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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. It may not

be photocopied, reproduced or translated without the prior consent of 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

P.O. Box 4, Lindeberg gérd
Oslo 10

ND-06.018.01
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7O THE READER

The NORD-100 Microprogramming Description manual describes how to micro-
program the NORD-100 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.

PREREQUISITE KNOWLEDGE

A general knowledge of the NORD-100 computer system, together with some
basic understanding of the NORD-100 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, Inc.
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-06.018.01
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INTRODUCTION

The NORD-100 CPU with the Writable Control Store option, has its basic
microprogram contained in the lower 2K of the microprogram addressing area
(addresses O - 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-100 WCS assembler.

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-06.018.01
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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-06.018.01
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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 ARITHMETIC 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 DBR keeps data going between IDB and the system bus.

uPROGRAM CONTROL STORE holds the microprogram controlling the CPU.

WPROGRAM SEQUENCER generates the address of the next microin_struction to
be executed. This sequencer can get the address from the microprogram

{jlump), from the current address -1 {continue) or from an internal stack,
which is 4 deep, and can be pushed or popped.

SEQUENCER CONTROL and CONDITION SELECT controis 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 alt 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.
MPIDS can set interrupt bits in the PIC.
/R contains the 10 least significant bits of a machine instruction.

STS & - 15 contains the upper byte in the STS register.

ND-06.018.01
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2-4

LOOP COUNTER is a 6 bit register with the upper bit as sign bit. It 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 ievel.

ND-06.018.01
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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 fields 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 - 100 MICRO INSTRUCTION CODE

AtU ALU EXTERNAL INTERNALCOMMAND SEQUENCING B COMBINED
INSTRUCTION | CONTROL /SELECT  |DATA BUS CODE CONTROL OPER- DATA FIELD
DEST. | FUNC. [SOURCE|STS | ppeq loreg|C1N Moog mis | CONTROL INGLET [BRACH) COMT, T AND
PN A Y =l it P N o s BT ON—ORV- O T NN~ Q)
ecgmyreeloentebdndo gl f oodinvcol addged L JeEeeEe
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\D\D\D\ﬂmmmm Inmm\nm\\r\r\r\r\rﬂ'\r\r TYOHOOMOnMmmMmm mmNN]NNNNNNNN‘—V-“‘?‘ e e 0000 QO0OOO0
mis | w4 | M3 | M1z | M1 | mi0 | M09 | MO8 | M07 | Moe | Mos | MO4 | o3 | Mo2 | Mot [ Moo
ALUT | ALU IDBS DB TS | NEXT ADDR.
8 7 6| DEST |v: S 321 0| 50uRs | [6]5] SELECT ARBUMENT
0 0 0fF-Q Fl {0 0 HoLp sTs(0-7) 7] 00000 ALU 0 0] JuMP 512110987 6543210
00 1NOWRITE|F| |0 1 ENABLE SET (.00 DO O0O1| BMG 0 1] RETURN RA | BRANCH ADDRESS
01 0F~8 Al |10 ENABLE SET M 0001 0|GPR 1 0| NEXT 321 0N109 876543210
01 1|F-8 Fl 111 LoaD sTS 1001 0|6PR)Z| |1 1| REPEAT COND. DATA
1 0 O|ralz-B,alF 0001 1| DBR TS | STACK SEL.0BJ[2 0T ™
V0 1|F/2=B  |F 001 00| ARG %]3] CONTR. 321 0fkwil
11 Of2Ra=Ba(F RA(D-3)= 001 01| REG 0 0| HOLD ) 1
11 t|2F~-B F 0D O 0] %BIT(12-15) 0011 0| sTs o1l pPopP = _(SAME 1 S
05354 ALU 01 0|PIL(0-3) 001 11| MMR 10| L0AD TRUE CODING FALSE
T ALUT | FUNC. 10 0] 1R(3-6) Dt 00 0| BARG 11 PUSH |
543‘F= 101 1R(3-5)" 0100 1| swar
000 R*5 11 0] LC(0-3) 0101 0| PEA MISTEFFECTIVE BRANCH
001 s-R ) BIT3=0 0101 1| PES 772625(1 O|ADDR.ON*BIT(0O-11)BUS |11 109 8 7 6 54321 0
010 R-S 01100| A4ARG HHH[x X] PROM (0-11) Lo % BITS o on
01 1| RVS R3(0-3)~- 01 101|PICS HHLI0O|PROM (4-1)+IR(0-N [ _reom IR(0-3)
10 0| RAS 0 0[*Ra(0-3) | 011 10| I0R HHL|O Y| » w IR0V [ LPROGR 0[iR(810
1 01t RAS 0 1{IR(0-2) 01 1 1 1] NONE HHL{TO " o +ALD0-3) ALD(0-3)
116l R¥S 4 0|1R(3-5) HHL[YA » » ¢ RA(0-3) RA (0-3)
11 1 R¥s | 1 1]Lc(0-3) H HIx X| MaPPED IF TNT RQ FROM MAP-PROM
L 157 % 557 ALU L HH[X X| LVECT IF INTRQ [01 1 11 1 T[INT.VECT
ALUT | SOURCE L HL[X X| TLLEGAL L
210] RS | i XL X ix X| START LOAD A-OPERAND
000 4 Q 0 0] 0| COMMAND WRITABLE CS RA REG BIT, PIC INSTR
001 AB 04 1 432140 3210 CJLEV. :
010 0Q 10f C 00000 L| LoaD 000 0| ZERO| 0 | MASTER CLEAR
011 08 1 11 GPRO 0000 1| LDPIL H! HOLD nooci|o 1 | CLEAR MPID
100 0 A 0001 0| LDGPR ~1__conD. 001 ofP 2 | MCLEAR MPID
101t DA D001 1| EWRF L| ENABLE 0co11|8B 3 | ECLEAR MPID
110 DOQ 00100| CLIRQ H| DISABLE 0foofcC 4 | LCLEAR MPID
111 DO 001 01| RSDA LOQP 0101|A 5 | READ VECT.
001t 10| TBSTR L] ENABLE | Jo 11 0| T 6 | READ STAT.
ALUH] ALU 001 11] sioc H| DIsABLE | Jo 1 1 1| X 7 | READ MPIE
—e ) D ——— L 1 0| MODE 01000 ESRP 1 000|STS | 8 |LOAD MPIE
® 63 | *62 nMIS) BMISO k58 56 |0 O|HSH1FT 01001| EPIC 1 001 R | 9 |LOAD STAT
*63 | %62 |#MIS1 ¥MISO k58 |GPRO 0 1| FMU 0101 0| SMPID TCICLOCK| |1 0t O| R(2) | 10 | MCLEAR MPIE
*#G3 | %62 [¥MIS1 ¥MISO|GPRO %56 |1 0|FDV 01 01 1| START 1 _Q[UIMING| |1 0 1 1| R(3) | 11 | MSET MPIE
LCZ | UP [IR10 |IR9 58 %56 11 VIIRSHIFT 01100 sTOP DO|FAST | |4 1 0 0| RM@) | 12 | CLEAR MPIE
3 7 |SSE. 1]SSELQ] 3 1 011 01| CLRTC 0 1|NORM| |11 01| R(5)| 13 | DIS.INT.RQ
01114l CLFF 1 0/SLOW | |t 1 1 0(RG)| 14 |LOAD MPIE
ALUM[ 041111 LDLC 11 wAIT | |1t 1 1] R(T) | 15 | EN.INT.RQ
1 000 0| LDIRNO
0 1000 1| LDIR IRNO| IRNAME]
00 |PANS | |_B-OPERAND
ﬂHODE PANC RB REG SEL TEST
1100 o]r 2B, (RIGHT) ARITHM. 03 |PGS 3210 3210 0BJ.
t1o0to0] =~ " ROT MIS| PAGE PCR 000 0|2ERD 00 00|DR=2
11500 o TN 10| MODE 10 [esh 0001(D 0001|LCZ
f 1140 - - LIN 00| — 11 0 00| Examing | 14 LC!E D01 QP 001 0|INTRG
1100 1 2F=B, (LEFT) ARITHM. 01| PT 11000 IND.READ| 12 |UCIL D01 18 001 1|RESTR
11011 " n 20T 10| APT 11000 . 14 |P6C D100;C 01t 0O|FETCH
11101 " n ZiM 1 1] HOLD 11000 EXM 0t 01|A 01 01|00D
11111 " " LIN 00 — 11 001 DE T LEB 01 10[T 0110|02D
1 0000|F,0/2—~8,Q (RIGHDARITHM,] J0 0] — 11100 FETCH | o (S/Eg 011 t|x 011 1]COND
1001 0| = n s ROT | 01| PT 11100 READ EBM 1000(STS 1000|R=-P
10100 = - " ZIN 1 0| APT 11100 » 40 |ppans |1 00 1[RM 1 00 1|0PCTTY
10110 = » » LIN § 1| ROLD 11100 " LPANC | |1 01 O[R() t 01 0|0OVF
1 000 1|2F,0—=B,0 (LEFT) ARITHM. 01| PT 11101 WRITE 101 1[R(3) 101 1|CRY
1001 4| =« " n  ROT 10| APT 11101 " 1100[R(4) 1100|FN
101061 » n n ZIN 1 1] HOLD 11101 " 11 01/[R(S) 1101|F15
1011 4] » » n LIN t1 11 0] IDENT 111 0[R(6) 1110|2F
0 X X X X|NO SHIFT 11111 10x% P11 1 R(D) 11 11]/sTP
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 and 45 modifies bits 55 - 63 before they reach the ALU.

