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1.0 INTRODUCTION
1.1 This specification is provided to acquaint the reader with the functional

operation of the CPU. The functional description of the unit is presented in
descending levels of explanation beginning with a brief and general description
of the micro-programmed computer concept, followed by an overall block diagram-
type description of the QANTEL V Processor; a listing of the complete micro-

instruction set and finally, a tabular specification of the processors capacity.
2.0 MICROPROGRAMMED COMPUTERS

2.1 The QANTEL V CPU is a micro-programmed computer employing a read-only '
memory and associated registers for the control unit. Within the micro-programmed '
computer, all macro-operations are performed by specific algorithms composed of
micro-instructions selected during computer manufacture. During processor operation,
the control unit executes a sequence of micro-instructions (an algorithin) stored

1n an addressable portion of a read-only memory. The migro-instructions making up l
the algorithm for any particular macro-instruction are sequentially produced at

the output of the read-only memory, where they are decoded and used to perform
simple processor functions,-such as moving data between registers, etc. As the
execution of each micre-instruction is completed, the subsequent instruction is ']

brought out of the read-only memory and decoded. This instruction is then executed,

and so on, until the algorithm (and the macro-instruction) is completed.

2.2 All micro-instructions contained in the read-only memory are part of a
standard micro-instruction set, but are arranged in a specific and different

sequence to accomplish each macro-instruction. A particular micro-program (algorithm
or sequence of micro-instructions) in the read-only memory is addressed during the
basic fetch cycle by using the macro-instruction operation code. By this method,

each different macro-instruction operation code addresses a specific portion of

the read-only memory containing the correct algorithm (or micro- program) required

to perform the associated macro-instruction.

|
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2.3 In summary, the operation cade of the macro-instruction is used to

éddress‘the associated sequence of micro-instruction residing in the read-only
memory. The sequence of micro-instructions (micro-program) is then executed , ?
in a step-by-step fashion until the macro-instruction has been completed. At

this time, the next macro-instruction is fetched and the operation code is used
to address the corresponding micro-program or algorithm in the¢read-only memory

required to perform that instruction.

3.0 PROCESSOR ORGANIZATION
3.1 General
3.2 In order to understand the details of processor operation, it is first .

necessary to study the organization of the processor on a block diagram level as
l shown in Figure 1. The processor may be divided into six main functional areas. 1

These areas include:

a., The control unit {read-only memory, associated

registers, and micro-instruction decoder).

b. Direct memery access and priority logic.

[g]

The main memory.

d. The data and program registers.

-

e. The arithnetic - logic unit.
f. The data bus and controllers.
3.3 control Unit

3.3 The control unit governs the overall operation of the system, and is
comprised ot the ) register, the I register, the read-only memory (hereafter
referred to as the ROM), the b register, and the micro-instruction decoding
circuits. During operation, macro-instructions obtained from the main memory
are uscd to address the initial instruction of a micro-program residing in the
ROM.  Sequencing through the micro-program causes micro-instructions to be
distributed to the appropriate circuits and perform the actions specified by

the particular micro-instructions.
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15}3.2/?‘ Within the control unit, the Q register is used for temporary storage

of a portion of the ROM address, the Z register is used to directly address the

- ROM, and the Evregister is used to store the micro-instruction during the decoding
and execution.

3.4 Priority and DMA Logic

3.4,1 -In a complete system, with byffered 1/0 controllers etc., many events
will be occurring simultaneously and also asynchronously. However, the data bus
and the address bus cannot have more than one pair of users at one time. Typically
3ata is:transferred to or from main memory while the address is given by the CPU
or a Direct Memory Access device. Thus, during each timing cy¢le only one part
of the system is allowed to control the busses. The events that can take place
are listed in ascending order of priority.
a) Actual execution of a micro-instruction
b) Fetkh a micro-instruction from main memory (micro-instruction mode,
see 3.51)
c) Halt. The processor will be dormant until the start switch is
operated.
d) Direct Memory Access device cycle. A special DMA device is the operator
console (optional equipment) through which the coﬁtents of any memory
/ location can be displayed and mjtered. Also, many of the registers in
the CPU can be displayed on the console (see product spec. for;;;ﬁé. '

e) Refresh dynamic solid state memory. The CPU will send a five- refresh

address over the address bus during a refresh cyvcle.

