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CHAPTER 1
GENERAL DESCRIPTION

1.1 INTRODUCTION

This chapter identifies and describes the modular parts of the PDP~15 system hardware, and shows how
they are incorporated into the system. Figure 1-1 shows the physical location of these parts in the
PDP-15 system configuration. Figure 1-2 is a block diagram of the inter-connection of the elements

of the system which are covered by this manual. Other options are covered by separate manuals.

H963D HO9G3E
BAY 00 BAY 1R
15 IND PANEL
MK15 FANS
BB15
KP1S KT5  MPIS
kD15 KMIS  KAIS
KE15
KF15 DISPLAY
KW1S
KC1S PCOS
FANS
PC15
BA1S LT154
VP15
DWI5A
715 PS

15-0272

Figure 1-1 PDP=-15 Configuration

1.2 SYSTEM DESCRIPTION

The PDP-15 System consists of a KP15 Central Processor, KD15 1/O Processor, KC15 Console, MM15

Memory, associated cabinets, hardware, power supplies, and any of a large number of options.

1-1



| ! T T
| ! |
MM15 : MK15 MM15 | MKI1S MM15 | MKI15 MM15 |
4K | 4K 4K } 4K 4K l 4K 4K :
—1 | 7 | p— | |
| [ 1 l ]
BB15
BB OPTION CABLE
MEMORY DATA LINES
MEM MEM MEM
PROTECT | RELOCATE PARITY
KM15 KT15 MP15
API KAtS
MEMORY
PORT
SWITCH
BAI5
1PU CPU
PCi5 KD15 KP15
READER PUNCH
VP15 KE15 EAE
DISPLAY KW15 RTC KF15 PWR FAIL
TTY CONTROL TTY
LT15A
TTY
POS 1/0 BUS I BUS
POS 1/0 BUS
KC15
CONSOLE
DW15A
N /0 BU
POS TO NEG BUS el S
CONVERTER

a. PDP-15/10 Compact System — consists of a 4K core memory, Central Processor, 1/O Pro=

Figure 1-2 PDP-15 System Block Diagram

15-0274

Hardware configurations for which special software systems have been developed are designated as

cessor, and ASR33 Teletype ®. This is the basic PDP-15 System (see Figure 1-3).

® Teletype is a registered trademark of Teletype Corporation.

1-2

PDP-15/20 Advanced Monitor System — consists of the basic PDP-15 with 8K of core
memory, DECtape control and 2 DECtape transports, high~speed paper-tape reader/
punch, extended arithmetic element, and KSR 35 Teletype (see Figure 1-4).




FA\NS CARA\]/EL FAN
LOGO LOGO A
MEMORY
3
ENCLOSED
CP/10 LoGIC 7 — LoeIC
INTER- -
CONNECTION -
COVERS
(REMOVABLE)
CP/I0
. REAR
X DOOR
CONSOLE cowsou-:—7 FANS
—
TABLE/'
DOOR—————=
POWER SUPPLY
SUPPLY
DEC 19" CABINET
DIMENSIONS:
30" DEEP
21-11/16" WIDE
71- 7/16" HIGH
15-0013
Figure 1-3 PDP-15/10 System Configuration Diagram
H963D H963E HO63F
(BAY 00) (BAY IR) (BAY 2R)
FAN FAN FAN
INDICATOR INDICATOR
MMI5A, MKISA
8K MEMORY
FROCESSOR AND
1/0 PROCESSOR BLANK BLANK
AND KE 15
EXTENDED
ARITHMETIC
ELEMENT
KC15 PCIS TU56 DUAL
CONSOLE HIGH SPEED DECTAPE
REABER/ BONCH TRANSPORT
TABLE
285 KSR BLANK
TELETYPE FANS TCIs
BA15 (CONTROL FOR | DECTAPE
pC15) CONTROL
715
fowes BLANK
AC UTILITY
OUTLETS BLANK
15-0326
Fiqure 1-4 PDP=-15/20 System Configuration Diagram




c. PDP-15/30 Background-Foreground System — consists of a PDP=15/20 with a 16K core
memory, four DECtapes, a real-time clock, automatic priority interrupt, a second on-=
line Teletype and memory protect (see Figure 1-5).

d. PDP-15/35 Disk Oriented Real-Time Executive System (RSX) — consists of a PDP-15/2)
with a 16K core memory, two DECtape transports, automatic priority interrupt option,
real-time clock, a DECdisk file with 262K words of storage and memory protect.

e. PDP-15/40 Disk Oriented Background-Foreground System — consists of a PDP-15/30 with
a 24K core memory, two DECtapes, DECdisk Control, two random access DECdisk files
with a capacity of 524K words of storage and memory protect (see Figure 1-6).

1.3 CENTRAL PROCESSOR
1.3.1 KP15 Central Processor

The KP15 Central Processor functions as the main component of the computer by carrying on bi-
directional communication with both the memory and 1/O Processor. Provided with the capability to
perform all required arithmetic and logical operations, the central processor controls and executes

stored programs. It accomplishes this with an extensive complement of registers, control lines, and

logic.

1.3.2 Teletype Control

This provides the control for'the console Teletype which may be an ASR or KSR Type 33 or 35 Tele-
type. Logic is provided for the hardware readin of tapes from the Teletype reader in systems withour
high-speed tape facilities. Characters may be read from the keyboard in either half=duplex mode

(characters echoed onto the printer) or full-duplex mode.

1.3.3 KC15 Console

The KC15 Control Console provides facilities for operator initiation of programs, monitoring of central
processor (CPU) and 1/O Processor (IPU) registers, starting program execution and the manual exami-

nation and modification of memory contents,

1.3.4 KE15 Extended Arithmetic Element (optional)

The optional KE15 Extended Arithmetic Element (EAE) facilitates high-speed arithmetic operations and
register manipulations. The EAE adds an 18-bit multiplier quotient register (MQ) to the system as
well as a 6-bit step counter register (SC). Worst case multiplication time is 7.4 ps; division time is

7.65 ps.



H963D H96 3E H963F
(BAY 00) (BAY IR) {BAY 2R)
FAN FAN FAN
INDICATOR ND
MMIS A, MKI5A INDICATOR
8K MEMORY
(See Note 1) FANS
KAIS_AUTOMATIC
KP1S CENTRAL PRIORITY INTERRUPT | BLANK
PROCESSOR AND AND
1/0 PROCESSOR, KM15 MEMORY
KE 15 EXTENDED PROTECTION
ELEMENT, AND
' TU56 DUAL
K R BLANK DECTAPE
TRANSPORT
PCI5
KCI5 TUS56 DUAL
HIGH SPEED
CONSOLE DECTAPE
PAPER TAPE
READER / PUNCH TRANSPORT
TABLE
35 KSR BLANK 33 KSR
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Figure 1-6 PDP-15/40 System Configuration Diagram

1. Two more 8K memory modules are mounted on the rear door of cabinet HO63D. There is space on
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1.3.5 KF15 Power Fail (Spfionql)

The KF15 Power Fail option offers maximum protection to programs during power failure and recovery
of power after failure. It enables the PDP-15 system to store active registers in memory before power
diminishes to a point beyond which data will be lost. It also enables the PDP-15, upon the restora=-

tion of power, to restore these registers and continue with the program that was previously in progress.

1.4 1/O PROCESSOR
1.4.1 KD151/O Processor

The KD15 Processor (IPU) is an autonomous subsystem of PDP-15 which supervises and synchronizes all
IOT and Data Channel (DCH) transfers between the devices and the PDP-15 central processor and
memory . The I/O Processor contains the arithmetic and control logic hardware to supervise all 1/0
device activity. The IPU is, however, a passive system in that it responds to requests for activity

from devices or the CPU rather than initiating activity.

1.4.2 KWI15 Real=Time Clock (optional)

The KW15 Real-Time Clock option gives the user a time reference capability. The real-time clock
produces clock pulses at a rate of 1 every 16.7 ms for 60 Hz systems; these systems increment a core

location which can be preset and monitored under program control .

