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PREFACE 

TO THE READER 

This manual describes the NORD-100 Input/Qutput system architecture and 
principles from a hardware standpoint. 

The description is general, not aimed at any particular device controller. Hence, 

this book is not a maintenance ''trouble shooting’’ manual. 

The main intention of this manual is to describe the parts of the 1/0 system that 

are common to all device controllers. That is, to give the needed background to 

understand the fundamental design concepts in the NORD-100 Input/Qutput 
system. 

In the manuals covering specific device controllers, a knowledge of these concepts 
is assumed. 

Since this is a hardware manual, it should be of interest to; 

— all technical and maintenance personnel who wish to gain a good under- 

standing of the connection of {/O interfaces to the NORD-100 computer 

system. 

—  system software persocnnel who program |/Q interfaces. They should read 

Section |, 

PREREQUISITE KNOWLEDGE 

It is assumed that the reader of this manual is familiar with the NORD-100 CPU at 

the level described in the manual “NORD-100 Functional Description”. 

It is also assumed that the reader has some knowledge at the NORD-100 instruc- 

tion set and assembly programming. 
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THE MANUAL 

This manual is meant to be read from the beginning to the end since some sections 

assume knowledge of the previous sections. 

Section | describes the NORD-100 /O system in general terms as seen by a 

programmer. This part does not require particular knowledge of the involved 

hardware. 

Sections |l to V deal with the hardware implementation of the I/O system 
functions programmed in Part |. 

Section Il describes the functions of the system bus (the NORD-100 bus). 

Section Il describes using the NORD-100 bus in programmed information 

exchanged. 

Section IV describes the separation of interrupting |/ Q interfaces. 

Section V covers how information is exchanged directly between the NORD-100 

memory system and |/ O interfaces. 

Section VI covers the NORD-100 bus extender. 

Related manuals containing relevant information about the NORD-100 

Input/OCutput system are: 

- NORD-100 Functional Description 

— Different specially dedicated device cantroller manuals, available on request 
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GENERAL 

NORD-100 is a 16 bit general purpose computer suitable for most computer 

Requirements to a computer system changes from one application to another. 

Therefore, flexibility has been one of the key words in the design of the NORD-100 

computer system. 

The basic difference from one installation to another is found in the memory size, 

the software configuration and in the input/output system, i.e., the selection of 

peripheral equipment. 

Therefore, a flexible and modular design of the above mentioned modules is 

specially important in order to configure a system after a customer’s wishes. 
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NORD-100 INPUT/OUTPUT SYSTEM OVERVIEW 

INTRODUCTION 

The purpose of the input/output system (/O system) is to perform the physical 

communication between connected peripheral equipment and the NORD-100 

computer system. 

The user normally does not interact directly with the |/O system, only indirectly via 

the operating system. 

Thus, all I/0 operations are normally invisable to the user. 

However, privileged users may access the |/Q system directiy and users with 

special real-time requirements (running direct tasks) may bypass the 1/Q system 

for direct access to specific devices. 

DEFINITION OF TERMS 

As shown in Figure I.1, the |/ O system is part hardware and part software. 

DEVICE 

OATA BUFFER 

      

  

  

     

  

    

                      

  

      

| 

| 
PAROCESS SINTRAN QEVICE [ DEVICE 

{user 11 ORIVER I |ICONTROL- Siterian 

program) =% OoP, - LER Device 
SYSTEM \ /v' | 

| 

_;‘:_..fi.. DEVICE DATA ] 
r FIELD l 

DEVICE REFERENCE 

TABLES (DATA FIEL%S) 

SOFTWARE : HAROWARE 

| 

Figure |.1: Fundamental Elements of the 1/0 System 

Figure 1.1 shows some of the important elements of the |/Q system. The picture is 

not complete, but it illustrates the chain of linkages that are basic to the /0O 

system. 
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A device controller, as shown in Figure 1.1, is the hardware |/Q interface. The 

functions of the device controllers is to: 

— synchronize the speed between a peripheral and the NORD-100 

— formating of data to and from the peripheral 

Depending on the particular controllers, the device controller may drive only one 

peripheral {such as & terminal) or may be capable of driving several peripherals 

{such as disk units). 

For each device controller there is an entry in a device data field table. A device 

data field defines a device and is used by a device driver, the program that 

accesses and controls a peripheral. 

For each device there is a device data buffer where information between the 

operating system and the |/ QO system is exchanged. 

This manual is intended to give a functional description of the hardware involved in 

the 1/0 system. 

ND-06.016.01



1.2.1 

(—2-1 

NORD-100 ARCHITECTURE 

NORD-700 BUS STRUCTURE — THE NORD-100 BUS 

In the NORD-100 computer system all hardware modules are connected together 

via a common bus, the NORD-100 bus {see Figure 1.2.1). 
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        MODULE     

    

          
      

  

  

    

  

    

La | 
s 

oprioNAL” | = : _ 
| ospLAY ¥ [ OEVICES : 

  
PANEL 

Figure [.2.1: NORD-100 Bus Structure 

All communication between NORD-100 modules is provided by this bus, except 

CPU, MMS and Cache communication. Therefore, the NORD-100 bus is general 

purpose, to allow ail classes of NORD-100 modules simply to be “plugged’’ into 

the system. 
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[.2.1.1 Physical Arrangement of the NORD-100 Bus and Card Crate 

Physically, the NORD-100 bus is available as a printed backplane. The backplane is 

available in two versions containing either 12 or 21 positions for module connec- 

tion. Besides the different numbers of positions, there is no difference between the 

two versions as far as the connection of hardware modules is concerned. 

However, the difference between a 12 or 21 position system is easily visualized by 

the organization of the card crates and the size of the cabinets. 

In the 12 position version, the required power is supplied by a power supply 

located within the card crate (refer to Figure 1.2.2). This approach leads to a very 

compact system, 

7 77222 s 
¥ CONNECTION 

OF MODULE 

DEPENDENT 
420mm CABLES 

  

  

  

    
  

  

VIS T IO T T OISO T, 
  

POWER 

SUPPLY 

  

(Ll L L 
  

et NORD-100 BUS 

BACKPLANE 

                                
  

AT 
e 510mm     

Figure 1.2.2: 12 Position NORD-100 Crate Layout (Top View) 
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In the 21 position version, the power supply is removed from the card crate and 

located in the upper part of the cabinet (refer to Figures 1.2.3 and 1.2.4). Thus, the 

cabinet must be bigger that the cabinet for a 12 position crate. 

