SPERRYSFUNIVAC

V70 Series Processor
Operation and Service

Mini-Computer Operations

2722 Michelson Drive
P.O. Box C-19504
Irvine, California 92713



<= UNIVAC®

V70 SERIES PROCESSOR
Operation and Service Manual
984 9906 028
DECEMBER ,’977

. The statements in this publication are not intended to c¢reate any warranty, express or implied.

Equipment specifications and performance characteristics stated herein may be changed atany time
without notice. Address comments regarding this document to Sperry Univac. Mini-Cemputer
Operations, Publications Department, 2722 Michelson Drive, P.Q. Box C-19504, Irvine, Califorma,
92713.

© 1977 SPERRY RAND CORPQRATION.

Sperry Univac is a division of Sperry Rand Corporation Prntea i U S A



CHANGE RECORD

Pa | .
Nurg:er 52;: Change Description
Various 11-77 Deleted all references to Varian.

Change Procedure:

When changes occur to this manual, updated pages are issued to replacs the obsolete
pages. On each updated page, a vertical line is drawn in the margin to flag each

change and a letter is odded to the poge number. When the manual is revised and

completely reprinted, the vertical line and page-mumber lefter gre removed.

NAQTIO-D0N
1]



LIST OF EFFECTIVE PAGES

Poge Number Change in Effect

All Complete revision.

AL 1=



TABLE OF CONTENTS

SECTION 1 GENERAL DESCRIPTION

°

SECTION 2 INSTALLATION

2.1 INSPECTION 21
2.2 PHYSICAL DESCRIPTION 21
2.3 INTERCONNECTION 21

SECTION 3 OPERATION

3.1 SWITCHES AND INDICATORS, 31
3.1.1 POWER Switch 31
3.1.2 STEP/RUN Switch and STEP and RUN | ndicators 31
3.1.3 START Switeh 31
3.1.4 BOOT Switeh : 33
3.1.5 Register-Entry Switches and Register-Oispiay Inaicators 33
3.1.6 DISPL CLR Switeh 3.3
3.1.7 OISPLAY SELECT Switches and Indicators : 33
3.1.7.1 MEM Switen 33
3.1.7.2 STATUS Swateh 33
3.1.7.3 1| Switen 33
3.1.7.4 P Switen .33
3.1.7.8 REG Switch 34
3.1.8 OISPL ang ENTER Switches................. 34
3.1.9 REG SELECT Swntches and Indicators . 34

3.1.10 CLEAR and INCR Switches..
3.1.11 INT Switeh.
3.1.12 RESET Switen ...
3.1.13 SENSE Swiiches and Indicators. . .. 35

3.1.14 BOOT SELECT Switen . 3.5
3.2 MANUAL OPERATIONS . 35
3.2.1 Oispiaying Register Contents.. e 38
3.2.2 Displaying Memory Contents .33
3.2.3 Oisplaying QOverflow Status e 36
3.2.4 Entering Data in Memory. 3.6
3.2.5 Entering Data in a3 Register 3.6
3.3 PROGRAM EXECUTION 36
3.3.1 Power On 36
3.3.2 Loading the Bootstrag Program 36
2.3.3 Executing a Stored Program 3-8




CONTENTS

SECTION 4 THEORY OF QPERATION

vt

4.1.GENERAL 4-1
4.2 FUNCTIONAL DESCRIPTION 4.1
4.2.1 Central Control 41
4.2.2 Qata Loop 4.3
4.2.3 Memory Control 4.3
4.2.4 1/0 Data Loop 4.3
.25 1/ COUNPOL....ceraerersiesarsasassannerssarsessessasasssasnssnssnessssestosesssonsasssansatastsasssassnsssasass <sansosas 4.3
4.3 CENTRAL CONTROL CIRCUITS 4.3
4.3.1 Instruction Register 4.4
4.3.2 Instruction Fieki Selector 4.4
4.3.3 instruction Decoder 4.8
4.3.4 instruction Decnding Logic 4.8
4.3.5 Addreys Contro! .&.8
~4.3.6 Addreis Seiector 4.3
4.3.7 Contred Store. 4.10
4.3.8 Butter Control 4-10
4.3.9 Registr Fieid Select 4.10
4.3.1Q0 Control Store Suffer (Bits 32.-63) 4.10
4.3.11 Control Fieid Decoder 4-10
4.3.12 Memory, 1710, and Clock Cantrol a.14
4.3.13 Reset Logic. 4.18%
4.3.14 Interrupt Logic 4.1%
4.3.15 Supervisor Control and Clocks 4.16
4.3.16 Execution Controi 4.16
4.4 DATA LOOP CIRCUITS 4.16
4.4.]1 Coantrol Store Suffer (Bits 0-31) 4.16
4.4.2 Register Files A and 8 4.16
4.4.3 File Control 4.19
4.4.4 Latch A Control 4.20
4.4.5 Latch A 4.20
4.4.6 Latch 8 Controt 4.21
4.4.7 Latch 8 4.22
4.4.8 8 Muitiplexor 4.22
4.4.9 Arithrnetic and Loge Unit 4.22
4.4.10 ALY Cantroi 4.26
4.4.1] Register Control 4.26
4.4.12 sShift Control 4.27
4.4.13 Operand Controi 4.27
4.4.14 Qperand Regster 4.29
4.4.1%5 Xey Register 4.29
4.4.16 Program Counter 4.29
4.4.17 Shift Counter 4.29
4.4.18 Status and Test Logic 4.29
4.5 MEMORY CONTROL CIRCUITS ... 4.30
4.5.1 Address Muitiplexor 4.30
4.5.2 Address Latch 4.32
4.5.3 Address Orivers 4.32
4.5.4 Address Comparator 4.32
4.5.5 Data Muitipiexor 4-32
4 5.6 Data Drivers 4.32
4.5.7 1/Q Lateh

4.5.8 Input Latch ...4.32



SECTION 4 THEORY OF OPERATION (continued)

4.5.9 instruction Butfer

4.5.10 Writing Drivers

4.32
4.32

4.5.11 Key Logic
4.8.12 Clock Generator

432
4.32

4.34

4.5.13 Control Sequencer
4.5.14 Priority Logic

4.34

4.5.15 Control Logic |
4.5,16 Contral Logic 2

4.34
4.34

434

4.6 170 DATA LOOP
4.6.1 170 Muitipiexor

4.36

4.6.2 1/0 Register
4.6.3 17Q DOnivers and Receivers

4.37

.4.37

4.37

4.7 17Q CONTROL
4.7.] Micromstruction Sequencing.

4.38

4.7.1.1 Address Selector ...
4.7.1.2 Address Counter ..
4.7.1.3 17Q Control Store
4.7.1.4 Butter

4.72 Docodmg and Soqucﬂcmg Control
4.7.2.1 Address-Counter l.oading Control
4.7.2.2 Address Seiector Control

4.7.2.3 Clock Inniditor . .. . ... ...
4.7.2.4 1/Q Fuynction Decoder ... .. ..
4.7.2.5 Inhitii-idie Contrat
4.7.3 Intervupt and DMA Controt ...
4.7.3.1 Interrupt Clock Ganerator

4.7.3.2 Sample Control Logic

4.7.3.3 Intarrupt Acknawisagment Comrol

4.7.3.4 Interrypt Flig=Flog . .. ...
4.7.3.5 Interrupt Clock Inhibitor =
4.7.3.6 OMA Acknowiedgment Control
4.7.4 1/Q Data-Loop Controt

4.7.5 Procassor-t/Q Control

4.7.5.1 17O Oone ang Write Controi

4.7.5.2 Request and Acknowiedgment Control . . ...

4.7.5.3 Miscailaneous Cantrol

4.7.6 Dnvers/Fecsivers and Miscailaneous COmroa ...................

4.7.6.1 Dnvers/Receivery . . ...
4.7.6.2 Buttars and Decoder .
4.7.8.3 Function and Data Ready Cantrol
4.7.8.4 Memory Time=-Out

4238
4-38

.. #o38

4-38
4.48
4.4%
4-4%
4.49

. 4.48
. 4.4

4.4%
4.4%
4.4%

4.48
4-48
4-48
4.48
4.48
4.48
4.50

. 450

. 4.50

4.50

vee 4250
. 4.830

4.7.7 Programmed 1/0Q CPOrRUOMN  ................cccviiiriiiierceineee ieeetaeeeeereee s eeiaseeaennnes e

4.7.8 interrupt Operation

4.7.9 Normal DMA ODEFIIIONS ............cooiiiiiiiiiiriie ceruvsrerereesnenearneseseseessesseseassanenns

4.7.10 Hign-Speed DMA Cperations
4.8 CONTROL-STORE WORD FORMAT

4.50
453

.. 4.58

4-60

. 4.64

4.65

4.9 CONTROL-STORE ADDRESSING

4.72

4.9.1 Normai Addressing

a.72

4.9.2 Normai/TS Field Addressing.

4.72

vi

CONTENTS



CONTENTS

’

SECTION 4 THEORY OF QPERATION (zsntinued)

4.9.3 Finid-Selection Addressing. 4.72
4.9.4 Conditional-Test Addressing 4.7%
4.9.5 Interrupt Addressing 4.75
4.9.6 Dacoding Addressing 4.7%
4.10 CONTROL-PANEL CIRCUITS 4.79
4.10.1 File Address Register 4.79
4.10.2 Toggie Register 4.79
4.10.3 Clock Generator 4.81
4.10.4 Run-Mode Control 4-81
4.10.5 interrupt Controt 4.81
4.10.6 Blink Oscillator ......... 4.81
4.10.7 Input Encoder and 1/Q Bus Orivers 4.82
410.8 1/Q COoNtrol BUMBr.......ciiiiireninicisnseesianaeenn s csassreacssscsssassanesssssssarenerasssnss sassassess 4.32
4.10.9 Oispiay Register. ... 8-32
4.10.10 Display-Seiection Ragister .4.84
4.10.1) Puisa Register .4.84
4.10.12 Oata-Owsplay Orivers and Light-Emitting Oiodes .4-34
4.10.13 Switches, Cebounce and Pull-Up Circusts .4.84
4.10.14 1/Q Bus Terminators .4.84
4.11 Microprogramming Examples 4.35%
4.11.1 DA Instruction ... 4-88
4.11.2 STA instryction.. .. .. . 4.88
SECTION 5 MAINTENANCE
§.1 TEST EQUIPMENT . . 3t
8.2 CIRCUIT BOARDS R I
$.3 CIRCUIT.COMPONENT IDENTIFICATION. cesseanensinecnses .91
SECTION 6§ MNEMONICS
LIST OF ILLUSTRATIONS
Figure 2-1. Processor or Qption Soard .22
Figure 2.2. Control Panel Board .22
Figure 2.3, Typicai Maintrame instailation ..2:3
Figure 2-4. Interconnection Diagram 24
Figurn 3.1. Processar Control Panet \ 32
Figura 4.1. Processar Functionat Block Oiagram . 4.1
Figure 4-2. Procsssor Bus Structure. 4.8
Figure 4-3. Centrai Controt Slock Oiagram ......... 44
Figure 4-4. Instruction Oecoder ROMs Block Diagram 4.6
Figure 4.5, Oecoding Logic Orwver 4.9
Figure 4.6, Register Field Setector Slock Qiagram - 411
Figure 4-7. Control Store Butter (Sits 32.63).. 412
Figure 4.8. Control Field Oecoder Block Qiagrami.......... JRRRIY 5 |

Vit



Figure 4-9. Data Loop Black ODiagram.

Figure 4-10.
Figure 4-11.
Figure 4-12.
Figure 4.13.
Figure 4.14
Figure 4.18
Figure 4-16
Figure 4-17.
Figure 4-18.
Figure 4-19.
Figure 4-20.
Figure 4:21.
Figure 4.22.
Figure 4.23.
Figure 4-24
Figure 4-25,
Figure 4-26.
Figure 4-27.
Figure 4-28.
Figure 4-29
Figure 4-30.
‘Figure 4-31.
Figure 4-32,
Figure 4-33.
Figure 4-34.
Figure 4-35.
Figure 4-36.
Figurs 4-37
Figure 4.38
Figure 4-39.
Figure 4-40.
Figure 4-41
Figure 4-42
Figure 4-43.
Figure 4-43
Figure 4-43,
Figure 4«43,
Figure d4-d4.
Figure 4-45.
Figure 4-46.
Figure 4-47.
Figure 4-48.
Figure 4-49.
Figure 4-50,
Figure 4-51.
Figure 4-52.
Figure 4-53.

LIST OF ILLUSTRATIONS (eontinuea)

Control Store Butter (Bits Q-31)
Register Files Block Ciagram N

Lateh A Block Diagram

B-Muitipiexar Block Diagram

ALU Blogk Diagram
Memory Control Block Diagram.

Clock and Sequencer Wavefarms
Processor Clock inmbiting

17Q Data Loop Block Diagram

17Q Muitiplexor Block Dragram .

Byte-Transter Modes of 1/Q Register

Micromnsiruction- Sequencing Circuits

1/Q Control Store and Sufter Block Oiagram

1/Q Cantrol-Store Word Format

Decoging and Soqunnéing Control

Interrupt and OMA Controt

17Q Data Leop Cantrol

Procassor 1/Q Control o
Drivers/ Receivers and Miscelianeous Controt

Narmat 1/Q Qperations

High-Spend OMA Qperations

Memory Time-QOut Waveforms .
Programmed I/Q Cantrol Waveforms S
Interrugt Flow Diagram

Imerrupt Timing Waveforms

Sub-Qperation 1 Timing Wavetorms

Sub=-Qperation 2 Tirming Waveforms .

Sub-Oparation 3. Timing Waveforms

Sut-Operation 4 and 5 Timing Waveforms
Sub-Operaton 6 Timing Waveforms

Sub-Operanon 7 Timing Wavetorms

Normai DMA Wavelorms

High-Spend ODMA Wavetforms

Controi-Siore Word Farmat (Sheet 1 af 4)
Control-Siore Word Format (Sheet 2 of 4)
Control-Store Word Format (Sheet 3 of 4)
Controi-Store Word Format (Sheet 4 of 4) .

Normai Addressing ...

Normalt/ TS Fieid Addressing .

Formation of Fisid-Seiection Addrassing ... ...
Addresming When Candition is Not Met C
Interrupt Acdressing e e e e
Qutput Formats ot ROM Decoders

Decoding Address Components .. ... e cemen
Controi-Panel Circuits Block Diagram ... ... .. ...
interrupt Control Waveforms

17Q Control Bufter Wavetorms ...

CONTENTS



CONTENTS

LIST OF ILLUSTRATIONS (continued)

Figure 4-54. Puise Ragister Wavefarms............. ... 484
Figure 4-55. Flowchart for LDA INSITUCHON ...........ccccceiiriicniiiiininesnniaensens seveessssnnen.s $:88
Figure 4-58. Flow Diagram of LDA Instruction ... 489
Figure 4-57. STA Instruction Timing Diagram ............cccccccvcns vrecscnsnscnen cecieccrinnen.. 4089

LIST OF TABLES

Tabie 1-1. Frocessor SPCICAtONS ... ... .ocecoooveeeeerreroeesveeeeiereereeee e - . L Yet
Tabie 3-1. Flegister Seiection Codes for Basic Instruction Set ... ... ... . 34
Tadie 3-2. Flegister Selection Codes for Extencad Instruction Set ... ... . 34
Table 3-3. Automatic Scotstrap Pragrams tor High-Speed and Teletype Rudm. L. 37
Tabie 3-4. Automatic Bcatstrap Prugram for Oisc Memory .............. e e 37
Table 3-5. Manual Bootstrap Programs ... . 37
Table 4-1. instruction Muyitipiexor Truth Tablo (|c Typc SN?HS!) ........................ . ded

Tabie 4+2. A2 ROM Truth TaDI® ..o vt e et e ceesrenieecvseeens . ST
Tadie 4-3, A3 AQM Truth Tadle ....... -
Tabie 4-4. Flegister Multipiexor Trutﬂ ‘I'ablo (IC Tyno SNIH.‘H) ....
Table 4-5. T-Fieid Decoder Truth Table

Table 48, S-Fieid Decoder Truth Tadie....
Tadle 4=7. |IM-Fieid Oecocder Truth Tadle ..
Table 4-8. Fegister File Address Cades .. ...
Tadle &9. Shitting Muitiplexar Truth Tadle . .

Tabte 4=11. ALU ODOFBUOME ..ot it et srisnns et

Table 4-12. Reqgister-Control Decoder Truth Tade ..................coocoo e ceeerecnenn. 4228
Table 4-13. Shift-Left Multiplexars Truth Table ... . ... s aneannen. 427
Table 4=14. Shift-Right Multipiexors Truth Tabled...............cccecvcervrecnrcsrnnccereeirncnrrase. #4028
Table 4-15. Qperand Register Modes...................ccceeereveerecenenen e sareren st eeaessasaee 428
Table 416, Acdress Muitiplexar Truth Tadle.................. e sneneenscnnne e, 8030
Tabie 4=17. 1/0 MUItiDIOxar Truth TabI@ ..........ccccooiveeieiieeeeereeerecenaesssssereecesevennnns 4237
Taoie 4-18. 1/0 Register MOQ®S ... L 4.37
Tabte 4-19. Programmed |/Q for SEN, EXC, and EXC2 Instructions ... ... . A=d
Table 4-20. Programmed 1/Q, Input-Oata Transfer ..................ooieiiiiimmnneenn..

Table 4-21. Programmed |/Q, Qutput-Oata Transier
Table 4-22. DMA, Trap-Out Qperation ........

Tapie 4-23. DMA, Trap-in OD@FRGON .........ccccoooc. it ceerreressrsesset et 443
Tabie 4-24. High-Speed OMA, Trap-Out Operation .. 443
Table 4=25. Hign-Speed OMA, Trap-in Qperation ........ e s . dedd
Tabie 4=28. |/Q Interrupt Qperstion .. .. Aedd
Table 4-27. Fisig-Selection Accns:ung Canmbumm .................................................. 473
Tanie 428, Test CONGIMONE ... i cecteeee et e ste s eeensensseesneenes 475

Table 429. TS-Field Interrupt Functions .
Tatie 4230, Toggie Register Truth Tadi@ ..ot eeererererrennnens @079
Table 4-31. Input Encoder Truth Tadl® ... .......ccccoomiiiccinrenreeneneene, 482
Tadie 6-1. Mnemonics . ... .. .. . e e e e &1



SECTION "1
GENERAL DESCRIPTION

The V70 Series Procsssor Manuel dascribes the
procassor, 1/Q control, and control panei.

NOTE:
I i Menul, uniess gtNerwrse S0eiied, (e term “V70 Servee” 20pies tathe
follgunng compuier mageis. V72, V73, V78, V74, ane 77-600.

The manuai 13 divided 1nto six sections:

« Features and specifications of the procsssor., and
reiated publications

* Instailation and interconnection data
o Operation

o Theory of operation

¢«  Maintenance

o  Mnernonics list

Documents such as |9gic diagrams, schematics and pans
ligts are supphed 1n 2 systern documerntation package.
This documentation 13 agsemoied when the squioment 1§
smpoped. ang reflects the contiguration of a2 specitic
system.

The foilowing list containg the part numoers of other manu-
als perunent (9 the V70 series computers (the x at
ihe end of each document numpber is the revision numoer
ang can be any digit 0 thraugn 39):

8K Core Memory Manual 98 A 9906 Q3x
8K Sermconductor Memary Manual 98 A 9906 Oax
16K Core Memoary Manuail (1200 ns) 98 A 9908 24x
18K Core Memory Manual (990 ns) 98 A 9906 25x
Qgtion Board Manual 98 A 9906 0Sx
Power Sugotly (Universal) Manual 98 A 9906 06x
V72 Power Supoly Manual 98 A 9906 12x
Microprogramming Guide 98 A 9906 07x
Wntaoie Control Store Manual 98 A 9908 08x
Memory Mao Manuat 98 A 9906 10x

MAINTAIN 1tt Manuai 98 A 9952 07x

Higti-speed logic and usa of a §0~nanasecond accaas-ime
controf store permits the processor to exevsute a ngle
micrainstruction in 165 nanoseconds. A processor interfacs
is provided that permits the internal controi-store to be
disabled by a wntabie control store allowing for special
apptications through user microprograms. Other features
of the procsssor are:

* High performance through instruction pipelining
o Extendabie architecturs through microprograrmming

° Independent operation of memory, [/Q. and processor
functions

¢ Muitipie-bus structure
s 16 general-purpose ragisters

¢ Comprehensive set of shuft, arnthmetic. and logical
functions

Table 1] lists the specifications af the processar.

Table 1-1. Processor Specifications

Pirameter Specification

Speed 165 nanosecands (microinstruciion
execuytion time)

Word length 16 bits

Logic Jevels High = +24 to +50V de

(internal) low = =04 to «Q.8V d¢

Logic levais High = +2.8 to +3.6V de

(170 bus) low = =0.4 to +0.8V d¢

Power Procassor board: 5V dc at 12A
Option board (with ail options). 5V dc

at 11A

Controi-panel board: 5V dc at 2.1A
Termination shoes (on back of
mainframe): SV dec at 3.2A
Environment 0 to 50 degress C, 10 to 90 percant
rejative hurmidity without condensation.

Forced.aw For esch 3W dc power, one cubic foat
cooling of air per minute applied above and
beiow each circuit doard.



SECTION 2
INSTALLATION

2.1 INSPECTION

The processcr has been packed and inspected 1o ensure its
arrival in good working order. To prevent damage. take
care during unpacking and handling. Check the shipping
list to ensure that all equipment has been received.
Immaediately after unpacking, inspect the equipment for
shipping damage. Ascertain that wires and cabies are
neithar loose nor broken, and that hardware is secure. |f
darmage exisis:

a. Notity the transportation company.
b. Notity Sperry Univac.

¢. Saveall packing materiai.

2.2 PHYSICAL DESCRIPTION

The processor circuits are on the 15.6.by 19 inch processor
board (p/n 44P0614), the 1/Q controi circuits are an a
portion of the 15.6 by 19 inch option board (p/n 44P0619),
and the control-panel circuits are on the 6.5 by 17.9 ineh
control-pane! board (p/n 44P0645). On the controi-panel
board, 18 mounted 3 switch assambly (p/n 44P0647)
contaiming control-panel switches. The printed-circuit (PC)
boarcs are iHustrated in figures 2.1 and 2-2.

Figure 2.3 shows the locations of the processor, gption, and
control.panel boards in 3 typical mantrame installation.
The control panel can be hinged open (figure 2.3) orf
compietely remaved from the mainframe as foilows:

a. Pull out the controi panel to the lociied position
(approumately 2 inches).

b. Lift up on the control panei a fraction of an inch. The
pane! can now be hinged down 15 1ts open pasition.

¢. For compiete remavai of the control panel, unpiug
cabies from connectors J1 and J2 on the control-panel
board. press n the (ocking devices on sicles of siides,
and puil panei compietely out of the mainframe.

d. To install the control panel back into the mainframe,
insert stides 1nto slide rais and slide the panel toward
the mainframe (the shde lociung devices must be
pressed to mave panel past the locked position).

©
.

2.3 INTERCONNECTION
Circuit-board connector functions are listed as foilows:
3. Procasscr board

Pl. memory and power

J2, writabie control store

43, writabie control store

J4, eption board

48, /0 lines

46, muitipie processor and writabie
eontrol store

b. QOption board

Pl. memory and power

J2, not used :

43, auxihary 1/Q lines

J4, processor board

48, 1/Q lines -

J8. writable controi store and procsssor
J7.- priority memory access

J8, Teletype

¢. Cantrol-panet board
J1, 170 lines
J2. power

43, switeh assembly
Jé4, switch assaembly

The pin assignments for these circuit-Doard connectors are
given in the logic diagrams of each board (in System Main-
tenance Manual). Logic diagram part numbers are:

a. Processor logic diagram, p/n 9180378,

b. Qption logic diagram, p/n 9180401,

¢. Control-panei logic di1agram, p/n 9180406,

Interconnection of the processor, option, and cantrol-pane!
boards 1$ shown in figure 2-4.
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Figure 2.1. Procassor or Option Board
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CONTROL-PANEL BOQARD
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' (44,5 em) “
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) C==ZJu4
_[53
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NOTE: ELECTRICAL CONMNECTIONS BETWEEN CONTROL-PANEL 8QARD AND SWITCH ASSEMBLY
ARE VIA J3 AND J4

J1

vTi-1670

Figure 2-2. Control Panei Board
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BOARD 8OARD

{ JS]

J ] 6 Jé :
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. L D IR CGEND G NS W J

rrI. 1672
Figure 24. Interconnection Diagram
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SECTION 3
OPERATION

This section describes the operation of the V70 series
computars.

3.1 SWITCHES AND INDICATORS

All switches and indicators required for operating the come
puter are located on the control panei. Not all computer
modisis have the BOOT SELECT switch iocated in the upper
Raif of the control panel shown in figure 3-1; however, the
other controls and indicators arae the same on all models,
Excapt for the POWER ang BOQT SELECT switches, which
are key-oparated, ail control-panel switches are pushdut-
tons,

3.1.1 POWER Switch

The POWER switefs is a key-operated, four-position switeh
that controis the ac line voitage to the computer power
supply.

In the OFF position, the ac line. voitage is remaved from
the input Of the Power supply and the optional data saver
is disabled (if presant). NOTE: When turning off power on
Systems with semicanductor memary, do Not restore power
for at ieast 30 seconds o ensure ihw refresher logic is
aperating.

in the HOLD position, the ac line voitage 13 applied to the
powar supply. All de woitages are disabied except those
required to maintan data in the sermconductor memory.
Neither the computer naor the control panel is operatianal.

In the ON position. the ac line voitage s applied to the
power supply. Soth the computer and controi panel are
fuily operationai.

The CONSOLE DISABLE position i3 jumper-seiectable to
operate in two modes:

a. All controi-pane! pushbutton switches are disabied.

b. Only the STEP/RUN and RESET switches are disabled,

The jumper is factory-instailed on the control-panet circuit
board. With the PQWER switeh in .he CONSOLE DISABLE
position, ttie ac line voltages 18 applied (o the power supply,
the computer is operational, and the control-panei indica-
tor lignts are functional. The key can be remaoved from the
POWER switch in any of the four positions.

To turmm off the computer from the CONSOLE DISABLE
pasition, tum the POWER switch ON, place the computer in
the step rnode (using STEP/RUN switch), and then tum
the POWER switch to either MOLD (to maintan data n
sermiconductor memaory) or OFF,

3.1.2 STEP/RUN Switch and STEP and RUN
indicators

The STEP/RUN switch is an aiternate-action switeh that
switchies the computer aiternately to the step and run
maodes. [n the step mode, the STEP indicater lights, In the
run moda, the RUN indicator blinks until the START switch
is pressed, at which time the RUN indicator ¢omes on
continuousty.

Wher the computer is in the step mode, pressing the
STEP/RUN switch placas the computer in the run mode.
The STEP indicator goes out and the RUN indicator blinks.
When in the run mode, the computer is ready to be started
(by pressing the START switgh).

When the computer i1 in the run ‘mode and has Deen
started, pressing the STEP/RUN switch haits the computer
after the current instruction Ras bDeen exscuied and the
next nstruction feiched and loaded into the | register The
RUN indicator goes out and the STEP indicator lights. In
addition, 2 hait insiruction (after the computer has been
started) haits the computer and causes the RUN indicator
to biink.

3.1.3 START Switch

When the computer 15 in the run mode but has not been
started, pressing the START switch starts the program at
the location specified by the contents of the program
counter. The RUN indicator stops bhinking and comes on
continuously.

When the computer 1S 1n the step mode, pressing the
START switch execytes the instruction n the instruction
register. Then it fetches the nest instruction from the
memory address specified by the contents of the program
counter and loads it in the instruction register. The STEP
indicator remains on.

3.1.4 BOOT Switch

The BOQT switchr allows the bootstrap program o be
loaded into the computer memory automaticaily. The
bootstrap program enabies the icading of the binary load/
dump program into memory. When BOOT s pressad, the
RUN indicator lights. Refer to the program execution
portion of this saction for Dbootstrap program loading
procedures,
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3.1.5 Register-Entry Switches and
Register-Display Indicators

The top row of control-panel lights comprises the 16
register-disiay indicators. They dispiay the cuntents of the
display register. This register, located on the control-panei
circuit board, can be loaded from the registar-entry
switches on the contrei panel just beiow the 16 indicators.
In addition, 16-bit data wards can be loaded into the
dispiay register under controi of the DISPLAY SELECT and
REG SELECT switches (sections 3.1.7 and 3.1.9), altowing
visual inspection of the contents of various registers and
memaory addresses,

Any of the sixtesn bits can be sat by pressing the
corresponding register-entry switeli. With 2 bit set, the
corresponding display indicator lights. Pressing a registar-
entry switch for a bit aiready sst has no effect. Bits can
be reset only to isro by pressing the DISFL CLA switen
(saction 3.1.8).

For negative data, the sign bit (bit 15) is set (ane).

3.1.6 DISPL CLR Switch

The contents of the display register can be cieared (reset 10
2er0) Dy pressing the DISPL CLR switch. Thns turns off ail
sixteen dispiay indicators.

