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PREFACE

MANUAL OBJECTIVES AND READER CLASS ASSUMPTIONS

to provide

experienced programmecs
x%y aded  to develop, assemble, load, and debug
& ﬁMCI*w& auxiliary microprocessor.

Lce 1 éetaii presented in this manu that
cient in developing MACRO-11 guages
RSX~11 Task Builder to create =cutable

“iti@m; the reader ls ae ned to be niliar with
itecture and UNIBUS interfacing and have an
FpP-11 programming techniques.

chapters and an

of the KMC1i

chapter azgc

of referencs
in this manual

tion

o each

maior partg
Move ¢lass and

& def 1mes the KMC1l macro syntax,
8 i vt@r aiﬁu 118*"

Chapter 5 describes the KMCL1 loader utility. The basic KMCII loader
subroutin : this chapter ;t*?ldéf the bagis for the user :
ting system specific loader. The KMCll Loader
REX~11M is also described in this chapter for
DIGITAL~developed component.

LECY S

svides the programmer with the deta*=
use the KMC1l Debugging Aild {RMCDA);
ils on task building KMCDA.

ed information
PLE Ci" *“’?.: & i

Cha?ter 7 considers syesial grogram%ing characteristics and
el some are unigue to the EMCLl microprocessor and some are
MC1ll wmicroprocessors operating in the multiprocessor
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CHAPTER 1

TRODUCTION

1.1 PURPOSE OF MANUAL

Thig = provides the dwnformatise needed by an EXOET
programmer o amsemﬁie, load, and debug microprograms for the EMC11-2
aunili Lorop It therefore describes the  RKMCLL  sofutware
tools “the greqxammez in developing, iocading; and debugging a
KMC1i

iary cocessoer  designes
0perate% in parallel with the

suited to ot
. and other siztot
;O daevices, formattin jats ] processi
prcfmﬂﬂzg‘ KMC11 \an be wused in conjunciion with
essors,  from  the /04 the
The functions verfermed by the EMCLll ate deterwmined primarily by the

control  memory.  This control

enever desired by ?%e PDP=11
»~11  operating -gystem  would

contrcl  memory - as g

d in  the control

writabl
In  normal

[l
i)

ot
wr

pé’—i‘s‘: MCZ

M(j“pv;f;;,
o0

oprogr 3
ccn*zal statum zegls;ﬁﬁs and is entlLegy ﬁéilﬁﬁd by
Different spplications may z differe £
micracode/gcztware ‘interfaces. Operdtxﬂg system support for ,
should alwaye be considered in . terms of  the specific EMCLI

microprogram employed.




INTRODUCTION

1.2.1 gControlliing Peripherals over the UNIBUS

the m’iCl ig
to the %NIB

associatad :
1an£;ggt8 disabled.  The KH{1l
status regis # to determine when
single XKMCLll can simultanescusly
Qmilpkbiﬁjg and memory, kesping track

a2 MEemOry.

characters may be
contrel  many  transfers twee
of their status by using its 10Z4é-hyte dat

disassenbling messages, the Kﬁ&ll
tting, special chavacter recognition
cot functions,

1.2.2 Controlling Peripherals Attached to the External Connector

r»”peeﬁ opgration, the KM{11 &an be connected di

peripheral devi such as a D¥

¥MC11l  communicates  with the PDLP-11
ped above, put has gz direct path to the
KMCll's external connsctor, The
51m”'3 bié;¢ tional data  port.

system {PDP-13/04

ser pxagzvm reguires so long
developed microprogram.

and

configuration and one
compr ise the  minimum hardware

it
i
]




IHTRODUCTION

pro in
49 ] : tuols enut»e the
proqzaﬁmer %u szsemble, 103& aaj debug the new microprogram.

conzist of three paris:

o
iy
rr
&
I
L
o
(%3
o
[

i
oy

The E#C1l s

1. -11 preiix fite of
£3i1 instructions sing
CRO~11 together wluh a ten

ions in the form of macro

torainstry

L1ity program to ioad the writable control memory
~B from a file containing an image of =
microprogram, ‘The uvtility program runs as a privileged task
under the supporting Operatlng system. The input o the
program is a file created by the Operating System Task
Builder from the output of the MACRO-1l assembly. :

tility program to  enable a programmer to debug
sctively & microprogranm running on a KMCIL. The atility
a privileged task ‘under the supporting
yatem and utilizes the maintenance featuresg of the
KM i har&w re. 'The user may szxamine and modify the contents
of the micreprocésser  interpal  registersy data memory and
contrel memavv The user may start, stop, or single step the

¢ sy or he may direct the EMCID to esecute gz gingle
ion from the console. The user 'may opticnally
t breakpoints in the microprogram. Breskpoints
d locations at which mleropraqram execution
temporarily to permit’ interadtion between the
nd the user. If breakpoint support is %o be
1% highest locations in hﬂ KMCIl control memory
red for the utility program a1l addresses and
i putput to the user are in oectal,

1.3.3 Prerequisite Software

oprogramming tools operate with one of the following

.4 MICROPROCRAM DEVELOPMENT CONSIDERATIONS

Sofirwar , -+ of a EMCll by a PDP-11 operating system cons

two parts: the EMCL1 miczjgrﬁgram and the ppP-11 operating

The op vstem driver interfaces the micreprogram with the rest
of th software. The mic Fayxograﬁ must be tailored o the
specif ng to be performed by the EMOLL.

ot
i
L
ot
6]
[»]
rh

ition ¢f the microprogram can be through

Tt

Devejopment oFr acqy
the following ways:

*

1. Users can use DIGITAL~developed microprograms and drivers
iied with DIGITAL's PDPF~11 operating systens




INTRODUCTION

2, VUsers cun use DIGITAL~dev microprograms it o th
software environment. These users will develop t
operating system drivers.

3., Us microprograms  tailored Lo
sp users can also ﬁfﬁelcy their
OWY ¥ ige They may utilize the IGLTAL
saitWﬁré taol de Ctlb 4 in Section 1.3.2.

4. Users can use DIG
design  and dvsi
the need
detailz
of custom

Computer Special Systems
custom mlcrﬁgiﬁgrani

0 m f.z, <

the

e 1
5B

several jjfferﬂ
In addition,
correcktly ﬂynchzaﬁﬁzznq

id w@ f~m iliar with the pxabiﬁﬂw
multiple processors.

.5 REFERENCE DOCUMENTS

the information in this manual.
will - aid the wuse and programming uf the
peripheral devices mentio this manuai: others v L L
installation, operational and maintenance information for the KMCI1,

foliowing doc

Bocument

Title Number
EMCLl]l Gensral Purpose MICroprocsssot US@:*M Manual EE~KMCLi-OP
¥MC1ll General Purpose Microprocessor Maintenance Manual ER-KMC11-MM
LOMM I0P~DUP Programming Manual BA-56708~TC

ﬁGMM IOP~D2 Pzaavamming Manual ABR-5127a~TC
SRC L ~D5 NetworX Link Synehronous Line Unitk
Maintenance Manual EX~DMCLU~MM

Pop-11 Peripherasls Handbook BBO5%61
B8X~11M MACRO~11 Reference Manual DEC~11-0MMAA
RBEE~11M Task Builder Reforence Manual DEL~11-~0MTBA

.6 NOTATIONS

netations

A Boolean AND * Prompt

¥ CR Carriage Return

¥ Boolean Exclﬁﬁive OR  LF Line Feed

e Negation i Bracketed Argument is Optional

1-4
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EMC1Y MICROPROCESSOR ABCHITECTURE

«

2 sE-Dit gensral=purposs
hn&tructiﬁn set are Gpt:wigeﬁ for
= ¥ me Mbtﬁlfiﬁ f 44 }
communications th /L ient mhe ?ﬁﬂ'
cyele has : i From 300 330 ns
are ‘sxecuted fr@m a ]
the control 1 or {
access all EMCLI int

St

- :\-?? CQ

iastructicen cycle Qerieﬂ, the  EMCLL  ¢an (1} éy@uuté
4ér”fi“‘mgi$t” tran {2y ddnitiste bus
CEGY znltlx*@ transactions:
Cetween sy and dats menmcryv.,  In

arithm é“xc and 3wa1ca?
mﬁin utx *3 t‘“’f;\l?ﬂ as

Drogram coun
struction execution on
written into.

through

# of
. 85
& £io an
utine @mhry anu 88 ng
and wnt&z%a sfe o

£ic ta.

ins ion s;l:isci 1 1 .
ﬁf abh wmicroinstruction ¢lass are preg red  in

sristic of the RMCIL is that the CRAM iz separabte from

the éata memory. A microprogram executed from CRAM nas free

. to  the data wmemory and all internal : £ ]

miﬂrci struction exscution. However, a CRAM
fE2 B gh micreinstrustion exacuti

Figure 2-1 is an overall block diagram of the KWCIL. it shews the
structure of  the processor and the data paths connecting that




KMC11 MICROPROCESSOR ARCHITECTURE

setion summar i
buses,

: the structursl ~ampm@»m*: f:Teted:
through direct microinstructicon execution,
Arithmetic Logio Unit {ALU), which

S.

BUS* } serve as )

the EMCI11 i sxternal ey .

internal sterz  and  sers e

it UNIBUE as well as the K n

through gigned filelc 18

addre d et th bus e

the 16 bhvte P ter, th C
register, device e
agisters raugh 4.

2.1.1.1
memory.

art RAM
: 3ntc

ith the UNIBUS for the

o H
:E Jitlﬁui t

data words or 53 order bitse of a UNIBUS  addresgs,
fhis mamuk‘ ] b from the microprocessor; the two

the x;cM sprocgran for both read  an
5 are accessed through - the
£ ; JTBUS. From the
ie and can be read

device,

= NPR control register iz an  3-bit
the microprogram to control input and
registey alse contains the TWO
address for an input NPR transaction.
noinvolives the transfer of data from
COQ¥§2591Y, an - output HPR

3 i L RAM  to main

=

.i.1.2 NPR Control Reglster -~
srmatted quinrég that en

also stores the stat
croprogram for detec
addresgad

£ MAR bits 8 and 10, which ¢an
2 £ s znd memcry overflow.
he INBUS*/QUTRUS*




KMC1l MICROPROCESSOR ARCHITECTURE

UNIBUS

o e e ey
TE BUS
TR e e i i |
4% o
b P
F =
ATUS I i
8 H 1 H
i t
HE
Pl
o deedt

- :
’*x%wg:m mmaﬁg““""
o)

RECHTERS

3
o s s ¥
= v

I

oy v

R m o Said %

B i s i it e oo

T e
¢ p
j
i ARITHMETIC i
! LOBIC UNIT {
: {ALUY i
I3

- SESTIMATION BUS & #8175 WIDE «-J\*’ ,

Figure 2«1 KMCll Register and Data Path Structure

2-3
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-

: ) Contre
ﬁiﬁrap scsssor mis 0L it uPMISC)
that maid i 1 a: i

LT e
B e

[17 3 e B 'S S )]

na
th

Z.1.2 Components Accessed Through Direct Microinstruction Execution

‘ﬂClr o KMC11

z  previously
tﬁ@ use @f a




KMCl1 MICROPROCESSOR ARCHITECTURE

e (B

.

}

ipcation.

overiiow S t
MAR can be,ihﬁiﬁmﬁﬁteﬁy“'

2.1.2. Cll PBC has two moaés
determi . ¢ ingtruction currently
Wheﬁ A movP class i s executed, tae cﬁntent
e e s n H e s " i
u

tion on 2 two

~¢1ﬂgla sperand

ion Eoo be

¢ the

class

MC11l seratch  pad
m\,m()f" wade up G

)

uotiens, dats
ories  axcept

S
internal registars
hu MARER. A& single HMove
cg of twg soratch
n  must

WO O O E

2.1.3 Compon

The EMC1l str
ing ‘e the

3 %, The
functions of +

saction,

2.1.3.1 Control RAM - The KMCIl control RAM { i16~bit
randomn & memory characterized by an exkre 3 1 atcass
cycie resu3*1nq in a microinstruction execu ion tin ranging from 300
8 microinstructions to 330 ns  for sroinstrustions

acgpsslng the multipert RAM. As previsusly stated, the microprogram

2=5




KMCil MICROPROCESSOR ARCHITECTURE

the microprocsssor, is stored in and

loads the microprogram into the
'at Gt{”~te§ 4% a task under REX-11/IA% ig desgoribed

Technigues for interfacing this loader  with
,,stems are also presented in Cha

for that

%ha loader sets

tw load  the

uction in the

sad over from the
CSR&. ¢ on‘v a PC

A
on fxaﬁ the

plished from the CSRs
although internal to
rather, 1t i a
=T debugging, . and
the structure and use

.

Section 2.2.2.

4
LS
=

nance rogister is  used to

z;nst;u:alon for ,abséau nt execution, and the second

< locaticr sicreinstruction lgading. For

the fii@» is fegw:téq ta as the maintenance register
& agisteyr.

e Reglsters -~

[N

folo IS SR
A
mcﬂ«

discussion,
nd the zecond, the maintenance

F N

is afrzzzmeé through the

the ull debugging a1d
i 'ﬁgla*ﬂ?~ ang data menc
‘rqglng ala Drlmarlly r651ﬂes in anc 15
b kpoint  support ¢ J

through use of specific CSR
a 1 xxcxrﬁﬁra"tiwm in  the maintenance
it as %wugh ;t came from the CRAM. For
nstructio seld move the content of a data
CSRs (INBUS*/QUTBUS*} for

practice, the debugging ¢
bitsz, can

register is loaded from
ich stores an associate
by the KMCI1 debugger
{See Section 6. I,L-,

Qu

1 two sets uf g~ b:t data input
n iines {Figure 2-1j. The two
i A-input  and the B-input.
e form  a destination bus to all
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n the microprocessor. The - E-input
tohpad memory aﬁ?g* the B-input accepts
pltiport memories as well as the NPR,

lements Jump address

jumps based on  an

a instructions, the ALY

agperations  on registers and the

the regsults are gtored in a secified

r@a;sbwr or megory Eilnatlﬁﬁ bus. - &s shown in Figure 2-1,
the rough the ALU.

The A B ; {C)y Bit and in

response to var ious arithmetic and laglc by

i ructions The C-bit is ong

13n proc fuces  a Larry term, avd 2g & ze:u when a
a borrow ternm Sim when a- given
operation preaaces & vesult of all enes (377
iss o a binary QZE

'adm

of the ¥M{1l, there are four defined data gpaths:

~pncerned with o the trangfer of

and  memories. The  third

o LﬁlBUﬁ between the EBCI1 0 and

O & path listed, 'Lbe MiCroprogramn

he "*‘ng of microinstructions from the

or to the maintenance req sters. The

iption of these  buses (Sections 2.2.2 through
rreceded by a discussion of the concept of source

iata transfers as implemented by the KMCLL
2.2,1%,

Destination Data Transfer

© netween internal registers and memories  is  conducted
over the source bus aﬂé destination bus {Figure Z-1}. A&
s always an input  to  the B-sgide of- the  ALU, and  a
degtination 'is always the iﬁternai register or memory designated as
the recipient of ALU outputb.

In general, the data source specified in the microinstruction 1s one
of two oper av&s to be aperata@ on by the ALU in a manney designated by
the instruecti the second operand is the contents of a2 scr %v* pad
location. For data memory, the locatlcn containing the source operand
ig the location addressed by the current contents of  the MAR. When
the INBUS/OUTBUS @ or INBUS*/OUTBUS* is designated asg the source of an
oparand for ing@t ints the B-zide of the Akg, the operand is addressed
by a field in the microinstruction. Where relevant, a scratch pad
address is also specified by & microinstructicn field.

2~7
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3

cond
ieznai

5

T L oW

e
* )
KM

ke

e g
S s

and transmitied hrough  the
commands.

pro gxammer 5 design his uwﬁ*aCCﬁkﬁlﬂq algorit

‘ i igcipline n aty to

sociated s§P~AA‘ T
details i

ent. a properiy
FﬂCll faR agcessing
a o roblems

#

COMM 1/0P, one st of these 1des permit :
CPU  to o igure and ;‘ .' a KMCLL micropr
: GES &C?ﬁﬁﬁgd by
& KM&EE,),N
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de IBUE  interface,
rite to the main CPU

cannoit be by the HMC11
2 o provide for loading
main CPU. In addition, a user
debugger) can use this path to
nance registers as well
the PC.

microprogram.
the microprog
program

the EMC1l1l OmiIBUS
sction of the mulbin

ng - into  the CRaAM  or
= : tﬁese sources, the
I&BUS*?%ETBUS* section of the
routed onto or off the microprogram
from the UNIBUE.,  HNote that data ig

moved user w:: Lam tb*‘ugh programmmed data
transf ng lé-bit ade : 1 only. As previcusly
stated, cont { th at patl is ﬂalnt@;r *d by a user program
through k ; i i : > of C&RO.
Z.3 REGISTER ARND MEMG%” FORMATE

kampwutﬂtﬁ i the EMCIL owm "gﬁOCéSﬁst tfﬁ: are

format for control purposes includ
2} I and addr reqg the
register, and (5

The functions performed by the components,  for
example, - the CRAM, ‘the scratch memsyy, and o the
&3lntﬁﬁaaae zncﬂguutlua r%fl“tet, signed formats.  An
31lu ation each format alon i i des:xi(@lo% cf the
*unct1¢r gerfgrmea by ea chf field w1tﬁxn a ieiz,fer or . memory . is
pregsented for jsach pertinent KMCOIL component in Sections 2.3.1 throu

2.3. 4

2.3.1 KMCll CSR Format

As shown in Figure 2-2, the 8-byte partition of the multiport RAM,
%nlcﬂ i t the INBUS¥*/ OUTBUE*, contains the URIBUS

These registers are 3ﬂﬁlgna&
fl@qtiﬂg 1/C page:
and TEXXXT, wi ?3 the awan

These T8Rs ars both word and
Fox §urposes of identity i
red to by ® BEELC rhrough BEEI
names - 5E SEL@ and  BEL6.
are by

and on
Howevey
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7 8 51 a8 3 24 31 o
T i 1 f f
SR BYTED 5 IO DINCOH
! ! e
=1 ;
i a3 me 1 omvee At e
Bt MCLR ; i . P pAALH UMBIN
CERRYTE 2 2 (e ) DOCON
£ : | i i ! A
i H H
wxx 3 COBBYTE R 3 LiNEN DLINER
! i { i | :
T I i i | 4
P4 PORTT  OPORT 4
) . " i
R ;
| : 1
CEERYTE S S OPORT 2
; i ! i ] i
. H v i t H 1 i
5 g BORT 2 OPORT %
i { i | { i
t H i I i { i
7 OPORT 4
oo =,

Figure 2-2 KMC1L UBR Format

4 l. CbR 3, i*ﬁw the T?Wa ining Q&Rs, exist as read/
the multiport RAM. In addition, the CSR 1 contrel bits
ted hardware logic elements that implement the functions
rmeé 7 these bits. The user program can set and clear thess
Lhe ab%atzdpea togic  elsments  over  the UNIBYS rhrough
ammed data transfers. The microprogram can alsg agcess  the
D BAM thxﬁunh the internal data paths to set and clear CSR 1
the states of the associated lcha elements
he  microprogram changes the state of
efore, the miaropzagraw can never assumne
ntrol bit reflects the state of the asasci

saction of  the specific
soriptions that foll are

NOTE

The symbolic addresses assigned the CSR
registers shown in Figure 2-2 are thoss
defined by the KMC11 Macroasssembler

described in Chapter 4.
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user progi
bit . 7 {the
ition~sens

Setting the MCLE bit performs the following actions
MiCroprocessor:

ilowing  EMCll

i, RAM,
Z.

