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1.1 INTRODUCTION

The MASCOR/132 Data Processing System is a general-purpose
system designed to achieve optimum cost/performance In a
wide range of application environments,

The MASCOR/132 system 1{s particularly sulted to
diversified environments; il.e.,, environments where a variety
of applications (commercial, engineering, scientific, etc.)
and a variety of operational modes (interactive, remote
batch, local batch, etc.) are simultaneously present.
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Figure 1,1,1. Gross Configuration of the MASCOR/132 System,

The gross configuration of the system Is represented In
Figure 1.1,1. The central component of the system Is the
Primary Storage Subsvystem (PSS), !t is the main memory for
the Central Processing Unit (CPU), and It is the medium
through which data can be moved to or from the High-Speed
Secondary Storage Units, the lLow-Speed Secondary Storage
Units, and the Peripheral Input/Qutput Subsystem,

The primary storage subsystem and the high=- and
low-speed secondary storage unit form the basic storage
system which will contain most of the data relevant to the
system operation,
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The central processing unit is the main processing unit
of the MASCOR/132 system. |t handles all major computational
and processing functions. Under normal circumstances it
controls the flow of data through the basic stcrage system.

One of the major design philosophies of the MASCOR/132
systenm, which is apparent in the organization of both the
hardware and the software, is the distinction between
storage devices on the one hand and input/outnut cdevices on
the other. We classify monolithic and core memories, drums,
disks, and other similar devices as storage devices. \le
classify 1line printers, card read and punch equipment,
communication lines, terminals, microfilm output devices,
removable disks, etc., as input/output devices.

The peripheral input/output subsystem consists of all
such input/output devices in conjunction with a number of
control units and of peripheral processing units required

for the control of such devices and for the novement of data
between the devices and the primary storage system,
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1.2 PRIMARY STORAGE SUBSYSTEM

The Primary Storage Subsystem (PSS) is the central memory
for the MASCOR/132, It is characterized by two major
features:

a, It uses a buffered storage organization.

b. The data contained in It are referenced with 2 system
virtual address by all units that have access to the
PSS.

The buffered storage organization allows the subsystem to
exhibit a low average access time at a cost comparable with
the cost of considerably slower storage modules,

The wuniform addressing by all wunits by means of a
virtual address allows for simplicity of communication among
different subsystems and allows efficient storage

utilization. The PSS itself has the capability to translate
such addresses Into physical storage locations.

The 8-bit byte is the unit of addressing in the PSS,
Data access however can be In nultiple of bytes, The most
frequently wused multiple byte fields are the word (4 bytes)
and the double word (8 bytes), Such multiple byte fields
must consist of consecutive bytes whose first byte address
is on the corresponding byte boundary.

1.2;1 Organization

The organization of the PSS is shown In Figure 1,2,1.1; the
PSS  Includes three major comporents: 1) main storage
modules, 2) the storage control wunit, and 3) the buffer
storage unit, The 'Malin Storage Modules (MSM) have a
relatively slow cycle time (typically within the 0.5 to 2
microsecond range). The MSMs can, however, within one cycle
read or write multiple words in parallel, Such a group of
words is referred to as a line, and consists typically of
16, 32, or 64 adjacent bytes, These lines are brought Into
and taken out of the buffers that are part of the PSS,

Each MSM line contains, 1In addition to the data words,
an error correcting code The code is generated upon a write
by the storage control unit and checked each time that Is
fetched, 1If a correctable error is found, correction will
take place before the data are transferred to the requesting
unit, A1l error occurrences are signalled so that the
supervisor system can rmonitor and log such errors to allow
knowledgeable preventive maintenance,
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The Storage Control Unit (SCU) is responsible for
coordinating the movement of data lines among the FMSMs and
the buffer storage unit. All transfers through the SCU are
on a line basis.
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Figure 1.2.,1.1. Primary Storage Subsystem,

The External Ports of the PSS are the Interface with the
outside world, Central processing units, peripheral
processing units, and input/output channels are connected to
the PSS through its external ports,

The external port interface allows for both
data-transfer and control procedures, Not all ports,
however, have identical «capabilities. In particular, the
data width may vary from one port to another,

The Buffer Storace Unit (BSU) provides fast acces to the .
most frequently used data. Whenever the PSS receives a
request for a data item, it will determine if the line which
includes the data item is in the buffer storage unit. In
that case, It will satisfy the request immediately, If that
is not the case, the SCU will transfer the corresponding
line from the appropriate lSHM to one of the buffer areas and
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then satisfy the request. The line will be kept in the BSU
until its location is required to bring a new line in. At
that time, if no change to the data has been made, the
tuffer area containing the old line is made available;
otherwise, the line will have to be rewritten into the
appropriate MSM before the new line can be brought in.

1f the frequency of finding the data In the buffers is
sufficiently high, the net effect is that the requesting
unit will see an average access time very close to the one
of the buffers (Which typically will be 1/4 or 1/8 of the
access time of the MSM), The fact that such an average will
be obtained from a mixture of two quite dlfferent access
times must be taken into account by all units connected to
the PSS,

1.2.2 System Virtual Address

Each elementary addressable data item (byte) in the PSS is
identified by a 40-bit System Virtual Address (SVA). An SVA
Is yalid If It 1Is associated with a location in a MSM,
Locations in a MSM are identified by the Physical Storage

Address (PSA). The transformation of SVAs to PSAs is
referred to subsequently as mapping.

For proper operation of the PSS at most one SVA may
correspond to a given PSA and vice versa, at most one PSA
may correspond to a given SVA,

The SVA (see Figure 1,2.2.1) can be separated 1into a
16~bit segment identifier, 11-bit page identifier, a 5-bit
paragraph identifier, and an 8-bit byte identifier.

16 11 5 8
e mr e mrran .- ————--- - e e e e o e e e - -4
| SEGMENT | PAGE | PARA, | BYTE |
| IDENTIFIER | IDENTIFIER | IDENT,.| IDENT. |
o o o e e e e e e o e e e e e e e e e e e e e e +

0 ) 15 16 26 27 31 32 39

Figure 1.2.2.1. System Virtual Address.
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The total system virtual address space is therefore
viewed as consisting of 65536 segments, each of 2048 pazes,
each page conslsting of 32 paragraphs, each of 256 bytes.
Table 1.2.,2.1 summarizes the units that define the address
space.

Table 1.2.2.1, System Virtual Address Space.

Segments Pages Paragraphs \lords Bytes

Total Space 65536 2%x%27 2%%32 2%x%32 25240
Segment 1 20438 2*%x10 2%%x22 2%*2Y

(6LK) (LMD (16:)
Page - 1 32 2048 8192
Paragraph - - 1 6L 256
Word - - -- 1 4

Each element in the above hierarchy plays a certain
role. The byte is the smallest addressable entity; the vord
Is the standard addressable element. The paragraph is the
smallest unit of mapping; i.e., PSAs always have the 8
low-order bits Jidentical to the corresponding bits of the
associated virtual address. The page is the standard unit of
mapping; ft.e., normally data elements within a page will
have contiguous PSAs. The fact that a page can contain
between 1 and 32 paragraphs (or 25C to €192 bytes), allows
tailoring of pages to natural boundaries of the program
structure, without incurring waste due to larze unused
portions of pages.

The role of the segment is not related to the primary
storage system per se; but to the organization of the CPU;
we will discuss it in detail in Section 1.3.2.

A special role Is assigned to SVAs whose first 16 bits
(the segment identifier) are all zeros. Such addresses are
interpreted by the PSS as actual PSAs. The use of such
addresses is restricted to certain special situations.



11/30/7¢0

MASCOR 132 Reference Manual 1,2-4

1.2.3 Address Translation or Mapping

The translation from SVAs to PSAs is performed by the
storage.control unit through the use of the Primary Storage

Directory (PSD), The PSD is a table residing in the Primary
Storage Subsystem itself, addressed directly by PSAs (l.e.,
SVAs whose first 16 bits are all zeros). This table contalns
a number of Primary Storage Directory Entries (PSDE). Each
PSDE provides the information required to map a page (or a
subset of a page 1in units of paragraphs) into the
corresponding physical storage addresses, In addition, such
entries contain control information required for proper
supervision of data transfer operations. The PSD is
organized to allow fast lookup wusing coding technique
implemented in the hardware of the PSS. The storage control
unit does not, however, have to reference the PSD proper for
cach reference to the main storage modules, Within the SCU
there s a High-Speed PSD  which will contain the most
frequently referenced directory entries and which uses
assocliative memory organization to provide the necessary
information In a large majority of the cases.

In review, we note that address translation is performed
by the storage control unit, This implies that address
translation 1is invoked only when the SCU itself s
invoked~-namely whenever a requested data item is not found
in the buffers. This, in turn, implies that the buffer
storage unit is organized totally on the basis of system

virtual addresses; f.e., as long as data elements are
present In a buffer area, no address translation Is
required, When address translation is required it may

frequently be done in the High-Speed PSD.
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1.3 CENTRAL PROCESSING UNIT

The Central Processing Unit (CPU) decodes the programmed
Instructions and manipulates data accordingly. The CPU of
the MASCOR/132 is characterized by three major features:

a. It has 64 general=-purpose reglisters,

b. It identifies data internally by means of 2 program
virtual address distinct from the system virtual
address. i

c. It has an extenslive instruction set which is able to
handle a number of data formats in a variety of
addressing mecdes and data lengths,

The large number of general=-purpose registers allows a
high degree of optimization in a variety of different data
processing environments.

Addressing through the program virtual address allows
distinct processes to reference the same data element in
different ways.

The CPU is primarily word oriented. A full set of
double-word operations is provided. It can also operate very
efficiently on byte strings.

1.3.1 General-Purpose Registers

There are 64 32-bit General _Purpose Registers (GPRs),
numbered from 0 to 63, Each GPR can be used for any normal
operational purpose--namely as a base _register, an index
register, a data register (for either Jlogical, integer,
floating=point, or decimal data) and as ea__condition
register.

Arithmetic and logical operations can take place either
between GPRs or between a GPR and data in storage. In the
latter case, the result may either go to a register or be
returned Into storage. \lhen the data items are of double
word length then an even/odd register pair is used.

1.3.2 Program Virtual Address

CPU instructions reference data in storage through a Program
Virutal Address (PVA). The PVA (see Flgure 1.3.2.1) consists
of a 2-bit field of zeros, a 6-bit segment number, and a
24-bit byte displacement,
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Figure 1.3.2.1., Program Virtual Address.

The segment number refers to one of 64 Segment Reglisters
(SGRs). Several segment numbers may be used in a process
which then will have the corresponding entries in the
segrnient register marked as valid by the supervisory system
(see Figure 1.3.4,1),

Each of the valid SGRs contains a 16-bit fleld (segment
identifier field)., The CPU translates a PVA into a SVA by
replacing the high-order byte of the PVA with the segment
identifier field of the SGR selected by the segment number,

Independent processes can refer to identical data by
different segment numbers, provided that the segment
registers are set appropriately., The byte displacement of
the resulting SVA Is identical to that of the PVA,

In order to understand the interplay of PVA and SVA, we
will consider a simple example. (See also Figure 1.3.2.2).
Let S be the 16-bit identifier associated with some data
segment, Some portion of the addresses within that segment
will be wvalid; i.e., there will be physical storage
addresses associated with them., This is determined by the
presence of entries in the primary storage directory with
the approprilate information. A bank of segment registers
values is associated with cach process (such a bank would be
represented in storage and loaded into the actual segment
registers whenever that process is given control). Llet's
assume that process A wants to reference segment 50 as
segment 13, The only thing which would have to be done is to
set the segment identifier field of A's segment register 13
to the value 50, If some section of process A should address
50 as segment number 25, the appropriate value would be
inserted also as the segment identifier field of A's segment
register 25, If another process, say B, wants to access the
same segment 50 as sezment number 45, the segment identifier
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field of B's segment register 45 would be set to 50, ln none
of the above assignments was any change to the primary

storage directory involved.
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Let us now consider the reverse situation In which,
under the same circumstances described opreviously, it is-
desired to change the location in physical storage of sone
of the data of segment S. In order to do so, we would have
to modify the primary storage directory accordingly.
However, no chanse in _any segment register would be

required, In other words, the PVA/SVA organization totally
decouples the control of access to data by the CPU processes
from the control of placement of data in physical storagze.

The scheme we have described Is not unique in having the
above described properties. However, our particular
organization permits the CPU to access data in the buffer
with the access speed of the buffer, wvhile using virtual
addressing rather than physical addressing.

1,3.3 Formation of Prozram Virtual Addresses

The PCU can form a program virtual address in a number of
ways--namely a PVA is obtained:

a. directly from a GPR

b. by "address addition" (defined below) of a base GPR
and an Index GPR -

c. by address addition of a base GPR and an. immediate
field in an instruction

d. directly from the Instruction address register

e, by address addition of the instruction address dnd an
immediate field in an instruction., The procedure of
address addition involves two fields® in a
noncornmutative order (see (Figure 1.3.3.1). The first
field Is obtained from either a general-purpose
register (the base register) or the instruction

~ address. The sccond field is obtained from either a
general-purpose register (the index register) or by
appropriate extension of the immediate field in an
instruction.
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Figure 1,3.3,1. Address Addition.

The first 8 bits of the result containing the segment
number are obtained from the corresponding bits of the first
fleld without any change. The first field must already be In
the form of a valid PVA. The lower-order 24 bits of the
result are obtained by addition, modulo 2**24 of the
corresponding bits of the two fields.

This procedure guarantees that no address computation of
addresses using index or displacement values can result in
accessing any other segment but the one referenced by the
first field. Since any GPR can be used directly as a PVA,
and since full arithmetic capability is available on any
GPR, it Is also possible, 1If desired, to compute addresses
across segment numbers,

1.3.9 Data Access Control

Any segment that is accessed by a process has available a
number of control fields which are used by the CPU to
control access. These control fields are part of the segment
register, The control mechanism not only assigns different
access to different processes, but it also allows various
levels of access control within a process. The full
structure of each segment register is given in Figure
1.3.4.1, :
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0 1 345 7 891112 13 15 16 31

Filgure 1.3.4,1, Segment Register.

Bit 0 indicates the yalidity of the -register. The
low-order 16 bits are the segment Iidentifier field which we
have discussed in Section 1.3.2., The five 3-bit Access
Control Fields determine the access to the. given segment,
Only one of the five fields is active at any given time, as
determined by the control vector (see Section 1,3.5). Each
access control field is viewed as In Figure 1,3.%,2,

Figure 1.3.4.2. Access Control Field.

Each bit controls one mode of access to the data (0
allgws accesss 1 forblds it) as described in Table 1.3.4,1).

Table 1.3.4,1. Access Mode Control,

Bit Access Mode
X Instruction Fetch
L ’ Data Fetch

S Data Store
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This approach allows each process to have Independently
determined modes of access to each segment, as specified by
the segment register used.

The five access control fields are used to determine
different modes of access within the same process. This is
useful in order to allow routines with different privileges
to operate within a process; i.e., library, data entry and
edit, or computational functions., The active access control
field will be the same for all segment registers.

1.3.5 Program Status Block

The basic state of the CPU is determined by the segment
registers, the general=-purpose registers, and the three
Program Status Registers (PSRs)., The Program Status Block
(PSB) consists of the three PSRs, plus the contents of GPR
0. The program status block represents all of the
information that is switched whenever an interrupt condition
is recoznized.

The threce PSRs are the Control Vector (CV), the
Instruction Address Regzister (1AR), and the lteration
Counter (1TC).

The CV determines various modes of operation of the CPU
and certain privileges.

In particular, as we said before, the CV wlll determine
which of the five access control fields in the segment
registers is active at any given time.

Part of the control vector Is accessible in
non-privileged mode and contains information related to
unusual conditions in arithmetic operations,

The remainder of the control vector Is Inaccessible in
non-privileged mode and it is used by the supervisory system
to control input/output functions, timing and other
privileged functions.

The instruction address register contains the program
virtual address of the instruction In progress. Since
instructions are always one word long and are always on word
boundaries, the low~order 2 bits of the IAR are zero.

The iteration counter allows the CPU to interrupt and
then properly resume certain types of instructions (mainly
byte string operations).
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1.3.6 Data and Instructlon Formats

As a function of the operation involved, the CPU will
Interpret data according to a number of formats,

Addresses: Program virtual addresses (see Figure 1.3.2.1).
logical: 32- and 6L4-bit strings. Operations bit by bit.
Unsigned Intergers: 32- and 6L-bit binary representation of

unsigned (non_negative) integers; with provision for
extended precision.

Signed Integers: 32~ and 6L-bit binary 2s complemnent
representation of signed integers; wlith provision for
.extended precision.

Floating-Point Numbers: 32- and 6L4=-bit quantities
consisting of a sign bit, a 7-bit excess-6hL hexadecimal
exponent, and 24- or 56-bit hexadecimally normalized
fraction. .

Byte Strinzs: Byte strings consistfng of from 0 to 2#+24
contiguous bytes.

Decimal: 32- and 64-bit quantities consisting of a string
of binary coded decimal digits in 10's complement
representation; with provision for extended precision,

For each of these datatypes and lengths, appropriate
load, store, and compzrison operations are provided, Every
data element's program virtual address must have bhoundaries
consistent with the length of the data element.

A1l instructions are one word long and must reside on
word boundaries. There are L basic instruction formats
(Figure 1.3,6.1), namely the M, |, V and H formats.

In all formats, the fields identified by C contain the

operation code. In M-, l=-, and V-format instructions and in
most N-format - instructions, fields i and j identify
general-purpose registers. The d and sd fields are

interpreted as a byte displacement. The wd, extended to the
right with two zeros, is interpreted as a word disnlacemant.

The k flield is interpreted as either a general-purpose
register identifier or an immediate 6-bit unsigsned intecer.
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M-Instruction format

s cmmceeoant
| ¢l i | d |

$mmmmmmeccecccasceecccccemcm e eccce—————————— +
012 78 31
I-Instruction format

dmmm e m e e m e mm_ e rrm_ e, ————————————— +
Il ¢l i | wd l ¢ |

drmm e mmcmc e _— e — e — e, ————————————— +
012 78 29 31
V-instruction format

e e e e o o s v o o e o e = - e v - e = - - +
l c | J l ¢l i | c | sd |

e m e m e rr— e —————— e ———————— +
012 78 910 15 16 17 31
N-instruction format

B e ittt e e +
el ] | c | i 1 c Ik

- - e - o e e e S e e Se = em o ew e e - - +
012 78910 15 16 25 26 31

Figure 1.3,6,1., Instruction Formats,

There is only one M=-format lﬁstructlon which loads the
byte displacement in GPR i.

This 1instruction provides fast loading of a reglister
with displacement or other constants of up to 24 bit length,

There are 4 l-format instructions; the wd field is
address added to the Instruction address to form a new
address.

There are 11 V-format instructions; in each of them the
GPR identified by the j field is used as a base register to
which the sd field is address added to form the address for
load and store operations, These instructions allow direct
referencing to data in scgments that are pointed at by base
registers,
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Instructions 1in the N formats have typically threce
operands: Operand 1 is the result operand, while Operands 2
and 3 are the source operands, Table 1.3.6.1 gives the list
of operand selector modes. The following notation is used:

Ri, Rj, Rk GPR i, GPR j, GPR k

K Immediate field K
Address addition

c(x) Contents of lpcation X%

Table 1.3.6.1. Operand Selector Modes for Type M.

Mode Operand
1 2 3

RRR Ri Rj Rk
Reglster to Register.
RRK Ri T Rj K
Register with Constant to

Register
RSR Ri C(Rj) Rk
Storage with Register to

Register )
RSK RI C(Rj) K
Storage with Constant to

Register
RXR Ri C(RjCRK) Ri

Indexed Storage with Register
to Register

RXK R1 C(RjEK) RI
Displaced Storage with
Register to Register

XRR C(RjERK) C(Rj&RK) Ri
Register with Indexed Storage
to Indexed Storage

XKR C(Rj@K) C(RjCK) Ri
Register with Displaced Storage
to Displaced Storage
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The operands may be GPRs or references to storage. The
third operand may also be an immediate 6-bit constand
contained in the instruction itself, References to storage
can be made using the contents of a GPR, by address addition
of two GPRs, or by address addition of a GPR and the
immediate field in the Instruction.

Many 1instruction types allow multiple of these operand
selector modes,

1.3.7 MNon-Privileged Operations

The non-privileged operations include an extensive set of
arithmetic and logical operations. The major characterlistics
are listed below:

a. Total parallelism between word and double word
operations on logical, unsigned integers, signed
integers, binary as well as decimal, and

floating=-point numbers is provided.

b. An extensive set of unsligned integer operations allows
efficient coding of arbitrary precision arithmetic,

c. Both truncated and rounded floating-point arithmetic
are available.

d. Decimal arithmetic using ten's complement arlithmetic
with convenient handling of multi-word operands,

e. Compare operations use a GPR to store a TRUE (all
ones) or FALSE (all zeroes) result,

f. Byte string move and compare operations are designed
to be particularly suited to text editing and pattern
matching.

1.3.8 System Control Reglsters

The CPU has a number of System Control Registers (SCRs) used
for the control of various functions. They are only
accessible in privileged mode. ~ Following is a list of the
major functions associated with these registers.

Definition of Status Switching Save Areas

Two reglsters contain the pointers required upon interrupt
for the storing of the old program status block and the
fetching of the new one.

Interval Timing and Ipstruction Countling
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Two Interval timers allow for sctting up times at which
interrupts are to be generated, Two Instruction counters
allow an interrupt to be generated after executing a
specified number of instructions.

Interrupt Masking

A set of masks permits control over the occurrence of
internal and external events, Internal events can be
generated under program control.

Logic Trace Capabillity

A register will hold when desired the PVA of the last
branch instruction which caused 2 branch., Furthermore, the
CPU can be set up to interrupt on any successful branch,

Address Reference Monitoring

A register can be set to any PVA, and it will cause an
interrupt whenever that address Is referenced for any
reason., '

Clock
The real-time clock is able to keep track of the time in
the outside world with microsecond accuracy., It is
connected to an external wunit which may be common to many
CPUs.,

1.3.9 External !ﬁterface

In addition to manipulating the data in the PSS, the CPU has
to be able to communicate with the various input/output
subsystems. In order to do this the CPU can interface
directly’ to the outside world thrcugh a basic external
interface facility. Instructions and datapaths are provided
here that allow the followlng functions:

nzgle-bit signals with interrupt and

1. Accepting si
ility.

masking capab
2. Sending bit signals.
3. Accepting a full-word input.
L, Sending a full-word output.
Through the external interface the CPU will exchangc

control information with the high-speed secondary storage
units, the standard 1/0 channels, and - the peripheral.
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processing units., The actual transfer of data and programs
Is carried out by those wunits,. through their ports to the
primary storage system,

1.3.10 lInterrupt System

The interrupt system allows varlous classes of interrupts to
be handled separately. By distingulshing user-oriented
service calls and program exceptions from system-oriented
service calls and program exceptions, fast decoding and
handling is provided for usages of the Iinterrupt system as
an adjunct to normal processing.

There are eight classes of Interrupts,

.

Utility Service Call

System Service Call

Program Exception 0

Program Exception 1

Internal Signal

External Signal

Hardware Malfunction (Warning)
Power Off Warning

OO N OV £ WP

“ 4 e e o o o

Whenever any of the above .conditions occur, the active
program status block is saved in a pre-defined area and a
new PSB is loaded also from a pre~defined area.

The control vector may determine If certain interrupt
conditions must be ignored.

he Utflity Service Call (USC) 1instruction allows a
non-privileged program to call upon another non-privileged
program (with normally different access capability).

The System Service Call (SSC) instruction allows the
non-privileged program to call upon a privileged program.

The Program Exception interrupts is invoked on any
addressing, arithmetic, and similar ecxceptions., The two
classes allow it to distinguish between such occurrences
while in "user mode" and while in "system mode."

Internal Signals are those associated with the interval
timers and instruction counters.

External Sisnals are those associated with the external
interface.
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Internal and External Signals are individually maskable.

The Hardware Malfunction interrupts are generated
whenever such occurrences arise. They allow the distinction
between corrected errors and uncorrectable errors.
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1.4 HIGH-SPEED SECONDARY STORAGE UNIT

The role of the High-Speed Secondary Storage Unit (HSSSU) is
to provide the system with a secondary storage unit with
high access rate and high transfer rate. This facility is
essential in a multiuser environment to allow many processes
to be available within a low access time and provide both
fast response time for interactive processes and efficient
usage of system facilities by active processes,

Typical physical units making up the HSSSU are
head-per-track disk and drum devices.

The HSSSU is organized into a number of modules, each
module consisting of a number of sectors. Each module within
a type of unit has the same number of sectors., Each sector
contains a 32-byte key and a binary power of 256-byte data
blocks. The wunit of writing 1is the sector; the unit of
reading is the data block.

A Typical HSSSU may consist of 64 modules, each with 64
sectors of 512 words for a total of appreoximately 2 million
words. Typical transfer rate is in the neighborhood of 2
million words/sec.

