MCKAQ MCKA1 MCKA2 MCKA3 07 0A cPU
o8 cPu MODE CFDAR | LRUM MATCH 10 o8 s
R CFDR CFDR  |CFDR | CFDR CFDR 11 oc cru
0A ACB _Acso___ Jacat XXXXXX_|Xxxxxxxx | 12 oo REC (Bytes 0, 1, 2) CPU (Byte 3)
08 SW TSwo o |swis sSW2 sw3_ 13 o o S oE CHIL
oc SPTL* .| S-REG P-REG T-REG L-REG 14 P PREST R T eek
) sys* . | sysa. |svsi SYs2___|H-REG 15 x L e o U
OF _ MPX MTO MT1.. | M8l - |m8Bo 16 : " ’ FEAT
oF poc n TA LA TE 17 y 12 FEAT (Byte 0)CPU (Bytes 2, 3)
10 PSWCTL MSKA MSKB 20 _ o 13 FEAT
n CTCAX CTCAXO0 |CTCAX1 |CTCAXZ |CTCAX3 21 ia : phg ;
2 MISC EXTINT EC LEVEL [SER 1 22 15 i REC (Bytes0,1,2} CPU (Byte3) - = : +
13 CTCAY CTCAYO |CTCAY1 | CTCAY2 |CTCAY3 23 o 16 Py i S
14 SPTL * S-REG P-REG T-REG L-RE 24 :
15 SYs* sYso SYS1 sYs2 H-REZ 25 oo FEAT
- 8 ) REC and DIAG
16 IN INTA INTB Sem2  [sER3 | 26 ) ; 19 REC -
17 DC DCBO DCH1 TRBO DCBY. . 27 . A REC
18 ABRTY ABRTYO |ABRTY1 |ABRTY2 |ABRTY3 30 - " mec
19 SPTLB SRTY PRTY TRTY LATY 131 1c R
1A HMRTY HRTY MRARTY2 . |MARTY3 32 D i, ¢ REC (éw“o 1,2) CPU (Byte 3)
18 CPURTY. BYDST  |RTYFLG |LSDST  |EXTDST | 33 . Ll - e
ic SPTL * S-REG P-REG T-REG L-REG 34 T
D - Svs* SYS0 sYS1 SYS2 H-REG 35 R
‘E : H i N . - 3 s e
1F 37

May not be used as a destination.

*Not Flush-Through Checked.

Both MCKA ana MCKB are set to zero when MCKA is used as a
destination in a word-move word, with the NOREG as the source.



O %

WORD WORD BYTE BYTE  ~ [-BYTE BYTE. . |XY
ADDRESS NAME [\ 1 2 3 LINE
. GBUF FBAK |GBO'FWB -~ {7 GB1FCH | GB2FCL | GBIFOP }4 0

GBS FCND GSPFDS .. | GBFFHC.| GCT FED | GBD FMODJ4 1

GSTAT FSTAT|GF FFL GE FSC__| GS FST. GLFGL 142

~ GTAG FTAG ' |GTOFTO |~ GT1FT1 .| GOFBO | GRFDR . {4 3

S SPTL *- S-REG P-REG T-REG L-REG 44

sYS o * SYS0 SYS1 SYS2 H-REG 45

FERR FS8 FGT F1S FAT 46

47

GBUF FRR | GBO FRRA: | GB1 FRRC| GB2FSC | GB3FSR |50

GBS GSP .| GBF GCT GBD - |51

- GSTAT : GE GS. . GL 5 2

GTAG - LGT1: GO . GR 53

SPTL * S-REG P-REG T-REG L-REG 54

20 - SYs ¢ SYSO - SYS1 SYS2 H-REG 55
2 ADJT LOGICAL ADDR REAL'ADDR - 56
2F ] 5 7
30 GBUF GBO GBY GB2 GB3 60
31 GBS GSP . GBF GCT GBD 6 1

~ 132 GSTAT [ GE GS GL 62
33 GTAG - {610 5 GTI. ¢ GO GR 63
M- SPTL . * S-REG P-REG T-REG L-REG 64
l3s SYS ¢ SYSO ,SYSt SYS2 H-REG 65
36 TODH TODHO TODH1 TQDH2 TODH3 66
37 67
38 GBUF GBO GB1 GB2 GB3 70
39 GBS GSP GBF GCT SX3 71
13a GSTAT GF GE GS GL 72
38 - GTAG <7 1GTO G611 f 6o GR 73
13¢ SPTL ¢ S-REG P-REG T-REG L-REG 74
30 SYS ..* SYSQ SYS1 SYS2 H-REG 75
3E TODL TODLO TODL! TODL2 TODL3 16
3¢ 11

*Not Flzsh-Theough Checked

may not be used as a destination

SXVIFA

IFA

SX4/IFA

SX2

§X3

Address

21
22

24
25

7
28

2A°.

‘28

20
2€E

. 2F

30
kil

884888888

38

30
3E
3F

Described In
CHNL or IFA

(CHNL or IFA

CHNLor IFA -

CHNL or IFA

cpPu

REC (Bytes 0, 1,2} CPU (Byte 3)
FA 3 ;

CHNL or \FA

- CHNL

CHNL

" CHNL

cPu o
REC (Bytes 0, 1, 2) CPU (Byte 3)
CHNL

CHNL

CHNL

CHNL

cPy S

REC (Bytes 0, 1, 2) CPU (Byte 3)
FEAT

CHNL ¢

CHNL

CHNL

CHNL

cPy .

REC (Bytes 0, 1, 2) CPU (Byte 3)
FEAT

345 TM CPUZ3



NOREG Word

This futiword facility is not really a register. It is used to zero-
out other locations. For example, if a word-move control word
specifies that bytes 1 and 3 of the NOREG are to be moved to
a local-storage location, then bytes 1 and 3 of that location are
set to all zeros with odd parity.

Diag Word Byte 2

3145 Models FED, GE, GFD, H, HG, and |

{Feat 2) Byte 2, Bits0-3  Main Storage Size
1=112k
2 =160k
3 =208k
4 = 256k
5 = 384k
6=512
Bit4 IFA
Bits 5,6
channel)
00=1
01=2
10=3
11=4
Bit7 Word Buffer

3145 Modeis H2, HG2, I2; 1H2, 42, J12, and K2

(Feat 2) Byte 2, Bits0-3 ~ Main Storage Size
1= 768k
2= 1024k
3= 1536k
4= 256k
§= 384k
6= 512k
7 =2048k
Bit4 Reserved
Bits5,6 Channels
00=1
01=2
10=3
1M=4
) Bit7 Word Buffer
Diag Word Byte 3
{Feat 3} Byte 3, Bit0 Model Configuration
0 = 3145 Models FED, GFD, H,
HG,and |

1= 3145 Models H2, HG2, 12, 1H2,

J2, Ji2, and K2
Bit 1 3215
8it2 Second 3210
Bit3 3145 Models Jt2 and K2
Bit4 Clock Comparator, CPU Timer
Bits 5,6 Spare

Ba Direct Control

Channels (Note: IFA counts as one

CPU Word
MODE Register
Byte 0
8it0 Hard-stop latch (control register 14 bit 0}
Bit 1 Enable l-cycle and Adr Adj Ctrl and expanded
local storage.
Bit 2 Enable hardware retry
Bit3 Full recording mode for single-bit failures in main
storage
Bit4 Full recording mode for single-bit failures in
control storage
Bit5 Threshold mode for single-bit failures in control
storage
Bit6 Reserved
Bit 7 Reserved
Byte 1 CFDAR (Console-file data-address register)
Track and sector address used by console fite.
Byte 2 LRUM (Least Recently Used Matrix)
Bits 0-7 ndicate which adr adj table register was least
recently used.
Byte 3 MATCH
Bits 0-7 Indicate which adr adj table register matches
preaddress assembler, {useful only under diagnostic
control).
SW Word (Console Switches) .

SWO through SW3 are the rotary console address/data switches:

SWByte  Console Switches
SWO AB
SW1 cD
sSw2 EF
Sw3 GH
PSWCTL Word
Byte 0 EPSWA Bit Name
0
1
2
3
4
5 Translation mode
6 1/0 master mask
7 External master mask

0

NOoOOsEWN -

Byte 1 EPSWB Bit Name

Machine-check mask
Wait state
Problem state

Byte 2 MSKA Bit Name

Timer mask

{nterrupt mask

External signal mask
Reserved

Reserved

Reserved

Reserved

Reserved

Byte 3 MSKB8 Bit Name

MPX channel mask
Selector channel 1 mask
Selector channel 2 mask
Selector channel 3 mask
Selector channe! 4 mask
Reserved

Reserved

Reserved

NOOBWN=-O

NOoOUMdWN—-O

MISC Word Bytes 2 and 3

2. EC Level: External register 12 byte 2
The last two digits in the 370 microprogram EC number are
plugged. A test is performed before the go-no-go test to
determine whether the disk being loaded is at the proper
fevel,

3. Serial Number
External register 12 byte 3 contains the first two digits of the
six-digit serial number. These digits are always plugged as:
01 = U.S, manufacture :
73 = German manufacture
82 = Brazilian manufacture

IN Word (Interrupt Register)

An INTA or INTB (interruption) register bit is set on when the
corresponding source has an interruption pending and the system
mask is set to allow such an interruption. Bit names in the INT
register are:
Byte O INTA Bit Name
Spare
Spare
Timer
External signal
System control
CPU signal 0
CPU signal 1
Process stop

NN EWN -O

Byte 1 INTB Bit

0

D BWN -~

7*

EXTERNAL FACILITIES CPU 4

Name

Muttiplex channel
Selector channe! 1
Selector channel 2
Selector channel 3
Selector channel 4
1/0 interrupt
Timer update
External

* External is set on if all of the following conditions exist:
1. An external interruption signal is on (that is, from the EXTINT
register of the CPU signa! from the SCPU register).
2. The external mask bit = 1 (bit 7 of the EPSWA register).
3. For the timer MSKA bit 0 = 1 or for externals 1 through 6,

MSKA bit2=1,

Bytes 2 and 3 contain the last four digits of the serial number,

.



ACB (Address Check 8iary) Register ACB SETTINGS

@ The ACB-register is a two-byte hardware register that contains » Main Control Main Controf Main Control Main Control Main Control
boundary information used to check main- and control-storage Storage  Storage ACB Storage  Storage ACB Storage  Storage ACB Storage  Storage ACB Storage  Storage ACB
accesses, o . - 112k 32k 0! Cc2 208k 32k 0340 384k 32k 0604 768k 32k 0C06 ‘ 1536k 32k 1804
. ® The ACB-register is loaded at IMPL and is reloaded each time * 110k - 34k 01BA 206k 34k 0338 382k 34k 05FC 766k 34k 0BFE 1534k 34k 17FC

N B 108k 36k 0182 204k 36k 0330 380k 36k 05F4 764k 36k OBF6 1532k 36k 17F4

the system reset routine (GRST) is executed,, 106k 38k 01AA 202 38k 0228 378k 38k 05EC 762k 38  OBEE 1530k 38k 17€C

. ® The ACB-register is addressed by the extérnal address OA and ) 104k 40k 01A2 200k 40k 0320 376k 40k 05E4 760k 40k OBE6 1528k 40k 174
can be used as a source or a destination. 102k 42k 019A 198k 42k 0318 374k 42 05DC 768k 42« 0BDE 1526k 42k 17DC
100k 44k 0192 196k 44k . 0310 372k 44k 05D4 756k 44k 0BD6 1524k 44k 1704

The ACB-register is set at IMPL with a specific value determined : 98k 46k 018A 194k - 46k 0308 370k~ 46k 05CC 754k 46k 0BCE 1522k 46k 17CC
by the main-storage and control-storage configuration. Certain 96k 48k 0182 192k 48k 0300 368k 48k 05C4 752k 48k 0BC6 1520k 48k 17Cc4
feature mixes may require additional control storage, above the = - 94k 50k 017A 190k 50k 02F8 366k 50k 058C 750k 50k 0BBE 1518k 50k 178C
32k bytes that are standard. This expansion of control storage S . 92k 52k 0172 188k 52k .. 02F0 364k 52k 0584 748k 52k 0BB6 1516k 52k 1784
is made at the expense of main storage. The movement of the a0k 54k 016A 186k 54k 02E8 362k 54k 05AC 746k 54k OBAE 1514k 54k 17AC
fower control-storage boundary into the main-storage area is done S 88k 56k 0162 184k 56k . 02E0 360k 56k 05A4 744k 56k 0BA6 1512k 56k 17A4
in 2k-byte increments. The change .6n the boundary location 86k 58k 015A 182k 58k 0208 358k B8k 059C 742k 58k 0OBSE 1510k 58k 179C
between main and control storage results in a different setting 84k 60k 0152 180k 60k 02D0 356k 60k 0504 740k 60k 0B9% 1508k 60k 1794
for the ACB-register. 82k 62k 014A 178k 62k 02c8 354k 62k 058C 738k 62k 0BBE 1506k 62k 178C
Once the feature mix and control-storage size is established, 80k 64k 0142 176k 64k . 0200 352k 64k 0584 736k 64k 0B86 1504k 64k 1784

the 370 microprogram disk generated at the plant contains the .

proper ACB setting for that configuration. _ 160k 32k 0281 256k 32k 0403 512k 32k 0805 1024k 32 1007 2048k 32k 2005
For each access of main or control storage, a comparison is . 158k 34k 0279 : 254k 34K 03FB 510k 34k 07FD 1022k 34k OFFF 2046k 34k 1FFD
made between the ACB-register and the M-register. If a main- " 166k 36k 02711 . 252k 36k 03F3 508k 36k 07F5 1020k 36k OFF7 2044k 36k 1FF5
storage access attempts to address the control-storage area, an 154k 38k 0269 250k 38k 03EB 506k 38k 07ED 1018k 38k OFEF 2042k 38k 1FED
address check occurs. f a control-storage access is made to a 152k 40k 0261 248k 40k 03E3 504k 40k 07ES 1016k 40k OFE7 2040k 40k 1FES
main-storage location, a machine check occurs. . , 150k 42k 0259 246k 42k 03DB 502k 42y 070D 1014k 42k OFDF 2038k 42k 1FOD
. N 148k 44k 0251 244k 44k 0303 500k 44k 07D5 1012k 44k OFD?7 2036k - 44k 1FDS

- 146k 46k 0249 242k a6k 03CB 498k 46k 07¢D 1010k 46k OFCF 2034k 46k 1FCD

ACB-REGISTER 144k 48k 0241 240k a8k 03c3 496k 48k 07C5 1008k 48k OFC7 2032k 48k 1FC5
BYTEO BYTE 1 142k 50k 0239 238k 50k 0388 494k 50k 078D 1006k 50k OFBF 2030k 50k tgg

140k 52k 0231 236k 52k 0383 492k 52k 0785 1004k 52k oF87 2028k 52k 1
of tlz]s]a]s]6]7[o] 2] 4]s]e]s 138k 54k 0229 : 234k 54k 03AB 490k 54x 07AD 1002k 54k OFAF 2026k 54k 1FAD
Spares C with C withM2 5=0 1internal storage only :gg: 5:k 3221 2;2): Sek 03A3 :88'( 56k 37A5 1gggk gg: gigz igg;: :g: :ggAg
" " . 58k 19 2 58k 0398 86k 58k 79D k

e o, o pouneery 132k 60k 0211 228k 60k 0393 484k G0k 079 996k 60k  OF97 2020k 60k 1795

accesses, (Bits O and 1 may 67=10-48k boundary - - 130k 62k 0209 226k 62k 0388 482k 62k 078D 994k 62k OF8F 2018k 62k 1F8D

be ahtered for 67=11-64K boundary 128k 64k 0201 224k 64k 0383 480k 64k 0785 992k 64k OF87 2016k 64k 1F85

control-storage ~
5=1  External storage attached .
67<00-128k external storage Note: The ACB se*ting for each 370 microprogram load may be
or 1266k external storage ‘ found in the module chart in the back of the microlisting. Look
67=01-256k external storage - up address FF08, the ACB setting is in bytes 0 and 1,

or 1768k external storage
67=10-512k external storage
67=11-768k external storage

3145 TM CPU3S



ACB C For Control Storage Access

ACBO ACB1
Bits Bits

012345670)234567

—pee . ——

Decrement ==——%X
byt

Main Storage Size 112k

1f the comparison indicates that the ACB value is more than
the M2 value, 2 machine-check condition is specified.

ACB Compare for Main Storage Access

ACBO
Bits

ACB1
Bits

0 12345¢617{012345¢67

l34567lol234567

M1 M2

ACBO
Bits

ACB 1
Bits

012 3465¢67

01 2345¢67

Straight  ==—d3

Gate

Main Storage Size 160k

A

P —
K

Y

Compare

M2

If the comparison indicates that the ACB value is equal to, or less
than, the M-register value, an address check occurs.

ACBO
Bits

ACB 1
8its

¢ 12345¢67

01234567

Increment =X

byt

Main Storage Size 208k

EXTERNAL FACILITIES
i
ACBO ACB 1.
sits Bits

01234567

0123 45¢67

tnvert e—

bit0

—— s

Main Storage Size 256k and Above

cPU




ACB Byts 1, Bit 0 and 1 GatNUPb Compare Circuits (Control Storage Only )

Control- Storage Access

ACB Byte 1 Bits6and 7 l

s

{Not) ACB Byte t Bit0

Control-Storage Access

ACS Byte 1 Bit5

ACB Byte 1 Bit 6~ o]

{Not) ACB Byte 1 Bit§

ACB Byte 1 Bit6 A

ACB Byte 1 Bit 1~

MCo17

{Not) ACB Byte 1 8it 0 ———u~df

[

3— ACB Byte 1 Bit 1 To compare circuits

{Not) ACB Byte 1 Bit 7

ACB Byte 1 Bit§ e ™

{Not) ACB Byte 1 Bit6 A

ACB Byte 1 Bit 1

ACB Byte 1 Bit 0 e ]

——

_on

ACB Byte 1 Bit 7

(Not) ACB Byte 1 Bit 1~

(Not}ACB Byte 1 Bit 5 -

{Not)ACB Byte 1 Bit 6

Control Storage Access —{ A

Note: Refer to “ACB and M1-Registers” in the
3145 Processing Unit Maintenance Diagrams
manual SY24-3580, for high-level diagram of

ACB compare.

OR ACB Byte 1 Bit0 )
To compare circuits

Before comparison is made between the ACB-register and the
M-register, for control-storage accesses, the output of bits 0 and
1 of ACB 1 may be altered on the input to the compare circuits.
Circuits shown on this page test the status of bits 0, 1, 5, 6, and

7of ACB 1.
Effectively, the output of bits 0 and 1 to the compare circuits is
lculated in the foil g
Main Storage Size ACB 1 bitsOand 1
112K Decrement by 1
160K . Gate straight
208K Increment by 1

256K (and above) Invert bit 0.
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SYS (System) Register
The system register gives the status or condition of the processor
SYSregisan 1 hardh egister k d at word add
05.
Byte 0 .
Bit0 Machine-check interruption pending
1 Retry routine
2 Machine-check routine
3 Documentary console 2
4 Log present
5 Sub-block protection mode
6 Selector channel Start 1/0 latch
7 Force module 0 to LSCS
Byte 1
Bit 0 Address contents
1 CPU interrupt force
2 SAR interrupt force
3 PSW restart
2 >
5 System control interrupt
6 Timer interrupt force
7 Reserved
Byte 2
Bit0 Enable clear switch

1 IMPL

2 Load file wait bit

3 CE key in CE mode

4 T ) 00 Sysfem reset — 10 subsy load {IPL)
5

6

7

_—_J 01 Power-on reset — 11 system load {multiprocess)
Error in stop word .
Instruction processing latch

Byte 3 H-Register
Bit 0 Machine-check trap
1 Retry trap
2 CPU high trap
3 Integrated file adapter {IFA) if installed
. Selector channels 1,2,0r 3if no IFA
4 Selector channels 1,2,or 3 if IFA installed

Selector channel 4 if no IFA
Multiplexer channel

IFA if installed
Store-display

~owm

EXTERNAL FACILITIES CPU 3B



PRIORITY OPERATIONS — H-REGISTER

Priority Operations
Priority operations, which may be related to the current operation,
can cause delay of the current microprogram routine. Most {not
all} of the various priority operations are initiated by traps. A
trap is basically a circuit-forced branch out of the current micro-
program routine to a priority routine, After the priority routine is
completed, a return can be made to the interrupted routine so that
its execution can continue. - 5

The interrupted routine is delayed further when several priority

operations occur at the same time, Or, in some cases, the interrupted

routine may be ended by the occurrence of a priority operation.

For example, if an instruction address that specifies an unavailable :

main-storage location is used, an address-check priority

occurs. The microprogram routine, in which the invalid address is

used, is discontinued.

A hierarchy of execution preference exists within the priority-
operation structure, Execution preference is exhibited in two
instances:

1. Circuit requests for two or more priority operations occur
in the same CPU cycle. The highest-priority operation is
executed first; the next highest second, etc.

2. During execution of a priority operation, a request for a
higher-priority operation occurs, The higher-priority
operation is executed; the lower-priority operation is delayed
until completion of the higher-priority operation, subject
to the rules of execution of priority operations specified
later in this section.

Selector-channel data-transfer operations have the highest
' priority but do not use the trapping mechanism, All of the other
priority operations use the trapping mechanism, which functions
in the following manner,

1. Ina CPU cycle, a priority operation request is recognized.,

2. The control-storage address of the first control word in the
priority microprogram routine is set into the M-register in what
is known as the trap-1 cycle, the cycle following the one in
which the request is recognized. (The normal next-control-
word address, generated by execution of the word in progress,

_is set into the N-register.) The address set into the M-egister

is forced by circuitry and depends upon the priority operation
for which the request is made.

w

storage and set into the C-register. Normally, this first word is '
a branch and link word. . .

4. The branch and link word stores the contents of S, P, N2, a
N3 into a link focation in local storage. (N2 and N3 contain the
address of the word that would have been executed next if the
trap had not occurred.} The cycle in which this occurs is called.

.+ the trap-2 cycle. .

6. The priority routine is executed, Normally, the last wordin the
priority routine is a return word. This word loads the link
information back into S, P, M2 (N2) and M3 (N3).

6. Execution of the interrupted routine i$ resumed at the control
word specified by the link {return) address in M2 and M3.

, The first word of the priority operation is read out of control

3145 CPU 39



3. Prevents normal
set to M-Reg.

4. Forces trap
address to M2
& M3,

5. N2 and N3 set
Normal

6. Set Block SPTL.

2. Execute last
word of inter-
rupted routine.

*3, BAL operation
stores S, P, N2,
N3 in link area
{values that
were set during
the trap-1 cycle).
4, TR 2 INLK latch
set at 90-135
time,
*BAL is normally
the first word of a-
trap Routine,

Trap Operation

TRAP-1 CYCLE TRAP-2 CYCLE TRAP-3CYCLE TRAP-4 CYCLE

Set By: Set By: Set By: Set By:

1. (Not) Inhibit 1. Trap-1 INLK 1. Trap-2 INLK 1. Trap-3 INLK
Traps. latch on, latch on. latch on.

2. Request 0-9 2. 0-45 Time 2. 0-45 Time 2. 0-45 Time

3. 0-Time

4. (Not) Stg. 1 cycle

Purpose: Purpose: Purbase: Purpose:

1. Prevents any 1. Forces module 1. Normal address 1. Reset Block SPTL
additional traps. acldress to M2 update to M2 (Set at TR 1 cycle).

: {N2 buffer).

2. SetsTR 1 INLK | 2. Normal M3 (N3 2. TR 3 INLK latch
fatch at 90-135 buffer) addr set at 90-135
time. update. time.

*Trap-3 and 4 cycles prevents continuous
looping of Trap-1 and 2 cycles if an error

is in the SPTL area,

EXTERNAL FACILITIES CPU &0
Trap address
Set in M-Reg. .. .
N-Reg Set Execution of Next
Normal. | Word of Normel
} Routine
Trap-1 Cycle {Execution of First
Control Word of Trap - e—————]
(Execution of ! Routine) 1
Last Control t ' |
Word) | ; |
Priority | Trap-2 Cycle Trap4 Cycle }
Operation - ——f pm
Request Trap-3 Cycle
Recognized o
Branch and Link Return word loads link
Word stores S, P, information into S, P,

N2,and N3ina

M2 (N2) and M3 (N3}
Link Location :



H-Register

Many priority operations cause an H-register bit to be set on in
the trap-2 cycle. The priority operations and associated H-register
bits are:

" .Operation H-Register Bit - Trap Address
Selector share cycles none none
Machine check without 1/0 HO -

a. Normal . : Dooo

b. HO is already on D004

c. One or more machine
checks have already
occurred (SYSO) :
Bit2=1) o 0008

d. HO and SYSO0 Bit 2 are
already on . DOOC .
Machine check with 1/O HO -~
a. Normal . D010

b. HO is already on : DO14
¢. One or more machine .
checks have already

occurred (SYSO :
Bit2=1) DO18
d. HO and SYSO Bit 2 are .
already on . DO1C
Retry H1 -
a. Normal ) D200
b. H1is already on . D204

c. Aretry trap operation
is in progress (SYSO

Bit1=1) D208
d. H1 and SYSO Bit 1 are .
already on D20C
CPU High H2 - -
a. SetiC D300
b. CAtrap D304
¢. Address contents D308
d. System reset . D30C
Integrated Fite Adapter ) H3 -
a. Mini-Op end D128
b. Errorend Di2C
c. Index D124
d. Gated Attnor D ADR D120
Selector Channels 1,2, 3 H3
{without IFA)
a. Exceptional status trap D120
b. Chaining (command or data) D124
c. - UCW handling - D128
d. DADR trap D12C

Operation H-Register Bit Frap Address

Selector Channels 2, 3/4 ‘ H4 )
{with IFA:SX2, 3; without IFA:SX4)

a. Exceptional status trap o D100

b, Chaining {command or data) D104

¢. UCW handling i D108

d. DADR trap - © D1oC
Multiplexer channel H5 D400
Integrated File Adapter H6

a. Return low D480

b. Unused “ . Das4

¢ Unused e D488

d. Diagnostic : - D4sC
Store/display H7 : -

a. Store/display D840
CPU low without 1/0 ' None -

a. Spare -

b. Storage protect - D804

¢. Address check D808

d. ADR ADJ exception D80C
CPU low with 1/O ~ None -

a. Spare -

b. Storage protect D814

c. Address check . D818

d. Spare -
Scan/Clear None -

a. Scan storage D380

b. Clear storage D384

The following rules apply to execution of priority operations:
1. A selector share cycie can break into any aoperation except
the first cycle of a storage control word and during an ECC
retry of a control word.
2. Any trap priority operation can not break into either:
a, the first cycle of a storage word operation, or

b. a trap-2 cycle operation. (7 hat is, a trap-2 cycle can not
be a trap-1 cycle for another trap.)

3. 1f H1 is on, alt other priority operations (except HO—machine
check—and selector share cycles) are prevented. If, however,
_ a diagnostic trap occurs, it is executed, even though H1 is on.
Also, if the system is in a single-cycle mode of operation, a
store/display trap can be executed even if H1 is on,

4. ) H3ison, an H3, H4, H5, or H6 trap cannot be taken. If H4

is on, an H4, H5, or HE trap cannot be taken, if H5 is on, H5
or H6 cannot be taken. If H6 is on, an H6 trap cannot be
taken. In any of these cases, the H3, H4, H5, or H6 trap
remains pending untii after H3 {or H4 or H5) is turned off.

5N@il¥etor share cycles can delay execution of other traps for a

number of cycles, depending upon the rate at which share
cycles occur.

. Discounting the effects of the various non-H-Reg priorities

(share cycles, CPU low, scan/clear), the following hierarchy
applies.

H-Reg Blocks Trap Request
Bit for H-Reg Bit

HO None

H1 H2,3.4,5,6,7

H2 H2

H3 H3,4,5,6

Ha H4,5,6

HS ~ H56

H6 H6

H7 H7
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Share Cycle Priority Operation (Applies to: Selector Channel,
- Block Multiplexer, IFA).
Priority operation for selector-share cycles is as follows:
Without IFA
1. The priority sequence is selector channel 1, 2, 3, and 4.
2. A share-request for selector channel 4 is taken if no other
request is pending.

With IFA )
1. The priority sequence is selector channel 2, IFA, and
selector channel 3.

Machine-Check Priority Operation (H0)

A machine-check trap occurs {if allowed by the machine-check
bit in the PSW} because a series of retry operations has been
unsuccessful. The number of retry attempts is determined by a
hardware counter. Basically, a machine-check trap occurs either
because errors are occurring faster than can be handled or t

CPU High Priority Operation (H2)

o "
Y Reset Microprogr

The system reset microprogram is executed after a circuit system
reset has been performed. This action is initiated by operating:

1. The system reset key

2. The load key.
System reset causes various CPU registers and controls to be
reset.

Integrated File Adapter High Priority Operations {H3)

Four trap addresses are provided for Mini-Op End, for Error End,
for Index, and for Gated Attention or D ADR.

Sel Ch Is or Block iplexer Ch Is 1,2 and 3 (H3)

When IFA is not present, four trap addresses are provided for
channels 1, 2, and 3: for Exceptional Status Trap, for Chaining
{c d or data), for UCW Handling, and to protect the next

a hard error cannot be successfully retried.

An attempt is made to form logout information and initiate a
machine-check interruption {depending upon the value of the
machine-check bit in the PSW). The validity of such logout infor-
mation may be unpredictable if the machine-check trap is called
for.

Retry Priority Operation (H1)

The retry routine is entered through the retry priority operation
{trap). The retry priority operation occurs when any machine
check occuts if the retry counter is not full, retries are not masked
off, and system register byte 2 bit 6 (indicates stop word error)

is off. Depending upon the nature-of the error and the word type,
the error may be detected during execution of the failing micro-
program word (Type 1), during execution of the following word
{Type 2}, or may be detectable but uncarrectable {Type 3).

entry of the D ADR list.

Sel Ch Is and Block-Multipl Ch Is 2, 3/4 (H4)
Four trap addresses are provided: for Exceptional Status Trap,
for Chaining {command or data), for UCW Handling, and to
protect the next entry of the D ADR list. When IFA is preset,
this trap is shared by channels 2 and 3. For non-IFA, this

trap is for the sole use of selector channel 4. :

Muttiplexer Channel (H5)

This trap is for the sole use of the multiplexer channel for handling

data, status, and chaining functions.

Integrated File Adapter Low Priority Operations (H6)

Four trap addresses are provided for Return Low, and for
Diagnostics. The other two are not assigned.

Store/Display (H7)

Store/Display pertains to system control panel operations.

CPU Low (No H-Register 8it)

Address Check

This trap occurs when an access to an unavailable main-storage
area is attempted.

Storage Protection

This trap occurs because of a i iolati

ge-pi

Address Adjustment Exception

This trap is used with DOS emulator.

Scan/Clear (No H-Register Bit)

These traps are used for a clear-storage and a scan-storage
operation. T

EXTERNAL FACILITIES
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Priority and Trap Controls

Request 0-9
0,1,3,4,5,6
Good Data e

Trap-1 Cycie
90-135{ Time B

*Note: The request latches are reset during Trap-1 cycle and
not set again until the Trap-2 cycle. This prevents Trap-2 cycle
from being a Trap-1 cycle for a higher priority trap.

2,7.8,9

1-C Trap Request

RHO11

H-REG OPERATION
an
BitO Mach Check Note: The priority sequence
1 Retry is HO - H7, (HO has tha
N Trap R P hi iority.}
STACK LATCHES* {Trap Request! _ 2 CPU High highest priority.
- H-Reg 3 $X1,2,3,
0 Any Mach Chk Priority 0-7 A H-REG ] or IFA-High
1 Rewy ) Trap-1 Cycle A Bit07 4 $X2,3,4
2 CPU High Good Data 07 5 MPX
38X 1,230r IFA 135-180 Time [} IFA-Low
4 SX4or23(IFA) 7 Store/Display
5 MPX or Doc Cons
6 IFA
7 Store/Disp
(Doc Crrs} ]
8 CPU Low RHO21 - RHO23
9 Scan/Clear
- M2 sens——
RHO11 - RHO12
Force Addr REG
R Priority O-A
y PH T To SAR
FORCE M3 me——
REG
{Not) Trap-1 Inttk Trap Add ADDRESS
{Not) 0-Time Dly =] A (Set/Resat}
0-Time " M2-RM031, RM032
Aecusst A RHO14, RHO17, M3—RM041, RMD43,
Teguest RHO18 RMO044, RM052
TR1 Cycle TR2 Cycle TR 3 Cycle:
_r = TR4
cle
(Not) Storage-1 Cycle A PH PH PH PH PH PH PH Cr
(Not) Inhibit All Traps TR1 TR1 TR2 TR2 TR3 TR3 TR4
INTLK INTLK INTLK
RHO14
0-45 Time R Py L
(Not) Block Trap Trap Set/Reset
Set/Reset
OR *—
Good Data A ‘
ety
90-135 Time
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‘ EXTERNAL FACILITIES ‘ CPU 4
M2 Gating (Traps)

Gate N2 to M2 -
N-Reg Sy:e 22— Rey-Diag-ACB Asm
M2 Set Norml A of o 1
Gate B2 to M. _—
? l M-BFR Set/Resst Term for Rty
8-Reg Byte 2 Snm———— M2 Reset (0-Time) AM122  (45-Time) . MB-Reg Set/Reset E213
E M2 Preasm EEmS—— A 8 AM112 AM123 (0-Time)
- R/MO031 RM033 AMO35 M-Retry Reg Byte 2
Force Addr Byte 2 W——— RAMo32 . RR135
) A
{Not) Sel Share Cycle mmmmmeee e M2Set Traps A
Trap-1 Cycle ~——————ooooooe A OR 8 8
0-Time - IA . RMO32 .
{Not) Mode Sw Function —————1 5
Trap-2 Cycle
{Not) Sig K Addr
{Not) Current Mod
RM112
M2 Preasm “ i
. Gate N2 Normal —E Alon Rané g:;:&ACB Asm
N2 BFR Set/Reset N2 Set/Reset Term for Rty
M2 Input A Ssee———— As AM112  {45-Time) AM113  (135-Time) BE233
Gate Trap to N2 i M-Re_-yte 2
Force Addr Byte 2 wammssenssmsney RMO31
8 8

RM 033



M3 Gating {Traps)

* Gate N3 1o M3

N-Reg Byte 3 ENEVRESENI.

Gate C3to M3

C-Reg Byte 3 Mummmmennmmummm

Gate C2 to M3
C-Reg Byte 2

AM041,RM043
RM044,RM052

M3 Asm . a Internat- M1
OR B3 MC022
M3 Set Normal-A ] REG .
8
— M3 Reset isplay Assemble
_[: A N e - Time) N3 BFR Set/Reset MB Reg Set/Reset Dy Assembter
Gate B3 to M3 AM112 (45-Time) AM113 (0-Time) 8]
X RMO041, RM043 , RM052 . RM013, RM052 Match Circuits
B-leg Byte 3 eu—t : : RMO044, RM052 RMO1S, | PM012
PE—— ' M3 Parity Gen
M3 Set Traps A ) RMO65
Force Addr Byte 3 s 8 "
RMO41,RM043
RMO44,RM052
,

Gate B3to M3 Rty-Diag-ACB Asm

A BE241
B-Reg Byte 3

8 . Term for RTY
M3 Asm N3 BFR Set/Resat N3 Set/Reset BE243
R AM113  {45-Timel AM113 (135-Time)
M3 Bits
RM045,RM052 RMO045, RM052 RMO45, RM052 AMO044
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I-CYCLES

e

. Processing a single software instruction may be divided into two

‘parts: the I linstruction) phase and the E (execution) phase.
.. Instructions are defined to be in different groups according to .
their format, length, and general form of execution.

The I-phase of processing performs the following basic functions:

" ® Fetch instruction

e lnit‘iannm’chu(aciw“fofmg tetion of the p :

Duiring the E-phase, the CPU performs the unique functions
specified by the instruction op-code. . -

RS :

]

First Halfword Second Halfword Third Halfword
Byte0 | Byl Byte2 | Byte3 Byted | Byws
| ‘ ‘ | v
| | .
| | :
1 ] i
OP — CODE R | R | :
[Film] !
i
I
OP—CODE | Ry | Xp | By | Displacement,
‘ |
]
oP-CODE [ Ry [ Rz [ Bz [ Displacement,
|
|
OP — CODE I Iy l 84 l Displacement J

- g— e — fra— " — — o — o — —— —

l Displacement,

| B |

Displacementy

| OP — CODE I 4 l L | B

Length of Instruction
in halfwords

3 -4 5 -6

Format OPERATION
olo 1 101 ol aoouA
1101 1.0 1 o] ApDI(sA)
1o 11071 1] sus(se
ojo 10 1.71 o} orue
10 1 0 11 0] OR(se)
olo 1 o 1 1 o] orel
1o 1 o + 1 o] oriD®

The immediate byte is the byte following the op-code

/31456 T™M CPUA7



I-PHASE FUNCTIONS
The initiatization of CPU facilities for the E-phase depends
partially upon instruction type. All instructions require an
updating of the instruction counter, the setting of the specified
CPU Regs, and a branch to the start of the execution routine. In
addition, some instructions require the fetching of the second
operand from a general register, or the calculation of operand
addresses.

At this point, some observations may be made about the |-phase
functions. For example, the RX and RS/Si functions are very
similar. In fact, during the I-phase, an RS/S! instruction is handled

exactly the same way as an RX instruction with the X2 field equal L

to zero. Also, some functions are identical, with oniy the data
value depending upon the format and op code (SPTL, U, and |
update). : Lo

.~ Note also that the E-phase for some instructions is identical;
such as, AR and A, NR and N. The difference between these RR
and RX types of instructions occurs only in the source of the
second operand (general register or stprage). Saving some control-
storage words and time is possible by including the operand fetch
as an |-phase function for such RX format op codes.
- The I-phase functions may now be illustrated as follows:

-PHASE FUNCTIONS BY INSTRUCTION

Fewch
tnstruction

B

- RS/St

I-PHASE FUNCTIONS BY INSTRUCTION LENGTH

Fetch
Instruction

-

}

!

{

RR S RX ss
1. Set (BU, 1. setIBU, 1. SetiBU, 1. Set 1By,
SPTL, U. : . SPTL, U, SPTL, U. SPTL, U.
2. update |- 2. Update |- 2. Update I- 2. Update I-
Reg by 2. Reg by 4. Reg by 4. Reg by 6.
3. Fetch 3. Calculate 3. Calculate 3. Calcutate
operand operand operand operand
from address address address
general using X2, using 8 using B1
Regand B2and and Disp. and Disp?,
putinY Disp. Put Put result B2 and
{and Q if result in in V-Reg. Disp2.
2 words}. V-Reg. Put results
in V-and W-
Regs.

|

il

!

Proceed to
Execution
Routine

RR (Length 1).. RX, RS/SI §S (Length 3) CALLS

! (Length 2)
Fetch operand Calculate Calcuiate 1. Set iBU
from general operand operand 2. Set SPTL,
Reg, and put address using address using U per instr,
inY {and Q X, 8 and Disp. B, and Dispt, 3. Update I-Reg
if 2 words). Put resuit in B2 and Disp2. by instr.

V-Reg. Put results in iength.
V- and W-Regs.
Some Rx

Fetch operand
from storage.
Align as req'd.

-Putdatain Y
fand Qif2 72

words),

Proceed to
Execution
Routing

* 1CYCLES
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Hardware Functions

Each software instruction processed reguires performing the s
previously mentioned I-phase functions. Minimizing this time
and thereby reducing the time required to process a given
instruction is desirable. To minimize the number of machine

" cycles required-during the I-phase (that is, the I-cycles) some
functions are performed by hardware. Additionally, some other
characteristics of the machine are more fully exploited by hard- .
ware means. . :

First consider the previously defined !-phase functions which
apply to all instructions. Hardware is used to perform the
setting of IBU, SPTL, U, and the I-Reg update. These functions
do not require microwords to be performed; hence, they do not
require any additional time during I-cycles.

Now consider the function Proceed to Execution Routine. To .
perform 3 hardware-forced branch, define the starting control-
storage address of each execution routine as a function of instruc-
tion op code. The hardware branch on the op code does not
require any additional time, because no microword is used to per-
form the branch and modute switch,

The interface between storage and the CPU provides a double-
word transfer of eight bytes of data. During a read type of
microword, the SDBO assembler provides the selection of the
addressed word {halfword, or byte} from the doubleword actually
read. The I-cycle hardware provides for butfering the entire
doubleword from storage, via a time-slotting of data from SDBO
to EBI. When an instruction is fetched from storage, the ad-
dressed word is routed from SDBO to the 1-buffer, via EBI, dur-
ing the normal destination time in storage-2 cycle. During the
next cycle time, the odd word is gated to EBI, and placed in the
-buffer. This time-slot action occurs when no decrement count
function is specified by the storage microword. Therefore, up to
two words of data from the instruction stream can be buffered
when fetching one instruction from storage. Upon completion of
the instruction being processed, the next instruction may be avail-
able in the buffer and, therefore, need not be fetched from
storage. )

A savings in processing time becomes obvious, especially if the
doubleword being buffered represents four RR instructions. The
concept of buffering a portion of the instruction stream can now
be extened to include pre-fetching: Although the buffer does
speed subsequent instructions, the fetch of the first (current)
instruction does require some time, Having the current instruc-
tion resident in the buffer is always desirable. To get to this |-
buffer condition, the instruction must have been obtained at
some point during the previous instruction. This function of
reading the next instruction from storage to the I-buffer is termed
prafatching and is performed during $-cycles.

As described in “"Expanded Local Storage,” the TR Reg always
contains a value representing the next doubleword address beyond

-.the current I-Reg value. The TR-Reg is always used as the storage
address during a prefetch, and the SDBO time-slofting is forced to
provide the even word; then the odd word. This guarantees that
the I-buffers are loaded with sequential data.

The I-phase functions at this point are:

Begin l-cycles
{Hardware Function}
Feteh Instruction
Instruction isbuffered, [t == o= con e e e e ] Set I1BU -
{if req’d) proceed
1 N
RR (Length 1) RX, RS/SI SS (Length 3)
{Length 2}
1. Fetch operand 1. Calculate 1. Calculate
from general operand operand
Reg, and put address address
inY (and Q using X, B using B1 and
if 2 words). and Disp. Disp1, B2 and
2. Prefetch Put result Disp2. Put
next instr in V-Reg. results in V-
if req'd. 2. Prefetch and W-Regs. ~ SetSPTL,
next instr. 2. Prefetch next =] Uper
if req’d. instr. if req'd. Instr.
Some RX
Fetch
operand
from
. storage
align as
req’d, Put
datainY J
{andQif 2
words),
Update i-Reg

o = e e e > - - ——

by instr. Length

Start Execution Routine

}

e ———— ]

Provide Start
Address of
Execution
Routine
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Microcode-Hardware F

The complexity of the I-cycle functions are increasing. On a pre-
vous diagram {CPU 49) selecting one of three paths after fetching
the instruction was necessary. Here also required is to:

@ Determine source of instruction {storage vs. buffer).
@ Select path if instruction is in the I-buffer.
® Determine whether a prefetch is required.

Also minimizing the time required to perform each of these
functions and the basic I-phase functions is desirable.

Microcode branch operations requires CPU time. i-cycle hard-
ware can force a control-storage address to the M-Reg. {for
example branch on the op code). This facility is expanded to
include all addressing within l-cycles. The |-cycle hardware
provides the starting address of the I-cycle routine to the M-Reg,
as a function of |-buffer status, instruction format and prefetch
requirement. When the CPU encounters a RTN word (to I-cycles)
this address is set into the M-Reg and the 1-phase of the instruction
begins. Thereafter, except for some parts of the RX-align routine,
the l-cycle hardware provides the next control-storage address
and a gating signal to.the M-Reg, until the execution routine has
begun. The I-cycle hardware then initializes for the start of the
next I-phase.

The minimization of time spent performing the basic 1-phase
functions requires more hardware control. The {-cycle hardware
controls the data inputs and setting of the SPTL Regs and uses
this facility to select general registers from local store. By setting
the P-Reg to a value of 02 or (62) and gating a portion of the
instruction to the L-Reg (R2, X, or B), the microcode can indirect-
ly address any general register, including floating-point registers.
This gating to SPTL is done by hardware, and is, therefore,
transparent to the microcode. Note that setting SPTL to the
desired value one machine cycle before use is necessary.

Furthermore, the l-cycle hardware can force and/or block
gating of data through a portion of the Expanded Local Store.
This capability is utilized as follows: a microword is executed
performing the arithmetic operation of V = LL+V. During the
previous machine cycle, a value is set into the P- and L-Regs of:

P =02, and L = R1B2 (for an RX format instruction). The under-
fined data value gives the general register specified by the B2 field
of the instruction as the data source of the A-Reg. Although

the microword is attempting to source the V-register, the I-cycle

hardware blocks this Expanded Local Store source, and forces the
Disp 2 field through the gating to the B-register. The microword
function of adding the A- and B-Regs is then completed, with the
result destined to the V-register. Thus, the microcode and 1-cycle
hardware are combined fo perform the function of:
V = Base + Displacement
Most of the I-cycle microcode/hardware functions is performed
this way. ’
Another significant interaction of microcode and hardware
occurs when prefetching and calculation of an operand address
are performed simultaneously. The microword executed during
a prefetch is of the form: RDW LL ADJ, V + 4. First, the V-Reg
is blocked as an address source. Then, the TR-Reg is substituted
as the address source for the M-Reg, with gating performed via
the PAA, and |-cycle/ADR ADJ path to the M-Reg. At the same
time, the Disp field is gated from the I-buffer through the
Expanded Local Store to the B-Reg. The A-Reg data source is
an indirectly addressed general register, as previously described.
This form of microword normally performs an update of the B-
register value; however, this function is blocked and changed
to an A + B operation. The function, V = Base + Displacement,
is, therefore, performed during the storage-1 cycle. During storage-
2 cycle, the destination of data to local store is blocked, and SDBO
is time-slotted to the I-buffer, as previously described.

Because the l-cycle hardware and microcode are expected to

P I ously, the mi ode must consist of specific
microwords at fixed addresses. This is obvious because the hard-
ware is'providing the control-storage address for the microwords,
and then performing hardware functions coincident with the
microword execution. What has not been obvious is how the
hardware remains in sync with the microcode. This function is
performed by routing the M-Reg output back to the I-cycle
hardware. Thus, when the M-Reg contains a value corresponding
to the control-storage location of an I-cycle microword, the
i-cycie hardware can determine what functions are to be per-
formed at the next O-time {that is coincident with the micro-
word execution).

This introduction has provided the basic functional concepts
of the hardware I-cycles. Significant omissions include trapp’ng,
share cycles, correction cycles, error conditions, etc. The hardware
description in the rest of this section has sufficient explanation
for these conditions. The basic i-cycle functions are described
“Microcode-Hardware Relationship,’ page CPU 51.

1-CYCLES
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Microcode-Hardware Re W nship

Microcode Function

Execution
Routine

RTN word, end of
execution phase,
go to -cycles.

Fetch
instruction
from storage

1-Cycle Hardware Function

. Inactive, But

(e

provides initial
values at data
entry for SPTL,
and M-Reg.

Begin I-cycles.
Set 1BU.
SPTL, M-Reg are set.

t

1

RR (Length 1) RX, RX/SI {Length 2) SS (Length 3)
1. Calculate Control data
. nd nd settin
1. Calcutate operand opera 8 9
1. Fetch operand address usi:: X.8 address of SPTL, M-
from general and Disp, Put resuit using Band Regs. Set U-
Regand putinY in V-Reg. Disp fields., ?-4- —— oy Reg. per instr.
(and Q if 2 words) 2. Prefetch next Instr. Put results Manipulate
2. Prefetch next if required. in V- and W- Vbuffer as
tnstr. if req’d. Regs. required.
. 2, Prefetch next
Instr. if req'd.
Some RX
Provide start
Fetch operand address of
from storage execution
slign as req’d. — = routine per
Putdatain ¥ | op-code,
{snd Qif 2 Update i-Reg
weords). l by instr Length,
. J |
. —_—— 1
E . . Initiatize for
( Start Execution Routine 4).—.—__ —— —— —— —— next instr.
t-cycles.

Basic 1-Cycle Functions
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~ 1-Cycles Microcode Module Assignment

The I-cycle microcode routine (GAAI) resides in the DF module
of control storage. The - ge address, hard functions
generated, and microcode are directly related. Specifically, the
hardware generates control signals (and a next control-storage
address) from the contents of the M-register, so as to be active
{and coincident) when the control word executed from that
address.

The DF moduie is active if bit 1 of the Mode Reg (external
address 08) is on.

MICROPROGRAM MODULE ASSIGNMENT

RTN to I-CYCLES
{any address)

1-PHASE

TT——777T

-~

Decode Format and

Op-Code

. Calculate operand
addresses and/or
fetch operand.

3. Define ILC.

4. Branch to appropriste
execution routine

. Control I-Reg.

N

o

. CHECKS

1. lInstr. Address Check
{Not haltword boundary)

[

. STG PRT-check

3. Address transtation check

DF - Modute

ALIGN

to execution
foutin,

prepared in {-Phase

GARR

Cx-Module

GARS

Cx-Module

GARX

Cx-Module

GASS

Cx-Modute

5. vwalid operation
fanalyzed in 1-phase)
6. Privileged operation

Micro WD Branch
1o required Routine
or RTN to ICY's

x = Op code high-order 4 hits

SOFTWARE INSTRUCTION ‘:
|
|
|
|
!

£-PHASE >,
—
1. Read data CHECKS
2. Store data 1. Operand address check
3. setCC 2. Operand STG PRT check
4. Perform any operation 3. Operand address transiation
and use the Operands, 4. Specification exception

_1-CYCLES
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1-Cycles Microcode ar.ntrol Hardwate-Loading of |-Buffers

RTN LNK

BR low
‘ottortty

1-CYCLES

[

Py
Note 1. The branch read latch is set:
1. When the execute fatch on.
2. Any time the {-Reg is destined.
3. With a CPU Low Request during Prefetch.
4. If Vor W=1or TR during a storage word.
5. If the address compare switch is
GlcM Béoc on | COUNTER (real} and
address compare control switch is not
Handie the interrupt; in the NORMAL position. Note that this
then issue a RTN LNK mode of op! blacks any p ing paths.
Use LS 3D for RTN Note 2. The op ioad latch is set:
1. When a Prefetch is blocked and the
next op-code is available.
. . 2. When current instruction is not fully contained
Data in Butfers Not Good in 1-Bfr {requires a further fetch).
Dproc Note 3. Delay words to set control address |
ROWY ADJ,V+4
Fetch Required
GAAI
Bit 31 of Yes cs6a
torv=1 (Odd Byte Boundary) Spacification
Check
DF04 Noted .
Y=Y,S0
Time delay
Is ' B
current instr, Turn on
fully in Op Load Note 2
-BFR Latch
..YL’_____L—_
DFO0 Note 3
Y =Y,S0
Time delay
Op\ off
Load
L“m../
On Bva:ch
Note 2 o
- format
of
OF14 - op code
RDW Y ADJ. V Use TR Reg
Further Fetch
DF10
Y=Y,50
TIME DELAY

acle Entry

I-cycles may be entered (and the I-cycle controls enabled) by

two RTN words:

@ Conditional: testing for interrupt. C3 bits 5-7 are 111, If an
interrupt is pending, the RTN word is executed normally,
and does not go to the i-cycle routine, If no interrupt, the
return is to i-cycles.

® Unconditional: goes directly to I-cycles when C3 bits 5-7 are
011.

The M-register controls the decode of the return and accesses

control storage using the address inputs to the M-register from

i-cycles, The i-cycies inputs to the P- and L-registers are also
gated. Data is maintained on these inputs by the I-cycle hardware
when not in t-cycles (except when performing a storage address
adjustment access).

Initial 1-Cycle Address :
All I-cycle addresses are in the DF module. The initial address for
a given instruction is determined by:

® The instruction itself, and

® The requirement for prefetching the next instruction.

Current Instruction Not Fully Contained in I-Bfrs

First, consider the two cases when the instruction is not com-
pletely contained in I-Bfr.

-

. The first case {and highest address priority) occurs when the
branch read latch is on. This occurs not only from the most
obvious case of macroprogram branch, (detected by the
I-register being loaded from EBI}, but also from:

® Program modification (detected by storing within the
present, or next, storage doubleword address as com-
pared to the {-register).

® A prefetch condition that was not filled during the last
I-cycle phase.

® Blocking a trap during a prefetch in the last -cycle
phase.

@ Being in real instruction address compare mode.
® Performing an execute macro-instruction.

These examples are summarized as “whenever the instruction
maust be read from storage.” When the branch read latch is on, all
other initial addresses are blocked and an address of DFOC is sent
to the M-register input,

2. The second case (and next highest address priority) occurs
when the op load latch is on. The condition for setting this
latch occurs when part of the instruction is in 1-Bfr, but the
remainder is in storage. The latch is set during the previous
1-cycle phase if it is determined that a prefetch is required,
but blocked, and only part of the instruction is in 1-Bfr. When
this latch is on, all other initial addresses are blocked and an
address of DF 14 is sent 1o the M-register input,

Fully C din l-B.

With the instruction fully contained in I-Bfr, the next condition
considered for an initial address is prefetching. The rule for pre-
fetching is that a prefetch is performed if the:

Current ir

® Present instruction ends at a doubleword boundary (the
next op code is not available) or,

® Next instruction crosses a doubleword boundary. This is

determined by hardware as a function of:

a. The halfword address of the present instruction within
the doubteword, .

b. The length of the present instruction, and

¢. The length of the next instruction.

® A prefetch is blocked if the present instruction is decoded
to be a branch type, or a special addressing case of an SS
instruction, at an address of 6 or E

The initial address is gated to the M-register according to the
following table:

Without With
Instruction Prefetch Prefetch

RR (but not fit. pt. long) DF20 DF34

RR (fit. pt. long only) DF24 DF3C

RX (double index only). DFaC DFSC

RS, S1, RX (not double index) DF48 DF58

ss DF6C DF7C

I-BFR SET CONDITIONS FOR MOVE {-BFRs

1. RR op and even halfword =do nothing

2. SS op and odd halfword =S/R 0,1 S/R1

3. Neither of the-above conditions =S/R0 S/R1

4. Prefetch and the next instruction isnot  =S/R 0, 1 S/R1

fully contained in the I-BFRs
I-BUFFER SET CONDITIONS FOR STORAGE WORDS
(begin in Stg 2 cycle)
1. Prefetch and the next op is not available =S/R0, 1,2 S/R1.2
2. Prefetch and the next op is available =5/R 1,2 S/R2
3. Branch load latch =S/R0,1,2 S/R1,2
4. Op load latch =S/R1,2 S/R2
3145
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1-Cycles Microcode and Contro! Hardware-Calculate Operand Address and Perform Prefetches

CPUS3

¢

\_ ‘RR

00-3F

40-7F

Q'——I
3 C :

N RS/St

80-BF

CO-FF

* Prefetch: The next instruction is not fully
contained in the buffers.

NOTE 1. X=0,if R, and R, = 0,24, or 6 (even)

No
Yes i
X=4, it R' or R2 = 1,35, or 7, or greater than 7 (odd}

i
DF20 :
| GARR
Y = LL, DF v
Y = 2nd Operand | ©CO00-C1FO
) | C30X-C34X
| C38X-CIFX
\ NOTE 1
DF34 DF30 |
PREFETCH .
¥ = LL, DF ROW LL ADJ, V 1
Y = 2nd Operand Y = LL, DF 1
Y = 2nd OPRD |
|
i
|
OF24 DF28 :
No 1 GARR
Y = LL, DF Q= LL, DF I
¥ = high 2nd OPRD Q = low 2nd OPRD H C20X-C2FX
5 | C35X-C37X
= | NOTE 1
I
|
DF3C DF2C i
Prefetch Y = Li, DF '
RDW LL ADJ, V ¥ = high 2nd OPRD :
I
|
I
DF48 :
No 124V=LL+V | GARS
V=812 *C1p2) :
Yes |- £200-CBFO
|
DFS8 :
PREFETCH |
ROW LL ADJ, V+4 |
V=812 * D2 ;
|
|
DFEC DFE0 :

" GA!
124W=LL+W 124V=LL+V ! GAss
W= B, + Displ. 1 v= Bz + Displ. 2 . 7

' | CCO0-CFFO
|
|
DF7C DF70 |
: |
- efatch
ok :!’D:J“I:.L ADJ,V+4 |
W=8, +Displ. , D% | Hardware Branch on Op-Code
V=B, Displ. 5 | (Branch to execution routine)
' .

I-CYCLES

CPUS4



CPU 54

i DFA4C
No
Prefetch® 124V=LL+V
V= 82 +D2
) Yes
DFS5C DF40
Prefetch 12dV=LL+V
‘ROW LLADJ, V +4 V=(By+D,) +X,
Base Or V= B, + 0,
Index =0
PERFORM A HARD- [
WARE BRANCH ON
THE OP-CODE
{Branch to an
ALIGN
if required)
DF48
No
Prefetch* i28V=LL+V
v= (X2 or 82) +
D o
Yes 2 Notes:
1 “ The execute latch is set when the W-Reg is destined.
W-Reg byte 3 is stored in the imm-Byte-Mod-Reg
DFS8 .and ORed with the Imm-Byte-Reg during l-cycles
of the instruction. The i-cycle latch and indicator
Pretetch . R
ADW LLADJL, V + 4 go off when the execution-phase of the subject
V= (X0rB)) 40, Instruction is entered.
2 1f an execute instruction (Op-44) is attempting to
use another execute Instruction (Op-44) as the
*Prefetch: The next instruction is not fully subject instruction,
contained in the I-buffers. 3 X=0,if R1 =0,2,4,0r 6. (even)
X=4if Ry =1,35,7 or greater than 7 (odd)
4 Use 4 if the previous word was a storage word (prefetch)

Use O if the previous word was not a storage word.

