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1.1 INTRODUCTION 

The P857E Micro-minicomputer is a general purpose digital computer suitable for ~ 
scientific and industrial applications. A member of the P800 family the P857E 
combines the powerful programming advantages of the P857M with the smaller 
phys i ca 1 size of the Eurocard. The P857E employs Microprocessor tech no 1 ogy to 
perform 3 CPU functions: 

. Arithmetic Logic Unit, in the format of 4 x 4-bit slices to form the 16-bit 
word • 

. Memory Address Sequensor, in the format of 4 x 4-bit slices to form the 16-bit 
memory address • 

. Micro-Program Sequensor which has control over most CPU functions and their 
execution. 

The P857E uses the P857 instruction set plus an extra three groups: 

. Bit String Handling . 

. Address Loading . 
• Character String Handling. 

The system input/output and control is with the Unified Product Line (UPL) Bus ~ 
which interconnects all system units. The P857E may be connected with other 
devices in the P800 family via the UPL Bus; these devices are: 

. GPBS (P851) Control Units • 

. UPL Control Units and Memories • 

. GPB (P856 and P857) Control Units using the Translator Card (TUGP). 

The principle facilities available with the P857E are as follows: 

• 16 hardware registers • 
. V24.interface for operators peripheral . 
. V24 interface for Control Panel • 
. Powe~ Failure/ Automatic Restart • 
• Battery Back-Up after Power Failure • 
• Real Time Clock . 
• 2 IOP Channels (16 sub-channels) • 
. 32 parallel interrupts of which 4 are internal to the CPU • 
• Up to 61 serial encoded interrupts . 
. Hardware Bootstrap Loading with facility to load from one of 16 external 

devices . 
. One of two serial Control Panels: HHCP - displays a hexadecimal address or 

data, FRCP - displays hexadecimal address and data simultaneously • 
. Logical addressing for up to 32k, 16 bits (CPU function) . 
• Physical addressing for up to 8M words, 24 bits (MMU Function) • 
• Memory Protection on a Page basis (MMU Function) • 
. Stop On Preset Address for up to lM word, 20 bits (SOPA Function) 

The pri nc i p 1 e components showing their connection to the P85 7E are shown in 
Figure 1.1. 
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1.2 PHYSICAL DESCRIPTION 

The P857E system cards {C7E2B, C7ElB and MIOPB) are al 1 constructed on a ,,.., 
Eurocard format, see paragraph 1.2.1. 

1.2.1 SYSTEM EUROCARDS 

All Eurocards {CPU, MIOP, Memories and some Control Units) are to the double 

Eurocard format with two connectors: 

• Connector 1 connects to the UPL Bus • 
• Connector 2 is for special interconnections between cards. 

One of the CPU cards {C7E2B) has 3 connectors fixed to the opposite end of the 
card: 

• Connector 3 connects to the IPL Remote Load Interface • 
• Connector 4 connects to the Control Panel Interface • 
• Connector 5 connects to the V24 Peripheral Interface. 

The Figure 1.2 shows the system of pinning and numbering of connectors for card 
C7E2. In general the same principle applies for all double Eurocards. 

Figure 1.2 EUROCARD FORMAT {C7E2B) 

Note: Note that the pri nci p 1 e of numbering the connectors and their pin pos i 
tions starts from Connector 1 pin 1 and continues in a clockwise 
direction around the card. 
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1.3 TECHNICAL DATA 

The following description and tables are intended to give the user a reference 
to the P8S7E's performance, power requirements, physical characteristics and 
environmental conditions. 

1.3.1 PERFORMANCE DATA 

Central Processor Unit (Cards C7ElB and C7E2B) • 

. Cycle Time - 22SnS, 270nS, 360Ns or Wait Cycle (270nS min. 11.SuS max.) . 
• Control Panel Interface 4.800 bits/sec. 

V24 Peripheral Interface, 16 combinations selectable by link between 
SO to 19.200 bits/sec . 

• Time-out signal releases the Bus after 11.SuS (Max.) due to an 
unsuccesful transfer • 

. Real Time Clock: 20mS for SO Hz. 
16.66 mS for 60 Hz . 

. Power Failure automatically initiated after lOmS. 

Input Output Processor (Card MIOPB) . 

. One exchange - 1.7 uS (approx.) for input mode . 
• Throughput exchanges 400 K words/sec. if the following conditions 

exist: 

- memory access - 49SnS (GMBl* in P8Sl Mode). 
- memory release - sons 
- C.U. access - 300nS 
- C.U. release - sons 

Memory Management Unit. (Card MIOPB) 

. Translation time - 130nS (average) + memory access time. 

* GMBI = UPL Memory. 

1.3.2 POWER REQUIREMENTS 

Table 1.1 shows the power requirements of C7E1B, C7E2B and MIOPB. 

CARD VOLTAGE CURRENT COMMENTS 

C7E2B +SVL 2.SA 

+12VL SOmA (without peripheral 
-12VL 30mA devices connected) 

C7E1B +SVL 4A 

MIOPB +SVL 2.6A 

Table 1.1 POWER REQUIREMENTS (C7ElB, C7E2B, MIOPB) 
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1.3.3 PHYSICAL CHARACTERISTICS 

Table 1.2 shows the physical characteristics. 

ITEM NO. DESCRIPTION 

Eurorack 1 19 inch rack secured to cabinet at the front. 
Height of rack configurations, 6U or 12U. 

Eurocards 12 or 22 max. Size 160x233.4rrm. 

Component 
Mounting 

Eurorack 
Cover Plate 

Control 
Panel 

Control Panel 
Connection 

1 

1 

Eurorack Cable 1 
Support Plate 

The height of any component from the card sur­
face must not exceed lOmm. 

Suitable for rack configurations 6U or 12U 
high. 

1 of control panels may be used - HHCP 78 mm. 
x 120rrm., FRCP 180rrm. x l30mm. 

Fixed or with a cable of 3 metres (max). 

Fixed to the Eurorack for the routing of I/0 
cables to the back of the cabinet. 

Table 1.2 PHYSICAL CHARACTERISTICS 

1.3.4 ENVIRONMENTAL CONDITIONS 

t.b.f. 

1. 4 INTERFACES 

This section lists all interface signals of the P857E. Figures 1.3 and 1.4 show ~, 
a rear view of Connectors 1 and 2 and their corresponding signals. The Tables of "'" 
1.3 give the signal definitions in alphabetical order indicating the source and 
destination of the signals. The IPL Remote Load, Control Panel and V24 
Peripheral Connectors are detailed in Tables 1.4, 1.5 and 1.6. A Test Connector 
for the connection of a test tool to Card C7E1B is given in Table 1.7. Note that 
Connectors 3, 4 and 5 are identical connectors so to prevent them being inserted 
in the wrong position the pins are keyed, see Tables 1.4, 1.5 and 1.6. 

Note: The test tool is not a commercial product. 
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Signal Source Destination Description 
Name (Pin No.) (Pin No.) 

ALU 00-15 C7El/A * C7E2/A 
(2B03-12 (2B03-12 
2A07-12) 2A07-12) 

ALU 10-15 C7El/A MIOP/C 
(2A07-12) (2A07-12) 

ALU 04 C7El/A MIOP/B 

The output of the Arithmetic Logic Units 
which forms a 3-state connection to the 
ALU-BUS for output to BIO (C7E2/A) and 
interconnection of CPU functional units and 
the serial interfaces. 

As above but routed to the MIOP to load the 
Scratch-Pad address Lines during WER and 
RER operation (IOP function) or TL, TS ope­
rations (MMU .Function), PACC, PWR, RPA 
(PRESET Function). 

Active low to specify a Preset Write opera­
tion (Stop on Preset Address function). 

ALUCIN C7El/C 
(2Bl3) 

C7E2/D,MIOP/G A Microprogram signal for Arithmetic opera­
(2Bl3) (2Bl3) tions. It is also used for C7E2/D Interrupt 

ALUil C7El/C C7E2/B 
(2B14) (2B14) 

ALUI7 C7El/C C7E2/B 
(2Bl5) (2B15) 

ALUMADPl C7El/A C7E2/B 
(2Bl6) 

APN 

BAWOFN 

BCI 

(2Bl6) 

C7E2 
(2C01) 

Power 
Supply 

C7El/D' 
(2C01) 

C7E2/F 
(1B09) 

UPL CU.s C7E2/C 
(1C03) 

BIO 00-15N C7E2/A MIOP/G 
(1A23-30 (1A23-30 
1C23-30) 1C23-30) 

Logic = 0 ALU PLR, = 1 IEC PLR and resets 
PWF F/F, and RTC F/F for MIOP/G to select 
ALU+l mode. 

For ALU operations this is a Microprogram 
signal used during multiply routines, and 
for loading an address (see signal ALUMADPl 

For ALU operations this is a Microprogram 
signal to specify either a Shift Left 
(ALUI7 = 0) or a shift right (ALUI7 = 1). 

For loading an address this siqnal is ac­
tive in conjunction with ALUil to enable 
the incrementing of the Counter (type 
Sl69). 

Indicates to the functional units that the 
CPU has begun a new cycle, and is the basic 
clock pulse that strobes the Micro-instruc­
tion Word and all data paths. 

When semi-conductor memories are employed, 
this signal (Battery Was Off) indicates 
that data has been lost. 

A binary coded interrupt received in a 
serial format. 

Bidirectional data lines between C7E2/A. 
MIOP/G and all UPL Master and 
Slave units. 

* Note: C7El/A means C7ElB /diagram A 

Table 1.3 INTERFACE SIGNALS 
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Signal Source Destination Description 
Name (Pin No.) (Pin No.) ~ 

BIORECN C7E2/F C7El/E,MIOP /G For a Read Cycle, this signal is 
(2A17) ( 2A17) (2A17) enabled by APN and SEQWAIT of the 

previous cycle in order to read BIO. 

BOFFN C7El/C C7E2/ A The Microprogram ROMs enable BOFFN 
(2B27) (2B27) active low to inhibit the BIO Lines 

enabling an external FPP to set BIO. 

BR00-07N IOP C. U. s. MIOP/A Break Request Lines (BROO has highest 
(2B01-08) priority). 

BR08-15 IOP C.U.s. MIOP/A Break Request Line (BR15 has lowest 
(1B22-25,27-30) priority). 

BSYCPUEXN C7El/E C7E2/B,MIOP /G Active low indicates that the system 
(2C03) (2C03) (2C03) executes a Translation (MMU function), 

during EL, ES instruction in System 
mode, or always in User mode. ·~ BSYCPUN C7El/E C7E2/F ,MIOP /C Active low indicates that the CPU is 

(2C04) ( 2C04) ( 2C04) busy with the Bus. 

BSYCN C7El/E MIOP/G Indicates that the CPU is busy with 
(2B25) (2B31) the Bus.(= O). 

BSYN UPL C7El/E ,MIOP /F A bidirectional line between all UPL 
Masters (1B05) (1B05) Masters; when a Master has been se-

lected this line is low to indicate 
BuSY (Bus Occupation) to other Mas-
ters. 

BUSRN UPL C7E2/F(lB02) A bidirectional line between all UPL 
Masters C7El/E(lB02) Masters; any Master may force this 

MIOP/G(lB02) line low to request the Bus. 

CHA C7E2/B(1C21) UPL Bus When received by the memory CHA = 1 
MIOP/D(lC21) for Character operation and CHA = 0 

~ for Word operation. For Control Units 
and External Registers CHA = 0. 

CLEARN C7E2/A C7E 1/E ( 1C08) General reset of all devices active 
(1C08) MIOP/F(lC08) low for a minimum time of lOuS 

CRO,CRl C7El/D C7E2/D Contents of the Condition Register 
(2B17 ,18) (2Bl7,18) form a part of the P.S.W. 

DENB C7E2/F C7El/E The CPU has requested the Bus (Demand 
(2B26) (2B26) Exchange Enable), so DENB sets the 

BSYCPU F/F and at the end of a WRITE 
cycle this inhibits the setting of 
BSYCPU, if TSM is still active. 

Table 1.3 INTERFACE SIGNALS (CONTD.) 

1-10 P857EB 8208 



Signal Source Destination Description 
Name (Pin No.) (Pin No.) 

D00-15 C7E2/A C7El/B,MIOP /D Internal tri-state D-BUS interconnec-
(2C08-28) (2C08-23) ting the functional units on C7El, 

C7E2 and the MIOP card. 

DONEFCPN C7El/E C7E2/F After a transfer with the FPP this 
(2B01) (2B01) signal restarts the CPU Sequensor 

which is in a WAIT cycle. 

DONEFN FPP C7El/E Indicates to the CPU that the FPP has 
(1C04) finished the transfer. 

ENBIOP C7El/C C7E2/F ,MIOP /G For IOP transfers this Microprogram 
(2C24) (2C24) (2C24) signal enables the IOP. It holds the 

CPU Sequensor in the WAIT cycle until 
IOP has finished a transfer of data. 

ERQN C71/E UPL To prevent a Master from activating 
( lBOl) MASTERS his BUSRN Signal. 

FEN C7E2/D C7El/E Bit 13 of the P.S.W. it must always 
(2C07) (2C07) be "0" for RTN A15. 

FLAGCW3N MIOP/E C7E2/F A Flag sent to the CPU to indicate 
(2Al6) (2Al6) the IOP has received the 2nd Control 

Word and that the next WER is for the 
3rd control word. 

FLOACT C7El/D FPP Sent at the beginning of an FFX 
- (2Al7) instruction to time the actual 

processing and to synchronise the 
end of the operation. 

FLOCRO, CRl FPP C7El/D From the FPP Condition Register to 
(1A04,05) indicate the result of an operation 

which is then taken into account by 
the CPU Condition· Reg. 

FPPABS FPP C7E2/F When the FPP card is inserted this 
(1A05) signal is forced low. 

FUN C7E2/D C7El/E,MIOP/G Indicates User Mode (= 1) and System 
(2C25) (2C25) (2C25) Mode ( = 0). 

GFETCH C7El/C MIOP/B Indicates an instruction Fetch cycle 
(2A30) (2A30) and restarts CPU sequensor in some 

cases. 

GP CHAN C7El/C C7E2/C A Microprogram signal to indicate 
(2A01) (2C02) Character operation, this signal has 

the meaning as CHA (already described) 
Also to clock ALUX reg. and force RUN. 

Table 1.3 INTERFACE SIGNALS (CONTD.) 
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Signal 
Name 

Source 
(Pin No.) 

GPLRLDN C7El/C 
(2B02) 

GPMADN C7El/C 
( 2A03) 

GPRESETN C7El/C 
(2C02) 

GPSPN C7El/C 
(2A25) 

IEC 3,4,5 C7El/D 
MIOP/A 

(2A21,22,23 

INTGSlN 

INTGS2N 

INTGS3N 

INTS4-7N 

INTEON 

INTElN 

INTE3N 

INCL 

IRUNA 

C7El/D 
(2A26) 

MIOP/A 
( 2A24) 

MIOP/A 
(2A25) 

C7E2/C 
( 2A27) 

C7El/D 
(2A28) 

MIOP/A 
( 2A27) 

C7E2/C 
(1A03) 

C7E2/C 
(2A06) 

Destination 
(Pin No.) 

C7E2/D 
(2B02) 

C7E2/B 
(2C05) 

MIOP /D 
(2C02) 

MIOP/G 
(2A26) 

C7E2/C 
(2A21,22,23) 

C7E2/C 
(2A26) 

C7E2/C 
(2A24) 

C7E2/C 
(2A25) 

C7E2/C 
(1827-30) 

C7El/D 
(2A24) 

MIOP/A 
(2A28) 

UPL CUs 

C7El/C 
(2A06) 

Description 

A Microprogram signal to load the 
Program Level Register. 

A Microprogram signal to enable the 
loading or incrementing of the MADSE 
7,6,5,4 Buffer. 

A Microprogram signal to reset the 
Preset Address Buffer (Stop on Preset 
Address function), or to load this 
buffer. 

A Microprogram signal to enable the 
access of the MIOP Scratch Pad. 

A 3-bit code encoded from the paral­
lel interrupts 08-15N. 

An output from interrupts 08-15N 
which is used to generate the IEC 0, 
1, 2 Lines. 

An output from interrupts 16-23N 
which is used to generate the IEC 0, 
1, 2 Lines. 

An output from interrupts 24-31N 
which is used to generate the IEC 0, 
1,2,3 Lines. 

Spare positions available for exten­
ding the Interrupt System. 

Enable interrupts IS8-15. 

Enable interrupts IS16-23 

Spare position available for exten­
ding the Interrupt System from 31 on­

. wards. 

The serial INterrupt Clock generated 
by the CPU to synchronise interrupt 
code from the CUs. The frequency is 
not constant and depends on the 
CPU cycle. 

An input to the Microprogram Sequensor 
Test Loqic to indicate that either an 
Interrupt or RUN condition is active. 

Table 1.3 INTERFACE SIGNALS (CONTD.) 
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Siqnal 
Name 

IPLRMTN 

INTSERN 

IOPN 

IS04-07N 

IS08-15N 

IS16-31N 

LOADSN 

MAD 00-15 

Source Destination 
(Pin No.) (Pin No.) 

Remote 
Terminal 

C7E2/A 
(1C04) 

MIOP /F 
(2C26) 

CUs 

CUs 

CUs 

C7El/C 
(2C31) 

C7E2/B 
MIOP/D 
(1Cl3-20 
1Al3-20) 

C7E2/F 
( 1B07) 

IS Lines 

C7E2/F 
(2B20) 

C7E2/C 
(1822-25) 

C7El/D 
(1822-30) 

MIOP I A 
(2B14-25,27-30) 

C7E2/B 
(2C31) 

UPL 

MADS 00-03 C7E2/B . MIOP/C 
(2A02-05) (2A02/-05) 

MADE 0-7 

MIOPABS 

MSN 

NAD03 

C7£2/B 
MIOP /D 
(1812,13 
15-20) 

MIOP /G 
(2A32) 

UPL 
Masters 

C7El/B 
(2Bl9) 

UPL Mems 

C7El/E 
(2A29) 

C7E2/F ( 1803) 
C7El/E(1B03) 
MIOP/G(lB03) 
( 1803) 

C7E2/A 
(2Bl9) 

NAD08,09,10 C7El/B C7E2/A 
(2B21-23) (2B21-23) 

Description 

Indicates to the CPU External Test logic 
that a code is to be received on Lines 
OPS OON-03N. 

An interrupt from the Operator Interface 
(SERial INTerface) when either a Write, 
Read, Wait State, Echo condition is 
active. 

Indicates to the CPU that the IOP has 
either requested or is busy with the Bus 

Interrupt Request Lines Group 1. 

Interrupt Request Lines Group 2. 

Interrupt Request Lines Group 3. 

A Microprogram signal to enable the 
loading of the MADS 00-15 Buffer. 

Used in with MADE0-7 to represent a 
memory address in true value; MADE 0 
is the most significant and MAD15 the 
least significant bit. 

When the MMU is beinq used these 
lines contain a page- address 00-15. 

See above (MAD 00-15) 

When the MIOP card is correctly inserted 
in the rack this signal is forced low. 

A bidirectional line between al 1 UPL 
Masters; originating from the Master 
selected to indicate to all other 
Masters that Master is selected. 

One of the Next Address Lines. 
Used to select V24- or CP interface 

The combination of these Next Address 
signals enables the reading or writinq 
of data or control information at the 
serial interfaces. 

Table 1.3 INTERFACE SIGNALS (CONTD.) 
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Signal Source Destination Description 
Name (Pin No.) (Pin No.) 

OKO C7E2/F C7El/E The Bus Controller sends OKO to 
{lB06) ( 1B07) search for the highest priority Mas-

ter requesting the Bus. OKO is routed 
through card C7ElB to the next prio-
rity Master (which could be MIOP/G if 
fitted). 

OKIA C7El/E MIOP/G Derived from the Bus Controller OKO 
( 1806) (1C04) signal, OKIA is the input to IOPA of 

the MIOP. 

OKOA MIOP /G MIOP /G If IOPA was not the Master requesting 
(1A04) the Bus then signal OKOA becomes an 

input to the next priority Master 
(e.g. IOPB, if connected). 

OKIB MIOP /G MIOP/G Continuing the OKO chain, signal OKIB 
(1C05) is the input to IOPB of the MIOP. 

OKOB MIOP/G MIOP/G If IOPB was not the Master requesting 
(1A05) I the Bus then siqnal OKOB becomes an 

input to the next priority Master. 

OKMMU MIOP /G C7E 1/E ( 2Al5) If no Page Fault, OKMMU = 1 indicates 
C7E2/D{2Al5) that MAD is loaded. BSYCPUEXN resets 

it for the next Translate cycle. 

osc C7E2/E MIOP/F Derived from the CPU basic clock fre-
(2A01) (2A01) qvency this signal forms the basic 

45nS pulse for the MIOP card func-
tions. 

OPSON-3N Remote C7E2/F Four address lines, the code of which 
Device {3A01,02 is used to address the last sixteen 

3B01,02) words of the Bootstrap. 

OSCENB C7El/D C7E2/E A test input from the Development 
(1C05) (lCOS) Test Tool to enable or inhibit the 

CPU clock pulse. 

PAFN MIOP/G C7E2/F(2Al8) The CPU is in a WAIT cycle but due to 
(2Al8) C7El/E(2Al8) Page Fault Detection there is no TMRN 

or TSMN, so this signal restarts the 
CPU Sequensor. 

PAFTFPN MIOP/C C7El/C A test condition to indicate to the 
(1B09) ( 1809) Microprogram Sequensor (2910) that 

either a Page Fault has occured 
(active low) or not (high). 

PCI 0-3 C7El/C C7E2/B A code from the Microprogram defining 
(2C26-29) (2C26-29) micro-instruction that must be execu-

ted by the Address Sequensor. 

Table 1.3 INTERFACE SIGNALS (CONTD.) 
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Signal Source Destination Description 
Name (Pin No.) (Pin No.) 

PCCI C7El/C C7E2/B A signal from the Microprogram which is 
( 2C30) (2C30) the Carry Input for the Address Sequensor 

PRESETN MIOP/B C7E2/C Indicates that a Preset Address is found 
(1810) (1810) (Stop on Preset Address function). 

PUPF C7E2/C C7El/B Indicates that either Control Panel or 
(2Al3) ( 2Al3) Remote Device wants to send a code or 

that the Preset Address is found. 

PWFN Power C7E2/D Indicates to the CPU that a Power 
Supply ( 1C07) Failure has occurred. 

RSLN Power C7E2/A(1A07) To ensure an orderly start procedure this 
Supply C7El/E ( 1A07) signal stays low until power has stabili-

MIOP/F(lA07) sed. 

RTCN Power C7E2/F Real Time Clock signal, derived from 
Supply (1B08) mains frequency (generated every 20mS 

for 50HZ mains frequency). 

RUNIRN C7E2/C C7El/B For a RUN or InteRrupt or Control Panel 
(2A20) (2A20) condition this signal causes PLAMAP to 

enable an address on the NAO Lines which 
in turn enables the Micro-Routine start 
start address. 

RUNN C7E2/D MIOP/B After a stop on preset address this sig-
(2A29) (2A29) nal resets the Preset F/F as soon as the 

RUN bit in PSW is reset by microprogram. 

SELD 0,1,2 C7El/C C7E2/D A code from the Microprogram which 
{2B30-32) (2B30-32) enables the qeneration of the Bus D 

Emitter Selection signals for card C7E2. 
Also to select the Serial interfaces 
8251. 

SELR2 C7El/C MIOP /G A Microprogram signal which when = 1 
( 2A14) (2Al4) indicates that the General Purpose 

Register selected by the R2 field is used 
as a destination. Also to write new in-
formation in MIOP scratch pad and PRESET 
buffer or to set SPFLAG. 

SELSPBUFN C7El/C MIOP/D(2Al9) Enables the MIOP Scratch Pad Buffer 
(2Al9) C7E2/D(2Al9) content onto the D Bus (MIOP) and inhi-

bits the selection of the Bus D emitters 
(C7E2). 

SEQCPUO,l C7El/C C7E2/E A code from the Microprogram which se-
(2A31,32) (2A31,32) lects the CPU cycle type at the CPU Se-

quensor. 

Table 1.3 INTERFACE SIGNALS (CONTD.) 
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Signal Source Destination Description 
Name (Pin No.) {Pin No.) 

TMEN C7El/E C7E2/F { lCll) Timing Master to External Register, ac-
( lCll) Ext. Regs. tive low to validate the addresses and 

data; this signal also resets the time-
out circuit {C7E2). 

TMPN C7El/E C7E2/F{lC10) Timing Master to Peripheral, active low 
MIOP/F C.U.s to validate the addresses and data; 
( lClO) this signal is also used to reset the 

Time-out circuit (C7E2). 

TMRN C7El/E C 7E2/F ( lAll) Timing Master to RAM (or other memory 
MIOP /F Mems types), active low to validate adresses 
( lAll) and data; this signal also resets the 

Time-out circuit {C7E2). 

TSMN c. u. s C7E2/F{1Al0) This signal is the reply to TMEN, TMPN 
C7El/E ( lAlO) or TMRN and is used to restart the CPU 
MIOP /F ( lAlO) Sequensor which is in a WAIT cycle 
UPL Masters (C7E2), reset the BSYCPU F/F (C7El) and 

restart the MIOP (MIOP). 

TMFN C7El/C FPP Timing Master to Floating Processor, 
(2A05) active low to validate data. 

TIMEOUT C7E2/E C7El/E Once an exchange is initiated the 
(2B28) (2B28) Time-out circuit starts counting and 

if the TSMN signal is not received 
within approx. lluS then this signal 
(if CPU exchange) sets the CPU 
Condition Register, resynchronises 
the Master by generating TSMN. 

TMRZON C7E2/F C7El/E At the end of an exchange (TSMN re-
(2B29) (2B29) ceived) this signal reset the signals 

TMEN, TMPN, TMRN. 

TMRENB C7El/C MIOP/B For the Stop on Preset Address func-
(2C05) {2C05) tion this signal ensures that the in-

struction is fetched before enabling 
PRESETN. 

WAIT C7E2/E MIOP/B For the Stop on Preset Address func-
(2A30) (2A31) tion when the address is found a Memory 

cycle is executed which means a CPU 
WAIT cycle and so signal WAIT is ac-
tive to clock the PRESETA F/F {WAIT 
also resynchronises the CPU Sequensor 

WRITE C7E2/B UPL Bus Indicates to the UPL Slaves the dir-
MIOP/D rection of Bus transfer; WRITE = 1 
(1A21) means transfer Master to Slave; WRITE 

= 0 means transfer Slave to Master. 

Table 1.3 INTERFACE SIGNALS (CONTD.) 

1-16 P857EB 8208 



Signal Source Destination Description 
Name (Pin No.) (Pin No.) 

WRITE C7E2/B UPL Bus Indicates to the UPL Slaves the direc-
MIOP /D tion of Bus transfer; WRITE = 1 means 
(1A21) transfer Master to Slave; WRITE = 0 

means transfer Slave to Master. 

WR ITEM C7El/C MIOP/B(2C32) A Microprogram signal indicating a 
(2C32) C7E2/ A(2C32) WRITE operation, the logic levels 

have the same value as WRITE (above). 
WRITEM is also used for several other 
purposes (chapter 3). 

Table 1.3 INTERFACE SIGNALS (CONTD.) 
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C7E2B Signal Description Source Destination 
Pin No. Name 

3803 OPS ON ~Address Lines from Remote C7E2/F 
3802 OPSlN a Remote Device to Device 
3804 OPS2N address the last 16 
3801 OPS3N words of the Bootstrap 
3A05 not connected Key pas it ion 
3A01-04 ov 
3805 OV 

Table 1.4 IPL REMOTE LOAD INTERFACE - CONNECTOR 3 

C7E2B Sign a 1 Description Source Destination 
Pin No. Name 

4801 LOCK 10 Control Panel func- FRCP C7E2/A 
4803 ov tions are enabled. 

1 Control Panel func-
tions (except INT) are 
inhibited. 

4A01 SDPM Serial Data (CT104) FRCP C7E2/A 
4802 SDMP Serial Data (CT103) C7E2/A FRCP 
4A02 RTCE = 0 inhibit Real Time Clock FRCP C7E2/F 

= 1 enable Real Time Clock 
4A03 RESETN Master Reset C7E2/A FRCP 
4804 +5V 
4A04 -12V 
4A05 riot connected (key position) 
4805 +12V 

Table 1.5 CONTROL PANEL INTERFACE {FRCP) - CONNECTOR 4 

C7E2B Sign a 1 Name Description Source Destination 

5802 CT103 Serial Data C7E2/A D.T.E. 
5A01 CT104 Serial Data D.T.E. C7E2/A 
5A02 CT107 Modem Ready D.T.E. C7E2/A 
5803 CT108 Connect Modem to Line C7E2/A D.T.E. 
5A03 CT133 Ready for Receiving D.T.E. CP7E2/A 
5801 ov 
5A04 ov 
5A05 ov 
5804 ov 
5805 not connected key pas it ion 

Table 1.6 V24 PERIPHERAL INTERFACE - CONNECTOR 5 
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Pin Signal Name Description 

3A01 ROMAD08 -
02 07 
03 06 
04 05 Microprogram ROM Address Lines, note that only 9 of 
05 04 ,_the 11 lines are available here, for ROMAD09 and 10 
06 03 see pins 3B17 and 3Bl8 {C7El/B). 
07 02 
08 01 
09 ROMADOO 
10 -
11 BSYCPU Indicates CPU busy with Bus {C7El/E). 
12 TMPN Indicates Transfer Master to Peripheral {C7El/E). 
13 TMRN Indicates Transfer Master to Memory {C7El/E). 
14 OSCENB Enables the internal clock {C7El/D). 
15 
16 }Not used 
17 RS LAN Simulates RSLN from the Power Supply {C7El/E). 
18 APTEST Enables an external test of the CPU Sequensor 

signal AP {C7El/D). 
19 5V 
20 5V 

3B01 DOO -
02 01 
03 02 
04 03 
05 04 
06 05 
07 06 
o~ 07 ,_ 3-state internal CPU Bus {C7El/B). 
09 08 
10 09 
11 10 
12 11 
13 12 
14 13 
15 14 
16 015 -
17 ROMADlO 

} See pin 18 ROMAD09 nos. 3A01-3A09. 
19 ov 
20 av 

Table 1.7 TEST CONNECTOR FOR TESTTOOL ONLY (CARD C7E1B) 
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1.5 APPLICATION NOTES 

The P857E system is housed in a Eurorack configuration which includes the UPL ~ 
Bus, System Cards and Power Supply. Two rack configurations are possible (see 
figure 1.5) . 

• 6Ul2 to contain 12 cards max • 
• RU22 to contain 23 cards max. 

These 2 Eurorack configurations may be housed in a cabinet, an example of which 
is shown in Figure 1.6. The UPL Bus must never be extended out of the CPU Rack 
without the signals being terminated with a Terminator Card. 

RACK 
TYPE 
6U12 

RACK 
'l'l'PE 
RU22 

POWER 
SUPPLY 12 CARDS 

23 CARDS 

POWER SUPPLY* 

POWER 
SUPPLY 

..... 

°''" 

* Power supply is placed on backside of cabinet opposite the Logic rack. 

Figure 1.5 RACK CONFIGURATIONS 
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COVER 
PLATE 

4U [ 

6a (6U6) 
OR (6U12) 
?U (RU22) 

USEABLE DEPTH 27 5 INCHES 

CABINET (19 INCH) 

-- --
CASSETTE 

SHELF 

EQUIPMENT 

SHELF 

M A CONTROL 
PANEL 

CPU 
CONTROLLERS POWER SUPPLY 

MEMORIES RU22 
POWER SUPPLY: 6U6 

6U12 

FLOPPY 

DISC 

PAPER 
TAPE 
PUNCH 

,__ 

::::> ::::> 
N ~ 

N 

.... .... :c :c 
!:2 (!) 
UJ L;j :c :c 
UJ --' --' --' ID <( 
<( a: 
UJ UJ 
Ill > 
::::> 0 

~ 

Notes: 1) 6Ul2 rack (P854-300): Control panel (if necessary) in 4U cover-plate 
key-switch in 6Ul2 rack. 

8308 

2) RU22 rack (P854) Control panel and key-switch in 4U cover-plate 
Fan assy's on logic- and power rack. 

Figure 1.6 EXAMPLE OF A CABINET CONFIGURATION 
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1.5.1 CONFIGURATION RULES 

When the P857E configuration is being assemb 1 ed the fo 11 owing rules must be 
taken into account: 

. Cards C7E2B, C7E1B and MIOPB must be in rack positions 1, 2 and 3 
respectively . 

• Other Masters follow in order of their system priority, determined by links 
OKO and OKI • 

• Card MIOPB contains 2 IOPs; IOPA and IOPB. IOPA must always have a higher 
priority than IOPB (determined by links OKOA/B and OKIA/B) . 

• Control Unit addresses with MIOP present <;: /F without MIOP any address may be 
used • 

. The UPL Bus must not be extended out of the basic Eurorack without the signals 
being terminated. 
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EURORACK 
REAR VIEW 
CRU22) 

EURO RACK 

FRONT VIEW 

EURORACK 

SIDE VIEW 

PLUG 5 

PLUG 4 

PLUG 3 

23 22 21 

PLUG3 ( C7E 1 Bl 

r 
I 

~I 

I 

u 
. I 
I I 

Li 

L.3<'.mm 

r i n 

~ I' I I I I 

I I 

CONTROL UNITS AND MEMORIES 

230mm 

CONNECTOR 5 
I V24 INTERFACE l 

CONNECTOR L.. 

(CONTROl PANEL 
INTERFACE l 

C.ONNE:.CTOR 3 
(REMOTE LVA(J INT 1 

(1~48' 

'..ABLE SUPP(JR1 p1_AH. 

Figure 1.7 EURORACK 

P857EB 
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1, 
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1, 
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rl 
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~ 
PLUG 1 
(UPL BUS I 

PLUG 2 

(SPECIAL INTERCON-~ NECTIONS) 

23 

CONTROL 
PANEL 
(6U121RU22 I 

CONTROL 
PANEL 
(6U618U12l 

'~ABLE 3 METRES (MAI J 

EXTENSION CABLE HHP ?METRES (MAX) 
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1.6 INSTALLATION DATA 

The following instructions are only intended to highlight the important aspects 
of installing this system • 

• Insert the Eurorack into the front of the cabinet and screw into position • 
• Ensure that the mains are connected in accordance with the specification (this 

may differ depending upon the country of installation . 
. Ensure that the Grounding Rules are observed • 
. Check the card links before inserting cards into the Eurorack • 
. Ensure that the cables between Control Units and Devices are firmly secured 

and that the screens of these cables are connected in accordance with the 
Grounding Rules • 

• Interrupts and Breaks must be wired so that they run across the printed 
circuit and NOT parallel to it (see below). 

PRINTE 0 
CIRCUIT 

WIRED CONNECTION RUNNING ACROSS THE PRINTED CIRCUIT 

1.6.1 STRAP SETTINGS 

01686 

There are straps fitted to all 3 cards but only C7E2B houses the straps that are 
selectable by the user • 

• IPL links to select the IPL and program loading device for remote and/or auto 
IPL. (table 1.8) 

• CT133 1 ink • 
• Speed Selection Links for the V24 peripheral interface (Table 1.9). All cards 

must be checked to ensure that the workshop test links are in position, see ~ 
Figures 1.8, 1.9 and 1.10. 
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3 2 1 0 MEMORY 
ADDRESS 

OPS3N OPS2N OPSlN OPS ON WORD HEX 

0 0 0 0 0 lFE 
0 0 0 1 1 lFC 
0 0 1 0 2 lFA 
0 0 1 1 3 1F8 
0 1 0 0 4 1F6 
0 1 0 1 5 1F4 
0 1 1 0 6 1F2 
0 1 1 1 7 lFO 
1 0 0 0 8 lEE 
1 0 0 1 9 lEC 
1 0 1 0 10 lEA 
1 0 1 1 11 1E8 
1 1 0 0 12 1E6 
1 1 0 1 13 1E4 
1 1 1 0 14 1E2 
1 1 1 1 15 lEO 

Table 1.8 SELECT-IPL (REMOTE LOAD) 

The following diagram shows the identification that is silkscreened on the card 
and an example of word selection. 

IPL (C7E2B) 

1 0 

3 0 ~ 
2 0 ~ 

Selected Device = 3 

1 ~o 

0 ~o 

Connector 2 
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~ 

Transmit/Receive Ba4d Rate 
U Link Positions \ 
D c B A 

0 0 0 0 50 
0 0 0 1 75 
0 0 1 0 110 
0 0 1 1 134,5 
0 1 0 0 150 
0 1 0 1 300 
0 1 1 0 600 

shown 
0 1 1 1 1.200 
1 0 0 0 1.800 
1 0 0 1 2.000 
1 0 1 0 2.400 
1 0 1 1 3.600 
1 1 0 0 4.800 
1 1 0 1 7.200 
1 1 1 0 9.600 
1 1 1 1 19.200 

Table 1.9 V24 - PERIPHERAL INTERFACE - SPEED SELECTION 

The following diagram shows an identification that is silkscreened on the card, 
and an example of speed selection: 

1.6.2 MOUNTING 

T.b.f. 

A 

B 

c 

D 

0 1 

~o 

o~ 

o~ 

~o 

C7E2 
TOP 

Se l ect_ed speed is 600 bauds (PER 3100) 

The three cards C7E2B, C7E1B and MIOP must be mounted on dedicated positions 1,2 
and 3 of the UPL rack (see figure 1.6). 
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1.6.3 INTERCONNECTIONS 

System interconnections between the cards at the UPL Bus Connector level are as ~ 
follows: I ~ J 

• Interrupts 
• Breaks 
• OKO/OKI Links 

An example of these interconnections is given in Figure 1.11. 

1.6.4 COMPATIBILITY 

The P857E is compatible with other P800 systems in the following cases: 

• P857 instruction set • 
• UPL (Eurocard) Memories • 
• Pin compatibility with P851 and UPL (Eurocard) Control Units • 
• GPB Control Units using TUGP (Translator UPL/GPB Card) • 
• For P857M, the IOP Control Word 1 (WERl) loaded MAD64 and MAD128 ~ 

{bits 2 and 3 respectively). For P857E this is still respected but if WER3 is 
used then these bits MAD128 and MAD64 (MADE6 and MADE?) are overwritten. 
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2 .1 SWITCH-ON 

At switch-on a sequence of events takes place before the system is ready to go, 
see Figure 2 .1. This sequence of events may be considered as three separate 
phases . 

• Phase 1 Automatic Test 
• Phase 2 Microdiagnostic Test 
• Phase 3 Load IPL (Initial Program Loader) 

The hexadecimal codes of the HHCP and FRCP that are displayed after an event are 
indicated in the following Flow Charts. 

8208 

SWITCH-ON 

(STAHT MICRO:\ 
DIAGNOSTIC CHECKS 

SELECT MICRO­
DIACNOSTIC 
ROUTINE AT CON­
TROL PANEL 

SET IPL PARA­
NETlllS AT 
CONTROL PAllEL 

SYSTEM READY 
TO CO 

/'-.. 
BATTERY 

OFF 

AUTO AUTO 
IPL RESTAIH 

Figure 2.1 START PROCEDURE 

P857EB 

PHASE l 

PHASE Z 

PHASE 3 

' .... 
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2.1.1 AUTOMATIC TEST {Fiqure 2.2) 

The Automatic Test is always carried out after switch-on or Master Clear. During 
the test the major part of the CPU, the Control Panel and the Control Panel 
cables are tested. 

INITIATE (SIVITCH- ON 
OR MASTER CLEAR) 

RESET 
CPU 

TEST 
MAJOR PART CPU 
CONTROL PANEL 
CONTROL PANEL 

CABLE 

NOTE: LOCK=OFF 

N lEST 
~----FAILED 

DISPLAY CODE/FFFC 
AT CONTROL PANEL 

5649 

Figure 2.2 AUTOMATIC TEST 

At the end of this test there are 2 possibilities: 

• Test failed- code FFFC is not displayed so the diagnostic tests may not be 
carried out and other fault finding methods must be used to 1 ocate the fault 
which is either CPU, control panel, or control panel cable, or UPL BUS, or 
Memory . 

. Test passed- code FFFC is displayed so the diagnostic tests may now be ,,., 
initiated. 
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2.1.2 MICRODIAGNOSTIC TEST (FIGURE 2.3) 

~he Microdiagnostic Test should be executed immediately after the Automatic Test 
in ?rder to ensure the correct functioning of the system. If a fault occurs 
during these tests then a code is displayed at the control panel. 

si::('ECT MICRO-Di)..G-
NOSTIC ROUTINE AT (RTC = OFF) 

ONTROL PANE 

CODE 
DISPLAYED 

N 
~---- 0001 

N 0002 

N XX03 

>-N ____ YY02 

'>-N ____ YYlO 

TESTS PASSEDl--..,.-----
CPU IDLE 6112 

YY04 

Figure 2.3 MICRODIAGNOSTIC TEST 

All codes displayed are error codes except after the Bus and RAM Test is passed 
(YY04) where YY indicates the 8 most significant bits of the last address tested 
(32k max.). For the Bus and RAM Test failed (XX03) XX indicates the 8 most 
significant bits of the address causing the error. 
The error address can also be read from register Al and the content of this 
address from register A2. 
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2.1.3 INITIAL PROGRAM LOADER (FIGURE 2.4) 

The Initial Program Loader (IPL) is responsible for system initiation ~Y ~ 
enabling the eventual loading of an Object Program. For purposes of this 
description the IPL Sequence to load from a Sequential Device is described in 3 
parts: 

. Bootstrap 

. Low Core IPL 

. High Core IPL 

BOOTSTRAP 

The Bootstrap is contained in the Bootstrap ROM in the CPU in a format lk x 
4bits. The CPU assembles this format into 256 x 16-bit words which are loaded 
into Memory starting from address 000. The Bootstrap enables the loading of the 
Low Core IPL. 

LOW CORE IPL 

The Low Core IPL has 3 principal functions: 

. Ca 1 cul ates the size of Memory and subtracts 400 characters to find the High 
Core start address . 

. Loads High Core IPL . 

. Starts High Core IPL. 

HIGH CORE IPL 

The High Core IPL has 3 principal functions: 

Gives the peripheral address (Reg. Al5) from which the Object Program is to be 
loaded • 

. The !DENT name of the program to be printed out on the ASR. ~1 . Loads the Object Program 
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8308 

CPU 

BOOTSTRAP. ROM 

1Kx 4 BITS 

REMOTE 
DEVICE 
ADDRESS 

I 08' IS THE START 
ADDRESS OF LOW LOADER 
(NOTE THAT THIS START 
ADORES DEPENDS ON 
WHETHER IT IS AN IPL 
FOR SEQUENTIAL OR 
RANDOM ACCESS ) 

LOW LOADER CALCULATES 
MEMORY SIZE AND SUBTRACTS 
400 CHARACTERS FOR START 
ADDRESS OF HIGH LOADER 

Figure 2.4 

MEMORY 

1000 1001 

1080 

1084 

11 FF 

01661 

BOOTSTRAP (SECOND HALF CAN 
BE OVERWRITTEN BY 
LOW CORE LOADER) 

}

LAST 32 CHAAACTEAS(16 WOADS) 
RESERVED FOR IPL 
REMOTE LOADING PATTERNS 
(SEE FIG 2.5) 

LOW CORE IPL 
(LOW LOAOEAl 

HIGH CORE IPL 
(HIGH LOADER) 

INITIAL PROGRAM LOADER - PRINCIPLE 
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2.1.4 LOAD REMOTE IPL (FIGURE 2.5) 

The last 16 words of the Bootstrap (addresses 240-255{/lEO to /lFF) inclusive) 
contain parameters for up to 16 remote devices. The system enables operation in 
one of two modes: 

. Address is selected by card links OPSON-3N • 
• Remote Device sends its own address, no links selected. 

REMOTE DEVICE 

IPLRMTN 

PL OR: AUTO-I 
(AFTER PO 

LOCK MODE AND 
WER-ON) 
BATTE RV WAS OFF 

IPLRMTN 

OPSON-JN 

(ADDRESS) 

CPU 
(LINKS SELECTED) 

r=y 0 . 
0 r . 
0 r . 
0 r . 

CPU 

(LINKS NOT SELECTED) 

0 0 l . 
0 1 0 . 
0 1 0 . 
0 1 0 . 

Figure 2.5 REMOTE IPL 

2.2 SERIAL INTERFACES 

MEMORY 
r---------iooo 

c ----------:::: ~ 
MEMO RV 
...----------,000 

{,.... - - - - - - - - -· /lEO 

026!10 /1FF 

There are two serial interfaces employed on the P857E; Control Panel and V24 
Peripheral Interfaces both of which use a device type 8251A and share common 
functi ans. 

2.2.1 SERIAL INTERFACES - COMMON FUNCTION 

The 8251A is responsible for the conversion of data from serial to parallel and 
parallel to serial. Before data transfers may be carried out the interface must 
be programmed: this is the responsibility of the CPU Microprogram. For purposes 
of this explanation the sequence of events at the interface are as follows: 

. Switch-On 
• Program Mode Instruction 
. Program Command Instruction 
. Change of Command 
• Reset and Reprogram 
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SWITCH-ON 

At Switch-on the serial interfaces are both reset and so must be programmed with 
the Mode of Operation. This is the responsibility of the CPU Microprogram. 

