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Section 2
Data Types

This section describes the hardware supported data types of the uPD70616 microprocessor. A total of eight separate
fixed and variable length data types are suppored by the uPD70616 microprocessor. Fixed length and variable
length data types are distinguished by two major characteristics. Fixed length data types have a size characteristic that
is constant and determined by the instruction opcodes. Variable length data types are dynamic data structures whose
length can vary during program execution. :

Another distinguishing characteristic is that the fixed length data types may reside in either the general pumpose
register set or in memory. Variable length data types can be represented in their entirety only as memory resident data
types.

Fixed Langth Data Types
* Integer
= Unsigned Integer
« Bit
» Floating Point
Decimal

Variable Length Data Types
= Character String
« Bit String
« Bit Field

Also important is the organization of the data types. Data type organization describes the layout of a data typeina
register or in memory. The uPD70616 architecture is flexible in that both byte and bit addressing modes are available.
Byte addressing uses the byte (8-bits) as the basic addressing unit and supports the byte aligned data types. Bit
addressing is a special addressing mode using the bit as the basic addressing unit and supports the bit aligned data
types (bit fiekis and bit strings).

Byte Addressing

The addressing model for the uPD70616 virtuai address space is based on the unit of a byte. The uPD70616 address
space is viewed as a sequence of bytes starting from location 0 and continuing linearly to the location 232 — 1. All
memory management, instruction feiches, stack operations and software debug operations use byte addresses.
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e addressing is also usedlor fixed length data types and for the variable langth ctharacter string data type. These
L 0 t3 h N
43 lypes share the characteristic that they are atways aligned on a byte boundary, regardiess orf?ho size of th: data

2. Since byte addresses are 32-bits wide, a byte address corresponds to the
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*4a aligned memory operands are physically accassed using one of lour access types, each of which ca locat
*ywhere wilhin.lhe virual address space without restriction. However, insiruction thr;aughput ] optimiznodbewhan :‘;1
<38 lype is aligned on a boundary that is a multiple of its size in bytes.

e
* ovte consists of 8 contiguous bits starting on any byte boundary. The individual bits within a byte are lsbeled O to 7

“*h bit 0 designated as the LSB (least significant bit} and bit 7 as the MSB
Dbttt (most significant bit). A byte is completely

“Sword

# nattword consists of 16 contiguous bits starting on any byte boundary. The individual bits wi

: . ithin a byte are

:”5 with bit 0 designated as the LSB (least significant bit) and bit 15 as the MSB (most signiﬁcar:ﬁbit). Ahhl:m
“zupies two contiguous byles and is identified by the address of the low order byte.
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* word consists of 32 contiguous bits starting on any byte boundary. The individual bits wi

., word ¢ [ ng or . ts within a byle are labeled 0 1o
f with bit 0 designated as the LSB (least significant bit) and bit 31 as the MSB (most significant bit). A word occupies
v contiguous bytes and Is identified by the address of the low order byte.
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Doubleword

A doubleword consists of 64 conliguous bits starting on any byte boundary. The individual bits within a byte are
labeled 0 to 63 with bit 0 designated as the LSB (least significant bit) and bit 63 as the MSB {most significant bit). A
doubleword occuples sight contiguous bytes and is identified by the address of the low order byte.
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Fixed length data types can aiso resids In one the uPD70616 general purpose registers. In place of a byte address, a
register number Is used to identify the 1o be the source or destination for an operand. All fixed length data types can fit
in a register or pair of consecutive registers. The organization of the four data access types in the register set is shown
below:
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The lengths of the byle and halfword access types are shorter than the register length. These access types are right
justified within the register. Only the lower portion of the register corresponding 10 the access type_is significant and
the upper portion will remain unaffected.

In the casa of the doubleword access type, the operand occupies a pair of general purpose registers. The lower
numbered register contains the least significant word while the higher numbered register contains the most significant
word. However, since R31 cannot be used as the least signiticant register of a doubleword register pair, the results ol
using R31 as the source or destination operand of a doubleword access type is unpredictable.
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Bit Addressing
Bit addressing is employed to address data structures that are bit aligned, L.e., are aligned on an arbitrary bit boundary.
However, unlike byte addressing which uses the byte as the atomic unit for memory addressing, bit uses

the bit as the basic addressing unit. Instead of using a four gigabyle virtual address space, bt addressing viows the
virtual address space as a thity-two gigabit address space.
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To address an arbitrary bit within a thirty-two gigabit address space requires a 35-bit address since there are 232 bytes,
each containing eight bits. A bit address Is composed of two separate components, a 32-bit byte base address and a
32-bit bit offset. These components are combined to generate the 35-bit bit address. ’
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Bit Address

The byte address is zero extended on the right to 35-bit length. The bwb (bit within byte) field Is inltialized 1o zero lo
address the first bit (bit 0 ) within the byte. The sign extended 32-bit bit ofiset is added 1o form the bit address.
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Once formed, the upper 32-bits of the bit address is used 1o identify the byte address of the operand with the lower
three bils identifying the bit offset within the byte. The process of bit address generation is shown below:

bwb - bit within byte
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Data Types

The pPD70616 recognizes a wide variety data types, typical of those utilized in most applications. Supported data
types are listed below in Table 2.1.
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Table 2.1. uPD70616 Data Types

Data Type Length
Bit Data bit 1-bit
byte 8-bits
halfword 16-bits
integer word 32-bits
doubleword 84-bits
byte ; 8-bits
< haltword 16-bits
Unsgigned Integer word 32-bits
doubleword 64-bits
short real 32~-bits
Floating Point long real 64-bits
byte string . 8~bil characlers
1 10 4 gigacharacters
Character String hakword string 16-bit characiers
1 10 2 gigacharacters
bit variable
Bit String 1 10 4 gigabits
bit variable
B4 Field 01 32 bits

Sighed Integers

[ i i X i 3 } lengths are supported,
ntegers are expressed in two's complement binary notation. Fpur signed im_eger )
gy?: erc\’alltwo?d. word andprdoubleword. Signed integer representation consists of a sign bit fiekd and a magnitude i‘f'uald.
The .MSB {most significant bit) of a signed integer is the sign bit _and Indicate§ whegher the number is positive or
negative. The magnitude field contains the absoksts value or magnitude of the signed inleger. -

Data Type Bange

Byte -128 ~ 127

Halfword -32768 ~ 32767

Word —2147483648 ~ 2147483647

Doubleword -92233720368547756808 ~ 9223372036854775807
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Unsigned integers represent natural numbers (non-negative integers) in binary notation. There are four unsigned
integer data types: byte, haltword, word, and doutleword. Unsigned imegers consist of only a magnitude field which
is the same size as the data type. Unsigned integers are also used 1o represent the logical data types used for the bit-
wise logical oparations.

Pata Type Bange t

Byte 0~255

Halfword 0 ~ 65535 .
Word 0 ~ 4294967295

Doubleword 0 ~ 18446744073709551615

Bit data is often used to efficiently store data for control purposes. In the pPD70616, bit data is idéntitied by a byte
base address and a separate bit offset. The byte base address component selects the address of the word that
contains the bit in question. The addressing mode is used to determine whether the operand Is in a general purpase
register (register addressing mode) or memory (all other addressing modes).

The bit offset is then used to identify the particular bit within the register/word that is to be manipulated. The bit offset
is specified as a value in the range of [0..31]. Specifying any other value for the bit offset will cause an exception.
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As aftixed length data type, bit data can reside in either a register or in memory. it is also possible to manipulate bit data
using the bit string or bit field data types by specifying a length of 1 for these variable length data types.

Binary Floating Point

Binary floating point formats provide a wide range of numerical values over a specified level of precision. Floating point
data types are usetul for scientific and engineering calculations, numerical control, and any appiication requiring high
performance numeric calculations such as graphics. The uPD70616 microprocessor supports basic floating point
operations on two IEEE compatible binary floating point formats.

Short Real

The short real dala type is a 32-bit binary tloating point represemation conforming to the IEEE single precision format.
The short real format consists of a mantissa sign bit, an 8-bit biased exponent and a 23-bit mantissa as shown below;
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Long Real
The long real data type is a 64-bit binary floating point representation conforming to the IEEE double precision format.
The long real farmat consists of a mantissa sign bit, an 11-bit biased exponent and a 52-bit mantissa as shown below:
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Decimal Data Type

The decimal data type is used for the manipulation of both packed and unpacked decimal numeric strings. The
decimal data type divides each byte into two 4-bit fields (nibbles). In the packed decimal representation, each 4-bit
fielkd is assumed to contain a valid BCD (binary code decimal) digit in the range [0..9]. in the unpacked (or zoned)
decimal representation, only the lower 4-bit field is assumed to comain a digit and the higher 4-bit bit field ls called the
zone field.

When a nibble is expected 1o contain a digit, only the valid BCD values [0..9] can be specified. Any other value will
cause an illegal decimal format exception 1o occur. There is no restriction on the contents of the zone field.

Character Strings

Two types of character strings are recognized by the uWPD70616 microprocessor, byte character strings and haliword
character strings. Byle character strings are used to express standand ASCI text. Halfword character strings are aiso
supported to express text needing a much wider range of characters than available with an 8-bit character set.

Instructions are provided for operating on character strings of either type and include:
+ transfer
+ comparison
= scanning
= skipping

Baing a variable length data structure, a character string is fully defined by:

« the address of the start of the string
« the number of characters in the string

In addition to the above attributes, a character string must also obey the following restriction:
« the sum of the starting address and the length of a character string (in bytes) must be less than 232 — 1

Note thal the number of characters and the length of a byte character siring are the same while a haltword character
has a byte length twice the number of characters in the string.

Some instruction permit specifying the direction of string processing. The direction within a character string in which
addresses become larger is called the upward direction while the direction in which addresses becdme smaller is the
downward direction. In all cases the ordaring of characlers within the string is in the upward (increasing addresses)
direction. Only the direction of processing changes.
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Examples of both byte and halfword characler strings are shown below.
Byte character string (N=4)
LA . , o 7 ; ST 0 0
... lyl IBI
A+3 * A2 A+l A
<+——— Upward Direclion . Downward Direction ———»
Haltword character siring (N=2)
15 Lo 0
v 8 :
A+2 A
“———— Upward Direction Downward Direction ———
[ 3 ]
Bit Flelds

Bit fields are a variable length data structure used 10 re|
integers in a compact format. An instance of the bit field
at any bit posttion in memory and subject only to the co
bytas. As with the integer data types, bit 0 of a bit field

most significant bit is the sign bit.
Being a variable length data structure, a bit field is fully defined by:
* the bit address (B) of the start of the bit field

+ the length In bits

-

present signed (iwo's complement notation) and unsigned
datatypemntakoanylengthbemnomszw.uanm
nstraint that the bit tield not span a length of greater than four

is the least significant bit and in the case of signed bit flelds, the

A+2

B

T

An integer x can be exprassed in a bit field of length N # and only if
=2(N-1) < x < 2(N-1) (signed)

0 S x < 2(N-1) (unsigned)

The integer value of a bit fieid of length 0 is zero.

A+l

NEC
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Bit Strings

A bit string is a variable length logical data structure containing G 10 232 — 1 bits. Applications of bit strings abound in
applications as diverse as window management in bit-mapped graphic displays and for implementing set operations in
high level languages.

Bit strings are treated as a logical data type with a fuli complement of monadic and dyadic operalir;m defined. Being a
variable length data structure, a bit string consists of the following two components:

* bit address (B) of the start of the bit string

« the length in bits
r— lenmh >
bit string
3]
A+3 A+2 8 A+l A

!

Like the character strings, the uPD70616 instruction set permits specifying the direction of bit siring processing. The
direction within a bit string in which addresses become larger is called the upward direction while the direction in which
addresses become smaller is the downward direction.

Stacks

A stack is last-in-first-out (LIFO) data structure. The pPD70616 uses a-push-down stack for a number of purposes
including:
* subroutine return addresses

* saving program state during an intesrupt or exceplion
» allocation of local variables during a procedure call

In the uPD706186, register R31 is the default stack pointer and is always assumed to be pointing to the current top of
the stack (TOS). Before pushing new data on the stack, the stack Is first decremented before copying the operand to
the new TOS. In a similar manner, a stack pop operation will remove the current TOS and then increment the stack
pointer.

The detault stack pointer (R31) is assumed 1o a word (32-bit wide) stack. Any general purpose register can also be
used to implement a stack by means of the autoincrement and autodecrement addressing modes.
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Section 3
Register Set

The uPD70616 has_a large number of general purpose and special purpose registers which are described in this
section. The uPD70616 register set is divided into two calegories. The program register set represents the sel
rasources available 1o the application or user while the system programmer has in addition to the program register set
the full resources of the privileged register set.

The program register set consists of the following 32-bit registers:

* general purpose fagisters.....................cceveeennne. RO - R28
 argument pointer (AP)..............o.oeeoieiiviieeiiinns R29

= frame pointer (FP)............c...ooveeeeeveeveeeeveennn R30

» stack pointer (SP)............c.c.ooommieeeireeeeeieernnn. R31

* PrOQraM COUMBT............cc.oonmeiireneenereceeneevsnens PC

* program status word (lower haliwordy................... PSWI15:0]

The privileged register set consists of the following additional registers (grouped by function):
Address Translation

* areatable baseregisters 0—3............................ ATBRO - ATBR3

+ areatable length registers 0-3........................... ATLRO - ATLR3
Stack Pointers

* level 03 stackpointers......................ocoovnn.. LOSP - L3SP

* interrupt stack pointer..........................oeeueeenn.n. ISP

Debugging Regislers

* rap mode register...................coceeievveneeeeeeeen, TRMOD
+ addresstrap registers....................cccococveneeennnn. ADTRO - ADTR1

*+ address trap mask registers.......................o........ ADTMRO - ADTMR1

Miscellaneous Registers
program status word (upper halfword..................PSW[31:16)

* systembaseregister.......................................SBR

* systemcontrolwond..................ooooiiiiin, SYcw

s 1askregister............cooeevuieiiiiiie e TR .
« task comrolword...................ccovviiivveereeee . . TKCW

+ processor IDregister............................ tee .- PID

«  V20/V30 emulation mode PSW......................... PSW2
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Figure 3-1. HPD70616 Register Set
Program Regrier Sel Privieged Register Set
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Program Register Set
The program register set consists of the general purpose registers, the program counter (PC) and the program status
word (PSW). Each of these registers is 32-bits wide and are available for use by application programs.

General Purpose Registers
The general purposa register set consists of thirty-two registers (R0 — R31) each 32-bits in width. A general purpose
register can be used as an accumulator, base register, index register or to hoid intermediate calculations. General
purpose registers can be used at any execution level without restriction.

Three of the general pumpose registers are reserved for specific purposes by certain instructions. R29 is called the
argument pointer (AP) and is used to point 10 the list of procedure arguments by the CALL instruction. R30 is the
frame pointer (FP) and is used to point 10 the current stack frame (work area for local variables and parameters) for
currently executing procedure. R31 is the stack pointer (SP) and contains a pointer to the word on the cument top
stack (TOS).

The stack pointer is not a single register, but rather a cache of five registers separate stack pointers, one for each of
the four execution levels and an intermupt stack pointer. The current execution level and external events such as
interrupt and exceptions determine which of the five stack pointers is In use as the curent stack pointer.

In addition to the AP, FP, and SP registers, other general purpose registers are required by string instructions 1o allow
the instruction to resumed following an intermupt or exception. In this case, registers are reserved for use starting from
R28 and allocated in a downward direction.

Program Counter

The program counter (PC) is a register which contains the memory address of the first byte of the instruction currently
being executed. The PC contains a virtual address in the virtual address mode and a physical address in the real
address mode.

The PC is a 32-bit register which cannot be directly read or written. However, the contents of the PC can be examined
by the instruction

movea 0 pc ], dest ~~ compute the effective address using the
-- pc with no displacement

2

3
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bits31:0 PC The address of the first byte of the currently executing instruction. The PC contains a
vitlual address in the virtual address mode, a physical address in the real address
mode.

Program Status Word

The program status word (PSW) is a 32-bit register containing program status and control information. The PSW is
divided into upper and lower haltwords with the upper halfword being modified only by means of the privileged
UPDPSW.W instruction. The lower haliword of the PSW has two fields containing the integer and floating point
condition codes. The uppar halfword contains the processor control and status fields for the currently executing task.
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bit 11 Fz20 The FZD (zero divide) flag indicates ¥ a zero division took piace.

. . . " ) FZD=0 no float int zero divide
the Meger and floating point condition codes can be modified using the UPDPSW H instruction FZD=1 a !blgtln:\g pop::l zero divide occurred
) :h‘ m:l and condition code fields can be modified at execution level 0 by the privileged UPDPSW.W

The contents tr . .
following 6o N PSW can be read regardiess of the execution level. The PSW is moditied according 1o the

bit 12 FIvV TheFIV(invalid)ﬂaghdicatestheocwrrencootanhvaidﬁomingpoimopemion.

the &28s8 fieid is modified by the execution of certain Instructions such as CHLVL and RETIS ,5:3 - ? .':,‘;,3;‘3‘3:,‘;‘;;{,?,'“"@““‘“5’ od

ATx - 2, . wwy —ld 12 1 s 7 4.2 2 1 4 bits 13:15 RFU  Reserved for future use
SIHABHAM RFU AT meo [TIEISIEIE] e Telo
Ala 1 P elE]e \|' Ziojulp AFY viv]|8|Z . . .
pjvip]r bit 16 TE The TE (trace enable) flag enables and disables instruction trace.
bi ' o TE=0  Instruction trace disabled
o 4 The Z (zero) flag indicates ¥ the results of the operation were zero. . TE=1 instruction trace enabled
.LZ,:? ;::::gzn:gzem bit 17 AE  The AE (address trap enable) flag is a global enable/disable for the address trap logic.
. . AE=0 address traps disabled
bit 1 1 e § (s flag indicates  the resuts are nagative (skgnec) or i the MSB is ser AE=1  address traps enabled
unsigned).
‘ i IE IE (int le) f rmits software 10 selectively enable and disable
S0 result is positive or zero or MSB is 0 bit 18 T":kau(emir:m':nab ) flag pe Y
S=1 result is negative or MSB is set £ ' o
. . IE=0 maskable interrupts disabled
Bt 2 3V The OV (overtiow) flag indicates i an overflow cccumed, lE=1  maskable interrupis enabled
gx: ? 33&”133'9" bits 19:23 RFU  Reserved for future use
bit 3 oy The CY (carry) flag indicates if a cany or borrow was generated as a result of the bits 24:25 EL The EL (execution level) field contains the value of the current execution level.
operation. EL=00 execution level 0 (privileged)
El=01 e tion level 1
CYa0 no camry (borrow) generated EL=10 e:gﬁoﬂ leval 2
CYut
- carry (borrow) was generated EL =11  execution level 3
iis47 =
bits U Reserved for future use bit 26 P The IP (instruction pending) flag indicates whether or not an instruction has been
bit 8 PR interrupted and should be resumed.

The FPR (precision) flag indicates the exactness of a floating point operation. P=0 no instruction pending

FPR«0 exac resuk P : A ndi
FPR = 1 inexact result IP=1 instruction pending
bit 27 TP The TP (trace pending) flag controls the guarantees the occurance of a single

bit 8 RO The FUD (underflow) fag indicates if an underfiow occurred as the resuht of a floating instruction trace for each instruction.

point operation.

FUD=0 no floating point underflow TP=0 instruction trace not pending .
- - . » m-

FUD=1 floating point underflow occurred TP =1 instruction {race pending

i : i | The IS (interrupt stack) flag indicates whether the current processor context is in the
bit 10 FV  The FoV (overtiow) flag indicates whether an overflow occurred as a result of a bit 28 S b Pt ) flag

floating point operation. interrupt space.
i i IS=0 interrupt stack inactive
Fovo o floating point overtiow IS=1 inerrupt stack active

FOV=1 floating point overflow occumred
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bit 29 EM The EM (emulation mode} flag indicates the current processor mode.

EM =0 ‘ Privileged Register Set
EM o 1 gmglmde o Twenty-two 32-bit registers make up the uPD70616 privileged register set. The privileged register set controls the
execution environment and are accessible only to programs executing at privilege level 0.
bit 30 ATA  The ATA (asynchronous task trap aclive) flag indicate whether an asynchro task The contents of privileged registers are examined and modified using the load privileged register (LDPR) and store
Irap processing is in progress. privileged register (STPR) instructions. Each privileged register is assigned a register ID number (figure 3—2) which is

ATA=0  ATT processing not in progress used to identity the source or destination privileged register.

ATA = 1{ ATT processing in progress

bit 31 ASA  The ASA (asynchronous system trap active) flag indicate whether an asynchronous Figure 32 Privioged Register 0 Mumbers . -

syslem trap processing is in progress. D Privileged Register Pormissble Operations
ASA =0  AST processing not in progress . LOPR STPR

ASA =1  AST processing in prograss 0 ISP InterTupt Stack Pointer o 0

’ 1 LOSP Lavel 0 Stack Pointer [+) [e)

2 L1SP Level 1 Stack Pointer o C

3 L2SP Level 2 Stack Pointer o [¢)

4 13sP Level 3 Stack Pointer 0 o

5 SBR System Bass Register 0 o]

6 TR Task Register - [s)

7 SYCW System Control Word O (o]

8 TKCW Task Control Word o] o]

9 PIR Procsssor 10 Register - o

10-14 Reserved for future use X X

15 PSW2 Emulation Mode Program Status Word (o] [o]

16 ATBRO Area Table Base Register 0 0 [a]

17 ATLRO Area Table Length Register 0 0 0

18 ATBR1 Arsa Table Base Register 1 o o

19 ATLR1 Area Table Length Register 1 o] o]

20 ATBR2 Area Table Base Register 2 O o]

21 ATLR2 Area Table Langth Register 2 o o

22 ATBR3 Area Table Base Regisier 3 (o] o

2 ATLR3 Area Table Length Register 3 0 [3)

24 TRMOG Trap Mode Register (o] [+}

25 ADTRO Address Trap Register 0 O (o]

26 ADTR1 Address Trap Register 1 o] (o]

27 ADTMRO Address Trap Mask Register 0 o (o]

28 ADTMR1 Address Trap Mask Register 1 o] (o]

29-31 Reserved for future use X X

In addition to the LDPR and STPR instructions, other privileged instructions may also implicitly select a privileged
register as an instruction operand.
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The stack pointer (R31) is part of the program register set and cortains the virtual address of the current 10p of stack.
In actuality, there is a cache of five independent stack pointers, one for each of the four execution levels and a
Separate interrupt stack pointer. The stack pointer selected when R31 is referanced by an instruction is determined
by the value of the PSW IS and EL fiekds as defined below:

EL  Sslecied Stack Pojinter

00 level 0 stack pointer

o0 level 1 stack pointer

10 level 2 stack pointer .
11 level 3 stack pointer

0o interrupt stack pointer

01 undefined

10 undefined

1" undetined

-A...‘.AQOQOE

Programs at execution level 0 can access any of the stack pointers by means of the LDPR and STPR instructions.
Load and store operations to R31 only affect the stack pointer for the current execution level.

31' o

sp -J

bits0:31 SP  The SP (stack pointer) contains the 32-bit virtual address to the current top of stack.

Systom Base Register
The System Base Register (SBR) contains the pointer 1o the first entry ol the system base table. The system base

tablaisatableolvectorsusedlorimeuuptandexceptionprocmhg. The system base register containg the physical
address of the start of this table which must be aligned on a page boundary.

g Y T T L a— T "2 T

000D0O0CO0OCO SBA OOOOOOOOOOO'Cj

bits0:31  SBA  The SBA (system base address) is the physical address of the system base table.
The system base table is aligned on a page boundary and the twelve low order bits
(bits 0:11) must be zero, otherwise the results are UNPREDICTABLE. The upper
eight bits (bits 24:31) are unused by the pPD70616 bt should zero for compatibiiity
with future microprocessors.

NEC
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Task Register
The Task Register (TR) holds the virtual address of the task control block (TCB) for the currently installed context. The
Task Register Is a 32-bit read-only register and is loaded automatically by the load task context inetruction.

b Al 1 0

LA A 4 T Ty r \J Y \d r P s

Tcas 0 :J

bits 0:31 TCBB The TCBB (Task Control Block Base) is the virtual address of the TCB for the current
context. A task controt block must be aligned on a word boundary, thus TCBB field
(bits 0:1) must be zero, othaerwise the results are UNPREDICTABLE.

Task Control Word

ﬂwTaskControlWotd(TKCW)eomamstaskspedicwomlaﬂonandisswapp‘odhandommﬁaspanoﬂhetask
comext. .

N e 1§ 13 12 10

RFU ATT RFU

E-0f»
e i L
=
~gnis
-C e
-{pn|s
(=4, F-1")

bits 0:1 RD The RD (tloat rounding control) field controls the direction of rounding during floating
point calculations.
RD=00 round toward nearest
RD =01 round toward —=
RD =10  round toward +ee
RD =11  round toward zero

bit 2 RO The RDI (integer rounding control) field controls the direction of rounding during
floating point to integer conversions.

RDI=0 use RD field rounding mode
RDl =1 round toward zero

bit 3 RFU  Reserved for future use

bit 4 FPT  The FPT (floating point precision trap enable) flag selects the desired mode for the
handling of precision emors.
FPT=0 floating point precision traps disabled .
FPT=1 floating point precision traps enabled

bit 5 FUT  The FUT (floating point underflow trap enable) flag selects the dasired mode for the
handling a floating point underflow condition.

FUT =0 floating point underflow traps disabled
FUT=1  floating point undertiow traps enabled
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bit 6 FVT

bit 7 FZT

bit 8 FIT

bit 8 o™

bils 10:12 RFU

bits 13:15 ATT

bits 16:31 RFU

The FVT (floating point overfiow \rap enable) ilag seiects the desired mode for the
handling of overfiow errors.

FVT <0 floating point overfiow traps disabied
FVT =1  floating point overflow trape enabled

The FZT (floating point zero divide trap enable) flag selects the desired mode for the
handling of a zero floating point divisor.

FZT =0  floating point zerc divide traps disabled

FZT=1 floating point zero divide traps enabled

The FIT (floating point invalid operation trap enable) flag selects the desired mode for
the handling an invalid floating point aperation.

FIT=0 invalid floating point operation traps disabled

FIT=1  invalid fioating point operation traps enabled

The OTM (operand trap mask) flag controls the handiing of reserved floating point
operands such as infinties or NaNs.

OTM =0  trapping enabled

OTM =1  trapping disabled

This flag has a different than other flags associated with floating point operation traps.
This field is cleared 1o 0 in the 1PD70616 microprocessor.

Reserved for future use

The ATT (asynchronous task trap level) field contains the value of the execution level
required 10 trigger an asynchronous task trap (ATT).

ATT[ 15:13 ] =
0 0 O level 0 ATT
0 0 1 level 1 ATT
0 1 0 lovel 2 ATT
0 1 1 level 3 ATT
1 0 0 ATT disabled
1 0 1 ATT disabled
1.1 0 ATT disabled
1 1 1 ATT disabled

Reserved for future use

NEC
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System Controt Word

The System Controf Word (SYCW) is the system-wide register for the control of the operating environment.

3
T

18 18 12 1 [ ]
T Y Y "

T

RFU

Cnojw

RFU ATRSI SPSt

v
M

bit 0

bits 1:3

bits 4:6

bits 8:11

VM

RFU
AST

SPsI

The VM (virtual mode) fieid controls the operating mode of the processor.

VM = 0 physical address mode
VM =1 virtual address mode

Reserved for future use

The AST (asynchronous system trap level) fiekd contains the value of the execution

level required to trigger an asynchronous system trap (AST).
AST[ 64 )=

0 0 0 level 0 AST

0 0 1 level 1 AST

0 1 0 level 2 AST

0 1 1 levei 3 AST

1 0 0 AST disabled

1 0 1 AST disabled

11 0 AST disabled

Tt 11 AST disabled

The SPSI (stack point switching inhibited) field controis the change of the stack

pointers during context switching.

SPSi[8) =
0 level 0 stack pointer is fixed
1 level 0 stack poirter is switched

SPSI{9] =
0 level 1 stack pointer is fixed
1 level 1 stack pointer is switched

SPSI[10] = .
0 level 2 stack pointer Is fixed
1 level 2 stack pointer is switched

SPSI[11]= .

G level 3 stack pointer is fixed
1 level 3 stack pointer is swilched
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Ms12:15 ATRSI The ATRSI (area table register switching inhibited) field controls the change of the
area table registers during context switching,

ATRSH{12]=

0 the section 00 area table registers are fixed

1 the section 00 area tabig registers are switched
ATRS[13]~

0 the section 01 area table registers are fixed

1 the section 01 area table registers are switched

ATRS{ 14] =
0 the section 10 area table rogisters are fixed
1 thesaction10areatableragistsrsaroswitchad

ATRSI[ 15 ) =

0 the section 11 area table registers are fixed
1 the section 11 area table fegisters are swilched

bas16:31 RFU  Reserved for future use

Processor ID Register
The Processor ID Register (PIR) is a read-only register Containing identification information about the processor.

3"' '1l IQ' S— 7 0

bts0:7  NECRV  This fieid is reserved for use by NEC.

bits8:15 PT The PT (processor type) fieki containg information identifying the CPU.
bits 16:31 RFU Reserved for future use

The contents of the PIR register for the uPD70616 (V60) microprocessor is

3 1 18 4 7 Q
T Y Ty

l°00000000000000001100000 --------

Area Tabie Registers

The uPD70616 includes a on-chip demand paged memory management unit for applications requiring a large virtual
add{ess space (refer 10 section 4 for detailed information). The virtual address is divided into four one gigabyte
Sections. Each section has a pair of registers defining the location and size of the associaled area tables. Since the

area table base (ATBRO-ATBR3) registers and area table length registers (ATLRO-ATLR3) are used as pai, they are
commonly referred to as area table registers (ATBR/ATLR).

Arca Table Base Rogisters

The four Area Table Base Registers (ATBRO~ATBR3) contain the base address and controt information for managing
the four area tables.

31 o 23 3
= T Ty v -y L ™7 v

T

0 0 0 0 0 0 0 ¢ ATB

cns
o
<

bit ¢ v The V (valid) field determines if the contents of the area table registers are valid. An
exception will occur i an address translation is attemptad using an invalid ATBR/ATLR
pair.

bit 1 D The D (direction) field determines the direction of growth for this saction.
D=0 growth direction is positive (increasing addresses)
D=t growth direction is negative (decreasing addresses)

bit 2 RFU  Reserved for tuture use

bits 3:31 ATB ThaATB(a:ealablebaseaddmss)isazs-bnphysbaladdressom\eﬁmareatable
entry for the associated section, Thebwero:derttreead&ossb&s(bhsoz)mzem
andtheueatablenustbealigmdonadabhwordbourﬂmy.mmghomem
bits (bits 24:31) are ignored by the uPD70616 microprocessor but must be zero for
compatibility with future versions. :

Area Table Length Registers
The four Area Table Length Registers (ATLRO-ATLR3) contain information about the size of the associated area table
as shown below.

31 13 12 3 2 [}

fAFU LOS RFU I

bits 0:2 RFU  Reserved for future use

bits3:12 LOS The LOS (limit of section) field is used by the hardware to determine the number of
valid area tabie entries in an area table. If the D bit is cleared {positive growth
direction), area table entries from 0 < n < LOS are considered valid. if the D bit is set
(negalive growth direction), area table entries in the range LOS < n < 1023 hre valid.

bits 13:31 RFU  Resarved for future use



uPD70616 (V60)

NEC

The five address trap registers provide a powerlul tool for the debugging and verification of software. Thase registers
can be programmed so that an exception {refer to section 9 for details) occurs when a maiching selected and access
lype is generated. The five address trap registers are:

* trap mede register
= lrap address registers
* lrap address mask registers

Trap Mode Register .
The trap mode register specifies what lunds of memory access (read, write and execute), i any, are to genarale traps.

k1] 12 11 W0 % a 4 3 2 1
Y T LANNRE BN B e Sames e S T ™ T

- RFU EJR|w RFU EIR|W

cnx °‘

bit 0 RFU  Reserved for future use

bit 1 w The W (write) field controls the trapping of a write access into the region defined by
the ADTRO/ADTMRO registers.
W=0 ADTRO write access traps disabled
Wai ADTRO write access traps enabled

bit 2 R The R (read) field controls the trapping of a write access into the region definad by the
ADTRO/ADTMRO registers.
R=0 ADTRO read access trape disabled
R=1 ADTRO read access traps enabled

bit 3 E The E (execute) fiekd controls the trapping of a write access into the region defined by

the ADTROVADTMRO registers.
E=0 ADTRO execute access traps disabled
E=1 ADTRO execute access traps enabled

bits 4:8 RFU  Reserved for future use

bit 9 w The W (write) field controls the trapping of a write access into the region defined by
the ADTR1/ADTMR!1 registers.
Wa0 ADTR1 write access traps disabled
Wat ADTR1 write access traps enabled

bit 10 R The R (read) field controls the trapping of a wrile access info the region defined by the
ADTR1/ADTMR1 registers.

R=0 ADTR1 read access traps disabled
R=1 ADTR1 read access traps enabled

NEC

bit 11 E The E (execute) fieid controls the trapping of a write accass into the region defined by
the ADTR1/ADTMR1 registers.

E=0 ADTR1 execute access traps disabled
E=1 ADTR1 execute access traps enabled

uPD70616 (V60)

bits 12:31 RFU  Reserved for future use

The Address Trap Registers (ADTRO/ADTR1) are used 1o specify the base address of the range of addresses 1o be ]

trapped.
TA - |
i1.]

bits 0:31  TA The TA {trap address) field holds tha target virtual address to cause a trap.

Address Trap Mask Registers . ' -
The Address Trap Mask Registers {(ADTMRO/ADTMR1) are used to mark address bits in the associated ADTR register
as "don't care”, allowing accesses in a range of addresses 1o be trapped.

bit 0:31 TAM The TAM (trap address mask) field contains the maskpanefn used 1o specify a range
of trap addresses. Note that the lower two bits of the TAM field (bis 0:1) must be set,
otherwise the results are UNPREDICTABLE.

Program Status Word 2 . '
Program Status Word 2 (PSW2) functions as tha V20/V30 emwlation mode program status word. Refer to section 10

for details on the operation of this register.

kY 19 16 14 13 12 11 W0 @

[akal] -4
RXRI®|w
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This section describes the contiguration and operation of the differant WPD70616 address spacés. The uﬁD?ﬁEia
MiCFOProcassor provides three separate addross spaces:

* & sixteen megabyle {16MB} memory address space

* a sixleen mogabyte (16MB) V'O address space

= & four gigabyle (4GB) virtual address space

(MMU}. Memoary management is ulilized io give aach program of task the llusion of exclusive access to a four gigabyta
(4 billion byte) tinear address space. A virtual addrese space is mapped onto the memory address space {physical
memory addresses) or VO address space (peripheral device addresses) by the MMU In a process known as address
translation. Address translation is a twe-level procass whare a virual address is convertad to a physlcal address (in
efthar the memory or O spaces) and all assoclated pemnissions are verified prior 10 thé actual execution of the bus
cycle. '

Infroduction

The memory address space uses the physical addresses of memory devices and limits the size to the maximum
number of addressable bytes of memory. Since the pPD70816 microprocessor has twenty-four external address
lines, the memory address space rangas Irom physical address 0 {0xG00000) to an upper address of 224 - 1
(0xFFFFFF) in unis of one byte. Because most systems do not implement a lull sixteen mogabyte mamory address
space since the actual size of the physical memory sub-system is delermined by the appllcation. Thaere are no.
requirements for the alignment of daia within tha memary address space.

The VO address space is used to accass and conirol peripheral dovices. Like the memory address space, the KO
address space usas all of tha pPD70616 address lines and supports a 16 megabyte address space. The VO address
space is accessed by the execution of VO instructions or by mapping a portion of the virtual address indo the 10
address space. ' : )

The virtual address space is a much larger address space using 32-ixt virlual addresses. By the process of address
 iransiation, the virtal address space is mapped onto one of the physical address spaces by the memory management
unit. To aid in the tagk of managing such a large address space, the virlual address space i paged using a four
kilobyte (4KB) page size. :
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The vituat address space is viewed by programs as a byte addrassalla four gigabyte (232 bytes) linear address space,

Figurs 4-1. * Virtual Address Space

4GB

168 |——

| OFFFFFFFFH

N E C - PD70616(V60)

Sections

The four gigabyte vidtual address space is divided imo {our one gigabyte {1GB) sections: The Iuwest address section
is the 04 section and the remaining sections are called the 01,.10,.and 11 sections respeciivaly.

In the pPD?CE16 microprocessor, & saction is a,.unit of sharing for a.common vintual space In-a system employing
muliiple vinual spaces,

Figure 4-2. Sactions

4GE OFFFFFFFFH
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Areas

Each section is dividad inio 1024 arsas. Each area is one nugahm(ms)hsimm-mahmmmmm%a
samhnhmaﬂandmnﬁadmpmmodswlnﬂwlaﬁma.mfm : S

The area permits protection of SENMWMM'MMNMWMHJM&!MMML

N E C pPD70616 (V60)

Pages Ce
Eacha;eamnsistsotzsspaaas.aadwagelnurkﬂobnas{mmhalze. Pages are numbered from page 0 in - .
ascending order to page 255 wilhin an area.. - S ; SR

memeislhesnmllastunitofﬁmmlmmymanagamm: Pages are also the unit of mapping a portion of the vidua!
space info the VO addrass space. LT .

Furs &3 Amas '

"
OFFFFFFFFH

Figure 4~4. .  Pages
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Asections 2 1GB sagmmonhevirtualaddrassapaceandbtrnbmhmm rnanagamrl uaryi lora systémhaving
multiple vinual spaces. Consider the following virtual memory wnﬂguramn

© = gection 11................operaling system |
‘= gaction 10... ...LoMmimen gystem and utilities
« gaction ol... -..1ask control information
« saction 00... v 128K WOTK region

in this example, all tasks share tha wrtua.l space deimed hy soctlon 10 and 11 and have private virtual spaces dafined
by sactions 00 and 01.

The pPD70616 microprocessor places no restrictions on the assignment of virtual spaces to tasks. Each task can
have a uniqus virlual space ar multiple tasks can ghare a common vitual address space, 'When savaral lasks share a
virlual spaca, the virtual space {dafined by ona or more area table rogister pairs) remains static while the tasks are
swapped in and out of tha processar. -Vifual spaces are switchad only whan the virtual spaces diffar batween tasks.
Because lhe operating system is shared by all tasks, i can reside in g fixed section. Fixing of a section is selecied by
tha ATRS fields in tha SYCW (Systam Control Ward) _

J‘

sectlon Length

A section need not occupy the entire 1 GBwrtuaJ address space and is usually much smallar. The WPD70616 can fimi
the size of a section such that the number and size of the address transiation tables is minimized. Setting the slze ot a
. section requires spacifying a length of saction {LOS) value in the area table ragister.

The LOS fiekd selacts the maximum number of areas that comprise a section. Ahng with tha D (direction) bit, the LOS
fiald determines which areas are defined and whether growth s from the battam or top of the saction. Whenthe D bit
is cleared, the growth direction is positive and areas are measurad from tha base of the saction (area 0) and continuing
to area LOS—1, Whan the D bit is set, the growth dueclhn is negaiiva and areas are allocated from the top of the
sechion (area 1023) and continug down o area 1023-L0S. - :

Lagitimate area tahie referances reqmra the“folbwlng condilions be mat:

= posilive growth area offset 2 LCS
» negative growth area offset 2L OS

An attampt 1o referance an area outside lhe these regmns wsl cause a Section Length Viclation exception. Refer to
figure 4-5 for details of seclien limits and organizaﬁun

Tabie4-T.  Section Limits and Ranges

Los Positive Growth Birection Megative Growih Direction
Aroas Range Amas_ Range

OS5 =0 : 1 arsa area 0 3024 areas areas 1023 -0

0S=t 2 areas wreas -1 1023 aroas arpas 10231

LOS = 1023 1024 araas areasﬂ~1m3 1 area area 1023

NEC

Figune 4-5, Section Limits and Rangos

1PD70616 (V60)

| | ’ - LO5 ///// |
::///_/ : £} e 108
2z
0777 |
DEM&M\;’M ’
Undefined Sections R

A sectiont which has rot heand&fuwd is caﬂad an undefined saction, Asactnn 15 considared 1o be undatined ¥ tha V
{valid) bit In the associated area 1able register is cleared. An imralid Sactien emaptm will be raised ¥ an attempt 1o
access an undefined saminn is made. .

i. . _\ - ) s
Anareais a 1MBsagrnantaftha wtual addrassspaca and is available for private sha.rhg ofawrwalspacuum:ns
betwaan two tasks. Anareacanbeshamdbyshﬁyoopmmemiabh ariry.

‘lhearaaisatsoaunllnlprotecﬂonbalwmlasks Bomexemmhvalarﬁamsatypesmchackadpmnoa:
references to an area. Swapping of entire araas is alse supporied.

Area Length

An area need notucmpyiha entire 1 MBwnual addrass space. The uPD?ﬂBisaanlmltrmmofanamasmh that
ths number and size of the page tables is minimized. Setting the size of a arsa raquiras specifying a length of area
{LOA) value in the area table entry (ATE]. .

The LOA lietd selects the maxisnum number of pages that comprise an area. Along with the ATE D (direction) bit, the
LOA field datermines which pages are defined and whether growdh is from the bottom or iop of the area. Whenthe D
bit Is cleared, the growth direction is positive and pages are allocaled fram the base of the area (page 0) and continging
1o page LOA—1, When the D bit is set, the growth direction is negative and pages are measured from the top of the
area (page 255) and continuing down to area 255-LOA.
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Legitimate page table raferences require the iollowing conditions be mat

+ positive growth

An attempt lo reference an

Table 4-2. Are Limits and Ranges

page ofisel = LOA,
¢ nagative growth page oifsat = LOA

pagq'o_;_r_mlda these regions will causo a Area Length Violation exeupﬁo'n. Retar 1p

figure 46 for detalls of area fimits and erganization.

. Positive Growth Diraction

LOA - -
Pages Range Pages Range
LOA » 1 page pags Q &ié'pagqu pages 255 _ (3
LOA =1 2 pagea pages 01 255 pages pages 255 — 4
LOA = 255 256 pages’ pages 0 - 258 1 page page 255
Figure 4-8. Aroa Liniis and Ranges
Gitwri Diyecion Poyltve Hegative
e /// A
7
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Prolection

Praiection and separalion of lasks from @ach other and the operating systom is one of.the primary advantages of g
vitual mamory system. Protection Mmechanisms enhance the oparafion of the system by datacting and. preventing
atlompis by tasks to access programs and data without first having established the Recassary pormissions. The
WPD7LE16 protection mechanisms are implamented usging threa lavels, First &n axecution level e astablishad which
determines the relative trustworthiness of atask. A chack of exacution level and accass type permiission’ are
peformad at the area leval while an indapendent accass type permission check Is pertormed again at the page level.

AT e

Estecution Levals

 Exacute lovei, g . . - , o
arespeoiﬂad.menamesstothaareahypmgramsxemﬁonlwe!is: S Tl
-~ -level0 - .- . Read, Wrie and Execute - .- . . L B L T T

Jdevel1 - Readand Executs . C e e RPN l..
. level2 . Read . T Tt A T
loval 3 0o aocass

Paga protaction defines the pe ns fequired 1o access a page {4KB) and are spocified In the ;
page table entry. Page protections permit or deny access on the basis of contents of the page. For example, if tha

page protactions are
Read lug _ .
Write true '
Execute - . false:

then the contents of the paga are readable and writabla but not executabl.

An access is possible anly when both area and Page parmissions have bean granted. Any attempt at access without
both sets of parmissions will cause an excaption. Protection mechanisms are anabled anly whon the grocessor is
cparating in the vinual mede. In the physical address mods, alf protection machanisms are disabled and na
oxceptions ooour.,
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Memory Address Space

The memory address spacs ie the space all physical metory accasses ocour In and defines the maxitmum amount of

addressabla memory. -Bacause of the restrictions imposed an the mamory address space by the processor madel and

and system requirements, the Fmemory address space will vary from syetam 10 eystem. The pPD70616 mi nd.

addrasa spacé of ixtean megabytes (16MB) staning from addross 0x000000 and proceading inaaqy 0
’Qﬁ’iﬁéﬂfmm of 0xFFFFFF In unils of a single byte. ' o - )

-

access iha memory address space from both the virtual and physical modes. In the physical
m:s:somde.’mmmmm address and physical address are the same and are oulput wihout modification. In virkual

made addross s first translated t¢ a physical addrass before bding cutput. The selection of sical
nddre'sg:;ﬁn:;{na by t::SYCW reglstar (refar to section 3 for detaiks). virtualiphy .

) rigtions have assumed cperation in the virtual address mode. When eperated in the physical
o est o tho followin 4EHS 6pace ileances shoud b ptedt .
'.mumaﬁmnw,;_ L
* no protaction Lo

. is resiricted .
. ﬁﬁg&mr dependent dgsign .. L N o
ion sel 15 fully functional in the physical address mode. However, because g physical memoary
T R oite. tna unpar eight bits of an address (bts 24:31) must bé zaro (MBZ). The 1IPD70516 will elorarg
upp;s::dar sight bits beceming non-zera during effective address calculation but the results may ba unpradiciable,

space is used for the placernen] and control of peripheral devices without requiring the-reservation of
i ﬁ::? :gsmmryﬁaddmss space. Like the memovy address space, the VO address space is 16MB I size with
:d?darassas ranging irom Ox000000 to OxFFFFFFFF in byte units. The valid 'O address space access ranges arg
complately detarmined by aach individual system. R B

. thods vided to generate KO space accessas 1o m;axlmtza Byslem software “ﬂm‘iff- The first
Jhod dg;reur;ter;m the tmgilrfazrl method of dedicatad /O instrictions to generate VO address space accesses. The
gg':ale approach uses the MeMAMY Managamant and address \ranslation lgic to map a portion of the virtual
inte the O address space. : - Space

Vo 5 @ ACCEesSes AT aWaYS generaled by the execulion of the privileged IN and OUT instructions. An VO port
Vo spaciﬁ ified a5 a 32-bit eperand but bacause of the extemal address bus size resiriction, bits 24231 of a port
e ot be 2010, « The operation Lsing an LO port address outsids the range 0x00000000 to OXOQFFEFFF is

irtus! Address Space Mapping T
lerb.l-a!m nt of /O davices inthe memory address space (mamory-mapped YO) is an okd technique to aliow the use any
instru o that references mMe?y 10 manipulate O porls at any execution leval. The WPD?0616 penmis a new form
of uoc;:r?pberal accass which maps a portion of the vinual address space into the HO address space using the maemery
management quic. S B ' o S

NEC

Tha FO mapping process is defined by:
* unliof mapping :

Tha mapping of the vinuat addrass spadé 10 the /O address space is done using the page as the baskc unit of

mapping. A 4KB segment of the vinual space is /O mapped by seiting the | bit within the carrespondi o
labla entry. The pPD7616 has 4096 /O pages within the 16MB 11O B5E SPACH. P

- acomtypo . ] )
Access to an /O mapped page is confrolled by the read and writa permissions definad for the page. An execute
access bs undefined for an YO mapped page and if attempted wif causa an excaption.

Tha area 1able aniry exacution level parmissions npe'ra:a-:identibalty when compared t0 4 memory-mapped pagn.
Both read and write exacution lavels are indepondently spacified. o

+ privilege o -
By YO mapping & page of virtual space, the area table eniries control which tasks can access to the VO devics. This
allows non-privileged tasks to perform VO accasses on a task by task basis as determined by the operaling systam.

1PD70616 (V60)

Multiple Virbue! Spaces

A muttitasking operating system presenis a dichotomy. ‘Each Installed task must be provided with an independent
virlual address spaces for protection and separation from cther tacks in the system while at the same time there are
common operating system services which are required.to be shared by all tasks in the sygtem. The pPD70616
micropracessor solves this dichotomy by allowing tasks 1o share a postion of their virtual address spaca.

Virlual address spaces ¢an be shared at tha sedionama or page level. The operating system vinual space can ba
shared at the seciion leval by dedicating section 11 (1GB) as a'common section and using sactions 00, 01 and 10 for g
total of 3GB of independent vinual spage. e C e

Virtual space noed not ba shated arnong all tasks o a global basis. Private shasing of virtual address space (such as a
UNiX fork} can be accomplished by using the area as the basls fer sharing. An example of a mubtipla virdual address
spacas is shown in figure 4-7. T ' '

. <
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fFigure 4-7.  Multiple Virtual Address Spaces
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Address Translation

The pPD70616 microprocessar translates virtual addresses using the on-Chip memory managoement uni. Normally,
address translation requires 1he uPD70616 firmware 1o translate an address wsing the on-chip memory management
registers (area table base and lenglh registers) and the memory residant translation tables {area table/page tabla).

Adkchoans Transiaton Maethd . Ralovence Inlometion

|— iid tebbe reginiod pair

I —— Normd Teanalation - rea labis
’ {fnmware) L
’ : Do tabis

Addigss Tranglalion ——-mu

Framiation Look-ande Butier (TLE) ———rme—n TLB comonly -
{hardwars) B

Address trarishﬁnn incurs a great deai of overhead ard is unacceptable to pedorm tor each access so the resulis of &
iranslation are cached in a translation look-aside bufter (TLB). Caching of a vinualiphysical address pair allows the high

spead TLE hardwara to perform the translation the next time the page ig referenced, eliminating the address
translation overhead. Anexampla of the address translation process is shown in figure 4-8,

Figure 4=-8. Aadregse Transkation
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Area Table Register Palr _ v :
Associaled with each of the four sections is a pair of privilegad ragistars labelied ATBRO/ATLRO (section 00} to

ATBR¥ATLR3 (seclien 11). Each of area \able register pairs contains the base address (physicat address) of an

associated area table in memory along with fength and vatidity information for the seciion. The area table registars.

were described-in datail in section 3 of this manual.
e Lo

Area Tables'

Fach valid section of a virtal address space bas an assoclated area table. Area tables contain up 1o 1024 entries

which correspond 10 the area 0 to area 1023. Each entry in an area table i5 called'an area table entiy {ATE). An areg
tabie entry is eight bytes in size and a complate area table would occupy 8KB of memory. The limit of section (LOS)

field in the area table basa register permits the seclion size 1o be reduced along with size of the correspanding area -

table. Area lables exist in the memory address space and must aligned cn a doubleword boundary.. An area table
eniry is shown figure 4-9, . . .. .

a

Figure 4-9.  Assa Table Entry (ATE}

41 ) aeq;:' -w:n sas-.- MO M X a2
T T T T T L T T L ¥ T T T T T ... T --_1 T L] T al- -
U REu - toa T . Ex|wAL|ROL|E Lﬂ_
90000000 . . . PTB piv
T o : — — —t 2 1 @

Lit 0 v The V {valid} bil indicates whethar the ATE contents are valid. - .- -
Veg ATE contents are undefined. -
Nwt - .. ATEconlents arg valid - :

- In the case whare the V bil is cleared, the remainder of the ATE is undsfined and
dvailable. The following definitions enly apply when the V bit is set.

axists In memory.