The number of HSSSU's which can be attached to a primary
storage subsystem is a function of the particular model of
the PSS, A typical system would probably have two HSSSU,

Each HSSSU can be simultaneously connected to a number
of PSSs for its data transfers and to a number of processors
for its control. Only one such path is active for control
purposes at any given time, but it can be switched under
program control,

The HSSSU fetches its commands from a given primary
storage subsystem and stores its status and the data
fdentifying key in the same PSS, It can, however, transfer
data to or from any PSS to which it is physically connected,

The commands to be executed are four words long and
contain the required system virtual addresses for both the
key and thé data. A total of six commands are provided: four
control commands and two data-transfer commands.



11/30/70

MASCOR 132 Reference Manual 1.5-1

1.5 STANDARD 1/0 CHANNEL

The Standard 1/0 Channel (S10C) is the basic interface to’
the outside world for attachment of medium speed devices

(1ike disks) and buffered low-speed devices (line printers,

card read/punch units, etc.). The data transfers executed by

the S10C are block or record oriented., Although each channel

can support only one data transfer at a time, it can suppart

a large number of simultaneous channel programs from a

control point of view.

Each of these channel programs will control one
subchannel and the data transfers of these may be
sequentially interleaved on a block basis.,

L

The Sl10C presents to the outside world an interface
compatible with that of many popular storage and 1/0
devices.

The SI0C has the capability of being simultaneously
connected to a number of different primary storage
subsystems for its data transfers and to a number of
processors for its control, Only one such path is active for
control purposes at any given time, but it can be switched
under pregram control,

The S10C fetches its commands from the controlling PSS
and stores its status in the same PSS, It can, however,
transfer data to or from any PSS to which it is physically
connected. The commands to be executed are four words long.

A typical SI0C is able to support devices with a
transfer rate of up to 4 million bytes/sec. The number of
S10Cs which can be attached to a primary storage subsystem
Is a function of the particular mode) but will typically be
in the range of 4 to 16.
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1.6 LOW-SPEED SECONDARY STORAGE SUBSYSTEM

The Low-Speed Secondary Storage Subsystem (LSSSS) is
supported by the standard /0 channel, ’

The devices supported on tﬁe LSSSS are principally
magnetic drum, disk, or tape strip devices which are part of
the resident storage facility of the system.

The data are organized 1in a way that the supervisory
system can flexibly assign storage in a manner that is
compatible with optimal usage of the data capacity of the
particular devices, A hierarchical storage organization Is
envisaged where frequently accessed data, indexes, etc.,
will reside on higher-speed devices.

A typical LSSSS may consist of a number of disk drives
each having the capability of storing 25 million bytes and a
non-erasable, laser-perforated strip device capable of
storing 100 billion bytes.
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1.7 PERIPHERAL PROCESSING UNIT

In a system of the scope of the MASCOR/132 data processing
‘system there are a number of functions which are enough
specialized that they could not use the full capability of
the central processing unit but, at the same time, are not
specialized enough to justify special purpose hardware
component, Such functions are handled by the Peripheral

Processing Units (PPU),

Each PPU is a small general purpose processor with its
own private memory. The amount of memory associated with
each PPU varies according to the mode of use of that PPU.

Each PPU is typically connected to one or nmore control
units which will enable the PPU to transmit and receive data
and control signals to and from a number of input/output
devices (including communication lines)., In addition sone
control unit will allow the transfer of data between the
primary storage subsystem and the PPU memory.
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1.8 PERPHERAL INPUT/OQUTPUT SUBSYSTEM

The Peripheral Input/Qutput Subsystem (PI0S) consists of
peripheral processing units, °~ channels, control units,
devices and communication lines used by the system to
communicate with the outside world,

The external interface of the standard 1/0 channel is
such that there is a wide range of 1/0 devices which can bhe
connected to it either directly or through an appropriate
control unit, These include magnetic tape units, printers,
card read/punch units, magnetic character readers, optical
character recaders, display units, audio response units, etc.
Figure 1.8.1 gives an example of a simple configuration.

Communication lines, some types of slow speed 1/0
devices and, In general, devices not matching the external
interface of the standard !1/0 channel is connected to the
system through a Local lInterface Unit (LIU) which is in turn
controlled by a PPU, LIUs are located at the central site
with the CPU and the PSS and have the capability for
interfacing to the PSS,

Typically only relatively high speed communication lines
Is connected to a LIU (1200 to 9600 bauds). Remotely located
terminals is connected through low or high speed lines to a
Remote Interface Unit (R1U) which is also normally
controlled by a PPU., Typically the RIUs is located away from
the central system site and will communicate with it through
relatively high speed communication 1lines connected to a
central LIU, A RIU will also be able to control directly
certain low speed devices. Figure 1.8.2 gives an example of
a simple configuration.

LIUs and RIUs can be freely interconnected to provide an
integrated multi-path network. The presence of the PPUs as

controlling elements makes it possible to achieve a high
degree of flexibility and to introduce in the system any
required degree of redundancy and checking required to

guarantee the reliability of the data transmission.
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o — e ——— - —— - ———————————————————— +
| Primary Storage Subsystem
o e o e e e e e e e e e o 0m +
| |
L + tormmmm——————— +
| Standard | | Standard |
| 1/0 | | 1/0 |
| Channel | | Channel |
e ——————— + frmmmcm—————— +
| |
{ |
| L e L T + it +
| Control | | Control |
| | Unit | | Unit |
| tommmmc e ———- + e etttk +
] | |
| | |
| | ¢4=mmmmrea + | t==mmmce—ea +
| ]l Line | |_l lagnetic |
| | | Printer | | | Tape Unit}
| | #mmememena + | #tmeemcncnaa +
$mmmomoee . | [
| Magnetic]| | #ecmmmenea + | 4==ceeeeee- +
| Charact.| Il Line | |_I Magnetic |
| Reader | | | Printer | | | Tape Unit]
L il + | #wmmmmmce- + | #=mmmcmenn~ +
| |
| 4mccemmcn- + | ¢==mmmmcem +
|l card | |1 Maznetic |
| Reader/ | | | Tape Unit]
| Punch | | 4= +
e ——— + |
| #=-emmmeee= +
{1 Magnetic |
| Tape Unit]
P +

Figure 1.8.1,

Example of 1/0 Device Set.Up.
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o o e e e o o e o e o e e e e o e e - = - - +
| Primary Storage Subsystem |
o o e e e n o e e = e o . e e on o e . on .. - +
: 11
tmmmmm——————— 4 dmmemcemm———— +
| Peripheral | | Peripheral |
| Processing |==| Control |
| Unit I | Unit |
trmme e ————— 4+ demmememmee—— +
| R |
R R
| Lline | D R R T
| Printer | [
Fommmmm——— + [ |
[ |
#mmmmonn + Lo |
| Ccard | [ |
| Reader/ | | |
| Punch | o + beecemeo +
Ammem— - + | Modem | | Modem |
fommmm——— + Ammmme——- +
| !
|
fommm————— +
| Modem |
tmm————— +
l.
brmmmm———— + fommmm e ————— +
] Line | | Terminal |
| Printer | | Control Unit |
frmmm—————— + dommmem e ———— +
|
| | | | I oees
o m——t
|Modem|
mm——
|
|
L + fmme———
|Terminall=-|Modem]
tmmm————— + Amm—— +

Figure 1,8.2., Example of Communication Set Up.



11/30/70

MASCOR 132 Reference Manual 1.8-1

1.9 SYSTEM MONITOR UNIT

The MASCOR/132 system is designed to provide a high degree
of availability and reliability.

To this end channels, control units, storage units and
devices may be provided with multiple interconnection
capabilities, It is therefore possible to configure a system
fn such a way that no single component failure will stop the
system. In addition, most units have extensive error
detection circuitry and are in some cases capable of
performing single error correction

The supervision of the system configuration, the
monitoring of deteccted errors and fault diagnosing and
isolation is performed with the help of the System lionitor

Unit (SMU) under the control of a PPU or a CPU.

Whenever a unit detects an error for which the unit
cannot guarantee correct recovery, the unit will stop at the
earliest possible moment and then send a signal to the SiU,
The SHU has the necessary interfaces and control circuitry
so that under the control of its associated processor, it
can:

1. retry the operation, i{f possible, to detect transient
errors;

2, if the error 1is non-transient or nct vretriable,
proceed to the isolation of the failing unit from the
rest of the system;

3. reconfigure the system interconnections if necessary;

4., log out the state of the failingz unit and then proceed
under a combination of program and human control to
the isolation of the unit failure;

5. after the unit has been repaired, reconfigure the
system to reinclude the unit.
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1,10 SYSTEM CONFIGURATIONS

The MASCOR/132 Data Processing System units can be
interconnected in a number of ways to form systems sulted
for a wide range of requirements. In this section we will
discuss a few examples of possible configurations, mainly to
Tl1lustrate the overall structure of the system.

There are two distinct sections of a given system,
namely the central site system consisting of all the units
which must be in close proximity to each other and the

communication network consisting of all unlts which can be
remotely located. The communication network and the central
site system meet at the local Interface units (see Sectlion
1.8) which are themselves centrally located.

Figure 1.10,1 illustrates a simple central site
" confliguration including:

Primary Storage Subsystem
CPU

Drum

Channels

Disk Control Unit

N

(with the capability of handling up to 8 disk drives)
1 Tape Control Unit

(with the capability of handling up to 8 tape drives)
1 Unit Record Devices Control Unit wlth

2 printers
1 card read/punch

Peripheral Processing Unit
System Monitor Unit
Local Interface Unit with

b b

1 plotter
2 high speed modems

The above is probably the smallest practical
configuration in a non-highly-specialized environment.

Figure 1,10,2 illustrates a large scale complex system
configuration including:
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Primary Storage Subsystems

CPU . -

Drums

Channels

Disk Control Units

Tape Control Unit

Unit Record Devices Control Unit
Optical HMass Storage Control Unit and Device
Peripheral Processing Units
Peripheral Control Units

System Monitor Units

N TSI EN

The Main Purpose of Figure 1,10.2 is to show some of the
multiple interconnection capabilities of the INASCOR/132
units, Note in particular that all secondary storage units
are accessible from either primary storage subsysten,

Figure 1,10.3 gives an example of communication netijork
Indicating again the level of interconnection and the
multipath capabilities.
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2,2.2 Storage Control Unlt
2.2.2.1 Organization of the PSD
2.2.2.2 Location of PSDE In the PSD
2.2,

2.3 High Speed Directory
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xternal Ports

m

2.2,4,1 Command Register
L 2,2.4,2 System Virtual Address Register
2,2.4,3 Data Register
2.2.4.4 Byte Mask Pegister
2.2.4,5 Status Register
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2.3.1 PSS Commands
2.3.2 Fundamental Procedures

2.3.2.1 Primary Storage Directory Search Procedure
2,3,2.2 Buffer Search Procedure
2.3.2.3 PRelease Entry Procedure

2,3.3 Data Commands

2.3.3.1 Fetch Command

2,3,3,2 1/0 Fetch Command

2,3.3.3 Store Command

2,3.3.4 1/0 Store Command

2.3,3.5 Fetch/Store Command
2,3.3.6 1/0 Fetch/Store Ccmmand
2,3.3.7 Test and Set Lock Command
2.3,3.8 Reset Lock Command

2,3.4 Control Commands

2,3.4.1 Set Primary Storage Registers
2.3.4,2 Search Primary Storage Directory
2.3.4.3 Evaluate Hashing Function
2.3.4.4 Pause

2,3.,4,5 Invalidate High Speced Directory
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6 Invalidate Hlgh Speed Directory Entry
7 Relcase Page

8 Release Segment

9 Release Buffer

2.3.5 Command Execution and Sequencing

2.4 1/0 OPERATIOMAL PROCEDURES

2,4,1 Introduction

2,4,2 Block Output Procedure
2.4,3 Block Input Procedure
2.4.4% Block Swap Procedure

2.k.5 Block Scratch Procedure
2.4.6 Block Allocation Procedure
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2.1 INTRODUCTION

The Primary Storage Subsystem (PSS) (see Figure 2,1.1)
Is designed to play the role of the common data storage
facility in a data processing system consisting of a number
of processing units., Typically, 1t will be connected to a
variety of general or special purpose processors,
input/output channels and peripheral units, The major
components of PSS are:

1. The Main Storace Modules: The "main merory'" of the
system,

2, The External Ports: The interface between the PSS and
the connected external subsystems, Through the
external ports, data is transferrcd to and from the
PSS, control commands are issued, and cempletion
status is returned,

3. The Storase Control Unit: The address translation
unit--since the main storage modules are addressed
with the Physical Storaze Address (PSA) while the PSS
external ports use the System Virtual Address (SVYA),
the translation from SVA to PSA is done by the Storare
Control Unit (SCU) through the Prirary Storare

Directory (PSD).

4, The Buffer Storare Unit: The colletion of all buffered
storage modules in the PSS, Buffered storacse modules
are required for many reasons: to increase access
performance, to match data transfer rates, to
synchronize a channel or to meet other requirerents.
The Buffer Storage Unit is addressed with the Svystem
Virtual Address (SVA).

The next sections will describe the basic structure of
the system and the basic characteristics of its major
components, '

It should be noted here that the detailed orzanizaticn
of the PSS is only of interest to the programmer developing
code to run in privileged mode (sce Chepter 3). The
applications prograrmer may skip this chapter entirely,
although he would probably find Sections 2.2,2,1 and 2,2,2,2
of some interest.
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| STORAGE CONTROL
UNIT

2,1-1
o mm e ———c e ———— + tom——— ——e e - +
| | | |
I MAIN | | MAIN |
| STORAGE | | STORAGE |
| MODULE | | MODULE |
formmm—— e ——————— + fmmmm e —————-— +
| |
| |
| |
|
|
|
o ——————— |=mmm—m—ee e +

-mmmes mmmemmeeeeeeae [

| BUFFER STORAGE
UNIT

EXTERNAL PORTS

Figure 2.1,1 Primary Storace Subsystem
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2.2 ORGAMIZATION

2.2.,1 Addressing of Data

Data in the PSS is addressed by the System Virtual

Address (SVA). The SVA is a LO-bit address identifying a
byte in the PSS. The format of the SVA is given in Figure
2.2.1.1,

D ettt ettt ittt +
| SEGID | PAGEID | PARID | BYTEID |
R ettt et ettt ittt T L +
0 15 16 26 27 31 32 39 v
BITS FIELD MAME FI1ELD SYhRot
0-15% Sesgment ldentiflier SEGID
16-26 Page ldentifier PAGEID
27-31 Paragraph ldentifier PARID
32-39 Byte ldentifier BYTEID

Figure 2,2,1.1 Format of the System Virtual Address

The SVA consists of a 16-bit segment identifier, a
11-bit pare identifier, a 5-bit parazraoh identifier and an
8§-bit byte identifier. The total system virtual address
space consists therefore of 65,536 sezrents, each consisting
of 2,048 pages, each page consisting of 32 pararraphs of 256
bytes each., Table 2,2.1.1 gives a summary of the breakdown,

Table 2,2.,1.1 System Virtual Address Space

Scgments Pages Paracgraphs Mords Bytes
Total Space 65536 2%x%27 2%%32 2%%38 2+%*40
Segment 1 2048 2%%16 2%%22 2% 20
(6LK) (L) (16M)
Page i 1 32 2048 8192
Parasraph . _ 1 64 256
Word — 1 L
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The SVA is the only form of address by which data in the

PSS can be referenced from the outside. Internally, however,

the PSS addresses data through a 32-bit physical storage

address (PSA). The PSA's are not available to the external
PSS interface with the single exception that

If & SVA has a SEGID equal to zero, the SVA Is

interpreted as_a PSA.

This .implies that the first 2*x24 bytes of data
associated with the PSS are referenceable from the outside
directly through their PSA.

For any given model of the PSS, there is a maximum
installed PSA (PSAMAX) which, as its name indicates, is the
maximum allowable value for a PSA.

2:2.2 The Storaze Control Unit (ScuU)

The main function of the Storage Control Untt (SCU) is
to translate SVA into PSA. The correspondence bhetween SVA's
and PSA's in the general case (i.e., when SEGIDT=0) is
established by the Primary Storage Directory (PSD),

2.2.2.,1 Orezanization of the PSD

The PSD 1is a table contained 1in the PSS, It is
addressable vith a PSA whose value should not be greater
than 2+*24, (i,e,, It can be addressed by SVA with SEGID =
0.)

There are two registers in the PSS which describe the
PSD, namely, the Primary Storace Directory Origsin Register
(PSDOR) and the Primary Storage Directory Mask Register
(PSDIMR)Y, Both registers are 16 bits wide,

The oricin of the PSD Is assumed to have a PSA which Is
a multiple of 256, By adding 8 zeroes to the right, the
PSDOR will be assumed to contain the PSA of the PSD origin.

The length of the PSD is assured to be a2 multiple of 256
bytes. To insure proper operation of the PSD, the PSDMR must
be loaded with a number of the form 2+*K-1 for 0<{=K<=16, The
length of the PSD will be then determinad as 2**Kx256 bytes,

The PSD is viewed as consisting of a number of eight
byte Primary Storarse Directory Entries (PSDE) located on
eizht byte boundaries. The format of each PSDE is given in
Figure 2,2,2,1,1,
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e m e e — e e, e, ——— e — e, ———————————— +

| ESID | EPID | ELPRID |

e m e, e, — - — . —————————- D e P, +

0 15 16 26 27 31

e m e m e r e r e m e, — e, —— - ————————— +

! PXPT IVITIR] EMPRID |

e e e m e ee e e m e —————— +

32 55 57 59 63 -
BITS FIELD MAME FIELD SYMROL
0-15 Entry Segment ldentifier ESID
16-26 Entry Page ldentifier EPID
27-31 Entry Low Paragraph ldentifler ELPRID
32-55 Physical Index Pecinter PXPT
56 Validity Control Flag \
57 Transit Control Flag T
58 Read Only Control Flag R
53-63 Entry High Paragraph ldentifier EHPRID

Figure 2.2,2.1.1, Format of the Primary Storage Directory Entry.

A PSDE is said to be associated with an SVA (assumed in

the format of Figure 2.2.1.1) if the following conditions

hold

(VI T)=1
ESID SEGID
EPID = PAGEID
ELPRID <= PARID
EHPRID >= PARID

N -~

A PSDE is said to be valid if V =1 and invalid if Vv =0,

The first PSDE (in an order to be described later) which
Is associated with an SVA and which is also valid (if there
are any) determines the PSA correspondine to the given SVA
according to the algorithm,

PSA:= (PXPT + PARID)||BYTEID
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An SVA for which there is a corresponding PSA is said to
be valid.

An entry is said to be not in use when both the values
of V and T are zeroes,

2,2.2.2 Location of PSDE in the PSD

In order to facilitate their retrieval when necessary, a
PSDE associated with a given SVA is located within the PSD
according to the following fixed procedure,.

There is a pseudo randomizing function, H, which maps a
27_ bit field into another 21 bit field., This function Is
used to evaluate the nominal PSD location associated with an
SYA (NOML(SVA)) according to the following algorithm,

NOML(SVA) :=(H(SEGID| |PAGEID)&(PSDMR| |B'11111"))||B' 000"

MONML(SVA) is the displacement relative to the origin of
the PSD of a_ doubleword PSDE, NOML(SVA) identifies the first
PSDE which is a candidate to be associated with the
specified SVA. Successive candidates' displacements will be
obtained by adding eight (modulo dircctory size) to the
previocus displacement,

2,2,2.3 High Soced Directory

For reasons of performance some models of the PSS will
malntain a High Speed Directory (HSD). The HSD contains a
high speed version of some or all of the valid Primary
Storage Directory Entries.

2,2,3 Buffer Storage Unit

The Buffer Storage Unit (BSU) is the collection of all
buffer storage modules in the PSS. Logically, it may be
viewed as consisting of a set of M entries, numbered from 1
to M. The numher M as well as the data length of each entry
(may vary from entry to entry) are functions of the
particular PSS model.

Each Buffer Entry has two parts: the Buffer Tag and the
Buffer Data, The Buffer Tag identifies the System Virtual
Address (SVYA) and length of the Buffer Data., The Buffer Tag
contains two registers and three control flags.
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1. Buffer System Virtual Address ldentifier (BSYAID): A
4O_bit register cdenoting the SVA of the first byte of
the Buffer Data.

2, Buffer Byte Mask ldentifier (BBMID): A 40-bit reglister
with (40-k) zeroes followed by k ones. It specifies
the length (2**k bytes) of the Buffer Data which is
always assumed on proper SVA boundary.

3. Control Flacs:

BV: Buffer Validity Control Flag
BT: Buffer Transit Control Flag
BR: Buffer Read Only Control Flag

A Buffer Entry 1is created as a byproduct of a Data
Command (fetch, store, etc.). The values of the control
flags BT and BR are copies of the T and the R bits from the
corresponding PSD entry at the time of creation,

2,2,4 External Ports

The PSS interfaces to the outside through the External
Ports, The number of ports associated with a PSS is a
function of the particular model, Restrictions on the length
of the transferred data (byte mask) and maximum transfer
rate may also vary from port to port.

Each port has five reglisters associated with it as
listed in Table 2,2.4,1,

Table 2.2.4.1 External Port Registers

Peglister Neme Register Symhols
Command Register CR
System Virtual Address Reglister SVAR
Data Register DR
Byte Mask Register BMR
Status Register SR

The role of each of the registers Is described in more
detail in the following sections,

2,2,h,1 Command Register
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The Command Register (CR) is flve bits wide allowing for

32 different commands to be issued to the PSS, The list of
commands will be given in Sections 2.3.,3 and 2.3.4,

2.2,4,2 System Virtual Address Register

The System Virtual Address Register (SVAR) is 40 bits
wide and will contain a SVA which for data transfer commands
will be the SVA of the first byte of the data element., The
SVA should be on the boundary corresponding to the length of
the data element as selected by the BMR,

2,2,4.3 Data Recister

et A eyl

The Data Register (DR), in the case of data transfer

commancd's, will contain the value of the data element to be
transferred. In the case of control commands it is used to
exchanac control information between the PSS and the

requesting unit,
The length of the DR is a function of the particular PSS

model and may be different from port to port. In any case,
however, the DR is at least &4 bytes and at most 256 bytes.

2.2.4,4 Byte Mask Reglster

The Byte Mask Register (BMR) is LO bits wide with (40-k)
zerocs followed by k ones, It specifies the length (2x*k
bytes) of the data element to be transferred for data
transfer commands, The lengths allowed are a function of the
particular PSS model and may be different from port to port,
In any case, however, the length should be equal to or
smaller than the lensth of the Data Register.

2.2,4,5 Status Resister

The Status Register (SR) is four bits wide and Is used
by the PSS to transfer back to the requesting unit
information regardinz the completion of the command, Table
2.,2.4,5,1 gives the meaning of assigned codes,
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Normal Completion
Ready for Store

PSD entry lot Found

T bit in PSD is,1

R bit

in PSD

is 1

Status_Codes

SYMBOL

corip
RFS
NDE
Tl
R1
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23 FUNCTIONAL SPECIFICATIONS

23.1 Primary Storage Subhsystem Commands

There oare two classes of commands that the PSS acceonts
through its external ports, namely, data commands and
control commands.

Restrictions on the commands whlch can he lssued hy a
port as well as the maxImum allowable command rate are
functlons of particular PSS models,

1/0 data commands are Intended to be used only In the
block data transfer procedures. Such bprocedures are
discussed in Section 2.4 .

