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Documentation Department
Norsk Data A.S
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TO 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 writabie 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.
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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 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-100 WCS assembier.

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



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.
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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 ALUJ. The data input and output
ports are directly connected to 1DB.

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
muitiply 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 muitiply 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
{jump), 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 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.
MPIDS can set interrupt bits in the PIC.
/R contains the 10 least significant bits of a machine instruction.

STS 8- 15 contains the upper byte in the STS register.

ND-06.018.01
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LOCP 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 exampie, 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 MOFC 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-06.018.01



MICROPROGRAM WORD FORMAT

Each microprogram word is 84 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
ALU ALU EXTERNAL INTER SEQUENCING B
INSTRUCTION | CONTROL JSELECT  |oATA Bus COMMAND CONTROL OPER- COMBINED
L’[ CONTROL CODE  [~raues maawcl cown e AND DATA FIELD
DEST |FUNC. SOURLEJSTS om! R{CIN MOOE MIS INSTR, | ADDR. [CONTR.|iNG
a9l O e o M -0 r lad T NU e TRUE BT M= O
g ald ! o mmdd"ﬁﬁﬁdzz'-c rhonarrTrrrienentt s A2 20 clon e o hohalahaihe
3333331333 gwgm“‘w‘nggagmm xOAV@OEITII mmwwkz‘desguunmnm Strresartarene s
R R L I P R Rt e e e R gt Lt n RS b i fawi o o3 o 3ot B2
33RREn sl AN R AR T TR r e aanRas Anls AR R s AR Rear e r oo 22352182858
M15 | M14 | M13 | M12 | M1 | M10 | M09 | M08 | MO7 | MO6 | 05 | Mo4 | Mo3 [ Moz | Mot | Moo
ALUT | ALU THBS 108 TS ] NEAT ADDR
87 6| DEST v - Is323 ol sours | [aT5] erecT . ARGUMHENT
g 0 GfF=Q F 0 0 HOLD 3TS(0-T7) 000001 ALU Qo Jump MM IHI09 8T 543240
0 0 \INOWRITE[F] §0 1  ENASLE SET (04 0000 1| BME 0 1| RETURN RA | BRANCH ADURESS
01 olF-a Al 110 eNABLE SET M 0001 0{6&PR 1 0| NEXT T2 1 0M103 4765432713
01 tiF=a  IFl {41 L0AD STS 1001 0f6PRI3| |1 1] REPEAT COND_DATA
1 0 olrar-aalF : 0001 1| DBR TS| STACK SEL.0B.U]2 m e
10 1F/2-8 |F 001t 00| ARG 413] CONTR 321 9022
: : g:!;a;u: - u(o{;:)-) 00101 Res 0 0{ HOLD SAME N
~ 0 * QT (12-18 00C1 10} sTs 01]|PopP . . N YT
v CEEED 0 1 o|PrL(o-3) 0011 1| MM 1.0/LOAD J TRUE - CoDING FALSE
ALUL | FUNC. 1 00|IR(3-¢} i | lo1 00 0] BARG 1 11 pysy
s 43l rFa 101 1R(3-% |} 10100 1| swar
T00 2es 11 0jLC(0-3) 0101 0}PEA MIS|EFFECTIVE BRANCH
0 Q1| $-R 0 0 1|#8IT, RF2)* 0101 1] PES 7 %2511 O/ADDR.ON»®IT(0-11) BUS (1 109 4 7 6 5 43 2 1 g
010 R-8 0 1 1| AL, RFI)° 011 00] A4RS HHANCXT PROM (G-11) e #BITS
01 1| RVS 11 1{LC | RE])" 01101 PICS HHLIOOYPROM (4-11)¢ IR(0-3 | ___ cpoMecon.- [R(0-3}
100 RAS ¥ BIT3-0 g1110f10R HHLOY! » » rIR-10M ) ppoeR, ... JOLEEI0
101 BAS ) 4K ONLY 04 4 1 1] NONE HHLIIO| = « e ALD(0-3N .. 5pOMaenene. JARD (03X
11 o RS R SI6N. EXT WML - v s RA(O-%) RA(0-3)
11 1 ¥FT RB(D-3)e ) L H H{X X] MAPPED 1F FROM MAP-3R0M
57 % 5§ ALU 8 O¥RB(0-3) LW HIX X! LVECT {F INT RQ G111 T T IINTVECT
ALUT | SOURCE| {0 t|IR(0-2) U A LIX X! TLLEGAL L
210l Rs:] 1o xz({a-s))" XL X|X X| START LOAD A-%P;iAND
6380 Aa 1 1010(0-3 COMMAND WRITABLE CSJ RA T,
0014 A B 43249 2210 RE&, LEV. PIC INSTR.
010 0Q 00000 L] LoaD 00 00| ZERG| 0 | MASTER CLEAR
011 08 Con 00001} LDPIL Kl _HOLD 000140 1 | CLEAR MPID
100 0 A ga 0 0001 0] LDGPR COND 6o0tajr 2 | HCLEAR MPID
101 DA g1 ! 0001 1] EWRF L] ENABLE cotis 3 | ECLEAR MPID
110, D Q 10 c 001 00| CLIRG Hl DISABLE 61 00j¢ 4 | LCLEAR MP1D
114 Do 1 16PRO GO0 01| RSDA L0gP a1 01]A S | READ VECT.
| \ 0011 0| TBSTR L] ENABLE | ot 1 0T 6 | READ STAT,
ALK ALU 00t 11l sioc Hi DISABLE | J01 1 1|2 7 | READ MPIE
e ) 3 ¢ |1 o mooe 01 000| ESRP 1 000]|5TS | 8|LOAD MPIE
*63 |*6Z WHMIST WMISO WE8 W56 0 0] uSHIFT 01001t EPIC 1 00 1] RAY | 9 |LOAD STAT
#63 [ 262 MMISE HMISO X583 |6PRO {0 t{FMU 0101 0| SHPID TClcLock] {1 0t 0] R@Y | 10 | McLEAR MmE
263 | w62 RMISt MISO [6PRO kSe |1 O] FOV 01 01 1| START 1 OTimiNG] }1 0t 1| R(3) | 11 | MSET MPIE
T2 | UF [tri0 |tRe ws8 kse 1 t|IRsSHiFY 01100] stor D O|FAST | J1 1 0 0| RM4) | 12 | CLEAR MPIE
) 7 ISSEL 1ISSEL O] 3 i 01101 CLRTC o1{NoRM| 11 1 0 1| R(®)Y | 13 [ Dis.INT RO
01110{ CLFF 1 olstow] §t 1 1 0] RG6) | 14 | LOAD MPIE
I 044410 LDLC 1 4l WAIT |11 4 1) RCT) |15 | EN.INT.RQ
10000| LDIRNO®t
: 1000 1] LDIR |IRNO| IRNAME]
B-OPERAND
{ watE 00 :::2 ) SEL | TEST
11700 0[F/2-~B, TRIGRT) ARITHA. 03 |Pes 321 glRES 32140 omy
11010 0T Mis| PasE PCR 000 0|ZERC 00 0(|DR=2
1 110a] = . 2N 1 0] MODE 10 ngg S ERIL 0001]|LLZ
114140 s LN 0 0f - 11000 EXAMINE | 14 |LETL 001t QP g0t Q|INTRG
1100 1|2F-=8, (LEFT) ARITHM, 01| prT 110001 IND.READY 12 |0ciL co01 i 001 1|RESTR
11011 » «  rov 1.0 APT 11000 - 14 | P&C 0to0o0lc 01 00|FETCH
11101 - » UK 11§ HOLD 11000 " 21 [EXM 0t o1laA ot 0tloop
11111 = “  LIN 00] - 1.1 g o1l DeEpOSIT | 22 (LEB 01107 0110|020
1000 0[F,0/2~ 8,Q (RIGKT) ARITHM. 0] - T1100] FETCH | 23 ﬁgg 011 1}x 011 1|COND
106010f = . . 0T 01} T 111006] READ EBM 1000{sTS 1000 ReP
10100] = . LI 3T 1 0| AFT 11100 - 40 {uPans [J1 OO0 1|RM) 100 1]0PCTT!
10110 » . = LN 111 worp 11300 " HPANC [t 01 glr(2) 101 0|0ovF
1000 1{2F,a-=B,0 (LEFT) ARITHM o1} »r 11101 wWRITE 101 1IR(3) 101t 1]CRY
10011 . . *  ROT 1 0] APY t13501 » 140 0iR(4) 1100 F11
10101 = » »  UN 1 11 WoLD 115014 L 11 01]R(M 1101]|Fi5
1011 1] = - = LIN 1111 0 IDENT 111 0ire) 1110]zF
0 X X X XING SHIET 44411 0% 114 1{rT) 111 1] sTp