P=0  page table not presenl
P=1 page tabls present

gt 177 P : The P (present) bit indicates whether the page lable spacified by the ATE curently

An Area Nol Present Exceplion will ogcur if an ATE is telarenced during an ad;ires_s_
translation with the P bit cleared. o ’ ' o

bils2:31 PTE  Trné PTB (page lable base) field contains the physical address of a word aligned page
table. In1he WPD70618 microprocessor, the high order bits of the PTB ({bils 24:31}
must be zero. : o - : - )

uPD70616 (V60)
bit 32 (M) The D (direclion) bit specilies the growth direclion of the area dafined by this ATE.
D=0 positive area growih direction (increasing addresses) '

D=1 . negative area growth direction{decreasing addresses)

bit 33 RFU  Reserved for fulure usa

bits 34:35 RDL  The RDL (read execution level) field contains the axecution level required for read

access,
ADL[ 3534 ] =
9 0 levelg
0 1 . levelD 1.
1 0 levelD,.1, 2
LR | level0, 1,2, 3
bits 36:37 WRL  The WAL fwrite execution level) field contains 1he exgcution levet required for write
. - ACCess. )
WRLE37:36] =
g 0 level 0
0 1 level 0, 1
1 0 level 0,1, 2
1.1 fevelD, 1,2, 2
bits 38:39 EXL  The EXL {exocute execution level) field contains the exacition level required for read
access, .
EXL[35:38] =
4 G level §
a .1 lavet, 1
1 0 level 8, 1,2
11 level 0,1, 2,3

this ATE. If the  bi is cleared, pages in the range 0 <N <LOA are dafined. Ifthe Dis
set, pages in the range 255 > N = LOA are defined, - t

bits 4Q54?' [.c_m “The LOA {limit of area) tield specilias the‘tanga of vahid pégas:fbftha aroa Qafined by

bits 48:63 RFL  Reserved for luture use

Page Tables o , . .
Each valid area of a virlual address space has an associated page table. Page tables contain up to 256 entries which
cosrespond to the page O to page 255 within an area. Each oniry in a page table is callad an page table antry (PTE).
Page tablos need not be presant in memery and can be swapped out 1o secondary storage # desired by marking tha
area as not present and allowing the oparating system 1o load the page table and restarting the addrass transtation.
When an area is shared by multiple visiual spaces, several ATEs may contain references {o the same PTE.

An page table entry is four bytes in size and a complete Page lable occupies IKB of mernory. The ¥mit of area (LOA)
tield in the area table enlry permits the area size lo be reducad along wilh size of the corresponding page tabla. Page
tables exist in the memory address space and must aligned or & word boundary. An page table entry is shown
figure 4-10.
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Fi p
igure 410, | Yable Entry (PTE) bit 7 A The A (accessed} bit indicates whelher the page associaled with this PTE has bean
:H. S '24 ZBL ; ————r . liz 1M 0 @ 8 7 4 ] 'z 1 8 referenced.
boosnoeo0of - .. RPV EIWIRIM|IATU|RFUL|P|1]y 2:(1] ;g::ea:sc:gsed

This Tiekd is undefined il the page is VO mapped (| = 1).

*

bt 0 v The V (valid) bit indicates whether the PTE contents are valid. -

Va0 PTE contenls are undefined - bit & M The M (modilied) bit indicates whether a Write access has occurred 1o the page
Vai PTE contents are valid associated wilh this PTE.

- ' . M=0 no Write accesses ocourred
In tha case whate the V bit is cleared, the remainder of the PTE is undsfined and M1 Wrile access cccurred

available. The following definitions only apply when the V bit is set, ff an address

Iransiation using an invalid PTE is attempted, an Invalid Page exception will oceur, This field is undefined if the paga is ¥O mapped (| = 1).

bit 1 ] The O maﬁ;ied) bit determnines if the page specifiad fmhis PTEis mﬁppéd ino tha bl 9 R The R (readable) bit determines if 2 Bead acgess can be made to the paga associated
~ mamory or KO address space. _ ) wilh this PTE.
I=0 page s not ¥O mapped A=0 no Read access
let pags is VO mapped A=1 Read access pamnitted

bit 2 P The P (present) bit indicates whether or not the hage specified by this PTE is in
memory. A Page Not Present Exception will oceur it an address transtation is
~attempied using a PTE with the P bit ¢laared. . oo oo

P=0" page ngt present

kit 10 w The W (writable) bil determings i a Wrile access can be made to the page associated
wihh this PTE. _

W=0 no Wrile access
W1 Write access permitied

P=1 page present
- — Lo ) kit 11 E The E (execulable) bil determines ¥ a Execute access can be made to the page
It the | bit is set in this PTE, the P bilis undefined and disregardad. associated with this PTE.
; . c 3 E=0 no Execute access
bit 3 L The L (lock) bit is used lo specity whan the page is involved in an VO operation such E=1. Execute access permitted

; &5 @ DMA transfer. Ali CPU accesses to a page marked as locked are prohibited and. .
: a‘_‘u’.t',‘!.‘]'"alit"zaaﬁ Exception will ocour if an address translation is attampted using a PTE No Execute access is pemmitted d the page & 1O mapped (1 = 1).
with the L bit set. . . _ L .

L=0  pageisnot kocked for VO
L=1 page is locked for O

bits 12:31 RPM  The RPN (real page number) field has the base address (physical addrass) of the
page associaled with this FTE. Pages are afigned on a 4KB page boundary and the
lawer twelve Dits of the physical address are zero. In the pPD70616 microprocassar,

This tield s undefined  the page i IO mappad {1 = 1), , the higher order elght bits must ba zero. The RPN is a physical address in the
SR : memory address space if the | lisld is cleared, otherwise i is a physical address in the
bils4:5  RFU  Reserved for fulire use o _ . A /O address space.

bit & - U The. U [usef]:field is us'er defihable by the operating sysien; an& is -‘rgﬂn'réd'ﬁur-i};iﬁ.
"o - &ddress translation. S T
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" ‘Section5s
Task Management

A 1ask is the srnallest unit of Loncurmency in a pPD70616 system. In a modermn multitasking aperatiﬁg system, muhipla
tasks can exist simuitaneously with the Blusion of exclusive control of the Processor and system resources. In fact, the

any given moment, ona task is the highes! priority 1zsk and is physically installed on the WPD70B1E mi ssor. In
a muasking system there must bo 2 mechanism for the current task fo be suspended o that a higher priority task can
use tha processar. o . o . :

Each task has a context which completely describes the state of the task. A context'switch saves he current context
and loads the context of the next task. A task context caasists of the following information:

* 1he program register set - SRR
+ the virtual address space R

* information specific to the task =

* aotheriask related information

The task's context is completely defined by 3 lask cg:introl block (TCB) and any associated memory managament
tables. The following is a list of iha registers inclugad in the TCB. The full RPD70616 TCB is shawn in Figure 5-1.

* Program Register Sel
- RO-R30
~ LOSP - L3S8P

* Mamary Management (vinal mode only} -
- ATBRO-ATBR3 ... .
~ ATBLO - ATBL3

= Task information
- = TR
- TKCW

The privileged Task Register (TR) comains the virua? addrass of the TCB far the cumerd context. The task fegisiar is
read only and is updated with a new TCB address by the privileged LDTASK instruction. '
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Figure &1, - uPD70G16 Task Control Block
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Sinca not all applications requite the use of the full lask context, tha wPD70816 architecturs provides ler the
eliminaion of registers from tha TCB on a task by task basis. For exarngie, tasks sharing common axecution levels and
virtual address spac¢es are not required to maintain the shared registers in their respecliva task control blocks.
Applicalions requiring fast context swilching times can also restrict the size of the peneral pumose register set. This
allows the application designer to trade-off the register se! size against the context switch overhead and dosign a
system optimized with respect 10 some goal.

The inclusion of the area table registers and stack peinters is controlled by information programmed in the System
Contrel Werd (SYCW). Cantro! of the size of tha general purpose register set is done by spacilying a ragister list
oparand for the context switch instructions.

An example of a reduced TCB where a singla virtual address space and only execution lavels 0 and 3 are implemented
is shown in Figure 52, :
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Figure 52, Shared Virtus! Space TCB

31 ]
R (7P
I Spaciied by i Pt jAP)
HYCW regati Rz
- T
Speciivd byt g
O wrasestiasx
Inetuctions [
;-]
=
2
5]
Hig
Rid
[TH
Al
Ri5
AL
RS
Aiz
Gl
Ao
C
*
AT
s
R%
Tt
R3
(5
Ri
0
33
LOSF
TCO Bass Addeaas —o DEH :

5-Qx7

The real advantage in having these options available is that it makes it possible to customize the pPD70616 context
switching 1o a large rangs of applications without imposing unnecessary limitations on context switching performance.

Instruction Set Support _

The pPDY0616 instruction set contains two Instructions which support and simplify context switching operations. The
Slore Task (STTASK) instruction saves the current task context in the TCB defined in the Task Register. The Load
Task (LDTASK) Inslauction sels the Task Regisier 1o a naw TCB and loads the new context into the processor. These
instructions are deseribad in detall in tha instiuction set section of this manual. .
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Section 6
Instruction Formats
and Addressing Modes

Instruction Formats

The pPD70616 microprocessor can execute 273 variations of 119 basic instructions. Each of these 119 instructions
is encoded using one of seven instruction formats. The instruction format contains useful information on the type of
instruclion as well as the number and data type of the operands. The pPD70616 instruction formats have been
carelully selected and optimized for use in a fuil 32-bit environment. Considerations such as minimizing the length ol
frequently executed instructions, a special farmat for the register/regisler and register/memory instructions and the

use of implicit addressing modes for frequently referenced operands have been employed to reduce the code size
and maximize instruction throughput.

it is the purpose of this chapter to describe the structure and format of the binary strings which are referred to as
uPD70616 machine code. Instructions and operand addressing information are encoded as binary strings (aways an
integer numbar of bytes in length) for the pPD70616 microprocessor 10 execute. in order 1o efficiently encode
instructions with differing numbers of operands, several different machine instruction formats are provided. The actual
format used is determined by the instruction and the operand addressing modes.

in most cases, there is the freedom to use any addressing mode within a given instruction format. However, for
reasons of efficiency, one of the two operand formats is required 10 use a register operand for one of its two operands.
Using a two operand instruction as a typical example, a uPD70616 instruction sequence consists of an opcoda fiekd
foliowed by addressing information for the first (source) operand foliowed by the addressing information for the
second (destination) operand. In the case of variable length data types, a length field is also provided for the
operands.

§
!
i

Lm Addressing Made . Lengm 00 ] Addressing Mode Opcade

[T vaneie Langin Data Types Only
85-001

In many current microprocessor architectures, restrictions are applied to the use of registers, restricting some registers
to hold operands and others to hold pointers or indexes. In the pPD70616 architecture, orthogonality is guaranteed
by permitling any one of the thirty-two 32-bit general purpose registers lo contain a data operand, a pointer (base
register) or an index (index register) value. Tha orthogonal uPD70616 instruction set means that with but a few
exceptions, there is complete freedom to use any addressing mode with any operand. Source cperands may be
referenced using any one of the twenty-one byle addressing modes (eighteen bit addressing modes) while
destination operands, for obvious reasons, are restricted from using the immediate addressing modes.

The remainder of this section is devoled to describing the instruction formats and addressing modes used by the
uPD70616 microprocessor. Condensed versions of this information is also summarized in Appendix B and
Appendix C.
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Instruction Format |

Instructlon‘ Format | is an optimized format used for two operand instructions in the register/register and
register/memory operand classes. The minimum instruction length of this instruction format is three bytes, but it may
be extended to greater length, depending upon, the addressing mode field of the second operand.

15 14 13 12 ’ . 8 7 o
mod 0im]|d reg op . Format {
8-
bits 0:7 op The opcode field specifies the instruction to be executed. .
bits 8:12 reg This field identifies the register 1o be used as the source or destination operand for this
instruction.
bit 13 d The direction bit specifies whether the register field is treated as the source or destination
operand as follows: .
d=0 reg field identifies the source operand
d=1 reg field identifies the destination operand
bit 14 m This fieid is used in determining the addressing mode of the second operand.
bit 15 0 This figkd is cleared in all Format | instructions.
mod This field specilies the addressing mode for the second operand. This field ranges in

langth from 1 10 8 bytes depending on the specitied addressing mode.

The hexidecimal representation used for the opcode field of Format | instructions is

op
where op is the eight bit wide opcode tield. An example of this format is the integer addition instruction which is
rapresented as
Instruclion - QOpcoda
add.b . - 80

NEC
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Instruction Format |l

Instruction Format Il is a more general form of Format | and can be used for two operand instructions using any
addressing modes or when the opcode field must be extended as in the ficating point arithmetic instructions. The
minimum instruction length of a Format Il instruction is four bytes, but may be extended to greater length, depending
upon the addressing modes of the operands.

15 14 13 12 8 7 0

mod’ mod 1{m|m subop op Forrsat H
45-000

bits 0:7 op The opcode Iiéld specifies the instruction to be executed. v
bits 8:12 subop This field specifies additional opcode information for extended opcode instructions.
bit 13 m' This field is used in determining the addressing mode of the second operand.
bit 14 m This field is used in determining the addressing mode of the first operand.
bit 15 1 This field is set in all Format il instructions.

mod This fieid specifies the addressing mode for the first operand. This field ranges in length

from 1 to 9 bytes depending on 1he specified addressing mode.
mod’ This field specifies the addressing mode for the second operand. This field ranges in

length from 1 tc 9 bytes depending on the specified addressing mode.

The hexidecimal representation used for the opcode field of Format H instructions is

op Format I/l instructions
op-subop Format Il instructions

whare op is the eight bit wide opcode field and subop is the five bit wide opcode extension field. A typical example of
this format is the floating point addition instruction. :

Instuction o |
addf.s 5C-18

Unless otherwise specified, the subop field of a Format I/l instruction is zero.
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Instruction Format 1l

Instruction Format Il is used for instnuctions accepting a single operand. The minimum length of this instruction format
is two bytes, but # may be extended to greater length, depending upon the selected addressing mode of the
operand.

Y

mod op m Format il

bit 0 m This field is used in determining the addressing mode of the operand.
bits 1:7 op The opcoda field specifies the instruction to be executed,

mod This field specifies the addressing mode for the specified operand. This field ranges in
length from 1 to 9 bytes depending on the specified addressing mode.

An example of the hexidecimal representation used for the opcoda field of Format Il instructions is
Instruction Opcede
pop " E6/7

where the value of the second digit of the opcode field is determined by the addressing mode.

NEC

Instruction Format IV

Instruction Format IV is used for instructions which use the PG relative addressing mode. The instruction length of this
format is two or three bytes, depending on the size of the displacement fieid.

nPD70616 (V60)

Format IV

23 2 7 _
T T T 7T LA S S e e

bits 0:7 op The opcode field specifies thevinstruclion 1o be executed.

bits 8:15(23) disp This field contains the 8/16-bit displacement which is sign extended to 32 bit length and
added o the contents of the PC 1o compute the next PC.

The hexidecimal representation used for the opcode field of Format [V instructions is

op
where op is the eight bit wide opcode field. An example of this format is the branch 1o subroutine instruction which is
represented as
Instruction Qpcode

bsr 48
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Instruction Format V

Instruction Format V is used for instructions which take no operands. The instruction length of these instructions is
one byte. : .

85033

bits 0:7 op The opcode field specifies the instruction to be executed.

The hexidecimal representation used for the opcode field of Format V instructions is

op 7
where op is the eight bit wide opcode field. An example of this format is the NOP instruction which is represented as
Instruction Qocode -

nop CcD

N E C uPD70616 (V60)

Instruction Format VI

tnstruction Format Vi is used for the loop instructions and contains both control register and displacement fields. The
length of instruction format Vi instructions is four bytes. . - -

n . 18 15 13 12 [] 7 1]
A dispi6 subop . e op ‘ Foemal VI
804
bits 0:7 op The opcbde field specifies the instruction o be executed.
bits 8:12 reg This field identifies the register to be used as the control register.
bit 13:1§ subop This field contains additional instruction identification information.
bits 16:31 disp16 This field contains the 16-bit displacement which is sign extended to 32 bit length and

used as an offset from the current contents af the PC.

The hexidecimal representation used for the opcode field of Format Vi instructions is
op-subop. . . .
where op is the eight bit wide opcode field and subop is a three bit wide opcode extension field. An example of this
format is the decrement and branch if not zero instruction. R
dbnz - : -_cv-z )



uPD70616 (V60)

Instruction Format VI

Instruction Format VIi is used for instructions manipulating variable length data types such as character strings and bit
strings as well as the decimal arithmetic instructions. Format VIl instructions are subdivided into three subtypes
depending the number and location of the variable length operands.

Format Vlila Used with instructions that reference two variable length operands.

Format Vllb Used when the source operand is a variable length data type and the deslination operand is a fixed
length data type.

Formai Vilc  Used when the source operand is a fixed length data type and the destination operand is a variabla
length data type or with decimal arithmetic instructions.

Format Vil instructions contain an 8-bit extension field which is used 10 determine the length of a variable length
character or bit string operand. Thé most significant bit of the extension field is used to determine whether the direct
mode (the operand length is in the lower seven bits of the extension field) or the indirect mode (the operand length is
contained in the generat purpose register identified by the lower seven bits of the extension field) is specified. This
field is also used to store the mask pattern for the ADDDC, SUBDC, SUBRDC, and CVTD instructions.

bit 7 r The r (register) bit determines whether the length field contains the operand length

(direct mode) or contains a pointer to a general purpose register containing the operand
length. This field is decoded as follows: . :

r=0 Direct mode, length field contains the operand length.

r=1 Indirect mode, length fiakd contains the number of a general purpose
register (0-31) that contains the operand length.

bits 6:0 length The length operand (0-127) or the register ID (0-31) resides in this fiekd, as determined
: by the rfield.

All Format VIl instructions use a 12-bit instruction field. The hexidecimal reprasentation used for the opcode field of
Format Vil instructions is

op+subop
where op is the eight bit wide opcode field and subop is the five bit wide opcode extension field. A typical example of
this format is the AND bit string {upward) instruction.
instruction Opcede

andbsu 5B+10

NEC 1

NEC

pPD70616 (V60)
Format Vlla
15I4|3I1"-"l7 """" 0
o 'I;n" o mod” len mod 1 {mm’ subop op Format Vila
85-035
bits 0:7 op The opcode field specifies the instruction to be executed.

bits 8:12 subop This field specifies additional opcode information for the instruction.

bit 13 m' _This field is used in determining the addressing mode of the second operand.
bit 14 m This field is used in determining the addressing mode of the first operand.
bit 15 1 This field is set in all Format Vila instructions.

mod This field specifies the addressing mode for the first operand. This field ranges in length

“from 1 to 9 bytes depending on the specified addressing mode.
len First operand length field.
mod’ This field specifies the addressing mode for the second op_erand. This field ranges in
tength from 1 10 9 bytes dapending on the specified addressing mode.
ler’ Second operand fength field.
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Format Viib
vvvvvv 15 14 13 12' 'l 7 ]
mod’ R ion mod 1 fmm’| subop op Format Viib
85-036
bits 0:7 op The opcode field specifies the instruction to be executed.

bits 8:12 subop This tield specifies additional opcode information for the instruction. .
bit 13 m' This field is used to determing the addressing mode of the second operand.
bit 14 m This field is used to determine the addressing mode of the first operand.
bit 15 1 This field is set in all Format Vilb instructions.
mod This field specifies the addressing mode for the first operand. This field ranges in length
from 1 to 9 bytes depending on the specified addressing mode.
len Variable length operand iength field.
mod' This field specifies the byte addressing mode for the second operand. This field ranges
in length from 1 to 9 bytes depending on the speciied addressing mode.
Format Vlic
- \5!411‘2""l? "'fo
axl mod’ mod 1|mim] subop % Format Vilkc
85-003
bits 0:7 op The opcode field specifies the instruction 1o be executed.
bits 8:12 subop This field specifies additional opcode information for the instruction.
bit 13 m This field is used in determining the addressing mode of the second operand.
bit 14 m This field is used in determining the addressing mode of the first operand.
bit 15 1 This field is set in ali Format Vlic instructions.
mod This field specifies the addressing mode for the first operand. This field ranges in length
from 1 to 9 bytes depending on the specified addressing mode.
mod’ This field specifies the addressing mode for the second operand. This tield ranges in
length trom 1 10 9 bytes depending on the specified addressing mode.
ext’ Operand extension field containing either a length operand or @ mask pattern {decimal

arithmelic instructions).

NEC

Addressing Modes
The pPD70616 microprocessor provides fourteen basic addressing modes for referencing byte aligned data. These
basic addressing modes include:

nPD70616 (V60)

Register Register Indirect
Autoincrement Autodecrement
Displacement PC Displacement

Displacement Indirect
Double Displacement
Direct Address
Immediate

PC Displacement Indirect
PC Double Displacement
Direct Address Deferred
tmmediate Quick

Registers are often used to hold an index to select a particular member of an array. Unfortunately, an index is the same
as an offset only when the members of an array occupy exactly one byte. The uPD70616 architecture offers a number
of scaled index addressing modes to help ease this problem with the management ¢of indexes. With seven of the
basic addressing mades, it is possible 1o specify an additional index register. The contents of an index register is
multiplied by the size of the operand (in bytes) and added tc the base address. Thus, any of these seven addressing
modes can be used to specify the base address of an array, and then use the index register {which can be any of the
32 general purpose registers) to index into the array.

The value used 1o scale a register in the autoincrement, autodecrement and scaled index addressing modes depends
on the data type of the operand. The following table summarizes this information:

Scaling Constant
Scaled Index

Data Type Increment/Decrement

Byte

Halfword

Word

Doubleword

Short Real

Long Real

Packed Decimal
Unpacked Decimal
Byte Character
Haliword Character
Bt

B Field

Bit String

o= N = 0 howWN -

-t NN = N~ D e N =

- Not Available 86-020

The uPD70616 also supports eighteen bit addressing modes for addressing bit-aligned data types such as bit fields
and bit strings. Bit addressing modas enable the programmer to specily a byte base address and a 32-bit bit offset in a
single cperand.

The notations for these twenty-one byte addressing modes and the eighteen bit addressing modes are summarized
in the following table.
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Addressing Mode
Byte Addressing Bit Addressing
Register Rn -
Registar Indirect {Rn] @[ Rn)
Register Indirect Indexed [Rnj{Rx) Rx@{ Rn)
Autoincremant [Rn+ ] @[ Rn+)
Autodecrement [-Rn] @{-Rn)
Displacement disp[Rn] ofiset@[ Rn ]
PC Displacement disp[PC) ofiset@{ PC)
Displacement indexaed disp [Rn }( Rx ) Rx@disp{ Rn )
PC Displacement Indexed disp [PCJ( Rx) Rx@disp{ PC |
Displacement Indirect [disp{Rn}]] @[ disp(Rn]]
PC Displacement Indirect [disp[PC}] @[ disp[PC]]
Displacement Indirect Indexed [disp{Rn]X Rx) Rx@{ disp{Rn}]
PC Displacement Indirect Indexed [disp[PC] X Rx) Rx@{ disp [ PC1{]
Double Displacemeant disp1 [disp2[Rn]] oftset@( disp[Rn ] ]
PC Double Displacement disp1 [disp2[PC]] offset@{ disp [ PC]]
Direct Address faddr @/addr
Direct Address Indexed faddr { Rx ) Rx@/addr
Direct Address Deferred [ /addr] @{ /addr )
Direct Address Delterred Indexed [/addr ){ Ax ) Rx@({ /addr }
Iimmediate #value -
Immaediate Quick #value (1-15) -
- Not Available 86-097
Calculation of Bit Addresses

A virtual address for byte aligned data consists of 32 bits. Since the identification of a particular bit within a byte
requires an additional three bits, a total of 35 bits is needed to address an arbitrary bit in virtual memory. This means
that the address of a bit cannot be expressed in a single 32-bit word. Two 32-bit words can be used to form a bit
address, and a convenient convention for this is 1o interpret one of the words as a byte base address and the other as
a bit offset from the base address. To form the necessary 35-bit bit address, the byte base address is zero extended
on the right 1o form a 35-bit base address. The 32-bit bit offset is then sign extended to 35 bit length and added to the
base address. The 35-bit sum is then used to address the start of the bit data type in memory.

uPD70616 (V60)
an N o
Base Address ’ ololo
T T 3 T T T T Al T ™ T T T v T T Y v T T T T ¥ ¥ T T Y L v v s .2 0
iw Sign Extended Bit Offset
Sign Extension
34 o

LIRS St Stk Atk Sinteie sl il SIS B SN SRSt SESNE: SEsats NMMSS SNND ISl SHEM ENSEES SN SN MMSEN SN SRS SR S S s E e e

Bt Address
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Eighteen of the byte addressing modes (the exceptions are register and the two immediate addressing modes)
discussed in the preceding section require two 32-bit values (often one of the values is implicitly 0) to be added in
order to obtain the address of the operand. The uPD70616 re-interprets these addressing modes as suggested by
the above diagram for instructions which operate on bit fields and bit strings. The bit addressing modes can be
classified into bit displacement and bit index modes.

The bit displacement modes are re-interpretations of the byte displacement addressing modes. The displacement
field is interpreted as the bit offset from the base address. In the case of instructions with no displacement field, an
oftset of 0 is substituted. The other exception is the double displacement addressing mode which uses one
displacement field to locate a memory based pointer and the second displacement field as the bit offset.

The bit index modes are re-interpretations of the scaled index addressing modes. When used where a bit address is
required, the index register Rx is interpreted as a bit displacement and any base register and displacement fields form
the byte base address. Notice that this addressing mode is not inconsistent with its other uses, since the index
register is scaled to the size of the data, which in this case is a single bit.

Addressing Mode Encoding

The uPD70616 addressing maodes for denoting byte aligned data are described in the next section. The minimum
encoding of any of the fourteen basic addressing modes requires nine bits. !t is conveniant to divide these nine bits
into three fields, mod, Rn and m.

The m and mod figlds together define the addressing made. The five bit Rn tield is used to specily a register number,
or it may provide other information if the addressing mode uses no register as in the case of the PC relative and
immediate addressing modes. The scaled index extension modes all require an index register, Rx, in addition 1o the
base register, Rn. Five bits are needed to specify the register itself, and three extra bits beyond that are used 1o
indicate the fact that the scaled index addressing mode is being used. The placement of these additional eight bits is
shown in the diagram beilow.
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The remainder of this section describes in detail the uPD70616 addressing modes. A sample of the format used to
describe each of the addressing modes is shown belaw.
- mod - m Addressing Mods
ra| 63 55 47 ki n 2 A1 3 7 [}
011w Rnef 1 fAn i
Qligney 1 o Addressing Mode Format
. 100« Rna{ 1 *m]
101« Rn » ‘I’ L&.
1110 val » immed.4
P ol 000+ Rn /] ; . g . .
e Gian —a]11110000"] o g Format  This fiekd describes the assembly language format for the byte (bit) addressing modes.
vttt i [doo 2
L ‘ -
21_14-”!«1 110« Ax e 1 “,&‘T{(’,ﬁ Description . _ ) o
va —*11116100 | 0 immed.8 A description of the byte (bit) addressing mode appears in this area.
4——-:::_- NieRns o :::;lgﬂn .
S ——diso———»{ 11110001 | 0 hep. mod Field Encoding
[ & digp ~~————p{ 1014 Rn 0 . 18{Rn| ] . . . . . . " - N o .
--——¢=:———- n:s‘som. 0 ::glam E The format of the mod field is contained in this section. Individual fields can be identified using the
[ val — 111010 o ) _immaed.1 . 1ollowing kays:
o displ —ote-diap2 —a] 000w R & 1 disp1 qu.zqang ; ys:
"?P‘-*;g"zm-' }1;"'&.00 ¢ dispt Mn}. '}‘"ﬂ e B0 Register n
o~ ~d - o1 ™~ 1 . I .
-—a:- 11110000 | 110e Ax o 1 disp 8{PC)Rx) - Rx.............. ....Index register x
[¢- disp —o| 1004 RN o] 1104 Fx ey 1 [ disp &RnlAx) g disp....ccirieeri, Displacement
[o- disp ~&{ 11111000 [ 110e Rxof 1 [ diap S{PC[(Rx) : val Immediate vakie
- 2-bit address
disp 00te-An-af110e Rxo 1 diap. 16{RniRx) addr 32-bit add
-———23—-—-'13%‘ ::3:%: : 3"‘1‘ ﬁ %’ g itional informati levant to the addressi mode is supplied in this section
e ditp——#1 11111000 [1104 Fxs] 1 gt el ) : Notes Any additional information releva ng p )
disp - 0104 Rne 0 diap I2{Rn :
disp 111100101 © [ ")
disp 1104RAne ¢ m% F
disp 11111010 | ¢ PC 1
j———— disp! Gigp2 ——m 001 Ane{ 1 disp1.16{ diep2.1 E
f—— disp1 T2 ———=d 11111101 0 6Ip1.16(d¢2.1i(l’c i
adde 11110011 [+]
adde 1Mo | o [/adde)
val 1110100] o immed 32
<+ diup 010 4An# t10w Rx sy 1 disp.32Ani(Rx)
- disp 11110016 | 110% Rx e 1 dhp%c Ra) ]
- disp 110«Rnef 110e Rxof 1 ’mpﬁ Rx)
— disp 11111010 [ 110@ Rxo{ 1 diap IAPC I Rx)
- addr 11110011 | 110w Rusd 1 I80d(Rx)
Wir— addr 11119011 |110e Rxef 1 [llddrlRﬂ
disp e disp2 | 0104 Rned 1 disp1.32{ disp2 321Rn
> disp! o dinp2 11111110 | © d::lsguuu;gpcﬂ
85-041 .
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Register Rn
Format Rn

............. Byte Addressing

Byte The operand is found in the specified register (or pair of consecutive r

D egisters). This addressing mode allows
the contents of any of the 32 generai purpose registers to be used as the operand in an instruction. For byte

or haltword data, the low order portion of the register is used {bits 7:0 or 15:0). For doubleword (64-bit) data
the operand resides in the registers Rn and Rn+1, with the least significant word located in register Rn. The
use of R31 far doubleword data is unpredictable.

instruction Rn

W

Bit Prohibited

mod Field Encoding
—mod——s m

7 [
Rn 011e—Rn— 1

Notes The use of this addressing mode with'a variable le

ngth data type will generate an illegal Addressing Mode
exception.

NEC

e
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lT:iegister Indirect [Rn]

Format [Rn}...........Byle Addressing @[RN).............. Bit Addressing

Description . '

Byteinhis addressing mode allows the contents of any general purpose regisler to be used as a pointer to an
operand located in memory.

Instruction Rn | Memory

Bit The base address of the operand in Rn is combined with a default bit offset of 0 1o generate the bit address of
the operand.

instruction Rn

I =

ofiset = 0

mod Field Encoding

*——mod—— m

7 0
(Rn] 01 t1e—Rn— O
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Register Indirect Indexed

[Rn](er]

Format [Rn)(Rx)......Byte Addrassing Rx@[Rn])
Description ‘

Byte This addressing mode is similar to the reqi indi
: egister indirect mode. T
used as a pointer to a word location which is scaled by the coruent};se oﬁrr:tee

.......... Bit Addressing

nts of a general purpose register i
specified index register. 0 ®

Instruction An Memory

Bit The index register Rx is is used as the bit offset from the byte base address contained in Rn.
Instruction Rn
r
Memory
mod Field Encoding
- mod —> m
15 7 Q

(Rn}(Rx} 011 «RAn-+» 110 eRx—e 1

NEC

| Autoincrement [Rn+]

pPD70616 (V60)

Format [Rn+)......... Byte Addressing @[Rn+]............ Bit Addressing
Description
Byte This mode is similar 1o the register indirect mode. except thal the contents of the register is incremented, after

the access is made, by the size (in bytes} in the operand. Any of the 32 general purpose registers may be
used for this addressing mode. ed y

Instruction Rn Memory

size

Bit The contents of register Rn and a bit offset of 0 are used to compute the bit address of the cperand. The
contents of Rn are then incremented by 1 for the bit string data type or by 4 for the bit fiek data type.

Instruction Rn

OF—— N\

size

' Memory

offset = 0

mod Field Encoding

+—mod—» m

7 0
[Rne] 100e—Rn— 1

Notes The use of the autoincrement addressing mode in combination with certain other addressing modes may lead
to unpredictable results. In particular, if the first operand of an instruction uses the autoincrement mode, the
second operand should not use the same register for an index register. Moreover, two operands of an
instruction should both not use the same register in the autoincrement (or autodecrement) mode. For further
information, see the description of the addressing mode restrictions at the end of this section.
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NEC

Autodecrement [-Rn]

Format [-Rn].......... Byte Addressing @[-Rn]............ Bit Addressing

Description

Byte This addressing mode is similar to the register indirect mode, except that the contents of the ragister is
decremented, before the operand access is made, by the size (in bytes) of the operand. Any of the 32
general purpose registers may be used with this addressing mode.

Instruction Rn Memory

00

Bit The contents of base register Rn is first decremented (count determined by the data type) and the result is
added to a bit ofiset of 0 to generate the operand bit address.

Instruction Rn

size

mod Fieid Encoding
——mod———— m

7 ]
[-Rn] 101e—Rn—s 1

Notes The use of the autodecrement addressing mode in combination with cerain other addressing modes may
lead to unpredictable results. In particular, if the first operand of an instruction uses the autodecrement mode,
the second operand should not use the same register for an index register. Mareover, two operands of an
instruction should both not use the same register in the autodecrement (or autoincrement) mode. For further
information, see the descriplion of the addressing mode restrictions at the end of this section.

NEC
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r Displacement disp[Rn]

Format disp{Rn].....Byte Addressing oftset@[Rn]..... Bit Addressing

Description

Byte The 8-, 16-, or 32-bit displacement is sign extended (if 8- or 16-bils) 1o 32-bit length and added 10 the
contents of the specified register. The resulting value is then used as the address of the operand.

Instruction Rn Memory

i l Ve
disp -

-

Bit The 8-, 16-, or 32-bit bit offset is combined with the contents of base register Rn to generate the bit address.

Instruction Rn

ey e m— .

;-ln...nl-:i‘\-n-l-v-v-v-v-rn-—mmq

jo——offsat ————
mod Field Encoding
- mad m
» 2 15 7 ‘ ¢
disp8(Rn] <+—disp8—» 000 «Rn— 0
disp16{Rn} - disp16 » 001 «Rn— O
disp32{Rn] = disp32 + 010 «Rn— O
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NEC

T ——

Displacement Indexed

disp[Rn](FbZl

Rx@disp[Rn]....Bit Addressing

Format disp[Rn)(Rx).....Byte Addressing
Description

Byte  The operand located at the sum of the base register Rn, the displacement field and the scaled contents of
index register Rx is addressed.

Instruction Rn Memory

Bit The base address of the operand is formed by the sum of the base register Rn and the displacement field.
This value is combined with the bit ofiset in register Rx to form the operand bit address.

Instruction Rn

E@f@ ~

s
— ™ —

f——Rx } disp i
mod Field Encoding
- mod —+ m
47 K| 2 15 7 °
disp8{Rn](Rx) *—dispf~— 000 «-Rn—s 110 eRx—s 1
disp16{Rn)(Rx) - disp16 ~ 001 «Rn— 110 «Rx— 1
disp32{Rn](Rx) = disp32 + 010 «Rn— 110 <«RAx— 1

NEC

e
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['pc Displacement disp[PC]

Format  disp[PC].....Byle Addressing offsel@[PC].....Bit Addressing

Description
Byte  This addressing mode permits the program counter to be used in the place of one of the 32 general purpose

registers in the displacement mode. The use of the PC displacement addressing mode generates position
independent code, since the displacement from the PC is the same without regard to the actual value of the
PC.

Instruction PC

disp |
\ :

Bit The contents of the PC is used as the base address and is combined with the offset fiekd 10 generate the bit
address of the operand. -

Memory

Instruction PC

mod Field Encoding
- mod - m
39 23 15 7 0
disp8(PC] «—dispB—»11110000 ©
disp16{PC] +———disp16——— 11110001 0
disp32{PC] = disp32 +11110010 0 .
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PC Displacement Indexed

Fomat  disp{PC)(Rx).....Byte Addressing

Description
Byte The sum of the PC, the di
of the operand.

Rx@disp{PC]... Bit Addressing

splacment field and the scaled contents of index register Rx is used as the address

Instruction ‘ PC Memory
\ J e

disp

Bit The sum of the PC and displacement field is used as

) the base address and is combined with the bit offset in
register Rx to form the operand bit address.

Instruction . PC

mod Field Encoding
-— mod —s m
47 31 2 15 7 .- 0
disp8{PC](Rx) +—dispB—e1 1110000 110« Rx—e 1
disp16{PC](Rx) - disp16 ~—+11110001 110«Rx— 1

disp32{PC)(Rx) «—— . disp32 19110010 110eRx—e 1

NEC

e
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ﬁisplacement Indirect [disp[Rn]]

Formmat |disp[Rn]]......... Byte Addressing

Description

Byte The word contents of the location addressed by the sum of the base register Rn and the 8-, 16-, or 32-bit sign
exlended displacement field is used as the address of the operand.

@ldisp{Rn)..... Bit Addressing

Instruction Rn Memory Mermory

i The word contents of the location addressed by the sum of the base register Rn and the 8-, 16-, or 32-bit sign
o exiended displacement field is used as the bit address of the bit operand. No bit ofiset is specified in this
addressing mode. )

Instruction Rn Memory

w

offset = 0
mod Field Encoding
- mod > m
39 23 15 7 0
[disp8[Rn]] <+—disp8—s» 100 «-Rn— 0
[disp16[Rn]] - disp16 + 101 «Rn—e 0

[disp32{Rn]} disp32 + 110 «Rn—s 0
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Displacement Indirect Indexed [disp[Rn]](Rx) | 1

Format [disp[Rn]}(Rx)......... Byte Adpressing Rx@[dispiRn]|.............. Bit Addressing

Description
Byte The word contents of the memory location addressed by the sum of the base re

displacement fieid is added 10 the scaled contents of ind
operand.

gister Rn and thg
ex register Rx and used as the address of the

Instruction : An Memory

D@ﬁ—; 1

Memory

Bit The word contents of the memory location addressed by the sum of the base register Rn and the

displacement field is used as the base address component of the bit address. The base address and the bit
offset in register Rx are then combined 1o form the bit address.

Instruction Rn

Memory
disp
Or—
ey y
I Memory
f Rx —
mod Field Encoding
- mod — m
47 N b} 15 7 [
[dispB[Rn]j(Rx) <—disp—+ 100+Rn—+ 110eRx— 1
[disp16[Rn})(RAx) +———disp16——» 101 +An—+ 110fAx—e I
[disp32[Rn]}{Rx) disp32 110«eRn—+ 110« Rx— 1

NEC
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EC Displacement indirect [disp[PC]]
Format [disp[PC]]......... Byte Addressing @(disp{PC]}.....cconc....... Bit Addressing
Description

Byte  The word contents of the location addressed by the sum of the PC and the sign extended displacement figld

is used as the address of the operand.

Instruction PC

Memory

Memory

disp

o |

i rd cortents of the location addressed by the sum of the PC and the sign extended displacement field
ot ;h:s:z as the base address component for the bit address. There is no bit offset field specified by the

addressing mode.

Instruction PC

Memory

W—;
disp

mod Field Encoding
- mod >
1] 23 15 7 o
{disp8[PC)) <—dispB—+11111000
{disp16{PC)} - disp16 11111001

{disp32{PC]] @ disp32 11111010

o o
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PC Displacement Indirect Indexed [disp[PC]](Rx) | | E)ouble Displacement disp1[disp2[Rn]]
Format [disp[PC]KRx)......... Byte A‘ddressing Rx@{disp[PC]].......... .. Bit Addressing Format disp1[disp2[Rn]].....Byte Addressing oftset@[disp[Rn]]......... Bit Addressing
Description .

Byte  The word contents of the location addressed by Description

the sum of the PC and the sign extended displacement tield

is added to the scaled contents of the specified index fegister Rx to form the address of the operand,

) . _— ; indi itional displacement value is
de is like the displacement indirect mode except that an additiona ) ) alue
Byte ;’gﬁigggr&ssggg ad":'?ed to the address of the operand. An 8-, 16-, or 32-bit displacement field, disp2, is sign

i . The word contents of
i added to the contents of a general purpose register 1o form an address. Tl
Instruction PC Memory Memory ?rf;:te?gggl;?ldis then fetched and added to the first displacement field, disp1, to form the address of the
7 aﬁ' operand.
' / Instruction Rn Memory Memory
disp
disp2 disp1
O] 7
Bit The word contents of the location addressed by the sum of the PC and the sign extended displacement field
is treated as the byte companent of the bit address and is combined with the bit offset in register Rx to form
the bit address of the operand. - .
| i of the memory location addressed by the sum of the ase register | )
Instruction PC Memory Bit Igg,;‘;’,ﬂeﬁ?ﬂzﬁ'; freated as the gyae component of the bit address. This value is then combined with the
bit offset fieid to generate the bit address of the operand.
Instruction Rn Memory
disp o
Y
di <
isp
Or—
..... X r—
] TrY Y l ‘TFP!‘W Memory
e ,
mod Field Encoding offset {
- mod —+ m
47 3N 2 15 7 o .
(disp8[PC]}(Rx) *—dispB—+11111000 110eRxe 1 mod Field Encoding ) g . .
[disp16[PC]}(Rx) dP16——e1 1111001 110wRx—s 1 “ ) " ] .
[disp32|PC)(Rx} «— disp32 11111010 110«Rx—s 1 oot B2 5] n diopt s Gip2 000 ~R1s 1
e ' i . i s+ 001 «—Rn— 1
disp1.16{disp2.16[Rn]] - disp? — disp2 . 010 e
disp1.32[disp2.32(Rn]] « disp1 >e isp
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PC Double Displacement disp1 [disp2[PC]r|

Format disp1[disp2[PC]].... Byte Addressing offsel@[disp[PC))......... Bit Addressing

Description .

Byte This addressing mode is similar to the displacement indirect mode except that an additional displacement
value is provided 1o be added to the address of the operand. An 8-, 16-, or 32-bit displacement field, disp2, is
sign extended and added to the contents of PC 1o form an address. The word contents of that address is
then fetched and added to the first displacement field, disp1, to form the address of the operand.

Instruction - P Memory © Memory

C
O} ——
I/ Py

Bit The word contents of the memory location addressed by the sum of the PC and the sign extended

displacement field is treated as the byte component of the bit address. This vakue is then combined with the
bit offset field to generate the bit address of the operand.

Instruction PC Memory

ﬁ

d

isp
N O1r—

mod Field Encoding
- mod —es m
n X 22 15 7 o
disp1.8{disp2.8(Rn]] < displ sedisp2+1 1111100 0
disp1.16[disp2.16[Rn]] *~—dispt >4——disp2— 11111101 0
disp1.32{disp2.32{Rn)] « disp1 > disp? 11111110 0

NEC

—

uPD70616 (V60)

rDirect Address /addr

Format Jaddr..........Byte Addressing @/addr............. Bit Addressing

mxm“on . . . N
Byte The 32-bit address of the operand is explicitly contained in the instruction.

Instruction Memory

g

Bit The 32-bit address in the instruction is used as the byte address component of a bit address. The bit cffset in
this addressing mode is 0.

Instruction
mod Field Encoding
- mod - m
39 2 15 7 0
faddr - addr.32 »11110011 0
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NEC

Direct Address Indexed

/addr(Rx)

Format faddr(Rx).......... Byte Addressing

Description

Rx@/addr......... Bit Addressing

Byte  The sum of the operand address contained in the instruction and the scaled contents of index register R ig

used as the operand address.

Instruction Memory

Bit The 32-bit address in the instruction is treated as the byte component of a bit address and is combined with

the bit offset located in register Rx to form the bit address of the operand.

- Instruction
— B
mod Field Encoding
- mod —
47 ki 23 15 7 0
faddr{Rx) +— addr32 —+11110011 110 «Rx—e

1

NEC
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rDirect Address Deferred [/addr]
Format [faddr).............. Byle Addressing @l/addr]........... Bit Addressing
Description

Byte As with the direct addressing mode, an address is specitied explicitly in the insiruction. The word contents of

that location is then used as the address of the operand.

Instruction

Mamory Memory

O

s

Bit The word contents of the location addressed by the instruction
operand and is combined with a bit offset of 0 to address the oper.

instruction

is treated as the byte componant of the bit
and.

Mamory

s

mod Field Encoding
- mod m
39 23 15 7 0
[/addr] = addr.32 #11111011 0

O

Memory

offset = 0
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Direct Address Deferred Indexed

Format [faddr)(Rx).............. Byte Addressing Rx@{/addr]....... Bit Addressing

Description

8yte The sum of the word contents of the memoty kcation addréssed by the instruction and the scaled contents of
index register Rx Is used as the address of the operand. ‘

Instruction ) Mamory Memory
O

Bit The word contents of the location addressed by the instruction is treated as the byte component and
combined with the bit offsat located in register Rx to form the bit address of the operand.

Instruction Memory

R —

mod Field Encoding

mod + m

47 H 23 15 ? []
[/addt](Rx) addr32 +1 1111011 110«fx—e 1

NEC

‘ Immediate #value

1PD70616 (V60)

Format #value....... Byte Addressing
Description -
Byte  With the immediate addressing mode, the operand is contained in the instruction. This addressing mode is

useful for expressing constant values 1o be used as source data for instructions. The immediate addressing
maode cannot be used wilh doubleword data.

Instruction

Bit Prohibited

mod Field Encoding
- mod & m
) n 15 7 . [
#immec8 <immed8B+11110100 0
#immed16 +——jmmed16—— 11110100 0

#immed32 «——— immed32————  »11110100

o

Notes The use of the immediate mode as the destination operand addressing mode will result in a lilegal Addressing
Mode exception.

The atiempted use of the immediate addressing mode as a doubleword source operand will resutt in a
Reserved Addressing Mode exception.
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Immediate Quick #value l
Format #value............. Byte Addressing

Byte  This is a variant of the immediate addressing mode in wh
Zero extended to the source operand length prior 10 ins
mode cannot be used with doubleword data.

L il

Bit Prohibited

ich tpe irnmediqle value is abbreviated to four bits and
truction execution. The immediate Quick addressing

Instruction

mod Field Encoding

——mod——+ m

7 0
#immed4d 111 Qwval-» 0

Notes The use of the immediate quick mode as the destination operand addressin de will i
Addressing Mods oeeead P g mode will result in a Ilegal

The attempted use of the immediate addressing mode as a doubleword sour i i
Reserved Addressing Mode exception. " {8 operand will resut in a

NEC

Addressing Mode Restrictions

Under certain conditions, restrictions are applied 10 the use of certain addressing modes in two operand instructions.
Whenever the operand addressing modes are completely independent of each other, no restrictions apply to the
selection and use of the pPD70616 addressing modes. However, if the two addressing modes have a mutual
dependancy on a comman base or index register, the operation may have unpredictable results.

Restrictions apply to two operand instructions when an autoincrement/autodecrement addressing mode is specified
for the first operand and the second operand is addressed using a register modified by the first operand. Should this
stuation occur, the uPD70616 will calculale the ellective addresses of the operands using the folowing two rules:

uPD70616 (V60)

= the efiective address of the first operand is evakiated and any modification are made
then,
« the effective address of the second address is calculated and any modifications made.

For example, consider the following instruction.

mov.w [ 3+ ), [ 3+ ) ; OK

Using the preceding guidelines, if the contents of the r3 is 0x100 prior 1o the execution of the instruction then the
address of the first operand is 0x100, the address of the second operand is 0x104 and the contents of r3 following
the execution of the instruction is 0x108.