3.1.7 DISPLAY SELECT Switches and Indicators

The five DISPLAY SELECT switches are used to saiect one
of several registers for displaying 1ts contents on the
register display indicators and altering them from the
register-entry switches, Pressing any DISPLAY SELECT
switeh canceis any previous seiectian, turns off the
indicators for the previous salection, and lights the
indicators for the new seliection. Pressing OISPL CLEAR
(section 3.1.5) clears the dispiay register and turns off the
display indicators. .

3.1.7.1 MEM Switch

The MEM switch selects the memary for data entry or
dispiay. For entering data into memory and displaying the
contents of memary refer to the manual operations (section
3.2).

3.1.7.2 STATUS Switch

The STATUS switch dispiays the status of various signals
trom the processor. To dispiay the status of these processor
signais:

3. Turn the POWER switch ON.

OPERATION

b. Place the computer in the step mode.

¢ Press STATUS.

The register-dispiay indicators now indicate the foliowing:

Bit 15, Key register bit 15 (DCK1S5 )

Bit 14, Key register bit 14 (DCX14+)

Bit 13, Key register bit 13 (DCK13+)

Bit 12, Key register bit 12 (DCK12+)

Bit 11, Arithmetic and logic unit carry
(OCNOC +)

Bit 10, Arithmetic and logic unit sign
(DSGN =)

8it 9, Arithmetic and logic unit output
equals all ones (DEQ )

Bit 8, Arithmetic and logic umit
averflow (DOVF «)

Bit 7, Smift counter output bit 4
(DSCO4 +) '

Bit 6. Shift counter output bit 3
(DSCa3 +) .

Bit 5, Shuft counter output it 2
(DSCO2 +) :

Bit 4, Shift counter output bit 1
(OSCO1 +)

Bit 3, Shft counter output bit O
(OSCo0 + ) )

Bit 2, Arithrstic ang logic unit
output 2ers (OCNQZ +)

Bit 1, Supervisor mode (CESK +)

Bit 0, Not used

3.1.7.3 | Switch

The | switch seiects the instruction (1) register for data
display or entry. Pressing the | switch whie the RUN
indicator 13 oft or blinking (step mods or haited) displays
the contents of the instruction regisier on the register.
dispiay ndicators. Changing the contents aof the disptay
register, Dy pressing the DISPLAY CLR switch and the
register entry switches, automatically changes the contents

of the instruction register. The instruction register contains
the instruction to be executed next.

3.1.7.4 P Switch

The P switeh seiects the program (P) counter for data
display or entry. Pressing the P switch wiiie the RUN
indicator 13 off or blinking (step Mmode or haited) displays
the contents of the program counter on the register-display
indicators. Changing the contents of the dispiay registar, by
pressing the DISPLAY CLR and register-entry switches,
autormaticaily changes the contents of the program counter.
The program counter contains the address of the next
instruction to be fetched.
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3.1.7.5 REG Switch

The REG switch enables ane of the registers designated by
the REG SELECT switches (section 3.1.9) to be selected for
data dispiay or entry.

3.1.8 DISPL and ENTER Switches

The DISPL switch is used with the MEM switch (section
3.1.7.1) for displaying memory data on the register-display
indicators.

The ENTER switch is used with the MEM switch to load
data inta memory trom the register-entry switches.

The procedures for displaying memory data and entering

data inte memory are described under manual cgerations
(section 3.2).

3.1.9 REG SELECT Switches and Indicators

When the REG switch (section 3,1.7.95) is pressed. any )

desired generai-gurpose register can de seiectad for dis-
playing its contents on the registar-display indicators: ar
altenng its cantants from the register-entry switches. The
register selection is accomgpiished By entering a binary code
uling the four AEG SELECT switches designated 8, 4, 2.
1. A one bit is producad By pressing the appropriate REG
SELECT switchh: a zero Bit is producsd By not pressing the
switcl. A one Bit causes the corresponding indicator to
light. Table 3-1 lists the Binary cocles for spacific registers
used with the dasic instruction set. Tatie 3-2 lists the binary
codes for specific registars used with the extended instruc-
uon set. When the binary code has Deen entersd, the
reqQister-dispiay indicators automatically display the cone
tants ot the saiected register. Changing the contents of
the disptay rsgister, using the DISPLAY CLR and regis-
tar-entry switches (sections 3.1.5 and 3.1.68), automaticaity
changes the cornitents of the seiected register.

Table 3-1.

Register Selection Codes for Basic
Instruction Set

REG SELECT Switches Selected Register

a 4 2 1

g 0 0 0 A
Q 0 01 8
Q 01 ¢ X
Q 0 1 t°

a1 0 o°

9 1 0 1*

o 1t 1 0

Q1 1 1°

1 ¢ 0 o°

continyed

34

REG SELECT Switches Selected Register

l.
0.
l.
o.
1.
OI
1°

- - 00 0O
= OO - O

* These codes ssiect registers that are not used lor
programmung  with the instruction set of a V70
system. They are available for WCS microprogramming use.
With two exceptions. the contents of these registars can be
displayed and aitered using the control panel. However,
Such aiteration shouid be done only for maintenancy
purposes or special applications. The register selected with
0100 aiways contains the contents of the instruction
register. The registers seiected with 0011 and 0101 aiways
contain ail zeros and all ones, respectively; the contents of
these two registers cannot De aitered from the control
pansi,

Table 3-2.
Register Selection Codes for

Exiended Instruction Set

REG SELECT Switches Selected Register

3 4 2 1
90 000 RO
00 01 R1
Q0 1 0 A2
90 11 R3
0100 R4
Q1 01 RS
[ T B B Ré
e 1.1 1 R7
1 00 O
1 00 1°*
10 1 Q°
10 1 1
1 1 0 0Q°
11 0 1°
LI B T~
1T 1t 1 1

*Thiese codes seiact registers that are used for WCS micro-
programming. With two exceptions, the cantents of (nese
registers can de displayed and aitered using the control
panei; howevagr, aiteration from the cantrol panel shouid
be done oniy far maintenancea purpases or speciai aoplica-
ttons. The register selectad with the Dinary code of 1000
always contains the contents of the nstruction ragistar. The
registers seiected with Dinary codes of 1011 and 1100
always contain ail zeros and ail ones, respectively; the
contents of thesa 'wo registers can not be aitered fram
the control panet.



3.1.10 CLEAR and INCR Switches

The binary code for a selected register (section 3.1.9) is
cleared (set to 2ero) by pressing the CLEAR switeh. Each
time the INCR switch is pressed, the binary code for a
saiected register is incrementsd by one, selecting the
subsequent register,

3.1.11 INT Switch

The INT switch is used to interrupt the computer and is
functional only in the run mode (RUN indicator on).
Pressing the INT switch interrupis to memory address Zero.

3.1.12 RESET Switch
Pressing the RESET switch:
3. Haits the computer
b. Stops 1/Q operation
€. Initializes both the computer and its peripherai devices
4. Lasves the computer in step mode

e. If the computer was in run mode, tum the RUN
indicator off and the STEP indicator on.

{. Resets the overflow indicator (bit-8 register-display
indicator with STATUS switch pressed, section 3.1.7.2).

3.1.13 SENSE Switches and Indicators

The three alternate-action SENSE switches perrmit the
execution of predeterrmned program branching by the
operator. When ihe program contains jump, jump-and-
mark, or execution instructions that depend upon the
setting of the SENSE switches, the jumps and executions
occur only if the switch conditions are met.

Pressing 3 SENSE switch sats it and causas i3 assoc:ated
ndicator to light, Pressing ihe same swiich agamn resets i,
causing 'ts indicator ta go out.

For examupie, 3 program can De written so that the operator

can obtain a partial total of 3 column of figures beng

added Dy use of the JSS1 (jump it SENSE switch | is set)
instruction. The program writes individual entries as long
as SENSE switeh 1 s not set. When the operator wants a
partial total, he sets the switch. The program then jumops to
an instruction segquence that prints the desired
nfarmation,

3.1.14 BOOT SELECT Switch

The BOOT SELECT switch is inoperative on computer
systems that have the new register-seiecianie automanc
bootstrap programs.

The B00T SELECT switch is & key-operated switch avail-
abie On sOMe Modeis to seiact one Of e three automatc

OPERATION

bogctstrap programs. After tfe selection is made, the boote
strap program is automaticaily ioaded into memaory by
pressing the BOOT switch (section 3.1.4).

B00T SELECT switch positions with corresponding auto-
" matic bootstrap programs are listed beiow:

Position 1 Teletype

Position 2 High-speed paper tape reader

Position 3 Disc memory

3.2 MANUAL OPERATIONS

Using the control-panel switches and indicators (section
3.1). data or instructions can be transterred manually to or
from memary or a selected register, and stored programs
can be execuied manuaily

Manual execution of a stored program is discussed in
section 3.3.

3.2.1 Displaying Register Contents

To dispiay the contents of the instruction register:
a. Place thecomputer in step mode
B. Press!

To display the comahts of the program counter:

a. Placs the computer in step mode
b. PressP

To cisplay the contents of a general-purpose register.
a. Placs ihe computer in the step mode

b. Press REG

¢. Using the four REG SELECT switches. enter the ap-
propnate binary code (sse tanies 3-1 or 3-2)

3.2.2 Displaying Memory Contents
To dispiay the contents of a3 memory address:

a. Place the computer in step mode

b. Press P

¢. Using the DISPL CLR and register entry switches, enter
the desired memory address in the program counter

d. Press MEM

e Press DISPL switch. The contents of the ssiected
memory address are now displayed on the register-
dispiay indicators. The program counter 1 automat-
caily incremented.

1. Repeated actuation of the DISPL switch displays the
contents of consecutive memory addresses
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3.2.3 Displaying Overflow Stitus
To dispiay the gverfiow status:
3. Placa thecomputer in step mode

b. Press STATUS

c. It register-display bit 8 is on, there is overfiow.

3.2.4 Entering Data in Memory
To enter data in memory:
3. Place the computer in step mode

B, PressP

¢ Using the QISP CLR and register-entry switches, enter
the memary address in the program counter.

d. Press MEM

2. Using the DISPL CLR and regisier entry swilches, enter
the data in the display register.

f. Press ENTER to load the data in the previousty
addressed memory location. The program counter i3
automatically incremented.

g Repeat steps @ and f to enter data in consecutive
memary addresses.

3.2.5 Entering Data in a Register

To enter data or instructions in a rugister:

a. Display the contents of the salected register as
descrided in section 3.2.1.

b. Using the DISPLAY CLR and register-entry switches,
enter the dasired data or nstruction in the seincied
register. -

3.3 PROGRAM EXECUTION

To make 3 coid start (i.e., when a new system is Seing
inttialized or the contents of Memory are unknown);

a. Turn the power on

b. Load the bootstrap program

¢. Load the binary load/dump program

d. Load theobject program
Instructions for steps a and D are provided below. Loading
the Dinary load/dump and gbject programs 3 discussed in
the Binary Load/Qump Program section of the appiicable

system handbook, with manual execution ot a stored pro-
gram explained below in section 3.3.3. «

kR

3.3.1 Power On
Turn on computer power by piacing the POWER switch to
ON. When power is first turned on, the following conditions
appty:

a. Stepmode(STEP indicator on)

b. Senseswitches not sat (SENSE indicatars off)

]

Oispiay register cisared (register display indicators off)
d. P switch on (P indicator on)
e REG SELECT switches off (REG SELECT indicators off)

When power is removed and reapplied without actuation of
the POWER swiicht (Dy loss and recovery of the ac line
voitage), the same conditions agply, except the computer
will be in the run mode (RUN indicator on) instead of the
step mode.

3.3.2 Loading the Bootstrap Program

The bootstrap program permits loadable programs to be
lcaded into main memory from a peripherai device. 1t i3 a
proegram contained in a programmabie read only memary
(PFIOM) located in the procassor. The operator can ssiact
a bootstrap program for one of tNree types of peripheral
devicos: Telerype paper tape reader, Nigh-speed pager
tape readsr, or gisc memaory. The disc version of the
boatstrap loader is primarily used for automatica program
loading in a VORTEX operating system. The paper tape
versicns are prirnarily used for the automatic (ocading of the
binary l0ad/dump program which is required for cartain
stand-aione programs contained on paper tape. Refer to
the V70 Utility Programs Manual for a description of the
birary load/qump program. Loading procedures for
specific V70 software (VORTEX, FORTRAN IV, V70
Assempier, etc.), are described in corresponding V70
soitware manuais. .

The desired DOOtStrap program is seiected dy locading
thy appropriate DOGSIrAL selection code iNtQ reqister 30
(A register). The selection codes are:

a. Teletype paper tape reacer [ole[e0l0s]
D. High-speed paper tape reader [olo]o sls}]
¢. Dise memory system 000002

Before the dootstrap program s !0aded, the dinary i0ag/
dump tape (i paper tape input 13 DeING used) sNouid de
nserted INt0 the paper tape readsr with the lirst dinary
frame at the reading station.

Acddresses and instruction codes (octal) for the automatic
bootirap programs are listed in tadbies 3-1 ang 3-4.

To lcad the automatic boatstrap program:

a. With tne POWER switch in the ON pesition, place
the computer in the steg mode (STEP indicatar on).
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b. Press REG ) Adkress Instruction Code  Symboiic Coding

¢. Using tne four REG SELECT switches. enter the 000200 007000
binary code for register AC (0600). 000211 0005144 (Momor’yxandaress)

. 000212 000Si01

8. Using the DISPL'CLR and register-entry switches, éwgaa 100537* (102601) ENTR gJECLR ;OON
enter the desired bootstrap selection code into 000214 101537° (101201) SEL EXC IBFR.READ
register RQ . 000215 000200 (Memory address)

e Place the comouterin the run mode by pressing the :m:: x;geg (Momor:’::un:)

STER/AUN switen (RUN indicatar Bhnking).

‘When using the Teietype reacar, repiacs this code with

f Press BOOT (AUN indicator i This | .
( \ndicatar is naw an) This lcads the one in parentheses.

the bOGtSirap program and opject program into
main memary

The following procegure 1s for the user who wishes t0 l0ad
Ms own ROOLSIFrap pragram Mmanuaily:

2. With the POWER switch in the ON pasition, place the
eomgputer in step mode (STEP indicator on)

B. PresyP
Using the DISPL CLR and register entry switch Table 3-4.
¢ Using the and register entry switches, enter
the starting memory address of the bootstrap program ' Automatic Boctstrap Program for
in the program counter ) : Disc Memory
a. Prass MEM Address Instruction Code
e. Using the DISPL, CLA and registar entry switches. enter
the aporapnate code of the next instruction in the 001130 100416
console register 001131 104016
) ' 001132 100216
f. Press ENTER 1o load instruction code into the memary 001133 005001
address specified by the program counter. The program 001134 - 103116
countier 1s incremented autormatically. 007135 101018
007136 Q07141
g Repeat steps e and f for each of the remairming . 001137 061000
bootstrap instructions 001140 001138
001141 102516
001142 151167
001143 100021
001144 001130
001145 100021
001146 100316
001147 005102
Tab‘e 3.3. 001150 103218
001181 103120
Automatic Bootstrap Programs for 001152 006010
001153 001130
High-Speed and Teietype Readers 001154 103121
001155 100020
Address inatruction Code  Symbelic Coding 001156 100016
001157 101416
' 000200 102637 (1026Q01) READ CI8 ROR 001160 001157
000201 004011 ASLB NBIT 001161 102516
000202 004041 LALS 1 001162 181167
000203 004446 LLAL 8 Q01163 001016
000204 001020 JBZ SEL 001164 001130
000205 000214 (Memory acigress) 001163 001000
000206 055000 STA 0.1 001166 000600
000207 001010 JAZ LHLT + 1 001167 007760
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Table 3-5.
Manual Bootstrap Programs

High-Speed Teletype
Reader Reader
Address Cade Symboikie Coding

0077%6 102637 102601 READ CIB ROR

007757 Q04011 oo4011 ASLB N8IT - 7
Q07760 00404l Q04041 LRLB 1
007761 004246 Q04446 WAL 6

- Q07762 Q1020 Qoto20 JBZ SEL
007763 007772 007772  (Memory address)
007764 Q55000 055000 STA 0.1
Q07785 001019 Qola10 JAZ LWHLT + 1

007766 007000(a) Q0700Xa) (Memory address)
0Q7767 Q0S144 0Q51ad IXR

Q07770 Q0Sl10l cosi01 ENTR INCR |
007771 100837 102601 SEL ROON
007772 101837 101201
007773 0077%6 0Q77%6 (Memory address)
007774 00100Q 001000 IMP  *2
0Q777% Q07772 007772 (Memory address)

NOTE

The bootstrap loader routine 13 aiways loaded
into the Mighest address of the first 4X memory
increment, regardtess of avaiiable memory. 8LD
Il relocation and adaptation to he specified
input device are descnbed in the Sinary Load/

Oump Program section of the applicadble system

handbook.
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(a) Replace ‘'his code with 007500 if he lest
axecutive of MAINTAIN Il (dGocument 98 A 3952
Q7x) is to be ioaded and executed.

3.3.3 Executing a Stored Program

To execute a stored program manuaily:

i

Place the computer in step
Press P

Using the DISPL CLR and register entry switchas, enter
the address of the first program instruction n the
pragram counter

Press |
Press OISPL CLR to clear the instruction register

Press START. This lcads the instruction specified By the
program counter into the nstruction f!‘l!llf

Press START again. This executes the instruction and
loads the next program nstruction into the instruction
register '

Repeat step g for each instruction in the program

To execute a stored program automaticaily: perform steps a
through ¢ 20ove, place the computer N the run rnode Dy
pressing the RUN/STEP switch, and press START.



SECTION 4
THEORY OF OPERATION

4.1 GENERAL

This saction describes the circuit aperations of the proces-
0r board, 1/Q control portion of the option board, and
control-ginsi Board. Furthermors, the cantrol-store word
format and addressing are aiso described. For the most
part, the circuit descriptions are written to functional block
diagrams that accompany the text. In some cases, however,
the reader may wish to refer to the appropriats logic diagram
in the Systemn Mantenancs Manual. Logic diagram part
AUMbers ara:

a. Processor board, 9180378
b. Option board, 3180401
e. Control-panei board. 31804068

For ease of resding, some mnemonics are written with the
variable n in piacs of the actuai bit numbers. For example,
ALU data mnemanics DALOQ + through DALIS+ are
weittarn DALN «(0-15). Mnemonic conventions and defin.
tions are provided n section &,

4.2 FUNCTIONAL DESCRIPTION

As illystrated 1n figure 4.1, the major functional sections of
the processor are central control, data loop, memory
controi, 1/Q data locp, and /0 control. Except for the 1/Q
control, which s located on the optiorn Board, these
sections are on the procsssor bBoard, Communication

"

between the processor and the ¢ontrol panel is via the 1/0
bus. The processor bus structure is iilustrated in figure 4-2,
A brief description of the five major sections is provided in
the following subsections.

4.2.1 Central Control

The central control 1$ the heart of the processor. It containg
the instruction register, controi store, control store buffer,
and control sequencing logic. The following functions are
periorrmed Dy the cantrai control:

3. Initiates memory aperations

b. lrutiates /0 oparations

¢ Decodes instructions

d. Controls d4ta transtfers and manipuiations
e. Taests internal data loop conditions

{. Responds tg interrupts_

The 16-Dit instruction register receives instructions from an
instruction Buffer which 'S then fres to accept new
instructions. This double butfer:ng of instructions provides
a pipeliming techmique that allows tme next instruction tG be
fetehed  during an otherwise unused memory cycle. The
autput of he mstructxoq register can ther be routed to the
anthmetic and logic urit (ALU) or further decoding may be
performed.

0
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Figure 4-1. Processor Functionai Block Diagram
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4.2.2 Data Loop

The data loop provides data transfer paths, daia manipula-
tion circuits, storage registers, and counters (figure 4-2).
The gata loep performs the following functions:

3. Selects both of the ALU inputs from the foilowing
souress:
1. 16 generai purpose registers
2. Operandregister
3. Mamory input lateh. in memory cantrol section
4. 1/Qregister, in {/Q data loop section
8. Status word (signais displayed Dy controi.panel
STATUS switch)
6. Instruction regisier (masked), in central controi
section
7. Program counter
8. Controi store iteral which consists of 2 16-bit mask
field from the control store butter.

D. Perforins anithmetical and logicai operstions on the
ALU inputs.

¢. Performs singie and double length, bidirectional, open
or closed. anithmaetical or logical smfts in accordance
with the contents of the siuft counter.

d. Stores and seiects the desired test conditions such as
ALU cutput zaro. overflow, carry, SENSE switches, etc.

The ALU performs arithmetic and logical functions under
conitrol of the .cantrol store butfer. The ALU output s
appited to the memory controt and 1/Q data loap sections.

4.2.3 Memory Control

The memory controi performs tasks initiated by the central
control, 1/Q control, or options (on option board). It
acknowledges accegtance of these tasks 10 the requesting
section and signais compietion. Once a request is accepted,
no further requests are acknowiedged (one exception 1o
this rule permuts the central control {0 overricde 3 previcus
request hefore 1t has bDeen compieted) Prionty memory
access (PMA) requests have a higher priomty than /0
requests, and |/Q requests Nave a higher prionty than
central control requests. )

The following functions are performed by the memory
controi: ‘

a. Acceots tasks from central control and stores the
tollowing information to ¢complete the tasik:
1. Flead/write
2. Word/byte
3. Address source
b. Accepts tasks from options
¢ Accepts tasks trom |/Q control

d. Acknowiedges receipt of tasks

THEORY OF QPERATION

¢. Resoives priority of simuitaneous requests

{. Defers requests if higher priority devices, such as PMA,
request use of the memory bus.

g Provides asynchronous operation and drivers/recsivers
for the mermory bus.

h. Signais compietion of scheduied task.

Since the memory control operates asynchronousiy, the
cantral control is free to perferm other non-memory
operations while the scheduied task 1S being executed. The
memory control's ability to acsapt tasks from the (/Q
control permits direct memory accass (OMA) operations to
cycle steal withiout interfering with non-memory operations
in the remainder of the processor.

4.2.4 1/Q Data Loop

The [/Q data loop (see figurs 4.2 for 1/Q data paths)
contans a multipiexor. 1/Q register, and drivers and
recsivers. Three sources of data are applied to the |/Q data
loop: data from the 1/Q bus. data from the ALU. and cata
from the memory 1/Q lateh. The input data s seiected by
the 170 muitipiexor under contral of 1/Q sontrol signais and
transtarred onto the Didirectional [/Q bus.

In addition to beng applied to the 1/Q drivers, the output
of the 1/Q register 18 applied to the data loop and memory
cortrol sections.

4.2.5 1/Q Control

The 1/Q cantrol operates under cantrol of an independeant
1/Q control store and perforrms 1/Q operations nitiated
either by the central control or peripherai device activity
This perrmits |/Q operations to proceed with mMmmum
impact on other internai processor functions. The (/0
controi performs the following functions:

a. Programmed |/Q initiated by the centrai control.
b, OMA trap-in/trap-out operations (up to 372,900 words
per second, with semicongductor memaory).

¢. High-speed DMA trap-in/trap-out operations (up to
969,600 words per second, with semiconductor mem-
ory).

d. 1/Q inierrupts

4.3 CENTRAL CONTROL CIRCUITS

This section describes the hardware circuits of the cantral
control. To understand the funciions of the cantrai control,
one must aiso become familiar with the microprogramming

4.3
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cperations (firmware). Listed beiow are sections af this
manual containing microprogramming intormation:

a. Control-Store Word Format (section 4.3)
b. Controi-Store Addresiing (section 4.9)
¢ Microprogramming Exampios (section 4.11)

Other microprogramming documents ta be used in cone
junction with this manual iare:

a. The Microprogramming Guide (98 A 3908 07x) de-
scrides capabiiities, technigues, and coding of micro-
programmng.

0. The Micro-Ward Flowcharts (98A0887) are contained
in the System Maintenancs Manual.

The circuits of the central control are shown in the block
dragram of figure 4-3. Page numiders of the pracessor logic
ciagrams are provided n parenthesas for each circuit Black.

4.3.1 Instruction Register

The 18-Dit instruction regisier recsives instryctions
M1in = (0-15) trom the instruction Bufter (in the memory
comtrol section) which is then free 10 accept new instruc-
tons. This doubie Duffering of insiructions provides a pipe-
imng techmgue that allows the next instruction to be
tetched during an otherwise uriused memary cycle. Refer
10 sscton 3 ot Microprogramming ‘Guida for turther infor-
mation on the Nstruction pipeline.

Oata s clocked into the instruction register By clock signals
that resuit from gating the fuli clock XKC2 + with CTEGO +

and CBGO+. The register clocks occur whenever the
control-store butter T field contains 00 (CTEQO + is high)
and the G field bit 0 13 true (CBGO + is high). The register
generates instructions C2In(0-15) in both true and compie-
ment form.

4,.3.2 Instruction Field Selector

The instruction field selector consists of ten S.input
muiltipiexors which can seiect a field of up to five Dits from
the instruction register to form the low order bits of the
control store address. This is accomplished by using the FS
field of the control store bufter CBFSn +(0-3) to specity
wrich of 18 possible fields are 0 De extracted and applied
to the control store address lines CEADN= (0-8). Since there
are not enough bits in the 16 Bit instruction register to
provide 16 S-bit fields. the remaiming bits (mulitiplexor
inputs) are sither grounded to provide a source of logical
onies 0 !Ne controi-store address or connected {0 various
processor flags for conditional branching. All outputs from
the instruction field selector are masked by bits in the MS
ang MT fieids of the controi store Dutfer, thus providing a
generaiized mathod for generaling addresses. That s,
addressas rmay bDe lormed which either depend on the
contents of the instruction register or may de arihtrarily
specified Dy salecting a field position containing logical
ones and then masking off the desired logical Zuro Dits
using the MS ang MT fieids.

Sits 0. 1. and 2 of the FS field saiect one input of each
muitiplexor. The Bit-3 active low and mgh signais of the FS
field (CBFS3= and CBF53 +) enabie the fiva A muitipiexors
CFSAn +(0-4) or the five 8 muitipiexors CFSBn + (C-4). The
muitiplexor truth tabie is shown in tabie 4-1.

Table 4-1. Instruction Multipiexor Truth Tabie (IC Type SN74151)

CWSne C¥sla INFUT QATA QuImT
120y Flane
[T LI niNg L

$ 1q 1t b4 4 1 2 13 14 13 x4 4

" -
oL L 13 "
Loy L L " Iy
[ . S L -
oL L - L
L ™ L L . -
o=y 3 [ad 5
L o= o L -
[ L L
L L 1S -
"L L S " \
“ Lo 1Y 8 "
L. L " L
- o L \ -
LI S 1 o] L
L. ] . L ol
- L) " L " L

NQTE 1. #e miGH, L v LOW, ANO NQ M OR | = (RRELEIVENT INAJT,
1. THE FIVE A MULTIPLEXCRS CFSAn=iQadl ARE ENARLED ~ITH A
VI 16004 LOW CIFS1e, ANO THE FIVE B MULTIMLEXORS CFiBaeadl vITH
A LOW C3FSle,
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4.3.3 !Instruction Decoder

The instruction decoder provides preliminary decoding of
the two mast-significant 4-oit fieids of the instruction
butter M1in - (8-15). Decoding is accompiished with
PRQOMs (programmabie resd only memaries) that are pro-
grammed for optimum pertormance. As illustrated in

figure 44, the PAOMS are divided into two sections, A2
and A3. The A2 PROM aecodes M1in » (B-11) and pro-
duces 3-dits of output data CIDA2n ~ (0-8) plus control
sigriais. The A3 PROM decodes M1in - (12-15) and pro-
duces 9-bits of output data CIDA3n « (0-8) pius contral
sigrais. The twa 3-Bit data words are applied 10 the in-
struction decoding 10gic where they are compined with
the least-sigmificant 4-dit fields of the instruction bulter.

o e e

A2 PROM
| |
I | CIDs2n+ 0, 1)
|
Mila= (8=11) | Moyl ! CIOXXn+ (0,2,3,9)
[
b '
' |
I | .
l |
} | ClDAZne 0-8)
\owmumiet
|
16 8-81T
Catn- l WORDS |
| |
| .I
| I
N S
S kb etivata bt B
|
| JI Cl1B530- 0,1,2)
| N coT32-
' te Seat [ CI00n= (0-4)
W
l ] 010
T
| = |
| |
' l
Mlln* (12<195) 1 l
| 16 8-81T l
I WwQROS
. | ll ClDA3n= (0-3)
)
| l
D |

¥T1i-1601

Figure 4-4. instruction Decoder PROMs Block Dlagram
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CIDXX2 +. Truth tables for the A2 and A3 ROMs are shown

in tables 4.2 and 4.3.
without Register-Selectable Bootstrap Programs)

INPUT BITS

it 98
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Tabie 4.3. A3 ROM Truth Tabie

4NPUT BITS

1514 1312

2T 2T ST 22X X HTXT T 00X
IR B ITE b ERNE 5 TP 3 o
Pt AW TTXE S S 2SXTTT
S d I I3 ST XTITIXTITTXI

with Register-Selectabie Bootstrap Programs)

INPUT BITS

Table 4-2. A2 PROM Truth Table (for Computers Tabie 4-2A. A2 PROM Truth Tabie (for Computers

A low CAEN= enables the ROMs. Decoded hait and jump-
and-mark signals (CIOHLT + and CIOJMK +) are derived

from ROM control

116 9 8

T T ST ST ST X SE X
D 4 QU DE I b QU I b QB i ¢
DA TEITT 9252 XXXTX
el bl IS ST T XTIXXIITX

NQTE: L= LOW, K= HIGH

YTi0-06000
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4.3.4 Instruction Decoding lLogic

The instruction decoding logic produces the 9-bit addreas
for the control store CEADr=(0-8) by combining the two
least significant 4.bit fields of the instruction bufter
M1in +(0-7) and the twe 9.bit outputs from the instruction
decoder CI0A2n +(0-8) and CIDA3n +(0-8). This logic and
the instruction decoder are compistely general purposa.
and can be used to aptimize any instruction set's
performance by changing the conirol store contents or by
using a writable control store.