PROGRAM MODE INSTRUCTION 

In the reset state a Mode Instruction must be executed to program the mode of 
operation for the interface; character length etc. see Figure 2.7. 

PROGRAM COMMAND INSTRUCTION 

A command instruction must follow the Mode Instruction and is used to command a 
particular type of operation; input or output etc. see Fiqure 2.7. 

~ CHANGE COMMAND INSTRUCTION 

Once the Mode Instruction is executed any number of Command Instructions may be 
programmed to change the type of operation. In the example of Figure 2.6 the 
Interface is already programmed for Output Mode but now data has to be input so 
another Command Instruction is programmed to specify an input operation. The 
Interface stays in Input until either another Command Instruction is executed or 
a Reset occurs. 

CHANGE MODE OF OPERATION 

A Mode Instruction is only executed after a Reset occurs. For the Control Panel 
the Modes of operation are invariable and so after a Reset (RSLN from the Power 
Supply or MCL from the Control Panel) the CPU Microprogram is responsible for 
the reprogramming of the FRCP with code /CE. The content of the V24 Mode 
Instruction is read from the CIO V24 Command (Figure 2.9). 
The serial interface must have been reset during the CIO start command V24, 
before reprogramming is possible. (CPU Microprogram responsible). 
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CPU 

SWITCH ON RSLN 
--z-- -------------

OUTPUT 

MODE 

::::;:, 

INPUT 
MODE 

:::::::: 

RSLN OR MCL 

-z-- ------------
OR AFTER 
SST COMMAND 
(V24 CU) 

I-

::::!:::: 

' 

K 

K 

:::::=: 

T 

A 

. 

8251A 

RESET 

-
MODE INSTRUCTION DO. 7 . 

COMMAND INSTRUCTION D0. 7 (OUTPUT) . 

DATA D0.7 ' , 
~v 

STATUS D0.7 

:::::::::: 

COMMAND INSTRUCTION (INPUT l . 

DATA 

STATUS 

::::::::: 

RESET 

MODE INSTRUCT JON 

..... 

01&61 

Figure 2.6 EXAMPLE OF SERIAL INTERFACE DIALOGUE 

P857EB 

::::;:::: 

::::::: 

.., 

8208 



COMMAND INSTRUCfION 
D7 D6 D5 D4 D3 D2 Dl DO 

EH IR RTS ER SBRK RxE 

TRANSMIT ENABLE 1 = ENABLE 0 = DISABLE 
____ DATA TERMINAL READY "HIGH" WILL FORCE DTR OUTPUT TO ZERO 

USED AS CLEAR SIGNAL FOR CONTROL PANEL 8251, ECHO FOR V24CU 
------RECEIVE ENABLE l = ENABLE 0 = DISABLE 

'------------INTERRUPFFOR V24 - CU IN WAITSTATUS (WST) 
--------------INTERNAL RESET 1 = ENABLE 0 = DISABLE 

STATUS RlAD 
D7 D6 D5 D4 D3 D2 Dl DO 

DSR SYN FE OE 
DET 

Tx Rx Tx 
FE EMTY RDY RDY 

PARITY ERROR 
THE PE FLAG IS SET WHEN A PARITY ERROR IS DETECTED. IT IS RESET BY THE 

-------- ER BIT OF THE COMMAND INSTRUCTION. PE DOES NOT INHIBIT OPERATION OF 
THE 8251A, 
OVERRUN ERROR 
THE OE FLAG IS SET WHEN THE CPU DOES NOT READ A CHARACTER BEFORE THE 

'-----------NEXT ONE BECOMES AVAILABLE. IT IS RESET BY THE ER BIT OF THE COMMAND 
INSTRUCTION. OE DOES NOT INHIBBIT OPERATION OF THE 8251A.HOWEVER, THE 
PREVIOUSLY OVERRUN CHARACTER IS LOST. 
FLAMING ERROR (ASYNC ONLY) 
THE FE FLAG IS SET WHEN A VALID STOP BIT IS NOT DETECTED AT THE END OF 

------------EVERY CHARACTER. IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION. 
FE DOES NOT INHIBBIT THE OPERATION OF THE 8251A. 

______________ FRCP (NOT USED) 
V24 (BREAK KEY HAS BEEN PRESSED AT DEVICE) 

________________ DATA SET READY: INDICATES THAT THE DSR IS AT A ZERO LEVEL. 
5646 (USED FOR LOCK ON CONTROL PANEL 8251) 

MODE INSTRUCTION 

D7 D6 D5 D4 D3 D2 Dl DO 

I S2 -I Sl I EP I PEN I L2 I Ll I B2 I Bl I BAUD RATE FACTOR 

I 
I 0 l 0 l 

0 0 l l 

SYNC (lX) (16X) (64X) MODE 

I 
CHARACTER LENGTH 

0 l 0 l 

0 0 l l 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
l ='ENABLE 0 = DISABLE 

EVEN PARITY GENERATION/CHECK 
l = EVEN 0 = ODD 

NUMBER OF STOP BITS 

0 l 0 l 

;NOTE: 
0 0 l l 

FOR THE MODE INSTRUCTION FRCP IS ALWAYS PROGRAMMED INVALID l It 2 
WITH /CE (11001110) •. THE V24 FORMAT IS READ FROM THE BIT BITS BITS 
CIO V24 COMMANDS, SEE FIGURE 2.9 5647 

Figure 2.7 8251 CONTROL FORMATS 

8208 P857EB 

(ONLY EFFECTS Tx; Rx NEVER 
REQUIRES MORE THAN ONE 
STOP BIT) 
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2.2.2 V24 PERIPHERAL INTERFACE 

The V24 Interface is connected on Programmed Channel and recognises the commands ~ 
shown in Figure 2.9. The V24 Interface does not use a State Sequensor but CPU 
tests the state of the interface during exchanges. The CPU Microprogram is 
responsible for synchronising the V24 Interface states ( INAC, INPUT, OUTPUT, 
ECHO) with the overall CPU operation. The dialoque between the Serial Interface 
and the P857E system is shown in Figure 2.8. 

2.2.3 CONTROL PANELS 

One of 2 Control Panel may be connected to the P857E (Figure 2.11): 

. Hand Held Control Panel (HHCP) displays hexadecimal addresses or data • 
• Full Refreshed Control Panel (FRCP) displays data and address simultaneously 

in a hexadecimal format. 

The 2 Control Panels are Micro-Processor controlled and receive data or an 
address in serial data format and transmit either address, data or function to 
the CPU. At the interface the operation and the codes transmitted to CPU are the ~ 
same but the way that they are generated may differ (see Table 2.2 and figure 
2.10). For purposes of this description only the FRCP is described here. 
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MEMORY CPU 8251 DE ICE v 
CID START READ = MOOE 

COMMAND 
UNPUTJ 

- SERIAL 

INR INTSERN DATA 2 STOP BITS - IRXRDYI I 
l c:: I I 

I 
DATA 

I I 
L 

START PARITY 

CID STOP - BIT BIT 

SST INTSERN 
(RTSN, TX ROY) 

STATUS 

-- .. - :::::::: --CID START WRITE -- MOOE :::=: :: :: -
COMMAND 
IOUTPUTI 

OTR - INTSERN 
ITXRDYI -

DATA 

) 

CID STOP 
SERIAL 

DATA 
START Bl -

_J I I '.:--1 I 

I 
"" 

fl 00 

SST INTSERN 2 STOP PARITY 
BITS BIT 

STATUS 

K 

04410 

Figure 2.8 V24 PERIPHERAL INTERFACE DIALOGUES 
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CIO START 

WRITE 

READ 

CIO STOP 

INR 

Q.TR 

SST 

2-14 

10 11 12 13 15 

R 3 

I = 0 2 STOPBITS 

f 1= 1 I STOPBIT 

I 1~101-BIO 
~ 

BIT 10 ECHO MODE ~O NO PARITY 

=~ ~~~E;:c~cTED 0 1 EVEN PARITY 
I 1 ODD PARITY 

NOTE : BIT 14 NORMALLY : 012 STOPBITSI 
BIT 14 = 111 STOPBITI ONLY NECESSARY IF ECHO MODE AND TERMINAL STRAPPED 

ON 1 STOPBIT. 

R 3 /10 

R 3 o I o /10 

O.:-=>"""""""'""""""""'""""""""~"""'""""""""""'"""'""""""'"""'--------D-A_T_A _______ _,I - BIO 

. I 0 I 1 R 3 

- DATA 

o 1 1 R 3 

/10 

-BIO 

/10 

NOT OPERABLE 

THROUGH PUT ERROR I INPUT MODE> 

PARITY ERROR C INPUT MODE> 

01619 

Figure 2.9 V24 PERIPHERAL COMMANDS 
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2.2.3.1 FULL REFRESHED CONTROL PANEL (FRCP) 

The FRCP replaces the bit oriented control panels to enable the user to write 
and read directly in hexadecimal format. 

DISPLAYS 

Two set of displays one for a 6 di git address an the other for 6 di git data 
enables the user to read data and address simultaneously. 

KEYS 

There are 16 data keys and 16 function keys all of which only send the key-code 
to the CPU when a function key is pressed. Depending on the function the data 
will be coded and sent to the CPU first, followed by the function code. 

EXTENDED FUNCTION MODE 

The functions of the FRCP may be extended by using the 11 0 11 key in conjunction 
with a Function Key. The principle i~ shown below, and the extended functions 
that are available are shown in Table 2.2. 

FRCP CODES 

BOTH KEVS RELEASED 

i "O" KEV PRESSED 

··o" KEV HELD PRESSED 
3 WHILE FUNCTION KEV 

IS PRESSED 

"O" KEY IS ST! LL 

HELD PRESSED AND 
FUNCTION KEV IS 

RELEASED. AT THIS 
POINT A CODE IS 

SENT TO THE CPU 

"O" KEY IS NOW 
RELEASED 

FUNCTION KEV "O" KEV 

Figure 2.10 EXTENDED FUNCTION MODE 

01690 

Data and functions exchanged between the FRCP and P857E are in the form of a 
serial 8-bits code. These codes contain the prefix 3 for data and either 4 or 5 
for functions and /B for. addresses. See Table 2.1. 
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180 mm 

FRCP 

" / 

,-------------1 ,--------- - --- , 
I I 

I 
I 

I I I I 
I I L ______________ j. L_ ___________ _J 

I PHILIPS I 

' 

ON ENABLE EJ 
EJ 

LOCK I RTC I [JLJ[J[J 
E 
E rn rn ~ 

I TEST I EJBEJ B [][][][] 
I PACC I B !POFF I EJB [][][][] 

EJGBBB 
,..- - - 1 

LJ[J[J[J 
I I 
I P, I 
I : : I 
I I I 

I 
01691 

EQUAL BRIGHTNESS CONTROL 

78 mm 

I 
DISPLAY 

I 

EJ • • 
LOCKc=J RTC c=J 

P-ACC P.WR 

EJ EJEJEJ B 
RPA LA RM2 LM2 P.OFF 

BBBBB E 
E 
§ 

[][][][] 
[][][][] 
[][][][] 
LJ[J[J[J 

02861 

Figure 2.11 FRONT VIEW OF HHP/FRCP AND HHP AND FRCP CONTROL PANELS ~ 
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FRCP/P857E DIALOGUE 

~ The basic dialogue between FRCP and P857E is the switching between Idle and Run 
Modes in conjunction with the FRCP function keys. This dialogue is shown in 
Figure 2.12. Other dialogues exist such as the generation of signal CLEARN but 
this is described later in the operation of the Microprogram. 

Data Hex Function Hex 
Value Code Code 

0 /30 MCL /40 
1 /31 LR /41 
2 /32 RR /42 
3 /33 RST /43 
4 /34 IPL /44 
5 /35 LMl /45 
6 /36 INT /46 
7 /37 RMl /47 
8 /38 LA /48 
9 /39 INST /49 
A /3A RPA /4A 
B /3B RUN /4B 
c /3C PACC /4C 
D /3D PWR /4D 
E /3E TEST /4E 
F /3F POFF /4F 

LM /55 
RM /57 

Note that addresses are prefixed by /B. 

Table 2.la TRANSMISSION CODES (PANEL to CPU) 

Function Hex. Siqnals 
Code Name 

switch from Idle to Run /41 RUNZl 
switch from Run to Idle /40 RUNZO 

Table 2.lb TRANSMISSION CODES (CPU to PANEL) 
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CONTROL PANEL 

PANEL LOCK SWITCH "OFF" 

SWITCH-ON OR PUSH MCL 
BUTTON 

PANEL ENABLE MODE 
(ALL PANEL FUNCTIONS 
ENABLED) 

PUSH RUN BUTTON 

PANEL INHIBIT MODE 
(CPU IS RUNNING 
SO ALL PANEL 
FUNCTIONS EXCEPT 
INT & INST ARE 
INHIBITED) 

PUSH INST 

SELECT s.o.P.A. 
OPERATION 

PUSH RUN 

PANEL INHIBIT MODE 

VISUAL DISPLAY FRCP 

0 0 0 0 0 0 

NEXT ADDRESS 

0 0 y y y y 

PRESET ADDRESS 

0 y y y y y 

-------
NEXT ADDRESS 

0 0 y y y y 

RUN MODE 

RUN 

-­RUNZO 

- - -+ 

- -­RUNZl 

- - - - -
- - - --RUNZO 

NEXT INSTRUCTION 

0 0 x x x x 

RUN MODE 

RUN P 

- - -+ 

- -­RUNZl 

CPU 

IDLE 

RUN 

IDLE 

RUN 

t_ INDICATES PRESET MODE 

-----------
6166 RUNZO IDLE 

PRESET ADDRESS NEXT INSTR. ADDR. 
PANEL ENABLE MODE 

oYYYYY Poxxxx I 
l_ INDICATES PRESET STOP 

SELECT READ OR LOAD 
FUNCTIONS 

(SEE TABLE ) 

NOTE: THE DOTTED LINES REPRESENT THE SERIAL DATA PATHS BETWEEN 
THE CPU AND CONTROL PANEL, 

Figure 2.12 FRCP/P857E DIALOGUE 
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Read 

Load 

Stop On 
Preset 
Address 

Others 

Operation 

-
Read Status 
Read Register 
Read Memory (pointed by Ao) 
Read Memory (pointed by MAR*) 

--Initial Program Load 
Load Re qi st er 
Load Memory (pointed by Ao) 
Load Memory (pointed by MAR*) 
Load Memory Address Register 

-
Read Back Preset Address 
Disables SOPA Function 
Enable SOPA for any mem. access 
Enable SOPA for mem. write access 

-
CPU Run 
System Master Clear 
Step CPU to next instruction 
Control Panel Interrupt 
Test Control Panel Data Displays 
Execute Microdiagnostic Routine 

Clear Control Panel Displays 
Enable/Inhibit Real Time Clock 
Enable/Inhibit Panel Functions 
Display the most significant digit 
(by rotation) 

Equal brightness control is a 
screwdriver adjustment to give the 
same light intensity on both dis­
plays. 

-

FRCP 

RST 
RR 

KEYS 

0 and RM 
RM 

IPL 
LR 
O and LM 
LM 
LA 

RPA 
POFF 
PACC 
WR 

RUN 
MCL 
INST 
INT 
TEST 
0 and TEST 

CLP 
RTCE 
LOCK 

NONE 

YES 

Table 2.2 FRCP AND HHCP FUNCTIONS 

* MAR = Memory Address· Register 

82.08 P857EB 

HHCP 

RST 
RR 
RM 
0 and RM 

IPL 
LR 
LM 
0 and LM 
0 and LR 

0 and RR 
0 and INT 
0 and RST 
0 and INST 

RUN 
MCL 
INST 
INT 
TEST 
0 and TEST 

NONE 
RTCE 
LOCK 

0 and MCL 

NONE 

2-19 



2.3 BUS PRIORITY AND CONTROL {FIGURE 2.13) 

Allocation of the UPL Bus to P857E Masters is via the Bus Priority System which ~ 
forms a part of the Bus Control Logic. 

2.3.1 BUS PRIORITY 

Two factors decide the priority of a Master in the P857E system; the OKO/OKI 
Chain and the signal ERQN. 

OKO/OKI CHAIN 

These connections are made by the user starting from CPU Card C7E2 then C7El , 
MIOP (IOPA and IOPB) and then connected to each Master in order of priority. 

ERQN 

This signal is sent from the Bus Controller and operates as an inhibit/enable 
for the Masters to which it is connected. The decision as to whether or not the 
signal will be connected is made at system generation time. When the signal is 
not connected the BUS Contra 11 er cannot stop the Master from raising a Bus 
Request (BUSRN) and so that Master always take priority over the CPU. (This is 
the case with MIOP). When ERQN is connected, if the CPU or other Master is busy 
it will inhibit these Masters and when the CPU ii not busy then the Masters are 
enabled. 

2.3.2 BUS CONTROL 

The control of the Bus takes into account that three different levels of 
priority exist. The priority (as has been described in para 2.3.1) is decided at 
system generation time. For purposes of explaining the function of Bus Control 
it is only necessary to accept that three different levels exist as follows: 

. CPU 

. Master - ERQN enables Master or ERQN not connected 

. Master - ERQN inhibits Master 

The CPU always takes the Bus when it is free and there is no Bus Controller 
action. When a Bus Request (BUSRN) is received, this indicates to the CPU BUS 
controller that one of its system Masters is requesting the Bus and so a 
sequence of events is initiated. For purposes of this description these events 
a re as f o 11 ow s: 

. No Bus Requests 

. Master requests control of the Bus 
• Search For Master that initiated request 
. Master Selected 
. Exchange in Progress 
. End Exchange 
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NO BUS REQUESTS 

When no Bus Requests are present (BUSRN = 1) the CPU automatically takes the 
Bus. 

MASTER REQUESTS BUS 

Before a Master may request the Bus (BUSRN = O); no other Master may be 
selected (MSN = 1). 

SEARCH FOR MASTER REQUESTNG BUS 

When a Master requests the Bus, the Bus Controller immediately responds by 
sending OKO = 1 to search for the requesting Master. Signal OKO is passed 
between Masters in order of priority until it reaches a requesting Master. The 
Master is found so signal OKO is blocked at this Masters output so blocking the 
Priority Chain. This Master is now selected. 

MASTER SELECTED 

When the Master is selected signal MSN = 0 is sent from this Master and received 
by the others. In this way MSN inhibits the other Masters from raising a Bus 
Request. 

EXCHANGE IN PROGRESS 

The logic levels of the Bus Control signals during the Exchange are shown in 
Figure 2.14. During an exchange as soon as signal MSN goes high then another 
Master may request the Bus and so a second Bus allocation may be made by the Bus 
Contro 11 er. 

END OF EXCHANGE 

At the end of an exchange with no other Masters requesting the Bus, the Bus 
Controller automatically give the Bus to the CPU. 
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2-22 P857EB 8208 



00 
N 
0 
00 

""O 
00 
<.Tl ....., 
ITl 
o:i 

N 
I 

N 
w 

, 

,, 
-'• 

tC 
c: 
-s 
(1) 

N . 
I-' 
.+::> 

rn 
>< 
)::. 
::s:: 
""O 
r 
ITl 

0 ,, 
N 

o:i 
c 
VI 

)::. 
r 
r 
0 
("") 
)::. 
-i ...... 
0 
:z 
VI 

~ 

Tl T2 T3 

BUS RN 

OKO(BUS CONTROLLER)~~~~~~~~~~--! 
OKI (MASTER 1) 

OKO (MASTER 1) 

OKI (MASTER 2) 

MSN 

BSYN 

ERON 

TMRN/PN 

TSMN 

~~: 
-~;--------, 

I 

I I 

I. FIRST ALLOCATION I 0 : 

·~ ~ 

1. T2 •I• T3 .I 

\.-------++--.. 

01676 

:. SECOND EXCHANGE 0 I 



2.4 DATA TRANSFERS 

For a data transfer to take place the Bus Controller has already handed over the ~ 
Bus to one of the system Masters • There are three types of Masters and so three 
types of data transfer possible (Input/Output): 

CPU - Programmed Channel. 
IOP Direct Memory Access via the Input/Output Processor (Multiplex 

Channe 1 ) • 
DMACU Direct Memory Access via one dedicated Channel. 

2.4.1 PROGRAMMED CHANNEL (FIGURE 2.15) 

The programmed Channel enables data exchanges from the C.U. to CPU register 
(INR) or from CPU register to C.U. (OTR) under control of the CPU. Each has its 
own exchange request line (Interrupt) which is allocated a priority at system 
generation time. For purposes of this description the events at the interface 
are as fo 11 ows: 

INITIALISE C.U. 

A CIO Start Instruction is executed to prepare the C.U. 

START DATA TRANSFERS 

When the C.U. is in EXCH an Interrupt is sent to the CPU and an OTR/INR is 
executed. 

STOP DATA TRANSFERS 

Transfers continue under control of the Interrupt and OTRs/INRs until a CIO Halt 
is executed. The C.U. responds with a Status Request (Interrupt) to the CPU. The 
C.U. status is read by executing an SST command and the C.U. switches to ~ 
INACTIVE state. 
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OUT PUT TRANSFER 

MEMORY 

(ADDR) 

DATA 

(ADDRJ 

DATA 

INPUT TRANSFER 

MEMORY 

CADDR) 

DATA I( 

(AOOR) 

-
DATA . 

Figure 2.15 

CPU 

CIO START 

LOAD REG 

' SP REG.(ALA7) 
/ 

OTR 

SP REG (ALA7) 

LOAD REG. 

SP REG. (ALA7) 
-v OTR 

SP REG (A1-A7J 

CIO HALT 

SST 

v· 

" 

CPU 

CIO START 

INR 

SP REG.(A1.A7) / 

STORE REG. 

SP REG. (ALA7) 
INR -

SP REG. (ALA7) KV 
STORE REG. 

CIO HALT 

SP REG.(ALA7) 

SST 

-
K 

v 

cu 

- - - - - --

INT. REQUEST 

-

; DATA 

" 
INT. REQUEST 

; DATA 
-v 

- - - - - - -
INT.REQUEST 

STATUS WORD 

cu 

~ - - - - - - -
I NT. REQUEST 

DATA 

I NT. REQUEST 

DATA 

L------- -
INT.REQUEST 

STATUS WORD 
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CIO Start and Stop Instructions 

0 10 11 12 13 1' 15 

1 o 1 1 o o o 1 R3 C.U. ADDRESS 

Bit 9 = 1 Start I/0 operation with C.U. addressed 
Bit 9 = 0 Stop I/0 operation with the C.U. addressed 

015S5c 

~MAO 

-s10 

The content of R3 may or may not be significant depending on the C.U. 

Status Instructions 

0 

R3 

Bit 9 = 1 Send status of C.U. to R3 (SST) 
Bit 9_= 0 Test C.U. data sent to R3 (TST) 
The content of R3 differs between C.U.s. 

Data Exchange Instructions 

0 R 3 

10 11 12 13 14 15 

C.U. ADDRESS 

01695d 

10 11 12 13 14 15 

C.U. ADDRESS 

016950 

Bit 4 = 1 Data is input to Register specified by R3 (INR) 
Bit 4 = 0 Data is output from Register specified by R3 (OTR) 
Bit 9 may be used to specify a particular function depending 

on the peripheral used. 

~MAD 

-s10 

Figure 2.16 PROGRAMMED CHANNEL COMMAND FORMATS 
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2.4.2 IOP CHANNEL 

Input Output Processor (IOP) Exchanges (Figure 2.17). The IOP Channel enables a 
number of Control Units to have via IOP memory access. The MIOP houses two IOPs 
(IOPA and IOPB) each of which may multiplex up to 8 Control Units. Each Control 
Unit has its own exchange request (Break) which is allocated a priority at 
system generation time. For purposes of this description the sequence of events 
at the interface are as follows: 

INITIALISE IOP 

WER 1,2,3 are executed to load the exchange parameters for the C.U. into the IOP 
Scratch Pad: Note that WER 3 is only used when the address exceeds 18 address 
bits. 

START DATA TRANSFERS 

Once the IOP is initiated the CPU is free to carry out other operations and the 
IOP takes over the responsibility for the transfer. Data exchanges are now ready 
to take place; the C.U. activates its Break Request when it is ready for a 
transfer and the IOP simulates an INR or OTR to enable the exchange between 
C.U. and Memory. 

STOP DATA TRANSFERS 

Transfers continue under control of the Break and simulated INRs/OTRs until IOP 
recognises that the data block is transferred. The IOP indicates end of transfer 
(MAD03) at the same time as the last INR/OTR and the C.U. responds with a Status 
Reques~ (Interrupt) to the CPU and after execution of SST the CU goes to 
INACTIVE state. 
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CPU IOP CUI l n 
cy1 

WER INST 1 

I '"''""'™IDl'"' WER INST 2 I MEM. ADDRESS I 
WER INST 3 

L----- -
CIO START 

-- - - ---
MEMORY 

BR 

(ADDR) INCREMENT ADDRESS SIM INR/OTR 

DECREMENT LENGTH 

A . 
I/ 

DATA " DATA . . " 
.. 

.------ ---
BR 

(ADDR) INCREMENT ADDRESS SIM INR/OTR 

DECREMENT LENGTH 

- . 

DATA ' DATA .. ... . 

=-~ :~ ;~ 
,_ 

~;.--- ----
BR 

(ADDR) INCREMENT ADDRESS SIM INR/OTR/EOR 

DECREMENT LENGTH (:0) 

A . 
v 

DATA ' I\. DATA . . 

CPU 

INTERRUPT REQUEST (STATUS) 

SEND STATUS COMMAND ISSTI 

A 

v 

" STATUS WORD . 

-- - -- -

RER 

-
K BL . 

Figure 2.17 !OP CHANNEL TRANSFERS 
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~ 

~ 

Write External Register Instructions (WER) 

PA 
SA 
T 
w 
M 
R 

BL 

LSA 

MSA 

10 11 12 13 14 15 

0 0 RJ PA SA 

TYPE 0 -WER 1 

:~:W ::M::::R::::::\:::<= ,· =· ~=:::: .. :,i=A ===BL=====M=S=A =======~' ~: TYPE1 -WER2 

TYPE1 _WER 3 

0~516A 

IOP Address; for IOPA always 000, IOPB 001 
Sub-channel address linked to PA to give the 6-bit C.U. address. 
Type of WER = 0 type 0 (WER 1), = 1 type 1 (WER 2 and 3). 
Word Transfer Indicator: = 0 transfer is an 8-bit character 
Output Mode: = 1 direction of exchange is memory to C.U. 
Address Bits and MADE6 and MADE7. If WER 3 is used these bits are 
overwritten by the MSA Field. 
12-bit block length: depending on W the block length is eiher a number 
of words or charcters. When BL = 0 the length is 212 words or bytes. 
Least significant bits of the memory start address of the block to be 
read or written. 
Most significant bits of the memory start address. (MADE0-7). 

Read External Register Instruction (RER) 

0 10 11 12 13 14 15 

0 1 I RJ 0 I PA SA 0 I 

~ BL 1-a10 
0'5968 

PA IOP Address: for IOPA always 000, IOPB 001 
SA Sub-channel address: linked to PA to give the C-bits C.U. address. 
BL Indicates the remaining length to be transferred. 

Note: CIO Start, SST and TST Commands are shown in Figure 2.16. 

Figure 2.18 IOP COMMAND FORMATS 
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2.4.3 DIRECT MEMORY ACCESS CHANNEL {FIGURE 2.19) 

The OMA Channel enables a high speed control unit to make direct exchanges with ~ 
memory. The following figure 2.19 shows the sequence of events for a OMA 
transfer. The principle of operation is the same as for the IOP but as only one 
device is used the IOP/CU function is incorporated in the OMACU. 

2-30 

CPU OMA CU -
I 
I 
I 

CID START 

I( START ADDRESS OF COMMAND 

BUFFER IN MEMORY - - - - - - - - -i 
I 

I 
I 
I 
I 

MEMORY I 
I 
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2.5 UPL BUS EXCHANGES 

Exchanges on the UPL Bus must respect the timing as shown in the Figures 2.20 
and 2.21. When connecting a configuration the following notes must be taken into 
account: 

• P851 Control Units - Masters connected to the UPL must take into account that 
signal ACN may be defined at the Master level 95nS after TSMN = 0 • 

• P851 Memories - Not suitable for P857E configurations except type GMBl (with 
MAD extension Lines) selected in P851 mode . 

• UPL Memories - Masters working on the UPL Bus may generate TMRN after Tl = 
25 nS • 

• MAD Lines - For the UPL Bus the MAD Lines must stay valid until TSMN = 1. 
The P857E enploys a Double Buffer System for the MAD lines, to allow faster 
resynchronization of uProqram. 
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2. 6 INTERRUPTS 

The P857E interrupt System accepts two types of interrupt from its System ~ 
Contra 1 Units: 

. Parallel interrupts of the GPBS (P851) Control Units 
• Serial interrupts of the UPL Control Units 

Although the generation and receptions of these interrupts is different at the 
Interface Level the CPU encoding logic processes both of them as a 6-bit code. 
This interrupt code indicates to the CPU that a certain action is required. The 
P857E accepts up to 64 interrupt levels of which 4 are internal to the CPU and 3 
are Traps. The organisation of the Interrupt Control Addresses is shown in 
Figure 2.22. 

PRIORITY 
LEVEL ADDRESS 

FIXED 1 0:
2 

INTERRUPTS 
INTERNAL TO 
THE CPU 

THIS AREA 
ALLOCATES 

INTS. 
EXTERNAL TO 
TH~ CPU 

60 78 

TRAP ( ?A 
ENTRIES ?C 

7E 

MEMORY STACK 

ROUTINE ADDRESS PWF/AR 

.. Pl 

.. .. RTC 

.. .. CP 

INT4 

.. INT60 

PAGE FAULT 

D_FORMAT 

INVALID INSTRUCTIONS 

OU20 

I 
STANDARD 

-1 
~ 

MACHINE 
DEPENDANT 

~ 
STANDARD 

__J_ 

Figure 2.22 SYSTEM INTERRUPT CONTROL ADDRESSES 

2.6.1 INTERNAL INTERRUPTS 

The four internal interrupts (levels 0-3) are fixed. The priority levels shown 
in Figure 2.22. When active, a F/F internal to the CPU is latched and this F/F 
must be reset with an RIT instruction (Reset Internal Interrupt) during the 
interrupt routine. 

EXTERNAL INTERRUPTS 

These interrupts are associated with I/O systems and may be used in general in 
any of the following circumstances: 

. Request for data exchange (only if not connected to !OP-channel) 

. Request for status exchange 

. Indication ready after not ready (in fact status: Ready interrupt) 
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TRAPS 

The Trap mechanism is similar in principle to the interrupt system except that 
when it is activated it does not take account of the PLR content or whether the 
CPU is in Enable/Inhibit interrupt mode. The CPU activates the Trap mechanism 
when the following conditions occur: 

. Page Fault (Memory access fault) - generated by th CPU when in User Mode 
because the NMU has indicated to the CPU that a Page Fault has occurred. The 
CPU initiates a Page Fault Micro-Routine and durinq this routine 3 words are 
saved in the System Stack in the following format. See also Fi9ure 2.26. 

0 15 

I 
WORD J 

WORD 2 

1--~~~~~~~~~~~~~~~~~~~~----1 

WORD 1 

'--~~~~~~~~~~~~~~~~~~lli,,.~ .. ~-

LPN 

PSW 

PROGRAM COUNTER 

LPN =LOGICAL PAGE NUMBER 

. Format D - This Trap may be used so that software can simulate Format· D 
instructions. During this routine only words 1 and 2 are saved. 
Invalid Instruction - This Trap is executed for any type of abnormal of an 
instruction which include: 

. non-recognised instructions 
• priveledged instructions executed in User Mode • 
. system stack access in user mode 

During this routine only words 1 and 2 are saved. 

2.6.2 INTERRUPT ACTION (FIGURE 2.23) 

At power-on time or Master Clear all interrupts are reset and the CPU is in 
Enable Interrupt Mode. In this mode the CPU continually scans the interrupt 
lines for an interrupt request. When the interrupt is received a sequence of 
events is initiated to service the interrupt, these events are shown in Figure 
2.23. 

2.6.3 BINARY CODED INTERRUPTS 

The P857E has the facility to receive bi nary coded interrupts in the format 
shown in Figure 2.24. The P857E uses only the Source code, the values of the 
Destination and Function are ignored and are fixed at binary 1. The Source Code 
gives the Interrupt Level of the Control Unit requesting the transfer. When the 
serial interrupt line or BCI (Binary Coded Interrupts) is not active (level 0) 
any Control Unit may send a serial interrupt and it is possible for a number of 
Control Units to start to send their interrupt at the same time. As shown in 
Figure 2.24, when 3 Control Units start to transmit by only Control Unit B 
completes because it has the highest priority. If a Control Unit tries to send a 
"1" but detects that a "0" is already on the Line its output circuit is reset 
but remains ready to try again after 16 INCL pulses are received. The 16 INCL 
pulses represent the count for one Binary Coded Interrupt. 
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2.7 MEMORY MANAGEMENT UNIT 

The Memory Management Unit (MMU) is a hardware facility which provides extended ~ 
memory addressing and memory protection facilities for the P857E system. 

2.7.1 EXTENDED MEMORY ADDRESSING {TRANSLATION) 

The principal function of the MMU is to extend the memory addressing up to BM 
physical words (24 address bits). 
The basic rules for the operation of this facility are as follows: 

. A sixteen table segment is pre-loaded with page addresses by one Table Load 
instruction . 

. All CPU/Memory transfers via the MMU use the four most significant address 
lines (MADS0-3) to select the table segment (page 0-15). The content of each 
page gives the 12 most significant MAD address bits plus 3 control bits. 

. The Tab 1 e Store instruction is used by software to read the 16 word segment 
table for test purposes or for dynamic relocation. 

2.7.2 MEMORY PROTECTION 

For memory protection purposes 2 information bits are loaded into the segment 
table at the same time that the TL instruction loads the page addresses; these 
information bits are: 

. Bit 6 (E) Page Error, if 1, page restricted to system mode only . 
• Bit 7 (R) Read Only Indicator = 1 to protect the page against Write opera­

tions. If an address translation in User Mode attempts to Write on this page 
then the translation is blocked. 

In both of these cases the MMU indicates to the CPU that a Page Fault (PAF) has 
occured. 
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2.7.3 MODIFIED PAGE 

This feature indicates to the operating system if a page needs to be "swapped ~ 
out" or not. If it does not need to be "swapped out" then the new page can be 
overwritten so saving time. This possibility is indicated by bit 8 (M) which is 
set to 11 111 by the MMU whenever a Write operation (Store Instruction) is 
performed on a specific page. 

2.7.4 PAGE FAULT 

When an attempt is made to write into a protected page or access is made in user 
mode to a page that is restricted to system mode only, the MMU signal "Page 
Fault" initiates an interrupt TRAP Routine at the CPU. The sequence of events is 
indicated in the following Flow Chart: 
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2.7.5 STOP ON PRESET ADDRESS (FIGURE 2.27) 

The Stop On Preset Address (SOPA) Function, also known as Preset Access, enables 
the comparison between an address pre-1 oaded into a Register and the Memory 
Address Lines (MAD). Four facilities are available but the way in which these 
are inplemented depends on the Control Panel supplied with your system. see 
Figure 2.27. The four facilities are: 

. Preset Access-Read or Write, for each Fetch - or Write Memory access a 
comparison is made between the Preset Address and MAD. 

. Preset Access-Write Only, for each write memory access a comparison is made 
between the Preset Address and MAD . 

. Preset Off, resets the address already loaded in the PRAD Register . 

. Read Preset Address, reads the address from the MIOP Scratch-Pad. 
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3.1 CPU ARCHITECTURE (FIGURE 3.1) 

The basic P857E system configuration includes the following: 

- Scratch Pad and Arithmetic Unit 
- Logical Memory addressing up to 32k (16 bits) with CPU only 
- Physical Memory addressing up to SM words (24 bits) with the Memory Management 

Unit or 512K words (20 bits) via CPU with control panel LA function. 
- Serial/parallel conversion (control panel and operator console) 
- Machine state indicators 
- IPL - lK x 4 bit format. 

3.1.1 SCRATCH PAD AND ARITHMETIC UNIT 

The Scratch Pad and Arithmetic Unit is comprised of 4 LSI (Large Scale Integrat­
ed) circuits type 2901A. The 4 circuits are connected together for 16-bit opera­
tion in look-ahead carry mode. The principal logic elements of the 2901A are: 

- Scratch Pad 
- Source Selector 
- Arithmetic Logic Unit 
- Destination Selector 
- Register Q 

SCRATCH PAD 

The Scratch Pad contains 16 registers AO-Al5. The designation of these registers 
is as follows: 

- AO - scratch register. 
- Al-A14 - these registers may hold one or both operands of an instruction or,' a 

result. They may also be used as addressing or indexing registers with respect 
to memory. · 

- Al5 - used as a stack pointer by the interrupt system. It may also be used in 
the same way as Al-A14. 

SOURCE SELECTOR 

The Source Selector forms a multiplexor input to the ALU. From the 5 operand 
sources micro-instruction bits enable the selection of 8 different combinations 
for input to ALU. These 8 combinations are selected by microinstruction bits 0, 
1, 2. 

ARITHMETIC LOGIC UNIT (ALU) 

ALU receives the 2 x 16-bit operands and may perform up to 3 binary arithmetic 
functions or 5 logic functions on them. The 16-bit result is made available on 
the ALU lines. The 8 ALU functions are selected by micro-instruction bits 3, 4, 
5. 
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DESTINATION SELECTOR 

~ The Destination Selector forms a multiplexer input to the scratch pad and the Q 
register. 
There are 8 possible combinations of destination for the output of the ALU, con­
trol led by micro-instruction bit 6, 7, 8. The scratch pad can be loaded in 3 
modes, which are: No shift, shift up and shift down. 
Shifting can be done at the same time in register Q. 
When shift up is done, the most significant bit of register Q is shifted out as 
an input to the selected scratch pad register, at the least significant side. 
Shift down will result in shifting in the least significant scratchpad - bit in­
to register Q at the most significant side. 

REGISTER Q 

Register Q is used for multiplication and division routines and also functions 
as an accumulator or holding register. 
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3.1.2 MEMORY ADDRESSING 

In the basic configuration the P857E employs 4 LSI circuits type 2932 connected 
for 16-bit operation in look-ahead carry mode. The principal logic elements of 
the 2932 are: 

- LIFO Stack 
Auxiliary Register 

- Program Counter 
- Full Adder 

LIFO STACK 

The LIFO (Last In First Out) Memory Stack is 17 words deep to store subroutine 
return addresses. 

AUXILIARY REGISTER 

This is a holding register of either the output from the adder or from the ALU 
lines. 

PROGRAM COUNTER 

The Program Counter holds the current program address and at the end of every 
instruction it is incremented by 1. This is in fact AO incremented by 2 each 
time. 

FULL ADDER 

The Full Adder operation is controlled by the micro-instructions. These micro­
instructions select the appropriate multiplexor input at ports A and B. The 
result is either an address (MAD lines) or data for the internal bus (D lines). 
The Full Adder is only used in transparent mode. 

~ 3.1. 3 MICROPROGRAM 

The system microprogram is contained in 7 Programmable Read Only Memories (PROM) 
in the format 2,048 words x 56 bits. To access the instructions of this micro­
program an 11-bit address is generated by a LSI circuit type 2910. The principal 
elements of the microprogram addressing are: 

- Register K 
- PLAVEC 
- PLAMAP 
- Microprogram Controller (2910) 
- Microprogram PROMs 
- ROMF which contains the micro-instruction currently being executed. 

REGISTER K 

Loaded from the system memory via the UPL Bus, the K register holds either the 
complete instruction or the most significant word of a double length instruc­
tion. 
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PLAVEC 

PLAVEC is a Programmab 1 e Logic Array type 82Sl00 which forms a buffer stage ~ 
between the K Register and 8 NAD (Next Address) Lines. 

PLAMAP 

PLAMAP is a Programmable Logic Array type 82Sl00 which senses the current state 
of the processor vi a its inputs. When one or more inputs are active a code is 
active at PLAMAP's output lines which form 8 of the NAD lines. 

MICRO PROGRAM CONTROLLER 

The Microprogram Controller is a LSI circuit type 2910, which takes its inputs 
from the NAD lines and via the ROMAD lines addresses the Microprogram PROMs. The 
principal logic elements of the 2910 are: 

- Register Counter - loaded from the NAD lines it acts as a possible source for 
the next address. 

- LIFO Stack - 5 word x 12-bit stack to provide return address 1 i nkage during 1~ 
subroutines or loops. 

- Microprogram Counter - composed of a 12-bit i ncrementer fo 11 owed by a 12-bit 
register. 

- Instruction PLA - decodes the 16 micro-instructions which control internal 
chip operations. 

MICROPROGRAM PROMS 

The system Microprogram is contained in 7 PROMs in the format 2,048 words x 56 
bits. The microprogram is addressed from the ROMAD lines enabling a 56 bit 
control micro-instruction to appear at the PROM outputs. This micro-instructi'on 
is an input to the ROMF Register. 

ROMF REGISTER 

This register contains the micro-instruction currently being executed. 

3.1.4 SERIAL/PARALLEL CONVERSION 

Serial to Parallel and Parallel to Serial conversion is carried out for the 
serial interfaces of P857E. A LSI circuit type USART is used for each interface. 
The interfaces are: 

- control panel 
- operators console 
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3.1.5 GENERAL F/FS 

~ These are 8 F/Fs which indicate the following machine states: Run, Enable, Con­
trol Panel Interrupt, Power Failure, Real Time Clock, Program Interrupt, Exten­
ded Mode, User Mode. Some of these F/Fs receive their input from the ALU lines 
whereas some have direct condition inputs. All general F/Fs can be read from the 
D lines and the following are also read in the Program Status Word (PSW): 

ENB - Enable (Bit 9) 
FE - Extended Mode (Bit 13) 
FU - User Mode (Bit 15) 

PROGRAM STATUS WORD 

The Program Status Word comprises the following: Program Level Register (PLR), 
the Condition Register (CR) and 3 of the General F/Fs already described above. 
The PSW is saved in the Stack during Call instructions, Interrupts or Traps and 
is restored with an RTN instruction. 

3.1.6 ALUX 

To exchange and store the value of ALU bits 0-7 to 008-15 and ALU 8-15 to 000-07 
two ALUX Registers are employed. This operation is useful when performing 
operations such as exchange characters or load character as it reduces the CPU 
time involved. 

3.2 SYSTEM CLOCKS (FIGURE 3.2) 

The basic system clocks are derived from a crystal oscillator that drives a TTL 
divider network to generate 2 pulses: 

- OSCA, a 45nS pulse for CPU timing (only generated if OSCENB is true). 
- OSC, a 45nS pulse for MIOP timing. 

3.2.1 CPU CLOCKS 

The CPU clocks are shown in Figure 3.2 and comprise 3 basic counters. 

- Timeout/Serial Counter, 2 outputs are used to give the serial interface cycle 
timing {SERCL) and the timeout clock pulse {TIMECL). This counter is 
continually counting. 

- Timeout Counter, this counter is only clocked during a data transfer otherwise 
it is always held in the reset state. 

- CPU Sequensor Counter, generates the necessary timing signals during the 4 CPU 
cycle types. The Sequensor is continually counting except for the cycle WAIT 
when it waits until the end of operation is indicated. 
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3.2.2 MIOP CLOCKS 

The MIOP basic clock pulse of 90nS is derived from the CPU Clock and continually 
clocks the MIOP Sequensor. This Sequensor however, only starts if initiated for 
a Translate Cycle (MMU Function) or a Bus Request (IOP Function). 

3.3 ARITHMETIC FUNCTION (FIGURE 3.3) 

The Arithmetic Function of the P857E employs 4x 2901A ALU devices which generate 
a 16-bit address or operand at the ALU lines. For purposes of this description 
the Arithmetic Function is described in four parts: 

- ALU (2901A) internal registers and control. 
- external shift control logic. 
- address and operand generation. 
- ALU operations. 
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3.3.1 ALU 

There are 4 ALU devices connected for 16-bit operation, the principal registers 
being the Scratch Pad (or RAM), Register Q, Source Selector and the 8-function 
ALU. 

SCRATCH PAD 

The Scratch Pad is a 16xl6 bit RAM which may be addressed by 2 external ports A 
and B. 

- For read operations ports A and B are used. 
- For write operations only port B is used. 

Note that the register addressed by port A may be enabled directly at the out­
put. The A and B ports enable the addressing of the 16 registers contained in 
the Scratch Pad. The input to these ports is via the ALUA and ALUB lines which 
contain either the Rl field content (D5, D6, D7, D8), or the R2 field content 
(Dll, Dl2, Dl3, Dl4). 
Note that the register addressed by port A can only be read and not written. 

SOURCE SELECTION 

The ALU source code (bits 0, 1, 2) select one pair of source operands. The sour­
ce operands available are D, A, B, 0, Q of which 8 combinations are used: 
AQ, AB, 0Q, 0B, 0A, DA, DQ, D0. 

EIGHT-FUNCTION ALU 

The 8-function ALU receives 2 operands at R and S and can perform 3 binary and 5 
logic· operations. 