However, under the following conditions, the uPD70616 cannot reliably calculate the operand address and the
restrictions below apply :
1. Autoincrement/autodecrement — scaled index

it the autoincrement/autodecrement addressing mode is specified for the first operand and the same register is
specified as the index register in a scaled index addressing mode for the second operand, the results are
unpredictable.

mov.w [ 3+ ), [ rd ]( £3) ; unpredictable

2. Autoincrement/autodecrement —~ autoincrement/autodecrement

If the same register is specified for an autoincrement/autodecrement addressing mode for both the first and
second operands of an instruction in which the iengths of the operand data types differ, the results are
unpredictable. :

movs.bw [ -r20 ), [ -r2¢ }
cvt.lw { r20+ }, [ r20+ }

; unpredictable
; unpredictable
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_ Sec_tidn 7
pPD70616 Instruction Set

A major goal of the pPD70E16 design was to provide a comprahensive instruction set with full support for a varety of
data lypas. A large variety of data transter, arfthmetic, logical, contro! ransfer, and stack instruclions are representes.
The comprehensive instruction set coupled wilh 1he flexible addressing modes permit an optimizing compiler to
gxtract maximum performance from the pPD70618 architecture, providing a perlormance increase over less
sophisticated ticroprocessors, Additional instructions suppert system activities such as memary management and
task swapping. These instructions are part of the privileged instruction sei.

instruetion Set Description

Prior to introducing tha instruction set descriptions, a number of commonty used definitions and an exampla should
prove helpful, :

Mnemonic ———» MOV

The assembler syntax for the instruction and —— pural a—r oot
any associated oparands. The cperand fiakd ek kekldghe prisiuiomild i
caontain three compenents, the oparand name, movd el ot [rivyri—— »
data type and accass liekds. See tha tables in
tha text for additional infarmation en these Opersien : prv——
’ fields, - [Ty - | W
[
A cancise description of the instruction. —— | o]
m‘mﬂﬂwt—mwnm»u l::l : :
A detailed descriptica of the instruction with - _ wimrer | o | o
acditionat information concarning tha ot o e St 1 I . imatmere) | & | &
cparation, etlects on tha flags and potential st A W ety bang aneret b b i [ e} § 5 |
axcaption conditions. raban. w040
i Wop WA O mvrpr o 0 Pyl % ol | a B
s sk Wl sl N b byneial w eesda 1L 4] & a
bk sy ekl in. spmlibad bor & duihsieird dahk e A o
' [ 2L L HTL A - -]
This fieid containg information on tha ftect 0f ———» cetenceiwe il e
the instruction execution on the flags. Any e o & wsseoss | o | =
flags not listed are unmodiiad by 1ha [ - [ -1-T1-7 [
instructian.. & Urohanged [y g T ey e
A lichanged A Pl Jaiickiltey Lo
& undwpe
I Linchurugesd Encrpiecn
The permissible instruction tormals for this ————% e famt - o
inslruction. Famiel b
A list of the pamiissiole addressing modas for
aach operand,
Symbe Definilions
Q \ai'a!idla::rassipg moda
A list of any sxceptions thal might occur as a X Hlegal addressing modo
resuft of the execution of Ihis inslruction. This & Roseried addressing mods,
list only includes 1he insiruction exceptions | = Unavailable addrassing moda
and does not conlain any of the marmory
managamant axceptions which can occur on w138

any mamory access.
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" Data Type Abbreviations Operand Access Abbreviations

Symbol | ' Data Type Symbol Access Typa
b Byle (B-bit} ' Read acress
h Hattword {16-bit) w Wrile access
w Word (32-bit) . w Read and wiiie access
d Doubleword {(64-bit) rwi Read-modify-write inlerlocked access
] Short Real (32-biny ax ,Exscute access
1 Long Real (64-bit} n No access {[MOVEA instruction)
p Pointer (32-bit) T

The uPD70616 instruction set description is presented
in alphabetical order. "Appendix A provides a summary of
the instruction set and also lisls the instructions by
functional grouping. '
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ABSF Absolute Value ABSF
Syntax Instruction Opcode
absf.s src.s.r, dst.s.w ‘ Absolute Value Short Real ECY0A
abst.| sG.lr, dst.lw Absolute Value Long Real ' 5E-0A

Operation Addressing Modes

dst « | s Addressing Mode SI¢ dst
o Rn o} Q

Description _ [Rn} < o

The absolute value of the source operand is stored in [Rn+] o o

the destination operand. Both the inleger condition [-Rn]) 0 0

codes and the flaating point condition codss are disp [ Rn/PC | o] (o]

updated to refloct the result of the operation. -[disp[RaPC]] | © 0.

if the source operand is a NaN or an infinity, a Reserved disp1 [disp2[RnPC}) | © (o]

Floating Point Operand exception will occur and tha flags faddr ) o

and destination will remain unchanged. [ faddr] (o] o

[RekRx}) | © | ©

Condition Codes disp[ RvPC }( Rx ) 0 o]

{disp [ RvPC ] |( Rx ) o 0

Cy ov s Z faddr(Rx) | O | ©

L 0 ] ¢ l 0 l * I [ faddr } Rx ) 0 0

Immediate.Quick A X

gz : g:gg:gg ' : : Immediate A X
S Oleared X legal Addressing Mode beods

Set if the result is zero, otherwise cleared

FIV  Setif an invalid operation is attempted,
otherwise unchanged

FZD Unchanged

FOV Unchanged

FUD Setif the result is denormal, otherwise
unchanged

FPR Unchanged

Instruction Format
Format li

A Resétved Addressing Mode

Exceptions

Reserved Floating Point Oparand
Floating Point Underflow
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ADD Add

ADD

NEC

Syntax Instruction Opcode
add.b src.b.r, dst.b.rw s Add Byte 80
add.h sre.hor, dst.h.rw Add Haftword 82
add.w src.w.r, dst.w.rw Add Word 84
Operation Addressing Modes
dst « dst+src Addrassing Mode SIG dst
An- O o
Description {Rn} o) o
The sum of the source and destination operands is [Re+ ] o 4]
stored in the dastination operand. [An] o o]
it the immediate quick addressing mode is spacified for disp[ RVPC] | O o
the source operand, the immediate data is zaro _ ifilsD[FWPC}l o 0
extended to the source operand length before displ{disp2[RnPC]] | O Q
perorming the operation. faddr o O
[ /addr ] o O
Condition Codes [AnkRx) | O o
disp [ RrvPC ){ Rx } o <
CY OV S Z {disp{RVPCIJ(Rx) | © o}
|‘|-‘|‘|‘| lddi(Rx) | O | ©
{ faddr }{ Rx ) o) C
CY  Setif acarry is generated, otherwise claared Immediate.Quick 0 X
OV Sel if integer overflow occurs, otharwise cleared Immediate o X
&  Setif the result is negalive, otherwise cleared TeeaT T Tessra VT -
Z  Setif the result is zero, otherwise cleared egal Accressing Made
instruction Format Exceptions
Nong

Format i, Il
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ADDC Add with Carry ADDC
Syntax : Instruction Opcode
addc.b src.b.r, dsth.orw Add Byte with Carry a0
addc.h src.h.r, dst.h.rw Add Halfword with Carry 92
addc.w SIC.W.T, dst.w.rw Add Word with Carry ' 94
Operation Addressing
dst + dst+ s+ CY Addressing Mode sI¢ dst
. Rn (o] o}
Description {Rn) o O
The sum of the CY flag, source, and destination {RAn+ ] o] o]
operands is stored in the destination operand. {~fAn] o] o]
if the immediate quick addressing mode is specified for gisp[RNPC] | © o
the source operand, the immediate data is zers {disp[RnPC]] | © o
extended fo the socurce operand length before disp1 [ disp2 [ RPC 1) o o]
performing the operation. faddr 0 o]
[faddr].| © 0
Condition Codes [(Re}Rx) | © | o
disp[RMPCKRx) | O o
cY oV . :
L' ] . | . ] . ] [disp[RPC]{Rx) | O | ©
faddr { Rx ) [s) o
_ . . [addrkRx) | © | ©
CY  Setif acarry is generated, otherwise cleared Immediate ]éu,d: o X
QV  Setif integer overflow occurs, olherwise cleared L ;
Set if the result is negative, otherwise cleared NS Immediate | O | X
Set if tha result is zero, otherwisa cleared Megal Addressing Moda WS
Instruction Format Exceptions
Format |, None
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ADDDC

Add Decimal with Carry

ADDDC

Syntax Instruction Opcode
adddc src.b.r, dst.b.rw, patb.r Add Decimal with Carry 59.00
Operation Addressing Modes
dst « dst+ src + CY using mask pattem Addressing Mode sre dst pat
An @] O -
Description [Rn] o) 0 -
The CY flag and the decimal source operand are added {Rn+ ] o o -
1o the decimal destination operand and the result is [-Rn] o] 0 -
stored in the destination operand. The decimal addition disp [ Rn/PC } 0 0 -
operation occurs only for the unmasked portion of the {disp [ RnPC]] o] o -
operands, as determinad by the mask pattern. dispt { disp2 [ RvPC 1] o} o] -
The CY flag will be set if there is a carry out of the acdition faddr o o] -
operation. If the resuit is non-zero or a carry is [ faddr | o o _
generated, the Z flag will bae cleared, otherwise it remains [Rn](Rx) O o] -
unchanged. disp [ Rn/PC j( Rx ) (o] o} -
Following the addition operation, the resutt is checked to [disp[RVPC]IKRx) | O 0 -
verily that a valid BCD representation exists in the faddr { Rx } o (o) -
unmasked portion of the result. If either value is not a [ faddr }{ Rx } 0 o -
vaiid BCD digit (0-8), a Decimal Format exception will Immediate Quick o] X -
occur and the destination will remain unchanged. Immediate 0 X 0
BE-054

Condition Codes
cY oV S

ST T T

CY  Setif a carry is generated, olherwise cleared
OV Unchanged
§  Unchanged
7  Unchanged if the result is zero, otherwise
cleared

Instruction Format
Format Vilc

X lliegal Addressing Mode
- Unavailable Addressing Mode

Exceptions
Decimal Format
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ADDF

ADDF

Add Floating
Syntax Instruction Opcode
addf.s Sre.s.r, dst.s.ow Add Short Real 5C+18
addf.| srclr, dst.l.ow Add Long Real 5E-18
Operation Addressing Modes

dst « src + dst Addressing Mode sre dst

Rn o o]

Description [Rn] o] o]
The sum of the source and destination operands is (Ans] | O o
stored in the destination operand. Both the integer {-Rn] o 0
condition codes and the floating point condition codes disp [ Rn/PC | 0 o
are updated to reflect the result of the operation. [disp[ Rn/PC]] o o
it the absolute values of the source and destination displ[disp2[APC]] | O 0
operands are equal but differ in sign, the sign of the zero faddr 0 o
result will be determined by the programmed rounding [/addr] % c
If a source or destination operand is a NaN or an infinity, a disp[RVPCKRx) | O o
Reserved Floating Point Operand exception will occur [disp[R/PC]](Rx) 0 o
and the flags and destination will remain unchanged. faddr{Rx) | © 0
[/faddr }{ Rx ) Q (&)
Condition Codes immediate. Quick A X
Immediate A X

cy ov ) Z X Tlegal Addressing Mode BEES

CY  Set it the result is negative and non-zero,
otherwise cleared

OV Cleared

S Set if the mantissa sign bit of the result is set,
otherwise cleared

Z Set if the result is zero, otherwise cleared

FIV  Set if an invalid operation is attempted,
otherwise unchanged

FZD  Unchanged

FOV  Setif the result is infinite, otherwise unchanged

FUD Set if the destination result is denormal,
otherwise unchanged

FPR Setif a precision error occurs, otherwise
unchanged

Instruction Format
Format |l

A Reserved Addressing Mode

Exceptions

Reserved Floating Point Operand

Floating Point Overflow
Floating Point Underflow
Floating Point Precision
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AND Logical AND AND
Syntax Instruction Opcode
and.b src.b.r, dsib.rw N AND Byta A0
and.h src.hur, dst.h.rw AND Hattword A2
and.w SrCW.r, dst.w.rw AND Word A4

Operation Addressing Modes

dst « dstasrc Addressing Mode sr¢ dst
Rr 0 (o]

Description [Rn] O O

The bit-wise AND of the source operand and destination [Ane] o o

operands is stored in the destination operand. f~Rn ] (o] Q

If the immediate quick addressing mode is specified for disp{ RPC] | O o

the source operand, the jmmediate data is zero _ [fiBPI RnPC]] o o

extended to the source operand length before displ[disp2[APC]] | O c

performing the operation. - faddr Q o

( faddr ] o] o

Condition Codes  ~ {Rn](Rx) o) o}

disp [ RvPC I Rx ) O o
CY oV S Z [disp[RaPCi(Rx) | © o
- fof~T-1] addc(R) | o | o
- (faddr}{Rx) | © s}
83 g;:g::gged : immediate.Cuick | © X
S Setif the MSB of the result is set, otherwise , Immediate | © | X
cleared S llegal Addrassing Mode 2k T

Z  Setif the rasult is zerg, otherwise cleared

Instruction Format
Format |, I

Exceptions
None
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ANDBS AND Bit String ANDBS
Syntax : Instruction Opcode
andbsu bsrc.b.r, blen.b.r, bdst.b.rw AND Bit String (Upward) 5B«10
andbsd bsrc.b.r, blen.b.r, bdst.b.rw AND Bit String (Downward) 58-11
Operation Addressing Modes
bdst & bsrc A bdst Addressing Mode bsre | blen | bdst
Rn X O X
Description @Rr] | o - (o}
The bit-wise AND of the source and destination bit @[ Rny+ | ¢} - e
strings is stored in the destination bit string. Specifying @{-An] o - o]
the diraction of the operation allows the correct result to offset@ RPC) | © - o
be computed, aven when the source and destinatlon bit @{ disp[ RPG ] Q - o
strings overlap. offset@{ disp [ Rn/PC §) o - o
Te minimize the intarrupt Iatency time, the ANDBS ‘ @/addr o - o
instruction allows the service of interrupts and faults @ /addr ] o - o
following the completion of a bus cycle. After servicing Rx@{ Rn} o] - C
the interrupt or correction of the tault condition, Rx@{ AnPC o - o]
instruction execution conlinues from the point of Rx@{ disp{ RnPC | | 0 - (o)
intarruption. Rx@faddr (o} - o
During the execution of the ANDBS instruction, registers Rx@{/addr] | © - 0
R28 and A27 contain pointers 1o the bytes within the Immediate.Quick X - X .
source and destinalion bit strings to be processed next, Immediate X 0 i
Following the exacution of the instruction, R28 contains lllegal” Addressing Made 5

the address of the byte containing the final bit of the
source bit string while R27 conlains the address of tha
byle containing the final bit of the destination bit string.

Condition Codes

CY  Unchanged
OV Unchanged
5 Unchanged
Z  Unchanged

Instruction Format
Format Vb

— Unavailabie Addressing Mode

Exceptions
None
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. N B S AND Compiemented Bit String A N D N B S Bcc Conditionat Branch Bcc
:::nta:s bsrc.b blen.b.r, bdst.b rl'?;lgt o | iy Syniax ; ’
u 0.1, pienbr, bdst.b.aw . . omplemented Bit String (Upward) 58412 beo disp8 Branch on Conditi '
. ion {byle displacement) 6x
andnbsd “bsrc.b.r, blen.b.r, bdst.b.rw AND Complemented Bit String (Downward) .SB-ia beo dispi6 Branch on Condition (haliword displacement) 7x
Operation Addressing Modes Operation Condition Codes
bdst « ~bsrc A hdst Addressing Mode bsrc | blan: | bdst if condition then : .
. . cY _ov ‘s
: fn Xx .l O X PC « PC +sign_gxtended( disp )
Description @[ Rn] o - 1.0 eise I - | - I = | - I
Th PC & NextPC . ]
e 'bit-wise AND of the complemented source bit string @[ An+ | 0 - Q CY Unchanged &
and the destination bit string is stored in the destination @[-Hn] O} - B o I . oV Unchanged
bit string. Specifying the direction of the operation oflset@ RPC). | O - |.0- Description S  Unchanged
allows the correct resull to be computed, even when the @{disp{ AvPC]] | O - o - The specified condition is lested and if true a branch is Z  Unchanged
source and destination bit strings overlap. oﬂset@[dlsp{HnIPC}} o - o taken. The target address is computed by sign e
To minimize the interrupt latency time, the ANDNBS @/addr (a} - o] extending the 8- or 16-bit displacement field to 32 bit  Igtnaction Format
instruction allows the service of interrupts and faulls @/adar] | o | - Q length and adding it to the PC. Format IV
following the completion of a bus cycle. After servicing Fx@{ Anj o | - o] The PG relative addressing mode is implicitedly selected )
the “interrupt or correction of the fault condition, Rx@{ RnPC | 0 - o - by these instructions. The valug of the PC used io Mnemonic . Condiion R
instruction execullon conunues from the point of Rx@{ disp { RnPC ) ) o4 - J.0. compute the target address is the first byle of the branch B&GT ({SO0V)vZ)a 0
‘interruption. Rx@/addr O - o instruction. BGE (Se0Via0
During the execution: of the ‘ANDNBS instruction, Rx@{/add] | O [ - 0 ' gt; 5(85@905'3 )-JZ) A0
registers R28 and R27 contain pointers to the byles & immediate.Quick | X | - X . Mnsmonic Condition BH {CYvZ)=0
within the source and destination bit strings to be mmediate |- X: | O X Signed BGT Branch if Greater BNL CYs0
processed next. Following: the execution of {he R W legal Addressing Mode———— T BGE Branch it Greater or Equal BL CY =1
instruction, R28 contains the address of the byte = Unavailable Addressing Mode SEE E::L‘ﬁ: mioe or Equal Sg“ (Zcz‘qu)n
containing the final bit of the source bit siring while R27 I Unsigned  BH Branch i High BNE Z=0
contains the address of the byte contamlng the final bat Exoeptiuns neigne BNL . B:anch il No% Lﬂwa, ng g\‘::é
of the destination bit string. None BL Branch if Lower BN S w1
BNH Branch if Hot Higher BP Sul
Condition Codes Flags BE Branch if Equal BG CY=1
BNE Branch if Not Equal BNC CY=0
cY  ov S z BV Branch if Overflow BZ Z«1
l — I ~ | ~ l ~ I BNV Branch #f No Overflow BNZ Z-0
8N Branch it Negativa BR Always
BP Branch if Positive
Y BC Branch if Camry .
SV 3:22:23:3 BNG Branch i No Carry Exceptions
5  Unchanged BZ Branch if Zero None
Z Unch g d BNZ Branch if Not Zaro
nchange BR Unconditional Branch
Instruction Format
Format Viib
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BRK ‘ Break

BRK

Syntax’ . 'It}éi;tptbn Opcode
brk o ) Braakpoint Trap cs
Operation
[=SP] « Exception Cede
[~SP]« PSW =~ .

. [-SP} « NextPC . -
PC « [Exception Vector13]
e I ‘j-"

The breakpoint trap is asserted and program control is
transferred 10 the breakpoint trap excepti_on handler.

Condition Codes

CY Unchanged . -
OV - Unchanged
S - Unchanged
Z  ‘Unchanged

¢

,
. Fommat V
Exceptions
Breakpoint Trap

NE C | uPD70616 (V60)

B RKV Break on Overfiow B RKV

Syptax . Instruction Opcode
briv Break on Overflow _ cg
Operation

[-SP] « CumentPC

[—SP] « Exception Code
[-SP] ~ PSW

[-SP] « NexdPC

PC « [ Exception Vector 21]

Description
The QV flag is tested and if set, an Integer Overflow

Exception occurs. Otherwise, instruction execution
continues witht the next instruction.

Condition Codes

CY Unchanged
OV Unchanged
S Unchanged
Z  Unchanged

Instruction Format
Format V

Exceptlions
Integer Overllow
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BS R ‘Branch to Subroutine

Synlax Instruction
bsr disp16 . Branch to Subrautine

Operation
{-SP] « NextPC =
PC « PC + sign_extonded{ disp16 )

Description

The address of the next instruclion is pushed onto the
stack and control is transierred 10 the address computed
by adding the sign extended16-bil displacment to the
PC.

The PC relative addressing mode is implicitedly selected
by this instructions. The value of the PC used to
compute the target address is the first byte of the branch
instruction,

Condition Codes

CY  Unchanged
OV Unchanged
S Unchanged
Z  Unchanged

instruction Format
Format IV

Exceptions
None
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CALL Call Procedure CALL
Syntax Instruction Opcode
call larget.b.ex, arg.w.r Call Procedure 49

Operation Addressing Modes

imp1 « effective_address{ target ) Addrassing Mode targst | arg
imp2 « effective_address{ arg) An X X
[-SP] « AP [Rn} o o
AP < tmp2

Rn+ (@] o}

[-SP] « NextPC [Rn]
PC 1 [-Rn] (a] o
« tmp disp(RVPC] | © | ©
L {disp [ Rn/PC ] o o

Description disp1 [ disp2 [ Rn/PC }) o o]

The GALL instruction Is high level language oriented faddr o O

instruction for transferring control to a subordinate {/addr] o) o

procedure. [Ra Rx) (o} O

The instruction operates by first calculating the eftective disp[ RvPC ) Rx) (o) (o]

addresses of the target procedure and argument list and [disp { R/PC) J(Px) (o] (o]

saving the current AP and PC registers on the stack. . faddt (Ax ) o} 0

The newly calculated values then replace the contents of { faddr]{ Ax ) 0 o

the AP and PC registers. Immediate.Quick X X

When the autoincrement, autodecrement, or scaled Immediate |- X X

88073

index addressing modes are used for either the target or
argument operands, the contents of the pointer are
madified by four. Also, the result is unpredictable if the
autoincrement or autodecrement addressing mode is
specified using SP as the base register.

Condition Codes

CY'  Unchanged
Qv  Unchanged
§  Unchanged
Z  Unchanged

instruction Format
Format |, {1

X Tlegal Addressing Mode

Exceptions
None



NEC

CAXI

uPD70616 (V60)

CAXi

Compare and Exchange interlocked

NEC
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CHKA

Check Access Permission

CHKA

Syntax . Instruction ‘ Opcode
caxi Brnw.iw_ == » rwi Compare and Exchange Interiocked 4C
Operation Condition Codes
lock Y _ov s z
flags e dst- Ra
if(gZ=1)then L‘ I [ - 1 j
dst « R2B
alse CY  Set il a borrow is generated, otherwise cleared
Rn « dst OV Setit integer overfiow accurs, otherwise Cleared
unlock S Setif the results are negative, otherwise cleared
Set if the resufts are zero, otherwise cleared
'[T)::?:;:unction is used ¥ synchronize processes or Addressi_nLr:;fes :
provide mutual excluser m a multiple processor rossing Made bl M
configuration. CAXI is a mere general form of the TASI Rai O 0
instruction. [An]| X 0
The processor informs e bus masters in the system [Roe] ) X o
that an indivisible operatior will take place by asserting [-Rn)} X c
the bus lock output signal The destination operand is disp [RPC] 1 X o
then fetched and comparsd with Rn and if aqual, the [diso[AnPC]]] X o
conlents of R28 are stored s the destination. Otherwise displ [disp2 [ RvPC ]| X o
the destination contents are paced in Rn. The bus fock faddri X | ©
output is then negated, indicasing that other bus masters faddr]| X o
may again access the shared data, [An](Rx) | X 0
If the register addressing mode s specitied for the dep[RRPCIRX) | X | ©
destination, the execsca of the instruction is {disp{RWPCJJ(Rx)| X o
meaningless but the operen i carried out. faddr(Rx)| X o
This instruction is not atowed 1o use Format If and Uaddri(Rx} 1 X o
furthermore, the Format | drecson field must be zero. Immediate. Quick | X X
Immediate X X
Instruction Format ilegal” Addressing Mode 85-003
Format{ Exceplions
None

Syntax Instruction Opcode
chkar va.p.r, levelb.r Check Read Access Parmission 4D
chkaw va.p.r, leveib.r Check Write Access Parmission 4E
chkae va.p.r, levelbr Check Execute Access Permission 4F
Operation Addressing Modes
check memory access permissions Addressing Mode va {evel
- Rn o [o}
Description [Rn] o] o]
A check is made if the byte data addressed by the virtual [Rr+] 0 o]
address can be accessed at the specified execution {-Rn} o] 0
level. The Z flag wili be set if the specified access is disp [ Rn/PC ) o] o
permitted. The CY flag indicales whether the virtual [disp[RnPC]] | © o
address is mapped into the /0 address space. The S disp1 [ disp2 [ Ra/PC ] ] o] (o]
flag wili be set if the MMU was unable to complete the Jaddr o o
address translation. [ /addr } o o
An tliegal Data Field exception will occur if the executian {Rn)(Ax) o o
level operand is not in the range disp [ Rn/PC ]{ Rx ) o o
O<levels3 disp[RnPC ] ] Rx ) G ]
. . . faddr { Rx o (o]
of the current exacution level is less privileged than the [ ,add: ]i 'in o o
level operand immediate.Quick | O o
level « PSW.EL Immediate o) o
’ . . B5-001
The absence of the area or page tables will cause a
e e e 8 10 S92 e capions
' : {llegal Data Field

for access rights to be checked.

When executed in the real mode, the Z flag will be set
and the CY and S flags cleared.

Condition Codes

CY  Setif tha page is YO mapped, otherwise cleared
OV Unchanged

S Set i the translation fails, otherwise cleared

Z  Setil operation is permissible, otherwise cleared

Instruction Format
Format |, Il
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C H LVL Change Level CH LVL
Syniax Instruction Opcade
chivl levelb.r, arg.b.r . Change Execution Level 48

Operation : Addressing Modes

[-SP] « zero_extended{ arg) Addressing Mode level | arg
[~8P} « Exception Code Aanl o o
|-SP} « PSW (An]| © o
[-SP} « NextPC (Rae])| 0. ] o
PC « [ Exception Veclof(z‘t +level)] - o o
o disp [ RnPC | Q O

Description [disp|APC)]| O 0

This instruction provides a prolected method of dispt {disp2 [ RnPC Y| © o

accessing more privileged execution levels. fadde| O |0

The execution level is changed to the new level and the lfaddr]} © | ©

byte argument is zero extended 1o word length pushed (Brl{Rx)] © o

on the target execution level stack. The change disp[RVPCH )| © o)

execution level exception processing then pushes the {disp[RWVPC ) Rx}] © e

exception code, PSW and PC of the next instruction on faddr(Rx)| © o

the stack and transfers control to the appropiate [faddr{Rx)| © o]

exception handler: ' ' Immediate.Quick | G [* O

An lllegal Data Field exception will occur if the level immaediate | O o

operand is not in the range %03

O<level<3

or the current execution level is iess than the level
operand .

level < PSW.EL

Operands are zero extended to byle length if the
immediate quick addressing mode is specified.

Condition Codes
cY oV S Z

(- 1-T-T-1

CY Unchanged
OV Unchanged
S  Unchanged
Z  Unchanged

Instruction Format
Fomat I It

Exceptions
llegal Data Fieid

»

is specified for the base operand, the base operand is
treated as word data and is incremented or decrementad
by four. When the immediate quick addressing moda is
‘spacified, the immediate data is zero extanded 1o word
langth and used as the bit offset.

Condition Codes

CY  Set it the dasignated bit is 1, otherwise cleared
OV Unchanged

S  Unchanged

Z Set if the designated bit is 0, otherwise cleared

Instruction Format
Format |, it

X Tllegal Addressing Mode

Exceptions
llegal Data Field

wPD70616 (V60)
CLR1 Cloer Bit CLR1
Symtax instruction Opcode
clr1 offsel.w.r, base.w.rw’ Bit Test and Clear A7
~CY « bit( base, offset ) Addragsing Mode ofiset | base
2 « ~bit{ base, offset ) Rn Py o
bit{ base, offset) « 0O [Rn] o o
- [Rne] Q. o
Descrigtion - - i-An] o o
Tha bit located at the sum of the byte base address and disp[RaPC] | - O "0
bit offset is tested and then cleared. The CY and Z flags . [ diep [RnPC]] 0 .0
reflact the state of the bit prior to the execution of the disp1 [ disp2 [ RVPC ] ] o | o
instruction, SR ... laddr 0. ]. o
The location of the dasignated bit is determined by the © [/adde] | Q o
base operand. If the register addressing mode is used iAnkRx) | ©. 4 O
for the base operand, the designated bit is located within disp [ RnPC K Rx ) o ]1.0
a genaral purposa register at the specified bit ofiset. For ‘[ disp{ RVPC 1K Rx} o o
any other addressing mode, the designated bit is in Jaddr ( Ax ) e} e B
memory atthe specified bit ofiset from the base addcess. o [eodr(Px). |0, | O
An lliegal Data Fiekl exception occurs i the bit offset is .. Immediate.Quick 0 » 1
“outside the range 0 1o 31. “. immediate '| © X -
'if the autoincrement or autodecrement addressing mode T e



NEC
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CLRTLB Clear TLB Entry CLRTLB
Syntax instruction Opcods
cletlo vapr ' Ciear TLB Entry FE/F

Operation Addressing Modes

TLB Entry{ va} « Invalid Addressing Mode va
’ Rn Q

Description (Ra] | ©

The virtual address and the section designator (R28) are [R] | O

used 1o identify a TLB entry to be marked as Invalid. The [(-An] | O

CLRTLB instruction only clears a TLB entry that has a disp[RPC) | O,

matching virtual to physical address transiation, {diep[RPC]] ¢

It the contents of R28 are OFFFFFFFFH, the virtual  diept { cisp2[RVPCY] | O

address operand is translated using the current virtual faddr | O

address space. Otherwise, R28 is assumed to contain {[/ddr] | ©

an area tabls base address and the vinuat address Is [RnkRx) i O

translated by ignoring tha lower 3 bits of the area table disp[RWPCKRx) | ©

base register and pedormlno no area table langth [disp[RPCIXRx) | O

checking. :  mdde(Rx) | o

If the immediate quick addressang made is specified for [mddrXRx) { . O .

the viual address operand, the immadiate data is zero immediate.Quick | O -

extended to 32-bit Iength and used as the virual Immediate | O

address. , —wm

This instruction can be executed in euher lhe real or
vinual address mode. :

Condition Codes

CY Unchanged
OV Unchanged
S  Unchanged
Unchanged

Instruction Format
Format )

Privileged instruction .-

‘Deacription
‘Each translation lookaside buffer entry is voided.

NEC

uPD70616 (V60)
CLRTLBA Cloar All TLB Entries CLRTLBA
:tlnlbt:x | Clear All TLB Entri F o Opoocb
Operation

AH TLB Emnas - Invalad

This instruction can be executed in sither the real or the
virtual address mode,
Condlunn(:adu -

cY. - . OV S Z

T

Unchahoed

"Unchanged.. : ' ' L .
Unchanged = R

cY
OSV -Unchanged
2

R T N

Privileged Instruction
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C M P Compare C M P
Syntax Instruction Opcoda
cmp.b &rcl.br, sc2 bur Compare Byte B3
cmp.h srcl.hur, src2 hr Compara Haltword B8A
cmp.w SCT.W.A, SIC2.w.r Compare Wortd 8C
Operation Addressing Modes
sre2 — srcl Addressing Mode srci 8rc2
. An o} O
Description (An] | © e}
The source operands are comparad by subtracling the [Rn+] O o
first source operand from the secand source operand [-An] O o]
and updating the flags in the PSW. disp [ AnPC | Q o
it the immediate quick addressing mode is spacified for {dmp[RnFPC]] | O o
the source operand, the immediate data is zero dispt [disp2[RPC]] | © o
exiended to the source operand length before faddr o o
performing the operation. [ faddr ] o o]
[RnKRx) O (o]
Condition Codes disp[RPCHRx) | © o
[ disp [ RvPC ) R ) o Q
ey ©ov s 4 make(Rx) | o | ©
R EEE | [faddrkRx) | © o
oY Setifabo Immeadiate. Quick o} Q
1 if a borrow is generaled, otherwise cleared immediale o) o
%v Sel if intager overflow occurs, olherwise cleared e e

Set if the result is negative, otherwise clearad
Z  Selif the resuli is zero, otherwise cleared

Ingtruction Format
Format L, i

Exceptions
Nong

NEC

uPD70616 (V60)
CMPBF Compare Bit Field CMPBF
Syntax Instruction Opcode
cmpbis bsrc.w.r, blen.b.e, src.w.r Compare Sign Extended Bit Fiald 5D-00
cmpbifz bsrc.w.r, blenb.r, srcw.r Compare Zaro Extended Bit Fiaks 50-01
cmpbil bsrc.w.r, blen.b.r, srcw.r Compare Left Justilied Bit Fiel sD-02
Operation Addressing Modes
flags « src— bitlield Bit Address barciblenf] src Byle Address
An| X O |Rn
Description @ RAn)| O QO | [Rn]
The designated bit figld is extracted using the spacified @{Rn+]] O C | [Rne]
moda and compared to the source operand. The @{-An}| O < | [-An]
comparison is made by subtracting the bit fiald data from offset@ Rn]| © C | disp{ Rn]
the word langth source operand and storing the result in oftset@ PC ]| O O | disp[ PC|
the condition codes. @{disp{Rn]]| O O | {dispf Rn]}
i the bit figkd langth is zero, zero will be subtracted from @idisp[FC)}; O O j[disp{PC])
the source operand. offset@{ disp{ An]]| O O | diep1] disp An]])
The sum of the bit ofisel and the bit field length must not olfset@| disp{ PC1]| O O | disp![ diep2{ PC ]}
axcead thirty-two, olherwise an illegal Data Field @/addr) O Q | faddr
exception will oceur, @{/addr]| O O | [/addr}
if the immediate quick addressing mode is specified for Rxl b@{:;n"] g o [F"K::) R
the source operand, the immediate dala is zero @{Rn] O dep[Rn} Ax)
extended to the word ilength before performing the R"@[ PCly © 0 dh_p{ PCKRx)
comparison operation. Rx@{ disp{ Rn]]] O O | [diep{ Rn]K Rx)
Fx@| disp PC1]{ © O | [diep{ PG ]} Rx)
) Rx@/addr] © O | Jaddr (Rx)
Conuittion Codes Rx@{ /addr ]| © o | (/addr ) Rx)
CY oV S immediate.Quick | X Q | immediate.Quick
EEEEEE Immediate| X O | Immediate

CY  Setif a borrow is generated, otherwise clearad
OV Sat if integer overflow occurs, otherwise cleared
S Set if the result is negative, otherwise cleared
Z  Setif the result is zero, otherwise cleared

Instruction Format
Fomnat Viib

¥ Tegal Addressing

Moda

— Unavailable Addressing Mode

Exceptions
llegal Data Fieid
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NEC

CMPC

Compare Character C M PC

cmpe.b src.b.r, slen.ur, dst.b.r, dignb.r Compare Byte Character String 5800

cmpe.h  srchur, sienbur, dsth.s, dienbr Compare Haltword Character String 5A+00
Operation Condition Cocses

flags « dst—src oY ov 7

Deacription L - I _ [ ° l ’ ]
The character string designated by the scurce oparand CY  Unchanged
is compared 1o the character string designatad by the OV Unchanged _
destination oparand. The comparison continues until S Setif s > dst, otherwise cleared
the end of either character string is reached or there Is a Z  Setisrc= dst, ctherwise cleared
disagreamant between tha string contents. Fallowing
the execution of the instruction, the S and Z flags are  atruction Format
updated to reflact the relationship between the character Format Vila
strings. S ‘
The § flag reflects the iexical ordering of tha character Addressing Modes
strings. If the compare instruction terminates with Addressing Mode sric | slen| dst {dlen
different characlers, then the S flag reflects the :
unsigned comparison of the two strings. 1f the compare Brl X710 x o
instruction lerminates by reaching the of either string, (Rl r 0~ |o] -
tha § flag will indicate the shorter string. The Z flag wili be (Am} o1 -10|-
set if and only ¥ the character strings are of identical [An] 1 O | - O | -
length and contents. f’iﬁpl RPC]l O ~70] -
During the comparison operation, registers R28 and R27 . ldep{RaPC]] | O | - | O | -
are used'to maintain the source and destination disot { disp2| RVPC]) | O - o -
addresses respectively. Foliowing the execution of the faddr | @ | - ] O | -
CMPC instruction, these ragisters contain the addresses l/addr) + © | -1 0| ~
of the characters immadiatsly following the the strings if ' (RkRx) t O 1 - | O | -
the end of either string was reachad. Otherwise, R28 - disp[RnPCYRx) | O | - T O | -
and R27 wili contain the addresses of the characters in [disp[RnPC]{Rx} | O | - | O | -
disagreement. faddr(Rx) | O | - 1 O } -
To minimize the Intarrupt latency time, the CMPC [faddrkBx) | O 4 -} O ] -
instruction allows the service of interrupts and faults Immediate.Quick | X 1 - f X | -
lollowing the completion of a bus cycle. After sarvicing immediate | X | O | X | ©

the intarrupt or corraction of the fault condition,
instruction execution conlinues from the point of
interruption.

X lliagal Addressing Mode
~ Unavailable Addressing Mode

Exceplions
liagal Data Fieid

NEC

wPD70616 (V60)

b

CMPCF

Compare Character with Filler

CMPCF

Syntax Instruction Opcode
cempefb  src.b.r, slenb.r, dst.b.r, dlanb.r Compare Byta Characier String with Filler 5801
cmpeth  sre.hur, slenb.r, dsthur, dlenbur Compara Hafword Character String with Filler 5A+01
Operation Condition Codes
flags « dst-src oY o s 7
roton =TT -1
The character string designated by the source operand CY  Unchanged
is compared to the character siring designated by the QV  Unchanged
destinalion operand. The comparison operation S Setif src > dst, otherwise cleared
continues until a disagreement between the string 4 Setil src = dst, otherwise cleared
contents is detected or both strings are exhausted. i
the source and daestination character strings are not of  Instruction Formal
equal Jength, the shorter string will be automatically Fomat Vila
extended using the fill character in R26 1o the longer .
string length. Following the execution of the instruction,
the § and Z flags are updated to reflect the relationship Mdrossig::: ode o Taon T gt Tomn
between the character strings.
The S flag reflects the lexical ordering of the character - B X100} Xx )0
strings. f the compare instruction terminates with {(An] (O 4 - 1O} -
different characters, then the $ flag reilects the (Re] (O 4 - T O] -
unsigned comparison of tha two strings. f the compare [Arj]lOo ] -0 -
instruction terminates by reaching the of either string, dep[RaPC] | O | - [ © | -
the S flag will indicate the shortar string. The Z flag will be [dsp[RPC)] | O | - | O | -
set if and only if the character strings are of identical dispt [disp2[RVPC]) | O | - | © | -
langth and contents. lagdr | O { - | © -
During the comparison operation, registers R28 and R27 [faddr) | O | - [ O} -
are used to maintain the source and destination [AnkRx) | O-| - | O] -
addresses respectively. Following tha execution of the disp{RVPC)(Rx) | © | -~ | O -
CMPCF instiuction; these registars contain the ldisp[RPCI|Rx) | O § - } O ] ~
addresses of the characters immediately following the faddr(Rx) | O - | O} -
the strings if the end of either string was reached. [fasdrkRx) | O | - | © | -
Otharwise, R28 and R27 will contain the addresses of immediate.OQuick X - X -
the characters in disagreement. immediate | X } O | X | O
3048

To minimize the interrupl latency time, the CMPCF
instruction allows the service of interrupts and faults
following the completion of a bus cycla. After servicing
the interrupt or coreection of the fauit condition,
instruction execution continues from the point of
interruption,

X lltegal Addressing Mode
—~ Unavailable Addrassing Mode

Exceptions
llegal Data Field
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CMPCS

Compare Character with Stopper

Syntax Instruction o

cmpes.b  src.b.r, stenb.r, dstb.r, dien.b.r Compare Byte Character String with St " .

cmpes.h  srchi, slenbr, dsth.r, dlenb.r Compare Haltword Characler String wh:pgel . gggg
Operation Condition Codes

flags « dst—smC

Description

The characler string designated by the saurce operand
is compared to the character string“designated by the
destination operand. The comparison operation
continues untit a disagreement between the string
confents is detected a string is exhausted or the stop
character in R26 s detecied in either siring. Following
the execution of this instruction, the S, Z, and CY flags
are updated to reflect the relationship between the
character strings.

The S flag reflects the lexical ordering of the character
strings. if the compare instruction terminates with
differenmt characters, then the § flag reflects the
unsigned comparison of the two strings. if the compare
instrirction terminates by reaching the end of aither
string without detecting the stop character, the S flag will
indicata the shorter string. The Z-flag will be set if and
only if the character stings are of identical length and
content. The CY flag is cleared if the stop character is
detected in eithar string, otherwise it is set.

During the comparison operation, registers R28 and R27
ara usaed to maintain the source and destinalion
addrasses respectively. Following the execution of the
CMPCS instruction, these registers contain the
addresses of the characiers immediately following the
the strings if the end of either string was reached.
Otherwise, R28 and R27 will comtain the addresses of
the characters in disagreement.

To minimize the interrupt latency time, the CMPCS
instruction allows the service of interrupts and faults
following the compiation of a bus cycle. Afer servicing
the intarrupt or correction of the fault condition,
instruclion execution continues from the point of

interruption.

CY  Setif the compare operation terminates wrlhom
detectipg the stop character in gither string,
. otherwise cleared '
OV Unchanged
8  Setif src > dst, otharwise cleared
Z  Selif src = dst, otherwise cleared |

Instruction Format
Format Vila
Addregsing Modes
Addressing Mode src | slan | dst | dien
Al Xx |ofx]o
] o] ~-]of -
[Rv} O -1 0] -
[-An] { O - o) -
dspfRvPC] | 0] - | 0} -
[dsp[RPC)) O | - 1 O | -
dispt{disp2[RvPCY] | © | - | © | ~
faddr | O| - | O | -
(fagr} | O ) - | o | -
[RnkRx) 0o | - | O | -
disp[RPCERx) | 0 | - [ 0 | -
[disp[RaPClYFAx) 1 O | - | O ] -
faddr(Rx) J 0 | - | o | -
[faddrkRx) | © | - | 0} -
immediate, Quick X - X -
Immediate | X [ 0] x | o
X Tlegal Addressing Moda BT

- Unavailable Addressing Moda

Exceplions
lliegal Data Fiekd

CMPCs

NEC
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CMPF

CMPF Compare Floating
Syntax Ingtruction Opcode
cmpl.& srcl.8.1, SFIC2.5.r Compare Shont Real 5C-00
cmpf.l srcl.tr, src2lr Compare Long Raeal SE00
Operation Addressing Modes
Flags « src2-—sicl Addressing Mode srel .| src2
Rn [») Q
Description Ml | o o
The difference of the two source operands is computed [Re] | © o
and the integer and floating point condition codes are [-#n] o Q
updated to refloct the result of the operation. disp[RVPC] | © o
if either source operand is a NaN or an infinity, a {dep[RWPC]] | © o
Resarved Floating Point Operand excaption will ocour displ{diep2[RnPC]] | O o
and the flags will remain unmodified. faddr | O ]
[7adde] | © o
[AnKRx) | © o
Condition Codes disp [ RPC ¥ Rx) o °
Y. Qv $ [disp{ RAPC][(Rx) | © o
KA ENENER mide () [0 | o
‘ lmddrKRx) [ © 0
CY  Set if the result is negative, otherwise cleared Immediate.Cuick | & A
OV ' Set if unordaered, otherwise cleared -, immediate A A
§  Settothe MSB of the result —_—

Set # the result is zero, otherwise cleared
FivY FZD FOoV_ FUD  FPR

- T-T-1-1-1

FIv  Set if an invalid operation is attempted,
otherwisé unchanged .

FZD Unchanged

FOV Unchanged

FUD Unchanged

FPR Unchanged

instruction Format
Format Il

A Resorved Addrmi_ng Mode

Exceptions
Reaserved Floating Point Operand
invalid Floating Peint Oparation



FV__FZD_ FOV  FUD PR -
L T -T-T-T+]

FIV  Set if an invalig operation is atiemptad,
otherwise unchanged -

FZD  Unchanged '

FOV  Set if the result is infinite, otherwise unchanged

FUD  Set if the destination result is denormal,
otherwise unchanged

FPR  Set if a precision efror occurs, otherwise
unchanged

instruction Format
Format il

A Ressrved Addressing Moda

Exceplions

Reserved Floating Poim Operand
Flaating Point Overfiow

Floating Point Underflow

Floating Point Precision

1PD70616 (V60) NE C
—_ 7 _—
CVT Convert CVT
~ Syntax - Inatruction Opcode
evtsl Src.s.r, dstiw Convert Short Reaf 10 Leng Real §F«10
ovtls src.le, dst.s.w . Convert Long Reai to Short Real 5F-08
Operation Addressing Modes : -
dst « src Addressing Mods src dst
A | o o |
Description : (Rn} | o o
The source operand is converted 10 the destination [Rn+) o) o
operand format. The integer and tloating point condition [-fRn] Y 0
codes are updated to reflect the result of the operation. disp [ RvPC ) O )
{disp] RnPC]] Q O
Condition Codes diepl{diep2[RvPC]] | © 0
. /addr O Q
cy ov S b4 [ /addr ] o o
L [ o | - [ | [RkRx) | o 0
_ . disp [ RvPC )( Ax ) 0 o
CY  Setif the result is negative and non-zera, {disp [ RVPC ] )( Ax ) o o
otherwise claared
OV Cleared _ faddr(Rx) | O | o
S Setif the mantissa sign bit of the resul is se, {faddriRx) | © 0
otherwise cleared Immadiate.Cuick A X
b4 _ S_el it the destination is 2ero, otherwisa cloared : " Immediate | A X
R : : X Tegal Addiessing Mode

NEC
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P

CVT Convert CVT
.
e dst.| Convert Word to Short Real 5F-00
LW :
pipore arowr, detlw Convert Word to Long Real 5Fe11
—;‘" Addressing Modes :
o Addressing Mode src | dst
S An | O 0
{Rn} G QO
Description o RAn+ o o
The word source operand is converted to the destmqt,on {-—Rnl ° o
operand format. The imteger and floating point oonqmon 'dhp[ ] o o
codes are updated to reflect the result of the operation. (it WWCG ; o o
diep! [diep2 [RVPC]] [ © | ©
Condition Jaddr o o
&Y _ov s z {rador) | o o
Lefof-Ff <] (kR | o | o
disp[ RnvPC X Rx ) o O
i i i - disp[RWPCIKRx) | © e}
CY  Setif the result is negative and non-zer, {
otherwise G’eafed faddar ( Rx} o ) o-
OV Cleared L . {raddrkRx) | © o
§  Setif the mantissa sign bit of the result is set, inmedigteCuick | 4 | x
‘ otherwise cleared ) ’ . "
. £ Setlf the result is zara, otherwise ¢leared Immediate o

Fv ___FZD  FOV  FUD  FPR
L-1-1-

FIV  Unchanged

FZD Unchanged

FOV Unchangeg

FUD  Unchange )

FPR Setif a precision error occurs, otherwise
unchanged

Ingtruction Format
Format Il

lllegal Addressing Mode
A R:ganrod Addressing Mode

Exceptions
Floating Point Precision
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CVT

Convert CVT _
Syntax Instruction Opcode
cvi.sw S1C.5.1, dstw.w Convait Shon Real to Word SF«01:
Gvt.w src.Lr, dstow.w " Convert Long Real to Word 5Fs04
Operation Addressing Modes SRS
dst « sic Addressing Mode ste dst
An O O
Description [Rn] o o
The source operand is converied 1o the word dala type. [Re¢] | O | 0O
The integer and floating point condition codes are {-An} { © o .
updated to reflect the result of the oparation. ‘disp[RPC) | O | 0.
. |dsp|RaPC}} | © o
Condition Codes dupl [cep2(RAPCL} | O .0 .
laddr 4] [n]
cY oV s Z {faddr} | @ } O
ERENENEN k1ol e
: : disp[AVPCKRx) | © o
CY  Unchanged [dsp{RWPCIKRx) | O | ©
OV Set if integer overflow occurs, otherwisa cieared faddr(Rx) | © | O
S Setif the rasult is nagative, otherwise cleared [addsrkRx) | © | ©
Z  Setif tha result is zero, otherwise cleared mmediate.Quick | A [ X
: " Immediate |4 | X
FN FZD FOV FUD FPR Rt

CT-T-1-T-7

FIV  Set if an invalid oparation is atternpted
otherwise unchanged

FZD Unchanged co

FOV  Unchanged

FUD Unchanged

FPR Set if a precision error occurs, otherwise
unchanged

Instruction Format
Formmat Il

liegal Addressing Mcda
A Reservad Addressing Mode

Exceptlons

Raserved Floating Point Operand
invalid Floating Point Operation
Floating Point Praecision

uPD70616 (V60)

unmasked portion of the data. i aither value is not a legal
BCD digit {0-9), a Decimal Format exceplion. wili occur
and the destination wili remain unchanged.

Condition Codes
cY oV 8 z
-l -1-1-]
CY Unchanged
OV Unchanged
S  Unchanged

Unchanged if the source operand is zero,
otharwise cleared

Instruction Format
Format Vilc

CVTD- PZ Convert Decimal CVTD, PZ
Syntax instruction
cvid.pz src.b.r, dst.h.w, pat.b.r Convert Packed 1o Zaned Decimal
Operation Addressing Modes .
imp[3:0] « src[7:4) Addressing Mode arc dst
tmpf74] < 0 Rn ° o
tmp[11:8] « src[3:0 [Rn] o o
tmp{15:12] « 0 [Rat) o o
dst[7:0] « tmp{7:0] v pay7:0] [-An] ol o
fsc=0 t;en [diep [ RPC]] ] 0
elsez o s dispi [disp2 [RwPC]] | © o
Z 0 faddr 0 o]
{raddr] | © (o}
. [Rn)XPBx) o] o
Description - dispfAVPCYR) | o | ©
The byle -length source operand . is unpacked by (disp[RePCIKRxY | © | ©
pedorming a bit-wise OR or the digits with the pattern " Iaddr (Rx) ol o
-operand. [fddrkRx) | O o:
Prior to the conversion, the source operand is chacked Immediate, Quick o {-x
Ao verify a that a valid BCD representation exisis in tha Immaediate |-. O X-

X lllegal Addressing Mode

— Unavailable Addrauing Mode

Exceptions
Decimal Format
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CVTD.ZP Convert Decimal - -

DBcc

Decrement and Conditionally Branch

Format Vlic

Syntax insiruction Syntax _ o Instruction : Opcode.
evidzp  src.ha, dstbw, patbr Convert Zoned 10 Packed Decimal - dbce RAn.w.rw, disp16 "~ Decrement and Branch on Condition Cex/Csx
Operation Addressing Modes operanon . Condition Codes
¥ (scf7:4) ¢ paf74] Y or - Addressing Mode erc | det " Rn « Rn-1 cY  ov
{ src}15:12] = pat{7:4] ) then . l(condinonandRmeO)than
Decimal_Format_Exception ‘Bn | O o PC « PC + sign_extended{ disp16 ) | -1 -1 - ! -
# (src[30]>9}or(src[118]>9}than [Rn] o o else -
- Decimal_Format_Exception [Ans+] o ! o PC « NextPC CY . Unchanged - ci e
dsi[3:0] « src[11,8} ¥ [-n) o o - : . oV Unchanged e
dst]7:4] « srcf3:0] isp{ RVPC | . ; o S8  Unchanged ,
¥ dst=0 then . . [d(':;F;(Fln}PCd g g Description z Unphan‘ged T | falen  ,. .
Zez disp? [disp2[RAPC]) [ © o The specified uﬁnaral purpose register is decremented < © - o
else : : :and if not zero and the specitied condition is met, the Instruction Formal ™ T
Zeo, - sl B ‘branch is taken, Format VI
P Jaddr o . .