3.5 Main Memory

3.5.1 The main memory may be from 4K up to 32K eight-bit locations, and is
‘addressed by either the P, the A, or the B register. (Main memory is addressed
by the Z register when operating in the micro-instruction mode). The main memory
handles the tadk of storing the program instructions as well as the data during ¥
operation, and all information going to and from the main memory passes through T ;‘%
thé-C and D registers. In addition, a micro-instruction mode is provided within
the system to enable the main memor§ to store micro-instructions in a sequence
not included in the standard read-only memory. In this mode, the sequence of
micro-instructions from main memorj control the operation of the system, and

the main memory effectively replaces the ROM.

»
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3.6 . Data and Program Registers
3.6.1 Figuré‘l shows that :evera]iregiaters are included within the processor

to permit temporary storage of data, of piogram instructions, and of memory
addresses. Each register, with the exception of the P register, is used for
several functions during the execution of the program instructions (macro-

instructions). .
3.7 Arithmetic - Logic Umit
-3.7.1 The ALU is used to pérform such operations as addition, subtractiom, ;

comparison, and logicals. All data to the ALU passes through the X and Y

registers. The arithmetic results appearing at the output are placed on the

data bus and onto the register bus for application to the C or D register. ‘ i
3.8 Data Bus and Controllers ,
3.8.1 All data and commands between the processor and I/0 devices are fed

over the data bus which connects the I/0 controllers and the C and D registers.
-The I/0 contrpller provides all interface functions required to operate the

processor with a‘parﬁicular 1/0 device. Pach type of device, such as the type-

writer, the tape reader/punch, etc. requires a matching controller to provide the

proper interface with the processor.

3.8.2 The controllers permit the prockssor to address and select a particular
'device, to determine the status of thé device, to control the device, and in the
case of the typewriter and data set (communications), to translate or condition

the data to the required format for transmission in either direction.
4.0 OVERALL OPERATION OF THE PROCESSOR

4.1 Prior to actual operation, the proéessor is initialized and the desired E
program is loaded into the designated area of main memory. During initialization,

the internal registers are reset to zero and a Read Hex macro-instruction is

generated. That is, the operator presses the IPL switch on the processor control

panel to generate a general reset to the system; and, also to generate a ROM

address that initiates a Read Hex instruction addressed to device zero. The

program is then loaded by means of device zero.
‘ NOTE -
Refer to the QANTEL V Reference Manual for the

description and purpose of each macro-iastruction.
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4.2 The execution of any program instruction (macro-instruction) is preceded
by the fetch cycle. The QANTEL V Processor is a single-address or two address
unit, and it is early in the fetch cycle that the processor determines whether
the current instruction is single or two-address. (Details of the addressing
structure is presented in the QANTEL V Reference Manual.) If the current instr-
uction is single-address (three bytes in length), the fetch cycle loads the

three bytes of the instruction into the A, C, U, and L registers (shown in

Figure 1) and then initiates execution, using the first 16 positions of main
memory (the accumulator) as the implied B operand field. If the current instructioﬁ'
is two-address, the fetch cycle loads the first two bytes of the instructien into
the A register, then determines from the most significant four bits of the third
byte that the instruction is two-address. Upon detecting the two-address format,
the fetch cycle continues fetchi&é to load the A, B, C, D, L, and M registers

with the completé two-address instruction (six bytes in length).

NOTE
In actual operation, only five and one-half bytes of the instruction
are placed in registers. The most significant four bits of the third
byte are used by the processor only to determine whether or not the
instruction is two-address, and having no further purpose, are subse-

quently destroyed during the fetching of the remainder of the instruction.

4.3 With the fetch cycle completed and the macro-instruction contained in the
appropriate registers, execution of the program instruction begins by moving the
contents of the C register (op code) through the Q register to the ROM page
address portian (29 - Z6) of the Z register. The I register addresses the
specified (by the op code) page in the Romgzhnd the micro-program residing in

that page is initiated.

4.4 The ROM is arranged in banks, in pages within the banks, and in words
within the pages. (The standard processor contains only one bank of ROM.)

The 11-bit Z register is functionally divided into three sections to address the
ROM py bank, by page, and by word. The Z10 bit is used to address the reduired
bank of ROM, while the Z9 through Z6 bits are used to address a specific page

in the ROM bank. The Z5 through Z0 bits are used to address a specific page

word {(micro-instruction) within the page.
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4.5 When the addressed micro-program is initiated, each eight-bit ROM word
 (micro-instruction) is sequentially addressed and fed to the E register. While
held in the E register, the micro-instruction is applied to micro-instruction
decoding circuits, where it iS decoded to produce an output. The decoded output
is in turn fed to designated elements of the processor to perform the indicated
micro-instruction. When the micro-instruction has been executed, except in the
case of a branch micro-instruction or skip function, the Z5 through Z0 portion
of the Z register is incremented by one to address the next micro-instruction
in the page. The succeeding micro-instruétion is then fed to the E register,

where it is decoded and executed.

