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A Control Unit for a DECG PDP-8 Computer
and a Burroughs Disk
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Abstract—The control unit maps a semicontinuous address space
of the computer into a segmented BCD-addressed address space of
the disk. An interesting buffering system provides for the maximum
memory access time of the PDP-8 and high disk transfer rate. In
principle, the buffering could be generalized to handle arbitrarily long
waiting delays. The position of the disk may be rea\d under program
control. The execution of erroneous command sequences are not per-
mitted (and hardware detected). Out-of-range disk addresses are
detected.

Index Terms—Binary-to-decimal conversion, buffering, control
unit, disk addressing, parity generation/checking.

needed for a PDP-8-based time-sharing system.

Because of its high transfer rate, low access
time, and low cost per bit, the Burroughs model 9370-2
disk was selected.

The control unit interfaces this disk with a DEC
PDP-8 computer. Data transfers with the PDP-8 occur
on a cycle stealing basis (1.5 pus memory cycle/12-bit
word).

The main characteristics of the control unit are the
following.

CYROGRAM swapping and file storage device was

137 The storage layout on the disk is transformed to
look like a page-oriented structure (1 page=128
12-bit words).

2) The semicontinuous binary address space of the
computer is mapped into a segmented (BCD)!
addressable adress space of the disk.
A buffering system was incorporated because th
maximum core-memory access delay time was
greater than the time interval between words
from the disk. This buffering also takes care of the
conversion between the disk's 8-bit bytes and the
computer’s 12-bit words.

4) The current position of the disk can be read and

transferred to the PDP-8 upon command.

Parity generation and checking is done.

Erroneous command sequences are prevented from

Lieing executed, and out of range address requests

are detected.
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DresicoN CONSTRAINTS

The design can be looked at as having to satisfy

constraints.
The constraints can be divided into:

a) Burroughs disk (fixed) constraints,

b) PDP-8 (fixed) constraints,

c) TSS/8 performance (variable) constraints,
d) cost (variable) constraint.

Burroughs Model 9370-2 Disk Constraints

The disk unit consists of a single disk of which both
sides (surfaces) are used. Each side has 100 data tracks
together with 100 fixed READ/WRITE heads. Addressing
a track has to be done with a BCD number (range
00-99). A track is divided into 100 data sectors ad-
dressable through a BCD number (range 00-99) and a
maintenance sector which has the address BB (in hexa-
decimal).

A special track called the address track is provided.
From this track sector numbers can be read (in BCD
form) just prior to the occurrence of the corresponding
sector.

A sector is divided into 100 8-bit bytes, a parity, and
a space byte. The transfer rate is 3 X 10% bytes per second
or 2.4 X108 bits per second. The effective data rate is
2 X 10° words per second or 1 word per 5 us. The rotation
time is 34.4 ms.

Some important control signals from the disk are:

INDEX pulse, occurring once per revolution at the
end of a track,
SACF pulse, given just prior to reading a sector
number when reading the address track, and
FCLF pulse, given when a byte is available
/requested depending upon READ/WRITE.

PDP-8& Constraints

The core memory of the PDP-8 has a cycle time of
1.5 us and is logically divided into pages (1 page=128
12-bit words). There are from one to eight core banks
(called fields) of 4096 words.

The data break facility permits a word to be trans-
mitted directly to memory. Two modes, 1-cycle and
3-cycle, control the word transfer and take one or three
memory cycles using external or internal word count
and address control registers, respectively. The maxi-
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mum time delay between a break request and the start
of the break cycle is 6 us.

T'SS/8 Performance Constraints

Overhiecad due to disk activities should be minimal in
order to allow simultaneous processing. This calls for a
1-cycle data break mode. Especially in a nonmulti-
programmed system, the swap time of programs should
be short (i.e., let the disk transfer at maximum transfer
rate).

When swapping, complete fields are transferred. It is
desirable to know the disk position so that transfers can
be planned.

For simple file handling control in the software, it is
desirable that the file space is binary and continuous.
It is also important that the binary-decimal conversion
not be done in software because of the frequency of use
and the conversion time (see number convertor).
Although the address structure of the disk could be
changed, cost and delivery time would have increased
and it would have become a nonstandard disk from a
replacement (substitution) viewpoint,

CoxtroL UnNIT DESIGN

The control unit is shown in Fig. 1. It consists of the
following main parts: data flow and parity generation/
checking and control, core addressing and byte count-
ing, disk addressing (number conversion), and a com-
mand decoder and general control taking care of the
proper state transitions.

