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PREFACE 

The Loveland lns1ru111c11t Division Nano Processor is a control orien1cd device designed 
for instrument applications. The Nano Pmcessor is not ari1hme1ic oriented. The motiva
tion for such a design was three fold. First. it was felt that ASM designs were too limiting; 
second , "off-the·shelr' microprocessors had too many "real lime" limitations; and 
finally. there was a need for a common building block among LID designs. Thus the two 
major objectives for the Nano Processor were the design of a general purpose LSl device 
optimized for instrument control and to provide a software method of implementing 
complex control algorithms. 

Some of the key features of the Nano Processor are an internal data base of sixteen 
8-bit registers, seven direct control 1/0 lines, fixed time high speed instructions, high 
speed vectored interrupt, and bit oriented control instructions. The Nano Processor can 
operate at speeds up to 500 nanoseconds per any of its 4~ instructions, while dissipating 
less than one watt from a ceramic 40 pin package. The factory cost of this device is less 
than $20 or less than $27 with an ALU. 
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I. INTRODUCTION. 

The ·hp- Nano Processor (NP) is a single dtip, N~hannel MOS. 8 bit parallel, control 
oriented central processing uni t des1g:ncd by the Loveland Instrumen t Divisiun for 
internal control and interfacing of instrwni.•nts. 

The NP coupled with a program ROM forms the minimum nano processor control 
computer. The NP can directly address up to ::!0-lS 8-bit bytes of program mem0ry, and 

• with simple block switching tcdtniques. up to 51 ~ K of 8-bit bytes. 

All instructfons and data are transferred in and out of the NP with the bidirectionaJ 8-bit 
parallel data bus(~ through 07). 

111e NP allows data transfers with up to 15 input and 15 output ports addressed by a 
4-bit device select code and an 1/0 read/write control line. 

111e normal program may be interrupted by use of the interrupt request control Line. This 
interrupt is a fully vectored interrupt with 256 possible vectors. 

The NP can control external circuits and check their status through the use of the 7 direct 
control lines (DC~ through DC7). 

All inputs and outputs are TTL compatible. Each output will sink one standard power 
ITL load. Each input has an intern.al pull-up device. 

The NP instruction set numbers 42 including data transfers, bit manipulation, magnitude ~ · 
comparisons, jump, and jump to subroutine. 

II. HARDWARE STRUCTURE. 

The NP contains: 

A. One 8-Bit Accumulator (ACC) 

B. One Control Logic Unit (CLlJ) 

C. One I ·Bit Extend Register (E) 

D. Sixteen 8-Bit Storage Registers (Rl,I - RI 7) 

E. One 8-Bit Magnitude Comparator (CMP) 

F. Seven Bi direction Direct Control 1/0 Lines (DC9 - 6) 

G. One 11-Bit Program Counter (PC) 

H: One 11-Bit Subroutine Return Register (SRR) 

l. One ·1 J -Bit Jnterrupt Return Register (IRR) 
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Accumulator. 

Titc 8-bit accumulator may be loaded from or output to the 8-bit data bus. 

Control Logic Unit 

TI1c CLU is the heart of the NP. It provides the following functions: 

1. Test, set or clear any bit of the accumulator or the extend 1egister. 

2. Set or clear any of the command flip-flops. 

3. Test any of the flag inputs. 

4. Oear the accumulator. 

5. Increment or decrement the accumulator in binary. 

6 . Increment or decrement the accumulat'lr in decimal. 

(Nore: Two Binary Coded Decimal (BCD) digits are assumed and the output 
is rwo BCD digits and overflow/carry.) 

7. Complement accll!llulator (l's complement) 

Extend Register. 

The I-bit extend register is used to indicate overflow.(carry) from or underflow (borrow) 
to the accumulator, or it may be used as an internal flag. ·: · · 

Storage Registers. 

The sixteen 8-bit storage registers are for general data use. They may be recalled to the 
accumulator. '.fhey may be loaded from the accumulator or directly from the program 
ROM. Rf) may be used for comparisons and indexing. 

Magnitude Comparator. 

The magnitude comparator compares the 8 bits of the accumulator to the 8 bits of the 
R(J for greater than, less than or equal to. 

Direct Control 1/0 Lines. 

The direct control 1/0 lines are 7 lines (DC0 - DC6) that may be used for output with set 
and clear functions on their controlling flip-flops. The status of the output may be 
directly tested as inputs for feedback flags. 

Program Counter. 

The I 1-bit program counter provides direct addressing of the control program up to 2048 
bytes. 

Subroutine Stack Register. 

The 11-bit subroutine stack register provides for a single level of subroutining within the 
control program. 

Interrupt Stack Regi111r. 

The I I-bit interrupt stack register provides for a single level of interruption. 

-
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111. PROCESSOR TIMING. 

The NP is designed with a quasi static structure. 111e clock m.:iy be stopped i11 the luw 
sral<! with nu Joss of liita. 

The maximum clock rate is 4 MHz for the fast (A series) chips. All instructions are exe
cuted in two clock periods or 500 ns with this clock rate. 

To obtain a 500 ns cycle time the program ROM must have < 85 ns access from address 
to output and < 65 ns access from output enable to output. (A list of possible ROM's to 
be used with the NP is liated in Appendix A.) 
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IV. PROGRAM ADDRESSING. 

For ease of discussion the program address ( I I bits) will be looked at as a 3-bil page 
number (PA Jfi' - PA 8) and an 8-bi t page offset (PA 7 - PA~). 

In all instruc.:tion cxc.:ept jump and skip instructions, the program address is incremented. 
II is incrcmcnt e<.l onc.:c in one byte instructions an<.! twice in two byte instructions. 

In a JUMP (JMP) or JUMP TO SUBROUTINE (JSB) instruction, the page number from 
the first byte and the page offset from the second byte of the instruction are loaded into 
the program counter during the execute phase. 

In the JUMP INDIRECT INDEXED (JAi) and the JUMP INDir.ECT INDEXED TO 
SUBROUTINE (JAS) instructions, the page number is formed the same as an indexed 
register address (but only the bottom 3 bits are used) and the page offset is taken from 
the accumulator. 

CAUTIONS: 

These two instructions allow great addressing power but they also have great 
dangers. 

1. Due to the indexing structure, a JAi instruction executed with 
R,3 set will be executed as a JAS instruction. 

2. Due to the subroutine return address storage system, the byte 
after a JAS instruction will not be executed upon return from the 
subroutine. 

3. Remember that this is· an OR FUNCTION not an ARITHMETIC 
ADD. 

All branching in the NP is done with the skip instructions. The skip instruction causes 
rwo bytes of program to be skipped if the condition being tested is true. 

Example: 

..,,,. 

After the skip instruction 

Program 
Address 

N 

This instruction is executed -+ N + 1 

if Bit 3 is zero N + 2 
This instruction is executed -+ N + 3 
if Bit 3 is Set 

t • 

Instruction 

SBS 3 Skip if accumulator bit 
3 is set. 
JMP EXIT (Jump instructions 

require two bytes.) 

CBN 3 Clear accumulator bit 3 

. I 

. . . . 
, .. 8 . 
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V. THE NANO PROCESSOR INSTRUCTION SET. 

TI1c NP instruction set is divided into groups: 

I. Accumulator group 

2. Register transfer group 

J . Input/output group 

4. Comparator group 

5. Program control group 

Instruction Listing Format 

SBS 

Instruction 
Mnemonic 

N 

Operand(s) 

IVJjj1MRI 
~ 

Operation Operand 
Code Code 

Register Addressin~ 

The sixteen internal 8·bit registers may be directly addressed with LOAD (IDA), STORE 
(STA) and STORE ROM DATA (STR} instructions or indexed address may be used with 
LOAD INDEXED (LOI) and STORE lND

0

EXED (STI}. 

The effective indexed address is the "or" function of the bottom (10 .:..13 ) 4 bits of the 
instruction with the bottom 4 bits of R0(R~ - R~3). 

(o!J j 
. t'I L-

! 
I . . 

- r 

~mple: 
10 - 13 1001 
R~-R03 0101 

Effective Register J 101 

Address 

Note: This is an "or" function instead of an add, therefore, no ctUTJI takes place. 

··--· ·•-n.ioa 

• 0 Note: Since Rf! is used as the index, caution should be used so that R, is 
not the effective destination of a Store instTUction. ••• 
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V - A. ACCUMULATOR GROUP. 

SBS N 

SBZN 

SBNN 

CBNN 

INB 

IND 

DEB 

OED 

CLA 

CMA 

l.SA 

RSA 

SES 

SEZ 

LOR 

Skip oo accumulator bit #N Set I 11 

Skip on accumulator bit #N zero (9) 

Set accumulator bit #N 

Clear accumulator bit #N 

Increment accumulator as an a.bit binary number. 
The extend register is set if overflow occurs. 

Increment accumulator as two BCD code decimal 
numbers ( ) ( ). 
Carry between digits is automaticaUy handled. 
The extend register is set if overflow occurs. 

Decrement accumulator as an a.bit binary number. 
The extend register is set if underflow occurs. 

D.crement accumulator as two BCD coded decimal 
digits. 
Borrow between digits is automatically handled. 
The extend register is set if underflow occurs. 

Clear accumulator. 
Does not affect the ex bind regislw. 

Complement accumulator 
The accumulator is treated as an 8-bit binary number 
and one's complement is performed. 

Left shift accumulator 
1-bit shift with zero (9) fill. 
Does not affect extend regisw. 

Right shift Bea1mulator 
l · bit shift with zero 111 fill. 
Does not affect extend regis19r. 

Skip 0n exund rigists Zero ft). 

ROMDma. 
Load aa:umulator with ROM dim. 
(ROM c8bt is the second byte of this instruction) 

0 0 0 1 0 N 

0 0 1 1 0 N 

0 0 0 0 N 

10100 N 

0 0, 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 • 
00000001 • 
00000011 

00000100 

0 0 0 0 0 1 0 1 

0 0 0 0 0 1 1 1 

0 0 0 0 0 1 1 0 

0 0 0 1 1 1 1 1 

00111111 

1 1 0 0 1 1 1 1 

r 
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V - B. REGISTER TRANSFER GROUP. 

LOA A 

STA A 

LDIZ 

STI Z 

STA A, 

/ -..... 

Load accumulator with data from register #R. 

Store accumulator at register #R. 

Load accumulator with data from register addressed 
by IZ)v(R01. !See description of indexing.) 

Store accumulator at register addressed by (z) v (Rt). 

ROM Data. 
Store ROM data at register #R. 
ROM data is the second byte of this instruction. 

V - C. EXTEND REGISTER GROUP. 

STE 

Set extend r:egister. 

CLE 

Clear ext.end register. 

V - D. INTERRUPT GROUP. 

OSI 

Disable the interrupt. 

ENI 

Enable the interrupt • 

0 1 1 0 R 

0 1 1 1 R 

1 1 1 0 z 

1 1 1 1 z 

1 0 1 R 
ROM Data 

1 0 1 1 0 1 0 0 

10110101 

10101111 

00101111 

' . 
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V - E. COMPARATOR GROUP. 

AJI comparisons ar~ m;nk based on R(J and 1hc accumulator containing 8-bil unsigned 
binary numbers. 

SLT 

Skip on accumulator less than Rt. 

SEO 

Skip on accumulator equal to R0. 

SAZ 

Skip on accumulator equal ro zero Ull. 

SLE 

Skip on accumulator less than Of' equal to RI. 

SGE 

Skip on accumulator gJeater than Of equal to RI. 

SNE 

Skip on accumulator not equal to RI. 

SAN 

Skip on accumulator not equal to zero (II. 

SGT 

Skip on accumulator greater than RI. 

V - F. INPUT/OUTPUT GROUP. 

INADS 

Input data from device #OS to ;acc:umul1t0f'. 

OTA OS 

Output ac:cumulatOI' data to device :#os. 

OTR OS, ROM DATA 

ROM Data. 

STCK 

Cl.CK 

SFSJ 

SFZJ 

Output ROM data to device #OS 
ROM data is the second byte of this instruction. 

Set direct controJ. 
Blt#K 

Clear direct control. 
Bit #K 

Skip on direct control. 
Flag#J Set (11 . 

Skip on direct control flag #J zso (I). 

- I 

0 0 0 0 1 0 0 1 

0 0 0 0 1 0 1 0 

0 0 001011 

0 0 0 0 1 1 0 0 

00001101 

00001110 

00001111 

00001000 

0100 OS 

0101 OS 

1 0 0 OS 
ROM DATA. 

00101 K 

10101 K 

00011 J 

0 0 1 1 1 J 

. -~--:- i_ ; 
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RTI 

RTE 

NOP 

JAi 

JAS 

"1 

Return from interrupt. 
An unc:ondition.11 jump to the loc:1 tion stored in thu 
interrupt swck register is perlormed. 
The interrupt control bit is nut affected . 

Return from interrupt and enable interrupt. 
Same as RTI instruction except that the interrupt 
control bit is .'<'/ allowing future interrupt. 

NO Operation • 

Jump indirect !through accumulator) indexed. 
The page number is the indexed value (Z) v (Rf). 
The page offset is the accumulator. 
An uncondition jump to the address formed from the 
page number and page offset. 

Jump Indirect (through accumulator) Indexed to 
subroutine. 
Same as JAi with the addition that the location of the 
JAS instruction Plus 2 is stored in the subroutine stacJc 
register. 

CAUTIONS: 

1 0 0 1 0 0 0 0 

1 0 1 1 0 0 0 1 

01011111 

10010 z 

1 0 0 1 1 z 

11iese two instructions allow great addressing power but they also have great 
dangers. 

1. 

2. 

·'. •, t' Mi 

I ti . ' ::· . 

_ ._1 -.-
1 

Due to the indexing structure, a. JAi instruction executed with 
RP3 s~t will be executed as a JAS instruction. 

Due to rlze subroutine rerum address storage system, the byte 
after a JAS instruction will not be executPd upon return from the 
subroutine . 

, ... ,, .. 
~ : -=- - .....__ -- --

• . • .. 1c. __ _ _ _ . 
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V - G. PROGRAM CONTROL GROUP. 

JMP 

JSB 

RlS 

RSE 

ADDRESS 

The address is broken into two section page number 
and page offset. 
Tho first byte contains operation code and page 
number. 
The second byte contains the page offset. 
An unconditional jump to the address is performed. 

ADDRESS 

(See jump for address format) 
An unconditional jump to the· address Is performed 
and the address of the next ROM location after the 
page oHset is stored in the subroutine staek register. 
Note: Since the subroutine stack register is a s'nde 
level deep, subroutines cannot be nested. 

Return from subroutine. 
An unconditional jump to the location stored in the 
subroutine stack register is performed. 
The location of the RTS lnstructiorr Plus 2 is stored in 
the subroutine stack 11!gister, thus ~utine linkages 
may be performed. 

Return trom subroutine and enable interrupt. 
Same as RTS instruct:on except that the interrupt 
control bi t is set allowing future interrupt. 