. [FHI!)( Fbt)] o o ‘The PC relative- addrassing mode is implicitedty selectad . SRR
Description disp[RPCI(Rx) | © o by these instructions. The 16-bit displacement fisld is Mosmonie Condition " Dpcods
The hattword source cperand is. converted from zoned [dsp[RaPCIKRx) | 0 | o . .8ign extended 10, 32 bit length and added to the PC 10 ppgy ((580V)vZ)-0 c7e7
decimal format to packed decimal format and storad in . raddr(Rx)'| ‘o - ‘compute | the largel address. The value of the PC used DBGE (SBGOV)=0 C76
the destination ‘operand, __ {nsdrkr) | 0 | o - o compute the target address is the first byte of the oat E{ssﬂeog\} )-J 7)1 o it
Priot 1o the conversion, the source operand is checked ‘ImmedisteQuick | O .| X .decrement and branch instruction. DBH (CYvZ)e0 c7:3
to verity that a valid BCD. representation exists in the Immediats | O .| x P e AR - o
lower nibbles of the tupper and-lower bytes. The upper - : — S  Mosmonlg Condlion . DBNH - - (CYvZ)at C63
nibbles are then compared 16 the upper nibble of the X u:gﬁ,&&‘i”r&ﬂfmﬁ°w. Signed g%é g’a"'hn;h : g"’a“" Eaual DBE Za1 C6-2
mask pattem. i either condition exists, a Decimal Format DBLY B::nch it L;::‘“ oraqu ) ‘OBNE - Za0 - oo c72
exception will occur and the destination will remaln Exceptions DBLE Brarich if Less or Equal gng' P ‘g¥:5'7 \ gg’-g
unchanged. Unsi ' DBN. . Swi- C64

Decimal gned  DBH Branch if Higher Co el :
Format DBNL Branch if Eoot Lower [D)gg . g; 01 g;'u‘l
DBL Branch if Lower -
Condition Codes DBNH  Branch if Hot Highes DeNe CY=0 o
cY Qv S Flags DBE Branch if Equal DBNZ Z=0 “Cre2
[ - | - I - l * | DBNE Branch if Not Equal DBR Always CEeS
DBV Branch if Overfiow
DBNV Branch if No Overtlow
CY  Unchanged DBN Branch if Negative Exceptions
OV Unchanged DBp Branch # Positive None
S Unchanged [5]:10] Branch it Carry
Z  Unchanged if the destination is zero, otherwise DBNC Branch it No Carry
cleared DBZ Branch i Zera
DBNZ Branch if Not Zero
CBR Unconditional Branch
Instruction Format



NEC

CY  Set it a bormow is generaled, otharwise cleared
OV Set |l integar overiow occurs, otherwise cleared
S -Set if the result is negative, otherwise cleared
Z ' Setif tha result is zero, otherwise cleared

Formnat I}

Hegal Addras_s:ng Mode — -

None

uPD70616 (V60)

D EC Decremeant D EC
Syntax Instruction Opcode
dech  dstbrw ' Decrement Byte Do/1
dec.h dst.h.ow ' Decrement Haifword D2/3
dec.w dst.w.rw Decrement Word D4/5

Operation Addressing Modes .

dst « dst—1 Addressing Mode dst
: , An | O

Description [An} 0

The contents of the destination- ope;and are [Rn+] o

decremented. , ' ‘ . [-An] ]

i the immadiate quick addressing made is specified for diep[RnPC) | O

the source operand, the immediate data is zero o ldBP[RﬂfPCII o

extended to the source operand length before diep1 {disp2 [RVPC}] | © -

performing the operation. . fadde | " O

The DEC instruction is a shorter encoding for the more [Ri;?:')l _g__ )

general instruction _ dip | RAPG J R} o -

‘sub  #1, gst Idisp[RAPCIKR} | O
L ' C faddr(Rx) | O
Condition Codes - _ " laseiRx) T o -
oy oy S -2 lmmediate.Quick X
Immediate X
T ] e | x

NEC

A wPD70616 (V60)
DISPOSE ospose DISPOSE

dispose _ - Dispose Stack Frame

Operation
SP « FP
“FP « [SP4+]

Description

The DISPOSE instruction delstes the current stack
frame by copying the contants of the frame pointer {R30)
to the stack paiitér (R31) and restoring the original frame
pointer from the stack, :

Condition Codes

CY . Unchanged
OV  Unchanged -
§ . Unchanged
Z i Unchanged

struction Format
" FormatV

Exceptions
None
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DIV Divide DIV DIVF Divide Floating DIVF
Am—————— L
div.b sre.bur, dstb.w B Divida Byts At Synitax M Opcode
div.h stc.hr, dst.h.rw Divide Haltword A3 divi.s SfC.5.1, dst.s.rw . D!v!de Short Real §C1B
div.w SG.w.r, dst.w.rw Divide Word A5 divf.l src.lr, dst.lw Divida Long Real SE+1B
r—— Ay
Operstion Addressing Modes i Operation Addressing Modes
dst « dst+sre Addressing Mode arc dst dst «- dst+src Addrassing Mode src . dst
"Ri| © o | : An | O o
The contents of the destination oparand is replaced with [Ree] | O 0= The quotient of the source operand and destination (Re] | O | ©
the quotient °! the source and destination operands. , {~Rn] C o operard Is stored in the destination operand. Both the [-Rn] o] o]
The quolic.m.t is compuied according to the rules_of fibp[rWPCJ | s 0 . " integer and floating point condition codes are updated 1o disp [ R/PC | 0. o
signed division. .O“;“fl::;‘bm"'s when the negative [asp{RePC]] | © | o reflect the result of the operation. fdep{RPc]] | o | o
maximum mte‘gerls. N .ybt' . . disp1 [ disp2{ 1y o 0. If the destination operand is zero and the source displ{disp2[RnPC]] | O | O
The destination will remain unchanged if an integer faddr O o operand a non-zero normalized number, the result is faddr { O 0
overllow of Zero DMd'G exceplion occurs. | facdr ] o | 0 zero with the sign determined by the exclusive OR of the . [faddr] o K
Ii ihe immediate quick addressing mods is specified for ) [Ra}(Rx) o o source and destination signs. [Rn X Rx) o o
the source operand, the immediate data is zero fﬁﬁp(ﬂNPCl{Rx) o (o} : disp[RWVPCXRx) | © o
exiended 10 the source operand length before [disp(RaPC]KRx) | © o] Condition Codes [disp[RVPCIKRx) | © o
: laddrkRx). [ 0. | o ey oV ] Z [addrRx) | © 0
Condition Codes Immediate.Quick |- O [ X IR KN ENES ImmediateQuick | a4 | X
ov immediate O | X _ Immediate { A | X
rCY J " I S I Z I Hlegal Addressing Mode R CY  Setif the result is negative and non-zero, X Tegal Addressing WMode WS
- . -

otherwise clearad
OV Cleared :

A Reserved Addressing Mode

Exceplions Set if the mantissa sign bit of the result is set
Y genfi'l‘?r?tgggr overtlow occurs, otherwise cleared 2210 Divide ° °‘h°“:'i5° Cleared ? l instruction Exceptiona
ov . h ; . . Z  Selil the result is zero, otherwise cleared Reserved Floating Point Operand
Set if the resuit is negative, otherwise cleared . ; . ;
S Setitthe resultis zaro, otherwise cleared Invalid Floating Point Operation
! FIvV FZD FOV FUD FPR Floating Point Divide by Zero
L . I N I . . ] R I Floating Point Overflow
Format Floating goinl Underflow
Floati oint Precision
Fomat |, 1 FIV  Setif an invalid operation occurs, otharwise "
unchanged
FZD Set if division by zero occurs, otharwise
unchanged

FOV  Set if tha result is infinite, otherwise unchanged

FUD  Set il the destination result is denormat,
otherwise unchanged

FPR  Sel if a precision error occurs, otherwise
unchanged

instruction Format
Format il



uPD70616 (V60)

DIVU

Unsigned Divide

Syntax

divu.b src.br, dst.haw
divu.h src.hur, dst.how

Instnsction
Divide Unsigned Byte
Divide Unsigned Haltword

divu.w SIC.w.r, dstw.rw Divide Unsigned Word
Operation Addressing Modes

dst « dst+src (unsigned) Addressing Moda src

A | o

Description [Rn) o]
The contents of the destination operand is replaced with {Bn+] o
the quolient of the source and destination operands. [An] o
Tha quotient is computed aceording 1o the rules of disp [ Rn/PG | o
unsigned division. [disp[ RnPC ) 0
The destination will remain unchanged i a Zero Divida displ [disp2[RPC]] | ©
Bxception occurs. laddr | ©
i the immadiate quick addressing mods is specified for [/adar] | ©
the source operand, the immediate data is zero ) [Re X Rx) o
extended to the source operand length betore diep[RvPC)(Rx) | ©
parforming tha operation. [disp [ AvPC ] ) Fix ) o
fddr(Rx) | O

Condition Codles [faddrkRx) | ©
fmmediate. Quick G

cY oV Immediate o]

T T

CY Unchanged

OV Cleared
s Set if the result is negative, otherwise cleared
Z  Setif the result is zero, otherwise cleared

Instruction Format
Format |, It

llegal” Addressing Moda

Exceptions
Zero Divide

NEC

pPD70616 (V60)
DIVX Divide Extended DIVX
-—"'_-"-—_
Syntax Instruction Opcode
divx srew.r, dst.d.w Divide Extended AB
Operation Addressing Modes
dst « dst+sic Addreasing Moda src dst
An (o] o)
Description [Rn] o 0
The doubleword contents of the destination operand is [Rne] o o
divided by the word contants of the source operand _ [-An} (o] (4]
according to the rules of signed division. The resulting gup[FWPC] (s} .0
32-bit quotient is stered in the iower word of the [f!np[FWPC“ o 0
destination and the 32-bit remainder is stored in the dispt [disp2{RnPC]] | © o
upper word of the destination. faddr | O 0
[ faidr ) 4] 0
B - " dat (AnkR) | 0 | ©
L Drvdere J disp[RnPCYRX) | O | O
3t 0 [disp[RPCIKRx) | © 0
: ! Divinor Ism /addr(Rx) | © o
N {faddr{Rx) | © o}
Immediate. Quick O X
= H a8 - s dst Immediate O X
| e ] ool l ® Ilegal Addressing Mode

j#-unn Uppar Word/Registor —ale— Lowor Word/Ragister —»|

Overflow occurs when the negative maximum integer is
divided by -1. The destination operand does not change
when an overflow or a Zero Divide exception oocurs.

if the immediate quick addressing mede is specified for
the source operand, the data is zero extended to the
source operand length before pardorming the operation.

Cordition Codes

CY Unchanged )

OV  Setif integer overflow occours, otherwisa cleared
S Set if the result is negative, olherwise cleared
Zz Set if the resull is zerp, otherwise cleared

Instruction Format
Format |, Il

Exceptions
Zoro Divide
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DIVUX

Unsigned Divide Extended D IVUX
T,
Syntax Instruction Opcode
divux Sre.w.r, dst.d.rw Divide Extended Unsigned Bs
Operation Addressing Modes

dst « dst +src (unsigned) Addressing Mode src | dgt |
Rn O O
Description [Rn] 0 o
The doubleword contents of the destination operand is [Rn+] O O
divided by the word contents of the source operand [-Rn] o] [s)
according to the rules of unsigned division. The disp[ Rn/PC ) o (o]
rasulting 32-bit quotient is stored in the lower word of the [disp} RPC ] Q Q
destination and the 32-bit remainder is stored in the disp1 [ disp2 [ RPC ] ] o 0
upper word of the destination. faddr o) (o]
The destination operand does not change when an [ /addr ] o o
overflow or a Zaro Divide exception occurs. [Rnj Rx) o o
If the immediate quick addressing mode is specified for dsp[RVPCKRx) | © 0
the source operand, the immediate data is zero (dsp[RAWPC]KRx) | O (o}
extended to the source operand length before faddr { Rx ) o 0
performing the operation, (faddrkAx) | © o
immediate. Quick O X
Condition Codes immediate 0 X

oy ov s 5 Megal Addressing Mode

CY  Unchanged .

GV Setif integer overtlow occurs, otherwise cleared
S Setifthe resultis nepative, otherwise cleared
Z  Setif the result is zerg, otharwise cleared

instruction Forrmat
Fommat 1,

Exceptions
Zero Divide

NEC

LPD70616 (V60)

p—

EXTBF Extract Bit Field EXTBF
Syntax Ihstruction Opcode
axtbis bsrc.w.r, blen.b.r, dst.w.w Extract Sign Extended Bit F:iald sD-08
axibfz bsrc.w.r, blenb.r, dst.w.w Extract Zero Ext'efwdedl Btt_ Field D09
exibf} bsrc.w.r, blenb.r, dst.w.w Extract Left Justified Bit Fiek 5D-0A

Operation Addressing Modes

dst + bitfieid Bit Address berc dat Byle Address
Rn| X C |RAn

Description @ Rn]| O O | {An]

The designated bit field is extracted using the specified @[ Rrw ] g g ::ﬂ;::

mode and stored in the destination operand. @[*2: ] o o | ciagt

i the bit field length is zero, zero will be stored in the :ﬂ“w@[“t@{m}l o o | danpo]

destination oparand. @ displ An)]| © o | 1dispiPn]]

The sum of the bit offset and the bit fieid length must -not @ desiPC]]| O o | [dspPC)]

exceet:l thil_'ty—two. otherwvise an lllegal Data Field olfsen@{ disp{ Rn]]| © O | diup[ diep2{ An ]

excaption will occur. oltser@] disi{ PC |}| © O | disp1{ diep2{ PC )]
@/addr| O O | jaddr
Condition Codes @ /acr)| © 0 | | fade]
CY oV s Rx@{Rn]| © O | [RnKRx)
-1 -1T-1T-1] Rx@{Rn]| O O | dsp[Rn(Rx)
R@ PC]| O O | disp[PC} Rx)
Rx@| disp[ Rn1]| O O | [disp[Rn]} Rx)
CY Unchanged _
oV Unchanged Rx@| disp{ PC]]| O O | [disp{PC]} Rx)
S  Unchanged Rx@/addr| O O | /addr { Rx)
Z  Unchanged Re@{ /addr ]| O o | [ ragdr)(Rx)
immediate Quick | X X | immediate.Cuick
Instruction Format immediate | X X | Immediate
Format Vilb 060

X lllegal Addressing Mode

~ Unavailable Addrassing Mode

Exceptions
lilegal Data Field
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NEC

uPD70616 (V60)

This instruction can be executed in either the real or
virtual address mode. :

Condition Codes

€Y  Unchanged
OV Unchanged
S  Unchanged
Z  Setif the address translation is invalid, otherwise
cleared

Instruction Format
Formnat 1, 1

GETATE Get Area Table Entry GETATE §§ GETPSW Got PSW GETPSW
Syntax Instruction Opcode Syntax tnatrsetion Opcode
getate va.plrr, dst.dw ' Gat Aroa Tabis Entry 05 getpsw  dstw.w Get Program Status Word Fer?

Operation Addressing Modes o Operation Addressing Modes

dst « ATE(va) Addressing Moda va dst dst « PSW Addressing Mode dat
. . Rn O 0 An o

Description {Rn] o o Description [Rn} Q

The contents of specified ATE are Iransferred 1o the [Rae] 1 O 1O - The contents of the Program Status Word (PSW) are [Roel O

doubleword destination operand. ‘The virtual address (-An] | © o copied 1o the destination operand. - -[-An] o

and the section designator register (R28} are used Io disp{RaPC] | © o . disp[AnPC] o

identify the ATE 1o be referenced. {dep[RaPC]) | © o  Condition Cod [diep [RVPC 1] 0

It the contents of R28 are OFFFFFFFFH, the virual displ [disp2 [RvPC]} | © 0 disp$ [ disp2 [RaPC ] 0

address operand Is translated using the current virtual faddr § O o] cY ov 8 /addr o

address space. Following the execufion of the [ faddr] o o I - ] = | - | - I [ /addr ] 0

instruction, the Z flag is updated to reflect the result of [Rn}{ Rx) o] o] . - [RnKRx) o

the translation operation. The Z flag is clearad if the disp [ RvPC J{ Rx ) o] o CY Unchanged ?“P[“"’PGI(R") 0

translation is successful and set if the referanced [diep{ RVPCI)Rx) | © o OV Unchanged [disp[ RAPC]}(Rx) Q.

ATBR/ATLR is invalid. T - P S g%ﬂ:ﬂggﬂ | faddr (Rx} | . O

“Otherwise, R28 is assumed to contain a pointer to an [faddr K Rx ) o o] _.[l?l(:ﬁxl} :

area table and a lookup of the specifed ATE is Immediate.Quick | © X on Format Immed ..od‘ X

performed. No validity checks are performed on the Immediate | O X . . Immediate -

contents of the ATE. ' Megal Addressing Mode e Format ll X Tllegal Addressing Wode

i the immediale quick addressing moda is specified, the

immediate data is zero extended o 32-bit length and Exceptions Exceptions

used as the virual address. Privileged Instruction None
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GETPTE

Get Page Table Entry G ETP TE

Syntax instruction Opcode

getpta va.pler, dst.w.w s Get Page Table Entry 04
Operation instruction Format

dst « PTE{va) _ Forma I, I

Deacription Addressing Modea .
The contents of specifisd PTE are transferred 1o the Addressing Mode va dst
word destination operand. The virtual address and the "Rn o o
saction designator register (R28) are used to identify tha [Rn o
PTE 1o be referenced. [Rm-; o g
If the contents of R28 are OFFFFFFFFH, the virtual [-An} o) o
address operand is translated using the current virtuat disp[AnPC) § © o}
_address space. Following the exacution of the [ disp{ APG |} Fo) o
instruction, the CY and Z flags are updated 1o refloct the diept [disp2([AnPC]) [ O° | o
result of the translation operation. The CY flag will be set Jaddr 1 O o
#the area is not present (l.e, swapped out to a disk) while (/dde) | © o
the Z flag is set i the referenced address translation fails. [Rn K Rx}) o
if sither the Z or CY flags are set, the destination femains disp[ RVPC }( Rx ) o g
unchangad.

) . : d RnPC ] )( Rx Qo
Otherwise, R28 is assumed to contain a pointar to an [den Md],]:mi o g '
area 1able and a lookup of the specifed PTE is [addrkRe) | © o
performed. No validity checks are performed on the Immediate.Quick | O X
contents of the PTE. |mm.odiala 0 X
If the immediate quick addressing mods is specified, the X Wegal Addressing Mods T

immediate data is zero extended to 32-bit length and
used as the virlual address.

This instruction can be executed in sither the real or
virtual address mods. :

Condition Codes

CY  Setif the area is not present, otherwise cleared
OV Unchanged
s Unchanged
Z  Set it the address translation is invalid, otherwise
clsared

Exceptions
Privileged Instruction

NEC

uPD70616 (V60)

et

GETRA

G ETRA Get Real Address
Syntax Instruction Opcode
getra va.pir.r, dst.w.w Get Real Address 03
Operation Condition Codes

dst « real address{va)

Description

The physical address of the source virtual address is
computed and transterred to the destination operand.
The vinlual address and the section designator register
{R28) are used to idenlify the area table used 1o pedorm
the address translation.

if the contants of R2B are QFFFFFFFFH, the virtual
address oparand is translated using the currert virtual
address space. Following the execution of the
instruction, the CY and Z flags are updated to raflect the
result of the transiation operation. The CY flag will be set
if the area or page is not present {i.e, swapped outto 4
disk} while the Z flag is set if the address translation fails
{i.e, an invalid area table or the page is /O mapped). If
either the Z or CY flags are set, the destination operand
remains unchanged.

Ctherwise, R28 is assumed to contain a pointer to an
araa table and the PTE is located in the specified page
table. No validity checks are performed on the contents
oftha PTE and no data reference is made.

If the immediate quick addressing mode is specified, the
immediate data is zero exitended to 32-bit length and
used as the virlual address.

This instruction can be executed in either the real or the
virlual address mods.

Instruction Fomat
Format |, li

CY  Set il the area is not present, otherwise cleared
OV Unchanged :
] Unchanged
Z  Setif the address translation is invalid, otherwise
cleared

Addressing Modes
Addressing Moda

o
L]
L)

Rn

{Rn}

{Rnw}

[Hn]

disp [ R/PC |
[disp[RnPC]]
disp1 | disp2 [ RWPC ] }
faddr

[ faddr )

[Ra ) Rx)

disp { RVPC J( Rx )

{ disp[APC } ) Rx )
faddr { Rx ) -

[ /faddr ¥ Fox )
Immadiate.Quick _
Immadiate

COoO0DO0OOOO0OQOODOOCOOR
XXO00QO0OOQOOODOOODOOO

lllegal Aodressing Mode

:

Exceptions
Privileged Instruction
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HA LT Hait
Syntax Instruction
halt * Hait and Watt for Interrupt
Operation
halt
Description

The processor halts and waits for an interrupt. Following
the execution of the interrupt’ handier, program

axeculion will continue with the instruction foliowing the
HALT instruction.

Condition Codes

CY Unchanged
OV Unchanged
S  Unchanged
Z  Unchanged

hslrwuon Format
Format V

Exoeptioni;
Privileged Instruction

NEC

uPD70616 (V60)

l N Input

IN

Syntax instruction Opcode
in.b port.b.r, dst.b.w : input Byte g ;
in.h pod.h.r, dst.hw input Haltword 28
inw port.w.r, dst.w.w Input Word
i Addressing Modes
ration
ope dst « port Addressing Mode pon dst
An ) ¢ o]
Description [Rn] 0 o
i (o]
The contents of the specified inpul port are copied to ix : g o
the destination operand. oo ] ° °
#tion Codes [dep{RnPC]] | O s}
Candtion disp1 [ disp2 { AnPC ] ] o] (8]
cY oy s z akel o | o
| - | - I B I - I ( Faddr ] o a]
B (AnkRx) | © 0
CY Unchanged disp [ RPC J{ Rx ) o] o
§ Unchanged Jaddr { Rx ) o o
Unchanged [Im‘ K Rx ) 0o (o)
Immediate. Quick- X X
fon F immediate X X
Fomat I, Il

:

tllegal Addressing Mode

Exceptions
Privileged Instruction
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INC

Increment INC
© Syntax Instruction Opcode
inc.b dst.b.rw Increment Byte Dan
inc.h dst.h.rw Increment Haltword Da/B
inc.w dst.w.rw Increment Word (0 o) )]
Operation Addressing Modes
dst « dst+1 Addressing Mode det
o Rn (8]
Description [Rn] o)
The contenls of the destination operand are [Rn+ ] o
incremented. {-fn] 0
if the immaediate quick addressing mode is specified for disp { RnPC | ()
the source operand, the immaediate data is zero {disp{ RnPC ] o
extended to the source operand length belore disp1 [ diep2 [ RPC o
perfarming the operation. /addr o
The INC instruction is a shorter encoding for the more [ /addr] o
general instruction [Rnj(Rx) 0
add  #1, dst ‘-jisp[ i) ©
[disp [RAPC}( Rx) Qo
) faddr ( Rx ) o
ndit
Condition Codes { faddr ){ Rx ) Q
cY ov Immediate.Quick X
L . I . ] R l . ] Immediate X
{llsgal Addressing Mode L

CY  Selifacamyis genarated, otherwise cleared
OV Set if integer overflow occurs, otherwise clearsd
S Setif the result is negative, otherwise cleared
Set if the result is zero, otherwise cleared

 Instruction Format
Format Il

Instruction Exceptions
Noneg

NEC

uPD70616 (V60)

INSBF Insert Bit Field INSBF
Syntax Instruction Opcode
insbfr src.w.r, bdst.w.rw, hlsn.b.r Inser Right Justilied Bit Field 5D+18
insbfl src.w.r, bdstw.rw, blenb.r Insert Left Justilied Bit Field 5D-18%

Operation Addressing Modes

bitfield « src Bit Address barc src Byle Address
An| X O | An
Apion @Rnij O O |[Rn]

The source operand is converted 10 a bit tield of @A} O O | [Rn+)

specified length and stored in the destinalion operand. @(-Rn]| O O | [-Rn]

No transfar will occur if the bit field tength is zero. offsel@f :_:" 1 g g disp{ Rn ]

The sum of the bit offset and the bi field length must not it o c [":."[ ;:n’

exceed thirty-two, otherwise an Nlegal Data Field @ disp{ An]] kel Rn ]]

exception will occur. @ diso{ PC 1]} O O [[dieplPC])
. . . . X - oftsat@ disp[ Rn ] ] © O | dispi[ dispq Rn }}

if the immediate quick addressing mode is specified for . . .

. ) ! offset@| disp[PC 1} O O | disp1 diap2{ FC }]
the source operand, the immediate data. is zero @addr| O o | radar

fsxteg'd?.ld Ioerg:;nword length before performing the @ /addr}| O 0 | [/addr]

insertion op . Rx@{An]| O o | (RnkRe)

N Rx@Rn)} O O | disp[Rn]{ Rx)

Cordlition Codes R@{PC]} O O | disp[PCJ(Rx)

cY oV S Z Px@{ disp{ Rn 1]} O O | [disp{ Rn] ) Rx)
| - ] - ’ - | - | Rx@{ disp{ PC ]} O O | {disp{ PC1}(Rx)
Rx@/addr| O O | faddr{ Rx )
CY Unchanged Rx@ faddr}} O O | [/addr }{ Rx )
OV Unchanged Immadiate.Quick | X O | Immadiate.Cuick
S Unchanged Immediate| X O | Immeadiate
Unchanged Wegal Addressing Mode _ #6-061
- Unavailable Addressing Mode
Instruction Format
Fomnat Vile Exceplions

Mlegal Data Field
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JMP

Jump JMP
Syntax instruction Opcode
imp target.b ex . Jump Dé6s7
Operation Addressing Modes
PC « target . Addressing Mode targat
An X
Desacription [Ar] 0
The effective address of the destination is computed [Rn+] Q
and program control is Iransterred unconditionally to the [-RAn} c
destination. disp [ RaPC la]
The destination operand is treated as byte data for the [disp[{RnPC ] o
purpose of computing pointer changes for the disp1[disp2 [RaPC]] | O
autoincrement, auladecrement, or scaled indexed faddr o
addressing modes. [/addr ) O
L [Ra}fx} | ©
Condition Codes disp [ RaPC]{ Ax ) o]
[disp[RPCIRx} | ©
cY  ov 5 z /addr (Rx) | O
L- [ -T-T-1 (ke KRx) | ©
oY Unch immediate.Cuick X
nchanged immediate X
%V ngggg:g X Tlegal Addressing Mode 2]
Z  Unchanged .
Exceptions
instruction Fomat None
Fomat I}l

uPD70616 (V60)

JSR

Jurnp to Subroutine

Syntax instruction Opcode
isr target.b.ex Jumg to Subrouting E8/9
Operation Addressing Modes :
temp « target Addrassing Mode target
[-SP] « NextPC Ra X
PC « temp [RA] o
[Rn+ ] o)
Description [-An} o
The eflective address of the destination is computed disp[ AnPC Q
and the address of the next instruction is pushed onlo [disp [ RVPC|] 0
the stack. Program contrai is then transferred to the displ [disp2[ RRPCI] | ©
destination. Jaddr 0
The destination operand is Ireated as byte data for the [ faddr } o
purpose of compuling pointer changes for the [Rn} Rx) o
autoincrement, aulodecrament, or scaled indexed disp{ RVPC ){ Rx ) 0
addressing modes. {disp[RWPC]|(Rx) | ©
I the destination operand is addressed using R31 (SP) faddr (Rx) | O
in conjunction with an autoincrement/autodacrement [ /addr)( Rx ) o
addressing mode, the result is unpredicable. Immadiate.Quick | X
immediate X
Condition Codes Wegal Addressing Mode W
cy ov ] rd Exceptions
' - | _ I - I - I None

CY Unchanged

OV Unchanged

S Unchanged

Z  Unchanged
Instruction Format

Format §il
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Syntax lnstruction Opcode Syntax Instruction Opcode
Idpr srewr, reglD.w.w , Load Privileged Register 12 idtask list.w.r, TCBptr.w.r Load Task Context o
Opermation Condition Codes Operation Condition Codes
PrivilegedRegister reglD ) « src oY ov s 7 * TaskContext « [TCB] cY  ov s
Description L[ -1] — [ -] Description | |
The source operand is loaded into the specified CY  Unchanged The context designated by the TCB pointer is instailed CY  Unchanged
privileged register. OV Unch d : : . OV Unchanged
g A U:chgnggd as the current task context. The task context consists of; S  Unchanged
C
iD Aeglatar Hame F4 Unc'hazged « General purposa registers (R30-R0) Z ' Unchanged
o ISP interupt Smck Poirter The general purpose regisiers of the new task . S :
1 LoSP Levet 0 Stack Poinler context is controlled by the list operand. The instruction Format
) 18P Tovel 1 Stack Poinier instruction Format ragister list is scanned sequentially from the LSB 1o
3 L2SP Lavel 2 Stack Poiniar Format |, Il the MSB. The bits set in the fist operand idantify Format |, Il
4 Lasp Livval § Sinck Poliee which general purposs register: are restored. Bit 31d T : o
5 SBR T | System Base Fregaier of the register list is Reserved for Fulure Use an essing Modes
7 SYCW Sysiam Convol Word Addressing Modes must be zero. Add oA - —Tven
0 TROW Taak Control Word Addressing Mode src | regiD : Addreasing Moda list | TCBpr
15 PSW2 Emulation Mode Program Stabvs Waed R O n'n'n'n'nf:'nin[x'nlnla[arnInInlnla]slu'n,nl "R RRRRRAR Rn (o] &)
76| ATBRS | eaTabi e g3 N ° S S S L ) | o | o
7 AT Area Table Langth: Fogieier 0 {(Rn] | © o = Rie o o
8 ATBM Ares Tabid Bass Regswe 1 Ane] | © 0 -130 [Rne]
9 ATLRY Aroa Tabie Langth Rogiear 1 (-] | o o : . [(-An] | © o
20 ATBRZ Arew Table Dase Regiswer 2 disp [ RPC) o o + Araa table register pairs _ Lo disp [ RPC | (o] o
21 ATLRZ Arsa Table Length Register 2 [ disp [RPC ] 0 0 The area table base and length registers [diep [AnPC] Q o]
22 ATER3 Aroa Table Basa Registar 3 . ) {ATBRO/ATLRO to ATBR3/ATLR3) are restored as diep1[disp2 [ AnFPC]] | O 0
5 AT Riva Table Longth Regiviar disp1 [ disp2 {RPC]) | O 0 specified by the STCW register i viriuai mode is ‘ war | © o
2 TRMOD Teap Mode Reginter faddr | O o} enabled and any TLB entries associated with the .
25 ADTRO Address Trap Reghr 0 ffaddr) | © o updated sections are marked as invalid. - In real (faddr] 1 O o
26 ADTAI Addreas Trap Regiwr 1 {RnKRx) | © o mode, area table registers arg not stored in the task [Rn](Rx) | © o
27 ADTRMG Address Trap Mash Registr 0 . contaxt, disp [ RvPC )( Ax ) o o]
78 ADTRM Address Trop Mesk Flegiier 1 [;“"[{Ih"' c}}:g; g g [disp[RanC]}(Rx) o o
= ® ”"‘f' m‘:ﬂ | o | o « Stack pointers (LOSP-L35P) mdgiiR) | o | o
st ; ; The stack pointers enabled for switching in the Jaddr |{ Rx o o
A numper of restrictions and Qrecautlc‘ms relating to the [ faddr | Rx ) o 0 STCW are restored. If the current context is using [ . "I . ) o o
execution of the LDPR instruction are listed below : immediate.Quick | © o he interrupt stack, LOSP will become the new stack Immediate. Quick
. X . Immediate o o poinler. Immediate [} 8]
Loading 1o area table base and length ragisters “oa
clears TLB entries with corresponding section 0008
numbers. « Task Control Word (TKCW)
+ The TLB is Cleared i the virtual mode is changedto  Exceptions D oW ' wpdated with the Task Convol Word for  Exceptions
physical mode in tha STCW register. Privileged instruction o Privileged instruction
. . lllegal Data Field .
Instruction execution results are unpredicatable if an
invalid register 1D is specified.




wPD70616 (V60) pPD70616 (V60)
MOV Move MOV MOVBS MOve Bit String MOVBS
_Syntax Instruction Opcode .
mov.b  srcb.r, dslbw Move Byte 09 Syntax Instruction Opcode
i 2 i by et
. LT, R k ' i 4
mov.d sto.o.s. dst.d.w Move Doubleword aF movbsd  bsrc.b.r, blen.bur, bdsl.bjnr Move Bit String (Downward) 58+09
Operation Addwaelng_quea Operation Addressing Modes
dst - src Addreesing Made 8T dat bast « bsre Addressing Mode berc | blen | bdst
e .hRn | O o | ' Rn | X 0 X
Descriphon {RAn] O &) Deacription @ RAn) o - Q
The data designated by the source operand is copied lo [(R+] | © o The source bit string is copied to the destination bit @PRn+) | O - o
the destination operand. Il a [o string. Specilying the direction of the operation allows - @-An] | © = o
if the immediate quick addressing mods is specified for dsp[RVPC} | O o the correct result to be compuied when the two bit- offset@ RVPC] | © - 0
the source operand, the immadiate data is zero (disp|RaPC]] | O o strings overlap. @{diep[RnPC]) | © - o
extended lo the source operand length before being dispi[diep2[RaPC]) | © | @ To minimize the interrupt latency time, the MOVBS offset@{ disp [RVPC]} | © - {. 0
ransferred to the destination. o " fadde ° 0. instruction allows the service of interrupts and faulis @faddr o - o
On the LPD70616 microprocessor, a Raserved il B following the completion of a bus cycle. After servicing @] | © | - | o
Addressing Mode éxception will occur i the immediate o ] (Rnj(Ax) | © o the interrupt or correction of the fault condition, - Ra@{ An | o - o
immediate quick addressing mode is specified for a disp|RAPCl(Rx) | O o instruction execution continues irom the point of Rx@{RPC] | © - o
doubleword source operand. (diep[RVPC]KRX) | © 0 interruption. - Rx@{diep{RWPC]] | © - o
] [ ,f::]:::; g g During the execution of the MOVBS instruction, . P@laddr | O - Co’
Condition Codes Immedide. Ot x registers R28 and R27 contain pointers 1o the bytes . Rx@j{ /addr] | - O - .
' oY ov 5 z mm : o 4 within the source and destination bit sirings 1o be tmmediste.Quick X -
I = I . ' I —I egal Addresains Wad mmodiate 4 X processed next. Foliowing the execution of the ; Immediate X ot )i‘ms#
- - - ega ressing Moda ST ; i ' ddress of the byta X l||egal Addressing Moda -
S A Reserved Addressing Mode instruction, R28 contains the a ' X
OY  Unchanged ) ) i centaining the final bit of the source bit string while R27 Unavailable Addressing Mode
ov Unch::g o conti containg the address of the byte conlalmng the final bit
ged Exceptions Exceptions
S  Unchanged None of the dastination bit string.
Z  Unchanged None
‘ ‘ _ . Condition Codes
Instruction Format ' CY ov 8 r4
Format |, il .. | _ { - [ _ I - ] .
CY Unchanged
OV Unchanged
s Unchanged
Z Unchanged
Instruction Format

Format Vilb



uPD70616 (V60) - NE C uPD70616 (V60)
—_ p—

MOVC Move Character MOVC MOVCF Move Character with Filler MOVCF
Syntax instruction Opcode Syntax instruction Opcods
movcub  src.bor, slenb.r, dstbw, dien.b.s Move Byte Character Upward 58+08 moveiu.b  src.bur, slenb.r, dstb.w, dien.b.r Move Byte Character with Filler Upward 58-0A
moved.b  sre.b.r, slen.b.r, dst.b.w, dlen.b.r Move Byta Character Downward 58-09 movefd.b . sre.b.r, slenb.s, dstbw, dlenb.r Move Byte Character with Fillar Downward 5808
moveu.h  src.hr, slen.b.r, dst.h.w, dien.b.r Move Hatfword Character Upward 5A-08 movefu.h  srehy, slenb.r, dsth.w, dlenb.r Move Halfword Character with Filler Upward S5A-0A
maved.h - sre.hur, slen.b.r, dst.h.w, dlen.b.r Move Halfw?rd Character Dowrnward SA-09 movcid.h  srehr, slenbr, dst.hw, dienb.r Move Haltword Character with Filler Downward 5A-0B
Operation Addressing Modes Operation Addressing Modes

dst « sre Addressing Mode src | sten | dst dst « src Addraessing Made src | slan | dst { dien

: An | x | 0] x R [ x o] x| o
Description GO - . Description Rnj ol -lal] -
The source ¢haracter string is copied to the destination [Rw] O | - { 0O The source character string is copied to the destination (Rl O | - O] -
character string. The source and destination length [-Anj | O -| O character string. The shorter of the source and A} O} - 0] -
parameters indicate the number of characters to be dsp[AvPC] O | - | © destination lengths determines the number of characters dsp[RWPC] | O | = | O | ~
transferred rather than the number of byles to be [dep[RnPCl] | © | - | O to be transferred with any additional positions in tha [dep{RAPC]] | O | - | O | -
transferred. dispt { disp2 [ RPG]] | © - o) destination string filled using the fill character in R28. disp1 {disp2[RPC]} | O - O -
Character string transfers are initiated from the head of fddr | O] - | 0 . Character string transfers are initiated from the head of faddr | O | -~ O ~
the strings in the address increment mode and from the [faddr] | O | - | © the strings in the address increment mode and from the [faddr] | O § - | O | -
tail end of the strings in the address decrement maode. {Re}x) | 0! - | 0 1ail end of the strings in the address decrement mode. (Fn}Rx) | 0 | -~ | O | -
The number of characters copied is the minimum of the dsp[RVPCYRx) [ O [ - | © This Instruction: is interruptable and resumable with dp[RVPClRx) 1 O | - § O | =
source and the destination string lengths. [dise[RPCI¥Ax) | 0 | - | © registers R28 and R27 used to maintain the source and [disp[RVPCIRx) O | - F © | -
This instruction is interruptable and resumable with faddr(Rx) { O | - | O destination addresses respectively. Following the fagar(Rx} | Ot -~ [ O] -
fegistors R28 and R27 used to maintain the source and /s kRx) | O | -~ | © execulion of the MOVCF inslruction, these ragisters {/addrKRx) [ O | ~ | O -
destination addresses respactively. Following the Immediate.Quick { X | ~ [ x ‘contain the address of the' next logica! character to be Immediste.Quick | X | - | X | -
execution of the MOVC instruction, these registers immediate | X { 0 | X transferred. - Immediats | X | O | X | O
contain the address of the next logical character 10 be legal Addressing Mode X Megal Addressing Mode woa
transferrad. : - Unavailable Addressing Mode Condition Codes - Unavailable Addressing Mode
Condition Codes Exceptions & o S | £ ] Exceptions
oY ov s . ldagal Data Fieki I | I Ilegal Data Field

CY  Unchanged
OV Unchanged
$  Unchanged
Z  Unchanged

Instruction Format
Format Vlia

CY  Unchanged
OV Unchanged
S Unchanged
Unchanged

Instruction Format
 Format Vil



uPD70616 (V60)

MOVCS

Move Character with Stopper MOVCS
Syntax Instruction
maves.b  srcber, slenb.r, dst.b.w, dlan.b.r Move Bytle Character with Stopper
moves.h  sre.hur, slen.br, dst.h.w, dlenb.r Move Haltword Character with Stopper
Operation Addressing Modes
dst « src Addreasing Moda src
Rn | X
Description {Rn] | ©
The source character string is copied to the destination {Re+] | O
string urdil the end of the source or desiination string is [-An] | Q@
reached or the stop character specified by R26 is disp{RnPC]) | O
detected in the source string. The source and {dsp[RPC]] | O
destination length parameters indicate the number of displ [disp2[RvPC]] | ©
characters to be transferred rather than the number of faddr | O
byles to be transferred. {faddr) { O
This instruction is interruptable and resumable with {Rn}{Rx) | O
registers R28 and R27 used to maintain the source and dsp[AnPC(Rx) | O
destination addresses respectively. Following the - {disp[RVPC])(Rx) | O
execution of the MOVCS instruction, these registers /addr (Rx) | O
contain the address of the next logical character to be [faddr}(Rx) | ©
transterred. Immediate.Quick | X
Immediate X
Condition Codes

]?[?15131

CY  Cleared if the stop character is faund, otherwise

sat
OV Unchanged
§  Unchanged
Z  Unchanged
Instruction Format

format Viia

X liegal Addressing Mode
= Unavailable Addressing Mode

Exceptions
llagal Data Fielkd

NEC

OV Unchanged
8  Unchanged
2  Unchanged

Instruction Format
Format 1, Il

Exceptions

None

nPD70616 (V60)
e
MOVEA Move Effective Address MOV EA
Syntax Instruction Opcode
. 40
b srch.n, dstww Move Byle Eftective Addrass
g:g:.h src.h.n, dstw.w Move Halword Effective Address 42
movea.w  sfcw.n, dstw.w Move Word Effective Address 44
Addresasing Modes
Operation ) :
dst « eflective_address{ src) Addreesing Mode arc dst
Rn X o
Description (An] | © | ©
: 0
The effactive address of the source operand is [[H_Hnm} g o
fransfarred to the destination operand. Tha source p le ° o
operand is not refarenced and remains unchanged. d:p[ lnnrpc ) ° °
Separate instructions are provided for byte, hatfword and oot |4[:Iisp:[ il o
word operands 10 permit corract computation of effective 5P F"‘”P:ddr o o
addresses using the autoincrement, autodecrement and (rad ] o o
scaled index addressing modes. (Ro) o) ° o
diep | RVPGC { Rx ) 0 (s}
Condition Cades (disp [ RAPG X Rt ) o] o]
. . o
CY ov S Z feadar { Rx_) o
- -1 -1-1 (maR) | o [ O
immediate Quick X X
hediat X X
CY Unchanged . immaediate X
&"ﬂhgal Addressing Moda



HPD70616 (V60) { C UPD70616 (V60)
MOVF Move Floating Move Sign Extended MOVS
Instruction Opcode
Syntax instruction : -
src.b.r, dsthow - Move Sign Extended Byte to Haliword 0A,
nm:ft.ls s:c.ls.r, dst[s.w . :::mre Shart Real srchr, dstw.w Move Sign Extended Byte to Word oc
Mo, src.le, dst.lw ove Long Fsal sro.hr, dstw.w Move Sign Extended Haliword to Word ¢
Operation Addressing Modes 4o Addressing Modes
dst « sr; - Addressing Mode T T dsl « sign_extend( src} Addressing Mode we | dst
An L An { O 0
Description {An] | 0. Dedoriptic [An} | o o
Tha saurce operand is copied to the destinalion (Fet] | o M oontents of the source operand are sign extgnded [ R ] 0 o
operand and the flags updated o reflect the state of the {~An] [ o, I destination langth and copied to the destination (-An) | © 0
destination, disp | AnFC ) o, . digg [ RivPC | o] o)
[dep[AnPC)] | o source and destination operand lengths ditier in this ~ ldep[RafC]) | © 0
Condition Cocles dispt [ disp2 [ AnPC ) [+ 3 miruction. Whan spacifiad, the _autoingcremend, disp? [ disp2 [ Hn-‘_'r"ﬁl_] o 1+
addr | @ plocdacrement and scaled index addressing modes are Jaddr | O o
CY ov 8 £ l/addr] | o dependently calculated for each aperand. [faddr | Q 0
|_ : l o j - I > —l [AnkRx) | o her the immediate quick addressing mods is specitied ' [Rnkix) | © o
) o ) dsp[APClRe) | o ;h. Bource operand, the immediata data is zers diep[ APCHRx) | © c
5?1' it the destination is negative and on-zero, ldsp{RPCKRx) | o ndod to the source operand length before being [dep[RaPCIXAX} [ © | ©
ov Etlegrr:ése cloared Yewddr { Fix ) o | axtended to the destination operand length. . fukdr [ Rt } o 0
S Sat#the destination mantissa sign bit is set, [addr]iRx) [ o T e fRx) [ 0 | o
ciherwise clearad Immediete Cuick | 4. Codes Immediate.Quick | © X
Set if the destination is zero, otherwise cleared immedigte | -4 Immadixte Q X
o . : cY oy 3 £ X Thogal Addressing Mod -
FIV__FZD  FOV_ FUD  fPR A H'md,{;gmﬁﬁh R [T T j ogal Addressing Mods =
L . ‘ - ‘ - » | '-_f ’ Emepthl'm
Exceptions - Unchanged None
Fi¥  Set d the destination is a NaM ar infinite, Resarved.Floai ng Point Operand Unchanged
otherwise unchanged Floating Point Underflow : Unchangsd
FZD  Unchanged Unchanged
FOV  Unchanged -
FUD Setil the dastination is denarmal, otherwise et
unchangad _ lon Farmat .
FPR  Uachanged Format |, i
instruction Format

Format i




1PD70616 (V60) NE‘ C NI’:C LPD70616 (V60)
MOVT Move Fruncatad MOVT MOVZ Move Zero Extendad MOVZ
Syntax Instruction Opcode : Syntax Instnction Opcode
movi.hb  src.hy, dsthow . Move Trumcaled Haftword to Byte 19 movz.bh  srcbr, dsthw Move Zerc Extended Byte to Haltword o8
moviwh  srcw.r, dstb.w Move Truncated Word o Byte 23 movzbw  sechur, dstw.w Move Zaro Extendad Byte 1o Word 0D
moviwh  sroowr, dsthow Move Truncated Word 1o Halfword 28 movz.hw  Sfoh.r Ostw.w Move Zero Extended Halfword 1o Word 1D
Operation Addressing Modes Oueration Addressing Modes
dst « truncate( s Addreesing Mode &I det dsl - z870 emrd{ stc ) Addressing Mode src dst
_ A | o o ' An § O 0
Description [Rn] |- © 0 Description [Fnl 0O Q0
The contents of the source aperand are truncated 1o the . [An+] o o The contents of the source oparand are zeto extended [Rne] | © o
destinalion operand length and copied o the. . i-An] | © 0 and copied 1o the destination oparar. -, {-An) | © G
dastination operand. If any of the truncated bits do not disp[RnPC] | O o ination operand lengths ditter in 1his disp{RePG] | © o
match the sign of the result, an integer overflow has ldspiArci) | o | o The source a“dw";s"“a i T o toincromant [dsp{RePCH. | © | ©
occurred and the OV #ag is sel. in the event of an dispt {disp2{RaFC)} [ © | © Instruction. ang" sf:d index addressing madss are dispt [disg2 [ APC]] | O o
overllow, the destination operand is replaced with the _ faddr O o faulodacrem?nl !sc:d{ ¢ aach operand faddr o °
low order bits of tha true result, . tdey | o o mdﬂpﬂﬂdﬁ_"t y ca_""” at id‘” » _:e : s spaciiod [fadde) | © 0
The sourca and destination operand lengths differ in this _ (AnkRx) | O o When the immediate ‘“‘nd :1 ‘f"“'rf:agi a' ';"ad d“ at aspts“z era [RakRx) | © 0
instruction.  When spacified, the auloincrement, dise[RvPCHRx) [ . 0 | © for the source operand, the ITand enah disp[RVPC)(Rx) | © o
autodecrement and indexed addressing modas are [disp [ RvPG ] ) R ) o Q extended fa the daslm.atlon ope . fdisp [RRPC K Rx )} o L]
independently calkculated for sach oparand. addr(fx) { 0 | o ) - laddr(Rx) | O 0
S T { /addr J{ Rx ) 0 0 Condition Codes [faddr{Rx) | © G
Condition Codes - Immediate.Quick o | X oY ov. 5 z Immediate.Cuick o X
. Immediate | o X _ - - I T T immediate | O X
id ov . - =5
J_ (i | N I f l E 'I . liegal Addressing Wode ﬂd | | | — | - Megal Addressing Mode
CY Unchanged . -
Exceptions OV Unchanged Exceptions
' None §  Unchanged Nons
CY LUnchanged Z  Unchanged
oV ﬁat i;imeger overilow occurs, otherwise claared
s nchanged .
?  Unchangad bnstruction Format
Fommat 1, il
Instruction Forrmat
Format |, Il



OV Set if integer overflow ncci;rs, otherwise cleared

HPD70616 (V60)
MUL Signed Multiply MUL
—_—
Syntax tnstruction Opcods
mul.b sre.bur, dst.b.iw Mutiply Byie 81
mul.h sre hur, dst hew ' Multipty Halword 83
mulw SrC.w.r, dstw.nw Muttiply Ward a5
Crearation _Addremigg Modes
ast — dst=se Addressing Mode &IC dst
: o . Bn o O
Description {An] L+ o
The product of the source and destination operands is {Fn+ ) Q. a
stored in the destination operand. An overflow accurs [-fin] Q v}
when 1he doubls langth intermediate product does fit disp [ R/PC | o o
within the pracision of the destination operand, .. [dmp[RPC] ] (o] o
If the immédiate quick addressing mode is specified for dispd [ disp2 [ ANPC ]} o Q
the source operand, the immadiale data is zero ' faddr 0 0
oxtended to \he source opearand length before { faddr } O o}
parforming the oparation. [Rn}Rx) | © #]
: disp{RVPGYRx} | © o
Condition Codes [dizp [RWPC ) X Rx) o o
faddrifix) | © o
Y oy S
f_— l - l > | z I {fadarfRAx) { © o
Immediate.Quick (o] X
| )
CY  Unchanged it 2 i-‘ﬂ!