Functional speciflcatlons of the commands are presented
as SPLIT (*note) programs In the following sectlons., The
variable declaratlon parts, however, are omitted since most
identifiers have heen specifled In Section 2.2,

2.3.2 Fundamental Procedures

There are several fundamental procedures which are part

of many command executions and are presented In this
sectlon,

2.3.2.1 Primary Storage Directory Search Procedure

The Primary Storage Plrectory Search (PSNSEARCH)
procedure accepts a SVA as parameter and searches the PSD to
determine whether the SVA Is valid, If it Is valid, the
corresponding PSDE 1s resulted, Otherwise, the procedure
sets the status codes to "PSD Fntry Mot Found" (SR=2),

procedure PSNSFARCH (SYA);
1:=NOML(SYA);

START: K:=(PSDOR]|B'00000000"')+1;
PSDE:=PSN(K);
if ((V=0)2(T=0)) then go to NEF;
If (ESIDIIFPIDT=SFARID||PARFIN) then go to NFXT;
1f (ELPRIND>PARID) then go to NEXT;

(*note): SPLIT Is a programmling lanzuare developed hy
MASCOR,
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1f (EUPRINCPARIN) then go to NFYT;
If (v=0) then go to MNEF;
return;

NF: SR:=2;
return;

NEXT: 1:=(1+8)A4(PSDMR| [8'111111211");
go to START;
end

Remarks: .
1. The functlonal algorlthm NOML Is specifled In Sectlion

2,.2.2.2. .
2, PSD(K) denotes the 8 byte entry In the PSP with
starting byte address (PSA) of K,

2,3.2,2 Buffer Search Procedure

The Buffer Search (BUSFERSFARCH) Procedure accents a SVA
and a B4 (hyte mask) as parameters, The SVA denotes the
flrst byte address and the RBM gspecifies the length of the
data to bhe searched., The search procedure produces a Ruffer
Entry 1f any part of the searched data is found In the
Buffer Entry.0A no entry found (MFF) flag Is set If no match
Is found.0

procedure BUFFERSEARCH (SYA,RM);
1:=1;

START: BUFFER_FMTRY :=BUFFER(1);
iIf (BV=0) then pgo to NEXT;
If (XOR(SVA,RSVAID)A(TRMIA(TRRMID)=0) then return;

NEXT: 1€ (1=N) then begln NEF:=1; return end
li=1+1;
go to START;
end

Remarks:

1, BUFFER(1) denotes the lth Buffer Fﬁtry in the Buffer,

(Ref., 2.2.3 for definlitions)
_2. XOR(x,y) denotes the hit=hy-hlt exclusive-or function

of x and y, The ldentity

XOR(SVA,BSVAIN)&(TBM)&(TRAMIN) = 0
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Is true If and only If byte strings (SVA,MR) and
(BSYAID,BBMID) are overlapping. Since byte strings are
always In proper 2=x=n houndary, they are overlappling
only If one Is contalned In another,

23.2.3 Release Entry Procedure

The Release Entry Procedure (RELFASE) accepts a Ruffer
Entry as parameter and results In storing the data part of

the entry (Ruffer Data) Into the proper location of Maln
Storage Modules,

START:

FiM

procedure RFLEASE. (RUFFER_ENTRY);

if (RR=1) then go to FINIS;

call PSNDSEARCH (RSVAID);

if (SR=2) then hegin SR:=0; go to FIMIS end
PSA:=(PXPT+PARIN) | |RYTEID;
STORARE(PSA,BBMID) :=BUFFER_NATA;

veluvn

S: BV:=0;

return

Remarks:

1.0

3.0

2.3.3

AR 1s the Buffer Read Only Control Flag of the Buffer

Entry. It value Is conled from the R hit of the
corresponding PSD entry at the time of creatling the
Buffer Entry,
STORARE  (PSA,RBMID) denotes the storage 1locatlon In
the Main Storage Modules wlith a starting byte address
PSA and a length speclfied by Buffer Ryte Mask
tdentifler (RBMIN), ’

BUFFER_DATA Is the data part of the RUFEFR_EMTRY (Ref,
2.2.3). :

Data Commands

There are elght data commands, namely
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1Ty

FETCH

1/0 FETCH

STORE

1/0 STORE

FETCH/STORE .
1/0 FETCH/STORE

TEST AND SET LOCK

RESET LOCK

Commands are issucd to the Primary Storage Subsystem through
its External Ports (Ref., 2,2.k)., The commands are specifiied
by the Command Register (CR) with the System Virtual Address
Register (SVAR),. Data Register (DR) and 3yte !lask Register
(BMR) containing the pararmeters, The information regarding
the completion of the command is returned in Status Register
(SR).

In any of the following Data Commands, if the Segment
ldentifier (SEGID) of the SVA specified by SVAR is zero, the
call PSDSEARCH statement is bypassed (Ref, 2.2.1) and tke
corresponding - checking on T and R bit (if any) are also
fgnored,

2.3.3.1 Fetch Command

START: call BUFFERSEARCH (SVAR,BIR);
if (MEF=1) then go to SCU;
if (

(BT=1)I($BHID<BHR)) then

begin call RELEASE(BUFFER_ENTRY);
go to START;

end

DR:=BUFFER_DATA(SVAR,BMR);
return;

SCU: call PSDSEARCH (SVAR);
if (SR=2) then return;
if (T=1) then begin SR:=4; return end
PSA:=(PXPT+PARID) | IBYTEID;
DR:=STORAGE(PSA,BIR);
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return;

Remark: .
BUFFER_DATA(SVAR,BMR) denotes the part of the Buffer Data
in the Buffer Entry with System Virtual Address specified
by SVAR and length specified by BMR (Ref, 2,2.3).

2.3.3.2 1/0 Fetch Command

START: BUFFERSEARCH (SVAR,BMR);

i
(NEF=1) then go to SCU;

((BT=0)a(BR=1)) then begin BV:=0; go to START end
((BT=0)&(BR=0)) then BT"I, )

(BBMIDCEMR) then

begin call RELEASE (BUFFER_ENTRY);
to to START;
end

DR:=BUFFER_DATA(SVAR,BMR);
return;

SCU: call PSDSEARCH(SVAR);
if (SR=2) then return;
PSA:=(PXPT+PARID) | |BYTEID;

DR:=STORAGE(PSA,BHMR);
return;

2,3.3.3 Store Command

START: call BUFFERSEARCH(SVAR,BMR);
if (NEF=1) then go to SCU; -
if((BT=1)|(BR=1) | (BBMIDCBMR)) then
begin call RELEASE(BUFFER_ENTRY);
go to START

end
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BUFFER_DATA(SVAR, BMR) :=DR;
return;

call PSDSEARCH(SVAPR);

If (SR=2) then return;

if (T=1) then begin SR:=l; return end
if (R=1) then begin SR:=8; return end
PSA:=(PXPT+PARID) | |BYTEID;
STORACE(PSA,BMR):=DR;

return;

2.3.3.4 1/0 Store Command

START:

SCU:

call BUFFERSEARCH(SVAR,BMR);
if (NEF=1) then go to SCU;
1f((BR=1) | (BBMIDCBIMR)) then

begin BV:=0;
go to START;
end

if (BT=0) then BT:=1;
BUFFER_DATA(SVAR,BIMR) :=DR;
return; .

SCU: call PSDSEARCH(SVAR):

if (SR=2) then return;

if (R=1) then begin SR:=8; return end
PSA:=(PXPT+PARID) | IBYTEID;
STORAGE(PSA,BMR) :=DR;

return

2,3.3.5 Fetch/Store Command

START:

call BUFFERSEARCH(SVAR,BMR);
if (NEF=1) then go to SCU;
if ((BT=1)1(BP=1)|(BSIIDCEMR)) then

begin call RELEASE(BUFFER_ENTRY);
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go to START;.
end

DR:=BUFFER_DATA(SVAR,BMR);
SR:=1;
wait for STORE command;

BSTORE: call BUFFERSEARCH(SVAR,BMR);
if (MEF=1) then go to SCUSTORE;
if ((BT=1)(BR=1)|(BBMIDCBMR)) then

begin call RELEASE(BUFFER_ENTRY);
go to BSTORE;
end

BUFFER_DATA(SVAR, BMR) : =DR;
return;

SCU: call PSDSEARCH(SVAR);
if (SR=2) then return;
if (T=1) then beglin SR:=bL; return end
if (R=1) then begin SR:=8; return end
PSA:=(PXPT+PARID) | IBYTEID;
DR:=STORAGE(PSA,BMR);
SR:=1;
wait for STORE command;
go to BSTORE; '

SCUSTORE: call PSDSEARCH(SVAR);
if (SR=2) then return;
if (T=1) then begin SR:=h4; return end
if (R=1) then begin SR:=8; return end
PSA:=(PXPT+PARID) | IBYTEID;
STORAGE(PSA,BMR) :=DR;

2,3.3.6 1/0 Fetch/Store Command

START: call BUFFERSEARCH(SVAR,BMR);
if (NEF=1) then go to SCU;
if ((BR=1)](BBMIDBINR)) then

begin call RELEASE(BUFFER_ENTRY);
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go to START;
end

If (BT=0) then BT:=1;
DR:=BUFFER_DATA(SVAR, BMR) ;
SR:=1;

wait for 1/0 STORE command;

BSTORE: call BUFFERSEARCH(SVAR,BMR);
If (NEF=1) then go to SCUSTORE;
if ((BR=1)|(BBMIDKBIMR)) then

begin call RELEASE(BUFFER_ENTRY);
go to BSTORE;
end

If (BT=0) then BT:=1;
BUFFER_DATA(SVAR,BMR) :=DR;
return;

SCu: call PSDSEARCH(SVAR);
if (SR=2) then return;
if (R=1) then begin SR:=8; return end
PSA:=(PXPT+PARID) | |BYTEID;
DR:=STORAGE(PSA, BIR) ;
SR:=1;
walt for 1/0 STORE command;
go to BSTORE;

SCUSTORE: call PSDSEARCH(SVAR);
if (SR=2) then return; )
If (R=1) then begin SR:=8; return end
PSA:=(PXPT+PARID) | |BYTEID;
STORAGE(PSA, BMR) :=DR;
return;

2.3.3.7 Test and Set Lock Command

START: all BUFFERSEARCH(SVAR,BMR);

c
if (NEF=1) then go to SCU;
If ((BT=1) | (BR=1) | (BBMIDCBMR)) then

begin call RELEASE(BUFFER_ENTRY);

2,3-8
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g0 to START;
end
X:=BUFFER_DATA(SVAR, BMR) ;

If (X<0>=1) then go to BFETCH;
BUFFER_DATA(SVAR, BMR) : =DR;

BFETCH: DR:=X;
return;
SCU: call PSDSEARCH(SVAR);

if (SR=2) then return;

if (T=1) then begin SR:=4; return end
if (R=1) then begin SR:=8; return end
PSA:=(PXPT+PARID) | |BYTEID;
X:=STORAGE (PSA, BMR);

if (X<0>=1) then go to SCUFETCH;
STORAGE(PSA,BMR) :=DR;

SCUFETCH: DR:=X;
return;

2.3.3.8 Reset Lock Command

The functional procedure of Reset Lock Command ls
Identical to that of Store Command (Ref. 2.3.3.3). Further
restrictions on execution and sequencing are speclfied for
both Test and Set Lock and Reset lock commands; please refer
to Section 2.3.5 for details,

2,3.4 Control Commands‘

There are nine control commands, namely:
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SET PRIMARY STORAGE REGISTERS

SEARCH PRIMARY STORAGE DIRECTORY
EVALUATE HASHING FUNCTIOHN

PAUSE

INVALIDATE HIGH SPEED DIRECTORY
INVALIDATE HIGH SPEED DIRECTORY ENTRY
RELEASE PAGE

RELEASE SEGMENT

RELEASE BUFFER

2,3.4,1 Set Primary Storage Registers

START: PSDOR:=SVAR<C0-15>;
PSDMR:=SVARC16-31>;
return;

Remark:
Bits 32-39 of SVAR are ignored. If bits 16-31 are not of
the form

D e ittt +
] 00 ...011....44..11
L et —————— —reme———— + ’
- 16 16+k 16+k+1 31

for some k, incorrect operation of the PSD may result,

(Ref. 2.2.2.1 for the definitions of PSDOR and PSDMR).

2.3.4,2 Search Primary Storage Directory

:+=NOML(SVAR) ;
START: K:=(PSDOR||B'00000000"')+!;
PSDE:=PSD(K);
if ((V=0)&(T=0)) then begin SR:=2; go to FINIS end
If (ESID||EPID™=SEGID||PAGEID) then go to NEXT;
if (ELPRID>PARID) then go to NEXT;
If (EHPRIDCPARID) then go to NEXT;
FINIS: DR:=B'0000000000000000'}[K;
return;
NEXT: 1:=(1+8)&(PSDMR][|B'11111111");
go to START;
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Remark:

This command searches the first PSD entry assoclated wlith
the given SVA, independently from the fact it is valid or
not., If it finds one, It returns the PSA of that entry
(6'0000000000000000'||K) in DR, If it does not find one,
it returns the PSA of the next entry not in use., Such PSA
may then be correctly used to make an entry assoclated
with the given SVA. (Please compare with the PSDSEARCH
procedure in Section 2,3.2.1.)

2.3.4,3 Evaluate Hashing Function

START: 1:=H(SVARK0-26>);
DR:=B'0000000000000000*1} | |1B'000"
return; .

Remark:
The H function Is the pseudo randomizing function which
maps a 27 bit fleld into @ 21 bit field and is used to
evaluate the nominal PSD location associated with an SVA
(see Section 2.2,2,2), i

2.3.,4.4 Pause

The Pause _Command v forces completion of all previous
commands to that port before initiation of any of the
commands following the Pause Command (see Section 2.3.5).

2.3.4.5 invallidate High Speed Dlrectory

The whole High Speed Dlrectory is Invalidated.

2,3,4,6 Invalidate High Speed Directory Entry

The High Speed Directory copy of the PSDE assoclated
with the SVA specified by SVAR (if any) Is invalidated.

2,3.4.7 Release Page

START: call BUFFERSEARCH(SVAR,BMR);
if (MNEF=1) then return;
call RELEASE(BUFFER_ENTRY);
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go to START;

Remark:
SVAR contalins the page address and BMR contains the page
mask (K=13).

2,3.4,8 Release Segment

START: call BUFFERSEARCH(SVAR,BMR);
tf (NEF=1) then return;
call RELEASE(BUFFER_ENTRY);
go to START;

Remark:
SVAR contalns the segment address and BMR contains the
segment mask (K=24),

2.3.4.,9 Release Buffer

f:=1;
START: BUFFER_ENTRY:=BUFFER(1);
call RELEASE(BUFFER_ENTRY);
If (1=N) then return;
=1+1;
go to START;

Remark:
This command releases every entry in the Buffers.

2,3.5 Command Execution and Sequencing

Every PSS command which modifies data in the PSS will be
executed in such a way that from the point of view of any
port of the PSS the command has either not yet been started
or has been completed., 1t should noted,however, the command

fetch/store (or 1/0 fetch/store) Iis considered logically as
two commands issued in sequence, i.e., a fetch command
followed by a store command (or a 1/0 fetch followed by a
1/0 store),

In addition the PSS guarantees that commands issued from
a given port__will be executed, as far as that port can
determine, in strict order,
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" However, the PSS does not guarantee that any sequence of
fetch, store and fetch/store commands (and their respective
/0 commands) issued by one port wlll be seen by another
port as having occurred in the same order.

For example, assume that two SVA's A and B contain the
values a and b and the following commands would be executed
by two ports:

Port 1 Port 2
A:=c Y:=VALUE(B)
B:=d X:=VALUE(A)

Y:=VALUE(B)
X:=VALUE(A)

For Port 1 the values of X and Y will always be ¢ and d
respectively, Port 2, however, may see all of the following
combinations:

! [ B B v
Y=b Y=b Y=d Y=d
X=a X=c X=a X=c
While situations I, Il and IV are conslstent with the

random placement of Port 2 commands with respect to Port 1
commands which still preserve relative ordering, situation

11l is not.
In order that the wuser of a port may eliminate the
possibility of case Il!l, three commands are provided, namely

Jest_and Set lLock, Reset lock and Pause.

The Test and Set Lock command will guarantee that
a. no access to the data word will be allowed between the
testing of Its first bit and the storing of the whole
new value (if performed) )
b. no command 1issued by the same port after the Test and
) Set Lock command will be initiated before the Test and
Set Lock command itself Is completed,

The Reset Lock command will guarantee that
a. all commands issued.-by the same port before the Reset

Lock command will be completed before the Reset lock
command itself is initiated. )
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The Pause command will guarantee that all commands
Issued by the same port prior to the Pause command will be
completed before any command issued to the same port-
following the Pause command will be Initiated.

This implies that the following comhinations of
procedures from two distinct ports will not allow case 1]
above to occur,

a. Port 1

L: Test and Set Lock R
If (test_blt = 1) then go to L .
A:=c
Reset Llock R
B:=d

Port 2

L: Test and Set Lock R
If (test_bit = 1) then go to L
Y:=VALUE(R)
X:=VALUE(A)
Reset Lock R

b. Port 1

At=c
PAUSE
B:=d

Port 2
:=VALUE(B)

PAUSE

X:=VALUE(A)
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2.4 1/0 OPERATIONAL PROCEDURES

2,4,1 Introduction

The Primary Storage Subsystem, 1lke any other system,
will respond meaningfully only if proper operational
procedures are followed. |In this section, normal procedures
for various block transfer operations are presented.

fFollowing are several gencral remarks,

a. It is usually required that for each block only one of
the procedures ls in progress at a time.

b, The term "block" is used to denote a block of data
corresponding to an entry in the PSD which can be of
size from one paragraph to one page.

c. In order to guarantee proper . functioning of the PSD,
It Is necessary that every operation which modifies
the contents of any valid PSD entry be followed by an
tnvalidate High Speed Directory Entry command. In some

cases, it may be necessary to invalidate the whole
High Speed Directory with the Invalidate High Speed
Directory command if a procedure may have nmodified

unknown PSPE's.

d, With minor modifications (on the updating PSD entries)
the procedures can be used to transfer consecutive
blocks up to the size of a segment.

2.4.2 Block Output Procedure

This procedure guarantees to output the latest copy and
that further mnodificatlons to the data by non-1/0 commands
cannot be made without change of R to 0 in the PSD entry,
The execution of the procedure may leave data in the Buffer
Storage Unit with BT=1,

procedure BLOCK_OUTPUT(BLOCK_SVA,BLOCK_LENGTH);
START: Search Primary Storage Directory (BLOCK_SVA);

PSDE:=PSD(K);

if i(V=0)l(T=l)) then go to ERROR_EXIT:

T:=1;

R:=1;

PSD(K):=PSDE;

Invalidate High Speed Directory Entry (PSDE);

loop on | from BLOCK_SVA to (BLOCK_SVA+BLOCK_LENGTH)

1/0 Fetch (1);

T:=0;

PSD(K):=PSDE;

fnvalidate High Speed Directory Entry (PSDE);
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V:=0;
PSD(K):=PSDE;

Invalidate !ligh Speed Directory Entry;
end . .

2.4.5 Block Scratch Procedure

This procedure guarantees no future normal reference of
the block can be made after the Block Scratch operation. No
data of the block will be left in the Buffer Storage Unit.

procedure BLOCK_SCRATCH(BLOCK_SVA);
START: Search Primary Storege Directory (BLOCK_SVA);
PSDE:=PSD(XK);
if ((v=0)1(T=1)) then go to ERROR_EXIT;
Vi=0;
PSD(K) :=PSDE;
fnvalidate lligh Speed Directory Entry (PSDE);
Release Page (BLOCK_SVA);
end

2.4.6 Block Allocation Procedure

Hew entry 1In the PSD is entered corresponding to the
newly allocated block. '

procedure BLOCK_ALLOCATION(BLOCK_SVA);

START: Search Primary Storage Directory (BLCCK_SVA);
PSDE:=PSD(K);
if (V™=0) then call BLOCK_SCRATCH(BLOCK_SVA);
Search Primary Storage Directory (BLOCK_SVA);
PSDE:=NE'_ENTRY;
PSD(K):=PSDE;
end

This procedure can be merged with Block nput Procedure-
If Initialization is also provided with the allocation.
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end

2.,4,3 Block Input Procedure

This procedure makes a new copy in the Primary Storage
Subsystem. All future references are guaranteed to get this
new copy. Further modification to the data by non_!/0
commands cannot be made without change of R to 0 in the PSD
entry. The executions of the procedure may leave data in the
Buffer Storage Unit with BT=1 and BR=0.

procedure BLOCK_IHPUT(BLOCK_SVA,BLOCK_LENGTH);
START: Search Primary Storase Directory (RLOCK=SVA);

PSLE:=PSD(K);

£ ((v=0)](T=1)) then go to ERPCOR_EXIT;

T:=1;

R:=0;

PSD(K):=PSDE;

Invalidate High Speed Directory Entry (PSDE);

loop on | from BLOCK_SVA to (BLOCK_SVA+BLOCK_LENATH)

1/0 Store (1);

R:=1;

T:=0;

PSD(K):=PSDE;

Invalidate High Speed Directory Entry (PSDE);

end '

2.4.4 Block Swap Procedure

This procedure guarantees to output the latest copy and
that no further normal reference of the block can be made in
the PSS, The execution of the procedure may leave data in
the buffers with BT=1, but they may not be referenced by any
non-1/0 cormands.

procedure BLOCK_SVUAP(RLOCK_SVA,BLOCK_LENGTH);
START: Search Primary Storace Directory (BLOCK-SVA);
PSDE:=PSD(K);
1 ((V=0)1(T=1)) then go to ERROR_EXIT;
T:=1;
R:=1;
PSD(K) :=PSDE;
Invalidate High Speed Directory Entry (PSDE);
loop on | from BLOCK_SVA to (BLOCK_SVA+BLOCK_LENGT!!)
1/0 Fetch (1);
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3.1 I1NTRODUCTION

The Central Processing Unit (CPU) is the unit which Is
responsihle for most cdata processinsz functions ( as distinct
from simple data transfer functions ) in the !MiSCOR/132 Data
Processing System. .

There can be more than one CPU associated with a given

system, .
Ve will attempt to introduce the various characteristics
of the CPU 1in a lorical seauence., |In some  instances,

however, it is difficult to avoid references to material to
be covered later. This is particularly true in discussing
exceptional conditions; Section 3,10 will discuss -and review
the handlinz and meaning of such conditions,
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3.2 GENERAL PURPOSE REGISTERS

There are €4 General Purpose Remisters (GPR), numbered 0 to
63, each 32 bhits wide, ’ .

The General Purpose Registers are the main operational
registers of the CPU,  i.e., they are used as operands hy
most operations, They are general purpose in the sense that
they may be used to hold any type of operand:

program virtual addresscs

indexing and displacement quantities
lozlical operands and condition codes
arithmetic orerands of all tynes

0002

3.2.1 Gencral Purpose Reeister 0

Although APN 0 can be used for any normal GPR operation, it
plavs a special role as part of tne program status hlock:
its contents are saved and restored in conjunction with any
status switching operation,

GPR 0 is a21so referred to as the Link Address Resister
(LKAR),
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3.3 PRORRAM VIRTUAL ADDRESS

The CPU references duta tuarough the 32_blt Prorran
Virtual Address (PYA), Program virtual addresses have the
format shown in Figure 3,3,1.

1700 ISemment mo.1  Byte Dlsplacement 1
Bits Field Hame Fileld Symbol
2-17 Progr-m Segment Mumher PSH

8-31 Byte Displacemant jfal

Flgure 3.3.1 Program Virtual Address

An attempt to reference, as a PVA, a field whose high
order two hits are not zero will generate an invalid seaent
exception.

3.3.1 Use Of The Proaroam Virtual Address

A PVA identifies a byte vithin the "address space' of 2
prozram, A PYA used to identify halfwords (2 hytes), words
(hbytes) or douhlevicords (8hytes), is understood to represent
the address of the first byte of the cperand, thenever
referencinz cperands laranr than a hyte, certain low order
bits of the PVA must be zero, as detailed in Table 3,3,1.,1.

Table 3.3.1,1., PYA Constralnts,

Operand Size Zaro PVYA Bits
halfword 31
word 30,31
douhleword 29,30,31
In other words, operands must bhe alizned with the

appropriate address boundaries, If such conditions are not
satisfied, a houndary violation excepticn is generated,
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3.3.2 Program Virtual Address Formation

Given any two 32_bhit fields x and y, we define the procedure
of address_addition, symbolized by @, as follows:=*

xQy=x<0=7 > ((x<8 =31>+y<8 =31>)Imodulo 2**24)

as pictorially represented in Figure 3.3.2.1.

e e e e et e e e — - ————————— +
| S ] BD1 | X
B e e ot e e ot e e e e e o o e e e e e o e o +

0 738 31
A e e e - +

171111111 BD2 | y
e e e e e e e e

0 78 31
o e e e e e e e e e e e e e e e e e e e o e e e e e +
| N | (BN1+8302) tod 2+=+2N4 | X+y
ot e e e e e e e e e - +

0 78 31

Fi~ure 3,3,2.1 Address-Addition

In subscauent referancrs we may refer to the first
operand of address addition (here x) as the base and the
scecond operand (here y) as the index or displacement.

Hote that address_addition yields a correct program
virtual address if and only if the x field already had the
format of a correct PVA,

fNote alse that since the addition of the 24 low order
bits Is performad riodulo 2%=x24, the resulting PVA may have a
byte displacenent Jlower than either BD1 or BD2, If, for
example, RD2 is a string of 24 1's, the resulting byte
displacerent will be one less than BDR1, Hote also that bhits
0-7 of the second operand are isnored, which means:

a. the procram segment numher of the resulting PVA is
the same as the PSSl of the x field;

*See Appendix A for notational conventions,



MASCOR 132 Reference !anual 3.3-3

b, the y field could contain any information Iin fts hizh
order 8 bhits without affecting the result, For exanmple,
y could itself he a valid PVA,

Program virtual arddressas are ohtained in one of the
following ways:
a. directly from a GPR;

b, from address_addition of a "base'" fPR and an "index"
GPR;

c. from address_addition of a "base" GPR and an
immediate field from the executing instruction;

d, directly from the instructiorn address reclster;

e. from address_addition of the instruction address

rezister and an immediate field from the executing

instruction.

In cases ¢c., d. and e. the immediate field is extendad
with zeroes to 32 bhits hefcre the adedress addition
procecdure,
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3.4 DATA_AGCCESS CONTROI AND PVA TRANSLATION

The CPU controls access to data and translates program
virtual addresses into system virtual addresses on a segment
basis through the sesgment registers. Direct access to the
segnent registers is possible only through privileged
operations,

3.4.1 Sezment Registers

There are 64 Segment Registers (SGR) numberd 0 to 63, Each
register is 32 bits wide, The format of each SGR is given in
Figure 3.4.1.,1,

oo e e e e e 2 e - - " " e o S0 A " " . " = G o e e on " O = - o o A
|Vl AC1 | AC2 | AC3 | AChH | ACS5 | SEGID

Bt e o e e R ot e e e e o e e
01 34 6 7 9 10 12 13 15 16 31
Bits Field Name Field Symhol
0 Validity Control Vv

1-3 Access Control 1 AC1

4-6 Access Control 2 AC2

7-9 Access Control 3 AC3

10-12 Access Control 4 : ACL

13-15 . Access Control 5 ACS

16-31 Segment ldentifier ,SFC!D

Figure 3.4,1,1 Segment Register Format

A segment register is yalid {if 1Its V bit is 0 and
invalid otherwlse. Any -attempt to access an Invalld segment
register in the process of PVA translatlon will generate an
invalid segment exception,

3.4,2 Data Access Control

A field in the system control vector (see Section 3.5.1)
selects which of the five control fields is active at any
given time., The position of the active field is the same for
all segment registers.