1 Note 1

PERFORM A
HARDWARE
BRANCH ON THE
MODIFIED OP-
CODE

(Branch out of t!
ALIGN sub ingl

GARX

€480-C4C0

GARR

C140-CiFO

GARR

C28X-C2FX

GARR

GARX
" C400-C430 DFA4
\.-40-4.. C440 if attempting
Note 2 two execute instr. W =LH, DF
DF80
\-A‘ Delay
DF84
RTN LNK
GARX
o] S o |
N ‘F’ Align 2
48-4C p| Routine F
0/4 °
Note 4
GARX
4053 CAD0-C530
E 2]
Align F
\WF B Routine E
0/4 °
GARX Note 4
N\ 6057 CB00CE70
D D
F | _Alian F
\-63 6F 9 Routine F‘/)E
0/4
4
GARX Note
No.77-—] cr00€770
D 2]
\ F Align F*
78-7F B Routine F/E
o 0
Note 4

———— e e e e e e e

C38X-CIFX

Note 3
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1-Cycle HaMware'Lombm

mozZ=x

3215 Console Printer-
Keyboard
Channel to Channel

CPU Timer

- Clock Comparator ~*

Phase 21 STG Phase 2] STG' Phase 21 STG
-lcontrol Stg. and {112 or 160K} 4208) or 256K) :
high main Stg.)
R Channel Ctris.
“ECC ADDR Adijust LRU Reg .
i 1V, W, U, 1,BU, TR Regs | CPU ADDR ADJ CTRLS -
Logical Regs I-Cycle Ctrl.
. Op Code and |-Butfers
* Phase 2LSTG Phase2] STG Phase 21 STG
. {control stg. and 1112 or 160K) (208 or 256K) -
high main stg.} E _—
: - g
B GATE (CARD SIDE}

CARD LOCATION & TYPE

8-C3D2 Type 8561

BC3E2 ~  Type 8552

BC3F2  Type8s63

8-C3G2 Type 8554 |

8-C3H2 Type 8568
BC382 7 Type 7771
8-C3c2 Type 7771

ALD PAGE

AU

- RU012

RU013
RUO14 .
RAUO1S
RUO16

RU021
RU022
RU023
RU024

- RU026

RU026

RUO31
RU032
RU033
RUB34
RUO35

RUO41
RU042
RUO43
RUD44
RUO45

RUO51
RU052
RUOB3 -
RU054

RUT11
RU112
RU113
RU114
RU1186
RU116
RU117
RU118

RU121
RU122
RU123
RU124
RU125
RU126
RU127
RU128

Op-U2 Reg-Op Decode
Op-U2 Reg-Op Decode
Op-U2 Reg-Op Decode
Op-U2 Reg-Op Decode
Op-U2 Reg-Op Decode
0p-U2 Reg-Op Decode

tm Byte-U3 Regs
imm Byte-U3 Regs
imm Byte-U3 Regs
tmm Byte-U3 Regs
Imm Byte-U3 Regs
imm Byte-U3 Regs

1-Cycles Generation
1-Cycles Generation
I-Cycles Generation
1-Cycles Generation
1-Cycles Generation

I-Buff Ctrls and Gates
1-Buff Ctris and Gates
1-Buff Ctris and Gates
1-Buff Ctrls and Gates
1-Buff Ctrls and Gates

PAA Latches
PAA Latches
1-Cycles Controls

1-Cycles Error Latches.

i-Buffer .
{-Buffer
1-Buffer
1-Buffer
1-Buffer
1-Buffer
I-Buffer
1-Buffer

1-Buffer
1-Buffer .
I-Buffer
1-Buffer
1-Buffer
1-Buffer

‘I-Buffer

1-Buffer

1-CYCLES

CPU 56



1-Cycle Hardware Descnpl!o

The hardware I-cyc!e concept mcreasas CPU parformance by
B Buffenng mslrucnons and prefetching (using a hardware

v

generated address for the next doubl d 9
.+ instructions while calculating an operand address.

[ ] Performtng hardware controls concurrent wmf micro-’
program execution,

® Instruction decoding via a hardware forced branch on the ;

euyxt -bit Op code,

B

TomelD

a| tocasionaar

LI )
iIvivle

orcie e
TR S
S

tooicaL,
| - wowess

LT
avoneas

g

e
Ay

frary
iasTen
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1-CYCLES CPUSS8

: EVEN 00
1-Cycles Data Flow o 3 3 3 3 3 . I 7
N ' l A F l 1 4 I 4 e A
{ D-Reg
1 y § SDBO-As
—p
EBI
. . 0 1 , 2 l 3 : :
. . ) . A i L 1 N e B D
Byte 0 o B 81,2,3 It i . i 33’
— 80,123
Ko. T ! Vv EXP LS 51
0 7 : .
1 8 3 l e —‘0 1. 2 3
by 1-Cycle COTS ;
— - ” 80,1,2,3
~———— _ADD CARAY W EXPLS T8
0 1 2 3
8 |1 1 J l 1 l 1
/]
H 80,1,3
~ : JL o=k
18U EXPLS 54 TR EXPLS 55 N | P U EXPLS
o * | 2 1 saliiifle 2 1 2 [ 3== o 11
Length Code
L - From |-Cycle Ctrls:
U-Bus , st
il I : u L
| I o | ] ] HE i
H - ! fmm ytek'
m CZ T:::ler _J : } . . Modifier
MR ALS L lL > B:LS - o slay
S JL _ JL AAwm v 8-Asm J; b T R = —
L - ‘ RIE | P AREG 1 IR B-REG ] k e E o = | TMM BYTE .
e o v 172 7T 351 [To T 1.1 271 3] o 5 Omo?.:ma;'
: “ ” 11 Wl \
ADDRESS COMPARE 10 i X :
JL L Jl ' . : | I L
Any Instr A —') I=VorW : ’ L — ] - o . ERNIRE LI : {1 : : | :
Address Counter Vi TR=Vorw ’ : : S ; SRRy N 1 T W
e — I [ C— . Z-REG e < -
: b . I -Cycles Ctrls 0 1 2 3 T AT : LL Gate :
e 0y SWITCHES . £ 0 Set Branch : ' i l ©.% Display in expanded focal A "e LEL
y ’ ;o Read Laten D:REG bl EEE CpCode |0, 2 e ! s
o | 1 | 2 | s , Sl e D P o, o |wily

[ — T SDBQ g’ ) ’ ‘Tp LS Address




B ierr2 i8rR 1, i‘a o

Instruction Buffer (1-Bfr); threé one-word registers are used,to hold

. the present instruction and next doubleword {where possible).

Loading of the registers is from EBI.
Instructions are assembled on a halfword basis to obtain the

S

»e - op-code and immediate byte. The base and displacement fields are

gated from the I-Bfr through separate assemblers as required. g
When the TR-Reg is used, the even/odd time-slot of data is forced, - '
.. -When the |-Register is used, (DFOC) M3 bit 5 controls the gmng. FoR
+Bit 5 off =evenfodd - . . :
it on = odd/odd.

+BFR SET CONDITIONS for MOVE l-BFRs

1. RR op and even hatfword -
2. 8S op and odd hatfword -

. 3, Neither of the above conditions
v 4. Prefetch and the next instruction is not
" fully contained in the I-Bfrs

—

. =do nothh\g S
=S/R0,1 S/R1
=S5/R0  S/R1

=8/R0,1 S/R1

Low-Order
Address Position

even wd odd wd
0123]4567
M3 bit 5=1 indicates that the odd word
information is to be loaded into ail 3 I-buffers.

evenwd
89 A BCD

]

H BU “ER SET CONDITIONS for STORAGE WORDS {begin in Stg 2 cycle).

3. Branch load latch
4. Op load latch

© 11, Prefetch and the next op is not available =S/R 0,1,2 .
© 2, Prefetch and the next op is available

IBFR

3rd Haltword 4/C

s |

=15

e, 1st Hatfword 0/8 |+~ 2nd Halfword 2/A ath Faltword 6/E

| | B | BT | B

| ! | E=EAN| | =23 | BB
o | gl | E=Tl

P I e e Y et e T e e |

===l == ===y :

1o | B =%/§§Z %’% — |
: | E=1=—3

2%
A

% 22
7 A

/ 2 2

© . LEGEND:

| -

> - One IBFR Position

E.E’_:_.El-» = The end of the doubleword in the 1-Bfrs :

Content of Bfr not significant. '
= Remainder of Doubleword

nstruction being operated on by I-cycle hardware.

The above chart represents the eoments of the I—Bfrs for the 12 dsffefent r.ombmations of instruction fength and

within a

=S/R 1,2
=S/R0,1,2
=S/R1,2

. S/R1,2

S/R 2
S/IR1,2
SRZ.

B——

E SPTL Registers

S-Reg  Set from the op-reg for further use by the
execution routine.

‘, “". Set time for SPTL.

! |-Phase |
E-Phass l -

P-Reg

T-Reg

L-Reg

Set to a value of 02 (or 62 for floating paint) to -
allow addressing of local-storage areas containing -
. general regusters CPU workmg area, and ﬂoaung- E

Reset to zero for use in an align routine (|f

Set from the immediate byte register or base field
assembler to alfow indirect addressing of the
general registers and floating-point registers.

3145 TM CPUS9



Op-Register

The op-register is used to hold the present instruction op eodo
during l-cycles, The output is gated to the U- (2) and S-registers,

and is also used for |-cycle decoding and branching to the
instruction execution routine.

The decode of the op-register is used to build the ILC, whlch is

gated to the U- regnster byte 0, bits 0 and 1.

1-Phase

* | E-Phase I
- |-Phase ;
. align g2

RETY | _E-Phase - l

Immoduto Byu Register

The lmm byte reg holds the second byte of the present
instruction during l-cycles. The output:

® Loads the U3-register.

® s assembled with the base held to be ﬂt!d to the L-register.

e s gated to the 1 cycle controls.
I 1-Phase ' e ¢
) I E-Phase |

" 1Phase

' ) align
. E-Phase

*Only with branch-read {DFOC)

immediate Byte Modifier Register
©® Used only by the E software i ion to modify
the second byte of the subject instruction (if the R field
. of the Execute instruction is not zero).

@ The register is set when the W-reg is destined, with data
from byte 3 of the GR specitied by the Ry field. (Refer

‘ ' to"Exeoute Phase {I-Cycles).”)

W=LH, DF

DFA4 DF80 KFg84

cnd

unmmor (Exp LS 53) RS -
Part of thns register is set only by hardwavo. Tho two-bit

- Instructlon Length Code (ILC} is set to a value detormmed

by the op-reg decode. The condition ¢ode {two bits) is used
by the I-cycle controls to determine whether a branch-on-
condition code instruction branches, Byte 2 is set to the
opcode by hardware only. Byte 3 is initialized to the

diate byte by hardware, Bytes 0 ( t bits 0, and 10, .

1, and 3 may be Ioaded from EBI by mucrocode ;

Byte 0. Bits 0-1 Instr. length code (hardwafe set only)
Bits 2-3 Condition code
Bits 4-7 Program mask

Byte 1 Bits 0-3 Special CPU use
Bits 4-7 OMWP bits

Byte 2 Bits 0-7 Op code (hardware set only)

Byte 3 Bits 0-7 Immediate byte

1-Phase

E-Phase
1-Phase h I
I ' align |
-— I E-Phase '

1-CYCLES -

CPU 60
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Special address-matching function--on a doubleword basis '

{bits 8-28). f

@ 1.req is compared to PAA (V or W). TR-reg is compared
-.:10 PAA (V or W). {These matches are required to -
determine whether program modification is takjng place
““in that part of the instruction stream that may have been
loaded in the 1-Bfrs.)

@® |f the comparison is equal duting 3 store operation, the
BR read latch is set. (This forces a new Ioadmg of the
K buffer op-reg and imm byte reg.)

 VRegister (EXPLSS1¢
L Bytes 1, 2, and 3 usually contain the seeond opetand address.

W-Register (EXP LS 52)* , ,
Bytes 1,2, and 3 usually contain the first operand address.
* - *H used in a storage word as a storage add the key register is

" gated as byte zero.

i

/,

L B

Key Register
The key register acts as byte 0 of the l-register when the |-register

is destined. The key register contains the storage protect key in
bits 0-3. Bit 4 is the fetch protect bit. Bit 7 is 0. With the DAT

B feature installed, bit 5 is the reference bit and bit 6 is the change

bit. For a more detailed description of bits 5 and 6, see :
“Reference and Change Bit Recording” under DAT in the CPU
section.

if the V-register or W-register is used in a storage word as a
source, the key register is gated as byte 0 of the V or W-register.
If the I-register, IBU-register, or TR-register is used, the key
register is gated as byte O of that reg|ster The key reg|ster is

" set when the I-regmer is destlned

1BU-Register (EXPLS 54)*

Upon entering I-cycles, |-reg bytes 1, 2, and 3 are set into 18U.
1f a retry condition is encortered during I-cycles, the instruction
cycles may be repeated (return to DFOC), In this case, IBU is

moved to the I-reg by the retry microprogram.

1BU is set from 1reg as follows:

|-—-|~Phasn—-|
- |——-—E4’v\m—-{

[ T X i }
T O N WA MO AT A |
Tam
s080 4em
A
s L P T T 5] . -
= i ”'
£ =123
Er—wa——w o 7
s 1 H 3in ] 1 . 2
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I-Register (EXPLS 50)

Instruction counter register, byte 0: if the I-reg is destined, byte
0'is gated to the key register. Bytes 1, 2, and 3 contain the
instruction address.

The |-reg is updated as follows:

}._wnmﬁ
i |-EPnase ——

I-Phase . A
- i —
o -, |EPhase oy

Add Carry (Adder)

The two tow-order adder positions (24-bit adder} add the instruc-
tion length to the l-register bits 29-30.

@ Adder (except the low-two bits} adds a ““1"* to l-reg bit
- position 28. This sum represents the next doubleword storage
location.

® A carry-out of position 28 is added to bits 27 to 8.

® A cairy-out of position 29 indicates that TR bits 8 to 28 are to
be toaded into ! for'a hardware update.

@ An adder check turns the )-cycle hardware indicator on.

TR-Register (EXPLS 55)
® The TR-reg consists of bits 8 to 30, with bit 31 always forced
to a zera. (Bit 31 has no latch.)

® Contains an address within the next doubleword after the
address in the l-register; used when prefetch or further fetch
(DF14) is required.

@ Used to buffer the adder ou(put during hardware updatlng of
the l-register.

® |-hardware update, consists of loading | bits 29-31 from
TR 29-31. Bit 31 of the l-register is not gated through the

adder | bits 8 to 28 from TR 8 to 28 if the Adder bit 28 had -

" a carry-out. (TR=14I1LC+8)

|

el

EXPLS

L | 2 3
ls 1sli6 | 23 24‘25'26'27'28'2_’2'30'31'
ADD ONE . Iy
1
ADD CARRY e
(M] 1 2 3 :
8 15016 | 23'24|zs|zel27lzs 29130
TR EXP LS 55
[N ] 1 2 N
! 8 15116 | 23 24]25{26’27!28129'30131
X—l I—X_J
| - |
Update-1-Reg A

Add Carry bit 29 to 28

Carry outs from add carry bit 29 to bit 28 are not allowed, but are remem-

bered. At update-l time, a carry remembered causes all of TR to be ga!sd
back to 1. Otherwnss, onlv bns 29 and 30are used to update i-reg,.

1=1000

© 1000 RR
1002 RX
1006 SS
100C RS

1-Phase

E-Phase
Op Reg
Update |

TR
18U

ic

-CYCLES

CPU 62

01-RR
10-RX, St
11-5S

1010

1000 ——} ‘oo'z‘

- 1006 R

¢ 100E

100C

101X

1002 i 1056

*A carry-out of position 29 causes TR
bits 8-28 to be gated to I-bits 8-28

4 P
tx=t Lcos_z%—i g




Instruction Cycles Addrgmwatiop

HIGH-LEVEL DATA FLOW

i'.MBytezi

N M WN - O

o

efter prefetch WD /

. Force DF i o
f i Addre: T
& OR
$Set Control Address:
Op-Branch to DF
e Force CX
- Generate Address X |
Op-Branch —l
. . — : ) ForceC5 {[ "r
- 7 Bit31=0n (1 or V-Reg) ——]f o Specification Force 64 |
S DF.—Dmdo“~ . SR i ! L A i l
o e . Specification m———
3 RO E I-Cy Op-Reg
l ]
OF -1 g Op-Branch 03
e DFF O A (From i- to E-Phase) 2
. Latch DFEO < J SR,
: - Pres.: Next 4
: ST A [N Addr, | - Ador. St 49
c RX Instruction with align -1 oc 04 [ x
cY cmlﬂeg o OR j—4~— Op-Branch to DF o P 7 )
1 : Instruction {To align) T"T
2 ' — 2 28 Op-Branch
3 e—— 3 30
4 3C 2C
5 2 28
ac 40 X
= : §C 40 I
. N 6C 80
Control- DEOO DF10 C 70—‘ Generate Address _
Decode X
o RU 033
Ru o4 OpCode
v OECODE
to ALIGN X
. h— : l
B Op-Branch to DF —
BR Read 10 0C. . "\
OP Read to 14.
Otherwise, use Assembled
1LC Format, l—d NEXT x
H Double Index, N
; e s Prefetch to ADDRESS —J
STG-1 Cycle '} STG-2Cycle . ;‘;:r"e the next Set Control Address
: : e Set Ctrl Address ha o / »
. ) 0Odd Fit point reg, \
° i R +'0.: iNot) DF 0Odd Shift register,
Representative Timing - ' :;’:x‘;’:";'"d" Low Bit

Gate ICY to M

or RTN 10 ICY
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i-Cycles Comroi Line Generation

ADDRESS

. 1-CYCLES

DF00

- DFO4

- DFOC

;. DF10

DF14

DF20

DF24

DF28

DF2C

. DF30

DF34

DF3C

DF40

1-CYCLES CONTROL REGISTER RECODE
CTRL REG -
BITs

1j213j4 15 CONTROL LINE FUNCTION
ofo -]t |~ Command Branch Load Load I-Bfs 0 (1-Bfr 1 in next cycle)
ojof-]11—- Force | Gate 1-Reg to B (and Address Adjust)
ojoltrfol1 Command Op Load Load 1-Bfr 1 {I-Bfr 2 in the next cycte}
0j 0101 Force TR Gate TR-Reg to B (and Address Adjust}
—1]r]-jot - L - - Activate Prefetch -~ L
jojrjrj-f- ¢ Prefetch Force TR to ADR ADJ Asm
of tfafa =) it - {and Bif DF30 or DFIC) - : ;
~{1]-{~-10 Cp Branch Command . Use op-reg to define the next Cxu address. or go R
1 ~f-10 S “ ta the align routine b
of1i0f—j1] L plus one Force bits 7 and P of data being gated to L-reg to be inverted for FLP long
olojoi—{- Load Op, Imm Byte Initial load of Op and.Imm Byte
- tjolo|- Command Move 1-Bfr Used with |-reg'to activate the set
1101041 |- or reset of the I-Bfrs
1 -1 |- Gate Dy and By Used to gate the correct base of displacement
11 1f-jo |- Gate D, field from the 1-Birs 0 and 1 to L -low or B-Reg
o] 0j—-1-|0 Set Control Address Set next address for I-cycles sequence

-~ DF48

DF4C

DFS58

- _DFSC

DF 60

 DF6&C

- DF70

© DF7C

{Not) DF

RTN
1
1-Cycles

These controls are not the result of the control register decode.
The controf line is activated by lhe mrrespondmg address.
This line is i d by

. This control line is activated, but not used. " /.

From DFO0 through DF7C SPTL is controlled by t-cycles.
DFEO or DFFO acnvates this control fine again to restore SPTL
after an align.

7. SetPser LL.

L

The set/reset of the I-Birs is also controlied by command prﬁe!ch.

CPU 64




§-Cycles Address Géﬁéra'a’hdbéﬁv’dli Déﬁoﬂé

Generate
M Byte 2 - Addrass Note 1 -
X e P‘H 3 CURRENT {-REGISTER ADDRESS l MBYTE 2
(INDICATES A 0/8 2/A ac_} 6lE CX X of '}
ALIGN ROUTINE) _ﬁ - xeomCode| NMEE
(Not} M Reg - ) No 1-BFR 1| 1'BFRO JO-Code ADDA 1] D:C :c
Byte3bit 0 - . Instruction Look-Ahead RR] b, etetch ByteO | Byte2 [prefotch Bl
: SRU 031 {also used to determine prefetch) ASM |
- > ) S . o §s Not RR ¥ A I x_l_g___l 11
SRR S E IR . . af v !
S - 6— Generate RIBFR1 | 1BFR 1 No oR DF % Ls- Pl
e ] . Contrals rslayeo | Byte2 | prefetch r‘ » F: 5,
g | oP st Prefetch = [
{Not} CPU Low Req- 3 PH REGISTER SS Not RR )
' 1 | M
seUR 0 1BFR 1 1-BFR 2 ; A X ! 1 :
Time 135180 =t e 1 preforch| N Bit 31 of 1 or V=1 B 1 H
{Not) STG-1 Cycle——d] A | Control Reg g SSLBV'e 2 Prefetch |BYte0 : . c5 -—)I(———- : \
bt o NotRR| T finoe | T e T
L ol g = Prefetch Required . [ . . '—x—j | : .
: v ; 1 i
g “instruction for i 1
this I-Phase Special Case 1 |
{Note 1) i |
RU 118 BRANCH TYPE 0] Zero | 1
: RU 01 OR EXECUTE 1L Rx,RS 51,58 o
I-CYCLES . 2 toy
. CONTROL " Cortrol . | Not) DF———] Op Length T X ILC AR,SS {o g
i REGISTER -/ - Decode e Format - - #1 {3] preferch S
. DF10 .
| oF and Set Control Addr | DF00.DF1 _——_-—.r—1 INotar o N X
Al b Op Branch Cmnd FLP I A with Prefetch 1 |
ULl Execute Instr . OR l If more than one 8 i )
bit 1 L} jmicroword required|
RX With Align | {Not) RR Sho calculate [} [}
— it 2 . L) perands ] |
bt RU 033 RU 034
] bitd . | [ |
" Branch Re: =1
bit 5 AL . ) : |
O FO,E0(M-3) . : " ]
/U 032 . - Base From I-BFRs ‘ alor FL 1 |
: £ : : ${RR) 1 MBYTE 3
: i L Imm Byte - : ! ] of I}, .
¢ i Refet to the Expanded Local Storag REGISTER L{ss) — . ] | ' i :9
definition of Exp LS 56 Present | Next 0 | . . RU043 § ! e
\CS BYTE 2 ;) Addr 1 ™ Dl Doubte Index |~ L e 0p Losd X ] 2| 1%
0 — BR read fatch L_{oC 04 2 E ﬁ Note 3 ‘ l 3l | g
. 1 — Opiocad latch 04 06 3 c] Index =0 X+ A_te ]
2— Opl2 14 0 4 1o __@ Note 3 o FL 1 force DF14 [ 4 1 10
3—Opl 22 28 S phosest - . Avign Entry J I B
4 — Prefetch required = = g LL Ry=0 Ny X [—— ol g
§ — Prefetch inhibit £ . Y=Low bit : 7o! 10
6— FLP Long 3C 2C i RU 043 ; ; ‘ L
7 — OP BR 1o DF 2¢ 2 , \@ : o1
ICSBYTES ac 40 .
5 0 — 1-Bfr O parity check latch 5C 40 e x Tow Bit
1= 1-Bfr 1 parity check latch oC ) Foari (tit 5 of M3) @
2 -~ Half Adder check latch "'—75——';6‘ Unsuccessful Branch on CC [l Branch
33— l;("moBYiG Modifier parity check - Branch on Count Rz field=zero Odd Shift Register '
L R X n " Fegut :
T B0 i RU 034 . . : y ~ 0dd Floating Point Reg : Gate I-Cycles to M-Reg (active when in DF) R
S B=0 ., ST : Op Branch to DF sfter ————"
R Set Control Address Prefetch E
: J—— lowbit -~ : e : - RTN TO I-Cycles (activated by 10 RTN or
EXP LS 56 {ICS) is intended for use only as - ) Op Branch 11 RTN and no interrupt) )
s menus! display and cannot be sccessed vis | - : ’ P Sran 0 Note 1: This condition (an SS instruction and the next instruction an SS} ceuses
) ~== Op Branch to DF the line Inhibit Prefetch to be active, and the Op load latch is set when

the next Op-code is available,
Note 2: When in I-Cycles (DF module), the line Generate Address
is i y idden during adds DFQO0 and DF10.
* . Note 3: If both Indax and Base indicators are off, double indexing
takes place.
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Unique Conditions During 1-Cycles

Share Cycle

If a share cycle is attempted during I-cycles, the I-cycles hardware
is decanditioned. This occurs when the line ‘Not /0 Op’ becomes
.inactive. (See “I-CY Address Generation and Contro! Decode."}
With “(Not}1/0 Op’ inactive, the generate address, and generate
controls latches are deconditioned.

Geéntrate
Address

M Byte 2

{Indicate Atign |
" Routine) *
“ANot} M-Reg
Byte38it0

DF Decode . -

Generate
Contrals

t) CPU Low Request PH 3

1 Not) STG-1 Cycle A
iGood Daty —————————| I

) (Not Machine Check)
In the event of a trap during |-cycles, the M-reg is set to the .
appropriate trap address, and the trap is taken. When the
trap address enters the M-reg, the DF Decode turns off, and
suspends I-cycle operation. ‘(Not) {/0 Op' is also deconditioned
whenever H1, 3,4, 5, 6, or 7 are on.

Trap {Machine Check)

*- if a machine-check trap occurs during I-cycles, the failing
instruction is retried eight times before entering the hard
machine-check routine.

The Retry Microroutine takes the contents of 1BU {I-Reg
Backup; that is, the current instruction address) and places it”
in the {-Reg. The retry pracedure is to then return to I-cycles to
begin processing the instruction againf

... 1-Cycle Error Conditions
* Parity-check errors for I-Bfr O, |-Bfr 1 Op and Imm Byte
regs as well as half-sum check errors are indicated in
expanded local-storage register 56 (1CS) -cycle control
display.

Storage Correction Cycle

I a storage correction cycle occurs during I-cycles, the latches
Generate Address and Generate Controls are not S/R. The line
‘good data’ blocks the clock pulse. (See “1-CY Address Generao B
tion and Control Decode.”)

" Generate -3
Address

M Byte 2

PH

(indicate Align -
Routine) :
(Not) M-Reg. ;
Byte 3Bit0 "

-, Generate
Controls

&
i
¥
3
4

*{Not) CPU Low Request — pH |

“Time 135-180
(Not) STG-1 Cycle
;'Good Data

* Mods Reg Bit 1=1
{Not) 1/0°'0p

1CYCLES . CPU 68

CPU Low Request (Not Prefetch)

. The line“CPU Low Request” may be activated by:
e Storage- protect check (mused by a mismatch of the storage keysl

. ® Address check (TR po:ntlng to the doubleword above the top of
storage) e

® Address translauon tra p

The two check condmons may be constdered as prog’am errors that
cause a program check and ga to the GICM routine. The address -
.. . translation trap may cause a similar, check dependmg upon the
- availability of the addressed area i’

1 Undicate Atign
Houting)

(Not} M-Reg :
Byte 3Bit0 —

DF Decode

] : Generate "
Contrals

 nm
I PH .

."——.—,

Time 135-180
{Not) STG-t Cycle

. CPU Low Request (Prefetch) ) L g
- CPU low req is blocked during Prefetch, /f a storage check .
- oceurs during a ‘Prefeich, it sets the branch read fatch. Upon
 retusn to I-cycles, the I-Reg is uséd (instead of the TR-Reg)
to refill the I-Buffer. If a second CPU low request occurs, it
indicates a program check. .




I-Cycle Timings

-

"+ 1-CYCLE LATCH

‘2 'EXECUTE INSTRUCTION -
. LATCH RUOM

3 ADDRESS RANGE
DF00-DF7C

4 ADDRESS RANGE
DF84-DFFC

L

SET 1BU REG RU044

UPDATE 1-REG

7 SIRUGVIREG  RUOM

"8 S/ROP,IMM BYTEREGS.

9 I-CYCLE CONTROLS
: SP.L, M-REG-not
STG-1 Cycle) -

RUOH4 .

. RIN - 2 B
T {To I-Cycles) i

.

LEYCLES

4.

|

_...__.l.._._...-_

ilj_l__-______

- lorV-,ill :

|
|
oy
o
o
b

cee———
~ NORMAL 1-CYCLES

EXECUTION

f"n‘anm‘ : '
H :

RTN

{To I1-Cycles)

EXECUTION

I-CYGLES WITH READ AND ALIGN

- 1
: | EXECUTION OF
RTN I : . JCYCLES 'y .- ! suJECT
(TokCyeles) 1.~ ' » } INSTRUCTION
! |
| |
| NOTE: BRRD
: i 45‘: Latch is set
| 1
I 1
| : 1
\Sre———— ER——
1 1 o
1 |
| L] !
1 l .
] |
] 1
— !
] i
| I
| ——— |
i l
] 1
i 1 07 v = ) oV :—-q
|
| |
_——— — ﬁ
. 1 1
1 - 1

» I-CYCLES FOR EXECUTE INSTRUCTION
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I-Cycle Operational Description

Software instruction decoding on the 3145 is accomplished by a

unique interaction of microprogram and hardware. . ’
The microprogram used for instsuction decoding is the GAAI

routine, which resides in the DF module of control storage.

1-Phase )
During I-phase, the instruction is read out of storage and placed

in |-buffers. Certain determinations may then be made concerning
format, Op-code, and instruction length code. The purpose of the
I-phase is to ensure that the correct data is available for use during
the E (execute) phase. Upon exit from the I-phase, the Op-code is

used to point to the next controf-word address of the microroutine - -

. for that format. (for a 1A add instruction, address C1AQ is used as
the entry to the GARR routine).

E-Phase

in the E (execute) phase, data is read, stored, and the correct
condition code (CC) is set. The operations indicated in |-phase
are performed by using the operands fetched during I-phase. The
address sent to the M-reg is that of the entry to-the execution
routine. ’

10 RTN LNK

—1
1 RTN LNK il

M-REG BYTE 2,3

INSTRUCTION STREAM

> |

"} The GAAI routine
combines micro code

4 with hardware to arrive
# at the starting address 4
4 of the execution routine. r

1-PHASE

E-PHASE

X = Op code high-order four bm

. FCYCLES | CPUGB




Fetch Operations

Main Storage emi -
Address 1000 ’ 1004
—Uignore) D2 OF 1D 01,

v
-Fetch'

FETCH
® 1-Bfrsare mmahted

® May have occurred by a program branch to the .
instruction at address 1004.

Note: See Fetch Sequence and Loadung I‘Buffers for’
addmonal information. s

02 GF 1D O‘h ZD 02 47 4105 01 1A SA
b

Further fetch uqmred because the eumm

instruction is not (uﬂy contamed In the
1-Bfrs. :

L A
Bel in the 1-Bfrs.

FURTHER FETCH

® Required when the current instruction is not fully contained

® Recognized by:
1. The decoding of the current Op-code, whlch determmes
the length of the current instruction,
2. The l-register points to an address within the doubleword
that the first byte of the present instruction is located.

® Accomplished by: {storage word at DF14)

1. Setting the Op load latch during DF04 and forcing D FO0

to branch to DF 14 with the gating line Set Control Address.
2. DF 14, a storage word, forces the TR-Reg to the B-Reg,

thus fetching the néxt doubleword from storage by using

S/R I-buffers 1 and 2 with the even word late in the storage-2.
" cycle of DF14, During DF10 (early in the cycle), I-buffer

2 is S/R with the odd word,

Note: See “Fetch Sequence and Loading |-Buffers” for additional

. mformatoon.

1A sAle? 36 A0 20.47 Fo A2 50! °
Seif i taty

TEETCHING

® Required when the next instruction is not fully contained in
the 1-Bfrs. :

® Recognized by a combination of decoding:
1. The I-Reg points to where the instructions come from
within the doubleword.
2. The Op code indicates the length of the present instruction.
3. Instruction look-ahead knows the format of the next
instruction and, therefore, knows the length of the next
instruction.

@ Prefetch is blocked under the fol|owmg condltlons
1. All branch-type instructions. :
.2, Two SS instructions in succession (TR is pomtmg to the
doubleword just fetched).

; Prefetch )
; ,FETCH SEQUENCE FURTHER FETCH SEQUENCE
' {BRANCH LOAD SEQUENCE) - (OP LOAD SEQUENCE)
* - CONTROL WORD l . BTN I ROW v.V+a | Y=Y, sF ‘ Y v, SF | CONTROL woaol (Previous) I RDWY, v l Y=Y, s l
_TIMEREFERENCE | E ‘ sTer l §TG2 | l I TIME REFERENCE | | sTG l $TG-2 | I
" mREG ' oFOC ! * INST ADDR ‘ DFO4 ‘ DFOO ‘ DFXX l MREG ' OFta | NexDBLEW | DF10 I DFXX l
CONTROL AEG ‘ DFoc | DF04 l DF0O ‘ DFXX | CONTROL REG l DF14 I OF10 l OFXX l
i : Forcel © .. .
e l {Ex L not ON) ‘ - o ' Block LS Dest l CONTROLS I Force TR l l Block LS Dest l
’ o Load Op, imm.Byte Regs - R {
I ‘ 1
7_—1‘""‘ — 1 it bt diol T FUNCTION w‘
|
' Determine Next Address DFXX rL . J' Dé Next Address DFXX
SR - o SR SR
B2 1-B1r 2 l I
) : 181r 1
8ir 1
8tr o
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LCYCLES CPUTO

AR SEQUENCES ! . I
- ! o
| evious) Y =LL OF (Previous) Y=iL, OF !

1. CONTROL WORD 1 : % |
! : . : §TG1 &

2. TIME REFERENCE : Je————————— | mﬂm : :
" o
DF20 ! i
2 e : L - Execution | . OF34 . DF30 , (TR) o i
| Routine . * | v Routine |
DF20 ] ) DF34 \ DF30 - : |
.+CY CTRL REG [ | I - .
: L e | SO
. contROLS . Move I-8frs 0, t i Force TR Blocks LS Dest . |
e ’ c (éféerand | " : v REd . Move | Bfrs 0, 1 Load | Bfrs 2, 1:
i | " 2t ;. _Prefetch for next Instruction : |
| l . . [
[ I !
| I !
A : ; !
| !
| ¥ NOT FLOATING POINT I | {_ NOT FLOATING POINT LONG s
i . s | { ) ; . |
: : NOT PREFETCH : PREFETCH |
Sy I

3 PREFETCH

CONTROL WORD: Gl EtPreviows) L YALLDES @=Ll DF (Previous) ROWLLADLV " ' “yeflUoF . 0=LLDF
R D e : : "h. — _ . " i
2. ‘TIME REFERENCE ; n n . : L . STG-1 ) STG-2 4 , '+
" 1 =~ T T nl H p— "
3 MREG : L OF24 . DF28 __ trecution I L OFC ,  (TRL . OFC
i ¥ T ' Routine : L i S .
4 1CYCTAL REG : L ) OF28 . o . DF 3¢ L pEQC
| N M g M l L L3 N T
1 Mov: 1-Brs 0, 1 : ; e i e S 0~
5. CONTROLS M |I y ) o€ s orce L Oda
: Force L Odd : . ﬁ
. Move §-Bfrs 0, 1 Load I-Bfrs 2, 1 .
6. FUNCTION : : - R to Y-Reg | Racito O-Reg : : L Prefetch for next Instruction | Ry ToY-Reg Ryt 110QReg 5
' T i : n "
H e
i e
1 e
1 o, '
Py ) I R
. S : ;
| FLOATING POINT LONG | e
f Sy FLOATING POINT LONG
| NOT PREFETCH 1 i ;
3 X

we i



'AX SEQUENCES

1. .CONTROL WORD

2. TIME REFERENCE

3. WMREG

6" FUNCTION

| |
| |
; \ 1
(Previous) V=LL+V V=LL+V. | (Previous} ROWLLADJ,V+4 V=LL+V |
' - g g | F v L |
] |
, . . : - , STG 1 . STG-2 N ]
¥ ] ’ 1
. \ Executi .
. Execution Routine : xecution Routine
DF A0 . DF5C (TR} DF40
[ DFAC : (o1 Read and : ) ! ' ! y (or Read and
R Align Routine) 1 E Align Routine) .
. DFAC . DF40 | i | . DESC_ . DF40 R [
b | 1 ’ " ] !
1 1
A ' Force TR Block LS Dest |
. Immammmmn] Force disp. (U-Bus) to PBA 1 e ] — |
{emesm—— 525 10 L-Reg : 1 pmsmm—— Fo:ce Disp. (U-Bus) to PBA |
: I -, Base to L-Reg . X |
I - ——— i [ A |
o | |mvm—n——] Foicc B = A+ B ALU operation |
Move 1-Bfrs 0, 1 . : Move I-Bfrs 0,1 - Load I-Bfrs 2,1 i
i ) Prefetch for next Instruction - ' |
Caiculate Operand Address N t Calculate Operand Address :
’ | ) emnmsaem— |nm———
. 1 : |
DOUBLE INDEX | DOUBLE INDEX |
NO PREFETCH : WITH PREFETCH :
RX, RS, S| SEQUENCES o
|
{Previous) V=tL+V {Previous} RDWLL ADJ, V+4 |
1. CONTROL WORD b ' } ] i
: 1
. STG-1 STG-2
e ) n . 1 —
2. TIME REFERENCE , B ¥ -y ¥ , | {
DF48 Execution Routine . DF58 X (TR) Execution Routine :
3. MREG [e———— | Read 2 Align Routine) - ' { (or Read and
Align Routine) |
: DF48 . DFs8 |
4. 1CYCTRL REG I ] ]
|
RS I : Force TR Block LS Dest |
/8. CONTROLS P Force Disp. (U-Bus) to PBA RIS A i
. oy Jmememm——] B2:2 10 L-Reg (or X if RX instruction s} Force Disp. (U-Bus) to PBA }

and X # 0, base = 0)

Move I-Bfrs
Jem—— Block ALU A entry
if Base is used and =0
[rem—— Csiclste Opersnd

Address

FUNCTION

NO DOUBLE INDEX
NO PREFETCH

- s o e ot i o . i o o o s S o o i s o o it . o
- i s e o o e . i i i P i s T At e e e o e e

|omm——— 52se 10 L-Reg (or X if RX instr. and X # 08 =0

|—— Force B = A + B ALU Oper [}
M Block ALU A entry if
Base is used and = 0
Move I-Bfrs 0, 1 Load I-Bfrs 2, 1

Calculate Operand Address

l Prefetch Next Instruction ‘

NO DOUBLE INDEX
| WITH PREFETCH
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§5 SEQUENCES

1. CONTROL WORD
2. TIME REFERENCE
i MREG
‘4. KCY CTRLREG

CONTROLS

&~ FUNCTION

{Previous) W=LL+W V=LL+V
— i’ ——
DF6C DF60
I 1 o o
o T ' &
DFeC DF60

Force Displ 1 and 2
M , BI ] {U-Bus) to L-Reg
Base 1 and Base 2
M 6, M:o LR o
Block ALU Aentry o
if Base =0

Move §-Birs 0, 1

Calculate Operand

Address 1 Calculate Operand

Address 2

- NO PREFETCH

(Provious) ~  w=LL+W RDW LL ADJ, V +4

. ) ) STG-1 | $TG-2 .

DF7C N OF70 . {TR}

Routine

DF7C DF70

ﬁ-—-‘ 0-—-1 Force Displ 1 and 2 (U-Bus) to PBA
M M Base 1 and Base 2 o L-Reg

Block ALU A Entry if Base = 0

Force B = A + B ALU Operation
Loads 1-Bfrs 0, 1, 2

B,

Move | Bfrs 0, 1
|

. Prefetch next Instruction 1
Calculate Operand

Address 1

} Calculate Ogerand|

Address 2
WITH PREFETCH

. Force TR e " Block LS Dest

I-CVCLES
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I-Cycles Alignment a' e v

1-Cycle Entry with No Prefetch

{Previous word Was niot a storage word.)
The align routine is entered at address DFBO, which is a delay

" word. The delay word allows the destine of the V-Reg.

DF48

N24V=LL+Y -
V={X3 or Bol+Dy

DF&8

Prefetch

VaiX, or B,) +D,

ADWLLADJ, V+4

OFB0 -

Align
Routine

GARR

DFE0

‘._nna_‘_osao—'—

C140-C1F0

il

Perform a hardware

fied Op-code
{Branch out of the
align routine)

branch on the modi- -

@ilie Entry with Prefetch

{Last word was a storage word, requiring a storage-1 and

storage-2 cycle.)

The align routine is entered at address DFB4, 'thereby eliminating
the delay word. The delay word is not.necessary in this instance
because the storage-2 cycle allows sufficient time for the V-Reg

to be destined.

DF48 GARR P;ﬂom & hardware
64-5F 3| Atign g branch on the modi-
1 24V=LL+V e w j—{ fied Op-code
V=13 or Bo)+Dg %5 | Routine a C140C1FO ::3‘,;;' ,.:u.::e )oi the
—
DFS8
Prefetch
RDOW LLADJ,V +4
V=(X or B,) + D,
} OF68 }
l»—sm-:—i—-sm.z —-{
‘2t Destine V
(Xg or B5}Op

RDW Y ADJ, V4, T8
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1-Cycle Alignment
The align routine enables data in main storage not on a word
boundary to be aligned to appear on a word boundary.

c the following

GR 1= 0000 10 00
GR 2= 00002000

o:m—j T

GR-4{To L-Reg)

. Effective Operand 2 Address = 3002
Operand 1
. isinGR4

" The data at main-storage address 3002 is to be added to
. the contents of GR-4 and the resuit placed in GR-4.

" In order to get the data at address 3D02, the problem arises
< that the desired data is not on a word boundary.

MS ADDR
3000
! 12345867
SRS Desired Dats
Oata Read

. | ) I—T f Out of Storsge

Word © . Word
€ 3000 @ 3004

| loveLes  CPUTA

During the storage access, the bytes 0, 1, 2, and 3 are
placed in the Y-Reg, Through the use of the TA-TB control-
word function, bytes 2 and 3 are moved to bytes 0-and 1.

EN I ENE R —
E Y-Reg contents; with operations ™ =
RDW and MOVE lindirect) . .

.uun l Q-Reg @lmtn; with operation RDOW

The information is then placed in the Y-Reg (via an indirect
move operation) in the form; - o

Tl -
—=

(From Q)




§-Cycle Exit from the Aﬁonaouﬁm ’ : During the align routine, the °"a data is placed in a

In some instances, an RX instruction can pléce the operand 2 5 local-storage register. Upon exiting the align routine, the RR

data into a local-storage register. Once in the register, the execution routine may be used.
operand 2 information may use the RR format-execution

routine, Consider the following p
A Ry, 050Xy By) iRx]
[o [n [ wlwul =]
/] 78 112 15 16 19 20 31
=V
Register - Address
Operand Oparand
] ' 2 .
GARR Perform a hardware
No DF48 64-5F - branch on the modi-
Prefetch T26V-LL+V S| Align I fied Op-code
T Veixy or B0, & | Routine | W& C140C1FO {Branch out of the
=Xz or B2i+D2 =] align routine)
Yes . S ——

An RX ‘5A" add instruction has two operands, consisting of
a‘ and X5 + By +D2. if the operand two fields are combined,
the instruction would then appear as a “1A” RR instruction. Prefstch
The operand 2 data for both formats is placed into the Y- RODW LL ADJ, V4

- register before entering the execution phase: V={X, or 8,)D,

DFS58

AR Ry, Ry {RR]

Lo o T om ]

° 78 112 15
[ T Sy S—_

Register Register
Operand Operand
1 2
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I-CYCLES CPU 76

1-Cycles Program Modification
Program modification is d d by a store operation that uses V
orWasa ge address within the pr , O next storage double-
word address, as compared to the 1- or TR-Reg. Only bits 8-28 are
compared.
When program modification is detected, the branch read latch is
"set, and the modified instruction is loaded into the 1-Bfrs,
In this ple, the Move | diate Op-code causes the modi-
fication of a portion of storage that is already toaded in the
1-Bfrs. To continue operating on the old information in the
1-Bfrs would cause the wrong result. To replace the old informa-
tion, the branch read latch is set, and the modified information
is loaded into the 1-Bfrs early in the next I-phase.

| t=404 | l V =405 l

t=v
Set Branch Read Latch
)-BFR2
- ADDR.  INSTR. LABEL
, 400 92FF0405 MVI FE, INOUT +1
404 D200F124F700  INOUT  MVC OUTPUT (00), INPUT
1-BFRO



Sle

Control Word DFbC
ADDRESS WORD . STATEMENT
OFOC 40631800  RDOWYADJ,V.+4
C-Reg

c1

‘—- Storage Word
I—- Read Word

I— Branch High (0) (To bit 4 of M-3) -

— Data Register (Y-Reg}

'—‘ Increment +

l—- Stat Set

|~ Address Source (V-Reg)

- Mode {Addr Adj)

l-— Special Stat Set

NN BN ONOONSWUN=ORNNRELON=OINONHRWN-O

L~ Branch Low (0)

000000 OD00 =+« ~-0~~0jloR0O0O00 -0

A~ eas san

This statement would normally cause the word in main storage at
the address specified by the V-Reg to be read out and placed in

the Y-Reg.

" This is not the case when in the DF module of control smugo
The address DFOC activates certain lines that cause the handling

of data to be significantly different. The lines activated by

address DFOC are Command Branch Load and Force |-Reg.
These lines cause the following action to take place;

1. The data from storage is placed in the |-Bfrs and the

Y-Reg equals 1-Bfr 0.

equals the I:Reg + 4.

" 2. The I-Reg data is transferred to the B-Reg, and the V Reg

Mode Reg bit 1 Bfr KC 163 ™1

A
(Not) 1/0 Operation RH 023—-——U

M Byte 2 RM 031, 32

These lines are the decode of M-Reg byte 3 bits. The Ctrl Reg
is the I-Cycle Control Reg. In effect, the decode is OC.

Generate
Controls
A —@§ PH
] OR
A
RUO031

(Not) Execute Instr Latch RU 044

p— CTRL Reg bit 1 and 2 are 0 RU 032

—T- CTRL Reg bit4 RU O

RTN to I-cy (activated by 10 RTN or

‘N and no interrupt)

]

DF
2]
Cc
{Not} CPU Low Request MS 014~—{ D
i ) {Not) M Reg byte 3 bit 0 RM 074
| Next Address o e e e e e e e o e - e - ——
Present Address : i
M Byte 2 ; ey
~ i | DF
042 S
14 ¢ Next Address
240 R
34?2 Ve A N\
4 -
5] s
o] i,
] ey M Byte 2 M Byte 3"
Not CPU Low Request Control LD ) 0 1 4 l
S " '
M Byte 3 Register L t
ADDR
“ASM ;
i ]
:3 g::’f: Gate I-cy to M-Reg (active when in DF)

e e — — T — — — —o—— — —— —o— o—

OR

1-CYCLES CPU 78

Force | Reg

8

L cure



SDBO-Asm ™

T

1
1.

I

FORCE 1

Gates data through PAA

e
u o M-Aeg

B0, 1,23

——y—— i ; TBFR 2
I

<=

BFR 1
i e Tt 12 |

= ir— e e
U Exv%s 53 ; PR T
2 | :

ALU2 v ALU3

, [ ] 3 o | 1 | 2
. i A 1 1
===l Irstr. ' {1 T]]
———2 Length Code L A i;
From i~Cycle Ctris - s ud l
i Base
¢
U-Bus Z—-icpu 78
i oo o o Displ.
] i
IL 1T b -~ [ __.‘ —
o PAA Ribdbdl PBA 2> x>~ .
- l ” i COMMAND BRANCH LOAD |
Address ..J ‘ ][ * Gates data through | BFRs 2 and 1 int
Aaserntiler % —1 . T e T
B-Asm
| [
3§ .o |
~ ADDRESS COMPARE 3 Y e
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LCYCLES

&andiLoopEu;nph

[ cams ] { oroc | | oros | lorso | | | oree ] | cono | | e |
RATN LNK ?DW :’ M::. v+a : D-‘-vopR DL:_F"VOPM oveLLsv 1=V, 07 RTN LNK
orce |—a Load e Calculate Address Successful Branch | -Check for pending -
STGA Cycle - STG-2Cycle Imm Byte SPTL fmm Byteand PSL. | 5000 |.Reg On Condition - interrupt. ; © DFOC
. o ; ) : : Complete I-bfr load | Branch on Fm@t from TR-Reg Instr. v Automatio naet
1 +0-Time Iea——— — E—— — — — | pem——— Address = DF04
2 .-GateRtn to icycle “ . ——— : ‘
3. +Force I-Reg to0 B-Reg ]
: 4 . +Gate I-CY to M-Reg T — A . DFO4 ;
5. -Select EVEN dats pmmmesmsmses ; n—— ~ -
8. +SIRLBIQ R ' [rm— e L Automatic next 2
“27 + SR 1Bt 1 L Gk . e w— -— T
T8 +S/MR1-BIr2 o ;’ - S — T DFOD -
“ 97 +5/ROP+ImmByte — p— . —— e—— < — T T A
10 ©'+S/R inst. Length Cnt _— | — ; — —— — ) . Branch on Format
11 . -Gate DyorBy ’ : ; ! : Lo ———— “ no Prefetch - DF48
12 . - Force Disp! s ERE ; a— £
13 -Base = Zaro ' i DF48
14 ~Gate Base to LL [ -
. A No Special RX.
15 . - Set SPL from ICY Instr. Branch on
18 . - Op Branch Cmd —— sy : . Op-Code XCCO ¢
17 . -Move 1-Bfr Cmd ——— Early recognition of I it T 1
18 -S/RIRey - Reg Distination = Set : S ‘
19 +S/R |- or V-Reg  mumeemenmmmey o Branch RD Lth €470
20  -Update |-Reg - 1 — : Successful Branch
21 . -Branch Read Lt. IRERNENI (—— {Not Successful
22 +S/R I-Back-Up — = ] =C474)
23 +#1-Cycle Latch — . EAD . T
24 -Set Ctr. Address | ] : : e ) - o e
L ; : R e caas
h - cod Branch Read .
Save | == IBU  Uitch on
i : \ S DEQC”
o | ol b [
1 1 | | S
P \ 1 S A i
| i | | i I
| ! | 1
. I ] | \ 1 |
Register Contents | ] | | | [
. BEIr2 47 1 FO, 151 00| 6A 24, 2D ) 02| 6A, 24 1 20,02 | 6A 24 20,02 [ 6A T 1.02]8A T 102]"
LB - . 471 FQ 1 15 00 SA 1241201 02} 5A1 24 12D 1 02 | A, 2 0102 { .~ Same 'y § . . .Same. -1 ‘ SRR :
VLB . . 473 FO) 156 00 47|F0|15|m_ 5A, 244 20702 | 6A ¢ '} f|02 SA § 1 102 " ‘Main Storage w807
' E . |6p~Reg ‘tmm Bv{e 10p . imm Byte lOp Imm Byte 1 Op Imm Byte Imm the lO P lmm Byte | ] DBLWD l
* The Register Contents sAl2a] - [az]F0] 47 | Fo 4iTFo h !
shows the value after l ] ] i i : —-'-—
exécution of the microword. ] ! ! [ ! : ET:
{M-Reg, C-Reg contain I [3AT02 60 24 47102 [oo [ Fola7 |02 [0 [F1 47l021wlﬂl47IUm|Fol47lozlo F L TR R S 47 FO 15 00 5A 24 2D 04
next word.) ts P 1T tils p 1T Lts P T L!s P T Lls P T ouLls p.oT bl e
i H | | : ; ) | . . : RN . Gm=oooooooo
.asmsrsn CONTENT IS VALID iF THE OPERATION IS | b : { v | e wl : * Thé base register is assumed 1 be zero
reafomeo ONLYONCE = =" "o : : i o | | | S S " for this example. This causes an
» 5 i ! s | [ | [ A unconditional branch to the first
; o P [ 1 1 | | instruction (47). The ADD instruction
l l 3 | : ! | 1 d {6A) is used onty to provide data Ior
Reg ‘ 500 ! — T+ 500} {from TR) == et 500 {from V) S the registers.”
TR-Reg . 50C 7 50C Tt 80E o= 508 =~ ‘
18U-Reg 500 - - }aal T i : T
V-Reg 500 4 . 504 (1 +4) $ 500
. ' | — 1 R |




A The following mstructlons are contained in ‘main storage

" Partial Instruction’ Strue:les Example

U tamsam 2002:343 * (1€ set 1o address 1000)
: - aL e " ; S
b TARR — 5A AX —
I LPHASE~ |- 1PHASE 4 ALIGN{ - 1-PHASE —
FEPHASE . Fe-prasE 4
FREG b= 1000 ——gmmmemm 1002 t 1008
TR-REG  ~100A -=100C 100E + 1008

.~ {BU-REG F"~—~10N‘_—'—_ ‘002——_—.——'__—'0“——__.‘

‘Add.(1A) Instriction -

The 1A instruction starts at address 1000 in main storage. To
" start processing at that address, assume that the set IC key is
pressed. During the set 1C microroutine, the I-Reg is destined.
(This sets the instruction counter to address 1000.) The 1BU-
Reg address 1000 and the TR-Reg contains address 100A,
an address within the next doubleword. Destining the I-Reg -
as a resuit of the set IC microroutine causes the branch read -
fatch (RU 043) to set. Upon completion of the set IC routine,
i the start key must be preseed. This initiates the start micro-
 routine. At the end of the start microroutine is a 10 RTN LNK
microword. The combination of the 0 RTN LNK and the M- .
Reg not being at address DF XX along with branch read fatch - ..
(previousty set on) forces the M-Reg to address DFOC. The -
M-Reg addresses control storage and reads out the control
word at address DFoC.

: CONTRO A DFOC (RDW”’Y' ADJ, V +4). :
1. M-regis at DFOC.
2. Thisis a RDW, force | to B and read the doubleword at MS

1000 and put it on SDBO.

a. ‘This doubleword (1A32 5A41 2D02 1846) is in the
SDBO Pre-Asm early in storage-2 cycle (storage-1 cycle L
was addressing MS).

b.: Late in Stg-2 cycle, the even word from the SDBO Pre-
Asm is gated to the SDBO:Asm through EB! to the .
I-Bfrs. I-Bfrs 0, 1, and 2 are “set/reset” (S/R). At the
end of storage-2 cycle, all three buffers contain the
same information (the even word), .

< During the control word DFOC, the M-reg was at - -

. address DFOC. Through hardware, the M-Reg is foreed to

DF04 by using the gating line 'Generate Address’ (I?U 031
The M-Reg reads out the mmrol word from eontrol
stounc addrcs DFOQ.

N ,

CONTROL WORD AT DF04 ~ (viﬂn

‘1‘ Early in the cycle, the odd word of the doubleword read out

during DFOC is gated from the Pre-Asm to the SDBO Asm

through EBI to the |-Bfrs. This time cnly 1-Bfrs 1 and 2 are
'S/R'. 1-Buffers 1 and 2 contain the same information. The
odd word I-Bfr 0 contains the even word,

1-BUFFERS

2 12D02 1B46
12002 1B46
0 | 1A32 5A4t

2. The Op-code (RU 118) and the Immi byte (RU 128) are set

into the Op-Reg and Imm byte Reg, respectively. (I-Reg
indicates which byte to gate to the Op-Reg.)
3, The I-CY controls decode the Op-code and set the tLC in UO
Bits 0 and 1, The ILC is also made available to the add-carry.
"(The ILC is available to the add -carry at the t|me the {-| Heg is
updated.) o
The Op-Reg decode and the l Reg are used to determme
whether the present instruction is fully contained in the buffers.
The Op-code indicates the length of the current instruction,
and the I-Reg indicates what part of the doubleword the
current instruction came from. Therefore, through this com-
bination of decoding the need for further fetching can be
determined, (Further fetch is defined as the condition when
the present instruction is not fully contained in the I-buffers.)
In this case, no further fetching is required. The present
instruction is fully contained in the 1-Bfrs. The Op-load latch
(RU 043) is not turned on.
The present instruction is 'fully contained in the |-Bfrs, The
I-Bfrs must be decoded to see whether the next instruction is
fully contained in the I-Bfrs. Instruction Look-Ahead is used
to decode the format of the Op-code that is following the
current instruction. The decoding of this format indicates the
length of the instruction that follow the current instruction.
The I-Reg keeps track of the address that the data came from
within the doubleword. Through this combination of decoding
. whether the next instruction is fully contained in the I-Bfrs
can be determined. If not, a prefetch is performed. (A
prefetch is defined as the condition when tae next mstructlon
is not fully contained in the I-Bfrs.JThe next doubleword is
_loaded using the TR-register contents as an address. If the
I-Bfrs do not have enough room for the next doubleword, the

o

"+ prefetch is blocked. Prefetch is also blocked on all branch -

- type O-codes. (in this case, a prefetch is not required.)

The §- and L-Regs are set from the Op-Reg and Imm Byte
Reg. This occurs during I-CY and when a cycle is taken. LL =
operand 2. LH = Operand 1.

6. During the control word DF04, the M-Reg was at address
DFO04. The M-Reg is forced via hardware to address DF00,
by gating line ‘Generate Address’ (RU 031),

M-Reg at DF0O, the M-Reg reads out the control word from

control storage address DF00.

CONTROL WORD AT DFO0O (Y =Y, 50}

1. This is a delay word that aliows the hardware to develop the
next address.

2. The gating line ‘Set Control Address’ {RU 032) is needed
because a new sequence of control words is being started.
Note that DF20 does not always follow DF00. In this case,
the Op-code has been decoded to 1A and causes a branch
to DF20.

3. During the contro! word DF00, the M-reg was forced to DF20.

. Once the instruction is contained within the I-buffers, the next '

address is formed as follows:

] M
BYTE 2 BYTE3
01234567
R EREERR T X
. DF: 4l oo
5 :l‘l‘ Set to 1 if more
N 171 [than one microword
' : H ! i the slected |-
. 1y cycle routine.
'L":,:;',f""" Vi 1% Y set100if oniy one
01=RR 1 : ' microword is
10=RXRSSIY kk)i = |reuired.
11=s§ ' )
00=fetching it Set to 1 if one of the. .
1 ! following conditions
. B [ exists: !
:Set 10 1 if & prefetch is to H RA with prefetch
be performed. Xy RR FLP long
Set to 0 if no prsfotch is RX with double -
required. indexing

SS instruction.
Otherwise, set to 0

M-Reg at DF20, the M-Reg reads out the control word from
control-storage address DF 20.

CONTROL WORD AT DF20 {Y = LL, DF) (the last cycle in

1-Phase)

. The word ¥ = LL, DF. (LL points to operand 2.)

. The contents of GR2 are placed in the Y-Reg.

. At the end of this cyle, the value to be destined to the Y-Reg

is in the Z-Reg.