(bit 44)

ALUMO =
= 0 (bit45): Micro Controlled Mode

0
ALUM1 =0
The ALU behaviour is controlled entirely from the microprogram.

ALUMO
ALUM?

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

I

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
mufitiplication instructions.

ALUMO
ALUM1

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

I

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. Thisis only used in divide instructions.

ALUMO
ALUMI

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

o

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

0] will update the C, O and Q flip-flops to the result of the current ALU
instruction

10 will update the M flip-fiop to the disappearing bit in a shift micro-

instruction. if there is ALUM IRSHIFT, M will be updated regardiess of
the setting of bits 53 - 54.

1 will load the 8 lower bits of the STS register from IDB

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.

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

00

01

10

1

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 IDB source.

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

00
01
10
11

Carryis0

Carryis 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.

-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

ND-06.018.01
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Bits 37 - 47 control which source should control the content of IDB (refer to Figure

2.1).

0

1

1

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 bitis 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 iDB.

The 16 bit STS register is enabled onto IDB.

The memory managment read register is enabled
onto IDB.

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 [DB.
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 toc 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

CLIRQ

RSDA

TBSTR

SI0C

ESRP

No command executed.

The upper byte of the STS register is loaded with the
upper byte of IDB. The new PIL 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. CLIRQ 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 |DB byte
to the UART output part.

Set I/0O control. Transfers |IDB to control several
functions. The bits of IDB have these functions.

Bit 0: 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) signali 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 10X 11.
Bit 10: Not used.
Bit 11-12:
6 0 5 bits UART character length
0 1 6 bits UART character length
1 0 7 bits UART character length
1 1 8 bits UART character length
Bit 13: When 0 — 1 stop bit; When 1 — 2 (1.5at5
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-06.018.01
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"

12

13

14

15

16

17

20

21

30

EPIC

SMPID

START

STOP

CLRT!

CLFF

LDLC

LDIRNO

LDIR

EXRQ or IRDRQ

Scanned by Jonny Oddene for Sintran Data © 2010

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 1 by this command. {The PIC com-
mand MCLPID canreset bitsto 0.)

resets the STOP flip-flop. The CPU wili start execut-
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 {TG). The DZD
{double zero detect used in FDV) and the OOD (one
out detect used in FAD, FSB and FMU) flip-flops are
cleared by CLFF.

loads the loop counter with the 6 lower bits of IDB.
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. |DB is transferred to the selector on
MMM.

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

differ according to the contents of bits 42 - 43:
00 EXRQ, examine memory reguest. The physical
address must be on IDB. The segment number must

already be loaded into the MMM segment register.

01 iRDRQ, PT, indirect address read request with
mapping through the normal page table.

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

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

ND-G6.618.01




31

34

35

36

37

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

RDRQ mapped read request has four variants, depending
on bits 42 - 43;

00 Fetchrequest
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.
WRRQ 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
IDENT 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 WAIT cycle, with
DBR as source to IDB.

10X 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

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

Appendix D. Bits 30 - 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.

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 CLIRQ command has not been given.

Bit 26 is active low, and will start the loading of the WCS from main memory. The

Scanned by Jonny Oddene for Sintran Data © 2010

next microinstruction must be a jJump 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 WCS is finished.
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Bit 25 is active low and specifies vectorized jump. The 8 upper bits of the jump
microaddress are normally taken from micro word bits 4 - 11. The lower 4
bits can be selected from 4 sources, controlled by bits 42 - 43,

00 IR0 -3controls the vector, used in TRA and TRR.

01 IR 8 - 10 controls the vector, used for address calculation in memory
reference instructions.

10 ALD Q- 3, the ALD setting controls the vector.

11 The A operand bits control the vector.

Bit 24 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.

Bit 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 iest is false, the sequencer executes the false
sequence instruction previously outputted to the hold register by bit 24.

Bit 22 s 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 specifies fast instruction, approx. 150 ns

01 specifiesintermediate instruction, aprox. 170 ns
10 ‘specifies slow instruction, approx. 190 ns

11 specifies wait for 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-100 all microinstructions are either “slow’” or “'wait”".

In NORD-100, with fast option, most microinstructions are ""fast’”’, while the same

are "wait”’ as in the ordinary NORD-100. A few microinstructions have to be

"slow’’ because of component timing characteristics. This applies to:

1. 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-06.018.01
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Bits 16 - 19 control the B operand as long as bits 48 - 49 are zero.