1.5 MEMORY
1.5.1 MMI15 Memory

The MM15 Memory is the primary storage area for the computer instructions and data. Memory is or-
ganized into pages which are paired into memory banks. Each MM15 has 4K 18-bit binary words of
high-speed random access ﬁqgnefic core storage. Each bank is a unit of 8K words. The Central Pro-
cessor and 1/0O Processor have provisions o address up to 128K words of core memory with the aid of a
MX15 Memory Mulfiplexer; Any word in memory may be addressed by either the Central Processor or
the 1/O Processor.

1.5.2 MK15 4K Memory Expander (optional)

This option expands the MM15 memory control from 4K to 8K 18-bit words. It consists of the core

memory stack and the necessary read/write circuits and must be used with an MM15.



1.5.3 MP15 Memory Parity (optional)

The MP15 Memory Parity option enables the PDP=15 to continuously check information being read
from core memory and determine whether information has been erroneously picked up or dropped. It
does this by monitoring all information as it is being sent to the memory for storage, and writing a
parity bit. When this word is read from memory, the word and the bit are checked to determine

whether any information has been changed, and a parity error flag is raised if a change is detected.

1.6 BAT15 PERIPHERAL OPTION EXPANDER

This option houses power and 1/O bus interface logic for the PC15, LT15A, and VP15 which are des-

cribed below; only one BA15 is required per system.

1.6.1 PC15 High-Speed Paper-Tape Reader/Punch (optional)

This option includes a PCO5 Reader/Punch and the control to interface it to the PDP-15. Characters
can be read from paper tape af a maximum rate of 300 characters per second or punched at a rate of
50 characters per second. When this option is installed, the PC15, instead of the TTY, is used for
hardware READIN.

1.6.2 LT15A Single Teletype Control (optional)

This option provides the logic to receive and transmit information through a KSR33 or KSR35 Teletype.
This provides a second Teletype capability to the PDP-15 system.

1.6.3 VP15 Display Control (optional)

This option interfaces the PDP-15 to various display devices by providing the digital=to=analog con=
verters and the control logic for the x and y positioning as well as the intensification of the VP15A

Storage Tube Display, VP15B Oscilloscope Display, or VP15C X-Y Oscilloscope Display .

1.7 BB15 INTERNAL OPTION EXPANDER

This expander houses the power, 1/O bus interface, memory bus interface and various control signals
from the processor for the operation of the KAIS Automatic Priority Interrupt, KM15 Memory Protect,
KT15 Memory Protect and Relocate, and MP15 Memory Parity options. Only one BBI5 is required

per system,



1.7.1 KA15 Automatic Priority Interrupt (API - optional)

The API option adds 8 additional levels of priority to the PDP-15. The upper 4 levels are assigned to
I/O devices and are initiated by flags (interrupt requests) from these devices. The lower four levels
are programming levels and are initiated by software requests. High data rate or critical devices are
assigned to high priorify' levels and can interrupt slower device service routines. The API option holds
the slower device interrupt request until it can be serviced. The cause of the inferrupt is also direct-

ly identified eliminating the need for service routines and flag search routines.

1.7.2 KMI5 Memory Protect (optional)

The KM15 memory protect provides the PDP~15 core memory with protected memory locations that
cannot be accessed by the user. It includes a boundary register and associated control logic to estab-
lish the lower limit of the user's program. It has the facility to trap IOT, HALT OAS and chained

execute instructions and the addressing of a non-existent memory bank .

1.7.3 KT15 Memory Protect and Relocate (optional)

The memory protect and relocate option is similar to the memory protect option. The KM15 must be
used with the KT15. However, it contains a relocation register as well as a core allocation register.
The relocation register provides the lower limit of the user program and relocates the user upward from
the real machine location by the quantity contained in the relocation register. The core allocation
register indicates the last 256 word increment available to the user. Other features of the memory

protect option are also included in this option.

1.8 SYSTEM INTERCONNECTIONS
1.8.1 CPU and IPU~to~Memory Bus

The central processor and 1/0 processor each asynchronously access memory over the same memory da-
ta lines (MDL). The priority structure concerning which processor's request is sent to memory is deter=
mined by the memory porf:swifch. The 1/O processor is given first priority. The memory data lines
consist of 18 bi-directional lines over which address and then data information is transmitted to and

from memory. Various control signals are on this bus.

1.8.2 IPU-to=I/O Devices (1/O Bus)

The 1/0 processor communicates with all devices over a common 1/0 bus which contains bj-
directional data lines; address lines; enable, request, and grant lines for API and data channel; and

others such as program interrupt and skip request.
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1.8.3 Console-to-CPU (I Bus)

The indicator bus contains bi-directional lines to transmit information to the lights on the console and

switch information from the console to the central processor. Several control lines are also located

on the cable.

1.8.4 BB Option Panel to Central Processor

Because the BB15 Option Panel contains several infernal options which deal with the operation of the

central processor, a special cable is required so that the option may utilize these internal central pro-

cessor signals.

1.9 SYSTEM SPECIFICATIONS

Functional Characteristics

Word Length
Cycle time

Core memory capacity

Core memory access
Page mode

Direct
Indirect

Indexed
Bank mode

Direct
Indirect

Computation rate
ASR33 Teletype
Program~-controlled 1/O capacity

Data channel capacity

18 bits
Refer to Table 1-1

4096 words, expandable to 131,072 words
in 4K increments

4096 words
32,768 words
131,072 words

8,'192 words
32,768 words

625,000 additions per second
10 characters per second

Up to 256 devices including prewired CPU
and IPU IOTs

Up to 8 device controllers

Operating Characteristics (H963D Cabinet; CP, I/O and Memory)

Power requirements

Power consumption

Power supply outputs after local
regulation

115+ 15%, 50 or 60 cps 2%, single phase,
18-30A or 230V £15%, 50 or 60 cps +2%,
single phase, 18-30A

4 KW max
+5, =6, -24 Vdc



Logic levels
Test temperature range
Relative humidity

Heat dissipation

Dimensions

0-.4V =logic 0
50°-120°F
10-95%

13,650 BTU/hr.

2.4-5V = logic 1

Cabinet height 71-7/16 in.

Cabinet width 21-11/16 in.

Cabinet depth 30in.

Shelf widths 19 in.

Shelf depth 19-5/16 in.

Door clearance (rear) 18-7/32 in.

Cabinet weight (loaded) 750 lbs.

Teletype height 8-3/8 in.

Teletype width 22 in.

Teletype depth 18-1/2 in.

Teletype weight 44 lbs.

Table 1-1
PDP-15 Central Processor Cycle Times, Basic and Expanded Configurations*
Not In User Mode In User Mode
Configuration Read Write Read Write
Max | Typical | Max | Typical | Max | Typical | Max Typical

Basic 800 800 800 800 800 800 800 800
KM15 Memory Protect 830 800 830 800 830 800 975 92)
KM15 Memory Protect and 965 880 965 880 | 1165 | 1080 1165 | 108D
KT15 Memory Protect/Relocate
MP15 Memory Parity 1100 | 1050 | 1100 [ 1050 | 1100 | 1050 1100 | 1050
MP15 Memory Parity and 1130 1130 1130 1255
KM15 Memory Protect
MP15 Memory Parity, 1155 1155 1355 1355
KM15 Memory Protect and
KT15 Memory Protect/Relocate

*All cycle times are listed in nanoseconds.




CHAPTER 2
MEMORY

2.1 INTRODUCTION

The basic PDP=15 computer has a 4096 word, 18-bit memory. It occupies the top four racks of the
PDP-15 mainframe (racks A through D). The principal elements comprising rack A a.re control logic,
bus drivers, and INPUT slots for the memory bus cables. The memory address and memory buffer reg-
isters, x= and y-select and driver controls, and OUTPUT slots for the memory bus cables comprise
rack B. The stack matrix, sense amps and inhibit drivers, and slots for the indicator bus, make up

racks C and D.

This basic memory may be expanded to 8192 words by adding a 4K stack, a set of X~ and Y-select
and driver modules, and a set of inhibit and sense amp modules. The appropriate slots are available

in the MM15 and the addition is the option called MK15.

