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INTRODUCTION

W A SR D WS G5 SR T O e

The Burrocughs Hicro Implementation Language (MIL) §is a syabolic coding
technique that makes available ali the <capabilities of the 81700
Processor. The MIL compiler?s machine Language output s ready for
executdion directly upon the hardware. The wuserr, howevers, mnust be
prepared to programmatically control the total environment incltuding
bootstrap Qoadings  1interrupt servicing, and potential wachine
mal functioning (e.g.» parity error detection)d.

To use MIL properly and efficiently, the programmer must have an
axtensive knowledge of the available registers and their capabilitiese.
This product specification describes the registers», the syntax and the
semantics of the HMIL f{anguage and may be used to wWwrite programs
without prior knouledge of the systenm.

RELATED DOCUMENTS

o G AR KD e W AR N R .

A description of the Input/Output subsystem and the I/0 descriptors as
well as aore detailed information about the registers can be found in
the B1700 Systems Reference Manual (form 10571553,
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MICROPROGRAMMING CONCEPTS

G ENED AR WS TR S TR R AN AT S T WA S D S N

Hicroprogrammping i5 a method for programming a computer hardware
architecture. The microprogramnmer is concerned with machine registers
which were formerly the domain of the harduare systems designer.
Strings of microinstructions manipulate those internal. registers to
present an outwmard appearance of system hardware which is nore
functional for problem-oriented progranming In most machines now in
the market placer read only memories (ROM?s) contain Aicroprograms
which convert the unigue internal environment of several different
processors into a standard assembly languagee Once createds the
microprograms are unalterable and aay contain compromises in
efficiency because of a limited hardware instruction set.

The Burroughs 81700 system makes use of the (Qatest technolegy to
inplegent a writable control memory and has several wmicroprogranse
each optinized for the functions it widl perforwm. The wvirtual system
architectures chosen have been those of the standard {(C0B0L and
FORTRAR)» problem=orienteds, compiler {anguages. Other microprogranmers
may choose architectures and create Langusges optimized for other
pPUFPGSESs ‘

HICROINSTRUCTIONS

—en N AR O AR O3 EH AN S D WD NS AN € AN AR

A microinstruction is the smallest programmable operation within the
system. Fach microinstruction ds fetched ferom control memory and
decoded in the {micro) ragister to be directly executed by the
hardware. :
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DEFIHED FIELD CONCEPTS

-y oy W &% & €O am ke TO W R SE A W G5 WD WO A%

Special hardwares called a Field Isolation Units has been implemented
to achieve bit addressability and variable Qength fields and to
auromatically increment addresses. This aldows maximum flexibility in
defining data fields and resoives the problem of packing .and unpacking
data fields across hardware container boundariese.

INTERPRETATION OF THE VIRTUAL LANGUAGE

R A HE P B ARGV CR AN KD KK L OR S W NSRS @A RIS D W SR

The traditional approach to supporting a higher-devel Language {5 to
translate the source statements as #ritten by the programmer into
anather language gither directly vecognized by the hardwares (8e.Ger
gachine object code) or easidly translatable into the machine object
code (e«Qsr an assembly {language)l. An aldternate technique 15 the
interpretive execution for each source statement uwith a Qlogicaliy
equivaient routine in some Adower~level  language. A nicroprograamed
system offers the opportunity to combine the best of both methods. The
source statements in the higher~ievel flanguage are translated into a
virtual system code by a coppilation process. This system code, aiso
called S~code or S~{anguages very closely resembles the original
source 1anguage. Hicroinstruction routines then interpretively execute
gach virtual tanguage statement. The results ares

- a faster compilation

- a system architectures as expressed in the set of
microroutiness which is optimized to the source tanguage

C - a reduction in the processor time required to perform the
{ogical esquivalent of ecach source statepent

~ a reduction in the menmory spacte -required to encede each
source language operation '
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A sst of rpicroprogrammed routines 1s called an interpreter and
effoctively creates a virtual system architecture for the source
{anduage being executed. That 1is5» when the COB80L 1interpreter is
gxccutings the system is effectiveldy g COBOL machine. Hhen the FORTRAN
interpreter s executing, the system is a FORTRAN machines, and sS0 on
for any other S-{ancuage defined.



RURROUGHS CORPORATION COMPANY CONFIODENTIAL
SANTA BARBARA PLANT MIL PaSe 2212 5298 :

) SYNTAX DIAGRAMS

SR TR SRR D MY WD D e

The principal means of describing MIL syntax 1is through the syntax
diagrams cosmonly known as "RAILROAD™ notation. The basic conventions
are discussed helow.

FORKARD ARROWS

NN R OD 83 P WE R e S

Any path traced along the directional filow of the arrows will produce
a syntacticaily valid compande The following example {illustrates the
technigues

‘{-u ™ nn‘
t ) |
wm ey QHN--BY THE&&.-DLB - n-—mum-mwusrREANanw-un---nn—s-a---m--n- L L L L]

t g ' ' ' y 8 i
I==UP=>3 § P=MILL=>§ § U"=UHERE [reemeecece=>i
: 1 i t s
{=~RIVERSIDE==emoonacunan>] §=FIRST=>1 & 1
! 1y
B=LAST==>t 1 1§

'
il
R D e D e ettt T
¢ t
Ry S e 411 L e L L L PE P PP
' t 1 ¢ 1 '
§==FOUND===>¢ 1==CNOT HE BUT YOU}==>1 '
[ '

‘--]’ADPOLES&-: numau?annummnuno.ﬁncuowu-nun}!

¥alid syntax generated feom this diagram could be:

DOHN BY THE OLD MILL SYREAM

UP BY THE OLD» OLD STREAM

DUOHN BY THE RIVERSIODE WHERE I FOUND TADPOLES

DOHN BY THE OLD SYREAM HHERE I FIRST SAYW YOU (NOY ME 3UT YOU)
UP BY THE RIVERSIDE HHERE I LAST FOUND YOU
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The bridge over OLD» unless otherwise specifieds can be crossed any
nunber of tines. ~

END=OF=STATEHENT

- AT OR G W U AR M TR O O W AN A K

The completion of a statement 1is indicated by the following
Coﬁueﬂtignz ramesaBeen e senasas) ]

CONTINUATION

AR W Ne ¥ T W TS

The following convention indicates that any number from O THROUGH 9 is
syntactically valid:

mn--aOuumn uunm):

B aco §
fovafamenf

KEVHORDS -

e AR R NG T D e

Upner=case fetters indicate keyvuwords which must Qiterally appear in
HIL statenentse.

VARIABLES

D O BD S R AT SA

Lover=case letters, Words and phrases ﬁhdicate syntactic wvartables
uhich vrequire information to be supplied by the prograamer. The
folloving oxample illustrates the techniques

mn-nnoﬁn—a-mnanimals HEREn-u-INnmuu-uammu-THE body.of.“atarua ? w=>j

& ] ! i
{=>THE=~=>¢ ' fe~HEARmwo===>}
§ ¥ ! H
§==SOHE==>§ ' i==CLOSE TO~=>1

Yalid syntax genevated from this diagram might bet

THE TADPOLES HERE IN THE STREAM ?
COuWS MERE CLOSE TO THE POND 7
SOHE BIRDS WERE NEAR THE OCEAN ?
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BASIC COMPONENTS OF MIL

WO W B AD G AP N WS NG NS R AP AT WP SR W W W WR

To understand MIL arammar the user should be familiar with the
follouwing basic elements of the MIL language.

pnint: L T X DY ; u--uo}‘

underscore: weewmse  scsewe>f

di git? cosewa(jraceccs e ]
] PR ]
!wann-}ﬁ

lett@ﬁ% ‘“ﬂ"ﬂﬁﬂwuanuq>5
’ ] eww ]
s--nz-->'
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specialecharacters: =e=eces , sesscwccacwseccmcesf
fue== B ==2] - ampeoersand
! t
fmoe € ==>}
§ ¢
fom= ;3 ~=>}
4 i
{m== p ==>1
1 8
foes g ==>]
i i
fome v ==>{
0 i
=== § ==>{
§ g
fome 2 ==
{ i
=== > ==>}
i ¢
=== 0 ==3}
¢ L
Q=== _ ==>{
¢ ¢
oo = ==3}
t i
f=== ( ==>}
§ §
== ) ==>i
t !
fow= & =~>
i !
foee = ==>}
i '
{owem [ ==>]
i L
o= % ==>}
i i
== @ =y
' !
fuem 3 ==>]
' §

joes omx g bdank (one non-visihble character)
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IDENTIFIERS

- R K GV R O G A &

a W ER ey GRRT OB G GH 60 3 U A Wy a0 WA DR U0 M MY P LU £X G R AD AN O WP OF OB &5 @R K O KD W i

i '
T R ey B R il I
t N
identifiers me=ecrmecccmcco{otiormeesesmonsorcronancacena o —aaana )
i 1
fe==digit==>1
' 1
fmee _ =ee=>]
i t

'n-a - ----)‘

RESTRICTEONS?
la An fdentifier must begin with a letter.
2o An identifier may not contain blankse.

3 Reserved words @may not be used as identifiers. (See Appendix
€2 Resorved Hords and Symbols.) -

e an identifier is limited to a maximum of 63 characters: only
the the first 25 characters are used in uniqueness detcction.

EXAMPLES: TEST.NAME.1 Tel23.8 ABC LOOP_12
LABELS
R L LE L LD S L LY |
g ’ i
i f<e=cevocccccccsss] [Lmemcucemece=] |
' i1 I
tabgl: ==emcmccecccesfjpitereoecemsccosrssrnurounnnanmecnao )]
§ ! ¢ ¢
fm==digit==>§ fomm _ ==>1
§ ]

- _-o).i
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unique.labels ew==s={gpol=e~==>}
point.iabrel.declaration: =====« [{abglw=w===>{

point.label.refarences =eme=e § =mecccecsizhel==e=e=>]
! ] :

i-nm -« wn)'-

label.reference: ======ypnique.labele-~verrcoceracccnesy
§ g
j===point.label.referenco=~>%

label.declaration: e=e==sypique.label e rrocccwnsvascsnnaerl
§ ’ : i
l---point.labei.deciaration"->i
tabels may be declared by: (1) starting the label anywhere in columns
1 through S of a source inager or (2) starting the fabel immediately
after the roserved words TASLE» SEGMENT» or CODE.SEGMENT. (See also
Segmentationt Label Addresses.)
RESYRICYIONS:
1 A Ltabol must begin uith a letter or a digite.
2. A fabel may not contain blankse.

3. A Gabel is limited to a naximum of 63 characters: only the
first 25 charcters are used in uniqueness detection.

4o Unique Labels may be declared ondy conce.

5e Point Llabels way or may not be unique.

EXAMPLES? oA.POINT.LABEL REGULAR.LABEL LOOP BEGINNING.OF.TEST.1
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CARD TERMINATORS

LY S RN R R R R R

carde.torminators =wweos ¥ acswsel]

RESYRICTION:

NUMBERS

A percent sign (%) 1is treated as any other stiring
character if it is contained uithin a character.string.
Howevers in all other cases» a %X witl cause the
scanning of the current source image to terminate.

§<~eana~nnnuaul

nuachbed s w“”“'“““‘ﬂigit“‘“‘“'“)!