Bits 12 - 15 contro! the A operand as long as bits 50 - 52 are zero. The A operand
controls BMG and acts as instruction to the PIC (see Appendix C).

Bits 0 - 11 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 IRQ 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 fauit.

5 00D the one out detect flip-flop is used to set TG
correctly in FAD, FSB 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
fast 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 =PorZF Used to detect if single or multiple store instruction
has affected = + 1. If true, the prefetched instruction
must be discarded.

ND-06.018.01
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10

I

12

13

14

15

OPCTT1

OVF

CRY
F11
F15
ZF

STP

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 controlied.

overflow from ALU. indicates overflow during arith-
metic operations.

carry out from ALU.

bit 11 from ALU.

bit 15 (sign bit) from ALU
Result = 0 from ALU.

indicates that the STOP flip-flopis 1.

Bits 0 - 15 will be enabled onto IDB as an argument if ARG is IDB source.
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4 WRITING THE MICROPROGRAM

Assembly Language 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-100 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, labeis 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 /.

If ;" 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-100 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:

1. GPR contains the machine instruction.
2. False sequence is JMP and POP.
3. R = P flip-flop is cleared.

4. Test objectis DR = 2.

5. IR contains the iower 11 bits of the machine instruction.
6. 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 USDBR 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
USDBR to the top word.

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 R1 must contain
the address written into. If muitiple stores are performed by the WCS
routine, a microprogram subroutine, WRRQ, 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’”:

111T00[(000]0 1 1T xxx|xxx
1 4 0 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 PMQODX. 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, Q
IDBS, BARG T, JMP T,HOLD CYCL, FAST
4016;
4016/
B,DEST ALUF, PASSQ ALUD, B
IDBS, ALU T, RETURN T, HOLD
USDBR i 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 SINTRAN Ili. It should be saved on an ordinary file.

Thereafter, the NORD-100 WCS assembler is loaded, by typing
N-100-WCS-ASSEMY to SINTRAN lil. 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

® Two-address architecture — The four-bit bipolar microprocessor slice is designed as a
Independent simultaneous access to two working high-speed cascadable element intended for use in CPU’s,
cegisters saves machine cycles. peripheral controllers, programmable microprocessors and

& Eight-function ALU — numerous other applications. The microinstruction flexibi-
Performs addition, two subtraction operations, and fity of the Am2901 will allow efficient emulation of almost
five logic functions an two source operands any digital computing machine.

® Flexible data snurce selection —
ALU data is selected trom five source ports for a
total of 203 source operand pairs for every ALU
function.

The device, as shown n the block diagram below, consists
of a 16-word by 4-bit two-port RAM, a high-speed ALU,
and the- associated shifting, decoding and multiplexing
circuitry. The nine.bit microinstruction word is organized

® Left/nght shift independent of ALU into three groups of three bits each and selects the ALU
Add and shift aperations take only one cycle. source operands, the ALU function, and the ALU destina-

® Four status flags — . tion register. The microprocessor is cascadable with full
Carry, overflow, zero, and negative. took-ahead or with ripple carry, has three-state cutputs, and

® Expandable — provides various status flag outputs from the ALU. Ad-
Connect any number of Am2901°s together for longer vanced low-power Schottky processing is used to fabricate
word lengths. this 40-lead LSI chip,

e Microprogrammable —.
Three groups of three bits each for source operand,
ALU function, and destination control.

TABLE OF CONTENTS MICROPROCESSOR SLICE BLOCK DIAGRAM
Block Diagram . . . . . ... ... ... .. 4 "
Function Tables . .. . ... . e 5 e
Package Outline . . . . ... ... . .......... 7 _._f,‘) AT EM T
Connection Diagram . . . .. .. ... ... L. 8 Hie o
Pin Definitions . . . .. ... .. ... 8 L
Screening . ... L 9
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ARCHITECTURE

A detailed biock disgram of the bipiolar mucroprugrammalble

mitraprocessor structure (5 shown an Figure 1. The

circutt 18 a

fre it shice cascadable 10 sty number of Gits.

tare, all
daty paths witiun the circuit are four bits wide, The two key
eiements in the Figure 1 x capram are the 16-word Ly 4-bit

2-port RAM and the t speed ALU.

Data in any of of the Random Access Memory
(RAM] can be read from the A-port ef 1he RAM as controlled by
the 4.t A address field wnput Likewise, data in any of the 16
words of the RAM as defined by the B address field input can be
simeltaneausly read I e 8-port of the RAM. The same code
can be apphied 1o the A t field and B select tield in which case
ntical file i will appear at both the RAM A-port and
B-port outputs simultaneous

When enabled by the RAN wiite enalife (RAM ENI, new data s
always written into the file {word) defined by the B adaress field
of the RAM. Tre RAM data input fiefg is driven by a 3-nput
multiplexer. Trus configuration is used to shift the ALU output
data (F)f desired. Thus th nput multipleser scheme atlows the
data 1o be shifted up {right) one Lit position, shifted down {left)
one bit position, or not shifted in either direction.

)

The RAM A t data outputs and RAM B-port data outputs
drive separate 4-bit latches. These latches hold the RAM data
while the ciock mput s LOW. This elirunates any possible rece
conditions that could aecur whil
the RAM.

data is being writteninto

The high-speed Arnithmetc Logic Unit (ALU} can perfarm three
binary arithmetic andg five | on the twa 4-hnit input
words R and €. Tha R input field 1s ariven from a 2 input muiti-
plexer, while the 5 ingut tielg s driven from a 3-input muiti-
plexer, Both multipiexars also have an nhibit capablinty; that ss,

no data s passec. This is equivalent 1o a “zero” source operand

‘Referring to Figure 1, the ALU R-inp
A port and the direct datd inputs (L
wise, the ALU Sqnput muitsg
RAM B-port and the Q registar ¢onn

oxer has the RAM
ected as inputs. Like-
the RAM A-port, the
£ inputs.

axer

This muitiplexer schame 1y of selec ) vannus

parts of the A B, D, Q as source operanids to the
ALU These five inputs, when taken two at g ume, resdlt onoen
possible combirations ot source and s combin
auons » AR, AR, AQ. AQ, BD v 00 arct QO.