  

AL LA s s 
CONNECTION 
OF MODULE 

i DEPENDENT 
CABLES 

420mm 
A L S VAT A l 

  

  

  

  

  

  

‘ NORD-100 
|_— 8Us BACKPLANE 

                                                    P TR Y 
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Figure 1.2.3: 21 Position NORD-100 Crate Layout (Front View) 
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  POWER SUPPLY       

          
  

  

REMOVED 

  

  

           

  

i    I[™ 21 POSITION 

NORD-100 CRATE                       
Figure 1.2.4: Cabinet Layout for a 21 Position NORD-100 Backplane System. 

The NORD-100 bus backplane of either 12 or 21 positions is, therefore, firstly 

selected from the number of modules required in an actual system. 

On the other hand, physical dimensions in the cabinet and possible needs for 

future extension could also be taken into account. 
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In some cases, a configuration may require space for even more than 21 modules. 

In such cases, NORD-100 card crates are linked together by Bus Expander 

modules. The number of crates to be linked is set to a theoretical maximum of 8 

crates. 

The properties of the Bus Expander module are explained in Section VI, 

Each NORD-100 bus backplane position contains a total of 96 lines (power and 

ground lines included). 

All positions in the backplane contain the same information, i.e., they are equal. 

This allows flexible configuration or reconfiguration of hardwara. 

The actual placement of different modules follow various rules which are described 

later. 
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FUNCTIONS OF THENORD-100 BUS 

General 

As already mentioned, the NORD-100 bus serves as a general purpose highway for 

data and addresses in the NORD-100 computer system. 

The actual function and use of the bus depends on what kind of transfer is being 

performed. 

NORD-100 Bus and the /0 System 

General o 

As illustrated in Figure [.2.1, NORD-100 1/O device controliers are connected 

directly to the NORD-100 bus. This includes some important advantages: 

—  The |/0 device controilers are connected to the same printed backplane as 

the CPU and the memory system; 

— no external wiring 

— increased realiability 

— only one bus to connect between source and destination of a transfer makes 

a fast system. 

— [/O device controllers and slot number in the NORD-100 bus is not 

predefined: 

— easy to expand 

— easy to reconfigure 
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1.2.2.2.2 1/0 System Information Exchange and NORD-100 Bus Usage 

External devices may be classified as: 

1. Slow character/word oriented devices (for example, terminals) 

2. High speed biock oriented mass storaged devices (for example, disks, mag. 

tape) 

Data exchange between these classes of peripherals and NORD-100 falls into one 

of two categories. 

Programmed Input/Qutput (PIO) 

The first class is completely controlled by program. This is called Programmed 

Input/OQutput (P10), 

In programmed data transfers, each word or byte to be exchanged has to be 

programmed between the selected |/Q device controller (interface) and the CPU A 

register. 

This is illustrated in Figure 1.2.3. 

NQRD-100 8US 
  

  

  
      
  

  

TanSLeS SRS oSS \\\\I_\x\ TSSsS \\x\\,: 
4 

@ b :[l "Q"’ t 
L 1 e > L I 

.| MMS OMA P1O MEMORY 
e CACHE CONTROLL.ER CONTHOLLEfl MODULES                     

Figure [.2.3: PIO Data Exchange and Bus Usage 

The CPU is busy for every word/byte to exchange. The NORD-100 bus is allocated 

to carry data being exchanged. 

Direct Memory Access (DMA) 

High speed block oriented peripherals exchange data directly with the NORD-100 

memory system. This is called Direct Memory Access (DMA), 

The 1/Q interface which controls the transfer, is activated by a driver program in 

SINTRAN IIl. The activation includes telling the I/Q interface where to place/find 

data in memory, where to find/place data on the external device and the number 

of words to exchange. 
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The number of words specified is then transferred automatically without program 

{CPU) interaction. 

DMA data exchange and bus usage is illustrated in Figure 1.2.4. 

  

  

                

  
  

NORD-100 BUS DMA DATA 
L A A A 

t i fl ' / r A | L I L L ‘{ 

OMA PIO MEMQRY 
CPU <+—4 (IMS CACHE CONTROL.(S) CONTROL.(S) MODULE(S) 

                        

Figure 1.2.4: DMA Data Exchange and Bus {sage 

The CPU may run any activity not waiting for the DMA, transfer to be completed. 

The NORD-100 bus is allocated for a DMA transfer when a word is ready to be 

exchanged. The connection between a DMA controller and the memory system is 

referred to as a "DMA channel”. More than one DMA controller (interface) may 

be activated at the same time, thus sharing the DMA channels total band width. 

ORGANIZATION OF NORD-100 MODULES 

All NORD-100 modules are made to a common standard. Every module has at 

least one connector used for connection to the NORD-100 bus. In addition, a 

NORD-100 module may have one or two extra connectors carrying a total of 128 

lines (64 lines in each connector). 

  

  

128 lines with 

nondefined use NORD-10Q0 bus connectron 
A — 

£ \ fr \ 

el ] i 

A 8 C 

Component side 280 mm 

      Pr——————— 366.8 mm e 

The plugs are assigned an identification letter as illustrated. The plug used for 

connection to the NORD-100 bus is assigned the letter C. This plug contains 96 

pins; each of them defined in accordance to the NORD-100 backplane (bus) 
standard. 
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The plugs A and B each carry 64 lines with nondefined use. In the design of /0 

device controllers these plugs are used for connection to the external devices. 

In Figure 1.2.5 the organization of an /O device controller is shown. 

  

  

  

128 lines for device NORD-100 bus 

connector connection 

A, Y 
r 3 r N 

L ] 1 J 1 | 

A 8 C 

One or more device controllers i Standard * 

NORD-100 bus 

receivers/transmitters 

280 mm 

COMPONENT SIDE 

LQ————— 366.8 mm ——————————————— 

Figure 1.2.5: Organization of an [/ O Device Controller Module 

  
    

* The standard part includes bus handshake control logic. This part is standarized 

for: 

— all P10 device controllers 

— all medium speed DMA controilers (10 Mb disk, mag. tape) 

** The device dependent part may handle up to four different PIO devices or one 

DMA controlter. A DMA controller may handle up to four units. 