NOTE
Some micro-instructions test for specific internal
conditjons, and when true, increment the Z register

by two counts to provide a skip function.

4.6 As a result of the incrementing Z register, the micro-program is
executed in a step-by-step fashion, operating in conjunction with the previously
" 'stored data and instruction information (operand addresses, lengths, op codes,
‘variants, etc.) to perform the specific macro-operation. Upon completion of the
,migro-program, a "go to fetch cycle" command is brought from the ROM, and the

next macro-instruction is brought from main memory as described in paragraph 4.2.

4.7 Each of the macro-instructions supplied with the QANTEL V Processor
utiliies a different micro-program, or a variation of some common micro-program
Aresiding in the ROM. To fully understand how the processor performs the different
macro-instructions, the corresponding algoritﬁms (micro-programs) must be

- analyzed on a micro-instruction level. At this level of operation, it can be

seen how the data is moved within the processor and 1/0 devices, and how each

processor element is used to complete a macro-operation.
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" Table 1 Miro-instruction Set.

FUNCTION

0P CODE :
(HEXABECIMAL) _

BRC 00 Branch to the.RﬁM*page specified by the C register

GK a1 - Move the contents of the K.-register to the C regiﬁterw
if SW1 = 1; or to the D registéf if. SW1 = 0.

BIN 02 Place the binary result from the arithmetic unit (AU)
in the C or D register, use SWl. '

AND 03 Place the AND result from the AU in the C or D register,
use SW1.

OR 04 Place the OR result from the AU in the C or D register,
use SW1. ’ |

DEC * 05 Place the decimal result trom the AU in the C or D
register, use SWI1.

XOR 06 Place the exclusive OR result from the AU in the C
or D register, use SW1.

HLT 07 Halt the processor on the next branch to fetch.

GAL 08 Move Al and A0 to the C and D registers.

GAll 09 Move A3 and A2 to the C and D registers.

GBL 0A Move Bl and BO to the C and D registers.

GBH OB Move B3 and B2 to the C and D registers.

GPL 0C HMove Pl and PO to the C and D registers.

GPH oD Move P3 and P2 to the C and U registers.

NOTE

The make up of the A, B, and P registers
is shown in the block diagram, Figure 4-1.

GC §)¢ Move the contents ot the ( register to the D register.

FCH OF Branch to instruction fetching.

L-1 10 Subtract one from the I register contents.

L+l 11 Add one to the L register contents.

K-1 12 Subtract one from the K register contents.

K+1 13 Add one to the K register contents.

M-1 14 Subtract one from the M register contents.
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MNEMONIC OP CODE FUNCTION
(HEXADECIMAL)
M+1 15 Add one to the M register contents.
TSK 16 Skip the next micro-instruction if the K register

contents are Zero.

TSL 17 Skip if the L register contents are zero. Ce
TSM 18 Skip if the M registex contents are zero. oL
SHR 19 Shift the contents of the C and D registers one bit to .

the right; the high order bit of C is set to 1 if switch-
five is on. >

LbK 1A Move the contents of the D register to the K registef.i”

LDM 1B ' Move the contents of the K register to the M registat"‘:
LibX 1C Move the contents of the D register to the X regiStef.-‘f
LDY ] 1D Move the contents of the D register to the Y regisfgr.
LDJ 1E Move the-contents of the D register to the J register.
LoL 1F Move the contents of the J register to the L register.
TS1 20 ’ ﬂéé Skip if SW1l is off. .

TS2 21 v Skip if SW2 is off.

TS3 22 - Skip if SW3 is off.

TS4 23 Skip if SW4 is off.