3. data memory,

4, the scratch pad, and

s
o
o+
g
.
by
[
2z
o
i
"
=
Lo
3
o
o
®

5. the fiip~flop associated

cl@ared 1n

The NPE REQ zlt is
HER 4 £
?ﬁ:@lr\

ar

the
3.3)
with

the RUN bit

conventi
details
i RUN Bbi
COMM

the address
to be “¥?‘*an
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& n é uz the
ve ies the write:
MOVB  44,BSELl ;Set RAM O to one
MOV %E?Sé,szié sLoad addrecss
MOV #gzzléssﬁ“L6 §§§ad miczoinstxraﬁimn

BISB $40,BSEL] :8=t CRAM WRITE

SELI :;Clear CHAM WRITH

S?éb;iic instruction in the
in lﬁﬁding

eznst;uscion is iaaa&a
i [ int tha 2]
iy, setting S8TEP H£>cauhe5 the 1L»tr¢ctﬁsa to b» @
i ‘&;th:“*’}&!‘ IE“‘Z‘“', than s CRAM,

-

in ﬁddltiqﬂ;
SE read ffé%

clear the ﬁftf P bit, and then set'%éﬁ

c;i;é;%«
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At 2=%, bits 3 and 4 of BBELl are labeled "to external

2 shown in,F%
i

ectc bitb can ssrve as status/scontrel  bits for an

&y
WOy

nn
ite

2.3.2 RPR Address R Control Register Formats

the KMC1l dirsct
which are add ;
1 registar. Nots **at NPR ¢
*70UTBUS*, As shown in P*@nge 2
gerve as the . buffer for &
and  the lé-bit data words for !}

e

TR Ok Lot 0
o

,
bt

ONIBUS aéQfGSS h ta 16
source of  these
and 2-5.} The

Lﬁﬂzsth gud t
hfwu in Figure 2-3.

INTERNALS
INPUT
0eTAL) ADDRESS

0 INDAT 1

1 INDAT 2 i O

- t - ; SR PRUR—
2 DDAT 1 DA 1
—— | ! ! e ] S |

\ i i ' ! ] ! 1

3 JODAT 2 DUT DATA HIGH 8YTE

| | = | | ! j
I i : i | 1 ;

4 HaA 1 ] I UNIBUS ADDRESS 007 Bat

- ] i - i H 1 b i
F I i i i | : i

JNIBUS ADDRESS 415 AR Z

| i | it i —
i i i i i H JI» ;

INIBUS ADDRESS 017 AT

8 HOBA Y

bl i H | ISR WA S NS
| 1 i i 1 i 1

7 n8A 2 DT UNIBUS ARDRESE 118 fasad
: 1 . L P i ;

Temibsols used by KMO1T Macroassembisr; ses Chapter 4,

-~ e

irure -3 NPR Data and Address Register




7

MC11 MICROPROCESSOR ARCHITECTURE

5y

: 6 5 4 g z j
* H P . i P -
[ i
e bOBYTE 1 MaAR GUT | iNBA iBA
~ TR xrem | 10 NER |17 i

and the related
KMCli w*ﬂfoprﬂ‘rém can

& *anbvﬁuenar
ransagction.

Lon

m*@m ¥ et
SRR A A

v ] If the if{;uafﬁctz”‘
ing of NER RQ 1nfafm*  microprogram tha, the data

y registers OUTDRAL and "Wﬁistﬁr“ 2 of
been a&ored in the ¢Uvatzuu
ent memorn lovation
the transaction 1ig terminatsd ;
BX ®EY bit in the aPMIBC
, and the NPR RQ bit iz automatically ¢

4 (the OUT NPR bit) designates whether 3
n to  stoye datas in ov restrieve data from a
address. when this bit 1is set to ong, the
dﬁ out~NEFR, and w“aﬂ zeyro, an in-MPR.

sister bit

gister INBA  1&  ar Mpn 17 a&res  the
the @xiénded UNIBUS address for an in-HPR. The
. automatically placed on the UNIBUR slong with
s contained in bytes 4 and of the OUTBRUS/INBUS
i R transaction to  form the fuli 18-bit
corresponding bits for an out-NPR are contained
-jons in the uPMISBC regiszter (Bection Z.3.3).

oy

o
¢
o
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it 7, BYTE XF
byte is to
croprogram mi
the

appliss
tfaasf%rrar

specifiad by
ZRLO ;ﬁ one, the cor
position of the locatic
performing a single-
iﬁat the aata 32 ]

iow byte and ¢ :

HPR transactions can be
as a gseries of transactic
ryansactions arc conduct i
i¢ automatically relingo
However, when o nﬂgct;L$
be advantageocus., for
until the last transac
the NOT LAST XFER bit
cE NER transactians T
other pertinent
the serles, Thes
control with
transaction in

*ransachaa% in

proer e

d oy

GVﬁrL$ow
¥é§ ig
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Format

38
[
ot
)
e
L
4
&~
s
&
e
e
w
ixi
)
™

is an
bita

[ =
oo
oo 1

[
[Fime

Bit {, the
nonéxi“teﬁt
NPR transa

microg
> for

stat thekﬁ;whapru“
not ific - HPR

LOroproc

'TﬁjBU

{©
fis S 44

¥
ki
4

t

between Wthi&j
o the

ASf‘i b&%f%.
VQCZOL location used
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h; bit VECTO
location XX
erflor ok

BHANCH
WHERN

Figure 2Z~6& Branch Register

Branch <
a Bra
BRG bit 4, &it
be made on the

tﬁe sxncutlon ﬁf an NPR
bit {bit © oF the N
the “ransar?:en is
sJprodram can

a»r-ax'wsasy‘*mn.
?‘“}gl(’f“ ¥

plete.
riodicalliy move the
ite a branch on the

the h;aﬁgactg is
ience is made. ¥When NPE re
v can  begin. This tec
register bits NOW EX MEM {(bi
RO (b1t 7).

under program
: *hhwshi§
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CHAPTER 3

EMCLY MICROINSTRUCTION REPERTOIRE

fall into two major  categories: the Move

the Branch «c¢lass -instruction. Move class

the mechanisn for performing t transfers
redisters; Branch class instructions Impiﬁﬁeﬂt the
uncrnﬁi%iomai branch functionz., The basic funo ns

Branch ¢lass instructions include the amxi;zy to
srithmetric or logical operation on  the source

¢lass instructions, the memory address register
‘vremented as & consequence of instruction execution  or
stination data can be stored in the MAR as well as the
ster.

12

in this chapter is sufficient for a
experience with PDP-11 architecture,
£ guickly understand the tunctiﬁﬁs and
MCl; 4i¢TDlnb?r"‘t10ﬁ set. Systems programmers
mation on the  PDP-11 UNIBUS should cefer to
e PDP~11 Peripherals Handbook, EB0OS5961,

3.1 MOVE CLASE MI ICROINSTRUCTION

migroinstructions. Excluding the
functions, there &r 2 Move
Figure 3~1 presents the mnemonics
wstruction fieild along with the binary

descrzktion of the function pe :%Grmﬁ% during
fX“CUtl by that Field., in day~to~-day
vity, &h@ programmer can use Figure 3-1 a @

fe Move clasgs microinstructions is  that the MAR
field he used as needed by any instruction in the total
refor functions and use of the MAR Contr 3 are
firet, fo Liaweﬂ by a detailed desax%§tion of e ove
icroinstruction format and functic $~ asg
ructions are crganized according to gﬁ*a desg!
Field
3-1, the MAR control field socupies bits 1i and 132
Move class microinstruction. For each Move
™y

h

the bwo MAR control bits implement one of four
& tunctions and the associated arguments

e EMC11 macroassembler are as follows:




KMC11 MICROINSTRU

("i
L'J
e
fel
o]
]
e
a3
a
o
-
o
e

fae
e

(%

=




KMCil MICROINSTRUCTION REPERTOIRE

HESIaSTMRE S
EN 59&;5% 21ep Ul 5 AJowsw eie(]

(W3W} AHOWIW viva

GBUWTD BAOH

Y1y 8 Jo o 30y se

o0 81 cgaﬁmac«fﬁé it B 10 JUBTLO0 IDLND m% 51 mcn%aa BO4N0S BY, m Li0
ihor g1y
m.w:», prhi S Doy 5 AREIIIELUY
IUIBLIEIDU] LENBLAO 0 SNRLN0 v 1
HYWONT L1 £0 &5 _5 vm_%wmaw DJ.q 8yl w,o apis-y 8y} 01 Indul yum
1US DY E Y 0 JuBIuL i
LLD 110 BIRG P
0 IS ET RN Gio
UDHBLIISSD B18D UL f mx,a?. LSnaLn in 100 SN GiN0G 010 ! Ay pessouppe saisBal SNEN
mcu o] :m»cou aul st :mumao 224008 8L 0
wons SlUMEE OUE 100 63 1 n 4l {Snan SngnNt 10t
P e {1 LA
DEISUBISEE ol LG 21151 pu (o0
7B JBEEY A0 BB OF PEEN B0 LBD I SO0 WA IS
pasn 8g UBD [ SUON Ul IEAIMOE TMOJEY DBl -4 $UiBUie ERIONL S LIOASIE SUY 50 (-0 51T W
U0 108449 OU SBY UDIIONASWIOIONU L SO0ON Ue jo zo_p:omxm HwQOZ oon HYWeUL 00 pueiado a1ipsiuun 3yl §1 RIRP 32uN05 (AIND 3LVIGIWWE 000
[ y L}
£ k ¥ ? ¥ ¥ ¥
G s
o Eam,%mwa 'SNALNO a1aid
ONYHIL0 NOLLYNILLEAO WY IANHN0S
i i i H — 5 i i H i i
O i C € 14 g £ & [ Ll T Bl Gl




KMC1l MICROINSTRUCTICON REPERTOIEE

Funchion

Perform Motation

ADD

ADDC

SUBC B B
INCA A+l fez
APLUSC 2100 & plus garyy % A+C Yas
i
i TWOA | G161 A plus 2 Poasa Yau
2
: TROARD A+RTC Tes

i SELA

SELB

AORNB 1615 AV~3 ot

AANDE 193t A AND B ALB Ko

AORB OR B AVB 5]

2

AXOHBE

A exclun

i SUB i } Subtre
i (two's

t 8B from A A~B kg3
complement)

SUBOC 1tii Subtract from R A-p=] Yosn
{one's complement)

function SUBC isz
with complement of
uble-pregision subty

mcrsanatact: !
bit. However,

e
=14
=
™
=
(]
Qs
e

]
b
1
e
o

+
ok
L
o
<
h

o et
i

(1]

&

ALU function can aifec >
s microinstructions can affect the
- g

n h
as state
£ the Z~bit. The ifi ={fects on these bits by Move class
croinstruction #xecuri on are as follows:

produc

bt ad by any ALU
and cleares

o zero when

2’!.1
or

H

1
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cleared to zero when the difsf

& zet to one when a borrow

jat
“

-
i
ot
o
O
o)
:TS

& ﬁﬁ?a microinstruction, results in
a octall. If the vresult is not
3 ~xit iz set Lo zero,

the (C=bit 1s used to determi
trangaction. For the ALU fu
- 1110}, subtract B from A

the C-bit will be zet to one when A is g
9%

BX

s} t
{ Ty
t eat
to o2 oand will be cleared to zero when A is 1
¢ 5
B

W

he ALU fuynction mnemonic SUBOC (binary cod
£ A {one's complement); the C-bit will be

or egual to B.

¢ when the output of the ALU

ES
subtract function results in a b%tt&w or a
- .

set ko one
is greater than B and will be cleared to zero when 2
13

The grate of the Z-bif is used to detérmine the equslity of
two guantities followed by a branch ﬂﬂ Z-bit set to one. For
the ALU function SUBDC (binary code 1111}, subtract B from A
{one's complement);  the Z-bit will Qe set when A is egual to
B and will be cleared to zero when & is not egual to B.

1% 1% 13 12 11 16 8 8 7 65 5 4 3 2 ; )
T 7 i T T ] T v ] 1 1 !
P08 D MAR 0 g o0i ¢ 0o O @ @& v o B
souURCE ! DESTINATION OPERAND

{ Lo pd N i | i { S i 1 i

the MAR control field set to zmero

Wikl ' Derfefms a

A micsroinstruction cycle is executed, and no

“hanqeﬂ MJt the Z-bit is cleared. In this configuration
i instruction can be used to implemen

tternal

1t program

er, this instruction can also be used to increment or load the
MAER without affecting the contents of any other internal register
using the arguments INCMAR, LOMAR, and LDMAPG., For example, the MAR
can be incremented by

NODST INCMAR

the lower eight biﬁs loaded by
NODST IMM,opr,LDMAR

and the upper itwo bits by

NODST IMM,opr,LDRMAPG
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P Table 3-2
¢ ' INBUS Register Symbolic Addresses

Symbol g RegQBtéz Function g Octal Address
M;I\n}?ai; | in-NPR dats low byte o I
INDAT2 | In-NPR data high byte i
IODATL Cut-NPR data low byte 2
10DATZ Gut-NPR data high byte 3
e I1IBAl % In=NPR UNIBUS address low byte 4
1iBAZ % In~-NPR UHIBUS address high byte 5

TOBAL | Out-NPR UNIBUS address low byte 5

&

I0BAZ Qut-~-NPR UNIBUS address high byte

“wf

XREGO User-specified 10

XREGI User-gpecified ' 11

[
S

AREL Uger-specified iz

w
el
i
&)
L
e
in
]
~
¥
423
o]
5]
[#]
o
oy
it
U
Qs
sk
[}

4
o
[l
iy}
P
{n
{0
a1
i
1]
Tl
i
i
fot

e
e
i
&
I
i
-
[
6
i
1
n
i) 1
; kS
e §
o
e Py st
Jobi
1]
o
ot
LY

i
H . %
LREGSE : Uzer-specified i&

e 3
Symbolic Addresses

Symbol i Kegister Pungtion Uotal Address
y . ‘
CSRO ¢
MATH C5R1 (Maintenance Registsr) 1

PORT4 CSR7 v

NPR NPR Register 16

UBBR CuPMISC Register 11

37



KMC1l MICROINSTRUCTION REPERTOIRE

[

INBU

|8

{ : * gddressezs conmpriss the XpO1l

NFR and UBBER address the NPR and uPMISC
2.3.2, and 2.3.3 for detsiied
, the NPR register, and the uPMISC

12 1110 3 7 8 5 4 3 3z 1 g
T i T § i ] T i T i 1
MAR | DESTINATE o [ ALUFUNCTION | ADDRESS
bk | L».; bond L. e : ]

ent “f

unafrukteﬁ

asgmﬂez t
} rangs O
gratca pad

£5 an 2
aﬁaress
truction

ml

o

5
.

EN

fo )

i 3-1}  on th@ “ients of the *faﬁa

aQatesseﬁ &rratﬁﬁ nad location. If the result

octal valus ~bi set to gne; if the

s . the Z=bit is cleared to zero. if

d by the argument for : implements an add

C=-bit ig affected as described in Section
i Ived

el

.

»h
designats
rion, thf

t and a scratch pad location invo
toest,

*émnr ising the arguments for func are listed
”@rras;fgdlng binary code and the
lemented by the nmnemonic. In th

e

octal walue in the range 0

fasg of the scrateh  pad
-
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3.1.2.2 Destination BRG

W 8 8 7 6 5 4 3 2 1 D
(— S SENE S S S
6 3. .1 OPERAND 0 — 377
DESTINATION OPERAND 03774
i T R DU NS NN S

The microinstruction Move Iamediate to BRG permits an 8-bit operand to
be stored in the BRG. The actual value of the operand, as specified
by the argument opr, can be an octal value in the range 0 to 377 or it
can be the contents of ang symbolic address designated by the symbel
tabkle for ! pertinent microprogram.

NOTE

1f the operand is equal to 377 ({octal}.
the Z-bit is set to one.

MOVE INBUS TO BRG
{(BRWRTE 1BUS, adri)

: & Z 1 0
E a | T o i T T T 1 T 1 1 )
u i 1 - £ 1 INBLE o ;
| SOURCE MAR | DESTINATION ADDRESS NOT USED
{ [ ; i i ! i ; | :

The microinstruction Move INBUS to BRG moves the contents of
&esigna&ed INBUS register to the BRG with the contents of the source
INBUS register remain iﬁq unchanged. The INBUS symbolic addresses
represented by the argument adri are 15&19& in Table 3-3.

€

NOTE

If the contents of the INBUS register
regsad by  the wmicroinstruction are
to the 377 (octal}, the Z-bit is

15 i4 13 12 11 10 9 8 7 6 5 4

3 Z H O
I H H H H T I T T T 1
oot o o 1 INBUS* .
i
SOURCE "'::‘R DESTINATION | ADDRESS NOT EUSEE*
i ) i ! H H

The microinstruction Move INBUS* to BRG  moves the contents of a
designated IKBUSY* register to the BRG, with the contents of the source

INBUS* register remaining unchanged. The INBUS* svmbolic addresses
represented by the argument adri are listed in Table 3- -3,




KMC11l MICROINSTRUCTION REPERTOIRE

.

The contents
main uancha
of data from t
286 can be i
is microinstruction would tak

BRWRTE MEMY ,SELB

mnemonics 3-1 along ﬁth
ithmeti For

lue in the

ument ?n, S
& scratch pa

I v /2“ [

function Seilec

3-10
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form:

o3

i 1 O T

L

3,1.2.3 Desti
OUTBUS* and QUTE
T;‘z o Mo l l i gl ey tiy % <] : =
instruction s by analyzing he names
regicters.

