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INTRODUCTION

The RC 3500 is a small, general purpose 16-bit computer with an outstand-
ing interruption and input/output system. This makes the computer especially

suited for applications such as:

Data and media conversion systems
Communication terminal concentration systems
Front-end computer for larger computer systems
Process supervision and control systems

Controller for a number of medium to low-speed peripherals

The main features of the RC 3500 are summarized below:

Storage:

Physically the storage is either magnetic core or MOS with cycle times
from 4 microseconds to 1 micorsecond. The word length is 16 bits, Basic

storage is 4096 words expandable up to 32,768 words.

Storage Addressing:
8-bit bytes and 16-bit words are directly addressable.

Arithmetic:
The arithmetic unit processes 16-bit binary integers in parallel using twos

complement notation.

Interruption Levels:

Four interruption levels are included in the basic version. The number of
interruption levels is incremented in units of four up to a maximum of 32

interruption levels,
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Working Registers:

The programmer has access to a set of four flip-flop registers per inter-
ruption level. One of the registers in each set contains a program counter
and a carry indication, whereas the remaining three are general registers

used both as accumulators and index registers.

Instruction Set:

The computer has a repertoire of 50 instructions of which 34 refer to storage.

All storage reference instructions can also be specified to operate with their
effective address as operand, i.e. immediate addressing. An instruction

consists of 1, 2, or 3 consecutive words.

Input/Qutput:

A number of input/output instructions governs the data transfer between
central processor and peripherals. Data transfer between peripherals and CPU
is performed in serial mode, but the data are treated as serial or parallel
data, depending on the characteristics of the external device in question.
Peripherals having high transfer rates communicate in blocks of words or
bytes directly with main storage. All input/output operations are directed by

interrupt signals.

Initial Program Loading:
An empty machine is loaded by first placing a bootstrap program in the
paper tape reader and then pressing the autoload switch. The program is

now automatically read into storage and a jump is made to location zero.

AA316
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DESIGN OBJECTIVES

The primary design objectives of the RC 3500 computer were to construct

a low cost computer with a flexible input/output system and with a power=
ful instruction set for ease of programming. Furthermore, peripheral devices
should be connected to the computer with a minimum of interfacing.

Important considerations in meeting these objectives are explained below.

Word Length.

The bit width for input/output devices ranges from 1 bit for telecommuni-
cation up to 12 bits for card readers and analog-to-digital converters. The
basic arithmetic operands should therefore not be less than 12 bits, prefer-
ably a few bits longer; on the contrary, a very much longer format serves

no purpose since the computer is not intended for administrative data proces=

sing.

Because the majority of peripheral equipment transfers 8 bits in parallel at
a time, the word length must also be a multiple of 8 bits in order to opti-
mize the utilization of storage. Cost considerations dictated that the small-
est integer which satisfies aforesaid conditions should be used, and conse-

quently a word length of 16 bits was chosen.

Storage Addressing.

Data are handled most efficiently if they can be addressed directly, and
because of the widespread use of 8-bit bytes, a byte was adopted as the
smallest addressable unit. From an addressing point of view, the instructions
are divided into two classes according to whether the storage address

refers to bytes or words.
Register Structure.

Internal registers of importance to the programmer are three 16-bit general

registers, one 15-bit program counter, and a carry indication. The advantage
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of more than one general register is that it reduces the number of storage
references required in a given program. The general registers of the

RC 3500 computer act both as accumulators and index registers, for which
reason the full instruction set becomes available for address modifications.
The collection of the above-mentioned programable registers is referred to

as a set of working registers.

The computer has not only one set of working registers, but up to 32 sets,
namely one for each interruption level. Hence, we have eliminated the
storing of current status (program counter, carry, and accumulators) and
loading of new status whenever program switching is demanded by the inter-
ruption system. The response time for answering an interrupt is thus reduced
to a minimum, and the input/output system is designed to take full advantage

of this fact.

Instruction Format. 2.4

In prmcnple an [istiGetionPconsists of [ah oper .
(party The operationy part specifies an m W(lf
more than one exists), and an addresssmodemfindexing, immediate, indirect,

etc.). The address part is either a full address or an abbreviated address

and &

used in conjunction with either a fixed page scheme or as a displacement

relative to an index register or the program counter.

For a fixed 16-bit instruction format we have that if the operand portion
expands at the expense of the address, the number of instructions, result
registers, and address modes taken together increase, but the usefulness of
these instructions is severely affected due to the limited address range.
Reversely, a large address part reduces the instruction repertoire and its
mode features so that only a fraction of the entire instruction set may fully
utilize the improved address range. As a consequence of this, it was decided
to employ a variable instruction format, where an instruction may occupy

12 3 words.,
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2.9

Input/Qutput Structure.

In the design particular emphasis was put on the construction of an effici-
ent and versatile input/output system. This is important because a major
part of small computer systems is used for real-time control where the /O

capability has a profound influence on the total effectiveness of the system.

A normal approach is to use two types of |/O data channels: (1) a low-
speed channel to which character-oriented devices such as typewriters,
paper tape readers, etc. are connected; and (2) a high-speed channel to
which block-oriented devices such as magnetic tapes and display units are

connected.

Character transfer, via the low-speed channel, is under program control;
and the program must either repeatedly test the channel status to see when
the device becomes available or the device must respond with an interrupt
when it is ready for transmission of next character. The first approach
implies that the central processor can perform no other operations until all
characters are transmitted, which in many applications are unacceptable.
The efficiency of the second scheme is directly related to the time it takes

to switch from one program to another,

The high-speed channel transfers blocks of data at high rates directly be-
tween storage and |/O devices, independent of program control once the
transfer has been initiated. The transfer is supervised by additional hard-
ware, normally: (1) a counter for current storage address; (2) a register for
last storage address; (3) a comparator to detect end of block; (4) facilities
to pack characters into word format and vice versa; and (5) logic to

control the operation of storage during 1/O transfers. The hardware mentioned
in (1) to (4) is placed in the device controller for which reason the cost

of the device is siénificonfly increased. The logic mentioned in (5) is in-
corporated in the central processor, but because of its complexity it is

normally offered as an option at an additional cost.

AA316 2-3



Looking at the low-speed channel, it is obvious that the most advantageous
|/O system is one where |/O operations are initiated by interrupts and
program switching time is zero. With regard to the high-speed channel, it
is preferable to keep the block-mode concept, but desirable to minimize
cost. The RC 3500 solution to this problem is to have one data channel to
which both low- and high-speed peripheral equipment may be connected.
I/O operations are under program control and an interrupt signal is gene-
rated whenever a character is ready for transmission. Each interrupt signal

is wired to its own set of working registers, and a fixed priority order
exists among the register sets. Switching from one program to another is
then reduced to merely move a pointer from the current register set to the
new one; and we have in fact an ideal low-speed channel. Block-oriented
devices make use of the general registers and the inherent arithmetic capa-
bilities of the central processor, so no extra hardware is needed in the
device controllers. When no 1/O operation is in progress, the working
registers are free for normal program execution. The time required to trans-
mit one character in or out of storage is two storage cycles, one to execute
an 1/O instruction and one to the actual data transfer. The maximum transfer
rate is thus halved in proportion to a sophisticated high-speed channel, but

this difference is seldom of practical interest for small computers.
The available 1/O instructions for data transfer are:

1. Transfer one word or one bit between working register W1 and external

device.