§  Setifthe result is negative, otherwisa cleared

Fd Set d the result is zero, otherwise cleared
Instruction Format
Format |, It

Hiegal Addrassing Mode

Exceptions
tNana

NEC

1LPD70616 (V60)

MU LF Muitiply Floating M U LF
Syniax Instruction Opeode
muit.5 src.s.x, dslsaw Muflipty Shart Raal 5C1A
msf.l arg.lr, dst.low Muttiply Long Real SEIA
Opemtion Addressing Modes

dst « sre - dst Addreasing kode &r del
"Rn | ©O o]
Description [R] | © 0
The preduct of the source operand and dastination [ A ] Q o
operand is stored in the destination operand. Both the [—Rn] 0 o
integer and lloating point condilion codes are updated to disp { RnvPC | 9 Q
reflect the rasult of the operation, [disp [AnPC] ] 0 O
if gither of the operands is zero and the other oparand is disp1 [ disp2 { RVPC ] Q 0
gither zero or normal, the rasult is Zzero with the sign faddr O <
delermined by the exclusive QR of lhe scurce and [ faddr } Q [a]
destination signs. [Ro}Rx} (] 4]
disp | R/PC ) Rx ) o} o
Condition Codes [disp [APC] K Rx) o) o
. meadrifxy | o o]
CY- OV 5 Fd [raddri P} | © o
L le - T-1 Immedigte.Cuick | a X
. Immediate A X
Sat it the resull s nagative and non-zera, Wegal Addressing Mode W

olharwise cleared
OV Cleared
5  Gatif the mantissa sign bit of 1he result is set,
olherwise claared ’
Z  Selifthe result is zers, olherwise cleared

FIV  Setd an invalid operation is atiempted,
- otherwise unchanged
FZD  Unchanged
FOV - Sel if the result is infinile, otherwise unchanged
FUD Sl il the result is denommal, otherwise
unchanged -
FPR Set i aprecision sror ocours, otharwise
unchanged

instruction Format
Formal I

A Reserved Addrassing Mode

Exceptions

Reserved Floating Point Oparand
Floating Paint Cvarflow

Floaling Poinl Unciertiow

Floating Point Precision



uPD70616 (V60)

MULU

CY Unchanged : :
OV Setif integar ovediow occurs, olharwisa cleared
5  Selil the MSB of tha resuh is set, otherwise
cleared ]
Z  Setil the rasult is zero, otherwise cleared

Unsighed Muttiply
T
Syniax Instruction Qptous
mulu.b srcio.r, dst.b.iw . Muitiply Unsignad Byte g1
mulu.h src.nr, dst.h.ow Multiply Unsigned Halfword 93
mulu.w &G w1, dSlw.rw Multiply Unsigned Word a5
Operation Addressing Modes
dst « dstesic (unsigned) Addressing Mods sic | dg 17
B : an | o | o )¢
Description [Rn] { O O
Tha product of the unsigned scurca and destination [Bn+] | O 0
operands is stored in the destination operand. An [-An] o | o
overllow ¢ccurs whan the product cannot fit within the disp [ RnPC | o] 0
precision of the destination cparand. [disp{ AnvPG 1) o] 0
If the immediate quick addressing mode is specified for disp [disp2 { Re/PC]) | © o]
the source operand, the immediate data is zero faddr | O ]
exiended to the scurce operand langth befors [ 7adkir ] o Q
performing the operaticn. [Ra)iRx) | © o
' disp f RnPC ] Fx ) a Q
Condition Codes (dep{RWPCI}FAx) | O 0
/addr (Rx} | © o}
oY oy S Z [fakr)iRx} | © 0
|_— I * t * [ * I Immediate.Cuick [+) X
Immediate O X
w

Instrustion Format
Format k|l

X Tlegal Addresaing Modes

Excaptions

Nane

e T

MULX

uPD70616 (V60)

MULX

Multiply Extended
Syniax Insinaction Opcode
mulx sro.w.r, dst.d.ow Multiply Extandad Word
i Addressing Modes
Operation ng :
dst « dsteso Addressing Mode &1 det
Rn s ] o
Description [Rn] Q O
The word designated by the destination operand is C[Ame] O g
mulliplied by ihe word conterds of the source operand. [-Rn} Q
The resulting doubleword produci is stored in 4_1isplﬁzy'Pc] o E
dastinaton oparand. , [Finpiﬂm‘P(}l] g °
if the immadiata quick addressing moda is specified for dispi | dmﬁ[m'fcd!j] ° °
the source oparand, the immadiale data is zero addr ° o
gxtended to the scurce operand length befera . {Fu!u;]?d;:: ° °
performing the operation. so0 [ FPOR ) ° °
fion Codes [dsp[RPCIXRx) § O | ©
Cenddion Jocddr [ Rx ) Q o
cY oV 5 Z [ facidr ]{ Rx } a o
L -0 R I Immediate.Quick | © X
Immacdiate 0 X
- =]

CY Unchanged

oV Gleared _
S  Setif the result is negative, olherwise clearsd
Z  Set H the rasult is zero, otherwise claared

Instruction Format
Formet I, I

Magal Addressing Mode

Exceptions
Ndne



1PD70616 (VB0)
M U L U X Unsigred Multiply Extended
Syntax Ingtruction
rilux src.w.r, dsl.o.rw . Multiply Extended Unsigned Word
Oparation Addressing Modes
: dst « dsts s (unsigned) Addressing Mode BIC
) An Q
Description [Bn} O
The unsigned word contents of 1he destination oparand [Are] o
is muitiply by 1he insignad word comeants of 1he source [—Rn] O
opgrand. Tha rasulting doubleword praduct is stored in digp [ RnPC 8]
the destination. [disp{ RaPC ]} 8]
i the immediate quick addressing mode is spacitied for displ {digp2 [AnPC]] | O
the source oparand, the immediate data is zero : ' /addr | O
exlended to the source operand length belore {fader) | ©
parlorming the oparation, ; ) [An}kRx} o
: disp [ APCY R ) O
Condilion Codes [disp[RnPC) K Rx) | ©
: lfaddr (Fx} | ©
Lol T+ Mot |
: : Immediae. Ouick o
Irfmediaie O

Y  Unchanged

OV Cleared
L] Sat if the MSE of the result is set, otherwise
clearad C

Z  Selif the result is zero, otherwise glaared

Instnaction Formal
Fomnat I, Tl

llegal Addressing Mode

Emehtbns
Nene

axleOO-OODGéOQ.GOCOIEJ J

wPD70616 (V60)

NEC

NEG Negate NEG
Syntax tnstruction Opcode
neg.b src.b.Js, dstbw Negata Byt 39
nég.h srehe, dst.haw Negate Haltword 3B
neg-w sroowr, dst.wow Negate Word ap
Operation Addressing Modea

dst « 0-src Addressing Mode e | det
Fin O Qa
Description [An] Fa ] 0
The two's complement of the scurce eperand is stored in [P+ ] 0 o
ihe destination operand. i-fn] |- O 0
Integer evediow will occur if the source cperand is tha fﬁspl RPCG] | O 0
largost negative integar which has no counterpart in 1he . [fmn[ RPCl]l | © o
two's complement numbar system. On overllow, the digp [ disp2 [ RVPC ] o] 0
source oparand is copied to the destination operand. faddy o o
if the immediata guick addressing mode is specified for [ faddr ] o v}
tha source cperand, the immediate data is zero _ [RnkPRx) | © o
axtended to tha source operand length before *_ﬁspi RaPCl(Fx) | © 0
perorming the oparation. {disp]AAMPCI)Ax} | O 0
faddr ( Fue ) o] )
Codes [ {Rx) | O o
Condltion Immediate.Quick Q X
cv OV 8 Immediate | © X
| * | * l * I * | X Tilegal Addresaing Moda W
OY  Setif the result Is non-2erg, otherwise cleared Exceptions
OV Satif integer overlow occurs, otherwise cleared Nona

Sal if the rasult 5 negative, oltharwisa cleared
Set i the resull is zero, otherwise clearad

Insiruction Format
Format 4,1l



Fiv  Setlf aninvalid oparation is attemptied,
othenwise unchangad

FZ0  Unchanged

FOV Unchanged

FUD Setif lhe result is denommal, olharwise
unchangead

FPR Unchanged

Instruction Fornat
Fomat Il

NOP

NEC

pPD70616 (V60)

No Operation NOP
Syntax | nstruction Opcode
nop Mo Qperation cD

Floating Point-Undasflow

wPD70616 (V60) _
NEGF Negate Floating NEGF
negl.s sre.s.r, dsts.w . " Negate Short Real EC»00
negl.l grg.Lr, dstlw Negate Long Real SE-09
Operation Addressing Modes o
dst « —5IC Addresging Mode g dat |
Rn O 4]
. Description (AR | © | . ©
The negation of the source oparand is stored in the. {Rm] O 0
destination operand. Bath the integer and llcating point coal] Lo ] 0
conditisn ¢odes ara updated 1o reflect the resuit of the _disp[AnPC ] o o]
aperation, - . . (dmp(Rorc]) | @ g
D dispt [dispZ[RAPC]] | Q@ | ©
Condition Codes e 1.0 |0
o S [faﬂdrl Q| e
oY av : 8 . Z [Fln}{Fb:] '_:O'_' o
IEREREEEN des[Rupc)R) | 0 | o
cY  Set ﬂthﬁ resuhla e '.ﬁva and non-zae [dnp[HnPél}[th}'_ I
othocwise cloared ' : m}i:: I
OV  Cleared ) e
S  Satif the mantissa sign bit of the result is set, lmmediate.Culck " 4 "| "X
otherwise cleared S o lmmedicte A X
Z Set i the resull is zero, chﬁm-ﬁ& dﬁarﬂd ) X MMegal Addiesaing Mode ' L)
| A Reserved Addressing Modse -
Fiv___FZD _FOV _FUD _FPR ..
o T-L-T 110 oot
' Reserved Floating Point Operand

Operation
PG = PG

. Deacription -

No aclion is lzken. The NOP instruction can be usad fo
secura a place In the code strezm or fo create a program
delay.

Condition Codes

- Unchanged

. CY .
OSV Unchanged
Z

. Unchanged
. Unchanged

Format V

Exceptions
Nana



z Sel i the result is zero, otherwise cleared

Instruction Formal
Format J, It

Excaptions

None

LPD70616 (V60) NE C
—————_._______-_'.
N OT One’s Complement N OT _
__""i-;-_
not.b srchr, dstbw One’s Complament Byte .
noth Se.h.r, dst.h.w One's Complement Halword )
not.w STCWLT, A5t w.w Ona's Complement Word
Oysaration Addmeasing Modea .
dst « ~sro Addressing Mode s | det ]
. . An o) 0
Besgcriplion tan] 0 Q0
The one’s complement of the source operand is storgd { R ] O 0
in the destination operand. IR o) o
if the immediate quick addressing mode is specified for disp [ AP | o o]
the source operand, the immediate data is zero (depfRePC]) | O a
extendad to the source operand ienglh baiore diwp1 { disp? [ AnPC ] ] o |0
performing tha operation. faddr Q o
[faddr] | © o]
Condition Codes {An)(Rx} | © 0
cY  ov 5 z disp[RaPCRe) | © 0
L ~ I P l . l '_l [dWP[R“-‘PC]HFF} O ()
mddr{fx) | © 0
faddriiRx) } o 0
Y  Unchanged [ :
gv Clear:dng Immadiate.Ciuick O ¥
5 Setif the MSB of the result is set, otherwise Immediate | O X
cleared tlegal Addrassing Mode =]

pPD70616 (V60)

specified, the immediate dala is zero axiendad to word
length and used as the bit ofisat.

Condition Codes

€Y Sel il ha designated bit is 1, atharwige claared
OV Unchanged

5 Unchanged

£ Setif the designated bil is 0, otherwise cleared

Instruction Fomat
Foomat 1, i

N OT1 Complament Bit NOT1
Syntax Instruction Opcode
nolt offset.w.r, basa w.nw Bit Test and Cornplament B?
Operation Addressing Modes -

CY « bit{ basa, ofisat ) Addressing Mode otlset bage

Z + ~bil{ base, offset ) o S

bil{ base, offset) « ~bit| base, offsat ) [ Rn] a o

' [ Ans] o &)

Description [-Rn] o o
Tha bil lacaled at tha sum of the byte base addregs and disp] RvPG | O o]
b ofiset is lested and then complemanted. The CY and [dispf RVPC 1] 0 (]
Z flags reflact the state of the bit prior to the axacution of dispi [ disp? RVPC |) [+] O
the instruction. faddr (o} O
Tha kcation of the desigrated bit is decided by the basa { fakdr } o o
operand. It the regisler addressing mode is used lor tha {Rn}{ Rx) o o
base operand, the designated bit is kcated within a disp [ AvPC |{ Rx ) e} o}
general purpose register st the specified bit oisel. For [ disp{ RvPC 1Y Rx) [+ o
any other addressing mode, the designated bit is al the addr { Fix ) a) o
spacified bit oifset from the base address. An llegal Data 1 faciar ¥ R ) o 8]
Field exception gccurs it the bit offset is cutside the Immediate. Curick o X
range G to 31. . _ bmediate o X
if the autolncrement or autedecrement addressing moda Wegal Addraseling Mode w0
is specified for the base operand, the base oparand is .
treated as word data and is incrameniad or decramented Exceptions
by four. When the immediate quick addressing mode is iogal Data Fiald
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NOTBS Negate Bit String NOTBS OR Logical OR OR

Syntax Instruction Opcods Syntax ’ 88
notbsu  bsrebur, blen.b.r, bdstb.w, Negate Bit String (Lipward) EBDA or. src,ﬁ,r. gﬁﬁx g: ?-Iy;:word BA
notbsd  bsrc.bur, bienbur, bastbw Negaia Bit String (Downward) SB-0B g:'\r; z:gwrr A5t W.Iw OR Word 8C
Operation Addressing Motes Operation Addressing Modes

bast + ~bsre Addresaing Moda berc | bien | bdgt | dsi « dstvsie Addressing Mode src | dat

. An | X a T An O 0
Cescripdion @ Rn] o - o bescription [Rn] (#) o
The complement of the source bit string Is stored in the @{ An+ ) 0 - Q The bit-wise OR of the source and destination oparands {Rne} | © 0.
destination bit siring. ‘Spacitying the direction of the @& -fAn} o - O is storad in the destination operand. (-An] o 0
o:paration allows the correct result 1o be compuied when offsat@® AVPC ) o - G If the immediate quick addressing mode is spacified for §hp[R:UPc] Q 0
bl stn‘n?s ovadap. . @{dgp{ RaPL]) O - Q the source operand, the immediate data is zere ) ifdsp[ AP i g g
To minimize the interrupt tatancy lime, the ANDRS olset@ disp [ RvPC | ] a) - o axtonded tc the source operand lengih belore disp1 [ disp2 | 11
instriction allows the service of inerrupts and faults laddr o - C parforming he operation. fadds o 0
follewing the completion of a bus cycle. After servicing @& fagdr | ) - O [ addr] O 0
the interrupt or.correction of the jault condition, Rx@{ An | Q - o} Condition Codes ) [FR": X#x) o 0
instruction execution -continues from the point of Fe@{ AnPG | Q - s] disp [ (P ol
intersuption, ru@idep[RaPc]] | o [ - | o oy oV 8 2 tdsp[RAPCIX R} § O 1. O
Duning the execution of the NOTBS instruction, registars - Rxpadar | O | - o [ - | o l - | ’ I ,Ml d"r(m:' g 3
R28 and R27 contain pointers to the bytes within the Rx@{saddr] § © | - Q [ Kﬂ.xj
source and dastination bit strings to be processed next. Immodiate.Quick | X - X cY glncl';gggsd ‘mmdllm':fnk g ' :
Following the exacution of the instruction, R28 contains Immadiate x 0O x oV ea ] . mmediata

. ; harwise

ithe address of the byte containing the final bit of the lMegal Addrassing Moda s 3:;?;33 MSB of 1h|_a rosultis set, othe Megal Mdrlessmg Meoda W
sourcs bit string while R27 contains the address of the  — Unavailable Addressing Mode Z  Seli the result is zero, otherwise cleared ' '
byte containing the final bit ¢f the destination bit string. Exceptions

. Exceptions N

: nstruction Format ong
Condition Codes Noneg - ! Fonmat 1, il
cy o ) Z

CY¥  Unchanged
OV Unchanged
5  Unchanged
Z  Unchanged

[nstruction Formet
Farmat Vb




1PD70616 (V60) Nl‘:
0 R B S OR Bit String
Sytitax Instruction
orbsu ksre.bur, blen.b.r, bdst.b.rw OR Bit String (Upward!
orbsd bsrc.b.r, blan.b.r, bdst.b.w CR Bit Strig {Dowm;:d)
Operation B Addressing Modes . .
bst « bsrg v badst Addresing Mode berc | blen | bon

) Rn X o X |
Deacriptbn @R} |0 - | o
The bit-wise OR of the source and destination bit strings @ Ant ] 0 - O
18 stored in the dastinalion bit string. Spacilying the @{-An) o | - 0
direction of the operation aliows the carrec] result to be cfisat@{ An/Pg | O ~ O
computed when bit sirings overiap. , C@dep[APC]] 0 [ | 9
To minimize the interrupt katancy time, the ORBS ciso@{dwo[APC]) | © | - [ o
insiruction allows the service of intarrupls and faulis @/addr o | - (% |
lollowing the completien of a bus cycle. After servicing @] /addr ] o - 0
the. intarrupt or correction of the fault condition, R@Rn] | O - Q
instruction execution continues frem the polnt of R@Aavrc) | o | . o
intermption, Co : Ru@{cmp[APC]) | © - o
During the execution of the ORBS instruction, registers Pxgp/nddr | O - Q
R28 and R27 contain painters 1o the bytas within the Rx@i/addr) | © - 0
souTcs and destination-bit strings 1o be processed next. Immadiate.Quick | .X. | - X
Foliowing the execution of the Instruction, R28 contains Immediate | X" { o |.x
the. address of the byte containing the final bit of the X Thegal Addresaing Mode— " e
sourcs bi sting while R27 contains the address of the - Unavallable Addrasaing Mode
byte containing the final bit of tha destination bt string. o .

. instruction Exceptions

Conditlon Codes
l cY ' oy I 5 Z

CY  Unchanged
OV Unchanged
§  Unchanged
Z  Unchanged
Instruction Formmat

Format Viib

Nona

ot
oo

- -processed next.

L

uPD70616 (V60)

ORNBS

ORNBS

Following the execution of the
Instruction, R28 contains the address of the byte
containing tha final bit of the saurca bit string while R27
containg the address of the byte containing 1he final bit
of the destination bit string. '

Condition Codes

CY Unchanged

OV Unchanged
5  Unchangad

Unchanged
Insinuclion Fomnat

Format Vi

OR Complamented Bit String
Syniax instruction Opcode
pmbsu bsre.bur, blen.b.r, bdst.b.rw OR Cornglemented Bit String (Upward) 5B+16
embsd  bsrcb.r, blen.b.r, bdst.b.rw OR Complemented Bit String {Downward) 58.17
. Operatlon Addressing Modes - .
P bdst « -bsrc v bast Addressing Mode berc | bden | budst
Rn X 4] X
Description @ Fn] Q - (o]
The bit-wise OR of the complemented source bit string . @FRn] | O - o
and the deslination bit siring is stored in the destination @&{-fn) o - o]
kit string. Specifying the direction of the oparation offsat@{ R | 14 - )
aliows the correct result to be compined when bit strings @{aep[AnPC1Y | O - o
overlap. S oftset@ disp [ RvPC ] 0 - c
To minimize the inferrupt latency time, the ORNBS Piaddr | O | - C
Instruction allows the service of interrupls and faults @ljeddty | O - o]
{ollowing the complation of a bus cycle. Afier servicing R@[Rn} | © - 0
‘the interrupt or correction of the fault condition, Rx@{ RnPG § T 0 - 4]
instruction - execution cenlinues from the point af Px@{disp [RWFC]] | © - &)
‘intarmuption. , Ax@iaddr | O - o)
-During the execution ol the CRNBS instruclion, Re@{/addr] | © | - 0
reglsters R28 and R27 contain pointers to the bytes Immediate,Cuick X - X
within the source and dastination bit strings to be immadials X-1-0 ::cm

illegal Addresaiig Mode
— Unavailable Addressing Mode

Exgeptions

None
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ouT

Output OUT
Syntax Instruction Opcods
out.b srobur, port.bow CGulput Byte
out.h src.h.r, porthaw v Qutput Hattword
out.w SIC.W.T, POTtw.w Cutput Word
Operation Addressing Medes
PNl Erc Addressing Mode SIC pon
o Rn L8] X
Description fRn] o JO Y
The source operand is copied to oulput port. [Rns ] o o
_ : [An] | © | ©
Conditlon Codas disp [ RVPG | a <
[disp[RFC)] |- © o
CY . .
| : I Ci"’ | ? I disp1 [disp2 [RnPG)) | © o
: ] fagdr | O o}
il O -0
CY Unchanged {Rr{lll:ﬂ:: o] o
OV Unchanged i
5  Unchanged disp [ APC ) Rx) o 0
Z  Unchanged {dispiAnPCKRx) [ O | O
faddr { Rx } 0 a
I ion Format [faddr{Rx} | © o
Ll lmma&ima.&.’mk O X
Format Immadiats O X
IHagal Addressing Mode oo
Exceplions

Privitaged Instruction

S  Unchanged
Z Unchanged

instnuction Format
Formna Il

¥ Tlegal Addressing Woda

Exceplions

Nona

-. LPD70616 (V60)
e —_
PO P Pop Word PO P
i
Syntax instruction Opcode
pop dst.w.w Pop Word EB/7
Operation Addressing Modes :
dit « [SP+] Addressing Mode dst
An o
Description (An) o
The word data located on tha top of the stack is copied 0 [Rn+] o
ihe dastination operand. The stack peinter {R31) 18 then . [-Ra] o]
incremanied by four. t.insp [RoPG] | g
The POP instruction is a shorler ancading cf the more st [Lﬁgm:: o
genaral Instruction T s o
mov.wW [ &p+ ], dst [ /ackdr ] o
{Ra ¥ Fx) o}
Conditian Codes disp { AVPC § Rx ) o
cY oV 5 z [ disp [ RnPC Y Fx ) O
T T-T-1 waw(ro {0
[ fakdr i Fx ) 0
€Y Unchanged immediate Quick 3;
oV Unchanged Immediale .
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P O PM Pop Multipls
Syntax inatraction
popm list.wr Pop Multiple Registars
Operation . Addreasing Modes
registars « [ &SP+ ] " Addreszing Moda
Description An 0 |
Tni? instruction permils a programmaer to pop from 1 10 32 ﬁl o
registers from the stack with & single insiruction. A (frel ] 0
regisier will ba restored ¥ and only i its corrasponding bit i [l °
in the register list is set. [;hs’; me o
. Kp 1.0
UL AL UL L LI B UL L i o disp1[disr.\2[ﬂn."PC] ! .
I i |
{faddr] | © .
L Bk
. [Ra)iRx) [ o
Tha register list is searched sequentially from 1thea LSB '."*“"“”"c]‘“” ¢
(RO} to the MSB (PSW) with only the designated [deplRnPCIKRe) | o
reg!ster§ being restored from the stack. ¥ the PSW faddr ( R ) Q]
register is spacifiad, only tha lowar halfword is modified. [ /acdr I Fix ) o
The rF_.-gIstar lisi is axtended o word length if the mmediata Quick o
immediate quick addressing moda ks spacified. [mmediste o
Condition Codes Excoptions
oY oV & z None
ENERENN
CY  Restored if list:31 is set, otherwise unchanged
OV Restored _il Hs:31 is sot, otherwise uncha:ged
S  Restored # list:31 I3 set, otherwise unchanged
Restored If list:31 is set, otherwise unchanged
Instruction Format

Format Il

o A e R

. wPD70616 (V60)
—
PRE PAHE Prepare Stack Frame pREPARE
e
Syntax Instruction Opcode
grepare nNurn.w.i Prepare Slack Frama DEF
Operation Addresa Modes
Mg — um Addressing Maoda fum
[-SF] ~ FP
FP « SP [H?-:; g
EP « SP -t
- e [Re] | ©
on [-An] O
Descript disp | RnPC ] Q
This instruction is used 1o dynamically ganerate a new [dsp{ARPGYI | ©
stack framg upon entty into a procadure,  First. the dispt { disp2 [ RPC 1] (o)
contents of the frame pointer (A30) are saved on the faddr 0
slack and the updated SP is copied inte the FP registar. [ faddr 0O
Finally, the stack pointer is adjusted by the spacified [Rn ) Fx) 0
sumber of bytes 10 aliccate storage for local variablas for disp[ R/PC }{ Rx ) o
_ faddr [ Ax ) QO
Condition Codes [ faddr ¥ Fx ) Q
. oy oV s z Immedia.ta.ﬂuid-: O
I - ; - ] ~ —[ h —| knmediate a-
Wnr
CY  Unchanged
OV Unchanged Exceptions
8  Unchanged None
Unghangad
Instruciion Format
Formral I




Z  Unchanged

Instruction Format
Formed

Exceptions
Nong

uPD70616 (V60) NE "
NI S
PUSH Push Word PUSH
. _'k
Syntax Instruction Opcode
frush SFC.W.I Push Word EEE.
Opearation Addressing Modes
[-SP] & src Addreesing Mode B 1
. . Rn | 0]
Description [An] | o |
The stack pointer {RJ1} is decremented by four and the {Ree] | o
coments of the source operanid are copied onto the [Ar) | o
stack. dsp[AnPC] |~ 0
The PUSH instruction is a shorter encading of the more [disp{RPCI] | O
general instruction dispt [disp2 [ANPC]) | -0 |
mov.w sre, [—sp | faddr: | 'O
| [taddr} | S0 Fi
Condition Codea LGS Gt - 5
' disp[AWVPCKRx) | © .3
CY oV § z [disp[RAVPCIKRx) | © |
. waien | o |1
€Y  Unchanged Immediste.Quick | © f3
OV Unchanged Immediate | © |7
S ° Unchanged w0

wPD70616 (V60)

Format [l

e ——
PUSHM Push Muttiple PUSHM
Syniax nstruction Opcodo
pushm  listw.r Push Multipla Regisiers EC/D
Operation Addressing Modes
[-SP)] « registers Acdrassing Mode kit
] R | O
Deacription [An] 1 ©
. This instruction pemmits the programmar 1o push from 1 [ R ] Q
- ter 32 registers on to the stack with a single instruction. A [-Rr] O
_register (PSW, An) will ke saved i the corresponding bit disp [ ANPC | o
inthe register list is set. |dep[RPE] | O
litllliIII!IIiI-IIFJJIIIEIIIIII dhpt[dw[wc]] 0
AR H st | O
MO0 745432100785 42310 [fﬂﬁl’] 0
pe-o1 .. IPelRx} § ©
e R disp [ RvPC | Rux ) o
.Tha rﬂﬂls‘ar list is searched Sﬂql.l'ﬂﬂna"jl' irom the MSEB [dhp[MPC] HR‘} O
{PSW) to tha LSB {R4) with only tha designated registers radr { Foc } o
being pushed onto the stack. The SP {R31) is not saved [ fackdr J Fix } o
_and foliowing the execution of the instruction points to immediate Ciiick o
. e last register pushed on the stack. ' Imm;dm o
. The ragister list is extended 10 zers ward langth if the T
immediale quick addressing mode is specified.
Exceptions
Condition Codes Nona
cY oy ] s : z | "
CY  Unchanged
OV Unchanged .
S Unchanged
Unchangad
Inatnaction Fomat -
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_— i
REM Remalnder REM: REMU v Unslgned Remaindor REMU
Syntax Instruction Opcods Syntax Instruction Opcode
rem.b srebr, dstborw Remainder Byte 50 remu.b sre.b.r, dst.b.ow Unsigned Remaindsr Byte 51
rem.n src.hur, dst.horw Hemainder Hatfword &2 rermu.h src.hr, dsth.rw Unsigned Ramaindar Haliwond 53
rem.w SIC.w.T, dstw rw Ramainder Word 54 rarms.w srewr, dstow.rw Unsigned Remaindar Word 55
Operation Addressing Modes : . Operation Addressing Modes
dsl « dst % src Addragsing Mode sre | det | dst e~ dst% src{unsigned) Addressing Mode ac | dsl
' Fn | © 0 | An | © Q
Description (Rl | -0 { o Descriplion [(An) | © o}
The integer remainder of tha destination operand - [Ane} | O {0 The remainder of the destination operand (dividend) {Rne] | O 2 O
(dividend} divided by the source operand (divisor) is [-Rn] o] o divided by the source oparand {divisar) is stered in the [-An] | © o
stored ‘in the destination operand. The sign of the disp[RaPC] | © o destination operand. Al operands are treated as disp[APC] | © | ©
remalndes is the same as the sign of the dividerx. [ disp [ AnPG 1] ol o unsigned data, howaver, the condition code flags are sel [disp [AVPC] ) 0 Q
The destination operand remains unchanged when a diep1 [disp2[RPC]] | © o as if the remainder is a signed value. displ[disp2{RaPC]) | © o
Zaro Divide axception ocours. fagdr | © o The deslination operand remains unchanged when a faddr | O o
If the immediate quick addressing mods is specilied for - . lmdr] | O} 0 Zero Divide exceplion occurs. . (adir} 3 Q | O
ithe sourca operand, the immediate data is zero tAnj{Rx) | © o I the immadiata quick addrassing mode is spacitied for {An)(Rx} | O ( O
extendad to ihe source operand lengih belore disp[RnPCNRe) | © o the source operand, the immediate data is zaro dsp|RPCHRe) | O o
. performing the operation. {disp{RFCIKR) | © | © sxtended 1o the source opsrand length belore [disp[RPC]KRx) | O 0
' Jfddi(Rx) | O | O pariorming the oparation, ‘adk (Rx)- | O G
Condition Codes ; '.i;ﬂﬂ-‘_liﬁxl | @ | o [/addr]{fx) | © o
. mimaedi ata, Quick. o X . Immadiate. Cuick 0 X
CY OV __ s z 1 " mmediate | o X Condition Codes Immediate | O x 1
| - l 0 | J . ] X Tlogal Addrossing Wode N l cy ] Qv l 5 l ; ¥ Tagal Addressing Mode WJ
- . N - 0 - »
CY  Unchanged Exceptions Exceptiona
OV clear'Bd . . . 78 Dl\'u oY Unchaﬂgad ze i ﬁ
5  Setif the result is negative, otherwise cleared o o oV Cleared fo Livice
£  Satif the result is zera, otherwise claared 3 slat if JSE MSE of the result is set, otherwise
Instruction Format Z g:’.'al; the result is zero, otherwise cleared
Fomat £, I )
Instruction Format
Fomnat |, ¢l
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RET

NE !

Return from Procedure R E y
Synlax I_ﬁs!mbn Ope 3
ret num.w.h . Return fram Procedure E2/3 :
—i
Opemﬂ?:m 1 Addressing Modes oLk
«— num : H S
P2 o [SP3] Addreceing Modae Nk
AP « [SP4] An
SP « SP +1mpi [Ra] E
[-Anj 0
Description disp [ RaPC ) Q0
The relurn address and argument pointer register (R28) . [ disp [RVPC]) Q
are restored trom the stack and program control is disp? [dinp2 [ RnPC ] ) ¢
refurnad !a the calling module. The opticnal number acdr o
oparard is used to aulomatically discard any input f/adar] | O
paramsters from the stack, [RnK Rx) O
| disp [ AnPC ) Rx ) o !
Condition Codes {dip [RAPC1j( ix) ° .
_ rdar{fx)y | o I
&Y __ov s y4 [ faddr } Rx ) o
| - l - l ~ | __l tmmediate. Cuick o
o b Immediata [« I I
nchanged "
05\.' Unchanged
Unchanged Excep
Z  Uachanged Nons tians

irsstruction Formudt
Formea i

H

NE C

—_—
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usad as the count cperand.

Condition Codes
CY oV 5] Z
[R[r[RrR[®R]

Y Restorad
OV Restorad

5 Restored
Z Restored
ingiraction Fomat

Formnat 1l

H ETI S Return from Interrupt (System) H ETI S
fodhubmunti

Syritex Instruction Opeode
ratis count.h.r Retum fram intamupt - System FAB
Operation Addressing Modes

PC « {5P+] Addresaing Mode - £unt

PSW « [SP+

S v S 3 court [HR“’; g

[Am] | O
Description [-Rn] o
The PC and PSW are popped from the stack and control disp [ RnPG | ]
resumas at the point of interrupticn. The count operand ( disp [ RAPC )] s
allows the internupt or exceplion handier 1o specily tha diap1 [ disp2 { RVPC ] Q
number of byies to ba automatically discarded frorn the Jaddy o
stack. [ fagdr ] o0
The RETIS instruction checks for the occcurance of the {Rn ){ Rx) 0
Asynchronous System and Asynchranous Task Traps. i sp [ ARPC Y R ) o]
a higher priorily exceplion is delected, processing will [ disp [ RVPG | | Rx ) o
not relurn to the point of interneption but will instead be Jadscr { B} o
vectored 10 1the appropiate trap handler. [ faddr i Rx } o
When the immediate quick addressing mode is Immediate.Quick | ©
specified, the data ls zero extendad to 16-bit length and immediate o
W

Exceptions

Privileged Instruction

Negal Data Field
Asynchranous System Trap.
Asynchronpus Task Trap
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R ETI U Retum from Intermupt (User) H ET‘ U ROT Rotate R OT
Syntax inatnaction Cpcode
Syntax * Instrusction Opoode ' ralb count.b.r, dsi.b.rw Rotale Byte 8g
raliu count h.r Retum from Interrupt {User) EA/B _ rot.h count.b.r, dst.h.ew Actate Haltword . 8B
. rotw countk.x, dstw.mw Rolate Word g0
Operation Addressing Modes - Oporation Condition Codes
PC « [SP+} Addreasing Mote count dst « solate( dst, count ) oY aov S z
ggw.-SILSP+] T - o T T- I
— + Gount [Rn] o Description :
o [Rm] | © The destination aperand is rotated the specitied rumber  CY  Set # tha last rotated bit was set, cleared K the
¥ [-Rn] o] of bits and stored back in the destination, last rotated bit was 2810 of the rolate count was
The PC and PSW are popped from the stack and disp{ RVPC} 0 The rotate count is specified as signad byte data in a zaro
ram control is returnad to he peint of internuption, . Qv Cleared .
Frog pe on. [disp{RWPCT] | @ range from -128 1o +127. When the rotale count is i the M
The count oparand aliows the interrupt of exception - Set # the MSB of the result s set, atharwise
unt gperand afiows the iniefrupl of axcaph dispt {diep2 [AnPC]} | © positive, the destination is rataled jatt with the contents - cleared :
handler 1o specliy the number of bytes io be laddr o of the MSB rotating into the LS8. When the rotate count Z  Set li the rasukt is zero, otharwise clearad
automatically discarded from ihe stack. [facde] | © is negative, the destination is rotated vight and the :
The RETIV instruction ¢checks for the accurance of [AnERx) | © contarits of the LSB is rotated inlo the MSB. The  Addressing Moties
Asynchronous System and Asynchronous Task wraps. I diep[RVPCKRx) | © destination will remain unchanged it a rolate count of ‘Addressing Mode oo | am
a higher prierity exception is datacted, processing will [dep[AVPC]KRx} | © zero is specified but the flags will be updated.
rot raturn fo 1he peint of interruplion but will instead be rddr(Re) | © - Rn | Q o
viactored to the apprepriate trap handier. {/addr}( R} | © counted  ©Y wee s [Rr] | © o
An legal Data Field exception will occur if the execution Immediste.Quick | © [Rw] ) O O
tavel fisid in the PSW Is not 0 and the ISP flag is set or if immadiate | © [An] | © o
an attempt is made 1o return to a more privileged ——gromt clap [RWPG] 0 aQ
execution lovel. count<d ush L5 oy {cisp [ AWPC]] g g
- Instruction Exceptions diep1 [ ciep2 [ H"‘m o o
Condition Codes illegal Data Fieki o | o
7 Asynchronous Systerm Trap [faddr]
L 4 Qv s Asynchronous Task Trap . {An](Rx} o 0
Iﬂi“1“i“l dsp[AVPGIRX) | O | ©
if the immediiate quick addressing mode is spacilied lor [Sisp [ RWVPC )Y R ) O o
g‘{; gestored the count operand, the immediate dala is zero exiended faddr (Fxy [ Q a
s R:::g::g 1o byte lenglh before its use as 1he rotate count. [saddr](Rx) 7 © o
Restored Ta minimize the instruction execution time and inlemupt "“"‘“i‘a’:‘ﬂ‘iﬁ g ;:
latancy, the actual rotate count is computed madulo the ) m sl
Fw___FZD _FOV _FUD _FPR dastination operand size. Wegal Addtessing Mode
[RinfnrfnlcHr
Instnction Format Exceptions
FIV Restored None
FZ0 Reslored Forma |, I
FOV Restored
FUC Restored
FPR Restored
insiruction Fomat
Formnat |
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ROTC

wPD70616 (V60)

RSR

Rotate with Carry ROT RSR Retumn from Subrouting

Synitax Englruction Opcoda
ratc.b count.b.1, dst.b.rw . * Rotate Byt thraugh Carry - Syntax . Instructicn Opcode
rote.h count.b.r, dst.h.re Fotate Halfword through Carry . Retwm from Subrouting CA
role.w court.bur, dst.w.rw Ratata Word through Casry
Operation Condition Codes fon

dsl « rotate_through carry[dsi mum} oy ov s 2 : _.3 PC « [SP+]

. [Tl T-1 |

Tha concatentation of the destinalion operand and CY
flag s rotated the specified number of bits and stared
back in the destination. .

Tha rotate counl Is specified as signed byta data in a
ranga from -128 to +127. When the rotate count is
positive, the destination is rotaled: left with the MSB
rolaling through the CY flag into the LEB. When the

rolate count is negatwe the destination is rotated vight:

and the contants -of the LSB is rotated through the CY
flag intg the MSB. - The destination will remain
unchanged ¥ a rotate count of zero is specified but the
Hlags will ba updated,

T oot 0 cy M L&B

e
om0 rlu.snf, - — "meﬁ

li the immediate quick addressing mode is specitied for
the count operand, the immediale data i zero exianded
_ 1o byte length befora its use as the rolate cound.

To minimize the instruction axecution time and Interaupt
lateacy, the rotate count is computed module the
destination operand siza,

instruction Fomaat
Format £, tl

CY - Set if the last rotated bit was set, cleared ffthe 1
last rotated bit was zero or the rotate muntwas =
ZerG
OV Cleared

Sét i the MSB of the result i5 set, mherwisa

claared

Sat # the result is zevo, mtuarwssa cleared . -

W

Agdressing Modes
" Addresaing Mode

An

[Rn]

[Fne]

[Rn]

disp [ RRPG |

[disp[ AnPC] ]

disp? [ disp2{ RPC ]
fadds

{ faddr

[Rn]{ Rx )

disp [ AnPC |{ Fx )
[disp [ RnPC | X Rx )
faddr { fix )

[ /addr ){ Fx )
Immediate.Ouick
Immadiate

i

OOOOOOOOOODOOOOO'E:
xx00O0OOCOOCOOOOODO[E]

iIEe-gaI Addressing Mode

1

Exceptions

Mone

N

The return address is popped from tha stack and conirol
is retumed {0 the calling module.

The ASR instruction is used 1o lemminate subroutines
‘enlered using the JSA and BSR instructions,

Oondltlnn Oodes

Cf Unchanged

OV Unchanged

§  Unchanged

L Uncngi'ig_ed
Ingiruction Format
Format V

Exceplions
Mone



NEC
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RVBIT Reversa Bli Order RVBIT
Syntax ingtruction Opoode
rvbil sre.bur, dst.buw Reversa Bit Order
Operation Addressing Modea .

dst « bil_reversed{ src) Addragaing Mode arc dat
“An o a
Dascription [Rn] o Iy
Tha individial bits of the byte data addressed by the [Rev | O c
source operand are reversed as follows: [-An] O 0
dsp{RWPC] | O 0
: e [dep[RPC]] | © 0
o7 Joe Jos oo [ o [ [or [ =] dupt[dsp2[APc]] | © | o
U . faddr o Q
. [ faddr ] Q Q
! 2 (RokRe) | © o
[w]e[e]sjo]e]ew]|w] dp(APCKR) | 0o | o
se-ce0 [ disp [ ANPC] X Rx) c 0
fackde [ Bx } ] Q
Tha source oparand is unattected by this instruction. Eh.ddr]"' Fix ) 4] O
If the immediale guick addressing mode is spacilied for 'mm'“-q'-':‘ g :
the source operand, the immadiate data is zero _ Immadiate il
axlended to byte length befora the bit reversal takes egal Addressing Mode
place.
Excaptions
Condition Codes Nons
Y ov S F4

CY¥  Unchanged
OV Urchanged
5

Unchanged

Z  Unchanged
Lnstruction Format
Forma ), Il

HVBYT Reversa Byte Order RVBYT
Syntax tnstruction Opcode
byl sre.w.r, dslowow Hevarse Byle Order
Operatlon Addressing Modes

dst « byle_reversed{ src) Addresaing Mode &rc dst
Bin 0 0
Description (Ro) | © 0
The individual byles of the word data addressed by the [ R ] L8] 0
sourca oparand are ravarsod as follows: [-An] Q o
-0 22 1918 ) 3 disp [AnPC ) o o
[ diep [ RnPG ]} 4] fa]
disp) [disp2 {RPCY] | © o
faddr a} ]
4 lnax] | © | o
[Rn]iRx) (o} O
X o . LA AR | disp[APCHRx) | © o
Broo | ol ez [T Em3 [gselRoPCIXR) | 0 | o
/mddrifx) | O 0
-G [ faddr 3 R ) Q 0
Imnrsdiate Cuick o X

The byte order of 16-bit data can ba reversed by the Immediate | © x

ROT Instnuction. p—

If the immediate quick addressing mode is spacilied for
the source operand, the immediate data is zero
gxtended 1o word langth before the byte reversal takes
place.

This instruction is provided to simplify data transters
betwean machines adopting diffesent integer notations.

Condition Codes

GY  Unchanged
OV Unchanged
5  Unchanged

Unchanged

" Instnaction Fornat

Formal |, I

Wlegal"Addressing Mode

Exceptions
None
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SCHOBS Search Bit String for 0
Syntax Instruction
schObsu  bsrc.b.r, blan.b.r, dstow.w Search Ba String for 8 (U
schObsd  bsre.ber, blen b.r, dslw.w Search Bl Stn‘% ford :ﬁﬁ;m} gg"gn
‘N
Operaticn Addressaing Modes
dst « bit_cfiset first O bit] Bit Address.  {bsrc dsi Byte Address |
S a ress
R | X O | An
Cresciiption - _ @fn]| O C [ [An]
‘The source bit string is scanned unlil a zero bit is found @HRne]| © O 1 [An+}
or 1he bit string is exhausted. i tourdd, the bit ofisat of @-fin}| O 0 |{-Rn
the detacied bit is stored in the destination operand and ofsel@[ An )| © O Q,,,
the Z flag is cleared. Otherwise, the Z ltag is set and the oliest@ PC]| © Qo bl
bit ofiset of tha nex1 logical bit string after the searched @] digp{ An 1]} © o d:P{ rel
bit string is stored in the deslinalion operand, @{disp{ PC]]} O O {dﬁxu
To minimize the interrupt tatency lime, the SCHOBS oftsou( disp{ An }]| O o diam[diap]z][m
instruction allows the service of inlerrupts and faulls offset@ disp[ PC1]] O O | dispi[ dispe] !
following the completion of a bus cycle. Afler servicing @faddr| O O f:ft e
1hs inlarrupt or correction of tha fault GOI‘IdiIiOH. @[fadd;} O a) [fad;
instruction execution continues Trom the point of Fx@{An]| O ) {nn](r|]q,
intermuption. Fx@{Rrn]] O O { cisp| Rn}: Fix
Registar R28 is used as a work fapister during the R@[Pc]| O 0 dhplpckm]
exacution of this instruction, polnting 1o tha current g dispf An )] © O | [diepl Bn Fb:;
posilion within the bit string. After tha completion of this Fx@y digp{ PG| © O | [disg P{:H }
instruction, R28 will point to Ihe Dyte containing tha Rx@/adar | O O | jadd. e
datected bit or tha byle containing the final bit in the bit Rx@| facde ]| © o ;m;,{ ?,—.,:‘
slring. Immediate.Quick | X X #mmndim-.éuu
immadiate | X X | Inmadiate
Condition Codesg X llegal Addressing Moda rrrT)
oy ov s z — linavailable Addressing Mode
L- 1 - | - [ ! Exceptions
CY¥  Unchanged Nono
OV Unchanged
5  Unchanged

Set if 2 zero bit is not found, olherwise ¢clearsd

Instruction Format
Formatl Vilb

pPD70616 (V60)

Condition Codes

CY Uachanged
OV LUnchanged

5 Unchanged
z Sat f 3 one bit is not found, otherwise cleared

Instruction Foimat
Farmat Ylib

X lllegal Addressing Moda
- Unavailable Addressing Mode

Exceptions
None

SCH’BS Search Bit String for 1 SCH1 BS

fuatuatindi
syntax ingtruction Opcoda
gchibsu  bsrc.b.r, blanbur, dst.w.w Saarch Bil Stringy for 1 (Upward) 5B02
schibsd  bsrc.b.r, blen.b.r, dst.w.w Saarch Bit String for 1 (Dowrnward) SB+03
Operation Agdresaing Modes

dst « bit_offsati first 1 bit } Bit Addresa bsrc dat Byta Address
Rr| X O | An
Description @Rnl| O C {[Rn]
The source bit string is scanned untl 2 one bit is lound o @A ] C O | [Ane]
the bit 5iring is exhausted. It found, the bil offset of 1he @(-Anl| © QO | (-An]
detected bit is stored in the destination oparand and the. offset@ Rn]l| O O | disp[ An |
Z flag is cleared. Otherwise, the Z flag is set and the bit aitset @ PC ]| O O | disp{ PC)
offset of the next logical bit siring after the searched bit @@ dis{Bn]]| © O | [dsp{Rnj]
string is storad in the destination operand. " @ disp[PC]]| © Q | [disp{ PG}
To minimiza the inlerrupt laiency time, the SCH1BS offsen@{ disp{ Anjj| O O | dispi[ disp R}l
instruction aliows the servica of interrupis and faulls offsat@[ disp{ FC ]| O O | disp1[disp PC]}
following the complation of a bus cycle, Aller servicing @/addr] C O | faddr
the interrupt or correction of the fault condition, @ /addr )}t O O | [faddr]
insiruction execution continues from the point of Ax@{An]| O O | {RAn¥Hx)
interruption. Rx@{An]| O O | disp[ Rn } Fx }
Aegister R28 is used as a work regisiar dusing the @ PC]| © O { disp[ PCKRx)
axecution o} this instruction, pointing to the current R disp{ An}}} © O | [dsp{Rn ]} Rx}
pasition within 1ha bil string. Afier the completion of this R disp{ PG ] }| O O | [displ PG} Ax)
instruction, R25 will point to the byle containing the Fagpraddr| O O | faddr ( Fx)
detecied bit or the byle containing the final bit in the bit R faddr]| O O | [faaddrj{Rx )
string. Immadiate.Quick | X X | Immadiate.Guick
Immediata{ X X | immediats
[ 2 L=
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SC H C Search Character
Syntax instraction
schauh  srebur, slenb.r, charb.r Soarch B
schedb  srebur, slenbur, charb.r Search gyy-:: gmz; ‘5'.?,:3’““
schewh  srehur, senb.r, charhr Search Halfworg cmﬂarl_l:w rd
sched h sreLhu, slenur, charhur Search Halfword Charactar Dg\:fmarﬂ
Opomtk: Addressing Modes
28 « search characler byte address Addressing Mode : M
R27 « search character offset = e | Sen | char
An | X ey
Description (Pl © o
The character string is searched for the designated E—Rni g -0'
character until either the character is found or all disp [ ARG } o g
sharacters in the siring have been examined. Character [dwp [ AnPCT] 0 Q.
siring searches ara initiated from the head of ths siring in dipt [ disp2 [ APG | o0 o
he address increment mode and from the taif in the fadd °
akiress decrement mods. [.-'adclr;. g o
This instruction is intermipiable and resumable wilh [Rrk Ax) o °
mgisler R28 used to maintain the character address digg [RVPC K Rx) | © o
maing scanned. Following the execution of the SCHC { disp [ RVPG 1} Rx) O 0
ostruction, R28 contains the address of the fiest Fadddr { Rx o o
character meeling the search criteria or the next [ fadir Hxl °
sharacter after the source string if ne matching character Immediate Iéu ) o o
sas found. Register R27 contains the number of | m;d.m X 0
sharaclers {WBTOHSM] from the start position 1o the Tegal Addrosain ”m:d e X _mo
saarch end pasition, — Unavailabls Mdrguing Madas
Condition Codes Excoptions
oY ov s 7 llegal Data Fied

CY Unchanged
¥  Unchanged
S5  Unchanged
Z  Eef dthe search character is found, otherwise
cleared
restruction Fomat

Format Vilb

FIY  Setd an invaiid operation is atlempted,
olharwisa unchanged

FZD  Unchanged

FOV  Set i tha result is infinite, otherwise unchanged

FUD Set if the result is denommal, olherwisa
vnchanged

FPA Saiif a precision error occurs, otherwise
unchanged

Instraction Formet
Format Il

N E C uPD70616 {V60)
—
Sc LF Scale Floating SC LF
T
Syntax Instruction Opcode
scl.5 count.h.e, dst.s.rw Scale Short Agal 8C-10
scl.! count.h.r, dst.lsw Scale Long Raat SE-10
Operstion Addreasing Modes
dst - clst + 2c0unt Addragsing Moda count | del
Rn O o
Description [Rn] o 0
The destination operang is scaled by 1he integer count [ R | o Q
and slored in the destination operand. Both the inleger {-Fn] Q a .
condition cedes and the floating point condilion codes dieg [ AvPC | o 0
are updated to reflect 1he result of the operation. [diep [ RPC ] ] Q a]
dep [disp2 [APC)} | © o
Condition Codes faddr o] O
[feddr] | © o
oy cv 3 : Fd [ R J(#x } o o
L+ bei-1-] dsp(RoPCl(Axy | © | ©
[ disp [ RWVPC § ) A ) o] 0
Sat # tha resultis negative and non-zerp, Fackclr { ) o. 0
otherwise claared
OV Cleared (duiix) § O | O
§  Setit tha manilssa sign bil of the result is set, immadiate.Quick { O X
otherwise cleared _ Immadiale O X
Set if the resull is zero, otherwise clsared X Hllogal Addressing Mode - F
FIV FZD FOV__ FUD  FPR
[-T-T-T T3  cxoom
Resarved Floating Paint Operand
Floating Point Overflow

Fleating Peint Underflow
Fleating Peint Pracisién
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SET1

Sat Blt

Syntax Ingtruction
sell ofisetw.r, basew.rw Bit Test and Set
Opworation Addressing Modes

CY « bil{ base, offsat } Addresaing Mode offagt

Z + ~bit{ base, offset ) fn o ]

bil{ basa, offsel) « 71 [—Fll'll o

{ R+ | o

Description ) [-Rn} 0
The bit iocated at 1he sum of the byte base address and disp | AnPG | O
bit offset is 19sted and then set. The CY and Z flags {disp[ RVPC )} O
refiect the state of 1he bit prior fo the execution of the disp1 [ disp2 [ RnPG 1] G
insiruction. faddr O
The location of the designated bit is determined by the [faddr ] c
base operand. If the register addrassing mode is used [Rn)Rx) O
for the base operand, the designated bit is Jocated within disp [ RvPC J( Rx ) Q
a general purpose ragister at the specified bit ofsat, For [disp[ RPC | K Rx ) o
any other permissible addressing mode, the designated faddr { Rx ) O
bit is at the specified bil ofiset from tha bass address. An [ faddr ) Fux ). o
liegal Data Field exception occurs it the bit offsal is Immadiate. Quick 0
outside the range 0 1o 31. Immediata o

i the autoincrament or autodecrement addressing mode
is specified for the bass operand, the base operand is
treated as word data and is incremented or decrementad
by four. When the immediate quick addressing mode is
specilied, 1he immediate data is zero extended 1o word
length and used as the bit ofiset.