—
ey

e n

SERAND
OUTBUS ADDRESS
k1 - :

microins

Move Immediats to GUTBUS* perm ite the
8-bit operand directly to the DUTBUSY ragister
ow=-order bits of the immediate operand. To
uotion, consider the arguments opr and adro
1 numbsr or & value i
ersely, the argume Al i ¢ of the
B ] ,
L
e
1

m;biﬁ§fﬁgf
addressed by

gs=* sgister

lﬁ“*ﬁ =3% have a

35? m

vder bi
1

e physical addr

For example, 1if, the argument opr in & Move ‘ v FTBUS* - has
) actal wvalue 3?4; then the  argument 3§r0 must be the GUTBUS*
ster sy lic addyess QPORTI (Tal 3=4} . This microingtruction

would take following form:

. 364 ,0PCORTL

cCcours ﬁu:inq
of an uper

3=il
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Symbol

R ——

oICOH
| OMAIH Cs8R1 (Maintenance Register} 1

i
i ) ol g -
% O0OCOCH CER2 Z
i

| OLINEN CSR3 3
| OPORTI 4

QOPORTZ

OPORT2

OPORTA

ONPR

OBR 11

MOVE INBUS TS QUTBUSY
{OUT 12US, adi

[¢]

tion provi
ractly fro

e L Mot
«

rh{3 o

!
i

| DESTINAY

312
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GRY AND 5PC TO OUTBUS®

i 8 8 7 6 & 4 3 2 1 - ©
H H H T { T f !
0 3 0 . s ot 5*
pesTiNaTION | AU FUNCTION ADORESS
i 1 j i ! 1 1 §
ion permits a microprogram to perform a degignated
operands, one being the contents of the data
d by current MAR and the other ing
- ¢ d logation zgro. The result of the desi
ALU tduut¢ erands is then stored in the CUTBUS* r%glste;
i ction 4 direct sources~to-destination tra

of aata fram

to tae addressed OUTBUS* register ¢
using the ALU function Select B {BELB, Table

implensnted ~1}.
Th;s microinstruction would take the following form:

GUT MEME,SELB,adro
Similarly, a direct transfer of the contents of scratch pad Iocation
zero (BP0 aam be implemented using the ALU function Select A {(SELA}.
Thig microinstruction would take the following form:

GUT S8ELA,adro

The complete set of arithmetic/logic functions and corregponding
mnemonics z:r the argument func are listed in Table 3-1. &ymbolic

addresses for the argument adro, which are the addresses of the ten
QUTBUS* rgﬁlthrs, are listed in Table 3-4.

5 14 13 12 1 w8 8 7 6 5 4 3 2 1 g
T ; E— R T

P i 1 0 i 0 . s

! _ , ; I OUTBUS

§ S‘GuRﬁE MAR DESTINATION ALY F";"“““?"* ,&m}?ﬂgg;

§ i i i i P i

With this microinstruction, & microprogram can perform a designated
ALU function on tww operands; one is the contents of the BRG and the
oth is the ;gnt@n‘ of scratch pad location zero (8P0). The  result
pr gnated ALU function 1is then stored in the
ad ster. ‘The contents of the BRG and 8P remain

enig CIFPBUS*  register can be implemented by using the ALU
function Select B (SRLB, Table 3-13. 7This microinstruction would be
in the folliowing form

A direct source~to-destination transfer between the BRE and 3
dent

QUT BER,SELB,adro

The vomplets set of arithmetic/logic functions and corresponding
mnemonice for the argument func is listed in Table 3~1. S&mbolzh
addresses for the argument adro, which are the addresses for the ten
OUTBUS* registers, are listed in Table 3-4.
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instruction

GHT SHIFT B¢
FT 1B

’ ;

NGT USED
!

l [

“r
o

T
f ]
e

g 1

e e

w w
P

Pr

% L O1 £ .
ior to ; 1 i 1 ¢ The sntents
dreszad s 1 ! 5 &




KMC11 MICROINSTRUCTION REPERTOIRE

ﬁiGHT S"t‘

Thig microinstruction
the BRG is right-sghif
Next, the contents of
current MAR and the 2ont
operated on a Drdiﬂq
of  the .
The cnﬁten =

unxhi”qid,

\.{Eﬁ‘
ALL
are

t

HELA{E
along - with

B
m
(
ad
d
£1
1
<

LACE AND MiOVE ALU QU

[

t=,

rig
per
Bit
BRG

?:,
9

of the majtor functions of
¥ §,~=ht w“,;, o

ig useu‘
the sou ¢ 11
the deztination,
ingrruction would take the

BRSHFT BR,SELB

With SELB the designated ALU functicn, the ide is selected and bit
0 of the aunshifted BRG is moved to bit tion 7 Qf th@ BuG. Ths

result is a one-instruction one-~bit right rotste




EMCL1 BICROIHSTRUCTIOR REPERTOIRE

shich gpecifies

TRUS

FOUTELS

(DU IMM, opr, ¢

P
5
L

f
i

the U
iate

O

rgument for
is mivroinsty

$ e

wwe and

i
font
o




KMC11l MICROINSTRUCTION REPERTOIRE

Sotal
s Register Foncotion Address
Py

In-NPR data low byte 0

OIDATZ In~NPR data high byvte 1
OUTLAL : Out-NPR data low byte 2

OUTBAZ Qui~NPR data high byte 3
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{OUT IBUS, adri, adro}
15 i 13 ] g 8 7 6 5 4 3 2 i 0
f H 1 I H H H i ¥ i
] g i 1 & 4] INBUS GUTBUS
SOURCE DES ?‘W&Tg{)l\l ADDRESS ADDFESS
14 A 3 ¥ . i I 4

uctiocn provides the microprogram with the ability to
tly £rom an INBUS register to an OUTBUS reg:s%€£ The
s one of the INBUS register symbolic addresses -listed

Similarly, the argument adro is one mﬁ the OUTBUS
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cti en involives the 1ﬁw bv*é or the high byte.

z ordered g5 source
SrBUS, and MAR o

IMN Immedi @, The :
QEMé“éata aperand
microinstruction) .
autamatlcaiiv ANDg &l
bits with 377 {octal:
operand bits,

IBUS

ow

bfaﬂth registe

MEMI as - MEMX except th
Ry be omitted and the
ingremented,




KMC11l MACRO INSTRUCTIONS

4.2.3 INBUS* and INBUS Register Symbolic Addresses

funetions are listed in
H reQL%%ﬁr symh IEC addresses and funct§a ng are

4.2.4 Arithmetic/Logic Unit {ALU) Functions

4

the ALU functions and the ALU function implemented
are listed in Table 4-4.

'PBIS Register Symbolic Addresses

holic addresses and fupctions  are  listed in
'BUS register symbolic addresses and functions are
4.2.6 Scrateh Pad Locations
The 15 KMC1l wsecratch pad memory locations are addressed by the
microprogram aceording to the following definitions:
spl spb4 SP10 spl4
SP1 $P5 8P11 SPl5
8p2 5P6 5P12 SP16
8€3 api 5P13 spl7
The scratch pad memory is described in Section 2.1.2.4 and Chapter 3.

4.72.7 Memory Address Register (MAR) Field Definitions

1
13 ;:‘L

essibie only to the microprogram; the  MAR
ollows: v

ce
£

=

a

LODMAPG s LOAD THE 2 MOST SIGNIFICANT BITS OF MAR
LDMAR ;LOAD THE 8 LEAST SIGNIFICART BITS GF MAR
INCMAR s INCREMENT MAR

can be optionally used as the last argument in any

4 as a source for a move and the MAR iz being
srammer can omit the argument INCMAR and use the

. MEMX for the source argament.  Similarly, ~ when
iz useé as the destination for a move and the MAR is being
the programmer may omit the argument INCMAR and use the

inczﬁmentaﬁ?
macre MEMING.
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2.8 Pata Memory

bt

Page Lefinitions

sl
o
Ee]
@
n
et
i
Py
fo
e
i
[
St
[+]
e
i
i
b d
fizs
i)
[}

The KHK(C11I Data
follows:

Gty page (four Z56-bvte

j2tH ]
Pl 1
B2 Z
P3 3

MCI! macro library are divided

Bove cer intermemory dat
Lran Branch olas

o
i

R w A B0 fu

program 3
Tables
Move <l
croassenb

[
0™ U ~3m 0w

mlhf@ln ionsg uyncon
g el 5. and

-y
P

fhrouan

croinstruction
mﬁemanlcs fe: Branch
‘.“ro~ r ompnemonics for ¢
brugtiﬂés.
1 contained . 3 MEm EX 5 :
zn scratch pad i&ca*lona Thesze tables brie eser i o] function
i hoinstiustion ell as ¢ ? Yi 1icatl :

ek i

.
w

Generally, NODET M

but pv: ide  pr

dod s

ié;U) Laiatlenq
£ load the MAKR.

Tables 4-316, 4-17.
are based on dat:

micreinstruction is




KMC11 MACRO INSTRUCTIONS

Table d-1
Legal Separating and Delimiting Characters Used in Macro Definitions

H

.> (Paires

.
ng}é brackets)

@

angle bracksts are u
t they must  be a 165
arguments themselves contain separating
charastars,

jaV I

Table 4-2
ar Sv,USA;c Addresses¥®

] nveical address
Symbol Register Function foctal}
ITHCON CERG 4]
MAIN CHRL {Maintenance Register)
OCON C8R2

o
bri
il

& (&4 =1 iad [o% ot

PORTL o

i
PORTZ CERE
FORT3 cs
PORTS CS5R7 7
KPR NPR Control Register 10
UB8R 4 uPMISC Reglister 11

*MNote that mbolic IBUS* add
CSRs and NPR &a& UBBR
registe led operational informat
control regi the uPMISC iwngtei z@fer
2.3.2, and 2.3

ise the EMC1li
R and uPMIBC
SRg, the NPR
‘tiong 2.3.1,

&
F=@fﬁw

S”
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Table 4-3

~INBUS Register Symbolic Addressesgt®

Physical Addres

Symbaol i Begister Function foctald
INDATY In-NFR data low byte 0
IRDATZ In-NPR data high byte 1

| IODATL Out~-¥PR data low byte

| TODATZ § Out-HPR data high byte 3
TIBAL ; In-NPR UNIBUS address low byte 4
izagz % In-HPR UNIBUS address high byte 5
I0BAL % Out~NPR UNIBUS address low byie 6
TOBAZ Out-WPR UNIBUS address high bvte 7

i XREGU User-gpecified 10

g XREGL User—-specified 11
XREGZ USE§ws§ecified 12
XREG2 User~gpecifiad 13
XREG4 User-specified 14
XREGSE User-specified 15
XREGS User-specified is6

! XREG7 : User~gpecified 17

*For detailed information on the first eight INBUS registers refer to
Bectien 2.3.2 and Pigure 2-3. The sight INBUS registers 19 through 17
are asalgned to MJQDOKt a high~speed peripheral device such as the
omCll-Da ync%rﬁnaus Line Untit. The title and document numbers
identifying the maintenance and user manuals Ffor this device are
iisted in Section 1.5.

e
i
o
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Table 4-4
Arithmetic/Logic Unit Functions

H
ALU Function |
i Field Binary Arithmetic/iogic Functions
é Eguivalent Performed
ALD 0gog add A and B*
ADDC 0061 add A and B with carfy*
SUBC [HIERY Subtract B from A with borrow*
001l increment A¥
APLUBCH® 06104 & plus carry*
TROR** 0101 { A plus A*
THORLE* gliu A plus A plus carry*
DECA** 011t Decrement A¥
SELA** 1000 select A side of ALU
SELE 1663 gelect B side of ALU
AGRNB 1010 A OR NOT B
AARDB 1011 A AND B’
AOER 110U 4 OR B
AXORB 1101 A exclusive OR B
suUB 1114 Subtract B from A* (two's complement)
sSUBQC 1111 Subtract B from A* (one's complement)

* When u&sd in a Move class microinstruction, these ALU functions
clock the O«bit.

##% Thegse ALLU functions do not require a source argument.

4-7
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Tabile 4«5

OUTBUS* Register Symbolic Addresses

- Symbol Register Function

DICON 1 CSRO ' i g

OMATHN CSRI {Maintenance Register) é 1
QOCOHN CsRé E 2
OLINEN CSR3 3
OPORTL CSR4 .

OPORT2 CSR5 § 5
OPORT3 CSR6 | 6
OPORT4 CSR7 7

ONPR NPR Control Register G

OBR UPMISC Registet f 11

Table 4-6
QUTBUS Symbolic addresses
|
Symbolic
Address Raegister Function

OIDATI In-NPR data low byté § 0
OIDATZ In~-NPR data high byte : 1
oUTDAL Cut-NPFR data Jow byte 2
QUTDAZ Qut-NPR data high byte ‘ 3
IBA1 In-NPR UNIBUS address low byte 4

IBAZ In-NPR UNIBUS address high byte | 5

OBAlL Out~NPR UNIBUS address low byie &6
OBAZ Dut-NPR UNIBUS address high byis 7
OXREGU Gser~specified ig
OXREGI User~zpecified 1l
OXREG2Z User-specified iz
OXREG3 User-gpecified 13

(continued on next page)
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Table 4~6 {[Cont
GUTBUS Symbollﬁ Addresses

Symbolic
Address Register Function
OAREGY User-gpecifisd 14
OXREGS User-gspecifiad 5
OXREGE User~specitiad 16
; OXREGT User-~specified 17
Table 4-7
Move Instruction Destination: Branch Address Register
%&rr vassembier Mnemonic  Descoiption
BRWRTE IMM,opr,mar Stores an 8-bit operand in the BRG.
{Bection 3.1.2.2) The argument opr «an be any number in
the range 0-377 {actai? or it can be
the contents of any I address
designated by the syme; tabl@ for the
microprogram. For example.
BRWRTE  IMM,1777
will load 377 fé:zalﬁ into  ths  BRG
since the assembler masks the ocperand
to eight gats.
BERWRTE nar Hoves the contents of the addresses

1y

S22y CINBUS or INBUS¥* register, adri, to the
BRG o and  leaves - the  gontents of the
zwaus ox ZNB&Q* register unchanged,

¥
Section 3.1.

i The smbolic  addresgss  are
! }1bteﬁ ,;e 4~3. The INBUS*
: vmbcli § are listed in Table

4=

BRWRTE MEMX, func,$Pn,mar performs the specified ALU fun tiﬂn,

3.
{Seetion 3.1.2.2) func, on  the u{., of e data
memory  location addressed by the
. ;xrra 1t MAR and ih% contents of the
' scrateh mad location addressed by the
azgquQV' 5Pn.  The result of tne ALU
fgnctiun on these wvalues is  then
stored in the BRE, - The contents of
: *ha adﬁi@?Sﬁﬂ ﬁ ,ary l%cation aﬁﬁ the

The mnemonics
are ligted in hile wit

ALU fu gtion implemented by each
mnemoni
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Table 4-7 {(Cont.}
Move Iastruction Destination: Branch Address Register

argument SPn
pamber

MEMZX ;. func,8Pnmar

3QH,E.$)

, the n represents
inthe range 617,
address of the

location.

o i on
o Py Bt

on to the BR
ths AL& fun

ew1ng forme
BRWRTE MEMX,ZELB

BRWRTE BR,func,SPn,mat

>~ microinstruction BRWRTE
{(Section 3.1.2.2) ; SPn,mar except it performs

R specified ALU function on
i ols antg of the ﬁaﬁ and the conteﬂﬁs
: the seratch pad location addressed
by the argument SPn. If specified by

Lixf thﬁs

BRWRTE SELA,SFn

the direct source-to-destination data
transfer ia from the specified scratch
pad location, SPn, to the BRS.

5 4~8
ﬁcve Instruction Destination: QUTBUS*

Maaiﬁdm sembler Moemonio Desceription
oUT IMM,opr,adro,mar Moves an 8- erand directly to the
(Section 3.1.2.3) OUTBUS* ;eg' t sddressed by the four
i S lew«arder bits of the immediate
: i Argument opr ig  any  number
: in the xa&g@ 0-377 {octaly.
adro must be a symbolic
: : for  one  of the OUTBUS*
! registers listed in Table 4-5.

{(continued on next pagel

4-310
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Table 4-8 {Cont.)
Move Instruction Destination: OQUTBUS*

Macroassembler Mnemonic Description

AE— - .

our - IMM,cpr,adro,.mar NOTE
{Bection 3.1.2.3)
(Cont.) The four low-order bits of
the argument opr must have a
value egual to that of the
argument adro. For example.
if the argument opr is 311
{actal),  then the argument
adro must be QUTBUS*
register symbolie address
OBR.  Thisz microinstruction
would take  the following
form: !

€

OUT  IMM,311.0BR

If a conflict occurs between the value
of the - four low-order bits <f the
immediate operand and the octal code
for an QUTRBIS* register symbolic
address, an assembly error is posted.

The following is a c¢ross reference
hetween 8~bit operands and the
appropriate opr and adro arguments.

Argument
8-Bit Operand adro

bbi bb0 000 OICOM
bbb bb0 001 OMATN
bbb bb0 018 OOCON
bbb bb0 011 OLINEN
bbb bb0 100 © OPORT1
bbb bb0 101 OPORT2
bbb bb0 116 OPORT3
bbb bb0 111 OPORT4
bbb bbl 00D ONPR
bbb bbl 001 OBR

where
b = any binary bit

OuUT IBUS,adri,adro,nar Moves data directly from the addressed
{Section 3.1.2.3} INBUS ~or INBUS* register P the
addressed OUTBUS* register.

The argument adri must be one of  the
INBUS register symboelic addresses
listed in Table 4~3 or one of the
INBUS* register symbolic addresses
listed in Table 4-2, The ‘argument
adro must be one of the OUTBUS*
register symbolic addresses listed in
Table 4~5.

fgontinued on next page)
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Tablea 48 (Cont,}
Move Instruction Destination: GUTROS*

Macroassembler Mnemonio

OUT HMEMX,fune,adro,mar
(Section 3.1.2.3)

“LAEOWIHQ £ rm'

i T : OUT  HMEMX,SELB.adro

ouT Eajfun

5450, ma Ly

(Section 3.1.2.3) F 1]
?uncre:f the

and the contents

location 0. if

4-12
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Table 4-
Move Instruction Degtinations Branch

A «w
£
Ch
m
1
b
]
Q
).-u
(*t

gr Right-ghifted

Macroassenbler Mremonic

Description

BRSHEFT IMM,opr the BEG right
“{Sﬁctign 3.1.2.4) srgument  opr
o1 ton 7 of the
BRG. . ﬁh% {prior to
right-shifting} bit 3 is
discarded., BREHFY eguivalent to
DBROSHFT IMM,0.
) BRSHFT I8US,adri,mar Sﬁift: the th
v {Section 3.1.2.4} one place; b the
INBUS*  regist 58
argument adri i t BT
nuslt;gh 7 £ th The
{prior fito a%aft:&a} BRG
discard
The IKBUS addresses are
listed in Table é«: The INBUS*
symboelic addresses are listed in Table
A2l
BESHFT MEMX,func,SPn,mar Shifts ‘the convents of the BRE rvight
{Bection 3.1.2.4; one place; the contents of the data

BEmory locarvion addressed by the
current MAR and the contents £f the
seratehs pad addressed by the argument
SPn are then operated on according to
the ALY function specified by func.
Bit 0 of the r&gulting ALU output is

mavea Lo rmsitiﬁn 7 of the BRG.