2. Transfer a number of bits serially between working register W1 and

external device.

3. Transfer a block of words or bytes directly between storage and external

device.




COMPUTER ORGANIZATION

Data Formats.
Two data formats are recognized by the RC 3500, an 8-bit byte and a

16-bit word. A word consists of two bytes of which the left-most byte must

have an even storage address.

BYTE | BYTE
0 7 8 15

WORD

Figure 3.1. Data Formats

Storage addresses are always expressed as byte addresses. The byte locations

are numbered consecutively starting with zero.

When an instruction refers to a word in storage, bit 15 in the effective

address is ignored. Thus it is irrelevant whether the effective address refers

to the left or right byte of a word.

Number Representation.

The arithmetic unit of the computer assumes that numerical data are signed
integers represented in twos complement form. In this notation the left-most
bit represents the sign. For positive numbers the sign bit is zero, for

negative numbers one.

S
01 15

Figure 3.2. Integer Word
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The negative of a number is obtained by complementing all bits, including
the sign bit, in the number and then adding a 1 to the right-most bit. A

signed integer represented by 16 bits is confined to the range
-32,768 <= integer word <= 32,767.

Other data formats such as various forms of packed data words, multiple-
length fixed-point, and floating-point representations must be defined by
appropriate software routines. The programming of these routines is greatly
simplified by a CARRY indication. If a carry occurs out of bit 0 in an arith-
metic instruction, CARRY is set to 1, otherwise CARRY is reset to 0. A set
of instructions makes it possible explicitly to set and to reset CARRY just as

there is a possibility for branching on the current value of CARRY.

Working Registers.
Figure 3.3. depicts the working registers, WO to W3, associated to each

interruption level.

PROGRAM COUNTER CARRY

\

wo | & ] X0
0 14 15

wi | X1
0 15

w2 | ) %,
0 15

w3 | X3
0 15

. Figure 3.3. A Set of Working Registers

Registers W1 to W3 are used by the programmer both as accumulators and
index registers, in the latter case they are referred to as X1 to X3. Register
WO occupies, in some respects, an exceptional position, because bits 0 to
14 specify the program counter, PC, and bit 15 equals the value of CARRY.
Fifteen bits are just enough to locate any instruction in storage, since in-

structions are always an integer number of full words.

AA316
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Although there is a distinction in interpretation of WO and the other regis-
ters, they are all alike with respect to instruction execution. By this we
mean that any instruction which is executed with an operand in, say W2,
also is executed if the operand were placed in WO. For example, o LOAD
instruction may load any of the W registers with a word from storage but,

of course, loading of WO has the special effect of executing a program jump.

Inter register load and store instructions are also provided which makes it
possible to transfer information between W registers belonging to the same

or different interruption levels.

Interruption System.

A program interrupt feature permits an automatic switching from the current
program sequence to another sequence in immediate response to specific
external or internal events. The efficiency of an interruption system is direct-
ly related to the time it takes the central processor to perform this switching.
Therefore, in the RC 3500, we have associated a set of working registers to
each interruption level so switching is reduced to connect a new set of work-

ing registers to the control and arithmetic unit; confer Figure 3.4.

65534 65535
STORAGE

CONTROL AND
ARITHMETIC UNIT

Y

¥ PRIORITY, SELECTION NETWORK -
W0 WO WO
W1 ' W1 W1
W2 W2 W2
W3 W3 W3

INTERRUPTION
LEVEL: O 1 31

Figure 3.4, RC 3500 Block Diagram
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The priority selection network contains a 32-bit interrupt request buffer,
IR, of which bits 1 to 31 can collect up to 31 incoming interrupt signals.
A one in a bit position corresponds to an interrupt request, and bit N
corresponds to the Nth interruption level. Bit O in register IR occupies an
exceptional position, because the value of this bit remains one equivalent

to a permanent interrupt request.

Connected to incoming interrupts

A
' R =\

IR: -1 - -
U 1 2 31

Figure 3.5. Interrupt Request Register

Simultaneous interrupt signals are served in order of priority and the
signal which is wired to the highest bit number in IR has highest priority.
Input/Output devices with a high transfer rate should therefore have their
interrupt lines wired to the right-most bits of register IR. If all incoming
interrupt signals are honoured and no new requests arrive, interruption

level 0 is automatically selected.

The interruption system is normally enabled, i.e. an interrupt request having
a priority higher than the current one, causes a new set of working

registers to be activated. In some cases, however, it is desirable to disable
the interruption system for shorter intervals. In disable mode, other inter-
rupts are indeed collected, but they cannot change the interruption level,
i.e. the current program proceeds. The two modes are under program control ,
and the flip-flop ENABLE is 1 for enable mode, O for disable. Register IR
can be set under program control and we may summarize the supervision of

the interruption system as follows:
1. A bit in IR is set to 1 by a request from an |/O device

2. A bit in IR is set to 1 by a request from the program by the instruction

type
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The bit in IR, corresponding to the current interruption level, is

' cleared by two instruction types ,

LOAD REGISTER CLEAR INTERRUPT AND ENABLE
I/O INSTRUCTIONS

4. ENABLE is set to 1 by three instruction types

LOAD REGISTER CLEAR INTERRUPT AND ENABLE
INTERLEVEL INSTRUCTIONS
I/O INSTRUCTIONS

5. ENABLE is cleared by the instruction type
INTERLEVEL INSTRUCTIONS

Input/Output.
Any peripheral is connected to the CPU by means of a 4 pairs cable,

which is transformer coupled at both ends to secure a very high noise
immunity.
The transmission of data is performed in serial mode whether the device

connected is of parallel or of serial nature. The data word transferred

consists of a 4 bits header and 0 to 16 information bits.

Header Data part

"]‘\'Euln 0 to 16 information bits
® <

synchronizing bits

The header contains the following information:

"OUTPUT

HEADER" Read status

Write data

Write control
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TRANSMISSION
"INPUT 1
HEADER" 1

TO CPU FROM P
16 bits (word)
EOI (End of Information)
8 bits (byte)

1 bit (bit)

CENTRAL
PROCESSOR
UNIT

77TTT

J
I/O CHANNELS \
PARALLEL DEVICE SERIAL DEVICE
—] ] STATUS l— —] STATUS
—sl ] cONTROL — ] CONTROL
le— ] DATA IN «—{] BIT IN
—— ] DATA OuT —{] BIT OUT

In principle each device contains 4 16-bit registers. The registers are 2
data registers (one for each direction of flow), one control register and one
status register. However, for actual devices one or more of the registers
may be omitted, some of the registers may be combined to one, or the
register lengths may be shortened from 16 bits right down to 1 bit, The
central processor initiates an |/O instruction by selecting the 1/O cable

leading to the device addressed whereafter the data are transferred.