Farmation of the decoded control-store address is accom-
plisned with open-coliestor drivers. Section 4.9 provides 2
detailed description of control-store addressing. The biock
diagram in figure 4.5 shows the inputs and outputs for the
driver circuits, The outpuls are tne control store address
signais, and the inputs are data from the instruction bufter
and nstruction decoder plus enatiing signals generated by
the nstruction decoding logic. The enabling signais are
described as follows: :

a. CACIDA + ang CACIDB + enable decoded addresses
to Be appiiad to the control jtore. and are Nigh excapt
when inmidited By an interrupt (COREN +, CAEN »,
CENO + are nign). A low CIM30~ inMibits address
decoding.

B. CILC2 + transfers the CIDAZN +(4-8) signals to bit
pasitions 4 through 3 of the control store address.

- CILC2 + is controled by signais generated within the
imstruction decoding logie.

c. CILC2X +« transters the CI0A2n +(0-3) signals to bit
positions Q througn 3 of the control store address.
CILC2X + is controlled by C100Q +.

d. CILCO + transters the Mlin +(0-3) signais to ot
positions O through 3 of 'he control store address.
CILGO + 13 controiled by CIDS32~, CI0S20+. and
ClI0S30~. .

e. CILCl + transters the Mlin +(47) signais to bit
positions Q through 3 af the control store address.
CILCl + is controlied by CIDS32~, CIDS21 +, and
Clos3t-.

4.3.5 Address Contrai

The address control apphies two enabiing signais (CEAFS +
ana CEATS + ) to the address seiector.

CEAFS + 13 trus (high) when ane of the following conditions
accur:

a. The T fieid contains binary 10 (CBT1 + high and
CBTO= low) indicating a true condition 1$ being tested,
and tha true condition is met (DTCND + 13 mgn).

B. The T fieid contains 00 (CTEQQ + is nign) indicating no
conditionai testing 13 Deng performed, the interrupt
address 13 not enabled (CEAlA= is mgh), and the
decoder address s not enabied (CACIOE= 15 ign).

c. The T fieid contans binary 11 (CTEQ3 + s hign)

ndicating that a talse condition 1s beng tested. and the
faise condition :s met (OTCNO~ s hugn).

4.8

CEATS + is true (Righ) when one of the following conditions
occur:

a. Conditional testing is being performed (CTEQO- is
nigh), and field selection is not enabled (CEAl- is
high).

. No conditional testing is baing performed (CTEQO +~s
high), no register field seiection (CBABE= s high), the
TS fieid 15 not enabling interrupts (CSTOG2= is Mmign),
no 1/0 request (CRQIO= is high), and there is o page
jump (CPAD~ is hign).

4,3.6 Address Selector

Under control of the address control circuits. the adcress
selector selects the next control store agdress from one of
the ‘ollowing sources:

a. Instruction field selector.

D. AF fieid of contrel store Bufter.
¢ Alternata test adgress (TS fieid).
d. interrupts.

e RESET switch,

The control store address lines CEAQM=(0-8) from the
address ssiector are logicaily ORed with address lines from
the instruction decoding logic and resat logic. The OR
furiction 1s accomplished Dy driving the address lines with
opan-collector integrated circuits.

Wrien an insgruction field selection accurs, a mgn CEAFS +
enables 2 5-bit field from the instruction field saiector
CFSAN(0-4) or CFSBn(0-4) to be used as the least
significant bits of the control store address CEAOm=(0-4).
8it 4 13 aiso enabled by a mgh CMTIO « which indicates
that no |/Q operation Nas been requested and the mask it
18 true (CBMT 4 1s migh). Bits O through 3 are masked by
thie MS fieid CBMSn + (0-3).

Wihen no instruction decoding is being performed, a Migh
CACIOE= enabies the AF fieid CBAFn «(0-4) to De used as
the most significant tits of the contrat store address
CEADM=(4-3).

When an aiternate test address 3 ssiected, a high
CEATS « enables the TS fieid CBTSn = (0-3) ta be used as
control store address dits 1 through 4.

When an interrupt address is required, a migh CEAIA »
enaples nterrupt addresses !lAn +«(0.3) from the (/0
section to be used as the ieast significant Dits of the
cuntrol store address CEADN= (0-3).

Pressing the controi-panel RESET switeh. produces a mgh
CADEQL « which sets ail bits of the control store address
to ones (low levei). Bits Q through 4 are set Dy the address
sajector, and bits § through 8 By the reset iogic.
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Figure 4.5, Decoding Logic Driver
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4.3.7 Control Store

The controt store is a $12-word by 84-bit high-speed ROM.
It contains the microprogram which emuiates the come
puter's instruction sat. Control stare output dit 0 through
31 are applied 0 the control store buffer in the data |cop
saction, and cutput bdits 12 through 83 are applied to the
control store Butter in the cantral control. Since the controt
store oUtDuUts are tristate (or cpon coilector), they can be
disabled o aliow an external control store to provide the
inputs to the conirol store butter. intertace signais for the
external control store are routed through procasser doard
connectors P2 and P3.

A low XCSEN + disables the contral store when an external
cortrol store 15 used (XCSEN +is Migh with no external
cantrol store). A mgh CBIEN= disabies control store Bits O
through 7 ang allows thesa Dits 10 De applied to the control
store buffer from the register fieid ssiector.

Far a list of the binary cocles contained at each address of
the control store, refer t@ document 811,1709-001 in the
System Maintenance Manual.

4.3.8 Buffer Control

The buffer control decoxles certain fieids of the control
store bufter.

When the AB fieild does not contain 00 (CBABO+ or
CBABL + 18 Migh) and there ¢ no 1/Q transter reguested
(CRQIC + 1s low), 3 Mmgh CBABE + enables the register
fieid selector to provide input data to the A and 8 fieids. A
mgh CBIEN= disables the cuntrol store output bits Q
through 7 when the register field selector is enadled
(CBABE = 15 Migh) or the MR ‘ield contdins 1 (CBMR + 1
mgn). CBAXE=1s an enabhing signai for the A field of the
control store duffer.

CMTIQ + is the repowered MT-fieid bit (CBMT +) which
15 appiied to the address selacior wnen there i3 no 1/Q
request (CRQIO= mgh).

4-10

CMRIO=- is generated by gating CBMR + with CRQIQO= to
ntask the mast significant bit in the register fieid selector.

CIMDEN + is an enabling signal for the file control in the
data loap section.

4.3.9 Register Field Selector

The register field selector, which contains four 3.input
rruitipiexors, permits the seiection of a 3. or 4-Dit fieicl from
bits O through 10 of the instruction register C2!n +(0-10)
ancl applies it to the A and B fieids of the control store
butter. This allows the A and B fieids to be loaded directly
from the instruction register thus sawving control store
adciresses and improving pertormanca for typical astruc.
tion sets.

A biock diagram of the register fieid selector is liustrated
n figure 4.6, Field selection is cantroiled By three Dits of
the TS fielg CBTSA +(0-2). CMRIO= masks the most
significant output it (CBIA3 + or CBIQ7 +) ta pernut the
selection of either a 3- or 4.bit fieid. The muitiplexor
outputs are transferred through open-collector drvers by
CBABE +. Table 4-4 is the truth table for the muitigiexors.

4.3.10 Control Store Buffer (Bits 32-63)

The cantral control portion of the control store buffer hoids
the control fisids of the last micrainstruction fetcned from
the control store. input and output signais for the Janous
fieids are shawn in the block diagram of figure &.7. The 32
nput bDits are simuitaneousiy l0aded into eignt 4-bit
registers on the negative transition of the fuil clock
KNC2 +. For a detailed description of the fieids n the
controi store word, refer 10 section 4.8.

4.3.11 Control Field Decoder

The control field decader (figure 4-8) decodes the signais
from the T, S, and IM fieids of the control store Dufter. A
Diock diagram ot the control field decoder is illustrateg in
figure 4.8, and trutn tables are provided in tabies 4.5, 4.8,
and 4.7.
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Figure 4.6. Registar Fieid Selector Block Diagram
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Table 4-4, Register Multiplexor Truth Table (IC Type SN74151)
CaTtSn+ | CMRIO- ourAuT
s oS INPUT DATA (C2In+) CRee (0-3)
PINS PIN PINS PIN
9 10 N ? 4 3 2 1 15 14 12 )
- ]
L oL oL L L H
Lol L H L
L Lo L L ]
L L~ L ™ L
L ® L L ]
[ L ] L
L oM. L L 2]
Lomo L ] L
ML L L 2]
"L L L ] L
" L H 1% 13 [l
L. ] L ol L
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4
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Figure 4-7. Control Store Suffer (Bits 32.63)
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C3Ta @, 1) | T-FIELD CTEQn (0-3)
»| DECODER . >

C8Sa O, 1) | S-FIELD CSEQn (0-2)
DECOODER >

CIMXXn (0,2,3)

CBIMn (@=3) IM-FIELD ClMnXX (0-2)
» DECODER >
CIM30-

VTIi. 1609
Figure 4-8. Controi Fieid Decoder Block Diagram

Table 4-5. T-Field Decoder Truth Table

INPUTS QUTPUTS
CBT1+  CBTO+ CTEQO+ CTeQi+ . CTeQz- CTEQ3+
L L H L L L
L H L H L L
H L L L H L
H H L L L H

NQTE: L =LOW, H= HIGH

vrir-ia31
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Table 4-6. S-Field Decoder Truth Table

INPUTS QUTPUTS
CBsS1+ CBSO+ CSEQO+ CSEQ1+ CSEQ2+
L L H L L
L H L H L
H L L L H
H H L L L
NOTE: L=LOW, H= HIGH
VvTI- 840
Table 4-7. IM-Field Decoder Truth Table
IM FIELD CODES QUTPUT SIGNALS
(CBIMn, 0-3) (TRUE STATES)
n 4TS 3 2 1 Q
X X L L CIMXX0-
X X L H CIMXX 1+
X X H L CIMXX2+
X X H H CIMXX3*
L L X X CIMOXX +
L H X X CIMIXX+
H L X X CIM2X X+
H H X L CIM0-
NQTE: L =LOW, H=HIGH, AND X IS [RRELEVANT
VTII.i611 A

4.3.12 Memory, 170, and Clock Controi

Signals apolied to the memory controi section are:
CRQM +, COVRM +, CABRT=, CECKM +, and CECKXN=

The centrai control requests a memory operation by
generating a nigh CRQM +. CRQM + is high excapt durng
one of the following conaitions:

a. The central control overrides the memory reguest
(CSEQO~ and CIMOXX + are high).

b. The IM field does nat contain 0100 when the § fieid
contains 00 (CIMXXO= CIMIXX-, and CSEQO+
are mgh).

The centrai control can change its memory request dy
generating a hign COVRM + (coverride signal). COVRM +

4.14

goes Migh when the S fieid does not contain 00 (CSEQO~ s
high), and the two mast-sigrificant dits of the IM ‘ieid are
2ero (CIMOXX + is Migh).

In order for the centrai control to successfully ritiate a
memory request, the abort signal CASRT= must remain
nigh. The memory request 1s abarted (CABRT= 15 low) it
any ot the following conditions occur:

3. A system reset condition occurs (SRST + s mgh).

b. The S fieid contains binary 11 (CBSQ + and CBS1 +
are high) and the conditicnal test is not met (OTCNO=
s mgn).

¢ The s fieid contains binary 10 (CSEQ2 + s hign), the T
field cdoes nat contain 00 (CTEQC~ s Mign), and. the
conditional test 13 met (OTCND + 13 mign).



CECKM +, and its compiement CECKM=, enable elock
Si1gnals which are generated in the memory control section
and used in the cantrai control. CECKM + is normally migh
but may be inhibited (low) during one of the following
congitions:

3. An 1/Q transfer is requested (CRQIQ + is high) but not
acknowiedged (IAKC1= ig high).

b. A wait for 3 memoary acknowiedgment ocsurs and no
rremory acknowiedgment signal i3 received (MDNC- is
high). The wait for 3 memory acknowiedgrment occeurs
when CBIMQ +, CBIM] +, CSEQA +, and CIMOXX +
are high.

c. A wait for an 1/0 done cordition. This occurs when
CIMXX2 +, CIMOXX +, CSEQQ +, and IDNC= are high.

d. A systern reset candition occurs (SRST=- is low).

Signals applied to the 1/Q controi section are: CRQIQ +,
CIDIMK=, and CIOHLT ».

The high CRQIO +« ig an 1/0 transter request signal that 1s
applied to the i/Q control section when the M fieid
contains 1110 or 1111 and the S fieid contains 00
(CSEQQ + i high). CIOJMK + 13 2 decoded jump-and-mark
signal and CIOHLT + is a decoded hait signai: they are
derwved Dy signais from the instruction decodar (C1DQ0 +,
CIDXXQ «, ang CIOXX2 =),

CSAMCC + and CSAMOV + (and its compiement CSA-
MQV-) are applied to the status and test logic in the data
loop section. A high CSAMCC + enables a clock signal
DTKL= for the ALU flags DCNGQZ +, DCNOC +, DSGN =+,
and DEQ <+ . CSAMOV + goes high whenever an overfiow
condition 14 to be sampled by the overflow flag. A high
CPMAST + 13 generated to start a speciai mode of the PMA
option. CPMAST + 1s high when the T fieid contains 00
(CTEGQ + is high). the S fieid contains binary 10
(CSEQ2 + 14 high). and bit O ot the G fieid 15 true (CBGO +
18 mgh).

4.3.13 Reset Logic

The reset logic contains a flip-flop that synchrornizes the
reset signal (SRST=-) from the computer control panel.
When the RESET switch 13 pressed. the flip.flop output
CRST= is low and 1s apphed to the interrupt logic to
proguce a high CADEQL +. The CADEQL + signal is routed
back 1o the reset logic (0 set ail controi-store address bits
to ones (low ievei).

4.3.14 Interrupt Logic

The interrupt logic recezives the following types of
interrupts:

a. Controi panei (NSTP-)

b. 1/Q(IRQC~)

THEDRY QF OPERATION

¢ 1/Q with memory protection installed (BINS-)
d. Option board (OINT=)

Each of the above interrupt signais are masked with a bit
from the TS fieid C8TSn +(0-3). The occurrance of an
interrupt signal and ity associated mask Dit enabie the
interrupt logic to generate various control signais. -

An interrupt from the control panel is initiated when the
STER/RUN switch is placed in the step position. This
applies a low NSTP= to the interrupt logic whaere it 1
synchronized with the fuil cloek KKC2+ and then gated
with bit 3 of the TS fieid.

When an i/0 interrupt is initiated, the 170 control section
applies a low IRQC~- to the interrupt logic. Any 1/Q
interrupt is accepted By the interrupt logic when dit 0 of
the TS fieig is set (CBTSO + is mgn). When TS-Fieid bit 1 is
set (CBTS1 « is high) and bit O is resat (CBTSO + is low),
interTupts are accapted only it the memory protection
option is installed. BINS~ is low when this option is
installed.

Whern an interrupt fram the option board s initiated, a low
QINT= is applied to the interrupt logic where it is gated
with bit 2 of the TS field.

The signais generated by the interrupt logic are: CINTS-,
CEAIA~, CINTF +, CADEQI + ., and CSQIMI +

CINTS= 15 low when the interrupt flag CINTF + is Migh, IM
field containg Ql1x (x 19 irrelavant Dit), and the S heid
contains 00. The last twa conditions occue when CBIMIL =,
CIM1XX +, and CSEQQ + are Mugh.

CEAlA= is low when ail the following conditions ocsur:
a. Aninterrupt is accepted.

b. The 5 and T fieids contain 00 and the G-heid bit 2 15 sat
(CSTOG2 + 13 Migh).

¢. An interrupt flag has not been seiecied, or it has been
seiected but not sat (CINTS= 15 mgn).

Interrupt flag CINTF + is sat by the interrupt sarvice micro-
routine, it indicates that an i/Q interrypt has occurred and
is in process. CINTF + is aiso used at the compietion of
an interrupt (0 determine the status of the instruction pipe-
line. The interrupst fiag flip-flop is set (CINTF + is Righ)
wiier the S fisid contains 00 and the (M field contains 0111,
It is reset when the S fieid contains 00 and the M fieig
contmns 0110. The clock for the interrupt flag flip-flop is
controtied by decoding the three most significant dits of
the IM fieid, and is generated when the IM fieid cantains
011x with the (east significant dit irreievant (x). The least
significant Dit of the IM tieid is applied to the data input
of the flip-flop. The Hlip-flop is directly raset when the LS
fieid contains 0x, the X fieid contains x1, and OSCON-
is high.
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A high CAQEQL + is applied to the address selector and
reset logic to sat the control store address bits to ones (low
lavel). CADEQL + goes high when one of the following
conditions occur:

a. Aresetsignal is receivad from the control panel (CRST=
13 low),

b. A control panel interrupt is raceived, bit 3 of TS field is
set (CBTS3 + is high), and CEAIA= is low.

4.3.15 Supervisor Control and Clocks

The supervisor control contains a MNip-flop which 1S set
(CESK + s high) when the S field contains 00 (CSEQO+ is
mgn) and the IM fisid containg 1011 (CIM2XX +,
CBIML «, and CBIMO+ are high). The Hip-flop is reset
when the S field containa 00 and the M fieid contains
101Q (CIM2XX + and CBIM1 + are high, and CBIMO + 18
low).

The clocks circuit generates two clocks (KXCl+ and
KKC2 +) from the tuil clock MCDFC-.

4.3.16 Execution Cantrol
The execution control perturms the following functions:

2. Decodes the execution type instruction (003XXX), and
stores the dacoded nformation during the instruction
execution.

b. Provides a :gnal ! the memory protection - cption
indicating that an exacution type instruction has Deen
decoded. *

c. Inmbits I/Q and control-panel step interrupts until the
compietion of instruction execution.

The CINMPC + flip-fiop i3 set (CINMPC + high) at the
completon of instryction decoding (CACICE + hign) it the
instruction decoder cutputs CI000 + and CIDXX3 + are
poth mign. This flip-Hlog i3 reset when the instruction deing
decoded is NOt an execulion type instruction.

The CXECCM + flip-flop is set (CXECCM- low) when the
congition is met !or 3 jumo, jurnp and mark, or execultion
tast (C8T1 +, CBG3=~, ang OTINO + are high). The low
CXECCM= anapbies the CXEINM + Hfip-llop !0 be sat
(CXEINH= Iow) when the next instruction is decoded.
This causes the CXECCM + flip-llop to be cleared
(CXECCM= high).

The CXEINH « flip-flop 15 reset during the next instruction
decoding time (CACIOE + high).
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4.4 DATA LOOP CIRCUITS

The circuits of the data loop are shown in the block
diagram ot figure 4-9. Page numbers of the processor logic
diagram ars provided in parentheses for each circuit biock.

4.4.1 Control Store Buffer (Bits 0-31) °

This portion of the control store buffer hoids the first 31
bits of the last mucroinstruction fetched from the contrei
store. Bits O through 30 control data lcop operations and
it 31 is used in the central control. laput and ocutput
signais for the various fields are shown n the Dlock
diagram of figure 4-10. The 32 input dits are loaded into
the control store butter on the negalive transition of the fuil
clack KKCl +. The A and 8 fieids require enabliing signais
from the bulfer control circuit 1n the centrai contrai saction.
A low CBAKE= enables the A fieid and 3 hign CA8101-
enables the 8 field. For a detailed description of the fieids
n the control store ward, refer ta section 4.8,

4.4.2 Register Files A and B

Tha registee files A and 8 comprise 1§ general purpose 18-
Dit registers that can be used n the emulation of an
artitrary instruction sat, as well as providing operational
registers and working storage for internai operations, £ach
file consists of four 16.word Dy 4.D1it random.iccess
memories. Curing a read operation, sach file can be
independently addressed. This perrmts simuitaneous ac-
cess to the contents of twa arbitrary registers thus
ehminating the need for a2 tme consuming sequentiai
actess. During a weiting aperation, the files are (denticaily
addressad so that dupiicate copies of the written data are
aviniable.

A bloek diagram of the registar files are iliustrated i1 tigure
4-11. Both raqgister filas recsive their input data Daln «
(0-15) from the anthmetic and !ogic urt (ALU). The input
data are lcacded (wrnitten) into one of the 18 registers in
files A and B with a2 Iow OWCN-=. One ragister out ot 18
i3 selected with 4-Ddit address codes OFAAn + (0-3) ang
D3Sn== (-3) applied (o each file. These address codas and
the correspanding registers are listed in table 4-3. l.oaded
data are availabie on the cutput lines of the reqister flies.
Aganexampie, itan address code ot 0001 and alow CWCN=—
are generated, the data on iNe cutput lines of files A and
B are the contents of the 8 register (or registar A1 for the
expanded instruction set).

Data on the output lines of file A OFAn=(0-15) are
transferred (read) to (ateh A with 3 low DENFA= (ata on
the output lines of file 8 QOFBr=(0-15) are transferred
(read) to tatch B with a3 low QENFB= In addition. the
comolements of file A output bits 0 and |S (OFAQ -+ and
OFALS =) are applied to latch A for use in vanous shifting
aperations.
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Figure 4-9. Data Loop Block Diagram

4-17



THEORY OF OPERATION

CBAKE-~ OFAA+ (0-3) .
A
CBlIn+ (0-3) DFAA- (0-3) N
CABIOI- - OF8A+ (0-3) _
8

CBln+ (4=7) DFBAnA«+ (0-2) N
CBln+ (8-10) J OSHFTa+ (0-2) N
CBln+ (11,12) « . OXn+ (0, 1) N
CBI13+ " ow+ -
CBL14+ v DV+ ~
a8+ DSCON+

»  sC >
CBI16+ OWCF+

> WR >
CBln+ (17,18) c DCRYA+ (0, 1) -
call g+ DGMD+

> MO >
CBln+ (20-23) . . DFUNn+ (0-3)
CBln+ (24-26) ] DGRCa+ (0-2) _
CBln+ (27,28) JooL DGLan+ (0, 1) R
CBln+ (29,30) JG OGL8n+ 0, 1) .
CaI3l+ . CBIMO+

2o I IM d

vTi-i1882

4.18

KKC1+ { > ‘

Figure 4-10. Cantrol Store Butfer (Bits 0.31)
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DFAAn+ (0=3)

DENFA-

DFAn- (0-15)

REGISTER ’ -
FILE A

DFAQ+, DFA1S+

DALn+ [0=15)

DWCN-

DENF B~
8Sn= Q-3)

REGISTER
FILEB

DFn= (0-15)

VTII-1843

Tabie 4-8. Register File Address Codes

Register Ragitter
(Basic (Expsnded
Aadress insauction instuction
Codes Sat) 3t
Q0 0 0 A RQ
0 0 9 ¢ 8 A1
00 1+ 0 X A2
0 0 1 Cantents are A3
always all zeros
0 1t 0 0 | Instruction reqister R4
contents
g ¢ 0 1 Contents are RS
dways ai
2eros
01 10 - Ré
Q 1 t 1 - R?
10 00 - Instruction reqister
sontents.
19 Q 1 - S
Tt 010 - -
1t 0 11 - Contants are aiways
all zeros.
11 00 - Contents are
aslways ali ones
11 0 1 - -
Tt 1 1 Q Usad for temporary Usad for temporary
storage siorage
I S S | Used for temporary Used tor temporary
storage. storage

Figure 4-11. Register Files Block Diagram '

4.4.3 File Controi

The file control provides register file B with 4.01t address
codes DBSn + (0-3) by inverting B-fieid signals DFBAn « (0
3). During the writing phase (DFLC+ is hign) of each
microinsiruction, file-B addresses are switched to the same
codes as the file-A addresses This ensures that dentical
data is loaded into the same address of doth files when
DWCN= goes law.

A high DEKWCF -+ apphed to the file controi, produces a
low DWCN= that enables data to be written into files A
ang 8.

During the latter portion of the processor cycle, high
DFLC+ and DFLCC + signais are generated to prevent
input data from being lcaded into iatches A and B.

During muitiplication and division operations. CBI04 + is
controiled by 00DQS~ to produce address 1110 or 1111 for
register file B. Oepending on the state of the W-field bit
(DW ), DDQS~ 1s controiled either by the ALU bit 15 or
operand register bit 1.
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4.4.4 Latch‘A Control

Latch A control decodes LA field signais OGLAn +(0,1) and
generates enabling signais for latch A and register fils A
The following signals are applied to latch A:

a. OGPR+ and DGPRA -+ load the contents of the
program counter OPRn «(0-1%) inta latch A.

b. OLAGL+ and DLAGLA + load register file A data
OFAn +(0-1%5) which are shifted laft one Dit position,

nte latch A,

¢. DLAGR + and DLAGRA + load register file A data,
which are shiftad right one Bit position, inta latch A.

d. OLAGS + and OLAGSA + 10ad unshitted register file A

datainto latch A,

A low DENFA= is generated by latch A control to transier
register file A data to latcn A. DEMNFA= goes low when the
contents of the program counter are not beng transterred
to latcn A (DENF2 + low), and the conditions specified Dy
the LA, LB, and SH fieids are met (OGLAL-, OGLE1l-,
DLAGS + and OSHFTO+ are high). These conditions

specify the cutput of lateh A 13 zera,

OFLCC +, trom the file contral, goes high during the latter
portian of the processor cycls @ nhibit the decoding

function of the latch A control.

OFLC

4.4.5 Latch A

Latch A provides data selection and buffering for the A
input of the ALLL. The sources of latch A input data are the
program counter OPRn +(0-19) and register file A OF An=
(0-15). Latch A butfers the output of the register file A from
the ALU input during a file A write aperation. A block
diagram of the lateh A circuits is dlustrated in figure 4-12.
The tallowing are the types of data that can be loaded into
latet A ailong with corresponding enabiing signais from
latch A control:

3. Contents of the program counter are lcaded into latch A
with a mgn OGPR + and OGPRA «.

b. Unshifted 3ata from register file A are loaded into lateh
A with a mgh OLAGS + and DLAGSA +.

¢ Register file A data shifted left one Bit position are
loaded into lateh A with a3 migh ODLAGL +, DLAGLA =,
ang OQLAGLS +.

d. Register file A data shifted rngnt one Dit position are
loaded into lateh A with a mgh DLAGR + and
DLAGRA =

OFLC + is a iming signal from the file control circurt. A low
OFLC + enabies latch A to sample and saiect Ihe
apprepnate input data. Ouring the latter portion of the
processor cycle, OFLC + goes migh causing lateh A to

QGPRe, OGFRA

OLAGS+, QLAGSA

OLAGR®, OLAGRA=

OLAGL+, OLAGLA=, JLAGLS>

IPtn= (0=13)

OFdne (0=15)

OSHETae @, 1)

TS Q=15
SELECTOR OLAne (Q=15)

GATES

QGLAO*

0QRn= @, 15)

3

OSMmi»

SFane 0,15

=1 MULTIPLEXOR

SHIFTING OSMIN=

OLAGR»

OSEN-

ENASLE
GRo el SELECTOR
OSHAT2>
OFAlde ar-13
OFAiS- SHIFT-LEFT
E— SELECTOR

OSLINe

YTII-idie

4.20

Figure 4-12. Lateh A Block Diagram



disregard further changes to its other inputs as occurs
whan data are written into the register fiie.

OSHIN= and DSLIN + (figure 4.12) are additional inputs
to the bit 0 and 15 selector gates, and are required for
implementing shifting operations. DSHIN= is applied to the
bit O and 15 selector gates and is generated by a
multiplexor circuit (refer to tabie 4-9 for the muitipiexor
truth tabie). DSLIN + is applied only to the bit 15 seiector
gate and is seiected from either DFAl4= or DFALS~. When
OSHFT2 + is high, OFALS~ is connected to the DSLIN +
line. When DSHFT2 + is low, DFAl4= is connected to the
DSLIN + line,

A low DSEN= is used to enable the shifting multipiexor.
When OSHFT2 + is high, a ground signal is connected to
the DSEN= line to enabie the muitipiexar. When OSHFTZ +
18 low, DSEN= ig controlled by DLAGR .

4.4.6 Latch B Control

Lateh B control decodes L8 field signals (DGLBO+ and
DGLB1 +) and generates enabling signais for laten 8,

THEORY OFf OPERATION

register file 8, and B muitipiexor. The following signals are
applied to lateh B.