VI • INTERFACING THE NANOPROCESSOR. 

The interface of the NP is divided into five sections: 

1. Program Access 

2. 1/0 Port 

3. Direct Control Lines 

4. Interrupt System 

S. Power Supplies and Clock 

l Program Access.: 
i 

1 0 0 0 0 
Page Offset 

1 0 0 0 1 
Page Offset 

Page Number 

PageNum• 

10111000 

10111001 

The NP accesses its program through the use of the 11 program address lines (PA~ - l~) 
and the program and gate line. 

When the program gate is high the program sow ce should supply the program data 
referenced by the program addrC:SS onto the data bus. 

... 
• • J. 

_ j_J 
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I PAO 

2 PAI 

3 PA2 

4 PA3 

PROGRAM 5 PA4 
ADDRESS 6 PA5 

LINES 
7 PA6 

8 PA7 

9 PAS 

10 PA9 · 

II PAIO 

{ 
12 053 

DEVICE 13 052 

• SELECT 14 OSI 
15 050 

1/0 READ/WRITE 16 R/W 

GROUND 17 GNO .... 

{ 
18 DO 

DATA BUS 19 DI 

20 02 

PIN 

VGG 40 

Voo 39 

VeG 38 

oco 37 

OCI 36 

OC2 35 

OC3 34 

OC4 33 

OC5 32 

OC6 31 

INT ENA 30 

INT REO 29 

INT ACK 28 
CLK 27 
PSG 26 

07 25 

06 24 

05 23 

04 22 
03 21 

OUT 

+9 o<> +12VOLT S* 
+5 VOLTS* 
- 2 TO -5 VOL TS 

DIRECT CONT ROL 
1/0 LINES 

} INTERRUPT LINES 

MAIN CLOCK INPUT 
PROGRAM GATE 

DATA BUS 

* ± 5°/o , <IW TOTAL 

~ 
I 

I 



1/0 Ports. 

Tl11.' NP ..:a11 ad<l1l!ss up tu !(, i11µu1 and 15 output data ports thruui:th the u~ o f its Jcvke 
sck ..:1 and 1/0 Rl•ad/Write lines. 

The external dcvkcs may be numbered VJ th m ugl1 17 in lh.: lal. OT/\ 17 is used as the NOP 
i11structiu11. 

Direct Control lines. 

The seven bidiiectional direct control lines may be used in one of four modes for each 
line. 

I . As a de static output line with set/clear program control. 

2. As an input flag (internal flip-flop must be set - this is the turn-on condition} 
with direct testing by the program. 

3. As a bidirectional control line. 

Example: 
TI1e NP puts DC Line 2 lo,w to signal an external device to start and the 
external device holds the line low until finished. Thus, the NP (after 
setting de lines again) can determine the end of the external devices 
cycle. 

4. As an internal program flag with set/clear and direct testing by the program. 

Interrupt System. 

The NP's interrupt system is controlled by three lines: Interrupt Request, Interrupt 
Acknowledge, and interrupt Enable. 

During the execute phase of every instruction (except an interrupt disable - clear control 
# 7) the status of the interrupt request line is checked. If that line is low, an interrupt 
phase will follow regardless of the state of the interrupt enable. The interrupt phase is 
indicated by the interrupt acknowledge line going high. Daisy chaining of the interrupt 
acknowledge line can be used for interrupt priority. 

During the interrupt phase the interrupt enable is automatically turned off; the vector 
address is input and the return address is stored in the interrupt stack register. 

The interrupt request line input is always active. The interrupt enable output may be used 
externally to gate this input if interrupt enable/disable capability is required. See Inter
rupt System Timing. 

Power Supply And Clock. 

Three !)<>Wer supplies are requited by tJ1e NP: + 12 or + 9 volts and + S volts for the main 
logic and - 2 to - S volts for backgate bias. 

The clock input is (as all inputs are) TTL compatible. That is, no external pullup resistors 
are normally required. (But see " Data Bus Application Hinis" fo r special cases.) It should 
be noted that to provide a fast clock edge, the intemaJ dock is pulled up with a current 
of approximately 3 mA. 

Power supplies must tum on as shown in Lhe Nano Processor Turn-On Valid Start-Up 
Sequence Diagram. 

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

• 
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Nano Processor Turn On 

Valid Startup Se quence 

v and VBG valid DD 
be fore VGG applied 

vGG rise time l ess 
than 1 microsecond-----' 

After VGG i s \ alid 
<t t ).r•:t.--. t C'~l•"' cl.u ..... : 

p t• l.. · · must occtir 
wi tldn 4 micro:::econd ::> ___ _..., 

Sample Circuit (Schematic) 

+9 or +121 VGG 
(pin 

All supplies are valid 

and clock is running 

MCLK n 
___ ____, i____ _ _ _ 

40) 



I 

• 

• 

• 

• 

• 

• 

• 

• 

AP~iENCIX 

A . 



• 

• 

• 



• 
I •. C. wi 11 -

be marked 

PROG. 
ACCESS 

DCI0----

05 & R/W~ 
DATA IN----1 

OAT~ OUT~ 
INTERRUPT 

acknow ledge 

AMBIENT 
TEMeERATURE 

NANOPROC CSS OR ~ rrC I FICATIO N S 

Revision Dat e 11/10/75 
/[\').rJC) 

· 4 o() T 
1820- 1692 NP-A -\i · 1820-169 t NP-8 

---- - MIN ___ (~ ·~g~12.l MAX _______ MTf:f ---- -f~~_9.n s ) MAX 
J. 

I 
s .s·---+9 VGG 11 +12 12.5 

I 
rU-

I GG ( mA )'2 30 40 20. 26 
I 

VGG 4 . 75 +5 5. 5 I 4.5 +5 5 .5 
I 0 0 ( mA) •3 110 90 

VBG -2 -3 I -5 -2 -3 -5 
Pd(mW) 80<l 1000 550 650 

IBG(,MA) 500 350 
CLK ON lOOns IQ() 'f\"i lii~ec. 135ns lµsec 
CLK OFF lOOns co 175ns co 

CLK 'I 250ns co 375ns co 

TPAl 25ns 25 ns 

TPA2 60ns 95ns 125ns 151''5 \4()'Y\S 180ns 

TPGH 15ns 20ns }91li~t,( \5"1\'3 '2.'l ns 45ns 
, Q • 

TPGL 5ns 15ns 2 5'TI s. I 5ns 30ns 

TI p a 35ns sons 

TAA 90ns 145ns 

TEA 35ns 60ns 

Toe 40ns 90 ns 150ns 40ns llOns 225 ns 

tOSl 85ns 120ns 

TDS2 
~' 

Jtfos I 85ns 30ns 120ns 

Tor 40ns 60ns 

Too 150ns '2t5ns 

Tov 40ns 50ns 

TI V \'\ 30ns 40 ns 

TI RR'" 30ns 40ns 

TIAH 115ns 160ns 

TIAL 100ns 140ns 

TVA 
q 95ns 155ns 

TVl 40ns 60ns 

TIE 250ns 375 n: 
-

Moving air 80°C 80°C 
St il 1 air 7 i;i·O C 70°C 



1. All outputs can sink l .6ma at 0.6 vol ts or less. 

2. Inputs have own pull-ups and may r equire up to 1 .6ma to be 
s i n k e d w h e n i n pu t 1 ow i s 0 . 4 v o 1 ts . S e e M C L K f o r a n e x c e p t i o n . 

3. MCL K may require up to 3.0ma to be sinked when l ow (0.4 volts) 
an d external ckt may have to provide a pull-up capability to 
5.0 volt s for high speed operat i on. 

4. Data bu s speed vs. capacita nce must be treated in accordance 
wil h data bus a pplicatio n hints . 

5. It is preferred that other outputs drive less than 20pF for 
max. speed; howeve r, 30pF is usu a11 y acceptab le . 

All input level s must equal or exceed 4. 0 volts bileve1 and 
< 0.4 volts low level s. 

7. Turn-on must be in accord a nce wi th "Turn-on Me thod s". 

8. TEA = CLK off - TIP - TPGH; TAA = CLKT - TIP - \PA2 . 

9. TVA= CLKT - TI AH - TVI. 

10 . . Ma x. pulse r.t . SO nsec . up to 4.0V ; Max. pulse f.t . l OO ns ec . 
down to a.av. 

11. Pulse ht. = SV; approx. rise & fall times lOn sec. ( t est) . 

12. At VGG = 12.0 volts . 

13. At VDD = 5.0 vo l ts . 

14 . Min. & max. ' del ay times from Inter rupt Req ue st Input till 
fetch phase of first instruction (vector has a lready bee n 
s e r v i c e d ) i s : m i n . = T I V + C t.K PW + C L KT and max . = T I V + 
CLK PW + 3 CLKT. 
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ROM-RAM SIMULATOR 

NOTE 

DUE TO THE COMPLETION OF THE NANO PROCESSOR 
PROJECT, LID WILL NO LONGER SUPPORT OR PROVIDE 

ADDIT IONAL INFORMATION ON THE ROM-RAM SIMULATOR 

AFTER JAN. I , I976. 



ROM - RAM SIMULATOR 

ROM - RAM Simulator is a block of memory that simu l ates 
a ROM. A block diagram of the ROM - RAM is provided,, 

As the block diagram indicates ROM -RAM can 

be addressed in three ways: 

l~ Through address swjtches 
2. By an HPIB connector and 
3. By a processor 
The contents of each memory location can be 
entered in two ways: 

1 . By the contents switches 
2. Through the HPIB Connector 

The following is a brief description of the 

above options. 

SWITCHES 

Set the I/O Selector on "SW". Set the address 
swithces to desired address location. The 

-designated location and the contents of that 
loca tion will be shown on the displays. If 
change of contents i s desired, se t the contents 
switches to the new contents and pres s the "WRITE" 

button. The new contents will be displayed on 

th e cont ents d i sp lay. 

• 

• 

• 
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PROCESSOR 

BUFFER 

CONTENTS OUT 

1024 x 8 
RANDOM ACCESS 

MEMORY 

THREE TO ONE 
SELECTOR 

ASCII 
CONNECTORS 

z 

CONTENTS 
DISPLAY 

TWO TO ONE 
SELECTOR 

ADDRESS 
DISPLAY 
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OUTPUT 

To outpu t the contents of the r:icmory to other dC'vices 
~l:ch ~s a processor , set t he 1/0 Sc lee tor on "OUT" 
Provide a 10 bit high true signal on the edge 
conn ec tors PAO through PA9 address lines. 

A high enable signal will c&use the ROM-RAM to output 
the contents of the addressed l ocation on the output 
bus. 

HPIB CONNECTOR 

ROM - RAN Simulator is HPIB compatable , that is: 
the address .and contents can be g iven to the 
ROM -RAM Simulator through the HPIB. Normal ly 
the listen address is set to "3", however ; this 
can be changed to " 2" by changing the jumper 

wire on the board . The ·f~ llowing is an example 
program fo; writing in the ROM - RAM Simulator 
from a 9830 calculator. 

10 CMD" ?U3" 

20 WRITE (13,30) A,~,C; 
30 Format 3B 

A i s the two most significant bits of the address . 

B is the eight least sjgnificant bits of the address. 

C is the contents . 

A, B, and C are the decimal equivalant of the binary code . 

. · 

• 



Example: 

Utilizing a 9830 calculator, the following program 

could be used to write individual codes on the 
ROM - RAM Simulator. 

10 DISP "ENTER ADDRESS"; 
20 INPUT I 
30 DISP "ENTER CONTENTS"; 
40 INPUT C 
SO A= BIAND (ROT (I,8),3) 
60 

70 

B ~ BIAND (I, 255) 

CMD "?U3" 
80 WRITE (13,90)A,B,C; 
90 FORMAT 3B 

100 GO TO 10 
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HO~!- RA~l S 1 ~ill J. ,.\ TPll CP~!PO~E~TS 

~----...----------------+------------

: ... 

1- S 

9-1' 

l ·l ,15 

16,17 

18 
19 

20 , 21 

22 

23-25 

26 ,27 

28 

29 

30 

31 

32 
33,34 
35 , 36 

37,38 

I/O SW 

ADD 
CONT . 
Wf<ITE 

Ce I 

C2-C1 

. 
R1 : 

R2 -R4t 

C1 

SW 

SW 
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7 4 17 5 HEX D, Ff 

7.i74 D-FF 
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.. 
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AN ARITHMETIC CAPABILITY FOR THE NANO PROCESSOR. 

lly using 4 or 5 1/0 pans and minimum extemaJ hardware, the capacity of the Nano 
Processor for data marnpulation and storage is greatly increased. Choose a RAM size 
(minimum one word) and an ALU capability to suit your needs. 

Let ADDR be the select code of the Address Storage Laich. 

DATA be the select code of the Data Storage. 

ALU be the select code of U1e Arithmetic Unit. 

FN be the select code of the Function Storage. 

and RAM be the WRITE ENABLE Line of the RAM. 

OTA ADDR *ADDRESSES RAM LOCATION A 

OTA DATA *Lets A be one argument of the Arilh/Logic Unit 

OTR FN, "+" *Selects function "+"for the ALU 

INA ALU *Puts the result in A 
*Maybe it also puts the result in DATA 

OTA RAM *Puts DATA in RAM Location (ADDR) 
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1. 

2 . 
3. 

4. 
5 . 

6. 
7 . 

Use one 

DATA 
BUS 

1/0 PART 
PULSE(L) 

TS 

quad tristate 

AIO 

latch for 16K memory. 
The new block may be set at any time. 
No need to disable interrupts. 
Al0 is used as the 11 current block" indicator. 
Subroutines may be ; n block H or current block. 
Return is to current block. 
Interrrups are to block H. Return is to current 
B 1 oc ks are 1024 words each. 

NANO PROCESSOR 

BLOCK SWITCHING (II) 

• 

• 

• 

• 

• 
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Al0 = 4> • 

• 
block. 
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THIS APPENDIX CONTAINS INFORMATION 
ON THE USE OF THE NANO PROCESSOR 
EDITOR, ASSE~IBLER. AND LOADER FOR 

··A 9830A CALCULATOR. ALSO THE 

ASSEMBLER AND LOADER FOR A 2100 DOS 
III SYSTEM FOR THE NANO PROCESSOR 
IS COVERED. TO OBTAIN THESE 
PROGRAMS SEE GENERAL INFORMATION 

IN APPENDIX E . 
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THE FOLLOWING IS A DOCUMENTATION OF THE 
NANO PROCESSOR SOFTWARE 

FOR FURTHER INFORMATION, RECOMMENDATIONS, OR 
IN CASE OF DIFFICULTY PLEASE CONTACT KAMRAN 
FIROOZ AT 

303-667-5000 ExT. 2873 

OcTOBER/ 1974 
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NANO PROCESSOR ED ITOR 
/\ NEW EDITOR FOR TllE 9830 CA LCU LATORS 

PURPOSE : To generate or edit a source program on the 
9830 calculators . 

