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PREFACE

This manual describes the theory of microprogram-
ming, logic, and the operation of Capacitor Read
Only Storage in the 2050 Processing Unit.

The reader should have a basic knowledge of the
data flow paths and functional units of the 2050
Processing Unit.
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e IBM System/360 Model 50 is controlled by a
microprogram,

® A microprogram word controls each machine
cycle,

e System control lines and gates are controlled by
fields in the microprogram word.

® Capacitor Read Only Storage (CROS) contains the
microprogram,

® CROS contains 2816, 90 bit words.

e Bit patterns of CROS words are determined by the
presence or absence of capacitors,

e CROS words can be changed by replacing printed
circuit sheets.

Microprogram

Capacitor Read Only Storage (CROS) is the storage
device that contains the IBM System/360 Model 50
microprogram. The microprogram is stored in
2816 words of 90 bits each. Each 90-bit word con-
trols the gates and control lines of the system for
one 500 ns machine cycle; gating for each functional
unit is controlled by the bit combination within afield
of the microprogram word. For example, 001 inbit
positions 65-67 of the microprogram word gates the
R register to the right adder input.

Figure 1 shows the relationship of CROS to the
system clock and control lines; only the clock can
operate independently of the microprogram words
from CROS.

CROS

Capacitor Read Only Storage is a storage device for
predetermined information that can be nondestruc-
tively read out. The bit pattern of a CROS word is
determined by the presence or absence of capacitors
within the CROS hardware; a CROS word cannot be
changed by customer programs, However, the
Customer Engineer can change the information in the
CROS words by replacing printed circuit sheets.
Capacitor Read Only Storage replaces most of the
system control circuits and introduces a flexibility
to machine design not previously available in con-
trol hardware. This flexibility allows making con-
trol circuit changes for a special feature by replac-
ing printed circuit sheets in CROS.

CHAPTER I.. COMPREHENSIVE INTRODUCTION

CROS ELECTRICAL THEORY
® A capacitor represents a bit of information.

® One drive line drives the capacitors for one CROS
word.

e Capacitors couple the drive lines to sense lines.

e There is one sense amplifier for each bit position
of the CROS word.

® Sense amplifier outputs are stored in Read Only
Storage Data Registers (ROSDR).

® Drive lines are selected by decoding a Read Only
Address Register (ROAR).

Drive and Sense Lines

Capacitor Read Only Storage uses a capacitor between
drive and sense lines to represent a bit of informa-
tion, Figure 2 shows a basic capacitor storage ma-
trix. Only one driver at a time may be active. If
driver 1 is made active, the voltage shift on the drive
line is capacity-coupled to the A-sense line. The
sense amplifier amplifies the voltage shift and pro-~
duces an A-bit output. If driver 3 is made active,
the drive line voltage shift is capacity-coupled to the
B and D sense lines, producing a B-bit and a D-bit
output.

Some unwanted capacitive coupling exists in a
capacitor storage matrix of this type. When driver 1
is made active, capacitor C1 couples the voltage
shift to the A-sense line, capacitor C2 couples the
voltage shift on the A~sense line to the driver 2drive
line, and capacitor C3 couples the voltage shift from
the driver 2 drive line to the C-sense line. Because
any unwanted signal must pass through at least three
elements in cascade, the unwanted signal will be
greatly decreased. The threshold of the sense am-
plifier is such that the desired signal is amplified
while the unwanted, weakened signal is rejected.

Differential Sense Amplifiers

To further reduce unwanted signals and noise, each
sense line is divided into a pair of sense lines which
feed a differential amplifier that amplifies the dif-
ference between the two input lines. Each drive line
is capacitor-coupled to one line of each pair of sense
lines (Figure 3). A capacitor that causes a positive
output from the differential sense amplifier represents

Introduction 12-65 7
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a zero bit, while a capacitor that causes a negative
output represents a one bit. Thus, each drive line
has the same capacitive load regardless of the bit
configuration,

Balance Lines

An extra line, called a balance line, is added for
each drive line, The balance line is not connected

to a driver; instead, it is connected to the drive line
voltage source at one end and allowed to float at the
other end. A capacitor is connected from the balance
line to whichever sense line is not connected to the
drive line, Thus, each sense line has the same ca-
pacitive load regardless of the bit configuration.

Data Register

The Read Only Storage Data Register (ROSDR) stores
the sense amplifier outputs (Figure 4). ROSDR holds
the CROS word available to the decode circuits for

one machine cycle.

Address Register

The Read Only Address Register (ROAR) stores the -
address of the next CROS word. The address in
ROAR is decoded to select one CROS driver. The
address sent to ROAR is controlled by the CROS
word for the machine cycle being executed.

THEORY OF MICROPROGRAMMING

e The processing unit is controlled by microprogram
words.

® Microprogram words are grouped into routines.

® Microprogram routines control processing of
customer program instructions.

e Each machine cycle is controlled by a micropro-
gram word.

Microprogramming is the use of internal program
words, built into the machine, that control the gates
and control lines during each machine cycle. For
example, a customer program instruction of Add RR
Format is decoded to cause CROS to read out the
first word of a microprogram routine. The micro-
program routine fetches general purpose registers
R1 and R2 from local storage, adds them together,
and stores the answer in R1. Each machine cycle
necessary for the operation is controlled by a
microprogram word.

Microprogram Word

e Each microprogram word controls the address of
the next microprogram word.

® TFields within the microprogram word control data
flow gates and control lines.

The microprogram word is the set of bits read out of
CROS and stored in the Read Only Storage Data Reg-
ister (ROSDR). Figure 5 shows the breakdown of the
microprogram word.

Control Fields: The microprogram word is divided
into control fields that control the data flow gates in
the computer and the addressing of the next CROS
word.

Micro-Orders: A micro-order represents a specific
bit combination within a control field. A micro-
order is decoded into one or more control lines or
gates. Micro-orders are written as a symbolic rep-
resentation of the control lines or gates that result
from decoding the control field. For example, the
micro-order that gates the T latches to the A regis-
ter has the symbolic representation T»=A.

Controlling Data Flow With Microprogramming

Figure 6 shows a multiply operation on a fictitious
CROS-controlled computer. Assume that the cus-
tomer-program instruction to multiply register A
times register B and store the product in register C
has been decoded and has addressed CROS word 0000,
the start of the multiply routine. Each CROS word
controls the data flow for one machine cycle as fol-
lows:

0000 Zeros are sent through the adder and stored
in register C. CROS word 1100 is addressed.

1100 Register A is sent through the adder and
checked for all zeros, If register A is all
zeros, the multiply operation is over and the
branch on zero test causes CROS word 0011
to be addressed. If register A is not zero
CROS word 0010 is addressed.

0010 Register B and register C are added together
and stored in register C. CROS word 0100 is
addressed.

0100 Register A is reduced by one by adding reg-

ister A to complemented zeros with a no carry
insert. If the result is zero, the multiply

Introduction 12-65 9
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operation is over and CROS word 0011 is ad-
dressed. If the result is not zero CROS
word 0010 is addressed.

0011 This word starts the routine to decode the
next customer-program instruction.
inf
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CHAPTER II. FUNCTIONAL UNITS

® A 12-position address register (ROAR) controls
which CROS word is read out.

® ROAR positions 5-9 control the select lines..
® ROAR positions 0-4 and A control the drive lines.
® Select and drive lines control the array drivers,

® Array drivers read two CROS words, at the same
time, to the sense amplifiers.

® ROAR position B gates one of the two CROS words
to the ROS latches.

® ROS latches hold the CROS word available to the
ROSDR latches.

® ROSDR latches hold the CROS word available
to the parity and decode circuits.

e Decode circuits decode the CROS word into con-~
trol lines and gates.

® Parity circuits check the CROS word for missing
or extra bits.

Figure 7 shows the CROS functional units and their
relationship to each other.

CROS PLANES
e CROS is divided into 16 planes.
e Planes 0-7 are on gate C.
e Planes 8-15 are on gate D.
e Each plane contains 176 CROS words.
® Each CROS word contains 90 bits.
The 2,816 words of CROS are stored in 16 planes.
Figure 8 shows the location of the planes on gates C
and D. Each plane contains the capacitors, drive
lines, balance lines, and sense lines for 176, 90-bit
CROS words.

Each plane contains independent drive and balance
lines, while the sense lines for all planes feed com-

mon sense amplifiers,

Drive and Balance Lines (Bit Plates)

e Drive and balance lines are photo-etched onto
replaceable printed circuit sheets (bit plates).