Layout of a Disk Track

For the storage of the information contained in a
page {called segment), two sectors are required (1/2
segment=1/2X128X12=768 bits; 1 sector=1X100
X8=2800 bits). An important use of the disk is as a
swapping device in which case 32 segments {a whole
field) are transferred to and from the disk.

An empty or unused area (gap) at the end of a trans-
fer is desirable in order to set up the conditions before
the next transfer starts. This requirement suggested
dividing a track into three areas of 16 segments accord-
ing to Fig. 2.

Addressing Information on the Disk

Using the layout of Fig. 2 gives the disk a storage
capacity of 48 segments per track, or 100 X40=4800
segments per disk side.

Addressing a segment on the disk takes (except for the
1-bit disk side) a 13-bit binary number. A convention
was made to determine the disk side bit and the thir-
teenth bit, such that only a 12-bit segment pointer had
to be stored. The convention led to the disk address
space layout of Fig. 3.

The disk, requiring a BCD track and sector number,
necessitates process conversion hardware to convert the
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Fig. 3. Layout of disk-address space.

13-bit binary starting segment number. This process
consists of a division by 48; the quotient is the track
number in binary. The remainder of the division has to
be multiplied by two and corrected for gaps in order to
give the starting sector number in binary. After this
the sector and track numbers have to be converted to

BCD.
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This process could be done with a PDP-8 program.
Such a program occupies 88 core locations and has an
execution time ranging from 417 to 456 us. Considering
its purpose, this program would have to be part of the

:sident portion of the monitor. Because of its size, exe-
cution time, and frequency of use, the hardware alterna-
tive was selected, especially because most of its reg-
isters were needed anyway. Fig. 4 shows the flow chart
of the number convertor as implemented. Fig. 5 shows
its organization at different process stages. The con-
version process is done in 13 “clock” times under control
of the counter C (see Fig. 4). The main states are:

1) C=0 no operation (idling)

1) C=1to 7 serial division by 48

3) C=8 correction because of gaps

4) C=9to 12 conversion binary to BCD

3) C=13 done, ready to determine coincidence

of the disk position and the desired
starting segment.

b

Because of the presence of gaps (during which no
information should be transferred), the position of the
disk has to be known while transferring.

At the end of a track when the requested number of
segments has not yet been transferred, it is desirable to
continue on the next higher track such that for the
PDP-8 the disk looks like two (one for each side)
contiguous strings of segiments.

By making the registers containing the track and

stor numbers to behave as BCD counters (after
ddress coincidence has taken place), the two objectives
mentioned above are realized.

Note the special way the binary to BCD conversion
is accomplished. This method is based on the fact thata
number GEQ*® 3 (N=5+m wherem=0, - - -, 10) after
a right rotate (see Figs. 4 and 5) will be GEQ 10 (i.e.,
2N =1042m), which would not be a BCD number.
By adding -+3 before rotating when N GEQ 35, the
following result is obtained: 2N =2X(5+4+m+43)=2m
+16. The 16 will not be visible in the BCD digit; it
increments the next higher BCD digit position with 1.

Example:

1 2 4 8 16 32 64 128*
29*=1 1 0 1 1 000 LSS5 5 rotate
0110 1 1 00 LSS S rotate
0 01 1 0110 GEQS5
1100 add 3
1 001 shift
00 1100 LSS 5 rotate
0 1 0 1t 110 result in BCD
2 1 2 4 8¢
2 7

* GEQ is greater or equal.

Y The rag 10 indicates the base of the number system.

¢ Numbers indicate weight of the corresponding binary digits.
P LSS is less.

IEEE TRANSACTIONS ON COMPUTERS, NOVEMBER 1969

Start
C=1
A
N GEQ 3 o~
BoCIFE-9) 5
F1-8=C(F2-9) F3-B-C (Fh-
Fl-2=0-3 A 5
FQ=0_: [=(41 F9=1 ; C=C+1 a
>
X E
P
7 w
B
)
o
s
b4
7 §
Add 1 to Add 2 to F to ] °
c(F1-2, 10-13 c{F1-2, 10-13) c(F1-2, 10-13 "
£
| 5
{ Js
l @ v )
!
FN3=C (FN2) Hr3 X=x+3 FNG=C (FNTY
Y=Yx2 Z=Zx2 /
C=C+l Compare State

ol ; i NI Figure 5
Note: C(A) means contents of register A; for Fi and FNI see Fig 3
GEQ means greater or equal; LEQ means less or equal; GTR means greater.
U = C(FNI-3); v = C(FN1-2); W= C(FN2,1-2,10);
X = C{FN1,3-5); Y = C{FN2,1-2, 10-13,83); Z = C(FN1,3-9);

Fig. 4. Flow chart of number converter.
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Fig. 5. Flip-flop configuration of the number converter at various
stages (states) in the conversiou process.