ROM REQUIREMENTS : ADVANCE PROG. # 1127 9 B, 

STRING VARIABLE #11274B 

~!EMORY REQUIREMENTS: 8K 

OBJECTIVE: At the present time the programs stored on 

the cassette tapes of the 9830 calculators 
cannot be acces s ed by any program as a data 
file. In many applications it is quite 
desirable to be ab l e to edit a program in 

whatever programming language desired, and 
s tore the generated source program as a 
data file on the casset te tapes. These 

programs can then be ' called in " by an 
assembler or a s imilar processor t o be 
assembled. 

The primary objective of this editor is to 
generate source programs for the Nano Pro

cessor Assembler; however, the program is 

versatile enough so that it can produce sourc e 
program for other Micro Processor Assemblers 
as well. 

Kamran Firooz 
August 1974 
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) 

) 
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SYNTAX: 
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The ed itor operates in two separat e moJes 
" FILE EDIT" and "LINE EDIT". Th e fl LE EDIT" 

is used to ed it the enti re file ; 
the " LINE ED I T" is used to edit individual lines. 

Th e commands s hown on the lower portion of 
the "SPECIAL FUNCTION CARD" are executed during 

the "FILE EDIT" morle, and the commands s hown 

on the upper portion are executed durin J the 
"LINE EDIT" mode. All of the commands s hown 
on the card are i mmed iate l y executable. Th e 

shift key is not needed to execute any of the 

commands in either mode. 

A maximum of 140 lines can be edited on each 
file. The program will notify the user if 

thi s limit i s exceeded. The maximum length 

of each l i ne is 32 characters. Any character 
past thi s limit will be ignored. a "/" i s used 
to designate the phys ical end of a line. If 

"/" is not found in each line, the editor will 
insert a "/" in the 32nd character. For a 
more efficient use of line length, a ":" i s 

us ed as the "PSEUDO- END of LINE" character. 

This character will be recogn ized by the 
Nano Processor Assembler. 

CLA I 
TAG STA 12 / 

JMP FAST / 
is equivalent to : 

CLA :TAG STA 12 JMP FAST / 

• 

• 
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The physical file l ength is determined hy 

the " EOF" s tatement. If suc h a s tatement 

is not found, the file length i s taken as 
140 lines. 

The LOAD and STORE comnands require a cassette 

file length of at least 2240 words. 

After each command is entered, any negative 

number that is typed will cause the program to 
go back to the "FILE EDIT"mode without executing 
the requested command. 

) 

) 

) 
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INPUT: 

STORE: 

LOAD: 

DELETE: 

INSERT: 

XREF: 

-4-

LTST OF COMMANDS OF "FILE ED IT" MODE 

To genera te a new file or replace cer tain 

lines of a previously generated program. 
"EXIT" command will terminate the INPUT 
command. 

To store the generated source program in 
a desired file on cassette tapes. 

To load a previously stored program into 
the editor. 

To delete line no. N1 to N2 of the generated. 
program. 

To insert N lines after line Ni of the gener
ated program. 

To list a cross reference table of a character 
string. 

LIST: To list the entire program. 

LIST Ni : To list line no. N1 to the end of the program. 

LIST Ni,N 2 :To list line no. Ni to N2 of the program. 

LINE EDIT: To edit an individual line. 

HELP: To help the user with th~ different commands 
and their syntax. 

• 
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LISTP; LISTP N1 ; lISTP N1 , N2 : To perform the s ame 

function a s LIST; LIST N1 ; and LIST N1 , N2 , 

except that all the statements separated 

LABEL: 

CHANGE: 

by the "PSEUDO- END OF LINE" character (:) 
will be listed on seperate lines. 

To list all of the labels used throughout the 
source program. 

To change a character ~tring throughout the 
source program. 

NOTE 1: The line numbers are only generated 

during the print period; they are not 

stored with the program. 

NOTE 2: To delete or list a single line set 

N 1 = N2. 

NOTE 3: The total length of the file will be ~rinted 
after each LIST or LISTP command. 

NOTE 4: If as a result of an unacceptable command 

such as wrong file length an error occurs 

which stops the calculator, the program 

can be restarted without losing the 
current file by "CONT 100" . 

) 

) 

) 
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FORWARD: 

BACK: 

INSERT: 

DELETE: 

) 

t 

EXIT: 

NO EDIT: 

) 
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LIST OF COMMANDS OF ''LINE EDIT" MODE 

To move the visible pointer one c haracter 

space to the right each time it is pressed . 

To move the visible pointer one c haracter 

to the l eft each time it is pressed. 

To open up a character space immediately a..t 

the visible poin ter . 

To delete t he character space where the visible 

pointer is located. 

To store the edited ·line and edit the n~xt line. 

To store the edited line and edit the line immed

iatel y before the present line. 

To store th e edited line and 

to the "FILE EDIT" mode. 

To return to the "FILE ED IT" mode. All of the 

changes on the edited line will be ignored. 

return 
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NOTE S:To replace the s trings followed by the visible 

pointer, just enter the new string . 

NOTE 6: If line one is being edited and command "t" 

is executed the program will return to the 
"FILE EDIT" mode. 

NOTE 7:The visible pointer cannot pass the end of 

line character (/). 

The following example is provided in an attemt to famil 

iarize the user with some of the features of the Nano 
Processor Editor . All of the commands given by the user 

are underlined 

EXAMPLE: 

Load the editor program in the 9830 calculator and press 
RUN. EXECUTE. At the beginning of the execution t~e pro~ 

gram loads the special function keys from the file 

following the editor program. Then the calculator will 
display 

"FILE EDIT?" 

Press INPUT 

"STARTING LINE?" 

1 

"ENTER LINE 1 ?" 

) 

) 

) 
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Then t he f ollowing program is typed i n: 

i EX AMP LE PROGRAM/ 

'":'"I Hr:::;: Pf~:OGF:FiM l~:Errns Ji t·Wm:::. F: Ht·' 

... E:C D· A1·rn 1·: m~ 1·/EF.:TS IT TO BHL ,.. 

:3TART ! t4A n ::;0 *I NF'UT THE E:CD # / 

·:;HI F·5 :r ·:;TOF.'E THE # Itl R5 ... · 

5 TR 0 ~ ti :.:CLERF.: F.:O : LOOF' r_ri1:::i s .. · 

:.?; AH -:t:-:::1qp TF ACCt~O : .JMF· OUT .···· 

DED *DECREMENT IN BCD: STA 5/ 

1.DFI 1_1: lNE: * Hrc:F.:EMEIH HI BHL .. ' 

·=:T 11 (1: .JMP LOOP: OUT LDA U/ 

1)Tf1 11:::: 1 *OUTPUT THE 8 IN . # / 

.. · 

/ 

Jrff· STFll?T * F~ EAD AtWTHER ~~Ut·JE:EFV 

D ~0 UC T 0:R~ OCT 5 : END : EOF/ 

·' 
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. '-"· t: ,::JWIF Lt Pfr 1) GF."tifol ·· 
;: ··111r:_-; Pf·cc; i:;-:1-1H ~·EAD ·.:· R t~11Mt! l:F' II ~ 
:··: • L·( I.. Al·IJ; C O r~ '/l: F' T.-: J T I I.) r:: l t-1. ·" 

5 .. ·· ... 
.. ·· 

t .:;--A ~ -: · 1 J liA Ii ::.Ci :.:I l-lr'UT THL f-: 1 D # _... 
,7' (~; · 1 J~ 1<5 ~t :~; T C1F-: E THE t~ .1 t·! F: ~ .. · 
::: .Sr r.:· ,~, , o :i:-c-u:AF.' r.:: ~:i =Looi:· 1._fl1i . ;_ ... 
. ::, ·:: fl t I ·:>: ::: ~::· I I·:· ,( F r=r r_: c # rJ : ._I to'! F' ( I u.,.. " . 

a1 ·)EL1 ·:·DEc:.r.:1::.1·1E1n Hi l?.CD: ::nn 5 ,,.. 
J ~ I. .[11:·. , ~,: HIE: ~n l·lCF.: l:::}lftl'r l t~ n HL .' 
L~ :: rn !J " .Jl"1P L.UCIF': OIJT L.DFI o .. -" 
, ·~: ·:Tf! r1·:=: :r. :.;·l) UTF'UT TllC: CHI. H' 
1 ·:~ .l!'·I F :: ''flF.'T cr: F·E 1·=H1 1 1~ .. 11 ~1T HEF: l·Wl·IHLF:: · 
l '."j l'• ·,. 121 UC I o: F~:; ere r ~5 : El'HI: CCIF / 

"I OT FIL L: 1 It. ~WME:EJ ... · .::o t 5 



1 .-. 
.::.. .-. 
" 

4 
5 
t) 

7 
~ ·=· ._. 

·:.i 

H3 

j ] 

1 ···, .::_ 

1 ::: 
14 
15 
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To list the lines separated by 

LISTP 

. ._ r: '··: A>1FL E' F' l''OGRRM/ 
·.>c TH T ':: ;. PIJGF'.1:1 r-1 F.: E ft D::. Ii l· ~ U ME: ER It·~ / 
.. >c E:r·1 1. t=H·HI C(l l· l'·/E~: r::: TT TO l~ Hl. / 
)· 

~: T •=: 1
;: I Hffl w::o '='" T HF'U l THE E:C D it .··· 

': .. ·, t"5 -:t:·'.;. reif<:[ THE 41 r t ~ ~: 5.· ·· 

~ r ~ 0· 0 *CLEAR RB 
L..Ci(I~· L.Dti 5 . · 

S rthl -:. ::: ~:: IP I F fl CC H~J 
._IHP CI UT / 
DED :o~ DECPEMEtH H~ E:CD 
STFI 5 ,.... 
L DA 0 
~ HB * I NCRCMEIH It~ F.: H l •. · 
::n A ~:::1 
_IMP LOCIP 

OUT LDA tL· 
OTA DSl -O UTPUT THE BIN . f / 

... ·· 
.. ·· 

._IMF' :;:TAF.:T :o:.r~:Eflli mm rHCF. t·IUl"ff:ER / 
;_1 >~ •J('T 0 
f<5 OCT 5 

F.!·HI 
EOF/ 

TOTAL L : t-I E rWM8 Er::= l 5 

0 

II • II individually type: 
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Suppose i t is desired to output the binary equivalent 

number to some other devices hcsidcs device (DSJ ) . 
Th en press 

INSERT 

" INSERT AFTER LINE?" 

13 

"HOW MANY LINES BE INSERTED?" 

1 

" ENTER LINE 14 ? 11 

OTA 2/ 

"FILE EDIT?" 

Note that operand DSl used in line 13 is not defined . 

This definition could be achieved by inserting a new 
line or addition t o one of the exis ting lines . 

LINE ED IT 

"WHICH LINE?" 

14 

" OTA 2 /" 
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Pres s the "BACK" on Special Function Ke ys , the pointer will 
be pointing at; 

11 1)TA 2 I " 

Then type: 

DSl · ·OCT 1 / 

" OTA 2 :DSl OCT 1 I II 

Since no further changes are required press 

EXIT 

" FILE EDIT?" 
To observe the changes type; 

LISTP 10, 15 

1 :, n1~r:: .l * * * * ;+ :,;. -:..~•of • ._i~ ..j' .. ~ "' j • :.: •.. •• I .;i:. '1_ ~ ·~·•;I: ~I: :..: _,_ ·~t- ·I: ·;t :1;. .;.:. ·~:· ·:~· ·!:· * .'.f ~~ "'9; -J; t -:''' ";' ";i: ;I·•*• !( <I ,I, •f I !+- 1 ~- f j .. • I;. .;1: .. i;. ~=- ·t- :1 .. ·'. I • i ~ d I "' ..... 

11~1 ~'l I1 -· DLc 1~· t: 1 1u~ r x 1 ~ i:-:c11 
: ·1 ri r.:; 

l 1 l :-1A :~; 

-ii :.. ~ Hil r'HICl l j" 1 rl E: Ttl •. • 
l 2 :_. ~~ :~ t1 

. :t·lf-· 1_ 1:1 or· 
l)IJ f LDA 0 

i::: .o-:- n D::: 1 .... ou r Pu, rnE E: HL :U .. · 
1 ·~ OTft C: 

f1·~.1 t)CT l 
l._, lf•IF' STHP T ~ r: E1:1n Hl li.I THEF .. 11!..IHE:EF'·' 

TllTFIL L i t-IE' ~: 1 1 1·~ 1:: .:r·: 1 IS 

0 
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If no further ctanges are necessary and yo u wish to 
store the program on a cassette file press ; 

STORE 

" STORE THE PROGRAM ON FILE?" 

1 

After the program is stored on the tape, calculator 
wil l print ; 

r·POGF'I iM I· A·~- • ·:.~If ~I: fr t l Fl LE l 

" FILE EDIT?" 

Note that if a negative number was entered as the file number , 

the ed itor would ignore the STC ·:rn command and return to th e 
" FILE EDIT?" mo<le . 

To terminat e program press; 

END 
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EXIT LABEL XREF OiANGE 

BACK FORWARD DELETE 

) 

EXIT LABEL XREF CHANGE m&lit 

BACK FORWARD DELETE 

USER DEFINABLE KEY OVER LAYER 

) 

I• 
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NANO PROCESSOR ASSEMBLER 

SECT ION I 

USER GUIDE TO THE NANO PROCESSOR ASSEMBLER 

PURPOSE: To assemble a source program for the 
NANO PROCESSOR using a 9830 calculator. 

MEMORY REQUIREMENTS: 8K 

ROM REQUIREMENTS : Advanced programming #11279B. 
String Variables #112748, and Extended 
I/O #1127218 

SOFTWARE REQUIREMENTS : 

The Nanoprocessor EDITOR must be used to 
generat e the source files. 

-l-

Kamran Firooz 
August, 1974 

) 

) 

) 
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DESCRIPTION: The Nano Pro...:cs s or /\sscm hl cr is : 111 

absol ut e assemb l er desig ned to :isscmhl c ~. ou rce 

programs (genera ted by the Nano l'roc l's " o r l.d i t or) 
stored on cassette tapes anu to g1·11c r:itc cquiv;ilcnt 

obj ec t code files . A load er program can then 
be used to load these binary fi l es into :i 
ROM- RAM Simulator, or a PROM. The as s emhUng 

is performed in two passe s. Pass one s earc he s 
for user defined symbols, and pass two tr a ns l ates 

the mneumonic source pr ogram statements to their 

equivalent binary codes. 

The s e binary codes are stored in an array call ed 
object file . At the end of pass 2 the object 
file is s tored on the cassette tape . The fil e 

number where this array will he s tored is requ es t

ed at the beginning of the program. 

The assembler program i .:; written as a "conver 

sational" program: that is, the different options 
of the ass embler are asked at the beginning 

of the program. If the answer "Y" i s not 
encountered the option will be voided. The 

following is a brief description of these 
options. 

