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SECTION 1

FUNCTION AND OPERATION

iINTRODUCTION

The Function and Operation Section provides a
basic description of the B 1870/B 1860 Central Sys-
tem and its operation. Included are separate discus-
sions of M-Processor-3, Cache Memory, S-Memory
Base-3, I/O Base-3, Port Interchange-3 and the pow-
er supply and distribution system. Also provided is
a basic description of the manner in which the sys-
tem is programmed, including the microinstruction
set and the implementation of higher level program-
ming languages.

System General Description

The B 1870/B 1860 series consists of a micropro-
grammed processor with a local high-speed micro
memory (Cache), a dynamic main memory (S-
Memory), and a low-speed /O subsystem. With the
exception of a few circuits which contain discrete
(transistor) elements, the entire system circuitry is
composed of CTL (complementary transistor micro
logic) and TTL (transistor-transistor logic) integrated
circuit elements. A typical B 1870/B 1860 system is
shown in figure 1-1.

Significant changes from previous practice include
the following:

a. Use of a hardware-managed Cache memory for
local (in-processor) storage of microinstructions.

b. Incorporation of a 3-phase micro execution
structure in which the functions of fetching, decod-
ing, and executing microinstructions are performed
separately (and concurrently).

c. Incorporation of stored logic in the form of pre-
programmed read-only memories.

d. The use of a nano register to store control sig-
nals for the processor execute structure.

e. Incorporation of 4K storage elements in S-
memory, allowing the maximum permissible storage
to be contained on one memory base.

f. Increased usage of error-detection techniques in
data storage and manipulation, and the addition of
an error-correction capability to S-memory.

g. Physical and electrical partitioning of the inter-
nal circuits along common boundaries, enhancing
system maintainability.

h. Memory Base compatibility with the B 1720 se-
ries system. This means that the processors of both
systems may be used interchangeably with the Mem-
ory Base Unit-3.

A block diagram of the B 1870/B 1860 system is
shown in figure 1-2.

Features and Capabilities
Features and options of the B 1870/B 1860 system

1098282

inciude the following:

a. A variable micrologic design, which allows the
processing environment to be optimized (by way of
software) for a variety of programming languages.

b. A hardware-managed Cache memory for in-pro-
cessor storage of microinstructions. The manage-
ment scheme employed in the use of Cache ensures
that the need for accessing main memory to fetch
micros is minimized.

¢. A modular, integrated-circuit main (S) memory
which utilizes error detection and correction tech-
niques. The S-memory is expandable in 64 KB incre-
ments from 64KB to 512KB, and is bit-addressable.

d. An optional port interchange which may be em-
ployed to allow independent S-memory access by
devices other than the processor (such as a multiline
control).

e. An independent, expandable I/O subsystem
which employs fully buffered control logic. Peripher-
al devices available for use in the B 1870/B 1860 I/O
subsystem include the following types:

96-column punched card equipment.
80-column punched card equipment.

Line printers.

Disk cartridge memory.

Disk pack memory.

Head-per-track disk memory (B 1870 only).
Magnetic tape equipment.

Reader/sorter equipment.

Data communications equipment.

10 00 N OV L Lo b

Microprogramming

The B 1870/B 1860 Central System performs oper-
ations by executing a set of low-level microinstruc-
tions which are fetched and executed from the main
memory of the system. There are 38 microinstruc-
tions for performing the various necessary machine
functions. The micros are decoded within the pro-
cessor, and the outputs thereby produced activate
the appropriate registers, pseudo registers, logic and
arithmetic sections for performing a specific activity.

Micro programming has several definite advan-
tages. One advantage which is most obvious is ease
in modification of machine operations. That is, an
operation can be changed through software rather
than requiring a modification of the logic. Another
obvious advantage is that microprogramming allows
the manner in which the hardware is exercised to be
“‘tailored’’ to the requirements of a particular pro-
gramming language such as COBOL, FORTRAN,
etc.
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Figure 1-1. B 1870/B 1860 Central System




78T8601

TYPICAL
1/0 COMPLEMENT

—

SPO CONTROL

™

PRINTER
CONTROL.

b

READER
CONTROL,

4#—»-

MFU CONTROL

.

DISK CONTROL

b

TAPE CONTROL

CASSETTE
CONTROL

MULTI-LINE
fg————————
pelisioy ADAPTER |t————
ADAPTER |a¢—— g \ TOPORT-CONNECTED I/O DEVICES
(E.G., MULTI-LINE CONTROL)
ADAPTER |a—
PORT
- - —
™1 INTERCHANGE CACHE 2K
PORT CONNECT
(OPTIONAL) PROCESSOR
MEMORY 110 10
STORAGE | MBU [@——1) O \NTERFACE INTERFACE [ ™1 DISTRIBUTION
DIRECT CONNECT CONSOLE
INTERFACE
DIAGNOSTIC/
MAINTENANCE opgngns
PANEL
SHARED
CASSETTE &
DRIVE #1 DRIVE #2
REQUIRED OPTIONAL

G14701

Figure 1-2. B 1860 Series Central System Block Diagram



Program Products

Program products available for use with the
B 1870/B 1860 Central Systems include the fol-
lowing:

a. A Master Control Program (MCP) which pro-
vides management of the system’s resources.

b. A variety of program products, including com-
pilers for COBOL, FORTRAN, RPG, BASIC, SDL,
MIL, NDL, and UPL.

¢. Special emulator and translator programs which
allow direct execution or machine translation of pro-
grams written in code for certain other systems.

In addition to having a structure which is adapt-
able to the execution of a variety of computer lan-
guages, the B 1870/B 1860 systems have the fol-
lowing capabilities:

a. Multiprogramming under MCP control.

b. Virtual memory.

c. Bit-addressability for storage purposes, al-
lowing code compaction of variable-length operands.

Physical Configuration

The B 1870/B 1860 Central System is contained
within a single-bay cabinet measuring 28" (71 cm)
wide, 72°° (183 c¢m) high, and 35" (89 cm) deep. An
additional bay can be added (expansion cabinet).
Figures 1-1 and 1-3 show I1-bay cabinets.

The B 1870/B 1860 Central System cabinet is
equipped with a control panel (equivalent to the sim-
ilar panel on B 1700 series systems) which is re-
served for diagnostic and maintenance purposes.
This panel, recessed behind a smoke-tinted plastic
cover, is not intended to be used during normal sys-
tem operation. Operational control is provided by a
separate operator’s control panel, which is part of
the sit-down console table.

All essential elements of the central system are
contained within the main cabinet, including the pro-
cessor, S-memory, the I/O base and I/O controls, the
port interchange (if used), AC power distribution fa-
cilities, DC power supplies and ventilation equip-
ment. For ease of access to the interior, the side and
rear cabinet panels are removable. Internally, the
central system cabinet consists of a 19 (48 cm)
RETMA rack mounting fixture. All internal circuit
elements, except the console controls and the AC
distribution assembly are located within the rack,
which forms a vertical air column for cooling pur-

14

poses. Logic circuitry is constructed on pluggable
11-3/4" x 14-1/4"" (30 x 36 c¢cm) circuit cards. Connec-
tions between the cards are made by point-to-point
wrapped wires on the backplane and by multipair
flat cables on the frontplane. DC power is distrib-
uted to the circuits by a network of bus bars.

M-PROCESSOR-3

The M-processor-3 consists of 13 logic cards plus
a clock card and an I/O distribution card. Also con-
sidered part of the processor are the console con-
trels (both operator’s controls and diagnostic/mainte-
nance controls) and the cassette tape reader. The
processor contains the necessary circuitry to per-
form the arithmetic, logical and data movement/stor-
age functions required of a central processing unit,
plus the means to interface with its I/O subsystem,
the port interchange, and the memory.

Functional Layout

To carry out its designed function, the processor
consists of a number of distinct sections:

a. Working Registers: For storage of operands,
addresses, literals and control signals having
significance to the operations being performed.

b. 24-Bit arithmetic/logic unit (ALU): For per-
forming arithmetic, logical, and data repositioning
functions on selected fields of data. The ALU is that
part of the system where actual ‘‘data processing’’
occurs. The ALU is also referred to as the 24-Bit
function/rotator.

c. A, M and A-stack registers: For controlling the
source of microinstructions, and providing a path-
way to the decoding and execution logic.

d. Cache Memory: For local in-processor storage
of microinstructions, providing a rapid access loca-
tion for the program material in current use.

e. S-Memory Interface: For providing communica-
tion with the central system main storage unit.

f. 1/0 Interface: For providing communication
with the system peripheral devices.

The above-listed operational sections are related
to each other as illustrated in figure 1-4. Not shown
as an operational section is the microinstruction de-
coding and execution control logic. However, the
control elements, of equal importance with the func-
tional logic sections, are discussed in the following
subsections.



Q)

G14702

1098282

Figure 1-3. B 1870/B 1860 Physical Configuration
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Figure 1-4. M-Processor-3 Functional Layout







Data Paths

Data movement within the M-processor-3 is han-
dled primarily by the 24-bit main exchange, and by
its subdivisions MEXA and MEXB. These data
paths are described separately.

24-Bit Main Exchange

The 24-bit main exchange (MEX) is in actuality
simply the common input and output connections of
a number of logic elements. In general the MEX re-
ceives the output of the 24-bit function/rotator, and
feeds the working register inputs by way of MEXA
and MEXB. The outputs of the working registers in
turn feed the function/rotator inputs, through which
their contents must pass to reach the exchange. Ad-
ditional inputs and outputs to/from the exchange are
the memory interface, the I/O interface, the A and
M registers and A-stack, and Cache memory. All of
the above are bidirectional, although the dedicated
function of the A register is to address Cache, that
of Cache is to feed the M register, and that of M is
to feed the microinstruction decoding logic.

MEXA and MEXB

Because certain microinstructions involve the si-
multaneous movement of data to/from two of the
working registers (FA and FB), the working register
inputs are divided into two sections which are elec-
trically isolated from one another. MEXA feeds X,
T, L, FA, HMA, PERP, PERM, and C and MEXB
feeds Y, FB, HMB, LR, BR, MSSW, and CP. The
isolation is significant only to the simultaneous move
operation; both sections receive the contents of the

1 - Toynmals
MEX without enabling signals.

Working Registers

The storage elements provided to contain data sig-
nificant to current processor operations (other than
micro addresses or microinstructions themselves) are
termed working registers. The working registers are
divided into two groups corresponding to the divi-
sion of inputs between MEXA and MEXB. The reg-
ister outputs are similarly divided into two groups
feeding the A-data and B-data inputs to the 24-bit
function/rotator, but the groupings do not necessarily
follow the pattern of the inputs (see figure 1-4). In
fact, several registers have both A-data and B-data
outputs. The A and B data designations have
significance only to ALU operations. The working
registers are discussed individually in the following
subsections.

X Register

The X register is a 24-bit general purpose register
which can serve as either a source or a destination.
X is used primarily to store one of the operands for
the 24-bit ALU operations. X may be addressed only
in its entirety. Other functions of X are as follows:

a. X is one of four registers (X, Y, T, and L)
which may serve as a source or destination for data
on S-memory Read/Write operations.

b. X may also be used as a source or destination
for data on Cache Diagnostic Read/Write operations.

c. X may be shifted or rotated, and also may be
normalized (shifted left in 1-bit increments until the
most-significant bit referenced by the CPL register
contents equals 1 or until the FL register equals 0).

d. X may be concatenated with the Y register to
effectively form a 48-bit register. When this is done,
X occupies the 24 most-significant bit positions.

Y Register

The Y register is a 24-bit general-purpose register
which can serve as either a source or a destination.
Y is used primarily to store the second of two oper-
ands for the 24-bit ALU (X stores the other). Like
X, Y may be addressed in its entirety only. Other
functions of Y are as follows:

a. Y is one of four registers (X, Y, T, and L)
which may serve as a source or destination for data
on S-memory Read/Write operations.

b. Y may be used as a source for data on Cache
Diagnostic Write operations.

c. Y is the destination for data on the Diagnostic
Read/Write Memory operation. The data received
may be the write data, the address, or the contents
of the Error Log register.

d. Y may be concatenated with X to form a 48-
bit register. When this is done, Y occupies the 24
least-significant bit positions.

T Register

The T register is a 24-bit generai purpose register
which is addressable as a whole and in 4-bit sub-
groups designated TA, TB, TC, TD, TE, and TF
(see figure 1-5). T (and its subregisters) may be used
as either sources or destinations. The input of T is
from MEXA, and it is one of two registers (Y is the
other) which has outputs to both the A Data and B
Data gates. T is one of four registers (X, Y, T, and
L) which may be used as a source or destination for
S-memory Read/Write operations.

TA B TC

D TE TF

23 22 21 2019 18 17 16 |15 14 13 12

11 10 9 8|7

6 5 4|13 2 1 0 BIT

G11210

Figure 1-5. T Register
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EXAMPLE 1 — ROTATE LEFT BY 5 BITS

T-REGISTER CONTENTS

2322 21 20|19 18 17 16{15 14 13 12(11 10 9 8|7 6 5 4|3 2 1 0 BIT

o o 0o o0jyjo o o o7 1 1 11T 1 1 1|1 1 1 11 1 1 1 CONTENTS
OUTPUT TO MEX

23 22 21 20(19 18 17 16|15 14 13 1211 10 9 8 |7 6 5 4 |3 2 1 O BIT

o o o0 1|17 1t 1 1171 1 1|11 1 11 1 1 0(0 0 0 O CONTENTS

EXAMPLE 2 — ROTATE RIGHT BY 11 BITS

T-REGISTER CONTENTS

23 22 21 20|19 18 17 16|15 14 13 12{11 10 9 8|7 6 5 413 2 1 0 BIT

11 1 1/0 0 0 0|0 0 0 0,0 0 O O(1T 0 0 1j0 0 0 O CONTENTS
OUTPUT TOMEX

23 22 21 20({19 18 17 1615 14 13 12(11 10 9 8 (7 6 5 4 |3 2 1 0 BIT

o 6 0 1j6 0 1 0o0j0 0 0 *:1 1 1 0!0 O 0 OO0 O 0 O CONTENTS

G11211

In addition to its normal storage functions, the
contents of T may be

These functions, performed during execution of the

ratatad
rowdicqa,

chiftad
Slikiivu

Figure 1-6. Rotation Function of T Register

10C and 11C micros, are defined as follows.

Rotation is the simultaneous lateral movement of
all data contained within a specified field, with wrap-
around provided (data departs the field at one end

1-10

nr avt
or extracted.

and simultaneously reappears at the opposite end).
Rotation is illustrated in figure 1-6.

Shifting is the simultaneous lateral movement of
all data contained within a specified field, without
wrap around (data departing the field is lost; zero fill
occurs at the opposite end). Shifting is illustrated in
figure 1-7.



EXAMPLE 1 — SHIFT LEFT BY 5 BITS

T REGISTER CONTENTS

23 22 21 20{19 18 17 16|15 14 13 12|11 10 9 8 3 2 1 0
111 1)1 1 1 11 1 1 111 1 1 1 T 1 1 1
OUTPUT TO MEX
23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8 3 2 1 0
11 1 1)1 1t 1 11 1 1 111 1 1 1 0O 0 0 O
- ),
MASKED
BITS
EXAMPLE 2 — SHIFT RIGHT BY 7 BITS
T REGISTER CONTENTS
23 22 21 2019 18 17 16|15 14 13 12|11 10 9 8 3 2 1 0
111 11 11 117 0 0 1|0 1 1 0 1T 1 1 1
OUTPUT TO MEX
23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8 3 2 1 0
0o oo oj0 00 1|1 1T 1 1|1 1 1 1 1T 1 0 1
\ —
MASKED
BITS
G11212
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Figure 1-7. Shift Function of T Register

BIT
CONTENTS

BIT
CONTENTS

BIT
CONTENTS

BIT
CONTENTS



EXAMPLE:

EXTRACT FROM T THE DATA FIELD CONSISTING OF BITS 8 — 12.

THIS INVOLVES RIGHT ROTATION BY 8 BITS, AND MASKING OF THE 19 MOST SIGNIFICANT
ROTATOR QUTPUT BITS.

CONTENTSOF T

23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 BIT
0 0 0 0|1 00 1/0 0 o0 0/1 1 1 11 1 1 1|0 0 o CONTENTS
OUTPUTS OF ROTATOR AND MASK
23 22 21 20(19 18 17 16[15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 BIT
ROTATOR
1 1 1 10 00 0jo 00 0j1 00 1000 0f1 11 ROTATC
0 0 0 0|0 0 0 0/0 0 0 0/o 0 o0 o0l0 0 0 1|1 1 1 MASK
(ENABLES
GATING)
EXTRACTION
DATA GATED TO MEX WIDTH
(CONTENTS OF ROTATOR OUTPUT BITS 0 — 4)
23 22 21 20 (19 18 17 16|15 14 13 12[11 10 9 8|7 6 5 4|3 2 1 0 BIT
o 0 0 o|lo o 0 o|lo o o o|lo 0o o0 o0/l0o o0 o0 o0f1 1 1 CONTENTS
" ___J
THESE BITS
ARE “MASKED"
G11213

Figure 1-8. Extract from T Function

Extraction is the separation of a defined subfield
from a larger field. In the context of the T register,
this means rotation to right-justify the desired sub-
field with respect to the output lines, then applica-
tion of a mask to limit the output to the specified
number of bit positions. Extraction is illustrated in

1-12

figure 1-8.

Unlike the earlier B 1700 processors, M-Proces-
sor-3 does not have a separate rotator and mask log-
ic associated with the T register. The shift/rotate and
extract functions are now assumed by the main rota-
tor and mask, which are parts of the 24-bit ALU.



L Register

The L register is a 24-bit general-purpose register
which like the T register, is addressable as a whole
or in 4-bit groups designated LA, LB, LC, LD, LE,
and LF. L and its subregisters may be used as either
sources or destinations. Input to L is from MEXA,
and its output goes to the A Data gates. L is one of
four registers (X, Y, T, and L) which can be used
as a source or destination for S-memory Read/Write
operations and Cache Diagnostic Write operations.
Additional functions utilizing L are the Dispatch op-
eration, which uses L as the source or destination
for a 24-bit message, and the Bind operation, which
uses L as the source of a 24-bit value to be added
to the contents of T.

Base and Limit Registers

The Base (BR) and Limit (LR) registers are both
24-bit registers which can be addressed as either a
source or destination. These registers are used pro-
grammatically for storage of memory addresses. The
addresses contained therein are customarily used for
protection of memory (against overlaying) and for
base-relative addressing. For a given program, writ-
ing in memory is generally allowed within the
bounds specified by the contents of BR and LR. If
the address does not fall within the Base and Limit,
a software function determines if the cycle is to be
allowed.

FA Register

The FA (Field Address) register is a 24-bit register
which is used primarily to hold the address currently
being accessed in S-memory (for data access only
and not for fetching microinstructions). The address
contained in FA is an absolute bit address; the sig-
nificance of the various bit positions are as illus-
trated in figure 1-9. FA may be used as either a
source or destination, and in addition may be incre-
mented or decremented by the literal value con-
tained in a 7C Read/Write Memory micro or by the
value in CPL if the literal is equal to 0. Neither
overflow nor underflow of FA is detected; therefore
the count may wrap around in either direction.

Additional micro functions involving the FA regis-
ter are as follows:

a. The Scratchpad Relate FA micro (8D) provides
increments/decrements of FA by the value contained
in a selected word of left scratchpad.

b. The Exchange Doublepad Word micro (7D)
provides swapping the contents of both FA and FB
with the contents of a double (left and right) scratch-
pad word.

¢. The load F From Doublepad Word micro (SE)
provides loading both FA and FB with the contents
of a double scratchpad word.

d. The Store F Into Doublepad Word micro (4E)
provides storing the contents of both FA and FB
into a double scratchpad word.

e. The Count FA/FL micro (6D) provides incre-
menting or decrementing of FA by the literal value
contained in the microinstruction.

23 1221211201918 |17 {16 |15 |14 {13 ]12 |11 |10|09] 08 |07 |06 |05 |04 |03]| 02|01 |0cokBIT
2 |1 | 2) 1 [2] 1 |2048/1024|512 {256|128] 64 | 32|16 |8 { 4 | 2 1 1 12111 gl al2i, B‘S‘éﬁ}'
Nt N Nttt \( JN——J_W——-J
—

ADDRESS CARD CHIP INTERNAL CHIP STACK BIT
OUT-OF- GROUP ROW ADDRESS POINTER ADDRESS
BOUNDS
G14704

Figure 1-9. FA Register Showing Memory Addressing Significance
1098282 1-13



FB Register

The FB register is a 24-bit special purpose register
which is used to hold information pertaining to cur-
rent S-memory accesses. FB is functionally divided
into the 4-bit FU and FT portions, plus the 16-bit FL
portion. (See figure 1-10.) The FL portion is further
subdivided into the 4-bit FLC, FLD, FLE, and FLF
registers. The entire FB register is addressable as a
whole, as is the 16-bit FL portion. In addition, all 4-
bit portions are addressable separately as either
sources or destinations.

The contents of FB have significance with respect
to the subregister portions rather than for FB as a
whole. The subregister portions are described in the
following subsections.

FU

The FU (field unit) register is used to hold the
length of the unit which makes up a field of data in
S-memory. The FU register can describe fields up to
15 bits in length. FU is used primarily as a bias
source for the CP register. Refer to the Bias (3E) mi-
cro description for more information.

FT
The FT (field type) register holds a field type desi-

gnator which has specific meaning only to software,
and can therefore vary depending on the program in
use. The FT register is not used by the hardware un-
less specifically accessed on command of the execu-
ting micro.

FL

The FL (field length) register holds a value which
describes the total length of a field of S-memory
data. The value in FL is binarily weighted, and can
describe fields up to 65,536 bits in length. FL may
be incremented or decremented by the literal value
in a microinstruction or by the value in the CPL reg-
ister. Overflow and underflow of FL can occur, but
overflow is not detected and will cause the register
to wrap around to 0. Underflow is detected and will
not cause wraparound (a value of 0 is left in the reg-
ister). FL is used as a bias source for the CP register
and for a state compare with the first word of right
scratchpad. The static compare results are available
when the pseudo register FLCN (field length condi-
tions) is sourced.

Special functions provided for FB are the means
for being stored in, loaded from, or swapped (along
with FA) with a specified word of scratchpad. These
three functions are provided by the 4E, 5E, and 7D
micros, respectively.

1-14

23 22 21 20|19 18 17 16)15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 ojsT
FB
FL
FU FT
FLC FLD FLE FLF
BINARY
8 4 2 1 32K 16K 8K 4K 2K 1K 512256 128 64 32 16 8 4 2 1 |wpens
NOTES: 1K 1024
2K 2048
4K 4096
8K = 8192
16K = 16,384
32K 32,768
G14714

Figure 1-10. FB Register



Scratchpad Memory

Scratchpad memory is a 16x48 bit random-access
memory provided for general purpose in-processor
storage. Scratchpad is functionally divided into left
and right halves consisting of the 24 most-significant
and 24 least-significant bit positions of each of the
sixteen 48-bit words. Refer to figure i-ii. Each 48-
bit word is addressable as an entity or may be con-
sidered as two 24-bit words, each of which can be
addressed. All storage locations within scratchpad
may be addressed as sources or destinations. Unlike
earlier systems, scratchpad is directly accessible
from the console in the M-Processor-3 system. This
means of access is provided at the Diagnostic/Main-
tenance console, and is incorporated into the console
register selection switches.

Associated with scratchpad are four special latch
registers which receive the inputs from the F register
(FA and FB) and the MEX. These are identified as
HFA (receives the contents of FA), HMA (receives
the contents of MEXA), HFB (receives the contents
of FB), and HMB (receives the contents of MEXB).
The latches are shown in figure 1-4.

Word 0 of right scratchpad is reserved for storage
of parameters known as SFU and SFL. These are
binary values which correspond to the FU and FL
portions of the FB register, and are used for refer-

ence purposes. Special monitoring logic (external to
scratchpad) performs a constant comparison between
SFL and FL, and sets certain bits in the FLCN
pseudo register based on the results. SFU and SFL
are not addressable separately, but may be accessed
together by addressing word 0 of right scratchpad.
Scratchpad may be accessed by way of the following
Micros:
Micro Action

Scratchpad Move (2C) May address any 24-bit
word of left or right
scratchpad as either
source or destination.
May address any 48-bit
word of scratchpad,
exchanging the contents
thereof with the contents
of the FA and FB
registers.
May address any 24-bit
word of left scratchpad as
a source
May address any 48-bit
word of scratchpad as a
destination for the
contents of the FA and
FB registers.
Load F from Doublepad Word May address any 48-bit
(5E) word of scratchpad as a
source for the contents of
the FA and FB registers.

Exchange Doublepad Word (8D)

Scratchpad Relate FA (8D)

Store F in Doublepad Word (4E)

BIT BIT
¢47 DOUBLEPAD WORD 0
LEFT SCRATCHPAD
- BIT BIT RIGHT SCRATCHPAD BITl
23 0 23 0
WORD 15 WORD 15
WORD 14 WORD 14
WORD 13 WORD 13
' 4 Y )
4 A A A
WORD 2 WORD 2
WORD 1 WORD 1
WORD 0 WORD 0
RIGHT WORD 0 (ONLY)
SFU SFL
G11223 23 20 15
Figure 1-11. Scratchpad
1098282
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PERP Register

The PERP (Parity Error-Processor) register is a 4-
bit register which is used to store error conditions
generated in the processor. The errors thus reported
are the result of a Cache double bit, a Cache key
parity error, an M-register parity error, or a Cassette
Tape Read parity error. The format of PERP is illus-
trated in figure 1-12, and the specific meaning of the
individual bit positions is explained in the following
subsections.

PERP3 (CACHE DOUBLE HIT)

This bit is set whenever there is a hit from both
blocks A and B of Cache. This event results in a
double read, with both micros being ORed. When
Cache is being used as a source of microinstructions,
a double hit is interpreted as a hardware malfunction
and will cause the processor to halt. When Cache is
not being used as a source of micros (as when S-
memory is selected on the MICRO SOURCE switch
on the D/M panel), the double hit is ignored, but
CD3 and PERP3 are set.

PERP2 (CACHE KEY PARITY ERROR)

PERP2 is set whenever there is a parity error on
reading the key store. The error indicated may be
detected on either key A or key B, since the two are
read together. The parity check determines if there

31 2 1 0 BIT

G14705

L CASSETTE READ PAR!TY ERROR
M—REGISTER PARITY ERROR
CACHE KEY PARITY ERROR
CACHE DOUBLE HIT

is an odd sum of the key (8 bits), the validity bit (1
bit) and the parity bit (1 bit). When a Cache key par-
ity error occurs during a fetch the processor is
halted and PERP2 is set. When Cache is disabled
(MICRO SOURCE = 8§), a Cache key parity error
causes CD3 and PERP2 to be set, but the processor
does not halt.

PERP1 (M-REGISTER PARITY ERROR)

PERPI is set whenever there is a data parity error
on a microinstruction in the M-register. Such an er-
ror can occur on a micro fetch from Cache or direct-
ly from S-memory, and causes the processor to halt
concurrent with setting PERPI. Parity error report-
ing on the M-register is disabled on non-fetch data
moves to the M-register and when loading M from
the cassette tape reader, since no parity generation
is provided for these functions.

PERPO (CASSETTE PARITY ERROR)

PERPO is set whenever a non-recoverable cassette
read error occurs. When such an error occurs in the
TAPE mode the processor is halted.

The PERP register is reset to 0 whenever the pro-
cessor is started (from the halt state) or, during the
halt state, when the LLOAD button (OP panel) is
pressed with REGISTER SELECT (D/M panel) at
MEMORY MODE.

PERP

Figure 1-12. PERP Register



PERM Register

The PERM (Parity Error-Memory) register is a 4-
bit register which is used to store error conditions
occurring in connection with the processor’s use of
S-memory. The errors thus reported are the result of
a memory access Mmicro timeout, a memory access
cutside the administrative bounds of memory, a
change in the S-memory Error Log register, or an
uncorrectable S-memory error during a processor
operation. The format of PERM is illustrated in fig-
ure 1-13. The specific meaning of the individual bit
positions is explained below.

PERM3 (S-MEMORY MICRO TIMEOUT)

This bit is set whenever a predetermined time has
elapsed during the execution of a memory access mi-
cro. The time check is made for all memory micros,
including 7C, 2D, 11D, and 1E.

PERM2 (OUT-OF-BOUNDS MEMORY ACCESS)

This bit is set whenever the administrative bounds
of memory are exceeded, as determined by either
MAXS or the physical memory present. The execu-
ting micro may be either a read or write operation.

3| 2 1 0 | BIT

G14706

t— S—MEMORY MICRO TIMECUT

S—MEMORY OUT-OF-BOUNDS ACCESS
S—MEMORY ERROR LOG CHANGE
S—MEMORY UNCORRECTABLE DATA ERROR

PERM1 (CHANGE IN ERROR LOG REGISTER)

This bit is set whenever there has been a change
in the Error Log register. Such a change indicates ei-
ther logging an initial error (since the Error Log was
last cleared), or a higher priority error, information
on which replaces the previous contents. Three pos-
sible levels of errors may be reported:

a. A single-bit error which was corrected (lowest
priority).

b. An uncorrectable error from a non-processor
memory access (middle priority).

c. An uncorrectable error from a processor
memory access (highest priority).

Generally, the first error detected is logged. Then,
if a higher priority error occurs, this information re-
places the previous contents. The Error Log register
is cleared when read by the processor.

PERMO (UNCORRECTABLE ERROR ON
PROCESSOR MEMORY ACCESS)

This bit is set whenever an uncorrectable error is
detected during a processor memory read cycle.

Setting any bit of PERM causes the error flag bit
CD3 to be set (assuming the processor is running).
Processor actions thereafter are determined by soft-
ware.

PERM

Figure 1-13. PERM Register

C Register

The C register is a 24-bit register not addressable
as an entity but functionally divided into one 8-bit
section and four 4-bit sections. These subdivisions of
C are identified as CA, CB, CC, CD, and CP. Refer
to figure 1-14. CP is further divided into the 5-bit
CPL portion, the 2-bit CPU portion, and the 1-bit
CYF. The functions of the various portions of C are
explained in the following paragraphs.

CA AND CB REGISTERS A
The 4-bit CA and CB registers have no special

1098282

function, and are available for general-purpose stor-
age.

CC AND CD REGISTERS

The 4-bit CC and CD registers are used for storage
of various processor states and conditions. The
various flag bits are set by the processor when the
corresponding state or condition exists, this occur-
ring regardless of what has been previously stored in
the register. Refer to figure 1-15. CC and CD may
also be addressed as normal storage registers.



23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 87 6 &5 4|3 2 1 0[BT
CcP
CA CB cc cD
cyF| cpu CPL
BINARY
16 8 4 2 1 |WEIGHT
(CPL ONLY)
NOTES: CA,CB,CC,CD AND CP ARE ADDRESSABLE AS SOURCE OR SINK
2. CPU IS ALSO ADDRESSABLE AS SOURCE OR SINK. IT IS TREATED
AS A 4-BIT REGISTER WITH THE LEFTMOST 2 BITS ALWAYS EQUAL
TO ZERO
G14768
Figure 1-14. C Register
SIGNIFICANCE WHEN REGISTER BIT = 1
cc C D
3[2][1]o [3[2]1]o
]——> CDO WRITE/SWAP ADDRESS-OUT-OF-BOUNDS FLAG.
FA <BR OR FA> MEMORY WRITE/SWAP CYCLE
OCCURS ONLY IF CD2 IS TRUE.
L CDI READ ADDRESS-OUT-OF-BOUNDS FLAG.
FA <BR OR FA>LR.MEMORY"
L » D2 WRITE/SWAP ADDRESS-OUT-OF-BOUND OVERRIDE FLAG.
MEMORY WRITE/SWAP OCCURS REGARDLESS OF
OUT-OF-BOUNDS CONDITION.
L  » cD3 MEMORY ERROR FLAG. ANY PERM OR PERP BIT IS SET.
» CCO CONSOLE FLAG. THE INTERRUPT LIGHTS ON THE D/M
AND OP PANELS ARE ON.
—» CCT 1/0 BUS FLAG. ONE OR MORE IfO CONTROL REQUIRES
SERVICING.
o CC2 TIMER FLAG. SET EVERY 100 MILLISECONDS BY THE
REAL TIME CLOCK.
» CC3 STATE. SET VIA SOFTWARE TO INDICATE VIA D/M PANEL
STATE LAMP THAT THE SYSTEM IS IN THE CONTROL STATE
{MCP IS IN CONTROL). WHEN THIS LAMP IS OFF, THE
SYSTEM IS IN THE NORMAL STATE (USER’S PROGRAM IS
EXECUTING).
NOTE: WITH THE EXCEPTION OF CDO, CD2, AND CD3, THE CC AND
CD BIT STATES HAVE NO HARDWARE SIGNIFICANCE BUT
ARE EXAMINED BY SOFTWARE AND USED ACCORDINGLY.
G14707
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CP REGISTER

The 8-bit CP register consists of three subregisters
(CYF, CPU, and CPL), each of which has its own
special function. CP is addressable as either a source
or destination, using the eight least-significant bits of
the MEX. The subregister functions are as follows.

CYF

The Carry Flip-flop (CYF) consists of bit 7 only
(most significant bit of CP). This flip-flop is used to
store a carry level on add operations or a borrow
level on subtract operations. CYF is not addressable
separately, but may be set or reset as part of CP.

CPU

The Control Parallelism Unit (CPU) register con-
sists of bits 5 and 6 of CP. CPU is used to designate
the type of arithmetic operation the processor is to
perform. If CPU=00 or 10, the operand data and re-
sult are handled as binary values. If CPU=01 or 11,
4-bit binary coded decimal (BCD) values are
specified.

The contents of CPU are used to determine the
least significant unit of Y (LSUY) and least
significant unit of X (LSUX) functions which are ob-
tained when the BICn are XYST pseudo registers
(respectively) are sourced. CPU is addressable
separately as a source or sink, and is handled as if
it were a 4-bit register. The two most-significant bits
are non-existant and, therefore, return zeros when-
ever CPU is sourced.

CPL

The Control Paraiielism Length (CPL) register
consists of bits 0 through 4 of CP. CPL is used to
designate the field length of data (1 to 24 bits) to be
handled on arithmetic operations. In addition, CPL
designates the data field length of S-memory Read/
Write operations when the value in the FL register

3 2 1 0 BIT

L -

G14708

is 0. CPL is not addressable separately, but must be
sourced or sinked as part of the 8-bit CP register.
CPL values of 25-31 are treated as being equal to a
value of 24.

LIT Register

The LIT (literal) register is an 8-bit register not ad-
dressable as such. The function of LIT is to receive
and store eight literal bits contained in the 8C or 9C
micro, pending a move of this data to another regis-
ter (which move completes the 8C/9C micro execu-
tion). LIT is entirely hardware-controlled, and there-
fore invisible to the programmer. LIT is not accessi-
bie from the console.

MSSW Register

The Microinstruction Source Switch (MSSW) reg-
ister is a 4-bit special purpose register which is used
to determine the source of microinstructions for ma-
chine execution. MSSW is unusual in that the out-
puts of the D/M panel’s MICRO SOURCE switch
are ORed with the register output. MSSW may be
loaded in the same manner as any other 4-bit hard-
ware register.

The format of MSSW is shown in figure 1-16.
MSSW can be sourced or sinked as a 4-bit register.
However, the upper two bits are always equal to 0.
The SO and S1 bit configurations are defined as fol-
lows:

S0 S1 Micro Source Name

0 0  Cache, but micro is fetched from NORMAL
S-memory on a Miss.

0 1 S-memory only; Cache is S
disabled.

1 0  Cache only; processor halts on a C
Miss.

1 1  M-register only; micro in the M- FROZENM

register repeats continuously.

MSSW

ALWAYS ZERO

00
- 01
10
11

Figure 1-16. MSSW Register
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U Register

The U register is a 16-bit register used exclusively
as a means of entry for data from the cassette tape
reader on the console. Since the data on cassette
tapes is stored in serial fashion, conversion to paral-
lel format is necessary. The U register performs the
conversion by accumulating the incoming data bits
until full, then gating them simultaneously to the
MEX (on command). The U register is addressable
only as a 16-bit source. ‘

Associated with the U register is error correction
logic which is capable of correcting errors in up to
three sequential data bits. This correction logic
makes use of the Forward Error Correcting Charac-
ter (FECC) which is part of the tape data format. Er-
ror correction is discussed further in Volume 3, The-
ory of Operation, form number 1095551.

The U register functions somewhat differently in
each mode of operation, (cassette tape, run). There-
fore, each is described separately.

CASSETTE TAPE MODE

Selecting tape (MTR) mode causes generation of a
1C (Move U to M) pseudo micro, resulting in execu-
tion of micros directly from the cassette tape. This
process is altered only if specified by a micro being
executed. An example of such a deviation would be
a 1C (Register Move) micro designating the U regis-
ter as the source and some register other than M as
the destination.

RUN MODE

In run (NORMAL) mode, U is sourced only when
so directed by an executing micro. Since the accu-
mulation of 16 bits in U is a relatively slow process
compared with processor operation, completion of a
micro that is using U as a source is delayed if U is
not yet full at the time of execution. The cassette
drive itself is controlled in the run mode by the 2E
micro.

MAXS Register

MAXS (Maximum size of S-memory) is a 24-bit
register which is set to indicate the amount of ad-
ministrative memory. MAXS is a wired constant and

is therefore addressable as a source Only. The value
in MAXS is binarily weighted, and adjustable by the
field engineer. Refer to figure 1-17.

CSW Register

CSW (Console Switches) is a 24-bit pseudo regis-
ter representing the data set on the 24 console
switches, and can act as a source only. When ad-
dressed as a source, the console switch data is sup-
plied to the destination.

TIME Register

TIME is a 24-bit register which is continuously in-
cremented at the rate of one count for every three
system clock pulses. - The TIME register may serve
as a source only; however, attempting to move data
into it causes TIME to be reset to 0. TIME aiso
wraps around to 0 when the count reaches the
maximum value (all bits true). Only the 1C (Register
Move) micro can access the TIME register. TIME
may be reset only by the 8C, 9C, and 10C micros.

NULL Register

NULL is a 24-bit pseudo register representing all
zeros. In actuality there are five NULL registers in
the M-processor-3: NULLA, NULLB, NULLC,
NULLD, and NULLE. The five registers have dif-
ferent register selection codes, but serve identical
functions. Any of the NULL registers may serve as
a source or sink, but the results obtained by acces-
sing them depend on whether or not the processor
iS running.

When the processor is halted, a hardware-forced
1C micro (Move Register to Null) is constantly
executing. The data gated to the main exchange con-
sists of the contents of the register designated by the
REGISTER GROUP and REGISTER SELECT
switches (D/M panel). The main exchange data is
displayed on the console lamps.

When the LOAD button is pressed (processor
halted), the hardware forced 1C micro is changed to
specify Move Null to Register. This causes the con-
tents of the 24 console switches to be gated to and
loaded into the register specified by the switches.

23 22 21 20|19 18 17 16 {15 14 13 12|11 10 09 08 |07 06 05 04|03 02 01 OOfBIT
8192 4096 20481024| 512 256 128 64 | 32 16 BINARY
K K K K K K K K K K 8192 4096 20481024 512 256|128 64 32 16} 8 4 2 1 WEIGHT
2
o, \ S\ 2\ 2
D . % ) Q’ 2,
S ® <
\’\t\xxf *\'*
L - — 2
g T v
ACTIVE NOT USED
BITS

G14709

Figure 1-17. MAXS Register
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When the processor is running (or when START
is pressed in the SINGLE MIC mode), execution of
a micro designating NULL as sink causes the data
to be gated to ‘‘nowhere.”” No registers are changed.
If TAS is moved to NULL, the stack pointer is de-
cremented by 1. On execution of a micro designating
NULL as source when running (or when START is
pressed in the SINGLE MIC mode), all zeros are
moved to the designated sink, effectively clearing it.
If NULL is moved to TAS, TAS is cleared and the
stack pointer is incremented by 1.

NOTE

In the B 1720 processor a special fea-
ture known as ‘“‘Halt on A = console
switches’> was provided. A similar
function (which is now expanded to in-
clude ‘““Halt on FA = CSW”’) is imple-
mented in the B 1870/B 1860 processor,
but it no longer involves the use of
NULL. Refer to the Central System
Operation discussion for further infor-
mation.

CMND Register

CMND (Command) is a 24-bit pseudo register
which is used exclusively for I/O operations. Desi-
gnating CMND as sink on a Register Move or
Scratchpad Move operation serves to enable gating
from the main exchange to the I/O bus, and causes
the Command Active (CA) signal to be generated.
CA signals the 1/0 devices that information is pres-
ent on the I/O bus for one of them, and indicates the
first part of the two part 1/O cycle. Since CMND en-

ables output gating, it may serve as a sink only. The
information transferred to the I/O system when
CMND is sink may be operators, variants, channel
number, reference addresses, file addresses, or write
data. The 1C, 2C, and 10C micros can use CMND

as a destination.

DATA Register

DATA is a 24-bit pseudo register whose function
is complementary to that of CMND. DATA may
serve as a source or destination, and is used to
transfer data to and from the I/O bus. When used as
a source, the processor generates the Response
Complete (RC) signal to the interface and accepts 24
bits of data from the bus. RC is also generated when
DATA is used as-a destination, but data flow is in
the opposite direction. DATA can be used as a
source by the 1C and 2C micros, and as a destina-
tion by the 1C, 2C, and 10C micros.

INCN Register

INCN (interrupt conditions) is a 4-bit pseudo reg-
ister which indicates interrupt conditions pertaining
to dispatch operations. As such it is significant only
in systems having a port interchange (port connect
configuration). The meanings of INCN bits are
shown in figure 1-18. INCN may serve as a source
only.
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Other Registers

Other pseudoregisters are outputs from the 24-bit
Function/Rotator. These include SUM, DIFF,
XANY, XORY, XEOX, MSKX, MSKY, XYST,
XYCN, FLCN, and BICN. They are discussed
within the 24-bit Function/Rotator description that
foiiows.

24-BIT FUNCTION/ROTATOR (ALU)

The 24-Bit Function/Rotator, also called the (24-bit
Arithmetic/Logic Unit or ALU, is the main logic
element for processing numerical data within the
system, and is used for most operations which re-
quire arithmetic or logical manipulation of two oper-
ands. The ALU has an input capacity of two oper-
ands, each a maximum of 24 bits in length. The
ALU includes a function section, a rotator section,
and masking capabilities. The function and rotator
sections are essentially parallel devices, sharing the
same inputs and active at different times. However,
the ALU output passes through the rotator second
stage en route to the MEX. Since the two sections
(function,rotator) have distinctly different purposes,
each is discussed separately.

Inputs (Shared)

Inputs to the function section are from the A-data
and B-data gates. The rotator, on the other hand, re-
ceives the A-data inputs only. A-data and B-data
sources are defined as follows:

A Data: X Register

Y register (also B data)
T Register (aiso B data)
L register

FA register

FB register

LIT register

CP register

PERP register

PERM register

C register

B Data: Y register (also A data)
LIT register

CP register

T register (also A data)
Left scratchpad

Right scratchpad

BR register

LR register

NOTE
The rotator has a separate input from
the MAXS register; this is not a part of
A data or B data.

In the above list, note that the Y and T registers
are both A-data and B-data inputs. This variation oc-
curs because both registers serve as B-data inputs to
the ALU as well as having rotation functions in the
microinstruction set.
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DPAL

DIHL

DIL

DRLL

DESTINATION PORT ABSENT LEVEL — ¢
WHEN TRUE, IT INDICATES THAT A DISPATCH

HAS BEEN SENT TO A PORT DEVICE WHICH IS

NOT PRESENT

DISPATCH INTERRUPT HIGH LEVEL —

WHEN TRUE, IT INDICATES THAT A HIGH
PRIORITY DISPATCH IS PRESENT. USED
ONLY IN CONJUNCTION WITH DIL (BELOW)

DISPATCH INTERRUPT LEVEL —

WHEN TRUE, IT INDICATES THAT A DISPATCH
IS PRESENT FOR THE PROCESSOR

DISPATCH REGISTER LOCK LEVEL -

WHEN TRUE, IT INDICATES THAT THE DISPATCH
REGISTER (LOCATED IN THE PORT INTERCHANGE)
1S IN USE

NOTE: ALL INCN BITS REFLECT CONDITIONS EXISTING IN THE DISPATCH REGISTER,
WHICH IS LOCATED IN THE PORT INTERCHANGE. REFER TO THE PORT INTERCHANGE

SECTION FOR FURTHER DETAILS.
G11208

Figure 1-18. INCN (Interrupt Conditions) 4-Bit Pseudoregister
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Actual input to the ALU for the operations it per-
forms is received from the X and Y registers (except
for the 4F (Bind) micro, in which it adds together
the contents of the L. and T registers). All the other
A-data and B-data inputs pass through the rotator en
route to the MEX. Rotation and masking are imple-
mented for some of these sources, as defined by the

microinstruction set.

ALU Function Sections

The ALU includes a binary adder/subtractor that
performs the actual arithmetic functions between
two operands. Both the input and output of this
stage are in binary form. Generation of carry and
borrow outputs is automatic.

The BCD decoding logic is used to convert the
arithmetic output to binary-coded decimal (BCD)
form. This is generally done for data which is des-
tined for transmission to an I/O device. Translation
to BCD is necessary for I/O operations which in-
volve a printout because numerical values between
10 and 15 require generation of two characters,
whereas only one is used in hexadecimal.