Condition Codes
cY oY

REESEN RN

CY  Set if the designated bit is 1, otherwise cleared
OV Unchangsd

S Unchangaag

Z  Setil the designaled bit is 0, otherwise cleared

instruction Fommat
Format |, 1l

*xDoooo eeonbod

Wegal Addressing Moda

Excaptions
ltegal Data Fiski

pPD70616 (V50)

- SETF Set Flag SETF
-
.51'11131 Instruction Opcode
o concl.br, dst.b.w Set Flag Condition 47
Operation Condition Codes
if { cordition ) then oY oV 5 7
dst «— (1H | - { = | — 1 ~ ]
alse
dst « 0OH R
CY  Unchanged
OV inchanged
Degcription $  Unchanged
if the specifiod condition is satisfied by the in:erger_PSW Unchanged
condition codes, the value 07H (true) is slored in tt?a |
destinatior. Otharwise, the value 00H (false) is storad in Addressing Modes
the dastintion. Addressing Moda cond | dat
Tha condition code fisld is found in tha lower fou_r bits of : in Y 3
" the condition oparand. The upper four bits are ignorad [An] o o
and have no eftect on this instruction. 1 | o o
(-An} { O o
Enceding Hamg Conglition diep [ RPC | o o
2001 Ny Voo {dspfRWPC)] | © | ©
gg% CiL CYw1 dispt [disp2 [AnPC]] | © o
0911 NG /NL CY =0 nddr | o o
8150 Zz %'{1, {faddr] | © o
3}% ﬁH (CYvZim] [Rali{Rx) O 0
0111 H [SGY1v21-0 dap[RVPCYFx) | O 0
1000 SN - [disp[RVPC](Ax) | © 0
NS P S5=0
:g?é T Always faddr{Re) | © o
1011 F Naver [ /addr ]{ R’} 0 0
es e ooyl Immediate.Quick | © X
1101 GE {Se0V)=Q o ”
1110 LE {IS$OVlv§I-[1] Immadlaty
LA &r HSeaV)vI)- X Negal Addressing Moede B
Instrnuclion Fomnat tions
Famat 1, 4 None



NEC
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SHA Arithmetic Shitt SHA SHL Logical Shift SHL
S:n!:x or g ingtruction Opcoda Syntax inatruction Opcode
sha. count bor, dstboew Arithmatic Shift Byte B9 shl.b count.b.r, dst.b.rw Lagical Shitt Byta AS
sha.h count.b.r, dst.h.nw Ar!thmet!c Shift Hattword BB shlh count.b.r: dst.h.rw ngical Shit H:tlhvord AB
sha.w count.b.r, dst.w.rw Asithmetic Shift Word BD shlw counl.b.r, dst.w.rw Logical Shift Ward AD
Operation : Condition Codes Operation Candition Codes
dst « arithmetic_shify dst, count &Y ov s 2 dst « logical_shift{ dst, count ) Y oV § z
N N A I (- To T[]
Descript Description

The destination eperand is arithmeticaily shiied the
spocilied number of bits and -stored back in the
destination. Integer overflow occurs i the sign of the

rgsult changes at anylime duting the axecution ¢! this
instruction.

The ehitt count is specilied as signed byte data in a range
from -128 to +127. When the shift count is posilive, the
destination s shifted left with a zero bit shifted o the
LSB. When the shift count is nagative, the destnation is
shifted right wih the MS8 being shitied into itseH. The
daestination will remain unchanged if a shitt count of zere
is specified but 1he flags will be updated.

G o O cY 5] LSR
[+ =

count 0 M5B 188 o
(TR

i the absolute value of tha shift count exceeds the
destination operand lengih, zare (positive shift counts)
or data consisling of the sign ¢ the dastination (negalive
shift counts) is stored in tha destination.

If the immediate quick addressing mode is specitied for
tha count aparand, the immediate data 5 zero axtended
10 byta tangth befora iis use as the shift count.

Instruction Fomat
Formal I, It

CY  Seiif the last shifted bit was sat, clearad if the
last shifted bit was zero or the shift count was
Zero
OV  Set if integer averliow occurs, otherwise cleareq
8  Sat i the resull is negative, otherwise cloarad
Z  Sat if the result is zer, otharwise cleared

Addressing Modes

Acdraesing Mode

An

[An]

[Rn+]

[fn]
disp [ AnPC |

[ diep [AnPC]]
disp! [ disp2 [ APC ]
facidr

{ faddr ]

[Rn}{Ru}

disp { RnPC Y Ax )
[disp{ APC ] ) Rix }
faddr { R )

{ faddr ){ Rx )
Immediate.Cuick
Trmmediate

OOODOOOOQDDDODOOg

-Exxooocoooccooooo g

egal Addressing Mode

Exceptions

MNone

The daslination oparand is kgically shifted the specified
nurmber of bits and stored back in the destination,

Tha shit sount is specilied as signed byle data in a ranga
from -128 to +127. Whaen the shift coun i3 positive, the
destination Is shifted teft with a zerg bit shified into the
LSB. Whan the shifl count is nagative, 1he deslination is
shifted right with a zera bit being shilled into the MSB.
Tha destination will remain unchangad it a shift count of
zero i& specified but the flags will be updated.

count =0 i MER L@

[ [

counl < & b L3R oY
°—| -
154

if the absoluta value of the shill count exceeds the
destination operand length, zero is stored in the
daslinaticn.

if the immediate quick addressing made is specilied lor
the count oparand, the immediata data is zero extended
to byle iength before ils use as the shift count.

Ingtruction Formnal
Formnat |, It

CY  Selif the lasi shifted bit was set, clearad if the
last shifted bit was zero or 1he shift ocunt was
2610
OV Cleared )
S  Satif the MSB of the result is set, otharwise
~ cleared
£ Sotif the rosult Is zero, otherwise cleared

Addressing Modoes
Addreasing Mode -

Hn

[Rn]

iRn+)

~ (-Aa]
disp [ Bn/PC |
[diep§RAPC)]

dispt [ dispZ [ RVPC )
faddr

[ fmddr]

FRn](Rx}

. disp[ AnPCG ] Rx}

[ disp [ RVPC 1K P}
faddr { Ax )

[ fadkdr ) Rx.}

b mediata, Quick
Lmmediate

ooooooooooooo'ouog

g:-c>cc::r-::;:::c:t::ut:u::::soracit::t::-o g

Megal Addressing Mode

Exceplions
Nana



Condition Codes
oY oW ) z

(-1 -F-1-]

CY Uachanged
OV Unchanged
5

Unchanged
Z  Setii the skip chasacter is found, clherwise
cleared
instruction Format
Formiat Vb

= Unavailable Addressing Mode

Exceptiona
lHegal Data Field

uPD70616 (V60)
SK PC Skip Character

Syntax Ingtruction
skpou.b  srebor, slenber, charbor Skip Byte Character Upward
skped b srebor, slenber, charbr Skip Byte Characier Dowrmward
skpeuh  sre.hor, slenbr, char.hr Skip Halfword Charactsr Upward
skped.k  src.hr, slen.bor, Ghar. by Skip Haltword Character Dowrward 5A+1B
Operation Addmasing Modes

R28 « skipped character byte address Addreaging Moda s slen | chay

R27 & skip_f.:eq cnaracflar oftset An | X o o

[Rn] o - O

Description - [ Rre ] o} - o
The scurce character string is scanned until a position [-Rn] | © - o
difterent from the designated characier is reached crthe disp [ AnPG | o] - o]
siring is exhausted. Character sting scanning is initialed [disp [ RniPC }] ] - s
from the head of the string in the address increment dispt [ disp2 [ APC ) } O - 0
mexds and from the 1all in the address decrement made. faddr Pl _ )
This instruction is interruptable and rasemable with [ faaidr ] - o
ragister K28 used {o maintain the character address {Fin]{ Foc) ] - Q
being scanned. Following the execution of the SKPC disp { Rn/PG )i Fix) Q - o
instruction, R28 contains the addrass of the first Idisp[ An/PC ] | Ax ) o] - o
character not meseling the skip crileria or the next faddr { Rx } o} - 4]
character aftar tha source string i the skip critaria was [ faddr ¥ Fuc ) c - o)
continugesly satisfied. Register R27 containg the Immediate.Cuick X - o
nurnber of characters {ofiset) lrom the stan position 10 immadiata X o] O
the skip end position. liegal Addressng Mods W

NEC

1PD70616 (V60)

§TPR Store Priviiged Register STPR
Syntax instruction Opcode
slpr reglD.w.r, dstw.w Store Privilagad Regisier 02
Operation Condition Codan

dst « PrivilegedRegisten regll )

Descripiion -
The contents of the specilied privileged register arg CY  Unchanged
copiad to the destination operand. OV Unchanged
8  Unchanged
o Ragistar Hame Z  Unchanged
] [ inMrupt S Porie
1 LOSP Ll O Stack Poavier '
3 Li5F Lovel 1 Stack Poirar Ingtruction Format
] LZ5P Lavel 2 Simch Poiier Format |, I
4 Lasp Lawd 3 Stack Poierior .
5 ETT st lade Register
= = T Addressing Modes
7 =TCW Syt Cordma Weag Addrasaing Mods , ragll | st
3 TRCW Tiesk Conbol Woed A o 5
) (T3] Procasicr ID Fagisier .
5 PEWZ Exrvuetion WoSe Program Siabum Word [Ra} | © o
6 FTERG ‘Ause Totie Base Fogister 0 [An+] o o)
17 ATLEG Aren Tuble Length Aagisier ¢ [-fAn] (o I O
18 ATHR Arph Toble Bave Rogisiar 1 dnp[Hn‘PGl O O
19 ATLAY Asod Tobie Length Ragislar 1 N . .
70 ATBR2 Azon Tlde Case Fagishr 2 . [_'“p[nm“ o o
2 ATLR2 Area Tabls { sngth Raginise 2 disp? [ disp2 [RnPC] | O o
22 ATBRZ Ared Table Base Ragitur 3 ’ faddr O -0
F ATLR: Asn Tarke Laryih Fegister 3 { facidr ] (] O
25 Ll Addreas Trap Reglaler ;
26 ADTA1 Acdreans Trap Ragisier 1 ‘,’“p[m"m} o <
3] ADTRG Fekirwns Trop Mark Rogvir & fdiap [APC ] [ Ax ) o o
2 ADTRMI Addrana Trap Mask Ragister 1 foddr { Px ) ) o
3 IradkitliRx) | o 4}
: immadiate, Cuick (o] X
An lllegal Data Field exception will occur if the register ID immediate | © %
field is not in the range of 010 31, Instruction exacution v

results will also be unpredicatable ¥ an undeiined
register I0) is specified.

X Megal Addressing Mode

Exceptions
Privileged Instruction
liegal Data Fiekd
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STTASK

Store Task S l I ASK
Syntax instruction Opcode
stlash list. w.r 5 Stora Task Context FCD
Operation Conditlen Codea
TCB « TaskContext oY ov s z
— CT-T-T-
The current lask context is copiad 1o the Task Sondroi CY  Unchanged
Block (TCB) designated by the Task Register. The t1ask OV linchanged
Context cansists of : &  Unchanged
* General Purposa Registers Z  Unchanged
The saving of the general pumpose registers (H30-
RO} is controlled by 1he list operand. Bits sat in the Addressing Modas
list operand idently which genaral purpose registers Addrassing Mods Nst
are saved in the TCB. Bit 31 of the register list is
Reserved for Future Use and must be zerg. Ra | 0O
: [Rn} 4]
klnll‘i':':inTAJuln'n'n'-':’x'tia‘n'n1u.1n'.a'hlu'l':'a'llnln'n[a [Ans] 9]
sirerisiarisseidaiiitivaTesaanie ] [ O
£6-130 disp [ AnPG | o]
. [ disg | RvPC ] O
= Area Table Registers disp1 [ disp2 [ RvPC | ) O
In virtual mode, the area table - ragisters saddr Q
\ATBRO/ATLRO-ATBR3/ATLRA) specified by the [ faddr] O
BTCW are saved with the current task context.
. [Rn)i Rx} o
+ Stack Pointers {L3SP-LOSP) dsp[AnPCYRx) | ©
[diep [ RnPC 3] R ) G
« Task Control Word (TKCW) : fasdr (Rx) | O
. [ Fowde ¥ P ) o]
Bacause no valid conlext exists batwesn the STTASK Immediats.Cuick Q
instruction and a subsequent LDTASK instruction, the Immediate o
ISP becomes #he current stack pointer during tha HR?

execution of the STTASK instruction.

Instruction Format
Forma 11§

Exceptions
Privileged instruction

NEC

1PD70616 (V60)

P

Syntax Instruction Opoode
sub.b sre.bur, dstb.rw Subtract Byte AS
sub.h &G, ha, dst.horw Subtract Hatfword AN
sub.w srcow.r, dstw.ny Subtract Word AC

Operation Addressing Modes

dst «— dst—smo Addrezaing Moda 1 det

An O 0

Description [Rnj o o

The source operand is subtracted irom ths dastination [ Are | c o

operand and the result stored in the destination [-An] ¢ (2

aperand. disp [ RPG | o} o

It the immediate quick addressing mode is spacitiad for ~ [dep[Rn®PC]] | O o

the source operand, the immediale data is zero dmp1 [disp2[RWPC]) | O o

extanded to the source operand lsngih before Jaddr o 0

perorming tha operation. [ farcidr | 0 O

[Ral(ixy | © o

Cond Codes disp [ AnPC ) Ax } O O

flon [disg [RnPC ] K P} O o

CY oV s faddr ( Rx) o o}

I RN ENEN tadaripx) | o | o

Immediate.Quick O X

CY  Satil a bomow Is genarated, otherwise cleared " . Immedigte | © X

OV Setif integer averfiow occurs, slherwise cleared
&  Setif the rasult is negative, otherwise cleared
Z  Setif the resullis zero, otherwise clearad

Instnation Format
Format i, !l

X Tlogal Addressing Mode

Exceplions
None
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SUBC

Sel if the result is negative, othewlse cleared

Subtract with Carry (Borrow) SU Bc
Syntax instruction
Opcode
subc.b src.br, dst.b.rw Subtract Byle with Carry 98 -
subc.h sra.h.r, dst.h.rw * Sublract Halfword with Carry 9A
subc.w Srcww.s, dst.w.nw Subtract Word with Camy a¢
Operaticn Addressing Modas
dsl « dst-se—CY Addressing Mode sc | dat |
: Bn | © Q
Description (An) | © 0
The contenis of the source operand and the CY flag are [An+] o o
gubtracted from the destination operand and the result [-An] | © 0
storad in the dastination operand. disp [ RnvPC o] D
If the immediate qizick addressing modse is spacified for [dsp(AnPGi] | ©. ] ©
the source operand, the immeadiate data is zero dispd [ diep2 | RPC ]) o (o)
extanded to ‘the source operand length before faddr | O o
performing the cperation. [ faddr] Q 4]
3 T [Rajifx) | © 0
Condition Codes _ disp [ R/PC Y Fix ) Q 0
o o , [dsp[RaPC)XRX) | © | ©
mddrif) | o | o
LT «F 1] iRy | 0 | o
. . ) immeadiate.Quick o}
CY  Setif aborrow is generated, othorwise gleared Immadiata o X
OV Setifinteger overllow occurs, otherwise cleared x
A wa
z

Set if the result is zero, otharwise clearad

instnuaction Fommat
Format | It

_magal Addrassing Mode

Wbm

None

i

nPD70616 (V60)

SUBDC

Subtract Decimal with Carry

subde src.h.r, dst.b.rw, pat.br Subtract Decimal with Cany 5901
Operation . Addressing Motias .

dst « dst—sc—-CY using mask patiem Addressing Mode s dst pat

An 0o | e -

Description [Bn] o) o -
The CY flag and source operand are subtracted from tha [Aee] | O o) -
destination operand with the result. stored In the [n] [ © o -
destination eperand. The decimal subtraction eparation disp [ AnFC } o) o -
cecurs only tor the unmasked portion of the data, as {dsp[RnFG]) | © o -
datermined by the mask pattarn. dispi [ disp2 [ AnPC 1] o Q -
Tha CY flag will be set if there is a borrow out of the Jadde c o -
cperation. If the result is not zero or a borrow s [faddr] | C o -
generated, the Z flag will be cleared, olharwise it ramains [Rn¥Rx) 4] O -
unchanged. disp [ RvPC ¥ Rx ) o o -
Foltowing tha subtraction operation, the result is [ disp [ RnPE ] J{ Rx ) o O -
checked 1o verify that & valid BCD reprosentation exists fandcr { Fx ) o o -
in the unmasked portion of the result. If either value is [faddr(Rx} | © 4 -
not a valid BCD digit {0-9), a Decimal Format axception Immadiate.Ouick c X -
will occur and the destination will remain unchanged. Immeadiate §- O X ?;aﬁ

Condiion Codes
cY oV 5 Z

CY  Setif als gensrated, oiherwize cleared
GV Unchanged :
S  Unchanged )
Z  Unchanged if the rasult is zero, otherwisa
cleared

Instruction Fommat
Format Viic

X llagal Addressing Mode '
— Uaavailable Addressing Mode

natruction Exceplions
Decimal Format
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SUBF

uPD70616 (V60)

Subtract Floating SUBF SUBRDC Subtract Decimal Raversed with Carry SUBHDC
Syntax Instruction Opcode Syntax Insiruction Opcode
Subl-s S ete.mw iract Shor Real 5C+19 subrde  SIGD.S, dstb.ow, patb.r Subtract Decimal Reversed with Carry 59.02
subf. srclr, dst.lew ract Long Rea! SE-19
Operation _ Addressing Modes opération - Addressing Modes
ds! «— sro—dst : Addressing Made srg dst « sic~dst—CY using mask patiem Addressing Mada Bre | det
An | O 0
' An o
Description (Ra) | © Description o) | o | o
The difference of the source cperand and destination [Rw] | © Tha GY flag and destination operand are summ?afj frorzn [-Rn] 0 0
operand i5 storad in the destination operand. Both tha (-An] o the source operand with the result stored in the dap | o o
integer and floating peint condition codes are updstad io diep [ RPC | Q Jdestination operand, The decimat sub?racﬂon operation : RrPC
reflect the result of the operation [dep(RaPG]) [ O occurs enly for the unmasked porion of tha data, [IdanFch; : g g
' , m. disp1 | diap2 [ AnPC :
i the source and destinalion operands are equal, ihe diepl [ disp2{ RvPC | | o determinad by the mask patte o 2 o o th addr o | o
sign of the zero result will be detarminad by ths faddr o The GY ilag will be set i .thare 2 orow ol o the [ faddr ] o: &)
pregrammead rounding mode. { facdr] Fo operation. M the result is not zero or a bormow s
. : (Angix} | o generated, the Z fiag will be cleared, otharwiss i remaing ‘ [Raj{Rx} } © 0
Condition Codes disp [ An/PG ¥ Rx ) Q unchanged. WIFWPGHQJ. g g
ldisp[RWPCIXRx) | © Follewing the subtraclion operation, the result is [disp[ FWPC]KH:J o o
oY oV s Z . faddr(Rx) { © chacked 1o verity that a vaiid BCD represenation exists faddr {Rx ) S B
I {0 { = K I [faddr{Rx) | © in the unmasked porlion of the result. If aither value is L LR"J 15
_ — — Immadie.Cuick | 4 not a valid BCD digit {0-9), a Decimal Fermat exception . Immediae. .
Sﬂr:BH lf;:ﬁ result is negative and non-zero, Immediate | a will occur and the destination wilf ramain unchanged. Immediate | O X_
otherwise cleared - s ' X llogal Addresaing Mode '
OV Cleared ) N A gﬁﬁ&ﬁmm Mode - umimﬁﬂgum'uoda
5 Setlfthen;gntissasignbitofum:esunissm_ Condlilon Codes : : :
otherwise cloared v s Z
Set i the result is 2ero, otherwiso cleared Exceptions .. | ?,Y I ci | _ i N ’ E""‘?““"“‘
' Resarved Floating Point Qperand Decimal Format
Fiv FZD FOV _FUD FPR Floating Point Overflow
[ * | = ' * . ] . —l Floating Poirt Undariiow Set if a borrow is generated, otherwise cleared
Floating Point Precision

FIV  Setif an invalid oparation is atlamptad,

FZD
FOV
FUD

FPR

otharwise urchanged

Unchanged

Set il the result Is infinite, otherwisa unchanged
Set i the result ks denormal, olherwise
unchasnged

Sel if & procision arror oocurs, otherwisa
unchanged

instrction Format

Format |l

cy

OV Unchanged
5
z

Unchanged

Unchanged if ths result is zero, otherwiss
cloared

instruction Format
Format Vilc
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TASI Testand Set TASI
sm _ . Instruction Opcode
1asi dst brwi Test and Sel lntertocked EoM
Operation Addiressing Modes -

. lock Addressing Mode .

flags « dst—~O0FFH = - -

dst « OFFH A I

unlock [Fa] e

. [Rrs ) Q-

tion -+ .[-Rn]) o
Descriptio o : . . disp [ RnvPC | a

This instruction is used to synchronize processes of - dide [ RVPC :

provide mutual exclusion In a mulliple processor displ id,-dm“z[pwpc” o

configuration. ' ' meildestl .-‘nd]i] g :

¥

The processor informs the other bus masters in the [ faddi ] o
systam that an Indivisble operation will take place by [Rn¥ Rx) o

asserting tha bus lock output.. The destination cperand disp { RVPC }{ Fix ) o

is than fetched and compared with OFFH and the result Ldi ﬂ;mm Fix o

stored in the condition codes. The contents of the - fadde m} o

destination operand is then replaced with the value ) a , () o

OFFH and the bus lock output is then negated, allowing o ) [ a.-dd']{ H.” o _

other bus masters 1o again access ihe shared data. . ’ ' 1mmﬁ_!lm.:.|; i :

N AR . . N . . b U '
i the reglster addressing mode is spscified for ihe Megal Addresemg Modas e

destination, the execution of the instruction is
meaningloss but the gperation is canied out.

Gm'tdﬂlonwcodu
Y ov___ s z
te [ -T-1-]

CY  Selid aborrow is generated, otherwise claared
OV SetHf integer ovardlow accurs, otherwise claared
S  Setil the comparison results are nogative,

othénwise cleared
£  Selif the camparison results are zero, othenwise
¢leared
Instructian Fomat

Format ljl

1PD70616 (V60)

TB Test and Branch

B

Opcode

Exceptiona
Nonea o

The 16-bit displacement fiekd is sign extendad to 32 bits
and addad 1o the PC 1o compute ihe target address.
The PC relative addressing mode is Implicitedly selactad
by these instructions. The valua of tha PC used 1o
compute the targe! addrass is the first byte of the test

“and brgnqh ir;stmction.

Condition Codes

CY  Unchanged
oV Unchanged
Unchanged
Unchangad

inatruction Fomat
Format VI

Exceptions

Nona

instruction
Syntax .
1h An.w.s, displé Test and Branch Cl8
Operation .
. i Rn = 0 then - _
PC « PC +sign_axtended{ disp16)
glse

PC ~ NextPC
The specified generai purpese register is tested against
zavo and if zaro, the branch is taken.



CY  Set if the designated bit is 1, olherwise clearsd
OV Unchangad
5  Unchangod
Set if the designated bil is 0, olherwise cleared

Instruction Fomat
Format !, #1

HPD70616 (V60) .. uPD70616 (V60)
TEST Test TEST TEST1 Tost Blt TEST1
test.b src.b.r ' Test Byle =1 X ] 3 ; Syntax Instruction Opcode
test.h sre.hr Tast Ha¥wond Far3 e tasil olisal.w.r, basa.w.r Bit Test a7
test.w SICMW.F Tast Word F4/5 ke
Operation Addressing Modes . Operation Addressing Modes .
flags « sc-0 Addressing Moce o | CY « bi{ base, affsat ) Addresaing Mode ofisst | basa
™ o f[ Z + ~bii{ base, offser) An 0 o
' fAn] | © | ¥ [Fin] o o
Zero Is subtracted from the source operand and 1he el | © |5 Desstiption . [ Ane ] o o
rasult of the aparalion is reflecied in the PSW register. -] | o | % The bit located at tha sum of tha byle base address and [Ra] o G
It the immediate quick addressing moda is specified for disp [ ANPC | o ::;1 bI‘lOﬂ‘SElIIBlBSle T]’WC?I'BMZ"&QS reflect the state of disp { RnPC o o
the source operand, the immediale data is zero _ ldsp[RaPC]1 | © | g the bit prior to the execulion of the instuetion. [ dip (RAPC) ] o o
extended to the source operand length betors displ (dsp2 [AnPG)) | © | % The location of the designated bit is determined by the diap1 [ disp2 { RnPC 1] o 0
periomiing tha operation. ' madr | © g, base cparand. if the register addressing mods B8 used ' T iadde o ©
_ ] | o [ % for the base cperand, the designated bit is located within { faiddr ] o a
Condition Codes tjRe) ] o | % a general purpose register at the specified bil offset. For - [RoKRx) o o
digp[RGI(Rx) | o | & any other addressing mode, the designated bit Is at the dep[RUPGAx) -} O o
oY ov 8 £ [disp[RaPCIXRx) | © g " spacified bit offset from the base address. An lllegal Data [disp [AnPCIN Ax Y o |- 0
ENERERES racariRa) | o | & Fiald exception occurs if the bit ofiset is putside the Jaddr (R ) o} ‘o
traddekfx) | O | range 01031, [ragdrRx) | © o
. g::r g'ﬁg’,ﬁg tmmediate.Cuick | © | If the autoincrement or autodecrament addrassing made Immedigte.Quick | © X
S SatH the result is negative, of | immediats o} B is spacifiad for the base _nperand. iha base operand is Immediate v X
S Sl the ook e e e oa Siearod ww wealod as word data and i incremented or decremented X Tegal Addressing Mods L
by four. When the immediate quick addrassing mode is
on Exceptiohs specified, the immediate dala is zaro extandad to . word Exceptions :
Condition Codesa
oY  ov s Z
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TRAP Trap on Condition TRAP
Syntax Instruction Cpeads
trap cond&vector.b.r : Trap ¢n Condition Faia:
. Operation Condition Codtes
if { condilionsJthen - . - :
{-SP | < Exception Code &Y Qv 8 Z
[-SP] « PSW - L-f-t-1-1
[-GP] « NexiPC
PG « [ Exception Vecter( 48 + veclor ) ] CY  Unaffected
) : : Os\r‘ -Bnaif&aed
natfacted
Deecﬂplbﬂn Z  Unalfacted
If the specified condition is satistied by the integer
condition cades, the specified trap handler is entared. Instnaction Format a
The upper four bit fieid of the operand contains the . Forma Il | )
conditicn .code field which indicales under what : )
cirumstances the trap will be taken. Ths lower fourbit  Addressing Modes T
field contains the vector offse! from the sofiware trap ) Addressing Moda conddvecior
base vactar. il ™ .
KR
. 1
7 4 3 o [Rn) 0
L ftion code vector [An+}. ] - .07
—— [-Rn}- o. |
o - dap[AWPC] | - O
" [disp[Rn#FC] ) Q.
0000 V Wai digpt [disp2 [ R/PC | § -0
gg% _ g\r OVed . S © lacdr QL
L CYut
0011 NCZNL CY=0 [faddr ] 9
S S il
i} disp [ RPC } Rx ) o
61i0 NH (CYvZ}em1 :
0191 H (cf(vz:;-u {dep[ RPC] X Rx) o
}gg? ﬁé"p Sml Jacdr { Fix ) ]
! 5=0  faddr ¥ Fx | 0
1010 T Always Immadiate. Quick 0
1011 F Kever o -
11490 LT {(Sa0V)=1 famedize a
1101 GE {SOOVI=D =8
1110 LE H{Sa0OVivZl=1 :
1111 GT ({(SO0VIvZ]aD
Exceptions
Softwara Trap

NEC

uPD70616 (V60)

TRAPFL

 If { TKCWIB:4] A PSW[12:8] ] # 0 then
" Flpating Point Operation Excaption

Deseription

Tha bit-wise AND of Hoaling point trap mask {ield in the
TKCW register and the floating peint condition codes in
tha PSW is computed and if the resull is non-zaro, a
floating point operatian trap will oocur. .

Condition Codes _
cY ov_ S 2
(-1 -1-1-1
CY  Unchanged
0OV Unchanged
S  Unchanged
Z  Unchanged

FV 7D FOV
-1-1-

FIV  Unchanged
FZD  Unchanged
FOV Unchanged
FUD Unchanged
FPR Unchangad

FUD  FPR

Format V'

Exceptions

Flaating Point Zero Divide
Invalid Floating Point Cperation
Fleating Point Overflow
Floating Point Underlow
Floating Poinl Pracigion

TRA PF L Trap on Floating Polnt Exception
Synlax Instruction Opcode
trapil ' Trap on Floaling Point Exception. B
Operation



uPD70616 (V60)

U PDATE Update Area Table Entry U PDATE
Byntax instruction Opeoda
update va.p.r, newATE.d.r . Update Araa Tabie Entry 15
Operation Addressing Modes

ATE{va) « newATE Addressing Mode ¥a  NnewATE
. Rn G o}
Description [Rn] | © o
The contents of specitied ATE ara replaced with the [An+] o] 0
source doubleword (B4-bit) operand, Tha viftual address [-fn] o (3]
and 1he section designator register {H2B} are used 10 disp | RnPC | o (s
ldartily tha ATE io be referenced. [ disp [ AVPC )] o] Q
if tha contents of R2B are OFFFFFFFFH, the virtual dispi [ disp2 { RnPG ) 0 o
address operand is translated using the current virtual faddr O v}
address space. Following the execuiion of the [ faddr | s O
instruction, the Z flag is updated to reflect the result of [Rn} Ax) O o
the Iranslation operation. diap [ RnPC §{ Ax ) o) o]
Otharwise, R28 is assumed to contain a pointer to an [ disp{ Rn/PC ) ) Rx) o) Q
area table and the speclad ATE is kcated in the area Jaddr { Fx ) o 0
table. No validity chacks are parformed on the contents [ fadddr K Fix ) O Q
of the ATE and if the referenced ATE is cachad in the Immediate, Ouick +] A
TLB, the eniry is invalidated. Immediate Q A

It the immediate quick addressing mode is spacified for & Feserved Addressing Modo om

the virual address operand, the data is zere extendead 1o
32-bit length and used as the virtual address,

This instruction can be executed in either the real or
virtual address modes,

Conditlon Codes

CY  Unchangad
OV Unchanged

Unchanged
z Set if the address transiation is invalid, otherwiss
cleared
Instruction Fomat

Famat 1,

Exceptions
Privileged Instauction

uPD70616 (V60)

UPDPSW

Privileged Instruction {updpsw.w)

Update PSW UPDPSW
Syntax natroction Opcode
updpsw.h  nawPSW.w.r, maskw.i Updite Haltword PSW 4A
updpsw.w  nawPSWow.r, maskwr Update Word PSW 13
Operation Addressing Modes :
PSW + { PSW a ~mask } v { newPSW » mask } Addresaing Mode newPSW [~ mask
Rn Q Q
Description [An] o. o
The contents of the PSW are updalad with the contants [Rn+ ] Q o
of the new PSW image at the pasitions specified by the - [ O o
mask operand. Tha UPDPSW.H instruction is restricted dizp { RnPC | v 0
" 1o moditying only the condition code figlds in the PSW. [ diep { RvPC |} o O
The UPDPSW.W Is a privileged instniction and can also diept { disp2 [AnPC ] O o]
modify the PSW contesl fiald. . faddr o _.0
Iif the immediate quick addressing made is specified, the - [feddr] e o
immaediate data Is zero extended to 32-bit fangth and ARn}Rx) o] . Q
used as the new PSW or mask operand. diap [ AnPC [ Rx ) c ']
- | disp | Ra/PG ] }{ Rx ) (o} c
Condition Codes addr { Rx ) Q 4]
: {faddr J{ Rx ). o] o
Updated according to mask oparand tmmadiats. Cuick o o
: mmediate Q O
Format |, li :
Excaptions |
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UPDPTE Update Page Table Entry UPDPTE
Syntax ' Mn.lcthn
updple  vapr, newPTEw.r Update Paga Tablo Entry
Operation

PTE{va) « newPTE

Descrption
The contents of specitied PTE are replaced wilh the
source aperand. The virtual address and the section

dasignaior ragister {HQB} arg used to identify the PTE to
be referanced. -

if the contants of A28 are DFFFFFFFFH. the wintual
address cperand is transiated using the current virtuaf
address space.
instruction; the CY and Z flags are updated to reflect e
resull of the translation operation. The CY flag will be set
i the area is not present {f.o, swapped out to a disk) whils
the Z flag is set if the referenced address translation tails.

if either tha Z or c‘r'ilags ara set, Lhe dastination remains
urchanged. -

Qtherwise, R28 is assumad to contain a pointer 1o an
" area table and the specifed PTE is located In the
specilied page table. No validity checks are performed
on the cantents of the PTE and i present in the TLB, the
ontry is invalidatad, :
When the immediate quick addressing mode is
spacifiad, the immediate data is zero extended to 32-bH
length and used as the virtual address lor new PTE.

This instruction can be execuled in either the real or
virtual address maoda.

nstruction Fomat
Format 1,1l

" Following the exscution of the

Condition Codes

CY  Selif the area is not prasent, otherwise cloired 19
OV Unchanged T o e o
.8

z

- Unchanged
Set it tha address lranslauon isi
claared |

Addressing Modes

el ot

Addressing Mode

=
=

Rn
[An]

|-fa]

diap [AnPC ]

[ disp[ BnPC ]
disp1 [disp2 [ RnPG |
faddr

[ faddr ]

[Ra X Rx)
disp [ Ra/PC ) R )

[ disp{ RnPC | X Rx )
faddr { A% ]

[ faddr ¥ Foc )
Immadiate, Cuick
Immediate

[Anse]

COOOO0OCODO000O0DO

Exceptions
Privilaged instruction

Eoooooooooﬁoooooo%'
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XCH Exchange XCH
Instruction Opcode
41
¢sit b.rw, dst2.b.rw Exchange Byle 4
:ﬂﬁ dst1.h.rw, dst2.h.rw Exchange Halfr:arﬂ -
whw  dstiww, dsiZwrw Exchange Wo
" or Addressing Modes
e Addreasing Made datl | cee2
dstt « dst2 — - o
ioh (An] A g
Descrpt _ (] N
The contants of the first destination operand is -] . pe
_pxehanged with the contants of second destination oo : s -g
aperand. {diep[ RAPC]] A
in the pPD7QE18 rnlcroprocassor a ‘Reser\rad den | [ il a|o
Addressing Mcde exception will oceur if t_ha tirst dap2 MI.'addc " a o
destination oparand s not 2 general purpose register. o . 5
condition Cod [Anfx} | &.}. 0
hon disp { AnPC | Rx ) & g
z [(ﬂﬂp[ﬁm‘PG}HRx) &
S [ -1 -1 © pddrgixy | A | O
I - I {/addt{Px) | & [+)
| | immediate. Quick 1 IJ( X
¥ Unchanged Immediate X X
oV Unchangeg S dmr X |
tnchange o Addrass ;
2 Unchanged A osacued Aditessing Mode
instruction Format Excoptions
Format | None
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XOR

Exclusive OR
Syntax Instruction
xor.b srebur, dstb.ow - Excl
. . . shee

xor:h srehur, dsth.rw Exclkisive 82 S:tlf?mrd
XOrw SRC.w.r, dst w.rw .. Exclusive OR Word
Opamtiodr; P Addressing Modes -

- &rC - j .

‘ Addraasing Mode ac dx
Description . i o o
T bt ) _ [Rap | ©.F o

BPII*\.!JISB axclusive OR of the saurce operand and the [An+] 4] [ I
destmat_non oparand_i_-_.s stored in the destination operand. - [-An] o' | o
if the immadiate quick addressing mode Is specified for dep[RPC] | © |- o
the source operand, the immediate data is zaro . [disp [ AnPC ] ) o |. o
exignded 1o the source operand langth béiore - diapt [ disp2 [ RPG } ] o | o
‘periorming the operation. — mdt | o o
R - wor) | © | o
Condition Codes ™ [RefRe} | © | o
_ Y - oV . & z SpIAVPCHRX) | O o
D . 1 . [ disp [RoPGTK R ) o Q
_ |_ I | | _I faddt{Rx) | © 0
CY  Unchanged. [lddrkf) | © M
oV Cleqrad e Immacdiate. Guick g & X
- 8 Setif the result is nagative, otherwise cleared immediate | O | X
Z  Setifthe result is zero, othenwise cleared Megal Addressing Mode L
lmlrudlqnf-‘mnu Exc;ptbm
Format |, I Nane

WPD70616 (V60)

XORBS R ER Stg XORBS
e
Syntax kntruction Opcode
xorbsu bsrc.b.r, blen.b.r, bdst.b.ow XOR 84 String [Upwand) SB-18
xorbsd bsre b.r, blen.b.r, bast.b.rw XOR Bit String (Downward) 5B+19
Operation Addrossing Modes
bds! « bsrc & hdst Asdresaing Moda b beist
o An | X X
. Deacription @PRn] | © o
The bit-wize XOR of the source and destination bit . @ Rt 3 O Q
stings is stored in tha destinalion bit string. Speacifying @ -Rn) e} s
tha direction of the operation aliows tha correc resufl to . offsat@] AnPE ] o .0
. ba computed when bit strings avariap. @[disp[RPC]] | © )
‘o minimize the interrupt latency Uime, the XORBS offeet@{ disp[AVPC]] | O 0
"instruction allows the sarvice of interrupts and faulis Bleddr | O o}
Ipllowing the completion ol a bus cycle. Aflar sarvicing @] /addr] o) -0
the interrupt or corraction of the fault condition, - Re@ifAn) 1 ©. O
instruction execution continues from the point of . Px@{RnPC] i+ O
interruption. _ T _ R diep [ AnPC 1) O Q
‘During the exacution of tha XORBS instruction, ragisters Rxgpiaddr | O .0
'R28 and R27 contain pointers to the bytes within the .~ Rx@{/addr] | © o
source and destination bit strings to be processed next. . Immedixie.Quick X X
- Following the execution of the instruction, A28 contains - Immediats | X , 1;@

" the address of the byte containing the final bit of the
sourca bit string while R27 contains the address of tha -

byte containing the final bit of the destination bit s1ring.

Condition Codes

&Y Unchanged
OV Unchanged
S  Unchanged
Z  Unchangad

Ensiruciion Format
Format Viib

Wegel Addiessing Mode

= Unavailable Addressing Moda

Exceplions
None
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instruction, R2B confalns the dddrass 'of the byter .

containing the final bit of the source bit string white R27

contalns tha address of the byte aontahing ther lmal bit
of the destination bit string.

Conditlon Codes _
cY oV 5 Z
L-t-T-7-1
CY  Unchangad
Unchanged

Unchanged
Unchanged

M

stnsction Formal
Fommnat Vilb

Emeptions

None

- umauauuddrmznguwo )
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XORNBS XOR Complementad Bit String XORNBS
Syntax instraction Optode
xombsu  bsrcb.r, blan.b.r, bdst.baw, - XOR Complemented Bit String (Upward) SBetA
xombsd  bsrc.b.r, blenb.r, bdst.b.rw XOR Complemented BA String (Dowrmward) 5B-18
. bdst « ~bsec @ bdst Addreszing Made berc | bien | bdet |
: ' ' Rn |. X 0 X |
Description @&PFrn] | © - |0
The bit-wige XOR of the mmplamented SOUNGe bit string @{Ane] |- O - o
and the destination bit string is stéred in the Qastination - @ -Hn] | -0 - 0
“bit string. Specitying the direction of the operation - - oifeant@ RuPG | o - )
allows the corract resuft to he currpulad whsn bit sirings @[ diep [ RnPC ] Q - o
overap. : - ofisat@{disp[RPCY} | © | ~. } 0O
“Te minimize the lnlerrupt latancy tima, the XORNBS 2 - @addr £ O}, - O
“Instruction allows the service of Interrupts and faults - . G Faddr ] o - Q
“fellowing the complation of a bus cycle. After servicing Rx@{Rnj-| © - 0
the interrupt or correétion of the faull condition, Re@{RwPC] | O - 0
~instruction execution mntinuas from the point of Rxi@({ diep [ APE || o - 0
" interruption. -, Fo@laddr o - o
' During the execution of the XORNBS instmctlon Rx@f faddr}..| O - |0
registers A28 and R27 contain pointers to the bytes - immedigte.Quick | X . - .| X
within: the source. and ‘déstination bit slrings to be 1~ © . Clmmediate | X (- O | X
‘processed next. Folluwing ihe axamtion of the Iuegal Mdrmln«nlhdn - T R
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| Section 8
Interrupts and Exceptions

This section describes the internupt and exception handling capabilities of the pPD70616 microprocessor,

An intesrupt is an event which eccurs asynchronously to the operation of the uPD70616 white an gxception is an
event which oceurs as a direct result of program execution. When an interrupt or exception is recognized, the program
is suspended and contral is translerred to an interrupt or exception handler. Processing of interrupts and gxcepiions
is simitar but differ slightly in the operation-of the interrupt anable flag and the stack pointer used during intarrupt or
exceplion processing. : S :

Heset is a spacial lype of exception. When reset occurs, all processor. activity is stopped and the processor is
initialized to the reset state. - T R

Systern Base Table

When an interrupt or axgeption is recognized, the SBT (System Base Table} ks used ta locate the appropriate vector.
~ The SBT consists of 256 entris each containing a vectar o an intermpt or exception handler. An S8T ontry consisis
of a 32-bit virtual address in the virtual address mode. In the physical address mode, an SBT entry consists of a 24-bit
physical address with the high order eight bits being ignored by the pPD70616.

The SBT is located in the memory address space atigned on a page {4KB} boundaiy by the SBR {System Base
Registar). The first 64 SBT entries (0-83) are reserved for use by pPD70616 interrupls and exceptions. The
remgining 192 antries (84-255) are available in usaer applications a5 maskable intamupt vectors.

Figure 8-1. System Base Yablo Entry =~

31 L. R T 2 -]

" - _l" w - | olo

ne staring address of an interruptiexception handler must bo aligned on a' wuml boundary.
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Figure 8-2. System Base Table (S8T)
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Interrupt and Exception Processing
When an interrupt or exception is recognized, the foliowing actions are performed and conirol is transferrad 1o 1he
specitied inlemuptiexception handler.

a  PSW.EL « 00 (Note 1)

(in ~ PSWJIE lag modification _
« interrupt........... PSW.IE « D ([maskable interrupts disabled)
« gxcaption......... PSW.IE unchanged [Nota 2)

(i, PSW.TE«D

PSW.TP «C
_ PSW.AE < 0 _

() PSW.EM & 0 {native modse)-

ivi PSW.ASA 1 (Note3)

iviy temp < SBT]vector] - : :

fvily interuptiexception informatien is stored on the stack

v interrupt........... 1S {itrtermupt stack)
« axcaption........LOSP {Note 4)

{vii) PC «—temp
The contents of the siack following an interrupt or exceplion is shown in Figure 85,

" Figure 8-3. Interrupt/Excoplion Stack Format

+ Intermupt
1 ]
r PSW
o] PC — P
%3
» Exception
h1] . - L . -]
Exzcopnan Paramire:
Excipton Code Parwmeter Coum
mi- FEW
N .

The parameter count indicates the number of bytes of exception informasion in addition to the PC and
PSW in the exception data. it is used by excaptlnn handlass fo d&t&n‘rﬁm the number of by‘les to
discard from the stack lollowing the processing of the exceplion,

Role ¥ ¥ i sacapton i caused by ha CHLVL nstacton or 20 Asynchmnous TukTmp&mhspwﬁndamﬁmhualmsu
Mole2  Bus emor and lawel stack invalid exceptions will cisable maskads inkrrupls.

Mols3 I an ATT [Asyncheooois Task Trap) aocurs then Asyncheoncus Systam Trag is enablad.

Moted [ the previous stack was the inlemupt stack then the IS ks coatinued 1o ba used. -



The valus of the PC placed on the stack varies depending on the type of exception as follows: IR

+ An exceplion during the axecution of an instruction stacks the PC of the insiruction
causing tha exception (Current £PC).

uPD70616 Exception Processing

The compiete set of exception conditions are described pebw. Faor aach pqssilgle exceplion, a short summary of the
. . exception and the control flow for cemecting and recovering from the exception is presented.

* An exception following the sxecution of an instruction slacks the PC of the instruction

lmmedlatﬂly 1ﬂf[0wing the In?tmc[mn which caused the ExGEptiGn [NBJ(l Pc}
) cerious Systeen Fauls

gerious system faults are potentially calastrophic events such as a bus emar, When a sanious systam fault is detecied,
ihe exceplion informalion is pushed onta the interrupt stack and control is transferred to the searicus Sysiem fault
gxception handler. ) )

Interrupts *

Ilnterrupts1 aré requests for service from external devices and include tha fault intermupt, non-maskable and maskabla
intgrrupt input signals. Following the acknowlsdgement of an interrupt, the PC and PSW are saved on the interrupt

stack and ram controf is transt to th i - - _« Bus Enor : *
. prog o1is transferrd o the predesignated or Suppiiad veclor at execution tevet 0. A bus error indicates thal a memory or FO bus cycle has failed and that externat hardware is unable to corract
{iy Fault inlerupy 1he fault.

_The faun_ iMernupt is used in systems empioying functional redundancy monitosing {FFtIL:Ij. it a fault
internipt is detected, the 2PD70616 enters the halt state and the address and data buses are placed

in the high impedance mode. Actual processing of the fault interrupt is delayed umil after the fault
inlerrupl ingut is negated. o

During the procassing of a fault intamupt, non-maskabla interrupis are disabled.

In the case of a bus aror, the exception address storad on the Stack is the physica addr_éss that generated
ihe exception. Both maskable and nen-maskable interrupts are disabled during the axecution of the bus error
exceplion handler until the RETIS instruction is axecuted.

When a bus error involves the interrupt stack or a second bus error oCours during the processing of tha initial
bus eror, the siluation is deemmes) unrecaverable and the processor will hatt.

{iy Nor-Maskable Jnterrupt (NMI)

Non-maskable interrupts are used to signal the occurrence of catastrophic events such as a loss of
pawar. Non»a_rnaskable interrupts cannat be masked by software.

Another non-maskable interrupt will not be acknowledged until the Processing of the first NMi
completes and the RETIS instruction is executed. .

System Faulls : . _ -
System faulls are exceptions which acour as a result of external events. When a system fault occurs, the exeeption
information is pushed on the intarrupt stack and control is transferred to the system lault exception handler.

+ Invalic Interrupt _ o
An invalid interrupt axception cecurs when an extemal interrupt controllor supplies a system base tabla vector
in ihe range of 0 to 63. These inlermuptiexception vaclors are resenved for system use and attempted usa will
rasult in an exception, S

il Maskable Indernupi (M1}

Maskable interrupt requasts are genarated by an exiernal interrupt odmrnller. A privileged program
can control the recognition of maskable interrupts by the means of the IE {Interrupt Enable) bit in the

P5SW register. )
Following the occurrance of a maskable intemupt, further maskable internupts wil be disabled unii the Stack kwakd Exceptions ‘ S .
POWIE is again set. ' o ILis necessary to avoid additional sxcepiions during the paocessing of an exception. Exceptions involving the tevel 0
stack and doubla exceptions are includéad in this categary. : S :
Exceptions Lovel 0 Stack lnvalid

A levet & stack invalid exceplion occurs when & memery management exception is generated wh_en
Serious 5 E attempting to accass the level 0 stack. Because cther exceptions normally use the level 0 stack during
* wBMus Syslam Exceplions : ' mp ; ; lion must be handied differantly. *
~ System Exceptions exgaplion processing, this axception mu

* Stack Invalid Exceptions . : : When a levei 0 stack invalid exception occurs, the stack is switched 10 the interrupt stack and the level © stack
* Memory Management Exceptions : . invalid exception handler is entered to process the excaption.

« Soltwara Debug Exceptions

instniction Exceptions
Arithmetic Exceptions

Exceptions ara divided into the following categories:

T
PR Fe e

Doubie Exceptions

» Change Execidion Level ) When an exceplion occurs, tha stack is switched to the ‘Ievel 0 stack (or ot_her _stack in lha_ .case Budi a:
+ Asynchronous Traps asynchroncus task irap or change execution level exception) and the exception information is safw "
* Emulation Mads Exceptions _ doubla exceplion occurs i another exceplion is encounterad while saving the exceplion inforration from the
= Saoftware Traps ' first excaplian an the stack.

A st of the possible pPD70618 exceplions and their associated exception stack formais can be found in Tabie 8—1.
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Whon a double exception oceurs; the stack is changed to the infermupt stack and the double exception' " + Invalid Section _
inlormation is stored together with the information tromm the first excaption. The exception handler must then » Section Length Viclation
make tha stack accessible and copy the first exception information fram the interrupt stack ta the invalig stack, " - fnvalid Area
The RETIS instruction will automatically iranster Goatrol fo the first exception handler since tha raturm addiess - Area Langth Violalion
in exception lrame cantains the entry paint of the first exception handler. » Invalid Page

A bus error during the exceplion information saving will be processed as a bus error and the first exception

Invalid translation {aults occur when a section, area or page is marked as not valid. In addition 1o the validity
check. 2 length check is mada on sections and areas to determine if the access exceeds the datined length of

digregarded.

o o the section or area. o - .
Tha ATBR (Area Table Base Register) and the area table entries and page table entries all contain a V (Valid)
bit which the memory management unit uses to determine if the translation is valid. The ATLR {Area Table
Lenglh Register) and ATE alsc contain a length paramater that delines the total size of the section or area,
These entries are used to determine if an access bayond the defined region wauid take place.

The exception-handler must sither abon the task or allecate addiional memary resourcas and resfar the

Memory Management Exceplions
Memory management exceptions are divided into three separalo types. Not present exceptions occur whan a 3
needed address transtation table is not present in memory and must be brought in from secondary storags. &
Pratection exceptions are detected when an instnuction attemgts to access a location withou first having astahlished

the proper permissions. Translation exceplions occur when an invalid or out of rande translation table entry i i i

retarenced during tha addrass translation process. : . " ) - i insimction.
amory management axceplion handlers hava the option of restarting the faulted iwétructinn or terminati i :

the {ault cannot be cosrected. ' 79 the fask Instruction Exceplions : - ' - : .
- Araa Not Present Instruction exceptions involve impraper use of an instuction, operand or addressing mode. The exception handler is
« Page Not Prasent responsible for analyzing the cause of the fault and either abosting the 1ask or emulating the instructions. - - -

These gxceptions occur if the area table entry or page table entry has a cleared P (Present) bit. The exception

handler must read in the area or the page Irom sece ndary storaga and restan the instruction by executing the - -

Instruction exception are detected belore the instruction executes and the exception information containg ihe PC of
the instruction causing the taull. ) -

RETIS instruction..- 3 « Reserved Opcoda . _ _ C
+ Read ﬁn.m:e:t s Violation Reserved opcade exceptians occur when an attempt is mada 1o execute an'0poods which is not assigned a
. Write 2 Viokation valid instruclion. - h : s S T e
+ Read/Write Access Viotation Thesé opoedes are reserved for fulure instruction set extensions.
« Execuls Access Violation | A : ' - L
« YO Access Violation i . 3 « Reserved Addressing Mode - S T

Access violations cccur when the faulted instruction does not have the proper parmissions to complate the % Reserved opcode exceptions occur when an altempt is made 1o use a reservad addressing mode, S

e fz:ad' wﬁ;" and execute permissions ara checked at both the area and page levels and an access h! These addressing mode encodings are reserved for futura exiensions 1o 1he addressing modes.” -« .