ND-06.018.01



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.

ALUMO = 0 (bit 44}
ALUM1 = 0 (bit 45): Micro Controlled Mode

The ALU behaviour is controlled entirely from the microprogram.

ALUMO = 1 (bit44)
ALUM1 = 0 (bit 45}: Muitiply Mode

The ALU behaviour is controlied 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.

ALUMO = 0 (bit 44)
ALUM1 = 1 (bit 45): Divide Mode

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 = 1 (bit 44}
ALUM1 = 1 (bit 45): Shift Instruction {machine instruction is shift)

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

o1 will update the C, O and Q flip-flops to the resuit 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 IRSHIFT, M will be updated regardless of
the setting of bits 53 - 54.

11 will load the 8 lower bits of the STS register from |DB

ND-06.018.01



Bits 50 - 52 controls the source of the A operand to the ALU.
000 The A operand is bits 12 - 15 of the microinstruction.

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

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

101 The A operand is bits 3 - 5 of the current machine instruction. This is

used to address the source register in machine instructions.

110 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 The B operand is bits 16 - 19 of the microinstruction.

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

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

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

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

00 Carryis0

01 Carryis 1

10 Carry is the C flip-flop of the STS register
11 Carry is the GPR bit Q (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 Arithmetic shift/Fetch memory request

01 Rotational shift/Request through PT

10 Zero-end-input shift/Request through APT

11 Link-end-input shift/ Request through the page table last specified
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Bits 37 - 41 control which source should control the content of IDB (refer to Figure

2.1

0
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 resuit onto IDB

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

the gerieral 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
enabied onto ID8. In this way arguments between 0
- 17 may be generated.

A byte swap circuit is enabied onto IDB. The two
bytes present on {DB 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
simuitaneously.

The register containing UART data and status is
enabled onto {DB.

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

~ ND-06.018.01



Bits 32 - 36 specifies a command to be performed by the microinstructions. The

commands are:

0 NONE
1 LDPIL
2 LDGPR
3 EWRF
4 CLIRQ
5 RSDA
6 TBSTR
7 SIoC
10 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.

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

Inhibits the ability of interrupts to meodify 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 ailso
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 1/0 control. Transfers IDB to control several
functions. The bits of IDB have these functions.

Bit O: 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.

Bit 4: 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 IOX 11,

Bit 10: Not used.

Bit 11-12:
00 5 bits UART character length
01 6 bits UART character length
10 7 bits UART character length
11 8 bits UART character length

Bit 13: When 0 — 1 stop bit; When 1 — 2{1.6at5h
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 writteninto (STA* + 1).

ND-06.018.01



11

12

13

14

15

16

17

20

21

30

EPIC

SMPID

START

STOP

CLRTI

CLFF

LDLC

LDIRNO

LDIR

EXRQor IRDRQ

3-6

indicates that A operand should be a command to
the PIC. The specifications of the PIC are included in
Appendix C. f the PIC command is a read
command, other than read status, the PIC will enable
the register onto |DB regardiess 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 can reset bits to 0.)

resets the STOP flip-flop. The CPU will 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
CLRT! 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 lcop counter with the 6 lower bits of IDB.
The modified loop counter will not be availabie 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 symboiic language) will transfer IDB to
the MMM register selected by a previous LDIRNO
command. (To read a selected MMM register, only
the IDB source designation MMR should be used.)

differ according to the contents of bits 42 - 43;
00 EXRQ, sxamine memory request. 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 aiternative page table.

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

ND-06.018.01
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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 aiternative
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
D8R 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 - 31 control the microprogram sequencer. The sequencer is documented in

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.

Bit 27 is active low, and will load IR 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 BQP 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

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 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 controis the vector, used for address calculation in memory
reference instructions.

10 ALDO-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. lf the test is false, the sequencer executes the false
sequence instruction previously outputted to the hoid register by bit 24.

Bit 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 foliowing the next microinstruction.

Bits 20 - 27 controils 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 specifies intermediate instruction, aprox. 170 ns
10 specifies siow 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
1DB source.

After a write memory request, the data to write must be enabled onto ID8 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 {S1QC, RSDA, TBSTR).

2. Microinstructions where the |DB 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).
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Bits 16 - 19 control the B operand as long as bits 48 - 49 are zero.

Bits 12 - 15 control 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 resuit.

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 2314 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 faulit.