Communication may be initiated either by program or by interrupt from a
device. An interrupt is detected on the data line when a "1" bit is sent to

the CPU, and it has not asked for data.

AA316
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The data flow from the computer to the four device registers and vice versa
is illustrated by 4 general |/O commands. The commands describe the
possible patterns of execution for the /O channel and the device control -
lers, whereas specific details concerning how data are stored in the com-

puter is postponed to Chapter 8, where the actual I/O instructions are defined.

Read Status:

The read status command is a request to the device to transfer the content
of status to working register W1. The number of status bits and their inter-

pretation is device dependent, but the following list indicates their ncture.

Busy/Available, the busy mode signifies that the previous operation

has not yet been completed, - available mode the opposite.
Disconnected, i.e. power to the device is switched off.

Intervention, i.e. the operator has interferred manually with

the device, e.g. he has switched the typewriter to operate

in off-line mode.

Timer, i.e. the device or the operator has not completed an

operation within a predetermined time.

Write Control:

The write control command causes an immediate transfer of a control word
from working register W1 to the confrol register, and the computer proceeds
to the next instruction. When the control operation is completed, an inter-

rupt is normally generated.

The individual bits in the control register specify commands, which are

executed by the device controller. Examples are:

Generate an interrupt request

Start or stop peripheral equipment

Check or generate parity

Operations such as for magnetic tapes rewind, erase, upspace,

file, etc.

AA316
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Read Data:

The read data command causes an immediate transfer of information from

data buffer to working register W1 or directly into storage. The computer
is released as soon as this transfer is completed. When the next character

is ready in the device, it is normally indicated by a new interrupt signal .

Information is always sent to and from the computer in serial, whether it is
a parallel or a serial device connected. The computer shall process the
information differently in the two cases, and because the same 1/O instruct-
ion is used the device shall be identified as a parallel or a serial device.

This is done in the computer by installation of the device.

Write Data:

The write data command causes an immediate transfer from working register
W1 or directly from storage to the data buffer in the selected device. The
computer is released as soon as this transfer is completed. When the device
is ready to receive the next character, it is normally indicated by a new
interrupt. Transfer of information and identification of the device is done by

analogy with read data.

Basic Instruction Formats.
There are three basic formats and the instructions are grouped according

to formats as follows:

Format 1: Arithmetic and Logical instructions
Format 2: Branch and Continue instructions
Format 3: Shift-Rotate, Interlevel, and Input/Qutput

instructions

The length of instruction Format 1 is one or two words, depending on
whether the 7-bit displacement is sufficient or not for specifying a word

in storage. Format 2 has a length of two or three words also determined by
the range of the displacement. Format 3 consists of one word only. The
chapters to follow define the RC 3500 instruction set. Chapter 9 gives a

complete instruction list with corresponding mnemonics.

AA316
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ARITHMETIC AND LOGICAL INSTRUCTIONS

Instruction Format 1.

Format la: ro

—F_ e o ]
—r lelrl o

s (i 15 ) <
Lbog
Format 1b: |].].].].0|W|),'(|||n| \ i A
SRRt (e 9\]0?11 SN, ©
57!
Format lc: [11 1|W1Xl||nl O e
0 S B 901 B
r; :':A‘: e :J
0 15

Figure 4.1, Instruction Format 1

Format 1 is shown in Figure 4.1. and it is characterized by having a
function or operand code, F, where the left-most bit of the F field
equals 0. The remaining four bits specify therefore 16 basic instructions,

having the numeric codes from 0 to 15.

Format la may be regarded as the basic format and the two others as
expansions with the sole purpose of extending the addressing facilities.
Format 1b is derived from the basic format by removing the original F
field to the five right-most positions of the word, and in the thus released
positions the numeric code 30 is inserted. Code 31 is used in a similar
way to specify format lc. The length of formats la and 1b is one word,

but two words are used in case lc.

The 2-bit W field specifies one of the four working registers as the result

register. Bits 7 to 8 constitute thd X field and this field selects the

' if any. Working registers W1, W2, and W3 act as

AA316
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index registers when the X field has the values 1, 2, and 3, respectively, 0
whereas no indexing is specified when the value is 0. The latter implies
that WO and with that the program counter cannot be used for address modi-

fications; in other words relative addressing is not available.

The fields D and A supply further information for calculating the effective
address. D specifies a displacement from -64 to 63 bytes within a conti-
guous storage area, and A can be used to directly address any byte in a

storage of maximum capacity.

Immediate addressing is specified if the 1-bit | field equals 1. If immediate
addressing is employed, the operand is equal to the calculated effective
address and not to the contents of the location to which the effective

address points, as is the case when | = 0.

The n bit (i.e. next) controls a count feature that automatically increases da
the contents of the working register which is selected by the X field. ‘
Register WO is incremented if the X field equals 0. Incrementation takes

place for n = 1, and the increment is 2 for instructions which refer to words
and 1 for byte references. The instruction list to follow defines the amount of

incrementation for each instruction.

Address and Operand Calculation. 4.2

to a maximum dependent upon the available storage capacity. The effective

address, EA, is calculated on basis of either a displacement, D, or a full
address, A, and probably an index register, X. Each of these components
are freated as signed integers, but when EA refers to storage, ST, it is
interpreted as an unsigned integer of 16 bits. An example, the effective

address -1 refers to storage location 65535.

Figure 4.2. shows the evaluation of the effective address and from this it
is obvious that Format 1c reduces to Format 1b when A equals zero. As

previously mentioned, the operand equals for | =1 the effective address and
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for | = 0 the contents of the location specified by EA. Since Format la
does not have an | bit, the programmer cannot specify immediate addressing
as he wishes. By definition we have immediate addressing for X field equal

to zero, otherwise not.
/,7W//
The Program Counter, WO(0:14), is automatically incremented by the central

processor to point at the next word whenever an instruction or part of it is

fetched from storage.

The calculation of the effective address and the operand is condensed into

the following Fetch algorithm:

‘ FORMAT la: |
Operand
X field| EA X field| =0 =1
00 D 00 - D
o1 | Xx1+D . o1 | stexi+p) | -
10 | X2+D ( -64-D63 10 | sT(x2+D) | -
11 X3+D 11 ST(X3+D) -
FORMATS 1b and lc: Saraiid
X field| EA X field I=0 =1
00 A . 00 ST(A) A
01 X1+A -32,768- 01 ST(X1+A) X1+A
10 X2+A < 10 ST(X2+A) X2+A
e | xaeA [ TS 1| sT(x3+A) | X3+A
Figure 4.2. Address and Operand Calculation.