The Eégﬁ 1 pxzsr to right-shifting)

ARG bit § arded.

The mnemonics for the - srgument - fanc

are listed in Table 4~4 slong with the
i ALU  fanct Y imp e ed by each

| mnemonic.

r the argument £Pn, the n rep
ootal b £
secifieg  the ﬁ&r&ss
soratoh pad lbyatian.

; bit pad
Aacat o adﬁi&‘ it SPn
can be moved ¢ Wf the

BRG by the foll

o, BRBHFT ;Mﬁ,SEL&gCP

é&&ﬁtlhﬁ%ﬁ on next page}
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Table

Move Instruction Destination:

=

r@nts mf the
?0

unwnzf§$a con

2 BRE and @
ratch pad addressed
are operated on
AL functi

P, the n »pr&s“rv
mber in the range 0~17,
% the addressz of the
ch pad location.

2 maicr function of taiﬁ

croinstruction is a single~iit
right-rotate of the BRG. Since the
BRG is both the source and
degtination, a single-bit right-rotate

af  the SEG
foliowing form

s “gcamg*i;{%d by the

o5 i

BROTAT

Move Instruction Destination: QUPBUS

S

Macroassembler Mnemonis

Description

OUT IMM,opr.adro,mar
(Section 3.1.2.5)

i

=] L""‘Xf &’f 3y
bits
um@m ¥

the 1mmeé§§ts
3 an oactal
nge 0=377.
3 gymbolic
the OQUTRUS

A rg
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Tabie 4-10 {Cont.)

Move Instruction Destination: OUTBUS

Macroassembler Mnesmonic Dascription
QUT  IMM,cpr,adro,mayr NOTE

{Bection 3.1.2.5)

{Cont,} The four low-order bits of
the argument opr must have a
value  egual to that of
argument adro. For example,
if the argument opr 1is 372

U7 IRUS,adri,adro,mar
{S ection 3.1.2.5}

{ortal), then the argu&@ nt
sdro must be OUTBUS register
symbolic address QQTEnA,
This microimstruction would
~take the following form:

OUT  IMM,372,00TDAL

if a conflict eccurs berween the value
of the four low-order bits of the
tmmediate operand and the octal code
for an- OUTBUSB register sym hclxc
address, an aszembly error wil be
posted.

The following is a c¢ross refsrence
betwesn 8-bit operands and the
appropriate opr and adro arguments,

Argument

B-pit Operand adro
bk bb0 000 OIDATl
bbb bb0 401 OIDATZ
bhb bb0 018 OUTRAL
bbb bb0 011 OUTDAZ
bbbk bbb 166 IBAL
bbb bb0 101 IBAZ
bbb bb0 118 OBAL
‘bbb bb0 111 OBAZ
bbb bbl 000 OXREGD
bbbk bbl 001 OXREGL
bbb bbl 8180 OXREGZ
bbb bbl 011 OXREG3
bbb bbl 10€ OXBEGYE
bbb bbl 101 OXREGS
bbb bbl 118 C DXREGS
bbb bbl 111 COXREGT

where
b = any binary bit
Moves data directly froem the addressed

INBUS or INBUS* register Lo the
addressed OUTRUS register.

{continued on next page)




KMCll MACERO INSTRUCTIONS

Tabls
Move Instructi

0

St

§-10 o e
on Destination: QUTRUS

Macroasgssembler Mnemon

OUT IBUS,adri,adro,mar
{Section 3.31.2.5)
{Cont.}

OUT MEMX, func,adro,mar
(Section 3.1.2.5) '

OUT BE,func,adro,mar
(Section 3.1.2.5)

A

ik

-
Uy g

oo B o3

direct source-in-destination data
sfer o i 1

™Ry

i speaii
the

This m
IOwW:

B8Cra ;
ified by

oUT BR,SELB,adro
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Macroassem

pler Mnemonio

ME% IMM,opy ,mar

Section

MEM  IBUS,

{Bection

MEM MEMX,

{Section

3.1.2.6}

adri m
¥

ar
.63

2
- e

func,SPn,mar
2.1.2.6)

Moves an
data mem

¥y to the
ed by the

current MAR. The
argumen number or

symbol i@ {octall.

‘th@ cc&ﬁaﬁ*

Moves

3ymbo%xm address
42,

rerforms the specified ALU function,
func, on  the wontents ¢f the data
BEMOry location ada?ﬁéscd by the
current MAR and the ibents  of  the
scratch pad lecation addressed by the
argument 8Pn. The result of the ALU
function  on these values 1is then
stored in the same data Eatctuled
location  and tne original contents of

that data ‘»IQC are
discarded. of the

addresgssd
unchanged.

ramain

The mnemonics £ the argument func
are listed in %Table 4-4 sliong with the

Ahﬁ function implemented by each
1iC

iocation addressed by the
can be achieved with the

Belect A. This microinst

take the following form:

v

ntinued on next page)
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Table 4-11 ¢ .}
Move Instruction Destination: Data Memory

i
i Description
!

£ the garatceh

by the argume
he
Move
. Macroassembler Mnemonic Description
5P IMM,opr,E8Pn,mar Meves an B-bit cperand directly to the

: {(Section 23.1.2.7) gserateh pad locat addressed by the
] four low-order bits of the meaﬁlat

! '**rﬁné @v umeﬁ» :ﬁf is

For the argume“i 5Pn, the 1
represents  a r in the range 417
{octal), which i the address
of the desiyed iccaticon.

NOTE

The four low-ovder bits of
the argument opr must have a
value egual to the value of
i the argument SPn. For
example, if ¢ argument opr
is 3317 (o ; then the
argument SPn must have the

i value 17 {octall. This
i micreinstruction would take

the following Form:

8p IMM,317,8pP17

If a conflict occurs between the value
¢f  the four low-order ﬁ tg of the
immediate operand and the valus o
5%n, bly error will be pnqlsﬁ,

"‘i‘;i

{(continued on next page)

4-18
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Table 4-12 [Cont.}
Move Instruction Destination: Scratch Pad
. | . L
Macroassembler Mnemonic 1 Description
3P IBUS,adri,SPn,mat Moves data directly from the addressed

{Bection 3.1.2.7} INBUS or INBUS* register to the
. addressed scratch pad logation.

The argument adri must be
INBUS register symboli
iisted in Table 4-3 o
INBUS® register symbe
listed in Table 4-2.

(o]

¢ addresses
one of  the
¢ addrassses

one of the

‘#v

A,

1i

=

For the argument 5Pn, the n represgents
a number in the range 0-17 {octal),
which specifies the address of the
desired scratch pad logcation.

The contents of the addresged INBUE or

INBUS* remain unchanged.

A7 MEMX,func,.SPn,mar Performs the specified ALU function,

{(Section 3.1.2.7} func, on the contents of the data

memory location addregsed by  the
current MAR and the contents of the
gurateh pad leocation addressed by the
argument 8Pn. The result of the ALU
function on these values 1§ then
stored in the same gcratch pad
location and the original contanits of

that scratch pad location are
discarded. The centents of  the

addressed data memory location remain
unchanged.

The mnemonics f£or the argument func
I are listed in Table 4-4 along with the
AL function implementad by each
mRemonic.

For the argument 5Pn, the n represents
& number in the range §~17 (octal),
which specifies the address of the
desired scratch pad location.

A dirsct source~to-destination data
transfer from the data memory location
addressed by the current MAR to  the
addressed scratch pad logation gan be
achieved with the ALU function Select
B. This microinstruction would take
the following form:

SF MEMX,BELB,SPn

{continued on next page)
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Tabla

412 {Cont.)
Move Instruction Desti

nation: Scratch Pad

Macroassembler Mnemonic Desaription
SP  BR,func,8Pn,mar Sams 3 the

{Section 3.3.2.7)

the scratch
the ardgument

]
4
o
~
H

direct so
transfer wil
scratch pad locat
argument BPn.

dife tly to the
h pad loc:
r luw~order

SPBR IMM,opr /SPn, mar

nd
{Section 3.1.2.8) ¢

Far the argument 525, the a ¢ t
a number in the range =17 (octaly},
which specifies the addrsess of the
desired scratch pad location.

The four low- of
the argument g?r ve a
value egual io the

argument ; ample,

if ths 236
{octal ent

SPn nmust
microinstruct
the foljowing

take
SPBR  IMM

occurs between the value
13 Llow~nrder bits of the

erand and that of SPn, an
r will be posted.

(conrinved on next pags)
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Table 4-13 {Zont.}
Move Instruction Destination: Seratch Pad and Branch Address Register

Macyoassembliar Mnemonic Degoription

SPBER IBUS,adri,SPn,mar Moves
{Section 3.1.2.8) INBUS
and

ar

AL AT

ad

i location.
3
i The argument i must be cne of the
INBUS register  symbelic ddresses
W&steﬁ in Table 4£=3 or one of the
. et ic addresses

SPBR MEMX,func,SPn,mar i Performs  the
(Ssction 3.1.2.8} func, on the it
MEMOryY location
current MAR and the
s¢ratch pad 1
argument BPn.
function on

I
stored in th@ :
scratct
CGHtEu
are
addre
unchan geﬁ.

The mnemonics for the argument fuanc
sre listed 1n Table 4-4 g with the
ALU function implemented sach
snemonis,
argument SPn, 2 n
in the rarqe G-
« i
i
: !

on next page)
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Tabla 4~1

Move Instruction Destination: Scratch Pad and Branch Address Register

Mnemon:o Description

SPBR SR fuﬁ ,8Pn,mar Ham icroinstruction SPBR
3 L.2 EMY, o, BPn,mar 2xcept it performs
the speci ; function on
tants tl ay ; nLs

ed tc ;mplemen
iength.

i INCHA Increments the MAER by one.

ht bits, bits -7,
value of og
{aeczmalé coyresponding to th
ific memory word addrezsed |
faet) ithin a designated

NODEY IMHM 3, LDMAR loads
of the MAR with 13, If
aediate g £t i i
=ﬁctal),

truct1ca
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KMC1l MACRO INSTRUCTIONS

Table 4-14 {Cont.)
Destination: NODST {No Destination}

Macroassembler Mnemonic Description

MNODST  MEMX,fuanc,S8Fn
{Section 3.1.2.1)

Tests the INBUS or INBUS* addres
the argument adri as to  whether

E contents are egual to or not equ

§ 377 (octaly. If the result 1is
Lo 77 {octal}, the Z-bit is
one; otherwise it is cleaved t
The contents of the INBUS or

ragister are unchanged.

The INBUS eymbolic addresses
iisted in Twﬁle
gymbolic addresses
-2,

Lmar Tests the result of the designat
functicn, func, on the contents
data memory addressed by the

pad location addressed by the a:
5Pn as to whether the result is
to or less than 377 {octal).
result is egual to 377 {octali}
r-bit ig set to one. If the ras

i oleared Lo zZero.

If the ALU function ig a

mnemonic

For the asgumen? SPn, the
a number 1in the range U
which specifies the addr
desired gcratceh pad logati

-
MAR and the contents of the s'

sad by

the
i@l to
agual

¥ the
ult is

| less than 377 {eoctal), the Z-kit is

iogic

function (i.e., AVB, AAB, A¥B,or AVuB)

ar 1if the A side or B sides of the ALU
iz selected, the C-bit is unaffected.
Tf the ALU function is an arithmstic
function {i.e., add or iﬂcfement} that
results in a carry, the C-bit s szet
to one. If the ALU function 1is an
arithmetic function (i.s., subtract or
decrement) that results in a borrow,
i the C-bit is cleared o zere. The
contents of the addressed memory
iocation and the scratceh pad location
remain unchanged.
The mnemonics for the argument func
are listed in Table 4-~4 along with the
ALU function implemented by gach

{continued on next
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Move Instruction

Macroassembley Mnemonic

NOD&E?T  BR,func,SPn,mar
(Bection 3.1.2.1)

]
mnemcﬁl s for
ligted in Teb
function imonis
onic.,
r the arg:
a number
which speoifi
pad ilocation.
ie 4”‘5:
Move Instruction: Increment and
|
!
i INCMA
: (Gegction 2.1.2.1)
{  LDMA IMM,opr
: (Section 3.1.2.1)
:
i




KMCL11 MACRO INSTRUCTIONS

MM, opr
on 3.1.2.1})

up?er
argumesr @
four 25¢ [ S ¥ in gata

is eguivalent to the instructien

Table

41
Branch Instruction Scur

Macroagssempler Mnsmonic

NOTE

In all immediate branches, the value of
label is divided by two te obtain the
correaponding microlocati {The
reason  for this is that MA L
bytes becauvv the FoP-11
addreszged  whil the EMCL1
addressed.) The result is 2

between the wofifset field and t s
field. The CQ&M page is specified b?

41‘0

bites 11 and 12 and the page oifset i
specified b? its 0~8 of the branch
address field of the microinstruction.

ALWAYS labsl
{Section 3.2.2.1)

to exscute 2
labelsd (CRAW

¢ label if the C~bit
{Bection 3.2.2.1} ¢ microprogram

the binary
label

o
o
5
=
e
5
&
5
o]
m
:!’;
3
£
e
@
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Table 4-16 {(Cont.)
Branch Instruction Source: Immediate

Mnemenic

| if causes
| mis branch
! T hie location,

ﬁzxro #.ia;;»

*0 eXEPQtE

18 increment:
next seguential
rroprogram line,

on

zustlen BRO

whgtner BR

426
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Table ~17

iE
Branch Instruction Source: Data Memory

Macroassembler Mnemonic

Description

Lo MEMX,func,SPn,Pn
{Section 3.2.2.2)

Causes the microproygran toc
uynconditionally sxecute a branch to &
gpecific location {page offset} within
a  designated CRAM page. The page
offset is derived fr om the results of
the specified ALU function, func,
performed on the contents of the data
memory location addressed by the
current MAR and the gontents of the
scratch pad location addresgsed by  the
argument  SPn. The contents of the
addressed memory and scratch pad
locations remain unchanged as deo the
states of the C~bit and the Z-0it.

The mnemonics for the argument func
red in Table 4-4 zlong with the
ALU  function implemented by each

mnemonic.

For the argumenit &Pn, the STE
a numbsr in the rangu =17 foz
which szpecifies the address of the
desired zscratch pad lecation.

For the argument Pn, the n repressnts
a number in  the range 0-3, which
specifiss the desired page number of
the CRAM.

The page offser gan also be derived
from the contents of the data memory
iocation addressed by the current MAR.
This microinstruction would take the
following form:

CALWAY  MEMX,SELB,

If the C-bit ig set to one, causes the

microprogram to executes & branch to  a

gpecific location (pags ﬁffset} within

a design&ted CRAM  pag The page
Fory

nffset is derived from tag re
the specified ALU function, func,
performed on the contents of the data
memory location addressed by the
current MAR and the oontents of the
gcrateh pad location addressed by the
argument SPn. The contents of the
addressed data memory and scratch pad
locations remain unchanged as do the
states of tbp C~bit and Z-bit.

e,

{ocontinued on next page}
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Tabla é»i? {(Cont.)
Branch Instructicn Source: Datsa

-
» h

L

!
¥

Macroassembler Mnemonic

O MEMZ,func,.5%Pn,Pn
(Seotion 3.2.2.2

{Cont.}

A ﬁh"?;;;fmi‘ug Y
(Secticn 3.Z2.2.2)

SJBRO  MEMX, func,.8Pn,PFn
(Section 3.2.2.2)

.BRI MEMX,func,SPn,Pn
{(Section 3.2.2.2)

‘whather
3 red.

LBR4  MEMX, Funo,5Pn,Pn : as  the micreo
(Section 3.2.2.2) ne,SPn,Pn excen

LBR7  MEMX,func,SPn,Pn
(Gection 3.2.2.2
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Branch Instruction

Macroassexbler Mnemonic

For the argument Pn, thz n»
ber in  the range 0-3
ieg i ired sE B 1193

from the c¢on
the contents
location

microingtruct:
Pogmicroingtruct
| forms, respec

LA
CALWAY

L0 BR,fune,BPn,Pn If the C-bit i
{8ection 3.2.2.3} microprogram to
specific ati
a designated
offset
the
parfo
and the contents
locatics
SPn. >
addressed
unchange
C-bit

ipocation remain
gtates of the
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Macroassembley Mnemonica pescription

i

: EE2L0O,
Dy onz to execute

1 except

MICES
n except
I

i
G
<
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Table 4-19
Compare Values and Subroutine Calls and Returns

Macroassembier Mnemonic Description
COMP  MEMX,8Pn omp 2 thie

ﬁ?%ilfles
desired

COMP  BR,SPn Compares the contents of
with the contentg of the
pad location addressed i
argument 8Pn to determin

they are egual. 1f they are
soual, Z-hit ia set to one;
the contents of the BRG are
ess than the gcontente of the
addressed "cratch paﬁ logation,
the C-hit I8  set to ¢ne The
contents of the BRG and the
addressed scratch pad lceation
ramain unchanged.

w

L

For the argument SPn, the n
represents a number in ths range
4-17 {octal), which specifies
the address of the desired
scratch gad location.

o]

e

[ 0 T S ¥4
[V gt B o G A O 58
¥

o
B @
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Table 4~19

Compare Valuss and Subrouti

Macroassemblaey Mpemonic i
BRADDE label
{Cont.}
-
i

MEMADR label i

CALLSE SPn,aghrin labsl
[,optBRGvalj

t
t
i

CALLSR SPn,subrtn lahal,
return label!,optBRGvall

he
(o3
nstruction




KMCL1l MACRO INSTRUCTIONS

Table 4~19% { o}
Compare Values and Subroutine Calls and Returns

Macroassembler Mnemonic Desgription
CALLSR 8Pn,subrtn label, Nots that
return labell.optBRGOval]

[(Cont.) CALLEB S5Pn,FO0,5

:
L

ot
(0
o
*
ot
(o]

5 eguivaler

RTNSUB SPn,Pn

For  the he n
represents a number in th& range
sotall, which  specifiles
: the desired
incation.

vor  the srgument  Pn, the n
represents a number in the range
G-, which gpecifies the 4 red
return page number of the TRAM.