Example - one module: 

— four terminals and floppy disk 

— 8terminals 

— one 10Mb disk controller (up to 4 units) 

— one mag. tape controller {up to 4 units) 
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NORD-100 CONFIGURATION EXAMPLES 

Figure 1.2.6 shows a typical medium sized NORD-100 single processor system. 
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Figure 1.2.6: NORD-100 Single Processor System 
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Physical layout in the card crate of the configuration shown in Figure 1.2.6 is given 

in Figure 1.2.7. 

[ NORD-100 CPU MODULE 

  MMS & CACHE 

  10MB DISK CONTROLLER 

DATA ENTRY MEMORY MODULES 

CONTROLLER 
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| 

AN 777777727 7 L, 
  

                                    
  

Figure 1.2. 7: Configuration Example — Physical L.ayout in Card Crate 
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PROGRAMMING OF 1/0 DEVICE CONTROLLERS 
(INTERFACES) — THE INPUT/OUTPUT INSTRUC- 
TIONS IOX/IOXT 

GENERAL 

Neither a PIO interface nor a DMA controller starts an 1/O transfer of their own. 

They have to be activated. The activation is done by the relevant device driver 

program when a transfer is requested (either from user program or from an 1/0 

device controller through a hardware interrupt). 

The control of an 1/O device interface includes programmed access to physical 

hardware registers on the interfaces. Two special machine instructions are 

implemented for this purpose. 

INTRODUCTION TO /0X/IOXT 

In the NORD-100 instruction set there are two instructions usable for information 

exchange between the hardware device controllers and the CPU. 

The mnemonics of the instructions are 10X and IOXT recognized by the MAC 

assembiler. 

NOTE: 10X and IOXT are privileged instructions. That is, under a running system 

{SINTRAN Il running) only privileged users may use |0X/IOXT. This is 

normally the device driver programs belonging to SINTRAN I itself. 

Nonprivileged use is detected and error message given. 

If SINTRAN [lI is not running and paging is off, |0X and |OXT is available as other 

nonprivileged instructions. 

Programs containing 10X/I0XT may then be entered in executable format either 

via the Microprogramed Operators Communication (MOPC) or from a mass 

storage device as floppy disk. 
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FORMAT AND FUNCTIONS OF THE I0OX AND I0OXT INSTRUC- 
TIONS 

In the NORD-100 instruction set, |OX and |IOXT are the only instructions useable in 

information exchange between CPU and |I/O device controllers. 

Neither the |IOX nor the I0OXT instruction perform any predefined functions on the 

I/Q device controlilers. 

Their only purpose is to carry information between the CPU A register and a 

specified 1/ 0 device register. 

The actual function of the I0X/IOXT instructions depend on the selected //0 

device register. 

All I/0 device controllers are assigned a group of registers, each of them having a 

special meaning on the interfaces. Therefore, the programmer, by specifying an 

appropriate register on a device, assigns the exchanged information a special 

function. 

Thus, all classes of information may be exchanged: 

— data (byte or word) to or from PIO interface data registers (not DMA inter- 

faces) 

— transfer control information to P10 and DMA interfaces control registers 

— transfer status information from PO and DMA interface status registers. 

Instruction Forrnats 

All 1/0O device registers are assigned an address referred to as "'device register 

address”’. That is, both the I0X and |OXT instructions access an |/Q device 

register by its address. 

10X Instruction Format 

In the |OX instruction, the address of the |/0O device register to access is specified 

in the 11 lower bits of the instruction itself. 

I0X <device register address> 

15 14 13 12 11 1098 7 6 586 4 3 2 1 0 
  

    
1 1 1 0 1 X X X X X X X X X xxOctalcode1640008 
    
  

“ o /J 

N 2 4 

Operation code Device register address 

for micro program specified by programmer 
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/1OXT Instruction Format 

In the IOXT instruction, the device register address should be loaded into the T 

register prior to executing IOXT. 

LDT <device register address> 

  

    
  

I0XT 

15 14 13 12 10 

P S S x x | T register 

N J 
  

3 . 
Device register address specified 

by programmer 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 QO 
  

11 0 1 0 0 010 0 GO0 11 Q0 1 Octalcode1504158 

    
  

Y 
Operation code for 

microrprogram 

Definition of IOX/I0OXT Transfer Direction 

The 10X and IOXT instructions handle both input and output transfers. An input 

transfer in this context means input to the CPU A register from a specified /O 

device register. An output transfer means output from the CPU A register to a 

specified |/ O device register. 

The actual transfer direction of the |0X and IOXT instructions is decoded from the 

device register address based on the following convention; 

- The transfer direction is input if the device register address is even. That is, 

bit O of the address is 0", 

—  The transfer direction is output if the device register is odd. That is, bit O of 

the addressis "1, 

The programmer is not affected by this convention. All |/O device registers which 

should be loaded from the CPU A register (output transfer) are assigned an odd 

device register address. 

All 1/0O device registers which should be read into the CPU A register (input 

transfer) are assigned an even device register address. 

How hardware uses bit 0 in the device register address to select the transfer 

direction is described in later sections. 

ND-06.016.01



-3—+4 

10X/10XT Transfer Direction lllustrations 

Input Transfer: 

An 1/0 device register specified with an even device register address is loaded into 

the A register. 

  

    

      

        

        
    

even device register 

address (bit Q0 = “0") 

specified 1/0 device register 

Hustration: 

10X Input: 

[ 
| 

v | 
| 

A REGISTER | 

| 
| 
I 

5 1110 9 1.0 | 

10X X X X ieecerianinees ore x 0 ; ® 

\-——-_Y_-_I l 

1 
| 
| 
i 
I 
| 

  

    

      

  
  

  

  

  

            

  

      

cPy 1/Q SYSTEM 

1OXT Input: 

[ 

CcrPy | 1/Q SYSTEM 

v | 

A REGISTER I 

I 
15 10 I 

X X x 0 ] 

T register: even devica register address : Soecified [/O device register 

| 
IOXT [ 

Instruction register I 

crU l I/0 SYSTEM 
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Output Transfer: 

The CPU A register is written to an |/Q device register specified by an odd device 

register address. 

