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NOTICE

The information in this document is subject to change without notice. Norsk
Data A.S assumes no responsibility for any errors that may appear in this docu-
ment. Norsk Data A.S assumes no responsibility for the use or reliability of its
software on equipment that is not furnished or supported by Norsk Data A.S.

The information described in this document is protected by copyright. |t may not
be photocopied, reproduced or translated without the prior consent of Norsk
Data A.S.

Copyright © 1979 by Norsk Data A.S.
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Manuals can be updated in two ways, new versions and revisions. New versions
consist of a complete new manual which replaces the old manual. New versions
incorporate all revisions since the previous version. Revisions consist of one or
more single pages to be merged into the manual by the user, each revised page
being listed on the new printing record sent out with the revision. The old
printing record should be replaced by the new one.

New versions and revisions are announced in the ND Bulletin and can be ordered
as described below.

The reader’s comments form at the back of this manual can be used both to
report errors in the manual and to give an evaluation of the manual. Both
detailed and general comments are welcome.

These forms, together with all types of inquiry and requests for documentation
should be sent to the local ND office or (in Norway) to:

Documentation Department
Norsk Data A.S
PO. Box 4, Lindeberg gérd
Oslo 10
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TO THE REA DER

The NORD-100 Microprogramming Description manual describes how to micro-
program the NORD-lOO in order to take full advantage of the writable control store
feature. This manual should be of interest to all technical personnel writing their
own microprogram. It will also be useful for those who want a more detailed
understanding of the microprogrammed structure of the NORD—100 CPU.

PREREQU/S/TE KNOWLEDGE

A general knowledge of the NORD-lOO computer system, together with some
basic understanding of the NORD-‘lOO CPU and some experience in digital
techniques is recommended.

THE MANUAL

Chapter 1 is a short introduction to the writable control store option, while Chapter
2 gives an introduction to the CPU architecture. The microprogram word format is
described in Chapter 3 and how to write the microprogram is found in Chapter 4.
Chapter 5 shows the usage of the writable control store.

In the appendixes are some data sheets for the main building blocks in the CPU,

together With the microprogram flow charts, The data sheets are taken from
"AM2900 Bipolar Microprocessor Family" issued by Advanced Micro Devices, lnc,

More information about the circuits will be found in this publication. Data sheets

for the microprogram sequencer are found in "The TTL Data Book” issued by

Texas Instruments.

ND-06.0l8.01
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INTRODUCTION

The NORD-lOO CPU with the Writable Control Store option, has its basic
microprogram contained in the lower 2K of the microprogram addressing area
(addresses 0 - 3777). The Writable Control Store (WCS) contains the addresses
4000—4377.

In order to write micro code for the WCS, the following steps must be undertaken:

1. Specification of the new machine instruction that will be inplemented by the
new microprogram.

2. Design and coding of the necessary microinstructions to perform the
machine instructions.

3. Assembly of the symbolic microprogram into binary format with the
NORD—lOOWCSassembler.

4. Place the binary representation of the WCS contents in main memory and
load it into WCS with the load writable control store machine instruction.

5. Use the Customer Specified Instructions to execute the microprogram now
residing in the WCS.

ND-06.018.0l
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CPU ARCHITECTURE INTRODUCTION

The CPU consists of elements built around the Internal Data Bus, IDB. IDB is
shown hatched in Figure 2.1. A few comments to each of the elements in Figure
2.1 follows.

ND-06.018.0l
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ALU performs all arithmetic and logic functions. Two 4 bit operand pointers, the A
and B operands, select sources for operations to be performed. Nine ALU
function bits select operations within the ALU. The data input and output
ports are directly connected to IDB.

SHIFT LINKAGE controls the shift mode as well as the length of the shift
operands.

STS 0 — 7 contains the lower byte of the STS register.

FLOATING AR/THMET/C CONTROL performs the necessary functions to speed
multiply and divide operations.

GPR is a General Purpose Register used by the microprogram for various
purposes. It will always be shifted the same way as an ALU register if shift is
specified in the ALU control. GPR is especially valuable during multiply and
divide operations. In multiply operations it holds one of the operands and in
divide operands it gets the result shifted in from the right.

MMR is the communicating register against the memory management module.

BUS CONTROL controls the access to the system bus, which links the CPU and
peripheral interfaces, memory modules. etc.

PES and PEA keeps information about system bus abnormalities.

WDA and 08/? keeps data going between IDB and the system bus.

“PROGRAM CONTROL STORE holds the microprogram controlling the CPU.

[PROGRAM SEOUENCER generates the address of the next microinstruction to
be executed. This sequencer can get the address from the microprogram
(jump), from the current address Tl (continue) or from an internal stack,
which is 4 deep, and can be pushed or popped.

SEQUENCE}? CONTROL and CONDITION SELECT controls conditional branching
in the microprogram sequence. A code indicating a test object is outputted
to these circuits from the microprogram, together with a code indicating
what to do if a later test gives a false result. When a test is enabled at a later
state, the result of the former ALU operation is tested and may result in
conditional branching.

VECTOR SELECT controls the source of the 4 lower address bits in a vectorized
jump sequencing microinstruction. The 8 uppermost address bits are
specified in the microinstruction (in the microinstruction the 4 lower bits
must be 0). in this manner, a 16 way branch is effectively implemented.

MAPcontains the entry points of all machine instructions. It is used to generate
entry point addresses whenever a machine instruction is to be executed.

PIC contains the interrupt system from level 10 and upwards.

MP/DS can set interrupt bits in the PIC.

IR contains the 10 least significant bits of a machine instruction.

STSB— 75contains the upper byte in the STS register.

IND—06018.01
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2—4

LOOP COUNTER is a 6 bit register with the upper bit as Sign bit. lt has an auto inc—
rement/decrement facility which makes it count towards zero when coun-
ting. Zero inhibits further counting. The loop counter is used to repeat one
(or a few) microinstructions a predetermined number of times, or to count,
for example, the number of shifts needed to normalize a floating number.

BMG (Bit Mask Generator) generates a 1 bit among zeros. The position of the 1 bit
is controlled by the A operand.

REG. FILE contains the register blocks of the interrupt levels not presently active.
It also contains scratch regsiters for MOPC and for the interrupt system. It is
addressed using the A oprerand to indicate the level, and the B operand to
indicate the register number within that level.

ND-O6.0l8.0l
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MICROPROGRAM WORD FORMAT

Each microprogram word is 64 bits wide. The width is divided into fields control-
ling different functions within the CPU. These fieIds and their functions are
described in this chapter. The description frequently refers to Figure 3.1 which is a
drawing of a microprogram word.

NORD - ‘IOO MICRO INSTRUCTION CODE

ALU ALU EXTERNAL INTERNAL SEQUENCING B
INSTRUCTION CONTROL/SELECT DATA BUS COC’S'E’EW CONTROL OPER— 053283430

1 . mu 1 _DEST. FUNC. SOURCE 5T5 0,95,; 0,?“ CIN NODE M15 CONTROL 111259-32, BARE‘SECCTJONNTER,TII~IZ AND
.. .—Q .V—‘OFOFO (aw—o ° 0° mi'v—Clmmt‘xnmsrnflv-O

33:32:22,422 wadd;ddddIZI‘—Q hafiEag—zirz \SmlY-fggkav—OMNv—O :'_F‘_'"—
Baaaaiiigflflgwfiggggaaef:ggmg‘zxggémmmwfiameaguummmm5::::::::=:::l::<<<<<<<<< mmmémumaa<<zz mHHEPIBSLq )—I—I—1—zm>mm_n—I—Ix0<o<m x
flNv-OmEDI‘xgm vv—o'mwl‘wmq—MN romeoFRMOVMN v-OmmhtnmrmEv-r—Ommt‘sfi mq-mwwoc‘aohwmq'v-O
wmxowmmmmmInmmmvvvv‘Tv-V’v‘ vvnmmmnmmm NMNNNNNNNNNNv—wu—vq—v—v—v—wv-QOOOOODOQQ

M15 M14 M13 i M12 M11 M10 [ M09 ' M08 M07 M00 M05 M04 M03 ] M02 [M01 {M00
AL01 ALu was 100 rs NEXTADDR,
1s 7 0 BEST y; _ s 3 21 0 500% 6 5 SELECT ‘ ARSUMENT
OOOF-Q F 00 HOLDSTsfo-Y) 00000 ALL) 00 JUMP , 1514131211100570543210
0 0 1NOWEITE F 0 1 ENABLE SET 00.0 0 O o o 1 ENG o 1 RETURN RA I BRANCH ADDRESS
OiOF-B A 10 ENABLESETM 00010 GPR 10 NEXT 32100110337051.3210
0 1 1F-B F 1 I LOAD 5T5 I 0 0 1 o IsPR)2 1 1 REPEAT COND. DATA
1 0 050/210 E —1 0 0 0 1 1 00R TS STACK

SEL.03.11335,3101r/z-a F 00100 ARG Emma. azIOLLLL
1 1 0250*50 F RAND-3)- 0 01 01 REG 0 O HOLD _ ‘——v—-‘
1 1 tzF—B F 0 O 0 110110245) 0 ()1 1 0 51's 01 Pop _ _ SAME _ _5059511 ALu 0 1 0 P|L(O-3) o 01 1 1 Mm; ,0 LOAD

JTRUE
CODING FALSE—’