BET STRINGS

- oy &B A B W 62 W W

binarye.string:

quartal.steing:

o e an -mnumo uun—unmua)‘

] |
g uwai-o}a

' LN ] '
fm==3==>g
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LR E L LR T L R |
] i
octai‘strsﬂgz anwnnuwwmuOcumuoue-nu)a
' LI N ’

fme=p==>]

i(--— o e ob o uaumo-nu‘

§ ]
hexestring: wewecsccsafomsaccscsn=)]
|
jomeges>]
1 i
fom~fe=>]
l o D6 g
fom=F==>]

bitogroups se=ec~chex.stringe=resmcesonscens]
. :N*"(é} hex.strﬁng“~~-~°>:
:--*QE) octalastring-~°">:
:~-“(23 quarta&eString=°>;
:"-'(1) hinary.string~°~>:
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hitestring: ==egbit.groupad===>§

RESTRICTION: 1f no bit mode is specified (i.e.r the indicator digit
in parentheses is omitted)» then "hex™ is assumed.

String: &mu:«»wmacharacter.stringwn----m;‘
> 1
zmoqbitogtringu-&-uo-a)!

CHARACTER STYRINGS

WS @2 KD VR GW ER B 4B KB T AR WD 90 e &

character.string: =<="string.character.fistm===>§

‘(mna-n.uuona--—a-nocnn'

(] [
string.character.iist: =====swstpring.charactere<=e=e=>j

st“i,ng'char actar: oanwﬁ“--digit«quﬁnoamannmnmm-’u—n}ﬁ

' | '
feomeclogltlgroessacoanansnn=d]
] '

§ee=>gspecial.character=-=>4

EXAHMPLESS "««THIS IS AN EXAMPLE OF A CHARACTER STRING™
mgRe ROW THE BOAT GENTLY eee ™
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LITEIALS

- wm e A e M O

aitaraig n-ﬂnmamnumbernu-nn-ana-nﬂam-ua-n).

i !
!na-s tr ing-mnoanun-a--mnm)i

§ ]
{~-=~declare.specigi~=~em=>}
- 3

f===dociared.ident ifiore=>»¢

declare.spoecials ======DATA.LENGTH (decliared.identifier)ecmcocncnacuuasg
] 1
f===ENGTH.BETHEENLENTRIES (Carray.identifier)==>i

declared.identi fier: =ew=ewegigple.identifiere====ee=s>y
¢ 1
f===array.identifier==<>{

arraye.identifier: esmeceegipple.identificrec=-e=>jy
t i
i=e=array.index====c==>{

arraveindex: ==={numberl}===>4§

DATA.LENGTH (decltared.identifier) wilt supply the specified er
computed length in bits of the indicated declared.identifioer. For an
array.identifier, the Longth will be the Length of one of the items in
the arrays not the length of the entire arraye
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LENGTHBETHEENLENTRIES {array.identifier) witl supply the bit
di fference between the heginning of one item in the specified array
and the next iften in the array. Note that in the case of structured
arvrays (See Structured Declarations) this will not always be the same
as DATA-LENGTH Carraya.identifier).

EXAMPLE: 1387
®STRING™
DATALLENGTH (ANL.ITEH)
ARRAY .ELEMENT (72

ARITHMETIC EXPRESSIONS

MR G WO 4D O D UD GRS I S D N BN S S R

arithretic.expressions?

’ A SO O L) T A @ G T G SN WSO W ORGS0 UM G5 A S N D S5 W KR NG D SR S B Sh B OB WR KR N P AD WS e W0 OB &3 uan---ﬁ

H t
' (I q ' '
fov= { ===>{ {e===addinge.operator-==>1 tom= ) ===>]

f<~====pyfitiplying.operator==cm=yg
§ , ]

te?m H uc-hﬁpnmmmnﬂunamli L ep ai---nun-wumomum-um-}g

addi"gcepe?aﬁcr«: mwm oo n-m--uos‘-m}'
] )

nultiplying.operator: =ceames 4 scsccwced]
1 ’ g
'maa / uw}!
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Arithmetic expressions yield numerical values by combining literats in-
accordance with specified operations. The operators ¢» =» %, and /
have the conventional mathematical meaninags of addtions subtractione
multiplications, and divisions respectively.

The sequence in which operations are performed ¥is determined by the
precedence of the operators involved. The order of precedence is:

Firsts * /
Second: + -

Khen operators have the same order of precedences the seguence of
operation s determined by the order of their appearances from left to
right. Parentheses can be wused in normal mathematical fashion to
gverride the usual order of precedence.

Parenthesized expressions are treated as termse f§.€.¢ they are
evaluated by themselves and the resulting value 1s subsequentiy
combincd with the other elements of the arithmetic.expression. Thus
the norwai precadence of operators may be overridden by careful
placement of parenthesesa
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STRUCTURE OF A HIL PROUGRAH

S A AREER A GH AR TR AT BN W SR A 8 OB D Y AN O &

There are two parts or sections to a HIL program: the deciarations and
the bodye The declarations should contains .

1e A comment description of the function of the MIL programe.

2e Any global data structures (DECLARELS). Note that *globai®
raefers to use throughout the programs Qocal refers to use
restricted to a part of the prograns.

3. Any global DEFINEs.
bo finy HACRO definitions.

The body folliows the declarations and uwili contain atl code=-producing
statements. VThe statoments should be Hfogically grouped in Labeled
BEGINes«END blacks. Each BEGINe.-.+END block may contain its oun HRocal
data structuress LOCAL.DEFINEs or labels. The last stateaent of the
body should be FINI.

The following is a basic outline of a MIL program using the above
general cules. For specific dataids on assembly coding forms and
programn examples refar to? Programming Techniques.

fooe> '

¢ 4 descriptive comment
Declarations § DECLARESs

v © DEFINEs

] MACRQOs

N LTS .

fowes

L

i LABEL.A

§ BEGIN A
] : {code for A)
] END A
Body ] BEGIN B
§ . {code for B)
i END B
g FINI
§
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SEGMENTATION

DR SR AR GO B D LD D WO %

Segmentation in MIL is '@ multi-faceted and somewhat compilicated
subject. Because HMIL §s the language of the 1700°s» and because it s
used fovr many different purposes {Diagnosticss Enu{ators,
Inteepratorss I/0 Driverss MCP Kernelss etc.)s it must attempt to
satisfy the needs of a wide range of wusers. Segmentation plays a
particulariy important roie on the B1700%s because of the READ/HRITE
access capability of the hierarchical memory structure {(M=Hemory,
S=Henorys Diskld.

LABEL ADDRESSES

-emChak K3 4N G AN CL OB W ON B3 Y

fo begin the discussion on Segmentationr we must first ididentify the
fabel types pertaining to address assignment. They are: regular.tabel
and physicale.label. (These should not be confused with the two types
of Label represcentation: unique.labelt and point.labele. See Basic
Components 0f MIL: Labeis.) The types are based on how the labels are
decl arod which in turn determines how the address of the label is to
bte acsignede. :

A Labheil which §s declared by starting it in columns 1=5 of a source
inmage is aluways a reguiar.ilabel.

A labei which ids declared by starting it immediately after the
reserved uwords YABLE, SEGHMENTY» or CODE. SEGMENT is always a
physical .label.

A reguiar.iabel is always given the current segment.code.address uhen
the tabel is declared.

A physical.tabeld is always given the current physical.code.address
when the {abel is decliared. :

The segment.code.address is updated by 16 as esach microinstruction is
generated and can be changed to a new value by the appearance of a
SEGMERY or CODE.SEGHMENT statement.

The physicaletodes-address is also updated by 16 as each
microinstruction is generated and can be changed to a new value by the
appoearance of an ADJUST  LOCATION statement. (See HIL Statemcntss
ADJUST) :
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Both the physical.codecaddress and the segment.code.address are
initialized to 0 (zero) when a compilation begins.

SEGMENT STATERENRT

e on W om W @ oh En S T

SYNTAX:

- s T R e

§ ] § i
5 : 1
e-u‘ite\ralnuna--nnnu)a

Notwe: The titeral must he H0D 16.

SEMANTICS:

o WX By WS P G A £ ED @8

Through the use of the SEGHMENT statements the user has the means to
divide hissher HIL program into several parts such as a single
primarye.code.block and ane of mof e segment.block{s). The
primary.code.block should provide one or mnors areas suitabie for
containing the individual segment.block{s). These areas are designated
by degclaring one or pore regular.labet{s) someuhere within the
prinary.codeosblock. Quite often there will be only one designated area
for segment.block{s}e and it widll begin at the and of the
primaryscode.block.

The purpose of the SEGHENT statemsent is to inform the compiler exactiy
there the segunent.block will be (reslative to the primaryecodeobfiock)
when its code is executad. In this way the compiler can 3Jenerate the
corraect branchsfcald displacements whenever a - statement in t he
primarye.code.block branches o or caldls a routine in one of the
segnent.blockisd. In the same wWayer a statement in one o¢f the
segment.hlock(s) may beanch to or call a routine in either the
primary.code.block or in any of the segment.block{s). (See MIL
Statenentss ENIT.RETURN.TOEXTERNAL, CALL.EXTERNAL, BRANCHEXTERNAL )
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All code s assumed to be in the primarve.codesblock until the first
SEGHMENT statement is encountered. from this point ons all code is
assumed to be in that segment until the next SEGHENYT statement s
encountereds and so ons

The SEGHENT statement may also be wused to specify ULogical breaks
within a8 continuous stream of codes In this case» only the name or the
sagrent needs to be specified since the code addresses are to continue
tinoarily. Yhe entire program and ald of the segment.block(s} are given
segment dictionary éntries as part of the parameter blocks associated
with a MIL code file. From these dicticnary entriess the addresses and
tengths for each segment are available and can be usad to do
sophisticated static binding prior to execution of the code.

CODELSEGHMENT STATEHENT

TP SO0 G ND IS T W O T RR €26 Ve OB QN O 25 A wh

SYNTAX:

CODESSEGHENT=w===labol =~=w=>]

SEMANTICS:

L R R R R )

Another form of Segmentation in MIL is used when a microprogram is
running with the HCP, or under MCP controi. ALL of the interpreters as
well as GISHO are exaupiles of this situation. HWith this mnechanisms a
gicroprogranmer is able to specirfy which portions of the prograa are
to reside on disk until they are actually needed for execution. This
provides the programsger with the same facility normally only found in
higher Level languages.

In order to use this facility, the programmer -nust follow certain
rules and repnember some restrictionse Firsts some definitions:

main.code.biocks atl code generated until the first
CODELSEGHENT statement is encountereds this
may encompass the primary.code.block and one
or more segment.biocki(s).

external.code.biock: ati code generated betueen a given
CODE-SEGMENT statement and the next
CODELSEGMENT statements or the end of the
programe whichever comes first.
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matnscode.hases’ the H-Memory bit address of ths first

microinstruction in the main.code.block. If
no part of the wmain.code.block resides in
H=Memorys, then the main.code.base should be
14 I

If the processor is an S-Memory processors
then the main.code.base should be the memcory
address of the first microinstruction in the
program. {S5ee HIL Statements?
HAIN.CODE-BASE.)

nbr.topms a 24-bit bucket containing the MBR value for

_ the main.code.blocke In additions» since the
MBR veiue is always a MOD 16 numberr, the 1low
order 4 bits mbr.topm should be the TOPH
value of the main.code.block.