4. U2 and U3 are set from the Op-Reg and Imm-Byte-Reg,
respectively, so that the information is available to the
microprogram during E-phase, -

6. Update I-Reg (1 = 1002) (Note: TR is updated after the
S/R to the {-Reg.}

6. At the conclusion of I-phase, the Op-code has been decoded
(in this case 1A) and the next address is know (CIAO)

7. The M-Reg is forced to C1A0.

With M-Reg at C1AO0, the M-Reg reads out the oontrol word

WN -

. from control-storage address C1A0.
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EXECUTE PHASE (I-CYCLES)

The control word at address C1AQ is read out (the first cycle of
* E-phase of the 1A instruction).

CONTROL WORD AT C1A0- (LHC=LH +Y)
- A. The following hardware functions are completed for 1-cycles.

1. S/R the Op-Reg and the Imm Byte Reg from the next -
Op-code and Imm Byte. The |-Reg was updated just before
leaving {-phase; therefore the 1-Reg is pointing to the next -
instruction.

2. 'tn E-Phase, the Op-Reg and Imm byte Reg cannot be set
into the S- and L-Regs. The system must be in |-cycles to
gate the Op-Reg and Imm byte Reg to the S- and L-Regs.

3, The TR-Reg is updated to point to the next.double-.

. word.
B. The control word read from address C1A0 performs the
following.

1. LH is pointing to GR3.

*"2.Y has not been destined (Z=Y).
- 3. At source-time, the Z-Reg is gated back to the B-Reg
"/ controlled by Destination Look-Ahead; and the contents
of GR3 are gated to the A-Reg. At the end of this cycle,
the sum of GR3 and 2 is in the Z-Reg and is destined to
GR3 in the next cycle.
. 4. The 1A add instruction is now complete (during E-phase
of the add instruction):
".a.. The S-Reg is changed by Stat sets.
: b The U2- and U3-Regs still contain the Op-code and lmm
byte of the éurrent instruction.

+ ¢, The L-Reg still contains the address of operations 1 and 2.

d. The microcode sets the condition code, test overfiow,
etc.
e. While in E-phase of the 1A instruction, the I-CY controls

are decoding the next Op-cade to determine the controls

required for the next I-phase operation and the first
address that will be used upon returning to {-CY..:

1CYCLES
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Example 2B Add (SAEuctron (Double lndexmg wrth Allgnment)

1A325A4!2 o21846 )
# Nt it

Operand 1 = GR4 .
Operand 2 = main storage addr 3D02

S0 78 1112

Add
AR Ry Ry - IRR} . 2L
T m L azaT]*" =

A Ry DyiXy By o IRXI

Lsa [ mrx Jeo T 5 ]
) 78 1112 1516 1920 3

The second operand is added to the first operand and the sum'is

placed in the first operand lccatlon

:R)(’With“ ble Indexing and Alig
@ The definition of double indexing is: Neither base'nor index

. fietds are using GRO {zero). Another control word is needed
to calculate the operand vl

Ahgnment loperand 2is pointingto a storage address the
data at that address is to be added to the contents of the GR
that operand 1 is pointing to).

Fetch. data from storage {using operand 2).
Ahgn data in the GR.
Both operands are now in local storage

The same routine may be used as in the AR Add 1o add the"
" 'two operands because both operands are in localﬂorage .
registers.

B

fe——1-Phase for BA - $

E-Phase for A

Align }

A o B a
|=——D0fac } DF40 ——} DFBO f—— DF B4 o DFEQ ~——f—— C1A0 —|
= : B ! |

: : V=8y+Displ - : V=V+ Index : DELAY . - : : LHC=LH+Y
T o
L ve2p2 1 ve3p02 | DestineV-Reg | r T~
: . B 1 'Z Reg=V { B R A l : " Pointingto  Contains the data from main storage to
- p A \ Operand 1 which operand 2 was p g
RDWY ADJ V+4, TB
At the end of the align routine, the
*B2gatedto LL . . data to which operand 2 was pointing
' is fully aligned in the Y-Reg.

“onaRTN LNK: -

The V-Reg, which contains the
main-storage address, must be
taken through the address Asm
because Destination Look-Ahead

can not be used at this time.
The DFBO delay word allows
time for this.

- I Developing address DF4C after E-Phase of the 14 Op-code.

During E-phase of the 1A op code, the op-reg contains the next
Op-code 5A. During this time, |-CY controls are setting up for the
next address in the SF module by decoding the next op code 5A.
The next address 4C is developed by the fines ILC, RX, RS, SI,

.88, and IF MORE THAN ONE M-WORD. (The line 'if more than

one M-word’ is developed from the decode of double index.)

After the execution phase of the Add (1A} operation is complete,
the RTN LNK microword develops the gate line ‘set control
address’ (not DF). ‘Set control address’ gates the developed

address 4C to the M3 assembler, and gates DF to the M2 assembler.

Rtn to I-CY gates the assemblers to the M-Reg, setting the M-reg
to the next address DF4C.
At the end of DF4C, the V-Reg = Base + Drsplaeement (2D02).

; B e transition from address DF4C t6 DF40 is accomplished by

using the decode of the I- CY Ctri Req 4C and gatmg fine ‘Generate

.. Address’.’
At the end of DF40 the V-Reg contains X +B +D (3002). E

. Address DF40 to address DFBO (going to the Alignment Routine):

. 'RX withalignment’ develops the gating line "Op-Branch to

DF'. )

2. 'Op Branch to DF’ gates 'Align Entry’ {in this example, the
last control word in I-CY is not a prefetch. Therefore, the ‘Low
Bit Y''is zero and the Op-code 5A develops a B) to the M3
assembler and DF to M2 Assembler.

‘Gate |-CY to M-Reg’ gates the assemblers to the M-Reg. The
M-Reg contains DF B0, which is the first address in the align
routine.

Being in the align routine deactivates the I-CY controls. This is
done by M3 bit 0 being on, which deactivates ‘generate address’
latch and ‘Generate Controls’. With the 1-CY controls deactivated,
the control words in the align routine develop the next address.
{The exception to-this is the first and last addresses of the align
routine, which are developed by 1-CY controls.)

Note the setting of U2-U3, updating 1-Reg, etc., when going
from DF40 to DFB0 (Op-Reg and Imm byte are set in the first -
control word of E-phase of the 5A Op-code.)

The first control word in the align routine is a delay word to
allow the destining of the V-Reg. This is necessary becausg the
next control word ‘DFBA4’ in the alignment routine is RDW Y
ADJ,V +4,TB.

The V-Reg is addressing storage, and ‘ADJ’ (hardware adjust-

ment) specifies that the V-Reg must be taken through the

Addr Asm to address storage. Destination Look-Ahead may not

be used to get data to the Addr Asm. Therefore, DFBO must be

used to allow destining of the V-Reg so that it is avanable to the
address Asm during 'DFB4’.

At the end of the alignment routine, the data to which operand
2 was pointing is fully aligned and is in local storage in the Y-
Reg .

The last address in the align routine is DFEQ. M3 bit 0 being on

and the line 'FO, EO (M3}’ activate the gating line ‘Op Branch’
{on Op-code). Upon exiting the align routine, the Op code 5A is
still in the op-code register. The gating lines 'Op Branch’ {on Op- °
code} cause a hardware branch. LH is pointing to operand 1
(GR4), and the data to which operand 2 was pointing is aligned
and in the Y-Reg. Branching to the RR add routine and adding
the two locations in loca! storage is now possible. The first con-
trot word found in the RR add (at address C1A0} is LHC =

LH + Y. Hardware takes the present op-code 5A and ‘minus 4’
from the left hex digit of the present op-code. Therefore, the
present op-code (5A) is changed to op-code of 1A. This is how
the I-CY controls set up the next address when leaving the
alignment routine of some RX instructions and op-branch {on"
op-code) to the execute routine for a RR instruction,
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MVC (D2) instruction Example

MAIN-STORAGE

ADDRESS

1004 .

"~ D20oF 1001520 0247F10501 1A 5A

Further fetch required because the
current instruction is not fully contained
in the I-Bfrs.

1-Phase for MVC (D2} Requiring Further Fetch
® Set 1/C to 1004, ) ,
® DFOC: (M-3bit 5 is on, forcing the odd/odd time slot) tqte in

storage cycle 2, I-Bfrs 0, 1, and 2 are S/R with the odd word.

L ] Dﬁ04:,early in the cycle, |-Bfrs 1 and 2 are again S/R.with the

odd word. The Op-Reg, Imm byte, ILC and S and L are set. if

the current instruction is not fully contained in the
bfrs the ‘Op latch’ turns on.

@ DFO0O0: delay ‘set control address’.

@ DF14: ‘Op load’ latch on and ‘set control address’ caused

.~ generation of DF 14, RDW: force TR to B-Reg (fetch next
doubieword). Storage-2 cycle S/R Bfrs 1 and 2 comes from
even word. Next, the ‘generate address’ gating line is needed.

® DF10: {delay} S/R Bir 2 from odd word. Format the branch:
A new sequence of words is being started in 1-CY. Therefore,
the gating line “set control address’ is needed. The op-cade in
the next address “6C’ is developed by:

= a. ILC, and SS develop the ‘6"
b. More than one control word and the control line ‘not RR
"1 or FLP with prefetch’ develops the “C”. .

® DFG6CW = LL + W (add base 1 + displ 1 to W-Reg) Block ‘W’
as a source and gate Displ. 1 from 8fr 0 to the B-Reg. LL
points to base register. At the end of this cycle, the Z-Reg
contains operand 1. B2 is gated from Bfr 1 to L.L. (B2

*. must be in LL for the next address to calculate operand 2.)
To develop the next address, the gating Ime generate
address is act-vated

DF60V = LL + V, Block V as a source, gate displ. 2 from Bfr
1 to the B-Reg. LL is pointing to Base Reg 2. During this

cycle, the W-Reg was destined. At the end of this cycle, the
2Z-Reg contains operand 2. "Op Branch' ta CD20. Leaving
I-phase to E-phase, sets U2 U3, Update the |-Reg.{Update

I-reg before the bfrs are moved, and set Op-Reg and imm byte.)
Move. Bfrs (this overlaps into first cycle of E-phase). )

CD20: Set Op-Reg and Imm byte with Op-code and imm byte
of the next instruction. (The I-Reg |nd|cates where the Op-code
and lmm byte are in the Bfrs. )

€D20: Set ILC (from next Op-code). Update TR The Sand
L Regs are set from the Op and Imm byte because the
addressing range is out of I-CY {DFXX Module).

During E-phase of the MVC, the microprogrammer has the Op- -

code and Imm byte available in U2 and U3. The length is
decremented in U3, The condition code is set in UO bits 2 and
3. The S-Reg is changed by Stat sets. Move characters. During
E-phase, the I-CY controls are decoding the next Op-code 47
to develop the first address that is to be used when returning
to I-CY after E-phase of the MVC Op-code.

XXXX - RTN LNK 11 - The -CY controls provide an l-cycle
starting address of DF48. If no interrupt is pending, this is
the data value set |nto the M- reg»ster

DF48-V=LL+V- Block V as a source, gate dispt 2 from
Bfr 1to the B-Reg.LL is pointing to base Reg 1. ‘Op Branch’

_ 10 C470. Leaving the I-phase, set U2U3. Update the |- Reg and

move the - buffers

C470: Beginning of E- phase for branch msnuctlon V Reg is

destined with sum Base + Displacement.

Note that a software branch has occurred. Refer to exarhpie 1
for any further explanation. :

" 1CYCLES
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Execute 44 Instruction Example

. . . e INSTRUCTION
The execute instruction causes one instruction in main storage STREAM
to be d out of seqy ithout actually branching to the
object instruction. For example, assume that a move (S!) in- . ' .
struction is located at address 3820, with format as follows: . ADDRESS ADDRESS ADDRESS
5000 » 3820 ’ 5004
Machine Format Assembler Format ORCODE| PRy Xy By D, OP CODE iy 8y Dy OP-CODE
OpCode 12 By Dy OpCode Dy By | 44 1 0 A 000 9 2 66 c 003 * X X
| o2 [ 6 JcJos] #vi 3 X
0 78 1516 1920 31
wi;ere register 12 ;c:ntains V] OOanQdiG. 5000, the followi GR-1 GR-10 GR-12
urther assume that at storage address , the following -
execute instruction is located: [ d l oF I Fo l 2 J ‘ ?‘2*[ ad l ® l 38 l 201 +0; = 3820 - L o l OL[ " [ 16 ] 0y ~ 8919
) Machine Format Assembler Format
OpCode Ry Xz By D2 Op-Code Ry Dy X9 B
[ 4a J1v JoTATooo] EX i.%(O.IO)
0 78 1112 15161920 31
where register 10 contains 00 00 38 20, and register 1 contains : ) ‘ ‘
00 OF FO 99. OR
FUNCTION
When the instruction at 5000 is executed, bits 24-31 of register
1 are ORed inside the CPU with bits 8-15 of the instruction at
3820; ‘ : ‘ ‘ RESULT(FP) 'n; ADDRESS 8919
Bits815: - 01100110 =66
- Bits 24-31: 1001 1001 =99
Result: M1 =FF . )
causing the instruction at 3820 to be executed as if it originally
were: OP-CODE 1y 8y 0y
9 2 FF T C 003
Machine Format Assembler Format
Op-Code iz By Dy OpCode Dy By I2 ’ : EFFECTIVE INSTRUCTION FROM ADDRESS 3820
L 92 | fe | c oo MV 3 (12), XFF’
0 78 1516 1920 3
However, after execution: )

Register 1 is unchanged.
The instruction at 3820 is unchanged.
Storage location 8319 contains FF. .
The CPU next the i ion at address 5004
(PSW bits 40-63 contain 00 50 04)




1. a. Assume that the inst"Sll¥ being processed had prefetched

starage location 5000. 'Th

b. During the E-phase, the I-cycle starting address of DF48
is provided as data input to M-Reg.
2. 10 for Instruction O-Code ‘44’

® Base 1 was gated to LL during the RTN to I-CY,

@ |-Reg = 5000

@ During E-phase of the previous instruction, 1-CY controls
recognized that the current and the next instructions are

fully contained in the I-Bfrs, Therefore, the first address of
1-CY for Op-code 44 is DF48.

® DF48 'set control address” and the lines ILC, RX, RS, 81,
$S, and not RR or FLP with prefetch’ cause address DF48 |
to be gated to the M-Reg.

Nate: Op Branch to DF. The three control words used for
the 'Execute Instr” are referred to as align. That is, they
are in the DF module. When entering these three words,
the I-CY controls are inactive. The 1-Reg is updated to
5004 (next sequential instruction).’

® DFA4: ‘Op Branch to DF gates out align entry A4.

The word at DFA4 moves the GR specified by the R1

field to the W-Reg, and doing so:

a. Sets the execute latch on {}- or V-Reg = V)

b. Loads the immediate byte modifier reg and ORs it with
tmm byte reg because R1 is not GRO. {This is done dur-

. ing I-phase of the instruction.}

® RTN LNK (DF84): The first address in I-CY is DFOC
because the ‘branch read’ Latch was found on during
DF84,
I-Phase for the Subject Instruction

® DFOC: The ‘execute’ latch is on, indicating that the V-Reg
should be used in place of the |-Reg to address storage. The V-
Reg contains the address of the subject instruction that was

calcutated as operand 2 during I-phase of the execute instruction.

© V + 4, used if further fetch is required to load the subject
instruction.

® After E-phase of the subject instruction, returrito DFOC and
reload the Bfrs. i

The I-Reg was not updated during the subject instruction;
therefore, the next sequential instruction is loaded from the
instruction stream {from address 5004).
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A-REGISTER, B-REGISTER, AND ALUs '

Arithmetic and logic operations in the CPU are processed by
two one-byte arithmetic and logic units (ALUs).
ALY operations and program symbols:

Symbol Operation
A, AND
\OR, OR

Exclusive OR R
" True ADD TS S,
Complement ADD ;- R
" Decimal ADD.
_.- Binary ADD.

. Complement AND

The two input operands for the ALUs are emered into
the A-register and the B-register and gated through their -
output assemblers. )

Two ALUs are provided to allow simultaneous operation
in halfword operations and to provide checking during
logic-byte operations.

By using two ALU cycles during a CPU cycle, the ALU
system can binary-add two fullword operands.

Normal operations are for either byte operands or fullword
operands as defined by the control word, L R

Special gating controls are provided in the entry of each
ALU to atlow mampulatmn of byte operands. for logic and
arithmetic operations.

The description of ALU operation in controt words is given

“inthe CPU Hardware (CPU )secnon i :

R
ey

v aaomes




A-REGISTER ANDA-BYTEASSEMBLER L LA

The A-register is the A'source entry for the ALU syste and enten
data into main storage through SDBL. -
tnpot data for the A-register comes. from the Adocal storage,

the external registers, or previous ALU output from the
Z-register. B

An error condition is reported in MCKA byte 2 bit 4.

The A-register is a fullword {four-byte) register that normally
enters the fuliword.

The A-byte assembler provides the means to present the A-_
register bytes to the ALU system and to the SDBL.

The A-byte assembler has a four -byte output to a"ow
assembling a fullword to feed the SDBL .

Only the byte 2 and byte 3 assembiers feed the ALU system
and have gating to enter any of the four A reg»ster bytes into
either output.

Byte 0 assemnbler cannot gate the A-register byte 1, and byte 1
assembler cannot gate the A-register byte 0 into thevr outputs,
because they are not required in defired operations. :

- Parity is checked 6 all four bytes of the A-register duhng |

+ arithmetic fullword cycle, storage-word, and word-move cycles.
7 -On CPU byte cycles, only the byte being specified is checked
at the A-byte assembler.

The high-order three bytes of the A-byte-assemblier do not have

~'a parity check but depend on the receiving area checks,

The byte 3 bler is parity-checked b of its use.in .

" decimal adding, and the error condmon is reponed asan
- ATegister error. B

7 A-Loca! Stor Byte-3 Bit P-7 ememmad

| A-REGISTER

'S-Register Bit P-7 mmmnmmd
Z-Register Byte-0 Bit P.7 sweeni
External Asm Byte-0 Bit P-7 eusuamua

Exp Ext Asm Byte-0 Bit P 7 weemsmed

A-Loca' Stor Byte-0 Bit P-7;——-‘-—

Byte
0

prascmne AQ P-7

P-Register Bit P-7
Z-Register Byte-1 Bit P-7 =

External Asm Byte-1 BitP-7

Exp Ext Asm Byte-1 Bit P-7

i A1 P7

T-Register Bit P-7 seoevmanll

2-Register Byte-2 Bit P-7 sowweneml

External Asm Byte-2 Bit P-7 semumved
Exp Ext Asm Byte 2 Bit P.7 wmemmaed

A-Local Stor Byte-2 Bit P-7 s

Byte

L-Register Bit P-7 e
" ZRegister Byte-3 Bit P-7 msw—rt
Externsl Asm By1e-3 Bit P-7 st

Exp Ext Asm Byte-3 Bit P-7 emmmd

Byte

fomme A3 -7

111162

eaine A2 P.7

A-BYTE ASSEMBLER

PN Jpa—
Byte
0
A-Byte Assembler. Byte 0
A2 P-7 enmmannd
Y p—
Byte
Al P-7 v 1 .
: powwemee A-Byte Assémbler Byte 1
i A3 P-7 swemenne
AQ P-7 e
' Byte
A1P:] e 2 ]
P A-Byte Assembler Byte 2
A2 P.7 cm——
A3 P-7  o—
»
AD P-7 et
Byte
) 3
A1 P-7 commmsmened
psaemenn A-Byte Assembler Byte 3
A2 P-7 ]
A3 P-7 cmmemmd -
. BA021-028
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B-REGISTER AND B-BYTE ASSEMBLER

The B-register serves as the B-source entry for the ALU system
. and the data address entry for the M- and N-registers.
Input data for the B-register. comes from the 8-focal storage,
the A-register, the SPTL external, or a previous ALU output from

= the Z-register. -

An error condition is reported in MCKA byte 2 bit 5.
The B-register is a fullword (four-byte} register that normally
enters a fullword, :
“The B-byte-assembler provides the means to present the
B-register bytes to the ALU system.
" The B-byte-assembler can gate any byte of the B-register into
both byte 2 and byte 3 outputs to feed the respective ALUs.
" Parity is checked in all four bytes of the B-register during

“. arithmetic fullword, storage word, and word-move cycles. On.

CPU byte cycles, only the byte being specified is checked.
The B-byte assembler has a parity check on both outputs, and
. an error condition is reported as a B-register error, )

MEGI&TER

. S-Register Bit P-7
Byt
2 Register Byte-0 Bit P-7 vie .
0 e BO P-7
B-Local Stor Byte-0 Bit P-7
A-Register Byte-0 Bit P-7

P-Register Bit P-7

Z-Register Byte-1 Bit P-7 .
e B1 P-7

8-Local Stor Byte-1 Bit P-7 09 Byte-t Bit 41
I {ALU-2 Shift Asm)

A-Register Byte-1 Bit P-7

T-Register Bit P-7
Byte

Z-Register Byte-2 Bit P-7
2 fsnee B2 P-7

8-Local Stor Byte-2 Bit P-7

A-Register Byte-2 Bit P-7

L-RQgimr Bit P-7
Z-Register Byte-3 Bit P-7

[ 83 P-7
B-Local Stor Byte-3 Bit P-7

A -Register Byte-3 Bit P-7

“RA 113164

B8-BYTE ASSEMLBER

BOP-7 e B-Byte Asm 2 Bit0-3
81p.7 Byte (ALU-2 Shift Asm)
2 e B Byte Assembler Byte-:
B2 P-7 e :
. |___ B-Byte Asm 2 Bit4-7 .
" B3P-7 ] (ALU-3 Shift Asm) .\
-1/ ] b Ro— : B-Byte Asm 3 8it 0-3
81P7 Byte {ALU-3 Shift Asm)

p=——:_B Byte Assembler Byte-3

8-Byte Asm 3 Bit 4.7
. = Shift to T-Reg) - .

A-REGISTER, B-REGISTER, uid Aiu; CPU 0O



ALU A-ENTRY .GAT?

The logic requriements of the system make it necessary tp be ablge,
to block or transpose (cross) a part or all of the A-entry byte
operand. : N

The high (0-3) and low (4-7) portions of the operand are

_separately gated to allow moving a portion straight to the ALU or’

to cross high and low in entry to the ALU. *

When none of the ALU entry gates are activated, the entry is
blocked and the operand is presented to the ALU as zeros.:
- For a normal entry, both straight gates are raised and the full
byte is entered,

For a crossed or transposed entry, both cross gates are raised.

For operations requiring only one portion of the operand, the
appropriate gate is raised to enter the desired portion into the
specified position of the ALU with zeros in the ungated portion,

ALUA-ENTRY GATING
B-Byte-Asm Bit 0-3
A
Gate B-Asm 10 A Sw .
—
A-Byte Asm Bit 0-3
A | O pre=———ALU A-Input Bit 0-3
Straight High (SH) ey
—
. A
Cross High (CH)
Cross Low {CL)
A
Straight Low (SL)
A | O pewmm== ALU A-Input Bit 4-7
A-Byte Asm Bit 4-7
Gate 8-Asm to A Sy ~———
A
B-Byte-Asm Bit 4-7 avevarad
' AL 111121
AL 131-141
Op ) : Entry  Byte Gate
Sym Operation . HHHH LLLL SH | CH| CL | sL
BS Straight T TT T T T E T -HDTHO: :Ltl.- -x. I -x-.
B8so Biock High and Low 0000 0000
BSH Gate High; Block Low . HHHH 0000 x
8st Gate Low, Block High 0000 LLLL x
8SX Cross High and Low . - LLLL HHHH x
BSXH. | Cross: Gate High: Block Low : LLLL 0000
BSXL .1 Cross: Gate Low: Biock High | 0000 HHHH x

- e o . o e m e . = ——— e o o he e -

W B-ENTRY GATING

The logic requirements of the system make it necessary to be
abte to block all or part of the B-entry byte operand and to enter
the shift and K factors.

The high {0-3) and low (4-7) portions of the operand are
separately gated to the ALU entry in order that one or both por-
tions may be blocked and entered as zeros for the operand.

For a normal entry, both gates are raised and the data is trans-
ferred straight to the ALU.

When the normal entry is blocked, the byte developed in
either the shift bler or the K. bler can be gated.

The ALU B-entry has a true/complement gating that reverses
the binary bit levels of the operand byte when the complement
line is raised.

The complement line is under control of the minus operation
sign or the presence of the SO bit when the operation sign is £ in

the control word.
_.-ALUB-ENTRY GATING
Complement
Shift-in Asm Bit 0-3
A
Gate B Shift
K-A Bit 0-3
A}l O
Gate K-Asm to ALU OE  fmems ALU B-Input Bit 0-3
— ——
B-Byte Asm Bit 0-3 a
Gate High (H)
Gate Low (L)
A
B-Byte 2;m Bit4-7
-
Al O
K-A Bit4-7 QOE = ALU B-Input Bit 4-7
. A
Shift-In Asm Bit 4-7 cmmme—
BB 112122
Op ' Entry Byte Gate
Sym Operation HHHH  LLLL Hi L
e | swe T HHEH LLLL] x| x
BSO Block High and Low 0000 0000
BSH Gate High; Block Low . HHHH 0000 x
Bst Gste Low; Block High 0000 LN . x

3145
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SHIFT GATING

Special ALU entry gating is provided to allow the two-cycle right
shift {four bits) operation.

During both cycles, the low-order four bits of byte 2 and the
high-order four bits of byte 3 are assembled as a byte for the B
entry of ALU-3. B

During the first cycle, the high-order four bits of the T-register
are set into buffer latches in the shift bier, and the I\ rd
four bits of byte 3 enter the T-register.

During the first cycle, the low-order four bits (4-7} of byte 1
and the high-order four bits {0-3) of byte 2 are assembled as
a byte for the B-entry of ALU-2.

During the second cycle, the buffered T-register bits and the
high-order four bits {0-3) of byte 2 are assembled as a byte for
the B-entry of ALU-2,

The A-entries for both ALUs are blocked and enter zeros for
both cycles.

SHIFT ASSEMBLER
B-Reg Byte-1 Bit 4.7 oR

ALL2

" High

. . Shift
T-Register Bit 0-3 Asern Shift-in Asm
™ [T Bye2

- ALU2

B-Byte-Asm 2 Bit 0.3 |\

88011

. ALU3

B8yte-Asn 2Bit 47 =] |

B8-Byte-Asm 3 Bit 0-3 wmmeed

ALU3
Low

Shift-in Asm
Byte 3

BB 011

ALU K-ASSEMBLER X .

The K-assembler for the ALV gates fixed constant and con-
stants defined by the control word to the B-entries of the ALUs.

Byte 2 of the control word in the C-register can be gated
directly as a full byte to the ALUs. :

The low-order four bits (4-7) of byte 2 in the C-register can be
gated to the low-order (4-7) of the K-byte with zeros in the high-
order {0-3). :

The low-order four bits (4-7) of byte 2 in the C-register can be -
gated to the high-order (0-3) of the K-byte with zeros in the low-
order (4-7).

The high-order four bits (0-3) of the T-register define the bytes
to be read or-stored are converted to a binary count byte for

" adjusting the address and the count.

The four memory flag bits from the selector-channel buffers

are converted to a binary count byte for adjusting the address and

count during share cycles.
When C-register byte 0 bits 2 and 3 are used to define the size

of the data transfer in a storage word, these bits are converted to

a binary count. °
For a decimal operation requiring binary-to-decimal adjustments,

K60 and K06 are used as inputs an the second pass. The resuiting

output developed is K60, K06, or K66,

A-REGISTER, B-REGISTER, and ALUs

ALU K-ASSEMBLER

Decimal Corr High (K60) emmmmms

C-Reg Byte-2 Bit (-3 s

K-Bfr
High

o K-Assembler. Bit 0-3

T~R‘egift§r Bit 0-3 el g‘,""’;

- Binary C-Reg Byte-2

inar it 4-7
Sel Chan Mem Fiags Decode 8it

: Decimal Corr

Low (K06}
g -0 Bit 9. Binary

CRegBYte0 Bit 23 e O é

K-Bfr
Low

e K -Assembler Bit 4-7

BK 014

BK 015
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ARITHMETIC AND l': UNIT (ALU)

The arlthmeuc and logic unit {ALV) performs the logtc mampulg-
* tion and adding operations in the CPU. . o
Two ALU units are provided to allow halfword bmany ‘and b
*-word-move operations in one pass.
* * Two ALU passes can be made during a CPU cycle to complete
a fullword binary or word-move operation, ’

Each ALU consists of the A- and B-entry gates, the logic and
amhmenc circuits, and output galmg to position the output byte
in the Z-register.

. ALU-3 entry lines are checked for invalid decimal digits to
ensure a correct decimal output with errors reported in S1 bit.

A carry look-ahead cicuit is shared by the ALUs to allow simul-

arithmetic pr ing of two digits or bytes.

During logical operations, both ALUs are fed with the same
data, and a logical check circuit compares the results and reports
errors through MCKA2 bit 2 e

The ALU logic circuits develop fcur outputs ior any’ mpm ¢
presentation, and gates defined by the contral-word owemwn
select the appropnate output to set the Z-register; "
Three of the ALU circuits provide the fogic AND, OR, and OE J
* outputs; the fourth combines these with the carry mputs to
% develop a full-sum output used for binary arithmetic. L

The A-logic function is performed by raising the complemem

- with the level of the entry parity bits. ; ;
- A separate latch is set £ each pass and each ALU but the

it Byte-2 Bit 0-7

"line in the B-entry and gating the AND output.

A parity prediction (generator) circuit on each ALU develops
an output parity based on the inputs and the operation and is
proven by the parity check of the Z-register.

In word operations the ALU-2 output is set into 20 and Z2 and
ALU-3 output is set into 21 and Z3 on the first pass wnh an
update of Z0 and Z1 on the second pass.

For byte operations ALU-3 output is set into all Z-register bytes’
to allow the SDBO byte assembler to enter the byte into any
pasition, .

Half-Sum Checking

The half-sum lines (OE} developed from the two ALU operands .
are tested against the parity bits of the two operands to check the cee
parity of the entry data. :
E:.h half-sum fine indicates the odd/even relatuon of abit
position within the operands,
Developing an odd/even count from the erght half—sum ||nas
ndicates the level of the entry data bsts (16) that should check

ALU-2 indications are blocked for decimal operations,
A detected error sets an ALU check indicator in MCKA2

~ (bit 0 for ALU-2; bit 1 for ALU-3).

T A AL-133-143
b Half-Sum Byte 2 Bit 0-7
Carry Gen Byte 2 Bit 0-7 -
ALU2
: Out-
l ALU Bus Byte-2 Bit 0-7
= [-~———Half-Sum Group Byte 2 B0-3 ——— op Eul AL-136-146 put .
'ALU-3 B-input Bit -7 ==t f————Haif-Sum Group Byte 2 B4-7 ~——mmr] fun Assm
|-—eeeCarry-Out Group Byte 2 80-3 : - Byte Full-Sum Byte-2 it 0-7 .
ALA15-125 Carry-Out Group Byte 2 B4-7 Carry-In Group Byte 2 B0-3 ea] i —— ALU Bus Byte-2
I e R . Carry-In Group Byte 2 84-7 1-Bit Carry ALU-2 Bit 0-7 Even
. Second Pass Time ~— F—— ALU-3 Carry Bit 0.7 Pass- ALU OR Operation ~——4
Carry into Addr_‘ﬂyw:l Bit-7 i pmm ALU-3 Carry Bit 0-7 Pass-2 ALU XOR Operation
Complement j L ALU-2 Carry Bit 0-7 ALU AND Operati
Arith Decimal Word |—-— ALU-3 Carry Bit 4.7 ALU ADD O
- Carry-In Group Byte 3 BO-3 1-Bit Carry ALU-3 e
. ry-Out Group Byte 3 80-3 Carry-in Group Byte 3 B4-7 = Full PRI : ::-:?: Byte-3
'ALU-3 A-Input Bit 0-7 -—J ‘ 0ut Growp Byte 3 847 : : Byte | Full-Sum Byte-3 Bit 0-7 L :
: L ALU3 T~ HattSum Group Byte 3 80-3 ‘ s 3 e FYTEY B ;. .
tnput H-Sum Byte 3847 AM-014.016 AL-116-126 0 :: L ALU B Byte3 it 07
o Logic . . ) Assm
ALU-3 B-input Bit 07 =i Carry Gen Byts-3 Bit 07
N . Hatf-Sum Byte-3 Bit 0-7 :
AL-115425 Tranaemit Byw-3 Bit 0.7 AL-113-123
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Z-REGISTER and D-REGISTER

Z-Reg

B-Reg -

mia ———f

Z-REGISTER PARITY CHECKING
: 2-REG Byte 0 Bit P

A-Reg
_ BReg
" D-Reg .
SPTL
2 AR
3 H-Reg

2-Reg Byte 08t 0—+ EV EvV

Z-Reg Byte 0 Bit 1 ——
Z-Reg Byte 0 Bit 2 —
Z-Reg Byte 0 Bit 3 —

EV

|—— 2-Reg Byte O PC

PBO14

Note: The function of the EV block
is to provide an output, only
when the number of active
inputs is even,

Z-RegByte 0Bit4— EV
Z-Reg Byte 0 Bit 5 —
2-Reg Byte 0 Bit 6 ——
Z-Reg Byte 0 Bit 7 —

PBO14

24 -REGISTER

The ALU results are set into the four-byte Z-register. The
ALU result data can then be routed to:

® TheS, P, T, or L-register
® The A- and B-registers
©® The D-register

+ Z-register data (ALU result) is tested, if so specified in the
control word being executed, to set or reset S-register bits.

PBO14

Sample clrcult for parity
checking each byte,

e s e

Z-REGISTER and D-REGISTER

CPU %4

"‘@\\“\mmwx I ol
,.,%\ P PES iy — Ll

The direct path from the Z-register to the S,P, T, and
L-registers permits the setting of these externals earlier than
other external facilities. This capability is necessary because
these registers are frequently used by the next control word
for status information and for local-storage and external-
register addresses. Data destined to all other facilities is
set into the D-register and destined during thé next control--
word cycle. e

ALU data set into an external register (other than S, P,

T, or L} in one control-word cycle is not available as source
data for the next control-word operation.

One-byte Ops feed all four bytes of the Z-Reg with'the
same data. ’ )

A path is provided from the Z-register to the A- and B-
registers, This path allows ALU data destined to locat v
storage (not externalsiby nne control word to be used as source
data by the next control word.

Example:

"A control word is executed, and the result is gated to the
R-register,

The next control word requires the R-regsster as the
B-source.

The Z-register 10 B-reglster gate is activated because the -
resuit of the previous control word has not been set into
the R-register. The Z- regfster is also gated to the D-fegcstet in
normal fashion,

Refer to “‘Local Storage, Destmauon Look- Ahead" on CPU 11
Storage.

Any bination of byte ion is possible. For ph
if only-byte 2 of a local-storage location is altered, then only
that byte is routed to the A- and B-registers from the Z-
register. ‘Bytes 0, 1, and 3 come from the local-storage
location addressed by, the control word being executed.

- Consequently, no matter which bytes of a local-storage .
location are altered and destined by a control-word operation,
the altered data is available as source data for the next .

- controt-word operation. Address information derived from :
the. cq,ntrol word being executed determines whether 2-
reglster data is routed to the A-register, the B-register, or
both,
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D-REGISTER

~ The four-byte D (destination) register is set to the ALU -
 result data (from Z-register) early in the next control-
- word cycle, .- :
" The D-register data is sent to the SDBO assembler,
* where it can be routed to externals {via external bus-in} -
or to focal storage.

| ¢ 1
| Control Word |  Contolword |
1 B ] 2 1
] | |
g I = 1 1
N ' peitE . ' i
| .. ALU Operation 1 '
] : [} 1
: !} ALU resutt et to D-reg!
| 1

S [P
e— SRR
Rl e e e R B AR a2 s A s D s

3145 TM CPU 96




S S Z-REGISTER and D-REGISTER . - CPU 96

D-Rog Byte 0 Bit P-7
* Note: The D-and the FTC-registers . I e

latch in the off-state; that is the latch

D-REGISTER and FLUSH-THROUGH-CHECK (FTC) REGISTER

D-Reg®

for a given bit position does not set if

. : the gsted input bit is active. -~ UL U ——————— 0703 Byts 1Bt PT

AL114, 117,127 e : - : S -,
124,127,134 ZReq Bye 03 e —————————————— p ~ToSDBO Asm
147 Bit P-7 N

p—————— D-fieg Byte 2 Bit P-7. .

‘ smms—————— D-7g Byte 3 Bit P-7
B : RA111-166 b : ) R :
RA O11 D-Reg Set Reset

{FTC Match}

g _ Each D-reg (destination)

bit is matched against ;'
the bit actually set in

the local storage or
external location when
that location is addressed _ FTC Error Byte 0-3 Bit P-7
by the LS or EXT :
destination-address
tatches. If any bit does
not match, an FTS

Ext Asm Bytes 0-3 Bits P, 0-7
Gate Ext Asm to FTC

o Exﬁ Ext Asm Bytes 0-3 Bits P, 0—‘)~ erfoi oceurs
Gate Exp Ext Asm to FTC .
RA155-166
Example shows only the handling of the destination R, . - -
A-Engvyayxeso‘saitr.o7_ RC=R+Q ‘ T R
G.hyl.oul Store - First Cycle . 1 : S Second Cycle -
- 0Tim L 1-Tirka— L oTime Ty ygime L oyime—
[! 0-Time Dly s 1-Time DIy ———et s 0-Time Oly <t 1-Time Dy i
Read R&Q : T : - Write/Read R )
]
D-Reg = Result for R
I’ RM115-166 } FTC Latches=Result from A
: E——

[RC191 1-Time (FTC Reg S-R) . : . R ] FTC Compare




‘ C-REGISTER (CONTROL WORD DECODE}.  CPU 98
'C-REGISTER (CONTROL WORD DECODE) : - R

C-REGISTER

The C-register contains 32 bits plus four parity bits. The
purpose of the C-register is to decode the control word
and provide control and gating of CPU functions. Once
read out of control storage and gated to the C-register,
the control word is decoded to determine:

® Word type
® CPU function

® CPU clock cycle aﬁd tength

XL

i T 1t

The functions of the bytes of the C-register are:
€0 Define word type and format Branch High Address
. (M3 84)
C1  Specify A-source or destination (an external register
or an A-local-storage address). Stat sets and/or special

5
T
8 ; LOCAL §TORAGE
armmTe] e L‘
e =
HEars)

v

e e X
RN contaors.
: e
ourrens
avy

functions.
N . ]y "
€2 Specify.a B-local-storage source or destination. Contains ‘ . | Pty e ol

.-, Mask or K values special Stat sets. .~ . N

: c3 Specify next contral-word address Branch Low Address
(M3 85).

The C-register is set by O-time of each control cycle.

First Cycle Next Cycle — - ol : : ‘ ‘ X .
| _{..m o PR TN St - —]
E . : -r——']-‘. e & t———"—-——h T =
O-Time + 1-Timme 0-Ti N 1-Ti —1 forindl 5 g N H Ty :
v . o B _!_x B 3 N
CReg Set — 1 . i
= o o
B TR ATOR s -
o
e

RN




CPU CLOCK . , mc . el i ' OSCILLATOR SIGNAL FROM OSCILLATOR CONTROL CARD
. Y TanCycle : ,

{202.5) O-Time Delay 180-CYCLE 2025 ns
1-Time
CPU CLOCK OSCII.LATOR ~ I 1-Time Delay B 0
4!
Timing for the 3145 is developed from » 22.222MHz érystal: 4 326Cycls . oTime 0O 4 80 .13 '202»5 5 %
controlled oscillator. This oscillator is fed to an oscillator control . (24751 0-Time Delay . A
card, where it goes through one frequency divider.stage and is . T ’ U 1-Time
controtled for distribution to each board clock. From this, each s e 57 1-Time Delay
board clock then deve\ops six basic tlmmg signals to time the L o 2 Time
cPY cnrwutry. F
0-Time
0-Time Delay
cPU CLOCK TIMING . 1-Time
This clock i isa vanablecycle clock that is deslgned 10 operats : ! ;]r'::: Delay 226.CYCLE - 2475 ns
180-, 225-, and 270-nanosecond cycles, with each cycle having A 2Time Détay : 0
the further capability to extend by 22.5-nanosecond increments ' : 0 45 90 135 180 2475 45 90
{referred to as pauses). This then allows {with one pause) 5 T g ¢
202.5 ns from a 180-ns cycle; 247.5 ns from a 225-ns cycle; L : - :
and 292.5 ns from a 270-ns cycle. With two pauses, a cycle _' 1§¢;¢yc|_g 02,5 ns ; Vi e . E i
‘may be extended 45 ns as in the case of the Storage -1 Cycle E TN Rt Ly : v
Write. {270 becomes 315.) 1f the cycle after 3 Storage«Z i » ‘ i 180" 2026 . o
o cyclei is a selector channel share cvcle thep pause in storage-? R H - b *
_cycleis eliminated {270-ns cycle). . O-TIME . V-TIME | O-TIME 270.CYCLE 2026 m
- The CPU control word decodes determine cycle length. They . 90 ns 112,5 ns ) C Q0N ‘ . 0
provide 180-, 225-, and 270-cycle control signals that determine ) w : : 0 45 90 135 180 225 2925 45 90
the cycle with which the clock should operate and the numbet of 9ns - . 1128ns . . oy ; e |
pauses the cycle should contain. . : AR ; R
The CPU clock runs for one cycle under control of the clock J
start latch. The clock start latch has many mput eommls (start
. switch, set IC, CF clock start, etc.). i S
.. ‘The clock consists of six latches oponted inan th.d con- 225CYCLE 2475 ns
figuration to produce six timing pulses,
90 180 225 2475 90 '
i seviinin - sssmessend STORAGE-1 CYCLEWRITE 3150 ms
0-TIME 1-TIME ‘ . .
90 ns 90 ns o 5 0
! i 0-TIME DELAY 1-TIME DELAY O-TIME DELAY " 0 45 90 135 180 225 Y 315 45
———————————————— S —
o 90 ps 1125 ns 2TIME - n
e————
1125 ns
. 20CYCLE - 2928ms
%0 e 180 : 270 2925 90 1

1-TIME
90 ns 90 ns

2-TIME
1125ns

S l %TIME DELAY ' 1-TIME DELAY " 2-TIME DELAY i

90ns . 90 ns 1126m
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CPU Clock Checks and Adjustments

Equipment Required
Tektronix* type 454 oscilloscope, or equivalent. : T
Oscilloscope probes of equal length and equal attenuation, . -

Note: All measurements should be made with the displays
centered on the scope face.

Oscillator

Oscillatar frequency is 22.5 MHz. Symmetry and h'equencv
are checked at 01AB2L2$05. =

Clodt

The CPU clocks are initially synchronized at the factory and
should be readjusted only when additional boards are installed,
a feature is added to a board, or a clock card is replaced.

Each clock has a programmable delay-line adjustment. Pin G10
of each clock card (6735) is the oscillator test point. To ensure
oscillator synchronization during the followmg adlustment sync
neganve on the G10 test point. '

The ‘oscillator signal should now be synchromzed for the

sy;(em Check the osciilator test point on each board 1f the signal i

is found to be more than £2.0 ns out of sync, resynchornize the
. clock on the card that is out of sync.
1. To determine 'late clock’ sync:
a. Set rate switch 10 SINGLE CYCLE HARD STOP (CLOCK
STOP indicator on).
b. Ensure that zero delay is plugged in the clock cards in
boards A-A1, A-B1, and A-C1.
- ¢. Oscilloscope settings
{1) A sweep Time/Div = .02 us.
(2)  X10 multiplier on.

d. Sync channel 1 {minus) on clock card at A-C1G2G10 and

. display the signal.

e. Using channel 2 to display the G10 pins of the clock cards
in A-A1 and A-B1 boards, determine the latest {in time}
of the three clocks:

. Place the channel 1 prabe on the latest of the three clocks.
Channel 1 is now synchronized on ‘late clock’.

-

Note: By swapping the input signals at the oscilloscope,
verify that the oscilloscope is calibrated. The relationship
between the two signals must not change. If signal relation-
ship does change, use another oscnlloscope before continuing
with this adjustment

‘Ttsdgm@rk of Teklronm .

N

8-GATE ) .

A-GATE
c 8 A [ B A
RT note 3 note 1
R/T @ é %m«e (o
{Note 47 o e EOLa r ‘ a2
Ons Ons . I S Ons Ons Ons
——
_P>E
. 4ns 4ns 4ns

12ns 12ns 12ns

T e
CO(':ﬁ%OL OSCILLATOR CONTROL CARD
P PSR . CARD LOCATED ON A-B2 BOARD
osc OSCILLATOR LOCATED ON A-84 BOARD

Wth channel 1 svnc and dlsplav on ‘late clock’, dcsplay all
othey clocks, Many clock'is more than 1.0 ns earlier or later
than ‘late ¢tlock’, change the programmable delay tine for that
clock to being it to within + 1 ns of ‘late clock’ {negative
pulse at G10). .

CPU Clock Locations note 3

Gate A-C1G2 C3G4 B1C3 B3H4 A1K2 A3C4
C2J2. C4E2 B2M2 B4K2 A2C4 A4Q4
Gate B-A1C4 B1 . CIM2 B3V3 C342
note 4

Oscillator Location: .
A-B4A3
A-B2C2

Oscillator and oscillator control card location:

1. These numb

Notes: . , ‘ : ‘

1 ; are initia programmable delay semngs

2. Select has a separate oscillator signal.

3. For IFA version 003 machine, clock is located in B1B4 socket
on the A-Gate.

4. Clock-card position is feature-sensitive. Refer to the KC ALD

pages.

CPUCLOCK

CPU 100



 circuiTRy LocATED WIIPACH CLOCK CARD AND CLOCK-START CONTROL CARD
e . » . 8 i

"AR

osciLLaTor | AR DELAY LINE
SIGNAL O] - ‘

~| tPROGRAMMABLE)

G10

\L -~

TO CLOCK
CIRCUITRY

_ PROGRAMMABLE.DELAY LINE LAYOUT

osw

8
<

&
c

05T

&

'3
D

e

_— 1T ]

g

CLOCK CARD (6735)

\ \ \ / /
o K . -

CHANNEL 1 REF.

r/

—
- —7
I~

- -

A = EARLY OSC. SIGNAL
B =LATE OSC. SIGNAL .

_Aép— ——-‘A
L J

¥
Adjust negative-going pulses
for @ meximum of +1 ns
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M, N, and MB-REGISTERS

M-REGISTER .

® Addresses main and control storage.

@ Feeds storage address buses (SAB).

@ Made up of M1, M2, and M3, which provide a 21-bit
{plus 3 parity bits) storage address.

@ M1, M2, and M3 address both main and control storage, R e
" Storage is read out on a doubleword boundary and B - . : R e

t o spare

. stored on a word boundary. . : ; o M e * w

“ M3 bits 5,6, and 7, and the storage word being executed, -
"provide the following selections for storage-word opérations. -~ -
Read Store
Odd/Even word, Halfword, Word, Halfword, or Byte
. or Byte Note: Information may be
: stored under mask {any byte
selected).

SRS

. . phova P

- i E JEANS. AcAts A
frromiort

woid

e
= '&iﬁ%&m‘\‘&&\‘b»




" Setting M-Register fqr‘ Storage Addressing E

& M1, M2, and M3 are set from the ADR/ADJ circuits of B’ﬂeg. .
bytes 1 (bits 4-7), 2, and 3.

® M1, M2 may be forced to zero for dvrect main- storage
addressing. )

Settmg M- Regmet for Control Storage Addressmg

® Miis set to zéro for chsplay purposes A line address CTRL
store is sent to the ECC board.

-~ @ . M2 selects the control -storage module and is set from 02
“ trap circuits, or N2 (no.module-switch function). M2 may
" be forced to FF for direct control-storage addressing,

@ “A'module is defined as a group of 64 words.in storage. - .
- .. Thisincrement of storage has particular significance in thé
+ . control storage addressing structure. The address in M2 .
*  selects the specific module, Any word in the 64 word
“-module can be specmed by the address in M3 bits 0.5.
" Most contral word operations cause only M3 to be changed,
+ ®7M3 selects one of 64 words within (he module selected by M2. 5
M3 is set from C2 (K-adr STW) C3,or trap circuits. R

. NREGISTER
CMade up of N2 and N3
ackup regnsler for eomrol'storage addressmg

» N2 is set with the same mfcrmat;on as M2 andis changed only
‘when the control word bemg executed performs a module-
“switch funchon : . . :

® N3is set with the same mformanon as M3
< ® Nis not changed when a trap occurs.

(] When a tvap occurs, the M-regvs(er is set to the trap address
“The'trap rog.mne stores the contents of N {the N-Reg contams

the next address that would have been used had the trap not

occurred). At the end of the trap routine, M and N are restored

*" to their original value so that the control-word sequence may .

continue as if there had not been any trap. . -

® N2 sets M2 for every control-storage word aceess except when
a module swvtch occurs . s

MB-REGISTER

‘Made up of MB2, MB3. :
-.:’Set with the control-word address in M2, and M3 from M2 BFR
and M3 BFR."
' "'When the CPU clock is stopped, MB contains the address of the
* last word executed.
MB-reg output is available to the retry and backup circuits as . .
well 25 the external assembler (word RTY). o .

Buffer Reglsters :

The M-buffer reglstev an mtenm set of |atches between the
* Meregister and the MB-regastet This allows cycle-to-cvcle

" ‘communications.

The N-buffer registers perform a similar function.

“'MAND N ADDRESSING

SDBO Preassembly Latches
TIME o 45 T 138 0
N A h ' Even
F
oree Storage Address Bus
B-register Byte 1 M1 (]
©1-CY Adr Asm
;' Bregister Byte 2 1 ; )
: Internal 1
H Storage Address Bus %
c? M2 Main/Control SDeooT!
Storage
Force
S— 2
{Word HMRTY)
Y — M2 MB2 d
C BFR a ""C ]
" etry Circuits
1CY Adr Asm Main SDBO 0-71 s
S— p— Storage
L.
N2
.
srr| [ N2 ‘0 Ext Assembler Qdd
L] a
s & ',. AVR "A muns B
Broglster Byte 3 ata from A-Reg Byte Asm
G I s
Branch Circuits
c2,¢3
e _ {Word HMRTY) €
L and
S - X Retry Circuits
I Trap Address et :
H . 5 B . 7
~ 116 Ade Asm g |
. N3
e T Assembler
BFR o Ext
-
First Cycle Next Cycle
0-Time 1-Time 0-Time 1-Time .
M-Reg Sulﬁem ——— e —————
i, M-Bfr Reg Sc!/Reut L r— —
: MB~nog Sat/Resat - f—— r
N-Bfr Reg Set/Reset E——— R
N-Reg Set/Reset —— ———
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M-, N-, and MB-REGISTERS BRANCH CIRCUITS

M, N, and MB-REGISTERS -

C-RegByte 0Bit 5
C-RegByte 0 Bit 6 —ﬁ DECODE
. C-Reg Byte 0 Bit 7 o] ————001
AM 211 Block Br Hi Lo —udf N A o
RM 221 Gate S Hi Br
P — 1 ]
S-Reg Bit 1 A
—_——
o1 . M3 Bit4 i
o S-Reg Bit 0 A FL . . ; .
101 .
i M-Reg Byte 3Bit 4
¢ SRegBit 4 A =S Branch High Asm A ._r__—— eg
—— ) RM215 !
110 ith Hi h A ' RM225
Arith Hi Branch Asm s M3 Bit 4 By :
S-Reg Bit 6 A Gate A-Source Br
- : Hi RM 225 M-Reg Byte 3 Bit 4 Bfr
111 M3 Set Normal L__
A
Bus-in Byte 3 Bit 6 A Am 1S M-Bir Sot-Reset
2 Cycle RM 225,
Sig2Cr Gate C2to M3 A
C-Reg Byte 2 Bit 4 Bfr  ———eere—f
Gate N3 10 M3 mmmmrmrereeee———enmeemeend R | —MB-Rog Byte 3Bit4
N-Reg Byte 3 Bit 4 ooy
: St e RM 216 ]
C-Reg Byte 3 Bit 5 — . RM 223 :
 C-Reg Byte 3 Bit 6—— DECODE p :
_ C-Reg Byte 3 Bit 7—— . N 00— T R M3 bits 4 and 5 are used for high and fow branches,
M 212 Gate S Low Branch - respectively. M3 bits 6 and 7 are used to maintain .
AM 222 Black Br Hi Lo -] —E parity.
. N— 010 A
]
54,56 =11 e
N—— 100 A ;
S-Reg Bit3 ,’
¢ 50
N 101 - o M3-5 To SDBO
S-Reg Bit A M3 Bit 5 Reset. FL
] o
[N——110 . ;
A M3 Bit 6 for SDBO Sel
S-Reg Bit 7 |- S-Branch Low Asm/ OR ] : o
T : AmM21s | wmasitssn
2-Reg Byte 3 Bit 7 . A M3 ?‘;‘ 6 Set Normal - i ; ?” -
Storage-2 Cycle Gate A-Source B i PR
Link or Return Word A Lo | : l RM 218 M-Bfr Set Reset
] interrupt RM 225 RM 213
C-Reg Byte 2Bit 5 A
T : Gate C2 to M3
MB-Reg Set Reset
Arith Lo Branch Asm . ;
RM 216
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SECONDARY COMPROL ASSEMBLER

:
ot
L
The Secondary Control Assembler provides a direct path for Logic Pages iy
the microprogram and the | console file to move data and - BytesD, 1,2, and 3. e,
addressing mformam B vtes0. 1:2. and 3. "F
From: “To: = Bit Page .
Console-file da regmer - C-Register P RC112 ‘.’.“——— YA ot s
A-Local storage - Local-storage control assembler 0 RC122 ey -
Console switches * Expanded local-storage address ! RC132
ABCDEFGH assembler : Rots “
Selector-channel force - . External control assembler 4 “ RC162 E
C-register R o . 5 “RC172 i
e o . , : 6 RC182 ‘ -
Swvs A-B Parity EEN——— ?—q 7 Rcie2 lr==
0 ]
'SaAano-s——-](—:A o cacay|
" .
Sw B Bits 0-3 —— Tﬁ 7 . 'Note: 1n Local Storage Control Storage B
P 7 .~ (LSCS) mode, diagnostic hardware forces =~ | . . ST . -
SwsC-O Pamy l o : A-local storage to act as control storage. . b e
X <} Control words are read out of A-locat
503 —— 1 .
B ‘ 3 <+ storage, loaded into ihc C- Reg. and
: 'SwDanO:!“Xﬁ 7 | executed,
P P . Refer to “CPU Duagnosuc Hardware"
Sws E-F Parity -———T -0" in DAG section.
sw'eai«so-s——_—x—H 2
‘SWantsoamx—H 2
] -1 - L
Sws G-H Parity “xﬂ Gl TR U 3
s s | { =
Sw G Bits 0-3 SN, X " i S — s
H —— e
4 !‘_ e 2 83
Sw H Bits 0-3 *x-ﬁ 7 ; = e
) 7 Note: Only the bits used by the microprogram are shown for ! s
; | Destinations o each application af the y Control 3 : - o i
Force Switches KM022 i = e ‘
SX Force C-Register mm P i P 14 e OH |
o i ° 0 0 2
i 0 [} |
* Some S'-ﬂ:yelt | 4 7
fiodii l I 2] -1 -
3 I P P i
0 ) Ny N : o 2
| . 1 b b Exp LS Addrm Assambler 5 LR ' Jam LS Control Assembler
] " Ext Control Assembler :
7 : S 7|16
L N ) i ? 1 b
Console-File EENINENES XA e C-Register — 3 e
ot : i vl—t P 0 , 0
2 ! . b I 3
s ICF Gate C-Reg 7 | 7 7
—
' meA -1 | -] P
I
3 l 3 3
l 7
7
7 | | I
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CONTROL REGISTERS

DESCRIPTION

The control registers provide a means for maintaining and manip g
control information and are an extension to the EC PSW. The 3145 has -

sixteen 32-bit registers. that are located in control storage at addresses
F480 through F4BF. : -

' Twa instructions, Load Control and Store Control, move data to and

"/ from the control registers. The Load Contrdl; instruction provides a

. ‘means for loading control information from main storage into control
registers; whereas Store Control permits information to be transferred

- from control registers to main storage, - These instructions operate in a
manner similar to Load Multiple and Store Muitiple.

7 Details of the register assignments are contained in the sections that

" discuss the features using the control registers. ;

CONTROL REGISTER ASSIGNMENTS

.| - System Translate External Interrupt
-0} Control Control Masks
1 ii%?;ecz ngth|  Seament st;le Origin Address
Channel Masks :
3l BRI S DE SO Reserved
4 : Reserved
.8 Doan Ml Reserved
6 ; : Unassigned
7 ER TR Unassigned |
8 Monitor Mask
! PER Event PER General Register
9 Masks 00000000 Alteration Mask
10 | 00C00000 PER Starting Address
~11 | 00000000 PER Ending Address
12 Unassigned
131 Unassigned
Error Recovery
14 Control and Masks
15 | 00000000 MCEL Address
0 8 16 24 31

CONTROL REGISTERS CPU 106

: , i
CONTROL REGISTERO , § & &
7 E .-;’ &
3 &
£
I eits

ol1]2]alals]e]7]a]a [10]11]12}13}1a |15 e 17 118 [10]20 | 21 {22 | 23] 24 | 25 |26 | 27] 28] 20] 30 | a1

01=2K  00=64K
10=4K 10=1M
Translate
Control

System
Control

External Interrupt Masks

Reset to 00 00 00 £0

CONTROL REGISTER 1

[Tos  Jol1]2]2]4]slel7 lels [io]uil1z]va]1al16]16] 17lvelvalz0 |2t | 22] 23] 2al 28z 27 [2e oo ] saker ]
Sebmo:m Table Length . Segment Table Address
Reset to 00 00 00 00

CONTROL REGISTER 2.