Buffering

Because of the disks’ high data rate (1 word per 5 us),
the delay in granting a data-break request (max. 6
us+1.5 ps), and the delay in the control unit, more than
two words of buffering are needed. The buffering is also
used for the conversion between words and bytes. Be-
cause of the difference in internal buffering in the disk
hardware, an extra stage of buffering is required when
writing on the disk (see Fig. 6). The numbers in the
registers indicate their size, and the numbers on the
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Fig. 6. Buffering, parity generation, and control.

lines indicate the width of the transfer paths. Registers
B and C are divided into subregisters in order to allow
for word-length conversion.

The control is made to simulate the behavior of
information flow in the registers. It has one flip-flop for
each register or subregister, and operates completely
asyiichronous from both the disk and the PDP-8 under
control of its own 4-AHz clock. Control signals from the
PDP-8 and disk are not sampled but used to trigger
flip-flops in the control unit, thus eliminating such re-
quirements as specific sampling rates and minimum and
maximum durations of these control signals.

The design of the bhuffering is such that, in principle,
arbitrary long waiting times can be handled by adding
more registers.

Read Current Disk Position

A small change in the buffering structure of Fig. 6
allowed for the transfer of the position of the disk, read
from the address track, to the PDP-8 core memory.

Parity Generation/Checking

The guaranteed error rates of the disk are: for recover-
able errors better than 1 in 10'; for nonrecoverable
errors better than 1 in 102,

The maximum number of bits transferrable in one
hour is 60X60X2.4X105=0.85X10%% which means
that the number of recoverable errors is better than one
per hour and nonrecoverable crrors better than one per
100 hours. Ior these reasons, longitudinal parity

Cisk ~at readv

3

I LCAD I / Disk Position
b ‘ Trarsfer
I imix II
‘ DONE

Disk not ready
A st

NOT READY

Transfer

Address- Parity- DONE - T
Error s
Wait until erd

- i of cector or

operatior;
L irstruclion errng
4
LRDS l

4
LCLF
READY

Fig. 7. Flow chart of IOT-command sequences.

-~

v
=3
U

(written as the 97th byte of every sector) was con-
sidered to be sufficient.

The P register of Fig. 6 is part of the parity genera-
tion/checking logic.

Instructions to the Disk

PDP-8 disk communications are done through input-
output (IOT) commands® and interrupts.
The IOT commands implemented are the following.

1) LSAD clear interface registers and transfer 12
bits of the starting segment address.

2) LRDP clear interface registers and transfer core-
memory address (cf field) after which the disk
position is transferred to the specified location in
core. .

3) LSPF \skip on disk flags (done-+error flags).

4) LRDS read disk status. Done+error flags are read
into the accumulator of the PDP-8.

5) LCLF clear done and error flags.

6) LCAD transfer starting core address.

7) LMIX transfer several bits (requested number of
segments to be transferred, field number, READ
/WRITE, disk side, thirteenth bit of starting seg-
ment address). After this command the actual
transfer starts.

Interrupts are given when the requested task is done
or when any of the three error conditions occurs. (These
are: parity error, address error, and instruction error).

Fig. 7 shows the possible sequences of commands.

& See PDP-8 Users Handbook.
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Mote: AC = Accumulator of FDP-8; AE = Address Error

K = Core-Address Counter; L = F2-!2 (See Figure 5) .
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Fig. 8. (a) Flow chart of complete control unit. (b) Flow chart of
complete control unit.

Instruction and Address Error Detection

Through the addition of some extra logic, the execu-
tion of commands disturbing the current execution when
the disk is active was prevented and resulted in an
instruction error (see Fig. 7). Addresses out of range
result in an address error.

MobpEes oF OPERATION

A flow chart of the complete interface is given in
Fig. 8. The basic three modes of operation are very
apparent:

1) idling mode,
2) READ disk position mode,
3) READ/WRITE data mode.

CoONCLUSIONS

The state of the art of control unit design, though, is
well developed in practice. (Little has ever been directly
reported.) This article is partially written to show the
design protocol. The most interesting part is the buffer-
ing which, in principle, could have been generalized to
handle arbitrary long service delays.