It 1s apparent that AD, AQ ¢ AQ are wewhat redurndant with
BD.-BQ and 80 1 that «f the A atdress and B address ate the
Vo funcnon results Thus, there are only seven

same, 1

completely nc dundant source operand pairs for the ALU.
The Am2901 mucropracessor (i iy ght of 1hese paus
The rmiccoimstr wit u et the ALU source

operands ara the Q. i 17 1np
and 1 tor the eight source operand
Figure 2. Also sho

L The definon of g, 1y,
Tiinatons are as shown in
for each selection.

e WO Source ope
aut and Q . The [
field nput, This port s wsed to insert all data in
ters insucde the device. Likewis
ALU to madify any of 1ne
separate 4Lt file ntended primarily for multipheation and

nput s the fe bit wide cl tata

the working

L thas mput can ol in the

niernal tata files, The (O register 15 a

division routuies put o e used as an accumulator or

8.

hoiding register for sor

The ALU itself is a highspee
ol performing three binary
The I3, t4. and Ig microm

a nenciogc opera '
thmete and five logie functions,
uction 1nputs are used to select the

ALU fncvon, The definiion of these inpats is showo in Figure 3
The ocial code s also shown for reference. The normal 1echnique
tor cesrsding the ALU of several devices 1s in o look-abead carry
mocde. Carry gencrate, C, and carry propangate, PUgre outputs of
the device for use with a carry-look-aheadt yenerator such as the
Am2302 [1182). A carry-out, Cyyq. 15 2lso gencrated and is avail-
able as a1 output for use as the carry flag in a status register, Both
carry-in (G ) and carry-out (Cyq) are active HIGH.

The ALU has three other status-oriented outputs. These are Fg.
F = 0, and overflow (OVR]. The F4 outbut is the most significant
{sign) o1t of the ALU and can be used 1o determine positive or
negative results withaut enabling the three-state ddta outputs,
F3 is non-inverted with respect to the sign bit output Y3_ The
F = 0 output is used for zero detect. It is an open-collector out-
put and can be wire OR’ed between microprocessor slices. £ =0
s HIGH when all F outputs are LOW. The overflow output (OVR)
is used to flag arithmetic operations that exceed the available
two’s complement number range, The overtiow output {OVR)
is HIGH when overflow exists. That is, when Cppy3and Cpyq are
not the same polarity.

The ALU data output s routed to several destinations. it can be a
Gata output of the device and it can also Ge stored in the RAM or
the Q register. Eight possible combinations of ALU destination
functions are available as defir by the lg, (7, and lg micro-
instruction inputs. These combinations are shown in Figure 4.

The four-bit data output fie (Y) features three-state outputs and
can be awectty bus organizea. An output control (OE) is used to
enalile the three-state outputs. When OE 15 HIGH, the Y outputs
are in the highampedance state.

A twoinput multiplexer 1s also used at the data output such that
enther the A-port of the RAM or the ALU outputs {F) are selected
Jevice Y outputs. This selection is controlled by the g, 17,
and {g micromn tion inputs. Refer to Figure 4 for the selected
output for each microinstruction code combination.

at the

As was oisc

ed previously, the RAM inputs are driven from a
three-input multiplexer. This allows the ALU outputs to be
entered non-shifted, shifted up one position (X2) or shifted down
ore position {#2). The shifter has two ports; one is labeled
RAMG--LO/RI and the other is labeied RAM3~RO/LI. Both of
the ports consist of a buffer-driver with a three-state output
arnd an input to the multiplexer. Thus, in the shift up mode, the
RU bufter is enabied ane the Rl muluplexer input is enabled.
Likewise, in the shift down mode, the LO buffer and LI input are
enabtied. I the no-shdt mode, hoth the LO and RO buffers are
in the highampedance state and the multiplexer inputs are not
selected. This shifter is controlled from the Ig. 17, and ig micro-
instruction inputs as defined in Figure 4.

Sumitarly, the Q register is driven from z 3-input multiplexer. In
the no-shift mode, 1the multiptexer enters the ALU data into the
Q register. In either the shift-up or stuft-down mode, the multi-
ects the Q register data appropriately shifted up or
> Q shifter also has two ports; one is fabeled Qp—LO/RI
and the ather 1s Q3 -RO/LI. The operation of these two ports is
simiiar 1o the RAM shifter and is also controlled from I5, 7, and
Ig as shown in Figure 4.

plexer s

aown, T

The clock input 10 the Am2901 controls the RAM, the Q register,
and the A and B data latches. When enabled, data is clocked into
the Q ster on the LOW-10-HIGH 1ransition of the clock. When
the clock input s HIGH, the A and B ialches are open and will
pass whatever data s present at the RAM outputs. When the
putl 11 LOW, the larches are closed and will retain the
entered. ! the RAMEN 1 enabled, new data will be
written into the RAM fue (word) defined by the B addrass field
when the ciock input is LOW.

clock o

ast d
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B4

[ o ALUSOURCE | = 1
. MICROCODE I OPERANDS ISROCOUE ALU o |
t T Functi ymb i
| w4 1 Qctal A g Tl - % i) unetion |
Code * ol
he o n o RN L AS 4}
T T Q MR ¢ o |RPuss Avs |
i L L H | 1 A 8 L L H 1 S Minus R $-A
L H L | 2 o Q L H L 2 IH Mioys § A-5S
L H o R 3 o 8 L HoOH 3 ROAS ! Aavs
WL L | « | o a WooLoL 4 |AaNDS AAS
H L oo | o A | " L H 5 |AANDS Ras
H Fa L | [ D Q H H L 6 REXDRS | RYS
MW M ? | 0 o | Mo H o ow 7 JR EXNORS| AVSE
i i 1
Figure 2. ALU Source Operand Contrat. Figure 3. ALU Function Control.
RAM Q-REG. RAM Q
M
ICRO CODE FUNCTION FUNCTION % SHIFTER | SHIFTER
. y - T : L
Octat OUTPUT | AaMg | RAM3 [sY Q:
1 1 t Shit i L 3
| s 7 s Code it | liows L £z | LO/RI | LRG| LO/RI | LItRO
r =11
| | T 0 | NONE | x % X x|
| ; — - — +
| | LU M ' - [ ~ £ x | X X X I
| B | S 4 |
ALU 1 1
L H L 2 NONE e - A X X X X
= ALU %3
[0 w s 3 o - I Y x | x x| x
} - 4 S—
AL LEFT | QREG |
H L L 4 B 1 IDOWN) | ‘Du\l F Fﬂ IN3 00 INJJ
| | | ALU T |
" L 2] | 5 | Fi o - 3 ) INgy Qg X
| L e e s I
I RIGHT alu | : C |
| H WL 5 et Foo | . | ¥ Ng | Fy INg | Qg
| . | mwAr | aw | 5 =
| H H M 7 TRt e = | £ IN F X Q
T3] ¢, 4 o 3 3
= I 1 | |

| X = Don'tcare, Etscteically,

Figure 4. ALU Destination Controt.

neshitt pins a TTL input internally connecied 1o 3 threg-slate output which 15 in the high-impedance state.

o | 1 | 2 3 4 | s I_ T |
[ » i ] | [
AQ | A8 o,a 0,8 0,A l D, A 0,Q 0,0
| |
AT 1 A8 | a 8 | i oA '_u.»_o_ D 1
Ao Al | Hel A DeAs D401 ney
i 128l
Q-a-1 B-A-1 a-t B-1 At A=D1 Q-0-1 -D-1
d-a B-a | o a | A A-D a-o -0
i A-0-1 A-8-1 | _g- —B-1 | —a-1 D-A-1 | D-0-1 U-1
| Ca=H | a.a a8 \ a ;] | A [+ Y 0-Q o
| = 3 § .
| 3| RORS avaQ AvB | Qg | B | A Dva ova D
B— et —
4iRANDS ACG ArB [ 0 0 OnA DA 0
| | |
r T T | T
5 | R AND S A'a Arg »] B | a | daa | Dra ]
S Ee—— | l | _ |
\
| 6 REXORS 4ava | avs a o | & ‘ ova ova o
| | I | | _ ]
i 7 REXNORS aAvu | AvHE 5] 8 a ovaA [ ovad o
| 1 | 1 |
| . % Plus Menus, IR, AT AND. w » EX OR
Figure 5. Source Operand and ALU Function Matrix.
L ———
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SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the 1o, 1y, and iz instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The
I3, 14, and tg instruction inputs cantrol this function selection.
The carry input, Cp, also affects the ALU results when in the
arithmetic mode. The Cp input has no effect in the logic mode.