• 

• 

• 

• 

• 

• 

' J 
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OPTION I "SYMBOL TABLE" 

For this option tlhe calculator will ask: 

" PRINT THE SYMBOL TABLE?" 
If the reply is " Y" the symbol tabl e will be 

printed 

OPTION 2 "PROGRAM PRINTOUT" 

The second option provides a listing of the 

source program and its equivalent code. In 
regard to this option the calculator will ask; 
"PRINT THE PROGRAM?" 
If the answer i s "Y" each line of the assembled 

program will be printed du1 ing pass two . 

) 

) 

) 



) 

.) 
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PERMANENT SYMBO L TXBLc: 

Th e permanent symbo l tab l e i s an array cons istjng 

of all the op-cod es and thei r b i na r y equivalent ~ . 

Pe rmanent symbo l tab l e i s sto red on a fil e fo ll ow
ing the assembler fil e . At t he beg inning of execut 

io n th is fi l e i s loa<l ed into the ca lcul ator . 

USER DEFINED TABLE: 

User d ifined table is an array that ho l ds the 
numerical value or the address of the l abels . 

During the pass 1 all the labels are s tored i n 

this a rray . At the end of pass 1 th is array 

i s sorted in a lphabetical order. The alpha
betica l arrangement of the labels make it pos

sibl e to perform algorithmic searc h instead of 

a linear sear ch . Dur ing pass 2 everyt i me an 
alphabetical operand i s found, the a ssembler 

performs a logarithmic search into the user 
defined table to fi nd the va lue or the address 
of the operand. 

Maximum length of user defined tabl e is 140 
labels . Exceeding this limit would cause an 

error whic h s top s the program. 

r c; 
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OBJECT FI LE: 

Object file is an array that hold s t he hinary 
codes of the assembled source program. At the end 

of pass II this file is stored on a cassette Tape. 
A loader program can then be used to load the 
object file to a ROM- RAM Simulator, or a ROM. 

Object file is a 1024Xl array. Each location of 

this file will hold the object code for that 
location. For example; location 16 will hold 

the code that must be s tored on location 11 of 
Qt.\ 

the ROM. (Due to the fact that array s tart s from 

1 and not ~. All locations are decremented 
by one by the "LOADER") 

Since object file has only 1024 location, caution 
must be taken not to exceed location 1777 octal. 
For example; the code that mt.st be stored on 

location 2150 octal will be stored on location 150 
octal. (11' th bit is truncated). 

At the beginning of the assembling all of the 

locations of the object file are initialized 

to - \ During the assembling 

- I is over writte·n by other codes , however the 
locations not used will remain as -\ This feat-
ure is used by the loader for "PATCH ASSEMBLING". 

For further in::ormation refer to "NANO PROCESSOR 
LOADER". 

) 

) 

) 
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PROl;/\M SOURC E FI LES: 

Progam source files are ca ssette file s that contai n 
the source program . These file s arc generatc<l 
through the Nano Processor Edi tor. Up to lo f i I es 

can be assembled at one time. If more than one fjle 
is use<l, an EOF statement mu s t des jgnate the 
termination of each file. 

The maximum length of ea ch file is 140 lines, and 
Each line is 32 character spaces wide . 

A "/" is used to designate the end of line, 
For example: 

LOOP LDA REGS * LOAD ACC from RS / 

For more efficient use of the source files, another 
c haracter called the PSEUDO END OF LINE CHARACTER 
(":") is used to tell the assembler that the state
ment has terminated and that more statements follow 

on the same physical line 
For example:· 

CLA: LDA REGS :BACK STA Rl6 / 

This line will occupy only one phys ical line of 

the program source file: However, it will be 
accepted as three individual lines by the assembler. 

i.e. This one physical line as far as the assembler 

is concerned is equivalent to the followint lines: 

CLA I 
LDA REGS / 

BACK STA Rl6 / 

L I 
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GENERAL FORMAT: 

LABEL: 

Each line of the program consists of one or more 

separate fields. These fields are: Label, Opcod e , 
Operand, and Comments . For the convenience of 
the user these field s are separated by one or 

more blank spaces. The following is a brief 
description of each one of these fields . 

Label is a symbolic name that provides the ability 

to refer to the instruction or the value generated 
by the instruction, for example; i n the ins truc tion: 

START LDA REGl 7 / 

START is the label, and it hold s the address of 

the location where thi s instruction is stored on 
the ROM. 

But in the instruction: 

REG17 OCT 17 / 

REG17 is a label that hold s the numerical value 
assigned to it by the OCT instruction . 

The first letter of a label must be alphabetical, 
and the total length of the label cannot ~xceed 

6 characters. If the first c haracte r of an in
struction is blank the a ssembler assumes that there 

is no label present. Repeated labels cause the ass 
embler to print an error message. 

) 

) 

) 

2z. 
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OPCODE : 

Opcodes are mnemonic operation codes s tor ed in 

the permanent symbo l table that are recognized 
by the assembler and translated as machine in 

structions or Pseudo-instructions . 

MACHINE INSTRUCTIONS: 

Machine instructions are t hose instructions that 

the Nano Proc essor can execute to perform a 
specific task. The assembler translates thes e 

ins truc tions t o t heir binary codes. 

There are three types of machine instructions : 

Type 1: 

Single byte instructions that are self

defined and do not require an operand. 

.... '""' .. :-_ 

v 

-
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For example: 

Type 2: 

CLA * CLEAR ACC 
STE * Set extend regi ster 
RTS * Return from Subroutine 

ENI * Enable the Intrupt 
INB * Increment the ACC in Binary 

SLE * Skip if ACC c::. to register 0 

Single byte instructions that require 

an Operand . 

For example: 

Type 3: 

SBS 5 

CBN BIT4 
INA DSS 

* 
* 
* 

Skip if Bit S of the ACC is set 
Clear BIT4 of the ACC 

Input to ACC from Device S 

Double byte instructions that must 
be accompanied by an Operand -

For example: 

OTR 2,DATA * Output ROM Data to Device 2 
STR R:,FOUR * Store FOUR Into Register s 
JMP GOOD * Jump to Location GOOD 
JSB ADD * Jump to Subroutine ADD 

) 

) 

) 
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PSEUDO TNSTRUCTION: 
Pseudo inst ructions performs two type s of t us ks , 

Type 1: 

Type 2: 

OPERAND: 

They provi<le information to th e as ~cmbler 

about the prog ram hl•iag a ssemhle<l, s uch 
as ORG, EOF, END 

They allow the definition of con~tants , 

such as OCT, DEC, BCD. Obviously type 2 

of the Pseudo Instruction must be accom 
panied by a label and an Operand, since 

it is assigning the numerical value of 
the Operand to the label. 

Some instructions require the designation of 

an Operand. This Operand could be a destination 

address in a JUMP instruction or the numerical 

value of a label in an assign instruction. There 

are three types of Operands, they are: 

Type 1 - NUMERICAL VALUE: 

This type of Operand is used in a type 
two instruction code , or in a Constant 

Define Pseudo-instruction . 

(Type 2 Pseudo instruction). 

~\..L ~\)M'f..~\t... \J~\....\l~ 

~ ""\:> cc.:tt>.\.. t:~(;..C.~\ \~ 

P~"i:.\)t:>C \\..:)"'\ R.. 

~ RL \V..\<'c.~ 

~ <:.. t) Cl Q. \:)£:. c... . 

• 

• 

• 
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For example: 

LOA S 

SFZ 4 
REG14 OCT 14 

JMP 377 
LDR 20 

" LOAD ACC FROM REGISTER S 
* SKIP IF f-LAG 4 IS ZERO 
* ASSIGN VALUE or- 14 TO THT: 

LABEL REG14 
* JUMP TO LOCATION 377 
* LOAD ACC FROM ROM DATA 20 

This type cf Operand has to be numerical . If they are 
being used in a type two instruction they cannot 
exceed 7 or 17 (OCTAL), if they are being used in 
a constant instruction their octal value 
should not exceed 377. 
The following Operands are acceptable: 

CBN 5 * CLEAR BIT 5 OF ACC 
STA 16 * STORE ACC IN REGISTER 16 

AA OCT 167 * 
BB DEC 250 
cc BCD 89 

• 
However the following Operands will cause error messages . 

SBN 20 SET BIT 20 OF ACC 
(Accumulator has only 8 bits . ) 

SFS 14 SKIP IF FLAG 14 IS SET 
(There are only 8 flags.) 

DD OCT 19 (Unacceptable octal numbers.) 
EE DEC 340 (Exceed 377 octal. ) 
EE BCD 140 (Exceed 377 octal.) 

Type 2 - SYMBOLIC ADDRESS OR SYMBOLIC VALUE: 

This type of Operand is used in jump and 
jump to subroutine instructions or in a 
type two opcode instruction. 

) 

) 

) 
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JMP L00P 

JSB ADDING 

JBN BIT4 

LDA RIZ 
STA R6 

JAi INDI 

This type of Operand fo llows the same Syntax rules 

as the label, that i s; it must begin with ~n alpha
betical character and must be l ess than or equal to 

6 characters long. These Operand s must be defined 

somewhere in the p rogram as an address or a c0nstant . 

Type 3 - S'Yt.'BOLIC OR NUMERICAL VALUE 

For 

This type of Operand is a mixture of type 
1 and type 2 Operands, and it is used in 

type 3 instruc tions. 

example: 

STR R4,FORTY 

STR 4,FORTY 

STR R4,40 

STR 4,4 0 
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As th e above example indicate, this type of Oper and 

consi s t s of two separate field s. Either one of thcsC' 
field s are separateJ from eac h other hy a"," , an<l 
there s hould be no hlank space anywhere in the npcra n<l 

Fie ld. The sym holj 1.: portion of Operand follow!' thC' 
same ru l es as t ype one of the Operands . 

COMMENTS 

The comment field allose the user to transc ribe 

comments on the list output produced by the assembler. 

The comments field must hegin with an asterisk . 

This field could start at the beginning of a line 
such as: 

* THIS IS ONLY A COMMENT / 

or after a type one Opcode 

AGAIN CLE CLEAR EXTEND ~EGISTER / 

Ccmments are ignored during pass one. 

If an * occurs at the beginning of a line, the 

entire l i ne is assumed to be a ·comment. 

) 

) 

) 

] 
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OJH;: 

EOF: 

END: 

) 

OCT: 

DEC : 

) 
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ORG i s a Pseudo Opcod e t hat prov ides 

ab solute program origin or ~ t a r t in g 

address o f a segment of a progr am. 
The operand of the ORG must be an 

octal number. I f no ORG i s encoun t
ered the as s embl e r ass umes the starting 

address to be zero . 

An EOF statement notifies the assemhler 
that the physical end of file has reach

ed which causes the as sembler to load 

the next s ource f ile. 

Terminates the s ourc e language program. 

Note that ORG, EOF, and END are not 

executable s t a tement s ; therefore 
any jump or jump s ubroutine to these 

instruction~ would c au s e an error. 

OCT is a defining opcode that equates 
the numerical value of the operand to 

the label. Obvious ly the operand need s 

to be an octal number. 

DEC Pseudo Opc od e i s another de fining 
statement that converts the numerical value 

of the operand to octal and equates the 

converted numbe r t o the label. 

.,,. 

• 

• 

• 

• 

~ , 
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BCD is a pseudo opcode that conver t s 

the numer i ca l va lue of t he operand from 
BCD to octal equival ent . Each <ligit o f 

the operand is taken as a 4 bit BCD 
number . 

For exa mple in th e fo ll oh ing :s tatement : 
TAG BCD 38 

The as s embler s eparate s the number 
38 to 3 and 8 as 0011 1000. 

This number is then converted to octal 
00 111 000 (f'7~). Note that the operand 
cannot exceed two digi t s. 

) 

) 

) 
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SECTION II 

A BRIEF DESCRIPTION OF THE ASSEMBLER PROGRAM 

AND A FLOW CHART FOR BOTH PASSES 

THE PROGRAM: NANO PROCESSOR ASSEMBLER program is written 

in the 9830 BASIC language. The source f iles 

are s tored in an integer array and converted 
to s tring variable by the use of "TRANSFER" 

statement for assemb l ing. The program consis ts 
of two passes , in pass one the assembler searches 

for labels and checks the syntax of opcodes. 
Label s or the addresses associated with 

them are stored in an array called "USER DE FINED 

TABLE". At the end of the pass one, this file 

is sorted in alphabetical order . This arrange

ment make s it pos s ibl e to perform a l ogarithmic 
search for the labels rath er than a linear search. 

In pa ss 2 the assembl er convert s all of the 
statement s to t he ir equivalent binary codes , 

and stor es the converted codes in an array 
ca lled "OBJECT FILE". At the end of the 

assemb l ing, the " OBJECT FILE" will be stored 
on a cassette tape. 

The following pages include a s implified 

flowchar t of both passes. 

• 

• 

• 

• 
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EXAMPLES 

The following examples are given in an attempt to 
familiarize the user with the Nono Processor ASSEMBLER. 

EXAMPLE I 
The following program will add the contents of Register 5 
and Register 6 and store the result on Register 6 . 

Source program was generated by the "NANO PROCESSOR EDITOR", 
and stored on file t of a cassette tape. 

l NA NO PROCESSOR ASSEMBLER / 
~ EX PMPLE ONE 

i: rHID 1 HE COtHEtrr ·:: OF F.:EG. 5 / 
:,. ro THE COtnEt·ll ::; OF REG . 6 / 
~ AND STOPE THE RESULT IN REG . 6/ 
.,..; ..:- : *: *····· 
U il.IF' LDA R5 *LOAD ACC FROM R5 / 

DCD *DECREMENT IN DECIMAL/ 
SAN *SKIP IF ACC #0 / 
JMP OUT : STA R5/ 
I DA R6 *LORD ACC FROM R6 / 
HID *IMCREMEtH IN DECIMAL/ 
STA R6 *STORE RCC AT R6 / 
.IMP LOOP : OUT LDA R6/ 
[ ND: STA R6 *Rf. HAS THE F.:ESU L T,.. 

P5 OCT 5 *P5 IS OCTAL 5 / 
Rt OCT 6 : EMD, .. 

EOF/ 

PAGE 

1 (;iAL L [ME IUJMBf F::-= 1 ·.:. 

) 

) 

) 

) 
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Load the assembler into the 9830 and press RUN, FXECUTE. 
After the Permanent Symbol Table is l oaded i nto the Ca l culator, 
Calculator will display; 

P~ INT SY MBOL rABLE G 

y 

PRINT THE PROGRAM 0 

y 

·:. TCt RE 1·HE Cit:: .JEC:T FI LE C1 ~~F I LE t·~C1. ? 

3 

1 

FILE tlO . ? 

2 

At this point sorce program stored on file 2 is loaded and the 
following pages are printed on the printer. 

• 
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. ~) :t::3 i"MBOL TABLE ~ 
':· Yt·lBOL H Dflr.:E·::=; 1

• '·/ALLIE:. 