Each access control field is viewed as having the format
of Figure 3.4.2.,1,
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dmmmmm—————— +
| X1 L1l s
R +
Bit Access Mode Field Symbol
' Instruction execution X
1 Data load L
2 Data store S

Figure 3.4.,2.,1 Format Of The Access Control Field

Each of the three bits controls one mode of access as
listed in Figure 3.4.,2.1. A given mode of access to data in
the given segment is allowed if the correspondines bit in the
active control field is 0; it is not a2llowed otherwise,

Any attempt to access data in a non-allowed mode will
generate an access violation exception.

3.4.3 Program Virtual Address Translation

In order to reference data in the primary storage system the
CPU must translate the program virtual address into the
corresponding system virtual address. The PVA is translated
into a SVA by ‘replacing the high order 2 bits of the PVA
with the contents of the segnent identifier field of the
segment register that corresponds to the progran segzgment
number in the PVA (see Figure 3.4.3.1).
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PVA
e g +
1001 PSN | BD |
Rt e ettt Db LDl +
01 21| 7.8 31 .
: . B
| . .
| 0 . B
[ | . .
| | . .
I | . SVA .
| jmmmmm—— L L D +
-=> [===>] SEGID | BD ]
|mmmmee | D ettt +
| | 0 15 16 39
631 |
Segrent
Registers
Figure 3.4.3,1 PVA Translation Procedure
The system virtual address Is then presented to the

primary storage system. The PSS will either return the data
(or perform the store) using the Primary Storage Directory
(PSD) or will notify the CPU of an exceptional condition
(see Chapter 2 for details).

The following exceptions may be generated:
a. Jdinvalid system virtual address: there is no primary

storage directory entry associated with the specified
address,

b. data in transit: the T ("in—transit") control bit in
the PSD entry is 1,

c. read only: the R (read-only) control bit in the PSD
entry is 1 (this exception ‘can only occur in store
operations), '
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3,5 PROGRAM STATUS REGISTERS

ters (PJP)[ namely
n_ Count Peaister
ister (1A2), They

There are three Prooram Status Regi
the Contreol Vector (CV), the__ lterati
(1CTR), and the Instruction Address Rec
control the program execution in the CPU,

The prozram status recisters, tosetber with the genaral
purpose segment recisters, typlically contain the nnfcrﬂatlo
in the CPYU which is "loca2l" to the executing prosran.

S
o

3.5.1 Control Vector

The Control Vector (CY) is a 32-hit register ceontazining e
collection of fields (rostly of just 1 hit) vhich control
various CPU functions, :

The Control Vector Mizh Order Ryte (CY3) is accessible
through non-privileged operaticns; the whole control vector
Is accesslible throuch privilesed operations.

Table 3,5.1.1 gives the list of fields in the control
vector. The meaning of cach field is discussed in detail in
the followins sactions, )

Cartain bit positions are left undefined, They are
implemented in the hardware but have nno function associated
with them. B
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Tahle 3.5.1.1., Control Vector.

Bits Fleld Mame Field Symbol
0 Arithmetirs Exception Signal z

1 Arithmetic Carry Y

2

3

4 Rinary Intezer QOverflow Mask B10OM
5 Decimal Integer Overflow Mask nioM
6 Floating Point Exponent Underflow Mask FPUM
7 Floating Point Loss of Sisnificance FPSM
8 Address tatch Mask At
9 System Service Call Control sSce
10 Last Sranch fddress Control LsAC
11 Successful Branch Mask . SBH
12

13-15 Access Control Field Humber ACFN
16

17

18

19

20 Interval Timer 0 Activity ITOA
21 Instruction Counter 0 Activity 1COA
22 Interval Timer 1 Activity . IT1IA
23 Instruction Counter 1 Activity 1C1A
2L Control tlode . cH
25 External Signal lMask ESH
26 Internal Signal !lask A
27 Prosram Exception Control PXC
28 Power Off Warning llask POUM
29 Hardware !ialfunction Mask HMM
30 Hardware Malfunction Yarning Mask HEWH
31 Pro~ram Exception 'lask : PXM

3.5.1.1 Arithnetic Fxcention Stanal

The Aritbmetic Fxceotion Siesnal (Z) bit is s.t to 0 or 1 on
certain arithicetic operation as determined by t.e
non-occurrence or occurrence of a maskahle hinary or decimal
exception, The Z bt is also used by the decim.l arithmetic
instructions to pass information recarding the possibility
of overflow., Details recarding the generation and use of the
Z=-bHit are given in Appendix B2,
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3.5.1.2 Aritkmetic Carry

The Arithmetic Carry (Y) bit Is set to the value of the
carry upon each unsigned binary or unsisned decimal
operation, Its setting is unaffected by sicned or floating
point operatlons.

In addition certain siened and unsi=znes inteqger
operations (see Section 3.11) allow the value of the Y bit
to be added In the low order bhit position.

3.5.1.3 Arithietic Exception 'Masks

There are four types of arithmetic exceptions which are
maskable:

o binary inteeer overflow

o decimal inteser overflow

o floating point underflow

o floating point loss of significance
tthenever one of these conditions occurs , an¢d If the
corresporniding mask  hit (31CY, nie, FPU, and TPS!,
respactively) 1s 1, the exception 1is rocornized and a

prozram interrupt will cccur,

When the correspondinag mask bit is 0 then the excention
is ignerad and some additional action is taten (see Section
3.10).

3.,5.1. Address Match Mask

The address match register (see Section 3.,8) contains a
prosramn virtual address which Is ratched zz2inst any °VA
referenced by the CPU. If a match occcurs and the Address
tlatch task (AMH) is 1, then an address match exception is
recosnized., Otherwise the match is ienored,

Address matching allows detailed prosrarrahble menitoring
of data or instruction cells for dehuszing and maintenance
purposes,

3.5.1.5 Systenm Service Call Control

The System Service Call Control (SSCC) determines whether a
system service call operation is allewed to proceed norrally
(3SCC=0) or not (SSCC=1),

If SSCC=1 any attemipt to execute a SSC operation will
generate a SSC violation exception,

This feature can he used to deny a suhsyster user access
to supervisory system facilities.-
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3.5.1.6 Last Branch Address Control

The Last Brznch Address Control (LBAC) determines whether
the last branch address register (see Section 3,8) is
updated on every successful branch with the PVA of the
branch instruction (L3AC=1) or not (LBAC=0),

ftaintenance of a branch address register allows improved
diaznostic capability in case of subseqguent errors or
exceptions.

3.5.1.7 Successful Branch **ask

The Successful Branch Mask (SBM) determlines whether a
successful  hranch exception is recognized (S8M=1) or not
(sSBii=0), .

Eranch excepticns allow the tracing of control flow of
an executing progranm,

3.5.1.8 Access Control Field Humber

The Access Control! Field Humber (ACFM) 1s an Integer between
0 and 5 . The wvalues 1 to 5 identify which of the five
access contreol fields in the sezment recisters {see Section
3.4) is active, '

If ACFN=0 then free access to any segment

i sumerd, |f
the ACFM is G or 7 no access to any segment wil

s as
1 be allowed,

3.5.1.9 Interval Timers and Instruction Counters Activity

The Interval Timars Activity fields (1T0A and ITLIA) and the
Instruction Counters Activity fields (I1CBA and 101A)
determine vhether the correspondineg Interval timers or

instruction counters are active (hit=1) or Inactive (bit=0)
{see" Section 3,3),

3.5.1,10 Control Mode

The Control Mode (CM) bit determines whether all valld
opaeration codes are admissible (C11=0) or not (C!=1), |f C"=0
the CPU is said to he running in privilesed roede; otherwulse
the CPY is in non nrivileged rode,

If an operation code is suhject to the abhove control It
Is so stated in its definition, Such operations are called
privileeed opnarations.

3,5.1.11 External Sienal Mask

The External Simnal Ilask (ESI) determines vhether the
occurrance of a master external siznal is recesnized (GSN=1)
or not (ESH=0), )
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3.5.1.12 Internal Sienal Mask

1)  determines whether the

The Internal Stgnal Ilask (IS
sfenal is recomnized (1S8'=1) or

occurrence of an internal
not (1S!i=0),

3.5.1.13 Prororam Excenticn Control

The Prosram Exception Control (PXC) determines which prooram
exception ol and new status areas will be used upon
recognition of a prozram exception (see Section 3,10),

3.5.1.1h Power Off Yarning !ask

The Power Off Marnine Mask (POU!1) determines whether the
occurrence of a power off warning signal Is recognizer
(POUIi=1) or not (PGWI'=9),

3.5.1.15 Hardware Malfunction Mask

The Hardware falfunction ! aslk (M) determines unether tre
occurrence of a hardware alfunction is recosnized (#!'1=1)
or not (Hit=0),

thenever a hardvara rnalfunction is recocniznd tue CPU

will halt and a hardware malfuncticn si~nal to thke system
monitor unit will bhe generated (see Chapter 9),

\thenever a hardwuare m21function is ienored the CPU will
proceed in an unoredictable way.

3,5.,1.,16 Hardware alfunction Yarnine ‘lask

The Hardware alfunction ‘Yarning 'ask (24r) determines
whether the occurrence of a harcdwere malfunction wernin~
signal 1Is recognized ( i=1) or not (Hili=

If .the hardware vﬂ!.unctlon warning siznal Is one of the
hardware - malfunction w-rning sienals ceontrolled by the
lardware Malfunction Harninz Vector (H%!Y) the correspon-ding
bit is set and the actions described in Section 3.8.7 take
place,

If the hardware malfunction warning sisnal is not one of
the siznals contrelled hy tue MUV and the "1 is one, then
a Hardware !Malfunction Interrupt is generated, A Marcduare
Malfunction tarning Cocde HiIC) is set 2s described in
Section 3,10,3.

If the hardware malfunction warning sienal is not ons of
the sicnals recoanized by the MY and the !N is zero,
then no further action takes place.
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3.5.1.17 Program Exception Mask

The Program Exception Mask (PXM) determines whether the
occurrence of any program exception is recognized (PXM=1) or
not (PXi1=0).

If PXii=0 and a program exception occurs the instruction
may be completed in a unpredictable way.

3.5.2 lteration Count Register

The lteration Count Register (ITCR) is a 32-blt register
which is used by all interruptible operations to determine
the number of iterations to be performed, It contains a

signed integer which is wused to count and test for
completion of such operations. Its use will be discussed In
more detail in Section 3.11, in conjunction with the

description of such operations.

3.5.3 Instruction Address Reglster

The Instruction Address Register (1AR) is a 32-bit register
containing at any given time the program virtual address of
the instruction which is being executed.

Since all instructions are one word long and must reside
on word boundaries, the low order 2 hits (bits 30-31) of the
AR are aluays ignored and assumed to be zero,

The contents of the 1AR, the instruction address (l1A),
is incremented by 4 at the completion of every Instruction,
with the exception of successful branch instructions. In the
latter case the 1AR is set to the program virtual address of
the branch target.
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3.6 DATA FORMATS

Depending upon the operations fnvolved, the CPU will
Interpret data (either in the eaneral purpose rerister or in
primary storase) according to different formats.

A major classification of such foriats is by lensth,
Table 3,6.1 gives the list of all field types recorsnized by
the CPU.J

Table 3.,6.1. Field Types,.

Field Mame Leneth
Byte 8 bits
Halfword 16 bits
tord 32 bits
Douhleviord 64 bits
Quadword 128 kits
Byte string 0 to 2%%24 bytes
llord fAroup 0 to 2%%22 words
Doubleword firoup 0 to 2%%21 doublewords

Quadword operands are only rzcognizes in the #P2's,

3,6.1 Register Referencing

The rezisters may be viewed as a hank of 6b words, 32
doublewords, or 256 bytes,

t!hen registers are addressed by instruction fields, two
low order zero bits arn anpended to the reaister address so
that all r~ferences will be on word bhouncaries, Souhbleword
references to registers require that the low order bit taken
from the instruction field be zaro, otherwise a2 register
snecificaticen exception will occurr,

Similarly, aquasword references reauire that the two low
order bits of the register reference field of the
instruction be zero,

then recisters are addressed hy the lteration count
resister (ITCR) then the references are mare directly to the
byte boundaries of the reaisters, The contents of the ITCH
is required to have tuvio low orcer zeroes for wor:! references

and three low order zeroas for douhlewvord references,
otherwise a re=ister specification excention will occurr,
Vhen recisters are addyrossad by

the contents of
nr is hy byte positicen 0 to 255,
i tak

steor contents ken modula 257,

ax

recisters then the address
The byte position is the re

H
o
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3.6.2 Program Virtual Addresses

\thenever referencing a data element in storage via the
programn virtual address, the format of the PVA wil he
assumed to be the one of Figure 3.3.1.

If the hizh order two bits are not zero an lnvalid
seement exception will he generated,

3.6.3 Data llove Operations b

Operations arz provided to load data from storage to the
registers, store data from the registers into storage,
transfer data bhetween the registers, and move data betwecen

areas in storace, These operations will not affect the
formot of the data. Load, store, and transfer operations are
provided for byte, halfword, word, and doubhleword operands.
Move operations are provided for byte strings,
In addition opecrations are provided to lteratively load
and store seauential bytes, words and doublewords, using the
iteraztlon counter.

3.6.h Locical Data

Logical operations handle words and doublewords as hit
strings of the corresponding length, FEach bit in the string
is handled as an indenendent hinary digit,

LoTical tru~ may be represented in registers as a word
of all onecs and logical falsa as a2 word of 211 zeroes,

3.6.F Binaryv Intecers

There are two symnctric classes of operations handling
respectively unsicned and sirned binary integers, They
accept word and doubleword operands, Some operations accept
quadword operands, Unsigned binary inteser operations treat
their oparands modulo 2%(operand-length), Signed binary
integer operations treat their operands a2s binary "2's
coriplement” representations of signed Intezers. In such
represantation -all non-rnezative integers will have the high
order bit (the "sien hit") equal to 6, while negative
integers will have a sizn bit value of 1.

The numbers n which can he represented in the two cases
are as follows:
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unsigned integers

word 0 (= n (= 2%%32-1
doubleword - 0 <= n <= 2#*0Ch4-1
quadword 0 <= n <= 2%2128-1

sizned integers

word =2%%31 <= n (= 2**31-1
doubleword -2x%63 <= n (= 2#%x(3-1
quadviord ) =2%%x127 <= n <= 2**127-1

These ranges are approximately equal to

unsigned Integer

viord 0 <=n < 6.2+10%*9
doubleword 9 <= n < 1,8x10%%12
quadword 0 <= n < 3, U4*10x%38

sicned integer

word -2,1%10*%%93 < n < 2,1%10%%9
doublecword -9,2%10%%19 < n < 9,2%10%%19
quadword =1.7%10#%%38 < n < 1,7+10x%3¢

3.6.6 Decimal Intecers

There are two symmetric classcs of operations handling
respectively unsigned and sizned decimal integer words and
doublewords.

Unsigned decimal integer operations interpret their
operands as 8 or 1C binary corled drcimal digzits and treat
them modulo 10x=%3 and 10+%1C respectively.

Signed decimal interger operations internpret their
operands as " 10's complerment " representations of signad
integers., In such representation the hizh order four hits of
the word arn all zero (B'0000") for non-nesative intecers
and have the pattern B'1001' (i.e., decinal 9) for nezative
integers, The numbers which can be represented in the two
cases are as follows: :
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unsigned decimal integers

word 0 <= n <= 10%=xg-1
doubleword - 0 ¢= n <{="10%%16-1

signed decimal !ntegeés

word =(10%%7-1) {=n <= 10%%7-1
doubleword =(10%%15-1) <= n <= 10#*x15-1

A negative decimal zero is defined as a pattern of nine
(8'1001' ) followed by only =zeroes (B'0000'), This is an
inproper signed decimal pattern and will cause an exception
when generated by signed decimal arithmetic instructions,

3.6.,7 Floating Point Mumhers

Floating point operations handle word and doubleword
operands, The format of the data in the two cases Is given
in Fizures 3.6.7.1 and 3,6.7.2. ’
e e e e e e e e e e e e e e +
sl c | f |
o e e e e e e e e e e e e e e e o e o e e e e o o e +
01 738 31
Bits . Fleld Nome
0 ’ Sign bit
1-7 Hexadecimal characteristic
8-31

lexadecimal fraction
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Flaure 3,6.7.1 Floating Point tlord

o mmmr e e r—m—,———————————— s cmmme

Is] c ! ' f |
o m e — e ——————— e e R ettt ettt ————
01 7 8 63

Bits Field Mame

0 . Sien bit

1-7 : Hexadecimal characteristic

8-63 Hexadecimal fraction

Figure 3.5.7.2 Floating Point Doublewvord

The sign bit Is 0 for non-nepative  numhers and 1 for
negative numbers. The characteristic is viewad 2s an "excess
64" binary integer, The fraction is Interpreted as having
the radix point immediately to ite left. The nunher
represented by a floating point word or douhleword has the
value given by

r = ((-1)%%s)*(,f)*(16**(c-6h))

"True zero" is a pattern of all zeross and has the numerical
value zaro., Data generated by the CPU (without creatins an
exception) will eithar be a true zero or will he In
hexadecimally normalized form, i.e., the high order L bits
of the fraction will not ke all zeroes, 1f data elements not
conforming to one of these two patterns are used in fleating
point operations, the operations may provida uncxpected
results, A negative ( improper) zero has a sizn bit of one
and all other bits zero, In floating pecint only operations
involving only zero and negative zero mey zenerate another
negative zero. )

Apart from trus zero, the magnitude (m) of 2 normalized
floating point number is in the followinz ranges:

word =2%%200 <=m <= (2%%252-2%%228)
doubleword =2%%260 <=m <= (2%%252-2%%190)

This aoproximatly equivalent to a range of 10*#-7% to
10x%75,
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3.6.8 Character Strings

Character strings are composed of 0 to 2%%2h4  hytes,
Character strine operations use the iteration count register
(ITCR) to specify the numher of bytes to be operated on.
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3.7 IMSTRUCTION FORMATS

A1l instructions are one word (32-hits) in length., The
Information contained In the word is, however organized ir a
number of different ways. There are four major formats: I,
I, V and M,

The fields which determine in each format the operatjon

code will be marked with the letter "c".

3.7.1 H=Format Instructions

M-format Instructions have the format of Figure 3.7.1,1,"

l c | i | d !

Figure 3.7.1.1 !M-format Instructions

There is only one M=-format instruction which uses as
operands GPRi and the byte displacerent d.

3.7.2 1-Format lInstructions

I-format instructions have the format of Figure 3.7.2.1.

Figure 3.7.3.1 I=-format Instructions

There are 4 I-format instructions., Their opecrands are
GPRi and cither 1AQwd or C(I1AZw!), 1.o., they use relative
addressing with respect to the instruction ad-dress,

3.7.3 ¥-Format Instructions

V-format instructions have the format of Fi-cure 3,7.3.1,



e e e e e e e e o T e e e 2 o e = - = - +
| ¢l ] | ¢ | i | ¢l sd |
e e e e e o o e e e e e e e +
012 78910 15 16 17 31

Figure 3.7.3,1 V-format Instructions

There are 11 V-format instructions. Their operands are GPRI
and either GPRjlsd or C(GPRj@sd). The abbreviation V is due
to the direct addressing capability provided here, simllar
te the original Von Heumann designs,

3,7.4 N-Format Instructions

N~format instructions have the format of Figure 3.7.4.1,

R ettt ket al ekttt +
l ¢l ] | ¢ | i | c | k |
o e +
012 78910 15 16 25 26 31

Figure 3,7,4,1 N-format Instructions

There are potentially 2560 N-format instructions. The
operands used by these Instructions vary, but the large
majority of operation codes are associated with one of the
eight basic opaerand selection modes listed in Table 3,7,4,.1,

Table 3,7.4.1 Operand Selection Modes

Hlode Code Operand-1 Cperand-2 Operand-3
RRR Ri _ Rj R
RRK Ri R . . K
RSR Ri clRj) Rk
RSK . ORi C(R}) K
¥R Ri C(RjCRK) Ri
RXK Ri C(RFAK) Ri
XRR C(RjGRK) C(Rjark) R1i
XK S C(RFAK) c(RjoK) Ri
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The following associations hetween letters in the mode
code and the corresponding operands are uscful for mnermonic
purposes: :

R register used as operand or index

K immediate value of k field used as operand or index
S stotage refercnce throush base register only
X

storage reference through base reglister and index
(register or irmmediate),.
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3.8 SYSTEL CONTROL REGISTERS

The System Control Rezisters (SCR) are used to control a
number of special functions, primarily those related to the
interrupt system (see Section 3.10),

There are G4 system control registers, numbered 0 to 63,
Each register is 32 bits wide. Some SCR are undefined; their
use as sources will provide 32 zeroes; their use as targets
will be equivalent to a null operation. There are also two
auxiliary control registers which are not numbered,

Table 3.8.1 1lists the system control registers. The
sections following will describe their functions in detail,

Table 3.8.1 System Control Registers

Number Name Symbo!
0 0ld Status Area Origin ) 0SAO
1 New Status Area Origin NSAQ
2 Interval Timer 0 1TO
3 Instruction Counter 0 1CO
[ Interval Timer 1 ITl
5 Instruction Counter 1 IC1
6 Hardware Malfunction Warning

ltask Vector HMWMV
7 Hardware !Malfunction Warning

Vector HMWV
8 Internal Signal tiask Vector I SMV
9 Internal Signal Vector 1SV
10 laster External Signal Mask

Vector, High Order MESMVH
11 llaster External Signal Vector,

tigh Order MESVH
12 liaster External Signal Mask

Vector, Low Order MESMVL
13 Master External Signal Vector,

Low Order MESVL
14 Last Branch Address LBA
15-63 -

Address tiatch Register AMR

Real Time Clock RTC
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3.8.1 01d and New Status Area Origcins

The 01d Status Area Origin (0SAQ) and the MNew Status Ares

Origin (NSAO) contain the program virtual addresses cof the
first location of old status area and of the new status area
respectively (see Section 3.10.1). Such addresses are
assumed to be on 256 byte boundaries,

The high order two bits and the low order & hits are
ignored and assumed to be zero.

3.8.2 Interval Timers

The l1nterval Timer 0 (1T0) and the Interval Timer_ 1 (1T1)
are decremented by one in bit position 23 every mnicrosecond
if the corresponding activity control bits in the SCV (I1TOA
and IT1A) are 1. \Whenever the value of an interval timer
recaches zero the corresponding signal bit (IT0S, [IT1S) in
the internal signal vector is set to 1.

The low order 8 bits of each interval timer are ignored
and assumed to be zero.

3.8.3 Instruction Counters

The lInstruction Counter 0 (1C0) and the Instruction Counter

1 (ICl) are decremented by one in bit position 31 at the
completion of every instruction if the correspondinz
activity control bits in the SCV (ICOA and ICl1A) are 1,
\lhenever the value of an instruction counter reaches zero
the corresponding signal bit (1C0S, IC1lS) in the internal
signal vector is set to 1.

3.8.4 Hardware Malfunction VWarning Hask Vector and Hardware

dalfunction Marning Vector

The Hardware Malfunction Yarning Mask Vector (HMUNMV) and
the Hardware Malfunction Yarning Vector (HMUV) are paired,
i.e., bit k of the HiWMV is the mask bit for bit k of the
HIWV,

\lhen a hardware malfunction occurs which only requires a
warning, a hardware malfunction varning is signalled. These
warnings are controlled by the Hardware Malfunction larning
Mask (HMill1) in the Control Vector (CV) and in some instances
by the HMWV. For this <class a specific bit identifying the
type of malfunction in the HMIY is set to one. |If the
corresponding bit in the MMV is also one, and the Harduare

Malfunction Viarning Mask (HE#i1) is one, then a hardware
malfunction warning interrupt is generated at the completion
of the current instruction. The interrupt may also he

generated when the HIV or the HiLil is set.



Li/42/ 10
MASCOR 132 Reference Manual 3.8-3

A Hardware Malfunction Marning Code (HMWC) of 0 (See
Section 3,10.3) is associated with these interrupts.

3.8.5 Anternal Signal Mask Vector and Internal Sienal Vector

The Internal Signal - Mask Vector - (1SMV) and the lInternal
Slznal Vector (ISV) are paired, 1i,e., bit k in the ISIV is
the mask bit for bit k in the ISV. \{lhenever corresponding
bits in the ISV and ISV are both 1 an internal signal
interrupt is recognized if the ISM bit in the SCV is also
one.,

The bits in the ISV are set to one by the occurrence of
certain events (as listed below) or under program control.