Note that

RTHESUE SPn,FEn

frnio
E
!

quivalsnt to

LALWAY  SELA,EPn,Pn

{econtinued on next page}

0
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Tablie 4~19 {(Cont.)
Compare Values and Subroutine Calls and Returng

Macroasgembler #Mnemcnic

AN
next

page 1 - A: ALWAYS B

—— i B s A e e i
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4.4 EXAMPLES OF KMC1l INSTRUCTION MACRO EXPANSIONS

1 instruction macro expansions are summarized in Figure
Figure 4-2 contains examples of KMCl1 instruction macros.

4-1.

MOYVE INSTRUCTIONS:

{ IBUS, in addr
oUT {src,lalu funct,out addr{,mar]
IMM,opr

i

i

MEM i
BRWRTE
BRSHFT

i

A

in addr ) ,
aiu functl,sp addr}l,mar]
"

P IBUS, in addr
SPBR {sro,lalu funct,sp addri.mar]

INCMA

BRADDE }
label{,mar]
MEMADR

COMP src,sr addr

MEMINC [src,lalu functl,sp addrl

{ IBUS,in addr
iﬁiMM;opx

CALLSHE sp addr,SUBRTH label|,optBRGval]
CALLBER sp addr ,SUBRTN label,return label[,optBRGval]
RINSUB sp addr,page #

BRAENCH INSTRUCTIOMS:

ALWAYS )
BRO
BR1
BR4 > addr
BRY7
LALWAY
.BRO
.BR1 3 IBUS, in addr

.BR4 v £ Isrc,lalu funct{,sp addr],page %

LBR7 IMM,opr
~

%

. 4 §

Figure 4-1 Summary of KMCll Instruction Macros
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MOVE INSTRUCTION BEXAMPLES: :
] QuUT
;: £
H
i
H
ouT r
inM LE
or H
MERMING MEMX ,AD 3
; H
MER
! BRURTE
BRWRETE
H v location
H MAR with
H
H
BRURTE BE,ADD,2P3 H on-
H in
i
BRWRTE SELA,SP3 :
H
.
NGLST IMM, 3 ,LOMAR :
or H 3
LDMA TMM, 3
NGDET INCMAR
or
: INCHMa
RODST ;1 2 bits of
or (34 I iow=order
LDMAE b result from
7t
i
;1 C
Examples of KMC1l Macro

4-36

R ——
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ALWAYS 155,P2 sbranch to CRAM page 2,
spage offsetr 155
BRO 155,92 nch to CRAM page 2, page

sbrar
soffset 155 1f BREG bit 0O
raet to ans

Z 40%

R .
:if :
o b o Y
jhiad a
N
sbranch

LALWAY BR,ACRE ,5P0 P2 ;branch to page

sde termined by t
:0R of the conten « £
sand the o ﬂteﬁié ﬁf g

.BRG BR,ACHERB,8P0, P2 riny 5
;determingd gi R
;of the oor cf the BES a
s+he contents of 880 if BRG bit
{3 t 3
i s

e
W«
(0]

.C BR,AURBE,S5P0, P2

e ww wh we

Fry
i
e
£
o
P

4.5 RESERVED SYMBOLS

The following

o
«

AANDB Tinat OCON RT3 g¥5
ADD 11BAZ OIDATL GRT4 SP6
IN ; START

ALCOND INCA OINCOK
ACRB = OLINER
AORNE OMAIN
APLUSC Ihﬂﬁf; ONPR
AXORB INDATZ2 COCON

z SUB
3 SUBC

& SUBTC
ELB TWOA
R IORAL OPORTL SHFTBR TWOAC
BROCON I98BAZ OPORTZ EPRRX UBBR
BRICON IGDATL OPORTS 2959 4 WRMEHM
BR4CON IODAT2 QPORT4 2P0 WROUT
RRTCON JUMP CUTDAL g WROUTE
CCOND LDMAPG OUTDAZ g
DATI LDMAR OXREGH 3
DATIH LINENM OXREG1L g
DATO MBIN OXREG?Z 5
DATOB MEMI OXREG3 &
DATORH MEME OXREGH £
DATOH MOVE OXREGH
DECA NPR OXREGS
IBAL GBAZ OXREGT
IBAZ2 QBAZ PORTI
1BUS GBR PORT2

1 ZREGD
2 XREGI
3 EREGZ
4 XREG3
ZREGA
AREGH
AREGS
XREGT
ZCOND

The programmer ({user) is cautioned not to employ ti
symbols when constructing user-daefined symbels becau
error will result.

hese raserved
se an assembly

{

F-N
i
A
St
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4.6 CPERATING INBTRUCTIONS

uld fellow the gensral rules in
when operating the assembler.

} if ?ﬂﬁ usﬁ“ h?;
MAC, he should answer

e
3

4-38
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from

Th::

naintens

-11 memer
i th *an plc
in Sactian 5.3,

two ;
g the EMCIL

source paths for
@ﬁabliﬂq CRAM 1
A write is accom

spe
loading pro

tail in Bection 2,3.1:
degeribed  in detaill in the EMC1Z
Manual, EK-KMC11-0P.
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ADDRESS

15 14 13 2 1i 10 g 8

POxxxt T H o | 1

(BSELY) | . | | ram | §

B : | s} H

| é | 5 |
Figure -1 Bit

BROUTIRE

5.2 EMCLI BABIU LOADER

dure
pProvs

necessary to iovad

jas
»
t"'}
o
[+
[o 7
x4
b
i
4
=
W0
ja g
Tt
H
frwde
[
o
s
[ N
el
pi
{0
2
e
£y
(==
-3
e
=]
7
s}
w
£
s

-

3. Read CRAM data from CS8g&.

»

¥

:

¢

;

;

Z

7

; OR COMPARE {0)
.

WTRAM:

10%:
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fault
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KMC1l LOADER

Buring a load operation, a compare is automatically perfarmed and a
messags is Ve for all errovs. An eryror printout nurinq a load
ocperation 1nd1cafes a faulty CRAM location: DIGITAL Field Sarvice
should be called to corcect the situation.

A compare is alao useful during debugging to obtain a listing of all
modified locations when CRAM logcations have been changed. The arror
printont example in Figure 5-4 indicates this usze ©f the lcader.
Alternately, an error e@ulé indicate a faulty CRAM location if the user

1

has not modified the CEAM since loading.

3.1 Toader Aszsembly

following statement

and
zame

£.3.2 Loader and Microcode Task Building

To task build the loader, the user should type the following statement
after the underiined prompts:

: the user should
gstatements after the uqd@rizned promptss

TEB>file name/-HD/~MM=file name.OBJ

ENTER OPTIOHS:

TK“E&TAC?ZQ

KOTE
File name .OBJ i; the ,utput cf  the
agsembler. (See Chapter 4.}

uilder results in a file with at least itwo
2 bytes each, followad by the microcode
el blocks are stripped {(ignored or skipped) by

The output of the task b
iaﬁe¥ blocks of 531
L,
b
)
&

,strhrttons‘ PThese la

skipped 1f a user-designed utility iz

Detailed task building instructions are contained in the RS8X-11M Task
Builder Referencs Hanual, DEC-11-0MTBA,
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KMC11 DEBUGGING AID

. programmer the information he naeds to uze  the
The EMCLll Deb ﬁgglﬁq Bid, identified Ly the
des the aigroprogram developer with the ility

correct microprogram errors. KMCDA uses a E;n1ma¢
) of KMO11 microinstruction memory (CRAM! space, and it uses that

space only whan operating in the breakpoint mode.

%

11 Kmtil 6ebﬁ§qing OﬁeratiOﬁS; KMCDA is  resident iﬁ the
iated msin CPU with the microprogram manipulation implemented by
debugging commands being executed through the KMC1l CSRs. KMCDA
-as a ~Zxﬁlleg$4 task on all the REX-11 operating systems a5 well
IAS., KMUDA is gonfigured to operate Erom any command terminal
supported by RSX-1l eperating systems and IAS.

a

istributed as an obievt meduie on bhe distribution kit. Az
in using KMCDA, the microprogram uses the utility PIP
2ot module KMUDALOBJ and the command file EMCDA.CHD to
{8Y). HNext, the user task builds KMCDA by typing

To run. KMCDA, the programmer fypes

CER?
and the pregrammer types in  the CBR addresz for the RKMCIl being
deb le, '
NOTE

The address given in the above example
(160170} could have been entared as 170
because KMCDA assumes that the  three

high~order bits are oneg.

KMCDA then responds with the gprompt symbol ™ lup arrow). At t%is point
=hugying cperations can  begin. When debugging operations  are
fini had KMCDA can be exited by typing the fo sliowing command ter

the prompts

A

6-1
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&.1 COMMAND CATEGORIES
Commands executed by KMIDA fall into six
1. Examine and modify CRAM conter
category. the programmer can op
kclex‘ CRAM ligogations either
where gquired, modify the
axamiz

v

2., Control microprogram execution, Using
programmer can initiate microprogram exer
preakpoint, single step tap microprocess

3. Examins and modify CSRz. With these commands,
of each register comprising the KMCI1 C(SEs
registers 0 threugh 7, see Figure 2«2 and Table

gxamined and modified.

4, Examing internal regis? sary . Commands in this
category permit the oi any internal register
including the BRG, the seratch gaﬂ registers, the INBUS  and
INBUS* i cluming the %?E, uPMISC and Line Unit registers,
and des zets of data memory loca ti?f&

5. isge iity commands. These commands provide ths programmer
wit variety of atiitty functions necessary to debuaalng
act es. These commands usually support such Ffuncti as
rep micrainstructions, listing ﬁreakgsxnt, modztyxng
the nd the data memory and the scrabch pad, zeroing the
CRA i calculating branch offsets.

The cammaﬂﬁ structure for KMCDA is patterned after the structure for
IAS/RS8¥%-11 OL Conseguently, prior experience in ugsing ODT is
pful when us KMCDA. Note that like ODT, HKMCDA will gérfsrm
ltlvhﬂ and tractions of octal numbers that are parts of a value
The only exception to this are values to bes used
he  COBRs. This feature ig valuable when desling with two
tal nwﬁbprs of large magnitude such as two high-order addresses.

£

following ssctions provide the necessary detailed information for
using the debugging commands within each command category.
Examine and Modify CRAM
bilit and modify a microinstruction is a  basic
am 4 uirement. Using the commands in this category,
cogra any designated CRAM qua%zon, examine the
ntg lcwafiun, modify it as required, and olose ib. In
ion, $ exists to close  the Mﬁrz&nt lecation  and
the n iocation or the prior location.

&

ypas in  this category. In the
interest is accessed by the ass aﬁﬁly
ided by  two by EMCDA to obtain the
seruﬁﬁ type, the CRAM location of interest
Xz,zCal address. The command to examin

tion takes the following forms

o
H
1 8]
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it

ayrs on

value

% %

m:""',“
grror by displ

17FET. It
on within the

o]
i
b

»

For b

v._.,
s
b=l

that
the CRAM
the ¢

ion

instru

follc

7r cau
ae othe

es the

naxt
yeion.

examination.
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IMM,3s
BE,SELB,SP0

To

5

%.1.2 Execution Control Commands

Ezecutive control '&%ﬁt of breakpoints
and the purssant 3 > “ogram Jﬁvzatzcn and
single =tepping. The specif tyope Stay s in this wcategory are
as follows:

4. Proceed from breskpoint.

when a microprogram izt ke debugged using breakpoints, the
programmer must reserve the iaﬁt 16 CRAM locations for breakpoint
handling microinstruction hege microinstructions are Jescribed in
detail in Section §.2.

$.1.2.1 Set Breakpoints - The set breakpoint command takes the
following form:

vy il

wheve

n is an aven octal integer in the range 2 to 2776, I
designates the address of the microinstruction location, as
assembled by the KMCIYl macroassembler, that is to be a
breakpoint location, If n is an @ﬁﬁ al integer or
exceeds 3776, EMODA posts an erros by disy ng the avmbol
?.

Im! is an optional c¢ctal intege in the vange © to 7. It
identifies the sgpecific brﬁﬂkﬁﬂiﬁt within the total set of
eight breakpoints. If [m] is not incliuded as pert of the

command string, KMCDA will assign the identity number of the
next gﬁassxgneﬁ breakpoint with the lowest identity numbser
to identify the breakpoint currently being set. r

exampia, with no breakpoints set

“374:0B sets breakpoint O
"362; 3B sets breakpoint 3
"142;:;4B sete breakpoint 4
T2462;B sets breakpoint 1

@
i
"N
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1f & breakpoint has been previously set, a ‘subsequent command can
it. For example; i :

Breakpoints - The command to clear breakpoint

2.2 Cles:

folliowing for

inlB
where

+he optional identity number of the breakpoint to be
arad. For examples,

"3B

cizared,

“B

Execution of Microprogram - This command permits the
begin - éxecution  of & ‘microprogram at ).y &izi CRAM

command takes the following form:

2

an Opfkuﬁa even actal integer in the range 0
o ates the microinstruction address, as asgembled by

IC11 macroassembler, to be the location fr vich  the
rogram 1is to begin ex pbﬂtiuﬁu KMCDA ivides the
of n by two to derive the actuasl CRAM SEE, For

program execution of CRAM  locatiss 1063
imal). ' '

I# in] is not used and the command 13

croprogram execution beging at the CRAM
by the currant PC.

1% any breakpoints are pending at the start ef microprogram
Cexscution, no  further prompts will be dssued unzil &

mr'ax901nt iz encountered. If there are no breakpoints

pendi KMCDA indicates return o  the prompt mode b
' élgﬁ}aylnq an © (up arrow) and the microprogram is permitted
£o run until the next command is entered. At this point the
KMC1l is halted at an indeterminate location.

“J




KMC11 DEBUGGING AID

6.1.2.4 Proceed from Breakpoint - With thi command, the user <an
start the microprogram at the lad~ encoun d brazakpoint and continue
execution while %ﬂz@ﬂﬁt*“ﬁ@ that breakpoin a specified number of
times. After encountering the ;&«t breakpoint the specified number of
times, KMCDA halts the microprogram. This command takes the following

ol e
w a ]
1]

form:
inip
where
in] is an optional positive octal integer in the range 1 through
77777, it «gac1£<@3 the number oF times the last
encountered breakpoint will be encountersd. For exampls,

for the command

5;
the last encountered breakpoint is passed for a count of
14 (octal) and on the fifteenth time the microprogram is
halte¢ at the pertinent breakpoint location. Assuming, for
example, that the breakpoint of interest ig breakpoint 4,
KMCDA will then display the following:

MB4:000176

If [n] is not specified, the proceed counter in XKMCDA is set
to one and the microprogram proceeds ag if the command 1P
was issued. For details on breaskpoint display (MB), =ee
Section 6,1.5.1.

If the microprogram is halted at a lecation other than a
breakpoint, issuing a P command is equivalent t¢ issuing a G
command .

§.1.2.% 8Single Step -~ This command allows transfer of control to a
designated microprogram location f£ollowed by execation of a specified
number of microinstructions beginning at the location to which control
transferred. This command takes the following fax*ﬁ

fal:inm]ls

where
n} is ar amtlonal even octal integer in the range § to 3778,
*i%natgg the address of the microinstruction locstion,
by the KMCll macroassembler, £rom which
x@cuti@n is to start., If In] is na; prcsf?v

icroinstruction execution at the CRAM locatio

iﬁ% current PC. If the wvalue ax inj exﬂﬁﬁﬂﬁ
range or is an odd octal integer in the
ge, KMCDA posts an error by éleIayl 1g the

[ml is an optional octal integer in the rangs 1 ko 1777, It
specifies the number of instructicns, including the
instruction at the starting location |[n], to be executed
before halting. If im} is not specified, the instruction
addresszed by [nl, or the PC where [n] is not specified, is
executed., Similarly, when neither [n] nor [m] is specified,
the single step functicn is performed.

5
i
o

S
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6.1.3 Examineg and Modify CSRs

range 0 ko F. ITe:
£5R to be examined or
0 iz suncessed,

onal octai integer in  the
the physical address of
£ inl iz not specified,

rional oct integst ~au1&girwz
at is to replace the conten of

6.1.4 Examins Internal Registers and Data Memoyy

st»ru and data memoc
conyeants
B

scrngn

6.1.4.1 Examire BRE and Scratch Pad - This
following form:

3R

o
!
ol
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xample of how

A8 an ex the pertinen aye displaved consider
this annotated conversation wi Command is input following
KMCDA prompt, and the following i H

SR
504 : 000 000 103 232 000 101 03¢ €01 % 1310 004 000 100 0090 312 365 315
‘ o 5, J E ,: "

BRG SPO to 7 SP8

srompt symbol
ontents indicates
and,

4.2 Examine INBUS and INBUS* ~ This command takes the follewing

As an example of how the pertinent registers are Jisplayed, consider
this annotated conversation with XMLDA:

Command  is input  following EMCHDA  prompt, and the followina is
displaved:

INBUS REGIZTERS
P osopnes

Al
LU REGISTERS
351
010 000 47 000 000 000 394 340 iTO377 37 377
G04 0G0 004 00C 00O 000 00O 00O
RE

INBOS* REGISTERS

Note that the line unit (LU) registers are displaved as 3il ones {377,
sotal)  when no LU is  conpecged., This value represents the astual
state of LU registers when read from a KMCll-based system not
sguipped with an opticnal LU.

£.1.4.3 Examine Data Memory - This command takes the following form:

nymb
where
1 is an oetal integer in the range 0 o 1777. It is the
starting a&ﬁftss cf the series of seguential data memory
locations to be displayed,.
m is an sctal range, it =

dat WO TV : ns whose contents are
315E133§u, in ac sracti if the value ¢f m is 1
than n {for i , m i taken as the octal

of number Eﬁaation@ to be displaved.

2

&
3

2
i
s b T OUS
Ot Do

this sxzample, ; data memary locations fr ig
to 137{ovtal) wo be éisp1a3cﬁa vaaiar, whan the lu
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than n  {for exauple 100: L

’ as the wupper boundary of the data
to be displaved. In this example, the contents
locations (from location 100 to 217) would be

it displavs
only. If the

an &%”3 multip¥e of 206, this
@ , se multiples of 20 locations to
the §§eeif1ed @uantk*y is  inciuded in the
le the command

octal lecations starting at Llogation
Similarly, the command

ts of 40 octal locations starting at location
207, In the same manner, the command

of 140 locations starting at  locatisn 108

e
However, the command

10010041200

would GlSpiE? the cantents of 120 locations starting at locat
. location 217. Note the use of addition in th

s

a data memory dis play iz shown bhelow along with the
tnitiated th@ display:

000 000 000 000 000 0063 * 000 173 117 241 342 136 000 000
000 325 115 041 111 032 % Q00 144 117 241 342 138 900 0G0
000 27% 115 001 005 001 % 000 175 117 241 342 136 000 00¢

this display shows that the command specified he
a memory locations 0 through 50 {octal}. KMCDA actually

4 through 57 or a total of &0 chai locations.
a1

6.1.3 Utility Commands

various utiii that are
ugging activities.
1gwing:’
1. é« akpu;? .
2. L xeTuLe designated microinstruction.
3. nated value into the data memory lIccation

aa;zent MAR.
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4. Load a predesignated wvalue into the #®AR or display the
current MAR. :

5, Load a predesignated value intc a prescribed scratch pad
locaticn or into the BRG.

