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Branch

Instructions

The branch instructions AB, ABL, ABR, A

contents of an address or register when a certain condition i

Bl, RB and RF branch to an address or the
< fulfilled. If that conditien

daes not arise the program determings the next instruction o be expcuted,
The candition is given by a number fram 1 through 7 or by one or twa letters.
The following table gives a survey:

Condition Notation

Cond. req. (cnd}
contents | GENERAL | ARITHM. COMPARE U
0 {0} iZ) Zero - (E) Equal (&) Accepted
1 (1) {P] Pos. (G] Greater {R} Refused
2 12} (M) Meg. (L} Less 2
3 3 (@) Owerfl. — (U}  Unknown
MNOT — Condition
#0 (4} (NZ] Mot Zero | (NE] Mot Equal {MA) Not Accepted
1 (5] {NP} Mot Pos. | (NG} Not Greater | [NR) Mot Refused
42 1] (MM} Mot Meg. | {NL} Not Less -
T (7 Unconditional
Nate:

The instruction counter P always points to the next instruction to be executed. Wherever
in the deseription the notation (P} + 2 {or 4) appears, the hardware function is meant,
When the following program must be assembled calculate the displacement in locations
as follows:

BEGIN EQU *

HLT

LOK  A1,/000A
SUK a1.2
RF(Z) *+4

RB r—i
ABL ]
END  START

where ++d refers to ABL
w—i refors 1o SUK
+—8 refers to LDK

Whan the same program is to be put in memory with the togale switches the velue for
RF{Z] ++4 is 5002 and not 5004 as the P-register is already pointing to the next
instruction.

The value for RB #+—4 must be 5F06 and not 5F04, as the P-register i3 already pointing
to the next instruction,

The address in the ABL instruction must be the relative address pointing to LD,
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Tha values put in memory for the program listed above must bt

207F
0104
1902
5002
5FDE
BFZ0
0002

START HLT
LDk
SUK
RF{Z)
RB
ABL

END

A1,/0004,
Al2

v

—4

+—B

ETART

AB
:gL Absolure conditional branch ABL

Symtax: [label] . AB [lendl]o k - TB
liabel] . ABL[{cnd}]_. Ik -T2
Thig instruction means that the next instruction to be executed is fl;!um:!
gither at the address specified by the constant (k indicating one of the first
256 addresses of the memory, Ik being specified in the word following the
instruction) or in normal sequence, depending on the (end) and the contents
of the condition register.
If {end) is equal ta {7) the next instruction i at the affective memary
address. Note that if {end) iz omitted, the default value s (7).
The least significant bit in either constant, is always zero {word addressing].
See alto table and note on page 6.0.1.

Effective Type Function

branch: T8 k=P
T2 lk—=F

Mo branch: Tvpe Function
T8 Pr+2-P
T2 {P}+ 4P

Condition

register; Unchanged
bit 0o 1 4 5 78 14 15
T8 [0]0 00 1| cND | k | 0
bit 0 1 4. 5 7 8 8 10 1 14 15
72 [1Jooo 1] cno PJo 1[0 00 00
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ABR

Syntax:

Effective
branch:

Mo branch:

Condition
reqister:

Absolute conditional branch to register ABR PES1M
PB52M
PASEM
Fa57M

[label] . ABR [[end)] [+]_r2

This instruction indicates that the address of next instruction to be executad
is found either in the register specified by r2 or at the memory address
indicated by the reglster or in normal sequence depending on lend) and the
contents of the condition register.

|f-{end] = (7], the next instruction is at the affective memory address
{unconditional branch).

If {end) is omitted, the defautl value is (7).

See glsa table and note on page 6.0.1,

Type Fungtion Mo fE Syntax

T1 {r2)-=P o0 ns  ABR{cnd) r2

T3 (r2)}~P o1 0 ABR[cnd)® r2

Tvoe Function MO ik

T1 Pl+2=+PF oo ns.