+ The present exacution lavel is lass than the Specitied ATE accass level for the acsess. d - - legabinstuction Fomnat BT - ' B

PSW.EL > { ROL, WRL, EXL )
+ Tha page level permission for the access type is disabled.

An D access violation will occur if an access crosses a pags boundary and the pagas are mapped in difforant

The exceplion handlér processes protectios faults by aborting tha lask or changing the access permissions
and restarting the instruction. i : .

If an instruction encoding cannal be decoded into one of the seven instruction formats, an illegal instruction
format exception will occur. , . - . . o _

lHegal Addressing Mode : S e - _ e
Ari Hlegal addressing mode exception occurs when a valid addressing mode is used imgroperly. An example
of an iflegal addressing mode exception is an attempl to use an immediale addressing mode as tha daestination
operand in an instruclion.

= Privileged Instruction
A privilaged instniction exceplion wilf occur il an atiampl is mada to execule a privileged instruction at an
execulion leve! other than level 0.
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+ illagal Data Field

An illegal data field exception ocburs whan an error is d i i

A k etected in 1he siza of
!nald dala type ¢an range in tengih frorm 0 10 32 bits. Should a langth griaa;ti
ilegal data field exception will oocur.

n oparand, For exampla, thg b%
er than 32 bits be specitied, 34

Arthmetic Exceptions ~ -~ - .t . .
Arithmelic axceplions occur as a resut of arithmetic operati ; :
> ations., Th e s
far each of the integer, floating point and decimal data tF;r';:as.- C rea. .dtﬂerem glassles of “."“‘P’“’“ ?'.'-'a- S
= freger Zaro Divide

A zero divide exception occurs when. a-divisor of zero is uged | Ivi f '
' Z 4 : in a divide or remai i Ction. A rarh
divide exception sets the PSW.OV fiag and leaves the destination unmodified. reldatinstruction. A 78

* Integer Ovediow ",
Intager overflow cccurs when the result of an opegration cann . wnn T o
. Ak L o be expressed in 1 Si0n
: destmauon._.An. inf;ﬂ_agar_ ovedl_a_::w exceplion is caused by executing the BREV instm::db:ewﬂgeﬁsamgsﬁ-g‘&
Floaling Point Exceptions "~~~ - : : S At anieg
« Floating Point Zero Divide . T
A ﬂﬂatlﬂg miﬂt Zerd divide emp’jon Gecurs when zero is used .= . e S
cr et POHIL 280 Civice. exce; . _ ! Ised as divisor, except in the of i
s an invalid floating point operalion. The PSW.FZD flag will be Set if a zeco cﬁﬁdzt takes place case oo ‘7.0 whnch
Floating point zero divide exceplions are enablad by the TKCW.EZT < hat i § .
: . . T ora Bl by WY bit. i this bit . i
will ocour immediately and the dastination will remain unchanged. if zoro divide ex:é:tii};r:g ﬁ%&m“wgm
infiniter result will be placed in the destination operand and program axecution will continue. . .. . M
Floating Poisit Overfiow ™ STARELERAG et
Floating Point Undaflow .o .0 - . .. . L
Floating point averflow and undarflow exceptions occur wﬁen astination 2 e Ioaabr. o
¢ the d is i
rapresenting the magnitude of a floating point resuft g dastination upjaltgnd lglmca:l. pableo[ '
When fioating poirTt overflow occurs, the PSW.FOV flag is sef. An ovarlloiw éxcention et
e : L . . arlow gx, ion will i iatek
the TKCW.FOT bit is set or will bs delaysd and an infinite result will be placed im daslmmmmmﬂdmw‘f
When ficating point underflow occurs, the PSW.FUD flag is sat. An i i
. Aaduhapi ) o B - . underflow exce ;
immediately if the TKCW.FUT bit is sat or will be delayed and a denommal result witl ba placad Iﬁt;?;g d';m

operand. B
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7 Wwhan exceptions ara enabled, the overflow/iunderflow condition will fasult in an immadiate exception. If the
- exception occurs as a result of-a arithmelic operation, a corracted exponent is stosed in the destination
. operand. Ovarflow/underflow exceptions caused by a data type conversion instruction will leave the

destination operand unchanged. - )

Shert Reals - Long Reals
Ovorllow -182 —i536
Undartlow +1892 +1536
AT
- Fioating Point Precision o - o,

A fioating point precision exception ccours when the result of an arithmaltic or data type conversion operation
cannot be exactly expressed in the precision of the destination operand and must be rounded. .

When a precision exception occurs, tha PSW.FPR bit is set and the excaplion will ocour #f the TKCW.FPT bit is
set. The rounded result will stored in the destination cperand regardlass of the state of the TRCW.FPT flag.

« Invalid Floating Point Operation
An invalid floaling operation exceplion will cccur if one of the following operations is attempted:
Q+0 , , .
normal + denarmal : . :
denormal « denomnal -

The PSW.FLV flag will ba =et as a result of an invalid cperation. If the exceptian is anabled, the dastination
operand remains unchanged. Il disabled, a QuistNaN is stared in the destination and execution continues.

+ Reserved Floating Peint Oparand e . .
A resarved ficating paint operand 'exception occurs whan a Nal or infinity is used as the operand in an
instruclion. The destination operand is enchanged as a result of this excaption.
Decimal Exceptions '
+ Decimat Format : , PR : .
A decimal format excaplion cccuss when the resufi of a decimal arithmatic operation or data typs conversionis
not a valid BCD representation, : : .

Software Debug Exceptions

- Instruction Trace
When enabled, instruction trace exceptions occur faliowing the execution of each instruction. Because of the
possibility of multiple exceptions and the subsequent sestart of an instruction, the TE (Trace Enable} llag is

supplamented by the TP (Trace Pending) flag.
Prior to entering the exceptien handlar, both the PSW.TE and PSW.TP liekds are cleared.

= instruction Breakpoint
An instruction breakpoint exceplion eccurs when the BRK instruction is axecuted.
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The PC image in the exception inlormation containg the address of the instruciion breakpoint. This allows th,e
exception handler to rasian the instruction folbmru the remaoval of the breakpoint.

+ Agddress Trap -, -
An address trap occurs wheat an ac-::esspccurs that meats the Irap conditions in eithar of the twe addross trap
registers and address Iraps are enabled in the PSW. Address traps are controlled by the following registers:

« TAMOD———access types
« ADTR————rap base address . .
» ADTMR-——irap address range

The AE (Address Trap Enable} flag in the PSW is clea;rad befora entaring any interrupt or exception handler.
The exception handler can determine which address trap occurred by. sxamination of tha addrass trap
exceptmn code.

Figure 8-4 Exception Detection Sequence

i

Baonk Nstrucicn sxecuon:

“Trap it PEW.TP =1
*PSWTP - PSW.ITE

]
I

Ghldtrnrumlmmm.md
And et Tl Bzbion Mormation

*PSW.TP <~ 0 il I struction musl b nesiaried

! )

Excuts tha irglnptsion

NEC
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change Exacution Lavel Exceptions

The chang® execution level exceptions are provided fo allow unprivilegad tasks access to systam fuhctions and
devices in a contrelled manners.

- Change 10 Execution Level 0

+ Change 1o Execution Leval 1

- Change to Execution Leve! 2

+ Changs 1o Execution Lovel 3 .-

The stack is switched to the execution lavel 5pac|hed in the instruction and th.a excaptmn lnformatlon i5
saved. The second opdrand of the instructian is zero extended to wnrd Iength and used as Ihe excepuon
parametar

Asynichrohous Traps

Asynchronous iraps are used 10 notify the system or a task of the otcufrence of an mmnant avant. Asynchronous

traps are important in the design of oparating systems because tha trap ¢an be immediate er may ba dalayed until a
weified execution lovel is reached. Two types of asynchronous.traps are supponted. Tha AST (Aswchromus

System Trap) is used 1o inform the cperaling system of an event while the ATT (Asynchronous Task-Trap) is used 1o
inform & task of an event.

Agynchronous traps are detacted by the RETIS/RETIV instructions. During the execution of these instruclions, the
SYCW.AST and TKCW.ATT fiekis are compared with the axecution lovel of the destinatnn I ma naw executidn level
is greater of aquak o the AST/ATT iavel tha asynchranous trap will occur. 7.

Asynchronous system and task traps operata su'mlar!y but difter sl'nghtly in the' executlc-n l'.evel of the trap handlar

Tiap Expcyion vl whar B rap
AST | w0 . ) e
AT 'mmnynnn M
ASVATE L ovel N
O 0 Qe leiral OASTE/ATT ¢ R T e
[V 1 T IR lavel 1 AST/ATT : BRI
D0 1 Oueees level 2 AST/ATT
0 1 1oeeerens leved 3 ASTIATY
10, Qo AST/ATT disabled.. .. .. . .
10 T AST/ATT disabled . .., " .~ ...
1 1 B AST/ATT digabled ~ h
1% 1. ASTIATT disabled . - N

« Asynchronous System Trap
The AST (Asynchroncus System Trap) is a means of informing the operallng system of avams '-'h'hen an
interrupt or exception occurs, i is desirable to minimize the fime that inderrupls are disabled. The exception
handler need only sat ihe AST lavel 1o the-userdevel and exit, Whan control is retum ta the user leval tha AST
will cocur and the operating system entered, This technique simplifies the software interfacs betwean
inlamiplitexceplion handlers and the operating systern.

Following tha deleclion of an AST, the execution level i changad to ievel 0 and conirol is franstered 10 tha
AST handler.
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An asynchronous system trap will be disregarded while the PSW.ASA field indicates an eariiar AST.is baing

NE C nPD70616 (V60)

-« Emulation Mode Single Step Trap o _ . N
~ This exception occurs when an instruction execules and modifies the emulation mode PSW2.BRK flag.
The PSW2 BRK ilag has no effect on single step and the native mods PSW.TE flag must be used 1o single
slep emulation mode pragrams. : :

serviced.

*

Asynchronous Task Trap

Tha ATT {Asynchronous Task Trap) is a means for entering user irap h AP L
andlors,

cannot b:a allodwad 10 executa al tavet 0, the ATT &5 a means 1o perrn'?t‘:ask spacilicaatrapcauhs;ngli?; tt::agxhamem gzs )

non-privileged axecution tevels. Applications of asynchronous i acthvation o : o

handlecs of task fermination processing, ¥ task traps include activation of task exception

« Emulation Mode Overflow ' ) .
i n: g L . This exception eccurs when the emulation mode BRKV instruction is executed with the PSW2.0V flag set.
Fallowing thé detection of an ATT, the execution feve! is cha ' ffied by the TKCW.AT on N B
ligkd and condrel is transfesred Yo the ATT handier, raed o the level specified by the THOW.ATT
During condext switching, the ATT is siored as pan of the task context.in th - ing :
and loaded from the TCB by the LDTASK instruction. e TR by the STTASK instructon
Asynchroneus task iraps are disregarded when: : ) . - |
¢ anAST and ATT ocour simiitaneausly, ., . A
+ the PSW,ASA fiekjindicates an AST is being serviced, -
+ the PSW.ATA field indicates an ATT is being serviced -

. Emulation Mode lndex
This exception occurs whed the emulation mode CHKIND {Check index) instruction is executed and the array
indlex is tound to be cut of range.

il

+ Emulation Moda Coprocasser Not Prasent . o
' This exception occurs it an FPO1 or FROZ instruction Is executed and. an extemal coprocessor is not
connecled. '

Software Traps
Software traps ara an implementalion dependant methed ol implementing user traps.

When the condition fiekd in a TRAP instruction and the PSW s satistied, the specified software rap will accur.

Emulation Mode Exceptions  ~ . . .. . . -
Emutation mode exceptions are exceptions which ocour during the'eiemﬁﬁn of emulation prog ; -
{Ee detection of _I;a_:: exceplion, tha emulztion maode PC is pushied on the stack and native mods is enarta:dr;:'t: m y
e excoption. The exception handler must exarmine the exception parametar an ni nothod of ]
emulation jor sach instance. plion patamster and determine the carract methed of gL
+ Emulation Mode Privifaged Instruction

The emulation mode system instructions listed below have ba ivil on i
Meclvsiortrit ey . . 8 mada p.nfqle.qad to allow operation in a

IN7, GUT, INM, OUTM, HALT
BRK, RETI, POP PSW, £, DI

The PC stored with the exception informalion is the address of the immedia Iowmg ho ficst b
the instruction causing the exception. 2 brta toly fol the fiest byte of

+ Enmilation Mode Resarved Opcode

This exception occurs i a reserved but unimplomented opeode ié $n§ pled tﬁ bee ;
list of reservad opcodss is 1he BRKEM (Break for Emylation) mmbr:m xecuied. Included in the

The PC stored with the exception information is the address of the byte immedial A

the instniction Causing the exception. ad toly following the first byte of
- Emuation Mode Zero Divide

A zero divide exception has occurred in emulation made.

The PG stored with the exception information is the address of the noxt instaudtion.

*Conditionally rappad, see Secton 10 for dotais.
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Interrupt/Exception Stack Formats

Figure 8-5. uPD70616 InterruptExceptions
{the @ symbol indicates a pointer value)

J Bua Fraote intarrupl

N DO
e . :
4] Buk Frears lnmmpt -
.o
ll'ﬂﬂl.‘l_'l.rpt_ . —Gmm..,
n Hon-buskabhe Kiterupt <
#G4-255  Mawkabie inlmpis “‘
Q
Lsﬁﬁmsnh&n'l-‘m- P T
# Bus Fauit 5
{Mote : The sxcaplion adaress is 4 physical adkeis) + Excsption Address
o | Exconton Code ]
ot
a
I Syuiam Exceplions. — AB S IGAON —
# Syalem Faok
Vvasid Intermupt + | Excaoion Code l
b
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| Lavet § Singk Imald — Aort f Fary == iatrups O ]
7 Lavel O Stack invalid
12 Atktraka
Single Enception Extapton
+A Excaption Cade a
ot PESW
a PG (Cument PC)
N +16 First Excapiion Wnigrmmation
2 Excaption Addvess
8 |  Edceplion Coda 8
ke Paw
o 3 First Excmption Handise
ey
Marnory Managertent Exceptions = Pty £ AL == I
# Asea Not Presen Eageption
12 Adchiots
#  Page Mol Present Exoeplion _ Excwpton
o lﬁmw“uumnlElm +1E T I
MO Asibis Wiclaion . : ._'_ _ L
Pl ATl W ibtE i PV
= i A . e T Q PC{Cument PC) - <. .
#1171 Addresz Transiation Exceptona - m
imadd Sacion . "
Invakd Aqa
Arsa Lengh Yiolation ..
ivuliid Page
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l . Softwars Dobug Excapbons i i COOIAI

| Arithmwtic Excaptions ) O] § SOOI — i ‘I

#12  insouchon Traca Ercepbon

«¢ | Exepton Coda =1 m';.m‘ - ez PC {Gurrent PC)
A PSW Ovachow +8 | Excopton Code I s
* ° PG thel FC) 022 Floatng Point Exceplion - . PSW
Zavo Divica
' Dvarfion @ PC (Neat PC)
Undaciow a
M2 inaructon Broakpowt Exception Mm . - -
+8 |  Exzcepbon Coda [ Iewaiid Floating Point Opsration
- Fassrasd Fioating Foint Cpsrand
-l PSW
Docimal E o
o PC [Currant PC) = D.uw"anrmaz
#14 Address Trap Changs Exscution Lavel Exceptions = Continie = |
. . +12 PG (Curent PO}
*8 | Eucenton Gode 24 Chings 1 Exacution Laval 0 -
-t PSW #25  Changs o Execiton Lival 1 Paramate
: #25  Change 1o Exscution Level 2 +8 | Excention Code I 8
- o PC(NeniPCE #27  Changs b Exscution Lavel " p—
- o PG (Nast PG
X ) R
ltucoon Exceptions, T e ADONE ! ETHAG
B et
ne mwm : T — I Asynchronous Trags — GO . . . ]
P17, Priviioged ineructon - - - +8 |  Ezoeplion Code J . -
#18 Ressrved Addmssing Mode - . e . .
P19 Ragu Addradsing Mode _ : 23 paynchionous Srsem Trap + | Excepbon Code 4
Wegal Insincrion Format 0 PC (Curten PG} 29  mipncheonous Task Tra L L
20 eghl Data Fisid . ‘a PC (N PC)
. [~
L Emulation Mode Exceplions = Aot { Coriinu s - l
¥32  Emulition Mode Erceptions ' 2 PG (Current PC)
Rendrvad Opoide + Exception Code ]
Zovo Divide
Singla Steo Trap il i
Crvarfiow [ Pcmmj
Asriry Bounds )

CP Nol Prisidl




i . Saltwirs Trapa tn CONDN N Exoepﬁon Codes
*45-53 Scitwses Traps
E scaotion Code " Table 8-t. pPD70616 Exceplion Codes
Paw Cade Serious Systam Excaptions Code Software Detug Excoptions
PC (Newt PL) 0307 | string data write biss emor 0000 | instruction trace
W 0303 | tixed lengih data writa bus error 0000 | instruction braakpoint
0305 | translation table write bus error CEQY | addresstrap O
0308 | string WO write bus ermor OEQ2 | addrass trap i
0308 | fixed longth L4 winte bus ernor OEC3 | address traps 0and 1
031 shring data read bus eror
ge fix lanﬁg;hdmrsadgﬁlermr - Instruction Exceptiorns
1 stam basa & raa S @rror P .
G315 | iranslation tabis tead bus sror 1% roseived jastruction
0317 | instruction teich bus arror 1200 | Tasaeged inatuction
0319 | string VO read bus eror 1300 | Tleanr o ra5s m“
0318 1 fixed langth O read bus eror 1301 mlggal ingtnuction tommat
OHE | interrupt vector read bus error 1400 | illagai data fisks
System Exceptions Adthrtic Exceptions
0400 | illegal interrupt 1500 | intager zero divide
1501 integer ovarflow
Stack ivalld Exosptiona 1601 | floanng point precision Uwas azcaction codes ow
0700 [ areanot present —_ 1602 | iating point undarflow ccenipic b v Cbae of
o701 paga nol present 1604 | floaling paint overflow SIS hECapRonE
o702 acoass violation 1608 | floati m Zaro divide
0703 | read access vialation 1610 h\-'aliT ing paint operation
0704 | write access viclation vt & atack Imalid 1680 | resarved foaling point cperand
g;% ‘r“malid ite accass violation . 1780 | decinal format axception -
v, BACION
ﬂ?% m:?dn length vialation Change Execution Lave) Exceplions
o7 invalid area —
0704 | e e i 1220 | ghargers seosonievet
0780 | nld 03g ot - 1A | changsto axecution lovel 2
0;3% ] Ommﬂpﬂl;l_ 1800 [ change to sxecution level 3
1] access vialahon
ot | e TR
write accass vilation " ronoue gystem
g;g; :aag\wﬂe sccesg viakition | 9ouble exoupioa 1000 | asynchmnous task trap
invaid section
Q;g-g “?l?dn longth violation Emuiation Mods Exceptions
invalid area ” — - -
: 738 | Sroalongh veleon 3500 | amuton mode rviesed ercion
0788 | invalid page - 2002 | emulalion mode Zero divide
Meirory Management Exceptions gﬁ :mm’!"“ m%ﬁ&:“‘p lrap
0800 | area not resent 2005 smutation moda indax
0sm 8 not present 2006 | smulation made coprocessor nol present
QAD2 acoass violation <
DACI | read accass vn![:tl.cn Softwars Trapa
QAC4 | write acoess violation '
DADS | read/write access violation g?gg mﬂw::: ::gg?
QADE | axacule accass viclalicn 4200 | software trap 2
0BOT | invalid gection . .
0B0A | section bangth viclation ;
0B imralill;ara;l | i H
0B0A | araea length violation
OBOB | invalid page JF00 | sofiware frap 15

l
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Reset

The uPL7T0618 is resel when the RESET input pin is assarted. When resat occurs, internal registars and bus

intertace are initialized and enler tha reset state. Following the negation of RESET, the uPD70616 will begin program
execution al address 0FFFFFFFOH.

Following resel, the processor is in the phiysical address mode using the nalive mede instruclion set. The program

execution level is set to level O using the inernupt stack and maskabia interrupts are disabled. The internal siate
Tellowing reset is shown in Figure 88,

. Figure 8-6. UPOYOB1E Resel Stale

Reglster Corfisnty
PG FFFFFFFOM
PSW ~ 10000000H
AO-FR3T “Undefined
LOSP - L3SP, ISP : Undefined
SYCW O00000TOH
TKCW 1 0ODDEOOOH
S8R . . 0000B000H
) TR . Undelined
ATBRG — ATBR3 nvalid
ATLAO - ATLRD Undefined
_ADTRY/!, ADTMRO!, TRMOD Undafined
PSW2 BO0OFO0ZH

NEC

Interrupt/Exception Nesting

uPD70616 (V60)

Mulliple interrupis and exceptions can oocur simultaneously. I the evant of mukiple exceptions or intemrupts, the
wPD70616 assigns each a priorty and nests the exceplion information on the stack according to the priorities of each
imerrupt Gr exXcaption.

in general, when nesting moliple exceptions, the axception stack kames are pushed onto 1he stack in order of
increasing priority whila the processing of the exceptions will oceur in order of decreasing priority. When stacking
mufliple exceptisn irdermation, the first PC pushed on the stack is a pointer to the currant or next instruction.
Subsequent PC images are poinlers to the excepiion handlers 1o be executed in arder ¢f their priority.

There are some cases which are handled slightly ditferertly than describad &bove:.

» If a reset, bus freeze or sencus System exception occurs, all other interrupts and exceptions are ignored.
Reset is the highest priordity evenl and takes pracedence over all other imarnupts and axceptions,

« If a maskabie and non-maskable interrupt occur simultaneously, only the non-maskable internupt will ba
recognized. The semrvicing of the maskable interrupi condilion will delay until the complation of the non-
maskable internspt handler.

+ An address trap will be ignored if B accurs in conjunction with an exception that will rastan instruction
axecution.

» An instruction trace exception will be inored # it eccurs in conjuncticn with an axcaplion that wil restan
instruction execution, The Instnuction trace exception frame is not stored and the PSW lisld in the other
axcaption Irama will have the TP (Trace Panding) bit cleared, prewarmng an instruction traca axcaplion
from occuding whan the instruction is restated.

« Marmory management exceplisns arg not nested wilh ather exceplions. i a mamery management
axcoption or address trap occurs simultaneously with a maskable interrupt, it will ba ignorad and the
instruction later restaried.

Table 8-2 is a complete st of the combinations of simultaneous intersupts and exceptions. In this table, intermipts and
exceptions are listed across tha top and down in order of increasing prority. . The action taken in $he case of two or
mare simultaneous intarmpts or exceptions can be determined by finding the first exception in the iop row and
reading dows until tha column intersects the desired interuptfexceplion.

For example, in 1he case of the instruction trace exception, an arithmatic axceplion, addrass trap, maskable and non-
maskable interrup! wilt all be recognized and senviced in order of pricrity. If an instrucmrvma_rmry‘ managemont
xcaplion or a sericus sysiem fault, bus froeze or reset interrupt oocur, the instruction trace exception will bo ignored.
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Table 8-2. Multiple Inlerrupt/Exception Processing

Incrammng Pricn iy ——a-

Inlﬂrrum.-'Exoaptior.w l AlTIM| A S|B|R
Possibla ‘ Ff g El D I M' E Fl g
lSim'u]tanaaus . E ; E‘ L % $
ntenupts/Exceptions 4
SINGLE Ol je|[O0]0|(0]|e;e .
AAITH - -{-{0]o|o|(eie|e
INSTR : -1 ]1C|O|eie|w .
"MME ¥|O0|O|0D1e|w
AD-TH Cl|O|eie|e
Ml LA R BN
NMI ale|e
SERI o|e
BFREZ [ ]
——

TRACE... Instruction Trace £xception

- ARITH..... Arithmetic Excegtion, Change Lavael Excaptmn Asynchmnous Trap.

Emalation Moda Exception, Sottwara Trap
INSTR..... Instruction Exception, Instction Braakpaim Exoaptbn

" MME.......Memory Managemert Excaption ' | .

AD-TR.... Address Trap _
ML....... Maskable Internupt, llegal Intermupt .
RMi......... Non-Maskable Internupt
SERY.......Serious System Exception

- BFREZ....Bus Freeze Interupt

RESET....Resat

L 0 S Both excepiions are recognized and are sarviced in order of priority.

*...ccee..... The highar priority interruptiexception is serviced and the lower priority
excaption is ignorad.

—ecreene s TR DCEUIANCS 0 Both axCeplions is not possible.

* Tha lower pricrity sxceptlion is serviced and the higher pricrity exception is
ignarad.

NEC
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Specific examples of interrupt/exception nesting are shown below:

Figure 8-7 Simultaneous Instruction Trace, Aritfunetic and Non-Maskable Internipt Exception Processing

e PulTm Target Progem
FEW(TP=1)
FC et prog AT I
v Cheowr 1, 1D
? farvnd 1} Stach, l
L=t
|
Arthmetic Exasglicn Haab
PSW (TP « O} .
L (aithumstic seompinen handeey
M
InherTupt St RETIS

This example shows tha operatnon of tha pmnty saiecllon logic in samcm simultanagus intermpis and a:captnons

3. Tha fnrst action taken is to push 1.ha anthm&tnc axception irame on tha level O stack. Because an
- instruction Irace exceptien alse cccurred, the PSW image will have tha TF bit sai Tha TE and TP

tields intha PSW are then claared during exception procassing.

2. Next the stack is switched to the intarrupt stack for the s!.oragaanrm lntarrupt frame. Tha PG umgam _
the interrupt frame is tha entry point of the arithmetic exception handier which is scheduled 1o be
garvicad naxt {ollowing the completion of tha- maskabla lntanupt handler The PSWIE fleld ls dearad

to disable further maskabla intarmupts.

4. When the maskable interrupt handfer jerminates, the RETIS ins:mmtion pops the interrupt irame from
the internspt stack and transiers control to 1he arithmetic excephion handlegr.

4. The arithmetic axception handler is now using the execution levet 0 stack. When the axception
condition has been comected, the arithmetic excaption handler executes an RETIS instauction. The
instruction trace handier is than entered since the PSW.TP fieks is set.
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Figure 8-8 Simuftaneous (nstruction Trace and Page Not Present Exception Procsssing Figure 8-9 Simultaneous Page Not Present and Maskable Itternupt Exception Processing
WAL P R
PSWITP = Oy h"gs.._ famet Pm_w“ PEW TP« 1) LS ] ' '
P flargue programy - [ _ P (rget proprarms , ] :
, -—
‘ o - v 1, [ - : mowa 11, {h)
e . p o e e A
i bk i
;
| ® I ;
TS
Faga Mol Prassnt Hancke: Page Wox Prover . ‘_"""’1-""'-'- :
PaW (TP a0y ] )]
| PG (page nal prmdesd. hand} ’
f'
AT e Sl ETE
B - bl

This axamglo demonstrates the restart of an insta.ction follawing a page ot presant excaption and delay of the This example shows how the memory management exception is ignored if a simuttaneous maskabla intermupt accurs.
instruction trace exception, L . . .
o ' 1. When a page not present exceplion and a maskable interrupt occur Simultaneously, the’ memory.

management exception is ignered and only the maskable interrupt is sarviced. The maskable

1. When an exception requiring 1he restart of the instruction and an instruction trace' aexception occur

simultaneously, 1he instruction trace exceplion is ignored. Tha memary management exception interrupt frame is pushed on the interrupt stack with the TP field of the PSW cleared. Control is then .
frame is pushed on. tha level O slack with the TP field in the PSW field cleared and the PC image transfarred 10 the maskable interrupt handler with further maskahbls intesrupis disabled.
pointing to the first byta of the instruction. Program contral is then transferred to the -memery o o N -
management excoption handler. _1 2. The maskable interrup! handler terminates by exgcuting a RETIS instruction, the restorad PC and
R C : o o - . PSW.TP indicate to restart the instriction that originally caused the page not presert exception . Tha
2. When tha page has been brought back into physical memory, the handisr executes an RETIS re-execution of the instniction will again generate a paga not present exception which will be
: instruction. The restored PC retums program contral to the faulted instruction and because the processed as narmat memory management exception. -

PSW.TP flag is clear, no instruction trace exception will occur.
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Figure 8-10 SimuManeous Arithmetic Exception, Maskable and Nor-Maskable interrup Processing

SECRION el
PEW (TP - 1} G) S Fugu Program
PE Famel progewm) e
[T
-~ e
T e - o
INSHAING ! -
ﬂd-ﬂrilnnu . H . [ .
@ FETIS
. L DT Ercapdon Havi [T
L PEW TP uin . ' @ Handiwe )
. \
o - El - .
it Stacs ' :
: RETy  RETy

The fina! example demonsirates the ocou imut | i | i ' ; |
maskadle intermupts, o rrence of a simuitaneous arithmetic 6xcaption.with both maskable and nan.

1. The exception processing begins bf'fst'acking ihq arithmetic’ ékﬁap{_igniramé on the level 0 stack,
2. Mext, when maskable and non-maskable inte i the maska.b.
- g WHIIETE FLELSRADH _ ) ible interrupts occur simultaneausty, the i i
ignored gnd lhas _nqq-mggl_-cablgmtenupt stack frame i$ is pushed o:?h&?fdénupt smgnﬂlﬂﬂmﬁ '
_ _m:g: is E;;‘rtl?g?hme rewai'n PC on the stack cortains the eniry point of the arithmetic axcaption
. B processing of tha nbn-maskably i ‘maskable intern iti
hanc ' the proces dgtﬂe. n-maskably interrupt, malec_abl_e mtm_*m_pts and _agldltpnal

3. When the KMI handler torminates, an RETIS instniction is exacuted, Howeve

the excaption frame from the intarrupt stack and enterin i i i .
. _ _ g the arithmetic ax
control is vectored immediately 1o tha specified maskablg interrupt handler. ception iandler, piogram

Ml | ) p lllﬁn. cont DI Is elumw 1] l,ha

NEC

Interrupt/Exception Stacks

The active stack is determinad by the contents of the EL (Execution Levsl) and IS {Interrupt Stack) fislds in the PSW
register as shown below:
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EL Is Selected Stack

WerLpl Stack ISP
Lavel 0 Stack [LOSF}
Lol 1 Sthei {L15AY
Loved 2 Stack {| 26
Lavel 3 Stack {1 368

0d
[ei]
3]
10
11

S GO0 -

3708

A program always sees only a single stack pointer regardlass of the execution fevel. The PSW.EL and PSW.IS fields
entify the active stack pointer {SP) and the contents of the active SP point to the top of stack (TOS) elament on the
tive stack. .

Ihe cache of five stack painter registars (LOSP—L.3SP, iSP) are independent of the user SP (R31). The user stack is
switched whenever the execution level changes due ia an interrupt or exception. Before changing stacks, the
contents of the SP register are savad back in the contents of the corrasponding stack pointer register. Becausa the
SF is updated by any instruction affecting R31, the contents of the SP and the associated stack pointar register can
differ during the execution of a program,

Notes
1t is possible for the active stack to bagoma invalid due [0 4 mamory management exception. the eccurrance of this

condition is described balow:
{1} Level1/2/!3 Stacks Invalid

li the level 1 /2 /3 stack becomas invalid, an exception is generated and tha execution level changes
io lavel © and the level 0 stack becomes the active stack. Following the corraction of tha exception
condition the originat stack & restored.

H tha stack invafid exception occurs during the stacking of exception informaticn frem an
asynchronous task trap or change tevel axcaption, a doubls stack exception will cocur.

{2) Leved O Stack kwalid
I the level 0 s1ack is invalid, a level 0 stack invalid exception is generated gad 1he inermrupt stack (ISP)
becomes the active stack,

(3) intermupt Stack Invalid .

If the interrupt stack is found to be invalid, the pPDT0616 wili halt until reset. For this reason, the
interrupt stack must remain present.
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Section 9
Software Debug Support

Tnis seclion descnbes the software debug faciities of the uFO70616 microprocessor. The size and complexity of 32-
tat systems deamands thal an-chip hartdware contribule (o the problem of dabugging complex application and syslem
software The on-chip sohiware debug suppor! allered by the nPR70616 ads in quickly dentitying the erram seclions
ot & program withoul spending hours over hslings and real-bmae traces

Three separale soHware debug lools covering a wide range ol gebxig sirategies are supponed.
+ instruction trace
» inslruchion breakpoins
+ address traps

Inslructian frace 15 used 10 slowly execule a program 1o parmit close observation of its behavipr. Folkowing the
axecution of each instruction. 1the program is imerrupted and the instruction frace exceplion handlar is entered.

ecause of the coupling to the nPO70816 instruclion sel, instruclion trace i5 requently used o observe and debug
Jrograms at the assembly language level,

Ohien milliens of instructions must be executed to reach the point of inlerest in a program and single slepping thmugh
aach instruclion is obviously inadequate. Instruction breakpoints alkow reaktime execution up to a special instruclion
and then cause an exceplion, allowing the breakpoint handier to regain contrel of 1he system and display the program
slate.

Bolh instruction trace and instruction breakpoinis address Ihe problems ol debugging the instruction siream bul zre
no heip in debugging a section of ROM code or identifying wayward data weite operations that ¢an poledtially destroy
programs. To aid in tha debug of these siluations, a new typa of hardware dabug support known as address Lrapping
15 required. Addrass traps ara the most flexible debugging Yool since 1hey combine an address along with an access
Iype, permitting ihe hardware 1o dislinguish between read, write and axecute accasses anywhare within the virtual
address space and to jrap only those accesses which maet the specifiad trap condilions.

The level o en-chip hardware supporl 1or 1hasae three debug operations has baen hitherto unavailable on any B-, 16-
or 32-bit microprocessar. This high level of scltware debug suppart allows a soltware debugging jool 1o periorm many
of the tasks previously relegated to expensive in-circuit emulators. The end resalt is a powarful, low cost means ol
designing complex scitware systems without sacrificing software raliability.
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instruction Traca

Instmgion trf'u:a {also referred to as single stepping) is a ool used to force an exception faliowing the execulion
each instruction. Instruction trace allows a software engineer 10 observe the execution of & program at the inggn ictiog;
level o locate and correc) software errors.

*

Instruction Traca Controt

Instruction trace exceptions are centrolled by the TE (Trace Enable) field in the PSW register.
PSW.TE =0  instruction trace disabled
PSWTE = 1 instruction trace enabled

Because this fiald in the upper haliword of the PSW, a privileged instruction is required to enable and disabla’
instruction trace. '

atruction Trace Opemtlon

Jhen jnslru{:tion trace gxceptions are enabled, following the execution of each instruetion an instruction trac;n
excoplion occurs. Prior 10 antry into the instruction trace exception handlar, the PC and PSW are pushed onto the
level O stack and tha PSW.TE field is cleared 1o allow the debugger 10 analyze program execution. To return back £
the target program, the RETIS {Return frorm Jnlerrupt — Systern) instruction is used. o

Foliowing the occurrence of an instruction trace exception, the leve! 0 stack contains 1he tollowing information:

PC of the next instruction
axception code (0CO0H)
PSWimaga
paramalar count

Refer to section 8 or the organization of the level O stack loilowing an instruction trace exception.

As described in section 8, the existance of an internupt or exception condition is checked fatlowing the execution of,
each insiruction. Because instruction trace is the lowest priority of the many exceplions that can occur, all other higher
priodity axceptions will be processed ahead of an instruction trace excegtion.

Tha ather exceptions that can accur can be classitied into those which restart or resume instruction execution and

ose which pccur atier the exacution of 1he instruction is completed. Inthe latter case, operation of instruction trace
5 a5 described following the correction of the higher priority exceplion condition. The former case pesenis a problem
since the instruction has yet fo execute and it would be incermect to process the instruction trace exception after the
higher pricrity exception condition was corected and ance again after tha instruction completes execution.

The solution 1¢ 1his problem is for the KPDT0G16 to keep track of the exceplion type so to be able to restan the
instruction and delay the instruction tracs exception until the instruction has completed execution. This is
accompished by the TP {Trace Pending) field in the FSW register.

FSW.TP =0  no instruction trace pending
PSW.TP =1 iastruction trace pending

When the PSW.TP fisld is cieared, an instruclion trace exception is nol pending and the instruction is restarted
without servicing the instruction trace exception. K the PSW TP field is set, either no other higher priority exceplion
has occurred or {he exception occurred after the execution of the instruction was completed and the instruction trace
exception should be honored.

cuse 1
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nsider the following examples. Suppose thal a program is being debugged wilh tha instruction race mode

enablad and a higher prigrity exceplion also occurs.

Pre-axecution exceplisn

Assume that an instruction makes a memory referénce 1o an non-existent pags al?d causes & page faylt.
Bacause the instuction has not executed ard must be restaned, the PSW.TP heid}s cleareq prior 10 baing
pushed on tha stack. Alier the exception information is placed on the slqck: instruction trace is disabled gnd
ihe memory managemant exception handler is entered. Aher the missing pags has been hrpught into
physical memary, the faulled instruction is restanted. Baecause the PEW.TP field is cleared, the instruction
wrace excegrion is delayed until the instruclion completes execution.

Case 2 Post-exaculion exception
Assume that an integer overilow exceplion has occumed. Because the instm_cm_n has cc!mp!elad exacution,
the PSW.TP field is sel priof 1o being pushed on the stack. Alter the exceplion information 1s placed on the
stack, instruction trace is disabled and the inlegar overlkow gxception handler is entered. When the imegar
overflow handler is finished and executes a RETIS/RETIU instruction, the restored PSW is chacked and
becausa the PSW.TP field is set, an instruction frace exception occurs.

The PSW.TP field is controlled by the nPD70616 microprogram. When an exception occurs thal raguiras t_he
instruction 10 restarted or resumed, the TP field in the PSW image pushed onto the stack is cleared and the instiucticn

trace axception is dalayed untl the instruction campletes execulion.

UPDPSW.W Instruction . . ioae LPOPSWN
Enable of instruction trace is generally by the RETIS instruction. It is also possible for tha privilege SW.
instruction lo modify the PSW TE field and enable or disable instruction trace under the following circumstancas:

« If instruction trace is enabled and a UPDPSW.W instriction executes and _clears !he PSW.TE field, a final
instruction trace exception will occur atter the completion of the UPDPSW.W instnuction.

i ! is di j i i PSW.TE field, the
« If instrection $raca is disabled and the. execution of a UPDP'Swiw instruction sets the .
instruction trace exception will not accur until after ihe completion of the instruction fallowing the UPDPSW.W

instruclion.

struction Trace Note . _ ) .
.final note en instructien trace operation. If the instruction trace emeptnon_handlel_' amvdamally. enabies :nfsimctmn
irace, an andless sequence of instruciion trace exceptions can occur. Exercise caution when writing instruction trace

exception handlars to avoid this situation.
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Breakpoint Traps

The instruction breakpoint factlity is used to implement i i -
: , : pragram flow debuggingt, i akpaint | |

rep_Eamng the hrs_l b;f!a of an insbuction with the one byte BRK instmmion.g%hggm‘;g;sirﬂir;:&e ;m il ot

until the breakpoint is reached and executed causing the breakpoint trap. s & full speag

Following the occurrence of an breakgpaint trap, the level { stack contains the {following infermation:

= PC of the current instruction

= exceplion code (QDOOH) '
+ PSWimage

« paramelar count

Refer to section 8 for the arganization of the level 0 stack fallowing a braakp-u-int trap.

Nrte that enly the first byte of & mri-byte instruction nesds to be replaced with the BAK _astruction. Subsequen

bytes may be lail unmoditied without causing an exception si i i
~f 1he instruction never reach the execution unit. @ e the brealpaint trap guarantees !he_ remaimng Bytes

\so a note of caittion concerning infinite breakpoint iraps. Th ing i

: " i . e Saefling ol an Instruction breakpoin? withi
tireakpaolnt exceplion handler will causa repeated braakpoint traps until some other excaption |::-:=|:;ur-.;|:b:lr-ct1 t:nh!n e
the sequence of instructions. Exercise caution to avoid this situation, h rinates ;

For example, a high lavel language dabugger can et bra int g i h i i
i e g el cr?de.g 93 raakpoint traps at the maching instructions cemesponding to aach ling of the

NEC

e
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pddress Traps

Address traps are a powerful debugging facility that combing the occurrence of an address {or range of addresses)
with one or more access types {read, wrile, execute) 1o generale an exception. Address traps differ from instruction
wace and breakpoint traps since they operate on dala accesses as well as instruclion accesses and can span one or

rore tasks in a mudtitasking system.

Address Trap Operation
The sefup of 8 pPDTOE16 address trap is performed as follows:
+ address assignment :
Specifies the base address within which address traps will occur. For example, vinual address 10000H
gan be used as the base address. . :
+ addrass ruask assynment

This parameler defings the range of addresses from the specifiéd base address that address traps will
ccour. To lrap accesses within the virtual page at address 10000H, the range is set to 4096 bytes.

+ access type , _ - . y
This parameter assigns one or more access types to the rangs of addresses. For instance, if Iraps arg to

occur on write access 10 the region, write access trapping must be specmed '

In the example above, the address trap would be programmed fo occur when the following conditions were all
salisfied: . .

= virtual addresses 010000H-010FFFH
+ write accasses

The uPD70616 allows two independent sets (address trap 0 and address trap 1} of address trap specifications to ba
defined simullansously. Address trap specifications can be c_mrlappad of us4 the sama or ditferent aosass types

wilhout restriction.

Address traps are setup and conirollad by three types of privileged registers and a fiek within the PSW register {refer
to section 3 tor detaiied register specifications).
» Address Trap Enable {PSW.AE)
The PSW.AE fiag is used as a global enable and disable for the address irap logic.
ESWAE =0  address traps disabled

PSW.AE =1  address traps enabled -
Because the AE flag resides in the privileged upper haliword of the PSW only operaling system routines
can conirol the operation of addrass iraps. .

+ Address Trap Ragisters {ADTRO/ADTR1) ' _
The two ADTR registers each contain a 32-bit base address usad to define a region by the trap logk.

Register ADTRO contains the base address for address trap 0 and ADTR1 containg the base address fo!
addrass trap 1. C
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* Address Trap Mask Registars (ADTMROFADTMB
Thq ADTMR rﬂ_gisla:s are used 10 qualify the ADTjR regi

+ Trap Mode Register {TRMOD)
The TRMOD register contains the acoess ty

within the TRMOD contain the following ﬂags:pﬁ specifiers for each set of ADTR/ADTMA registers.

Figkis

= read............. read access to the address
; Causes an address §
Addregs Trap : write..............write accass ta the address causes an address krggg
executa........ £x8Cil0 20cess 10 the address causes an addrass trap ¢
* fead......... . read access to the addrass '
o fes et JOE Causes an ackdre
Address Trap 1 writa.............. wrile access to the address causes an addra:z itgg 11
: * éxecuta,.. ... BXBCUle access to the address causes an addrass trap 1

Each of the ahove fields is independem! i i S -

¢ . 2pe y assignable allowing trap conditions such ite

:ﬁi\:ﬁtem?t?cuig access to a reglon. lAddress traps 0 and 1 can be disabled by sln;; 22|;:1‘ ?:Ia o
condition {i.e., all bits within an access fieid cleared) in the appropriate fisld in the TRMOD m;;;?;r e ne

Address Trap Satup

Setting up for addrass traps invol i i
etk ps mvolves programming of the ADTR/ADTMR register

rasst i i i pairs, tha TRMOD régister
been met raps in the PSW register. An address trap will sccur whanaver | agister ang

- ot the following canditions havg
+. 1. PSW.AE = 1 (address traps enabled) o Lo
_ 2. any of the TRMOD RW/E bits are set o
3. aprogrammed accass type oocurs

4. an address ragion 'hit' occurs

Address Trag 0

2. any of the TRMOD R/W/E bits dre sat
3. aprogrammed access type ocours
4. an address region ‘hit occurs

mm . l .-;.
1address ‘hil’ occurs when tha following condition is satisfied:
{ AccessAddress and not{ AddressMask ) | = | TrapAddrass and noi{ AddressMask ) |
For example, to trap on accessaes within a 128 byt region, an ADTMR is pmgramnﬁ:I as follows:

Figure -1 ADTMR Setup {126 byta rogion)

L]

0000000000000000000000000111‘1111

e 1

- [‘hﬂ

E C | uPD?oéas(vsc})

gince the low order twa bils of the ADTMR registers must be sat, the smallest irap region is four bytes (4B} while
© largesttrap region (all ADTMR bits set) is lour gigabytes {4GB).

: address Trap Generation :

Addeess traps in the ptPD70E16 occur when any byte within an address trap region is accessed with a specified access
. The actual ocourrence of an address trap is delayed until both the instruction and the access is completed as

" ollows:

« An execute access address trap is delayed untif the instruction is executed. Insiructions within 1he
atkiress trap region which are pretetched but not exectted do not cause address traps.

- A read access address trap occurs afier 1he access to the operand has commenced and the read
oparalion has complated.

. A wrile access address irap occurs atier the access to the operand has commenced and the write
operalion has complated. . .

w priarity is assigned in 1ha gveni of address traps detected simultaneausly by each set of address trap kgic. An
address 1rap handler can detect this condition by examining the exception code placed on the lavel 0 stack by the
processor. .

VintualPhysical Moda Address Traps

Address traps can operate in both 1he virtual and physical modes of the RPD70616. Address traps in virtual mode
ullize virtual addresses while address raps in physical mode utilize physical addresses. :
When oparated in the physicat mods, the trap address is regarded as a physical address and the high order 8-bits of
the ADTMR registers should ba set to match the addresses output on the 24-bit address bus. Failura to mask tha
upper 8-bits will result in UNPREDICTABLE operaticn. . :

When virtuak mode is anablad, the trap address is regarded as a vinual address. No capabiity is avallable for trapping of

physical addrosses while in the virtual mods. :

Address Trep Stack Cortents :

When the conditions far an addrass trap are met, information s placed on the level O stack and contral is transfemed o
9 address trap handier. The following information is placed on the level 0 stack: '

» address of the instruction causing the trap (CurrentPG )
+ address of the next instnuction (NextPg)

« PSW imags

« address trap excaplicn code

The CurrentPC is used by the axception handier to analyze the instruction which caused the address trap while the
NexPC is used as the relum addrass to continue program execution.  After the PSW image & pushed on tha stack,
the AE field within the PEW is ciearad to disable funher address traps. The exception code ¢ontains infomnation on
which se1 of address trap logic detected the access as shown balow:
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Section 10
V20/V30 Emulation Mode

This section describes 1he operation of the V2Q/V3I0 emuiation made. The V20/V3Q emulalion mode is included in
jhe POFOB16 inorder to afiow system designers 1o 1ake advantage of the targe inslalled base of 16-bit software while
sirmultaneously providing an upgrade path 1o a high performance 32-bit archilecture for new applications.

yap/v 30 emulation allows the design of a 32-hit systemn thal is object code compatible with software designed for the
pPD?m{}EJHG mMICroprocessors yet offers higher periormance. With the sxception of some system levei instructions
which require software emulalion, the entire V20430 instnuction sa1 is implemented. In addiion to the {ull resources
of the V2030 micropracessors, ather enhancements of the uPD70816 such as memory management and software
debug mechanisms are available for use in developing and porting 16-bit V20/V30 software.

me soflwarg used Lo complete Ihe Y20/V30 archileciure is called a virtual maching monitar. in addition to providing

2 goftware handlers for emulalion of privileged instructions and processing of exceptions, the vinual machine
monilor i5 used complate 1he emulation of the original system enviranment. System emulation allows programs wriiten
lor & different system to execie even if il contains references te physical memery and peripheral devices. Trapping of
LEy instructions and use of the address trap 1acilities simplily and aid 1he design of systerm amilations.

Viruai and Physical Address Modes

Like uPD70616 native mode, V20/V30 emulation mode operales in either virtwal mode or physical mode depending
on the state of the VM flag in the Systarn Gantrel Word [SYGW).

In the physical address mode, the 1MB emulation mode address space is mappad on to the lower 1MB of the 1GMB
nalive moade memory address space. Likewise, the V20/V30 64KB YO address space is mappad into the lower 64K
bytes of the pPDY0616 16MB KO address space. Because there 1s no addrass translation in physical mods, the
protection mechanisms are disabled and only a single emulation context can be instalied at a time.

Viriual mode V20/V30 emulalion provides a number of advamages. Wih the address translation and protection

mechanisms enabled, any number of native and emulation made conlexis can co-exist without inferferance. Vidual

made emulation mode tasks use the lower 1MB of the 4GB virtual address space but now the operating systam

through the address transiation lables separates and protects each task and the demand paging mechanisms allow
g utilization of setondary s1orage for complex mulii-tasking systems. :

In virual made, all emulation mode 1asks execute al execution level 3. An emulation mode program has ail of the
facilities of a similar nalive mode program except that the address space is restricted. In paricular, this applies 1o
mapping of virual address on ta the VO address space. Like the native mode instruction set, ali emulation made
insiructions are restariable or in the case of the emulation mada block franster instructions, are intarruplable and

rasumable,

Emutation Mode

The operating mode of the uPDT0B16 microprocessor is contralied by the EM flag in tha PSW registar. During native
mode operation, the EM flag is cleared and the full set of uPD70616 resources arg available 10 programs.  Satting ol
Ihe £M bit changes the processor moda 1o V20/V30 emulalion mode and allows the exacution of Y20/V30 programs

in a demand paged, protected anvironment,
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Figure $-2 Address Trap Exception Code Farmat
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bits 0:15

bit 18

bt 17

bits 18:23

bits 24 :31

Refer to section 8 for details of tha leval 0 stack contents lollowing an addrass trap.
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Addrass Trap Notes

Tha lcllowing are notes on 1he operation of the pPDV0616 address trap facilities.

Memmory [ndirect Addressing Modes

Address traps can ocour during the stfective address calculation of meirary indirect addressing modes, K a.
rmemoly indirect addressing mode is used and during the effective address caleulation tha access of the memaory
resident pointer is within an address trap region with read accass enabled, an address trap will occur,

Instruction Trace Operstlon

It is passhls to use the address trap logic to implemant a second farm of instruction irace. By selting the entire
address space as the trap region and selecting the execute access typa, an address trap will oocur after the
execution of each instruction.