3.3.2 EXTERNAL SHIFT CONTROL LOGIC (FIGURE 3.3A) 

The shift control logic is shown in a simplified form in Figure 3.3A. Three mul­
tiplexors are responsible for this control. 
The shift-left and shift-right multiplexors one of which is enabled depending on 
the value of Micro-Program signal ALUI7 and the appropriate input is selected by 
a code on the lines ALUI4, K08, K09 (see Tables of 3.3A). 
The third multiplexor enables 2 signals ALUIMXl and ALUIMX3 which form a part of 
the 9-bit micro-instruction for the 2901 (see Table of 3.3A). 
Two examples of this shifting are given in figure 3.3A: Instruction SRC and SLA. 

3.3.3 ADDRESS AND OPERAND GENERATION 

The generation of a 16-bit address or operand (without shift logic) is shown in 
Figure 3.38. Data is written from the D lines into either Rl or R2 registers (Rl 
and R2 of the instruction field) which can then address either ports A or B via 
the ALUA or ALUB Multiplexors. 

The Look-ahead Carry facility is a carry look ahead generator type 74Sl82 which 
samples the Carry and Propagate outputs of the ALU 0, 1 and 2 to enab 1 e the 
appropriate Carry Enable for ALU 1, 2 and 3. 
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3.3.4 ALU OPERATIONS 

The arithmetic operations of ALU are under control of bits 1-9 of the Micro-in­
struct ion current 1 y being executed. These bits correspond to the ALU bits as 
fol lows: 

P857E Micro-Instruction Bits 1 2 3 4 5 6 7 8 9 

ALU Instruction Bits 8 7 6 5 4 3 2 1 0 

Destination I I 
Function 

Source 

Two examples of Scratch Pad and Q Register shift operations are given in Figure 
3.3A and 2901 operations at P857E level is shown in Figures 3.3C and 3.30. 
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CPU CYCLE A 

CPU CYCLE A·l 

AP nl-,' __ _,n~__,, n 
~ ~ 1J-----..J OJ~ 

LOAO SCRATCHPAD 

A.Q 

B 

AP 

ace ALUQ 16 

~ SCRATCHPAD­
BUFFER 

A 

Q AP 

Both the Scratch Pad buff er and Q Register 
are constantly clocked by AP. Q is loaded at 
the leading edge of the AP puls in the next 
cycle after the ALU operation (A+Q). 
The scratch pad is loaded during the time 
that AP is low. 

Updating the Scratch Register 

The Scratch Register addressed by Port B 
receives data from the ALU using the data 
path shown. 
The ALU output is also loaded in Q at AP. 
ALU = Q +A 
(A = content of scratch pad reg. addressed by 
port A). 

Write in Register pointed by Port B. 

Register Q 

Used principally for multiplication and 
division but also for storage. The Q Register 
is in effect a multiplexer to enable: 
. Loading the ALU output 
. Shifting the content of Q left or rigth. 

Figure 3.3C SCRATCH PAD AND Q REGISTER OPERATIONS 
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Pin No. 
4 
J 
2 
1 

17 
18 
19 
20 

25 
24 
2J 
22 

40 

21 

9 

J6 
37 
J8 
J9 

J5 

J2 

11 

8 

2901A 
Name 

AO 
A1 
A2 
AJ 

BO 
B1 
B2 
BJ 

P857 
Name 
ALUAO ) 

1 ) 
2 ) 
J ) 

ALUBO 
1 
2 
J 

~ 
) 
) 

DO ) 
D1 ) 
D2 ) 
DJ ) 

'U[" SEL2901N 

QO ) 
) 

RAMO ) 

YO 
Y1 
Y2 
YJ 
,,.. 
'G" 

F:O 

RAMJ 

) 
) 
) 
) 

) 
) 
) 

ALUZERO 

16 QJ 

33 

J4 

J1 

12 
1J 
14 
26 
28 
27 
5 
7 
6 

29 

15 

Cn+4 ALUMADP1 

OVR ALUOVF 

FJ ALUSIGNE 

IO ALUIO ) 
I1 ALUIMX1) 
I2 ALUI2 ) 
I3 ALUIMXJ) 
I4 ALUI4 ) 
I5 5 ) 
I6 6 ) 
I7 7 ) 
I8 8 ) 

Cn 

CP APA 

Description 
Port A of the Scratch Pad for read operations only, 
loaded from the R1 or R2 instruction fields. 

Port B of the Scratch Pad for read or write opera­
tions, loaded from the R1 or R2 instruction fields. 

This is the data input from the Bus D (see C7E1/A for 
the P857 signal name) which can be selected as one of 
the ALU data sources, DO is the least significant bit. 

This is the ALU output enable active low, when high 
the outputs are off. 

These are the shift lines of the lsb of the Reg. Q 
and RAM. 

This is the data output (J-state), (see C7E1/A for the 
P857 signal name) which displays either the ALU output 
or the data on Port A. 

The Carry and Propagate outputs for the Look-ahead 
Carry logic (see C7E1/A for the P857 signal name). 

Output to indicate that the result of ALU operation 
is zero. 

These are shift lines of the most significant bit of 
the Reg Q and RAM. 

The carry output of the msb. 

The result of an arithmetic 2's comp. has overflowed 
into the sign-bit. 

The most significant bit of the ALU output. 

These 9 instruction lines indicate data source IO, 1, 
2) function (IJ, 4, 5) destination (16, 7, 8). 
Seven of these lines are from the Micro-Program and 
two lines MX1 and MX2 are from a multiplexor for 
shiftoperations (see table inset in Figure J.JA). 

Carry input for the Look-ahead Carry Logic (see C7E1/A 
for the signal name). 

Indicates the beginning of a CPU cycle, the RAM and Q 
outputs change on the low to high transition. 

Table 3.1 2901A PIN DESIGNATIONS 

3-16 P857EB 8208 



D LINES 

2901 

FIG. A LOAD CONSTANT IN Q 

D LINES 

2901 

FIG.C LOAD GF CONSTANT 

2901 

ALU ZERO 

FIG. E DELAY LOOP 

D LINES 

/OOOF 
2901 

FIG. G !SOL ATE 'BITS 

8308 

SELCONSTN 

NAO 
ROMF~I _____ __,,_l~1o~C=E'--' 

'-v---' 

SELCONSTN 

NAO 
I 10,0 

2910 

TES TN 

MXOR 

SELCONSTN 

NAO 
I tOOF IROMF 
'----v--' 

LDRAYF 

2901 

Q /OOCE 

ALUl=02 NAO 

ROMF '-------L.-"/0;.;,F,;..A'--1 

8251 
(PANEL) CSN 

FIG. B LOAD MODE INSTRUCTION (8251) 

2901 Rl 
0000 

B 

1 0 1 1 1 1 1 1 (ACTIVE LOW) /BF 

SELPsw-18 9 10 11 12 13 1, 15 I GF REGISTER 

'.I 

, "' 

/0 E~Bo 0 0 0 0 ~u (RESULT) "o 

RUN 
FIG. 0 WRITE CONSTANT INTO GF 

D LINES 

2901 

ALU08 (FROM 8251) 

2910 

TESTN 

FIG. F TEST CONDITION LOCK 

2901 

SELCONSTN 

/OOBO 

03545 

FIG. H OR 'BITS (IB) 

Figure 3.30 2901 OPERATIONS 

NAO 

P857EB 3-17 



3.4 MEMORY ADDRESSING (FIGURE 3.4) 

For Memory addressing the P857E employs an address sequensor and associated Buf- ~ 
fer Logic on the card C7E2B. Diagram C7E2/B shows the interfaces which affect 
the Memory Address functions in the CPU and diagram MIOP /D shows the MIOP -
Memory Address Function. 

3.4.1 ADDRESS SEQUENSOR (TYPE 2932, FIGURE 3.1) 

The P857E employs 4x 2932 devices to generate the 16 address bits either to 
load MADS or to load the D lines for 2901. The principal features are: 

- Adder with input multiplexors. 
- Program Counter Register with an incrementer and input multiplexor. 
- A 17x4 Last-In, First-Out Stack consisting of an input multiplexor, a 17x4 RAM 

and a Stack pointer. 
- An Auxiliary Register with input multiplexor. 
- An Instruction Decoder for 16 micro-instructions of which 12 are used by the 

P857E. 
- Four 3-state output buffers at the address outputs. ~ 

ADDER 

The Adder is a binary device with full look-ahead carry logic for high speed 
addition. The carry output from one device is connected to the next higher carry 
input. When an addition is not performed the carry input is internally inhibited 
and data passes directly through the Adder. The multiplexors at the A and B 
inputs are selected by the micro-instruction. The P857E uses this adder in 
transparent mode only. 

PROGRAM COUNTER 

The Program Counter Register (PC) is loaded from the Incrementer on the low to 
high transition of the clock pulse at the end of every instruction. The carry 
output from the i ncrementer is connected to the next higher carry input. For ~ 
reasons of performance the real value of the Program Counter is always PC + 4; J 
e.g. when addressing /100 the value of PC is /104. 
The least significant bit is at CP7EB level used as the least significant bit 
but one (see diagram CP7RA/I}. 
In this way addition "+1 11 results in 11 +2 11 of the Program Counter. 

LIFO STACK 

The LIFO (Last In First Out) Stack consists of a multiplexor, a 17x4 RAM and a 
Stack Pointer (SP) to address the words in the RAM. The SP always points to the 
last word written into the RAM (top of the Stack) which is available at the out­
put. Data is pushed onto the top of the Stack (DI) from either Dor PC and writ­
ten into location SP + 1. The SP is decremented on the low to high transition a 
the end of the cycle so that it still points to the last data written into the 
RAM. The Stack ·Pointer is decremented for POPS (Pop Stack) and RTS (Return 
Stack). It is incremented and loaded for instructions PSHD (Push D), PSHP (Push 
PC) and JSBR (Jump Subroutine). Note that the Stack is also useful in extending ~ 
the 2901 capacity of working registers. ' 
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AUXILIARY REGISTER 

The Auxiliary Register (R) is loaded from either the D input or from the Adder. 
If specified in the micro-instruction then it is loaded on the low to high 
transition of the clock output. 

INSTRUCTION DECODER 

The Instruction Decoder generates the signals necessary to establish the data 
paths and to enable the loading of the PC, R, SP and RAM. 

OUTPUT BUFFERS 

The Address Outputs are 3-state drivers which may be disabled by the 
micro-instruction. 

MICRO-INSTRUCTION SUMMARY 

The P857E employs the following micro-instructions. 

Inst rue- Mne- Inst rue- Next State (after CP) - Note 
ti on manic tion 
Number I3 I2 Ii Io Yo-Y3 PC R RAM SP 
0 L L L L PRST RESET 11011 11 011 +Ci Reset 
l* L L L H PSUS SUSPEND Z(Note 1) -
2 L L H L PSHD PUSH D PC PC+Ci - D to Loe SP+l SP+l 
3 L L H H POPS POP S s PC+Ci SP-1 
4 L H L L FPC FETCH PC PC PC+Ci 
5 L H L H JMPD JUMP D D D+Ci 
6 L H H L PSHP PUSH PC PC PC+Ci - PC to Loe SP+l SP+l 
7 L H H H RTS RETURN S s S+Ci SP-1 
8 H L L L FR FETCH R R PC+Ci 
9* H L L H FPR FETCH PC+R PC+R+Cn PC+Ci 

10 H L H L FPLR FETCH PC PC PC+Ci PC 
to R 

11 H L H H JMPR JUMP R R R+Ci 
12* H H L L JPPR JUMP PC+R PC+R+Cn PC+R+Cn+Ci -

- PC to Loe SP+l SP+l 13 H H L H JSBR JSB R R R+Ci 
14* H H H L JSPR JSB PC+R PC+R+Cn PC+R+Cn+Ci 
15 H H H H PLDR LOAD R PC PC+Ci 

PC - Program Counter SP - Stack Pointer 
R - Auxiliary Register D - Direct Inputs 

Notes: 1. Z = High impedance state (outputs 11 0FF 11 ) 
2. - = No change 
* = Not used. 

Table 3.2 2932 MICRO-INSTRUCTIONS 
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3.4.2 2932 OPERATIONS (FIGURE 3.4) 

The 2932 is principally used to enable a 16-bit format (address or data) from ,..., 
the ALU lines to the AD lines. An example of some 2932 operations is given in 
Figure 3.4. 

Pin No. 
1 

19 
18 
17 

6 
7 
8 
9 

16 
15 
14 
13 

2 

3 

2932 
Name 

IO 
I1 
I2 
I3 

YO 
Y1 
Y2 
Y3 

DO 
Dl 
D2 
D3 

FULL 

Ci 

P857 
Name Description 
PCIO) 

1) Micro-instruction inputs which are decoded to control the 
2) 2932 internal functions. 
3) 

ADXX) 
XX) 3-state outputs from the 2932 to form the AD lines. 
XX) 
XX) 

ALUXX) 
XX) Data inputs from the Arithmetic Logic Unit (2901A). 
XX) 
XX) 

Not used. 

PCCIX Carry input from a lower device to externally increment 
the PC. 

4 Ci+4 PCCIX Carry output to a higher device to externally increment 

5 Cn 

the PC. 

PCCNX Look ahead carry from the lower device to provide ripple 
block arithmetic. 

12 Cn+4 PCCNX Look ahead carry to a higher device to provide ripple 
block arithmetic. 

11 CP APB System Clock Pulse. 

Table 3.3 2932 PIN DESIGNATIONS 

3.4.3 DOUBLE BUFFERING MAD (SEE ALSO CHAPTER 3.8.4) 

For speed reasons a double buffering of MAD is implemented in the P857E (see 
figure 3.1). This enables the CPU to prepare already the next address in the 
first MAD buffer when the second buffer sti 11 contains the current address 
(SLAVE to MASTER EXCHANGE only). 

For MASTER to SLAVE EXCHANGE the CPU must wait until a complete cycle (see 
chapter 2.5) is finished because there is no double buffering for the BION 
1 i nes. 
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2932 

2932 

8208 

D 

ALU 

2901 

2932 

D LINES 

ALU LINES 

MADS 

qo 
~ 

ALU LINES 

OJ5l70 

SELA ON 

2932 LOADS 
THE 2901A 

FOR SEQUENTIAL ACCESS THE 
PC IS INCREMENTED BV 1 
(ON CPU LEVEL, THIS MEANS: 
INCREMENT BV 2) 

FOR JMP THE 
PATH IS AS SHOWN 

Figure 3.4 2932 OPERATIONS 
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3.5 MICROPROGRAM ADDRESSING (FIGURE 3.5) 

The Microprogram Addressing logic of the P857E is shown in Figure C7El/B and has ~ 
the following structure: . 

- Microprogram Controller type 2910 which controls the addressing and execution 
of the micro-instructions contained in the Microprogram PROMs. 

- The Microprogram is contained in 7 PROMs type 82Sl91 which store the 
microprogram in a 2,048 word x 56-bit format. 

- ROMF Registers contain the 56-bit micro-instruction currently being executed. 
- Next Address Generators, there are 3 ways of generating a new address: PLAMAP 

which is a Programmable Logic Array and senses the machine states, PLAVEC 
which is a Programmable Logic Array and takes the instruction format from 
Register K as its input. 
The Next Address Field of the micro-instruction currently being executed 
(explicit address). 

- Test External Result. 
The CONDVAL multiplexor tests for the Branch instructions and its output 
CONDVAL is one of the inputs for the TEST multiplexor which tests different 
machine conditions and indicates the result to the 2910 with signal TESTN. 

3.5.l MICROPROGRAM CONTROL (2910) 

The 2910 is used by the P857E to control the execution sequence of the micropro­
gram stored in the PROM. The 2910 enables sequential access and also the possi­
bility of branching to different parts of the microprogram. The 2910 receives 12 
NAD (Next Address) 1 i nes and transmits 11 ROMAD (ROM Address) 1 i nes to address 
the microprogram words under control of the ROMADI0-3 lines (2910 instruction). 
The principle registers of the 2910 are the LIFO Stack, Register Counter (RCT), 
Microprogram Counter, Micro-instruction Decoder. 

LIFO STACK 

This Stack type LIFO (Last In First Out) can store 12-bit words up to 5 words 
deep. This enables the 2910 to jump to a sub-routine (Micro-inst CJS) and then 
return to the original routine (Micro-inst CRTN). 

REGISTER COUNTER 

This is a pre-settable down counter which is loaded with a value /XXX (ROMADLDN 
= 0) enabling instructions to be repeated or as a delay whereby the 2910 stays 
in a loop for a maximum count of /FFF. These functions are executed with either 
the RFCT or RPCT micro-instructions. 

MICROPROGRAM COUNTER 

For every micro-instruction the Microprogram Counter (Micro-PC) provides a 
12-bit address from one of 4 sources: 

- Micro-Program Address Register which usually contains the value of previous 
address + 1. 

- A direct input.from the NAD lines. 
- The content of the Register Counter. 
- A word from the LIFO Stack. 

3-22 P857EB 8208 



MICRO-INSTRUCTION DECODER 

The Input to the 2910 micro-instruction decoder is given by bits ROMADI 0-3. 
When decoded these 1 i nes represent 16 instruct i ans which contra 1 the fl ow of 
data in the 2910 and also select the source for the NAO lines. Only instructions 
2 and 6 select PLAMAP and PLAVEC respectively otherwise the Branch Address is 
used. A summary of the instructions· follows in Table 3.4 and their significance 
is shown in Figures 3.5A to 3.5E. 

Hex. Inst. 
Code Name Description 

0 JZ 
1 CJS 
2 JMAP 
3 CJP 
4 PUSH 
5* JSRP 

6 CJV 
7* JRP 
8 RFCT 
9 RPCT 
A CRTN 
B CJPP 
C LDCT 
D LOOP 
E CONT 
F TWB 

3.5.2 MICROPROGRAM 

Jump to Zero 
Conditional Jump to Subroutine, Pipeline 
Jump MAP 
Conditional Jump to Pipeline 
PUSH/Conditional, Load Counter (used together with 8) 
Conditional Jump to Subroutine, Reg/Counter 
or Pipeline 
Conditional Jump Vector 
Conditional Jump, Reg/Counter or Pipeline 
Repeat Loop, CNTR=O 
Repeat Pipeline, CNTR=O 
Conditional Return 
Conditional Jump Pipeline and POP 
Load Counter and continue (used together with 9) 
Test End Loop 
Continue 
Three-way branch 

* Not used. 

Table 3.4 2910 MICRO-INSTRUCTIONS 

The system microprogram is contained in a 56-bit format subdivided into fields, 
each field controlling one or more functions. The 56-bit word is shown in Table 
3.6 and a brief description of each mnemonic is given in Table 3.7. 
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3-24 

= P857R LEVEL= 

/0000 I )IPC 
<, 

' ' ' ' 
10000 ROMAO 

/000 

2910 
/001 

/002 

PROMO .__1_0_1_3 ______ __,s:;?LN 

ROMF I J/oJ I (RESET ROMF> 
JZ 

JUMP ZERO (JZ) 

STACK 
/2BA 

[;;] /288 
2910 

/2BC 

/280 

PROM 
/628 

o 

CJS 

= 2910 LEVEL= 

/280 
STACK 

/SOE 

/SOF" 

/516 

/517(CRTN) 

CONDITIONAL JUMP TO SUBROUTINE (CJS) 

0 LINES 

EXTERNAL PL A MAP PLAMAPN 
EVENTS 

/012 

/013 

JMAP - - - - -,'- - -
2910 

~ 
PC ' 

/009 

,__ ________ __,PROM 

o 10 13 55 

JMAP' '---1-/...,21---------'ROMF 

JUMP MAP(JMAP) 

Figure 3.5A 2910 ROUTINES - JZ, CJS, JMAP 
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8208 

I I I I I 
~ 

PUSH 

I 
PUSH 

=P857R LEVEL= =2910 LEVEL= 

* µPC ' -
~ 

! 
10 13 

"41 
I 

D LINES 

PLAVEC 

RCT 

-~ 

~ 
STACK 

CONOITIONAL JUMP PIPELINE ICJP) 

2910 < 1511(STACK) 

1510 

IOOJ(RTCl 

PROM 

TEST 
I NAO 

1110031 ROMF 

TI 
• PUSHICOND. LOAD COUNTER(PUSH) 

IREG.K 
1221 

122E 
PLAVECN 

r 
1083 

ROM AD LON 8 
1084 14E4 

~ n 14ES 

I I I 
13AE 

I 
CJV I --7-------
~ 2910 

uPC - ' ' 

14E4 

I PROM 

I !isl II IROMF 

CJV 'I ROMADLDN 

CONDITIONAL JUMP VECTOR (CJV) 

Figure 3.58 2910 ROUTINES - CJP, PUSH, CJV 
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RFCT 

RFCT 

RPCT 

16E1 

RPCT 

CRTN 

CRTN 

3-26 

=P857R LEVEL= 

~ 
~ 

RCT 

Gi3=l 
5ia 
STACK 

/618 

2910 
/61C 

/610 

._ ________ _.!PROM /635 

I 

I 

I 

• 
11PC 

l:ill!:l 

i 

1191 

I 

NAO /636 

I JROMF 
/637 

RCT 

~ 

l/6E1 I 
T 

REPEAT LOOP COUNTER_. 0 (RFCT) 

2910 

PROM 

ROMF 

/6EO 

/6E1 

/6E3 

REPEAT PL COUNTER # 0 (RPCT) 

~ 
/618 

B 
/619 

'. 2910 . 161A . 
" 
~ 

/618 

IPROM 
/61C 

llAI ROMF 

T 

CONDITIONAL RETURN (CRTN) 

=2910 LEVEL= 

N 
RCT 

• /618 
STACK 

16EO 

/6E1 

/6E2 

Figure 3.5C 2910 ROUTINES - RFCT, RPCT, CRTN 
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I I I I I 

~ 
CJPP 

I 

I 
CJPP 

LOCT 

I 
LOCT 

8208 

=P857R LEVEL= 

I 
I 

JJPC I STACK 
I /052 I /OAS I 

~ 
TEST 

I NAO 

lie! I !10Asl .,.... 
T 1 

* ' 
' ' 

@b] ' ' RCT 
/051 en 

•1 

l 
I 

NAO 

lie! I N I 
'T' l 

* 
2910 

PROM 

ROMF 

=2910 LEVEL= 

/051 (PUSH) STACK 

/050 

/051 

{
IF TEST IS PASSED GO TO 

/052 r•l--1------'/'-"0"-AS:__- THIS ROUTINE IF NOT 
GO TO /053 

1055 

1056 

* NOT REAL ADDRESSES 

CONDITIONAL JUMP PIPELINE ANO POP(CJPP) 

IOSOr-- N (RCT) 
/051 

/052 

/053 

2910 

PROM 

ROMF 

~OAO COUNTER ANO CONTINUE (LOCT) 

0155, 

Figure 3.50 2910 ROUTINES - CJPP, LDCT 
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3-28 

=P857R LEVEL= 

LOOP 

"~/051, 
CONT 

.---~-- ',:• 
' ' ' 

2910 

.._ ________ _,I PROM 

= 2910 LEVEL= 

1760 

1761 

1762 

/763 

1727 

/768 

I TEST PASSED 

1769 ' 

TEST END OF LOOP (LOOP) 

/050t /050 

/051 

/052 

/053 

1762 
STACK(PUSH) 

CONT 

..__tl'/-,1El~ _____ __,IROMF(050) 

T 

CONTINUE (CONT) 

tlli!J RCT 
/051 

3 ~ 
TWB 2910 STACK/053 

RCT (PUSH) 

-0 
RCT 
N=O 

/07A 

PROM 

/F 

TWB 

THREE WAY BRANCH (TWB) 

Figure 3.5E 2910 ROUTINES - TEST, CONT, TWB 
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Pin No. 
34 
36 

2910 PB57 
Name 
NADll ) 

10 )) 
09 
OB )) 
07 

Description 

3B 
40 
02 
04 
17 

Name 
DO 
Dl 
02 
03 
04 
05 
06 
07 
DB 
09 
010 
011 

06 ) 
05 ) 
04 ) 
03 ) 
02 ) 
01 ) 
00 ) 

Next Address lines are the 2910 data inputs from either 
PLAMAP, PLAVEC or NAO. 

19 
21 

NADll is least sig. bit 

23 
25 
27 

OB I3 ROMADI3) Micro-instruction decode lines are decoded for the 2910 
09 I2 2) internal control signals and also select the source 
11 Il 1) input for the NAO lines. 
12 IO 0) 

15 RLD ROMADLDN When low forces the loading of the Reg/Counter regard-
less of instruction. 

31 CP AP Clock pulse triggers all internal changes on the low to 
high edge. 

14 CCN TESTN Low indicates that the test is passed, this signal 
represents several PB57E tests (see Table 3.10). 

13 CEN OV 

29 OEN ROMADEN Held permanently low to permanently enable the Y out-

33 
35 
37 
39 
01 
03 
lB 
20 
22 
24 
26 

puts. 

YO ROMADlO) 
Yl 09) 
Y2 OB) 
Y3 07) 
Y4 06) Address lines to the Microprogram PROMs. 
Y5 05) ROMADlO is least sig. bit. 
Y6 04) 
Y7 03) 
YB 02) 
Y9 01) 
YlO 00) 

06 PLN NADEN Enab 1 es the next address to be 1 oaded from the micro­
program buffer NAO. 

05 VTN PLAVECN Enables the next address to be loaded from PLAVEC. 

07 MPN PLAMAPN Enables the next address to be loaded from PLAMAP. 

32 CI 5V 

B20B 

External incrementer for Program Counter is held high 
and so disabled. 

Table 3.5 2910 PIN DESIGNATIONS 
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w 
I 
w 
0 

"'tJ 
CX> 
U1 
........ 
l"T'1 
co 

CX> w 
0 
CX> 

* Default 

--i 
PJ 
er _, 
Cl) 

w . 
"' 
(./') 

-< 
(./') 
--i 
l"T'1 
:::s:: 
:::s:: -n 
;o 
0 
I -:z 

(./') 
--i 
;o 
c: 
n 
--i -0 
:z 
~ 
0 
;o 
CJ 

CJ 
l"T'1 
--i 
)::> -r 
l"T'1 
CJ 

2901A 2910 2932 

D 1-3 4-9 10-13 14 15 16-19 20 21 22 23 24-25 

z: 
2901A 2910 0 

"" 2932 _, z: 
Control Control 0 z: Control V') Lo.J N Rl ;E Lo.J 0 !:: "" Field Field "" Field < _, Field 0 ::E 0 "" Lo.J 

"" I- _, 3 V') 

/0 /1 /22 /E /1 /1 /4 /0 /1 /0 /0 /2 

CARIN LDQ 0 APQ 0 JZ 0 RlA; PRST 0 CARY 32 LDM WR, R2B RlMl 
FY l APB l CJS l RCTLD TMRENBN PSUS l GFLD RlPl 
LORA YA 2 Q 2 JMAP 2 PSHD 2 INHRl 
LDRAYF 3 B 3 CJP 3 POPS 3 LDRl 
SLRAQ 4 A 4 PUSH 4 FPC 4 
SLRA 5 DPA 5 JSRP 5 JMPD 5 
SRRAQ 6 Di>Q 6 CJV 6 PSHP 6 
SRRA 7 DARITH 7 JRP 7 RTS 7 

QMAMl B RFCT B FR B 
BMAMl 9 RPCT 9 FPR 9 
QMl A CRTN A FPLR A 
BMl B CJPP B JMPR B 
AMl C LDCT c JPPR c 
AMDMl D LOOP D JSBR D 
QMDMl E CONT E JSPR E 
MDMl F TWB F PLDR F 
AMQMl 10 
AMBMl 11 
MQMl i2 
MBMl 13 
MAMl 14 
DMAMl 15 
DMQMl 16 
DMl 17 
AOQ lB 
AOB 19 
QLOG lA 
BLOG lB 
ALOG lC 
DOA 10 
DOQ lE 
DLOG lF 
AAQ 20 
AAB 21 
NUL 22 
DAA 25 
DAQ 26 
AIAQ 2B 
DIAA 20 
DIAQ 2E 
AXQ 30 
AXB 31 
DXA 35 
DXQ ·35 
AXNB 39 
QI JA 
BI JB 
AI JC 
DXQN JE 
DI JF 

* Note: Default values are not mentioned in the COSYM - Listing {uProgram) 

26-27 2B-31 32-34 35-37 JB-39 40 41-43 44-55 

D CPU 
GEN Lines Cycle 

R2 Purpose Emitters Select DER Test NAO 
Field Field CR Field Select Field Field FIELD 

/2 /0 /0 /1 /0 /0 17 /000 

0 R2Ml 0 NOP 0 CRNC 0 SELB251 0 CY225 0 DE PAF 0 NATE ST NACALLM 
l R2Pl l GPSCEI l CRRTN l DECST l CY270 l Yl5 l NAPRESOF NASAVE 
2 INHR2 2 GPLRLD 2 CRIO 2 DEIPL 2 CY360 2 SlG 2 NAINST NATRAS 
3 LDR2 3 GPBITH 3 CRFLO 3 DEDIC 3 WAIT 3 ZERO 3 NARUN NAT RAP 

GPKE 4 CRLOG 4 DEALUX 4 YOXYl 4 NALA NARPA 
GPDIV 5 CRAR 5 DEPSW 5 RUNIR 5 NAP WR NALDSP 
GPMUL 6 CRCMP 6 OED! 6 CVAL 6 NAPREAL NARAD 
GP CHA 7 CRSLA 7 DE32 7 BID 7 NATSOC NACOMRZO 
GPTMF B NATROC NATRAPER 
GPTMP 9 NA INT NAERRl 
GPTME A NASO NAMIDPER 
GPBOF B NALM2 NAUSEZO 
GP FLOT c NASTORE NAUSERET 
GFETCH D NAPAF NAWAITST 
GPAF E NAFETCH NASSTFLO 
GP VAL F NAFOUR NAFPPABS 

NAVISU NAINHSAV 
GPextension NASENDAD NA END 

NARI PL NAFLAG 
NAFUNCT NAPAFRF 
NACRUNCH NAPAFRB 
NACRLOG NAINH 

TMRINH 1 NACRAR NAB US 
GPRESET 2 NADECPUP ECLATl 
GPEX 3 NARM2 ECLAT2 
GP MAD 4 NAPACC ECLATJ 
SELSPBUF 5 NAMCL ECLAT4 
GPSP 6 NASC 
I NH I OP 1 NAPAFTCH 

NASTOV 
NADACl 
NADACJ 
NADSl 
NAWAIT 
NAWRIBH 
NAFINBH 
NABHPAF 
NAPAFW2 
NACRZJ 
NAITRT 
NASITRT 
NACLEAR 
NAST AT 
NALOCK 
NABAWOFF 
NA BOOT 
NAECLAT 
NARSTV24 
NASDV24 
NASCV24 

J J 



Micro­
Instr. 
Bit No. 

0 

1 - 3 

8208 

Signal Mnemonic Code Description 
Name (COS YM) 

ALUCIN CARIN 
2901 Control Field (Bits 0-9) 

This is a !-bit field (bit 0) and its main use is 
as a carry bit for arithmetic operations in the 
2901. When the 2901 is not performing arithmetic 
operations this bit can be used for the following 
purposes: 
- The carry bit of the Arithmetic/Logic unit in 

the MIOP has to be programmable for both IOP 
and MMU operations. During IOP operations the 
data length (which was loaded into the IOP 
register in two's complement by a WER instruc­
tion) is incremented at each Break Request so 
that during the last transfer the carry of the 
last ALU stage generates the End of Range signal 
to the CU. For MMU operations for Table Load 
instructions (TL) the address data has to be 
transferred in transparent mode. The CARIN field 
is used for these two purposes as shown below: 
CARIN = 0 - Increment (WER) 
CARIN = 1 - Do Not Increment (TL) 

- It is used as the selection signal for the 
multiplexor that selects the PLR source; as 
shown below: 
CARIN = 0 - source = 2901 
CARIN= 1 - source= BIEC lines 

- During RIT instructions for Power Failure and 
Real Time Clock, CARIN= 1 is used to distin­
guish these RIT's from any other RIT; this 
avoids copying the preceeding state of these 
two flip-flops when resetting other inter­
rupts. 

I8 I7 I6 2901A Destination Control (Bits 1-3) 

LDQ 
FY 
LDRAYA 
LDRAYF 
SRRAQ 
SRRA 
SLRAQ 
SLRA 

000 Load Register Q (LDQ) Note: When loading 
001 Function to Y MAD 64-512 bit 
010 Port A to Y, Function to Port B I7 must be low 
011 Function to Y, Function to Port B (usually LDQ) 
100 Shift Right {F/2 to Port B, Q/2 to Q) 
101 Shift Right {F/2 to Port B) 
110 Shift Left (2F to port B, 2Q to Q) is used) 
111 Shift Left (2F to Port B) 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION 
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Micro­
Instr. 
Bit No. 
4 - 9 

Signal 
Name 

Mnemonic 
(COSYM) 

Code Description 

APQ 
APB 
Q 
B 
A 
DPA 
DPQ 
DAR ITH 
QMAMl 
BMAMl 
QMl 
BMl 
AMl 
AMDMl 
QMDMl 
MDMl 
AMQMl 
AMBMl 
MQMl 
MB Ml 
MAMl 
DMAMl 
DMQMl 
DMl 
AOQ 
AOB 
QLOG 

* BLOG 
ALOG 
DOA 
DOQ 

* DLOG 
AAQ 
AAB 
NUL 
DAA 
DAQ 
AIAQ 
DIAA 
DIAQ 
AXQ 
AXB 
DXA 
DXQ 
AXNB 
QI 
BI 
AI 
DXQN 
DI 

I5 - IO 
000000 
000001 
000010 
000011 
000100 
000101 
000110 
000111 
001000 
001001 
001010 
001011 
001100 
001101 
001110 
001111 
010000 
010001 
010010 
010011 
010100 
010101 
010110 
010111 
011000 
011001 
011010 
011011 
011100 
011101 
011110 
011111 
100000 
100001 
100010 
100101 
100110 
101000 
101101 
101110 
110000 
110001 
110101 
110110 
111001 
111010 
111011 
111100 
111110 
111111 

* BI4 = BLOG = 011011 

2901A Function and Source (Bits 4-9) 

A+ Q 
A + B 
Q Arithmetic 
B Arithmetic 
A Arithmetic 
D +A 
D + Q 
D Arithmetic 
Q - A - 1 
B - A - 1 
Q - 1 
B - 1 
A - 1 
A - D - 1 
Q - D - 1 
- D - 1 
A - Q - 1 
A - B - 1 
- Q - 1 
- B - 1 
- A - 1 
D - A - 1 
D - Q - 1 
D - 1 
A or Q 
A or B 
Q Logic 
B Logic 
A Logic 
D or A 
D or Q 
D Logic 
A and Q 
A and B 
zero 
D and A 
D and Q 
A Inverted and Q 
D Inverted and A 
D inverted and Q 
A exclusive or Q 
A exclusive or B 
D exclusive or A 
D exclusive or Q 
A exclusive or B not 
Q Inverted 
B Inverted 
A Inverted 
D exclusive or Q not 
D Inverted 

D = DLOG = 011111 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION (CONT'D) 
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Micro­
Instr. 
Bit No. 

10' 11, 
12,13 

r 14 

15 

16-19 

Signal Mnemonic Code Description 
Name (COSYM) 

2910 control Field (Bits 10-15) 
JZ 0000 Jump to Zero 
CJS 0001 Conditional Jump to Sub-routine 
JMAP 0010 Jump Map 
CJP 0011 Conditional Jump to Pipeline 
PUSH 0100 Push (conditional), Load Counter 
JSRP(NU) 0101 Cond. Jump to Sub-routine, Reg. Counter or Pipe 
CJV 0110 Conditional Jump to Vector 
JRP(NU) 0111 Conditional Jump Reg. Counter or Pipeline 
RFCT 1000 Repeat Loop, CNTR = 0 
RPCT 1001 Repeat Pipeline, CNTR = 0 
CRTN 1010 Conditional Return 
CJPP 1011 Conditional Jump Pipeline and Pop 
LDCT 1100 Load Counter and Continue 
LOOP 1101 Test End Loop 
CONT 1110 Continue 
TWB 1111 Three Way Branch 

ROMADLDN RlA 0 This is a one bit field (bit 14) which is used 
to load the contents of the NAO field into the 
counter register of the 2910 while it is execu­
ting an instruction, its NOP state is 1. 

TMRENB TMRENBN 0 

PRST 
PSUS 
PSHD 
POPS 
FPC 
JMPD 
PSHP 
RTS 
FR 
FPR (NU) 
FPLR 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 

When used with the Conditional Jump to Vec­
tor (CJV) microcommand and the value in the 
Test field equals 0, the number of multiple 
load or shifts (n) contained in instruction 
register K is transferred through PLAVEC in 
transparent mode and loaded into RCT (vec­
tor mapping is not executed due to Test = 0 
not being the correct condition, the output 
from PLACONST making NADOl because ROMADlDN 
= RDTLDN = 0). 
This bit can also be used to force the instruc­
tions Rl field onto the ALU's 11 A11 input normally 
the Rl field uses the 11 B11 input) 

This bit is used to inhibit a TMR during a 
CPU Memory Cycle. The CPU only takes the 
BUS in this case. See also: signal GFETCHN. 
TMRENB is also used to inhibit TMR in case of 
generation of TMP, TME (I/0 cycle, External 
Register cycle). (See also bits 41-43). 

2932 Control Field (Bits 16-21) 
reset 
Suspend (High Impedance State) 
Push D 
Pop S 
Fetch PC (NOP) 
Jump D 
Push PC 
Return S 
Fetch R 
Fetch PC + R 
Fetch PC to R 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION (CONT'D) 
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Micro-
Instr. Signal 
Bit No. Name 
16-19 

Mnemonic 
(COSYM) 
JMPR 
JPPR(NU) 
JSBR 
JSPR(NU) 
PLDR 

(cont'd) 

20 

21 

22 

23 

PCCI CARY32 

LOADSN LDM 

WRITE WR 
WRITE GFLD 

SELR2 R2B 

Code 

1011 
1100 
1101 
1110 
1111 

1 

0 

1 

1 

Description 

Jump R 
Jump PC + R 
Jump Subroutine R 
Jump Subroutine PC + R 
Load R 

2932 Control Field (Bits 16-21) cont'd 
Program Counter Carry Input (2932) to enable 
operations such as PC +Ci, D +Ci, S +Ci, etc. 

Load MAD lines 

This is a one bit field (bit 22) which, when = 1, 
is used for the following purposes: 
- To either write to memory or for any other 

output onto the Bus, this bit is programmed at 
the same time as the exchange request. 
To mask interrupts and Control Panel actions 
during the execution of the second Jump Map of 
an Execute instruction. This avoids the next 
instruction following the Execute instruction 
being fetched and executed (due to the reset 
action of the interrupt routine and the fact 
that the PC is already pointing to this 
instruction) before the Execute instruction 
has been completed. 

To load the V24 CU sequensor during I/0 
instructions. 
To load the General Purpose flip-fl ops (RUN, 
ENB, PI, FE, FU etc.). 

It also is used in both its states as follows: 
- To select either the MIOP Scratch Pad or the 

"D" Bus as input for the SPBUF8 buffer in 
MIOP, as shown below: 
WRITE = 0 - MIOP Scratch Pad is selected 
WRITE = 1 (in either TL or WER ) - "D" Bus is 
selected. 

- In combination with the bit GPRESET (of anothor 
microprogram) it is used as follows: 
GPRESET and WRITE = 0 - the Preset Address 
register is reset. 
GPRESET and WRITE = 1 - enable Preset Address 
register loading. 

This is a one bit field (bit 23) which, when = 1, 
is used for the following purposes: 
- To force the instructions R2 field onto the 

ALU's "B" input (normally the R2 field uses the 
"A" input). 

- To distinguish between the CW2 and CW3 control 
words of a WER instruction. Normally after a 
CWl has been written a flag is reset to indic­
ate one more control word to write (i.e. CW2). 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION (CONT'D) 
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Micro-
Instr. Signal 
Bit No. Name 
23 

Mnemonic Code Description 
(COSYM) 

(cont'd) 

24-25 

26-27 

28-31 

RlMl 
RlPl 
INHRl 
LDRl 

R2Ml 
R2Pl 
INHR2 
LDR2 

None NOP 

GPLRLDN GPLRLD 
GPBITHDLN GPBITH 

00 
01 
10 
11 

00 
01 
10 
11 

0000 
0001 
0010 
0011 

GP KEN GPKE 0100 

GPDIVN GPDIV 0101 

GPMULN GPMUL 0110 

This procedure is a 1 so fo 11 owed when extended 
addressing is used, but in this case after the 
CW2 has been written the flag is set (by means 
of the SELR2 bit) to indicate that the next 
control word is a CW3 and not a CW2. 
- To generate the PRADCL signal that clocks 

the Preset Address into the PRAD register. 
It is also used in both its states as follows: 
- To select either the MIOP Scratch Pad or the 

11 D11 Bus as input for the SPBUF16 buffer in 
in MIOP, as shown below: 
SELR2 = 0 - MIOP Scratch Pad is selected 
SELR2 = 1 (in either TL or WER) - 11 011 Bus is 
selected. 

Rl Control Field (Bits 24-25) 
Rl - 1 
Rl + 1 
Inhibit Rl 
Load Rl 

R2 Control Field (Bits 26-27) 
R2 - 1 
R2 + 1 
Inhibit R2 
Load R2 

General Purpose Field (Bits 28-31) 
No Operation 
Not used 
Enables PLR to be loaded 
Inhibits Bus access during Bit Handling 
Instructions and during generation of CLEARN 
signal. 
Enables bits 0-3 and 12-15 of the K register to 
be loaded via the 11 D11 bus. For ML and MS in­
structions 0 is put into these bits and then a 
CJV is executed. This enables the PLAVEC to 
output bits K5-8 (i.e. N - the number of 
multiple Load/store operations) onto the 
NAD8-ll lines. This number is loaded into the 
2910 register/counter prior to executing ML or 
MS instructions. 
Generates the ALU IMX3 input and ALU carry and 
selects either ADD or SUB operations while 
shifting and calculating the quotient and re­
mainder in DV instructions. 
Generates the ALUIMXl input and selects whether 
or not the multi p 1 i er is to be added at each 
step in calculating the result of MU instruc­
tions. 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION (CONT'D) 
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Micro­
Instr. 
Bit No. 
28-31 
(cont'd) 

32-34 

35-37 

Signal 
Name 

GP CHAN 

Mnemonic 
(COSYM) 

GP CHA 

Code Description 

0111 Generally used for addressing the memory in 
Character mode but it can also be used for 
the following purposes: 

GPTMFN 
GPTMPN 

GPTMEN 

GPTMF 
GPTMP 

GPTME 

1000 
1001 

1010 

- To clock the ALUX register. 
- To force RUN = 1 during the PLAMAP of an 

INST, and the second PLAMAP of an EXECUTE 
routine to avoid a branch to the IDLE 
state (which would happen if RUN = 0) 
instead 'of the execution of these 
routines. 

Enables the TMFN signal for the FPP. 
Enables the TMPN signal for the Control 
Units. 
Enables the TMEN signal for the External 
Registers. 

GPBOFN GPBOF 1011 Enables the BOFFN signal for the FPP. 
Enables the FLOACT signal for the FPP. 
Indicates all Fetch cycles to the FPP and 
Preset Logic. Also restart of CPU sequensor 
after TMRINH. 

GPFLOACTN GPFLOACT 1100 
GFETCHN GFETCH 1101 

GPAFN 

None 

GPAF 

GPVAL 

CRNC 
CRRTN 
CRIO 
CR FLO 
CR LOG 
CRAR 
CRCMP 
CRSLA 

1110 

1111 

lxxx 

Enab 1 es PAFN to be tested instead of PAF. 
This is necessary when executing a CJV when 
PAF = O. 
Enables an extension of the GP field 
functions to be programmed when non of the 
other GP functions are needed. Note: This 
extension is provided by the TEST field 
bits (bits 41 to 43) and bit 28=1 (GPO=l). 
All codes 1000 to 1111 will provide this 
extension too. 

Condition Register (CR) Field (Bits 32-34) 

000 Not Changed 
001 Return 
010 Input/Output 
011 Floating Point 
100 Logic 
101 Arithmetic 
110 Compare 
111 Shift left Arithmetic (during SLA and DV 

instructions) 

SEL8251N 

ID0
1
Dl ~ Select D lines Field (Bits 35-37) 

000 Enables 8251 to ALU (D-Bus in inactive state: 

DEC ST DE CST 
SELIPLN DEIPL 
SELDICN DEDIC 
SELALUN DEALUX 
SELPSW DEPSW 
SELDIN DEDI 
SELADN DE32 
Note: DO=l enables 

/FFFF) 
001 Enable Constant to D 
010 Enable IPL to D 
011 D00-07 = O; D08-15 = NAD4-ll 
100 Enable ALUX to D 
101 Enable PSW to D 
110 Enable DI bits 00-15 to D 
111 Enable 2932 to D 
2901 to DO of 2907/2917 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION (CONT'D) ~ 
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Micro­
Instr. 
Bit No. 

38-39 

40 

41-43 

8208 

Signal 
Name 

DE 

PAFTEST 
ALU15 
ALUSIGNE 
ALUZERO 
ALU0Xl 
IR UNA 
CONDVAL 
BID 

TMRENB 

Mnemonic Code Description 
(COSYM) 

CY225 
CY270 
CY360 
WAIT 

DE 

PAF 
Yl5 
SIG 

YOXYl 
RUN IR 
CVAL 
BID 

00 
01 
10 
11 

1 

Sequensor Control Field (Bits 38-39) 

CPU Cycle 225 nS 
CPU Cycle 270 nS 
CPU Cycle 360 nS 
CPU Cycle WAIT 

Data Exchange Request (Bit 40) 

Active to initiate a Bus Cycle if no T3 
type of instruction was fetched. 

