










































































































































































































































































































































RTX 2010 Specific Instructions 0= 

O= 

I 1 I 0 I 1 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I R I 0 I 1 I 0 I 0 I 0 I 

Description: 

If TOP = 0 Change TOP to FFFF {implement Forth O= ). 

If TOP -=/:. 0 Change TOP to 0000 (implement Forth O= ). 

Number of cycles: 1 

operations: 

If TOP= 0 FFFF => T 

lfTOP :F 0 0000 => T 

Parameter Stack effect: 

n-b 
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RTX 2010 Specific Clear MAC Accumulator 

CLEARACC 

l1joj1j1loiojojolojojRjol1j1joiol 

Description: Clear the MAC Accumulator (MXR, l\fiIR, MLR). 

Number of cycles: 1 

Processor operations: 

0 => MLR 

Parameter Stack effect: 

Instruction Set, Chapter 7 

0 => MHR 

no change 

0 => MXR 
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RTX 2010 Specific Double Shift Left Logical· 

DSLL 

I i. I 0 I 1 I ·1 I 0 I 0 I 0 I 0 I 0 ·1 ° I R I 0 I 1 I 1 I 1 I 0 I 

Description: Double.·Shift Left Logical Shift the double word operand 
in TOP and NEXT left logically by the S•bit count stored in 
the MXR Register. The result is stored .in MHR and MLR 

Number of cycles: 1 

Processor operations: 

DSLL CT:N) => MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Double Shift Right Arithmetic 

DSRA 

I 1 I 0 I 1 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I R I 0 I 1 I 0 I 0 I 1 I 

Description: Double Shift Right Arithmetic Shift the double word 
operand in TOP and NEXT right arithmetically by the 5-bit 
count stored in the ~ Register. The result is stored in 
MHRandMLR. 

Number of cycles: 1 

Processor operations: 

DSRA CT:N) => MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Double Shift Right Logical 

DSRL 

l 1 I 0 I 1 I 1 I 0 I 0 I 0 I 0 I 0 I o·I RI 0 l 1 I 0 I 1 l 0 I 

Description: Double Shift Right Logical Shift the double word operand 
in TOP and NEXT right logically by the 5-bit count stored in 
the MXR Register. The result is stored in MHR and MLR. 

Number of cycles: 1 

Processor operations: 

DSRL (T:N) => MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Store MAC High Register 

Description: Store the contents of TOP into the MAC Accumulator MHR. 
NEXT is popped into TOP and Pstack is popped into NEXT. 

Number of cycles: 1 

Processor operations: 

T => MHR N => T Pstaclc => N 

Parameter Stack effect: 

MHR --
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RTX 2010 Specific Read Multiplier High Register 

MllR@ 

Description: The middle 16 bits of the MAC register (MHR) are pushed 
onto the Parameter Stack. The contents of TOP are pushed 

· into NEXT, but NEXT is not pushed onto the stack; the 
contents of NEXT are lost. Interrupts are disabled during the 
execution of this instruction. 

Number of cycles: 1 

Processor operations: 

MHR => T T => N 

Parameter Stack effect: 

N T -- T MHR 
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RTX 2010 Specific Store MAC Low Register 

MLR! 

Description: · Store the contents of TOP into the MAC Accumulator MLR. 
NEXT is popped into TOP and Pstack is popped into NEXT. 

Number of cycles: 1 

Processor operations: 

T => MLR N => T Pstack => N 

Parameter Stack effect: 

MLR --

Instruction Set, Chapter 7 167 



RTX 2010 Specific Read Multiplier Low Register 

MLR@ 

Ii I 0 I iii Ii Ii Ii I; I 0 I 0 IR Ii I 0 Ii Ii I 0 I 

Description: The low 16 bits of the MAC register (MLR) are pushed onto 
the parameter stack. The contents of TOP are pushed into 
NEXT, but NEXT is iUll pushed onto the stack; the contents 
of NEXT are lost. Interrupts are disabled during the 
execution of this instruction. 

Number of cycles: 1 

Processor operations: 

MLR => T T => N 

Parameter Stack effect: 

N T -· T MLR 
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RTX 2010 Specific Mixed Sign Multiply Accumulate 

MULACM· 

Ii Io l·i.l i Ii 1i1 i Ii Io Io IR 1 i I oj i Ii l.ol 

Description: The Mixed Mode (signed and unsigned) Multiply 
Accumulate operation is initiated. The contents of the TOP 
and NEXT registers are multiplied (TOP contains the signed 
.value and NEXT contains the unsigned value), the 32-bit 
result is added to the 48-bit accumulator (MXR, MHR, MLR). 
This instruction does not modify the stack. 

Number of cycles: 1 

Processor operations: 

(T*N)+MXR:MHR:MLR => MXR:MHR:MLR 

Parameter Stacie effect: 

no effect 
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RTX 2010 Specific Signed Multiply Accumulate 

MULA CS 

I 1Ioi1I1 Io lo Io Ii Io Io IR I 1IoI1j1j1 I 

Description: A Signed Multiply Accumulate operation is initiated. The 
contents of the TOP and NEXT registers are multiplied, the 
32-bit result is added to the 48-bit acumulator (MXR, MHR, 
MLR). This instruction does not modify the stack. 

Number of cycles: 1 

Processor operations: 

(T*N)+MXR:MHR:MLR => MXR:MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Unsigned Multiply Accumulate 

MULA CU 

!1!0!1!1lo!olol;lololRl1lol1!1!ol 

Description: The Unigned Multiply Accumulate operation is initiated. 
The contents of the TOP and NEXT registers are multiplied, 
the 32-bit result is added to the 48-bit accumulator (MXR, 
MHR, MLR). This instruction does not modify the stack. 

Number of cycles: 1 

Processor operations: 

CT*N)+MXR:MHR:MLR => MXR:MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific · Mixed Slgn Multiply 

MULM 

I 1 I 0 r 1 I 1 I 0 Io.I 0 I I 0 I 0 IR I 1 I 0 I 0 j 1 I 1 I 

Description: The Mixed Sign Multiply operation is ·initiated. , The 
contents of the TOP and NEXT registers are multiplied, with 
the 32-bit result available in the MAC output registers MHR, 
¥LR.. The operand in TOP is assumed to be signed and the 
operand in NEXT unsigned. Interrupts are disabled during 
the execution of this instruction. This instruction does not 
modify the stack. 

Number of cycles: 1 

Processor operations: 

T*N => MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Signed Multiply 

MULS 

I 1 I 0 I 1 I 1 I 0 I 0 I 0 I i I 1 I 0 I R I 1 I 0 I 1 I 1 I t I 

Description: The Signed Multiply operation is initiated. The contents of 
the TOP and NEXT registers are multiplied, with the 32-bit 
result available in the MAC output registers MHR, MLR. 
Interrupts are disabled during the execution of this 
instruction. This instruction does not modify the stack. 

Number of cycles: 1 

Processor operations: 

T*N => MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Signed Multiply And Subtract 

MUI.SUB 

I 1 I o I 1 I 1 I o. I o I o I ; I o I o I R I 1 I o I 1 I o I o I 

Description: The Signed Multiply and Subtract from Accumulator 
operation is initiated. The contents of the TOP and NEXT 
registers are multiplied, the 32-bit result is subtracted from 
the 48-bit accumulator (MXR, MHR, MLR). This instruction 
does not modify the stack. 

Number of cycles: 1 

Processor operations: 

MXR:MHR:MLR·CT*N) => MXR:MHR:llilLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Unsigned Multiply 

MULU 

l1lol1l1lololol l1!0IRl1lol1l1lol 

Description: The Unsigned Multiply operation is initiated. The contents 
of the TOP and NEXT registers are multiplied, with the 32-bit 
result available in the MAC output registers MHR, MLR. 
Interrupts are disabled during the execution of this 
instruction. This instruction does not modify the stack. 

Number of cycles: 1 

Processor operations: 

T*N => MHR:MLR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Read MAC Extension Register 

MXR@ 

I 1jo!1j1I1j1j1 Ii lo lo l R j 1Ioloj1 Io I 

Description: Pushes the contents of the 16-bit extension register of the 
MAC output onto the parameter stack. 

Number of cycles: 1 

Processor operations: 

MXR => T T .,> N N => Pstack 

Parameter Stack effect: 

-- MXR 
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RTX 2010 Specific Store MAC Extension Register 

MXR! 

f1Jol1!1f1l1!1!1l1lolRl1lolol1lol 

Description: Stores the contents of TOP into the MAC Accumulator.~­
NEXT is popped into TOP and the Parameter Stack is popped 
into NEXT. 

Number of cycles: 1 

Processor operations: 

T => MXR, N => T Pstack = > N 

Parameter Staclc effect: 

MXR --
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RTX 2010 Specific Normalize 

NORM 

I 1 I o I 1 I 1 I o I o I o I i lo I o I R I o I 1 I 1 I 1 I 1 I 

Description: . The Nonnanze operation counts the number of leading zeros 
in the double word operand in TOP and NEXT. This count 
is stored in MXR. TOP and NEXT are also shifted left 
logically by this count to eliminate all leading zeros. The 
shifted result is in MHR and MI.R. 

Number of cycles: 1 

Processor operations: 

NORMCT:N) => MHR:MLR Count => MXR 

Parameter Stacie effect: 

no effect 
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RTX 2010 Specific Shift MAC Register Right 

RSA CC 

Description: This operation shifts the MAC output registers right (MXR -
> MHR, MHR - > · MLR, sign fills MXR, contents of MLR 
are lost.) This is useful in implementing double precision 
multiply operations. 

Number of cycles: 1 

Processor operations: 

MXR => MHR MHR => MLR s i gnfi ll => MXR 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Streamed MAC - ASIC/Memory 

· SMACA 

I 1 I 0 I 1 I 1 I 0 I 0 I 0 I; I ;.I 0 IR I 1 I 0 I 0 1· 1 I 0 I 

Description: Streamed MAC between ASIC Bus and Memory is an 
instruction which indicates to the processor that the next 
instruction is a streamed ·instruction that will initiate a 
streamed MAC between the ASIC bus' and memory. See 
Section 7. 7 .1 for detailed information. 

Number of cycles: 1 

Processor operations: 

NIA 

Parameter Stack effect: 

no effect 
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RTX 2010 Specific Streamed MAC.- Stack/Memory 

SMACS 

, , I 0 I 1j1I0 I 0 I 0 Ii I 0 I 0 IR,,, 0 I 0, ,., 0 I 

Description: . Streamed MAC between Stack and Memory is an instruction 
which indicates to the processor that the next instruction is 
a streamed instruction that will initiate a streamed MAC 
between the stack and memory. See Section 7. 7 .1 for 
detailed information. 

Number of cycles: . 1 

Processor operations: 

NIA 

Parameter Stacie effect: 

no effect 
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7.7.1 Streamed MAC Instructions On The RTX 2010 

One of the features of the RTX-2010 is the ability to perform a high speed 
(one clock cycle per iteration) multiplication and accumulation of two 
streams of data. One stream is a list of data in external memory, and the 
other is either a list of data on the parameter stack or a stream of values 
input from the ASIC bus. 

SMACA is the instruction to initiate a streamed MAC with the ASIC bus and 
SMACS initiates a streamed MAC with list on the Parameter Stack. In general, 
the code to implement the algorithm is as follows: 

mem_addr count-1 SMACS OF( "OMA" 

mem_addr g·adclr SR! count·1 SMACA OF( "OMA" 

where: 
mem_addr 
count-1 
OF( 
"OMA" 

g-addr 

is the address of first data item in memory list 
is the number of items in list 
is the instruction to implement streaming 
is instruction to read sequential items from memory. 
is the ASIC Bus address to be streamed 

The 11 sMACA" and "sMAcs 11 instructions are used to set the source of one input 
data stream, and are part of a special opcode sequence which is used 
exclusively in the RTX-2010. These commands initiate a processor state 
which affects the operation of the instructions that follow it. The · 
instructions for streamed MAC must occur in the sequence previously 
described. SMACA and sMAcs suppress interrupts so that the oFc instruction is 
guaranteed to follow without interruptions. 

The "oMA" opcode is an existing RTX instruction that normally reads data 
from memory into NEXT, over writing the data in NEXT. During each 
cycle, the contents of the memory location addressed by TOP are read into 
the NEXT Register. Concurrently, the contents of TOP are incremented by 
the value of the five bit literal field of the instruction, to generate the next 
memory address to be read. 
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When used following the sMAcA or sMAcs instructions, the operation of the 
"DMA" opcode is modified. In the special processor state that is initiated by 
SMACA or sMAcs, the DMA instructions cause the contentS of NEXT to be 
multiplied by the contents of a pipeline register from the stack or ASIC Bus, 
and added to the 48-bit accumulator. In the same clock cycle, the DMA 

instruction also performs its normal operation, reading the next data item 
from memory into NEXT and auto-incrementing the address in TOP. 

The following is an example of a streamed multiply/accumulate operation 
between a list of data in memory and another list of data on the stack. The 
stack list is assumed to be in another stack area, necessitating the saving and 
restoring of a stack pointer. 

\ ( mem_addr· count-1 stack_addr -- answer ) 
SPRa MD! SPRI \ save & set stack pointer 
SMACS \ set streamed mac instruction execution 
OF( \ set stream count 

DMA \ execute streamed MAC DMA 

DROP DROP \eliminate address and last data from.stack 
MDa SPR! \ restore the stack pointer 
MLRa MHRa MXRa'\ fetch 48-bit accumulated value 

The next example performs the same operation, with the exception of the 
second argument being a stream of input from the ASIC Bus data. The SMACA 

instruction requires the desired ASIC address to be stored in the SR Register. 