T3 Pl+2-+P o 4]

Lnchanged

bit Li] 1 4 b5 78 9 0 1 14 156
1.8 oA cno P77 mp | r2 | o

Syntax:

Effective
branch:

Mo branch:

Condition
register;

Absoiute brapch indirect ABI PBS 1M

i PEE2M
PBSEM
PERTM

[labell _ ABI [{end)] [+]_ m[, r2]

The address of the next instruction to be executed is found either at the
effective memory address or in the next instruction, depending on (cnd}
and the contents of the condition register.

If {end) = (7) {see below) the instruction branched to is always at the
effective memory address (unconditional branchy.

In all other cases the program must first fulfil a condition before the
branch takes place. If {cnd) is omitted, the default value is (7).

See also table and note on page 6.0,1,

Tyoe Furction MDD Syntax

T4 [m} -+ P 10 ABllcnd) m
T5 {m +{r2}} =P 10 ABllend) m, r2
TG {ml} - p 1" ABl{cnd)* m
T7 fim +(r2)]} - P 11 ABl{end)* m, r2
Twpe Function Mo

T4 Pl+4-~+P 10

TE P} +4=p 10

TG Pl+4+P 11

T7 (Pl+ 4P 1

Linchanged

hit
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RF

Syntax:

Condition
register:

RF PES1M
PES2M

PBEEM
FE5TM

Relative forward conditionsl branch

llabel] — RF [(end}]l_ m

This instruction indicates that the next instruction to be executed is found
either at the effective memary address or in normal sequence, depending
an {cnd) and the contents of the eondition register, If (end) = {7} the next
instruction can be found at the effective memory address {uncanditional

relative branch).
If {cnd) 1s omitted, the default value of (7) is assumed.

The assembler calculates from the effactive memory address, a displace-
ment D relative {forwards) to the current value of the instruction eounter
{P}, This value is stored in bits 8—15 of the instruction as a positive number.
Thus its rmaximum is 255, In programming terms, this means that this
instruction can only be used to branch by = 128 words,

See alsa table and note on page 6.0.1,

Typoe Function

Ta {F]+2+ D= P (branch effective}

TA (P} +2 —= P {no branch)

Examyple:

AFIZ) END

RF{3] =+12

Unchanged

bit o 1 4 b 7 B 14 15
o1 01 0] cnD D 0

4

Swyntax:

Condition
register:

Refative backwards conditional branch RB

[tabel] AB [{cnd)]o m

T_h:s instruction means that the next instruction to be executed is found
either at the effective memory address or in normal sequence, depending
on (end) and the contents of the condition register. If (cnd) = (7] the next
irEtruction 1o be executed is found at the effective memegry address.

If (end) is omitted, the defaut value of (7) is assumed.

The asﬂemhlgr calculates frem the effective memory address, a displace-
ment D. relative {backwards) to the current value of the instruction counter
(F). T_"I!E walue is stored in bits 8=15 of the instruction as a positive number,
Thm its maximum is 255. In programming terms, this means that this
instruetion can only be used to branch backwards by < 128 words,

It should be noted that
[ RB {end) "
is equivalent to branch to tself and causes a continuous loop,

See also table and note on page B.0.1.

Type Function

T8 [Fl+2—-D-F (branch effective)

T8 Pl +2 +P {no branch)

Exampla:

RBI(4) LABEL

RBINE) +—2

Linchanged

bit 0 1 i4 5 7i8 14 15

|
u[:nlml!!cmip 5} o

h
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Syntax:

Condition
register:

Calf function CF

[IEb‘H”l_l GF [ r-lg ]H-

This instruction provides a link to a subroutine by storing suu?ess'welyr the
contents of the P-register and the program status wurd_ {PISW] ir 8 memary
stack. The PSW contains, amongst other things, the priority Les.rf.-ll and
condition register, The stack pointer is held in the register specified by r1
and I8 automatically updated, Then a branch is made to the address
E'rp::lst?:ndn;nuﬂiﬁ emust be terminated by an RTN instruction to branch back
o the main program.

