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Preface

The product In the ND-100 family of computers from Norsk Data, the
ND-110 Standard and ND-110/CX central processor unit
(CPU) cards are the successor CPU developments to the
ND-100, ND-100/CE and ND-100/CX CPUs.

The ND-120/CX CPU is a high-speed version
(approximately 1.9 times faster) of the ND-110/CX CPU.

The ND-110 CPU is upwards compatible with the ND-100
CPU. Similarly, the ND-120 CPU is upwards compatible
with the ND-100 and the ND-110 CPUs. Note however that
the ND-120/CX CPU's on-board memory requires that other
memory boards in a ND-100 series card crate be set up
with the correct memory address ranges.

The manual This manual describes the microinstruction word format
used in the ND-110 and ND-120 CPUs, and how the various
fields within the microinstruction word control the
operation of the CPU hardware.

The manual is designed as a reference document,
although it may be read sequentially if an overview is
required of how the microcode controls the operation of
the CPU.

The reader The information in this manual is intended for
designers and service personnel. It is assumed that the
reader has a good understanding of the basic functional
elements in computers.

Related manuals
ND-06.018  NORD-100 Microprogramming Description.
Describes the microprogram of the ND-100
CPU, including the format of the ND-100
microinstruction word.

ND-06.030 ND-110 and ND-120 Functional Description.
Describes the functionality of the ND-110
and the ND-120 CPU cards.

ND-30.080 ND-120 Installation Guide.
Describes how to install the ND-120/CX CPU
card into an ND-100 series card crate.

ND-89.058 ND-110 Installation Guide.
Describes how to install the ND-110/CX CPU
card into an ND-100 series card crate.
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CHAPTER 1

SCOPE OF THE MANUAL

This manual describes how the microcode controls the
operation of the ND-110 and ND-120 CPUs.

e Chapter 2 gives an overview of the CPU's functional
nardware elements that interface to the microinstruction
words issued from control store.

e Chapter 3 gives a description of the structure of the
microinstruction word, together with an explanation of
the function{s) performed by each of its fields. This
description relates the function(s) of each field to its
effect on the CPU hardware.

e Chapter 4 gives an appreciation of the activities
involved in writing and assembling microcode, and
describes the use of the TRR CS instruction to patch the
existing contents of the control store.

For ease of reference, the list of mnemonics for the ND-110
and ND-120 microinstruction sets are included in Appendices
A and B respectively.

Norsk Data ND-06.031.1EN




Norsk Data ND-06.031.1EN




w

CHAPTER 2 CPU FUNCTIONAL INTERFACE TO THE MICROCODE

Norsk Data ND-06.031.1EN




Norsk Data ND-06.031.1EN




CHAPTER 2 CPU FUNCTIONAL INTERFACE TO THE MICROCODE

2.1 FUNCTIONAL ELEMENTS

The CPU includes functional elements of hardware which
interface directly to various bits of the 64-bit
microinstruction word output from the control store. These
are represented in figure 1.

CONTROL STORE 8K x 64bits

4 0
5 1
r 6 ND-110 microcache 2
address 7 110/120 microcache| 3 map area address
to to
microcache microprogram
1 microinstruction word
{
CA CYCLE DECODE
CONTROLE

DECODE
IDBS
MAC +— RB —— ALU MIC
COMMANDS
o ! -

|
1DB RF I

ALU : 16-bit arithmetic and logic unit

CA : cache address bus

cD : cache data bus

COMMAND : command field decode

1DB : internal data bus

1DBS : internal data bus source

MAC : macroinstruction address controller
MIC : microprogram instruction controller
RB : B-operand

RF : register file

Figure 1. Microcode interface to CPU hardware functions
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8 Chapter 2  CPU functional interface to the microcode

The following description provides a summary of the

functions performed by these elements in response to

microinstruction words issued from the control store. In

doing so, it introduces the terminology used in chapter 3

(Microinstruction word format) when referring to functions

that the microinstruction word is operating on in the CPU
. hardware.

For a full functional description of the CPU, refer to the
ND-110/ND-120 Functional Description manual (ND-06.030}.

2.2 CONTROL STORE

This is an 8K x 64-bit random access memory area which
stores the microcode. In normal operation it outputs
successive microinstruction words in the sequence defined by
the microinstruction controller (MIC}.

The whole of the control store is loaded from Control Store
PROM when the control panel Master Clear button is pressed,
or when the OPCOM command LCS (ND-120 only) is issued.

Figure 1 illustrates how the 8K address range in the control
store is assigned.

e The map area contains the first microinstruction for
every macroinstruction in the CPU's repertoire.

e Microinstruction cache is addressed in parallel with the
macroinstruction cache, via the CA bus.

Every time the instruction cache js updated with a new
entry, the first microinstruction for that
macroinstruction is also written into the microcache
area of control store. Then, if an instruction fetch
operation gives a cache hit, the macroinstruction is
obtained from cache and at the same time its first
microinstruction is also read from microcache. This cuts
out any introduced by the MIC computing the control
store map address plus the access time to then obtain
this first microinstruction.

In the ND-110, the instruction cache is 2K long, and the
corresponding microcache address area uses the top 2K in
control store.

In the ND-120, the instruction cache is only 1K long,
and the corresponding microcache address area occupies
the top 1K in control store.
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Chapter 2 CPU functional interface to the microcode g

2.5 MIC

The MIC computes control store addresses, to ensure that the
CPU executes microinstructions in the correct sequence.

Fetch operations in the microcode obtain the next
macroinstruction, from the memory address specified by the
MAC. The MIC then generates the "map” {microprogram address
pointer) entry points for the fetched macroinstruction. by
adding 6000 to the op code {i.e. the most significant 10
bits) of th& macroinstruction itself. This defines the
starting point in microprogram for every macroinstruction
fetched into the CPU.

If a cache hit occurred for the instruction fetch, the first
microinstruction for this macroinstruction is obtained
directly from microcache {see Control store above), and so
the MIC's operation to compute the map address is bypassed,
and the result of its computation is ignored.

One or more microinstructions are required to execute a
macroinstruction. The MIC controls the sequence required.
This may specify a jump condition, or the current address +
1 (next), or a return condition {(from an internal 4-deep
push/pop stack which can nest up to four microprogram
subroutine levels). The microinstruction control mav i1nclude
conditional branching in the microcode sequence (involving
selection from a variety of test objects), and vectored jump
sequencing.

The MIC incorporates the loop counter function. This is a €-
bit register, with the most significant bit as a sign bit.
It has an auto-increment/decrement facility, which enables
it to be counted towards zero from either direction. On
reaching zero, further counting is inhibited. The lcop
counter is used to repeat one {(or several) microinstructions
a predetermined number of times, or to count {(for example)
the number of shifts needed to normalise a floating point
number.

2.4 MAC

This provides the logical (virtual) 16-bit memory address.
to the Memory Management System {MMS)}. It includes
arithmetic operations to speed the computation of memory
addresses, avoiding reference to the ALU for such purposes.
Microinstruction command decodes specify the memory
reference computation required.
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2.5 ALU

Chapter 2 CPU functional interface to the microcode

This performs arithmetic and logic functions. Two 4-bit
pointers, the A and B operands, select sources for
operations to be performed. Nine ALU function bits {ALUI)
select operations within the ALU. Data input and output
ports are directly connected to the CPU's internal bus
system.

2.6 REGISTER FILE

The register file stores the register blocks for the 16
program levels of the CPU. Each block comprises 16
registers. Of these, 8 hold the registers P, B, X, L, T, D.
A and STS. The other 8 are used by the microprogram as
scratch registers, for MOPC {Microprogram Cperators Panel
Control), and the interrupt system. The register file is
addressed using the A operand to indicate the level, and the
B-operand to indicate the register within that level.

2.7 COMMAND DECODE

2.8 1DBS DpEcODE

This generates control signals from the COMM and MIS fields
of the microinstruction word. These define the CPU control
operation that is to be performed.

This specifies which source of data is to be enabled onto
the internal data bus (IDB) of the CPU. These sources are
identified as functonal registers in the CPU.

2.9 CyCcLE CONTROL

The cycle controller functions as a finite-state machine
which defines the timing sequence in executing every
microinstruction. Each microinstruction takes one microcycle
to complete. A microcycle is in turn subdivided into a
number of nanocycles. A nanocycle is a fixed period of time
{25.6ns in ND-110/CX and ND-120/CX}.

The number of nanocycles required depends on what tasks the
microinstruction specifies, and on external events,
including memory access, ND-100 bus activity, and the trap
and interrupt systems.
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CHAPTER 3  MICROINSTRUCTION WORD FORMAT

5.1 CPU CONTROL OPERATORS

Control of the CPU in the ND-110 and the ND-120 is effected
by the microcode. Sequencing through successive
microinstructions is determined by a combination of external
events (e.g. interrupts, DMA cycles), and the microcode
itself. Fetch operations in the microcode obtain the next
macroinstruction, which then maps the CPU to the appropriate
address in control store, to implement that macroinstruction
by microcode.

Each microcycle is subdivided into nanocycles to implement a
synchronous machine. External events affect the CPU through
the trap and interrupt systems and the nanocycle controller.
These events are synchronised to the CPU before they are
used.

5.2 ND-110 MICROINSTRUCTION WORD FORMAT

ND-110 MICROINSTRUCTION CHART

The definition of fields in the ND-110's microinstruction
word, and their functions, is summarised in the chart in
figure 3 on page 17.

SUMMARY OF CHANGES FRoﬁ ND-100 1o ND-110

For ease of comparison, the ND-100 microinstruction word
format chart is also included here, in figure 2 on page 16.

Bit 50 name changed from EN EXT to XREF, same
function {Extended Register File).

Bits 42-43 MISO-1 used more widely to extend the
. repertoire of command decodes {see COMMO-4
field).
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14 Chapter 3  Microinstruction word format

Bit 41 name changed from SEXT to IDBS4.

Bits 37-41 IDBSO-4 fully decoded, giving extended 1ist of
IDB source selections.

Bits 32-36 repertoire of command decodes extended.

Bits 25-27 branch addréssing changed, to use only VECT
bit 25 with MISO bit 42.

Bits 26-27 SLWCS0 {(bit 26} and MAPJ0 {bit 27} renamed
DLYO “and DLY1 respectively, and used in
micr%cyc1e 1en&th control.

Bits 20-21 cycle timing control changed, to use only bit
21, and its name is accordingly changed from
TC1 to DELAY.

Bit 20 name changed from TCO to BIT20, and now used
for miscellaneous addressing functions, in
particular as an extension to the branch
address field (bits 0-11).

Bits 4-7 condition test objects O, 6, 8 and 9 are
changed.

5.5 ND-120 MICROINSTRUCTION WORD FORMAT

ND-120 MICROINSTRUCTION CHART

The definition of fields in the ND-120 microinstruction
word, and their functions, is summarised in figure 4 on page
18.

SuMMARY OF cHANGES FRoM ND-110 1o ND-120

Bits 37-41 IDBS decodes 33, 34, 36 and 37 changed.
Bits 32-36 command decodes 5, 36.2 and 36.3 changed.
Bits 26-27 name changed from DLY to DELAY to accord with

revised timing delay function, and logic sense
inverted.
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Chapter 3  Microinstruction word format 15

Bit 25 VECT1 logic sense inverted, same function.
Bit 24 SCOND1 logic sense inverted, same function.
Bit 23 ECOND1 logic sense inverted, same function.
‘ Bit 22 LOOP1 logic sense inverted, same function.
Bit 21 DELAY name changed from DELAY to DLY to

accord with revised timing delay function, and
logic sense inverted.

Norsk Data ND-06.031.1EN




16 Chapter 3 Microinstruction word format

ND-100
ALU ALU EXTERNAL INTERKAL SEQUENCING B
INSTRUCTION | CONTROL /SELECT  joATA Byg [COMMAND CONTROL OPER- COMBINED
A [ {ONTROL CoDE *TRUE® [BRANCH] CORD [TiM4  AND DATA FIELD
DEST |FUNC. SOURLEISTS | ppeyg pp|CiN pODE|MIS |- INSTR. | ADDR. ICONTR.|ING
vol-o[ @ -l o PPV w o2 NENN QOO BNTn~ e Of
e o T e e e SRR g EE R nelu o T IS VIS fob bl
i vy Vi x -~ t £ B S F R B R BXTOREIOY IR
R RI R e I E R g SR E R # 2 85 0388 SE PR MR YR LSRR E e 2| 3
€ - (O N DO 9 min « Ol s W NN OO ONON e NN OCPhRIND e Nv~Olawe & N NN~ DI N o
W BB nnjinnn mnmmn’vv'ﬂ'i”f‘"f‘f I OAOOOAROIOONNNNNNNENMNN e r e e e O000Q0 (=
Mi1S | M4 | M13 | 1z | M1 | M10 [ M09 [ MO8 | MO7 | M6 | MO5 | M04 | w03 | Moz | MOT | Moo
ALUT | ALU 10BS 08 TS ] NEXT AODR.
8 7 6] DEST |v:| {5755 s 321 0] sours | f€]5] sevect ARGUMENT
0 ¥ 0jf-a F 0 0 | ®OLD STS(O-T) 00000]| 4Ly 00| Jumr ) WU NI0YETES 43O
00 \[NOWRITE|F] [0 1 | ENMABLE SET (.00 D000 1] BME 01| RETURN RA__| BRANCH ADDRESS
01t Olf-g Al 110 [enasr ser m 0001 0] 6PR 1 0] NEXT 321 0109 876543210
31 tir-n £l Lo [LoaD s1s 1001 0] 6PR)¥| 11 1] REPEAT COND. DATA
! 0 OfFQnn-a.a|F 0001 1| DBR TS| STACK SEL.OBU[¥P 0 N
10 1r/2-8 |F 001 00| ARG 5] Con, y2 alﬂi’“
; : :er;wu r . RA(0-3)~ 0010 1t] REG 00| HOLD SAME e —]
2F-8  |F 00 O[eiT{rz-18) 0011 0] sTs o1jroP q — (AN —f— —
: A3 AL Ot ofPL(ey | | Jo01 1 1] MMR t 0| LOAD J TRUE CODING FALSE
ALUT | FUNC. 1 00{IR(3-6) u 0% 00 0| BARG 13 PUSH
S 43 Fe 101 1R(-5) [* | 1o ¢ 00 1| Swar
000 RS 11 0|LC(0-3) 01010} PEA MISTEFFECTIVE BRANCH
001858 0 0 1|#BIT, RF2)* 0t 01| PES 7% 251 OlADDR.ON®BIT(0-11)BUS (M 109 & 7 6 543210
otoe-s 0% 1Pl RF3)° 01t 00| AARE HHH[X X]PROM [0-11) e WBITSennen
01 1| RVS L HLC | REY)T 0t 101t]PILS HHLIOO|PROM (4-11) ¢ TR(0-3)[ | ropm....... R(0-%)
100 RAS ) BIT3+0 041 10| I0R HHL{O . =+ IR(8-10) v« wPROGR;- - - Oftr(8-10
101 RAS ) 4K ONLY 04 11 1] NONE HHL|t O] = *  CALD(O-3) . ppoy.......JALD(0-)
11 0{RYS ¥ Si6H EXT HHLIL1] w  + RA(D-3) RA (0-3)
11 4 WY RB (0-3)= L HHi{X X| MAPPED IF TRTRR FROM MAP-PROM
4 [57 % 5T AL 0 olwr8(0-3) L HHIX X} LVECY 1F INTRGQ 01 1 11 1 ([INTVECY
ALUT | SOURCE] §0 1]IR(0-2) LHLIX XTTILEGAT 1
210 R S: t 0|IR(3-5) XL XX X| START LOAD A~T%PERAN!)
000 A a ! 11LC(0-3) COXMAND WRITABLE LS KA T,
00t a8 43240 SCOND 12210 RE6. LEV.| PIC INSTR,
0610 0Q 00000 . L] L0AD 00 0 0f2ERO| O | MASTER CLEAR
011 08 Ciw 00001} LDPIL Wl HOLD 000D { | CLEAR MPID
100 0 A co 0001 0} LD&PR ECOND. oo1o0yP 2 | MCLEAR MPID
101 D A ] { 0001t 1| EWRF L] ENABLE co1 1|8 3 | ECLEAR MPID
110 ba 1o 4 001t 00] ELIRG H| DISABLE otoofc 4 | LLLEAR MPID
111 D O 1 1/ 6PRO 00101 RsDA LOQ* ofot|a S | READ VECT.
0011 0] TBSTR L ENABLE JJo 1 1 01T 6 | READ STAT.
“———-1 Q——-—————————————I ALK ALU 004t 11| sioc HI DisABLE [Jo1 1 1 x 7 | READ MPIE
.l e 1 0| WODE ot 0o0o0| Esrr 1 000]STS | 8 {LOAD MPIE
*63 [we2 PHISTRNISORSE F56 10 O|pswiFT 01001] EPIC 100 1] R(Y | 9 |LOAD STAT
#63 [ w2 WMISt pMiSORSs (6Po fO t]|FMU 01 01 0] SMPID TCICLOCK] Jt 0 ¢ Of R | 10 | MCLEAR MPIE
63 w62 RMISt MMISO[GPRO RS6 |t Of FDV 01 01 1| START §ofriming| ft 0t 11 (@ | 11 | MSET MPIE
(T2 ] UP [1R10 1R9 kss  kse |t t]1RSMIFT 0t 100 srop 0 0JFAST | |4 1 0 0| R(4) | 12 | CLEAR MPIE
[ 7 [SSEC 1ISSEL o] 3 1 01 1 01| CLRTC o1 |NORM| J1 1 0 1| R(S) | 13 | DisiNT.RQ
01 1t 10| CLFF tO[SLOW (| 1 % 1 0] R®) | 14 | LOAD MPIE
A { 01 3 11] LDLG S AIWAIT ] Lt 4 1] RCT |48 | EN INT.RQ
10000 LORNO®H—
10001 LDIR IRNO| IRNAME]
B8-0PERAND
f MODE 00 :::é R8 SEL | TEST
(I ) (mur) ARTTHA. 03 |Pss 221 giREd 3210 osy.
11010 {1} MIS| PAGE PCR 000 0j2ERD 00 00jDRe2
11100 - D 1" 1 0] MODE 10 |CSR 00014|D 0001]LCZ
t1110f - LIN 50| - 110 00| EXAMINE] 4 |CEE2 [loot ofe 00 10]INTRD
11001 2r‘ou (Ltrr) ARITHM, o1] pr 11000} iND.READ] 12 !pcit 001 18 001 1]RESTR
11011 rov 10| APT 11000 - 14 | P6C 0190iC 0%t 00|FETCH
11101 » * 2K 1 1] HOLD 1140090 - 24 lExmM 01 01]|aA 0101000
11111 LIN 00 11 Q p1IDEPOSIT | 42 (LEB 010y 01 10{020
10000 rn]z-ol,a(lxem)ulmn 00| - TTTOO[TFETLR | 44 sgg 01t tix 01 11]|COND
10010 . . 207 01} »r 11100{ READ EBM 1 000]STS 1000]|R-P
10100 . . zm 1 0f APT 11100 - 40 | suPANS 1t001[R(D 1+ 00 1]0PCTTY
10110 « 1 1] WoLD 11100 n BPANC ifr o1 ofr) 101 0[OVF
1000 1]2F, a-’ 8, a (L!FT)A!!THH o1 T 11101 whiTg 101 1|R(Y) 101 1)CRY
10011 . »  ROT 10| arT 11101 - 110 0jR(4) 11 00:FN
10101 = . . N V1] HOLD 11101 - 11 01R(5) 11 01]F18
10111 . - s LM tY 11 0] IDEKRT 111 01R(6) 111 0|2F
0 X X X X|NG SHIFT 4t 111 j0x i 14 9{R(7) 1 1.1 11sTp