14 12-65 Model 50 CROS
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e The drive and balance lines, a sheet of dielectric,
and the sense lines form the bit capacitors.

® The shape of the drive and balance lines form the
bit configuration for each bit plate.

® The CROS bit configuration can be changed by
replacing bit plates,

The drive and balance lines are photo-etched from a
sheet of copper that is bonded to epoxy glass (Figure
9). The resulting epoxy sheet with copper drive and
balance lines is called a bit plate. A separate bit plate
controls the bit configuration for each CROS plane.
Tabs at the top and bottom of the bit plate are
used for electrical connections to the drive and bal-
ance lines. The top tabs connect the drive and balance
lines to terminating resistors. The bottom tabs con-
nect the drive lines to the driver circuits. >
The four holes in the bit plate are used to align
the bit plane over the sense plane. Two holes snap over
locating studs in the plane, while the other two holes
provide clearance for the center studs.

Bit Capacitors

The bit capacitors are formed by sandwiching a sheet
of Mylar* between the bit plate and sense lines (Fig-
ure 10), Pressure plates hold these pieces firmly
together, The Mylar is the dielectric, while the
drive, balance, and sense lines become the plates of
the capacitors .

Protrusions of the drive and balance lines in-
crease the size of the capacitors to form the bit con-
figuration. The effective capacitor coupling of a
drive line to a sense amplifier is equal to C1 minus

* Trademark of E.I. duPont deNemours § Co. (Inc. )
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C2. The size of this effective capacitor is approxi-
mately 0.5 picofarads.

The bit configuration within a CROS plane is con-
trolled by the bit plate. Therefore, the microprogram
instruction in a CROS word can be changed by re-
placing the bit plate that contains the word.

Sense Lines

o Thereare 400 sense lines in each CROS sense plane.

A pair of sense lines carry the signal for one
CROS-word-bit position.

e 360 sense lines read out two 90-bit CROS words

simultaneously.

e The lower 40 sense lines are not used.

The sense lines are photo-etched into copper covered
epoxy-glass plates (Figure 11 ). The sense-line
plates are permanently mounted to the array gates.
Electrical connections from the sense lines to the
terminating resistors and sense amplifiers are made
with low temperature solder.

There are 400 sense lines in each CROS plane.
Two sense lines are required to read out one bit posi-
tion of the CROS word. One drive line simultaneously
reads out two 90-bit CROS words, which use 360
sense lines. The other 40 sense lines are not used
in the standard Group 50 CROS, but they are avail-
able if needed for RPQ activity.

Figure 12 shows the bit numbering of the sense
lines. The top pair of sense lines is bit 0 of the upper
word. The next lower pair of sense lines is bit 0 of
the lower word. Both the upper and lower words are
read out simultaneously. Each sense line is termin-
ated through a resistor to ground.

Figure 13 shows the distribution of a sense line
through the planes to the differential sense amplifier.
The sense lines through the planes on both sides of
a gate are tied together for each bit. The pair of
sense lines from each gate is then OR'ed together in
the sense amplifier for each bit. Because only one
plane has an active drive line for a given ROAR ad-
dress, the sense amplifier receives only one input
signal.

Physical Package

A CROS plane consists of a ""sandwich' composed of
the sense line board, a dielectric sheet, and a bit
plate. These pieces are held firmly together by
pressure plates (Figure 14).

A pressure plate, with a sponge-rubber pad, fits
over each group of capacitors in the plane., The

pressure plates are loosely connectedto apressure
frame that is boltedto the gate, Pressure adjusting
screws inthe pressure frame press the pressure plate
against the bit plate. Because the sense lines are

on a rigidly mounted board, the pressure-plate pres-
sure holds the bit-capacitor "sandwich'" firmly to-
gether,

Electrical connections to the bit plate are made
through pressure connections. Spring-operated pres-
sure bars press the bit plane tabs against the driver
line and resistor card tabs (Figure 14).

SENSE AMPLIFIERS

e Two words are read out and amplified each ma-
chine cycle.

e There is a separate sense amplifier for each bit
of the two words.

e Each sense amplifier has three stages of ampli-
fication.

e The first amplifier stage is a differential ampli-
fier.

The sense amplifiers amplify the voltage difference
within a pair of bit sense lines. The first stage of
the sense amplifiers (Figures 15 and 16) consists of
differential amplifiers, one for gate C sense lines
and one for gate D sense lines. Because only one
array driver is active for a machine cycle, the sense
lines of only one gate carry a signal during a machine
cycle. The first stage differential amplifiers amplify
the voltage difference within a pair of sense lines
and feed the second stage amplifier. The second and
third stage amplifier further amplifies the signal and
sends the signal to the ROS latches.

The input to the sense amplifier is a pulse which
is present on two different input lines. The first
stage of the amplifier amplifies the positive or neg-
ative difference in voltage between the two input
pulses and rejects common mode noise. There are
two pairs of inputs and they cannot be used simul-
taneously.

The differential voltage is further amplified by a
shunt feedback stage and a feedback pair. The ampli-
fied signal is then applied to the buffer input state of
the latch which conditions the signal to be compatible
with standard AOI-11 logic.

Standard AOI-11 logic is then used to store the
""one'" or "zero' until shortly before the next input
pulse, at which time the latch is reset.

Capacitors C1 through C11 are used for ac ground
or dc blocking only. Capacitors C12 and C13 are used
to balance the impedance seen at each input terminal
in order to reject the common mode noise. Capacitor
C14 is used to extend the band width of the amplifier.

Functional Units 12-65 17




Inductor L1 is used for dec biasing and signal iso- e 88 ROSDR outgate latches control the decode,
lation from the six-volt power supply. parity, and ROAR addressing circuits from 0 ns
Resistors R1 through R16 are used for dc biasing. to 0 ns of a machine cycle.

All transistors are biased for class A operation.
e 20 ROSDR ingate latches control decode circuits

DATA REGISTERS from 130 ns of a machine cycle to 130 ns of the
next cycle.
e ROS latches hold the selected CROS word avail-

able for the next machine cycle. o ROSDR ingate latches allow one CROS word to

operate on data during a machine cycle and to

e ROSDR holds the CROS word that controls the store the results in a register during the next
present machine cycle. machine cycle.

The data registers store the CROS word for use
during the machine cycle. The output of the data

Terminal Blocks
Terminating Resistors

FIGURE 11. SENSE LINES
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Differential Sense Amplifiers
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registers controls the decode circuits, parity check
circuits, and ROAR addressing circuits.

Two CROS words are available at the output of
the sense amplifiers, about 3/4 of the way through
a machine cycle. The ROAR - B bit position gates
one of the two words to the ROS latches (Figure 7).

ROS Latches

There are 90 ROS latches, one for each bit position
of the CROS word. The latches are set by strobing
either the upper or lower word sense amplifier out-
puts (Figure 17). The latches are reset at 130 ns of
the machine cycle.

The ROS latches hold the CROS word available to
set the ROSDR register at 0 ns of the next machine
cycle.

ROSDR

ROSDR is divided into two sets of registers, ROSDR
outgate registers and ROSDR ingate registers. The
ROSDR registers hold the CROS word available to the
parity, decode, and ROAR addressing circuits.
Figure 18 shows the ROSDR registers and their func-
tion for a CPU-mode machine cycle.

Note: Machine cycles are either CPU mode or
I/0 mode; both cycles are under CROS control. I/0
mode cycles are machine cycles that use the proc-
essing unit circuits to transfer data to or from an
I/O channel. A CPU mode cycle is any cycle inwhich
the I/0 channels are not using the processing unit
circuits.

Outgate Registers

There are 88 outgate registers, ROSDR positions
00-89. CROS word positions 24 and 83 are spare
positions for future expansion and have no ROSDR
register positions.

The ROSDR outgate registers are set from the
data in the ROS latches at 0 ns of the machine cycle;
the registers remain set until 0 ns of the next cycle.
The outgate registers are set in three groups.

Position 0 is used for parity checking and is set
each machine cycle.

Positions 6-18 control the address of the next
CROS word. On special conditions, such as detecting
an invalid address, the address of a fixed routine
is inserted into ROAR; an Insert Fixed Add line pre-
vents setting these ROSDR outgate positions.

Positions 1-5 and 19-89 hold the information that
is to be decoded to control the system control lines
and gates. These positions are prevented from setting
on an I/O Break In Cycle, the cycle used to switch
from CPU mode to I/0O mode. The OFF condition of
these ROSDR outgate positions is decoded to cause
the R register to be stored in a special position of
local storage. Storing the R register allows the 1/0
mode routine to use the R register without destroying
CPU-mode information.