Type Function

T2 Py =~ iri} =211
(W) = 1) el =211
Ik ~P

Uncharged. 1ts contents shows the result of a previous uperatiqn and is
stared in the memary stack for use on return from the subroutine,

it 8 0 10 1 1415

0 1 4.5
111110[ f [n1|uuuuli

|

Remark -
An interrupt ‘stack overflow’ is generated when r1=A15 and the word

address reached by the pointer= < /100, Bit 13 is set in PEW.

* 1 must be £ 0.
* Restricted to system mode if r1 = A5, .
* The systern stack and user stack are both built towards the lower

addresses.
P is stored first and next PSW.

.00
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CFR

Call function register CFR PES1M

Syntax:

Condition
register:

PBS2M
PBEEM
PESTM

[label]los CFR[=}r1, r2

This instruction provides a link to a subroutine by storing successively the
contents of the P-register, which points to the next instruetion of the main
program, and the eontents of the program status word [PSW] in a memory
stack. The PSW contains, amongst other things the priority level and the
condition register. The stack pointer held in the register specified by rl is
automatically updated by decreasing the stack pointeér by 2, as the stack
pointer is filled from the higher address towards the lower address,

Mext a branch is made to the effective memory address specified by the
contents of a register specified by r2.

The subroutine must be terminated by an RTN instruction to branch back
o the main program,

Tyoe Function MO Sprtax
T1,T3 [P} = {1 fr1} —2 = r1
IPSW) - {r1)dr1) =2+ r1

then:

T1 {r2)~P oo CFR 1,12
T3 {fr2l) =P 01 CFR* r1,¢2

Unchanged. Its contents shows the result of a previous aperation and is
stored in the memory stack for use on return from the subroutine,

bit o 4 5 B 9 10 11 14 156

11 7 1 0 rliMD[rz 1

Rernark:

* An interrupt 'stack overfiow’ is generated when r1=A15 and the word
address reached by the pointer =< /100, Bit 12 in the PSW is secto 1.

" rl must be # O

* Restricted to system mode if r1 = A5,
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E Cafl function indirect CFl igg;m ] , Return from function (A7 . .. AT4d) RTN
PEBEM
PBETM
Syntax: [label] s CFI[*1o r1, ml, r2] Syntax: [label]l . RTN _ 2
The instruction provides a link to a subroutine by storing successively the ] Thisi ;
contents of the P-register, which points to the next instruction of the main |thm=[-:: EE;I: T;:_Ll?r::?:he !‘Et"'"; from a subrautine to the main program.
program, and the contents of the program status word {PSW) in a memory the P-register and CR. uction of such a routine. The instruction reloads
stack. The PSW contains, amongst other things, the priority level and memory stack by a C ﬁglsmr which have previously been loaded into a
candition register. The stack pointer held in the register specified by r1 is & Call Function instruction,
automatically updated by decreasing the stack pointar by 2, as the stack Type Fureticn
peinter ig filled from the higher address towards the lower address, T3 ey :
b

Mext a branch is made to the contents of the effective memory address,

i.e. the subroutine which has to be executed, 1{'2”¢., + FLR
The subroutine must be terminated by an ATN Instruction 1o branch back 2l),. = er
to the main program. (12142 =2
Conditi {Hrah) = p
Tvpe Function MDD Syneax n t't'f’ﬂ
T4 T5  (P) L) i) — 2 r1 nii reqgister: Reloaded from stack, bits 6 and 7 of the PSW — CR.
T6, T7  (PSW) =(r1) (rl]l=2-= 11 M. |
then: hilt | 0 | L 4 5 B 9 10 11 14 15
- 1111 10[0 00
T4 [m} P 10 CFl ri,m i 0jo 1] 2 | o |
TS5 (m +1{r2)) —+P 10 cFl r1,m,r2 r
TG {iml} - P 11 CFI* r1,m
T7 {{m +k23]} —+ P 11 CFI* r1,m, 2 Remark:
i r2 must be # 0.
i Condition Uinchanged. Its contants shows the result of a previous aperation and is
[ register: stored in the memory stack for use on return from subprogram,
II
| bit 0 1 4 b A 9 110 1 14 156
T R e rl [ wo | r2 1
Remark