Test Field (Bits 41-43 enabled with bit 28=0) 

000 Page Fault during MMU operations 
001 Least significant ALU bit (ALU15) 
010 Sign bit of ALU (ALUSIGNE) 

(ALUZERO) 
100 XOR between the 2 most significant ALU bits 
101 Test for Run and Interrupt 
110 Condition Valid (for Conditional Jumps) 
111 =5V (NOP) (Unconditional test input). 

Note: When GPO=l the Test Field Bits are 
considered as an extension to the GP Field 
and testing is impossible. 

GP Extension Field (Bits 41-43 enabled with 
Bit 28=1) 

TMRINH 001 Inhibit TMR (used in old versions only, see 
bit 15) 

GPRESETN GPRESET 010 
GPEXN GPEX 011 

Reset SOPA Function (MIOP) 
Enables Translation Mode during EL and ES 
instruction. 

GPMADN GPMAD 100 

SELSPBUFN SELSPBUF 101 
GPSPN GPSP 110 

ENBIOP INHIOP 111 

Load MAD buffer bits 64, 128, 256 and 512 
if ALUTil, 2 are zero. 
MIOP Enable Scratch pad buffer on D-bus. 
(MIOP) Enable Flag for CW3 (IOP). Enable 
Scratch Pad + Buffer Clock SPBUFCL. 
To block IOP in case of CPU action in 
scratch Pad MIOP. 
This command is active if GPO=l and TESTO 
= 1 (bits 28 and 41) and is also active 
when GPMAD, SELSPBUF and GPSP are active. 

Next Address Field (Bits 44-55) 

This is a twelve bit field (bits 44 to 55) 
whose main function is to define the 
address of the next instruction. When the 
next instruction is sequential, this field 
can be used for other purposes described 
on the next page. 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION (CONT'D) 
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Micro­
Instr. 
Bit No. 
41-43 
(cont'd) 

44-55 

Signal Mnemonic 
Name (COSYM) 

NATEST 
NAPRESOF 
NAINST 
NARUN 
NALA 
NAP WR 
NAPREAL 
NATSOC 
NATROC 
NAINT 
NASO 
NALM2 
NAST ORE 
NAPAF 
NAFETCH 
NAFOUR 
NAVISU 
NASENDAD 
NARI PL 
NAFUNCT 
NACRUNCH 
NACRLOG 
NACRAR 
NADECPUP 
NARM2 
NAPACC 
NAMCL 
NASC 
NAPAFTCH 
NASTOV 
NADA Cl 
NADAC3 
NADSl 
NAWAIT 
NAWRIBH 
NAFINBH 
NABHPAF 
NAPAFW2 
NACRZ3 

Code Description 

- The NAD03 bit is used in combination with 
SEL8251 to select the 8251 chip of the 
HHP serial device. 

- The NAD06 bit is used in combination with 
SEL8251 to select the 8251 chip of the 
V24 serial device on the P857E. 

- The NAD05 bit is used in combination with 
SEL8251 to inhibit the 2901 outputs while 
reading one of the 8251 devices connected 
to the ALU Bus (NAD08 being used to 
define the direction of data flow on the 
ALU Bus). At the same time NAD08 is used 
as the RON input, NAD09 is used as the 
WRN input, and NADlO as the C/DN input to 
the 8251 devices. 

011011111111 
010101000000 
010101100111 
010101010000 
010111010000 
010101000101 
010111011001 
011011010000 
010110101101 
011001000000 
010100001110 
000001010101 
010000111001 
000001110010 
000000010010 
010111101100 
011000000010 
011001100110 
011000100000 
000000100000 
000010110000 
000110011000 
010010110001 
010100110000 
000001010111 
010110001000 
010100110111 
010100011000 
000001110000 
000110001110 
001000110010 
001000101011 
000110110111 
011011100000 
000111100111 
000111101000 
000101000011 
000001101010 
000100010110 

/6FF 
/540 
/567 
/550 
/500 
/545 
/509 
/600 
/5AD 
/640 
/50E 
/055 
/439 
/072 
/012 
/5EC 
/602 
/666 
/620 
/020 
/OBO 
/198 
/4Bl 
/530 
/057 
/588 
/537 
/518 
/070 
/18E 
/232 
/22B 
/1B7 
/6EO 
/1E7 
/1E8 
/143 
/06A 
/116 
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Micro-
Instr. Signal Mnemonic Code Description 
Bit No. Name (COSYM) 
44-45 NAITRT 011001000000 /640 
(cont'd) NASITRT 001000010010 /212 

NACLEAR 011001111000 /678 
NAST AT 010111000011 /5C3 
NA LOCK 010111110100 /5F4 
NABAWOFF 000100100000 /120 
NABOOT 010110000100 /584 
NAECLAT 000000010011 /013 
NARSTV24 010110100011 /5A3 
NASDV24 011000000101 /605 
NASCV24 001101001001 /349 
NACALLM 010100000011 /503 
NASAVE 010110111000 /588 
NATRAS 000001100011 /063 
NATRAP 010011111111 /4FF 
NARPA 010110001111 /58F 
NALDSP 010110001100 /58C 
NARAD 001010100000 /2AO 
NACOMRZO 011101010110 /756 
NATRAPER 011101010011 /753 
NAERRl 011100110001 /731 
NAMIOPER 011101100101 /765 
NAUSEZO 011010010000 /690 
NAUSERET 011010010101 /695 
NAWAITST 000001100111 /067 
NASSTFLO 011000101011 /628 
NAFPPABS 011010100000 /6AO 
NAINHSAV 011010100101 /6A5 
NAE ND 011101001101 /740 
NAFLAG 001110100111 /3A7 
NAPAFRF 000011100110 /OE6 
NAPAFRB 000011110011 /OF3 
NAINH 011010100110 /6A6 
NAB US 011110100100 /7A4 
ECLATl 000110001000 /188 
ECLAT2 101100110100 /834 
ECLAT3 111100000001 /FOl 
ECLAT4 10001111 /8F 

Table 3.7 SYSTEM MICRO-INSTRUCTION WORD - DETAILED DESCRIPTION (CONT'D) 

3.5.3 NEXT ADDRESS GENERATORS 

There are 3 Next Address (NAO) Generators which enable a 12-bit code to be 
written onto the NAO lines; the 3 generators are: PLAMAP, PLAVEC and the NAO 
Field of the Micro-inst being executed. 

PLAMAP (Table 3.8) 
PLAMAP is a Programmable Logic Array which senses the machine states at its 
inputs. When enabled, (PLAMAP = 0) by the execution of the 2910 Micro-inst JMAP 
a code appears at the output and is written on the NAO lines. Note that PLAMAP 
only generates 8 bits (NAO 02-09) and bits 00, 01 and 10 are held at 11 011 and bit 
11 is held at 11 1". 
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The inputs to PLAMAP which indicate the machine states are: 
PUPFE - Control Panel interrupt 
RUNIRN - RUN-not or interrupt or Control Panel function. 
FUN - Flag User/System mode 
015 - Bit 15 of instruction word 
15R2N - Reg Al5 is given in the R2 field 
OR2 - Zero in R2 field 
010 - Bit 10 of the instruction word 
009 - Bit 9 of the instruction word 
OOB - Bit B of the instruction word 
15RlN - Reg Al5 is given in the Rl field 
OR3 - Zero in R3 field (TB instructions) 
004 - Bit 4 of the instruction word 
003 - Bit 3 of the instruction word 
002 - Bit 2 of the instruction word 
001 - Bit 1 of the instruction word 
000 - Bit 0 of the instruction word 

INPUTS OUTPUTS FUNCTION 
0 0 0 0 0 0 1 0 0 0 0 1 D F R P NAD 
0 0 0 0 0 R 5 0 0 1 R 5 1 U U U LINES 
0 1 2 3 4 3 R B 9 0 2 R 5 N N P 

1 2 I F 
N N R E 0 1 2 3 4 5 6 7 B 9 10 11 

N 0 0 H H H H H H H H 0 1 

00 - - - - - - H L 
01 - - - - - - - - - - - - - - H H 
02 L H - - - - - - - - - - - - L L 
03 L - H - - - L L 
04 L - - H - - - - - - L L 
05 L - - - H - - - - - - - L L 
06 L - - - - H - - - - - - - - L L 
07 H H - - - - L L - - L L 
OB H - H - - - L L - - L L 
09 H - - H - - L L - - L L 
10 H - - - H - L L - - - - L L 
11 H - - - - H - L L L - - - - L L 
12 H - - - - - - - L L - - H - L L 
13 H - - - - - - - L L H - - - L L 
14 H L L L L - - - L L - L L 
15 H L L L H - - - L L - - - - L L 
16 H L H H H - - - L L - - - - L L 
17 H - - - - - L - - - - - - L L L 

lB H - - - - L H H - - - L L 
19 H - - - - L H L - - - L L 
20 H - - - - H - H - - - L L 
21 H - - - - H L - - - - L l 
22 H - - - - - H H - - - - L L 
23 H L L L L - - - L H - L - - L L 
24 H L H H H L - - L H - L - - L L 
25 H L H H H - - H L H - L - - L L 
26 H H H H L H - L L H L L L - L L 
27 H - - - - - - - L H - L - L L L 

A A A • 
A A A A 
A • • • 

A • • 
A • 

A 

A • • 

A A 
A A 

. . . . 
• • • A 

A • • . 
A 
A 
A A • • 

A A • • 
• • • A 

• A • 
A 

• • • • • A A • 
. . • • A A 
A ... AAAA 
A A A A A A A A 

..• A A A 
A • • A • • • 
• • • • • • A 

. A 
A • 
A • 
A A 

A 
A 

• A A • • • 
.AAA .. A. 
. . . • . A A A 

Table 3.B PLAMAPA 
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Interrupt or Idle 
Panel 
TB KOl 
TB K02 
TB K03 
TB K04 
TB OR3 
Tl KOl 
Tl K02 
Tl K03 
Tl K04 
Tl ORl 
Tl Kl5 
Tl OR2 
LDR 
ABR 
TRAP Tl OPC7 
TRAP Tl to T7 for 
FU.15Rl 
T2 
T3 
T4 and T6 
T4 and T5 
T6 and T7 
T3B LDR STR 
T3B MLR MSR 
T3B MLR MSR 
T3B RTN Al5 
T3B .FU 
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INPUTS OUTPUTS FUNCTION 
D D D D D 0 1 D D D 0 1 D F R P NAO 
0 0 0 0 0 R 5 0 0 1 R 5 1 U U U LINES 
0 1 2 3 4 3 R B 9 0 2 R 5 N N P 

1 2 I F 
N N R 0 1 2 3 4 5 6 7 B 9 10 11 

N 0 0 H H H H H H H H 0 1 

2B H - - - - - - - L H - L H - L L 
29 H L L L L H - L L H - L - - L L 
30 L L H L L H - - - - - - - L L L 

31 L L H H H - - H L - - L - L L L 

32 L H L L - L - - - - - - - L L L 

33 L H L H - - - - - - - - H - L L 

34 L H H H - L - - - L L L 

35 L H H H - H - - - - - L - L L L 

36 H L H H H H - L - - - - - L L L 
37 H H L H L L - - - - - - - L L L 
3B H H L H L - - H - - - - - L L L 
39 L L H H H - - - - H - - - - L L 
40 L L H H H - - - H - - - - - L L 
41 L L H H H - - H - - - - - - L L 
42 H H L - - H - L H - - - H - L L 
43 H L L L L - - - - - - - H - L L 
44 H L H L - H - L L L - - - - L L 

45 H H H L - - - - - - - - - - L L 
46 H H L - - H - L L L - - H - L L 

47 L L L L L L - - - - - - - - L L 

• • • • • • A • 
• • • A • • • • 
A A A A A A A A 

A A A A A A A A 

A A A A A A A A 

A A A A A A A A 

A A A A A A A A 

A A A A A A A A 

A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
• • • • • • A • 
• • • • • A • • 
• • • • A • • • 
• • • A • • • • 
• • • • • • • A 
A A A A A A A A 

• • • • • • • A 
A A A A A A A A 

• • • • • • A • 

Table 3.B PLAMAPA (CONT'D) 
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T3B.Kl5 
T3B.0Rl.OPCO 
TRAP TB FU 
HLT, INH, RIT 
TRAP TB FU 
SH NORM 15R2 
TRAP TB FU 
I/0 INSTR 
Trap TB Kl5 RF or 
RB 
Trap TB FU RER or 
WER 
Trap TB FU 
Move 15R2 
Trap FU TL, TS 
Trap FU EL, ES 
Trap FU EL, ES 
Shifts 
Shifts 
Shifts 
Bit handling 
STORE 
Trap Tl.ORI OPC4 
and OPCS 
CHARACTER INSTR. 
Trap Tl.OR1.Kl5 
OPCB to 11 
LOK ORIN 
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K LINES NAO LINES FUNCTION 
0 - 3 4 - 7 8 - 11 12 - 15 

STX 
00 L L H H H - - - - - - H - - - -
01 L L H H H - - - - - - - H - - -
02 L L H H H - - - - - - - - H - -
03 L L H H H - - - - - - - - - H -
04 L L H H H - - - - - - - - - - H 
05 H H - - - - - - - - - - - - - -
06 H - H - - - - - - - - - - - - -
07 H - - H - - - - - - - - - - - -
08 H - - - H - - - - - - - - - - -
09 H - - - - L L L L - - - - - - -
10 H - - - - - - - - - - - - - - H 
11 H L H - - L L L L L H L L L L -
12 H H L - - H - - - L H L L L L -
13 H H L - - - H - - L H L L L L -
14 H H L - - - - H - L H L L L L -
15 H H L - - - - - H L H L L L L -
16 H H H H - - - - - L H L L L L L 
17 H L - - - - - - - L H L L L L H 
18 H H L - - - - - - L H L L L L H 
19 H H H L L - - - - L H L L L L H 
20 H H H H H - - - - L H L L L L -
21 H H H H L - - - - H - - - - - L 
22 L H H L H - - - - - - - - - - -
23 L H H L H L L L L L L L L L L L 
24 L H H L H L L L L H L L L L L L 
25 L H H L H L L L H L L L L L L L 
26 L H H L H L L L H L H L L L L L 
27 L H H L H - - - H H H - - - - -
28 L H H L H - - - H H H - - - - H 
29 L H ~ L H - - - H H H - - - H -
30 L H H L H - - - H H H - - H - -
31 L H H L H - - - H H H - H - - -
32 L H H L H - - - H H H H - - - -
33 H L H H H - - - - L H L L L L -
34 H H L H L - - - - L H L L L L -
35 H H L H H - - - - L H L L L L -
36 L L L L H H - - - - - - - - - -

37 L L L L H - H - - - - - - - - -

38 L L L L H - - H - - - - - - - -

39 L L L L H - - - H - - - - - - -
40 H L L L H - - - - - - - - - - L 
41 H L H L H L L L L - - - - - - -
42 H L H H L L L L L - - - - - - -
43 H L L L H - - - - - - - - - - H 
44 H H L H H - - - - - - - - - - H 
45 H H H L L - - - - L H L L L L L 
46 H H H L H - - - - L H L L L L -
47 L H H L H - - - H H H H L H L L 

4 11 
H H H H H H H H 48 

• • • A • • • • 
• A • • • 

• • • A . • 
• A • 

. . • • • A 
A • • 
• A • • 
• • A • • 
• • • A • • • • 
• • • • • A • • 
• • • • A • • . 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 

. . . . A . 
• • • • • A • • 
• • • • A • • • 
• • • . A A • • 
• • • A • . 
A • 
• • • • • A 

• • A • 
• A • • 
A • • 

• A • • • • • • 
• • • . . • • A 
. . • • . A 

. . . • A 
• A • 

• • A 

• . • . • • A • 

. . . • A 
• . • . . A • • 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
A A A A A A A A 
• • • • A • • A 

• • • A A 
• • A • • • • A 

Table 3.9 PLAVECA 
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Shift count 
Shift count 
Shift count 
Shift count 
Shift count 
T2 to T7 KOl 

Trap T2 
Trap T2 
Trap T2 
Trap T2 
Trap T2 
Trap T2 
Trap T2 
Trap T2 
Trap T2 
Trap T2 

K02 
K03 
K04 
Rl=O 
Kl5 

Trap T4 to T7 
String handling 
MVS 
MVA 
cs 
CA 
Extension PEAB 

R3 FREE 

OPC' from EO to FE 

Increment P for MLK 
Increment P for OAK 
Increment P for OSK 
Register number for 
ML.MS 

Second PLAVEC va­
lid after reset­
ting of the Bits 
KOO to K03 and 
K12 to Kl5 

AB 
Trap OPC5.0Rl 
Trap OPC6.0R1 
Trap OPCl. Kl5 
Trap OPC8.Kl5 
LCK 
CCK, CWK 
TRAP PEAB /F4 
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Test Bits Signal Description 

~ 
0 1 2 Input 

0 0 0 PAFTEST Page Fault 
0 0 1 ALU15 The least significant ALU bit. 
0 1 0 ALUSIGNE The most significant bit of the ALU output. 
0 1 1 ALUZERO Indicates that the result of an ALU operation is zero. 
1 0 0 ALUOXl Shift normalise, an exclusive OR between bits 0 and 1. 
1 0 1 IR UNA Test for Run and Interrupt. 
1 1 0 CONDVAL Branch instruction, condition valid (see Table 3.11). 
1 1 1 BID Conditional Branch Test, gives facility for conditional 

branching during the microroutine. BID is held at logic 1 
so the result of the test is always known (condition 
true) 

Table 3.10 TEST INTERNAL RESULT 

KOS K06 KO? CRO CRl CONDVAL 
0 0 0 0 0 1 
0 0 0 0 1 0 
0 0 0 1 0 0 
0 0 0 1 1 0 
0 0 1 0 0 0 
0 0 1 0 1 1 
0 0 1 1 0 0 
0 0 1 1 1 0 
0 1 0 0 0 0 
0 1 0 0 1 0 
0 1 0 1 0 1 
0 1 0 1 1 0 
0 1 1 0 0 0 
0 1 1 0 1 0 
0 1 1 1 0 0 
0 1 1 1 1 1 
1 0 0 0 0 0 
1 0 0 0 1 1 
1 0 0 1 0 1 

r" 1 0 0 1 1 1 ' 

1 0 1 0 0 1 
1 0 1 0 1 0 
1 0 1 1 0 1 
1 0 1 1 1 1 
1 1 0 0 0 1 
1 1 0 0 1 1 
1 1 0 1 0 0 
1 1 0 1 1 1 
1 1 1 0 0 1 
1 1 1 0 1 1 
1 1 1 1 0 1 
1 1 1 1 1 1 

Table 3.11 BRANCH INSTRUCTION - CONDITION VALID 

8208 P857EB 3-43 



PLAVEC (Table 3.9) 

The PLAVEC is a Programmable Logic Array which receives the contents of the K ., 
Register (instruction format) as its input. When enabled (PLAVECN = 0) by the 
execution of the 2910 Micro-inst CJV a code appears at the output and is written 
onto the NAO lines. Note that PLAVEC only generates 8 bits (NAO 04-11) and bits 
00, 02, 03 are held at 11 011 bit 01 is dependant on the ROMADLDN signal. With 
ROMADLDN active the NAO lines will always have the value /OXX and when not acti-
ve the value /4XX. 

NAO FIELD (Explicit Addressing) 

The NAO field is Micro-Program bits 44-55 of the Micro-inst being executed. When 
enabled (NADEN = O) the content of the NAO field is written onto the NAO lines 
in true value. (Note that the NAO field is also used to write a constant onto 
the NAO lines and then onto Bus D (SELCONSTN = 0)). 

3.5.4 TEST EXTERNAL RESULT (TABLE 3.10) 

During certain routines the 2910 tests signal TESTN to find a result. Signal 
TESTN has the following significance: 

• TESTN = 1 Test failed 
. TESTN = 0 Test passed 

Signal TESTN is generated by a multiplexer 74Sl51 and the tests carried out are 
indicated in Table 3.10, note that the Test Bits 0, 1 and 2 are from the Test 
Field of the Micro-inst being executed. One of the inputs CONDVAL (Condition 
Valid) is for Branch Instructions, see Table 3.10 and 3.11. 

3.6 SPECIFYING THE CPU CYCLE LENGTH (FIGURE 3.6) 

There are 4 CPU cycles, 3 of fixed length - 225 nS, 270 nS, 360 nS and one cycle 
of not-fixed length is called WAIT. The type of cycle (fixed length or WAIT) is 
specified by the SEQ Field of the micro-instruction currently being addressed. """ 
The WAIT cycle is always specified when the CPU Sequensor must wait for an 
external event to take place. The selection of the WAIT cycle is made at system 
design time and is then programmed in the SEQ Field of the microinstruction 
PROM. The CPU cycle length is long enough to execute an operation and address 
and access the Microprogram for the next address. 

3.6.l LOAD MADS OPERATIONS (FIGURE 3.6A) 

In this type of operation before MADS can be loaded by the 2932 the value must 
be prepared by the 2901. As can be seen in Figure 3.6A the 2910 has already pre­
pared the ROMAD lines and so the eye le length is determined by the operating 
times of the 2901 and 2932. 
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3.6.2 CONDITIONAL JUMP OPERATIONS (FIGURE 3.6B) 

~ In this operation the 2910 cannot prepare the ROMAD lines until the result of a 
test is known. This test is carried out by the 2901 and depending on the result 
the 2910 gives the next micro-program address. At the end of the 2910 operation 
a PROM access time of 50 to 70 nS must be allowed. 

8208 
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AP 
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I 
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Figure 3.68 CONDITIONAL JUMP OPERATION 
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3.7 POWER-ON AND ENABLE CLEARN {FIGURE 3.7) 

At Power-on time, signals RSLN and CLEARN are generated to ensure an orderly ~ 
start procedure. RSLN is from the Power Supply and CLEARN from the CPU {C7E2/A). 
Both signals form a part of the GP Bus and are available to all system units 
connected to the Bus. 

3.7.1 RESET CONTROL PANEL INTERFACE (C7E2/A) 

Signal RSLF is high to reset the Control Panel Interface Device (8251A) causing 
it to go into Idle Mode. The 8251A stays in Idle Mode until the Mode Instruction 
is executed. 

3.7.2 RESET MICROPROGRAM REGISTER {CP7R/C) 

Signal RSLAN resets the Microprogram Register causing signals ROMADI 0, 1, 2, 3 
to be reset (value /00). Value /00 is a Jump to Zero micro-instruction at the 
2910 loading the address /000 onto the ROMAD Lines which initiates the RSL ~ 
Microroutine. This is the only time that Jump to Zero is used. 

3.7.3 EXECUTE MODE INSTRUCTION 

During the RSL Microroutine the Mode Instruction is loaded onto the ALU 1 ines 
08-15 and written into the 8251A in the following format. 

ALU 08 09 10 11 12 13 14 15 

1 1 0 0 1 1 1 0 

2 Stop 
Bits 

Parity 8-bit 
Not character 

Selected 

3.7.4 EXECUTE COMMAND INSTRUCTION 

16x 
Baud 
Rate 

Following the RSL Microroutine the Microprogram jumps to the MCL routine to exe­
cute the Corrmand Instruction and enable Bus signal CLEARN. The Command Instruc­
tion is loaded onto the ALU lines 08-15 and written to the 8251A in the follo­
wing format. CLEARN is generated via DTR = 0. 

ALU 08 09 10 11 12 13 14 15 

0 0 0 0 0 1 0 1 

Not significant DTR 

Enable Enable 
Receive Transmit 
Mode Mode 
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3.8 CPU SEQUENSOR (FIGURE 3.8) 

The CPU Sequensor is device type 74S374 containing 8 D-type 1 atches and edge 
triggered F/Fs connected to count up to a maximum of 8. The Sequensor is clocked 
by signal OSCA on the positive going edge every 45nS, (diagram CP7R/A). 

3.8.1 INITIALIZE SEQUENSOR 

The Sequensor is inhibited (APO is low) until power-on time when signal RSLN 
goes high and START is set by RSLFN. START is selected by the Cycle Selector and 
will give the signal SEQIN high. SEQIN gives APD high. At the next OSCA, APD 
enables signal AP which indicates the start of the CPU cycle. 

3.8.2 SET CYCLE LENGTH 

The cycle length is specified by the micro-instruction (SEQ field) at the begin­
ning of the cycle. The SEQ field (2 bits) programs Cycle Selector (type 
74Sl53). The significance of the SEQ field bits is shown in table 3.7 (bits 38, 
39). 

3 . 8. 3 INHIBIT AP 

At the start of the CPU cycle, indicated by the rising edge of AP, APD remains 
high until C45N resets the signal SEQAP and START to remove APO. At the next 
OSCA, APO low resets the AP pulse after 90 nS. 

3.8.4 C_YCLE WAIT (FIGURE 3.8A) 

When a Wait cycle is specified by the SEQ field the Sequensor stops counting at 
a count of 4 and Cl80 remains active high. The 5th count (C225) is inhibited by 
WAITSEQ (set by the SEQ field). Signal WAIT180 remains active high at the 
Sequensor input so that at every OSCA pulse Cl80 remains high. 

Cycle Selector 
At the end of the transfer or a timeout signal SEQWAIT is active high (see Note) 
at the Cycle Selector to enable SYND. The next OSC clocks and sets the WAIT F/F 
activating 2 signals: 

- WAITN which disables WAIT180 so that Cl80 goes low at the next OSCA. 
- WAIT which is an input to the Cycle Selector. 

Signal WAIT is recogn·ised by the select inputs (SEQ field) enabling SEQIN. 
Signal SEQIN enables APD. At the next OSCA AP goes high to indicate the start of 
the next cycle. 
Note: SEQWAIT goes high on the following conditions (C7E2/F). 

- TSMENDN : Trailing edge of TSMN (WRITE cycle). 
- DONEFCPN : End of transfer FPP or GFETCH command (C7El/E). 
- PAFSIOPN : Page Fault or INHibit IOP and IOP not active. 
WAIT is set during a SLAVE to MASTER cycle on the leading edge of TSMN via 
signal TSMREADN (figure 3.88). During TSMN low, the MAD lines are maintained by 
means of the double buffer. 
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Figure 3.8B MEMORY EXCHANGES READ AND WRITE 
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3.8.5 CYCLES CY225, CY270, CY360 

The Sequensor has 3 fixed length cycles: 

- CY225, count of 5 indicated by signal Cl80 
- CY270, count of 6 indicated by signal C225 
- CY360, count of 8 indicated by signal C315. 

The Cycle Selectors are already programmed at AP time so that when one of the 
corresponding signals is active (Cl80, C225, C315) then signal APO indicates end 
of cycle. The next OSCA pulse clocks AP and starts the next cycle. 

3.9 INTERRUPTS (FIGURE 3.9) 

The Interrupt Logic is implemented on card C7E2 with the exception of the 
encoding logic for interrupt levels 8-15 (C7El) and 16-31 (MIOP). There are 2 
types of interrupt, serial coded and parallel code; the serial coded are via Bus 
signal BCI and the parallel coded are via 32 interrupt lines. Before the CPU 
validates an interrupt (signal IR) the following sequence of events take place: 

- receive serial interrupt 
- encode parallel and serial interrupts 
- compare the parallel with the serial encodes 
- select the highest level. 
- compare new level with current level (PLR). 
- Update PLR 

3.9.l RECEIVING SERIAL INTERRUPT (FIGURE 3.9B) 

The serial Interrupts principles of operation are already described in Chapter 
II. The. principal components of the Serial Interrupt Logic are: 

- Counter - divided by 2, this counter generates the interrupt system clock 
(INCL) to synchronize the C.U.s with CPU operation. 

- SCT Counter - counts to 6 to clock the Source Code from the Register into the 
Buffer; counts to 15 to indicate the end of a "code count". """ 

- Source Code Register - receives the 6-bit Source Code and Start Bit . · 
- Source Code Buffer - receives the 6-bit Source code to generate on the 

SCINTF lines. 

For purpose of this description the serial interrupt operation is described as 
follows: 

- start exchanging interrupt code 
- source code arrives 
- destination and M bits arrive 

START EXCHANGING INTERRUPT CODE 

After Master Clear (CLEARAN) signal SCTLD is zero. As long as BCIREC stays zero 
(BCI=l), SCTLDEN is zero and SCTLD stays also zero. On each clockpulse (INCLAN) 
the SCT-counter is parallel loaded with the value 0001 and the counter output 
signals remain inactive (SCTCAN=l; SCINTLE=O). The clock INCLAN is inverted, and 
transmitted to the Interrupt Handler Chips on the Control Units, via BUS line 
INCL, to synchronize BCI of all Control Units. 
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SOURCE CODE ARRIVES 

Control units which have an Interrupt Handler Chip, are able to sent a serial 
interrupt code consisting of a Start bit, 6 Source code bits, 6 Destination code 
bits and 2 spare bits. 
The start bit is always zero and when it arrives via the BCI line, SCTLDEN 
becomes a high level. SCTLD and SCTLDDL also become a one, clocked by INCLAN. 
From now on the SCT counter is stepped on each leading edge of INCLA. 
The shift register SCINT is shifted on each trailing edge of INCL". 

When the 6 source code bits have been shifted in, the counter will reach 
position 8 and SCINTLE becomes one clocking the SCINTF buffer. 
The SCINTF buffer now contains the 6 bit source code and when ENB was a one also 
SCICOMPE is one to enable the Comparator (figure 3.9a) where SCINTF is compared 
with IEC. 

DESTINATION AND M BITS ARRIVE 

The Destination code and spare bits still have to be shifted into the SCINT 
register, but are not decoded and have no meaning for the P857E CPU. The SCT 
counter will reach position 15. The total sequence (Start, Source, Destination, 
spare bits is repeated until the Interrupt is reset by a command (e.g. SST). 

As soon as BCI becomes inactive (high) and SCTCAN=P, SCTLb and SCTLDDL become 
zero again. SCINTFZON becomes zero to reset SCINTF and also SCICOMPE, disabling • 
the SCINTF and selecting the IEC lines to the IECSEL lines (see figure 3.9a). 

3.9.2 INTERRUPT ENCODING 

Both Serial (SCINTF0-5) and Parallel (IEC 0-5) encoded interrupts have the same 
encode/interrupt level relationship (see Table 3.12). 

PARALLEL ENCODING 

The Parallel encoded interrupts are divided into 4 groups: 

- group 0, ints 0-7, when active indicated by INTGSON 
- group 1, ints 8-15, when active indicated by INTGSlN 
- group 2, ints 16-23, when active in.dicated by INTGS2N 
- group 3, ints 24-31, when active indicated by INTGS3N 

The groups are linked by enable signals (INTfO, 1, 2N) and when no interrupts 
are active then all 3 signals are active low. 

EXAMPLE PARALLEL ENCODING 

Consider the example of Figure 3.9A when it level 9 is active signal INTElN 
indicates that the 2 lower groups (16-31) are inhibited. The 3 least significant 
bits (IEC 3, 4, 5) are encoded from the interrupt lines and the most significant 
bits (IEC 0, 1, 2) from the group indicator (in this example INTGSlN active). 
Level 9: IEC 0, 1, 2, 3, 4, 5 = 001001. 
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SERIAL ENCODING 

The Serial Encoding takes place during the time a serial interrupt (BCI) is ~ 
received (see 3.9.1). 

EXAMPLE SERIAL ENCODING (FIGURE 3.9A/B} 

The interrupt is received in a serial format (BCI, level 20} and is assembled as 
a 6 bit code in the D type F/Fs. 

3.9.3 COMPARE PARALLEL/SERIAL (FIGURE 3.9A) 

At the beginning of the CPU cycle (AP) both serial and parallel interrupts may 
have been received so the Serial (SCINTF 0-5) and Parallel (IEC 0-5) lines must 
be compared to find which has the highest encoded level. The result of this 
comparison is indicated by signal AGBO as follows: 

- AGBO = 1 enable IEC lines (see example figure 3.9A) 
- AGBO = 0 enable SCINTF lines 

3.9.4 SELECT PARALLEL OR SERIAL ENCODES 

The selection of the parallel or Serial encodes is made by signal AGBO as 
indicated above to enable the encoded interrupt level onto the IECSEL 0-5 lines. 

3.9.5 COMPARE NEW INTERRUPT WITH CURRENT LEVEL 

The current CPU interrupt level is on the PLR 0-5 lines. Two magnitude 
comparators (type LS85) are connected is cascade; the 4 least significant bits 
are handled first followed by the 2 most significant bits. The technique used to 
compare the new interrupt with the current level is shown in Figure 3.9C where 
the new interrupt level is 9 and the current level is 15. 

The Interrupt Enable/Inhibit is handled at the same time as the comparison of 
the most significant bits. Signal ENBN (input A2) is compared with input B2 
which is held at OV. When ENBN =l {inhibit interrupts) the output A less than B 
is always 0 but when ENBN =O the output A less than B depends on the cascading 
inputs (see Figure 3.9C). If the new interrupt is valid, IR =l is generated. 

3.9.6 UPDATE PLR 

Signal IR =l, so at the beginning of the next CPU cyle signal APB clocks and 
validates IRF =1. Microprogram signal ALUCIN =l, so the value on the IECSEL 
lines (in this example level 9) is routed to the PLR during the interrupt micro­
program routine generating GPLRLD signal. 
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Encoded Lines 
0 1 2 3 4 5 
0 0 0 0 0 0 
0 0 0 0 0 1 
0 0 0 0 1 0 
0 0 0 0 1 1 
0 0 0 1 0 0 
0 0 0 1 0 1 
0 0 0 1 1 0 
0 0 0 1 1 1 

0 0 1 0 0 0 

0 0 1 1 1 1 

0 1 0 0 0 0 

0 1 0 1 1 1 

0 1 1 0 0 0 

0 1 1 1 1 1 

1 0 0 0 0 0 

1 1 1 1 1 1 

Interrupt 
Level 

0 
1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 

63 

Note 1: Interrupt level may be serial or parallel. 

Table 3.12 ENCODE/INTERRUPT LEVELS 
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LEVEL 15 (PLR VALUE) 1 1 1 1 

cmcoo "'" '""'"'" I : i • 
VALUE AT THE COMPARE---1 1 I 1 I 0 0 I 
INPUTS (LEAST SIGN!. 
Fl CANT BITS) ~ 

B 
LS85 

""'"" A V "' 

""" 
~!~~~~ll~G G60~~~isT"H~E---(J 
(SEE TRUTH TABLE LINE ') 

COMPARE THE MOST SIGNIFICANT 
BITS (IN.THIS EXAMPLE ALL 
INPUTS HAVE THE RESULT A:B) 
SEE TRUTH TABLE LINE 10) 

NOTE, A> B MEANS AGB 
A< B .MEANS ALB 
A= B MEANS AEB 

0 1 0 
Ill Ill Ill 

A V "' 

" " " 

I 0 

0 0 

0 0 LINE J-­

LINE' --

LINE 10 --

AJ.BJ 

AJ>BJ 
AJ<BJ 
Al= BJ 
Al= BJ 

Al= BJ 
AJ= BJ 
AJ =BJ 
AJ =BJ 
AJ =BJ 
AJ =BJ 
A3=BJ 

COMPARING 
INPUTS 

A2,B2 Al.Bl 

x x 
x x 

A2>B2 x 
A2<B2 x 
A2 = B2 Al>Bl 

A2= B2 Al<Bl 
A2 = B2 Al·= Bl 
A2 = B2 Al= Bl 

A2 = B2 Al= Bl 
A2=B2 Al= Bl 
A2 :B2 Al= Bl 

:0 (ENABLE INTS) 

CASCADING 
INPUTS 

AO,BO A>BIA< Bi A:B 

x x x x 
x x x x 
x x x x 
x x x x 
x x x x 
x x x x 

AO>BO x x x 
AO<BO x x x 
AO: BO H L L 
AO:BO L H L 
AO:BO L L H 

:1 (INHIBIT INTS)SEE TRUTH TABLE LINEJ 

~~ 
B LS85 A 

A< B 

IR: I (INT. VALID) 
:O(INT. NOT VALID) 

Figure 3.9C COMPARE NEW INTERRUPT WITH CURRENT LEVEL 
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OUTPUTS 

A>BIA<BIA:B 

H L L 
L H L 
H L L 

L H L 
H L L 

L H L 
H L L 

L H L 
H L L 
L H L 
L L H 

OJ77J 
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3.IO CPU BUS CONTROL (FIGURE 3.IO) 

The Principles of Bus Control are already given in Chapter II. For purposes of 
this description the UPL Bus Operation is described as follows: 

- CPU takes the Bus 
- IOP requests the Bus 

3.IO.I CPU TAKES THE BUS 

The CPU takes the Bus under the following condition: 

- Data Transfer (DE) 

The CPU must inform the MIOP Function that it has taken the Bus with the follow­
ing signals: 

- BSYCPUEXN = 0 indicates that an MMU operation (Translation Mode) is to be 
carried out. 

~ - BSYCPUN = 0 indicates that the CPU is busy with the Bus. 

When the CPU is in the Bus cycle (Wait cycle) it must wait until TSMN is 
received. During this waiting period if the IOP or another Master requests the 
Bus (BUSRN) that Master will be allocated the Bus (MSN) but must wait until the 
CPU is no longer Busy with the Bus (BSYN = I). 

3.I0.2 IOP REQUESTS THE BUS (FIGURE 3.IO) 

The IQP Function is considered as 2 Masters; IOPA and IOPB. Either one of these 
IOP's may request the Bus under the following conditions: 

- ENBiffP = I to enable the generation of BUSRN. 
- MSN = I no other Master is selected for a transfer. 

If we consider the example of Figure 3.10 a Controller of IOPB is ready for a 
transfer (BRION is active, see MIOP/A). Signal BUSRQE enables a Bus Request 
BUSRN (IOP) which is received by the CPU Bus Controller and initiates the 
"search for requesting Master" procedure (C7E2/F). 

The CPU Bus Contra 11 er wi 11 send OKO (after de 1 ay-t ime) to the first Master 
(IOPA). For this example (BRIO active) blocks the OKO chain at IOPB (BRGSIN =O; 
OKOBENB =O, see MIOP/G). 
As soon as OKO/OKIA, OKOA/OKIB is received the Master (IOPB) is selected (MSN 
=O). MSN is sent to all Masters and cancels the signals BUSRN and OKO, OKOA. 
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3.11 SERIAL INTERFACES (FIGURE C7E2/A AND FIGURE 3.11) 

The principles of operation of the serial interfaces are explained in Chapter 
II. For purposes of this description the Control Logic is described in 3 parts: 

- Corrmon Control Logic 
- V24 Interface Operation 
- Control Panel Interface Operation. 

The principal components used by the serial interfaces are: 

- 8251A - this device is responsible for the serial/parallel conversion and 
buffering of data. 

- COM5016 - this device supplies a constant frequency for the Control Panel 
Interface and enables a strap selectable frequency for the V24 Interface. 

- 8304B - this device forms the interface between the ALU and DT lines. 

3.11.1 COMMON CONTROL LOGIC (FIGURE 3.llA) 

~ The Common Control Logic has the following functions: 

- Indicate to the serial interface whether Control (NADlO = 1) or Data (NADlO = 
0) is to be transferred on the 8-bit Bus. 

- Select either the V24 or Control Panel interface with signals SEL8251N active, 
NAD03 = 0 (Control Panel), NAD3 = 1 (V24). 

- Inhibit 2901 operation {NAD05 = 0). 
- Validate data for Read (NAD08 = 0) or Write (NAD09 = 0) between the OT and ALU 

lines. 

3.11.2 V24 INTERFACE OPERATION (FIGURE 3.llA-E) 

The V24 interface enables an Operator Console to be connected to the P857E sys­
tem. The peripheral commands are the standard commands associated with P800 
(OTR, INR, SST, TST, CID Halt) but the device address must always be /10. 
{Figure 3.llB-D). 

INITIALISATION 

The V24 Interface (8251) is initialised with a Mode Instruction from the CPU for 
the following events: 

- At Power-on time (RSLN) 
- Whenever the Control Panel Interface (8251) generates the system Master Clear 

(CLEARN) 
- During CIO commands after an internal reset. 
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V24 INTERRUPT (DIAGRAM C7E2/A) 

The V24 Interface Interrupt INTSERN is generated for the following conditions: ~ 

- IN - when a character is deseri a 1 i sed s i gna 1 I NTREAD is active to enab 1 e 
INTSERN. DATA in 8251 is ready to go to memory by an INR instruction. 

- ECHO - signal TXE indicates that the Transmitter is empty when the character 
is retransmitted. INTSERN is generated by INTREADA. 
Signal ECHO is one during Echo mode to inhibit the signal INTSERA. Otherwise 
INTSERN would stay active after an INR. 

- OUT - signal INTWRITE is active when the last bit of the serialised character 
is transmitted to enable INTSERN which requests the next character. DATA can 
be stored in 8251, which can be done by an OTR instruction. 

- WST - a PRE-WAIT state is written into the 8251 by the CIO Stop Command and 
signals INTWSTN=O, ECHO=l are active. At the end of transmission of the last 
character signal TXE is active to enable INTSERN. 
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SPEED { 
SELECTION 
4U-LINKS 

CPU CYCLES 

(NAO 10) CON 

CSN 

OT LINES 

(NAO 08) RON 
(NA009) WRN 

ALU LINES 

2901 INHIBITEO 

8308 

0 LINES 

2901A 

CLOCK 

1----V24 
8251 

AP 

INH 
NAO OS 

NAO LINES 

SEL8251N 

291o' 

SEL 8251N (ENABLE) 
8304B NAO 08 (DIRECTION) 

OT LINES 

RON 
8251 WRN 

PANEL CON 
CSN 

SERIAL 
DATA 

IN/OUT 

RONt--~~---'-----------~ 

8251 WRN ..-=='----------------
(V24) CON..-=~'----------------

CSN 

CONTROL(CPU -8251) 

CONTROL (8251 - CPU ) 

DATA (CPU -8251) 

DATA (8251 -CPU) 

DATA BUS -JS TATE 

DATA BUS -JS TATE 

SELECT OPERATION 

CON RON WRN CSN 

1 1 0 0 

1 0 1 0 

0 1 0 0 

0 0 1 0 

x x x 1 

x 1 1 0 

CON= CONTROL OR DATA 
CSN=CHIP SELECT 
RON= READ CYCLE 
WRN:WRITE CYCLE 

12 

-~------~------~------~------~-------~~-~~-~~-=l(CONTROU 
- :O(OATA) 

I 
I 

~ : 

I 
I I 

~ 

Figure 3. llA SERIAL INTERFACES - COMMON CONTROL LOGIC 

P857EB 

ONLY INHIBITED 
DURING REAO(NA005= 
0 AND SEL8251N:O) 
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V24 State Register (Figure 3.110, E and C7El/E) 
The V24 State Register comprises 4 74LS173 F/Fs which are clocked during the CPU ~. 
cycle by signal APC. The V24 Interface Micro Program writes into the State ; 
Register via the ALU lines and the Micro Program reads this state via the 2901 
from the D-bus. 

Pin 8251A P857E 
no. Name Name 

Description 

9 TCN 
25 RCN 

22 DSN 

11 CSN 

17 CTN 

20 CLK 

13 RON 

10 WRN 

12 CON 

21 RES 

3 RXD 

18 TXE 

23 RTN 

14 ROY 

15 TOY 

3-66 

TRCPSN Basic clock for the transmission and reception of serial 
TRCPSN data. 

CT107N Modem Ready signal sets an internal 8251A F/F. This condi­
tion is read by the Read Status Command. 

SELSERN Select V24 interface, enabled with SEL8251N active and 
NAD03 = 1. 

CTSN 

SERCL 

NAD08 

NAD09 

NADlO 

CLEAR 

CT104N 

TXE 

Link selection (CT133); either holds CTSN permanently at 
OV or CT133 enables CTSN when the device is ready. CTSN ~ 
enables serial transmission when Command Bit TxEN = 1. 

Derived from the CPU Clock to form the basic timing for 
the Read/Write cycles. 

Active low from the CPU to indicate that the 8251A must 
place either data or status on the data lines. 

Active low from the CPU indicates to the 8251A that data 
or a Control Word is waiting on the data lines. 

From the CPU and used in conjunction with RON and WRN to 
enable either Control or Status at the Data Bus (high) or 
Data (low). 

From the 8251A (Control Panel) after a Master Reset which 
resets the 8251A (V24). 

Serial data received by the 8251A from the Peripheral. 

Transmitter empty, active high indicates that the 8251A 
has transmitted a character from its buffer. (During 
transmission of a character TXE low inhibits interrupt 
INTSERN). 

INTWSTN After a CIO Stop this indicates the Pre-Wait state; at the 
end of the last character TXE enables the WST interrupt. 

INTREAD Receiver Ready indicates that the Receiver Buff er has a 
character ready. 

INTWRITE Transmitter Ready, active high i ndi cat es that the Trans­
mitter is ready to accept the next character. 