The microprogrammer must provide the following items in a progranm:

1a A define for MAIN.CODELBASE to indicate the Scratchpad
register containing mainscode.base. Exanple:

DEFINE MAINLCODE.BASE = §S148#

2. A define for MBR.TOPHM to indicate the Scratchpad register
containing mbr.topme. Exanple:s

DEFINE MBR-.TOPM = S15A#

The above defines must be included in the main.code.block and must not
be defined within some LOCAL.DEFINE scope. In additions, the two
Scratchpad docations must he initialized by the interpreter when it is
given control from GISMO.

3e A routine labeled GO.TD.EXTERNAL.SEGKENT to interrogate the
interpreter dictionary and generate a communicate Cif
necessary) to guarantee that the requested external.code
saegment is present in S+*Hemoryv. In additions, it nust perforn
the initial transfer to the external.code.segment. Exanples
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GOLTOLEXTERNAL .SEGHENT
X2 T CONTAINS SEGHENT NUMBER
% L CONTAINS BIT OISPLACEHENT WITHIN SEGMENT

SHIFT Y LEFY BY 6 B8ITS 70O X X T = 64
SHIFT T LEFT BY & BITS TO Y AT = 16
MOVE SUM 70 FA X7 = 80

ADD ADDRJINTERPLSEG.DICY TO FA
READ 2 BIYS TO X '
IF LSUX THEN % THE SEGMENT IS PRESENT
BEGIN PRESENT
COUNT FA UP BY 32

READ 24 BITS YO X X SEGMENT BASE ADDRESS
IF SUBSEYT THEN INCLUDE 2 FOR S=HMEMORY PROCESSORS
BEGIN
MOYE L TO Y
MOVE SUM TO A
END ELSE
BEGIN

HOVE O TO TAS X NECESSARY FOR
X HM=MEMODRY SYSTEM
MOVE L TO T X NEW A AND TOPM VALUE
MOVE X 7O L X NEW MBR VALUE
TRANSFER.CONTROL
END
END PRESENT
MOVE T TO L

MOVE S8 TO T COMMUNICATE NOLFOR

NON PRESENT SEGHENT

g .t

SHIFY T LEFT 8Y 16 BITS
SET LLO3
GO 7O GIVE.UP.CONTROL.

ONE LEVEL SEG DICTY.
SAVE STATE ARD XFER TO
HCP VIA GISHO

B

POINYS TO NOTES

A. . The initial *T" and "L" values are supplied by the
coapiler prior to entering the above routine.

Ba Other registers may be destroyed depending on how the
‘routine is written.

Ce Tha routine must push a 0 {zero) onto the A stack for
the H=Hemory Processor. This is necessary sSo that an
exit within an external.code.block can be trapped into a
routine that will transfer control back to t he
maine.code.block. This also implies that paraneters may
not ba passed via the A stack when initiaily
transferring to an external.code.block.
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The compiler uitl provide all other routines necessary to effect the
transfer to and frcm externai.code.blockis).

The only kind of transfers allowed are ¢alls and branches from the
maine.code.block to an external.code.blocks and from an external.-
code.block to the main.codea.block. Transfers between externai.code
ohlock{s) are not allcued. In additionr, such calls and branches mnmust
he syntacticalily separated from calls and branches within the the sane
coda block. Instead of CALLe, the command CALL.EXTERNAL must be wused.
Instead of GO, the command BRANCH.EXTERNAL must be wused. (See MIL
Statenentss EMIT.RETURN.TOLEXTERNAL: CALLLEXTERNAL and
BRANCH.EXTERNAL D

Following is the code the coapiler generates when CODE.SEGMENTYs are
used. (ALY fabels used in the examples are shoun for clarity onlys: the
coapidler has its oun interpnal representation for the labels.)

MAIN CODE BLOCK

4o For each different dabel occurring after a CALL.EXTERNAL ovr
BRANCHEXTERNAL statement in the main.code.blocke the
conpifer will divert the call or branch to the following code
which is generated at the end of, and part of, t he
main.codo.bliock: -

“OYE ACDRESS (labell TO L
HOVE Llabel.segmentsnumber TO T
GO TO GOTULEXTERNAL.SEGHENT

Be If the program executes on an M-Memory Processor (817263s the
following code uildl be emitted in the main.code.bhlocks

EXITeTOLEXTERNAL
HOVE TAS TOo L
MOVE TAS TO ¥
HOVE LF YO TF
HOVE O TO LF
TRANSFERCONTROL

EXTERNAL CODE 8LOCK

Ao If the progran ﬂxecufes en an M<Menory Processor {B1728 J»
the fellowing code will be emitted at the beginning of every
external scode-blocks?
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MOYE TAS TO T
LEAVE.EXTERNAL . SEGMENT
MOVE HBR.TOPM TO L
MOVE LF YO T
SET LF 70 0
TRANSFER.CONTROL

Be For each different f1abel occurring after a CALL.EXTERNAL or

BRANCH.EXTERNAL statement in the externalecode.bliocks, the

" compiler will divert the call or branch to the following code

which &5 generated at the end ofs and part of» the
external «code.block.

{1 If the program executes on an S=Memory
Processor (Bl7i2-81714) the following code is
genoerated:

MOVE ADDRESS (ilabel) TO X
GO TO SUBSET.BRANCH.TO.MAIN

{2} If the program executes on an M=Meprpory
Processor (817263 the fotlowing code is
generated Ffor each different Qlabed in a
BRAMCHLEXTERNAL statements

MOGVYE ADDRESS (labedi) TO ¥
GO TO BRANCH.TO.MAIN

(33 If the program executes an an M=Memory
Processor {B1726) the following code is
generated for each different dlabel in a
CALL.EXTERNAL statements:

HOVE ADDRESS {(iabel) 7O X
GO TO CALL.TO.MAIN

Ca At the end of every external.code.block the follouing code is
epitted.

(1) For Se«iemory Processors {(B81712-817143:
SUBSET.BRANCH.TO-MAIN

HOVE HAIN.CODE.BASE TG Y
HOVE SUH TO0 A
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£2) For #H-¥Memory Processors {(B81i726):

BRANCH.TOLHAIN )
HOVE TAS TO NULL
HOVE MAIN.CODE.BASE TO Y
MOVE SUM TO T
GO 7O LEAVE.EXTERMAL.SEGHMENT

CALL.TUO-HMAIN
HOVE NAIN.CODE.BASE TO Y
MOVE SUM TO0 T
MOVE MBR TO L
MOVE TOPM TO LF
MOVE L TO TAS
MOVE ADDRESS (EXIT.TO.EXTERNAL)Y TO X
HOVE SUM TO TAS
GO TO LEAVEEXTERNAL.SEGMENT

NOTES:

ia Hhen  branching fron the main.code.block to an
pxternal «code.bliock ¥ and L registers are used, plus
whatever registers the GU.TOLEXTERNALLSEGMENTY routine
USBS o

e When calling or branching to a routine in the
main.code.blocks the X and ¥ registers are wused: This
mieans that they cannot also be used for passing
parapeters. In addition CP should be equald to 24»
otherrwise the transfer may not take place correctly.

Alsos on an M=-Memory Processors the T and L registers, as
uell as the A stack are used. So a good rule of thumb i3 to
avoid Xe Yo Ve Le and TAS when passing parameters tos/from the
naine.code<.block and external.code.block(s).

3. The code for S~Memory Processors is different than the
code for MH-Memory Processorss Thuss, {f a prograzamer
wishes to run a program on either processor #ithout
recompidations CODE.SEGMENTs cannot be used. (See

CAppendix A2 $ NO EXTERNAL).
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DECLARATIONS

DATA TYPES

e Bk < - Wy LT

Three main types of data fields may be declared in MILZ?

1) BIY
2) CHARACTER
3} FIXED

A bit field consists of a number of bits specified by a number in
parentheses following the reserved word 8IT.

A charahter fisld consists of a number of <characterss 8 bits eachs
specified by a number in parenthesis following the reserved word
CHARACTER.

A fixed data field is the same as a BIT(24) field but is allowed in
order to keep declare svyntax consistent withi SDL.

DECLARE STATEHMENT

LR R T N XN Sh 0% Gk UD WY G OW G T

SYKYAXS

© 6 @ ED (8 e. €0

3<-¢nw-man Py csﬂ-%munon*

'] : L]
DECLARE====~deciare.olenent~m===> ; ow=saxy

SEHANTILS:

R W N0 G ey B Wy O 69 &

The DECLARE statement specifies the addresses and characteristice of
contents of menory storage arease
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The maxipum number of data elements {(including fillers, dummysr, and
iaplicit fitlers) contained in one structure is 50. Any attempt to
declare more will cause a table overflow error to be detected at
compile time. :

An arvay may have a maximue of 65535 elementss evach being a paximum of
65535 bits €8191 charactersd.

The tuoe types of declare.eclements are eéch discussed beloune.

NON-STRUCTURED DECLARATIONS

EY G ORP GP KE DN G5 G ERED OB @5 W £ 05 O S AR G EB O D TR @0 W Ty

daclare.elempent:

we=jdentifierm=resrecerenesmaccasencencnmsnacssneneeeuB]] (f)mmmmrmenna

! | i1 11 £
f==grraysid (flemwmemoonavsswwanyx| | [Je=REVERSE=>1 I-CHARACTER(Z)==>1

i 1 4 i H
£ flravnen 5, sveconees] 1 1=FIXEDwomwawnas >
] § 1 i - H
d= { ==majdentifiereessoee~ j o=3{ | i
' 1 1 1 4=8IT (f)ewmwcomccunancccnanonaa>]
§ f==array.idl{4)~=>4 Pt L | 1
] 1 {d-CHARACTER(#)==>1 J=REVERSE=>Y
fece~jdentifioprervnenconsamny] 1 1 1
i ] 1 § 1=FIXED=m=wcn=e=>y
fe~array.iod (#)=~>i{ i ]
: i H
1 E
1 i
[{romcoacemaocawosonmn e so oo | ]
4 § Note: (%) = {nunmber)
I"REMAPS==BASE.FER(jvmsmomoeascans
i §
§=ABSOLUTE literale~m=rme=>]
H] i
1=ADDRESSCunique.label)~>1
] 1
i~identifiegro—wrmomanmseny|
i ]

‘”arrayeidnamnnmmmmwmm‘ﬁ)i
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Jata may Dbe dgc{ared as simpler having one occurrences or as
subseriptedr having as many occurrences as specified by the array
bourtd {numberl. ‘

BITs CHARACTER or FIXED specifies the type of data in the field and
the field size.

REVERSE specifies that an item or a structure is to be accessed in a
reverse manner of in a reverse direction from some base. The easiest
Way to remepber what is happening is to realize that the compiler wWill
simply compute the address of a declared identifier normally, and
thens 1§ reverse is specifiedr, add the 1identifier's dtength to the
addross to get the ending address of the identificr.

ts the syntax indicatess different data fields having the same format
may be declared collectively inside parenthesis { Je.

The following examples iliustrate the various options available in
this type of declarvation statemente.

DECLARE 8 FIXEDs
C CHARACTER (1013»
N BIT €403»
CEr F»o G €53 BIY (102
H €{20) FIXED»
I €5) CHARACYER {63
where
8 is s 24 bit numeric Ticld
C is a 10 byte character field.
D is a 40 bit field.
E and F are 10-bit fields each.
G is also a 30-bit field and occurs S5 timese.

H oeccurs 20 tvimes and is a 24~bit numeric field.