The status and condition result logic provides out-
puts which reflect the logical relationships existing
between the 24-bit operands stored in the X and Y
registers. The outputs of this logic include both
logical combinations of the X and Y data, as well as
indicators of conditions existing in and between the
two registers. These outputs are discussed in the fol-
lowing paragraphs.

24-Bit Results

In operation the ALU may be regarded as a group
of nine pseudoregisters which correspond to the ac-
tions it can perform. Obtaining a desired function is
accomplished by placing the operands in X and Y,
then executing a Register Move micro with the ap-
propriate pseudo register as the source. The nine 24-
bit pseudo registers are composed of the adder/sub-
tractor and logical function outputs previously men-
tioned.

SUM

This pseudoregister produces a value equal to the
sum of the X and Y register contents, plus the Carry
flip-flop (CYF). The value in CPL specifies the
length of both operands and the sum. If the sum oc-
cupies more bit positions than the length specified
by CPL, the carry level (CYF) is generated. The val-
ue in CPU determines whether a direct binary or

BCD sum is produced.

DIFF

This pseudoregister produces a value equal to the
difference between the X register (minuend) and Y
register (subtrahend) contents. The value of CYF
(binary weight twice that of the most-significant bit
of X/Y is also subtracted from X if set. When X =
Y or X < Y and CYF is true, the borrow level
(CYD) is generated. As with SUM, CPL determines

1098282

the operand length, and CPU specifies binary or
BCD output.

XANY

This pseudoregister produces the logical AND
function of the values in X and Y. The AND func-
tion is defined as follows: Corresponding bits of the
X and Y registers must both be true (binary 1) to
produce a 1-bit in the same output bit position. CPL
determines the length of the operand field.

XORY

This pseudoregister produces the logical OR func-
tion of the values in X and Y. The OR function is
defined as follows: A true level in (binary 1) in a giv-
en bit position of either the X or Y register (or both)
will produce a 1-bit in the corresponding bit position
of the output. CPL determines the length of the op-
erand field.

XEOY

This pseudoregister produces the logical Exclu-
sive-OR function of the values in X and Y. The Ex-
clusive-OR function is defined as follows. A true lev-
el in a given bit position of either the X or Y register
(but not both) will produce a 1-bit in the correspond-
ing bit position of the output. CPL determines the
length of the operand field.

CMPX, CMPY

These pseudoregisters form the complement of X
(Y) and hold the result.

MSKX, MSKY

These pseudoregisters produce the contents of
those bit positions of X (Y) beginning with the least
significant bit, referenced by the value in CPL. As
an example, sourcing MSKX with a value of 6 in
CPL will cause the six least significant bits of X to
be gated to the output. The masking function is actu-
ally produced by the mask logic, which is a portion
of the ALU output.

4-Bit Results

Use of the ALU involves, in many cases, pro-
grammatic decision making to determine what pro-
cessor action would be appropriate following the one
in progress. To accommodate these needs. special
logic has been provided to monitor relational condi-
tions existing in and between the X and Y registers,
and the status of the logic. The condition/state indi-
cator bits are arranged in 4-bit groups known as
XYST, XYCN, FLCN, and BICN. These are pseu-
doregisters which can serve as a source only. These
registers are described in the following subsections.

XYST

XYST (X-Y States) is a 4-bit pseudoregister repre-
senting states existing in the X and Y registers, and
the processor interrupt state. Refer to figure 1-19.
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LEAST SIGNIFICANT UNIT OF X —

WHEN TRUE, IT INDICATES THE LEAST
SIGNIFICANT UNIT OF X IS TRUE. LSUX

1S BIT 00 WHEN CPU =00 (BINARY OUTPUT)
OR BITS 00 AND 03 WHEN CPU =01

(BCD OUTPUT)

INTERRUPT -

WHEN TRUE, IT INDICATES THAT ONE
OR MORE INTERRUPT CONDITION IS
TRUE.

Y NOT EQUAL TO ZERO -

WHEN TRUE, IT INDICATES THAT THE
PORTION OF Y DESIGNATED BY CPL IS NOT
EQUAL TO ZERO

X NOT EQUAL TO ZERO -

WHEN TRUE, IT INDICATES THAT THE
PORTION OF X DESIGNATED BY CPL IS NOT
EQUAL TO ZERO

G11204

3 2 1 0 BIT

LSUX INT Y#0 X#0

NAME

Figure 1-19. XYST 4-Bit Pseudoregister

XYCN

XYCN (X-Y Conditions) is a 4-bit pseudo register
representing relational conditions of the X and Y
registers. Refer to figure 1-20.

FLCN

FLCN (Field Length Conditions) is a 4-bit pseudo-
regisier which indicates comparison conditions be-
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tween the FL portion of the FB register and the cor-
responding portion of the first word of right scratch-
pad (referred to as SFL). Refer to figure 1-21.

BICN

BICN (Binary Conditions) is a 4-bit pseudoregister
representing conditions present at the output of the
24-bit function box, and a state existing in the Y reg-
ister. Refer io figure 1-22.



w
N
-
o

BIT

MSBX X=Y X<Y X>Y NAME

MOST SiGNIFICANT BIT OF X — ¢
WHEN TRUE, IT INDICATES THAT THE

MOST SIGNIFICANT BIT IN THE PORTION

OF X DESIGNATED BY CPL IS TRUE

X EQUALS Y —

WHEN TRUE, IT INDICATES THAT THE
VALUES CONTAINED IN THE PORTIONS

OF X AND Y DESIGNATED BY CPL ARE TRUE

X LESS THAN Y — -
WHEN TRUE, IT INDICATES THAT THE VALUE

IN X IS LESS THAN THE VALUE IN Y. CPL

DESIGNATES THE PORTIONS OF X AND Y

TESTED

X GREATER THAN Y —

WHEN TRUE, IT INDICATES THAT THE VALUE
IN X 1S GREATER THAN THE VALUE IN Y.
CPL DESIGNATES THE PORTIONS OF X AND
Y TESTED

G11205

Figure 1-20. XYCN 4-Bit Pseudoregister
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3 2 1 0 BIT

FL=SFL | FL>SFL | FL<SFL FL#0 |NAME

FL EQUAL TO SFL — <__J
WHEN TRUE, IT INDICATES THAT THE

VALUES IN THE FL REGISTER AND THE

LEAST SIGNIFICANT 16 BITS OF THE SFL

REGISTER ARE EQUAL

FL GREATER THAN SFL (WHEN TRUE) <«
SELF EXPLANATORY

FL LESS THAN SFL (WHEN TRUE) I
SELF EXPLANATORY

FL NOT EQUAL TO ZERO (WHEN TRUE)
SELF EXPLANATORY

NOTE: FL IS THE LEAST SIGNIFICANT 16 BITS OF THE FB REGISTER
SFL IS A DISCRETE 24-31T REGISTER WHICH ALWAYS CONTAINS THE SAME
VALUE AS THE FIRST WORD (WORD 0) OF RIGHT SCRATCHPAD. ONLY BITS
00 THRU 15 OF SFL ARE CONSIDERED FOR THIS FUNCTION.

G11207

Figure 1-21. FLCN 4-Bit Pseudoregister
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LSUY

CYF

CYD

CYL

LEAST SIGNIFICANT UNITOF Y — <
WHEN TRUE, IT INDICATES THAT THE LEAST
SIGNIFICANT UNIT OF Y IS TRUE. LSUY IS

BIT 00 WHEN CPU = 00 (BINARY OUTPUT) OR

BITS 00 AND 03 WHEN CPU = 01

(BCD OUTPUT)

CARRY FLIP-FLOP — <

WHEN TRUE, IT INDICATES THAT SOFTWARE
HAS SET CYF TO SHOW THAT EITHER A CARRY
OR BORROW LEVEL WAS GENERATED ON A
PREVIOUS OPERATION

BORROW LEVEL — <
WHEN TRUE, IT INDICATES THAT A BORROW

HAS BEEN GENERATED ON THE CURRENTLY
EXECUTING SUBTRACT OPERATION

CARRY LEVEL - <

WHEN TRUE, IT INDICATES THAT A CARRY
HAS BEEN GENERATED ON THE CURRENTLY
EXECUTING ADD OPERATION

NOTE: CYD AND CYL ARE ALSO INDEPENDENT OUTPUTS FROM THE 24-BIT FUNCTION BOX

G11206

Figure 1-22. BICN 4-Bit Pseudoregister
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ALU Rotator Sections

The rotator is a two-stage multiplexing device hav-
ing a data rotation capability of from 0 to 23 bits. It
is accompanied by a mask generator and mask logic,
and therefore has rotation, shifting and masking ca-
pabilities. These functions are defined as follows:

a. Rotation Function: Simultaneous lateral move-
ment of the contents of a given data field, with wrap
around provided (data departing the field at one end
simultaneously reappears at the opposite end).

b. Shifting Function: Simultaneous lateral move-
ment of the contents of a given data field without
wrap around (data departing the field is lost; zero fill
occurs at the opposite end).

¢. Masking Function: Selective out-gating of a
portion of a given data field, generally a specified
number of the least-significant bits.

The rotator includes ‘‘coarse’ and ‘‘fine”” rotation
stages. The coarse stage rotates 0, 4, 8, 12, 16, 20,
or 24 bit positions and the fine stage rotates 0
through 3 bit positions. The coarse stage has as in-
puts the A-data bus contents only, whereas the fine
rotator accepts outputs of the course rotator as well
as the ALU function section. Function outputs are
not rotated; they are only multiplexed by the fine ro-
tator. (See Volume 3, Form No. 1095551.)

Micro Access and Execution Logic

A microinstruction fetch is accomplished as fol-
lows: the micro is obtained from the location
specified by the contents of the A register and gated
to the M-register for decoding and execution. The lo-
cation of the microinstruction is specified by an S-
memory address, even though the micro is usually
obtained from Cache memory. Cache essentially du-
plicates a portion of S-memory within the processor,

providing rapid access to microinstructions. The
hardware-management aspect of Cache operations
comes from the automatic loading feature which is
implemented when the desired micro cannot be
found in Cache. The operation of Cache is further
discussed below.

M-Register

The M (micro) register is a 17-bit register which is
used to hold the microinstruction to be executed.
The contents of M feed the micro decoding logic,
and are used to produce the various enabiing signais
for causing the specified operation to occur. The
contents of M are divided into four fields for decod-
ing, which in the M-processor-3 amounts to ad-
dressing ‘‘stored’’ logic contained in a group of pro-
grammable read-only memories (PROMs). Refer to
figure 1-23.

The normal input to the M register is from Cache
memory, from which a direct path is provided. The
M register can also receive input from the main ex-
change; this means is used when micros are entered
from main (S) Memory, the console, or the cassette
tape drive (by means of U register). The M register
may also serve as a source or sink for Register
Move operations. When used as a sink, the input
data is bit-ORed with the incoming micro.

The M register incorporates parity checking on the
microinstruction. The 17th bit (most significant) of M
contains the odd parity bit, which is generated in the
memory base in conjunction with the micro fetching
process. The parity check is performed on the con-
tents of M after each fetch, provided the micro
comes from Cache or S-memory. The check is not
made after a load from the console switches or the
cassette tape or after a Register Move to the M reg-
ister.

15 14 13 12

BIT

O

M—PARITY BIT
G14710

Figure 1-23. M-Register as Viewed on Console Lamps
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A-Register

The A register is an 18-bit microprogram address
register which is used to hold the address of the
microinstruction currently being accessed (fetched)
for execution. The address contained in A defines a
location in S memory where the desired micro is to
be found. However, actual micro fetching, in most
instances, will be performed from Cache memory,
which duplicates .a portion of S memory. That is to
say, the A address specifies a location in Cache
where the desired micro is to be found, provided it
was previously placed there by the hardware func-
tion for doing so. If the desired micro is not present
in Cache, the same A address will be used to fetch
it from S-memory. Concurrent with a fetch from S-
memory, a hardware-controlled Load Cache routine
is performed which results in writing the addressed
micro plus the three succeeding micros into Cache.
Micro execution with fetches from Cache then con-
tinues until another Miss is encountered or an excep-
tion condition arises. Finding the desired micro in
Cache during the course of a fetch is termed a
““Hit’’; not finding it is a ‘*Miss.”

The A register (figure 1-24) is a two-stage register
composed of sections known as A0 and Al. Two
stages are required to hold the microaddress during

the first two phases of the ‘‘fetch-decode-execute’
procedure which is performed for each micro. Since
there are succeeding micros in each phase of the
“‘pipeline’’ at any given time, separate address stor-
age facilities are needed to retain the contents of the
A register in case they are needed (for reference pur-
poses) when the micro is decoded. Therefore, the
contents of A0 are known as the fetch address, and
those of Al the decode address. Transfer of the con-
tents of A0 to Al occurs concurrently with the move
of the fetched micro to M.

The contents of the A0 register may be modified
either by incrementing by 1 or adding/subtracting the
contents of a 12 or 24-bit field. Incrementing by 1
occurs automatically with each fetch in the run, con-
tinuous or step mode. A0 is not automatically incre-
mented in the MTR mode. Adding or subtracting
some externally-originated value is part of a Skip or
Branch operation. Wrap-around of A can occur and
is permitted.

The A register can be addressed as either source
or sink. The AQ register receives the main exchange,
but does not drive it. Conversely, Al drives the
main exchange but does not receive it. When A is
a source, the rightmost four bits received from A are
always equal to 0; when A is a sink, the rightmost
four bits of the source are lost.
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Figure 1-24. A-Register Block Diagram and Relationship to Main Exchange
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A Stack

The A Stack is a 33-word deep, 24-bit wide
memory with automatic addressing keyed to the en-
try or retrieval of data. The A Stack operates as a
pushdown stack with a last in/first out structure. As
such, the stack is generally used for storage of mi-
croaddresses in normal call/return programming
where it is desired to perform a subroutine, then re-
turn control to the program when the subroutine is
completed. The function of the A Stack in this is to
store the program exit address while the subroutine
is executing. The depth of A Stack makes 33 levels
of nesting within subroutines possible.

The A Stack is addressed by a stack pointer which
is upcounted or down counted by moves into or out
of the stack. The position indicated by the stack
pointer is known as the top of the A Stack (TAS).
As such, it is a relative position within the stack,
and its actual location is dependent on previous us-
age. New to A Stack (in M-processor-3) is the incor-
poration of an external latch register which serves as
a buffer for data going to or from A Stack. This reg-
ister effectively is the top of the A Stack, and ex-
tends the depth of the stack by one position (33 ver-
sus 32 words). A move to TAS results in retention
of the write data in the TAS register. An actual write
of this data in A Stack memory does not occur until
another move to TAS is performed.

The time at which upcounting and downcounting
of the stack pointer occurs is significant, since this
determines the operational structure of the device.
Moves into TAS cause the stack pointer to be up-
counted before the write occurs. Moves from TAS
cause the read to be performed before downcounting
is allowed. The actual location within the stack indi-
cated by TAS is dependent upon previous usage,
and is invisible to the user. The stack pointer may
wrap around in either direction.

Cache Memory

Cache is a high-speed memory located within the
M3 processor and analagous to M-string memory in
the M-1 and M-2 processors. Cache, like M-string, is
used to hold microinstructions for fetching and
execution, with the primary difference between the
two being the manner in which micros are loaded
and stored. Unlike M-string, Cache is hardware
managed, with loading depending entirely on usage
within the program being executed (M-string is
loaded by software). The essential mode of Cache
operation is delivery of microinstructions as
specified by the contents of the A register, with au-
tomatic loading from S-memory when the desired
micro is not present. Furthermore, each such load
operation involves the desired micro plus the three
succeeding micros (as stored in S-memory). This
“*load four™ (stream mode) provision is sufficieni io
ensure loading the core of any given program within
a short time after beginning execution. In fact, the
reentrant nature of most programs allows a 98 per-
cent success rate in accessing micros from Cache
once stabilized operation is attained.
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Cache memory is organized for the exclusive pur-
pose of storing microinstructions, and has the capac-
ity to store 2,048 (2K) micros. Cache storage is di-
vided into words, blocks and classes as shown in fig-
ure 1-25. Each micro location is considered one
word, with the “*width™’ of Cache (the block) being
four words. The length of Cache is expressed in
classes, there being 256 classes of two blocks each
(block A and block B). Cache addressing is index as-
sociative; this means that the physical location occu-
pied by a given micro is only partially determined by
the contents of the A register. In this scheme the
least-significant 10 bits of the A address are used to
determine the word and index at which the micro is
to be stored. The eight most-significant bits of A
{(known as the key) are stored along with the micro
(actually four micros, corresponding to the same
storage configuration in main memory) as a means of
identity. Note that there are two blocks per class.
This feature provides the facility for storing two
groups of four micros having the same index but dif-
ferent keys.

Fetching micros from cache involves comparison
of the key portion of the A register contents with the
keys stored at the cache location specified by the in-
dex portion of A. On a match of the two values
(Hit), the desired micro (as specified by the word
portion of A) is gated to the M register for execu-
tion. The absence of a match (Miss) causes initiation
of the 4-micro load routine previously described.
The incoming four micros are loaded into the block
(of 2 at the addressed index) determined to be the
““‘Least Recently Used™ (LRU) by special logic pro-
vided for the purpose.

Various other capabilities provided for normal
Cache operations and for diagnostic purposes are as
follows:

a. Read/Write Cache (7E) and Clear Cache (5F)
micros are available. These are used primarily for di-
agnostic purposes.

NOTE
Reading Cache keys may be performed
only by way of the Read Cache micro.

b. A validity bit accompanies each stored block,
indicating whether or not that block contains any in-
formation (a false validity bit indicates good data).
The validity bit is normally reset when the four mi-
cros are loaded from S-memory. However, validity
bits may aiso be manipulated by writing in Cache
from the console (resets validity bit), by executing
the Clear Cache (5F) micro, or by pressing the
CLEAR button. (Both Clear operations set the valid-
ity bit).

¢. Parity generation and checking are provided for
both the Cache word and Cache key storage. Micro
parity is generated in the memory base and checked
at the M-register. Cache key parity is both generated
and checked within the Cache logic. Parity errors of
both types are reported by way of the PERP regis-
ter.
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Figure 1-25. Cache Memory Layout and Addressing



NOTE
Cache key parity covers the eight key
bits as well as the validity bit. In all, 10
bits are stored for each key.

4-BIT FUNCTION BOX

The 4-Bit Function Box is an arithmetic and com-
binatorial unit which is used to analyze and alter the
contents of the four-bit processor registers, subre-
gisters and pseudoregisters. Operations which utilize
the 4-Bit Function Box involve manipulation of the
contents of a single register, with the result being ei-
ther returned to the source or the source being
cleared (except for pseudoregisters, which may not
be altered or cleared unless the conditions creating
the states existing therein are changed). For
operations requiring two operand inputs, one input
comes from the source register, and the other from
a literal or mask in the controlling micro. The 4-Bit
Function Box is used primarily to generate and ma-
nipulate control signals within the processor, and is
therefore, for the most part, a programmatic tool.

Inputs

In addition to a 4-bit literal or mask from the con-
trolling microinstruction, any of the 4-bit processor
registers or pseudoregisters may serve as inputs to
the 4-Bit Function Box. The possible inputs are list-
ed in table 1-1.

Table 1-1. Four-Bit Function Box Inputs

TA LA FU CA BICN

TB LB FT CB XYCN
TC LC FLC CcC XYST
TD LD FLD CcD FLCN

MSSw INCN
NULL PERM
PERP

TE LE FLE
TF LF FLF

Operations and Functions

Operation of the 4-Bit Function Box is best ex-
plained in terms of the microinstructions which exer-
cise it. A listing of these micros and the actions
available is provided below. Note that the functions
listed are those concerning the 4-Bit Function Box
only; the microinstructions themselves may have ad-
ditional variants affecting other logic.

1C (REGISTER MOVE), 2C (SCRATCHPAD
MOVE)

These micros cause the contents of a 4-bit register
to be moved to a 4-bit or 24-bit register. No
manipulation or altering of the original sourced data
is provided. Input (to the 4-Bit Function Box) is by
means of the auxiliary 4-bit bus, and output is by

means of the least-significant four bits of the main
exchange. If a 24-bit register is selected as a sink,
the four bits are moved to the least-significant four
positions, and the remaining 20 bits are zero filled.

Note that scratchpad may be a sink only.
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3C (4-BIT MANIPULATE)

This micro executes the designated logical func-
tion, using the contents of the sourced 4-bit register
and the least-significant four bits (literal) of the 3C
microinstruction as operands. The functions include:

Function Result

SET Moves the literal to the designated 4-
bit register. This value is also placed
on the 4-bit result bus.

AND Performs the logical AND function
between the 4-bit register contents
and the literal. (Both corresponding
bits must be true for a true result
bit.) The result is placed on the 4-bit
result exchange.

OR Performs the logical OR function
between the 4-bit register contents
and literal (either or both
corresponding bits being true
produces a true result bit). The result
is placed on the 4-bit result bus.

EOR Performs the logical exclusive-OR
function between the 4-bit register
contents and the literal; (either one,
but not both, of the corresponding
bits being true produces a true result
bit). The result is placed on the 4-bit
result bus.

INC Binarily adds the 4-bit register

contents and the literal. The result is

placed on the 4-bit result bus.

Overflow (carry) is not detected.

Binarily adds the 4-bit register

contents to the literal and monitors

the result for overflow. Overflow
causes the skip function to be
initiated. The arithmetic result is not
used.

DEC Binarily subtracts the literal from the

contents of the 4-bit register. The

result is placed on the 4-bit result
bus. Underflow (borrow) is not
detected.

Binarily subtract the literal from the

contents of the 4-bit register and

monitor the result for underflow.

Underflow (borrow) causes the skip

function to be initiated. The

arithmetic resuit is not used.

INC and TEST

DEC and TEST

4C (BIT TEST RELATIVE BRANCH FALSE), 5C
(BIT TEST RELATIVE BRANCH TRUE)

These micros test the specified bit of the selected
4-bit register, and branch on the results of the test.
The branch is taken if the tested bit is 0 (false) for
a 4C micro or if the bit is 1 (true) for a 5C micro.
The relative displacement of the branch (number of
micros skipped) is contained in the literal, and may
be a maximum of 15 instructions for a positive
branch of 13 for a negative branch. Negative branch-
ing results in looping back to a microinstruction in
lower sequential order. No output is provided, as the
source data is not altered.

6C (SKIP WHEN)

Input register (See table 1-1) bits that correspond
with 1 bits in the mask are tested. Action depends
on the variant:



Variant Action

0 If any mask-referenced bit is 1, skip the next-in-
line microinstruction. if the mask = 0000, do not
skip.

i If all the mask-referenced bits are 1’s, skip the
next-in-line microinstruction.

2 If mask=register, skip.

3 If all mask-referenced bits are 1’s, or if the mask

= 0000, skip. Also, clear (reset to 0) ali mask-
referenced 1 bits in the register.*

4 If any mask-referenced bit is 1, do not skip. If the
mask = 0000, skip.

5 If all mask-referenced bits are 1’s, or if the mask
= 0000, do not skip.

6 If mask=register, do not skip.

7 If any mask-referenced bit is 1, or if the mask =

0000, do not skip. Also clear (reset to 0) all mask-
referenced 1 bits in the register.*

* BICN, FLCN, XYCN, XYST cannot be cleared.

Outputs

The processed output of the 4-Bit Function Box is
returned to the source register (excepting pseudore-
gisters) unless a variant which specifies clearing as
a possible result is selected. When the ‘‘clear’” con-
dition arises, all zeros are returned to the source.
Other outputs from the Function Box are the branch
and skip signals which initiate those actions when
the test conditions are met.

Processor/Memory Interface Logic

The memory interface within M-processor-3 con-
sists of gating and control logic for causing the bi-
directional gating of control signals and data to and
from the memory. Functions provided by this logic
are as follows:

a. Multiplexing of address information and data
over a common bidirectional bus to memory.

b. Generating the necessary control signals to
properly sequence the memory access operations.

¢. Transmitting (to memory) user-originated con-
trol signals concerning the memory cycles. (Exam-
ples: transfer width, field direction sign.)

d. Executing a timing function which monitors the
time allowed for completion of memory cycles.

NOTE
The port interchange is optional, since
independent access to main-memory by
devices other than the processor is not
needed in many installations.

The following discussion deals with the processor/
memory interface only; the Port Interchange and
Memory Base Unit are described elsewhere in this
section.

Memory Access

Access to S-memory, other than for loading mi-
cros into Cache memory, is gained through execu-
tion of any of several microinstructions (the 7C, 2D,
11D, and 1E micros). Causing the memory access to
occur involves generation of appropriate control sig-
nals and sequencing the transfer of information. This
function is performed by the S-memory interface
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section of the processor. This procedure is described
in the discussion of the memory base unit (MBU).

Memory Interface Logic

Because in some configurations the S-memory
serves devices other than the processor, the memory
is not considered to be an integral part of the proces-
sor logic. To permit tailoring to individual user re-
quirements, the memory and its interface logic were
designed as discrete, modular elements which must
be assembled and connected to form a usable sys-
tem. The physical divisions of the memory access
logic are as follows:

a. That portion which generates S-memory re-
quests and controls gating memory data into and out
of the processor (the processor/memory interface).

b. That portion which controls memory access by
user devices (the port interchange).

c. That portion which performs the actual access
operations to the storage elements (the memory base
unit).

d. The reception and storage of indicator bits per-
taining to memory operations (inputs to the PERM
and INCN registers).

Memory interfacing in the B 1870/B 1860 system is
considerably simplified from previous designs, due
to the major revision of memory structure and the
means by which micros are obtained for execution.
Specifically eliminated in the processor memory in-
terface are the need for different adapters for direct
connect and port connect operations, the necessity
for modifying the furnished address, comparison of
the furnished address with reference values, storage
of read data, and control of memory refresh
operations.

/O Interface

Communication between the processor and the pe-
ripheral devices connected to the system is provided
by the I/O (input/output) subsystem. The I/O subsys-
tem is comprised of a processor-to-I/O interface, an
I/O base, and I/O controls. These devices are de-
fined as follows:

Processor-to-I/O  Provides communication between the
Interface processor and the /O subsystem.

/O Base Distributes the I/O bus and provides
physical facilities for the installation of I/O
controls.

Interface peripheral devices with the /O
system. Each control is a unique device
which serves to control the operation of a
specific type of /O equipment.

I/0 Controls

/IO Operations

The overall purpose of the I/O subsystem is for
communication between the processor and external
devices which aid in its operation. I/O operations
consist of conversions of data from one means of
transmission or storage to another. This is a two-
stage process involving a standard intermediate for-
mat common to all /O devices. From the point of
view of the processor, this arrangement means that
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data transmitted to or received from an /O device
is always handled in the same way. Manipulations
necessary for the proper operation of a peripheral
device are the function of the I/O control associated
with that device.

/0 Interface Logic

Processor interface with the I/O subsystem con-
sists of control of gating functions, since the I/O Bus
is simply an extension of the processor main ex-
change. Communication with the I/O subsystem con-
sists of executing microinstructions which cause the
gating functions controlling access to the I/O bus to
occur. The I/O bus gates are controlled by register
source/sink functions actuated by Register Move mi-
cros. These functions are known within the proces-
sor as the Command (CMND) and Data (DATA)
pseudoregisters. Since CMND and DATA have dif-
ferent purposes, each is discussed separately as fol-
lows.

CMND

The CMND function serves as a 24-bit pseudore-
gister that can act as a destination only. The CMND
function is used to transfer operation commands to
devices on the I/O Bus. When CMND is sinked, the
CA (Command Active) signal is generated, signalling
the I/O subsystem that an I/O operation has been
initiated.

DATA FUNCTION

The DATA function serves as a 24-bit pseudore-
gister that can act as either a source or destination.
DATA is used for transfer of data to and from the
devices on the I/O bus. When DATA is sourced or
sinked the processor generates the RC (response
complete) signal, informing the I/O system that the
two-part I/O operation is completed.

Cassette Tape Drive and Cassette
Control

Like its predecessors, the B 1870/B 1860 Central
System is equipped with a cassette tape drive. The
dedicated function of this tape drive is direct entry
of microprograms to the processor. However, in the
B 1870/B 1860, the option of using this tape drive in
the additional role of an 1/0 device (with both read
and write capabilities) is available. Also available is
a second cassette drive, for which space is provided
on the operator’s panel. This second drive functions
as an I/O device only. To use either or both drives
in the I/O mode requires that a cassette I/O control
be installed in the I/O base.

Operation of the primary cassette tape drive in the
*‘System’” mode (for direct entry of microprograms)
is controlled by the processor cassette control, a de-
vice separate and distinct from the cassette 1/O con-
trol. The processor cassette control operates the pri-
mary tape drive in the read-only configuration, with
the output from the tape being assembled for the
processor’s use in the U register. Functions per-
formed by the cassette control include conversion of
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the serial tape data to parallel form for processor
use, error correction on the tape data (using the for-
ward error correcting code which is part of the tape
data format), control of tape movement and signal-
ling.

Control of the cassette tape operating mode is pro-
vided by two switches, one on each control panel.
Selection between the System and I/O modes is
made at the CASSETTE SELECT switch on the di-
agnostic/maintenance panel. Selecting the /O mode
causes control of the primary cassette tape drive to
be transferred to the cassette I/O control. The func-
tions of the drive are determined by system soft-
ware. Selecting the SYSTEM mode causes control
of the primary drive to revert to the processor cas-
sette control, and enables the secondary MODE
switch on the operator’s panel. This switch selects
between the NORMAL and MTR submodes {(de-
scribed as follows):

Submode
NORMAL

Meaning

The cassette drive serves as a source for data
during normal program execution. Control of the
cassette drive is exercised through execution of
2E (Cassette Control) micros, and cassette tape
data is utilized by executing Register Move
micros with the U register as source.

MTR Micro execution directly from the cassette is
implemented by a hardware-forced ‘*“Move U to
M™ micro fetch routine. The cassette drive is
started by way of the START button (operator’s
panel) when in MTR. Stopping is usually
accomplished by the Cassette Control micro.
The MTR mode is used for maintenance
operations and for certain system functions such
as the Clear/Start initialization.

Console Interface

Operator controls for the B 1870/B 1860 Central
System are provided on two control panels. These
panels are known as the Operator’s Panel (op panel)
and the Diagnostic/Maintenance Panel (D/M panel).
This division of control means was made to simplify
and separate the controls customarily used by a
computer operator in day-to-day functions, yet retain
a full diagnostic capability for use when needed.

Console Control Implementation

Console control functions, in most cases, duplicate
functions that can be performed by microinstruc-
tions. Therefore, the outputs of the console controls
are compatible with and integrated into the micro de-
coding and execution logic. Many of the console
control functions are effected by generating “‘pseu-
do’” micros or portions of micros. Others actuate
logic elements directly. The controls and their func-
tions are discussed individually in the following sub-
sections.

Operator’'s Panel

The operator’s panel contains the basic controls
necessary for operation of the system under normal
conditions. The panel also contains the shared cas-
sette drive, and has space for installation of a second
cassette drive for 1/O use only. The operator’s pane]
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Figure 1-26. Operator Panel

and their functions are described below. Refer to fig-
ure 1-26.

INTERRUPT SWITCH AND INDICATOR

The INTRPT (Interrupt) switch is a two-position
(latching) pushbutton with an internal indicator lamp.
This switch is used to set the console interrupt bit
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in the CC register (bit CCO). This bit is interrogated
by software, with actions following detection being
determined by the executing program. The INTRPT
lamp is lit when CCO is set. CCO cannot be reset
by way of the INTRPT switch. The INTERRUPT
switch on the D/M panel is identical in function to
INTRPT on the Op panel.
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CLEAR BUTTON

The CLEAR button is used for placing significant
system registers and control flip-flops in the deferred
clear state. This button is normally used only when
the processor is halted. However, if the processor
cannot be halted by ordinary means, the halt may be
effected by simultaneously pressing the HALT and
CLEAR buttons. The CLEAR button is duplicated
on the Diagnostic/Maintenance panel.

START BUTTON AND TEST STATE INDICATOR

START, TEST STATE is a dual-purpose control.
The START button is used to initiate processor op-
eration from the halt state. The TEST STATE lamp,
contained within the START button, is used to indi-
cate that any of several conditions defined as abnor-
mal exist within the processor. Conditions which
cause the lamp to be lit are as follows:

a. Interrupt bit (CCO) set.

b. SINGLE/CONT switch (on D/M panel) in SIN-
GLE position.

c. MICRO SOURCE switch (on D/M panel) in
any position other than NORMAL.

MODE SWITCH AND INDICATOR

The MODE switch is a two-position (latching)
pushbutton with an internal two-state indicator lamp.
This control is used to select between the Normal
and Maintenance Test Routine (MTR) modes of pro-
cessor operation, and to indicate which mode has
been selected. The meaning of the two modes is as
follows:

Mode Definition

NORMAL Micros are fetched and executed in the

manner intended for regular system operation.
The source of micros is determined by the
MICRO SOURCE switch (D/M panel) or the
MSSW register.

MTR Micros are obtained and executed directly
from the cassette tape. Fetching consists of a
hardware-controlled move of the contents of
the U register to the M register. MTR is
used for maintenance and diagnostic testing,
and for limited entry of normal program
material.

REWIND BUTTON AND BOT INDICATOR

BOT/RWD is a combined control and indicator
used to initiate cassette tape rewind, and to indicate
that the rewind has been completed. Rewind may be
initiated only when the cassette drive is halted. The
BOT lamp illuminates whenever the clear leader at
the beginning of tape is detected. This control affects
only the shared (top) cassette drive.

Diagnostic/Maintenance Panel

The Diagnostic/Maintenance panel provides con-
trols and indicators necessary for repair and servic-
ing operations. This console is equivalent to the
main console on B 1700 series systems, but is less
prominently located. The control and display func-
tions provided are essentially the same as in earlier
systems, with such changes as reflect the altered in-
ternal structure of the central system. Significant im-
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provements in the capabilities provided include di-
rect console access to scratchpad, micro (feich)
source selection, and shared system and /O use of
the cassette drive.

The Diagnostic/Maintenance panel controls and
their functions are described below. Refer to figure
1-27.

24 CONSOLE LAMPS

The 24 console lamps provide a visual display of
the contents of the 24-bit main exchange (MEX).
This means is used for visually inspecting the con-
tents of any desired register or a selected location in
memory (when the processor is halted). When the
processor is running, the lamp display indicates data
flow through the main exchange, although useful in-
formation is probably not discernable due to the
speed of operation.

24 CONSOLE SWITCHES

The 24 consoie switches are used for manual entry
of data or addresses when the processor is halted.
Access may be gained to any desired register or
memory location in the same manner as viewing on
the 24 console lamps. In practice the switches are
manipulated to the desired bit pattern. Up is binary
1 (true); down is 0 (false).

HALT BUTTON

The HALT button is used to cause the processor
to cease micro execution. Pressing HALT stops the
processor at the end of the currently executing mi-
cro. The next micro to be executed is feiched and
stored in M (except in MTR mode. in which the last
micro executed remains in M).

CLEAR BUTTON

The CLEAR button duplicates the function of the
operator's CLEAR button. This control is used for
placing significant system registers and control flip-
flops in the defined Clear state. Normally used only
when the processor is halted.

START BUTTON

The START button duplicates the function of the
operator’s START button. This control is used to in-
itiate processor operation from the halt state.

INTERRUPT SWITCH

The INTERRUPT switch duplicates the function
of the operator’s INTRPT switch. Raising this
switch sets the console interrupt bit in the CC regis-
ter (bit CCO), and lights the INTRPT indicator on
the operator’s console.

NOTE
Unlike the operator’s INTRPT switch,
this control is not combined with an in-
dicator of its own.

STATE INDICATOR
The STATE lamp indicates, when lit, that bit 3 of
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Figure 1-27. Diagnostic/Maintenance Panel

the CC register is set. This bit is set programmatical-
ly, and is used to provide the operator with a visual
indication that selected events are occurring.
(STATE has specific meaning only as defined by the
executing program.)

RUN INDICATOR

The RUN lamp, when lit, indicates that the pro-
cessor is running (executing micros).

ERROR INDICATOR

The ERROR lamp, when lit, indicates that a parity
error has occurred. The ERROR lamp is lit when-
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ever any condition occurs which sets the parity bit
in the C register (bit CD3). In practice any condition
which sets any bit in the PERM or PERP register
also sets CD3, and causes the processor to halt (ex-
cluding PERM1). When this occurs, PERM and
PERP may be examined to determine the exact na-
ture of the error.

The ERROR lamp is automatically extinguished
when the processor is started. The lamp may alsc be
extinguished manually by placing the REGISTER
SELECT switch in the MEMORY MODE position
and pressing the LOAD button; the REGISTER
GROUP switch may be in any position when this is
done.
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LOAD BUTTON

The LOAD button is used to actuate manual entry
of data from the console. Pressing LOAD causes the
contents of the 24 console switches to be gated to
the register or memory element designated by the
REGISTER SELECT and REGISTER GROUP
switches. LOAD may be used only when the proces-
sor is halted.

NOTE
The procedures for accessing registers
and memory locations from the console
are discussed in the Processor
Operation portion of this section.

INC BUTTON

The INC button is used to increment the address
in the A-register (for accessing Cache memory) or
the FA-register (for accessing S-memory). The
amount these registers are incremented by is deter-
mined by the setting of the REGISTER GROUP
switch. Refer to the processor operation discussion
for further information.

SINGLE MIC/ICONT SWITCH

The SINGLE MIC/CONT switch is used to select
between single micro and continuous micro execu-
tion. In the SINGLE MIC mode (formerly known as
“‘step’” mode), the processor executes one micro and
halts each time the START button is pressed. This
ability is used primarily for diagnostic purposes. The
CONT mode is the normal machine operating envi-
ronment, with micro fetching and execution proceed-
ing in a continuous manner.

CASSETTE SELECT SWITCH

The CASSETTE SELECT swiich is used to place
the primary cassette tape drive (on the operator’s
panel) in either the SYSTEM or I/O mode. These
modes are defined as follows:

Mode Definition

SYSTEM The cassette serves as a read-only device for
entry of microprogram material directly to the
processor. The cassette output is assembled in
the processor U register. Also, the cassette may
be controlled directly through execution of
certain micros.

1/0 The cassette serves as a data storage facility
with both read and write capabilities. Control of
the cassette’s operation is assumed by the
Cassette Tape Control, which must be included
in the 1/O Base for that purpose.

MICRO SOURCE SWITCH

The MICRO SOURCE switch is used to manually
select the source of microinstructions for execution.

register output, with the result that either may be
used to choose the source of micros. The four
switch positions and their meanings are as follows:
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Switch Definition

NORMAL Micros may be fetched from either Cache

or S-memory. This is the normal
operational configuration.

Micros may be fetched from Cache
memory only.

Micros may be fetched from S-Memory
only.

The micro presently in the M register is
locked in place and repeatedly executed.

REGISTER GROUP and REGISTER SELECT
SWITCHES

The REGISTER GROUP and REGISTER SE-
LECT rotary switches are used to access any de-
sired register or memory location for examination
and/or alteration by way of the 24 console lamps and
24 console switches. The B 1870/B 1860 Registers
(and ‘‘pseudo register’” functions that are accessed
as registers) are divided into groups of six which are
selected by the REGISTER GROUP switch. An in-
dividual register or pseudo register within the group
is then selected by moving the REGISTER SELECT
switch to that register’s relative position. Refer to
figure 1-28.

Note that the B 1870/B 1860 system features full
console access to scratchpad, and a variety of mem-
ory access operations not found on earlier systems.
This has been accomplished by increasing the num-
ber of Register Select columns from four to seven.
Columns 0, 1, 2, and 3 are essentially the same as
in the B 1700 series systems, differing only with res-
pect to certain register additions and deletions. Col-
umns 4 and 5 are used for left and right scratchpad
access respectively, with the scratchpad word ad-
dress coming directly from the register group selec-
tion. Column 6 is used for memory access functions
and several special halt functions. These memory
mode functions are explained in the following table.

C (Cache)
S (S-Memory)
FROZEN M

Register
Group Function
0 Console write to Cache block A and increment A
by 16.
1 Console write to Cache block B and increment A
by 16
2 Console read from Cache micro store and
increment A by 16.
3 Console read from Cache Key store and
increment A by 16.
4 Halt when the value set on the console switches
equals the contents of the A register.
S Halt when the value set on the console switches

equals the contents of the FA register (on a
memory read operation only.)

6 Halt when the value set on the console switches
equals the contents of the FA register (on a
memory write operation only.)

7 Clear Cache. The entire Cache memory (key
store and micro store) is cleared when LOAD is
pressed in this position. All validity bits are set

to 1.

8 Console read of 16 bits (of data) from S-memory
at the address specified by FA, and increment
FA by 16.

9 Console write of 16 bits (of data) into S-memory
at the address specified by FA, and increment
FA by 16.



Register Register Select Switch
Group —
Switch 000 001 010 011 100 101 110
00 0 0(11) TA FU X SUM(1) S00A SO00B CAW(5)
0001 TB FT Y CMPX(1) SO01A S02B CBW(5)
0010 TC FLC T CMPY(1) S02A S02B CMR(5)
0011 D FLD L XANY(1) S03A S03B CKR(5)
0100 TE FLE A XEOY(1) S04A S04B SA
0101 TF FLF M MSKX(1) S05A S05B SFAR
0110 CA BICN(1) BR MSKY(1) S06A S06B SFAW
0111 CB FLCN(1) LR XORY(1) S07A S07B CACLR(8)
1000 LA NULL FA D1FF(1) S08A S08B READI16(6)
1001 LB R FB MAXS(1) S09A S09B WRITE16(6)
1010 LC PERM FL NULL S10A S10B READ22(6)
1011 LD PERP TAS(2) U(3) S11A S11B WRITE22(6)
1100 LE XYCN(1) Cp NULL S12A S12B READ24(7)
1101 LF XYST(1) NULL DATA(4) S13A S13B WRITE24(7)
1110 cC INCN(1) CSW(1) CMND(4) S14A S14B e
1111 CD MSSW TIME(10) NULL S15A S15B RELOG(9)
NOTES:
1 SOURCE ONLY.
2 SOURCE ONLY. PUSH OR POP OF POINTER INHIBITED IS WRITE INHIBITED.
3 NOT AVAILABLE AS SINK OR SOURCE FROM CONSOLE.
4 LOAD WILL GENERATE CA FOR DATA, RC FROM CMND. RC INHIBITED WHEN LOAD NOT
USED.
5 INC WILL CAUSE A TO INCREMENT BY ONE 16-BIT WORD, LOAD WILL CAUSE CACHE READ
OR WRITE.
6 INC WILL CAUSE FA TO INCREMENT BY 16, LOAD WILL CAUSE S-MEMORY READ OR WRITE.
7 INC WILL CAUSE FA TO INCREMENT BY 24, LOAD WILL CAUSE S-MEMORY READ OR WRITE.
8 LOAD WILL CAUSE A CACHE CLEAR.
9 LOAD WILL CAUSE S-MEMORY ELOG TO BE READ AND DISPLAYED.
10 SOURCE ONLY. USING TIME AS SINK WILL CAUSE TIMER TC RESET TC ZERO.

11
G14715
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REGISTER GROUP HAS 18 POSITIONS. POSITION 17 AND 18 ARE THE SAME AS POSITION 1.

Figure 1-28. Register Group and Register Select Coordinates
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Register

Group Function

10 Console read of 22 bits (of data and error
correction bits) from S-memory at the address
specified by FA, and increment FA by 16.

11 Console write of 22 bits (of data and error
correction bits) into S-memory at the address
specified by FA, and increment FA by 16.

12 Console read of 24 bits (of data) from S-memory
at the address specified by FA, and increment
FA by 24. :

13 Console write of 24 bits (of data) into S-memory
at the address specified by FA, and increment
FA by 24.

14 Not defined.

15 Read the contents of the Error Log Register.

OVER TEMP INDICATOR

The OVER TEMP lamp is used to indicate that
cne or more of the fans in the central system cabinet
ventilation system has failed (this condition is detect-
ed by airflow switches). Ventilation failure causes
automatic removal of power from the Logic Power
Supply. The OVER TEMP indication may be reset
by switching the main system power off, then on
again. The ventilation problem must be corrected be-
fore again supplying power or the automatic power-
down will be repeated.

S-MEMORY AND MEMORY ACCESS

S-memory is the primary data storage element
within the B 1870/B 1860 central system. The
memory is constructed as an independent, random
access storage medium which may be accessed in a
variety of ways. In operation the memory may be
accessed by the processor or by other devices (such
as a multiline control) which are part of the system.
The memory, its operation, and the means of access
thereto are discussed in the following subsections.

S-Memory Composition

The S-memory is made up of random access inte-
grated circuit memory chips, and is dynamic in na-
ture (stores data only when power is applied).
S-memory as incorporated in the B 1870/B 1860 sys-
tem is word oriented (16 bits per word) and utilizes
error correction techniques; these provisions repre-
sent a radical departure from past designs. As
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viewed by the processor the memory is an electri-
cally continuous field of bit locations which can be
randomly accessed beginning at any selected bit.
Memory accesses can involve from 0 to 24 bits per
cycle. The bit addressability feature is provided by
special logic included for this purpose.

Within each chip any single bit location may be
accessed at a given time. Addressing these locations
is accomplished by way of six binarily weighted ad-
dress lines, with the required 12 address bits being
entered sequentially in two increments. In this con-
text the storage medium may be viewed as an array
of 64 rows and 64 columns of bit locations, with one
6-bit address increment specifying a row coordinate
and the other a column coordinate. Refer to figure
1-29. Decoding of the multiplexed address is internal
to the chip.