5 Q0D 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/faise resuit 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 =PorlZF Used to detect if single or multiple store instruction
has affected = + 1. If true, the prefetched instruction
must be discarded.
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1
12
13
14

15

OPCTT1

OVF

CRY
F11
F15
ZF
STP

is used to test whether device number 300 - 307
shouid 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.

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

carry out from ALU.

bit 11 from ALU.

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

indicates that the STOP flip-flop is 1.

Bits 0 - 15 will be enabled onto IDB as an argument if ARG is |IDB source.
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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 assembiler 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 assembiler, 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 /.

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.

False sequence is JMP and POP.

R = P flip-flop is cleared.

Test objectis DR = 2.

IR contains the lower 11 bits of the machine instruction.

o o A W N

A FETCH reguest 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 PMQODX.

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

USDBR.
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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 shouid 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 maching 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”’:

11100100040 1T 1T Ixxx!xxx
1 4 0 3 DR
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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 CUSTZ, 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, Q
IDBS, BARG T, JMP T,HOLD CYCL, FAST
4016;
4016/
B,DEST ALUF, PASSQ ALUD, B
IDBS, ALU T, RETURN T,HOLD
USDBR CONDENABL,;
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WRITABLE CONTROL STORE USAGE

The symbolic microprogram will most easily be prepared using the editor QED,
with SINTRAN Il1. It should be saved on an ordinary file.

Thereafter, the NORD-100 WCS assembler is loaded, by typing
N-100-WCS-ASSEMY to SINTRAN lll. 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 to0 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 ail 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 compuzer,
WCS will be unaccessible and LWCS must be executed in order to allow custorner
specified instructions to be executed.
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APPENDIX A
MNEMONIC LIST
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APPENDIX B

DATA FOR AM 2901 BIT SLICE

Taken from ""AMZ2800 Bipolar Microprocessor Family’”” issued by Advanced Micro
Devices, Inc. (to be contacted for mare information).

Am2901

Four-Bit Bipolar Microproceassor Slice
Advanced Micro Devices
Bipolar Microprocessor Circuits

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® Two-address architecture — The four-bit bipolar microprocessor stice is designed as a
independent simuitanecus accass 10 two working high-spead cascadable efement intended for use in CPU's,
registars saves machine cycles, peripheral controllers, programmable microprocessors and
¢ Eight-function ALY — numerous other appiications. The microinstruction flexibi-
Performs addition, two subtraction operations, and fity of the Am2901 wili allow efficient emulation of aimaost
five logic functions on two scurce operands. any digital computing machine,
¢ Flexible data source selaction — The device, as shown in the block diagram below, consists
ALY data is selected from five source ports for 2 of a 16-word by 4-bit two-port RAM, a high-speed ALU
totat‘of 203 source operand pairs for evary ALU ang the associated shifting, decoding and multiplaxing
f“'"’c"""'v cireuitry. The nine-bit microinstruction word is organized
¢ Left/right shift independent of ALU — into three groups of thres bits each and salects the ALU
Add and shift operations take anly one cycle. source operands, the ALU function, and the ALU destina-
* Four status flags — tion register. The microprocessor is cascadable with fuil
Carry, overflow, zera, and negative. look-ahead or with ripple carry, has three-state outputs, and
+ Expandabie - provides various status flag outputs from the ALU. Ad-
Connect any numoer of Am2901's together for longer vanced low-nower Schottky processing is used to fabricate
word lengths. this 40-lead LSi chip.
® Microprogrammable —
Three groups of three bits aach for source operand,
ALU function, and destination controf,
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ARCHITECTURE

A detailed block diagram of the bipolar microprogrammable
microprocessor structure is shown in Figure 1, The circuit 18 a
four-bit slice cascadable to any number of bits. Therefore, all
data paths within the circuit are four bits wide. The two key
elements in the Figure 1 block diagram are the 16-word by 4-bit
2-port RAM and the hign-speed ALU.

Data in any of the 16 words of the Random Access Memory
{RAM] can be read from the A-port of the RAM as controlled by
the 4-bit A address field input. Likewise, data in any of the 18
words of the RAM as defined by the B address field inout can be
simuitaneously read from the B.port of the RAM, The same code
can be applied to the A select field and 8 sefect field in which case
the identical file data will appear at both the RAM A-port and
8-port outputs simultaneously.

When enabled by the RAM write enable {(RAM EN), new data is
always written into the tile {word) defined by the B address fiald
of the RAM, The RAM data input field is driven by a J-input
multiplexer. This configuration is used to shift the ALU output
data {F) if desiced. This three-input multipiexer scheme allows the
data to be shifted up {right) one bit position, shifted down (left)
one bit position, or not shifted in either direction,

The RAM A-port data outputs and RAM 8-port data outputs
drive separate 4-bit laiches. These latches hold the RAM data
while the clock input s LOW, This eliminates any possibie race
conditions that could occur whilg new data is being written intQ
the RAM,

The high-speed Arithmetic Logic Unit (ALU) can perform three
dinary arithmetic and five logic operations on the two 4-bit input
words R and S, The R input fieid is driven from a 2-input multi-
plaxer, while the S input fieid is driven from a 3-input muiti-
plexer. Both multiplexars aiso have an inhibit capabslity: that is,
no data is passed. This is equivalent to a “'zero” source operand.

Referring to Figure 1, the ALU R-input muitiplexer has the RAM
A-port and the direct data inouts (D} connected as inputs. Like-
wise, the ALU S-input multiplexer has the RAM A-port, the
RAM B-port and the Q register connectad 3s inputs.

This muitiptexer scheme gives the capability of selecting various
parrs of the A, 8, D, O and 0" inputs as source operands 1o the
ALU. These five inputs, when taken two at a ume, result in ten
possible combinations of source operand pairs, These combin-
stions include A8, AL, AQ, AQ, 8D, 8Q, 80, 0Q, D0 and Q0.
1t is apparent that AD, AQ and AQ are somewhat redundant with
80D, BQ and B0 in that if the A address and B address are the
same, the identical function resuits. Thus, there are oniy seven
completely non-redundant source operand pairs for the ALU.
The Am2901 mucroprocessor impleinents eight of these paws.
The mucroinstruction inputs used to sefect the ALU source
operands ara the 1g, 11, and 12 1nputs. The gefininon of 1g, 1y,
and 19 for the eight source operand combinations are as shown i
figure 2, Also shown 1t the octal code for each selection.