Each 4K unit of memory is called a page. Two 4K pages form an 8K bank. The physical capacity
of the mainframe is 32K (32,768) words. One 8K bank of memory is located above the mainframe
front panel. The three remaining 8K banks are located on the rear door. This 32K unit is called a

block of memory.

2.2 CORE ADDRESSING MATRIX
2.2.1 Stack Dimensions

The MM15 memory stack is a three dimension=three wire matrix (3D-3 wire). The term three dimen-
sion refers to an X-current, a Y=current, and an inhibit current. The X- and Y=~currents are used to
switch the direction of the flux of a core; the inhibit current is used during the writing time to pre-

vent the writing of bits where 0 bits are desired.

One matrix control network is used for each 4096 core words. The memory address selects which word
of the 4096 words is to be read or written into or both. The drive current pulses are generated by G223
Read/Write Drivers. G222 Memory Selectors steer the direction of these currents.
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When these currents flow through the core region they pass through 18 planes; the X~current pulse
through one set of wires and Y=-current pulse through another set of wires. In each plane, the X and
Y current pulses intersect at one of the possible 4096 cores (bits). This happens in all 18 planes pro-

ducing an 18-bit word selection. A nineteenth plane is added for parity options.

The inhibit current pulse occurs only during a write portion of the memory cycle. The inhibit current
controls the bit data to be written into the address selected. This control is accomplished by stringing
a wire through all the cores of each individual plane to nullify the effect of the Y current at the core
intersection point. In addition to using these wires for the inhibit current during a write portion of a

memory cycle, they are used for sensing the data during a read portion of a memory cycle.

2.2.2 X~-Y Matrix Construction

Each of the 4096 word locations provided by a 64 x 64 X-Y matrix may be referenced by a 12-bit
memory address. This memory address is separated into two sections: bits 06=11 for the Y-select and
bits 12-17 for the X-select. It is decoded by the G222 modules. The total combination results in a
4096 word selection, The current pulse, generated from the G223s, provides the current needed to

change the flux in the core. There is a G223 for each X and Y matrix.

Figure 2-1 shows the current path produced by the combination of the modules and stack. Althougi
this figure represents only one matrix of either X or Y, both matrices run at the same time. The so'id
arrows show a read current ‘path and the dashed arrows show a write current path through the same se-
lected network. In this figure one can visualize four different core line paths by having pre-selected
the gates. Block schematics MMO6 through MMO9 (Volume 2) show the X and Y matrices contained
in a bank of memory. The I Loop is a jumpered wire on the back panel wiring for observation of

current waveforms on an oscilloscope. There is a loop for each matrix.

2.2.3 Inhibit/Sensing Construction

The construction of the sense/inhibit network consists of one wire threaded through all the cores in
each plane. The circuitry, for the sensing of a bit during a readtime and inhibiting during a write-

time, is contained in the G100 Sense Amplifier and Inhibit Driver modules.

The G100 module contains four sense amplifiers and four inhibit drivers. Five of these modules are
used in the PDP~15 for each 4K memory stack. (Refer to block schematics MM10 through MM15.)
Each inhibit driver consists of @ two-input NAND gate and a high-speed current switch, One driver
is used for each bit plane of the memory array. An inhibit signal is received by all inhibit drivers

only during a write operation (see Figure 2-2).
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Each driver also receives asignal indicating the state of the corresponding bit in the MB. Inhibit
drivers that receive a signal indicating a O state in the MB bit are gated on and cause inhibit current
to be applied to the associated bit plane of the memory array. Each inhibit driver employs a dis-
charge network to speed up inhibit current cutoff. The output of the inhibit driver is connected to
the middle of one core sensing string, which represents one bit plane of the memory array. The balun

network at the front end of the sense amplifier ensures equal current at all times through both sides of

the core string.

In addition to the balun network, the sense amplifier consists of a differential amplifier and output
driver. One sense amplifier is used for each bit plane of the memory array. During a read operation
only the signal induced on the sense winding of a core plane by a core-changing state is received by
the differential amplifier. The differential amplifier has a nominal threshold of 17 mV. Output
pulses of standard amplitude and duration are supplied by the output driver when the sense amplifier
reads a logic 1 from the associated core, and is strobed by a standard positive going pulse at ACT.
Propagation delay from the input to the sense amplifier to the buffered output is 25 ns (maximum) and
from strobe input to buffered output is 15 ns (maximum). These output pulses directly set the MB regi-

ister.

Typical waveforms of the inhibit current and the test point of the sense amplifier during a readtime are
shown in Figure 2-3. The only way to look at an inhibit current is to place a current probe around

one of the twisted pairs of wires coming out of the stack at the plug end.
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2
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Figure 2-3 Typical Inhibit Current Waveforms



2.3 CONTROL LOGIC ARCHITECTURE

The control logic is designed so that each bank can be coupled to one bus network called the memory
bus. Each bank responds when address lines 03 and 04 equal the setting of the manual switches on the

bank select card. These two switches can be preset by the operator (refer to Volume 2, drawing MMOT).

Maintenance hint: Any computer with more than one bank of memory may interchange one addressing
bank number with another bank . All that is necessary is to manipulate the toggle switches on each
bank of memory. No two should be set to the same number. Volume 2, drawing MMO1 shows the

logic representation of the switches.

An exchange of signals between the memory and the device requesting access to the memory provides
asynchronous operation. The device has to provide five control signals, a 17-bit address (15 bits for
32K addressing and two more bits for the multiplexer option when addressing up to 128K), 18 bits of data,
and one more bit for parity, when a parity option is included. In return the memory accepts the signals
and notifies the device with a combination of four control signals and 18 bits of data plus one bit for
parity checking. Table 2-1 identifies the bus signals and data lines on the memory bus. All signal

lines are considered activated when at ground level. All data lines are considered a one when at

ground level.

Table 2-1
Memory Bus Signals and Data Lines
Abbreviation Signal & Direction Definition
MDLOO-17 Memory Data Lines, Sends a seventeen bit word to memory, address—
(MA) 00 through 17 ing up to 128K locations.
(Memory Address to
memory)
(DATA) (Data bidirectional) Data consisting of 18 bits per word going in both
directions on the memory data lines (MDL).
MWR Memory Write Two levels used by the memory to identify what
MRD Memory Read (to mode of operation the device has selected.
(to memory) There are three:
1 Read/Restore (MRD ground)
(MWR high)
2 Clear/Write (MRD high)
(MWR ground)
3 Read/Pause/Write (MRD ground)
(MWR ground)
M REQ Memory Request (to The initial signal that begins the memory cycle.
memory )
M BUSY B Memory Busy on the This signal inhibits a memory request from being
Bus (from Memory accepted by any memory bank on the same bus
bank to other Mem- while any one of the memory banks is busy .
ory banks) ‘




Table 2-1 (Cont)
Memory Bus Signals and Data Lines

Abbreviation Signdl & Direction Definition

ADR ACK B Address Acknow- Notifies the device of acceptance of the Memo-
ledge on the Bus (to ry Request, the Memory Address, and the mode
device) of operation (MRD and MWR signals).

RD RST B Read/Restart on the Notifies the device that the memory data is on
bus (fo device) the bus for the device to strobe into its buffer.

This signal occurs only during a Read/Restore cy-
cle or Read/Pause/Write cycle.

DATA ACK Data ‘Acknowledge Notifies the memory that it may take the memo-
(to memory) ry data off the bus. This signal is only needed
during a Read/Restore cycle or a Read/Pause/
Write cycle.
MRLS Memory Release (to Notifies the memory it has accepted the data
memory) from memory during a Read/Restore cycle. Dur-

ing a Clear/Write cycle or a Read/Pause/Write
cycle, this signal tells the memory the device
has placed data on the bus.

MRLS ACK B Memory Release Notifies the device that the memory accepted
Acknowledge on the the data from the device and the memory cycle
Bus (to device) is terminating.