ALUT PONC. 1 0 0 11213-0) 01 O O o BARE 1 1 FUS
543F= 101 IR(3-5)' 01001 sum
0 o o Ros I 1 o Lcro—a) 01 01 0 PEA M15 EFFECTIVE BRANCH
o 01 5—12 J-mmw 01011 P55 3726251 0 ADDR.0N~BIT(o-11)805 11109 a 7 0 s 4 3 210
010 R—s 01100 AARG HHHxx PROM (0-11) "48,75 ______
01 1 Rvs Ra(0-3)- 01 1 O1 PICS H H L 0 0 PROM (4-11)1TR(0-3) -.-—ER0M-- ”1310-3)
1 O 0 ms 0 0 mate-:1) 01 1 10 10R H H L 01 n .. vIR(a-101 --——1.IPROGR _ OIIRIs-Io
I 01 RM 01 TRTO-z)‘ 01 1 1 1 NONE N H L 1 0 ~ .. 1ALD(O-3) _____PROM _______ ALD(0'3)
1 1 0 R95 10 1R(3~5)' A H L 11 .. ,. ~RA(O—3) “(O-3)
I 1 1 ‘R’ITS‘ 1 1 LC(0-3) ._ H H x x MAPPED IF INT R0 FROM MAP—PROM

5750551 ALu _ H H x x I‘VECT IF INT R0 0 1:1—1 1 —IIIINT.‘vECT
ALUI SOURCE L H L x x ILLEGAL I
2 I 0 R: 5: CIA , x L x x x START LOAD A-OPERAND
00 o A a o o 0 COMMAND wRITADLECS RA BIT,
001 AB 01 1 43210 3210R55-LEV.P‘C'NSTR-
0 1 0 0 a 1 0 C, o o 0 0 0 L LOAD 0 0 o 0 ZERO 0 MASTER CLEAR
011 0 8 11‘6PR0 0 O 0 01 LDPIL L11 HOLD 0 0 01 D 1 CLEAR MPID
1 o 0 o A 0 O 01 0 LDGPR cow. 0 01 O P 2 MCLEAR MPID
1 01 0 A O O 01 1 EWRF L ENABLE 0 O1 1 B 3 ECLEAR MPID
1 10 0 0 o 010 0 CLIRQ N DISABLE O1 0 0 c 4 LCLEAR HPID
I 1 1 0 0 o 01 01 1250111 LOOP 01 01 A 5 READ VECT.

0 01 1 0 TBSTR L ENABLE o 1 1 0 T 6 READ STAT.
L—é Am ALU 0 o 1 1 1 510C H DISABLE 0 1 1 1 x 7 READ MPIE

o 10 MODE 01 o 0 o ESRP 1 O 0 0 STS a LOAD MPIE
1:03 1102 aSt P11150050 56 0 o 1.510” 0 1 0 01 EPIC 1 0 O I R0) 9 LOAD STAT
1103 1102 tMISi prMISO T50 CPRo 0 1 FMU 01 01 0 SMPID Tc CLOCK 1 01 0 RC2) 10 MCLEAR MPIE
~03 11g 1114151 1.11150 GPRO $1150 1 o FDV 01 01 1 START I OTININE 1 01 1 RC3) 11 MSET MPIE
m up TRIO '1R9 :50 N50 1 1 IRSHIFT 01 1 0 0 STOP 0 O FAST 1 1 O 0 12(4) 12 CLEAR MPIE

s 7 SSEL1LSSELG 3 1 01 1 01 CLRTC 01 NORM 1 1 01 12(5) 13 015,1NT.R0
01110 CLFF 10 SLOW 1 1 10 52(6) 14 LOAD MPIE

““4
01 111 LDLC 11 WAIT I 1 1 1 Rm 15 EN.INT.RO
1 0 0 0 0 LDIRNO."_}

. 1 0 0 0 1 LDIR IRNO IRNAME
00 FANS B—OPERAND

i HODE PANC R0 5EL TEST
1 I 0 0 0 F/2-B, (RIEAT) ARITNM. 03 P65 3 21 0 R55 3 21 0 001.
1 1 01 0 .. ~ ROT M15 PAGE PCR 0 0 0 O ZERO 0 0 0 0 012-2
11100 -- .. ZIN 10 MODE ‘0 EEER 00010 OOOILCZ
11110‘ — - UN 00— 11000 EXAMINE 11 LUL 0010P 00101111120
1 1 0 01 2F-B, (LEFT) ARITHM. 01 PT 1 1 0 0 0 INDREAD 12 UGL 0 01 1 a O 01 1 REsTR
11011 .. n 201' 10 ART 11000‘ ., 14 Pet 0100C 0100FETCH
1 1101 .. n ZIN 11 HOLD 1 1 0_0‘94___u 21 EXM 0101 A 0101 000
11111 .. n LIN 00 — 1iOCi‘DE-“CF1'T 22 LEE O110T 0110020
I 0 0 0 0 F,O/2->B,Q(RIGHT)ARITHM. o o - 1 1 10 0 PETCA 23 35% 01 1 1 x 01 1 1 CONO
100101: ~ - ROT 01 PT 11100 READ EBM 100051’5 1000R-P
10100 .. — .. ZIN 10 APT 11100 .. 1.0 ppANs 1001 12(1) 1001 OPCTT1101,0 .. . .- LIN 11 HOLD 11100 .. yPANC IO10R(2) 10100VF
10 001 2F.0—va,0 (LEFT) ARITHM. 01 PT 11 101 1012111 1011 12(3) 1011 CRY
10011 .. n n 1201 10 APT I1101 n 1100R(4) IIOOPII
10101 .. .. n 21N IIHOLO 11101 .. 1101R<5) 11011715
10111 .. .. nLIN i1110IDENI’ 11101210) 11102F
OXXXXNOSHIFY 11111o I111Rm 11115TP

ND-06.018.01
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Bits 55 — 63, together with bits 44 — 45, controls the behaviour of the ALU. The
ALU is built of the bit slice component 2901, and the functional description of 2901
is included as Appendix B.

The effects of bits 55 - 63 are explained in Appendix B, with some additional
information in the following pages.

Bits 44 and45 modifies bits 55 - 63 before they reach the ALU.

ALUMO : 0 (bit44)
ALUM1 = 0 (bit 45): Micro Controlled Mode

The ALU behaviour is controlled entirely from the microprogram.

ALUMO
ALUM1

1 (bit44)
0 (bit 45): Multiply ModeII

II

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

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

ALUMO
ALUM1 I)

H

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 subtrac-
ted. This is only used in divide instructions.

ALUMO
ALUM1

1 (bit 44)
1 (bit 45): Shift Instruction (machine instruction is shift)I)

H

The shift direction and shift mode is controlled from the loop counter and
the bits 9 — 10 of the machine instruction. The extra microinstruction
executed after the loop counter reaches 0 will not shift the ALU result.

Bits 53 — 54 controls the behaviour of the 8 lower bits of the STS register.

00 will not affect the STS register

01 will update the C, O and O flip—flops to the result of the current ALU
instruction

10 will update the M flip—flop to the disappearing bit in a shift micro-
instruction. If there is ALUM lRSHlFT, M will be updated regardless of
the setting of bits 53 - 54.

11 will load the 8 lower bits of the STS register from lDB

ND-06.018.01
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Bits 50 — 52 controls the source of the A operand to the ALU.

000

010

100

101

110

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

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

The A operand is bits 3 — 6 of the current machine instruction. Used in
bit operation instructions and in instructions specifying a level in the
register file.

The A operand is bits 3 — 5 of the current machine instruction. This is
used to address the source register in machine instructions.

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

B/ts 48 - 49 controls the source of the B operand to the CPU.

00

01

'10

11

The B operand is bits 16 — 19 of the microinstruction.

The B operand is bits 0 - 2 of the current machine instruction. Used to
address the destination register in machine instructions.

The B operand is bits 3 - 5 of the current machine instruction. Used to
address the source register in machine instructions.

The B operand is bits 0 - 3 of the loop counter. This is used to read the
loop counter by using BARG as lDB source.

Bits 46 - 47 control the carry in line to the ALU.

00
-O1
10
11

Carry is 0
Carry is 1
Carry is the C flip-flop of the STS register
Carry is the GPR bit 0 (used in division)

Bits 42 — 43 control the shift type in shift microinstructions, if the machine
instruction is not a shift instruction. They indicate which page table to use
together with memory requests.

00
01
1O
11

Arithmetic shift/ Fetch memory request
Rotational shift/Request through PT
Zero-end—input shift/ Request through APT
Link—end—input shift/Request through the page table last specified

ND06.018.01
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Bi'ts 37— 47 control which source should control the content of IDB (refer to Figure
2.1).

O

1

10

11

12

13

14

15

16

17

ALU

BMG

GPR

GPR

DBR

ARG

REG

STS

MMR

BARG

SWAP
‘

PEA

PES

AARG

PICS

IOR

NONE

enables its result onto IDB

a 1 bit among zeros is enabled onto IDB. The
position of the 1 bit is controlled by the A operand.

the general purpose register is enabled onto IDB.

with bits 8 - 15 equal to bit 7 is enabled onto IDB.
This makes sign extension easy during address
calculations and argument instructions, etc.

the system bus data read register is enabled onto
IDB. This must be used with the WAIT for data
ready timing specification.

The 16 lower bits of the microinstruction is enabled
onto IDB. This makes it easy to generate 16 bit
arguments within the microprogram.

The register file address selected by the A and B
operands is enabled onto 108.

The 16 bit STS register is enabled onto IDB.

The memory managment read register is enabled
ontolDB.

The B operand is regarded as an argument and
enabled onto IDB. In this way arguments between 0
-17 may be generated.