\ ( mem_addr count-1 asic_addr -- answer) 
SRI \ set ASIC bus address 
SMACA \ set streamed mac instruction execution 
OF( \ set stream count 

DMA \execute.streamed MAC DMA 

DROP DROP \'eliminate address and last data from stack 
MLRa MHRa MXRa \ fetch accumulated value 

The opcode for DMA is E842H. 
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7.8 Class 11-a: ASIC Bus Access 

This class of·instructions· manipulates the contents of devices attached to the 
ASIC Bus. This includes the RTX internal registers (Index Register, 
Configuration: Register, Multi-step/Multiply Divide, Square Root, and Program 
Counter), On-Chip Peripheral devices (Stack Controllers, Interrupt Controller, 
Multiplier, Counters), and external 1/0 devices such as UARTs or SCSI 
controllers. 

The processor is able to directly access 32 ASIC Bus devices/registers. The 
specific ASIC Bus address is encoded as a 5-bit field in the instruction (indicated 
by "ggggg" in the instruction formats). See Section 7.8.1 for more information 
in instructins which use this instruction format. 

ASIC Addresses 0 - · 17H are used internally by the RTX processor for registers; 
Chapter 4 describes the register address assignments. Some of these addresses 
perform special functions when referenced with different forms of the ASIC Bus 
instructions. Section 7 .8.2 describes these special instruction forms. 

ASIC Addresses 18 - 31H are provided for access to off-chip.ASIC devices. 

7.8.1 ASIC Bus Instructions 

Instructions which access ASIC Bus locations have the specific location encoded 
as a 5-bit field in the instruction. This field is indicated by "ggggg" in the 
instruction formats. The 5-bit field enables the processor to directly access 32 
ASIC Bus devices/registers. 

Some of the ASIC Bus instructions perform ALU operations on the data 
accessed. These operations are indicated by "cccc" in the instruction formats and 
ate the same as those described in the "Single-step Math Functions" class. 
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ASIC Access G-read, DROP, Invert 

G-read, DROP, Invert 

I 1 I 0 I 1 I 1 I 0 I 0 I 0 I i I 0 I 0 I R I g I g I g I g I g I 

Description: 

If i = 0 Reads and discards data from ASIC address ggggg. Useful 
for performing "dataless" I/O accesses, in which an I/O ~----~ _ 
device needs to be addressed but no data transfer needs to 
tak. e place. See Sectio, 7.7'.1 for limitations on the use of H \ 7 
th d -------~--~-,., VI I) r 1s opco e. - 11v-Q,tl'-

If i = 1 Reads and discards data from ASIC address ggggg, inverts 
TOP. See remainder of description above. 

Number of cycles: 1 

Processor operations: 

If i = 0 T => T 

If i = 1 *T => T 

Parameter Stack effect: 

If i = 0 N T N T 

If i = 1 N T N *T 
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ASIC Access N = > Pstack, T= > N, (ggggg)= > T, Invert 

N= >Pstack, T= >N, (ggggg)= >T, Invert 

I 1IoI1I1I1I1! 1I 1 I 0 1° IR I 9 I 9 I 9 I 9 I 9 I 

Description: 

Iti = 0 

If i = 1 

Number of cycles: 

Pushes NEXT onto stack, TOP into NEXT, then reads data 
from address ggggg into TOP. 

PUshes NEXT onto stack, TOP into NEXT, then reads data 
from address ggggg into TOP, inverting data. 

1 

Processor operations: 

lfi = 0 N => Pstack T => N (ggggg) => T 

If i = 1 N => Pstack T => N *(ggggg) => T 

Parameter Stack effect: 

If i = 0 N T •• N T d 

If i = 1 N T •• N T *d 
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ASIC Access N = > Pstack, T= > N, T-op-(ggggg) 

N= >Pstack, T=>N, T-op-(ggggg) 

I 1 I 0 I 1 I 1 I c I c I c I c I 0 I 0 I R I g I g I g I g I g I 

Description: 

Number of cycles: 

Processor operations: 

N => Pstack 

Parameter Stack effect: 

Instruction Set, Chapter 7 

Pushes NEXT onto stack, TOP into NEXT, then reads 
data from ASIC address ggggg and loads TOP with 
results of ALU operation .cccc on original contents 
of TOP and data. 

1 

T => N T·op-(ggggg) => T 

N T -- N T T·op·d 
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ASIC Access T= > (ggggg), Invert 

T= > (ggggg), Invert 

I 1 I 0 I 1 I 1 I 0 I 0 I 0 I i I 1 I 0 I R· 1 g I g I g I g I g I 

Description: 

If i = 0 

if i = 1 

Number of cycles: 

Writes contents of TOP to ASIC address ggggg. &· inal 
contents of NEXT are left intact. See Section . 7 .. 1 for 
limitations on the use of this opcode. . '-----r-

Writes contents of TOP· to ASIC address ggggg. Inverts 
original contents of TOP. ·Original contents of NEXT are left 
intact. 

1 

Processor operations: 

If i = 0 T => (ggggg) 

If i = 1 T => (ggggg) 

Parameter Stack effect: 

lfi = 0 

Iti = 1 
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N T •· N T 

. N .T -- N *T 

T => T 

*T => T 
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ASIC Access T= > (ggggg), N = > T, Pstack= > N, Invert 

T= >(ggggg), N= >T, Pstack= >N, Invert 

I 1 I 0 I 1 I 1 I 1 I 1 I 1 I i I 1 I 0 I R I g I g I g I g ,1 g I 

Description: 

If i = 0 Writes contents of TOP to ASIC address ggggg. Copies 
NEXT into TOP. Pops stack into NEXT. 

If i = 1 Writes contents of TOP to ASIC address ggggg. Copies 
NEXT into TOP, inverting value. Pops stack into NEXT. 

) 

Number of cycles: 1 

Processor operations: 

lfi = 0 T => (ggggg) N => T Pstack => N 

If i = 1 T :> (ggggg) *N => T Pstack => N 

Parameter Stack effect: 

If i = 0 N T -- N 

If i = 1 N T -- *N 

Instruction Set, Chapter 7 189 



ASIC Access (ggggg)-op-T 

(ggggg)-op-T 

1 ·1 I 0 l 1 I 1 1.c I c I c I c I 1 r ·0 I R I 9 I 9 I s l s I 9 I 

Description: 

Number of cycles: 

Processor operations: 

(99999)-op-T => T 

Parameter Stack errect: 

190 

Reads data from ASIC address ggggg, and loads 
TOP with results of ALU operation cccc on contents 
of TOP and data. Original contents of NEXT are left 
unchanged. 

1 

N T -- N d-op-T 
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7 .8.2 Predermed ASIC Bus Instructions 

Some RTX ASIC Bus opcodes are predefined to perform specific functions. 
These include "Select Data Page Register", "Select Code Page Register", 
"Software Interrupt", and "Remove Software Interrupt". Descriptions of these 
opcodes follow. 

The Multiply, MAC, and. Barrel Shifter are also controlled using predefined 
ASIC instructions. See Section 7.7 for descriptions. 
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Memory Page Access 

0 

Description: 

192 

Select Da \ Page Register 

0 R 0 0 

Sets DPRSEL Bit to 1, causing all data memory accesses to , 
be addressed through the Data Page Register" 
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Memory Page Access Select Code Page Register 

Select Code Page Register 

l1 iol1 l1lololololololRlol1 j1 iol1I 

Description: Sets DPRSEL Bit to 0, causing all data memory accesses to 
be addressed through the Code Page Register. 
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Interrupts , Software Interrupt Request 

SetSOFfINT 

I 1 I 0 j 1 I 1·1 0 I 0 I 0 I. 0 I 1 I· 0 I R I 1 I 0 I 0. I 0 I 0 I 

Description: 

194 

Sets the Software Interrupt Request flip'"flop, generating a 
Level 13 interrupt to the processor. Due to the time 
required by the processor internally to generate and process 
the interrupt signal, this instruction should be followed by 
two 1-cycle instructions which do not depend on.whether or 
not the interrupt has been serviced (NOPs, for example). 
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Interrupts Remove Software Interrupt 

Clear SOFI'INT 

I 1 I 0 I 1 I 1 I 0 I 0 I 0 . I 0 I 0 ·I 0 I R I 1 I 0 I 0 · I 0 I 0 I 

Description: Resets Software Interrupt Request flip-flop. The interrupt 
service routine for the Software Interrupt (level 13) must 
execute this instruction before re-enabling interrrupts or 
executing a subroutine retum. 
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7 .9 · Class llb - Short Literals 

This class of instructions generates short literals (positive values 0 to 31). 

The value of the literal is embedded in the·instruction and is shown as "ddddd" 
in the instruction formats .. The value represented by "ddddd" is loaded into bits 
0-4 of the TOP register; bits 5-15 are set to 0. If the value is inverted by having 

· the "i" bit set in the instruction, all 16 bits of the value are inverted. 

Some of these instructions perform ALU operations using the literal data. These 
operations are. indicated· by "cccc" in the instruction formats and correspond to 
Table 7.3. · 
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Short Literals 

Description: 

If i = 0 

If i = 1 

Number of cycles: 

d Invert 

d Invert 

Pushes NEXT onto stack, copies TOP into NEXT, loads the 
value ddddd into TOP. 

Pushes NEXT onto stack, copies TOP into NEXT, loads the 
value ddddd into TOP, and inverts the value. 

1 

. Processor operations: 

If i = 0 N => Pstack T => N cldcldd => T 

If i = 1 N => Pstack T => N *cldcldd => T 

Parameter Stack effect: 

If i = 0 N T -- N T cldcldd 

If i = 1 N T -- N T *ddddcl 
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Short Literals N= >Pstack, T= >N, T-op-d 

N= >Pstack, T= >N, T-op-d 

I 1 I 0 I 1 I 1 I c I c I c I c I 0 I 1 I R I d I d I d I d I d I 

Description: 

Number of cycles: 

Processor operations: 

N z> Pstack 

Parameter Stack effect: 

198 

Pushes NEXT onto stack, copies TOP into NEXT, 
then loads TOP with result of ALU operation cccc 
between contents of TOP and value ddddd. 

1 

T => N T·op·ddddd => T 

N T •• N T T·op·ddddd 
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Short Literals d= >T, Invert 

d= >T, Invert 

I , I o I , I , ·I 1 I , I , 

Description: 

If i = 0 

If i = 1 

Number of cycles: 

Loads the value ddddd into TOP. Original contents of NEXT 
are left unchanged. 

Loads the value ddddd into TOP, inverting all 16 bits of the 
value. Original contents of NEXT are left unchanged. 

1 

Processor operations: 

If i = 0 ddddd => T 

If i = 1 *ddddd => T 

Parameter Stack effect: 

If i = 0 N T -- N ddddd 

If i = 1 N T -- N *ddddd 
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Short Literals d-op-T 

d"'°p-T 

I 1 I 0 I 1 I 1 I c I c I c I c I 1 I 1 I R I d I d I d I d I d I 

Description: 

Number of cycles: 

Processor operations: 

ddddd·op-T => T 

Parameter Stack effect: 

200 

Loads TOP with results of ALU operation cccc 
between value ddddd and contents of TOP. Original 
cont~nts of NEXT are left unchanged. 

1 

N T -- N ddddd~op·T 
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7.10 Class 12: User Memory Access 

This class of instructions performs reads and writes to the User Memory Space. 
The User Page Register and User Base Register determine the address of the 32-
word user memory block. 

The address to be accessed within the User Space is encoded as a 5-bit field in 
the instruction, and is indicated by "uuuuu" in the descriptions. · Note that 
"uuuuu" represents the word address of the location to be referenced. For 
example, uuuuu = 3 will perform a read or write to word #3 (byte #6) in the 
User Space. All User Memory Space accesses read or write a 16-bit value. 

The data written to or read from the User location is indicated in the descriptions 
as "(u)". 

Some of these instructions perform ALU operations using the memory data. 
These operations are indicated by "cccc" in the instruction formats and 
correspond to Table 7.3. 
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User Memory Access N= >Pstack, (u)= >N, Invert 

N = > Pstack, (u) = > N, Invert 

o I o I o I o I o I 0 I 0 I R I u I u I u I u I u I 

Description: 

If i = 0 Pushes NEXT onto stack, then reads data from user location 
uuuuu into NEXT. 

If i = 1 Pushes NEXT onto stack, then reads data from user location 
uuuuu into NEXT. Inverts TOP. 

Number of cycles: 2 

Processor operations: 

If i = 0 1st cycle: N => Pstack (U) => N 
2nd cycle: NOP 

If i = 1 1st cycle: N => Pstack (U) => N 
2nd cycle: T => *T 

Parameter Stack Effect: 

If i = 0 N T e• N (U) T 

If i = 1 N T ~- N (U) *T 
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User Memory Access 

Description: 

(u)= >T, Invert 

(u) = > T, Invert 

I 0 I 0 I R I u I u I u I u I u I 
L. , "\to 

/'i..wJ._ f~7~ I 

If i == 0 

If i = 1 

Reads data from user location uuuuu~ fl,. TOP. Original 
contents of1NEXT are left unchanged. 

l--T()f L 
Reads data from use~ton uuuuu · . TOP, inverting 
data. Original contents of NEXT are left unchanged. 

Number of cycles: 2 

Processor operations: 

If i = 0 

If i = 1 

1st cycle: 
2nd cycle: 

1st cycle: 
2nd cycle: 

Parameter Stack effect: 

If i = 0 

If i = 1 

Instruction Set. Chapter 7 

T~r~t 
N => T 

*N => T 

tJ T 

N f 

I 

i 
( 

(U) => N 
T => N 

(U) => N 

T => N 

--
--
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User Memory Access 

N= >Pstack, T= >N, T-op-(u)= >T 

I 1 I I 0 I 0 I c I c I c I c I 0 I 0 I R I u I u I u I u I u I 

Description: Pushes NEXT onto stack, TOP into NEXT, then loads 
. TOP .with result of ALU operation cccc on contents 

of TOP and data read from user location uuuuu. 