Figure 2. ND-100 microinstruction word format & functions chart
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Chapter 3  Microinstruction word format 17

ND-110
ALU ALU EXTERNAL INTERNAL SEQUENCING B
INSTRUCTION | CONTROL /SELECT  |oaTa Bus|[COMMAND CONTROL OPER- COMBINED
. A |8 CONTROL CODE  [7RUE" [oRANCH] COND. JTTH- AND DATA FIELD
DEST. |FUNC. [SOURCE}STS | pper toper|CIN [NODEIMIS INSTR. | ADDR. [CONTR NG
-0l mOr %~ M N - 923 T PON-OONON DN T MmN~ O
RO Rl [obatad W B TR v, M RS )y il g - DA ER=! NP LT-TE. 2= D1~ MONREN Eekahalaabe
333333333ﬁ&‘QWESSQQBEmeQS“’SIitgémmmw::ESSS"'—mmmm5‘"’=’°“==“==
R <1 SR IS SR <R eSS S S| r A as|rn I8 Rlr o or o x
na~-loooireoblvmola oo oWt rimal-ocoorjonrnal-OoR BNV IN|T O NCOlPOERfNT O NCORNVTDINTON O
W W WS W o wnn ugmmmmvv\r\l‘v‘v\r\r TN O OME OO OOFM O N NN N NN N NN N - e e QOO0 O00 OO
M5 [ mi4 [ w3 [ miz | mn | mio | Mos [ moe | Moz | Moo [ Mos | mo4 [ mos | mo2 | Mo1 | Moo
ALUT | ALU STS| OPERATION 1083} 1085 TS | NEXT ADDR.
8 7 6 DEST ly:! Jo O[HOLD STS {6-71 0-4 5OouRcElo-4 Source]6 5| SELECT ARGUMENT
0 0 OiF-Q F 0 1]ENABLE SET C O Q 0 ALU 20 MIPANSED O JUMP ] 51413211109 8 7 6 543210
0 0 1{NOWRITE|F{ ]! OENABLE SET M 1 BMG 21 MAPANS G 1| RETURN BT  BRANCH ADDRESS
01 OjF~B A| Jb 1jLoap sTS 2 GPR 22 GPR.SERS 1 NEXT t [2f096 76543210
01 1F-8 F 3088 | 3 %6 |1 REPEAT COND. DATA
1 0 olFaj-p,a|F B R Ts | STACK RA SEL. 0BJ] D W T T
[ R R
10 1F2~B  |F e sts | 25 ALD 413} CONTR. 321 oWl
11 OjzRa~BalF RA(0-3)= 7 spare | 27 PANEL 0 0| HOLD ]
11 1]2F=-B  |F 0 O O] *BIT(12-15) 10 BARG | 30 RCS 01| POP TRUE ~—§— SAME | —FALSE —
\ 60 59 58] ALU 0 1 0]PIL(0-3) ;21’ :::P g; PICY 1 0| LOAD J CODING
ALUT | FUNC. 100/IR(3-6) piT spare 1.1]PUS
543/ F= 10 1]1R(3-5) |® | J13PES | 33 5pane : ]
14 AARG 34 MPA DLY
0 001 RS 1101LC(0-3) 15 PICS | 35 RINR 0 G| NORMAL
001 s-R 0 0 1]*BIT, RF2) 16 108 36 spare 0 1l «25 ns
010 R-S 0 1 1] PIL, RF3)” 17 NOHE | 37 spare 1 0l +50 nS
01 1 RVS 11 1L, RED) 1 1} +50 nS
100 RAS ) BIT3¢0 MIS| VECTORED BRANCH BRANCH ADDRESS
1 01} RAS 25l 0 |IF 153-6 15 JuMP_ |111098 7 6 543210
110 R¥YS 0] % |MICROINSTR (0-11) « BITS 11-0, 20
1 1 RYS RB(O-3)- 4§ 1] 0 | MICROINSTR (4 -11)+1R(0-3)] % BITS 11-4, 20IR(3-0)
57 5 55] ALU 0 0[*RrB(0-3) P) 1] 1 | MICROINSTR (4-11)¢RA(0-)  x BITS 11-4 20 RA(3-0)
ALUT | SoURCE | fO 1]IR(D-2) COMM MIS |CoMMaND I
210 R s: 1 0{IR(3-5)" 4-0 1-0 A-OPERAND
000 A Q 1 4iLL(0-3) RA BIT,
001 AB 0 NOKE 4] S CoND 3 2 1 0] REE f gy | PIC INSTR.
010 0@ b oo C[ LoaD 00 00| ZERD| 0 | MASTER CLEAR
011 08B Cin 3 EWRF H| HOLD 0001|D 1 | CLEAR MPID
100/ 0 A 00 0 & CLIRO 23] ECOND. potolr 2 | MCLEAR MPID
101 D A 01 1 5 RSDA L| ENABLE 00118 3 | ECLEAR MPID
110 DQ 10 c 6.0 TBSIR H| DISABLE 0t-00f¢C 4 | LCLEAR MPID
1114 DO 1 1/6PRO g; :;;& 22] LOOP 0101l A 5 | READ VECT.
¢35  topck L| ENABLE o1 1 0|7 6 | READ STAT.
- Q._______________1 UM ALU 77 siot H| DISABLE | fo 1 1 1] x 7 | READ MPIE
e P 1 0| MODE 10 SLOW a1loeiay |} 000)sts | 8| toap MPIE
#6563 %62 [#MIS1 HMISO 58 w56 JO Of uSHIFT i1 £pic olnorRMaL| IT © O 1| R(1) | 9 | LOAD STAT
*63 | %62 rMISt kMISO k58 |GPRO JO 1| FMU 1z swPID 1le25 nsi |1 0 1 O] R(2) | 10 | MCLEAR MPIE
%63 [ %62 hMIST WMISO|6PRO 56 |1 O FDV Ny 101 1|R@ |11 | MSET MPIE
LCZ | UP |IR10 |IR9 k58 h56 11 1]/IRSHIFT 15 CLRTC 1100]|R& |12 | CLEAR MPIE
8 7 |SSEL 1ISSEL O] 3 1 16 CLFF 2derzo] 11 0 1] R | 13| DiIS.INT.RQ
e ’ [ L 17 LoLe X [ADORESS| 01 1 1 0] R(6) | 14 | LOAD MPIE
ALUL & BiT 111 1] R(7) 115 | EN.INTRQ
CW,MIS]CMNG CO\‘M.MIS]CWAND
20,0 LDSEG 30,0 AREAD.*
20,1 spare 30.1 AREAD .8
20,2 spare 30,2  AREAD,1{.B)
20.3 LDIRY 30,3  AREAD.X
21,0 WCHIM 31,0 AREAD , XB
21,1 SSEMA 311 AREAD X1{ .8}
21,2 CCLR 31.2 spare
21,3 LOEXM 31.3  ARLAD NEXT
22,0 IREAD ,PT 32,0 AWRITE . * .
= my g | e
N N PR, ’ -
' { ¥ o5t 22,3 CHEXT,NWP 3203 AWRITE.X BROBPER‘ND ss;t ?l’B;ST ’
23.0 CIUMP Fi5 3.0 AWRITE XB REG (,
1100 O|F/2-B, (RIGHT) ARITHM, 23,1  CJUMP,NFI1S 33,1 AWRITE.XI(.B) 3210 3210| 0BY
11010 “ “ ROT 23,2 CIMP.Fs0 33,2 AWRITE HOLD 000 O|ZERD 00 00j0zD N
11100 " n ZIN 23,3 CJUMP KF0 33,3 AWRITE NEXT 0001(D 0001|LCcz
11110 = v LN 24,0 CKEXT.SGR 34,0 READ,PT 001 0|P 001 0|IRQ
24,1 CKEXT KSGR 34,3 READ APT
1100 1|2F=B, (LEFT) ARITHM, 242 CREXT CRY 302 READ HOLD 0011|B 001 1|RESTR
11011 " x  ROT 243 CHEXT.NCRY | 34.3  EXAMINE 010¢0|C 01 00| FETCH
11101 " " ZIN 25,0 CKEXT F15 35,0 WRITE,PY 01 01|A 6t 01j00D
RRER1 IS g1 oans | ey om AEEN 0110
25, e . .
1 000 O|F,0/2—~ B,Q (RIGHT) ARITHM. Bl oo | 3h beeesit 011 11X 611 1|COND
1001 0] » - » ROT 260 oMpe 350 ADCS (LWCA) 1000]|STS 1000]|resvd
10100 " " w  ZIN 26.1  JoMP.B 35:] RWCS 1001iRM 100 1] reswd
10110 " " » LIN 26,2 WP, 36,2 reserved 101 0jR(2) 101 0]0OVF
1000 1|2F,a->B,0a (LEFT) ARITHM. 26,3 OMP.X 36.3  reserved 101 1|RM™ 101 1{CRY
1001 1] » ” n ROT 27,0 J"g-Xb 3;-0 spare 11900|R(4) 1100|FH
10101 » v 2N AT ISR U 1101|R(5) 1101|F15
10111 n " n LiN 27:3 CONTINUE 3703 10x(T) 111 0|R(6) 1110|2ZF
0 X X X X|NO SHIFT 111 1(R(D 141 11STP

Figure 3. ND-110 microinstruction word format & functions chart
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18 Chapter 3 Microinstruction word format

ND-120
ALU ALU EXTERNAL INTERNAL SEQUENCING B
INSTRUCTION | CONTROL /SELECT [DATA BUS C%EEQND CONTROL OPER- DCQMB'NED
A 1B CONTROL "TRUE® |BRANCH| COND. [TIM- ATA FIELD
DEST. | FUNC. [SOURCE[STS | ppeg fopeR|CIN [NODE|MIS INSTR. | ADDR. |CONTR. i | "D
eeglexniurolool oL ondr gl freacdiosoof T me Joo gl T [exmergsersnveaTy
OERRTEERS 2 - o Xz Z oo
33323233233 &ﬂﬁﬁgggggaafﬁ ggggggéggg mewadﬁesgﬁhmmmm E tfirzzzz2zzszzE oz
<< g« <jnnlr e Bl ¥C Sl <Erf o R B 0SSR Ho AP da ke o o el w
O N~ ON DO - W Wi DN OO -O® -~ —
R R P D DR N MR S A il S st PRy VR MRV peb id Bl FU Rl Bao - b Sl sPadcy
M15 | Mt4 | M13 | 12 | Mn | m10 | M09 | Mog | M07 | M6 | Mo5 | 04 | Mo3 [ Moz [ Mot oo
ALUT | ALU : TS ] NEXT AD
STS| OPERATION 108 108 DR.
8 7 6] DEST |V:f fo 0fHOLD STS (0-7) o-aiouacs 0-4 BOURCE| f6[5] SELECT . ARGUMENT
goo?;(‘)ammi ?éEL‘ﬁStE gg:oo ?;}mu gg:}\mé 00| JUMP 15141312}11 109876543210
0 1] RETURN 5 BRANCH ADDRESS
01 olr-8 Al ]t rjromo sts 2OPR L 2ZGPRSEI Ly o] NgxT 4 IMnmsa7es4az1o
01 1lF-n A 3 0B8R | 23 PGS
1 0 olralz-BalF 4 ARG 24 CSR 1. 1] REPEAT COND. DATA
10 F'/z b 5 REG 25 PCR TS | STACK SEL.0BJ[ VT ™
~ ONTR. 0
11 Ojzra—-BaiF RA(0-3)= gi:ire gg mEL gg f{OLTJ 12l S o\u'_u;:l._lt
11 1j2F~B |F 0 0 O]*BIT(12-15) 10 BARG | 30 RCS 01| Pop SAME
G558 ALY 01 0|PIL(0-3) 11 SWAP | 31 PICV 10| L0AD TRUE —I—{coping) —|—FALSE—
ALUT | FUNC. 1.00[IR(3-6) ¢ | | 12PEA | 32 spare 1 1] PUSH
ey | X 13 PES 33 spare sy
5 43 F= 10 1]1R(3-5) DELAY
14 AARG 34 spare
0 00f R+S 11 0] LC(0-3) 15 PICS | 35 RINR 0 0 | NORMAL
00 1t s-R 0 O 1] %BIT, RF2)" 16 10R 36 PICMSK 01} +25nS
040 R-S 01 t{PIL, RF3)" 17 NONE 37 UART 10 invalid
011 RVS 1.1 1L RED)" 11 | +50 nS
1.0 0f RAS 3 BIT3+0 MIS] VECTORED BRANCH
R - BRANCH “ADDRESS
:?; Sag L —_— 25| 0 |IF T53-6 15 JUMP. 11110598 7 6 5432140
RaRi4 o] - -
111 RS kB (0:3)- I s 1 5 | MicROINS TR (4t R0 e B )
5% 55 ALU G ETEIGED) 4-0 1-0 ( [ L e LLER
Y SZLUI S| 15 Slme o3, 1] 1 | MICROINSTR (4-11)0sRA(O-3) % BITS 11-4 20 RA(3-0)
210 rRs: | |t olirz-sy o NoM :
;s 1 LOPIL A-DPERAND
600 AQ 1 1]1C(0-3) R
2 LDGPR A BIT,
001 AB 3 EWRF 2] 5 COND 3 2 1 o] REB. | gy | PIC INSTR.
010 0@ 4 CLIRO 1] LOAD 000 O ZERO| O | MASTER CLEAR
011 08B Ci &Y ol HOLD 0001|D 1 | CLEAR MPID
100 0 A 00 0 $2  UART oD 23] ECOND, 0010fP 2 | MCLEAR MPID
101 DA 01 1 5.3 UART COMM 1] ENABLE 0011]|B 3 | ECLEAR MPID
110 D@ 10 c 6.0 spare 0] pisaBLE [Jo1 0olcC 4 | LCLEAR MPID
111 Do 1 1/GPRO 8.1 soare =] LooP 0101|A 5 | READ VECT.
s tnmt 1| ENABLE | Jo 11 0fT 6 | READ STAT.
»——-—1 ALUH| ALU 5.3 Ll 0] DiSABLE JJo 11 1] x 7 | READ MPIE
~— e
e |1 ofmobe 10 slow 21 oLy 1000]STS | 8|LOAD MPIE
* 63 * 62 [xMIST BMISO k58 56 O 0| wSRIFT 11 EPIC 0 INORMAL 1 004%{ R(D 9 | LOAD STAT
ves | bt Lmic fommo ke |2 of Fov 2w o5 s | |1 01 0| R@) | 10| MCLEAR MPIE
— a4 STOP
LCZ UP |IR10 |IR9 [x58 k56 I3 1]/IRSHIFT is alare 1100|R& |12 | CLEAR MPIE
8 7 |SSEL 1|SSEL O] 3 1 e wrs 2081200 F1 1 0 1] R(5) | 13 | DIS.INT.RQ
g » [ * 17 LoLe X [ADDRESS: 11 1 1 0| R(6) | 14 | LOAD MPIE
ALUL6 / \ BT J Mt 41) R(7) |15 | EN. INT.RQ
CO"M.MXS[CWAND CU“M.M!SICMND
20,0 LDSEG 30.0 AREAD
20,1 spare 30.1  AREAD.B
20.2 spare 30.2 AREAD . 1{.B}
20.3 LDIRY 3C.3 AREAD X
21,0 WCHIM 31.0 ARLAD X8
21,1 SSEMA 31,1 AREAD X1(.B}
21.2 CCLR 1.2 spare
21,3 LOEXM 31.3  AREAD KEXT
22,0 TREAD ,PT 32.0 AWRITE,*
i 22.1 IREAD APT 32.1 AWRITE B
r————*—’ 22.2 MAP 32.2 AWRITE , 1(.B) N
4 MODE 22,3 CNEXT NWP 32.3 ANRITE X BROBPERAND 55::; ?I'B;ST
23,0, CJwpP F15 33,0 AWRITE X8
T 100 O|F/2-B, (RIGHT) ARITHH, Y s |3 AmiTe L 321 0[REG 3210 08By
11010 " " ROT 23.2 COUMP.Fa0 33.2 AWRITE.HOLD 000 02ZERD 00 00{0zD
piieg roo o H g | n e | fooons 0903l
" " . . . . 0 1 0P o
1100 12F+B, (LEFT) ARITHM. 24,1  CNEXT NSGR 34,1  READ,APT 001 1|B 88 : ? ’IaﬂngR
24,2 CNEXT [ CRY 342 READ ,HOLD
11011 " " ROT : : : e 0100]|C 0100]|F
111009 ' 243 CNEXT NCRY 34,3 EXAMINE ETCH
! n o ZIN 25,0 CNEXT,F15 35.0  WRITE.PT 01011A 01 01]|00D
11111 " » LIN 25.1  CNEXT NF1S 35.1  WRITE APY 01107 01 10| spare
1000 0|F,0/2~ B,Q (RIGHT) ARITHM. 25.2  CNEXT.Fx0 35,2 WRITE HOLD 011 1)x 011 1]/COND
10010 " " " ROT 25,3 CNEXT NF =0 35.3 DEPOSIT 1000]sTs 1000 )
26.0  JMP,v 36,0 ADCS (LWCA) res'vd
10100 n " n ZIN : : ’ 1 00 1[RM 10014 v
10110 = " LiN 6.1 M8 Ny s 101 0|R@) 101 0] ove
" 26,2 oMP,] 36,2 LCS
1000 1|2F,0—+B,Q (LEFT) ARITHM, 26,3 JMP X 36,3 XSLOW 101 1R 101 1|CRY
100114 =n n n  ROT g;o j:gi?( o g;o spare 1100({R(4) 1100|FN
‘: g?} ? ; . . . z:ﬁ 27‘; SDBI"‘? ' 37% ?52;$ 1101R(5) 11011F15
" ” " . : 111 0[R) 111 0|2F
7. T . 7
0 X X X X|NO SHIET 27.3  CONTINUE 7.3 10T 11.11|R(7) 111 1]s7TP

Figure 4. ND-120 microinstruction word format & functions chart
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Chapter 3 Microinstruction word format 19

3.4 MICROINSTRUCTION WORD: FIELD DEFINITIONS

Field descriptions This section covers the field definitions for both the ND-
110 and the ND-120. Where a definition differs between ND-
110 and ND-120, the ND-110 definition is given first in
italics, then the ND-120 definition follows in non-italics.

In these definitions:

"spare” means available to a microprogrammer, for future
use.

"reserved” means not used and not available to a
microprogrammer.

Bits 0-3 : This selects the false sequence to be latchad by SCOND {bit
24). It specifies the sequencer instruction {jump, return,
next, repeat) and stack control {hold, pop, load, push), in
case a later test ECOND {bit 23) gives a false result.

Bits 4-7 : This selects the test object to be latched by SCOND (bit
24). If a test object changes state, one micrcinstruction
will be executed before the change is detected. This is
caused by the pipelining of ALU, and seguencing
calculations.

The 16 test -objects are:
0 DZD double zero detect.

1 LCZ loop counter is 0. Used to terminate looping
on an instruction.

2 IRQ used to test the interrupt request flip-flop,
to see if interrupts are pending.

3 RESTR used to test if the current program is running
in restricted mode. Instructions that are
privileged should not execute when this
condition is true.

4 FETCH indicates whether the last memory access was a
fetch of new macroinstruction. Used to
generate the correct P value in case of nage
fault.

5 00D the one out detect fiip-flop is used to set TG
(floating point rounding indicator) correctly
in FAD, FSB and FMU instructions.