Since each memory chip can access only one bit
position at a time, storage and access for multiple bit
data fields is by an array of memory chips which are
addressed in parallel. The number of such chips is
determined by the basic unit of data handled by the
using system. This memory ‘‘width’’ is equal to 16
bits in the B 1870/B 1860 system, corresponding to
the standard length of microinstructions.

NOTE
Do not confuse the 16-bit ‘‘basic unit of
memory’’ with the maximum data
transfer per operation, which is 24 bits.
The “‘basic unit’’ refers to the physical
structure of the memory components.

Added to the 16 bits of data storage in the basic
unit of memory are six error correction bits, which
are stored and accessed in parallel with the associ-
ated data. Therefore the actual physical width of the
basic unit is 22 bits, although only 16 bits are visible
to the user.

In physical terms the memory is composed of
rows of 22 memory chips installed on logic cards,
with each card containing four such rows. The ca-
pacity of a storage card is 4096 (bits per chip) x 4
(chip rows), or 16,384 (16K) words of memory. This
corresponds to 32K bytes. Half populated (two rows
of chips) memory cards are also available. A
memory storage card is illustrated in figure 1-30.
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Figure 1-29. 4K Memory Chip
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Memory Access

Gaining access to memory for the purpose of read-
ing or writing is a three-stage process which involves
the following actions:

a. Accessing the correct storage eiements and bit
locations therein.

b. Left or right lateral movement of the data being
transferred into or out of storage to provide the cor-
rect alignment between the input/output lines and the
selected storage ‘locations.

¢. Limiting the number of bits transferred into or
out of storage to the amount specified for the
operation.

All memory access operations are accomplished
by supplying the interface logic with a set of
parameters describing the desired access. These pa-
rameters (see figure 1-31) include the following:

a. A 24-bit ““‘memory address’’ which is equal to

the absolute binarily-weighted number assigned the
bit location (starting bit) where the access is to be-
gin. (All bit locations in memory are numbered se-
quentially.)

b. A five-bit “‘Data Field Length’” which specifies
the field length of the data to be stored or read from
memory. The maximum field length for each
operation is 24.

NOTE
Data Field Length is also known as
“Transfer Width.”’

c. A 1-bit “‘field direction sign’’ which specifies
that the operation is to involve either the higher
numbered or lower numbered bit locations adjoining
the starting bit (in addition to the starting bit itself).

After obtaining the necessary information, the in-
terface logic performs the three stages of the access
cycle as described in the following subsections.

MEMORY ADDRESS
22 21 20 8|7 6 5 4|3 2 1 0 BIT
BINARY
NN NGB\ N\ 7\ o\ S \WEIGHT
DATA FIELD LENGTH FIELD DIRECTION SIGN
4a|3|2[1]o0 BIT 0 | =POSITIVE (FORWARD)
NP\ 7 \ o\~ \ BINARY WEIGHT
1 = NEGATIVE (REVERSE)
G14718
Figure 1-31. Memory Access Parameters
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Storage Element Access

Functional memories in the B 1870/B 1860 series
systems are assembled of groups of four memory
cards, with the minimum configuration being four
cards and the maximum consisting of 16 cards. The
storage elements.are configured electrically as shown
in figure 1-32, having an effective ‘‘width’’ of 64 bits
of data storage (this being the manner of assignment
of addresses).

A combined physical/electrical representation of
the memory is shown in figure 1-33, which also illus-
trates the significance of the various memory ad-
dress bits. Each rectangle in the illustration repre-
sents one memory card, with the horizontal rows of
cards being known as card groups, and the vertical
columns as stacks. The memory shown is the
maximum configuration of 16 cards. A minimum
configuration memory would consist of one card
group (four cards).

Access to the cards is one at a time, with the card
group select and stack pointer portions of the ad-
dress specifying the card within the 4 x 4 matrix to
be accessed. The internal address within the storage
card is specified by the chip row and chip address
select portions of the address. Bit addressing, where
the desired data field does not reside within even 16-
bit boundaries, is performed externally.

As mentioned previously, memory accesses may
involve data fields of up to 24 bits in length, and
may begin at any desired bit location. Such require-
ments are met by causing memory access cycles to
be multi-phase events in which the necessary stack
(storage card) accesses are performed sequentially.
For selection of succeeding memory locations, the
memory control modifies the initial address supplied
by the user device. Since the desired storage loca-
tions may occupy as many as three stacks, one ad-
dress modification is necessary in some cases.

- 262,080 262,095/262,096 262,111]262,112 262,127]262,128 262,143
ol 16, 76, L 16,
) 381) L 382 383 . ’
P 1 1 1 ¥
1 ROW
OF
CHIPS
128 143|144 159|160 175|176 191
64 79| 80 95| 96 111112 127
L4 00 15| 16 31 32 47{ 48 63
[ _J
0 1 2 3
16 MEMORY
CHIPS ~
(1 MEMORY CARD) NOTE: BIT ADDRESSES ARE SHOWN INSIDE THE DIAGRAM
MEMORY ADDRESSES (WORD BOUNDARIES) ARE CIRCLED
14710 ERROR CORRECTION BIT STORAGE NOT SHOWN

Figure 1-32. S-Memory Layout

1-44



7878601

.,.
*

%

16-BITS 16-BITS 16-BITS 16-BITS
A A A Y -
pr— N Y Y y
L STACK 0 STACK 1 STACK 2 STACK 3 sk
— BOARD Z BOARD e BOARD BOARD * £ WORDS
j GROUP 3 ( GROUP 3 GROUP 3 GROUP 3 W
- P
~y
STACK 0 | STACK 1 " STACK 2 | STACK 3 16K
— BOARD e BOARD o BOARD 5 BOARD 2¢ EWORDs
( GROUP 2 GROUP 2 GROUP 2 GROUP 2
o
N
STACK 0 | STACK 1 B STACK 2 J, STACK 3
- BOARD i BOARD = BOARD ~ BOARD -~ p16K
GROUP 1 GROUP 1 GROUP 1 GROUP 1 WORDS
4
“y
STACK 0 y STACK 1 " STACK 2 B STACK 3 A
- BOARD - BOARD x BOARD 7 BOARD 1 fworDs
4 GROUP 0 d GROUP 0O GROUP 0 GROUP 0
£ + — } *
0 ’ 0] 1] 2[3
3 STACK
POINTER
2 Da— CHIP .
3 ROW (————— BIT ADDRESS
BOARD SELECT CHIP ADDRESS SELECT {TO ROTATOR)
GROUP ,—.A.—V-_A—\, s N ,—-Jh——\
SELECT
21{2019f18 |17 {16 |15 |14 {13|12 |11 10| 9 716|5l4a13)211 |0 JMEMORY ADDRESS BIT
G14720
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Memory Cycles

To understand the functioning of the memory ac-
cess logic a knowledge of the types of memory cy-
cles that may be performed is needed. There are
eight basic types, and within these a number of indi-
vidual variants. The memory cycle types are as fol-

lows:

Micro or
Pseudomicro

7C READ
{(Micro)

7C WRITE
{Micro)

2D SWAP
(Micro)

1E DISPATCH
(Micro)

CONSOLE
READ
(Pseudomicro)

CONSOLE
WRITE
(Pseudomicro)

FETCH
(Pseudomicro)
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Result

Accesses the contents of a specified field in
S-memory and gates this data to the MEX
for use within the processor. The access
operation may involve from 1 to 24 bits of
data, and may address any bit location
within memory.

Moves a field of data from a source in the
processor to S-memory, storing it at a
specified location. The data previously
stored at the accessed location is overlaid.
The access may involve from 1 to 24 bits,
beginning at any bit address within memory.

Exchanges a field of data from a source
within the processor with the contents of a
similar field in S-memory. The operation
may involve fields from 1 to 24 bits in
length, and may access any bit address in
memory.

Writes or reads a dispatch message (to or
from another port device) at address 0 in
S-memory, and/or alters the contents of the
dispatch register. Dispatch operations are
not implemented where the processor is the
sole user device of memory. However,
certain dispatch-related functions are
performed regardiess of the system
configuration to satisfy programming
requirements.

Accesses the contents of a specified address
in S-memory and moves this data to the
console lamps for viewing. This operation is
executed from a hardware-forced micro
instruction created in part by the console
register selection switches. Data field length
and direction are preset. Console reads may
be performed only when the processor is
halted.

Moves the contents of the console switches
to S-memory, writing this data into a
specified address. This operation is also
executed from a hardware-forced
microinstruction created in part by the
console register selection switches. Data
field length and direction are present.
Console writes may be performed only when
the processor is halted.

Accesses the contents of a 16-bit word {at
even stack boundaries) and moves the
contents to the processor. Single micro or
4-micro fetches may be performed,
depending on conditions existing in the
processor. Fetching is a hardware-forced
means of accessing micro operators in

Micro or
Pseudomicro Result

S-memory. The destination within the
processor depends on the subcategory of
fetch being performed:

Subcategory Destination

Single Micro M Register.

S-Fetch

C-Micro M Register and Cache Memory.

S-Fetch

9C Literal As specified by previous micro.

Fetch

M-Sink Fetch M Register (OR-ed with data

loaded in M by previous micro).

NOTE

The 4-micro stream-mode fetch is the normal
operating activity within the system, occurring
when a miss is encountered when fetching mi-
cros from Cache memory.

Port Interchange

The port interchange is an optional interfacing de-
vice for controlling memory access when more than
one user device is present. The interchange has the
basic function of determining which user device is to
be granted memory access, then directing the flow of
addresses, control signals and write data to memory
and read data from memory. In addition to the pro-
cessor interface, the port interchange provides
facilities for connection of up to three synchronous
or asynchronous port devices. Examples of such
user devices are as follows:

a. Multiline Control (synchronous). Provides input
and output to a number of remote data terminals.

b. Bus Interface Control (asynchronous). Provides
interfacing with a B 6700 system, for which the
B 1870/B 1860 central system serves as a ‘‘Reader/
Sorter processor.”

Specific functions provided by the port inter-
change (in addition to address and data gating) are
as follows:

a. Priority resolution for control of access re-
quests by user devices.

b. Generation of Clear signals for initializing pur-
poses.

c. Control of dispatch operations, including the
dispatch register and associated logic.

d. Temporary storage of memory read data.

e. Internal sequencing of its own operations to
satisfy control requirements of the memory and the
user devices as well.

The port interchange assembly consists of a four-
card backplane containing the interface and control



logic (on one card), and spaces for three port
adapter cards. The processor connects directly to
the port interchange, and is accordingly known as a
close-coupled port. Each synchronous/asynchronous
port device used requires an accompanying port
adapter.

Memoery Base Unit

The memory base unit is the basic element of as-
sembled S-memory, and includes both memory stor-
age cards and control logic. The memory base has
the basic function of controlling the distribution of
addresses to the memory cards, plus control of write
data entry and read data departure from storage. To
implement these general requirements a number of
specific functions are provided. These are as fol-
lows:

a. Control of all addressing activities, including di-
rection of the basic address and the modified address
to the storage card addressing logic as appropriate.
Provisions are also included to determine if the ad-
dress furnished by the user device is contained
within the memory base.

b. Rotation of read data for correct alignment with
the output data lines, and rotation of write data for
correct alignment with the appropriate bit positions
iIn memory.

c. Merging read and write data for the purpose of
inserting new data in a selected storage area, and
masking of read data to prevent unwanted informa-
tion from being gated to the output.

d. Generation of error-correction code bits for
write data and checking of same for read data in-
cluding correction of errors where appropriate.

NOTE
The error-correcting code employed is
capable of correcting single-bit errors in
a given data word (16 bits), and detect-
ing multiple-bit errors.

e. Generation of necessary control signals to prop-
erly sequence its own operations.

The memory base is physically composed of a 22-
card backplane, of which five logic cards contain the
control and interface circuits of the base itself. Six-
teen of the remaining card positions are reserved for
the installation of memory siorage cards (which may
be added in groups of four), and one position is left
as a spare. Since each memory card contains 16,384
(16K) 16-bit words, a card group represents 65,536
(64K) words of storage. A full memory base consists
of 262,144 (256K) words, or the equivalent of
524,288 (512K) 8-bit bytes. Operation of the memory
base is described in Volume 3 (FETM 1095551) of
this manual.
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IO SUBSYSTEM

The B 1870/B 1860 I/O Subsystem is comprised of
an I/O base and I/0O device controls. Each control
serves as an interface between the I/0 bus and one
(or more) peripheral device(s). The controls are lo-
cated close to the processor to minimize the length
of the I/O bus which, in turn, minimizes propagation
time.

/O Bus

The I/O bus is a 24-bit wide bidirectional bus
which is used to carry either data or commands be-
tween the 1/O subsystem and the processor. This bus
is shared by all I/O controls attached to the proces-
sor. In conjunction with the 24-bit bus are control
lines which define the operation as to phase (com-
mand active or response complete) and also as to the
presence of data or commands on the bus.

/O Base

The I/O controls are installed in modules known
as the I/O base and I/O base extension(s). These are
packaged in a manner similar to the processor logic.
Each control is constructed on one or more logic
cards; one to eight of these controls may be installed
in the I/O base and one to five controls in the I/O
base extension. A maximum of 15 I/O controls may
be employed within the system (channel 16 is re-
served). This would entail the installation of at least
one I/O base and three extensions, depending on the
number of card positions occupied by the individual
controls.

The I/O base and extension(s) each contain a dis-
tribution card which interfaces it with the main /O
bus. The primary function of these cards is buffer-
ing, with line receivers and drivers, to minimize
loading and reflection on the main I/O bus. The I/O
base distribution card also processes and distributes
the system clock and generates a distributes the slow
clocks to its own controls (by way of the backplane)
and to the distribution cards of the extensions (by
way of coaxial cables).

The I/O bus is connected between the processor
and I/O base distribution card by way of a strip ca-
ble. From this card, it is further connected to the
distribution cards in the base extensions by other
strip cables. Refer to the B 1700 I/O Base Technical
Manual, form number 1053352, for further informa-

tion.

/O Controls

The B 1870/B 1860 1/O Controls are special-pur-
pose controls, and each is unique. The controls,
along with the devices with which they interface, are
listed in figure 1-34. In most cases, a single control
handles a single device. Each control is described in
detail in its own 1/O technical manual.
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* Does not include the line adapter(s).

. Backplane
M&E Top Unit Control Sizes
I/O Control Name Number Type Cards (if independent) Peripheral Devices/Comments

1/0 Base Extension 2 2211 1330 1 10 Control card is subdistribution card.

I/O Base Extension 3 2212 8680 1 6 Control card is subdistribution card.

Operator Display Console Control 2 22122139 (SPO-2) 1 - B 9348-31

Card Reader Control 1 2200 5656 80 Column 1 B9115,B9116,B9117

Card Reader Control 2 2205 7202 80 Column 1 B9111,B9112

Card Punch Control 1 1861 6391 80 Column 1 - B9212,B9213

Card Reader/Card Punch Control 1 1862 5228 80 Column 2 B 9418-2

Card Read/Punch/Print Control (MFCU-2) 2209 7802 96 Column 2 B9119-1,2;B 9419-2, -6

Printer Control 4 2205 7244 Chain 1 B 9249-1,-2,-3

Printer Control 5 2211 1306 Train 2 B 9247-'12, -13,-14, -15

Magnetic Tape Control 3 2212 2154 NRZ 2 B 9491-2, B 9495-2; B 9496-2, -4

Magnetic Tape Control 5 2212 8920 PE 2 - B 9495-2; B 9496-2, -4

Magnetic Tape Cassette Control 1 2208 2838 NRZ 2 - B 9490-25

Disk Cartridge Control 3 2212 8805 32/64 Sector 3 B 9480-12, B 9481-12, B 9482-32

Disk Pack Control 2 2212 8912 - 2 - B 9499.-7, -8, -25, -55 (MEC/One
Drive); B 9486-4, -5 (Drives)

Industry Compatible Mini-Disk Control 1 2212 8896 (Flexible Disk) 2 - B 9489-16, -17,

Disk File Control (B 1870 Systems only) 22120234 (5N Subsystem) 4 4 B 9470-2

Reader/Sorter Control 2 2205 7251 MICR/OCR 2 - B9134-1;B9135-2,-3; B 9137-1

Single-Line Control 1 2200 5771 2% 4 Any line adapter and optionally
on Auto Call Adapter.

Dual-Lirie Control Base 2212 8995 - O** 6 Any line adapter except Auto Call
for each set of control cards.

Multi-Line Control 1 2200 9765 - 4% 12 Any combination of one to eight
line adapters.

Multi-Line Extension 1 2201 2314 - 1* 10 Any combination of one to eight
line adapters.

96 Column Read/Punch/Print — 300/60/60/CPM 2 B 9319-2

**  Each set (two control cards) must be ordered separately: Single-Line Control-2 M & E (top unit) number 2212 8979.
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Figure 1-34. B 1820 I/O Devices and Controls




SYSTEM CLOCK

The system clock is used to provide synchroniza-
tion of all logic activity within the processor. The
raw clock signal is generated by a (quartz) crystal-
controlled oscillator operating at a frequency of 6
MHz. Following the oscillator are shaping circuits
{to produce an approximate square wave) and sever-
al delay lines. From the delay line taps are derived
several signals which are buffered, then distributed

to the system logic by way of coaxial cables and a -

backplane wiring. The timing relationship between
the various clock module outputs is illustrated in fig-
ure 1-35.

POWER

Power for the B 1870/B 1860 Central System is
supplied by a minimum of one and a maximum of

REFERENCE w
CcLOCK

™\ |
PROCESSOR

CLOCKS 1 AND 2

FRONTPLANE
CLOCKS 1 -7

\

four power supplies, all of which are contained
within the central system cabinet. The main power
source for the system logic is the logic power sup-
ply. One such logic supply is always present in sin-
gle-bay cabinet configurations, with two being em-
ployed (in master/slave operation) in large installa-
tions where a two-bay cabinet is necessary. Also
available are booster supplies which are added as
necessary to tailor the current delivery capacity to
the system requirements (in most single-bay installa-
tions the current demand exceeds the capacity of the
logic power supply). Significant changes from previ-
ous practice include the elimination of memory pow-
standard logic voltages), and reversal of the two 12-
volt logic supply outputs for increased current on the
+12-volt side. Figure 1-36 illustrates the physical lo-
cations of the supplies within the central system
cabinet.
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NOTE: DELAY TIMES SHOWN
FOR REFERENCE ONLY

Figure 1-35. B 1870/B 1870 Clock Timing
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Figure 1-36. B 1870/B 1860 Central System Power Subassemblies

Power Distribution

The B 1870/B 1860 Central System is intended to
operate from single phase, 188 to 253 volts, 50/60
Hz, ac power. However, use of the system with
other supply voltages in a three-phase configuration
is also possible. Refer to section 6 of this volume for
further details. AC power is distributed within the
central system as illustrated in figure 1-37. Note that
power for several peripheral devices is provided
through the central system ac control.

Logic Power Supply

The logic power supplies convert the ac input
power to four output voltages used throughout the
central system to operate the logic, the S-memory,
and line drivers and receivers. The four output volt-
ages and current levels are defined as follows:

a. +4.75 Volts; Used as the Vcc (collector volt-
age) of CTL logic, with a nominal output current of
200 amperes.

b. -2.0 Volts: Used as the Vee (emitter voltage)
of CTL logic, with a nominal output current of 200
amperes.

¢c. +12.0 Volts: Used mainly as a supply voltage
to the memory storage elements and to line drivers,
with a nominal output current of 18 amperes.

d. —17 0 Volts: Used mainly as a supply voltage
to line drivers and receivers, with a nominal output

current of 6 amperes.

1.50

The logic power supply is physically constructed
in a 19-inch RETMA rack cabinet which may be ex-
tended from the central system frame, for ease of ac-
cess, when being serviced. When extended, the sup-
ply may also be rotated upwards 90 degrees for ac-
cess to the underside. Refer to the B 1870/B 1860/
B 1700 Power Supplies, FETM 1070281, for further
details.

Auxiliary Power Supplies

For applications where the current draw of the
main central system logic exceeds the capacity of
the Logic Power Supply, one or two additional
booster supplies are employed to meet the expanded
load requirements. The booster supply produces
+4.75 Volts and -2.0 Volts at a maximum output
current of 80 amperes. (See FETM 1070281.)

BASIC SOFTWARE OVERVIEW

The B 1870/B 1860 System has previously been
described as one that conducts its operations
through the execution of microinstructions. Because
of the vast numbers of micros necessary to compose
a workable program, it is usually not practical for
programmers to write microprograms. Therefore,
various higher level languages (from which micropro-
grams are generated) have been developed for use

wvqta T haovan sCope

th tha +
withi tne Syotuui it 1S uwy'vnu the sco man
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ual to describe these higher level languages, but a
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Figure 1-37. B 1870/B 1860 Power Distribution
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discussion of the relationship that exists beteen the
microprogram and the higher level languages is pro-
vided.

Programming Languages

To enable the programmer to develop programs
suited to specific categories of data processing appli-
cations, procedure-oriented Ianguages and probiem-
oriented languages are used. These are high level
languages which allow the programmer to express
the job requirements in a form easily convertible to
operations that may be performed by a computer.
COBOL (Common Business Oriented Language),
FORTRAN (Formula Translator) and SDL (Software
Development Language) are some of the standard
high level procedure-oriented languages. RPG (Re-
port Program Generator) and NDL (Network Defini-
tion Language) are other examples of problem-ori-
ented languages which serve as an interface between
actual performance requirements and machine capa-
bilities.

After the program has been written in a proce-
dure-oriented or problem-oriented language, it is
compiled (machine translated) into what is known as
S-language. This is an intermediate binary-coded lan-
guage which is used only for handling (encoding and
storage) of functional programs. S-language instruc-
tions are similar to the machine language instructions
used in earlier types of equipment, in that each such

instruction describes a complete machine operation
(such as an ADD) that requires a string of microin-
structions for execution in the B 1870/B 1860.

The S-language program is stored in S-memory,
from which it is fetched and executed. It must be re-
membered that S-instructions are not executed di-
rectly, but rather are used to specify strings of
microinstructions which cause the desired actions to
take place. In addition to specifying a micro string,
the S-instruction may also contain variants which af-
fect the execution of that string.

Interpreters

The derivation of micro strings from S-language
instructions is not an automatic hardware function,
but rather requires the action of another program
which is referred to as an interpreter. Essentially,
the interpreter consists of a basic micro subroutine
for decoding the S-instuctions, plus additional sub-
routines which execute the actions specified by the
S-ops. The program loop in which the interpreter
works is shown in figure 1-38, and is common to all
interpreters. Interpreters have been developed for
each of the high-level S-languages (such as COBOL,
FORTRAN and SDL). Figure 1-39 illustrates the
manner in which an S-language Add instruction
could be executed through use of an interpreter sub-
routine.

vy

READ S-OP

v

DECODE S-OP

DONE BY MICROS
> WHICH ARE PART OF
THE INTERPRETER

v

O TO TABLE TO
LOCATECORRECT
UBROUTINE

v

7

EXECUTE MICRO
STRING WHICH
COMPRISES
SUBROUTINE

THIS ACCOMPLISHES THE
\. ACTUAL WORK SPECIFIED
BY THE PROGRAM
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Figure 1-38. S-Language/Interpreter Relationship
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Figure 1-39. Subroutine Flow for 4-Bit BCD Sum (Resulting from S-Language Sum Instruction)
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Figure 1-40. Software/Hardware Relationship

Program Storage and Execution

The S-language programs and required interpreters
are customarily stored on disk until needed. Loca-
tion and loading into memory for use is handled un-
der the control of the Master Control Program
(MCP). The MCP is a housekeeping program which
maintains control over all system acrtivities, acting
as an interface between all other operational pro-
grams. The MCP is written in SDL, and therefore
the SDL interpreter is always present in the system.
Figure 1-40 illustrates the relationship between the
various stages of software and the hardware micro
processor.

CENTRAL SYSTEM OPERATION

The B 1870/B 1860 Central System may be oper-
ated in either an on-line or off-line manner. On-line
operation implies that control of the system activities
has been assumed by a program, with actions pro-
ceeding at normal machine speed. In this condition
the operator communicates with the system by way
of the operator’s display console (a video display
and entry keyboard which replaces the teletype ma-
chine used in earlier systems). Off-line operation, on
the other hand, involves manual control by way of
the Diagnostic/Maintenance console, usually with the
processor halted. Describing on-line operating proce-
dures is beyond the scope of this manual, but such
information is fully documented in the applicable
software publications. In particular, reference should
be made to the B 1800 Systems Software Operation-
al Guide, form number 1068731.

The B 1870/B 1860 system offers, as did its prede-
cessors, a variety of control and access functions
which may be employed by the user. These include
controls and indicators needed during normal system
operations, and other special-purpose controls and
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indicators which are used primarily for troubleshoot-
ing purposes. The operational and maintenance con-
trols have been separated, and are now installed on
different control panels. These two panels are known
as the Operator’s panel and the Diagnostic/Mainte-
nance panel respectively. The functions of the con-
trols provided and the capabilities available to the
operator are described in the following subsections.

Console Operations

The console of the B 18706/B 1860 Central System
(considering both control panels) represents a
physical interface with the micro decoding logic, the
operational status control logic, and the main 24-bit
exchange. The controls allow the normal on/off,
start/stop and operational mode selection functions,
and, in addition, include provisions for examining
the contents of manually entered data into the
various registers and storage elements within the ma-
chine. Note that there is some duplication of func-
tions between the two control panels.

Operator’s Panel Functions

The operator’s console is used primarily for con-
trol of system activities in the on-line condition. The
functions provided are therefore restricted to actions
concerning initiating and terminating operations, se-
lecting operational modes, and controlling the cas-
sette tape drive.

SELECTION OF OPERATIONAL MODE

Selection of the system operational mode is ac-
complished by way of the MODE pushbutton. This
control is a two-position switch which changes state
each time it is pressed. A self-contained indicator
shows the state selected. The two operational modes
may be defined as follows:
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NORMAL System operation is conducted in the customary
manner, with fetching and execution of micros
from Cache and S-memory proceeding at full
machine speed.

MTR Micros are entered (and executed) from the
cassette tape drive, with fetching consisting of
moving the contents of the U register (which
assembles the cassette output) to M.

NOTE

Machine functions within either of the
two modes is dependent on the setting
of several switches on the Diagnostic/
Maintenance panel. These include the
SINGLE MICRO/CONTINUOUS
switch, the CASSETTE SELECT
switch and the MICRO SOURCE
switch. Refer to the descriptions of
these control functions for further in-
formation.

CLEARING

The system may be cleared (initialized to the de-
fined clear state) in preparation for operations by
pressing the CLEAR button. This is normally done
only when the machine is halted. The CLEAR but-
ton is duplicated on the Diagnostic/Maintenance pan-
el.

STARTING

The execution of micros is initiated (from the Halt
state) by pressing START. The START button has
an internal indicator lamp (TEST STATE) which is
lit whenever an abnormal run condition exists. The
following conditions cause TEST STATE to be lit:

a. The Interrupt bit (CCO) is set.

b. The single micro mode is selected (SINGLE
MICQC).

c. The MICRO SOURCE selection is other than
NORMAL.

NOTE
The latter two conditions are controlled
from the Diagnostic/Maintenance panel.
The START button is duplicated on the Diagnos-
tic/Maintenance console.

INTERRUPT

The INTRPT button is used to set the interrupt bit
(CCO). The state of this bit is tested by the execu-
ting program, with actions following detection of ei-
ther a true or false condition being determined by
the programmer. The usual function provided is to
cause the processor to halt at an orderly break off
point when the interrupt bit is set. The Interrupt bit
may only be set (not reset) by way of the INTER-
RUPT button. This control is duplicated on the Di-
agnostic/Maintenance panel (INTERRUPT).

CASSETTE REWIND

Cassette rewind may be effected by pressing the
RWD (Rewind) button. This may be done with the
processor running or halted. The RWD button has a
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self-contained indicator lamp (BOT) which signals
that the beginning of tape is being sensed. Illumina-
tion of BOT indicates that the tape is rewound, and
is ready for use or removal.

Diagnostic/Maintenance Panel
Operations

The Diagnostic/Maintenance panel, as its name im-
plies, contains controls which are most often used
for troubleshooting purposes. Such troubleshooting
may be occasioned by either hardware malfunction
or by the need to investigate unsatisfactory program
results. The functions provided are essentially the
same as those of the main console in B 1700 sys-
tems, but feature extended capabilities in several
respects.

REGISTER SELECTION

Selection of registers for viewing the contents
thereof on the console lamps or loading data by way
of the control switches is accomplished with the
REGISTER GROUP and REGISTER SELECT
switches. To select a register, the REGISTER
GROUP switch must first be rotated to the position
corresponding to the group of six registers in which
the desired one is located. When this has been done,
the REGISTER SELECT switch is then rotated to
the number (0 through 3) indicating the relative posi-
tion of that register within the group.

The act of selection causes a hardware-forced 1C
(Register Move) micro to be executed, with the
source being the desired register, and the destination
being Nuil (the console iamps). Viewing and aitering
the contents of registers is possible only when the
processor is halted. Reading and writing in Cache
memory, S-memory, and scratchpad memory are ac-
complished in the same manner as register access.
Specific procedures for accessing registers and for
reading and writing in memory are described in the
following subsections.

USING THE CONSOLE LAMPS AND CONSOLE
SWITCHES

The console lamps are provided to monitor the
contents of the main exchange. As such they serve
as both a visual indication of processor operation
(when it is running), and allow the contents of any
register or memory location to be examined when
the processor is halted. The 24 console switches al-
low manual selection of a 24-bit data field configura-
tion which can then be moved to any selecied data
storage location register, S-memory, or Cache mem-
ory.

The significance of the various bit positions de-
pends on the unit addressed. All registers are right-
justified when displayed individually, and will occu-
py the appropriate number of bit positions. Memory
Read/Write data, on the other hand, may occupy any
of several positions, depending on the memory ac-
cess mode selected. In all cases, however, each indi-
vidual consoie switch corresponds to the console
lamp directly above it, and will, when raised, cause
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Figure 1-41. Console Switch/Lamp Binary Weights

a 1-bit to be set in that position. Note, however, that
1-bits thus selected are not gated to the designated
register or memory location until this is specifically
effected by initiating a load or write cycle. The bina-
ry weight of each of the 24 console switch/lamp posi-
tions is shown in figure 1-41. These binary weights
are valid only as regards the 24-bit field taken as a
whole. Quite often, smaller fields within the 24 bits
are assigned individual meanings with accompanying
(smaller) binary weights. Refer to the register and
micro descriptions for detail on these specialized
meanings.

READING THE CONTENTS OF A REGISTER

To read a register’s contents, simply select the de-
sired register by way of the REGISTER GROUP
and REGISTER SELECT switches (with the proces-
sor halted.) The act of selection causes a hardware-
forced 1C register move micro to be executed, mov-
ing the contents of the selected register to the main
exchange, and then be latched into the console lamp
register. The contents of this register are continuous-
ly displayed when the processor is halted. Refer to
the register descriptions for the specific meaning of
individual register contents.

LOADING A REGISTER

To load a register, the selection procedure de-
scribed in Reading the Contents of a Register
(above) must first be performed. When this has been
done, the desired bit pattern should be selected on
the console switches. Pressing the LOAD push-
button causes a hardware-forced 1C (Register Move)
micro to be executed, gating the contents of the
switches to the register. Note that the entire con-
tents of the register are affected by the loading pro-
cess. If it is desired to save any portion, these bits
must be re-inserted by use of the console switches.

READING IN S-MEMORY

To read, or cause the data stored at a specific lo-
cation in S-memory to be displayed on the console
lamps, the bit address desired must first be loaded
into the FA (Field Address) register. The binary
weight of this code is illustrated in figure 1-42. Fol-
lowing loading the address, MEMORY MODE is se-
lected on the REGISTER SELECT switch, and the
desired memory read mode is selected on the REG-
ISTER GROUP switch. It is important to note at
this point that there are three S-memory read op-
tions which may be exercised. These options are as
follows (refer to figure 1-43):

. A B c D . E F
23 22 21 2019 18 17 16 |15 14 13 12 10 09 08 {07 06 05 04|03 02 01 00 FABIT
) o : _ BINARY
512K 256K128K 684K [32K 16K. 8K 4K [2K 1K 512 256|128 64 32 16 [ 8 4 2 1|X x X XIWWeEGHT
. . (16-BIT
(. -y /WORDS)

BIT ADDRESS
(MAY BE USED IF DESIRED)

NOTES: 1. FA ADDRESSES ABOVE 512 ARE AS FOLLOWS:

1K =1024
2K  =2048
4K =4096
8K =8192
16K =16,384
32K =32.768
64K =65536

128K =131,072
256K = 262,144
512K =524,288

2. BIT ADDRESS (IF ANY) IS IGNORED ON 22-BIT
READ/WRITE OPERATIONS

G14726

Figure 1-42. S-Memory Addressing
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A. 16-BIT READ/WRITE

Figure 1-43. S-Memory

a. Read 16 bits: Read 16 bits of stored data, be-
ginning at any desired bit location in memory. The
data is right justified on the console lamps.

b. Read 22 bits: Read 16 bits of stored data, be-
ginning at any even 16-bit boundary in memory, plus
the corresponding six syndrome (error corrrection
code) bits. The data is right justified, with the error-
correction code bits and parity bit on the left. Refer
to figure 1-43. For 22-bit reads, the contents of the
least-significant four bits of FA are ignored (forcing
the use of 16-bit boundaries).

NOTE
Refer to volume 3, Theory of
Operation, form number 1095551, for
information on the error correction
code.

c. Read 24 bits: Read 24 bits of stored data, be-
ginning at any desired bit location in memory. The
data occupies all 24 console lamps.

After selecting the desired memory read mode, the
read operation is initiated by pressing the LOAD
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Read/Write Variants

button. After the read, pressing INC (Increment)
causes the address in FA to be incremented by an
amount appropriate to the read mode selected. FA is
incremented by binary 16 (for 16-and 22-bit reads),
and by binary 24 (for 24-bit reads). Note that the 16-
bit increment for 22-bit reads is correct, since only
16 data bits are involved (the error correction bit
storage is invisible to the addressing logic).

Note that performing a read does not destroy the
data stored at the addressed location. The address
being accessed may be monitored by selecting FA
on the register selection switches. However, once
the switches have been moved, it is necessary to
again press LOAD when returning to the S-memory
read mode.

WRITING IN S-MEMORY

To write (that is to cause the bit configuration se-
lected on the console switches to be gated to S-
memory), the desired address must first be loaded
into the FA register. This procedure is identicai to
that performed before a memory read. Once the ad-



23 22 21 20 19 18 17 16 15 14 13 12

11

10 03 08 07 06 05 04 03 02 01 OOJMEXBIT

17 16 15 14 13 12 11 10

09 08 07 06 05

04 03 02} 01 OO}BIT (A-REGISTER)

128 64 32 16 8 4 2 1]128 64 32 16 8 4 2 1| 2 1 ]|BINARY WEIGHT
\ —_— —— I\ y
KEY INDEX WORD

G14728

Figure 1-44. Cache Addressing (A-Register Values)

dress has been entered, MEMORY MODE is se-
iected on the REGISTER SELECT switch, and the
desired memory write mode is selected on the REG-
ISTER GROUP switch.

The memory write mode variants are similar to the
memory read operations, with 16-, 22-and 24-bit field
lengths possible. The operations (see figure 1-43)
may be defined as follows:

a. Write 16 bits: Move 16 bits of data from the
console switches to a specified location in memory,
overlaying the data previously stored there. The se-
lected data field may begin at any desired bit loca-
tion in memory. The data is right justified on the
console switches as shown in figure 1-43.

b. Write 22 bits: Move 16 bits of write data plus
six error correction bits from the console switches to
a specified word address (within even 16-bit bound-
aries) in memory. The error correction bits are
stored in memory elements reserved for this purpose
(and correspond directly to the associated data stor-
age locations) which are essentially invisible to the
addressing logic. Note that a parity bit is not used,
this being a function of 22-bit memory read
operations only.

NOTE
It is not practical to create the proper
error-correcting code (for a given data
field) by manual means. Therefore, use
of the 22-bit write operation is limited
to verifying proper functioning of the
ECC storage locations.

c. Write 24 bits: Move 24 bits of data from the
console switches to a specified location in memory,
overlaying the data previously stored there. The se-
lected data field may begin at any desired bit loca-
tion in memory. The data occupies all 24 console
switch locations.

As with the S-memory read operation, a memory
write is initiated by pressing the LOAD button.
Pressing INC (Increment) after the write causes the
address in the FA register to be incremented by a
value appropriate to the write mode selected. This
value is equal to binary 16 (for 16-and 22-bit writes),
or binary 24 (for 24-bit writes).

Note that console write operations are fixed-field
length functions. Therefore, if it is desired to replace
only a portion of a given 16-or 24-bit field with new
data, the existing data which is to be saved must be
rewritten by manipulation of the appropriate data se-
lection switches (just as if the entire data field were
new).

READING IN CACHE

To read, or cause the data stored at a specific lo-
cation in Cache Memory to be displayed on the con-
sole lamps, the Cache address desired must first be
loaded into the A (address) register. The binary
weight of this code is illustrated in figure 1-44. Fol-
lowing loading the address, MEMORY MODE is se-
lected on the REGISTER SELECT switch, and
CMR (Cache Memory Read) is selected on the REG-
ISTER GROUP switch. The read operation is initi-
ated by pressing LOAD. For the operation to be a
success, there must be a HIT (match of a stored mi-
cro key with the key portion of the A register) and
a good validity bit. If there is no associative match
(MISS), then all zeros will be returned to the con-
sole lamps. The read data format is illustrated in fig-
ure 1-45.

Parity is not checked on the Cache read data,
since the data bypasses the M register. However, a
parity check is performed on both keys A and B.
Also, performing the read operation causes the LRU
(least recently used) bit to be inverted, indicating the
block which was not selected.

23 22 21 20|19 18 17 16 (15 14 13 12|11 10 09 08 |07 06 05 04|03 02 01 00 Qﬁ.x
CON-
X X X X X X X X D D D D D D D D D D D D D D D D TENTS
|\ I\ y)
v 4
NOT USED DATA
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Figure 1-45. Cache Micro Read/Write Data Format
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The A register is not automatically incremented by
the read operation. Incrementing A by binary 16 (1
in bit position 4) may be effected by pressing the
INC (increment) button on the D/M panel. A read at
the new address may then be performed by again
pressing LOAD.

NOTE
It is not possible to determine which
block (A or B) was accessed without
performing a Cache Key Read using
the same address. The procedure for
doing a Cache Key Read is described
below.

Also provided as an option in Cache read
operations is the ability to view the contents of the
Cache key storage. To perform a Cache key read,
the index portion of A (bits 06-13) must first be
loaded with the desired index address. (The other
bits of A may also contain address bits at this time,
but these are not used except to provide a Hit/Miss
indication.) Following loading the index address,
MEMORY MODE is selected on the REGISTER
SELECT switch and CKR (Cache Key Read) is se-
lected on the REGISTER GROUP switch. The read
operation is initiated by pressing LOAD. The data
format presented on the console lamps is illustrated
in figure 1-46. This is a non-associative read, so data
is always returned. However, a Hit/Miss indication
is provided for both keys, which signals that a match
has or has not been made with the key portion of A.
This indication is of significance only if an address
was placed in the key portion of A prior to the oper-
ation.

Reading the Cache key contents does not change
the stored addresses or other existing conditions

WRITING IN CACHE

To write in Cache, the Cache address desired
must first be loaded into the A (address) register.
This procedure is the same as for reading from
Cache, and is illustrated in figure 1-44. Following
loading the address, MEMORY MODE is selected
on the REGISTER SELECT switch and CAW
(Cache Write Block A) or CBW (Cache Write Block
B) is selected on the REGISTER GROUP switch.
The desired data is then set on the console switches,
using the 16 least-significant bit positions as shown
in figure 1-45. For proper parity to be written bit 16
must also be set to reflect an ODD sum of the 16
data bits plus the parity bit itself. (Parity is not auto-
matically generated on console Cache write
operations.) The write operation is then initiated by
pressing LOAD.

The A register is not automatically incremented by
the write operation, but may be incremented by
pressing the INC button. Also, the write operation
overrides the LRU logic, writing into the specified
block.

NOTE
Writing into the Cache key storage
elements is not possible from the con-
sole.

CASSETTE OPERATION

Primary control of the cassette tape drive is main-
tained by way of the operator’s panel. However, se-
lection of the cassette operating mode is performed
by way of the CASSETTE SELECT switch on the
D/M panel. The two possible modes are described as
follows:

(LRU, validity bits, and parity bits). Parity checks SYSTEM: The cassette tape d”V"j serves the sole :
are made on both key fields displayed. If a parity er- purpose of entering microprograms and data
ror is detected, it will be reported by setting PERP2 into the processor by way of the U register.
and CD3 and illuminating the PARITY lamp on the Control of the cassette is maintained by the
D/M panel. console controls and the processor cassette
logic.
NOTE 1/0: The cassette tape drive serves as a read and
The parity bits displayed on the con- write device for the storage and entry of data,
sole lamps (along with the keys and interfacing with the processor by way of the
other data) do not indicate parity errors I/0O system. Control of cassette operations in
directly, but rather represent the parity the 1/0 mode is maintained by an optional
information stored along with the ad- cassette I/O control, which must be present
joining keys. in the 1/0 base for this purpose.
23 22 21 20|19 18 17 16 |15 14 13 12 {11 10 09 08 |07 06 05 04|03 02 01 00 g"ﬁrx
CON-
L R H Hir B B B|B B B B|B Vv P aAala A A aAlA A A v]JrENT
‘ N P \ - J
LRU 1 KEY B KEY A
RESERVED | | | ]
HITB 8 PARITY B VALIDITY A PARITY A VALIDITY
HIT A
G1473C

Figure 1-46. Cache Key Read Data Format



Microinstructions

The B 1870/B 1860 processor is capable of execu-
ting 39 different microinstructions, an increase of six
micros over the B 1720 series instruction set. Each
microinstruction causes a specific hardware activity
to occur, such as ‘“‘move the contents of register A
to register B.”” The micros impiemented were chosen
to satisfy both hardware and software design con-
cepts of the system. While the B 1870/B 1860 in-
structions set comprises only 39 micro types, many
individual micros have a number of variant options
which may be selected. Exercising variant options
extends the useful range of the instruction set to in-
clude .many hundreds of separate and distinct func-
tions. The micros and their functions are listed in
figure 1-47.