Table 3.13 8251A (V24) PIN DESIGNATIONS 

P857EB 8208 



Pin 8251A P857E 
no. Name Name 

24 DTN 

19 TXD 

16 SYN 

27 DO 
28 1 
1 2 
2 3 
5 4 
6 5 
7 6 
8 7 

ECHO 

CTI03N 

BREAK 

DT15 ) 
14 ) 
13 ) 
12 ) 
11 ) 
10 ) 
09 ) 
08 ) 

Description 

The Command instruction sets the 8251A internal F/F so 
that ECHO is active high during Echo Mode or Low if no 
Echo Mode. 

Serial data from 8251A to the device. 

For Input mode when the Break Key is pushed it generates 
an all zero character which ·is recognised as an interrupt 
request. BREAK goes high to enable the interrupt. 

8-bit, 3-state, bi-directional buffer lines to interface 
the 8251A to the CPU. These lines may contain data, status 
or control information depending on the condition of the 3 
control lines RON, WRN, CON. 

Table 3.13 8251A (V24) PIN DESIGNATIONS (CONT'D) 
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OTR/V24 (SEE MICRO ROUTINE 48) 

READ STATUS 
OF 8251 

N 

TXRDY A 

y 

N 

TRANSMITTER N 
READY 

FETCH NEXT 
INSTRUCTION 

SST 
REFUSED 

CID HALT /V24 !SEE MICRO ROUTINE 4 7) 

y 

PREPARE COMMAND 
TO SET THE 8251 
F/F!RTSI 

ROUTINE SCV24 125 ~ 0. ENABLES THE 
!SEND COMMAND) GENERATION OF THE 

WST INTERRUPT l 

S1411 

FETCH 

SST /V24 (SEE MICRO ROUTINE 54) 

y 

01-CR 

FETCH NEXT 
INSTRUCTION 

JUMP MAP 

y 
>------1 SST BIT15=1 

y 
>-----1 SST BIT13=1 

y 
>------1SST BIT14=1 

N 

>-'--NI 0 

FETCH 

SST 
REFUSED 

Figure 3.llB OTR/V24, SST V24, CIO HALT 
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CIO/OTR !SEE MICRO ROUTINE 45) 

N CIO/OTR 
>--- EXTERNAL 

N 

N 

N 

!RESET 8251) ROUTINE SCV24 
!SEND COMMAND) 

OTR V24 

CIO HALT 

V24 

FETCH 
NEXT 
INSTRUCTION 

Y (1 S TOPBIT) 

!MODE BIT) 
-o. REG. 

INR,SST,TST !SEE MICRO ROUTINE 53) 

A 
ADDR.=/10 N 

N 

y 

JUMP MAP 

INR,SS T, TS T 
EXTERNAL 

SST 

V24 

SD V24 
!SEND CHAR. BACK) 

d 

OUT 

8308 

IN 

!SEND MODE 
INSTRUCTION) 

d 

IN + ECHO 

IRES T OF MODE 
BITS 6-0-0.REG.) 

Figure 3.llC CIO/OTR, INR, SST, TST 

P857EB 

d 
5161 

N 

ROUTINE RSTV24 
!READ ST A TUS) 

N 

CHAR. - INR REG 

y 
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TO GENERATE WST 
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(SEE MICRO ROUTINE 461 
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REGISTER 
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:i:: 11.J 
u :> ~ x 
!:!:! e !:!:! 

0 I-
u 

:i:: 11.J 
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INAC 0000 .-------, 
I I 

I 

'r,o 
,!_N!l'.,! ~01..!_ - oc,\O \'-~~0 L - - - - _J ii-'i',re- ~U]P~TJl~l - ., 

I 

I 

I I 
L _____ ..J 
WST 0001 

z 
er 
w 

er ~ 
I b ~ 

> 
0 
er . ,_ 

Note: The states of the V24 Interface have a different significance at the P857E 
level. Only INAC, OUTPUT, INPUT, ECHO and WST are read by the P857E V24 
State Register. 

Figure 3.llE V24 INTERFACE STATES 

3.11.3 CONTROL PANEL INTERFACE OPERATION 

The Control Panel Interface enables a serial control panel to be connected to 
the P857E system. 

INITIALISATION {Figure 3.7) 

The Control Panel Interface (8251) is cleared by RSLN and initialised with a 
Mode Instruction from the CPU whenever the system is powered on (RSL micro 
program). 

CONTROL PANEL INTERRUPT 

The Control Panel interrupt PUPHP is initiated from a Control Panel Function 
Button. The action of pushing the button simulates a character on the serial 
input line SDPM and when the 8251 Receiver Buffer is full signal PUPHP is acti­
ve. This signal generates the signals PUPF and RUNIRN to the PLAMAP. 
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GENERATE SYSTEM MASTER CLEAR 

The System Master Clear {CLEARN) is generated for the following events: 

- Power-on time 
- When the Control Panel MCL or IPL button is pressed and system is not in RUN 

mode. 
- With IPL remote 
- When Diagnostic test is started. 

These events set the 8251 internal F/F DTR to enable signal CLEARA active and in 
turn generate CLEARN. 

CONTROL PANEL MICRO-ROUTINES 

When a character is received at the Control Panel Interface, the Microprogram is 
responsible for the decoding {Function, Data or Address) and the subsequent 
action; see Figure 3.llF. 

OPERATOR ACTION 

To show the working of the Control Panel Interrupt, consider that the operator 
has pushed data button 11 511 fol lowed by function button 11 RR 11 • The action of 
pushing the Function button causes the signal PUPHP to go active high because 
the 8251 {Panel) will receive something {C7E2/A). At this point the CPU stays in 
Idle Mode {/380, 38E, 5F2, 604, 380). 

ADDRESS /380 

As th.ere is a JMAP Micro-inst executed at this point, the PLAMAP input condi­
tions are as follows: 

- PUPF = 1 . 
- IR = 0 
- RUN = 0 so RUNIRN=l and PUPFE=l 

From the PLAMAP {Table 3.8) Product 01, the following address appears at the NAO ~ 
lines: J 

NAO lines 0 1 2 3 4 5 6 7 8 9 10 11 
Address {/3CD) 0 0 1 1 1 1 0 0 1 1 O 1 

This address is the start of the Control Panel Routine {PUPITRE). 

ROUTINE-CONTROL-PANEL/IPL/PRESET 

At the entry of this routine the CPU does not know which of these conditions 
exist so this routine must determine whether or not it is the Control Panel by 
testing the 8251 {Control Panel) Buffer Status bit RxRDY. The 2932 PC must be 
even during these operations and so bit 15 is systematically put to O. 

ADDRESS /3CD, /3CE, /5DE 

The 2932 PC, bit 15 is zeroed by executing a shift right {AOSHR) and then a 
shift left (AOSHL). ~ 
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8208 

ACTION ON CONTROL PANEL 

MICRO PROGRAM: PUP 

0-AO 

TROC READ ONE 
!MICRO ROUTINE l CHARACTER 

I 0 I 0 1 f 1 x I y GO TO MICRO ROUTINE 
>------+ DECOPUP 

B=ADDRESS 
4 OR S:FUNCTION 

3=DATA 

ADDRESS N 

ADDRESS 

MOVE 2932 ST ACK 
2 POSITION 

ISOLA TE 4 BITS 
IN 0. 

AO-STACK 

O.V AO- STACK 

PUSH t D1 D2 D3 D4 WORD2 
DO D1 D2 D3 WORD1 

2932 STACK 

Sx 

WORD1 

{

-AO 4xSHL 
e 
e 
e 
e 
e 

0 0 0 0 
0 0 DO 0 
0 DO D1 0 
DO D1 D2 0 
D1 D2 D3 

I 

WORD2- DO,D1,D2,D3,D4 

y DATA 

ISOLA TE 4 BITS 
IN 0. 

AO VO.- AO 

2901 REG AO 

I DO I 01 I D2 I D3 I 

Figure 3.llF CONTROL PANEL SENDS CHARACTER 
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Pin 8251A P857E 
no. Name Name 

Description 

9 TCN 
25 RCN 

22 OSN 

11 CSN 

17 CTN 

20 CLK 

13 RON 

10 WRN 

12 CON 

21 RES 

3 RXD 

24 DTN 

19 TXD 

14 ROY 

27 DO 
28 1 
1 2 
2 3 
5 4 
6 5 
7 6 
8 7 

3-74 

TRCPHN 
TRCPHN 

LOCK 

SELHPN 

ov 

SER CL 

NAD08 

Basic clock for the transmission and reception of serial 
data. 

From the Control Panel LOCK switch this signal sets an 
internal 8251A F /F which is read by the Read Status Com­
mand. 

Select Control Panel Interface, enabled with SEL8251N 
active and NAD03 = 0. 

Held at OV to enable serial transmission when Command Bit 
TxEN = 1. 

Derived from the CPU Clock to form the basic timin~ for 
the Read/Write cycles. 

Active low from the CPU to indicate that the 8251A must 
place either data or status on the data lines. 

NAD09 Active low from the CPU indicates to the 8251A that data 
or a Control Word is waiting on the data lines. 

NADlO From the CPU and used in conjunct ion with RON and WRN to 
enable either Control or Status at the Data Bus (high) or 
Data (low). 

RSLF Derived from the Power Supply signal RSLN to reset the 
8251A (Control Panel) which in turn enables the signal 
CLEARN to the system during the RSL micro program 
execution. 

HPINPUT This input receives serial data from the Control Panel if 
the Panel is not locked. 

CLEARA This is the output of the DTR F/F (internal to the 8251A) 
which enables the system reset CLEARN. 

HP OUT 

PUP HP 

DT15) 
14) 
13) 
12) 
11) 
10) 
09) 
08) 

This output is the serial data to the Control Panel. 

Control Panel Interrupt when a character has been received 
from RXD. 

8-bit, 3-state, bi-directional buffer lines to interface 
the 8251A to the CPU. These lines may contain data, status 
or control information depending on the condition of the 3 
control lines RON, WRN, CON. 

Table 3.14 8251A (CONTROL PANEL) PIN DESIGNATIONS 
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ADDRESS /5DE, /5DF, /5EO, /5El 

("1" A mask is loaded into 2901 Register Q so that status bit 14 (RxRDY) can be 
tested. The status of the 8251 (RXRDY) is read at the same time and stored into 
the 2932 stack. 

ADDRESS /5E2 

The bit 14 value is tested using ALUZERO. If the test is true (as in this exam­
ple) then the 2910 continues to address /5E3. If the test is not passed a CJP 
takes the Micro-Routine to Remote IPL/Preset. Bit 14 is fetched from 2932 stack, 
and compared with register Q bit 14. 

ROUTINE - CONTROL PANEL (PUP, Figure 3.llF) 

On entering the Control Panel Routine any of the following conditions may have 
initiated this action: 

- a function by itself (e.g. POFF) 
- 1 data character + function (e.g. RR) 
- 4 data characters + function (e.g. LR) 
- an address, 5 characters +function (e.g. LA). 

This routine must identify the character and treat it accordingly. ASCII codes 
are used to identify the characters as follows: 

- function is prefixed with 4 or 5 
- address is prefixed with /B 
- data is prefixed with 3. 

After identification if it is either address or data then this must be stored as 
fo 11 ows: 

- an address of 5 characters is stored in the Stack of the 2932. 
- 4 data characters are stored in the Register AO of the 2901. 

ROUT! NE - TROC 

During the Control Panel Micro-Routine the sub-routine TROC was used to read one 
character from the 8251 (Control Panel) and load it into 2901 register Q. This 
routine may be considered as 2 separate parts: 

- Addresses /5AD to /5Bl 
Here the status of the 8251 is read to ensure that data is ready (RxRDY=l). If 
RxRDY=O then the routine loops until data is ready. 

- Addresses /5B2 to 59F 
Here the character is read and placed in Register Q. 

In this example push button RR is pressed so there is a function in the form of 
4x or 5x (for RR code /42). The functions are decoded by the routine DECOPUP. 
Before this function the charater /35 (Data Button "5") was received. 
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ROUTINE DECOPUP; ADDRESSES /020 ONWARDS 

Here the function code is tested by a series of shift right' s ( SHR) . In the ,., 
example of RR the exit from this routine is at address /571 and continues to 
/572. The data character was saved in ALUX (/020). 

ROUTINE - READ REGISTER 

This routine will display the contents of Register AS (selection is in ALUX). 

ADDRESSES /572 TO /579 

To ensure compatibility with the Rl Field these addresses are responsible for 
repositioning the bits as follows: 

Test most significant bit of register selection (AO bit 4). This bit will be put 
at position 8 of register AO of the 2901. Also AO bit 0 will be set to indicate 
no TB type of instruction. Now in word /579 Rl can be loaded from D-bus bit 
5678. Bit 8 is in fact the most significant (8567). 

ADDRESSES /57A ONWARDS 

The Rl value is 5 which points to a 2901 register. When the Rl value is 0 then 
this is the PC which is in the 2932 so at address /57A a test is made to esta­
blish if it is reg AO or not. 

3.12 INITIAL PROGRAM LOADER (FIGURE 3.12) 

The Initial Program Loader (IPL) is contained in a lK x 4-bit ROM (C7E2/B). The 
IPL routine is responsible for loading the Bootstrap into Memory at Initiation 
time. Initiation can be in one of 3 ways: 

- at switch-on, if the Control Panel is in the LOCK position and the Battery has 
been off. 

- from a Remote Device. ~ 
- from the Control Panel IPL Button. 

A Micro-Routine BOOT controls the loading of the Bootstrap ROM lk x 4-bits into 
the Memory Stack in a 256 x 16-bit format. 

3.12.1 BOOTSTRAP ROUTINE (MICROPROGRAM NO. 8) 

The Bootstrap Routine uses the 2932 as follows: 

- Program Counter (PC) as the Quartet counter for the ROM addressing. 
- Register R (R) as the word counter for the RAM Memory. 

This routine assembles the ROM quartets into 16-bit words and then loads 256 
words into the Memory. The contents of the panel display was stred in Al5 before 
the Bootstrap routine is started (/18B). 
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3.12.2 AUTO OR REMOTE IPL ROUTINE {MICROPROGRAM NO. 8) 

This Routine enables one of the last 16 words of the Bootstrap to be read. A 
value (/0-/F) is read from the OPS0-3N lines and added to decimal 240. This 
value is now loaded into MADS to address the appropriate word in the Memory. 
The contents of this memory address overwrites the contents of Al5. 

3.13 MICRODIAGNOSTIC (FIGURE 3.13) 

At Power-On time an Automatic Test is carried out (see Figure 2.2), if this test 
is passed then code /FFFC is di.splayed at the Control Panel so now the 
Microdiagnostics may be carried out (Figure 2.3). The Microdiagnostic test is 
initiated by the operator from the Control Panel Button TEST together with 0. 

RSL 

BOOT 
10 

VllSU/IDLE 

16 WORDS 
/1EO 

U-LINKS- ADR 
/1FE IADRl-A15 

8308 

IPL-OVERVIEUW 

!POWER ON) 

5184 

RUN 

JMAP (PANEL FUNCTION, PRESET OR 

PUPITRE 

READ STATUS 
8251 PANEL 

63 TO PLR 
ENB=O.FU=O 

CLEAR BUS 
+INT FLIPFLOP 

REMOTE IPL) 

Y PUP 
~--- DECOPUP 

IPL 

PANEL IPL 
1 TO A 14 (FLAG) 
IPANEU- A15 

Figure 3.12 IPL PRINCIPLE OF OPERATION 
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3.14 PROGRAM STATUS WORD (FIGURE 3.14) 

The Program Status Word (PSW) is a 16-bit word which indicates the machine state 
after certain operations have been carried out. These operations are as follows: 

- Interrupt 
- Trap 
- Page Fault 
- Call Function 
- Halt 
- Inhibit Interrupt 
- Reset Internal Interrupt 
- Enable Interrupt 
- Link to Monitor 
- Set Mode 

As a result of some of these operations the PSW is saved in the Stack under 
Microprogram Control ready for a return (RTN). For a Return the restoring of the 
PSW depends whether the RTN is a RTN Al5 or a RTN Al-Al4. For RTN Al5 the 
following are restored: 

~ - Program Level Register (PLR) 
- Condition Register (CR) 
- ENB, FE and FU bits of the General F/Fs. 

For RTN Al-A14 only the CR is restored from the Stack. The principal components 
for writing the PSW onto the D lines are shown in Figure 3.14. Note that one 
half of the PSW (D00-007) is written in true value whereas 008-015 are inverted. 

3.15 MIOP (FIGURE 3.15) 

The MIOP Card has 4 functions (3.15A). 

- Input/Output Processor (IOP) to multiplex up to 16 Control Units, addressing 
up to BM words. 

- Memory Management Unit (MMU) to extend the addressing capability up to 8M 
words (24 bits) and to provide page protection. 
Stop On Preset Address (SOPA) to stop on an address pre-loaded into ·a 
register, this facility addresses up to 512K words (20 bits). 

- Interrupt Encoding Logic for parallel interrupts IS16N-IS31N (chapter 3.9). 

The first 3 functions have certain operations that are common, so for purposes 
of this description these operations are summarised in the following par. Common 
Logic. 
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Pin INPUTS OUTPUTS FUNCTION 
No 20 21 22 23 24 25 26 27 2 3 4 5 6 7 8 9 10 11 ,.. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

A T c c A T A A A A A F F P P P p p 
L 1 R R c p L L L L L L L L L L L L 
u M 1 0 c M u U U U U 0 0 A A A c c 
0 E z s 0 0 0 c c c c c R R 
x 0 E I V 7 6 R R R R R 1 0 
1 u R G F 1 0 2 1 0 

T 

STX H H H H H H H H 34 

00 L L - - L L L . . . . . No change 
01 L H - - - - - - - - - L L L A No change 
02 - - H L - - - - - - L L L A . . . . . . . No change 
03 - - H H - - - - - - - L L L A A No change 
04 - - - - - L L - - H L L . . . . . RTN 
05 - - - - - - - - - L H - - H L L . A . . . . RTN 

~ 06 - - - - - H L - - H L L A . RTN 
07 - - - H H - - H L L A A RTN 
08 - H - - - - - - - - L H L A A I/0 Not recognised 
09 - L - - L - - - - - - - - L H L A I /0 Not accepted 
10 - L - - H - - - - - - L H L . . . . . I/0 Accepted 
11 - - L L H H L . . FPP 
12 - - - - - L H H H L . A FPP 
13 - - - H L H H L A . . . . . FPP 
14 - - - - - - - - H H H H L A A FPP 
15 - - - - - - H L - L L H . . . . . . . . CRLOG Zero 
16 - - - - - - L L - - - L L H A . . CRLOG Positive 
17 - - - - L H - - - - - L L H . A CRLOG Negative 
18 - - - - L L L - - - - H L H A . . . . . CRAR Positive 
19 - - L L H - - - - H L H A A . . . . CRAR Overflow 
20 - - - - - - L H L - - - - H L H A CRAR Negative 
21 - - L H H - - - - H L H A A CRAR Overflow 
22 - - - - - - H L L - - - - H L H . . . . . . . . CRAR Zero 
23 - - - - H L H - - - - H L H A A . . . . CRAR Overflow 

("" 
24 - - - - L L L - - - - L H H A . . . . CR Compare greater 
25 - - - - - - H L H - - L H H A CR Compare smaller 
26 - - - - - - H L L - - - - L H H CR Compare Zero 
27 - - - - - - H L H - - L H H A CR Compare Zero 
28 - - - - - - L H L - - - - L H H . A CR Compare smaller 
29 - - - - L H H - - L H H A . . . . CR Compare greater 
30 L - - - - - H - - - - - - H H H CR SLA or DLA Zero 
31 H - - - - - - - - H H H A A . . . . . . CR SLA or DLA 

Overflow 
32 L - L L - - - - - H H H A CR SLA or DLA 

Positive 
33 L - - - L H - - - - - H H H A . CR SLA or DLA 

Negative 

Table 3.15 PLACR 
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3.15.1 COMMON LOGIC (FIGURE 3.15B) 

The Common Logic comprises the MIOP Scratch-Pad with its associated Addressing 
and Buffer Logic and the MIOP Sequensor, see Figure 3.15B. 

MIOP SCRATCH-PAD ADDRESSING 

The MIOP Scratch-Pad is addressed vi a SPAD 00-05 lines which contain a Scratch­
Pad address 0-49. There are 3 modes of operation selected by signals BRENCAD and 
BSYCPUEXN (see Table inset in Figure 3.15B); these are: 

- MMU Mode, here the MADMMU lines are selected which contain the address of the 
Segment Table sent from the CPU via MADS00-03. 

- IOP Mode, here a code from the Break Request lines addresses one of two 
control words. A third control word is addressed together with the second 
one. 
Load Scratch-Pad Mode, here the ALU lines are selected to load either the 
Control Words of the IOP, the Segment Table of the MMU or a Preset Address for 
SOPA. 

MIOP SCRATCH-PAD BUFFER LOGIC 

The Scratch-Pad Buffer (SPBUF) is a latch (type LS398) which inverts the data 
that appears at its inputs, after this Buffer the data path depends on the func­
tion IOP, MMU or SOPA. This Buffer also receives an input from the Bus D from 
the CPU for Load Scratch-Pad operations (SELR2=1). 

MIOP SCRATCH-PAD LOADING 

At the Scratch-Pad data inputs an ALU function receives the SPBUF lines which 
are then written onto SPALU 00-15 in true value to load the Scratch-Pad at a 
selected address. For MMU and SOPA Fu net ions the ALUs are used in Transparent 
Mode and it is only for IOP operation that the other inputs SPALUP2 (word or 
character operation) and SPALUPl {update word count) are used. 

MIOP SCRATCH-PAD 

The MIOP Scratch-Pad has a 64 word x 24-bit format but as can be seen from Fi gu­
re 3.15B the shaded areas are not used. The MIOP Scratch-Pad uses 4 components; 
2 x 82S09 (bits 00-15 + 2 Flag bits for IOP) and 2 x 3101A (extension bits 
EO-E7). For IOP 3 Control Words are contained at 2 addresses for each Break 
Level. For MMU the Segment Table is written in a 16-bit x 16 word format. The 
reason for writing the Preset Address into the Scratch-Pad {SOPA) is to facili­
tate the reading back of the Preset.Address with Control Panel Key (RPA). 

MIOP SEQUENSOR 

The MIOP Sequensor is primarily used to control the sequence of IOP transfers 
and the IOP Function uses the Sequensor from Count 1 to Count 8. The MMU does 
use the Sequensor from Count 1 up to Count 2 which serves as a delay during the 
MMU Transl ate eye le but at Count 3 the Sequensor is blocked. A summary of 
Sequensor operations is given in Table 3.16. 

8208 P857EB 3-83 



w 
I 

00 
~ 

-0 
00 
(J1 
........ 
rn 
OJ 

00 
w 
0 
00 

"'Tl ....... 
lO 
c: 
-.; 
CD 

w 
I-' 
(J1 

OJ 

('") 

0 ::s: ::s: 
0 
:z 
r 
0 
Ci) 
....... 
('") 

Vl 
('") 
;;o 
):> 
--l 
('") 

:::r: 
-0 
):> 
0 

):> 
0 
0 
;;o 
rn 
Vl 
Vl ....... 
:z 
Ci) 

"' :::> '? 
0 

' ::i:,., !;;! 0 ::i:' 3 ~o "' a: 
<( :E ., 

BRENCAD 
Sl ADDRESS 

E BSVCPUEXN so SELECTORS 

/ 
SELECT INPUTS 

in ... 
~ 
?; 

"' z 
in 
Ill 

"' a: 
0 
0 
<( 

0 
;t 
' :i:: 

u 

~ 
~ 
0 

' 0 
0 
0 
;t 
Ill 

EXTENSION BITS 0-7 

FROM Z SCRATCH 

PADS TYPE 3101 A 

SPBUFCL 

SELSP8 

OV(PERMANENTLV ENABLED) 

ALU 
(LS283) 

.... 
0 

"' 3 
;t 
Ill 

OV 

"' ---..... ;;( 
0 

.... 
:::> ., 
Q. 
Ill 

ALU 
(LSZ83) 

'!! 
0 
0 

3 
;t 
Ill 

SPALUP2 

ov 
SPALUPl 

SPAC04 

SELR2 

z 
>< 

0 "' <( ::J 
u Q. z u 

MODE "' > SPADO SPADl SPAD2 SPAD3 SPAD4 a: Ill ., ., 
MMU 0 0 5V OV 

MADMMUO MADMMUl MADMMUZ 
(MADSOO) (MADSOl) (MADS02) 

LOAD 
SCRAlCH PAD 

0 ALU10 ALU11 ALU12 ALU13 ALU14 

NOT 
0 

SIGNIFICANT 

IOP ov BRENCO BRENCI BRENC2 BRENC3 

ALU'S USED IN TRANSPARENT MODE (EXCEPT FOR IOP) IF ALUCIN = 1 

SPALUP 2- LEAST SIGNIFICANT BIT OF ALU.= 1 TO INDICATE 

WORD MODE 0 TO INDICATE CHARACTER MODE 

SPAD5 

MADMMU3 
(MADS03) 

ALU15 

cwz 

0123456701 2 3 4 5 6 9 10 11 12 13 14 15 
IOP { 

FUNCTION 
ONLY SPALUPl - THE• l CARRY INPUT TO THE LEAST SIGNIFICANT 

ALU. TO UPDATE THE WORD COUNT 

"' ' "' 0 

WERl 

WER2 

WERl 

PAL 
a: 
0 

a: .... 
<( 

0 u 
a: i5 a: 

~ "' 
"' '.':; 

"' z ;t 0 

COMPLEMENT OF -ili 

ENABLE 

SPBUFCLN 
(READ/WRITE) 

BITS EXTENSION BITS 
00-15 E0-7 

MODE 82S09 3101A 

DISABLED:! SPEN:l 

ENABLED :0 PERMANENTLY SPEN:O 

READ= 1 SPBUFCLN= 1 SPBUFCLN= I 

WRITE=O SPBUFCLN:O SPBUFCLN:O 

SCRATCH PADS CONNECTED IN A 64 WORD X 24-BIT FORMAT 

(PLUS 2 FLAG BITS FOR IOP OPERATION) 

'--+-------.... SPFLAGN (FOR !OP) INDICATES WER3 IF ACTIVE (LOW) 

.__ _____ __, .. SPEORN !FOR IOP)INDICATES AND OF RANGE IFACTIVE(LOW) INPUT !,!! '; 
' g 
8 ~ 

-----------BITS 00-15 FROM 2 
SCRATCH- PADS TYPE 82S09 

LS398 SPBUF LS398 

"' d -COMPLEMENT OF-~ 
~ INPUT ~ 
ill i 
Q. Q. 
Ill Ill 

D-BUS 

03776 

SPBUFCL(LOAD ON LEADING POSITIVE- GOING EDGE) 

:0 SELECT D BUS INPUTS (WRITE SCRATCH PAD) 
_.S~E_L_S_P_lS _____ _, :1 SELECT SCRATCH PAD INPUTS(READ SCRATCH PAD) 

NOTE: SCRATCH PAD EXTENTION LOGIC E0-7, SEE MIOP/E 

SCRATCH PAD LOGIC 00_15,SEE MIOP/C 

J 



Input Output Summary of Sequensor operation (see CP7R/A) 
Signal Pin Signal Pin !OP MMU 

SEQlD 3 SEQ! 2 After a Break Request is de- The Sequensor is started 
coded (BRENCADN=O) and if the (SEQlD=l) when the CPU in­
CPU is not busy with the Bus dicates that a Translate 
the Sequensor is started in cycle is required 

SEQ! 4 

SEQ3D 7 

anticipation (SEQlD = 1). (BSYEXDLN=O) and the !OP 
is not Busy with the Bus. 

SEQ2 5 SEQ! enables SEQ2 at the next SEQ! enables SEQ2 at the 

SEQ3 6 

OSC90A next OSC90A clock. 

SEQ2. BRENCAD enables 
SEQ2IOP to set SEQ30 high 
abling SEQ3 at the next 
OSC90A clock. Note that 
SEQ3 must wait here until 
is ready. 

SEQ2 enables the Scratch­
Pad to be written. Only 
the M bit (Modified) can 
be written (SELSP16=1). 
The sequensor stops here. 

This is the end of the 
en- Translate cycle so SEQ3D 

is blocked by BSYCPUNB=O. 

!OP 

SEQ40 8 SEQ4 9 Here the Sequensor must Wait until the Bus is given to 
the !OP. OSC90A from the CPU synchronises BSYIOP 
enabling BSYIOPSN to enable SEQ4D. 

SEQ5D 
SEQ5 

SEQ6 
SEQ? 

8208 

13 SEQ5 
14 SEQ6 

17 SEQ? 
18 SEQ8 

Before the SEQ5 Count is enabled the first exchange 
takes place (OTR or INR). 

12 TSMIOP enables SEQ5D. The sequensor waits here until the 
15 first of the two exchanges is finished. Also the BIO 

buffer is clocked and Timing Master to Slave is reset 
(TMRN or TMPN). 

16) Second Exchange is started and the content of the BIO 
19) buffer is enabled to the BUS, controlled by SELMEM, 

TSM2. MSN is reset and when this exchange is finished, 
also BSYIOP is reset. 
During the CU-IOP exchange the Control Unit will reset 
its BREAK request. 

Table 3.16 MIOP SEQUENSOR 
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3.16 IOP OPERATION (FIGURE 3.16) 

The principles of IOP operation are given in par. 3.16.2. The operation may be ~ 
considered in four parts: 

- Prepare the Exchange (WER) 
- Control Unit sends Break 
- !OP requests the Bus 
- Exchange. 

3.16.l PREPARE THE EXCHANGE 

To prepare for the exchange the parameters must be loaded into the Scratch-Pad 
with instruction WERl, WER2 and WER3. The loading of these instructions is under 
Microprogram control (see Figure 3.16A) and the data path is shown in Figure 
3.15B and 3.18A. 

WERl 

WERl contains the parameters: length, character or word operation, input or out­
put exchange and the bits MADE6, MADE?, (see chapter 2.4.2). Bit 15 of the WER 
is tested and if 11 0 11 the Microprogram executes the WERl part of the routine. 
SPFLAG is reset to 0 and word 1 is loaded. The Scratch Pad Extension (SPE) is 
loaded with address bits MADE6, 7. 

WER2 

WER2 contains, the address. Bit 15 of the WER is tested and if 11 111 the 
microprogram goes to the WER2/3 part of the Routine. As this is the WER2, 
(SPFLAG = 0, here the address is loaded into the Scratch-Pad and the SPFLAG is 
set to 11 111 (the address is loaded via the D lines). If no WER3 is programmed 
then the content of the Scratch-Pad remains as it is now. 

WER3 

Here Bit 15 is tested ( =l) and then SPF LAG is tested ( =1) so the Microprogram ~ 
1 oads the most s i gni fi cant bi ts of the address from the D 1 i nes into the 
Scratch-Pad Extension (types 3101A). First CW2 is read so that the value of 
SPF LAG is known and then 1 oaded back into the same address in Scratch-Pad. 
SPFLAGN is written onto FLAGCW3N in true value and FLAGCW3N (MIOP/E} is a test 
input for the CPU Microprogram Controller. In this way the Microprogram recogni-
ses either a WER2 or WER3 routine. At this point the MIOP Scratch-Pad contains 
the exchange parameters and so the exchange may now be started. 
The previously loaded bits MADE6 and MADE? are overwritten in the Scratch-Pad 
Extension. 
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3.16.2 IOP OPERATION 

The CPU is responsible for the initiation of the C.U. with a CIO Start. This CIO 
switches the C.U. from Inactvie to the Exchange state (for OTR) or to Execute 
{for an INR). For purposes of this example consider an CIO Start Output is 
executed so that the C.U. switches to Exchange and raises a request (for this 
example BRlON, see MIOP/A). Once the Break is active the MIOP requests the Bus 
and starts the IOP Sequensor. This Sequensor is responsible for the control of 
the Exchange. 

8208 
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3.16.3 CONTROL UNIT SENDS BREAK 

The Break Control Logic receives the Break Requests from the Control Units in ~ 
two groups. IOPA (BROON-BR07N) and IOPB (BR08N-15N) are latched in F/Fs type 
LS373 and then encoded in encoders type LS348. If a Break occurs in the group 
IOPA then signal BREN inhibits the encoding of IOPB. For this example consider 
that there is a Break BRlON. In this case the outputs are as follows: 

- BRENCO = 1 
- BRGSlN = 0 
- BRENC0-3 
- BUSRQE = 1 

(input to the OKOA logic) 
(input to the OKOB logic) 
(4-bit code representing the BRlON level) 
(input to the Bus Request logic). 

At this point an exchange is requested so the responsibility to continue is with 
the IOP Bus Request Logic. 

3.16.4 IOP REQUESTS THE BUS (MIOP/F, MIOP/G) 

The Bus Request Logic is already explained in par. 3.10. At the same time that 
the Bus Request is made (BUSRN) the IOP Sequensor is started (BRENCADN). ~ 

3.16.5 EXCHANGE CONTROL 

The exchange is under control of the MIOP Sequensor. A summary of the events is 
given in Table 3.16 and the timing for the INRs and OTRs in Figures 3.16B and C. 
For purposes of this description operation is described as follows: 

- Start Sequensor 
- Execute OTR or INR 

START SEQUENSOR (CP7R/A) 

The Sequensor is started in anticipation of the Bus being given to the IOP. 
Then BRENCADN may initiate the IOP Sequensor cycle. The Sequensor counts up to 
SEQ3 and waits here for the IOP to take the Bus. When the IOP has the Bus the 1"' 
Sequensor is incremented to SEQ4. 7 

EXECUTE OTR OR INR (Figures 3.16B and C) 

The operation of the Sequensor now depends on whether an OTR or INR is to be 
executed. Two exchanges must be controlled which differ for OTR or INR. 
INR - CU to IOP and IOP to MEMORY 
OTR - MEMORY to IOP and IOP to CU. 

Bit 01 of Control Word 1 is used to control a multiplexer LS157 (MIOP/F) via 
signal WRIOP. In this way the correct order of the exchanges is followed during 
the sequensor operation. 
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3.17 MEMORY MANAGEMENT UNIT (FIGURE 3.17) 

f!""" The Memory Management Unit (MMU) enables the P857E to address up to 8M words by 
extending the addressing capability to 24 bits. The principle of operation and 
formats is given in Chapter II. For purposes of this description the MMU 
Function is described in 5 parts: 

- Loading Segment Table 
- Translation Cycle 
- Modified Page 
- Page Fault Detection 
- Successful Memory Access 

3.17.1 LOADING SEGMENT TABLE (FIGURE 3.17A) 

The loading of a Segment Table is achieved with instruction TL which is executed 
in System Mode. The Segment Table comprises 16 words which are loaded under the 
control of the CPU Micro-Program (see Figure 3.17A) into the MMU Scratch-Pad. At 
this point the MMU Function is loaded and ready to be used when the CPU changes 
to User Mode. 

3.17.2 TRANSLATION CYCLE (FIGURE 3.17B) 

The start of a Translation cycle is indicated by signal BSYCPUEXN = 0 from the 
CPU and the end of this cycle is indicated by signal OKMMU = 1 from the MMU. For 
purposes of this description the Translation Cycle is described in 3 parts: 

- CPU loads MADS 
- MMU reads the Scratch-Pad 
- Address Memory 

At this point the Segment Table was already loaded into the Scratch-Pad. 

CPU LOADS MADS 

The system is in User Mode and an address is loaded from CPU (via MADS00-03) 
to the MMU. This address (MADS00-03) is written onto the MADMMU 1 ines and then 
onto SPAD0-5 to address one of the 16 words in the MMU Table. 

MMU READS THE SCRATCH-PAD 

The MIOP Sequensor is started BSYEXDLN = 0 and the Scratch-Pad is addressed (via 
SPAD0-5). The MIOP Sequensor counts up to SEQ2 and is then inhibited by signal 
BRENCAD = 0. Before SEQ2 time the Scratch-Pad is read and the content written 
already onto the MAD00-03, MADE 0 to 7 lines. 
The Scratch pad is rewritten during SEQ2 (SPCLN = O). 

ADDRESS MEMORY 

The MMU has written a 12-bit value (PAL and PAM) onto the MAD lines. At the 
beginning of BSYEXDLN = O s i gna 1 OKMMU started the sequence to generate TMRN. 
CPU has the Bus and signal BSYCPUN = 0 enables the CPU to write a 12-bit value 
(displacement) onto the MAD lines. 
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3.17.3 MODIFIED PAGE (MIOP/C, MIOP/G) 

When a page is modified signal MODIFA writes into bit SP08. During the trans- ~ 
lation request BSYCPUEXN = 0 and signal WRITE = 1 (WRITEMN = 0) so if there is 
no Page Fault (PAFT = O) then the modified bit is set in that page. 
This is done during SEQ2 when the content of SPBUF is written into the scratch 
pad (SPCLN=O). 

3.17.4 PAGE FAULT DETECTION 

A page fault occurs when the program tries to access a protected page. A page 
fault may occur when any of the following conditions exist (system in Usermode 
FUN= 0): 

- A Write operation is attempted on a Read Only Page (SP07N = 0 ored with 
WRITEMN = 0). 

- The access of a Protected Page (SP06N = 0). 

If any of these conditions exist, then at time SEQ2 and BSYEXDL the Page Fault 
F/Fs activate the PAFN and PAFTN signals which have the following functions: ·~ 

- PAFTN indicates to the CPU Micro-Program Sequensor (2910) that a page fault 
has occured and the CPU executes the PAF Micro-Routine. 

- PAFN indicates to the CPU Sequensor that an attempt has been made to access 
the memory, as this access was unsuccessful. PAFN restarts the CPU Sequensor 
which is in a WAIT cycle. 

3.17.5 SUCCESSFUL MEMORY ACCESS 

When the memory is accessed and there is no page fault (PAFD = 0) signal OKMMU 
is enabled to indicate to the CPU that the MIOP has loaded the MAD Register. 
OKMMU starts the process of sending the TMRN signal. A delay of 180nS is intro­
duced and so the delayed BSYDL signal ensures that the MAD lines are stable 
before enabling TMRN. OKMMUN stays active until it is reset by the signal 
PAFZON =O. 

3.18 STOP ON PRESET ADDRESS (FIGURE 3.18) 

The principal of the Stop On Preset Address (SOPA) function is already described 
in Chapter II. For purposes of this description SOPA operation is described in 4 
parts: 

- Load PRAD and Sratch-Pad 
- Reset Preset Address 
- Compare Operation 
- Read Preset Address 
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3.18.1 LOAD PRAO ANO SCRATCH-PAO {FIGURE 3.18A) 

The Preset Address is loaded for either Preset Access-Read and Write (PACC ~ 
Micro-Routine) or for Preset Access-Write Only (PWR Micro-routine). The only 
significant difference between these routines is in the value of ALU04 which is 
used to indicate PACC or PWR. The Scratch-Pad address of decimal 48 is a 
constant from the Micro-Program NAO lines. The Load Scratch-Pad Routine is 
responsible for the loading of the Scratch-Pad Buffer (SPBUF) and then the 
simultaneous loading of the Scratch-Pad and PRAO. Two words are loaded; the 15 
least significant bits into address 48 and the 4 most significant bits into 
address 49. The data paths and significant signals are shown in Figure 3.18A). 

The Preset Address was stored in the 2932 stack during the microprogram routine 
PUP. Before loading into the Scratch-Pad can be executed the value from the 2932 
stack is routed via the 2901 and inverted, stored in PC (2932) and routed to the 
0-bus again. The scratch pad is addressed via ALU-bus from register Q (2901). 

3.18.2 RESET PRESET ADDRESS 

This is a Micro-Routine comprising one Micro-instruction called POFF (Preset ~ 
OFF). When the Preset Off function is selected at the Control Panel the POFF 
Routine enables signal GPRESETN = 0 to activate signal PRADZON (when WRITEMN -
APMN) conditions exist). PRADZON resets the PRAO Register to 0 (see Figure 
MIOP/B). In this way also PRESETE is reset to disable the compare logic. 

3.18.3 COMPARE OPERATION {FIGURE 3.18B) 

The PRAD and Scratch-Pad are loaded with a Preset Address and when one of the 3 
conditions take· place signal PREVAL = 1 to enable a comparison to be made 
between the PRAO and MAO lines. These 3 conditions are: 

- Memory Access-Read and Write (Memory Write) 
- Memory Access-Read and Write (Memory Read) 
- Preset Write Only (Memory Write) 

Signal PREVAL = 0 to inhibit a comparison between the PRAD and MAO lines when 
one of 2 conditions exist. These 2 conditions are: '~ 

- PRESETE = 0 indicates that there is not a Preset Address loaded into the 
PRAD Register. 

- Preset Write Only (Memory Read) 

The PREVAL Truth Table in Figure 3.18B shows the logic levels of these 5 condi­
tions. 

3.18.4 READ PRESET ADDRESS (FIGURE 3.18C) 

The Function Read Preset Address (RPA) is controlled by a Micro-Routine of the 
same name. The responsibility of this routine is to address the Scratch-Pad and 
read the content into SPBUF and then assemble the 20 bits into 2901 Registers AO 
and Q. Once the 20 bits are ready routine SENOADR is responsible for sending 
this address to the Control Panel. The data paths and significant signals are 
shown in Figure 3.18C. 
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3.19 MICROROUTINES DESCRIPTION 

(i"1"' This section describes in detai 1 some parts of the microprogram routines and 
subroutines. This should enable the user to follow other microprogram sequences 
using only the microprogram flow charts. 

3.19.1 ROUTINE DESCRIPTIONS 

INITIATE P857 SYSTEM 

At switch-on the Microprogram Counter (MPC) is reset to /000 which is the 
address from which the Initiate sequence begins. This is done by the instruction 
JZ which was forced on the ROMF bits: 10, 11, 12, 13 (ROMADI O - 3). 

ROUTINE RSL (MICROROUTINE Figure lb) 

Address /000 
2901 Not significant 
2932 Reset 
2910 The microprogram field (MPF) bits 10-13 indicate /3 which is a conditio­

nal jump to pipeline (CJP) and so the next microprogram address is taken 
from NAO bits 44-55 which specify address /687. 

Address /687 Load Constant in Reg Q 
2901 Load Constant in Register Q which has the value /CE and is the Mode 

Instruction for 8251 (Control Panel). The details of the Mode 
Instruction are given in par. 3.7. The data path for the constant (/CE) 
is shown in Figure 3.30/A. The Select D Field is /001 enabling signal 
SELCONSTN to allow the input of the emitters onto the D Bus. Register Q 
is 1 oaded vi a ALU path so port R directly receives the first operand 
(content of D) and for the second operand S=O. The ALU result is R+S 
which in this example is /CE. The destination field of ALU is /000 (I6, 
I7, I8) specifying a Load Q (LDQ) so ALU writes into Q the value /CE. 

2932 Operation is not significant. MPF Bits 17-20 indicate Fetch PC+ci. MPF 
Bit 21 PCCIO=O indicates ci=O therefore PC+O=O. In this case we have the 
equivalent of a NO Operation (NOP). 

2910 MPF Bits 10-13, indicate a Continue (IE) operation. The MPC executes 
PC+l to PC so in this case the next address is /687+1=/688. 

Address /688 Load a constant into RCT 
2901 Not significant 
2932 Not significant (PCI=4, PCCI=O) 
2910 The RCT is going to be loaded with a count of 16. This value serves as a 

delay to respect the sending of the Mode and Command Instructions to the 
8251. The loading of RCT is by an LDCT (/C) operation. A CONT operation 
increments the PC to /688+1=/689. 

Address /689 Call Subroutine Send Command (Figure 3.30/B) 
2901 Not significant 
2932 Not significant 
2910 A Jump to Subroutine (CJS) Micro-inst is executed which causes a return 

address /68A to be saved in the Stack and a Branch Address is read from 
the NAO Field into the MPC. The MPC now contains /518 which is the next 
address. 
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SEND COMMAND 

The microprogram has now left the routine RSL to perform a subroutine called ~ 
Send Command. The purpose of this subroutine is to write the Mode Command to the 
8251 (Control Panel). 

Address /518 
2901 Not significant 
2932 Not significant 
2910 The NAO Field gives the next Address /OFE and 6 of these lines are also 

used as dedicated control lines as follows: 
NAO 10 = 1 CON 
NAO 09 = 1 WRN 
NAO 08 = 1 direction ALU/OT lines 
NAO 06 = 1 inhibit 8251 V24. 
NAO 05 = 1 enable 2901 1 s 
NAO 03 = O select 8251 Control Panel. 

When the NAO Field is read signal CDU goes high to indicate that a Command word 
is on the data lines. The Micro-inst indicates Cont so PC+l= /519. 

Address /519 Load Mode Instruction (Figure 3.30/C) ~ 
2932 Not significant 
2910 Signal CON is maintained for another 225nS by the constant /OFE and the 

8251 (Control Panel) is selected by SELHPN (CS is enabled by SEL8251. 
NAD03N). A Cont Micro-inst is executed and the MPC incremented by 1 to 
/51A. 

2901 Data is transferred from Reg Q to the ALU lines via ALU (ALUI=02). 

Address /51A The purpose of these operations is to control the transfer timing 
signals. Signal WRN is activated by NAO Field /OFA. 

2932 Not significant 
2901 Data is maintained on the ALU lines for the 8251 
2910 The Field NAO contains the function (/OFA) and NAD09 is reset for WRN=O 

and CS remains steady. The CPU cycle is 360nS; a Cont Micro-inst is 
executed to increment the MPC to /51B. 

Address /51B To end the Write operation by forcing signal WRN high. 
2932 Not significant 
2901 Data is maintained on the ALU lines 
2910 The NAO Field (/OFE) causes signal NAD09 to go high ending the write 

operation. The CPU cycle is 225nS; a Cont Micro-inst increments the MPC 
to /51C. 