Number of cycles: 2 

. Processor operations: 

1st cycle: N => Pstack (U) => N . 

2nd i:ycle: T => N N-op•T => T 

Parameter Stack. effect: 

N T -- N T T-op·(u) 
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User Memory Access T= > uuuuu, Invert 

T= > uuuuu, Invert 

I 1 I 1 I 0 I 0 I 0 I 0 I 0 I i I 1 I 0 I R I u I u I u I u I u I 

Description: 

If i = 0 Writes the contents of TOP to user location uuuuu. Original 
contents of NEXT are left unchanged. 

If i = 1 Writes the contents of TOP to user location uuuuu. Inverts 
contents of TOP (after write operation). Original contents of 
NEXT are left unchanged. 

Number of cycles: 2 

Processor operations: 

If i = 0 1st cycle: T => uuuuu 
2nd cycle: T => T 

If i = 1 1st .cycle: T => uuuuu 
' 2nd cycle: *T => T 

Parameter Staclc effect: 

Ifi = 0 N T -- N T 

If i = 1 N T -- N *T 
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User Memory Access 

T= >uuuuu, ~= >T, Pstack= >N, Invert 

I lolol1j1l1lil1lolRlululululul 

Description: 

If i = 0 Writes contents of TOP to user location uuuuu. Moves 
NEXT into TOP. Pops stack into NEXT. 

If i = 1 Writes contents of TOP to user location uuuuu. Moves 
NEXT into TOP, inverting the value. Pops stack into NEXT. 

Number of cycles: 2 

Processor operations: 

If i = 0 1st cycle: T 
2nd cycle: N 

If i = 1 1st cycle: T 
2nd cycle: *N 

Parameter Stack effect: 

N T -· N lfi = 0 

If i = 1 N T -- *N 

=> uuuuu 
·=> T Pstack => N 

=> uuuuu 
=> T Pstack => N 
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User Memory Access T-op-(u)= > T 

T-op-(u)= >T 

·1 1 1 1 I 0 I 0 I c I c I c I c I 1 1 0 I R I u I u I u I u I u I 

Description: Loads TOP with results of ALU ·operation cccc on contents 
of TOP and data read from user location uuuuu. Original 
contents of NEXT are left unchanged. 

Number of cycles: 2 

Processor operations: 

1st cycle: 

2nd cycle: 

Parameter Stack errect: 

Instruction Set. Oiapter 7 

N => P11tack 

T-op-N => T 

N T -- N T·op-(u) 

(U) => N 

Pstack •> N 
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7.11 Class 13: Long Literals 

This class of instructions generates 16-bit literal values. The 16-bit value is 
contained in the memory location following the Long Literal instruction. The . 
value contained in this location is identified in the descriptions by "D". Long 
Literal instructions are the ·only RTX instructions which occupy two memory 
locations. 

Some of these instructions perform ALU operations using the literal data. These 
operations are indicated by "cccc" and correspond to Table 7 .3. 
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Long Literals N = > Pstack, D= > N, Invert 

N = > Pstack, D= > N, Invert 

Description: 

If i = 0 Pushes NEXT onto stack, loads literal value into NEXT. 

If i = 1 Pushes NEXT onto stack, loads literal value into NEXT, 
inverts TOP. 

Number of cycles: 2 

Processor operations: 

If i = 0 

If i = 1 

1st cycle: 
2nd cycle: 

1st cycle: 
2nd cycle: 

Parameter Stack effect: 

Ifi = 0 

If i = 1 

/nstnlaion Set, Chapter 7 

N => 

NOP 

N => 

*T => 

N T -- N D T 

N T -- N D *T 

Pstack D => N 

Pstack D => N 
T 
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Long Literals N= >Pstack, T= >N, D= >T, Invert 

N = > Pstack, T = > N, D = > T, Invert 

1 I 0 I 0 I R I x I x I x I x I x I 

Description: 

If i = 0 Pushes NEXT onto stack, TOP into NEXT, then loads literal 
value into TOP. 

If i = 1 Pushes NEXT onto stack, TOP into NEXT, then loads literal 
value into TOP, inverting the value. , 

Number of cycles: 2 

Processor operations: 

lfi = 0 1st cycle: N ::> Pstack D => N 
2nd cycle: T => N N => T 

If i = 1 1st cycle: N => Pstack D => N 
2nd cycle: T => N *N => T 

Parameter Stack effect: 

If i = 0 

If i = 1 N T 0 - N T *D 
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Long Literals N=>Pstack, T=>N,·T-op-D=>T 

N= >Pstack, T= >N, T-op-D= >T 

I 1 I I 0 I 1 I c I c I c I c I 0 I 0 I R I ~ I x I x I x I x I 

Description: Pushes NEXT onto stack, TOP into NEXT, then loads 
TOP with results of ALU operation cccc between 
original contents of TOP and literal. 

Number of cycles: 2 

Processor operations: 

1st cycle: N => Pstack D => N 

2nd cycle: T => N T·op·N => .T 

Parameter Stack effect: 

N T •• N T T·op·D 
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Long Literals D= >T, Invert 

D= >T,Invert 

I 0 . I I 0 I R l x I x I x ·I x I x I 

Description: 

If i = 0 Loads literal value into TOP. Original contents of NEXT are 
left unchanged. 

If i = 1 Loads literal value into TOP, inverting the value. Original 
contents of NEXT are left unchanged. 

Number of cycles: 2 

Processor operations: 

If i ,= 0 . 1st cycle: N => Pstaek D => N 
2nd cycle: N => T Pstack => N 

If i = 1 1st cycle: N => Pstack D => N 

2nd cycle: *N => T .Pstack => N 

Parameter Stack effect: 

If i = 0 N T -- N D 

Ifi = 1 N T -- N "'D 
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Long Literals 

~ =>T 

I 1 I 1 I 0 I 1 I c I c I c I c I 1 I 0 I R I x I x I x I x I x I 

Description: Loads TOP with result of ALU operation cccc between literal 
value D and contents of TOP. Original contents of NEXT.are 
left unchanged. 

Number of cycles: 2 

Processor operations: 

1st cycle: N => Pstack D => N 

2nd cycle: T-op-N => T Pstack => N 

Parameter Stack errect: 

Al T -- ~ 

Instruction Set, Chapter 7 213 

T-()p- D 



7.12 Classes 14 and 15: Data Memory Access 

These two classes of instruction perform reads and writes to Data Memory 
Space. The DPRSEL bit controls which page address register selects the 
memory page. 

· The address within the page of the location to be accessed is contained in the 
TOP register. For memory reads, the data is moved from memory into the NEXT 
register. For memory writes, the data moves from NEXT into memory. 

The instruction formats are identical for both word and byte access. The "s" bit 
(bit 12) of the instruction dictates the size of the operand (s = 0 for 16-bit word, 
s = 1 for 8-bit byte). 

For byte writes to memory, the contents of bits 0-7 of NEXT are written to the 
memory location addressed by TOP. For byte reads, the memory data is read 
into bits 0-7 of NEXT; bits 8-15 of NEXT are set to 0. 

The data read from or written to memory ,is identified in the descriptions as "m". 
Short literals are identified_;_as "ddddd" .~loatiotratltln:s-sm-oy e 
conten of TOP is identified~ • 

Some of the instructions may perfo . ALU operations on the data. These 
operations are identified by either "ccc~' or "aaa" in the instruction format, and 
cqrrespond to the values in Table 7.3. 
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Data Memory Access N=>T, m=>N, Invert 

N= >T, m= >N, Invert 

I 1 I 1 I 1 I s I 0 I 0 I 0 I I 0 I 0 I R I x I x I x I x I x I 

Description: 

If i = 0 Moves NEXT into TOP. Loads memory data contained in the 
location addressed by TOP into NEXT. 

If i = 1 , Moves NEXT into TOP, inverting value. Loads memory data 
contained in the location addressed by TOP into NEXT. 

Number of cycles: 2 

Processor operations: 

lfi = 0 1st cycle: N 
2nd cycle: T 

If i = 1 1st cycle.: N 
2nd cycle: *T 

Parameter Stack effect: 

If i = 0 

If i = 1 

N T -- m N 

N T -- m *N 

Instruction Set. Chapter 7 

=> T m => N 
=> T 

=> T m => N 
=> T 

215 



Data Memory Access m=>T, Invert 

Description: 

If i = 0 

If i = 1 

m= >T, Invert 

I .0 I 0 R I x I x I x I x I x I 

Loads memory data into TOP. Original contents of NEXT 
are left unchanged. 

Loads memory data into TOP, inverting data. Original 
contents of NEXT are left unchanged. 

Number of cycles: 2 

Processor operations: 

If i = 0 1st cycle: N 
2nd cycle: N 

If i = 1 1st cycle: N 
2nd cycle: *N 

Parameter Stack efrect: 

If i = 0 N T -- N m 

If i = 1 N T -- N *m 

=> 

=> 

==> 
=> 

T 
T 

T 
T 

m => N 
T => N 

m => N 
T => N 
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Data. Memory Access 

1v-01 ~Y'1 . 

..,...-m::op:N = > T 

I 1 I 1 I 1 I s I c I c I c I c I 0 I 0 I R I x I x I x I x I x I 

Description: 

Number of cycles: 

Processor operations: 

1st cycle: N => T 

2nd cycle: T => N 

Parameter Stack effect: 

Instruction Set, Chapter 7 

Loads TOP . with results of ALU operation cccc 
between memory data and contents of NEXT. 
Original contents of NEXT are left unchanged. 

2 

m => N 

T-op-N => T 

N T --
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Data Memory Access {N=>Pstack}, m=>N 

. {N= >Pstack}, m= >N 

I 1 I 1 I 1 I s I 0 I .0 I 0 I P I 0 I 1 I R I x l x I x I x I x I 

Description: 

If p = 0 Loads memory data into NEXT. Original contents of TOP 
are left unchanged. 

If p = 1 Pushes NEXT onto stack. Loads memory data into NEXT. 
Original contents of TOP are left unchanged. 

Number of cycles: 2 

Processor operations: 

Ifp=O 1st cycle: m => N 
2nd cycle: · no operation 

if p = 1 1st cycle: N => Pstack 
2nd cycle: no operation 

Parameter Stack effect: 

lfp=O 

Up= 1 

NT--mT 

NT-NmT 

m => N 
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Data Memory Access {N= >Pstack}, m= >N, d= >T 

{N= >Pstack}, m= >N, d= >T 

Description: 

If p = 0 Loads memory data into NEXT, and short literal value ddddd 
into TOP. 

If p = 1 Pushes NEXT onto stack, loads memory data into NEXT, and 
short literal value ddddd into TOP. 

Number of cycles: 2 

Processor operations: 

If p = 0 1st cycle: 
2nd cycle: 

If p = 1 1st cycle: 
2nd cycle: 

Parameter Stack effect: 

If p = 0 

If p = 1 

Instruction Set, Chapter 7 

m => N c:ldddc:l => T 

no operation 

N => Pstack 
no operation 

N T -- m c:ldddc:l 

N T -- N m c:ldddc:l 

m => N c:ldddc:l => T 
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Data Memory Access 

{N = > Pstack}, m = > N, T-op-d = > T 

I 1 I 1 I 1 I s I a I a I a I p I 0 I 1 I R I d I d I d I d I d I 

Description: 

If p = 0 Loads memory data into NEXT. Loads TOP with results of 
ALU operation aaa between the contents of TOP and short 
literal ddddd. 

If p = 1 Pushes NEXT onto stack. Loads memory data into NEXT. 
Loads TOP with results of ALU operation aaa between the 
contents of TOP and short literal ddddd. 

Number of cycles: 2 

Processor operations: 

Ifp=O 

If p = 1 

1st cycle: 
2nd cycle: 

1st cycle: 
2nd cycle: 

Parameter Stack effect: 

Ifp=O 

If p = 1 

220 

m => N T-op·ddddd => T 

no operation 

N => Pstack 
no operation 

m => N T·op-c:ldddd => T-1 
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Data Memory Access 

N= > (T), N= >T, Invert, Pstack= > N 

I 1 I 1 I s I 0 I 0 I 0 I i I 1 I 0 I R I x I x I x I x I x I 

Description: 

If i = 0 Writes data in NEXT to location addressed by TOP. Copies 
NEXT into TOP. pops stack into NEXT. 

If i = 1 Writes data in NEXT to location addressed by TOP. Copies 
NEXT into TOP, inverting contents, then pops stack into 
NEXT. 

Number of cycles: 2 

Processor operations: 

If i = 0 1st cycle: N => (T) N => T Pstack => N 
2nd cycle: T => T 

If i = 1 1st cycle: N => (T) N => T Pstack => N 
2nd cycle: *T => T 

Parameter Stack effect: 

If i = 0 N T -- N 

If i = 1 N T -- *N 
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Data Memory Access N .· >(T), Pstack=>N,T, Invert 

N=>(T), Pstack=>N,T, Invert. 

, , I 1 I 1 I s I 1 I 1 j 1 I ll 1 I 0 I R I x Ix I x I x I x I 

Description: 

If i = 0 Writes contents of NEXT to location addressed by TOP~ 
Pops new values into TOP and NEXT. 

If i = 1 Writes contents of NEXT to location addressed by TOP. 
Pops new values into TOP and NEXT. Inverts new contents 

. of TOP. 