  

  

  

      

    

  

  

          

    o 
Odd device register address Specified |/0 device register 

lllustrations: 

10X Qutput: 

| 
| 
| 
I 

A REGISTER * | 
| 

15 1110 9 10 [ v 

10X X X vsrererenene snn X1 ! > 

| 
I 

  

  

  

  
  

    
  

              

  

      

cPU 1/0 SYSTEM 

10XT Qutput: 

| 
| -+ 

A REGISTER | 

15 14 = 1.8 | 3 

v, ol xx%xx1 i 

Odd device register address in T register I Specified 1/Q device register 

I1OXT [ 

instruction [ 

cPU | 1/OsYSTEM 

As indicated, the I0X and IOXT instructions are general purpose /0 instructions. 

The actual register on a device to access is specified in "device register address”’, 
The information to exchange and the transfer direction (input or output) is given im- 
plicitly through the selected device register address. 
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CALCULATION OF THEIOX/IOXT DEVICE REGISTER ADDRESS 

In order to form the device register address, a basic understanding of the organi- 
zation of the device registers is needed. 

Logically, the collection of all 1/O device registers may be thought of as a 

contiguous register file. 

Physically, each 1/0 device controller is assigned a group of registers. Thus, the 

registers are located and accessed on the modules where they are relevant. 

The Device Register Address Range 

By using the 10X instruction a total of 2K registers may be specified, i.e., 

addresses from 0 - 3777,. 

The IOXT instructions, which use the 16 bits T register to hold the device register 

address, may hence theoretically address up to 64K registers (addresses from 0 - 

177777,). 

However, the collection of all device registers implemented on interfaces designed 

at Norsk Data only cover the address area 0 - 1777,, i.e., 1K register. 

The remaining addresses, which may be specified by the I0X or IOXT instructions, 

are defined as described below. 

The 10X Instruction Address Range 

The address range covered by the I0OX instruction is organized as illustrated below 

(Figure 1.3.1). 

Device register address 

  

  

        
  

  

  

        

" 
16 1110 9 0 

1 
10X C IXXEX wwiorrnrrnanens X X 

I 

s et ADDRESS 

. ADDRESSES -DEFINED 0 
: BY NORSK DATA 

c="g" DESIGNED INTERFACES 

1 17774 

20008 
ADDRESSES LEFT OPEN 

FOR CUSTOMER 

c=" DESIGNED INTERFACES 

Figure 1.3.1: 10X Instruction Address Range l 3777   
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As indicated, bit 10 in the I0OX device register address, equal to "0", defines an 

address defined by Norsk Data’s equipment. If bit 10 is ”1”, the specified address 

has to be defined by some customer designed equipment. 

The IOXT Device Register Address Range 

As already mentioned, the T register should be initiated with a relevant device 

register address prior to the exeuction of IOXT. 

The address range covered by the |OXT instruction is organized as shown below 

(Figure 1.3.2). 

Device register address in Tregister 

  

  

      
  

  

  

  

  

  

      

  

    
  

  

      

A % 

1614 1312 1110 9 B siscsuvmin s as e s 0 
| I | ' 1 I i 

i : : : IC' :xxx ..................... x 
o | Addresses - — ; ( 0 

00 00 0 0 x > » NORSK DATA 
. rl INTERFACES . 

17774 

2000g 
CUSTOMER 

00 00 0 1 x - j INTERFACES 

37774 
00 00 1 0 x [ 4000g 
. . 1 | 

a P 1 1 ; : > > | ILLEGAL : 
o1 11 1 1 x l' e 

J SYSTEM 100000g 
e CONTROL 00 0 o0 - > 10 ) REGISTERS 

1007774 

10 000 0 1 -J ' 1010004 

i > > RESERVED 
10 00 1 1 1 —}k 

1077774 
1 0 1+ 0 0 0 NORSK DATA 1100008 

b . a > —-L INTERFACES 

1777774   

Figure [.3.2: Instruction IOXT Address Range 

As indicated, if the bits 11-15 are all zero, the device register address of the IOXT 

instruction overlap in the |OX instruction’s address range. 

If one of the bits 11-14is /1" and bit 15is "0, the address is illegal. 

If bit 15 is set ("1”), registers not accessible by the 10X instruction may be 

specified. 
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Addresses from 100000, - 100777, are used to specify system control registers 

which have to be accessed via the NORD-100 bus. An example is the Error 

Correction Control Register (ECCR), physically located on the memory modules. 

ECCR is loaded by the TRR instruction. However, since ECCR is accessed via the 

NORD-100 bus, the micro program converts the TRR instruction to an IOXT 

instruction. 

The "'device register address’’ is generated by the micro program in the area 

100000, - 100777, (TRR ECCR is converted to IOXT 100115,). 

The registers in this address area is not relevant to the 1/Q system and are there- 

fore not discussed any further in this manual. 

Addresses from 101000, - 107777, are reserved by Norsk Data for future needs. 

Addresses from 110000, - 177777, are reserved by Norsk Data for future extention 

of the I/0 device register address range. 

Since all present |/0 device controllers designed at Norsk Data may be specified in 

the address area 0 - 1777, only this area is supposed to be accessible in the 

following sections. 

Further, since the addresses 0 - 1777, may be specified by both the 10X and the 

IOXT instructions which both have the same functions, |0X is the instruction 

which most often is referred to. However, convertion from I0OX to I0XT is given in 

some programming examples. 
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Specification of an /0O Device Register Address for Norsk Data 
Designed Interfaces 

As already mentioned, each I/0 device controller is assigned a group of registers 

with concecutive device register addresses. The total number of registers assigned 

one |/0 interface may be from 4 to 16 depending on the control functions needed 
on a device. 

Therefore, the device register address may be divided up into two parts: 

— device selection address (hardware device number — dev. no.) 

— register selection address to select a register within the selected device (reg- 

ister number - reg. no. — in selected device) 

The I0X/I0XT device register address is then calculated by the formula: 

<dev. reg. addr.> = dev. no. + reg. no. 