6 - spare.
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Bits

Bits

Bits

Bits

Bit

Bit

0-11

12-15 :

16-19 :

20

21

Chapter 3  Microinstruction word format

7 COND this condition latches the true/false result
of the last microinstruction, so that it can
be tested later if that is more convenient
than testing it now. It will postpone the
test as long as desired.

8 - reserved {always false).
In ND-100, it was used to detect if a single
or multiple store instruction has affected
*+1, and if true, the prefetched instruction
must be discarded.

9 - reserved.

10 OVF overflow from ALU. Indicates overflow during
arithmetic operations.

11 CRY carry out from ALU.

12 F11 bit 11 from ALU.

13 F15 bit 15 {sign bit) from ALU.

14 ZF result = 0 from ALU.

15 STP indicates the Stop flip-flop is set (i.e. no

program running).

This field may contain the branch address in jump

microinstructions, in which case Bit 20 is available as the

13th bit of the branch address (see Bit 20). The jump

addresses may also be generated by the MIC, and partiy by

the vectorized jump mechanism. When the vectorised jump

mechanism is in use the microinstruction bits 0-3 will be :
discarded. ‘ !

These are enabled as an argument, onto the IDB if IDB source
{IDBS bits 37-41) is ARG (4).

These select the A-operand if RASEL (bits 51-52) are 0. The
A-operand controls the BMG, as well as being a register file
and ALU operator. ‘

These se]ecf the B-operand if RBSEL {bits 48-49) are O.

For microinstruction branches {(see Bits 0-11), this is
issued as the 13th address bit, along with bits 0-11. This
covers the 8K address range of the ND-110 and ND-120 control
store.

In ND-110, this is the delay function DELAY, which extends
the length of the previous microcycle because of the
function of the current microcycle.

In ND-120, this is the delay function, which extends the
length of the current microcycle because of the function of
the current microcycle.
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Chapter 3 Microinstruction word format A

Bits 22-24 : These are condition control bits:

¢ In ND-110, these are true when = 0 (low)

H

e In ND-120, these are true when = 1 (high).

. Bit 22 (LOOP) increments or decrements the loop counter
(always towards zero). If the selected condition is false,
RETURN/HOLD is executed by the MIC. If it is true, TS3-6
(bits 28-31) are executed. The new value of the loop counter
will not be available as an A-operand or test object until
after the next microinstruction.

Bit 23 (ECOND) enables testing (against the previously set
test condition) of the result of the previous
microinstruction. If the result is true, the MIC sequencer
executes TS3-6 (bits 28-31) to find the next
microinstruction. If the result is false, the MIC sequencer
executes the false sequence instruction which was previously
output to the hold register by SCOND (bit 24).

Bit 24 (SCOND) sets a condition to be tested on a later
occasion. A 4-bit code indicating the test condition. and a
4-bit code indicating the sequence instructions in case of a
false test, are output to the Hold register.

Bit 25 : This specifies a vectored jump if the true sequence is
"jump":

® In ND-110, it is true when = 0 (low)
e In ND-120, it is true when = 1 (high).

If true, the vector address is the microinstruction branch
address (Bits 0-11 plus Bit 20). If false, the lower 4 bits
of the vector address are determined by MISO (bit 42) tc be
ejther IR{0-3) or the A-operand.

Bits 26-27 : In ND-110, these are the delay function DLY(1,0). They
extend the length of the current microcycle because of the
function of the current microcycle. They are true when = 0O
{low).
In ND-120, these are the delay function{1,0). They extend
the length of the previous microcycle because of the
function of the current microcycle. They are true when = 1
(high).

Bits 28-31 : These control the microprogram sequence "next address
source” and "push-pop stack operation" if the condition
result is true. They will only be in control as long as LOQP
(bit 22) and ECOND (bit 23) are true.
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Bits 32-36 : This is the Command Field.
COMM
,MIS  COMMAND DESCRIPTION
00 NONE No command executed.
01 LDPIL Load the upper byte of the STS register

from the upper byte of IDB. The new
PIL will not be available as the
A-operand until the next
microinstruction has been completed.

02 LDGPR Load IDB into GPR. If a shift is
specified in the same microinstruction,
GPR will not be shifted, only loaded.

03 EWRF Write IDB into the register file
specified by the A and B operands.

04 CLIRQ Force interrupt request tc the cleared
condition. This is used by the
interrupt handler.

05 RSDA In ND-110, reset the data available
signal from the UART.

05,x CEUART In ND-120, enable the UART:
e If IDB source (bits 37-41) =37, the
operation is READ.
e If IDB source #37, the operation is
WRITE.

The COMM,MIS commands are:

05,0: UART data

05,1: UART status

05,2: UART mode

05,3: UART comm
See the data sheet on the 2661 UART
device for further details.

06,0 TBSTR In ND-110, Transmit Data Strobe
: command to the UART on the CPU card.
06,0 - In ND-120, spare.
06,1 - spare.
06,2 LDPANC load lower byte of IDB into the panel
processor FIFQ.
06,3 LDPCR load paging control register.
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07 SI0C load I/0 control register. The controil
register bits are:

Bit Description

7 Reset real time clock.
' 6 Set terminal #1 in OPCOM

{console}, as opposed to normal

5 Enable master clear: red LED ON'

4 Initialisation completed: green
LED ON'

3 c¢lock interrupt generated from
RTC trap handler.

2 enable output interrupt on

level 10, from terminal #1
{UART transmit buffer empty).
1 enable input interrupt on
level 12, from terminal #1
{UART data available).
0 enable clock interrupt on
level 13.

Note: ' When CLEAR is held, both red

~ and green LEDs are illuminated.
When CLEAR is released, red LED
only stays illuminated while control
store is loaded from EPROM, hardware
is initialised, and self-test runs.
After successful completion, the red
LED i1s extinguished and the green
LED is illuminated.

10 SLOW Command a "slow" microcycle.
In ND-120, a "slow" microcycle is a
minimum {no wait states) of 204.8ns.
In ND-110, it is 256ns.

11 EPIC Enable priority interrupt controller.
The A-operand then specifies a command
to the PIC. The commands are:

MCLR clear regs and enable ints
CLRMPID clear all interrupts
MCLRMPID clear ints from M-bus
ECLRMPID clear ints from Mask reg
LCLRMPID clear int for last vect rd
RDVECT read vector

RDSTAT  read status register
RDMPIE read mask register

10 LDMPIE set mask reg: inh all ints
11 LDSTAT load status

12 MCLRMPIE bit clear mask register

13 MSETMPIE bit set mask register

14 CLRMPIE <c¢l1r mask reg: en all ints
15 DISINTRQ disable interrupt request
16 LDMPIE Toad mask register

17 ENINTRQ enable interrupt request.

NS WN O

Norsk Data ND-06.031.1EN




24 Chapter 3  Microinstruction word format

12 SMPID Set bits in the micro-PID (Priority
Interrupt Detect) register in the PIC.
Bits can only be set to 1 by this
command. (The PIC command CLRMPID
resets bits to 0.)

13 START Reset the Stop flip-flop. The CPU will
start executing a macro {main memory)
program.

14 STOP Set the Stop flip-flop. When the next

FETCH is performed, the microprogram is
forced to microaddress 16 (panel
interrupt}.

15 CLRTC Clear real-time interrupt. Every 20ms
the real time clock will generate a
panel interrupt, thereby entering the
clock routine. This routine sends out
the CLRTC command.

16 CLFF Clear all flip-flops having special
functions regarding the floating point
rounding indicator (TG). The DZD
(double zero detect used in FDV) and
the 00D (one out detect used in FAD,
FSB and FMU} flip-flops are cleared by
CLFF. :

17 LDLC Load the loop counter with the 6 lower
bits of the IDB. The modified loop
counter will not be available as an
A-operand until the next
microinstruction has been completed.

20,0 LDSEG Load segment register. This selects a
physical 64K memory address area
{address bits 16-23). The segment
register is located in the MAC.

20,1 - Spare.

20,2 - Spare.

20,3 LDIRV Load instruction register (MIC).

21,0 WCIHM Write cache inhibit map (bit 15 of IDB,
see TRR CILP macroinstruction).

21,1 SSEMA Set semaphore flag (prepare semaphore
request).

21,2 CCLR Cache clear.

21,3 LDEXM Load examine mode in MAC function.
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22,0 IREAD,PT Indirect address read, relative to page
table.

22,1 IREAD,APT Indirect address read, relative to
alternative page table.

22,2 MAP Address control store mapped as when

FETCH. Used in Execute Register.
. instruction (IDB contains instruction).
22,3 CNEXT,NWP Conditional "next", if P is not changed
in the last cycle.

23,0 CJIMP,F15 Conditional jump if F15 is true
{ALU result is negativel.
23,1 CUJUMP NF15 Conditional jump if F15 is false
(ALU result is positive).
23,2 CJIMP,F=0 Conditional jump if F=0 is true
(ALU result is zero).
23,3 CJIMP,NF=0 Conditional Jjump if F=0 is false
{(ALU result is not zero).
24,0 CNEXT,SGR Conditional next if SGR true (greater
or equal).
24,1 CNEXT,NSGR .. SGR false {less).
24,2 CNEXT,CRY .. carry true {o'flow)
24,3 CNEXT,NCRY .. carry false.
25,0 CNEXT,F15 Conditional next if F15 is true
(ALU result is negative).
25,1 CNEXT,NF15 Conditional next if F15 is false
(ALU result is positive).
25,2 CNEXT,F=0 Conditional next if F=0 is true
{(ALU result is zero).
25,3 CNEXT,NF=0 Conditional next if F=0 1is false
(ALU result is not zero).
26,0 JMP,* Macro jump, P-relative.
26,1 JMP,B Macro jump, B-relative.
26,2 JMP,I Macro jump, indirect.
26,3 JMP,X Macro jump, X-relative.
27,0 JMP.XB Jump, post-indexed, B-relative.
27,1 JMP,XI (,B) Jump, post-indexed, indirect.
27,2 - Spare.
27,3 CONTINUE Fetch relative to P.
30,0 AREAD,* Read, P-relative.
30,1 AREAD,B Read, B-relative.
30,2 AREAD,I {(,B) Read, indirect, may be B-indexed.
30,3 AREAD,X Read, X-relative.
31,0 AREAD,XB Read, post-indexed after B-relative.
31,1 AREAD,XI (,B) Read, post-indexed after indirect.
31,2 Spare.

31,3 AREAD,NEXT Read next location.
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Bits 37-41 :
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AWRITE , * Write, P-relative.

AWRITE ,B Write, B-relative.

AWRITE,I (,B} Write, indirect, may be B-indexed.
AWRITE , X Write, X-relative.

AWRITE ,XB Write, post-indexed after B-relative.

AWRITE,XI(,B)

AWRITE ,HOLD
AWRITE ,NEXT
READ,PT
READ,APT
READ ,HOLD
EXAMINE
WRITE,PT
WRITE,APT

WRITE ,HOLD
DEPOSIT

ADCS
RWCS

LCS

XSLOW

IDENT
10X(T)

SOURCE

Write, post-indexed after indirect,
may be B-indexed.

Write in last-used address (used by
"MIN").

Write in next location.

Read, page table-relative, address

from IDB.

Read, alt PT-relative, address from IDB
Read from last-used PT, addr from IDB.
Read, physical addressing using segment
register.

Write, page table-relative, address
from IDB.

Write, alt PT-relative, addr from IDB.
Write to last-used PT, address from IDB
Write, physical addressing using
segment register.

Load control store address from IDB.
Read/write control store as addressed
by ADCS.

In ND-110, reserved.

In ND-120, load control store from PROM
and perform a master clear (i.e. same
function as MCL button on front panel).
In ND-110, reserved.

In ND-120, force current microcycle to
the maximum length of time (435.2ns).
This is used for very slow [/0 devices,
e.g. the UART.

Spare (available for future use).
Spare (available for future use).
IDENT instruction request.

10X or IOXT instructon request.

DESCRIPTION

ALU

BMG
GPR
DBR
ARG
REG

Norsk Data

ALU result or register pointed to by the
A-operand {dependent on bits 60-63).
Bit-mask-generator.

General purpose register.

DB/cache read register.

Microcode argument register.

Register file, selected by A & B operands
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Bits 42-43 :

Bits 44-45 :

Bits 46-47 :

Microinstruction word format 27
6 STS Macro status register.
7 - Not used.
10 BARG B-operand as argument on bits 0-3
(values 0-17).
11 SWAP Byte swap register (previous DB contents
are byte-swapped).
. 12 PEA Parity error address.
13 PES Parity error status & address.
14 AARG A-operand as argument on bits 3-€ (with
bits 0-2 =0} giving range of values 0-170
15 PICS Internal status of the PIC. A read status

command must be issued to the PIC.
simultaneously (command decode 11 - EPIC)
16 I0R 1/0 register from UART etc.
17 none Nothing enabled onto the IDB by IDBS field
20 MIPANS Panel status register (EPANS).
21 MAPANS Panel status register (EPANS), and also
panel status read bit (12} is reset.
22 GPR,SEXT General purpose register, sign extended.

23 PGS Paging status extended.

24 CSR Cache status register.

25 PCR Paging control register.

26 ALD Automatic load descriptor and print-status

27 PANEL Panel interrupt vector.

30 RCS Read control store (see also command

decode 36,1 -RWCS).

31 PICV PIC interrupt vector (see also command
: decode 11 - EPIC).

32 - Spare.

33 - Spare.

34 JMPA In ND-110, LA(10-15), CA(0-9) update P

in ALU (jump).

34 - In ND-120, spare.

35 RINR Read installation number.

36 - In ND-110, spare.

36 PICMASK In ND-120, read PIC mask register.

37 - In ND-110, spare.

37 UART In ND-120, read UART (see also command
decode 5,x - UART).

Miscellaneous bits (MIS 0-1). These bits are used:
e to control the shift linkage in the ALU.
e as an extension to the command field {see bjts 32-36).

These modify bits 55-63, before they reach the ALU. See
bits 55-63.

These control the carry-in line to the ALU:
00 Carry is O.
01 Carry is 1.
10 Carry is the C flip-flop of the STS register.
11 Carry is the GPR bit 0 {used in division).
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Bits 48-49 : These control the source of the B-operand to the CPU:

00 The B-operand is bits 16-19 of the
microinstruction. It is used to address a
register in register file or ALU WRF.

. 01 The B-operand is bits 0-2 of the current
macroinstruction. This is used to address
the destination register, in macroinstructions.

10 The B-operand is bits 3-5 of the current
macroinstruction. This is used to address
the source register, in macroinstructions.

11 The B-operand is bits 0-3 of the loop counter.
This is used when performing a level change,
to provide fast scanning of addresses in
register file and working register file. It is
also used to read the loop counter from MIC onto
BAO-3, using BARG in the ALU to steer it onto
the IDB.

Bits 50-52 : These control the source of the A-operand to the ALU.

000 The A-operand is bits 12-15 of the
microinstruction.

010 The A-operand is the PIL register {(used to
address the current level register block in
the register file).

100 The A-operand is bits 3-6 of the current
macroinstruction. This is used in bit
operation instructions, and in instructions
specifying a level in the register file).

101 The A-operand is bits 3-5 of the current
macroinstruction. This is used to address
the source register, in macroinstructions.

110 The A-operand is bits 0-3 of the loop counter.

001 Extended register file RF2 addressed by *BIT12-15
on the A-operand. This is used to store global
scratch registers, accessible by microcode only.

011 Extended register file RF3 addressed by program
level bits PILO-3 on the A-operand. This is used
to store the PCRs and other level-specific
scratch registers that must be retained.

011 Extended register file RF1 addressed by loop
counter bits LC12-15 on the A-operand. This is
used for temporary storage in loop-context
operations.
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Bits 53-54 : These control the behaviour of the 8 lower bits of the STS
register:

00 does not affect the STS register.

01 updates the C, 0 and Q flip-flops, to the result
of the current ALU instruction.

10 updates the M flip-flop to the disappearing bit
in a shift microinstruction. If there is
ALUM IRSHIFT, M will be updated, regardless of
the setting of bits 53-54.

11 loads the 8 lower bits of the STS register, from
the IDB.

Bits 55-63 : Together with bits 44-45, these control the behaviour of the
ALU. Bits 44-45 modify bits 55-63 before they reach the ALU.

ALUMO
ALUM1

0 (bit 44)
0 (bit 45): Micro Controlled Mode (pSHIFT)

n

The ALU behaviour is controlled entirely from the

microprogram.
ALUMO = 1 (bit 44)
ALUM1 = 0 (bit 45): Multiply Mode (FMU)

The ALU behaviour is controlled from the
microprogram, except that GPR bit O controls the
addition of the A-operand register or 0. This is
only used in muliplication instructions.

ALUMO
ALUM1

0 (bit 44)
1 (bit 45): Divide Mode (FDV)

(11}

The ALU behaviour is controlled from the
microprogram, except that GPR bit 0 controls
whether or not the A-operand register should
be added or subtracted. This is only used in
divide instructions.

ALUMO
ALUM1

1 {bit 44)
1 (bit 45): Shift Instruction (IR SHIFT)

The shift direction and shift mode is controlled
from the loop counter together with bits 9-10 of
the macroinstruction. The extra microinstruction
executed after the loop counter reaches 0 does not
shift the ALU result.
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CHAPTER 4  WRITING MICROPROGRAM

*

i1 CoNTROL STORE AREA

The ND-110 and ND-120 have 8K of 64-bit control store. This
area is assigned as shown in figure 5.

CONTROL STORE: 8K x 64bits

0 0
1K 1777
8
2K 3777
8
3K 5777
map area 8
4K 7777
- ‘ 8
Sky . . 11777
* extension area 8
6K 13777
ND-110 microcache &
7K 157778
110/120 microcache
8K

17777
8

! precise area of extension space in control store

varies according to the version of microcode used.

Figure 5. Control store address assignments

H

e map

The map entry area contains the first microinstruction
for every macroinstruction fetched into the CPU.

e microinstruction cache

ND-110 has 2K of microinstruction cache, occupying
address range 6-8K.

ND-120 has 1K of microinstruction cache, occupying
address range 7-8K.
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e extension area

A part of the control store area, within the address
range 5-6K, is available for extension of the microcode,
for example to write new or customised machine
instructions. The actual address area available for this
varies according to the version of microcode. supplied
with the CPU. Before writing into this extension area,
refer to ND to determine the precise address range that
is available.

In ND-120, the address range 6-7K is not required for
microcache, and may be used as a further 1K of extension
area. However, any new instructions written into this
area could not then be ported into the same address area
in a ND-110.

- CAUTION

A1l locations in control store may be modified using
the TRR CS instruction.

Severe system malfunction will result if a location
that is already assigned by the system is overwritten
using TRR CS.

Ly.? GENERATING MICROCODE

Generating microcode involves the following operations:

1. specifying the complete functionality of the new
macroinstruction that is to be implemented by the new
microprogram.

2. designing and coding the necessary microinstructions to
perform the new macroinstruction.

3. assembling the symbolic microprogram into binary format,
using the microcode assembler program.

4. writing the binary representation of the WCS contents
into main memory, then loading it into WCS.
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4.3 DESIGN OF MICROCODE

Designing microcode to implement a machine instruction,
requires detailed understanding of the structure of the
microinstruction word, and how the various fields and
combinations of fields in this word stimulate the hardware,
to perform the required operations.

It also requires a detailed knowledge of all the
microinstruction mnemonics {Appendix A for ND-110; Appendix
B for ND-120)}, which provide the tools to code the
microprogram.