Fetch:
FR:= ST(WO0); comment Fetch instruction, 1st word;
WO0:= WO + 2; comment Increase Program Counter; .
if FR(0:5) <> 30 and FR(0:5) < > 31 then ‘VM
begin{commenf Extend the displacement to a 16-bit signed integer;

EA:= 9extFR(?)conFR(%:15)

fromaf b, ¢

end;

AA316 4-3




if FR(0:5) = 31 then
begin comment Fetch instruction, 2nd word;

EA:=ST(WO0), WO:= WO + 2

end;

if FR(7,8) < > 0 then EA:= EA + W(FR(7,8)); comment Indexing;
Operand:= if | = 1 then EA else ST(EA);

goto Instruction Execution; -

Instruction List.

This section defines arithmetic and logical instructions. The CARRY bit is

explicitly mentioned if it is altered by an instruction whose result regis-

ter is different from WO,

LOAD REGISTER

Load the W register with the storage word addressed or for immediate
addressing the effective address of the instruction. The contents of storage

remain unchanged. If count is specified, the contents of X are increased

by 2.

W:= Operand;
if n =1 then Xe= X + 2

LOAD COMPLEMENT

Load the W register with the twos complement of the storage word addressed
or for immediate addressing the effective address of the instruction. The
contents of storage remain unchanged. Complementation of the maximum
negative number yields the maximum negative number, since it has no posi-
tive counterpart. CARRY is set in accordance with the carry out of position

zero. If count is specified, the contents of X are increased by 2.

W:= - Operand;
CARRY:= carry;
if n =1 then Xs= X + 2;

AA316
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LOAD INDIRECT
Load the W register with the storage word addressed by the operand. The

contents of storage remain unchanged. If count is specified, the contents

of X are increased by 2.

W:= ST(Operand);
if n =1 then Xi= X + 2

STORE REGISTER

Store the W register in the storage word addressed. For immediate addressing
and no indexing the W register is s—fi:r-; in the location specified by the
effective address. For immediate addressing and indexing the W register is
stored in the X register. The W register remains unchanged. If count is

specified, the contents of X are increased by 2. &

if |

0 then ST(EA):= W,

if | =1 and X field = 0 then ST(EA):= W;
if 1 =1 and X field <> 0 then X:= W,
if n=1 then X:= X + 2

Il

STORE INDIRECT
Store the W register in the storage word addressed by the operand. The
register remains unchanged. If count is specified, the contents of X are

. increased by 2.

ST(Operand):= W;
if n = ]AKhen Xi= X+ 2,

EXCHANGE STORE AND REGISTER

Store the W register in the storage word addressed and the previous contents

of the storage word is loaded into the register. For immediate addressing

and no indexing the W register is stored in the location specified by the

effective address and the effective address is loaded into the W register.

For immediate addressing and indexing the contents of W and X are exchanged.




If count is specified, the contents of X are increased by 2.

if | =0 then begin A:= ST(EA), ST(EA):=W; W:= A end;
if I =1 and X field = 0 then begin ST(EA):= W; W:= EA end;
if 1 =1 and X field < > 0 then begin A:= X; X:= W; W:= A end,
if n=1 then X:= X + 2
LOAD BYTE

Load the right half of the W register with the storage byte addressed and
clear the left half of W. For immediate addressing, the right half of W is
loaded by either the left-most or right-most 8 bits of the effective address
of the instruction depending on whether the effective address is even or odd.
The contents of storage remain unchanged. If count is specified, the contents

of X are increased by 1.

W(0:7)3= 0;
W(8:15):= if EA(15) = 0 then Operand(0:7) else Operand(8:15);
if n =1 then Xe= X + 1;

STORE BYTE
Store the right half of the W register in the storage byte addressed. The
register remains unchanged. Immediate addressing has the same effect. If

count is specified, the contents of X are increased by 1.

if EA(15) = O then ST(EA)(0:7):= W(8:15)
else ST(EA)(8:15):= W(8:15),
if n=1 then Xs= X + 1,

ADD INTEGER WORD

Add to the W register the storage word addressed or for immediate addressing
the effective address of the instruction. The contents of storage remain un-
changed. CARRY is set in accordance with the carry out of position zero.

If count is specified, the contents of X are increased by 2.
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W:= W + Operand;
CARRY:= carry;
if n =1 then Xe= X + 2

SUBTRACT INTEGER WORD

Subtract from the W register the storage word addressed or for immediate
addressing the effective address of the instruction. The contents of storage
remain unchanged. CARRY is set in accordance with the carry out of position

zero. If count is specified, the contents of X are increased by 2.

W:= W - Operand;
CARRY:= carry;
if n =1 then Xs= X + 2

LOGICAL AND

Form the logical AND operation of the W register and the storage word
addressed or for immediate addressing the effective address of the instruction.
The result is placed in the W register. The confenfs‘of storage remain un-

changed. If count is specified, the contents of X are increased by 2.

W:= W and Operand;
if n =1 then Xe= X + 2;

LOGICAL OR

Form the logical OR operation of the W register and the storage word
addressed or for immediate addressing the effective address of the instruction.
The result is placed in the W register. The contents of storage remain un-

changed. If count is specified, the contents of X are increased by 2.

W:= W or Operand;
if n =1 then X;= X + 2

LOGICAL EXCLUSIVE OR
Form the logical EXCLUSIVE OR operation of the W register and the storage

word addressed or for immediate addressing the effective address of the
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instruction. The result is placed in the W register. The contents of storage

remain unchanged. If count is specified, the contents of X are increased by

25

W:= W exclusive or Operand;

if n =1 then Xe= X + 2

LOAD REGISTER CLEAR INTERRUPT AND ENABLE
Load the W register with the operand and clear the current interrupt bit.
The interruption system is enabled. The contents of storage remain unchanged.

If count is specified, the contents of X are increased by 2.

W:= Operand;
IR(current interrupt):= 0; LCZ ‘VOI)(O
o Y . % /

ENABLE:= 1, f"’ “= ‘

if n =1 then Xs= X + 2;

READ SWITCHES

Load the W register with the contents of the control panel data switches.

If count is specified, the contents of X are increased by 2.

W:= switches;

if n =1 then Xs= X + 2
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. BRANCH AND CONTINUE INSTRUCTIONS

Instruction Format 2.