) 

. -- .. -· -.- .. 
LO OP 1.1 

OUT 1 --:· ·-· 
R5 C' .... 

• F':6 .; 

• 

• 

• ) 

) · ) 

.. 
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) 

-r:. 
7 
7 . .., 
i 

.-. 
·=· 
.-~ 

HJ 
1 1 
I J 
l 1 
L:: 
13 

..:: _, 
l ~ 
16 
16 
l? 
I ·~· j-' 

1~11M•J F~ucE:3::: ni-· n·::: .. [l·JL:L E F~ 
~ t::.:AMPLE OtH:. 

~ rilil1 1 rl l- c otlTEHT ·:: ur f.; Et.. . c., 

~ T 0 I HE ( mn l: I IT·:. Ci F f.:. E G • t ' 

* At~D ·::TOf.-.E THC RE·=:1_11. T It ~ F.' EG. 6 

* 
* ... 
... 

0 145 
1 l.:.112! :~: 
:.~ 1-11 i 
·: - 2 th71 
~ 131 3 
i: 
·-' ] ,- C" 

'=- ~-· 
6 146 ...,. 

( ll.£12 I 

0 l t:6 
; 1 i t10 
j -. 0CH3 c. 
i :_: l 4 6 
l 4 0 ~:1 :: . .- 166 i ·-· 

l .IJIJP 

OUT 

F.:5 
F·i::: 

LDA 
DEII 
·::At~ 
.JMP 

:~: TA 

LDA 
IND 
·:.TA 
._IMP 

LDR 
nrn 
STA 
OCT 
ocr 
Et·rn 

w=· ·-· 

OUT 

R5 
F:t: 

r;; .. -.. '=· 
LOOP 

F:6 

R6 
C" 

~· 6 

NUMBE~ OF CPRORS FOR PASS 2= 0 

} 

"1:'1.iJ A [1 t--I CC FF.:OM F' c.· 
... -· 

• TJt::CF' f: 1'1 [ 1 i I lH [IF( iMftL 
~ :=a. IF . lr AC:C tt f1 

'-LOH.ti ft(C FF.'.IJM F.:6 
*I MCf.'EMEllT lH DEC i l·IHL 
*STIJF'E ACC AT ~:6 

*R6 fHi ::: THE i;~ E:=·'-'L r 
*F:'.5 1 :::· Cl i' TAL C" 

·-' 

• 

• 

• 

• 

• 

• 
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EXAMPLE II 

The following program examines 2 Direct Control 
lines (DC~ -DC~ and based on their conditions displays 

a different message on an external display . 

The editor listing and the assembler listings 
are provided in the following pages. 

) 

) 

) 



"-, 

·~· 
I 

,·, 

... 
, t1 

! 1 
f - , . .:.. 

I• - , ':. ._1 

-. c: 
I-· • • 

. ):-.; 
.~ • i 

.-.. -. 

.::.·:.· 

:34 
.-.c:-
.:, •... J 

-:··=· ·-··-· 
4 f~ 
·l 1 
42 
43 
44 
45 
46 
47 
4& 
49 
50 
51 

J.·:· .:.. 
.-, 
~ 

54 
55 
56 

L: 1 ·.:f'LA' r F:OUT l I Ir : ·:t. : -+: : t- . 

.. ·p r:·1,o ~( L EAP H :.C.l "::: l f F.· 1 
;: ;:._, ,n ·.:TF' F'O . 0 + 1 l. EAF· ~:u 
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:·_. r t. FLAG (1 -:i:- :: .f:' 11-·' [f- DCt1 J ·:. .C f · 
IMP DJ :::PR +DI :::PLHY ME::;:-::: Ai~E:. A. 

·-. r· : l- LflG 1 ~ .. ::;:.~ IF' IF D1.: 1 I::: :::ET -· 
ll·lf-' LII SPI:: -<: flJ :~.F'LAY MESBAGE 8/ 

~. l·i l f rJ~ Af.: L E THr I l·ffEF.:RUPT / 
.Jt-lP F'EAD · E:OTH FLAG:3 AF.:E CLERF.: ... · 

~ i~PA STR R0,40 *REG0=40/ 
~ . 1JH F.: 1 *LOAD ACC FROM PO ItHEF.>' 
; Ll +SKIP IF ACC ~ 40/ 
~ ·rp 1~0 *CLEAR THE PONTER/ 
EN I : JMP F::EAD / 

~t SPB STR R0~40 * REG0=40 / 
LDA Rl *LOAD ACC FROM POINTER/ 
SGE *SKIP IF ACC >=40 / 
~ TR R1~ 40 *POINTER=40/ 
Et-II : .Jt1P F::EAD ,... 
D~G 377 *INTERRUPT ROUTINE / 
::·1 A F.::::· *~:TOPE THE ACC DUF.: I t~G .. ·· 

* THF INTEF.'.RUPT PERIOD:*/ 
1. ltA R 1 *LOAD ACG FROM PO ItHER ....
uTA DS0 *OUTPUT ACC TO ADDRESS/ 

+ LAT CH <DEV ICE SELECT 0):*;* / 
JAI 2 *JUMP INDIRE CT TO LDC. / 

* 010, AND 8 BITS OF Acc....-
8L OTR DS2·40 *OUTPUT BLANK / 

._IMP DISP/ 
A OTR ns2~101 *OUTPUT 'A' CODE / 

JMP DISP/ 
D OTR DS2,104 *OUTPUT 'D' CODE / 

_IMP DISP/ 
E OTR DS2,~05 *OUTPUT 'E~ CODE/ 

..JMP DISP/ 
I OTR DS2,111 t OUTPUT 'I' CODE ....

JMP DISP/ 
K OTR ns2,1 13 *OUTPUT K / 

. IMP DISP." 
L 0 T F.: 2 , 11 4 * 0 UT PUT L : JM P D I SP / 
t·I OTR 2 ,1 1.:. -tOUTPUT t-~: JMP DISP/ 
0 OTR 2,117 *OUTPUT Q: JMP DISP/ 
F· OTR 2, 120 *OUTPUT P: JMP DI ::;::p ,..
p OTR 2,122 -tOUTPUT R: JMP DISP/ 
::~ C1TF.: 2, 12:3 *(llJTF'IJT S : . Jt·1F· DI ~::F· . ...
··,. [ 1 TR 2 ~ 1 :3 1 * CHJ T F' LJ T \' : .J t•1 F' D I ~; F· ./ 
DJSP OTR ns1,40 *OUTPUT CODE / 
* FOR BLANK TO DEVICE 1: */ 

OTA DS3 *START THE DI SPLAY/ 
JNB/ . 
iNB *DOUPLE INCREMENT THE 

... POitHER: ± : *....-
·:;TA 1: LDH 2 *RELIJfrn 1 HE MCC:.-· 

* BY ITS VALUE BEFOF.'E THE _... 
* INTERRUPT OCCURED:*:*/ 
MIDD ' ENI *ENABLE THE INTERRUPT .-

PAGE 1 



• 

• 

•• 

• 

• 

• 

-25-

PAGE 2 
~** k *~**~*t~****~ ~ ****l******~** i ************~**~*·*~ i~ **~~ **~~ f, · ~*~*** 

' 57 
) C' ('. 

·-··=· 
c;•? 

62 -•') 
t:.·~· 

64 
tS5 
66 

6 '3 
?0 

~' 4 
75 
76 
7? 
I I 

?8 
79 
:::~J 

8 1 

~b~FORE RETURN : * : */ 
F' I' T +. RETURN FROM ItHEPRUF'T/ 

~·!:.:) ETA STF.' f\: 1 , 0 *F.:E:::E r POi tHE R.' 
. .!1·tP MI DD / 

F:ESETl:t ST~: R 1 • 40 * F.:ESET PO ItHER/ 
_IMP MIDD/ 
(tRG 1 000 *DI :::PLAY: * : * / 

~ DI SPLAY I S OK: *: i / 
ll'IP E:L. *DI SPLAY BLH~W-·· 
.11·1F' r1 i DI SPLA'r' D/ 
.JMP I *DI SPLAY I / 
JHP S *DI SPLAY S/ 
.. IMP P: JMP L: JMP A: -..IMP y _, .. 
JMP BL: JMP I: JMP s: JMP BL/ 
J MP Q: JMP K: JMP RESETA/ 
ORG 1040 *DI SPLAY: *: */ 

~ ERROR IN DI SPLAY:*:*/ 
.Jf'1P E: Jt·1P R: .JMP R/ 
..I MP O: ...IMP R: .JMP BL: JMP l / 
JMP N: JMP BL : JMP D: JMP l / 
J MP S: JMP P: JMP L: JMP R/ 
J MP Y: JMP RESETB/ 

RO OCT 0: R1 OCT t:R2 OCT 2/ 
ns0 OCT 0:DS1 OCT l / 
DS2 OCT 2:ns3 OCT 3/ 
FLAG0 OCT 0:FLAG1 OCT 1: END/ 

E(IF/ 

fOTAL LTNE NUMBER= 83 

) 

) 

) 

) 
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PR1..;E 

·- .... ·- --·· - - -- - - ·-- .... -- ---- - - -·- - - ---- .. - ·- ____ __ .., _ - - - - -- ·-

) · 
.. :-. .-1'1B11 '- r ,:, r-. 1 E ~ 
. I l·IE:OL H[i ll PE ·~· -. • ' .. 'fil.Ul: ·' • 
- ----- - -----

i"'t: rlfl 2 
!.t I '3PA 15 
[r 1 :::F'8 26 
f;L ·l1J :::: 
A 4(1? • 
D 41 '.3 
E 41 7 
I 4 ·:- ·:· ..:_._. 
~: 427 
l. 4 ·:1·:· ·-··-· 
H 4 · =·~ · .• 1 • 
0 443 
f' 44'? 
R 4c·-· ·. •.:..· 
:· 457 
I 46:3 
D1:7.: P 467 • 
1'1ID D 476 
F:·c:::ETA 5 (H) 

RE:?.:ETE:: 504 
R C1 0 
F.: 1 l 
F-:2 .-. .:. • 
!l ·~: (i 0 
l t ':· ! 1 
D!::;.· .-, 

.::. 
f1 :: .. :: :3 
FLAG0 0 
FLftGl 1 

't I 
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• 

• 

• 

• 

J 

) 

. 
' . 

I I 

' .. 

i -I 
. ~ 
J . , 

): 
.. 
I . 
; .. 

. ' 

'-.1 
.r· . ·' 
' . 

' .I 

• I . 

._ I 

.... . .. 

-"4 

."-:~. 

-. 

I 1 

l 1 
.. . 

.. :: 

, • I 

., -· ··-· 
. 1 
.• c. 

I ·~' 

-. 
'! 

·' 
" 

4 . ... 

·: _: 1 
kH)~1 

-:2 1_1 
ft00 
-·n lJ 
: ' lJU 

j.1.::· t. 

u:.r-
_:: (lt1 
iJl12 
·' .:· (1 

1)4tt 
I ·: ~ 1 
I] 1 1 
!~' t 

J C' ,I 

·-· _1 ,· 

:· DO 
~:,1 ( 1 z: 
::: :::: t1 
04(1 
141 
!) 1 !:: 
3.2 'j 
u-t 1:1 
05~-

.:f11) 
~ • 02 

J 6...: 

:=: Tl': 

~:EAD :3TR 

·:.. FS 
.JMP 

::;F:3 
-JMP 

ENI 
.Jl'1P 

STR 

LDA 
SLT 
STR 

EMI 
.JMP 

STR 

LDA 
·::GE 
!3TR 

ENI 
.JMP 

OF:G 
STA 

! : .~ ; I Hlf':~: IJF' T PE~: I OD 

! ·~·U 
., • : 1 

., I .A .I• ti 

.( '-' t" 
+ ~ji (1 _1 

·H:.13 
·W•1 
<HJ~• 
·l•)E, 

·! tl~' 
4 i. ~J 
.. t 1 1 
4 Vi. 
4 ! ·:; 
·ll 4 
415 

l~ l LDA 
1 ~0 OTA 

··UEVILL ~ELE C T 0) 

.::22 
f1HD :::: E! IT '.:; 01-" ACC 

:;:0 ~: 8L 
f14(1 
.:::01 
06~' 
:;: ~.1.:. . 

1 ~) l 
.:;.i:1 I 
067 
=: ~1 2 
104 
201 

lJ 

.JR I 

OTR 

.JMP 

OTI': 

.JMP 

OTR 

.JMP 
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f<' 1) 0 

Rtt, 0 

FL AGO 
DI SPA 

FLAG1 
DISPE: 

READ 

F.:O, 40 

F; 1 

1 d~1 

f':EAD 

R0,40 

1"1 

F:l,4(1 

READ 

,~:77 
R·:· . .:... 

Rl 
DSC1 

2 

DS2,40 

DI SP 

DS2 , H1l 

DI SP 

DS2, 104 

DI SP 

PAGE -· .:. 

~SK lr IF nc0 IS 3ET 
* 11 I :; t ·! .. i-tY ME :3:::. AGE t71 

-f:::: t(l P 1 F [IL_ 1 1 -~; :::E-1 
*DI SF'l.AY MfS~; f1 .~ E E: 

-o:-HfftBLI:: THE ItH t:PF'Uf'T 
*BOTH FLAGS ARE CLEAR 

*LOAD HCC FR OM POI NTFR 
*SKIP IF ACC < ~0 
+CLEAR TH~ PONTER 

* REGB=40 

*LORI1 ACC FROM FOHHCR 
~SK l P lF ACC >~40 
+PO ( t-n E~: =4~1 

* INTERRUPT ROUTINE 
~slOP.E THE ACC ill.IRING 

*LOAD ACC FROM PO I tlTEF: 
*OUTPUT ACC TO AD TIFE SS 

*JUMP INDIRECT TO LOC. 

*OUTPUT BLAHK 

*OUTPJT 'A' CO DE 

* OU I PUT 'D ' CODE 

) 

) 

) 
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)

-·4 

" 'T 
o': 

_ .. _I 

. c ··-· 
'6 

-: f. 

··=· ••_!I 

.-~ 

12 

, .-. ·-
)~ 

, 4 
-1 4 
44 
4 4 
4 ~.:. 
4:, 
4 ~; 

45 
46 
4b 
46 
'16 
47 

41. ' 
-4 2 1-! 

... .:::._ ._ 

425 
426 
42~ 
-i .-:13 

I· •• : j 

4 -~·~ 
4 -: ·::; 
4 ·::.:1 
4 _:;5 
· 1 .~! .:: 
·~~ ::7 

·H3 
44~i 

·t 5~.:-
· c 
···-· J.. 

4 c.-- -• . ... •..: 
..! 5.:: 
·i ~;q 

45:1 

4~t: 
~ &. :- • 

. r ·' 

~t 61 
..,. t_:.2 

.... ~4 
, ·- c 
-..t ..... ... . 

I - • ~ .... 