The two source operands not fully described as yet are the D in.
put and Q input. The O input is the four-bit wide direct data
field input. This port is used to insert all data nto the working
registers inside the device. Likewise, this input can be used in the
ALU to modify any of the internat data files. The Q reqister s a
separate 4.-bit file intended primaniy for multiptication and
division routinas but it can also be used as an accumulator or
holding register for some applications,

The ALY itself is a high-speed anthmetic/logic aperator capable
of performing three binary arithmetic and five jogic functions.
The 13, lg, and g microinstruction inputs are used to select the

ALU tunction. The gefinition of these inputs is shown in Figure 3.
The octal code is aiso shown for reference. The normai technique
for cascading the ALU of severai devices is in 3 look-ahead carry
mode. Carry generats, G, and carry propagate, P, are outputs of
the davica for use with a carry-look-anead-generator such as the
Am2902 ("182). A carry-aut, Cpy4q, is 3is0 generated and is avail-
able as an output for use as the carry fiag in 3 status register, Both
carry-in {Cp) and carry-out (Cpyq) are active HIGH.

The ALU has three other status-oriented outputs. These are Fq,
£ =0, and overtlow (OVR). The Fy outhutis the most significant
{sign} wit of the ALU and can be used to determine positive or
negative resuits without enabling the three-state data outputs.
F3 is non-invarted with respect 10 the sign bit output Y3. The
F = Q output is used for zero detect. It is an open-coliector out-
put and can be wire OR’ed between microprocessor slices. F = 0
is HIGH when ail £ outputs are LOW. The ovarflow autput {(OVR)
is used to flag arithmetic operations that excesd the available
wo's complemeant numbar range, The overflow output (OVR)
s HIGH when overflow exists. That is, when Cpp3and Cpp g are
not tha same polarity.

The ALY data output is routed 10 several destinations. it can be a
data output of the gevice and it can also be stored in the RAM or
the Q register. Eight possible combinations of ALU destination
functions are available as defined by the ig, Iy, and Ig micro-
instruction inputs. These combinartions are shown in Figure 4.

The four-bit data output field (Y} features three-state outputs and
can be directly bus organized. An output control {OE) is used to
enable the three-state outputs. When OE is HIGH, the Y outputs
are in the high-impedance state,

A two-input muitipiexer is aiso used at the data output such that
aither the A.gort of the RAM or tha ALU outputs (F) are selected
at the device Y outputs. This selection is controlied by the ig, ty,
and |g microinstruction inputs. Refar to Figure 4 for the selected
output for each microinstruction code combination.

As was discussed previously, the RAM inputs are driven from 3
three-input multiplexer. This allows the ALU outputs ‘o be
antered non-hifted, shifted up one position {X2} or shifted down
one position {+2). The shifter has two ports; one is labeled
RAMqg~LO/RIL and the othar is labeled RAM3—RO/LI. Botn of
these ports consist of a buffer-driver with a three-stats output
and an input to the muitiplexer. Thus, in the shift up mode, the
RO buffer is enablad and the RI muitipiexer inpur is enabled.
Likewisa, in the shift down mode, the LO buffer and LI input are
enabled. [n the noshift mode, bown the LO and RO buifers are
in the high-impedance state and the multiplexer inputs are not
setected. This shifter is controlled from the Ig, iy, and Ig micro-
instruction inputs as defined in Figure 4,

Similarly, the Q regstar is driven from a 3-input multiplexer. In
the no-shift mode, the muitiplexer enters the ALU data into the
Q register. In either the shift-up or shift-down mode, the muiti-
plexer selects the Q register data aporopriately shifted up or
down. The Q shilter also has two ports: ane is labeled Qg~LO/RI
and the other is Q4~RO/LI. The operation of thesa (wo ports is
similar to the RAM shifter and is also controlled from ig, Iy, and
Ig as shown in Figure 4,

The clock input 1o the Am2901 controls the RAM, the Q register,
and the A and 8 data latches. When enabled, data is clocked into
the Q register on the LOW-to-HIGH transition of the ctock, When
the clock input is HIGH, the A and 8 latches are open and wiil
pass whatever data is present at the RAM outputs. When the
clock input is LOW, the fatches are ciosed and will retain the
last data entered. It the RAM-EN is enabled, new data will de
written into the RAM file (word} defined by the B address field
when the clock input is LOW,

Copyright © 1976 Advanced Micro Devices, Inc.
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ALU SOURCE
MICRO CODE OPERANDS MICRO CODE ALu
Py Funetion Symoal
2 o 2:: a 3 s e N Coce
[ N o A a [ 0 AP s A+S
LoL oA ' A 8 Lot W ' 5 Minus A s-A
[ 2 o a [ N 1 A Minu § A~S
[ ] 3 <] 8 [ 3 AORS AvsS
L . o A KoLt 4 RAND S AA S
H 4 ] 5 o A H . " s ARAND S AAs
WML s o a HoooWL [ AEX-OR S RYS
H KM 7 o o HOR oM 7 AEX.NORS] AV S
Figurs 2. ALU Saurce Qperand Control. Figure 3. ALU Function Control.
RAM Q-REG. RAM Q
MICRO COOE FUNCTION FUNCTION v SHIFTER | SHIFTER
) Geut ) OUTPUT | Ramg]| RAM3 | Og | O3
o e Codw shine Losd Shift Lond Lo/mi | L/RG | vaimi | Limo
oL o - - NONE wy £ x | x| x| x
i
[ 1 - - - - » X X X x
L H 8 2 NONE T‘L:;' - - A X X X X
Al
L H H k] NONE (;",J - - F X X X X
CEFT ALy LEFY QREG
toe ok ¢ iDOwWN) (Fil wowns | Qi) £ Fo | Ny | G | Mg
LEFT ALy
oL s IDOWNI £, - - f Fo | Ny | Qo X
AIGRT LU RIGHT QREG
"o s 1P iyl 1P Qi1 ¢ wo | B3 | Mg | 0y
AIGHT ALU
oo ’ P i1} - - 4 Ny | P3| X |
X = Con’t care, Elactricatly, tha shift oin is a TTL input taa Qutput which 1510 the highnmpedance state.
Figure 4. ALU Destination Cantrol.,
° 710 OCTAL ] 1 2 3 4 5 8 7
(T:ls ALU
A4 ALU AQ A, B o, a a.8 Q. A 0,A 0,a 0,0
L3 Function
Catl AeQ A8 a 8 A ora o o
0| RPuUS
CaeH AeQet Arget Qes ey Ars Qraes OeQet Ot
Ca~L Q-aA-t BeAot Q-t 81 At A=D1 QD=1 0=t
1| SMinus R
CheH Q-a 4~A Q 3 A A0 Q-0 -0
Ca= L AwQuwt Amuet “Qe) -8 At OeAet o3=Q-t 0=t
2 | A Minus§
Ca=H a-q A-8 -a -8 -A a-A o-a [}
3 RORS ava Avg Q 3 A ava ova o
4| RANDS AAQ ang o [} o QAA oAQ o
s| Aanos inQ ing a ) A Gaa §aa °
8 |REX-QORS AvQ Avs a 8 A ova ova o
7 IREX-NOAS| AVa ivs a 8 x gva gva 3
i
o e Plyg -+ Minus; V= OR A = AND: » » EX-OF
Figure 5. Source Operand and ALY Function Matrix.
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SOUACE QPERANDS AND ALU FUNCTIONS