2a: 2R BV ) AT YRR
‘GL"L"s"/'t;"' 15
B ]
0 T 15
17
® 2b T1110lw/l X ]iln] F
0 5 7 9101 15
AR B A Oh  adds
0 i 15
27
2c: Do aIw I Dilel  F
0o 5 7 9101 15
rL' + s - :A? + e S A S s
0 o 15
, B :
0 EEE 15
. Figure 5.1. Instruction Format 2

Format 2 is shown in Figure 5.1. and it is characterized by having a
function or operand code, F, where the left-most two bits of the F field
equal 10. The remaining three bits specify eight branch instructions, i.e.
instructions which break the normal instruction sequence if a branch condition
is satisfied. The three variations of Format 2 are identical to the correspond-
ing Formats 1a, 1b, and lc apart from two exceptions. First, the new format
is extended with one word, namely the B field; and second, the n bit is

interpreted differently.
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The 16-bit B field contains a branch address to which the program jumps
if the specified condition is true. Fields X, D, A, and | have no influence
on the branch address, but are employed in defining the effective address

and the operand exactly as for Format 1.

The n bit (i.e. not), if one, extends the branch instructions with their
logical counterparts, called the continue instructions. The difference between

the two instruction groups is obvious from the following two algorithms:

Branch Instructions (n = 0):

if condition = true then branch else continue;

Continue Instructions (n = 1):

if condition = true then continue else branch;

A continue instruction, for example,
continue if p > q
is, of course, equivalent to the branch instruction
branch if p <= q,
but we have preferred not to call them branch instructions since they do

not exist in Format 2a,

Address and Operand Calculation. St

The effective address is calculated exactly as defined in the Fetch algo-

rithm in Chapter 4.2.; the same apply to the operand.

Instruction List. 8.9

This section defines Format 2 instructions. The CARRY bit is unaltered if
no branch occurs, otherwise it is explicitly set to 0 or 1 depending on
whether the branch address is even or odd. Branch instructions are defined

for all Format 2 variations, whereas continue instructions exist in Format

2b and 2c¢ only.



BRANCH IF GREATER
Compare the W register and the operand as signed integers. The operand
equals either the storage word addressed or for immediate addressing the
effective address of the instruction. If the register is greater than the

operand, then branch to location B, otherwise execute the next instruction

in sequence. |

WO:= if W > Operand then B else WO + 2;

BRANCH IF EQUAL

Compare the W register and the operand as signed integers. The operand
equals either the storage word addressed or for immediate addressing the
effective address of the instruction. If the register equals the operand, then

branch to location B, otherwise execute the next instruction in sequence.

WO0:= if W = Operand then B else WO + 2;

BRANCH IF LESS

Compare the W register and the operand as signed integers. The operand
equals either the storage word addressed or for immediate addressing the
effective address of the instruction, If the register is less than the operand,

then branch to location B, otherwise execute the next instruction in sequence.

WO0:= if W < Operand then B else WO + 2;

BRANCH IF GREATER THAN BYTE

Compare the W register and the byte operand extended at the extreme left
with zeroes. The byte operand equals the storage byte addressed, except for
immediate addressing where the byte operand is the left- or right-most 8
bits of the effective address depending on whether the effective address is
even or odd. If the register is greater than the positive byte operand,

then branch to location B, otherwise execute the next instruction in sequence.
A(0:7):= 0,
A(8:15):= if EA(15) = 0 then Operand(0:7) else Operand(8:15);

WO:= if W > A then B else WO + 2;



BRANCH IF EQUAL TO BYTE

Compare the W register and the byte operand extended at the extreme left
with zeroes. The byte operand equals the storage byte addressed; for imme-
diate addressing the byte operand is the left- or right-most 8 bits of the
effective address of the instruction depending on whether the effective ad-
dress is even or odd. If the register equals the extended operand, then

branch to location B, otherwise execute the next instruction in sequence.

A(0:7):= 0;
A(8:15):= if EA(15) = 0 then Operand(0:7) else Operand(8:15)
WO0:= if W = A then B else WO + 2,

BRANCH IF LESS THAN BYTE

Compare the W register and the byte operand extended at the extreme left
with zeroes. The byte operand equals the storage byte addressed; for imme-
diate addressing the byte operand is the left- or right-most 8 bits of the
effective address of the instruction depending on whether the effective
address is even or odd. If the register is less than the extended operand,
then branch to location B, otherwise execute the next instruction in se-

quence.

A(0:7):= 0,
A(8:15):= if EA(15) = 0 then Operand(0:7) else Operand(8:15);
WO0:= if W < A then B else WO + 2;

BRANCH IF ALL SELECTED BITS ARE ZERO

Use the operand as a mask to test selected bits in the W register. The
operand equals either the storage word addressed or for immediate addressing
the effective address of the instruction. If all the selected bits are zero,

then branch to location B, otherwise execute the next instruction in se-

quence.

A:= W and Operand;
WO:= if A = 0 then B else WO + 2;
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BRANCH IF SELECTED BITS HAVE ODD PARITY

Use the operand as a mask to test selected bits in the W register. The

operand equals either the storage word addressed or for immediate addressing
the effective address of the instruction. If all the selected bits consist of

an odd number of ones, then branch to location B, otherwise execute the

next instruction in sequence.

A:= W and Operand;
WO:= if odd A then B else WO + 2;

CONTINUE IF GREATER

Compare the W register and the operand as signed integers. The operand
equals either the storage word addressed or for immediate addressing the
effective address of the instruction. If the register is greater than the

operand, then execute the next instruction in sequence, otherwise branch to

location B.

WO0:= if W > Operand then WO + 2 else B;

CONTINUE IF EQUAL

Compare the W register and the operand as signed integers. The operand
equals either the storage word addressed or for immediate addressing the
effective address of the instruction. If the register equals the operand,

then execute the next instruction in sequence, otherwise branch to location

B.

WO0:= if W = Operand then WO + 2 else B;

CONTINUE IF LESS
Compare the W register and the operand as signed integers. The operand
equals either the storage word addressed or for immediate addressing the
effective address of the instruction. If the register is less than the operand,
then execute the next instruction in sequence, otherwise branch to location
B.

WO0:= if W < Operand then WO + 2 else B;
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CONTINUE IF GREATER THAN BYTE

Compare the W register and the byte operand extended at the extreme left
with zeroes. The byte operand equals the storage byte addressed; for imme-
diate addressing the byte operand is the left- or right-most 8 bits of the
effective address of the instruction depending on whether the effective
address is even or odd. If the register is greater than the extended byte

operand, then execute the next instruction in sequence, otherwise branch to

location B.

A(0:7):= 0;
A(8:15):= if EA(15) = 0 then Operand(0:7) else Operand(8:15);
WO:= if W > A then WO + 2 else B;

CONTINUE IF EQUAL TO BYTE

Compare the W register and the byte operand extended at the extreme left
with zeroes. The byte operand equals the storage byte addressed; for imme-
diate addressing the byte operand is the left- or right-most 8 bits of the
effective address of the instruction depending on whether the effective
address is even or odd. If the register equals the extended operand, then

execute the next instruction in sequence, otherwise branch to location B.