4.4 MICROCODE ASSEMBLER

Language syntax The microcode assembler program creates a binary file from
the symbolic microcode. The following general points apply:

e if "/" is found in a character group, the current
locatjon counter (CLC) is updated to the octal number in
front of /.

e if ":" is found in a character group, the rest of the
group is regarded as a label.

e the character ";" terminates each microinstruction, and
CLC is then incremented. Each microinstruction may
contain an unspecified number of lines.

e the termination to a macreoinstruction is the label CONT.
This sets the Z register to zero, and executes a
COMM,CONTINUE T,JdMP which fetches the next
macroinstruction relative to P. This command can be
executed elsewhere. ;

e the characters "space" and "tab" are accepted by the
microcode assembler as delimiters between mnemonics,
labels and numbers.

e the character "%" is used to indicate that the rest of
the line is a comment.

Any other characters are used to form character groups,
which may be mnemonics, labels or commands. If a number
between 0-7 is found in a character group, it is regarded as
an octal number. Each mnemonic in the list is translated by
the assembler into its corresponding octal value. A1l the
octal values of the mnemonics in one microinstruction are
"ORed" together. If an octal number is encountered, it is
placed in bits 0-15 of the microinstruction word and
considered as an argument. If a symbolic name is encountered
which is not found in the mnemonic 1ist, it is regarded as a
label, which is or will be defined.
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Microinstruction branching uses the standard format, whereby
the condition and false sequence must be set up at least one
microinstruction before CONDENABL (condition enable) is
executed. The test is on the result of the set condition in
the previous microinstruction.

When there is no more input to the assembler, all labels are
replaced by their values, which are filled into bits 0-11
and 20, in the correct microaddresses. Note that for ND-110
only, bits 22-27 of the microinstruction word are inverted
after the word is assembled.

Microinstructions are generated using the Microassembler
program. This program is internal to Norsk Data. For further
information, the ND-500 Microprogramming Guide {(ND-05.012)
is a useful reference.

Five output files are generated from the assembler, with the
name *-F32 or *-F48. Their filename extensions are:

:LIST listing file - complete

: LABE labels and their addresses

:ERR error listing

:UDEF undefined entries

:DATA  the assembled.output for 7-PROM-PROGRAM.

The control store PROM-program runs on the ND-500 under
FORTRAN, and generates eight output files of the form Fnn-
XxX-yy:PROM, where nn is 32 or 48, and xx-yy is the microcode
bit range (e.g. 0-7, 8-15, etc.).

For further information on writing of microcode, refer to
Norsk Data.

4.5 UPDATING THE CONTROL STORE

Any 16-bit part of a location in any address in the control
store may be patched using the TRR €S instruction, or may be
inspected using the TRA CS instruction.

Since these instructions implement 16-bit data transfers,
they need to be performed four times to write or read a
complete 64-bit microinstruction word:

16-bit word|16-bit word|16-bit word|16-bit word

Because of the possible severe consequences that may arise
as a result of a user modifying the contents of control
store, the TRR CS and TRA CS instructions are privileged.
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The TRA CS and TRR CS instructions are described in the ND-
110/ND-120 Instruction Set manual (ND-06.029).

Reloading CS Control store is reloaded (from the control store EPROM on

the CPU) every time the machine is powered up, or whenever
’ it is initialised by pressing the Master Clear button or

issuing the LCS (ND-120 only) command from OPCOM. A control
store reload operation overwrites any patches that were made
to control store by the TRR CS instruction, so if those
patches were a required feature they must then be
reinstalled by repatching. Note that the MACL command in
OPCOM initialises the machine without reloading control
store.

Alternatively, permanently required patches may be blown
into the control store EPROM. If this is required, refer to
Norsk Data for assistance.
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The following pages present the 1ist of mnemonics for the
ND-110 microinstruction set.

The 1ist includes the op-code for the microinstruction (in
octal), and a one-line description of it.

‘ Note that the microcode assembler for ND-110 inverts bits
22-27.
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0

SASINI OL ANVWWOD .HOLDAA-AvIY. dAID OL ddsn °§
SASINI OL "dWd . MSVW 13S dINSVYW. dJAIH OL adsn "€l
SASLINI OL "QWd .NOI. dAIO Ol ddsn <41

SASLNI OL QWD .40I. dAI9H OL d3sin "&t

SASINI OL QWD . MSVYMW HVYAID AAMSVH., HAID OL adsn "¢t
SASLNI OL "dWD . MSVW avOo1l. JAIOD OL 4dsn "9t
SASLNI OL "dWD .SNIV.LS dvo1l. dFAIO OL ddsn "1t
SASLNI Ol "dWd . MSVW avdd. IAID OL dasn "L

SASINI OL "dWD ,.dId "VATD AaXMSVW. dAID Ol adsn "¢
SASINI OL "QWD ,4YVI1D HILSVKW. JAID OL 4dsn 'O
SASLINI Ol "dWD .SNLVLS dvdd. JAIO Ol ddsn 9

09V SNOILDNYLSNIOHIIW OM1I . HILNNOD dO0T. 40 dN1IVA
LOdYWSL, LSYT1 A @3dvOol .6-¢ SLIgd "HILSNI. 40 d01va
SOdYW'L, 1SYT A9 IdAvoT1 .9-€ SLIF "HISNI, 40 JNIVA
L1141 WWOD, A9 d3AVY0T ‘"ALSIDIY .T1Id. NI dNIVA
HOLVYDS /1 "YALSIDAHY "HAAV OL qisn L1

HJOLVHDS ‘91 "HALSIOAY "HAAVY Ol 4adsn 91

HOLVYDS ‘ST YILSIONAY "HAAVY OL disn st

HJLVHIS ‘%1 HILSIOAY "dHAAV Ol disn "¢l

HOLVHDS ‘€1 YHLSIOHAY "HAAvV Ol gdsn €1

HOLVYDS ‘21 HALSIONIY "Haavy Ol 4isn et

HOLVHDS ¥0 SSHHAAV ‘T1 "9H3Y "dYAAv Ol adsn "1l
HOLVHDS ¥0 SNLVLS ‘01 "93Y "HAAY OL disn 'Ot
HILSIOdY-X FHLI "HUAv Ol 4adsn "<&

HILSIODIH-L JHL "dAAVY OL gdsn "9

) HILSIOFY-V FHL "HYAAV Ol ddsn °S
HILSIOHY-T JH1L "HAdV OL d3sn 'v

HY4dLSINdH-9 HH1 "HAdv OL aisn '€

HILSIO3Y-d HHI "4Yadv Ol dIsn "2

YALSIONIY-U dHL "HAAV Ol a3sn °1

HOLVYOS HO SALVLS ‘DI 0o¥dZ "Haav Ol 4isn "o

S1
S1
SI
SI
S1
SI
SI
SI
S1
S1I
SI
S1
SI
SI
SI
S1I
SI
SI
SI
SI
SI
SI
S1
S1
SI
S1
SI
SI
SI
SI
S1
SI

"dO-V
dO-V
“dO-VY
"dO-V
"dO-Vv
“dOo-VY
"dOo-Vv
"dOo-v
"dOo-Vv
do-v
"dO-V
"dO-V
"d0-Vv
"do-V
"d0-Vv
"dO-Vv
*dOo-VY
"dOo-Vv
*dO-VY
*dOo-V
*dO-V
*d0-V
*dO-V
*dO-V
*dOo-Vv
"dO-V
*dO-V
“dOo-V
*dOo-V
*do-Y
"d0-V
*dOo-V

000000U
0000S0
00oocetl
0000.1
000061
000021
000691
000011
000040
000020
000000
000090
000000
000000
000000
000000
00001
000091
000061
000071
0000¢€1
000021
000011
000001
000040
000090
0000S0
0000%0
0000¢t0
000020
000010
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
0£0000
¥20000
020000
010000
000000
000000
000000
000000
00Q000
000000
G00000
000000
000000
0000060
000000
000000
000000
000000
000000
000000

o'V
133A¥°D1d
ASWISW DId
NOI ‘DI1d
40I1°01d
ASWTIOW ' O1d
MSWT°01d
S1S01°01d
ASWYDId
aId1dW‘DId
TOW DId
S1SH‘DId
o1V
JAJHS‘V
DIAY VY
114V

A O

SH'V

GH'V

yd'VY

198

Zu'Y

TH'Y
SLS*'V

X'y

l'v

V'V

'V

gy

d‘v

a‘v

z'v

2€
e
(13
62
8¢
Le
9¢
G
[ 44
144
44
1e
0z
61
81
L1
91
St
Vi
£1
21
It

o O
ol

— N M ¢ i O N~ ©
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ZLdYW'L, 1SVl A€ @ddvol .Z-0
HDOLVHDS “Z1
HOLVHDS ‘91
HOLVHDS ‘Gl
HOLVHDS ‘¥I1
HOLVYYDS ‘€1
HOLVHDS ‘21
HOLVHDS ¥O "Haav ‘1t
HOLVHDS ¥O SNLVYLS ‘0T
HILSIOdH-X
HALSIOdHY-L
HALSIOIH-V
HALSIDIY -1
HALSIOdH -4
HALSIOdY-d
HALS103d-d

S1I1g

" OdYd
' 03d
"O3d
" 034
* 934
T OdH
R CA-
"0d4d

dH1l
dHL
dHL
dHL
dJHL
JHL
JHL

HOLVHIS ¥0 SALVLS ‘934 O”dZ

"HLSNT.

‘Haav
"Haav
THaav
“HAAv
"Haav
“daav
‘Haav
‘yaayv

‘Haav
"Haav
"Haav
‘yaav
‘Haav
‘qaav
‘yaav
*gaaqv

oL
oL
oL
oL
oL
oL
ol
OL
oL
Ol
oL
OL
Ol
ol
oL
oL

d0 dNTVA

aasn
agsn
agsn
adasn
aiasn
aasn
agsn
aasn
agsn
agsn
aigsn
agasn
adsn
agsn
aiasn
aigsn

L1
‘91
‘61
vl
€1
At
11
0ot

L

= N M < N 0

L1
91
St
vi
€1
Zl
11
ot

- N M ¢ N W

S1
S1
SI
S1
Sl
S1
S1I
S1
S1
SI
SI
SI
SI
SI
SI

SI

SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI

*do-4d
"do-4
"d0o-d
"d0-4d
*dO-4d
d0-d
*do-d
"dO0-d
*do-d
"d0-4
d0-d
do-d
*do-d
*do-d
*do-4d

"d0o-d

"do-4d
*dOo-v
d0o-V
*dOo-VY
*dOo-V
*dOo-VY
*dOo-V
*dOo-V
*dOo-VY
*dOo-V
*dO-VY
*dO-V
*dO-V
*d0-V
"dO-V
*dO-V

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0000L1
000091
0000ST
0000¥%1
0000€T
000021
000011
000001
0000L0
000090
000050
0000%0
0000€0
000020
000010

000000
210000
S10000
G10000
¥10000
£ 10000
210000
110000
010000
L00V0OO0
900000
00000
y00000
£00v00
Z200¥v00
100000
000000
600000
0G0000
000000
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000006
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
600000
000000
000000
000000
000000
000000
000000

100000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

lsda‘g
La'd
gy ‘d
cy‘g
vd'd
cy‘d
zd‘d
tad
sLs‘d
X'd
1l'g
vd
19
a°d
d‘'d
a‘g
VAR: |
L1V
ST'V
S1'V
vi‘y
€1'YV
21y
1TV
or‘v
L'V
9'y
[*h
v
£V
rAN
1V

¥9
€9
29
19
09
66
86
LS
22
°1°)
14
£G
(4]
g
0§
(34
8v
Ly
Sv
Sy
vy
1384
v
|54
oy
6¢€
8¢
LE
g€
GE
j 4
£E
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o d <- (9 ¥0X
—
- d <~ (D "HOX
2 d ¢<- 0
o 1 <-v
t 4 <-4
S
S 4 ¢- 0
) 4 <=0
w
" i <-v
o d <~ g
0 -
c i <- 0
2 d<-0
% d <~ v
=
d <- g
< 4 <- 0
x LTSI
2 91 SI
a
oy S1 SI
<
¥l SI
€1 SI
Z1 sI
IT SI
01 SI
L SI
9 SI
S SI
. ¥ SI
€ SI
Z SI
T SI
0 SI
09V SNOILDNYISNI OMI . HILNNOD d001, JHIL 40 ANIVA SI
LAVHCL, 1SV XD dIAvol ,S-€ SLIg "HLISNI. d40 d01VA SI
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v ) 1ON
v ] 1ON
40X d
HOX d
HOX

~
~
< < AaAC<C <A@ <<

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
0060000
000000
G00000
000000
800000
10000
910000
S10000
10000
£10000
210000
110000
010000
L00000
900000
00000
¥00000
€£00000
200000
100000
000000
000000
000000

000000
000000
000000
000000
000000
000000
600000
000000
000000
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0000060
000000

00Z910
000910
00vS10
002510
00Z¥10
000%10
00¥200
00Z .00
002900
000900
00¥110
00Z110
002010
000010
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
£00000
Z00000

GYHONX * 401V
OVHONX 401V
0ayox ‘4n1v
YAHOX ‘ dN1V
gYHOX *dn1v
OVHOX 4NV
OqHO * 4NV
YAHo “An1v
gYHO N1V
OVHO ‘4N1v
OUaNy *4n1v
VAANY “4n1vY
VANV * ANV
OVaNv ‘4n1v
L1'd

91°‘d

s1'd

vi‘g

€1°d

z1'd

g

or‘dg

A

9°d

c'd

vd

€'d

2'd

1'd

0‘d

J1°d
q04us‘g

96
G6
|49
£6
26
16
06
68
88
L8
98
S8
8
£8
28
18
08
6L
8L
LL
9L
G
VL
€L
2L
1L
874
69
89
L9
99
S9
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<
x
o
O
o=
@
Q.
o3
<

[S TR CORN © TR < )

ool e B
~
!

[SOT < U < VR £9)
~
i

<- 0
<- ¥
<- g
<- 0

B B B

d <- (O
d <- (v

o e

A ~ e e
|
i
e e e e
< < B8 A0
i
[
foal
i

+
m < OO0 MR <O
+

+
<- 0 +
\/ (a)iloN
\/ (Q)1ON
\/ (V}1ON
\/ (V}1ON
d <-a
d<-v

4 <-4

4 <- 0

<- (a)}1ON
<- (V¥).1ON
<- [9)ION
<- {D)1ON
4 <-0
"dOX d).LON
HOX d).LON

+
< < A A <C <C QA

000000
0000CU
000000
000000
000000
000000
000000
000000
000000
000000
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
00007v0
0000%0
0000Vv0
0000%0
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000%00
00VE00
00Ze00
002200
000200
009€00
000500
009%v00
00¥%?v00
00¥v100
002100
802000
000000
007100
002100
002000
000000
00vE10
00¢2€10
0ozZzio
0ocoZ1io
0038610
000s10
00S8V10
0o0vv10
009410
000410
009910
00¥%¥S10
00v010
00%¥L10
002L10

I-0-v'4n1v
1-a-04n1v
1-0-v4an1v
1-v-4'401Y
[-v-0‘dniv
1-d-4n1v
I-Y-401v
I-9-4n1v
1-0-4n1v
1+0+0* 4NV
T+V+Q 4NV
1+4+V 4N1V
1+0+V 4NV
D+a‘4ntv
v+d'An1v
g+v ANV
O+v an1y
OMISYUW ANV
VISV ANV
YVISYI  ANTY
OVASYH ANV
assvd ‘An1v
VSSvd An1v
gssvd ANV
fssvd ANy
QANI N1V
VANI “4AN1V
gANI ANV
OANI “d4n1v
OHdZ 4NV
OQUONX “ ANV
VAHONX ‘ 401V

gz1
Lzt
9z1
szl
vl
A
zzl
121
0zt
611
8r1
LTT
911
STL
¥Il
€11
AR
1541
ort
601
801
LO1
901
SOt
vOol
€01
zotl
10T
001
66

86

L6
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(0'g) <- z/(0'4) ' A <~ 4 00000 BOLVLOY OO00DO 000001 qQys aniy 09l
A<= 4d ¢ g < 4 000000 0000HG 000000 000090 g:ani1v 66l
A <- ¥ ' g <- 4 000000 000000 000000 0O000VO vAd'aniv 8st
A <- 4 000000 00000L V00000 000020 ANON ANy 461
A <- d D <-4 000000 000000 0OOO0O 000000 o‘aniv 9sr
i1 <- 0O - d 000000 000000 D0VOYO 00PS00 0-a 4n1v 6S1
d <- ¥V - 0 000000 0O00O00 0000VO 002500 v-a‘dniv vet
d <- g - V¥V 000000 000000 0GO00P0 00Z2V00 gd-v 4N1v €61
d <- 0 - ¥ 000600 000000 00000 000V00 0-v dnlv Zs1
d <- @ - O 000000 000000 0000¥Y0 00¥EO0O a-odn1v 16t
d <- @ - v 000000 000000 0000%0 00ZE0O a-v'4aniv ost
i <- ¥ - g 000000 000000 0000P0 002200 v-4°d4d01Y 6Vl
d <~ ¥ - D 000000 000000 0000¥0 000200 v-0'401V 8%1
4 <- (- 000000 000000 0000P0 009€00 a-'4n1v Ly1 m
d <- ¥- 000000 000000 0000FPO 000SO00 v-4n1v 9%l -
d <- €- 000000 000000 0000%¥0 009V00 g-'401v Syl mw
4 <- D- 000000 000000 0000Y0 COVVOO 0-°4n1v v¥1 S
d <- 1 - d 000000 ©UO0O00O 000000 009500 1-a dniv €vl w
d <~ I - ¥ 000000 000000 000000 000E00 1-vd4d01v Zvl
d <- 1 - g 000000 000000 000000 009200 1-4°4071V 1¥1 m
4 <- 1 - D 000000 000000 000000 00¥Z00 1-0°4n1v 0O%1 o
d <- 1 + d 000000 000000 0C00¥C 009100 1+0°d4dN1vY 6€T .m
d <~ I + ¥ 000000 000000 0000¥0 000100 I+V4N1V 8€l 2
d <~ 1 + €@ 000000 000000 0000%¥0 009000 1+4°401V LET
d <- 1 + D 000000 000000 0C0O¥Y0 00¥000 1+0°4N1vY 9¢T
d <- d 000000 000000 000000 009100 a daniv set
d <- ¥ 000000 000000 000000 000100 vidaniv vet
d <- € 000000 000000 000000 009000 g'aniv €€t
4 <- 0 000000 000000 000000 00¥C00 04NV 2t
d <- 1 - 0 - @ 000000 000000 000000 00¥S00 1-0-d‘d4dni1v Tt€t
d <- 1 - ¥ - d 000000 000000 000000 002S00 I-v-Q‘d4dn1v o€t
d <- 1 - d - VY 000000 000000 000000 002¥%00 1-9-vd4n1v 62t
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(SLS-D1d 1daDXd ‘O4ANI-.DId. avay Ol adsn) sdal 414vsid
gar <- SNLYLS ANV Yivad 1¥vn

a1 <- YILSINAH SNLVLS TOYLNOD-LdNHHIINI-ALIHOIHd

qgar <- (041-0) Ol ,INJHWNOYY-ANYHAJO-V

qgdIl <- HILSIODAH-SHd

a1 <- HILSI93d-vad

gaal <- gal 1SV 40 d¥MS-aLAg

gdI <~ (41-0) LNIWNOUY-ANVYHIJO-d

ddl <- SNLVILS

a1 <- FT14-"HILS1HIY

gaI <- (ST-0 SLIG-NOILJINYISNI-OHDIW) LNHWAOHY

ga1 <- ¥ILSIONIY-SNg-vivVa

gal <- YALSIDIY-TSOdUNd-TvdINIO

gar <- YOLVHINIO-MNSVM-LId

ga1 <- LINN-JI90T-I1LIWHLIYV

dS1v4 NOILIANOD 41 $D23dS .4S1vd. dSn ‘- 0dS "ANOD d14YNI
LOTOH.3.NHALEY, ISTvd 41 * HIINNOD-d0OT LNNOD
LOIW‘WATY, 41 LAIHS LNANI-ANI-MNIT SHI410ddS

LOIW‘WNTY, 41 LJIIHS LNANI-ANZ-O0HIZ SHI410d3dS

LOIW‘WNTY, 41 LJIHS TTYNOILVIOY SII4103dS

.SLIE-SIN, WOYd FAOW L4AIHS "LJAIHS ~HLNOD WYHOOHdOHUDIW
"WOLAV 1S SI W "SLIE-YI WOHd JAOW HS ~JAOW "HISNI L4 IHS
LITHS-¥dO 1437 ¢ € HISNI-NIV <- O ¥d9O "HAOW N1V NOISIAIQ
LITHS-¥dO IHOIY ¢ T HLSNI-NIV <- O ¥dD "HUOW O1Y ATdILINW
NI XHUVYD <- O LIg HdD

NI AMYYD <- D SNLVLS

W SNLVLS <- 1NdLNO LAIHS NIV

0 SIS <- 0 SIS /\ dA0 * D SIS <- dAO ! D SIS <- AWD

L-0 SLIF-SOLVLS <- /-0 Slig-4dI

g <- Zxd ¢ X <-4

(0°9d) <- 2x(0*d) * A <-4

g <-2/d ¢ A <-4

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000800
0009800
000000
000900
00800
000000
000000
0600000
000800
000000
600000
000000
000000
000000
002000
001000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

0vL000
004000
0¥38000
009000
0¥5000
00S000
ovvro0o0
00v000
00£000
0¥2000
002000
0¥1000
001000
0¥0000
000000
000000
000000
000900
000v00
000c00
000000
0000¢c0
000020
000010

0000VvT.