  

  

    
  

  

            

  

Devica Number e 
- Registers Q 

assigned 

one : 

b 1/0 ' 
' interface 

10X 

3gt0 17 

- " i, 

15 11109 ¥ 0 

1X 0 DEV.NOQ. REG. NO." The field REG. NO. may be from 

2 to 4 bits depending on the 
| : v numbers of registers assigned 

or IOXT : | i the specified device. 

i : | 
| 1 

| 
| | | 
¥ 

1514 13 12 11 10 9 ‘ o 

00 0 0 0 0 DEV. NO. REG.NO.* 
          

Figure 1.3.3: Device Register Address Calculation — Illustration 

For Norsk Data produced device controllers, both the device number and the 
register number have been standarized. The hardware device numbers (dev. no.) 
are available in a table. The numbers assigned the various registers on an |/0 
interface are given in the specifications following each 1/0 interface. 

How to use these tools in calculation of the device register address is given in the 
following sections. 
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Device Seflection — the Hardware Device Number {Dev. No. ) 

As indicated in Figure 1.3.3. 

The start (least) address of the block of registers on a device is referred to as the 

device’s hardware device number (dev. no.). 

The device number for Norsk Data produced interfaces are standarized and put in 

table form (in Appendix A). In Appendix A, the device register address range for 

the most common 1/0 interfaces is included. 

NORD-100 Standard Device Numbers (Appendix A): 

Device Register 

Addressrange ..........0nuiinenn DeviCe . vvvvviiii e 

3004 - 3075 i wirwananns i e m e s Terminal 1 

T 

device number (dev. no. = 3004) 

300, - 307, is the device register address range (8 registers are assigned terminal 1). 

A 

There is always a unique correspondence between a peripheral, the |/Q interface 

controlling the peripheral and a device number. 

The device number corresponding to an |/Q interface is selectable by a thumb- 

wheel on the module. This is done to allow equal hardware modules to cover all 

possible device numbers assigned one class of peripherals. 

Note that there is no relationship between a module device number and its slot 

number in the NORD-100 bus. 
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Device Register (reg. no.) Selection on an /0 Interface 

Each register implemented on an |/0 interface is assigned a unique number in the 

interface (register number — reg. no.). 

Each register is related to a special function on the interfaces. That is, when both 

the device number and a register number is specified, the information exchanged 

by I0OX/I0OXT has a defined meaning, given by the funciton of the selected device 

register. 

Each /0 device controller is described in a specification referred to as "the 

programming specification”. In the programming specification of an interface, the 

functions and the associated numbers of each register is described. (Programming 

specifications of some |/0 interfaces is given in Appendix B.) 

In order to understand the programming speicfications of an interface, the 

organization and register assignment of Norsk Data produced interfaces is needed. 

1/0 interface channels and registers: 

An I/Q interface is said to have two channels if it can handle both input and output 

transfers simultaneously. A one channel interface may handle either input or 

output transfers. 

Examples: 

One channel devices: 

— line printer interface {output only) 

— card reader interface {input only) 

Two channel devices: 

- terminal interface (output to terminal and input from keyboard) 

— communication controllers (output to line and input from line) 

Bidirectional {one channel) Device Controllers: 

— disk interfaces {may handle both input and ouput but not simultaneously) 
— mag. tape interface (same as for disk) 
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PIO INTERFACE REGISTERS ACCESSIBLE BY IOX/IOXT: 

On a P10 interface designed at Norsk Data, each channel is assigned at least three 
registers: 

— & control register 

— astatus register 

— adataregister 

The Control Register 

The control register is a "'write only” register (I0X/IOXT output). Commands 
(start/stop transfer, mode of operation) from a device driver program to an 1/Q 
interface channel is given through this register. 

LDA <command> % initiate A register 

10X <dev. reg. addr.> % write content of A reg. to specified control reg. 

The Status Register 

The status register is a “read only’" register (I0X/IOXT input). By reading this 
register, the status of an 1/0 interface channel (ready for transfer, busy, errors, 
etc.) may be investigated. 

LDT <dev. reg. addr.>% initiate T reg. with dev. reg. addr. of the status reg. to 
% access 

I0OXT % specified status reg. — A reg. 

The Data Register 

The data registers is "write only’’ if it belongs to an output channel or “'read only”’ 
if it belongs to an input channel. 

Output Data: 

LDA <data> % initiate A reg. with data to output 
10X <dev. reg. addr.> % dev. reg. addr. of data reg. to access 

Input Data: 

I0X <dev. reg. addr.> % dev. reg. addr. of data reg. to access 

% i.e., data — A register 
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EXAMPLES OF DEVICE REGISTER ADDRESS CALCULATION FOR PIO 
DEVICES 

Example 1: Line Printer Interface 

The line printer interface has only one channel — the output channel. 

The registers assigned the interface follows Norsk Data’s standard and is defined 
in the line printer programming specification (Appendix B). 

Register: Register No.: 

Output channel control register 

Output channel status register 

Output channel data register 

Input data register for* O
 
=
N
 W
 

* 1 
off line”" loop back of data (for test purposes only) 

Problem 1: 

What is the I0X/IOXT device register address of the data register on line 
printer no. 1. 

Solution: 

The dev. reg. addr. is calculated form: 

dev. reg. addr = dev. no. + reg. no. 

The device number (dev. no.) should select line printer no. 1. In Appendix A that is 
found to be 430,. 

The register number should point out the data register on the line printer interface. 
The register number of the data register is found in the programming specifications 
of line printer interface (Appendix B) and is equal to 1. 

That is: 

dev. reg. addr. = dev. no. + reg. no. 

N 4303 -+ 18 = 4313 

Assumed that line printer no. 1 is ready to accept data, the following program will 
write the location CHAR to the line printer data register. 

LDA CHAR % initiate A reg. with char. to output 

10X 431 % write content of A reg. (CHAR) to 

% line printer no. 1 data reg. 

CHAR, 101 % 101is ASCll value of A 

or by using |IOXT,; 
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LDT DEVNO % initiate T register with dev. reg. addr. 

LDA CHAR % initiate A reg. with char. to output 

IOXT % write content of A reg. (CHAR) to 

line printer no. 1 data reg. 