8 DLBGI+ and DLBGIA+ lcad the contents of the
. instruction register C2lr= (0-15) into latch 8.

b. OGLBl~= and DLBGM + are produced from bit | of the
LB fieid (DGLB1 +) and are used to ioad the 15.bit
control store literal into lateh B. The contrai store
literal is the mask fieid of the control stors buffer
(fieids B, SH, X, W, V, SC. WR, C, and M).

e DLBGS + and DLBGSA + (0ad data from either the 8
muitiplexcr or the register file 8.

A low DENFB= transfers register file 8 data to latch B.
DENFB= goes low when register file 8 is selected as the
input for latcn B. and remains high when other latch B
inputs are seiected. OLBMX= and DLBMXA= are comple-
ments of bit O of the LB fisid and are used to snabie the B
muitiplexor.

Table 4-9. Shifting Multipiexor Truth Table

0GLAO+ DSHFTO+ GRD - DOR15+ Dsmi- OFA15+ DSHIN-
DSHFT1+ DSEN- OFA15+ QPEN DFAQQ+ DORQO-

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

NQTE: H=HIGH, L=LOW, AND NO H OR L INDICATES IRRELEVANT INPUT

VTT11-1643
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4.4.7 Latch B

Latch 8 provides data ssiection and buftering for the B
nput of the ALU. The sources of latch B input data are:
register file 8, B8 multiplexor, instruction register, and 16
it control store literal. Latch § bufters the output of the
register file 8 from the ALU input during 2 file writing
operation. The foliowing are thu typss of data that can be
icaded into latch B alang with corresponding enabling
signais from latch 8 controi:

3. Register file 8 data DFBnr=(0-15) or 8 muitipiexar data
OMXr=(0-15) are lcaded into latch B8 with a high
OLBGS + and DLBGSA «. The data selection is
deterrmned by latch 8 cantrol (DENFB= or DLBMX=
and OLEMX A=),

b. Contents of the instruction register C2!n=(0-15) are
loaded into later B with a mgh OLBGI+ and
OLEGIA +.

¢. The 16-bit controt store litaral (tieids B, SH, X, W, V, SC,
WR, C, and M) is loaded into latch A with. a high
OLBGM + and OGLB1=-.

OFLCC is a iming signai trom the file control circuit. A low
OFLCC enables latch 8 to samipie and select the appropn-
ate input data. Ouring the iatter portion of the processor
cycle. OFLCC » goes high causing latch 8 to disregard
turther changes to its ather inputs.

4.4.3 B8 Multipiexor

When specified Dy the |B field, the 8 muitiplexor provides
nput data to lateh 8. Ag ilustrated n the block diagram of
figure 4-13, the B multiplexgr receives aight data nputs (3
through h), LB.-fieid enabling signais (OLBMX=~ and
OLSMXA=), and B-field data-selection sigrais OFBAn +(0-
2) and OF3AnA +(0-2). The B muitiplexor output data
CMXr=(0-15) is applied ta lateh B, :

The eight data inputs and ther scurces are listed as
follows:

a. Qperand register OORN «(0-15).
8. Memory inputlatch MiLn «(0-15).
c. /Qregister IORN +=(0-15).

o

. Status word consisting of key register bits OCKn + (12
15). smuft-counter bits O5Cn = (0-4), supervisor-key flag
CESK +. and arithmaetic flags (OCNOC +, OSGN +,
DEQ +. DOVF +, and OCNOZ +).

e. Right byte of operand register DORN +(0-7) with the
sign ot OQRQ7A + extended. The operand register
right dyte remains in the rignt byte position af the 8
muitiplexor output, and the sign it 1s placed in ail bit
positions of the left byte,

f. Left byte of aperand register OORN +(8.15) with the
sign bit OOR1SA + extanded. The operand register left
byte s placed n the rignt Dyte position of the B
muitipiexor output. and the sign bit DORISA + 13
placed 1in ail bit pasitions of the left byte.

4.22

g Rignt byte of the operand register DORn +(0-7) without
the sigin bit extended. The cperand register right byte is
placad in the nght byte position of the B muitipiexor
output, and a zero (GRD) is placed in all bit positions
of the lett byte (OMX0S= through DMX1%= are high).

h. Right byte of the cperand register DORn +(0-7) and
Zero data (GRO). The operand register right byte is
placed in the left byte of the B8 muitiplexor output,
and a3 zero (GRD) is placed 1 all bit positions of the
right byte (OMXC00= through OMX07= are hign).

Oata input selection is accomptlished with dits O through 2
of the B field. B.field codes and corresponding data inputs
they saiect ars listed in tabie 4-10.

4.4.9 Arithmetic and Logic Unit

The ALU performs logical or arithmetical operations on
data from latches A and 8. The ALU output data
CALNn +(Q-15) are directed to the foliowing sections of the
processor:

a. The data muitipiexar 1n the mermory control for weiting
the ALU data into memoary.

b. The address muitiplexer in the memory control for
applying the ALU data into the address lateh.

¢. The 11Q muitipiexor n the 1/Q data lcop for
programmed and muitipiexer channet 1/Q agerations
through the i/Q register.

d. Tho. program counter to provide jump nstruction
addresses.

e. Theshift counter for imihiahizing the shift count,

f. The aperand register for general data loop operations
and these requinng double length shifts.

& Theregister files A and B for updating the contents of
the registers.

h. The key register for usewith memary map cperations.

Figure 4.14 is a block diagram of the ALU. The ALU
perfarms lagical aperations when OMQOE + 13 mgh and
anthmetical aperations when :t s low. Ouring an arthmet:-
cal operation, a low carry-in signal (DCINS=) adus a 1 to
the ALU output. Internal carry generation and prapagation
signais, OSGn +(1-4) angd OSPn +(1-4), are appited to the
carry generator to deterrmine whether internal carry signals
OCOn +(1-3) are to be generated. Function contral signals
(OFUNOQS +, DFUNL1S+. OFUN2+, DFUN3 +) comprise
16 4.Dit codes that determine the particuiar logical or
arithmetical ALU operation. Table 4-11 lists the 16 logical
and 16 anthmetical operations that can be pertormed by
the ALU.

When the ALU output Dits are ail ones a migh DALEQ + s
applied to the status and test logic. A low OCOUT= s
appited to the status and test |0gic when the ALU generates
a carry.



DFBAn+ (0-2), DF8AnA+ (Q-2)

DORn+ (0=15)

MILn+ (0-15)

[ORn+ (0-15}

STATUS WQRD*

MULTIPLEXQR

DQRG7A=, DORn+ (0-7)

DOR15A+, DORn+ (8=15)

DQORA+ (0=-7), GRD

OQRa= (Q-7), GRD

OLBMX-, DL3MXA-
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DMXne (0-15)

*STATUS WORD QONSISTS OF KEY-REGISTER BITS (DCKa+, 12-15), SHIFT-CQUNTER BITS (DSCne, 0-4),
SUPERVISOR-KEY FLAG (CESK+), AND ARITHMETIC FLAGS (DCNDC~+, DSGN<+, DEQ+, DQVF=, AND
DCNQZ~+).,

V71648

VTil.1887

Figure 4-13. B-Muitipiesar Biock Diagram

Table 4-10. B-Fieid Codes

DOFBA2« OFBAl+ DOFBAQ+ SELECTED
DFBA2A~+ DFBAlA+ DF3AQA+ DATA INPUT*

L L ]

L H b

L L ¢

L H d

H L €

H H f

H L 9

H H h

NQTE: H= HIGH, L= LOW

*DATA INPUTS ARE DESIGNATED o THROUGH h AS IN FIGURE 4-13
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Table 4-11. ALU Operations

s s 33 LOG‘CSB . ARITHMETICAL éweurtom DMODE+ LOW
s OPERATION
é % é % i DCINS- HIGH DCINS- LOW
L L L L F=A F=A F=APLUS!
L L L H F=AVS F=AVS F = (AVB) PLUS 1
L L OH L F= AAB F=AVE F= (AVE) PLUS 1
L L OHOH F=0 F = MINUS 1 (2's COMPLEMENT) F = ZERO
L H L L F = AAB F= APLUS A o F = A PLUS AAB PLUS 1
L H L H F=38 F = (AVB) PLUS A F = (AVB) PLUS AAB PLUS 1
L H H L F= A F= A MINUS 8 MINUS 1 F= AMINUS 8
L H H H F = AAB F = AAB MINUS 1 : F= AAB
H oL oL oL F=AVS F=APLUS A Fa A PLUS AAB PLUS 1
H L L H F= Av8 FsAPLUSS | F= APLUS 8 PLUS !
H L H L F=8 F = (AVE) PLUS A F = (AVE) PLUS AAB PLUS !
H L H H F = AAB F = AAB MINUS | F= AAB
HoH L oL F=1 F=APLUS A : F=APLUSAPLUS ] o
H H L H F=AVE F = (AVB) PLUS A F = (AVB) PLUS A PLUS |
H K OH L F=AVE F=(AVE) PLUS A F = (AVE) PLUS A PLUS 1
H H H H F=A F=AMINUSI F=A
NOTES: 1. IN THE ABOVE TABLE, F REPRESENTS THE ALU QUTPUT (DALOO+ THROUGH DALIS+), AND
A AND B8 REPRESENT THE ALU INPUTS (DLAOO+ THROUGH DLAIS+, AND DLBOO+ THROUGH
DLBIS+) .
2. THE SYMBOL V DESIGNATES THE INCLUSIVE @R OPERATION,
3. THE SYMBOL ¥ DESIGNATES THE EXCLUSIVE @R OPERATION,
4. THE SYMBOL A DESIGNATES THE AND OPERATION,
5. H=HIGH, L= LOW

Vvrii-14te
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4.4.10 ALU Control

The ALU control contains two muitiplexor circuits which
provide the ALU control sigrais. One muitipiexcr is
controiled by OGLB1 +, the other by OSPF +. OGLBL + is
high when the LB fisid contains dinary 10 or 11, indicating
signais from the control stors buffer are used for masking
instaad of controlling. A high DSPF + indicates a special
ALU tunction used for the register transter and modifica-
tion instructions that have codes beginning with 0QS.
DSPF + goes high when the SH field contains binary 100
through 111, and the LA and LB fieids contain 00 or OL.
The ALU contral signais consist of the ALU mode control
OMQOE +, ALU carry-im OCINS~, and ALU function
controis DFUNGS + and DFUNSL +.

OMOOQOE + is controlied by the M-field bit (OGMO +) in the
non-masked condition (OGLB1 + low), and by bit 1 of the F
fislad (OFUNL +) in the masked condition (DGLB1 + mgn).
OCINS= s controlled by instruction register Dits § and 7
(C1060-+ and C21070-+) for the speciai ALU function
(OSPF + high). During the normai ALU function (DSPF +
low) 1n the non-masked condition, OCINS- (carry input) is
contralied by the C field as follows:

a. When the C fieid contains 00 (DCRYQ + and DCRY1 +
low), OCINS- goes high indicating there is no carry
nput.

b. When the C fieild containg 01 (DCRYO+ high and
OCRY1 low), DCINS= goes low it DCNOC + (stored
carry) 18 high ang high it OCNDC + 15 low. This makes
the carry n equal 0 the stored carry.

¢ When the C fieid contains binary 10.(OCRYQ + low and
OCRY1 + mgn), OCINS= goes low it DCNDC + is low

and high it DCNOC + is high. This makes the carry in
equal to the complement of the stored carry.

4. When the C fieid contains 3 binary 11 (DCRYO + and
DCRY1 + high), OCINS~ goes low indicating a carry
input. .

DFUNGS + and DFUNIS + are controiled by instruction-
register bit 7 (C21070= and C21070 +) for the special ALU
funétions, and by F-field bits Q angd | for the narmal ALU
function.

In addition to the ALU control signals, DEXWCF 4+,
DEKSB +, and DOVSMS + are aiso generated by the ALU
sontrol. In the non-masked condition, DEXWCF + s
zontrolled by the WR-fieid bit (OWCF +) and DEKSE + by
the V-tieid bit (OV + ). QEXKWCF + is sent to the file contrel
for writing data into files A and 8, and DEXSB + to the
shift control to enable the setting of the dividing-sign fip-
flop (0S8 +). DOVSMS + 13 an enabling signai for setting
the overtiow fhp-flap in the status ang test lagic. This signal
13 controiled by instruction-register Dit 6 (C21060 + ) lor the
special ALU function, and by CSAMOV + for the rormal
ALl tunction.

4.4.11 Register Control

A decoder cirguit in the register control decades thae three
R-jieid Dits OGRCN +(0-2) to produce seven control sighais
that controi varous operations for the shift counter,
program counter, aperand register, ang key registar. Tabie
4.12 13 3 tryth table showing the states of the saven control

- signais for each R-field code. Control signals CRC3=,

DRCa=, ang ORC7~ are used in the register control to
producs O3RC7= and OR47 +. When the R field cantaing
Q11 or 111, a low D3RC7= lcads the aperand register.

Table 4-12, Register-Controi Decoder Truth Table

R-FIELD INPUT BITS DECODED QUTPUTS

2 5 oz E N
3 S o bl o ] 9 ] Q 3 9
g & § & & & &8 & & & 3
Q 2 a aQ

L L L L H M H H L H H
L L L H L M L] H ]

L L H L M 8 ] H L ] H
L L H H H M L o] L H H
L H L L ] H H L L H H
L H L H H ] H ] H ] H
L H H L H M H H L L H
L H H H ] + H H L ol L

NOTE: L =2L0OW, H = HIGH
VTIl-1628
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When the R fieid contains 100 or 111, a high DR47 +
inerements the program counter at haif-clock time. The R
field specifies the following operations:

a. R-field containing 000 causes ng operation.

B. R-field containing 001 loads the program counter.

¢. R-field containing 010 loads the shift counter.

d. R-field containing 011 loads ithe aperand register.

¢. R-fisld containing 100 increments the shift counter.

f. R-fieid containing 101 loads the key register.

g R-fieild containing 110
counter.

increments the program

h. R-fieid containing 111 loads the operand register and
increments the program countar.

A Dbyte-address fiip-flop (DBAD +) stores file-A bit 0
(DFAQO~) at hait-clock time (MCOHC +) to prevent losing
the bit dunng stitting operations (OGLAL + nign)..

- The processor ciock KKC2 + is repowered to provide clocks
for the operand register and smift caunter. These cliocks are
DKOR- ang DKSCR= Clock MCDFC~ is aise repowered to
produce the data loop clock OMFC +  The data-loop clock i1s

THEQRY OF OPERATION

2l30 used to generate the program-counter clock DKPR=.
The program-counter clock can occur at arther full-clogk
time (MCDFC-) to load the program counter or at haif.
cluck time to increment the program counter.

°

4,4.12 Shift Control

The shift controi contains two muitiplexars that seiect the
dota 10 be shifted into the end Dits of the operand register
during sthiting operations. Both muitipiexars are controiled
by the X fieid. The shift-left muitiplexor selects data
(DSLOQ + ) for bit O of the operand register from bit 15 of
the ALU, file A, or operand register. The shift-right
muitiplexor selects data (DSR1S+) for bit 15 of the
operand register from bits O or 15 of the operand register,
bit Q of file A, or the divide sign Dit (Stored file-A it 18,
DS8 < ). Tables 4-13 and 414 are truth tables for the shift.

left ang shift-ngnt muitipiexors.

4.4.13 Operand Control

The operand control seiects the aperating maode of the
cperand register based on the SC and W fisids. The four
operating modes consist of: hold (no activity), shift left,
stiit right. and load in ALU data. Taole 4-15 lists the
operatirig modes resuiting from the varnous states of output
signals DOSO « and DOSI +.

Table 4-13. Shift-Left Multiplexors Truth Table

CONTROL ‘ lNPUT DATA QUTPUT
a
< ::,. 5 1 Z -
2 3 S = 2 g 2
-3 = a %) a
L L L X X X L
L L " H X X X H
L H X L X X L
L H X H X X H
H L N X X L X L
H L X X H X H
H H X X X L L
NQTE: L =LOW, H=HIGH, AND X = [RRELEVANT
vTI1-1820
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Table 4-14. Shift-Right Multiplexors Truth Table

CONTROL INPUT DATA QUTPAUT
- a »
- - ¥ | -
- [~] § § - - 2
b4 x : 3 @ ac
@ e g 5 g 8 8
L L L X X X L
L L H X X X H
L H X L X X L
L H X H X X H
H L X X L X L
H L X X H X H
H H X X X L L
H M X - X X H H
NOTE: L= LOW, H = HIGH, AND X = [RRELEVANT
VT11.1632
Table 4-15. Operand Register Modes
® INPUTS ' QUTPUTS MODE
D3R~  DW+  DOGLBI- DSCON+ DOS0+ DOSI+
H X X X
H X X L L L HOLD
H L H H L H SHIFT LEFT
H H H H ) H L SHIFT RIGHT
L X X X H H LOAD IN ALU DATA

NQTE: L =L0OW, H=HIGH, AND X = [RRELEVANT

vTIL-i628
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4,4.14 Operand Register

The 16.bit operand register has lcad and shift capabilities
to enabie double length shifts in conjunction with snifting
modes of latch A. The register can be lcaded with data
from the ALU, and its output DORn «(0-1%) can be
saiected by the B multiplexor as an ALU input. The four
operating modes of the operand register are given in the
preceding section.

The operand ragistar consists of four 4-dit shift registers,
Loading and shitting operations ocsur on the positive-gaing
transition of clock OKOR=- (uniess DOS0+ and DOS1 +
are both low),

4.4.15 Key Register

The 4.oit key register 18 loaded from the four mast
significant its of the ALU output under control of the R
finid (DRCE= ). The registar is used with 3 memory map to
designate which one of |6 memory protection partitions is
active for processor-initiated memary aperations.

¢
In adaition to the logical high and low jGtates, the key-
register Sutput DCKn +(12-185) has an open-cireust state:
This allows the output lines to be directly connected to
outputs of the |/Q key register in the memory controi
section. The key regisier output 18 in the spen-circust state
wihienn an 1/Q request occurs (IRQM + Migh) or when the
supervisor control flip-fop 1S sat (CESK + mgn). The key
register 13 loaded at full-clock time with the positive-going
transition of clock DKSCR= .

4.4,.16 Program Counter

The 16-bst program counter performs loading and counting
functions to permit address generation of the next
instruction to be fetched. Contents of the counter
DPRn +(0-15) can be seiecied as an address source Dy the
address muitipiexor for memory control or by latch A for
thie ALU input.

The counter can be loaded from the ALU or incremented
under controf of the R fietd (DRCI- and DR4A7 « ). When
DRC1= 15 low, the positive-going transition of clock DKPR=
loads in ALU data at full clock time. When OR47 + 15 high,
the positive-going transition of clock OKPR- increments
the counter contents at haif-ciock time.

4,417 Shitt Counter

The sttt counter. under control of the R fieid, performs
loading and counting functions used for shifting, muitipi.
cation, and division. When the desired shift count s
reachied. a3 high carry signal DCTZ + is applied to the
status and test logic. The five output bits 0SCn = (0-4) are
aoplied to the B muitipiexor as part of the status word.

When DRC2- s low, ALU data DALn +(0-7) consisting of
the two's complement of the required shift count 1s loaded

THEORY OF OPERATION

into the shift counter on the positive-going transition of
clock DKSCR=. At full-clock time whenever DRCS + is high,
the counter is incremented Dy one until a8 carry is
generated from the eighth mast signiticant bit. This causes
,the counter to be reset and the carry signai DCTZ + to go
mgh. The counter is aiso reset when KCINMP « goes low.

4,4.18 Status and Test Logic

The status and test logic storss the resuits of certain
operations under control of the control store butter. Five
status signais for the B muitiplexar and one for latch A are
generated by the status and test logic:

3. The muitipiication sign flag OSMI + can be appiied to
lateh A. During multiphication, DSM1 + goas high when
the product is negative.

b. DCNOZ + goes high when the ALU output is 2ero. This
condition is sampied by DTKL=.

e. DCNOC + goes high when the ALU generates a carry.
This eondition is sampied by OTKL=.

¢. OSGN -+ goes high when the ALU output 13 negative.
This condition 13 sampleg by OTKL=-.

¢ DEQ+ goes high whan the ALU output bits are ail ones.
This condition is sampied by OTKL=

f. DOVF + goes high when the overflow flip-flop is sat.

The status and test logic aisc aoplies a test-resuit signal
OTCND += to the centrai control to deterrmine the controf
store address during the procsssing of conditional instruc:
tions. DTCND +« goes migh when the seiected test condition
1$ met and low when it 13 Aot met When seiected Dy the
G-fieid signais CBGn + (0-3), the fallowing can be tested:

a. Overflow. When thus condition oczurs, the overflow flip-
flop 1s set (DOVF = migh).

b. 1/Q sense response. When this condition occurs. a high
ISRD + 1s appited to the status and test logic.

c. Sense switches |, 2, and 3. When these switches are
set, low NSSn=(1.3) signais cause the corresponding
CBSSa = (1-3) signais to go high n the status and
test logic.

d. Jump, Jump-and Mark. and Execution tests. When a
condition 1S met for one of these instructions, a high
DFTT + is generated in the siatus ang test logic.

e. Egual ALU inputs. When the data inputs to the ALU are
eqgual, a tugh DALEQ ~ causes DEQ + to go migh in the
status and test logic.

t. Sign of ALU output. A high DAL1SA + produces a high
DSGN + in the status and test logic indicating a
negative sign. A low DALIS5A + produces a low
DSGN + indicating a positive sign.

cominued
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8 ALU carry. When the ALU generates a carry, a low
DCOUT= produces a low OCNDOC- in the status and
test logic. .

. ALU output is zero. When the cutput of the ALU equais
zerg, a low DZTS= and 3 Righ DCNOZ + are generated
in the status and test logic.

i. 0SB flag. When bit 15 of register file A is a one, 2 high
OS8 + 15 sent to the status and test logic. A low 0S8 +
indicates bit 15 of register file A 13 2 zera.

j.  Sign of memary ingut latch. A high MILLS + indicates
the data frem the memary input latch has a negative
sign. A low MILLS + indicates a positive sign.

k. Shift-counter overflow. When this candition occurs, a
mgh OCTZ + s applied 0 the status and test logic
indicating the smift counter 's resat to z#ro,

. Qutput sign of A registar (Zereral-purpose register Q).
The status and test logic generates a nigh OASGN + for
3 negative nign and a low DASGN + for a pasitive
sign. :

m. Normalized shift compiated. When 3 normalized shift i
complete, the status and test logic generates a Migh
ONZT +. This occurs when the ALU output bits 14
and 1S have cpposite states.

\

4.5 MEMORY CONTROL CIRCUITS

The circuits of the memory control are shown in the binck
diagram of figure 4-15. Page numbers of the processor logic
diagram are provided in parenthesis for each circuit block.

4.5.]1 Address Muitiplexor

Tha 4-input 16-Dit address muitipiexor selects a memory
address from one of the lollowing sources:

a. [/Qregister, IORN +(0-15)
B. ALU. DALA +(0-1%)
¢ Programcounter, OPRn +(0-195)

d. Inputlateh, MILn +(0-15)

Addrass selection is controlled by MASLO + and MASLL +
fram controi logic 1. The address muitipiexor applies the
selected address MAMn +(0-15) to the address latch. Tadle
4.16 13 a truth table for the address muitiplexar.

Table 4-16. Address Multiplexor Truth Table

CONTROL INPUT DATA QUTPUT
— —_— a— — ﬁ
2 ! 2 a2 i
s 3 e & 2 & by
2 <2 - - - *- <
: 3 £ 3 3 : 3
Q a a = 2
L L L X X X L
L L H X X X ]
L H X L X X L
L H X H X X H
H L X X L X L
H L X X H X ]
H H X X X L L
H H X X X H H

NOTE: L= LOW, H = HIGH, AND X = [RRELEVANT

¥YTIi.i814
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Figure 4-15. Memory Control Block Diagram
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4.5.2 Address Latch

The 16-bit address l!atch stores the selected memory
address during the memory cycle. A low sample clock
MRQSCA= fram the priority logic loads the seiected
address into the latch wnere it is inverted and applied to
the address drivers.

4.5.3 Address Drivers

The open-collector address drivers interface the address
latch to the memory address bus. A migh enabling signal
MABE « from the control seguencer gates the latch sutput
MLLm=(0-19) through the grivers where it is inverted and
acphied to the address bus as MYAn +(0-14) (address bit
15 is not used on the address Dus uniass a writable cantrol
store is presant).

4.5.4 Address Comparator

The address comparator pruvents erroneaus operation in
the event a3 store type instruction is bDang currently
processed and its effective address contains the next
instruction 1o be fetched (ithe processor feiches the next
instryction before the currunt instruction is compieted).
Adgresses from the program counter OPRn «(0-15) and
the address drivers MYAn - (0-15) are compared by the
comparator. When the addresses are equal. a high MPLE +
signal 13 sant to contrel lagic 1 se that the instruction
aiready fetched into the instruction butfer can be updated
during the store instruction’s executian,

4.5.5 Data Multiplexor

The 16-bit data muitipiexor selects memary write data from
either the ALU or |/0 muitipiexor tor OMA aperation. Data
seiection 1S controlled by 1/Q request signal MIRB + from
the prionity logic. A hmigh MIRE + selects 1/Q data
IOMn «(0-15); a low MIRB + selects ALU data DALN +(C-
15).

4.5.6 Data Drivers

The open-coilector data drivers interfacs the data muiti.
plesor to the ODidirectional mernory data bus. A high
enabting signal MOBE + fram control logic | gates the data
muitiplexor output MOMn +(Q-(5) through the drivers
where it i3 inverted and applied to the mermory data bus as
MYOn - (Q-15). K

4.5.7 1/Q Latch
Data from the memory data bus is loaded into the 16-bit
17Q lateh with a3 low MMIQI~ from control logic 1. The I/Q

latch inverts the data and applies it to the |/0 muitiplexor
in the 1/Q data loap sectian.

4.32

4.5.8 Input Latch

Data from the memory data bus is loaded into the 16-bit
input lateh with a low MMIL= from control logic 1. The
input latch inverts the data and applies it to the address
muitipiexor and the B muitipiexar in the data leop section.

4.5.9 Instruction Buffer

Oata from the memory data bus is Icaded into the 16-mit
instruction bufter with a low MMLk= from control | logic.
The instruction butter inverts the data and applies it to the
central control section as Mlin +(0-1%). This data is
apphed to the instruction decoder and instruction decoding

logie for preliminary decoding, and to the instruction
register for detailed decoding.

4.5.10 Writing Drivers

The writing drivers apply left- and right-Dyte controls
MWLY « and MWRY + to the memory. When 3 full word 1s
written 1nte memaory, MIMCL + 15 high and MIMCUO + 1 tow
resuiting 0 mgh MWLY » and MWRY « signais. When a
Dyte 13 written into memory, MIMCO + 13 Migh and the
storedd-Dyte address DBAD + determines which byte control
18 igh. A mgh MCRE + enabies the byte cantrois when the
processor Nas prionty, and a righ MIRS + enables them
when the 1/Q controi_has priority. IWLMC= and IWRMC-
provide left- and right-Dyts nfarmation from the 1/Q
control. A high MIQOW indicates |/Q data 1s written nto
mamory.

Wher the processar has priority and the S field equals Q
(MCRP+ and CSEQQ + are Migh). MCOTC~ goes low on
the positive-going transition of cloex MRQSC- indicating
that a special data transier from the ALU to the instruction
bufter 13 taking place.

4.5.11 Key Logic

The key logic provides key bus data MYKn +(16-19) for
memaory mapgping, and repowered clock and resat signals.
The key bus data comes fram esther an 1/Q key register in
the key logic or from the key register in the data loop.
When CIMXX0= and CIM2S0O~ are low ALU data bits 12
through 15 ars Icaded into the 1/Q key register on the
positive-going transition of ciock OKSCR=. The key register
cutput is enatled with an 1/Q request (IRQM= low). Key-
Bus data (1/0 or processor) are gated onto the key bus with
a high MABE +.

4.5.12 Clock Generator

The clock generator provides clock signals (figure 4.16) tor
all sections of the processor, except 1/Q control, and for
aptions on the option board. A crystal oscilator circut
procucss the symmetrical squarewave MOCLK + (24,2424
MHZ), This 41.2%5-nancsecond period clock s sent to the
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option board and is aiso used to clock flip-flops ihat tions, the periods are increasad an additional 41 nanosec.
produce the phase A and B clocks MCPA + and MCPS . onds (one MCOCLK + cycie) by a delay flip-flop in the clock
The phase clocks have a 165-nanosecond period represent. generator. :

ing the basic processor control state in which a single
microinstruction is processed. Full and hait clocks MFC-

and MHC~- are produced by decoding MCPA+ and The crystal oscillator cireuit can be disconnectsd (dDy re-
MCP8 + . The periods of MFC- and MMC~ may vary in 41 maving a jumper on the processar card) and replaced with
nanasecond increments depending on when the memoary an external signal (TCLKC-) connected to J2-43 of the
acknowiedgrnent signal YONM + is’ applied to the control processar board. This external signai is normaily supplied
sequancer. During indirect addressing and OMA opera. by the writable control store option.