As a system design convention, microinstructions
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are defined as consisting of a 16-bit binary field.
Each micro is named in accordance with the binary
weight in its most significant 4-bit subfield (charac-
teristic) which contains some value other than 0. The
subfields are identified in the same manner as the 4-
bit subregisters in the processor (suffix A,B,C,D,E,
or F). Therefore, the micro which has a binary
weight of 1 in the C subfieid is known as the 1C mi-
cro. A micro having a value of 0 in the C subfield
and 4 in the D subfield is known as the 4D, etc. The
A and B subfield designations are not used, since
micros always occupy the 16 least-significant bits of
any medium in which they are stored (exclusive of
memory). Variants and literal data within microin-
structions are always contained in those bit positions
to the right of the characteristic subfield. Refer to
the individual microinstruction descriptions which
follow.
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1Cc

2C

7C

10C

11C

12C

13C

14C

15C

2D

MC MD ME MF 0 o ;
MICRO NAME 15 I 14 I 13 I 12 | 1 l 0] s I s | 7] 6| 5| 4| 3] 2 | 1 | o VARIANTS 0 o 10 n
| 000 001 010 011 100 101 110 11
[l A 2 AmArIn [ neA A ~annann H]
REG 1 GROUP REG 1 REG 2 REG 2 GROUP i
REGISTER MOVE e o o 1 SOURCE REGISTER SELECT | SELECT SINK REGISTER
REGISTER GROUP REG |MOV | DPW| DOUBLE PAD WORD MOV DIR: P<R|R+P
SCRATCHPAD MOVE o o ! 0 SOURCE OR SINK SELECT | DIR | 1/2 ADDRESS 1/2 DPW: LEFT [RIGHT]
REGISTER GROUP REG| MANIPULATE 4-BIT MANIP M NIF SET [AND | OR | EOR | INC | INC | DEC | DEC
4-BIT MANIPULATE 6 o 1 ! 4-BIT SOR & SNK SEL VARIANTS LITERAL VAR _ANTS TEST TEST
BIT TEST REL 0 ; o o REGISTER GROUP REG | TESTBIT | DSP | RELATIVE BRANCH DSP SIGN: . )
BRANCH FALSE 4-BIT SOURCE SEL | NUMBER |SGN | DISPLACEMENT MAG :
BIT TEST REL 0 . o ; REGISTER GROUP | REG | TESTBIT | DSP | RELATIVE BRANCH DSP SIGN: .l
BRANCH TRUE 4-BIT SOURCE SEL | NUMBER | SGN | DISPLACEMENT MAG '
REGISTER GROUP | REG SKIP TEST SKIP TEST ANY | ALL | EOL | ALL |ANY/|ALL | EOL/ | ALLY
SKIP WHEN 0 ! ! 0 4-BIT SOR & SNK SEL VARIANTS 4-BIT TEST MASK VARIANTS CLR/ | CLR/ |CLR/| CLR | CLR/ [CLR/ |CLR/ | CLR
READMRITE 0 ; 1 , | Rm | CcOUNTFA/FL | DATAREG | Dsp DATA TRANSFER READMWRITE] R | W
MEMORY VAR VARIANTS CODE |SIGN WIDTH MAGNITUDE ISPLACEMENT SIGN] LEFT [RIGHT]
REG. CODE:[ X Y T L
Fat | Fal FAJ
NT FA/FL:| N
1’1 COUNT FAJFL:| NOP | ot | it | rLd | pLt FAal | FLY | FLY
1T
. i REGISTER GROUP o r
MOVE 8-BIT LITERAL || 1 o o 0 e o8 ENTIRE 8 BITS OF 8-BIT LITERAL
REGISTER GROUP 8 MOST SIGNIFICANT BITS OF
MOVE24BITLITERAL 1 * 0 0 1 REG SEL IS 2 FULL 24-BIT LITERAL
i SINK REGISTER SNKREG | S/R | LEFT SHIFT/ROTATE _
SHIFT/ROTATE T-REG 1 0 1 0 amoup SELECT | vaR | s S/R VAR: SHFT | ROT
RIGHT BIT POINTER SINK REG ,
EXTRACT FROM T-REG || 1 o 1 1 FOR EXTRACTION ELD CODE EXTRACTION FIELD WIDTH SINK REG CODE: x |y | 7] L
BRANCH RELATIVE 'I
OMWARD I 1 1 0 0 RELATIVE DISPLACEMENT MAGNITUDE
BRANCH RELATIVE |} 1 0 1 RELATIVE DISPLACEMENT MAGNITUDE
REVERSE i
CALL RELATIVE | _
DE
FORWARD “ 1 1 1 0 RELATIVE CALL ADDRESS MAGNITU
CALL RELATIVE ]
EVERSE l! 1 1 1 1 RELATIVE CALL ADDRESS MAGNITUDE
v il paTanEG | TW DATA TRANSFES WiDTH W sIGN: N i
SWAP MEMOR o o o 0] 0 0o 1 0 CODE | sGN MAGNITUDE REG CODE: x |y | 11 ¢
-l Tyl x | Fa|lFre|Frulece
CLEAR REGISTERS o o 0 o |0 0 ! ' | ReG | REG | REG | REG | REG | REG | REG | REG
SHIFT/ROTATE S/IRDIR | x/Y LEFT OR RIGHT X OR Y .
XOR Y 0 0 0 o |0 1 0 0 | VARIANT | VAR SHIFT/ROTATE COUNT XIY VAR: x 1y
SHIFT/ROTATE S/R DIR LEFT OR RIGHT, X AND Y 4D AND 5D
X AND Y o o o 0 0 LI ' | VARIANT SHIFT/ROTATE COUNT S/RDIR VARIANTS oot ISFT—|ROT{ROT—]
] T
G14731/SHEET 1 OF 3
Figure 147. B 1860 System Micro Chart (Sheet 1 of 3)
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MC MD ME o 1
00 01 10 M
MICRO NAME 15 I 14 l 13 | 12 1 I 10 l 9 I 8 7 I 6 | 5 4 3 I 2 ] J 0 VARIANTS 000 001 010 011 100 101 110 111
|  counT FarL l o o oo 1 1 o | T anisose” e P s Rl PN Bl v d Rt IO o
70|  EXCHANGE DPW o o o o | o0 1 1 1 SINK DPW ADDRESS | SOURCE DPW ADDRESS
8D SCRATSHRAD o o o ol|1 o o o0o|o0o o o ! on | LT PAD SPAD SIGN: + | -
I
9D MONITOR 6o o o o |1 o o o1 LITERAL OCCURRENCE IDENTIFIER
100 NANO MOVE o 0 0 o | 1 o 1 o |yiA| STOPPINGSEQUENCE | NANOREGISTER I conTinuE/aBoRT: | ¢ | A
STOPPING 0 10 | 27101 21111 a/12 | 6112 1 6114 | 21158
| sea NumeER: A I B IR AL A 71s
" WORDPORTION: | o | 1 | 2 | 3 | 4 | 5 | 6 | 7
1ol o Aooxgﬁgﬁé&om, o o o o |1 o 1 1| oURCE OEEEI. M‘?_E’ E";:’g “R";'f oo !} SIGNIFICANCE (ALL OTHER BIT PATTERNS ARE UNDEFINED)
ﬂ X x o0 0 o0 0 o o READ 22-BIT WORD (16 DATA + 6 ECC) TO Y.
#-
n r F o ©0 0 1 0 o0 H WRITE 22-BIT WORD FROM X, Y, T, OR L.
ﬂ r r o o 1 0 0 ECHO WRITE DATA TO Y FROM X, Y, T, OR L.
X x o0 0 1 0 1 ECHO MODIFIED ADDRESS FORWARD, FA TO Y.
X x 1 0 1 0 1 ECHO MODIFIED ADDRESS BACKWARD, FATO Y.
X x 0 0o 1 o 1 READ AND CLEAR ERROR LOG (READ TO Y).
x x 0 1 1 0o o READ PORT DATA LATCH TO Y.
r ; 1 1 1 0o o ECHO THRU P..TO Y FROM X, Y, T, OR L.
r P 1 1 0 o0 ECHO THRUP.A.1TO Y FROM X, Y, T OR L.
! ' rooa 11 0 1 ECHO THRUP.A.2TO Y FROM X, Y, T, OR L.
r oo 11 0 1 1 ECHO THRUP.A.3TOY FROM X, Y, T, OR L.
. . SOURCEREGISTER: X vy T L
X X IGNORE
G14731/SHEET 2 OF 3 B B B o -

Figure 1-47. B 1860 System Micro Chart (Sheet 2 of 3)
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i MC MD ME MF . \
9 | 00 01 10 1
MICRO NAME l15 I 14 I 13 j 12 | n ] 10 I 8 7 ! 6 I 5 | 4 3| 2 l 1 0 VARIANTS o0 A e 101 110 114
i DISPATCH SKP SKP FLAG: FAIL | SUCC
A j _ o ) i A .
1€ DISPATCH 0 ore o0 6 o 0o VARIANTS FLG DISP VAR: LOCK WRTLQREAD| R&C WRTHIIABSNTUNDEHUNDER
CASSETTE HLT CASSETTE ISTART| STOP STOP QR SKIH STOP QR SKI
26| CASSETTE CONTROL 0 o o 0 0 0 0 0 0 1 0 N . oN an
MANIP. VARIANTS |skP=1]  MANIPULATE: | TAPE jaTaap, , QN pounoerjunoer  _ 3N o
BIAS TEST TEST FLAG: TEST/| TEST
E
3 BIAS 0 0 0 o o o oo 0o 1 1 VARIANTS  |FLAG BIAS: UNIT| F | s | Fs |No-oP| FcP INO-OP|NO-OP
4e| STOREF INTO DPW 0 0 0 0 0 0 0 0 1 0 0 SINK DPW ADDRESS
S5E| LOAD F FROM DPW 0 0 0 0 o ¢ 0 1 ) 1 | SOURCE DPWADDRESS
CYE | CYF | CYF [CYF
6E| CARY FFMANIPULATE f| o 0 0 0 0 0o 0 0 1 1 0] « | « | « | «
cyp | cYL| 1 0
PAR-| READMRITE PARITY: |GoOD| BAD DIAG WRITE/READ|READ
7E| READMRITE CACHE 0 o 0 0 0 o o 0 ! 1 VolTy VARIANTS READMRITE: RlESEIRVE|D BLKA|BLKB MICRO|KEYS
1F HALT 0 0 0 o} 0 0 0 0 0 0 0 0 0 1
3F NORMALIZE X 0 0 0 0 0 0 0 0 0 o | o ) 1 1 Py p———
KEY PARITY | PARITY ERR
CACHE
PERP DOUBLE HIT ERROR ON KEY A OR| FETCHED MICRO IN N%ATSEZLTREEE?_ing
aF BIND 0 0 0 0 0 0 0 o o0 o o | © i 0 0 KEY B M-REGISTER
S-MEMORY MICRO | SMEMORY FIELDS | ¢\ o0 oo o o | UNCORRECTABLE
SF CLEAR CACHE 0 Y 0 0 0 0 0 0 0 0 0 1 0 1 PERM | INSTRUCTION TIME- | OUT OF ADMINIS- 3 i S-MEMORY ERROR IN
ouT TRATIVE BOUNDS | REGISTER LOGGED PROC. OPS
6F INC A : 0 0 0 0 0 ] ] o o 0 i i 0
0 0 Y vl v R ' ' v S1: MICRO SOURCE | S0: MICRO SOURCE
MSSW NULL BIT NULL BIT -ROM CACHE OR FRO{FROM S-MEM OR FRO/
- LOAD LAMPS o 0 o o 0 0 o o o o | o . . ; ZEN IN M-REGISTER | ZEN IN M-REGISTER
INT. = ANY ONE OR MORE OF: CCO, CC1, CC2, CDO, CD3, INCN1, INCN3.
ZERO NO OPERATION 0 0 0 0 0 0 o 0 0 0 0 0 0 0
REGISTER SELECT INDIVIDUAL BITS OF SOME 4.8iT REGISTERS HAVE SPECIAL MEANINGS AS NOTED BELOW
THE ERROR LOG REGISTER HAS MEANINGS AS FOLLOWS: 3 2 1 0
REGISTER _ 0 ! 2 3 BICN | LSUY | CYF | cYD 1 cYL 1
23 22 21 20 19 11 10 9 g8 7 6 5 4 3 2 1 O GROUP 1 hd b
Y Y T Y T T T T T T 0 TA FU X SUM -
olpulnulsiw BOARD ROW SYNDROME 1] 18 FT Y CMPX xven | MSBX | X=Y 1 x< ¥ | X>Y ]
2| TC FLC T CMPY
3| D FLD L XANY xvsT | LSUX I INT | Y NEQO ] xNEQo |
PU: UNCORRECTABLE ERROR ON CPU ACCESS
NU: UNCORRECTABLE ERROF ON NON-CPU ACGESS * 0 TE FLE A XECY FicN |  FL=SfL | Fu>SFL | ri<sSL | FLNEQC |
S: SINGLE BIT ERROR (CORRECTED IN DATA OR CHECK-BIT) 5| TF FLF M MSKX
D: DUPLICATE ERROR OCCURRENCE (LOGGING DATA LOST) 6 | CA BICN BR MSKY INCN | PORT DEV. MISSING
. PORT HI PRIORITY | PORT INTERRUPT PORT LOCKOUT
W: BOARD/ROW/SYNDROME LOADED ON WRITE OPERATION 71 CB FLCN LR XORY
8| LA NULLA FA DiFF
NOTE: REGISTER BITS AS WELL AS MICRO INSTRUCTION BITS ARE NUMBERED 9| LB RESV FB MAXS cc |CONT PANEL STATE [ REAL TIME CLOCK | 1/0 BUSSERV. RQST | CONTROL PANEL
ACCORDING TO HARDWARE CONVENTION. MSB IS HIGHEST-ORDER 10| Lc PERM FL ULL-C LAMP FLIP-FLOP INTERRUPT INTERRUPT INTERRUPT
(AND LEFTMOST) BIT. el
11| Lp PERP TAS U
MEM. WRITE/SWAP | MEM. READ ADDR. | MEM. WRITE/SWAP
. _READ ERROR
lg tE if(g?' NUCEL 5 NDUA'\:::AD cp ME'\:‘NTERgUPT (LR/BR CHK) OUT | (LR/BR CHK) OUT |(LR/BR CHK} OUT OF
- F BD E
Il I N e oAl OF BDS OVERRID OFBDS BDS INTERRUPT
G14731/SHEET 3 OF 3 15 | co MSSW TIMR NULL
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Figure 1-47. B 1860 System Micro Chart (Sheet 3 of 3)

1-65



1C Register Move

1C MICRO

SOURCE REGISTER GROUP
00 >15
SOURCE REGISTER SELECT

00 03

DESTINATION REGISTER-SELECT
00 —>03

DESTINATION REGISTER GROUP
00 —>15
G14732

The contents of the source register are moved to
the destination register. If the move is from a
smaller register to a larger one, the data is right-jus-
tified with left (most significant) zero bits supplied.
Moves from larger registers to smaller ones are also
right-justified, but with the excess most-significant
bits truncated.

The contents of the source register are unchanged
unless it is also the destination register.

Exceptions:

a. CMND is excluded as a source register.

b. When M is used as a destination register, the

2C Scratchpad Move

operation is changed to a bit OR which modifies the
next microinstruction. It does not modify the in-
struction as stored in the memory.

¢. BICN, FLCN, XYCN, XYST, INCN, CSW,
CMPX, CMPY, XANY, XORY, XEOY, MSKX,
MSKY, DIFF, MAXS, and U are excluded as desti-
nation registers.

d. When DATA is designated as a source, CMND
and DATA are prohibited as destinations.

e. U is excluded as a source register in the Single
Micro mode.

f. TIME is excluded as a sink register.

| Mc MD ME | MF
15 14 13 12 1 10 09 [£}:] 07 08 05 04 03 02 01 00
0 0 1 0 n n n n n n n n n n n n
7 T

2C MICRO F

REGISTER GROUP

00 = 15

REGISTER SELECT

00— 03

DIRECTION

0=TO SCRATCHPAD

1 = FROM SCRATCHPAD
SCRATCHPAD WORD

0=LEFTWORD -
1 =RIGHT WORD

SCRATCHPAD WORD ADDRESS
00 15
G14733

The contents of the register are moved to the
scratchpad, or vice versa. If the source and destina-
tion of unequal lengths, the data is right-justified
with left (most significant) zero bits supplied or with
data truncated from the left, whichever is appropri-
ate. The contents of the source register are un-
changed.

Exceptions:
a. CMND is excluded as a source register; U is

1098282

excluded as a source in the step mode.

b. When M is used as a destination register, the
operation is changed to a bit OR which modifies the
next microinstruction. It does not modify the in-
struction as stored in the memory.

c. BICN, FLCN, XYCN, XYST, INCN, CSW,
SUM, CMPX, CMPY, XANY, XORY, XEOY,
MSKX, MSKY, DIFF, MAXS, and U are excluded
as destination registers.

d. TIME is excluded as a source or sink.
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3C 4-Bit Manipulate

MD ME MF
10 09 08 07 06 05 04 03 02 01 00

3C MICRO ]
REGISTER GROUP

0—> 15
REGISTER SELECT

OOR 1
VARIANTS 0 —> 7

vvv= 000 REGISTER <" LITERAL
=001 REGISTER < REGISTER AND LITERAL
=010 REGISTER < REGISTER OR LITERAL
011 REGISTER < REGISTER EOR LITERAL
100 REGISTER < REGISTER PLUS* LITERAL
=101 REGISTER < REGISTER PLUS* LITERAL;
SKIP NEXT MICRO
ON OVERFLOW
=110 REGISTER < REGISTER MINUS ** LITERAL
=111 REGISTER < REGISTER MINUS** LITERAL;
SKIP NEXT MICRO
ON UNDERFLOW
* BINARY SUM MODULO 16

** BINARY DIFFERENCE MODULO 16
LITERALO— 15

G14734

Exception: BICN, FLCN, XYCN, XYST, and
INCN, when specified as operand registers, are not
changed as a result of this operation. However, the
carry and borrow outputs are produced and a skip

4C Bit Test Relative Branch False

| mc l

can resuit.

The manipulate operation specified by the variants
is performed on the 4-bit register identified by Regis-
ter Group and Register Select.

10 09 08 07 06 05 04 03 02 O 00

4C MICRO J
REGISTER GROUP

0—>15
REGISTER SELECT

OOR 1

REGISTER BIT TO BE TESTED
0—*3

DISPLACEMENT SIGN

0 =POSITIVE
1 =NEGATIVE

LITERAL (RELATIVE DISPLACEMENT MAGNITUDE)
0—>15
G14735

The designated bit within the specified register is
tested and a branch relative to the next instruction
by the signed displacement value is taken if the bit
is 0. If the bit is 1, a displacement value of 0 is as-
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struction. A displacement value indicates the number
of 16-bit words from the next in-line instruction.
Exception: TIME is excluded as a source.



5C Bit Test Relative Branch True

| e |
15 14 13 12 1

0 1 0 1 n

5C MICRO

REGISTER GROUP

MD | ME I MF
10 09 08 07 06 05 04 03 02 01 00
n n n n n___n n_ n n n n
T ]
|

0—> 15
REGISTER SELECT

O0OR 1

REGISTER BIT TO BE TESTFD

03
DISPLACEMENT SIGN

0=POSITIVE
1 =NEGATIVE

LITFRAL (RELATIVE DISPLACEMENT MAGNITUDE)

015 :
G14736

The designated bit within the specified register is
tested and a branch relative to the next instruction
by the signed displacement value is taken if the bit
is one. If the bit is zero, a displacement value of
zero is assumed and control passes to the next in-

6C Skip When

Line M-instruction. A displacement value indicates
the number of 16-bit words from the next in-line
microinstruction.

Exception: TIME is excluded as a source.

MD | ME MF
10 09 08 07 06 05 04 03 02 O 00

&C MICRO
REGISTER GROUP

0—>15
REGISTER SELECT

OOR 1
VARIANTS 0 —> 7

vvv=000 IF ANY BIT* IS 1, SKIP THE
NEXT MICRO
=001 IF ALL BiTS* ARE 1, SKIP THE
NEXT MICRO
=010 IF MASK = REGISTER, SKIP
THE NEXT MICRO
=011 SAME AS vwv =000; ALSO, CLEAR
REFERENCED BITS ONLY TC ZERO
=100 IF ANY BIT* IS 1, DO NOT SKIP
THE NEXT MICRO
=101 IF ALL BITS* ARE i, DO NOT SKIP
THE NEXT MICRO
=110 IF MASK = REGISTER, DO NOT SKIP
THRENEYT MICRN
111 SAME AS vvv = 100; ALSO, CLEAR
REFERENCED BITSONLY TO ZERO

1}

MASK 0 —15

* REGISTER BIT (BITS)
REFERENCED BY THE MASK

G14737

Four-bit registers are specified; register bits refer-
enced by the 1 bits in the mask are tested and action
is taken as specified by the variant. (Actions are list-
ed in the figure.)

If the mask = 0000:
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a. The “‘any’” result is false, “‘all’’ is true.

b. The skip is made for vvv = 001, 011, 100.

c. The skip is not made for vvv = 000, 101, 111.

Exceptions: BICN, FLCN, XYCN, XYST and
INCN can be tested but they cannot be cleared.
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7C Read/Write Memory

| mC

15 14 13

0 1 1 1 n

7C MICRO J

DIRECTION
0=TO REGISTER
1 =TO MEMORY

10

MD

09 08 07

COUNT VARIANTS 0 —> 7

vwv = 000 NO COUNT
=001 COUNT FA UP
=010 COUNT FL UP

011 COUNT FA UP AND FL DOWN

100 COUNT FA DOWN AND FL UP

101 COUNT FA DOWN

110 COUNT FL DOWN

111 COUNT FA DOWN AND FL DOWN

nmowowonon

EGISTER NUMBER

S
I~

IS
X
Y
T
L

=]
- —0 =

FIELD DIRECTION
0=POSITIVE
1 =NEGATIVE

MEMORY FIELD LENGTH

0—> 26
G14738

The contents of the register are moved to
memory, or vice versa. If the value of the memory
field length is less than 24, the data from memory is
right-justified with left (most significant) zero bits
supplied, while the data from the “register is trun-
cated from the left.

The contents of the source are unchanged. Regis-
ter FA contains the bit address of the memory field
while the memory field direction sign and memory
field length are given in the instruction.

8C Move 8-Bit Literal

If the value of the memory field length as given in
the instruction is zero, the value in CPL is used.

Memory field length values of 25 and 26 are trun-
cated to the value 24. When used on a Write
operation, the value 25 causes all error logging and
reporting to be suppressed and correct. The value 26
used on a Write operation causes the same result,
except that incorrect error correction code bits are
wriiten into memory (equivalent to forcing bad
parity in earlier systems).

ME

07 05 03

8C MICRO |
(REGISTER SELECT =2)

DESTINATION REGISTER GROUP

015
LITERAL 00 —> 255

G14739

The 8-bit register literal given in the instruction is
moved to the destination register. If the move is to
a register that is greater than eight bits in length, the
data is right-justified with left (most significant) zero
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bits supplied. A move to the TIME register results
in resetting TIME to 0.

Exception: CSW is excluded as a destination.



9C Move 24-Bit Literal

| MC
15 14 13 12 11

MD ME MF
10 09 08 07 06 05 04 03 02 01 00

n n n n n n n n n n n

8C MICRO I

{REGISTER SELECT = 2}

DESTINATION REGISTER GROUP

0715

EIGHT MOST-SIGNIFICANT
BITS OF LITERAL (NEXT
16 BITS ARE SENT IN AN
IMMEDIATELY FOLLOWING
16-BIT UNIT).

G14740

The 24-bit literal given in the instruction is moved
to the destination register. The 16 least-significant
bits of the literal are stored in the position of the
next in-line microinstruction. If the move is between
registers of unequal lengths, the literal is truncated

10C Shift/Rotate T Register Left

| me l
15 14 13 12 11
10 1 08 =«

from the left. A move to the TIME register results
in resetting TIME to 0.

Exception: CSW and M are excluded as destina-
tions.

MD ME MF
10 09 08 07 06 05 04 O3 02 01 00

10C MICRO J

DESTINATION REGISTER GROUP
015
DESTINATION REGISTER SELECT

0—>3

SHIFT/ROTATE SPECIFIER ~——

0=SHIFT
1=ROTATE

SHIFT/ROTATE COUNT

1TO 24 BITS
(0 = 2BLCOUNT)

G14741

Register T is shifted (rotated) left by the number
of bits specified; then, the 24-bit result is moved to
the destination register. If the move is between reg-
isters of unequal lengths, the data is right-justified
with data truncated from the left.

The contents of the source register are unchanged
unless the register is also the destination register.
Zero fill on the right and truncation on the left oc-
curs for the shift operation. If the value of the shift/
rotate count as given in the instruction is 0, the val-
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ue given in CPL is used.

Exceptions:

a. When M is used as a destination register, the
operation is changed to a bit OR which modifies the
next microinstruction. It does not modify the in-
struction as stored in memory.

b. BICN, FLCN, XYCN, XYST, INCN, CSW,
SUM, XEOQY, XORY, CMPX, CMPY, XANY,
MSKX, MSKY, DIFF, MAXS. and U are excluded
as destination registers.

1-71



11C Extract from T-Register

| MC MD ME MF
1 14 13 12 11 10 0 08 07 06 05 04 03 02 01 00

1 0 1 1 n n n n n n n n n n n n

11C MICRO |

ROTATE BIT COUNT
0> 24

DESTINATION REGISTER CODE
00 = X

- O
-
(U
=<

WIDTH OF EXTRACTION FIELD
tg—>

0—>24

G14742

Register T is rotated left by the number of bits is right-justified with left (most significant) zero bits
specified; then, the number of bits specified are ex- supplied. The contents of the source register are un-
tracted. The result is moved to the destination regis- changed unless it is also the destination register. The
ter. If the extract bit count is less than 24, the data rotate value of 24 is equivalent to 0.

12C/13C Branch Relative

l MC MD ME MF
15 14 13 12 1 10 09 08 07 06 05 04 03 02 Q) 00

1 1 0 s n n n n n n n n n n n n

12C MICRO
(13C MICRO IF
BIT12=1)
DISPLACEMENT SIGN

0=POSITIVE
1=NEGATIVE

RELATIVE DISPLACEMENT VALUE
0—>4095
G14743

The next microinstruction is fetched from the loca-
tion obtained by adding the relative displacement placement value indicates the number of 16-bit
value given in this micro instruction to the word ad- words. Only the contents of the A register are af-
dress of the next in-line microinstruction. A dis- fected.
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14C/15C Call

10

ME
05

MF
02 O

MD

09 08 07 03

| mc I
15 14 13 12 1
1 1 1 n
14C MICRC __...Jl

{i5SCMICRO iIF BiT 12=1)
DISPLACEMENT SIGN

0=POSITIVE
1=NEGATIVE

RELATIVE DISPLACEMENT VALUE
0 —>4095
G14744

The address of the next in-line microinstruction is
pushed into the A-stack; then, the next microinstruc-
tion is fetched from the location obtained by adding
the signed relative displacement value given in this
microinstruction to the word address of the next in-
line microinstruction. The displacement value indi-

2D Swap Memory

| mC

15 14 13 12 11

10

cates the number of 16-bit words. Only the contents
of the A register are affected.

Note that exit is accomplished by employing the
1C (Register Move) instruction with TAS as the
source register and A as the destination register.

MUST BE ZEROS I
2D MICRO

DATA REGISTER CODE:

00 =X
01=Y
10=T
1M=L

FIELD DIRECTION
0= POSITIVE
1=NEGATIVE
MEMORY FIELD LENGTH

0—>24
G14795

Data from main memory is swapped with the data
in the specified register.

If the value of the memory field is less than 24,
the data from memory is right-justified with left

1098282

(most-significant) zero-bits supplied while the data
from the register is truncated from the left. Register
FA contains the bit address of the memory field. If
the value of the memory field length as given in the
instruction is zero, the value in CPL is used.



3D Clear Registers

MD ’ ME | MF
10 09 08 07 06 05 04 03 02 01 00

Jd
13
]
IJ

MUST BE ZEROS r
3D MICRO

L-REGISTER

T-REGISTER

Y-REGISTER

X-REGISTER

FA-REGISTER

FL-REGISTER

FU-REGISTER

CP-REGISTER

G14796

The specified (n = 1) register is unconditionally
cleared to zero. None, some, or all listed registers

4D Shift/Rotate X or Y

may be specified.

MD | ME MF
10 09 08 07 06 05 04 03 02 01 00

MUST BE ZEROS I
4D MICRO

SHIFT/ROTATE SPECIFIER

0=SHIFT
1=ROTATE

LEFT/RIGHT SPECIFIER

0=LEFT
1 =RIGHT

REGISTER SPECIFIER

0=X
1=Y

SHIFT/ROTATE COUNT

0—>24
G14797

Register X(Y) is shifted (rotated) left (right) by the
number of bits specified. Zero-fill on the right and
truncation on the left occurs for the left shift. Zero-
fill on the left and truncation on the right occurs for
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the right shift.

If the value of the shift/rotate count as given in the
instruction is 0, the amount the operand is shifted
(rotated) is 0.



5D Shift/Rotate X and Y

I me I
i5 14 i3 12 11

MUST BE ZEROS ]

5D MICRO
SHIFT/ROTATE VARIANT

0 =SHIFT
1 =ROTATE

LEFT/RIGHT VARIANT
0=LEFT
1 =RIGHT

SHIFT BIT COUNT
0—>48
G14798

Registers X and Y are shifted (rotated) left (right)
by the number of bits specified. The X-register is the
leftmost (more-significant) half of the concatenated

48-bit XY register.

6D Count FA/FL

Zero-fill on the right and truncation on the left oc-
curs for the left shift. Zero-fill on the left and trunca-
tion on the right occurs for the right shift.

MD i ME MF
10 09 08 07 06 05 04 03 02 01 00

MUST BE ZEROS ]
6D MICRO

COUNT VARIANTS0—> 7
vvv =000 NO COUNT
=001 COUNT FA UP
010 COUNT FL UP

011 COUNT FA UP AND FL DOWN
100 COUNT FA DOWN AND FL UP
=101 COUNT FA DOWN

=110 COUNT FL DOWN

=111 COUNT FA DOWN AND FL. DOWN

LITERAL 0 — 31
G14799

The designated register(s) are binarily incremented
(decremented) by the value of the literal contained in
the instruction or by the value of CPL if the value
of the literal is 0.

Neither overflow nor underflow of FA is detected.
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The value of FA may go through its maximum value
or its minimum value and wrap around. Overflow of
FL is also not detected. The value of FL may go
through its maximum value and wrap around. Un-
derflow of FL is detected and will not wrap around,
zero is left in FL.
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7D Exchange Doublepad Word

| MC | MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
0 0 0 0 0 1 1 1 n n n n n n n n

MUST BE ZEROS |
7D MICRO

DESTINATION 48-BIT SCRATCHPAD WORD

SOURCE 48-BIT SCRATCHPAD WORD

~
G144

The contents of the FA and FB registers are FA and FB registers, respectively. The contents of
moved to a holding register. The contents of the left the holding registey are moved to the left and right
and right source scratchpad words are moved to the words of the 48 bit destination scratchpad word.

8D Scratchpad Relate FA

l MC MD ME MF
15 14 13 12 11 10 09 08 O07 06 O05 04 03 02 Ol 00

0 0 0 0 1 0 0 0] n n n s n n n n

MUST BE ZEROS J
8D MICRO
RESERVED

SIGN OF SCRATCHPAD WORD
0 =POSITIVE (ADD)

1 =NEGATIVE {SUBTRACT)
LEFT SCRATCHPAD WORD
G14801

The contents of the FA register are replaced by
the sum of the FA register and the specified scratch- operation). Neither overflow nor underflow of FA is
pad register or the difference between them (subtract detected.

9D Monitor

MC MD MEI | MF
5 14 13 12 11 10 09 08 07 06 ©05 04 03 02 01 00

MUST BE ZERQOS |
9D MICRO
NOT USED

LITERAL OCCURRENCE IDENTIFIER
G14802

Monitor has no function programmatically and is
treated as a no-op. However, execution of a 9D mi-

cro generates a special marker pulse which may be LOI Value Signal (Mnemonic)
used to activate or synchronize external test equip- 00. 01 ‘

. L , 01, 10 or 11 MONTOREO
ment. The Literal Occurrence Identifier (LOI) pro- 00 MNTRO.EO
duces the following special identifying pulses when 01 MNTR1.E0
used: 10 MNTR2.E0
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10D Nano Move

[ MC | MD ME MF
16 14 13 12 11 10 09 08 O07 06 05 04 03 02 01 00
0 0 0 0 1 4] 1 0 v S S S S n n n
T T
MUST BE ZERGS ; i
10D MICRO I
VARIANT !
0 = CONTINUE
1 = ABORT

STOPPING SEQUENCE (1-—8)

NANO PORTION SPECIFIER

SPECIFIER NANO BiTS
nnn = 000 0-17
=001 18 — 41
=010 42 — 65
=011 66 — 89
=100 90 — 113
=101 — 111  UNDEFINED
G14803

The contents of a specified portion of the Nano
register are stored in the BR register during execu-
tion of the following micro. Nano Move is used to
monitor conditions existing within the processor mi-
crodecoding structure for diagnostic purposes. It is
treated as a no-op, and acts only to preset the con-
trol logic for carrying out the desired function during
the following micro.

Execution of the following micro is altered as fol-
lows. The following micro begins executing in the
normal manner, but the process is halted when the
nano sequence number equals the Stopping Se-
quence Specifier in the 10D micro (this may occur
during the first or any subseguent sequence, as re-
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quired). At this time the nano portion (those bit posi-
tions of the Nano register called for by bits 00-02 of
the 10D micro) is moved to the BR register.

Processor actions following the move to BR de-
pend on the variant portion of the 10D micro. If the
Abort option is selected, the micro being tested is
terminated by clearing the Nano register. Following
this, the next micro in sequence is executed normal-
ly. If the Continue option is selected, the nano regis-
ter is shifted until the contents regain their original
position, then execution of the micro being tested re-
sumes. In either case (Abort or Continue), the
original contents of BR are lost.
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11D Diagnostic Read/Write Memory

MUST BE ZEROS
11D MICRO

!
L

REGISTER SELECT CODE
00 = X REGISTER
01 =Y REGISTER
10 = T REGISTER
11 =L REGISTER

TRANSFER WIDTH SIGN

0=+

UNIT SELECT
0= MEMORY BASE UNIT
1 =PORT INTERCHANGE

MODE
0 = MEMORY
1=ECHO

READ/WRITE

0=READ
1 =WRITE (OR ECHO)

ECHO VARIANTS

00 = PORT INTERCHANGE

01 = READ THE WRITE DATA REGISTER
10 = READ THE ADDRESS REGISTER

11 = READ THE ERROR LOG REGISTER

G14804

Data is moved to or from the memory or port in-
terchange as specified by the variants selected. The
origin or destination for this data is the X, Y, T or
L register in the processor. Where memory access is
specified, the memory address is determined by the
contents of FA. The possible operations and the as-
sociated data formats follow.

WRITE MEMORY

NOTE
Variant combinations other than those
described below are illegal, and will
produce undefined results.

07 05 03 02 01

x =DON'T CARE

G14805

Sixteen data bits plus six error-correction bits are
written at the memory location (even word bound-
aries only) specified by FA. The ability to write into

the check bit storage elements is provided primarily
to permit performance verification. The following
data format is used.

23 22 21 20 19 18{17 16|15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
c c¢cccccjo oyjb b bbb b bbb DDUDDDDDD
- 7
CHECK BITS T
ALWAYS ZERO
DATA
G143C6
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READ MEMORY

11 10 09 08 07 06 05 04 03 02 01 0C

o} o 0 0 1 0 1 1 R R |T 0 0 0 x x
x = DON'T CARE
G14807
Sixteen data bits plus one parity bit and six error Performance verification for the error correction log-
correction bits are read from the memory location ic is incorporated into the applicable maintenance di-

(even word boundaries only) specified by FA.

agnostic programs. The following data format is

Parity is odd for 16 data bits plus the parity bit. used.

CHECK BITS

23 22 21 20 19 18

1711615 14 13 12 11 10 09 08 07 06 05 04 03 02 01 Q0

c ¢ c c Cc ¢

o(p{Db D D DDDUDUDUDDDDDUDD D

D

PARITY

- a

DATA
G14808

READ ERROR-LOG REGISTER

x = DON'T CARE
G14309

11 i0 09 08 07 06 05 04 03 02 01 00

The contents of the Error Log Register _(in thp
Memory Base Unit) are read and the register i1s cieared. The following data format is used.

D = DUPLICATE ERROR

P = PROCESSOR ERROR

N = NON-PROCESSOR ERROR
S =SINGLE-BIT ERROR

W =READ/WRITE ERROR

2312212120119 (18 17 16 15 14 13 12{11 10 03 08|07 06}05 04 03 02 01 00

DIPIN}{SiWI]O

0 0 0o 0 0 0})B B B B|R R|S S S S s s

\

- 4\1 \ /

NOT USED

BOARD LOCATION OF ERROR
(0—15)

ROW LOCATION OF ERROR

0—>3)

SYNDROME
G14310
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READ WRITE-DATA REGISTER

1 14 13 12|11 10 09 08 |07 06 |05 03 | 02| o1
0 0 0 0 1 0 1 1 R R x 1 0| 0
» = DON'T CARE
G14811
The contents of the Write Data register (in the
memory base unit) are read. Data format is the same as before transmission to memory.
READ ADDRESS REGISTER
15 14 13 12 |11 10 09 08 [07 06 |05 03 | 02 | o1
0o o 0 0 1 0 1 1 R R x 1 0 1
x = DON'T CARE
G14812
The contents of the Address register in the
memory base unit are read. Data format is the same as the A-register in the processor.
READ PORT INTERCHANGE LATCHES
15 14 13 12 /11 10 09 08 |07 06 |05 03 | 02 | o1
0 0 0 0 1 0 7 1 R R x 1 0 0
x = DON'T CARE
G14813
The contents of the Port Interchange latches are placed there by a previous operation. The data for-
read. These latches contain whatever data was mat is the standard 24-bit field.
ECHO PORT INTERCHANGE WRITE DATA
5 14 13 12 [11 10 09 08|07 06 | 05 03 | 02 | o1
x = DON'T CARE 6 o o o1 o 1t 1 [|R R|x 1] 1| €
G14814
The contents of the selected register are returned
to the Port Interchange where they are stored in the EE = 00 Data is returned directly.
Read Data latches. The stored data is then returned EE = 01 Data is returned via port adapter I.
to tne source by the route specified by the echo vari- EE = 10 Data is returned via port adapter 2.
ant: EE = 11 Data is returned via port adapter 3.
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1E Dispatch

MD ME MF
09 08 07 06 05 04 03 02 01 00

0 0 0 0 0 1 n n n n

MUST BE ZEROS

1E MICRC

VARIANTS:

000 = LOCKOUT
001 = WRITE LOW

010 = READ

011 = READ & CLEAR

100 = WRITE HIGH

101 = PORT ABSENT
SKIP VARIANT

0 =SKIP IF ALREADY LOCKED
1 = SKIP IF NOT ALREADY LOCKED

G14815

The Dispatch micro is used to initiate port-to-port
communications and to receive interrupt information
from other ports. Since the dispatch system is
shared by all ports, the processor must gain control
of it by successfully completing a lockout operation
prior to a dispatch write.

The skip variant allows skipping of the next 16-bit
instruction based upon success or failure of the
lockout attempt.

The Write Dispatch operation sets the lockout and
interrupt flip-flops in the port interchange. This oper-
ation also causes the contents of the L-register to be
stored in memory location 0 (24 bits) and the con-
tents of the least-significant seven bits of the T-regis-
ter (port and channel) to be stored in the port inter-
change dispatch register. In addition, the Write oper-

2E Cassette Control

15 14 13 12 1 11

ation sets or resets the high-priority-interrupt flip-
flop in the port interchange.

The Read Dispatch operation moves the contents
of memory location 0 (24 bits) into the L-register and
the contents of the port interchange dispatch register
into the least-significant seven bits of the T-register.
The other 17 bits of the T-register are unaffected.

The Read and Clear Dispatch operation, in addi-
tion to performing the Read Dispatch operation,
clears the lockout flip-flop, the two interrupt flip-
flops, and the port device absent flip-flop in the port
interchange. It does not clear any memory locations.

The Port Absent operation is executed by the pro-
cessor when necessary to return a port absent level
signal to another port, indicating the absence of the
designated channel.

MD ME MF
09 08 07 06 05 04 03 02 01 00

0 0 0 0 1 0 v v v n

2E MICRO

VARIANTSO0—> 7

vw = 000 START TAPE (BITS 1,2, AND 23 =19
=001 STOP/SKIP TAPE
=010 STOP/SKIP TAPE IF X NEQY
=011 STOP/SKIP TAPE IF FA NEQ BR
=100 RESERVED
=101 RESERVED
=110 STOP/SKIP TAPE IF X = Y
=111 STOP/SKIP TAPE IF FA = BR

HALT/SKIP FLAG
G14816

L8
MUST BE ZEROS l
NOTE: ALL STOP TAPE VARIANTS CAUSE THE CASSETTE TAPE TO HALT
IN THE NEXT AVAILABLE GAP. THE PROCESSOR ALSO HALTS
IF IT IS IN THE TAPE MODE.
The operation specified by the variants is per- formed by the tape cassette.
1-81
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3E Bias

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
0 0 0 0 0 0 0 0 0 0 1 1 v v v n
_
MUST BE ZEROS - ]
3E MICRO
VARIANTS 0 —> 7
vvv =000 FU
=001 24 or FL

=010 24 OR SFL

011 24 OR FLOR SFL
100 CPL

=101 24 OR CPL OR FL
=110 CPL

=111 NOT DEFINED

TEST CPL#0 FLAG
0=NO TEST
1=TEST CPL RESULT

G14817

This microinstruction sets CPU to 1 if FU is 4 or
8; otherwise it sets CPU to 0. Exception if vvv
010, SFU, not FU, is the determinant.

This microinstruction also sets CPL to the smal-

4E Store F in Doublepad Word

lest of the values given in the applicable vvv variant.

If Test CPL Unequal To Zero flag = 1 and the fi-
nal value of CPL is not 0, the next microinstruction
is skipped.

| Mmc l MD ME | MF
1 14 13 12 11 10 09 ©08 07 06 O05 04 03 02 O1 00
0 0 0 0 0 0 0 0 0 1 0 0 n n n n
MUST BE ZEROS |
4E MICRO
SCRATCHPAD WORD ADDRESS
0—>15
G14818

The contents of the FA and FB registers are
moved to the left and right words, respectively, of

5E Load F From Doublepad Word

I me I

15 14 13 12 1"

0 0 0 0 0

10

the designated scratchpad address.

ME
05

MF
02

MD

09 08 07 03 01

0 0 0 1 0 1 n n n n

MUST BE ZEROS |
5 MICRO

SCRATCHPAD WORD ADDRESS
015
G14819

The contents of the left and right words at the des-

ignated scratchpad address are moved to the FA and
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FB registers, respectively.



6E Carry Flip-Flop Manipulate

l MC | MD ME MF
15 14 13 12 11 10 09 08 07 05 03 02 01 00
0 0 0 0 0 0 0 0 0 1 v v v v
MUST BE ZEROS 1
6E MICRO
VARIANTS
vvvv = 0001 SET CYF TO O
= 0010 SET CYF TO 1
= 0100 SET CYF TOCYL
= 1000 SETCYF TOCYD (NOTE: CYD = (X< Y) OR {{X = Y) AND CYF)
(14820
The carry flip-flop is set as specified by the vari- ants.
7E Read/Write Cache
| Me | MD ME MF
15 14 13 12 11 10 09 08 07 05 03 02 01 00
0 o0 o0 0 o0 0 0 0 0 1 P v v
MUST BE ZEROS I
7E MICRO
PARITY FLAG
VARIANTS 0 > 7
vvv =000 CONSOLE WRITE A
= 001 CONSOLE WRITE B NOT EXECUTABLE
=010 CONSOLE READ MICROS PROGRAMMATICALLY
=011 CONSOLE READ KEYS
=100 DIAGNOSTIC WRITE A
=101 DIAGNOSTIC WRITE B
" =110 DIAGNOSTIC READ MICRO ( SEETEXT
=111 DIAGNOSTIC READ KEYS
G14821
Data is moved to or from Cache memory as ] ) )
specified by the variant selected. Diagnostic variants are described in the following paragraphs.
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VARIANT 100: DIAGNOSTIC CACHE WRITE
BLOCK A

The contents of the X, Y, T, and L registers are
written into block A of Cache at the addresses

specified by the contents of FA. The FA address
format is as follows.

23 22|21 20 19 18 17 16 15 1413 12 11 10 09 08 07 06|05 04 03 02 01 00
x x|K K K K K K K K[r 1 1 1 1 1 1 1{x x x x x x
KEY S Y X y
T
INDEX ]
x = DON'T CARE
G14822

The register contents are written into Cache as fol-
lows:
X to word 0

The data format for X, Y, T and L is as follows:

Y to word 1
T to word 2
L to word 3

23 22 21 20 19 18 17

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

X X X X X X X

D bDDDDWDUDUDUDTUDDUDDUDDD

PARITY BIT

KYI\

DATA

]

x = DON'T CARE
G14823

The parity bit is selected for an odd sum for 16
data bits plus the parity bit itself. LRU does not
change.

The sequence of operations is as follows:

a. Save A.

b. Move the contents of FA to A.

¢. Write the contents of X in Cache word 0, block
A.

d. Write the ‘‘key’” portion of the address in FA
in the Cache key storage; set the validity bit in the
key storage; generate and write parity in the key
storage.

e. Write the contents of Y in Cache word 1, block
A.

f. Write the contents of L in Cache word 3, block
A.
g. Restore the A register.

VARIANT 101: DIAGNOSTIC CACHE WRITE
BLOCK B

This operation is the same as for variant 100, ex-
cept that the data is written into block B.

VARIANT 110: DIAGNOSTIC CACHE READ
DATA

One word is read from Cache at the address
specified by the contents of FA. The read data is
moved to the X register. The FA address format is
as follows.

03 02 01 00

W w|lx x x x

23 22|21 20 19 18 17 16 15 14|13 12 11 10 09 08 07 06|06 04
x Xx|K K K K K K K K]JI | 1 I 1 | 1 I
e
KEY \ T % T ﬁ.—.—)
INDEX
WORD
x = DON'T CARE
G14824

An associative read is performed. The read occurs
if the validity bit is faise and the keys maich. The
data format is the same as for the Diagnostic Cache
Write, except that the parity bit is absent (the read
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data bypasses the M register). If there is a Miss (fail-
ure of key comparison)}, all zeros will be returned to

X. LRU will be set to the block not selected if there
is a Hit.

—




VARIANT 111: DIAGNOSTIC READ CACHE
KEYS

The contents of both keys (A and B) at the
specified index plus the Hit/Miss status, validity bits,
and the LRU bit are read. The index address is de-

termined by the contents of FA. The FA address
format is the same as for the Diagnostic Cache
Write, except that only the Index portion has
§igniﬁcance. The data is moved to X in the following
format:

231221211 20119118

17 16 15 14 12 12 11110082

C8 07 06 06 04 03 02 0100

K K K K K K K K|VIP

K K K K K K K K|V

Llolu[n]P
LRU ~

ALWAYS ZERO T

HIT BLOCK B

HIT BLOCK A

PARITY BLOCK B |
KEY BLOCK B

)H ,_)H P__L A

VALIDITY BLOCK B

PARITY BLOCK A

KEY BLOCK A

VALIDITY BLOCK A

G14825

This is a non-associative read. Nothing in Cache
is changed as a result of the operation. If there is a

1F Halt

key parity error, PERP2 and CD3 are set.

MD ME MF
10 09 08 |07 O O05 O4 I 03 02 01 00

0 0 0 0 0 0 0 0 0 0 1

MUST BE ZEROS

1F MICRO

G14826

The execution of microinstructions is stopped, and
the processor halts with the next micro in the M-reg-

3F Normalize X

ister.