000001
000000
000000
000000
000000
600000
000000

000000
000000
UU0000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
001000
0¥0000
0¥1000
000091
0000¥1T
000021

1dvysa’ sddl
HOI ‘s49dl
J1d°s4ddl
OYVY ‘' sdal
Sdd‘sdal
viad ‘ sadl
dvMs ‘sdal
odvd * sddl
S1S‘sddl
9394 °s9al
OHY ‘ S9!
Hga ‘sddl
HdO*sddl
ORg * s4d1
N1v°sdatl
THYNIANOD
LNNODT
NIT'SIW
NIZ‘SIW
LOHSIK
JIN'NNTY
HI WOV
AQd “WNTY
N “WN1Y
HdO* AHD
J°AHD
S4°S1S
vd‘SLS
01°SLS

471 ‘an1v
ais‘aniv
qYS ‘aniv

261
161
061
681
881
L81
981
681
¥81
€81
281
181
081
6L1
8L1
LLT
9/1
SL1
Vit
€LT
cLT
A
oLt
691
891
L91
991
691
j4°2¢
€91
¢9l
191

.1EN

ND-06.031

Norsk Data




Mnemonics list for the ND-110

Appendix A

48

.T. 0Ol Qdoyod 3dv 1.

(vA4Y MP9 TYIISAHd SI123T1dS) HILSIOAH INIWODIS AvO]
S1Ig-€9dl Y3M0T1 9 HHL HLIA HILNNOD d00T. IFHL aAVOT1
SdOT1d-dI14 .dz2d., dHL NV .d00, HHL "vitd
d07d-d174 MD01D SW 02 JHL HvIIO
d0T1d-dI17T4 .dOLS. dHL 13S

d014-4114 . dOLS, dHL LdS3H

SI 90l d4IHM SLI9-AdId "AId-O"dDINW LiS
(YINOD INI ALIYOI¥d)} .DId. Ol NOILDNHLSNI NV SI (UNVHIdO-V
J1DAD MOTIS

dAT10AD MO'IS

(*21ld ‘SINI-M1D ‘T-T1YNIWHIL) HILSIOIH . TOHLNOD-0/1. av01
(TId A9 QIANTWHALIQ YIGWAN] ¥Y2d avo1l
0 HI Ol JLA9 INO (ONIS

adasn LON

LUV, Ol (HH0HLS ddddnd LIWSNVHL,
LLHVO, NI J719VTIVAV VIvAd 1dS3H
1S3L-DHI NO d443-.,TANVd, JTAOWHY ‘LOIA HINI OL dWAL INIAHYd
JO-9 NV dO0-V A9 qdSSIHAAv dHOM J1Id YILSIO3H <- €d1
YILSI9dH-2S0dHNd - TVHANID <- HdI

G1-8 SLI9 SNLVYLS <- &1-8 SLId ddl

agsn LON

(d91d ‘WWOD JAVH LSNW) sSnd v1 WOYd "E1 dvid

HOLOdIA LdNYYILNI

dH0LlS TOYLNOD avid

HOLDIA TINVd

SNLVLIS LNIdd 3 YOLdIH¥DSId dvOoT1l DI1LVWOLNV

(11d >W QaL0474S YIWNN) HFLSIO3Y TOHLNOD ONIOVd dvdHd
HALSIHAY SNLVLIS JHOVO

{aaMDI071 HAAIN) LSAN0AY LSVT OL HNIAHOIIV SALVLIS ONIOVd
gai <- (£ 119 Ol 1vAdd S1-8 SLIE HLIM] £-O SLIF HdD
NOILDNYUISNI-VHI Ad ddsn O HI

JdOW A4 @dsn 0O HlI

LYY, <- £4-0 49dI

000000
000000
000000
000000
000000
0000300
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

0¥0v00
000¥v00
000000
000000
000000
000000
000900
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000¥%00
000000
000000
000000
000900
000900
000000
000900
000900
000900
0009060
0009800
000000
000900
000900

020000
L10000
010000
S 10000
10000
£10000
210000
110000
010000
010000
200000
900900
900¥%00
000000
900000
S00000
¥00000
£00000
200000
100000
000000
005100
0¥¥100
00%100
OVYEI00
00ET100
0¥2100
002100
O¥1100
001100
0¥0100
000100

000000
000000
000000
000000
000000
000000
000000
060000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

9FSAT WHOD
27147 WKOD
44710 WHOD
J1YTD FWHOD
dO1lSS " WWOND
LUVYLS * WNOD
AIdKWS HWROD
D1dd ‘WWOD
ZH0T1S “WHO3
TMOTIS ‘WWOD
D018 ‘HWWOD
HOdAT* WWOD
JNVAAT  WIHOD
agsn LON
HLSELl  WHWOD
VAsH  WWOD
0¥ 112 ‘WWOD
d¥MT WWOD
HdOAT* WWOD
TI1dAT*WWOD
aisn LON
¥dT1‘sddl
JAD1Id*sdar
SOY *sgdl
TANVd ‘ sgdl
av‘sdar
H¥0d ‘sddl
HSD'‘s€dlI
$9d ‘sddl

1Xds‘y¥do‘sddl

SNVdVKW‘ SHdI
SNVdIW‘sgdl

vee
£ee
z2zee
ree
0ee
612
81¢
L1Z
9te
S12
vie
€1e
Z21lc
tic
otz
60¢
80¢
L02
802
G0z
4074
€£0¢
20¢
102
00¢
661
861
L61
961
ce6l
v61l
€6l
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JAILYTHH-d dVHH

d OL FAILVIFH NOILONHLSNI MAN HOLHdA

ATNO NOILONYLISNI-XJHd NI Qdsn

XT3 X°I dWe

a°‘X’ dur

X* dWe

gl 3 1 4dur

g° dur

JAILVTIAY~-d dWC

103 d1dS

03n diMs

SST dINS

039 dINS

HOW dINAS

STW dINS

Jyo dINS

LST dIdS

0 <> 4 41 dWNr

0= 4 41 4dWAf

0= G1d 41 dWAr

I= G1d dI dROrC

ATDAD LSVT NI JIONVHD LON d 41 NOILOAYHLSNI 1XAN JLNJIX4d
{(UXd NI SV) NOILDNHLSNI SV €dI Isn
(AATILVTIdY-1dV) dvad SSIYAAV LIDJHIANI
(AAILVIH-1d) QVIH SSIUAQVY IDFHIANI

v JAOW INIWVXH avol
(lLUVLS d”H0oddd O d9 ISNW YSD 40 € LIgd) JHOVD HvdaT)
) 1SIN03Y HOHAVWIS V SI L1SINOHY LXIAN JHL
(HNI SI 0= ‘TIVWHON SI I= GT LIg9) dVYW LIGIHNI JHOVD JLIHM
dSnN JIH07T-H0 HO4 HALSIONIY NOILJDNYLSNI dvol
HILSIOFY Sd P-NVHINIS dvOl

HILSIOAH NIVHWOGQ ¥-NVHINIS dvVOTl

000000
000000
000000
000000
000000
000000
000000
00000V
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

0v0000
0v0000
0¥0000
0v0200
0v0200
0v0200
0vy0200
0v0200
0v0200
ovO¥r00
0vy0v00
0v0¥0O0
ov¥0v00
(61 40)-4¢1¢]
0vy0ov00
61403 4¢1¢]
Oo¥0v00
(63403 40]¢]
0v0Vv 00
0v0¥v00
0¥0Ov00
e} 403 4010]
0v0000
0v0000
0v0000
0¥0v00
0v0000
0P0000
0v0v00
0v0v00
0v0ov00
ov0o¥v00

0€0000
420900
LZ0¥00
£Z0Z00
LZ0000
920900
9Zz0v00
920200
920000
$20900
GZ0V00
$20200
G20000
¥20900
¥20Vv00
¥20200
¥20000
£20900
£20¥%00
€£20200
£20000
220900
2Z0¥%00
220Z00
220000
120900
120%00
120200
120000
020900
0Z0%00
020200

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

« CAVIHY "HNOD
JNNILNOD ‘WWOD
INODJHET  WIHOD

IX dWr HROD

X dWl WWOD

X dHC T HWOD
IdUWL WHWOD

g dWL  HWWOD

» WL THWOD
O=4dN*LXIND "WWOD
O0=4 " LXFND ‘WWOD
STAN‘ IXIND ‘WWOD
GTdLXIND ‘WWOD
AHON“ LXIND “ WWOD
AYD* LXIND ‘WWOD
HOSN* LXIND ‘ WWOD
HOS * LXAND ‘ WWOD
0=dN*dWD *HWOD
0=4"'dHrD ' WHOD
GTANdWCD " WWOD
STd dWrD WWOD
dMN ¢ LXIND ‘ WWOD
dVId ‘ WWOD
LdV‘avEHI ‘WWOD
1d‘avddI ‘WWOD
WX3AT WWOD

H1D0D ‘WWOD

VIWESS ‘WWOD
WHIOM ‘WWOD
AYIQT WWOD
Sda1‘WWOoD
INOAdT ‘WWOD

962
GG¢
j4°14
£G¢
2Ge
162
0s2
6vc
8ve
Lye
9ve
Sv<
vve
£ve
Zve
ye
ove
6€¢
8¢€¢
LET
9ee
gee
yee
geee
f4%4
1€e
o€e
62¢
82¢
Lzce
gze
Gee
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SLIg HAAV dWNL YIM0T ¥ HHI STOYLNOD €-0"HI "dWNr st 03Ss INYL
dWnr S1 JONIN0IS FNHL

1sanday snd XoOt

1sdnd3y¥ snd INAQI

aiasn LON

HALSIONAY MNvE TVDID0T JATLYNYIALIY FLIHM
HALSIOIY MNvd TYDID0T JLTHA

JHOLS TOHINOD NI JLIUM HO (dvid

$S3HAAY FYOLS TOHINOD 1dS

Ll1sodad

g1 WOYA SSIHaAay ‘Ld aIsn LSVYT NI dLTdm
801 WOY4 $S3IUAAVY ‘HAILVTIAH-1dVY HLIHM

g0 WOYd SSdHYaav ‘IAILYTIH-Ld JLIUM
ANINVXH

gdl Wo¥d S$s3Hadv ‘ld ddsn 1sv1 WOodHd dvid
gdl WOYd SS3YAaV ‘HAILYTIH-Ld-JATILVYNYHALTY dvid
g1 WOHA SSJHaay ‘JAILYIIY-d1dVLI-HOVd AViH
SSAYAdVY LXAN NI dLIdM

SSHYAAVY LSVT1 NI d11dm

g°X°I 9 XTI JLIUM

g°X° JLIUM

X dLIYM

g°T 3 I JLIHM

g‘ JLIYM

JAILYTHH-d JLIHM

: SSAYAAVY LXAN dvid
§SAYAAY LOAUIANI LIig-2€ 40 1¥vd LSHId aviy
X‘d‘1 3 X1 avay

X‘d" avay

X* aviy

g4I 3 1 avayd

g' avayd

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000100
000000
0v0000
0v0000
000000
ovyovoo
O0v0v00
0¥0000
o¥0Vv00
O0v0000
0v0000
0v0000
0¥0000
0v0000
0v0000
0v0000
0¥0000
0¥0000
0v0000
0¥0000
0¥0000
0¥0000
0¥0000
0¥0000
0¥0000
0¥0000
0v0000
0¥0000
0v¥0000
0¥0000
0¥0000
0v0000

000000
0000060
LEOSOO
LEOVOO
000000
9€0300
9e0¥00
9€£0200
9£0000
S£0900
Seov00
S£0200
S€0000
Y€0900
y£0¥P00
y€0200
¥€£0000
££0900
£€0Vv00
€€0200
€£€0000
2€0900
2e0v00
2€0200
2€0000
1€0900
1€0%00
1€0200
1€0000
0€0900
0€0%00
0£0200

000000
000000
000000
000000
000000
000000
00V000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

€-0dHr L

dWr* L

XOTI “WWOD
INAQ1 ‘ WWOD
agasn LON
HETVM * WWOD

Yd M WWOD
SOMY ‘ WWOD
$2aVv ‘ WWOD
0dda ‘ WWOD
d7T0H “ OYHM * WWOD
L1dVv O"YM WWOD
Ld ‘OUUM WWOD
0uXd ‘ WWOD
{°10H * DYQH * WIWOD
Ldv 0"y * WWOD
1d*0HQY * WWOD
IXANJLIYMVY WWOD
dTOH “ALIYMVY ‘WIWOD
IX dLIUMVY *WWOD
gX ‘ALIHMVY ‘WWOD
X ‘ALIHMVY WWOD
I ‘JLIUMY *WWOD
€ ‘ALIYMY ‘WWOD
« "ALIUMY ‘WWOD
LXAN*QVAUY ‘ WHOD
ZAVAYHI *WWOD
IX‘Avady ‘WWOD
gX ' avaydy ‘ WWOD
X Qvdyy ‘ WWOD
1°aQvayuyv ‘ WWOD

g avady  WWOD

88¢
L8¢
98¢
682
v8¢
€8¢
Z8¢
182
08¢
6.2
8.2
LLe
gl¢
GLeC
vLe
€42
2Le
L2
0L2
69¢
89¢
L92
99¢
692
vae
£9¢
292
19¢
09¢
6G2
8G¢
JASTA
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ANWO dWNA DdOW NI ANIT/SON 1TVL30 A0 "ON ONITIOHLNOD
ANVWWOD dWNd DdOW V NI ddav INJHYND ONIdA3A dHOM
ANWD dWNd 240K NI LIWIT "HAAVv "ddddn ONI4dddH qHOA

HALNNOD
HOLVHOS
HOLVHOS

HAWNN TVLD0 NY NI SLIOIA J0 YIdWNN

(SLSdl SAVT14d} LSd) LSIdLvY1 dO
d01d-dI11d .10313d-04dZ-37TdN0A .,
dOTd-dITd . L23d1dAd-1N0O-dNO. dHL
[-0 ONIH 41 dNHlL

JH02.LN0 Si

dHL SI

HONTTTIOHLNOD HILNNOD
LSd.L
ONILSHL HO4 dNOD

404 (dNOD

ST HNILSHL HO4d NOILIANOD

T LAAOW-AdLOTHLSHY., Sl

ONITLSIL HOJd dNOD

LOHITD'WWOD, 41 GI-01 AFT SMDEHD ©.0Yl. SI L1S3L HO4A ANOS
HOLdd SVM 1SAN0IH AHOWIW LSVT SI ONILSIL HO4 NOILIANOD
0= INJLNOD ,HHLNNOD-dO00T. SI HNILSIL 404 NOILIANOD

n1Y WOoH4 .SO"3IZ T1vV, SI ONILSIL HOd NOILIANOOD

N1Y WOHA ST 1Ig SI ONILSHL HO4 NOILIANOD

NI1Y WOdd 11 LI9 SI ONILSHL HO4d NOILIANOD

N1V WOHA ,AHHYD, SI OHNILSHL HO4A NOILIANGD

A1V WOHd ,MOT4HHAO, SI @ZHFWMF_EOm NOILIAONQD
JAOW-XI49Hd SI ONILSAL HOd NOILIANOD

.dOLS., SI ONILSAL HOd NOILIUNOD

ONILLAS dNOD V HLIM @dSN "HSNd SI NOILVHIJO MDVLS HSIvd
ONILLIS ONOD V HLIM ddsn "dvo1l SI NOILVHIdO MOVLS dSTIvd
ONILLIS ANOD V HLIM qisn "dOd SI NOILVHHdO MOVILS dSTIvd
ONILLIS ANOD V HLIM ddSN "UTOH SI NOILVHILO MOVLS wmd<m

ONILLAS NOILIANOD Vv HLIM Q3SN "1IXAN SI HIONINDIAS IS1vd
ONILLES NOILIONOD V HLIM 434SN "NHALEY SI JONIN0IS dS1vd
“dWNC SI FADNINDIS FSTvd
NOILVH3d0O AOVLS dNHl
NOILVHEIdO AIJVIS JNYL
NOILVH3dO MIVLS dNHL

ONILLIS NOILIONOD V HLIM ddsn

HSNld SI
avo1 SI
- d0d SI
d10R SI

NOILVHIdO MOVIS dHNHl
IX3N SI FONIN0IS INHL
NEALIY SI FININOIS INHL
SLIg ¥aaAv dWNL HIMO0T ¥ HHL STOHINOD dO~V "dWNC SI 03S dNHlL

0000.L1
0oooet
0000t
0000L1
091000
000000
021000
090000
0v0000
001000
020000
OvE€000
0Z2€000
00E000
092000
0¥Z000
022000
09€£000
€00000
Z00000
100000
000000
010000
¥00000
000000
000000
000000
000000
000000
000000
000000
000000

L10000
£10000
210000
L 10000
00%000
00v000
00¥000
00v000
00¥v000
00¥000
00t¥000
00v000
0G¥000
00¥000
00¥000
00vY000
00v000
00v000
000000
000000
000000
000000
000000
000000
000000
0000¢0
000020
000010
000000
000001
0000v0
000100

000000
000000
000000
000000
000000
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000800

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000Co0
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

OLLND 4V
UNUND “ gV
HUNddN ' gV
191a2'4v
aNOD “aN0D
azd“dnNod
00 ‘aN0D

HI1S3H *dNOD

0YI *aNod

HO.L3d ‘aNO03

0=27°UNOD
0=4 ‘dNOD
S14°dNOD
114 °dNOD
A¥D ‘ANOD
dAO*ANOD
WXd ‘aNod
dLS‘aNOoD
HSNd ‘4
avo1‘4d
dod ‘4
a’10H 4
IXdN ‘4
NYNLIY 4
dWrd
HSnd ‘L
avo1l‘l
dod ‘L
QIOH L
IXIN‘L
NYNLIY ‘L
HdOVdWI ' L