‘ «-—1 l-—— 41 nsec
-t etinlinlinisipinipigigiginipinigigiginl

I-—-— PY R pem—— '
mepas ([ I ___ I L [

MCPe+ —L____J'_""L___I'—L___F_L___J_——L__

PG g L L I e N
MHC-s T L L] LT 1T
MRS1-* . I L

MRS2-* | I
MRS3- | | [ [
YONM+ | 1 | - r_

MRQY - l ] L |

*PULSE WIDTH DEPENDS ON WHEN YONM+ GOES LOW

**PERIOD MAY VARY IN 41 NANQSECOND INCREMENTS DEPENDING ON RELATIONSHIP OF YDNM+
GOING LOW AND PHASE CLOCKS MCPA+ AND MCP8+, DURING INDIRECT ADORESSING AND DMA
QPERATIONS, THE PERIOD IS INCREASED AN ADDITIONAL 41.25 NANQSECONDS

VTi.1813

Figure 4-16. Clock and Secuancer Waveforms
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4.5.13 Control Sequencer

The control sequencer gensrates sequencing signals when
2 memory request is received from the processer or 170. A
low MCRA=~ (processor request) or MIRA= (1/Q request)
frorn the priority logic produces 2 high MABE + that gates
the memary address onto the address bus. This occurs at
the beginning of the sequancer cycle 3o that the address
has time to stabilize.

A three flip-flop counter ciocked by MQC- and MQC +
generates the three sequencing signals MRS1-, MRS2-,
ang MRS3- (figure 4-18). The puise width of MAS3- is
always 124 nanosesconds; however, MAS1= and MRSZ-
puise widths depend on when the memory acknowisdgmaent
signal 13 recsived (YONM + goes low).

4.5.14 Priority Logic

The prionty logic recsives requasts for memory operations

trom the PMA (on option doard), /0 control and central -

control. PMA has the Mighest prionty and central control
has the lowest.

When the PMA requasts a memory operation, 3 low
QORQM= is applied to the pricrity logie. This inhibits the
sampling of requests from 1/Q cantroi and central contrul,
and causes MAXQ + to go high indicating the PMA has
priority.

An 1/Q controi request indicates a3 OMA aperation is to be
- performed and applies a3 high IRQM + to the priority logic.
A mgh IRQM + inthbits the sammpling of central control
requests and, if there is no PMA request, causes MIRB + to
go ign indicating the 1/Q control has prionty.

A cantral control request indicates that tMe processor s
requesting 3 memory operation. When a csntral control

request occurs, migh CRQM + and CABRT- signais are -

applied to the prionity logic. If there are no requests from
the PMA or 1/0 control, MCRB + goes high indicating the
cantrai control has priarity. !

4.5.15 Cantrol Logic 1

The control logic 1 produces varmous cantrol and enabling
signais.

Signals MASLL + and MASLO + are sent to the address
muitipiexor to control the address ssiection. The states of
these signais are daterrmined Dy the |[/Q cantroi request
IRQM=for 1/Q memory requests or Dy bits 2 and 3 of the
IM field for processor memary requests.

Low MMIL=, MMIOL=-, and MMl signais !6ad data into
the nput lateh, 17Q latch, and instruction buffer, respec-
tively. in addition to other requirements, one of the
following two conditions is required before the ihree
loading signais can go low: the memory acknowiedgment

signat YONM + s low, or a special data transfer occurs *

fromm the ALU to the instructiorn buffer and input latch
(MHCA +, MRS3=, and MRQ= migh).
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MMIiL= goes low when the processor has priority (MCRS +
and MRS1= Mgh) and an input-latch loading operation is
specified (MIMCl= high). MMIOL- goes low when the i/Q
control has priority (MIRB+ and MRS1= high). MM1}=
goes low when |M-fieid Dits O and 1 are both zero (MIMC1=
and MIMCO~ high) and the processor has priority
(MCR8 + and MRS1= high). Another condition that causes
MM1k to go low is when the contents of the program
counter and the memory address are equal. and MIMC1 +
i3 high.

A low MONC- is applied to clock control circuits in the
cantral contrel to inhibit processor clocks untit a memory
acknowledgment 1$ received if 2 wait for memory done is
specified. MONC= goes high to disabie the clocks whnen the
processor has priority (MCRB + migh) and the cantrol
saquencer 1 in state 2 (MRS2 + high).

A mgh MOBE + is apgplied to the data drivers to transfer
data onto the memory data bus. MOBE » goes Migh when
one of the following conditions occur:

a. 17Q control has priority (MIR8 + mgh) and an 170
writing operation 1s specified (MIOW + high).

b. Processor has priority (MCRS + high), and a processor
writing operation is specified (MIMCl= low) or the
special data transter !rom the ALU to the instruction
butter is specified (MCDTC= law).

4.5.16 Control Logic 2

The controf logic 2 stores IM-fieid data and generates
proceasor clocks. Two flip-flops (MIMCO and MIMCL) stare
the contents of the IM-field bits O and | when the
processor is requesting a memory operation (COVAM +
and CABRT= are high for a memory request, or MRS] +
and MRS3 « are low for an cverride candition). The flip-flip
outputs are used Dy the writing drivers and control logic 1
cireusts.

Fuil and hait clock signais (MCDFC= and MCDMHC +) for
the processor are produced Dy decoding aporopriate states
of phase A and B8 clock (MCPA and MCPB), and are
infubited if one of the following conditions oceur:

2. The processor has priorty but the memory is busy
(MCRP + and MRS2 + are high).

b. The procassor is demed memaory accass becausa of 3
migher prionty request (MCRP-, CRQM «, and
CABRT=- are high).

e Central cantrol generates a low clock-disabling signal
(CECKM= low).

After one of the above disabling conditions occur, 3 daiay
flip-tlop allows an additional MCDHC + puise to Dde
generated (figure 4.17),

4.6 1/0 DATA LOOP

The cirzuits of the /O data loop are shown n the btilock
diagram of figure 4-18. Page numbers of the processor l0gic
diagram are provided in parentheses for eacn circuit block.
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MCDFC- L | - e —
INHIBITED CLOCK
. PULSES /
MCDHC+ 1 1 Fe== M
INHIBIT L |
VTil-1028
Figure 4.17. Processor Clack Inhibiting:
Vo
EBnn= (00-15) RECEIVERS
(104=107)
> /o /o
MIQLnan= (Q0-13)| 1/Q MUX |[IOMnn+ (00-15)| REGISTER |I!ORmn+ (00-15)| DRIVERS R
B > (104-107) * (109 (104-107) > >
DALnn~= (00-15) EBnn=] (00-15)
= s
=) ) .
+ - q'( <
& &l 9 3
= ¥ 2 = L4 Y

VT1l-1627

Figure 4-18. |/0 Data Loop Block Diagram
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4.6.1 170 Multipiexor

The 17O muitiplexar, which consists of eight dual 4-to-1
multiplexor circuits (figure 4.19), selects data for the 1/Q
register and for the data muitipiexor in memory control.

The data 15 selected from the following sources:
a. 170 laten, MIOLA +~(0-15%)
B. ALY, DALn +(0-15)

¢ 1/Qreceivers, EBn +(0-15)

Data from the |/Q recsivers ars applied to the 1/0
muitiplexar in normai and byte-sfufted forms, that 15, each
of the muitipiexor output bits can De seiected from
corresponding bits in either byte of the 1/Q data. For
example. muitiplexor cutput bit 0 can be selected from 1/Q
data bits O or 8, the autput bit 1 from Dits | or 9, ete.

Seiection of input data to '~= muitiplexor 1s controlled by
1/Q contro) signats 1ICD0 » and ICOLl ». Table 4.17 1s a
truth tabie, for the 1/0 multigiexor.

EBn= (0,2,4,6,8,10,12,14) (13
E8n+ (8,10,12,14,0,2,4,4) (12 | EIGHT

4=T0-1 %) [OMn+ (0,2,4,4,8,10,12,14)
MIQLa= (0,2,4,6,8,10,12,14) (11) | MULTIPLEXORS >
DALn+ (0,2,4,6,8,10,12,14) (10)
[CDO"‘ ”‘) & &
ICD1« @

A 4

DALn+=(1,3,5,7,9,11,13,13) (8)
MIOLa+ (1,3,5,7,9,11,13,19 (5 | EIGHT

o] M 1OMa=(1,3,5,7,9,11,13,19
EBn+ (9,11,13,15,1,3,5,7) (4) | MULTIPLEXORS
E3n=+(1,3,5,7,9,11,13,19 &)

NQTE: [C PIN NUMBERS ARE [N PARENTHESES

VTI1-1628

Figure 4-19. 10 Muitiplexor Biock Oiagram
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Table 4-17. 7O Muiltiplexor Truth Table

CONTROL INPUT DATA ouTAyT
PINS MNS NS
2 14 /10 W12 3 7/9
L L L X, X X L
L H x X X W
L " x L X X L
L L} X H X X "
" L x X L X L
] L X X M X H
M H X x X L L
L] L X X X L] L

NQTES:

1. Lo lOw, Ma HIGH, AND X « IRRELEVANT

2. REFER TO FIGURE 4=19 FOR THE SIGINALS ASSOCIATED WITH PIN NUMBERS IN THE ASQVE

TASLE
YTH- 1619

4.6.2 170 Register

The 16-bit 170 register stores data from the 1/Q muitiplexor
and apphes it (0 the 1/Q drivers, to the B muitipiexor in the
data loop. and te the address multipiexor n memory
control. Data 13 clocked into the register on the pasitive
gong transition of full clock MFECA= or at MHCA « when
the 1/Q requests a memary cycle (IRQM = hign) The 1/Q
register can operate in four modes that are seiected by 1/0
control signais ICD2 + and ICD3 +. A hold mode intidits
the eftect of the clock 30 that the register outputs are
unchanged. On a single ciock transition, byte-transier
modas transier the left byte to the right byte pesition and
the right bDyte to the left byte position (see figure 4.20) A
loading mode lcads data selected by the |/Q multipiexor
into the register Table 4-18 Iisis the operating modes
resyiting from the various states of ICD2 « and ICD3 +.

Tabie 4-18. 1/0 Register Modes

1C02 + ICD3 + Made
L L Haid
L ] Left Byte to Right Byte
2] L Right Byte to Luft Byte
2} M Load in muitipiexor data

4.6.3 1/Q Drivers and Recsaivers

- ‘Data 15 transferred to and from the bidirecticnai 1/Q data
bus with (/Q drvers and receivers. These drivers and
Feceivers aiso invert the data.

When enabied with 3 mign ICD4A « signai from the 1/0
controt, the 1/Q drivers transfer data from the [/Q register
to the |/Q data bus.

The 170 receivers apply |/Q Bus data to the |/O multiplexor

4.7 170 CONTROL

This section consists of circuit descriptions foliowed by the ’
vanous 1/Q operations. The /O circuits are grouped as
foilows:

4. Microinstruction Sequencing

b. Decoding and Sequencing Controt

¢. Inmterrupt and OMA Cantrol

d. 1/Q Data-Loop Controt

¢. Procassor-i/Q Controt

. Drivers, Receivers, and Miscelianeous Controi
The [/Q operations consist of:

a. Programmed 1/Q

. Irterrupt

. Normai OMA

4. High-Speed DMA

The I/Q Control circuits are located on the option board
(44P0619). Logic diagrams for these circuits are on sheets
3.0 through 3.11 of drawing 9180401 (provided in the
Systern Maintenancs Manuai). Page numpers of the option
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LEFT 8YTE RIGHT BYTE
RIGHT 8YTE
TRANSFERRED TO 1s 14 13 12 1 10 8 7 6 5 4 3 2 1 0
LEFT BYTE A A & [ 4 'y |
LEFT 8YTE RIGHT 8YTE
LEFT 8YTE
TRANSFERRED TQ 15 14 13 12 11 8 7 6 5 4 3 2 1 Q
RIGHT 8YTE i L3 4 [y A F Y [y b A

vTH-16]0

board logic dlagrams are praovided in parentheses in the
block diagrams that follow. For a description of the external
1Q intertace signais, rofer to the Input/ Qutput section of
the applicabie system Randbook.

4.7.1 Microinstruction Sequencing

All 1/Q operations are performed through a sequancs ot
micrainstructions. impiementation of (hese sequencas is
accomplished with the addrens seiector, address counter,
17Q control store, and butfer. Figure 4«21 shows how these
circuits are related 0 each other. A descrigtion ot each
crreust is pravided in the fallowing sybsectians.

4.7.1.1 Address Selector

Under control of the control logic, the address selector
selects an I/Q controi-store address o imtiate an /0
operaton. The address is selected from aither Cantrai con-
trol or the trap-addreas generator (for OMA operations),
A iow HIDLE~ enabies the addrass ssiector. The aciaress
selector selects an address from cantral control wnhen
IMXAD + is nign and from the trap-address generator when
IMXAQD + is low. The seiectud 8-bit address i3 appiied to
the address counter.

4.7.1.2 Address Counter
The address counter provides saquantial addressas lor the

1/Q control store. A 1/Q operation begins whan the se-
lected address (from the address ssiector) is loaded into
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Figure 4-20. Byte-Transter Modes of 1/Q Register

ihe address counter with the positive-going transition of
IFC~(whaen ILDAD~is iow). The countar is then incramented
with sach positive-going transition ot IFC~ (whern IINMC-
is high) to provide the sequential acdresses for an entire
17/Q operation. The next o last microinstruction of any 1/Q
operation produces a low IEIDLE- to prevent further ingre-
menting of the adaress counter.

4.7.1.3 I/Q Control Store

The 1/Q control store is a 258-waord Dy 16-3it high-sgeed
ROM (figure 4-22), It contains the micrainstructions that
cantroi timing and sequencing tor ail 1/ Q operations. When
an acdress |IRAn +(0-7) is recaived, the I/Q control store
appiies the addressed data IRONn(0-15) o the dutter. The
1/Q controf store can be disabled with a low XIQCE~ when
an external 1/Q control store is used, For a list of the Binary
codes contained at sach address of the 1/ O controt store,
rater 0 documents 49A0195-000 and 49A0195-001 in the
System Maintenancs Manual.

4.7.1.4 Butter

The butter consists of 3 16-Dit ragister that permits overtap-
ping of microinstruction executions and accass of the next
micrainsruction. 1ts outputs controt ail 1/ QO aperations and
enadie new i/0 tasks when the current ageration 1S coms-
pleted. The format for the |1/ Q controi-stors word is defined
in figure 4-23. The duffer output states and control store
adcresses for the varous i/ Q cperations are listed in tadDies
4-19 through 4-26.
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Figure 4.22. 1/Q Controi Store and Buffer Block Diagram
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1/Q REGISTER MODE @
L L HOLD
H L LEFT BYTE TQ RIGHT 3YTE
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L L ALU QUTPUT
H L MEMQORY /O LATCH
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ol S T8 1S
ITIXT¢rrrxxer
TITIXro

WAIT ON EXTERNAL DEVICE

LOAD NEW SEQUENCE ADDRESS
ADVANCE CLOCK COUNTERS

WAIT FOR MEMORY CYCLE

WAIT FOR PROCESSOR REQUEST

SPARE

ACKNOWLEDGE INTERRUPT SEQUENCE
SPARE

Figure 4-23. 170 Cantrol-Store Word Format
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BUFFER QUTPUTS

+Z43
+140
+043
+Nal
+AY¥D!
WOl
+1ivml
-370138
+A3Q1
NvdS
+AY
+rQDI
+9€QD!
+82001
+Had
+40aD1
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S d 22X s
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PN ST U O R R |
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Table 4-19. Programmed |/0 for SEN, EXC, and EXC2 Instructions

/O CONTROL
STORE ADDRESS

HEXADECIMAL

DECIMAL

@ oNDo K

twon oo 2

Table 4-20. Programmed 1/0, Input-Data Transfer

ADDRESS ZERO S THE RESET STATE

L=LOW, H = HIGH

2.

1.

/O CONTROL
STORE ADDRESS

NQTES:
VTII- 18304

HEXADECIMAL

DECIMAL

NSO ONDOQO —
‘‘‘‘‘‘‘‘ ~ o~

a.41

L=LOW, H=HIGH

vTil-ie8t

NQTE:
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Table 4-21. Programmed 1/0, Qutput-Data Transfer

STORE ADDRESS

/O CONTROL
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HEXADECIMAL

DECIMAL

Table 4-22. DMA, Trap-Out Operation

STQORE ADOQRESS

L= LOW, H = HIGH
/O CONTROL

VT 1632

HEXADECIMAL

DECIMAL

"NOTE:

L=LOW, H=HIGH

NQTE:
VTII-1633
4.42
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BUFFER QUTPUTS
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Table 4-23. DMA, Trap-In Operation

/0 CONTROL
STORE ADDRESS

HEXADECIMAL

DECIMAL

Table 4-24. High-Speed DMA, Trap-Out Operation

STORE ADDRESS

L=LOW, H = HIGH
/O CONTROL

HEXADECIMAL

DECIMAL

VTl-1634

NOQTE:
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L=L0W, H = HIGH

VTe1-1638

NQTE:



BUFFER QUTPUTS
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Table 4-25. High-Speed DMA, Trap-In Operation

I/O CONTROL
STORE ADORESS

THEORY OF OPERATION

HEXADECIMAL

DECIMAL

Table 4-26. 1/Q Interrupt Operation

STQORE ADORESS

L=LOW, H = HIGH
/O CONTROL

vT-1456

HEXADECIMAL

DECIMAL

oC
oo
OE
CF
E0
3
£2
€3
Ed
3]
3]

220
2
22
223
224
225
226
227
228
229
230

NQTE:

L=LOW, H = HIGH

4.44

vTIl- 1637

NQTE:



4.7.2 Decoding and Sequencing Control

The decoding and sequencing control (figura 4-24) decodes
tha I/Q tunction field of the |/Q control-siore word. and
suppiies control signais to the microinstruction-sequencing
circuits and o severai other |/Q controt circuits.

4.7.2.1 Address-Counter Loading Control

This circuit provides the loading signai (ILDAD=) Mr the
address counter. ILDAD=- is active (low) when the butfer
specifies an idle condition (IEIOLE + high) or a waiting
condition is specitied ang a new address is (0 De loaded
(IEWAIT + ancd D1 + high). Loading of the address counter
occurs when ILDAD- ig low ang he 1/Q clock (IFC-) is
not inMidited by the clock Intiditor signal (INHGC=).

4.7.2.2 Address Salector Control

This circuit provides the seisctor signal (IMXAD « ) for the
address seiector circuit. When IMXAD + is low. a trap
address 18 selected (for Rormal or high-speed DMA).
IMXAD + goes low during a trap sampling time if an external
device (Usually a butfered interiacse Controiler) requests a
OMA cperation. Trap sampling for a normal DMA operation
occurs when IESMP + 13 high, and for high-speed DMA
operations when (EIDLE + and ICD are high. At ail other
tifnes, the setector signal IMXAD + 13 hign and a csntral
cuNntrot adaress 1S seiectes.

4.7.2.3 Clock Inhibitor

Tins circuit provides a clock intbitor sigaat (IINHC-) that
infudits toading of the address counter and buffer. INHC-
is active (low) when there 13 na |/ Q activity (IEIDLE » and
HIDLE~ Mmgn) or the 1/ Q control 18 waiting for the central
gontrol ty complete an operation. The waiting conditions
are:

a. Waiting for the cantrai control to resgiond (CRQIQ +
nigrt)

b. Waiting for the memaory cantrof to respond to a request
for 3 trap memary cycie (MAKIO + high).

C. Waiting for the cantral control (o compiete an interrupt
sarvica routine (INTF + high).

4.7.2.4 1/0 Function Decoder

" This circuit provides vanous control signais by decoding
the three 1/0O function bits [EFn = (0-2).

4.7.2.5 Inhibit-idle Control
This circuit can overnde the ciock inniBitor IINHC- by

ganeratng a iow innibit-idie signal IIDOLE-. The inhibit-idie
signal 1s aiso used to anadle the aadress ssiector. HIDLE-

THEORY OF OPERATION

is activated (low) during one of the sampie times (IESMP +
or ICD + high) it one of the following conditions gcaur:

& Anormal trap operation (DMA) is requested (ITRPN +«
hign).

° b. Cantrai control requests an interrupt operation
(IDCIR + and CRQIQ + hign).

¢. Programmed {/Q operation is requested (IDCIR=- and
CRQIO + high).

d. A high-spesd trap operation (DMA) is requested
(TTRPF + high).

4.7.3 Interrupt and DMA Control

The interrupt and DMA control (figure 4-25) performs the
foliowing functions:

a. Genarates ang controis the interrupt clocks (IUCX-!
and IUCF-)

b. Supplies Mput signais to the sampte contrai logic

c. Ganerates interrupt acknowiedgments (IUAX<l and
IUAF-Y) .

d. Generates the 1/0 interrupt flag (IINTF + )

4.7.3.1 lm'errupt Clock Generator

This circuit generates the ICA- and ICD « clocks which
are sent (0 I/Q bus drnvers to Become the normal and
high-speed clocks IUCX-! and IUCR-|.

The period of the normal interrupt ctock (IUCX-I) is jumper
seiectable at either 860 or 990 nancseconds. Selection
depends on the length of the priority chain n the system
(for a description oOf the priority system, refer 0 the input:
Qutput Section of the applicadie system handbook).

The pencd of the high-speed clock (IUCF-) is fixed at 330
nancseconds. This ciock is usad durnng hign-speed OMA
oparatons.

4.7.3.2 Sample Controi Logic

This circuit provides the following signais

8. IESMP +. When there is no [/Q activity, (IEIDLE +
high) IESMP + sampies normal OMA or interrupt re-
quaests {0 determine if they occur during the proger
phase (ICA- high) of the interrupt clock (IUCX-{).
IESMP + aiso tests for /O raquests from the cantrai
control.

B. ISMPF +. When thereisnol/Q activity IEIDLE high),
ISMPF + samples high-speed DMA requests (o deter-
mine if they occur dunng the proper phase (ICD »
high) of the high-speed interrupt clock (IUCF-).

4.4%
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i —
|EWAIT~ é%‘ll‘o"!;‘:?‘ {LDAD- TPIX+ N
1810
JEOLE I @i =T i
BNIO- 1 conTRoL  |WOLE
- (3.4
=L ICiRe
ISMi+
1CD+ |
—> TRPF |
Ico- ADDRESS
SELECTOR
TRPF o] CONTROL  |iMxa0+
(3.3
IESMP+
ITRPN+ -
100~
oo S——
° 101 % 1E10LE~
’I
I !
— o 02 Ewarr
103 = CRQIO~ CLOCK
IEFT+ FUNCTION — 1 NmiBiToR | INHC-
= 0ECOOER 1D d= 1014+ (3.4) '
1EF2+ (3.3, 3.4, 3.4) » >
’ 106 = MAKIQ=
b cmmr—p
10346+ >
ID14e IINTE=
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Figurs 4-24. Decoding and Sequencing Cartrol
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ITRPN+
cRAlO-
IDCIR~ D2~ ICA £
1SMI INTERRUPT HINHN- > INTERRUPT
] S | S8
IEIDLE- @.3 MAKIO= | (3.1)
IUAE- IINHF- - > ICD .
BT 2 A
IESMPP> IFC~ '
IRST=

- A v Y
[TRPFE .
== OMA —> koW~ | 1UAX £
1ESMP= ACKNOWL = | IHSD JESMP~ YT T I
ITRPN» E%‘i”?ﬁgf INSD & IDZ+ ‘(:302’;‘ e
- 3.6) > —_—
IFC~ IRST= |
IEIDLE~
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o,
s | s Lo |
EoLe | 5 seEe CINTP: b iwremeuer  [SINTE-
1CD IEIDLE- ?;-}Z)'F‘-OP HINTF=
iTReE- |
haqilit g

Rigure 4-25, imerrupt ancd DMA Control
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4.7.3.3 Interrupt Acknowiedgment Control

This circuit consists of two flip-fiops that provide the normal
and high-speed interrupt acknowledgments IUAX and IUAF.
Thesa signais are used in the I/ controt circuits and are
aiso routed through 170 drivers ta the 1/0 bus (IUAX- and
IUAR-) ’

4.7.3.4 Interrupt Flip-Flop

When CINTF.+ goes high, the interrupt flip-iop is set
(INTF + high) indicating ths centrat control has compieted
s interrupt sarvice routine and that the 1/Q contral can
continue procassing and campiete ita interrupt routine.

4.7.3.5 Interrupt Clock Inhibitor

This circuit provides twa interruct clock inhibitors: a high
IINHN + infubits the normal cleck (IUCX-) and a high
HNHF + infibits the high-speed cidek (IUCF-I).

IINHN + goes high during & sampling time (IESMP + mign)
it one of the lollowing conditions occur:

a. A normal DMA aperation is requestad (ITRPN + hign).

5. Aninterrupt sequence is acknowiedged by the central
control (CRQIO + high).

Soth the above conditions are inhidited if 2 high-spsed OMA
cperation i1s requested. This 13 accomplished Dy disabling
IESMP + duning the high-speed sampling time (ICO + and
ITRPF + highn). INHN + aiso remains high (it a normat OMA
or interrupt 1S recognized) as long as the intarrupt Icknawie
edgmaent is sat (IUAX«= low).

IINHF + goes high it a high-speed DMA raguest is made
(ITRPF += hign) durng a sampting tme(IEI0LE + andICD +
hign). Normal OMA operaticns cannat overnda high-speed
OMA operations. When 3 high-spaed request is accaptad,
IINHF « remaiqs migh as long as the high-speed interrupt
acknowiedgment is sat (IUAF=- low).

4.7.3.6 DMA Acknowiedgment Cantrol
This circuit consiats of twa flip-flops that indicate it 3 OMA
request has been sampled and accapted by the i/ Q control.

A high INSD + acknowiedges narmal OMA requests and
a mgh IHSD + acknowiedgaes higih-spesd OMA regquasts.

4.7.4 170 Data-Loop Control

This circunt (figure 4-25) provides control signals for tha
1/Q cata loop.

ICDA + is used in the salection af input data for the 1/Q
muitiplexor (sacton 4.6.1).

4.48

ICD2 + and ICD3 + determine the operating modes ot the
17Q register (section 4.8.2).

ICD4A + enadies the I/0 drivers (section 4.8.3) to transter
data from the 1/Q ragister to the 1/Q bus.

Functions of the above signais are summarized in the |/Q
control-store word format in figure 4-23.

ICD4A
—_—

1C038+

IcD28+__|

1CDOB+

—> 1CD0+
1010+ ——
LOOP r————b

I.Oi___’ CONTROL 1C03+
|HS=" (3.0, 3.8, 3.1 [—P

ICD4A+

IEIDLE-_’_
IREW+ —
TPOF~ ,
103+

YTiL1168

Figure 4-26. 170 Data Loop Control

4.7.5 Processor-{/Q Cantrol

These circuits (figure 4-27) supply address and controi
signais to the central control.

4.7.5.1 170 Done and Write Control

An |/Q done condition exists when [ONC-~ goes nigh. This
concition occurs during a programmed 1/Q or interrupt
sequencs to signal the cantrai control that data is now vahd
and can be interrogated. IONC- is heid low dunng high-
speed or normail OMA operatons by a low IHSD~- or INSD~.

Ounng OMA operations, two write cantrot line signais
IWLMC= and IWAMC- are sant to the memary control. The
write control lines are enadled (IWLMC- angd IWRMC - low)
either By high TPIX + and INSD + lor narmal OMA or high
TPIF + and IHSD + qunng Mmgn-spesd DMA.



TPIX~ i

TRX> MC-

INSD £ ggks

e IWRMC =

P1F- AND EALAMCSIS

B WRITE IREW=

—_—" (.9 “1IONC-

DN~ S

—

IHSD-

D

D6~

IDCIR

IoCR £

crRQIQ-

‘;“—"‘ REQUEST ket

ITRPF= AND AKCle
Pl AckNOwL- >

RPN EDGMENT  |IRQC-

CONTROL

1ESMP- (3.6, 3.8)  |SMi

IEIOLE~

IURX- -

IFC-

INTF-

L—I——-’l

YTI2564

Figure 4-.27

| SERX-

THC-

THECRY OF OPERATION

D14«
MHCO+
IRST=
CIDJMK=
e—
CINTF-

1TUAX+
1Q0C-
IURX=~
104+
INHF-
S

MISCELLA-
NEQUS
CONTROL
(3.7, 3.9

ISR~

| JMRK ~
11AQ-
| nai-

1HA2«

. Processor {/0 Control
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4.7.5.2 Request and Acknowiedgment
Control

When an interrupt is requested (IURX + high), a low IRQC=-
is sent to the cantral control. IIRQC~ is resat to the high
state when the 1/0 interrupt flag is set (IINTF= low). A high
WURX + aisc causas ISM! + ta ga high indicating a program
inmerrupt is pending.

Whaen the |/ Q control has responded to a processar request
(CRQIO + high), an acknowiedgment signal (IAKC1= low)
i sent (0 the cantral control. A 10w |AKC 1= is generated
when one of two conditions are acknowiedged:

d. Process request of an interrupt operation (CRQIQ +
and IOCIR + high) “

b. Processor request of a programmad 1/Q operation
(CRQIQ +« Mmigh and IOCIR + low)

4.7.5.3 Miscsilaneous Control

For interrupt aperations, interrupt address dits AR + (0-2)
are used as a porticn ot the central control store address
CEADN- (0-9).

