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Preface

This volume is intended to be used together with the PEOOM publications concerning
programming.

Part 1 describes in great detail the powerful instruction set for the PBOOM computers
and shows the programmer the functional aparation, the syntax, the setting of the
condition ragister, the instruction time and examples.

The instructions are grouped In the following operational categories :

Load and store instructions
Arithmetic instructions
Logical instructions
Character handling instructlions
Branch instructions

Shift instructions

Table handling instructions
External transfer instructions
Control instructions

WO instructions

String instructions
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PART 1 INSTRUCTION SET




1 Introduction

Key to symbals used in the instruction set

Labe| Identifier, or label, consisting of max. 6 charecters of which the first must
always ba a letter,
All instructions, and most of the assembler directives, may be preceded by a
|abel.

r Asterisk, Indicates;
— indirect addressing
— eurrent value of location counter

L] The syntactic itemis] between these brackets may be omitted
i Chaoss ane of the items between these brackets
1 Register A1 ... A15
r2 Register A1 . .. A15. Used as an index register in memary reference instructions.
r3 Register A7 ... A7
m Memory expression
k Constant in bits 8=15 (short canstant)
Ik Constant or address in bits 0—15 of the word following the instruction {long
canstant)
P P-register. | Instruction counter)
m™ Register to register operation,
T2 Long constant instruction,
T3 Register addressing,
T3A Register r2 is not the stackpointer A15
T3B Register r2 is the stackpainter 15
LEE] The result must be stored in memory
T4 Drirect addressing
T8 Indexed addressing
TG Indirect addressing
T7 Indirect indexed addressing
TE Short canstant instruction
Ifs Load/store indicator, Load: hit15=10
Store: bit 15=1
ML Addressing mode
P2 Lagical AND
W Logical OR
W Exclusive A
bd Cumpatyo
! Divide
5 Multiply

Add




Instruction formats

Machine instructions conform to ane of the following two formats:

— farmat 0
— format 1.

Format 0 instructions

Instructions of this type consist of one word, where the 16 bits indicate the following
fumctions :

bit 0 1 4 5 7 8 15
0 opcode r3
CND
where
bit — indicates the instruction farmat
hits 1—4 — aperation code
bits 5—7 — ane of the registers A1=A7 or the condition value in a Branch instruction,
bitsB—15  — the contents of this field varies according 1o the type of instruction and

may contain one of the following values:

— an B-bit positive constant (constant instruction)

= an even displacement value (branch instruction)
—an indication of the shift raquired (shift instruction)
— device address (1/0 instruction) + funetian bits

— fized parameters (miscelleneous instruction)

Farmat T instructions

Format 1 instructions perform a number of operations by reference to two of the 16
registers available for user acoess: one of these registers may point to a data item either
in a word following the instruction or elsewhere in memory 85 it is possible 1o use that
ragister as an index register.

bit o1 4 5 i B B8 10 11 14 16
1 opeade r1 MD | rd [ Vs
CND
D T T e T e e e e e e e —————— |
i aperand m of Ik {2 words for DAK and DSK) i
!
where;
bit0 — indicates the instruction format
bits 1-4  — operation cade

bits 5—8  — one of the registers A1 . ., A15 specified as follows:
registers Al ... A7 are in group O and registers A8 . ., A15 are in group 1.
The group to which a register belongs is indicated by bit 8.
This may be either O (group 0) or 1 (group 1)

— in branch instruction, however, bits § to 7 inclusive indicate a condition

value and bit B is not used.

bits 9—10 — addressing mode code. These bits will specify direct or indirect addressing,
i.e. whether the word following the instruction, or anather memary word,
has to be taken into account.

bits 11—-14 — the number of one of the 16 registers, expressed in the same Wway as in bits
5-8.

hit 16 — load/store indicator. Used in certain instructions to indicate that the result
of the operation is w be placed either in the register shown by bits 5—8
{15 = 0) or in a memory word [I/z = 1}.

This type of instruction may be followed by a data word {168 bits) containing an address (m)
or & positive or negative value, In the case of an address, bit 15 is not signifigant, except for
character handling instructions,

The binary values of hits 5 through B inr1 and 11 through 14 for r2 are: 4 2 1 8, and in
rd 421,

Example: A3 inrl1 ar r2 is written 35 0110 and A12 as 1001, For r3 this s 011,
A12 cannot be specified in the field 3.