1_16~1 

:; (1 ~ 

J (1 ~i 
:.'. 01 - - ' t:)J::• I 

_.(1;,: 

J 1 1 
20 1 
~1 ,::;7 

·::(12 

I 1 -=: 
. ·~11 
067 
·::02 
j 14 
.:c11 
~367 
::: 02 
116 
::: ~J 1 
i~167 

·::02 
1 17 
2(11 
n67 

120 
.::: 1-H 
L=!67 
·.:: ~32 

1 -.. -. 
~· .· 
~~ 

?01 
067 
-:302 
123 
~01 
i:16? 
::: (1:2 
! ·~: 1 
.:: tl 1 

::::01 
4 ;:' J '?LJ ~ ! 4lj 

L 

0 

F' 

•y• 

DISP 

•t .:: .... Ff! ;~· j-:L.fl t·fr.. Tl I f!E'·:'I 1~:E 1 
4 .-;, ·-· .t: 
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Ul P D'.3 ~ , l (1 5 

JMF' fl 1 ':· p 

01 F~ n:::.:.: . 11 1 

IMP DI SP 

UTR r1s2, 1 1 ~: 

.JMP DISP 

OTR 2' 114 

_IMP D J::;p 

OTR 2 , 11 6 

JMP DI SP 

OTR 2' 11 7 

.JMP DI t:P 

OTR 2, 120 

JMP DI !3P 

OT~'. 2, 122 

.Jt1P DI :3p 

OTF~ 2 ' 12:3 

.._IMP DI :::p 

OT~: 2' J 31 

.Jt1P DISP 

OTR D81~4 13 

4 ~ 1 ! ::: .~: DTA DS:::: 
4 ,'::: fJ f1H 
~' ,··~. tHJO 

... F· (1 I II f I:: R 

IMB 
HIB 

'52 •:P. 

:.2 .. 
.... -. 
... •--· 
\ ' .. -· .:.• 

l ·-•-... • 
· · ~ ' ' 

·1-;'4 161 '3TA 
·I 7'5 l ·t :::: L LIA 

.,.. E:'1' 11 :. VHL.Ut. f~EFOf-:t r HE 
• lH I Gd·' l .IPT OC(URED 
+ .. 

1 .-. c_ 

~oun I.Ir 'l: . I. • •LIE 

+ Ol_I ff'IJI ' T' 1. Ull t. 

t. OU TF't1T f. 

*OUTPUT M 

*OUTPUT 0 

*OUTPUT P 

-iOUTF'UT R 

-tOUTPUT \' 

+. OUTPUT r:oriE 

* DO UP LE. J t-1C~'. H1EtH f' IE 

-r. F,:ELOAD THE ACC 



-bEF (,: ·t: F'.E:l UF:t-1 

,_ 
1.;. 

, I .I 

f.. .. ~· 
~ . . : 
( .. : 
f_, ·:-: 

.. 

-
·+-. 
'":~ 121 ~~ 
c-- ··· .• 

11;.l I 

~5 (("_ 

'; cc;: 
•"; 1'.1.:.i 

1:. 1 ;;1_ 
I ~ i' 

. ~:1 7·' 

~t~O 
~: 2 1 
0 (1(1 

..:: o 1 
n { 6 
-: -. -.:.. l 
~14(1 

.:(1 J 
!) Co 6 1 

t.·4 :111 ' .f-' l rf1 ' T ·::. CW 
6 4 
64 
65 
t:: s 
... . t •• 

r-.6 

.- .. .. 
1::1 { 

I, '} 

' .::... 

~ .- . 

i c.. ·r 

74 

- .,:1 ~~' ., 
_, 0i:_1· 

I ;~Ii : ·1 
I Ui::/ ) 
'. .)t_,; 
1 o~-::1 , 
I .~, } .) 

i ~n: 
i Di -. 
H IL 
1 i.:1 l •1 

I 0 J '"', 
l ~Hi~. 
ror· 
1 ~-::cc• 
1o ~:· j 
l 0 :::'. .2 
1 o .:~ . .:: 
l H:2 4 
1025 
10 ::: ·~· 
1D2? 
103 ~:::1 
1 ~J ::: 1 
HC .2 
1 (1 3 -.:: 
1 tC·~ 
1 en·:. 

10•1 [ : 
1 ~J41 

_ .. ~'?I I 
o~_n 

2 ~J 1 
..~11 :~: 

::0 1 
o:.:: ·~: 

."OJ. 

:-~ O 1 
ll .::i ;:' 
..~ o 1 

~·0 1 
~::Hf? 
201 
06<3 
2 01 
0(1J 
2~31 
~123 

2 01 
057 
:~ 01 
0(1:] 

201 
0 4 '3 
.::01 
027 
:-0 1 
l (1[1 

_'0 1 
017 

lllf!Ii 

RE ;:;E rA 

F.: E::;F.:Tf:: 
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PAGE 4 
-~- .. - - - - - -------------- ---------- - - - - -··- .... ____ _ 

ENI 

FHI 
:; 1 F.: F.: 1 ' (I 

_IMP MIIID 

::nR R 1 , 4(1 

.JMP Ml TID 

OF.:G 100€1 

._IMP BL 

.JMF' D 

.JMP I 

._IMP :3 

._IMP P 

.JMP L 

._IMP A 

.JMP 'l 

.JMP E: L 

.JMP I 

.JMP ~; 

.JMP BL 

._I MP 0 

.JMP K 

._lt'.P RE SETA 

O~:G 1040 

JMP E 

+EMAE:LE THE I t·I f'E~:R UF'T 

:t:f.:'.E1 UR ti r F:'OM I rn E ~: ~: U F T 
* F: E '.:. E T F' 0 I tH E F:'. 

:<:RESET PO I tHEF' 

* DISPLAY 

* DISPLAY S 

) 

) 

_) 
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--- - - - · ··-- -- .. ... . - .. - --- ·------ -----·- ----- -------- ---- - - ··------ ------ - - --·-- -
74 

' C" 
I ,I 

,·5 
• 0: 

I ._J 
~c:-

1 ·-· 

;'5 
•c:-

1 _, 

75 
;t:; 
~ .-
' . t:· 
·,·6 
76 
..... . -
{ b 

..... -
( t:• 

~ -:,. ' 
·7 .. 

i 

f I ..,.., 
I I 

~ 
-~~ . ·-· 
,·' c: 

:-:> t 
:3.2 

104~ 
i 04 ·:: 
1l'.H4 
~f14 ':. 

~lH L· 
UH i 
) 0~i~J 

10~; l 
105.:: 
1 05::: 
1 O':'·· i 
l (1 ~;~ 
1 o::.i: 
105? 
i Uf.(-J 
1 €1 Gl 
1 ~.16 :-:· 
l ~3t. ·:; 

1t16 4 
1065 
1066 
1067 
107~~1 
10 7 1 
lt1?2 
107 :_; 
H .1 f' ·• 
H);' !.5 
1076 
J 0 7'7 
1101:1 
11 (1 l 

2~1 
053 
~: 01 
1~15 ::::: 

.20 I 
~71 4 ~: 

20 1 
(t5:?. 
201 
r10:::: 
2 (11 
tJ 2::=: 
201 
(137 
2 0 1 
(103 
201 
01 3 
2f.11 
02~: 
::: ~~11 
~)57 

:~01 
[1 47 
2 €11 
(.133 
201 
00 7 
201 
1363 
2 01 
104 

F~ fj 

~: 1 
R2 
DSO 
0:; 1 

F LAG~Z1 
FLAG! 

._IMP 

._IMP 

JMF' 

JMF' 

.JMP 

JMP 

.JMP 

.JMP 

.JMP 

.JMP 

.JMP 

.JMP 

._I MP 

.JMP 

.JMP 

JMP 

OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
END 

MIJMBER OF [RRORS FC R PA:;::: 2 ; 0 

R 

R 

0 

BL 

I 

M 

BL 

D 

I 

c· ..., 

p 

L 

A 

,,. 
I 

RE SETS 

0 
1 

0 
1 
2 
3 
0 
1 
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EXAMPLE III 

The following example will deaonstrate the 
"PATCH ASSEMBLING" feature of the NANO PROCESSOR 
ASSEMBLER and LOADER. 

Suppose it is desirable to change the message B 
of the example 2 

"ERROR IN DISPLAY" 

TO: 

"ERROR IN DEVICE" 

A short program such as the one following could 
accomplish the desired change . 

) 

) 

) 
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PAGE 
; k ~•* · ~~; ~ ¥~• ~ *> ~ ·~~.~~+~~f~*~**l******¥****************~*~~+*~**r***** 

) • r·AT i I: 1·1· ·11,f.:w·1 roF:· fl I ·=: PLAY-· 

- i_if•' l..1 ·~ 111 

f 11 F: l :t ·nu i F·! 11 1 i.:i -:: Tu -I • .:.::. 
.:t _! t1 f' 4 •.· • I JllMP ru [I I ·:;.p. 
c. 
·' 

.. nrR 2 , l::.' t: ~ oUTPUl 12 7 TO :?. 
'-· JMP 4t·:· ~ JU f'l F' TO DISP/ 
"°' oi;~G 11360· • 
E: JMP 40:3 :tJUMP TO BL/ 
.... 11·1P ·l 1 :::: ~ J UMP TO [I / 

10 J 1·1 f.· 417 1-: JUf'lF' TO E ... 
1 1 JMP 1,1 .. , 
1 ·:· ,_ .lt·tP ~ .· .. -, e,. ._. :t. JUMP TO I ...-
1 ·:: .IMP ,-... 

_,. .. 
14 JMP 41 ? * .JUMP TD E_... 
l ·--. ·-· JMP 5 ~) ~ -:-:- .JUMP TO RE:::;ETE:/ 
lt· Etm: EuF,· 

1 i I I rl L rn:::: ti UMBER== 16 

) 

41 
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Pff GE 1 

-- ·-- -·---·----··· .. --------- - ------·---------- ----------------------- ---- - ----

) 

) 

... ,,_ . . . -... 

*-S'i'MBOL TABLE* 
SYMBOL ADDRESS ( VALUE ) 

510 
514 

) 

) 

) 



I •.'I 
U:1 
11 
1 i 
! ..: 

. 3 
:. . .' 

) 

} 
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PAGE -. .::. 

- · - ----- ---- --· ····-· --- . · - -·- ---- - ------- -
F'FIT( ; t F F~u 1_;Rf1r1 FOF.: DI :3PLFIY 

OF.:G 51 (I 
..-; ! ~' .:o::: '-- ori;.· .::: . 103 
:; } l I ~_!':: 

:. 1·.=· - u 1 1r-1F' 4t., · 
.1 ~. 06-;-' 

-· 1 f 

C. 1 r 

• i . I 

L l :h :· J 

.:::f~2 
t2G 
201 

.:.' JJ j 

l:H) .'..; 

~·u J 

J (jt_. . .-: t1 l .-' 
t lj (; I 
1065 
~ 0t.t . 
1 Of ;· 
l 6 ?1· 
l (f ;: ' l 

i 0 ~· .. 
0 ,'..:. 

107': 
. .. ~ ;.-· r:· 
t 1·17'7 

~:: l~1 ] 

0 1,· 
2t11 
l H 
-=· (1 1 

Uc' . .-.: 
.. ~.1 J 

: : (I 

?0 1 
C11 7 
2G 1 
l O<t 

' .. ' (1TP 2 • 1.:6 

JMP 467 

IJF:G 1 Ot_. 1-1 

. IMP 4u.:: 

JMP 41 _: 

JMP 41 7 

.JMP V 

._IMP 42 3 

._I MP C 

._IMP 41 7 

JMP 504 

nm 

.-._ 
.::.-

..;()11 T i 'U I I i1 : : TO ·::· 

~ _111 m · l I I Li I ·-.p 

"'OUTF'U I 1 ·;.~ Tfj 
~ 

~ JUl·W rn D 1 ·:: P 

* JIJr·rr Tu bl 

+. ._llJMP TO D 

":<' .JUMP Tl.I E 

+. .JUMP TO I 

* -JUMf· TO E 

* JUt·lf' TO F.:ESETB 
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ASSEMBLY LANGUAGE INSTRUCTIONS 

ACCUMULATOR I NSTRUCT I ONS: 

Skip on Bit N=l 
Skip on Bit N=.0 
Set Bit N 

Clear Bit N 

Increment ACC (Binary) 

Increment ACC (Decimal) 

Decrement ACC (Binary) 
Decrement ACC (Dec imal) 

Clear ACC 
Complement ACC 

Left Shift ACC 

Right Shi f t ACC 
Load ACC with ROM DATA * 

Skip on E=l 
Skip on E=.0 
Set E 

Clear E 

REGISTER AND 1/0 INSTRUCTIONS : 

Load ACC From Register R 
Loat.I ACC Irn..l exed 

Store ACC At Register R 
Store ACC Int.l cxed 
Input To ACC from OS 

Output ACC To OS 

SBS N 

SBZ N 
SBN N 

CBN N 
INB 

IND 

DEB 

OED 
CLA 
CMA 

LSA 
RSA 
LOR DATA 

SES 
SEZ 

STE 

CLE 

LOA R 
LOI Z 

STA R 
STI Z 
INA OS 

OTA OS 

Store ROM DATA At Regi s ter R* STR R,DATA 

Output ROM DATA To OS* OTR DS ,DATA 

.0.0 ~.0 . N J 

j'f' 11.0 1N , 

.0.0 1.0.0 I N I 

1.0 1.0.0 . ~ 
.0' .0.0.0 .0.0~ 

.0.0 .0.0.0 .01.0 

.0.0 .0.0.0 .0.01 

.0.0 .0.0.0 .011 

.0.0 .0.0.0 1.0.0 

.0.0 .0.0.0 1.01 

.0.0 .0.0.0 11.0 

.0.0 .0.0.0 111 
11 .0.01 111 
,_ DAJ'.A_ . ' 
.0.0 .011 111 
.0.0 111 111 
1.0 11.0 1.0.0 
1.0 11 .0 ljH 

jll 1.01 R I 

11 1.0. 7. 

,1 11. R I 

. 11 11 . R I 

jll .0.0 . OS : 
jll jll , OS , 

11 01 R 

, PAT~ 

11 .0.0 DS 

L DATA . I 

) 

) 

) 
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Set Control K 
Clear Co ntrol K 
Skip On Flag J=l 
Skip On Flag J=.0 

COMPARATOR INSTRUCTIONS: 

Skip On ACC >RO 
Skip On ACC <RO 
Skip on ACC = RO 
Skip On ACC ~RO 
Skip On ACC ~RO 
Skip On ACC #RO 
Skip On ACC = 0 

Skip On ACC II 0 

PROGRAM CONTROL INSTRUCTIONS: 

- 36-

STC K 
o.£ K 

sr-s J 

SFZ J 

SGT 
SLT 
SEQ 
SGE 
SLE 
SNE 
SAZ 
SAN 

.0.0 1 ,01 I K I 
1.0 HH : K I 

0e f)11 i_J . 