6. Set all locations in the data memory to zero.

7. Calcuiste the branch offset from a prescribed CRAM location
and configure the octal eguivalent of the reguired
unconditional Branch class instruction.

The formats for the commands that implement these utility functions
are listed below.

6.1.5%.1 Display a Breaskpoint - ®ith this command, the programmer can
call the KHCDA utility that displays the CRAM address, the
microinstruction at that address, and the cutstanding proceed count,
if any, for all active breakpoints.

The format for the command which calls the display breakpoint utility
is as follows:

ZMCDA responds with

nyd I C

where

n ig a2 breakpeint numbez § to 7

A is an ooctal integer in the range 0 to 3776. It iz the CRAM
address at which the breakpoint is exercised times two.

i is an octal integer that corresponds to the instruction at
the  breakpoint addrsszz A, If breskpoint n has besn set
without an intervening proceed command being executed, I
will Dbe displayved as &ll zeros or as the instruction at the
location to which the breakpoint was previously assigned.

o is ths proceed count for breakpoint n. When greater  than
zero it indicates an ocutstanding proceed count of C.

e described in Sections

The commands %o set and clear breakpoint r
' 1 led information on breakpoint

nt
6.1.2.1 and 8.1.2.2 respectively. Dets
handling is given in Section 6.Z2.

£.1.5.2 Execute a Microinstruction - Using this gtility, the
programmer can execute any single KMCl1 microinstruction. If a Move
class instruction is executed in this manner, the PC is incremented by
one.
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a Branch class instruction is egess thisg
e incremented hv Gne or changed to the address
instruction is executed 1ﬂ th4d , the i

ction set storea
a mewcr } the
s

SR TR SO ¢
O e W ow
5

NOTE

he microinstruction erecuted
ies the UBRs, the modificatis i

the following form:

n is an ct al value wnxch ig equivalent to the binary form o
the instruction to be executsd.

by

to he executed as the migrainstructior

ich moves
ths MAR.

Similarly.,

63222E

5
P
(1]
ja 3
(e
el
ool
[
~”
o
o+
¥
&4
o]
b
jo N
L
L4
W
s
i
i
@
P
sk

> any Jazq memnry *ucatxﬁn de
current HAR. The command
following form:

In:lnw
where

ingl
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. 7, which ig  the ‘data

3

F & iy
to Dbe loaded into the data memory location addressed by
[n;i. If the optional gualifier [nyl iz not supplisd so
that the command takes the form

m ig an octal value in the ranges § to

W

then the data, m, will be loaded intc the da
location addressed by the curvent MAR. Hote that
is supplied, the stats of the current #MAR is res
KMCDA by a proceed command.

6.1.5.4 Load or Display the Memory Address Register (MAR} - With this
utility, the programmer can load a value in the MAR to address any one

of the 1024 bytes in the data memory or display the current MAR: The
command to load the MAR takes the following forms

nA
where
n ig an octal integer in the range 0 to 1777, which iz  the

address to be loaded into the MAR. For example,
1000A

sets the MAR to address the data memory decimal location
512, :

The command te display the MAR takes the following form:

B4

5,1.5.% Load Poratch Pad or BRG - Using this utility, a programmer
can load a selected value in a specified scratch pad location or load
a selected valus in the BRG.

¢ ioad a selected walue in a gpecified secrateh pad

The command to
s the following form:

t
igcation take

nsml
where
n ig the address of the desired scratch pad location.
m is an integer in the range 0 to 377 f{foctal) to be loaded

. e
ints 8Pn.

The command to load a selected walue in the BRG takes the following
Eorm:

~12

f13
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ry = This utility sets the contente of each
to binary zerc. The current content of the MAR
command to  invoke ‘this utvility takes the

Calculate Offset - With this utility, the programmer Can  use
ulate the unconditional immediate branch instruction
specified address. KMCDA will display the

wonditional branch to the location addressed by

The command to perform this function takes the

even octal integer in the range 0 to 1776, i
nates the microinstruction address as it appears on th
0-11 listing for which KMCDA is te calculate an uFrse
exampls, typing.

x‘"> r

ot {1

4320

KMUDA to respond with

100815
whichh is the cctal Fform of the KMCIi wmicroinstruction

a tag value of octal 432
- BOTE
The tag value of 432 {octal} corresponds to a
1

control RAM address of 215 (octal).

emely wuseful for making on-line changes to

the programmer to
predetermined CRAM loc
can be gx;wlneuﬁ If a
modified and ix*ﬁpf@?*ﬁﬁ exes
halted at the same location @ for
s1lowing sections present the reguir
ints to be applied when performing

’"atl‘,u @ Th@ ;I:
@c—:;que and constr
n is.

6-13
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5.2.1 Reserved CRAM Requlrememts

As previously indicated, KMCDA resides in the memory space of the
associated PDP-1l and wmonitors the microprogram from the UNIBUS
through the KMUI1 CS8Rs, When =z miarsmragrai debugging operation
ves the wuse of breakpoints, the last 16 CRAM locations must be

ide for wse by a breakpoint routine, which implements up to
oreakpointe. The source microcode comprising this routine is as

NERES =
CBAY=
LEBTARTHCCIO24 . ~<NBRES* 2% 2>
SNBRKS=0

. REPT NBRES

. LRP SSHEBRK, \5;%?&8)

ouT ;?M SSNBRE*20+1 ,OMAIHN

ALWAYS .

SNBRKS=SNRRKE+]1

L ENDM

. ENDM

L Em L BAY

*

HOTE

e file name for this routine is

This routine musi be assembled with the microprogram to  be debugged
when breakpoints are to be used.

t.2.2 Breakpoint Location Constraints

Since KMCDA operates external to the environment it monitors,
information critvical toe microprogram execution, specifically the state
of the KMCll C-bit and Z-bit, is not available toc KMCDA. lthoagﬁ the
structurs of HKMCDA provides for careful maintenance of the KMCY1 2C,
and MAR, it cannot keep track of the states of the C~bit and Z=bit.
On this basis then, breakpoints should never be set at a mi cropregram
location containing a Branch class micrciﬁstructien that is
condi tiu;&ﬁ on the stats of the C-bit or Z-bit.

a breakpoin is inadvertently set ar a Branch class
rcinstruct:sﬁ conditicnal on the state of the C~bit or Z-bit,
per execution of that instruoction cannot be guaranteed. Thersafors,
ting of breakpoints at Jocations  containing this tyvpe of
truction must be avoided,

E
i

Bae B FEY OB gt
b m "”E R 1Y

(s}
O
-
L
ns

X3

h

i
B
.
Lok

Proceed {ounter

iy

w o
s
-
2%

{G) comsand with @utsva%&xng breakpoints or a proceed from
&ﬁﬁlﬁt (nP}  command. is issued, KMODA initiates execution of the

program and enters the wait for breakpoint mode. When the next
staséilg breakpoint having a proceed count greater than zero is
counterad, that counter is decremented, and microprogram execution
a%wﬁed. when an outstanding breakpoint is encountared having a
d count egual to or less than zero, microinstruction execution
ited. KMCDA then lisplays the following message:

2o

o
=

G Qoo
5

o
Ot T g ey BT

o}
5‘(".‘

e 8TE e

MBrisXNxXxxx
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where
the

addre
de

e

O e

microproge:
sakpoint is e
untered bres
talted &t that
Note that
int unless n

procesd

3

T

the nl comman
1nt anﬁ halt at
an nk ﬁunmand

¥

i 15 ;»44 i
80w

-

It Cu a Db iz not
encount er reentered by p ing all wztcnes on
the POP-11 switch imter in the up ;étieﬁ, £ point

KMCDA will éignlay

FE

followed by

owpt symbol display indeterminate
continue operati
ds eXFﬁﬁf G or P
odified.

W
-

ERvEG

debugger.
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©.3 EXAMPLE OF & RKMUDA CONVERSATION

»INE KMLDA yImgrall KMEDA 23 REXlled tagk
CeRUN KMOLDR jRyn the micrognde loader

KME LOBNER A

CERT 172 sImform lpacder of KML1i=A (SR lacation

FILE NaMED COMIOPDUPR fhgaiam file name

LO&D 0OR COMPAREY L t8pagify lossg operation

KML LOAD COMPLETE

»UMT ghym debygger

CSR717@ tInform debygger of KMC1lwa (SR address
Ervsus000202 1124 jErter microcode to implement breskpoints Spé,arg 7

PR3The / AFPBRR 114773

PRAITIO 7 »aoRPg (144

@axr7e 7/ AR $3477%

QRITTLE 4 PRorBl 1161

Ge3TTe 7 GPApPE 114777

“s8 sDisplay sctive Dregupoints = none

81 fExarinme INBUS ans INBUS commang
BO2 (¢ B2 ARA RLX RA@ 31¢ B4G A XTY STT BVT RVY ORTY ORYY ORTT VY
BEG 2O@ 2RF ARP QF0 BOR PRE POE ¥ 214 (2@

FRASPEAPAG sEyaminege (SR @

2ranpera fLF te examine [8R 2

dggpenrpe tLF te sxamime (SR 4

6LEUPRAG 1LF to examine [SR &

‘ ? JLF to examime [5R & = mo (SR 8

s 1 sDisplay BRG ang serateh pad registers

114 ¢ B8T (02 208 VYUY 2o (8% 187 176 & 382 Gu2 BIV 0T G2y {10 B3B8 peg jLomtents of RRG and scrateh pads @ throyah 16
“pl iDigplay octal P2 fecatiomsg of cats memory
PRAR § Pe PEZ 300 349 202 206 GX1 Q90 w PR 244 (62 007 207 20@ 0@p 34w flomtents of first mctal 20 locatioms of datas wmemery
b sClear all Yocations im data memory

“Hy e L VRL (hisplay cortents of data memory from location & to
PAGE 3 P2 200 PAD RPA JUC BBQ 4R FBC + AP HBG SO0 G060 24¢ 232 G2 Ope sComtents of data memory fpom ¢ to (U2 cotsa!l
GRS ¢ 24T GRX PAY PRE AP R0 297 A% « (AP 4Py X200 A0 28¢ 202 PoR dee :

BR4¢ 3 POP PEP BEP BPD AGE B2 G20 P8¢ = BOR B2C PRR 2Q0P A0R 008 Q22 402

GB&P § POR (OO ARP BEG BRO COP RGP RGP A CBP 284 PBEQ BRG FaP P87 @de gpe :

“%4 21777 sllarlay comtents of MAR

ot - , tClear all rreaxpoints

*53a 58 tSet breakpoint 5 to CRAM location $38

“s8 10isplay breakppints

SIRPOSRY GPEPee ageden 14t lacation 538, content=l, proceed courntan
216 tRegin micropragran sxecytion at lscatiom zers

6-17/6-18
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g

RUN BMCFLC

KMC{1=DUP LY THROUGURUT TEST

TEST IS RUN OM 2ei6 LINES IN 4 CRISS«CROSSE PATTERN

USING BIT=STUFF PROTOCOL, VARITABLE MESSAGES,

ENTER NUMBER OF LINES T0 TESYT (2ei&) 2

ENYER LENGTH OF EACH PASS IN MINUTES ({«98)

MB§ABAS3In

581

g2 182 922 B304 310 40 BUQ P08 X 3TT RTY YT RTT XTT ITT ONYTY 3VY
gga @er e2% GRp DUQ BB 3E6 340 X PP B34

MBK BB

L 1:

3:%?%&3% 137448 1TTTYY

:

B8 ¢ 127 GNZ 201 Q0@ B0G B57 107 176 + A02 AA2 201 25% 20¢ 116 316 @22

{11

“33333C

&sn

111 ¢ 120 022 201 333 dog 857 (87 (76 = Q02 Qa2 vel 255 400 118 316 @22
1l

AOGF 1 %22 20w 303 343 A2 206 G1 P00 % K@U GB0 XX BP0 AYS 200 AGA G0p
“§4 ARPEAKE

24

?sA PORARR

“2Eaw

Fhsldm

1L

PRGE 1 PP Q0P 222 347 PA4 286 GOL 200 » Q83 292 CFC BRA 200 292 RBZ 208

*5I20  {AR6S54

“1@aaSyE
=X
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pRum KMC1I=DUPLE througkput test

tBreakpoint 5 epcoyuntersc; microprogram Ralts at 532
tExamine INBUS amd INBUSH registers
flomtents of INBUS amd [NBUS® pegisters displayedg

jProceed Yrom breakpoime 5 (locatiom S30)
jRregipoint 9 encounted; microprogram kalts st 534
joisplay Preakpoimt

pht Tocation 530, comtentsi3Tid€, proceed countul?7?
1Simgle step to nmext imsrreystios (531)

1S5imnte sven 10 ~ext imsteycvion (%32}

tExamime BRG ame gocratck pad registars

siomterts of BRG amd scratoch pad ragisiers

sl.oad octel valus (1§ imteo BRG

tLoag octal value 333 imto S5PX

tExamime BHG and scratck pad registers

1Contents of BRG amd scrateh pad = BRGEI(L, SP32333
jDisplay data memory locations © ¥to 20 octal
1Comterts of data memory locations @ to 22 octal
tExarime contents of MAR, MAR3%S scval

18et MAR to address dgats mewmory jocatiom two

sMAR mow adaresses data nespey [ocation tee

jLosd ottsal value 222 into date memary locatiorn two
jLoag vetal value U4 imto cate memoary locationrn d
fDdaptay data memory locations @ ts 208 sctal
1Cantents of datas merapy locatiors B to 28, 28222,
t H=RAL

tCalculate offset; derive branch imsteyction to
tlocatian 530

tExecute derived branch {mgtructicn

gExit KMODA

6-19/6-20
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CHAPTER 7

SPRCIAL PROGRAMMING CHARACTERIBTICS

a PDP~11 system caa be viewed as a
a2  second pProcesso residing on
view, that Qf th" HMC1l ¢
with memory and interfaced to the
formance of “%e PDP-]11  system by p 1
o functions in parallel with the PDP-11 CPU. The
it word writeable control memory containing the
loaded by the PDP-11 processor. Eight bytes of
isters {CU8Rs)  and  asgoclated interrupt logic
‘between the FDP-11 program and the KMC1i

proces ssor,
KMCILD improve: &
time-consuming syst

MC13 has £ -

: writeable and can be changed whenever
there ars some programming characteri%tias that
iu@raiiﬂﬁ‘ Tﬁm 1nf@rma 1Qn 1m vhzl iapté?

of ﬁ*ﬂgrammzﬂﬁ characteristics are common to & multiprocessor
tic thisg case, the parallel operation of & KMULI and a
%a%* of the KMCll programming characteristics
chapter are typlcal of the type of aultiprocessor
e conditions mnormally  encountered, However,
re unigue to the EMCll;  these conditicns relats
3i ne aﬂé CSR bit settling times,

€2~ o

us is uiJﬁipliﬂ% is critical to
rat o iprocessor configuration.
has re ':t, the C8Rs must be set
pri to i icroprogram rgwrarxfa. The
the t:rnal read*wauifymwrais access fz of & KMC1l
opt am relstive to a collateral activity by the main
BUS. ~The thi invelves a similar accessing  of the
the main CPJ over the UNIBUS relative to a collateral
the microprogram. To engure reliable access of the EMCIL
4,19 i¢/Pa’»ii C8R discipline should be des;anza to bizvinaic
simultaneous modification of a CSR by the PDP-11

am.

7.1.1 Initializing the CSRs

As 1ndlca in Section 2.3.1, the 1logic elements associated with
i “.'°‘ RAM U8R bits in BSELLl are clearsd when the ?DP~13
pzsqzam sets the MCLE {master clear) bit. However, this action has no
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effect on the sztate of the CSE RAM bits associated with
elements or on the remaining RKAM bits comprising the
{RSELO, and BSELZ to BSEL7).

these legic
KMC1l (S8Rs

Proper operation of & KMCLI i : OCes &unzlguraﬁzan
requires that the eight CSR bytes be initi alizeé to some known state
prior to run time. This initialization of the ?%C}i CEBRs can be done

at startup time by the m‘ roprogram or the associated PDP-11 program.

The programming sntity chosen parform this fask depends on the
specific configuration. In one method of initializing the KMC1l {8Rs,
the PDP-11 program performs the following actionsz:

I. Sets CBRiI bit £ (MCLR}.

nitial
nitia

t
x-#

7.1.2 Microprogram Modification 6f (C8Rks

It is possible for the microprogram to overwrite the data transferred
over the UNIBUS to a EKMCIL ©8R resulting in the loss of the
transferred data and disruption of multiprocessor interaction. Az  an
example of this situation, consider this step-by-step description of a
C3R read-modify-write by the microprogram:

Step 1.  BSELO(CSRU) = 40
Step 2. Microprogram moves contents of BSELC to 8PO.
Step 3. Microprogram executes a write ilmmediate to BRG of 200.

Step 4. Microprogram ORs contents of BRG with SPO and writes
the result into BSELO,

At th;k point BSELD containg the octal value 248. If betwsen Steps 1
and 4 the PDP-11 program tries to transfer data over the UNIBUS to the
game CBE {for example BISH #1000, BSELO), the tranzferred data will be
iost. Preventing such an overwrite and subseguent loss of dats is
gelineated in Appendix A, Ssction A.l.

7.1.3 UNIBUS Modification of the CSRs

Ina manner similar to a microprogram overwrite of data transferred to

a CSR over the UNIBUS, it is possible for data transferred to a CER by

the mi croprogram to be overwrititen from the UNIBUS., As an example of

this situation, consider this step-by-step description of a SR
jiialal 8

read-modify-writs from the UNIBUS:
Step 1.
Step 2. cam executes the imstruction BISB - #1400,

ruction is executed in three steps.