0ce
61¢
81t
L1E
91¢
Sie
pleE
€re
it
1€
ole
60¢€
80¢€
L0€
90¢€
S0€
yo¢€
€0t
20¢
10€
00¢€
66¢
86¢
L62
96¢
G6¢
v62
€62
26c
162
o6c
68¢
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LIWIT ¥Y3ddn LIFIHNI JHOVD ONIGTOH dHOM HOLVHOS

174 "HILS19HY dJddNZLXHY 1243748

SNOILONHINI TYWIDIA ONI”HNA SL1S ONIATOH dHOM HOLVHOS

HI IVANVH HOd OVId ONIATOH ddOM HOLVHOS

HILSIONAY . WXH. FHI ONIATOH dHOM HILVHOS

.MDA<> HALSINAY . dWT., JHL ONIJTOH (dHOM HDLVHOS

TOVI HELAY AVOT Y04 HILNNOD AHLIIH ONIJTOH (QHOM HOLVHOS

NO SI LINIOdAVIHE LVHL ONILVOIANI (JHOM HDJLVH3S
NOILDAHISNI-JTIONIS ONILNNOD dHOM HOLVHOS

SSHYAAVY INIOdAVAHd ONTATOH dHOM HOLVHOS

dNTVA HILSIODAH 44O, JHL ONIATOH (JHOM HILVHOS

JdOW A9 CQHINIHd ONIFd HAAWAN TYLD0 NV HSNIJTOH dHOM HILVYOS
SLIg ¥Z 0L YNIDO‘dv, FHL ONIANVIXT dHOM HIOLVHDS
NOILVWYOANI ,30IS‘WW0OD. LSILVT JHL ONIATOH QHOM HDLVHOS
HILSIOIY ,dHId. dHL ONIITOH JUOM HOLVHOS

YALSIOAY dId 40 SLIS NMONM-WYHOOHJOHOIW ONIATOH (HOM HOS
ONILLIS JFI1 1SV1 40 NOILVINASHHdAY ,01d. ONIJTOH dHOM HOS
,TIAAT SNOIATUd. SNIATOH QUOM HOLVHOS

#STIATT FAILOV., ONIUTOH JHOM HOLVHOS

LIS0O4dda 40 dASVI NI dTdVIHVA 40 SSTHAAV

LISOddd 40 3SVYD NI JTdVIHVA 40 ddAL

ATINO-QvIY SI YILSIOIY JINIWVXH dFHL

SSHYOOHd NI SI dWNd vV LVHL ONILVDIANI dHOM HOLVHOS
JILYNIWHIL ONVRWOD LSVT JONIS NILLIUM SVM LIOICJ TVLI0 HNWOS
S1lIg ¥Z Ol avlid0 NI SS3’adv dNIdLXd OL ddoMm

AVIdSIA ONINNNY 40 SS3HAAv

AVIdSIA ONINNNY 40 ddAL

LOINI-DdOW WOHd JATIdWIASSY HIGWNN TVLO0 dydOM HOLVHOS
LNANI-3dOW NI SHALLIT 40 NOILVINISIUdIH QAITEWVHOS am "os
LXd1l AVIdSId JHOM HOLVHOS

LXdL AV1dSId dHOM HOLVHOS

JdOW Ad NILLIYM dd OL "HILOVUVHO LXIN dHL ddoM HOLVHOS

0000¢1
000000
0oootl
0000¢t1l
ooooel
o000Vl
0000%1
0000¥1
0000%I1
0000¥v1
000091
0000¢t
0000¢t1
0000381
000041
000041
000041
000041
00007%1
000061
0000G1
000061
000061
0000S1
00008381
000061
00009t
0000ST
0000%v1
000091
0000971
0000971

¥10000
000000
910000
10000
110000
210000
110000
€£10000
10000
310000
110000
¢10000
S10000
LT0000
£10000
¥10000
210000
G10000
£L10000
110000
210000
¥10000
910000
LT0O000
210000
€10000
S10000
GI10000
S10000
£10000
¥10000
910000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
006000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
j/40]0lsin]0)]
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

1120°9V
449X
JAVSS 49V
HINVH' Y
AQOWX3d 9V
dW1°dav
1OV dv
971449 ‘49v
TONIS‘dv
Ldayyg ‘dv
HdO 4V
HAWNN‘ gV
ZNLDO 4V
SNLVYLS ‘dv
41d°dv
aid‘gv
J11°4dv
TAd ‘v
A1LOV gV
HAVHM gV
dAlYM‘dvY
ATNOH ‘gVv
ddWna‘gv
s0dda‘av
Zv1ld0 gV
av.ido‘gv
1ds1a‘9gv
UNLDOO gV
WYHDS ‘gv
ZlXLl gy
TLXL 9V
HHOUd *gv

Zs¢
1S€
ost
6v¢E
8ve
LYVE
9y e
Sve
vye
£veE
Zve
ive
ove
6€EE
8¢E€
LEE
9EE
GEE
vee
£ee
[AN
1€€
oce
62¢
82t
L2¢€
YA
ge¢e
vee
€Ze
Z22¢
12¢
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MNVE d79VL dVW FH03 FHL Ol YIINIOd 1vdO01o

MNVE JHL NIHLIM d79VL INIWOFS HHL OL HILNIOd 1TvdO1D
MNVE JT19YL LNIWOIS FHLI OLl HILNIO4 XMNvE TvdOoTlD
HIGWNN NOILVTIVLISNI dvid

Ad/dd 1SVT Wo"d SOd d40 AdOD

dWNC NIHM 01TV, A9 @dsn SsHUAdV TvVOIO0T

LIWIT Y3M01 LIFIHNI FHOVD ONIQTOH HILSIOAH HOLVHOS

000021
000021
0000ct
000000
000021
000000
000021

L10000
910000
110000
00065800
S10000
000000
€10000

000000
000000
000000
0¥9100
000000
009100
000000

000000
000000
000000
000000
000000
000000
000000

ANGWD * gV
lysis‘ gv
JANELS gV
HNI ‘sddl

SHd‘gv
v1‘sddl
1101°9v

6GE
8G¢E
LSE
9G¢E
GGE
14°1>
€G€E

ND-06.031.1EN
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The following pages present the 1ist of mnemonics for the
ND-120 microinstruction set.

The 1ist includes the op-code for the microinstruction (in
octal), and a one-line description of it.
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SASINI OL (GNVWKWOD ,HOLDdA-avId,. JAIO 0L dIsn

SASINI OL "dWD . MSYW 1IS TIASVU.
SASINI OL "dWO .NOI.

SASINI Ol "dWD .40I.

SASLINI OL QW3 . MSVW HVITID dIMSYN,
SASINI Ol "dW3 . ASVW dvOoT.

SASLNI OL "dWD3 .SNLVLS dvOoT.

dATO
dAIO
dATO
dAID
JATIO
dATO

oL
0oL
oL
oL
oL
oL

SASLNI O1L "aWD ,MSVW dvad. JAID OL ddsn
JAID OL adsn
JAIO OL adsn
JAIO OL ddsn

SASINI Ol "dWD ,dId YVITIO AIMSVYH,
SASINI OL "dW3 ., HVATO HILSVH.
SASINI OL "aGWO .SNLVLS dvdd.

09V SNOILONYLSNIOHDIW OML ,HHLNNOD d0O0T.

LOdYR'L, LSY1 Ad @3IAVY01 .S-€ SLId

"HLSN

I.

LOdYWSL, 1SY1 A9 (Q3IAVOT1 ,.9-€ S1Id "HLSNI.
L1147 WHWOD, A9 Q4dvOol ‘¥YdALSIodY 11

HJL1VHDS ‘L1 YI1SIHI™
HOLVHOS ‘91 {dlsIoay
HOLVHOS ‘G1 HILSIONHYH
HOLVHIS ‘%1 Y3ILSIOAY
HOLVHDS ‘€1 "dLSIOFY
HOLVHOS ‘21 HILSIOIH
HOLVHDS Y0 SsdHaav ‘it 93y
HOLVHOS HO SNLVLS ‘01 "93d

HAd1SI034¥-X HHL

- HILSIO3H-1 HHL

HALSIOIH-V dHL

H4LSI0IH-T JHL

d41SI034d-4 JHL

Y41SIOd¥-d dHL

H41S1938~-d dHL

HOLVHOS HO SNLVLIS ‘934 0"dZ

‘Haav
"Haav
‘Haav
“Haav
‘Haav
“Haav
‘Haav
‘Haav

‘Haav
"HAAav
‘Haav
THAAQv
‘Haay
‘Haav
“Haav
"HAav

d.
(0N
oL
oL
ol
oL
Ol
oL
oL
oL
oL
ol
oL
oL
(SAN
oL
oL

0

'S

aasn ‘et
aasn <41
aasn -"sit
aasn "¢t
aisn "9t
aiasn "1t
L

R4

‘0

"9

Jd0 dANTVA
40 dniva
40 dNIVA
NI d0NT1VA
agsn "Lt
aisn "9t
agasn ‘st
agsn vt
aisn "et
adasn 21
agsn "1t
aasn "ot
agsn "¢

aasn "9

aasn s

aisn "y

aisn "¢

agasn ¢

aisn 1

aisn "o

SI
S1
S1
S1
S1
S1
SI
S1
SI
SI
SI
S1
SI
SI
S1
SI
SI
S1
SI
S1
SI
SI
SI
S1I
SI
SI
S1
SI
SI
SI

51

SI

"d0-V
"do-v
*dOo-Vv
*do-vY
*d0-VY
*d0-Vv
dO-Vv
"do-Vv
do-V
"d0-V
dOo-V
*dOo-v
"dOo-Vv
*do-v
*dOo-V
“dOo-Vv
*dO-V
*do-v
"dO0-V
"dOo-Vv
*dOo-Vv
*dOo-V
"dOo-V
*dOo-V
*do-V
dO-V
*dOo-V
*dOo-V
{003 4
*dOo-V
*do-Vv
*do-V

000000
0000S0
0000¢E1T
0000L1
000061
0o0o0o0ct
000091
000011
0000L0
000020
000000
000090
000000
000000
000000
000000
0000LT
0000981
0000S1
00007%1
0000¢ct
goooet
000011
000001
000040
000090
000060
0000%0
0000¢€0
000020
00G0o10
000000

0000cCo
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0006000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0€0000
¥Z0000
020000
010000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

o'V
1203A¥*31d
ASWLSW O1Id
NOI ‘31d
J0I1°01d
MSWIDW D1d
ASWT°D1d
SLS01‘D1d
ASWH ' O1d
aI1d1dW‘O1d
TOW*'D1d
SLSHDId
21V
doYs'v
0dy ‘v
TId'Y
AN

SH'V

GH'V

Pd'Y

€YY

Zy'v

y'v
S1S‘V

X'y

L'V

V'Y

1V

g°v

d‘'v

a‘v

AR

N O = N M KN YW N OO NNV N0 O - N
RS e B e B BE R IR o SR B o S B o SN o ¥ B o S o VAN oV R o N o ¥ MR oV N o S A N AN o0 N 0 M 0 |

- N M ¢ N 0w N ®©
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LLdYWL, LSYT Ad
HOLVHOS
HOLVHOS
HOLVHDS
HJ1VvHdOds
HJLVHIS
HOLVHOS
HJLYHJ3S HO
HOLVHOS dO

HOLVYDS HO S

gd4avoT .2-0 SLId "HLSNI.

‘£1 ¥ILSIDAY SSHHAAY
‘91 HILSIONIY SSIHAAV
‘G1 YILSIOHIY SSHHAAY
‘Pl HILSIONIH SSHHAAY
‘€1 HALSINAY SS3Haav
‘21 HALSIONIH SSIHAAY
"Haav ‘11 "9dY CHaav
SNLVYLS ‘01 "934 "HUAv
H41LS10dH-X HHI SS3dddv
HALSIOAH-1L JHIL SSIHAAV
HI1SIDIY-V dJHL SSIHAAV
HILSIOdY~-T dHLI S$S3HAQV
HILSIO0dd-d HHL SSJdadv
HALSIOAYH-d JHL SSHYAAV
HILSIOdH-ad JHL SSI™HAAVv
NLVYLS ‘934 OHIZ - HAAV

Ol
Ol
oL
oL
OL
oL
oL
Ol
Ol
oL
oL
OL
oL
oL
ol
Ol

dC dNIVA
agsn /L1
agasn "9t
gisn gt
aisn "vi
aisn "€t
aiasn "¢t
aisn "tt
adasn "ot
agsn £
agsn -9
aisn °s
ajasn v
aasn "e
aasn "¢
aisn 't
aisn "o
LT

91

St

[ 4t

€1

cl

Tt

ot

L

S

S

4

€

Z

1

SI
SI
S1
SI
ST
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
SI
ST
SI
SI
SI
SI
SI
SI
SI
S1
S1
SI
SI
SI
SI
SI
SI

*do-4
*do-4d
*do-d
*d0o-d
*do-9g
"d0o-4d
*dOo-4
*do-4d
*do-4d
*do-d
*do-d
*do-4
*do-4d
*do-4
*do-d
*do-4
*do-d
*dOo-v
*dO-V
*dO-V
"do-VY
*dOo-V
*dO-V
*dO-V
dO-V
*dOo-V
*dOo-V
*do-Vv
*dO-V
*do-Vv
*dOo-V
*dOo-v

000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
600000
000000
000000
000000
000000
000041
000091
000061
C000¥%1
0000€E1
000021
000011
000001
000040
000090
0000S0
0000%0
0000€E0
000020
000010

060000
£10000
510000
S10000
¥10000
£10000
210000
[ 10000
010000
L00¥00
300000
00000
¥00000
£00%00
200¥v00
100000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0006000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

100000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

ls3a‘g
JA: Bt
9d‘g
su‘d
vy‘d
€qd‘d
zyu‘d
tyg
sis‘d
X‘dg
lg
v'd
1°d
da°d
d‘g
a‘sg
z2'd
LIV
STV
STV
[ 2
€Ty
AR
IT'y
o1'v
L'V
9‘v
SV
PV
13
2'v
‘v

¥9
£9
29
19
09
65
86
LS
9s
t*3¢]
4%
£G
25
s
0S
6V
8V
Ly
34
34
vy
554
[ 4
|84
oy
6¢
8¢t
LE
g€
°1)
j 4
€€
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d <- (g "oX

v ]LON

o d <- (D ¥OX V¥)ION

- d <- D yUox a

= d <- ¥ HOX d

m d <- g HOX V

. d <- D HOX V

o 4 <-0/\Nd

P d <- v /\ Q
(723

= 4 <-4dg /\V

n d <-0 /\V
Q

= 4 <--D\/ «

2 4 ¢-v\/a
(]

& d <-d\/ Vv

4 <-D\/ V¥

s L1 SI "do-g€

x 91 SI 'do-9
he]

S G1 SI -do-9

a $1 SI 'dO-d
<C

€1 s1 "do-d

Z1 S1 "do-d

11 sI ‘do-€

01 SI -do-4

L SI ~do-d

9 SI "do-dg

¢ SI "do-9

¥ SI -"do-9

: € SsI -do-9

Z s1 "do-4€

1 s1 "do-d

J 0 SI "do-9

09V SNOILJONYLSNI OML . HIINNOD d0071, dHL 40 INIVYA SI "dO-4

JLAVHECL, ISV1 A9 JIQvol ,S-€ SLIE "HISNI, 40 ANIVA SI "dO-4

60

000000
000000
000000
000000
000000
0000060
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000060
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
L10000
910000
S10000
¥10000
£€10000
210000
110000
010000
400000
900000
S00000
00000
€00000
200000
1000060
000000
000000
000000

000000
000000
000000
000000
0060000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

002910
000910
00¥STO
002510
00Z¥10
000% 10
00¥%200
002200
002900
000900
00¥1T0
002110
002010
000010
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
£00000
Z00000

gVHONX ‘ 401V
OVHONX 401V
0qyox*4niv
YQHOX ‘ 4011V
gYH0X 4071V
OvHOX * ANn1Y
0qyo‘ 4n1v
YQHO ' ANV
gYHO ‘ ANV
OVHO ‘ 4011V
0QaNy * 4NV
VAANY ANV
gVYANY ‘ ANV
OVAaNY * dN1Y
L1°9g

91°d

sr'‘dg

yi‘d

€1'd

zi'd

1td

or‘d

L'd

9°d

g'd

vd

€'d

z'd

1'd

o‘d

o1°d
aous‘d

96
S6
¥6
£6
26
16
06
68
88
L8
98
S8
8
€8
28
18
08
6L
8L
LL
9L
GL
VL
€L
cL
14
(074
69
89
L9
99
9
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ST S N

freo B B I

Anl
A'

TR < PR < O

A-I

S VR COR < ]

[T PR T ]

A e e e
1

< < A [/ O
!

O < O <

+
<~ O +
\/ (d}1ON
\/ (d).LlON
\/ (V)1ON
\/ (V}ION
d <- a

d <- v

4 <-4

d <- 0

<~ (d)loN
<- {v)1ON
<- {€d)1ON
<- (D]JLON
d<-0

+
< €« A A< <A A

"4 <- {D ¥OX d).LON

d <~

(v

HOX d).LON

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
800000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
0000%0
00007%0
0000%0
0000%0
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0000060
000000
000000

000%v00
00¥E00
002€£00
002200
000200
009€00
000500
009¢v00
00vv00
00¥100
602100
002000
000000
6c0o¥100
002100
002000
000000
oovelo
0o0zeio
00ZZ1io
000210
009¢10
000810
0097v10
00v¥10
009410
000.10
009910
00ov910
00v010
00¥L10
002L10

1-0-v 401V
1-a-04n’iv
1-a-v d4n1v
1-v-g°4n1v
1-v-0°d4dn1v
I-0-4n1v
1-v¥-'d4dn1v
1-g-'401v
1-0-'401v
1+0+Q 4NV
T+V+Q 40TV
T+9+V N1V
1+0+v dNIY
0+Q‘dn1v
v+d4An1v
d+v 4dn1v
D+vdN1v
DANSVI NIV
VOISV ANV
VNSV N1V
OWASVI " ANTVY
assvd ‘4n1v
VSSvd 4NV
dssvd ‘dn1v
0ssvd 4NV
QANI 40TV
VANI “ 4NV
gANI ‘4N
OANI “dANTY
oyaZ ANV
OQYONX *4n1Tv
YAYONX “ AN1V

8¢1
LZ1
9Z1
Gzl
4"
1A
(A
[EA
oct
611
811l
L11
9il
STt
vit
€rt
it
itt
ottt
601
801
L01
901
GOt
¥01
€01
201
101
(OJ0]
66

86

ND-06.031.1EN
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(o'g) <- z/(0°4)

A
A

>

{ -

{ -

~
i

d
v

S P O L T S <)

[C T < PO £ P € PR S O T R

o o>~ m o m >
~
!