Figure 5 results. This matrix fully 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, OR, etc. In the arithmetic mode, the
carry will atfect the function performed white in the logic
mode, the carry will have no bearing on the ALU output.
Figure 8 defines the various logic operations that the Am2901
can perform and Figure 7 shows-the arithmetic functions of
the device. Both carry-in LOW {Cn = O} and carry-in HIGH

When |y through g and Cpy are viewed together, the matrix of {Cy = 1) are defined in these operations.
Octal
I543. 1210 Group Function
40 ANnQ
41 ANB
a5 AND OAA
46 oAaQ
30 AvQ
31 AVE
35 OR DvA
36 bpva
60 AvQ
6! EX-OR AvB .
65 DvA Octal Ch=0{Low) Cpn = 1 {High)
66 pva
543 1210 Group Function Group Function
70 5"’9 [+ 3¢} A+Q A+Q+1
71 AvB
I vs EX-NOR ovA a1 ADD A+B ADD plus | A+B+1
| 76 ov | o5 O+A ane D+A+1
T = | os D+Q D+Q¢1
R H
; 3 | g 02 | Q Qs+t
74 INVERT A 03 PASS B Increment | B+1
77 ) 04 A At
4 07 D D41
612 e 12 Q-1 a
63 PASS i 43 De PASS 8
64 A crement B-1 S
67 o 14 A-1 A
27 D-1 o]
gg g 22 Q-1 ey
34 PASS A 23 1's Comp. —B~1 2's Comp. -B
37 D 24 ~A—1 (Negate) —A
17 -D-1 -D
42 o 10 Q-A—1 a-A
:: “ZERO" g T Subtract | B—A~1 | Subtract | B—A
47 ° t5 {1'sComp) | A-D-1 (Zs Comp) | A—D
16 Q-0D-1 Q-D
50 ArQ 20 A-Q-1 A-Q
51 | AaB 21 A-B-1 A-B
MASK | 2
556 | Daa 25 D-A-1 0-A
56 | Bara 26 D-Q-1% 0-Q
Figure 6. ALU Logic Mode Functions. Figure 7. ALU Arithmetic Mode Functions.
(Cp Irrelevant)
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LOGIC FUNCTIONS FOR G, P, Cn+q, AND OVR Definitions {+ = OR}
The four signals G, P, Ca+4. and OVR are designed to indicate Po = Ro * 5o Go = RoSg
carry and overflow conditions when the Am2901 is in the add Py =Ry +§ Gy = RSy
or subtract mode. The table below indicates the logic equations Py - Ry + Sy Gg = RaSs
for these four signals for each of the eight ALU functions. The Pz Ra+S Ga = RS
R and S inputs are the two inputs selected according to 3 373 3 323
Figure 2,
g Ca = G3 + P3Gy + PgPaGy + P3PoPyGo + P3PyP PoCh
C3 = Go + PyGy + PPy Go + PP PpCh
F T T .z - I T
[1sa3 | Function | p G | Crsa OVR
} | N
|
0 R+S P3P2P1Po G3 + P3Gy + PaPyGy + P3PoP Gg Ca C3V Cq
| 1 E——— - —
| —
1 S-R Same as R + S equations, but substitute R, for R, in definihions
| | 1 - _ T
2 | R-S — Same as R + § equations, but substitute S, for S, in debinitions
;__' SEa—— — —=—= — -
| | S ]
3 RVS Low | P3PaPs Py l P3PaPyPg ¢+ Cn | PPoP Py + Cpy
— i == = ' !
| 4 | RAS Low G+ G2+ G * Go G3+Gg+G,+Gg+Cn | Ga "Gy <Gy +Gg+Cn
| | |
T :
5 RAS | LOw s Sameas RAS equations, but substitute R, for R; in defimitions ———— gt
6 | RvS Same as R ¥ S, but substiute A, for R, in detinitions -1
— A — - - . — e
| I T
| 5 | &vs Gy ¢ Gy+ Gy + Gy | PyGy s P3PyGy + PaPoPiGy + PaPoPiRg | P3G3 ¢ P3P2G2 ¢ P3PaP1 Gy Complement of
| | | +P3PzPPg (Gg + Cn) Cn+g atleft
- = |
.= 0A
Figure 8.
e = o = = —
| PACKAGE QUTLINE
| 40-Pin Ceramic (Side Braze) |
| — 70002 030 - DJct10‘C/W
. Aoonon
| R T 7 o IMIL-STD-B83, Method 1012C2
|
580 0)5> |
|
B ) 1 L 20
oo oo o
~~ = SHOULDER WIDTH 0%5°.015
190 TYRCAL DO MBXLID THICKNESS SEATLD HEIGHT 230 MAX
B | (P e et j, i =
| i lor HOOOOUUCUIOUO0H Ly |
l | 1 NEAR RS I .mo‘.wz--—i—v—
| et IREE RN NN NN RN R . i
: 12N f=- 100:.010 DR O e ‘;l.f:,z | — nv5~o| }
|
(P

Figure 9.
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CONNECTION DIAGRAM

Top View
73 P OvA [ N %
E Y3 Y2 Yy Y Cava 3 GNO Gy tg 's 13 Dg Oy 0y D3 oy
40 39 3@ 37 I 35 34 33 32 N 0 9 B 27 W 2 M 23 2 v
Am2901
L]
3 4 10 " 12 13 14 15 16 17 18 19 20

puuau

Ay A A Ag g g

SRNRRRERERERARSRRRBRNRRES

17 RAM3 RAMG Ve FrD g 1y Iy
RO/ LO/AL

Note: Pin 1 is marked for orisntation.

CP 03 By B, B; B3
RO/

Figure 10.

PIN DEFINITIONS

Yo-3

Ag-3

Bo-3

RO/LE

LO/RI

Do-3

The four address inputs to the register stack used to
select one register whose contents are displayed
through the A-port.

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

The nine instruction control lines to the Am2901,
used to determine what data sources wili be applied
to the ALU (lgy3), what function the ALU will
perform (l345), and what data is to be deposited in
the Q-segister or the register stack {lg7g).