The sense responsa signal ISAO + is sent to the central
control to indicate the status ot a programmed 1/Q sense
cperation. It the sensad condition is true (SERX- low),
ISRO + is high. Conversely, it the sensed congition is faise
(SERX- Migh), ISRD « i3 low. Reter to the Input/Qutput
Sectian of the applicable system handbook for turther
infarmaton on programmed |/ 0 sense aperations.

It a jump ang mark instruction i3 located at the interrupt
address during an interrupt oparation, LJMRK + goes high
and transters IUJX-l onta the 17 Q bus. IJMRAK + goes hign
when the processor interrupt flag CINTF + and a decoded
Jump and mark signai CIOJMX + are mgh. At the compietion
ot the I/Q interrupt routine (IUAX « low), IJMRK returns
to the iow state.

4.7.68 Drivers/Recaivers and Misceilaneous
Control

These circuits are shown in figure 428,

4.7.6.1 Drivers/Receivers

These circuits are the i/Q bus interfaca for the various
1/Q control signals.

4350

4.7.8.2 Buffers and Decoder

" Theses circuits perform the following functions:

. Generates /0 tull clocks IFC + and IFC- by butfering
the procassor full clock MFCO-.

. Generates 1/Q resst signais IRST + and IRST- by
butfering the system reset signal SAST-.

e Generates the 170 hait clocks IHC + and IHC- by
Butfenng the processor haif ctocx MHCO-.

d. Generatss the dscoded interrupt signai |0CIR- by
decoding CBMT + and CEBMR +.

4,7.6.3 Function and Data Ready Control

This circuit controis the length of time, the function ready
and data ready signais are active. For iming wavetforms,
reter to the input/ Qutput Section of the applicadie system
handbook,

Quring normal i/ Q operations requiring data transters onto
the 1/Q bus. the puise width of tunction ready or data ready
signais (FRYX-i or ORYX+) is shortened. This permits data
te remain on the |/Q bus lor some period of tme aftsr
the remaval of one of thesa signais (see figure 4-29). A
paripheral controlier can then use the trailing edge (low-
te=nigh tranmition) of the functhion ready or ¢ata ready signal
to interrogaie the data from the grocassor. Pulse width of
DRYX-l or FRYX-i is shortened at the trailing edge of the
17Q nait clock iMHC= when IiT= is low.

During high-speed OMA aoperations (figurs 4-30) anly the
puise width of ORYF.{ is shortened during an output-data
transter. OFYF-| is shortened at the traiiing edge of the
17Q hait clock HC= wnen |02« 18 iow (IHS« [ow). NO puise-
width change is required gunng an input-data transter.

4.7.6.4 Memory Time-Qut

A memory time-out circuit is provided an the agtion board
9 terminats requests !0 non-existent memory locatans.
These requests may resuit from programming errors and.
if wrap-around addresssing is not empioyed, the system
would otherwise hang-up waiting for a memory acknowi-
egdgment. The memory time~out circuit monitors ali requests
(MAQPFTA~ and MRQPTB-~) on hoth memory buses and
generates a Mmemory acknowiedgment signai (YONMA »
or YONMB +) to the appropriate bus it 3 reguest has not
tiean recsived from the memory within two miiliseconds.
This interval is considered long encugh o avoid faise
time-outs which might resuit from higher prionty port ac-
casses. Timing waveforms for a time-out and non Hime-out
conditions are illustratad in figure 4-31.

The mamory time-out circuit can be disadled with jumoer
connections on the option doard.
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Figure 4-28. Drivers/Recsivers and Misceilaneous Coantrol
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Figure 4-30. High-Speed DMIA Operations



4.7.7 Programmed |/0 Operation

Timing waveforms for a programmed |/Q operation are
llustrated in figure 4-32. A programmad |/O operation is
initiated when 4 hign CRQIQ + is received from ihe procss-
sor. This occurs whan the procassor IM and S fieiis contain
111x and 00, respectively. Other processor fisids are ine
terpreted Dy the |/O control as starting addresses for the

TIME-QUT CONDITION

® ©__.
MRQY- -l 2t r-

2 msge {
ONE SHOT 4 [
V{2
YONM+ v L

A, MEMORY REQUEST (MRQY-) BECOMES
ACTIVE CAUSING ONE SHOT (2 msec)
TQ START TIME-OUT AND REMQVING
THE CLEAR INPUT FROM A FLIP-FLOP
IN THE TIME-QUT CIRQUIT

8. TWQ-MILLISECOND TIME-QUT EXPIRES
PROVIDING A CLOCK TQ FLIP-FLOP,
SINCE MEMORY ACKNQOWLEDGEMENT
(YONM=) 1S STILL HIGH, FLIP-FLOP IS
SET, DRIVING YONM+ LOW WHICH
CLAMPS ONE SHOT TQO A CLEAR STATE
PREVENTING FURTHER TRIGGERING

c. REQUESTING DEVICE RECOGNIZES
MEMORY ACKNOWLEDGEMENT
SIGNAL AND REMQVES REQUEST
CAUSING FLIP-FLOP TO 8E CLEARED,
THUS REMOVING MEMOQRY ACKNOWL-
EDGEMENT SIGNAL

VT 10t

MRCIY- l [
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141Q control store (section 4.7.1). The starting address 13
formed as foliows:

Processor Fieid Bit Address Bit

,*CBMT -
CEMR +
CBTS3 +
CBTS2 +
C8TS1 +
CBTSQ +
CBA81 +
Zero

O PNDWLL~

NON TIME-QUT CONDITION

® ©

YONM= l l

A, MEMORY REQUEST (MRQY-) BECOMES

ACTIVE CAUSING ONE SHQT TQ START
TIME-QUT AND REMOQVING THE CLEAR
INPUT FROM A FLIP-FLOP [N THE TIME-
OuUT CIRCUIT

MEMQRY ACKNOWLEDGEMENT SIGNAL
IS RECEIVED TERMINATING THE ONE-
SHQT QUTPUT PULSE SINCE YONM=+ IS
LOW THE FLIP-FLOP IS NOT SET

c. REQUESTING DEVICE RECOGNIZES

MEMORY ACKNOWLEDGEMENT SIGNAL
AND REMQVES REQUEST CAUSING FLIP-
FLOP TO BE HELD RESET

Fgure 4-31. Memory Time-Out Waveiorms
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IFC- < L

ICC+

CrRQIO~+ ] I
|

[ESMP+ l I
| !
|

SR 777 TS 7772227,

IIIOLE - l l

J S—

]
|
ADDRESS  ADDRESS ZERO OR LAST | STARTING ’: >< '

COUNTER STANDARD STATE(SEE NOTE)IX ADDRESS AOORESS ' X ADORESS + NX ADORESS + N
| | :
|

|
|
[INHC- [
|
}

BUFFER IDLE STATE ):( Tare 0 X AOpRtss. X ADORESS =1 X AOORESS » N
/

l | .

IEIDLE- | [ ” L
| |
| !

(AKCI- ] |

IONG- Anm |

NOTE: STANDARD STATE QCCURS WHEN [/Q CONTROL: '
ACCEPTS A REQUEST ([EIDL~ AND [DN+ HIGH)
YT leSBA

Figure 4-32. Programmed |/ Q Control Waveiorms
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Upon recaipt of a high CRQIQ +, the |/Q inhibit idle signal
IHDLE= goes low if all g the following conditiens occur:

3. The interrupt-ciock counter is in the sampling state
(ICA= and ICC~ high, resuiting in IESMP + migh).

B. Theinhibiting signai of the memory protection option is
not present (BINIO= high).

¢ The two must-significant address bits (CBMT + and
CBMR ) are not both high, indicating the request is
not an interrupt sequence (IDCIR= high).

The low HIDLE~ causes the 1/Q clock inhibitar IINHC= to
g0 high. enabling the clocks for the address counter and
bufter (saction 4.7.1).

At the next IFC~ clock puise, the address counter is Icaded
with the starting address recaived from the processer. The
acidress i3 supplied Dy ihe address selecior when IMXAD +
is high. IMXAD « is high uniess a DMA aperation is re-
quested (ITRPN+ or ITRPF + high). Whan ihe starting
acdidress s lcaded :nto the counter, (he Dyffer is aiso loaded
with the contents of the |/ Q controi-store address corre-
sponding (o the last data in the address register Following
2 system reset (IRST<low), the butter recmves data from
address zero of the control store: at all ciner times, the

diata are fram the ending address of the previous |/ Q opera-’

tion. In either case, the data are identical and signais
IEIDLE= ang ION + go high. A high IEIDLE- indicates that
the I/Q control 13 not idie and further requests are ignored.
Ag long as IEIOLE - i3 Righ the address counter and butfer
are enadied since IINHC~ 1s iatched rign by a low IEIOLE - .
At each succaeding (FC~ clock puise. the address counter
1% mncremented ang the butfer is loadad with the contents
of the address designaied Dy the address counter.

Any 1/Q operation continues through successive addresses
ot the 170 controi store until address-counter and buifer
clocks are inMibited by erther of two conditions:

a. |EIDOLE~. goes low indicating the end of an |/Q
operation. .

b. IEWAIT + goes Migh indicating that the current
operation must stop (o wait for one of the following
external events to occur:

1.  Memoary cycie (MAKIQ + hign).

2. New processor cycle (CRQIO + high).

3. Interrupt (INTF « high).

4. External wait line1s active (IEXW + high).

At the conclusion of a programmed 1/0Q operation, |DNC-
goes low and. on the next ciock puise, |IEIDLE~ goes low
nhibiting  cloeks for the address counter and butfer
(HINHC~ low).

Upon completion of an 1/0 operation, the address counter
contains data that cause IEIDLE= and IDN + to go hign.
These are the first data loaded into the buffer when clocks
are reenabied for the next 1/0 operation.

THEORY OF OPERATION

4.7.8 Interrupt Operations

The interrupt cperations are divided into seven sub-opera-
tions. Each sub-operation is shown on the interrupt flow
diagram in figure 4-33. Timing waveforms are given for the
owsrall operation (figure 4-34) 3s weil as for sach sub-
operation.

SUB-OPERATION 1

Refer to figure 4-35 for timing waveforms of sub-aperation
1. An interrupt operation is initiated when a devics (such
as the real time ciock or priority interrupt module) generates
an interrupt request (IURX-! low) on the positive-going
trangition of the interrupt ciock IUCX«l. The I/Q contro!
then sengs a low IRQC~ to the cantral control and waits
for 3 responss.

SUB-QPERATION 2

Refer to figure 4-36 for timing wavefgrms of sub-aperation
2. Atter some penod of time (determinag Dy the type ot
Operaton Deing performed Dy the cantral control prior to
the imerrupt request), the cantral control execuytes a Micro-
instruction that tests for an 1/Q interrupt (see section
4.3.14 for testing method). Foillowing (Ne test. the centrat
coMrol axecutes the first mucroingtruciion of tNe interrupt
JBrVICEe routing (See interrupt sequence n Micro-Word
Flowcnarts 98A0887) and generates a fugh CRQIC = This
MICTOINSITUCTON 2ISO (@SS the INterrupt request. |f the inter-
rupt recuest signal IRQC~ was activated as a resyit of nose
of disadied by 2 macro instryction, the central control
returns to its Narmal processing operations (shown as EXIT
on the interrupt flow cham).

The cantral controt waits (Dy executing the IWAIT microin.
struction at 007) for the 1/ Q control to respong (o the hign
CRQIQ + . and continues to send the starting address 00C
(see tadie 4-26) of the interrypt service routine to the
address seiector

SUB-QPERATION 3

Reter 1o figure 4-37 for timing waveforms of sub-operation
3. The I/Q controi samptes CRQIQ » during the time
IESMP + 18 Migh. Following the sampung, the |. Q control
partorms ihe foliowing:

a. Sends an interrupt acknowiedgment (JUAX-! low) to
me i/Q Bus.

b. Loads the starting address (00C) for the |/ Q interrupt
gperanon into the address counter (IINHC- high).

¢. Loads the buffer with the last standarg state address
(zero in the case of a resst or previously inactive 1/Q
control.

d. Sends an acknowiedgment (IAKC1-low) to the cantrai
control.

At this time, the |/ O control is committed and must complete
the interrupt operation. The only other terrminaton that can
oczur is a system reset.
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INTERRUPT
REQUEST SET
(IURX=i LOW)

SET INTERRUPT
REGUEST #/F
(IRQC- LOW)

ACTIVATE THE
PROCESSOR I/Q
REQUEST SIGNAL
(CRQIQ« HIGH)

INITIATE THE I/Q
CONTROL 5TQRE
INTERRUPT SEQUENCE

<

SEND INTERRUPT
ACKNQWLEDGMENT
TO THE CENTRAL
CONTROL

NAKCl-, LOW

SUS=QPERATIOM |

SUB-QPERATION 2

SUB=QPERATION 3

YTI1-1146
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1AKCle
Low

SET 1/Q
DONE SIGNAL
(10C~, \OW

SET PROCESSOR
INTERRUPT £/F
(CINTF+ HIGH)

y

INTERRUST
TERMINATION
SEQUENCE

ENO OF
INTERRUPT
SEQUENCE

Figure 4-33. Interrupt Fiow Dlagram

SUB-QPERATION 4

o

’

SUB=QPERATION §

SUB~QPERATION &

SUB=QPERATION 7
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.

r‘—‘ 165 NANQSECO NOS

—
~ U u LI~
' -

- L

!

1URX{

1QC-

NOTE TIMING ASSUMES AN INTERRUPT CLOCX
RATE OF &bl NANG SECONDOS (IUCK=)),

vTi.ae
Figure 4-3S. Sub-Opwration 1 Timing Waveforms
- [R— et 145 NANG SECONOS
we- | I J
. ' | 1
I ' ;
ICAe [
| ! !
{2 ! : I
| \ 1
t
EX— ! |
1 | !
. . !
1UAX) ! !
| 1 1
}
xac. ) !
| | !
_ '
CIQK+ |
| ! 007 !
CEINTRAL X IWAIT |
CONTAOL STORE | : ;
EXECUTION \ :
Aconess FIRST INTERRUPY TEST SECONO INTERRUPT
QPERATION [USUMLLY TEST QPERATION (ALSO
A DECOOING ANO SETS CRQAIQ =, HIGH)
SAMPMLING INTERRUST
MIGROINSTRUCTION)
NQOTE  TIMING ASSUMES AN INTERRUPT CLOCK.
RATE OF 440 NANOSECONODS (IUCX-1).
Las [ BT

Figure 4-38. Sub-Operstion 2 Timing Wavetorms
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IFC-

ICA+

ICC+

CRQIO~

1ESMP«

IUA X1

IHIDLE-

IINHC-

IINHN+

IAKCl-

ADDRESS
SELECTOR

ADORESS
COUMNTER

8UFFER

V216

f#—1565 NANO SECONDS

THEORY OF OPERATION

__Jr:i

INTERRUPT AQDRESS (007)

| |
ZERO OR LAST

X
|
STANDARD STATE X INT ADOR INT ADDR +1 X
|
|

! l STD STATE X INT ADOR X

T [ !

Figure 4-317. Sub-Operaton 3 Timing Wavelorms

4.59



THEORY QF QPERATION

SUB-OPERATION 4

Rater to figure 4-38 for timing wavetorms ot sub-operation
4. The low IAKC1- enablas the cantral controt to advance
to its next microinstruction (address 0D1) in the interrupt
service routine, In this condition, the cantrai control waits
untl the interrupt adaress is accspted and transterred to
the 1/Q registar. At this time, the butfer (in the I/Q control)
is loaded with contsnts of adarsss 0DC (table 4-28) and
the address counter is incremented by cne. This process
of inCrementing the address counter and loading the butter
continues until a waiting operation (IEWAIT + high) is
specified by the I/Q control microinstruction.

SUB-OPERATION §

Refer to figure 4-38 for timng wavefarms of sub-operation
5. When the 1/Q micrainstruction at address 0DE (table
4-26) is lcadeq inte the buffer, an 1/0 done signai (IDNC-
low) is sent to the cantral contrai and the interrupt addross
is loaded intc the I/ Q register. The interrupt cperation then
advances o the next microinstruction (address 00OF) and
waits (IEWAIT + hign) for the procsssor to complete its
ntarrupt servica routine.

SUB-OPERATION 8

Rater t0 figure 4-39 for timing wivetorms of sub-operation
6. The central controt responds 1o the low IDNC- by initiat-
ing 3 memory cycts o fatch the instruction at the interrupt
aadress. This is accomplisned using the 170 register con-
tants as the memory address. ‘When the central control
aavances to the first micrne word of the instruction at the
interrupt agcress, the interrupt flag is sat (CINTF + hign),
A rmgh CINTF « is sent to the /0 control indicating the
central control has complated itd interrupt service routine
and is in the procass af execunting the interrupt macro
routine,

SUB-QOPERATION 7

Reter to figure 4-4Q for iming waveforms ot sub-gperation
7. The i/Q control responds to the nigh CINTF « by gen-
erating the 170 interrupt flag (IINTF + migh). The high
IINTF + enables the 1/Q cantrol to compiete its intarrupt
sarvice routine Dy removing the processor |/Q request
(IRQC- Nigh) and the clock inhibitar (IINHC=- high). When
raturned to the idle condition (IEIOLE + hign), the I/Q
control is avallatie for new 1/ QO operations,

4.7.9 Normal DMA Operations

Tirmng waveforms for a normal OMA operation are illus.
trated in tigure 4-41. A narmal OMA operatian s initiated
when a trapwn (TPIX-) or trap-out (TPQOX-) request is
recsived from the 110 dus. The external devica (usually
a Duffered intertace controlter) activates the trap signal on
the positive~gaing edge of the intarrupt clock (IUCX-I).

4.60

The trap request produces a high ITRPN + which causes
IINHN + to go high. When the clock counter (ICA + and
ICC +) reaches the sampie state (both fip-fiops reset) a
high IESMP + permits recognition of the trap by making
INOLE=- low and enabiing the address counter and buffer
ctocks with a high IINHC-_ At the same time, aiow IMXAQD +
causes the addrass seiector to select the trap address. This
adcress is generated by trap-address generation logic (in
17Q control) that converts all trap requests 10 unigue ad-
dresses. :

At the clock puise following IESMP + gaing high, the ad-
dress counter is lodded with the starting address of the
OMA operation. The addreas countsr previously contained
aither address 28ro Or the last address of the previous 1/Q
oparation. In either case this data, which s Icaded into
the Dutter, causes the I/ 0 cantrol to become Busy (IEIDLE~
high).

When the I/Q cantroi becomes busy, the loading signal
ILDAO= goes high (inactive) permitting the address caunter
ta increment, At the same time, the I/O clock inmbditor
HINHC=- is latched off (high) and the sampling controt
IESMP + is turned off (low). The address seiector seisclion
then reverts to e Procassar address SOurca, an acknNowie
eagment (IUAX-l iow) is sent to the I/Q Bus. the clock
counter stops with ICA + and ICC + Iow. ang IIQLE- goes
nign.

At each sucteeding clock puise. the address counter s
incremented as a3 new control word i3 loadad into the
bulfer. For a trap-in operation, the memory address is first
aobtained anc loaded into the I/Q register (in 1/0 data
leop). The 170 control then enters a waiting state and
requests a processor memory cycle (IEWAIT « and IRQM +
highn). When the request s acknowiedged (MAKIQ + high),
the |/Q control leaves the waiting state and chtains the
trap-in data. This data 1s transferred from the 1/0 bus to
the memory data bus via the {/Q muitipiexar (in |/Q data
toop) ang the data muitipiexar (in memory control).

At the conciusion of the memary cycle, the clock counter (in
1/Q control) 3 advanced with a code ot 010 by buffer
sigrais 1EFn +(0-2). The next clock puise loads all zeros
into the buffer; thus, placing the |/Q control back in it3 idle
state (IEIDLE~ low). Clocks for the address counter and
buffer are inmbited until further |/ Q requests are receved.

Trap-out operations are simular ta trap-in; Nowever, the /0
cuntrol obtains the memory address and then transters
mentory data to the 1/Q bus via the 1/Q lateh (in memory
cantrol), (/Q muitipiexor, and 1/Q reqister (in 1/Q data
loop).
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4.7.10 High-Speed DMA Ciperations similar 10 the normal DMA: however, a faster interrypt clock

(IUCF-1) and 170 timing are used. Furthermore, a saparate
Timing wavetorms for a high-spsed DMA cperation are st of lines ars usad fq tunctions ang cata ready, interrupt
illustrated in figure 4-42, A high-speed DMA operation is acknowiedgment, trap-in, and trap-out.
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Figure 4-42. High-Speed DMA Waveforms
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4.8 CONTROL-STORE WORD FORMAT

Figure 4~43 shows the 84-Dit word format of the control
stare. In the Microprogramming Guide, ail tielcls of the 84-bit
word are designated with two letiers making them consis-
tent with the mnemonics used in the microprogramming
assambler (MIDAS). This is done by adding the letter F
tc ail the one-ietter designated fieids except the A and 8
fieids. The A and B fieids are cesignated AA and B8,
respectively.

Listed in descending Dit order, each fieid of the word is
described in the following paragraphs.

TS Field

8 Provides a component of the cortrol-store address used
whar 3 conditional test 1§ not met,

® Provides a component of the address used when not
conditional testing if the field 13 not used for any of the
following:

o Seiects a3 heid from the instruction register for use 0
the A or 8 fieids of sSubsequent microinstruclions.

o Seletl3 interrupts winch are (0 be enadled.

o Provides a portion of the {/Q-sequence starting address
for 1/Q requests. -

° Seiects another cantrol store when a page-jump
MICrOINStruciion 15 executed (section 4 9),

AF Fiaid

® Contributes to the five most-sigmficant bits of the
control-store address except for decoding addressing
(section 4.9).

MS Field

e Provides the four least sigmficant bits of the control-
store address for normai addressing (section 4.3),

® Masks the four least.-significant bits for fieid-seiection
addressing (section 4 9).
MT Fiekd

® Masks bit 4 of the control store address for fieid-
selection addressing,

®  Provides 3 portion of the |/Q-sequence starting address
for 1/Q requests.

FS Fiaid

8 Selects a2 five it fieid from the instruction register for
field-seiection addressing.

THEORY OF OPERATION

T Field
8 Specifies no conditicnai testing.
s Specifies conditional testing of a true condition

.

¥ Specifies conditional testing of a faise condition.

S Field
s Defines unconditional or conditional memary control.

s Daefines page-jump control.

G Field

®» Specifies condition t6 De tested for conditional-test
addressing and conditionai-memory control.

s Cantrois status sampiing and controt of overflow flag.

® Controls transfer of nstruction buffer to instruction
regisier. .

® Controls sslection of decoding addressing.

& Cantrols selection of page-jumo operation.

MR Field

»  Masks the most-significant bit of the instruction-
register 4-Dit heid seiected by the TS field when
specified by the AB fieid.

o Contrats (in conjunction with the AB and W fieids) the
transfer of address 1110 or 111l into the B field
depending on data-loop conditians.

8 Prowides 3 porthion of the |/Q-sequence starting address
tor 1/Q requests.

AB Field

»  Specifies the following types of data for A and 8 fieid of
next micronstruction.

o Control-store output
+  Fisid seiection from instruction register
o Previous vaiues contained in A and B fields
+  Value for B fieid depending on data-icop conditions
® Provides a portion of the |/0O-sequence starting address

for 1/Q requests.
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IM Fied

& Specifies non-memary operations consisting of:
¢ 1/Q requests

¢ Interrupt flag (set or reset)

¢ Supervisor mode (set or reset)

¢ Sgecial transier of ALU output to instruction dutfer and
memory 1nput lateh.

8 Specifies memary oparations consisting of:

* Conditionai or unconditicnal start or override of
memory cycle .

¢ Address source for memory cycie

« Operation to be parformaed (reading or writing)

LB Fied

e Specifies data source for B input of ALU from:

+  General-gUrpose registers (register file 8) -
« B muitiplexor

* Instruction register 16-bit. control store hiteral (fieias M,
C.WR,SC. V. W. X, §H, B) ’

8 Specities WCS control functions

LA Fied

8 Specifies data source for A input of ALU from:
*  Generai-purpose registers (register file A)
*  General-purpose registers (fila A) shifted left
+  Generai-purpase registers (file A) smited nght

« Program counter

R Field

e  Specifies destinations tor ALU output data to:
« Programcounter
*  Qperand register
+  Shittcounter

+  Keyregister (in data loop)

4.66

& Specifies incrementation for:

* Program counter

*  Shitt counter
F Fieid

s Specifies ALU operations.

A Fieid

& Specifies ALU mode as arithmetical or logical.

C Fied

8 Specifies ALU carry input as:

* one
o Zsro

¢ stored carry

¢ stored carry compiement

a  Forms part of the 156.Dit contrai-store literal.

WR Fieid

8 Specifies the loading of ALU output data into a generai-
purpose register specified by A fieid.

a8 Forms part of the 16-bit controi-store literal.

SC Field
8 Specifies smfting of operand register,

8 Forms part of the 16-Dit control-store literal.

V Fied

®  Controis the transier of general-purpose register sign o
shiit flag,

®  Forms part of 16-bit contrai-stare literal.

W Fieid

s Caontrois the transfer of ALU output sign to quatient
sign flag,

8 Deterrmines direction of operand register smfting,

(continued)



s Deterrmines cantents of B fieid for next micrainstruction
" eanuction with A8 field.

e Forms part of 16-bit controt-store literal.

X Field

s Deterrmines that operand register bit Q s to be one of
the following during a shiit operation:

+  Qperand register-Bit 15
«  Genaral-purposeregister bit 15
e ALUoutput bit 18

o Zerg

e Deterrmines that operand register bit 15 is to be one of
the follawing during a ngnt.shuft operation:

o  QOperand register it Q
o General-purpose register it 0
«  QOperand register it 1S
o Shit flag
®  Resets interrupt flag.

© Sends jump signal to extarral memary protection
option.

e Forms part ot 16.bit controi-store hiteral.

SH Field
® Sets A-input of ALU to ail ones or ail zeros.

® Selects special ALU function

s Deterrmines that generai-purpose register bit 1513 to be
one of the fallowing durng a left-shift operation:

o Genaeral-purpose register Dit 15 (remains the same)

«  Generai.purposeregister it 14

8 Deterrmines that generai-purpose register it 0 1s to de
one of the foilowing during a lett-stiit operation:

» Zero
«  Generai-purpose register bit 15

+  Qperand register bit 15

THEORY OF QOPERATION

®  Determines that general-purpose registar it 15.1s to be
one of the following during a right-shift operation:

o Muitiplication-sign flag

¢  (General-purpose register Dit 0

e General-purposeregister hit 15
*  Operand register it 0
o Zero

s Forms part of the 16-bit control store literal

B8 Field

® Specifies one of 16 general purcose registars wricn can

be applied to the B-input of the ALU

Specifies one of the fallowing ergnt registers that can De
apphed to the B.nput of the ALU

©  Qperand register

*  Memory ingut laten

¢« 17Qregister

° Processar status word

o Qperand-register rignt byte with sign extended

¢ Qperand-register (et Dyte with sign extanded

o Operand.register ngnt Dyte without sign extended

o Qperand-register nght Dyte shiited left egnt bit
pRsitions.

®  Forms part of the 16-bit control-store literal

A Freid

®  Specities one of 16 generai purpose registers which can

be applied to the A.inpyt of the ALU

Soecifies ane of 16 generai-purpose registers that can
receive ALU output data.
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THEORY OF OPERATION

4.9 CONTROL-STORE ADDRESSING

Uniike conventional computar instructions, which execute
sequentiaily until altered by a bBranch instruction, each
microinstruction of the V70 series computers must
specity the address of the next microinstruction. By specify-
ing this address, the functions at instruction decoding,
conditional testing, interrupt Randling, and normal microin-
struction sequencing are accomplished.

The computer's basic :nstruction set 1s contained in the
S12 64-mit words af the contral stare. Up to three 512.ward
control stores can bDe added to extend the compuler's
istruction set.

The 3-bit address CEAOm=(0.8) selects one of the 512
3ddresses :n the controi store (read-only or weitabie). it a
microinstruction specihes an address n another control
store. a pageqump microinstruction s execuled (T heid
contains 00, S held contains 10. and G held containg xlxx).
The particular control store 1s selected Dy the 4.0it TS heid.
When a systern reset condition occurs, all bits of the
cantrol store address are set to ane and page 2ero (read-
anly control store) 1s seiected.

The following addressing modes comprise control store
garessing:

a Normai

b Normai/ TS heid

¢ Freld selection

d. Conditionai testing

e Interrupt

t  Qecoding

4.9.1 Normal Addressing

The narmal addressing mode 13 used to spacify the address
of the next rmcrainstruction when conditional testing,
interrupt. and decoding modes of addressing are not
soecihed. The FS and TS fieid contains Q000 and the MT
fietd contains Q causing address bits Q through 3 o De
controlied by the MS fieid. Address bits 4 through 3 are
controiled By the AF field (figure 4-44),

4.9.2 Normal/TS Field Addressing

The normai/TS field mode can be used when none of the
following conditions are specified:

a. Register-field extraction (AB field contains 01 or 1Q).