= An interrupt ‘stack overflow” is generated when r1= A15 and the werd
address reached by the pointer = < /100, Bit 13 of the PSWisset to 1.

* r1mustbe=0,

¥ Restricted to system mode if r1 = A15,
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RTHN

Syritax;

Return from function (A15) RTMN

[label]  RTN — A5

This instruction allows the return from an interrupt routine, a trap routine

ar subroutine, |t must therefare be the last instruction of that routine. The

instruction reloads the PSW and P-register which have previously been

loaded inta & memory stack by a Call Function instruction. The stack -

pointer 415 is automatically updated,

On the PA528 bit 9 of the PSW {ENB) is always set to 1. On the other

eomputers bit 9 must be set, if required.

Mote: By forcing bit 15 of the PSW to 1, the user may switch the machineg
from system mode to user mode (PBS1M, PBEEM and PESTM.

Twoe Function (PES2N] Functian fother)

T3 {A15) +2 = A15 [A15) +2 -+ Alb
{{A15]) O-6 -+ PLR ((A15)) 05 -+ PLR
({A15) 6,7 - CR ((A1E}) 6,7 - CR
hit 9 is set ta 1 -~ EMNB MA1EY 2 - EMNB
S bit does not exist a5y 15 -+ SU
A5} +2 -+ A15 (A15+ 2 -+ A16
(1a15)) = P {14151} - P

hit o 1 4 B g 9 10 M 14 15

1 |1 1 1 [u Do n|n 1 ]1 N T |n]

Remark:
r2 must be # 0,
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EXR

Syntax:

Condition
register:

Execute register

[label] L EXR[=]_ r2

EXR

:’EJ: r:i;nstru:tiun exacutes the instruction in r2 (T 1) or pointed to by the
ok n:? of r2 {T3). r2 may not contain a double word instruction, a CF
uction, RTM instruction or another EXA , EX or EXK instruetion,

Type Function

T (r2} is executed
T3 {(r2}) is executad

CR is set by the instruction in {2},

MD  Syntex

00  EXR 2
01 EXR~ 2

bit 0 1 4 5 e (| 14
15
|’l|T11ﬂ]ﬂﬂUDlMD[ 2 E
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Execuite consiant EXK FBETIM EX Exsrute
PESZM

PBSEM
PBSTM
1
Syntax: [labell . EXK o Ik Syntax: (labell EX[*]_ ml[, r2]
. . o This instruction executes the operand instruction contained in the affective
This instruction performs the operand instruction contained in lk. memory address. The memory address may not contain a deuble word
The memory address may not contain a doubls word instruction, a CF Irstruction, a CF instruction, RTN instruction ar another EX, EXK, or EXR
i instruetion, RTN instruction or anothar EXK, EX or EXR instruction, instruction,
. Type Function . Type Function MO Spntax
1 T2 Ik is executed i ¥ T4 (m} is executed 10 EX m
! TS [m +{r2)) o 10 EX m, 2
Condition ¥$ H“"” « = 11 EX* m
[ register: CR is set by the Instruction In lk. m+ {r2}]] 11 EX" m, 2
| Conditian
hit. 0 4 5 g8 9 10 N 14 15 register: CR is set by the instruction in the effective memory address.
1111nuouu|ua|uunulil
it 0 1 4 5 8 0 10 11 14 15

[T]7 1 1 0Jo 0o o] wo Z [