Step 2A. The contents of BSELO are transferred &0 a
PDP-11 internal register,

Step 2B.  The octal value 100 is ORed with the contents
of the internal register.
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this mahual, MUxiLEGKZ R&M ig a
ie as ?hn ie face i i KMCL
tions. txpox*f
£oa inte by KMC13
a&ﬁ@ﬁiétéﬂ program, the

> PDP~L1 progranm
perts can occur.
?“"{; Z’lﬂ}f
tﬁaaing

&
> oty
),Zux

1 .h the W’{f’ll is )“As it

designed to automatic : !
of thege conditicns ig ogcurring
viming  only = ; atherwrias ;‘;j:gnt' 5 the

Th actualkﬂ e a funﬂtzﬂn of

critical,
Lll%v Gf

7.3 CBR BIT BETTLING TIME

=X 4 ‘s,»%f*: follow

Step 3. BSEL0 now contains the octal walu

[
@
o
~
ok
"

} prior to St@u
roproyranm  re:

If the microprogram reads BSE
is vaad; gnd, if  the mic
correct value {377} is zeaé.

dUWEVEI, the microprogram z&ad
; 0 of the 256 ¢
incorrect val
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zee iy whani the
was stored in that CSR

CER within 20 ns after data

the above elimimated in a
: flag fields are not
for éllh nating the

ntial bit settling

e shown in Appendix

7.4 uPMISC AND NER REGISTER CON

dufi*q a ai

t;»@o@ b

£ ain
3 tim@‘§f~
t

ec
zﬁcorréc locsat
problems gan ocour a

T avoid the Bpos Tcill%“ of a
Bits  during a mibropraqzam
inayg be written

“.S auﬁ the NEE
states ~-~ unless th
reguired. If that
e set to one.

fl‘i}‘* of Ehes = sie
aavmoaxlv»w 2 operation, a zero mus
Lster Eﬁa R, ﬁ'bo, and  PGM H
PR RO b;a regardless of their pri
3 v one of thase bits ;s

the bit performing it should

y ™ e
ot i‘?."r
rr

v
-

in~NPE transacti {i.2., NPR control regls
, and OUT-HPR, egu one and zero, respscii
?“4 control registeyr bits 2, 3, and 7 {(IxBR 17,
ER) should - 3its INBA
Qh“uiﬁﬁ; blf” o zhe £ an

Hai

o

T

ar;

R and
register
17 and

!"a&

8t not be ;hang = ﬁu . an
'fing an ocut-NPR trans 8YTE
1 word boundaries BYTE

"sils

to out-NPR byte
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To ailow for of the uPMISC register WON EX MBY Dbit,
the ,%ﬁzsc ever he writtesn inte during .an NPR
ntrol register bit 0 {NPR RD} eguals 1.
ons is to be executed, the state of the

be preserved or chec

ced  afiter  the

the NPR control register, it must
RQ kit unless an NPR transactilon is to

o hus reguest being vectered to the wrong
1003?10n, VECTOR @ XX4 tomust not be changed if

a bug reque &., BUS RO set 1o one.

To %1
mnmmmmﬁ pssudo-pow

regusst or an undesirad program t
¢y failure at the CPU, a zero must

writi to bhe yPMISC BUS RE, PGM and ACLO bits.
Suppo

I. BUS BD o= 1.

2. register.

3. Is:el7.
4, Migroprogram writes a change to the uPMISC register (BUS RQ
iz zet to one}.

If BUS RQ is oma*lcaily cleared as a result of completion of a bus
reguest E: sps 1 and 4, a sporious bus request will occocur. The
£ @ roinstructions would prevent a sgpuriocus bus
r z above, from ovcurrings

ead UPMIEC regligter
agk to save

NIM and w®xd,

clear all atherﬁ and
tore results in 8PP0

érfcrm the clear

aak to sab OUTBA 1617
mask with contents
SP0 and write into

PMISC ragister

spP BR,AANDE,SPO
BRWRTE IMM, 4
ouT BR,ACRB,0BR

el C)‘;?Z‘U w ") ;:"3 s
% 7‘3

m £

W WG W W MG RE R WS we ey

Similar microinstructions apply to the HPR - control register KPR RO
bit.

In 5uwmary, v
to  th BUS
by Lﬁat bit

the uPMIBC register, A3 of o e written
3 ACLO hivs, unlesgss i nope sy formad
:#guxrcﬁ* when Quntfﬁ&

register, 2 must be written to the tha
function is specifically reguired. When writing the

the VECTOR
progress.

must not be changed while 3z

o)
i
W







APPENDIX A

SPECIAL PROGRAMMING TECHNIQUES

A.1 PREVENTING LOSS OF DATA BY OVERWRITING WHEN THE MICROPROGRAM OR
THE PDPp~11 MODIFIES THE CSRs

The pusalbli;ty of overwriting data when the microprogram or the
PDP-11 modifies the (SRs is eliminated by observing the following
conditions for reading and writing the BSBELD snd BEELZ  status and
contrsl bits {Figure A=-1) and by using the CSR pro ls in the
example program in this Appendix.
BSELD

ROI This bit is written by the PDP-11 program and rsad by

the micaept"ﬂyas When set, it indicates that the

PDP~11 is ready for and raquestirq use of BSELI, SEL4
and BELS For data transfsr to the microprocesscr.

180 This bit is set by the PDP~1l program to indicate that
an output interrupt is enabled. (RDYO sets.)
iBI This bit set by the PDP~11 program to indicate that an

input interrupt is enabled. {eDY] sets.:

"

RDYO This bit is read and written by the microprogram and is
also read and written by the ?B? 11, but is written by
the PDP-11 program only when the microprogram 18 not
writing it. When set, indicates that the
microprocessor has data to give to the PDP-1 This
bit is cleared by the PDP~11 program.

RDYI This bit is set by the microprogram upen finding RQI
sat to indicate that the requested C8Rs are free. It
is céaaxed by the PDP-1l program to indicate that the
PDP=- has completed and input and the CSRs can be read

by *ne microprogram.

HOTE
RDYC  and RDYI are set ﬁmtuaiiv sxclusive.
ASELDY  is never written by the mi '§99rﬁ a88GYr
and BSELZ has been arranged such that £ any
state only the microprocessor ox *He ppP~11
would be writing it.




Complete detaila for
of data when elther the BDP-11 or the mi
contained in the COMM I0P~- Progra

SPECIAL PRUGRAMMING TECHNIQUES

COMMAND TYPE CODE
These three bits indic
pagged in  the othe
on RDYI transfers ant
transfers.

e the type of information beinc
<,  They are set by the PDP~1.
the microprocessor on

{h 7% i

implementing PDP-11

o 4 b o] £ 8 & 3 1
i 1 T T i 1 T ! I T 1
] H
e u &g RESERVED BT § &8ELD
i i H ; | H i |
T T i i i H ! :
{omovo P commano
) P rypEcope | "
oo 3 b Lo L e ! . N S— S—
i ¥ H ¥ ] i 1 ok
H
| zseLa
I e i i i i i
[ i I t
: 4 A ; L N—— : b ; d i :

Figure A-1 Suggested Format for UNIBUE CSRs




SPECIAL PROGRAMMING TECHNIQUES

A.Z ENSURING THAT CSR BITS HAVE SETTLEDR

The following example program procedures demonstrate the way to ensure
that QSR bits have settled when the PDP-11 writes and the mlcrapragram
subs ds a OBR. Note especially the annotatieon A2 fo bit
assurance techn 1Q&es,f Note at aﬁnotatlan Al that RDYC

sphiing up s or posting =&
step is qenﬁratinq the interrupt,

SSBTYL IDLE e IGLE LOUP

IDLES SFER TRUS,UBEE, 5P  pREAD THE BUS REQUESY REGISTER and
i ) 1STORE THE THAGE IN SF2 AND THE BRG
8R4 TIRER PBESNDH IF THE TIMER WaS EXPIRED
IDLET:  LDMaA TEM P FORY sLOAD MAR TO ROINT YO PGRY STATUS
LDMAR I%M, P PORT $LOAD MAR HIGH
GALWAY HEMX,SELB,&  TIMER MAS NOT EXPIRED YEY, CHELK THE

jOATA PORY TO SEE IF aNy PROCESSING IS
¢ REGUIRED RAM LONTAINS THE ADDRESS OF
;vna APPROPRIATE SERVICE SOUTINE

§ RQIZEY we> walTING FOR RQI TO BSEY

1 wg CLR =w3x WAITING FOR RDYD TO CLEAR
¢ RODBET w»w» ARITING FOR & COMPLETION
} RODCLA eew» WAITING FOR RDYQ TO CLEAR

JEBTYL DaTA PORY PROCESSING ROUTIMES

1+
§ =RREOCLAWAITING FOR READY OUT 70 BE CLEARED BY THE PDPejfixn
; «
3 IWPUTEs
3 MAR = PORY STATUS WORD g@,as&?}
y OUTRUTSy
3 18 REABY DUT IS FOUND TO BE CLEARED THE INPUY LOWTROL L3R I8
] EXAMINED NEXY 70O SEE IF THERE ARE anY PENDING INPUT REGUESTS
s EROM THE PDPwm1y, I1F NOT, THE COMPLETION QUEUE 18 CHECKED FOR
1 ANY PENDING DONES,
¥
3 THIS ROUTINE ALSC t«icus IF INTERRUPT ENABLE a3 BEEN Y IF
) 17T WAS NOT SET wHEN ROYI WAS,
i
H NOTE® THERE EXISTS THE POSSTBILITY OF AN INTERRUPT BEING GENERATED
H IF TED 15 CLERRED AT ANY TIME AFTER [7 I8 TERTED BY THE XICROe
] ?RDC£3$§R LAPPROX & 1,5uU8 WINDOW)
’w
RDOCLR2
RRWRTE  IBUS, INCON fREAD INPUT CONTROL (SR
BRY AnO8TR JUSER SET INTERRUPT ENABLE CUTRUY
!
y EXTER WERE IF 4 OUTPUT INTERRUPY #al alREADY BEENM GERERATED
¥
ROOCLYs
BRWRTE  [BUS,0CON PREAD OUTPUYT CONTROL C8R
BRY IDLE pREADY QUT STILL SET
BRWRTE I8, @ JCLESR QUTPT LONTROL LS8
out i%;&ﬁh@;%%ﬂﬁﬁ faa
MEM&DR  HUISET s LO0K FOR ROT NEXY
ALWAYE IDLE pBACK TO IDLE LOOP
i¥
1 w%RO0SETeMICROPROCESSON SOMPLETION FOSTINGss
¥
1 INFUTS:
H AR = PORT STATUS ®ORD {F,PORT)
3 CUYRUTS
8 SHECK TWE COMPLETION SILD TH SEE IF any COMBLETIONS ARE PENDING,
’ 1F THERE ARE POST THE COMPLETION TQ THE POPeil OTHERWISE
1 CHECK TO XEE IF THE PDPell HAS ANY THPUY DATk
’u
RDOBETy
MEMAL®R RUISEY JLOGK FOR RGI MEXT
LDMa IMM, P ELDT §SET MAR TO COMPLETIDN SILO NEXY OQUY PUOINTER
LDMa MEMN,BELE sHOINT COMBLETION TO HEXY OUY ENTHRY
b4 IDLE §THE POINTER I8 ZERD THEREFORE THE SILD

118 EMPTY

A~3




SPECIAL PROGRAMMING TECHNIQUES

P& COMPLETION OQUTRUY I8 PENDING IN THE DOMPLETION 3IL0, HaR POINTS TO
§ THE NEXT ENTRY

out MEMI,SELB)OLINEN jWRITE THE LINE NUMBER BYTE
3 REaD THE SECOND WOBD OF THE COMPLETION BIL0 AND SET UP 82 ¢

BUT MEMY,BELB,OPORTL JWRITE PORYT BYTE 1

ouy MEMI,BELB, OPRRTZ yaND PDRT BYTE 2

g READ THE THIRD ®ORD OF THE COMPLETION STLO0 AND 2ET UP L8R &

Ut HERTI, BELB, OPORTS jWRITE BORY BYTE 3
a7y MEMILBELH,0PDORTS gAND BPOEY BYTE &
P
GuY MEMI BELB, OOLON gWRITE TwE NEW QUTBUY ONTAL (38 {%1?
3 INCREMENT THE NEYY QUYT POINTER

LM BB S IN sBET Ma® TO POINY TO COMPLETION SILD

§NEXT In OFFSET 4
g MEMEI,BELB,8P1 $SAVE THE WEXT IN POINTER In 8P}
zp MEMY , SELB,8P# $SAVE THE NEXT QUT POINTER I §Pp
ME B THM P, NPR 1ASSUME THE SILO IS GOING TO wRAP ARDUND
BRWRTE  IMM.BILOED $OFFREY TO LAST BIL0 ENTRY
Coup BR,2PQ tCOMPARE ZURRENT OYT POINTER WITH END

tOF SILD
7 563 317 WREPPED ARQUND = ALREADY BEY Up
BRURTE MM, BENTRY sGET YHE SIZE OF 4 SILU ENTayY
MEH BR, 450, 5P0 s INCREMENT NEXY JUY POINTER &ND SavE 7

§ IF BILG I3 NOW EMBYy wgzEROY

THE NMELY LUT POINTER

EEgy L Mg MEWE 881 SCOMBARE GUT POINTER TO Ix BUINTER
2 123 §THEY ARE THE SAME
ALWAYS  BEeS FTHEY aRE DIFFERENT
TEE ME® Iww,3TY $8IL0 I8 EMPTY « SET NEXY QUY POINTER
IT0 & LOBICAL ZERD {e1)
[T H LM THM L PORTY $SET ¥a® T3 POINT TO PORT #YaTUS
“PaR IBUSINCON,SP8  READ INBUT CONTROL L8R
S5R4 ROGETZ sOUTPUTY IHYERAURT SEQUESTED
MEMADR  ROOCLR $STATE 70 WalTInG FOR READY DUT CLEARING
ALMAYS DLE sBACK TO JDLE Loge
RDOST2y MEMADR  RDOCLY 1STATE TO WAITING FOR READY QUYT CLEARING
BRWRTE  IMM,IPE §MASK FOR PUS REGUEST AND x2s
BOOSTYy BR,SELE, 0B8R tGENERATE AN [NTERRUPY
ALMAYE  IDLE sBACK 70 IDLE LGOP
3
1 A%ROISEY=PROCESS INBFUY FROM THE PDPwiiww
H
3 InNBUTEy
! Malk ® PORY BTaTUS WORD (P,PORTY.
s GUTPUTS:
H CHEQH TO SEE 1F REQUESYT IN HAS BEEN SET 8Y THE POPeit, IF 82,
3 SEY READY IN aND BET THE PORT STATUS TO WAIT FOR THE 2DPeii 10
% CLEAR REQUEST 1IN,
gi
RQISETy BRAPTE  IBUS, INLON gREAD IuPUT CONTROL CBR
BRY 188 sREQUEST In SEY
ALWAYS RDOREY FHEE IF awy COMPLEYIONS TC ROST
-1 1 8@ IMM, 28,38P8 FHMASK T4 SET READY IN
put BELA,OOLON sBET I DUPUT CONYROL C8R
BRz REIETS s INTERRUPT ENABLE I8 SET
MEMEDE RDICLE 18TATE 0 WAITING FOR RDYI Y0 CLEAR
ALNAYR  IDLE sBACK T# IDLE LOOP
RETET1) HEMADR ROTELY sETATE Y0 #alTIKG FOR RDYI YO LLEAR
BRWRTE  IMM, 383 FHMASK FOR BUS REQUEST AND X¥o
ALHEYE RDUSTE JOENERATE an INTERRUPY
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34
g *#EDICLRePOPw]i HAS CLIARED READY [N (DATA PORTS HMAVE REEN SET URjew
1 InpPUYTE:
3 MAR = PORY BTATUS WORD (P PCRTY
3 OUTPUTSS
3 CWECK YO SEE IF THE BDPwiy ®a3 CLEARED HEADY IN SIGNIFY]
§ FHAT £F %23 KET uUP THE D4ats IF A0 THEW JISPATOH ?é THE
1 PROPER ROUYINE TU HANDLE THE BEQUESY Ba8ED ON
H BIY %3 4OF THE OUTPLT CONTRLL LS8R
ah
y RDYI CLEAR ROUYINE I8 ENTERED WERE TF [NTERAUPT ENABLE a8 NOY
3 SET WHEN THE COMMIOP BET READY IN, IF IN THE AZANTISE INTERARUPY INABLE
3 WAZ BET, ] BE BEEZW HERE AMD 2% INTERRUPY RILL 8L GENERATED,
ENABL  LEEB
RDICLRY
BRWRTE  IBUB, 000K pREAD QUTYRLY CONTROL £8%
LR % sRERDY IN BYILL BETY
ALWAYS  19% 1BDPe1l CLEARED RDYI, DONY BOTHER
if*iiﬁ ING FOR €1 JUSY PROCESS THE DAV
5%¢ BRARTE  IBUS, INCOHM sHEAS INPUT CONTROL ¢8R
BRR2 HRIBTY ;Z%fiﬁﬁﬂPf & BTED
RDICLL
BRWRTE 18U, 0L0K sREAD OQUTPUY CONTROL 3%
BRY "IBLE PRDYI STILL SBET
188 MEMADR  ROOSET $STAYE YO WAIYT FOR COMPLETIONSE
3 READyY IN CLE&R
RRWATE  [®M, P LADR sGEY ADDRESS OF LINE Y&BLE ADDR YaABLE
&p BRBELB. P 18AYE IT IN §PS
gp IBUS, LINENK, 8P LN IREAD THE LINE NUMBER
RAWRYE Tw(a, 8PN MULTIFY IY BY THD
LDMa BR,ADD, 885 JROIHT T0 ENTRY IN TaBLE FOR THIS LINE
&p HERT BELE,3P,RM0  ;GET THE ADDRESS OF THIS LINE*S TABLE
§LLO8T AND SAVE IT IN BB, RMp
ap HEMY, SELB, 8P, RML,LDMAPS 1GET THE ADDRESS (HIGH) AND
aﬁﬂ’%f THE #aR Al YO THIB ADORESS
LOMa REZL A, 5P, RMp ;3EY MAR | Ow
1581
BRURTE  IuM, (U, INCHAR §SET UP DUP £8R BY BETYInNG ADDR BITE 1é»17
ouT BR,SELB,OBR, INCHAR p=BITE EXTENDED MEHM BITE FOR JUT PR
QUTPUT HMEWI,SELB,DBAT 3wHITE OUY LDw BYTE OF 258 aDDRESS
DUTPUT MEMI,BELB,08BAZ xﬁﬁi?z OUT HIGH BYTE
LOMA LEL A, 8P AMY sPOIHT BACK YO SYARY OF LINE TaBLE
ARWRTE  TAUS,0CON ;Qi? DRIGIMAL IMAGE OF INPUY CONTRDL (§R
sREAD FROM BRALE TO AVGIL RaM BIY SET
yRRBOBLEM, BY THIS TIME &Ll BITE WiLL
sHAYE BETTLES
BR{ 22% §BIT § SET
2R ¢ LONIN $BYT $m@ AND BIT 2si =3 JONTROL TN REQUESYT
ALWAYS Baln gBIT BRis@® =% BUFFER ADDRESS zw HEQUEST
28%s Bra BABEIN sRIY 1’y BIT 4s1 =» BASF IN REQUEERY