‘ Bits - [

1/0 Masks

Reset to FF FF FF FF - =
Note: ~  Initial Value of i itions in all
" is unpredictable but is assumed to be 0.

e )



CONTROL nscmm. T

‘ ] . ‘ a. ‘ ‘
; 7’ Vf SR A v/ofe) 2/ NN -?#-ﬁ’
S SIS SIS
|

| e o‘ﬂz»]ﬂqus]7]s]9]io]ut]12]13[14[15]w[v7[13h9[2ﬂ21 22_‘23]24]25|zelz?|23|29]30[§1 | [Tais To]1]2]3]a]5]e{7]8]s Jrofu1]ia13[sa1s16f17]re]15]zofz1[22t23aa]as 2627 2slaa]a0l

Monitor Mask i

efROL REGISTER 11

00000000 . Per Ending Address

Reset to 00 00 00 00 ‘

Reset to 00 00 00 00

CONTROL REGISTER 14
- CONTROL REGISTER 9

B 6 0A D SN DIe
& ¢4 ¢ s é
&

SO o~ )
03 & &
& g oo g
& A & &

3,

o
$ & g &
& SESLL 553448
' m\@@}r”@""w‘l{i fz"i&z‘t&\q’ ;:‘9\@ 559;35’3@
J D, D/, RJ
s [of1]2]3]a]s|e]7]a]sio]is]s2s3]ral15]16]17]18]r0]20]21]22]23]24}28] 26]27] )20 30]ar s ' [_sits

 PER Gontror - 00000000 " § " Generel Register Mask

oy
ot

Error Recovery Control

e e ]

<

Reset 1900000000 * Reset to C2 00 00 00

ke oy
CONTROL REGISTER 10" - ="
Lo CONTROL REGISTER 15

' o],i;li"p]s‘j:p ;Lg]301,§k|‘;f';[;.jisjq17|,sh3|m|,.|n(23]§;[2;j’;6[;,l;al,gp.,ja, R Con T[T RE Rl e meeE]

700000000

Per Starting Address cn . 00000000 Machine Check Extended Logout Pointer
s ) » 3 ‘ ot Reset 10 200 Hox e
Rexst 10 00 00 00 00 : : : Reset to 00 00 10 00 000
. . ;
.
i :
: Note: Initial value of igned positions in al regi

is unpredictable but is assumed to be 2ero.
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STANDARD FEAT.S

- TIME-OF-DAY CLOCK

The time-of-day {TOD) clock providés a consistent measure of
time suitable for elasped time and time-of-day indications. The

cycle of the clock is:about 143 years when started from zero asan .

elapsed time measure. To provide a consistent time-of-day

indication, the zero point must be defined to a calendar date. IBM. .

programming systems have established this date as January 1,
1960, 0 AM Greenwich Mean Time.
Setting the TOD clock on the basis of a synchromzatlon smnal

given by the operator introduces errors in the fractions of -a second.

This error is usually of small consequence in defining the time
relating to human reaction. The error does not enter elapsed-time
calculations because the difference between two time readouts .
does not consider the initial settirig of the clock. For many. T@D
applications, only the htghcrder 32 bits need’ be considered. "’
¢ Position 31 of the caunteris advanced every 1.048576 seconds.

- Operation in this.mode still requires entering some value for the )

- TODL destination, or the clock does not start.

“The clock is a binary counter with a two-word format (64 blts)

“ numbered 0 to 63 corresponding to the bit positions of a fixed-
point number of double precision. Time is measured by increment-
ing position 51 of the counter every microsecond. Only the
high-order 52 positions of the counter are used'for this configurat-
ion. The remaining low-order posmons are not used for time-.

indication and are normal(y setto zeros exoept for three posmons E

= that define the status of the clock. "

8 The program is not signaled of an overflow condmon when the
eounter is advanced to the point of carry from either position 1
or position 0. At the point of carry out from position 0, the
counter goges to zero and continues to count from that value.

The clock can be inspected by the inistruction store-clock. The
current value of the clock counter is stored in main storage. The
clock can be set to 3 specific value by the instruction set-clock.

" The operand specified by the instruction repfaces the current

value in the clock counter. The set-clock instruction can be

executed only when the clock secirity switch on the system
control panel is set to enable.

‘ . The time-of- -day clock is driven by a 1-MHz oscﬂlator feedmg a

Physncal Descnptlon

: ‘gonn

EXT36

"binary- -coupled trigger to produce a 1-MHz output. These cm;uuts - :

l Byte 0 ] Byte 1 l Byte 2

‘ ByteQ-I

‘a‘lso develop a 75.46-KHz output that drives the interval timer. ~ ]

The clock counter functions as a binary-connected counter but
is modified with a set of adder tatches that allow holding the
output of the basic latches untif such time that the CPU sampling

TODL

8 16 24 31

EXT 3E

is complete. The counter can be loaded by destining the rﬁwe o l Byte 1 l Byte2 Byte3 I
appropriate binary values to the TODL and TODH externals after
" executing a loading sequence. The counter starts to advance, 32 g 40 -’ . aE .56 63
- immediately following the loading by gating.the 1-MHz drive . :
signal to the low-order position of the counter. The counter k Bit definition:
- advance is checked by predicting parity and then comparing the - TODH  Bits J-31 Binary Counter

predicted value with the parity generated from the counter. The

couniter output with parity bits for each byte is available to the

CPU through the store clock instruction that causes externals

TODL and TODH to be transferred to main storage. )

The TODH and TODL externals may be called out as a destinat-

ion at any time, but the contents of the clock are not'changed .
. -unless TODL byte 3 bit @ and the clock-run latch have beon resat. 4

The FTC (flush-through check) is blocked by the TODL byte 3 -~
bit B to prevent error signals for this condition.

The control bits are associated with the clock readout to convey
information to the user as to whether the clock value is a true
measure of elapsed time since the last time the clock was set.
These contral bits are stored as the three high-order bits of byte 3
of the low-order word (TQDL). Bit 0 indicates that the clock JS

TODL
Toot

TCDL

T runmng Bit 1 indicates that the clock was set. Bn )
error ocwrred Dunng the pvoeessmg of the store~c|ock
, the ind | the condition code to be set.
TODL
TODL

“TopL

Bits 32-51 Binary Counter
Bits 52-55 Snare Counter Positions

{forced to zeros)

Bit 56 Run Bit, This bit is set during the destining

of the TOD word following the destining of ‘the other
TOD word. This bit must be reset by microcode with
the security switch in the enable-set position to reset
the TOD Run latch and enable the TOD clock hard-
ware to accept the TODL or TODH as a destination.
Power-on reset also resets this bit to allow the power-
on reset routine to set the TOD clock to a consistent
value.

Bit 67 TOD Clock Secumy Switch. This bit on
signifies that the security switch is in the enable-set
position. This bit must be on to allow TOD Clock
destinations, except during the power-on reset routine.

Bit 58 Validity Latch. This bit on indicates that the
clock is valid. The TOD validity latch is set by the AND
of TODL byte 3 bit § and TODL byte 3 bit t 1) This bit

is reset by resetting TODL byte 3 bit 0, power-on reset, .
or TOD clock error. This bit off lights the TOD invalid

light on the console,
Bits 59- 63 CPU tdentification.

TODH may be displayed through EXT 36.
TODL may be displayed through EXT 3E.

The operation of the time-of-day clock is not affected or inhibit-

ed by any normal activity or event in the system other than
turning off the CPU powes or running the TOD clock diagnostics.
. The clock runs when the CPU is in wait state, stopped state, or

" instruction step mode; and its operauon is not affected by system
'reset or ‘the IPL procedure.

< The 3145 tnmeof«iay clock stops when the CPU power-off
switch is operated, Execute the set-c!ock instruction each time
B 1 thie’ system is started after powering up or after mnmng the
TOD clock diagnostics.

‘Clock Security Switch (TOD CLK)

The'clock security switch {TOD CLK) provides an interlock with
the set-clock instruction 10 guard against inadvertent change of
the clock value. The switch is spring-returned to-the secure posi-
tior. When the switch is in the enable-set position, execution of
the set-clock instruction sets the clock to the value of the
designated operand. When the switch is in the secure position,
the set-clock instruction does not.change the value of the clock.
The switch does not have any other effect on the operation of the
clock.

" Clock Validity Indicator + (TOD CLK INVAL)

The clock validity indicator (TOD CLK INVALY) is used to indicate
when the time-of-day clock current value is not a true measure

of the elapsed time since the last time the clock was set. The
validity indicator is turned off when the set-clock instruction is
executed with the TOD CLK switch in the enable-set position and
no exceptions are encountered. The indicator is turned on when-
ever the clock misses a time increment or stops. This may result
from a power failure or a matfunction in the clock circuits. When
the indicator lights for an error condition, the machine-check
indicator is set and an interrupt is requested. If the clock is

started by the power-on reset routine and used for elapsed-time
indications, the indicator remains lighted because it is invalid as a
TOD indication. In this case, the indicator being lighted does not
mean that an error has occurred.

Error Detection

The time-of-day clock checks its advance operation by a check on
the progressive parity conditions. Before the advance, the counter
value of each byte is fed into a parity predictor circuit to develop
the updated parity bits. These parity bits are compared with parity
bits generated from the updated value in the counter. Any failure
within the counter advance circuits results in a difference between
the predicted parity bits and the resuitant parity bits. The
difference signal sets the TOD clock check latch. The latch output
sets the MCKA3 bit 6 and resets the bit 2 and bit 1 latches

as indicators. A class 3 machine-check interrupt is requested. The
setting of the MCKA fatch resets the TOD clock check latch. The
reset of the bit 2 latch lights the TOD invalid indicator on the
system control panel.
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Clock-Setting Sequence

The clock is set 1o zero and started by the power-on-reset sequence.
With this start the clock output can be used to indicate running
time or elapsed time. Under this mode of operation, the TOD-
tnvalid indicator on the system control panel remains lighted
because the clock output is not TOD. g
To obtain time-of-day output, the set-clock instruction must
- be executed to start the clock at the current time. When the set-
clock instruction is executed, the correct TOD is assumed and the
TOD fnvalid indicator on the system control panet is not lighted.
If a clock error is detécted during operation, the md»cator is
lighted to warn the operator.
The set-clock instruction must have the TOD CLK switch on
- the system control panel held in the enable-set position to allow
execution. If the switch is not operated, the clock value and its
operatién are not affected. The first step in the clock-set sequence
is to reset TODL byte 3 bit 0 along with the ‘clock run’ latch
and the clock controls. With the ‘clock run’ latch reset, the TODH
and TODL externals can be destined. The value destined for.
TODL must have byte 3 bit O set to 1. When both load latches
have been set, the TODL byte 3 bit 0 line is developed, the ‘clock
run’ fatch is set, and the ‘clock set’ latch is set. At this point,
the clock is set and starts to run with the next 1-MHz puise.
The power-on-reset start differs only in that the TOD CLK switch
does not need to be operated, and the first TOD L destined micro-
-step is not required.
For microdiagnostic operation, the enable-set output of the
switch is forced, but the set sequence is the same as for the set-
c!ock mslwcnon

B TOD Clock Update Sequenoe

Because of the asynchronous operation of the TOD clock, the
advance pulse from the 1 MHz oscillator cannot be used directly
to advance the clock. The clock readout must not change during
the A-register set/reset time. The CPU 90-135 time is gated with
the 1-MHz oscillatar to develop the advance pulse. if the CPU
clock is stopped, the CPU oscillator provides the timing. The .
advance pulse sets the start-update latch whose output provides
a series of delayed outputs that control error sample and advance
of the clock.

TOD CLOCK UPDATE SEQUENCE

TOD Manual Set

This procedure is available for manual setting of the TOD clock.

1. Hold TOD CLK switch at ENABLE SET.

2. Store in EXT 3E hex 00. Hex 00 is stored into all 4 bytes of
TODL. This value resets the run latch.

. Release TOD CLK switch. )

. Store in EXT 36 hex FF (see Note 1),

. Hold TOD CLK switch to ENABLE SET.

. Store in' EXT 3E hex 80. This value sets the run latch.

. Release TOD CLK switch.

. Display either TODH (EXT 36). Observe that lm 31 increments

approximately every second, or’

- TODL (EXT 3E). Observe that oounter is
2 rlpphng much.faster.

N AW

Note 1: Any value put into switches A and B may be stored. This
value is propagated to all 4 bytes {example: hex 12 stored from
switches A and B is stored as 1212 12 12). FF is inserted because
the first time the clock is mCremenled the counter flips to zero and
starts from there.

Tus,

OSCILLATOR .

ERROR SAMPLE  |on

“"$/R PARITY PREDICT : S—

CLOCK ADVANCE —

TOD Clock Instructions
The time-of-day clock has two instructions:

® Set Clock used to set the initial time.

® Store Clock used to enter the current doek value mto mam
storage.

Both instructions are Sl-format instructions modified so that -
byte 2 is an extension of the operation code (byte 1) instead of -
the immediate operand. Byte 2 specmes the exact funcuon of the .
operation code.

Both instructions are decoded as operation code 82 in lhe
GAAI routine. The operation branches to the GGB2 routine to

decode and validate the modifier. A test fo.' privileged operation . s

is made when required. Then the operation is branched to the -
routine of the function specnfled The common data flow for:
both instructions is:. E

START

GAAI

Normal l-cycies.

e e e e - o

Decode Sl- format msturctmn

Tost andt branch to the B2 op-code routine (GGBZ)

GGB2

Test for a valid code must be ‘of the B20x format

The last four bits of the modmer select a decode byte from the
16-byte table.

Tf-t.he hlg; order bit of-the de:ode byte is a 1, the instruction
is a privileged operation anq the CPU must be in supervnsor
mode (PSW bat 15 0).

Ifa pnwleged operanon and not in superv:sor mode, branch to
the privileged operauon check routme in GICM.

If not a privileged operatlon or |f in supemsor mode, use the

decode byte as an address modifier and branch to the mstructmn
execution routine. - ‘

(" erancH
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Sat Clock Instruction. ' @PF-Clock Instruction

: e A R START ) ) ‘ START
Set-Clock Instruction . . Store-Clack Instruction .

SCK Dy i8y)  Ist) L : . ) STCK Dy{84) st

GGCS ’ : GGCS
[e2Toe e[ oy~ ] , [2[os[e] o | , —
- . Test B1D1 address for a doubleword boundary. Branch to 0 8 18 20 31 ; Store TODH in high-order word local store.
o 8. .16 20" v specification check in GICM if not a doubleword boundary. e . o - — = e
y : . Store TODL in low-order word local store.
w »' Store high-order word of main-storage double-word in B2 = Operation code
" B2 = Operation Code focal storage. 05 = Store-clock function . e T TS T T T T T T T 1
04 = Set-Clock Function : : B1D1 = Storage address of an eight-byte field. May be located on Test TODH for no change since store in local storage. If
B1D1 = Storage address of an eight-byte field. Mustbe on a b - — ] a byte boundary. Bits 52-63 of ,ﬁeld are: : TODL is not latest, branch back to store TODH and :I'ObL
doubleword boundary. Bits 5263 of the field are |gnol’ed Store low-order word of main- storage doubleword in Iocal i again. .
and are not used in the clock value. storage, Reset byte 310 zero. ; - . 52:55 = Set to zero. } . ‘ ) )
o . : SR SRR '66-58 = TODL Ctrl Bits 0-2. e e e e e e e e e ]
The set-c!ock instruction is a prmleqed operatmn used to p’acea ——————— T S e e = 59-63 = CPU Identification bits. : Test TODL byte 3 b‘i\“ 1 ond 2 for clock status. - e
value into the time-of.day clock. The location of the value is Attempt to reset with TODL destination of the ' Bit 1 = 1 error state (invalid).
specified by the B1D1 portion of the instruction. The implied Jow-order word (this include: byte 3 bit 0 and the clock-run The store-clock instruction is used to place the current time-of- Bit 2 = 0 not-set state {not valid TOD)
tength of the value is eight bytes {two words), The address must Jatch). day clock value in the eight-byte field of main storage designated Bit 2 = 1 set state (valid TOD}. :
be located on a doubleword boundary. Only the high-order 562 I '_ e o e e i i e _ by the B1D1 portion of the instruction. The 52-bit clock value e e o o ]
bits of the doubleword are used to set the clock counter. The re- ; stores in the high-order of the doubleword assignment. The low- .
maining bits {52 to 63) are ignored bv the operation in seﬂms Test TODL byte 3 bit 0 to determine the TODL ‘CLK ' order byte stores the three clock controf bits and the five-bitCPU  * 1f clock is in error state, set condition code 2. Set both
the clock value. switch setting. - pluggable identification. If the clock value is invalid, the double- local store words to zero and branch to GFST to store in
The value in the nmeofday clock is replaced by the desugnated Bit 0= 0 if in enable-set position. ’ word is stored with all zeros, : main storage.
- value if the set-clock instruction is executed while the:TOD CLK Bit 0= 1 if in secure position. ’ N e e e i
“switch is in the enable-set position. If the TOD CLK switch is in e Condition code settings: .
+" the secure position when the set-clock instruction is executed, the 0= Clock in set state. If clock is in set state, set condition code 0 and brarnch to
value in the clock is not replaced and the °°"d'“°" code is set to if the switch is in the secure position, set-condition code 1 1= Clock in not-set state. f GFST to store the clock words in main storage.
indicate: and return to I-cycles without setting the clock. 2=Clock inerrorstate. ..l e o — — —— —
PRy ; T T T T T - 3=Not used ’by the 3145. B r ' If clock is in not-set state, set condition code 1 and
o c""d't"’" code semngs' S If the switch is in the enable-set position, set the low-order ' branch to GFST to store the clock words in main storage.
L7 0= Clockvalueset. T e word byte 3 bit 0 to 1 to set the clock control bit and set
"1 = Clock valué secure {TOD CLK switch in m posmon, i the clock-run latch when the word is destined to TODL.
: therefore, clock valuewasnotchanged, -~ ) ]
2 = Not used by the 3145, GFST
3 = Not used by the 3145,
—— {f address is on word boundary, take two store-word
iy EE o o R operations and return to |- cycles
Set TODL from the low-order word in local storage. Clock — _ R __ __ ]
starts with next 1-MHz oscillator pulse. - T o1
; : e 1f address is not on word boundary, shift the data to alrgn
- - . - and store in three store-word operations, and return to
Set condition code 0 and return to I-cycles. I-cycles.
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TOD Clock Output Assembler | |

TODCTRSO7 X ‘
TOD CTRS 8-15 x ‘
TOD CTRS 16-23

-X

TOD CTRS 24-31

EXP EXT BIT 3and
(Not) EXP EXT 8IT 4

TOD CTRS 32-39

TOD CTRS 4047 >l< A

IFA/TOD ASM

TOD CTRS 48-61 {See Note.) S >'<

~ BITS02 TODL BYTE 3BITO
: TODL BYTE 3BIT 1
TOOL BYTE 3BIT 2

BITS 37 ID NUMBER WJ(

YRS

i‘FA'ITOb ASM BYTES 0-381TS0-7 °

LEXP EX'I BIT 3and._
"EXP EXT BIT4

iFA BYTES 0-3BITS 0-7

INOT) EXP EXT BIT 3and
(NOT) EXP EXT BIT4

OGL ADDR

A
Byte 0

S b : * Note: Byte 2 Bits 47 not used.
A : L SECAE .- . .TODL output contains 2eros.
Byte 1 .

GATED LOGL ADDR Bytes 0-3 8is 0-7 mx- -—“

A
Byte 2

A
Byte 3.

INOT) EXP EXTBIT 3and ' l
EXP EXT BIT 4 " T




TOD Circuit Card Loc. and Related Logic

I CIRCUIT CARD LOCATION: A1L2 I "

LOGIC/ALD PAGE:

CTO11
Osc Drive
I CIRCUIT CARD LOCATION:  AIN2 l
LOGIC/ALD PAGE:
CT11%

Time-of-Day Counter Advance Controls
. Interval Timer Osc Drive

CT112
TOD Counter Set Controls P
Condition Codes
identification .
IF A/TOD ASMBYTE 2B1TS 23 P
cT13
Error Detection
CcTi14
TOD Ctrs 1819
TaD Ctrs 50-51
TOD Asm Byte 2 Bits 2-3
cTH11s
Lock-Load Timing Generation

CT212 Continued
TQD Asm Byte O Bits 345

cT213
TOD Ctrs 6-7-8
TOD Ctrs 38-39-40
TOD Asm Byte 0 Bits 6-7
TOD Asm Byte 1 Bits Q
cT214
{FA/TOD Asm Byte O Bits 0 through 7
AFA/TOD Asm Byte 1 Bit 0
" Gating C »trols
© CT215
Parity
Parity Predict
Parity Asm for Byte 0

cT216 )
TOD Termination

I CIACUIT CARD LOCATION:  A1Q2 I

I CIRCUIT CARD LOCATION: © A1P2 j

LOGIC/ALD PAGE:

cT211

TOD Ctrs 0-1-2

TCO Curs 323334

TOD Asm Byte 0 Bits 0-1-2
cT212

TOD Ctrs 345

TOD Ctrs 35-36-37

W\/_\/W

LOGIC/ALD PAGE:

cT221
TOD Ctrs 9-10-17
TOD Ctrs 41-42-49
TOD Asm Byte 1 Bits 1-2
TOD Asm Byte 2 Bit 1

CT222

TOD Ctrs 11-12-13

TOD Ctrs 43-44-46

TOD Asm Byte t Bits 34-56
C€T223

TOD Ctrs 14-15-16

TOD Ctrs 46-47-48

~i’D Asm Byte 1 Bits 6-7

TOD Asm Byte 2 Bit 0
Cr224

IFA/TOD Asm Byte 1 Bits 1 thru 7

IFA/TOD Asm Byte 2 Bits 0-1

— e —

CT226

Parity

Parity Predict

Parity Asm for Byte 1
CT226

TOD Termination

l CIRCUIT CARD LOCATION:  A1R2

LOGIC/ALD PAGE:

CT31s
TOD Ctrs 20-21-22
1IFA/TOD Asm Byte 2 Bits 4-56

CT312
TOD Ctrs 23-24-25
iFA/TOD Asm Byte 2 Bit7
IFA/TOD Asm Byte 3 Bits 0-1
CT313
TOD Ctrs 26-27-28
IFA/TOD Asm Byte 3 Bits 2-34

CT314
TOD Ctrs 20-30-31
IFA/TOD Asm Byte 3 Bits 56-7
CT315
Parity Asm for Bytes 2and 3
Gate Buffers

CT316 .

cT3t?
TOD Asm Byte 3 Bits 34567
CPU identification Number

. Parity Predict for TOD BV!CI‘Q and3
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INTERVAL TIMER

The interval timer provides program intefruption on a program-
controlled time basis, Interval timer applications include:

@ Job accounting
® Monitoring for perpetual program loops
® Time stamping

@ Poliing at timed intervals
. = 1)

The storage area allocated for the interval timer feature is in
main storage locations 50-53 hex. If the interval timer
switch is set to NORM (normal}, any value stored at this
location is decremented by the hardware.

The program being processed can be interrupted by an
external interruption (if PSW bit 7 and control register 0
bit 24 are on) when the interval timer word changes from
a positive to a negative value. The interruption is identified
by the appropriate external interrupt register bit,

Description
® Has a 32-position counter
® Stores last timer value in MS 50

® Contained on 3 cards:

A-B2K4 Controls  ALD CH031-032
A-C1T2and A-C1U2  Timer ALD CH211-225

® Uses same oscillator as TOD clock (High Resolution Timer 75.46-
" KHz oscillator}

interval Timer Operation
Enabie or disable timer
Decrement timer
Set timer
Read timer
Display Timer

Interval timer interrupt

INTERVAL TIMER BLOCK DIAGRAM

e X

A AByte
Register Assembler
To Storage
SDBI
Ext SDBO
Hardware
Timer
1]
B8Y0 H
—X
I 4 BY1 I
4 BY2 H
23
3 24
- BY3*H
31
Interval
Timer
Control
Circuits

Ext SDBO/
Loc 50
Assembler

SDBO
Preassembiy

|- ToSDBO Assembler

Gate Internal Storage —-J

“Set from SDBI by diagnostic controls only
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Enable Timer w :
To enable the interval timer: L ¢
1. Set interval timer switchto NORMAL. - G
2. Set rate switch to PROCESS, and

3. Execute a return word {RTN with Br Lo = 111} to set the timer
run latch,

Deaement Timer

The hardware circuits gate a sugnal to the coumef This signai is
“synchromzed with the oscillator which has a 13-us. time interval.
At45to ,l 35-time in the CPU clock cycle at the start of the 13-us.
mtervat counter position 31 is decremented.  This update is
inhibited each time the interval timér is being set to a new value,

Position 23 of the counter is decremented every 3.3 ms; To
obtain this degree of resofution, the ability to store in byte 3+,

“{positions 24-31) is inhibited by the timer hardware. Therefore,.
these positions are used functiorialy to assure that position 23
is updated esch 3.3 ms by 2 sngnal which is developed every
13us.

Whenever an interrupt occurs, the timer value is stored in main
storage location 80. if interrupts occur at time intervals greatar
than 2.048 ms the TOD clock carry-out of bit position 41

ffforces a branch to the section of microprogram (GICM) thnt

. transfers the timer va|ue to main storage location 80,

Dnsabh Tmnr : y

~The mterva' timer s dsabled when:

" 1. The interval timer switch is in DISABLF
2. The rate switch is not m PROCESS

3 A tlmer errar aceurs.

The timer value is sét into the hardware and main storbge loca-
tion 80 at O to 45-time of the storage-2 cycle of a storage word
- that-specifies:

1. Anot k-addressable storage word, and .
2, A store wovd into locat:on 80, ‘

Head Timer

The contents of the counter cannot be displayed dncctly
To enable the timer value to be checked the timer contents
care transferred by the 370 microprogram [}

' Display Timer

" The manual display of location BO shows (he timer vaiue of the
last updat!.

tm-rnl Tim« Switch

NORMAL

This switch position enebles the mlnmeomro!emm
‘which sliows the herd 0 be

DISABLE | :
This switch position disables the interval timer control circuits.
Regardiess of the interval-timer switch position, a store/display

of location 80 displays only the contents of main stcrage loca-
tion 80.

interval Timer Interrupt

_Once enabled, the timer decrements continually, The instant

that the value changes from positive to negative, an interrupt

“condition is indicated. The interrupt routine (GICM) tests for

this timer value change in LS Y (LS 16). When LS 16 bit0’

- changes from zero to one, the microprogram branches
- when Y0bit 0=1 B} and sets [ the External Interrupt reguster o

bit 0 (Ext 12, byte 0 bit 0) on,
During program execution, whenever both PSW bit 7 and

s MSKA bit 0 are on, the timer interrupt request is gated to the
" interrupt latch, The system uses this to execute the interrupt

handling routine.

Sample Routine:
Label Next Label Statement Comments
PXO0, OE, 52 Set P for interrupt routine
VC =0+ K50 V = 0000050
RDWY DM, 50 Read timer hardware
RDW X V,NOP E Read location 80°
Y3:=X%3 Preserve byte 3
-stwy om, 50 [EJ| Update tocation 80
mivr 1,80} vo Current value negative? -
TIMRGD | TIMR1,0 EXTINT, OR, K80 | Set timer interrupt request
TIMR 10 MisC 81 SYS1 Continue GICM
TIMR 11 TIMR BO, 0 X0 Was last value negative?
Notes: 1. These statements [} are found at the beginning of the GICM routine.

2. The timer update [&] occurs qnly when either a system interrupt or 8
TOD forced interrupt occurs.

-'-——;-—-— User Pronrmi

2.048 ms

(48641400)
STORE TIMER

(Storage Word
Control Word)
(Hardware and
focation 80)

not K-addressable,
store word,
tocation BO

7 140605011)
e :

. (61641410)

GICM Routine
{System Interrupt)

Lt T iMET UPdate e e

L p, 148605010
T

oinstruction Lchivmruc\ion-h

" -t Mmoinmuﬂion-ﬁfwcr

GICM Routine
{TOD Forced Interrupt}

Timer Updat'

_l

1
READ TIMER

(Storage Word
Control Word)
{hardware}
K-addresssisle,
read werd,
loantion 80

[

READ LOCATION 83 | STORE IN LOCATION 80

(location 80, byte 3}

(Storage Word Control
Word) not K-sddress-
sble, read byte,
tacation 83

N\

{Storage Word
Control Word)

K-addressable, store

word, location 80
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0S/DOS COMPATIBILITY
Introduction

® Consists of the 0S/DOS emulator program and the hardware
and microprogramming needed for execution.

® Two new instructions: Execute Local (EXL) and Adjust CCW.
String (ACCW), are used by the emulator-program.

® The DOS Emulator and the DOS system being emulated are
located in mam storage above the OS area.

® The mmlmum storage area needed for the DOS emulator and
& tha DOsS system is 38K by!es : -

. ® The OS/DOS emulator operates in the same manner as any '
" -0Sjob.

When operating in I&a‘ made {DOS programs being executed),
alt addresses pertaining to the DOS area are adjusted by the
address-adjustment hardware.

When local mode is terminated, addressing is performed in the
standard manner.

Refer *0S/DOS Functional Units”, and “Real Address
Computation Example’ for an explanation of the address:
adjustment hardware.

Address translation is needed for DOS emulation because
the addresses of the DOS supervisor {SV) are basically fixed
and the DOS supervisor is located in an area of storage not

**_normally used by DOS SV, All references to the fixed addresses B

of ‘the DOS SV must be ad)usted to reflect the real location of
‘these fixed areas.

The EXL instruction operates with the LEX List, which is
a table that the emulator program loads before the execution
of the DOS area. This list is located in the emulator area and
is used tc handle entry to and exit from the local mode of

. operation. :

The ACCW instruction operates with the Adjust CCW list
{ACCW List). The ACCW list is loaded and maintained by the
emulator program for use in the adjustment of CCW data addresses.

The OS/DOS emulator and the DOS system being emulated

*{DOS supervisor and up to three processing program partitions)
execute together in an MFT partition or MVT region, which must
be a minimum of 38K. The 0S/DOS emulator program and tables

.- require 22K plus another 4K if 1/O staging is used. Additional

" 05/DOS emulator program storage may be required, depending
on the 1/0 devices used. Up to ten 1/O devices are supported in” /..

g 22K; and 250 bytes are required for each additional device. The -

10 staging requirement of 4K supports unblocked reader, printer,

and punch records and residence of the required QSAM routmes 2

in the OS/DOS emulator partition or region.

The DOS system being emulated can be 16K, 24K, or 32K and
up, in 4K increments. The QS/DOS emulator is scheduled to
operate in the same manner as any other OS job, Several 0S/DOS

. emulator jobs can execute concurrently with OS jobs if enough
1/0 devices and processar storage are available. In addition, the. -
Model 145 OS 1401/1440/1460 and 1410/7010 Emulator pro-

* grams can execute concurreritly with the OS/DOS emuIator aI g

enough resources are gesent

' DOS Area—Local Mode - -
. :

EXAMPLE STORAGE ASSIGNMENT for 266K MODEL 145

O3FFFF

.05 .JOBS

QSAM Routines and I/0
buffers for 1/0 staging

~DOS F1 partition

. DOS F2 partition - -

" DOS BG partition

DOS Supervisor

Address-Adjustment Factor t
. 015000

| 010000

DOS Emulator and tables

058V

OS partition for:
DOS Emulator:
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0S/DOS Functional Un'® -

Transiate Look-Aside Buffer (TLB} ) (5

@ Eight 26-bit registers contain the local and real addresses :
used during the acoasmg of the local area when operating
in local mode.

® The focal address occupies bytes 0 (bhs 0-7) and bvta LI
(brtsaa)onhe LB EE E

L ] 'The loml addres is m!ed 0 the reglsters imm PAA

[ ] The real address ocu.rples byte 2 {bits 0-7) and byte 3
*{bits 0-3) of the TLB.

® The real address is gated to the registers from EBI.
® The regrster !o be Ioaded is addressed by the LRU .
: gh EXT 2E with swhch H

© The TLB un be d:splaved t
Al se!ectmg l of 8 regrsters. :

I.am Recontly Used (LRU) Mﬁnx

® The LRU is an address matrix that keeps track of the use of
the translate look-aside buffer, -

® The LRU addresses the least recemly used translate look-aside
buf‘fer whenever 2 mmputed real address must be loaded

. Composed of 28 latr:hes and assocvated cireuits.

® The LRU is reset to 2zero before the 0S/DOS operation.
® The LRU can be displayed through EXT 08 byte 2.

When a mismatch occurs between the local address portion of the

PAA and the local address portion of the TLB, the LRU determims :

the register to be loaded with the computed real address. In the .
GGST microroutine, the computed real address is loaded into TLB. -
bytes 2 and 3 and the local address causing the mismatch is loaded
into TLB bytes 0 and 1 addressed by the LRU.

' The status of the LRU is changed each time a match occurs be-
tweeri the focal address portion of the PAA and the Ioul'cddress
from the translate look-aside buffer. This constant changmg
assures that the least recently used register is addressod "",“" 3.
musmeh ocmrs. Rofnr "LRU Onamuon Example," Y

Match Circuits

® Perform the comparison of the local address portion of the
PAA and the local address portion of the translate look-aside
buffer bytes 0 and 1.

@ Output of the match circuits sets and resets specified
combinations of the LRU.

° The match circuit can be drsplaved through EXT 08 byte 3.

When displaying the match circuits, the PAA must contain
valid information.

Thére is a match circuit for each translate look-aside buffer, -
When a match occurs, the corresponding LRU row is set to ones
and the corresponding column is reset to zeros, The resulting

“status of the LRU provides the means of addressing the least

recently used register. ,
PR |,v,w-————_-1
PAA 1 2 3
| to M2 bits 4.7
. E8! M3 bits 07
3 {PAA + ADJ Factor)
DATA
T A
|
o e - = - -'. - -
|
A i
10} Locat -k Reat
D address | Address Real ‘
r} - o 0 M1 bits 0-7
| Bneso !‘ Bytes 2-3 M2bits 03
s F--
H
T g
1 E
------ '_ ————
o
Transtate Look-Aside
Buffer
Local
Address i Match
Match BTN
Circuits L .
No Match Trap DBOC
-~ " {to Load TLB)
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LRU Operational Example
FIRST STORAGE ACCESS ATTEMPT

Real Local
Addr Addr .
Bytes Bytes = Match -
2,3 0.1 ) Circuits
015 001
016 002
017 003 f—
018 004
019 005
O1A 006
018 007 —
01C 008 |—

NOOAEWN -

DOIO LI

*Translate Look-Aside Buffer
PAA local address (00A)

SUCCESSFUL EXECUTION OF STORAGE WORD

Real Local

; Addr Addr. .

Bytes Bytes - . Match
2,3 0,1 . ircuit:
015 001
016 002
017 003
018 004
01E_00A
01A 006
01B_007
01C 008

match on 4
Set row 4
Reset column 4

T
LU

NS WN=-O

Translate Look-Aside Buffer
PAA local address (00A) -

Nomatch 0

LRU
765 43210
T[1[1]t]0]0]0]
T [1[1]0]0]
IBERERER
{ti1]1 -
ololo 4 is_l_e;ast ly used
1] (row 4=0s and column 4=1s)
__Q_J Foy ,' -

LRU
76643210
o [A[I[T[00T0[0]

a0l 0]

IR E

s ool
s

s{1[ 1

6[0]

7"

6 now least recently used
{row 6=0s and column 6=1s)

Assume:

Objectives:

Description:

are compared.

STANDARD FEATURES
Storage access attempted for local address OAGO0.
Adjustment factor = 14000 )
Translate look-aside buffers are set to values indicated,

* Table buffer Regs are set to values indicated;

Provide a real address to the M-register to access -
the local area specified as address 0AD0D, -~ -
When the storage access is attempted in focal mode,
the local address portion of the PAA and the local .
address portion of the translate look-aside buffers -

A no-match condition results from the match
circuits. This no-match condition causes a trap .

+to control-storage address D8OC. The GGST -

microroutine is executed. The GGST microroutine: ©
Computes the real address by adding the local .
address and the adjustment factor,
 Re-executes recently used of the translate
look-aside buffers with the real and local
address. o
Re-executes the storage word that caused th
mismatch. '
Re-executing the storage word causes a match to

. occur from the number 4 TLB. the number 4 TLB

was loaded in the GGST microroutine.
The match tine from the number 4 register sets
row 4 and resets column 4 of the LRU. The status

- of the LRU now indicates that TLB 6 is the least - -,
"' recantly used, Should a mismatch oceur onthe - .
*. next storage access, the computed real address is
" loaded into TLB 6, 1) i
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New Instruction's for &OS Emulator

® The new instructions are Execute Local (EXL), and Adiust LR
CCW string (ACCW).

@ TheOp code for both these mstructlons os B

® The mmedute by { ,,etermmes whgoh 9f the two instructions :
: lstobeexecuted ot T

Executy Local [(e2 | O [ B1] 01 ] EXL)

®  This instruction addresses the LEX list, performs certain
. initialization functions, and sets local mode for system
operation.

When the EXL instruction is éxecuted, the condition ‘code, program

mask, and instruction address in the current.PSW are replaced by

‘values from the LEX list. General registers 14 and 15 are loaded

from the LEX fist and the CPU is placed in Local mode. )
During the execution of the EXL instruction, the modified

PSW is not checked for program interruptions. Any such checks

occur as part of the ne\t mstructvon executlon

Condition Code : ) )
Upon complenon of the EXL mstruchon, the condition code is o

“ set according to the condition code loaded from the LEX list.

Program Interruptions E
‘Addressing: ' The address of the LEX list is invalid. The address
formed by the addition of the origin address and
.~ the local address exceeds the maximum address
allocated to the emulator program.
Siwi o vs The operation is suppressed,
Operation: ~ The instruction is not instailed. The operation is
N suppressed.
Protection: . The LEX list is protected for fetching or storing.
The operation is suppressed. :
Specification: The first operand address does not specify a 64- »
byte boundary.
The origin address is not a multiple of 4096
.+ The local fimit address is not one less than a
. maltiple of 4096.
The operation is suppressed

Special
Operations:  If the EXL instruction, the ACCW instruction,
the Monitor Call instruction, or the emulator

instruction is encountered while in local mode, :
the operation is suppresséd. The interruption
is reflected in the LEX list of the program .-
that placed the CPU in local mode. 2

A privuleged operation is any privileg:d mstmmon uneoumered
while in local made.
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Local List Format and Definition

Bytes0, 1
Bytes2,3
Byres © 03
Bytes 47
Bytes é.1|

" Byws 1248
Byes ynmsv
By 2023
‘Bytes 2027
Bytes 2831
Bytes 3238
Bytes ~  36-39

Bytes 36.39

Reserved for emulator program use. This area is
not addressed by the EXL instruction.

Upon termination of local mode by a program or
supervisor call interruption, the 16-bit interruption -
code describing the mterruptlon is piaced in this
field.

Programming Use ] . Interruption Code

t]c Prog.
708 ] Local instruction Address

LicC Mask

.. General Register 14

General Register 15

‘_R?eservéd = Origin Address

Reserved - Local Limit Address

Reserved. . Last Instruction Address

SVC Interruption Address

Reserved

: Ré}ermd . Program Interruption Address

Asynchronous Interruption Address

When local mode is terminated by an asynchro-
nous interruption {external, §/0, or machine-

* check), the address located in bytes 37-39 is placed

in the PSW. The high-order byte is reserved and
should be set to zero. The adjusted PSW is stored

. inthe corresponding low storage ald PSW and an

interrupt is taken to the OS supervisor.

Bytes 4-7

Bytes 8-11

Bytes 15-15

Bytes 16-19

Bytes 2023

Bytes 2427

.; address placed in this field would be the address of
" the Execute instruction.

Bytes 28.31

Bytes 32-35

- -upper address of the emulated env»ronment The :
_ address must specify one less than a 4096

* placed in the PSW. This address is within the

Updates the current PSW when the EXL instruction

. Is executed, The instruction address in bytes 5-7 is

the address of the next instruction within the DOS*
area. Whenever local mode is terminated by an inter~
ruption, this area is updated. The ILC field is
unpredictable when local mode is terminated by an# 1:\.
asynchronous interruption.

The value in this field is loaded into general ragister.
14 when the EXL instruction is executed. When -~ .-
focal mode is terminated by an interruption, the
current contents of genera| reglster 14 are stored
into this field. .

The value in this field is loMed into general
register 16 when the EXL instruction is executed.
When local mode is terminated by an interrup- -
‘tion, the current contents of general register 15
are stored into this field.

The address contained in bytes 17-19 corresponrs
to the address adjustment factor and points to the
zero address of the emulated DOS supervisor, This -
address must be a multiple of 4096, or a specifica-
tion interrupt occurs. The high-order byte of this
field is reserved and should be set to zero.

The address contained in bytes 21-23 specifies the

boundary, or a specification interrupt occurs. Tha -
high-order byte of this tield is reserved and should .
be set to zero. ., -

When local mode is termmated hy a program or
supervisor call interruption, this address points to
the instruction causing the interruption. This
address i§ within the boundary of the emulator. .
program. |f the instruction causing the interrup- " - .« .-
tion was the object of an Execute instruction, the ..

The contents of the address field are unpre-
dictable when local mode is terminated by an
asynchronous interruption. The hlgh -order byte of
this field is set to zero.

When local mode is terminated ‘\by a supervisor !
call interrupt, the address located in bytes 29-31 is.

boundary of the emulator program. The high-
order byte is reserved and should be set to zero.

When local mode is terminated by a program

interrupt, the address located in bytes 33-35 is
placed in the PSW. This address is within the
boundary of the emutator program. The high
order byte is reserved and should be set to zero.

STANDARD FEATURES
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£Xt EXAMPLE: EXECUNIN and LOCAL MODE OPERATION START
M 9°.

S LR RER . S RS Local Area
EXLU Sets Local Mode . .
‘ Current PSW
EXL Points to.LEX fist ‘ , » I Address l
Update
- from
LEX Real
- List Address
Interruption Code
Local Instruction Address . . fDD
Bytes 8-11 ‘General Register 14 . - . Gen Reg 14
DO , - : —— Gen Reg 15

©oBytes 1245 . oo f Tl T L General Register 15 SR R I R e

Bytes 16-19 : Reservéd . Origin Address -

Bytes 20-23 ° Reserved . Local Limit Address ]

l Compare Add

" Byes 24-27 & Reervéd Last Instruction Address

Bytes 7831 neservég“ " 'SVC Interruption Address

ths 3235 Program Interruption Address

: . - — ) Al address adjustments, while in local

: Asynchronous Interruption Address mode, are by the addr

Bytu$39 L . hardware.

LEXList L
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Reel Address Computation Exampile
EXL instruction ' All regi have been initialized.
Adjustment Factor = 14000
82 OE 81 D1
——
CURRENT PSW
LEX LIST
.- Byes 47 I-REGISTER | 001000
; e
Local Roal
BytesO, 1 Bytes 2,3

° .

] |

2 [}

3 —

4 1

LRU MATRIX |

6 {

.

7 i

MATCH

TRANSLATE LOOK-ASIDE BUFFER

initially the local addresses and the
parity bits are set to zero. The first
time the TLB is accessed, a mismatch
occurs,

When the EXL instruction has been executed and contral is "

" gated to the M-Reg to make up the complete real address of the
- focation to be accessed.

PAA
1]
[\ ]}  Yeea—
1
. 0
e i
Address Address T

STANDARD FEATURES '

- * Match oocurs; 1o allow Mrsg sst up and cycle LRU),
MATCH |-— i S :

'o[ 00t | 015 1 ; I“—"
: l M~ Local Address ’

M-REG
i | M1

TRANSLATE LOOK-ASIDE BUFFER

AFTER TRAP ROUTINE

No Match

Trap to [_)BOC : ¥

_ Freaze I, V, W, TR, and PAA. .

Trap routine GGST

Compute real address, load real oddnn
and local address into TLB 0.
Re-execute the storage word that caused
the mismatch, -

Local address 001
Adjustment factor  + 014
_ Reataddress 015

passed to the current PSW, the address-adjustment c:rcuuts are
activated.

in local mode, each time an access is made to main storage, with
an ADJ storage word, the local address portion of the PAA is
checked against the local address area of all eight TLBs. When a
match is detected, the real address from the TLB causing the match
is gated to the M-register, The displacement value from PAA is also

When a no-match condition occurs, a trap is forced and the :
GGST microroutine is executed. The real address is formed, and

' the real address and local address are loaded into the least recently

used TLB. The storage word causing the mismatch is re-executed.
The resulting match condition gates the real-address to the M-
register for a main-storage access and updates the LRU matrix.

e il2

M2 Read address of emulated instruction. -

3




Adjust COW Sting [_. of: | 81 | o ] 7. Program interruptions i

® The operand address designates the Adjust CCW (ACCW) list. 4 .~ Addressing: - The address of the ACCW list is outside avaifable
LT : storage. The operation is suppressed.
® With the information from the ACCW list, this instruction '+ S . The address of a CCW is outside available storage.
addresses CCWs and performs adjustment on the data addresses H The opeiation is terminated..
of the CCWs. Operation: The instruction is not instalied. The operation is
suppressed.

The ACCW instruction interprets successive doul;lewords as CCWs
and adjusts their data addresses by algebraically adding the adjust-
ment factor to them. This process continues until: !

Protection: ” . The ACCW list is protected for storing or fetching.
: The operation is suppressed.
A CCW is protected for fetching or storing. The

The last CCW adjusted did not specify chaining, or T operation is terminated.
‘A CCW whose command code specifies TIC has been adjusted, or . oy Specification: The first operand address does not specify a 64-
: W : G ! byte boundary; the signed adjustment factor is
A CCW whose data address points outside the emulated - . not a multiple of 4096; the local limit address is
environment is encountered, or ) not one less than a multiple of 4096. The operation
The address of the next CCW is outside the limits of the emulated - - ls‘suppressed. )
" environment or does not specify a doubleword boundary. S Special ;
pecify v Operation:  The ACCW instruction was encountered while in

* Any of these conditions terminates the instruction and sets . local mode. The operation is suppressed. The
. the proper ‘condition code to specify the reason for termina- Lo . : interruptica is reflected to the program that placed
tion, . .

When the ACCW instruction is completed, the address of the ::: d‘::ol: :‘y'::a' dr::::: :‘v:’: :j::::‘:' the local
Tast CCW adjusted +B is stored in bytes 17-19 of the ACCW list
far condition codes 0, 1, or 2. For condition code 3, the address
stored is CCW + 0. If data chaining was in progress, the command
code and the address of the CCW containing the command code
are set in the operation byte and operatlon pomter fieids,

. respectively.

¥ {f the last CCW adjusted specified transfer in channel bytes
21-23 of the ACCW list contain the unadgusted data address from
the TIC CCW. If the TIC CCW is ed in a data-chai
sequence, the operation byte and operation pointer of the ACCW
list contain‘the values set from the first CCW of the chain. When
the T1C is not data-chained, the operation byte in the ACCW list
is set to zero. The CCW address field in the ACCW lm issetto
the address +8 of the 'nc CCcw. E

condmon Code

0 End of the CCW string. The last CCW adjusted specified netther
data chaining nor command chaining.

1 A TIC CCW was the last CCW adjusted. ‘ Ry

2 An adjusted data address was ) d that fell putsid fhé

‘= area of the emulated environment. s

The address of the n2xt CCW to be adjusted did not speclfv a

d bound ,orfell ide the area of the emulated

pnvircmment; . :
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Adjust CCW List Format and Definition

Bytes 0-3

Signed Adjustment Factor

... Bytes 47

Local Limit Address

Bytes 8-11

Reserved
- I

Operation Byte

Bytes 1215

Operation Pointer

CCW Address

Bytes 811

TiC Data Address

Bytes 12-15

. of the CCW. The CCW data address, which-is locat

“This field contams the address of the ccw that

The signed binary number located in this field is
added to the data address of the CCW addressed *

by bytes 16-19 of the ACCW list. The 24 low-order. "
bits of the result are set into the data address field .

_to the § t, is 4 ed against
the locat limit add s. If the comparison indi

“that the local address is above the local limit ad-

dress, a program interruption oceurs.

The address contained in bytes 5-7 specifies the
upper address of the lated envir The
address must specify one less than a 4096 '
boundary, or a specification interrupt occurs, The

- local fimit address is compared with the local CCW -
‘address, and the extreme local address of the

storage area defined for each CCW by the data ad-
dress, command code, and unit, to assure that the
local address is within the limits of the storage
area assigned to the emulated environment,

The operation byte (byte 11) carries the command
code for CCWs that are data-chained, The opera-
tion byte is set to zevo if the CCW béing pro-
cessed is not data-chained. When the operation -

_ byte is fetched from the ACCW list, the high-order -
“bytes of this field are ignored. When the operation

byte is stored in the ACCW list, the high-order

bytes are set to zero. A nonzero operation byte

ed upon initiation of the instruction
indicates that the first CCW to be dlusted ns part
of a datavchamed sequence. :

originated the operation byte for the last non-TIC
CCW adjusted. When this address is fetched from
the ACCW list, the high-order byte is ignored.
When the address is stored in the ACCW list, the -
high-order byte is set to zero. -

The address contained in this f:eld is the address of :.‘
the first CCW of a string when the ACCW instruc-.

- tion is encountered. When the ACCW is completed,

this address points to the doubleword above the . '
last CCW adjusted when terminated with condi-
tion 0, 1, or 2. When terminated with condition
code 3, the address points to the CCW causing
termination. When this address is fetched from -
the ACCW list, the high-order byte is ignored. -
When the address is stored in the ACCW hst the
high-order byte is set to zero.

Contains the unadjusted data address from the

CCW whose command specifies transfer in
channel. The high-order byte is set to zero.
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OPERATION EXAMPL-e ACCW INSTRUCTION
: cows

ACCW Instruction

B S —— -

- [ e ]

Data
Address

Command
Code

Local Address

Compare <

ACCW LIST. , g _ . | Cilasi o0 Result = Real or Local Address ==

U Byes0d - ] Signed Adjustment Factor - _ e - : . ) % S
: g 3 - : L _ - ; Compare i
; . Local Limit Address - . : : TR : . : : )

{Local Addresses only}

Operation Byte

Bytes 811 Reserved
= S SEaman - o ; The operand address of the ACCW instruction points to the
E \m 4248 £ 7] Operstion Pointer : . . - . ' ACCW tist.
B - - - : R , The CCW address from the ACCW fist points to the first CCW
Brtes1619 | .} CCW Address L ) : ’ ISP : to be adjusted.
. g 5 E . { : The operation byte contains the command code from the first
Bytes 2023 TIC Date Address 4 CCW in a data-chaining sequence.

The operation painter contains the address of the CCW that
provided the operation byte.

Each CCW in the chain is addressed from the ACCW list.

The data address from the CCW is added with the signed ad-

. justment factor from the ACCW list. The local CCW address is  *." "'

.. compared with the local limit address. i the comparison indi- .

. cates a valid local address, the operation continues. tf the com-'
parison indicates an invalid local address, the operation is termi-

" nated and a condition code of 3 is set. The extreme local address
of the storage area defined for each CCW by the data address,

" command code, and count are compared with the local limit
address and zero. If the comparisons indicate a valid local
storage area, the adjusted data address is placed in the data
address field of the CCW, If the address compare is invalid, the
operation is terminated and a condition code of 2 is set,

The CCW address in the ACCW list is updated +8 to point to
the next CCW to be adjusted. When the last CCW in the string has
been adjusted, the CCW address points to the next sequential
doubleword.
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EXL and ACCW Instruction Execution

GHYP OPRBND 11

GHYP GPRBND 01

Store lozal list "
pointer at FF28. " -
Set locat list
pointer to the
origin focation.

GHYP l OPRBND 11

RDWQADJ,V +4
V now points to focel .

Place origin '
address in Q-Reg.

Place local limit
address in Y-Reg.

e
ROWQADJ, V+4
GAAl ¢ {1 Cycles) vrompane o b= ] s s cminent

Decode 82 Op. tocal imit address . : factor in G-Reg.

First Operand -+~ " in.the ACCW list.

address set in (o :

V-register. : !
RDWY ADJ,V+4 - -

Place local limit
V now points to the |- == = = o address in Y-Reg.
operation byte field .
GGB2 INVOP 01 in the ACCW Jist:

Set the Q-Reg : :

to the proper o

address for . : .

entry to the .

GHYProutine. | __ IO = 0000XX38 for EXL

) Q = 0000XX3C for ACCW
Return using
Qas link Reg.

Special Operation

Exception; go to

GICM routine for
" interrupt.

Specification
Exception; go
to GICM for
interrupt.

~GHYP. § RELBND 10’

Do CCW adjustas -
described for ACCW. -
instruction.

e o o

“limit address location

L o e —|RDWYADLV +4

V now points to last
instruction address

Check addresses.

1f valid, continue; if

not, take specification .
exception and branch m‘

GICM for Interrupt,

.. GHYP | RELBNO W

. Check the sum of
" the loca! limit
sddress and the
origin, it valid,

H continue; if not, -

. take sddress

* axception and

. branch to GICM .

for interrupt.

Set local pointer
beck to start of
focal list.

. Set repisters for

¢ local execution.
$et local mode and

" return to 1-cycies.

location in the loca list.

STANDARD FEATURES
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. the OS supervisor.

interruptions

Any interrupt removes the CPU from loca! mode.

All synchronous interrupts that occur while in l‘m’n'i mode
are handled by the emulator program.

All asynchranous interrupts that occur while in local rnode are :
first handled bv the OS supervisor.

1f a stuperviso mll program, External, [/0, or recoverable
machine-check interruption occurs while the CPU is in local
mode, the following actions take place: )
The 16-bit interruption code associated with the supervisor call
or program interruption is stored in the interruption code field
of the LEX list. The contents of this field after an external, 1/0,
or-machine-check interruption are unpredictable.
The 1LC, CC, program mask, and instruction address of the *
wrrent PSW are stored in the bytes 4-7 of the LEX list. The value
* of the ILC after an asynchronous interruption is unpredictable.
The current contents of general registers 14 and 15 are stored
into bytes 815 of the LEX fist,
¥ the interrup is a supervisor call or program interrupt, the
focal address of the instruction causing the interruption is stored
into bytes 25-27 of the LEX list. If the instruction causmg the
.- interrupt was the object of an Execute mstvuctwn the loca|
. address of the Execute instruction is stored,

" The address of the corresponding interrupt (SVC program, of
asynchronous} is loaded into the current PSW from the LEX list
1§ the interruptiis an asynchronous interrupt, (1/0, external, or
- sachine-check) the adjusted current PSW is stored in the cor-

responding low storage old PSW and mterrupt is then sent to

The CPU is removéd from Iocal mode

Lex Lisr AFTER PROGRAM INTERRUPT

- Bytes |

LEX LIST AFTER SVC INTERRUPT

“CBytes . 03 o Prowammmq Use _ ‘ » ] SVC Interrupt Code
fé;{m T 47 ' : g gl l;::am I Locai Instruction Adcims
‘ Bv‘tos 811 General Register 14
Bytes 12-15 General Register 15
Bytes 1619 Rescrved Urigin Address
Bytes  Reserved - Local Limit Address
Bytes : ﬂése&éd- : SVC or Execute Address
Bytes " Reserved sve lnterrﬁption Address

Reserved

Bytes Program Interruption Address

L Heée}v’é}d ; Asynchronous Interruption Address

" When ih; interruptior: is a specification exception due to an odd

address, the 1L.C is unpredictable, The Last mstructlon ﬁeld
contains tm odd addms.

LEX LIST AFTER AN ASYNCHRONOUS INTERRUPT

am;- 03 Prosremmmg Use j Program Interrupt Code Bytes 0-3 Progr‘amr’nmg Use UNPREDICTABLE
thG:‘ 4-7 b, S é l g ] 3;:?:3'_“ " Local Instruction Address Bytes 4-7 l l - Program | Locel Instruction Address
: e ngei;ij Regmtr o} - Bytes 811 General Register 14
: éengrgt ﬁwigier 15 e Bytes 1215 General Register 15
Origié Address B Bytes 16-19 Origin Address
E Lm Limit Adquss . Bytes 20-23 g Locat Limit Addrm ' B
= s A Bytes 2427 : Reserved UNPREDICTABLE
. r“’"‘k SVC Interruption Address Bytes 2831 7: R'ef;g‘r\;'eui’k' ) SVC Interruption Address
) P}ogvam Interruption Address Bytes 3235 i Reserved Program Interruption Address
Awﬁchvoncu interruption Address Bytes 38-30 R*F?N‘?d‘ i :.‘,7 Asynchronous Interruption Address
*1LC is unpredictable,
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STANDARD FEATURES . CPU 128
SVC INTERRUPTION EXAMPLE

Store SVC interruption code, Rk
Local mdoi:mnwm interruption
v oo [ e ] e (ST= ]
'EII ‘é[ z:rm l mellnsjmcﬁonkddms V ‘.—_.l
Gownlfitocia T GenReg 14 . LOCALAREA T
Genéral Register 16. - : i fe 15 T ——

‘Reserved Origin Address -
DOS sV
Ruserved i Local Limit Address -
N o - Address of SVC
Reserved e Last Instruction Address
- Reserved SVC Interruption Address
Reserved Program interruption Address ; o .
B T ‘This address points to the SVC handling
Reserved. Asynchronous Interruption Address routine within the emulator program.

The SVC routine in the emulator program decades -
the information carried in the SVC imstruction to
determine the DOS SV address to branch to.

This type of intersupt has no PSW swaps.

-+ Once the DOS return address has been computed,
" sn EXL instruction is axecuted, local mode is sat, -
and a return is made to an address in the DOS SV.

LEX List



E

The DOS superv rates in problem state. When a Start 1/0 ../
instruction {privild8®8 instruction) is executed in the DOS super-: e
visor, the DOS emulator intercepts the program interrupt 'causing = -

the following to be performed by the 3145 mmroprogram

{Emulator Interrupts GHYI1).

1. The privileged operation interruption code is set into bytes 2
and 3 of the LEX list.

. The selected current PSW instruction address is foaded into
bytes 4-7 of the LEX tist. ¥

N

3. The address of the Start 1/0 instruction is stored into bytes

25-27 of the LEX list.
4. The current values of general registers 14 and 15 are stored
into bytes 8-15 of the LEX list.
The program interruption address, bytes 33-35 of the LEX
list, is placed into the current PSW .

L

6. The CPU is removed from LEX Mode

. The DOS ernu‘ator commences mstructlon execution at the

the address specified by the program interruption address and
performs the following:

1. The ACCW .instruction is executed to ad]ust the CCW data
addresses to their values in the emulator program.

2. Control is transferred to the OS SV to handle the Start 0.

*When the 0SSV has handled the Start 1/O, a return is made
. to the DOS Emulator. The EXL instruction is then executed

to restore information prior to restarting the DOS SV at the

point of interruption. Refer to “EXL Example: Exécution.”
Upon completion of the 1/0 operation, another ACCW instruc-

tion is executed to restore the CCW,data addmses to their local

- values. >

START 1/0 INTERRUPTION EXAMPLE

Start 1/0 from DOS Supervisor

DOS sV
Start 1/0

Program Interruption

Leave local mode

]

Resume execution
Set local mode

" Adjust CCWs = = =—o

DOS Emulator

ACCW

oS sv
Starts /0

a8
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MONITOR CALL

The monitor call feature allows the programmer to place a trace
on his program operation. The monitor call instruction is inserted
as desired, throughout the program to cause program interrupt
when that point is reached. The conditions can be made selective
by segregating them into up to sixteen classes. These classes can
be masked to allow interrupts only for specific conditions. A code
number placed in the operand field of the instruction is reported
along with the monitor class number during each interruption.