Ingate Registers
There are 20 ingate register positions, ROSDR posi-

tions 19-23, 28-30, and 40-51. The ingate registers
are set from the outgate registers at 130 ns of a

Strobe
A ROS Pos 0
Strobe Lower Word AL ORFL
B Branch Bit S Amp Bit 0 Lower Word
A FL ROS Pos 0 Bit
S Amp Bit 0 Upper Word
Not Reset Sense Latches
AFL
L{ A
Strobe Upper Word
ROS Pos 1
A R FL
S Amp Bit 1 Lower Wd FL ol
A FL ROS Pos 1 Bit
S Amp Bit 1 Upper Wd
AFL
L Lo l:;j
ROS Pos 89
S Amp Bit 89 Lower Wd AFLIORFL
ROS Pos 89 Bit
S Amp Bit 89 Upper Wd AFL os 87 Bi
AFL

FIGURE 17. ROS LATCHES
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machine cycle. The ingate registers remain set until
130 ns of the next cycle.

The ingate registers allow a CROS word to control
some gates during the register set time of the next
cycle. For example, one CROS word may contain the
micro-instruction: add the L and R registers and store
the answer in the L register. This CROS word adds
the registers on one machine cycle and stores the sum
from the adder-out-bus at register set time of the next
cycle.

CROS WORD DECODE CIRCUITS

e Decode circuits decode ROSDR fields into control
lines.

e Some ROSDR fields are decoded differently for
CPU mode than for I/0 mode.

o Some ROSDR fields are different for CPU mode
than for I/0 mode.

The CROS word decode circuits combine specific bits
from the ROSDR fields with CPU or I/O mode to acti-
vate control lines. In some cases the control lines
are further combined with the output of latches, such
as the M-Byte Counter, to activate more specific con-
trol lines.

The division of the ROSDR bit positions into fields
is different for CPU mode than for I/O mode. Figure
19 shows the field division for CPU and I/O modes.
The function of all the CPU mode fields are shown, but
only the functions that differ from CPU mode functions
are shown for 1I/0 mode.

The table in Figure 20 shows the micro-orders that
control the left mover input, the bit con figuration in
the ROSDR LU field that represents the micro-orders,
and the resulting control lines and functions.

The left-mover-input decode circuit is a typical
example of the CROS word decoding circuits. The
left-mover-input decode circuit (Figure 21) uses
ROSDR positions 1-3, CPU mode, I/O mode, BAM0-1
(M-Byte Counter), and BAL 0-1 (L-Byte Counter) to
control 13 left-mover-input control lines.

READ ONLY STORAGE ADDRESS REGISTER (ROAR)

e ROAR supplies the 12-bit address that selects the
next CROS word.

e The 12 ROAR hit positions are 0-9, A, and B.

e ROAR positions 0-5 are called base address posi-
tions.

o ROAR positions 6-9 are called function bits.,

24 12-65 Model 50 CROS

® ROAR position A is the A-branch bit.
® ROAR position B is the B-branch bit.

® The I/O-backup register saves the CPU-ROAR
address during an 1/0 break-in.

® ROAR addresses come from ROSDR, data flow
paths, fixed address generation, or the 1I/O-
backup register.

The Read Only Storage Address Register (ROAR)
supplies the address that selects the next CROSword.
The present CROS word controls the address sent
through the address register. ROAR is composed
of a 12-position address register and three 12-
position buffer registers.

The address register is not a storage register;
instead, the address register is an OR circuit that
gates the output of other system-registers to the
address-decode circuits (Figure 22).

The three ROAR buffer registers are: an 1/0-
backup register that saves the last CPU mode ad-
dress sent to CROS; a current-ROS-address regis-
ter that saves the address of the current ROSDR
word; and a previous-ROS-address register that
saves the address of the previous ROSDR word.

On an I/0 break-in cycle, the address transfer-
red to the I/0 backup register is the address of the
CROS word that is prevented from storing in ROSDR.
On the last I/0 mode cycle, the microprogram word
contains the micro-order to transfer the I/0O-backup
register to ROAR. The address that the backup
register sends to ROAR is the address of the CROS
word that was prevented from storing in ROSDR on
the break-in cycle.

The ROAR bit positions are divided, by the source
of their input data, into four groups. These groups
are the base-address bits (positions 0-5), the func-
tion-branch bits (positions 6-9), the A-branch bit,
and the B-branch bit, Figure 23 shows the control
circuits for all ROAR positions.

ROAR Positions 0-5

ROAR positions 0-5 are called base-address posi-
tions. Figure 24 shows a composite logic diagram
that represents any base-address position. The
inputs to all the base-address positions are similar,
except for the fixed-address inserts. The name of the
insert lines show which bit positions they affect.

There are eight inputs to the address register OR
circuit: data keys, ROSDR, SDR, ROAR buffer, and
four fixed address inserts.

~—
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Micro
Order Bits Function Line Name
CPU Mode or 1-O Mode.
O'%s—»U 000 Zeros to U Zero to U
R3-»U 010 R byte 3to U R24-31 to U
CPU Mode Only
MD,F »U 001 MD and F registers to U MD and F to U
DD +»U on Direct Data to U Direct Data Ctrl to Mover
XTR-»~U 100 XTRito U, reset XTR XTRto U
Int Reg Reset

PSW—U 10 PSW (32-39) to U PSW to U
L/MB->U 110 L to U per MB Ctr L 8yte 0 to U

(Which line is active LByte 1 to U

is determined by the LByte2to U

MB Ctr) L Byte 3to U
LAB—U m L to U per LB Ctr L Byte O to U

{Which line is active LByte1toU

is determined by the LByte2to U

LB Ctr) LByte3to U

1-O Mode Only

MPX U 011 MPX Buffer=In-Bus to U MPLX Buffer-In-Bus to U
LO»U 100 L byte O to U LByteGto U
LUy 101 Lbyte 1 to U LByte 1 to U
L2—=vu 110 Lbyte 2to U L Byte 2to U
L3»U m Lbyte 3to U LByte 3to U

FIGURE 20, MICRO-ORDER TABLE FOR LEFT MOVER INPUT - ROSDR 1 - 3

BALO

BAL 1

ROSDR Pos 3

]
=

CPU Mode

BAM 0

LBO
XX1

BAM 1

1-O Mode

MBO
XX0

ROSDR Pos 2

ROSDR Pos 1 N 000
A
ROSDR Pos 2 N Zero to U
ROSDR Pos 3 N
001 _CPI
N
A
CPU Mode
010
N a
R24-31t0 U
N
. 011 CPI
. A
Direct Data Ctrl to Mover
100 CPU Int Reg Reset
A
,_I N XTR to U
Bl
107 CP
A
N PSW 1o U
A OR
11X L Reg fo Mover U [nput
A
-0 Mode XX,
011 1-0
A

MPLX Buffet In Bus to U

A e o s e S -

FIGURE 21, DECODE CIRCUITS FOR LEFT MOVER INPUT (ROSDR 1-3)
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1-O
X00

OR

L Byte Oto U

[=]

LB
XX1

MB1
XX0

-0
X01

OR

LByte Tto U

LB2
XX1

£ .
= = & = +

MB2
XX0

5

-0
X10

OR

LByte2 10 U

LB3
XX1

[z]

MB3
XX0

-0
X1

OR

LByte3to U
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Fixed Address Bits

Data Flow Path Bits OR ROAR
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OE

Add Key
Not Equal Base Bit

(To Compare Circuits

[

for Address Stop and
Address Sync)

Add Bfr Latch Set |

Reg Set

PH

Note: This diagram represents any one position of Read Only Storage Address Register positions 0-5,
Some special insert lines are not in all positions. The special insert lines are marked for the

positions that they control.

ROAR positions 0,1, and 5 are on ALD page KK301.
ROAR positions 2 and 3 are on ALD page KK311,
ROAR position 4 is on ALD page KK321,

FIGURE 24, READ ONLY STORAGE ADDRESS REGISTER - POSITIONS 0-5
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6-11) Display ROS Add Gate
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Not Insert Fix Add Not Inhibit Normal Addr | A
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Gated Reg
Set
Current ADR (0-5) To Error
PH —>| Log and
PH PH "RESV ADR [ Indicator
Latch Set Reg (©-5) Circuits
Set
Stor Prot Fix Add
Fix Add Q Pos Com Chan o Insert Bit in
Stor Spec Fix Add Base Add 5
Invalid Add Fix Add P (5 Only)
CE Mount Controls
Inv Digit Fix Add
Set Reg
Sel MPX Chan X Bit Insert Bit in
Stor Prot Fix Add o Base Add 4 (400l
O
Reset Sw PH nly)
Inv Add Fix Add
Set Reg |
Inv Digit Fix Add Insert Bit in
Stor Prot Fix Add ° Bosw Add 3 ol )
Stor Spec Fix Add PH ./
Inv Add Fix Add —
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Reset Sw Base ::d 2 (2 Only) Base Add 2 Reset
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Data-Key Input: The data keys are console switches
which allow the CE to insert addresses into ROAR.