I is a 6=byte character field occurring 5 times.
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Data fields may be re~formatted by the use of the REMAPS optione
Rewapping is subject to the same general rules discussed above. The
¢fo{lowing exvanple best illustrated ¥ts uses

B FIXEDs C BIT (503,
88 REMAPS B CHARACTER (3)»
CCC2) REMAPS C FIXED»

Note that CC specifies 48-bits Cor 2 elementss 24=bits each)e The last
two bits will be considered as an implied filler by the compiler. A
field may not be remapped darger than its original size.

There i35 no 1imit on the number of times a field may be remappeds A
field which has remapped another may itself be remapped. The remap
option specifies that the identifier on the left side of the reserved
word REMAPS wili have the same starting address as the identifier on
tiie right side.

A data fiedd nmay be remapped to BASE.ZERD which widl give the field a
relative address of zeroe. For example:

DECLARE X RE#APS BASEGZERD BIT(7)5

This device is used as a free=standing decizration since it does not
remap a previousdly deciared data itenm.
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STRUCTURED DECLARATIONS

U AR RD CH U D TS O R AT KD SE DN W QN o W W2 e M

deci are.elenents:

] § 11 i1 3
1==arcay.id (#)==o= mcccaswsecwsr] | {=REVERSE=>! 1=3[T{#)m=woc==>}
1 i 1 ] §
! j<mmmmme , conmmomoa] 4 1=CHARACTER(#)=>1
H] § ' I | 1 {
1= { ==v=identifier=rveac=e } ==>j j t=FIXED========>]
1 § i I iI"B8I7 {(f)recesvencusearacacanan)!
] I=~array.igd{#)==>} i 12 B ]
1 § 3=CHARACTERC(#)=>1 8=REVERSE=>1
1=FILLER = oroemnenrssnecvencasean=>] § ]
L] ' { §«FIXEDomwowmna)]
foswsjdontifierresesscwoos=ayy |
1 i ] ]
f=warray«id {(f)mmrm=x] N T |
i ' 1 i |
fe=pDUHNY wmwesancany] | ]
i i 4 §
fro={f)==->} L] L]
[ B
I |
1 § /
jgemeescurusanuennacs ssssnsmenoen] | Note: (%) = Cnumber)
H : ]
P =REMAPS»=BASE c2ERQ=wroromcnanvesanan)]
1 ' 1
§=ABSOLUTE {iteralemeenansuas]
] ]
1=ADDRESSEunigue.labgl)e=omary
. ¢ '
f~identifiereccvocavacencac]
] : 3

guarr&yﬁid&waaammmwmnwon»wmaa}j
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MIL alious the structuring of data where a field may be subdivided
intg a2 number of sub-fields» cach of which has its ocun identifier. The
whole structure is organized in a hierarchical forms» where the most
general declaration is a level Oifor 1). No dectaration may be on a
Level greater than 99. A subdivided field is calied a Group Items and
a field not subdivided is known as an Elementary Item.

The type and length of data need not be specified on the group {evel.
AL Elementary Items must indicate type and tengths the compiler widd
assune type bit and add the lengths of the components to determine the
length of the Group Iteme Note that the length of the Group Item is
the sum of its Elementary Itenmse.

In the foliowing exampiesr both B and U are considered Group Items: B
has a total length of 90 bitss C is 50 bits long.

DECLARE 01 8»
02 C»
03 D B8IT{20)»
03 £ B8IT(303.
02 D CHARACTERI{5);

Fiflers may be used to designate cortain Elementary Items which the
progranm does not reference. If the filler is the last idtem in a
structures it may be omitted: the compiler wili consider the itea to
be an ippiicd fitler. A filler may never by used as a Group Iteme.

IF the 0! {evel Group Item Vs an arrays it s mapped as & contfguous
area in memorye. Howevers subdivisions of this array are not contiguous
as shouwn in the exauple structure belows

01 BLS5) BIV(&LB), 01 BL5Y,e
02 C FIXED», o 02 C FIXED»
- 02 D FIXED? 02 D FIXED?

§=~> €each item of BY 48 bits
i
§
Bo 81 82 B3 84
C0 Do C€t DY C2 D2 €3 D3 C& D&
;
3
{+»=>» {(oach element of C and D3} 24 dbits
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If a Groun Item is an arrays an array specification may not appear in
any subordinate 1items that 9ss, only one~dimensional arrays are
alivweds. An array specification is implied for all subordinate itemse.

If a Group Item is declared with the REVERSE options then REVERSE is
also implied for ail subordinate items in that groupe. Specification of
the REVERSE option for subordinate items would be redundante.

Structured data may be remapped in the same manner as non=structured
datse. In additions structured data may be remapped with a dummy group
fdentifier. The purpose of this construct is5 to allow the user fto
remap data items twithout having to declare another Group 1tem wuwhich
describes the sane area in nemory. Thus in the follouwing example:

01 B 8IY(10012)»
02 €C BITL202,
02 0 BITL80)5

“8* might be rewmapped as

Ci1 BB REMAPS B8 BITC100J)» 01 DUMMY REMAPS B BIT(1001}.
02 CC BIT(30)» or ‘ 02 C€C 81IT{(30)»
02 DD BITC70)3 02 DD BITL(70)7?

Both B8 and B8 refer to the same area in memory: hence BB is redundant.

1f a repappod item contains the REVERSE Opt!onp then REVERSE s also
faplied for the remapping item.

The user should note the distinction between DUMMY and FILLER. DUMHY
is used in conjunction with REMAPS to eliminate the necessity of

declaring a redundant Group Item. FILLER is used if one desires to
skip over a part of the structure. -

Yhe folleowing restrictions apply to the use of DUMHMY REMAPS:
le DUKKY may only be used unith remap declarations.
2 AL restrictions applying to REMAPS apply to bUHKY REHAPS.
3a DUMMY must not remap another DUMNY.

L DUMMY Group Items must have at feast one non=%tiiler
corponent.
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DECIARE EXAMPLES

€ FW MR LD OF BD EN @M ST W P U BS O8 e

The following widl illustrate by example exactly how declarations
might be used in a MIL program. {(Sece also Programming Techniqueso)

% THE DECLARE SYATEMENT IN MIL IS ONE WHICH ALLOWS YHE USER O
2 LOGICALLY ASSIGN MAMES TO PHYSICAL OR RELATIVE MEMORY ADDRESSES
2 IN A STRUCTURED MANNER. THIS FACILITY ALLOWS ONE TO CONSTRUCT
% DATA STRUCTURES IN A FORMAT THAT IS SIHPLE T0Q UNDERSTAND AND EASY
% T8 CHANGE WHEN THE OCCASION ARISES.
%
2 \ "NON.REHAP LTEMS®
3
% THE MIL COMPILER MAINTAINS A VARIABLE WHICH IS INITIALIZED To
% 0. WHEN AN ITEM IS DECLAREDs, IT IS ASSIGNED THE CURRENT VALUE OF
% THE VARIABLE AND THE VARIABLE IS INCREMENTED BY THE BIT LENGTH
% OF THE DECLARED ITEM. EXAHMPLES
%
DECLARE |
DISPATCH.REGISTER BITC26 ),
GLOP1 BITC4B),
ADDR.GISHD BIT(24)»
LOCN. MAKE JHCP «BE - HERE BITC(332,
GLOP2 BITC29),
ADDR.HCP oL IHIT FIXEDS
4 .
% NOTE THAT THE DECLARE STATEHENY IS COMPLETELY FREE FORH»
%  MUST BEGIN WITH THE WORD "DECLARE®, MUST END IN A ®3%, AND
%  EACH ELEMENT MUST BE SEPARATED BY A "»".
% EACH ELEMENT THUS DECLARED IS USED EXACTLY LIKE A LITERAL
%X  AND MOST OFTEN REPRESENTS A MEMORY ADDRESS.
£  EXAMPLE:
%
MGYE ADDR.GISHD TO FA
READ 24 BITS YO X
%
z HOULD ASSIGN THE LITERAL 72(=24+48=ADDR.GISHO) TD REGISVER
I FAsr AND WOULD CAUSE VHE CONTENTS OF MEMORY AT ADDRESS 72 TO BE
% READ INTO REGISTER X.
X NOWs ANOTHER DECLARE LIKE THE ONE ABOVE WILL SIMPLY STARTY
%  ASSIGNING ADDRESSES WHERE THE LAST ONE LEFY OFF. EXAMPLE:
X
DECLARE
GLOP3 BITC10)»

CHARSSAVEAREA CHARACTER(B)?
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%

b4 DECLARE ELESENTS #AY ALSO BE STRUCTURED SUCH THAT SONE

4 NAMES QVERLAP PIECES OF MEMORY DESCRIBED BY OTHER HAMES.

2

PRI P DL P PR X 22 O AL XD A DO DD P PE I PR X XD R DA M M PE PRI MM

DECLARE

0L TRACE.BITS BITL27 )»
0% FILLER BITC15)s

05 NSHALT.ONLY BIT(1)»

03 T3.FLAGS BIT{%A)»

05 TB.VYPE . BITCA)s

@7 FILLER BITC(1)»

Q7 TBSTORES-ONLY BIT(1)s

07 YTO.BRANCHES BIT(1)»

07 TB.REST BIT(1)2,

05 TBGET«SPACE.TYPES
99 € T8GS.STORESLONLYs
YOGS .HBRANCHES,
TBGSRESTH BIV(12)3

THE ABOVE EXAMPLE ILLUSYRAVES SEVERAL POINTS.

MOVES

THE ADDRESS PICKS UP WHERE THE PREVIOUS
DECLARE LEAVES OFF.

NOTE HOWEVER THAT TYHIS IS NOY VRUEC

IF THE PREVIOUS ITEM OR STRUCTURE IS A
®*REMAP ITEH™. THE COMPILEW'S INTERNAL
VARIABLE USED FOR DEFAULT ADDRESS
ASSTIGHNMENT IS HAINTAINED AND
INCREMENTED ONLY FOR NON.REMAP ITEMS

R STRULCTURES . '

DECLARES MAY BE STRUCTURED 50 THAT SOME FIELDS ARE
DENOTED AS BEING CONTAINED WITHIN OVTHER FIELDS.

"FILLER® CAN B8E USED IN STRUCTURES AS OFTEN AS
NECESSARY A5 A PLACE HOLDER.

ITEMS WITH THE SAHE TYPE AND LENGTH CAN BE PUY
INTO A LIST., SURROUNDED BY PARENTHESIS», WITH
THE TYPE AND LENGTH SPECIFIED AT THE END.

THE LEMNGTH OF AN ITEM NEED NOT BE SPECIFIED IF
IT HAS SuB ITEH#HS WHOSE LENGTHS CAN BE DETERMINED.

STRUGCTURES HMUST BEGIN WITH AN ™O01® LEVEL IDENTIFIER.
SUBSTRUCTURES HAY THEN HAVE ANY LEVEL FROM 02-99.
WIVH THE SUBSTRUCTURE ALHAYS HAVING HIGHLER LEVEL
NUHBERS THAN I¥S SUPERSTRUCTURE.
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"REMAP ITEHMS®

, 17 IS POSSIBLE TO TEMPORARILY SUSPEND THE WECHANISM WHRICH
CAUSES ADDRESSES TO BE ASSIGNED BASED ON WHERE THE LAST DECLARE
LEFT OFF BY USING REMAPS STRUCTURES.