A shift line at the MSB of the Q register {Q3RO/LI}
and the register stack {RAM3RQ/LI). Electrically
these lines are three-slate outputs connected to TTL
inputs internal to the Am2901. When the destination
code on lgyg indicates a right shift (octal 6 or 7)
the three-state outputs are enabled and the MSB of
the Q register is available on the QzRQ/L} pin and
the MSB of the ALU output is available on the
RAM3RO/LI pin. Otherwise, the three-state outputs
are OFF (high-impedance) and the pins are electrically
LS TTL inputs. When the destination code calls
for a down (feft) shift, the pins are used as the data
inputs to the MSB of the Q register (octal 4) and
RAM (octal 4 or 5).

Shiftlines like RO/LI, but at the LSB of the Q-register
and RAM. These pins are tied to the RQ/LI pin of
the adjacent device 1o transfer data between devices
for ieft and right shifts of the Q register and ALU
data.

Direct data inputs. A four-bit data field which may
be selected as one of the ALU data sources for
entering data into the Am2801. Dg is the LSB.

OVR

Cn+a

cP

Copyright © 1976 Advanced Micro Devices, Inc.
Reproduced with permission of copyright owner.
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The four data outputs of the Am2801. These are
three-state output lines. When enabled, they display
either the four outputs of the ALU or the data on the
A-port of the register stack, as determined by the
destination code ig7g.

Output Enable. When OF 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 of the
Am2901's ALU. These signals are used with the
Am2902 for carry-lookahead. See Figure 8 for the
jogic equations.

Qverflow. This pin is logically the Exclusive:OR of
the carry-in and carry-out of the MSB of the ALU.
At the most significant end of the word, this pin
indicates that the result of an arithmetic two's com-
plement operation has overflowed into the sign-bit.
See Figure 8 for logic equation,

This is an open collector output which goes HIGH
(OFF) if the data on the four ALU outputs Fg.3
are all LOW. In positive logic, it indicates the result
of an ALU operation is zero,

The carry-in to the Am2901°s ALU.

The carry-out of the Am2901's ALU. See Figure 8
for equations.

The clock to the Am2301. The Q register and register
stack outputs change on the clock LOW-to-HIGH
ransition, The clock LOW time is internally the
wiite enable to the 16 x 4 RAM which comprises the
“‘master’” latches of the register stack. While the ciock
is LOW, the "‘siave’ 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}

Storage Temperature

Temperature {Ambient) Under Bias

Supply Voltage to Ground Potenual

DC Voltage Applied 10 Quiputs tor HIGH Qutput State

__—B5°Cto +150°C
-55"C 10 +125°C
05V 10463V

" 05V to +Vee max.

DC Input Voltage

—0.5 Vo +55V

DT Output Current, into Qutputs

OC input Current

e 30 mA
—30 mA to +5.0 mA

OPERATING RANGE

P/IN Ambient Temperature
Am2001PC, OC | 0°C 1o +70°C | |
| Am29010M, FM | =55'Cro +125°C |
STANDARD SCREENING
(Conforms to MIL-STD-883 for Class C Parts)
[ [ mitsToees | Level |
Step Method — Canditions
Pre Seal Visual Inspection 2010 ] 100% 100%
24 nour .
Stabifization Bake 1008 € is0°c | 100% 100%
T
Temperature Cycle 1010 p osB RISt ) 100% 100%
10 cycles | |
Centrifuge B 10,000G | s | 00% |
Fineleak _ (A 5xi0-8amecc/omd | vo0% ' | t00% |
Gross Leak [ €2 Fluororarbon | 100% ¢ | 100%
Electrical Test | See pelow for !
| Subgroups 1and7 I» 5004 ‘der nitions of subgroups 1003 —:7 0%
Ingery Ad, il Screent ere foc Class B Parts
Group A Sampie Teuts i
| Sutgroup 1 | LTPD=5 | LTPD=5
| Subgroup 2 | | | LiPo=7 LTPD =7
| | See betow for LYPD =7 LTPD = 7
5005 | definitions of subgroups LTPD = 7 : LTPD =7
! LTPD =7 LTPD =7
! Subgroup 9 | wwo=7 | wrPD-7
| en licable for Am2901PC
[ Theranseeie ADDITIONAL SCREENING FOR CLASS B PARTS
T T 1
| MiL-sTD-883 Lavel
d | —
Step Method Conditions Am7901DMB, FMB |
| 126°c |
Burn-In 1015 D o 100%
Electrical Test 5004
Subgroup 1 100%
| Subgroup 2| 100%
| Subgroup 3 100%
Sungroup 7 100%
| Sutiroup 8 100%
! RAetuin to Group A Tests in Sta Screening
l —_ — —
|
| ORDERING INFORMATION | GROUP A SUBGROUPS
I | (as defined in MIL-STD-883, method 5005)
-
S P, L Temperat
| Package Temperature QOrder UW:OUD D‘é'm" = ] 2;:” el
Type Range Number -
2 o] Maximum rated temperature
Molded DIP 0°C 10 +70°C AMZ901PC 3 | SC — ;ﬁgz\(w:mum rated tempecature
o o i
Hermetic DIP 0 OC ©+70 C AMZ901LC 8 Fu:zt'on | Maximum and minimum rated
o . i
Hermetic OIP ~557C10+125°C  AM2901DM [ eratore ¢
Hermetic Flat Pack —55Cto +12°S C AM2S01FM s Swirdhi | ive
) o witening
Dice 0°Cro+70°C AM2901XC 10 Switching Maximum Rated Temeperature
" Switching Minimum Rated Temperature

Copyright © 1976 Advanced Micro Devices, Inc
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE {Unless Otherwise Noted)
{Group A, Subgroups 1, 2 and 3)