MD { ME MF
10 09 08 | 07 06 05 04 [ 03 02 O 00

0 0 0 0 0 0 0 0 0 1 1

T

MUST BE ZEROS
3F MICRO

G14827

The X register is shifted left while counting FL
down. This continues until FL = 0 or until the bit
in X referenced by CPL = 1. Zeros are shifted into
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the rightmost end of Y. CPL = 1 references the
rightmost bit of X, while CPL = 24 references the
leftmost bits of X. CPL = 0 is undefined.
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4F Bind
MC MD ME MF

15 14 13 12 11 10 08 08 07 06 05 04 03 02 01 00

0 0 0 0 0 0 0 0 0 (] (o] 0 0 1 0 0

MUST BE ZEROS l

4F MICRO
G14828

The 24-bit sum of the L register and T register bis in length, the lower four bits and upper two bits
contents are moved to the A register. Since A is 18 of the sum are lost.

5F Clear Cache

MC | MD ME | MF
5 14 13 12|11 10 o0 o8io7 06 06 o4 |03 02 01 00
0o 0 o0 0O ©O0 o0 O0 6 0 O0 0 0 O0 1 0 1

MUST BE ZEROS l

5F MICRO
G14829

The entire Cache memory is cleared. This micro

clears all key bit storage to 0, sets all validity bits therefore the least recently used storage is block A.
to 1 and all parity bits to 0. The LRU bits are set Actions taken regarding the micro storage portion of
to indicate that block B was most recently accessed; Cache are unspecified.

6F Increment A

MC MD ME MF
15 14 13 12 1 10 00 08 107 08 O5 O4 |03 02 O 00

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0

MUST BE ZEROS T

6F MICRO
G14830

The A register is incremented by 1 regardless of _
the processor mode of operation (A is not automatically incremented in the Tape mode).

Zero No Operation

MC MD ME MF
15 14 13 12 1" 10 08 08 07 08 ©05 O04 (03 02 Of oo

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MUST BE ZEROS |

(()F MICI)!O

NO-OP \

G14831 2ER0 NOOP
This microinstruction specifies a skip to the next sequential instruction.
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GENERAL

This section describes the initial set-up and check-
out procedures for the B 1870/B 1860 Central Sys-
tem, and provides instructions for field expansion.
The information contained herein supplements the
B 1870/B 1860 Planning and Installation manual
(Form 1095593). To install a system, proceed as di-
rected in the following paragraphs.

PHYSICAL PREPARATIONS FOR
OPERATION

Physical preparation of the Central System in-
volves unpacking, mechanical assembly, and making
the necessary electrical connections. These proce-
dures are described in the B 1870/B 1860 Planning
and Installation Manual, FETM 1095593.

SUBASSEMBLY CHECKLIST

It is appropriate at this time that a check be per-
formed to ensure the presence of all necessary su-
bassemblies. Check the following items in the order
listed. (Refer to figure 3-12 for orientation.)

J | H G F

SECTION 2
INSTALLATION

a. Inspect the processor and I/O Base frontplane
to ensure that the logic and memory cards are in-
stalled in their proper locations. Refer to figure 2-1.

b. Inspect the memory base frontplane to ensure
that the proper number of logic cards and S-memory
storage cards are installed. Refer to figure 2-2.

c. Port-Connect Systems Only. Inspect the special
4-card backplane to ensure that the port interchange
and port adapter cards are installed in their proper
locations. Refer to figure 2-2.

d. Check to ensure that all frontplane cables are
installed in their proper locations. Refer to table 2-
1.

NOTE
Cables connected to the I/O controls
are not shown.

e. Check to ensure that all mechanical connec-
tions within the central system cabinet are secure,
and that there are no loose wires, components, Or
other obvious compromises to the physical integrity
of the unit.
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Figure 2-1. B 1870/B 1860 Processor and I/O Base Card Locations
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PORT INTERCHANGE-3
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From

Card A3 X$
Card A3 X#

Card A3 Y$
Card A3 Y#
Card E3 X$
Card E3 Y$
Card F3 X$
Card F3 X#
Card F3 Y$
Card G3 X#
Card G3 Y$
Card N3 Y#
Card P3 X$
Card P3 X#
Card Q3 X$
Card Q3 Y#
Card R3 X$
Card R3 Y$

*  Port Connect System
Only
** When Used

NOTE

v’

MEMORY BASE UNIT-3

THE PORT INTERCHANGE IS OMITTED IN SYSTEMS WHICH DO NOT REQUIRE IT

Table 2-1. B 1870/B 1860 Frontplane Cable Locator

To

Card R3 Y#
Card U3 Y#*
Card S3 Y#
Card U3 X#*
D/M Console J1
D/M Console J2
Card F3 X$
D/M Console J3
Card E3 X$
Card G3 X#
Card G3 Y$
Card F3 X#
Card F3 Y$
Shared Cassette Board J4
Card R3 X$
Card S3 X#
Card S3 Y$
Card R3 Y$
Card P3 X$
Card Q3 Y#

From

Card R3 Y#

Card S3 X#
Card S3 Y$
Card S3 Y#

Card U3 X$
Card U3 Y#
Card U3 Y$
Card U3 X#
D/M Console J1
D/M Console J2
D/M Console J3
D/M Console J7
Shared Cassette

Shared Cassette
Shared Cassette

Shared Cassette
Shared Cassette

Board J1
Board J2
Board J3

Board J4
Board J5

Figure 2-2. Port Interchange-3 and Memory Base-3 Card Locations

To

Card A3 X$

Card S3 Y$*

Card P3 X#

Card Q3 X$

Card A3 X#

Card U3 X$*

Card S3 Y#*

Card A3 X$*

Card R3 Y#*

Card A3 X#*

Card A3 Y$

Card A3 Y#

Card E3 Y$

Shared Cassette Board J5
Cassette No. 1 (Lower OP

Panely **

Cassette No. 2 (Upper OP
panel)

Cassette Control Card 1Y
Card N3 Y#

D/M Console J7

# *x



CENTRAL SYSTEM OPERATIONAL
CHECKOUT

When physical installation of the Central System
has been completed and connection has been made
to the electrical power source, an operational che-
ckout must be made. This testing procedure is to en-
sure that the unit will perform as expecied. The op-
erational checkout procedure consists of the fol-
lowing phases:

a. Static tests (POWER OFF).
b. Static tests (POWER ON).
¢. Dynamic tests.
These procedures should be performed in the or-
der listed.

CAUTION
The Central System operational che-
ckout concerns the processor and S-
memory only. Therefore, do not con-
nect or attempt to utilize any peripheral
devices until the checkout is com-
pleted.

Static Tests (Power Off)

These tests are to ensure that the Central System
will not fail due to either shorts or open circuits.

a. Make sure that both the system and source cir-
cuit breakers are in the OFF position.

b. Using a Triplett 630 VOM or equivalent, make
sure that a measurable amount of resistance exists
between the +4.75V, -2.0V, +12V and -12V logic
supply outputs and ground.

¢. Check to ensure that a measurable amount of
resistance is present between each of the logic sup-
ply outputs mentioned in step b.

d. Check for continuity between the logic power
supply outputs and the backplane pins listed in table
2-2.

Table 2-2. Logic Power Continuity Test

Voltage Backplane Pin(s) Card(s)
+4.75V 0AX, IAX All logic cards.
-2.0V 0ZX,1ZX All logic cards.
GND IDX, 1JX, 1QX, 1WK All logic cards.
+12.0V 1LY 1/0 Control cards
only.
-12.0v OZX, 1AY All fogic cards.

Static Tests (Power On)

These tests are performed to ensure that the basic
conditions for proper system operation are present,
and that those parameters which are adjustable are
set to the proper values. The power-on Static tests
involve three major areas within the system:
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a. Power Supplies
b. Clock Circuits
c. Console.

This testing is performed by manipulation of the
console controls. For further information on use of
the console controls, refer to section 1 of this
manuaj.

Powering Up
Apply power to the system as follows:

CAUTION
Prior to powering up, ensure that the
retaining plate for the power supply
swing arms is in place; if not, this arm
will contact the lower bus board and
destroy the -2V supply.

a. Place both the source and system circuit break-
ers in the ON position.
b. Switch POWER to ON. The POWER switch is

located beneath the console table, on the left pede-
stal.

If power is applied, the ON lamp lights, the blow-
ers start, and some of the console lights may flicker.
If not, refer to section 4 of this manual.

Power Supply Tests

When the system has been successfully powered
up, check the output voltages of the logic power
supply. The proper voltages are shown in table 2-3.

NOTE
Supply voltages are measured on the
backplane.

Table 2-3. System Operating Voltages

Voltage Nominal
Output Voltage Tolerance
+4.75V +4.95V +0.010V
-2.0V -2.15V +0.010V
+12.0V +12.00V +0.10V
-12.0V -12.00V +0.10V

Clock Circuit Tests

Perform the Clock Circuit Adjustment Procedure
outlined in section 5 (Adjustments), taking corrective
action only if the measured signals fail to meet
specifications.

Console Tests

Before operation under program control is at-
tempted, it is desirable to verify that all operational
functions and capsbilities of the Central System logic
are working correctly and are accessible.

Perform the following tests in order listed, using
the following Test Execution procedures.
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TEST EXECUTION PROCEDURE

a. Press the CLEAR pushbutton.

b. Place the REGISTER SELECT rotary switch
in the designated position.

c. Place the REGISTER GROUP rotary switch in
the designated position.

d. Set the 24 console switches to the required val-
ue (expressed in hexadecimal).

e. Press ther LOAD pushbutton.

f. Follow the Special Instructions specified for the
test.

Card Test 1

Verify the ability to load all registers in the Regis-
ter Select 2 grouping. Set the following controls as
indicated:

. Press CLEAR

. REGISTER SELECT rotary switch = 2
. REGISTER GROUP rotary switch = X
. Toggle switches = FFFFFF (all “‘up™)
. Press the LOAD pushbutton.

o o0 g

After each depression of the LOAD pushbutton,
rotate the REGISTER GROUP switch clockwise one
position, until one revolution is completed. The test
results are shown in table 2-4.

Table 2-4. Register Loading Test Results

Register Group Indicator Lights

X FFFFFF

Y FFFFFF

T FFFFFF

L FFFFFF

A 3FFFFO0

M --FFFF

BR FFFFFF

LR FFFFFF

FA FFFFFF

FB FFFFFF

FL --FFFF )

TAS No Change (source only)

CP ----FF

NULL 000000

DATA 000000

CMND 000000

TIME Counts up (continuously)
- = don’t care.

24

Test 2

Verify the ability to change all registers in the
REGISTER SELECT 2 grouping.

Press CLEAR.

REGISTER SELECT rotary switch = 2.
REGISTER GROUP rotary switch = X.
Toggle switches = 000000 (all ‘‘down’’).
Press the LOAD pushbutton.

oo oW

Each time the LOAD pushbutton is pressed, ro-
tate the REGISTER GROUP switch one position
clockwise until one revolution is completed. The test
results are shown in table 2-5.

Table 2-5. Register Change Test Results

Register Group Indicator Lights

X 000000

Y 000000

T 000000

L 000000

A --0000

M --0000

BR 000000

LR 000000

FA 000000

FB 000000

FL --0000

TAS No change (source only)
CP ----00

NULL 000000

DATA 000000

CMND 000000

TIME Counts up {Continuousiyj

Test 3

Verify the ability to address the T and L registers
in 4-bit increments.

a. Press CLEAR.

b. REGISTER SELECT rotary switch to 2.

¢. REGISTER GROUP rotary switch to T.

d. Toggle switches to ABCDEF (10, 11, 12, 13,
14, 15).

e. Press LOAD.

f. REGISTER GROUP rotary switch to L.

g. Press LOAD.

Next, set the following switches:



a. REGISTER SELECT rotary switch to 0

b. REGISTER GROUP rotary switch from TA
through LF, disregarding the contents of CA and
CB. The expected results are shown in table 2-6.

Table 2-6. T and L Register Test Results

Register Group Indicator Lights
p g

TA 00000A
TB 00000B
TC 00000C
TD 00000D
TE 00000E
TF 00000F
LA 00000A
LB 00000B
LC 00000C
LD 00000D
LE 00000E
LF 00000F

Test 4

Verify the ability to address registers CA, CB,
CC, and CD as either four-bit sources or destina-
tions.

. Press CLEAR. '

. REGISTER SELECT rotary switch to 0.
. REGISTER GROUP rotary switch to CA.
. Toggle switches to 00000F.

. Press LOAD.

. Rotate the REGISTER GROUP rotary switch
clockw1se one position.

g. Press LOAD.

h. Repeat steps f and g until the REGISTER
GROUP rotary switch is at TE.

i. Set the REGISTER GROUP rotary switch to
CA

J. Toggle switches = 000000.

k. Repeat steps e, f, g, and h.

mOo o0 o

The test results are shown in table 2-7.

Table 2-7. C Register Test Results

Toggle Switches = 00000F  Toggle Switches = 000000

CA = 00000F CA = 000000
CB = 00000F CB = 000000
CC = 00000F CC = 000004*
CD = 000008 CD = 000000

* Real Time Clock Interrupt sets CC2.

Test 5

Verify the ability to address the FB register in
four-bit increments.

a. Press CLEAR.

b. REGISTER SELECT rotary switch = 2.
c. REGISTER GROUP rotary switch = FB.
d. Toggle switches = ABCDEF.

e. Press LOAD.

Next set the following controls as indicated:

a. REGISTER SELECT rotary switch = 1.

b. REGISTER GROUP rotary switch: rotate 1 po-
sition at a time from FU to FLF.
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The test results are shown in table 2-8.

Table 2-8. FB Register Test Results

Register Group Indicator Lights

FU A
FT B
FLC C
LD D
FLE E
FLF F

Test 6
NOTE
In tests 6 through 11, the X and Y con-
ditions are checked. Performing these
tests verifies that the basic logic of the
ALU is functioning properly.

Verify that X = Y when X and Y are set to 0.

a. Press CLEAR.

b. Set X and Y registers to 0.

c. REGISTER SELECT rotary switch

d. REGISTER GROUP rotary switch
(X and Y conditions).

1.
XYCN

No further action is needed. The results will ap-
pear on the indicator lights, and should be 000004
(bit 3 of XYCN register true) which indicates that
X=Y.

Test 7

Verify that X > Y when the contents of the X reg-
ister are greater than those of the Y register. Set the
following controls as indicated:

. Press CLEAR.
. Set Y register to 0.
. REGISTER SELECT rotary switch = 2
. REGISTER GROUP rotary switch = X.
. Toggle switches = 000001.

Press LOAD.
. REGISTER SELECT rotary switch = 1.
. REGISTER GROUP rotary switch = XYCN.

o' hoo OO0 O R

The results should be 000001 (X > Y).

Test 8
Verify that X < Y when the contents of t 1€ X reg-
ister are less than those of the Y registe

a. Press CLEAR.
b. Set X register to 0.
c. REGISTER SELECT rotary switch = 2.
d. REGISTER GROUP rotary switch = Y.
e. Toggle switches = 000001.
f. Press LOAD.
g. REGISTER SELECT rotary switch = 1.
h. REGISTER GROUP rotary switch = XYCN
The results should be 000002 (X < Y).
2-5



Test 9

Detect the most significant bit of X (MSBX).
. Press CLEAR.

. REGISTER SELECT rotary switch = 2.

. REGISTER GROUP rotary switch =

. Toggle switches = 800000.

. Press LOAD.

REGISTER GROUP rotary switch = CP.
. Toggle switches = 000018.

. Press LOAD.

REGISTER SELECT rotary switch = 1.
REGISTER GROUP rotary switch = XYCN.

e O OO O

The results should be 000009 (MSBX and X > Y).

Test 10
Verify that the X register not equal to 0 (X NEQ
0) and not least significant unit of X (LSUX) true
may be detected.
. Press CLEAR.
. REGISTER SELECT rotary switch = 2.
. REGISTER GROUP rotary switch = X.
. Toggle switches = 000001.
. Press LOAD.
REGISTER GROUP rotary switch =
. Toggle switches = 000000.
. Push the LOAD pushbutton.
REGISTER SELECT rotary switch = 1.
REGISTER GROUP rotary switch = XYST.

T tho A0 O

The results should be 00000D (X unequal to 0,
" LSUX and INT OR).

Test 11
Verify that Y register not equal to 0 (Y NEQ 0)

may be detected.

. Press CLEAR.

. REGISTER SELECT rotary switch = 2.

. REGISTER GROUP rotary switch = Y.

. Toggle switches = 000001.

. Push the LOAD pushbutton.
REGISTER SELECT rotary switch =

. REGISTER GROUP rotary switch =

[ Bl =P o B al )

1.
XYST.

The results should be 000006 (Y unequal to 0 and
INT OR).

Test 12

Verify the ability to address the CP and CPU reg-
ister as a sink.
. Press CLEAR to set CP to zero.
. REGISTER SELECT rotary switch = 1.
. REGISTER GROUP rotary switch = CPU.
. Toggle switches = 000003.
. Press LOAD.
REGISTER SELECT rotary switch =
. REGISTER GROUP rotary switch =

o Q0 g

2.
CP.

1]

Results should be 000060 (CPU is bits 5 and 6 of
CP).
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Test 13

NOTE
Tests 13, 14, 15, and 16 check the
ability to read and write into memory
from the console.

Verify that the A register is incremented when the
INC pushbutton is pressed.

a. Press CLEAR pushbutton.

b. REGISTER SELECT rotary switch =
MEMORY MODE
“““““““ = CMR.
d Press the INC pushbutton seven times.

e. REGISTER SELECT rotary switch =

f. REGISTER GROUP rotary switch =

Results should be 800070. (Each increment of A is
binary weight 16.)

NOTE
The A register may be incremented
only when CAW, CBW, CMR, or CKR
is selected.

Test 14

Verify that 16 bits may be written into Cache
Memory at Block A Address Zero (0).

Press CLEAR.
REGISTER SELECT rotary switch = 2.
REGISTER GROUP rotary switch = A.
Toggle switches = 000000.
Press LOAD. (This action clears A.)
REGISTER SELECT rotary switch =
MEMORY MODE.

g. REGISTER GROUP rotary switch =
(Cache Block A Write).

h. Toggle switches = FFFFFF (Write Data).

i. Press LOAD.

j- REGISTER GROUP rotary switch =
(Cache Memory Read).

k. Press LOAD.

The result should be 00FFFF.

mo a0 o

CAW

CMR

Test 15

Verify that the FA register is incremented when
SR (S-Memory Read) or SW (S-Memory Write) is
selected and the INC pushbutton is pressed.
Press CLEAR.
REGISTER SELECT rotary switch =
REGISTER GROUP rotary swiich = FA.
Toggle switches = 000000.
Press LOAD. (This action clears FA.)
REGISTER SELECT rotary switch =
MEMORY MODE.

g. REGISTER GROUP rotary switch = SR16 (S-
Memory Read 16 Bits).

h. Press INC once.

i. REGISTER SELECT rotary switch = 2.

j. REGISTER GROUP rotary switch = FA.

e oo o



Result should be 000010 (FA increments by binary
weight 16 each time INC is pressed).

NOTE
FA will increment when REGISTER
SELECT is in SR or SW.

Test I6

Verify that 24 bits may be written into S-memory
at address 0.
. Press CLEAR.
. REGISTER SELECT rotary switch = 2.
. REGISTER GROUP rotary switch = FA.
. Toggle switches = 000000 (Address).
. Press LOAD. (This selects address 0.)
REGISTER SELECT rotary switch =
MEMORY MODE.

g. REGISTER GROUP rotary switch = SW24 (S-
Memory Write 24 Bits).

h. Toggle Switches = FFFFFF (Write Data).

i. Press LOAD.

O RO oD

Result should be 000000 (write data is not dis-
played).

NOTE
Any memory address may be used for
Tests 16 and 17.

Test 17

Read the 24 bits that have been written in memory
(starting at memory address 0).

a. Press CLEAR.

b. REGISTER SELECT rotary switch =
MEMORY MODE.

¢. REGISTER GROUP rotary switch = SR24 (S-
Memory Read 24 Bits).

d. Toggle switches = 000000.

e. Press LOAD.

Results should be FFFFFF.

Dynamic Tests

Once it has been determined that the basic central
system functions may be implemented under manual
control, tests under program control can begin. The
dynamic tests consist of software routines that exer-
cise the processor and memory with sequences of
microinstructions. The tests are arranged to check
out the various portions of the logic against known
proper responses, and to indicate error conditions by
way of halt interrupts, and bit patterns stored in var-
ious registers. Note that these same tests are also
used for maintenance purposes.

The following are dynamic tests for proving the
operational integrity of the Central System:

a. MTR Mode Processor test.

b. Dynamic Processor test.
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c. Port Interchange-3 test (for systems employing
a port interchange).

d. Dynamic S-memory test.

e. Dynamic Cache test.

Each of these programs is contained in a cassette
tape, and is loaded intc the machine by way of the
console cassette tape reader. Some are executed di-
rectly from the tape, while others are loaded into S-
memory for execution. It is recommended that the
above tests be run in the sequence listed. Refer to
section 4 of this manual for directions on how to use
the test routines.

S-MEMORY EXPANSION

The B 1870/B 1860 S-memory is modular, and may
be expanded in increments of 64K bytes from 64K
bytes to 512K bytes. Electrically, S-memory is
strappable in 32K byte increments.

S-memory is configured from S-memory card
groups which are contained within a memory base
unit. Each S-memory card group consists of four
storage cards, each containing a maximum of 128K
bytes storage. Four card groups (maximum) may be
installed in the memory base unit, for a storage ca-
pacity of 512K bytes.

Parts

Increasing the size of S-memory requires that the
appropriate number of storage card groups (four
cards each) be ordered. The card groups (M&E
2565 0589 are installed as shown in figure 2-2.

Since only one memory base unit is employed and
all power for the memory is derived from the system

(=) U | [BSLuly 8 L) 8§ RV S T

logic supply, the only parts required for an expan-
sion of memory are the storage cards themseives.

NOTE
The installation of additional storage
cards may cause the existing logic sup-
ply current delivery capacity tc be ex-
ceeded. Refer to the B 1870/B 1860
Planning and Installation Manual (form

number 1095593) for current draw cal-
culation data. If the expansion creates
an overload, the addition of a Logic
Power Supply Booster Kit-3 (P/N 2212
9027) is required. This device increases
the logic supply current capacity by 80
amperes (+4.75 and -2.0 Volt out-
puts).

Detailed information on S-memory installation pro-

cedures is provided in the Test and Field (T&F) doc-
umentation for the B 1870/B 1860 processor.
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SECTION 3

DOCUMENTATION AND COMPONENTS

GENERAL

To assist the field engineer in performing mainte-
nance work. a number of publications and diagnostic
programs have been produced. These include
documentation which is part of the system. and
other data which is available for reference purposes.

EQUIPMENT DOCUMENTATION

Each syvstem when assembled is furnished with a
basic issue of Test and Field documentation. In-
cluded are schematics and logic diagrams for all por-
tions of the system. Assembly Drawings. a Back-
plane Circuit List. Diagnostic Program listings. Card
Test Data. and a Hardware Rules Book. Since these
documents are used extensively during maintenance
operations. a guide to the use of each is provided.

Logic Schematics

The B 1870/B 1860 Logic Schematics are used to
present a graphic representation of the circuits which
make up the system. In order to create documents
of a practical physical size. it was necessary to sec-
tionalize the schematics. The sections thus produced
follow the physical rather than electrical divisions of
the system. with each individual schematic repre-
senting one of the logic cards. Where necessary to
avoid crowding. several sheets are used to show the
circuits on a single card.

Schematic Rules

To present a uniform appearance and avoid con-
fusion. all schematics conform to a predetermined
set of rules. Briefly. the rules for schematic layout
are as follows:

a. Schematics depict the logic contained on a sin-
gle card, and may consist of one or more pages.

b. Logic flow is left to right.

¢. Signal connections may be either unidirectional
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or bidirectional as circuit requirements dictate, but
must be identified as such.

d. Unidirectional signals entering a card by way of
frontplane connectors will enter the schematic at the
top of the page.

e. Unidirectional signals leaving a card by way of
frontplane connectors will leave the schematic at the
bottom of the page.

f. Bidirectional signals using frontplane connectors
may appear at either the top or bottom of the page.

g. Backplane and interpage input signals will enter
the page from the left.

h. Backplane and interpage output signals will exit
the page to the right.

Signal Names (Mnemonics)

To aid in understanding circuit functions, and to
simplify tracing signals through the various logic sec-
tions, the output of each active device has been as-
signed a mnemonic name. The mnemonic comprises
an abbreviated description of the purpose and loca-
tion of the signal it is associated with. Mnemonics
consist of eight characters, and are composed of let-
ters, digits, special symbols, and spaces. The rules
applying to the composition of mnemonics are sum-
marized in table 3-1.

Schematic Connection Symbois

To alleviate crowding and improve legibility, logic
circuit schematic diagrams are drawn in a multiple-
page format. To indicate the various types of con-
nections which can exist between pages, and to dif-
ferentiate between physical and graphical circuit di-
visions, a system of symbolic notation was created.
The schematic connection symbols consist of inter-
nal page symbols, backplane pin symbols, frontplane
pin symbols, inter-page symbols, and special sym-
bols. Each type is discussed separately in the fol-
lowing subsections.



Table 3-1. Mnemonic Signal Name Rules

Character position —» 1|2
COLUMN 1
Any A thru Z 4
0 thur 9
COLUMNS 2 -6
(a) If “NO ACTION” specified )
Any A thru Z EXCEPTE,J,K, R, S
0 thru 9 not allowed in column 6
=<=2+*
or (b) If “ACTION” specified is:
Count use + \
Decrement use -
Load use # | In any one location of
Transfer use “~ columns 2 thru 6
Shift use >
False use / )
Enable use E
Reset use RorK In column 6 only
Set use Sor]
In remaining 4 locations of
columns 2 thru 6 use:
Any A thru Z EXCEPTE,J,K.R,S
0 thru Z not allowed in column 6
=<2+ *
COLUMN 7 :
For TTL, if:
Totem-Pole use .
Open-Collector use *
Tri-State use #
For CTL

(a) Specify lowest gate level if signal
internal to card O thru 4.

or (b) Specify source card assembly ]
A thru Z, EXCEPT use
W only if multiple card assy,

sources in multiple units
or Z only if multiple card assy,
sources in same unit.

COLUMN 8
If signal:
Internal CTL use
Internal, active high TTL use
Internal, active low TTL use

Backplane, active high CTL/TTL  use
Backplane, active low CTL/TTL  use
Frontplane, active high CTL/TTL use
Frontipiane, active iow CTL/TTL use

W— Ot 4+ e
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INTERNAL PAGE SYMBOLS

Figure 3-1 illustrates internal page symbols. A nu-
meral directly to the right of any of these symbols
designates the numbers of places that the signal goes
to on a particular page.

BACKPLANE PIN'SYMBOLS
Backplane pins are identified by a three-character

code which describes their location. The meaning of
the characters is as follows (example: OAX).

O = Component side of logic card (I = solder
side).

A = First pin of group. (Pins are numbered A-Z,
with O being omitted.)

X = Upper half of card (Y = lower).

Backplane pin codes are listed to the left of an in-

put signal, and to the right of an output signal. Refer
to figure 3-2.

FRONTPLANE PIN SYMBOLS

Frontplane pins are identified in a manner similar
to backplane pins, except that the pin groups are
stacked vertically rather than being on opposite sides
of the card. Since the same number of pins (100) as
the backplane is possible, this means that two
groups per card half are required. The locations are
identified as follows (example, $NY):

$ = Upper group on card half (# = lower group).

N = 12th pin of group. (Pins are numbered A-Z,
omitting O).

Y = lower half of card (X = upper half).

Frontplane pin codes are listed above input sig-
nals, and below output signals. Refer to figure 3-3.

——’ LOGIC THAT IS GENERATED AND USED ON THIS PAGE ONLY.

(BACKFEED) '

—®

THE LEFT OF THE SOURCE.

THIS PAGE.

LOGIC GENERATED AND USED ON THIS PAGE ONLY. AT LEAST ONE SINK IS LOCATED TO

LOGIC THAT IS GENERATED AND USED ON THIS PAGE. THIS SIGNAL IS AN OUTPUT FROM

(BACKFEED) LOGIC THAT IS GENERATED AND USED ON THIS PAGE. SINK THAT IS LOCATED TO THE
B LEFT OF THE SOURCE. SIGNAL THAT IS AN OUTPUT FROM THIS PAGE.

THE NUMERAL DIRECTLY TO THE RIGHT OF THESE SYMBOLS DESIGNATES THE NUMBER OF

PLACES THAT THE SIGNAL GOES TO ON A PARTICULAR PAGE.

511509
Figure 3-1. Schematic Internal Page Symbols
..... - b
O0AX = LAl J\) UNI-DIRECTIONAL @ OUTPUT » OBY
1AY e O BI-DIRECTIONAL @ </\ 1BY

BACKPLANE PINS ARE LABELED A THROUGH ZWITH THE LETTER O BEING OMITTED, BACKPLANE PINS

ARE LISTED TO THE LEFT OF AN INPUT SIGNAL, AND TO THE RIGHT OF AN OUTPUT SIGNAL.

#8Y $FX

BI-DIRECTIONAL

G11510
Figure 3-2. Schematic Backplane Pin Symbols
SNY
2 A Y
TEST POINT COAX CLOCK UNI-DIRECTIONAL
FRONTPLANE PINS ARE LABELED A THROUGH Z WITH O BEING OMITTED.
G11511

Figure 3-3. Schematic Frontplane Pin Symbols

1098282

33



INTER-PAGE SYMBOLS

Where to or more schematic pages are needed to
depict the logic circuitry on a single card, inter-page
connection symbois are used to indicate through-
connections. Since no pin connections are involved,
only the schematic page number(s) associated with
that signal are shown. Refer to figure 3-4.

Special Symbols

A triangle placed perpendicular to an output signal
line (example: H4G) indicates that a pull-down or
load resistor is connected to this circuit. The accom-
panying code number shows the chip location and
pin where this resistor is located.

An inverted triangle placed on an output line (ex-
ample: F9B) indicates a 150-ohm load resistor to
ground on the solder side of the board. The code
number shows the pin location to which the resistor
is tied.

Hardware Rules Book

The integrated circuit elements employed in the
B 1870/B 1860 systems are identified by a special de-
signator code. The code is the same as that used for
B 1700 series systems, and serves as an abbreviated
specification for commonly used devices. Since the
system, for the most part, consists of a limited num-
ber of individual IC types, it is practical to compile
detailed information concerning them in a single ref-
erence publication. This publication is known as the
B 1700 Hardware Rules Book (Part Number 2209
6150). and is an essential part of the system
documentation.

1O

2 BI-DIRECTIONAL GOING TO OTHER PAGES
AND TO THE BACKPLANE.

UNI-DIRECTIONAL

BI-DIRECTIONAL ——l

The Hardware Rules Book is arranged in alphabet-
ical order by code designator, with the designators
assigned in a manner roughly approximating abbrevi-
ated device operational functions. Device designator
codes consist of four characters, the first two of
which are always alphabetical. The third character
can be a letter or a number, depending upon whether
one or more devices with the same general function
(but with minor individual differences between them
where there are two or more) exist. The last charac-
ter of the code always appears as an N (meaning
“‘number’’) in the references. Often such devices are
packaged two or more to a chip, requiring that num-
bers be assigned to distinguish between them in ac-
tual applications. Such numbers appear only in the
Logic Schematics and discussions which refer to
them. Several examples of circuit element designator
codes follow:

Designator Code Chip Function

AFAN Adder/Subtractor
CFAN Comparator
FFAN Flip-Flop

LFAN Latch

RFAN 3-Bit Register

Backplane Circuit Lists

For each portion of the system which uses a wire-
wrap backplane for interconnection of the plug-in
logic cards, a Backplane Circuit List is provided.
This is a complete listing, by signal name and pin
numbers, of all point-to-point connections on the
backplane itself. The listing serves to complement
the schematics, providing a means of tracing wiring
circuits external to the logic cards.

O s

O oy

ORX

THE NUMBER TO THE LEFT OF AN INPUT SIGNAL DESIGNATES THE PAGE WHERE THE SIGNAL ORIGINATED.

THE NUMBER TO THE RIGHT OF AN OUTPUT SIGNAL REFERENCES THE PAGE OR PAGES WHERE THAT SIGNAL

IS USED.

PAGE 1 .
Fe—e——
| 2O ] |
| IcX < O !
P

0AY
LW s ———°

PAGE 2 -
-_————— et
O o |
e -
G11512

LOGIC GENERATED ON PAGE 2 1S OR-ED WITH BACKPLANE
INPUTS ON PAGE 1.

AN INPUT FROM THE BACKPLANE ON PAGE 1 WHERE THE
LOGIC IS USED. IT IS ALSO USED ON PAGE 2 WHERE THE
INPUT SIGNAL WILL CONTAIN AN (I).

THIS SYMBOL SIGNIFIES THAT THE INPUT IS A BACK-
PLANE PIN INPUT TO PAGE 1.

Figure 3-4. Schematic Inter-Page Connection Symbols



Card Test Data

One of the several means available for trouble-
shooting the central system is use of the Logic Card
Tester. This device provides an external means of
exercising the circuit elements of any desired logic
card. Cards so tested are subjected to an individual
routine which is designed to produce a predictable
set of responses. The resuits of the tests, known as
“‘node counts,” are compared with published specifi-
cations, thus serving as a means for detecting mal-
functioning circuitry. The card test data serves as a
guide to the use of the Card Tester, providing both
set-up instructions and expected results. A\separate
section is provided for each logic card included in
the system.

Diagnostic Program Listing

Diagnostic Programs provide for system fault apal-
ysis through special exercising of suspected portions
of the logic. Included with each such program is:a
listing which contains operating instructions and re-
sult analysis data. Refer to the Diagnostic Programs
discussion in section 4 for further information.

GENERAL SYSTEM COMPONENT AND
SUBSYSTEM REFERENCES

The following data is to be used for general refer-
ence purposes during maintenance work. Included
are directions for locating and/or identifying compo-
nents, connections, pins and other portions of the
hardware.

14 PIN CHIP

integrated Circuit Chips

The integrated circuit chips employed in the
B 1870/B 1860 system are of the 14-, 16-, and 18-pin
dual in-line package type. The individual chip pins
are assigned identifying letters as shown in figures 3-
5, 3-6, and 3-7. Certain pins in all dual in-line chips
are reserved (dedicated) for the following specific
purposes.

Pin E: Ground
Pin M: +4.95V
Pin L: -2.15V

Otherwise, the individual types of chips vary
greatly as to pin connections. For further informa-
tion on chip types and functions, refer to the B 1700
Hardware Rules book, form A2209 6150A.

B 1870/B 1860 LOGIC CARDS

Circuit logic for the B 1870/B 1860, including the
Processor, S-memory, the I/0O Base and individual
I/O controls, is physically packaged on pluggable cir-
cuit cards. The logic cards are uniform in overall
configuration, and have the following characteristics:

a. 14-1/2”° long by 12-1/2° high, with etching on
both sides.

b. Maximum capacity is 120 integrated circuit
chips.

c. All chips are located on the same side of the
card, which is known as side 0.

d. Solder connections and some discrete compo-
nents are located on the opposite side (side 1).

L

SEVEN PINS ON EACH SIDE OF THE CHIP. ONE SIDE IS LETTERED A
THROUGH G, THE OTHER SIDE IS LETTERED H THROUGH P WITH THE

LETTERS | AND O BEING OMITTED.

G11514

Figure 3-5. 14-Pin Chip

16 PIN CHIP

THE 16 PIN CHIP IS SIMILAR TO THE 14 PIN CHIP EXCEPT FOR THE

ADDITION OF PIN R AND PIN S.

G11515

L] 2oa O d uJ
A B Cc D E F G
P N M L K J H S
i . I . T — N T T
e bl L Jd LJ
A B c D E F G R

Figure 3-6. 16-Pin Chip

18 PIN CHIP

THE 18 PIN CHIP IS SIMILAR TO THE 16 PIN CHIP EXCEPT

FOR THE ADDITION OF PIN T AND PIN U.

G11516

LY

g Jd uJd
A B C D

Figure 3-7. 18-Pin Chip
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e. Signal connections between individual chips are
made primarily by etched conductors on the card
surface. Some wire-wrap type construction is also
used.

f. Operating voltages and the system clock signal
are distributed by way of bus-bars which are mount-
ed perpendicular to the surface of the card, and
cross it lengthwise.

g. Signal connections into and out of the cards are
by way of frontplane and backplane connectors. The
maximum number of connections to one card is 200,
divided evenly beiween frontplane and backplane.

h. Clock signals are distributed to the cards by
way of coaxial cables.

Chip Locations

To provide a rapid, easily understood method of
identifying chip positions on logic cards, a system of
coordinates is employed. In this system, vertical col-
umns of chips are assigned numbers (0 through 9)
and horizontal rows are assigned letters (A through
L). Thus, the identity of a chip is determined by the

TOP EDGE

column and row coordinates which it occupies.
These coordinates are used primarily in the card

schematics. Chip location coordinates are illustrated
in figure 3-8.

NOTE

The component identification system
for S-memory storage cards is different
from that used for the other logic cards
in the system. This system is described
separately below.

Pin and Connector Designations

Input/output connections are separated into sever-
al groups which correspond to physical sections of
the card. To provide a distinctive method of identify-
ing the location of a particular connection, certain
conventions have been adopted. The rules differ for
frontplane and backplane connections, but follow the
overall scheme of identifying those located on the
upper half of the card with an X, and those on the
lower half with a Y.

11

0 1 2 || 3

e 1o e

a
e ]

I °
s - d__il._a

7 8

Je Jje

|

A
=)
x

I

FRONTPLANE EDGE

ROW

5
e 18 Ile

v — COLUMN —-

BACKPLANE EDGE

b

BOTTOM EDGE

NOTE:

THE ROW, COLUMN COORDINATE LOCATION OF A CHIP IS USED AS ITS
REFERENCE DESIGNATION ON THE CARD LOGIC DIAGRAM; EG. A CHIP

G11517

LOCATED IN ROW C, COLUMN 5 HAS THE REF. DESIGNATION C5.

Figure 3-8. Logic Card Chip Location Coordinates
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Backplane pins are identified with a three-charac-
ter code which describes the location of the pin. Es-
sentially, the pins are divided into four groups of 25
each, with the divisions being the upper and lower
card halves, and the component (0) and solder (1)
sides of the board. The location code is explained in

TOP EDGE 4 )
: -
-

figure 3-9.

Frontplane pins are also identified with a three-
character code. However, since the frontplane con-
nectors are all located on the component side of the
board, and are four in number, a slightly different
identity system is employed.

\ --— “"TJoAX
. =4 000125:/_783
|- CONNECTOR RESISTORS —| obx
|_1—PINS ON X CONNECTOR = 83((
COMPONENT (Q) : 3 oGx
SIDE OF [ H oHXx
BOARD f oIX
T oux
= okXx
— oLx
. - omx
1 = N ~] ONX
| =5 3 opx
PINS ON Y CONNECTOR 3 oax
BOTTOM EDGE 4 ORX
7 osx
Jorx
EXPLANATION OF PIN DESIGNATIONS 3 oux
7 ovx
TYPICALPINNO.— O J X  owx
/ - oxx
PREFIX “O” INDICATES _E g;;((
THIS iS COMPONENT
IDE OF BOARD. PREFIX »
§19 USED FSR SOLDER|SIDE SUFFIX “X”INDICATES THIS
IS THE TOP SET OF PINS,
SUFFIX “Y" USED FOR BOTTOM
| SET OF PINS. OAY
THIS IS THE <1 0BY
PIN NO. < _locy
Joby
JoEY
7 oFY
l oGy
I
RESISTORS R-125 THRU R-212 . Jody
PHYSICALLY MOUNTED INBOARD * 3 oky
AND ATTACHED TO CUTBOARD BUS, oLy
{R210 SHOWN). 3
RESISTORS R-000 THRU R-087 7
PHYSICALLY MOUNTED QUTBOARD * 7
AND ATTACHED TO INBOARD BUS, .
(R-087 SHOWN.) ]
D, 3
* WITH RESPECT TO
THE BENDS IN THEIR
OWN LEADS. ]

Ao

FILTER CAPACITOR

ELECTROLYTIC
2 PLACES

G11518

Figure 3-9. Backplane Pin and Resistor Designations
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In the frontplane numbering system, the X and Y
designations are retained, with an additional symbol
being added to indicate position within the card half
concerned. The symbols $ and # (dollar sign and
pound sign) have been adopted for this purpose,
with dollar sign indicating the upper connector of the
X or Y group, and pound sign the lower connector.
Refer to figure 3-10.

Discrete Component Locations

In addition to integrated circuit chips, discrete re-
sistors, capacitors, and diodes are used on the logic
cards.

Resistors are located in vacant chip positions (on
a jumper chip or soldered directly to the card), and/
or are installed adjacent to the frontplane or back-
plane in special locations reserved for pull-up/pull-
down resistors, and/or are located on the solder side
of a card between a chip pin and ground, and/or are
located in resistor packs (which resemble IC chips).

Capacitors are located in vacant chip positions (on
a jumper chip or soldered directly to the card), and/
or are located along etched voltage distribution buss-
es, and/or are located on the solder side of a card
between a chip pin and ground.

Diodes are located in vacant chip positions (on a
jumper chip or soldered directly to the card).

S-Memory Storage Cards

S-memory storage cards are similar in size and de-
sign to the logic cards, but differ in the chip-mount-
ing configuration employed. (See figure 3-11). Essen-
tially, the card consists of 44 columns (numbered 0-
44) and 27 rows (lettered A thru Z, then AA thru
AD, excluding I, O, and Q). Chip locations are iden-
tified in the same manner as with logic cards. Note
that RAM storage chips are located only in columns
0 through 20 and rows A, D, H, L., R, V, Y, and
AB. Fully populated cards have all four columns
filled, whereas half-populated cards have chips in-
stalled only on the first two columns.

Discrete components on the S-memory storage
cards may be located by way of the same coordi-
nates that are used for the integrated circuit chips.