ROSDR Input: ROSDR is the normal input to the base-
address positions. The inhibit-normal-addressline
prevents sending ROSDR to the address register when
micro-orders are gating SDR or ROAR buffer to the
address register. The insert-fixed-address line pre-
vents setting ROSDR when either the data-key input
or fixed address input is used.

SDR Input: The SDR input gates main storage data-
register positions 19-24 into the base-address posi-
tions 0-5.. This address path is used for main-stor-
age-controlled FLT's (Fault Locating Tests).

1/O Backup Register Input: The 1/O-backup inputisa
micro-order controlled input that supplies the next
CPU address following an I/O routine.

Fixed-Address Inputs: The fixed-address circuits
supply a fixed address for error traps, 1/0 break-in,
and console switches.

ROAR Positions 6-9

ROAR positions 6-9 are called function-branch bits.
Figure 25 shows a logic diagram that represents any
function-branch bit position. The function-branch bit
positions can accept bits from the system's data flow
path; this allows program data to select one of 16
ROAR addresses.

For example, the instruction-decode routine (I
Fetch) uses a function branch on the first four op-
code bits to determine the instruction format. The
decode routine then uses the last four op-code bits
to determine the exact instruction. The ROAR ad-
dress at the end of the instruction-decode routine
is the first word of the instruction routine.

There are nine inputs to the function-branch posi-
tions of the address register; data keys, exponent-
function bits, M-register 0-3, M-register 4-7, F-
register, ROSDR, SDR, channel-function bits, and
ROAR buffer.

Data-Key Input: The data keys are console switches
which allow the CE to insert addresses into ROAR.

Exponent-Function Input: The exponent-function bits
are adder-output bits that represent the difference

of two exponents. The bits are used to cause a func-
tion branch to the proper floating-point shift routine.

M-Register 0-3 Input: Data in M-register 0-3 can
be entered as function bits. I Fetch uses this path
to enter the first four bits of the op-code.

30 12-65 Model 50 CROS

M-Register 4-7 Input: Data in M-register 4-T can
be entered as function bits. I Fetch uses this path
to enter the last four bits of the op-code.

F-Register Input: Data in the F register can be
entered as function bits. Hexadecimal multiply uses
this function branch. The multiplier is placed in the
F register and a function branch is taken to the
microprogram routine that multiplies by that value.

ROSDR Input: ROSDR positions 12-15 can be entered
into the function-bit positions. ROSDR is used when
no function branch or fixed address is desired.

SDR Input: SDR positions 25-28 can be entered as
function bits. The SDR entry is used in main-storage-
controlled FLT's.

Channel-Function Bit Input: The channel circuits
can insert bits in the function-bit positions. These
bits are inserted to select the proper 1/O mode rou-
tine for the channel operation.

1/0 Backup Register Input: The I/O-backup inputs
are micro-order controlled inputs that supply the
next CPU address following an I/0 routine.

ROAR Position A

The eleventh position of ROAR is called the A-branch
position. Figure 26 shows a logic diagram for the
A-branch position. The A-branch bit by itself allows
a two-way microprogram branch, which is controllied
by various system registers and latches. If the A-
branch bit is used in conjunction with a function
branch, the microprogram can branch to any one of
32 addresses.

There are six groups of inputs to the A-branch
address-register position: tests controlled by
ROSDR 72-77, tests controlled by ROSDR 16-18,
SDR, data keys, ROAR buffer, and fixed-address
inserts.

Tests Controlled by ROSDR 72-77: These tests are

the inputs controlled by the A Br Ctrl 01-63 lines.
The A Br Ctrl lines are the binary decoded output
of ROSDR 72-77. In the ALD's this line is really
two lines, an X line and a Y line. The X and Y lines
are formed by octal decoding the six bits of the field.

Tests Controlled by ROSDR 16-18: These tests force
the A-branch bit to a '"'1" state by testing the B-
branch bit. This test can be used in conjunction with
the tests controlled by ROSDR 72-77. If the condi-~
tions are satisfied for either test, the result is an
A-branch bit.
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Note: This A-branch test should not be used in
conjunction with the two immediate B-~branch tests,
the adder carry test and the adder sum position 0
equals zero test. These two B-branch tests occur
too late in the machine cycle for reliable A-branch
bit operation if this test is used.

SDR Input: SDR position 29 can be entered into the
A-branch bit position. The SDR entry is used in

main-storage-controlled FLT's.

Data-Key Input: The data keys are console switches
which allow the CE to insert addresses into ROAR.

1/0 Backup Register Input: The I/O-backup inputs

are micro-order controlled inputs that supply the next
CPU address following an I/0O routine. No A-branch
test micro-orders should be used in conjunction with
the micro-order to gate the ROAR buffer to ROAR.

Fixed-Address Input: The fixed-address circuits
supply a fixed address for error traps, 1/0O break-in,
and console switches.

ROAR Position B

The twelfth position of ROAR is the B-branch position.
Figure 27 shows the logic of the B-branch position.
The B-branch bit by itself allows the system data to
control a two-way microprogram branch. If the B-
branch bit is used in conjunction with the A-branch
bit and the function-branch bits, the microprogram
can branch to any one of 64 addresses.

The B-branch position is not used to select an
array driver. Instead, it is used to gate one of the
two CROS words read out by the ROAR address into
the ROS latches. Because the B-branch bit is not used
to read out CROS, it can be set later in the machine
cycle than the rest of the ROAR address.

The A-branch tests and most of the B-branch tests
are made on conditions at the start of the machine
cycle. However, the B-branch has two tests that are
made late in the machine cycle, branch-on adder
carry and branch-on adder pos 0 sum equal zero.
These two tests are made just before the CROS output
is gated into the ROS latches. To speed up the upper-
lower gating circuits, the B-branch position has two
output circuits, one for the no-bit condition and one
for the bit condition.

There are six groups of inputs to the B-branch
address-register position; tests controlled by ROSDR
78-82, tests controlled by ROSDR 16-18, tests con-
trolled by ROSDR 72-77, data keys, SDR, and ROAR
buffer.

Tests Controlled by ROSDR 78-82; These tests are
the inputs controlled by B Br Ctrl 01-31 lines. The

B Br Ctrl lines are the binary decoded outputs of
ROSDR 78-82. In the ALD's these lines are really
AND'ed X and Y lines. The X and Y lines are formed
by octal decoding the five bits of the field.

Note: If ROSDR 72-77 contains a test that affects
the B branch bit, ROSDR 78-82 must be all zeros (no
test).

Tests Controlled by ROSDR 16-18: These tests force

the B branch bit to a '"1" state, by testing the A-
branch bit. These tests can be used in conjunction
with other ROSDR controlled tests; if the conditions
are satisfied for any test, the result is a B-branch
bit.

Tests Controlled by ROSDR 72-77: There are four A-
branch control tests that affect the B-branch bit.
These four A-branch control tests allow one micro-
order to control a four way branch., ROSDR 78-82
must be all zeros if these tests are used.

A Br Ctrl 35 sets the A branch bit with edit stat
1; it sets the B branch bit with edit stat 2.

A Br Ctrl 49 sets the A branch bit with mover
position 6; it sets the B branch bit with mover posi-
tion 7.

A Br Ctrl 56 sets the A branch bit with either
an exception branch stat, or with no-bit in instruc-
tion counter position 30. A Br Ctrl 56 sets the B
branch bit with either refetch stat and an instruction
counter position 30 bit, or with an exception branch
stat.

A Br Ctrl 58 sets the A branch bit with either a
timer or an external channel signal; it sets the B
branch bit with a channel interrupt signal.

Data Key Input: The data keys are console switches
which allow the CE to insert addresses into ROAR.

SDR Input: SDR position 30 can be entered into the

B branch bit position. The SDR entry is used in
main-storage-controlled FLT's.

1/0 Backup Register Input: The I/O-backup inputs

are micro-order controlled inputs that supply the
next CPU address following an 1/0 routine. No B-
branch test micro-order should be used in conjunc-
tion with the micro-order to gate the ROAR buffer to
ROAR.