. Interrupt allowed (S and T fieids contain 00, and G heid
cantains xlxx).

17Q request (S field contains 00. and IM heid contains
11ix).

I

d. Page-jump micrainstruction spgecitied (T field cantains
Q0. S field contains 10, and G fieid contains xxx).

The address is formed Dy the inclusive OR of the TS fieid
and dits 1 through 4 of the normai adaress (figure 4.45).

4.9.3 Field-Seiection Addressing

In the fieid-salection mode of addressing, the nstruction
register contents C2in=(Q-15) and various procassor flags
are used !0 produce the five least significant bits of the
control store address CEADM=(0-4). This permits up to 32
braneming operations based on instruction register con-
tents. The processor flags consist of: nterrupt flag
(CINTF «), shutt flag (OSB=). byte adaress Hag (OBAD=),
and control-panel step flag (NSTR=).

Field seiection addressing 1$ used when the FS heid does
nat contain G000 (when the FS field contains CO00. normat
addressing or normal/ TS field addressing are used). Tadle
4-27 hists the signals that produce control store address
bits O through 4 tor ail vaiues of the FS fieid. The listed
signais are appiied to the nstruction field seiector.
Masking of the five address Dits 1S pertormed Dy the MS
and MT fields causing a zero Bit in these fields to produce
a zero in 2 corresponding address it (CEAODm= migh).
Address bits O through 3 are masked by the MS field and
it 4 by the MT fieid.

Whan an 170 request 1s 1ssued (S field contains 00 and 'M
heid contains 111x), the MT fieid 1s part of the |/ Q address
specification. In this case, the MT fisid s gnored and
adcress Dit 4 13 masked o zero.

Address bits 4 through 8 are produced Dy the AF fieid. The
T3 fietd 15 QRed with address its 1 through 4 as
normai/ TS field addressing. The farmation of the compos.
ity fisid-seiection address i3 shown in figure 4-46,

8 7 é 5 3 2 1 0
L ! 1 | L { |
AF FIELD MS§ FIELD
vTI-ime Figure 4-44. Normai Addressing

4.72



THEORY OF OPERATION

8 7 é 5 4 3 2 0
) ! L ! ] L |
AF FIELD MS FIELD
INCLUSIVE
ZR
0 0 Q 0 TS FIELD 0

VTii-l68)

Figure 4-45. Normal/T$ Fleid Addressing

Table 4-27. Field-Selection Addressing Contribution

FS FIELD 8ITS . SIGNAL SOURCE OF CONTROL-STORE ADDRESS BITS 0-4*
3 210 8T 4 BIT 3 BIT 2 81T 1 BIT Q
0 000 0 0 e 0 0
¢ 0 0 0 0 Q Q CINTF= .
00 'V o 0 Q101- Q Dss8- DBAD-
0 0 1 1 (s 0 o 0 NSTP-
e 1 00 Q2I04- C2103- Q102- QI01- ' C2100~
o 1V 01 Q2105- 2104~ Q103- l02- Qzioi-
o1 1 e Q106- Qlos- Q104- Q103- Q2102-
o1 1 Q107- Q104- Q2105 Q104- Q2103-
10 0 0 Q2108- Q107- Q106- Q210s- Q2104-
10 0t 109~ Q2108- Q107- Q2106- C2105-
10 1 o0 Q- C2109- Q2108- Q107- Q2106-
T o v Qrtl- Qlio- Ql09- . Q2108- Q2107
1100 anz- Qnl- Q110- Q2109- <2108~
11 0 1 Q2113- li2- Qlli- 2l1g- c2109-
1 10 Qlid- Q13- 112« Q- c2110-
1T 1 i Q1= Qll4~ Q13- Qli2- Q2=

*THE LISTED SIGNAL SOURCES ARE INPUT TQ THE INSTRUCTION FIELD SELECTOR (SECTION 4.3). THE
SIGNALS (WHEN SELECTED) ARE INVERTED 8Y THE INSTRUCTION FIELD SELECTOR TO BECOME CFSAn+
{0-4) OR CFSBn+ (0-4) .

VTII-i6hd
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8 7 6. L] 4 3 2 1 0
] | ] L
AF FIELD 0 0 ¢ 0
INCLUSIVE OR ==
0 0 0 ] TS FIELD (NQTE 1) Q
INCLUSIVE QR
0 0 0 Q FS FIELD (TABLE 4-27) —
- AND
0 0 0 0 | MS FIELD
e MT FIELD (NOTE 2)
NQTES: 1. THE TS FIELD IS NQT USED TO PROOUCE ADDORESS BITS ! THROUGH 4 [F ONE OF THE

FOLLOWING CONDITIONS [S TRUE:

A, REGISTER FIELD EXTRACTION (A8 FIELD CONTAINS Q! QR 1Q)

8. [INTERRUPTS ALLOWED (S AND T FIELDS CONTA[N 00,!M FIELD CONTAINS
111x)

C. /O REQUEST (S FIELD CONTAINS 00, IM FIELD CONTAINS 111x)

D. PAGE JUMP (T FIELD CONTAINS 00, S FIELD CONTAINS 10, G FIELD
CONTAINS x1xx)

E. CONOITIONAL TESTING IS SPECIFIED (T FIELD DQES NOT CONTAIN 00)

2. WHEN AN /O REQUEST 1§ [SSUED (S FIELD CONTAINS 00, M FIELD CONTAINS 111x,
THE MT FIELD 1S IGNQRED AND ADORESS 8[T 4 IS MASKED TO ZERQ

VT 1443

Figure 4-48. Formation ot Fleid-Selection Addressing

4.74



4.9.4 Conditional-Test Addressing

Twi addresses must be specified when conditional test
aperations are performed: one {0 be used if the condition is
met and one to! be used if the condition is not maet.
Conditional-test addressing 18 specified when the T field
doas not contain 00. The T fieid containg binary 10 if the
condition to be met is true (for exampie, Jump it Sense
Swaten 2 Set), and a binary 11 if the condition to be met i1
false (for exampie, Jump it Sense Switch 2 Not Set). The
condition to be tested is specified Dy the G fieid (lable
4.28).

If a eondition is met, the address is producad by Held
seiection addressing. If a condition 18 not met, the address
is produced from the AF and T8 fieids as shown in figure
4-47,

Table 4-28. Test Conditions

Candition G Fieid
Quertlow 0000
1/Q sense response 0001
Saense switeh 3 0010
Sense swntch 2 001l
Sense switeh 1 0100
Jump. Jump and Mark, Qiol

ang Execution
instructions

ALU output all ones 0110
ALU output sign o111l
ALU carry 1000
ALU output 1s zero 1001 -
Stored sign of register 1010
file A (DSB ) .
Sign of memory input 1011
latch

Shift-counter avertiow 1100
Sign of generai-purpose 1101
register O

Normalized stuft 1110
Quatient sign 1111

THEORY OF OPERATION

4.9.5 Interrupt Addressing

Control-store address bits O through 3 are produced by the
interrupt logic (in 1/Q control) and bits 4 througn 8 by the
AF fieid. if all of the faillowing conditions are true:

a. Interrupts are allowed (T and S fieids contain 00, and G
field containg x1xx).

b. Aninterrupt is active.

¢. The proper class of interrupts 18 enabied by an
appropriate bit in the TS fieid (tavie 4.29).

Figure 4-48 shows the interrugt addressing format aiong
with codes for the three types of interrypt conditions.

Table 4-29. TS-Field Interrupt Functions

TS.Field Bits Interrupts

3 2 1 0

Enabies 1/0 interrupts

Erables 1/Q interrupts only 1f
mermory protection option s
instaileg

Enables interrupt from memory
protection option

Enabies control-panei step inter.
rupt

Note: x indicates irreievant Dit.

4.9.6 Decoding Ada.essing

Decoding addressing performs preiminary instruction
decoding to determine the classification of an instruction.
Detalied decoding is performed later Dy fieid-seiection
addressing after instruction buffer contents are transterred
to the instruchion register. The pretrminary instruction
decoding s impiementeg by the instruction decoder and
instruction decoding logic. These eiements transiate the 16-
it instruction from the instruction butfer to the 9-Oit
control store address CEAOR= (0-8).
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8 7 6 S 4 3 2 1 0
L | 1 ]
AF FIELD 0 0 0 0
INCLUSIVE
Zr
Q "0 Q 0 ' TS FIELD 0
VTI. 1é
Figure 4-47. Addressing When Condition is Not Met
8 7 é 5 4 3 2 1 0
l ! 1 J l L -
SUPPLIED B8Y INTERRUPT
AF FIELD LOGIC IN /O CONTROL
AF FIELD INTERRUPT LOGIC INTERRUPT CONDITION

ABQORT [NTERRUPT FOR DMA

g 1 1 Q1 0000
o1 1 01 0 0 01 START OF INTERRUPT SEQUENCE
¢ 11 01 o1 1 1 INTERRUPT WAITING FOR OEVICE TO SEND
MEMQRY ADDRESS
VT 1687

Flgure 4-48. interrupt Addressing
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The instruction decoder consists of twe ROMs each
containing sixteen 16-bit words. An option to the WCS
optiun provides seiection of read/write memory arrays to
perrnit aiternate decoding methods. The first ROM decoder
uses instruction buffer bits 12 through 15 as an address;
the second ROM decoder uses bits 8 through 11. Qutput.
signal formats for the two ROM dacoders are shown .in

figure 4-49.
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Decoding addressing is used when the T and S fields
contain 00 and the G fieid contains xlxx. If an interrupt is
present, decoding addressing is inhidited and interrupt
addressing is used. Decoding addressing is aiso innibited if
the IM field contains 11x0. When the IM fisid contains
1120 and no interrupts are present, fisig-seiection address-
ing is used.

FIRST ROM DECODER DECODED FROM INSTRUCTION BUFFER BITS 12-15

15 14 13 12 11 ¢ 9 8 |

7 é 5 4 3 2 1 0

| l ] ] ! ! ]

§32- | 531~ | $30- | T32-| 04 0o (]

CIDAJR+ (0-8)

l— CIDIO+

-— CIDO0+

ClDo4+
CIDT32-

CIts30-

CIDS31-

CIps3z-

EXTERNAL SIGNAL

ENABLES 4 LEAST SIGNIFICANT BITS OF
CIDA2n+ WHEN CIDS32- OR CIDT32- ARE
ENABLED

EXTERNAL SIGNAL '
ENABLES. CIDAn~ (0-8) TO CONTRIBUTE TO
ADDRESS

ENABLES INSTRUCTION BUFFER 8ITS 0-3 TQ
CONTRIBUTE TO ADDRESS BITS Q=3
ENABLES INSTRUCTION BUFFER BITS 4-7 TQ
CONTRIBUTE TO ADDRESS 8ITS 0-3
ENABLES CIDS20+ AND CIDS21+

SECOND ROM DECODER DECQDED FROM INSTRUCTION BUFFER BITS 8-11

NQOT |
USED

]
521 | S20 | XX3 XXO, XX2 | XX5

CIDA2n+ (0-3)

l—CIDXXS*

CIDXX2+
et cmcmemmemreemane (C] DX X Q4
CIDXX3+
CIDS20+

CIDs21+

VT11. 1608

EXTERNAL SIGNAL THAT SETS ADORESS BIT 2
TO ZERQ IF CIDOO+ IS ON

EXTERNAL SIGNAL

EXTERNAL SIGNAL

EXTERNAL SIGNAL

WHEN ENABLED 8Y CIDS32+, CIDS20+
ENABLES INSTRUCTION BUFFER BITS 0-8 TO
CONTRIBUTE TO ADDRESS BITS 0-3

WHEN ENABLED 8Y CIDS32+, CIDS21+
ENABLES INSTRUCTION BUFFER BITS 4-7 TO
CONTRIBUTE TO ADDRESS BITS 0-3

Rgure 4-49. Output Formats of ROM Decoders
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Figure 4-50 shows the decoding address components. The
nine dits from the first ROM decoder are aiways used in
the address, The five most-significant bits from the second
RQOM decoder are inciusivaly OFled into address Dits 4
through 8 when CI0T32- or CIDS32- from the first decoder
is true (low). The four least-signiticant bits from the second
FIOM decoder are inciusivaly OFled into aadress bits O

8
]

through 3 when either one of the foilowing canditions sxist
in the first decoden

a. ClIOT32- is true (low) and C10QO + is ture (high).
b. ClOS32~ is true(low) and CI1DCO + is true (high).

FROM FIRST ROM DECQODER

CIDA3n+ (0-8)

!

FROM SECOND ROM DECOUOER

CIDA2n+ (0-8)

7/ -

CIDS32- IS TRUE (LOW)
QR AND
CIDT32- IS TRUE (LOW)

FROM [INSTRUCTION BUFFER

[F CIDOQ+ AND CIDXXS+ ARE TRUE (HIGH), THIS 8IT

Ny -

CIDT32- IS TRUE (LOW) }

CIDOC+ IS TRUE (HIGH)
OR

CIDS32- [S TRUE (LOW)
AND

CIDOO+ IS TRUE (HIGH)

. Mlln+ (0=3)

CIDS30- IS TRUE (LOW)
OR

CIDS32- 1S TRUE (LOW)
AND

CIDS20+ IS TRUE (HIGH)

[S CONTROLLED 8Y BIT 3 QF INSTRUCTION BUFFER

FROM [NSTRUCTION BUFFER

VTil-1649 A

S . |

Mlln+ (4=7)

CIDS31- IS TRUE (LOW)
OR
ClDS32- IS TRUE (LOW)
AND ]
CIDS21+ IS TRUE (HIGH)

Figura 4-50. Decoding Addrees Components
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Instruction buffer bits Q through 3 are inclusively ORed into
address Dits O through 3 when either one of the follawing
conditions exist:

a. CIDS30~ istrue(low)

b, CIDS32« istrue(low) and CIDS20 + is true (high).

Instruction butfer bits 4 through 7 are inclusively ORed into
acidress bits O through 3 when either one af the following
conditions occur:

a. CI0S31~ istrue(low).

b. CIDS32- is true(low) and CIDS21 + is true (high).

Ona excegtion to these canditions for instruction butfer bits
4 through 7 is that address bit 2 is controiled by
nstruction buffer bit 3 when CIDO0 + and CIDXXS + are
true (high).

4.10 CONTROL.-PANEL CIRCUITS

The control-panel circuits (figure 4-51), located on the
control-panel baard (44P0645), interface with the processor
through the 1/0 bus. The interface circuits consist of the
1/Q controt butter. |/Q bus drivers. and [/Q terrminators.
Commands are decoded from the 1/0 bus by the 1/0
controi butfer. The {/Q control buffer enables either
display-register data or puise-register data anto the i/Q
bus, or gates 1/Q bus data to the display-seiect register or
the toggle register The [6.bit display register provides
ternporary storage for either switch status or 1/Q bus gata
from the processar. The 4.Dit puise register sends signais (o
the processor that indicate when the DISPL, ENTER,
START, or BOQT swiiches have been prussed. The 4.bit
toggle register stores the states of the three sense switches
and the STEP/RUN switch. In conjunction with the run.
made control. the puise and toggle registers control the
STEP ang RUN indicators. When the computer 13 haited or
i the run mode, the blink osciiator causes the RUN
indicator to bhink. The display-seiect registar signais the
processor when ane of the internal machine registers s to
be aitered or displayed from the cuntroi panei.

The nterrupt cantroi circuit applies interrupts to the

processor when the INT switch i3 pressed. The 4-bit file.

address register designates which one of the 16 register
files are to be aitered or dispiayed from the control panel.
Signais from control-panei switches are applied to pull-up
and detounce circuits. Debounce circunts eliminate the
effects of extra signal transitions causad Dy switch
contacts. Data display drivers and light emitting diodes
receive data-inputs from the display register.

Qetaiied descnptions of the control-pane! Circuits are pro-
vided in the ‘ollowing subsactions. Page numbaers of logic
diagram 9180406 (System Maintenances Manual) are in
parentheses 1n the circuit blocks of figure 4-51,
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4.10.1 File Address Ragister

The file address register storss the 4.bit addresses that
ssiect one of the 16 register files for controi-panei
ajteration or display. The register can be directly set by the
four REG SELECT switches (NFAl=, NFA2-, NAFé~, and
NFAS=), cleared by the CLEAR switch (NFACLR=), and
incremented by the INCR switch (NFAINC=). NFAINC= is.
debounced by a Schmitt trigger circuit as weil as the
debounce circuit,

The contents of the file address register can be gated onto
the /0 bus with the input-function transter NFi + from the
1/0 control butfer. When the instruction register 1s selected
for display, NIR + is high and an input-function transter
clears the file address register and E802-1 is low (true).

4.10.2 Toggle Register

The toggie register siores the states of the three SENSE
switches (NSl=, NS2-, and NS3=) and the STER/RUN
switch (NSP=). Each input is exciusively QRed with a
complement output of its corresponding register flip.flop.
The truth tabie for the toggie register 1s in table 4.30. The
register can be cleared with 3 systam reset (NRST= low).

The toggle register clock NQ21= comes from either of two
sources: -

a. Alow NTCK= is generated Dy the clock generator when
any of the four switches are pressed (SENSE switcnes or
STEP/RUN switch).

b. A high output-function transfer NFQ « from the 1/Q
conirgl butfer and a high data ready NORY « from the
170 bus produce 2 low NTCX 1= clock.

NFQ + permits the program t!o change the state of the
three SENSE switcn flip-flops 1n the toggle register This s
accomplished by receiving /O bus signais NEBOn +(1.3)
and enabling them with NFO + to simulate the switch
being pressed (using open-coilector gates).

Table 4-30. Toggle Register Truth Table

Before Clock After Clock

Switeh NSic NSif + NOQii+ NSif +
Not pressed H L L L
(open)

Not pressed o] (] (2] .M
(open)

Pressed L L H H
(ctosed)

Pressed L H L L
(closed)

Note: H = high: L = low; i = ], 2, 0or :and i = 17, 18,
or 19.
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4.10.3 Clock Generator

The clock generator consists of two one-shot circuits that
generate clocks (NTCK= and NPC1 +) for the toggle and
puise registers whenever any of the four switches associ-
ated with each register are pressad. The one-shot circuits
are inmbited when NTCX1- goes low. This ocsurs during
an output-function transfer so that only one clock (from
data ready NORY +) is appiied to the toggie register. The
one-shot circuits provide time for switch bounce to damgpen
prior to clocking the registers.

4.10.4 Run-Mode Control

The run-moade control generates a run signal NRUN= that
controls the operation of the RWUN indicator. When a
systermn reset occurs. a3 law NRSTl= resets the run-mode
flip-tlop producing a mgh NRUN= that prevents the RUN
ndicator from lignting.

When the computer 18 placed in the run mode with the
STEP/RUN switch, a high NSPE=  enabies the biink.
oscillator signal NQSC + to make NRUN= g0 high and low
at a low frequency causing the RUN indicator ta blink.

When the START button s pressed (and the ¢omputer n
step mode), @ figh NSF + sets the run.mode fip-flep. This
provides a law NRUN= that lights the RUN indicator
cantinyously.

When the computer 1s haited with a hait instruction. a low
NFiT= resets the run-mode fip-flap. The Migh faise output
of the flig-flop and 3 mgn NSPF~ enables NOSC + causing
the RUN indicator {6 bhink. The run.mode flip-flop 1s also
set when the BOQT switch is pressed (NEB- low) or the
option start signal OPSTRT= goes low.

4.10.5 Interrupt Control

When the INT switch 13 pressad. a iow NiNT= imtiates a
cantrol-panei nterrupt (figure 4-52), NINT- is depounced

NINT- N

=L
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by a Sehmitt trigger circuit as waell as the debounce cireuit.
Migh NINT + and NIN1= cause the interrupt-controi flip
flop to set (NINF + high) on the next interrupt ciock IUCX-
l. It the control panel haa priomty (PR10X.! law) and the
flip-flop is set. the interrupt request IURX.i 1s genarated.
When the flip-flop is sat. NIN1= goes low to prevent the
flip-flop from being sat mare than once each time the INT
switch is pressed. When the interrupt clock occurs, the
control panel has priority (PR10X.1 low), IUAX.I 1§ true
(low). and the flip-flop is reset. The interrupt.controi flip-
flop is cleared Dy systemn reset NRST1= and heid n the
cleared state by a low NSPF= (step mode).

4.10.6 Blink Qscillator

The biink oscillator consists of two one-shot circuits
coupled in 2 loop to praduce a 'ow-frequency squarewave
NQSC + for blinking the RUN indicator.

Aiso inctuded is a Schmitt trigger circuit, used n conune:
tiorn with 3 debounce circuit, to ensure that the system
reset SRST= is free from gscillations due tg bouncing of the
RESET switch contacts.

4,10.7 Input Encoder and |/O Bus Drivers

During an ipput-functxon transfer, the input encader
supplies encoded signais to bits 4 througn 8 of the | /Q bus
1o determine the operation seiectad from the control panei.
The input function codes are listed in table 4.31 The
bootstrap function can generate any cne of three codes
depending on jumpers A ang 8:

3. !fno jumpers areinstalied, bits §, 7. and 8 are encoded
for 3 Teletype bootstrae.

b. if onily jumper A 13 instailed. the bits are encoded for a
paper-tape reader boststrap.

¢. If jumpers A and B are instailed, the Dits are encoded
far a disc bootstrap.

{4

AL

UCX-{

L

(L

A

A

MN{NF+

NINT- _ §]

W

WL

7

L

VT1i-1674

i

"

Figure 4-52. Interrupt Cantrol Waveforms
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,, Table 4-31. Input Encoder Truth Table

% gé % % % FUNCTION
H H H H L PROGRAM COUNTER SELECTED
‘ H H H L H REGISTER FILE OR INSTRUCTION REGISTER SELECTED
H H L X X MEMORY SELECTED
H L H X X START
H L L X X MEMOQRY SELECTED AND ENTER
L H H X X TELETYPE 8QQTSTRAP
L H L X X MEMORY SELECTED.ANO OlspPL
L L H X X PAPER-TAPE READER BQQTSTRAP
L L L X X DISC BOQOTSTRAP

NQTE: L=L0OW, H = HIGH, AND X = [RRELEVANT

YTI-1873A

The 1/Q drivers enable tha display-register outputs to be
transterred to the |/Q Bus. When the I/0 Bus i3 idle. a mgh
{EIDLA + enables the data through the |/ O drivers onto the
1/Q bus (EBQO-l througn EBLS.). The 1/Q drivers are
inmbited witht a low dispiay clear NOCLR~ or 2 low system
reset NRST1=. Under conditions ather than |/Q aperations,
the 1/Q drivers are enabled for an input-data transier
(NOQL = hign). !

4.10.8 1/Q Control Buffer

The |/ Q control butfer contains twa fip-flops (NCBRST=-
and NFQS+) and a 4.bit function regisier. When the
device address signal NFAD= (octal 77) 1s decoded (goes
low), the NCBRST= flip-flap is set remowving the clear signal
from the tunction register. When tHe function ready FRYX.|
goes true (low), the function register is clocked permitting

it to sample 1nputs (see wavefaorms in figure 4-53),

The outpuls of the function register are used when the
computer 1$ haited !0 provide the normai dispiay. The
output signals are:

a. lnput function NFl -+ indicates that the processor
determinas the operation to be performed,

1. Qutput function NFQ + indicates the processar can set
switches after a pawer faiiure restart.

1.82

¢. Input data function NDI « indicates the contents of the
dispiay register are transterred to the processor.

a. Output cata function NOO + indicates the processor is
sending data to the display register.

Except for the input function, these functions can aiso de
used under program control.

4.10.9 Display Register

1/Q data (EBOOQ-i through EB15-1) are applied to the display
reqister inputt. The register outputs (NOFQO- through
NDF15=) are applied to the register-display indicators. A
low NENAB— enabies the register. The register 1s clocked
Dy NCLOCK +.

When the |/0 bus is idle (JEIDLA + high) the register ctock
pulses are generated continuously by a flip-flop tmat s
toggled by the interrupt clock IUCX +. in addition to Demng
applied to the register display indicators. the register
autiputs are circulated through the 1/Q data paths to the
register inputs.
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NFAD- \

NCBRST- / C—\
NORY- | /P
NFI+ OR |
NEO+ OR

NOI+ OR

NOQ+ (DEPENDS QN 1/Q BUS BITS 12 THROUGH 14 AND STATE OF NFQS+)

(FUNCTION QUTPUT)

o Be—c———— EXC, 77 )

QUTPUT DATA

V{4

i

1R
/

NFAD-
i
NCBRST- "
—d L
NFOS= Y

NFQ+ AND NDO~ »

i

[L

\L—

124

NORY -

VTil-167¢

L+~

Figrere 4.53. 1/0Q Controi Butter Wavetorms
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4.10.10 Display-Selection Register
The display-selection register contains five latch circuits

whose inputs and outputs are connected to the five
DISPLAY SELECT switches as follows:

2. NMEM= to MEM switch
B. NST=- to STATUS switch
¢ NiR= tol switch

d. NPR=toP s\mt'ch

e. NRF to REG switch

Pressing any of these switches, sets the corresponding
lateh (output 1S low). The previously seaiected latch is
uniatched when NSRX= goes low. This occurs whenever an
even number of latches are selected. The low NSRX-
untatches ail latches excapt the one whoss switch is
prassed. When systemn reset occurs (NRST1- low), ail
latches are uniatched.

SWITCH= K B

4.10.11 Pulse Register

The puise register is sat whenever the DISPL, ENTER,
START, or BOOT switches are pressed. DISPL and ENTER
are inhibited from bDeing set when the computer is not in
the step mode. BOOT is innibited from being set wrien the
computer is not in the run mode. A high NOF + indicates
DISPL switchh is pressed. a hign NEF + indicates ENTER
switch is pressed, 3 high NSF + indicates START swntch s
pressed. and a high NEB + indicates BOQT switch s
pressed. Figure 4-54 shows the timing waveforms for the
puise generator.

4.10.12 Data-Display Drivers and Light-Emitting
Dicdes
The data-dispiay drivers, which are connected to the

outputs of ine display register, consist of inverters that
drive the light-emitting diodes.

The light-emitting diodes are the indicators ‘or the zontrol

panel. A low signal applied to the cathode causas the diode
to hght: 3 Migh signal causes it to go out.

P

W
NFIT> / = .

-

11

L

e
Ll

1C17-9 "7

L

PN
v

) )

NACI /f r> =
_ :
¢

iy~ ——
>
J .

-

28

3. [Q17-% AMD IC17-5 ARE [C PIN NUMBERS ON SHEET 16 OF LOGIC DIAGRAM 91804C4-A

1C17-5 "
REGISTER+ " ‘
17
NQOTES: . THE TERM SWITCH- REPRESENITS SIGNALS NOP-, NEN-, NSTR-, OR NBS-
2. THE TERM REGISTER+ REPRESENTS SIGNALS NOF+, NEF+, NSF+, AND NEB=
VT 167

Figure 4-54, Puise Register Wavetarms
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4.10.13 Switches, Debounce, and Pull-Up
Circuits

The controi-panel switches (except POWER) sre mounted
on a switch assembdly (p/n 44P0647) which in turn is
mourited on the controt panel board. With the power switch
in the CONSOLE DISABLE position: ail switches are dise
abied it jumper terminais C and E are connected together,
and only STERP/RAUN and RESET switches are disabied it
jumpar terminais C and O are connectad togetnaer. A switch
is enabied when jumper terminal C is grounded.

Debounce circuits efiminate signal bounce caused by
switch centacts.

Pull-ug cireuits keep the switch-signais at + 35V de when
switches are open.

4.10.14 1/Q Bus Terminators

The 1/Q bus terminators provide I0gic ievels of 0 and +3
voits for the 1/Q bus signais. They aiso provide impedancs
maictung for the |/Q cable.

4.11 MICROPROGRAMMING EXAMPLES

This section pravides exampies of instruction implementa-
tion using V7Q microprogramming.

4.11.1 LDA Instruction
In this exampie, direct addressing is used. The description
18 divided into the ioliowing sections:

a. Standardg state 1 of the microprogram (SS1M).

b. Standard state 2 of the microprogram (SS2M™).

¢. Standard state 3 of the microprogram (SS3IM).

d. First-rmcroinstruction of the single-word addressing
sequence (SWA10).

e. Secondmicrainstruction of the singie-word addressing
sequence (SWAZ0).

f. First LDA micranstruction (LDA1T).
g. Second LDA microinstruction (LDA2).

SS1M

Initiaily the instruction pipeiine is assumed to be empty so
2 new instruction must be fatched from main memory. The
first rmcroinstruction 1s odtained from cantrol store logation
13E (all acdressas are given in hexadecimal). This location

THEORY QOF QPERATION

has the latel SSTM, which is one of the microprogram's
standarg states.