Number of cycles: 2 

Processor operations: 

If i = 0 1st cycle: N => (T) N ·=> T Pstack => N 
2nd cycle: N => T Pstack => N 

If i = 1 1st cycle: N => (T) N => T Pstack => N 
2rid cycle: *N => T Pstack => N 

Parameter. Stack effect: 

If i = .0 S N T •• S 

If i = 1 S N T •• *S 
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fJ-() f-rV'< 

Data Memory Access ~cop=N=>T, Pstack=>N 

tJ ~f-ff' 
;n=op:"N = > T, Pstack= > N 

I 1 I 1 I 1 I s I c I c I c I c I 1 I 0 I R I x I x I x I x I x I 

. Description: Loads TOP with results of ALU operation cccc between 
memory data and contents of N. Pops stack into N. 

Number of cycles: 2 

Processor operations: 

1st cycle: N => T m => N 

2nd cycle: T·op·N => T Pstack => N 

Parameter Stack effect: 
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Data Memory Access N-· > (T), {Pstack-:- > N} 

N= > (T), {Pstack= >N} 

I 1 I 1 I 1 I s I 0 I .o I 0 I p I 1 I 1 I R I x I x I x I x I x I 
Description: 

If p = 0 Writes contents of NEXT to memory location addressed by 
TOP. Original contents of TOP (address) are left unchanged. 

If p = 1 Writes contents of NEXT to memory location addressed by 
TOP. Original contents of TOP (address) are left unchanged. 
Stack is popped into NEXT. 

Number of cycles: 2 

Processor operations: 

If p = 0 1st cycle: 
2nd cycle: 

If p = 1 1st cycle: 
2nd cycle: 

Parameter Stack effeet: 

lfp=O 

If p = 1 

224 

N => (T) 

no operation 

N => (T) 

no operation 

N T CG N T 

N T •· T 

Pstack => N 
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Data Memory Access N=>(T), d= >T, {Pstack= >N} 

N= > (T), d= >T, {Psta:ck= >N} 

l 1 l 1 l 1 lsl 1 l 1 l 1 lpl 1 l 1 IRldldldldldl 

Description: 

Up = 0 Writes contents of NEXT to location addressed by TOP. 
Loads short literal ddddd into TOP. 

If p = 1 Writes contents of NEXT to location addressed by TOP. 
Loads short literal ddddd into TOP. Pops stack into NEXT. 

Number of cycles: 2 

Processor operations: 

If p = 0 1st ·cycle: 
2nd cycle: 

If p = 1 1st cycle: 
2nd cycle: 

Parameter Stack effect: 

lfp = 0 

If p = 1 

Instruction Set. Chapter 7 

N => (T) ddddcl => T 
no operation 

N => (T) 

no operation 

N T -- N ddddd 

N T -- ddddd 

Pstack => N ddddd => T 
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Data Memory Access 

\ N= >(T), ct.ro~T= >T 

N= > (T), dw&~~ > T 

I 1 I 1 I 1 I s I a I a I a I P I 1 I 1 I R I d I d I d I d I d I 

Description: 

If p = 0 Writes contents of NEXT to location addressed by TOP. 
Loads TOP with results of ALU operation aaa between short 
literal ddddd and contents of TOP. 

If p = 1 Writes contents of NEXT to location addressed by TOP. 
Loads TOP with results of ALV operation aaa between short 
literal ddddd and _contents of TOP. Pops stack into NEXT. 

Number of cycles: 2 

Processor operations: 

If p = 0 1st cycle: 
2nd cycle: 

If p = 1 1st cycle: 
2nd cycle: 

Parameter Stack effects: 

lfp = 0 

If p = 1 

226 

N => CT> 
no operation 

N => CT> 
no operation 

N T -- N 

=> T 

=> T 
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7 .13 Undefined opcodes 

The following bit patterns are reserved for future use and should not be used for 
opcodes: 

User Space: 

I , I , I o I o I x I x I x I x I x I , I x I x I x I x I x I x I 

Long Literal: 

I , I , I o I , I x I x I x I x I x I , I x I x I x I x I x I x I 
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8 . Step Math Functions 

The Hams RTX 2000 Series Microcontrollers all include a unique and powerful 
set of instructions known as Step Math Instructions. These instructions allow 
the RTX microcontrollers to perform certain math operations much more quickly · 
than would be possible without them . 

. 8.1 Introduction 

Step math operations include signed and unsigned multiplication, unsigned 
. division, integer square root, bit reversal and cyclic redoodancy checks. Tuey 
also expand the RTX processors'. ability to perform logical rotation operations. 

In order to achieve this increase in efficiency, the processor operates differently 
than when performing ordinary math. To explain this in simplified terms, 

,intuitive mnemonics will be used here because of the_mimbei" of operations that 
··can happen in a single cycle;. Forth descriptions are used only where doing so 
clarifies the operation. In general, it is best to consider step math operations as 
Forth primitives. 

8.1.l Step Math Using The RTX 2000 . 

· All of the step math. functions listed above can be performed on 
· the RTX 2000 Microcontroller. However, because of the 
hardware multiplier which is incorporated on-chip. with this 
product, a special set of single cycle instructions is used to 
perform multiplication in· the place of step math operations. See 
Section 6.3. l for more detailed information about the on-chip 
hardware multiplier. 
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8.1.2 Step Math Using The RTX 2001A 

On the RTX 2001A, step math operations are used to peffonn all 
of the functions listed in the Introduction. 

. . . . . . 

· 8~1.3 · Step Math Using The RTX 2010 · 

· All of the step math functions listed can be perfonned on the 
RTX 2010 Mkrocontroller. · However, because this product• 
provides the hardware Multiplier/ Accumulator, Barrel Shifter, and 
other Floating Point Support on-chip, special instructions are used 
to.· perfonn some math opera1;ion8 ·in place of step math. 
operations. See Section 6.3.2 for more detailed infonnation about 
the on-chip hardware math support for the RTX 2010. 
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8.2 Data Flow in Step Math 

Figure 8.1 shows the data flow diagram for all step math operations. Even 
though the hardware to perfonn step math is always present, much of it is 
inactive when not performing step math and therefore it is not emphasized outside 
of discussions on step math. 

Note that the-ALU is followed by a shifter. This allows an ALU operation and 
a shift to be perfonned in· a single cycle without passing the data through the 
ALU twice. 

Step math operations also use two special purpose registers (MD and SR) and one · 
pseudo register (SQ) in their operations. There are also dedicated shift blocks 
and logical OR blocks used with the MD and SR registers so that data in them 
does not have to pass through the ALU to be updated. 

The result of this architecture is that the equivalent of five ALU operations can 
be perfonned in a single cycle, and the cycles required to transfer data for these 
ALU operations are eliminated also. 
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FIGURE 8.1: RTX STEP MATH DATA FLOW DIAGRAM 

228 RTX 2000 Family Programmer's Reference Manual 



8.3 17-Bit Math 

·Many of the step math operations treat the TOP register as a 17-bit wide register 
to accomplish their:tasks. Correspondingly, ·the ALU is extended ·to 17 bits for 
these operations by the 17th-bit adder. Since the 17-bii. result is sometimes 
shifted left one bit, ari 18th bit is also needed to store the shifted bit. The 17th 
and 18th bits are held in bits zero and one of the Configuration Register (CR), 
and consequently change only at the end of a cyCle on the rising edge of PCLK. 

These bits are sometimes referred to in the data sheets as the . carry (CY) and 
complex carry (CCY).bits, respectively, but in the context of step math, this may 
be misleading nomenclature. In this case, these bits are more accurately thought· 
of as an e:i:ctension of the TOP register, and will be referred to here only as CRO 
and CRl. 

There are values referred to a8 CY and CCY in other sections in this manual, 
which UQ.der ceri:ain conditions are clocked into CRO and CRl at the end of a 
cycle, though these values are not necessariiy true carry bits. When this is the 
case, CRO and CRl may contain the CY . r CCY result of e previous math__or. 
step math instruction. In this chapte the values are sometimes referred to' as 
W16 and Wl7. In worki,ng with step math it is essential to remember at 
and CCY do not exactly indicate the contents of CRO and CRl. "'-"' k ~ 

/" Note that CRO only changes when performing an ALU or shift operation, and 
{ CRl only changes during step math operations that include an arithmetic ALU 
\ · .' operation. Also note that CRO and CRl are sometimes referred to as CQ and 
~ CCQ, respectively~ in other sections of this manual. 
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8~4 The Step 'Math Instruction Format 

· All step math operations have the same format, which is similar to that of · · 
ordinafy math operations. The op code for step math. instructions is divided into 
groups of micro opcodes, each of which has a specific effect on the instruction. 
The general format for step math instructions is shown i.n Figure 8.2 · 

bits: .. 
11s· ••••••••• · •• · ••••.•.•••••• ; ••••••• ~. · ••• , ••••••••••• ;. · •• ·; .•••• >. o I 

I 1 0 I 1 I 0 I a I a I a I_ r II Y I Y I R I iJ s I s I s I .s II 
1<·....,......---·>1< >1< >I· l<I· .. >1<1>1 

· . Signed/Unsigned 
Micro op~ode 

. Field . . 

· . . Unconditional Sh;l.ft 
Micro Opcode Field 

Conditional Behavior 
Micro Opcode Field 

Reqi·ster Selection 
Micro Op.code .Field 

ALU Micro Opcode Field' 

FIGURE 8.2: STEP MATH INSTRUCTION FORMAT · 
. . . . ~ . . . 

As is evident from · the step math instruction format, there. are ten bits, not 
including the Return bit, that determine ~e step math operation, which implies 
that there . are· 1024 ·possible step math operations. While this is true, not all of 
thes~ operations are useful. 
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8.4.1 ALU Micro Opcode Field (aaa) 

Step math operations usually include a conditional ALU operation between the 
TOP register and another register, either the MD or the SQ pseudo register. Step 
math operations may also include an ALU No-Operation or a conditional ALU 
load from the MD or SQ register. · 

TABLE 8.1: STEP MATH ALU FUNCTIONS 

aaa ·Function 

000 No ALU operation 
001 YES = 1 => TOP and REG.--> TOP 
010 YES • 1 => TOP - REG -->.TOP 
011 YES = 1 => TOP or REG --> TOP 
100 YE$ = 1 •> TOP + REG·--> TOP 
101 YES = 1 => TOP xor REG --> TOP 
110 YES = 1 => REG - TOP --> TOP 
111 YES = 1 => REG --> TOP 

Whether the conditional ALU operation occurs depends on a pseudo variable, 
called "YES". If YES is true (1), the conditional ALU operation will be 
perfonned; if YES is false (0), the contents of TOP will be preseived, though in 
either case the contents of TOP may be shifted by an unconditional shift 
operation. The procedure for determining YES will be explained shortly. 

The 18-bit result of the conditional ALU operation, as determined by YES, results 
in a value called "W," as shown in Figure 8.1. This vafoe is then shifted t6 
detennine the value shifted into CRl CR.Q,_ .. '(Qe and NEX.T. · If the ALU . 
operation is not arithmetic (i.e. + or-), Wl 7 and WC are the value stored in CRl · .· · rJ 
and CRO respectively. /fif·-,-~;~--;;ffe;:r~;c/ ----fl-t~ fo, 1 ·7 . ~~t; (j) ~ 

l .. ' ' ~ell"''"'. /l'j •11"'' -

Conditional ALU operations during step math are summarized 1:. References 
to "REG" indicate the MD or the SQ register as determined by the "r" bit (bit 8), \ 
as described in Section 8.4.2 and shown in Table 8.2. . · · .· \~ e. 

. . \ ti\ T o,'v; 

Step Math Fuiictions, qhapter 8. 231 



8.4.2 Register Selection Micro Opcode Field (r) 

The register selection micro opcode field (bit 8) detennines whether the input to 
the ALU operation will be the MD or the SQ register. If r = 0, the input will be 
the MD. register; if r = 1, the input will be· the SQ register. 

The SQ register is actually a pseudo register: there is not a unique register 
associated with it. When reading the . SQ register, the value obtained is the 
contents of the MD reg~ster shifted left one bi~ and then logically OR'ed with the 
contents of the SR register. · L 1-~ vd G ~~ t(..e..J )· VI ~ -"'-------

Also, the most significant bit of MD (bit 15) is fed into the 17th-bit adder. As 
we shall see, this allows the RTX processors to calculate the square root of an 
integer without using Newton's method. Also, writing data to the SQ register 
(ASIC Bus address 5) has the effect of multiplying the data by 256 and placing 
it ·into the MD register. Applications for this procedure is useful include 
calculation of some cyclic redundancy checks. 

The "r" bit has another function in step math. If r = 1, i.e. the SQ register is 
selected, the data in MD and SR will be modified at the end of the cycle. The 
data in MD will y be replaced with MD logically OR'ed with the data 
in SR, and the data in SR ·n be shifted right one bit. A.'-· -----~---

The condition that detennines whether this happens is the same condition that 
detennines whether an ALU operation will be perfonned (YES). This behavior 
is useful in both square root and bit reversal operations. 

The behavior of MD and SR"as detennined by "r" is summarized in Table 8.2. 

TABLE 8.2: MD AND SR OPERATION 

r YES MD SR TOP 

0 0 MD SR TOP (shift) 
0 . 1 MD SR TOP (alu op) MD (shift) 
1 0 MD SR I 2 TOP (shift) 
1 1 MD or SR SR I 2 TOP (alu op) SQ (shift) · 
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8.4.3 Conditional Behavior Micro Opcode Field (yy) 

The conditional behavior micro opcode field (yy, bits 6 and 7) determines the 
value of the pseudo variable "YES." 