DRIVER SELECTION

e ROAR positions 5-9 are decoded into 1 of 22
select lines.

o ROAR positions 0-4 and A are decoded into 1 of
64 strobed drive lines.
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A Br Ctrl = 01 (X0, Y1)

A Br Ctrl = 02 (X0,Y2)

Gen Purpose Stat 0 KK);O'I

A Br Crel = 03 (X0,Y3) A

Gen Pur,

A Br Ctrl =04 (X0,Y4) KKZOI

Gen Purpose Stat 2 KK201

A Br Ctrl = 05 (X0,Y5)

Gen Purpose Stat 3 KKAZOI

A Br Ctrl = 06 (X0,Y6)

Gen Purpose Stat 4 KKAém

A Br Cirl = 07 (X0,Y7)

Gen Purpose Stat 5 KKA;O]

A Br Crel = 08 (X1,Y0)

Gen Purpose Stat 6 KI?ZOI

A Br Ctrl =09 (Xi,Y1})

Gen Purpose Stat 7 A

AR Cri=i0o (X1, v2) KK

Carry Stat KK;]]

A Br Cirl =12 (X1,Y4) A

One Syllable Op Stat KK211

A Br Ctrl =13 (X1,Y5) yy

L Sign Stat KK211

A Br Ctrl =14 (X1,Y6)

LSS EOR RSS KK‘;”

A Br Ctrl =16 (X2,Y0

MD Bit 0 A

Not Cond Reg Pos 2

Not Cond Reg Pos 3 KK251

Cond Reg Pos 2 A

MD Bit 1 i KK251

Cond Reg Pos 3 y

-

MD Bit 2 KK251
A

MD Bit 3

Abr Ol =17 (2,v1) | RK2s]

MVR LTH Eq Zero KK‘;”

ABrCrrl =18 (X2,Y2)

MWVR LTH 0-3 Eq Zero KK’;H

A Br Ctrl =19 (X2,Y3) ry

MVR LTH 4-7 Eq Zero

A Br Crrl =20 (X2,Y4) "Ki”

Not MD Bit 0

Not MD Bit 3 KK221

A Br Ctrl =21 (X2,Y5) ry

BAM Bit 0

BAM Bit 1

A Br Ctrl =22 (X2,Y6) KK:ZI

Not MD Bit 3 KK221

A Br Ctrl =23 (X2,Y7)

Gl £q Zero KKA22]

A Br Cirl =24 (X3,Y0)

G1 Less than Zero KKA22|

A Br Ctrl =25 (X3,Y1) ry

G1 Eq Zero

G2 Pos 0-1 Eq Zero

ABrCrl =26 (X3,v2) _|<K221

Gl Eq Zero Ko
A

Not BAM Bit 0

Not BAM Bit 1

AbrCil =27 (X3,v3)__ poke2l

1-O Stat 0 to CPU KK‘]‘N

A Br Cirl = 28 (X3,Y4)

1-O Stat 2 B

OR

A Br Ctrl = 29 (X3,Y5)

T 29-31 Not Zero or Inv Add

A
R Reg Pos 31
A 8 Crrl = 30 (X3,Y4) K';m
F Reg Pos 2
A Br Ctrl = 31 (X3,Y7) KI:231
L Reg Pos 0 KK231
A Br Ctrl = 32 (X4, Y0) "
F Reg Eq 0
KK
A Br Crrl = 33 (X4, Y1) :3'
T 8-11 Zero Reg
Not Gen Purpose Stat 0 KK
A Br Crrl = 34 (X4,Y2) 231
T Zero per Byte Stats KKA;G]
A Br Ctrl = 35 (X4,Y3) =
Edit Stat 1 KK231
A Br Ctrl = 36 (X4,Y4)
Monitor Stat K K’; -
A Br Ctrl = 37 (X4,Y5) A
Timer Update Signal
Not Manual Trigger KK231
A Br Cirl = 39 (X4,Y7) ry
G1 Eq Zero
G2 Eq Zero KK231
A
BAM Bit 0
BAM Bit 1
A Br Ctrl = 41 (X5, Y1) Kk231
Log Scan Stat On Klé?l
A Br Ctrl = 42 (X5,Y2)
Scan Test Cnt 0 KKA;‘?]
A Br Crrl = 43 (X5,Y3) A
G2 Pos 0-1 Eq Zero
Not G2 Bit 2
Not G2 Bit 3 KK251
AT gy
BAL Bit 0 a
BAL Bit 1 KK251
—H1— A
-
ol
KK25)
b A
—
KK251
=11 A
KK251
A Br Cirl = 45 (X5,Y5)
SDR 7 for A Branch KKAzz\
A Br Ctrl = 46 (X5,Y6)
Gated Pass Trig K I?
A Br Cirl = 47 (%5,Y7) 291
Gated Fail Trig KK};N
A Br Ctrl = 48 (X6,Y0)
Storage Prot Violation KK;9I
A Br Ctrl = 49 (X6,Y1) N
Mover Pos 6 KK291
A Br Cirl = 50 (X6,Y2) N
Not T 16-31 Eq Zero KK211
A Br Cirl = 51 (X6,Y3) A
T 5-7 Reg Eq Zero
Not T 16-31 Eq Zero Reg KK291
A Br Ctrl = 52 (X6,Y4) A
Bus In 8it 0 KK191
A Br Cirl = 53 (X6,Y5) x
1B Full KK191

FIGURE 26. READ ONLY STORAGE ADDRESS REGISTER - POSITION A
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A OR
A Br Ctrl = 54 (X6,Y6)
1-O Mode KK291
A
CPU Mode
A Br Crel = 55 (X6,Y7) K":"
AC
Lo KK191
A Br Ctrl = 56 (X7,Y0) y
| Fetch Stat FCN A KK211
A Br Ctrl = 57 (X7,Y1) N
inst Counter Pos 30 KK211
A Br Ctrl = 58 (X7,Y2) y
Timer Update Signal
Not Manual Trigger KK221
A
External Chan Intr
A Br Ctrl = 59 (X7,Y3) Kk221
A
Direct Date Hold Sense Br
A .
A Br Chrl = 60 (X7,Y4) KK191 Branch Bit
Progressive Scan Stat X ':; 9
A Br Ctrl = 61 (X7,Y5) ry
1-O Stat 4 KK191
A Br Ctrl = 63 (X7,Y7) ’
Gen Purpose Stat 0
M 0-1 Eq 01 KK251
SDR Pos 29
A
Scan SDR to ROADD KK261
B Branch Bit A
Set Ato) ifBEq1
Not B Branch Bit KK261
SetAtolifBEGO Kiezen
Display ROS Add Gate A
Data Key 30 KK261
Fix Add A Pos
OE
Addr Key Not Eq A Br Bit
KK261
—— PH
Add Bfr Latch Set r KK261
1/O Backup
PH A
Gated Reg Set I_
hakadd KK261 KK261
Add Bfr ROS Add Cntl l_
Current ADR A To Error
Log and
U pH PH —— PH PREV } Indicator
ADR A Circuits
Reg Set KK KK KK
313 313 313
Latch Set

Reg Set
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e One select line and one strobed drive line selects
1 of 1,408 array drive lines.

The driver selection circuits decode the address in
ROAR positions 1-A to select one of 1,408 CROS
array drive lines. The ROAR address is decoded into
a select line and a strobed drive line. The select and
strobed drive lines are then AND'ed to select one
array drive line.

Select Lines

Select lines are activated by decoding the base-ad-

dress-5 position and the four function-branch positions

of ROAR (Figure 28). Although these five ROAR
bit positions can be decoded 32 different ways, only
the first 22 combinations are considered valid ad-
dresses. The other ten combinations are not tested.
If (by error) the bit combination for a 31 is entered
into these ROAR positions, the decode circuit will
treat it as a bit combination for a 15. Select line

15 will be activated.

Strobed Drive Lines

A ROAR address selects one of 64 strobed drive lines
by decoding the base address 0-4 and the A branch
positions (Figure 29). The decoded address is AND'ed
with driver strobe to send a timed signal to the array
drivers. Each strobed drive line controls the array
drivers for one CROS quarter plane.

Base addresses 0-2 are AND'ed to select one of
seven first drive lines. The first drive lines are
AND'ed with base addresses 3-4 to select one of 32

second drive lines. The second drive lines are AND'ed

with the A branch bit and driver strobe to select one
of 64 strobed drive lines.