M PAR Memory Parity (bi- This signal line carries a 19th bit of data to be
directional) ~ stored into or readout of memory. This bit is

used to check data errors when a memory parity
option is implemented into the system.

Refer to Figure 2-4 for the device-memory control signal flow.

Only one memory is allowed to be activated at a time. In order to guarantee that only one bank will
be accessed, a Memory Busy level (refer to Volume 2, MMO1 and MM19) is placed on the bus, in-
hibiting any other Memory Request from being accepted. The internal timing of this signal, as well

as all other signals, is described in Paragraph 2.4,

2.4 CONTROL LOGIC FLOW

Refer to Figure 2-4. The memory is able to operate in any of three modes: Read/Restore, Clear/
Write, or Read/Pause/Write. The mode of operation to be selected depends entirely upon the needs

of the device. This can be seen as the sequence of a memory cycle is defined.

Before memory can be started, Memory Busy must not be true and a 17-bit memory address (MDL 00-17)
and MRD, MWR, or both must be activated on the bus.

2-6



CYCLE

READ
DEVICE

MEMORY

DATA ACK

O—» MRLS

O0— DATA ACK ———_

MRLS ACK
O —» RD RST

\

0 —= MRLS ACK

WRITE

DEVICE.

CYCLE
MEMORY

M REQ—___ |

.
/

ADR ACK

\

O —» ADR ACK

~——

MRLS ACK
/

~—

0 -—»= MRLS ACK

READ/PAUSE/WRITE CYCLE

DEVICE

MEMORY

M REQ
\;
—

MRLS

o—»mm.s/

O—» DATA ACK—0___ |

| == a0R Ack
= 0 —» ADR ACK

| —RDRST

[ = 0 —»BUSs ENABLE

PAUSEvl

| = mRLS ACK
0 - RD RST

[+ 0-——+MRLS ACK

18-0276

Figure 2-4 Basic Device~Memory Control Signal Flow

2-7



The memory cycle starts with the Memory Request level from the device. This level is generated

50 ns after the above levels to allow for settling time on the bus. (Settling time is needed fo avoid
potential skewing problems.) The device will wait until it receives an acceptance level from the
memory called Address Acknowledge (ADR ACK (1) B L). This occurs approximately 110 ns ofter

M REQ. The initiation of this level tells the device that the memory has accepted the request for ac-
cess to memory, the mode of operation, and has strobed the memory address lines into the MA laich
register, The Address Acknowledge causes Memory Busy to go low and also clears the Memory Request
level. The fall of the Memory Request level clears the Address Acknowledge level. At this point

the sequence of the memory cycle may go info any of the three modes of operation. Each is described

in the following paragraphs.

2.4.1 Read/Restore Cycle

For this mode of operation the RD CON (read control) flop would have been set and the memory would
proceed to read data from the address requested. The 18 bits of data read from core are strobed into
the Memory Buffer register and enabled on the bus (MDL 00-17) approximately 150 ns after ADR ACK.
is set. A parity bit is also strobed, if the option is present (MDL PAR (1) B L), In order to allow for
settling time on the bus, the device only strobes this data when a Read/Restart level (RD RST (1) B L)
is placed on the bus by the memory, approximately 100 ns after the data is on the bus. The total data

access time is approximately 350 ns.

After a delay, the memory sets the WR EN (write enable) flop which is ANDed with the WR CON
(write control) flop on a zero state to begin the write portion of the cycle. The sequence is to rewrite
the data from the memory buffer registers into the same location from which it was read. In parallel
with the memory data rewrite, the device sends a level called Data Acknowledge (DATA ACK L) which
the memory uses fo clear the bus enable register, removing data from the bus, A Memory Release level
(MRLS L) is sent at the same time as the Data Acknowledge level to tell the memory that the device
has accepted the data. When the MRLS level has been received and the write enable flop has been

set in the memory, the memory sends to the device an acknowledge called MRLS Acknowledge

(MRLS ACK (1) BL). The device uses the MRLS ACK level to clear its MRLS level which, in turn,
clears MRLS Acknowledge. (This sequence occurs in every mode of operation.) The memory cycle

then terminates with the Memory Bus level (M Busy B L) going high.

2.4,2 Clear/Write Cycle

For this mode of operation the WR CON (write conirol) flop is set, and the memory proceeds to read
the data from the address requested as is done in a Read/Restore cycle. The exceptions are that the

data is not loaded into the Memory Buffer, and the bus enable and read/restart flops are not set. The
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function of this read is fo clear the core location for the writing process. In parallel with this, the
device accepts the Address Acknowledge level and places the data to be written into memory on the
bus. To ensure settling time on the bus, a 50 ns delay occurs before the MRLS level is sent to m'emory.
In the memory, an MB load pulse is generated with the MRLS level and the data is loaded into the
Memory Buffer register. A Data Acknowledge level is not needed at this time with the MRLS level

because it is only used to clear the bus enable register.

The MRLS level sets the MRLS ACK flop telling the device that the memory has accepted the data. The
MRLS ACK flop ANDed with the Write Enable flop (detecting the termination of the read portion of

this cycle) begins the write portion of this cycle, writing the data into the address requested.

During the write portion, a delayed sequence sets the inhibit flop and the write flop. The inhibit flop
ANDed with the memory buffer bits produces inhibit currents that are applied to each individual bit
plane, depending on the status of the memory buffer bit. A zero bit initiates the current pulse. The

memory cycle then terminates with @ Memory Busy level going high.

2.4.3 Read/Pause/Write Cycle

For this mode of operation both the read control and write control flops are set. The memory proceeds
to read the data from the address requested as ina Read/Restore cycle. When the Read/Restart level is
sent out to the device, the device strobes the data into its registers and proceeds to modify the data.
The device at this time sends o memory a Data Acknowledge level which in turn clears the bus enable
flop taking the memory data off the bus. The MRLS level is not sent at this fime. The write enable
flop does not initiate a write portion of the cycle. Instead the memory cycle halts. This is called the

Pause portion of the Read/Pause/Write cycle.

While the memory is in the Pause state, the device modifies the data it has previously read from the
memory and places it back on the bus. In order to provide settling time on the bus, the MRLS level is
sent to the memory approximately 50 ns after the data is on the bus. When the memory receives MRLS,
the modified data is strobed into the memory buffer registers. The write portion of this cycle begins
with the MRLS ACK flop and the Write enable flop set. The data is written into the same address as
requested at the beginning of this cycle. A Memory Address Hold flop ensures the address will be saved
throughout the cycle. The memory cycle then terminates with a Memory Busy level going high.

The advantage of a Read/Pause/Write cycle is that @ memory word may be read, modified, and rewritten
in one memory cycle. An example of this is when a device wishes to update a current address location
by adding one and restoring it. The flow chart in Figure 2-5 shows these same sequences with a little

more attention to the internal logic flow.

Table 2-2 describes control flop and register nomenclature and major responsibilities, It isan aid in

understanding the detailed flow chart shown in Figure 2-5.
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Table 2-2

Control Flops and Register Responsibilities

Control Flops

Abbreviation or Register Responsibility
RD Con Read Control Strobed when a request is accepted.
WR Con Write Control Holds data throughout memory cycle.
Tells memory which one of the three modes
to pursuve.
MA HOLD Memory Address Cleared and set when a request is ac=

MAOQO through MA17

ADR ACK

RDY

RDX

MBOO through MB17
PAR MB

BUS EN

RD RST

Hold

Memory Address 00
through 17 (bus ad-
dress to memory di=

_ rection only)

Address Acknowledge
(bus signal)

Read Y-matrix

Read X-matrix

Memory Buffer 00
through 17

Parity Memory Buffer
(bus data, bidirec~
tional)

Bus Enable

Read/Restart (bus
signal)

cepted. It holds the memory address in-
formation in the latches throughout the
memory cycle.

A set of 18 latches which contain the ad-
dress fo be accessed during the memory
cycle.

This control flop tells the device that it
has accepted the request for memory use
and strobed in the address. It will clear
itself with the loss of the Memory Request
on the bus.