Monitor Call Instruction

'L'AF l 12 | 81 I o1
° s 6 % 7Y

12 Bits 811 must be zero.
Bits 12-15 contains one of sixteen monitor class numbers in
binary notation for the test.

B1 General register to used in determining the monitor code
along with D1,

D1 This field; along with the register defined by B1, is added to
produce the monitor code. (D1 can identify 266
codes without the use of the register.)

©"The monitor class number specified in the 12 field of the
nstruction is tested against the monitor class mask in control -
‘register 8. The sixteen bit mask identifies the monitor classes

with bit 16 for class 0 and bit 31 for class 16. If the mask allows
the class, a program interrupt is initiated. When a class is inhibited,
the monitor call instruction passes as a No-Op.

Control Register 8

L 00000000  GO000000 Monitor Class Msk |
- 0 16 31,

When the instruction initiates an interrupt, the monitor class
number specified by the instruction is posted in permanent storage
byte location 95. The class is posted as a binary number in the low-
order with the high-order set to zero. The computed monitor code
is set into permanent storage word location 156 with byte 0 set to
2er0.

Permanent Storagé 94

Loooooooo l MonclL # I PER Code ‘oooooooo |
0 8

16 24 kil

Permanent Storage 9C

: l 00000000 l =y Monitor Code J
] 8 ' . T

Example:
Instruction

l

T
. i ]

Execute next \
Instruction - -

.- . CONTROL REGISTERS

Match instruction 2 fisld value
with appropriste bit in monitor
mask {valua 04 match with mask
bit 4).

: S
G yﬁ

lt‘s 16{17]18]19]20{21 |22 23[24'25'26

Monitor Mask

. Set Program Interrupt
code 40 at address 8E

Set 12 field bits 12-15 into
i monitor class number at
Y address 95, [} G

Compute B1 and D1
address and store as
monitor code at |
address 9C.

R X * Take monitor call
program interrupt
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EXTENDED CONTROT™MODE

Introduction
The extznded“i:orrfroi (EC) feature of the 3145 initiates and re-

ate in basic control (BC) mode to accommodate programs written
for System/360. A new PSW format is used along with control
registers and extensions to the permanent assigned storage to
implement EC mode.
“Bit 12 of both the old and new formats of thé PSW has a
tion for identifi . When the bit is set to 0, the

cPy reads the PSW as BC mode, Hfthebitissetto 1, the PSWis -

o read as EC mode. The change from one made to the other can be
made with any PSW interchange. An 1/O operation can be started
in one mode and continued to an ending in the other mode. EC

" mode is requrred in order to perform most of the Svstem/370
features.

Feature Mask

i The changes 10 the basic PSW are ma
the EC feature. An expanded system tnask controls additional
features. -
Mask bits for the new features replace the system (1/0) mask of
~the BC mode PSW. The system mask is moved to the control reg-
isters. The condition code and program mask fields have been
. moved to bits 18 - 23 of the EC mode PSW. The IL.C and the
" interruption codes have been mcved t0 an area of the permanentlv
 assigned storage . . :

7 EC mode activates' the fotlowing features on the 3145,
System Mask bits on 1 allow the indicated features to function.
R Program Event Recording (PER) — This feature allows the
programmer to debug his programs by identifying instruc-
tions that could cause trouble in operation. These include
branch conditions, instruction fetch, storage alterations, *
and general register alterations. The recognition of one of
these conditions causes a program interruption with the
instruction address and code posted in a permanent storage
location.

T . Dynamic Address Translati

{DAT) — This feature aliows

conversion of programs expressed in virtual address to real
- ‘address in main storage. The translatron does not occur for
= 10 a

or for per ly assigned add usdbv

to satisfy reqdrremer;ts of

“fo
ports a number of System/370 functions. The CPU can still oper- .

Input/Output Mask - The I/O mask that allows interrup-

tions for the 1/0 ch Is selectively is | d in control

register 2. The mask bit in the EC mode PSW represents a master
mask.

External Mask — The External mask that allows interrup-

tions for the external d lectively is | d in con-

trol register 0. The mask bit in the EC mode PSW repraems a

" master mask.

The diagram shows the related mask bit feature and con:

‘ tro: egisters. Greater detail of the feature is defined under the
. -feature name, '

BC and EC PSW formats

BC PSW .
Sys Mask ; | { {
Chan 1E | Key |OMWP Interruption Code Ll'cl Prog Instruction Address
Mask =~ ! I CiCp
5 i - a8 54 R
gcpsw b
t
Sys Mask |
ORGOO0TI/OE nstruction Address
48 54 63

Wait
State
Program Transiate External Machine
Event Mode Mask Check
Recording ) Mask
[ Ctrl Reg 9 I I Ctri Reg 0 J r Ctrl Reg 0 J [ Ctrl Reg 14 J
I Ctrl Reg10 ( " Ctr Reg 1 J Control Mode Problem
0=BC mode State
‘ ’ : 1=EC mode - - .

Input
Qutput
Mask

Ctrl Reg 2
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EXTENDED CONTROL MODE CcPU 13#
Control Registers

The 3145 has sixteen one-word ! regi that provid

an extension to the EC mode PSW. The control registers are located
in control storage at addresses F480 through F4BF, Three of these
control registers also function with BC mode for external mask

and machine check controls. Details of the register assignments

are contained in the sectlons of this manual that discuss the
features.

The registers are loaded to standard masking and address values
during system clear. The registers can be loaded from main storage
with the load control instruction (LCTL). The information in the
registers can be transferred to main storage with the store control
instruction {STCTL). When using the load and store instructions, the
-/~ unused registers must be considered in the main storage area specified, .

' CONTROL REGISTER 0

&

[Les  foli]2]3]a]slelz|slo liofss]s2 tslw|15|16|v7|13|39|z_o]21122|2a|24|25|26|27|2a|29|30|5t

01=2K 00=64K
10=4K 10=1M .

CONTROL REGISTER ASSIGNMENTS

System Transtate External Interrupt . E System Translate - ! External Interrupt Masks
0} Control Control Masks Lok Control Control 3
1 i:%r{?gngm Segment Table Origin Address . Reset to 00 00 00 EO .
Channet Masks
2 CONTROL REGISTER 1 . ! .
3 : : o Reserved | . - : : , ST TR
ay ' o Reserved . : . .
” - ) e LD | s ol1l2lalalsis]z]s]o [10]11112]13]1al18}ie]12]18]10k20 {21 122] 28] 24}25 [o6 [27}os |2e] 20]as
5 Reserved |-~ - -
6] Unassigned Segment Table Length Segment Table Address
7 ) Unassigned . Reset t6 00 00 00 00 S o . ’ R ‘:
B : Monitor Mask ’ - SR : : i et o . S
PER Event PER General Register IR ’ & Dow R R o
8 Masks '~ 00060000 Alteration Mask § g . : ' R e
- 1 CONTROL REGISTER2 o ’ . = T
10 | 00000000 PER Starting Address s é - - . R v
; (,: R
. & . :
11 | 00000000 PER Ending Address 4« ,g' % :
2] i Unassigned G L i _ a1 2] [4 {s |6 I la |o ]10]11[12Im]14[15|15|n[1slw[20]21Izzlzalulzslzslwlzal
LA ; Unassigned s 1o Masks :
Error Recovery o . sLE R
14 Control and Masks : Resst to FF FF FF FF . L S
" Note: initial Value of insh
15 { 00000000 MCEL Address . ) is unpredictable but is assumed to b-‘o
0 8 ¢ 16 24 3 ot



CONTROL REGISTER 8

»’QNA"}»@
s/ /3 (/)5 &)
S/S/C /5 fS [/ F

G550
<
Losy Py

VERSIIIN
o) S T
(51 7 S/SHS/S,

Co [ IEGEERI Rk

16]!7{181‘_@}2@ lo1 |22 }23

By ) 'Mor;iior‘Mask )

SN AMY B 0 Ao
$ S8 0
FESESS S sds
s x:

ELELE wQ_@ Q_@
N

& & S §
; & XIS ¥ & °
ORI NENSN

NG GG S T ST
LS S SS[S[S )5/ S/ S S/ S/ s

lzﬂzs]zsln]ﬁ[gﬁso R E

ohpL?h {s1e

16]17 |ia |19 [20 |21 | 22] 23] 24] 25] 26} 27 28] 20| 30] 31

Reset to 00 00 00 00

CONTROL REGISTER 10

PER Controf

General Register Mask

Reset t0 00 00 00 00

ETEONRBn00E

00000000

8 {9 J1o[11}12]13]1a l‘5>|‘5|‘7 |1s 1o lqum Izg [23[24[25|26 |27}28{29]30]a1

PER S_;li!ing Address -

CONTROL REGISTER 11

00000000

. Reset t0 00 00 00 00 -

o e [o1[2]3]a |s Is |7 ; [o [10]11 [12]13]14]15 [16 |17 |18 [19 |20 |21 fo2 23 |26 | 28] 26| 27] 28 | 20| 30} 31

PER Ending Address
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. Permanent Storage Assignments

System/370 assigns the first 128 bytes of main storage as
fixed operati ddi and adds assig to much of the
area up 10 256 bytes. It also reserves the main storage addresses

between 256 and 512 for feature use and an option for logout

starting at address 512.

Most of the new area between address 80 and 100 is used
only by EC mode operation and features, BC mode operations
do not develop the interruption codes and logging information

~.-that is stored here. The features added with EC mode also post

their result codes and addresses in this new area.

An 1/O interruption posting area located between addresses
AC and CO allows greater error definition in EC mode, than in

BC mode. A portion of this posting area is also posted by BC ../

_mode operations to atlow for combinations of EC/BC mode. ’
The BC mode program cannot always handle the information
automatically. Details of the permanent storage assignments are
in the manual sections that discuss the features.

PERMANENT STORAGE ASSIGNMENT

IDEC HEX| PERMANENT STORAGE ASSIGNMENT
0 |00
0 | 00 | Initial Prog Load PSW or
4 104 PSW Restart New PSW
8 | .08 | Initial Prog Load CCW1 or
12 [ OC " PSW Restart Old PSW
16 | 10 | Initial Prog Load CCW2
20 | 14
24 | 18 | Externai Old PSW
28 (1C
32 | .20 | Supervisor Call Old PSW
36 |24 | - -
40 | 28 | Program Old PSW
44 | 2C |” :
48 | 30 | Machine Check Old PSW
52 | 34
656 | 38 | Input/Output Old PSW
60 | 3C
64 | 40 | Channel Status Word _
68 |44 - TR
72 .| 48 | Channel Address Word
76 | 4C Unassigned
80 | 50 | Timer
84 | 54 .. Unassigned
88 | 68 | External New PSW g
92 | 5C
96 | 60 | Supervisor Call New PSW
100 | 64 | -
104 | 68 | Program New PSW
108 | 6C
112 | 70 | Machine Check New PSW
116 | 74
120 | 78 | Input/Output New PSW
124 | 7C

DEC | HEX
128 | 80 Unassigned
132 | 84| 0000000000000000 | Ext Intp Code

136 | 88| 0000000000000 {LC | SCV Intp Code
140 | 8C| 0000000000000 ILC | Prog Intp Code -
144 | 90} 00000000 | Translation Excpt Addr

148 | 94| 00000000| Momr | pER Code | 00000000
152 | 981 00000000} PER Prog Event Addr

156 | 9C| 00000000 | Monitor Code

160 | A0 Unassigned.
164§ A4 T
168 | A8| Channel ID

172 | Ac| 00000000 I0EL Pointer

176 | BO| Limited Channel Logout {(ECSW)

180 | 84| UnitSt | ChanSt | Count

184 | 88| Key | Flag| 1/0 Address

188 | BC| CCW Address : :
192 | CO Unassigned
196 | C4

200 | C8

204 | CC

208 | DO

212 | D4

216 | D8 CPU Tlmer

220 | DC U
224 | EO Clock COmparator P ‘. Reserved "
228 | E4 S
232 | E8 Machine Check Intp Code

236 | EC .

240 | FO Unassigned
244 | Fa

248 | 8 oooooooo] Fanlmg Storage Addr_-

252 | FC| Region Code :

256 | 100 | CPU independent Log '

EXTENDED CONTROL MODE
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PSW Interchange Sequence

When starting an interruption sequence, the current PSW is stored
as the old PSW for that class of interruption. The new PSW for
the interruption class is then read in and set as the current PSW
for the interruption routine. The sequence is similar in both BC
and EC mode. The differences result from the allowable features.
A similar sequence is taken at the end of the interruption when
the old PSW is returned from storage to fill the current PSW in
order to continue the problem program.

® Before leaving the GICM routine, the EC interruption code is
stored in the assigned permanent storage location, and the
first word of the entered PSW is returned from control storage
FF38.

® After branching to the GIPW routine, the CC and the program
mask from the UQ register are set in byte-2 of the first word of
the PSW.

® The ILC is not stored in the old PSW for EC mode but is
stored with the interruption code when required.

.- @ If the control mode is changing from BC to EC, the 1/0O mask
from control register 2 is moved to the MSKB register.

@ |f the new PSW does not call for translate mode, the translate
tables and the mode bit are reset to ensure that the mode is
off.

® The EC system mask is moved to the EPSWA register for
operation.

GICM

START INTERRUPT

Test for Intr Cond.
Develop Code

Dev CS PSW Addr
Dev Intp Code Addr

\’7(‘\/

Old PSW Mode
ECorBC

Store EC intp Code
Enter High Old PSW
Control Storage FF 38

Assembly 1L.C,CC,PM,U0

GIPW

GIPW

Set System Mask,EPSWA

Assembly CC,PM;U0

Old PSW Mode
ECor BC

Set CR2 into MSKB

New PSW Mode
also in Translate
Mode

Reset Translate Tables
Reset Tran:

Assembiy Sys Msk;MSKB
Assembly OMWP;ESPWB
Assembly Key; 10

GIPW T

Assembly Inst Addr; t
Store High Oid PSW
Store Low Old PSW
Enter High New PSW
Enter Low New PSW
Move Inst Addr 10 |

BC

GiPW
Load System Mask in MSKB]

Old Mode also
Translate Mode

New PSW Mode
ECorBC

Reset Translate Tables
Reset Translate Mode

GIPW

| Set 1/0 Master Mask l

fate Mode

—

/-—/\—-—-\

EXTENDED CONTROL MODE

® When a pending i ion is ized foll g the com-
pletion of an mstrucnon, the PSW mterchange is staned in the
GICM routine.

©® The interruption code is developed, and the addresses required
far EC mode operation are developed before testing for the
control modg,

® Before leaving the GICM routine, the ILC, the CC, and the
arogram mask are entered from the UG register and set as
byte-0 of the second word of the PSW.

® After branching to the GIPW routine, the system mask (1/0})
® For byte-1 of the first word the OMWP is entered from the

EPSWL register and the pratection key is entered from the
the 10 register.

® The low-order three bytes of the I-register are set as bytes 1,
2, and 3 of the second word of the PSW.

® The two assembled PSW words are stored in thenappropnate
old PSW storage location. N

® The two new PSW words are entered from their permanent
storage location, and the instruction address is moved to the
|-register.

@ The BC mode system mask is the 1/0 mask, and is moved to
the MSKB register.

® |f the previous operation was in EC mode with translate mode,
the translate tables and the mode bit are reset.

@ The master /O and external mask bits in the EPSWA register
are set if bits are set in the MSKB register.

from the MSKB register is set as byte-0 of the first PSW word.
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® With each change in PSW, the previous PER setting must be
tested against the new requirements.

® BC mode does not allow PER mode.

® Before testing the new mode, the address of control register 9
is developed and the RTN LNK address is entered.

3CCR @ | the new control mode is BC or EC mode without PER con-
- trol set, the RTN LNK is set to address B400.
Set RTN LNK,B400 J
Set Sys 1 Bit 4, off
¥ = — ® The PER latch ({Sys 1 Bit 4) is reset to identify the condition.

! ® Returning to the GIPW routine, both modes move the XMWP
l into the EPSWB register for operation.

New PSW Mode
ECor BC

@ When the new control mode is EC, but no PER control is set,
routine is branched to the BC sequence to reset PER.

@ If PER control bits are set in control register 9, the PER latch
(Sys 1 Bit 4) is set. This forces the return link f ion. at
the end of the execute cycle.

Set RTN LNK, BS00

© The RTN LNK address is set to 8500 to cause returns to go Set Sys 1 8it 4 on

through the PER routine. ~

@ The Key is set into the 10 register, and the CC and program

GIPW
mask values are set into the UO register. - - ‘ ) )
K Set High Addr in R3 ® For a new BC mode, the PSW Key is set into 10 register.
. . ys . . Set Key in 10 GIPw
® A test is made for PSW validity before allowing the operation Set CC, PM in UO Set Key in 10
- " n .
to continue. Test EC PSW Validity Set cg ';M in U0 : ® The new CC and program mask values are set into the U0
‘ . Store Hi PSW in FF38 register.
@ - The first new PSW word is stored in control storage FF38 for

backup and use when storing old PSW.

0 With the pletion of the exch ine, the operation is

¢

branched to the RTN LNK address.

® Depending on the RTN LNK address, the operation goes to the
normal instruction return or to the PER routine.

PER ROUTINE NORMAL EXIT
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Interrupt Codes
INTERRUPT
ADDRESS
CLASS CODE BC EC FUNCTION
External ’ 1005 1A | 86 CPU Timer
1004 Clock Comparator
0040 External Interrupt Key
0080 Interval Timer
(Note 1) 00X X Direct Control
Supervisor Call {Note 2) XXXX 22 8A
Program 01-0F 2A | 8E {See Sy /370 Principles of Operation,
GA22-7000.)
10 S Translation Excepti
11 Page Translation Exception
12 Translation Specification
40 Manitor Call
80 PER {Note 4)
Machine Check 32 |E8 See Error Handling (Machine Check Logout)
/0 {Note 3) XXXX 3A BA

Note 1 Code is bit significant by external interrupt signals.

Note 2 Code is dependent on the i-field of the supervisor _call
instruction, .

Note 3 Code is dependent on 1/0 device address.
Note 4 PER interrupt concurrent with another program interrupt

ORs the value 80 with another interrupt code to yiéld a
resultant interrupt code.

Store Then Mask lnstructions‘

The two store then mask instructions can adjust the system mask
during the program sequence. The AND instruction removes
mask bits from the mask. The OR instruction adds bits to the
mask. In either case the current mask is stored at the address
specified for later recall, when required. If control register 0

bit 1 = 1, the instructions are not executed.

Store Then AND System Mask

STNSM sl
| AC | Mask | o] o1
) 8 16 20 31
Store Then OR System Mask
STOSM ’ sl
AD Mask 81 D1
0 3 6 20 3

The store then mask instructions are performed in supervisor
mode for either BC or EC mode. The first eight bits of the current
PSW are stored at the specified first operand address in main stor-
age. The current system mask bits are then logically ANDed or
ORed with the immediate operand of the instruction and the re-
sults returned to the operating register. in BC mode, the 1/0
mask stored in the MSKB external register is stored and adjusted.
For EC mode the new system mask stored in the EPSWA external
register is stored and adjusted. No other changes are made to the
operation. -
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pyNamic ADDRENIIPRANSLATION'

® DAT (dynamic address translahon) is a combination of somvan i

hardware, and microprogramming.

® No special programming conventions are required by the prob
lem programs to uuhze the DAT feature.

® The Supervisor program handles the probletn programs by
dividing them into unique blocks, and moving these blocks
in and out of real storage as needed.

Imroducnon

The DAT feature enab!es the storaqe capabrlltves of the 3145 to

be extended beyond the real storage size. This is accomplished by
locating programs and data on an external direct access storage
device (disk, drum, etc.). This is referred to as virtual storage.
The information resides in virtual storage until the controlling pro-
gram reduires it. At this time, control'is transferred to a super-
visor program which uses /0 routines to move the needed infor: -
mation into main storag& Control is returned to the program
-requiring the information to complete the mterrupted operatlon' ;
" A'maximum of sixtee:. milfion bytes (16M) may be used as virtual
:storage by the 3145. 0 :

“The supervosor program controls data movements fromor to
yrrtua! storage by dividing it into increments designated as seg-
ments and pages. A segment is the largest division of virtual
storage and may be either 1M or 64k bytes in size. The page
is a subdivision of the segment and may he either 4k or 2k bytes .
in size.: Segment and page size are parameters set up in.the super: e
visor program’ acc drng (, the customer operational needs, The
movement of data between Teal storage and virtual storage is
always in pages of 4k- or 2k-byte increments depending on which
size-the supervisor is using. To control this data movement, the
supervisor program initially builds segment and page tables when
the real and virtual storages are loaded. These tables are con-
tinuously bei'ng updated to reflect the current location of data
as it is being used by problem programs and moved between
storages by the supervisor. ' ) Lie

DAT is a hardware addressing function. The software super- ‘
visor manipulates data between storages and sets up and main- .
tains the tables and control used by the hardware. DAT uses the
hardware assigned for the 0S DOS Compatability feature. Both
the DAT and OS DOS features can be active at the same time.
Handling of the address adjustment factor tor both is accom-

--plished by the GGST micro routine.

',Addresses Snbject to Translatron

When the Systernl370 mucmprogram handles addreses that are
"subject to translation, the storage control word using that address,’
specmes the ADJ function. The ADJ decode enables the address

hardh tf add dij 1t is designated by the
EPSW the translation process takes place.

Thevfollowimj addresses are maintained, interpreted, or stored
as virtual addresses, and are subject to translation:

64K or 1M
Segments

-

. Instruction address in PSW
. Branch addresses
Operand addresses when that instruction uses the address
to refer to a main storage location. This excludes Set
Storage Key, Insert Storage Key, and Reset Reference Bit
Addresses.
. Address stored i in regnster 1 by Translate and Test and Edit

“and Mark. .
. Address stored at Iocatvon Hex 90 ona translatlon excep-

tion interruption. g,

6. Address stored at location Hex 98 on « program event re-

cording (PER) interruption.
. PER starting address in control register 10,
3 PER endmg address in control regxster 11

w N

&

o

~

8

atmg address translatlon

ADJ, W+4
ADJ,V

Tow ' Q
STW X

Addresses Not To Be Translated

Address that are not to be translated are handled by storage con-
trol words that do not specnfy the ADJ function. When a storage
control word without ADJ is executed, the ADR ADJ trap latch

cannot be set’ (no mis- ma(ch trap can occur), and no addressing

of the translation lookasnde buffers takes place.

The following addresses are not transiated by the CPU or
channel.

1. Segment table origin address.
2. Page table origin address.
3.- Machine check extended log pointer in comrol register 15.
4. 1/0 extended log pointer at location Hex AC.
§. Address stored at location Hex F8 [failing storage address)
on machine check interruption.
6. Region code stored at location Hex FC on machine check
interruption.
7. PSW addresses. -
Address used by hardware to update locatlon Hex
timer,
~ 9. Address for command address word for Start I/0 or Stan
.- 1O Fast Release Hex 48. I
10._Addresses for channel command words
11. Addresses for fetching or storing data by the channel
12. Address for channel status word during execution of an
1/0 instruction or during an interruption.
13. Address of PSW used during an IPL.

Examples of storage words not d

g address transl

9

RDW R W+
STW ‘0 V4

VIRTUAL STORAGE

2K or 4K

Pages DAT
p—
B g Control portion of the

SUpervisor moves pages

from or to virtual storage.

or
relocates them within the
real storage.

REAL STORAGE
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Basic Operation of Dynamic Address Translation

* - Address Match

Match the virtual address
portion of the PAA with
the virtual address in all of
the translation lookaside
buffers (TLB). Does the
address match?

Take a trap to the DAT
trap routine GGST. Is

the page that contains

the address in real storage?

* Compute the real address
and load the least recently
usad TLB with the real
and virtual address, Re-
turn to.the storage control

" word that caused the trap.

Gate the real address por-
tion of the TLB, and the
displacenent portion of
the PAA to the M-register
and access maln storage.

Turn control over to the
Supervisor program by sn
. interrupt. The Supervisor
finds the page in virtual
starage and loads it into
real storage. Return to
the i-cycles routine GAAI -
-*and start the Instruction. =
* decode again, © - .

PAA

Real Address

Virtual Address jummmemmageessliy~To Display Assembler [ [eamm « sl

Matrix

M-Reg

Match - rummnd
Circuits :
Displacement
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Develop Address

Mazch the wirtuat address
portion of the PAA with
the virrua! address in atf ..
of the table lookaside buf-’

Gate the reat address por-
tion.of the TLB, and the

fers. Does the address Yes. . displacement portion of .
SEPRA

match? . the PAA to the M-register s
¥ and access main storage. .
I}
1
i

Take arap 0 the DAT .~

“trap routine GGST: .15
the page that contains
~ the address in reat stor-

No ¢ Turn control over to the

age? K [~ § = == == =="1 supervisor program by
means of an interrupt.
The supervisor finds the
page in virtual storage
and loads it into real

- storage, Returntothe .

V-cycles routine GAAL

and start the instruction

decode again.

Compute the real address
and load the least recently
used TLB with the reat
ard virtual address. Re-
uen 0 the storage con-

o 5] 1ot word that caused the

eap KistRatiy

. s
To address the segment table, the segment address portion of
the virtual address is added to the Segment Table Qrigin. The
segment table origin is contained in contro! register_1. -Control
register 1 is set up by the supervisar 'program when the segment
table is set'up and stored into main storage.

Once the segment table is addressed, the entry is used to ad-. -
dress the page table. The page table origin from the segment
table entry is added to the page address portion of the virtual )
address. The result is used to address the page table entry.re- . .
quired. . ; - B R

. The page table entry contains the real address of the page .-
being accessed

GGST Micro Routine

PAA
Example: 64k segment )
4k page LSegmem Number | Page Number I Displacement l
8 15 16 19 20
N N e’

CONTROL REGISTER 1

I Segme;\l Table Origin Address I J L Multiply x4 l

25 26-31=000000

. I Multipty x2 I

SEGMENT TABLE ENTRY
Page Table Origin Address l J

28

8
~

PAGE TABLE ENTRY

- Real page address to me’_transmion looﬁsidz buﬂe;.
Return to Control word and begin execution.

N
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Address Paging

Match the virtual address
portion of the PAA with
the virtual address in at
of the table lookaside
bufters. Does the address
match?

Yes

I
{ No
|

Gate the real address por-
tion of the Table TLB, and
the displacement portion
of the PAA to the M-
register and access main
storage.

Take a trap to the DAT
trap routine GGST. s
the page that contains
the address in real stor-
age? .

No ’

b — e —

Yes

Compute the real address
“-and load the least recently
. used Table Lookaside Buffer
with the Real and Virtual
address. Return to the
storage control word that
caused the trap.

Turn control over to the
supervisor program by
means of an intefrupt.
The supervisor finds the
page in virtual storage
and loads 1t into real
storage. Return to the
I-cycies routine GAA?
and start the instruction
decode again.

[~

o]

Ban

Page

Supervisor ._/)u

: ’ -
-
~. n—

An attempt is made to use an address that is not in real starage. -
A program interrupt transfers control to the paging supervisor.

Paging supervisar interrogates page status Bv el;mini'rio sionge
protect keys {reference and change hits), to find a page that can:
be replaced. : P .

Supervisor finds the needed page in virtual storage.
Page out the real storage page if required.

Page in the virtual page to the real storage location. i
Return 10 1-cycles routine GAAI to exccute yhi instruction the | | d
trap was initiated. from. S Ao na

\” Virtual Storage

 DYNAMIC ADORESS TRANSLATION - CPU 1
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Segment No.

Segment and Page Sizes
VIRTUAL STORAGE = 16 MILLION BYTES Segment and page tables are located in main
by the supervisor program. st
Segment 15 storage by sup preg Page Table
nt 14 Page 255 ’
Segment 22 1M Segments, 4k Pages 255
Segment 13 . | Page 254
: - e " 254 . o
Segment 12 ~ - > o : y .
Fa— Table o ~ . Control register 0 bits 8,9, 11, and 12 are
Segment 11 age 5 1 . set in the following man 16 indi
Segment 10 % [ Page 0 1 o .segment and page sizes:
Segment 9 N s : e
Segment 8 F o I "7 One page table for each segment 8=1. -4k Page size
Segment 7 table entry. One page tableentry - . 9=0 . AR
Segment 6 9 for each page within the segment. =~ . . - :;‘; """ 1M Segment size
Segment 5 One Segment table entry ‘ : S
Segment 4 for each segment of - NP2 bit 3=1::---- IM Segment
Segment 3 virtual storage. NP2 bit 4=1-ieee 4k Page size |
Segment 2 ‘ PAA o
t1
zegmenl 5 Byte 1 Byte 2 Byte 3
egmen
of1f2{3lals]sfs [ol1]2]a]a|s][e]7 [o]1]2]a]a[s]6 |7
Segment No. Page No. 4k Page Size
T SR Segment and page tables are located in main
"VIRTUAL STORAGE = 16 MILLION BYTES storage by the supervisor program, - . . R - S
Segment 15 : H e e
Segment 14 1M Segments, 2k Pages Pag:':’:ble
Segment 13 oo Control register O bits 8,9, 11, and 12 are
Segment 12 ~ . set in the following manner to indicate the
egment 11 Segment Table o~ segment and pagefsizes; - o
Segment 10 :i :} ; l .
Segment 9 * = - S e : 2 f’:aygye‘svizé -
Segment 8 T ; § One page table for each segment ' o 11=1-::.1M Segment Size,
Segment 7 Page 511 o " table entry. One page table entry 5 12=0 : :
- for each page within the segment, . o
S 16 : .
L | Pge510] NP1 bit 3=1---1M Segment
egment e of 2K bytes sach. - " One Segment table entry NP2 bit 4=0---------2k Page size
Segment 4 R Page 1 for each segment of : . £
Segment 3 K6l | Page 0 virtual storage.
Segment 2
Segment 1
Segment 0 PAA
Byte 1 Byte 2 Byte 3
ol 1] 2]s] a] s]el2Jofa 2]l als]e7]ola 2 a]a]s]e 7]
~  PageNo.

2k Page Size




~ Segment and page Tables are | hin main

‘ . storage by the supervisor program.
VIRTUAL STORAGE = 16 MILLION BYTES e oge by prog Page Table

Segment 255 . 64k Segments, 4k Pages 15 ; o ¥ o -
Segment 254 | Page 15 14 B Control register O bits 8,9, 11, and 12 are
s T . ey S Taﬁle . » ) . set in the following manner to indicate the
- 3 Each segment divided into ” P, ; . segment and page sizes:
- Segment 252 16.pages of 4k bytes edch.§ [ T 255 g 1
-, Segment 251 . S Page 1 254 0 ) S 8=1--.----4k Page size
Segment 250 Page 0 R 90 :
I s 1 1 One page table for each segment 11=0
» ) table entry. One page table entry 12= 0--- 64k Segment size
9 for each page within the segment. .
T y . : : - 64k Segment size
Segment 6 - One segment table entry - 8k Page size :
- for each segmentof .~ .. .. : .
Segment 5 " virtual storage, i :
Segment 4 SR PAA
Segment3 . | . o LR ; S .
Segment 2 ’ ‘ Byte 1 Byte 2 . Byte 3
Seomemi 1T | o S folr]2]sfa]sle]z fo]i]2fs]als Je [z lof1 [2]3]afs [s ]2
Segment 0 : o ‘ ’ : B P - o - L SRR
) . i L o g . e : ; =" Segment No, : : : 4k Page Size g
; Lo B O Eo Segment and page Tables are located in main
5 E : : . : storage by the supervisor program.
{ VIRTUAL STORAGE = 16 MILLION BYTES * *’ RRRRTRRE R SR " 64k Segments, 2k Pages '  Feae Tople
Segment 256 : 3 Control register 0 bits 8
Segment 254 * e PR 30 : . °'f rohre‘gti er ( its 8, 9, Il,'atfl 12 are
! T Segment Table L set in the 9 to the
Segment 253 - 1. . : : S o e : : segment and page sizes:
- Segment 252 ; : FIET EEC {288 1
< Segment 251 | s D e & SR 254 | o 0 ) 8<0 :
Segment 250 ' SR B S ] 3 9=1-------2k Page size
L L . . Lot RS 3 One page table for each segment 11=0
s : table entry. One page table entry 12=0----64k Segment size
0 for each page within the segment.
. - o . .A‘ RS . ) NP2 bit 3=0------- B4k Segment size
o 1 .. One segment table entry e NP2 bit 4=0 .. 2k Page size
‘ Segmient 6 o ey - for each_ segment of i
- Segment 6 . 32 pages of 2 kbytes each.| ~ .27 virtual storage.
Segment 4 oA - o
Segment 3 ) PAA
Jegment 2 !
Segment 1 3 : . ; ik :
 Segment0 ’ : T ) ] - Byted - Byte 2 Byted .-
: : s o[1]2[s]als]el7 lol112s [als]e]7 Jol1]21s |alslels
] I Segment No. l Page No. l 2k Page Size

3145 TM CPU 145



Segment Table Entries
® A segment size of TM has 16 segment table entries,
- ® A segment size of 64k has 256 segment table entries.

® Each entry in the segment table designates the length, avail- :

ability, and the origin of the corresponding page table. . -

Entries in the segment table have the format:

({Invalid):
Bit 31 Is the availability of the When
bit 31=0, address translation proceeds. When bit 31=1,

a seg tr i ption is gnized, and con-
trol is passed to the supervisor {Prog intr code 10).

PAGE TABLE ENTRIES
" @ Each entry in the page table designates the availability of the

P

4

{

0123456670 — -

Length

e

T T — T Y
l Length ! ! Page Table Origin Address ! ! ! l page and cantains the high-order bits of the real page address,
S0 34 78 . : 28 29. 30 31 The page table entries are 2 bytes in length and are divided into
o fields: .
. Length: Bits 0-3 specify the fength of the page table in-incre- - - T T T
{77 ments that are equal to a sixteenth of the maximurn l - Page Address (1o /‘I for 2 page
size of the table. This code is compared against the PO 121371415
4 high-order bits of the page number to determine SRR :
whether the page address designates an entry within T T T H
the page table, I Page Address teroro v J for 4k page
> 0 1112 13 "14 1§
. EXAMPLE .
S PAA ; . Pagé Address: T
Byte 1. - E gyte 2 Byte 3 Bits 0 to 11 or 0 to 12, depending on the page size, provide
o 1. the high-order bits of the real storage address.
Jor 23456701 23la567[012 - - et : e el
" 1 (Invalid):
Segment no. Page no. " Bit 12 or 13, depending on the page size, specifies the avail-
'__J ability of the page associated with the page entry. When
. g4k Segmént size { 0 = one entry one six- the bit is zera, address translation proceeds. When the bit
4k Page size : teenth of the table is one, a page translation exception is recognized {Prog I‘ntr( .
sy i ' size or 4k {minimum). code ). . : T S TR
| £ = sixteen entries of 4k - Bit 14 (for 2k page) and bits 13 and 14 (for 4k page) are set
| ‘increments or 4k x 16 to zero when the page entries are formed by the supervisor .
: 64k table size or equal : program. If these bits are not 00 whenever the page entries
. are accessed, a translation specification exception is
[} to one segment (Maxi- .
| mum) recognized (Prog Intr code 12).
- 64k Segment size : 0 = 2entries
% Page size : F = 32entries
1M Segment sizg ¢ I 0 = 16 entries
OcPagesiza | e . 56 aniries
1M Segment size : 0 = 32 entries
2k Page size | F = 512entries
1]

DYNAMIC ADDRESS TRANSLATION
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-tf the address is not within the page table, a page transa-
tion error is recognized (Prog Intr code 11).

Table .
Origin:  Bits 8-28 with three zeros, gated as bits 29-31, form a
. 24-bit real address that designates the origin of the page
table, : : : :



0S DOS Compatability TPDAT Active

When both of these features are active and the local area of thg ,
DOS tated envir is being j, the adj t fac-
tor is added to the DOS address. The result is the virtual address
that is handled by the DAT mechanism. A normal DAT transla-
tion is performed with this virtual address. Byte 0 and 1 of the
TLBs is the virtual address without adjustment. Bytes 2 and 3 con-
tain the real address entry of the page accessed by the adjusted
address. '

DOS Limit Address L

DOS Address 0000

Adjustment factor A
is the virtual address
of DOS address 0000.

VIRTUAL STORAGE

Programs and Data

e > —34
) |

REAL STORAGE

R
R, eSS - N
. 2K or 4K page of DOS \e\/o@‘e# o\‘\ea‘ ng//
\ d\’_g(l’ -
ago'™ T ~Fey
\, 2K or 4K page of DOS o regs
5 =%
N
\ \\
\
AN
A}
\\ \
\
AR
AN
\
AN
N
AN \\ ~ Virtual Real
N0 A R
The virtual addresses and the 1| DOS Addr . X

calculated real address are
loaded into the translation
lookaside buffers in the
GGST routine.

NG SE WN

Translation Lookaside Buffers
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Associated Hardware
Control Regis'ur 4]

|o1

23456 7Es gimin 12113 14 151 16—-31|

=00 invalid =00 64k Segment
=01 2k Page =01 Invalid
=10 4k Page =10 1M Segment
=11 lnvalid =11 lnvalid
10=0  specifies a page entry of 2 bytes.
Thisbitmustbe 0. If not, a
translation specification results.
{Prog Intr code 12}.
Examples:
| Bvreo ] Bytel | Bye2 | Bye3 |
40°F = 64k segment 2k page
80 = 64 k segment 4k page
50 = 1M segment 2k page
80 = 1M segment 4k page
Note: ' These are the only valid combinations for byte 1.

Remaining combinations result in a translation
specification. {Prog {ntr code 12).

DYNAMIC ADDRESS TRANSLATION
Control Register 1

[o1234567|8———o 25’23_.___311

{000000)

Bits 8 through 25 form the real address that designates the origin
of the segment table. Bits 26 through 31 must be 0.

Bits O through 7 designate the length of ti;z segment table in units of
sixteen entries. This code is used to determine whether the entry
specified by the segment number falls within the segment table.

1 not, a segment translation exception results (Prog Intr code 10).

Segment Table Lengths

01234567

00
00 to OF

1M = 00 in the segiment table length specifies
16 entries in the segment table. Thisis
the only valid entry for 1M segments.

64k = 00 specifies 16 entries in the segment
table.

64k = OF specifies 256 entries in the
segment table.
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Load DAT Control Regim.‘)

This routine sets the contents of control register 0 and control

register 1 into hardware and into control storage.

X2 bits

and reset TLI

and 7

set transiate invalid

8

Enter load control

.8 routine from I-cycles
. of Load Control

Instruction

Move SO (segment ori-
gin) register to work area

Controf register

Reset Tiansiation Invalid
X2 it 1

X-register contents are
destined to NP2

Test
Page Size

Compare SO work area
register

Set X2 bit 7 reset
TLB .

Valid (0)

Test Page
entry size Control
register 0

(1) Invalid

Set X2 bits 1and 7 to
set transiate invalid

e wwe] TSt CONtrOl register O bit 10 '
for 0 2 Byte page table entry

Alter SO work area to
new value

Segment . Yes
Origin changed
No

tnvalid Test

segment size

Set X2 bit 1 and 7 to set
translate invalid and re-
set TLB

Set X2 bit 7 to reset
TLB

Set segment size X2
0=64K, 1=1M

Segment

size change

Set X2 bit 7 to reset
TL8

X-register contents are
destined to NP2

Store control register 1
in control storage .

-

Set external mask in
MSKA

Stora control register 0
in control storage

Update SO register from
S0 Work area

Set X2 into NP2, reset
NP2 bit 7 if on

Set SO byte 0 into S52
(segment length}

NP2  Bit designations
Bit 1 Translate invalid
Bit3 1M segment
Bil 4 4K page
Bit 7 reset LRU and TLB

—-41 X2bit 3 #NP2bit3
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Reference and Change Bit Recording
® With the DAT feature installed, 2 additional bits in the 9

protect key are activated.

® Bits 04 of the storage protect key are used in the standard
manner.

© Bit 5 becomes the reference bit and is set each time the as-
sociated 2k block is accessed from real storage for a read or
store operation,

@ Bit 6 becomes the change bit and is set each time a 2k block
is accessed for a store operation. This indicates to the super-
visor that the page has been altered and must be written back
or updated in virtual storage to reflect the change.

® Reference and change recording is active in either EC or BC
mode, and whether DAT is active or inactive.

7 Bit Key
‘0 12345 6|
\_/-\,—s/
Pr ion Key —— J
Fetch Protect
Reference Bit -
Change Bit —

Note:  Reference and change recording operates on 2048-byte
blocks {storage protect blocks) regardless of page size.

The paging supervisor uses the status of the reference and
change bits to keep track of the areas in real storage that are
avialable for use.

Whenever a page is referenced that is not located in the real
storage, the paging supervisor must fetch this page from virtuat
storage and place it in an available page location in real storage.
By interrogating the storage protect keys, the supervisor deter-
mines-which page in real storage may be replaced with the page
from virtual storage. If possible, a page is selected that has not
been accessed. If all pages have been accessed, the paging super-
visor selects a page that has been referenced oniy. if all pages
have been madified, the paging supervisor selects a page in real
storage, pages it out to the virtual storage device, and pages in
the required new page to the vacated area.
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Transtation Lookaside BuQBI

TLB REGISTERS 0-7. BYT! AND 1 :
Bytes 0 and 1 of the TLB registers contain the virtual address
portion of the page addresses that have been accessed by the cur-

rent programr. The virtual addresses are loaded into the TLBs
during the execution of the DAT trap routine GGST.

The virtual address is gated from byte 1:and byte 2 (Bits 0-3
for 4K page; bits 04 for 2K page) of the PAA by the destine
table line and the active LRU line.

The destine table line is activated by the decode of the DK
expanded local storage address. After the segment and page
table addresses have been formed in the GGST routine, the con-
trol word RDH DK WK, NOP is executed. The' WK register con--
tains the page table entry address which in‘turn contains the
REAL address that is associated with the virtual address causing
the DAT trap. This real address is gated to bytes 2 and 3 of the
TLB selected. At the same time, the virtual address from the
PAA is gated to bytes 0 and 1 of the TLB selected. '

\Whenever bit 7 of NP2 is set, the reset table line brings up
Reset Reg 0. This is done when the Purge Table instruction is
executed, and when a bad page or invalid page is detected in the

TLB REGISTERS 07, BYTES 2 AND 3

Bytes 2 and 3 are set with the real address from the page table
entry that is accessed in the translation trap routine GGST. After
the segment and page table addresses are formed in the GGST rou-
tine, the contro! word RDH DK WK, NOP is executed. The WK
register contains the page table entry address which contains the
REAL address associated with the virtual address that caused the *
transiation trap. The REAL address is gated on the EB{ to bytes
2and 3 of the selected TLB.

The DK function brings up the destine tablé line. This, when
ANDed with the LRU line results’in Set Reset Address Adj Reg 0
which gates the real address to the proper TLB.

The output of the selected TLB is gated to the real address
assembler to the M-register. The displacement value from the

execution of the GGSY routine. All bits including parity are
reset. :

The output of the TLBs is gated to the MATCH circuits
whenever a translatable address is gated to the PAA, When a
match occurs between the virtual address from the TLBs and
the PAA, a match line is activated, This match line gates the
set and reset function for the LRU matrix.

The virtual address is also gated to the display assembler
whenever the external address 2E is used in a display operation.
Switch H determines the register to be displayed. The match
register can be displayed through external 08.

Note: TLB registers may be valid with either odd or even parity.

- PAA

Byte 1 Byte 2

PAA BYTE 1 BITSP-7, BYTE 2BITS P4

TLBREG 0 BYTE 0+1

lP01234567 Po'12.34557Lv

4k TLB
2 TLB *

PAA is gated to the M-register and forms the low-order portion
of the full real address.

Bytes 2 and 3 of the TLBs are displayed in the byte 2 and 3
position of the external display when the external address 2E is
used in the display operation,

Switch H determines which register (0-7) is to be displayed.

Example

Real Address

o Byte 2 Byte 3

‘l901234567lpo1234}563

\TLB Byte 2 and 3 /

LRUO

Destine Table

RESET REG 0

INVALIDATE TL8

3
-

1 Yo
&

T—

EBT BYTE 2 BITSP-7, BYTE 3BITS P4

TLBREGO BYTE 243

EV
) A MATCH REG 0
A FL E—
lor VIRTUAL ADDR BYTE 0 - BITD
Ev |—
0__1 A FL
VIRTUAL ADDR BYTE 0 -BIT 1
' B
OR JBYTEOBITS 2.7
L ——
BYTE 2BITS P-3
- & L MATCH
17 ev
L_l A FL
VIRTUAL ADDR BYTE 1-BIT 4
| OR
MT311 344

REG 1-7 BYTE 2.04
SET RESET ADDRESS ADJ REG 0 PH on REAL ADDR BIT 0
A
REG 1.7 BYTE 2-1
PH REAL ADDR BIT 1
oR |—EALADDREBITY
A
) 4
] L_ ’
[ REG 1.7 BYTE 34
PH REAL ADDR BIT 13
OR -
A
GATE REG 0
MT111 132
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LRU Matrix

® Used to address the least recently used TLB when an address

is to be loaded into the TLBs.

@ Set and reset by the match circuit or by the microprogram.

Whenever a storage word with address adjust specified is exe-
cuted, a match of the virtual address from the PAA and the TLBs
is attempted. When a match is made, the real address from the
TLB causing the match is gated to the M-register along with the

disptacement from the PAA.

The column in the LRU corresponding to the TLB causing
the match is reset. The row in the LRU corresponding to the
TLB causing the match is set. This causes the LRU output to

Resets all LRU fatChes s=eemsmmscn

Resets a selective column wm

Match Reg 0-7 Buffered s

Cycie LRU

A

]

point to the next TLB that has been least recently used. The
output of the LRU matrix is only used when the TLBs are

being used as a destination.

Whenever the TLBs are reset, the LRU is reset. The line
(reset tables} is brought up by bit 7 of NP2, This bit is set by
the microprogram when the reset is necessary. The control
word, normally used to set bit 7 of NP2, is a branch word——
NP2, OR, KO1. This word is generally followed by NP2, A-,
KO1.  The second branch word resets bit 7 of NP2 enabling
the TLBs and LRU to be used for address translation. The
LRU is displayed in external 08 byte 2.

)

The LRU output is used to gate the virtual address from the

DYNAMIC ADDRESS TBANSLATION

4

CPU 1567

o

PAA 4nd the real address from EBI into the selected TLB when
the DK function is used as a destination in a cantrol word. The

X and Y lines for the DK function bring up the destine table line,
which is ANDed with the output of the LRU matrix to access the

MT 2156216

LRY 0-7 | :I

proper TLB.
LRUMATRIX
. o po PAA £81
[ L — |1 wvor (R T T
01 02 0-3 04 0:5 0-6 07 l—" I TLBO l
Virtua! Address Reat Aodress
L ‘ LRUO-1 : A I
12 1-3 14 1-5 1-6 17
L LRU 02
23 2-4 25 26 27
- LRU 0-3 m
24 35 36 37 Peemsmmenes To TLBs 1-7
LRU 0-4 ‘]
45 46 a7
LRU0-5 l : ]
56 57
LRU 0-6 DA
87



Working Register (WK} .

The working register is used as the destination of the computed
segment table entry address or the computed page table entry ad-
dress.

The segment table entry address is forme& by the control word:
WK=SN+S0. :

The WK register is then used as the address source register in
the storage control word that accesses the segment table entry:
RDW RW WK, NOP. This word places the page table erigin ad-
dress into the RW register.

The page table entry address is formed by the control word:
WK=PN+RW;

The WK register is then used as the address source register in
the storage controf word that accesses the page table entry:
ADH DK WK,NOP. This word gates the real address from the
page table entry to the TLB, and also gates the virtual address
from the PAA 10 the TLB. -

'R

{

Working 8Y1-3 Bit P, 0-7

. Working
. EBI BY 0-3 E81BY 1.3 i
8Y1.3
BY38it 5.6, Work In Bit
5,6, P
. Exp-LS Dest Adr Y1 A
t
When the page number is added to the ’ =1
page table origin WK=PN+RW, NP1 bits _ ) | A 5,6,P
2,3 {for 4K page) or bits 3,4 (for 2K page) =~~~ —~— =~~~ — — ﬁ(,&,'{'g— ———— =
are gated directly to bits 5,6 of WK3. I
. 7.8 MTO11
v MT021/
£BI BY35,6, 023
L]
Exp-LS Dest BY 1, 2,
a 2 3 Dest Wk Reg
Exp-LS Dest Adr X7 6 A Bytet,2,3
Exp-Ls Gest v, 1,2 [ ] 6
OR
- MTO01
[
/
/
’

Whenever SN, PN, or WK is destined, the
WK register becomes the destination.

Exp-L.S Decode Y2or Y4
= Gate Working 1,2,3

8Y1,2,3

MT022, 023
MTO024, 036

ADR-ADJ
Entry BYO-3
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NPO and NP1 Registers

NPO and NP1 registers may be set from either the EBI or the
PAA. When NPO or NP1 are specified as the destination by any
control word except a storage word, the data setting these reg-
isters is gated from the EBI. When a storage word with ADR

ADJ active is executed, the address from PAA bytes 1 and 2 is
When SN is addressed as a source, the output of NPO is gated

gated to NPQ and NP1, N
. . t f j . Bit shifti i
NPO and NP1 are displayed in the byte 0 and 1 positions of tobytes2and 30 meaddms adjust entry. Bit shifting be}weeq . When NP is us.ed as a source for a contr'ol word, the output
N . NPO and the address adjust entry depends dn the segment size of NPO and NP1 is gated to the address adjust entry bytes 0
expanded local storage using address 78: e ~
. specified. 1>~ and 1.
/ S - : . s 7
/ ~ Pd
NSP / RN NSP BY1 Bit P.0-7 s
EBI BYO Bit P, 0-7/BY1 Bit P, 0-4 1 N NSP BY?2 Bit P,0-4
Pre Adr Asm BY1 Bit P, 0.7 ~H A FH I S e 8Y 0,1
Pre Adr Asm BY2 Bit P, 0-4 |t OR 8Y 04 ’ ! ~ E.= LS Decode Y3=] A -
~ ¥
l BY2Bit4 ) A 1 . . Gate NSP-2
BY2 4 ! B N MT036/037
) A ] ~
Block 1 I k A
R . . \
Spec Parity Asm [ .. . ] N\
| : N
$19 Wa Adr-Ad) Moder Gate Adr To I AN
NSP Reg MTO31 I vy
A 1023 ) \
Good or Corr Data Int BY1 Bit 0-7 \
- B 0 Block 2 NO 0-7 o, ) s
S92 Cyele a | _DestnspRegBY 0.1 fy s - ite 1 \‘ ,
135 1o 180 Time _J - JL—N_}d Bk 2 A fud BY2 Bit 6,7f
Exp-LS Dest Adr X7 ) BY18it0-3 o ] | L
Exp-1.S Dest Adr Y3 Dest NSP Reg BY 0, 1 A ) 279 fe!  } “
A d 0,1 [
Exp-LS Dest Byte 0, 1 Block 2 Y BALLL ¥ .
MT034 EXP-LS DEC YO A BY3 Bit 0-5,°
MTO11 GATE BLK 22,3 : v
27 e BY 3 8it P —
v MT022024 \
MT034/041 .
- Biock 2 NO 0-7 .
=~ - -
BY1 Bit 4-7 T e ——— ,
03 - Blk 1 NO 08 : : 0.1 e o
A £ T BY2 Bit hd The segment number is gated to the
Block NO . A 8.7.p ) b i ircuits 10
BY1 Bit 4-7 1 . | f determine whether the segment number
Block 2 a pa (U] ev BY 2Bit P - . is within the range of the segment length
% N | 26p 1 code.
BY2 Bit 0 — Exp-LS Doc Y1 A Havasiroap
a 2-6 Y 3 Bi -
A gyl BYasie Gate, Btk1-1-2 Y i
BY2 Bit 0:3 - MT022024 \ ||
- BIkNO 7,8 \
. A 5-8 —__T_—-— (W
% N I~ } “ ‘i
8Y2 Bit1-4 — K ) ‘\I -
58 N cL . .
For a 2K page, bits 3, 4 of NP1 Block 1 A // L e ————— When page number is addressed as a source, the outputs of
are gated directly 1o bits 5,6 of WK3. [~ Dbl - . NPO and NP1 are gated to bytes 2 and 3 of the address adjust
For a 4K page, bits 2,3 of NP1 e e e e . —— - —-——— o — —————— = oo entry. Bit shifting between NPO and NP1 and the address ad-

are gated directly to bits 5,6 of WK3. . , s lustentry depends on the segment and page sizes:



NP2 and NP3 Registers _

NP2 is loaded from the EB! whenever NP2 is addressed as a datay »
destination. The outputs of the NP2 register are used for various
controls throughout the DAT hardware. :

-

When NP2 is addressed as a source, it is gated ‘out to byte 2 of

Bits 4.7 not used

‘nt Number Compare

The SS2 latches 4-7 are set in the GCCR routine by the
arithmetic word S52=S00, OE, 0. The SS2 latches now con-
tain the four low-order bits of the segment length code. The
high bit latch is set if any of the high-order bits of the segment

tength code are on.

A comparison is made between the SS2 latches and the seg-
ment number from NPO. For a 64K segment, bits 4-7 of NPO
are used in the compare operation. For a 1M segment, bits 0-3
of NPQ are used in the comparison, SS2 is in Exp LS 7D but there

“ ‘the address adjust entry. Bit 6 (Segment Number invalid) is sam- SEGMENT NO. are no display facilities for this location,
pled directly from the segment number comparé circuit to bit 6
of byte 2 address adjust entry. : - ) £BIBYTE 2 BIT 4 582
NP3 bits 0, 1, and 3 are set from the EBI by the gating shown PH | O |
in the diagram. NP3 bit 2 is set directly from the page number 4
compare circuits. The outputs of these latches are gated to byte 3 o
of the address adjust entry when NP3 is addréssed as a source. 5 % "
NP2 and NP3 are displayed in the byte 2 and 3 positions of 6 Logic A
the external display using expanded local storage address 78. PH SEG. NO. INVALID
6
" NP2 7
PH
_ GIPW ROUTINE giTo | ADDRESS ADJUST MODE = ACTIVATES DAT 7
(ECPSW BIT 5) . HARDWARE sitos [ )
5 |~'R| PH
GCCR ROUTINE . TRANSLATE INVALID = INVALID PKLE OR Hi
{Load Controt Registers : SEGMENT SIZE IN DESTINE SEG. LENGTH REG.
‘ GCCR ROUTINE TRANSLATE INVALID
{Not Us
ot Gsed) BIT2
GCCR ROUTINE ] Jo7 3 |1MsEGMENT = 1= 1M SEGMENT Page Number Compare segment, bits 4-7 of NPQ are compared with the page table length
(Controt register 0 Bit 11) . . 0 = 64K SEGMENT The page number from NPO or NP1 is compared with the code. For a 64K segment, bits 0-3 of NP1 are compared with the
! . : . page table length code from the segment table entry, For a 1M page table length code.
GCCR ROUTINE BIT4 4K PAGE = 1=4K PAGE
{Control register 0 Bits 8 & 8 0= 2K PAGE E£81 BYTE 0 BIT
BITS EMULATOR FEATURE MODE NPO 8T 4
0
A -
$52 LARGER THAN SEGMENT NO. SEGMENT NO. INVALID = SEGMENT NUMBER
T NP1 BIT O OR
1852 Compared to four high bits in PAA) BITe TOO LARGE A
R —
GGST AND GCCR ROUTINE RESET TABLES = RESETSTLBO AND1 5
: 8IT 7 AND LRU A 1
oty 1
NP3 ry OR
INVALID BIT ON IN PAGE TABLE BT 0 PAGE INVALID = INTERRUPT CODE 11 6 [Compare] . pAGE NO. TOO LARGE
{81t 12 or 13, depending on page size) A 2 Logic
INVALID BiT OFF IN SEGMENT . SEGMENT VALID = INTERRUPT CODE 10 (Note 1)
TABLE (Bit 31 off in table) A JOR
Length field in segment table comp. -
10 PAA page no. aiT2 PAGE TOO LARGE = INTERRUPT CODE 11 .
N B EX
BIT 14 IN PAGE TABLE #0 i3 PAGE FORMAT INVALID = INTEGRRUPT CODE 12
ifor 2K page. and bits 13 and 14 #0 a OR
tor 4K pagel l—— . .
e . ~ " Note1: Results ina interrupt if the bit is not on, 1M SEGMENT E
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DAT Functional Operations

DAT Basic Operation

Start

P

A storage word with ad-
just is executed in Trans-
late mode

March PAA with TLBs
bytes 0 & 1 {segment and

Trap to dynamic address
teanslation routine DBOC

Perform table 1ookup
to load TLB

tovalid
format or table invalid

Load TLB regsster
selected by LRU
Return 10 execute
control word

biton

Normat handling of
program check, PER or
Monitor call interrupt

. Return to supervisor .

page no .}
No Match Yes
Gate TLB bytes 2& 3
Detailed operation is contained on and PAA displacement
] DAT trap flowchart. to M-register
Continue to next
control word
Yes
Program interrupt and
Transtation exception
I
nterrupt Yes

DYNAMIC ADDRESS TRANSLATION CPU 156

Paging
required code 10
or 1

No

- . —] Checking is performed by toad DAT
Transiation Specification control registers (GCCR) flowchart.

Exit to Terminate
program

Change

selection, compare
reference and change
bits

Write selected page out
10 virtual storage

Reference

Read required page
frame in to real storage

Update tables and reset
atfected reference and
change bits

code 10,11, 0r 12

Return to execute
interruptedinstruction.




DAT Match-No Match

Match PAA byte (0-7)
and byte 2(0-3) to TBL
reg byte 0(0-77 and
byte 1{0-3

*.Check Transiate mode

‘Storage word with ADJ
active ;

. C2bits4 &5=10

Page size

Normal storage word
execution .

Update LRU !