The structure of both the 1SV and the 1SV is given in
Table 3.8.8.1,

Table 3.8.,8.1 Structure of the ISMR and the 1SV

Bit Name Symbols
1StV 1Sy
0 Interval Timer O 1TOM 1 T0S
1 Instruction Counter 0 tcon 1C0S
2 Interval Timer 1 1T1M IT1S
3 Instruction Counter 1 1C1M IC1S
4-31 Program Control

3.8.6 lMaster External Signal tlask Vector and
Master External Signal Vector

The llaster External Sienal Mask Vector (MESMV) and the
Master External Signal Vector are paired, i.e., bit k of the
MESHV s the mask bit for bit k of the MESV, \henever a bit
in the MESV is 1 and the corresponding bit in the MESMV is
also 1, an external interrupt signal is generated,

Each bit in the MESV corresponds to one group of
external input signal Jlines (sce Section 3,9). VWhenever
there is a signal pending in the i-th external input signal
line group while the corresponding bit position in the
external signal input mask vector is also 1, the i-th bit of
the MESV is set to 1.

Any attempt to load data into the MESV will be ignored;
however the MESV may be indirectly affected by the execution
of CONSLG instructions (see Section 3.9.1).
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3.8.7 Last Branch Address

On every successful branch, the program virtual address of
the lInstruction sequentially following the branch
instruction 1is stored in the Last Branch Address (LBA)
register if the LBAC bit in the GCV is zero. The
instructions where the LBA may be set are the same as those
that are subject to the Successful Branch exception and are
indicated as such in Appendix B.

3.8.8 Address tlatch Register

The Address Match Register (AlR) contains a program virtual
address which is checked against any primary storage
reference, 1f a match is found an address_match exception is
caused if the ANl bit in the SCV is one. Otherwise, the
match is ignored.

In the matching of the addresses, as many low orcer bits
will be ignored as determined by the boundary appropriate fo
the given primary storage reference request,

The address match exception allows interactive and
selective control and supervision of program operation, when
desired for program development, measurement, or debugging.

3,8.9 Real Time Clock

The Real Time Clock (RTC) is provided by a source outsice
the CPU. lts value, however, is always made readable to the
CPU.

The real time clock is a 64 bit counter which is
incremented by one in bit position 31 of the low order word
every microsecond.

Attempts to load any value in the RTC will be ignored.
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8it Name Symhols
1sMv 1SV
0 Interval Timer 0 170N IT0S
1 Instruction Counter 0 1coM 1C0S
2 Interval Timer 1 1T10 O IT1S
3 Instruction Counter 1 1C1M 1C1S
4-31 Prozram Control

3.8.9 Master External Si~nal Mask Vector and
Master External Signal Vector

The Master Fxternal Sienal Mask Vector (MESMV) and the
Master External Sicnal Vector are paired, i.e., bit k of the
MESHY is the mask bit for bit k of the IESV, ‘Uhenever a hit
tn the MESY is 1 anrd the corresponding bit In the MESMY Is
also 1, an external interrupt signal is generated,

fach bit in the MNMESV corresponds to one group of
external input siznal 1lines (sece Section 3.9). Whenever
there is a signal pending in the I-th external input signal
line aroup while the corraesponding bit position in the
external siznal input mask vector is also 1, the i-th bit of
the MESY is set to 1.

Any attempt to load data into the MESY will be lznored.

e ey i n\‘\ll-zu&—zzf\ Lg\w\ !,»3
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3.9 EXTERMAL INTERFACE

The external lInterface conslsts of 64 External Signal

Input Line firouns (ESILA) and four sets of re~isters: the
External Sisnal f{lask Reelisters (ES!R), the External Siznal

Qutout PRegisters (ESOR), the External Yord Inpirt Pe~istars

(EMIR), and the External ord Outnut Recisters (SUCR),

The CPU uses these reaxisters and line z#rouns to
cormmuni-cate with the external world, Since such
communication requircrcnts vary drastically from one
environment to another, the numher of regcisters in each set
actually installed will be & function of the particular
systam,

I S

3.9.1 External Sienal Input line RBroups

and External Simnal l'ask Peristors.Thare are B4 External
Sienal  Input Line Groups (ESILR) numhered 2 to 3, Fach
group consists of 32 pairs of lines, 'the Sircnal Inout

Control Lines (SICL) and the Signal Inout fcknowladze Lines
(SIAL). Associated with each ramroup there is a 32-51t

External Siznalgiask Yector (ES!

The SICL's are connccied” axternal Aevices which
control their state. fach SIAL iIs connected to the sanme
device of the corresponding SICL, but it is controlled by
the CPU.

Whenever (i) the k-th SICL in the i-t» line aroup is seot
to 1, (ii) the corresponiding SIAL is 0 and (iii) the k-th
bit of the I-th external signal mask vector is 1, the i-th
bit of the master external siznal vector is set to 1.

\lhenever a COMSLG (Control Signal Input Line Group )
instruction is issued to a slven line group, all the SIAL's
in that aroup for which (i) the correspendineg SICL is on
and, (ii) the corresponding hit in the mas provided by the
instruction is also on, will he set to 1 ,

\thenaver the SICL is set to 0, the corresponding SIAL is
also set to zero. .

e

3.9.2 External Sisnal OQutnut Reaistars

There are 64 External Siznal Output Pepisters (ESNR)
numbered € to 63, Each registar is 32 hits wide,

Each bit of each ESOR can be connacted to some external
device, and it is wused by the CPU to send appreopriate
signals to that device.

Associated with each bit of the ESOR there is a Siecnal
Qutnut Aclnouladae Line (SOAL). YUhenever a SOAL is set to 1
(by an external device) the corrcsnanding hit of the ESON is
sct to 0.

-
i
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3.9.3 External Yord lInput Reszisters

There arc 64 External Yord lnput Reelsters (EWIR) numbered 0
to 63. Each register is 32 bits wide.

Each EUIR can be controlled by an external source.

Assocliated with each register there is a Yord Input
Control Line (W1cL) and a YMord Input Acknowledse Line
(VALY

An-EYMIR Is yalid if fts UICL is 1 and its WIAL is 0, and
invalid otherwise,

thenever an IHEXYW  (Input External Word) Instruction is
issued to a valid EWIR, the corresponding YIAL is set to 1.

thenever a UICL is set to zero (by an external source),
the corresponding WAL is set to zero.

3.9.4 External Word OQutnut Recisters

Therce are 64 External Vord Quiput Reglisters (EWOR) numbhered
0 to 63, Each ragister Is 32 hits wide,

Each EUOR can be connecterd to an external device,

Associated vith each EWOR there is a Yord QOutput Control
Line (MOCL) and a Mord Output Acknowledee Line (LIOAL).

An  EVMOR  is available if its UOCL and .0OAL are both O,
and unavailable otherwise, tThenever an OUTEXY (Output
External ‘lord) instruction is lssued to an available FVOR,
the corresponding YJOCL is set to 1 as soon as the signals on
the EWOR outgoinz lines are assured to be stable,

tthenever a Y0AL is set to 1 (by an extcrnal device), the
corresponding WOCL iIs set to 0.




MASCOR 132 Reference Manual 3.10-1

3,10 INTERRUPT SYSTEM

There are a number of conditions, either generated by the
CPU internally or produced by outside sources, which require
that the program which was being executed when the condition
occurred be stopped and a new prosram be initiated,

We call this procedure program status switching, and the
events which generate it, lInterrupts.

The entity which gets switched is the Prosram Status

Block (PSB) + defined as the contents of the following
registers:

Instruction Address Register
Control Vector

Iteration Count Register
Link Address Register

or, In other words, the three prosram status registers and
the link address register.
There are 8 classes of Interrupts:

Power Off Varning

Hardware Malfunction Yarning
External Signal

Internal Signal

Program Exception 0

Program Exception 1

System Service Call

Utility Service Call

The last four classes are mutually exclusive, 1,e. they
cannot occur simultaneously; we will refer to them as a
group as synchronous interrupts,

Whenever two or nmore interrupt conditions are
simultaneously present, they will be honored by the hardware
in the following order:

Synchronous Interrupt

Internal Signal

External Signal

Hardware Malfunction Yarning
" Power Off Marning

Note that the working of the interrupt proceﬂure Is such
that the latest interrupt to be honored will be the one
serviced first,
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Note also that any settings of the mask bits in the
control vector may modify the sequence and leave some
Interrupt conditions pending.

3,10.1 01d Status and Mew Status Areas

Associated with each interrupt class there are two quadword
areas, the old status area and the new status area, Table
3.10.1,1 gives the organization of both areas.

Table 3.10.1,1 01d and New Status Areas

\lord Fleld Name Field Symbols
.0 01d (New) Instruction Address CIA  (NIA)
1 01d (llew) Control Vector ocY  (MCV)
2 01d (New) lteration Count 0I1TC (NITC)
3 01d (New) Link Address : OLA  (NLA)

Upon the occurrence of an Interrupt, the CPU will save
the current PSB in the old status area, Issue a pause
command to the PSS, and use the data iIn the new status area
to form a new current PS8,

The CPUY will then proceed according to the new PSB,

The old and new status areas are located In the primary
storage subsystem and thelir virtual addresses are computed
from the contents of the 0SAC and NSAOQ special - control
registers by adding a fixed displacement which Is a funct|on
of the Interrupt class as listed in Table 3,10.1,2.

Table 3,10.1.2 Status Area Displacements

Interrupt Class ‘Displacement

Power Off Warning 0 bytes
Hardware Malfunction Warning 32 bytes
External Signal Interrupt 64 bytes
Internal Signal Interrupt 96  bytes

Program Exception Interrupt 0 128 bytes
Program Exception Interrupt 1 160 bytes
System Service Call 192 bytes
Utility Service Call 224  bytes
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3;10.2 Power Off Warning lInterrupt

Whenever power Is turned off, elither to switch off the
system or because of a power failure, a power off warning

interrupt will occur if the POUM bit in the CV is one.
The POUM bit should be set to zero only when servicing a
previous power off warning interrupt,.

3,10.3 Hardware Malfunction YWarninz Interrupt

A Hardware Malfunction VWarning Interrunt occurs when the
HMWM  bit of the CV is one and either of the two following
conditions are true:

a. The Hardware lialfunction Yarning Signal is controlled
by the HMVWV and corresponding bits of the HNMUV and the
HMIWMVY  are one, These signals are generally due to
events outside of the CPU and are identified by 2
Hardware Malfunction VWarning Code (11MIC) of zero. The
settings of the data reference code field (see below)
and of the PVA field are undefined,

b. The Hardware ttalfunction Warning Signal is not
controlled by the HMUV., These signals are generally due
to events within the CPU and are identified by &

specific MMUC other than zero. A data reference code
(see Table 3,10.6.1) and the value of the PVA will be
available to further identify the hardware malfunction
warning,

In conjunction with the program status switching the
HMWC will be set into bits 0-29 of the word following the
old status area for thls Interrupt class. Bits 30-31 of this
word will be set to the data reference code and the word
following will be set to the value of the PVA,

3.,10.4 External Signal Interrupt

An  external signal Interrupt occurs whenever any two
corresponding bits In the MESHMV and the MESV are one, and
the ESM bit of the CV is also one,

It should be noted that although normally such an
Interrupt will bhe triggered by a signal input control line
being set to 1, it is possible for the interrupt to occur
upon setting a new value In an ESMV, in the MESMV, or in the
ESM,

3,10.5 Internal Signal Interruot

An linternal signal __Interrupt occurs whenever any two
corresponding bits In the ISHY and ISV are one and the [ISH
bit of the CV is also one.
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It should be noted that althougzh normally such Interrupt
will be triggered by a bit in the ISV turning to one, it Is
possible for the Interrupt to occur upon setting a new value
in the ISMV or 1SM,

3,10.6 Program Exception lInterrupts .

There are two types of program exceptlions, namely, the CVB
controlled exceptlions and the PXM controlled exceptions. The
recognition of the exceptions controlled by the leading byte
of the Control Vector ( CVB) is determined solely by the
value of the corresponding mask bit 'in the CVB, |If the
exception 1s masked, the CPU will be able to proceed In a
predictable and '"correct'" way,

The recognition of all other program exceptions Is
determined by the PXM bit in the system control vector, If
the PXM bit is 0, the CPU will proceed In an unpredictable
way.

If the program exception causes a status swlitch then the
procedure Is identical for both types of program exceptions,
The PXC field in the SCV is used to select one of a pair of
status areas. A code identifying the type of exception and,
In some instances the offending PVA, are stored in the 2
words following the old status area.

\Wlhenever meaningful, bits 30-31 of the code are set to a
pattern identifying the type of data reference involved
according to Table 3,10,6,1.

Table 3.10.6.1 Data Reference Code

Code in bits 30-31 of the Type of Data
exception identification Reference
00 . Instruction Fetch
01 Data Load
10 Data Store
11 - Data Load/Store

Table 3.10,6.2 gives the list of program exceptions, the
corresponding bit of the code set into the high order 29
bits of the codeword, and If an address Is stored into word
following the code word. If no PVA is indicated the contents"
of the data reference code field and the PVA field are
undefined,

The actions taken when a prosram exception occurs are
further described below, In order to distinguish the three
types of effects that a prosram exception may have on the
instructions in progress we define three terms:
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o The instruction is supressed. The state of tke CPU is
not altered 1In any way other than by the program
exception status switch itself, The instruction address
Is not wupdated and the instruction may be restarted
after appropriate actions have been nmnade by the
routines handling the program exception,

o The Instruction 1|is completed. The Instruction ' s
carried out to a point where it leaves specific results
in the CPU and the storace system, The instruction
address is updated to point to the next instruction to
be - executed as if no prozram exception had occurred,
These results are generally sufficient to allow proper

handling of the exceptional condition and the
continuation of the program, The detailed specification
of the effect of such completed instructions Is given

in Appendix B with the description of the instructions
themselves.

o The instruction is terminated, The state of the CPU may
have been altered before the status switch takes place.
The instruction address has not bheen updated. The
Instruction 1s in general not restartable viithout
knowledge of the environment which causes the
instruction to generate such an exception,

When program exceptions occur during the execution of
Instructions using the lteration Counter (17C), then
interrupts that are Indicated as suppressing or completing
will allow the instruction to complete up to 2 point where
the Instruction 1s re_startable,

A number of program exceptions are further descrihed
below in Sections 3,10.6.1 to 3.10.6,10,

A1l others are specific to certain types of Instructions
and described 1in detail in the sections of Appendix B
dealing with these instructions,

In Appendix B the exceptions ROD, DIT, [ISVA, 1SG, AVL,
BVL, AMT are referred to as standard and not separately
enumerated. All these, as well as the exceptions RSP, UOC,
and SBR are described below.
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Table 3.10.6,2 Program Exceptions :
Exception Type Symbol Bit set tn Contents of
1st locatlion 2nd locatlion

Read Only Data ’ ROD 0 old PVA
Data In Transit DIT 1 old PVA
Boundary Violation BVL 2 old PVA
Access Violation AVL 3 old PVA
Address Match AMT b old PVA
Invalid Segment 186G 5 old PVA
Invalid System Virtual

Address 1SVA 6 old PVA
Undefined Operation Code uoc 7 undefined
Privileged Operation Code POC 8 undefined
Trap TRAP 9 undefined
System Service Call

Violation Sscv 10 undefined
Register Specification RSP 11 undefined
Successful Branch SBR 12 undefined
Binary Integer Overflow BIO ) 13 undefined
Binary Integer Divide BID 14 undefined
Decimal Data !Invalid DDI 15 undefined
Decimal Integer Overflow DIO 16 undefined
Floating Point Exponent :

Overflow FPO 17 undefined
Floating Point Exponent

Underflow FPU 18 undefined
Floating Point Loss of

Significance FPS 19 undefined
Floating Point Divide FPD 20 undefined

3.10.6.,1 Read Only Data Exception (ROD)

This exception occurs when the Read Only Control Flag, R, of
the Primary Storage Dlrectory Entry (PSDE) associated with
the given System Virtual Address (SVA) is one, See also
Section 2,2,2,1 and 2.3.3.3,

This exception can occur with certain V-format
instructions and with N-format Instructions using XRR or XKR
operand selection modes. The execution of the instructions
will be suppressed.

The Instruction Address (1A) will not be updated and the
Instruction may be re_executed,
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3,10.6.2 Data In Transit Exceptlion (91T)

This exception occurs when the Data In Transit Control Flag
(T) of the Primary Storage Directory Entry (PSDE) assocliated
with the given System Virtual Address (SVA) 1s one. See also
Sections 2,2.2,1 and 2.3.2,1.

This exception can occur on any Instruction reference;
and on all storage references for data, 1.e., most V-format
instructions and N-format instructions using RSR, RSK, RXR,
RXK, XRR, or XKR operand selection modes. .

The execution of the Instruction will bhe suppressed‘and
the instruction may be re_executed,

3.10.6.3 JInvalid System Virtual Address (I1SVA)

This exception occurs when the Validity Control Flag, V, In
the Primary Storage Directory Entry (PSDE) is one, See also
Section 2,2.2.,1 and 2,3,2,1.,

This exception can occur. on any instruction reference;
and on all storage references for data, 1.e., most V-format
Instructions and N-format instructions using RSR, RSK, RXR,
RXK, XRR, and XKR operand selection modes,

The execution of the instruction will be suppressed and
the instruction may be re_executed,

3.10.6.4 Invalld Segment Exception (ISG)

This exception will occur If a Program Virtual Address (PVA)
refers to a non-existant Segment Register (SEGMO>63) or to a
Segment Register which has a validity of one, See also
Section 3.6,1.

This exception can occur on any Instruction reference;
and on all storage references for data, 1.e,, most V-format
instructions and N-format instructions using RSR, RSK, PRXR,
RXK, XRR, and XKR operand selection modes.

The execution of the instruction will be suppressed. The
contents of the base address registers referenced must he
changed to allow uninterrupted re_execution,

3.10.6.5 Access Violation Fxcention (AVL)

This exception will occur if the type of access requested to
a segment as: instruction execution, data load, or a data
store, is not permitted due to the corresponding bit of the
Access Control Field (ACn) currently active (n=ACFH) being
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one. See Section 3.4.,2.

This exception can occur on any Instruction reference;
or on data references to storage, t.e., most V-format
instructions and M-format Instructions having operand
selection modes of RSR, RSK, PRYR, RXK, XRP, and XKR,

The executlon of the instruction Is suppressed and the
Instruction |s re_executable.

3.10.6.6 Boundary Violation Fxception (RVL)

This exception will occur 1f the Program Virtual Address
(PYA) does not have the appropriate numbher of low order zero
bits for the length of the operand In storage referred to.
See also Section 3.3.1.

This exception can occur with V-format and N-format
Instructtons having operand selectlon modes of RSR, RSk,
RXR, RXK, - XRP, and XKP that refer to halfword, word, or
doubleword operands,

The execution of the Instruction will he suppressed, The
contents of hasc address or indexing reglisters referenced
must he changed to allow uninterrupted re_executlon.

3,10.6.7 Reglster Specification (RSP)

This exception will occur If a doubleword operand Is to he
fetched or set Into a General Purpose Register or System
Control Pegister with an odd address (1,3%,5,...) or If a
quadword operand 1is to be fetched or set Into a feneral
Purpuse Register with an address which !Is not a multiple of
four (1,2,3,5,6,...). See Section 3,2 and 3,8,

Instructlons vhere this exception can occur are so
described In Appendlix B,

The execution of such Instruction 1s suppressed, They
will generally not be re_executable In an uninterruptahle
manner., .

3.10.6.8 Undefined Operation Code Exceptlon uoe)

This exceptlon occurs when the code field of the Instructlon
has no functlon assigned, This is tte case with one V-format
and various ti-format code flelds, See Section 3.7,

A1l actions are suppressed,



11/09/70

MASCOR 132 Peference Manual 3.10-9

3,10,6,9 Successful Branch Exception (SRP)

This exceptlion wlll occur whenever the Successful Rranch
Mask bit (SBM) in the Contro! Vector Is one and a kranch
Instruction takes the Indicated branch address,

Instructions suhject to this Interrunt are so descrlihed
In Appendlix B,

The Instructlon Is completed and the Instruction address
Is set to the next instruction to he executed,

If the Last Branch Address Control (LBAC) hit in the
Control Vector (CY) was 0 then the Last RBranch Address

Reglster (LBA) will have heen set.

3,10.6.10 Address Match Exception (ANT)

This exception will occur whenever a Prosram Virtual Address
(PVA) used as an Instructlon or data references matches the
address set into the Address Matching Peglister (M'P) and the
Address Match Mask (AI'M1) is one.

This exception can occur or any instruction reference;
or on data references to storage, l.el, most V-format
Instructions and N-format instructlons having. operanrd
selection modes of RSP, PSK, RXR, RXK, XPR, and XXP,

The Instruction s suppressed, The target adress of a
Branch fnstruction wlll not cause an AMT exceptlon, the
fetching of the suhseaquent Instruction however will cause
the AMT exception,

3.10.7>System Service Call

A System Service Call interrupt occurs whenever the propram
executes a System Service Call (SSC) while the SSCC hit In
the control vector 1s 0,

3.10,8 Utlillty Service Call

A Utility Service Call interrupt occurs whenever the prosran
executes a Utility Service Call (USC),
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3.11 Instructions and Functlons

We will distinguish sixteen categories of functions
which the instruction set of the MASCOR 132 supports., These
categorles are listed In tahle 3,11,1. In the subsequent
sixteen sections which correspond to these categorlies all
instruction types will be listed., A detailed description of
every Instruction 1is given in appendix P to this manual,
which Is also divided Into sixteen corresponding sections,

Instructions of various formats may appear within a
functional category. [If the instruction is of the N-format
then it may be available in a number of operand selection
modes, To deslgnate which operand selection modes are
avallable for a given N-format instruction an operand
selection class code Is given with the format for every
t-format Instruction., The correspondence between the operand
selection classes and operand selection modes is given in
table 3.,11.2 ,

In the mnemonics for the instructions that follow
certain conventions regarding the character identifying the
data formats are used. These conventions are listed in table
3,11.3, \lhere more than one data format is relevant to the
instruction the source data type identification will precede
the result ldentification in the mnemonic.

Tahle 3.11,1 Categorlies of Instructions

. Control Instructions
2. Data move instructions
3, Logical operations
4, Compare instructions
5. Conditional branch instructions
6. Unsigned binary arithmetic
7. Signed binary arithmetic
8, Truncated floating polnt arithmetlc
9. Rounded floating point arithmetic
10, Decimal arithmetic
11. Byte string operations
12, Shift instructions
13, Convert instructions
14, Privileged central processor control
15, Privileged primary storage system control
16, Privileged input/output interface control
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Table 3.11.2 Operand Selection Classes

simllar to RRR,RRK
similar to RRR
similar to RRK
similar to RSR

no operands

A RRR, RRK,RSR,RSK, RXR,RXK, XRR, XKR
B RRR,RSR,RXR,RXK, XRR, XKR
c RRR, RRK,RSR,RSK,RXR, RXK
D RRR, RRK, RSR, RSK

E RRR, RSR, RXP, RXK

F RRR, RRK

G RRR, RSR

H RXR, RXK

1 XRR, XKR

J RRR

K.

L

M

N

0

Table 3,11,3 Data Format Identification In Mnemonlics

Unsigned binary integer U
Signed binary integer |
Truncated floating point E
Rounded floating point F
Decimal arithmetic, unsligned TU
Decimal arithmetic, signed T
Single byte B

Byte strings S
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3.11.1 Control Instructions

The control Instructions allow a user program or system
program to alter the flow of control, do address arithmetic,
specify the number of iterations for subsequent fterative
operations, and control those system states that are not
within the privileged domain, The Instructions are listed In
table 3,1,11,1 .,

Table 3,1,11,1 Control Instructions

Title Mnemonic Format

Branch unconditional BRU NL
Branch unconditional, indexed RRUX NK
Branch unconditional, relative BRUR !
Subroutine Call, External CALLEX NL
Subroutine Return, External RETEX NL
Subroutine Call, Internal CALLIN NL
Subroutine Call, Internal,

Relative CALLINR t
Systern Service Call SSC NM
Utility Service Call usc NM
Address Add Byte ADRASB NF
Address Subtract Byte ADRSB NF
Address Add Halfword ADRAH NF
Address Subtract Halfword ADRSH NF
Address Add Vord ADRAW ' NF
Address Subtract t‘lord ADRSW NF
Address Add Doubleword ADRAD NF
Address Subtract Doubleword ADRSD NF
Address Add Direct ADRAV v
Address Add Relative ADRAR 1
Test and Set Lock } TSETLOCK NN
Reset Lock - RSETLOCK NN
Set lteration Count SETITC NK
Set Subtract lteration Count SETSITC NK
Get lteration Count - GETITC NK
Set Control Vector Byte SETCVB NL
Get Control Vector Byte GETCVB : NL
Trap TRAP NO

Pause _PAUSE_ NO
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3.11.2 Data Move Instructlons

The data move Instructions provide for the fetching of
operands from storage, the transfer of operands between
reglsters, and for storing the results from registers Into
storage. : '

Instructions are provided for operand lengths of 8 bytes
(doublewords),- b4 bytes (words), 2 bytes (halfwords), and
individual bytes, ’

Three types of instructions use the Iteration counter to
provide loading and storing of multiple sequential words or
double words.

Three byte lInstructions (LPB, SPB, MPB) view the G
general purpose registers as a contliguous field of 256
bytes, addressed through a register to allow convenient
construction of complex character sequences.