Address /51C Remove data from the ALU lines and disable the 8251. 
2932 Not significant 
2901 Data is no longer maintained 
2910 Signal SEL8251 is inactive disabling the 8251 (Control Panel). CPU cycle 

is 225nS; a Cont Micro-inst increments the MPC to /510. 

Address /510 To introduce a delay of 17 x 360n8=6.8 micro seconds into the 
subroutine. 

2932 Not significant 
2901 Not significant 
2910 Between the sending of the Mode and Command instructions a delay must be 

introduced. This delay is achieved with Micro-inst RPCT (Repeat 
Counter). A value from the NAO lines (in this case 16) is loaded into 
the Counter at address /688. The execution of RPCT causes 16 + 1 = 17 

3-100 

CPU eye 1 es each with a duration of 360nS to be executed, giving the ~ 
delay of 6.8uS. A Cont increments the MPC to /51E. J 
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Address /51E To enable a return to routine RSL 
2932 Not significant 
2901 Not significant 
2910 At address /689 the return address /68A was saved in the Stack. Micro­

inst CRTN is executed which pops the stack enabling a return to the RSL 
routine. 

Address /68A To call a subroutine CLEAR. 
2932 Not significant 
2901 Not significant 
2910 A CJS is executed which causes a return address /68B/COd to be saved in 

the Stack. A Branch Address is read from the NAO Field (/678) and loaded 
into the MPC. 

Address /678 Subroutine CLEAR to enable signal CLEARN (Figure 3.7C/O). 
Signal GPBITH enables the CPU to take the Bus for consecutive 
cycles by setting the BSYH flip flop so that no other Masters may 
take the Bus before the generation of signal CLEARN. 
BSYN is set during the BUS request in the next word /6E4 and held 
by BSYH. 

2901 Not significant 
2932 Not significant 
2910 Micro-inst CJP takes the MPC to /6E3 

Address /6E3 Prepare Command for 8251 (Control Panel). 
2932 Micro-inst PSHP protects PC in the Stack otherwise it is lost in the 

operations that follow. PC is restored at address /6E8. 
2901 The constant /005 is loaded into Reg Q; as this is the Command that will 

be sent to the 8251 in the next Send Command Routine. Microprogram Bits 
24 and 25 have the value 11 specifying a LORM (Load Rl). Signal SELCONST 
enables the value 0 to be loaded from NAO 01, 02, 03, 04 to 005, 06, 07, 
08 (Rl Field). (When the Rl Field has a 0 value this means that Reg AO 
is the addressed register.) 

2910 Micro-inst Cont increments the MPC to /6E4. 

Address /6E4 To request the Bus. This Micro-inst obtains the Bus if the 
following conditions exist: 
Exchange Request is active, DE = 1 
No Bus Requests from the System Masters, BUSRN = 1 
No Bus allocations are being made, MSN = 1 
Bus is free, BSYN = 1, SPYC = 1, TRMN = 1 and TPMN = 1. 

At this address the conditions of the exchange are now specified: 
TMRENB, Signal TMRENB = 0 inhibits the sending of TMRN 
GFETCH, Signal GFETCHN = 0 to set SEQSYN = 0 to resynchronise the 
Sequensor. 

The CPU Sequensor is held in a WAIT cycle until the Sequensor is resynchronised. 
2932 Not significant . 
2901 At address /6E3 Reg AO was selected and now the value /BF is loaded (see 

Figure 3.30/0). This constant is used to initialise the PSW. 
2910 Micro-instruction Cont increments the MPC to /6E5. 

Address /6E5 Load Counter to enable CLEARN to be maintained for about 90uS. 
2932 Not significant 
2901 Not significant 
2910 Execute Micro-instruction RCTLO to load the constant /FO. This constant 

acts as a delay at the end of the subroutine Send Command to maintain 
the signal CLEARN low for a duration of 90uS. Micro-instruction Cont 
increments the MPC to /6E6. 
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Address /6E6 To initialise the PSW and call the subroutine Send Command (Figure 
3.30/E) 

2932 Not significant ~ 
2901 Initialise the PSW by activating the commands SELPSWN and ALUCIN. The 

CPU is in Enable Interrupt Mode and Bit FU=O. Signal ALUCIN resets sig-
nal PWF = 0 (Note that the bits in PSW8-15 are inverted). 

2910 In order to send the Command word (already loaded in Q at address /6E3) 
to the 8251 Control Panel the Send Command subroutine is called. A CJS 
is executed which causes a return address /6E7 to be saved in the Stack 
and a Branch Address is read from the NAO Field into the MPC. The MPC 
now contains /518 which is the start address of the subroutine Send 
Command. 

SEND COMMAND 

This subroutine is already described previously. The purpose of this paritcular 
Send Command is to reset the DTR F/F in the 8251 to set CLEARN low. CLEARN is 
set high during the next Send Command Routine. 

Address /518 Generate NAO Control Lines ~ 
Address /519 Load Command Instruction I 
Address /51A Write Operation. 
Address /51B End Write Operation 
Address /51C Remove Data and Disable 8251 
Address /510 To introduce a delay into the subroutine 
Address /51E To enable a return to routine CLEAR 

2910 At address /6E6 the return address /6E7 was saved in the Stack. Micro 
Instruction CRTN pops the Stack enabling a return to the CLEAR routine. 

Address /6E7 Load MAD Extension Lines wih zeroes. Prepare Command Q = /0007. 
Address /6E8 Restore P and load constant into RCT 

2932 Execute Micro-inst RTS to recover P which was stored in the stack at 
address /6E3. 

2901 Not significant 
2910 In pre pa ration for the Send Command routine the constant /10 is 1 oaded 

into the RCT by executing Micro-inst LDCT (Load Counter). Micro-inst 
Cont increments the MPC to address /6E9. 

Address /6E9 Call the Send Command Routine to force CLEARN high and load PLR. ~ 
2932 Not significant 
2901 The value 63 is loaded into the PLR. Q already contains /0007 and the 

inverse of this value on the ALU lines 0, 1, 2, 3, 4, 5 = 111111. 
This change is effected by signal GPLRLD. The CR has a value of /0 for 
the duration of CLEARN. 

2910 In order to send the Command Word (a 1 ready 1 oaded in Q at address /6E7) 
to the 8251 (FRCP) the Send Command subroutine is called. A CJS is exe­
cuted which causes a return address /6EA to be saved in the Stack and a 
Branch Address (/518) is written by NAO into the MPC. The MPC now con­
tains the start address of Send Command Routine. 
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SEND COMMAND 

~ This routine is already described. The purpose of this particular Send Command 
is to set the DTR F/F in the 8251 and set CLEARN high. 

Address /518 Generate NAO Control Lines 
Address /519 Load Command Instruction 
Address /51A Write Operation 
Address /518 End Write Operation 
Address /51C Remove Data and Disable 8251 
Address /51D Introduce a Delay 

Address /51E 
2910 At address /6E9 the return address /6EA was saved in the Stack. Micro­

inst CRTN pops the Stack, enabling a return to the CLEAR routine. 

Address /6EA The CPU Sequensor is in a WAIT cycle and an exchange request (DE) 
is active. This exchange is requested with GPBITH not active so 
the BSYN signal will be removed after this wait cycle because flip 
flop BSYH is reset now. The wait cycle is ended by resynchronisa­
tion of the sequensor with GFETCH active and TMRINH again. 

Address /6EB Load constant /FA into Q 

Address /6EC Jump to Routine SCV24 to send the Mode Instruction for the 8251-
V24. After the Mode Instruction is sent a return is made to the 
CLEAR Routine address /6ED (Mode is 2 stop bits, Parity Even, 7 
bits factor 16 x). 

Address /6ED Zero value for SCV24 command to Q register. 
Address /6EE SCV24 to reset the command buffer in the 8251-V24. 

After the Command is sent the Interface is now programmed so a return is made to 
the CLEAR Routine. 

Address /6EF The system was cleared, so a return is made to the RSL routine. 

Address /688 Load Q with Constant 
2901 A constant from the NAO Field "/100" is loaded into Reg Q. R2 field is 

zero. 
2932 Not significant 
2910 Micro-inst Cont increments the MPC to /68C. 

Address /68C Jump to routine WAIT (0.5ms). 
After 0.5ms a RTN is made to the RSL routine. 

Address /680 Decrement register Q. 
2932 Not significant. 
2901 Q register is decremented by one. (Q was loaded with /100 in word /688). 

If Q is zero than ALUZERO is true. 
2901 If ALUZERO is not true continue with word /68E. 

If ALUZERO is true execute the micro instruction CJP to go to the word 
/681. 

Address /68E Jump to /68C. 

8208 

The WAIT routine will be repeated 256 times. 
The total wait loop is thus 256 x 0.5ms = 128 msec. 
This routine was necessary as a delay before the read status operation 
in the routine STAT (Panel - u-Processor can initiate the panel first). 
Next address is /681 (MCL routine). 
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/681 Call Subroutines STAT (Status) 
Not s ifnif i cant 

Address 
2932 
2901 MPB 26 and 27 have the value 00 representing a R2Ml (R2-l) operation 

resulting in R2 = 15. 
2910 A CJS is executed; the return address /682 is saved in the Stack and a 

Branch Address is read from the NAO Field into the MPC. 

STAT 

This subroutine tests whether or not the Control Panel is in LOCK Mode. To en­
ble a subsequent Branch to subroutines Auto Restart, Bootstrap or VISU. 

Address /5C3 Initiate 8251 (Control Panel} Control Signals 
2901 Not significant 
2932 Not significant 
2910 The NAO Field {/OFE) specifies the state of the 8251 control signals 

(see par. 3.11). A Micro-inst Cont increments the MPC to /5C4. 

Address /5C4 Select 8251 (Panel) and disable 2901 
2901 Not significant 
2932 Not significant. 
2910 The NAO Field changes from /OFE to /QBE to disable 2901. 

Address /5C5 Read Status 
2901 Disabled. 
2910 The NAO Field changes from /DBE to /OB6 causing NAD08 to go low indicat­

ing a read operation. The 8251 status appears on the ALU lines. 
2932 Micro-inst PUSHD loads this status word into the Stack. 
ALUX Signal GPCHA is active to load the status into ALUX to enable the status 

bit at present in ALU08 to be written into 000. 

Address /5C6 End of Read Status 
2901 Disabled. 
2932 Not significant 
2910 The.NAO Field changes from /OB6 to /DBE causing NAD08 to go high and end 

the read cycle. 

Address /5C7 Return to Routine MCL, 8251 no longer selected. 
2901 The NAO Field changes from /QBE to /OFE (2901 enabled again). /llllili. .... 
2932 Not significant J 
2910 Micro-inst CRTN is executed to pop the return address (/682) which was 

saved in the Stack at address /681. 

Address /682 LOCK = 1 so go to either Auto Restart or Bootstrap, LOCK = 0 go to 
/683. 

Address /683 Load Q and select register AO. 
2932 Not significant 
2901 The NAO Lines have a value of /000. SELCONST selects this value to the 

D- bus. Function LDR2 loads /000 into R2 to select AO. Q Reg is loaded 
with /0000 (source= /0000}. 

2910 A Cont increments the MPC to /684. 

Address /684 Load AO and call subroutine SENDAD 
2932 Not significant 
2901 Operation LDRAYF enables a write in AO via port R2B. Source is /0000 

and this is written into AO. 
2910 A CJS is executed; the return address /685 is saved in the Stack and a """-

Branch Address is read from the NAO Field {/618). J 
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Routine SENOAO (Q and AO are already loaded so, to continue, a start is made at 
address /618.) 

Address /618 Load RCT 
2901 Not significant 
2932 Not significant 
2910 Operation LOCT indicates that the content of the NAO Field {/OOB) is to 

be loaded into the Counter. 

Address /619 
2932 Not significant 
2901 Operation SRRA (Shift Right A0:2 Port B) indicates that a shift right is 

made. 
2910 Operation RPCT enables the Counter to count down to 0 from 11 {/OOB). 

The operation in the 2901 is repeated 12 times in total in this way. 

Address /61A Call Routine WAIT 
2901 Not significant 
2932 Not significant 
2910 A CJS is executed; the return address /61B is saved in the Stack and the 

Branch Address {/6EO) is read from the NAO Field. 

ROUTINE WA IT 

To ensure that the Panel 8251 is ready this delay is introduced. 

Address /61B Prepare the loop to send 5 characters. 
2901 Not significant 
2932 Not significant 
2910 Operation PUSH is specified which loads the NAO Field {/004) into the 

Counter and pushes the next sequential address into the Stack {/61C). 

Address /61C Isolate and recopy 1 tetrad (Figure 3.30/I) 
2932 Not significant 
2901 Operation LORAYF isolates 1 tetrad in the register AO and rewrites it 

into AO via port R2B. The tetrad (F) is from the NAO Field. 
2910 Micro-inst Cont increments the MPC to /610. 

Address /610 Load one Character (Figure 3.30/J) 
2932 Not significant 
2901 Operation LORAYF isolates a second tetrad in the register AO. 

The second tetrad {/OBO) is from the NAO Field and is added to the first 
character via port R2B. The result is a character {/BX) in AO. 

2910 Micro-inst Cont increments the MPC to /61E. 

Address /61E Call Routine TSOC 
2932 Not significant 
2901 Not significant 
2910 A CJS is executed; the return address /61F is saved in the Stack and the 

Branch Address (5B6) is read from the NAO Field. 
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ROUTINE TSOC 

Send one character to Control Panel (In total 5 address characters will be sent) ~ 

Address /6DO to /6D4 Write a character and save Q into 2932 stack. 

Address /6D5 Load a Constant into Q to give a delay before reading status, then 
jump to subroutine WAITST. 

2901 Load constant /067 into Q from the NAD Field. This constant specifies th 

ROUTINE WAITST 

Loop /067 times using CPU cycle 360 + 225nS to give a delay of 60uS. 
Address /067 Reduce the value of Register Q by 1 (Q-1) and test for 000. When 

000 is true execute a CRTN to the TSOC Routine. 
2901 Reduce the value of Q by 1 
2910 Test ZERO and if the count is finished execute a CRTN to return to the 

main routine. If the count is not finished go to address /068. 
2932 Not significant 

Address /068 Count is not finished so go back to address /067. 
2901 Not significant 
2932 Not significant 
2910 Execute Micro-inst CJP and go to address /067. The value /067 is given 

by the NAD Field. 

RETURN TO ROUTINE TSOC {COUNT FINISHED) 

Address /6D6 Load constant 400 into ALUX (to test bit 13 at Address /6DC). 
Address /6D7 Enable NAD Control lines 
Address /6D8 Read the status 

2901 Disabled. 
2932 Not significant 
2910 The NAD Field constant /QBE activates the 8251 control signals to read 

the status. 

Address /6D9 Load status in the Stack of 2932 
2901 Disabled. 
2910 The NAD field continues to activate the 8251 control signals. 
2932 Execute Micro-inst PSHD to load the status into the Stack. 

Address /6DA 
2901 Disabled by NAD05 to give the high impedance state. 
2932 Not significant 
2910 The NAD Field constant /OFE deactivates the 8251 control signals. 

Address /6DB Transfer the Status from the 2932 to the 2901. 
2932/2901 The 2932 Stack is popped (Micro-inst POPS) and the status is ena­

bled onto the D lines (DE32). Register Q is loaded from the D lines with 
Micro-inst LDQ. 

2910 The NAD Field constant /OFE disables the 8251 control signals, and ena­
bles the 2901 (NAD05). 

Address /6DC Test status bit 13, Transmitter Empty (TxEmpty) 
2932 Not significant 
2901/2910 If bit 13 = 0 then a CJP is made to address /6D7. When bit 13 is 1 

3-106 

then ALU output ALUZERO not active, the test is not passed (TESTN not ~ 
active) and Micro-inst CJP enables the 2910 to continue to /6DD. J 
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Address /600 Restore Register Q 
2932/2901 The 2932 Stack is popped and the Q value written onto the D lines 

(DE32). The 2901 Register Q is loaded from the D lines with Micro-inst 
LDQ. Q register is now restored (see also word /604). 

2910 The NAO Field disables the 8251 control signals and enables the 2901. 
Micro-inst CRTN enables a return to the main routine SENDAD. 

ROUTINE SENDAD 

The character is sent, so now the next character is isolated from Register AO. 
This principle is shown in the Flowchart of Figure 3.llF. 
After 5 characters a return is made to MCL routine. 

Address /685 Load /004 into Q 
2901 The NAO Field has a value of /004 and Micro-inst LDQ is active to load 

this value into Register Q. 
2932 Not significant 

Address /686 Put the value of PC into Q 
2932 The value of PC is fetched (FPC) and written onto the D lines (DE32). 
2901 Operations DMQMl and CARIN (defined in the control field bits 0-9) ena­

ble operation Q-4 (/000 - /004) giving a value of /FFFC. This new value 
is loaded into Q (LDQ). 

2910 A CJP Micro-inst is executed enabling jump to the VISU Routine. 

ROUTINE VISU (/602, /603) 

Here the subroutine SEND DATA TO PANEL is executed the data is displayed and 
then the CPU stays in the Idle routine until an event occurs. The Idle Loop is 
shown in the Simplified Micro-instruction Chart at the beginning of the Micro 
Charts. The value /604 is inverted and loaded into R and Q. 

Address /604 Take the next Micro-instruction address from PLAMAP. 
2901 Normally the R2 Field of the Macro-instruction (bits 11-14) are reset 

however, in this case (starting-up) it is not significant. 
2932 Not significant 
2910 Signal PLAMAPN from the 2910 enables PLAMAP which gives the next address 

vi a the NAO 1 i nes. In this case the address given by PLAMAP on the NAO 
lines is as follows: 

NAO 0 1 2 3 4 5 6 7 8 9 10 11 
Address (380) 0 0 1 1 1 0 0 0 1 1 0 1 
This is the address of Interrupt (INT) or Idle; in this case it is Idle. 

Address /380 
2901 Not significant 
2932 Not significant 
2910 Si gna 1 IR UNA is tested and the result TESTN indicates whether an inter­

rupt is active or not. In this case there is no interrupt so the Micro­
program goes to address /38E. 

Address /38E Check the Flag which was set at address /603 during the routine 
VISU. 

2932/2901 The Flag which was set in the Register R is written onto the D 
Lines with Micro-inst FR and DE32. At the ALU output the Flag is tested 
by condition D equal to Q (ALUZERO). 

2910 After testing ALUZERO which = 1 in this case the next address is 
accessed with a CJP. 

8208 P857EB 3-107 



Address /5F2 
2901 Compare contents of register Q with value /604. ~.· 
2932 Not significant. _, 
2910 If ALUZERO go to address /604 because it is not necessary to execute 

subroutine SD and SENDAD again. 

Address/604 
2901 Not significant 
2932 Not significant 
2910 Signal PLAMAPN from the 2910 enables PLAMAP via the NAO lines. In this 

case the address given by PLAMAP is /380. These 4 addresses form the 
Idle Loop and the Micro program continues in this loop until an event 
occurs. 

3.19.2 FLOWCHARTS 

The flowcharts represent the microprogram known as "COSYN - P857R Remake (CP7A) 
- Index lB - (PROM 0 thr. 6 I 12 NC: 641.1 thr. 647.1) d.d. 08.10.81 11 • 

Terms employed in the following flowcharts are: 

IX A hex number which is a constant. 
(Rl) A number between ( ) indicates the register contents addressed; Al 

for example. 
BIO~ DI BIO content is loaded into the Data Input Buffer. 

23 Off page connector referring to figure 3.19.23. 

Not a 11 routines and subroutines are represented by a flowchart. On the next 
page a listing is made of included and not included routines. 
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FIGURE NUMBER NUMBER OF ROUTINE(S) INCL. NOT INCL. 

3.19.la IDLE LOOP x 

3.19.lb RSL, MCL, STAT, VISU x 

3.19.2 CLEAR, AUTO RESTART x 

3.19.3 DECOPUP x 

3.19.4 RR, LA, MLM2 x 

3.19.5 RMl, RM2, LMl, USEZO x 
USERET 

3.19.6 INST, RUN, CPINT, LR x 
RST, PREAL 

3.19.7 PRCC, LDSP, PWR, POFF, x 
RPA 

3.19.8 PANEL IPL, PRESET x 

3.19.9 PUPITRE, PUP x 

3.19.10 MICRODIAGNOSTICS, x 
(TEST K, PLAVEC, PLACR, 
CR, DI/DO AND BUS LINES, 
ERRl) 

3.19.11 MICRODIAGNOSTIC (TEST DI/DO x 
AND BUS LINES, TEST MEMORY 

3.19.12 MICRODIAGNOSTIC (TEST V24, x 
TRAPOK, TRAPER, COMRZO, END) 

3.19.13 MICRODIAGNOSTICS (TEST MIOP) x 

3.19.14 MICRODIAGNOSTIC (TEST MIOP - cntd) x 

3.19.15 INTERRUPT, PAF, SAVE, INHSAVE x 

3.19.16 CALLM, TRAPMAP, TRAPS PLAMAP AND x 
PLAVEC 

3.19.17 TRAPVEC, TRAPS, DSET x 

3.19.18 SENDAD, TSOC, WAIT x 

3.19.19 SD, TROC, ROC, WAITST x 

3.19.20 SEND COMMAND TO 8251 x 

3.19.21 VISUAD, VISUL, RUN IR x 

3.19.22 SDV24, SCV24 x 

3.19.23 FETCH, ECLAT, PAFTCH, PAFW2, x 
REZ (CR) 
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FIGURE NUMBER NAME OF ROUTINE(S) INCL. NOT INCL. 

3.19.24a ADDRESSING ROUTINES RT2 THR. 7 x 

3.19.24b ADDRESSING ROUTINES RT2A THR. 7A x 

3.19.25 ADDRESSING ROUTINES RT3S THR. 7S x 

3.19.26 OPCODE 0: LDPR, LDPRP, LOR, STR, x 
STPR 

3.19.27 OPCODE 0: LOK, LOR, LDKP, LO, LOP, x 
ST, STP 

3.19. 28 OPCODE 1: AB, ABR, ABPR, ABL x 

3.19.29 OPCODE 2: ADK, ADR, ADKP, ADQRP, x 
ADPR, AD, ADP. ADS, IM 

3.19. 30 OPCODE 3: SUK, SUR, SUPR, SUPRP, x 
NGR, NGPR, SURP, SUXP 

3.19.31 OPCODE 3: SU, SUP, SUS, C2 x 

3.19.32 OPCODE 4: ANK, ANPR, ANR, TMR, 
TMPR, AN, ANS, CM x 

3.19.33 OPCODE 4: HLT, INH, RIT x 

3.19.34 OPCODE 5: ORK, ORPR, ORR, LKM, ENB, x 
OR, ORS 

3.19.35 OPCODE 6: XRK, XRPR, XRR, XR, XRS, x 
TNM, TNMP 

3.19.36 OPCODE 7: SLL, SRL, STRC, SRA x 

3 .19. 37 OPCODE 7: DRN, SRN, DLA x 
3.19.38 OPCODE 7: DLL, DLC, DRL, DRC, DRA x 

3.19.39 OPCODE 7: SLA, SLN, SLC x 
3.19.40 OPCODE 7: MS, DLN x 
3.19.41 OPCODE 7: MLR, MLK x 
3.19.42 OPCODE 7: ML x 
3.19.43a OPCODE 7: TL, TS x 
3.19.43b OPCODE 7: MSR (refer to fig. 3.19.16) x 
3.19.44 OPCODE 8: FO, FOS, FLD, FST, x 
3.19.45 OPCODE 8: CIO/OTR x 
3.19.46 OPCODE 8: V24 STATES x 
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FIGURE NUMBER NAME OF ROUTINE(S) INCL. NOT INCL. 

3.19.47 OPCODE 8 : CIO HALT V24, RSTV24, x 
SSTFLO, RAD 

3.19.48 OPCODE 8 : 0TR-V24 x 
3.19.49 OPCODE 8 : CIO/OTR EXTERNAL DEVICE x 

INR/SST, TST EXTERNAL 
DEVICE 

3.19.50 OPCODE 8 : MUR, MUPR, MU x 
3.19.51 OPCODE 8 : TSB, TSBR x 
3.19.52 OPCODE 9 : FFL, FFX x 
3.19.53 OPCODE 9 : INR, SST, TST ( V24), x 

INRV24, ECHO 

3.19.54 OPCODE 9 : SSTV24 x 
3.19.55 OPCODE 9 : DIVIDE x 
3.19.56 OPCODE 9 : TRB, TRBR x 

OPCODE 10: TB, TBR, EL, ES x 
3.19.57 OPCODE 10: RF x 

OPCODE 11: RB x 
3.19. 58 OPCODE 10: DAR, OAK, DAPR, DA x 
3.19.59 OPCODE 11: DSPP, DSR, OS, OSK x 
3.19.60 OPCODE 12: SC, LC, ECFR, ECR, LCK x 
3.19.61 OPCODE 13: cos x 
3.19.62 OPCODE 13: MOA, COA x 
3.19.63 OPCODE 13: MOS, SITRT, FLAG x 
3.19.64 OPCODE 13: CC, CCK, CWP, CWPRP, x 

CWP, CWPR 

3.19.65 OPCODE 14: WER x 

3.19.66 OPCODE 14: WER (CONT'D) x 
3.19.67 OPCODE 14: MVF, MVSU, SUBQR2Z x 

3.19.68 OPCODE 14: EXR, EX, LOA, LDPA x 
3.19.69 OPCODE 14: CF, CFI, CFR, CFPR x 

3.19.70 OPCODE 14: RTN, (Al-Al5) x 

3.19.71 OPCODE 15: ClR, ClPR, Cl, ClS, ClPS 
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FIGURE NUMBER NAME OF ROUTINE(S) INCL. NOT INCL. 

3.19.72 OPCODE 15: RER x 

3.19.73 OPCODE 15: MVB x 
I 

3.19.74 OPCODE 15: MVUS x 

. 
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/012 
POWER ON 

y 

VISU 
23 PAFTCH 

/OA3 
/604 2910 JMAP 

/013 

MAP PLAMAP 

~ /5F2 CONTROL PANEL NORMAL 
/380 /JCO FUNCTION EXECUTION 

y 
INTERRUPT 
/640 

/SF3 2910 JUMP /38F /38E 

/38F 

/62A 

5811 

Figure 3.19.la IDLE LOOP 
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MOOE 
INSTRUCTION 

RSL 
!RESET! 

SWITCH ON 

1000 2932 RESET 
2910 CJP 

/687 2901 "/CE"- 0. 
GPRESET RESET S.O.P.A.(MIOP) 

/688 2910 "/10"-RCT, LOO 

/689 2910 CJS 

/68A 

CL 

/68B 2901 "/100"-0., LOR2(0) R2=0 

/68( 

/680 

/68E 

/536 

MCL ~ 
!MASTER CLEAR) 

LOR2 
/537 2932 POPS 

2910 CJP 

/680 

/681 

R2=0 

R2=15 

,..---..,,..J..---, R2:14 
R2M1 

/682 2901 Q_. Y-ALUX 
2910 CJP !SELECT ALUX) 

LOCK (CONTROL PANEL "LOCK" 

/5F4 

/5F5 

/120 

LOCK Y 

2901 O-Y-ALUX TEST 
SELIPL EXTERNAL 

ALUX-O 
2901 D-Y 
2901 CJP 

N BATTERY ON 

BOOT 
/584 

AUTO 
RESTART 
/51'6 

N NOT SELECTED 

O---R2 
/683 2901 o-o. 

/684 

/685 2901 "/4"-0: 

2932 FETCH PC- 0 
/686 2901 0-0.-0. 

2910 CJP 

J 

VISU 
/602 

ALUCIN 

21 

VISU 

7 

/602 

1603 2932 I 

/604 

/5(3 
/5(4 

/5(5 

/5(6 

/5(7 

2901 1604- R,O. 

SEL8251 
NAO=/OOE ICSN=O) 

2932 ST AT - ALUX, PUCSO 
SEL8251 
NA0=/0B6 ICSN=O, RON:O) 
SEL8251 
NAO=/OBE ICSN=Ol 

2910 CRTN 
NAO=/OFE 

J 



CLEAR 
/678 GPBITH 

2910 CJP 
GPBITH 

/6E3 2901 "/5"- U 
2932 PSHP, PC-STACK 

LDR110l 

} 

GPBITH ACTIVE 
TO PREVENT 
ANOTHER MASTER 
FROM TAKING 
THE BUS 

R1=0 
/6E4 

/6E5 

/6E6 

COMMAND 
INSTRUCTION 

DE, WAIT TMRINH, 
GFETCH, TMRENBN 
2901 "/4ii-AO TAKE BUS 
GFETCH, TMRINH 
2910 "FO"- RCT 
ALUCIN SELPSW GFLD 
2901 AO--Y 
2910 CJS 

2901 "/7"-U 

ENB=1 
PWF=O 

CLEARN=O 

/6E7 2932 JMPD 
GPMAD "O"---MAD EXTENSION 

/6E8 2910 "/10" -RCT 
2932 RTS-PC 

/6E9 : SELPSW , GPLRLD 
2901 0::-Y 

COMMAND 
INSTRUCTION 

/6EA 

/6EB 

/6EC 

MODE 
INSTRUCTION 

/6ED 
/6EE 

COMMAND 
INSTRUCTION 

2910 CJS LEVEL 63 

~F~T~:ITTM~~NRHENBN RELEASE BUS 

2901 "/FA"-U 
TMRENBN MODE 

2910 CJS 

COMMAND 

'----..:;;=..-~ 

/6EF 2910 CRTN 

/5F8 

PWF? 

y 

Figure 3.19.2 CLEAR, AUTO RESTART 

8308 P857EB 

PWF=O 
LDM 

/008 2932 JMPD U_MAD 
2910 CJP 

/649 DE, WAIT 
2901 /004-U 

/64A 2901 Dl+U-Y 10)+4-P 
2932 JMPD 

2901 "/80"-U R2=0 
/64B LDR2 

2932 PSHP 
GPLRLD 0-PLR 

/64C 2901 U-Y 
2910 CJP 

56911 

RUN 
/552 

3-115 
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/534 
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LA 
15DO 
/48 * 

8 

IPL 
/581 
/44• 

2901 SRRA 
R2M1 

2910 CJP 

y 

7 

PACC 
/588 
/4(• 

y 

/570 

/571 

4 

RR 

2901 SRRA 
2932 POPS 
2910 CJP 

/558 

y 

RPA 
/58F 
/4A* 

y 

2901 SRRA 
2932 POPS 
2910 CJP 

CPINT 
/559 
/46• 

/572 

10 

TESTIMICRODIAGNOST JCS) 
/6FF 

/42• /4E• 

J 

FUNCTION 
/020 2901 AO-ALUX DATA-ALUX 

2910 CJP 

DECOPUP (CONTROL PANEL DECODES) 
/530 2901 0.-¥- "/55"-Y 

2910 CJP 

/531 

/532 2901 0. fl "/F"- AO 
/533 2901(A0l-AO (=SRRAl 

2 
2910 CJP 

N y 

* Tx CODES 

6 

LR 
/538 
/41" 

6 

INST 
/567 

/49 .. 

/538 

N 

2901 SRRA 
2910 CJP 

5 

LM1 
/544 
/45" 

7 

PWR 
/545 

/4D" 

y 

/53( 

2901 SRRA 
/530 2932 POPS 

2910 CJP 

y 

/560 2901 SRRA 
/53 2932 POPS 

2910 CJP 

y 

6 

RUN 
/550 
/4B" 

S891 

POFF 
/540 
/4F" 

rJ 
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/572 

/573 
/574 

/575 

/576 

/577 
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/579 

/57A 

RR REG NR. IN ALUX 
ALUX--0 

2901 D-AO 
2932 PSHP PC- STACK 
2901 AO A/FOO-AO 
2901 AO A, /800-0. 

2901 0.-Y 
2910 CJP 

y 

ALUX 

AO 

a. 

lxlxlx~ 

lx~xlxl 
I ol®il ol ol 
lo~alolol 

5-8 
BIT8=1 I \!?Al I 

1 

/80 -ALUX 0 L 5-8 
2901 AO v ALUX-AO BIT0=1 I 1!%11 I 
2901 AO-Y, DE32 
2932 JMPD I R1=REG NR 

LDR1 (0 ...... 15) 
2901 AOA -Y 
2910 CJP 

REG= AO 
=P 

N 

y 

5-8 
11?41 I 

REG#O 

/57C 2901 "/4"- 0. 
/570 2932 RTS -PC, D 

2901 D-0.- 0. 
2910 CJP 

/576 2901 (R1l-O. 
2932 RTS-PC 
2910 CJP 

0.=REGISTER CONTENTS 

VISU 
/602 

/SDO 
10 MAD BUFFER 

2932 POPS STACK--0 
2901 o-o. JD1ID2ID3ID41-o. 

LDM 
2910 CJS 

/5D1 2932 POPS STACK-D iDoiD1iD2ID3l -A0/2 

/5D2 

/5D3 

GPMAD - MAD EXT. 

2901 D-AO SHR -SEE NOTE 1 
GPMAD 

29011_AOA+AOB-AO, Y AOX2_ AO 0. 
2932JPSHD- STACK 
29011.Q-Y I !Do\D1iD2jD3\ \D1!02!D3\D4\ 
2932JPSHD-STACK 
2910 CJP 

VISUAD 
/629 

NOTE 1 SHR ENABLES ALUl7 TO LOAD 
MADS EXTENDED 
AO BITS4-15 ARE DO NOT CARE 

/5A1 2901 AO-Y 

/5A2 
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2910 CJS SENDAD 

VISU 
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/59C 
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N 
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2910 CJP I 
2932 POPS ST ACK-D 

2901 D--AO SHR 
2910 CJP 
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ALUX-D 
2901 o-a. Y-Do 

DE, WAIT, WRITE WRITE 
2910 CJP 

DE, WAIT READ 
2901 AOA • AOB-AO Y 
2910_CJP ' 

910 CJ (LEVEL2l 
901 A0+2-AO, y INCREMENT MAD EXTENDED 

GPMAD IF (AO) WAS: /FFFE- /0000 
2901 AO-Y 
2910 CJP 

/43D 2932 POPS STACK-D 
2901 D-o. 

/43E 2901 0.+/1000 Y 
2932 PSHD-STACK 

I 43F 2910 CJP 

/59E 2901 AO-Y 
2932 PSHD 
2910 CJP 

/SAO 2932 POPS 
LDM 

291 CJS 

INCREMENT MAD 
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/S63 

/S64 

/S6S 
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C9 
RM1 
2932 FETCH PC-0 
2901 D-0. 
2901 0.-"/4"_ y 
2932 PSHD R1=0 

LDR1101 
2932 POPS 

LDM 
2910 CJS 

USERET 
/69S 
FIGURE S 
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2910CJP 
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2910 CJS 

VISU 
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Y---DO 
/SAC DE, WAIT, WRITE 

2910 CJP 

.J 

SWITCH OFF 
/OS7 TRANSLATION MODE 

USEZO 
1690 PSW-D 

2901 D-Y 
2932 PLDR-R 

/691 2901 /FFFA-0. FE, FU = 0 
/OS8 DE, WAIT Psw-D /692 

2932 POPS-STACK- D 2901 D 1\0.- 0. 
2901 D-AO, Y /693 2901 -Y 
2910 CJS Y-PSW 

/694 2910 CRTN 

/OS9 2901 A0•2--AO, Y 
GP MAD 

/OSA 2901 AO-Y 
2910 CJP 

RES TORE FE, FU 

N 

S89J 

/113 2932 POPS STACK-D 
2901 D-a. I 

/114 2901 0..11000- y 
2932 PSHD-STACK 

/11S 2910 [JP 

/OSB 2901 AO I\ /FFFE-AO, Y 
2932 PSHD-STACK 

/OSC 2932 POPS 
LDM 

2910 CJP 
/183 2901 AO-Y 

2932 PSHO STACK 
2910 CJS 

/184 
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/S67 

/S68 

/S69 

/S6A 

/S6B 

/SSO 

/SS1 

/SS2 

/SS3 

INST 
2901 /7F-O. 
2932 PSHD--STACK 

Psw_o 
2901 DAO.- 0., Y 
2932 POPS 

2932 POPS 
2901 Cl-Y 

SELPSW 
GFLD 

2910 CJS 

2901 "/80"-0. 
2932 PUSH PC 

2901 ova._:. a. 

2901 U"-Y 

CLEAR STACK 
AFTER DECOPUP 
RESET RUN BIT 

STACK 

INT 
/640 

IRUN:1 IN PSWI 

Y-PSW,GFLD 
910 CJS 

WAIT 
/6EO 
FIGURE 18 

2901 /41 _a._ y O.:"RUN" 
2932 JMPD-PC 

/SS4 

/SSS 

/SS6 

CPINT 
/SS9 2901 120 -a. 
/SSA SELPSW-D 

2901 DV0.-0.1 
2910 CJP 

/S4A 9 1 fi-Y 
PSW, GFLD 

2910 CJS 

/S06 

/S4B 

RST 
/S3E D=/OOBA 

2901 O:/FF4S -a. 
/S3F SELPSW-D 

2901 DA o.-a. 
2910 CJP 

v1su 
IDISPLAYI 
/602 

PR EAL 
/SD9 2932 FETCH PC-D 

2901 o-a. I 
/SDA 2901 0. A /FFFE- 0. 

/SOB 0:/41 
2901 0.-D- 0., Y 
2932 JMPD, LDM 

PC+2 

MASK PSW 

DISPLAY DNL Y 
PLR, CC, ENB, 
FE, FU 

/SOC DE, WAIT, GFETCH 
BIO-DI 

2932 FPLR, LDM 
PC+2 

2910 CJP 

N 

/SFE 
LOAD AO = PC 

RESET MAD EXTENSION 

1266 2901 0 -Y 
2932 PSHD-STACK 

1267 2932 STACK-AO 
GPMAD AD---MAD EXTENSION 

/268 2910 CJP 
SIN 

/SFF 2901 O.-IR11 
2910 CJP 

2910 CRTN v1su 
IDISPLAYI 
/602 
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PRESET ACCES 
FOR READ AND 
WRITE 
IPACCl ,.....-----L-----, 
/588 

/589 

D:/7CF 
2901 D -0.=/F830 

R2P1 
CJS 

LDSP 
/58( 
FIGURE 7 

/SSA 2901 0.+1-0. 

/SBB 

GPRESET 
SELR2=1(PRADI 
WRITE:1 
CJS 

LDSP 
/58( 
FIGURE 7 

GPRESET 
SELR2:0(PRADEl 
WRITE=1 

2901 0.-Y 
2910 CJP 

RPA 
/SBF 

SCRATCHPAD 
D10-D15=ADORESS 48 
D04=MEANS PAC( 

R2=0 

(SCRATCHPAD ADDRESS 49) 

IENABLE PRAD REGISTER) 

RESET THE PRESET 
ADDRESS REGISTERS 

IENABLE PRADE REGISTER) 

PRESET 
WRITE· ONLY 

3 

IPWR) ......----'-----. 
/545 

/546 

/FCF_ D 
2901 D- O.:/F030 
2910 CJP 

PRESET OFF 
IPOFFl ......----'-----. 
/540 

VISU 
/603 

SCRATCHPAD 
D10-15=ADDRESS 48 
D04:1 MEANS PWR 

READ PRESET 
ADDRESS 
(RP Al 
/58F 

/590 

INHIOP 
o-R1 o-R2 
INHIOP, WAIT 

2901 /30-AO, Y 

/591 INHIOP,GPSP,[ARIN 
2901 130-AO Y 

/592 INHIOP SELSPBUF 
2901 D-o.. YI 

/593 RIA, INHIOP, CARIN 
2901 A0+1-Y 

/594 INHIOP, GPSP.[ARIN, RIA 
2901 A0+1-Y 

/595 INHIOP SELSPBUF 
2901 D-AO 

/596 2910 CJP 

VISUAD 
/629 

LOAD 
SCRATCHPAD 
ILDSPl 

0.=ADDRESS IN SCRATCHPAD 
2932 STACK = DATA 

/SBC ~R2-B-~--. 

/58D 

/SSE 

/547 

/548 

/549 

2932, POPS STACK- 0 
2901 D --AO 

2932 PSHP PC- ST ACK 

2901 AO-Y 
2932 JMPD-PC 
2910 CJP 

R2B, INHIOP, WAIT 
2932 FETCH PC- D DAT A 
2901 o.- Y IALUl ADDRESS 

R2B, CARIN, INHIOP, GPSP 
2932 FETCH PC-D DATA 
2901 0. -Y (ALU) ADDRESS 

2932 RTS 
2910 CRTN 

PC = DATA 

SYNCHRONISE 

WRITE IN SCRA TCHPAD: GPSP.R2B 
CARIN = 1: DO NOT INCREMENT 
THE VALUE TO BE LOADED IN 
THE SCRATCHPAD 

R1=0 R2=0 

ADDRESS 48 

0.=PRESET ADDRESS 

READ SCRATCHPAD GPSP.iUB 

AO=PRESET ADDRESS EXTENSION 

J 
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18 IPL 

ALUX:DATA 
PANEL IPL 

/S81 2932 RESET PC=O 
2901 ALUX -o. R2=1S 

2910 CJP 
/18A 2901 0.-Y I 

Y-ALUX 

/188 R2BALUX-D DATAlPANfl) - A1S 
2901 O-A1S R2=14 

R2 M1 
2910 CJP 

/S82 2901 /1-A14 FLAG = 1 

/S83 2901 /0-0., y 
2932 PLDR- RI 

LOH-MADS 
2910 CJS 

CLEAR 

REMOTE IPL OR 
PRESET 
!PANEL IPL) 

/620 2901 /4- 0. Rl=O 
LDR1 

/621 SELIPL-D 

N 

2901 D /\ 0.-y R1=1S 
R1M1 

2910 CJP 

REMOTE 
(PANEL IPL) 

/622 

/623 

.---RlLM-1 -~ (A 14) R1=14 

2932 RESET PC=O 
2901 0-A14 
2910 CJP FLAG=O /S24 

/S2S 

TEST IPLR (BIT 131 
PRESET 

2901 /7F - 0., Y 

PSW-D I 
2901 D II 0. -o.. Y 

/S26 
/678 

SELPSW 
2901 U- Y, -GFLD 

RESET RUN BIT 

/S84 

/S8S 

/S86 

/S87 

/SSC 
/SSD 

/SSE 
/5SF 

/S07 

/S08 

/S09 

FIGURE 2 

BOOT (PANEL IPL) /S27 2932 FETCH R-D 

LDR1, 0:/3 R1:0 2901 D - 1-0. R:P( 

2901 D-1 -ALUX (1200) 2910 CJP I (PC-2) 

2910 PUSH /3 - R[T 4 TETRADS IPL /S1F 2901 0. - 1-0. 
2910 CJP - 0. 

AO t 0. 

SELIPL-D ITITI ~ 
4 x 

2901 o-o. I 4 --CIIE ITIIJ 
/ 601 2901 0. II /FFFE -o. 

2932 FETCH PC: PC+2 
2901 SLR.a:o:--

2901 SLRAO. 
2910 CJP 
2901 SLRAO. 
2901 SLRAO. 
2910 RFCT 

(DAT A INVERTED 
FROM ROM) 

/r~ 
--29-01_AO..._--Y-. -DO /SOA SELIPL 

DE, WRITE WAIT 2901 D - 0. 

!ADDRESS TAKEN 
FROM OPS 0-3) 

R1M1 I R1=1S /SOB 2901 SRRAO. 
2932 FETCH R - D /SOC 2901 SRRAO. 
2901 D-0 2910 CJP 
2910 CJP /54C 2901 0. /\ /1E-O. 
~---~ R+2 

2901 0.+/2-Y lR CONTAINS 
2932 PLDR- R MEM. 

R1M1. ALUX - D ADDR l 
2901 0. - o- y . 
2932 FECH R, l Rl=l4 

LOH-MADS 
2910 CJP 

R1=15 

N TEST FLAG 

AUTO OR 

/S4D 

/54E 

/S4F 

2901 0. + /1EO -Y 
2932 JMPD 

LDM 

!ST ART ADDRESS 
FROM THE LAST 
32 CHARACTERS 
OF BOOTSTRAP) 

DE, WAIT, BIO- DI 
2901 /4-Y I 
2932 JMPD - PC 

Dl-D 
2901 D-A1S 
2910 CJP 

S894 

/5(9 SELPSW, GFLD, R2B 
2901 A14 ¥ A14-Y 

-PSW 

REMOTE GFLD="O" 

VISU 
/602 

/SC8 RUN 
/SSO 

Figure 3.19.8 PANEL IPL, PRESET 

P857EB 3-121 
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c: 
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l'T1 
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l'T1 
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IPUPITREI 

/3CD DE, WAIT R2=0 

/3CE 

/SOE 

/SDF 

/SEO 

/SE1 

/SE2 

2901 0 -0.-ALUX 
LDR2 IOI 

2910 CJS 

WAIT 
/6EO 
FIGURE 18 

2932 FETCH PC- D 
2901 D-AOSHR 
2910 CJP MAKE PC 
2901 AOSHL EVEN IN AO 

SEL 82S1 
NA:/OBE 

2901 0.+1-0. 0.=1 
SEL 82S1 
NA:/OB6 

2932 PSHD STATUS-STACK 

2901 0.+1-0. 0.:2 
SEL 82S1 
NA:/OBE 

2901 AO-Y RESTORE PC 
2932 JUMP D-PC 

NA:/OFE 

2932 POPS-D RXRDY 
2901 D 0.-AO,Y 
2910 CJP 

RXRDY? 