CHAR, 101 

DEVNO, 431 

Problem 2: 

Write 7, to the control register of line printer no. 2. 

Solution: 

Dev. reg. addr. = Dev. No. (L-P no. 2} + Reg. No. 

= 4348 - 33 

= 4373 

Program: 

SAA 7 % A: =7, 

10X 437 % A reg. — dev. reg. 437, 

or 

LDT ADDR % initiate T reg. with <dev. req. 

% addr.> 

SAA 7 % A:=7, 

IOXT % Areg. — level reg. 437, 

ADDR, 437 

Example 2: Terminal Interface 

A terminal interface has two channels — input from keyboard and output to 

terminal display. Each channel is controlled independently and contains its own set 

of control, status and data registers. 

Input channel: 

Register: Register No.: 

Input control register® 3 

Input status register** 2 

Input data register 0 
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Qutput channel: 

Register: Register No.: 

QOutput control register® 7 

Output status register** 6 

Output data register 5 

Common Register: Register No.: 

Speed selection (baud rate) register 1 

* Note that the control register is always a write only register independent of 

which channel it is assigned 

** Note that the status register is always a read only register independent of 

input/output channei 

Problem 1: 

What is the [OX/IOXT device register address for the output channel status 

register on terminal no. 1. 

Solution: 

From Appendix A, terminal no. 1 is found to have device number (dev. no.) 

equal to 300,. 

in Appendix B, programming specifications for a terminal interface, the 

register number (reg.no.) for output channel status register is 6. 

Using the formula 

Dev. reg. addr. = dev. no. + reg. no. 

= 3005 + 63 = 3063 

That is, by executing, 

I0X 306 

or 

LDT (306 
[OXT 

the status register for the output channel on terminal 1 is read into the CPU 

A register. 
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Problem 2: 

Assume that terminal 1 have a data character available to be read and that terminal 

2 is ready to accept a character. 

Read the character on terminal 1, store it in a location called BUFF and write it 

back to terminal 2. 

Solution: 

The data character available on terminal 1 is located in the terminals input channel 

data register. The device register address of this register is (using Appendix A and 

B). 

Dev. reg. addr. = dev. no. (terminal 1) + reg. no. {input data) 

= 300 + 0 = 300, 

The character stored in BUFF should be loaded to the output channel data register 

on terminal 2. The device register address of this register is (using Appendix A and 

B). 

Dev. reg. addr. = Dev. no. (terminal 2) + reg. no. {output data) 

= 310, + 5, = 315, 

Correct Program Using |0X (Convert to IOXT privately): 

INPUT, 10X 300 % read input data form terminai 1 

STA BUFF % store A reg. in BUFF 

OUTPUT, LDA BUFF % initiate A reg. 

10X 315 % write data to terminal 2 

BUFF, 0 

DMA INTERFACE REGISTERS ACCESSIBLE BY IOX/IOXT: 

A DMA controller usually contains from 8 to 16 registers accessible by {OX/IOXT 

instrucitons. 

The 10X/IOXT device register address is just as for PO interfaces, calculated for 

device number and register number found in the device number table (Appendix 

A) and the relevant programming specification respectively. 

Discussion of different registers on a DMA controller is left for later sections 

(programming of DMA controllers). However, the important difference from PIO 

interfaces is noted: 

— DMA controllers have no data register accessible by IQOX/IOXT. The data 

register is exchanged directly between controller and memory without 

program interaction. 
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FORMAT OF THE CONTROL AND STATUS REGISTERS FOR 
NORSK DATA DESIGNED PIO AND DMA INTERFACES 

General 

All information exchange, i.e., control, status and data, between PIO devices and 

NORD-100 CPU is programmed via the A register by means of I0X/I0XT instruc- 

tions. 

On DMA controllers, control and status are programmed while data is exchanged 

directly to memory. 

Before programming, the format and functions of the different 1/O interface 

registers must be known. This information is found in the programming 

specifications for an interface. (Some exampies are given in Appendix B.) 

The format of the control and status registers are device dependent and may be 

assigned by the designer of each device controller. However, on Norsk Data 

designed interfaces, both the functions and the formats of these registers have 

been standarized. 

The format of the data register follows the format accepted by the external device 

{for example, ASCI! to and from terminals). 

Format and Functions of the Status Register 

The information available in an 1/0 interface channels status register is set by the 

interface itself. 

The register is read into CPU A register (I0X read status register) when the state of 

an interface channel is to be investigated. 

The status register is read by 

I0X <dev. reg. addr.> % dev. reg. addr. of status reg. to access 

The format of the status register has been standarized for all Norsk Data produced 

interfaces and is equal both for the input and output channel of a device. 

Format of the status register (format of the A register after 10X read status 

register). 
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1514 13 12 11 10 9 8 7 6 6§ 43 2 1 O 
  

        

N J 
  —~ e 

Device dependent, format Standarized for ND produced 

found in device's P10 and DMA devices 

programming: specifications 

Status Register: 

Bit0 

Bit 1 

Bit2 

Bit3 
Bit4 

Bit5 

Bit6 

Bit7 

Bit8 

Bit9 

Bit 10 

Bit 11 

Bit 12 

Bit 13 
Bit 14 

Blt 16 

BitO - 

Ready for transfer, interrupt enabled 

Error interrupt enabled 

Device active 

Device ready for transfer 

Inclusive OR of errors 

Error indicator 

Error indicator 
Error indicator 

Error indicator 

Selected unit 

Selected unit 

Operational mode of device 

Operational mode of device 

Operational mode of device 

Operational mode of device 

QOperational mode of device 

2: 

The status register bits 0 - 2 are direct feedback of the corresponding bits in the 

control register of the same 1/Q interface channel (see control register format). 

Bit 3 — Device Ready for Transfer 

Status register bit 3 set or not set tells whether an 1/0 interface channel is 

ready to operate or not. What is meant by "'ready for transfer’” (bit 3 "*1'") 

differs from the input to the output channel. 

P10 Device Input Channel: 

Bit3equal to 1: 

Input data register contains valid information ready to be read. 

Bit 3 equal to 0: 

Input data register does not contain valid information 
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PIO Device Output Channel: 

Bit 3 equaito 1: 

Qutput data register is empty and may accept the next output data 

character. 