In general, YES is detennined by the logical combination of one or more bits in 
registers or by the Clll!X, out bit from the 17-bit ALU operation. The_ bits involved 
are the carry out bit @f 6), bits zero and three of the opcode (Instruction Register 
bits IRO and IR3), CR!>bil zero of the TOP Register (TO), and bit zero of the 
NEXT Register (N0). -----_ ___ _ 

------~---~ 
Another factor that may affect the result is whether the . ALU operation is 
arithnietic or logical. The behavior of YES is summarized in Table 8.3. 

TABLE 8.3: BEHAVIOR OF YES 

yy YES 

00 IF ARITHMETIC THEN ·~~ IRO 
01 (IF ARITHMETIC THEN~CTl6 ELSE IRO) or CRl 
10 IF IR3 = 0 THEN TO ELSE Nl<l 
11 TO xor N0 

So far, little has been said about the carry out bits, Cl5 and· C16. These are 
outputs of the 16-bit ALU and the 17th-bit adder. 

When addition is perfonned, the carry bits are set if the result of the addition is 
too large to place in the available number of bits. When subtraction is performed, 
however, the carry bit represents an inverted borrow bit. In this case, the carry 
bit is cleared. if the result of the subtraction is negative. 

In step math, the carry bits are used primarily in operations that involve a 
conditional subtraction, namely division and square roots. In these cases, the 
carry bit is set if the subtraction was successful, which causes the result of the 
subtraction to replace the original value in TOP. Both of these cases also shift 
the result left one bit, which is. why an extra bit (CRl) is required, since it always 
contains the 17th bit of the result of the most recent arithmetic step math 
operation. 
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8.4.4 Subroutine Return Micro Opcode Field (R) 

The operation of the subroutine return micro opcode ·field (bit 5) is exactly the 
same as for other 'RTX instructions. · 

If this bit equals one, a subroutine return is executed· along with the instruction. 
If it equals zero, the next sequential instruction is executed. 
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8.4.5 Unconditional Shift Micro Opcode Field (sss) 

Every step math operation may include an unconditional shift operation, (bits l, 
2, and 3) which is perfonned on W. Since the shift is perfonned in a separate 
section from the ALU, the shift may occur in the same cycle as the ALU 
operation. 

Shift operations occurring during step math differ from those occurring during 
ordinary math operations. In particular, the sources of carry in bits .to the shifts 
may be different, and may come from YES and CRl. 

Shifts may operate on TOP, NEXT or both. The various shift operations are 
summarized with Forth mnemonics in Table 8.4. · 

TABLE 8.4: STEP MATH SHIFf OPERATIONS 

sss NAME CRl CRO Tl5 Til TO Nl5 Nn N(il 

000 NONE Wl7 Wl6 Wl5 Wn WO Nl5 Nn N(il 
001 2.*' Wl6 Wl5 Wl4 Wn-1 YES Nl5 Nn Nfil 
010 c2/' Wl7 Wl7 Wl6 Wn+l Wl Nl5 Nn· Nfil 
011 2/' Wl7 w17 YES Wn+l Wl Nl5 Nn Nfil 
100 N2*' Wl7 Wl6 Wl5 Wn WO Nl4 Nn-1 YES 
101 02*' Wl6 Wl5 Wl4 wn-1 Nl5 Nl4 Nn-1 YES 
110 c02/' Wl7 Wl7 Wl6 Wn+l Wl WO Nn+l Nl 
111 02/' Wl7 Wl7 YES Wn+l Wl WO Nn+l Nl 

Note that bits WO through Wl 7 are _the result of the conditional 

ALU. operation· as determined by YES. 

There ~re several important exceptions to.Table 8.4. First, the value clocked into 
CRl for opcode A057 (hex) is W17 instead of Wl6 as indicated by the table. 
The second special case occurs when the shift operation is cD2/' and the "S" bit 
(bit zero of the opcode) is 1, as it is in the case oLsignecLmulti.p4'JleJt 
instructj.cnr~ese instructions, the value of the bit shifted into TlS may· --

iffe-rfrom Wt 6. 
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· 8.4.6 Signediunsigned Micro Opcode Field, (S) 

The signed/unsigned micro opcode field (bit 0) has a double purp0se. FirstMwit 
determines whether rignt shifts and .additions are treated as signed· or unsigned 
during multiply steps; and second, it is used with yy = Olto allow manual control 
of conditional logical ALU operations. This allows unconditional 17-bit shifts, 
for example. When used with arithmetic ALU operations, the "S" bit affects the 

. Jnputs to the 17th-bit adder. · 
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It S = 0 .(unsigned), the adder operates on CRO and a zero bit. This is 
. because the zero is treated as the 17th bit of the MD register. Since MD 

is considered to be unsigned, its 17th bit is always a zero. · · · 

If S ..; 1 (signed), . the adder will opera~ on CRO and MD15. ·1n this 
case, the s~ bit of MD is extended into its 17th bit. If the operation is 
subtraction, one of the inputs to the adder will be inverted, as will be · 
discussed below. The ~'S" bit also affects right shifts during signed 
multiplies, to detennine the value shifted into. TOP; · · 
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8.5 Operation of the 17th-Bit Adder 

The 17th-bit adder is an extension of the ALU for addition and subtraction 
operations. It can be used for subtraction as well as addition because its inputs 
may be inverted depending on the operation. 

When perfonning addition, the carry out indicates that the result is negative, or 
has overflowed, as is the case with the ALU. 

When perfonning subtraction, the carry indicates an inverted borrow, i.e. a carry 
out indicates that the subtraction of the 17th bit did not require a borrow, and that 
the result is non-negative. This is also the same as a carry out during subtraction 
for the ALU. 

The operation of the 17th-bit adder is summarized in Table 8.5. 

TABLE 8.5: 17th-BIT ADDER OPERATION 

T y CI z co 

0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 
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8.6 Interrupting Step Math Operations 

In general step math operations may be interrupted as long as the interrupt 
handlers are well behaved; i.e. they save and restore any shared resources they 
may use. This is in agreement with good interrupt handler design for any 
processor. 

The shared resources that affect step math operations are CR bits 0 and l, MD 
and SR. Any handler that affects these should make sure they are in the same 
state upon returning from the interrupt that they were in when the interrupt 
occurred.· 

One exception is the signed step multiply operation. If it is interrupted, there is 
a probability that the~_result wjJJJ~~Jnc_o~ct, though this. gepe_nd§ on the· values 

,~~~:~~~~~,,. :~~,·~~~f~~!llaa;~,~~ 
·s1 ed--in t1plicaffori · is<"rtot~su:ffiCierit-=te~ prevent interrupts, as this does. not 
prevent the last step (which is not streamed) from being interrupted. 
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8. 7 · Some Useful· Opcodes 

It may help to look at some specific step math operations to get a feel for how 
they are used before considering specific cases. Table 8.6 provides a list of 
useful step math opcodes with their Forth mnemonics and a ·brief description. 
The following sections describe these operations in more detail. 

TABLE 8.6: SOME USEFUL STEP MATH. OP<:;ODES 

OPCODE FORTH DESCRIPTION 

A012 2*' 17 Bit left shift 
A09E RDR Rotate TOP:NEXT right 
A096 RTR Rotate TOP right 
A89D *' Signed multiply steps 1-15 
A49D *" Signed multiply step 16 
A89C U*' Unsigned multiply steps 1-16 
A49C U*" Mixed sign multiply step 16 
A894 BU*' Byte unsigned multiply steps 1-8 
A494 BU*" Byte mixed sign multiply step 8 
A41A U/1' Unsigned divide step 1 
A4SA U/' Unsigned divide steps 2-lS 
MS8 U/" Un'signed divide step 16 
A418 U/l" Al"ternate unsigned divide step 16 . 
A412 BU/' Byte unsigned divide steps 1-8 
ASlA Sl' Square root stei.p 1 
ASSA S' Square root steps 2-:lS 
ASS8 S" Square root step 16· 
AS12 BSl' Byte Square root step 1 
ASS2 BS' Byte square root s·teps 2-8 
Al96 R' Bit reversal step 
AADE C' CRC step 
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8.8 Step Multiplication 

In applications in which multiplication is needed, the RTX 2001A Microcontroller 
uses the step multiplication operations which are described in the following 
sections. These step math multiplication operations would not nonnally be 
perfonned on the RTX 2000 Microcontroller due to the increased speed available 
through its on:chip hardware multiplier. · 

8.8.1 Signed Step Multiplication 

The primitive signed step ·multiplication operation operates on two signed 
numbers. One of these numbers, the multiplier, is initially in NEXT, and the 
other, the multiplicand, is in the MD register. The product is a signed, double 
precision number on the stack. 

Prior to perfonning signed step multiplication, both CRO and CRl should be 
initialized to zeros and TOP should be initialized to zero. TOP may optionally 
be initialized.to a signed. number which will be added to .the product 

If step signed multiplication is interrupted, the result may be incorrect. 
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8.8.2 Signed Step Multiplication Op Codes 

*' 
Siqn.ci Mllltiplication Step• 1 Through 15 
A89D = 1010 1000 1001 1101 
aaar = 1000 ==> ALU OP = TOP + MD --> TOP 
yy 10 ==> YES = Nill 
ssss = 1101 ==> shift = cD2/' signed 

If Nill = 1 
TOP + MD --> TOP 

TOP:NEXT I 2 --> TOP:NEXT 

... 
siqned Mllltiplication step 16 
A49D = 1010 0100 1001 1101 
aaar = 0100 ==> ALU OP = TOP - MD --> TOP 
yy 10 ==> YES = Nill 
ssss = 1101 ==> shift = cD2/' signed 

If Nill = 1 
TOP - MD --> TOP 

TOP:NEXT I 2 --> TOP:NEXT 

This step differs from*' in that MD is conditionally subtracted from TOP 
instead of added. This is because the value originally in NEXT is in 
two's complement form and as such the most significant bit represents a 
negative multiple of a power of 2, i.e. 215• 

. 8.8.3 Signed Step Multiplication Example Program 

HEX 

M* n n -- d ) 
CR@ DUP 2* 0< 10 AND OR >R 
CR@ 10 OR CR! 
MD! 
0 
0 + 
2*' 
*' *' *' *'" *' *' *' *' 
*' *' *' *' *' *' *' *" 
R> CR! ; 

Step Math Functions, Chapter 8 

\ Save state of int disable bit 
\ Disable interrupts 
\ .. Set up MD 

. \ Set up TOP 
\ Clear CRO 
\ Clear CRl 
\ Perform the multiplication 

\ Restore int disable bit 
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8.8.4 Mixed Sign Multiplication Type A 

Type A mixed sign multiplication is similar to signed multiplication except that 
the value originally in NEXT is treated as a 16-bit unsigned integer. Because of 
this, the last step is the same as the first 15 steps, w_hich are the same as for 
signed multiplication. 

This type of multiplication is useful for calculating· the partial IJroduct of a 
multiple precision multiplication. 

Because all the multiplication steps are the same, the operation can be streamed 
to disable interrupts, which reduces the overhead for this type. of multiplication. 

8~8.5 Type A Mixed Sign Multiplication Example Program: 

: MA* ( u n -- d ) 
MD! 
0 
0 + 
2*' 

F OF( *' 
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\ Set up MD 
\ Set up TOP 
\ Clear CRO 
\ Clear CRl 

\ Perform the multiplication 
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8.8.6 Unsigned Multiplication 

Unsigned multiplication is similar to signed multiplication except that ·.the 
multiplier and multiplicand are both treated as unsigned 16-bit values. Also, s~bit 
unsigned multiplication is supp0rted. This allows. a faster multiplication in the 

· event the multiplier and muitiplicand ate both 8-bit values. · 

Since the multiplicand (MD) is always positive in unsigned multiplication, CRO 
is added to a zero bit instead of the most significant bit of MD in the the 17th-bit 
adder. Otherwise unsigned multiplication is similar to signed multiplication. 

8.8~7 Unsigned Multiplication Op Cocies 

o•• 
11n•J.gned. 11111.Upl.i.cat:J.on Step• 1 ~uqh 1' 
A89C m 1010 1000 1001 1100 
aaar = 1000 · ==> ALU OP = TOP + MD --> TOP 
yy 10 ="'> YES = Nil 
sssS • 1100 ==> shift = cD2/' unsigned 

If Nil = 1 
TOP t MD --> TOP 

TOP:NEXT. I 2 --> TOP:NEXT 

BU*' 
S~Bit: 'Onaigned. ~ul.t:1pi1cat:1on at:epa 1 t:lirough 8 
A89.4. • 1010 1000 1001 0100 
aaar = 1000 . ==> ALU OP = TOP + MD --> TOP 
yy 10 
ssss = 

If Tll = 1 
TOP + MD --> TOP 

TOP I 2 --> TOP 

.. Step Math FUnt:tions, Ghapter 8 
. . ~ 

==>YES =Tll 
0100 ==> shift = ·c2/' unsigned 
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8.8.8, Unsigned Multiplication Example Program: 
UM* <"uu--du ) 

MD! \ Set up MD 
0 \ Set up TOP 
0 + \ Clear CRO 
2*' \ Clear CRl 
U*' U*~ U*·' U*'· U*' U*' U*' U*' \ Perform the multiplication 
U*' U*' U*' U*' U*' U*' U*' U*' 

8.8.9 8-Bit Unsigned Multiplication Example Program: 
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BUM* ( bu bu -- u ) 
SQ! 
0 + 
2*' '21 
SU*' SU*' SU*' BU.*' 

SU*' SU*' SU*' BU.*' 

\ Set up multiplicand 
\ Clear CRO ·· 
\ Clear CRl 
\ Perform the multiplication 
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. 8.8.10 Mixe.d Sign Multiplicatfon Type B . 