TS5 24 Skip if SW5 is off.
TS6 25 Skip: if SW6 is off.
TS7 26 Skip is SWT is off.
TR1 27 Trigger SW1 to the opposite state.
TR2 28 Trigger SW2 to the opposite state.
TR3 29 Trigger SW3 to the opposite state.
TR4 2A Trigger SW4 to the opposite state.
TR5 2B Trigger SW5 to the opposite state.
TRE 2C Trigger SW6 to the opposite state.
TR7 2D Trigger SW7 to the opposite state.
RSW 2L Reset SW1 through SW6 to off (SW7 is reset by FCH).
BIX 2F Compare the contents of the X and Y registers, skip if
no 1 bit matching. |
RDD 30 Read data from I/0 bus into the C and D registers,
send strobe. \
RSO 31 Read status of I/0 into tﬁe C and D register, send strﬁb“
lTPEClrch?laﬂ I snzer |oRAwinG NO. 1 1meuUk {
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MNEMONIC OP CODE FUNCTION
(HEXADEC 2MAL)

WRD 32 Move data from the C and D registers onto the I/0 bus,
send strobe.

WRC 33 Move command from the ¢ and D register onto ihe I/0 hus,
send strobe.

R10O 34 Reset 1/0 device.

SRD 35 Send read command to the 1/0 device, send strobe.

SWR 36 Send write command to the 1/9 device, send strobe.

TER 37 Send terminate command to the 1/0 device, send strobe.

DIR 38 Initiate direct read or write.

RS1 39 Read I/0 status 1 from the I/0 bus into the C and D
registers, send strobe.

SEL 3F Select the I/0 device specified by the D register.

BRO 4X Branch to the first quarter of a page.

BR1 5X Branch to the second quarter of a page.

BR2 6X Branch to the third quarter of a page.

BR3 7X Branch to the fourth quarter of a nagéL

BIC 8X Compare the contents of the C register and the EOO through
E03 bits of the E register; skip if no 1 bit matching.

BID 9x Same as BIC but with the D register instead of the C.

HXC AX Compare the contents of the C register and the E0O through
E03 bits of the E register; skip if all bits not matching.

* HXD BX Same as HXC but with the D register instead of the C.

NPG Ccx Move a page address from the EOO through KO3 portion of
the E register to the Q register.

LDC bX Move a constant to the C register, take FOO through EQ3.

LDD EX Move a constant to the D register, take E00 through EO3.

MIM FO Initiate micro-instruction mode, (take next micro-instruc-
tion from location 2048 of main memory).

RDA Fl Read from main memory using address in the A register,
data to the € and D registers.

F2

Read from main memory using address in the B register,

data to the C and D registers.
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MNEMONIC OP CODE FUNCTION A
(HEXADECIMAL) %

RDP F3 Read from main memory using address in the P register, »jff
data to the C and D registers. Ipcrement P A ’

RACE 4

WRA F4 Write to main memory using address in the A register,
data from the C and D registers. .

WRB FS Write to main memory using address in the B register, . ° - §-
data from the C and D registers.

LDP Fé6 Move the contents of the A register to the P regisief.. ¥
LDB F7 Move the contents of the A register to the B register. . 'ffz
LDA F8 Move the contents of the X, Y, C, and D registe}s to thQ ,;ﬁ
A register (A3, A2, Al, and AQ). ‘ : Ni?
A+l F9 Add one to the A register contents. ?;Q
A-1 ) FA Subtract one from the A register contents.
- B+1 FB Add one to the B register contents.
B-1 FC Subtract one from the B register contents. _
NBK Fb - Switch to other ROM bank on the next BR micro-insxructiong:i
WRP FE Write to main memory using the address in the P register;
| data from the C and D registers.
~op-l FF - Subtract one from the P register contents.
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DETAIL SPECIFICATION

::1hc~CPUﬁcoﬁsists of two 12" X 14" printed circuit baards, CPU A and CPU B, that
) plug 1nto the processor housing. The housxng, 26" X 15" X 17", which may be
_} ﬂo&nted>1n a standard "L" shaped secretarial desk, also contains from 4K to 32K

. 4-,‘,

g é‘f memory, the optional Operator Panel interface (TPU) and up to twelve I/9 device
cmtrollcrs.

: Word Length: 8 bits

B o Internal control by read-only memory and micro-

instructions

'»\kﬁ;mo.lnstructions: 86
Macro Instructions (ROM):
Intertupt featurce included
"7iDirect Memory Access channels: 9 max.(Each will replace
:ene nnrmai 1/0) -
BDMA Serw.ce Time: l.Sixs/word min.
1f0 Serv1ce Time: 7 Fs/word (read or write normal)
» JfO Semce Time: 19 )xs/word {read hex)
f.I/O Sexrvice Time: 26 Ps/word (write hex) .
Memory Cycle Time: 1.5 ps
Executxon Time: 1.0 ps




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