.0.0111 , Jo 

.0 .0 .0 .tn .0 .0 .0 

.0.0 .0.01 .0.01 
M' .0.01 JH.0 
.0.0 tHH HH 
.0 .0 tHH 1 .0 .0 
.0.0 .0.01 11.0 
.0.0 .0.01 .011 
l.0 .0.01 111 

+ 
Jump To Address JMP ADDRESS 1.0 .0.0.0 ~-

JAI U 
_ OFf S~T . .J 

1_0 _01_0 I lJ . I 
+ 

Jump Indirect To Address 
Jump Sub T Address * JSB ADDRESS 1.0 .0tH 1 PN 

Jump Indirect Sub To Address JAS U 
Return From Subroutine RTS 
Return From Interrupt and RTE 

Enable Interrrupt 
Return From Interrupt RTI 
No Operation NOP 

Di~sable The Interrupt DSI 
Enable The Interrupt ENI 

Double Byte Inst ructions 

+ PN = Page no. 

OFFSET _, 
1.0 .011 1 u I 

1.0 111 .0.0.0 

1.0 11.0 .0.01 

1.0 f l.0 .0.0.0 
.01 .011 111 
1.0 UH 111 
.0.0 1.01 111 

Kamran Firooz 
October 21., 1974 

S I 
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NANO PROCESSOR LOADER 

Nano Proce ssor loader i s a p ro gram that loads the obj ec t file s 

produced by t he Nano Processor Assembler and stored on cassette 
tapes into the ROM- RAM Simulator. At the beginning of the execu

tion the cal culator quest i ons the file number where the object 

file is stored . Then it askes ; 

" PATCH LOADI NG? " 

If the reply is nega tive al l of the unused locations of the ob

ject fi le wi ll be l oaded by the code for instruct~on NOP (1 37 ) . 
If patch l oading was requested; only the assembled codes will be 
loaded. 

Kamran Firooz 

Sept. 1974 

- 1 -
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Example: 

Consider the program given on the following page. In 
order to load the object file of this program into ROM-RAM 

Simulator, load the Loader program into the calculator and 

RUN EXECUTE. 

"FILE NO.?" 
6 

"PATCH LOADING" 
N 

Since the answer to the latter question was negative locations 

~ to 5~7, and 52~ to 1~57 and 11~~ to 1777 will be filled by 
the code for NOP . ( 1~1 c c...T.) 

However, if the reply was "'!_" the only locations effected in 

the ROM-RAM would be 51~ to 517 and 1~6~ to 1~77. Rest of the 
memory would remain unchanged. 

This feature of the loader can be used to combine (PATCH) objec t 
files of different source programs. 

- 2 -
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THE FOLLOWING IS A DOCUMENTATION OF THE 
NANO PROCESSOR ASSEMBLER AND LOADER WRITTEN 
FOR H.P. 2100 COMPUTERS . Two PROGRAMS FOR 
TRANSFERRING SOURCE PROGRAMS FROM 9830 TO 
2100, AND TRANSFERRING OBJECT FILES FROM 
2100 TO 9830 ARE ALSO IN CLUDED. 

PL EASE BEAR IN MIND THAT NANO PROCESSOR 
MATERIALS ARE H.P. PRIVATE. 

FOR FURTH ER INFORMATION, RECOMMENDATIONS 
OR IN CASE OF DIFFICULTY PLEAS E CONTACT 
KAMRAH FIROOZ AT 

303-667-5000 EXT. 2873 

DECEMBER/1974 
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NANO PROCESSOR ASSEMBLER 

PURPOSE: To assemble a source program for the 

Nnno Processor using an HP 2100 Computer 

~IE~IORY REQUIREMENTS: l 6K 

SYSTEM REQUIREMENT: DOS III 

Kamran Firooz 

December , 1974 

• 
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DESCRIPTI ON: The Nano Processor Assembler is a n ab ~ J 

lute asscmhlcr designed to assembl e s ource 

programs sto red on a disk and to generate equiv

alent object code files . A loader program can 

th en be used to load these binary fi les into a 

ROM -RAM Simulator, or a PROM . The a ssembling 

is performed in two passes . Pas s one searches 

for us er defined symbols, and pass two trans

lates the mnemonic sour ce progra~ statements to 

their equivalent binary codes . 

These binary codes are s tored in an array called 

th e object fil e . At ~ he end of pas s 2 the object 

fi l e is s tored on the dis k . The file name where 

this array will be sto red is requested at the 

beginning of the program. 
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ASSEMBLER OPT lO>:S : The f l) ll (t1-. ing questi o n ~ arc ;1skc tl at the 
bcgin111n ~ of CXC' \.· 11 tio n: 

"LISTING? " 

1£ the re s po nse to this option is "Yl:S'' the Logical 

Unit where the l is ting mu s t be done is requested; other -

wise, listing of both pass es will be s uppr ess e c..l. 111 

th i s ca se all of the assembly and error me s sJ ges 

will be li s ted on Logical Unit 1 (CRT) . 

Next que s tion is: 

" OBJECT FI LE NA~·IE 'l" 

Obj ect file must be a binary fi l e of at l east 8 

sectors . Thes e files can be created prior to the 

execution of the assembler ly using the following 

command: 

:ST,B,name,8 

If the number of sectors in the fi l e is less than 

8, the computer wil l display: 

" fJLf: name JS TOO S~IALL " 

" O ~ .JECT FfLE ' S NMll :?" 

Note that the type of file is not searched by the 

assemb l or, ·any type of f ile other than Binary File 

will re s ult in an error at the time of storing the 

object codes into the object file (at the end of 

P;.1ss I I) . 

The following que s tions are asked next: 

, 
I 

r 

I 
\ I 

I I 
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"llOW i\L\NY SOURCE FI LES? " 

' 'E>!Tl:R ~.>OllRl.E r [Lr 1 s :\,\:.ff".' '" 

Up to five source fil es c un be gi v e n. The assembler 

will assemble the source fi l es in the order that 

file names are entered . Only one file name should 

be given at a time. If more fjles are needed the 

computer will display: 

" ENTER SOURCE FlL F'S NA~lc?" 

If any of the Source Flles ar e not f ound on the 

dJsk, the compu ter will display: 

"FI LE name NOT FOUND" 

"ENTER SOURCE F 1 LE ' S N,\~.t l. '! " 

After all of the Source Files are entere~ the assem

bler starts t o assemble th e given Source Files. 

v 
I 
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OBJECT r:ILE: Object file i s ::in urrny that holtl s the binary 

codes of the as scmh 1 c.:d sou rec pro gr ~1111. At the end 

of pass 2 this f ilc is stored in a binary file of the 

disk . J\ l oader program can th en be use<l to load the 

object file to a ROM-RAM Simulator, or a ROf\I. 

Object file is a 1024 X 1 arroy . Each location of 

this fi l e will hold the object code for that l oca-

tion. For example ; loca tion 16 will hold the code 

that must be stored on location 15 of the ROM . 

(Due to the fact that th e array starts f rom 1 and 

not fi, al 1 10(' ·1 -t-i ons arc dccTe111er.ted hy one by the 

" LOADER"). 

Since object file has only 10 24 locations, caution 

must be taken not t o exceed location 1777 octal . 

r:or exampl e; the code that must be s tor e;d v :. loca-

tion 2150 octal will be stored on location 150 

octa l . (ll 'th bit is truncated); however the address 

wou ld appear as 2150 in the <1sscmbl c r listing . 

At the beginning of the assembling nll of th e loca

tions of the object file are ini t ialized to ~ ..,....... \ _, 
(~) . During the assembling ~ is over 

writt en hy other codes ; however, the locations not 
- '\ 

use<l wil 1 remain as l't}-. This feature is used by 

the lond c r for "PATCH ASSEMBLING" . For further 

information refer to "NANO PROCESSOR LOADER". 

C I 

I 
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PROGRAM SOURCE FILES: As the n;.ime implies , program ::. uurce 

files are fi l e ~ stored on t it (! di s k that c r:. 11 t:1in the 

source pro grams . These fil(!S can be generated OT 

edited using standard HP 2100 editor OT any other 

available editors (CRTED for exnmple). 

Up to five fil es can be as~(! mbled at one time . If 

more than one fi le is used, an EOF statement must 

de signat e the t e rminati on of each fil e. 

USER DEFINED TABLE : User defined table is an array that 

holds th e numerical value or th e address of the 

labels . Dur ing pass l all the labels are sto red in 

thi s array. In pas s 2, everytime an alphabetical 

operand i s found, the assembler performs a linear 

search into the user defined table to find the value 

or t he address of the operand . 

Maximum l ength of th e user defined tabl e i s 256 l~bels. 

Exceed ing this linit would cause the assembl e r to 

print error me ssage~ and any labe l encountered ~ill 

be i gnored . 

During th e s econd pas~ if any of the ignored labels 

are referenced, the assembler will print "Undefined 

Label " error message . 
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'- · • GENERAL FOR.MJ\T: Each line of th e: prog ra m cons ist s of one 

or more separate iiL'lds . Th ese fields ure: Lab e l, 

Opcode, Operand , :i nti Comments . !'=or the convenience 

• of the use r these f ielcl s are separated by one or 

more blank spaces . The following is a brief desc rip-

tion of each one of these field s . 
'· . ~ 

• 
.,,-... 

r 

LABEL : Label i s a symbolic name that provid es the ability 

to refer to th e instruction or the v~lue ge nerat ed 

by the instruction For exampl e , in the ins truc tion: 

START LDA REG17 

START is th e label, and jt hold s the address of the 

l ocation where this instruction is stored on t he 

ROM . 

But in the i n st ruction: 

REG17 OCT 17 

RE G17 is a labe l that holds the numerical val ue 

assigned to it by the OCT instruction. 

The f i rst l etter of a labe l mu s t be alphabetical, 

and the total length of the l abel C<ln not exceed 

5 chara cters . l[ the fir s t character of ::in in-

s t ruc t ion is blank the assembler assumes t hat 

there is no J~bcl pre s ent. Repeated l ab~l s cause 

t he assembler to print a n e rror message . 
g 
I 
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OPCODE: Opcod e~ ~ re mnemonic ope rat i on codes stored 

i n th e pe rmanent symbo l table that are recog nized 

by th e assembler and translate<l as machi ne in

structions or Pseudo - instructior. s . 

MACHINE INSTRUCTIONS : Machine instructions are those 

instructions that the Nano Processor can execute 

to perform a specif ic ~ask. The assembler trans 

late s these in s tructions to their binary codes . 

There are three type s of machine instructions: 

Type 1 : 

Single byte i ns tructions that are self 

de fined and do not r equire an operand. 
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for example : 

CLA * CLEAR ACC 

STE * Set exten<l reg i ~ t\.' r 

RTS * Return from Subroutine 

ENI * Enable the intrupt 

lNB * In c rement t he ACC: in Binary 

SLE * Skip if ACC < to r eg ister 0 

Type 2: 

Singl e byte instru~tions that require an 

Operand . 

For example: 

Type 3: 

SBS 5 

CBN BIT4 

INA DSS 

* Skip if Bit 5 of the ACC is se t 

* Clear Bit4 of the ACC 

* Input to ACC from Device 5 

Doub le byte instruction s that mu s t be 

accompanied by an Operand -

r:or example : 

OTR 2, DAT.\ * Output ROM Data to Device 

STR RS, FOUR * Store FOUR Into Register 

JMP GOOD * Jump to Location GOOD 

JSB ADD * Jump to Subroutine ADD 

2 

s 
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PSEUDO INSTRUCT 1 ON: Pseudo inst rue t ion~ pc r form t 1 . .::> 

type's o[ tasks: 

Ty pe 1: 

They provide informati on to the assembler 

about the program being asse mbled, s uch as 

'· ORG, EOF, END 

Type 2: 

They allow th e definition of constants, 

s uc h as OCT , DEC , BCD . Obviousl~ type 2 

of the Pseudo In s truction must be accorn-

pani ed by a label and an Operand, sinc e 

it ls assigni ng t he numerica l value of the 

Ope rand t o the labe l. 

OPERAN D: Some i ns tructions rec1ui rc th e desig nation of an 

Opera nd. Thi s Ope r a nd could be a destination 

a<ldress i n a JNP in s truction or the nuffier ical value 

of a Label in ~ n assign i ns truction. There are 

three t ypes of Operands : 

Type 1 - NU MERI CAL Vi\LUE: 

This tvpe of Operand is used in a type 2 

inst ru =tion code , or jn 3 Constant Define 

Pseudo instruction. 



c 

t. 

r · 

for examp l e : 

LDA S 

sr:z tl 

- 11 -

l~EG l 4 OCT 1 4 

.J MP 377 

LDR 20 

... 

* 

* 

* 

* 

* 

* 

LOAD J\ CC FROt-.1 REG ISTE R 

SKf P ff- FLAG 4 IS : ERO 

,\SS r GN \' 1\ LU 1: 0 i: l .:t TO 

TH E LJ\ 13 EL REG14 

.JU ~I P TO LOCATION 377 

LOAD ACC F IW~l ROM DATA 

Th j s t ype of Operand hos t o be nu iner i ca I . l f they 

a r e be i ng used in a t ype 2 instruc tion t hey ca nn ot 

exc eed 7 or 17 (OCTAL) ; if they a r c be ing used in 

a de f ine const ant jns truc ti on t he ir octal value 

should no t exceed 377 . 

Th e following Operand s a r e acccptahle : 

* CLEAR BIT 5 Of ACC 

s 

20 

CBN 5 

STA 16 

f\f\ 

BB 

cc 

OCT 

DEC 

BCD 

167 

250 

89 

* STORE ACC IN REGISTER 16 

* OCTAL 167 

* OCTJ\L 372 

* OCTAL 23 1 

Howeve r the follow i n g Oper ands will ca use e rror 

me s s a ges : 

SBN 20 SET BIT 20 OF ACC 

(Accumulator has only 8 bits.) 
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DD 

EE 

FP 

SFS 14 

OCT 

DEC 

BCD 

- ] 2 -

19 

340 

140 

SKI P IF Fl. .\C 14 !~ SET 

(The re are on ly S flags . ) 

(Unacceptabl e octal numbers.) 

(Exceed 377 octal . ) 

(Exc eed 377 octal.) 

Type 2. SYMBOLIC ADDRESS OR SYNBOLIC VALUE: 

Fo r example : 

Th i s type of Op ~ rand is used in jump to 

subrou tine instructions or in a type 2 

opcode instructjon. 