. Type B·mixed sign multiplication.is similar to unsigned multiplicatiort except that 
the value origirially in NEXT is treated as a 16-bit signed integer. Because of_ 
this, the last step is different (i.e. MD is subtracted from instead of added to TOP) 
from the first .15 steps, whicb are the same as for unsigned multiplication. This 
is for the same reason that a different step is required in signed multiplication. 

. . 

This ·type of multiplication is useful for calculating the partial product of a 
multiple precision multiplic.ation, and is also supported for 8-bit operands. 

8~8~11 Mixed Sign Multiplication Type B Op Codes 
. . 

U*" . 
Un;.ignad ..U1tiplicat;ion step is 
A49C = 1010. 0100 1001 1100 
aaar = 0100 ==> ALU OP = TOP . .;. MD.--> TOP .. 
yy 10 ==> YES = NQJ 
ssss = 1100 ==> shift. =. cD2/' unsigned 

If NQJ = 1 
TOP - MD --> '.I'OP 

- TOP :NEXT I 2 .;.:::-> TOP :NEXT 

BU*" 
&".'Bit onai:gned Multiplication step B 
A494 ·• 1010 0100 1001 0100 
aaar = . 0100 . ==>· ALU OP = TOP - MD ;.._> . TOP 
yy 10 ==>YES =·TQJ 
SSS$ = 0100 ==> shift ~· c.21' unsigned 

If T'1l • 1 
TOP .- MD --> TOP 

TOP I 2 --> TOP 
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8.8.12 Type B Mixed Sign Multiplication ~xample Programs: 
MB* ( n u -- d ) 
MD! 
0 
0 + 
2*' 
U*' U*' 
U*' U*' 

U*' U*' 

U*' U*' 

U*' U*' 

U*' U*' 

\ Set up MD 
\ Set up TOP 
\ Clear CRO 
\ Clear CRl 

U*' U*' \ Perform the multiplication 

U*' U*" 

8.8.13 8-Bit Unsigned Multiplication Example Program: 

BMB* ( b bu -- n ) 
SQ! 
255 AND 
0 + 
2*' 21 
'SU*' SU*' SU*' SU*' 

SU*' SU*' SU*' SU*" 

\ Set up mult;iplicarid 
\ Make S-bit negative numbers -
\ Clear CRO 
\ Clear CRl 
\ Perform the multiplication 
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8.9 Step Division 

Step division is performed in 16 steps using long division, and signed division is 
not supported. 

A 32-bit dividend in TOP and NEXT is divided by a 16-bit divisor in MD, 
leaving a 16-bit re!Jlainder in TOP and a 16-bit quotient in NEXT. 

·/l.. .IA-(" ·~· · , Bee. a. use the quotient is. limited to 16 bits, not all dividends and divisors yi.eld a 
17 V I l) quotient small enough to be represented. In these cases, the result is invalid. The 

. co/' only way to check the validity of a result is to multiply the quotient by the 
IJ/'t. p,,r.· · · divisor and add the remainder. Also, division by zero yields an invalid result. 

~· } . . 

c.;::.. /J-(<Jvl (~\\ ~ . Two versions of the division pfogram follow. The standard version (see Section 
r(}N"£Y fd 8.9.1) tests the value of CRl for steps 2 through 16. The alternate version (see 

\"'- ll 'i{;t Section 8.9.2) does not. 
c'U 'irfl\ . 

(d'- 7 t\)'\ c, ' ·.· .. J.J It can be proven that CRl will always be zero for any division that yields a valid 
· ~ result, so the standard and alternate versions both work the same as long as the 

result is valid. In the event the result is invalid, however, their results may differ. 

There is also an 8-bit version of step division, which is faster than the 16-bit 
version. In the 8-bit version, a 16 bit unsigned number in TOP is divided by an 
8-bit unsigned number in MD, leaving an 8-bit result in TOP. The same 
restrictions that apply to 16-bit division also apply to 8-bit division. 
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8.9.1 Step Division Opcodes 
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TJ/l' 
Undgned DJ.vi.de Step 1 
A41A = 1010 0100 0001 1010 
aaar = 0100 
yy 00 

=~> ALU .OP = TOP - MD --> TOP 
==> YES = C16 

·sssS = 1010 ==> shift = D2*' unsigned 

If C16 = 1 
TOP - MD --> TOP 

TOP:NEXT * 2 --> TOP:NEXT 

YES --> N0 

TJ/' 

( TOP - MD >= 0 ) 

Un11J.gned DJ.vi.de Step11 2 through 15 
A45A = 1010 0100 0101 1010 
aaar = 0100 ==> ALU OP = TOP - MD --> TOP 
yy 01 ==> YES = C16 + CRl" 
ssss = 

If Cl6 + CRl = 1 
TOP - MD "'."-> TOP 

1010 ==> shift = D2*' unsigned 

(. TOP - MD >= 0 ) 

TOP:NEXT * 2 --> TOP:NEXT 

YES --> N0 

This step differs from U/1' in that the conditional subtraction will be 
perfortned also if the previous subtraction also produced a result with 1 
in the most significant bit (now shifted into CRl) even though the 
subtraction was successfully performed. 

It can be proven that this oilly happens when the dividend is too large to 
produce a 16-bit quotient when divided by the current divisor. 
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TJ/" 
11ndgned Div:l.cW Step 16 
A458 ~ 1010 0100.0101 1010" 
aaar = 0100 a=> ALU OP = TOP - MD --> TOP 

01 ==>YES ~_Cl6 + CRl 

If.C16 + CRl = 1 
TOP - MD --> TOP 

NEXT * 2 --> NEXT 
YES --> Nli'l 

101.0 ==> shift = N2*' unsiqned 

( TOP - MD >= 0 

· This step differs from U/' in that only NEXT is shifted. This allows the 
correct remainder to be left in TOP. . 

TJ/1" . 
-Al.t.ernat• 11n•igned Div:l.cW step 16 

' A418 ,;. 1010 0100 0101 1010' 
aaar = 0100 =•> ALO OP • TOP_ ~ MD --> TOP 
yy 00 
ssss = 

If Cl6 • 1 
TOP - MD --> TOP 

NEXT * 2 -"'-:> NEXT 
YES.--> N[ll 

==> YES = C16 
1010 ==> shift = N2*' unsiqned 

( TOP - MD >= 0 ) 

this step differs from _D/l' in that only NE~T is shifted. This allows the 
correct remainder to be left in TOP. 

BTJ/' . 
. 8-Bit unsigned Divide Step• 
A412 = 1010 0100 0001 0010 
aaar = 0100 
yy 00 

1 throuqh 8 

==>ALU OP= TOP - MD--> TOP 
==> YES = Cl6 

sssS = 0010 ==> sh,ift = 2*' unsiqned 

If Cl6 = 1. 
TOP - MD --> TOP 

TOP * 2 --> TOP 
YES --> .Trll ·. 
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( TOP - MD >~ 0 ) 

249 



8.9.2 Standard Division Program Example 

This version of the division program tests the value of CR 1 for steps 2 through 
16. 

: UM/MOD ( ud u -- ur uq ) 
MD! 
D2* 
U/l' 
U/' U/' U/' U/' U/' 
U/' U/' U/' U/' U/' 
U/' U/' U/' U/' 
U/" 
SWAP ; 

\. Set up divisor 
\ Clear CRO, 17 divide steps not needed 
\ Step 1 
\ Steps 2 - 15 

\ Step 16 

\. Put quotient, remainder in right places 

8.9.3 Alternate Division Program Example 

This version of the division program does not test the value of CRl for steps 2 
through 16. · 

UM/MOD ( ud u -- ur uq ) 
MD! 
D2* 
U/l' U/1' U/l' U/1' 
U/l' U/l' U/1' U/l' 
U/l' U/l' U/1' U/1' 
U/l' U/l' U/1' 
U/1" 

SWAP ; 

\ Set up divisor 
\ Clear CRO, 17 divide steps not needed 
\ .Steps 1 ·- 15 

\ Step 16. 

\Put quotient, remainder in·right places 

8.9.4 8-Bit Division Program Example 

This version of the division program also does not test the value of CRl ·for steps 
1 through 8. · 
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SU/ ( ud u -- ur uq ) 
SQ! 
2* 
SU/' BU/' BU/' BU/' 
BU/' SU/' BU/' BU/' 

FF AND ; 

\ Set up divisor 
\ Clear CRO 
\ Divide it 

\ Discard remainder * 2 
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. 8.10 Step Square Root 

The RTX 2000 Series of Microcontrollers implement an exact algorithm (vs. an 
approximate algorithm such as Newton's method) for finding the square root of 
an integer. · 

In the event the input value is not a perfect square, a root and a remainder are 
found. The remainder is similar to the remainder of division: if the remainder is 
added to the square of the root, the original input value is found. It is possible 
for the remainder to exceed the 16 bits of the TOP register, though the 17th bit 
will always be contained in CRO. 

Prior to executing the square root steps, the 32~bit input value is placed into TOP 
and NEXT, MD is cleared, and a value of 8000 hex is placed in SR. 

Square root steps are similar to division steps but subtract the SQ register instead 
of MD from TOP. They also use CRl to determine whether to perform the 
conditional subtraction. This is needed for square root steps because the value 
being subtracted changes from step to step. 

Step Square Root Algorithm 

The pseudo-division square root algorithm is· similar to restoring long division. 
That is, it consists of repeatedly subtracting a subtrahend from the input value. 
If the result of tlie subtraction is negative, however, the value prior to the 
subtraction is restored. This can also be thought of as a conditional subtraction. 
The difference from long division lies mostly in the value of the• subtrahend, 
which changes from step to step depending on which of the previous subtractions 
were successful. · A subtraction is successful if it leaves a non~negative 
intermediate result. .Jf a subtractionis successful, a one is shifted into the least 
significant bit of the result; otherwise a zero is shifted in. To get a feeling for· 
how the subtrahends are generated, let us consider the 8 bit square root of a 16 
bit number using hardware similar to that in the RTX. The bits of the root are 
represented by rn with r7 being the most significant bit. The trial subtrahends are 
shown aligned with the square from which they are to be subtracted. 
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JABLE 8.7: SQUARE ROOT TRIAL SUBTRAHENDS 

s, s. sd s. s. s. s, s, S7 s, Ss s, s,· s. S1 So 

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 r, 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 r, r, 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 r, r, rs 0 1 0 0 0 0 0 0 0 0 
0 0 0 0 r, r, rs r, 0 1 0 .0 0 0 0 0 
0 0 0 0 0 r, r, rs r, r, 0 1 0 0 0 0 
0 0 0 0 0 0 r, r, rs r, r, r, 0 . 1 0 0 
0 0 0 0 0 0 0 r., r, rs r, r,. r, rl 0 1 

As is evident from the table, each trial subtrahend is dependent only on the results 
of the trial subtractions executed prior to the current trial. The values in this table 
are also the same as the first 8 subtrahends for the 16-bit square root, and it 
should be apparent how the remaining · 8 subtrahends are generated. These 
subtrahends are generated directly by MD, SR and the surrounding circuitry. 

Unless you are a mathematician, it is probably not obvious why subtracting these 
values should give you the square root of a number. The remainder of this 
section may help you to understand how this algorithm works. 

Consider two numbers, r (an N-bit unsigned integer) ands (an unsigned integer· 
with 2N bits). Lets be the square of r. One can represent r as a polynomial of 
powers of 2: 

where n=N-1 and r0 through rn are either zero or one. Since s is the square of r, 
scan also be expressed as a polynomial of powers of 2: 

s·.= rr 
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[rn22n + r~rn-122n-l + ••• + rn.ro2"] + 
[rn-1rn22n-1 + rn-122n-2 + ••.. + rn-1ro2n-l_] + 
••• + 
[r0r.2• + r 0r._12•-1 + ••• + r 0] • 

RTX 2000 Family Programmer's Reference Manual 



. Notice that since rn can only equal 1 or 0, rnrn = rn. It is useful to visualize the 
terms of s as values in a square array, as shown in Table 8.8: 

TABLE 8.8: TERMS OFS AS VALUES IN A SQUARE ARRAY 

rn2n rn-12n-1 r 12 ro 

rn2" rn2.2n rnrn-122n-1_ rnr12n•l rnro2." 

rn-12n-1 rnrn-122n-1 rn-122n-2 rn-1r12" rn-1r~2n-l 

r 12 :r;nr12~+1 rn-1r12" r 1 2 2 · r 1r 02 

ro rnro2" rn-1ro2n-l r 1r 02 r. 

Notice that all the perfect squares are on the diagonal running from the upper left 
comer to the lower right comer, and the rest of the array is symmetrical about the 
diagonal, and each term in the lower left half of the array has an identical term 
in the upper right half. Like terms can be combined by adding the terms in the 
upper right half to those in the lower left half. Each row in the new triangular 
matrix may then be used to form a trial subtrahend, to through t,,, that may be 
used for finding the square root of s: 

t1 = rnr12n+2 + rn-1r12n+1_ + •• ·.+ r2r1.2" + r122 

to = rnrozn+l + .rn-1ro2" + •• -· + r1·ra22 + ro 

Notice that t,, depends only on rn, t,,_1 depends only on r0 and r 0 _1, lu.2 depends orily 
on rn, rn-1 and rn-2• and so on. . 