REMOTE IPL 
8 OR PRESET 

/620 

J 

/7EA 

17EB 
/SE4 

/SES 

N 

LOCK:OFF 

/SE6 PSW-D 
2901 D-Y 

Y-ALUX 
2910 CJP 

17E1 ALUX-D 
2901 D -Y 
2910 CJP 

17E2 

/7E3 

RUN 
17ES 

y 

y 

/7E6 

N 

FUNCTION 
/020 

!ADDRESS) N y IDATAI 

/SE7 2901 0. A /F -a. 
2932 POPS 

/SEB 2932 POPS 
/SE9 2901 AO-Y 

/SEA 

2932 PUSH D-STACK 
2910 /3-RCT 

/SEB 2901 0. V AO-AO,Y 
2932 PUSH D - ST ACK 
2910 CJP 

/280 
/SEC 

(00,01,02,03,04)1 
/SEO 

0 0 
0 0 
0 x 
xx 
xx 

AO 0. ' 
0 0 
x 0 
x 0 
XO 
x 0 

illillJ 
10 

/SEE 2901 0. A IF -a. 
/SEF 2901 0. V AO --AO 

2910 CJP 

PUSH t DO 01 02 03 ' !POPS) 01 02 03 04 

ADDRESS IN STACK 129321 DATA IN AO 12901) 

J 

CPINT 
/SS9 

LOCK:ON 

/7E9 2932 R-D 
2901 D-0.,Y 
2910 CJP 

/7DE 2901 0.-2-Y 
2932 Y-PC+2 

LDM 1-MAD 
/7DF DE, READ 

2910 CJP 

23 FETCH 
/012 



~ 

~ 

,. 

TEST K, PLAVEC, PLACR, CR 

/6FF 

1700 

1701 

1702 

1703 

/704 

1705 

1106 

/444 

/445 

/446 

/449 

/44A 

/44B 

(MICRODIAGNOSTICSl 

2901 /AO-Y PRESET ADDRESS CLEARED 
Y-ALUX O.:/AOOO 
GPRESET Y =A040(AN.OR1.K15N-TRAPl 
ALUX-D 

2901 D-o. 

2901 a. v /40- y 
2932 PSHD-STACK 
2901 /FO-Y R1=0 /OOFO 

Y-ALUX BITSS,6,7,8,=0001 BUT 
LDR1 (0) DOO:O SO BIT8=0 

2901 ALUX-D 
D-AO /FOOO 

2910 CJS 

INHSAVE 
/6A6 RESET ENB BIT 
FIGURE 15 

RIA /FOCA 

2901 AO V /CA- AO 
2932 POPS STACK- D 

GPCHA-RUN 
INSTR. I A040 2910 JMAP D-K 
RT4 FIG.24a (10A9l 

TEST PLAVEC 

FROM RT 4 (I OABl 

AO=FOCA 

Y-
ALUX:CAFO 

2901 a.-v 0.=PC+4 
2932 PSHD- STACK LsT ACK 

RIA ALUX-D 0.=FAFA 
2901 AO V D- 0. 
2901 O.+ /506-0. 

CR R 
2901 a.-y 

TRAPS 
/4FF 

=0 
CR=O 

0.=PC+4 

TEST PLACR,CR 

/707 2901 /300-0. 0.:300 /713 2901 /80-Y 
1708 PSW-D Y~ LUX 

2901 0. A D-Y 1714 ALUX-D A2=8000 
2910 (JP 2901 D-A2 Y 

/715 2901 A2-1-Y CR=3 
CRAR 

y 
/716 PSW-D A2=300 

2901 0.A 0-A2,Y 
/717 R1A I R2=0 

2901 A2 ¥ O.-Y !R1=21 
1709 R2M1 

2.910 CJP 

AO=FOCA 
D=CAFO 

RhO 
/70A RIA ALUX-D Y=3A3A /718 2901 o-a. 

2901 AO-If D-Y CRLOG CR:1 2910 CJP 
R1P1 R1=1 

/70B PSW-D A1=100 
2901 0. A D-A1,Y 6 ERR1 

/70( R1A I FFFF /731 

2901 A1-/101 -A1,Y CRLOG CR=2 
/?OD 2901 Al~ R1=2 

R1P1,R2P1 R2=1 
2910 ( 

y 

/731 

N 
/70E 2901 o-u 

2910 CJP 

6ERR1 
1731 

ERR3 
/70F PSW-D 200-A2 /7AE 2901 /OFF-Y 

2901 O.A D-A2,Y Y-ALUX 
/710 RIA I 300- A2 /7AF R1A ALUX-D 

2901 A2 V /100 -A2, Y 2901 Al A D-U 
/711 RIA 172D 2901 a. v /3- a. 

2901 A2-0. -Y 
/72E 2932 RESET 

2901 m- A2,Y 

y 2910 CJP 
;m 

VISV 

1712 /602 

Figure 3.19.10 MICRODIAGNOSTICS, (TEST K, PLAVEC, PLACR, CR, DI/DO AND BUS 
LINES ERRl) 
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TEST DI/DO 
AND BUS 
LINES IR1=2l 

IR2=0l 

/79D 

/79E 

/7A4 

/7A5 

/79F 

/7A1 

/7A2 

/7A3 

/?AO 

2901 /55--A2,Y 
Y-ALUX 

R1A ALUX-D 
2901 A2 V D-A2,Y 

Y-ALUX,00 
2910 CJS 

BUS 
DE, WAIT, WRITE 

TMRINH,GFETCH 

TMRINH WRITE 
2901 /1-0.,Y 
2910 CRTN 

/5555 

I 
BUS 

R1A Dl-D R1A /A AAA 5555 
2901 D A A2 - Y A I :O 

N 

ALUX:/5555 

ALUX-D 
2901 If -Y -DO 
2910 (JS 

/AAAA 

BUS 
/7A4 
FIGURE 11 

R1A,R2B DI -D 
2901 A2+0+ 1 -AO, Y 
2910 CJP 

y 

VISU 
/602 

VISU 
/602 

! 
BUS 

TEST 
MEMORY (MAX. 32Kl 

1719 

/71A 

/720 

/721 

32K 

/722 

/723 
/724 
/725 

1726 

/797 

/798 

2901 o--a.. Y PC=2 R1=1 
2932 JMPD-AD 

CARRY32 +2--PC 
LDM GPMAD R1M1 O- MADS, 

MADSE 
2901 ALUX-D 

D-0.,Y-DO 
2910 CJP 
DE, WRITE, WAIT 
DO-BIO 

DE,READ,WAIT,R2B 
BIO-DI 1 

2932 FETCH PC-D,LDM 
PC+2-PC 

2901 D--AO.Y 
2910 CJP 

y 

0.:/5555 

WRITE 
/5555 

READ 

.---~~N"""'OT ED.UAL, MEMORY 
2901 A0-2-AO END 

2901 2- 0. A~=f S LAST 2901 R2B 
A0-0. -AO,Y EXISTING ADDR. 

2901 O-Al,Y-DO ADDR.0- A1 
2932 JMPD PC+2,LDM PC =2 
2910 CJP 

DE, WRITE, WAIT 
DO-BIO I 

2932 PC-D.PC+2,LDM 
2901 AO V- D--Y 
2910 CJP A l=ADDR. 

SIP9 

LAST EXISTING 
Y ADDR. IN MAD 

/71B 

/71( 

/728 

/71E 

/72A 

1710 

1729 

N 

/72F 
/730 

/72B 

/7AD 

y 

R1A 
2901 A1+0.--A1,v-Do 
DE,WRITE,WAIT LAST ADDRESS 

DO-BIO WRITTEN 
2901 o-A1,Y .i!l-ADDR. 
2932 JMPD PC+2,LDM 2- PC 
DE.READ.WAIT 

BIO-DI 

R1A Dl-D 
2901 A1-¥- D-Y 
2932 FETCH PC PC+2,LDM 
2910 CJP 

R1A,DE,WAIT,READ 
BIO-DI I 

2901 A1·0.-A1.Y 
2910 (JP 
2901 A1- Y 
2910 CJP 

D:700 LDR1(7) R1=7 
2901 AO-A7,Y 
2932 RESET PC=O 
2910 CJP 

R1A 

TEST V24 
/732 

R1=1 

SAVE AO 
INTO A7 
SEE ROUTINE 
"END" 
(FIG.12) 

2901 A 1-0.-0. 
2918 CJP 
2901 A0-0. -Y 

2910 CJP 

COMPARE WITH 
LAST EXISTING 
ADDRESS OF 
PREVIOUS TEST 

Figure 3.19.11 MICRODIAGNOSTICS (TEST DI/DO AND BUS LINES, TEST MEMORY) 
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~ 

,,.. 

TEST V24 

1732 2901 0-0.,Y ADDRESS 
Y-ALUX CLEAR 

2932 JMPD PC+2 10 
LDM 

/733 2901 /20 -ALUX 

/734 2901 /BF-0.,Y INH 
/735 ALUX-0 /20BF 

2901 0. V D-Y-00 
/736 DE, WRITE, WAIT 

2901 /100-0.,Y LOK A1,0 
/737 2901 D.-Y-00 /0100 

2932 FETCH PC,PC+2 /2 
L M I 

/738 OE, WRITE, WAIT 
2901 /DO -0.,Y 

1739 2901 /41-Y lALUX CID A1,1,/10 
/73A ALUX- D ICIO START) 

2901 0. V D-Y-00 /4100 
2932 FETCH PC,F (+2,LDM /4 

/736 DE, WRITE, WAIT 
2901 /06-0.,Y 

/73( 2901 ;54-y 
Y-ALUX 

/73D ALUX-D RF TRAPERR 

2901 0. V O-Y-DO /5406 

2932 FETCH PC,PD+2,LDM 16 
/73E DE, WRITE, WAIT 

2901 /90-0.,Y CID A 1,0,/10 ICIO HALT I 
/73F 2901 /41- y 4190 

Y-ALUX 
1740 ALUX-0 

2901 0. V D- Y-DO 18 
2932 FETCH PC,PC+2,LDM 

/741 DE, WRITE, WAIT 
2901 100-0. y 

1742 2901 /4A-Y SST A2,/10 
Y-ALUX /4AOO 

/A 
/743 ALUX-D 

2901 o. v D-Y -oo 
2932 FE'TCH PC,PC+2,LDM 

/744 DE, WRITE, WAIT R=2 2901 12-0.,Y-R RF TRAPDK 
1745 2901 /SO- Y ALUX /5002 

/746 ALUX-D IC 
2901 0. V D-Y-00 
2932 FETCH PC,PC+2,LOM 

/747 

/748 

/749 

/74A 

1746 

/74( 

DE, WRITE, WAIT 
2901 /05-0. y 
2901 /98-Y 

Y-ALUX 
/9805 

ALUX-D TRAP 
2901 0. V D-Y-00 ERROR JMAP- /ODD 
2932 FETCH PC,PC+2,LDM IE 

DE, WRITE, WAIT 
2901 1 -o..Y 

ALUX-D 
/9801 
TRAP OK JMAP- /OFO 

2901 0. V D-Y-DO 
2932 FETCH PC,PC+2,LDM /lO 

DE, WRITE, WAIT 
2932 JMPR R -pc 

PC+2 
4-PC !BECAUSE 
DURING PREAL 
ROUTINE PC-4 2910 CJP 

IS PREFORMED) 

RUN 
/550 EXECUTE THE SMALL 

PROGRAM AND W OK 
ENTER TRAPOK !FIGURE 121 
VIA JMAP 

COMRZO END 
/756 2901 /40_ O.,Y 

LDR1 IOI R1=0 
/757 2901 - y 

SELPSW Y - GFLD RUNZO 

/OFD DE,WAIT,READ 

/OFE 

2932 FETCH PC - D 
2901 O_O.,Y 
2910 CJS 

ENBZ 1 

/740 "/OFF - ALUX /FFOO 
/74E 0:/01( R2:/7 

LDR2 7 
/74F 2901 ALUX-Il 

A7 A O_ O.,Y 
2910 CRTN 

MOST SIGN PART LAST EXSISTJNG AOOR.- 0. 

TRAPER 

/ODD OE,WAIT,READ 
2932 FETCH PC_ 0 
2901 D- O.,Y 
2910 CJP 

/753 2910 CJS 

END 
/740 

TEST MIOP FIGURE 12 
/75( 

/754 2901 0. •1- y 

1755 

2932 PSHO_ STACK 
2910 CJS 

COMRZO 
/756 
FIGURE 12 

VJSU 
/602 

Figure 3.19.12 MICRODIAGNOSTICS (TEST V24, TRAPOK, TRAPER, COMRZO, END) 
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P8S7R 

TEST MIOP 

P8S7E 

1199 
/79A 

/79B 
/?SC 

/7SD 

/?SE 

/?SF 

2901 /10--AO,Y 
R1A PSW- D 

2901 AO/\ D-Y 
2910 CJP 

MIOP 
Y ABSENT 

(OKMMUl 

2901 /SS-0.,Y R1:0 
Y-ALUX 
LDR1 IOI 

ALUX- D 
/SSOO 

2901 0. V D-AO,Y R2=0 
LDR2 0 I 

2901 O- O.,Y 
GPMAD O-MADE 

2910 /3F-RCT RCT:3F 

2901 AO- Y - 64 X 
2932 PSHD-ST ACK AO:/SSSS 
2910 CJS 

/?SA 

/?SB 

LDSP 
/S8( 
FIGURE 7 

STACK-AO 
-/AAAA } ect 
- /SSSS - SCRA TCHPAD 

/760 2901 0.+1-0.,Y 
2910 RPCT /7SF 

N 

/761 WAIT,INHIOP 0.=/3F 
2901 0.-1-Y I 
2910 PUSH /762- STACK 

END 
/74D 
FIGURE 12 

/762 INHIOP,GPSP READ SCRATCHPAD (AND INCREMENT 
2901 0.-1- O.,Y (CARIN=O'l EACH ADDR. WITH ONE) 

/763 

/764 

R2M1 R1:0 

R1A,R2B SELSPBUF 
SELSPBUF-D 

2901 D ¥-AO - A1S 
2901 A1S+1- Y 

R2P1 

N 

RMS 

R2=0 

/727 2901 Mi -AO 
2910 CJP 

{ SSSS=AAAA 
AAAA=SSSS 

(ectl /768 2901 0.-1-Y 
2910 LOOP 

N 

MIOPERR. 

/76S 

/766 

/767 

VISU 
/602 

1169 

/7A7 

/7A8 

/7A9 

/7A6 

/76A 

/76B 
/76( 

/76D 

/76E 

/76F 
/770 

/771 

/772 

/773 
/774 

/77S 

/776 

/777 

/778 
/779 

0.:/0000 

WAIT, CARIN,INHIOP 
2901 o.-Y 
2910 CJP 
GPSP,DARIN 

2901 O.--Y 

READ ADDRESS 00 

1 
/SSS6_ D 

SPBUF--D 
2901 D-AO-A0-
2901 A0-1 _y AO:/SSS6-/SSSS=1 

2910 CJP 

N 

y /7AA 

PSW-D 
2901 D-0. 
2910 CJP 
2901 0. V "/4"-0.,Y 

R1P1 R1=1(R2:0) 
2901 ii.-Y,GFLD FE=1 
2901 /40-D 

D -ALUX 

1765 

PAL PAM /4000- DO ALUX-D 
/4000- STACK 10100001 0000 I 000000 I 2901 D-O..Y-DO 

2932 PSHD-STACK MMU WORD 

2901 0.+2-Y 
/ 4002-- O.,MADS 2932 JMPD LDMD 

2901 124-0. y /0024----11 !PAGE 41 
2910 CJS 

WRITE ADDR. /10002 WITH /4000 

/76S 

2901 "/800" - y 
2932 PSHD-STACK 
2901 "/20"--0.,Y 
2901 O.-A1 SHR 
2910 CJS 

PAL PAM I I 000010 I 0000 I 000000 MMU WORD 

LDSP 
/SBC 
FIGURE 7 

10010 I xxxx I xx xx I xx xx I 
PHYSICAL ADDR.:/2XXX 

PAGE 0 
A1=/0010 

2901 A1- Y,DO D0=/0010 
2932 JMPD LDMD MAD:/0010 

;;~~Ri~~~O /10}_ 2::=0WITH TR1~~;1~A TION 

2901 -Y I 
SELPSW-GFLD 

S#f 

TEST MIOP CONT'D 
/77A 

Figure 3.19.13 MICRODIAGNOSTICS (TEST MIOP) 
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8208 

111 A 

/77B 

177( 

R1=1 
R2=0 

2901 120_ y 
Y....ALUX 
A ux_ o 12000 

2901 o_ a. y 
2901 a. v 110_ y 
2932 JMPO 

LDMO 

1110 R2B DE.WAIT.READ 
2901 /10_ AO,Y 

01_0 /77E 

MAOS:/2010, 
WITHOUT 

TRANSLATION 

01:/107 

/77F 

/758 

/759 

/782 

/783 

/784 

/785 

1186 

/787 

2901 AO¥ D- Y 

PSW-·D FU=l 
2901 0+1-0.,Y 
2901 -Y RO 

SELPSW -GFLO PEI 
2910 (JP PAL I PAM 

2901 142- Y !010000 liooo I ooooool 
Y-ALUX MMU WORD 
ALLIX -y 4200 - PC 

2932 JMPO- PC /10200- MADS 
LOMO 

2901 124-0.,Y 
2932 PSHP PC- ST ACK 
2910 (JS 

LOSP 
/58( 
FIGURE 7 

y 

PAGE 4 

BIT 6 = PAGE ERROR 
ANO SHOULD 
CAUSE A PAF 

/788 2901 /41-Y 
Y-ALUX 

/789 ALUX-0 
2901 D -Y PAG 4 • DISPLACEMENT=/100 
2932 JMPO - PC 

LOM 

/78A 2901 124 -a. PAGE 4 I 01000010100 ~ooooool 
2932 PSHPC- ST ACK 

/78B 2910 CJS 
4100- ST R AD ON y 

LOSP 
/58( 
FIGURE 7 

/78C OE,WRITE,WAIT BIT 7=REAO ONLY ANO SHOULD 

/71F 

/78E 

/78F 

/790 

/791 
/792 

/793 

/794 
/795 

/750 

/751 
/752 

PSW- D CAUSE A PAF 
2901 0-1 -0.,Y 
2910 CJP 

N 

/780 2901 Ci -Y 
SELPSW Y-GFLO 

FU:O 

2901 0:-Y 
FU:O 

SELSPW Y-GFLO 
2910 CJP 

2910 CJP 

MIOPER 
17 65 

2901 o- O.,Y 
2932 JMPO 

0.=0000 SPBUF:/FFFF 

2901 a.- Y R2B 
2932 FETCH PC-0 
2901 0. -Y R2B 
2932 FETCH PC-0 

GPSP 

2901 0.-Y 
2901 O.-Y 

GPSP 

AOOR. WORD 0, TABLE MMU !PAGE 0 
R2B ID- SPBUF16 l 
CARIN=O SO +1 IN ALU MMU 

(ON 12 BITS) 
FFFF+1=F000- SP 
SP:/OFFF 

SP- SPBUF 

SELS BUF 
2901 o-a. SPBUF- 0 
2901 0. ¥ /OFFF- O.,Y o_ O.(OFFFl 
2901 O.-Y 
2910 CJP 

1796 2910 CJP 

TEST OK 

Ml OP ER 
1765 

Figure 3.19.14 MICRODIAGNOSTIC (TEST MIOP - cntd) 
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10 

INTERRUPT 

/640 

/641 

OE, WAIT 
LOR110l LOR210) 
2932 R-0 
2901 0-1-0.,Y 

RESYNCHRONISE 
R1=0 SEO.UENSOR 
R2=0 
PC NEXT 

,___ ___ ___, PC NEXT -1 
/642 2901 0.-1-Y PC NEXT-2= 

/643 

/644 

/645 

/646 

/647 

/648 

/6A5 

/6A6 
/6A7 

/6A8 

2932 PSHD-STACK CURRENT PC 
R1M1 IN ST ACK 

2910 CJS R1=15 

SAVE 
/568 
FIGURE 15 

CARIN,GPLRO: IEC-PLR 
2901 140-0. 

SELPSW-0 
2901 O I\ a. -o..Y PLR- ALUX 

Y-ALUX 

2901 0: -Y RESET ENB 
SELPSW Y- GFLO 
R2B 

ALUX- D INTERRUPT LEVEL X1 
2901 D _ AOSHR SRRA LEVEL X2 

2901 AO I\ 17E-Y 
2932 JMPD-PC 

LOM 
DE.WAIT.READ READ INT. ROUT. 
2910 CJP ST ART ADOR. 

CALLM 
/503 

SAVE PC+PSW 
/568 - STACK 
FIGURE 15 

2901 /FFBF-0. 
SELPSW-D 

2901 a. I\ o-o. 
2901 -Y I 

SELPSW-GFLO 
2910 CRTN 

RESET ENB 

ENB=O 

PAF 
(PAGE FAUL Tl 

/276 

1012 

/073 

SAVE PC+PSW-STACK 
.---------, /07 4 

/SBB R1A A1S -Y R1=1S /075 
2901 A1S-2-A1S R2=0 
2932 JMPD-PC OECREM. STACKP. 

LDMO AOOR. ST ACK 

/SB9 

/SBA 

/SBB 
/SBC 

R2B SELPSW-0 
2901 D-AO 
R2B 
2901 AO I\ /IB-AO 
2901 AO f\ /FA-0.,Y 
2901 '0:-Y 
SELPSW-GFLO 
2910 CJP 

/SB6 2901/FFFE-O. 

/SB7 2932 POPS STACK-0 
2901 0 f\ o.--Y-DO 
2910 CJP 

/5BE R1A OE, WAIT, WRITE 
A1S-Y I 
2901 A15-2-A15 
2932 JMPO-PC 

LDMO 
/SBF 2901 AO-DO 
/SCO OE, WAIT, WRITE 

2910 CRTN 

AO=PSW 

} 6~~~~0 
FU:O 
FE:O 

11-0, 0-0.1 
MOO. LEVEL 2 

PC-MEMORY 
STACK 

NEXT AODR. 

PSW-00 

PSW-MEM. 
STACK 

/31A 

/31B 

/31C 

/464 

/465 

/466 

/467 

2901 Cl-14_ Y R1=0 
2932 PSHD- ST ACK R2=1 
LOR110) LOR2(1) 
2910 CJS R1=15 
R1M1 R2M1 R2=0 

INHSAV 
/6AS 
FIGURE 15 

2910 "/3"_ RCT 
R2B 
2932 POPS ST ACK- 0 
2901 o_ Ao.YI 
2910 CJP 

EFFECTIVE " 
ADDR.-AO "'J 

2901 "/FOO"- O.,Y 

R2B I 
2901 AO-AOSHR,Y 
2932 DOPS 
2910 RPCT 

N 

2901 AO f\ 0.-00 

4 X SHR 

2910 (JP I 110 1PN10 ,o I 

R1A 
2901 A15-2-A15,Y 
2932 JMPO- PC 

LOM 
DE.WRITE.WAIT 3RD INT. 

2901 17A-Y 
2932 JMPO - PC+2 

LOM 

WORD-STACK 

OE,WAIT,READ 
2910 CJP 

51111 

CALLM 
/S03 

11 A TRAP AOOR. 
PAGE FAULT 
-MAO 

Figure 3.19.15 INTERRUPT, PAF, SAVE, INSHAVE 
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("" 

/159 

/179 
/185 
/195 
/190 
/185 
/180 
/205 
1211 
/219 
1231 
/239 

/245 
/251 
/259 
/291 
/299 
/281 
/289 
/2D9 
/2D1 
/2F1 
/2F9 
/301 

/305 
/310 

/33D 
/37D 
/395 
/3AD 

/38D 
/3D5 
/3DD 

/3F5 
/3FD 

DE.WAIT 
/3FD 2910 CJP 

;3FE LDR1 !Ol 
(JP 

/056 2901 /3F8-AO,Y 
2910 (JP 

/3F8 R1A 
2932 POPS ST ACK-D 
2901 D ¥-AO-Y 
2910 (JP 

N 
/3FC 2932 FETCH PC - D 

2901 D -0.,Y 
2910 (JP 

R1=0 

TRAPS 
PLAMAP & 
PLAVEC 

/4FF R1=0 
R2=1 

/500 R1=15 
R2=0 

INHSAVE 
/6A5 
FIGURE 15 

/501 2901 /7E_ Y TRAP 
Y-ALUX ADDR. 17E 

2932 JMPD LDM 
/502 DE, WAIT.READ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

( STOVF !MSRl 

/18E DE, WAIT.READ SEO.UENSOR 

2901 /302_ a.. y SYNCHRO-
2910 (JP NISA TION 

/302 PSW_D 
2901 a. V D- O.,Y 
2910 (JP 

/2DA 2901 _y PIF=1 
SELPSW_ GFLD (R:3 
(JP 

FETCH 
/012 

I 
I_ --- - - -

CALLM 

/503 2932 POPS 
2901 /FFOO- 0., Y 

R2=15 R2M1 

/504 m_o 
2901 o_ Y 

MAD=ST ART ADDR. 
OF INT. ROUTINE 

2932 JMPD,PC+2 PC=NEXT ADDR. 
LDM 

2910 (JP 

MSR 
/3A4 

- - - - ,- - --
/ ~ART OF FIGURE43b - - - -

/3A4 DE ST ACKPOINTER ~ /FF 
2901 A 15 A a._y 
2910 CJP 

/3A5 * 

/3A6 * 

* FOR FETCH AND ECLA T SEE FIG. 23 

- - -

Figure 3.19.16 CALALM, TRAPMAP, TRAPS PLAMAP AND PLAVEC 
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TRAP VE( TRAPS 
D SET 

/4BO 2932 PC- D /402 2932 PC- D /063 2901 0.-4- y R1=0 2901 D_ O.,Y 2901 D- O.,Y 2932 PSHD- TACK R2=1 
2910 CJP 2910 CJP LDR1(0) LOR211l 

/4(4 I /482 /064 R1H1,R2H1 R1=15 /4(5 /486 2910 CJS R2=0 
/48A 

/4(( /48E 
/4CD /492 
/4DC 

/496 
/49A /4DF 
/49E 

/4EO I 
/4A2 

I /4A6 /065 2901 11c_ Y /4F4 2932 PC- D /4AA 2932 JHPO,LOHAOS TRAP AOOR. /7( 
2901 D- O.,Y /4AE 2910 CJP /4B2 1066 DE, WAIT ,READ 

~ /4BA 2910 CJP 
/4BE 
/4(2 

/4FF 
/4(6 CALLH 

/4CA /503 

/4CE 

/406 
/4DA 
/40E 
/4E2 
/4E6 

/4EA 
/4EE 
/4F2 
/4F3 
/4F6 
/4FA 

/4FE 2932 PC- 0 
2901 D- O.,Y 
2910 CJP 

/063 

·~ 

Figure 3.19.17 TRAPVEC, TRAPS, DSET 
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8308 

SENOAOR 
SEND ADDRESS 

ISENDAO) TSOC (TEST AND 
SEND ONE 
CHAR.I (ADI- PANEL 

1666 

1667 

1668 

1669 

/618 

/619 

/61A 

2932 POPS-D 
2901 D-o. y 
2932 POPS-D R2B 
2901 D- AO,Y 
2901 AO- Y 
2932 PSHO-STACK 
2901 o._ y I 
2932 PSHO-STACK 
2910 (JP 

N 

29321ST ACK! 
D1 02 03 D4 0. 
DO 01 02 03 AO 

} RESTORE SJA[K 

AO ~ 
lool 01I021031 101I02 031 o4 I 

~ 
AO I I 0. 

Ix I xi xlool l01lo2103lo41 

DELAY FOR CONTROL 
PANEL 

/6DO 
/601 

/602 

/603 

/604 

/605 

/606 

/607 
/608 

/609 

NAO:/OFC 
NAO=/OFC 
SEL 8251 

2901 AO- Y 
NAD=/0F8 
SEL 8251 

2901 AO- Y 

NAO:/OFC 
SEL 8251 

2901 AO_ Y 
2901 o._ y 

2932 PUSH D 
NAD=/OFC 

2901 /67_ O.,Y 
2910 CJS 

NAD=/OFE 
NAD=/BE 
SEL 8251 
NAD:/OB6 
SEL 8251 

WR:O SEND CHAR. 

SAVE 0.- ST ACK 

DELAY 

WAIT 60uS 

RD=D 
READ STATUS 

IN-/OUTPUT EXCHANGE 2932 PUSH D- ST ACK ST A TUS- 2932 

/61B 

/61C R2B 
2901 AO A IF- AO,Y 

/610 R2B 
2901 AO V /BO- AO,Y 

/61E 2910 CJS 

TSDC 
./600 
FIGURE 18 

/61F 2901 2AO-AO,Y; 2U-O. 
2910 CJP I 

/634 2901 2AO-AO Y; io.-o. 
/635 2901 2AO-AO,Y; 20.-0. 
/636 2901 2AO-AO,Y; 20.-0. 

2910 RFCT STACK:/61( 

N 

/637 

AO: I® I @I BI Dy I ._,....., 
Dy=D0-04 

/60A NAD=/OBE 
SEL 8251 

/6DB NAD=/OFE 
2932 POPS-D 
2901 D- O.,Y 

/60( ALUX-D 
2901 D A O.,Y 
2910 CJP 

Tx EMPTY y 

/600 

WAIT 

/ 6EO 2910 LDRCT :/8BO 

/ 6E1 2910 RPCT / 6E1 

N 

/6E2 2910 CRTN 

Figure 3.19.18 SENDAD, TSOC, WAIT 

P857EB 

O.:STATUS 

TEST BIT 13 
Tx EMPTY 

RESTORE 0. 
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w 
I 

....... 
w 
N 

-0 
o:> 
U1 
-....J 
rn 
OJ 

o:> 
w 
0 
o:> 

"Tl 
-'• 

u::i 
c 
'"'1 
ro 
w . 
....... 

"" ....... 

"" 
(/) 

0 

-I 
:::0 
0 
n 

:::0 
0 
n 

~ 
:::t:> ....... 
-I 
(/) 

-I 

J 

SD 
(SEND DATA 
TO CONTROL 
PANEL) 

(O.J-AO 

(AOJ- PANEL(TSGCl 

/SOE 2910 /8(0_ RCT,LDR2 R2=0 
/SOF 2910 RPCT 

N 

/510 2901 AO- AOSHL,YIZO.- 0.) 
2910 PUSH ,13_ RCT 

/511 2901 AO OSHL, YIZO.- 0.1 
/512 2901 AO--AOSHL,YIZ0.-0.J 
/513 2901 AO V /18- AOSHL,Y(20.-D.l 
/514 2901 AO /\ /3F- AO,Y 
/515 2901 AO- Y 

2910 (J s 

TSOC 
/6DO 
FIGURE 18 

/516 

N 

/517 2910 CRTN 

J 

LOOP 4 TIMES 
EACH LOOP 
SHIFT 4x LEFT 
AO,O. 

DAT A CODE:/3X 

RECEIVE ONE 
CHACACTER 
(TRO(J 

/SAD 2901 161- 0: 
2910 [JS 

60uS 

/SAE SEL8251,NAD=/08E(C/o:WR 
=RD=1 CS:O 

2901 o_ a. I 
/SAF SEL8251,NAD=/086(CID=WR 

Ro=CS=OI 

READ 
STATUS 

WAITST 
(DELAY FOR ST A TUS ) 

1061 

1068 

5#7 

2901 0.+1_ a.1 
2932 PSHD Y - ST ACK (STATUS) 

/580 NAD=/08E!C/[=WR 
=RD=1 CS=Ol 

2901 0.+1_ 0. I RXRDY=O 
/581 2932 POPS- D (ST A TUSI 

2901 D /\ 0.- Y 
SO WAIT 
TILL RXRDY=1 

2910 CJP 

y 

RXRDY=l 
ROC 

/582 8251 C/D=CS=O 
SEL8251 Ri'l=WR=1 

2901 o_ 0. NAD:/08( 

/583 8251 Clii=CS=RD=O 
DATA 8251- STACK SEL8251 WR=1 

2932 PSHD- STACK 
NAD:/084 

/584 s 8251 08( 

/585 2932 POPS STACK- D 
2901 D- a..Y I 0.=DATA 
2910 CJP 

/59F 2901 a. /FF- O.,Y DAT A FROM 8251 
2910 CRTN IS STORED IN 0. 