Page size

Match PAA byte 1(0-7}
and byte 2(0-4) to TBL
reg byte 0(0-7) and
byte 1(04)

|

Aliow B-reg to M-reg
teanster for correct .
panty

Activate PAA force block

storage destination
imtiate DAT wap 10
D80C (GGST)

Address adjust match

o Yes

Continue to next
contro! word

Gate real address from
matched TLB register
byte 2(0-7) byte 3{0-3)

Gate real address from
matched TL.B register
byte 2(0-7) byte 3{0-4)

|

I

Gate PAA byte 2(4-7)
and byte 3(0-7) o the
M-reg for displacement

Gate PAA byte 2(5-7}
and byte 3(0-7) to the
M-reg for displacement

]

Continue to next
control word
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DAT Trap Routine GGST

Add Adjustment
Factor to Virtual
Address

Replace Mode Bits

Go to the GICM
routine to handle
the interruption

Turnon A and B
Hooks. Store Real
Address at FF1C

DBLRCT 01,00

DYNAMIC ADDRESS TRANSLATION  CPU 15

Local Mode indicates that the 0S/DOS

o]

Return to word that
_caused trap

Trap Entry D80OC is ing in the
DOS area
----<I Check NP2 bit : ‘ y
(0) Valid . 3 . 4
) Segment size . .
Virtual
Address less than NP3 bit 2=1 Page too large ——
the Limits NP3 bit 1=1 Segment vatid 4 -
{1) Too Large 1 Test bits 2.1 00, 10, 11
of NP3 " T g m i
® |-
Add Adjustment Load a TLB register Seta value of 10 into Seta value of 11 into
Factor to Virtual . from the €81, This" the WK register the WK register
Address is the transiated address 2
Check NP3 bit and page GGsX i HOOK
Format Valid = ==1 tablebits5and 6 Move interrupt code
" - to the X-register
NP3 bit 3=0 Page Correct bid
Format Invalid
it ! fid NP3 "
P nvali 5 B
DAT active Return to the word (page table bits - in the WK register
that caused the trap ang 6 = 0) Set a value of 12 into !
the WK register. Reset
Reset Table registers. Fable Registers -
¥ Store the virtual
address in main
Check NP2 bit 6 storage location
Move interrupt code 00030
{1) Too Large - . : to the X-register
B __...._.._'-{ Check NP2 bit 1 ) : l
. 1} No
Valid {0} DBLRCT 10 Format Correct o
Add Segment number
to Segment table origin Drop PAA force. Re-
place mode bits in
NP2. Zero X-register

Add Segment number
to Segment table origin

Move link address
from DTX 10Q

Read Segment Table

Add Page number to
Page Table origin

Interruption Code

o T .
11=Page Translation Exception
12=Translation Specification

Go to GICM
CHKGPR




Real Address Formaﬁ'

5
: T . L .
EXAMPLE: 64k SEGMENT 4k PAGE Byte 1 Byte 2 Byte 3 A no-match trap has occurred, the PAA is frozen to retain NP to ADR ENTRY gating for 1M Segment
PAA l01234567]01234567 01234567! ) ) the virtual address that caused the trap. .
B e am—— " ! - The GGST routine is entered, and the segment and page

STG WORD ADR ADJ MODE

GOOD OR CORR DATA " l A }'—’— 3

MTO11

addresses are gated to the NP-register.

NP Byte0 101234567101234567] Byte 1

-

NP Byte0 {01234567[01234567] Byte1
: : . ExpLS7B

The segment portion of the NP-register is added to the

segment table origin. The result is the real address of the
segment table entry required. The result is placed in the ' Byte 2 [0 123456 7[0 123456 ﬂ Byte 3
WK-register for use in the storage control word that follows.

.

fnoth IMSEGMENT . - .~ h i

ADR ADJ ENTRY

{012‘3;567!012345671 .Byt’eﬁ

[ eyter [ Bytez | Byes | isas-
ExpLs“IB

“X7Y0 ) X7 Y0
Exp LS : . Ls \ |
DA e . k X

[ R B B 3N

_The WK-register is used as the address source register in the
read storage word. The segment table entry is read from the
segment table and placed in the RW-register.

- wnes DO ]

ExpLSTA

M-REG

 SEGMENT TABLE
Main Storage.

1 ‘Address of Segm;mt’, able”

Entry . ¢

>Pag.e Vstle Ongm' '
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Byte 0

Byte 1

np [01 234567[01 234567] ExoLS78

4 k Page

I

DYNAMIC ADDRESS TRANSLATION®

The page table origin, located in the RW-register, is added té

124 WK = PN+RW
X7Y1 " : the page nymber. The result, which is the real address of the
: “\ . page table entry required, is placed in the WK-register. ~ :
Exp LS : . . ;
X7Y3 . S
Bits 2, 3 to bits 5, 6 of WK3 LS

ADR ADJ

Byte2 [01234567

01234567| Byte3

ENTRY

Bytes 0, 1 of ADR ADJ ENTRY

Page Table Origin

RW REG

ExpLS79

AREG |-

\

NP to ADR ADJ ENTRY Gating

Byte O Byte 1
ne Jo1234567]01234567)

- 1M Segrent

To Bits 5, 6 of WK3
2k Page

Byte 2[01234567[01234567| Bye3

Byte 0 Byte 1

ne fo1234567]01234567]

! L’ To Blts 5 Sof WK3

: Bvxe2l01234567lo1234567l Bvle3;

™M Segment
"4k Page

; Byte 0 Byte 1
NP |01234567/01234567)
64K Segment

2k Page To Bits 5, 6 of WK3

Byte2[01234567{01234567| Byte3

31
I ExpLS7A

B

" PAGE TABLE'
Main Storage:.

LRU T8
Virtual l Real

Address Address

LRU Gate
l Exp s ’Ic

Real Address from TLB

The WK register, which the real address of the page table entry,
is used as the address source register by the read storage word. The page -
table entry contains the real address portion of the page ongmaily bemg
accessed by the word causing the trap.

The DK address decode gates the EBI and the PAA to the TLB that is

addressed by the LRU.

The storage word causing the trap is now re-executed, a match of the virtual
address from the PAA and the TL8 occurs, and the M-register is set from the
TLB and the PAA.

. Lk
RDW DR 4]
pK Bits 4.7 - 5
WK 6
M2
0]
Bits8-11 1
e 2
3| e
SR 4 e From TLB for 2k page
Byte 2 bits 4-7 5 e
e o 6
7]

Execute starage word that caused the trap. Ifa V
Match occurs, the M-register is set from TLBand PAA.

£
w

" Displacement fram PAA - | ‘Byte 3bits 0.7

IsA oM awN -aol

D
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Instructions Asociat.h DAT

Load Real Address (RX)
LRA
L 81 l R1 1 X2 J 82 l 02

0 8 12 - 16 . 20 .

The real address of the second operand is inserted iﬁ the general . :
- register specified by the R1 field. The remaining hxgh-order b:ts of
the general register’ are set to zero. o

. at address specmed by the X2, B2, and D2 flelds is
translated by the address translation facility regardiess of the °,
setting of the translation bit in the PSW. The 24-bit real addreso
is inserted in bit positions 8-31 of the general register specified by
the R1 field, and bits 0-7 are set to zero. The translated address i

not inspected for resolution prolectnon or vahdntv .

- ‘When the iﬁvlatid bit in the segment table entry is on, the con-

- dition code is set to 1 and the real address of the segment table

entry is placed in the genera! register specified by the R1 field.

When the invalid bit in the page table entry is on, the condi-
tion code is set to 2 and the real address of the page table entry
is placed in the general register speciﬁed by the R1 field.

When either segment table entry or the page table entry is out
side the table, the condmon code isset to aand the regcster
designated by the R1 field contams the address of the entrv at.
ferfed toif’ the length wolatlon had not

i

Load Real Address Routine (GGSL) -~ |~ TGesL | WoEx
OnEntry: . V = Base + Displacement * " :
' e lndex R”w N Add Index register

to the Base and D-splace

mem

2to RW register.

Move RW1 to NPO
Move RW2 to NP1

Move V-register bytes 1 and

SUBRTN

Add Segment number to
. Segment Origin, place in
St register.

WK

Test NP2 bits 1,6

L : Bit 1 = 1 Format Check :
8it 6 = 1 Segment number too large

00

Read Segment
place in RW.

o1.10,11 00 = Invalid

Test RW3 bits 5, 6

- --I Result o the V-register. V = Logical address 1o be transiated.

Resulting Condition Code

0 ———— Translation available

Segment table entry invalid

Page table entry invalid

3 ———— - Segment or page table length violation

Program Interruptions

Qperation; The DAT feature is not installed.
The operation is suppressed.
Privileged The CPU is in the problem state.
Operation: The operation is suppressed.
Addressing: The address of the segment table

entry designates a location outside
the available main storage. The op-
eration is suppressed.

Translation Bits 8-12 of control register O con-

”. Specification: . tain an invalid code, or the page

table entry has a format error. The
‘operation is suppressed. )

11 = Page too

00, 01 = Segment Invalid

Test NP3 bits 1, 2

Add Page number and
Page Origin, place result in
WK.

Read Page entry into RW.

Page Invalid
Validity and Format

Place WK in RW.
. Set condition code 2.

‘ Return to I-Cycles

Bad Page Format

Transtation Complete.
Align Real address. Com-
bine Real address and Page
byte.

Return to I-Cycles

Go to GICM and call for
- | Franstation Specification.

Return to -Cycles

Set condition code 1.
Move RW 10 V.

3146 T™M

Store WK in RW ° .

—-l Condition code 0 is set to indicate Translation svalisble.
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Reset Reference Bit

RRB

B213 : R -1 o1

0 D 16 20 31

The reference bit in the storage key associated with the operand
address 15 set :o zero.

. No other access lo the key is permitted between the moment of :

~ fetching and the moment of storing the key. The remammg bnts of
the key are not aﬂh:t?d by this instruction.

The operand address desugnates a location in real storage and is
not subject to address uanslauon Protection does not apply to
this referpnce !

The coadition code is set to reflect the status of the reference
“-and changé bits prior to the setting of the reference bit to zero.

“Resulting Condition Code

Reterence bit 0, change bit 0
Reterence bit 0, change bit 1
Reference bit 1, change bit 0
Reference bit 1, change bit 1

-+ -Program Interruptions
Operation: The DAT feature is not installed.
s The operation is suppressed.

Priyileged Op- The CPU is in the problem state. ;

eration: The operation is suppressed.
Purge TLB
PTLB. . :

" B20D o

0 : 16

All information in the translation lookaside buffers is made in-
valid. No changes are made to the contents of addressable storage
or other registers. The contents of bits 16-31 of (hns instruction
'ale agnored

-Condition Codp

The code rema’ms unchanged.

Program {nterruptions

- Operation: The DAT feature is not installed.
The operation is suppressed.

Privileged Op:  The CPU is in problem state.
eration: The operation is suppressed.

" Adr X-Late LRU Inval (Address Translate LRU Ilwllu!)

LRUO-7
. : OE .
FORCE LRU INVALID ;OR
. TO- T80 TIME ik ,LRU !NVALID
—— P — et : : T MCKB BYTE 1 81T G)
STOR2CYCLE e wrone
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Hardware Error Checking Rt

The LRU should have only ane active line 3t any time. The ADR X Late LHU lnvahd error mducates that an even number of

_ lines are active which differs from the normal odd b dition. Thiserror indi a,failure of the LRU hardware.

Adr X-Late Mult Match (Address Translate Multiple Match)

During DAT translation operations, the ADJ storage words cause a comparison of the PAA {virtual) address to the eight TLB
registers (bytes O & 1). Either a no-match condition results and a trap to GGST routing is performed to load the TLB, or a suc-
cessful match results in gating the selected TLB (hytes 2 & 3} 1o the M-register. This error indicates a failure of the LRU TLB,
or match circuit resulting in the PAA matching more than one TLB reglslf'r

oa»-——L i

MATCH REGO-7 .03

i e
~ or | | on
STG WD ADR ADJ MODE . : 1o ] MULTIMATCH ¢
ADR ADJ MODE . 1 A [ mMckeBYTE 1BIT 4]
GOOD OR CORR DATA T ‘ - b
R e S MT 213
1/0 OPERATION

Adr X-Late No Match lAddress Translate No Match)

When a TLB register is loaded (with a storage word of the form “RDH DK WK"I 2 match is made via the normal mata\ .
hardware. The absence of this match signal during the execution of this storage word indicates a hardware failure in the ;
LRU, TLB registers, or match circuits and allows MCKB’ blt 4 to be set. :

DESTINE TLB : k -
ADR ADJ SAVE PAA - : SET ELIMINATE ~ (NO MATCHD

~_FORCE LRU INVALID (DIAGNOSTICI 2

A (MCKB BYTE 1BIT 4)

- (DIAGNOSTIC)
AOR ADJ MATCH ’
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s ams

- DAT Exercise ~ This exercise may be used to verify«the operation of the address transl.

checks of hardware operations.

jon h and
By altering the loop that is entered and the microprogram, scoping procedures may be formed for detailed

Assume that the DAT feature is installed and that the System/370 microprogram is loaded.

PR-KB ENTRY DESCRIPTION
Step 1 Load an RX Store instruction with an R1 field of 6, B2 field of 5, and a displacement of 100, at location 600,
AM 600 - .
oP R1 X2 BZ Displacement
50605100 RX Store 5 0 6 0 10 0
Step 2 Load general register 6 with the base number to be used in calculating the effective address of the second operand for the Store instruction : :
AGS - During I-cycles, the second operand effective address is formed by adding the contents of general register 5 with the displacement value: The result is !he virtual address 104100 Th-s ad-
00104000. dress is beyond the real storage range of any Model 145 system. Therefore, this address must be translated to form a real address. The real address is {oaded mto aTL8 by the address trans-
fation trap routine GGST: For the purpose of this exercise the real address.is a known value and is Ioaded into the page table fater in_this procedure : §
Step 3 Load general register 6 wnth the value to be stored at the second operand real addres:. :
~AG 6 :
~ €OCOCoCH ) S
“'Step 4 Load an RX Branch on condition instruction, with a mask field of F (branch unconditionally}, and a drsplacement of 600 at Ior:auon 604 Thls instruction branehes to the Store mmuc-"
AM 604 tion to form a two-instruction loop. :
© 47FC0600 OP '~ M1 X2 B2 Displacement
p . RX Branch on CQndtraon 4 7 E 0 0 6 P 0
Step 5 Load control register 0 with bits 11, 12 = 10 to specify a 1M segment, and bits 8, 9 = 10 to specify a 4K page.
ACO
00900000
Step 6 Load control register 1 with a segment length code of 0 (byte O = 00), and a segment table origin address of 500.
‘AC1 ¢
00000500 . ; i :
Step 7 . Load the segment table, located at address 500, with 16 entries as specmed by the segment fength code of 0. The hrst enty contarns the page table orlgun address 800 The page table lo-
" AM 500 "cated at 800 is associated with the instruction addresses, which are located in the same 4K page of real storage.

© 00000800 00000700 00000001 GO0QD001 00000001 00000001 GOO000OT 00000001
00000007 00000001 00000001 00000001 00000001 00000001 00000001 00000001

The second entry contains the page table origin address 700 which is assocnated with the second operand address of the store mstructfon
The remaining 14 entries are loaded with the invalid bits set,
The page table length codes in both the first and second entries of the segment table, are 0, indicating a page table length of 16 entries.

Step 8 Load the first entry of the page table located at address 800 with 0000. This is the high-order portion of the real address for both iinstruction addresses Load the remarmng 15 entnes in
AM 800 this page table with the invalid bits set. : . G
00000008 00080008 00080008 00080008 00080008 00080008 00080008 00080008 § ' - : i
©Step 9 Load the fifth page tabie entry of the page table located at address 700, wnh 0020 This is the hrgh -order portlon of the real address of the second operand of the store mstm:tlon Load :
. AM 700 the remaining entries wrth the mvahd hits set, & : T
00030008 00080008 00200008 00080008 00080008 00080008 00080008 00080008 i
~-Step 10 Load the initial program PSW thh blt 5 (translate mode), and bit 12 (EC mode) set. Place th address 600 i in the instruction address he!d
AMO
04080000 00000600
Step 11 Load the Program new PSW with bits 5, 12, and 14 (wait state) on: Place the address 1234 in'the mstructlon address field. This address is used 10 rdennfv any program rnterrupts that
AM 68 may occur.
040A0000 00001234 . ;
- Step 12 Perform the display virtual storage function. This operation causes the real address (right of the equal sign) to be calculated by the address translatron routine GGST. The GGST routine

‘ovumoo 002100
B XXXXXXKK. XXXXXXXX xxxxxxxx xxxxxxxx XX=eevme

is branched from the alter display routine. 104100 is the effective vmua| address of the second operand of the Store |nslruclxon

Step13 .
DV 000600 = 000600
5050511 4700600 xxXXXXXX

Displaying the virtual address of the Store instruction, reveals that the virtual and real address for the instruction are equal.

Step 14

Press the restart key. The address 600 from the PSW is gated to the

. d-register and the I-Cycles routine is entered. EC and translate mode

are set and the system should run with the EC mode and ADR X-

“ LATE indicators on. If the WAIT indicator is on and the address " -
1234 is displayed continually in the A-Register display indicators, in-

terrogate the interruption code in the PSW located at address 8C.
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DAT EXERCISE FUNCTIONAL DIAGRAM

Control Register 1 Control Register 0
[ooo0o0o0s00] [cos00000 ]
’ /\ :
1001
/\
1M seg 4K page
Page Table for
Segment Table Entries segment 0
Main Storage 500 Main Storage 800
00000800 .
00000700 Virtual Storage in 1M segments
00000001
Each Segment has 256 4K pages |
> Seg 16
00000001
Segments 2-15
A ~
4 rd
Real Storage 112K through 512K
- 21 o
segmenl table entry : 104100 of general 00 Oontef!ts of reg 5
[ Length I 0000 l Page Table Origin Address [ 0 OI t I Page Tabie for : | register 5. 800 Page table for seq 0
[} 34 7 8 . 28 31 segment 1 Seg 1
Main Storage 700 ) ) 700 Page table for seg 1
0008 ‘ ' .
Length code of O specifies 16 entries Invalid Bit ' 0008 604 BCF 600 600 BCF 600
in the segment table. . 0008 600 STS 104100 600 STS 104100
0008 Seg 0 :
0020 . : 500 Segment Table
0008
0008

Page Table Entry 4K Page

[ PageAdaress [ 1 [o00] /|
0 1 12 15 -

invalid Bit



DAT EXERCISE FUNCTIO IAGRAM (Continued)

Coﬁtrol REgister 1

Control Register 1 ) i PAA
looooos_.unvl i

00000500 104100

500+0 d 500 §00+4 = 504
Segment Table Segment Table A .
Main Storage 500 Main Storage 500 o Page Table at 700 M-Reg

00000800 ‘
00000700
00000001

700+8 = 708

~— 9o

00000001

00000001

Segment. aM page

s“»"“"“ and page from PAA - ' > 104

* from PAA e 0 0 O

' Tteiooomooool;l T ‘ TB| 10400020 ]

{Note) . : [EEDIES S e : {Note)
ey e Match Maich R . : © Match Match
. : ’ Circuit [ ¢ . Circuit [T
l—-——-» Trans!atlon Trap i l_, 4 e b
" No Mateh . » T(aryslagngn T"'p, CHRD

‘ Ve : ~No Match

- Note: A match eondmon gates’ the real address\lvom the TLB, and gates lhe S
d&splacemem value from the PAA to the M‘reglster
' causes a translation (vap to

taken Ahe' 1he
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Check Execution

" The following procedure verifies ion and DAT register
foading. "~ }
1. Place address 600 in the add itches, Address C

switch in I-COUNTER LOGICAL, Address Compare Control
switch in STOP, Storage Select switch to MAIN STORAGE,
System should stop.

2. Place address 104100 in the address switches, Address Com-
pare switch to ANY. LOGICAL, Storage Select switch to.
" MAIN STORAGE, Address Compare Control switch in
STOP. System shouid stop. .

3. Place address 600 in the address switches, Address Compare

- switch in I-COUNTER REAL, Storage Select switch to
MAIN STORAGE, Address Compare Contro! swnch in
STOP..System should stop.

4. Place address 2100 in the address switches, Address Com- .~
pare switch in ANY or DATA STORE, Address Compare
Control switch in STOP, Storage Se lect Switch to MAIN
STORAGE. System should stop.

If a program check occurs, display Program Interrupt Codes at
location 8C. :

Main Storage
<. Byted
00000000 00010000 * 10 — Segment Translation Excep
: Caused by: Segment invalid bit
"~ on, or Segment
) fength code error.
", 00000000 00010001 11 = Page Translation Exception
’ Caused by: Page invalid bit on,
. or Page length code
S E i - i error,
00000000 - 60010010 . !2 Translation Specification -
A : i Caused by: Page table bits 13, -
14 not equal to zero,

or Segment table bits

29, 30 not equal to
zero.

Control reg 0 Bit 10
not=0. Invalid com-
bination of page and
segment bits in con-
trol reg 0 bits 8, 9
and 11,12,

Display DAT Registers
1. Display TLB 0 (External)
Word address 2E in switches F, G
Switch H to position 0
Storage Select switch to EXT REGS . .
The virtual address {bytes 0, 1) and the real address (bytes 2,3)

are zero with the parity bits on. Parity bits on indicate that
this TLB was loaded by the microprogram.

‘o

-]

2. Display TLB 1 (External)

Word address 2€ in switches F, G
Switch H to position 1 i =
Storage Select switch to EXT. REGS

Byte 0 =10 Virtual address
Byte 1 =40

Byte 2=00 Real address
Byte 3=20

' - Place switch H in any position 27, Bytes 0 and 1 have not

“been accessed and are blank with no parltv bits TLBs 27
~ cauld contain resndual data.

. Display the LRU (External)
Word address 08 in switches F, G
. Sturage Select switch to EXT REGS

" The LRU, located in byte 2 of the dlsplay. should have bit 2
on. This indicates that TLB 2 is the least recently used and is
to be loaded next.

- 4, Display the NP register {Expanded Local Storage)

Word address 78 in switches F, G
Storage Select switch to EXP LS

Byte0=10
Byte 1 =40
Byte 2= 98
Byte 3.=40 ’
. Control register 0 is located at control storage address F480.
Control register 3=00 90 00 00

Control register 1 is located at contro) storage address F484.
Control register 1 =00 00 05 00

. To modify the exercise for a scope loop, modify as follows:
AM 604
82000000

AM 60A
47F00600
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CHANNEL INDIRECT DATA ADDRESS (CIDA)

Introduction

The CIDA feature can extend the address adjustment of the dy-
namic address translation (DAT) feature to the 1/0 channels. A
contiguous set of virtual addresses can be mapped into a non-
contiguous set of pages in real storage. Because only a single data
address need be in effect at a time for a channel, using the DAT
hardware to handle the adjustment with each access is not neces-
sary. The adjustment factor is applied by the program, and the
real address is stored for the CIDA controls. These adjusted ad-
dresses are stored as an {DA list {{DAL) for each CCW. Each
word of the fist is referred to as an (DA list word (IDALW).

The operation of the CIDA feature is selective and can be
used in either BC or EC mode. An CIDA flag in the flag byte of
the channel CCW functions is the indirect addressing switch.
When the CIDA fiag = 1, the normal data address of the CCW is
the address of an IDAL in main storage. This list contains one or
more addresses of main storage on page boundaries that can be
used in sequence for the CCW operation. The first address is not
required to be on a page {2K) boundary to permit filling a partial
page. All remaining addresses in the list must be for the starting
address of a page in main storage. The operation need not fill the
last page used.

in operation the hardware must recognize the énd of a page
and enter the next address (IDALW) from the IDAL. For ali op-
erations except read backward, the end of the page is recognized
by the change of the low-order eleven address bits from ones to
zeros. For the read-backward operation, the change is from zeros
10 ones. The low-order eleven bits of an address must be zeros (2K
boundry) for a forward operation.

The change is detected by testing for an inversion of byte 2 bit 4
of the data address. Any address in the DAL other than the first
that is not on page boundary, or that contains information in
byte 0, causes a program check indication and the operation is
terminated.

Byte Multiplexer Channel

For the byte-muttiplexer channel, the CIDA feature requires a
tourth word in each assigned UCW. This word holds the IDAL
address for the assigned device. During the entry of the CCW, the
CIDA fiag bit is tested to determine the use of the data address
field. A CIDA flag causes the address to be stored in the fourth
word of the UCW, and then uses that address to enter the first
IDALW to store as the data address in the UCW.

With each use of the data address for data transfer, a test is
made for the updated address crossing a 2K boundary. This test is
made by comparing byte 2 bit 4 of the address before and after
the update. Any change represents the cross of a 2K boundary.
When a change is detected, the IDAL address is entered from the
UCW to fetch the next IDALW for the new data address. In CIDA
command chaining, each CCW is 1ested for the {DA flag: either
the normal data address or the CIDA addressing routine.

. COMMAND CODE = WRITE
IDA=1

The data address in the CCW provides the address of which in

turn provides the data address.

Bit 37 in CCW

4

cew| wr| Data
Address

{DA=1 Count

Data Address 1

Data Address 2

Data Address 3

—

|

Storage Location F Ll LL4 I ~f
[+ a-] - 2048 - 8] |
2048 4096 6144 8192 10240 12288

A +2048 + B = Count

The data addressing for console printers is the same as for
the multiplexer channel. The CIDA feature applies only to op-
erations initiated by the Start 1/O instruction. Alter and display
operation do not translate addresses.

Selector Block-Multiplexer Channels and {FA

With the CIDA feature, the selector and block-muitiplexer chan-
nels operate in the same manner. A block-multiplexer chann:!
can only disconnect at the completion of a command and, there-
fore, does not require storing the CIDA information in the UCW.
Upon entry of a CCW either on initial selection or subsequent
command chaining, the CIDA flag is tested. When the flog is
present, the address in the CCW is not entered into the GDRL
register. Instead, the address is that of the IDAL to be used for
entering an IDALW into the GDRL register for the data address.
The next IDALW is immediately read into the GDBRL register to
back up the GDRL register. The updated DAL address is re-
tained in the GD register.

When the data address in the GDRL register has been either
incremented or decremented until it crosses a 2K boundary, the
hardware transfers the contents of the GDBRL register into the
GDRL register and requests a CIDA data trap {D10C). When the

trap is honored, the IDAL address is used to enter the next
IDALW into the GDBRL register. The addresses entering the

GDBRL register contain only bytes 1 and 2 because they contain -

no key and because the low-order byte must be either 00 or FF.
The data transfer stops in the normal manner at the end of the
record or in the case of an error.

. The IFA functions in the same manner as the sel h 1
for CIDA operations that use share cycles to transfer data to or
from main storage. For control, sense, and operations that use
microprogram to transfer data, the hardware forces the address-
ing to use the FDRL register when the FD register is addressed.
The CIDA data trap request uses the IFA gated-attention trap
(D120) and branches to the IDALW entry routine when no gated-
attention condition is found.

R
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CIDA Data Address Conugp

OR

OR

OR

OR

=== Chan Key
Bits 0-3; P

e Exp Chint DA 1

Bits 0-7,P

proesssion Exp Chinl DA 2
Bits 0-7, P

e E.xp Chint DA 3
Bits 0-7, P

A SX 1D Addr .

LS 68 Byte 0
EBI Byte 0 ~ PH A
Bits. 03, P
{Not) Stg 2 Cycle ]
Byte Line 0 e 1 5
Yoo 7 T
Exp LS Dest Addr X5 ~———1 Gwo14
A " LS 68 Byte 1
. LS 69 Byte 1 OR PH A
EBI Byte ¥ [
Bits 07,P PH A
9
9 . GW 111
GW 111 .
LS 68 Byte 2
LS 69 Byte 2
EBI Byte 2
Bits0-7, P PH A 9
‘ GW 121
= LS 68 Byte 3
te
) GW 121 Y
EBI Byte 3 PH A
Bits.0-7. P
. @J 9
Exp LS Source X5 oW 131
: A - .
E"“"s“'_mm L] $X 10r IFA D Addr Lth
Y 001 I 69 Full
Exp LS Dest Addr X5 A .
Byte Line 3 _J Diag or Mach Rst L
GW 103
1-Time f a ] OR
GW1s1
. Pass
“Exp LS Dest Addr- X5 ‘ )
Byte Line 3 A O-Time —:—I_— FL
) ' OR (Delayed)
0-Time
. GW 151
N 68 Full
Y 000 —.—-—-——'—-] 4 L OR
. O-Time Dly A - L
{Not) Diag Function ' Diag or Mach Rst
: GW013 OR
| IFA Stg 2 Cye Adr-Adj GW 151
$X1 or IFA Share 2 OR
SX1or IFAD-Addr Lth ~——] A
' - Page End pr——

GW 151

Trap Reg

Page-End Detection

Seir Share B+C Cycle
{FA Stw Cyc 2 Adr-Adj

IFA Stw Cyc t Adr-Adj
Storage 2 Cycle '—'———-I )
' TN ey Page End
Det 2 L A b— Page End
.C_DeT_— Ev FL
Chan Byte 2 Bit 4 PH g
PH
CS Share 2 Cyc o]
(Not) Storuge 2 Cycle  ammem GW 141
(Not) Stg Intk Cycle  ——ud A GW 141
0-Time — GwW 141
Page-End Dly
2-Time
FL Bit End Delay
1-Time DI
0-Time OR
1-Time Dly GW 141
1-Time
1-Time Diy
Error Detection
Set 68 Byte 3 ‘
A Prog Ck SX1
RDW Adr-Adj 0 Adr E
is
GW 015 Set 69
EBI Byte 0 Bit 0 A fL
EBI! Byte 0 Bit 1 Stg 2 Share
EBIByte 0 Bit 2 IFA Stw Cyc 2 Adr-Adj m
£81 Byte 0 Bt 3 v 1A
EBI Byte O Bit 4 Set 68 Byte 3
EB! Byte 0 Bit 5
EBi Byte 0 Bit 6 oo
EBI Byte O Bit 7
GWo14 B Ax Gate Prot
Pass 69 into 68 o cxsx1
Y R — M
A
{Note) 11-Bit Error | N
= & R
Y001 ]
GW 015
Main Storage Access A oR EBI Byte 18
Y/
GW 015 )
€81 Byte 1 Bit0 mm—
EV. ™ EBI Byte 1 Paril
. £B1 Byte 1 Bit P w
Note: “11-bit error’ is the result of testing the eleven low-
order bits for all Os for a forward transfer and ail 1s for a beckward GW 015

transfer.
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Basic Sel Ch | Addressing

The selector channel data addresses supplied by the CCW define
the starting address in main storage to be used for the operation.
The data address is initially set into the GD register in local stor-
age. This same data address is also set into the expanded tocal
storage GDRL register for use in addressing by the share cycle.
The share cycle hardware actually addresses the GD register but
raises the B-register addressing gate to enter the GDRL register.
During the second cycle count update, the address gate is
dropped so that the GD address 1 enters the GC register. The
address in the GD register is not used for the data movement.

Basic IFA Addressing

The IFA addressing is similar to the selector channel addressing
but involves some exceptions because of the hardware integration
of the control unit. The share cycle transfers between the file

and main storage are identical but use the FD and FDRL registers
Share cycle transfers between the file and control storage invoive
the FA register for data address and the B-register address gate is
not raised. The transfers of cantrol, sense, and data information
between control or focal storage and main storage do not use the
share cycle controls. The main storage address is set into the
FDRL register and the B-register addressing gate is forced by the
hardware condition.

The data address from the CCW is entered into both the FD
local storage register and the GDRL expanded local storage regis-
ter. The address for any control storage area involved is entered
into the local storage FA register by the microprogram. The
share cycle controls address either the FD or the FA register for
the data address depending on whether main storage or control
storage is affected. When the FD register is used, the B-register
addressing gate is raised to.enter the FDRL expanded local stor-
age register.

The IFA data transfers that do not use the share cycle controls
force a three-step clocking sequence to gate the two-cycle storage
word. During the second cycle count update, the gate is dropped
and the count is entered from the data register and incremented
by 1 for either the FC or the FB register. When transferring in-
formation between main and control storage, both of these ad-
dressing systems are used but without the share cycle controls.
The microprogram controls the addressing with the gate being
forced through hardware.

CIDA Backup Control

When the CIDA flag is set, byte 2 bit 4 of the address sets a
polarity-hold latch. After the address has been updated as the re-
sult of the transfer, the same bit is compared with the polarity-
hold latch to determine whether the tevel has been changed. A
change represents the cross of a 2K boundary. The address
backup register (GDBRL) bytes 1 and 2 are transferred into the
GDRL register to continue the operation. Byte 3 of the GDRL
register now stands at either all zeros or all ones that represent
the 2K boundary- for forward or backward transfers. Byte 0 of the
GDRL register contains the protect key and does not change for
the new address.

When the backup register is transferred, a request is made for a
CIDA data trap to enter the next IDALW. When this trap is
honored, the IDAL address in the GD register is used to enter the
next IDALW into the GDBRL register. All IDAL words except
the first are tested for 2K boundary. A part of the zero-count de-
tection circuits is used to test the 11 low-order bits. These are all
2zeros for a forward transfer and all ones for a backward transfer.
The read backward line reverses the bit levels through OE logic
circuits to test for ones in the zero test circuit.

If this hardware detects a program violation in the CIDA list,
the hardware forces on the highest-order address bit when the bad

list entry is moved into the backup data address register (GDBRL).

It data transfer continues until this entry of the list is needed, an
address check occurs which results in a channel program check
through the normal address check mechanism. If the data trans-
fer is concluded before the bad entry is needed, no check is indi-
cated.

If other activity on the system prevents honoring the CIDA
trap before the data transfer exhausts the contents of both GDRL
and GDBRL, a line is sent to the channel hardware. This prevents
further share cycles from that channel until the CIDA trap has
been honored. Note that this is a highly unlikely event because it
requires that a one megabyte device has its trap request locked
out for two milliseconds.

CHANNEL INDIRECT DATA ADDRESSING
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PROGRAM EVENTYIIFORDING (PER)

The program event recording feature provides a means for de- .
bugging new programs or revisions. PER can alert the programmer
when these events occur. . g

® Successful execution of a branch instruction. -

® Alterations of the contents of designated main-stdrage foca-

tions. ‘ of1l2]s]a]s]6lr
@ Alteration of the contents of a specified general register. : . :
Pe g¢ €9 PER Control 00000000 General Register Mask
® Fetching of an instruction from designated main-storage loca-
tions. : ‘
. ER 1
Introduction CONTROL REGISTER 10

The program has control over the conditions that are considered
events in the program sequence. These events can be selectively
monitored to aid in program analysis. When an event occurs, a

" program interruption is initiated if the masking conditions allow.
An interruption for an event does not remain pending: if the in- -
terruption is masked, the information is lost. Information con-
cerning the events is reported through the interruption codes.
The PER feature operates only in EC mode.

{ Bits

o [1]2Ta}a Is J6] 7]s Jo Jro[t1 Jr2]sa] safss 1] 1] 18] 10]20[ 21 22] 2] 2] 5] 26 [ 27] 28 oo Jo0 |31

00000000 PER Starting Address

CONTROL REGISTER 11

{sis Jo]1]2[a]a]s 6] 7T8]o [ro]11]s2]sa[1a] 5] 16] 17 18] 10] 20f21 ] 22] 23] 24l ] 26]27 ] 28] 20  30] 1

Program Event Operations . t

PER operations are initiated by setting one or more PER control 00000000 PER Ending Address
. . a
bits to a 1 in control register 9 and setting the PER mask
«-{ECPSW bit 1). The program to be scanned is.performed in the

normal manner. N

Addresses defined in control registers 10 and 11 apply to both Bit0  Successful Branch Instruction Extended interrupt Code

the "instruction fetch’ and the ‘storage alteration’ events. When Bit 1 Instruction Fetf:hing A detected event condition is reported in the extended inter-
the starfing address is smaller than the ending address, the event Bit 2 - Storage Alteration ruption code during the effected program interrupt for EC mode.
area is from the starting address through the ending address. If Bit3  Genera! Register-Alteration The program interruption code of 80 defines PER as the cause.
the ending address is smaller than the starting address, the event Bit4  Unassigned The PER conditions are reported in main storage words 94 and
area is from the starting address to the end of storage and from Bit5  Unassigned 98.

address zero through the ending address. A single storage address Bit6  Unassigned

is defined when the starting and ending addresses are the same. Bit7  Unassigned

PER Code

Bits 16-23 ;)1 main storage word 94 specity event or events
causing the interruption, These bits are arranged in the same re-
lation as the control bits in control register 9. When a bit = 1, the
event was detected.

Bit0  Successful Branch Instruction
. Bit 1 Instruction Fetching

PER Starting Address Bit2  Storage Alteration .
8it3  General Register Alteration
Bit4  Unassigned

Bit5  Unassigned

Bit6  Unassigned

Vith the PER feature allowed {ECPSW bit 1 = 1) and when an
event is recognized, the interrupt is taken with the appropriate
indications stored in the PER interrupt information in main stor-
age words 94 and 98. If the PER mask bit is not set, the event
conditions are lost. . S

PER GR Alteration Masks N

Bits 16-31 of control register 9 specify which general registers are
to be monitored for alteration of their contents. The 16 bits are
assigned in the order of their ascending bit numbers to the 16
registers, When a bit = 1 -“he register is monitored.

Control Register Allocation

Control registers 9, 10, and 11 are used to define the events to be
ed and the limi imposed for the PER operation.

Bits 8:31 of control register 10 define the first address of the
main storage area to be monitored.

PER Control Bits

Bits 0-7 of control register 9 specify the events to be monitored.
When a bit = 1 the event is monitored.

PER Ending Address

Bits 8-31 of t register 11 defii
main storage area to be monitored.

the last address of the

Bit7

Unassigned

Program Event Address

Bits 8-31 of main storage word 98 specity the address associated
with the recognized event. This is normaily the address of the in-
struction causing the event except an execute initiated instruction
when the execute instruction address is stored.

Word 94 _

[ | e coe looooooog’ '
0 8 16 24 3
Word 98

Iooo 00000 I PROGRAM EVENT ADDRESS ]
o 8 6 2 3
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Successful Branch Instruction

When the PER control bit 0 = 1, the operation sequence tests for
a successful branch event following the execution of each branch
instruction. A successful branch results from branching the in-
struction tiow to the branch address of the instruction. The
branch at the end of the load-PSW instruction is not considered a
successful branch because that is the normal instruction flow.

When bit 0 of the PER code is set to 1, the program event ad-
dress is set to the address of the branch instruction unfess it was
initiated by an ‘execute’ instruction that stores the instruction
address. The address to which the instruction branched is stored
as the instruction address in the old PSW.

instruction Fetching

When the PER control bit = 1, the operation sequence tests that
the initial byte of the instruction falls within the monitored area
of main storage. When an instruction is performed as the resuit of
the 'execute’ instruction, the initial bytes of both instructions
are tested. The event is recognized if either byte falls within the
monitored area.

When bit 1 of the PER code is set to 1, the program event ad-
dress is set to that of the fetched instruction. if the fetched in-
struction is the object of an ‘execute’ instruction, that instruction
address is stored. The next instruction address is stored as the in-
struction address of the old PSW,

Storage Alteration

When the PER contral bit 2 = 1, the operation sequence tests that
the information is destined to an address within the monitored
area of main storage. This does not inciude addresses initiated by
the CPU for permanent storage and fogout assignments. The stor-
age is considered altered when the instruction could change the
information, even if the value is modified by zero.

When bit 2 of the PER code is set to 1, the program event ad-
dress is set to that of the instruction causing the reference. 1f the
‘execute’ instruction initiated the reference instruction, the ad-
dress of the execute instruction is stored. The next instruction ad-
dress of the old PSW.

General Register Alteration

When the PER control bit 3 = 1, the operation sequence tests
that the information is destined to a general purpose register de-
fined by the alter mask in control register 9. The register is con-
sidered to be altered, even when the value is unchanged, if the in-
struction could have changed the value. The register could have
been transferred to itself or the value modified by zero. If the in-
struction involves multiple registers, the event is reported when
any oné of the group is defined by the alter mask.

When bit 3 of the PER code is set to 1, the program event ad-
dress is set to the address of the reference instruction except
when it was initiated by the execute i when that ad-
dress is stored, The next instruction address is stored as the in-
struction address of the old PSW.

PER Operations Introduction

_ At the end of each instruction, if the PER control is active, the

operation is branched to the entry of the PER routine (GQER).
The normal RTN LNK statement performs the branch because
the link address has been altered during the setup to the BS
modute. Of interest in this routine is the successful branch ending
because this is one of the events being monitored. When the
entry is through the branch leg, a test is made for the load-PSW
instruction that is not included in the event test. If the PER con-
trol bit O is set, the routine posts the PER code bit 0 as the in-
dicator in the PM register byte 1. One or more of the remaining
PER code bits may have been posted by the routine before the
instruction was performed. Any bits in this byte indicated that a
PER interrupt is pending and the operation branches t, the GICM
routine to post the interrupt conditions. If no PER interrupt is
pending; a test is made for other interrupts pending. In which
case, the information for the one of highest priority is posted.

After posting the interrupt information for an interrupt, the
operation branches to the GIPW routine to store the current PSW
as the old PSW and enter the appropriate new PSW to process the
interrupt. The exchange of PSWs normally results in masking the
PER feature (PSW bit 1) for the interrupt sequence. The ex-
change may require additional setup operations for a change in
the control mode. Before returning to the l-cycle hardware to
start the first instruction of the interrupt program, the tests for
PER events must be made on that addres if PER is masked on in
the new PSW. ’

When no interrupt conditions are involved upon entry into the
GQER routine or with the return from the GIPW routine, the
three events involving addressing are tested. The address of the
next instruction in the i-register is stored in control storage FFDO
for use in posting an interrupt after the instruction operation.

- The PER starting address and the PER ending address are éntered

to define the monitored main storage area. The two addresses are
compared to determine whether the monitored area wraps stor-
age which is considered acceptable. After determining that the
instruction-fetch event is to be monitored, the instruction ad-
dress in the |-register is compared to the starting and ending ad-
dresses to determine whether it falls within the monitored area.
When it does, the PER code bit 1 is posted to indicate.

Further event testing requires the entry of the instruction op-
code. This op-code is masked to determine whether it is the exe-

“cute instruction. In which case, the object instruction address
must also be tested for possible location within the monitored

area. The operation sequence enters the object op-code because it
is this operation that involves the operand add A test is also
made for a possibl 1{ q that is invalid.

Following the instruction-fetch event test, the op-code digits
are used to address the F3 module of | storage. The byte
thus entered contains a PER control mask and four control bits
that define unique conditions for the op-code. The PER controt

mask is ANDed with the PER controt bits to remove those events

that cannot occur. A bit remaining in the modified PER control
byte indicates that the operand is considered changed. The four
tow-order bits are defined as follows:

Bit4  Special Instructions (B2 and EA)
Bit§  Insert Char under Mask (BF)
8it6  Load Multiple {98}

Bit 7  Long Operation (2 GPRs).
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The modified PER corflPDyte is tested for bit 2 to determine
whether the storage-alter event is to be considered. To make the
test, the operand address information of the instruction must be
entered and the address developed. This address is compared with
the previously entered PER starting and ending addresses defining

. the monitored area of main storage. If the operand address falls -
within this area, the PER code bit 2 is set. N

When the modified PER control byte contains bit 3, a test is
made with the GPR-alter mask to determine whether the altered
register is manitored. Bits 4, 5, 6, and 7 of the madified control
byte represent:special conditions to be considered in testing. Bit
4 identifies the B2 and EA instructions that are not tested. Bit §
indicates an insert character under mask instruction that does not
represent an alter when the mask is zero. Bit 6-indicates a load-
muitiple instruction in which a series of GPRs are altered. Bit 7
identifies a long operation instruction in whlch two GPRs are
altered.

The address for a GPR i§ in binary notation in the instruction

and must be encoded into a bit identification to compare with the »

GPR alter mask in control register 9. For a load-multiple opera-
tion, the instruction deiines the first and last register involved and
the bit identification for each register must be encoded. For a
Tong operation the two consecutive registers are encoded. The
identification bits are assembled into bytes 2 and 3 of a working
register to be ANDed with bytes 2 and 3 of control register 9.

Any matching bit condition results in a non-zero result to indicate
that the event hes taken place. The operation defines that a mon-
itored register has been altered but does ndt indicate which one
or whether more than one was altered. The PER code bit 3 is set
to indicate the GPR-alter event. .

Foliowing the tests for PER for the next instruction, the op-
eration returns to hardware I-cycles to process the next instruc-
tion. This instruction is the first instruction of the interrupt
routine if the PSWs were exchanged.

Process Current Instruction

Successful Branch

Post PER Code 0 if PER
Curi @ is set. Test (not)
LPSW

PER | \ Yes

GICM l

No Post PER Code and Event
Address in EPSW
Reset PER Code

Other Interrupt No

GICM

Test for Interrupt Cond.
Post Interrupt Code in EPSW

GIPW
Store Otd PSW. Enter New
PSW. Test (not) invalid
PSW. Adjust if Mode
Change.

L |

GQER

Save )-Address in FFDO
Enter Low Limit Addr.
Enter High Limit Addr.
Test for Storage Wrap-
around.

PER Control 1

Compare i-Address to
Low and High Limits.

Post PER Code 1.

GQER

Enter Instruction.
Mask for Execute Inst.

Enter Event Mask Byte.
AND Mask with PER
Control.

GQER

PER Control 2

Enter Oper and Address
Develop Storage Address
Compare Op Address to Low
and High Limits.

Storage Altered

Post PER Code 2

No

PER Control 3

Yes

Decode GPR Number

Another Register

Develop Next Register Num-
ber.

No

GQER

Compare Decode vmh
GPR Mask.

GPR Altered

Post PER Code 3

RETURN to i-Cycles
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DOCUMENTATION PLAN

VvOL 30
Alphabetical subject index of d ion con-
tents, and index of cross references among all
volumes,
INDEX
D ion plan defines the organization of
the i and the of major
Includes legend pages describing manual symbology.
PLAN

Presents high level description of the CPU, Shows
data and control flow, plus a brief description of
major functional area.

L INTRoduction

Describes the working rel hip of the functional
units that make up the CPU, Uses unit data flows,
operational diagrams, text, and second level diagrams
where necessary.

CPU Hardware

VOL 31

C i icroprog inf ded to read
the microlisting {microprogram source document),
Describes the control words that make up the micro-
programs, and contains microprogram instruction
examples.

L “MIC roprogram

Presents 2 high level description of the Console File

l and a detailed description of the Cansole-File
attachment circuits,
Console- Fite Adapter
Presents a detailed description of the 3210 and 3215
Console Printer-Keyboards and associated attachment
ConsolePrinter. K eyboard circuitry. includes microprogram operation and pro-

gramming information.

PoWeR

VOL. 32 VOL 34

1

Provides descriptions of keys, lights, snd switches

. on the system operator console. included are
lmeoNSoLo s opeiied procedisss s spelicmiont.

Describes motor-generator concepts and CPU power
system, Includes sequencing, distribution, service
checks, | and repl; and pi i
maintenance,

l STOR age

Presents high level description of Phase 2i tech-
nology. Describes the storage areas and functions
which include: addressing, BSM data flow, and
timings. Explains the use of Error Checking and

Describes h dware and progr ived in
detecting and handling of machins matfunctions.

RECovery Features

- CHaNneLs

Correction (ECC) in detecting and correcting
data errors.

Describes the diagnostic hardware and programs
used in the Model 145,

DIAG nostic Functions

VOL 33

Provides a detailed description of the Model 145
1/0 Channels: Byte-Multiplexer, Selector, and
M ‘M e i " 1 isrdord MG 2 1
diagrams and flow diagrams with related text,

Contsins a summary of data that is useful to the
ice repr ive when troubleshooti

»

| rere

Defines the standard interface with expansions,

Covers the details of the adapter data flow,

. file operations, checking facilities, func-
. tional units, and interrupt handling,
bntegrated File Adapter :

Optional FEAT ures

Covers optional features that are not covered in : .
related sections. included are descriptions of .

18M 1401/1440/1460 and 1410/7010 Compati- . s )
bility, Direct Control, and Channel-to-Channel

Adapter. :
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- ABBREVIATIONS

A
AAR
ABM

“ABRTY
.
ACB
ACBR
ACR
A/D
ADDR
adj
Adr-l
Adr-0
adv
ALD
A-LS
alt

Alt/Disp-
ALU
AM
amp
ANUM
appndg
APR
arith
ASCH

ASCP
asm
AT
ATTN
avl

BAL
BAR
BBE
BC
BCA
BCA
BCAl
BCD
BCE
BDIL
bfr
BI FLAG
bin
bik
BLS
BMF

and function
A-address register

ac TR

d bi-polar {
A and B retry register
alternating current

address check boundary
address check boundary register
automatic carrier return
alter/display

address

adjust

address-in

address-out

advance .
automated logic diagram
A-local storage

alter

Alter/Display

arithmetic logic unit

address mark

amplifier, ampere

add- numeric

appendage

alternate path retry

Arithmetic

american standard code information
interchange

automatic system checkout program

assembler

attention (file)

attention

available

branch and fink

B-address register

branch on bit equal -

basic control

bit court appendage

basic channe! adapter

basic channel adapter interface
binary coded decimal

branch on character equal
branch and do interpretive loop
huffer

branch on invalid flag

binary

block

B-local storage

block multiplexer feature

bit ring

branch

brd

BS

BSM
bwd
BWF
8YTDST

c

board

byte source, bit select

basic storage module )
backward -

branch if wordmark or zone equal
byte destination

C count .
CA control address
CAR cylinder address register
CAW channet address word
CB circuit breaker
cc dition coc?, chain d
.yclic code

ccc channel control check
CCH channel check handler
ccw channel command word
cD chain data time-of-day clock
CDA chained data
che channel data check

" CE customer engineer
CF console file
CFC console-file checking
CFDA console-file disk address
CFDR console-file data register
chan channel
char character
chk check
chng change
chnt channel
CiDA channel indirect data address
ck check
CKD count, key, and data
clk clock
CM current module
cmd command
Cmd-O command-out
cmnd command
encl cancel
end condition
cnsl console’
cnt count
entr counter
coax coaxial cable

- €O convenience outlet
comp compare
cond condition
cons console

CUE

cyt

DED
Del
dest
det
DF
diag
diff
DIL
Dir-in
Dir-Out
Disc-l
dist
div

convenience

correction

circuit protector

console printer-keyboard
complement

central processing unit

central processing unit retry register
control register

control storage

channel status word
channel-to-channet adapter
channel-to-channel adapter X system
channel-to-channel adapter Y system
counter

control

control unit
control unit address
contro! unit busy
control unit end
cycle

cylinder

A

data

data address
dynamic address translation
direct access storage device
double

di-«ct control

direct current

direct control bus-in

direct control bus-out

4 rhaing

direct control hold-in
De-coupler

dynamic device reconfiguration
device-end

decode, decimal, decrement
double error detect

‘delay

destination

detect

disk file

diagnostic

difference

do interpretive loop

" direct controf bus-in

direct control bus-out
disconnect-in
distribution

division

DL data length

dly delay

D-Mod D-modifier

Doc documentary console
DOS disk operating system
dply display

dsbid disabled

dup duplicate

EBCDIC  extended binary coded decimal

interchange code
EBI external bus-in
EBO external bus-out
EC external control, engineering change
extended control :
ECC error checking and correction

ECCL error checking and correction logic
ECNT error count register
ECSW extended channel status word

ED external damage

EDBI external data bus-in
EDBO external data bus-out
EM external damage report mask
env envelope

EOF end of file

EOL end of line

EP emergency pull (switch)
EPO emergency power off
EPSW extended PSW

eq equal

ERDS environmental recording data set
EREP environment recording edit and
print program

ERP error recovery procedure
err error

ev even

exc exception

EXCA external control assembler
EXE CPLT execute complete

exp expanded
EXPLS  expanded local storage
ext external

extasm  external assembler
oxt dst external register destination
extint external interrupt



GSTAT

HA
HDV

hex

hi

HIO
HMRTY
HS

hwd

Hz

AR
18
18U

icc
icplt
t<cy

IDA
DAL
iDALW

e

1... backup external word
file bus-out

file count register high
file count register low
tile conditions external word
feed back

file data register

file error external word
file mask

flip tlop

feature local storage

fite mask

file operation register

file status external word
file tags external word
flush through checking
forward

generate, generator

group mark

ground

general registers

group

selector channel status external word

home address

halt device

hardware

hexadecimal

high

halt input/output

H and M retry registers
hard stop

hardware

“hertz

instruction address register
intesrupt buffer

1-register backup.
instruction counter
interface control check
incomplete

instruction cycle

identifier

indirect data address
indirect data address list
indirect data address list word

if
IFA
IFCC
{FCU
[
ILc

IMPL
INB
inc
ind
INF
inh
inst

“instr

intf
intlk
intr
intv
intvn
invid
invrt
\/0
10CA
10EL
IPL
isC
1SK

Jou

,

KD
keybd
KL

interface

integrated file adapter

interface control check

integrated file control unit
incorrect tength

instruction length code .
input/output extended logout mask
initial microprogram program loading
in backward

increment

indicator

in forward

inhibit

instruction, instruct

instruction

interface

interlock

interrupt

interval

intervention

invalid

Jinvert

input or output

input/output communications area
input/output extended logout
initial program load

integrated storage control

insert storage key

job control language

kilo, relay, key
key and data
keyboard

key length

{fength

fower case

load control

tine driver

tocal execute mode

_ low

logical

L-register high half
left-hand margin
L-register low

link

line receiver

load real address
teast recently used

LS
LSCA
LSCS
LSDST
ith

mach
M8
MBO
MC
MCAR
MCEL
MCH
MCK
MCKB
MmCIC
MCKA
MCPU
MCRR
MFE
MFT

Mid-Pac
MIo
misc
MLC

mono
MOP

MPX
MRTY

MSF

MTO
MTI

MUA
MVT

NOP
norm
NPL
ns

1ocal storage

local storage control assembler
local storage control storage
local store destination

latch

machine

M-register back up

multiplexer bus-out

machine check .
machine-check analysis and recording
machine-check extended logout
machine-check handler
machine-check register
machine-check B-register
machine-check interruption code
machine-check A-register

. move data in CPU

machine-check recovery recorder
magnetic feedback emitter
multiple fixed tasks
motor generator
middle power package regulator
move data for |/0
miscellaneous
machine level control
module
manolithic
mini operation register
matrix printer
multiplexer
M-retry register
mitlisecond
microsecond
main storage
main-storage frame
lithic sy hnology .
multiplexer tags-out
multiplexer tags+in
multiple unit address

. -multip'e variable task

inverter

‘next address

new line

normaily open

no operation

normaf

new product language
nanoseconds

OBR

OE
oP
oP-4
OoPL
OP-0
0s
osc
ov

PAA
P-Bit
PCI
PO
PDAR

PER
PF

PGA
PGB
PH
PIR
PIRM
POH
POR
pos
prev
PR-KB

prog
prot
PSW

PTLB
ptr
Pty

outboard recorder
overcurrent
exclusive OR .
operation
operational-in
operational
operational-out
operating system
oscilfator

over voltage

pre-address assembler

parity bit

program-controfied interrupt
instruction processing damage
program damage assessment and repair
print emitter

program event recarding

power frame

power gate

. power gate A

power gate B

polarity hold

priority interrupt register
priority interrupt register mask
power-on hours

power-on reset

position

" previous

printer-keyboard

process

program

protect

program status word

point Wt
page table lookaside buffer

printer

parity

power

register

record zero

record 17 °

remoté analysis center

reliability availability serviceability
retry count register

reloadable contro! storage

read )

' reset diagnostic key
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rdy-

recal
ret

reg

Reqr!
rev
RHM

RMsS
rms
RR

RRB
Rst

rty
rty fig

SAR

SCAMPART storage console approaches; manual .

SCF
sch
scp
SCR
-
sD
SDBI
SDBO
SDC
SDK
SDR

sec
sect
sel
seld
Sel-4
Sel-0
selr
seq
serdes
SEREP
Serv-1
Serv-O
sht

sl

Sio
SIOF
S/
St

SLY
SM
ang

ready *

recovery

recalibrate

reference »

regulator, register

request

required

request-in

reverse

right-hand margin

record mark

recovery management system
root mean square

record ready recovery report
reset reference bit

reset, restart

return

retry

retry flag

storage address register

procedures,and reference timings
storage and control frame
search
system control panel
silicon controlled rectifier

. sector

systemn damage

storage data bus-in

storage data bus-out

suppress data check

set diagnostic key

storage data register, statistical
data recorder

secondary

sector

select

selected

select-in

select-out

selector

sequence

serializer/deserializer

system error record editing prograt
service-in :
service-out

short

system incidents

start input/output

start 1/0 fast release

sense preamplifier and data latch
suppress length indication

solid logic technology
synchronous mask

single

SO .
spec
SPTL
SPTLB

SR
S/R
sk

Stat-
STCTL
std

stg
sT
'sTIDC
Si P
stkd
stor
stp
SUA
supp
Sup-0
suT
Sve
Ssvi

SX
sync
synd
sys

T8
TCH
T0
temp
term
tfmr
TH
therm
thid
thru
TIiC
70
TLB
TOD
TODH
TODL

TR
TR
gr
TSBO

segment origin

special

S, P, T and L.vegisters
SPTL back-up werd for SPTL
registers

system recovery

set or reset

set storage key

start

status-in

store control

standard

storage

status-in

store identification channel

" store identification processor

stacked

storage

stop

single unit address
suppress

suppress-out

system unavailable time
supervisor call
service-in

switch

) Prlnek . "

synchronize
syndrome
system

terminal black

test channel

timer damage, time delay
temporary, temperature
terminator

transformer

T-register high

thermal

threshold

through

transfer in channel

test input/output
translation lookaside buffer
time of day

time-of-day high word
time-of-day low word
timing pulse
transformer-rectifier, trap
tilt or rotate

trigger

timing signat bus-out

uc

-ucw

u/L

w8
wd

WLR
WM
Wr

WS

wTC

XFer
X-Late

*BAS

spm
us

¢CR

upper case

unit contro! word
upper or lower
microsecond

volts

volts alternating current
validate

volts direct current

variable frequency oscillator
virtual machine assist feature
volt/ohm meter

word bottom

word

working register

wrong length record

‘word mark

write .
word separator, word source

- word-top

World Trade. Corp,

+ ansfer
translate

basic micro-diagnostic group
micro

microprogram

microsecond

phase

phase control regulator
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ise) o) Flielnch
» FL Input side is denoted by hesvy line.
e edNLEze 2 ) Clrcuit muttiples shown by numerals in
ST L - SR (Reset) I 8)7 (Of/g) lower right corner, ALD reference page
b Displayable AC 123 may be shown beneath,
Register Name
s
£ 7, e i R
e o /\/ . I ) ; Sot) =T O FipFiop
Byte number a6 e‘ {Complament) Input side is denoted by heavy line,
v -l_ {Reset) 1 woft/o) Shift signal is shown by a P or N
Set Register
Name (Dato) o {Output)  Poiarity Hold
l 7 {Controt) 1] Input side is denoted by heavy line,
3
0 9 -—f FRegistor, Counter (Glear)
6 m==y  |nput side is denoted by hesvy line,
PRI . Data flow lines are heavy weight;
-- A controf lines are light weight. :E_*
1 1o And
hx— - %Fasq ] l'_ -
crll AP
B o
2 =
3
Even
1 by B
: {Reset) oot ﬂ ExclusieOR - - o
3 Counter ‘
_ carv w3 ]2[1 [0 ik
7
I **Use + for up
 Clear __5 ALD Page - for down
N {Reset) ‘_.E_! Negator (inverter)
Shift Registers Parity Check on

The Shift Registers are commonly
used to serialize and deseriatize
data information, Input sit’lt is
denoted bywthe thickdina; A partial
transfer of contents is shown by
v\umbomz: inputloutput" lines,

¥

p 3

= Output

Data Flow Line

Displayable

;.= Parity Generate on

Bus

Data Flow Line

. {Time}

_ Shift input }-P

(Time)

S$
Hold

Singleshot

B

{Frequency)

(Time}

e

Wired

FL™

=

k

('c.t., : oﬁ.oo Numerais pgainat gate symbal give pege or disgram

. Oscitiator .