A(o:7):= 0;
A(8:15):= if EA(15) = 0 then Operand(0:7) else Operand(8:15);
WO:= if W = A then WO + 2 else B;

CONTINUE IF LESS THAN BYTE

Compare the W register and the byte operand extended at the extreme left
with zeroes. The byte operand equals the storage byte addressed; for imme-
diate addressing the byte operand is the left- or right-most 8 bits of the
effective address of the instruction depending on whether the effective
address is even or odd. If the register is less than the extended operand,
then execute the next instruction in sequence, otherwise branch to location

B,
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A(0:7):= 0;
A(8:15):= if EA(15) = 0 then Operand(0:7) else Operand(8:15);
WO:= if W < A then WO + 2 else B;

CONTINUE IF ALL SELECTED BITS ARE ZERO

Use the operand as a mask to test selected bits in the W register. The
operand equals either the storage word addressed or for immediate addressing
the effective address of the instruction. If all the selected bits are zero,
then execute the next instruction in sequence, otherwise branch to location

B.

A:= W and Operand;
WO0:= if A = 0 then WO + 2 else B;

CONTINUE IF SELECTED BITS HAVE ODD PARITY

Use the operand as a mask to test selected bits in the W register. The operand
equals either the storage word addressed or for immediate addressing the
effective address of the instruction. If all the selected bits consist of an odd
number of ones, then execute the next instruction in sequence, otherwise

branch to location B.

A:= W and Operand;
WO0:= if odd A then WO + 2 else B;
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SHIFT-ROTATE INSTRUCTIONS

Format 3 for Shift-Rotate Instructions.

Yy
T F T W]OoO|CODEJSHIFTS |
B 5 FogrT T |2 15

Figure 6.1. Format 3 for Shift-Rotate Instructions
The shift-rotate group has a format as illustrated in Figure 6.1. with o
function code equal to 28./. SHIFTS is a positive integer in the interval
from 0 to 15 which defines the number of shifts. The 3-bit CODE field

specifies the type of instruction to be executed as follows:

CODE INSTRUCTION

000 Rotate Right

001 Rotate Left

010 Logical Shift Right

011 Logical Shift Left

100 Undefined

101 Undefined _
110 Arithmetic Shift Right |
111 Undefined

Fetch Algorithm for Format 3.
The Fetch algorithm for format 3 instructions becomes very simple since

this format consists of only one word.
Fetch:

FR:= ST(WO0); comment Fetch instruction;
WO0:= WO + 2, comment Increase Program Counter;

goto Instruction Execution;
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Instruction List. 6.3
This section defines shift-rotate instructions. The CARRY bit is explicitly

mentioned if it is altered by an instruction whose result register is

different from WO. (The term "con" used in the following list means

"concatenate").

ROTATE RIGHT ThleusM CARRY

Rotate right the contents of CARRY and the W register the number of
places specified by SHIFTS. CARRY is rotated into bit 0 of W, bit 15 into
CARRY.

for SHIFTS:= SHIFTS - 1 step = 1 until 0 do
CARRYconW(0:15):= W(15)conCARRYconW(0:14);

ROTATE LEFT  ThRovia CARRY
Rotate left the contents of CARRY and the W register the number of places
specified by SHIFTS. CARRY is rotated into bit 15 of W, bit 0 into CARRY.

for SHIFTS:= SHIFTS - 1 step - 1 until 0 do
CARRY conW(0:15):= W(0:15)conCARRY;

LOGICAL SHIFT RIGHT
Shift right, with zero insertion in bit 0, the contents of the W register

the number of places specified by SHIFTS.

for SHIFTS:= SHIFTS - 1 step - 1 until 0 do
begin CARRY:= W(15); W(0:15):= OconW(0:14) end;

LOGICAL SHIFT LEFT
Shift left, with zero insertion in bit 15, the contents of the W register

the number of places specified by SHIFTS.

for SHIFTS:= SHIFTS - 1 step = 1 until 0 do
begin CARRY:= W(0); W(0:15):= W(1:15)con0 end;
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ARITHMETIC SHIFT RIGHT

Shift right, with sign_extension in bit 0, the contents of the W register

the number of places specified by SHIFTS.

for SHIFTS:= SHIFTS - 1 step - 1 until 0 do
begin CARRY:= W(15); W(0:15):= W(0)conW(0:14) end;

I/

\ i\ Wos 1Y
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. INTERLEVEL INSTRUCTIONS »

~d

Format 3 for Interlevel Instructions.
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Figure 7.1. Format 3 for Interlevel Instructions

The purpose of interlevel instructions is to transfer information between
two working registers belonging to the same or to different interruption

‘ levels. They have a format as depicted in Figure 7.1. W selects a work=
ing register in the current interruption level and X a register belonging to
the interruption level specified by the 5-bit N field. The interlevel instruc-
tions may, in addition to their normal execution, also control the inter=
ruption system. A letter D, E, or S is then used as a suffix to the basic

mnemonic code. The effects of the suffixes and the corresponding D and E

fields are as follows: v
SZ”/";Z W1 )(1 Cete (1M
Suffix Code Effect on Interruption System
E 01 Enable the interruption system for all
‘ interrupts
D 10 Disable the interruption system for all

interrupts

ot

7.2

Instruction List.

INTERLEVEL LOAD
Load the W register with the working register specified by X from interruption

level N. The contents of X remain unchanged. Control the status of the

interruption system as follows:




W(current level):= X(Nth level);
if CODE = D then ENABLE:= 0;
if CODE = E then ENABLE:= 1,
if CODE = S then INTERRUPT(N):= 1;

INTERLEVEL STORE
Store the W register into the working register specified by X from inter-

ruption level N. The contents of W remain unchanged. Control the status

of the interruption system as follows:

X(Nth level):= W(current level);
if CODE = D then ENABLE:= 0;
if CODE = E then ENABLE:= 1;
if CODE = S then INTERRUPT(N):= 1,
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INPUT/OUTPUT INSTRUCTIONS
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Format 3 for Input/Output Instructions.
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Figure 8.1. Format 3 for Input/Qutput Instructions

Figure 8.1. shows the input/output instruction format and it is characterized
by a function code where the left-most four bits equal 1100. Hence, only

two basic input/output instructions exist. One of them, the read instruction,
governs the data transfer from a peripheral device to the computer, whereas

the other, the write instruction, controls the data path in opposite direction.

Bits 11 to 15 select the device that is to respond to the instruction. The
M field consists of two bits, which modify the execution of the basic in-
structions. The remaining two fields, W and X, pick out two registers for
compare or address purposes, as it appears from the instruction definitions

to follow.

The operation of the device controllers is already explained in Chapter 3.5.,
where we introduced four general 1/O commands. This explanation is also
valid for the actual 1/O instructions. But, in the previous discussion, we did
not define how incoming and outgoing data are interpreted by the computer
nor how data may influence the instruction sequence. These questions are

answered in the instruction list to follow.