FOR EXAHPLE, IF HE HWISH TO DECLARE A “TEMPLAYE®, HWHERE THE
DECLARED ADDRESSES ARE ADDED TO SOME BASE PRIOR YO THEIR USEs
THEN HE WOULD D0 YHE FOLLUKWING.

D P M DY A PE P

DECLARE
01 SYSTEM.DESCRIPTOR REMAPS BASE.ZERC»

02 SY.HEDIA BiT(22>

02 SY.LOCK BIT(1)»

02 S$Y.IN.PROCESS BIT(12s

02 SY-INITIAL . BITC(12»

02 SYlFILE BIT(1)»

0z FILLER BITC103»

02 SY.TYPE BIT(4 ),

02 SY.ADDRESS BIT{36),
03 FILLER BITC12)> X PORT»CHANsUNIT
03 SY.CCORE BIT(24),

02 SY.LENGYH BITL24)7

% ONE MIGHT USE THE ABOVE STRUCTURE AS FOLLOWS:

DEFINE SYS.DESC.BASE = S14AR

2¢

MOVE SY.TYPE T0O FA
ADD SYS.DESC.BASE TQO FA
READ DATALLENGYH(SY.TYPE) BITS TO X

NOTE THE USE OF A NEW RESERVED HORD "DATALLENGTHT.
THIS CONSTRUCT ALLUWS ONE YO USE THE LENGTH OF A DECLARED ITEH
HITHOUT HAVING TO DEFINE IT ELSEWHERE.

THE REMAP STRUCTURES THATY MAY BE USED ARES:
1. REMAPS BASE-ZERD
2. REMAPS ABSOLUTE titeral
3, REMAPS ADDRESS{some.label)
L, REMAPS BASE.JERDO REVERSE

If ONE KNEW THE ABSOLUTE ADDRESS OF SOME DATA STRUCTURE
IN MEMORY, THE FOLLOWING COULD BE DONE:

PLORE P DL D MDY P2 R IT 2 L e
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b4
DECLARE
01 SAVE.AREA REMAPS ABSUOLUTE 1324,
02 SAFIRSTLITEH FIXEDs
062 SA.SLCOND.ITEM CHARACTER{2002s
02 SATHIRD.IVEH BIT(256)7

OR» IF A LABEL THAY HWAS THE STARY OF A TABLE OF CONSTANTS
HAS PRESENT IN THE PROGRAH» THE FOLLOWING HOULD BE SUITABLE.

2 e 22 4

DECLARE
0! TRACE.TABLE(10} REMAPS ADDRESS{TRACE.MNENONICS?»
02 ADDRTRACE.NANE CHARACTER{G }?
z .
TRACE.HNEHMONICS
TABLE
BEGIN
“LA
TALA
‘"STN
"SV0
LIV
"ILA
"sY0 *
TCASE"
“IFTH"”
CIFELT

3 2 23 3 3

END

HOVE ADDR.TRACE.HNAMELZY TO FA
READ 24 BITS 10 X INC FA
READ 8 BITS TU Y

NOTE THEC USE OF ARRAYS IN THE ABOVE EXAWMPLE. IF THE
PROGRAMEER DOES HWOT KNOW THE INDEX YO USE AY COHPILE
TIHE», THE FOLLOWING COULD BE DORNE:R

T2 ope 242 B

DEFINE TRACE.INDEX = S0B#

MOVE TRACE.INDEX TO X
HOVE LENGTH.BETHEEN.CNTRIESCYRACE.TABLEY VO
CALL HULTIPLY.X.Y
X ETC
p4

HULTIPLYXWY
£ HULTIPLY CODE
EXIT
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THE AS0VE EXAHPLES HAVE SHOUHWMes AMONG OTHER THINGS», THO OF
THE =SPECIALS™ THAT ARE INCLUDED IN HMIL SYRTAX TO GO ALONG HITH
DECLARES. THEY ARE:
DATALLENGTH(declared.identifier)
LENGTHBETHEENL.ENTRIES array.identifier)

HOTE THAT HHEN ARRAY NAMES ARE USED WITH THE SPECTIALSs THE
SUBSCRIPY IS NOT PRESENT» AND IS A SYNTAX ERROR KWHEN IT IS
PRESENT . :

AMOTHER TYPE OF REMAPS IS ONE THAT REMAPS A PREVIOUSLY
DECLARED STRUCTURE. IN THIS CASE», THE ADDRESSES OF THE REMAP
STRUCTURE WILL BEGIN AT THE ADDRESS OF THE REMAPPED SYRUCTURE.
EXAMPLES:

LA P PSS DE WD MNP AT N

DECLARE
01 SAVE.AREA.CHARS REMAPS SASECONDITEM,
02 SALNAME ‘ CHARACTER(C302»
03 SAPACK.ID CHARACTER({10)»
03 SA.FAMILY.NAME CHARACTER(LO)»
03 SAOFFSPRING.NAME CHARACTERC(10)?

"REVERSE®™

: ANOTHER ATTRIBUTE THAT MAY BE APPLIED VO A SIMPLE IVEN OR
A STRUCTURE IS THE ™"REVERSE®™ ATTRIBUTE. TVHIS ATTRIBUTE CAUSES
THE FINAL ADDRESS ASSOCIATED WITH A DECLARED IOENTIFIER 7O BE
ITS NORMSLLY CALCULATED ADDRESS PLUS ITS DECLARED LEN3THe

FOR INSTANCE. SUPPOSE A PRUOGRAMMER WISHES VO SPECIFY A
STRUCTURE THAT DESCRIBES THE TOP OF HEMORY AND WAMNTS YO LIST
THE IDENTIFIERS FROM THE TOP OF MEMORY DOWNWARD. THE FOLLOMWING
COULD THEN BE DONE:

TE M DE B D D PR DE pE DE N IR BE

DECLARE
01 YOP.OF -MEMORY REMAPS BASELZERO REVERSE,

02 SLOP BIT(32)»

02 AUDRINTERBUPT.QUEUE BIV(553)»

02 ADDR.SAVEDASTACK BIT{240)»

02 ADDR.GISHO-HORK.SPACE BIT(384)»

02 ADDR.TEMP.FIB BIT(9220)»

02 ADDRTRACE.SPACE BIT{(2232)»
03 ADDR.TRACE.CODE BIT(24)5

THESE TDENTIFIERS COULD THEN'EE USED IN MIL STATEHENTS
AS FOLLOHS:

™22 LT

HOVE ADDRINVERRUPT.QUEUE YO Y
CEXTRACT ADDR.TRACE.CODE FROM T TO X
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REGISTERS AND SCRATCHPAD

WG RH 1 O G Ol TR OB Ow O R R O B YT 0 RS Y SR

This section is intended only as a brief overview of the registers
within the processer. It is assumed that the roeader is familiar with
the contents of the B1700 Svstems Refersence HManual (forpm 1057159).
({5¢e also Appendix B in this manuaille.

NOTEs The most=significant (left~nost) bit in any register i
fdentified in the MIL syntax as bit 0 (zerod)s the next
most~significant as bit l», etc. This is particularly
advantagecus in a bit~addressable machine sincas for
software purposess it s often desirable to think of a
register as being an extensicon of main meaocry. It
should be notad that ¢his convention is at variance
with the hardware bBit numbering convention wheres
generalive all bits are numbered eright to Lefts O
throuoh 23. This difference has particular significance
when any bit data i3 to be (Red into the M recister at
Fun time. '

REGISTER GROUPS

- e e M B TS ED G DR T 6 O e

The registers briefly described in this section are dividod iInto the
follouing dogical groupss

Active
Resuit
Scratchpad
Constant
Input/7Qutput
Condition
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ACTIVYE REGISTERS

S ET D T R R OP EX O KD €% o9 TR 63 00 W

R SR G4 R GRS RS D AR O OF T L3 AR R0 MR AR SX N0 AR G Gl A%

1 Source 1 4=bit Source 1

1 & Sink § & 3ink (]

jrmnececmjesacanareanons]

i X § ~ TOPH i

I Y  {--emmoesceeccc.

i T 3

] L L] T sub register FB8 sub register

g A 3 - a0 AR S B3 6D W R DA OF @D FR T U €0 65 9D < W 0 O W 2 LN S WD WD D R O (A W R b o e MR

i # § §d 4~pi¢t source & sink 4 § source & sink §

' BR 4 R R R lomneorecmeuanany

] LR { ¢ TA T8 YC TD fE TF % i FU FT FL |

it FA 8 - e et mreeeem e c.— ..

§ FB §

] TAS %

[ cP ]

&  «NSHMA L sub register . € sub vregister

i =HBR 3 e b ELL L EL LIS S e DL DT

- 0 0 o oo o i &=bit source & sink 1 § source & sink H
jrercoreonaeneanmanacss] froucsasnmsnenncoant
¢ LA LB LC LD LE L¥Y 1§ i CA CB8 CC =CD ==xCP%

* MSHA» TOPHM, HBR and the fow order 3 bits of CD are not

physicaliy present in the S~Memory Protossor. Hhen addressed
as a source they will yield a binary value ef zero. HKhen
addressed as a sink (destination) the data is {osts

LR CPUr a 2=hit sub register of CP» s not addressable as =&
source or a sink.
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O R €D O S T 5 RO W R RO 88

S T A B W S GO WD W 4N WS S D T

3§ Source ]
jrerrsasacancea |
i SUH 1
§ cHpPY H
8 cHPY )
] YAKY ]
§ XEOQY ]
8 MSKX §
] HSKY i
3 XORY ]
H] DIFF 3

CONSTANT REGISTERS

- W R e L) e D W) O AR ED O3 T8 MR A N OR O

€)W D B SR BN K Uh GS oy

§ Source i
aswmunmﬂni
1 MAXS &
i Haxe

o o AT €8 U 60 6L KT & 1D

CONDITION REGISTERS

B D G ND X Ay O uh GR O G W %1 D0 BD PN OE e O

A OB D D D O e 2R B ) O R R

} 4=bit Souvrce 1}
Jome omwwowoneas]
i BICH 1
] FLCN i
3 % INCHN $
8 XYCN ]
i XYST 3

D SN ES W XY AY O3 €D IR ST W BR O

MIL

SCRATCHPAD

R O A W s D W O

Single Scratchpad

ST B D G N O 6D 50 W O A WD WB e OB

§ Source & Sink §

i-euuunu-&owm-n-mi

i S0A i
g - 8 @ ‘
1 Si54 L]
i ‘ §
L] S08 L]
’ e e o s
L 5158 §

COMPANY CONFIDENTIAL
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Double Scratchpad

e T N ST O T N VR DY G0 KB T G WS QY

i Source & Sink 1

a--nsﬁonnunonnung

] S0 §
‘ . e e s
i Si5 1

A TR U O AR CH W TR D WS T W MR @

INPUTZ0UTPUT REGISVERS

RE OB 0D AR Gy B3 O OB A €3 T @D B3 0 R ey We WD U0 LD e

% €l ST EN UR R ER O A3 AT €3 N TF U4 6P NP G0 0D 47 ©F U5 1y O OF $R KD OV @D O3 T %N oR O

4 Source ¢ Sink 1 Seurce & Sink 1

‘-ennumun— mmm@muﬂnnmu*mmﬂummur&.ﬁ

i U

§ CHND ¢ DATA 8

W O FOD G2 R I S BU0 STH G HD G O1X TR OGS Ry 69 KR 0D YR S D W LR B 65 S T3 G S A2 We W

# INCN is not physically present on the
S~*Henory Processcore.
a source it ylields a2 binary value of C.
Khen addressed as a sink {destination}
the data is 1oste