This control flop turns on the y~matrix cur-
rents during a read portion of a memory
cycle. It automatically clears after ap=
proximately 200 ns.

This control flop turns on the x=matrix cur=
rents during a read portion of a memory
cycle. It sets 50 ns after the RDY register
to minimize stack noise. It clears at the
same time the RDY register clears.

A set of 18 buffers plus a parity register
are cleared when a request has been ac-
cepted. During a Read/Restore cycle they
are directly set from the sense amplifiers.
During a Clear/Write cycle they are
strobed, accepting data from the memory
bus.

This control flop enables the data in the
memory buffers, that was read out of mem-~
ory, onto the memory bus. A Data Ack-
nowledge from a device clears if.

This control flop is used to tell the device
that data from memory is stable on the .
memory bus. It sets only during a readout
cycle and clears with a Memory Release
Acknowledge.




Table 2-2 (Cont)
Control Flops and Register Responsibilities

Abbreviation

Control Flops
or Register

Responsibility

WR EN

MRLS ACK EN

MRLS ACK

INH

WR

BUS DONE

WR DONE

Write Enable

Memory Release
Acknowledge Enable

Memory Release
Acknowledge (bus
signal)

Inhibit

Write

Bus Done

Write Done

This control flop is used to set up a defi~
nite delay between the readout of memory
and the rewrite back into memory on a
Read/Restore cycle. It also sets up a net-
work to accept a Memory Release from the
device.

This control flop ensures a delay time be-
fore a Memory Release is accepted by the
memory. This delay is important during a
Clear/Write cycle. It sets with the Write
Enoble register setting, and clears on the
next Memory Address Hold register clear
in the next cycle.

This control flop is used to tell the device
that it has accepted the devices Memory
Release. It will clear itself with the loss
of the Memory Release on the bus.

This control flop enables all the inhibit
drivers only during a write portion of a

memory cycle. The on-time is approxi-
mately 200 ns.

Not being concerned with stack noise at
this time, this register turns on both the
x= and y-matrices only during the write
portion of the memory cycle. The on-
time is approximately 175 ns. It is de-
layed 25 ns after the Inhibit register to
allow for the slower rise time of the in-
hibit current to skew up with the Write.

This control flop sets with a setting of the
Memory Release Acknowledge register. It
denotes the extent of time that the memo~
ry bus is busy. The next setting of the
Read X register will clear it.

This control flop is used to set up a defi-
nite delay between the write portion of
the memory cycle and the read portion of
the next memory cycle. It sets with the
termination of the write and clears on the
next setting of the Read X register.




Table 2-2 (Cont)
Control Flops and Register Responsibilities

Control Flops

Abbreviation Responsibility

or Register
M BUSY Memory Busy (bus This signal, not being a control flop direct=
signal) ly, is a combination of three control flops

to tell the device that the memory bus is
busy and any memory tied on this bus will
not accept a Memory Request until the
presently active memory completes its cy-
cle. The three control flops that control
this bus signal are Address Acknowledge,
Bus Done, and Write Done. Address Ack-
nowledge is the first control flop to bring
the bus signal low, then when Read X
clears the other two control flops they con-~
tinue the low signal. The bus signal will
then only come up when both Bus Done and
Write Done control flops are set.

2.5 MEMORY PORT SWITCH

The memory port switch (KP26) establishes the priority between the CPU and IPU. The IPU is given
the higher priority to minimize latency and prevent data loss to devices on the 1/O bus. The port
switch also provides the synchronizers necessary for switching between the IPU and CPU. De-skewing
is provided by the port switch such that the address is put on the memory data lines 50 to 60 ns befcre
memory request, and data is put on the lines 50 to 60 ns before memory release. The port switch also

contains the drivers that send control signals to memory .

The memory interface control (KP32), which is an integral part of the port switch, generates the CPU
control signals for memory and control signals for the CPU. The first stage of CPU synchronization

CP MEM REQ HOLD is also shown on KP32.

When the CP is running and the IPU is inactive, the MPX flop is set. As long as MPX is set, 1/O ACT
cannot be set, and CP ACT may be set, Each time the CP needs memory, the CP MEM REQ HOLD
flop is set. This occurs duting TSOT PHASE 2, CP ACT is set during TS02 PHASE 0. Each event in
the sequence is typically separated by one HS CLOCK or 65 ns. The HS CLOCK is used to provide
the necessary de-skewing of address and request. If however, the IPU needs memory, it raises a sync
(DCH SYNC or CLK SYNC) which will cause MPX to be reset. MPX (0) inhibits CP ACT from being
set again. When the CP completes its present memory cycle, it is then prevented from asking for

memory again unfil the IPU completes its use of memory. MPX is reset before the IPU is ready to
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Detailed Flow Chart
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use memory to provide a minimum wait when it is finally ready. When it is ready, I/O MREQ is set,
then I/O ACT, and then MREQ. The IPU also uses the high-speed clock of the CPU to provide de-

skewing between address and request.

The control signals to memory have their drivers shown on print KP26. Each control signal may be
produced by either the CPU or the IPU. The control signals are MREQ, MRLS, DATA ACK, MRD,

and MWR. Read cycle and write cycle flow charts are shown in Figures 2-6 and 2-7.

As previously explained, MRD and/or MWR as well as the address must be on the memory bus 50 to 60
ns before MREQ . On print KP32, Memory Interface Control, the CPU generates START READ and
START WRITE. START READ is generated any time the CPU needs to read information from memory .
This will occur no later than the end of TSO1 PHASE 2. It may occur as early as TSOT PHASE 0.
START WRITE is generated by the CPU any time a write into memory is to be performed. The CPU will
never raise MREQ with both START READ and START WRITE since the CPU is not capable of perform-

ing read/pause/write cycles.

TS01 PHASE 2 l

—| HS CLOCK I
CP MEM REQ HOLD

START READ

EN CP MEM REQ

ADDR—-MDL

ADR ACK

0-+HOLD MO
0- CP MEM REQ HOLD

TS03
AND
PHASE 3 AND
RD RST

NO

YES

LD Mt
0 CPACT,
MRLS, DATA ACK

MRLS ACK

AND
FUNCTION

0—CPMRLS, DATA ACK

SEE KP26 AND 32

15-0277

Figure 2-6 Central Processor Read Cycle
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TS01 PHASE 2

t
I START WRITE l I EN CP MEM REQ HOLD

HS CLOCK

{

CP MEM REQ HOLD

I ADDR-MDL. H CP ACT I

> $ AND I MREQ i
FUNCTION

TS02 e
PHASE 38
ADR ACK

YES

0~ MREQ

0~ HOLD MO

0-+ CPMEM REQ HOLD
MO-MDL

MRLS

0-MRLS
0-CP ACT

l 15-0278
SEE KP26 AND 32

Figure 2-7 Central Processor Write Cycle

For CP cycles, after MREQ is issued, the memory replies with ADR ACK. ADR ACK is issued to re-
move the address from the MDL and also clear MREQ. In the case of write cycles, it is used to pro-
duce MRLS at the TS02 PHASE 3 time. On read cycles, the next response from memory is RD RST. This
signifies that data is present on the MDL's. The CP cannot use the data until TS03 PHASE 3, so the
data is not loaded into the MI register until that time. At the same time that data is loaded into tha
MI, END OF CP CYCLE, MRLS, and DATA ACK are issued signifying the CP has completed its use of

memory .

For 1/O cycles, control signals from memory are gated with /O ACT to determine that they are meant
for the IPU. The chain of gvents is similar to that of the CP with one exception. The CP issues
DATA ACK and MRLS simul:’raneously. The IPU issues DATA ACK first to remove memory data from the

lines. Then, when the IPU has placed data on the lines to be written into memory, it issues MRLS.



CHAPTER 3
CENTRAL PROCESSOR

3.1 REGISTERS

This section describes the internal CPU registers of the PDP-15. Most of these are 18 bits long; they
appear in prints KPO1 through KP18, one bit of each register per page. The exceptions are the é-bit
Instruction Register on KP31 and the 1-bit Link on KP22. The buses mentioned below are described

in Paragraph 3.2, Refer to the block diagram shown on drawing KP70.