A byte swap circuit is enabled onto IDB. The two
bytes present on IDB during the last cycle have
exchanged positions.

The inverse of the PEA register is enabled onto IDB.

The inverse of the PES register is enabled onto IDB.

The A operand is regarded as an argument shifted 3
bits left, and enabled onto IDB. In this Way
arguments between 0 — 170 with 0 in the 3 lower bits
may be generated.

The internal status of the PIC is enabled onto IDB.
The RSTS command must be issued to the PIC
simultaneously.

The register containing UART data and status is
enabled onto IDB.

IDB is disabled. Read commands to the PIC may
cause PIC to enable internal PIC registers onto IDB.

ND-06.018.01
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Bits 32 — 36 specifies a command to be performed by the microinstructions. The
commands are:

0

1

10

NONE

LDPIL

LDGPR

EWRF

CLIRO

RSDA

TBSTR

SIOC

ESRP

No command executed.

The upper byte of the STS register is loaded with the
upper byte of IDB. The new PlL will not be available
as A operand before in the microinstruction following
the next microinstruction.

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

IDB is written into the register file word specified by
the A and B operands.

Inhibits the ability of interrupts to modify the
microinstruction sequence at the time of a mapped
jump. Used to avoid interrupts when the MAPJ bit is
used at other times than FETCH. CLIRO will also
block PANEL interrupts from being included in the
IRQ condition.

Reset the data available signal from the UART on the
CPU board.

Transmit Buffer Strobe. Transfers the lower IDB byte
to the UART output part.

Set l/O control. Transfers IDB to control several
functions. The bits of IDB have these functions.

BitO: PIN (prepare interrupt) signal for clock.
Bit 1: PIN signal for terminal input.
Bit 2: PIN signal for terminal output.
Bit 3: RFT (ready for transfer) signal for clock.
Bit4: Green LED on CPU (OK).
Bit 5: Red LED on CPU (ERROR). Gives master clear
on system bus.
Bit 6: When = 1, inhibits MOPC input when in con—
tinue.
Bit 7: Resets the counters giving 50 Hz clock
frequency. Used by lOX 11.
Bit 10: Not used.
Bit 11-12:

0 O 5 bits UART character length
0 I 6 bits UART character length
1 O 7 bits UART character length
1 l 8 bits UART character length

Bit 13: When 0 — I stop bit; When 1 — 2 (1.5 at 5
bits) stop bits.
Bit 14: An extra bit is added to give even parity.

The latest IDB value outputted by a SIOC command
will always be saved in a word named STATUS in
the register file.

A special flip-flop, the R = P flip—flop, is set to 1 if the
ALU result is 0. Used to detect that the next location
(where prefetch has already been performed) has
been written into (STA * + 1).

ND-06.0l8.01
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II

12

13

I4

15

16

1‘7

20

21

30

We,,

EPIC

SMPID

START

STOP

CLRTI

CLFF

LD LC

LDIRNO

LDIR

EXRO orlRDRO

indicates that A operand should be a command to
the PIC. The specifications of the PIC are included in
Appendix C. If the PIC command is a read
command, other than read status, the PIC will enable
the register onto IDB regardless of the microprogram
bits 37 - 41.

sets bits in the micro PID register in the PIC. Bits can
only be set to I by this command. (The PIC com—
mand MCLPID can reset bits to O.)

resets the STOP flip-flop. The CPU will start execub
ing a main memory program.

sets the STOP flip—flop. Whenever a FETCH has
been performed, the microprogram is forced to
microaddress 3760 or 3770 by the interrupt hardware.
The stop routine is executed.

resets the clock flip-flop. Every 20 ms the micropro-
gram is forced to microaddress 3761 or 3771, thereby
entering the clock routine. This routine sends out the
CLRTI command.

clears flip-flops having special functions regarding
the floating point rounding indicator (T6). The 020
(double zero detect used in FDV) and the COD (one
out detect used in FAD, F88 and FMU) flip—flops are
cleared by CLFF.

loads the loop counter with the 6 lower bits of lDB.
The modified loop counter will not be available as A
operand before in the microinstruction following the
next microinstruction.

select register on memory management module to be
accessed later. IDB is transferred to the selector on
MMM.

(or XMM in symbolic language) will transfer IDB to
the MMM register selected by a previous LDIRNO
command. (To read a selected MMM register, only
the 108 source designation MMR should be used.)

differ according to the contents of bits 42 - 43:

00 EXRO, examine memory request. The physical
address must be on IDB. The segment number must
already be loaded into the MMM segment register.

Oi iRDRC‘, PT, indirect address read request with
mapping through the normal page table.

10 IRDRO, APT, indirect address read request with
mapping through the alternative page table.

11 IRDRO, HOLD, indirect address read request
with mapping through the last used page table.

ND706.018.0l
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31

34

I
'35

36

37

DERO deposit memory request. The physical address must
be on IDB, in the segment already loaded into the
MMM segment register.

RDRO mapped read request has four variants, depending
on bits 42 - 43:

00 Fetch request
01 Read request mapped through the normal page

table.
10 Read request mapped through the alternative

page table.
11 Read request mapped through the last used

page table.

WRRO mapped write request has 3 variants, depending on
bits 42—43:

01 Write request mapped through the normal page
table

10 Write request mapped through the alternative
page table

11 Write request mapped through the last used
page table

lDENT IDENT bus request. As with write requests, the write
data must be enabled onto IDB in the next microin-
struction, accompanied by a WAIT cycle. The fol—
lowing instruction must also be a WAlT cycle, with
DBR as source to IDB.

lOX IOX bus request. Data out and in with be present
during the next 2 microinstrutions. The timing, as
seen from the microprogram, will be identical with
IDENT.

Bits 28 — 37 control the microprogram sequencer. The sequencer is documented in
Appendix D. Bits 3O — 31 control the next instruction selection and bits 28 —
29 control the internal stack. These bits will only be in control as long as bits
22 — 23 are high.

Bit 27 is active low, and will load lR from IDB in the next instruction. It will clear '

the R = P flip—flop. It sets the false sequence control to JUMP and POP, and
the text object to DR = 2 (used by ROP and BOP instructions to enabled
test of the P register as destination). if the next microinstruction is a JMP,
the address will be taken from the mapping PROM, or be generated by the
interrupt hardware if CLIRO command has not been given.

Ext 26 is active low, and will start the loading of the WCS from main memory. The
next microinstruction must be a jump to microaddress 7400. Thereafter, the
CPU hardware goes into a special state and moves the memory addresses
36000- 37777 into WCS. The microprogram continues from microaddresses
0 when the loading of WCSis finished

ND-06.018.01
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B/t 25 is active low and specifies vectorized Jump. The 8 upper bits of the jump
microaddress are normally taken front micro word bits 4 - II. The lower 4
bits can be selected from 4 sources, controlled by bits 42 - 43.

OO lRO-3controls the vector, usedin TRA and TRR,
01 IR 8 — IO controls the vector, used for address calculation in memory

reference instructions
to ALD O - 3, the ALU setting controls the vector.
I I The A operand bits control the vector.

8/124 is active low and sets condition to be tested on a later occasion. A 4 bit code
indicating test condition and a 4 bit code indicating the sequence
instructions in case of a false test. are outputted to a hold register.

B/‘t 23 is active low and enables testing (against the previously set test condition) of
the result of the micro instruction before the micro instruction containing
this test. If the test is true, the sequencer executes the bits 28 — 31 to find the
next microinstruction. If the test is false, the sequencer executes the false
sequence instruction previously outputted to the hold register by bit 24.

Ext 22 IS active low and increments or decrements the loop counter (always
towards 0). If the selected condition is false, RETURN, HOLD is executed by
the sequencer. If it is true, bits 28 - 31 are executed. The new value of the
loop counter will not be available as A operand or test object before in the
microinstruction following the next microinstruction.

Bits 20 - 27 controls the duration of each microinstruction. It also controls the
synchronization between the CPU and the system bus control.

00 specifiesfast instruction, approx. 150 ns
01 specrfies intermediate instruction, aprox. 170 ns
IO specific-s slow instruction, approx. 190 ns
ll specifies wait fo: bus control synchronization

After a read memory request, one WAIT cycle must occur to finish the bus
request. If the result is needed in the CPU, WAIT must be accompanied by DBR as
IDB source.

After a write memory request, the data to write must be enabled onto IDB in the
next microinstruction, accompanied with a WAIT cycle. Thereafter, another WAIT
cycle must be encountered before a new request is sent out.

As long as the above rules are obeyed, WAIT cycles may be used freely, with no
effect.

In NORD—IOO all microinstructions are either ”slow" or "wait”.

In NORD—IOO, with fast option, most microinstructions are ”fast", while the same
are "wait” as in the ordinary NORD—lOO. A few microinstructions have to be
”slow” because of component timing characteristics. This applies to:

‘I. All microinstructions handling the UART (SIOC, RSDA, TBSTR).

2. Microinstructions where the IDB source is used by the ALU as one of the
operands in a arithmetic operation, and the result will be tested by the F=0
condition in the next microinstruction.

3. All microinstructions that involve data exchange with the memory manage—
ment module (microinstructions containing IDBS, MMR or COMM, LDIR or
COMM, XMM).

ND-06.0I8.0I
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Bits 76— 79 control the B operand as long as bits 48 - 49 are zero.

Bits 72 — 75 control the A operand as long as bits 50 — 52 are zero. The A operand
controls BMG and acts as instruction to the PlC (see Appendix C).