Typ.
Parameters Description Test Conditions (Note 1} Min, (Nota 2) Max. Units
\on = —1.
OH ~ —1.6mA 24
Yo. Y1.Y2.Y3
[ 10H = ~1.0mA, Cnia 2.4
F =
- | lon = ~800uA, OVR, P 2.4
VoH | Output HIGH Voltage geerMiN. L a Vol
IN=VIHOr Vg 104 = ~B600uA, Fy 24
| 1OM = ~600uA 24
{ Al ROILI, LO/RL ’
IoH = ~1.6mA, & 2.4
Icex Output Leaksge Current vee * MIN., Vgy =55V 250 uA
for F = 0 Output Vin = ViH or Vi
. T
1oL * 16mA 5 5
; Yo.Y1. Y2 Y3 . :
( Vee = MIN., 10L = 10mA, Cnysg, F=0 | 05 |
VoL Output LOW Voitsge | Yec gt i I Vois
| VIN=ViHorViL igL =8.0mA, OVR, P | 0.5
! S i
| 1oL ~8.0mA,F3 L oos
| AILRO/LI, LO/RI :
== |
vie: Input HIGH Leval Guaranieed input fogical HIGH 20 Volts
. voltage for all inputs |
Vil Lnout LOW Level Guarantesd input logical LOW | Military 0.7 Volts
valtage for all inputs l Commarcial 0.8
vy Input Clamp Voltage Vee = MIN, IiN = —18mA | -15 Vohs
‘ [ Clock, BE | -0.36
[ ap. Ay, A7, A3 —0.36
i | Bo.8y.82 83 - -0.38
) % | Dp.D1.D2.03 —0.72
‘L Input LOW Current | Vee = MAX. o ol mA
{Note 3) ViN = 0.5V | la.ly. 2,15, 18 -0.36
! 1314 15, |7 RN il —-0.72
| Ali LO/AI, AO/LI(Note | —08
Cy -38
i Clock, OF 20
Ag. A1, Az, A3 , 20
Bg. 81, B2, B3 20
™ | Dg. Dy, D3, 03 40
(Note ) 1nput HIGH Current ‘l Vee = MAX. 191 ‘I 2 d ! 5 uA
Viy = 27V | 'e-"rl2.16. 18 | g
| | 30415, 17 | 40
| —
AILLO/AY, RO/LI (Nate 4 100
| Cn 200
N Input HIGH Current Vee = MAX, VN = 5.5V 10 mA
‘ T vo.v1, Vg =24V { 56|
| ¥2.¥s  [vg=o0sv | -50 ‘
" | = |
‘oz gn Su((a:(H.thmpedanon) Vee = MAX, I— Vo =24V [i s uA
utput Current | Al LO/Ry, | [Note 5}
RO/LI [ T
Vo =05V a0
| (Nots 5)
I L = I
| Y0.¥1,Y2.¥3.8 -6.0 40
| { Cned —6.0 -40
isc | Output Short Circuit Currant | ovA, F3 6.0 1 _40 mA
| (Note d) —
F3 -6.0 —-40
| ANRO/LI LO/A -6.0 ~40
Miiitary 185 280
t P Vee = . \— mA
ce owar Supply Current ce " MAX [ Commercial 185 780
Notey: 1. Far conditions shown a1 MIN or MAX, use the appropriate value specifiad under Electrical Charsctsristica for the spplicable device type.

1

2. Typical limits are at V = 5.0V, 26°C smbigat and maximum loading.

3. Not more than one output 1hould ba shorted st a tima. Durstion of the shart circult test should Not exceed One wcond.

4. LO/AI and RO/LI sre thresstate outputs internatly connacted to TTL inpute INput characteristics are measured with lg7g In & state such
that the three-siate output Is OFF.

Copyright © 1976 Advanced Micro Devices, Inc.
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GUARANTEED OPERATING CONDITIONS

Tables I, U, and it below define the uming requirements of
the Am2801 in a system. The Am2901 15 guaranteed to
function-correctly aver the operating range when used within

TABLE |

CYCLE TIME AND CLOCK CHARACTERISTICS

the delay and set-up time constramnts of these tables for the T|M[_ . -AmZQOIDcl Am2901DM
apprapriate device type The tables are dwvidec into three R T I T
types of parameters, cleck charactenistics, combinational delays M'”'m“m_' ead: Modity-Write
fr nputs t 1 and set-up and hold tim e Cycle (time from selection 105 ns 120 ns
© inputs .() Ula. P d sx. up i ho IMe requiraments. of A, B registers to end of
The latter table detines the time prior to the end of the cycle eycle)
{re., cock LOW-to-HIGH transition] that each input must be _ —
stable to guarantee that the correct data is written into one of Maximum Clock Freguency to
the internal registers. Shift Q Register (50% duty 9.5 MHz 8.3 MHz
cycle)
The performance of the Am2901 within the limits of these i
tables is guaranteed by the testing defined as “Group A, Minimum Clock LOW Time 30 ns 30 ns
jroup 97 Electrical Testing. For a copy of the tests and Minimum Clock HIGH Time 30ns 30 ns
limits used far st cup 9, contact Advanced Micro Devices' Faaroe P R
Product Marketing, Minimum Clack Period | 105ns | 120ns
TABLE I
MAXIMUM COMBINATIONAL PROPAGATION DELAYS (all in ns, Cp < 15pF)
| Am2901DC i Am2901DM
= T T o : T T =
| 30 | Fao| RO, LO | i ' | F=0 RO, LO
| = = | st
| 'Erant UPUL |y | F3 (Chea| G.P RL=|OVR | Y | F3 |cm4. G.P ARL=|OVR
i Input I 470 RAM| Q ‘ | 1470 |RAM| Q
RO, . N - L — . | ! } o= =]
["Clock & |5 | es 100100 10) 95 [105 | 60 [ 125 | 95 | 110 | 110 | 120 | 105 | 115 | 65
L el = ilb.. A Sl A P Rl B L s 1
(a8 (Mo 8 | 80 | 8o (10| 75 |110] ~ [ 120 [ 95 | 90 | 90 [120] 85 [120] -
| D o | 70 | 70 70 1100 | 60 | 6O | 110 | 80 75 75 110 'L_Gs 65 =
| st R L S0 e IS (R 2 e P
Ca 5[ 35 | 50 | 40 | 85 | — | 60 | 40 | 30 . 55 | 45 | 60 | -
! | 4 E-a
65 8_0 65 ‘ 80 = 380 70 7(_)_ ZO 85 | 70 85 | -
55 70 | 60 | 65 75 | 60 | 65 | 65 | 75 | 65 | 0 | —
- : 45 | 45 50 50
A bypassing I = | = _ _
| ALU I = 2xx) | | i

SET-UP AND HOLD TIMES (minimum cycles from each input}

time prior 1o the clock until tne hold time after the clock. The
set up tmes allow sufficient time to perform the correct

Setup and hald times are def irelative to the clock LOW10 operation an the correct data so that the correct ALU data
HIGH ¢ frputs must be steady at alt times from tne set-up can be written into one of the registers.
TABLE 1t
Set-Up and Hold Times [« in nel (fote 1)
!— Am2901DC Am2901DM
From Input Notes s —— e | P et} —
! | Set-Up Time Hold Time Set-Up Time Hold Time
. 105 [ 120 _
2,34 towl + 30 0 | Tpwl + 30 B
! — i
| 2.4 towl ¢ 13 [ owl + 18 0
' . 100 [ o 10 0
; | 55 [ o 60 o
\ | 85 ' 0 90 | 0
- 1 —1 i e T
J 75 0
ls78 B N T 0 | towl + 15 | 0
RI, Lt (RAM or Gy | 0 I 30 1 0
Notes V. See Foguie V1 and 12
2. 4 verl 85 8 SOLiCe Dnerand, allow for the A, 8 source” sat up bime, it 115 used only far the destination address, use the

ey e how, Doth must ba met.
4, Tigwl s the ciock LOW tme
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Figure 11, Minimum Cycle Times from {nputs. Numbers Shown are Minimum Data Stable
Times for Am2901 DC, in ns.