3.1.1 Accumulator (AC)

This is the main data register in the CPU; most instructions reference and/or modify the accumulator.

It is loaded from the D (shift) bus by the LD AC strobe (KP24).

3.1.2 Link (L)

Essentially a high-order extension of the AC, the Link is also strobed by LD AC. Its input circuitry
(KP22) is similar to the AC shift bus, but is more complex because of its arithmetic functions: it
contains the carry from the high order bit aofter a TAD, and indicates an arithmetic overflow if set
after an ADD. The Link may also be cleared, complemented, and tested by OPR instructions. It is
also used by the extended arithmetic element (EAE) option.

3.1.3 Program Counter (PC)

The Program Counter contains the address in core of the next instruction to be executed by the PDP-15.
It is loaded from the SUM bus by the LD PC strobes (KP24). To accommodate the various addressing
modes (see Paragraph 3.5), the PC bits are broken into three groups which are strobed separately. It

is possible to load bits 6=17, bits 517, or all bits of the PC.

3.1.4 Memory Input Register (MI)

All words read from memory into the CPU first enter the MI. The LD MI strobe (see KP32) causes the
Memory Data Lines to be read into the MI. This register is made up of clocked set-reset flops for

speed of operation.



3.1.5 Memory Output Regéisfer (MO)

This register holds all information going from the CPU to the Memory Data Lines. This includes all
addresses, as well as data for write cycles. The MO is loaded by LD MO from the SUM bus. The
PC may be loaded directly into the MO by the signal JAM PC to MO (see KP23, KP24). This causes
a direct set of all MO bits, then clears all MO bits whose corresponding PC bits are 0.

3.1.6 Operand Address Register (OA)

The OA is used for temporary storage of the operand address, computed for all memory reference in-

structions. It is loaded from the SUM bus by the LD OA sirobe (see KP24).

3.1.7 Instruction Register (IR)

This is a 6=bit register used to hold the 4-bit instruction code, the indirect bit, and the index bit
(see KP31). It is loaded from MI bits 0-5 by the load IR strobe (see KP31). Some of the more time-

critical instruction decoding is done directly from the MI, but most is done from the IR ofter it is
loaded (see KP28, KP29, and KP30).

3.1.8 Index Register (XR)

This register holds a quantity which is added in to the operand address of indexed instructions. It is
loaded from the SHIFT bus by LD XR (see KP24, KP29).

3.1.9 Limit Register

This register holds o quanfirgy which can be tested against the XR by an AXS instruction. It is loaded
from the SHIFT bus by the LD LR strobe (see KP24, KP29).,

3.2 BUS STRUCTURE

Most of the internal data ro;Jrine of the CPU is handled by five internal buses, designated A, B, C,
D (or SHIFT), and Sum. Like the registers, these appear on prints KPO1-KP18, one bit of each per
poge (see Figure 3-1). '
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AC

DATA SWITCH REGISTER —#
1/0 BUS DATA

MI¥AC —————¥

SHIFT COUNTER (EAE) —* =

LR
MQ

C BUS
-C BUS

XR
PC

SL6,TTY —— ™
1/0 ADDRESS ———————™
ADDRESS SWITCHES —] CARRY IN

OA

MI
-MI
XR

ACAMI ——*

R

c +C Cc=0
GATES TEST

A SUM

TO MO, PC,MA

A
GATES z CARRY

:

AC
LINK SHIFT

B8 CONTROL CONTROL
GATES

D OR SHIFT

TO LINK TO AC,XR,LR
15-0279

Figure 3=-1 CPU Bus Structure

3.2.1 C Bus

This bus carries one of seven possible signals, according to the endbling level it receives:

Q.

b.

The AC (buffered, called BAC), enabled by the BAC-C signal (see KP19).

The DS register (data switches, see Chapter 8), gated by DS-C (see KP19).
The 1/O bus data lines, gated by 1/O BUS = C (see KP19).

The exclusive OR of the MI and the AC, gated by XOR-C (see KP19).

The Step Counter (from the EAE, print KEO3) gated by SC-C (see KP19, KEO4).
The MQ (from the EAE, print KEO1, KEO2) gated by MQ-C (see KP19, KEO4).
The LR, gated by LR-C (see KP19, KP29).



3.2.2 ABus

The A bus is one of the inputs to the adder, and carries one of eight possible signals:

b.

C.

3.2.3 BBus

The C bus, gated onto the A bus by C-A (see KP19)
The complement of the C bus, gated by =C-A (see KP19)

The XR, gated by the XR-A signals (see KP19). These are split into XR=A 0-2, XR-A 3-5,
and XR-A 6-17 to accommodate the various address modes (see Paragraph 3.5).

The PC, gated by the PC-A signals (see KP19). These signals, too, are divided into
groups of bits fo accommodate the various address modes. The groups are 1-2, 3-4, &,
and 6=17. Bit O is never enabled.

The signal L BM UM-A causes the link, the bank mode flop, and the user mode flop to
be placed on the high-order three bits of the A bus, and the PC on bits 3=-17. This is
used by the JMS and CAL instructions to store the processor status.

The AC, left-shifted 6 places, with TT DATA lines (from KP66) filling in the six low
order bits, gated onto the A bus by SL&~A (see KP19). This is used during TTY hardware
readin,

The I/O ADDRESS lines, gated by 10 ADD-A (see KP19).

The console ADDRESS SWITCH signals (see Paragraph 3.10) gated by ADDR SW-A (sea
KP19).

The OA gated by OA-A.

This bus is the second input to the adder and carries one of four signals, depending on the enabling

level received:

d.

The MI, gated by the MI-B signals (see KP47). To allow for the various addressing modes,
the MI-B signal is split to allow gating of groups of bits, as follows: 0-2, 3-4, 5, 6-3,
and 9-17.

The MI complemented, gated by the ~MI-B signals (see KP19). These are split into
~MI-B 0-8 and -MI-B 9-17.

The XR, gated by the XR-B signals (see KP19). These are split info XR-B 0-2, 3-5, and
6~17.

The logical AND of the MI and the AC (buffered), gated by AND-B (see KP19).

3.2.4 Sum Bus

The Sum bus is the output of the 18-bit adder. It carries the sum of the A bus and the B bus, plus 1
if the low order CARRY INSERT of the adder is high. Often, only one of the buses will have an er-

able signal, the other bus being 0.



3.2.5 Shift Bus (D Bus)

Although the Shift bus is used as input to the XR and LR as well as the AC, its primary purpose is to
implement the various AC rotates and shifts. This is done by gating various shifted positions of the
AC onto the bus, then strobing the bus back into the AC. The Link input circuitry contains gating
corresponding to the Shift bus gating. The eight Shift bus signals and their enabling levels are as
follows:

a. Sum bus unshifted, gated by NO SHIFT-D (see KP19). This is used for all unshifted

transfers into the XR, LR, and AC.

b. AC with halves swapped (bits 0-8 swapped with bits 9=17), gated by SW-D (see KP19).

c. Sum bus, rotated 1 left (including Link), gated by RAL-D (see KP19).

d. Sum bus, rotated 1 right (including Link), gated by RAR-D (see KP19).

e. Sum bus, rotated 2 left, (including Link), gated by RTL-D (see KP19).

f.  Sum bus, rotated 2 right (including Link), gated by RTR-D (see KP19).

g. Sum bus, shifted 1 left, with ACO0 entering Link and MQOO entering AC17, gated by
DIVSHIFT-D (see EAE).

h. Sum bus, shifted 1 right, with Link entering AC00, gated by MULSHIFT-D (see EAE).

3.3 DATA MANIPULATION HARDWARE

The bus structure described in Paragraph 3.2 not only transports data, but performs the logical AND,
XOR, and complement operations and all shifts. The adder performs the addition of the A and B
bus. Normally this is a simple binary add, compatible with two's complement representation for '
negative numbers, with the high order carry placed in the Link. The adder is also used for all in-
crementing, by forcing a low order carry insert (see KP48). One's complement add uses the same
adder circuits, but any high order carry must be re~inserted at the low end, and the adder must be
allowed to settle a second time. The link is used to indicate an arithmetic overflow, in which both

operands are of the same sign and the result has the opposite sign (see KP22).