$BIT imi BYY vy w» TLLERAL REQUEERY

4 ABOYE THREE ROuTINES RETURN MER

]
321

AFTER REQUEST MAS BEEw PROCESBED

RQICLZs BRWRTE J¥M,0 JCLEAR OUT £ONTRO
auy 83, SELB,O0CON ..
$PBR I8US,UBBR,§P@  jREAD THE MI8C REGISTER
BRY HAMERR 1IF BIT @ SET, THEN & NONEXISTENY
JHENGRY ERROR GCCURRED, REPORT I1,
ALWAYE - fplE sUTHERWISE, BACK TO I5L% LOOP
Al}

B
o 2

s

AZ
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#

BRG (Cont

. E
bit 4 set, branch on, 2-18,
2-11, 2 s 3=7, 3-31, 4-26
3-17, 4-5, 4-6, 4-8 bit 7 set, branch on, 2-18,
UMIBUS, 2-108, 2~14, 5-1 3-32, 4-26
ALG ’ bits, conditional Branch
Z 3 based on state of, Z2~-4
3 cleaxiag, 2-1z
»3 description of, 2-4, 2-18
display contents of, &-7
ALY 1 incrementing, £4-24
Braﬁeh address derived from, loading, 4~4, 424
-29 i=bit right shife, 2-4,
functicn mpemonics, 3-4, 4-3, 2-18, 4-13
4-7 ' used by Branch class
functions, -2, 3-4, 3-2&, micreinstructions, 2-4,
43 2=-18
result of, 3-32, 3-386 Breakpoint
Arguments clearing, 6-4
masro, éwz, 4-4, 4-35 conditional on state of
ordex of, 4~2, 4-4, 4-35 C~bit or Z-bit, 6~14
Arithmetic ahﬂ logical display, 6-9
functions -~ sse ALU listing, 6-2
Arithmetic/logic unit -- see location constraints, 1-3,

AL G~14
: mode, 1i-3, 6-1
proceeding from, 6-6, &-14
resetting, 6-4

sg& ALU setting, 1-3, &-4
., KMCLi, 2-3 use of, 1-3, 6-13
gee U«bit Busg
destination, 2-7, 2-8
id, 3-2% microprogram read/write,
culation, 6-10 2~7, 2~10
g set, Z-18, source, 2-7, Z-8
& UNIBUS ~- see UNIBUS
1 set, 2~18, Bus reguests
s ‘ control of, 2«4, 4-1
{ set, 2-18, spuriocus, 7-5

Byte addresses, 2-10
set, 2-18,

on C-bit set, 3-30, 4-25

on state of BRG bits, 2-4, C~bit
2-18, 2-31, 3-32, 4-26 affected by ALU function, 3-4
on Z-bit set, 3-30, 4-26 asserted by ALU, 2-7
Branch address register -- clearing, 2-12
see BRE not affected by ALU function,
Branch register -- gee BRG 3-3%
BRG not available > KMCDA, 6-14
as data destinaticon, 4-9, Carry bit -- see Cwbit
420, 4-24 Commands
bit 0 set, branch on, 2-18, debugging -~- see also
2-31, 4-28 Debugging commands,
e kit 1 set, branch on, 2-18, 6-1, 6-2
7 : 3-31, 4-326 , utility, 6-2, £-9

Index~1




INDEX

- v e i .
‘ﬂ%txﬂL RAM -~ gsas CRAM

CRAM
addressing, 2~1, 3-2&8, 5=1,
5-2
data memory separate from,
2-1

description «f, 2«3

examine contents, 6-2

loading, 2-3, 2-10, 3-1,
52

modify conteant G2

- % sy 2 -4
setting to zearoe, 6-2
ZER

exam&nat;on o
5'"‘4;.; J‘z' G 2,; 67
hardware-defined format of,

™™g
initialization, 5-1, 5-2,
Tl

maintenance xag;ster,
format of, 5-1
mlcrcglograr azlogorithms

for accessing, 2-9
modification, 3-8, 3-7, 5-1,
BuZ, §-2, &-7
modification by microprogram,
72

modification by UNIBUE, 7-2
opening, 6-7
protocels, A-L
reading, 5~1, 7
simultaneous acﬁess of, 7-3
symbolic addresses, 2~10,
3~5, 3-7, 4-5%, 4-8

writing, 5-1, 7=3, A~1

C5Rs

desoyintion of, 2-10, 51
hardware logic associated

; 2-10
1/0 datsa routsd through,

by MﬁLR 2=~12
during modifi-
e 1=2, A-1
addressable,

%
s
wwww

CONT,

Daty
destination, 2~7, Z~8, 3-1,
44, 4-9 %araug% 4~32
logt, 7-2
ovarflow, 7~2
ev@rwriting; A-1
paths, 2-1i, 2-7
source, 2-7, 2-8, I-1,
44, 435 through 4
transfer, 2-7, 3-1, 4~
Data memory
accessed by CRAM, 2-1
as data 3£mtlnatzmn, 44,
4-17
ﬁeﬁﬁriptiGﬁ of, 24
examine contents of, §-2, &-7
loading, 5-1
not clearsd by MCLR, 2-12
page definitions, é“ﬁ; 3-2;
3«27, 4-4
sQQYate from CRAM, 2-1
atting all locations to
zero, 6-~10
transfers between internal
registers and, 2-1
DATY, 4-1
DATIH, 4-1
DATO, 4-1
DATOR, 4-1
DATCH, 4~1
DATCOHB, 4-1
Debugging command forms

3"’2 ¥
9

’f}‘ w

5h, 6-12

§n, &~10

$i, 6-~8

58, 8-7
$ini/<close>, 6-7
Sinl/iml<ologe>, &-7
m, £-12

nd, §~12

nE, 6-11

nd, 6-13

[niB, 6-5

nic, 6~5, 6-14
[nip, 6-6, &-14
s imlB, 6-4
s, 6-12

;ﬁ;}mw, 6~11
nk Emlﬁclage> 6-3
i iml<closge>, 6-~2
Z, 6-13
Debugging, general information,
1-3, 2-~&, 5-3, g~1
Delays, pr&g:amme&, 2=17
Destination
ﬁ}?{‘a; 3 g &=
BRG righ?-sﬁlfted 3-14, 4-13
bug, 2-7, Z-5
data memory, 3-19, 4-17

Indax-2




~24, 4«20
raference, 1-4

Environment, operating, 1-2

Errors

assembly, 3-11, 3-16, 3-22;
325, 4-37

cerrectiﬁq microprogram, 6&-1

isolating microprogram, 6-1

print owt; sxample cf, 5-3

~rer gymbol P, 6-3

tended bus address bits,

;’,-"j
Extarnal connsctor
X o
1?2
v ey 4 pyde ¥ oy oy F =5 A
description o, Z~4

e of an operand, 2-7
y contents of, 6-~7
CSRe ahcasspﬁ throudgh,

'”ﬂgay ﬁﬁﬁtﬂnt T §=7
DNIBUS Cs8s a&cessed through,
e
INBUS* register
desoription of, 2-2
syrmbolic addresses for, 3-7,
35
Instruction, Branch class -~
e Microinstruction

Instruction ovele, time of,
2=1
Instruction, Move class =--
sae Microinstruciion
=4 iong, operating, 4~38
t egisters
de ription of, 2-1
examine contents, 44, 6-2,
G-7

In~transfer, 5-1
1/0 data, 2-7, 2-9

EMODA conver
6=18

4
51

sxample,
§rinﬁaut exampie, 5-3
running on Rhsﬁia“, 5w

subroutines, 5-2

Macy

MACRO~-LL

argumants, 4~2, 4-4, 4-3%

calls, 4~38

sypangions,
4~35
instruction syntax, 4-2,
4-3, 4

4-1

%ACRO*EK prefix ;;;a; 1~‘

Macroassembler mnemonics
ALWAYS, 3-29, 4-25, 6-13
BRO, 3-34, 4-26
BR1, 3-30, 4-2¢
BR4, 3-390, 1)

BR7, 3-31, 4- 2&

BRADDR, 4-31

BRSHFT, 3-14, 3~15, 4-13,
4-~14

BRWRTE, 3-9, 3-10, 4-93,
T8

C, 3"‘3@; 4“9

CALLSR, 4-32

CALLSR, 4~32

COMP, 4-31

INCMA, 4~22, 4-2

LDMA, 4~22, 4-24, 6-11

LbMAR, 4-22, 4-2

HEM, 3-~19,
4-18, 4-20

MEMADR, 4-32

NODST, 3~3, 3-6,
4“'&4, ‘;"“24

ouT, 3~11, 3-12,
318, 3-19,
4-12, 4-15,

£~10,

Index~3




FE S N
W R L

}tquf 2-17
n=u*~e instruction

2
argument for loading the,

FA Vi
e Tl

. , E=1
field ﬂﬂflu 4~3
inerementing, 2-5, 3-2, 4-3,

4~4, 4-24
load: s 2=5,

~24, 6-10
] contents of, 6-2
Hemory address register --

see MAR

Hicroinstruction

arguments for Branch class,

4
i
B
-
e
H
(51
@
i
S
-

3-29, 4-4,

arguments for 88,
-2, 4-4, 4

description of ﬁranch ¢lass,
-1 d=4, 6-11

desori 2f Move class,
22 i 618

format o
4~é
mnemanics for Branch ﬁlass,
3~26, 3-Z8, 3-29, 4.3,

4=4, 4-35, 4-36

mnemoenics for Move olass,
3~1, 3-3, 4~-2, 4-4, 4-35,
4-38

name of Branch class, 3-29,
4~4, 4-29

H

;rﬁm Memory
33 4328
c-Bit Set, 3-30,

C=pit Set to
rived from BRSG
d~3? 429
hlt et tc
“erlveﬁ from
3 I e B |

S TE Y

iy

tat
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=3
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s
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E

INDEX

-ion fungtions

of

cation, ]
Compare the Uontents of BRG
nd SP Logzation, 4-31
ament the MAR, 4-~22, 4-24
rar B Bits of MAR
set), 4-22, 4-24
per 2 Bits of MAR
425

to BRG, 3-89,

to Memory,
to GUTBUS;

Move Immediate to QUTBUSY,
3-11, 4-10

Move Immediate to Scratch
Pad, 3-~22, 4-18

Move Immediate to 8P and
BRE, P4, 420

Move INBUS to BRG, 3-9, 4-9

Mowve INI to Memory, 3-20,
4-17 :

Move INBUS +o QUTRBUS, 3-17,;
4-17 ‘ ' ;

Move INBUS to QUTBLS*, 3-12,
4~17 o

Move INBUS o 8P, 3-22, 4-1%

Move INBUS to SP and BRG,
3-25, 4~Z21 ,

Move INBUS* to BRG, 3-9, 4-9

Move INBUSY to Memorty, 3-20,
4-17

Move INBUS* to QUTBUS, 3-18,
4-15

Move INBUGS* to QUTBRUSY,
212, 4-11

Move INBUS® to 8P, 3~23,
4-19 :

Hove INBUS* to 8P and BRGE,
3-25, 4-21 o

inve Results of BREG .and
Scrateh Pad to BRG, 3-10,

e Results of BRG and 5P

-0 Memory, 3-21, 4-18
Move Results of BRG and 8P

to 8P and BRE, 3~26, 4-22
Move Results of BRG and SPO

+o QUTBUS, 3-1%, 4-16
Move Results of BRG and §PO
to QUTBOS*, 3-13, 4-12
Move Resulits of BRG and SPn
to SPn, 324, 4-20

Move Results of Memory and
Scrateh Pad to BRG, 310,
49

{ComT.)

Microinstruction functions

(Cont.}

Move Results of Memory and

SP to Memory, 3-20, 4-17

Move Results of Memory and
5P to 8P and BRG, 3-25,

g
- 7R

Fot

Move Results of Memory and
SPG to QUIBUS, 3-18, 4-16
Move Rasi of Memory snd

S5P0 to QUTRBUSY, 3-1 £
Move Results of Memory and
S5Pn to 8Pn, 3-23, 4-319
No Destination, 3~5, 4-:i2
Return Program

8P Location,
Right Shift B
and Move AL
(BRG and SPr}

3-1%, 4-14

Right Shift BRG On
and Move ALU Ou
{Memory and SFn) to BRS
Bit 7, 3=15, 4-13

Right 8hift BRG One Placde
and Move INBUS Bit O o
BRG Biw 7, 3-14, 4-13

Right shift BRE One Place
and Move INBUS* Bit O to
BRG Bit 7, 3~14, 4-13

Right shift BRG One Place
and Move Operand Bit
to BRG Bit 7, 3-14, 4-13

Store Page Offset in BROG,
4-31

Atore Page Offged in
Memoxry, 4-32

Test BRE and Scratch Tad,
3-8, 4-~24

Test I Gy 2

Test INBUS*, 3-6, 4-

Test Hemory and Bcra

3-8, 4-23
Unconditional Branch, 329,

4-25 '
Unconditional Branch to

Address Derived from BRG

and 8%, 3-37, 4«29
Unconditional Branch to

Address Derived from

Memory and BP, 3-32, 4-27

Microprogram

beginning execution, &5
breakpoints, 6&~1, 6-5

CSR-~accessing algorithms,
2-3

custom, 1-3

debugging, 1-3, 2-~6, 6-~1

development congiderations,
13

end of, 4-38
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errfrsg 43
hw.«t LI, 6"’

inhibited from writing CSRs,
Fer

- d

leading, 2-6, 2~10, 5-1
reading R 3

reaﬁ;wrﬂte bus not accessible

L-}; ““lG
reading/writing,
reamywm* sgmbc
‘;‘3

A

e
41.;

Offset, Branch, 6«1
fosat, page, 2-5, 3-2, 3-27,

f~11
Opsrand
arny function, 2-5%, 2«7
source, 2«7, 3-1
ITRUS
as data destination, 2-7,
4-14
ag sourcs of an operand,
27

UNIBUS C8Rs accessed through,

mnemonics
Multibit field flags, 7-4
Multiport RAM
degoription of, 2-2, 2~10
lockaut, 7-3
UNIBUS data §ath to, 2~10
uPMISC ragiste
description
74
extended address bits
contained in, 2-9
hardware logic associated
with, 2-~11
symboliic addresses fcr, 37

xr';

A % b B
2=4, 217,

of,

§

No destination {HODST), 4~4,
%Mak
Honexistent memory,
addressing, 2-15, Ewl?
HON EX MEM bit, setting
ciéaring, 2=-15, 2-1?
NPR control bits, 2-9, 2-14,
4-1
HPR control re
description
Z2=14, 4-1, T-4
hardware logic associated
with, 2-11
stores MAR Bits 8 and 10,
2.9

&

symbolic addresses for, 3-7

«nq!ﬂle ing, 2~312, 2-14
HPH transactil
adurnsg forg 2 ~15, 2-17
des: tion of, 2~1, 2-%8,
2“1é§ 2 i? 2 18, é”lt
T3, =4
ex*enﬂed bus address bits
Gr, 2-9, 2-14, 2-17

mm number of sequential,
v 41

bo
{8
QUTBUS*
as data destination, 2-7,
4~10
as source of an operand,
=7
TMNIBUS C8Rs accessged thra agh,
2=2

QUTBUS* register
degcription of, 2~2
zymbolic addresses for, 3-12,
4-8
Gut-transfer, 5~1
Overilow
detection of memory, 2~2
datection of page, 2-2
Overflow bit
date memory, 2-5
page, 2-5
Overwriting data, A~

Page boundaries, 3-27
Parallel operation,
EMCI11l and PDP-11, 7-1
»C
1
d@ criyticn of, 2-5
%a(*wmedttug, 2=3
writing CHAM address to,
Edage
PDP~11 program modification
of CSkeg, 7~2, 7-3
PGM CLK bit
uses of, 2-17
writing/reading, 2-17
Prefix file, 1-3
Program counter -~ gses PC
Program null, 4-4, 4-22
Prompt symbol + (up arrow) ;
&~1
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read/write bus, 2~10
Right shift, 1~-bit, 2-4, 2-18,
3-14, 4-~4, 4-13
Scratch pad memory -- see &F
SEL4, 2-10
Sepavators, 4-3
Software
minimum, I-4
optio na;, i-4
tools, 1-3, l-4
Source
BRG

; 3=34, 4-
bus, 2-7, 2-B
data memory,
427
field, mnemonics, 4-2
immediate, 3-29, 4-2, 4-4,
4258
INBUS, 4-
INBUS*, 4

mnemonics, 4-2

‘ g

-2, 4~4, 4-29
3~

32, 4-2, 4-4,

addressed by microinstruc-
tion, Z-8
ag data destination, 2-8
44, 4-18, 4-20
description of, Z~5
display centents of, 6-2, 67
losading, &-9
ipgations, 4-3
wmodify contents of, 6-2
not cleared by MCLR, 2-12
Special programming %mchnLQL 8,
Spu
Syrmb:
Cer
[S3 4
Symi

| ng
KMCDA, &-1

the microcode,
the obiect fil

UNIBUS
address, 2-9,
architecture,
controliing o
1-2
interface,
mastership of,
modification of
T=2
NPR transaction agccess 1o,
29
read/write bus accessiple
to CPU through, 2-11
zend and receive data
2-1, 2-17
writing the CSRs, 7-3
UNIBUS (S8Hs -~ see CBR
User program, raad/write bus
use of, 2-10
Urility programs
S"‘}; z}"t., -
commands, 6=

-2, 1%,

-

K

“.’3 (¥

Watchdeg timer, 2-12
Word boundaries, addres
2=10

function, 3-4
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READER'S COMMENTS

NOTE: This form is for document comments only. DIGITAL will
1 : nts submitted on this form at the company®s
?rsbiﬁwe with software should be reported
, Performance Report {EFR) form. If you
ttm“ reply and are eligible to receive
service, submit your comments on an BPR

]

St
Y,

23

3id you find errors in this manual? If sc, specif

w}

manual understandable, usable, and well-organized?
=stions for improvement.

rs there sufficient documentation on associated system programs
reguired for use of the software described in this manaalf If not,
what materizl is missing and where should it be placed?

Please indicate the type of user/reader that you most nearly repressant.
Assembly language programmer

Higher-level language programmer

Occasional programmer (experienced])

B

3

C

[ user with little programming experience
[} student programmer

2

E@rwpregramrer ;ntarestpd in computer concepts and capabilities

Name ... Date

Organigation

Etreet

City ~ State . L Zip ftode

- , , or
Country
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