- 16 BIT CPU CYCLE TIME —1

AT LEAST
| NOTE 1~ete— 30 m —

o W
l: 55 -t

cLoeK

&.FouTruTS

’J| 10 f=—NOTES 2.4

€, 10 7901 T
(Cp o x FROM 79021 |

Cavsg
feo
f3
ova

¥ ouTryT

e 5 NOTE 4 ————)

LAXRAR)

OO0

OYYYYYYYYYY

(A

oo AR ORI OO ERXE
e NOTE 3 —]

Notas. . Thisdelsy (s the mas toy of the register containing A, 8, D, and |. For the Am2918, use 13ns.
2. 10ns for tookahad carry. For rippla carry over 16 bits use 2 x (Cp — Cpygq). 0r 60N
3. This is the delay ass0ciated with the multiplesar batweaen tha shitt outputs and shift inputs on the Am2901s. Ses
Figura 17. Normally applicable only for doubla langth or circular shifty,
4, Not applicable for logic oparations.

Figure 12, Switching Waveforms for 16-Bit System Assuming A, B, D and | are all Driven from
Registers with the same Propagation Delay, Ciocked by the Am2931 Clock.
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APPENDIX C

DATA FOR AM 2914 INTERRUPT CONTROLLER

Taken from ""AM23900 Bipolar Microprocessor Family” issued by Advanced Micro
Devices, inc. (to be contacted for more information).
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APPENDIX D

FUNCTIONAL BLOCK DIAGRAM FOR 745482
SEQUENCER

This appendix shows the functional block diagram for the 745482 sequencer from
Texas Instruments, Inc. More details will be found in “The TTL Data Book” issued
by the same company.
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MICROPROGRAM FLOW CHARTS
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[NB! 32-bit floating NB! |

9 A= ==R)

i TM—ORZ

.

0-a-1=-=0,C
R3=RS-teC—>Q

(]

RS. A3 C=R3
R3/\m-=[D8
Q-+0, bit —=0PR
GPR + RE—=R2
R3,072-=m, Q
Q== 0, 100—=GPR

Os1-=0,C
T A, 100000 —=GPR

GPRYSRE—=RE
D~e0

Qe C—=aA

R2—=Q
A—eF, bit 6—=GPR
M/ \ma—=n3 -
5\o~me
bit 18—=GPR Az Q
z RE o FADS
O—=A
e R
0-=0,
RT-=CPR De2-+0 bt 16-=RS
O R7-=GPR o270 AQ°2—A,Q
| Q 20 a—0
RI-LC =0 R1-LC=qQ
5Lyl K4 ? tsﬁ-ﬁ-,lpzﬁi
S-alC =ic
0-=a D=a
A, Qe2—A 0 A, 0/2—-AQ

L-=LC L—al C
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[NB! 32-bit floating NB!| PR
I ;1 |
- R 51
FMU e @ Q a-l-=f1 T f’v,
; { é.0 3
?___mmﬁss J [ 5 5
CALCULATION b g i ! ;
GR=RT |ACORESS - oG] cPR—eR7 IR i
ahbeh2 0BR— R2 .
i n
Rlel-=R1-=RORQ R1e1— R1—RORQ AR B P
1 . . -
STS—=R10 STS —=R10 SR - 5%
i ]
T1-> GPR, TI=R4& R2-~= RL o 3 E e
GPR/\A—=Q T—=GPR o ! Ji|e°
GPR\A-=Q N -1 2
i OBR—= RS o ! } =
S TRAR-+RS
) i
O 0—=aA
AR2—=0 ANfR2 = R2
0~—=0, RT—GPR ——
bit 17— RS O Bt T \a=0
sign »
b & RS\/RE—=RS 6wt 17V o-a
@ bit 18 —= RS %) 40000 a-=RS
rs/\a-=108
RY == GPR d-=r2 R1~=[DB
REFA=Q R R6AR2=R2 bit 6= R1
i rRs/\a—=1D8 orr/\r2—=R2 R2/\R1-=1D8
}
bit 6 ~=R1 RIeQ—mA AfR2—=R2
Fut | - IR — rRi/\R2—=108
N = [orwr] ! Y arm=ros L? Ar2—~
Ri\A =4 bit 5 —=R1
R2/\R4c—=RL @ TG, ~100 —= A1
. TITT7—=GPR !
bit § == R} GPR/\RL-—= R4
GPRVRE~=A 0 A
& RIVRe=R4 10—~ O GPRAA—=A
RI\/ A=A R10\/Q =R 10 é R1\/RL—=RE §—=tC
0-=Q 5'551 ?R?-—G’R RIA—=A
0-—=RY, M=siC ' P 0-» 4, 0-=GPR

Q+0/0s 0—=Q,C

R4—=GPR
§~=LC
a.0/a.0-=q.

(R3+A+C/R3+0,0)/2-=1 Q
GPR/2—= GPR

}

{

Y (A~RL-1), Qn2 == A QM
Q2 RS*GPR bt 0—Q

} =M, bit 7= R
Q- R5-=Q

(R3.AsC/ R3:0,Q)/2—=R3Q (A2 RZ), Qe2==A, Q,M
GPR/2-=GPR
Qe O/ Ge 0—=Q.C O GPR—=R1
RIeAeC/RI.0—=R13 17— LC
bit T—=R L& - Gt R5+GPR bit 0—=Q
rY\ri =108 (AL L), Qo2—=A,Q,M
RENQ—=R2
R3-=A
CARRY Rz/\ns—-me
acrr] S RIN A~ A A-=IDB R3Am-—-ic8
A o—-A
4,0/2—=AQ a-=0 . GPR—=Q
"'A Ag (O
R7->GPR, Q=D Ri/\A—=A ' R3,0/2+R3,Q
' o—=A | bit 6 —=GPR, Q —=C
RE\/ A~ A RE—RI-=Q . Q- 0, tit §—=GPR
0-+D, RT->GPR GPR\R3—a
GPReRE—=Q v
RE\/A— A
G\ —=r3
RT—-GPR
bit 16-=GPR
RT=> GPR
oK
A R7-=GPR
[sTs8] I
- e} R10-=STS
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APPENDIX F

MAIN MEMORY/WCS CORRESPONDENCE

MAIN MEMORY (PHYSICAL) WRITEABLE CONTROL STORE
15 63 48 47 3231 16 15 0
00000 0000 ! | [
00001 { ll ; Z
0002 ' | | o 2K
L - ! | { -
; o —/J= | | | )/ Y
36000 | C00 : : | T
36001 co1 3777 ; | L
36002 |co2 4000 co3 | C02 | co1 | Co0
36003 |CO3 4001 c13 | C12 | ci1 | c10
36004 C10 4002 | | | c20 W
36005 |C11 4003 f : | C 1/4K
36006 |C12 4004 i | | s
36007 c13 | ' |
36010 Ic20 L | ! || L
| ! /f
g L 4378 ! ! |
—
= = 4377 €3773 : c3r72 | c3mn : car7o |
37774 |C3770 ' |
37775 |c3771
37776 |ca772
37777 |c3773
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NORSK DATA A.S

P.O. Box 4, Lindeberg gard
Oslo 10, Norway

COMMENT AND EVALUATION SHEET

NORD-100 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.

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

--------------------------------

--------------------------------
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