Internally, the adder uses a conditional sum technique for speed. The 18-bit adder is divided into
three groups of six bits each. Within each group, the addition is performed by two separate 6-bit
adders. One adder assumes a carry in, and the other assumes no carry in. The low order adder re-
quires about 48 ns to settle, but the second and third groups can operate much faster; when they re~
ceive the carry they gate the proper sum, already calculated, to the output. Thus, total adder

settling time is 82 ns.

Comparison and testing of data is handled in several ways. A high-order carry from the adder, while

incrementing, indicates that the ISZ skip should be taken (see KP23). The zero tests for SAD and OPR
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are performed by a C-bus zero test circuit (see KP33). The test portion of the AXS instruction is
carried out by subtracting the LR from the XR (add, with LR complemented and carry insert high) and
skipping if the result is positive (see KP29).

3.4 CONTROL STATE GENERATION

At any given time, the CPU may be in one of five major states: Fetch, Defer, Execute, Increment,
or EAE. These states each last for about 780 ns and correspond to the approximate time required for
one complete memory cycle. From one to five of these states are used in the execution of an instruc-
tion, the exact number and sequence depending upon the instruction fype. See Paragraphs 3.7, 3.8

and 3.9 for more information on this subject.

Each major state is made up of three 260-ns time states, designated TSO1, TS02, and TS03. The only
exception to this occurs during the Execute state of the ADD (one's complement) instruction. In this
single instance, an extra time state (designated TSO2A) is inserted between time states TS02 and TS03,
thus stretching the Execute cycle to 1040 ns. This allows extra time to perform the end-around carry

as described in Paragraph 3.3,

Each of the 260 ns time states is further divided into four 65 ns phases, numbered 0-3. Each phase

corresponds to a complete cycle of a 65 ns pulse generator called the high-speed clock.

The circuitry to produce the major states is shown in KP20; the state, phase, and clock logic are

shown in KP21; a general timing diagram appears in KP79. Each major state, time state, and phase:

is represented by a flip=flop; only one flop in each of the three groups is set at once. The phase is
changed by the falling edge of the HS CLOCK; the time state changes on the phase 3-phase 0 transi=
tion; the major state changes on the time state TS03-time state TSO1 transition. A 30-ns pulse called
CLOCK is generated during the last half of every phase 3. This is used to generate most of the register

load strobes.

Because the memory has its own internal timing mechanisms, and the 1/O processor has priority over
central processor requests, some provision is needed to stop the control state progression while awaiting
completion of memory service. This is accomplished by means of the STOP CLK signal (see KP21)

which holds the high-speed clock in the high condition. As soon as this line is released, normal
cycling resumes. In this way the processor can be held in time state TS03, phase 3, to await RD RST
(see Chapter 2) during memory read cycles, and the time state TS02, phase 3, to await ADR ACK during
memory writes. Other signals inhibit processor state changes by freezing the enabling levels on the
flip-flops. These are described in later paragraphs, along with their uses. Table 3=1 indicates the

timing involved in a typical 2-cycle central processor operation.

3-6



Table 3-1
Control States for LAC Instruction

Major State Time State Phase Elapsed Time (ns)

Fetch TSO1 65
130
195

260

T502 325
390
455

520

TS03 585
650
715

780

845
210
975
1040

Execute TS01

TS02 1105
1170
1235

1300

TSO1 1365
1430
1495

1560

WON =0 | WON =0 |WN =0 [WN—-O|WN=O |[WN =0

3.5 ADDRESSING
3.5.1 Page Mode

The address portion of a PDP-15 instruction is 12 bits long, sufficient to directly address only 4K of
the computer's possible 128K of core memory. The address, therefore, refers to a word in the 4K
memory page in which the program is currently running; PC bits 1-5 are appended to MI bits 6=17 to
form the address sent out on the MO, Bit 0 is not needed. (Refer to Figure 3-2.)

If the instruction is indirect, the address is formed as above, and a deferred address word is obtained
from the location referenced. Bits 0, 1, and 2 of this word are reserved for processor status bits
(Link, Bank Mode, User Mode), which are deposited by JMS or CAL and used later to restore the
CPU to its previous status. Thus, only 15 bits of the deferred word may be used as a final address.

PC bits 1-2 are appended to MI bits 3=17 in this case.
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DIRECT (BIT 4=0)

ENTER FETCH
INSTRUCTION
IN MI

}

INDIRECT (BIT 4=1)

NOT INDEXED | INDEXED
(BIT520) (BIT 5=1)
. _ PC1-5,M16-17
PC1-5MI16-17 AV
T0
0A,MO 0A, MO

!

PC1-5,M06—17 TO OA, MO
READ INDIRECT WORD INTO MI

NOT AUTO AUTO
NOT
INDEXED INDEXED
(BIT 5=0) (BIT §5=1)

|

l

ENTER DEFER
PC1-2,MI3-17

TO
0A MO

ENTER DEFER
PC1-2,MI13-17
+XRO-17
TO OA,MO

ENTER INCREMENT STATE
REWRITE INDIRECT WORD
WITH MIO-17+1

NOT
INDEXED
(BIT5=0)

INDEXED
(BITS=1)

:

}

ENTER DEFER
MIO-17+1
TO
OA,MO

ENTER DEFER
MIO-17+1+XR0O-17
TO
OA,MO

Figure 3-2 Page (PDP-15) Mode Address Formation
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If the instruction is to be indexed, the XR is added to the final operand address. In this way the
programmer can reference an address outside the 32K bank in which his program is running. Since the
MI bits use part of the B bus, and the PC bits use part of the A bus, the XR must be split between the
two to add properly. For direct addressing the A bus carries PC 1-5 and XR 6-17, while the B bus
carries XR 0~5 and MI 6~17. For indirect addressing the A bus hold PC 1-2 and XR 3-17, and B
carries XR 0-2 and MI 3-17.

3.5.2 Bank Mode

For compatibility with PDP-9 programs the processor may be put into Bank mode. (Refer to Figure 3-3.)
This eliminates all indexing, and thus the possibility of addressing outside the current 32K. Bit 5 is
used as part of the instruction address field, expanding direct addressing capabilities fo 8K. PC bits
1-4 are now used, along with MI bits 5-17. Deferred addresses are handled in the same way as in

Page mode.

During jumps, the final address, formed as described, is placed in the PC. During normal program
incrementation and skips, however, only PC bits 6=17 (5=17 in Bank mode) are altered. This causes
the program to wrap-around within its own 4K or 8K, when an attempt is made to cross the boundary

without a jump.

ENTER FETCH
INSTRUCTION
IN MI

DIRECT(BIT 4=0) INDIRECT (BIT4=1)

PC1-4,MIS-17 PC1-4,MI5-17 TO OA,MO

TO
0A, MO READ INDIRECT WORD INTO MI
NOT AUTO 1 AUTO
PC1-2 ,MI13-17 ENTER INCREMENT STATE
TO REWRITE INDIRECT WORD
OA,MO WITH MIO-17+1

ENTER DEFER
MIO-17+1

TO
OA ,MO

15-0281

Figure 3-3 Bank (PDP-9) Mode Address Formation

3-9



3.6 MEMORY READ AND WRITE

The following paragraphs describe how a memory read or write cycle relates to CPU states. The

operation of the memory and: of the memory port switch are described in Chapter 2.

Each memory cycle occupies exactly one major state. Refer to Table 3-2. This state can be either

a read or a write cycle 1; read/pause/write is used only by the /O in referencing memory. Time
state TS01 is used for address calculation. The information is placed on the A and B buses, goes
through the adder, and is strobed into the MO by the CLOCK signal at the end of TSO1. The memory

is then starfted to read from or write into this address.