Central System Architecture

The various subsystems which make up the
B 1870/B 1860 Central System are located within the
main cabinet as shown in figure 3-12. The distribu-
tion of individual logic circuits (in the processor,
port interchange, and memory base unit) is indicated
alphabetically in table 3-2 which lists the circuit
name, the card letter and the sheet number. (Every
logic card type in these units has its own letter des-
ignation: processor A-N; port interchange, U; mem-
ory base unit, P,Q,R,S).
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Figure 3-10. Frontplane Pin and Resistor Designations
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EXPANSION CABINET-2

Figure 3-12. Central System Physical Layout
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Table 3-2. B 1870/B 1860 Central System Circuit Locator

Circuit Card/Sheet
A/B 5-BIT COMPARATOR L6
A & B DATA MOVE DECODING A2
A DATA B DATA COMPARATOR J6/L6
A DATA GATES JULY
A DATA “OR” LOGIC L6
A DATA SELECTORS H7/K7/M7
A DATA TO BUS DRIVERS A5
A & M REGISTER CONTROL LOGIC E6
A REGISTER ADDERS Cs/D5
A0 REGISTER C5/C6/D6
Al REGISTER C6/D6
Al REGISTER TAS OUTPUT MULTIPLEXORS C7/D7
A STACK C2/D2
A STACK ADDRESS DRIVERS C2/D2
A STACK CONTROL E7/G7
A STACK POINTER C3
A STACK TO TAS GATES DI
A STACK WRITE ENABLE CONTROL D8
B DATA GATES L2
B DATA “OR” J6
B DATA SELECTORS H7/K7/M8
B DATA TO BUS DRIVERS A8
BINARY ADDER BCD CORRECTOR (24-BIT FUNCTION BOX) J4/J5/L4/L5
BR REGISTER H3/K3/M3
CA REGISTER M6
CACHE CONTROL C8/D8
CACHE HIT/MISS LOGIC B7
CACHE KEY COMPARE B3/B4
CACHE KEY PARITY GENERATOR B2
CACHE KEY PARITY CHECK LOGIC B7
CACHE KEY STORE B2
CACHE MICRO OUTPUT “‘OR” B7
CACHE MICRO STORE B5/B6
CACHE WRITE ENABLE CONTROL C8/D8/G6
CASSETTE CONTROL N2/N3
CASSETTE HALT SIGNAL GENERATION G8
CB REGISTER MS§
CC REGISTER K6
CD REGISTER K6
CLEAR LOGIC A6/El
CONSOLE LAMP CONTROL E3
CONSOLE LAMP DRIVERS A2
CONSOLE SWITCH INTERFACE A4/E1
CONSOLE SWITCHES ADDRESS COMPARE Ad
CP REGISTER M6
CYD LOGIC L7
CYF LOGIC M6
CYL LOGIC J6/L6
DISABLE M LOGIC E4
DISPATCH LOGIC (PROCESSOR) A5
ERROR LOG REGISTER (MEMORY BASE) R4
EXECUTE CONTROL SIGNAL GENERATION ES
FA REGISTER H4/K4/M4
FA/BR COMPARE LOGIC H6/K6/M6
FB REGISTER H5/K6/M5
FETCH MODE CONTROL ES
FORCE WORD GENERATOR D6
FORCED WORD COMPARE WITH A0 WORD D6
HALT LOGIC E3
HFA REGISTER H4/K4/M4
HMA REGISTER H4/K4/M4
INCN REGISTER A7
INCREMENT A LOGIC E2
/O INTERFACE LOGIC N1I/N4/N7/N8
L REGISTER H3/K3/M3
LITERAL STORAGE AND PROCESSING G10
LOAD LOGIC E3
LOAD/SKIP DECODING A7
LSUX LOGIC L7
LR REGISTER H3/K3/M3

LSUY LOGIC L7



Table 3-2. B 1870/B 1860 Central Systemi Circuit Locator (Cont)

Circuit

M REGISTER

M REGISTER PARITY LOGIC

MASK GENERATOR

MAXS REGISTER

MEMORY BASE ACTIVE ADDRESS REGISTER
MEMORY BASE ADDRESS MODIFIER
MEMORY BASE ADDRESS REGISTERS
MEMORY BASE CONTROL INPUT AND STORAGE
MEMORY BASE DATA ACCUMULATOR
MEMORY BASE E-BIT ADDER SUBTRACTOR
MEMORY BASE MASK GENERATOR

MEMORY BASE MASK GENERATOR CONTROL
MEMORY BASE MEMORY CYCLE CONTROL
MEMORY BASE MEMORY CYCLE DECODING

MEMORY BASE MEMORY CYCLE REQUEST STORAGE

MEMORY BASE MERGER

MEMORY BASE ODD PARITY GENERATOR
MEMORY BASE READ DATA REGISTERS
MEMORY BASE REFRESH ADDRESS COUNTER
MEMORY BASE ROTATOR

MEMORY BASE ROTATION CONTROL
MEMORY BASE STACK SELECT LOGIC

MEMORY BASE SYNDROME DECODER AND CORRECTOR

MEMORY BASE SYNDROME GENERATOR
MEMORY BASE SYNDROME INTERPRETER
MEMORY BASE TIMER

MEMORY BASE WRITE DATA REGISTERS

MEMORY CONTROL SIGNAL GENERATION (PROCESSOR)

MEMORY STACK ADDRESS GENERATION
MEX GATING CONTROL LOGIC

MEX IN/OUT GATING

MEX SOURCE CONTROL

MICRO DECODING

MICRO SEQUENCING LOGIC

MODE LOGIC

MOVE AND CLEAR LOGIC

MSBX LOGIC

NANO MOVE DECODING
NANO REGISTER

PERM REGISTER

PERP REGISTER

PORT INTERCHANGE CONTROL LOGIC
PORT INTERCHANGE DISPATCH LOGIC
PORT INTERCHANGE READ DATA REGISTER
PORT INTERCHANGE STATE MACHINE

REGISTER MOVE CONTROL SIGNAL GENERATION
REGISTER SELECT DECODING

ROTATOR

ROTATION CONTROL

RUN/HALT LOGIC

S-MEMORY DATA ROUTING CONTROL
SCRATCHPAD (LEFT)

SCRATCHPAD (RIGHT)

SCRATCHPAD ADDRESS STORAGE
SCRATCHPAD ADDRESS GENERATION
SCRATCHPAD CONTROL

SINK REGISTER SELECTION LOGIC

SKIP CONTROL LOGIC

SOURCE AND SINK CONTROL GENERATION
STATE MACHINE

T REGISTER
TAS (TOP OF A-STACK)
TIMER REGISTER

1098282

Card/Sheet

C3/D3
C3/D3
J5/L5

J2

S4

P4/S5
P2/S3/54

Q4

A1/A8/C1/D1/N1/N6

G6/NT/N8
E/F/G
E4/G8

El

E6

Lé

E8
F10/F11/G11
Hé

H6

U9

U8

U4

U10

H1
E2
J3/L3
Fé6/L7
El

F7

H4/K4/M4
H5/KS5/M5
HI/K1/M1

F8
G6/H6/K6/M9
M1/K1

M6/G9
F4/F5/G4/GS
E4/E7

H3/K3/M3
C2/D2
C8/D8

3-13



Table 3-2. B 1870/B 1860 Central System Circuit Locator (Cont)

Circuit
U-REGISTER
WRITE ENABLE TIMING LOGIC
X REGISTER
Y REGISTER

4-BIT FUNCTION BOX
24-BIT FUNCTION BOX
9D LITERAL STORAGE

Example: L6 is Card L, Sheet 6.
SHIPPING AUTHORIZATION

Each system, I/O control, or peripheral device shipped
to a site is accompanied by the following paperwork:

a.  Shipping Authorization (SA).

b.  Unit Travel Log (UTL) OR

c.  Processing Order if manufactured in Liege,
Belgium.

d.  Label kit.

The shipping authorization (SA) (figure 3-13) is a two-
part document. All applicable areas on this document are
identified on figure 3-13 by means of circled letters. The
usage of the areas indicated by the circled letters is defined
in the following list.

1. Ttem @ indicates the bill-of-lading num-
ber. This number must be used
to trace lost or delayed shipments.

2. ltem indicates the date the item(s)
was shipped from the factory.

3. Item @ indicates the expected date of
arrival.

4. Item @ indicates method of shipping:
air, surface, or water.

5.  Item ® indicates the sender.

6. Item @ indicates the recipient.

NPT + .

7. Item (G) indicates the number and type
of item in the shipment.

8. Item @ indicates who is responsible for
the shipping charges.

9 Item @ indicates the item number iden-
tification (as listed on the first
part of the SA).

10. Item @ indicates the order number for

the item(s).
3-14

Card/Sheet

N2
C8
H2/K2/M2
H2/K2/M2

N4
J/IL
E7

11.  TItem indicates the quantity of a given

item.

12. Ttem indicates the manufacturing and
engineering part number of an

item.

indicates the model number and
the description of an item.

13.  Item

indicates the serial number as-
signed to an item.

14. Item

© @ ® © ®

15. Ttem indicates any special comments,
information, or clarification con-
cerning the item(s) in this ship-

ment.

UNIT TRAVEL LOG (UTL)

The UTL is a document designed to inform the recip-
ient of the manufacturing level of the device. The UTL
also provides the unit name, unit number, and build-level
of the unit, and lists any changes (EI’s or DCN’s) that have
been incorporated above the build-level. Discrepancies
(EI’s or ECN’s that should have been incorporated in this
build-level but are not) are listed in the lower-right quad-
rant of this document. A sample of a UTL is shown in
figure 3-14.

PROCESSING ORDER

The Processing Order is a document issued by the
Burroughs Liege manufacturing plant in place of the UTL.
A processing order contains essentially the same informa-
tion as that contained on a UTL. An example of a pro-
cessing order is shown in figure 3-15.

LABEL KIT

The label kit consists of a 1/2” x 1-1/2” metallic, gum-
med back label with the unit name and 8-digit (M&E) num-
ber. If the device is an I/O control, this label is to be af-
fixed to a designated location on the side of the I/O base
or extension that receives the control. If a system unit or
peripheral unit is involved, the label is affixed to the unit
itself.
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SECTION 4

MAINTENANCE TECHNIQUES

INTRODUCTION

This section confains maintenance and ftroubie-
shooting procedures for the B 1870/B 1860 Central
Systems. Included are discussions of general mainte-
nance procedures and the aids which are available to
assist in fault isolation, plus specific maintenance-re-
lated data pertaining to the processor and S-memory.
Instructions for gaining access (only) are provided
for the logic power supply, booster supply, and cas-
sette tape reader, since these devices are described
fully in separate publications. For similar reasons,
no discussion of I/O subsystem maintenance is in-
cluded.

MAINTENANCE CONCEPT

Maintaining a B 1870/B 1860 Central System in op-
erating condition includes proper preventive mainte-
nance, installing and checking any recently released
hardware changes, plus appropriate corrective action
when required. Since there are few electro-
mechanical devices in the Central System itself, the
need for continuing attention is minimal. However,
certain precautions apply, and these are listed in the
preventive maintenance discussion. When the central
system does fail, the repair effort should be directed
toward locating the fault (to the failing component)
on site, correcting the fault, and restoring the system
to operation. In general, the direct substitution of su-
bassemblies is to be avoided, and is reserved for
cases where all other approaches fail.

As with most devices, a malfunction of the
B 1870/B 1860 Central System is characterized by its
failure to perform one or more of the functions for
which it was intended. Unlike simpler computers,
however, problems occurring within the Central Sys-
tem are likely to be difficult to detect and isolate.
This is due to the overall complexity of the system,
and to the fact that control through several levels of
software makes establishing a cause-effect relation-
ship between hardware faults and improper program
results extremely difficult. For example, on a typical
maintenance call involving a logic fault, determining
what the system is failing to do will take longer than
finding and fixing the problem once the failure mode
is established.

TEST EQUIPMENT

A basic kit of test equipment, in addition to com-
mon mechanical and electronic tools and work aids,
is required to perform the troubleshooting and main-
tenance procedures described herein. The following
equipment should be available whenever Central
System maintenance work is to be performed:
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a. Tektronix 465 oscilloscope.

b. Tripiett 630 muitimeter or equivalent.

c. Burroughs 3300 digital voltmeter (DVM) or
equivalent.

d. Field Card Tester.

e. Logic Card Extender (P/N 2207 1237).

PREVENTIVE MAINTENANCE
SCHEDULE

Preventive maintenance for the B 1870/B 1860
Central System consists of inspection, checking op-
erating voltages, and cleaning. Keeping the hardware
in good order is of considerable importance to main-
taining an operational and reliable system. The fol-
lowing items should be checked each time some por-
tion of the system is serviced:

a. Ensure that all logic cards and connectors are
firmly and accurately seated in their sockets.

b. Check power voltages and adjust if needed.
(Refer to Special Troubleshooting Procedures for
nominal voltage settings.)

c¢. Inspect the interior and exterior portions of the
Central System cabinet and subassemblies for dust,
foreign matter and corrosion. Take corrective action
as needed.

d. Ensure that all fans are operational and rotate
freely.

Power supply in each cabinet bay. Repiace if neces-
sary.

f. Check Error Log for possible failing memory.
Replace storage chips if needed.

TROUBLESHOOTING PROCEDURES

Dynamic Troubleshooting

Dynamic troubleshooting involves the execution in
sequence, of six diagnostic programs:

a. MTR Mode Processor Test.

b. Dynamic Processor Test.

c. Port interchange-3 Test.

d. Dynamic S-Memory Test.

e. Dynamic Cache Test.

f. Central System Interaction Test.

These Programs exercise the central system logic
in a progressively complex manner, and can indicate
faults down to the logic card level. When suspect
cards have been identified, the field card tester is
employed to further isolate the problems to failing
circuits or IC chips. Faulty components are replaced
as they are located, then the repaired cards are again
checked with the Tester. Finally, the system is reas-
sembled, and the diagnostic programs are again
executed to verify the repairs. Successful completion
proves the ability of the system to perform as in-
tended.
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There may be times when a diagnostic test does
not indicate hardware failures, but the system fails
during operation under MCP (Master Control Pro-
gram) control. The following is a list of conditions
which could cause system failure but not diagnostic
test failures:

a. Power Supply Voltage. The logic power supply
Voltages may be out of tolerance. Refer to the “‘Spe-
cial Troubleshooting Procedure, Use of Voltage Mar-
gins’’ section, this manual, for a listing of the volt-
ages and their nominal settings.

b. System Timing. System timing may be out of
tolerance. Refer to section 5 of this manual for ad-
justments of system timing.

c. I/O’s and Peripherals. An I/O control may
cause the system to fail. Use the I/0 Diagnostic Test
provided with each control to determine if there is
a faulty control. Occasionally a peripheral device
may fail, which could cause the central processor to
fail. The 1/O diagnostic tests may also be useful for
indicating a faulty peripheral device.

d. System at Incorrect Operating Level. Required
hardware or software changes, if not incorporated,
may cause MCP failures. Check the system to en-
sure all released hardware or software changes have
been incorporated. Take appropriate corrective ac-
tion as needed.

e. Margin Testing. Failures may be found by the
diagnostic tests with the use of voltage margin test-
ing. For testing instructions, refer to ‘‘Special Trou-
bleshooting Procedure - Use of Voltage Margins’’ in
this section.

f. Loading. Each logic power supply is designed
to handle a load of up to 200 amps. If the system is
near its load limit, MCP failures could occur. Check
to ensure that power supply loading is not in excess
of the amounts permitted. Refer to the Installation
section in this manual for loading allowances.

g. Software. Ensure that the amount of memory
required for the programs is installed. Ensure that all
required peripherals are powered up and ready for
operation.

To perform the dynamic troubleshooting proce-
dure, follow figure 4-1. Refer to the paragraph enti-
tied ‘‘Diagnostic Programs’ and ‘‘Field Card Test-
er’’ for further guidance in the use of these items.

Diagnostic Programs

Diagnostic programs exercise the processor with
sequences of microinstructions, and are designed to
produce specific identifiable results. Included with
each program is a listing of proper responses and
those which are indicative of certain faults. All diag-
nostic programs are stored on cassette tapes, and
produce their response by way of the 24 console
lamps or the console CRT. Directions for running
and analyzing the results of each program are con-
tained in the accompanying documentation. The
loading procedure for these programs has now been
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standardized. Included in this set of standards are
halt codes, methods for entering program options,
operator selectable modes of operation, register and
scratchpad usage, and loading procedures. The
standard loading and usage procedures are described
in the following paragraphs.

NOTE
The following procedures deal with
processor, S-memory, and Cache. The
I/O subsystem, cassette tape subsystem
and power supplies are covered in
/1870/B/1860 documents.

athas
Ouici

Throughout the remainder of this sec-
tion, halt codes written in hexadecimal
will be indicated by the parenthesized
notation (HEX) following the code. He-
xidecimal notation includes the nu-
merals 0-9 and the letters A-F. variants
included with a hexadecimal code will
be indicated by lower case letters. (Ex-
ample: xxAAAA.)

STANDARD LOADING

Loading procedure for all these diagnostics (ex-
cept the MTR Mode Processor Test) conforms to the
following general format:

a. Check that the cassette in console cassette
reader has a part number and revision identification
matching the listing of the desired test program.

b. Place the MODE switch (Op panel) in the MTR
position.

c. Place the MICRO SOURCE switch (D/M panel)
in the NORMAL position.

d. Press CLEAR.

e. Enter block of Cache desired for use into the
BR register. (A=000000(HEX), B=000001(HEX)).

f. Press START, then select LR (REGISTER
GROUP 7, REGISTER SELECT 2). The processor
will halt with LR=AAAAAA(HEX).

g. Place the MODE switch in NORMAL.

h. Enter desired options. Refer to the program
documentation. (No entry = default to standard
execution.)

i. Press START.

The test will then run under the chosen options
until one of the following occurs:

a. A change of options is desired.

b. The end of test occurs (LR=EEEEEE(HEX)
processor halt).

c. An error is detected.

Note that not all diagnostic programs use all of the
options provided. The program documentation will
state which options are valid and any illegal entry
will be reported by means of LR=DDDDDD(HEX)
halt.
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HALT STANDARDIZATION

When a program halt occurs, the LR register will
contain a condition indicator value for interpretation
by the operator. These halts (which are standard for
all central system programs) are described in tables

4-1 and 4-2.

Table 4-1. Standard Halts

Standard Halts
LR=xxviann(HEX)

LR=xxAAAA(HEX)

LR=AAAAAA(HEX)

LR=BBBBBB(HEX)

LR=DDDDDD(HEX)

LR=EEEEEE(HEX)

Meaning

Error Halt.

XX = test section where error occurred
(00 = executive or dynamic test MTR
error); v = halt variant to inform the
operaior that a specific diagnostic
procedure is optionally available to
further isolate (1 = Lockup Loop is
available, 2 = Diagnostic routine is
available; machine state will be lost if
enacted); nnn = error number.

Begin Test Section Halt.
Occurs only when optionally selected.
Indicates that test number xx is
Loaded, and will execute upon pushing
START.

Enter Options Halt.
Also indicates the end of MTR mode
operations during loading. The operator
may at this time display the listing and
cassette part and version numbers and
may change certain options if desired.

*“Blow-up’’ Halt.
Unexpected halt within a test section.

Illegal Option Hali.
An illegal operator-selected option was
entered. Press START to return to the
Enter Options hait.

End of Test Halit.
All selected loops and passes of the
test have completed. If the program is
resident in S-memory, press START to
restart; if in the Cache only mode,
rewind the cassette tape and begin
again from operating instruction 1.

The error halts listed in table 4-2 are used when
an error is encountered within a test’s executive rou-
tines during testing.

Table 4-2. Standard Executive Error Halts

Executive Halts
LR=000005(HEX)

LR=000020(HEX)

LR=000015(HEX)

LR=000020(HEX)

LR=000030(HEX)

LR=000035(HEX)

LR=000045(HEX)

LR=000050(HEX)

LR=000055(HEX)

LR=000060(HEX)

Meaning

MTR Mode failure (Cache-only mode).
Halt code residing in LR during MTR
Mode Loading when Cache is the
intended executive memory.

Cassette Read Error.

Cassette Read error detected after an
executing program has read cassette to
load either S-memory or Cache memory.

MTR Mode Failure (S-memory-only
mode).

Halt code residing in LR during MTR
Mode Loading when S-memory is the
intended executive memory.

Correctable S-memory Error.
Correctable S-memory error detected
while still in the MTR mode.

Run Mode Failure (Cache-only mode).
Where possible, this halt code is placed
in LR following a failure in the C
(Cache) Micro Source mode.

Run Mode Failure (S-memory-only mode).
Where possible, this halt code is placed
in LR following a failure in either the S
or Normal Micro Source modes.

Read Cache Data Error.

Cache micro data or parity error detected
while checking loaded micro code in
Cache.

Correctable S-memory Error.

Correctable S-memory error detected by a
dynamic routine while checking loaded
micro code in S-memory

Uncorrectable S-memory Error (PERM3).
Uncorrectable S-memory error detected
by a dynamic routine while checking
loaded or relocated micro code in
S-memory. This halt is used when the
error is detected by testing bit 3 in the
PERM register. The Error Log is saved
in S9A (SAVE.ELOG) for display.

Uncorrectable S-memory Error (Data).
Uncorrectable S-memory error detected
by a dynamic routine while checking
loaded or relocated micro code in
S-memory. This code is used when a
‘““Read Not Equal to Write” condition is
detected.

Extraneous Port Device S-Memory Access
Error.

Erroneous access to S-memory by a port
device detected by port and channel code
not being its expected value after MTR-
mode loading.



STANDARD EXECUTION OPTIONS

There are three ways in which operator-selected
options may be entered. These modes of entry uti-
lize the BR register, the console switches, and cer-
tain scratchpad (SPAD) locations.

BR Register

BR, used only prior to loading a test, serves to se-
lect the block of Cache (A or B) to receive the pro-
gram. In the MTR Mode Processor test, the contents
of BR indicate the block of Cache whose integrity is
to be verified for use in subsequent tests. Note that
the selected block of Cache must remain consistent
throughout the series of tests to ensure adherence to
the ‘‘test before use’” philosophy.

Console Switches

The console switches are used for selection of test
options during program execution. This feature al-
lows the operator to select or modify options dynam-
ically (without a manual restart procedure). The con-
sole switch contents are periodically sampled by
each test program to determine if a change has oc-
curred since the last sampling. The left most switch
(bit 0) provides a validity bit that serves to prevent
sampling of inadvertent residual switch settings or
partial entry settings. To modify options, the
operator makes certain that the leftmost switch (Va-
lidity) is rese: (down), then changes the console
switches to the desired setting. The Validity switch
is then returned to the set (up) position.

Scratchpad

Certain scratchpad locations are used for pre-
execution selection of test options. These options
are entered into scratchpad at a control halt.
(LR=AAAAAA(HEX) or LR=xxAAAA(HEX)).
These preselected options may be overridden from
the D/M panel whenever the console switch Validity
bit is true. In other words, when the Validity bit is
on (leftmost console switch up) the other console
switches determine what the program is to do. When
the Validity bit is reset (down), the preselected op-
tions become effective. To change a preselected op-
tion, a dynamic Begin Section halt (or Enter Options
halt) must be selected on the console switches. This
action will cause the LR=xxAAAAHEX) (or
LR=AAAAAA(HEX)) control halt. The desired
SPAD location may then be loaded with the selected
option, after which the program is restarted. The sig-
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nificance of the various bit positions is shown in ta-
ble 4-3. (Refer to figure 4-2.)

Table 4-3. Test Execute Options

Bit Options

0 Validity. If set, the program will utilize the setting
of the console switches rather than the SPAD
setting {(SiA). If reset, the program uses the
contents of SIA for program options.

1-15 Individual Test Program Options. These bits select
the individual diagnostic program routines.

16 Reserved.

17 Automatic Restart.
This bit is checked a minimum of once every 10
seconds to determine if a program restart has been
requested. If this bit is set, the program executing
is immediately discontinued and the
LR=AAAAAA(HEX) halt is automatically entered.
This option allows the operator to restart (even
from within a long test section) in an orderly
fashion without cumbersome manual operations. If
this bit is reset, normal execution is continued.

18 Start of Pass Halt. When set, this bit causes entry
into the LR=AAAAAA(HEX) halt when the test
program has completed all selected test sections the
specified number of times. If this bit reset, no
LR=AAAAAA(HEX) halt will occur.

19 Start of Section Halt. When set, this bit causes the
LR=AAAAAAMHEX) halt to be entered prior to
the execution of each test section. If this bit is
reset, the halt is bypassed.

20-23 Error-time options.

22 Diagnose. If diagnosis is possible when an error
has occurred, the v digit in LR=xxvnnn will be set
to some defined value. At this time, the
‘‘diagnose’’ bit (22) can be set and the program
will attempt to further isolate the fault (possibly
destroying the original conditions surrounding the
failure). After the diagnosis routine the program will
re-enter the halt, at which time other options may
be selected. The options normally selected at this
point are re-diagnosis (bit remains set), continue
program (bit reset), or lockup for scoping (bit 23
set).

23 Scope Loop. Following an error halt, setting this
bit causes the program to enter a tight loop
(without halts) having sync points for triggering an
oscilloscope. In the lcop the failing test case is re-
executed repeatedly (until bit 23 is reset).
Execution of the main program continues upon
resetting bit 23.

Note: This bit should never be set unless a scope
loop is desired; otherwise, the program will lock up
on the first test case encountered. Not all test
cases have this option available. The v digit in the
LR=xxvimn{HEX) hait code indicates its
availability. (Refer to the halt code description.)
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Figure 4-2. Test Execution Option Selection

STANDARD SCRATCHPAD OPTIONS

Certain Scratchpad (SPAD) locations are used to
store option designators for use during the test rou-
tines. The SPAD options may be entered during ei-
therthe LR=AAAAAA(HEX) or
LR=xXxAAAA(HEX) halt. Since SPAD locations
may be accessed from the console, it is expedient to
enter the desired options directly. The available op-
tions and option designators are listed below. The
capabilities provided include selection of all standard
run options.

If a test section is deselected at the
LR=xxAAAA(HEX) HALT, that section will not be
executed if it has a test number higher than xx. If
the deselected section is equal to or less than xx, it
will not be re-executed on the present pass and will
be skipped on subsequent passes. If the Pass Coun-
ter, Pass Limit, Loop Counter, or Loop Limit has
been modified, the changes made will have no effect
until execution of the currently selected section (xx)
is completed. Neither the Section Number nor the
Run Mode SPAD locations should be modified by
the operator. The option designators and corre-
sponding SPAD locations that have common defini-
tions in all central system diagnostic test programs
are listed in table 4-4,

Table 4-4. Scratchpad Option Specifications

SPAD
SOA

Designator

Run Mode. This SPAD iocation holds a value
which is ORed with the contents of the Micro
Source Switch Register (MSSW). This value
should not be altered unless the tape is
rewound and a complete reload is to be
accomplished. The Run Mode designators are as
follows:

000000(HEX)(0) = S-memory to Cache (Normal
execution).

000001(HEX)(1) = Run from S-memory only.
000002(HEX)(2) = Run from Cache only.
Default = Dependent upon test program.

S1A Preselected Option Storage designator. This
SPAD locaiion holds option bits which are uscd
when the console validity switch is reset.
Default (no options specified) equals
XXXXXXXXXXXXXXXX0000XXXX
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S2A Test Section Designators. Specify the test
sections to be run. Each bit position matches
the corresponding ‘‘decimal” section number (bit
9 for test section 9, bit 10 for test section 10,
etc). Each true bit selects the corresponding test
section.

Default = run all valid test sections.

S3A Test Section Number Indicator. Indicates the
test section currently executing: xXAAAA(HEX),
where XX is the test section number.

S4A Test Section Loop Limit Designator. Specifies
the executions per selected test section (in
binary) to be performed prior to proceeding to
the next selected test section.

Defauit =000001(HEX).

S5A Present Section Loop Counter. Indicates the
present loop (executing test section) in effect.
When this counter matches S4A, the test
proceeds to the next selected section.

S6A Test Pass Limit Designator. Specifies the
number of executions desired for all test
sections (in binary). If FFFFFF(HEX) is
entered, the test will execute continuously
(infinite number of passes).

Default =000001(HEX)

S7A Present Test Pass Counter. Indicates the present
pass (of the complete test cycle) in effect.
When the binary value in S7A matches that in
S6A, the program terminates with the
LR=EEEEEE(HEX) halt.

S8A Cache Block Designator. Specifies the block of
Cache being utilized by the test (if any). This
SPAD location contains the BR value set prior
to test loading, and should not be altered during

testing.
Default = Block A (000000(HEX))
S9A ELOG Value After Test Case. Contains the

error Log (register) value saved following a
specific S-memory related test case within the
program. If no error condition was incurred, the
contents of S9A will equal 0.

Special options dependent upon specific test
programs.

S10A-SnA

NOTE
There are several options which may not be pre-
selected by way of SPAD, and if so specified will

bhe ionarad:
o€ Ignoreg:

a. Automatic Restart
b. Diagnose
c. Scope Loop



TEST DESCRIPTIONS

The six diagnostic programs are described below.
Areas of responsibility, test type, special optional
features, deviations from the standards (explained
earlier) and their isolation and diagnosis capabilities
are covered. The programs are listed in the sequence
in which they would be run in a system ‘‘bring-up”’
environment.

MTR Mode Processor Test

The purpose of the MTR Mode Processor Test is
to establish confidence in the basic integrity of the
B 1870/B 1860 processor and to verify those func-
tions needed by the Dynamic Processor Test to ex-
amine all other processor functions. The MTR Mode
Test also checks error conditions and diagnostic/
maintenance console operations. These latter checks
are performed in the MTR Mode test because they
are inconvenient or impossible to accomplish during
the Dynamic Processor Tests. The requirements and
restrictions inherent in a bring-up, self-test, program
require a specialized, step-by-step format. For this
reason, the execution procedure for the MTR Mode
Test differs considerably from the standard test pro-
cedure previously described. Because of this depar-
ture from standards, a separate set of instructions
are provided in the program listing.

All test cases in the program are diagnostic in na-
ture. The general rules to be applies are as follows:

a. Test a function’s control logic by NANO
MOVE instructions.

b. Check that the function’s result is as expected.
When either test fails, the processor is halted. The
error indications identify the function being tested,
the previously untested control/data paths involved,
and where this logic is located (MP-3 cards). In
many cases, enough information is available to indi-
cate which portion of logic (one card) or single-card
subfunction has failed.

A minimal amount of both blocks of Cache are
tested in the MTR Mode Test. The remainder of one
block of Cache (selected by the operator) is also
tested (default is Block A). The purpose of the latter
test is to verify enough Cache storage to execute the
Dynamic Processor Test. Successful completion of
the above tests proves that the processor meets a
confidence level at which the Dynamic Processor
Test can be executed under its default conditions.
Optional termination at this point may be selected if
it is desired to proceed directly to the Dynamic
tests. Otherwise, the MTR program can be contin-
ued to test the following:

a. Read/Write S-memory.

b. Execution from S-memory (S micro source).

¢. S-memory error detection and fetch error halts.

d. Console Switch Compare functions.

e. Execution in the MICRO SOURCE = NOR-
MAL mode.
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Dynamic Processor Test

The Dynamic Processor Test, in combination with
the MTR Mode Test, is intended to verify all proces-
sor functions and Logic for correct operation. Build-
ing on the level of confidence provided by the MTR
Mode Processor test, verification continues with di-
agnostic, confidence, and reliability testing. These
tests are performed on previously untesied and par-
tially tested processor logic.

Overlap testing between this program and the
MTR Mode Processor test is handled in two ways:

a. Where the MTR test contains a comprehensive
verification of a logical area, the Dynamic Processor
Test considers this logic to be functional and per-
forms only a cursory check prior to using it. In the
event of a failure, the error description directs the
user to the MTR Test for isolation.

b. Where the MTR Test has checked only part of
a function (specific cases) of a micro, comprehensive
tests are provided in the Dynamic Processor Test.
Failure isolation is then provided for each test case.

The Dynamic Processor Test may be executed
using three different micro sources. The default con-
dition is the MICRO SOURCE switch setting C
(Cache only), in which case each test section is
loaded one micro at a time from cassette to Cache
and executed from Cache. The user may choose to
alter the Run Mode SPAD setting, when initially
loading the test, so that the micro source is S or
NORMAL. In these cases the entire test will be
loaded from cassette to S-,memory. If the S setting
is select3ed, micros will be fetched, and executed di-
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code to be fetched from S-memory and loaded in
Cache (when not already present in Cache) and then
executed from there. The block of Cache used for
CACHE ONLY execution should be the same as
was tested by the MTR Mode Test. Block A of
Cache is used by default.

The Dynamic Processor program is divided into
logical areas based upon hardware functions and mi-
cro groups. Each division is tested in a similar man-
ner as follows:

a. Utilization of the Nano Move (10D) micro to
test the basic functions of any previously untested
micros in a group. Some test groups have no new
(untested) micros.

b. Testing of all variants of each micro and exer-
cising associated registers and data paths with basic
test patterns. This is done on a ‘‘one-time’’ basis.

c. Exercising the logical area with reliability type
tests (where applicable).

In all cases, detected failures are diagnosed to a
functional area on a card. All other operations and
procedures are as specified by the preceding stand-
ards.
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Dynamic Port Interchange-3 Test

The Port Interchange Test utilizes a latch on the
Port Interchange (PI) card (U3) that allows data to
pass through the PI card and a Port Adapter card,
and then echo back to the processor. This program
is a dynamic type and uses the reliability testing
methods previously defined. The Port Interchange
Test program uses the standard defined B 1870/
B 1860 hardware test rules, with the following addi-
tional options:

a. Scratchpad location S10A is defined as Test
Card, and designates the Port Adapter card to be
tested in Section 2. If the contents of the SPAD lo-
cation are undefined by the user (all zeros), the pro-
gram will attempt to test all port locations sequen-
tially, resulting in errors at those locations where a
Port Adapter card is not present.

b. Scratchpad location S11A is defined as User
Data, and is used to store operator-entered data for
use in test sections where this option is permitted.
The User Data scratchpad contents are used when
specified by the dynamic USE DATA switch. (Bit 1
on the console switches = dynamic; bit 1 in the
Switch Settings scratchpad = Preselected.)

The Port Interchange Test program deviates from
the standard in the following respects:

a. The run mode specifies Cache-only micro
sourcing during both loading and execution. An ex-
ception to the above is Section 4, which constructs
and dispatches an I/0O descriptor from S-memory.

b. Defaults to the correct run mode are made
without reporting.

This program, by design, overlaps some functions
of both the Dynamic Processor Test and the Dyna-
mic S-memory Test. Therefore, the user should refer
to either of these programs for further error resolu-
tion.

Dynamic S-Memory Test

The Dynamic S-memory Test verifies the integrity
of the storage cards, MBU, portions of the proces-
sor/memory interface, and the higher level aspects of
all memory related micros. The test is primarily a re-
liability verification program, but contains both diag-
nostic¢ and confidence test sections. The default op-
erating mode of this test is to load each test section
into Cache (only one block is used), and execute ex-
clusively from Cache. In this case, only one test
pass is required to test all of S-memory. Available as
an option is the Normal execution mode. This latter
option loads the complete test into S-memory start-
ing at location 0. The test micros are then fetched to
Cache and executed from there, implies. In the Nor-
mal mode, S-memory is tested above the program
residence area, then the program is moved higher in
S-memory and the original program residence area is
tested. When the program is residing in other than
its original area, the STATE lamp on the console is
lit. One pass of this test is defined as testing ALL
selected S-memory. Each test section will execute
twice (once with, and once without, the STATE
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lamp on) before incrementing the loop counter. The
option of running from the S-memory only mode is
not available in this program.

As an additional option, the operator may select
base and limit addresses for testing. All other fea-
tures of this test are consistent with the standards
described earlier.

The general purpose of the Dynamic S-memory
Test program is to test with the goal of separating
the MBU from the storage cards. This is accom-
plished by means of the diagnostic constructs avail-
able for exercising the MBU (11D) micro. The initial
memory tests consist of both diagnostic and confi-
dence routines.

When a certain level of confidence in the MBU
and processor operations has been established, stor-
age card and addressing test sections appear. These
test sections are, for the most part, reliability tests.
The storage card test sections attempt to isolate the
failure to a storage chip. When multiple bits are in-
correct, further analysis of the error condition is at-
tempted to determine which logical area on the stor-
age card or in the MBU is at fault.

Dynamic Cache Test

The Dynamic Cache Test serves to verify perform-
ance of the Cache storage elements and the Hit/
Miss/Replace logic in the processor. The test is
loaded into S-memory from cassette, with most test
sections being executed exclusively from S-memory
(some sections are automatically switched to the
Normal mode). No ““‘Cache only” mode testing is
employed.

Proper execution of this test requires that the fol-
lowing functions have been verified and are
operational:

a. All non-Cache processor functions.
b. S-memory storage of data.
c. Execution from S-memory only.

Execution of the program proceeds as follows.
First, in the S-memory - only mode, the Cache key
storage and key related functions are tested. Fol-
lowing this, the keys are used to address and exer-
cise the micro-store area of Cache. The program
then enters the Normal mode and uses the tested
keys and micro-store to check the Hit/Miss/Replace
logic (resident primarily in the processor).

In checking the keys, diagnostic tests are run first
to ensure that they can store data. Next come confi-
dence tests which yield isolation between address
and data lines. This same hierarchy is used in testing
the micro-store elements. The Hit/Miss/Replace logic
tests follow, beginning at the confidence level. This
is done because several new processor functions are
utilized when a Miss is encountered. When
individual testing of the keys, micro-store, and
Cache-related processor logic have been completed
(one at a time to the confidence level), all three sec-
tions are exercised together in reliability iesis.



Central System Interaction Test

The Central System Interaction Test program is
designed to induce and detect failures that are re-
lated to an actual operating environment (MCP com-
plexity). Most sections of the test provide reliability
verification, with only limited confidence type verifi-
cation being performed. No logic-level diagnosis is
provided, but complete explanations of the circum-
stances surrounding the failure are reported. Also in-
cluded are references to other test programs for fur-
ther investigation of the function that failed.

The standard operations and procedures are ad-
hered to within this test program, with the following
exceptions:

a. Operation is in the NORMAL mode only.

b. LR halts, operating instructions, and register
values are reported via I/O (printer or SPO) rather
than on the console lamps. In the event of an I/O or
system malfunction, the standard console panel pro-
cedures may be used as backup.

Field Card Tester

The Field Card Tester is provided as a means of
external (out of system) troubleshooting for B 1870/
B 1860 logic circuits. This device allows the logic on
each plug-in card to be independently exercised and
analyzed for proper responses. The Field Card Test-
er is a portable unit which obtains its operating pow-
er directly from the dc voltages present in the Cen-
tral System. Testing is accomplished by pre-pro-
gramming the tester to generate control signals ap-
propriate to a particular circuit, exercising that cir-
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the tests are in the form of 4-digit codes known as
““Node Counts’” which are compared with published
specifications. Complete operating instructions for
the Field Card Tester are contained in the Field
Card Tester Technical Manual, Form Number 2102
380, Card test data for specific logic cards is a part
of the system Test and Field Documentation. Refer
to these publications for further information.

Manual Troubleshooting

When machine-assisted troubleshooting is not pos-
sible or not desirable, several alternate approaches
may be employed. These approaches include, but
are not limited to the following:

a. Console tests by manual manipulation of the
controls (refer to section 2 of this manual).

b. In-circuit tests utilizing test equipment (primari-
ly voltage measurements and tracing signals with the
aid of an oscilloscope).

c. Physical examination of suspected components,
including static testing.

The methods used in manual troubleshooting may
vary, but a A definite sequence, or set of objectives
is common, however, to most successful repair ef-
forts. A typical approach should contain the fol-
lowing elements:
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a. Define the problem. This is the most important
single requirement and is likely to be the most time-
consuming. Determine exactly what the system is
doing wrong or failing to do. If, for example, the 1C
Micro (register move) is not performed correctly,
check the operation of both the source and sink reg-
isters, the intermediate data path, and the logic
which decodes and implements execution of the mi-
cro. Check also to ensure that the micro is reaching
the decoding logic properly.

b. Look for obvious solutions. Make sure that a
malfunction has actually occurred. Relate problems
to recent events such as cleaning, servicing, or the
installation of new or replacement components.
Look for improperly set controls, accidental discon-
nections of cables, and other mechanically caused
circuit discontinuities. Consider miscellaneous tem-
porary failures, such as mechanical jamming of pe-
ripheral equipment.

c. Locate the trouble area. Isolate the fault to a
functional area of the system by a process of
elimination.

d. Analyze the isolated area. Use the logic sche-
matics and appropriate test equipment to identify the
faulty circuit element.

e. Correct the fault through repair or replacement.
Attempt to determine the cause of the failure, and
take the necessary steps to prevent recurrence.

f. Restore the system to operation. Return all
components, cables and subassemblies which have
been removed to their proper locations. Correctly
set all controls, then verify the repair work by run-
ning appropriate test programs.

Speciai Troubieshooting Procedures
The following paragraphs contain descriptions of

troubleshooting procedures that may be useful to the
Field Engineer.

USE OF VOLTAGE MARGINS

Occasionally marginal logic problems develop
which by their very nature are difficult to isolate.
Operating the Central System with the logic voltages
set at their upper or lower tolerance levels tends to
induce failures at a greater frequency than at the
nominal settings. Therefore, use of the voltage mar-
gin settings list in table 4-5 is suggested as an aid in
diagnosing intermittent logic problems. These set-
tings arc to be used at the discretion of the field en-
gineer. Note that it is usually desirable to adjust
more than one, or all, supply voltages to the high or
low margin at one time. This tends to further aggra-
vate system weaknesses, providing better failure in-
dications.

Table 4-5. Voltage Margins

Margin
Voltage Nominal Setting High Low
+4.75 +4.95 +0.010 +5.15 +4.75
-2.00 -2.15 +0.010 -2.05 -2.25
+12.00 +12.0 +0.100 +12.50 +11.50
-12.00 -12.0 +0.100 -11.50 -12.50
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USE OF CARD EXTENSION

Marginal logic problems sometimes develop which
are difficult to isolate even by use of voltage mar-
gins. It has been found that extending the suspect
logic card (by use of the Logic Card Extender, P/N
2207 1237) tends to induce failures at a greater fre-
quency or cause an intermittent problem to become
a solid failure.

USE OF CLOCK CARD

The Clock card has special features incorporated
in its design that may be helpful when troubleshoot-
ing the B 1870/B 1860 system. The following
paragraphs are descriptions of these special features.

Clock Stop

All system clocks (except the SYS7 clock to the
MBU), may be stopped whenever it is desired to
save the machine state. The Clock Stop function
may be triggered by any positive-going signal greater
than 30 ns in width. Clock Stop is effected by install-
ing a jumper between the backplane pin on which
the desired signal appears and pin 1 YX (or the Stop
Test point on the Clock card. The STOP switch (S1
on the clock card) must also be placed to the STOP
position. When the control signal goes true, the sys-
tem clocks are stopped and the desired machine
state may be viewed. To restart the clocks, remove
the jumper and return the STOP MODE switch to
the NORMAL position. Refer to volume 3, section
2 of this manual (Theory of Operation, form number
1095551) for a detailed description of the Clock Stop
operation.

Single Pulse

All system clocks may be single-pulsed if it is de-
sired to view the machine states one clock at a time.
Single-pulsed clocking is accomplished by placing
the CLOCK MODE switch (S2) on the clock card in
the SINGLE PULSE position. At this time all
clocks halt in the false state, and may thereafter be
single-pulsed with the SINGLE PULSE pushbutton.
Each time the SINGLE PULSE pushbutton is
pressed, all clock outputs emit a synchronous
positive pulse, with each clock signal in proper order
and at the proper time. Note that the STOP MODE
switch must be in the NORMAL mode when at-
tempting to single-pulse the clocks. To restart the
clocks, return the CLOCK MODE switch to the
CONT position. Refer to volume 3, section 2 of this
manual (Theory of Operation, form number 1095551)
for a detailed description of the single pulse clock
operation.

Special Processor Problems and
Scoping Techniques

At times during manual testing, the means for
scoping a looping program or stopping a ‘‘hanging”’

4-10

program are required. The capabilities available at
certain backplane pins can be used to take advantage
of these troubleshooting techniques. A description of
these procedures and their troubleshooting use are
given in the following paragraphs.

PROCESSOR HANG

Occasionally a program may ‘‘hang’’ the processor
with the front panel lamps either all ON or all OFF,
with the system still in Run condition. At this time,
the processor registers may contain valuable infor-

mation to assist in determining what caused the
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problem. To avoid having to halt the ‘‘hung’ proces-
sor by way of the CLEAR button (thus clearing the
registers), momentarily connect processor backplane
pin JIEY (card A3, pin 1EY) to +4.75V. This action
causes the S-memory micro time-out to go true, halt-
ing the processor without clearing the registers.

NOTE

PERM bit 3 will also be set as a result
of this action. Refer to volume 3, sec-
tion 2 of this manual (Theory of
Operation, form number 1095551) for a
description of the Halt logic.

DELIBERATE LOOP

When a program hangs or does not run when at-
tempting to execute a microinstruction or a sequence
of microinstructions, it is helpful to cause the failing
portion of the program to loop continuously. A con-
tinuous loop is accomplished by simultaneously
pressing the HALT, CLEAR, and START front pan-
el buttons (causing the program to start over again).
With this type of loop, the Clear signal will cause
the program to restart even if the processor is
“‘hanging.”’

The procedure for entering the deliberate loop is
as follows:

a. Write the failing microinstruction or sequence
of instructions in Cache or S-memory, starting at ad-
dress 0.

b. If the instructions are written into Cache, set
MICRO SOURCE switch to C (Cache only). If the
instructions are written into S-memory, the MICRO
SOURCE switch can be set to either Normal or S
(S-memory).

c. If single-step operation is desired, set the SIN-
GLE MIC/CONT toggle switch to SINGLE MIC.
Otherwise set this switch to CONT.

d. Connect a 24-pin frontplane ribbon cable from

Y of Processor card D3 to Y of processor card
E3.



The above cable connection causes GPCLR.AO
(Clear) and START.1 to be continuously active.
GPCLR.AO clocks every 500 microseconds and
START.1 clocks every 2 microseconds, this means
that START.1 will occur 12 times between each
GRCLR.AO pulse. GRCLR.AO clears all registers
{(as does the CLEAR button on the D/M panel) each
time this signal appears. Cache is also cleared if the
MICRO SOURCE switch is not in “‘C”’ (Cache only)
position. START.1 will start the program each time
it appears. In the Step mode, one microinstruction
will be executed for each Start pulse.

MEMORY OUT OF BOUNDS

Occasionally, a processor may indicate an attempt
to access S-memory beyond its actual size. To deter-
mine the exact point in the program where this at-
tempt is being made, connect a jumper between Pro-
cessor backplane pins JIFY (card A3, pin 1FY) and
JIEY (card A3, pin 1EY). This action ORs the S-
memory Out of Bounds signal and the S-memory Mi-
cro Time-out Signal, causing the program to be
halted at the time the access is attempted.

SCOPE JITTER

When scoping a looping program, it occasionally is
difficult to observe the signals because of jitter. In
such cases it may be helpful to disable Memory Re-
fresh by tieing MBU backplane pin GOCY (card S3,
pin OCY) to 4.95 Volts with a jumper. Note that
using this procedure requires execution from the
Cache memory in the Cache-only mode, since any
data in S-memory will be lost. If deliberate looping
is being used, the Cache-only mode must be used to
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avoid clearing Cache.

Use of 7E (Read/Write Cache) Micro

The 7E micro is used to write or read Cache mem-
ory and to read the Cache Key storage. This micro
uses two registers for memory addressing (A and
FA). The addressing format for both registers is the
same (refer to figure 4-3). The comsole variants
(Write from Console Switches or Read to Console

A B D

Lamps) utilize the A register for memory addressing.
The Diagnostic variants address memory by use of
the FA register. Refer to figure 4-4 for the variants
of the 7E Micro.

When a word is written into Cache, the data field
length is 16 bits plus 1 parity bit, totaling 17 bits.
The 17th {parity) bit must be set for odd parity for
each word written. The data format is shown in fig-
ure 4-5. During the Diagnostic Write, data is read
from the X, Y, T, and L registers. The data in each
register is also 17 bits long. The sequence of
operation on a Diagnostic Write is as follows:

a. Save the A register.

b. Move the contents of the FA register to the A
register.

c. Write the X register to Cache, word 0; write
key (A) to Cache (key); Set Validity bit in key; gen-
erate and write parity in key.

d. Write the contents of the Y register to Cache,
word 1.

e. Write the contents of the T register to Cache,
word 2.

f. Write the contents of the L register to Cache,
word 3.

g. Restore the A register.

NOTE
The key information is the same for all
write accesses.

When reading from Cache during a Diagnostic
Read, the data will be displayed in the Y register.
The data is again 17 bits long, consisting of 16 data
bits and 1 parity bit.