The technique for using these trial subtrahends for finding the root· of s is 
straightforward. If rn is assumed to be 1, and t,, can be subtracted from s, then r0 

is indeed 1. If, however, the result of the subtraction is negative, rn is 0, and s 
must be restored to its value prior to the subtraction. · Once rn is known, it can be 
used to find rn-l by the same method, and so on to .r0• This is exactly what 
happens when subtracting the trial subtrahends in Table 8.7. 
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For further illustration we can find the subtrahends for the 8 bit square root in 
table 1. · In this case the root is: 

r = r 727 + r,2• + r 525 + r,2 4 + r 323 + r 222 + r 12 ·+ r 0 

The square is: 

s = rr 
[r7214 + r 7r 0s 13 + 
[r0r 7213 + r,212 + 
••• + 

+ r 7r 02 7 ] + 
+ r5r~2•1 + 

[r0r 727 + r 0r 626 + ••• + r 0 ] • 

By combining like terms and grouping into subtrahends we obtain: 

t 7 = r,21• 
t 6 = · r 7r 6 214 + r 6 212 

t 5 = r 7r 5213 + r 6r 5212 + r 5 210 

which is identical to the description of the subtrahends in Table 8.7. 
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· An Example: 

For a specific example, let us find the 8 bit square root of a 16 bit number. Let 
the inputvalue equal 8163H (hex), i.e. 1000000101100011 binary. 

10110101 
)1000000101100011 
-0100000000000000 1st subtraction 

0100000101100011 •uccessful 
-0101000000000000 2nd Subtraction 

1111000101100011 Not Successful 
0100000101100011 Restore previous Value 

-0010010000000000 3rd subtraction 
0001110101100011 Successful 

-0001010100000000 4th Subtraction 
0000100001100011 Successful 

-0000101101000000 5th Subtracti6n 
11111101P0100011 Not Successful 
0000100001100011 Restore Previous Value 

-000001011001000~ 6th Subtraction 
0000001011010011 Successful 

-0000001011010100 7th Subtraction 
1111111111111111 Not succ~ssful 
0000001011010011 Restore Previous Value 

-0000000101101001 8th subtraction 

·0000000101.101010 Successful, Also Remainder 

Note that the remainder is a 9 bit value though the root is an 8 bit value. This 
is possible because the difference between two successive perfect squares is: 

(n+l)2 ..., n2 ~ (n2 + 2n + 1) - n2 = 2n + 1 • 

Therefore the largest possible remainder, which is one less than this difference is 
2rt, which requires one more bit to represent than n does. · 

Step Math Functions, <;!!_apter 8 255 



8.10.1 

256 

Step Square Root Opcodes 

Sl' 
$quar• Root Step 1 
ASlA = 1010 0101 0001 1010 
aaar ~ 0101 ==> ALU OP = TOP - SQ --> TOP 
yy 00 ==> YES = Cl6 
ssss = 1010 ==> SHIFT = D2*' UNSIGNED 

If Cl6 = 1 
TOP - SQ --> TOP 

TOP:NEXT * 2 --> TOP:NEXT 
YES -'--> NO 
MD + SR --> MD 
SR I 2 -- SR 

S' 

( TOP - SQ >= 0 ) 

Square Root ,Step• 2 Through 15 
·ASSA = 1010 0101 0101 1010 
aaar = 0101 ==>ALU OP= TOP -.SQ--> TOP 
YY 01 ==> YES = Cl6 + CRl 
sssS = 1010 ==>SHIFT =_D2*' UNSIGNED 

If Cl6 + CRl = 1 
TOP - SQ --> TOP 

TOP:NEXT * 2 --> TOP:NEXT 
YES --> NO 
MD + SR :--> MD 
SR I 2 -- SR 

( TOP - SQ >= 0 

S' differs frorri S l' in that CRl is considered to detennine YES. This 
is necessary because sometimes a successful subtraction will result in 
the most significant bit being 1. Once this bit is shifted into CRl, it 
cannot be subtracted. · · 

S" 
Square Root step 16 
ASS8 = 1010 0101 0101 1000 
aaar = 0101 ==>ALU OP TOP- SQ--> TOP 
yy 01 ==> YES Cl6 + CRl 
sssS = 1000 ==> SHIFT N2*' UNSIGNED 

If Cl6 + CRl = 1 ; TOP - SQ' >= 0 
TOP - SQ -,-> TOP 

NEXT * 2 --> NEXT 
YES --> NO 
MD + SR --> MD 
SR I 2 ~- SR 
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S" differs from S' in that only NEXT is shifted instead of both NEXT 
and TOP. This is done so that the remainder is correct 

BSl' 
8-Bit Square Root Step 1 
A512 = 1010 0101 0001 0010 
aaar = 0101 
YY 00 

==> ALU OP = TOP - SQ -•> TOP 
==> YES Cl6 

sssS = 0010 ==> SHIFT = 2*' UNSIGNED 

If Cl6 = 1 
TOP - SQ --> TOI;' 

TOP * 2 --> TOP 
YES --> TO 
.MD + SR --> MD 
SR I 2 -- SR 

BS' 

( TOP - SQ >= 0 ) 

S~Bit Square Root Step• 2 Through 8 
A552 = 1010 0101 0101 0010 
aaar = . 0101 
YY 01 
sssS = 

If Cl6 + CRl = l 
TOP - SQ -->. TOP 

TOP * 2 --> TOP. 
YES --'> TO 
MD + SR --> MD 
SR /. 2 -- SR 

Step Math FW&Ctions, G!!_apter 8 

==> ALU OP ~ TOP - SQ --> TOP 
==> YES = Cl6 + CRl 

0010 ==> SHIFT = 2*'· UNSIGNED 

( TOP - SQ >~ 0 ) · 
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8.10.2. Square Root Program Example 

8.10.3 

258 

HEX 

ROOT ( du - urodt uremainder ) 
8000 SR! 
0000 MD! 
02* 
S1' 
S' S' S' S' S' S' S; 
S' S' S' S' S' S' S' 
S" 

\ Set up SR 
\ Set up. MD 
\ Get line.d up for 1st subtraction 
\ 1st step 
\ Steps 2 - 15 

\ Last step 

8-Bit Square Root Program Example 
HEX 

BROOT ( word -- byte 
8000 SR.! 
0000 MDI 

BSl' 
BS' BS' BS' BS' BS' BS' BS' 
FF ANil ; 

\Set up SR 
\ Set up MD 
\ Line up for first subtraction 
\ Step 1 
\ Steps 2-8 

. \ Discar.d remainder * 2 
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8.11 Step Bit Reversal 

Bit reversal reverses the order in which bits appear in a word. For example: 

I a I b I c I d II e I f I g. I h II i I ·j I k. I 1 II m I n I 0 I p ~ 

would become: 

II p I 0 I n I m II 1 l k I j I i II h I g I f. I e II d I c I b I a ~ 

Using step math allows bit reversal of a 16-bit word in 23 cycles compared to 48 
cycles without step math. Bit reversal is useful for calculating address during 
FFf operations and also is needed to calculate certaintypes of CRC's. 

8.11.1 .Step Bit Reversal Opcodes 
R' 
B~t Reveraai Step 
A196 = lOlb 0001 1001 bllO 
aaa.r = 0001 ==> ALU OP = NO OP, OPERATE. ON SQ 

10 ==:;> YES. = TO uu 
sssS = 0110 ==> SHIFT = 21' UNSIGNED 

If TO = 1 
· MD or SR --:;> MD 

SR I 2 --> SR 
TOP I 2 --> TOP 

8.11.2 Step Bit Reversal Example Program 
HEX · 

BIT-REVERSE ( u -- u• ) 
BOOOSR! 
0000 MD! 

\ Set up SR. 
\ Set up. MD 

R' R' R' R' R' R' R' \ Put bit reversed version of TOP into MD 
R' R' R' R' R' R' 
R' R' 
DROP 

MD@ ; 

Step Math Functions, Chapter ,8 

R' 

\ Discard garbage in TOP 

\ Retrieve result 
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8.12 Step Cyclic Redundancy Check (CRC) 

The cyclic redundancy check (CRC) is used for identification and error checking 
of blocks of data, in much tJ:le same way a checksum is used. 

The advantage of the CRC is that more errors. can .be detected with a CRC than 
by a checksum. For example, a 16-bit CRC can detect all errors in a 16-bit frame 
of a stream of data. · There are several de facto standard data transfer protocols, 
including XMODEM, · X.25 and Kermit,· that use variations of CR Cs for error 
checking. · 

The basis for calculating a CRC of a stream of bits is to perform a modulo_, 2 long 
division of the stream (multiplied· by an appropriate power of two) by an 
irreducible modulo-'2 ·polynomial. The quotient is discarded, and the remainder 
is the CRC. · 

In modulo-2 ·subtraction, there is no carrying. or borrowing from bit to bit, so 
subtraction . is the same as a bitwise logical exclusive OR function. The 
polynomial i~ a value that cannot be eveilly divided modulo-2 by another 
polynomial, much like a prime number; · 

Most 16-bit CRCs are calculated with the polynomial x16 + x12 + x5 + l, which 
can also be expressed as 10001000000100001. 

For example, to calculate the XMODEM style CRC ofthe ASCII character "T" 
(54 hex), perform the following long division: · 

·lOOOlOOOOOOioriod1ro10101000000000000000000· 
10001000000100001 

10000000010000100 
10001000000100001 

10000101001010000 
·10001000000100001 . 

0001101001110001 = 1A71 hex 
' . - . . . . . ' . ' 

To calculate the CRC of a stream of characters, simply XOR the CRC'sof each 
.character with the CRC . of . the preceding characters. This · can also be 
accomplished by replacing the 16 right-hand bits of the above dividend with the 
previous CRC. 
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One useful aspect of the CRG calculation is· that it can .be. implemented hi. 
hardware with ·16 shift registers and 3 exclusive OR gates ... To ·see ·how this is 

. done, think of the abOve dividend as being in a 16-bit shift register. . 

When a 1. is ·shifted·01~t of the .register, the contents of the·tegister are exclusive•· 
. OR'ed with the 16 least sigilificant bits of the polynomial. 

: . . 

When a zero bit is shifted out, no exclusive OR 'irtg take~ place. After eight 
shifts, the register holds the CRC~ · · · 

. . ' . . 

Since many Serial data protocols transmit the least signiflcant blfof the data first, . 
many CRC's are calculated on the bit reversed. image of the transmitted character 
so that the CRC may be calcwated in the simple hardware noted above.. In such 
cases, the resulting CRC is also bit reversed and inust be un-reversed, though this. 
ortly needs to be done once for each packet of data, Examples of protocols that 
use this tYPe of CRC are X.25 and Kermit. · · · · · · 

Other variations on the CRC are to use a non-zero initial value for the CRC, 
usually FFFF hex. The other variation is to exclusive OR the CRC with a non- · 
zero value, also usually FFFF hex, before transmitting it. An example of this. is 
the X25 protocol. · · · · · 

The CRC in -RTX step math is implemented .such that' bit reversed CRC's are. 
· geneta~oo directly. The result does not need to be bit reversed in these cases 
because the shifting is done to the rightinstead of to· the left. The polynomial, 
however, must be _bit-reversed before exclusive OR'ing it with the data stream, 
This causes no performance loss, however, because it is usually a constant. For 

· implementing CRC's -that do not use bit-reversal, such as those used by 
XMODEM, the data and CRC's must be bit reversed. 

·' . - . .. ' ·. 

8.12.1 Step CRC Opcodes _-
. C' .· . . . ·. 

Cyclic ~dancy -Check Sta~ 
AADE = .1010·1010 1101 1110 

. aaar • 1010 ==> ALU OP = .TOP xor MI)··~-> TOP · 
yy il ==> YES ' = TO xor N0 
sssS = illO ;...:)._ SHIFT.·.~ 21' UNSIGNED 

If (TO xor N0) = 1 
TOP xor MD .. --> .. TOP 

.. TOP:NEXT l 2 --> TOP:NJ;:XT. 
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8.12.2 Step CRC Example Program 

HEX 

0811 CONSTANT POLY 

CRC ( ere byte -- ere' 
SWAP 
POLY MD! 
C' C' C' C' C' C" C' C' 

NIP ; 

\ Bit reversed generator polynomial 

\ Rearrange data and original CRC 
\ Set up MD 
\ Calculate new· CRC 

\ Discard partial quotient 

To use this program to.calculate a CRC for Kermit orCRC-CCITI, use an initial 
CRC value of zero. To use this program to calculate a CRC for X.25 protocol, 
use an initial CRC value of FFFF hex and invert the resulting CRC before 
transmitting it with the packet 

The CRC for two characters can be calculated at once by using 16 C' steps 
instead of eight, while placing the first character received in the least significant 
byte of the data word. 

8.12.3 XMODEM CRC Example Program 

HEX 

CRCX ( ere byte -- ere' 
BIT-REVERSE \ Reverse data byte 
SQ! MD@ · \ Left justify data byte 
SWAP BIT-REVERSE SWAP \ Reverse original CRC 
CRC \ Calculate new CRC 

BIT-REVERSE ; \ Un-reverse new CRC 

Note that in calculating the CRC for a long string of characters, the CRC only 
needs to be reversed and un-reversed at the beginning and end of the string of 
characters. 