There are sight source oparand pairs available to the ALU as
selected by tha lg, Iy, and I instruction inputs. The ALU can
perform eight functions; five logic and thres arithmetic. The
I3, 14, and g instruction inputs controi this funiction selection.
The carry input, Cq, 3iso affects the ALU resuits when in the
arithmetic mode. The Cy input has no effect in the logic mode.
When |g through Ig and Cp are viewed together, the matrix of

Figure 5 resuits. 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 affect the function performed whiie in the logic
mode, the carry will have no bearing on the ALU output,
Figurs & 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 = 0} and carry-in HIGH
{Cq = 1) are dafined in thase operations.

Octst
1543, 1210 Geoup Function
40 ANQ
41 AAB
e ANO OAA
46 0AQ
[} AVQ
31 AVE
35 oR ova
38 ova
80 AVC
6 Avg
X-OR
65 x-0 ova
56 ova
70 A%C
71 A%E
15 EX-NOR 57
76 a%Q
72 a
73 8
7% INVERT a
17 5]
62 Q
83 8
64 PASS A
87 [s]
32 Q
33 ]
P PASS A
37 o
42 [
43 o - [}
ez ZERQ 0
47 o
50 AAC
51 Ang
MASK ot
§%5 OAa
S8 5aaQ
Figurs 6. ALU Logic Mode Functions,
(Cq Ierelevant)

QOctai Cn =0 {Low) Cq = 1 {Hight
543 210 Group Function Group Function
g0 A+Q ArQet
a1 ADD A+B AQO pius Ar8+1
05 O+A ans O+A+Y
[ o+Q O+Qet

02 a Qe
93 PASS 8 Increment | B+1
Q4 A A+l
g7 o =23

12 Q=1 a
13 Decrement B~i PASS 8
T4 Al A
27 O-1 o
112 —Q-1 -a
21 1's Como, gt 2'sComp, | -8
24 ~A=tl {Negats} —A
17 ~0~t -0
10 Q-A—1 QA
AR Subtract B—A—t Subtract 8~aA
15 (s Comp) | A—O-t {¥s Como} | A~D
18 Q-0=t Q-0
20 A-Q—-1 A-Q
21 AwB=i A=8
25 O=A=1 O-A
26 0-Q-1 0-Q
Figure 7. ALU Arithmetic Mode F
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L.OGIC FUNCTIONS FOR G, P, Cn+q, AND OVR Definitions (+ = OR)

The four signals G, P, Ca+d, and QVR are designed to indicats Pg = Rg + So Go = RoSo
carry and overflow conditions when the Am2801 is in the add Py = Ry + Sy Gy * 415
or subtract mode. The table below indicates the logic equations Py = Ay +Sg Gg = RS

for thesa four signals for each of the eight ALU functions. The
R and $ inputs are the two inputs selected according 1o
Figure 2.

Py=R3+§3 Gg = R3Sy

Cq = G3 + P3Gy + PaP2Gy + PaPoP1Go + P3P2PyPoCn

C3 = Gg + PaGy + PaP1Gg + P2P1PoCh

lsas | Function 3 G Cred OvR
0 A+S P1PP Py Gy + P3Gy + P9P2Gy + #9P271Go Cq C3vCy
1 §-R Sameas R« S i but Aj tor Ry in
2 RS Sameas R +§ i ut S—qlchgm
3 AVS LOW P3PPPg PaPPPg + Cn PyPyPPg + Cq
4 | RAS Low Gy rGqg » Gy + Gg Gy +Gg+ Gy +Gg +Cn G3+Gg+Gy +Gg *Cn
§ AAS Low | o mimsasenimeres S2rT00 31 R A S but i Rj tor A in
8 R%S Sameas R Y '§, but substitute ﬁ for Ryin
7 | BFS | Gy+Gy+Gr+Gg | P3Gy +PaPeGy * P3P2P Gy ¥ PaPoP Py P3Gy + P3PyGy + P3PoP1Gy Compiement of
+ PaPaP Py (Go + Cnl Card at laft
» = OR
Figqurs 8,
PACKAGE QUTLINE
40-Pin Caramic (Side Braze)
t i
| 20001030 | 0, 10T
T e o IMIL-STD-883, Method 1012C2}
! [
5401015 )
i
|
R 20
=4 | soutogn wioTH osse 018
100 TYPIEAL 20 MAX LID THICKNESS SEATED HEIGHT Z30MAX.
ot
] IR
i IRERE :,j“( f}] } 2101.003
SN | i ’ § sf:::u“cu {
- i—-—,‘l‘zo':&: 0|lx,w—.1‘—- 2% N k‘—- m.ms-———{

Figure 9.
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CONNECTION DIAGRAM
Top View
OF v3 vp ¥y Yg F OvAC, 8§ Fy GNO G, 4y Iy 13 O Oy 07 Oy L(?ﬂz,
QOoooonoaooooooooornnorifl
40 3% 3 M 38 35 34 13 2 N WX W B 2 W B 4 W 2 n

)

& ? 8 2 1 I 12

13 14 35 @ 17 18 19 20

U

]

Uuu

17 RAMy RANG Yoo £ =0 g
RO/LI LO/AY

U
]

k3w

uu
-

's '3

Note: Pin 1 is macked for arientagion,

guauud

uuuud

& 03 By 8y 87 8y
RO/

Iy

PIN DEFINITIONS

Figure 10,

Yo-3

Ag.3

Bo.3

RO/LI

LO/RI

00-3

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

The four address inputs 10 the register stack used to
select one register whose contents are dispiayed
through the B-port and into which niew data can be
written when the clack goes LOW.