Indicator Lamp
Identifies displayable bus, register, latch, etc.
such as: :

@

Pluggable
or .
Switchable

Displayable Flip Latch

Amplifisr

XX Abbreviations

CD = Core Driver

OF = Differential

HD = Head Driver

1D = iIndicator Driver
LD = Line Driver

LT = _Line Terminator
MD = Magnet Driver
V = Voltage

Multiple-Line Transfer

Gate

number of gating circuit,

Dispiayable bus with number of bus iines indicsted,

P
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TIMING CHARTS

* GENERAL

8", No
' ' W ¥,
et ' N et
mr— vepdls at beginning and end of the byriidentify the
1 ' (s} on the same chart that mivnoEl hd desctiviste
this Jine.  *INot}” with the number indicktés that iz
[ of the signal conditions the ling,
% " . sap . i
A
Flnmt: ar a1
Process

e

Furction o Process Detailed Eisawhere
. i in the iled, flow chart of the process
is focated. '

Diag 12

Flow chart block where action is indicatable,
{Use and of ind is optional)

Flow chart block where ition by d on is indi
{Use and of is opti }

_ Terminat .
Indicates begineing or end of flow peth.

Major Functions or Events . Q\

ko)

tndicates a point in 8 flow chart whers 3 branch to aiternate
paths is ppgsible,
ey

On-Pags Connector

Indicates connection between two parts of the same
diagram. Arrow leaving symbol points (line-of-sight)
to carrespondingly numberad symbol,

» i
Lo

P
On-Pags Connector -

Indicates connection betwesn two parts of the same
diag A ic grid coordinate of v
connector shown beneath,

Off-Page Connector

Indi i iag located on

pages, Location of correspondingiy - lettered symbol shown
) ic grid may be inci
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INDEX

A-byte assembler CPU 89
A-gate layouts STOR 5-6
A-il rotary switch functions CNSL 30
A-local storage data flow CPU 12
A-register
description CPU 88
introduction INTR 10
use STOR 3
A-tegister, B-register and ALU CPU 88
A-register display
dataflow CNSL 16
indicators (lower roller) CNSL 14
AB backup REC11
AB retry (ABRTY) REC 11
ABM array card. 16 and 32k STOR 26.1
ABM storage decodes  STOR 32.1
ac (automatic configuration) REC 18
ac cable, IFA/2319 IFA 98
ac/dc module, removal and replacement
Models FED—-I  PWR 58
Models H2-K2 PWR 127
ac (voltage)
blowers
Models FED-1 PWR 8
Modefs H2-K2 PWR 100
convenience outlets
Models FED-1 PWR S8
Models H2—-K2 PWR 104
distribution
Models FED—1- PWR 8
Models H2-K2 - PWR 104
ACB
control circuits  CPU 37
examples CPU 36
register description CPU 35
settings CPU 35
accelerate latich  CPK 45
accessing (storage) STOR 3
active cap
adjustment PWR 52
bias voltage check  PWR 54
check PWR 52
ripple check PWR 54
addition of external storage STOR 107
address -
adjust (see OS/DOS compaublllty)
adjust, introduction INTR 11
buffer card STOR 3 7
check boundary (see ACB) 13k
. checking (SAR) STOR 22
" compare control,'switch  CNSL 32
: compar’é, switch“ < CNSL 18
compare switch,16gi¢-diagram CNSL 18
e formation, next control word MIC 16

matk - I G oo

- AM byles IFAH .
derect logic “IFA'17- ot

. déteertiming : IFA'18:

" détecrion “IFA T

address, mark (continued)
restart  1IFA 17
syncbyte IFA 17
addressin CHNL 4
address interface (storage)
advanced bi-polar  STOR 29
phase 21 STOR 28
address-out CHNL 4
address translation CPU 139
addresses trap (retry) REC 15
addressing
BSM STOR 22
local storage scoping pmcedure CPU 17
adjustments .
active-cap PWR 52 .
data separator JFA 15
delay line IFA 15
errof detector  IFA 15
gate generator  1FA 15
MG output voltage
Models FED-I PWR 56
Models H2—K2 (see 3047 Power Unit TM)
MG regulator overvoltage
Models FED-1 PWR 55
Models H2—K2 (see 3047 Power Unit TM)
regulators, power service checks
Models FED-1 PWR 50
i Models H2--K2 PWR 124
reset pulse PWR 53
singleshot VFO IFA 15
storage STOR 73-75
zero detector  1FA 15
adr comp match, indicator . CNSL 6
adr X-late
LRU invalid, indjcator - CNSL 5§
multi-match, indicator CNSL 5
mode, indicatot * CNSL §
rio match; indicator CNSL 5

‘advance head trap 1FA 77

advaiiced bi-polar address and data interface
(iltustration) ST OR 18

" advariced bi-polar BSM-ECCL-CPU interface

(ilfustration) STOR 18
advanced bi-polar control lines
BSMreset  STOR 26
BSM select ., STOR 26
machine reset - STO i =
write (U/L) STOR: g
advanced bi-polar | sto;age SRR
addressing configuration STOR 82
boards “STOR 106
hpai&pms S‘TDR 102
. EDRcard STOR 105
write timing - STOR 110
advanced checkpoint/restart REC 26

aidsi(see service aids)
. alarm '

dible - CPK 61
mdxcamr CPK 6.
- reset switch 'CPK | 6

ALD references (power)
Modeis FED-1 PWR 6
Models H2-K2 PWR 102
allow CE mode, switch IFA 86
alter/display
mode indicator CPK 6
operations CPK 54
switch CPK 6
ALD references (power)
AM (address mark) bytes IFA 17 )
AM (asynchronous machine check logout mask) REC 17
analysis, machine check REC 24
arithmetic and logic unit (ALU)
description CPU 93
gating (A/B) CPU91
introduction INTR 10
K-assembler CPU 92
shift gating CPU 92
arithmetic control word
byte operation” MIC 76
description MIC 68
fullword
bit format MIC 70
indirect byte operation MIC 78
operation MIC 80
shift operation MIC 82
type 10 bit format MIC 70
type 11 bit format MIC 70
arithmetic word types (ABCK) MIC 70
array card population chart (PF) STOR 9 and 67 -
array card storage elements (illustration) STOR 10
array card structure STOR 26.1
array cards (PF) STOR 68
array module STOR IS - :
array module and chip selection (phase 2I) STOR 15
assembler instructions  MIC 70
attachment, 3210 PR-KB  CPK 14
attachment, 3215 PR-KB CPK 33 -
attention (siatusbit 0) CPK 61
autotransformer (WTC)
Models FED-1 PWR 8
Models H2-K2 PWR 104

B (backup) REC 18 ERE N
B-byte assembler TPU90.} ..
B-gate layouts STOR 4 %t
B-ocal storage, data flow : ‘CPU 14
B-LS source direct address . CPU 15
B-register
description  CPU98.-7:4{
introduction INTR 10+
use ‘STOR3 = <!
backup and retry registers .
introduction INTR 10
use REC 10 v

. backward seek test IFA 94

basic N R
» control wmmandx ﬁ&ewuon I4FA 40
data command execution IFA 41

tr

basic (continued)
IFA operations 1FA 35
logic symbology REF4
basic BSMs  STOR 7
basic diagnostic group (storage) STOR 70
bias voltage
amplitude PWR 15
check PWR 67
ripple amplitude PWR 15
ripple frequency PWR 15
waveform (waveshape) - PWR 15
bias voltage supply description PWR 15
bit assignments, [FA externals 1FA 11
bit cell
(illustration) STOR 16
operation (phase 2I) STOR 16
selection (description-phase 2f) STOR 23
bit count appendage (BCA) 1FA 24
bit ring logic IFA 19
bit ring timing IFA 19
bit select (BS) STOR 16
block-multiplexer channel
charts, objectives CHNL 98
operations CHNL 89
selector channel INTR 17

semidynamic UCW address assignment CHNL 92

shared UCW assignment CHNL 91
store/load UCW traps CHNL 95
Ucw
address pointer tables CHNL 92
assignment - CHNL 91
assignment registers CHNL 92
pool CHNL 93
blower troubleshooting aid PWR 64
blowers
ac
Models FED-1 PWR 8
Models H2-X2 PWR 104
off, switch CE3
location PWR 28
description PWR 29
" off, switch (Models H2-K2) PWR 110
removal and replacement
Models FED-I PWR 59
" - Models H2-K2 PWR 128
board decoupling capacitors - PWR 22
board select  STOR 15
branch and link control word example MIC 34
branch and link or return word
bit format MIC 32 .
- description MIC 30

* branch and module switch:

i

bit format MIC 19
* description MIC 18-
.example MIC 20
branch word . ¢
“bit format . MIC 24
< Qeseription « MICQ22
. example - MIC 26

GigE

EX
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branch word. special module switch function - MIC 28
branch symbols.controf word MiC 89 : s>
branching circuitstmicroprogiaml): 'CPU 104 :
BSM addressing { advanced bi-pblar)
. address andicontrol interface (text and ﬂlusttnion) STOR 26
address toritrol lines, chart STOR 26 ¥ v
address flow example - SFOR27~ 7« Ay
addressing'circuits ' STOR 25 ..«
addressing illustration” STOR'25 ©- -~
BSM decode” STOR25 '
BSM decode chart (PF storage’ m\ge) STOR 25
BSM clock STOR 19 ‘
BSM configuration (addressing and data)
advanced bi-polar storage STOR 29
phase 21 storage  STOR 28
BSM data flow
advanced bi-polar
description  STOR 42
illustration STOR 42 .
advanced bi-polar data-bit location chart STOR 43
data and check-bit cabling L
advanced bi-polar STOR 42
phase 21 STOR 40
phase 21
data-bit location chart .- STOR 41
description 'STOR 40
illustration STOR 40
BSM-ECCL-CPU interface (phase 2I) STOR 17
BSM-ECCL data flow (description) STOR 19
BSM functions STOR 19
BSM interface timing. charts
advanced bi-polar  STOR 36
phase 2I STOR 36
BSM internal iming, charts
advanced bi-polar STOR 39
phase 2 STOR 38 -
BSM terminators STOR 3
BSMs )
addressing STOR 22
addressing ranges  STOR 4-6 and 6.1 '
advanced bi-polar STOR 10 N
array cards
phase 2 STOR 8
population chart (advanced bi-polar) STOR 9
bit capacity STOR 7
board layout STOR 10
board select  STOR 22
cabling (data and check bits) STOR 4042
comparison { phase 21 to advanced bi-polar) STOR 7
concepiual STOR 11-12
configurations STOR 28-29
CPU STOR &
data bit location chart  STOR 41
data flow STOR 40-42
interface STOR 28-29
interface timing STOR 36-37
internal timing  STOR 38.39
locations  STOR 4-6 and 6.1
phase 21 STOR 2
power frame (PF) STOR 9
sizes
advanced bi-polar STOR 9
phase 21 STOR 8
terminator STOR 11-12

buffer register (MB). CPU'103
bulbs (see mﬁlcators)
bulk voltage
amplitude PWR.14..
check . PWR 66
description PWR.14 ..
ripple
amplitude I*WR 14 i
" frequency PWR 14 .
table PWR 14 . B TeO Y,
troubleshooting PWR.66 :
waveform (waveshape). PWR .14
bulk voltage supply description, -PWR 14
burst mode (see channel)
bus-in CHNL 4
bus-out CHNL 4 )
bus-c:+ ¢ check (PR- KB) CPK 62
buses (power)
flat-wire i
Models FED-I PW
Models H2-K2 "PWR'1{
U laminar
Models FED-1" F
Mode!s H2-K2 PWR 108
- voltage measurement charts'
Models FED-I PWR 46
buses (storage)
SDBI STOR 3
SDBO STOR 3
busy
circuit (phase 21, ABM) STOR 94
indicator (ECC check) CNSL §
status bit (PR-KB) CPK 62
BYTDST REC 11
byte assembler
A CPUB89
B CPU9YO
byte counter
console file CFA 15
indicator CNSL 7
use [FA 22
byte count logic, IFA IFA 22
byte-mark register
description STOR 48
second-level diagram STOR 48
byte-mark register (storage) STOR 48
byte marks  STOR 48
byte muitiplexer channel (MPX)
catalog numbers - CHNL 37
cha.nnel log REC 20
! machine dependent log  REC 20
command chaining CHNL 43
CSW store CHNL 34
data chaining CHNL 43
data handling - CHNL 21
ending procedure CHNL 31
ending status and interruption handling CHNL 30
error handling and logout CHNL 37
error logout CHNL 38
external facilities CHNL 15
functional units CHNL 13 -
- halt device- CHNL 22
halt1/0 CHNL 22

R AT S 1 A

e eEn s WY
byte multiplexer- channel (W)(f}(mnﬁnu!&}i G
1/0 device and UCW addressing CHNL 12
initial selection routine GHNL: 26
interface control check CHNL 26
“interruptions R FTS
normal primary ending status CHNL 32
normal secondary ending status CHNL 33
prograim-controlled:intesrypt (PCI) - CHNL 35
IPL (Initial program load) €HNL 45
local storage CHNL 18
logout CHNL 36 hariz
MBI (multiplexer bus-in).. CHNLI{5 *
MBO (multiplexer bus-out) - CHNL 15
MTI (multiplexer tags-in)- CHNL 15
MTO (multiplexer tags-out) CHNL 15
operations CHNL 19
second-level diagram CHNL 16
share trap
data handling CHNL 2l
request CHNL 28
start [/O (S10)
description CHNL'22
detailed flowcharts CHNL 24
status interrupt  CHNL 31
stop after log CHNL 36
store and load PSW CHNL 44
test channel CHNL 42
test ;0 (TIO) CHNL 22
unit control word format CHNL 13
byte-multiplexer channel interruption CHNL 33
byte selection (SDBO) CPU 8

C-register
description CPU 98
force IFA 30 .
introducti~a INTR9

use STOR3
cable
ac IFA98

mixer board dc  IFA 98
R/W coax and selected [FA 98
simplex [FA 98
cancel
key (PR-KB) CPK 6
latch (PR-KB) CPK 15
CB trip, indicator
Models FED—I PWR 28
Models H2-K2 PWR 110
CBs PWR6-11
CCW entry and decode [FA 45
CD (time-of-day clock damage) REC 18
CE (customer engineer)
error light 1FA 86
mode indicator IFA 86
CE panel.
lFA/23l9 IFA 86
sequence
Models FED-1 PWR 28
Models H2-K2 PWR 110

CF comm;mds‘ ‘CFA #i11
CF pwr on, fndicato{ CNSL 6
CFDAR register--»= =+ .4

description - C FA 6
use CPU 34

chaining check (PRKB) €PK 6l
channel ’

address word (CAW) CHNL 3
available interruption CHNL 89
block multiplexer CHNL 89
burst mode

defined CHNL 2

operation CHNL 9
busin  CHNL 4
bus-out CHNL 4
byte-mode operation CHNL 9
byte-multiplexer data flow CHNL 10
check handler routine REC 23
clear /O CHNL 3

command word (CCW), defined CHNL3

commands for IFA - IFA 8
commands for PR.KB CPK 60
configurationss CHNL 2
control check (PR-KB) CPK 61
control words CHNL 3
data check (PR-KB) CPK 61
data rates INTR 16
dependent logout REC 20
end (CE, status bit 4, PR-KB) CPK 61
general description
block-multipiexer feature INTR 17
byte-multiplexer INTR 16
data rates  INTR 16
integrated file adapter INTR 17
selector INTR 16
halt device (HDV)
multiplexer CHNL 22
. selector CHNL 68
halt 1/O (HIO)
multiplexer CHNL 22
selector CHNL 68
iD
IFA IFA4
multiplexer CHNL 36
selector - CHNL 77
identification REC 19
indirect data address
block-multiplexer CPU 170
byte-multiplexer CPU 170
CIDA backup control. CPU 172
controls CPU 171
IFA addressing CPU 172
page end detection CPU 171
selector CPU 170
selector channel addressing CPU 172
initial selection sequence CHNL 8
instructions CHNL 3
interruption, available CHNL 89
introduction CHNL 2
logout
multiplexer CHNL 36
selector CHNL 77
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channel (continued)

mark Oin CHNL 4
metering controls CHNL 6
multiplexer mode CHNL 2
retry
description REC 10
introduction INTR 14
selection controls CHNL 4
sequence codes
multiplexer CHNL 36
selector CHNL 37
short CSW CHNL 26
standard interface  CHNL 4
status byte (PR-KB) CPK 61
status bytes (IFA) IFA 74
status word (CSW). defined CHNL 3
tags-in CHNL 4
tags-out CHNL 4
test [0 (TIO)
multiplexer CHNL 22
selector  CHNL 65
unit control word
multiplexer CHNL 13
selector CHNL 50

channel checks CHNL 71
channel indirect data address CPU 170
channet logout

multiplexer CHNL 36
selector CHNL 77

channel-to-channel adapter feature (CTCA)

address compare and data flow X FEAT 28
control command FEAT 20

controls CNSL 36

data flow FEAT 20

description  FEAT 20

disable and compatibility FEAT 29
functional units FEAT 28

halt /O FEAT 27

1/0 interface isolation FEAT 26

no operation FEAT 23

on-line/off-line modes FEAT 26
operational characteristics FEAT 20
programming notes FEAT 27

read or read backward FEAT 23

select priority, mode selection and bypass FEAT 29
selection and reset X FEAT 28

sense adapter state  FEAT 23

sense command byte FEAT 23

sequence and control X FEAT 28

status. sense, and input B bus-in X FEAT 29
system or selective reset  FEAT 24

test1/O  FEAT 23

write  FEAT 23

write end of file FEAT 23

charts

address control lines
advanced bi-polar STOR 26
phase 21 STOR 23
array card population advanced brpolat STOR 67
BSM decode chart advanced bi-polar - STOR 25
- data-bit location
advanced bi-polar  STOR 43

.+ check bit and error correction (at ECCL board) STOR 56

charts (continued)

phase 2 STOR 41

segment addressing chart phase 21 STOR 22
syndrome decoder STOR 52

system storage capacities STOR 2

check
chaining
channels CHNL 71
PRKB CPK 61

channel control
channels CHNL 71
IFA IFA74
PR-KB CPK 61
channe! data
channels CHNL 71
IFA IFA 74
PR-KB CPK 61
console-file data
even-odd CFA 14
extra bit CFA 14
out-of-sync CFA 14
missing bit CFA 14
shift register - CFA 14
data parity (PR-KB) CPK 43
flush through
external CPU 10
local storage CPU 29
GB parity CHNL 85
hardware (storage)
address STOR 72
byte STOR 72
data STOR 72
hardware check STOR 71
store control line parity STOR 72
interface contro}
channels CHNL 71
IFA IFA 75
PRKB CPK 61
machine REC 8
multiplex  CHNL 37
power {see power checks)
print emitter sync CPK 43
program
channels CHNL 71
IFA IFA 74
PR-KB CPK 61
protection
channels CHNL 71
IFA IFA74
PRKB CPK 6l .
retry REC 10 x
service . )
CPU (clock) CPU 100 -
console file CFA 18
delay line adjustments (storage) - STOR 73-75
PR-KB (see PR-KB Theory-Maintenance Manual)
timing (storage) STOR 73-75
unit IFA 74
check bit and error correction chart  STOR 50
check-bit correction, description STOR 54

" check bit examples STOR 83
_checking circuits

first sequence Models FED—I
stage'l  PWR 40

checking circuits, first seq (continued)
stage2 PWR 42
first sequence Models H2-K2
stagel PWR 118
stage2 PWR 120
second sequence Models FED-I
stage 1 PWR 41
stage2 PWR 43
second sequence Models H2-K2
stage 1 PWR 119
stage2 PWR 121
checkpoint/restart REC 26
check reset (CK reset, CE2) switch
description
Models FED~1 PWR 29
Models H2-K2 PWR 112
location
Models FED-1 PWR 28
Models H2-K2 PWR 110
chip (selection) STOR 15
clock
comparator (see clock comparator and CPU timer)
CPU (see CPU clock)
damage REC 18
IFA
logic IFA 16
share cycle logic  IFA 31
timing IFA 18
logic diagram, storage STOR 30-31
stop, indicator CNSL 6
storage STOR 22
sync, indicator CNSL 4
time-of-day (see TOD clock)
clock comparator and CPU timer
instructions FEAT 31
manual mode conditions FEAT 36
set and manual operations FEAT 35
store operations FEAT 34
timer hardware FEAT 32
timer operation FEAT 31
update operation FEAT 33
clock-out CHNL 5
CM (configuration report mask) REC 17
cmnd reg indicator CNSL 7
cotr match, indicator CNSL 7
codes
printer tilt/rotate (T/R) CPK 8
T/R and keyboaid, table CPK 9
translation, 3210 PR-KB  CPK 10
3210 keyboard CPK 7
3210 transmission CPK 9
colon .
printing the punctuation character
3210 CPK 11
3215 CPK 31
command chart, console file CFA 12
command execution
IFA controlcmd  [FA 40
IFA datacmd IFA 41
command-out . CHNL 4
command reject S T ]
IFA IFA 46 .,
PR-KB CPK 62

command retry
1/0 interface sequence " CHNL 80
introduction INTR 14
operation REC 10
command retry feature CHNL 80
common region, 1400 compatibility FEAT 4
comparator, clock (see clock comparator)
compare circuits IFA 26 .
compatibility exceptions INTR 14
compatibility feature, 1400/1410
ANUM instruction FEAT 11
- BIFLAG instruction FEAT 12
common region FEAT 4
COMP instruction FEAT 11
control byte charts FEAT 10
control storage assignment FEAT 2
DIL and BDIL instruction FEAT 10
EA instruction FEAT 10
local storage assignment  FEAT 2
main storage assignment FEAT 2
MCPU instruction FEAT 11
MJO instruction FEAT 11
op-code chart 1401/1460 FEAT 6
op-code chart 1410/7010 FEAT7
op-codes, 1440 FEAT 8
program debugging inforamtion FEAT 12
compatibility feature 1401/1440/1460 FEAT 2
compatibility feature 1410/7010 FEAT 2
component :
labeling (component 1d)
Models FED-I  PWR 3
Modeis H2-K2 PWR 100
locations .
Models FED-1 PWR S
Models HZ K2 PWR 102
removal
Models FED~1 PWR 57
Models H2-K2 PWR 126
replacement
Models FED-1 PWR 57
Models H2-K2 PWR 126
component locations
Models FED-1 PWR 6
Models H2-K2 PWR 102
condensed data flow, 3215 CPK 33
condition code validity REC 18
configurations
advanced bi-polar STOR 82
BSM
. address and control interface STOR 28-29
basic  STOR 7
PRKB CPK3
3145 STOR 80
3345 STOR 80
console file
adapter CFA 2
byte control CFA 6
* byte counter description - CFA 6
byte counter indicator .CFA 15
byte format CFA4 -
CFDA mck/selector table CFA 4

N ‘élock CFA8
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console {ile (continued)

command byte, CFA 4. . ... ...

© command chan CFA 12
command register.
description  CFA6-- .
indicator CFA 15
commands CFA 11
compare circuits CFA 6
control commands CFA 11
CPU clock start CFA'1S
data and clock bit timing CFA' 4
databyte CFA 4
datachecks CFA 14
dataflow CFA'l
data register (CFDR) CFA 6
disk address byte CFA 4
disk-address register CFA 15
disk address register (CFDAR) CFA 6
. disk format CFA 4
error checks CFA 14
even-odd check CFA 14
extra bit check CFA 14,
head control and track accessing CFA 6
IMPL example CFA 16
indicators CNSL'7
introduction CFA 2
operation commands CFA 11 .
out-of-sync/missing bit check CFA 14
pause . CFA 15
register display switch CNSL 7
registers, indicators CNSL 7
removal and replacement CFA 18
sector format  CFA 4
sector ready latch  CFA 10
shift register
description CFA 6
parity error  CFA 14
timing CFA9 3
timing charts, shift register CFA 9
voltages .
stage |  PWR 47
stage 2 PWR 49
console-file register display 'CNSL 31
console layout CNSL 2
continuing scan commands . IFA 70
control address set. key  CNSL 32
control and data flow (PR -KB)
3210 CPK 15
3215 CPK 34
control command execution [FA 49
control commands IFA 50
control. data transfer (PR-KB) CPK 49
control keys and indicators CPK 6
control mode (see extended control mode)
control. new line, 3210 CPK 23
control panel (see CE sequence panel)
control. read ‘write cycle. 3210 CPK 23
control register
assignments CPU 106
decodes. I-cycles CPU 64
description CPU 106
machine check  REC 17
valid REC 18

control register (contiﬁued)‘ Bl

~. 0 CPU107 .
2 CPU 107
8

bit assignment CPU 107 |
uses CPU 130 '
14(CR 14) REC 17
15(CR15) REC17
3210 CPKIS.
3215 CPK33
conuol stepper motor CPK 44 -
control storage
IFA assignments IFA 12
physical description STOR 19
control-unit end (status bit 2, PR-KB) CPK 61
control word
access MIC 4
address generation MIC 12
bit definition
arithmetic indirect byte MIC 73
arithmetic type 10 byte MIC 70
arithmetic 1ype 10 fullword MIC 71
arithmetic type 11 MIC72
branch and link or return word MIC 32
branch and module switch MIC 19
branch word MIC 24
indirect byte MIC 73
storage word (K-addressable) MIC 50
storage word (non K-addressable) MIC 48
word-move word MIC 40
branch MIC 24
branch and link or return word  MIC 30
branch and module switch MIC 19
branch symbols MIC 12
descriptions MIC 15
examples
arithmetic, byte operation MIC 76
arithmetic fullword  MIC 80
arithmetic indirect byte . MIC 75
arithmetic, indirect-byte operation MIC 78
arithmetic, shift operation MIC 82
branch and link MIC 34
- branch and module switch MIC 20
branch word, set/reset function *MIC 26
branch word, module switch function MIC 28
return word  MIC 36
storage read halfword MIC 52
storage word, direct control MIC 60
storage word, store ".nder mask and
dec ~ment count MIC 64
storage word, TB function MIC 56
word-move word MIC 42
functions MIC 15
next address generation MIC 12
stat set symbols MIC 84
storage word MIC 44
storage word forms MIC 46
types MIC 15
word-move word MIC 38
controls and indicators
power
Models FED-1 PWR 28
Models H2-K2 PWR 110

controls and indicators (continued)
PR-KB keys (switches) CPK 6
system control panel (see CNSL section)
convenience outlet voltages
Models FED-1 PWR 8-
Models H2-K2 PWR 104
conversion
emitter pulse CPK 40
power PWR 8
cooling
Models FED-1 PWR 3
Modeis H2-K2 PWR 100
core (see storage)
correction
check-bit STOR 54
count controls IFA 22
count externals [FA 22
count field IFA 22
counter decode IFA 22
counter logic 1FA 22
counts
PE timing pulse CPK 41
print emitter timing CPK 41
retry REC 12
single-bit STOR 52

- CPU
A and B gate voltages
stage | PWR 46
stage 2 PWR 48

ac distribution PWR 8
ac-to-dc conversion
Models FED-I PWR 10
Models H2-K2,stage 1 PWR 105
Models H2—K2, stage 2 PWR 106
BSM (interface) STOR 17-18
configuration INTR 13
cycle times (see CPU clock)
dependent logout REC 19
external word CPU 34
frame clectrical components
Models FED-I PWR 6
Models H2-K2 PWR 102
gate labeling
Models FED~I PWR 10
Models H2-K2 PWR 102
hardware CPU 103
high priority CPU 42
identification REC 19
independent logout REC 18
indicator CNSL 4
indicator (power check)
Models FED-1 PWR 28
Models H2-K2 PWR 110
status, indicators CNSL 6
thermal checks PWR 69
CPU ac-to-dc conversion
Models H2—-K2, stage 1 PWR 105 .
Models H2-K2, stage 2 PWR 106
stage 1 PWR 10
stage2 PWR'11
CPU clock
card locations CPU 100
checks and adjustments CPU 100

CPU clock (continued)
delay card’ plugging ’CPU 101
start indicator CNSL 7~
CPU dc outputs for A- and B-gates, suge 1
Models FED-1 PWR 46
Models H2-K2 PWR 124
CPU dc outputs for A-gate, stage 2 flat-wire bus version
Models FED-1 PWR 48
Models H2-K2 PWR 124
CPU dc outputs for A-gate, stage 2 U laminar bus version
Models FED-1 PWR 48
Models H2-K2- PWR 124
CPU dc outputs for B-gate main storage
Models H2-K2 PWR 124
stage 1 - PWR 46
stage 2 PWR 48
CPU diagnostic hardware
block A local storage DIAG 20
enable generate address DIAG 28
enable generate controls: DIAG 28
invert Z-reg parity bits DIAG 20
stop on machine check DIAG 20
CPU select pulse
adjustment  STOR 73
description - STOR 33
ECCL board T, relationship SI’OR 33
CPU storage STOR 2
CPU to ECCL interface (advanced bi-polar) . STOR 18
CPU timer (see clock comparator)
CPURTY REC i1
CR (control registers valid) REC 18
CS adr, indicator CNSL 6
CSW CHNL3
cycle control, 3210 read/write CPK 22
cyclic check IFA 25
controls 1FA 24
logic IFA24
cyclic-code
hardware register IFA 25
register IFA 24
cylinder
address register test IFA 29
concept IFA4
select switch IFA 86

D-register
description CPU 95
introduction INTR 10
damage
external REC 18
instruction processing REC 18
interval timer REC 16
report REC 8
report mask REC 17
system
machine check interrupt REC 16
subclass REC 18
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damage (continued)
time-of-day clock
mach:: e check interrupt REC 16
subclass REC 18
timer REC18
DAT (see dynamic address translation)
data
bit location chart STOR 41
check STOR 72
command execution [IFA 41
field IFA6
indicator CNSL 7
fate CPK 47
length(DLy IFA6
parity check (PR-KB) CPK 43
parity control  IFA 23
rates channels INTR 16
records IFA7
registers, 3215 CPK 33
request controls IFA 28
storage IFA 4
transfer clock  1FA 26
data and check bit cabling  STOR 40-42
data and control registers, 3210 CPK 15
data chaining (illustration) STOR 18
data flow
basic IFA IFA 4
condensed, 3215 CPK 33
ECCL data flow STOR 21
fetch operation STOR 59
storage
fetch operation  STOR 59
main storage-to-ECC  STOR 21
read description = STOR 46
store operation STOR 61
write description STOR 46
store operation STOR 61
3145INTR 7
3210 CPK 15
3215 CPK 34
data handling routine CHNL 31

data-in (interface line)
description CHNL 4
introduction 'INTR 15
data interface (storage)
advanced bi-polar STOR 29
phase 21 STOR 28
data-out (interface line)
description  CHNL 4
introduction INTR 15
data-transter control
IFA IFA 23
PR-KB CPK 49
dc profile PWR 65

dc voltage
adjustments
Models H2-K2. PWR 124
stage | PWR 46 :
stage 2 PWR 48
chécks (see power checks)

de voltage (continued)
conversion
CPU PWR 10
CPU (Models H2-K2), stage 1 PWR 105
CPU %qdels H2-K2), stage2 PWR 106
¥F R12

PF (Models H2-K2) PWR 107
distribution
CPU PWR 10
CPU (Models H2-K2) stage 1 PWR 105
CPU (Models H2-K2), stage 2 PWR 106
PF PWR 12
PF (Models H2-K2) PWR 107
indicators (regulator)
Models H2-K2 PWR 110
stage ] PWR 28
stage 2 PWR 30
measurements
Models H2—-K2 PWR 124
stage 1 PWR 46
stage 2 PWR 48
profile PWR 65
ripple check PWR 66
service checks
Models H2—K2 PWR 124
stage 1  PWR 46
stage 2 PWR 48
decode CCW entry . IFA 45
delay line
adjustments and checks  STOR 73-75
description  STOR 19
delay line cards
card No.1 STOR 73-75
card No.2 STOR 73-75
TD jumpering examples STOR 73-75
delay lines 1 and 2 card layouts STOR 73-75
delta 200 nsindex IFA 32
dependent logout REC 19
destination addressing (LS) CPU 11
destination control diagram EXPLS CPU 28
destination look ahead (L/S) CPU 11
device-end (DE status bit 5 PR-KB) CPK 62
diag (external word) CPU 34
diag stop, indicator  CNSL 4
diag0 register DIAG 12
diagl register DIAG 15
diagnose instruction
control storage full-recording mode REF 7
control storage threshold mode REF 7
control storage quiet mode REF 7
load patch words REF 7
main storage
full-recording mode REF 7
quiet mode REF 7 .
PSW restart REF 7
diagnostic addresses 0-6 IFA 11
diagnostic control SAR . PIAG 21

diagnostic/console-file controls rotary switch . CNSL 28

diagnostic hardware
ABRTY group | DIAG 15
ABRTY group 2 DIAG 22
ABRTY group 3 DIAG 26
- diagnostic parity DIAG 18

diagnostic hardware (continued)
diagnostic ripple DIAG 19
early delay function DIAG 26
general information DIAG 2
inhibit print DIAG 38
matrix printer lines to Tl  DIAG 37
MPX diagnostic control DIAG 17
PE envelope
diagnostic indicators 1FA 11
diagnostic key DIAG 12
diagnostic local storage assignment . DIAG 35
diagnostic procedure (MST regulators) PWR 66
diagnostic registers DIAG 12
diagnostic service signal (GA, A-, KOD) DIAG 32
diagnostic strobe CPK 18
diagnostic tests
BABS DIAGS
BEA6 DIAG6
EGE7 DIAGS
EJD5 DIAG 33
1FA inline
indicators IFA 87
test decode IFA 88
trap IFA 74
unsafe condition test IFA 91
diagram legend IFA 34
direct byte addressing definition MIC 16
direct control feature :
data flow and controls FEAT 17
flow chart, writ¢ and read direct FEAT 18
general information FEAT 14
interface lines FEAT 14
read-direct instruction FEAT 14
signals originating outside the CPU " FEAT 16
signals originating within the CPU - FEAT 15
timings FEAT 19
write direct instruction” FEAT 14
direct word addressing definition MIC 16
disconnect in (interface line)
description ~CHNL 4
introduction INTR S
disk adr reg, indicator CNSL 7
disk drive, 23FD CFA 2
disk pack, IFA/2319 IFA4
disk speed diag test  1FA 90
disk storage select logic 1FA 33
display assembler out indicator CNSL 12
display, key -~ CNSL 32
display operations CPK 54
DK-register (EXPLS-7C) CPU 22
DOS
error-recovery procedures REC 25
recovery management support REC 24
restart facilities REC 26
RMS REC 24
DOS-checkpoint/restart.  REC 26
DOS-emulator (see 0S/DOS compatibility)
double-bit error isolation STOR 99 '
double-bit errors  STOR 52
downshift, (stepper) motor  CPK 46
dual-level
MST regulator ope mlon PWR 21
MST regulator purpose . PWR 21

PWR 57

dual-level (oominued)
phase 1 dj and scoping
procedure PWR 54
phase-controlled regul: ping proced

dual-level supply removal and replacement. PWR 32

dynamic address translation (DAT) CPU 139
address match ’
basic CPU 140
match-no-match  CPU 157
address paging CPU 142
basic operation (flowchart) CPU 156
change bits CPU 150
control registers 0, 1 CPU 148
develop address CPU 141
errors CPU 162
exercise CPU 164
GGST routine CPU 158
introduction CPU 139
load DAT control reg (flowchart) CPU 149
load real address CPU 161
LRU matrix CPU 152
NP regs CPU 154
0S/DOS compatibility and DAT active CPU 1
page number compare CPU 155
page table entry CPU 146
real address formation  CPU 159
reference bits  CPU 150
reset reference bit  CPU 162
segment and page size  CPU 144
segment number compare  CPU 155
segment table entry CPU 146
translation lookaside buffer (TLB) CPU 151
working reg  CPU 153

EBCDIC
for 3210 graphics CPK 10

47

matrix code translation tilt/rotate location table CPK 11

ECC (error check and correction)
busy, indicator CNSL §
check bit and error correction chart  STOR 50
DBL bit, indicator CNSL S
hdw, indicator CNSL 5
indicators (see CNSL section)
introduction STOR 3
" logic diagram STOR 49
operation STOR 48

" ECCL (see error check and correction)

ECCL and BSM timing, description STOR 33
ECCL board layouts )
01B-A3 (CPU) STOR 56
. 03A-A3(PF) STOR 57
ECCL board external (3145/3345). STOR 108

ECCL check bit and error correction chart STOR 50
ECCL compare, error, detect, and decode (second level) STOR 49

ECCL data flow STOR 21
ECCL delay lines
advanced bi-polar
description: STOR 35
ECCL board timing chart STOR 35

« ¢ hardware service 2id (FL and AR) STOR 35

second level’ STOR 35
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ECCL delay lines (continued)
’ phase 21
description STOR 34
ECCL board timing chart STOR 34
second level  STOR 34

ECCL to BSM interface (advanced bi-polar) STOR 18

ECCL-to-ECCL interface. STOR 18
ECCL 10 storage interface (phase 2I) STOR 17
ED (external damage) REC 18 :
EM (external damage report mask) REC l7
emergency power off
emergency pull switch CNSL 35
EPO sequence PWR 38
function .
Models H2-K2° PWR 113
stage | PWR 29
stage 2 PWR 31
mechanical reset PWR 38
operation CNSL 35

3047 (see 3047 Power Unit Theory-Maintenance Manual)

emitter pulse conversion CPK 40

enable system clear, key CNSL 32

end switch (PR-KB) CPK 6

ending an alter/display operation CPK 54
ending operation 1FA 74

ending sequence IFA 76

environment recording edit and print program REC 2 ‘

EPO PWR 38
EPSWA external CPU34 - -
equipment check (PR-KB) CPK 62
erase command IFA 57
erase gate - [FA 27
EREP REC 26
error
detector, IFA VFO IFA 14
disable switch IFA 86
display. IFA 2319 IFA 86
handling
channel retry INTR 14
command retry INTR 14
detection  STOR 20

error checking and correction (ECC) INTR 14

handling STOR 20
introduction REC 2
logging STOR 20
misroprogram instruction retry
description REC 9
introduction INTR 14
error check and correction

comparison and error correction, description STOR 48

data flow STOR 21
data flow concept: STOR 48
description  STOR 48

ECCL check bit and error correction chart STOR 50

functional areas, description STOR 48

_read and write generators. description STOR 48

second level STOR 49
syndrome decode, description STOR 48
syndrome decoder chart STOR 52

error checking and correction (ECC)
board layout’ STOR 56-57
check bit and error correction chart STOR 50
check-bit correction STOR 54

error checking and correction (ECC) (continued) -

data flow concepts STOR 48
double-bit errors  STOR 52
error-type decode . STOR 53
functional areas STOR 48
introduction  INTR 14
parity correction STOR 52
read and write generators STOR 48
single-bit error correction STOR 52
single-bit errors STOR 52
syndrome decoder chart STOR 52
error cosrection, description
check-bit.  STOR 54
double-bit STOR 52
parity STOR 52
single-bit STOR 52
error detection, description STOR 52
double-bit STOR 52
single-bit STOR 52
error handling (description) STOR 20
error isolation, double-bit  STOR 99
error logging (description) STO% 20
error messages (PR-KB) CPK 54
error override switch (CE2)
location
Models H2-K2 PWR 110
stage ] PWR 28
stage 2° PWR 30
description
Models H2—K2 PWR ll2
stage I PWR 29
stage 2° PWR 31
error-recovery procedures REC 25
error retry description REC 8
error retry timing REC 15
error trap
sequence [FA 78
test IFA 96
error type decode  STOR 35
error type decoder
description  STOR 19
se,ond leve] STOR 53-54
exe cplt. indicator CNSL 6 .
execute phase (I-cycles)y CPU 82
expanded external assembler diagram CPU 31
expanded local storage (EXPLS) CPU 19
destination controf diagram CPU 28
destinations CPU 27 .
gating CPU 20 :
general information lNTR Il
map CPU 21
source gating CPU 23
source gating diagram CPU 24
source gating examples CPU 25
EXTDST REC 11
extended control mode
control registers CPU 131
ECPSW CPU {31
feature mask CPU 131
intemlpt codes CPU 138
t assignments CPU 134
PSW mterchnnge CPU 136
store then mask instructions CPU 138

extended diagnostic group (storage) STOR 70
extended interruption information REC 19
extended- logout
IFA IFA 75
fength REC 18
mask REC 17
pointer REC 17
external
address formation MIC 17
assembler diagram  CPU 30
facilities
~assignment and index CPU 32
description CPU 29
general information INTR 13
external storage considerations STOR 104
external words (see registers)
externals
IFA IFA LI
map - CPU 32

F-gate (mixer board) PWR 59
FA (failing storage address valid) REC 18
FCH-register IFA 22
FCL-register IFA 22
FDR-register 1FA 23
features

3145 Models GE-1 INTR 3

3145 Models H2—-K2 INTR 4
fetch operation

data flow STOR 59

description STOR 19
fetch sequence CPU 69
field-count controls IFA 22
file data coax IFA 33
file-data register IFA 23
file-mask

algorithm  IFA 50

bit assignment IFA 12
filter installation precaution PWR 64
filters .

location

Models FED-I PWR 59

Models H2-K2 PWR128 . « -

removal
Models FED-I PWR 59
Models H2-K2 PWR 128
replacement
Models FED-1 PWR 59
Models H2-K2 PWR 128
firing circuits, 3215 print magnet CPK 42
fix, microprogram temporary MIC 85
flat-wire bus
Models FED-I - PWR 26
Models H2—K2 PWR 108
floating ground PWR 73
floating-point registers valid REC 18
flow charts, IFA
CCWentry IFA 45
cylinder address reg test IFA 89
diag error trap  IFA 96

flow charts, IFA (continued)

diag test decode IFA 88
diag unsafe test 1FA 91
disk speed test  IFA 90
ending sequence  1FA 76
error trap IFA 78
halt1/O IFA 84
index trap 1FA 77
initial selection IFA 42
interrupt  IFA 80
load IPL  IFA 66
micromonitor control DIAG 35
- read data IFA 65
read HA IFA 64
read/write diagnostic IFA 92
recalibrate IFA 54
scan IFA 73
searchID IFA 71
search KD * [FA 73
searchkey IFA 72
seek commands IFA 52
seek tests 1FA 94
sense IFA 48
set file mask IFA 51
space count IFA 55
storage (see data flow)
test /O IFA 82
write CKD 1FA 60
write data 1FA 59
write HA  IFA 58
flush-through check (FTC) INTR 10
FM (asynchronous fixed logout mask) REC 17
FMOD-register IFA 33.° :
FOP-register 1FA 21
force count (odd)
register L/S CPU 15
forward operation
multiple characterss CPK 52
single character CPK Sl
forward seek test 1FA 94
FP (floating point registers velid) REC 18
frame ground PWR 72
FTC register CPU 96
flow charts (see data flow)
functional areas (storage)
address control line chart (phase 2[) STOR 23
addressing circuits STOR 22
array card logical addressing STOR 22
array module chip selects STOR 22
bit-cell selection (phase 2I) STOR 23
board select STOR 22
BSM addressing (phase 2I) STOR 22
description STOR 22
SAR address checking STOR 22 -
storage address register (SAR) STOR 22
functional operations, description
fetch
control storage STOR 58
data flow STOR 59
main storage STOR 58
store
data flow STOR 61
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functional operations, description (continued)
operation - STOR 60 .
functional units
A- and B-registers  CPU.88 .
arithmetic and logic unit CPU 88
backup and retry registers CPU 103
C-register CPU 98
console file (see CFA section)
console printer-keyboard (see CPK section)
D-register CPU 95
expanded local storage CPU 19
external facilities CPU 29
H-register CPU 41
I-cycle hardware CPU 47
IFA (see 1FA section)
introduction INTR 6
Jocal storage CPU 10
M-register CPU 102
MB-register CPU 103
N-register  CPU 103
SDBO assembler CPU 8
SPTL-registers CPU4
storage (see STOR section)
Z-register  CPU 94

GA functjons, branch word MIC 25
GA set/reset functions IFA 13
gap sensor, VFO  IFA 14
gate generator, VFO  1FA 14
gate layouts-storage STOR 4
gated attention trap ' IFA 74
gating. T1 register input 3215 CPK 35
GCL register CHNL 88
GDRL (EXPLS) CPU 22
GDRL register CHNL 88
general description  [FA 4
3145 INTR2
general information
power
Models FED-1I PWR3
Models H2-K2 PWR 101
storage
control storage (size) STOR 2
CPU models STOR 2
storage gates STOR 2
storage sizes STOR 2
general-purpose registers  CPU 16
general registers (GR) valid REC 18
generators (storage logic)
parity-out (description) STOR 19
read (description) STOR 19
syndrome (description) STOR 19
write (description) STOR 19
ground loop check PWR 74
grounding principles - PWR 74

H-register

bit functions CPU 41

detailed description. CPU 38

general information INTR 10
halt device IFA 84

IFA IFA 84

multiplexer CHNL 22

selector CHNL 68
halt 1/O operation  1IFA 84

IFA 1FA 84

multiplexer CHNL 22

selector CHNL 22 )
hait word selection (SDBO) CPU 8
hard machine checks

interrupts REC 16

softward recovery . REC 25
hardware checks-storage

byte check STOR 72

data check STOR 72

hardward check. STOR 71

storage-control-line parity check STOR 72
hardware functions, I-cycle CPU 49
hardware recovery logic REC 3
hardware test, 3215 CPK 32
hdw indicator (ECC check) CNSL S
head control and track accessing CFA 6
heads extended control line IFA 97
heads extended indicator PWR 28
head-select switch 1FA 86
hightrap [FA 74
HM backup REC 11
HM retry (HMRTY) REC 11
hold-out CHNL 5
home-address field IFA 6
S (hard stop)  REC 17

I-buffers, introduction INTR 11
Lcycles.
adder CPU 62 .
adder carry logic - CPU 62
address generation CPU 63
address generation and control decode CPU 65
ALD references CPU 56
align routine
entry CPU73
exit CPU7S
alignment - CPU 54
alignment (purpose) CPU 74
branch loop timing chart CPU 80
calculate operand addresses CPU 54
control register bits CPU 64 ‘
control register decodes CPU 64

control-word DFOC (hardware functions) CPU 78

control-word forced functions CPU 64
CPU low request (during [-cycles) CPU 66
data flow chart CPU 58

entry CPUS3

I-cycles (continued)
error conditions CPU 66
fetch sequence CPU 69
functions CPU 48
further fetch (example) CPU 69
further fetch sequence CPU 69
general description- CPU 68
hardware
control line generation CPU 64
description CPU 57
functions CPU 49
indicator CNSL §
locations CPU 56
I-buffers CPU 59
IBU-register CPU 61
IMM byte register CPU 60
indicator CNSL 6
initial addresses CPU 53
instruction
RR-ADD instruction CPU 81
RX-add with double indexing and alignment CPU 83
RX-execute instruction - CPU 86
SS-MVC instruction CPU 84
introduction CPU 47
I-phase/E-phase objectives CPU 52
I-register - CPU 62
key register CPU 61
microcode
control hardware loading of I-buffers  CPU 53
flow charts CPU 53
hardware functions CPU 50
micro module assignment CPU 52 .
op-register  CPU 60
prefetching (example) CPU 69
perform prefetches CPU 54
program modification CPU 76
RR instruction sequence - CPU 70
RX instruction sequence  CPU 71
RX, RS, Sl instruction sequence CPU 71
share cycle (during I-cycles) CPU 66
SS instruction sequence CPU 72
storage correction cycle (during I-cyclesy CPU 66
storage fetch operations (examples) CPU 69
timing chart (I, IBU, TR, updatmg) CPU 62
timings CPU 67
TReregister CPU 62
U-register CPU 60
V-register CPU 61
W-register. CPU 61
I-register (EXPLS 50)
description CPU 21
use CPU62
1A (instruction address valldny) REC 18
IBU register (EXPLS-54)
description  CPU 21
use CPU 61
1CS-register (EXPLS-56) CPU 2l
IFA
abbreviation list IFA 3
adjustments (IFA)
stage 1 PWR 47
stage 2 PWR 49
basic operations = IFA 35

IFA (continued)
cables
ac IFA98
mixer board dc  IFA 98
R/W coax and selected IFA 98
simplex IFA 98
CE panel IFA 86
_ channel ID IFA 4
checks (see check)
clock and bit ring IFA 18
commands IFA 8
configurations IFA 2
control-storage assignments IFA 12
dataflow IFA 4
data-flow index IFA 10
description
basic IFA 4
power 1FA 97
diagnostic functions
approach DIAG 44
CE panel tests DIAG 54
FAT byte assembler DIAG 46
GA microword decode DIAG 44
hardware DIAG 45
lines and latches gate to diagnostic addresses DIAG 46
record format DIAG 51-52
VFO adjustable delay cards (2319-A01) DIAG 53
wrap tests DIAG 54
diagnostic indications [FA 11
extended log= REC 21
externals
diagnostic address (FAT) IFA 11
diagnostic bit assignment IFA 11
diagnostic FAT assembler DIAG 46
GA set/reset functions .
controls IFA 13
GA function charts DIAG 44
halt 1/O operation IFA 84
heads extended IFA 97
high priority. CPU 43
interface, 2319 1FA 98
interrupt routine IFA 80
introduction IFA 1
local-storage assignments IFA 12
low trap CPU43
mini-op control IFA 8
power supplies  IFA 97
sense bytes
bus-out parity check 1FA 46
command reject IFA 46
cyclic code check IFA 46
data check  IFA 46
data check-count field - IFA 46
end-of-cylinder IFA 46
equipment check [FA 46
file protected - IFA 46
format 1FA 46 .
intervention required 1FA 46
_invalid sequence 1FA 46 .
- missing address mark TFA 46 -
multi-module select - IFA 47
no record found IFA 46
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IFA, sense bytes (continued)

online IFA 47
overtlow incomplete IFA 46
overrun - IFA 46
pack change  1FA 47
ready IFA 47
seek check 1FA 46
seek incomplete  IFA 47
selected status  IFA 46
sense byte 0 IFA 46
sense byte ] IFA 46
sense byte 2 IFA 46
sense byte3 1FA 47
sense byte4 1FA 47
sense byte 5 [FA 47
SERDES check IFA 46
track condition 1FA 46
track overrun  IFA 46
unsafe [FA 46 .
unselected status  1FA 46
write current sense  1FA 47
“share-cycle controls  1FA 30
start 1,0 operation - IFA 42
status indications IFA 9
test I O operation  [FA 82
transfer in channel (TIC) IFA 8
volrages
stage ! PWR 47
stage 2 - PWR 49
ILC CPU47 |
M (input. output extended logout mask) REC 17
IMM byte register  CPU 60
IMPL
check indicator (1ISC) CNSL 37
control siorage load STOR 2
example CFA 16
operation CNSL 34
370 microprogram load  REF 15
IMPL 1eq'd indicator CNSL 6
IN (interrupt) external word CPU 34
incorrect length (IL PR-KB) CPK 61
independent logout REC 18
index
control logic  IFA 32
controls  1FA 32
trap IFA 74
trap to advance head I1FA 77
indicatable keys
‘power-onkey CNSL34
start console-file key CNSL 32
indicator byte IFA 24
indicators
A-register display CNSL 14
adr comp match  CNSL 6
adr x-fate mode CNSL 6
alsim. CPK 6
alter/display mode CPK 6
busy (ECC check) CNSL'5
bytecntr  CNSL 7
cancel CPK 6
CB trip
Modets H“-KZ PWR 110

indicators, CB trip (continued)
stage | PWR 28
stage 2 PWR 30
CE error (IFA) IFA 86
CE mode (IFA) IFA 86 ~
CF poweron CNSL 6
clock stop .CNSL 6.
“clock sync CNSL 4
cmndreg  CNSL 7
cntr match - CNSL 7
console-file registers (0-7) CNSL 7
corrcycle CNSL 6
CPU ’
power check PWR 28
power check (Models H2-J2) PWR 110
system check CNSL 4
CPU clock start  CNSL 7
CSadr CNSL6
data CNSL 7
dbl-bit (ECC check). CNSL §
diag stop CNSL 4
disk adrreg  CNSL 7
dply asmblr out CNSL 10
error display (0-7) IFA 86
exe cplt CNSL 6
heads extended (PF) PWR 28
hdw (ECC check) CNSL S ’
l-cycle CNSL6
E-cycle hdw (system check) CNSL 5
1/O infc dsbld CNSL 36
IMPL req’d CNSL 6
intvn read CPK 6
load CNSL 8
logpres CNSL6 .
LRU inval (adr x-late check) CNSL 5
M-reglamp CNSL4
man CNSL 8
MG check
Models H2~-K2° PWR 110
stage] PWR 28
stage 2 PWR 30
MS' (storage and control frame indicator)
" stage | -PWR 28
stage 2 PWR 20
multi-match (adr x-late check) CNSL §
no match (adr x-late check) CNSL S
pause CNSL 7
PF

Models if2-K2 PWR 110
stage ] PWR 28
stage 2 PWR 30
power check
Models H2-K2 PWR 110
stage] PWR 28
stage2 PWR 30
power-on complete
Models H2-K2 PWR 110
stage ! PWR 28
stage2 PWR 30
power on (PR-KB) CPK 6
power on start

" indicators, power on start (continued)

Models H2-K2 PWR 110
stage | PWR 28
stage 2 PWR 30
power (system check) CNSL 5
probe (IFA) IFA 86
proceed CPK 86
regulators
CPU . PWR 28
CPU (Models H2—K2) PWR 110
MSF PWR 28
PF PWR 28
PF (Models H2-K2) PWR 110
request pending CPK 6
retry CNSL 4
SAR (parity check) CNSL 4
SDBI (parity check) CNSL 4
SDBO (parity check) CNSL 4
set chan (system check) CNSL 4
share cycle  CNSL 6
sng ECC CNSL 6
sng ECC thid CNSL 6
stor byte marks (parity check) CNSL 4
stor control lines (parity check) CNSL 4
stor ctrl lines (parity check) CNSL 4
stor prot (parity check) CNSL 4
stor kcycle CNSL6
sys CNSL8
test CNSL 8
therm check  PWR 28
therm (system check) CNSL §
TOD clock invld CNSL 31
trap 1 cycle CNSL 6
trap 2 cycle CNSL 6
wait CNSL 8
indirect addressing (LS) CPU 13
indirect byte addressing definition  MIC 16
indirect word addressing definition MIC 16
initial microprogram program load (lmpl) CFA2
initial power-on sequence
description
Models FED-1  PWR 34
Models H2-K2 PWR 114
operation
Models FED—-I  PWR 34
Models H2-K2 PWR 114
initial regulatar voltage adjust PWR 40
initial selection IFA 42
inline diagnostics IFA 87
inline test sequence  1FA 87
input/output -
logout mask REC 17
RMS - REC 26
insert storage key STOR 63
instruction
address validity REC 18
cycles (see I-cycles)
diagnose REF 7
formats CPU 47
length codes CPU 47
monitor call CPU 130
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instruction (continued)
processing damage  REC 16
store channel ID REC 19
store CPUID REC 19
instructions
channel CHNL 3
* load control REC 17
retry, microprogtam REC 8
store control REC 17

INTA-register CPU 34
INTB-register CPU 34
interface
A and B switches (ISC) CNSL 37
cabling ground wires  PWR 72
control check (PRKB) CPK 6
CTICA CNSL36
IFA/2319 1FA 98
ISC CNSL 37
operation summary CHNL 8
standard INTR 15
integrated file adapter (see IFA)
integrated storage control
features FEAT 37
functional details FEAT 37
switches and indicators CNSL 3
interlocking (cycle) CPK 49
interrupt -
code
machine check REC 18
summary REC 22
table CPU 138
key CNSL 34
routine IFA 80
interruptions
cause REC 16
machine check REC 16
occurrence REC 18
interval timer
damage REC 16
description CPU 114
interrupt  CPU 114
switch
description  CNSL 31
use CPU114
intvnreg’d  CPK 6
invalid address (PR-KB) CPK 54
invalid character (PR-KB) - CPK 54
1/0
communications area CHNL 36
device and UCW addressing CHNL 12
extended logout mask  REC 17
extended logout pointer
multiplexer CHNL 36
selector - CHNL 77
. hold, switch (CES)
description PWR 29
description (Models H2-K2) PWR 112
focation PWR 28
location (Models H2-K2) PWR 110
INFC DSBLD, indicator (CTCA) CNSL 36
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1/O (continued)
interface

A and B switches (ISC) CNSL 37

CTCA CNSL 36
ISC CNSL 36

INTFS DSBLD indicator (ISC) CNSL 37
ISC feature switches and indicators CNSL 37
ISK (insert storage key) STOR 63

off, switch (CES)
description PWR 29

description (Models H2-K2) PWR 112

location PWR 28

location (Models H2-K2) PWR 110

JK latch operation CPK 48

K
K-assembler, ALU CPU 92

KE (key in storage error uncorrected) REC 18

key (see storage protect)
key field IFA6

key in storage errof uncorrected REC 18

key length (KL) IFA 6
key register CPU 61

key switch (CE key switch) CNSL 35 .