Bits 0 — 71 contains the jump address in jump microinstructions. The jump
addresses may also be generated by the mapping PROM or the interrupt
hardware, and partly by the vectoized jump mechanism. When these
sources generate jump addresses, the corresponding microword bits must be
0.

Bits 0 — 3 selects the false sequence to be outputted by bit 24 to the hold
mechanism. It specifies the sequencer instruction in case a later test (bit 23) gives
a false result.

Bits 4 — 7 selects the test object to be outputted by bit 24 to the hold mechanism. If
a test object changes state, one microinstruction will be executed before the
change is detected. The cause of this is the pipelining of ALU and
sequencing calculations.

The 16 test objects are:

0 DR = 2 destination register is P. Used to discard prefetch if P
is destination in ROP and BOP.

1 LCZ loop counter is 0. Used to go through a loop a
predetermined number of times.

2 lRO used to test the interrupt request flip-flop, to see if
interrupts are pending. If the test is preceded by the
CLIRQ command, only interrupts from AM 2914 are
tested and not panel interrupts such as STOP, RTC,
etc.

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.
Privileged WCS instructions must test this condition,
other privileged instructions are mapped different
whether RESTR is on or off.

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

5 000 the one out detect flip-flop is used to set TG
correctly in FAD, F88 and FMU instructions.

6 DZD the double zero detect flip-flop is used to set TG cor—
rectly in FDV instructions.

7 COND This condition will latch 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 R : P or ZF Used to detect if single or multiple store instruction
has affected -x- +1. If true, the prefetched instruction
must be discarded.

ND-06.018.01
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3——10

9 OPCTT1 is used to test whether device number 300 — 307
should use the MOPC terminal. If a strap on the CPU
card is removed, this line will never be true. If the
strap is intact, the line will be true when device num—
bers 300 — 307 are encountered, indicating that this
device is not on the system bus but directly micro-
program controlled.

‘lO OVF overflow from ALU. Indicates overflow during arith-
metic operations.

11 CRY carry outfrom ALU.

12 F11 bit11 from ALU.

13 F15 bit 15lsignbitlfrom ALU

14 ZF Result = 0 from ALU.

15 STP indicates that the STOP flip-flop is ‘l.

Bits 0 — 75will be enabled onto lDB as an argument if ARG ls lDB source.

ND-06.018.01
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4——1

WRITlNG THE MICROPROGRAM

Assembly I. anguage Considerations

At this point, it is necessary to go carefully through the mnemonic list given in
Appendic A and compare the octal values corresponding to the mnemonics with
Figure 2.1. This gives an understanding of which mnemonic performs what
function in the microprogram. It is important to be aware that bits 22 — 27 are
inverted after the word is assembled.

All the mnemonics in the list are translated by the NORD-1OO WCS assembler to
its corresponding octal value. All the octal values of the mnemonics in one
microinstruction are ”OR"ed together. If an octal number is encountered, it is
placed in bits 0 — 15 and regarded as an argument. If a symbolic name is encoun—
tered which is not found in the mnemonic list, it is regarded as a label, which is or
will be defined. When there is no more input to the WCS assembler, all labels are
replaced by their values, which are filled into bits 0 — 11 in the correct micro-
addresses. The characters accepted by the NORD-100 WCS assembler are
”space” and ”tab". These are used as delimiters between mnemonics, labels and
numbers. ”%" 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
and commands. If only numbers between 0 - 7 are found in a character group, it is
an octal number.

If "/” is found in a character group, the current location counter (CLC) is updated
to the octal number in front of /.

lf is found in a character group, the rest of the character group is regarded as a
label.

The character terminates each microinstruction and CLC is then incremented.
Each microinstruction may contain an unspecified number of lines.

Microprogram Architecture Considerations

Whenever the microprogram jumps to execute one machine instruction, the jump
address is taken .from the mapping PROM. The addresses for the customer
specified instructions are found in WCS in the addresses 4001 to 4015 (refer to the
NORD—1OO Reference manual). After WCS has been loaded, execution of one of
the customer specified instructions will cause the microprogram to branch to one
of the microaddresses 4001 - 4015. When this point is entered, some of the CPU
scratch registers have defined value:

9’?"

1. GPR contains the machine instruction.

2. False sequence is JMP and POP.

3. R = P flip—flop is cleared.

4. Test object is DR = 2.

IR contains the lower 11 bits of the machine instruction.

A FETCH request is sent out for the next machine instruction.

7. The P register points to the next machine instruction.

8. The top word of the sequencer stack contains the microaddress PMODX.

9. The next to the top word of the sequencer stack contains the microaddress
USDBR.

ND~06.018.01
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When the microinstructions in WCS are finished doing their task, return to the
PROM resident part of the microprogram should take place in an orderly manner.
There are five natural return points:

USDBR:

The system bus must not have been used' by the WCS instructions. No
WAIT cycle or DBR reading must have been done. The fetch request sent
along before the jump to WCS will give the next machine instruction. The
sequence stack must be popped once, to bring USDBFI to the top word.

USGPR:

The WCS instructions must have read the DBR onto IDB, with an
accompanying WAIT cycle, and saved it in GPR. Thereafter the WCS
routines may have used the system bus for other purposes. The next
machine instruction to execute will be the one requested before the WCS
instruction was entered. The sequencer stack must be popped once to bring
USDBRtothetopword.

INIT:

The WCS instructions must have had a WAIT cycle to end the fetch bus
cycle that was set up before WCS was entered. The prefetched instruction
will not be used and INIT will send out a new fetch request. This return from
a WCS instruction should be used after jump instructions. No special con—
tents of the sequencer stack are necessary.

PMODX:

The WCS instruction need not have had a WAIT cycle. Except for that,
PMODX is equal to INIT. One can easily return to PMODX by using the top
word of the stack as return address.

STEND:

This return address should be used from instructions storing words in main
memory, if one wishes to use the prefetched word if that is not modified.
The WCS instruction must have read the DBR onto IDB with an accom-
panying WAIT cycle, and saved it in GPR. The ALU register R‘I must contain
the address written into. If multiple stores are performed by the WCS
routine, a microprogram subroutine, WRRO, can be used to send out new
requests and to handle the R = P flip-flop (see STF as an example). If * + 1
is modified, a new fetch is performed, if it is not the prefetched instruction
saved in GPR is used. The sequence stack must be popped once before the
jump to STEND to bring USDBR to the top word.

Note that it is always safest to end a machine instruction with a jump to PMODX
but that it will save memory accesses and time if one of the other return points is
used. To find examples, the reader is advised to study the microprogram listing
and the flow charts in Appendix E carefully.

Example of a machine instruction ”set argument to register”:

i 100 000 011 xxx xxx
I 4 O 3 DR

ND-06.018.01
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The argument (0 — 7) is moved into the destination register, which can be any of
the registers D, P, B, L, A, T, or X. Since the code for the instruction is 1403xx,
which is CUST2, its entry address is 4001. The code for the machine instruction is
two microwords, including the test for P as destination. If P is the destination, the
next instruction must be fetched again and the instruction returns to PMODX. If P
is not the destination, return is to USDBR. The stack is then popped. The
displacement is found by using the B operand equal to IR bits 3 - 5 and using
BARG as IDB source.

4001/
B, SRCE ALUF, PASSD ALUD, O

lDBS, BARG T, JMP T, HOLD CYCL, FAST
4016;

4016/
B,DEST ALUF, PASSO ALUD, B

IDBS, ALU T, RETURN T, HOLD
USDBR ' CONDENABL;

ND-06.018.01
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WRITABLE CONTROL STORE USAGE

The symbolic microprogram will most easily be prepared using the editor QED,
with SlNTRAN lll. It should be saved on an ordinary file.

Thereafter, the NORD—100 WCS assembler is loaded, by typing
N-‘lOO—WCS—ASSEMI to SINTRAN Ill. The assembly process is started by typing
DO 10 to the assembler. The user is asked to give the names of the input file, list
file and object output file. The assembly goes on until the input file is exhausted,
and an image of the WCS is then saved on the object file. This file will contain
2066 bytes, of which the first 16 and the last 2 are header and trailers, and not
WCS microprogram code. The remaining 2048 bytes are the microprogram to be
loaded into WCS.

In order to load this microprogram into WCS, the bytes must be placed in physical
addresses 36000 to 37777. If the 2048 bytes on the files are numbered from 1 to
2048, the correspondence between main memory addresses and bytes is as
follows:

36000 7 8
36001 5 6
36002 3 4
36003 1 2
36004 15 16
36005 13 14
36006 11 12
36007 9 10

37774 2047 2048
37775 2045 2046
37776 2043 2044
37777 2041 2042

The correspondence between main memory and WCS is indicated in Appendix F.

When all the 2048 bytes have been placed according to this scheme, the machine
instruction 143500 (LWCS) must be executed. Thereafter, customer specified
instructions may be executed. if they are executed before LWCS is performed, a
ROM-out-of—range internal interrupt will be generated, and the WCS will not be
used. After power up, or after pushing the Master Clear button of the computer,
WCS will be unaccessible and LWCS must be executed in order to allow customer
specified instructions to be executed.

ND~06.018.01
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APPENDIX A

MNEMONIC LIST
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APPENDIX B

DATA FOR AM 2901 BIT SLICE

Taken from "AM2900 Bipolar Microprocessor Family" issued by Advanced Micro
Devices, Inc. (to be contacted for more information).