Hhen adressed as

wi
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ALPHABETIC&L‘LESTING 0F REGISTERS AND KEY CONCEPTS

Go ¥ CR D SO I3 GR G2 6B W CRR AR DDA W OD W8 00 & e me  GE TR ERN R A R I WD W HR AN ISR S 6w T 6 (0GR e W e

Length Scurce
Name In Bits Sink. Note
ﬂumnanaun'mrsnﬂnnamm’-wan-ﬁwuwmiuunsmnnmmnnnnmmucaaawmqwanuﬁnmamnsuunsnnu-uu
[ § * 1 so & sk 1 Control demory Microinstruction Address
5 ] } = 16 {17203 19 4S=13s 20 {5-2)

< o v u-au-iammmmuuun ! - e s ummn«‘ G R oM Y GO GO G K RS N AD RGN Y P FE I WD O B Gt W B0 S TR M WD G2 0 U M8 B3 S0 &D W OV uF &3 <3 WY

GICH L 4 { source 1§ boolean conditions
.mbumnwnwmﬁmﬂtﬂﬁm@m-"&'&;Goumlﬂmﬂwm‘m@“wmwwwﬂruwwoaaunnam‘wmuunwmﬂuonwua«ammm
B i ¢ 2% 1 s0 & s&k t Base Register or low address

$ i § S~Memory protection
nunmn-:mwnimwcﬂuﬂwmami mummw&m-ﬁ«iwun’--u--uumuaumnmugw@wm-uuu-nmunmwuummamm o
€ § 24 L} - o ¥ Control? not addressaeble as a unit

- € KT € o c&nméuﬁﬂ;mmnnuu! ﬂnuu‘amw-!cwmwmmmw T £38 Chd Y O O W O 0D A O3 AT B O £3 % 4D 00 e G0 @6 0 a0 S S5 G8 e 07 W e 0N Ko €D

ca L] 4 f so & sk 4 subfield of €7 general pursose

cncummﬁumnﬁ w»ﬁm-’-umn! @mwma-cmngnuauuucameﬂwwmamuuwunusn‘c‘uuncuwcma-m—-ﬁ-mmom

cB g 4 i so & sk § subfield of €7 general purnose

QMH&BGGGU% ﬁﬂﬁﬂnﬂ@ﬂms nwwoumnﬂ@ﬁmammum»-ummu D A e O SN SN TR CH A A W RN D 68 O 0N D S G B GRS OV 80 W OB L T

ceC ] 4 t so & sk 1 subfield of C7; intervupts and flags

o Gp G el hﬁmmﬁImmmﬁmcun@kum I ﬂ‘nwn‘ B OR O U G R S R D GE T N D OY W GR R A e D R G G A O ED €7 O 30 O A OGN LD O YR RU 2

Y § 4 § so & sk ! subfield of €3 intervupts and flags

uwnuwomnwénm»mmuaaulmm na«n-mﬁmg B R O R O R RD O 00 D B ED X GG WS SN L M TN U OGO O WD G T WD OO S T B e B S WG O

- CHND § 24 f sink f 170 Coormand Register

aummwweuw@nmﬂammcwu:wa t\sa&)wdwmli S S v e Ry G O N EC AR D O D S ET KT N SN R S8 EY BD O £ D Gh TR AT T 4D S G Ll ST BN U3 G

e X ] 24 f source 1 Resuit: complement of X3 masked by CPL

dmrnmmoaﬁwaéﬁmamou«nui mmmmnmumﬂianmon»&ﬁn&'ﬁlexwsm—wumnﬁaﬂ'ﬂunemwtimmﬂunmnwn--a;a

cHpY 1 26 § source ! Result: complenent of Y7 masked by CPL
ﬁumuwm-ums‘mammmmcmn]ummwa--wngmmmn*moamw&-u‘u&nﬁnmumﬂ‘u‘&-@wwuuun-l.m-nauoz's
Consode 4 2h § source ¢ the 24 togaole suitches 1ocatead

Suitchest § i on the Conzole front panel
nmmesnsﬂnur‘gtuﬂ-u‘inonlmnlagmumume&:w\ﬁﬂaauamnouumnmua--ﬂuomﬂwwnm--;:apu\sdrema#namonmwumw
Control ¥ 16-BIT 1§ so & sk § tocation of microinstructions

Kepory § uwords L § on H*#enory Processor

,-mmunaeﬂhmaa*ﬂhﬂexmmwammunmm-nn;b:tﬁnemlﬂ-ﬂnucuwmmmwwnmwmﬂﬂu@mmwwnh&am—‘uommwm&ea

ce § 8 § so & sk 1 Contvrol Paralleis? subfield of C

Dm@mmﬂﬂﬂm*mmwaamwwﬂinm uommumua WGP S GH R W OB AR TR 6D R D OO D T R G CD OGN A GO R0 o S BN OB G5 O W €0 M5 e A a0 ol v 9P W K8 S @

CPL g 5 8} so & sk ¥ Control Parazlled Lencth? subfield of cP

musnm-a“minmaannmn:un ma&mmcwm‘ TG LGP K D D MR R D ¥ VR R WD G s o 6 N0 W GO R B W SN O R B 9N D W S R Rl WP R D Ea v

ciu § 2 § = oo i Contyol Paraliel Units subfield of CpP

@mm-a-nmwgmnwmmwnnmawmunwuuun!mm«m DS D KD MRS KB KD 48 W € B RS T GD A A K WP KD O o GN GD & OO OD Wb Y 6 W 0D b ul O ¥a GR

CyYD i 1 i - o o i Carry Difference or carry of borrowu

<o by es u-mmex% mmumﬁwmmu' ﬂw!naum-mw;aman-ﬂmoUﬁnmw—m_-aun_nnﬂaa« S MR UR AR SR S WD CP EG G e o e

CYF § 1 ¢ - o i Carry Filip~Fiop? subfield of CP

"S5 D8I LE &Y %B O8 E2 i amnluqumnu' -wum«—aﬁmmmg RS LD WD TR W W R AN D G ED D T W P SO GRS A YD O G OB O R A Bk 60 OD GB T @B G0 OB &Y AT K R W

CYylL 4 i ] - jCarry Level or carry of sumsmasked by CPL
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Lenath-: Source
Name In Bits Sink Hote

DATA i 24 i so & sk 1 1/0 Data Register

08 63 03 KD 40 D S0 &T AE 3 m-am‘c&wmn‘uﬁmn Dnon&] B W N B BB OB U5 K R G0 O L T N B O 0 IS O3 ST KD EE CN HD XD G @ SR S0 89 3 W Tk R e o 06 S o W

DIFF L} 24 I source § result of X~-(Y ¢ CYF)? masked by CPL

unuum-uaﬁoawcouaam'-nmuw-omeougumnaau-a—mmemmunmmmwumuuauua & 60 00 e W EX D D EF WR SR GO e

F § 43 ¢ - I Field in S<HoemorysF& and F3 concatenated
FA { 24 { so & sk 1 Fiedd Address in S=Hemory
*MQ\MR&BL’!N“EQﬁ-ﬂﬁ‘mmﬂ’].al&.&‘l'.&!’@-lﬁiﬂﬂ-ﬂwwﬂ‘-W"mﬂwiﬂﬁ‘!ﬂn&mﬂnm‘!-ﬂu--‘--‘-“ﬂﬁﬂ"-m
Fg 3 24 ! so & sk § S~Memory Field Unit(FuY, Field Typel(FTi,
§ i 8 and Field Length (FL)

ﬁiﬁmﬁnuwamgﬂﬁmﬂrwmwwmgmmu-aumuncl T AA G RS &5 G W ES W8 @8 LD 0 O D MV KN N 8 S UN D WD G5 WD K NI 6 P WD AN GF GO O 0 WD GL SO U Btk ne

FL T . s 1 so & sk § Fiedd Length in S~Henory

FT g 4 § s0 & sk 1 subfield of FB

-wqmm@w&sqcnimmn-aomuﬂ; umnamw&um‘&-ﬂnfnnﬁm«lm-ﬂmwummﬂanmmmm-uwuQuwaou-ﬁnnuomn—

FiLC ] 4 §f 50 & sk } subfield of FL

% . D e uau:mwimm-amun“&% nmc}mmcamn‘mmumm»um«mwu SR G G D 6 W OO W D G T AN I ED Uh U0 OF OB G U BN D R S AR WO M o

FLD $ 4 ! so & sk § subfield of FL

Hlailﬂﬂﬂmﬂﬁlﬂ!ﬂ-’ﬂﬁwmmmm‘ ﬂmuzn-ﬁﬂwm!mmc.'ﬂnnluswnamuumw-uﬂ-am-mmmsunu ) EPOE € G B0 W 65 G WR AW Oyl

FLE i & f s0 & sk 1 subfielid of FL

O3 N ED B8 TR D DO AN i t.uummnnmg -0 ey wmmuumw! 20 &P ED O W 6 WA MM O &5 Sk S AT TR G 9D AR CT 6D O30 N 00 WP & 1 €3 A0 AN U W NG WD 5 B LT LB Al B G N

FLF ] 4 3 so & sk 1| subfield of FL

muﬂnummwuianeﬁuwmumn gmmqﬁﬂswnllzwu]mwﬂs-n&mmmamm&mmmummmmwﬂm-ﬂmnnmmlﬁmnu«!n&u-q

FLON i & { source & boolean Field Length Conditions

mmmu\-‘suuungnn&nmo&augmmaanawuoi A5 S0 M0 KR R ME W WD WO A D P D NP GY AR D AP G RN @I IR D U oW D R O OO 6N EX €T ol B 0 UG B W M W

Fu ] [N § so & sk 1 S=Mgnory Field Unit sizes subfield of F3
“-mﬂ&l“!l‘lﬁgﬂwﬂ-ﬁﬂﬂﬁﬂﬂ3@”“@“““&&‘ﬁﬂﬁﬂlﬂ@ﬂ—HmﬂﬁWﬂnt‘ﬂﬂﬂniﬁﬁ@@‘“mm&0““‘“-‘9&&0&&
INCH ? A 1 source 4§ boodean dispatch Interrupt Conditions

§ ] 1 M=Henory Frocessor
mnumumuw*ﬁ!nmumauﬁaniumwwmmmmm%muumunmmmuaunmnmumcammuwumanmu-nuu~un‘n-ncw
t § 24 § 50 & sk 1 Local register also used in DISPATCH,

) § § OVERLAYo TRANSFERLCUNTROL, READFHRITE

] L] f M3HL ARD S-MEHORY ACCESS

mmaﬂa-mansﬁmﬂam&aumlﬂn u-munmmimmmmmwﬂee«wmuumaw&uu-mcnmmm-mtqa-mmnuamma-

LA i 4 $ so & sk | subfield of L

—‘nmuuv«-u%uwmcuwosmi nwmw&nmu-juu-uumwnnum“uumm R ek G O T BT CH D WD G YD 0D BN € I ER KD € O KD £F OR £5 T M