On a read cycle, normal CPU operation continues until phase 3 of the time state TS03 is reached. IFf
the memory has not yet returned the RD RST signal , the processor stops its clock at this point and
waits. When RD RST arrives, the data from memory is available on the MDL; it is strobed into the MI

and the clock cycles are resumed.

On a write cycle, time state TS02 is used fo gate the data to be written through the adder and onto
the Sum bus. The clock is stopped (if necessary) at TS02, phase 3 to await ADR ACK from memory .
At this point, the data is strabed into the MO replacing the address, and MRLS is sent to the memory ,

allowing it to complete the write. The normal clock cycles are resumed.

3.7 INSTRUCTION FETCH

Although every instruction begins execution in the Fetch state, this is not the state in which the in-
struction is fetched from memory. The instruction has already been fetched during the final state
(Execute, Fetch, or Defer) of the previous instruction. The Fetch state is entered with the instruction

word already in the MI, and with the PC already incremented and pointing to the following instruction.

To accomplish this, the follofuing procedure takes place during the final major state of each instruc=
tion. In time state TSO1, the address of the instruction to be fetched is sent to the MO. Normally,
this is done by JAM PC TO MO signal (see Paragraph 3.1, Memory Output Register). If, however,
the SKIP flip=flop (see KP23)§ is set at this time, or the SAD or OPR SKP signals are high (see KP23),
the PC is incremented by sending it through the adder with a CARRY INSERT (see KP48) and strobed
info the MO and PC. A memory read cycle is started, as above, and the new instruction is loaded

into the MI at the end of theistate.

Meanwhile, during the time state TSO3, the PC is incremented by gating it fo the adder, causing a
Carry Insert, and strobing the Sum bus back into the PC. To provide the wrap-around mentioned in
Paragraph 3.5.2, only PC bits 6=17 (5-17 in Bank Mode) are strobed. This increment occurs regardless

of whether a skip was taken in time state TSO1.
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3.8 INSTRUCTION OPERATION DETAILS

Paragraphs 3.1 through 3.7 describe the data handling structures and basic operation necessary to
implement the PDP-15 instructions. The following paragraphs describe the sequence in which these
operations occur for each instruction. Detailed information is provided in Tables 3-3 and 3-4.

Supplementary explanations are included in the text.

All descriptions in this paragraph assume direct (non-deferred) addressing and Page (or PDP-15) Mode.
Indirect and auto-incrementing address modes are described in Paragraph 3.9. For Bank (or PDP-9)
Mode, convert all references to PC 1-5, MI 6~17 to PC 1-4, MI 5-17, and remember that no indexing

is possible.

All statements of the form "PC TO OA, MO" mean that the PC is encbled to the bus structure during
the entire time state, and the output of the adder is strobed into the OA and MO at CLOCK time

(end of phase 3). All incrementing uses the adder with a carry inserted (see Paragraph 3.3).

3.8.1 Read Group (LAC, ADD, TAD, AND, XOR)

These instructions use a Fefch state, in which the operand is brought into the MI, and an Execute
state, in which the next instruction is fetched. During time state TS02 of Execute, the data is sent
through the adder, operated on appropriately (see Paragraph 3.3), and strobed into the AC. As noted

in Paragraph 3.3, ADD requires an extra time state (TS02A) to complete its end-around-carry .

3.8.2 DAC and DZM

These instructions consist of a Fetch state, in which the AC or 0 is written into memory, and an

Execute state, in which the next instruction is fetched.

3.8.3 JMP

JMP uses only the Fetch state. During time state TSO1, the address is formed and strobed into the PC;

at the same time, it is sent to the MO and is used as the address for an instruction fetch.

3.8.4 JMS and CAL

These instructions begin with a Fetch state, in which the Link, Bank mode, User mode, and PC bits
3-17 are written into memory. For the JMS, the address is formed in the usual way from PC 1-5 and

MI 6~17, and sent to the OA and MO. For CAL, however, a constant address of 20 must be generated.
This is done by enabling the =C-A for bit 13 only, and strobing the OA and MO.
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Table 3-2
CPU/Memory Interaction

Time State | Phase Read Cycle Write Cycle
0 PC 1-5 - A BUS PC 1-5 - A BUS
MEM IN 6-17 +B BUS MEM IN 6~17 -B BUS
M o1 |1 START READ, MRD
A 2 1 -CP MEM REQ HOLD START WRITE , MWR
J 1 -CP MEM REQ HOLD
O 3 1 -CPACT 1 -CP ACT
R LD MO, OA LD MO, OA
MO -MDL MO -~MDL
S 0 M REQ M REQ
AC -~C BUS
T 1
A 2
T TS02 ADR ACK (Occurs sometime after M REQ determined STOP CLK  ( Wait for ADR ACK)
E by memory) ADR ACK
s 0 -M REQ LD MO (Change MO from addrass to data)
0 ~CP MEM REQ HOLD 0 -HOLD MO
0 ~HOLD MO ; 1 -CP MRLS
0 -MO ~MDL MRLS
0
1
2 MRLS ACK
0 ~CP MRLS, MRLS
0 -CPACT
0 ~MO ~MDL
503 1 -HOLD MO
3 STOP CLK  (Wait for RD RST)
RD RST
LD MEM IN
END OF CP CYCLE
0 -CP ACT
1 -HOLD MO
1 -CP MRLS
MRLS, DATA ACK
0 MRLS ACK
0 -CP MRLS, MRLS, DATA ACK
1
TSO1




Toble 3-3

Instruction Operation

Instruc- Fetch Execute
tion TS01 TS02 TS03 TS01 7502 TS03

LAC PC 1-5,MI 6~17 PC JAM to MO. MI to AC PC +1to PC
(+XR if indexed) Start Read.
to OA, MO.
Start Read.

ADD PC1-5, MI 6-17, PC JAM to MO. MI + AC to AC [PC+1 to PC
(+XR if indexed) Start Read. TS02A: AC end
to OA, MO. around carry to
Start Read. ' AC

TAD PC 1-5, MI 6~17 PC JAM to MO. MI+ AC to AC |PC+1to PC
(+XR if indexed) Start Read.
to OA, MO.
Start Read

AND PC 1-5, MI 6-17 PC JAM to MO. MIAAC to AC [PC +1to PC
(+XR if indexed) Start Read.
to OA, MO.
Start Read.

EOR PC 1-5, M1 6-17 PC JAM to MO. MI ¥ AC to AC |PC +1to PC
(+XR if indexed) Start Read.
to OA, MO.
Start Read.

DAC PC 1-5, MI 6~17 AC to MO PC JAM to MO. PC + 1to PC
(+XR if indexed)
to OA, MO.
Start Write,

DZM PC 1-5, MI 6-17 0 to MO PC JAM to MO, PC + 1 to PC
(+XR if indexed)
fo OA, MO
Start Write

JMP PC 1-5, MI 6=17 PC + 1 to PC
(+XR if indexed)
to OA, MO, PC
Start Read.

JMS PC 1-5, MI 6=17 L,BM,UM,PC 3-17 OA + 1 to MO, PC PC + 1 to PC
(+XR if indexed) to MO. Start Read
to OA, MO.
Start Write.

CAL 20 to OA, MO L,BM,UM,PC 3-17 OA + 1 to MO, PC PC + 1 to PC
Start Write to MO. Start Read

SAD PC 1-5, M1 6~17 MI XOR AC to C BUS. PC+1to PC

(+XR if indexed)
to MO, OA
Start Read.

C=0: JAM PC to MO
C#0: PC + 1 to MO,
PC.

Start Read.




Table 3-3 (Cont)

Instruction Operation

Instruc~ Fetch Execute
Fion TS01 TS02 7503 TSO1 TS02 TS03
OPR OPR SKIP: PC+1 to | (CLR LINK) PC + 1 to PC

MO,PC | Operate on AC, L
OPR SKIP: PC JAM
to MO
Start Read
(CLR AC)
LAW [PC JAM to MO MI to AC PC +1 to PC
Start Read
IOT | IOT Request Stop Run SKIP: PC+1 to MO,
0 to AC if MI14=1 Start Run on IOT PC
No memory cycle. SKIP: PC JAM t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>