If the initial CRC is zero, as it is in XMODEM, it only needs to be un-reversed 
at the end of the string of characters. Every character, however, needs to be 
reversed. 
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8.13 Step Math Reference 

bits: 
115 •.•••••••••••••••••••••••• _ •••••••••.•••.••••••••••••••••••••• ·a I 

1 0 1 

r 

0 
0 
1 
1 

a a a r 

!<----....,.....,-: 

R 1 s s s S 

l<T>'<r>' 
L Signed/Unsigned 

Micro Opcode 
Field , 

Unconditional Shift 
Micro Opcode Field 

Condit-ional Behavior 
Micro Opcode Field 

Register Selection 
Micro Opcode Field 

ALU Micro Opcode Field 

FIGURE 8.2: STEP MATH INSTRUCTION FORMAT 

TABLE 8.8: STEP MATH ALU FUNCTIONS 

aaa Function 

000 No ALU operation 
001 YES = 1 => TOP and REG --> TOP 
010 YES = 1 => TOP - REG --> TOP 
011 YES = 1 => TOP or REG --> TOP 
100 YES = 1 => TOP + REG --> TOP 
101 YES = 1' => TOP xor REG --> Top· 

. 110 YES = 1 => REG - TOP --> TOP 
111 YES = 1 => REG --> TOP 

TABLE· 8.9: MD AND SR OPERATION 

YES MD SR TOP 

0 MD SR TOP (shift) 
1 MD SR TOP (alu op) MD (shift) 
0 MD SR/ .2 TOP (shift) 
1 MD or SR SR I 2 TOP (alu op) SQ (shift) 
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2.64 

TABLE 8.10: BEHAVIOR OF YES 
.. 

:0.... YES 

00 IF ARITHMETIC THEN C016 ELSE IRO 
01 .(IF ARITHMETIC THEN C016 ELSE IRO) or CRl 
10 IF IR3 = 0 THEN TO ELSENlil 
11 TO xor Nlil ~ 

TABLE 8.11: STEP MATH SIDFT OPERATIONS 

SSS NAME CRl CRO Tl5 Tn TO N15 Nri Nlil 
.. 

000 NONE wn ·' Wl6 W15 Wn. WO Nl5' Nn Niil< 
001 2*' Wl6,:.' Wl5 Wl4 Wn-1 YES N15 Nn Nii! 
010 62/' W17' wn W16 Wn+l Wl Nlp Nn · Nlil 
011 2/' Wl7 W17 YES Wn+l Wl Nl5 Nn Nii! 
.100 N2*' Wl7 W16 Wl5 Wn WO N14 Nn-1 YES 
101 02*' W16.· W15 W14 Wn-1 Nl5 N14 Nn-1 YES 
110 cD2/' Wl7 Wl7 W16 Wn+l Wl WO Nn+l Nl 
111 02/' Wl7 W17 YES Wn+l Wl WO Nn+l N-1 

. TABLE 8.12: SOME USEFUL STEP MATH OPCODES 

OPCODE 

A012 
A09E 
A096 
A89IY 
A49D 
A89C 
A49C 
A894 
A494 
A41A 
A45A 
A458 
A418 
A412 
A51A 
ASSA 
A558 
A512 
A552 
A19.6 

· AADE 

FORTH 

2*' . 
RDR 
RTR 
*' 
*" 
U*' 
U*" 
BU*' 
BU*" 
U/l' 
U/' 

. U/" 
U/l" 
BU/' 
Sl' 
S' 
S" 
i3Sl' 
BS' 
R' 
C' 

DE SCRIP.TI ON 

17.Bit left shift 
Rotate TOP:NEXT right 
Rotate :roe.right · 
Signed multiply steps 1:-15 
Signed multiply step 16 

. Unsigned multiply steps 1~16 
Mixed sign multiply step 16 
Byte unsigned multiply steps 1~8 
Byte mixed sign multiply step. 8 
UnSigned .divide step 1 
Unsigned divide steps 2-15 
Unsigned divide step 16 
Alternate unsigned divide step 16 
Byte unsigneddivide steps l-'-8 
Square roo.t step 1 
Square root steps 2-15 
Square root step 16 
Byte Square root·. step 1 
Byte square root .steps 2-8 
Bit reversal step 
CRC step 
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P.2 

RTX2000 STACK CONTROLLER 

Two ot tha powertul fee.t\(~es of the RTX2000 are its two on-chip stacks: 
the paramete;:,_etack and the return stack. Because these stacks can oper ... 
ate simultajfeJ:n.J.sly with the memory data bus and and AS:tc data bum, they 
incl;"easa the performance of the RTX2000 by maximizin9 th• quantity of data 
that can move· in one processor cycle (refer to the RTX2000 block . 
diagram). I'n addition to incraasinq the S!;)tl:ed of the RTX2000, the stacks 
can interrupt the7processor in the event of a staQk overflow or underflow. 

/· ,.. 
PARAMET!R STAC~~STRUC~URE 

/ ,. 
The paramet$r stack is a 258 word by 16 bit stack that is used for storing 
dat., i!li.nd addresses for arithmetic and logical ope.rat.ions. The top of the 
p~raim•tiar stack is the TOP register in the RTX processor core, the next 
•t•ck 'location is th• NEXT reqi•ter in the RTX core, and the remaining 256 
loq~tions are in on-chip RAM controlled by an RTX stack controller. 

RE+URN STACX STRUCTURE 

The return stack is a 256 word by 21 bit stack that is used for storing 
teturn addresses for subroutine calls and loop counters for eertain opera­
tions. Tha top of the return stack is in the proc••sor oore index reqis­
ter (I) and the remaininq locations are in on~chip RAM controlled by an 
RTX stack controller. You may have noticed that the return stack has 21 
bits per word. This is partly because th• RTX2000 supports a twenty bit 
ad~re~s. However, since op codes are on word boundaries, only nineta&n 
bi~s are required ~o d~fine a return address tor a· subrcutine call. These 
ar- bit~ one through nineteen, whe+e bit zero is the least siqnifioant bit 
anq bit twenty is the most significant bit. Bit zero is used to determine 
wh~ther the a4dres• i• for a r•turn trom an interrupt (1) er a return, from 
a ~ubroutine call (O). This allows interrupts to be enabled when return~ 
in9 from an int•rrupt. Bit 20 is used to store the data paqe register 
select bit (CPRSEL) which is used to determine whioh memory paqa is used 
tor data fetch and store operations. When the return stack is used for 
$toring loop variabl•s (>Rand R> ), only bits zero throuqh fifteen are 
used for data. Bits sixtoen throuqh twenty are loaded with th• content of 
the code page register (CPR) durinq an interrupt, subroutine call or >R 
execution. 

RTX IN~ERRUPT CONTROLLERS 

The RTX2000 interrupt controller circuitry consists cf two identical sec­
tions, one for the parameter stack and one tor the teturn stack. Each 
saetion has two user aeoe1sible a-bit reqisters that control the opergtion 
of it~ stack: a stack pointer register (SPR) and a stadk limit register 
(SLR) - Since the data path on the RTX2000 is sixteen bits wide, the SPR 
for the parameter stack and the SPR for the return stack are concatenated 
to fo~m a sinqle •ixteen-bit SPR for the purpose of acc•ssin9 them by the 
proc~•~or. Si~ilarly, the SLR for the param•ter stack is ooneatenated 
with the SLR for the return staok. The SPR rna.y be read. a• w•ll as written 
to, but the SLR is a writewonly register. In both oases, data bits o 
throuqh 7 apply to the parameter stack and data bits s throuqh 15 apply to 
the return stack. 
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s·rAcl< OPERATION 

Both stacks Aave 256 words, numbered from zero to 255. When data is 
pushed onto th• stack,· it is written to the location above that pointed to 
by the SPR, and the SPR is incremented (this is equival@nt to a 
pre-incra:ment). When data is popped off th• stack, it is read from the 
location pointed to by the SPR, and then the SPR is decremented 
(post ... decrement). When the RTX2000 is reset, the Sl"lts are reset to tero," 
so th~ tir$t location written to will b• location ona. If an attempt is 
m4de to pu~h data onto a sta6k beyond word 255, the etaok will wrap around 
and start pushinq at location zero. Similarly, if an attempt is made to 
p~p d«ta o~f the stack below location zero, tha stack will wrap around to 
l~eation 2$!. For this reason the parameter stack oan be used ae a 
r~circ4l~einq 256 word bufter. Also, beoaus• th• stacks are circular, 
th•Y muet be manageq oaretully to ptevent ove~f lowe and underflows from 
pwoduein; incorrect results. The stack controller helps to accomplish 
t~is by generatinq overflew and undertlow interrupts. 

STACK E~OR INTERRUP'l'S 

The RTX ~tack controller requests an overflow interrupt anytim• the value 
of th• S~R is 9r•ater than th• SLR. sinoa the SPR oan never exceed 255, 
th~ atac~ controller cannot qenerate an o~ertlow interrupt with tho SLR at 
it.•1 r$,,et value of 255. Therefor• tha user should ••t the SLR to a value 
l~~s than 25!, whioh also provides an overflew buffer that allows for the 
'~tra oy~les requir•~ to aoknowledqe th• interrupt. Another point about 
u~ing ov~rflow inte~rupts is that a push-pop sequence can generate an 
hr~:e:rrup1e reque1,1t that qoes away before it is servic•d. The result of 
t!1~s j.:a ~hat th• interr\tpt controller causes th• proc•••or to execute oode 
pointed ~o by the "no interrupt" vector. This is ref!arred to as a phantom 
i"terrup~. The~efore, this location should always b- initialized to a 
'(aii<:i qo~e Sflique,nce, even it it is only a "no-op, returnu sequ•nee. 

Th~ RTX stack controller handles underflows similarly to overflows. The 
qontr~ll•r ~•quests an underflow interrupt when data is popped off loca­
tiQn qne~ Also, it data is pushad onto the staok until it w~aps around, 
an ~nderf low interrupt will be generated when data is pushed onto location 
~ero. aecause poppin9 data off location ona oauses an int•rrupt and looa­
tion on~ i1 normally the first stack location used, th• interrupt generat­
~d wh~n d$ta is poppe4 Qff location one would occur even though the data 
~$ valid. Th11reto;e, whenever underflow interrupts are used, the first 
lQcation used should l?• lc:ication two. Thia iia most easily done by pushing 
eN~ZlllY data to loe•tion one at start up. The 0 DUP'' instruction will accom­
plish this for the parameter stack, and the sequence 11 DUP >R" will accom­
plish thi~ ~o~ th• return stack. Secauae puahin9 data onto looation zero 
wi~l requ~st an. underflow intgrtupt, the validity of the stack can be 
r1ar1aged,. with juat the und•rflow interrupt; ~hile the ov•rflcw interrupt ie 
4~•ful tor ~a~a!inq a virtual stack greater than 256 words or multitask­
in~ ~ Tho Ul'!)~111r:r;low int•rtupt only method also allows the 9roatest number 
o~ wo;~s to b~ U~•d (254 out of 256) whila usinq stack error int~rrupts. 
It stack e~ro~ int~r~upts are not us$d, the entire staok ia usable. 
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The undertlow interrupt also can exist tor a short enough time to ~roduca 
phantom intarrupts. '!'his can happen if a pop trom location one is immedi­
ately followed by ~ push to location one. For this reason, it is neces~ 
~ary to provide valid eode at the memory location pointed to by the 
no•interrupt VQOtor. 

USING THE STACK POINT~R REGISTE~ 

It. is possible: to p1P1rfri':rm st.eek m11,nipulatia::r1111 by raaeU.ng and writing U11ii · 
spa. Because Qf the intricate interaction between tha SPR and the stacks, 
qrsat ~are must be exercised to prevent the processor from qetting lost. 

READING THE ~TACK POINTER RtGISTER 

Tpe st~ok pointers are both read in a sinqle cycl• ~y •~ecutinq a SPR@ 
instru~tion. The parameter stack pointer is retrieved in the least 
siqnif icant byte and the return stack is ~•trieved in the most si9nif icant 
byt~. The value obtained is not exactly the value of the stack pointer~ 

·priC!r to th~ SPR@ cycl~, howev•r. The outputs of the stack pointers 
nor-ally pa~s through incramenters on th•ir way to beinq read. In 
a~dition t~ this, pushes and pops on eith•r atack durinq the SPR@ cycle 
Q•use t~e stack pointers to chanqe in the middle of th• oycle. This can 
Qaus~ ~dditional increments and deeremente to the values obtained and . 
shouldp therefore, be avoided. For example, returnin9 trom a subroutine 
durinq a SPR@ cycle c,auses the value tor the return stack to be 
docr~mented instead of incremented. 

R~adinq th- SPR usually results in a push on to th• parameter stack. This 
caus's the p~rameter stack pointer to be inoremented in the middle of the 
e~PR cycle. The output of the incremented stack pointer then passes 
throuqh the inorarnenter before it is readi The res\llt is that. the value 
obta~n~d 1$ tht value of the parameter stack prior to executing the SPR@ 
vlus two. Because Qf the numb•r of steps that must be performed on the 
v•lue from the stac~ pointer in the last halt of the SPR@ cycle, it is 
;~co~mended that th~ stack pointers be read without pertortninq any stack 
operati~ns durinq the fetch cycle. This can be done as follows: 

~. Do not combine a SPR@ with a return from subroutine. 

a. combine the SPR@ with an arithmetic or loqical function to prevent the 
~·~ult from pushin; the previous top of stack down on the stack. An 
ef~eQtive way t~ obtain the values of the stack pointer~ follows: 

HEX \ BASE 16 FOR '!"HIS DISCUSSION 
-102 \ CORRICTION rACTOR : 

\ R~TURN STACK: 1 
\ PARAMETER STACK: 2 

$PR@ + \ SINGLE OP COOE: NO STACK OPERATIONS 
~OP ; \ IF A RETURN FOLLOWS, MAKI IT A S!~ARATE OP CODE 
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WRITING TO THE $'!'ACK POINTER REGISl'ERS 

Since stack operations do m:it chanqe the value stored in the SPR, it may 
b~ writt•n to by a simple SPR! instruction. Thore is one thing to W8toh 
out for, however. tf a SPR1 is oom.bined with a return from $Ubroutine, 
1t:he value popped of:t! the return stack into the I re9i111ter will be 
~•te;nnined by the value in the SPR prior to the execution of the SPR1 
instruction. 
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