The nine instruction control lines to the Am2901,
used to determine what data sources will be applied
to the ALU ({lgyg), what function the ALU will
perform {igss), and what data is to be deposited in
the Q-register or the register stack (lgrglh

A shift line at the MSB of the Q register (QzRQO/LI)
and the register stack (RAM3RO/LI). Electrically
these lines are three-state outputs connected to TTL
inputs internal to the Am2901. Wher 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 QyRQ/L! pin and
the MS8 of the ALU output is available on the
RAMJRO/L] pin. Otherwise, the three-state outputs
are OFF {high-impedancea) and the pins are electricaily
LS-TTL inputs, When the destination code cails
for a down (left) shift, the pins are used as the data
inputs to the MSB of the Q register {octal 4} and
RAM (octai 4 or 5},

Shift lines like RO/LE, but at the LSB of the Q-register
and RAM. These pins are tied to the RQO/LI pin of
the adjacent device to transfer data between devices
for left 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 clata sources for
entering data into the Am2801. Dj is the LS8.

Cn
Card

cP
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The four data outputs of the Am2901. These are
thrae-state ouiput tines., When 2nabled, they display
aither the four outputs of the ALU or the data an the
A.port of the register stack, as determined by the
destination code lg7g.

Qutput Enable. When OE 1s 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-lookansad. See Figure 8 for the
logic equatians.

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

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

The carry-in to the Am2801°s ALU.

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

The ciock to the Am2901. The Q register and register
stack outputs change on the clock LOW-to-HIGH
transition. The clock LOW time & internaily the
write enabie 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
ctosed, storing the data previousiy on the RAM
outputs. This altows synchronous master-slave opera-
tion of the register stack.
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MAXIMUM RATINGS (Above which the usaful lifs may bs impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient} Under Bias

~55°C to #125°C

Supply Voitage to Ground Potential

-~0.5 Vto+6.3V

DC Voltage Applied to Quiputs for HIGH Qutput State

—0.5 V to +Vep max.

OC Input Voitage

~-0.5Vio+55V

OC Output Current, into Outputs

30 mA

0C input Current

~30 mA to +5.0 mA

OPERATING RANGE

P/N

Ambiant Temperature

Ve

{"amzs01PC, OC |

4°C to +70°C

[ 475V 105.25V |

{Am23010M, FM |

-85°C to +125°C

[T4s0voss0v |

STANDAFRD SCREENING
(Conforms to MIL-STD-883 for Class C Parts)
MILSTD-383 Lavel
Step Method Condliions Am2901PC, DC | Am29010M, FM
Pre-Seai Viwal Inspection 2010 8 100% 100%
24-hour
Subilization Bake 1008 C igo’c 100% 100%
Temperature Cycle 1010 c ~65°C to +150°C 100% 100%
10 cycies

Centrifuge 2001 B 10,000G 100% * 100%
Fire Laak 1014 A 5x10-3 atm-ec/emd 100% * 100%
Grous Leak 1014 C2 Fluorocarbon 100% * 100%
Electrical Test #

Subgrovos 1and 7 1 5004 E:Itm?:u :: WbGFoUDS 100% 100%
insert Additional Screening hers for Class 8 Parts
Group A Samole Tests

Subgroup 1 LTPO =S LTPO «5

Subgroup 2 LTPD =7 LTPO =7

Sutgroup 3 Zew batow for LTPO =7 LTPO =7

Sutgroup 7 5005 cefinitions of rbgrouds LTPO =7 LTPO = 7

Subgroup 8 LTPO =7 LTPD =7

Sutgroup 3 LTPO =7 LTPO =7

*Not appiicable for AMm2901PC

ADDITIONAL SCREENING FOR CLASS B PARTS

MIL-STD-883 Level
Condti
Stem Method Am29010MB, FMB
128°C
Burn-in 1018 [s) 160 Howrs min. 100%
Electricai Test 5004
Subgroup } 100%
Sutgroup 2 100%
Subgroup 3 100%
Subgrouo 7 100%
Subgroup 100%
Return to Group A Tasts in Standard Screening

ORDERING INFORMATION GROUP A SUBGROUPS
{as defined in MIL-STD-883, method 5005)
Package Temperaturs Order s"w;w“ Po'c"mm :;:'::'mw'
Tvpe Range Number 2 [»1+] Maximum rited tempdrature
Molded DIP 0°C 10 +70°C AM2901PC ; O o | pesenum rated tamsratuce
Hermetic O1P 0°C 10 +70°C, AM29010¢ 4 ponehe oy . »
Hermetic OIP ~55°Cto+125°C  AM2901DM unction U g mimmum st
Hormetic FlatPack  ~55°Cto +125°C  AM2901EM s St e o
Dica 0°Cto +70°C AM2901XC 0 e Rated Temepe
11 Switching Minimum Rated Temperature
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unfess Otherwise Noted)
{Group A, Subgroups 1, 2 and 3)

Typ.
P ] ipti Test Conditions (Now 1) Min, (Note 2} Max. Units
1oH = =1.6mA
OH 8m 24
Yo, Y1.Y2, Y3
IoH * =1.0mA, Casg 24
Ve = MIN. ioH » —800uA, OVR, F 2.4
A{ Qutput HIGH Volt Voits
o o olire VIR VMO VIL [T T o00uA, Fa 24
10K = ~600uA 24
Al ROQ/LE, LO/RI 3
Iom = ~1.6ma, & 2.4
i Oumput Laaksge Current Vee = MIN, Yoy « 5.5V 250 A
CEX for £ = 0 Output VIN = Viy or Vit
toL = 16mA
Yo, ¥1. Y2 Y3 08
Ve = MIN,, i « 10ma, C, L Fw0 0.5
Vou Quiput LOW Voltage «c g ot el Voits
VIN = Vi or Vi, igL * 8.0mA, QVR, ? 0.8
oL » 6.0mA, Fy 0s
Al RO/LE, LO/RE :
Guacantaed input logianl HIGH
Vi Ingut HIGH Levet vortage for il inputs 2.0 Yolts
viL Inout LOW Lavel Guarsatesd input logicai LOW [ “Mititary 0.7 Voits
vo:tage {or sif inputs I Commarciat 0.8
vy Input Clamo Voltage Ve = MIN, iy = —=18mA ~-1.5 Vain
I cloex, B -0.38
Ag. Ay, A, Ay ~0.36
3¢, 8y, 87, 8y ~0.38
1 - 00. 04,072, 0 ~0.72
L Input LOW Current Vi = MAX, 072 73 mA
{Note 3) Vin = 0.5V o, 11,12, 16, ig ~0.38
13, la, !5, 17 ~0.72
A LO/RI, RQ/LitNGte 4y ~0.8
Cn -38
Cloek, OF 20
Ag, A1, Az, A3 20
8g. By, 87, By 20
1 Oq, 91, 02, O 40
(:1" 2 Inout HiGH Current Viag = MAX. A Tl A
VNtV 10 11,12, 160 18 20
19, i4. 8, 17 <0
At LO/RY, RO/LI (Note 4 100
Ca 2
A input HIGH Current Vog = MAX,, ViN « 5.5V 1.0 mA
Yo, Y1, Vg 24V 50
Y. Y3 Vg 0.5V 50
QM Stste (High impedencel - Vg * 2.4V
i Vg « MAX, 1c0 4A
oz Qutpus Current o All LO/RE (Note §}
RO/LI Vg - 05V a0
Note 5)
Yo.Y1,Y2,¥3,8 -8.0 40
Crrd ~5.0 -40
Isc ?un.w( Short Clreuit Current GvA. B Yy 0 “A
Note 4)
Fq -6.0 -40
All RO/LL LO/RE -8.0 .40
Military 185 280
§ P v . mA
cC ower Supply Currant cg * MAX Tommercrat "85 =0