On a Cache Key Read variant, both keys (A and
B), validity bits, parity bits, Hit status, and the LRU
(Least Recently Used) bit are moved to the Y regis-
ter. The format of the data in the Y register is shown
in figure 4-6.

If a Cache memory failure occurs, determine
which bit is failing and use figure 4-7 to locate the
apparently faulty storage chip. The chip designations
that are enclosed in parentheses on the chart are for
Cache Block B; all others are Cache Block A.

C E F

23 22 2t 20119 18 17 16 |15 14 13

12

11 10 09 07 06 05 04 |03 02 01 00

N N
A

N M N
vV U v

~
>

~
vV

C O C

~
\

P

v

O O OO0OO0O0

O 000

J\

G14754 KEY

N~

INDEX WORD

Figure 4-3. 7E Micro Addressing (A and FA Registers)
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A B Cc D E F
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
o 0 o0 6 0 o ©ojJ0 O O O0}0 O0 ©O0 O0JO 1t 1 AlB B B
e
A BBB READ/WRITE VARIANTS
FORCE PARITY
INTO 000 CONSOLE WRITE A
KEY STORE 0061 CONSOLE WRITE B
010 CONSOLE READ MICROS
0= GOOD 011 CONSOLE READ KEYS
1= BAD 100 DIAGNOSTIC WRITE A
101 DIAGNOSTIC WRITE B
110 DIAGNOSTIC READ MICRO
111 DIAGNOSTIC READ KEYS
G14755
Figure 4-4. Read/Write Cache Micro (7E)
A B C D E F
23 22 21 20[19 18 17 16|15 14 13 12|11 10 09 08 |07 06 05 04 {03 02 01 00
NN ~ ~
PARITY DATA BITS
G14756 BIT
Figure 4-5. 7E Micro Data Format
A B C D E F
23 22 21 20{19 18 17 1615 14 13 12 |11 10 09 08 |07 06 05 04 |03 02 01 00!
L H H P - VP LV
R I i A v A A v A
U T T R KEY B L R KEY A L
I 1o |
B A T D T D
Y oY f
T T
B Y A Y
G14757 B A

412

Figure 4-6. Cache Key Bit Assignment




MICRO RWO7 LFAN
BIT NO. CHIP LATCH
00 A (B) GO (G2)

01 A (B) A0 (A2)

02 A (B) HO (H2) AT (A8)
03 A (B) BO (B2)

04 A (B) 0 {i2)

05 A (B) Co (C2)

06 A (B) Jo {42) cr (ca)
07 A (B) DO (D2)

08 A (B) KO (K2)

09 A (B) EQ (E2)

10 A (B) LO (L2) b7 (b8)
11 A (B) FO (F2)

12 A (B) B1 (G1)

13 A (B) C1 (H1) £7 (E8)
14 A (B) D1 (I1)

15 A (B) E1 (41)

16 A (B) F1 (K1)

614758 CACHE MICRO STORE

KEY RWO07

BIT NO. CHIP

VAL A (B) K5 (K4)
KYQ A (B) B (14)
KY1 A (B) 15. (14)
KY2 A (B} HE {H4)
KY3 A (B) G5 (G4)
KY4 A (B) F5 (F4)
KY5 A (B) E5 (E4)
KY6 A (B) D5 {D4)
KY7 A (B) C5 (C4)
PAR A (B} B5 (B4)

CACHE KEY STORE

Figure 4-7. Cache Memory Chip Location (Card B3)

Use of 9D (Monitor) Micro

The 9D micro is used (by position) to signal pro-
grammatic events. The micro has no function other
than to produce a one-pulse signal for use by exter-

nal test equipment. This capability is used in soft-
ware development to record the number of times an-
other micro or subroutine is executed. For trouble-
shooting work, the monitor pulse is most often used
for oscilloscope triggering. The monitor pulse ap-
pears on the frontplane pin ZY and backplane pin
0BX of logic card E3. A typical application of the
9D micro is to examine the execution of another mi-
cro which is suspected of failing. To do this, a small
micro program consisting of the 9D micro, the sus-
pect micro, and a branch-backward instruction is
composed. This routine is then loaded in memory,
address, and executed. Since the program terminates
in a Branch Back to Start instruction, continuous re-
petitions are performed. While this is occurring, the
logic functions exercised by the suspect micro may
be examined with a scope, using the monitor pilses
for triggering. Depending on variant selection of the
two least-significant bits (0 and 1), The 9D micro
may generate up to four different backplane monitor
signals. The names of these signals and their back-
plane locations and variant selections are as follows:

MONTOREO H6BX True if last two
bits are 00.

MNTRO.EO H6CX True if last two
bits are 00
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MNTRI1.EO H6DX True if last two
bits are 01.

MNTR2.EO H6EX True if last two
bits are 10.

A typical monitor routine would consist of the fol-
lowing micros (expressed in hexadecimal):

0900 9D (Monitor) micro.
10A1  Suspect micro, e.g., 1C (move X to Y).
D003 13C (Branch Back) micro.

Use of 11D (Diagnostic Read/Write S-
Memory) Micro.

The 11D Micro is used for diagnostic tests on the
Memory Base Unit (MBU), Port Interchange (PI),
and Port Adapter (PA). The various diagnostic tests
(see figure 4-8 for the micro format) which can be
accomplished are as follows:

. Write S-memory.

. Read S-memory.

Echo Address.

. Echo Write Data.

. Read Port Interchange Latch.

Echo Data via Port Interchange/Port Adapter.
. Read and Clear Error Log.

Rhe e o

The FA register is used to address memory for the
Write/Read variants. Refer to figure 4-9 for the FA
register address format.
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A B C D E F
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
o oo o|lo oo o|l]o 0o o o1 o 1 1]R AlBlcCc]|D
T B DD
SELECT TW SIGN SEI ECT MEMORY SELECT ECHO VAR
0 + OR ECHO 00 RESERVE - PI
1 - 0 MEMORY 00 MEMORY
1 ECHO 01  WRITE DATA - PAI
10  ADDRESS - PA2
1 ELOG - PA3
Y Y Y
RR A c
SELECT WRITE SELECT UNIT SELECT READ/
REGISTER 0 MBU WRITE
00 X 1 Pl 0 READ
01 Y 1 WRITE
10 T
11 L
G14759
Figure 4-8. Diagnostic Read/Write S-memory (11D)
A B C D F
23 22127 20119 18117 16 {15 14 13 12|11 10 09 08 |07 06|05 04|03 02 01 00
BIT
\XO.B. \(<UP QV \ CHIP ADDRESS STACK POINTER
G14760
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Figure 4-9. FA Register Address Format As Viewed On Consoie Lamps




The Diagnostic Write causes 22 bits (16 data and
6 Error Correction Code) to be stored. No actual er-
ror correcting or reporting is performed for this op-
eration. The Diagnostic Write access must be in the
forward direction, and must be on stack boundaries.
(The bit pointer must point at bit 0 of the stack.)

The Diagnostic Read causes 22 bits of a storage
word to be read out. An odd parity bit is supplied
with the 16 data bits. Single-bit errors are not re-
ported. If a single-bit error is detected within the 16
data bits, the odd parity bit is inverted, causing it to
actually represent even parity.

The Diagnostic Echo Address variant instructs the
MBU-3 to modify and return the address sent to it.
This address is modified in either the forward direc-
tion or the reverse direction, depending upon FDS
(Field Direction Sign). The address returned is
ADDR+16 if FDS=0 or ADDR-16 if FDS=1. The Y
register contains the modified data.

The Diagnostic Echo Write Data variant instructs

the MBU-3 to return the write data sent to it. The
Y register contains the echoed data.

The Read Port Latch variant causes the data in
the port interchange latch to be moved to the pro-
Cessor. _

The Eche Data Via PI and PA variants causes
data to be written to the Pi latch, and then returned
to the processor by either the PI or any of three port
adapters.

The Diagnostic Read and Clear Error Log variant
is not an access to S-memory but rather to the Error
Log register. The Error Log contents are moved to
the Y register; then the Error Log is cleared at the
end of the cycle. If the Error Log indicates an S-
memory failure (refer to figure 4-10 for Error Log in-
terpretation), the failing storage chip may be identi-
fied by using figure 4-11 (Group/Stack location of S-
memory cards in the card housing). Figures 4-12 and
4-13 are useful in locating storage chips on the S-
memory storage board.

S—MEMORY ELOG INTERPRETATION

2, 2 2o 9181y 6|5 a3 2|1 o 09 °3|°7°6°5°4|°3 2 01 °0|
ll I|RESERVED ]nnnnxlnnnnnnnn
GROUPISTACKIROW SYSNDROME
D= DUPLICATE PU, NU, OR § ERROR
PU = PROCESSQR ACCESSED UNCORRECTABLE ERROR
NU = NON-PROCESSOR ACCESSED UNCORRECTABLE ERROR
S = SINGLE BIT CORRECTED ERROR
= (0) ERROR ON READ
{1) ERROR ON WRITE
SYNDROME INTERPRETATION
SYNDROME (HEX) MEMORY BIT

@o01@
@02@
@o4@
@ose@
@0B@
@obe
@0E@
@10@
@13@
@16@
@19@
@1A@
@1Ce
@20@
@23@
@25@
@26@
@29@
@2ce
@31@
@32@
@34@

21
20
19
18
15
i4
13
17
12
11
10
09
08
16
07
06
05
04
03
02
01
00

« REPORTED ONLY UPON DETECTION OF A SINGLE-BIT CORRECTED ERROR.

@ SIGNIFIES HEXADECIMAL

G14761

Figure 4-10. Error Log Interpretation
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GROUP | O 0 11 1 2 2 3 3
sTAck | o 2 ol1]2 0 2 0 2

s

Z R s aQ T

3 3 3 3

E

MBU-3 (F/P VIEW
G14762 (F )
Figure 4-11. Memory Beard Group/Stack Interpretation
MEMORY BIT 00 01 02 03 04 05 06 07 08 09 10 ROW
AO A2 Ad A6 A8 A0 A2 A4 A6 A8 A20 00
STORAGE DO D2 Da D6 D8 D10 D12 D14 D16 D18 D20 01
CHIP HO H2 H4 H6 H8 H10  H12 H14  H16  H18 H20 02
LOCATION Lo L2 L4 L6 L8 L10 L12 L14 L16 L18 L20 03
MEMORY BIT 11 12 13 14 185 16 17 18 19 20 21 ROW
RO R2 R4 R6 RE R10 _RiZ R4 __Ri6 R R20 00
EL?PRAGE Vo v2 va V6 v8 vVio V12 V14 Vi VI8 V20 01
| Yo Y2 v4 Y6 v8 Y10 Y12 Y14 Y16  YI8 Y20 02
LOCATION ABO AB2 AB4 AB6 AB8  ABI0 AB12 AB14 ABI16 AB18  AB20 03
G14763
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Figure 4-12. Memory Board Chip Locator (Table)




AB Y \% R L H D A
0 1 1 1 1 00 00 00 oo |o
2] 12 12 12 12 01 01 01 01 |2
41 13 13 13 13 02 02 02 02 |4
6| 14 14 14 14 03 03 03 03 |6
8 15 15 15 15 04 04 04 04 |8
10 16 16 18 16 05 05 05 05 (10
12 17 17 17 17 06 06 06 06 |12
14 18 18 18 18 07 07 07 07 |14
16 19 19 19 19 08 08 08 08 |16
18 20 20 20 20 09 09 09 09 18
20 21 21 21 21 10 10 10 10 |20
AB Y \% R L H D A
~ ~
la 4 T T >
ROW 3 ROW 2 ROW 1 ROW 0 ROW 3 ROW 2 ROW 1 ROW 0
S J \ )
b 4 v
BITS 21-11 BITS 10-00

NOTES: DRAWING IS STYLIZED; SHOWS ONLY STORAGE PORTION OF BOARD.
NUMERALS WITHIN BLOCKS (CHIPS) ARE BIT NUMBERS. (REFER TO

FIGURE 4-12))
G14764

Figure 4-13. Memory Board Chip Locator (Physical Layout)
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SUBASSEMBLY REMOVAL AND
REPLACEMENT

Performing maintenance and/or adjustment work
on the various portions of the Central System may
require the removal of subassemblies to allow access
to a desired area. Instructions for removal and re-
placement of all significant system subassemblies are
provided in the following paragraphs.

Diagnostic/Maintenance Panel

The D/M panel is mounted to the cabinet frame by
means of hinges attached at the righi-hand side, and
may be swung open as if it were a door. The panel
is held closed by magnetic latches and may be
opened by pulling outward on the left side. With the
panel open, access may be gained to the rear of the
hardware mounted thereon. The panel itself should
never require removal from the cabinet (except in
cases of physical damage), but opening is a necessar-
y step in removing and/or replacing the subassembl-
ies mounted on it.

Console Switches and Indicators

The 24 console switches and corresponding 24 in-
dicator lamps, plus several other control switches
and indicators are mounted on a printed circuit
board. Removal of the board is necessary if compo-
nent replacement is required. To replace a compo-
nent, perform the following steps:

a. Open the D/M panel.

b. Remove the circuit board cables.

¢. Remove the eight retaining nuts which attach
the console board to the front panel.

d. Remove the printed circuit board.

e. Unsolder the defective component.

f. Install a new component in the vacant position
and solder in place.

g. Replace the console components in reverse or-
der from which they were removed.

To remove the cassette drive from the Operator’s
panel for repair or adjustments, proceed as follows,
(see figure 4-14):

a. Switch system power OFF.

b. Remove the left side panel from the console ta-
ble, and the panel covering the cassette mounting
latches on the front of the table.

¢. Locate the two mounting latches pertaining to
the cassette device to be removed. These latches are
at the center of the left and right sides of the cas-
sette chassis, and must be adjusted from the front
with a screwdriver.

d. Loosen the mounting latches and rotate them
(about 1/4 turn) until the cassette chassis is free.

e. Remove the cassette drive by pulling directly
backward.

f. The drive may now be piaced on the table top
for adjustments or repair while still electrically con-
nected to the shared cassette board. (The cables at-
tached are of sufficient length to ailow such exten-
sion.)
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g. If repair or adjustment is needed on the shared
cassette board, the board may be removed by pulling
outward on the six black retainers located at the top
and bottom.

h. Replacement of the devices may be accom-
plished. by performing the above steps in reverse or-
der.

Logic Power Supply Booster

The logic power supply booster functions as a
slave to the existing power supply, and is not usable
separately. Each booster increases the +4.75 and
~-2.0V logic current delivery capability of the
B 1870/B 1860 system by an additional 80 amps. The
B 1870/B 1860 System may use up to two boosters
for a total added current capacity of 160 amps.

Most required troubleshooting can be accom-
plished with the beoster supply still mounted in the
system. The Inverter board can be removed from the
supply for easier access when testing.

NOTE
The cable connecting the inverter board
to the control board is long enough to
permit the inverter board to be placed
on the console table.

If the booster supply must be removed from the
system, proceed as follows (see figure 4-15):

a. Turn system power OFF.

b. Remove the left side cover.

¢. Disconnect the two jacks (J2 and J6) and the
two cables from the booster assembly +4.75 and
-2.00V output bus bars.

d. Remove the four (4) retaining screws which at-
tach to the supply cabinet frame and lift the supply
from the cabinet.

e. Replacement of the supply may be accom-
plished by performing the above steps in reverse.

Logic Power Supply

The logic power supply is mounted in the base of
the system cabinet. The supply may be extended
from the cabinet on tracks, and rotated upwards for
access to the underside. (See figure 4-16.)

To gain access to the interior of a logic power sup-
ply, proceed as follows:

a. Turn system power OFF.

b. Disconnect the three bus bar terminals at the
rear of the supply (+4.75V, GND, -2.0V outputs).
Also disconnect plugs JLG, J12A, and J12B. The AC
Power cable need not be disconnected.

¢. Remove the four retaining screws which attach
the front panel of the supply to the cabinet frame.
The supply may now be extended from the cabinet.

d. Remove the top and/or bottom covers of the
supply as required.

WARNING
The logic power supply contains high
voltage circuits.
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BOOSTER POWER SUPPLY
4,75V AND -2.0V CABLES

J2 (SENSE LINES)

J6 (AC POWER)

CARD HOUSING BACKPLANE
SYSTEM BLOWER ASSEMBLY

RETAINING SCREWS
{2 OTHERS ON OPPOSITE END)

N oW

G14767

Figure 4-15. Booster Power Supply Removal
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Figure 4-16. Logic Power Supply Extended and Tilted Upward

Logic Cards and Cables

. . o
Each logic card and memory card is equipped with

plated contacts which mate with matching sockets
mounted on the backplane. In addition, many cards
“are also equipped with frontplane sockets into which
logic cables (having matching plugs) are inserted.

CAUTION
These connections are fragile, and must
be handled carefully to avoid damage.
Insertion and removal instructions for
the cards and cables are as provided in
the following subsections.

Removal
a. Cables may be removed by moving the plastic

connector handle up and down slightly while exert-
ing a gentle outward pull. Do not twist the connect-
ors or move from side to side. Remove coaxial ca-
bles by pulling straight out.

b. Logic cards should be removed with the aid of
an extraction tool, P/N 2207 6228. To use the tool,
locate the hole near the lower front corner of the de-
sired card and insert the pry pin into it (pointed end
of tool downwards). Pull outwards on the handle un-
til release of the backplane connectors is felt. The
card may now be readily removed from its slot. Re-
fer to figure 4-17.
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Replacement

a. When preparing to replace a logic card, first as-
certain that it is oriented properly. The component
side must be to the right when facing the frontplane.
Slide the card carefully into the slot, making sure
that the top and bottom edges are inside the guide
tracks. When the limit of travel is reached, seat the
backplane connectors by giving a firm push (using
both hands) on the front edge of the card. Check to
ensure that the front edge of the card is even with
those on either side of it.

b. Replace logic cables by visually aligning the so-
cket and plug, then push straight together. Replace
coaxial cables in the same way.

Component Replacement

Replacement of individual circuit components in
the B 1870/B 1860 Central System should be per-
formed in a manner consistent with that employed
for other devices utilizing printed circuit technology.
However, since the B 1870/B 1860 uses integrated
circuit chips and wire-wrap terminals extensively,
the special precautions to be observed when working
with these parts are included in the following subsec-
tions.
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G11503

Figure 4-17. Logic Card Removal

Chip Replacement
To replace a faulty IC chip, proceed as follows:

CAUTION
Never permit a hot soldering iron to
come in contact with the insulated bus
bars which cross the card.

CAUTION
Use of excessive heat will damage the
card etching.

a. Using a clean low heat soldering iron and a de-
soldering tool, remove the solder from each leg of
the chip. This should be done from the solder side
of the board.

b. Using a soldering aid or small screwdriver,
press each leg toward the chip body (on component
side). This should break loose any residue of solder
which may remain.

T ift + 3 1
c. Lift out the chip with a chip rem

1
not pry with a screwdriver or other tool, as this can
break the etching. Refer to figure 4-18.
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NOTE
Desolder pump tool is P/N 1622 2887.
Chip removal tool is P/N 1622 4206.

Making Wire-Wrap Connections

Wire-wrap connections provide a rapidly made,
high-quality joint, and are adaptable to automatic
manufacturing processes. However, the tolerances
involved are quite small, and require careful atten-
tion to detail when such connections are made by
hand.

WIRE-WRAP SPECIFICATIONS

The following specifications discussed in the fol-
lowing paragraphs must be observed when making
wiring changes in the field.

Number of Turns
The minimum number of turns (per connection) of

bare wire is 5, and maximum number is 7. The

maximum number of turns of insulation preceding
the bare wire is 3 for any connection.
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Figure 4-18.

Insufficient Insulation

Wire insulation shall be no greater than 1/32 inch
from wire wrapped connections.
Wire and Terminal Contact

Bare wire must make contact with the terminal at
all corners.

Separation of Turns
Turns may have a maximum separation of one-haif

the thickness of wire being used to make the
wrapped connection.

Excessive Tail Wire

The wire tail shall be construed as being ‘‘that end
of bare wire which follows the last wrap.”” The wire
tail shall be parallel to the terminal surface within 1/
32 of an inch.

Overlapping of Turns

This condition is caused when succeeding wraps
overlap the ones previously made. If overlaps exist,
it will be necessary to make a new connection.

Clearance

There shall be at least 1/32 inch clearance between
grid pattern connections, terminals, bare wire and
components.

Height
The maximum clearance between the connector

block and the first turn of the first connection shall
be 1/16 inch.
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IC Chip Removal

Height for Single Wrap
The maximum height for a single wrap shall be 1/4
inch.

Heioht for Two Wraps
S AY & g

The maximum height for two wrapped connections
shall be 1/2 inch.

Unwrapping

The connection shall be capable of being un-
wrapped from the wire wrap terminal without break-
ing. The unwrapping operation shall be done with a
standard unwrapping tool only, so as to ensure the
life of the wire-wrap terminal.

Wire Re-Use

NOTE
if a wire has previously been wrapped,
the portion of the wire which was
wrapped cannot be used again.

If the old wire is not long enough to strip off
enough insulation to permit another wrap, a new
wire must be routed in its place. Soldering a
wrapped connection directly at the terminal is not
recommended.

Terminal Reuse

Prior to re-wrapping, the terminal should be ins-
pected for damage. When there is plating loss, corre-
sion or other damage which would cause a poor con-
nection, the terminal must be replaced.
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APPROVED WIRE WRAP INSTALLATION
PROCEDURE

To make an acceptable wire wrap connection, pro-
ceed as follows (Refer to figure 4-19):

NOTE
A separate wire wrap tool is available
for each guage of wire which is used.
Be sure that the correct tool is on hand
before beginning work.

a. Remove the insulation from the end of the
wire. Approximately 1 1/4 inches of wire is required

for a six-turn connection of wire.

b. Select the wire-wrap tool applicable for the
specific guage wire used.

c. Place the tool over the wire as shown in figure
4-19, B.

d. Anchor the wire as shown in figure 4-19, C and
insert the tool over the pin as shown in the D por-
tion of figure 4-19.

e. Rotate the tool in a clockwise direction. The
wire will wrap around the pin as shown in figure 4-
19, E and F. Too much downward pressure will
cause the wire to bunch.

& O <O

A. BIT AND SLEEVE

v ]
-2

D. TERMINAL INSERTION

G11508

B. WIRE INSERTION

—D! ! e

E. WRAPPING

C. WIRE ANCHORING

F. FINISHED CONNECTION

Figure 4-19. Wire-Wrap Installation
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INTRODUCTION

This section contains auJ'uSthﬂLS which may be
used to restore a system to proper operation. In-
cluded are procedures for testing the various adjusta-
ble circuits against specifications for diagnostic pur-
poses.

NOTE
This section is a guide, and the specifi-
cations provided herein may be
changed at a later date. Refer to the
system T & F Documents for proper
timing specifications.

CENTRAL SYSTEM CLOCK CHECKS

The central system clock is generated by a 12-
megahertz crystal-controlled oscillator whose sine
wave output is converted to an approximate 6-MHz
square wave signal alternating between 4.95 volts
and 0 volts. The clock signal is subjected to buffer-
ing and delays before being passed to the processor,
MBU and I/O Base. Refer to volume 3 section 2 of
this manual (Theory of Operation, form number
1095551) for a detailed description of the clock cir-
cuit. Normally, clock adjustments are unnecessary
because the timing is preset at the factory. However,
should the timing relationship between the various
clock signals fall outside the specifications outlined
in this test procedure (or the T & F Documents), the
discrepancy may be corrected by changing delay
taps.

Test Equipment Required for Clock
Adjustments

A Tektronix 465 oscilloscope with 10:1 probes (or
equivalent) is required to perform the clock adjust-
ments.

NOTE
All timing must be checked at nominal
voltages.

Clock Card Test Procedure

The following procedure verifies that the timing of
the system clocks and related clock signals is within
acceptable limits. Perform the following steps in the
order listed:
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SECTION 5
ADJUSTMENTS

on the clock card to NORMAL mode.

a. Set S-1
S-2 on the clock card to CONTINUOUS

b. Set
mode.

¢. Connect the channel 1 scope probe to Refer-
ence Clock (Clock card backplane pin OWX), and
the channel 2 scope probe to Processor Clock 1
(backplane pin OYX). Trigger the scope from chan-
nel 1.

d. Verify the width and frequency of the Refer-
ence Clock signal at the 1-volt level, as shown in fig-
ure 5-1.

e. Check Processor Clocks 1 and 2 using the
channel 2 probe, with the scope being triggered by
channel 1 (Reference Clock). Check the delay, width
and frequency of these clock signals at the 1-volt
level. Refer to figure 5-2 for delay and figure 5-3 for
width specifications.

f. Check the /O Clock output at backplane pin
1ZX for proper delay, width and frequency. Use the
channel 2 scope probe. Refer to figure 5-4.

g. Move the channel 2 probe to MBU Clock (‘‘do-
ghouse’ connector 7 on the frontplane of the clock
card). Verify the delay, width and frequency of the
MBU Clock (System Clock 1) at the 1-volt level. Re-
fer to figure 5-5 for procedure.

h. Check the remaining system clocks (System
Clocks 1 to 6) in the same manner as step g, using
scope probe 2.

i. Switch S-2 to SP (singie pulse) and verify that
on every push of S-3 (SINGLE PULSE switch) that
the Reference clock output emits a positive pulse of
the proper width. All clocks emit a synchronous pos-
itive pulse at this time, having proper delay and
width with respect to Reference Clock. The single
pulse is generated when S-3 is pushed (not when it
is released).

PROCESSOR CLOCK SKEW CHECKS

The B 1870/B 1860 Processor Clock is calibrated
on the Clock Card. However, individual processor
cards also have on-board clock nets that require
calibration. The calibration procedure guarantees
proper delay from the card clock input (backplane
pin OWX) to the first element of each clock net on
that card. Each card contains a different number of
nets to be calibrated.
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Figure 5-1. Reference Clock
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Figure 5-3. P.CLK Width
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A CiuvAag <

IDLE
JUMPER CHIP AT G8 (SEE DIAGRAM)

/0 CLK

4]

[4))
[¢4]
I+
[}

THE TRAILING EDGE OF 1/0 CLOCK SHOULD LEAD THE TRAILING EDGE OF REF.VO
BY 58-6 nSEC.

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14774
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Figure 5-4. /O Clock
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ﬂ
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XEBW (OWXCLOCK CARD)
CLOCK CARD DOGHOUSE, SYS. CLOCKS 1-7
1 uSEC/cm. X10 ON (10 nSEC/cm.)
1 VOLT/cm.
CHANNEL ONE
ALTERNATE
IDLE
JPRN AT 1-2 ADJUSTS CLOCKS 1-6, JPRN AT
L-2 ADJUSTS CLOCK 7
[
S S —

—]

MEASURE AT +1 VOLT LEVEL

VOLTAGES AT NOMINAL

G14775

I<— 28 + 6 nSEC

Figure 5-5. System Clocks 1-7
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Test Equipment

The following test equipment is required for the
Processor Clock skew checks: '

a. Tektronix 465 oscilloscope with 10:1 probes (or
equivalent).

b. Logic Card Extender (P/N 2207 1237).

Processor Card Test Procedure

The clock skew calibration procedures for the var-
ious processor cards are shown in figures 5-6
through 5-14. Perform steps A through I for each
card, ensuring that each net listed is calibrated
within 22 to 25 nanoseconds of PCLK.VO (at back-
plane pin OWX of the card being tested). Note that
each card to be checked must be extended with a
card extender.

SCRATCHPAD TIMING ADJUSTMENTS

Scratchpad is located on three different processor
cards (H3, K3, M3). Each card contains a timing ad-
justment for one-third of scratchpad.

NOTE
These cards must be extended to gain
access to the scratchpad clock logic.

Test Equipment

The following test equipment is required for the
scratchpad timing adjustments: Tektronix 465 oscil-
loscope with 10:1 probes (or equivalent), and Logic
Card Extender, (P/N 2207 1237).

Scratchpad Test Procedure
Perform the following procedure to verify that the

scratchpad clock timing is within acceptable limits:

a. Extend the card to be tested with card ex-
tender.

b. Load 002000 (HEX) into the M register.

c. Place the MICRO SOURCE switch (D/M panel)
in the FROZEN M position.

d. Place the processor in the run mode and press
the START button.

e. Set the scratchpad skew as shown in figure 5-
15 and the scratchpad width as shown in figure 5-16.

TOP OF A-STACK TIMING
ADJUSTMENT

The adjustments for Top of A-Stack (TAS) is lo-
cated on two processor cards (C3 and D3). These
cards must be extended to gain access to the Stack
Clock.

Test Equipment

The following test equipment is required to per-
form the TAS clock adjustment: Tektronix 465 oscil-
loscope with 10:1 probes (or equivalent), and Logic
Card Extender (P/N 2207 1237).

1098282

TAS Test Procedure

The following procedure verifies that the timing of
TAS clocks are within acceptable limits:

a. Extend the D3 card with the card extender.

b. Load 000074 (HEX) into the M register.

c. Place the MICRO SOURCE swiich (D/M pan-
el). in the FROZEN M position.

d. Place the processor in the run mode and press
the START button.

e. Set TAS timing by following figure 5-17.

f. Repeat steps a thru e for the C3 card.

NOTE
Cache memory timing (following) may
be checked at the same time as TAS
because the Cache timing adjustment is
the same as TAS on card C3. Check
and set TAS on card D3 then check
card C3.

CACHE MEMORY TIMING
ADJUSTMENTS

The adjustment for Cache timing is located on pro-
cessor card C3. The timing must be set for writing
to both blocks A and B. Note that this card need not
be extended to be checked.

Test Equipment

A Tektronix 465 oscilloscope with 10:1 probes (or
equivalent) is required for the Cache memory timing
adjustments.

NOTE

If TAS timing was checked and is cor-

rect, the Write Block A and B timing
should be correct. If the timing is in-
correct a component problem may exist
in the Cache Write circuit.

Cache Test Procedure

The following procedure verifies that the timing of
Cache Write is within acceptable limits:

a. Load 000074 (HEX) into the M register.

b. Place the MICRO SOURCE switch (D/M pan-
el). in the FROZEN M position.

c. Place the processor in the run mode and press
the START Button.

d. Check Write Bilock A (WBA) by following fig-
ure 5-18.

e. Check Write Block B (WBB) the same way as
WBA, but load the M register with 000075 (HEX).

S-MEMORY TIMING ADJUSTMENTS

The S-memory timing adjustments are located on
MBU card P3. Refer to the T & F Documents for
proper calibration procedures and specifications.
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- DLYO8P2. E8
DLYO6P2, JPRN
DLYO04P2,
DLYO2P2.
DLYOQOP2,
I v DSCP1.0. ADJUSTS DSCP..0.
CLOCK SKEW MUST BE ADJUSTED BETWEEN THE POINT WHERE THE CLOCK ENTERS THE
CARD, AND THE POINT WHERE THE CLOCK IS ACUTALLY FED TOA CLOCKED DEVICE.
A. TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCLK .VO (OWX)
C. CHANNEL TWO DSCP..0. (F9J)
D. HORIZONTAL 1 uSEC/cm. X10 ON {10 nSEC/cm.)
E. VERTICAL 1 VOLT/ecm.
F. TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H. MACHINE STATE IDLE
I ADJUSTMENT JUMPER CHIP AT E8 (SEE DIAGRAM)
DSCP..O |
L R
—] I«—— 22-25 nSEC.
|
PCLK. VO
o——— )

THE TRAILING EDGE OF PCLK.VO SHOULD LEAD THE TRAILING EDGE OF

DSCP.O BY 22-25 nSEC.

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14776

Figure 5-6. Processor Clock Skew (A3)




v T ions DLY16P2
1 v DLY18P2
T DLY20P2 __A A
p ¥ DLY14P2___ B N
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F8 i E n
E DL2N : G H  TAP3.2.
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] 3 f‘\ \ /\v DLY06P2 JPRN
T \ . DLY04P2
I P DLY02P2
TV DLYOOP2
T TAP1.2. ADJUSTS DLCOO.O.(FON)
I TAP2.2. ADJUSTS RCLK1.0.{C8N)
I TAP3.2. ADJUSTS RCLK2.0. (C8J)
CLOCK SKEW MUST BE ADJUSTED BETWEEN THE POINT WHERE THE CLOCK ENTERS THE
CARD, AND THE POINT WHERE THE CLOCK IS ACTUALLY FED TO A CLOCKED DEVICE.
A, TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCLK .VO (OWX)
C. CHANNEL TWO DLCOO & RCLK1 & 2
D. HORIZONTAL 1 USEC/cm. X10 ON (10 nSEC/cm.)
E.  VERTICAL 1 VOLT/cm.
F.  TRIGGER SOURCE CHANNEL ONE
G.  DISPLAY MODE ALTERNATE
H.  MACHINE STATE IDLE
i ADJUSTMENT JUMPER CHIP AT E8 (SEE DIAGRAM)
DLCO0.0
RCLK1&2.0. |
—] |— 2225 nSEC.
]
)
PCLK. VO
EEEERE—— ]
THE TRAILING EDGE OF PCLK.VO SHOULD LEAD THE TRAILING EDGE OF
RCLK1 & 2.0. BY 22-25 nSEC,
MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL
G14777
Figure 5-7. Processor Clock Skew (C3, D3)
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DLY18E2

DLY16E2
DLY20E2 A =2
DLY14E2 B N
DLY12E2 C M RCLKA4F2
ERNRE D L _RCLK3F2
LICIMIBIC N E K_RCLK2F2
——
F8 o F ) _RCLK1F2
DL2N G H RCLK5F2
Fl JE[K H S
DLY10E2
DLYOBEZ !_58
DLYOBE?Z JPRN
DLYO4E2 I
DLYOZ2E2
DLYOOE2
@®rss
NET LIST

RCLKSF2. ADJUSTS HCLK..1. {B8K)
RCLK1E2. ADJUSTS RMCLK.0. (C8J)
RCLK2E2. ADJUSTS SQCLK.0. (G8N)
RCLK3E2. ADJUSTS NRCLK.0. {G8J)
RCLK4E2. ADJUSTS FRCLK.O. (C8N)

INTERNAL, POSITIVE

PCLK .VO (OWX)

SEE NET LiST ABOVE

1 uSEC/cm. X10 ON (10 nSEC/cm.)

1 VOLT/cm.

CHANNEL ONE

ALTERNATE

IDLE

JUMPER CHIP AT E8 (SEE DIAGRAM)

|
|~—— 22-25 nSEC

—]

THE TRAILING EDGE OF PCLK. VO SHOULD LEAD THE TRAILING EDGE OF

v 10nS
Ve T
Il 1111 4 4l 11 4431
LI ) LIS T T U LU Tirvr
I 3 ~ Fa\
AV,
A.  TRIGGER
B.  CHANNEL ONE
C.  CHANNEL TWO
D.  HORIZONTAL
E.  VERTICAL
F.  TRIGGER SOURCE
G.  DISPLAY MODE
H. MACHINE STATE
I, ADJUSTMENT
FRCLK.0.
NRCLK.O.
HCLK..1.
MRCLK.O.
SQCLK.0.
PCLK. VO
SEE LIST BY 22-25 nSEC.
MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL
G14778

Figure 5-8. Processor Clock Skew (E3)
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G F8 5? F J
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] ™\ DLYO06P2. JPRN
p P \ \/ DLY04P2.
I / /& DLYO02P2,
e +\/ ] DLYOOP?2.
T TAP1..2. ADJUSTS PCLKDLO. (13J)
o TAP2..2. ADJUSTS NCLK1.0. (GIN)
- TAP3..2. ADJUSTS NCLK?2.0. (G9J)
A, TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCLK .VO (OWX)
C.  CHANNEL TWO PCLKDLO.,NCLK 1&2.0.
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
£, VERTICAL 1 VOLT/cm.
F.  TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H.  MACHINE STATE IDLE
i ADJUSTMENT JUMPER CHIP AT E8 (SEE DIAGRAM)

NCLK1 & 2.0.
PCLKDLO.

22.25 nSEC. — =  |==-—o
|

PCLK. VO

THE TRAILING EDGE OF PCLK.VO SHOULD LEAD THE TRAILING EDGE OF
PCLKDLO. & CLK1 & 2.0. BY 22-25 nSEC.

MEASURES AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14779

Figure 5-9. Processor Clock Skew (F3)
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1v I 10nS DLY16P2.
T DLY 19P2.
T DLY20P2. A P ]
P 3 DLY14P2.__ B N
— DLY12P2. C M TAP1..2.
D L TAP2..2.
Bl N E K TAP3..2.
p F
L L Ll LA Ll Ll P G
- = s
DLY10P2.
DLY08P2. E8
DLYO6P2. JPRN
DLY04P2,
T \/J DLYO02P2.
I DL Y0O0P2.
I
I TAP1..2. ADJUSTS RCLK1.0 (E6N)
TAP2..2. ADJUSTS RCLK2.0. (C8N)
TAP3..2. ADJUSTS RCLK3.0. (C8J)
CLOCK SKEW MUST BE ADJUSTED BETWEEN THE POINT WHERE THE CLOCK ENTERS THE
CARD, AND THE POINT WHERE THE CLOCK IS ACTUALLY FED TO A CLOCKED DEVICE.
A, TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCLK .VO (OWX)
C. CHANNEL TWO RCLK1,2&3.0.
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E. VERTICAL 1 VOLT/cm.
F. TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H. MACHINE STATE ADLE
1. ADJUSTMENT JUMPER CHIP AT E8 (SEE DIAGRAM)
RCLK1, 2, 3.0,
' EEEErS———
22-25 nSEC. —=| |r—
|
PCLK. VO
R T

THE TRAILING EDGE OF PCLK.VO SHOULD LEAD THE TRAILING EDGE OF
RCLK1, 2, 3.0. BY 22-25 nSEC.

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14780

Figure 5-10. Processor Clock Skew (G3)
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) T CKID102.
v 1 1005 CKID122. )
T CKID202, A 1
f\ I CKID142. B N
L c M
D L XCLK1.2.
Licvle N E K XCLK2.2.
T G F8 Y F 4 XCLK32.
DL2N G H__ XCLK&.2.
H R R H{F| J| E|K R S
CKID002.
_ CKIDO082. E8
(\ \/ CKIDO062. JPRN
. CKID042.
1 NN CKID022.
I\
¥ NET LIST
I XCLKO0.2. ADJUSTS XCLKO.0. (FON)

XCLK1.2. ADJUSTS RCLK1.0. (D7J}
XCLK2.2. ADJUSTS RCLK2.0. (D7N)
XCLK3.2. ADJUSTS RCLK3.0. {E7N)
XCLK4.2. ADJUSTS RCLK4.0. (E7J)

CLOCK SKEW MUST BE ADJUSTED BETWEEN THE POINT WHERE THE CLOCK ENTERS

THE

CARD, AND THE POINT WHERE THE CLOCK IS ACTUALLY FED TO A CLOCKED DEVICE.

A.  TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCLK .VO (OWX)

C.  CHANNEL TWC XCLK, RCLK i-4 (SEE NET LIST)

D.  HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)

E.  VERTICAL 1 VOLT/cm.

F.  TRIGGER SOURCE CHANNEL ONE

G.  DISPLAY MODE ALTERNATE

H.  MACHINE STATE IDLE

L. ADJUSTMENT JUMPER CHIP AT E8 (SEE DIAGRAM)

XCLK,

RCLK1,
2,384

—-——»' |————22-25 nSEC.

PCLK. VO

THE TRAILING EDGE OF PCLK. VO SHOULD LEAD THE TRAILING EDGE OF
SEE LIST BY 22-25 nSEC.

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14781

Figure 5-11. Processor Clock Skew (H3)
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T CKID102.
v I 10nS CKID122.
T CKID202. A 7]
Va I CKID142. B N
ns C M
D L XCLK1.2,
, \ lclle N | E K___XCLK2.2.
F8 B F J___ XCLK3.2.
DL2N G H__ XCLK4.2.
HHHAHHHHHAHHH AR R HIF] JIE|K R s
CKID002.
_ CKID082. E8
K !\ V CKID062. JPRN
by CKIDO042.
- 7 Vl N CKID022.
I NET LIST
i XCLKO.2. ADJUSTS XCLKO.0. {FON)
XCLK1.2. ADJUSTS RCLK1.0. (D7J)
XCLK2.2. ADJUSTS RCLK2.0. (D7N)
XCLK3.2. ADJUSTS RCLK3.0, (E7N)
XCLK4.2. ADJUSTS RCLK4.0. (E7J)
CLOCK SKEW MUST BE ADJUSTED BETWEEN THE POINT WHERE THE CLOCK ENTERS THE
CARD, AND THE POINT WHERE THE CLOCK IS ACTUALLY FED TO A CLOCKED DEVICE.
A.  TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCLK .VO (OWX)
C. CHANNEL TWO XCLK, RCLK 14 (SEE NET LIST)
D. HORIZONTAL 1 uSEC/cm. X10 ON {10 nSEC/em.)
E.  VERTICAL 1 VOLT/cm,
F.  TRIGGER SOURCE CHANNEL ONE
G.  DISPLAY MODE ALTERNATE
H. MACHINE STATE IDLE
I.  ADJUSTMENT JUMPER CHIP AT E8 (SEE DIAGRAM)
XCLK,
RCLK1,
2,384
I l<— -
—_— 22.25 nSEC.
|
PCLK. VO

THE TRAILING EDGE OF PCLK. VO SHOULD LEAD THE TRAILING EDGE OF

SEE LIST BY

22-25 nSEC.

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14782
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Figure 5-12. Processor Clock Skew (K3)



1 CKID102.
v T 10nS CKID122.
T CKID202. A P
Va I CKID142.__ B N
- C M
D L XCLKI.2.
tclue N E K XCLK2.2.
- G Fe P F J__ XCLK3.2.
DL2N G H __ XCLKa.2.
HHAHHHHHHH R R H E[k R s
CKID002.
_ CKID082. E8
(\ \/ CKID062. FPRN
b CKID042.
- T } \ P CKID022.
T\
I NET LIST
+ XCLKO.2. ADJUSTS XCLKO.0. (FON)
XCLK1.2. ADJUSTS RCLK1.0. (D7}
XCLK2.2. ADJUSTS RCLK2.0. (D7N)
XCLK3.2. ADJUSTS RCLK3.0. (E7N)
XCLK4.2. ADJUSTS RCLK4.0. (E7J)
CLOCK SKEW MUST BE ADJUSTED BETWEEN THE POINT WHERE THE CLOCK ENTERS THE
CARD, AND THE POINT WHERE THE CLOCK IS ACTUALLY FED TO A CLOCKED DEVICE.
A.  TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCLK .VO (OWX)
C. CHANNEL TWO XCLK, RCLK 14 (SEE NET LIST)
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E.  VERTICAL 1 VOLT/cm.
F.  TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H.  MACHINE STATE IDLE
I, ADJUSTMENT JUMPER CHIP AT E8 (SEE DIAGRAM)
XCLK,
RCLK1,
2,384
l Cn————————
——-n—' l<—-—22-25 nSEC.
|
PCLK. VO
————————

THE TRAILING EDGE OF PCLK. VO SHOULD LEAD THE TRAILING EDGE OF

SEE LIST BY 22-25 nSEC.

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14783
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Figure 5-13. Processor Clock Skew (M3)
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TAP1.2. ADJUSTS NCLK.O. (DOJ)
TAP2.2. ADJUSTS LUCLK.O. (DON)
TAP3.3. ADJUSTS SCLK..O. (D1J)
TAP4.2. ADJUSTS UUCLK.O. (D1N}
TAP5.2. ADJUSTS 3MCLK.O. (G2K)

P1DL182,
PIDL202, A P
P1DL142, B N
PIDL122. __C M TAP1.2
D L TAP2.2
icimsl E K TAP3,2
gl F2 —® F J TAP4,2
DL2N [N G H TAP5.2
R S
HIFLILE KL P1DL102.
P1DLOB2. E2
P1DL062. JPRN
F1DLOA4Z.
P1DL022. J
P1DL00Q,
NET LIST

WF‘L—V’
C MAA;
Dl _JLT
FOR CALIBRATION, JUMPERS AT E1 SHOUL.D BE AS SHOWN BY THE E Ke
DASHED LINES. FOR NORMAL OPERATION, JUMPERS SHOULD BE Fl _1J]
AS SHOWN BY THE SOLID LINES. G T
. R S
A, TRIGGER INTERNAL, POSITIVE [ _1sT
B. CHANNEL ONE PCL K VO (OWX) =
C. CHANNEL TWO SEE NET LIST ABOVE
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E. VERTICAL 1 VOLT/cm.
F. TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H. MACHINE STATE IDLE
1. ADJUSTMENT JUMPER CHIP AT E2 (SEE DIAGRAM)
NCLK.
LUCLK..O.
SCLK.O.
UUCLK.O.
3MCLK.O. |
2225 nSEC. —» L-—
|
PCLK. VO
R e— |

THE TRAILING EDGE OF PCLK. VO SHOULD LEAD THE TRAILING EDGE OF

SEE LIST BY 22-25 nSEC.

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL.