Am2901
Four-Bit Bipolar Microprocessor Slice

Advanced Micro Devices
Bipolar Microprocessor Circuits

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
0 Two-address architecture — The IOur-bit bipolar microprocessor slice is designed as a

Indecendent simultaneous access to two working high-Speed cascadable element intended for use in CPU's,
'BqISlEIS saves machine cycles. peripheral controllers] programmable microprocessors and

o Eight-lunction ALU — numerous Olher applications. The microinstruction flexibi-
Perlorms addition, two subtraction operations, and litv ol the Am2901 will allow ellicient emulation at almost
live logic Iuncnons on two source operands any digital computing machine.

a Flexible data snurcc selection —
The device, as shown in the block diagram below, consists
oi a IG-word by 4‘bll two-port RAM, a high‘speed ALU,
and the- associated shllting, decoding and multiplexing
circuitry. The nine‘oit microinstruction word is organized
into three groups of three pits each and selects the ALU
source ooerands, the ALU Iunclion, and the ALU desttna

ALU data is suIecled trom INE source Doris Ior a
total oi 203 source operand pairs lor every ALU
function.

0 Lelt/r-ght shift irdependertt at ALU —
Add and shilt operations take only one cycle

0 Four status Ilags — _ tion register. The microprocessor is cascadable With full
Ca'rvi overllow, zero. and negallve. look-ahead or With ripple carry, has three-state outputs, and

- Expandabie- provides various status flag outputs lrom the ALU. Ad>
ConneCt any number otAm2901's togelher for longer vanced low-power Schottky processing is used to fabricate
word lengths. this 40llead LSI chip

0 Microprogrammable —-
Three groups of three bits each lot source operand,
ALU Iunction, and destination control.
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ARCHITECTURE

A ttt‘teti hiock diagram of the bipolar flilCIOD'ughlmmflljlr
m.i-rnnror.essor Slflh All? is shown in Figure l. The Cl’EU'i is .r
his hit sltcP Lasuauahie 1n a“y numwr ol :i.ts. inwctnre, art
Gala Usllils Wllhtll the tri.uit are loin bits write. The two key
eicriiunts tl‘ the Figuit 1 INDEX tint-twin are the Iii-word try 4-liit
2-uotl RAM and the high speed ALU.

Dotti in any‘ol the 16 words ul the Roll‘lljl“ Access Memory
lRAM) can he read 1301‘1 thr’ A110" 01 tl‘t! RAM as controlled by
"tr 4.; t A adllfL'SS limit input L-kewsp, data in any of the 16
words i,' ttir HAM a'rtjrj.l"f?linvl'1e 5 address tieto' inpu' can be
simultaneously read ha 1' l‘tl' Bpmt ri' tilt, RAM. The same code
mtt be JDDIH‘J to tilt: AsL‘ ct Leid and B sctcct Lulu in which cast
in» .tmntica. ire tltitu vviil pear at truth the RAM A-port and
Er timl outputs simultaneously.

When enabled by the RAM write ena‘. 19 (RAM EN}. new data is
always written Into the His (word) unlined by the B address held
0' {hr RAM, The RAM data input "Pitt is driven by a 3-inpul
multiplexer. This eunliguratron is used to shilt the ALU output
data (Ft .1 desired. 1a.; ll’ll‘lc‘tllpul mulltulcxur scheme allows the
data to be shitted up (rigl-t) one bit position, shilted down tlettl
one DI! position, or not shiltet! in either directton.

The RAM A-t'tort data iiir:puts and RAM B-port data output;
(JlIVL‘ separate 4uit tatuhes Their til-.hes hold the RAM (1.1m
whiti- lh‘. Crock input .s LOW. This eliminates any possible mu:
conditions Uta: could occur while new data is bemg written into
thi- RAM.

The higli~speeu Al-Tl‘fl'ittili Lrigi L’ll IALU) um nprlnrm itiree
binary arithmetic am: 9 vL‘ tin-c Ufwfrlltlflls'ofl the two 4"“! input
wnrrts R and S. The R innit hold is ti'iycn irom a 2 input '7“, ti-
nlexer, \Nhtte the 3 input Item IS ("iv-Jr! lrom a aut muiti-
ulexer. Both tituttiplexers .riso htir-u at: inhibit Cdpdbtlll'y‘: that is,
no data is passed. This is eta-trivalent to a "zero" source operand.

'tlerriiiq to Figuri- l. :nu ALU Rttttput iizu.tiutexei has the RAM
A ttutt and the diiurrt l‘alu iiinuls (Di moment-d as Inputs. Like-
Wise, the ALU Sinjlrli mui”;)il'xl" has the RAM A-port, the
RAM B-port and the O IL'tlL‘r coonectm‘t as inputs.

This multir'uxt't srhcmr- t; u.“ the canalttl '.v at selecting various

pairs ol the A, B, l). Q and "0" tnp..ts as sourcr nfh'fillllk to the
ALU Tress» live .nputt when taken two at a lll‘lll‘, result at '

possibliI no:r1bin.1trons oi SOUILI’ .and pair; Tht-stt cum...

ations include AH, A0, A0, A0, ED, 80, BO, 00, 3f) art-100.
It is apparent the! A0. A0 and A0 art: Snml‘ .it whim-taut wtth
BD_-BO and 80 in llml -‘ ”in A ar-dross and B add-ess are the
sal"‘-‘.
Comcrlr,,' l'lnl’rlulluutlultl stlulcf.‘ Oncéul'd |I.|I[', 9m [nu ALU.
Tint An12901 tttiironrnrus: r ,‘ intuit. uiglit Di llrtsu putts,

The iniL-rmritiruinron .-it:u'.s used it; select the ALU sttttrci:
operand: am the lo, I]. iirrl I2 inputs, The itoiinrtior‘ at to, It,
and t2 lor the. eight sour .r‘ ctie'nnd till‘iUlnRV tins Bfl’ as shown in
Finiitv 2. Also shown -s tlic ocl‘i. code lot mph selectwu

i: rilettttcut L-It‘t in instills ll‘us, thine atu only seven

T'te tho SGulCt: ope-tarot. nut iully dt'SCI'lDeu a: yet are the 0 ill
out .ti't: 0 ll'-;.' it The D 7’ put -s the loutvhit vyide dirt-ct Itala
lirrlrt with.” This unit vs usctl to insert all data nto the wort. an]
”~99:a insxlr- the rip. tn. \lkeVrHSl', this input can HE Un'l‘ in thr-

ALU to motlit‘y any at " internal tiaia It as The O tr-iitstr-r isa
seDaIate 4Liit lite intend d primarily Iur rtiultipiitat.uti and
division routines out it :,..i‘ also he used a: an accumulator or
hnrti-itg register lor some apttliturt tins.

The ALU itsull is a high tint-mi .i-iiitmetici'toqrt; opt-mini L'Jt' r
ol pcr‘ormirtg thter Etiimrv ut.thinr~t and live logic ItirL‘l-ii-is,
The I3, 14. and l5 mncto=rsttuctron Inputs are used to select the

ALU innit ttun. Tho tit-tiiiitmri ul tht-sr: inputs is shown [I\ Figure 3
Thi- orta- code is also shown (or IL'IPH'IIE‘L‘ The normal lflchlllque
tor Cu'nl'flltl‘ll the ALU ol several tirivrrr-s is rn it look-ahead cattv
mortu, Carry generate, C, and Lallv DIUDHQIXIE, PI, are outputs ol
the UI“rI(l: lot use With a Cally-lockrahefltf generator such as the
Am7903 i‘lB2lt A catty out, CM4, is also generated and is avail»
alrlt: as .iri output lot use as the carry (lag ti\ a sun]; register, Both
carryltn iCnl and carry‘Out (Cniqi are aCtive HIGH,

The ALU has three other SlaluS-Orientnd outputs. These are F3,
F - O, and overflow lOVR) The F3 output ts the most Significant
(Sign) bit oi the ALU and can be used to determine positive or
negative results withnnt enabling the three-state data outputs.
F3 is iron-inverted wrth respect to the sign bit output Y]. The
F = 0 output is used lor zero detect. It is an open-collectm out-
put and can be wtre OR'ed between microprocessor slices. F = 0
is HIGH when all F outputs are LOW. The overflow output (OVR)
is used to llag arithmetzr operations that exceed the avatlaule
two’s complement number range. The oyertlow output (OVR)
is HIGH when overflow exists. That is, when Cma and Cnm are
not the same polartty.

The ALU data output is routed to several destinations. it can be a
data output 0! the device and it can also be stored in the RAM or
the O reqister. Eight possible combinations oi ALU destination
lunclions are availatrle as defined by the '6- l7, and la micro-
instruction inputs. These combinations are shown in Figure 4.

The lour~brt data output iieid (Y) leaturcs threestate outputs and
can b4- oiiectty bus organized. An output control (5E) is used to
r-natii» t three‘slale outputs. When CE :5 HIGH, the Y outputs
are in HIV highlimpertance state.

A l input multiplexer is also used at the data output such that
either tlir: A-port oi the RAM or the ALU outputs (F) are selected
at the liEVt i Y output: This selection is controlled by the '6‘ I7,
and '8 m-rto-nstrurtitin inputs. Reler to Figure 4 tor the selected
output lot each micromstruction code combination.