Array Drivers

There are 1,408 array drivers. Each array driver
is a simple AND switch that AND's one of the 64 drive

lines with one of the 22 select lines (Figure 30). The
AND circuits are single transistors; the drive lines
gate the emitters while the select lines control the
bases. Voltage is supplied to the collectors through
the array drive-line-terminating resistors.

Figure 31 shows the layout of the drive lines as
they enter a CROS plane.

CROS WORD PARITY CIRCUITS

e The CROS word is parity checked in three groups,
ROSDR 0-30, ROSDR 31-55, and ROSDR 56-89.

e The first bit of each group is a parity check bit.
e Each group must have odd parity to be valid.,

e ROSDR 0-30 is not checked on an 'Insert Fixed
Address' cycle.

e ROSDR 0-89 is not checked on a '"I/O Break In"
cycle.

The CROS word in ROSDR is parity checked in three
groups (Figure 32). Each group contains its own
parity check bit and must total an odd number of bits
to result in correct parity.

ROSDR 0-30 has a special circuit that forces cor-
rect parity on any cycle that inserts a fixed address
into ROAR. This circuit is necessary because
ROSDR 6-18 is prevented from storing CROS bits
when the insert fixed address line is active.

ROSDR 0-89 is not parity checked on a "I/O
Break In'"' cycle. Only CROS word position 0 is al-
lowed to store in ROSDR on a break-in cycle; there-
fore, the ROSDR word would always result in a
parity error if it is checked on a break-in cycle.
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Select ROAR Positions
Base Add (Pos 5) :N ] Lines [5T6 7809
0 of(ojof0]0
FNC Bit 0 (Pos 6) T i 040|001
| 2 040 |01 |0
— 3 olofo |1
FNC Bit 1 (Pos 7) I?— Select 0 4 olol1lolo
l— 5 0110|1101
FNC Bit 2 (Pos 8) [ ] 6 (-Jo0fTl1]0
7 -lo |1 1]
_ 8 -l1iolo]o
FNC Bit 3 {Pos 9)) N || 9 -1 ]o{0]1
— 10 -1 (o1 {o
N 11 ~tr o1 |1
| ] 12 (-1 |1]o]o
13 - {1 {1rfoj|1
N 14 -1 [1}11{0
15 - (v 1|l
N I Select 1 16 1]/-]ofofo
17 P]-]10]01}1
— 18 1]1-]0]1]0
N 19 |1 [-]o 1|1
— 20 1l-]1[o]o0
21 1(-]1[0]1
r—1 N F—1
N
I N | Select 2
ﬂ
[V SON NN S RN A —
T - [\
N | Select 20
}
N Select 21 Select Lines 0-5 are decoded from ROAR Pos
5,6,7,8, and 9.
Select Lines 6~15 are decoded from ROAR Pos
6,7,8, and 9.

Select Lines 16-21 are decoded from ROAR Pos
5,7,8,and 9.

FIGURE 28, BINARY DECODE OF ROAR TO SELECT LINES
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Base Add 0 First Drive
N A
Base Add 1 I N FDO Second Drive
A
Base Add 2 ] N | Base Add 3 I—|N DO Strobed Drive
A
L‘J . Base Add 4 I_I;B__ Driver Strobe Drive 0 POO-QPO
L . ED1 - A Branch Bit N
N sD1
A
N Drive 1 P00-QP1
FD2
A SD2
) 7 x
N Drive 2 POO-QP2
N
FD3 = N
A
o T o~ Drive 3 P0O-QP3
FD4
N > A
] N | sb29
[ A
Drive 4 PO1-QPO
FD5 N
MH ; [
SD30
LLL [
niin
FD6 - TT c
~ SD31 '
i [
Drive 61 P15-QP1
FD7
A
Drive 62 P15-QP2
Bose Base
Addresses First Address Second Decoded Drive Lines N
BAO] BAIL. [ A2 | Drive Lines BA3[ BAA | Drive Lines No A Branch Bit A Branch Bit
0] 0 p Drive Q ’W-G & Brive 1 EQ:QQE A
D 0 1 Drive 2 P00~ rive 3 _P0O-QP. R %
R Foo 1[0 D2 Drive 4_PO1-QF0 Drive 5_POI-QP Drive 63 P15-QP3
1 1 SD Drive 6 P01-QP2 Drive 7 _PO1-QP
0 0 SD4 Drive 8 P02-QPO Drive 9 P02-QP1
0 0 i ED) 0 1 SD5 Drive 10 P02-QP2 Drive 11 P02-QP3
1 0 SDé Drive 12 P03-QPO Drive 13 PO3-QP1
1 1 SD7 Drive 14 PO3-QP2 Drjve 15 PO3-QP3
0 0 SD8 Drive 16 P04-QPO Drive 17 P04-QP\
o |1 1o FD2 0 [ sD9 Drive 18 P04-QP? Drive 19 PO4-QP
] 0 sD10 Drive 20 PO5-QPO Drive 21 PO5-QP
1 1 SD11 Drive 22 PO5-QP2 Drive 23 PO5-QP
0 0 sD12 Drive 24 P06-QPO Drive 25 PO6-QP
0 1 1 FD3 0 1 sD13 Drive 26 P0O6-QP2 Drive 27 P04-QP
1 ]60 SDT4 Drive 28 P07-QPO Drive 29 P07-QP1
1 1 D15 Drive 30 E%Z-g;% Dri PQ7-QP
[1] 0 SD16 Drive 32 PO8- Drive 33 P08-QP1
1 0 0 FD4 0 1 SD17 Drive 34 P08-QP2 Drive 35 P0S-QP3
1 0 SDi8 Drive 36 P09-QPO Drive 37 PO9-QP1
1 1 SD}¢ Drive 38 P09-QP2 Drive 39 P09-QP3
Q 0 SD20 Drive 40 P10-QPO Drive 41 P10-QP1
1 0 1 FD5 0 1 SD2 Drive 42 P10-QP2 Drive 43 P10-QP3
1 0 SD2 Drive 44 P11-QP0 Drive 45 P11-QP1
1 1 D! Drive 46 P11-QP2 Drive 47 P11-QP3
0 0 D24 Drive 48 P12-QP0 rive 49 P12-QP1
1 1 0 FD6 0 1 D25 Drive 50 P12-QP2 Drive 51 P12-QP3
1 ]0 D26 Drive 52 P13-QPO Drive 53 P13-QP1
1 1 SD27 Drive 54 P13-QP2 Drive 55 P13-QP
0 0 SD28 Drive 56 P14-QPO Drive 57 P14-QP
1 1 1 FD7 0 ) SD29 Drive 58 P14-QP2 Drive 59 P14-QP.
1 0 D30 Drive 60 P15-QPO Drive 61 P15-QP
1 ] D31 Drive 62 P15-QP2 Drive 63 P15-QP3

FIGURE 29. BINARY DECODE OF ROAR TO 1 OF 64 DRIVE LINES
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CHAPTER Ill. THEORY OF OPERATION

e Fixed microprogram routines control the system
operations.

A CROS word is read out and stored in ROSDR every
machine cycle. This CROS word, the microprogram
word, controls the processing unit's gates and con-
trol lines during the machine cycle that the word is
stored in ROSDR. The address of the next micro-
program word is gated into ROAR from ROSDR, or
data flow paths under ROSDR control, or from fixed
address insertion circuits.

A series of microprogram words cause the system
to perform a specific routine. When the machine is
manufactured, a microprogrammer specifies which
bits each microprogram word must contain to make
the routines work. The microprogrammer's routines
are used to make the CROS bit plates and the CAS
logic diagrams.

MICROPROGRAM INSTRUCTION WORD

e Fields within the microprogram word control the
address of the next microprogram word.

o Fields within the microprogram word control the
gates and control lines for one machine cycle.

A microprogram word is one CROS word. To control
the system, the microprogram word must be read
into ROSDR.

The microprogram word is divided into control
fields. The control fields are used to address the
next CROS word and to control the system's gates and
control lines.

Control Fields

The control fields and their functions are shown in
Figure 19)., The bit combination within a control

field is decoded into a micro-order. Only one micro-
order is possible from a control field for any one
microprogram word. However, one micro-order
can control a number of control lines and gates.