G14784

Figure 5-14. Processor Clock Skew (N3)
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v \ 10n8 DLY1002.  ApeeemP
g DLYD702. B N
T |/ N~ DLYD602 _C M L CKXD602.
" D L~ _CXD1002.
L T Licim| Bl p E K
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FTTIETR |SURTIFUUEY VI JUUTE PRV 1O PUUTE UUN P HIFFVETKL 5| vpso2, 2 >
\ /™ ¥ / DLYD402 E4
T A DLYD302. IPRN
N DLY D202.
T CARD PIN
T H3  SPCLK E2-H
1 K3  SPCLK E2-J
M3  SPCLK E2-H
NOTE: THIS PROCEDURE IS THE SAME FOR THE H3, K3, & M3 CARDS.
A. TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE PCKI.VO (OWX)
C.  CHANNEL TWO SPCLK.O. (SEE LIST ABOVE)
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E. VERTICAL 1 VOLT/em.
F.  TRIGGER SOURCE CHANNEL ONE
G.  DISPLAY MODE ALTERNATE
H. MACHINE STATE EXECUTING 2C MICRO
. ADJUSTMENT JPRN E4 PIN L
|
PCLK.VO I
S ——— AR
| |
' |
A
|
SPCLK.O. I
—>I I<— 20 26 nSEC
MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL
G14785
Figure 5-15. Scratchpad Skew
5-17
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NOTE: THIS PROCEDURE IS THE SAME FOR THE H3, K3, & M3 CARDS.

TIOMMOpOwWrP

SPCLK.O.

TRIGGER
CHANNEL ONE
CHANNEL TWO
HCRIZONTAL
VERTICAL
TRIGGER SOURCE
DISPLAY MODE
MACHINE STATE
ADJUSTMENT

INTERNAL, POSITIVE

SPCLK.O.
NONE

1 uSEC/cm. X10 ON (10 nSEC/cm.)

1 VOLT/cm.
CHANNEL ONE

CHANNEL ONE

EXECUTING 2C MICRO

JPRN E4 PIN M TO CORRECT DELAY

| e——  42-48 nSEC

MEASURE AT 1 VOI T LEVEL
VOLTAGES AT NOMINAI

G14786
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Figure 5-16. Scratchpad Width
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DLCN ‘ G H
R S
DLCO5.2. JPRN
I
J8N ADJUSTS CARD C3
12N ADJUSTS CARD D3
NOTE: THIS PROCEDURE IS THE SAME FOR
CARDS C3 AND D3.
A, TRIGGER INTERNAL, POSITIVE
B.  CHANNEL ONE W STACKO. (A8J) (H2J)
C.  CHANNEL TWO NONE
D.  HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E.  VERTICAL 1 VOLT/cm.
F.  TRIGGER SOURCE CHANNEL ONE
G.  DISPLAY MODE ALTERNATE
H.  MACHINE STATE FROZEN M— EXECUTING A 7E MICRO
I ADJUSTMENT JPRN J8 PIN N
WSTACKO.
l—— 55.70 nSEC =~ 3]
MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL
G14787
Figure 5-17. A-Stack
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w X 10nS
I J8
I /ﬁ DLC09.2. JPRN
- + DLCO8.2. Apmem P |
T / DLC07.2. B N
\ I { r DLCO8.2._ g [A
I LICMIBL N DLcio.2. ] [k
R HH::HH R — gf_CN p g ”J,:,'
b B s
I CARD C3
NOTE: THE ADJUSTMENTS FOR WBA & WBB ARE THE SAME AS A-STACK.
BE SURE AND CHECK BOTH WRITE BLOCK A & WRITE BLOCK B.
A.  TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE WBA (1AY}, WBB {OBY)
C.  CHANNEL TWO NONE
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)}
E.  VERTICAL 1 VOLT/em.
F.  TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H.  MACHINE STATE FROZEN M- EXECUTING A 7E MICRO
I, ADJUSTMENT JPRN J8 PIN N

WBA & WBB

- 55-70 nSEC —_—]

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14788

Figure 5-18. Cache Width
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IO CLOCK TIMING ADJUSTMENTS

The B 1870/B 1860 I/O Base contains several clock
circuits which require calibration. The following pro-
cedures ensure proper width, delay and frequency of
these 1/O clocks.

Test Equipment

The following test equipment is required for the
1/0 Timing Adjustments:

a. Tektronix 465 oscilloscope with 10:1 probes (or
equivalent).

b. I/O Debug Test Tape.

SCPCn Calibration Procedure

This procedure ensures that the clocks at the
frontplane ‘‘doghouse’ connectors on the I/O distri-
bution card have the correct delay, as compared
with the reference clock on the clock card. Refer to
figure 5-19 for the calibration procedure. First ensure
that SCPC.O at 1BY is correct, then check each
“‘doghouse” connector to ensure they are the same
delay as SCPC.O. If a ‘‘doghouse’’ signal is not cor-
rect, there may be a component problem in that cir-
cuit.

SCPMn Calibration Procedure

This procedure ensures that the SCPMn clocks at
the Distribution card backplane are correct in width
and delay before being distributed to the /O con-
trols. Refer to figure 5-20 for calibration of the
SCPM width. Make sure that all SCPM clocks are
the same. Refer to figure 5-21 for calibration of the
SCPM delay as compared to reference clock. Make
sure that all SCPM clocks are the same.

/0 Receive Calibration Procedure
The I/O Receive signal must be delayed before be-

1098282

ing distributed to the receive buffers on the Distribu-
tion card. To ensure that /O Receive is delayed
properly, use the following test procedure.

a. Place a jumper between pins A and P on JPRN
D7 on the distribution card.

b. Load the I/O Debug Test tape into the system.

c. Loop the ‘“Test Operation’ test to any i/O con-
trol in the system (800000 (HEX) loaded in T regis-
ter). )

d. Refer to figure 5-22 for the calibration proce-
dure.

e. Remove test jumper from pins A and P of
JPRN D7 when finished.

8 MHz Clock

The 8-MHz clock is generated on the distribution
card by a crystal controlled oscillator. The distribu-
tion card uses the 8-MHz signal in conjunction with
the master clock to generate the slow clocks. The
8-MHz clock is also made available to independent
backplane controls for their utilization, and is trans-
mitted along the I/O bus by a frontplane connection
at #Y. Refer to T & F Documents for the calibration
procedure of this clock.

/O Control Skew

All B 1870/B 1860 1/0O controls having independent
backplanes and all 1/O sub-distribution cards require
calibration of DSCP clock skew. DSCP as appearing
at OWX of each independent backplane must be
within 5 nanoseconds of SCPM...O on the Distribu-
tion card (pin OWX). Check each control in the sys-
tem against SCPM...O at the distribution card, and
adjust if needed by use of schematics for the control
under test. Refer to figure 5-23 for the calibration
procedure and scope settings.
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DELO6CO.

-
T DEL07CO.
v T 10nS DEL08CO, o1
DEL09CO. A PRN
SPRD/...
L|ICIM|B p “(
G 1 IA P SCPED!1..
I DLCN EDELOPCO B N
[ M
H{F[J[E[K 5 T
TS P DELO5CO. E K SCPED2..
DELO3CO. F J
DELO1CO. G H
R S
DEL04CO.
S/ DEL02CO.
pe SPRD.... A
T D2 N
T |F-0
A.  TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE REF...V (OWX CLOCK CARD)
C. CHANNEL TWO SCPC...0 {1BY DIST. CARD)
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E. VERTICAL 1 VOLT/cm,
F.  TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H.  MACHINE STATE IDLE
1. ADJUSTMENT ADJUST SCPED1, (DIP)
|
REF...V '
— ! —
]
I
| |
|
ScPC...0 |

_"'l L—‘ 12+ 7nSEC

THE TRAILING EDGE OF SCPC...0 SHOULD LEAD THE TRAILING EDGE OF REF...V
BY 12 + 7 nSEC.

MEASURES AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14789

Figure 5-19. SCPC...O Skew
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DELO6CO.

T R DELG7CO.
Vv T 10nS DELOSCO.
-F DEL0O9CO.
I SPRD/...
N Licim BF—P =
+ G 1 A P SCPED1..
T = ELCN N | DELOCO. B N
$ cl v
¥ HIF]J] E[K 5 N
J: DELO5CO. E K SCPED2..
e L AR A Raas a o e B DELO3CO. 3 ]
I DELO1CO. G H
T R S |
I \ DEL04CO.
T . DEL02CO. ~ D1
bt 4+ \ r JPRN
-
T SPRD.... A
1 D2 N
I IF-0 @CIN -
.{»
A. TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE REF...V (OWX CLOCK CARD)
C. CHANNEL TWO SCPM...0 {OWX DIST. CARD)
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
£ VERTICAL 1 VOLT/em.
F. TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE CHANNEL TWO
H. MACHINE STATE IDLE
l. ADJUSTMENT ADJUST SCPED2, (D1K)
SCPM..0 pug———— 48 +8nSEC ]}
MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL
G14790
Figure 5-20. SCPM Width
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THE TRAILING EDGE OF SCPM...0 SHOULD TRAIL REF...V BY 24 £ 7 nSEC.

_pl js— 24 + 7 nSEC

MEASURE AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14791
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Figure 5-21. SCPM Skew

v I 10nS
¥ DELO6F8
/ § + DELO7F8
T—— DEL0SF8
: \ DELOSFS
: LICIMIBL n  DELOTOS. PRiliL
L n 1aa leaa o G F8 P l =]
AR BAREARAR! RRARAERARA RABEERARARAR RESBARBRERE DL-N P\ B N
[ C M
H[F] J] E[K D L
\/\ DELOSF8 £] E8 1K
. & DELO3F8 F J
\#C DELO1F8 G H
iV Rl s
:: DELO2F8.
1 DELO4F8.
A, TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE REF...V (OWX CLOCK CARD)
C. CHANNEL TWO SCMP...0 (OWX DIST. CARD)
D. HORIZONTAL 1 uSEC/em. X10 ON(10 nSEC/cm.)
E. VERTICAL 1 VOLT/em.
F TRIGGER SOURCE CHANNEL ONE
G.  DISPLAY MODE ALTERNATE
H.  MACHINE STATE IDLE
1. ADJUSTMENT ADJUST SCPD... (E8R)
' I
REF...V |
C_____________J SETEE———
| i
|
|
I I
SCPM...0 I




-
<
W
\AASRARES
[
[o=]
=)
w

DELOGE?7. D7
 DELO7EZ. JPRN
—— DELOBE7.
T DELO9E7. /
I . /
T L|CiM|B P I— '
\ T \ G E7 ] A d
AR T DL5N I\ B N
\ I HIF| J] E]K g -“EA‘
T DELOSE7. £ K
&' o DELO3E7. F n
&( - - DELOTE7. G H
T R s
F DELO4E?7. T
¥ DELO2E7.
T

NOTE: JUMPER D7 MUST HAVE A JUMPER INSTALLED BETWEEN PINS A & P
FOR THIS TEST. BE SURE TO REMOVE THIS JUMPER AFTER COMPLETING
THE CALIBRATION.

A. TRIGGER INTERNAL, POSITIVE

B. CHANNEL ONE IORCV.XO0 (OJY DIST. CARD)

C. CHANNEL TWO ENABLE.O (OAY DIST. CARD)

D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E. VERTICAL 1 VOLT/em

F. TRIGGER SOURCE CHANNEL ONE

G. DISPLAY MODE ALTERNATE

H. MACHINE STATE TEST OP. WITH 1/O DEBUG

L ADJUSTMENT ADJUST IORD... (D7R)

IORCV. X0 |

ENABLE.O

— I-<— 40-45 nSEC.

MEASURE AT +1 VOLT LEVEI
VOLTAGES AT NOMINAL

G14792

Figure 5-22. I/O Receive

1098282
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v 1 10nS
3 .t llll—.llll Ty 41113 FE A | il
T LR LI YI'I<>IIII LA T LI Trvr
A TRIGGER INTERNAL, POSITIVE
B. CHANNEL ONE SCPM...0 (OWX DIST. CARD)
C. CHANNEL TWO OWX OF CONTROL UNDER TEST
D. HORIZONTAL 1 uSEC/cm. X10 ON (10 nSEC/cm.)
E. VERTICAL 1 VOLT/cm.
F TRIGGER SOURCE CHANNEL ONE
G. DISPLAY MODE ALTERNATE
H. MACHINE STATE IDLE
1. ADJUSTMENT SEE SCHEMATIC FOR CARD UNDER TEST
|
SCPM...0 |
S R
I
—bi j~&—— 0 * 5 nSEC
11
owWX '
R —— l EEE—————

THE TRAILING EDGE OF CONTROL UNDER TEST LEADS OR LAGS THE TRAILING
EDGE OF SCPM...O BY 0-5 nSEC.

MEASURES AT +1 VOLT LEVEL
VOLTAGES AT NOMINAL

G14793

Figure 5-23. YO Control Skew
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SYSTEM SERIES '
Burroughs LOGIC B1800 N0'1,8282-001
FIELD ENGINEERIN STYLEMODEL PAGE
G lMPROVEMENT B1870/60 1 5 1

ORIGINATCOR: TOP UNIT NO. :

Santa Barbara OTICE 22128953 and 22129142
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION

1 Hour 22180541 Card U3
TITLE DATE

FIELD CARD TESTER COMPATABILITY (EI 6545) 8-13-77

INSTALLATION IS MANDATORY

PREREQUISITE:

CONDITION:

CAUSE:

CORRECTION:

PARTS REQUIRED:

_Card U3 must be at 0/N 22180541, Installation

of this LIN does the following:

1
2

Changes signatures and node
Changes the Order Number to

counts,
22181234,

Card test procedure calls for a
element on the logic board that
hazard,

connection to
poses a logic

an
short

No provision on the logic card for a terminal post.
Add a terminal post to the logic card so that
either a logic short or a power short cannot

occur when connecting the card tester to a logic
element,

Unit
Number Description Quantity List Price
22009005 30 Gauge Wire 1 ft, $ .07/ft,
22054803 W/W Terminal 1 .28
INSTRUCTION MEDIA PACKAGE NO, 1102084
(Includes one set of the following media: )
Installation Procedure (1 page)
Card History Sheet (l page)
Card Test Data (7 pages )
F.E. Dist BR D THIS CHANGE IS A RESULT OF FIELD REPORTING
Code FOR LIBRARY BINDER _255A
Printed in U.S. America FOR F.E. TECHNICAL MANUAL FORM ___1098282




SYSTEM SERIES
Burroughs l_oG|c B1800 Nﬂ. 18282-003
FIELD ENGIN STYLE/MODEL PAGE
GINEERING IMPROVEMENT B1870/60 1oF 1
ORIGINATOR: N TOP UNIT NO. .
anta Barbara OTICE 2212 8649
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
il 0/N 2218 0418 | Mem Base Unit-3 Backplane-
TITLE (EI6555) DATE
Signal Wire Rerouting, to Clear Power Leads ' - 9/3/77
INSTALLATION IS MANDATORY

PREREQUISITE: MBU-3 must be at 0/N 2218 0418,
Installation of this LIN changes the backplane
to 0/N 2218 1358. -

CONDITION: For manufacturing purposes only.
No retrofit instructions necessary.

CORRECTION: Relabel backplane with new O/N 2218 1358. File
. Backplane history sheet, included with this LIN.

D THIS CHANGE IS A RESULT OF FIELD REPORTING

F.E. Dist J?j;
Code - , FOR LIBRARY BINDER 255A
Printed in U.S. America : FOR F.E. TECHNICAL MANUAL FORM

1098282




B i

Burrough rporatton @ . .
SANTA BARBARA PLANT BACKPLANE HiSTORY SHEET
CHG CONTROL ORDER CARD TEST REMARKS OR MFG
DOC NO. NUMBER (O ’N) CIRCUIT LIST REV SCHEMATIC REV DATA REV RELATED B/P & CARD CHANGES DASH
ER 6371 A ' . ‘ : R \
94077 2218 0418 T-2216 7845 | AC | - NOT REEQ'D | = | NOT REQ'D - | RELEASED FOR PRODUCTION
.51125;; A 2218 1358 T=2216 7845 | AD ¢ 1 J REROUTE SIGNAL WIRES
DocC
ISSUE ;ATE~ I KFVHISTORY SHEET REVISIONS UNIT NO. 2212 8649 LAT‘EST ORDER MO. (SSUE
a/ A5/ £LGS555A 2216 7837 A"ZZ[B /358 0!
CARD ASSY NO. ’

CARD NAME

B/P  ASSY, MBU=3 (22 ¢ P)

PAGE 1

oF __l

SB8P 1257 5-73
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SYSTEM SERIES N
Burroughs |Re\ aguiry B1800 0. rs282-004
FIELD ENGINEERING STYLE/MODEL PAGE

ImprovemenT | B1870/60 1 oF 1
ORIGINATOR: N TOP UNIT NO.
Santa Barbara INOTICE 2212 8953 and 2212 91k2
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
Up to 4 Hours Checkpoint Note | Port Interchange-3 Card U3
TITLE ATE
Memory Interface Load Reduction (EI 6543) 8-27-77

TYPE OF CHANGE
FUNCTIONAL

D IMPROVED MAINTAINABILITY D IMPROVED RELIABILITY

CHECKPOINT NOTE:

PREREQUISITE:

CONDITION:

CAUSE:

CORRECTION:

PARTS REQUIRED:

Part Number

1111 8627
1111 8676
2212 2725

Installation of this RIN can be made to either
0/N 2218 0541 or 2218 1234, If it is made to
0/N 1218 0541 then the O/N becomes 2218 1218,
If it is made to O/N 2218 1234 +then the 0/N
remains 2218 1234, O0/N 2218 1218 must have
LIN 8282-001 installed to bring the card to
0/N 2218 1234,

Card U3 must be either O0/N 2218 0541 or
0/N 2218 1234, Visual inspection of 0/N
2218 1234 must be made to ensure that this
RIN need not be installed, Signatures and
node counts are not affected by this RIN,

Memory interface signal loading problems that
will not allow future memory bases to function
properly in the system,

MBU-3 or MBU-4 does not utilize the newer,
faster interface gates and buffers needed
with future memory bases,

Install the new load resistors to reduce the
load on the interface between the MBU and
Card U3,

Unit
Description Quantity List Price
348 Ohms, 1/4 w Resistor 27 $ .88
562 Ohms, 1/4 w Resistor 31 .91
330 Ohms, .3 W SIP 1 3.20

INSTRUCTION MEDTIA PACKAGE
(Includes one set of the

Installation Procedure
Card History Sheet
Logic Schematics

F.E. Dist.

Code Bg

Printed in U.S. America

NO, 1102092
following media:)

1 page
1 page
8 pages)

D THIS CHANGE IS A RESULT OF FIELD REPORTING

FOR LIBRARY BINDER _@A__

FOR F.E. TECHNICAL MANUAL FORM

1098282




SYSTEM SERIES
Burroughs | | o B1800 NO. 15282-00u
STYLE/MODEL PAGE
FIELD ENGINEERING |MPROVEMENT B1870/60 1 oOF 3
ORIGINATOR: N TOP UNIT NO. :
Santa Barbara 1OTICE 2212 8631
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
1/2 Hr. 0/N 2218 1069 M-PROC-3, Card N3 (HYB)
TITLE ) DATE
Eliminate Glitch in Net 6CMICRX0 (EI 6556) 8/29/717
INSTALLATION IS MANDATORY

PREREQUISITE: Card N3 must be at O/N 2218 1069.
Installation of this LIN changes the card to
O/N 2218 1366. Does not change card test data.

CONDITION: The 6CMICRXO nanos entering the N3 card under
certain machine state conditions, has a 1 volt
negative going glitch 50us after the nano goes

true.
CAUSE: Improperly terminated.
CORRECTION: Relocate terminator closest the end of the Net.
PRCCEDURE : . 1. Delete the 180 ohm 1/2 watt resistor at
location 033 and relocate it at location E3W
to -2V.

2. Add wires per figure 1.

:‘.%
o
b
pY
L
&
{63

COMPONENT SIDE, UPILESS OTHERWISE WNOTED.
FRONTPLANE « -2. 4

& Cox

)

. o X i ) .

{A — p o—\ —©® 4 ® — _—® i . °

.’ : : q : o [ ] L] o

0 T N Do

ci ] L] i ° ® ® ° L

A | B3 RIED .
6CMICR‘XO Tz - N2V F2

Figure 1
F.E. Dist .PB D THIS CHANGE IS A RESULT OF FIELD REPORTING

Code )
o _ FOR LIBRARY BINDER _2DDA 1098282
Printed in U.S. America : FOR F.E. TECHNICAL MANUAL FORM 9




LIN NO. L8282-004

Page 2 of 3

a

On page 4, Zone A6, of the schematics change
as per figure 2.

/ _GCMICAXO

lUX N ®m53‘1‘/

/£ 3CMICRXO -

OUX & (OLED T
Figure 2

Correct schematic errors on page 2, Zone Bl
and Zone B5 as per figure 3.

O BOTs . o M4 B#WY

. FD4/s LKA SIT0\n___ . capcirng
o= MY oloFk2/
OIRWPLNY 3 up iy UDP. , . NO
UDP/, ,O.
| UINPT.NY g gy
$vr GPCLRID 4 o3Bitdd
Zone Rl Zone BE
Figure 3

Relabel all schematic pages with "EI 6556
0/N 2218 1366".

Relabel card with new O/N 2218 1366.

File logic card history sheet included with
this LIN,.

Printed in U.S. America 8/29/77
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Burroug. ‘orporation @
SANTA Ba. _ARA PLANT

LOGIC CARD 1arORY SHEET

CARD NAME

CD N3, M/PROC (HYB)

CHG CONTROL. ORDER CARD TEST REMARKS CR MFG
DOC NO. NUMBER (O "N) CIRCUIT LI'ST REV SCHEMATIC REV DATA REV RELATED B.'P & CARD CHANGES DASH
ECN 6613 A INEORD L5 QL0 HZTZOA,
2218 0186 1T=2217 2522 AA | D-2217 2399 AC | B~2219 7131 A KD TLF I MOER &
R PIEF O 7 FrrE T
EI 6526 A 3 . ) AC REVISE CARD TEST PROCEDURE TO
4o19-77 2218 1069 D-2217 2399 o1 | B-2219 7131 B | PACILITATE LOGIC TEST.
ECN 6683 A D-2217 2399 INCORPORATED EI 6526A. RLSD
5-6=77 ! ‘ D ¥ | ENHANCED SCHEMATIC
EI 6556A 9917 2a0c D+ TO ELIMINATE GLITCH IN NET
ey 2218 1366 % D-2217 2399 | 6CMICRXO .
gi
LY M
+iy =
[oR 1l
z
o | O
[o30] .
I~ O
N |
\O [00]
S~ [0
~ |0
;\] l})
(@)
@)
=
ISSUE| DATE HISTORY SHEET REVISIONS ' LATEST ORDER NO. DocC
57 (7797 | £E16556A unIT No. 2212 8631 RN s
= - Loz 2 2217 2381 A=-2Z18127 %0t
CARID ASSY NO.

PAGE ! OF

1

sSBP 1257 5-73



SYSTEM SERIES
Burroughs || ¢ B1800 NO. 15252-002
FIELD ENGINEERIN STYLE/MODEL PAGE
RING IMPROVEMENT B1870/60 1 oF 1
QRIGINATOR: N TOP UNIT NO.
Santa Barbara OTICE 2212 8631
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
Up to 2 Hours |0/N 22181002 M-Proc, 3 Card F3 (W/W)
TITLE DATE
SCRATCHPAD MOVE (2C) FAILURE (EI 6546) 8-29-77
INSTALLATION IS MANDATORY

PREREQUISITE: Card F3 must be at 0/N 2218 1002, Installation
of this LIN changes the card to 0/N 2218 1259
and affects signature and node counts;

CONDITION: The MICRO 275F (Move FLCN to Sl5R) does not
) function,
CAUSE: The Field Length Conditions FLCN; are not
written into Scratchpad 15R (S15R) when

SPDWREF1l is high due to a race condition
between HOLDPAXO and WMPATHXO, This con-
dition results in the Main Exchange not re-
ceiving the FILCN data for writing into
Scratchpad 15R., '

CORRECTION: Install this LIN so that (1) SPDWREFl will not
influence the gating for the Main Exchange,
and (2) WMPATHXO and HOLDPAXO will be synchro-
nized by MCLKZ1Fl1 to ensure proper loading of
the Scratchpad,

PARTS REQUIRED:

Unit
Part Number Description Quantity List Price
2200 9005 30 Gauge Wire 3 ft, $ .07/ft.
2206 6773 150 Ohms, 1/2W Resistor 1 .21

INSTRUCTION MEDIA PACKAGE NO, 1102118
(Includes one set of the following media:)
Installation Procedure (1 page)
Circuit change 1iist (1 page )
Card history sheet (1 page)
Logic Schematics (2 pages)
Card Test Data (7 pages)

FE. Dist [ B3 [] THIS CHANGE IS A RESULT OF FIELD REPORTING
Code 255A

FOR LIBRARY BINDER
Printed in U.S. America FOR F.E. TECHNICAL MANUAL FORM 1098282




Burroughs
FIELD ENGINEERING

ORIGINATOR:

Santa Barbara

STD. INSTALL. TIME

1 1/2 Hours

SYSTEM SERIES
Losic B1800 NO. 1s282-006
STYLE/MODEL PAGE
IMPROVEMENT B1870/60 1 oF 1 ]
N TOP UNIT NO.
OTICE 2212 8631
UNITS AFFECTED UNIT DESCRIPTION
0/N 2218 0137 M-Processor-3 Card H3 (etched)

TITLE DATE
ELIMINATE SCRATCHPAD WRITE CLOCK NOISE (EI 6547A) " 10-15-77
INSTALLATION IS MANDATORY
PREREQUISITE: Card H3 must be at 0/N 2218 0137. This LIN
upgrades card H3 to O/N 2218 1267 and changes
card signatures and nodes,
CONDITION: Undefined data intermittently being written
into scratchpad locations,
CAUSE: Through the multiple component output "OR"ing
of SPCLK,0, (scratchpad write clock)’ a current
source switching spike occurs when one or more
of the source inputs is turned off,
CORRECTION: Re~-route and gate the sources for the Scratchpad
o ' ~write clock, re-named SPMWE.O,. '
NOTE: Although this LIN may be installed independently

PARTS REQUIRED:

Part Number

22009005

of all others, LINS 8282-007 and -008 should be
incorporated as soon as possible, Since the
B1870/60 Scratchpad is contained on 3 logic
cards, (H3, K3, M3), a similar change must be

performed to cards K3 and M3,

Unit
Description Quantity List Price
306 gauge wire L f£t,

$ 06/ft,

INSTRUCTION MEDTA PACKAGE NO, 1102142
(Includes 1 set each of the following mediaz )

Installation instructions (5 pages)
Schematics (l page)

Card test data (U4 pages)

History sheet (l page)

oo BB

Printed in U.S. America

I:] THIS CHANGE IS A RESULT OF FIELD REPORTING

FOR LIBRARY BINDER _2DDA
FOR F.E. TECHNICAL MANUAL FORM 1098282




SYSTEM SERIES
Burroughs || g B1800 No. L8282-007
FIELD ENGINEERING STYLE/MODEL PAGE
IMPROVEMENT B1870/60 1 _©oF 1 -
ORIGINATOR: !‘ TOP UNIT NO.

Santa Barbara OTICE 2212 8631

STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION

1 1/2 Hours O/N 2218 0152 M-Processor-3 Card X3 (Etched)

TITLE DATE

ELIMINATE SCRATCHPAD WRITE CLOCK NOISE (EI 6547A) 10-15-77
INSTALLATION IS MANDATORY

PREREQUISITE: Card K3 must be at O/N 2218 0152, This LIN
upgrades card K3 to O/N 2218 1275 and changes
card signatures and nodes,

CONDITION: Undefined data, intermittently written into
scratchpad locations,

CAUSE: Through the multiple component output "OR"ing
of SPCLK,O, (scratchpad write clock), a current
source switching spike occurs when one or more
of the source inputs is turned off,

CORRECTION: Re-route and gate the sources for the Scratchpad
write clock 6 re-named SPMWE.O,.

NOTE: Although this LIN may be installed independently
of all others, LINS 8282-006 and -008 should be
Snecornarated as soon as nossible Since the

ANl LIpliaurbll as SUVIL &S pUsSSavaio, —adi T Vil

B1870/60 Scratchpad is contained on 3 logic
cards (HB, K3, MB) a similar change must be
performed to cards H3 and M3,

PARTS REQUIRED:

Unit
Part Number Description Quantity List Price
22009005 30 gauge Wwire hoft, $ .06/ft,

INSTRUCTION MEDIA PACKAGE NO, 1102159
(Includes one set each of the following media:)

Installation instructions (4 pages)
Schematics (3 pages)

Card test data (5 pages)

History Sheet (l page)

P Dist 37 [] THIS CHANGE IS A RESULT OF FIELD REPORTING

Code
Lo ‘ FOR LIBRARY BINDER 2554 1098282
Printed in U.S. America FOR F.E. TECHNICAL MANUAL FORM -




SYSTEM SERIES
Burroughs Reviasiiry B1800 NO. rszs2-00s
FIELD ENGINEERING | STYLE/MODEL PAGE
MPROVEMENT B1870/60 1 _OF 2
ORIGINATOR: N TOP UNIT NO.
Santa Barbara OTICE 22201107
STD. INSTALL. TIME UNITS AFFECTED See UNIT DESCRIPTION
1 /T soint % <pansion Cabinst-3
i/4 dour u;;cv.&{yv.ﬁ.;;u Note uArvu.a.a.-u_-_v.-.; Labinge 2
TITLE DATE
CIRCUIT BREAKERS TRIPPING (REE 5718) 1-9-78
TYPE OF CHANGE
FUNCTIONAL [J \MPROVED MAINTAINABILITY [R IMPROVED RELIABILITY
*CHECKPOINT NOTE: This RIN affects systems with an Expansion
Cabinet-3,
CONDITION: Power supply circuit breaker-tripping,
CAUSE: Ground strap from expansion cabinet-3 door

shorting to the -2,0 volt bus bar,

CORRECTION: Re-configure the ground strap to prevent the
strap from weaving towards the =-2,0 volt bus
bar,

PROCEDURE 1, Open the back door skin on the expansion

cabinet-3,

. If the ground strap mounted on the retma

rail is in a position other than shown

in Figure 1,
it to the rail,
the lug pointing down,

E.E. Dist.
Code B 3

loosen the screw attaching
and re<configure it with

See Figure 1.

K] THIS CHANGE IS A RESULT OF FIELD REPORTING

FOR LIBRARY BINDER __255A

Printed in U.S. America FOR F.E. TECHNICAL MANUAL FORM 1098282




RIN NO, R8282-006

Page 2 of 2
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SYSTEM SERIES
Burroughs | | g B1800 NO.cos2-010
FIELD ENGINEERING STYLE/MODEL PAGE
IMPROVEMENT B1870/60 1 OoF 1
JIORIGINATOR: N TOP UNIT NO.
rbara OTICE 2212 8631
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
2 Hounrs O/N 2218 1259 M-Processor=-3 Card F3 {W/%}
TITLE DATE
. MODIFICATION OF BIAS MICRO (EI 6563A) 10-30-77
INSTALLATION IS MANDATORY
PREREQUISITE: Card F3 must be at O/N 2218 1259, Installation
of this LIN upgrades card F3 to 0/N 2218 1390
and changes card test data,
CONDITION: Improper clearing of the Nano register or
improper setting of the HCLK flip/flop.
CAUSE: Critical data path times during execution
of the BIAS micro,
CORRECTION: Modify the BIAS micro from one system clock

to 2 system clocks to allow sufficient time
for all data paths associated with the BIAS
’micro to clear or set,

PARTS REQUIRED:

Unit
Part Number Description Quantity List Price
2217 8925 IC, PRO8 1 N/A
1918 4282 IC, GFKN 1 $ 5.13
1111 8460 75 ohm, 1/Uw resistor 1 $ 1.51
2206 6773 150 ohm, 1/2w resistor 1 $ .20
2200 9005 30 gauge wire L

£t $ .07/ft,

INSTRUCTION MEDIA PACKAGE NO,_1102217
(Includes one set each of the following media:)

Installation Instructions (2 pages)
Schematics (3 pages)

Card Test Data (8 pages)

Cirenit List (5 pages)

History Sheet (1 page

JLF2701 Truth Table (1 page)

FE. Dist [L] THIS CHANGE IS A RESULT OF FIELD REPORTING

Code B R FOR LIBRARY BINDER _ 255A 1098282
Printed in U.S. America FOR F.E. TECHNICAL MANUAL FORM




SYSTEM SERIES N
Burroughs LOGIC B1800O 0-1,8282-009
FIELD ENGINEERING STYLE/MODEL PAGE
IMPROVEMENT B1870/60 1  oF 1
‘ORIGINATOR: N TOP UNIT NO.
Santa Barbara OTICE 2212 8631
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
2.5 Hours 0/N 2218 1168 M-Processor-3 Card F2 {Hybrid )}
TITLE DATE
MODIFICATION OF BIAS MICRO (ECN 6993A) 10-30-77
INSTALLATION IS MANDATORY
PREREQUISTITE: Card F3 must be at O/N 2218 1168, This LIN
upgrades card F3 to O/N 2218 1432 and changes
card test data,
CONDITION: Improper clearing of the Nano Register or
improper setting of HCLK,
CAUSE: Critical Data path time during execution of
BIAS micro,
CORRECTION: Change the BIAS micro from one system clock

to two system clocks in length when using the
test variant,

PARTS REQUIRED:
Unit
Part Number Description Quantity List Price

7 8925 IC, PROS8 1 N/A

NS

221
2200 9005 30 gauge wire 3 ft, $ .07/ft.

INSTRUCTION MEDIA PACKAGE NO,_ 1102209

(Includes one set each of the following media:)
Installation instructions (4 pages)

Schematics (10 pages)

Card test data (8 pages)

Logic Card History Sheet (1 page)

PROM Truth Table (l page )

F.E. Dist BB D THIS CHANGE IS A RESULT OF FIELD REPORTING

Code
FOR LIBRARY BINDER _2DDA
Printed in U.S. America FOR F.E. TECHNICAL MANUAL FORM

1098282




SYSTEM SERIES
FIELD ENGINEERING | STYLE/MODEL PAGE
MPROVEMENT B1870/60 1 __OF 1
ORIGINATOR: TOP UNIT NO.
Santa Barbara OTIiCE 2212 8631
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
1 _1/2 Hour 0/N 2218 0178 M-Processor-3 Card M-3 {Etched)
TITLE DATE
ELIMINATE SCRATCHPAD WRITE CLOCK NOISE (EI 6547A) | 10-15-77
INSTALLATION IS MANDATORY

PREREQUISITE: Card-M3 must be at O/N 2218 0178, This LIN
upgrades card M3 to O/N 2218 1283 and changes
card signatures and nodes,

CONDITION: Undefined data intermittently being written to
scratchpad locations,

CAUSE: Through the multiple component output "OR"ing
of SPCLK.O, (scratchpad write clock), a current
source. switching spike occurs when one or more
of the source inputs is turned off,

CORRECTION: Re-route and gate the sources for the Scratchpad
~write clock, re-named SPMWE.O.. . e

NOTE: Although this LIN may be installed independently
of all others, LINS 8282-006 and -007 should be
incorporated as scon as possible, Since the B1870/60
Scratchpad is contained on 3 logic cards, (H3, K3,
MS), a similar change must be performed to cards

K3 and H3.
PARTS REQUIRED:
Unit
Part Number Description Quantity List Price
2200 9005 30 gauge wire 4 ft, $ .06/ft,

INSTRUCTION MEDIA PACKAGE NO,_1102167
(Includes one set each of the following media:)

Installation instructions (4 pages)
Schematics (2 pages)

Card test data (4 pages)

History sheet (l page)

FE. Dist [ [] THIS CHANGE IS A RESULT OF FIELD REPORTING

ode )
. ¢ _ . FOR LIBRARY BINDER _ 204
Printed in U.S. America FOR F.E. TECHNICAL MANUAL FORM 1098282




F.E. Dist.
Code BB

Printed in U.S. America

. "I SYSTEM SERIES
Burroughs R, ABILITY B1800 NO.R8282-003
FIELD ENGINEERING | STYLE/MODEL PAGE
MPROVEMENT | B1870/60 1 _oF 1

ORIGINATOR: N TOP UNIT NOC.

Santa Barbara OTICE 22128631
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION

N/A A1l M-Processor-3 Card G3 {(W/W)

ANCEMENT--(EI 6534A) - - _1/5/11

TYPE OF CHANGE

FUNCTIONAL ] \MPROVED MAINTAINABILITY (] iMPROVED RELIABILITY
CONDITION: Difficulty in fault isolation when trouble-
shooting card G3 in the field card tester,
CAUSE: Wire "OR"ing outputs of PROMS causes difficulty
in locating the source of a bad signal,
CORRECTION: Replace card test data and the logic card

PARTS REQUIRED,

history sheet with that ordered in the

Instruction Media Package,

None,

INSTRUCTION MEDIA PACKAGE NO,_ 1102043
(Includes one set of the following mediaz) )
Card Test Data (15 pages)

Logic Card History Sheet (l page)

D THIS CHANGE IS A RESULT OF FIELD REPORTING

FOR LIBRARY BINDER _ 2554
FOR F.E. TECHNICAL MANUAL FORM

1098282




SYSTEM SERIES
Burroughs |Reiissiiry B1800 NO.rs252-001
FIELD ENGINEERING STYLE/MODEL PAGE
IverovemenT  |B1870/60 1 oF 2
ORIGINATOR: TOP UNIT NO.
Santa Barbara Noﬂcg 2212 8631
STD. INSTALL. TIME UNITS AFFECTED *¥See UNIT DESCRIPTION
N/A Checkpoint Note |[M-Processor-3 Card E3 (W/W)
TITLE ) DATE
SCHEMATIC CORRECTION (EI 6536-A) - 7/5/77
TYPE OF CHANGE
FUNCTIONAL O 1MPROVED MAINTAINABILITY [ ™PROVED RELIABILITY
' %*CHECKPOINT NOTE: This RIN is a schematic correction only. It
 does not affect the E3 card's signatures or
node counts and does not require an O/N change.
The schematics must be labeled with D-2216 5377
REV AA + EI 6523A.
CONDITION : Schematic error.
CAUSE: None
CORRECTION: Revise schematics as per the following procedure.
PROCEDURE ¢

1. Redline page 10 of the schematics as shown:

F.E. Dist.
Code -B-B

Printed in U.S. America

Ul e

4 R |BHAS [ucacH!

T 9 S
DFKY ‘. OFAN WCSCHID

TL[;; ' .
£3

LC -
H fSC S0

COORDINATE: B5, C5
NET: §SC=0..0.

2. Label schematics with D-2216 5377 REV AA + EI6536-A.

3. File logic card history sheet, enclosed.

D THIS CHANGE IS A RESULT OF FIELD REPORTING

FOR LIBRARY BINDER _2DDA 1098282
FOR F.E. TECHNICAL MANUAL FORM




*S*Q UT pejurad

'O TIOWY

LL/G/L

Burroughs rporation @
SANTA BARL..RA PLANT

LOGIC CARD h..TORY SHEET

CHG CONTROL ORDER CARD TEST REMARKS OR MFG
DOC NO. NUMBER (O ’N) CIRCUIT LIST |REV | SCHEMATIC REV DATA REV| RELATED B/P & CARD CHANGES | DASH

8 16 5427 'D-2216 5377 2219 6810 INCORPORATED Els 62104, 5
ECN 6613 A | 2218 0103 T-2216 542 AD | D- An | B- Al 6211 & 6214A 5 o)

AR .
EI 6523 A . ADDED LOAD RES TO NET NBCTOOQO , 2
- +
4-15-77 2218 1036 ! j | D-2216 3377 1 & [ { | AND CORRECT SCHEM, PIo
o

EI 6536 A D-2216 5377 |44 | TO CORRECT SCHEM ERROR FOR oy |
5-25-77 [ ? EI [ FOR NET: SG=0..0, old
o0

o

1

@)

@)

—

1ISSUE | DATE HISTORY SHEET REVISIONS LATEST ORDER NO. Is‘?s‘a%

O 757 € 523 A UNIT NO. 2212 8631 72218 /036

coon S oo EA A CARD ASSY NO._2216 5369 A OZ

" CARD NAME CD_E3,M/PROC=3

(W/W)

PAGE OF

1
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Burroughs
FIELD ENGINEERING

RELIABILITY
' lMPROVEMENT

ORIGINATOR:
Santa Barbara

N OTICE

SYSTEM SERIES

NO. R8282-002

B1870/B1860

STYLE/MODEL PAGE
B1060/B1070 1 OF 2
TOP UNIT NO.

2212 8649 and 2212 9134

STD. INSTALL. TIME

UNITS AFFECTED

UNIT DESCRIPTION

1/2 Hr. 0/N 2218 0897 Memory Base Units -3 and -4
TITLE : i DATE
SCHEMATIC CORRECTIONS FOR CARD S3 . (EI6537) . 7/5/77

TYPE OF CHANGE
] FuncTiONAL

[ 1MPROVED MAINTAINABILITY

[} mMPROVED RELIABILITY

PREREQUISITE: Revision AD of logic schematics.
CONDITIONS Schematic errors on page 7 at zones D3 - D7,
B3 - B7 and J5 of Rev AD logic schematics.
CORRECTION: 1. Make schematic changes to page 7 of AD logic
schematics as noted below:
- _[9rr7] onos.o. -
— N
O%nonosx. |
LDHARAD . F _|{BHA3}LoHRA.O. )4 A BNHPO 1.0ABS.0.
D Gis " 77 7 Fs " PAIFES
A
- 0 BHRH‘LDHUR‘BI-OI ) E,’,’,”’R_ BHAS LORDS-O-.
OL2NARAO. {_ p7 " X08% HOH Fo S
15
C fenn
. REQUE .80 LALIBHAOILONRA. 0. |}
I o — REs s
SHRS
p |BHAL1l pHRB .0
o7 M
B
2. Connect H8B at zone J5 to Net TRUE6.,.
3. Replace Logic Card History Sheet with the one

F.E. Dist.

Code BB

Printed in U.S. America

provided with this RIN.

FOR LIBRARY BINDER
.FOR F.E. TECHNICAL MANUAL FORM

[ ] THIS CHANGE IS A RESULT OF FIELD REPORTING
' 255A

1098282




*S*Q UT pejurad

RO TIOWY

LL/S/L

Burrough ‘orporation @
SANTA BAr._ARA PLANT

LOGIC CARD ..STORY SHEET

CHG CONTROL ORDER CARD TEST REMAﬁKS OoR MFG !
00C NO, NUMBER (O’'N) CIRCUIT LIST REV SCHEMATIC REV CATA REV RELATED B/P & CARD CHANGES DASH
ECN 6371 A 0 ) » 3 TNCORP. EI'S 61924, 6217A & ||© =
> 2218 0251 - - 60 ~ ’
2-4=77 > NOT REQ'D D-2216 6803 AD | B-2219 6919 A RLSD T/F INDEX & HISTORY SHEET% 2
ET 6491 4 P _ AD CORRECT DELAY TIME ON CLK =,
52079 2218 0897 ’ D-2216 6805 EL / ' | NET IDLE..O. N i
EL 6508 A R " | UPDATE UNTESTED CIRCUIT LIST S}y
3223=77 y ( f 1 B-2219 6919 B TO MATCH SCHEMATIC ol
EI 6537 A - . AD CORRECT SCHEM ERROR NET: ®
522677 / [ D-2216 6805 |y 1 | |TRUE6... & LFAN HS X
) (@)
N
S5 HISTORY SHEET REVISIONS LATEST ORDER NO. LOC
ISSUE] DATE — UNIT No. 2212 8649 /2212 9134 : o |!SSUE
o A | A-2218 0897 | 04
02327 £2 LF Tl 13 RLE Lt CORRECTIO CARD ASSY NO. 2216 6797 /
a * AN f:'f carp Name __CD §3, MBU- (ETCH) | 1 1
i S EAN SN f? Koo 5 PAGE .OF !

SHP 1287 5-73



SYSTEM SERIES
Burroughs RELIABlLITY B 1800 No. R8282-005
FIELD ENGINEE STYLE/MODEL PAGE
RING | lmprovement | B 1870760 1 oF 1
ORIGINATOR: . N TOP UNIT NO.
Santa Barbara INOTICE 2212 8631
STD. INSTALL. TIME UNITS AFFECTED UNIT DESCRIPTION
Up to 4 Hours 2218 0962 M-Proc-3s Card A3
TIiTLE DATE
Memory Interface Load Reduction (EI 6542) 8-27-77
TYPE OF CHANGE :
FUNCTIONAL D IMPROVED MAINTAINABILITY [ IMPROVED RELIABILITY

PREREQUISITE: Card A3 must be at O/N 2218 0962, Installation of
this RIN does not change either signatures or node
counts; but the O0/N changes to 2218 1200.

CON]jITION: Memory interface signal loading problems that will
not allow future memory bases to function properly
in the system.

CAUSE: MBU-3 or MBU-4 do not utilize the newer, faster
interface gates and buffers needed with future
memory bases.

CORRECTION Install the new load resistors to reduce the load
on the interface between the MBU and Card A3.

- PARTS REQUIRED: - BT
Unit

Number Description Quantity List Price
1111 8627 348 Ohms, 1/4w Resistor 27 $ .88
1111 8676 562 Ohms, 1/4w Resistor 31 .91

INSTRUCTION MEDIA PACKAGE NO. 1102100
(Includes one set of the following Media:)

Tnstallation Procedure (1 page)
Card History Sheet (1 page)
Logic Schematics (7 pages)

, [] THIS CHANGE IS A RESULT OF FIELD REPORTING
F.E. Dist. BB .
Code FOR LIBRARY BINDER _2DDA
Printed in U.S. America : FOR F.E. TECHNICAL MANUAL FORM __1098282
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