As was u-scusscd oreyiously, the RAM inputs are driven Vrom a
IhrflE‘InDUl multiplexer. This allows the ALU outputs to be
entered non‘shitted, shiiied up one posrtion (X2) or shifted down
one position (i2l. The shilter has two ports; one is labeled
RAMo—-LO/RI and the othet ts Ialieirtd RAM3—R0/Ll. Both ol
these ports consist pl a bullet-driver With a threeistate output
anti an tn;iut to "1? multiplexer. Thus, in the shift up mode, the
RD ltuller is cnattlud and the RI multiplexer input is enabled.
LlhOWISe, in the shift down mode, the L0 butter and LI input are
enatileil. In the no-shitt made, both the L0 and R0 butters are
in the high-impedance state and the multiplexer inputs are not
selected. This stutter is controlled from the '6' I7, and '8 micro-
instruction inputs as defined in Figure 4.

$.inilarly, the O register is driven lrorn a Slinput multiplexer. In
the no-shilt mode, the multiplexer enters the ALU data into the
O rugtslel. In either ttu- stiittup or shirt-down mode, the multi-
plexer selects the O register data appropriately shilted up or
(town The Q shitter also has two ports; one is labeled OO—LO/Rl
and the other is 03 ROILl. The operation ol these two ports is
srmnar to the RAM stiitter and is also controlled ltorn I5, )7, and
'8 as shown in Figure 4.

The clock input to the ArnZQOl controls the RAM, the Q register,
and the A and B (iralfl idltht‘s, When enabled, data is clocked into
the O register on the L0W»t0lGH transition at the clock. When
thr‘ clock input n HIGH, the A and Ft ratches are open and will
pass wl..itr':vr-r data is prev-m at the RAM outputs. When the
eluck input is LOW, the bullet .in: closed antl wvll retain the
last (line uttered, ll the RAM EN is enabled, new data Will be
written into the RAM hie (word! deliruad by the 8 address held
when the cock input is lOW.

-4-
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B—4

ALU SOURCE
‘L

MICRO CODE DPERANDS MICRO CODE ‘Lu
“, .——-fi . m

II I I I Owl a 5 l l _ l i 0“,. Funuwn
I 2 I 0 cm. I s I 1 cm.

I
L L L 0 T A O L L L o R Pms . a 0 s
L L N I A 8 ‘ L L H l SMI'NIR S—R

L H L 7 0 O L N L 2 lflMmuIs n—s
L H H :I o a L H n :I ,Roas fivs
H L L 4 . 0 A M L L ‘ IRANDS fiA s
N L H 5 o A u L n 5 fiAmzs fiAs
M H L 5 D o H M L 6 R Ex on s R v su >4 u 7 o o l N a u 7 Jnsxlnons nvs

Figure 2. ALU Source Operand Control. Figure 3. ALU Funcxion Control.

RAM OREG. RAM 0MICRO CODE II FUNCTION FUNCYION Y SHIFTER SHIFTER
Ocul ‘ OUTPUT mug RAM 00 o| I I Sn" L a at I L 3 3

I I 7 s I c“, ‘ °' "
L

“‘° LO/RI LI/no LOIRI LI/no
I I

L L L o - — none AL” F x x x x I
i I ‘PI'

._ L .I I L _ _ . s x x x x_ {L I
ALUL H L 2 NONE ' I“ - — I A X X X x

I" IALI)L H u 3 NONE I -rI » — r x x x X
I ' -

e-r ALU , LE‘T anscH L L ‘ Innwm 1 Wm ' Iuowm IO..‘I ' ‘0 '"3 “o '“3
V ._.

LE‘T I ALU _
I!

" L ” 5 mom.» k Iron ’ _ F F0 '"3 00 x
mum ' ALU - RIzIrII dust:

I " " - 5 ma] I It H mm I&. .II ‘ “‘0 ‘3 '"o 03 I I_ ‘ .
HIGH? A'LLI r|

l
n .4 .I 7

_L up) I; w
- — r '"0 F: x 03

l X - Don'l (d1. Eitcruuxlyg 'J't mm pm I: I YTL Inpm Inlemauy coon-(Ito In I nun-nan nul «1d I: in me highumpoomm “all
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Figure 4. ALU Desunalion Connol.
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I Figure 5. Source Operand and ALU Function Marrix.
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SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the lo, I1, and I; instruction inputs. The ALU can
perform eight tunctions; five 10n and three arithmetic. The
l3, I4,and l5 instruction inputs control this function selection.
The carry input, Cn, also affects the ALU results when in the
arithmetic mode. The Cr1 input has no effect in the logic mode,

Figure 5 results. This matrix lully defines the ALU/source
operand function for each state.

The ALU functions can also be examined on a "task" basis,
i.e., add, subtract, AND, OF, etc. In the arithmetic mode, the
carry will affect the function performed while in the lpgic
mode. the carry will have no beating on the ALU output.
Figure 6 defines the various logic operations that the Am2901
can perform and Figure 7 shows‘the arithmetic functions at
the device. Both carry~in LOW lCn = 0) and carry-in HIGH

When lo through If, and Cn are Viewed together, the matrix of (Cn = l) are defined tn these operations.

Oct-l
[543' [210

Group Function

4 A/tQ
4 AM}
4 5 AND [MA
4 6 DAG

J 0 AVG
J l AVE
3 5 OR OVA
3 6 DV0

6 0 Ave
5 ‘ Ex-orz A”
5 5 9” om. cn - 0 (Low) c" at (High)
6 6 DVD

I543, I210 Group Function Group Function

; 3 2:; o a me man
7 5 EXANOR m 0 1 ADD AtB ADD plul A‘BH

7 5 D—Vd 0 5 D‘A an. DsA‘l

I _ o 5 0+0 0+0”
; i l ‘33 o 2 0 on
7‘ INVERT K 0 J PASS 8 Movement 8’1

7 7
‘ 5 o 4 A AH

1, o 7 p on
2: g t 2 OAl O
6 ‘

PASS
A l 3 Dceromont a—t PASS B

6 7 D t 4 A4 A
2 7 0—] D

g 3 2 2 2 —-O—l —o
3 ‘ PASS A 2 3 1': Comp. —8~1 2’s Comp. —8

3 7 D 2 4 ~A—l (Negatel —A
I 7 —D—1 —D

‘ 2 ° 1 o O—A—I O—A
2i "ZERO" g l l Saw-n B—A—l Subtract B—A
‘ 7 0 l 5 (1'1Conv) A—D—l (7| Carnal A—D

1 6 0—D—l 0—D

5 0 gm 2 o A—O—I A—O
5 1 EM; 2 l A—a-l A—aMAS _
5 5

K
DAA 2 S D-A—l O-A

5 5 BAG 2 6 0—0—1 0-0

Figure 6. ALU Logic Mode FUnctions. Figure 7. ALU Arithmetic Mod. Functions.
(6,. Irrelevant)
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LOGIC'FUNCTIONS FOR G, P, Cn+4_ AND OVR Definitions (4 = OR)

The 10m signals G, P, Cma. and OVR are desrgned l0 indicale P0 = R0 4' So 60 7 R050
carry and overflow conditions whcr‘, the Am2901 is In the add Pr = R1 + $1 Gr ‘ R13)
or sublracl moge. The table below Indicales (he log-c equanons p? _ R2 + 52 G; = R252lo: xhese tour Signals for each of the eight ALU iunclrons, The P = R + S G = R SR and S inpurs are the two inpuls selected according to 3 J 3 3 3 3

Fl we 2.9 C4 = Gs ‘ P362 * PGPZGI + P3P2PiGo 4’ PJPZPIPOCn

C3 ‘ Gz * P261 " 929160 + P2P1P0Cn

__ __
_[ > r _

I5” ' Function . p G On“ ova
i

o R - 5 5375719; 5737' .3362 '7P5E72m37zh755 C4 C3 V c4

1 S — R 4—————— Szme as R ‘ Sequnmns. bul tubwlure R7, lo: R. m dehnmom ____...a

2 R — S 4——— Same a R r S equalrons, hut subshlule S7. Oor 8, 1n aehniriom —.—

i _____
7

__
J R v S LOW PnPt Papzprpo ' Cn PipiplPO “ Cn

|
7

7‘77
7

—— -—-~——— —4 ms LOW ‘ Gurswc ~63 GJ‘G71G‘+G00C'\ GJ'Gz'Gr*Go'Cn

j
5 R A 5 LOW --—— Saint as R /\ 5 equations, but subsmule FT. lor R; in delimriom ————.—

‘

7 77

g _

‘ 6 R V S 4——Snic .u R \’ S but subwlule H, for R. m uehnmons -—-——i

__ 7 7 7 ——_—‘7‘ ._ _
— . P ‘ P P m P P7 R vs on . 62 . c. . 53 P153 . P9202 . P3P2P‘G‘ . P3P2P'po 353 a 2‘3: 3 310‘ . Comalamenlu!

. PJPIPmo (G0 + C“) J Cmq :1 la".
- = on

Figure 8.

PACKAGE OUTLINE
40-Pin Ceramic (Side Bran)
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i i
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Figure 9,

Copyright © 1976 Advanced Micro Devices, Inc.
Reproduced with permission of copyright owner.

ND-06.018.01

Scanned by Jonny Oddene for Sintran Data © 7010



Scanned by Jonny Oddene for Sintran Data © 2010

CONNECTION DIAGRAM

:) Amzmt

7 B 9 10 ll l2

TopView

5—5 v3 v, y, yo Fovecmg G r] GNDCn I‘ )5 i1 ”0 o, D, 01 L003“

lil'lli flflflflflflflflflflflflflflflfl
sonnaruasraaazatwnnzrnzsunzzzi

I] I. I5 I6 I7 18 ‘9 70

LlLlLl UL]
JC- I, RAM] NAMO VCC F - o 'D

RO/LI Lolfll

ULlLlLlULlLJULILlLlLlULl
'i '2 C” 0: “a 5i 31 93

Non. Pm i ll mark-a tor orilntotion.

rip/ti

Figure 10.