Infinite Address Traps :
Aithough further address traps are automatically disabled fallowing entry inlo the address trap handler, an andlass
sorias of address traps can occur if the trap handler re-enables address traps and a memoary access meaets the
programmed trap condilions.

TLBNF Accesses

The address trap logic is disablad during address transiation and system base table accesses. The internal
pPD70616 micropragram will ignare these accesses evan if address traps are programmad.

F

this fiek! comtains the number of bytes placed on the stack

this field contains a flag which indicales if an address trap 0 cocurred
a=0 noaddress trap 0 occumed

~a=1  address trap 0 cocurred

1his lield contains a flag which indicates if an address trap 1 occured
b=0 noaddress trap t occumed
b=1 address trap 1 acourred

reserved field with each bit cleared

address trap exception cods

.5

SRR

SRt
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The EM flag is in a privileged fiekd in the upper halfword of the PSW and only software running at execution lave| g can
change pracesser modes. Baecause both the flag and the instnictian streams must change simuitaneousty the
privileged AETIS instruction is used to enter V20/V30 emulation mods. '

Figure 10-1. PSW Emulation Mode Specification

s

el i 25‘_24 e 19 16 7 {8 1= 1 1 ip 5 a7 LI - |
AT A T T N ETETRT R TR T
s[T|E[LITI] e RFU ekl meu di]zlelole RFU Clolsrz
alalMlEFIP EJEJE vio|v|ola Y|v
Emulation Mada
EM = 0 Malive moade
EM = 1 Ermulation mode
* -
Fragram Siatus Word (PSW2)

Emutation and native mode utilize independent program slatu's words which are switched automatically when

emuiation mode is entered. Separate PSW registers allows the virtual machine emulation to maintain a PSW image

{such as maskable interrupt status) without having 1o physically mask or unmask interrupts.

While the PSW?2 régistér.ard WV20/V30 PSW appear similar, there are mingr differencas in the operation of 1he |E afﬁ
BRK flags. in emulation mode, these flags can be in either the set or cleared state but they have no affect on the

operation of the system since maskable intermupts and singla stepping are controliod by flekds in the native maeda.
PSW. When an instruction is exscuted that attempts to change the state of eithar fiag, an exceplion is gonerated. -

This permits the virtual machine software 1o intervene and provide a proper emulation of the system function in the
HPDTOB1E sysiem. S : : o

Figure 10-2. Emulation Moda PSW (PSW2)

n o® B . mwum\auwia?es4:210
. ? T L] T T T L ‘Rthl + L] L] R T B2 1 l 1 1 v nl ' g s z n ‘ 'u P 1 c
L RiFl« = ¥
e ——— T mPSWHd—H———Q[
2 rapping coaol
L2
bit 0 cY The CY (carry) flag indicates it a carry or borrow was generated as a result of the

operalion.

TY =0 no camy {borrow) generated
CY =1 carry (barrow) was generated
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hil 1 1
Shit 2 P
bit 3 8
bit 4 AC
bit S 0
bit & Z
bit 7 5
bit 8 BRK
bit 9 IE
hit 10 DR
bit 11 v

bits 12:15 1

bits 16:30 RFU

Must be set

The P iparity) fiag indicates 1he parily of the lower B-bils of the result.
P=0 odd parity '

P=1 even parity

Must be cleéred

The AC {auxifiary carry) flag indicales if a carry was gengrated from the lower nibhle to
the upper nibble, '

AC =10 NG camy
AC =1 carry
Must be cleared

The Z (zera) flag indicates H the results of the operation were zers.

Z=0 resull is nan-zero
Z=1 resufl is zeno

The S {sign) Nag indicates if the results are negative {signed) ar if the MSB is set
{unsigned).

S=0 resull is positive or zero or MSB is 0

S5=1 resilt is negative or M58 is set

The BRK (break} flag contains the currant single stop status for emulation mode

programs. it has no effect or single step operation and must be maintained by the
native mode virtial machine softwara.

The IE (intesrupt enable) tiag contains the current maskable interrupt status for
emulation mede programs. It has no effect on maskable interrupis and must ba
maintained by the native made virtual machinae softwane.

The DIR (direction} flag indicates determines the dirastion of block tcanster
instructions.

DiR =0 incrementing addrasses

DiF =1 decrementing addresses

The V (overlow) flag indicates if an overflow oocurred.

V=0 ng ovarflow
L | overflow .
Must be 51

Reserved far future use
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it 31 CTL  The CTL (KO control) permits selective execution of emuiation mods IN and OUT .
instructions without generation of an exception,

CTLal 10 emulation enabled
CiL =1 I#2 ermulalion disabled

Program Counter (PC) .

The emuiation mode PC uses the low order 16-bits of the native mode program counter. Because the addregs on
is resiricted to the lower 1M of the pPD70616 address space, tHe high order halfword must be zero. :

Figure 103, Emtation Mode Pragram Counter

a1 15 15
T

T

00 00000000G0O0GCO D PC ‘

LT =

bits :15 PG The PC (program counter ) field contains the 16-bit emulation mode program counter
bits 16:31 ¢ Must be zaro

VYO Emutation Option

The IfO emuiation option permils amulation mode programs to override the privileged status of IN and QUY
instructions and permit selective execution of these KO instructions without the
optian is controlled by 1ha CTL bit in the PSW2 register as follows:

+ CTL=0 10 ermulation enabled (O instructions privileged)
+ ST =1 O emulation disabled

Control of the Irapping of YO instructions is particularly useful in the design of virtuat machine monilors for device 3
drivers and other software with real-tima VO requirements. ' o

Register Allccation :
1e emuiation mode register set uses a subset of the native mode register set with the exception of the emulation

mode PSW which is a physically distinct hardware resocurce. Since ali V20/V30 registars are 16-bits in longih, 3
emulation mode registers occupy the kwer haftword of aach carresponding 32-bit native mada register.

The emulation mode register set is mappad onte native mode registers RO threugh R13. The upper haltwerd of
registers RO-R7 are unmodified by emulation mode programs. Since the V20/V30 microprocessers use a3
segmentation scheme with the segment regisiers used in 1he virlual address generation, the upper hatfwords of the 3

four 16-bit segment registers {(AB-R11} are significant and must be zar0. i

in addition 1o 1the emutation made ragistar sel, malive mode registers R12 through R16 are used by the emiaﬁan"ﬁ
facilily as working storage and must not be medified by native mode pregrams. A diagram of the emufation mode
regisier set is shown below.
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Figure 104. Emuidalion Mede Regisier Set
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Table 10-1, Emuiation Mode Instruction Set

Emilation Mode Instruction Set
The emulation mode instruction sel includes nearly all of the V20/V30 instruclions with the exce;

) tion of . : - = . —
control insiuctions. The difference between the V20/V30 microprocessors and the V20/V30 ernulaﬁgn mc:;s:;;';'.f instroction Class ~ Instructions
the system control instructions are considered 16 be privileged and ate trapped and emulated by s = N . - -
. ystom softwars 8 : -
This aibw;s the uﬂF;E??sis system scf::\rqra to accommodate prograrts containing these instructions an a prograr g’ b E::::’;:;J;:::T;:LMHS :‘SE\T; MOV AH, PSW, MOV PSW, AH, XCH, CVTEW, CVTWL
program basis wilhout compromising the secursity of the operating system. '
. . . . , . . g Arithmatic Ingtructons . ADRD, ADDC, SUB, SUBC, INC, DEC, MULD, MUL, DIVU, DIV, NEG
leaese pnwls_ged mstmct:qns u_'nolude functions such as inputiouipyt, maskable interrupt control and instruction tragy Comparisan Instructions CMP, TEST
{E:?géitgéeppmg].ﬂ[nstmc;nns in these classes must be emulated relative to a particular system cantiguration in order Logical Instructions ' NOTIAND CA,XOR
unction property. . : : . . .
The one exception is for simple IO instructions. The syst has th BitField Instctions NS EXT .
. . , . ! : syslem programmer has the opticn of not trapping IN and OUT 81 Manipulation Instructions: - TESTY, SET1, CLA1,NOT1, SETI/CLRI/NOT! GY, SET1/CLAT DIR
|nstn.trct|_orl‘:;s|s tan;:l |n;1_erad alhwrlin;g :I;t;m 1o exacute normally. This 2dds flexibility by allowing programs with real-ime 1oy Ehift instructions SHL, SHR, SHRA
constraints to funclion properly albsit in a system with less than full protection. The 1O option is enabled by the CTL. . T O RELe
bit inthe PSW2 ragister. B - : Roiate Instructions ROL. ROA, ROLG, RORC
' - BOD Adiust Instructions ADSBA, ADJ4A, ADSBS, ADJ4S
Note that the V20/30 uPD80E0 emulation mode is not supported. BeD Convorson tetions OVTBO. CTDB.
’ - Decimal String Inslrictions ADD4B, 5UB4S, CMP435, ROL4, AOR4
instruction Set Summary Stack Instructions PUSH, POP, PUSH R; POP R, PUSH PSW, POP PSW
Below is a summary of the V20/V30 instruction set. For details of the instruction and architecture, refer o ih Stack Frame instructions PREPARE. DISPOSE
* a =
uPD70108/ 16 User's Manual. . Control Transter lnstrustions CALL, RET,Bec, DBee, BOWZ
. o . . : - . Block Transfat Instructions MOVBK, CMPREK, CMPM, LDM, STM
The Ifnllc—wmg are descriptions of the instruction and cenditions which cause exceptions when exacuted during Tranilate tnstruction ’ TRARS '
emulation mode. o
. o, . IntarruptExceptian Retum RETI
* Unconditional Instriction Exception o Yrap Instructions BRAK, BRK 3, BRKV
Attempied execution of these instructions always causes an Emulation Mods Priviteged Instruction YO Instructions. . I, OUT, INM, QUM .
exception to oecur. , ' - Processor Control lnstructions :  HALT,EI DI BUSLOGK .. - e e

Trap instructions ' BRK, BRAK 3 " Repeal Prefixes REPC: REPNC:, REP:, REPE:, REPZ;, REPNE:, REPMZ:

Interrupt Processing: RETT Segment Override Prefixas D50:, DS1:, 88, PG

IO Instructions INM, GUTM Coprocessor instructions POLL, FPO1, FPQ2

Processaor Controd instructions ~  HALY, EI, DI Miscalianeous Insiructions NOP, CHKIND -

» Conditional Instruction Exceplions

il : . - LR

Conditional instructions may or may not cause an Emulation Mode Pri'vilegad Instruction exception
depending on the current procossor stata. - o

The V20/¥30 IN and QUT instructions cause an excaption if the CTL bit in the PSW2 register is cleared.
The IN and OUT instructions exacute nomally when the CTL bit is set {140 instruction trap enablad).

« RBun-time Exceplions e e S
The following group of V2030 conditions are detected by emulation mode and cause an Emulation Mode
Fault excepton. .

-- zarg divide exception

¥Ofnstructions N.OUT — single step trap
The POP PSW instruction will conditionally trap if & change of state to the IE and BRK b positions will i - overflow exceplion ) ' . e
occur. No trap will cccur il the state of these bit finkds will remain unchanged. = GHKIND insinsction exception o o

PSW Instruction POQP PSW - undefined opcode

= Disregarded Instwuclions
The following instructions are ignared:

Precessor Conltrol Instruction BUSLOGK
Coprocessor instruction POLL
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+ Systermn implementation Exceptions

The foilowing V20/V30 instructions will cause an Emulation M

depending on the system implementation.
Copracessor Instructions

FPO1, FPO2

Table 10-2. Emuiation Mods Privileged Operatlony

ode Privileged Instruction BXGeption

instruction Class * Instructions
Resarvad Instruction Exception Trap !_!NM. E%M, HALT, Et, DI, BRK, BRK 3, HETI, MOV PEW, AH
N BrO a
Single Ste
Owearllow Exception
CHKIND Excoplion
Undefined Opcode '
#O Emulation Option IN, OUT
System Depandent -FPG1, FPO2
Cata Depandant FOF PSW
Disregarded BUSLOCK, POLL
—
Mode Transitions

A transition from native mode to emulation mode oceurs whan the EM bit in the PSW register is set when the PSWis

restored duwing tha execution of a RETIS instruction. Transitions from emslation mode 10 native mode accur as a
resuit an iternupt or exceplion, o T '

Native Mode - Emulation Mode

Two inslances of nalive to emulation mode transitions. exist.
ProCess.,

1. initialize the PS register (R3) and any other emulation mode registers

2. propare a PSW image with EM =1 and EL = 11-and push it anto the stack
3. push the initial PC of the emulation mode prograrm on the stack

4. execute 2 RETIS instruction

The initial entry into emislation mode is a four step

The emulation mode PS register must be initialized by the native mode program sinca {atching of tha initial emulation
mekde instruction requires valid pragram segmant register contents. Other rogisters can be pra-initialized in native

moda or initialized by tha amulation mode program. Only the lawer 16-bits of the emulaticn moda PC ig valil and the
upper halfword is ignered by pPD70616 emulation mode programs,

Emulation mode progeam execution can only take place at execution levei 3. The EL field in the new PSW image is
checked and i an execution leve! other than level 2 js specitied an lilegal Data Field exception will accur.

NEC

—

LPD70616 (V60

gmulation Mode —r Native Moda
Relurm Ig native mede from ermulation mode programs ecours as the result of an intermupl or excaption.
Fl |nte”upl$

All inlerrupts on the pPD7)&16 microprocessor are proecessed in native maode. Upen the detection of an
interrupt, the emulation made program will be suspended and nalive made will be resicred.

« Exceptions

Emutation mode excaplions ocour as a rasuh of program execulion and require processing by a native mode
handler to corect a favlt or 1ake same other predetermined-action.

in either case, the relum to emulation mode alter processing of the exception or interrupt is by the RETIS instruction.

Termination of an emulation program is accomplishad by the reserved 63H opcode. Attempied execution of this
opcode will cause the Reserved Emulation Mode Opoode exception 10 be generated along with a specific exception
code identifying the exception as a terminale operation.

mory Address Space _ )
The one megabyte (1MB) address space of the V20/V30 microprocessors is mapped inlo the native muge virtual
address space (virtual mode) or the memory address space (physical mode). In both cases the emulation mode
memery address space cocupies the ower megabyte of the corresponding virtual or memory address space.

Each of the four general purpose registers (R8—R11] are split info two fields. The lower 16-bit tield contain the four
V20/V30 segment ragisters in the lower haliword and the upper halfword must be must bs zeroed for proper
operation. .

Address Generation

Both a sagmant register and an effective address are used to form the emulation mode address. The 16-tit gifective
address is lirst delermined by the opsrand addressing mode and zero extendad to $2-bit length. The 13—3::1 sagment
value in the appropriate segment register is left shifted four places and combined with the olfective addrass to
praduce the 20-bit emulation mode address. This address is then zero extended 1o 32-bit length and aither translated
(virtwal made) or passed directly 1o the bus interface unk (physical moda). :

Figure 10-5. Emulation Mode Sa_gment Aegistors

IS S SRS | ¥ y— SENE

olo_r'ufu' cococo eeooo0wD - - . o S _ Aa
boo00c00O0COOD OO0 s | re
60000000 C000COGGQ _ S ss ' T R10
coooo0oo0000000000 . Dso Ri1

bitls0:15  SEG ~ The SEG {segment) field comains the 16-bi segment base address
bits 1&:31 RFU  Reserved for fulure use
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Figure 10-6. Emuiation Mode Address Generation
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KO Address Space

The V20/V30¢ emulation mode YO address space (addresses 00000H 1o OFFFFH) is mapped into the lower 64K8
addresses of the pPD70616 address space if the emulaticn mode YO option has been selacied.

An exception will occur if an VO Instruction is attempted and the ¥O smislation cption is enabled.

Frmulation Mode Nates

e nPDY0616 V20/v30 emulation mode offers an upgrade path to a 32-bit environment while mainlaining software
compatibility with the previous generation of 16-bit devices. However, soms precautions must be observed to
guarantea the compatibility of 16-bit softwara in the 32-bit environment. These precautions ralate to the small subsat
of application software which exhibit timing dependencies or utilize non-porable programming styles. A list of tha
programming rastrictions follows.

= Instruction execution spaed

There is no carralation between the V2030 instruction execution times and the same instructions exéwted in
V20/¢30 emulation mode. There is no guarantee that pragrams dependent on the exscution time of an
instruction or sequence of instructions will executa correctly in V20/v30 emulation moda.

= Sell modifying coda

Programs that modify the instruction strsam and depend on the size'of 1he V20/V30 instruction prefetch queue
may nat operate correclly on the wWPD70618 microprocessor.

uPD70616 (V60)
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« Instruction lengih restriction

The Y20/V30 microprocessors place no fimil en the length of an inslrugtion.  The pPDT0616 micropracessar
limits the length of a single instruction to 3t bytes. This siluation can only arise out the use of duplicated
instruction prelixes.

« pPOBOB0AF emulation mode

The uPDA0A0AF emulation mode of the V20:/W30 is nol supported. The attempled exacution of a BRKEM
instruction will cause an illegal instruction exceplion

Undefined opcodas

Atternpted execution of undefined V2030 opcodes will cause an iflegal instruction exception excepl in the
following cases:

Second Byta
First Byle -
Msa Lsa
COH, C1H, DOH, D1H, D2H, DaH X % 1 1 80 %X %X X
FgH, FTH X X 0 0 1 X X X
FEH, FFH X X 1 1 1 X X X

b ]

In the above three cases, results of 1he undelined instruction execution is UNPREDICTABLE.

PUSH SP insteuction _

Tha contents of the stack following the execulion of a PLUISH SP instruction differs between the V20/V30 and
the nPD70616. Tha V2030 PUSH SP tirst decrements the SP registar and then copies SP 1o the stack. The
emulation mode PUSH SP instruction decremants SP by two and pushas the original valus af the SP ragister
on the stack. ' :

Address wrap-around . S

Addrass wrap arcund ocours when a 16-hit or greater data access is made across & segment (64KB) or address
space {1MB) boundary and is not supported by V20/V30 emulation mods. In the case where tha oparand wraps
complataly arcund, 1the address computation will be correct. Restrictions only apply to accesses across a
segman! or address space boundary.

In the ¥20/V30 microprocessors, a 16-bil accass 1o dala located al ofiset §4K-1 from tha base of the segment

results in the least significant byte Toiched fom offset 64K-1 and the most significant byte 1etchad from offset
zero within the same segment. Emulation moda differs in that 16-bit data is located at offsal 64K-1 (LSB] and at

offset 64K (MSB) In the same segmant.



N E C ' LPD70616 (V60)

_ Section 11
Functional Redundancy Monitor

Wwith each passing day, an increasing number of computer systams are called upon 10 pedorm in environments where
the cost of an error in economic or human terms is exirernely high and ailures simply canno! be tolerated. Applications
such as digital flight controls, 18lephone switching, transaction processing and cthers all require the use of systems
which have a MTBF {mean time between failure) measured in the thousands or millions of years or whose availabililty
{Ihe time which the system is available o the application) exceeds 93% over a period of several years. The pPD70616
microprocessor is equipped with special purpose logic to aid in the design of highly reliable and fault tolerant
computing syslems.

Fault tolerant systems ¢an be arganized in many ditferent configurations depending on tha application and 1ha degree
of fault tolerance. The pPD70616 suppons fault tolerant system design by peritting tha use of multiple uPD70616
microprocessors oparaling as masterfchecker pairs. However, the design ol a fault tolarant system requires much
more than redundant hardware because software failures alse coniribute 16 the overall system failure rale. The
combination of hardware {aull coverage, fault isolation and system reconfiguration with the powerful exception
handling facilities makes the pPD70616 an oplimai solution far the design of high parformance, fault tolerant systems.

Fault Tolerant System Configuration

Prior 1o a general discussion of fault tolerance and 1he issues conceming tha dasign of highly refiable systems, a
dafinition of {ha term showld be presented. A syslem is said to be faull tolerant if # can survive and function in the
presence of ong or more faults. A autt tolorant system can further ba classified as degrading or non-degrading. A
systern built using the concept of graceful degradation continues 1o opérale as faults occur bui the: systam
successively reconfigures to a lowsr levels of performance. A nen-degrading system usas massive redundancy in a
way that tailures are lolarated without a change in sysiem performance until the redundancy is axhausted and the
system ultimately falls. ) ' o

All fault tolerant systems fofiow a similar path when confronted with 2 fault in the system. The basic sequence of sleps
include: L . ) ) _ .
« fault detection
« fault isolation
+ fault recovery
« gystem reconiiguration

Much emphasis must be placed on fault detection because the ieast raliable system is one wilth a latent or undetectad
{zul that can propagate and corrupt the entire systern. Whan a fault occurs it must be allowed to propagate in oedar 1o
be detected. I is the task of a fault containment logic 1o detect as soon as possible the occurrence of a fault and
cantain of isolata it from The remaining heatthy portion of the system. Next the faull must be analyzed ¢ determine tha
gxtent of damage to the system and finally the sysiem must reconfigure t¢ remove the aulty section’and restore 1o the
system to a stable, healihy state. :

Dne must alse distinguish between two types of laulls. The vast majorily of faulis that occur in a system can be
characterized as transient faults. Transient 1aulls are faults which disappear whan re-tried because the disturbance
which caused the fault is no longer presant in the system. Because lhe frequency of iransient faults is 50 much
higher, a system cannot afferd to degrade the system each time a fault is detected. Thus the capability of automatically
re-trying the faulted operation withoul the intervention of the operating syslem is desirable.
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Instructions which potentially cause a wrap around access violation arg:

* 16-bit data transiers

J32-bil data transiers

bit field instructions

savefresiore multipte registers (PUSH R/POP R)
stack irameé aflocation (PREPARE)

Seqment wrap around restrictions also apply to the individual data transfers of 16-bit prefixdd block transig;
instructions.

« 84K, 1M baundary instruction fetch

Instruction fetch across either a 64KB segment boundary or the 1MB-memory address space boundary is
prohibited. '

F

+ Memaory allecation

The memory and /0 address spﬁces for emulation programs is determined by the operating System. Caution
should exercised in allocation af memory pages 1o emuiation mode programs {o prevent inadvertent exceplions
due to improper permissions. '

- Segment registers
During emulation mada, if the upper order 16-bits of any segmen register become aon-zere, 1he results will be
UNPREDICTABLE.

-~ Emulatian made Siﬁgle siep

Singie stepping of emulation mode programs is possible using the pPD70616 singla step facility 10 cause a trap
© upon entry inta the emulation. mode program. The emulation mode BRK flag has no effect on single step
aparation and-must ba emuiated by the nalive mode single step trap handler.

« Emulation mode iﬂtE.l.Tl.IpI pl:nnessing .
No provisions for the processing of interrupls or exceptiens by emutation mode programs is provided. The IE

flag in the emulation mode PSW has no meaning and the control of maskable interrupts must be dona by the
native mode exception handler. . .. - T S oL
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Finally, the n#070616 functional redundancy menior is but the first slep in the dasign of a fault tolerant sysigm
Thars is nc simpla, one-step solulion 1o design in tault tolerance since a syslem is only as reliable as the least reliabie
component. Thus, similar fault tolerant design technigues must also be applied to the memery and I/0 subsystems i
order to imprave the reliability of these subsystems to the same level of caliability as the processor,

Figure 11-1. Functional Redundancy Mohitoring

Funclional Redundancy Monitor (FRM)

The concept of FRM is demonstrated by the duplex system shown in Figure 11-1. ‘Functional redundangy monitaring
is based on idantical logic running in parallel with one :PD70616 microprocessor functionidg as the master and the
second 1PO70616 contigured as the checker. During operation, boath the master and checker operate in lock-step on
identical instruction and data streams bt only the master actually drives the address, data and control buses, Instead
of driving the bus outputs, the checker compares its independently computed staie with the siate asserted by the

master uPD70616 and outputs a signal when a discrepancy is detacted. The following is a description of the FRR
mode. i

1. Pin Description
Four of the uPD70616 YO pins are used for functional redundancy monitoring:

Table 11-1. FRM Pin Functions

Pin Nama Lo ] Funiota
BMODE (FRM} Input Sakaca e nommal & FRM operating mode
BLOCK (MEWAT) COulpel Checker output indicaing & mismaich hat beon detacled
BFREZ Ingit Figelas procassod Operalion
ATER Ingut Continyaintarnet 2eiection inpul

e P

2. Mode Seleciion

FRM is enabled and disabled by the BUSMD/FRM input pin. Refer 1o the uPD70616 data shest for the
technicai details of anabling the FRM logk. .

3. Manitoring

When enabled, the checker microprocessor continuously compares the coments of the address bus,
data bus, stalus outputs and MRQ" and UBE® ping with the expecied values. Should a discrapancy ba
detacted, the cutpul will indicate a mismatch and either the master or checker processor couks be faully,

4. Fauh Dateclion

When a mismatch occurs, lhe checker pPD70616 wili assart the MSMAT® {Mismatch) cutput. This signal
in turn informs external logic that a faul has been detecied and that intervention is required.

5. Fauh Isolatian

in response to the mismatch signal, the external fault logic must s1ep both processors by asserting the
BFHEZ (Bus Fraeze) input. When BFREZ Is assaerted, all furlher bus accesses are disabled and
processing is suspended. in response 1o the BFREZ imterrupt, the master and checker pPB7E616
micraprocessors will three-state the address, data and conteol buses. Both precassors will ramain isolated
and disconnected from the system as long as BFREZ is asserted.

6. Fault Recovery

Cnce the suspect devices have been isglaled, the sysiem can initiate-the fault recovery proceduras. Two
methods of iault recovery are supported by the uPD70616, instruction continuation and internspt.

Instruction continuation invelves restarting 1he processors as if no faul eccurred. In this moda, the
processors will start by re-irying the bus cycle that fajled and continuing normal execution. The power of
this moda is that the new master need not be tha same as 1ha okl master, .., a reconfiguation can gocur.
The other aliermative is the bus freeze intermupt which causes lorces an interrupt and subsaquent analysis
by systam sottware. : o

Selection of the recovery mode is via the RT/EP* input pin. When the 8FREZ input is negated, each
pPD70616 checks the state of the RT/EP* pin. M RT/EP* is al a high lavel, then tha instruction
continuation mode is used. i at a low lavel, the bus freeze intemmupt will cccur and be serviced by both
MiCIOPIGCESSOrS. o

Note that fault detection can anly occur whan an esror induced by a fault propagates 1o an external pin. Because of the
pipelined architecture and the fact thal instructions can exacute which modity the internal state with no external
indication {such as register ie register arithmetic oparations), faufts may not ba detected until they are abservable Irom
the exiernal pins.

Bus Freeze Interrupt

The bus freeze interrupt is used by exiernal logic to force the processor into the bus freeze internipt handler.
Following the occurrence of a bus freeze interrupt, all interrupts are disabled and the P[: and PSW ara Isavad on the
inferrupt stack. The bus freeze inlerrupt handler is then expected to parform fault analysis of tha system in an attemplt
to isolate the {auity component.
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Because it may rot be readily apparent which processor is faulty, 1he bus freeze inter i i

 readily _ . mupt handl 1O i
the ernai voﬂng.loglc will disconnect the suspect pair fram the systom anxl perform in?epeann‘;f:r:tn;e{;uﬁ:gm :}rL
processor by hokding one processor in the bus freeze siate while the cther is tested in the normzl mode lfn :
Processor is found to b faulty, the system can be informed, Otherwise, the fault can be considered a tr sio |
with the processors being restanted and placed back an-ling. Sreie faul

1'-'_'1|"h|'th énis in mind, a bibliography of setacted warks on fault toferam system design is induded at the end of this section
g escnpt_n:ns of the pPD7H618 fault detection and racovery capabiliies and an general understanding of the
overail requirements 10{ tault tolerant sysiem design will aid the desigrer in choosing the Sorrect fault 161 .
implementation for a particular application, ' cleram
1. Duplex System -_ ' , :
“A duplex system provides the basis for fault delectio-n but i in indicati i I
| y 1  det provides no certain indication which unit h
;m%lc\:rr::ﬂleﬂg :jsg l?lscmwptnsst!*.:_:»h&::lum:har c:brllam circumstances for a duplex system to isolate a fault ma:
self test and reasonableness checks, t i Wi
bl 1o o ough sl hare is no guarantee 1hat tha system will be

Figurs 11-2." Dispiex System Implementation

T

. S mw '< -'AdqmﬁBUl >
HPDT01E

pPO706 16
o v <  Lortrel Bug > o '
S R ey =y

R g

 While,imited in abilty 1o recover from certain laults duai's f ications. |
hikity Eover I | : ystems do hdve varied applications. Many ..
systems are required only to fail in a sale state. The specification of such a system would ihdicaté.wha!;'
final state the system should end up in the evemt of a failure. The primary goal of a fail-safe system is for
the state of the system not present-any hazard to the user.

A typical example of a fail-sate system is the common traflic signal Because town public works -
depa:rt_memg-wlsl'{ io minimize their capial outlays yet nat endanger the driving populace, 1raﬂ% sig!r:aa\i\;a:::
specified o _be faul—_safe, tnthe event of a failure, a traffic signal shoukd never fail in the state that ali fights
drg green since this would pose severa liabilities for the town. Instead. the final staie for a failed traffic.
signal will typically be one set of lights Hlashing red and the other sel of lights tiashing yellow. '
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Because the cost of a syslem is direclly proportional 1o the amount of redundancy, the duplex sysiem is
the system ol choice for applications requiring to only be aware of faulls in the system and are not required
10 recover complately from them.

N-Madular Redundancy

N-modular redundancy is a method used to improve upon the ault coverage of the duplex system ig
provide the capabifity 1o survive 1aults. In order to provida an indicalion ¢f which proceasor in a system has
failed. a majority vote of all pracessors in the sysiem is sequired. An n-madular redundant system which
uses an odd number of precessors and majority voling legic to accurately determine the failed modules.

The most commen implementalion of an n-modular redundant system is .a TMR (Triple Modular
Redundant) system. The TMR approach triplicates all kgic and can use a 3-way majority voter to select the
correct output and identify a faulty unit. Because a TMR system can survive the occurrence of any single
fault, it is said to be 1-fault toleranit, :

In the event of a failure, the voling logic shuts down the faited unit, allowing the module to be repaired ofi-
line while the system conlinues 1o function normally. After 1he repair has béen complisted, the madule

- can be restored 1o the on-line condition and tull taul: tolerance restered.

Figure 11-3. Triple Modular Redundant System
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Because the MTBF ot a computing module is Jarge (typically measurad in months or years) and the MTTR
{Mean Time To Repair) is generally 30 minutes to 1 hour, the probability of a second faiture during the
repair interval is low and the overall system MTBF can ba on the order of hundreds of years.
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Appendix A
Instruction Set Summary

This appendix contains a summary of the uPD70616  Defindions
wstruction set. The instructions ara functionaily grouped Idantilor Description
wgether by instruction type for ease of reference. reg Any wsr ragister, RO—R31
. B Byte inteQor or character (8-bit)

H Halfword integer or chamclor {16-tit)
1_1&'27“'5 Program Register Set W Word integer (32-bit)
Register Description 7] Doubleword inleger {64-bit)

“po-R3t Ganeral purposo rogisions S Short raal (32-bit IEEE foating polnt vakua)
PSW Program Status Word L Long real {(64-bit IEEE floating point valua}
PC Program Counter BH Byie 10 hatword

AP Asgument Fointer (R20) BwW Byte 10 word
FP Frarme Pointer (R30) HW Haliword 16 word
sp Stack Polnter (R31) “HB Halfword o byle
we Word 1o byte

: : WH Word 1o haltword

pPD70616 Privileged Register Sot ws Word kb short real
Rogiater Descripion WL . Word i long real
18P Inbomupt Stack Polntor SW Short real 1o word
LoSP Level ¢ Stack Poinler AW Long real to word
[RE Lavel 1 Stack Poinar P2 Packed to zoned decimal
La2se Love! 2 Stack Pointer Fig Zoned 1 packed decimal
LasP Laved 3 Stack Pointr .

SBA Sysiem Base Regiswer

™ - Task Rophstor PSW Condition Codes

SYCW Sysiem Control Word Mremonic . Flag Name

TKCW Task Control Word cY Inbager carry fag

PIR Procossor ID Regleter ) ov Intager averflow flag

PsW2 Program Statie Word 2 (Emulation Mode PSW) ) Tnkager sign flag

ATBRO Area Table Base Register O Z Tnteger Tero flag

ATLRO Area Table Langth Register 0 FIvV Fioating point lnvalid operation flag
ATBRY Arca Tabie Base Ragister 1 FZD Fioating point z7ero divide fiag
ATLRY Aroa Table Longth Register 1 FOV Floating point avertiow flag
ATHRZ Aroa Table Base Register 2 FUD Floating point underfiow flag
ATLR2 Arsa Tabie Length Regisier 2 FPR Floating paint precision flag
ATBR3 Araa Table Base Ragister 3

ATLR3 Arsa Table Langth Ragisier 3
TRMOD Trap Mode Raglater Flag Cperations
ADTR) Addross Trap Ragieiar 0 idantifer Descriplion
ADTMRO Address Trap Mask Register 0 {blank) No change
ADTR1 Address Trap Register 1 - No change
ADTMR1 Address Trap Register 1 Q Claared to 0

1 Setio 1
. Set o cleared according to resuit
R Rastored b previous value
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Opoode Feids Character Size Field
Condiition Code Field Tha direction figkt is used by the character and bit Strings

The PSW flags are used by the conditional branch
instructions to determine the conditions necessary to
transfer program cortrol. These instructions include the
Bec (Branch on Condition), DBcc (Dacrement ‘and
Branch on Condition) and TRAP instructions.

instructions to detetmine the diraction of strin
processing. The programmer has the optlon of
processing character and bit strings in the upward
{increasing addresses) or downward {decreas|
addresses) direction o allow fransfer and manipulation
ovariﬁpping slrings with a single instruction. : e

¢ 2 ol of Name Condsion Oparend
e 0 0 o Overfiow OVl ; Byiodw:: -
6 0 0 1 Not overfiow ava0 1 ] Haltword characier o
e 0 1 0 Camy/Lower CYnl .
0 0o 1 1 No Gamy/Notlower  CY 0
0 1 o0 9 2o Zni Direction Fieid ‘ -
g : :7 ; ::;;Tw (ZEY"V 5 The direction fieid is used by the character and bit strings
e — et e instructions to determine the direction of string
T . processing. The programmer has the option of
Sign/Negative 51 processing character and bit strings in the upward
1 0 0 1 Not sign/Positive S=0 {increasing addresses) or downward (decreasing
i 0 1 0 True Always addresses) direction to allow transfer and manipolation of
10 1 1 Falsa Nevar overiapping strings with a single-instruction, ~ .-
1 1 0 o Loss than {(SB0V)=1 R '
1T 3 0 1 Grealor or ecqual (SHQV)=0 ¢ Direction -
1 t 1 0 Less or equal (SotVivZ=1 0 Upward (increating acidressos)
t 1 1 1 Greatar {SeV)vZal 1 Downward (decroasing addrecses) -
integer Size Fleld Dispiacement Size Fleid.

:l'he integer size field specifies the intager data type for
integer instructions. The wPD70616 supports both
signed and unsigned integers in each of the intager
formats. '

The displacement size fisld is found in the conditional
branch instructions and determines whether an 8- of 16
bit displacment field follows the epcods. o

b - " Displscement Sl
iz Operand Sixe 0 .- Byte {8-bit signed displacement)
o By : 1 - Haltword {16-bit signed deplacement)
o1 : Haltword — %
10 T Word ' .
n . Reserved
Floating Point Size Field

The floating point size field detarmines the operand data
type for the fioating point instructions. Both IEEE shont
and long real data types are supponted by the uPD70616
microparcessor.

[ Oporand Size -
0 Short Real (32-bit)
1 Long Real {64-bity
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instruction Sel Reference
‘ : Elage
Jnemonic 76543210 76543210 Formaet CY Ov § Z Exceptions
- ‘ Deta Treneder Instructions
Wov.8 200601001 L 1.3
MOV.H 0011011 LI 1,3
MOV.W 00101106212 LI 1.3
MOV.D 001111113 L 1.3
MOVS.BH ooo00i1010 1l 1
MOVS.BW 00001109 10 1
MOVS.HW 00011100 1L 1
MOVZ.BH c0o001011 I " ]
MOVZ.BW coo011012 LI 1.
MOVZ.HW co0a11101 L4 1
MOVT.HB 00012001 I, IE - . - 1
MOVT.WB 601010001 LI - s - = 1
MOVT.WH 60101011 L0 - % o - 1
XCH V1000 six1l L 1,3
MOVEA ¢1000 wiz 0 L 1
AVeYT 00101100 1L 1
RVBIT 60Q01000 In 1

integer Arithimelic Instruciions :
ADD 10000 ais & L . s o« » 1
ABDDC 10010 #iz 0 10t I T T 1
sup 10101 siz 0 1L . s = = I
SUBC 10011 aiz 0 L . v % = 1
MUL 10000 iz 1 LI -, % ® = B |
MULU 10010 iz 1 I i - & * » 1
MILX t000011¢ LW - e e s 1
MULUX 10010110 N ] - » = 1
oV 10100 aix 1 LI - % ® = P4
Divu 101108zl Lo - 0 v = 1,4
OIvx 10100110 ] - % s e 1.4
DIVLX 10110110 %] ) 1,4
REM 010310 aix 0 BN - 0 & = 1,4
REMLU 010101 L - 0 e = 1.4
INC 11011 six - 1] PR 1
DEC 11019 six - m & 4 = 1
NEG 00111 aizl Lu . e e 1
CMp 1011%siz0 L .« » s
TEST 11110 siz ~ [} 0 0 e =

Logical Insiruciions

AND 10100 six & LU - 0 o« e 1
OR 10001 aix 0 [ R - 0 e » 1
XOR 10110 sixe® 1, — g s« 1
NOT 06111asico Lk - 0 s+ = 1
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Opoade Fege o Opcode Flags
Mnemonie TE6ES5 43210 76543210 Format CY ov § 7 Excepth Mharmonic 76543210 76543210 Format CY ov 8§ 2 Excaptions
: ShilVRotals Insructions - o Bit String Instructions (cant)
SHA 10110 six1 Lu e 1 T ANDBS 01011011 00010004 Vilb 1
SHL 103100 adz 1 L1 £ 0 e 1 oo ANDNBS 010611011 D00lo0014d Vil 1
ROT 10001 sax 1 : i * 0 e . 1 N ORBS 61011011 00010104d Viib 1
ROTC 10011 a1l A ¢ 0+ . 1 T ORNBS 01011011 00010014 vtk 1
Flosting Point Inatructions - XORBS 01011031 0060110604d Vilb 1
MOVF 01011180 00001000 il s 0 s e 1,379 T XORNBS 010110611 006010014 Vilb '
ADDF 010111s¢ 00011000 1 £ 0D e 13,6789 SCHOBS 61011011 0060006004 Viib 1
SueF 0101110 000110061 ¥ * 0 s a t.3.6,7.0,0 : SCHIBS 010110311 06001014d Vil 1
MULF 016111s0¢ CGOO11010 1 = 0 o+ 1,3,6,7.8,9 S Character Manipulation inatructions )
DIVF €10111a0 00011011 i *+ 4 . o« “1,3678501%011 j MOV 01011l0ecd 00001004 Viia S 1,3
CMPF 01011180 0DOO0COOC n LI 1,367,689 MOVCF 01011C0c0 006001014d Vila 1,3
NEGF 010111a0 00001001 ] 0 . 1.3.7,9 : MOVGS 01lo11000 00001100 Vila 1,3
ABSF ¢10111e0 0OCO0OO0C1010D [ 0 0 0 . 1.3.7.9 . ¥ CMPC 01011000 00000000 vila - - e e 1.3
SCLF 019011180 00010000 " 0 + = 1.8,6,7,8,% . CMPCF 010131080 0060006001 vila -~ - . % 1,3
CviF 610111311 00001000 H W L 1.3,6.7,8,9 - CMPCS 010110c0 06000010 Vila, - = v 1,3
CVT.WS 01011111 00000000 0 * 0 ¢ = 196768 - SCHC G101310e0 00011004 vils T - - - 1.3
CVT.WL 0103131113 ¢ao0o0r20001 ] = 0 s+ . 14.8,7, 8,9 SKPG 610110a0 00011014 ) Vilb - = = . 1,8
CVT.SW 010311111 000000CE? ] - e s 1,3,6,7,8,9 Stack Manipulation Instructions :
CVT.LW 010611112 00061001 0 - ¢ s » 1,3,8.7,8,9 ' ] PUSH 1110111- 1] 1,3
TRAPFL 11001011 v 1,3,6,79 POP 11100113 = 0 . . 1,3
Decimat Artthrmetc v uctions : ‘ PUSHM 1110110 - . i 1,3
ADDDC 01011001 06o00COaDOO Vik: L. 1,5 POPM 13110010 - 1] R R R R 1.3 (Now 1)
SUBDC 010131001 0000O000Q13 Vi . - - . 1.5 PREPARE 1101111 - i . i 1,3
SUBROC 010131001 O0O0COGOGLO1QD Viic L ) 1.5 DISPOSE 11001100 . v
CVTD.PZ 01011001 00010000 Vil - =~ . 1.5 Contral Tranafer instnictions
cvIDZP 81¢11001 000611¢0C0 Viic - - = . 1.5 B0 e 11b001C [,
Bit Manipulation Instruciions e s i1insico v
TESTI 10000111 K + - . . 1,2 8GE 011b11031 v
SET1 10010111 L * -~ - 1.2 BGT 011pii1ia. W
GLA1 10100111 Ll * - = . 1.2 BH 011b0111 v
NOT1 10110111 LK . -~ e 1,2 BL 611b001D W
Bit Finid Inatnuctions BLE 011b1110 v ]
EXTBFS 01011101 00001000 Vit 1.2 BLT 011b1100 v
EXTBFZ 610121101 0600601001 Viib 1,2 BN 011b100O v
EXTBFL 61021101 000010160 vilb 12 BNGC 011b0011 v
{NSBFR 01013101 DOGLlLLO0O0GD Vike 1,2 BNE 611b0101 v
INSBFL 010131101 ©O0O011003% Vike 1,2 BNH ei11b02110 v
CMPBFS 0191211401 0000DOOCGDH Vil LI S Y $,2 BNL 911boO0G11 v
CMPBFZ 910611101 00000001 Viib v s s s 1.2 BNV 011b0001 v
CMPBFL ¢1011101 000600600210 Vilb s e e s 1.2 BNZ 0 11b6101 w
Bit Siring Instructiona Bp 011b104001 v
MOVBS 01011011 000601004 Vilb 1 BR 6l11bl01o v
NOTBS 01011011 0060101d Vilb 1 DBGC 11000120 rag 001 vi
DBE 11000110 reg 010 v
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Mnemonic 765435210 76543210 Format : cYOe.g' Exocep
Control Transfer instructions {cont)

DBGE 11000111 reg 110 v
DBGT 11000111 g 111 Wi
DBH 110006111 rag 611 v
DBL. 1100086110 reg 001 vi
DBLE 11900110 Teq 1113 Vi
DBLT 110600110 reg 110 - Vi
DBN 110060110 reg 100 Vi
DBNC 11600131 ' reg ¢ o1 Wi
DBNE 11000111 - reg O010- vl
DBNH 11000110 ‘reg Q@11 \
'DENL 110008111 | reg 001 vi
DBNV 110001311 ° reg 00O Vi
DBNZ 11000111 Teg 010 Vi
DBp 11000111 . g 100 v
DBR 1108601270 ‘reg 101 Vi
DBV "116be1di0 Teg 000 Vi
DBZ 11000110 reg 010 v’
T8 119660111 reg 101 v
Jup 1101011 - W 1
ESR 03001000 W '
JSR 1110100 - [} 1
RASR 11001010 - v
CALL 01001001 (! 1
RET -~ 11106001 - m -
BAK 11001000 . A
BRKYV 11001001 . LY
TRAP 1116100 - S
RETIU- 1110101 - Ll

Miscellaneous instructions
NOP 11001101 v
GETPSW 1111011~ m - 1
UPDPSW.H 01301010 Lo LI ]
CHLVL 1001011 ] 1
"CHKAR 010011021 Lu + - 1
CHKAW 01001110 L + - 1
CHKAE 01001111 L . - 1
TASE 1110000 - m . e 1
CAXI 01001100 t e 1
SETF 61000111 L 1

Privileged Inatructions
LDPR 0001l10u1l0 LH 2,12
STPR 000GO0D1O Lh 1,212
CLRTLE 1111311~ H 12
CLATLBA 00010000 v o 12

pPD70616 (V60)

Miamonic 76543210 T6543210 Format CY Qv § 2 Excsplions
Privieged Instructions {cont)

GETATE 0pO00O01O1L 1L - - - - i, 12
UPDATE 0001010CG1 L - = = s 112
GETPTE 00000100 L » - - = 1,12
UPCPTE Co0G10100 [R] . - - 12
GETRA 60000011 L + - -~ o 1,12
IN G 6100 siz 0 I 1,12
ouT 00100 sizl 1Lu 1,12
LDTASK 00CGCO0O0O01 LH 12
STTASK 1131110 - Wi 12
RETIS 11111901~ 11} I T 2.12
uUPDPSW.W 00010011 Ln « * e @ 12
HALT ‘00000000 v 12
Exceplions Noles

1. lllegal Addressing 1. Flags updated if PSW is specified in the regismer list
2. lllegal Data Type

3. Reserved Addressing Mode

4. Integer Zeva Divide

5. llegal Decimal Format

8. Floating Point Overfiow

7. Floating Point Undeflow

8. Floating Point Precision

9. Reserved Floating Point Opevand

10, Invalid Flcating Point Operation
11. Floaling Point Zero Divide
12, Privileged Instruction
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- Appendix B
Instruction Formats

15 14 13 12 7 . o
— ———r—T—T
mod ojm|d reg op” Format
e -y Al A Y s F "y Y
15 14 13 92 8 7 o [
e e r———r—r——r—
mod' mod - 1{imjm subop op . Format Il
. . —
7 _ 0
— T -
mod - e Format lil
‘E i
23 1615 8 7 [
——r T T T T Ty e s B )
disp8/dispi - op Format IV
? 0
—rr r )
op Format V
N 16_15 1312 47 0
* L LJ L3 L T T Ld T T T L] T T L L] T L] L] La T T T - L] L v ¥
disp16 subop 199 op Format VI
N N N . " . P
15 14 13 a2 & 7 0
* f L] L] L] L T T L] T T T ¥ L T Ll T L] T T L) L] T L
axt’ mod’ ! oxt mad tm|m subop op Format Vila
15 1413 12 87 [
—r T r—rT ——r T
mod’ oxt mod 1{m]nr aubop op 1 Foemar viib
15 14 13 12 [ o
Ll T 1 ¥ T T L) T T L] L) T T LS T L) T
oxt’ mod" mad 1|mm subop op Format Viic
86-013
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instruction Format Summary
Format Felds Description
Format | ﬁ;ﬂ.p?oda Fioid Fixed length data irasmjcti-nm using o
_ ister Fie istar/regisier an slorimomory

Operand Addressing Mode gdrassinn modes paermemey—

Format {I Fixad length data instructions using memory/memory T
Oparand 1 Addressing Mode ad&mshgmwm&umtmﬁmﬁw
Operand 2 Addressing Mode _ ! .

Format I Single operand instructions o

Format IV Conditional branch instructions -
PC relative displanamﬂt

Format V * Opeode Zoro operand instructions )

FormatVl  Opoode Loop Instructions .
Register Field |
PC relative displacement ;

Format Vil - Opcodie .. Variable length data instructions :
Operand 1 os Moda {chavacker string, bit string, decimal aritwmetic) 5
Qeerand 1 E
Operand 2 Mode :




pPD70616 (V60)

[ il
Appendix C
Addressing Mode Encodings
- mod > m Addressing Mode
Fa] €3 55 47 39 n 23 15 7 0
Ol11=RAne{ 1 Rn
001 fne| © RAn
100« Rne{ 1 ]
101+« Raw| 1 [_n,.
1110~val O immed.4
jt disp =~ 000w-Rne{ O disp.8{Rn
f4—disp—ad 11110000 | O disp.8[PC
ja— disp —#i 100 An-W O disp.B[Rn
bo— diag — e 11111000 [} {dup PC
Q114 Rn110e Axe 1 [RAj{Rx
j4— val —™M11410100 | © immed.&
e i~ OO1 AN O dnplg';ﬂgl
disp 11110001 | @ disp.t
f—mesea gy ———— 1016 RN 0 disp.16{Rn
Mdmp—-—-—-ﬂ MM 0 diap.
val 1110100 | © ) iirmad. 1
b= displ wid— P2 it DO AN 1 disp1 8f diep2 B[R
- dipp] —yeb= disp2 —p8 11111100 ) © diwp 1.8 disp2. Rn%!
b= chinp = 0004 Rasd 1104 Ax# 1 dusp.:}ﬂu Rx
pa— diep & 11110000 | 1104 Ax» 1 disp B{PCYRx)
po— disp — 1004 R 1104 Rxaed 1 | disp.B{Rnj{Rx}
fa— disp —{ 11111000 | 1904 R 1 [ disp B{PCKRx}
diap 0014 An-#{ 1104 Ax44 1 disp, 1 Rn {Rx)
[l iy 11110001 [110% Rx{ 1 disp. 16[PCKRx)
[ ———- dizp 1004 Rn -1 104 Rx 1 diap.1 lel
e (A e 11111000 [110% Px®y 1 [ldllpich
" disp Dl0wAne 0 dup:!z{Rn]
- disp 1moe0o| o
disp 110 fne o dllp
. disp MMM | o
p———— dizp1 ::K:::—.dispz-———- WiaRne 1 disp1.16] duspz
p-——— disp1 disp2 it 1111111 0 diap1 16{ ml.p21
d addr: 11130011 0
+ addr nmoni o [mic:
val 14101091 0 immad
- disp #{ 010 4An-#f 110 Rxs 1 disp. 32 An)(Ax)
* disp 11110010 | si0wdfxe 1 'ﬂllp%“ ﬂl)
- disp 110w RAn 110 Rxw 1 [dup
- disp 11111010 | t10w R 1 PG
< addr 11190011 | 110+ Res 1 faddr| RI}
- addr 11191011 | $10% Reod 1 [flddr](m)
- disp1 bl dnspz————————«-ﬂ 010« And 1 disp1.32] disp2, ]]
- disp) T disp2 Mo} o disp1 .32 disp2.32{PC
B6-041