J J 



SEND COMMAND 
TO 8251 

10.I - 8251 PANEL 

/518 
/519 

/51A 

/518 

/51( 

2901 a._ y CID 
SEL 8251 

NAD=/OFE 
2901 a._ Y ES 

SEL 8251 

NAD:/OFE WR 

NAD:/OFA 

29010.-Y ~-DATA 
SEL 8251 
NAD:/OFE 

/51E 2910 CRTN 

NOTE: BEFORE THE START OF THIS ROUTINE 
0. ALREADY CONTAINS EITHER THE 
MODE OR COMMAND INSTRUCTION 

=1-COMMAND INSTRUCTION 

~~~--------"7""/=~...,...,"". ~=0-DATA TRANSPORT 

- ,,.~ /518-/51( 

/519-/518 

LJ 51R /51A 

Figure 3.19.20 SEND COMMAND TO 8251 
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3-134 

VISUAD 
(DIPLAY 
ADDRESS) 

/629 2910 CJS 

SENDADR 
/618 
FIGURE 18 

/628 

/62A 2901 604-- O.,Y O.,R=604 
2932 PLDR- R 
2910 CJP 

VISU 
/604 

VISU 
/604 

/SF2 

y 

/SF3 

RUN OR 
INTERRUPT 

RUNIR 

MAP 

R2=0 

/38E 

/38F 

/390 

/2BA 

/2BB 

/2BC 

/2BD 

/628 

2932 PC-D 2B 
2901 D- AOSHR 
R2B I 
2901 AO+AO-- 0., Y 
2932 JMPD-- PC 
2910 CJP I 
2901 0.-4-- O.,Y 

2932 PSHD- ST ACK 

DE, WAIT ,READ 
GFETCH 

DI-- D 
2901 o __ o.. Y 

2910 CJS 

SD 

PC EVEN 

INT 
/640 

PC EFFECTIVE- O.,ST ACK 
l=PC-41 

RESYNCHRONISATION 
SEO.UENSER 

DATA FROM DI IN 0. 
= NEXT INSTR. TO BE 
DISPLA YEO (SDI 

/SOE (AO)- PANEL 
FIGURE 19 

2932 ST ACK-- D 
2901 D-- 0., Y 
2910 CJP 
R2B 
2901 0-- AO 

Siii 

VISUAD 
/629 

Figure 3.19.21 VISUAD, VISUL, RUNIR 
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SEND V24 
SEND V24 DATA TO 

PANEL COHHAND 
TO 8251 ISIJl24 l 
ISCV24l 

/605 2910 /10- RCT /349 2910 /10-RCT 
/606 NAD=/1FE /34A A :/1FE 
/607 SEL 8251 

/348 SEL 8251 2901 IR3l--Y R3 IS R3 FIELD OF OTR 
~D/1DC DATA 2901 a._ y 

NAD=/1DE COHHAND 
/608 /34( SEL 8251 

WRITE.DATA 2901 a. __ y 
NAD=/1DA WRITE,CDHHAND 

/609 /34D SEL 8251 
DATA 2901 a._ y 

/60A NAD:/1DE COHHAND 
/34E NAD=/1FE 

r"'· 
/608 

/34F 2910 RPCT 

N 

/350 2910 CRTN 

Figure 3.19.22 SDV24, SCV24 
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57 

PAFTCH 
PAGE FAULT 
IFETCHI 

6 

FETCH 
PC+2 

/012 DE,READ,WAIT 
GFETCH 

2932 FPC-- R HADS=R=PC+2 
LOH 

PC+2 
2910 CJP INSTRUCTION IN DI 

y 
PC+4 

/070 2932 FETCH PC- D IPC:N+41 
2901 o_ o. 

/071 /4-D 
2901 0.-D- Y 
2932 PSHD- ST ACK 

REZI CRARI 

/4B1 D=1 
2901 0. A 0 _y 
2932 JHPD ,PC+2 

LDHD 
2910 CJP 

PAF 
/072 

ST ACK CONTAINS 
EFFECTIVE ADDRESS 
AT SUBTRACTION 
OF 4 

ECLAT 

10 13 DE.READ 
DI- D- HAP- 2910- ROH 

D-R1,R2,K 
2932 POPS 
2910 JHAP 

PAFW2 
IRT21 

DE=DEHAND EXCHANGE 
THIS DE WILL NOT BE GIVEN 
IN THE HARDWARE IF INSTRUCTION 
FORMAT IS T3 

EMPTY 2932 STACK 

INSTRUCTION IN CPU 
READY FOR EXECUTION 

24,25 

/06A 2901 0.-2- Y 

REZICRLOGI 932 PSHD- STACK 

/198 D=1 
2901 0. A D-Y ,CRLOG 
2932 JHPD ,LDHD 

PC+2 
2910 CJP 

REZI CRUNCHI 

/OBO D=1 
2901 0.A ii_Y 
2932 JHPD ,LDHD 

PC+2 
2910 CJP 

/001 DE 

/06B 2910 CJP 

PAF 
/072 

Figure 3.19.23 FETCH, ECLAT, PAFTCH, PAFW2, REZ (CR) 
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, '') , 
co MA 
N 
0 co 

RT2 RT4 Rl5 

1069 DE.READ, WAIT /OA9 DE.READ, WAIT 2N°oPER- DI /OA1 DE,READ,WAIT 

2932 FETCH PC-R,D R=PC+4 2932 FETCH PC-R,D SAVE PC-R 2932 FETCH PC - R- D R=PC+4 

PC+2,LDM PC+6 2901 D-O..Y R:PC+4 2901 D-0.,Y 0.=PC+4 

2901 0-0.,Y O.:PC+4 0.=PC+4 
2910 CJV GPAF 

y y 

,, ..... 
N C.Q PAFW2 

c: /06A 
"'1 
ro /OAA DI- D /OA2 Dl-D 

w 2901 D_ y PC:EFF. ADDR. 2901 D+!R2l- Y . 2932 JMPD -PC,LDM 2932 JMPD-PC,LDM 
I-' 
l.O 

2910 CJP . 
N 
.j:::i. 
Ill 

/OAB DE.READ, WAIT Dl=2 ND OPERAND 
)> MAP 

2932 JSBR R- PC+2 
0 LDM PC_ ST ACK 
0 2910 CJV GPAF 

RT6 RT7 
""O 

;;c 
co l"T'1 RT3 PC_ STACK= /129 DE.READ, WAIT /121 DE,READ,WAIT 
(.Tl (./') 

OPERAND ADDRESS 2932 FETCH PC-R,D P+4 2932 FETCH PC-R,D 

"" 
(./') R=PC:P+4 

l"T'1 ....... 2901 D-0..Y 2901 D-0.,Y 
OJ :z /221 2901 !R2l- Y 2910 CJP 2910 CJP 

Ci) 
/229 2932 JMPD 

;;c /23D LDM y y 
0 2910 CJP !221,229) R=PC+2 c 
-I /22E ....... PAFW2 :z 2932 FETCH R- D /06A 
l"T'1 2901 D+1-0.,Y /OAC 2910 CJP 
(./') 

2910 CJP } .. ,_. /12A /122 Dl_D 

clJ 
;;c 

/083 DE, WAIT ,READ 
O.:PC+4 2901 D+(R2l- Y 

-I 
N 2901 0.+ 1_ a.. y PAF 2932 JMPD -PC,LDM 2932 JMPD-PC.LDM 

2932 JSBR I 2910 CJP 
-I 1012 
:c LDM R- PC+2 R+2-PC 
;;c 2910 CJV GPAF PC+4 /128 

"" N y 

/68F PC_ STACK N 
/12C Dl-D 

/084 2901 D- y 

PAF 
2932 JMPD -PC,LDM 

w 2910 CJP 
I VEC 

/072 

I-' 
w 

"" 



VEC 

23 

RT2A RTSA 

/060 DE,READ,WAIT R=PC+4 /OAS DE,READ,WAIT R=PC+4 
2932 FETCH PC- R,D 0.=PC+4 2932 FETCH PC-R,D 0.=PC+4 
2901 D-0.,Y 2901 D-0.,Y 
2910 (JV CiPAF 2910 CJP 

N y 

/06E /06A 01-D 
2901 D+IR21-- Y 
2932 JHPD- PC,LDH 

(JV 

PAFW2 
/06A 23 PAFW2 

/06A 

RT3A 

1225 2932 FETCH PC- D R=PC+4 
/220 2901 D-0.,Y O.:PC+4 RT6A 

2910 CJP 1220! 
/226 2901 IR2l- Y /120 DE,READ, WAIT 

2932 JHPD -PC,LDM PC:IR2l 2932 FETCH PC- R,D 
2910 (JV 2901 D-0.,Y 

2910 CJP 

y 

RT4A 
/12E 01 __ o 

/OAD DE.READ, WAIT R=PC+4 2901 a __ Y 
2932 FETCH PC- R,D O.:PC+4 2932 JHPD-PC,LDH 
2901 o--a.,Y 2910 CJP 
2910 CJP /541 DE,READ,W IT 

y 2910 CJP 

y 

/OAE 01_0 
2901 a __ Y 
2932 JHPD- PC,LDM 01_0 
2910 CJV 2901 D- Y 

2932 JMPD- PC.LOH 

PAFW2 (JV 

/06A 

NOTES: RT2A: USED FOR LCK,CCK,CWK.CWKP, THE PC 
IS NO. T INCREMENTED AND MADS IS NOT LOADED 
BECAUSE IN THE LCK AND CCK ROUTINES THE SAHE 
ADDRESS WOULD BE CALLED 

RT3A: USED FOR LC,SC,CW .CC 

R:PC+4 
0.=PC+4 

RT7A 

/125 DE.READ, WAIT 
2932 FETCH PC- R,D 
2901 o-a..Y 
2910 CJP 

y 

PAFW2 
/06A 

/126 01-D 

2901 D+IR2l-Y 
2932 JMPD--PC,LDM 
2910 (JP 

SnJ 

RT6 
/68F 

Figure 3.19.24b ADDRESSING ROUTINES RT2A THR. 7A 
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R:PC+4 
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8208 

RT3S 

/261 DE,READ,WAIT 
/269 2932 FETCH PC-R,D 
/26D 2901 D- a.. Y I 0.=PC+4 

2910 CJP (261,26dl 

/26A 2901 (R21- AO,Y 
2910 CJV 

RT4S 

/OE9 Df',READ,WAIT R:PC+4 
CiFETCH I 0.=PC+4 

2932 FETCH PC- R,D 
2901 D -0.,Y 
2910 CJP 

y 

/OEA 

23 PAFW2 
/06A 

RTSS 

/OE1 DE.READ, WAIT 

y 

/OE2 

CiFETCH I R=PC+4 
2932 FETCH PC - R,D O.:PC+4 
2901 D -0.,Y 
2910 CJP 

23 PAFW2 
/06A 

RT6S 

/169 DE.READ, Alt 
GFETCH I 

2932 FETCH Pt-R,D 
2901 D-0.,Y 
2910 CJP 

/16A Dl.....D 
2901 D- Y 
2932 JHPO-PC,LDH 

/168 DE.READ, WAIT 
Ci FETCH 

2910 CJP 

y 

/16( 

RT7S 

/161 DE.READ, WAIT 
CiFETCH I 

2932 FETCH PC- R,D 
2901 D-0.,Y 
2910 CJP 

/162 Dl-D 

24a /68F 

2901 D+(R21-- Y 
2932 JHPO--PC,LDH 
2910 CJP 

Figure 3.19.25 ADDRESSING ROUTINES RT3S THR. 7S 
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1009 

/OOA 

LO 

/400 OE,REAO,WAIT 

/401 

/019 

/01A 

DI_ 0 I * 
2901 o_ IR11,Y 

FETCH CRLOG 

y 

* 

* 

y 

* 

PAFTCH 
. /OA3 

PAF 
/OAS 

28 PAFTCH 
/OA3 

LOP 

/.404 

R1=0 

CR LOG 
/198 

R1=0 

/005 OE,READ,WAIT 

/006 

/408 

/2F2 

/2F3 
/2F4 

01(8-151- 0(8-151 
"10"- 0(0-71 

2910 (JP 

ST 

y 

CRUNCH 
/OBO 

(R11-DO 
2932 PUSH PC-STACK 
2910 CJP 

OE, WRITE, WAIT 
2932 JMPR- PC+2,LOM 
2910 CJP 

y 

LDRP 
LEVEL 2 

/010 DE.READ, WAIT 
rn-o 
2901 o-o. 

/01E 2910 CJP 
* FOR FETCH ANO ECLA T SEE FIGURE 23 /707 2901 o.A/7EO-Y 

/7EO 2901 IR21 - O.;-f 
2910 CJP 

/708 

23 CRLOG 
/198 

2910 CJP 

FETCH 
/012 

STP 
I 40C 2932 FETCH R- 0 

2901 D Y DO 
/400 2932 PSH PC- STACK 

LDM 
2910 CJP 

SUS 
/439 

/040 2932 FETCH PC_ D 
2901 D-0.,Y 

23 PAFW2 
/06A 

2 910 CJP 

TRAP 
/4FF 

Figure 3.19.27 OPCODE 0: LDK, LDR, LDKP, LD, LDP, ST, STP 
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HL T ,INH,RIT (R1=01 

/105 DE,READ,WAIT 
O -Q.07, DI 8-15 - D8-15 
2901 D--Ao 
2910 CJP 

/6BC R1A 
2901 AO A /18_ 0., Y BIT 11, 12 TESTED 

/6BD 2901 a._ y 
2910 CJP 

N BIT 11 OR 12 IS ZERO 

RIT(RTC OR PWFI 
~--'---

/6AF 
/6BO 

N 

/6BE 

/6BF 

BIT 10 ZERO 

FETCH 
/012 

TO RESET 
RTC OR PWF 

RIT ((PINT OR BREAK l 

/15A 
/15B 

BIT13 ZERO RIT 
!PIFl 

/15( 2901 /FD- AO 

y 

/15D R1A SELPSW_ D 
2901 D A AO_ AO- Y 

Y-ALUX 

HLT/INH 

2910 CJP RESET PIF 

/107 2901 AO- Y 
SELPSW_ GFLD 

2910 CJP I 
/2EO ALUX_ D 

2901 o.-Y 
2910 CJP 

/6B1 
/6B2 

/6B3 

/6B4 

/106 2901 AD-AO /6B5 

2910 CJP /6B6 

/6B7 

/6B8 

N HALT SO SEND RUNZO TO PANEL 

/2E1 LDR2(01 
2901 /40- AO R2:0 

/2E2 2910 CJS 

/2E3 

NAD=/19( 
SEL 8251 
NAD=/19( 
SEL 8251 
NAD=/194 
SEL 8251 
NAD=/19C 
NAD=/19( 

Figure 3.19.33 OPCODE 4: HLT, !NH, RIT 

P857EB 

SELECT 8251 IV241 

REAOIEMPTY 82511 
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3-142 

/35C DE,READ,WAIT 
2901 a..1_ a. l 

2932 FETCH PC,PC+2, LDM 
2910 CJP 

/ODS DE, WAIT.READ 
2901 AO- Y I 
2932 JHPD, PC+2,LDM 
2910 CJP 

FETCH 
/012 

/677 2932 JMPR : R- PC+2,LDM 
2910 CJP 

FETCH 
/012 

Figure 3.19.43 OPCODE 7: TL, TS 

P857EB 8208 



/201 

/654 

/655 

N 

~ /26F 

N 

/277 

y 

/278 

/2F7 

~ 
"-' w 
> 
"-' 
Cl 

--' /146 <( 
:z 
f::i -z ,_ 

N 
x > 
"-' 
a: .... ,_ 

.... --' ,_ > <( 
0 J: 

' a: 
0 ,_ 0 
c; 0 c; 

/147 

/656 /22A 

8308 

CIO/OTR INSTR._ U 

DE.READ, WAIT 
Dl-D 

2901 D - U,Y 
2910 (JP 
2901 IR3l- Y R2=0 
2932 PSHD_ ST ACK !R31- STACK 
2910 CJ S LDR210l 

READ DEVICE 
ADDRESS AND 
COMPARE WITH 
/10 

CJO/OTR V24 

(JO V24 

CIO ST ART V24 
----'---~ 

IPL- D V24 ST A TE 
2901 D- Y - ALUX - D4-7 

2910 CJP 
ALUX -D - D12-15 

2901 D- Y ALU12-15 
2910 CJP 

N INACTIVE 

* 

* CR=l 
!NOT ACCEPTEDI 

/2F8 

/140 

/6B9 
/6BA 

/6BB 

/7DB 

17DC 

17DD 

/17E 

/17F 
/180 

/04B 

2901 O-Y 
CRLOG 

2910 CJP 
2901 (R3)_ IR3lSHR 

2910 CJP 
2901 /40_ u y 
2910 CJS 

SCV24 
/349 
FIGURE 22 

2901 o_u 
2910 (JP 

2901 (R3)_ !R3 
2910 CJP 

N 

2901 /80_ u 

2910 CJP 

SCV24 
/349 
FIGURE 22 

RESET 8251 
V24 

SHR 

Y PARITY 
ENABLE 

MODE 
INSTRUCTION 

/64D 

N 

EVEN 

/64E 2901/7AVU_ U,Y 
/64F 2910 CJP 

/373 2901 /SAVU_ U,Y 
/37 4 2910 CJP 

/04( 2932 POPS ST ACK- D 
2901 D- IR3l,Y 

STACK- R3 

2910 CJP 

N 

WRITE 

y 

"OUT" 

46 /04D 

READ 

* FOR FETCH AND ECLA T SEE FIGURE 23 

"IN" 

/20A R2B 
2901 AO- AOSHR 
2910 CJP 

/2B2 2901 AO- Y 
2910 CJP 

N 

y 

"IN+ECHO" 

-LOAD 
STATE 
REGISTER 

46 /2B3 46 /OEE 

Figure 3.19.45 OPCODE 8: CIO/OTR 
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45 45 

INR V24 
/02D 

V24 STATE 

IOUTJ 

V24 STATE 
UNI 

/04D R2B /2B3 2901 16- 0. A0=3 
2901 15- AO A0=5 /2B4 2901 a._ AOSHR 0.=6 

2910 CJP /04E 2901 13_ 0. 0.=3 

TRANSMITTER ENABLE 
ECHO=O 

RECEIVER ENABLE 
ECHO=O 

/04F 2901 AO- Y 
SELIPL,WRITE 
2910 CJP 

I 459 2910 CJS 

/45A 
/45B 

/45( 

FETCH 
/012 

y 

/45D 2901 a._ y 
SELIPL, WRITE 
2910 CJP 

/2D2 2901 125_ a. 
/2D3 2910 CJS 

/2D4 

FETCH 
/012 

!LOAD V24 
STATE REGISTER! 

COMMAND 
INSTRUCTION 

- STACK 2932 
& ALUX 

(LOAD V 24 ST A TE REGISTER! 
(0.=1) 

SET WST INTERRUPT: INTWSTN=0,ECH0=1 
TRANSMITTER ENABLE 
RECEIVER ENABLE 

COMMAND 
INSTRUCTION 

!EMPTY THE ST ACK) 

Figure 3.19.46 OPCODE 8: V24 STATES 
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45 

/OEE R2B 

V24 STATE 
UN+ECHOI 

2901 /B- AO AO:/B 
/OEF 2901 15_ 0. 0.=5 
/OFO 2910 CJP 

sm 

TRANSMITTER ENABLE 
RECEIVER ENABLE 
ECH0=1 

8308 



CID HALT 
V24 

/22A SELIPL- D D4-7 
2901 D-- Y - ALUX 
2910 CJP 

/2BF R2B ALUX- D D12-1S 
2901 D-- AOSHR, Y AO 
2910 CJP 

READ THE 
82S1 (V241 
STATUS 
IRST V241 

/SA3 
/SA4 1---~~;..;:; 

/SAS STATUS-

INAC (00001 N 

2932 PSHD-- ST ACK ST ACK 2932,ALUX 
-ALUX 

NAD:/196 

/2(0 CRLOG 
2901 o __ Y 
2910 CJP 

CR:OO 
!ACCEPTED') 

FETCH 23 
/012 

/246 
SRRA 

Y INPUT IX0111 

/247 

WST lx001) Y 

/SA6 SEL 82S1 
NAD:/19E 

2910 CRTN 

READ ADDR. 
IN CID 
IRADI 
/2AO 
/2A1 

/2A2 

2901 a._ Y ,ALUX 
R2B 

2901 Q. A /3F - AO 

2901 AO ¥- /10- AO AO#O- EXT. DEVICE 
2910 CRTN AO=O- V24 CU 

FROM INR /2A8 
RADSST (P8S7RA ONL YI 

OUTPUT N 14----,-X0_1_1 -'OR X101) 
DR INPUT __ .......__ __ 

/248 2901 .. /1" a. y 
1249 2901 a._ y 

SELIPL, WRITE 
2910 CJP 

/6FA 2901 12S- Q. 
/6FB 2910 CJS 

COMMAND 
INSTRUCTION 

/6FC CRLOG 
2901 o_ Y 
2910 CJP 

LOAD V24 ST A TE REG. 
/0001=WST 

INTWSTN:O,ECH0=1 
TRANSMITTER ENABLE 
RECEIVER ENABLE 

CR:OO 
!ACCEPTED 

23 FETCH 
/012 

R2B /2A3 

/2A4 
2901 a. /\ /3F - AO 
2901 AO-- Y 

2910 CJP 

y 

/2AS 2901 0. /\ /8FF - Y 
2932 PSHD- ST ACK 
2910 CRTN 

(SEND SST TO 
FLOATING POINT 
PROCESSOR) ISSTFLOI 

/62B 2901 /8CO- Q. 
/62( 2901 a. __ DO 
/62D DE,WRITE,WAIT 

GFETCH, TMRINH 
DO BIO FPP 

/62E WRITE,TMRINH 
/62F 2901 0. A /8FF- Y 

2932 PSHD- ST ACK 
2910 CRTN 

SRI 

* AFTER A JMAP THE 
SECOND DE.WAIT IBSYCPUI 
DESTROYS THE INSTRUCTION 
IN THE FPP: SO HERE 
WE SEND THE STATUS 
TO FPP. 

SSTFLO 
/62B 

!SST CODEI 

Figure 3.19.47 OPCODE 8: era HALT V24, RST V24, SSTFLO, RAD 
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OTR V24 

1270 SELIPL- D 
2901 D- Y - ALUX 
2910 CJP 

/2EB 2901 /4- Q. 
/2EC ALUX- D 

2901 D I\ a._ Y 
2910 ( 

y 

/2ED 

/2EE R2B 

TEST OUT IN V24 STATE REGISTER 

NO OUT PUT STATE 

-STACK 
2932 
ALUX TEST 

TxRDY 
IST A TUS- AOl 

2932 POPS ST ACK- D 

/382 

/383 

/384 

901 D...AO,Y 
2910 ( 

SDV24 
/605 
FIGURE 22 

N 

y 

TEST 
NOP 
/45( 

TEST TxEHPTY 

IR3l- V24 TERMINAL 

CR:OO 
!ACCEPTED J 

/2EF 2901 /100 
/2FO DE,READ,CRLOG 

2901 a._ Y CR= 01 
2910 CJP INOT ACCEPTED) 

SRI 

FETCH 
/012 ,,, 

Figure 3.19.48 OPCODE 8: OTR-V24 
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45 

CIO/OTR 
EXTERNAL 
DEVICE 

/656 

/657 

/658 

2901 0. A /8FF _ v 

2932 PSHD _ST ACK 
2901 IR3l- Y - DO 
2932 POPS ST ACK,LDM 
2910 14- RCT 
OE,WRITE,WAIT.CRIO 

DO-BIO I 
GPTMP,TMRINH 

2901 D_ Y 
2932 R_ MADS 
2910 CJP 

(SELD0=1) 

1110 DELAY) 

P857EB: 
D:/14f 
P857RA: 
D:/237 

Y {P857RA 

P857E 

/14F CRIO TMRINH 
2910 CJP 

4 7,53 

INR/SST /TST 
EXTERNAL 
DEVICE P857EB 

/2A8 

/2A9 

/2AA 

2901 0. A /8FF- Y 
2932 PSHD -STACK 
2901 i;_ 0. 

2932 POPS -LDM 
2910 14- RCT 
DE,READ,WAIT,CRIO 

cu_ em_ DI I 
GPTMP,TMRINH 
2901 o._ y 
2932 FETCHR,LDM 
2910 CJP 

Y { P857EB 

P857RA 

/236 DI_ D 
2901 D- (R3) 

TMRINH 
/237 TMRINH 

2910 RPCT 

/238 DE.READ 
2910 CJP 

y 

Q FETCH v /012 

/236 CRIO 
2901 DI- D 
2901 D- IR3l 

1.2uS 
DELAY 

/2A8 

P857RA 

2910 CJS 

RADSST 
/2A3 
FIGURE 47 

ALWAYS ALU15=1 
(0.:/FFFBJ 

Figure 3.19.49 CIO/OTR EXTERNAL DEVICE INR/SST, TST EXTERNAL DEVICE 
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* FOR FETCH AND ECLAT 
SEE FIGURE 23 

Figure 3.19.53 OPCODE 9: INR, SST, TST (V24), INRV24, ECHO 
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("' 

STATUS_ ALLIX 
STACK 2932 

N DSR=O 

/416 2901 IR3)+1-1R3l 
2910 CJP 

i.-------__J "NOTOP"- STATUS 

/1AC 2932 POPS- D 
2901 D- n,Y 

/1AD R2B 
2901 B-AO 

/1AE 2901 n II AO- Y 
2910 CJP TEST PARITY ERROR 

y 

PARITY ERROR 

/1AF R1A 
2901 IR3)+14-1R3) PARITY ERROR- STATUS 

/1BO R2B 
2901 AO+AO_ AO A0=/10 

1336 2901 n II AO_ Y 
2910 CJP TEST OVER - RUN ERROR 

/337 R1A 
2901 IR3)+2- IR3l THROUGHPUT ERROR- ST A TUS 

1338 SELIPLN- D 
2901 D- Y - ALLIX ST A TE REG._ ALLIX 
2910 CJP 

/33E R2B ALUX_ D 
2901 D- AOSHR,Y ISRRAI 
2910 CJP 

/41A 

/610 

/611 

WST 

/612 R2B 

N 

TEST STATE REG. V24 
ACTIVE 

ISRRAl 

Y INPUT 

Y OUTPUT 

2901 Is'_ AO AO:/FFFA 
/613 2901 AO v n_ n n:/FFF, lxly 
/614 2901 n.1_ Y 

2910 (JP X= TxEMMTY 
y=TxRDY 

Y INOT READY) 

/615 
/616 

/617 

IN CASE A MEMORY 

FETCH 
/012 

TxEMPTY AND TxRDY 

REMOVE 
INTERRUPT 

V24 STATE=OOOO 
CR:OO 
!ACCEPTED) 

/33F 

EXCHANGE IS IN PROGRESS } 
THE MIOP SEnUENCER MUST --
REMAIN INHIBITED. FOR THIS 
REASON THE PAF=O TEST IS CARRIED OUT 

/340 

* FOR FETCH AND ECLA T SEE FIGURE 23 

Figure 3.19.54 OPCODE 9: SSTV24 

8208 P857EB 

CR= 01 
(NOT ACCEPTED) 

* 

* 
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1281 
1285 

R=PCINEXT INSTR.I- 0. /2(1 
/2(5 

1284 DE,READ,WAIT 

1282 
/286 
/283 
/287 

o-D0-7, DI 8-15- D8-15 
2901 O.+D-Y I 
2932 JMPD-PC+2,LDM 
2910 CJP PC+2 

FETCH 
/012 

FETCH 

ECLAT 

y 

/2(4 DE,READ,WAIT 

/2(2 
/2(6 
12(3 
/2(7 

o-Do-1. DI s-15_ D8-15 
2901 0.-D- Y I 
2932 JMPD-PC+2,LDM 
2910 CJP PC+2 

FETCH 
/012 

Figure 3.19.57 OPCODE 10: RF 
OPCODE 11: RB 

P857EB 

FETCH 

ECLAT 

8208 



Y WER MIOP 

N 

WER EXTERNAL 

/2CD 2901 0. I\ /8FF- Y 
2932 JMPD ,LDM 

/2CE 2901 IR3 1- DO 

/2CF DE.WRITE.WAIT 
GPTMEN,TMRINH 

DO-BIO 
2932 JMPR R- PC+2 
2901 /FE3F - Y 
2910 CJP 

/1(0 TMRINH 

8308 

2901 /FFED- Y 
2910 CJP 

FETCH 
/012 

1088 

WER 

/381 DE, READ, WAIT 
Dl-D 

2901 D- a. 0.=WER INSTR 
2910 CJP 

/2CB 2901 0. I\ /FF - 0. R2:15 
LDR2(15) 

/2(( 2901 0.-/20_ y 
2910 CJP R2P1 R2:0 

/2CD 

y 

WER MIOP 

/01F R2B PSW- D 
2901 D-AO 
2910 CJP 

1081 2901 AO I\ /10-AO 

/01F 2901 (R3)_ Y 
2932 JMPD_ PC 
2910 CJP 

/023 R1A,R2B 
2901 (R3l-1-AO 
2910 CJP 

1088 2901 AO- Y 

/2CD WER EXTERNAL y 

(MIOP ABSENT) 

N 

MIOP PRESENT 

1089 2901 !RJi-Y 
2932 JMPD- PC 
2910 CJP 

CONTENTS OF REGISTER-PC 
SPECIFIED BY R3 MUST BE 
INVERTED IN ORDER TO WRITE 
IT IN THE SCRATCHPAD (WER2,3) 

SIN 

~ WER CONTINUED ~ /56[ 

Figure 3.19.65 OPCODE 14: WER 
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/56( 

y 

CW1 
~--'---~ 

/56D 2901 AO I\ /FFF -- Y 
2932 PSHD- ST ACK I BLOCK LENGTH-1 l 

/56E R1A,R2B 
2901 IR3) I\ /FOOO- AO 

.'56F 2932 POPS ST ACK- D 
R2B I 
2901 AO V D- AO AO:(R3)-1 
2910 CJP 

/022 2901 AO_ Y 
2932 JMPD- PC 
2910 CJP 

/528 INHIOP,WAIT,R2B R2B :WRITE SP16* 
2932 FETCH PC- D PC- BUF 
2901 O.LOG_ Y - SPAD 

/529 GPSP,INHIOP,R2BI 
2901 O.LOG_ Y- SPAIOP 
2932 FETCH PC -D IPCl- SCRATCHPAD 

/52A R2B AND INCREMENT 

N 

/52( 

/52D 

/52E 

2901 Ao- AO BY ONE 

2901 AO V /FC_ Y 
2932 JMPD- PC 
INHIOP,WAIT,WRITE WRITE: WRITE EXTENSION 
2901 0.+1-Y-- SPAD SCRATCHPAD (2 BITS) 

CARIN I 
2932 FETCH PC - O pc_ BUF -EXTENSION 

SPBUF EXT=D 

* 

I GPSP JNHIO~WRITE 
SPBUr ~x 1 =0 I pc_ SCRATCHPAD -EXTENSION 

. CARIN 
2901 0.+1- Y - SPAD RESET SPFLAG * * 

/52F 

* 

2932 FETCH PC - D (SELR2=0l 
2932 JMPR -PC+2 

LDM 
2910 CJP 

FETCH 
/012 

NOTE: SCRA TCHPAD IS WRITTEN INVERTEDL Y 

/2FA 

/2FB 

/2FC 

/2FD 

/2FE 

/2FF 

/33A 

/33B 

/33( 

CW2/CW3 

WAIT,INHIOP 
2901 0. -Y -SPAD 

CARIN I 
GPSP ,READSP ,INHIOP 
2901 0. -Y -SPAD 

CARIN 
SELIPL :TEST FLAG 
2901 D- Y 
2910 CJP 

y 

CW2 

R2B,INHIOP,WAIT 
2932 FETCH PC -D 
2901 o._ Y- SPAD 
R2B,INHIOP,GPSP 
2932 FETCH PC - D 
2901 0. -Y -SPAD 

CARIN 
2932 JMPR -PC+2 

LDM 
2910 CJP 

FETCH 
/012 

CW3 

INHIOP,WAIT,WRITE 
2932 FETCH PC -D 
2901 0. -Y -SPAD 
INHIOP ,GPSP, WRITE 
2932 FETCH PC -D 
2901 o._ Y- SPAD 

CARIN 

2932 JMPR- PC+2 
LDM 

2910 CJP 
SPZ7 

FETCH 
/012 

** NOTE: R2B:SELR2=1 MEANS WRITE SCRA TCHPAD ANO SET SPFLAG 

SELR2=0 MEANS RESET SPFLAG 

ADDRESS SCRATCHPAD 
CARIN: DO NOT INCREMENT 

SCRATCHPAD CONTENTS 

SPFLAG_ FLAGW3 
- 015=FLAGW3 

FLAG =1 

R2B:WRITE 

PC- BUF 

PC_ SCRA TC~AD 
SET SPFLAG * * 

ISELR2=1l 

WRITE :WRITE EXTENSION * 
SCRATCHPAD 

PC- BUF 

PC_ EXTENS. SCR. PAD. 

EXTENSION BUF =D 

Figure 3.19.66 OPCODE 14: WER (CONT'D) 
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~ -- -

~ 

8308 



,,,,... 

~ 

8208 

RTNIA1-14l IR1=0l 

I 4E4 2901 2 AO 
/4ES 2901 IR2J+AO_ IR2).Y 

2932 JMPD.LDM 
2910 CJP 

/3AE DE,READ,WAIT 

/325 

R1A,R2B I 
2901 !R2J+AO_ IR2l,Y 
2932 JMPD,LDM 

/3AF 

INCREMENT 
ST ACKPOINTERIR2l 
ADDR. STACKWORD 

INCREMENT 
ST ACKPOINTER(R2l 

DE.READ, WAIT 
DI- D 

2901 a_ Y RESTORE 
CRRTN CR IN PSW 

2910 CJP 

N 

y 
/3BO Dl_o 

2901 a_ Y 
2932 JMPD- PC 

PC+2 
LOH 

FETCH 
/012 

/328 2901 IR2l- Y EFFECTIVE 
2932 PSHD- STACK ADDRESS 

/326 EFFECTIVE 
ADDRESS 

/327 

PAF 
/OAS 

RTN(A15l 

/3E9 R2B DE.READ.WAIT 
2901 (R2l+2- !R2l, Y 
2932 JMPD LDMD 

/3EA DE.READ, WA IT 
R2B I 

2901 (R2J+2_ R2,Y 
LDR1(0) I 

2932 JMPD,LDMD 
/3EB 2901 /BA-AO 
/3EC Dl_o I 

2901 D f\ AO- AO 
2910 CJP 

/SCA 2901 /BA a. 
/SCB Psw_o 

2901 D fl 0. a. 
/5(( R1A DE.READ I 

2901 0. V AO- 0. 
/SCD DE.READ, WAIT 

CRRTN I 
2901 AO_ Y - PLR 

/SCE DI_ a 
2901 a_ Y 
2932 JMPD_ PC+2 

LDM 
/SCF 2901 0:_ PSW 

2910 CJP 
/010 2910 CJP 

596 

FETCH 
/012 

Figure 3.19.70 OPCODE 14: RTN, (Al-Al5) 

P857EB 

READ PSW FROM STACK 
_DI 

R1=0 

A0=/FF45: BITS TO 
COPIE FROM ST ACK 

0.=/00BA: BITS TO 
COPIE FROM PSW 

READ PC FROM STACK 
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5 LISTING 

Listings are not included in this document because of their limited usefullness, 
their bulk and related cost. 
One copy of the listings will be made available to the LMO's upon receipt of a 
written request by an authorized official. 
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Pas. Code Number Description 

~ A P857EB 
1B 5111 199 61980 PCB C7ElB Compl. 
2C 5111 000 04291 IC 74538 
3C 5111 000 00921 IC 74510 
4C 5111 000 02531 IC 745151 

5C 5111 000 02301 IC 745153 
6C 5111 000 02451 IC 745157 
7C 5111 000 02151 IC 745174 
BC 5111 000 02541 IC 745182 
9C 5111 000 01791 IC 74520 

lOC 5111 000 02721 IC 74532 
llC 5111 000 04121 IC 745374 
12C 5111 000 00791 IC 74574 
13C 5111 000 01821 IC 745175 
14C 5111 000 00801 IC 74511 ,.. 15C 5111 000 04071 IC 745132 
16C 5111 000 03742 IC 2901A 
17C 5111 000 05401 IC 2910 
18C 5111 000 02241 IC 74502 
19C 5111 000 02661 IC 74L504 

20C 5111 000 02701 IC 74L508 
21C 5111 000 02131 IC 745138 
22C 5111 000 04981 IC 74L5169 
23C 5111 000 04131 IC 74L5173 
24C 5111 000 04261 IC 74L5244 

25C 5111 000 04051 IC 74L5251 
26C 5111 000 03911 IC 74L5273 
27C 5111 000 04021 IC 74L5348 
28C 5111 000 03941 IC 74L5374 
29C 5111 000 04011 IC 74L5377 

30C 5111 000 03691 IC 74L538 

~ 
31C 5111 000 02831 IC 74L574 
32C 5111 000 02851 IC 74L586 
33C 5111 000 02241 IC 74502 
34C 5111 000 00491 IC 74504 

35C 5111 000 03891 IC 74508 
36C 5111 000 04091 IC 74L5240 
37C 5111 000 00481 IC 74500 
38C 5111 010 04071 IC PLACR (825100) 
39C 5111 010 06741 IC PLAMAT (825100) 

40C 5111 010 06751 IC PLAVEC (825100) 
41C 5111 010 04101 IC PROM 4101 (825123) 
42C 5111 010 06483 IC 6483 (825191) ROM 0 
43C 5111 010 06493 IC 6493 (825191) ROM 1 
44C 5111 010 06503 IC 6503 (825191) ROM 2 

45C 5111 010 06513 IC 6513 (825191) ROM 3 
46C 5111 010 06523 IC 6523 (825191) ROM 4 

~ 
47C 5111 010 06534 IC 6534 (825191) ROM 5 
48C 5111 010 06544 IC 6544 (825191) ROM 6 
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Pas. Code Number Description 

~ 60C 9331 126 70112 Diode 1N4151 
61C 2222. 030 38109 Capacitor lOuF 63V 
62C 2222 629 18103 Capacitor lOnF 63V 
63C 2222 630 18102 Capacitor lOOOpF 10% lOOV 
64C 5111 000 07261 Capacitor 680pF 5% 

65C 2222 630 18471 Capacitor 470pF 10% lOOV 
66C 5111 000 07271 Capacitor 820pF 5% 
70C 2322 211 13102 Resistor lK 5% 0.25W 
71C 2322 211 13271 Resistor 270E 5% 0.25W 
72C 2322 211 13391 Resistor 390E 5% 0.25W 

73C 2311 211 13221 Resistor 220E 5% 0.25W 
74C 2322 151 51471 Resistor 147E 1% 0 125W 
75C 2322 211 13681 Resistor 680E 5% 0.25W 
76C 2322 151 51101 Resistor llOE 1% 
77C 5111 000 04241 Resistor network 39107 

~ BOC 5111 000 05711 Connector 8609 396 7113 245 000 
81C 2422 025 02786 Connector 75789-101-40 
83C 5111 000 05241 IC socket 24 pins 
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Pas. Code Number Description 

~ A P857EB 
lB 5111 199 61990 PCB C7E2B Compl. 
2C 5111 000 01871 IC 1488 
3C 5111 000 01881 IC 1489A 
4C 5111 000 04251 IC 2917 

SC 9334 941 60682 IC AM 2932X 
6C 5111 000 02651 IC 74L500 
7C 5111 000 02711 IC 74L502 
BC 5111 000 02661 IC 74L504 
9C 5111 000 02701 IC 74L508 

lOC 5111 000 03641 IC 74L510 
llC 5111 000 02481 IC 74L511 
12C 5111 000 04981 IC 74L5169 
13C 5111 000 04091 IC 74L5240 
14C 5111 000 05361 IC 74L5373 

~ 
15C 5111 000 04261 IC 74L5244 
16C 5111 000 03911 IC 74L5273 
17C 5111 000 02921 IC 74L5298 
18C 5111 000 03671 IC 74532 

, 19C 5111 000 04021 IC 74L5348 

20C 5111 000 03941 IC 74L5374 
21C 5111 000 04011 IC 74L5377 
22C 5111 000 03691 IC 74L538 
23C 5111 000 03871 IC 74L5393 
24C 5111 000 02831 IC 74L574 

25C 5111 000 03591 IC 74L585 
26C 5111 000 00481 IC 74500 
27C 5111 000 00491 IC 74504 
28C 5111 000 00921 IC 74510 
29C 5111 000 00801 IC 74511 

30C 5111 000 00601 IC 745112 

~ 31C 5111 000 02131 IC 745138 
32C 5111 000 02301 IC 745153 
33C 5111 000 03821 IC 74520 
34C 5111 000 04071 IC 745132 

35C 5111 000 04121 IC 745374 
36C 5111 000 00791 IC 74574 
37C 5111 000 04271 IC 8251A 
38C 5111 000 04601 IC PROM 4601 (825137) 
39C 5111 000 04371 IC 8304B 

40C 9336 520 20682 IC COM8116 
41C 5111 000 02691 IC 74L5157 
42C 5111 000 04291 IC 74538 
43C 5111 000 03891 IC 74508 
44C 5111 000 02241 IC 74502 

45C 5111 000 03801 IC 74L5123 
46C 5111 000 07081 IC 74F74 

~ 67C 2411 535 01332 Crystal QA60A 5,0688 MHZ 

8308 P857EB 6-7 



O"I 
I 

co 

-0 
co 
CJ1 
-....J 
rn 
co 

co 
w 
0 
co 

J 

> m no m.,, Q x '- ;11:: r- z z.,, o ::u "'-4 c< ~ 

J J J 



Pos. Code Number Description 

~ . 76C 5111 000 06711 Capacitor luF 50V 
77C 2222. 630 01102 Capacitor lOOOpF 10% lOOV 
78C 2222 015 28109 Capacitor lOuF 25V 
79C 2222 629 18103 Capacitor lOnF CER 
BOC 2222 424 41502 Capacitor 1500pF 1% 63V 

81C 2222 630 18472 Capacitor 4,7nF 10% 
82C 2222 630 01471 Capacitor 470pF 
84C 2222 630 18391 Capacitor 390pF 
85C 2222 630 18392 Capacitor 3900pF 
86C 2013 553 00561 Capacitor O,luF 50V 

87C 2222 427 44701 Capacitor 470pF 1% 
99C 2322 151 56811 Resistor 681E 

lOOC 2322 211 13102 Resistor lK 5% 0,25W 
101C 2322 151 56812 Resistor 6,81K 1% 0,125W 
102C 2322 211 13221 Resistor 220E 5% 0,25W 

r" 
103C 2322 151 51471 Resistor 147E 1% 0,125W 
104C 2322 151 52614 Resistor 261K 1% 0,125W 
105C 5111 000 04241 Resistor network 39107 
113C 5111 000 05711 Connector 8609 396 7112 245 000 
114C 2422 000 02281 Connector 75789 - 101 -10 

126C 5111 000 05221 IC socket 16 pins 
127C 5111 000 07161 IC LOCO KllOOA-22,220 MHz 
128C 5122 110 91491 Insulation Plate (under LOCO) 
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Pas. Code Number Description 

,.- A P857EB 
lB 5111 199 62000 PCB MIOPB COMPL. 
2C 5111 000 00941 IC 3101A 
3C 5111 000 02711 IC 74L502 
4C 5111 000 02701 IC 74L508 

5C 5111 000 04111 IC 745373 
6C 5111 000 02241 IC 74520 
7C 5111 000 02691 IC 74L5157 
8C 5111 000 05361 IC 74L5373 
9C 5111 000 04091 IC 74L5240 

lOC 5111 000 04261 IC 74L5244 
llC 5111 000 03911 IC 74L5273 
12C 5111 000 02911 IC 74L5283 
13C 5111 000 04021 IC 74L5348 
14C 5111 000 03941 IC 74L5374 

~ 
15C 5111 000 04291 IC 74538 
16C 5111 000 05371 IC 74L5398 
17C 5111 000 02831 IC 74L574 
18C 5111 000 02241 IC 74502 
19C 5111 000 00491 IC 74504 

20C 5111 000 03891 IC 74508 
21C 5111 000 00601 IC 745112 
22C 5111 000 02301 IC 745153 
23C 5111 000 04071 IC 745132 
24C 5111 000 03671 IC 74532 

25C 5111 000 00791 IC 74574 
26C 5111 000 03961 IC 82509 
27C 5111 000 03591 IC 74L585 
28C 5111 000 00921 IC 74510 
29C 5111 000 00801 IC 74511 

41C 2222 630 18471 Capacitor 470pF 

"" 
42C 2222 629 18103 Capacitor lOnF 
43C 2013 554 18401 Capacitor 560pF 1% lOOV 
44C .2013 554 08352 Capacitor 680pF 5% lOOV 
45C 2013 554 08353 Capacitor lOOOpF 5% lOOV 

46C 2222 015 28109 Elco lOuF 25V 
47C 2013 554 08403 Capacitor 470pF 1% lOOV 
48C 2222 631 10689 Capacitor 68pF 
50C 2322 151 51621 Resistor 162E 0,125W 1% 
51C 2322 211 13102 Resistor lK 0, 25W 5% 

52C 2322 151 51471 Resistor 147E 1,125W 1% 
53C 2322 151 51101 Resistor llOE 0, 125W 1% 
54C 5111 000 04241 Resistor network 39107 
55C 5111 000 03931 Resistor network 10215 
57C 5111 000 05711 Connector 8609 396 7113 245000 
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CONVERSION LIST PCB C7E1 .. ··B 

Al~TNR:: S12NC: DES CR 

2222 015 28109 4822 124 20-728 ELCO 10MU 63V 
2222 030 38:1.09 4822 124 20728 CAP. 10UF 63V 
2222 629 01103 1+0::~2 122 30043 CAP. 10NF 10/. (.,3v 
2222 629 18103 49:~2 122 30043 CAP. 10NF 63V 
2222 630 01102 '•822 122 30027 CAP.1000PF 100V 10/. 
2222 630 014?1 4822 122 30034 CAP.470PF 10X 100V 
2222 630 18102 4822 122 30027 CAP 1000PF 10X 100V 
2222 630 18471 '+822 122 30034 CAP 470PF 10X 100V 
2322 151 51101 5322 116 54474 RES .. 110E 1X 1/8W 
2322 151 5147:1. 5322 116 50766 RES .. 147E 1X 1/BW 
232~~ 211 13102 4822 110 73107 RES .. 1KO 5/. 0.25W 
2322 211 1322:1. 4822 110 73089 RES.220E 5X 0 .. 25W 
2322 211 13271 4822 1:1.0 73092 RES .. 270E 5.% 0.25W 
2322 211 13391 '•822 110 73096 RES.390E 5.% 0.25W 
2322 211 13681 4822 110 "73103 RES.680E 5.% 0.25W 
2411 024 01024 5322 268 10182 JUMPER LINI< 2MM54 
2'+22 025 02786 5322 265 64122 CONN.725789-101-40 
511 :I. 000 00481 5322 209 84167 IC SN74SOON 
5111 000 00491 5322 209 84475 IC N74S04A 
5111 000 00791 5322 209 84183 IC SN7487'+N 
51U. 000 00801 5322 209 85604 IC N74811N 
5111 000 00921 5322 209 84954 IC SN74810N 
5111 000 01791 5322 209 85195 IC SN74S20N 
5111 000 01821 5322 209 85451 IC N74S175B 
5111 000 02131 5322 209 86439 IC N74S138B 
5111 000 0215:1. 5322 209 85683 IC N74S1 ?4I< 
5111 000 0224:1. 5322 209 85407 IC N74S02A 
5111 000 02301 5:322 209 85688 IC N?4S153B 
5111 000 "02451 5322 209 85669 IC SN74S15"7N 
5111 000 02531 5322 209 85453 IC N74S151B 
5111 000 02541 5322 209 85814 IC N74S182F 
5:1.11 000 02661 4822 209 80?83 IC 7'+LS04 
5111 000 02701 5322 209 84995 IC SN74LS08N 
5111 000 02831 4822 209 80782 IC 74LS74A 
5111 000 02851 5322 209 84997 IC SN74LS86N 
5111 000 0367:1. 5322 209 856?9 IC N74S32A 
5111 000 03742 5322 209 85817 IC AM2901ADC 
5111 000 03891 5322 209 85681 IC N74S08A 
5111 000 03911 5322 209 85792 IC N74LS273N 
5111 000 0394l 5322 209 85869 IC SN"74LS374N 
5:1.11 000 04011 5322 209 86258 IC 74LS377 
5111 000 04021 5322 209 86259 IC 74LS348 
511l 000 04051 5322 209 86224 IC SN74L.S251 
5111 000 04071 5:522 209 85267 IC SN74S132N 
5111 000 04091 5322 209 85862 IC SN74LS240N 
5111 000 04:1.21 5322 209 86162 IC 748374 
5111 000 04131 5322 209 85967 IC N74LS173N 
~i111 000 042'+l 5322 111 94221 R .. NETW .. 39107C7X390E) 
5:1.11 000 04261 5~3~~:~ 209 86017 IC N74LS244N 
5111 000 04291 532:~ 209 85677 IC 74838 
5:1.11 000 04981 5322 209 86:393 IC 74LS169 
5111 000 0524:1. 532:~ 255 4'+229 SOCl<ET 24POL. <DIU 
5111 000 05401 53~~2 209 86395 IC AM2910DC 
5111 000 07261 5322 121 50878 CAP 680PF 250V 5X 
5111 000 07~~71 53:~2 121 54072 CAP 820PF 250V 5.% 
9331 12i> ?01:1.2 532::~ 130 343:'.!1 DIODE 1N4151 
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PCB ClE2··-B 

~ ARTNR: ~3l.2Nr~: DESCR 

2222 030 28109 .t+822 124 20728 CAP lOUF 
2222 629 18:1.03 4822 122 30043 CAP. lONF l.OOV 
2222 6:rn 18Hl2 4822 l. ~!2 30027 KER-CAP l.N 6:5V 
2222 630 18:59 l. -"+822 1 '°)'') ,:..,.•,. ;30091 CAP 390PF 
2222 630 1.8392 4822 :I. r) '') ,,,;..,:.. 30098 CAP.3900PF 
2222 630 18471 4822 122 30034 CAP 470PF 10/. 100V 
2222 630 18472 4822 122 30128 CAP 4700PF 
2:32:~ 151 51471 5322 116 50766 RES.147E l. Y. 1/8W 
2322 151 526:1.4 53::.~2 116 54736 r~ES.:.:!61K 1 .%' 1/8W 
2322 151 56811 4822 116 51233 RES.681E 1 Y. 1/BW 
2322 151 56812 4822 116 51252 RES.6K81 1/BW 1 Y. 
2322 211 13102 4822 110 73107 RES. 1KO 5Y. 0.25W 
2322 211 13221 4822 110 73089 RES.220E 5.%' 0.25W 
2411 011 07257 532:~ 268 14116 PIN QW786 
2411 024 01024 5322 268 10182 JUMPER LINK 2MM54 
2411 535 01332 5322 242 74147 CRYSTAL 5,0688MHZ 

~ 2422 025 02281 5322 265 44121 CONN. 75789-101-10 
5111 000 00481 5~i22 209 84167 IC SN74SOON 
5111 000 00491 5:_~22 :.:~09 84475 IC N74S04A 
5111 000 00601 5322 209 85741 IC SN74S112N 
5111 000 00791 5322 209 84183 IC SN74874N 
5111 000 00801 5322 209 85604 IC N74S11N 
5111 000 00921 5322 209 84954 IC SN74S10N 
5111 000 01871 5322 209 84307 IC SN75188 
5111 000 01881 5322 209 85619 re 1489A 
5111 000 021:31 ~i322 209 86439 IC N74S138B 
5111 000 02241 5322 209 85407 IC N74SO::~A 

5111 000 p2:rn1 53::.~2 209 85688 re N74S153B 
51.11 000 02481 5322 20<;> 85604 re N74LS11A 
511.1 000 02651 5322 209 84823 IC N74LSOOA 
51:1.1 000 02661 '+822 209 80783 re 74LS04 
5111 000 02691 5322 209 85489 IC N74LS157B 
5111 000 02·101 5322 209 84995 re SN74LS08N 
5111 000 02711 5322 209 85312 IC N7'+LS02A 
5111 000 02831 -"+822 209 80782 re 74LS74A 

r 5111 000 02921 5322 209 85937 IC N74LS298N 
5111 000 03591 5:322 209 85615 IC N'74LS85N 
5111 000 03641 5322 209 84996 IC N74L..Sl.OA 
5111 000 03671 5322 209 85679 re N74S32A 
5111 000 03691 5322 209 85605 IC N74LS38A 
5111 000 03801 5322 209 85266 IC SN74LS123N 
5111 000 03871 4822 209 80447 IC N74LS393N 
5111 000 03891 5~522 209 85681 IC N74S08A 
5111 000 03911 53:~:~ 209 85792 IC N74LS273N 
51.11 000 039'+1 5322 209 85869 re SN'74LS374N 
5111 000 04011 5:~::~:?. 209 86258 IC 74Ls;377 
5111 000 04021 5322 209 86259 IC 74LS348 
5111 000 04071 53:?.2 209 85267 IC SN74S132N 
5U.1 000 04091 5322 209 85862 IC SN'74L.S24DN 
51.11 000 0412l 5:3:;.~2 209 8<'.>l62 IC ·745374 
5111 000 04241 5:~22 111 94221 R.NETH.39107<7X390E> 
5111 000 04251 5322 209 86246 IC 2917A 
5 l 11 000 04261. 5~·5:?. ~.~ 209 86017 IC N'74L..S244N 
5111 000 04271 5~~~~::?. 209 8584? IC P8251A 

~ 5:1.11 000 04291 5:322 209 8567'7 IC 74838 
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PCB C7E2--B 

,..., 
ARTNR: S12NC: DESCR 

5111 000 04371 53:~~-~ 209 86211 IC 8304D 
5U.1 000 ()498:1. 532~?. 209 86393 IC 74LS169 
51 :1.1 000 05361 4822 209 80916 IC SN74L.S3"73J 
5U.1 000 06711 4822 124 20927 CAP lUF 50V 
5111 000 07081 5:522 209 81474 IC 74F74PC 
5111 000 07161 5~522 24~~ 70644 X-TAL. 22,220MHZ 
5111 000 0"7231 532~~ l.22 :31911 CAP BT 5/. '+70PF 
5111 000 07301 5322 121 509:1.3 CAP BT 5.%" 1NF::'; I 

::'i111 000 07831 532:~ l.22 3:1.951 CAP OUF1 50V 
9334 941 60682 5322 209 86~~96 IC AM2932DC 
<_?336 ::'i20 20682 5322 209 81547 IC COM8116P 
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PCB MIOP-B 

("'"' 
ARTNR: S12NC: I•ESCR 

2013 554 08351 5322 122 31703 CAP 470PF 1Y. 100V 
2013 554 08352 5322 122 31699 CAP 680PF 5X lOOV 
2013 554 08353 5322 122 31701 CAP lOOOPF 5Y. lOOV 
2013 554 08401 5322 122 :3:1.702 CAP 560PF 1.%' 100V 
2222 015 161.09 4822 124 20697 CAP.lOUF 25V 
2222 629 01103 4822 122 30043 CAP. 10NF 10.f. 63V 
2222 630 01471 4822 122 30034 CAP.4'70PF 10.%' lOOV 
2222 631 10689 '•822 122 :H0'76 CAP •• 68PF 2Y. 100V 
2322 151 51.101 5322 116 54474 RES.llOE: 1 Y. 1/8W 
2322 151 51471 5~i2:~ 116 50766 RES.147E 1.%' 1/8W 
2322 1.51 51621 5322 116 50417 RES.162E 1Y. 1/8W 
2322 211 1:3102 4822 110 73107 RES. 1KO 5Y. 0.25W 
2411 024 01024 5322 268 10182 ;JUMPER LINK 2MM54 
5111 000 00491 5322 209 944·75 IC N74S04A 
5111 000 00601 5322 209 85741 IC SN74S112N 
5111 000 00'791 5322 209 84183 IC SN74S74N ,.., 51.11 000 00801 5322 209 85604 IC N74S11N 
5111 000 00921 5322 209 84954 IC SN74S10N 
51.11 000 00941 5322 209 54058 ROM 3101A 
5111 000 01791 53:~2 209 851.95 IC SN74S20N 
51. l 1 000 02241 5322 209 85407 IC N74S02A 
5111 000 02301 5322 209 85688 IC N74S153B 
5111 000 02691 5322 209 85489 IC N74LS157B 
5111 000 02701 5322 209 84995 IC SN74LS08N 
511.1 000 02711 5322 209 85312 IC N74LS02A 
5111 000 02831 4822 209 80782 IC 74LS74 
5111 000 02911 5322 209 86052 IC 74LS283 
5111 000 03591 !:i322 209 85615 IC N74LS85N 
51.11 000 03671 5322 209 85679 IC N74S32A 
5111 000 0:3891 53~~:~ 209 85681 IC N74S08A 
5111 000 03911 5322 209 85792 IC N74LS273N 
5111 000 03931 53:~2 111. 9423'7 RNW 10215<15X1K> 
5111 000 03941 5322 209 85869 IC SN74LS374N 
5111 000 03961 5322 209 54526 IC 82S09 ,... 5111 000 04021 5322 209 86259 IC 74LS348 
5111 000 04071 5322 209 85267 IC SN74S132N 
5111 000 04091 5322 209 85862 IC SN74LS240N 
5111 000 04111 53~.!2 209 86086 IC 745373 
511.1 000 04241 5322 111 94221 R.NETW.39107C7X390E) 
5111 000 04261 53~~:~ 209 86017 IC N74LS244N 
5111 000 04291 5322 209 85677 IC 74838 
5111 000 05361 4822 209 80916 IC SN74LS373J 
5111 000 05371 5322 209 86394 SOCKET 28POL. <DIL> 
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