A load immediate Instruction (L") allows setting a
register with up to 24 bits from the instruction ltself, Al}
these instructions are listed in Table 3,11,2.1, Additional
instructions are provided for moving byte strings within
storage, which may also be helpful when moving other data
types. These are discussed in section 3,11,11 (Bytestring
instructions) hereafter,
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Table 3.11.2,1 Data Move Instructions

Title

Load word/double word
Store word/double word
Load direct word/douhle word
Store direct word/double word

Store word/double word in vector

Load double word group
Store double word group

Load half word left
Load half word right
Store half word left
Store half word right

- Load direct half word right
Store direct half word right
Insert half word right
Insert half word left
Insert direct half word left

Load hyte zero

Load byte three

Store byte zero

Store byte three

Load direct byte three
Store direct byte three
Insert byte zero

Insert byte one

Insert byte two

Insert byte three
Insert direct byte zero

Load register position with byte

Move register position byte
Store register position byte

Load Immediate

Mnemonlic

L

S

LV
sV
SVEC
LDG
SDG

LHL
LHR
SHL
SHR
LVHR
SVHR
INSHR
IHSHL
INSVHL

LBO
LB3
SBO
SB3
LVB3
SVB3
INSBO
INSB1
INSB2
INSB3
INSVBO

LPB
MPB
SPRB

LM

W/D
W/D
W/D
wW/D
W/D

3.11-5

Format

NE
N1

NN
NN
NN

NE
NE
NI
N1

NE
NE

NE
NE
N1
N1

NE
NE
NE
NE

NN
NA
NN
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3,11.3 Loglcal Operatlions

A large set of loglcal operations, that operate on
strings of 32 bits (words) or 64 bits (doublewords) Is
provided,

The following Table 3.11.3,1 lists these operations with
thelir functions on Individual bits., The bit complement
function Is accomplished by the Or Complement operation with
an Immedlate operand of zero., All possible bit patterns of
two operands may be generated by executing a single
Instruction with the exception of Complement (A and B) and
Complement (A or B) which require two instructions,

An additional two Instruction types allow the bitwise
merging of one operand Into another according to a bit mask
provided in the third operand, these operations are
avallable only on single word operands,

Two Instruction allow setting of the sign bit in words
or doublewords as a convenient mecans for building hitstrings
for further logical operations and tests.

Table 3.1.11,3 Logical Operations

Title Mnemonic Format Function
‘ A ¢ 0011
B s 0101
And AND W/D HA A%AB 0001
And Complement ANC /D HNA A&TB 0010
Inverse And Complement [ANC V¥/D MA TALB 0100
or . OR W/D MNA AlB 0111
Or Complement ORC W/D HA AlTB 1011
Inverse Or Complement IORC W/D MA “AlBR 1101
Exclusive Or XOR W/D NA (AlBY&T(A&L) 0110
Exclusive Or Complement XORC VW/D NA (A2B)|T(A{R) 1001
Logical Merge MRG ND
Inverse Merge 1MRG ND

Set Leading bit to one SETSIGN  V/D N8B
Set Leading bit to zero RSETSIGN W/D NB
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3.11.4 Compare Instructlons

A set of compare instructions 1s provided for the
testing of greater than, greater than or equal, equal, not
equal, less than and less than or equal conditions applied
to unsigned and signed binary or decimal Integers, floating
point numbers and the value zero of both single and double
word lengths, as well as for bytes. In byte comparison
operation bytes are always treated as unsigned quantitles,

For the testing of equal to and -not equal, two
additional tests are provided, one which allows testing a
part viord and zero by using a mask, and one that tests a
byte in storage with zero, The result of all these
comparison operations Is a full word of ones or a full word
of zeroes, set in a specified general purpose register,
depending on whether the result of the comparison is true or
false.

These results may be combined with other comparison

results by using the logical operations described In the
preceding section,

A1l these comparison operatlions types are listed in
Table 3.11.Lk.1,

Additional comparison fnstructions exist for

bytestrings, which are described In that section,



Compare
Compare
Compare
Compare
Compare

Conipare
Compare
Compare
Compareé
Compare

Compare
Compare
Compare
Compare
Compare

Compare
Compare
Compare
Compare
Compare

Compare
Compare
Compare
Compare
Compare

Compare
Compare
Compare
Compare
Compare
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Table 3.11,4.1

T

grea
grea
grea
grea
grea

grea
grea
grea
grea
grea

equa
equa
equa
equa
equa

not
not
not
not
not

less
less
less
less
less

less
less
less
less
less

Itle

ter th
ter th
ter th
ter th
ter th

ter or
ter or
ter or
ter or
ter or

1

1 to zero

an
an
an
an
an

Compare lInstructions

unsigned
integer
floating polnt

zero
byte

equal
equal
equal
equal
equal

to

to
to

unsigned
integer
floating
zero
byte

1 to zero part word

1.to byte

1 to zero byte

equal

equal to zero

equal to zero part word

equal to byte

equal to zero byte

than or equal to unsigne
than or equal to Integer
than or equal to float.
than or equal to zero
than or equal to byte
than unsigned

than integer

than floating point

than zero

than byte

Mnemonic

pt.

d

pt.

CGTU
CGTI
CGTF
CRTZ
CGTB

CGEU
CGE!
CREF
CGEZ
CGESB

CEN
CEQZ
CEQZP
CEQR
CEQZB

CHE
CHEZ
CHEZP
CHED
ChNEZB

CLEU
CLEI
CLEF
CLEZ
CLE®

CLTU
CLTI
CLTF
CLTZ
CLTB

v/D
vi/D
W/
W/

W/0
W/D
W/
W/D

w/n

/D
W/D

vi/D
W/D
v/n

W/
W/
W/D
y/0

W/
W/D
/D
W/

3.11-8

Format

ND
3]
NG
HH
ND

ND
1D
NG
NH
HD

1D
HH
He
o
HH

ND
HH
NG
ND
N4

ND
ND
MG
NH
ND

MO
ND
NG
NH
ND
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3.11.5 Conditlional Branch Instruction

A set of conditional branch Instructlions that matches
the compare instructions of the preceding section s
provided, which on finding that the result of the comparison
s true, will branch to a specified Instruction in storage
or If the result of the comparison is false proceed to the
next instruction, Two additional instructions that permit
branching relative to the instruction address provide
simplified handling of sign dependent tests., These
“Instructions are listed according to function In Table
3.11.5.1 ,
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Tablé 3.11.5.1 Conditional Branch Instructions

Title tinemonic Format

Branch If greater than unsigned BGTU W/D ND
Branch If greater than integer BRTI YW/D ND
Branch if greater than floating point BRGTF W/D NG
Branch if greater than zero BGTZ /D HH
Branch if greater than hyte peTe MD
Branch if greater or equal to unsigned BGEU W/D ND
Branch if greater or equal to integer BGEl V/D ND
Branch if greater or equal to

: floating point BGEF W/D MG
Branch If greater or equal to zero BGEZ VW/D MNH
Branch if greater or equal to zero

relative BGEZR
Branch 1f greater or equal to bhyte BGEB Ho
Pranch if equal to word/double word BEQ wW/D ND
Branch if equal to zero BEQZ W/D NH
Branch if equal to zero part word BENZP W/D NG
Branch 1f equal to byte BECSB Hn
Branch if equal to zero byte BEQZB N
Branch if not equal to word/double word SNE W/D ND
Branch If not equal to zero BNEZ YW/D MH
Branch If not equal to zero part word BIEZP /D NG
Branch if not equal to byte BHEB MD
Branch {f not equal to zero hyte BHEZPR NH
Branch If less than or equal to unsigned BLE /0 KD
Branch if less than or equal to integer BLEl W/D ND
Branch If less than or equal to
floating point BLEF W/D NG

Branch if less than or equal to zero BLEZ /D MNH
Branch if less than or equal to byte BLEB - ND
Branch if less than unsigned ~ BLTU w/D.- HD
Branch if less than integer BLTI W/D ND
Branch if less than floating point BLTF /D KNG
Branch 1f less than zero BLTZ \!//D RH
Branch if less than zero relative BLTZR 1
Branch if less than byte BLTR ND'
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3.11.6 Unsigned Binary Arithmetic

The four baslic operations of arithmetic: add, subtract,
multiply, quotient, and also remainder of divislon, together
with the inverse operation for the non-commutative
operations: inverse subtract, inverse quotient, Inverse
remainder are provided.

These eight operations are available in a complete set
of operand selection modes, allowing register to register,
storage to register and register to storace operational
modes .

For each of the four baslc operations extended
instruction types provide faclilities for arithmetic of high
precision, These are available in a more limited number of

operand selection modes. Each instruction type Iis
implemented for both single and double word operands,
Unsigned arithmetic is equivalent to modulo (2 to the

power 32 or 6L) arithmetic, None of the operations can cause
overflow and hence the Z-hit will always be left undefined,

The carry bit, Y, has an important function in these
instructions because it provides a convenient means of
linking rmultiple operations tosether to provide very fast
high precision addition and subhtraction, The available

operatlions are listed in table 3,11,6,

Table 3.11.6 Unsigned Binary Arithmetlc Instructions

Title Mnemonic Format
Unstgned Add ADDU  W/D NA
Unsigned Add with Carry ADDYU W/D NC
Unstgned Subtract sSuBy  W/D NA
Unsigned Subtract with Carry SUBYU W/D NC
Inverse Unsigned Substract . 1SUBY /D NA
Unsigned Multiply MULU  W/D NA
Unsigned Multiply Extended MULXU W/D MJ
Unsigned Ouotient QuUoU  wW/D NA
Inverse Unsigned Quotient 1QUOU W/D NA
Unsigned Remainder . REMU W/D NA
Inverse Unsigned Remainder IRENMU W/D NA

Unsigned Division Extended DIVXU w/D NJ
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3.11.7 Integer Binary Arithmetic

The four basic operations of arithmetic : add, subtract,
multiply, quotient, and also remainder of division, together
with the Inverse operation for the nen-cormutative
operations: inverse subtract, inverse quotient, inverse
remainder are provided,

These eight operations are available in a complete set
of operand selection modes, allowing register to register,
storage to register and register to storage operational
modes. . .

For the operations add, subtract, and multiply extended
Instruction types provide facilities for arithmetic of high
precision. These are available in a more limited numher of

operand selection mocdes., Each  instruction type is
implemented for both single and double word operands,
Integer arithmetic provides for both npositive and

negative 31 bit and 63 bhit quantities. Negative quantities
are represented in two's complement form and as such will
have the leading bit one. Operations that cause the 31 hit
or 63 bit field to be exceeded will cause a binary linteger
overflow exception, or if the exception 1s masked, the Z hit
to he set to one. The carry bhit, Y, may also be set by these
Instructions but its setting is undefined.

Table 3.11.7.1 |Integer Blnary Arithmetic Instructions

Title Mnemontic Format
Integer Add ADD!  W/D NA
Integer Add with Carry ARDY! V/D NC
Integer Subtract suet w/n NA
Integer Subtract with Carry . supY!l W/D NC
Inverse Integer Subtract 1suet /o HA
Integer Multiply ULl V/D NA
Integer Multiply Extended . MULX1 W/D NJ
Integer Quotient Quotl /D NA
Inverse Integer Quotient tQuol v/n NA
Integer Remalinder REML /D NA
Inverse integer Remainder . IREMI W/D NA
Absolute Value Integer ABS! W/D NB
Negate Integer NEGI /D NB

3.11.8 Truncated Floating Point Arlthmetic

The = four basic operations of arithmetic are provided,
together with Inverse operations for the non-commutative
operations, Poth single and double word operands are
provided for and a large set of operand selection modes are
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provided,

In order to achieve proper sign control the negate
operation 1is provided, The absolute value of a floating
point operand can be obtained by wusing the RSETSIGN
instruction,

A1l operations expect and return normallzed fleating
point numbhers, or true zero. Operations on unnormalized
numbers or on nezative zero may entail a loss of precision,
but all instruction except negate (NEG) will still produce a
normalized or true zero result, All internal intermediate
results are carrled out to at least 7 hexadecimal digits for
single word (6 hexadecimal digit fraction) overands and to
at least 15 hexadecimal digits for double word (1h
hexadecimal digit fraction) operands, The final results
however are truncated again to 6 or 14 hexadecimal digits,

Table 3,11.8.1 lists the available instructions,

Table 3.11;8.1 Truncated Floating Point Instructions

Title Mnemonic Format
Add floating ADDE  W/D NB
Subtract floating SUBE /D N8
Inverse subtract floating ISUBE W/D NB
Multiply floating MULE W/D MB
Quotient floating QUOE wW/D NB
Inverse quotient floating I1QUOE W/D NB
Negate floating MEGE W/D NB

3.11.9 Rounded Floating Point Arithmetic

An ldentical set of Instructions for the four baslic
arithmetic operations exlsts which provides rounded results,
Rounding 1is achieved by taking the high order bit of the
hexadecimal digit that otherwise would be truncated, and
adding the value-of that bit to the low order position of
the absolute value of the result, .

An additional bit of significance Is carried In the

Intermediate calculations to insure correctness of the
leading bit of the guard digit,
A separate operation exists to shorten a rdouble word

floating point number to a single word floating point number
by rounding,
A1l these operations are listed in Table 3,11,9.1,
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Table 3.11.9.1 Rounded Floating Point Instructions

Title . Mnemonic Format
Add floating and round ADDF  W/D MB
Subtract floating and round SUBF W/D NB
Inverse subtract floating and round [ISUBF /D M
Multiply floating and round MULF  W/D B
Quotient floating and round QUOF VW/D NB
Inverse quotient floating round 1OUOF /D NB
Round floating "ROUNDF HJ

3,11.10 Decimal Arithmetic

The operations add and subtract for decimal operands are
directly implemented, The unsigned instruction can handle up
to 16 digits In a doubleword whereas the signed instructions
can handle a sign and up to 15 digits in a doubleword.
Through the use of the carry bit, Y, these operations are
easily combined to allow handlingz of decimal operands of any
length, .

A decimal digit occuples four bits and may have the
values from zero ( B'0000' ) to nine ( B'1001'). Negative
decimal operands are represented in tens complement notation
and hence will have the leading digit equal to nine (
B'1001' ). Signed decimal numbers must have a proper sign
diglt In the first position and the Signed Decimal Number of
-0 ( B'1001 0000 ...' ) s not valid, Invalid decimal
patterns will not be generated by decimal instruction
without causing an exception.

These decimal Integer instructions are listed in Table
3.11,10.1 ,

Other operations on decimal operands can be carried out
by using the decimal and binary - shift instructions, the
unsligned and signed compare Instructions, or the appropriate
binary instructions using the conversion instructions to and
from binary.
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Table 3,11.10,1 Decimal Arithmetic lInstructions

Title Mnemonic Format
Add base ten unsigned ADDTU W/D NC
Add with carry base ten unsigned ADDYTU w/n NC
Add base ten signed ADDTI1 W/D NC
Add with carry base ten signed ADDYTH Ww/D  NC
Subtract base ten unsigned SURTU W/D MC
Subtract with carry base ten

unsigned SUBYTU vi/D NC
Subtract base ten sligned SUBT! W/ NC
Subtract with carry base ten

signed ) SUBYTI W/n NC

3.11,11 Byte String Operatlons

Instructions that manipulate byte strings which may be up to
an entire segment long (0 to 2+**24) bytes are a feature of
the MASCOR 132, The length of the strings to be operated on
Is always set into the Ilteration counter before the
instructions can be wused, The iteration counter can be
loaded with values up to +/= (2*%31-1) ,

The instructions are all interruptible and the iteration
counter will provide information on how far the instruction
had progressed vhen Interrupted or terminated., Sequences of
compare  Instructions may be executed with a single sctting
of the lteration counter, Byte strings may be moved in
mermory hoth in forward and reverse order to avoid overlaying
of strings on themselves, These operations may also be
useful for moving data vectors of other data types. Byte
strings may also be loaded or stored from reglsters, in that
case the 0G4 registers are viewed as a byte addressed field
of 256 bytes length,

Compare Instructions exist both for the comparison of
bytestrings to each other and for the searching for specific
bytes in byte strings. In the first case only four hardware
functions are provided since the remaining two are
symmetrical to two of the provided ones, To manipulate
Individual bytes many Instructions are provided In the
preceding sections,

All  byte string operations are listed in Table
3,11.11,1, '
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Table 3,11.11,1 Byte String lInstructions

Title . Mnemonic Format
fove byte string lower in storage MSL NN
Move byte string higher in storage MSH MH
Load byte string Into registers LS NN
Store byte string from registers SS HH
Store byte Into bytestring SBS NN
Compare byte string equal to

byte string CEQS NN
Compare byte string not equal to

byte string . CMES NH
Compare byte string less than or

equal to byte string CLES NN
Compare bhyte string less than

byte string CLTS NN
Compare byte greater than

byte string CGTS8 HN
Compare byte greater than or

equal to byte string CGESB MY
Compare byte eaual to byte string CEQSB Mt
Compare byte not equal to

byte string CNESSB NN
Compare byte less than or equal to

byte string CLESB HH

Compare byte less than byte string CLTSB NN

3.11,12 Shift Instructions

Shift instruction which will fetch the contents of a
reglster or storage cell and deposit it shifted by 0 to 63
bit positions are provided. -

A1l shift instructions operate on both single and double
word operands and the amount of shift is always gliven in
terms of bit positions to he shifted. The shift count is
always taken modulo 68, )

Four types of shift are provided: unsigned or lozical
shifts, integer shifts and decimal shifts which provide
overflow indication or sign extension, and circular shifts.

Six bit count instruction allow searching for
consecutive zeros, ones, or bits equal to the first hit
encountered in a word or douhleword when scanning its bhits
form the left or right hand side,

The instructions are listed in Table 3.11.12,1,
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Table 3.11,12.1 Shift Instructions

Title Mnemonlic Format
Shift unsigned left SUL W/D ND
Shift unsigned right SUR W/D ND
Shift integer left SIL W/D ND
Shift integer right SIR W/D ND
Shift circular left SCL v/D ND
Shift decimal left STL W/D ND
Shift decimal right STR VI/D ND
Count left bits equal zero CTLEQZ W/D NG
Count right bits equal zero CTREQZ W/D NG
Count left bits not equal zero CTLNEZ W/D NG
Count right bits not equal zero CTRNEZ W/D NG
Count left hits equal CTLEQ W/D NG
Count right bits equal : CTREQ W/D NG

3.11.13 Convert Instructlions

A complete set of instructions to convert single and double
word floating point values to unsligned or signed binary
integers and vice versa is provided, This includes rounded
operations to preserve the maximum precislon possible when
converting to floating point. All floating point numbers
generated will be properiy normalized or true zero,

Both unsigned and signed deciral values may be converted
te their binary counterparts using single word precision,

Table 3,11,13,1 Convert instructions

Title Mnemonlic Format
Convert unsigned to floating truncated CVRUE VW//D NJ
Convert unsigned to fleocating rounded CVRUF W/D NJ
Convert unsigned to decimal CVRUT NJ
Convert integer to floating truncated CVRIE W/D NJ
Convert integer to floating rounded CVRIF W/D MNJ
Convert Integer to decimal . CVRIT NJ
Convert floating to unsigned CVRFU W/D NJ
Convert floating to signed CVRFI ¥/D NJ
Convert decimal to unsigned CVRTU NJ

Convert decimal to Integer CVRTI NJ
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3.11.14 Privilezed CPU Control lInstructions

To control the CPU of the MASCOR 132 system four sets of
registers must be controlled.

To achieve this control, instructicns to sect and to read
the control vector, to set the program status block, to set
and to read the system control registers, and to sect and
read the scgnent registers are provided, The instructions
that refer to the system control registers have both single
word and double word capabilities,

A WAIT instruction is provided which causes the system
to enter a state where no processing takes place untill an
interrupt causes a statusswitch., instructions are listed in
Table 3.11.14.1,

Table 3.11.14.1 Privileged CPU Control Instructions

Title linemonic Format
Set control vector SETCV HL
Get control vector GETCV HL
Set program status block SETPSE tL
Wait WALT HO
Set system control reglsters SETSCR W/D K
OR into system control register ORSCR  W/D NK
AND into system control register ANDSCR /D HK
Get system control registers GETSCR /D HNK
Set address match register SETANR [
Get address match register GETANK ~ NL
Get real time clock GETRTC NL
Set segment registers SETSCGR NL
Get scgment registers ) GETSGR HL
Set segment register group SETSGRG NL
Get segment register group . GETSCRG NL

3,11.15 Privilezed Primary Storage System
Control Instructions

To control the primary storage system of the MASCOR 132, the
CPU has the capability to set up, search, and invalidate
entries in the PSS directory and its corresponding high
speed directory, and release information from the buffer
back into main storage. An additional operation provides
access to the hashing functicn vhich is used by the PSS to
translate the page identification field of the system
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virtual address to pointer into the PSS directory,

The instructions provided to carry out these functions
are listed in Table 3.11.15.1.

Table 3.11,15.1 Privileged Primary Storage System
Control Instructions

Title Mnemonics - Format
Set PSS directory registers SETPSS NL
Search PSS directory SRCHPSD NL
Invalidate high speed PSD entry IHSDE NL
Invalidate high speed directory {HSD NO
Hash high order part of address HASH NL
lelease page now in buffer RELPACE NL
Release segment from buffer RELSEG NL
Release buffer RELBUF NO

3,11.16 1nput/Output Control Operations

In order to control the flow of data that can move between
the primary storage sub-system and the high speed secondary
storage units, the standard input/output channels, and the
peripheral processing units instructions are provided which

will allow reading and writing of control words, the
signalling of the presence of control words, and the masking
to prevent or enable interruptions due to such signalling.

These instructions are listed in Table 3,11,16.1.

Table 3.11.16.1 Input Output Control Operations

Title . Mnemonic Format

Set External Signal Mask Register SETESMR  NK
Get External Signal liask Register GETESMR  NK
Output into External Signal Register,

or QUTSOR NK
Output into External Signal Register,

and OUTSAND NK
Control lnput Signal Line Group CONSLG NK
Input External \lord INEXY NK

Output External Vord © QUTEX!Y NK
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HIGH SPEED SECONDARY STORAGE UNIT
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4.1 INTRODUCTION

The High Speed Secondary Storage Unit (HSSSU) provides the
system with a secondary storage unit with a high access rate
and a high transfer rate.

The HSSSU caen be physically implemented either as a
magnetic drum or as a fixed head magnetic disk.

'

The HSSSU has two basic interfaces:

1. the control interface .
2. the primary storage subsystem interface

The control interface connects the HSSSU to general purpose
processors which are responsible for initiating unit
operations, and for accepting notification of the completion
of such operations.

The PSS interface is used for three distinct purposes:

1. the transfer of data to and from the PSS;

2. the transfer of wunit commands from the PSS to the
unit; unit commands determine the actual function
performed by the unit,

3. the transfer of unit status information from the unit
to the P3S, normally at completion of an operation,

The typical wunit operation is initiated by a start signal
received through the control interface. The unit will then
execute a set of one or more unit commands which will be
fetched through the PSS interface. Upon completion of the
last command the HSSSU will store its status back in the PSS
and then stop, waiting for a new start signal.

Each HSSSU has the capability to support more than one
set of control interface lines and more than one set of PSS
interface lines (see Figure 4.,1,1).

The operation of the HSSSU is determined by its control
registers, the functions associated with the control
interface, the sequencing of commands and the functions
associated with each command. The following sections will
describe such functions in detail,
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4,2 CONTROL REGISTERS

Associated with each HSSSU there are four unit control
registers, namely the Standard Control Path Register (SCPR),
the Unit Command Path Register (UCPR), the Unit Status

Address Register (USAR) and the Unit Command Address

Register (UCAR).

4,2,1 Standard Control Path Register

The Standard Control Path Register (SCPR) is 4 bits wide and
determines which standard control interface path (see
Section 4.4) is active., An HSSSU can have up to 1€ standard
control interface paths.

At any given time the HSSSU will respond to standard
control signals only if they are coming through the active
standard control interface and will only send signals
through said interface.

The SCPR can only be set in conjunction with a unit

reset signal (see Section 4.4).

4,2.2 Unit Command Path Register

The Unit Command Path Register (UCPR) is L4 bits wide and
determines which primary storage subsystem interface path is
active. An HSSSU can have up to 16 primary storage subsystem
interface paths.

At any given time all unit commands are fetched by the
unit through the PSS interface selected by the UCPR, The
storing of the unit status is also performed through this
interface. ’

In addition, the fetching and storing of the key field
(see Section 4.3) will also always be done through the same
interface.

The UCPR can only be set in conjunction with a unit
reset signal.

L,2,3 Unit Status Address Register

The Unit Status Address Register (USAR) is 40 bits wide and
determines the system virtual address at which the unit
status will be stored whenever nrecessary. The low order 5
bits of the address are assumed to be zero. The address will
be called the Unit Status Address (USA).

The USAR can be set by executing a Setup unit command.

4,2, Unit Command Address Register

The Unit Command Address Register (UCAR) is 40 bits wide and
determines the system virtual address from which the next
unit command will be fetched. The low order 4 bits of the




11/18/70

MASCOR 132 Reference HManual L,2-2

address are assumed to be zero., The address will be called
the Unit Command Address (UCA).