/



: : &
Registers Type of instruction

: h : The instruction in the instruction set may use various methods of forming one of the
|1Jrﬁa:!igl’lif:drsa:rr.:l;:?::EE';;?:EI:J;E :,; éhir:'rtngﬁi;nmil;:ﬁ;:;m?ﬁ;r;;h;:;rﬁtmm operands 0 be used. To make a clear distinction between these methods, each instruction

A . ; : g : in the instruction set description has received a notation T1 thru T8 to indicate the
fpr;n?l either the Instruction being carried out or from the tggle switchss on the control manner in which the operand is formed. The latter s wsually governed by the values of the

i o | , oy ot format, address mode and the r2 field (bits 11 thru 14) in the instruction, The result of this
The specific designation of registers within the seratchpad is: operation may be an address which is called the effective memory address,

Fregister (A0) = Yo 2wkl | Basstice
This register is used 10 hold the address of the next instructian to be executed. It is Typs L de| #2 fie g bk
ineremented in steps of two if the program is to carry out in sequence, or altered to A0 ] 2 7
hold the required new address if a branch is to be perfarmed. 3 1 u Register ta register operation
The instruction counter {P) paints always already to the next instruction before T2 1 o1 | oooo Long constant instruction
execution of an instruction. =2
Working registers (A1—A14) T.E:m| 1 01 #0 ﬁdhdrass_in registerflrid | s
& X t
The warking registers may be used in any af the following ways: HEB; ﬂ'h: ;g::::: :E;E:fliﬁd :: ;ﬁs'}ﬁ |
— as accumulator where the data to be processed ean be found in & register,
— &5 painters where the contents of the specified registers contain the aperand T4 1 10 | DODO Address in next word (direct addressing)
atdress rather than the operand itself. it
— a8 index registers where the contents of the specified registers and the contents of 15 1 10 #0 Indexed addressing
the word following the instruetion are summed ta produce the operand address,
Register AT5 TG 1 11 | 0000 Indirect addressing
This register is used by the interrupt systemn as the stackpointer and, as sueh, it is 17 1 11 £0 Indexed indirect addressing
updated by the system whenever it is used for memory addressing,
It may be addressed by instruction in the same way as the registers A1 through A14. T8 0 - - Short eonstant

T1 Register ta reqister operation
The operand is the value in the register specified by r2,

| T2 Long constant fnstruction
| The aperand is the value contained in the least gignificant word of the double lengzh
instruction.

T3 Address in register

The operand is held in memory. The rn?(ury address of the operand is the value in the
register specified by r2,

T3A 2 # A5

T3 2 = A1l5

T'd Address in next word [direct addressing) ;
The aperand is held in memory. The mamory address of the operand is the value in the
least significant word of the double length instruction,

TS5 Indexed address in naxt word lindexed aderessing) :
The operand is held in memory, The memory address of the operand is found by adding

the value in the register specified by r2 to the value in the least significant word af the
double length instruction.




T8 Indirect address in next ward (indirect addressing)

The operand is held in memary. The memory address of the operand s also held in
memory. This indirect address is tha value in the least significant word of the double
length instruction.

T Indexed indirect addrass in next word (indexed indirect addressing)

The operand is held in memary. The memory address of the operand 15 also held in
memory. This indirect address is found by adding the value in the register specified by
r2 to the value in the lzast significant word of the double length instruction.

T8 Shart constant instruction
The operand is the value in the least significant eight bits of the instruction.,

The notations T1, T2 ete. are followed by a description of the function of the instruction
which uses some of the symbals given in the list an page 1.1.1 and the symbols described
here:

(.1 contents of

eq. (r3)  the contents of the ragister specified in r3
(415} the contents of register A15
] the contents of register P

"

ft. 1] thecontents of the contents of

eg. ((r3)) the coments of the contents of the register specified in r3.
((A4)]) the contents of the contents of register Ad.

A4 — > | ADDRESS 1

—> | CONTENTS

ADDRESS 1

The contents of A4 refers to address 1. This address contains the address of the actual
information.

Example:
T4 tri] = m Mzaning: Direct addressing. The contents of register r1

is placed in the memory location with address m.
TE& (1) — ({m}} = 1  Meaning: Indirect addressing. The contents of the register

r1 is subtracted by the contents of the contents
of address m. The result is placed in r1.

Software simulation of instructions

The following instructions may be software simulated on the PE52M but are hardware
Present on the PES 1M, PESEM and the PESTM.

MS MUK, DLL DAMN DVA
MSR MUR DLC DS

ML DA OLN DSK

MLK DAK DRA SR

MLR DAR DRC DV

MU DLA, DRL DVE