Micro-Orders
itrisbubuiiietahabdabod

A micro-order represents a specific bit combination
within a control field. The microprogrammer writes
the microprogram routines by specifying the micro-
orders for each microprogram word. The CAS logic
diagram is a listing of the micro-orders specified

by the microprogrammer for each microprogram
word. System/360 Model 50 Diagrams Manual,
722-2833, shows a listing of all the micro-orders
and their functions.

www.IBM360.info

CAS Logic Diagrams (CLD's)

The CAS diagrams are control automation system
diagrams that document the microprogram routines,
Each block on the CAS diagrams represents one
microprogram word. The micro-orders that were
specified by the microprogrammer are shown in the
CAS block. Control fields that have no micro-order
specified by the microprogrammer are automatically
set to a predetermined bit configuration when the bit
plate is manufactured. These automatically inserted
bits usually represent a no-operation condition for the
control field., However, some control fields are set
to a pertinent micro-order when no other micro-order
has been specified. These control fields are shown
in Figure 34.

Figure 35 shows the basic layout of a CAS logic
diagram block with each line labeled as to its pur-
pose. Also shown in Figure 34 is a list of special
character definitions as used in the CAS logic dia-
gram block.

Figure 36 shows, specifically, the control field
mnemonics that may appear in any given print posi-
tion of the CAS logic diagram block.

A typical CAS logic diagram (word XTTDO) is
shown in Figure 33, Beginning at the top:

B Branch Bit

A Branch Bit
Function Branch Bits

110100 ——————— 134
0001

M23 + Ll

MLB»G

La»lLS

WS1LSA

IAR + 2A

E»S47

0»iB
AQ(B=1)=A

1A30 s7

™ IO OV -~ ® > m

FiGunC 33. TYPICAL CAS DIAGRAM BLOCK (WORD XTTD0)

Item E - Is the bit configuration of the emit field.

Item A - This micro-order true adds the right half of
the M register to the L register and stores the result
in the L register.

Item B - The micro-order gates the byte of the M
register specified by the L byte counter through the
mover to the G register.

Item L (1) - Is a micro-order which causes the sum
that was just stored in the L register to be stored in
local storage.
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Field Micro~
Bits Order Field Function

Micro-Order Function

TC=1 + True or Complement Add
AD =1 BLANK Adder Function

AL=0 | BLANK Adder Latch Input

UL=1 UL—>WL| Mover Action Left Digit
UR=1 UR-®WR | Mover Action Right Digit

UP=2 -1 Byte Counter Function Control
WS =4 [FN,J#LSA| Local Store Addressing {CPU)

CcsS=0 2,3 Local Store Sector (I-O)

SA=0 0-»=LSA Local Store Addressing {I1-O)

MG = 3] BFRI-»BIB| Multiplex Gate Control (I-O)

FIGURE 34. NON-NOP AUTOMATIC MICRO-ORDERS

True Add

Binary Add, No Carry Saved

Shift Zero

U 0-3 to W 0-3

U 4-7 to W 4-7

Count the selected counter down

Gate LSFN and J to LSAR

Select the sector for the L and R backup area
Gate the 1-O function + zero to LSAR

Note: Used in conjunction with CS = 0, this micro-order
addresses the R register backup word

Gate Buffer 1 to MXBIB

Actual Address in Hexadecimal

Branch Bits ( Up to 6 Bits ) 00 ABC
Emit Field Line E
Arithmetic Function - A
Mover Function B
Data Flow Not Through AdderorMover ___ D
Local Storage Addressing and Data Flow > L
Storage Control or Addressing_____ S
Miscellaneous Controls C
ROS Addressing - R
—XX XXXXXX XX
Box Coordinate + i T
* Selector {next instruction address)
Box Serial Number
Special Character Definitions
+ True Add or Positive N Is "Exclusive OR'ed" with
- Complement Add or Negative [o) Is OR'ed with
= Is Equal / Or (non-logical)
# Is Unequal < Is less than
> Is Set Into (Destructive Read=-In > Is greater than
is implied) 1 Not ( Boolean-used as
Is AND'ed with (logical) the not function on CLD%)
’ And ( non-logical) Is compared to
? Indeterminate function ( hardware
controlled)

* Any Selector Bit Equals:

0 Branch Bit 0

1 Branch Bit ]

Test For Branch Bit *

No Test For Branch Bit X
{(don't care)

FIGURE 35. CAS DIAGRAM BLOCK (BASIC LAYOUT)
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Print
Line 2

Print
Line #2

FIGURE 36.

Model 50 CPU Mode

Left . - Right
Edge Print Positions Edge
har 123456739101112’@T
£ | x {cE|cE|cE]|cE cle|u
Alx [rRy [RY |RY |TC | X | X | X {—>]R]TR|TR|TR
A |x |ap|aD]|AD}AD AL | AL AL [AL [AL | AL | AL
B | X [wlw]w|w]|wjw MV | MV | MV [ My [ mv
B | x jufuluLfuLfu UR JUR [URJUR [ LR
B | X wm | wm | wm] wm | wm| wmlwm | wm|wm b wm
D | X |AL]AL{ALJAL [=|TR[R| TR|TR
p | x [oG|pc |pG|pG|DG DG |DG DG |DG DG |DG | DG
MBMB,L}LB ’/,‘BMD"ﬁ%UP
D | X |pl el an| Fanl 7 |78] 1|7 |ao| o w0
L | x [ws|ws|ws|ws|{ws|ws|[ws|ws|[ws]ws]ws
L | x |sF{sF {sF | sF|SF | SF[sF|sF[sF
S/C xtwlwvlwlwv|wliviwviiviw
c | x |ss|ss|ss|ss|ss|ss|ss|ss|ss|ss]|ss]ss
ZN [ZN |ZN [ZN 1zN 2N [zN fzNfzN
R x 2|2 | 2r| 26| 2| 2R 25 | 2E| 2 2¢
R | x |As|aB|AB|AB [A8| A8 B3 | 88| BB | BB|BB
X
Model 50 1/O Mode 2
Left . . Right
Edge Print Positions Edge
Char I 2 3 4 5 6 7 8 9 10 11 12 Char
E | x Jce|cE|cE|cE 1 |o
A | X fRY [RY |RY [TC | X | X | Lx
B | x Jw{w [w]w|w MX [ MX | MX [MX | MX
B | x [ucfu Jue jul ut UR |UR [ UR |UR fUR
B | x [we|we|wi]we |wefwiiwe [we fwe]we fwe
ItR_|TR_[TR [TR . [TR
p | x I 2R R TR (TR
AL|“AL AL ALl >
D | X [MG|MG|MG|MG |MG[MG|MG|MG (MG
L |x |cslcs{cs|cs |cs|cs|sAa|sA|salSA|sA|sa
L | X |SF|sF [sF jSF | SF | SF|sF |SF [sF
C/S x fer{er {crler|er|er]cT|cT|cTcT
c|x jeu|cL ferjet]cr |efcL et [t
c | x |celce|cc|ce|ce ccjcc|cc |ec|ecice
C | X [MS|MS {MS |MS | MS [MS | MS [MS | MS |MS | MS | Ms
C|x |ss]ss|ss|ss|ss|ss|ss|ss]ssfss]ss|ss
ZN [ZN 2N [ZN 2N f2N 2N [ZN [z
<~ e
il Rl e e et e e e e e e
R | x |As]|AB|As{AB]|AB]|A8 B3 | 88 | BB | BB | BB

CAS DIAGRAM BLOCK -- SPECIFIC LAYOUTS

Print
Line #2

Model 50 1/O Mode #1

IE':;: Print Positions REIdg:ef

Char i 2 3 4 5 6 7 8 9 10 11 12 Char

E ce | ce | cefce 1 lo

A RY [RY [RY |71C | X [x | i [—s| R [ R [ TR |

A HC | He | He | He AL| AL AL AL AL | AL [ AL

B wiwfw|w|w Mx |mx | mx [mx | mx

B utfurfuo o o URJUR JUR | UR | LR

B wi | wel we {we fwe ] wefwewe we | we|we

o MG| MG{MG|MG |MG | MG MG MG |MG

L cs|cs|csfes|es|cs|sa]salsalsalsafsa

L S| sefse|sk|sF|se]sefseisk

& crler|er|er|erfer)er|er|cricr

C CLICL|CL{CL|CL|CL}{CL|CL|CL

c cc|celca|celco cclecclcc|ec|cc]cc

c Ms | ms | ms | ms | ms] ms | ms | ms|ms [ ms|ms | ms

c ss|ss|ss|ss]ss|ss|ss]ss|ss|ss|ss}|ss
7N EN N [ZN ZNZ}ZN Z [z

R el | e | e | e L2 |25 | 2e | 26| 2

R A | a8 | A |aB|a8] a8 88 |88 | B8 | BB | BB
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Item L (2) - This micro-order specifies the area of
local storage to use (working-storage-one).