~
1

< < AR QO MmO
i

| A PR C PR € TR < 9}
A
[}

O Mm < A
I T

O M << O < <A ARk R

< A QA OMmMC AORCA O MTCA

000000
000000
000000
000000
00C000
600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0600000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

0000060
000000
000000
000000
000000
00007v0
0000%0
00007%0
0000%0
0000¥%0
0000%0
0000¥%0
0000%0
0000v0
0000%0
00007%0
0000%0
0000060
000000
000000
000000
0000¥%0
0000%0
0000%0
0000%0
000000
000000
000000
000000
000000
000000
000000

000001
000090
0000%0
000020
000000
00¥500
002500
00Z¥%00
000¥%00
00¥€00
00Z€00
002200
000200
009€00
000500
009%00
00¥ %00
009500
000€00
009200
00¥200
009100
000100
009000
00¥000
009100
000100
009000
00¥%000
00¥$00
002500
002%00

ays ‘an1v
g'aniv
VA‘€'an1v
ANON ‘ N1V
0*an1v
0-a‘4n1v
v-a‘d4n1v
g-v dn1v
0-v 401V
a-o°4n1v
a-v‘4an1v
v-€° 401V
v-0°401v
a-‘4an1v
V- 401V
g-4n1v
0- 401V
1-a'4n1v
1-v'dn1y
1-9°4n1v
1-0°4n1v
T+Q* 401V
T+V 401V
T+d°407TY
T+0°dN1V
a‘dniv
v'dn1y
g°4an1v
0'dn1v

1-0-a'401v
1-v-a*4n1v
1-g-v° 401V

091
6G1
861
LG1
961
GG1
ol
€61
st
161
0S1
6v1

8v1 .

LYT
9yl
Sv1
44"
€vi
(441
iv1
ovl
6€1
8€1
LET
9¢ct
sel
bel
€ET
cel
1€l
otel
621
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gaI <- SALV.IS-1¥vn
‘¥9) ‘gdI <- ‘9FH SNLV.LS TOYLINOD-LdNYYALNI-ALIHOIHd

“¥9) €Al <- (0L1-0) OTxLNIWNOUY-ANVHIJO-V

gar <- ¥ALS1oFd Sdd

gar <- YALSI9FH-vid

‘¥0D €Al <- gal LSV1 40 JdVMS-HLAE

‘¥0D "€al <- (£1-0) LNIWNOUY-ANVHALO-d

aasn 1ON

‘YD) "EAI <- SNLVLS

gar <- F11d-9431SI193d

‘y9) €Al <- (GI-0 SILIE NOILONULSNIOWOIW) INAWNOHY

“¥0D "€al <- HALSIOAY-SNE-vivd

‘Y03 "€dI <- HALSIOTU-ISOJHNd-TVHINID

YD) "€l <- HOLVHANEO-MSVW-LId

“y9D) ‘€A <- LINN-DI907T-DI11dWHLI¥Y

45Tvd NOLLIANOD 41 S0d4dS .ASTvd. dSn * "OIS "aNOD ATdvNd
LQ7TOH. 9. NYOLAY, FSTvd 41 ¢ YALNNOD-d0OOT LINNOD

JOIW WOTY. 41 14THS INdNI-ANF-YMNIT SHIAID3dS

DI WOTY, 41 I4IHS 1NANI-AN-OMIZ SAT4I0FdS

JOIMWNTY, 41 IATHS TYNOILVLIOH SHIJIDHAS

L SLIE-SIW, WOMd FAOW IAIHS "IJIHS "HINOD WYUOOUdOHDIW
“WOLNV L3S SI W °SLIG-¥I WOHd HAOW HS "IAOW ‘MISNI LAIHS
HS-UdD L4371 ¢ € MLSNI-NTY <- O ¥dD ‘TAOK N1V NOISIAIQ
LATHS-HdO LHOIW ¢ T MISNI-NIV <- O Hd9 "HAOW N1V XATdILTIONW
NI AMHYD <- O LIg HdO

NI AHHYD <- D SNLVLS

W SNLVLS <- 10dlNO I4IHS NIV

0 SIS <- O SIS /\ dA0 ¢ D SIS <~ JAAO ¢ D SIS <- AMD

L-0 SLIE SNLVLS <- £-0 SLId €al

g <- 2xd ' A <~ d

(0°9) <- 2Z4«(D‘4) ¢ A <-4

g <-2/d ¢ A< d

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0060000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

0¥0000
000000
000000
0v0000
0¥0000
000000
000000
000000
000000
0¥0000

000000

000000
000000
000000
000000
002000
001000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

004000
O0¥9000
009000
0vS000
00G000
0vv000
00¥000
o0v£000
00E0O00
0¥2000
002000
ov1000
001000
0v0000
000000
000000
000000
000900
000%v00
000200
000000
0000EQ
000020
000010
0000ov1
000001
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
600000
000000
000000
000000
001000
0v0000
0v1000
000091
0000%1
ooooZt

4ol 'sdgdal
JI1d‘sddl
DYV ‘ SHAL
Sdd ‘ sHdl
viad ‘sddl
dVMKS “8ddl
ouvd ‘ sddl
Qasn‘ LON
SIS ‘sddl
03y ‘ sddl
DUV ‘ sddl
H€Qa ‘sddl
HdOsdadl
oWg ‘ sEdI
n1v - sadl
TEVYNIANOD
LNNOD1
NIT‘SINW
NIZ*‘SINW
JOH SIK
JIN‘WN1V
HI ‘WOTY
AQd ‘WNTVY
NWA A1V
HdO* AYD
D°AYD
Sd°S1s
va‘SLS
01°SlLs
€15 an1v
a1s‘aniv
g4s ‘aniv

6l
161
061
681
381
L8T
981
68l
v81l
€81
281
181
087
6L1
8L1
LLT
9L1
SLT
YLT
€L1
2Lt
141
oLt
691
891
L91
991
S91
14°2"
€91
29t
191
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.2Id. OL NOILONYLISNI NV SI dNVHIdO-V
(SN 00Z) 3T13AD MOTIS

HILSIONAH . TOHLNOD-0O/1. (VY01

(1Id A9 QINIWHILAA HIGWNN) "YI4d AVO1
0 "I OL JLAE 3NO (NJS

aiasn LON

~LHYN, <- £-0 dd@ °©.1l¥vn, Ol ,d9d0odls dHdddnd LIWSNVHL.
HHLSIOHU-ANVKEHOD HTOSNOD

Z/1 SHHLSIODIH-IAOW JTOSNOD
HILSIOIH-SNLVYLS dTOSNOD
SHALSIOHY-YIvd JTOSNOD

1Sd1-0YI NO d443-,TINVd, FAOWAY ‘LOHA HINI OL dWOr LNIAIHd
dO-9 ANV dO-V Ad ddSS3dHddv gdOM JTI4 HHILSIOHY <- ddI
HA4LSI1904dY-3S0dHdNd~"TYHINID <- ddlI

G1-8 SLid SNLVLS <- SI1-8 SLI9 €dI

J¥VN WWOD Ad dISSIHAAVY "9HIY FHL WOHA QvdH

V0D THILSIOIY MSVIW LdNYYYALNI

"ONTHIMMDOVE WOYd HIGWNN NOILVTIVLSNI dVHH

“dWNC NJHM NIV, A @dsn SSHHAAv 11vdIOoTl

agsn .LON

agsn LON

VO3 "HOLDIA LdNYYALNI

JHOLS TOHLNOD dvdH

HOLOdA TANVd

SALVLS INIHd 3 HOL4IHOSId dvOoT1 JILVWOLAY

‘v93 (7114 A9 QILDITIS HAAWAN) "OIY TOHLNOD ONIDvd aAviad
HILSIOIH SNLVLS JHDOVD

‘YO0 CLSENDAM 1SV OL ONITHOOIV SNLVIS ONIOvd

VYOO "ddI <- (£ 119 = G1-8 SLIg9 HLIM) £-0 S1lId ud9
NOILJNYLSNI-VHL A€ Qdsn O HI

JdOW Ad ddsn O HI

{(81S-0Id 1d43DdX3T ‘0d4NI ,JId, dvdd Ol Qdsn) SHAl 319vsIda

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
0v0000
O0v0000
000000
000000
000000
000000
000000
000000
000000
000000
0v0000
000000
000000
006000
000000
0v0000
000000
000000
000000
000000
000000
0¥0000
0v0000
000000
0v0000
000000
000000
0v0000
0v0000
000000

110000
010000
L00000
300900
900%00
900200
900000
00900
S00¥00
S00200
500000
¥00000
£00000
Z00000
100000
0¥.100
004100
0%9100
009100
0PS100
00S100
0¥¥100
00%100
OVET00
00ET00
0¥Z100
002100
0O%1100
001100
0¥0100
000100
0¥L000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

2143 ‘WWGCD
MOTS *WRWOD
J0IS HHOD
HOdaT* WWOD
DNV4AT WWOD
aigsn* LoN
agsn‘ LON

WOD“ LYVN  WWOD
JdO0W * LHVYN * WWOD
SNLVLS *1¥vN‘WWOD
Y.1lvd“LYYN‘WWOD
OHITO ‘WWOD
AYMT  WWOD
HdOAT* WWOD
11d407° WKWOD
1¥vn‘sddal
WO1Id°‘sdd1

UNI ‘s9dl
v1°sdgdl

agsn’ 1oN
agsn‘ LON
JADId‘sddal
SOH “sddl
TANVd ‘ Sl
a1v‘sddl
HOd ‘ sddr
HSD‘sddl

Sod ‘sddl
IX3S‘¥do‘sadl
SNVdVIW*sddl
SNVdIW‘Sgdl
19vsd‘ sgdl

¥ee
€2z
227
tee
oze
612
81¢
L1e
g1¢
S1e
vie
198 4
Zue
[ %4
ote
602
80¢
L0Z
S0¢
G02
¥0c
€02
20c¢
10
00c
661
861
L61
961
661
vol
€61

ND-06.031.1EN

Norsk Data




65

Mnemonics 1ist for the ND-120

Appendix B

g dHC 000C00 0PO900 920200 000000 4" dWC WWOD 962
JAILVIIH-d dWL 000000 O0¥0Z00 920000 000000 v AW TRWOD §62
104 dIMS 000000 0O¥0000 G20S00 000000 O=4N*LXIND'WWOD ¥SeZ

0dn dIMS 000000 OPOO0O SZOPOO 000000 0=4“1XIAND ‘WHWOD €62

SS'T dIXS 000000 0O¥0000 20200 000000 GUAN®LXIND'WWOD 262

039 dI1XS 000000 OVOO0O §Z20000 000000 GTd4LXAND'WKWOD 162

HOW dIMS 000000 O¥0000 ¥20900 000000 AHIN‘LXIND'WWOD 082

ST dIAS 000000 O0P0000 ¥20¥00 000000 A¥D LXAND *WRWOD 6¥%2

JYO dIMS 000000 OPO0OOO0 ¥Z0OZOO 000000 HHSN'LXIAND ‘WWOD 8¥e

LST dIXS 000000 GO¥0000 ¥20000 000000 HOS  LXIND ‘WWOD £¥2

0 <> 4 41 dWOArL 000000 0v0Z200 £€20800 000000 O0=4N‘dWLD ‘WHWOD 9%e

0= 4 41 dWNL 000000 O0%¥0Z00 £20¥00 000000 0=d*dWLD*WWOD G2 -
0= G1d 41 dWNL 000000 O0¥0200 £€20Z00 000000 STAN‘dWLD "WWOD ¥¥2 -
I= G1d 41 dWNL 000000 O¥0Z0O0 €£€Z20000 000000 S1d'dWLD ' WWOD €% M%
J10AD LSVYT NI dIONVHD LON 4 41 NOILDAYLSNI IX3IN FINDAXH 000000 0v0Z00 220900 000000 dMN“ LXIND ‘WWOD Z¥Z e
(UXd NI SV) NOILDNYISNI SV ddI dSn 000000 0O¥0000 2Z0v00 000000 dVW KWWOD 1¥%2 MM
{AAILVYIFH-1dVY) Qvdd SSIHAAY LIJYIANI 000000 0P0900 220200 000000 1dv*'avadl ‘WWOd 0% mw
(IAILVTIH-1d) dvad SSTHAAV LJ3IYIANI 000000 0P0Z00 220000 00G000 1d‘QvddI ‘WWOD 6€2 ©
JAOW INIWVXI avOo1 000000 0P0000 120800 000000 WX3dT WWOD 8€2 ﬂ
dvd10 dHOVD 000000 000000 120%00 000000 Y1233 WWOD s€2 WM
1SAN0dY HYOH4VKWIS Vv SI 1S3INDIY LXIAN FHL 000000 000000 120200 000000 YWASS ‘WWOD 9€2 4
(HNI SI 0= °‘7IVWHON SI T= GT Li€] dvi LIFIHNI HHOVD JLIYM 000000 CO0000 120000 000000 WHIDM WWOD G€2 M
SN JINO0T-HO HOd4 HILSIDIH NOILIONHISNI dV0O1 000000 000000 020900 000000 AYIATWWOD PEZ
HYILSIONdY Sd P-NVHINIS dvO1 000000 O¥0¥00 020%00 000000 adsn‘LON €€2
HALSIONIY NIVKWOA ¥-NVHINIS 4dvO1l 000000 O¥O¥P00 020200 000000 aasn‘loN zee
(VAHY AP9 TYOISAHd SIDITAS) HALSIOAH INIWHIS AVOT 000000 O¥0000C 020000 000000 OFSAT WWOD T€Z
whﬁmanH H3M0T 9 HHLI HLIM ,HILNNOD d007T. dHL dvO1 000000 0¥0000 LI0000 000000 2101 WWOD O€Z
d01d-dITd ,.dZd. JHL ANV ,d00. JHL YVIID 000000 000000 910000 000000 441D ‘WHOD 622
dOTd~-dITd MO0TO SW 0Z FHL HVATD 000000 000000 10000 000000 JIYTDWWOD 822
d0T1d-dI17d4 .4OLS., dHL LIS 000000 000000 ¥10000 000000 dOLSS ‘WWOD L2z
d014-d114 .,dOLS. JHL 13SIH 000000 000000 £€10000 000000 LYV1S ‘WWOD 922
+1. Ol 03DH04 3H¥V T, SI €901 JFHIHM SLI9-AdId "dId-OHDIW 1IS CGO0000 000000 210000 000000 QIdKWS ‘WWOD G622
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JHOLS TOHLNOD NI H1IYM HO avdy

SSH4Aav J"OLS TOHLNOD 1dS

LIs0d3a

gd1 WOYHd S$S3HAAV ‘Id aISN LSVT NI ALIHM
gal WOYd S$S3IYAAV ‘TFAILVTIH-LdV JLIYUM

ddI WOHd S$SIHAAY ‘FAILYIAY-Ld ALIYM
ANIWVYXd

gdI WOHA $S3’aav ‘Ld a3sn LSYT WOHd aviy
gdI WOHd S$S3’aAdAvy ‘FAILVYIIY-Id-AAILYNYALIY AvIH
gdI WOHd SS3IHAAVY ‘FAILYIIH-JT1dVI-dOvd aAvdd
SSHHAQV IX3IN NI JLIUM

SSHYAAY ISVT NI JLIYM

g°X°T 9 X'I JLIdM

g'X* dLIuM

X* FLIUM

g°I % I dLIdM

g° JLIYM

JAILVTIH-d dJI1I4M

SS3HAAVY 1XIAN Qvdd

SSHYAAV LOFHIANI 1Ig-2€ 40 1yvd ILSHI4 aviay
X‘g‘T 3 X1 avay

X'd* avad

X* avay

g°I 3 1 avad

g° dviad

JATLVYTIIH-d avdd

d OL JAILVTIH NOILDNYISNI MIN HOLAL

ATINO NOILONYLSNI-XIHd NI Qdasn

X‘d'1 3 X'I dur

g'X" dur

X' dWr

g°T 3 I dur

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0000600
000000
000000
600000
000000
000000
000000
000000
0006000
000000
000000
000000

000000
000000
000000
000000
000000
0u0000
O¥0000
ov0000
0¥0000
0¥0000
000000
000000
000900
0003800
000900
000000
000900
000200
Ov0000
0¥0000
0v0900
0v0900
0¥0900
0¥0900
0¥0900
0¥0200
0¥0Z00
0v0000
0¥0900
0¥0900
0¥0900
0¥0000

9€£0200
8€0000
S€£0900
GEOV00
G£0200
GS£0000
PE0900
vEOYQOO
Y€0200
y£0000
€€0900
£€0v00
£€0200
££0000
Z£0900
2€0v00
2€0200
Z2£0000
1€03900
LE0OY00
1€ozeoo
1£0000
0€0900
0€0v00
0€0200
0£0000
£20800
L20%00
£20¢200
£20000
820900
920%00

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000Q00
000000
000000
000000
000000
000000
000000
000000
000000
000000
0000600
00600060

SIMY  WWOD
SOQvV ‘ WWOD
0¥dd ‘ WKOD
QTOH * CYHM ‘WWOD
14V OHHM ‘ WHOD
Ld " OHHM  WHOD
0UXd ‘[WOD
Q'I0H ‘ OYAH ‘ WWOD
1dv ‘' OHQY ' WRWOD
Ld 0"y WWOD
IXANJLIYMV  WWOD
ATOH JILIYMVY ‘WWOD
IX‘JLIHMY ‘WWOD
gX ‘TLIYMVY  WWOD
X ‘HLTHMY ‘WWOD
[“ALIYUMY ‘WWOD
€ ILIUMY  WHWOD
« "HLIHMY ‘ WWOD
LXAN Qvayuy  WWOD
aasn‘ LON
IX‘AVEHY  WWOD
gX * aQvdyy ‘ WWOD
X' aQvady ‘ WWOD
I°AvaUVY ‘WWOD
9°aQvauy ‘ WWoD

» 'QVAYY  WWOD
ANNILNOD ‘WKWOD
a3sn‘LON
IX*dWr  WWOD

X dWL  WWOD

X dWC  WWOD
I°dNC WHOD

88¢
L82
98¢
G8<Z
vee
£82
282
182
08¢
6.2
8.2
LLZ
9.2
GLZ
vie
€L
2Le
1L2
0L2
692
89¢
L9¢
992
69¢
j4°14
€92
292
19¢
09¢
662
86¢
LG¢
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dO14~-d114d LJ413d-LN0O-dNO. JFHL ST ONILS3IL HO4 NOILIONOD 0Z1000 00¥000 000000 000000 doo"dN0od ozt