The UCAR is set in conjunction with a Start signal to
the value of the USAR plus 32, The UCAR can be set to a new
value by executing a Transfer command within a sequence of
unit commands.,

The UCAR is incremented by 16 on every command fetch.
The incrementation is done without a carry from bit position
16 into bit position 15, 1i.e., the low order 24 bits of the
UCA are incremented by 16 modulo 2#**2U4,
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4.3 ORGANIZATION

Each HSSSU consists of a number of modules, each module
consists of a number of sectors. Each module within a unit
has the same number of sectors,

The number of modules per unit and the number of sectors
per module may vary from one HSSSU model to another,

At any given time, data transfers between a primary
storage subsystem and a HSSSU can occur only to or from a
selected sector in a selected module, Switches from one
sector to another can only occur on sector boundaries.

Each sector consists of two areas:

a. an 8-word key area,

b. a (2*xn)*64 word data area (where n is a function of
the particular HSSSU model).

In other words, each sector contains a fixed length key and
a fixed binary power of 64 word data paragraphs.
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4.4 HSSSU STATES

The HSSSU is at any given time in one of five possible
states, namely halted, reset, free, busy, or status pending.

The halted state is entered at the end of the power on
sequence, whenever a hardware malfunction is detected or
whenever a primary storage subsystem exception occurs while
the unit is attempting to store the unit status (see Section
k.7). The halted state can only be left wupon receiving a

unit reset signal., While in the halted state the unit will
* perform no normal activities although it will be available
for the execution of certain maintenance functions,

The reset state is entered upon the receipt of a unit
reset signal at the end of the reset procedure (see Section
4%.8). The reset state can only be left upon receiving a
start or stop signal.

If the unit becomes ready while In the reset state, the
condition will remain pending until the unit becomes free,

The free state is entered upon completion of a status
storing operation not associated with the PCl flag (see
Section 4.6).

The husy state is entered upon receipt of a start signal
(whenever in the free or reset state) or whenever the unit
becomes ready (while in the free state). The unit is in the
busy state while seeking for the sector to which.a command
Is directed and while actually performing the transfer to or
from that sector., The busy state is left upon normal
completion of a command whose stop flag is on or upon any
abnormal occurrence which requires termination of the
command,

The status pending state is entered whenever the unit
attempts to store the unit status and finds that a previous
status storing operation has not yet been acknowledged. The
status pending state is left upon receiving the acknowledge
signal for the processor notification line.
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4.5 COMTROL INTERFACE

The control interface consists of two distinct sets of
lines, namely the master control. lines and the standard
control lines.

There is only one set of master control lines for each
HSSSU.,

There are up to 16 sets of standard control lines, Only
one set is active at any given time as determined by the
standard control path register (see Section 4.2),

Control lines can be of one of three types, data, input
or output.

Data lines are used to set certain unit registers in
conjunction with an incoming signal on an input line,

Input lines are used to transmit signals from an
external source to the unit., Associated with each input lire
there is an acknowledge line used by the unit to communicate
to the external source acknouledgement of an input signal,
An input signal is detected whenever the input line is set
to 1. To acknowledge an input signal means to set to 1 the
corresponding acknowledge line, Vhenever the input line is
set to zero by an external source, the correspcnding
acknowledge line is also set to zero.

OQutput lines are used to trensnit signals from the unit
to an external device. Associated with each output line
there is an acknowledge line used by the external device to
communicate to the unit acknovledgement of the output
signal. An output signal is generated by setting the output
line to 1, The external device will acknowledge the signal
by setting the acknowledge line to 1. ‘Vhenever such
acknowledgement occurs the output line is reset to zero by
the unit,

In the definition of each control line we will indicate
in parentheses if the line is a data, input or output line.

k,5,1 Master Control lines

There are 10 master control lines, the unit reset line
(input), the four control path reset linec (data), the four
command path reset lines (data), and the unit check line
(output),

. The master control lines are permanently connected to
the System lMonitor Unit (See Chapter 9). Through unit reset
procedures it specifies which processor is in control of the
unit operations and from which PSS the unit commands are
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fetched,

Whenever a unit reset signal is detected, the unit reset
procedure is executed  (see Section 4.,8)., Such a procedure
resets the unit to a known, "quiescent'" state. As part of
the procedure the standard control path register is set to
the value represented by the state of the four control path
reset lines and the unit command path register is set to the
value represented by the state of the four command path
reset lines.

This is the only procedure by which the active control
path and the active command path can be modified.

The unit check line is used to notify the System Monitor
Unit of the occurrence of a hardware malfunction in the
unit.

4L.,5.2 Standard Control Llines

Each set of standard control lines consists of three control
lines, namely the start line (input), the stop line (input),
and the processor notification line (output).

The start signal directs the unit to start execution of
a sequence of unit commands.

The stop signal directs the unit to abort the current
command and terminate the command sequence.

The processor notification signal is issued by the HSSSU
Iin conjunction with the storing of the unit status (see
Section L.,7). Section 4,8 will discuss in more detall the
procedures associated with all control lines.
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4.6 UNIT COIMMANDS

Operations on a HSSSU are initiated by the detection of the
start signal. |If a previously initiated operation ‘is in
progress at the time the start line is set to 1, the start
signal will remain pending until the unit becomes free,

The start signal is acknowledged either as soon as the
first unit command has been successfully fetched or bhefore
the status storing procedure is initiated if an error
occurs,

Upon detection of the start signal the unit cormmand
address (UCA) is set to the value of the unit status address
plus 32; i.e., it is set to point to the next higher 32-byte
block. Normal operation is then initiated.

For each occurrence of the start signal the unit
executes a sequence of unit commands consisting of commands
whose stop flag (see Section 4.6,1) is off.

Each unit command is fetched by the HSSSU from the
primary storage subsystem selected by the unit command path
register., Commands are in the form of Unit Command Quadwords
(UCQ) which have the format of Figure 4,6.1,
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o e e e e e e e e e e e +
| PSF | CHND | BLKADDR |
4 e e o e e e o e e e e e e e e e e +
0 34 78 31
e m e m e, e — e m— e ——————————— e mm———————— +
| FLAGS | CADISPL |
o m e e r e ———— — . ———————————————————————— +
0 78 31
dmmmm e m e, ———— B e T e m e —— e —————————— +
| CASEGID | PARCOUNT |
R e ke hated R itttk +
0 15 16 31
o e e s e e e e e e +
| DASEGID | DAPARID |
o en e n e o @0 e n . - e e e e e O e - e e 0 e e e . e e e ey S e e e o G e +
] 15 16 31
Word Bits Field Name Field Symbol
0 0-3 Path Selection Field PSF
=7 Command Field ) CHMND
1 0-7 Flag Field FLAGS
0 Program Control Interrupt PCI
1 Stop sTOP
2-7 Undefined
8-31 Control Address displacement CADISPL
2 0-16 Control Address Segment ldentifler CASEGID
16-31 Paragraph Count PARCOUNMT
3 0-15 Data Adress Segment ldentifier DASEGID

16-31 Data Address Paragraph ldentifier DAPARID

Figure 4.6.1 HSSS Unit Command Quadword

The Path Selection Field (PSF) determines which primary
storage subsystem data path, out of 16 possible, has to be
used for the data transfer associated with the command. Such
selection is totally independent from the path selected for
unit command fetching, unit status storing, and key fetching
and storing (which is determined by the unit command path
register).

The Command Code field (CMND) identifies the type of
operation to be performed,
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The Block Address field (BLKACDR) identifies the module,
sector and paragraph address within a sector at which the
operation must initiate. The last n bits of the block
address identify the paragraph within the sector (see
Section 4.3 on the HSSSU organization). The high order 2u4-n
bits identify the mocdule and sector according to a mocel
dependent encoding.

The Control Address Segment !cdentifier (CASEGID) and the
Control Address Displacement (CADISPL) form a system virtual
address identifying a data area for the key or a new value
for unit status or command address registers.

The Data Address Segmnent !dentifier (DASFGID) and the
Data Address Paragraph lIdentifier (DAPARID) form the high
order 32 bits of the system virtual address identifying e
data area. The low order 8 bits of the address are assumed
to be zero.

The Paragraph Count (PARCOUNT) determines the number of
paragraphs (i.e., 64 word blocks) to be transferred.

4.6.1 Unit Command Flags

The unit command flags (bits 0-7 of word 1 of the UCQ)
permit modification of the basic operations associated with
each command. Each flag is generally interpreted in the samec
way in each command for which it is meaningful; in some
commands certain flags are ignored. )

Table 4.6.1,1 provides the list of the defined flags,
Bit positions to which no meaning has been assigned should
be set to zero in order to guarantee compatibility with
possible future additions.

‘Table 4.,6,1.1., Unit Command Flags.

Bit Flag Name . Flag Symbol
0 Program Controlled Interrupt PCI

1 Null Data Transfer NDT

2 Stop sTOP
3-7 -

The Program _Controlled Interrupt flag (PCl) is used to
notify the processor controlling the HSSSU that a speccified
point in the command sequence has been reached, \thenever the
PCl flag is on in the active command, the status storing
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procedure Is executed before initiating execution of the
command,

The effect of the Null_ Data Tranhsfer flag (NDT) is a
function of the direction of the data transfer associated
with the command. It only affects the handling of the data
proper, not the transfer of the key.

\lhen the NDT is associated with a read command, data
transfer will be suppressed if the flag is on. \hen it is
associated with a write command, all zero data will be
stored in the appropriate sectors when the flag is on,

vthen the stop flag (STOP) is off it Indicates that the
next sequential unit command must be executed. In that case,
no status storing takes place upon normal completion of the

operation. If the stop flag is on, status is stored and the
command sequence is terminated upon completion of the
command,

4.6.2 Command Codes

The HSSSU recognizes seven commands whose codes are given In
Table 4.6.2.1,

Table 4.6.2,1, Command Codes.

Code Command

0001 Setup

0011 No operation
0100 Read

0101 VWirite

0110 Seek

0111 Transfer

A1l other codes are lInvalid.

4.,6.3 Setup Command

In the Setup command the path selection field, the block
address, the paragraph count and the data address fields are
ignored. The HDT flag does not apply. .

The Setup command resets the unit status address
register to the value specified by the control address
fields. The low order 5 bits of the displacement are ignored
and assumed to be zero. .

No data transfer takes place. The command is considered
completed as soon as the USAR is set to the new value.
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If an exception occurs during execution of a setup
command, status will be stored at the old value of the unit
status address.

4,6.4 No Operation Command

In the No Operation cominand all fields are ignored with the
exception of the PCl! and STOP flags which are interpreted
normally.

No data transfer takes place. The command is considered
completed as so as it is decoded,

4.6.5 Read Command

The Read command is used to transfer data from the HSSSU to
the primary storage subsystem. The Read command will operate
as follows:

1. Upon reaching the sector identified by the block
address, eight words of data will be transferred fron
Its key area to the control address referenced in the
UCQ (relative to the primary storaze suhsystem
selected by the unit command path register). The low
order 5 bits of the control address will be ignored by
the HSSSU but are not assumed to be zero.

2, Data transfer from the HSSSU to the PSS will start
from the paragraph identified by the blockaddress in
the HSSSU and move data starting at the data address
into the PSS,

3. If the end of sector is reached before the block count
is exhausted, the contents of the key area of the next
sector are checked for being all zeroes. If they are
not, the data specification flag in the unit status
will be set; data transfer will in any case proceed
from the first paragraph in that sector. The procedure
is repeated if necessary until the paragraph count is
exhausted. . '

4k, VWhen the paragraph count is exhausted, data transfer
is terminated.

In the process of transferring data, the HSSSU will
collect information which will determine at the end of each
sector, if any detectable errors have occurred. A data error
exception will occur if such an error is detected. Data
transfer and command sequencing are immediately terminated.
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4,6.6 Write Command

The Write cormand is used to transfer data from the primary
storage subsystem to the HSSSU., The write command will
operate as follows:

1. Upon reaching the sector identified by the block
address, eight words of data are transferred from the
control address referenced by the UCQ (relative to the
primary storage subsystem selected by the unit command
register) to the Kkey area of that sector, The low
order 5 bits of the control address will be ignored by
the 1SSSU, but are not assumed to be zero.

2. Data transfer from the PSS to the HSSSU will start
from the data address in the PSS and move data
starting at the paragraph identified by the block
address into the HSSSU.

3, If the end of sector is reached before the paragraph
count is exhausted, the contents of the key area of
the next sector are set to all zeroes; data transfer
will then proceed to the first paragraph In that
sector. The procecure is repeated as necessary until
the paragraph count is exhausted.

4, \When the paragraph count Is exhausted data transfer Is
terminated.

5. Zeroes are stored in the remaining paragraphs of the
last referenced sector; upon reaching the next end of
sector the command is considered completed,.

In the process of transferring data, the HSSSU will
construct information which will be stored with the data for
purpose of error detection at read time,

4.6.7 Seek Command

In the Seek command, the control address fields, the
paragraph count and the data address are lIgnored. The NDT
flag does not apply.

The Seek command will set the unit in the seek state
(BUSY) until the end of sector of the sector selected by the
block address is reached., At that point the command is
considered completed.
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4.6.8 JIransfer Command

In the Transfer command the block . address, the paragraph
count, and the data address fields are ignored. The NDT flag

does not apply. The STOP flag is ignored.

The Transfer command resets the value of the unit
command address to the value of the control address. The low
order 4 bits are ignored and assumed to be zero.

The Transfer command is considered completed as soon as

the new value has been set in the UCAR,

If an exception occurs during
Transfer command, the command address
will point to the location following the
not to the location pointed to by the
itself,

the execution of a
in the unit status
Transfer command,
Transfer command
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4,7 UNIT STATUS

Upon termination (either normal or abnormal) of a sequence
of commands, upon detection of the PCl! flag being set to 1
in the active cormand or whenever the unit becomes ready,
the unit will attempt to store the unit status at the unit
status address., The unit status consists of eight words, the
Unit Status Double Quadword (USDQ) and its format is given
in Figure 4,7.1.

e r e m e ——— e e m——,———— e ———————————————————— +
| STSTATUS |
e e Rt T T +
0 31
e mrm e e m e —m e e e, —————————— +
RN PARCOUNT !
e m e — e — — e e - - - +
0 11 12 31
do e e e rm e r e m e e m e mm e e e r———————— +
i CASEGID | 11111111111117117 |
o = e e e e e o e e e e +
0 15 16 31
F e e e e e +
V17117111 ) CADISPL |
B D e et e el L T R P +
0 78 31
ettt etttk et +
| EXSTATUS |
rmmmm———— e m—nm———-—— +
| |
frmmmm———. . eememesmese—— +
| |
trmmm——— - ——mrem—n—- -+
| |
L e D e e L +
0 31
Word Bits Field Name Field Symbol
0 0-31 Standard Status STSTATUS
1 12-31 Residual Paragraph Count PARCOUNT
2 0-15 Command Address Segment ldentifier CASEGID
3 8-24 Command Address Displacement CADISPL
L-7 0-31 Extended Status EXSTATUS

Figure 4,7.,1 Unit Status Double Quadword Area
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The Extended Status field (EXSTATUS) is non-zero only
when certain unusual conditions occur. The contents of the
extended status field arc not precdeternined but are a
function of the specific HSSSU model,

Upon storing the USQ the HSSSU will, however, set to
zero the four-word locations following the USQ whenever such
conditions do not apply.

The Standard Status field (STSTATUS) consists of a
number of single bit fields identifying in detail the
conditions which determined the storing of -the unit status.

The Residual Parasraph Count field (PARCOUNMNT) is
meaningful only when the status is stored in conjunction
with the completion of a command sequence and indicates the
number of unused paragraphs in the data area identified by
the last unit command. The residual paragraph count will
always be zero upon normal completion.

The Command Address Segment ldentifier (CASEGID) and the
Command Address Displacement (CADISPL) form the system
virtual address which is 16 higher than the address of the
last command whose execution has been initiated.

VWlhenever a condition occurs which requires the storing
of the  unit status, the unit checks the processor
notification 1line to determine if the previous status has
been acknowledged, |If not (i.e., the processor notification
line is still on) the unit enters the status pending state,
As soon as such acknowledgement is rececived, the unit will
continue with the regular procedure,.

If the processor notification line is down, the status
is stored at the unit status address and then the processor
notification line is set to 1. |If the status storing
procedure was triggered by any occurrence other than the
detection of the PCl flag being set to 1, the unit is set to
the free state, If the status storing operation was
triggered by .the PCl flag, the unit will proceed to the
execution of the active command,

4,7.1 Standard Status

The format of the standard status fleld is given in Table
4,7.1.1. ’
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Table 4,7,1.1, Standard Status,

Bit Field Name Fleld Symbol

0 Program Controlled Interrupt PCl

1 Status Pending Entered SPEN

2 Unit Ready URD

3 Unit Not Ready UNRD

[ Invalid Command 1 CMND

5 Invalid Command Address ICA

6 invalid Key or Data Address I KD

7 Read Only Key or Data Address , ROKD

8 Corrected Fetch Error CFE

9 STOP FLAG STFL
10 Data Transfer Overrun DTO
11 Data Specification (MNon-Zero Key Detected) DSP
12 Data Error DERR
13 Stop Signal STOP
14 Device Synchronization Lost DSL

The Program Controlled Interrupt (PCl) flag Is set to 1
whenever the status storing was caused by the setting of the
PCl flag in thc unit command.

The Status Pendinz  Entered (SPEN) flag is set to 1
whenever the status storing operation was delayed due to the
lack of acknowledgement of a previous status storing
operation, '

The Unit Ready (URD) flag Is set to 1 whenever the unlit
completes the power on sequence and it 1Is ‘ready for
operation, The status storling operation In this case Is not
associated with any unit command and the command address
field in the unit status is undefined,

The Unit Mot Ready (UNRD) flag is set to 1 In response
to any command except the Setup Command whenever the unit is
not in the ready status.

The Invalid Command (ICHMMD) flag is set to 1 whenever an
incorrect command field specification or an invalid BLKADDR
is detected.

The lnvalid Command Address (ICA) is set to 1 wheneveran
invalid system virtual address Is detected by the channel
while attempting to fetch a command.

The lnvalid Key or Data Address (IKD) is set to 1
vhenever an invalid address is detected while attempting to
access the PSS for Key or Data,
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The Read Only Key or Data (ROKD) is set to 1 whenever
the Read Only State is associated with the PSS Key or Data
Area, This exception can occur only-in conjunction uith the
READ conmand.

The Corrected Fetch Error (CFE) is set to 1 whenever a
correctable error has been detected and corrected in the
process of fetching UCQ's, Keys or Data.

The STOP_FLAG (STFL) is set to 1 whenever the status
storing was due to detection of the STOP FLAG in the UCQO.

The Data Transfer Overrun (DTO) is set to 1 whenever the
PSS can not keep up with the transfer of data to or from the
Device.

The Data Specification (DSP) flag is set to 1 whenever a
non-zero key is detected in the process of transferring data
to the PSS.

The Data Error (DERR) flag is set to 1 whenever an error
in the data stored in the HSSSU has been detected., In this
case the Extended Status (EXSTATUS) portion of the unit
status will contain additional model dependent information.

The Stop Signal (STOP) flag is set to 1 whenever the
status storing was due to detection of a signal on the stop
line.

The Device Synchronization Lost (DSL) is set to 1
whenever the HSSSU is discovered to have 1lost track of the
orientation of the device. Orientation will be

re-established when the device next passes its origin point.
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STANDARD INPUT/OUTPUT CHANNEL
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5.1 INTRORUCTION

The Standard Input/Output Channel (S!10C) provides the
means for the transfer of data between a large variety of
storage and input/output devices on one hand and primary
subsystems on the other.

The S10C device interface is compatible with the one
accepted by a large number of the most popular devices,

The 1list of devices which can be attached to the S10C
includes drums, fixed head disk drives, movable head disk’
drives, mass storage devices using optically and
magnetically coded strips, tape drives, line printers, card
read/punch units, microfila printers, OCR devices, etc.

The SluC is a special purpose processor with two basic
funcrions, namely:

1. to implement the controlled transfer of data between a
primary storage subsysten and a device;

2. to control certain functions internal to the devices
thewselves,

The S10C has three basic interfaces:
1. the control interface

2. the priwary storage subsystem Interface
3. the external (device) interface.

The control interface connects the SI10C to a general
purpose processor which is responsitle for Initiating
channel operations and for accepting notification of the

completion of channel operations.,
The PSS interface is used for three distinct purposes:
1. the transfer of data to and from the PSS;
2. the transfer of channel commands from the PSS to the

channel; channel cormands determine the actual
function performed by the channel;

3. the transfer of channel _status information from the
channel to the PSS, normally at completion of an
operation. ’
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The external interface is used to transfer deta to and
from the external devices.

The typical channel operation is initiated by a start
signal received through the control interface. The channel
will then execute a channel progranm consisting of ore or
more channel commands which will be fetched through the PSS
interface. Upon completion of the last corwiand the channel
will store its status back in the PSS and then stop, wvaiting
for a new start signal.

Each S10C channel has the capability to support nore

than one set of control interface 1lines and rmore than one
set of PSS interface lines. In addition the external
interface can be nultiplexed among many external devices.

(See Figure 5.1.1,)

Because of the necessity of controlling internal
functions of the devices (e.g., tape revind, track seck,
etc,) an appreciable portion of a typical channel program
execution tiwme is spent without any transfer of data taking
place.

In order to use the channel resources nore effectively
the S1UC is therefore organized in such a way as to maintain
control simultancously over a number of channel programs
(provided they address distinct devices). Only one such
channel progran, however, may be trensferring data at any
given time.

This "block nmultiplexor" organization allows the S10C to
multiplex its data transfer capability among many devices on
a "block" or "record" basis.

In order to support this function the SIOC Is organizaed
as a collection of subchannels. The number of subcharnels
within a SluC is a function of the particular model., Each
subchannel can support one channel progran.

The operation of the SI0C is determined by its control
registers, the functions associated with the control
interface, the sequencing of coumands and the functions
associated with each command. The follouing sections will
describe such functions in detail.
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5.2 CONTROL REGISTERS

Associated with each SI0C there are two channel control
registers, namely the Standard Control Path fRegzister (SCPR)
and the Channel Command Path Register (CCPR) which affect
the channel as a whole.

In addition associated with each subchannel there are

three subchannel control registers, nemely the Subchannel

Unit Address Register (SUAR), the Subchannel Status Address

Register (SsSAk) and the Subchannel Command Address Register
(ScAl); they only affect the operction of the specific
subchannel.

5.2.1 Standard Control Path Reglister

The Standard Control Path Register (SCPR) is 4 bits wice
and determrines which, out of possibly 16, stardard control
interface path is active (see Section 5.4). active.

At any given time the channel will respond to standard
control signals only if they are coming through the active
standard control interface and will only send signals
through said interface. The SCPR can only be set in
conjunction with a channel resct signal (see Section 5.4).

5.2.2 Channel Command Path Register

The Channel Command Path Register (CCPR) is U4 bits wide
and determines which, out of possibly 16, primary storage
subsystem interface path is active.

At any given time all channel cormmands are fetched by
the channel through the primary storage subsystem interface
selected by the CCPR. In addition, the storing of the
channel status is also performed throuzh said interface. -

The CCPR can only be set in conjunction with a channel
reset signal,

5.2.3 Subchannel Unit Address Register

The Subchannel Unit Address Register (SUAR) is 16 bits
wide and will contain the address of the unit to which the
given subchannel is presently connected (if any),
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The SUAR can be set by executing a Select cowmand withln
a channel program, :

5.2.4 Subchannel Status Address Recister

The Subchannel Status Address Register (SSAR) is 40 bits
wide and determines the system virtual address at vhich the
channel status will be saved whenever necessary. The low
order four bits of the address are assumed to be zero. Such
address will be called the Subchannel Status Address (SSA).

The SSAR can be set by executing a Setup command within
a channel program.

5.2.5 Subchannel Command Address Register

The Subchannel Commiand Address Register (SCAR) is 4O
bits wide and determines the system virtual address from
which the next channel command for that subchannel nust be
fetched., The low order four bits of the address are assumed
to be zero. Such address will be called the Subchannel
Cormand Address (SCA).

The SCAR is initially set to the valuc of the SSAR plus
16. The SCAR can be sct to a new value by executing either a
Select or Transfer in_ Channel commancd within a channel
program,

The SCAR is incremented by 16 on every command fetch.
The incrementation is done without a carry from blit position
16 into bit position 15, 1i.e., the low order 24 bits of the
SCA are incremented modulo 2x%24,
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5.3 STATES AND CONTROL FLAGS

The channel as a whole and each subchannel can be in a
number of basic states. In addition the setting of certain
control flags will also determine the operation of the
channel,

The channel is in active state whenever the execution of
a channel command has been initiated and the channel end
condition (see Section 5.6) for that command has not yet
-been detected. The command in progress will be labeled the

~active comiwand, Such command must belong to a channel
program associated with one subchannel. That sultchannel is
called the active subchannel. Associated with the active

cormand there is the active channel status. (See Section
5.6.)

The channel will enter the status pending state
whenever, upon attempting to store the channel status, it
finds that a previous status storing operation has not yet
been acknowledged (see Section 5.4).

The channel will enter the halted state whenever 2
hardwvare malfunction is detected or a primary storage
subsystem exception occurs while atteipting to store the

channel status.

IT the channel is not in any of the previous states, the
channel is said to be available.