keyboard
EBCDIC location table CPK 11
datato T1 DIAG 36
read operation, 3215 CPK 38
test (T) mode. - CPK 54
3210 CPK7

' 3215 CPK27
keys (see switches)
keys-store and display CNSL 32

L-register CPU7
lamp test, switch
console CNSL 31
IFA (CE panel) IFA 86
PF (CE panel)
Models H2-K2 PWR 110
stage 1 PWR28
stage2 PWR 30
lamps (see indicators)
latch
accelerate  CPK 45
J.K operation CPK 48
shift CPK 45
stop. CPK 46
stop latch buffered CPK 46
fatedata CPK 47 .
legend, IFA diagrams IFA 34
LG (logout valid) REC 18
lights (see indicators)
limited channel fogout
multiplexer CHNL 36
selector CHNL 37
line generation, PE 1.7 CPK 41

load
control instruction REC 17
indicator CNSL 8
IPL operation IFA 66
key CNSL 34
loading I-buffers CPU 53
local storage
address formation MIC 7
data checking CPU 10
data flow INTR7
destination addressing CPU 11
destination look ahead CPU 11
introduction . INTR 11
maps CPU 16
operation CPU 10
scoping procedure  CPU 17
timing chart CPU 11
local storage A
A-addressing from console ' CPU 13
data flow CPU 12
indirect addressing CPU 13
LSCS mode (addressing) CPU 13
source direct address CPU 13
local storage address formation chart MIC 17
local storage assignments 1FA 12
focal storage B
addressing from console CPU 15
addressing from console file CPU 15
data flow CPU 14
force count address CPU 15
indirect addressing CPU 15
source direct address CPU 15
local storage/expanded LS source gating diagram CPU 24
local storage/external address formation MIC 16
local-storage map - CPU'16
location(s)
. character, F9XX translate . CPK 30
CPU electrical components
Models FED-I PWR 6
Models H2-K2 PWR 102
currerit PSW. CPU 16
I-cycle hardware CPU 56
power frame .
Models FED-1 PWR 6
Models H2-K2 PWR 102
storage ' STOR 66

“log pres, indicator  CNSL 6

logic and storage timings charts
. “fast control access STOR 112

read control storage STOR 113
read main storage  STOR 114
read operation STOR 116
store main storage STOR 115
store operation STOR 116

logic, basic symbology - REF 4

logout
areas REC 18
channel dependent REC 20
CPU dependent  REC 19
CPU independent REC 18
1FA extended IFA 75
length  REC 18
machine check "REC 17

logout (continued)
mask REC 17
multiplexer channel CHNL 36
pointer  REC 17
selector channel CHAN 77
valid REC 18
low trap IFA IFA 74
low trap request IFA 40
lower roller, A-tegister display CNSL 14-15
LRTY REC11
LRU inval indicator (adr x-late check) CNSL S
LSCS mode (addressing) CPU 13
LSDST REC 11
lubrication (MG)
Models FED-1 PWR 60
Models H2—-K2 (see 3047 Power Unit ~.+1)

M-register
bit decode advanced bi-polar decode PWR 27
bit decode phase 2] decode PWR 24
comp, indicator CNSL 4
description CPU 102
gating (traps) CPU 45
introduction INTR9 -
use STOR 3
machine check
analysis and recording REC 24
code validity bits REC 18
control registers REC 17
description REC 8
extended interruption mformauon REC19
extended logout (MCEL)
handler REC 23
handling REC 22
hard, description REC 18
hard, software recovery REC 23
interruption code REC 18
interruption codes (old PSW) REC 22
interruptions REC 16
length - REC 18
logout REC 17
logout mask. REC 17
mask REC 17
pointer REC 17
priority CPU 42
registers. REC 8
soft, description REC 16
soft, software recovery REC 23
trap CPU 42
main and control storage areas STOR 19
main storage
access MIC S
description STOR 19
sizes INTR 8
maintenance aids .
blocking prefetch CNSL 19
:channel . REF 9
console-file byte counter CNSL 29
console printer-keyboard REF 10
control word address trap CNSL 19
CPU REF 8

_maintenance aids (continued)

data compare trap CNSL 18
I-cycle branch loop CPU 80
IFA REF 12
motor generator
Models FED-1 PWR 62
Models H2—-K2 (see 3047 Power Unit TM)

- major functional unit, card assignments REF 16

MAN (manual), indicator CNSL 8
manual storage procedure  STOR 78
manual storing procedure . STOR 79
maps
control storage MIC 13
expanded local storage CPU 21
externals CPU 32,33
local storage CPU 16
mark 0-in (interface line)
description CHNL 4
introduction INTR 15
MAS assembler instructions MIC 10
mask
asynchronous fixed logout REC 17
asynchronous machine-check logout. REC 17
configuration report REC 17
damage report  REC 17
external damage report REC 17
1/0 logout REC 17
input/output extended logout REC 17
recovery report - REC 17
synchronous machine-check extended logout REC 17
warning REC 17
masks and key validity REC 18
MB.registers description CPU 103
MB-registers purpose INTR 9
MCKA RECH
MCKB RECS8
memory (see storage)
meter, usage - CNSL 35
metering-in CHNL 5
metering-out . CHNL S

. MG (see motor generator)

microcode-hardware functions (I-cycles) CPU 50
microdiagnostics .
basic tests
listings  DIAG 55
microprogram example BGA8 DIAG 19
sample listing DIAG S
test BABS (console-file mode) DIAG 4
test BEAG (local-store control store mode) DIAG 6
troubleshooting DIAG 4
extended tests
I-cycle microprogram example (EDBO) DIAG 28
test EGE7 DIAG 8
test listings DIAG 56-60
testing philosophy -. DIAG 2
troubleshooting DIAG 8
micromonitor control DIAG 35
microprogram
assembler
. instructions - MIC 10

et
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microprogram. assembler (continued)
output MIC 7 . L
branch symbols  MIC 84
branching circuits  CPU 104
control word  MIC 15
control-word functions INTR 13
description  MIC 12 ’
index(370) REF23
instruction retry  REC 10
listing. fields defined MIC 8
listing (370 sample) MIC 6
microroutines (sample) MIC 3
operation CPK 57
patchprocedure  MIC 85
principles
description  MIC 2
introduction. INTR 12
references material MIC 84
retry REC 13
retry intro INTR 14
temporary fix MIC 85
temporary fix procedure  MIC 85
temporary fix routine MIC 85
370 MIC3
mid-pac regulator removal and replacement.  PWR 32
mini-op control  IFA 9 :
. mini-ops IFA9
codes IFA 21
control ‘[FA9
modifiers  IFA 21
no-op IFA36
read data  IFA 37
trap IFA 74
write data  IFA 38
write gap IFA 29
mixer board blower and filter PWR 59
maemonics CPK 54
mode
extended control CPU 131
quiet  RECS
recording REC 3
register
description’ CPU 34
use RECS
threshold REC 5
module
selection IFA 33
storage STOR 10
switch, IFA  IFA 33
monitor call CPU 130
MOP-register IFA 21
motor control logic CPK 45
motor downshift CPK 46
motor-generator (MG)
adjustments (overvoltage and output) PWR 55
check indicator (PF)
description  PWR 29
location PWR 28 .
control { see motor-generator regulator)
drive motor
enclosure (housing) PWR 4
exciter (ac) PWR 4

" motor-generator

motor-generator (MG) (continued)
faults PWR 70
general information PWR 3
hold, switch (CE3)
description PWR 29
focation PWR 28
‘lubrication PWR 60
output faults PWR 70
output voltage adjustment - PWR 56 .
overvoltage adjustment PWR 55
overvoltage (OV) check. PWR 71
" power-off controlled, switch (CE3)
description PWR 29
“location PWR 28
preventive maintenance charts . PWR 60
regulator
. general information PWR 3
overvoltage adjustment PWR'5S
removal and replacement PWR 57
service aid charts PWR 62
thermal PWR 45
thermal check PWR 70
troubleshooting ~:ide PWR 62
3047 (27e 3047 Power Unit Theoty-Mamtemnce
Manual)
motor-generator output voltage adjustment
Models FED-I PWR 56
Models H2—K2 (see 3047 Power Unit Theory-Maintenance
Manual)

overvoltage ad
Models FED-I PWR 5§
Models H2—K2 (see 3047 Power Unit Theory-Maintenance
Manual}
motor-generator troubleshooting guide PWR 62
MPX (see byte-multiplexer channel)
MRTY RECI1 -
MS (PSW masks and key validity) REC 18
MSF indicator
stage 1 PWR 28
stage2 PWR 30
MSKA external CPU 34
MSKB external CPU 34
MST regulators
bias voltage PWR 1§
bulk voltage  PWR 14
component location PWR 77
diagnostic procedure  PWR 66
dual-level PWR 20
sequencing
first sequence PWR 17
second sequence PWR 17
single-levgl PWR 20
start line  PWR 20
tri-level PWR 22
types PWR 20
multi-match indicator (adr x-late check) CNSL 5
multi-track operations, IFA
read IFA 63 -
search IFA 69 )
multi-unit addressing CHNL 12
multiplex cable, IFA/2319 IFA 98
multiplexer channet INTR 16

multiplexer channel logout CHNL 36
muitiplexer trap CPU 43 :
MULTITAG switch CNSL 37

,‘

N-register
description CPU 103
introduction INTR9 .
new line control, 3210 CPK 23
next control word address formation MIC 16
no match, indicator (adr x-fate check) CNSL 5
no-op
command [FA 50
mini-op 1FA 36
(no operation) CPK 60
NOREG (external word) - CPU 34
NORM test flow, common routine
common setup and entry to common routines DIAG 48
diagnostic “common routine” description DIAG 48
not ready switch CPK 6
NP-register (EXPLS-7B)  CPU 22

OBR REC 25
off/keyboard, switch (3215) CPK 32
op-register CPU 60
op-register logic IFA 21
open flat-wire bus solution PWR 74
operating mode (CTCA)
offline CNSL 36
online  CNSL 36
operation
MST regulator PWR 20
phase-controlled regulator PWR 18
operation registers 1FA 21
operational-in  CHNL §
operational-out CHNL 5
operations
basic IFA 35
priovity CPU 41
operator’s console, PR-KB description - CPK §
optimized character arrangement, 3210 print element CPK 8
optional features INTR 4 .
0s
checkpoint/restart REC 26
error-recovery procedures REC 2§
1/0 recovery management support REC 26
recovery management support REC 23
restart facilities REC 26
RMS REC 23
warm start  REC 26
OS/DOS compatibi]ity
k CPU 122
adjust CCW instruction CPU 123
example CPU 125
adjust CCW list CPU 124
execute local instruction example CPU 121
functional units CPU 117
general description CPU 116
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0S/DOS compatibility (continued)
instruction, execute Jocal (exf) CPU 119
interrupt handling CPU 127
local list (lex listy CPU 120
LRU .
(least recently used) CPU 117
operational example CPU 118
microprogram flow chart (LEX, ACCW instructions) CPU 126
SIO example CPU 128
SVC interrupt example CPU 128
table buffer registers CPU 117
0S8/DOS functional units CPU 117
outboard recorder REC 25
outlets (convenience)
Models H2-K2 PWR 104
stage ] PWRS
stage2 PWR9
output voltage adjustment (MG)
Models FED-I PWR 56
Models H2—K2 (see 3047 Power Unit Theory-Maintenance
Manual)
overall data flow INTR 6
overvoltage adjustment (MG)
Models FED1 PWR 5S
Models H2-K2 (see 3047 Power Unit Theory-Maintenance
Manual)
overvoltage/overcurrent detection
Models FED-1 PWR 44
Models H2-K2 PWR 122
overvoltage (OV) trip circuit
basic operation PWR 68
troubleshooting
overvoltage protection disabled PWR 68
overvoltage protection operational PWR 68

P-register CPU6

panel (see CE panel)

parity control, data 1FA 23

parity correction STOR 52

parity generator STOR 19

parity generator (conceptual) STOR 52
patch procedure, microprogram MIC 85 -

. pause, indicator CNSL 7

.PD (instruction processing damage) REC 18
PE timing counter CPK 41
PE 1-7 line generation CPK 41
PER CPU 173
PF indicator (PF) PWR 28
PGA, PGB, CHIP and control bits, selection STOR 32
phase rotation detection circuit
Models FED-I PWR 34
Models H2-K2 PWR 114
phase-controlled regulator
active cap PWR 18
active cap adjustment PWR 52
component location PWR 77
components PWR 18
control section operation PWR 18



phas i lator (continued) . power (continued) power, thermals (continued) power on (continued)

input  PWR 16 CPU A-gate stage2 PWR 46 ' switch (CE1)
operation PWR 18 Models H2-K2 PWR 124 . visual index (ALD references) description PWR 29
regulator removal and replacement PWR 57 stage] PWR46 ) Models FED-1 PWR 6 description (Models H2-K2) PWR 112
start line condition PWR 77 stage2 PWR 48 : Models H2-K2 PWR 102 location PWR 28
phase 21 CPU B-gate voltage adjustments ' . location (Models H2-K2) PWR 110
address and control interface STOR 23 Models H2-K2 PWR 124 B stage 1 PWR 46 power-on sequencing
address and data interface (illustration) STOR 17 stage ] PWR46 stage2 PWR 48 Models FED-I PWR 34
address flow, example STOR 24 stage 2 PWR 48 : * power checks Models H2-K2 PWR 114
BSM-ECCL-CPU interface (illustration) STOR 17 dc distribution CE panel indicators ’ power panel, CE
control lines Models H2-K2, stage | PWR 105 . : Models H2-K2 PWR 110 Models FED—-I PWR 28
board active STOR 23 Models H2-K2, stage 2 - PWR 106 stage] PWR 28 ; Models H2-K2 PWR 112
board select  STOR 23 stage 1 PWR8 ) stage 2 PWR 30 power sequence and control circuitry
machine reset  STOR 23 stage 2 PWR9 . protection and checking circuits Models FED-I PWR 36
reset  STOR 23 distribution (gate) : : : Models FED-1 PWR 40 Models H2-K2 PWR 116
write STOR 23 CPU, stage | PWR 24 . Models H2-K? PWR 118 power supplies [FA 97
photographs (see troubleshooting aids) CPU, stage 2 PWR 25 power fault detection block diagram PWR 80 preventive maintenance (PM)
physical configuration PF A-and B-gate PWR 108 power frame ac-to-dc conversion general information
general INTR 3 frame locations Models H2—K2 PWR 107 Models FED—I' PWR 60
storage gates STOR 2 Models FED-I PWR 6 stage ! PWR 12 Models H2-K2 PWR 125
plug (jumper) cards Models H2-K2 PWR 102 ' stage2 PWR 13 motor-generator
block-multiplexer channel feature plug cards REF 18 general information power frame regulators . . Models FED-1 PWR 60
memory select plug card REF 20 Models FED—-I PWR 6 Models H2-K2 PWR 107 Models H2-K2 (see 3047 Power Unit Theory-
microprogram temporary fix plug card REF 20 Models H2-K2 PWR 100 stage | PWR 46 Maintenance)
selector channel feature plug card  REF 20 IFA . stage2 PWR48 motor-generator chart PWR 60
serial number, EC and feature plug card REF 21 ) stage | PWR 46 power frame, storage  STOR 2 regulators
standard clock cards REF 20 stage 2 PWR 48 : power gate A’ (PGA) STOR20 Models FED-1 PWR 60
PM (program mask and condition code validity) REC 18 motor generator power gate B (PGB) STOR 20 Models H2-K2 PWR 125
PN-register CPU 22 Models FED-1 PWR 4 power off . previous op algorithm  IFA 12
pointer, machine-check extended logout REC 17 A Models H2—K2 (see 3047 Power Unit Theory-Maintenance CE panel (CE4 switch) primary power box, components
power . Manual) Models H2-K2 PWR 112° Models FED-1 PWR 6
CE panel off switch (CE4) stage | PWR 29 Models H2-K2 PWR 102
Models H2-K2 PWR 110 : description  PWR 29 stage2 PWR 31 : - print element (type head) ¢haracter layout CPK 8
stage} PWR 28 : description (Models H2-K2) . PWR 112 console, key CNSL 34 print emitter
stage 2 PWR 30 : ) location PWR 28 ) emergency, key PWR 38 ) sync check CPK 43
check indicators location (Models H2-K2) PWR 110 sequence : timing counter CPK 41
CE panel (Models H2-K2) PWR 110 off switch CPU  PWR 38 print magnet firing circuits, 3215 CPK 42
CE panel (stage 1) PWR 28 console CNSL 34 CTCA CNSL 36 ) print operation, 3215 CPK 27
CE panel (stage 2) PWR 30 PRKB CPKé6 power on printed circuit board PWR 73
operatos console  CNSL 5 protection circuits CE panel (CE1 switch) printer
checking circuits ‘'Models FED~1 PWR 40 description  PWR 29 3210 . CPK 8
Models FED-I PWR 40 Models H2-K2 PWR 118 description (Models H2-K2) PWR 112 3215 CPK 27
Models H.’.-—l'(Z PWR 118 PF regulators location PWR 28 printer tilt/rotate codes CPK 8
component locations ' Models H2-K2 PWR 107, location (Models H2-K2) PWR 110 printing the punctuation character, cofon (:)
Models FED-I PWR 6 stage 1 PWR 46 complete, indicator 3210 CPK 11
Models H2-K2 - PWR 102 stage 2 PWR 43 Models H2-K2 PWR 110, 111 3215 CPK 31
console file preventive maintenance stage | PWR 28 " priority
stage | PWR 46 : Models FED-1 PWR 60 stage 2 PWR 30 controls diagram  CPU 44
stage 2 PWR 48 Models H2-K2 PWR 125 console, key CNSL 34 operation cycles CPU40 °
control switches printer-keyboard ) indicator (PR-KB) CPK6 - . operations CPU 41
Models H2~-K2 PWR 112 stage ] PWR 46 . . sequence (CPU) : operations (H-register) CPU 39
stage I PWR 29 stage 2 PWR 48 Models FED-1 PWR 35 PR-KB code translation CPK 10 .
stage 2 PWR 31 safety Models H2—-K2 PWR 115 probe light 1FA 86
conversion (ac-to-dc) Models FED-I PWR 3 sequence (CTCA) CNSL 36 proceed, indicator CPK 6
CPU. Models H2-K2 stage 1 PWR 105 Models H2-K2  PWR 100 . start, indicator processing damage  REC 18
CPU. Models H2—K2 stage 2 PWR 106 service aids Models FED~I PWR 28 program
CPU,stage 1 PWR 110 ; motor generator troubleshooting guide PWR 62 Models H2-K2 PWR 110 . check (PR-KB) CPK 61
CPU,stage 2 PWR111 supplies (see regulators) switch ) : controlled interrupt (PCI PRKB) CPK 61
PF, Models H2-K2 PWR 108 : thermals . console CNSL 34 ) - ' mask validity . REC 18-
PF,stage ] PWR 12 ) Models H2-K2 PWR 123 PRKB CPK6 . status word (PSW), defined - CHNL 3
PF,stage2 PWR 13 . stage 1 - PWR 45 . : ]

program event recording (PER) CPU 173
programming information (PR-KB) CPK 60
p d dual-level regulator (MST) PWR 21
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PR-KB aiter 'display information REF 8
protection check (PR-KB) CPK 61

PSW location CPU 16

PSWCTL, external word CPU 34
pushbutton switches (see switches)

quiet mode RECS

rate, rotary switch CNSL 24
. RC (region code valid) REC 18
read
fech STOR 38
generator STOR 48
iFA
‘commands IFA 63
data command 1FA 65 -
data delay, VFO IFA 14
data mini-op IFA 37
diagnostic tests IFA 92
full cylinder test 1FA 92
gate - 1IFA 27
HA command IFA 64
IPL command IFA 66
share request  1FA 29
single track test IFA 29
read commarids [FA 57
read. keyboard. operation
3210, CPK 25
3215 CPK 38
read. main starage operation STOR S8
read operation timing  STOR 116
read,'write
controls 1FA 27
gate logic IFA 27
<ycle control, 3210 CPK 22
readout control word MIC 4
readout main storage MIC S
ready switch CPK 6 R
real address computation example CPU 122
recalibrate command  IFA 54
record fields
count IFA6
data IFA7
‘home address IFAA
identifier 1FA 69
key IFA6
mode RECS
zero (RO)  IFA 6
recording :
' machine check REC 24
modes RECS
recovery
hardware logic REC 3
management support (RMS) REC 23
procedures REC 25
report REC 8
software REC 2
description REC 23

recovery, software (continued)

introduction REC 4
system REC 18

.reference manuals REF 6
references, IFA latches REF 13
region code (RC) REC 19
region code valid REC 18
register

A .
description CPU 88
use STOR 3

ABRTY REC11

B CPUS88

backup REC 11

C

description CPU 88
use STOR3
CFDAR CPU 34
CPURTY REC1!
D CPU9S
DK (EXPLS-7C) CPU 22
EPSWA (external) CPU 34.
EPSWB (external) CPU 34
FA
assignment table IFA 12
initial selection IFA 43
seck command IFA 52
SIO-CC IFAS52
FAT
assignment table 1FA 11
use IFA 33
FB IFA 12
FBAK
assignment table 1FA 11
initial selection 1FA 43
FBO
assignment table IFA 11
use IFA 27
FC
assignment table IFA 12
initial selection 1FA 43
FTH
assignment table IFA 11
no-op IFA 36
read data IFA 37
write data IFA 38
write gap  IFA 39
FCL .
assignment table  IFA 11
no-op IFA 36
read data IFA 37
write data  IFA 38
write gap [IFA 39
FCs
assignment table 1FA 1}
error trap sequence IFA 96

hait I/O or halt device IFA 85

initial selection IFA 43
FCND IFA 11
FD IFA 12
FDR

register, FDR (continued)

assignment table IFA 11
read commands - IFA 63
read data IFA 37
read operation IFA 29
scarch commands IFA 68
seek operation [FA 28
write commands IFA 57
write data  IFA 38 ‘
write operation IFA 28
FDS .
assignment table IFA 11
diagnostic chaining test IFA 88
error trap sequence IFA 96
sense command 1FA 48
FED
assignment table IFA 11
diagnostic chaining test 1FA 88
diagnostic unsafe condition test 1FA 59
FERR 1IFA 11
FFL IFA 11
FGL IFA 11
FGT
assignment table 1FA 11
error trap sequence IFA 96
FHC JFA 11
FM
assignnient table IFA 12
cylinder address register test - IFA 89
diagnostic unsafe condition test IFA 91
FMOD
assignment table IFA 11
sense command  [FA 48
use IFA33
FOP
assignment table [FA 11
cylinder address register test IFA 89
diagnostic chaining test [FA 88
diagnostic unsafe condition test 1FA 91
noop IFA 36
read data IFA 37
read/write diagnostic test IFA 92
write data IFA 38
write gap IFA 39
FS IFA 12
FSB
assignment table IFA 11
errot trap sequence IFA 96
FST
assignment table IFA 11
use IFA 33
FSTAT [FA 11
FTAG IFA 1
FTC CPU 96
FTI IFA 11
FTO IFA 11
FTS IFA 11
FwW
assignment table 1FA 12
initial selection IFA 43
GBD CHNL 51

register (continued)

GBF CHNL 51

GBUF CHNL 51

GB! CHNLS!

GB2 CHNL 51

GB3 CHNLSI]

GCL CHNL 88

GCT CHNL 51

GDRL
description CPU 22
use CHNL 88

GE CHNL 1

GF CHNL §1

GL CHNL 51

GO CHNL 51

GR CHNL 51

GS CHNLS1

GSP CHNL §1

GTI CHNL 51

GTO CHNL 51

H (priority) CPU 38

HMRTY REC11

1(EXPLS-50)
description. CPU 21
use CPU62

1BU (EXPLS-54)
description * CPU 21
use CPUS61

ICS (EXPLS-56) CPU 21

IMMbyte CPU60 -

INTA (interrupt A) CPU 34

INTB (interrupt B) CPU 34

key CPU 61

L CPU7

M

description CPU 102
use STOR3
MB CPU 103
MBI CHNL 15
MBO - CHNL 16
mode REC 34
MOP
no-op IFA 36
read data IFA 37
" write data - IFA 38
write gap IFA 39
MSKA (external) CPU 34
MSKB (external) CPU 34
MTI CHNL17
MTO CHNL 17
N CPU 103

- NP(EXPLS-7B) CPU 22

OP CPU6GO
P- CPUG6
PN (EXPLS-79) CPU22
S CPU4
SAR STOR 3
save area REC 19
SDR STOR 3
SN (EXPLS-78) CPU 22
SPTL
description INTR 10
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register, SPTL (continued)
detail CPU3
introduction INTR 7
use CPUS9 .- -
SPTLB REC 11
storage byte mark STOR 48
SYS (system register) CPU 38
T CPUS
TA
3210 CPK 16
3215 CPK 33
table buffer CPU 17
TE
3210 CPK 117
3215 CPK33
T1,3210 CPK 18
TODH CPU 109 .
TODL CPU 109 -
TR (EXPLS-55)
description  CPU 21
use CPU 62
TT,3215 CPK 33
U (EXPLS-53)
. description  CPU 21
use CPU 61
V (EXPLS-51)
description CPU 21
use CPU61
W (EXPLS-52)
description  CPU 21
use . CPU 61
WK (EXPLS-7A) CPU 22
word 1 CPK 33
word 1 and word 2 CPK 33
Z CTPUY4 '
regulator
initial voltage adjustment procedure PWR S0
overvoltage adjustment (MG)
Models FED-1 PWR 56 )
Models H2—K2 (see 3047 Power Unit Theory-
Maintenance Manual)
symptom-fix table PWR 82
regulator test switch (CE6)
description
Models FED-F PWR 29
Models H2-K2 PWR 112
location
Models FED-1 PWR 28
Models H2-K2  PWR 110
regulators :
adjustments
Models H2-K2 PWR 124 -
stage ] PWR 46
stage 2 PWR 48
blowers and filters PWR 59
CE panel, indicators
Models H2~K2 PWR 100
stage 1 PWR 28
stage 2 PWR 30
cooling
Models FED-I PWR3
Models H2-K2 PWR 100

regulators (continued)

IFA
adjustments (stage 1) PWR 47
adjustments (stage 2) PWR 49
locations 1FA 97
indicators (seq ! and 2)
Models H2-K2 PWR 110
stage ] PWR 28
stage 2 PWR 30
located in PF
Models FED-i 'PWR 47
Models H2-K2 PWR 103
maintenance approach PWR 60
mid-pac - PWR 3
MST
bias voltage PWR 15
bulk voltage PWR 14
component location PWR 77
diagnostic procedure  PWR 66
dual-level PWR 20
information -- PWR 3
sequencing PWR 17
single-level PWR 20
start line. PWR 16
tri-level PWR 22
types PWR 20

" overvoltage/overcurrent detection

Models FED-1 PWR 44

Models H2-K2 PWR 122
phase-controlled PWR 3

active cap - PWR 18

component location PWR 77

components PWR 18

control section operation . PWR 18

information PWR 3
input PWR 16
operation PWR 18 .
start line condition PWR 17
protection and checking circuits
Models FED—I - PWR 40
Models H2-K2 PWR 118~
removal and replacment
Models FED-I PWR 57
. Models H2-K2 PWR 126
seq 1
Models H2—-K2 PWR 107
stage 1 PWR 28
stage 2 PWR 30
seq 2
Models H2-K2 PWR 107
stage I PWR 28
stage 2 PWR 30
series operation  PWR 20
shunt operation PWR 20
service aid  PWR 62
thermals (locations)
Models FED-1 PWR 45
Models H2-K2  PWR 123
undervoltage sensing system

Models H2-K2, stage 1 PWR 118
Models H2-K?2, stage 2. PWR 120

stage 1 PWR 40
stage 2 - PWR 42

regulators {continued)
voltage measurements
Models H2-K2 PWR 124
stage I PWR 46
stage 2 PWR 48
remote sense leads (lines) PWR 20
removal and replacement
console file CFA 18
functional unit assignments REF 16
power
ac/dc modules PWR 58
ac/de modules (Models H2-K2) PWR 126
blowers and filters (regulators) PWR 59
blowers and filters (Models H2-K2) PWR 128
dual-level supplies PWR 32
dual-level phase controlled PWR 57
motor generator (MG) PWR 58
MST series regulators  PWR 57
request-in CHNL S
request pending indicator CPK 6
request switch CPK 6
reset offline switch (3215) CPK 32
reset pulse adjustment PWR 52
reset reference bit (RRB) STOR 63
resistance table (K20, time delay) PWR 78
restart
address mark IFA 17
key CNSL 33
procedures for PR-KB  CPK 62
restore command 1FA 50
restore seek test 1FA 94
retry
channel - REC 1}
command REC 11
counter “REC 12
error REC 8
errors - REC 15
hardware REC 11
indicator CNSL 4
instruction REC 11
introduction
channel INTR 16
command INTR 16 '
error checking and correction (ECC) . INTR 14
microprogram instruction INTR 14
microprogram - REC 11
microroutine REC 12
operation REC 11
priority CPU 42
registers REC 11
timings REC 14
traps  REC 15
return word example  MIC 36
reverse operation, multipie characters CPK 53
ripple check PWR 66
RM (recovery report mask) REC 17
RMS REC 23
rolary switches A-H CNSL 28
RRB, reset reference bit STOR 63
RTYFLG REC 1t

- R/W coax-cable, IFA/2319 IFA 98

S-register bit description CPU 4

safety
Models FED-1 PWR 3
Models H2-K2 PWR 100

SAR STOR 22

SAR and storage clock (second-level diagrams)
advanced bi-polar storage STOR 31
phase 2l storage STOR 30

SAR bits
advanced bi-polar decoding STOR 27
phase 21 decoding STOR 24 -

SAR parity check, indicator  CNSL 4

save area REC 19 )

SC (storage error corrected) REC 18

SCAMPART STOR 78

SCR PWR 44

scan commands 1FA 70

. scan compare 1FA 26

scan equal command IFA 73
schematic diagram (power sequencing)
Models FED-1 PWR 36
Modeis H2-K2 PWR 116
SD (system damage) REC 18
SDB!I STOR3
SDBI parity check, indicator CNSL 4
SDBO
array card waveshapes (phase 21 only) STOR 97
assembler INTR 9
data flow
description CPU9
overall INTR 6
use STOR3
parity check indicator CNSL 4
parity check (phase 21, ABM) - STOR 96
preasm CPU8
SDR (statistical data recorder) REC 25
SDR, (see storage data register)
SE (storage error uncorrected) REC 18
search, IFA
commands 1FA 69
ID command IFA 71
KD command IFA73
key command 1FA 72
share request IFA 28
second levels, IFA
address-mark detection IFA 17
bitring 1FA 19
byte counter and decode 1FA 22
C-register force 1FA 30
clock IFA 16
compare circuits  IFA 26
cyclic check 1FA 24
data request 1FA 28
data transfer clock  IFA 28
index IFA 32
module select  1FA 33
op register and decode IFA 21
read/write gates IFA 27
SERDES and write data 1FA 23
share cycle 1FA 30
share cycle clock  1FA 31
share request gates 1FA29 -
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second levels. (IFA) {continued)
variable frequency osc  {FA 14
write data  IFA 20
zero detection  IFA 16
sector ready CFA 10
seek address  1FA 50
seek command  {FA 52
seek diagnostic tests  1FA 94
segment. CPU 139
select block address, line 'STOR 3§
selection controls  CHNL 5
selector channel
block-multiplexer
channel IPL CHNL 81
error logout CHNL 78
trap - CPU 43
buffer forward/backward assembler CHNL 85
burfer share request generation CHNL 86
: dependem log REC2)
diagnostic controls DIAG 3t R
*GA’ diagnostic functions - DIAG 31
general information INTR 16
indicator CNSL 4
log RECC1
lfogout CHNL 77
word buiter CHNL 83
selector channels
address miscompare latch. CHNL 55
address-out latch  CHNL 55
addressing principles CHNL 49
basic data flow  CHNL 46
branch word GA function  CHNL 48 '
butfer byte counter CHNL 85 '
bufter shift controls  CHNL 84
catalog numbers CHNL 78
channel ID  CHNL 77
channel-loaded latch CHNL 54
" channel logout CHNL 77
channel-primed latch CHNL 55
check facilities CHNL 71
command-out latch CHNL 55, 56
control storage map CHNL 47
count-ready latch  CHNL 5§ .
device-initiated polling controls CHNL 56
diagnostic controls  DIAG 31
error routine  CHNL 79 .
exceptional status trap CHNL 73
external word address and bit assignments CHNL Sl
functional units  CHNL 48
GA diagnostic function  DIAG 31
GCL register  CHNL 88
GDRL register CHNL 88
halt device tHDV) CHNL 68
halt 1 O(HIO) CHNL 68
hold-go-for-compare latch CHNL 55
1’0 communications area  CHNL 77
initial selection polling controls CHNL 54
initialization CHNL 62
interruption handling CHNL 7§
local-storage assignments CHNL 50
locations CHNL 47
logout CHNL 77

selector channels (continued)
microprogram example (EJD5) DIAG 33
memory flag register CHNL 88 :
- operational overview CHNL 61
operations CHNL 60
poll-control latch CHNL 54
polling clock - CHNL 54
recirculate latchk CHNL 55
retry-holdup latch  CHNL 55
select-out latch
description - CHNL 55
timing CHNL 61
service-out latch CHNL 55
share cycle
clock CHNL 59
controls CHNL 57

input operation with buffer CHNL 87

share request priority controls CHNL 58
standard interface CHNL 4

start 1/0 (S10) CHNL 62

status handling CHNL 73

status latch CHNL 55

status store  CHNL 76

test /O CHNL 65

typical buffer position CHNL 84

word buffer CHNL 83

‘sense bit error cond  1FA 47

sense byte for PR-KB CPK 62 *
sense bytes (see 1FA sense bytes)
sense command IFA 46
sense indications IFA9Q
sense operation - 1FA 48
sense point caps PWR 25
separated clock/data [FA 14
sequencing (power)
circuitry schematic .
Modeis FED-1 PWR 36
Models H2-K2 PWR 116
description
Models FED—-1 PWR 34
' Models H2-K2 PWR 114
EPO PWR 38
operation
Models FED-1 PWR 34
Models H2—-K2 PWR 114
power check PWR 38
power off PWR 38 °
poweron  PWR 35
sequential seek test IFA 94
SERDES logic IFA 23
SERDES output timing I1FA 23
serial/deserial register (SERDES) - IFA 23
series regulator operation.  PWR 20
service aid
blocking prefetch ~ CNSL 19
CE panel (switches and indicators)
Models H2-K2 PWR 110
stage! PWR28
stage2 PWR 30 .
console-file byte counter CNSL 29
controt word address trap CNSL 19
data compare traps  CNSL 19

service aid (continued)
diagnostics  STOR 48
hardware checks STOR 71
I-cycle branch loop CPU 80 .
local storage addressing scope procedure  CPU 17
locations (CPU) STOR 66
MG-fault isolation charts
Models FED-1 PWR 62
Models H2—K2 (see 3047 Theory-Maintenance Manual)
service checks
Models H2-K2 PWR 124
stage 1 PWR 46
stage 2 PWR 48
time delay card jumpering example STOR 73
timing adjustments and checks STOR 73-75
service aids, storage (see servicing information)
service-in  CHNL 4
service-out - CHNL 4
service tips  PWR 76
set clock (SCK) CPU 111
set file-mask command IFA §1
set IC key . CNSL 32
setfreset controls 1FA 13
setting the word registers CPK 43
share cycle, IFA
clock logic  IFA 31
gate logic  IFA 30
indicator CNSL 6
priority CPU 42
timings 1FA 31
share request controls IFA 28
share request gate logic IFA 29
shift cycle operation, 3210 CPK 26
shift gating, ALU CPU 92
shift latch  CPK 45
shunt regulator
bias and ripple check PWR 54
operation PWR 20
silicon-controlled rectifier (SCR) PWR 44
simplex cables, IFA/2319 IFA 98
single-level regulator (MST)
inputs. PWR 20
operation * PWR 20
single-level supply removal and replacement
Models FED-1 PWR 57
Models H2-K2 PWR 127
singleshot
chopped forward or reverse CPK 45
$S2 adjustment CPK 46
single unit addressing CHNL 12
six-pac. -
installation REF 22
removal REF 22

SM (synct hine-check ded logout mask) REC 17
SN-register (expls-78) CPU 22
SNG ECC

CHK indicator CNSL 6
thld, indicator CNSL 6
soft machine checks
description REC 16
recovery REC 23

software recovery
description REC 23
introduction REC 4
source gating (expls) CPU 23
space count command IFA S5
special voltage distribution chart REF 3
SPTL
backup (SPTLB) REC 11
register
description INTR 10
detail  CPU3
introduction INTR?
use CPUS9
SR (system recovery) REC 18
SRTY RECIi1
SSK, set storage key - STOR 63
ST (storage logic validity) REC 18
standard features INTR 4
standard index IFA 32
standard interface
description. CHNL 4
introduction INTR 15
start console-file key CNSL 32
start 1/O operation
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IFA IFA42 -

multiplexer CHNL 22
selector CHNL 62
start, key CNSL 33
start line check PWR 67
start lines
definition PWR 16 .
equivalent circuit PWR 16
first sequence  PWR {7
first sequence diagram PWR 16
purpose PWR 16
second sequence  PWR 17
troubleshooting . PWR 67
stat bits S-register CPU 4
stat set symbols MIC 84
statistical data recorder REC 2§
status byte IFA 74
status byte for PR-KB CPK 61
status CE indications 1FA 87
status-in  CHNL 4
status indicators  1FA 87
status modifier (status bit PR-KB) CPK 61
stepper motor control  CPK 44
stepping switch
operation 'PWR 32
sequencing PWR 32
stop after log
multiplexer CHNL 36
~recovery procedures REC 22
selector CHNL 77
stop key CNSL 33
stop latch .CPK 46
stop latch buffered CPK 46
stop latch set conditions CPK 47 .
stopping (3215) CPK 46
storage
A and B gates STOR 46

ABM address buffer card (Part No. 8231509 or -

8238201) STOR 103



storage (continued)

ABM address buffer card to storage board
interface - STOR 104
ABM address buffer (03A-B3, B4. C3, C4) location A2,
component side STOR 102
ABM error hold circuit STOR 118
ABM, 03A-B3, B4, C3, C4 board wmng address and
controls STOR 105
ABM, 03A-B3, B4, C3, C4 board data wiring
(vertical) STOR 106
accessing  STOR 3
address assignment (ABM) STOR 100
address check STOR 47
address check circuit  STOR 117
address interface  STOR 28.29
addressing
advanced bi-polar STOR 14
phase 2I STOR 13
adjustments and checks STOR 73-75
allocations, compatibility features FEAT 2
any error retain latch  STOR 118
array card breakdown STOR 10
array, module and chip selection
by storage size STOR 32
simplified logic example STOR 15
bit-cell STOR 16 )
board (ABM) STOR 101,110
board capacitor layout chart STOR 118
board selection STOR 22 :
BOM (see BSM)
BSM address and control interface connections STOR 28-29
BSM address range  STOR 4-6
BSM interrace timing diagram  STOR 36-37
BSM internal timing diagrams STOR 38.39
BSM reset line checks STOR 117
BSM-to-ECCL interface STOR 17-18
BSMs STOR 7
byte check STOR 72
byte mark register STOR 48
byte marks parity checks, indicator CNSL 4
cabling, data and check bits STOR 4042
capacities (phase 21 and advanced bi-polar) STOR 2
clock STOR 22
clock logic  STOR 30-31
configurations STOR 4-6 and 6.1
controls  STOR 13
control line generation (PGA, PGB, chip, add 12,
CTRL) STOR 32
control word (see control word)
CPU select pulse  STOR 33
CPU-10-ECCL interface lines STOR 17- 18
ctrl lines parity check, indicator CNSL 4
data bit location chart  STOR 41
data-bus-out-pre-assembler CPU 8
data check STOR 72
data flow
* fetch STOR 48
ECCL STOR 21
store  STOR 48
data interface  STOR 28-29
data register (SDR)
description  STOR 46

storage, data register (continued)
use STOR3
diagnostics STOR 70
ECC STOR 48
ECC-board-to-CPU timing diagram STOR 33
ECC decoder chart  STOR 50
ECC logic diagram STOR 49
ECCL board (ABM) STOR 109
ECCL board layout STOR 56-57
ECCL-to-BSM interface lines STOR 17-18
ECCL troubleshooting circuit aids (ABM) . STOR 118
error corrected  REC 18
error detection and correction STOR 52
error handling STOR 20
error type . ‘REC 18
error-type decode logic diagram STOR 53
external, addition of STOR 107
fetch operation data flow STOR 46
functional operations STOR 58
functional units STOR 19-20
gate layout (by addresses) STOR 4-6and 6.1
general information STOR 2
hardware check logic diagram STOR 71
interface address and control STOR 28-29
interface BSM-to-CPU  STOR 17-18
introduction concepts INTR 8
.introduction, hardware description STOR 2
jumpering and trilead swapping requirements (01BA3) for
upgrading storage above 256k STOR 107.1
logging (error) STOR 20
main/control selection STOR 13
miscellaneous maintenance information STOR 117
module and chip selection  STOR 15
MST board layout STOR 11-12
operations read control operation  STOR 58
PGA, PGB, chip and control bits selection STOR 32
protect .
description - INTR 9
feature hardware description  STOR 62
functional units STOR 63
insert storage key (ISK) STOR 63
introduction INTR9
indicator (parity check) CNSL 4
logic diagram  STOR 64-65
overview STOR 20
set storage key (SSK) STOR 63
protection ~ STOR 20
read control  STOR 113
read half word example MIC 52
read main storage = STOR 58
SAR (storage address register) STOR 22
SAR bit transposition checks STOR 117
SAR line checking STOR 117
SDR description  STOR 44-46
SDR use  STOR 3
select, rotary switch CNSL 22
sizes STOR 2
store operation  STOR 60
syndrome decoder chart STOR 52
tie-up or tie.down application STOR'117
timing STOR 33
timing and adjustments’ STOR 73.75

storage (continued)
timing chart, CPU select pulse STOR 33
timing checks of storage related timing cards
(CPU,PF) STOR 117
trilead checks STOR 117
upgrading STOR 107.1
virtual CPU 139
word example (see control word)
word forms (see control word)
- write/store operation STOR 60
24K BSM configuration STOR 8
48K BSM configuration STOR 8
storage address register (SAR) STOR 19
storage boards (see BSM)
storage checking procedures
manual storage STOR 78
word from switches STOR 86
storage configurations STOR 4-6 and 6.1
storage console approaches, manual procedures and reference
timings (SCAMPART) STOR 78
storage data bus-in  STOR 3
storage data bus-out STOR 3
storage data register
advanced bi-polar storage
description STOR 46
second-level diagram STOR 47
data flow, read STOR 46
data flow, write STOR 46
general description  STOR 19
phase 21 storage, description STOR 44
storage interface
advanced bi-polar STOR 12
phase 21 STOR 11
storage timing and adjustments STOR 73-75
storage protect
-condition codes STOR 63
description STOR 20
functional description STOR 63
hardware location * STOR 63
high level diagrams
storage capacities, 112-512k bytes STOR 64
storage capacities, 768 or 1024k bytes STUR 65
instruction format (ISK, SSK, RRB) STOR 63
key, description STOR 63
overview STOR 62
servicing information STOR 69
stock, description STOR 63
storage instructions
insert storage key (ISK) STOR 63
reset reference bit (RRB) STOR 63
set storage key (SSK) STOR 63
storage selection STOR 13
storage servicing information
card swapping
CPU STOR 66
power frame STOR 67
diagnostics
basic group (*BAS) STOR 70 °
extended group (*EXT) STOR 70
introduction STOR 70
MBAGO run-time chart  STOR 70
hardware checks

checks (continued)

" hard

ge servicing i
address check STOR 72
byte check STOR 72
data check STOR 72
hardware check  STOR 71
second-level diagrams STOR 71.72
storage-control-line parity check STOR 72
locations
CPU STOR 66
power frame STOR 67
storage protect (03AA4)
ALD page references  STOR 69
card function chart STOR 69
card socket diagram STOR 69
timmg chart STOR 69
y packaging infor STOR 100
storage tumngs (see logic and storage timing charts,
and timing chart, storage)
storage to ECCL (phase 2I) STOR 17
store
channel ID instruction REC 19
clock (STCK) CPU 111
control instruction REC 17
CPUID instruction REC 19
key CNSL 32
status CPK 54 .
store operation STOR 20 .
store operation timings STOR 116
store (write) STOR 60
store 1 cycle indicator CNSL 6
strobe
diagnostic CPK 17
keyboard, 3210 description CPK7
keyboard, 3210 use CPK 1S
subchannels CHNL3
subclass REC 18
supplies (see regulators)
supply response to overvoltage/overcurrent conditions PWR 23
suppress-out CHNL 4
SW external word = CPU 34
switch
address compare CNSL 18
address compare control CNSL 31
alarmreset CPK 6
allow CE mode 1FA 86
alter/display CPK 6
blower off (CE3)
Models FED-I PWR 28
Models H2-K2 PWR 110
check control CNSL 26
check reset  CNSL 32
CK reset (CE2)
Models FED-I PWR 29
Models H2-K2 PWR 112
console-file register display CNSL 31
control address set  CNSL 32
cylinder select/head select (IFA) - IFA 86
diagnostic/console-file control  CNSL 28
display  CNSL 32 .
emergency pull CNSL 35
“sehable system clear CNSL 32
end CPK6
error disable 1FA 86
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switch (continued)
error-override (CE2)
Models FED-I PWR 29
Models H2-K2 PWR 112
1/0 hold (CE3)
" Models FED-1 PWR 29
Models H2-K2 PWR 112
I/Ointerface CNSL 36
1/0 off
Models FED-1 PWR29 .~
Models H2-K2 PWR 112
interrupt  CNSL 34
interval timer CNSL 31
lamp test
CE6 PWR29
CE6 (Models H2-K2) PWR 112
console CNSL 31
[FA IFA 86
load CNSL 34
MG hold (CE3)
Models FED-I' PWR 29
Models H2-K2 PWR 112
MG pwr off controlled (LE3)
Models FED-1 PWR 29
Models H2—-K2 PWR 112
not ready CPK 6
off/keyboard (3215) CPK 32
power off
console CNSL 34
CE4 PWR29
CE4 (Models H2-K2)  PWR 112
PRKB CPK6 -
power on
console CNSL 34
CE1. PWR29
CE1 (Models H2-K2) PWR 112
. PRKB CPK6
rate  CNSL-24
ready CPK 6
reg test (CE6)
Models FED-1 PWR 29
Models H2-K2 PWR 112
request: (PK 6
reset offline (3213) CPK 32
restart  CNSL 33
rotary, A-H CNSL 30
set IC CNSL 32
start  CNSL 33
start console file CNSL 32
stepping PWR 32
stop CNSL 33
storage select CNSL 22
store CNSL 32
system reset  CNSL 33
test on/test off (3215) CPK 32
test select  1FA 86
TOD clk = CNSL 3t
symbolic microprogram MIC 6
sync byte  IFA 17
syncjack [FA 86
syndrome decoder chart STOR 52

syndrome latches, variable set to (EC140239 only) STOR 92

sys indicator CNSL 8
4 “system

indicator CNSL 8
check, indicators CNSL 8
control pane! CNSL 2
damage REC 16
indicators. CNSL 8
recovery REC 16
reset, key CNSL 33

System/360, System/370 compatibility exceptions INTR 14

symptom-fix
information PWR 82
table (regulators) PWR 82

T-mode (keyboard test) CPK 54
T-register CPU 6
TA-register
3210 CPK 16
3215 CPK33
table

EBCDIC fo: 3210 graphics CPK 10
EBCDIC to tilt/rotate locations CPK 11

FoXX CPK 30

F9XX character locations CPK 30

keyboard-tilt/rotate codes CPK 8

keyboard to EBCDIC storage locations CPK 11

3215 7 x 7 matrix codes CPK 28
tagsin CHNL 4
tags-out CHNL 4
TD (timer damage) REC 18
TE-register
3210 CPK 17
3215 CPK33
temperature limits (thermals)
Models FED-1 PWR 45
Models H2-K2 PWR 123
temperature sensing
: Models FED-1 PWR 45
Models H2-K2 PWR 123
temporary lix, microprogram  MIC 85
test 1/0 operation
IFA 1FAR2
multiplexer - CHNL 22
selector CHNL 65
test, indicator CNSL 8
test select switch IFA 86
testing
basic tests  DIAG 2
data flow DIAG 3
extended tests DIAG 2
philosophy DIAG 2
thermal -
checks PWR 69
indicator CNSL 5
operation PWR 69
sensing and locations
Models FED-1 PWR 45
Models H2-K2. PWR 123

therm check indicator
Models FED-1 PWR 28
Models H2-K2 PWR 110
threshold mode- REC S
Tl-register
input gating, 3215 CPK 35
3210 CPK 18
tilt/rotate codes CPK 8
time-of-day clock (see TOD clock)
time-of-interruption occurrence REC 18
timeout circuit - CPK 20
timing
charts, IFA . .
address-mark detection IFA 17
bitring IFA 19
clock IFA 18
index [FA 32
read share  1FA 28
search share IFA 28
share cycle 1FA 31
variable frequency osc 1FA 14
write share  1FA 28
zeros clocking - IFA 16
counter, PE pulse ~ CPK 41
CPU clock (see CPU clock)
I-cycle CPU 67
L-cycle branch loop CPU 28
retry REC 14
timing, chart (storage)
advanced bi-polar, main storage STOR 33
phase 21 -
control storage STOR 33
main storage STOR 33

timing (ECCL and BSM)

BSM interface STOR 36-37
BSM internal  STOR 38-39
charts STOR 33

CPU to ECCL STOR 33

ECCL delay Les STOR 34-35

TOD clock

ALD references CPU 113

bit definition CPU 109

card locations  CPU 113

clock damage REC 16

clock-setting sequence CPU 110

clock-update sequence CPU 110

enable switch CPU 109

error detection €PU 110

H-register CPU 109

instructions CPU 110

inval-indicator CPU 109

L-register CPU 109

manual set  CPU 110

operation CPU 109

output assembler CPU 112

physical description CPU 109

security switch CPU 109

set clock instruction - CPU 111

store clock instruction - CPU 111
- switch CNSL 31

validity indicator CPU 109

TR-register (EXPLS-55)
description CPU 21
use CPU62
TR special dc power requirements
stage ] PWR 46
stage2 PWR 48
TRs
CPU
stage 1 PWR 10
stage 1 (Models H2-K2) PWR 105
stage 2 PWR 11
stage 2 (Models H2-K2) PWR 106
power frame
Models H2-K2 PWR 107
stage | PWR12
stage2 PWR13
track format IFA 6
transfer in channel IFA8
transfer in channel (TIC) CPK 60
transformers
CPU
Models H2-K2, stage | PWR 105
Models H2—K2, stage 2 PWR 106
stage] PWRS
stage 2 PWR9
stage 1 (400-Hz) PWR 10
stage 2 (400-Hz) PWR 11
PF PWR 107

translating from EBCDIC to matrix code CPK 29

translation
3210 PR-KBcode CPK 10
3215 PR-KB code CPK 28
trap
address descriptions CPU 41
address list CPU 41
addresses (retry) REC 15
controls diagram  CPU 44
CPU high CPU 43
CPUlow CPU43
cycles CPU 40
IFA high CPU43
IFAlow CPU43
machine check CPU 42
operation CPU 39
retry CPU 42
routines 1FA 74
scan/clear CPU 43
store display CPU .43
1-cycle, indicator CNSL 6
2-cycle, indicator  CNSL 6
traps
M-register gating diagram CPU 45
retry REC 15
TRTY REC 11

tri-level regulat’or (MST), stage 1
components PWR 22
inputs PWR 22
operation PWR 22

tri-level regulator, stage 2
components PWR 23
sequencing PWR 23
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troubleshooting aids
bias voltage check PWR 67
blowers PWR 64
bulk voltage check PWR 66
CPU thermals PWR 69
dc profile PWR 65
dc voltage profile PWR 65
dc ripple check PWR 66
filters PWR 64
ground loop check PWR 74
grounding principles PWR 72
Models H2- K2 (see troubleshooting PWR)
MG
checks PWR 70
faults PWR 70
overvoltage check  PWR 71
MST regulators  PWR 66
open flat-wire bus PWR 74
overvoltage trip PWR 68
photographs (location)
AC/DC module PWR77
bias transformer  PWR 77
bulk transformer PWR 77
MST regulators PWR 76
phase-controlled dual regulator  PWR 77
transformer (TR108/TR408) PWR 77
service tips  PWR 76
start line check PWR 67
TT-register
3210 CPK 20
3215 CPK33

two volt phase-controlled regulator adjustment and scoping

procedure PWR 50
two-volt phase-controlled

3 q

P

two-volt regulator adjustment PWR 50
two-volt regulator scoping procedure PWR 50
Ty STOR33

U-laminar bus
A-gate  PWR 24
B-gate PWR 24
PF PWR 108
U-register  (EXPLS 53)
description  CPU 21
use  CPU 66
undervoltage sensing
stage 1 PWR 40
stage 2 PWR 42
Models H2-K2 PWR 118
urut check (status bit 6 PR-KB) CPK 62
unit control words (UCWs) CHNL 4
unit data flow
A-local storage  CPU 12
A-register display CNSL 16
address compare switch . CNSL 18
ALU CPL 93
B-local storage  CPU 14
display assembler out CNSL 10
I-cycle address generation CPU 63

unit data flow (continued)
l-cycle address g ion and | decode
I-cycles CPU 58
local storage CPU 12
SDBQ pre-asm CPU9
storage functional units STOR 22
unit exception (status bit 7 PR-KB) CPK 62
unit status byte 1FA 74 >
unsafe indications 1FA 87

upper roller, display assembler out CNSL 10

usage meters CNSL 35

V-register (EXPLS-51)
data flow CPU 61
storage location CPU 21
validate function DIAG 19
validity bits, machine-check code REC 18
variable frequency oscillator (see VFQ)
VFO
adjustments IFA 14
logic IFA 14
timing IFA 14
trigger IFA 14
zeros clocking [FA 16
virtual storage  CPU 139
visual index (power) ALD reference pages
Models FED-1 PWR 6
Models H2-K2 PWR 102
voltage
console file
stage | PWR 47
stage 2~ PWR 49
convenience outlet
Models FED-1 PWR 8
Models H2-K2- PWR 104
. CPU A and B gates
" stage ! PWR46
stage2 PWR 48
CPU B-gate main storage
stage 1 PWR 46
stage 2 PWR 48
distribution
flat-wire bus PWR 26
gate (dc) PWR 24
general information PWRS
Models H2-K2 PWR 104
U.laminar bus PWR 24
flat-wire bus chart PWR 48

IFA
stage | PWR 47
stage2 PWR 49
laminar bus chart PWR 48
measurements and adjustments
Models H2-K2 * PWR 124
stage 1 PWR 46
stage 2 PWR 48
PF regulators -
stage I PWR 47

CPU 65

voltage, PF regulators (continued)
stage2 PWR 49
printer-keyboard
stage! PWR 47
stage2 PWR 49
TR special dc power
stage 1 PWR 47
stage2 PWR 49
voltage distribution

Models FED-1 PWR 8

Models H2-K2 PWR 104
PF

Models FED-I PWR 8

Models H2-K2 PWR 104

w (warning) REC 18
W-registet (EXPLS-52)
description CPU 21
use CPU 61
wait indicator CNSL 8
warm start facility for OS REC 26
wire color codes (grounding) PWR 73
wire fire data to Tl  DIAG 37
WK-register (EXPLS-7A) CPU 22
WM (warning mask) REC 17
word
buffer, selector CHNL 83
move word
bit format MIC 40
description MIC 38
example MIC 42
registers, setting the CPK 43
selection (SDBO) CPU8
1 and 2 register (3215) CPK 33
word top, word bottom (storage) STOR 16
WP (PSW MWP validity) REC 18
write
ACR CPK60
data (word 1 and word 2) registers CPK 31
IFA
CKD command IFA 60
clock/data generation IFA 20
clock gate [FA.27
commands 1FA 57
data command IFA 59
data mini-op 1FA 38
diagnostic tests IFA 92
full cylinder test 1FA 92
gap minji-op 1FA 39
gate [FA27
gate logic 1FA 27
HA command . 1FA 56
oscillator IFA 15
share request 1FA 28
single-track test 1FA 92
special command  IFA §7

write (continued)
operation
3210 CPK23
3215 CPK 36 ,
store operation, storage ~ STOR 60
WTC autotransformer ‘
Models FED-I PWR S8
Models H2-K2 PWR 104

Z-register
introduction INTR 10
description CPU 14

ze10s
clocking chart 1FA 16
clocking IFA 16
detect logic IFA 14
detection, IFA VFO IFA 14

NUMERIC INDEX
23 FD (see console file)

370
microprogram index REF 23
microporgram list MIC 16
microporgram listing
destinations MIC 8
samples MIC 6
1400/1440 compatibility feature instruction EA  FEAT 10
2312 disk drive  IFA 4
2313 disk drive ' IFA 4
2316 disk drive . IFA 4.
2318 disk drive '1FA 4 |
2319 disk facility 1FA 4
3046 power interlock description PWR 34
3145 addressing configuration, example STOR 80
3145 reference manual REF 6
3210
console printer-keyboards, description CPK 4
control and data flow CPK 15
data and control registers CPK 15
keyboard CPK7
keyboard codes CPK7
keyboard (read) operation CPK 25
power distribution PWR 8 *
PR-KB code translation CPK 10
PR-KB integrated attachment CPK 14
printer CPK 8
shift-cycle operation CPK 26
voltage chart
stage 1 PWR 47
‘ stage 2 PWR 49
write operation CPK 24
3215
attachment data flow  DIAG 36
condensed data flow CPK 33 .
console printer-keyboard CPK 27
. console printer-keyboard, description CPK 5
control and data flow CPK 34 ‘
data and centrol registers  CPK 33 :
diagnostic functions  DIAG 36
‘al
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3215 (continued)
diagnostic hardware DIAG 36
kevboard CPK 27
keyboard operation (read) CPK 38
power distribution PWR 8
PR-KB code translation CPK 28
PR-KB integrated attachment CPK 33
print magnet firing circuits CPK 42
print operation CPK 27
printer CPK 27
TE-register CPK 33
tests-description  DIAG 39-42
TT-register CPK 33
voltage chart, stage ] PWR 47.
voltage chart, stage 2 PWR 49
write operation CPK 36 .
7 x 7 matrix codes, cable CPK 28 '
3345 addressing configuation, example STOR 80
3345 storage and control frame PWR 6
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