Bit 3 equal to O: 

Output data register is not empty, i.e., the data register should not be 

loaded. 

DMA Controllers: 

Bit 3 equal to ""1"": 

DMA transfer completed. 

Bit 3 equal to "“0""; 

DMA transfer is going on. 

Bit 4 — Inclusive OR of Errors 

Bit 4 set to one: an error has occurred in the 1/0 interface channel investi- 

gated. More about the error is given in status register bits 5-15 (actual bits 

are described in the programming specifications). 

Bit5 - 15 — Nondefined 

Status register bits 5 - 15 are assigned by the |/0 interface designer and 

given in the /O interface’s programming specifications. 
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Format and Function of the Control Register 

The information written into the control register of an /0 interface channel is 

always taken by the interface as a command. The command may be start/stop of 

transfer, mode of operation, etc, 

The control register of an |/O interface channel is loaded by: 

LDA <command> % initiate A register 

|0X <dev. reg. addr.> % dev. reg. addr. of 1/0 interface 

control reg. 

The format of the control register has been standarized for all Norsk Data 

produced interfaces and is equal both for the input and output channel of a device. 

Format of the Control Register (Format of A Register befaore 10X Load Control 

Register) 

  

        

  

156 14 13 12 11109 8 7 6 5 4 3 2 1 0 

= = = ~ v 

Device dependent, format Standarized on ND 

found in device's produced P10+~ and 

programming specifications DMA'interfaces 

Bit 0 Enable interrupt on device ready for transfer 

Bit 1 Enable interrupt on errors 

Bit2 Activate device 

Bit 3 Test mode 

Bit 4 Device clear 

Bit5 Not used 

Bit 6 Not used 

Bit7 Not assigned 

Bit8 Not assigned 

Bit 9 Unity Muiltiple unit control interfaces 

Bit 10 Unit’ (floppy disk) 

Bit 11 Device operation 

Bit 12 Device operation 

Bit 13 Device operation 

Bit 14 Device operation 

Bit 15 Device operation 
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Bit 0 — Enable Interrupt on Device Ready for Transfer 

Bit 0 set to "1 in an 1/0 interface channel enables for interrupt on device 

ready for transfer, i.e., if status bit3 = 1", 

Control register 

  

        

    

  

  

          

  

          

15 0 

Sl 

Status register B INTERRUPT 

15 3 0 AND 

/ / ‘ // 
A 

Ready for’ Transfer Status register   
Bit 1 — Enable Interrupt of Errors 

Bit 1 set to 1" in an 1/0 interface channel enables for interrupt on errors in 

the channel. 

Control register 

S0 
  

          

    

  INTERRUPT 

          

LI 
ERROR | Status register . 

    

          

  
Bit2 — Activate Device 

The control register bit 2 set to ’1"" on an interface will: 

— in the input channel, enable reception of incoming data from external 

devices 

— in the output channel, start output of the content in output channel 

data register 

— start a DMA transfer (DMA controllers) 
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This bit is not always specified in a device programming specification. In such 

cases the activation is not needed. 

The activate bit is normally static, i.e., it will remain on until Master Clear, Device 

Clear (control register bit 4) or a loading of the control register with bit 2 = “0’ is 

done. Other reasons for resetting are given in the programming specifications. 

Bit 3 — Test Mode 

This bit set to 1" will loop output data back as input data in "off line” 

testing of an interface. 

Bit4 — Device Clear 

The control register loaded with bit 4 = ""1”, generates a reset pulse on the 

accessed |/0 interface. The reset pulse will clear all bits set in both the 

control and the status registers. 

The device clear bit is usually implemented only in the input channel control 

register of a device. However, the bit resets both channels on a two channel 

device. 

Bit 5 - 15 — Nondefined 

Bits 5 - 15 in the control word are left for free use by the interface designer 

and is specified in the interface’s programming specifications. 
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PROGRANMMING OF A PIO INTERFACE 

General 

Reading or writing data to a PlO interface has no meaning unless the interface is 

ready for transfer (RFT), i.e., status bit3 = 1", 

As indicated in the description of the control and status registers, RFT and control 

register bit0 = 1" gives interrupt. 

That is, there are two methods useable to check whether an interface is ready or 

not. 

1. Polling for status register bit3 = 1" 

2. Enable for interrupt and wait {or do other useful things) until interrupt 

occurs 

SINTRAN il {of coursel) uses method 2. However, in the following description 

and programming examples method 1 will be used. Use and programming 

examples with interrupt is given in the section "The 1/Q System and the Interrupt 

System”’. 

Programmed /nput from a PIO Interface 

Reading a byte or word from a P10 interface may be divided up into three steps: 

1. Enable the input channel for reception of incoming data 

2. Check whether the input data register contains valid data ready to be read. 

If YES: 

3. Read the input data register. 

Due to standarization of both functions and formats of the status and controi 

registers, this sequence is applicable on all Norsk Data produced PIO interfaces. 

The sequence is illustrated in the flow chart below. 
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INITIATE TRANSFER 

@ —-SETBIT2INICR 

ICR: Input channel control register 
~ A 

READ INPUT CHANNEL STATUS ISR: lnput channel status register 

REGISTER . 
- ISR - A REGISTER IDR: Input channel data register 

      

   
     

   INPUT DATA 

READY 

= ISRBIT3="1"? 

       
y 
  

READ INPUT CHANNEL DATA REG. 

@ —{DR = A REGISTER 
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The flow chart is implemented by the followin 

DEVNOQ, <Device number> % 

{CR = DEVNO + <ICR no.> % 

ISR = DEVNO + <ISR no.> % 

IDR = DEVNO + <IDR no.> % 

INPUT, SAA 4 

I0X ICR 

LOOP, I0X ISR 

BSKP ONE 30 DA 

JMP LOOP 

READ, IOX IDR 

Example: 

Input from Terminal no. 1. 

DEVNO, 300 % 

ICR = DEVNO + 3 % 

% 

ISR = DEVNO + 2 % 

% 

IDR = DEVNO + 0 % 

% 

INPUT, SAA 4 % 

IOX ICR % 

LOOP, I0X ISR % 

BSKP ONE 30 DA % 

JMP LOOP % 
READ, [OX IDR % 

STA BUFF % 
JMP INPUT % 

BUFF, 0 

g program: 

Device no. to interface to access 

Dev. reg. addr. = Dev. no. + ICR no. 
Dev. reg. addr. = Dev. no. + ISR no. 