A subchannel is free whenever there is no channel
program in progress associoted with that subchannel.
Otherwise the subchannel is busy, )

Associated with each subchannel there is a skip state
flag which is set upon completion of a command according to
the setting of the skip control flag in the command and the
value of the status modifier bit (see Sections 5.5 and 5.6),
The skip state flag is used in controlling channel command
sequencing. The skip state flag is reset to zero at the end
of a command chain (see Section 5.5).
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5.4 CUNTRUL INTEKFACE

The control interface consists of two distinct sets of
lines, nanely th master control lines and the standard
control lines,

There is only one set of master control lines for each
Sstuc. They control the channel as a whole and they are not
associated with any specific control path or subchannel.

There are up to 16 sets of standard control lines. Only
one set is active at any given time as determined by the
standard control path register (sece Section 5,2),

Control lines can be of one of three types: data, JInput
or output,

Data lines are used to set certain channel registers, in
conjunction with an incoming signal on an input line.

Input lines are used to transmit signals from an
external source to the channel, Associated with each input
line . there is an acknowledge line used by the channel to
convaunicate to the external source acknowledgment of an
input signal, An input signal is detected whenever the input
line is set to 1. To acknowledge an input signal means to
set to 1 the corresponding acknowledge line., Whenever the

input line is set to zero by an external source, - its
corresponding acknowledge line is also sct to zero.
Qutput lines are used to transmit signals from the

channel to an external device. Associated with each output
line there is an acknowledge 1line used by the external
device to communicate to the channel acknowledgement of the
output signal. An output signal is generated by setting the
output line to 1. The external <device will ackrowledge the
signal by setting the acknowledge 1line to 1., whenever such
acknowledgement occurs, the output line is reset to zero by
the channel. .

In the definit

ion of each control line we will indicate
in parentheses if the 1

ine is data, input or output line,

5.4,1 llaster Control lines

There are 10 master control lines: the channel reset
Jine (input), the four control path reset lines (data), the
four cormand path reset lines (data) and the channel check
line (output),
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The master control lines are permanently connected to
the System Monitor Unit (SHU) (see Chapter 9), Thkrough
channel reset procedures it specifies which processor is
controlling the channel operations and from which PSS the
channel commands are to be fetched.

Whenever a channel reset signal Is detected, the channel
reset procedure is executed (see Section 5.6). Such
procedure resets the channel and all the devices attached to
it to a known, ‘"quiescent'" state. As part of the procedure
the standard control path register is set to the value
represented by the state of the four control path reset
lines and the channel conmand path register is set to the
value represented by the state of the four command path
reset lines.

This is the only procedure by which the active control
path and the active command path can be modified.

The channel check line is used to notify the System

Monitor Unit of the occurrence of a hardware malfunction in
the channel.

5.4.2 Standard Control Lines

Each set of standard control lines consists of three
control lines per subchannel. In other words if there arec 12
subchannels associated with a given channel each set of
standard control lines will consist of 36 control lines.

The three lines associated with each subchannel are the
subchannel start 1line (input), the subcliannel _stop line
(input) and the processor notification line (output).

The subchannel start signal directs the subchannel to
start execution of a channel program.

The subchannel stop signal directs the subchannel to
abort the current command and terminate the channel progrom.

The processor notification signal is issued by the
channel in conjunction with the storing of the channel
status (see Section 5.6). ’
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5.5 CHANNEL COMIMANDS AND CHANNEL PROGRANMS

Operations on a subchannel are initiated by the
detection of the start signal for that subchannel., If a
previously initiated operation on that subchannel is in
progress at the time the subchannel start line is set to 1,
the start signal will remain pending until the subchannel
becomes free.

The subchannel start signal is acknowledged as soon as
the channel has fetched the first channel command quadword
(sce below).

Upon detection of the start signal the subchannel
command address register (SCAR) is set to the value of the
subchannel status address register plus 16, i.e., it is set
to point to the next higher 16_byte Dblock (quadword) and
norimal operation is initiated.

For each occurrence of the start signal the subchannel
executes & full channel program. A channel program consists
of one or more gonmand _chains, each chaln consisting of one
or more channel conmands.,

Commands belonging to the same chain are connected by
either data chaining or command chaining as determined by
the flags in each commiand (see Section 5.5.1). Each command

chain must start with a Selcct or Setup command;
furcthermore, 1f the comiwand is a Setup command it must be

the only conmand in the chain,

Each = channel coinmand is fetched by the S10C from the
primary storage subsystem selected by the channel command
path register. Cormands are in the form of Channel Command

Quedvords (CCQ) which have the format of Figure 5.5.1.
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e et PP +
| PSF | CHND | FLAGS |
B D R ettt teratataded +
0 34 15 16 31
trmrmr e e m e e —————————————————— +
V 11147717117111077 UNITADDR |
e - ——————— - +
16 31
o m e m e ————— e —— - — e, ————————————— +
| DASEG | COUNT |
B il TR e T +
0 15 16 31
dmmmmmmcecmeccececmcec e cm e m e e ———————— +
V777111717 ) DADISPL |
Hrmr e e e e, r e ————m—— e —————————— +
8 31
Word Bits Field Name Fleld Symbol
0 0-3 Path Selection Field PSF
L=-15 Command Code CIiND
16-31 Flags FLAGS
1 16-31 Unit Address UNITADER
2 0-15 Data Address Segient ldentifier DASEG
16-31 Count COUNT

3 8-31 Data Address Displacement DACISPL
Figuré 5.5.1., Channel Command Quadword.

The Path Seclection Field (PSF) determines which primary
storage subsystem data path, cut of 16 possible, has to be
used for the data transfer associated with the cormand. Such
selection is totally independent from the path selected for
channel command fetching and channel status storing.

The Command Code field (CHIID) identifies the type of
operation to be performed. Often not all of the bits in the
command field are used by the channel itself, but they are
sent by the channel to the sclected unit for further
interpretation,
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The Unit Address field (UNITADDR) identifles the unit to
which the channel program is directed in a Select command,
It is ignored in all other conmands,

The Flags field (FLAGS) contains individual control bits
(flags) which determine various modes of operation (see
Section 5.5.1).

The Byte Count (COUNT) determines the number of bytes to
be transferred,

The Data Address Segment ldentifier (DASEG) and the Data
Address Displacement (DADISPL) form a system virtual address
identifying either a data arca address, or a new value for
the subchannel cormand and status address registers.

5.5.1 Channel Command Flags

The channel command flags (bits 16-31 of word 0 of the
CCQ) permit modifications of the basic operation associated
with each command., Each flag is generally Interpreted in the
same way in cecach command for which is meaningful; in some
cormands certaln flags are ignored.

Table 5.5.1.1 provides the list of the defined flags,
Bit positions to which no meaning has been assigned should
be sect to zero in order to guarantee compatibility with
possible future additions. ’

Table 5.5.1.1, Channel Command Flags.

Bits , Flag Name Flag Symbol
0-3 .

4 Skip ilode . SKM

5 Skip Control SKC

6 Stop sTUP

7 .

8 Chain Data cD

9 Chain Command \CC

10 Suppress Length Indication SL!

11 Wull Data Transfer NDT

12 Program Controlled Interrupt PCI
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The Skip tlode flag (SKM) in conjunction with the status
modifier bit determines the setting of the subchannel skip
flag at the completion of the channel command. The skip flag
will always be set to the exclusive or of the SKM flag and
the status modifier bit, It should be noted that for most
commands the status modifier bit will always be zero.

The skip mode flag setting in a given command does not
affect the execution of that command but may determine if
the next command will be executed or skipped.

The Skip Control flag (SKC) determines the effect of the
subchannel skip flag on the execution of the command. |If
both the subchannel skip flag and the skip contreol flag are
" set to 1, the command will be skipped, Skipping of a commend
will npot reset the subchannel skip flag. It is therefore
possible to skip any number of commands (provided they are
either data or command chained).

The Stop flag (STOP) indicates that the command is the
last command in a channel program. The Stop flag will be
ignoread if either the CD or CC flags are on. .

The Chain__Data flag (CD) permits the transfer of data
between a single physical record and more than one data arca
in the primary storage subsystem. |f the CD flag is on and
the byte count is exhausted before the unit signals channel
end then the data area from the next CCQ will be used.

If the channel end condition is detected before or just

when the count is exhausted and the SLI flag (see below) and
the CD flags are on, the current command will be assumed to
be conpleted and the subchannel conimand address register
will be advanced wuntil it points to the CCQ following the
first coimand whose CD flag 1is off, If any of the
intervening CCQ had the SLI flaz off then the channel
program will be terminated as if the chennel end condition
had been dctected just at the beginning of that command,
. In other words, a string of channel commands which all
have the CU Tlags on and the immediately following command
with the CD flag off are viewed, for command sequencing
purposes, as a single command (with the explained role of
the SLI flags).

The Chain Command flag (CC) indicates that the next. CCQ

should be executed immediately following detection of a
device end condition for the current cormmand. If the channel
end condition is detected separately from (necessarily

before) the device end condition, the channel - will become
available unless there is some activity pending on sone
other subchannel. )
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The CC flag being off in a command which 'is actually
executed (i.e., not skipped and not a part of a data chain)
signals the end of a cowmand chain,

If the STOP flag is on the subchannel, upon detecting a
channel end condition (with or without device end), will
release the unit, proceed to store the status at the
subchannel status address and will then become free.

If the STOP flag is off the subchannel will proceed as
if the CC flag were on vith the difference that the unit
will be released upon detecting the device and condition,
the sKkip state flag will be reset to zero and the next
command will be checked for being either a Select or a Setup
command,

The Suppress Length Indication flag (SL!) determines if
the occurrence of a mismatch between the data record length,
as specified in the channel program, and the physical record
length should stop execution of the channel progsram (SLI=0)
or not (SLI=1),

The effect of the Null Data Transfer flag (NDT) is a
function of the direction of the data transfer associated
with the conmand, When associated with conmands that
transfer data to the Primary Storage Subsystem ("read"
conmands ), data transfer will be suppressed if the flag is
on, - Vhen associated with commands that transfer data from
the PSS ("write" commands), data consisting of all zeroes
will be supplied by the channel to the external wunit
whenever the flag is on. :

The Progzram _Controlled Interrupt flag (PCl) 1s used to
notify the processor controlling the channel that a
specified point in the channel prograimm has been reached.
Vihenever the PCl flag is on in the active command, a status
storing procedure is executed before initiating execution of
the channel couimand. The PCl flag is also interrogated in a
CCQ which is data chained to a previous CCQ.

Table 5.5.1.2 1lists the actions taken by the S10C upon
occurrcnce of a channel end condition or exhaustion of the
byte count as a function of the setting of the CD, CC, SLI
and STUP flags.

The symbol X in correspondence to the flag setting in
Table 5.,5.1.2 denotes that the setting of the particular
flag is irrelevant in that case.
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Table 5.5.1.2

L R R R
*

| *

| *

| FLAGS *

|

| Cb cC SLI s
I ------------
| 0 0 0 0
| 0 0 0 1
| 0 0 1 0
| 0 0.1 1
I 0 1 0 X
I 0 1 1 X
I 1 X 0 X
I 1 X 1 X
frmme e ————————

The actions
follows:

End

Stop

L

Chain Command

Chain Data

HextCCQ

Action in Channel upon
Exhaustion of Count or
Receipt of Channel End.

....................................... ————
CONDITIONS |
R i |
Count : Exhausted Exhausted Mot Exh'd |
Channel: -- End End
vk | | |
TOP *| | | |
""""" = e [ e |
Stop, 1L New Chain fnd, 1L {
Stop, IL End End, IL
New Chain New Chain New Chain |
Stop End End |
Stop,IL Chain Cmnd End,!L |
Chain Crand Chain Cmnd Chain Cmnd |
Chain Data End,IL End, fL |
Chain Data Hhext CCQ lext CCQ |
- - o - - o - - - - - - - - - +

listed in Table -5.5.1.2 are defined as

Operation is terminated. Status is stored.

Device is signaled to terrinate data
transfer; channel waits for channel end and
then the End procedure is executed,

Incorrect length indication is provided in
the channel status.

Upon receipt of device end the channel
proceeds to the execution of the next
command.

The channel proceeds to use the next CCQ to
continue the same operation.

The next CCQ is made current and execution
is continued. Channel end condition remains
outstanding.
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New Chain Upon receipt of device end the device Is
: released, . the skip state flag is set to
zero and the next CCQ is made current as

the first CCQ of a new chain,

5.5.2 Command Codes

The SIUC recognizes eight cominands whose codes are given
in Table 5.5.2.1. he symbol X indicates that the bit
position is ignored. The symbol I4 identifles a modifier bit
which 1is normally not examined by the SI0OC bit is passed to
the unit.

Table 5.5.2.1. Command Codes.

Code Cormand
000O0LMI0100 Sense
0000XXX01000 Transfer In Channel
0000XX011000 Setup
0000XX111000 : Select
000011100 Read Backward
0000HMMMNN0T \irite
Q000N SH10 Read
000 aMMLITL . Control

All other codes are invalid,
5.5.3 Sense Command

5.5.4 Transfer in Channel Command

In the Transfer_in_Channel command the path selection

field, the wunit address fleld and the count fleld are
ignored, The CD and CC flags in a Transfer_in_Channel

command are ignored, but the effect of the CC and CD flags
on the previous cormand is carried on.to the next command.
The SLI and NDT flags do not apply. The Stop flag is
iznored.

The Transfer_in_Channel comnand resets the subchannel
conmand address register to the value specificd by the data
address in the command, The low order 4 bits of the
displacement are ignored and assumed to be zero. For the
purpose of determining the effect of the SKM flag, the
status modifier with the Transfer_in_Channel command is
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always zero,

If this command occurs In the midst of a data chain or
command chain sequcnce it does not affect the logic of
command sequencing.

The Transfer_in_Channel command will be wused to
construct loops within a chained program or to link two
sections of a channel program located at non=-contiguous

addresses.

If an exceptional condition arises during execution of a
Transfer_in_Channel command, the command address in the
channel status will point to the locaticn following the TIC
command, not to the location pointed to by the TIC command
itself.

5.5.5 Setup Command

In the Setup cormand, the path selection field, the unit
address field and the count field are ignored. The CD and CC
flags are ignored and assumed to be zero. The SLI and XNDT do
not apply.

The Setup cormmand resets the subchannel status address
register to the value specified by the address in the

command. The 1low order 4 bits of the displacement are
ignored and assuned to be zero.

The Setup command can only occur as the only cormand in
a chain.

If an exceptional condition occurs during execution of a
Setup command, the channel status will be stored at the old
value of the subchannel status address.

5.5.6 Select Command

In the Select cornmand the path selection field and the
count field are ignored. The CD flaz is ignored and assumed
to bge zero; the CC flag is ignored and assumed to be 1
(which implies that the STOP flag is ignored). The SLI and
NDT flags do not apply.

The Select command sets the subchannel unit address
register (SUAR) to the value of the unit address field. The
data address field is used as in the transfer in channel
command, For the purpose of determining the effect of the
SKM flag, the status modifier associated with a Select
conmand is always zero.

The Select cormnand can only occur as the first command
of a chain.

5.5.7 Read Backward Command
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5.5.8 yrite Command

5.5.9 Read Command

5.5.10 Control Comnand
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5.6 CHANNEL STATUS

Upon termination of a channel program (either normal or

abnormal), upon detection of the PCl flag on in the active
command or in case of a device attention interrupt (see
Section 5.6.1 ) the channel will attempt to store the

channel status at the subchannel status address for the
appropriate subchannel. The channel status consists of four

words, the Channel Status Quadword (C3Q), and its format is

given in Figure 5.6.1.
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e m—————————————— c—m—————— - —————— +
| UNSTATUS |
B i R il +
0 31
e m e e m e r e, —————,— - —————————— +
| SCSTATUS | UNITADDR |
o e e e e - - +
0 15 16 31
B e m e mm e r e, —————————————— +
| CASEG | COUNT |
o mm e m e mm e, e ———————————— +
0 15 16 31
L i e +
\ 177171777 1 CADISPL |
L R et ttatatate +
8 31
iiord Bits Field Name Field Symbol
0 0-31 Unit Status . UNSTATUS
1 0-15 Subchannel Status SCSTATUS
16-31 Unit Address UNITTADDR
2 g-15 Commaond Address Segment ldentifier CASEG

16-31 Residual Count COUNT
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3 8-31 Command Address Displacenent CADISPL

Figure 5.6.1. Channel Status Quadword.

The Unit Address field (UNITALDR) identifies the active
unit on the subchannel at the time the channel status has
been stored.

The Residual Count field (CUUNT) is meaningful only when
the status is stored at the termination of tkhe channel
program and indicates the number of unused bytes in the data
field of the last executed channel conmmand,

The Command Address Segment ldentifier (CASEG) and the
Command Address Displacement (CADISPL) form a system virtual
address whiich is 16 higher than the address of the last
command whose execution has been initiated.

The Unict sStatus (UKNSTATUS) anc Subchennel Status
(SCs3TATUS) fields consist of a number of single bit fields
identifying in detail the conditions which determined the
storing of the channel status.

whenever a condition requiring  the storing of the
channel status is detected, the subchannel checks the
processor notification line to determine if the previous

status has been acknowledged. |f not (i.e., the processor
notification line is still on) the channel enters the status
pending state. As soon as the acknowledrement for the
previous status storing operation is rcceived, the channel
will continue with the regular procedure,

If the processor notification line is down, the status
is stored at the subchannel status address and then the
processor notification 1line is set to 1. If the status
storing procedure was asscciated with the termination of the
channel prograrn, the subchannel is set to the free state. If
the status storing was triggered by the PCI flag, the
subchannel continues execution of the current commiand.

If the termination was signalled by a device check the
channel will not proceed with any other command until
receiving a new start signal for that particular subchannel.
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5.6.1 Unit Status

The format of the unit . status field is given In Table
5.6,1.1. .

Table 5.6.,1.1, Unit Status,

Bit Field Name Fleld Symbol
1 Attention ATT
1 Status (odificr STi10D
2 Control Unit End CUEND
3 Busy BUSY
b Channel End CHEND
5 Device Check DVEND
6 unit Check UNCHK
7 Unit Exception UNEXC
8 ot Operational NOTOP
9-31 Unassigned

The Attention flag is set to 1 whenever a device detects
an asynchronous condition which is of relevance to the
device handling program. The condition can only be detected
whenever no operation is in progress in the 1/0 device and
the control -unit., All such occurrences are not therefore
neturally associated with a specific subchannel, The SI0C
will, by convention, automatically associate the attention
condition with subchennel 0 (zero). '

The stacus jiodifier flag may be set to 1 in conjunction
with certain unit operations, usually to indicate if a
certain condition was or was not satisfied,

The gLontrol Unit End flag is set to 1 whenever an
unusual condition s, aetected by a control unit after
channel end or whenever a control unit has been interrogated
while in the busy state.

The Busy flag is set to 1 whenever an 1/0 device or
control unit cannot execute the command because it is
executing a previously initiated operation or because it

contains a pending interrupt condition.
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The Channel End flag is set to 1 whenever the transfer
of data or control information is terminated. The occurrence
of this condition makes the channel available for another
operatiorn., Detailed handling of the channel end condition as
a function of the setting of the CCQ flags has been given in
Table 5.5.1.2.

The Device End flag is set to 1 upon conpletion of an
1/0 operation at the device or, on some devices, by changing
the device from the non-ready to the ready state, The device
end condition is always generated simultaneously with or
later than the corresponding channel end condition.

The Unit Check flag is set to 1 whenever a unit detects
an unusual condition different from the one associated with
unit exception (see below)., The sense data will contein
additonal information identifying the type of condition.

The Unit Exception flag is set to 1 whenever a specific
(command and device dependent) unusual condition has been
detected,

The Not Uperational flag is set to 1 whenever the
specified wunit address does not correspond to any attached
device of the device is disconnected at the time.

5.6.2 Subchannel Status

The format of the subchannel status field is given in
Table 5.6.2.1.

Table 5.6,2.1., Subchannel Status,

Bit Field Name Field Symbol
0 Program Controlled Interruption PCl
1 Incorrect Length 1L
2 Program Check PCHK
3 Interface Control Check 1CC
i Chaining Check ’ cHe
5 Invalid 5ystem Virtual Address ISVA
6 Read Unly Data ROD
7 Corrected Error . SEC
9 Uncurrectable Data Error UDE

10 Corrected €CQ Error CCE

11 Uncorrectable CCQ Error UCE
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The Projgrem Controlled Interrupt flag is set to 1
whenever the channel status is stored upon detection of the
PCI flag on in a CCQ.

The lIncorrect Length flag is set to 1 whenever the
channel end condition and the exhaustion of the byte count
in a €CCQ do not occur simultaneously, provided that the SL!
flag in the CCQ is not 1.

The Propram Check flag is set to 1 whenever an incorrect
field specification occurs in a CCQ.

The lnterface Control Check flag is set to 1 upon
detection of en invalid signal on the /0 interface.

The Chaining Check flag is set to 1 whenever a channel
overrun occurs during data chaining.

The J1nvalid System Virtual Address flag is set to 1
whenever an invalid system virtual address is detected by
the channel upon attempting to fetch a command or access a
data byte,

The Kead _unly_Data flag is set to 1 whenever the Read
Unly data condition is detected by the channel in attempting
to store data in the primary storage subsystem,

The tnterface Control Check flag is set to 1 hpon
detection of an invalid signal on the 1/0 interface.

The Chaining Check flag is set to 1 whenever a channel
overrun occurs during data chaining.

The Corrected Error flag is set to 1 whenever a PSS data
error was detected and corrected, Occurrence of such errors
does not affect the execution of the channel program.
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Throughout the KASCCR Reference Kanual consistent
notational conventions have teen used.

Fariliarization of these notations will aid in a
correct interpretation of the various detailed functic-
nal descriptions of the NASCCR 132 Syster.

Symbol Definition

d Displacerent :
A 24-tit non-negative integer used generally
as the second operand in address-addition.

i, 3,k Cperand register pointers :
The 6-bit non-negative integers contained ir
various instructions which define the cfperards.

sd Short displacerent :
A 15-bit non-necgative integer, extended with
2erces on the left to forr a displacerent.

wd ¥ord displacement :
A 22-bit non-negative integer, extended by two zerc
bits on the right to form a displacement.

wx Contents of General Purpose Register x. Wx has a
length of 32 tits.

Dx Contents of an even-odd General Furpose Register
pair; x must le even. Lx has a length of 64 tits.

Cx Contents of a set of four General Purpcse Fegis-
ters; x must Lte even. Cx has a length of 1Z& Lits.

Bx ‘Contents of a Lkyte positicn in the General Fur-
rose Hegisters; x may te C to 255. FEx has a
length of 8 Ltits.

Wx/Dx %x or Dx, depending on context.
B(x) Value of a tyte ( 8 bits ) whose EVA is x.
H(x) Valve of a halfword ( 16 kits ) whose EVA is x;

x rust be even.

W (x) Value of a word ( 32 rits ) whose EVA is x ; x
rust ke a rultiple of four.

B (x) Value of a dcubleword ( 64 Lits ) whose PV} is
¥s x must te a rultiplc of eight.
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Synbol Definition
®{x)/D(x) W(x) or P(x), depending on context.
w/D ¥x, ®W{x), Dx, or D(x), depending on context.

K Litteral value of the k-field :
A 6-bit non-negative integer, extended with zeroes on
the left as required.

1A Instruction address :
Contents of the Instruction Address Register (IAR).

IIc Iteraticn Count ¢
Contents of the Tteration Ccunt Register (ITICR).

B'bit2...bn?
& field of length n bits containing the bitvalues
ri indicated.

X'x1x2...xn*
A field of length 4#n rits containing the hexa-
decimal digit values xi indicated.

L'd1dz...dn?
A field of length 4#%n tits containing the tinary
coded decimal digit values di indicated.

Ctcic2...cn?
A field of length 8%n tits containing & bit repre-
sentations of the alphanureric characters ci indi-
cated.

C A field of appropriate length containing only zero
{0...0) Lits. i

s Ellipsis :
4 shorthand nctation for an extensicn of the prece-
ding synbtols to fill a field to the appropriate

Jength.
X<m> The n-th bit of field X. The leading Fit is designated
: : as Lit 0.
IKe-nd> A field of length (n-m+1) Lkits leginning at bit o cof

field X.



10,19/70

MASCCR 132 Reference Fanual Arrendix A.C-4

Symtol

.
fl

o

MOD (X, )

ABS (x)

xily

xay

Definition

The assignrent operator :
The operatior c¢f copying the rightside identically
into the leftside.

The arithuwetic cperators :
addition, suktraction, multiplicaticn, division as
appropriate for the datatype in ccntext.

The exponentiaticn operatocr :
integer to the power pcsitive-integer.

The basic corparisicn operators :
Greater than, egual to, less than as apprcgriate
for the datatype in context.

The composite cecmparision operators :
grecater than or equal to, nct equal to, less thanp
or equal to.

The bit Ly Lit logical opcrators :
rot, or, and.

x podulo y :

The rermainder after inteqger division of x bty y.
The result will have the sare length attrilkute
as Y.

The aksolute value of x :

ABS produces x if x is positive and -x if x is
negative. The result will have the sane lergth
attritute as x.

The concatenaticn operator :

Concatenation preduces a Lit vectcr ccensisting
of the bits of x follcowed Ly the Lits cf y. The
result has a length egual tc the =suc of the
lergths of x and y.

Address additicn of x and vy :

Y is taken tc ke a displacerent to te added to
the hase address x, or

¥<0=-7> || MCT( x<8=31> + y«4<8-31> , 2%¥%24 )
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