Tables 8.1. and 8.2. show the relations between the M field in the instruc-
tion format and the actual I/O instructions. The second column connects an
|/O instruction to its equivalent general |/O command; thereby the action

taken by the device controllers for various 1/O instructions is determined.
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I/O INSTRUCTIONS

' GENERAL
M I/O COMMANDS PARALLEL DEVICE SERIAL DEVICE
00 | Read Data Read Word and Compare | Read Bit and Compare
01 Read Status Read Status and Compare | Read Status and Compare
10 | Read Data Read Block of Bytes Read Block of Bits
11 | Read Data Read Block of Words Undefined

Table 8.1. Modifications of Basic Read Instruction.

GENERAL I/O INSTRUCTIONS
‘, M I/O COMMANDS PARALLEL DEVICE SERIAL DEVICE
00 | Write Data Write Word and Compare |Write Bit and Compare
01 | Write Control Write Control and Compare |Write Control and Compare
10 | Write Data Write Block of Bytes Write Block of Bits
11 | Write Data Write Block of Words Undefined

Table 8.2. Modifications of Basic Write Instruction.

Instruction List. 8.2

READ STATUS AND COMPARE, PARALLEL OR SERIAL DEVICE

‘ Transfer the contents of the STATUS buffer in the selected device to working |
register WI1. If the contents of registers W and X differ, and End of Informa-
tion is zero, then clear the current interrupt bit and repeat the read instruc-
tion; otherwise execute the next instruction in sequence. In any event, the

interruption system is enabled.

A= X,

Wil:= STAT:US;
if W<>A and EOl = 0 then begin IR(current level):= 0; WO:= WO - 2 end;
ENABLE:= 1;
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READ WORD AND COMPARE, PARALLEL DEVICE

Transfer a word from the DATA IN buffer in the selected device to working
register W1, If the contents of registers W and X differ, and End of
Information is zero, then clear the current interrupt bit and repeat the read
instruction, otherwise execute the next instruction in sequence. In any

event, the interruption system is enabled. Wi b

A= X,
- W1:= DATA IN;

if W<> A and EOI = 0 then begin IR(current level):= 0, W0:= WO - 2 end;
ENABLE:= 1,

READ BLOCK OF BYTES, PARALLEL DEVICE
Transfer a byte from the DATA IN buffer in the selected device to a byte
location in storage specified by register X. If X, after being incremented by
1, differs from W, and End of Information is zero, then clear the current
interrupt bit an; repeat the read instruction; otherwise execute the next
instruction in sequence. In any event, the interruption system is enabled.

if X(15) = 0 then ST(X)(0:7):= DATA IN(8:15)

else ST(X)(8:15):= DATA IN(8:15);

X=X + 1,

if W<> X and EOI = 0 then begin IR(current level):=0;, WO0:= WO - 2 end;

ENABLE:= 1,

READ BLOCK OF WORDS, PARALLEL DEVICE
Transfer a word from the DATA IN buffer in the selected device to a word
location in storage specified by register X. If X, after being incremented by
2, differs from W, and End of Information is zero, then clear the current
interrupt bit and repeat the read instruction; otherwise execute the next in-
struction in sequence. In any event, the interruption system is enabled.
ST(X):= DATA IN;
X=X+ 2
if W<> X and EOIl = 0 then begin IR(current level):=0, WO:= WO - 2 end;
ENABLE:= 1,

AA316 8-3



READ BIT AND COMPARE, SERIAL DEVICE

The bit from the BIT IN buffer in the selected device is shifted into
position 0 of working register W1 by shifting W1 right one place. If the
contents of registers W and X differ, and End of Information is zero, then
clear the current interrupt bit and repeat the read instruction; otherwise
execute the next instruction in sequence. In any event, the interruption

system is enabled.

W1(0:15):= BIT IN con W1(0:14),
if W< > X and EQOI = 0 then begin IR(current level):= 0, W0:= W0 - 2 end;
ENABLE:= 1,

READ BLOCK OF BITS, SERIAL DEVICE

The bit from the BIT IN buffer in the selected device is shifted into position
0 of working register W1 by shifting W1 right one place. If X, after being
incremented by 1, differs from W, and End of Information is zero, then
clear the current interrupt bit and repeat the read instruction; otherwise
execute the next instruction in sequence. In any event, the interruption

system is enabled.

W1(0:15):= BIT IN con WI1(0:14),

X=X+ 1,

if W<> X and EOI = 0 then begin IR(current level):= 0, W0:= WO - 2 end;
ENABLE:= 1,

WRITE CONTROL AND CLEAR, PARALLEL OR SERIAL

Transfer the contents of register W1 to the CONTROL buffer in the selected
device. If the X field of the instruction equals zero, then clear ﬂnwnﬁ
interrupt bit and execute the next instruction in sequence;’ otherwise just

execute the next instruction in sequence. In any event, the interruption system

is enabled.

CONTROL:= WI;
if X field = 0 then begin IR(current level):= 0; end;
ENABLE:= 1,
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WRITE WORD AND COMPARE, PARALLEL DEVICE

Transfer the contents of register W1 to the DATA OUT buffer in the selected
device. If the contents of register W and X differ, then repeat the write
instruction, otherwise execute the next instruction in sequence. In any event,

the interruption system is enabled.

DATA OUT:= WI;
if W< > X then begin IR(current level):=0; WO0:= WO - 2 end;
ENABLE:= 1,

WRITE BLOCK OF BYTES, PARALLEL DEVICE

Transfer a byte from the byte location in storage specified by X to the
DATA OUT buffer in the selected device. If X, after being incremented by
1, differs from W, then clear the current interrupt bit and repeat the write

instruction; otherwise execute the next instruction in sequence. In any event,

the interruption system is enabled.
DATA OUT(8:15):= if X(15) = 0 then ST(X)(0:7) else ST(X)(8:15);
X=X+ 1;
if W <> X then begin IR(current level):= 0, WO:= WO - 2 end;
ENABLE:= 1,

WRITE BLOCK OF WORDS, PARALLEL DEVICE

Transfer a word from the location in storage specified by X to the DATA OUT

buffer in the selected device. If X, after being incremented by 2, differs
from W, then clear the current interrupt bit and repeat the write instruction;
otherwise execute the next instruction in sequence. In any event, the

interruption system is enabled.
DATA QUT:= ST(X);
X=X+ 2
if W <> X then begin IR(current level):= 0, WO0:= WO - 2 end;
ENABLE:= 1,
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WRITE BIT AND COMPARE, SERIAL DEVICE

Working register W1 is shifted logical right one place and position 15 is
transferred to the BIT OUT buffer in the selected device. If the contents s
of W and X differ, then clear the current interrupt bit and repeat the read
instruction; otherwise execute the next instruction in sequence. In any

event, the interruption system is enabled.