Dev. reg. addr. = Dev. no. + IDR no. 

device no. terminal no. 1 

dev. reg. addr. for input control reg. 

(303) 

dev. reg. addr. for input status reg. 

(302) 

dev. reg. addr. for input data reg. 

{300) 

setbit2in A reg. 

Areg. = ICR 

ISR — A reg. 

Is ISR bit 3 set? 

No. i.e., not ready 

Yes, i.e., ready. read data 

store data in BUFF 

return 

If the program above should be entered for execution via MOPC, it may be written 

as shown below. 

exe 

20/ SAA4 

10X 303 

10X 302 

BSKP ONE 30 DA 

JMP* -2 

10X300 

STA + 3 

JMP | * + 1 

20 
BUFF, 0 

ND-06.016.01 

cutable: 

20/170404 

164303 

164302 

175235 

124376 

164300 

004003 
125001 

20 

0
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1.3.6.3 Programmed Output to a PIO Interface 

As for input, writing a byte or word of data to a PIO interface may be divided up 

into three steps: 

1. Check whether the output data register is empty and may accept data. 

If YES: 

2. Write data to output for the output data register. 

3. Initiate the output transfer by activating the output channel. 

This sequence, applicable for output to ali Norsk Data produced PIO interfaces, is 

illustrated in the'flow chart below. 

[ 
- Y 
  

READ QUTPUT CH. STATUS REGISTER 

— QSR —~ A REGISTER 

      

             QUTPUT DATA 

REGISTER READY? 

—-QSRBIT3="1"   
  

QUTPUT DATA 

@ — A REGISTER = QDR 

      

  
Y 
  

ACTIVATE QUTPUT TRANSFER 

@ -SETBIT 2IN OCR 
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OSR: QUTPUT CHANNEL 

STATUS REGISTER 

ODR:QUTPUT CHANNEL 

DATA REGISTER 

OCR:QUTPUT CHANNEL 

CONTROL REGISTER
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The flow chart is implemented by the following program: 

DEVNO, <device number> % device no. of I/0 interface to access 

OSR = DEVNO + <OSRno.> % address of OSR 

ODR = DEVNO + <ODR no.> % address of ODR 

OCR = DEVNOQO + <OCR no.> % address of OCR 

QUTPUT, IOX OSR % read status 

BSKP ONE 30 DA % Ready? 

JMP * =2 % NO 

LDA BUFF % Yes, initiate A register 

10X ODR % Areg.—~ ODR 

SAA 4 % Initiate A reg. control 

I0X OCR % A —OQCR 

JMP QUTPUT % Jump return 
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PROGRAMMING OF DMA CONTROLLERS 

DMA Controller Operation 

A DMA transfer may be divided into three steps: 

— Initialization 

— Transfer 

— Termination and status check 

Refer to the following descriptions and illustrations. 

Initialization 

A DMA controller has to be initialized before a transfer can be started. The 

initialization is done by a device driver program activated by the operating system 

when a transfer is needed. 

The driver program accesses the DMA controller by means of 10X instructions. 

Through different transfer parameters, the driver tells the DMA interface what to 

do. The transfer parameters are written into physical device registers located on 

the controllers. 

Typical transfer parameters and registers are: 

- Memory Address Register (MAR) holds the first memory address to read 

from (DMA-output) or write into (DMA input). 

—  Block Address Register (BAR) holds the first address to read (DMA input) 

from or write (DMA output) to on the physical device. 

—  Word Count Register holds the number of words to be transferred. 

—  Control register gives device function (read, write, etc.) and start (bit 2: 

activate device). 

In addition, a status register, the MAR and the BAR, may be read for status check 

and test purposes. 

The format of the registers and their associated register numbers are given in the 

hardware programming specifications. 
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Transfer 

After initialization and start is given, the data transfer takes place. Data is 

exchanged between the DMA controller and memory at the speed determined by 

the device. CPU may run any activity not waiting for the DMA transfer to be 

completed. 

Termination and Status Check 

The DMA transfer is completed when the word counter is zero. On the DMA 
controller, status register bit 3 (ready for transfer) is turned on. If the interrupt 
system is on (ION) and interrupt is enabled on the controiler, this causes interrupt 

on level 11. If the interrupt system is not on, a complete transfer is found by 

polling (continuous reading) on status register bit 3. 

More about DMA controller operation is given in Section V. 
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sTer1  { 

    

OMA TRANSFER INITIALIZATION: 

A - MAR % Memory Addrass Register 

A = BAR % Block address register 

A = WC % Word count register 

A-=>CW % Control word register 

    
  

  

STEP 2     
  (_ 

STEP3 

  

  

  

  

OMA TRANSFER 

READ DEVICE: 

" Device data =~ Interfacs — Memory 

WRITE DEVICE: Memory (MAR) — |ncarface —Davics 

MAR * 1 = MAR 
WC =1 =WC   
  

NO 

< we=w 

YES 

    
  

  

OMA TR ANSFER QUALITY CHECK 
FINISHED 

STATUS REGISTER =~ A 

end 

MAR g~ MAR i = WC (rant 

  

oK? 

      Y§Ss 
  

Figure 1.3.1: DMA Transfer in Three Steps 

ND-06.016.01 

  Y 
Initiate next transfer
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EXTERNAL IN DMA CONTROLLER 

10X MAR 

Vi 
| 
| 
I 
I MEMORY ADDRESS 

I 
| 

  

      

IOQ;AFI 

DISK ADDRESS   
  

10X WC 3 

  

  

NO. OF WOROS     
  

10X CR 

I 
| 
| 
| 
| 
| 
| 
| v 
| 
| 
| 
| 
| 
I 

I 
I 

  

  
[ CONTROL REGISTER 

e e ad 

i} La=START TRANSF, 
SELECT UNIT 

IN DISK SYSTEM 

  

  

MODE OF OPERATION 

- READ 

- WRITE 

—— — — —— — —— ——— — — — — — — 

Figure 1.3.2: DMA Initialization lllustration (Disk) 
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