1-0 ONIH 41 dNdL ° . JAOW-dILOTHLSIH,. ST ONILSIL H0d4 dNOD 090000 00¥000 000000 000000 HLSHY ‘ANOD 61€
LOUITIDWWOD., AT ST-0T AZ7 SMDAHD ©,0"dI, SI LSHL HOd dNOD OV0000 00vN00 000000 0000060 D¥I'ANOD 81€
HOL3d SvM 1S3IN0AdY AHOWIWAMW L1LSvVT SI ONILSIL ¥O4 NOILIANOD 001006 00¥000 000000 000000 HOLA4 ‘ANOD L1€
0 = LINZLNOD ,H4LNNOJ3-dO07T. SI SNILSIL HO4 NOILIAGNOD 0Z0000 00F000 000000 000000 0=21°ANOD 91¢
N1y WOHA .SOHAZ T1V., SI ONILS3IL HO4d NOILIANOD O¥£000 00¥P000 000000 000000 0=4 ‘dN0D G1€
1Y Wo"d S1 LIg9 S1 SNILSHL HOd NOILIANOD 0Z€000 00¥000 000000 000000 S14°dNOD Pv1E
Ny Wodd 11 LId S1 ONILSHL 404 NOILIANOD 00E000 00V000 000000 000000 T1d4°0NOD EIE
11V WOHd ,AHYVD, SI ONILSIL HOd NOILIONOD 092000 00P000 000000 000000 A¥D*ANOD 2ZI1€
N1V WOHd .MOT4HIAO, ST ONILSHL HOd NOILIANOD 0¥%Z000 0O0¥000 000000 000000 dA0°ONOD TIE
JJOW-XId43¥d SI ONILSIL HO4 NOILIANOD 022000 00¥00G0 000000 000000 WXd*dNOD 01¢€
~dOLS. SI ONILSHL ¥0d NOILIANO3 08€000 00¥000 000000 000C0O0 dLS*‘dNOD 60€ 3
ONILLIS dNOD V HLIM @dsSn "HSNd SI NOILVHIdO XMOVLS dSTvd €00000 000000 000000 000000 HSNd‘d 80€ i
ONILLIS (NOJ VvV HLIM d3ISN "dv0oT1 SI NOILVHIdO ADV.LIS dSTIvVd 200000 000000 000000 000000 avo1‘d £L0€ w
o ONILLIS ﬂzou ¥ HLIM ddsn "d0d SI NOILVHIdO ADVLS dS1vd 100000 000000 000000 000O0GO dod‘d 90¢€ %
™~ ONILLIS ANOD V HLIM (3ISN "dTOH SI NOILVHIdO XMOVLS dSTvd 000000 000000 000000 000000 Q10H‘d so¢€ &
W ONILLAS NOILIQNOD V HLIM Q3SN "1XAN SI JININOIS IS1vd 010000 000000 000000 000000 IXaN‘d ¥0€ =
@ ONILLIS NOILIONOD V HLIM QIS0 "NYNLAY SI FONINOIS ISTvd $00000 000000 00000G 000000 NINLIY‘d €0€ 5
ye ONILLAS NOILIANOD ¥V HLIM Q@3sn "dWNL SI JONIN0IS ISTvd 000000 000000 000000 000000 dWr*d 2ot S
5 HSNd SI NOILVHAdO XDOVLS dNYL 000000 0000E£0 000000 000000 HSAd ‘Ll 10€ x
Hw avol SI NOILVHIdO XMOVLS dN¥L 000000 0000Z0 000000 000000 avo1‘l 00€ W
n dOd SI NOILVHIJO XIOVLS HNHL 000000 000010 000000 000000 dod‘l 662 =
- dT0H SI NOILVHIJO MOVLS dNdL 000000 000000 000000 000000 aQIOH'L 862
.m IX3AN SI JDONINOIS FNYL 000000 000001 000000 000000 IXIN*L 262
5 NYALIH SI JONINDIAS INHL 000000 0000Y0 000000 000000 NYALAY ‘L 962
m SLId9 HAAV 4WNL HIMO0T ¥ FHL STOHINOD dO-V “dWNL SI 0dS INHL 000000 000T00 000900 000000 HdOVdHL L G62
= S1id HAAV dWNC YHIMO0T ¥ FHL STOHINOD €-0dI “dWNL SI O3S dNHL 000000 000100 000000 000000 €-0dWr ‘L v62
© ) dWAC SI FINANDIS IANHL 000000 000000 000000 000000 dWrlL €62
x 1sand3y¥ snd XOI 000000 000000 LE£0900 000000 X0I°*WWOD 262
“W L1S3N0dd snd INIAI 000000 000000 LEO¥OO 000000 INIAI ‘WWOD 162
mu (SN SZ¥%) dT13AD MOIS VHLXd IAVH 000000 000006 9€0900 000000 MOISX ‘WWOD 062
<

JHOLS TTOHINOJ dv01 HIIM HVITIO HALSVW “13dSHH (GUVH 000000 000000 9€0%0C 000000 TOVH ' WWOD 682
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TOVW HIL4V dVOT HOd HIINNOD AHLAH ONIQTOH QHOM HOLVHDS
NO ST INIOdAVIHI 1LVHL ONILVOIANI QHOM HOLVHOS
NOTLONHLSNI -d71ONIS ONILNNOD dHOM HOLVHIS

SSdHAAVY INJOdMvddd ONIUTOH QHOM HILVHOS

ANIVA HILSIOZH . HdO. HHL ONIJTOH dHOM HDOLVHIS

JdOW A€ JdLNIYd ONIJF HIdWNAN TYLD0 NV

S1lid ¥Z Ol .YNLDO‘dVv,. FHL ONIANVdXIT qHOM HILVHYDS
NOILVWHOANI .D0IS‘WWOD,. 1SILV1 FHL ONICATIOH QHOM HILVHIS
HALSIOAH ,dI1d. JHL ONIATOH JHOM HDOLVHIS

HALSIDIH .dId. FH1 J0 SL1I9 NMONM-WYYOOHdOHIDIW HHL
ONILIdS .dII. LSV1 JHL 40 NOILVINASIHdIH ,JId. V

TIATT SNOIAZHd, ONIUTIOH dHOM HOLVHOS

«STIAIT JAILOV., ONIJTOH dHOM HOLVHOS

LIS0ddd 40 dSvD NI JTdVIHVA 40 SSIHAAV

LI1s0d3d 40 dHSYD NI JTdVIHUVA JO0 JdAL

ATINO-AVEY SI YILSIOHAH QINIWVXI HHL

SS3YO0Hd NI SI dWNd vV LVHL ONILVOIAONI JHOM HDLVHOS
QdLVYNIWHAL ONVWWOD LSVT JONIS NILLIHM SvYM LIDIA '1VLDO0 dWOS
SLIg ¥Z OL dvlD0 NI SSHHAdV JONALXd Ol JHOM

AVIdSIO ONINNNY 40 SSHYAAV

AVIdSIA ONINNAY 40 IdAL

LOdNI-DdOW WOHd JITIWASSY HIGWNN TV.LD0

LOdNI-JdOW NI SYILIIT 40 NOILVINISIHdHH AITIWVHDS

LXdL AVIdSIA ONINIVINOD QHOM HOLVHOS

LXdL AVIdSId ONINIVINOD dHOM HOLVHOS

B JOdOW A9 NILLIYM Jd OL HALOVHVHD IXIN dFHL

dNIT 4dd SLIDIA TVLIO0 40 YHEWAN FHI ONITIOHINOD HILNNOD
WO dWNd JdOW vV NI SSIHAAY LNIHYND FHL

"AWO dWNA 3dOW V NI LIWIT SS3IHAAV ¥HIddN FHL

HIEWAN TVLO0 NV NI SLIOSIA 40 HIFWNN ONITIOHINOD HILNNOD
1S4l 1S41lvV1 JHL 40 JIWOJLNO IFHL SI . LSHL HOd ANOD
dOT1d-dI1d ,1031dd~0¥dZ-F19N0d, HHL SI ONILSHL HOd dNOD

0ooov1
00007v1
0000vI
0000V%1
000091
00002t
0000¢t
000091
000041
0000L1
000041
000041
000071
000061
000061
000061
0000S1T
000061
000091
0000S1
000091
0000651
0000Vv1
000091
000091
000091
000047
0000€T
0000¢€T1
000041
091000
0000060

LTO000
£10000
¥ 10000
910000
110000
210000
S10000
£L10000
£10000
¥10000
210000
G10000
L10000
110000
210000
y10000
910000
L10000
Z10000
€10000
S10000
S10000
S10000
£10000
710000
910000
10000
€10000
¢10000
110000
00¥000
00¥000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0000060
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000060
600000
000000
600000
000000
000000
000000
000000
000000
000000
000000
000000

1OV 9V
9717449 °‘9v
TONIS 9V
Ldxyug gy
HdO‘dv
HEWNN ‘dvY
ZN1D0‘aV
SNLVY1s‘*dv
q1d49v
aid‘gv
qi1ay
IAd 9V
A1LOV gV
HAVUM ‘dv
dALYM‘GY
ATINOY ‘9V
ddnWna‘gv
sodaa‘gy
Zvlido‘ay
avioo‘dv
1ds1a°9gv
HNLDO gV
WYH)Ss ‘gv
21Xl 4gv
T1X1l 49y
HHOHd ‘gVv
OTLND gV
HNYND gV
HNddN‘gv
191009V
NOD *dNO0D
azda*anoo

A
16¢€
0s€e
6vE
8v¢
LyE
12349
SvE
vve

2

44
1€
ove
6€€
8€t
LEE
gee
GEE
vee
€ee
(AN
1€€
o€e
62¢€
8¢Z¢
L2¢€
9Z¢
T4
yZe
£2¢€
2z¢e
12¢e
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S441d IHVN LOdS Ol 93H-V €0t XOI JIAVS

INIVA THTFHMEWNHL J1vH dnvd

ANVE J18VLI dVW 3H0D HHL OL HHINIOd 1vdOo19

JMNVE HHL NIHLIM d7T19VLI LN3WOdS dHL OL "HALNIOd 1vdOT19
ANVE HT14V] LNIWOFS HHL OL HHINIOd XNvd 'Tvd01O

Ad/4dd LSVYT WOHd S9d 40 Xd0D

LIWIT "¥43M0T LIHIHNI HHOV3 ONIJTOH HALSIODIH HOLVHOS
LIWIT H3ddN LISIHNI HHOVO ONIATOH dHOM HOLVHOS

114 "HILSIOIY JdEANILXd LO3TIS

SNOILONHINI TTVHIDHA ONIHNA SLS ONIATOH JHOM HOLVHOS
HI TIVOANVW 404 OVI1d ONIATOH QHOM HOLVHOS

HALSIOIY WXH., HHL ONIJTOH QHOM HOLVHOS

d0IVA YdLSIO0dY ,dW1., dHL ONIATOH JHOM HOLVHOS

000060
000010
000021t
0000¢c1
0oo0o0ct
0000¢1
000021
000021
000000
0000€T
0000€1
61010107504
0000%1

G10000
010000
L10000
910000
110000
S10000
£10000
Y 10000
000000
910000
¥10000
110000
2100060

0000060
000000
000000
000000
000000
0000600
000000
000000
000000
000000
0006000
000000
000000

000000
000000
000000
000000
000000
000000
000000
000000
¥00000
000600
000000
000000
000000

£0€010°9Y
anve ‘ gv
MNEWD f dv
LUSLS gV
MNGLS ‘ gV
sod‘av
110749V
110n°49v
4¥x
JAVSS gV
HINVI gV
JOWXd ‘ gV
dwt‘gav

G9¢
v9¢€
€9¢
298¢
19€
og¢g
6G¢E
8G€E
FAE
9G¢E
GGE
j4°1)
£6¢E
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Bit

Cache

Console

Data

Field

IDBS

Information

Instruction

73

The smallest unit of data in a digital computer. A bit
may have the value 0 (zero) or 1 {one).

An area of fast-access memory, closer to the CPU than
main memory. Cache is used to store the program
instructions and data that are most recently used by
the computer, and which by implication are most likely
to be used again. This fast availabliity significantly
reduces the time that the CPU would otherwise need to
access the same program/data.

The terminal used by the operator to communicate
directly with the CPU, via OPCOM (qg.v.). The console is
the only terminal that can communicate directly with
the microprogram. (See also Terminal no. 1, and QOPCOM) .

Numbers, letters, symbols and the codes that are used
to represent them, regarded as objects to be stored or
processed by a computer.

A portion of an expression {(e.g. a computer word) that
is designated as having a specific significance or
function within that word. The 64-bit microinstruction
word used in the ND-100 series of computers is
organised into fields: see the Microinstruction word
format & function charts on pages 16, 17 and 18.

Internal data bus source. Within the CPU, data is moved
around over several high-speed busses, which are
collectively referred to in functional terms as the
internal data bus system. The IDBS field of a
microinstruction defines which of several possible
sources will drive the internal data bus.

The interpretation given to data when understood in a
specific context. Thus for example, depending on the
context, the 16-bit value 1433048 may be understood &s:

e The unsigned integer 5088410

e The ASCII string "FD"

’

‘e The ND-110/ND-120 instruction STATX

A code which can be interpreted by the CPU (or ALU) as
a command to perform one or more logical or
arithmetical operations. The ND-110 and ND-120 have two
levels of instructions: macroinstructions and
microinstructions. (See also macroinstruction and
microinstruction.)
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Macroinstruction

Microcode

Microinstruction

Microprogram

MOPC

ND-100 family

On~-board memory

Appendix C  Glossary

A single software instruction written as part of a
source program language. Sometimes referred to as
machine instruction or MAC instruction. In the ND-110
and ND-120, each macroinstruction is executed by a
sequence of microinstructions. (See also
microinstruction.)

The name given to a set of microinstructions.

In the ND-100 family of computers, this is a 64-bit
instruction word which acts directly within the central
processing unit to control processor activity. A
sequence of one or more microinstructions is required
to execute a machine (macro-} instruction.

The set of very low level instructions that together
define the functions of the CPU. {See also
microinstruction)

Memory Management System: that part of the ND computer
which handles memory page addressing and memory (paging
and ring} protection.

Acronym from Microprogram OPerator Communication. This
is the part of the microprogram that communicates with
the console {terminal no. 1) when the CPU is in the
OPCOM mode.

The family of 16-bit general-purpose computers from
Norsk Data, currently consisting of the following
machines:

¢ ND-100

ND-100/CE

e ND-100/CX

ND-110 Standard

e ND-110/CX
e ND-120/CX.

Memory that is available for access by the CPU in a ND-
100 bus computer system, and which is "on-board" the
CPU card itself, as is the case in the ND-120 CPU. See
also “Primary memory". Note that memory on-board the
CPU card is functionally a part of the primary
addressable memory in the ND-100 bus system. As such,
it is also accessible to DMA Controllers on the same
ND-100 bus.
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OPCOM

Page

Page table

Primary memory

Panel
PIC
Terminal no. 1

Trap

Word

75

Acronym from OPerator COMmunication mode. In this mode
the CPU console {terminal no. 1) communicates directly
with the microprogram. This mode is used for service
and maintenence only. It involves running the
“microprogrammed operator's communication” (MOPC;
program under SINTRAN. Terminal no. 1 (alsc called
“console") is the user's interface to OPCOM.

A contiguous area of memory consisting of 1024 words
(2K bytes). By extension, a page may also refer to 1024
words on a disk, tape or other storage medium.

An area of high speed memory, within the memory
management part of the CPU, which contains the
information needed for the memory management system to
convert virtual (16-bit) addresses to physical (24-bit)
addresses.

This is random access memory (RAM) in the ND-100 system
that is accessible to both the CPU and to DMA
controllers on that bus. It may be contributed from a
variety of cards in the system (e.g. ND-120 on-board
memory, memory cards, PIOC cards, Ethernet cards,
Multiport memory). In functional terms, it must be
strung together in consecutive address ranges (e.g.
blocks of 64K}, to provide a continuous addressable
memory space in the computer.

The control panel of an ND-100 series computer.
Priority Interrupt Controller.
See OPCOM.

A Trap is an unprogrammed conditional jump that is
automatically activated in the CPU when it detects
certain conditions that require immediate attention.
Traps can be generated by hardware or by the
microprogram.

A computer word is a basic unit of information that a
particular computer handles.

The ND-110 and ND-120 belong to the ND-100 family of
computers, which at the MACROinstruction level use 16-
bit words, and at the MICROinstruction level use 64-bit
words.
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address
physical . . . . . . . . . . . . . .. .. . ... . ..175
virtual . . . . . . . .. o8
ALU .
carry control . . . . . . . . . . .. .02
control . . . . . . . . . . . . . . . . . . . . . . . . . .10, 29
modifier . . . . . . . . . . . . .. ... ed
A-operand . . . A O]
A-operand se]ect 4
argument . . . . . . . . . . . . . s e s s oo 20

B-operand . . . 4 O
B-operand se]ect P 4 <
branch address . . . . . . . . . . . . . . . . . ... . ...20

Cache . . . . . . . . . . ... a3
cache hit . . . . . . . . . . . . . . .. .. ... ... .85
command decode . . . . . . . . . . . . . . . . . . ... ...00
command field . . . . . . . . . . . . . . . ... ... .. .22
condition control

ECOND . . . . . . . . . . . ... a

LOOP . . . . . . s e e e st

SCOND . . . . S |
conditional branch1ng e e e e e e e s
console . . . . . . . . . . . . .o e o e s 3
control store

= ol = G XC

areas . . . P -

extension area . . . . . . . . . . . . . . . . . . . . . .34

functional overview . . . . . . . . . . . . . . .. ... .8

map area . . . O < S 3¢

microinstruction cache R < I K

PROM . . O =

read (TRA CS) ORI |

reloading . . N ¥

write {TRR CS) N T e 1
CPU

timing . . . . . . . . . . .. ... ... ... ..o
CPU control

operators . . . . . . . . . . . . . . . . . . . ... ..13

sequencing . . . . . . . . . . .. ...13
cycle control . . . . . . . . . . . . . . . ... ... ... 10

delay function . . . . . . . . . . . . . . . . . ... ... .02,2
DELAY . . . . . . . . . . ... ... .20
DLY . . . . . . .o

extended register file addressing . . . . . . . . . . . . . . . 28

fetch operations . . . . . . . . . . . . . . .. ... ... ...9
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fields in microinstructions . . . . e .. ... 3
functional elements interfacing to m1crocode R |

IDB source . . ..o ..o.10, 26, 73
initialisation of mach1ne S ¥
instruction . . . . . . . . . . .o oo 3
interrupt . . . . . . . . . . . e oo oo o013

LCS command . . . . . . . e e 3T
Togical address . . . . . . . . . .o oo 9
Toop counter . . . . . . L. e e e e e 9

MAC . . . . s s s s
MACL command U Y
macroinstruction . . . . . . . . . . . . . .. .. ... .18
map . . O
Master C]ear (MCL button) R
MIC . . . o o o e 9
microcode . . . . . e e e e oo
assembler . . . . . . . . . . ..o 35
control . . . . . oo oo 1S
design . . . . . . . . . . . . . . ... ... ...3
generation . . . . . . . . .« . . . . ... 34
Cpatching . . . . . . . . .. .. .. ... ... 36
microcycle . . . . . . . e e e oo 10, 13
microinstruction . . . O & ¢
microinstruction sequence contro1 e e e o8
microinstruction set mnemonics . . . . . . . . . . . . o . . .3
ND-110 . . . . o v e e e
ND-120 . . . . Y
microinstruction word
ND-100 . . . . . . .. oo oS
ND-110 . . . . . . s 1B
ND-120 . . OO
miscellaneous b1ts (MIS 0 1) O
MOPC . . . . . . .o oo oo.o..0, 74

nanocycle . . . . . . . o e e e e e e 10, 13
next address ’
test object false . . . . . . . . . « .« . . . . . ... 19
test object true . . . . L . . Lo oo 21

OPCOM . .« v o e TS

page table . . . . . . . . L Lo e e 75
physical address . . . . . . . . . . ..o 75
PIC . . . e s s

register file . . . . S PO A 0
reloading control store P ¥ |
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stack control

test object false .

test object true
STS control

test objects
trap

vectored jump .
virtual address

Norsk Data

ND-06.031.1EN

19

.2l
. 28

.19

13, 75

.9, 21
.75

81




Order Information Additional copies of this manual may be
ordered.

Please send your order to your local ND

office,

or in Norway to: Documentation Department
Norsk Data A.S
0laf Helsets Vei &
Post Box 25, Bogerud
0621 Oslo 6
Norway

or in UK to: Documentation Department

Norsk Data Ltd
Benham Valence
Newbury

Berkshire RG16 8LU
England

quoting your name, company and address, and
specifying the ND part number for this
manual.

Updates This manual may be updated in two ways:
e complete new issues
e revised pages.

New issues consist of a complete new manual
which replaces the earlier issue of the
manual. A new issue incorporates all the
revisions since the previous issue.

Revisions consist of one or more pages which
replace pages in the existing issue of the
manual. Each revised page is listed on tne
new Printing Record which accompanies the
revision pages. The previous Printing Record
should be replaced by the new one.

New issues and revisions are announced in the
ND Bulletin, and can be ordered through the
normal ND channels.

Reader's comments The Reader's Comments form at the end of this
manual can be used both to report errors in
the manual and to give an evaluation of it.
All comments are welcome, both detailed ana
general.
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