Pm DEFINITIONS yo_3

The tour address inputs to the register stack used to
select one register whose contents are displayed
through the A—port,

Ao-a

The tour address inputs to the register stack used to
select one register whose contents are displayed
through the B-pori and into which new data can be
written when the clock goes LOW.

30—3

:1: ml
The nine instruction control lines to the Am2901,
uSEd to determine what data source: wall be applied
to the ALU ('0i2l. what function the ALU wrll
perform 0345), and what data is to be deposited in
the QAregisler or the register stack “673)-
A shift line at the M58 of the O register (03R0/Lll
and the register stack lRAMgRO/Ll). Electrically
these lines are three-state outputs connected to TTL
inputs internal to the Am2901. When the destination
code on I573 indicates a right shift (octal 6 or 7)
the three-state outputs are enabled and the M58 01
the O register is available on the OgRO/Ll pin and
the M85 of the ALU output is available On the
RAMgRO/Ll pin. Otherwise, the three-state outputs
are OFF (high-impedance)and the pins are electrically
LSTTL inputs. When the destination code calls cn
lot a down (left) shift, the pins are used as the data
inputs to the M88 of the Q register (octal 4) and
RAM (octal 4 or 5).
Shift lines like RO/Ll. but at the LSB of the O~register
and RAM. These pins are tied to the RO/Ll pin ol
the adjacent devtce to transfer data between devices
lor lelt and right shilts of the G register and ALU
data.

OVR

ROILI

Cn+4

L0/Rl
CP

Direct data inputs. A tour-bit data iield which may
be selected as one of the ALU data sources tar
entering data into the Am290l, Do is the LSB,

00-:

Copyright © 1976 Advanced Micro Devices, lnc.
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The tour data outputs of the Am2901. These are
three-state output lines, When enabled, they display
either the four outputs of the ALU or the data on the
A-port ol the register stack, as determined by the
destination code ‘678‘

Output Enableflhen 6?? is HIGH, the Y outputs
are OFF,- when OE is LOW, the Y outputs are active
(HIGH or LOW).

The carry generate and propagate outputs oi the
Am2901's ALU. These signals are used with the
Arn2902 for carry»|ookahead. See Figure 8 for the
logic equations.

Overllow, This pin is logically the ExclusweOR of
the carry-in and carry-out oi the M58 of the ALU.
At the most signilicant end ol the word, this pin
indicates that the result of an arithmetic two’s com-
plement operation has overllowed into the sign-bit.
See Figure B {or logic equation.

This is an open collector output which goes HIGH
(OFF) if the data on the four ALU outputs F0_3
are all LOW. In positive iOglCI it indicates the result
of an ALU operation is zero.

The carry-in to the Am2901's ALU.

The carry-out ol the Am2901’s ALU. See Figure 8
for equations.

The clock to the Am29m. The O register and register
stack outputs change on the clock LOto-HIGH
transmon. The clock LOW time is internally the
write enable to the 16 x 4 RAM which comprises the
"master" latches of the register stack. While the clock
is LOW. the "slave" latches on the RAM outputs are
closed, storing the data previously on the RAM
outputs. This allows synchronous master-slave opera-
tion of the register stack.
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MAXIMUM RATINGS (Above which the useful life may be impaired)
SLmaqiLematme if ~65°C to 0 ISOnC
:rmuetature (Ambient) Until-r Bias , H 755"C to * I25"C
Supply Voltage to Ground Pogntral ~05 V to +6.3 V

D_C_Voltage_Appl-ed to Outputs loLljllGH Outpul State —0.5 V to +V5c max.
DC Input Voltage —O.5 V to +5.5 V
DC Output CUNunL lnlo Output: ,, , 30 mA
DC lnput Current . —30 mA to +5.0 mA

OPERATING RANGE
P/N Ambient Temperature Vcc

3 “(YVEWE‘FQ .l _ 0' C to ”0'9 _J_4.35_v_m_575 V
[Am2QOIDM, mi ~55'c to vizs’c i 4.50 v :o 5.50 v

STANDARD SCREENING
[Conlorms Io MlL-STD-883 lor Class C Pails)

f MILsTDm ' i Lmt ‘
Step Mathod Conditions AmZBOlPC, DC AMMIDM, FM

Pu Su Vlfllll lnsmrtton 20m ‘8 ‘ 1001. A 100%
‘ ‘ 24 "our

Stabilization am i tons ‘6 150°C "30% I00*i
i _ . s' Temperature Cycle ‘ IOIO C 65 C N 0150 C 100% IOOSSlo cycles 1

nnl'tlt‘ge ‘
, 721391 , , i‘B » 104000 G _l tom ' 100%

F..-,(;e.h
_ _. —h

101-! A SI‘O’aflm-CCJIMJ :0_0% '_ A; 100!
; emu Luk mm c; fluorocarbon 100W. ' 100x
. E|fllhtll Vest 'See below lo:

ups l Int! 7 500'
idetmt-ons al subgroupt 'm l l00%

Screening rte-c lor Clm [i Putt
‘ Grow A Sample Tmt 1 i

Suhq'oup I LTPD = 5 LTPD ' 5
Subgroup 7 LTPD = 7 LTPD I 7
Surnruup 3

5005
3“. below '0, LTPD = 7 LTPD I 7

Subqrmip 7
‘dflinition:

or tubgroum LYPD . 7 LTPD .. 7
Subgroup B LTPD = 7 LTPD - 7
SubgroupQ 1 ! LTPD= 7 LTPD - 7

w If I e 290nm°' '““' '“ ' ° "‘ ADDITIONAL SCREENlNG FOR CLASS B PARTS
l MiL-srn-aes V V l _ Lf'" _” I5"“ Method 7 affd'j'm“ ‘ AmfilDMB, me I

i . ' l t25“c [ i
1 . —8urn:n 7

"1‘5 D léflhourtmin 100%

Eiectrmal Tut I 5004
Subgroup I ‘ 100'!)
Subq 2 I l 100%
Subgroup 3 ‘ IOOSG
Subgroup 7 1 - lOO‘k
Subgroup 9 J 1 100%

Return to Group A fem m SUP-Mn] Screening

ORDERING INFORMATION GROUP A SUBGROUPS
(as defined in MIL-STD'883, method 5005)' ' P TPackage Temperature Order ‘ suhzwn Gleam", l garter-tun

T R n Numbervpe a 9e 2 DC l Maximum rated Izmperltur!

Molded ow 0°C to +7o°c Amzsowc 3 i Dc M'"‘"‘“"‘ m“ “"‘°'"‘“"
Hermetic DIP 0°C l0 «70°C Awgotpc 7 i ‘”"°'f°“ 25‘? .
He'menc DIP _55ac m ”25%: AMQQOIDM

a Function Max-mum andmtnimumraud

Hermetic Flat Pack —55°°c to +12°s°c AM2901 FM 9
‘

Switchm" I 253;”“”‘"". :1Dme 0 C m +70 C AM2901XC I ll) Switching Maximum Rated Temeperature
i ll Switching l Mlfllmum Rated Temperature
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
(Group A, Subgroups I, 2 and 3)

Typ.
Plum-Ian Ducription Text CondiIiom (mm 1) Min. (Noll _21 Max. Unit:

lo” - —I.6mA
V0.YI.V2.V3

z.-

IoH - —I.0mA, cm: 2.4
. I « -800 A.ovn,F 2,4v0.4 OquI H|GH Vclnon :Cc- 3“” v I. 91L “ var"IN m 0' II. IOH-_soo..A,F3 1.4

Io” - ~600q 2 4All ROILI. LOIBI '

lo” - —I.smA. G 2,;

'CEX
Oqul Leakag- Cum“ VCC ' MIN-- VOH ' 5 5V 250 MAlmF-OOqul VIN'VIN DIVIL

r '0L - IsIIIA
V0. VI. V2. V3 0’5

. I -l0mA,C .50- 0‘5
VOL I OquI LOW Von-on VCC MIN" 0L "u

_ VcIII
; VIN - VIHD'VII. IoL-8.OmA.OVFl,P 0.5
‘ IOL-6.DmA.F3 05All ROILI, LO/FII ‘

v.,- InpuI HIGH Lrvll G'”""'"° "‘9“ Wm HIGH 7.0 Vain, ming- [or an Inpurx I
V‘L mm LOW LM, Gununlnd InIm Iowal Low | Mmury 0.7 V0.“

valua- Ior all mauu [ Commnrcial 0.3
v, Inoul cum you“. , VCC - MINI, Im - —l8mA —I.5 Vain

I Clock, at -0.36
A0. A‘, A1. A3 —O.36
so, 31,52,33 , —o.Je

I I D , D .D ,0 —O.72
(INL ' 3) Input LOW Culnnl VCC

. MAX' - 0 I 2 3 mA0- vm -o.5v lo, I,, I}, I5, lg -0.36
I3, I4, I5, I7 4172

All LOIRI, fiOlLllNolI I) —o.a
c” ‘ —;I.s
Clock. O_E ‘ 20
A0. A1, A2, A3 :0
Bo. BI. 82, a; 20

l u D .D , D , o 40
J“.- 3) Input HIGH Culrini VCC - MAX 0 I 2 3 MA

VIN'7-7V _I0.I‘,I;,I5,Ig 20
'11v It‘s. W 40
AIILOIFII,ROILIINoIaA I00

I I c" zoo
I. InpuI HIGH Currnnl I Vcc - MAX” VIN - 5.5V 1.0 mA

yo. v1, v0 - 2.4V 50 I
v ,v I . _2 3 1 v0 0.5V 50 T

0" Sun (High Immune.) . , V0 - 2.1VI I v MAX AOZ , CC ~ 100 u
‘ Oulwu Cumm A” LOIRI, (Null 5)