BIT OUT:= WI(15); WI(0:15):= OconW1(0:14);
if W< > X then begin IR(current level):=0; WO0:= WO - 2 end;
ENABLE:= 1;

WRITE BLOCK OF BITS, SERIAL DEVICE

Working register W1 is shifted logical right one place and position 15 is
transferred to the BIT OUT buffer in the selected device. If X, after being
incremented by 1, differs from W, then clear the current interrupt bit and
repeat the read instruction; otherwise execute the next instruction in

sequence. In any event, the interruption system is enabled.

BIT OUT:= WI(15); WI(0:15):= OconW1(0:14);

X=X+ 1;

if W <> X then begin IR(current level):= 0; W0:= WO - 2 end;
ENABLE:= 1;
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INSTRUCTION SET

Arithmetic and Logical Instructions.

panitlor - LLEEREE R L . D Jod
Format 1b: ﬁl.l:] thX | nL. F: -
T B 01 Y S

Format lc: ; v

I " " 4 2 2\ " 4 L 4 " Fae ]
Y Y T y .2 ' y T

(it 1N

Q

2 5.8 R &
Idr Load Register 00 &8 %
Idc Load Complement 80 0 &K 1
Idi Load Indirect e 4 % 1 %
str Store Register g .9 * 1
sti Store Indirect o 5 3 Q8 N
Xsr Exchange Store and Register g 'R | &
Idb Load Byte e 85 1 0
stb Store Byte o g ¥V |
. add Add Integer Word g1 8 & B
sub Subtract Integer Word § 8 & ]
and Logical AND $: 1- 0  ©
lor Logical OR 1 0 .o ?
xor Logical Exclusive OR g 39 .7 8 8
lce Load Register Clear Interrupt and Enable 8.1 .9 3
Not used O 1 = b N
Read Switches 0




Branch and Continue Instructions.

Lt :

L e Liwi xj- g 0 J
st St . s et - b i
< l ey s e IR B e —— ]
&5 4 M 8 RS 5 LB 1) SRR
Format 2b: < L ¢ = : e
I B e .- et et J
EL L P I W X FEaag ! F_ 1]
probaniiot : o o
Format 2¢: < | e B ]
C - s BRAN O, LM}K b J
© ~ &N ™
w U . U
bgw Branch if Greater ! 0 8.0
bew  Branch if Equal -
blw  Branch if Less FREE e
bgb  Branch if Greater than Byte I s
beb  Branch if Equal to Byte R R
blb Branch if Less than Byte =i g 3. N
bsz Branch if All Selected Bits are Zero 1 8y
bop  Branch if Selected Bits have Odd Parity Bt e S

AA316

Condition instructions as mentioned above, with the suffix "n"

added to the mnemonic code.
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Shift-Rotate Instructions.

Format 3: . W 10 .0 C_OI?E SHIFTS
F =28
ror Rotate Right R 1
rol Rotate Left R | ey
Isr Logical Shift Right % 0 11
Isl Logical Shift Left o1 e
asr Arithmetic Shift Right 100 -8 ¥l
Undefined 1 a9 .9 A
Undefined § 0 I3
Undefined P 4 ...}
Interlevel Instructions.
Format 3: F X CQI , :
: G e
F=
ild Interlevel Load 14
ist Interlevel Store 1 1)
Not used ¥
Format b e
Format ¢ 5 3

AA316
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Input/Output Instructions.

Format 3: i M
e o i [
F=2

2 o

rsc Read Status and Compare 01 (PorS) 1 43
wcec  Write Control and Clear e 1 - P
rwc  Read Word and Compare 00 (P Eie)
rbb Read Block of Bytes ey - ¥
rbow  Read Block of Words 13 > -
wwe  Write Word and Compare 0 0 - B
wbb  Write Block of Bytes 10 s } -
wbw  Write Block of Words s SR o4
rbc Read Bit and Compare 00 (5 1
rbb Read Block of Bits 0 S
wbc  Write Bit and Compare 00 - r
wbb  Write Block of Bits e e ¥ 1
Undefined il e k.4
Undefined ke S

P = Parallel Device

S = Serial Device

AA316
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INSTRUCTION EXECUTING TIMES 10

Address Calculation Times (AT). 10.1
This scheme describes the execution times (AT) for the address calculation

dependent of the format and the index register selected, and if immediate

addressing is selected.

These times must be added to the times listed below for the instructions to

get the total executing time of an instruction.
Instruction executing time: T = AT + ET.

Ex.: ldr w3 xo (format la) T=3,2+1,0=4,2 uSec.
rwe w3 x2 D27 (format 3); number of bits n = 8, bit time t = 0,2 uSec.
AT = 2,9 uSec.

ET = 4,5 uSec. + (2t + 4t + nt) uSec. =
4 5uSec, +2x0,2+4x0,2%8x 0,2 uSec. = 7,3 uSec.

I = AT + ET = 2,9 + 7,3 uSec., = 10 2 uSec.

.
AT FORMAT 1 & 2 FORMAT 3
a b c
X = X0 514 710 uSec.
|=0
X<>X0 5,7 5,7 7,3 uSec.
X = X0 3,2 3,8 5,4 uSec.
| =1
X<>X0 4,2 L7 § uSec.
FORMAT 3




Execution Times (ET).

This scheme describes the times which must be added to the ADDRESS

CALCULATION TIMES (AT) to get the exact execution time for an instruction.

FORMAT 1 & 2

Idr
Ide
Idi
str
sti
Xsr
Idb
stb
add
sub
and
lor
xor
Ice

rsw

If count is specified 0,3 uSec. must be added for byte operations and 0,6 uSec

for word operations.

bgw

bew
blw
bgb

1,0 uSec.
1,9 -
R
1,3 -
98-
L6 - (for I =1 & X <>0 add 0,3 uSec.)
1,3 =
1,3 -
K6 -~
1,6 . -
[ =
1,0 -
10 =
1,0 =
1,0 -

o

1,6 uSec. For branch and continue instructions
1,6 - the same timing is valid, if the
1,6 - instruction, however, branches, 1,6
22 - uSec. must be added.

10.2




FORMAT 3

ror 1,9 uSec.
e i Add 0,6 uSec.
. i per shift
Isl 1L.Ve
asr 1.9 =
ild 0,6 uSec.
ist 0.6 =
, rsc (P+S) 4,5 uSec. NOTE
. wce - 1,6 -
rwe (P) 4,5 - NOTE
rbb - 4,8 - NOTE If w equals x or
rbw = 48 - NOTE EOI is received,
wwe - 25 - subtract 0,3 uSec.
wbb - 3,5 -
wbw - 3,8 -
rbc  (S) 4,5 - NOTE
rbb - 45 - NOTE
wbe - 3,2 -
® wbb - 3,5 - i U
P = Parallel Device
S = Serial Device

NOTE: add (2t + 4t + nt) uSec., where t is the bit length of the

selected device and n is the number of bits transferred.
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