Notas: 1. Fae condltions shown as MIN ar MAX, use 1he sporoariste vaius soecifind under £lectrical Charecteristics fof the sonlicabie Cevics typs,
2. Tvpical limits are at Vo = 3,0V, 25°C smbisent snd maximum foading
3. Not mara than one QUTDUT 3NCUID De sRorted at a time. Duretion of the dhart circuit teat shouid Aot ¥xceed Gne secand,
4, LO/RI and RO/LI are (hrewstate Outputs intarnally connectsd 10 TTL inouts input charecteristics are Measured with tg7g In & atate such
that the threesiste output is OFF,

Copyright @ 1976 Advanced Micro Devices, Inc.
Reproduced with permission of copyright owner.
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GUARANTEED OPERATING CONDITIONS

Tabtes 1, 11, and 11 below define the timing requirements of
the Am2901 in a system. The Am2901 is quaranteed to
function-correctly ovar the operating range when used within

TABLE !

CYCLE TIME AND CLOCK CHARACTERISTICS

the delay and set-up tima constraints of these tables for the TIME Am28010C | Am2301DM
appropriate device type. The tables are divided into three Mini a Modify-Wri
types of parameters; clock characteristics, combinational delays inimum Read-Modify-Write
. . . Cycle {time from selection
from inputs to outputs, and set-up and hold time requirements. of A, 8 registars tc end of 105 ns 120 ns
The fatter table dafines the time prior to the end of the cycle cvcle')
{i.e., clock LOW-to-HIGH transition) that each input must be -
stable to guarantae that the corract data is written into one of Maxnmum Cioclk Frequency to
the internal ragistars, Shift Q Register {50% duty 9.5 MHz 8.3 MHz
cle
The performance of the Am2801 within the limits of these cycte)
tables is guaranteed by the testing defined as “Group A, Minimum Clock LOW Time 30 ns 30 ns
Subgroup 9 Electricat Testing. For a copy of the tests and Minimum Clock HIGH Time 30 ns 30 ns
limits used for subgroup 9, contact Advanced Micro Oevices’ " P
Product Marketing. Minimum Clock Period 105 ns 120 ns
TABLE It
MAXIMUM COMBINATIONAL PROPAGATION DELAYS (all in ns, C|_ < 15pF)
Am28010C ! AmM2901DM
To Fa0 RO, LO Fu RO, LO
From Output Y F3 {Cnwa|G. P Ry *|OVR Y F3 | Cawd 6.7 Ry =|{ OVR
Input 470 Ram| Q 470 RAMI Q
Clock 4 115 85 | 100} 100|110} 95 | 105! 60 | 125 | 95 | 110} 110 {120 ] 105 { 115 85
A B 110 | 8% 80 | 80 | 110 75 {110 - 120 95 | 90 | 90 | 120 85 | 120§ -~
0 100 | 70 70 | 70 {100 | 60 | 60 - 11018 1 75 75 {110} 65 | 65 =
Cn 55 | 35 | 30| - | 0|40 {55 | - | 60 {40 ) 30} ~ | 55 45 | 60 | -
1012 85 | 65 65 | 65} 80 | 65 | 80 - 90 | 70 70 70 | 85 1 70 | 85 -
1345 70 | 35 60 | 80 { 70 | 60 | 85 - 7 80 | 65 85 75 | 65 | 70 -
'678 56 | - - =1 -]~ |4 ia5 60! -1 - | = | = ~ | 50 | 50
OE Enable/Disable [40/25] - ~ = - - = -~ 140/25) - - -~ e ~ - -
A bypassing — - - - - - - - - - - - - -
ALY (1 = 2xx) &0 85

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

Set-up and hold times are defined refative to the clock LOW-to-
HIGH edge. Inputs must be steady at all times from the set-up

ume grior to tha clock untii the hold time after the clock. The
set-up umaes allow sufficient tme to perform the correct
operation on ihe correct data 5o that the correct ALU dara
can be written into one of the registers.

TABLE 1
Set-Up and Hold Times (ail in ns) (Note 1}
Am29010C Am28010M
From Input Notes
Set-Up Time Hotd Time Set-Up Time Hold Time

A8 105 120

Source 2.3.4 towk + 30 0 towl » 30 0

8 Dest. 2,4 towl + 15 ] Towl * 15 0

0 100 Q 110 Q

Cn 55 0 50 0

‘012 85 0 50 0

348 70 0 75 0

'578 4 towl + 15 0 towk + 15 0

RI, LI {(RAM or Q} 30 0 30 0
Notes: 1. Ses Figure 11 and 12,

2.t the 8 acdrass ¢ uted M & I0UICS OOerand, «il0w 107 The A, 8 source’ 18t-uo UMe: if it 15 used onty 10¢ the destnation address, use the

“8 deat” setug time.
3. Where 1wo numbars are hown, BOth must be Mmet.

4. Tiguk” it (ne clock LOW ume.

Copyright © 1976 Advanced Micro Devices, Inc.
Reproduced with permission of copyright owner.
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Figure 11, Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable
Timas for Am2901 DC, in ns.