La % & § so0 & sk § sub¥ield of L

- e T ER 13 N 6D €Y o a mnna---nm! o a one an exnunaﬁgﬂmmmm‘uu G2 G GB @0 T FU AD 89 () WE 6D GH @h ¢ Co @) R BB @F O G 40 6T e O W O TG O OF T Ou G

.C ] % § so & sk 1 subfielid of L

-ﬁﬂmuwuﬂﬂaﬂ‘munmﬁnna-amﬁsaaawxm‘u“uﬂm«saa—mnmmuum R W ED ED D CX AR R S A 00 S8 Wl ) 06 WD A M AD T B 8N SE VR
“

LD ] 4 P 50 & sk § subfield of L

nnu-en-ea“agummnmm-wu*-ue:mw&umw! O GR BN TR TR RS M 0 6D A5 WS &% O O 6N &R O S0 D K S @0 @) 5 W €0 D OF Uh WS O 0RO 9B QR €5 wh o0 T 0B ow

LE 3 1A i 50 & sk % subfideld of L

"&uwmﬁunmlﬂmnuuﬂmnﬂgm@mwﬂnmwwwsﬁnﬂu‘umummwmg»ﬂ&ummwm--luum-u-nzﬂamma&l-wﬁm-ﬂnﬂl

LF i 4 I so0 & sk 1 subfield of L



BURROUGHS éGRPDRATIUN COXPANY CONFIDENTIAL:
SANTA BARBARA PLANT MIL PeS. 2212 5293

Length Source
Name In Bits Sink Note
auwnnaswn%wwaoﬂuﬂnm3&0-1.».##-&065wn-ﬁ-mmmtgunanmsmBaumwmnw.mnu-cnfsunmawuu---
LR 1 24 ¥ s0 & sk ¢ Limit Register or high address S«Munmory
i ] i protection

ﬂ-mnn-aﬁm"ila-mnmaamu*mnm---unal RO S SR G 1Y MO GR RD ST A% 65 B oY £ €5 A6 LD MY 6 T B B OV WD YO0 OF RS 6P W 2 D €N €1 AL D N O BN <

¥ f 16 i s0 & sk 1§ current #Microinstruction register
mwnnsmwoo;}n-mbmauuu‘m»mmmnwas!nunu-anommunu-nuun&-mmamounamnwanan-n-»—ﬁ--
HaRr § 24 § so & sk {1 Main Hemoary Microinstruction Base
i ] ! Register? not on S=Hemory Processor

o o nb‘\mﬂﬂﬂi T O 4D & 00 NS 0D 6@ ﬂha - e w0 W !"ﬁﬂﬁuiow&mtﬁmnnuw EE GRG0 WD G @ NN A R VI R D G W B G0 B KD G G R G T D e T O

MAXH g 24 i source 1 hardwired Constant? number of io6=bit

§ ] { uords of M~Memory
-nnwuwmmm%wawmmuuum!ﬂ-nmuaunnuiwm*mn)unwuammn-uuwnwwﬁnw--nmwmewuauanu-mgau
HAXS i 24 § source | Constants size in bits of avaiiable

] § ! SeManory

HAKX ] 24 i source 1§ Result? mask of X# length by CPL

MSKY § 24 1 source ¢ Resuilt; mask of Ys dength by CPL
smocvasmerelecsecanene @ me oo s ] oo o w0 men o K 00K g AR S S es Gl W G T F G € S0 % e AR @ W 6D B 0B W W
HIHA § ie t s0 & sk I Control Hemory addressed by the &

L] ] § register; M-Memory Processor only
nmmwamm»mimaamouam-'oa unammmngmmﬁmﬁawwa&muﬂnmﬂmamm L N R N L)
Main i - 3 oo e i
Hepory & § § S~Henmory

LR XN ‘wﬂeﬁ‘@wasa LR ) mmmuui B D D R N A SR D ED B G AT T R D OBk €A 62 63 08 I M WD 6 OB G eN X O G b WD R 63 5D NS W DRty

NULL ] 24 § so B sk § aluays'zero

aummwmmmwlmmumﬂu-uaﬁmu mwnnmmmg SR ER e KD CEE WD G OD K5 KD AW 6T D T0 I AT I B A TR OKS 0 65 M G € £ 5 S0 6D o O AD 4 64 %D W CF e o

PERR ] & 4 source I Parity frvor Reyisters reflects ervor

) ] § conditions from § & M-=Memorys R cassette
ﬁqaammnum?mmmanmmnmﬂoawauoumﬁ}awmnumu@semwmawmwecmmmumw-u-a-amnnn-c’u-mnm
READ i 24 i sgurce | Consode switch positions? reads S-#emory

3 ] § addressed by FA to Console Lights (A on
{ ] L 1 17143
‘nm-n‘mma&maﬂn-mcmmiuo ﬂ"‘m‘l“ﬂlﬂi W D K BD B K D R K N SR P O3 60 LF W 80 0N WY &5 TR €0 W S4B O 150 A0 O 6 G W N S5 OGP € A WD N Al o
SFL i 16 i eow § subfield of 508 corsresponding to FL
§ 3 i in F8

ununﬁue&nn!‘mﬂuna&wuiwm maau@wnimﬂoﬂq‘m@nmmw&mmm&nﬂmmul&wmmmr.amnuuumawms-mn&m

$0=515 4 48 § so & sk ! Double Seratchpad WHords

u-ﬂumumua:’w‘tcumno-ﬂlSc"-nmomramwisvmwa.nm“w‘uﬁ‘mﬁm(ﬁuumnam.ﬂuum«ﬂ-m-ub-'--:nmﬂ-ln

S15A=51581 48 f so & sk § Single Scratchpad Words of SiS5

ﬂuunmmnuuandmwunmwmluo &aﬁ:ante:a‘amﬁum e BN OD D D S R R OB O WD DGR B Y R O D A OB D €D 6 GD R RS KN R e G LD W e em

S=Mamory 1 e ] o i Main Henory
. e na-ummuﬁgnnmn--ami unmummnmnamuumwmnma—uum-mauammnumumnn- W ED M €0 D G W CR B WD OB ES W R
SU 1 4 i me 1 subficld of SOB corvesponding to FU

. t £ i in ¥8

AT W E D R KD ) U W 3 -Duaemunﬂwlnih - B wmnn»uni Cf B @ HS BB €N B 6D U3 T D NS W W N A D K KD CP D O T @ AR G O W D WD K T8 G O B wh e de e

SUM ? 24 t source @ Result €X ¢ Y ¢ CYF) length by CPL
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tength Source ‘
Hame In Bits Sink : Note
3 § 26 t so & sk 1 Transform = wildl ROTATE, SHIFT or
% ] ’ § EMTRACY bitss used also in S=HEMORY
§ § § ACCESS and TRANSFERL.COKTROL

L) wm-—ﬂmwémmwumq‘nmnla«mtvn‘nmwnt:iaﬂn- RO Gl N W T O ek O WS G OV O CT ON A N TP S G SR U0 P BN S0 a0 e G S W W W AR e e

T4S 3 24 f so & sk § VYop of A Register=Stack

TR 2D RN OB NG 50 ﬁ mwmwmmwuui mummmm»nu’anm-m-mm-—ap‘ WD A G S O G e e s GO N0 G S0 B AP @D R 6D AR B SR WO by S CM T G @S

TA i & 1 so & sk 1 subfield of ¥

B e D Mnﬂ-‘g mmﬂmsﬂaqu! mmauumawo! DGR B OD €3 Me GO R UD P e B T8 T AR R U AR RGN AW OB B0 53 KB COD O W W S A S A R GO T B WS e e

T8 i & 4 50 & 5k 1 subfield of ¥

uunmonaua’mc‘:ﬁsmmunmgemnuammmmimmmu&nauwunnwuuwuwmumwmc.uonmmmwc:amun-uma

TC 1 4 § so & sk 1 subfield of ¥

mnnnn-mmﬁlmnommucwmioa m‘vwno«m; O G 3 G RS R G Y 4 KD T G O KD T GRS AR W G G 0 T D 65 KD B O G5 0 S WD W X tX W Om TN e W

1D § 4 8 50 & sk 1 subfield of ¥

mmmmnmﬂﬂvm1unmﬁtzawm&%imnﬂmuumnci EN M S50 W KD OB S R AR G A G0 W R ORI D OT B3 W Y D R G O D W SR R B 3 S A A W WS

YE 8 4 I so & sk 1 subfield of ¥

ﬂauam-eaniﬂmé\unnwam loa Aﬂmnau‘uﬂ;n-nnmnm‘mm@mmnw-ﬂnmnmnﬂ-mﬂu. ) D GG D e OO MR EN YH WS SR 0D

iF § 4 § so & sk 3 subfield of ¥
apmnmuuaw%nwnu-mwnwimma\--maﬂmulaﬁuumvnmqmamnmnnnumﬁ-'xomnaﬂuﬂﬁmmmcunnnu,u-na--znm
0PN ] 4 f s & sk 1 Vop of Control Memorys not on S=Memory
§ i § Processor '

M.ﬁ#auumn#mmnmmnmnm!u- wnmw-mns SR A TE B S0 ORGP MR Ay DN D A G D A M D R AN R KR S S (S W R R O ED IR 2 € RS OB AR e

Ty L] i6 I source 1 cassette input oniy
nmaummaumaunaa,amz:nm'lﬁ:-m-maﬁaniﬂlmwamwuanmoenawﬁmnnwm-w-nmwﬁﬂcwmmnummoctan
HRIT i 24 |} - oo i Console position suitch? writes Consoie
§ i 1 switches to address of menory centzined

] § } in FA (& on 17143

o w e A R A mﬂuawﬁﬂﬂuuuuma wam‘nc«namﬂ!mmmu FN AN €0 W N RS AT @ 1Y OO ¥ 03 AL E TH OGS &F G2 03 Uk OF D G0 8% S Gw OB &3 o AP ah o5 6l T B o

X [ 24 f so & sk 1 input To Function Box

mmamnauuu; a-zmmmnmnni nmauunwmaammﬂammumuuﬁn Y G T AR DAtk W W GO G P D MY < SO O3 GO VB AR U 0 0D £ L 56 O K3 D o

XANY { 26 i source 1 Result? X AND ¥7 length by CPL

nmmnmnmmnﬁmmmumuow&tnnm'uombaaﬂt&&oﬁwmmmammumunmwnmu&matsncaﬁtn’a-&“m&w-u-wx-nu

XLy ) 24 i source § Resuits X EOR Y5 length by CPL

umurﬁ:m.oww‘ouumwuw&o!mmuwammmmg €YD ND R D KD G BN R0 S U 65 G W W L0 TOES @ K B 4D 08 MG M o0 O3 B O 00 ¢ 63 OB KO oY &3 W0 5 10 @ e

XORY i 2% 1 source 1 Resuit?: X OR Y5 length by CPL

ﬁm-uumommsumwcunt&nﬂawn waamani AP SN G A 6T WO KR Y DA R K WD R G EN DR U RN A W N KR O T2 M N OB SE T WD WD OGN €4 65 o O e om

X¥ { ] £5 { source § X AND Y concatenated

ann:aucnnﬁ?&unmmw#mngn\nﬂuq\nunﬂg S5 O €D KK RN K0 GO KD KX TR KR R A B S WD CI R KB 0D WO ER G R E5 Ch R O SR SR GD EN P e OR OV TR % Re @y €8

XYCN H 4 t source § boolean XY Conditions

namanunnnsmuﬁanuwuw.‘luﬂnuummmmsmnmrmﬁuumwmmnmmm-mnﬁnommmomumnmmﬂmuoanuuﬂaa

XYSY ] 4 § source 1§ boodisan XY States

e 0 G S o @R s P U WE OD AN SR EN D & % A T e A KR WP W ; B M RN G W PR D0 SN WA A BB R T OGN £D €N TS TR AR OB KD WD S8 AN 8P 4% 62 O N2 D B3 K DY AT KX @A GNP A o

Y ] 24 i 50 & sk 4 inmput to Function Box

R A e T B3 L7 AR Y G KW CH S K G5 BN RN A O8RSy & N e O S X SR T D A5 2 66 WG KT R GO 6N W GRS O8G0 0 W @5 O N D Mk 00 AN A 05 R @ T TGN a ME 3B BT AD Gf W A% 4%
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ACTLVYE REGISTERS

- o e W -0 D AR TR 4™ WD VD @ a9

»

The feltouing is a description of the Active registers.