The microinstruction fieids at 13E are:

°

TS AP MS MT FS T s G
0000 01007 Q030 8 0000 00 01t 0600

M AB IM L3 LA R F M
9 00 1000 00 00 000 Q000 40

€ WR SC vV W X SH B A
6 0 0 0 6 00 000 0000 Q040

The function of this microinstruction is to initiate an instruc-
ton fetch from the Maemory address specified by the pro-
gram counter. Note that (he S field equal to 01 specifies
unconditional initlation of the memory cycle. The IM tield
spacifies uss of the program counter for an address sourca
and the instruction bufler and memory input register as
destinations for data recsived from memoary. The FS, MT,
TS and T fields contain ail zeros 3o normal mode addressing
is specified. The Aext control store addrass will be 092.
No other fieids of the micrainstruction are pertinent,

§52M

Location (092 is another microprogram standard state fa-
beled SS2M. It continues the procass ot filling the pipeline
Dy initating another instruction fetch using the incremented
conternts of the program counter.

The microinstruction fieids at 092 are:

Ts AF Ms MT FS T 8§ G
0000 00010 110! Q 0000 00 0% 0000
M AB IM L3 LA R r M

g 00 1000 00 0G 100 0000 0

C WR SCV W X SH B8 A

Qg0 0 0 0 0 00 000 0000 0000

Again the S fieid is equal to 01 and the IM fieid is squal
to 1000 specitying another instruction feicn using the pro-
gram counter. In ttus case. however, the R field equals
100 specitying that the program counter will be inCremented
before it is used as an address. This micronstruction is
not immedialely executed siNcs the previous MICroiNsiruc-
tion initated memory activity and the mermaory controi re~
mans busy until the first instruction from memory is loaded
into the instruction burter and the memory input latch (in
memory control). At this time, execution of the current
microinNstruction 1s compieted and the next micrainstrucnon
from location 020 becomes active. Normai addressing
occurs again due to FS, TS, MT and T tieids being zero.
No other fisids of the microinstruction are pertinent.
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SS3IM

Location G20 is another microprogram standard state la-
beled SS3M. it causes decoding of the instruction letched
from memory while checking for interrupts. It aiso transfers
contents of the instruction butter inta the instruction register
to make room for the next instruction from memory.

The microinstruction fieids at 020 are:

Ts AP MS MT PS T § G
1110 01101 0110 9 0Q00 00 00 Q01

M AB IM L3 LA R r H
0 00 0110 00 Q0 000 0000 0

€ WR SCV W X SH B8 A
00 0 0 0 0 00 000 0000 Q000

This migroinstruction manipulates no data paths nor does
it initiate any memory cycles. Its sole purpose is to check
for interrupts and, if there are none, cause a branch o
the required microsequernce. The T fleid is equal to 0 and
the G fieid bit 0 is a one cauting data transfer from the
instrucson butfer (o the instruction registar, With the S fieid
squal to 00 and the G tisid bit 2 equal lo ane. intarrupts
and decoder addressing are enabdled. The TS field defines
e interrupts which are anadled: all except 1/Q interrupts
ynieas the r y or 4] ption is instailed. The IM
fisld specifies salection of the irterrupt flag. it this flag is
sat, interrupts are suppressed. The flag is reset By this
micrainstruction. It an interrupt is active and the interrupt
Hag is not set, the next control store address is 00X wrere
X designates the four Dits supplied Dy the interrupt logic.
This producss a branch to the interrupt microprogram
ssquencse.

ASsumng na interrupts are presant, the new control store
address is deterrmined Dy the decoder iogic. The instruction
fetched from memory is assumed to be 10F9 (hexadecimal)
ar 010371 (cctal). Thisis a Varian 70 senes LDA instruction
with direct addresaing of location 0QFS (hexadecimai). The
most signiticant four dits of the instruction butter address
the first decoder control store at location 1. The next tour
DiIts address the second decocer controt store at location
00. The decoder control store contants are:

1st decoder

Control stors 812 =1

location 1 B88-80 = 110000010
2nd decoder

Control store A8-AQ = 010000000
location Q

Since 812 equais 1, the 88.80 and A8-AQ address compo-
nents are logicaily CRed to producs an address of 182,
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Swaio

Location 182 contains the first microinstruction ot the sin<
gle-word addressing sequencs (SWA10Q) for the instruction
fatched from memory. It forms the effactive address by
masking bits 00 through 10 from the instruction reqgistar.
it also initates the qperand fstch.

The microinsuction fieids at 182 are:

T8 AP MS MT FS T s G
©000 104810 1111 @ 0000 00 01! 0000

M AB IM L3 LA R r :
H 00 Q010 10 Q0 0!t 10140

¥ € WR SCV W X SH B A
1 11 1+ 1 0 0 00 000 0000 0000

T
- eweve aw lé'bl( mask lll.'ll""""“

The LB fieid squals 10 s the ALU 8 input has the cantents
Qt the instruction register masked by the 18 dits of the M,
C. WR, SC, ¥, W, X, SH and 88 fieids (2 zero in the mask
erables the corresponding instruction register Bit), The
mask equais F300 so the low orger 11 Dits of the instruction
are used. '

The ALU mode is determined Dy the F fisid (1010) in con-
junction with the L3 fieid (forces logical mode) resuiting
in an ALU function of the ALU = 8.

The R fieid equais 011 sa the ALU output 13 loaded into
the Qperand register.

The S fieid equals 01 so unconditional memary cantral is
specified Dy the IM fieid (0101) to tatch an operand into
the memary input latch using the ALU output for an address
source. This microinstruction 18 complated when the mem-
ory cycie imtiated Dy the microinstruction at 092 18 com-
pleted.

The FS. TS, T, and MT fieids ail contain zeros so normai
adaresung is usad and the AF and MS fieids specity the
next control store address of 12F.

SWA20

Location 12F contains the second microinstruction of the
single-word addressing sequence (SWAZ20). it dJecodes bits



13 through 15 of the instruction register contents (o deter-
mine the class. of the single-word addressing instruction.

The microinstruction figids at 12F are:

TS AP us MT FS T 8 G
0000 11110 1300 1 1111 00 00 0000

M AB IM L3 LA R r "
9 00 G000 00 00 Q0Q 0000 O

C WR SCV W X SH 1 A
00 0 O Q0 O 00 0G0 Q0Q0C 0GGO

No data manigulation or memory control operations are
periormed by this microinstruction. it serves aniy to branch
to the specific microsequencs for the class of single-ward
addressing instruction contained in the instruction register,
Figid-setaction addressing is used for this dacoding (FS
fieid 13 not equal to 0000). The FS fieid is equal 1o 1111
30 the saiected fieid 13 Dits 11 Nrough 15 of the instruction
register. The composite address formation is illustrated.

8 7 68 4 3 2 10
AF fieid contriBution: 1 11100000
o 1 1 1 1.0 0 0 00
TS tieid contnbution: G 000 0O0CO0O0OQ0
Fisig selected from
instruchion registar: 0 00 0G0 G 1 0
(1 = 10F9)
and: 0 0 G 0 0 0 G 0 ¢
Mask consisting of MT 6 006 01 1t 1 00
and MS tielgs

Finatl_effective address
producad by inclusive OR:

111100000

The address of the next microinstruction is then 1£0.

LDA1

Location 1EQ is the first microinstruction specitically for
the LDA mstruction (LDA1).

This microinstruction increments the program counter and
imuates another instruciion fetch from main memory.

T3 AP us MT FS T 8§ G
0000 03011 0107 0 0000 00 01 0000
M AB IM LB LA R r H

0 00 1000 00 00 100 0000 O

C WR SCV W X SH B A

00 0 0 O O 00 000 000Q 0000

THEORY OF OPERATION

The RF fieid equal to 100 specifies that the program countar
is incremented during this microinstruction.

The S field equais 01 s0 unconditionai memory controi is
specitied Dy the IM field (1000) to faten an instruction into
ihe instruction butfer and input latch using the program
counter {or an address sourcs. (Note that the program
counter is incremented during the microinstruction so the
new vaiue is used for the memory cycle).

Normal addressing is used to specify the next micrainstruc-
tion address (T, TS, FS, MT fieids are all zero). The AF
and MS fieids define the adaress as 0BS.

LDA2

Loeation 08S is the second microinstruction specifically
for the LOA iastructnon (LDA2). This microinstruction per-
forms the following: transters the contents of the memary
input lateh to the A register (RQ), transters the instruction
buiter containing the next instruction to the instruction
registar 0 make room for the instruction whose fetch was
initiated by the microinsiruction 1E0, decodas the instruc-
tion bufter to determine the starnng address of the next
microsequencs, and checxs for interrypts.

The microinstruction fieids at 085 are-

Ts ArF us MT FsS T § G
1911 01101 Q110 O 000C 00 00 Q101

M AB IM LB LA R F M

O 66 0110 0% 00 00C 1010 1

© WR SC V W X SH B8 A

96 1+ 6 0 0 00 000 Q001 Q00O

The ALU B input is specified by the LB fieid (aqual to 01)
to be one of the speciai registers. The B heid (equa! to
0001) qefines the memory input register as the source.

The ALU operation is specified to De in the l0g:Cal mode
(MF = 1) with the ALU outout equal to the ALU B input
(FF = 1010).

The WR bit equals a2 one so the ALU output data i1s written
into the ragister specified by the A fieid (A = 0000) which
is the A register. Thus s the execution phasa of the LDA
instruction.

The S and T fieids are both equal to 00 and the G fieid
bit 0 is a one so the instruction buffer contents are trans-
ferred to the instruction register. The G tieid bit 2 is a one
O the instruction decoder 1S enatied and (nterrupts are
checked.

The IM fieid equai to 0110 with the SF fieid equai to 00
seiects and resets the interrupt flag. It the flag s set, the
dJecoded address and interrypts are suporessed and the
mrext instruction is fetched from location QDO. All interrupt
classes are enapled as the TS fieid contains all ones. |f
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THEORY QF OPERATION

an interrupt is active and the interrupt fiag is oft, only the
decoded address is suppressed and the next micrainsiruce
tion is fetched from the address specitied Dy the A field
and the interrupt logic. This address is 0DX where X is
the addrass supplied By the interrupt logic (X = Q).

It ne active enabied interrupts exiat, the next microinstruc-
tion is fetched from the address specified by the decoder
logic. It the instruction Bufter contains another single-word
addressing instruction, the next adcress will be 182
(SWA10) and the sequenca wiil te repeated.

Figures 4-55 and 4-58 show a flowchart and the flow dia-
gram of the microinstruction sequoncs descridbed. Note that
the pipeline eftect of bulferng instructions permits eificient
use of the memoary. (A 330-nancsecand semiconductor
memory was assumaed).

4,11.2 STA Instruction

This example illustrates the use of the equai-address Hag
MPLE + (see address comparator in section 4.5.4) during
execution of the STA instruction with direct addressing into
location n + 1 (where n is location of STA). The aperation
i divided into the four sequences as shown in fiqure 4-57.

Swa40

Microinstruction SWA4Q (in lacation 181) initiates 3 memory
request 0 store contents of he A register in memory
location n+ 1.

STA2

Ounng the memory store operation, microinstruction STA2,
(in lecation 11A) tests for equal addresses fram the program
counter and memaory address lines. At the compietion of
STA2, MPLE + i3 set indicating :Ne addresses are equal.

STAX

Microinstruction STAX (in locaton 10A) specities a second
mMemaory request Operation to MaiNtain the iNSruction pipe«
ling. The central control continues executing STAX yntil
the memory store ogeration initiated by SWA40 is com-
plated. At the compietion of the memory store aperation,
contents of the A reqgistar are storsd in both the instruction
butfer and memary location n + | (due 1o MPLE +),

SSIM

The centrat control now inihates the instruction tetch
operation and enters standard state 3 (SSIM) to decode
the next instruchion (the one just loaded inta the instruction
butter).

4.38

ST\ (138)

INITIATE INSTRUCTION
FETCH USING P

SSZM [ 4 092)
INCREMENT »

INITIATE INSTRUCTION
FETCH USING #

$S3Im v (Q20)

DECOOE INSTRUCTION
SUFFER

TRANSFER SUFFER TQ
INSTRUCTION REGISTER

ENABJLE INTERRUPTS

SELECT AND RESET
INTERRUPT FLAG

SWAI0 v (182)

MASK [NSTRUCTION
REGISTER 8ITS 0Q THRU 10

. LOAD QPERAND REGISTER
START MEMCRY QPERAND
EETCH USING ALU

SWAZ0 v (127

FIELD SELECTIOMN INSTRUC-
TION REGISTER 3ITS 13- 1§

g s™ 0@
LOAl b (1€0)
[NCREMENT p
INITIATE [NSTRUCTICON
FETCH USING P
L0A2 v (Q8S)

COPY MEMQRY INPUT
REGISTER INTQ RO

TRANSFER BUFFER TO
INSTRUCTION REGISTER

OECOOE INSTRUCTION
BUFFER

SELECT RESET [NTERRUPT
FLAG

DECORED SINGLE WQRD
ADQRESSING INSTRUCTION

¥TH- 1958 A

Figure 4-55. Flowchart lor LDA Instruction
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SECTION S
MAINTENANCE

Maintenance personnel shouid be familiar with the
contents of this manual befors attempting processor
troublesnocting. The MAINTAIN (il test program system
(MAINTAIN Il Manual) contains an instructions test
program used to isotate a malfunction to a particuiar group
of instryctions. Further diagnosis can then be made by
reterring to this manual.

5.1 TEST EQUIPMENT

The following test equipment and tools are recommended
for processor maintenance:

a. Qscilioscope, Tektronix type 547 with duai-trace piug-in
unit, or equivailent.

B. Muitimaeter, Tripiett type 630 or equivaient.

¢ Soidenngiron, 15-watt pencii type.

5.2 CIRCUIT BOARDS

The processor and option boards are four-layer PC boards.
The two cuter layers provide signal interconnections for the
circuit components. The two inner layers provide low.
impedance ground and power-voitage distnibution, and 90-
ofrm mucrostrip transrmission lines for all signals. The ICs
contamed on the boards consist of LS! read only memories;
MSI multiplexors, decoders. and registers; and SSi gates
ang flip-flops. The controi-panel circuit board contains only

.
o

two outer layers for signal interconnections of the aircuit
components.

If it has been determined that circuit-board repair is re~
quired. it is recommended that the Sperry Univac
customer servics department be contacted so that a new
circuit board can be installed in the user's system and the
fauity one returned to the factory for repairs. Mowever, it
the user decides to perform his Qwn repairs, extreme cayu-
tion should be used 3o that the circuit Doard is ot perma-
nsnily damaqged. Approved repair procadures shouid be
followed such as the ones described \n document (PC-R-
700A prepared by the Institute of Printeg Circusts.

5.3 CIRCUIT-COMPONENT IDENTIFICATION

For IC components, the processor and aption boards have
location coordinates that are used in the logic diagrams as
reference desigrations. For exampie, 3 flip-tlop designated
3 1 the processor logic diagram 1s in the IC package at
location row-C column-8 on the processor board. For .
giscrete components, the reference designations used n
the logic diagrarms appear on the circuit board adjacant to
cach component.

For the control-panel board, ail reference designations used
n the logic diagrams appear on the cireuit board adjacent
10 each component.

Parts lists in the System Maintenance Manual provide a
Gross reference between Sperry Univac ang the manuy-
facturers part numbers.

L



SECTION 6 -
MNEMONICS

This saction presents an aiphabetized list of processor
signal mnemonics with definitions (table &-1), and de-
scrides certain conventions used in developing the
mnemanics.

Polarity

Plus or minus signs are included at the end of each
processor mnemonic. The plus sign indicates the signat is
at 2 high logical level when its function i3 being performed,
The minus sign indicates the signal is at 3 low logical level
when 1ts function is beng performed. A signal that is the
logical inversion of angther uses the sarme mnemonic with
an opposite sign; these signais are compiements of each
other.

17Q bus signal mnemonics end with = |,

° Source [dentification

The first letter of a signal mnaemonic indicates the
functional section in which it originates:

First Lotter Source

Data loop

Central controf
Mernory controt
1/Q eontrol
Control panet
Power supply
Common logic
TTY

PMA

Memary protection
Real-tirme clock
Power failuresrestart
Memary

<WmBWP ArET2—"ZTO00

Tabile 6-1. Mnemonics

Description

implements the disabling of a3 memory request
Transfers contents of instruction decoder onto

Transiers contents of instruction decoder onto

Systern reset or control-pans! interrupt (STEP).
Transiers contents of register-field selector onto

Transiers bits from controi-store output bdus to A fieid

Detects control-panel interrupt forcing control-store

Transfers contents of instruction field sefector to

Mnemonic
CABRT-
CACIDA +
controj-store address bus.
CACIDB +
control-store address bus.
CACIDE + Enables instruction decading aperations.
CADEQ1
CBAEZE +
control-store output bus (bits Q-7).
CBABNn + Two bits. AB fieid
CBAFNn + Five bits, AF fieid
CSAKE=
CBFSa + Four bits, FS heid
C8Gn » Four bits. G fieid
CBIEN=- Disabies control-store output bits O-7
CBIMnA + Three bits, |M fieid
C8in + 64 Bits, controi-store outputs
CBMR + One bit, MR fieid
CBMSn + Five bits, MS fieid
CBMT MT.field bit
C8Sn + Two bits, S fieid
C8Tn + Two bits, T fieid
CBTSn « Four bits, TS field
CCPRQ +
address to low state
CDREN + Partial enable for imstruction decoder
CEAOM- Nine bits, control-siore address
CEAFS +
control-store address
CEAIA + Enabies interrupt request
CEATS + Selects TS fieid for control-store address
CEAl-

Allows instruction fieid selection when T 1s not zaro

6-1



MNEMONICS

Mnemonics

CECKM=
CESK +
CFSAn 4
CFSBn «+
CIDA2n +
CIDA3Nn +
CIDIO +

CIDIMK +
CIOR +
Clos2n =
Cl10S3n +
ClIOT32-
CIOXXn +
CINTF +
CINTS=
COVRM +
CRQIO
CRQM +
CSAMCC
CSAMOV
CSEQn +
CTEQn +
Q=
DALN +
DASEBN «

DAZR-

DBAD +
O8Cn=

D8sSn+
08ZB~

OCIN=
DCKn «
DCNOC +

DCNQZ +

DCRYQ +
OCRY1 +
OCTZ +
0C0n +
00Qs-
DEQ+

DFAAN =
OFAN=
DFBAn +
OF8n=
OFi.Ch +

OFTT +

OFUNQ +
OFUNL +
DFUN2 +
DFUN3 +

Table 6-1. Mnemonics (continued)

Description

Clock control signal

Supervisor control signal

Five Dbits, instruction-field selector A output
Five bits, instruction-field selector 8 cutput

- Nine bits, instruction cecoder A2 output

Nine bits, instruction cdecader A3 output

Cutput signal trom insirustion decoder. Migh for 1/Q
operation

Processor decoded jump and mark

Special decoding of register-to-register instructions
Twa bits, instruction dacoder output

Three Dits, instruction decoder output

Instruction decoder output

Four bits Q, 2, 3.5, instruction decoder output
Processor interrupt flip-flap

When low, disables the instruction decoding logic
Implements override of mamory reguest

" Processor 1/Q request

Requests memory service {in conjunction with CASRT=-)
Enables conditional cade cantrol

Enadbles overtiow controi .

Thres Dits, decoded S field

Four bits, decoded T fisid

16 bits, instruction register output

18 bits, ALU outputs .

When high, the last entry to the register file A
address 0000 was negative

When low, the tast entry to the register file A address
0000 was zero :

Byte address

18 bits, latch B feedback path

Four Dits, gated address for register file 8

When low, the last entry to the register file 8 address
Q001 was zero

Decoded carry-in to bit Q of ALU

Four Dits, output of data loop key register

At the last condition sampied. the carry-out of the ALU
was true

At the last condition samgied, the output of the ALU
was Zero

Carry contral LSB, bit 13 of mask field

Carry control MSB, bit 14 of mask fietd

Shift count equais zero

Carry-in signais from carry generator to ALU

Quatient bit input to OFBAQ +

At the last condition sampied, the A and B inputs to
the ALU were equal

Four bits, address for register file A

16 its, output of registar file A

Four bits, address for register file 8

16 bits, output of register file B

Latch strobe, enables lateh fsedback path, disabiles ail
gating paths

When high, the condition i4 met for a jump. jump ‘and
mark, or execution test

ALU function control LS3

ALU function control bit 1

ALU functian control bit 2

ALU function contrati MSB



Mnemonic

DGLAQ +
OGLAL +
OGLBO +
DGLB1 +
DGMO +
OGPR +
OGn +
DGRCO +
DGRC1 +
DGRC2Z +
DIMEN +
DxABB

DKOR=
DKPR-
DKSCR=
DLAGL =
OLAGR »
DLAGS »
DLBG! +
OLBGM =
OLBGS +
DLBMX +
OLBn «
DLCa
OLTZ »

DMFC =
OMORE +
DMXm=
DORN +
DOSn »
DQVF «
DOVSMP +

DPRA +
ORCS +
DRCI +
DRC2-
DRC3-
DRCA *
DRCS&~
ORC7=-
DR47 »
DSCON +
DSCa +
DSGN -+

DSGn +
OSHFTA

DSLoo +
DsSM1-
DSPn +
DSROV +

DSR15 +

MNEMONICS

Table 6-1. Mnemonics (continuea)

Description

Laten A controi LSB '

Latch A control MSB8

Laten 8 controi LSB

Lateh B control MSB

ALU mode contrei dit  bit 15 of mask

Gates the P register through latch A

Duecoding signais of lower two bits of SH field
Register control LSB (R field)

Ragister control middle bit (R fieid)

Register control MSB (R field)

Enables multiplication sign bit to bit 15 of lateh A
Clock to control-store butfer bits 8 through 31 and Q
through 3

Operand register clock

Program counter clock

Shift counter clock

Gates file A data shifted left through latch A

Gates file A data smufted right through latch A
Gates file A data straight through latch A

Gotes | register through latch 8

Gates mask fieid through lateh 8

Gates tile B data straight through latch B

Gates B multipiexor through lateh 8

16 bits, lateh 8 outputs

16 bits, latch A fesdback path

The current contents of the | register bits 3.3 ang
it O are 2ero

Data loop full clock distritution

Oecoded mode control to ALU

16 buts, output of B muitiplexor

16 bits; output of operand register

2 bits, decoded control signals to operand register
When high. the overfow flag 1s sat

There 1s overflow, if the sample condition 15 on (set
DOVF +)

16 bits, output of program counter

Increments stuit counter

Loads program counter

Loads smift counter

Loads operand register

Increments program counter

Loads data-ilcop key register

Loads operand register and increments program counter
ORC4 or ORC7

Enables stift° or aperand register - (bit 11 of mask fieid)
Five bits, stuft counter outputs

Al the last condition sampied, the output of the ALU was
Aegative

Carry-generating signais from ALU ta carry generator
Three bits, controis latch A bits 1S and Q for stft
operations

Muitipiexed shift left input to operand register
Transters muitiplication sign bit to bit 15 of latch A
Carry propagating signals from ALU to carry generator
Enables sat or reset of averflow flag according to
eontents of control-store butfer

Muitiptexed stift ngnt input to operand register bit
15
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Table 6-1. Mnemonics (continued)

Mnemonics Description

OTCND + When high, the current test being gated through the test
multiplexor is true

OTKL= When low, enables sampie test flags

OV« V field bit

OW W fieid bit

DWCF + Enables data 0 be written into register files (bit 12
of mask field and WR field hit)

DWCN= When low, enabies data 10 be written into register files

DXn + Two bits, contral operand register (X field Dits)

DXZR=- When low, the last entry to the X register (file
address Q010) was zero

0ZTS~ When low the ALU output is 2ero

D3RC7- DAC3 or ORCY, either lcads operand register

IAKC1 110 acknowiscdgment of processor request (CRQIO +)

IMAR + gignt bits, 1/0 muitipiexor outputs

IRAN = Eignt bits, outputs of address counter (in |/Q contral)

IRON + 16 bits, outputs of 1/Q control-store

1BAD Byte address

ICA = Interrupt clock generator, flip-flop A

1ICH « Interrupt ciock generator, fip-flop B

ICC + Interrupt clock generator, flip-flap C

1CD + Interrugt clock generater, flip-flop D

1Ico08 + Control signal for 1/Q multipiexor (in 1/Q data loop)

1ICD1 + Caontrot signal tor 1/Q muitiptexor (in 1/0 data locop)

ICD28 + Control signal tor 17Q register (in 1/Q data loap)

€038 +~ Control signal tor 1/Q register (in 1/0_cata loop)

ICD4A + Enables 17Q drivers (in 1/Q cata loop)

ICRY » Reserved for future use

I0CIR + When high, tha processor i3 able to servics interrupt

IDN + 170 done flag sent to processor

IONC~- 1/Q done signai sent to procussor

10RY = ORYX.1, 1UJX-l and ORYF- timing signal

1EFn » Thres bDits, least signification bits of 170
cantroi.store ward (buffer output)

IEIDLE- Idle enable flag

1EJMR » Enable 1UJX-

IESMP + Sampie penod of normal nterrupt clock

IEWAIT + Wait enable flag

1EXW + Exit external wait

IFC « Full clock, 163 nanosacond period

IFRY + FRYX-l, FRYF.I, and CRYF-} timing signal

IHC + Haif. clock, 165 nanosecond period, (80 degree phase
shifted fram (FC

1HSD = Hign-speed OMA flip-flop

IHOLE= Inmibit die

11 T= Intmbit timing

HNMHG= Clock infuthtor

HNKF + interrugt clock inhibitor, fast rate

IHINHN « interrupt clock inhiditer, narmal rate

IINTF & 1/Q interrupt flag

IIMRK + Decaded interrupt for a jump and mark instruction

ILDAD=- Loads address ‘into address counter

IMANR + gight bits, 1/Q muitipiexor outputs

IMXAD + 17Q contral muitipiexor selector

INSD + OMA flip-flop

100C + Reserved for future use

ows Ward/byte

IRAR + Eight bits, outputs ot address counter (in 1/Q

) control)
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IROn +
IRQC +
IRQM +
IRST=
1SMF +
1SMI
ISRO +
ITRPF +
ITRPN &
IUAF +
IJAX
IURX =
IWLMC=
IWRMC-
IXRSA3 +
IXRSAL +»
KKC2 +
MABE
MAKIQ =
MAKQ =
MAMR +
MASLA +

MCDFC-
MCDHC-
MCPA +
MCP8 +
MCRA «

MCRS -
MCRP +

MOBE +
MOMnR =
MONC-
MFC-
MHC-
Mitn +
MIMCn +

MIMNZ-
MIOLN +
MIOW +
MIRA=

MIRB +

MIRP +
MMIL-
MMIOL~
MMt
MPLE +
MQC-
MRQ-
MRQSC -+
MRS] «
MRS2 +

MNEMONICS

Table 6-1. Mnemonics (continued)

Description

16 bits, outputs of 1/0 cantrol store

Interrupt request from 1/Q controi to processor
1/1Q requested by the memory

170 reset

Reserved for future use

Program interrupt pending

Sense flip-flap

Fast trap request

Normal trap request

Interrupt acknowiedgment fast

Interrupt acknowiedgment normai

Program interrupt

1/Q write, left byte

17Q write, right Dyte

Bit 3 of externai-request sequencs address

Bit 4 of externai-request sequence address

165 nanosezond clock driver

Transiers address to memory address bus

Memory control acknowledges 1/Q

When high, the PMA request is accepted

18 bits, memory address muitipiexor output

Twe bits, seiection signals for memory address
muyitipiexor

165 nanasecond fuil clock, gated

165 nanosecond half clock. gated

Phase A of clock generatar

Phase B of clock generator

Wher high, the processor request 1S accepied on
positive edge of full clock

When high, the processor request is accepted on
negative edge of full clock

When high. the prionity logic enables the processor's
memory renguest

When high, enables memory data bus drivers

16 bits. memory data muitipiexor output

Memory done

165 nanasecond fuil clock

165 nanasecond half clock

16 bits. sutput of mermory input lateh

Twa Dits, stores Dits O and 1 of IM fieid to specifies
read/wnite operation

Goes low when M fieid bits 2 and 3 are not both zero
16 bits, output of memory {/Q lateh

When high, a memory write aperation for |/Q data
When low, an |/Q memory request 18 accepted on the
positive edge of the full clock

When high, an |/Q memory request is accepted on negative
edge of fuil clock

When high, an 1/Q memory request is enabled
Loads mernory data into memory mnput latch
Loads mernory data inta memory |/Q lateh

f.oads mernory daia inte instruction buffer
Address comparator output

Qscillator cloc'

Memory request from control sequencer

Memory request sampling clock

Memory sequencing flip-flop 1

Memory sequencing flip-flop 2
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6-6

Mnemanics

MRS3 +
MWLY +
MNRY +
MYAN +
Mlin +
SERX «
SMRQ +
XCSEN +

Table 6-1. Mnemonics (continued)
Description

Memory sequencing flip-flop 3

Laft-Dyte control trom memory writing drivers
Right-byte control from memory writing drivers
15 bits, memory address bits

16 bits, instruction register outputs

Sensa response:

Reserved for future use

When high, enabies the controi-store (read only)



	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	1-01
	2-01
	2-02
	2-03
	2-04
	3-01
	3-02
	3-03
	3-04
	3-05
	3-06
	3-07
	3-08
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
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