18B1T CPU CYCLE TiME

o I,

AT LEAST i AT LEAST

,.now s 20 u

A8.01

- »oooooooocmoooooooooooooc)

. TO TR
1y o o FROM 2000

cnoq H
feq ) AR AAAATAR AT I AAAZ T AR AAX AR TAX AKX ATIA NS
;3, . } :m All‘llll’l"bl’l’lllll’l Auu’uu’o A’A’A’A‘D’A’l !
.———-sa-——-—-——i i
M .“A.A.Al'l'b'h"'l'l’l’l"‘t’l’l.‘ L’A’A’A l‘lll’l’l’t‘b‘t’&‘l’l‘ e
” ;
e 4 ey
[Op—— VI TITRENTEY IO IO III VYT IRy YV LYYy —
el ’A.A.A.ALALl’t‘““nl’ﬂ’blt‘t’ltu A.A.A.A.A.A l.l ” —
}——")‘1( 3l
e XXX XXX XXX R0
b= seror
Notes: 1. This deiay it the max, Tod af the register containing A, 3, O, ang |, For the Am2918, use 13ne
2. 10ns for loGkahod carry. FOr (ipnie carry Over 16 Ditsuse 2 x {Cp — Cqegl, 07 60AL
3. This is the delay with the the 11l 0UTOULS and shift inOUts ON the AM2901e See

Figure 17. Normally aoplicable only far dounie langth e circuiaer shifts
4. Not appticable tor (0gic coerations,

Figura 12, Switching Waveforms for 16-8it System Assuming A, B, D and | are ail Driven from
Registers with the same Propagation Deiay, Clocked by the Am2901 Clack.

Copyright © 1976 Advanced Micro Devices, Inc.
Reproduced with permission of copyright owner.
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APPENDIX C
DATA FOR AM 2914 INTERRUPT CONTROLLER

Taken from "AM2900 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 74S482 sequencer from
Texas Instruments, Inc. More details will be found in ""The TTL Data Book” issued
by the same company.
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E-15

[NBt 32-bit floating NB!|

CALCULATION

9 A t—eft]

ACCRESS » a1 = RORY]

T 0BR-=R2

mv”m, .* :,..,, i ‘ -
J RS Q/2eRSQ
LRS,QOZ-»R!,Q

Ri=eq, TT~eGPR
PR \are a3
PR Anz-eas
TRNAA w=ry
100> GPR
GPR\/SeRY -
PR/ Rawerd -

RSe A3eC-on3

R3ARI-=D8
i Q-eQ, bit ¢=saPR
poor]

GFR e R~
R3,Q/2-=R% Q :

C-Q-i=-aQ,C
R~ AS e aQ

Qeiveq.C

o QoA

Q== 0, 100=—eGrr @

- B
SN\ —eny -
bit 1§=nGPR pof

‘RT~eGOR

Goma, 100000 —~~GPR
PR RGeS
J=0

Q.D O2-=0
Rt-LC =Q
LA T ¢
S-=lC
LERY

A, Qodwen, Q

=il

bt RS
AQ%2-=4,Q
a0
RI-(C-=q

P gl

o-=a

A, 0/2—~A0
Q Lmail

| x%{i
ch =
| | 3%
T L4,
R PR
ooyl 8
Mo l2
53 <3
o w, :g
3lglaz
9T |=g
:Jg '3~
S
!..:{“‘)
i
(293 | smpuea
RE\/ h—ea
@lmm

) R2v2-R2
it § GPR

TRN\A-A

R§~R2->Q
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E-16

NS 325t Hoating NBI|

Q M-Rl
|

GPR-eR7
OBR-=A2
Rie}-~eRI~eRORQ
STS~=R10

1o GPR, T1-= R4

GPR-=RT

Dovs

Aaydss vared S

Naghoced by

0BR—= A2
Rie == RY == RORQ
5TS ~=R10 !
R2~= RS
TI==GPR
GPRA\A-=Q
OBR —= RS

AQnQ

Compired

N-100p Flow chort 15

32-bit FMU, FOV

NORSK DATA A3
Osta, Nosway

-

4
& 0==A

Q==Q, RI~eGPR

Bit [Tw RS
RS\/RE~=RS
bit 18 ~e RS
as\o~st08
Rl~s GPR
RSFA-=q
RsAa-=iDs
Bt 6 ~=R1

WA -3
L g - r3=a
AdfRZ - A2
XA B:)
m'nVc-a

40000% Q-=RS

R3-= (08
bit 6= RY
R2AR1-=(08
AYR2~er2

RSYRE~=RE

H
¢ 16 |r1Arz—~108

RANA ~h

Q==R3, Tl
Qe 0/ Qe J==q,C
(RIsde C/R3eQ, O} /2~ Q
GPR/2=e PR
R4{—-=GPR
5ol C
Qe+ 0/Qe0==q.C
(RYe holf R30Q,Q)/2~=R2 Q
GPR 2~ GPR
Qs 0f Qe 0-=qQ G
R3cAsC/R3Is0—eR?

R2ARL~eRE &
i a1
e e L g PV Rep
RI\/R&~=R4 10~eQ
RI\/ A=ed RIO\/Q-=R10
a-sq ST 4 r1-GPR
———T——R—y

bit Fem R 4 .

bit 6 —=R1
! 100 ~=R1
\ oPRARL—RL
I TAVERA
RIV RL—wRL, Seail
RiIVA~eaA
0 —= Q, 0~=GPR

| e M 5it T RY
Q= RS=eq
(A=R&=1], Q82 —w A, C, M
Q2 RS +GPR bit Q=—=Q
(AT RL), Qa2—=A, QM
GPR~eR1

7. e

Q t RS«GPR bit Q==Q
(A2RL), Qe2—~eA,0,M

r3\RL =108 —
REAQ~»R2
LB TN
R2/A\RS~=(0B
A-s{D8
. AVQwe A
A, Q/2-=a0 Qeed el ?\gémm.
R7->GPR, Q~=0 RIN\A==A o
RE\/A—e A R&=Ri-eQ .
0=e0, T=—=GPR
R7~= GPR
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APPENDIX F

MAIN MEMORY/WCS CORRESPONDENCE

MAIN MEMORY (PHYSICAL) WRITEABLE CONTROL STORE
15 9 63 48 47 32 31 16 18 0
00000 . 0000 ; } } .
%002 | | | "
L | ! | o 2K
& — l } | L M
—_— | -
36000  |C00 ‘ { | T
36001 |CO1 3777 ' . 3
36002  |C02 4000 co3 | co2 1 col | Co0
36003  |CO3 4001 c13 | C12 | i1 | cio
36004  |C10 4002 i | i c20 W
36008 {C11 4003 | { | C 16K
36006  |C12 4004 l l | S
36007 c13 | | |
36010  lc20 L [ : ll L
| i /]’
B - 4376 1 l {
= = 4377 c3773 | c3772 I cazrn | ocarro |
37774 {C3770 ‘ ‘ ! |
37775 |C3TT1
37776  {C3772
37777 |C3773
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NORSK DATA A.S

e
ee
:: P.O. Box 4, Lindeberg gard
® Osio 10, Norway

000080000
0600606000
08000000
00080000
000600006060
000080000
00000000
0000060600

COMMENT AND EVALUATION SHEET

NORD-100 Microprogramming Description ND-O_G.O18.01
January 1980

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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— we make bits for the future
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