Jf.1P LOOP 

JSB ADDNG 

JBN BIT4 

LDA RIZ 

STA R6 

JAI INDI 

This type of Op~rand follows the same Syntax 

rule s as the Label; th;.it i s , it must begi n with 

an a lphabe tical ch;.iractcr an<l mus t be less than 

or equal to 5 charac t ers lon g . These Operands 

must be defined s omewhere in the program as 

addresses or con s tant s . 
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Type 3 - SYNBOLIC OR ~U~ERICAL VALU E: 

This t ype of Opc:rand is a mixture o f t:)'~J e 

1 Gnd type 2 Ope rands , and it is used in 

type 3 i nstruction s . 

ror example: 

SIR R4,FORTY 

ST R 4,FORTY 

STR R4 , 4.0 

STR 4 , 4 ~ 

As th e above examples ind icate, thi~ type of 

Operand consists of t~o srpara te f ie lds . These 

fiel ds are separated from each other by a 11 I I 

' ' 
and there s hould be no blank s pace anywhere i n the 

Operand Field . Th e symbolic portion of Operand 

follows the same rule s as type 1 of the Operand s . 

COMMENTS: The comment field all ow s the user to tran-

scribe comment s on the li s t output p roduced hr the 

assembler . The comments fie ld mus t begin \,ith an 

asterisk . This field could s tart at the beginning 

of a line, such as: 
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* THIS IS ONLY f\ COM~ll:NT 

or after the Opcode or Operand 

AGAIN CLE * CLEAR EXTEND REGISTER 

Comments are ignored during pass one. 

If an " *" occurs at the beginning of a line, the 

entire line is assumed to be a comment. 

If a comment st;nts at th 0 beginning of a l j ne, up 

to 64 characters can be used in each line. If a 

comment begins after an Opcode or Operand, up to 28 

character s will be printed and remainder will be 

truncated. 

ERROR MESSAGES: For the convenience of the user, the 

assembler will print error messages if any er ror are 

encountered . Along with the messag~ the line 

number where the error occured is printed. 

• 
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PSEUDO OPCODES: 

ORG : ORG is a Pscuc.lo Opcoc.le that prov ides 

a bsolute i1 r ugram origin or starting 

address of a segment of a program. 

The operand of the ORG must be an octal 

number . If no ORG is encountered the 

assemb l er assumes the starting address 

to be zero. 

EOF : An EOF statement notifies t he assembler 

END : 

OCT : 

DEC: 

that the physical e nd of fil e has been 

reached. 1his causes the assembl er to 

load the next s ource file. 

End terminates th e source language program. 

Note t hat ORG, EOF, and END are not 

executab le s t ate ments ; therefore, any 

reference to these instructions would 

ca use an error. 

OCT is a defining opcode that equates 

the numcr ic3 l value of the operand to 

the label. Obviously , th e operand needs 

to be an oct al number . 

DEC Pseudo Opcode is anot her defining 

l 

r 

. 
r 
I 
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' , 



f"'1 

'· 

-16-

s t atement that convert s the~ numcr Leal 

va l ue of the opera nd t o octal and 

equates the conve rt ed numbe r to t he 

label. 

BCD: BCD is a pseudo op code that converts 

the numerical va lue of the operand from 

BCD to its oct al equivalent. Each tl igi t of 

the operand i s taken as a 4 bit BCD 

number. 

For exampl~ i n the fo l lowing statement: 

TAG BCD 38 

The a ssembler separates t he number 38 t o 

3 and 8 as 0011 1000 . 

Thi s number is then conve rted to octal 

00 111 000 (070) . Note that th e oper and 

cannot exceed two di gits . 

0 
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EXA~IP I.ES 

1hc followjng ex ample s ,1rL· given in :111 ~ttL·mpt to 

ramil i ar izc the: user 1vi t it the NANO PROCESSOR J\SSE~IBLER . 

EXMIPL E I 

The following prog ram will a<ld the content s or Regis ter 5 

and Register 6 and store the r esul t on Regi s ter 6 . 

The s ource program was generated by th e "CIHED EDITOR" 

<lll tl :; t o r c cl on F il c ~ PE X 1 o [ a cl is k . 

:·1;, 1.: ; · ; :· 11 r-. I 1 ••. "; ~ u 

1·~ : : 11 1 1 1-1 l 

l t ll lF L lili k:) •. i 111·1.[1 t lU F-1·11 1·1 F'1'.:(, , '"' 
l.1El1 ·-:- D[ r f"'U·IUH lti fl LI 1 M11L 
" .1111 ... :::: 1 :· 1 F' 1 r· 1 'il.J . 1 ~ 1 :1 

IHF' i'11_!l ,;. ' l:. h T1 UF r· 1)!_i 1 ll! .• 
·:~ r H p ~=; .,. ·:: l IJ r;· E: 1 HI I h . I i H k ~. 
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EXA~IPLE II 

The following progra111 examines 2 Direct Control 

lines (DC~ - DCl ) an<l based on their conditions 
displays a different message on an external display. 

The editor listing and the assembler listings are 

provided on the following pages. 
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l' he following exampl e tvil.l demonstrate the "PATCH 

:\SSDlnLI~G feature o f the NJ\NO PROCESSOR 1\SSEMBLER 

ond LOADER . 

Suppose it is desirable to change the message B of 

t he example 2 

" ERROR IN DISPLAY" 

TO: 

" EHROR IN DEVI CE" 

A s hort program such as the one f ollowing could 

accomplis h the desired change . 
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~SSEMRLY LANGUAGE INSTRUCTIONS 

ACCllM!J 1. /\ TOR f NSTTWCTT ONS : 

S!...i 11 o n Rit N=l 

Skip on Bit N= .11 

'°i<.'t Hit~ 

Clear Bit ~ 

Increme nt ACC (Binar y) 

Increment J\CC (Decimal) 

1Jec r c 111cnt ACC {flif'a r y ) 

j)('Crt·1;1ent 1\ CC l fl ee i nw 1 ) 

( 1 C il r ,h: ;_: 

Complemen t .\LC 

Le[t Shif t ACC 

1<.ight Shift. ACC: 

Loa<l ACC with ROM DATA * 

Skip nn E=l 

Sk ip on E= .0 

Set: l-

e I e~H E 

l<EGISTER J\ND I/O INSTRI JCTI ONS : 

SBS N 

SBZ ~ 

SBN N 

CBN N 
INB 

IND 

DL 3 
[)[ii 

CLA 

01.-\ 

LSJ\ 

RSA 

LDR DATA 

SES 

SEZ 

STF. 

CLE 

Load ACC From Regi s ter R LOA R 
Load ACC IndexeJ LDI Z 

S tore ACC \ t F<~g is ter R 

Store ACC -ndexe<l 

I n p u t Tc ,C from OS 

Outpu t ACC To DS 

ST,\ R 

STl 
INA DS 

OTJ\ ns 
Sto n' ROM !11\ T 1\ At Register R* STR R, DATA 

Ou tpu t ROM DATA To OS* OTR DS ,DATA 

J' .0 01.f1 , N, 

~fl 11.~ ' .\J j 

M~ lt')fi . NI 

tj1 1.0.0 I ~ 

)'1fi f1~fl ~flfl 

Y' ~ ~ ~fl ~ l .~ 

. ' 
I ~ -

;\ I' fl Ji j:) ! ; _;j 

, ~l ~M' 1.rH 

0 ,, j\ ,1 !'1 

.!i~ .rJM1 
11 ,0,01 

DATA 
. "11 ~11 

11~ 

111 

111 . 
111 

~0 111 111 

lf) 11,f1 l~~ 

Ly\ l l A HH 

~l l~ . R I 

11 1.0 . 7. J 

.J ! l 1 R 

I l I l n 
~ _J 

l M~ .QS , 

pl ~ l , DS j 

11 01 R 

PATA 

11 M' DS 

1 DATA 

I 

• .. 
,. 
" 

t 

I 

. I 



' 
-3 ~ - 0 

. ~-. .. ; .. 
~ ~ . 

Set Control K STC K V' . 

Clear Control K Cl.C K . ! : . 
!• 

s·ki p On rlag J=l si:s J . 
~ 

I 

Ski p On Flag J=j? SFZ •J r I 

COMPARATOR INSTRUCTIONS: 

>Rt> • Skip On ACC SGT rr =·· 
!.. 

Skip On ACC <Rt> SLT r- r ': 
I 

t 
,. 

Skip on ACC = RO SEQ f ;· r 
Skip On ACC ~Rt> SGE r .· 
Skip On ACC ~R~ SLE f' ,· i 

~kip On ACC #R0 SNE .. , l I 1 
I 

Sk.ip On ACC J1 SAZ .. l 
! 

' Skip On ACC " D SAN t : 
~-, 

PROGRAM CONTROL INSTRUCTIONS: 

\.) 

Jump To Address JMP ADDRESS _ , 

i .. 
Jump Indirect To Address JAI u \-

~ . 
Jump Sub To Address* JSB ADDRESS f .. - . 

Jump Indirect Sub To Address JAS u I - . 

l Return From Subroutine RTS 
Return From Interrupt and RTE .. . 

Enable Interrrupt 
Return From Interrupt RTI . .. . 

• t -
No Operation NOP r . 
Dissable The Interrupt OSI • I 

Enable The In terrupt ENI f I 

I ... 

* Double Byte Instructions I , 
I 

' + PN = Page no. r ~ Kamran Fir :..: 
October 21. -
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~ Ai'iO PROCl :SSOR LOADER (NPL) 

(Us ing 11.P. 2100 Computer) 

Nano Proce s ·or Loader is a program that loa<ls t he object 

codes produced by the Na.no Processor Assembler and stored 

on a Rjnary File of a dis k into ~ ROM- RAM Simulator . 

At the beginning of the e xec u t ion th e computer questions 

th 0 1/0 ::i lo~ wl c:e tl1e •\.SC TI C~:trd i s T'lacl:d , and tl~en the 

fl l..: nnme 1vherc the oh j cc- t file is store<l is a s ked . 

Next questi on 1s: 

••p :, re.II LOADDiG? " 

!f the rrply is negative, a l l oE the unused locat io ns 

0f tl1e oujcct f.il e will be loaJt:J by the code for instruct

~ on NOP (13 7 oc t al) . I [ pa t.;h 1 ..., .1. ling ''a c: requested; only 

the ::i.ss em h]ed Jt>s -:i.1 be :.oad.: "~C ::.i.l ~.::_st·..! ac ~ tions 

will remain unch a nged . 

Kamr on f.; ·ooz 
Decembe r 1974 
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1:x ample: 

Consi<ler the program given on the following page. In order 

to load the object file of this program into ROM-RAM Simulator, 

l oad t.he Loader program in to the comput e r and RUN EXECUTE . 

" OBJECT FILES'S NAME" 
OBJl 
" J>ATCll LOADING?" 

NO 

Since the answer to the latter question was negativ~ locations 

~to 5~7, and 52.0 to 1.057 and 11.0~ to 1777 will be filled by 

t he coJe for NOP. 

Ilowever , if the reply were "r_" the only locations affected in 
t he ROM-RAM would be 51,0 to 517 and 1.06.0 to 1.077. The rest of 

the memory would remain unchanged. 

Thi s feature of the loader can be used to combine (PATCH) 

object file s of different source programs . 

Kamran Firooz 
December/1974 
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GENERAL I NFORMATION 

Na.o Proce ssor supporL materials may be ordered 

fr om LID at no charge. The Nano Processor Vser's 

Guide may be obtained by aski ng for drawing n um ber 

A- 59 55- 0331- 1 . Also a li mi ted quanity of sofLware 

mater a l , ie 9830A EDIT'1R, ASSEMBLER, LOAD~R CASSETTE. 

and 2100 DOS 11! ~aper t~pe are available at no ch~rge . 

Whr ~r dering, ~~ecif 'l one of the f o llowing 

9 830A NANO FFGCESSOR SOFTWARE CASSETTE 
u/N 5061-076~ 

21on NANO PROCESSOR SOFTWARE PAPER TAPE 

P/N 5061-0769 

Thrc:;c mater ials are limited , and Then the supply is 

e xhausted no more will be a vailable. You ~ay be 

able to check around your divisio~ i or othe rs who 

have these software ma t erials . 
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NANO PROCESSOR 

George Latham 
7/29/75 

' 'DATA BUS APPLICATIO~ HINTS" 

... 
.... 

Data bus rise time equations where "Co" is the total data bus capacitance 
external to the Nano Processor package. 

A. "A" Otips 
Rise time= 7. 7 (Cn + 7)ns (Cn in pF) 

B. "B" Chips 
Rise Time = 9. 6 (Cn + 7)ns (Co in pF) 

C. "C11 Chips l\J <) .... c\)(Q.(.(C. ~\>O..\U..~'-t\ 
Rise Time = 11.S(Cn +7)ns (Cn in pF) 

D. We will define data bus rise time as: r. t . (data). (to a 4. 0 Volt l evel) 

E. A max. loading of one T2 L input (1.6mA) is· allowed . 

F. The data bus rise time is measured f rom the last data output low ("0") 
or from the l ast moment the RG1 applies. a zero on the data bus. It 
is therefore important to watch the t ime between TPA 2 valid and TpGH 
(program gate) to be sure that the RCN does not glitch the data bus 
low just before a valid high ("l") is output by t he ROM. It is reason
able to use maximum values of both TPA2 and TPGf at the same time. 

G. The equations for interrel?ting these pa:·ameters are: 
1. ClK 1 > r. t. (data) + T1p +Tov max. 

2. ClK T > min. spec. 

3. ClK T ~ TPA2 + TM + T1p 
Note: T.A.A lilclude r . t . (data) to 4.0 Volts 

4. OKT ~ TpGH max.+ TEA + TIP 

Reasonable values to use for Tnv max. (not speced) arc : 
"A" Chip, llOns; "B" Chips , 140ns; "C11 Chips, l 70ns . 

. . 

II. Other suggested Data Bus Pull-Up Methods . 

A. The most simple pull -up method for gn'ntcr <latJ bus spC'cds i s to connect a 
101\ r esistor frOlil c~ch dnta bus to 12v or ~)V for "A" or "B" & "C" chips 
respectively . This is pc1mjssihk providing that the c jrcuits on the 
data bus have a maxirm.nn voltage rating of _ot lc~sl: 7;-0 volts. ()ne LS 
input is assumed (0 .36mA) . ThL' rrinciplc of O[iL' ration .is that ·~hen N. P. 
output pull-up FITS wi ll self -clamp the data hu:' to :ipproxi!"1:-i tc 1y o.5 
Vol ts using 1 OK ohm res is tors . U!.!s tgn conpnts for this method are : 
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"A" Chips: r.t.(data) = 2.4 (Co+ 7)ns 

''B" Chips: r. t. (data) = 3.6 (Cn + 7)ns 

"C'' Chips: r.t.(data) = 3.9 (Cn + 7)ns 

.. 
'\ 

(Cn IN pF) 

A faster yet method which yields a lower clamp voltage (=5 .5 Volts max.) 
uses 7. 5K ohm resistors connected as in part A, but also connects clamp
ing Schottky diodes between the data bus and the 5 volts supply. 
Design contants for this method are: 

s 
"A" Chips: r.t. (data) = 2.2 (Cn + 7)ns 

''B" Chips: r . t.(data) = 3.1 (CD+ 7)ns 

"C'' Chips: r.t.(data) = 3.4 (Cn + 7)ns (CD in pF). 
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