ROILI v0 o.sv m
(Non 5)

I I “In. Y2. V3.6 45.0 -40I [ cm. —6.0 40
ISC Output Short CIICUAI Cuulnl

' OVR, F —6.0 _‘0 MA(Non a)
F] —s.o —40
All RO/Ll, Loml —a.o LIo
MIIIurv 185 280I - 1-»cc Paw-r Supclv CurronI I VCC MAX.
Cnmmrcral ‘35 280

A

Nam . Far candiIionI mown u MIN m MAX, I... m. .ppropnu- "I... wocllild unau Emulul Chnrucnvlnlcl lot In. DDDlcbll dnlcl lYDOII
2. Typicnl Iimln . .I Vcc - 5.uv, 26‘c .mni-nI .na mnllmum loading.
3, Mn morn lhln on. outpuI Ihoum b- Inon-a u a rim. Duvulan of In. men cIrcuII In" Ihould no: “co-d am ucona.
1. Lo/RI um: RO/Ll In Ihroyuuo oumuu Inumuly cannon-d Io TTL Input; lnoul char-unriulcx I" muwud wIlh I57. In I lllll Inch

mu ml IhrIo-Iutl output In OFF.
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GUARANTEED OPERATING CONDITIONS
Tables I, II, and III IIL'IOW deline the timing requirements oi
the AmZQOI in a svstrm. The Am2EIOI is guaranteed to
function-correctiy (we: BIC—pfliflflllng range when used wtthin

TABLE I

CYCLE TIME AND CLOCK CHARACTERISTICS

the delay and set-u; IlflIP Cotlslrdlnls of these tables lor the YIME
u

Am290‘IDC AmZQOIDM
appropriate UL‘wCE type The tables an! divided into three > M —f ,
types ol Dalarnclt'ts,clur.‘i< :lwactunstics. commnationaideiays M‘n‘m‘fm Rea” -odi V'WI'IECycie (time ltorn selection
from moms to Oulpu'ts, and set-up and hold time requirements. 0' A B regme” to end of 105 ns 120 ns
The latte" table delines the time prior to the end of the cycle CVCI‘II

'

(i.c., clock LOW tu HIGH transition] that each input must be
stable to guarantee that the correct data is written 3nto one of Maximum C'E’Ck Frequency (0
the internal registers. Shilt 0 Register (50% duty 9.5 MHz 8.3 MHz

cle)
The pelIOfmdnK‘L‘ ol the AmZEIO‘l WIIhIh the limits at these

CY

LmIt-s is guaranteeo Liy the Icsllitg deilnEU as "Group A, Minimum Clock LOW Time 30 ns 30 ns
Subgroup 9" Electi.caI Testing. For a copy at the tests and Minimum Clock HIGH Time 30 "S 30 ns
IimiIS 1mm Int subgroup 9. Contact Advanced Micro Devices' . .
Product Marketing, Minimum CIOCk PEHOd 105 n: 120 ns

TABLE II
MAXIMUM COMBINATIONAL PROPAGATION DELAYS [all in nst CL *1 ISDFI

AmZSO‘lDC Am2901DM
l

-
‘

1'3° F.o no, L0 ; ' F4, no, L0
t ut — — I . _ _

From "“ P v F3 cnm (3,? RL- ova
“.T—i

v r3 cum 6.? I nL- ova
Input 470 RAM 0

I
I 470 RAM 0

_‘ -

Clark J— :15 as 100 100 III) 95 10.: so 1125 95 1104110 120 105 115 65.1 _ _.___ _ t.__. n.-.
AB 110_ 85 80 80 IIO 75 HO — I70 95 I 90 90 120 85 120 —

D ”mi 70 I0 7C mo 60 I 60 « ll!) 8:) 75 I 75 “HO 65 65 ~
_ l T . _ c..-_fva_..g_. .1...

Cu is 35130 —
5040+534180

40:30.7 554560 —
low as 55 ’ 65 as 39.155 so i_ < 90 70 I 70 1 7o 85 70 as —
I345 70 55 60 60 70 60 65 IS 60 65 I 55 75 65 IO —

lam {is I - < — . - I ,_ ‘5. 45 so - i 50 50
OE tn..iiituoii..iiie no 25‘ — — — — ~ » I — iaons - » I — — — «

Tliypassiisg _ , 1
- y , e

I
- _ , _ _ _ _

ALU II . Zxxi 60 ‘
| I 65

L

SET-UP AND HOLD TIMES lminimum cycles lrom each input)

Sr-t vii) and hold times an- defined ielaiwe to Iht‘: clock Lowio
HIGH c1191,- Ir‘puls musl be steady at all times lrom the setup

time prior to the clock until the hold time alter the clock. The
setup times allow sufficient time to perform the correct
operation on the correct dala so lhdl the correct ALU data
can be written into one ol the registers.

TABLE III
Set-Up and Hold Times Iui in mi (Mme l)

AmZSOIDC ‘ Am2901oM
From Input Notes _

. Set-Up Time Hold Time Set-Up Time Hold Time

A a I I05 I :20
suitice I 2' 3' ‘1 :DWL * 30 0 . I. A—iL + 30 0
II Best. 2. a lat-4L .15 o (OWL ~15 o
o 100 0 110 0
En 55— _A o ‘ so 0
‘012a_ _, _ , as q 90 0
I345 I 70 a 71:3 0

(1573 4 . lp r 15 o tp+ 15 0
Fri, Ll [RAM or 0; L i 30 o 30 0
”Ole! I, Sea 7 Jul» ‘1 int-:1 |?

2. it -. nil u a lawn: aural-rt, g-Inw lo: the “A. 6 tourrc” ml un lime, H il is und ON»! ‘0' I’ll den-nation more”. use Ihg-H ..
3 WM” lwf: i- MI utowm both mun b. mot.
4, "IDWL" H in: .M k t ow tim-

Copyright © 1976 Advanced Micro Devices, Inc,
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mum Jar-l
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°~ om. 'Will{02030101020331.1010}. M "Illllllllli— N.

Figure 11. Minimum (Ncle Times lrom lnpuu. Number! Shown are Minimum Dara Stable
Time: for Am290‘l DC, in m.

- u an cru ccE but

ctocK
r H Luu

m

klll

CJwrvurs

Io O‘POVIS 2.;

c" m m1
(c. . . “on mm

L.— shown—4
ca“r.»
mm

“)0q

90m ouas
vac/Lo

smrr mm“
lulu

)0;-
“up

Nam. \. tx aaluy u m. mu ‘od 01 ur- new“! conuimnq A_ a, D, no I, For m. AMYQ‘B. uu 13m
2. mm 4m looklhtd cnrly, For "pal. cury ovu 16 mm use 2 - (cn « ca“), or 60m
3_ Thu 1- Ira-12H! "mm-led mm m. muniplou: n-rwun "‘0 mm ouluull Ind mm inpull an m. Am7soll. 5..

Fzgma l7. Normally applicable only lor floub a Imam or civculu milu.
4 No: anbhcablo lo: qu 00-131mm.

Figure 12. Switching lalorms for 16-Bil System Auuminu A, B, D and l are all Driven from
Regine" with the amt Propagation Delay. Clocked by (he Am2901 Clock.
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APPENDIXC

DATA FOR AM 2914 INTERRUPT CONTROLLER

Taken from ”AM2900 Bipolar Microprocessor Family” issued by Advanced Micro
Devices, Inc. (to be contacted for more information).

ND-06.018.01
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APPENDIX D

FUNCTIONAL BLOCK DIAGRAM FOR 743482
SEQUENCER

This appendix shows the functional block diagram for the 748482 sequencer from
Texas Instruments, Inc. More details will be found in ”The TTL Data Book” issued
by the same company
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APPENDIX F

MAIN MEMORY/WCS CORRESPONDENCE

MAHIMEMORY1PHY$0ALI WRHEABLECONTROLSTORE
1 63 48 47 3231 1616 0

00000 0000 I I I
00001 I

I I
Z

0002 I I I 0 2K
,4 I ‘ I M

36000 000 I I I
’I’

36001 001 3777 I l I
36002 002 4000 003 I 002 I 001 I 000
36003 003 4001 013 I 012 | 011 I 010
36004 010 4002 I I I 020 w
36005 011 4003 l I | c 1/4K
36006 012 4004 i I I 6
36007 013 I I |
36010 020 ’,L I I l /,

I I | 4’
4376 I I l

17' 5:: 4377 03773 I 03772 I 03771 | 03770
37774 03770 ‘ ' '
37775 03771
37776 03772
37777 03773

ND-O6.0‘|8.01
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.O...... ........ ........ ........ ........ ........ ........

NORSK DATA A.S
PO. Box 4, Lindeberg gard
Oslo 10, Norway

COMMENT AND EVALUATION SHEET
NO RD-l 00 Microprogramming Description
January 1980

ND~06.018.01

In order for this manual to develop to the point where it best suits your
needs, we must have your comments, corrections, suggestions for
additions, etc. Please write down your comments on this preaddressed
form and mail it. Please be specific wherever possible.

nnnnnnnnnn

................................

................................
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