Item S - Is the micro-order which causes the IAR to
be incremented by two (refetch is off) and sent to
SAR.

Item C (1) - This micro-order causes general purpose
stats 4-7 to be set from the emit field (in this case,
stats 4-6 are set off, and stat 7 is set on).

Item C (2) - This micro-order sets the L byte
counter to zero.

Note: Registers are set at the beginning of the
next machine cycle. Therefore, setting the L byte
counter to zero does not affect which byte of the M
register is gated out.

Item R (1) - Is the micro-order which forces the A-
branch bit to one if the B-branch bit is turned on by
its test.

Items R (2) - This micro-order sets the A-branch bit
to one if IAR (30) contains a one,

INSTRUCTION-FETCH ROUTINE
e I-Fetchreads and decodes the program instructions.
e Instructions start on halfword boundaries.

o The op-buffer saves the odd instruction-halfword
of a storage read.

o The refetch latch records the possibility that the
data in the op-buffer is invalid because of the exe-
cution of the last instruction.

The instruction fetch routine (I-fetch) reads the in-
struction from storage, decodes the instruction, and
branches to the proper execute routine.

The instruction address register (IAR) contains
the address of the first byte of the instruction. In-
structions can start on a word boundary (IAR holds
an even halfword address) or on a halfword boundary
(IAR holds an odd halfword address). Instructions
can be a halfword, word, or three halfwords long.

The last halfword of many instructions will be the
first halfword of a storage word; the last half of the
storage word is the first halfword of the next instruc-
tion. To save machine cycles, the halfword that
belongs to the next instruction is stored in a reserved
local storage position called the op buffer.

A refetch latch is turned on if the execution of the
present instruction could possibly store data in the

44 12-65 Model 50 CROS

storage address positions of the next instruction. If
the refetch latch is on, I-fetch will not use the half-
word stored in the op-buffer. Instead, I-fetch reads
the entire instruction from storage.

Figure 37 shows the instruction formats and the
source of the instruction halfwords for all conditions.

The instruction routine is divided into two sections,
first level I-fetch and second level I-fetch. First
level I-fetch determines the instruction format.
Second level I-fetch determines the specific operation
to be performed.

First Level I-Fetch

o Stores the first two instruction halfwords in the
M register (one halfword for RR format).

e Sets the instruction length counter (ILC).

e Stores the data from the local storage address
specified by the B field in the L register.

o Decodes the instruction format from the first four
bits of the op-code.

Figure 38 shows a logic flow chart of first level I-
fetch. A more detailed flow chart of first level I-
fetch is in System/360 Model 50 Diagrams Manual,
Form Z22-2833.

The data flow in first level I-fetch depends on
three conditions: the IAR address, the refetch latch,
and the format of the instruction.

The IAR address determines the source of the
first instruction halfword. If IAR contains an even
address, the storage word is read out and stored in
both the M register and the op buffer. If IAR con-
tains an odd address, the refetch latch determines
the source of the first instruction halfword.

The refetch latch determines whether or not the
halfword stored in the op buffer is valid. If the re-
fetch latch is on, the halfword may be invalid; the
halfword is reread from storage and stored in the
left half of the M register. If the refetch latch is
off, the halfword from the op buffer is stored in the
left half of the M register.

The instruction length in the first halfword is
checked to determine if the instruction is in RR for-
mat. If the instruction is in RR format, the M reg-
ister contains the entire instruction. If the instruc-
tion is not in RR format, the second instruction
halfword is read from storage. The left half of the
storage word (second instruction halfword) is stored
in the right half of the M register, and the entire
storage word is stored in the op buffer to save the
odd halfword.
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Start
| Fetch

IAR

Even Halfword 0Odd or Odd Halfword
Off On
|AR-»= SAR
SDR— Op Buffer (Saves 1st Hw
of Next Inst if This Inst is RR) IAR—SAR
D
getR-I-LbcM (1st and 2nd Hw) Op Buf py—=M (Ist Hw) SDR gy My (15t Hu)
Set Refetch Off Set ILC Set ILC
IAR + 2 —»SAR Set Refetch Off
No RR Yes
Format
SDR-»Op Buffer (Save 3rd Hw of
SS or 1st Hw of Next Inst)
SDR | > Mgy (2nd Hw)
Add 2 to IAR
(Addr of Next Inst)
Read LS B~Field Address »L
Add 2/4 to IAR (Address
of Next Inst or 3rd Hw of
SS' Format)
Funk
— — — Branch on — — - =) —
g sl 2| gz 8 s g = 2 = 8] 3| g =
g 8 g g 3 3 3 =5 OpCdo-3” 5 8 e = £ EF =

nv

=
w
o
<j 1010
T
<
5
<

RR1 RR3 RX5 RX7 RS9 Inv SSp SSF

FIGURE 38, FIRST LEVEL I-FETCH
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After the first two instruction halfwords are stored
in the M register, the address specified by the B-
field is read from local storage and stored in the L
register. A function branch is taken, on the first four
bits of the op code, to the proper format secondlevel
I-fetch.

Second Level I-Fetch

e Second level I-fetch differs for each format.

® Second level I-fetch fetches the third instruction
halfword for SS formats.

e Second level I-fetch prepares the data addresses.

e Second level I-fetch saves the IAR address if the
format can contain a branch and link instruction
code.

® Second level I-fetch branches to the proper micro-
program routine to execute the instruction.

e Unassigned op-code combinations cause a branch
to a program trap routine.

Second level I-fetch completes the decoding of the
instruction, stores the IAR address if the instruc-
tion format could result in a branch instruction, and
branches to the proper execute microprogram.

Figures 39 and 40 show the second level I-fetch
flow paths for all valid and invalid op-codes (in-
valid op-codes are the unassigned configurations of
the eight-bit op-code field).

RR Formats: The RRO format (0X codes) stores the
contents of the general purpose register specified by
the R2 field in the R-register. The contents of IAR
are stored in the H-register to save the next instruc-
tion address if this instruction results in a branch
operation,

RR formats 1-3 (1X-3X codes) store the contents
of the general purpose register specified by the R2
field in the L-register.

RR formats 2-3 (2X-3X codes) set the carry stat as
a signal to the floating-point routine whether to op-
erate in floating-point long or floating-point short
mode.

RX Formats: The RX4 format (4X codes) computes
the effective address by adding the contents of the
general purpose registers specified by the B and X
fields to the displacement field, and stores the result
in the L-register. The general purpose register
specified by the R1 field is stored in the R-register.
The contents of IAR are stored in the H-register to

save the next instruction address if this instruction
results in a branch operation.

The RX5 format (5X codes) computes the effective
address by adding the contents of the general purpose
registers specified by the B and X fields to the con-
tents of the displacement field, and stores the result
in the R-register. The contents of the general pur-
pose register specified by the R1 field are stored in
the L-register.

RX formats 6-7 (6X-7X codes) compute the effec-
tive address by adding the contents of the general
purpose registers specified by the B and X fields to
the contents of the displacement field, and stores the
result in the R-register and WS1 of local storage.
General purpose stat 3 is set as a signal to the float-
ing-point routine whether to operate in floating-point
long or short mode.

RS/SI Formats: The RS8 formats (8X codes) compute

the effective address by adding the contents of the
general purpose register specified by the B-field to
the contents of the displacement field, and store the
result in the R-register. The contents of the general
purpose register specified by the R1 field are stored
in the L-register.

The RS9 format (9X codes) computes the effective
address by adding the contents of the general purpose
register specified by the B-field to the contents of the
displacement field, and stores the result in the R-
register and in WS1 of local storage.

SS Formats: The SSD format (DX codes) computes
the effective operand 1 address (Bl + D1) and stores
the result in the R-register and in WS 1 of local stor-
age. The L1 and 12 fields are stored in the G-register.
The third halfword is read into the M-register (posi-
tions 16-31), and the effective operand 2 address is
computed and stored in the L-register and in WS2 of
local storage. The byte position of the operand 1
address is stored in the MB counter to use in locating
the first data-byte-position in the operand 1 word.
The SSF format (FX codes) computes the effective
operand 1 address (Bl + D1) and stores the result in
the L-register and in WS9 of local storage. The L1
and L2 fields are stored in the G-register. The third
halfword is read into the right half of the M-register,
and the operand 2 effective address is computed and
stored in WSA of local storage. The low-order ad-
dress of the operand 1 field is computed and stored
in WS1; the byte position of the low-order address is
stored in the MB counter. The low-order address of
the operand 2 field is computed and stored in WS2;
the byte positon of the low order address is stored
in the LB counter.
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