X AND ¥ REGISTERS

The X and Y raegisters (both of which are 24 bits wide) are used as
inputs into the 24-bit Function Box {see below). All functions are
performed wunder controd of the € (CLontsrol) registers which
roeguiates the iengih of tho opéerations class of arithmeticss and
least=significant carry input. The X and Y registers are capabdle
of being shifted or rotated individually or as a unit and wmay
receive or transgit data from orf tO main MEMOrYe

FIELD (FJ} REGISVER

The F register is divided into FA and FBes each sub-rejister heing
24 bits wideo The FA (Fisld Address) portion is used to address
main mepory. FB is divided into FU (Field Unitr» consisting of four
hits used to indicate arithmetic unit sized3 FT (Field Typeds a
general-purpose 4=pbit fields and FL {(Field Longth)» consisting of
16 bits used to indicate the fength of fields in main nremorv. FiL
is subdivided into FLCs FLDr, FLE and FLF> each four bits in
Length,

LOCAL (L) REGISYER .

Yhe L roagister is5 24 bits wide and is subdivided fnto LAsr LBs LL»
LDs LE and LF» each four bits in lengthe L and 1its subdivisions
are generaldy used to temporarily hold the contents of other
processoer registers. It is aisc used as & source and destination
for main mewmory access and has impdicit wuse én the DISPATCH»
QVERLAYs READ/HRITE MSHL and TRANSFER CONTROL microinstructionse.
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TRANSFORM (T) REGISVER

The T register is a 24=bit transformation register usad
extensively for interpretation of virtuai=languasge operators. It
is subdivided into TA, TBe YC», TD» YE and IFs each fouy bits 1in
Loengths T has strong SHIFT and EXTRACY {ocgics associated with it
and is the principal formatting register of the processer, This
register aiso has the capsbility of receiving or transmitting data
froa and to main memorye.

HICROINSTRUCYION (M) REGISTER

The #H register is a 16<«bit register which holds the micro-operater
for decoding and subsequont execution by the hardware. It is
addressable as a source and sink register? when wused as a sink
register the source is bit=-0Red with the upcoming H=ops except 1in
TAPE nodoe.

BASE (8R) AND LIMIT C(LR) REGISTERS

The B8R and LR registers are each 26 bits uide and are used to hotld
the main mpemory base and limit sddresses for the currentily active
main Wenory processe. The HeHemory processor hardware uses these
registers to deternine if addresses in the Field Address (FA)
register are within the baseflinit boundaries,.

ADDRESS €A} REGISTER

The A register is the microprogranm address register which contains
the bit address of the next sicroinstruction. Values iIn the A
rogister are aluways MOD 165 i.e.r the fdou-order four bits are
aluays zerov. 1t is capable of addressing 16,384 microinstructions
tocaved in elithor control memory oy main menory or bothe The A
register 5 automaticaliy incremented to the next nicroinstruction
pefore the current amicroinstruction §s executed. It is alsc
capable of having any value ¥from 0 to 4,095 added to of subtracted
from it to faciblitate microcode branching.
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A STACK (TVAS)

Yhe A stack is a 32-eolement-deeps 24=bit wider push=downr pop=up
nemorys §u0@es a lastein~first-out C(LIFJ) storage structure. The A
stack is used to nest wmicroroutine linkages and alliouws  highly
shared routipness thuys reducing control wmerory requirenents.
Aithough the A stack uas intended fo+r microcode addresses, it has
been made zZ24~bits wide to allow for any operand storajee

NOTE: The S~Hemory Proucessor A stack has only 186 starage
elensntse.

TOP OF CONTROL MEHORY (VOPH) REGISTER
{VYi-Memory Processor only)d

The VTOPH rogister is four bits wide and is used to determine which
memory {control or maind contains the next nicroinstruction. If
the A register is equal to or greater than (TUOPM#®5312216), the next
nicroinstruction wild be fetched from wmain memory rather than
conterol merory. The TOPM register is addressable as a source or as
a sink {(destination?s. The fetch fromn S=#Memory takos place &t
addreoss A+{TOPH~S51Z%16)¢+HBR.

HEMORY BASE REGISTER (MAR2
(H=temory Processor oniyd

The M3R register s used with the A and TOPH registers to obtain
the main pempory address of the next microinstructions. <(See above
formutals The MBR register is addressable as both a sosurce and as
a sink



f = 11

BURROUGHS CORPORATION COHPANY CONFIDENTIAL
SANTA BARBARA PLANT HIL PeSa 2212 5298

CONTROL <C» REGISTER

The C register is 3 Zh=hit control register for the
aicreprocessors It contains the 24+bit function Box controds and
carry input plus some of the procvssor interrupts and flags. It is
subdivided into CAs €8s CC» CU»r each four bits wides and CP» eight
bits wide. CA and CB may be used as general=purpose registers. CC
and C0D represent perocessor interrupts and flags {see discussion
under Condition Registers beloulse CP contains Ffunction Box
controdss CYF (0 bit of CPY» CPU (1 and 2 bits of C®}» and CPL
(324506 and 7 bits of CP)e CYF {(Carry Flip Flop) notifies the
Function Box that a previcus unit carry must be added to #ts
summary results. CPU (Control Parailed Unit) notifies the Function
Box of the type of unit centained in Y and ¥ 00 = binarys 01 =
4=pjt decimal. CPL (Control Parailel Length) specifies the wuwidth:
in bitses of the Function Box and ReadsfHrite microinstructions.

COMBINATORIAL LOGIC QR FUNCTION BOX.

The Combinatovial Logics often called the Function Boxe produces
the Result Registers. Inputs asre the X registers the ¥ register
and the Carry Flip=Flop ({CYFJ). The inputs are cownbined wunder
conntrol of the Coatrol Paratiel Unit (LPUY register and the
Control Paraitsl Length (CLPLI registers UWhen vatues are {ovaded
inte the X and Y registerss a darge colldection of output vaslues
and comparisons {(cailed Result Registers) is madas an!idbla to ald
subsequent microinstructionsa.
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RESULT REGISTERS

A wa RO XN O D N 0N G) 02X NG BR 0P g5

The Resuilt registers are outputs from the 24~bit Function Sox. Their
contents are produced immediately and automaticaily frem the inputs to
the Function Box {X» Y and CYF) and cannot be changed except by
changing inputs or by changing CPY (Control Paraltiel Unit} or CPL
{Control Parailel Lengthle. If the value of CPL is tess than 24, then
the 26 minus CPL mostesignificaent bits of all Rosult rogisters wild be
zero. Thess registers are source registers only and therefofs cannot
be used as the sink (destination? register in a MOVE or in any other
insteructione. .

XORY RESULT REGISTER
This register contains the INCLUSIVE OR of the X register combined

with the ¥ register. This i3 a bit by bit operaticn with
correspoending pairs of bits treated independantlye.

XANY RESULY REGISTER

This register contains the AND of the X register combined with the
Y rogis{er. This #s the logicadl product of the X register and the
Y register. Corresponding pairs of pits are treated independentiye.

XEQY RESULT REGEISTER

This register contains the EXCLUSIVE OR of the X vregister coasbined
uwith Y register.

CMPX RESULT REGISTER

This register contains the 19%s complement of the X register.

CHPY RESULY REGISTER

This ragister contains the 19s complement cf the ¥ register.
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MSKX RESULT REGISTER

ttasked X contains the icw=order bits of the X register. The vaiue
of CPL deterasines the number of bits placed in ¥SKXe ALl other
higheovrdoer bits are zero. If CPL is equai to 24s then MSKX is
identical to the X register.

MSKY RESULY REGISTER

asked ¥ contains the low-order bits of the Y register. The value
of CPL determines the number of bits placed in M5KY. Ail other
high~order bits are zoro. If CPL is5 egual to 24» KSKY is identical
to the ¥ registera

SUM RESULT REGISVER

Sum is the decimal or binary value (determined by CPUY of the X
cregister plus the Y register plus the CYF register. Correspending
pairs of bits are grouped by CPU centrols and grousxing nmsy be
Ginary or L=pDit decinel. If the suam of {(X+¥+C¥F)y is dargsr than
the size specifisd by CPLe then the CYL (Carry Level) wiil be true
(onel. CYL may be gated into CYF through use of the CARRY
instruction.

DIFFERENCE RESULT REGISTER (DIFF?}

DIFF stores the amount resulting from the subtraction of the sum
of the contents of the Y and CYF regtsters from the contaents of
the X register. The contents of the CPU register determine whather
the subtraction is decimal or binary. Corresponding pairs of pits
are orouped by CPU. If the differcnce 1is negativer X=(Ye¢LYF)<O0»
then DIif{f Result wild be in 2935 complenent form or 10°s complement
ferm depending upon the modege either binary o¢ gecimai
respectively;? and CYD {Carry Differvnce) will be true {onel.

NOTE: The CYD register is not conditioned by CPLF 4§t is aiways
based on a 24<bit compariscon. The perogrzvaers therefores
pust know what is in the high=order positicons of the X
register and the ¥ registoer if CPL 45 less than 24.
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SCRATCHPAD

- ep OB en we A T BL M oN

The‘processor makes use of the Scratchpad for tempovrary sterage of
Active registerse The Scratchpad may be addressed as sixteens 68=bit
doubfle words or thirty=twos 24=bit wordse.

SCRATCHPAD WORDS = 24 BITS EACH

S04 S4A S8A S12A
508 S48 5388 $128
314 S$5A 594 S134
518 558 598 5138
SZA S6A S104A SigA
528 568 Si0B 5148
S3A STA SilA §154A
538 S78 S1lig $158

DOUBLE SCRAYCHPAD HORDS = &8 BIVS EACH

50 S& 58 512
51 S5 59 . S13
s2 $6 S10 514
53 S7 511 $15

{Sn = SnA ARD Snd coancatenateds uhere n = 0 throuagh 153

CONSYANT REGISTERS

R B E O o %D B &SP OB SO O3 B W P

Yhe following is & description of the Constant registerse.
MAXKIHUM HAIN MEWMORY REGISTER

The 2&~bit MAXS register is set by the field enginser and contains
the value of the maximum installed nunber of main semory bitse It
is addressabis as a source only. Main momory addresses bhegin at
Zero. the fouer 15 bits are aluways zeros $.@» MAXS has a 4096
byte (32K bit) rosviution.

HAXI MUM CONTROL MEMORY REGISTER

The 26=hHit HAXM register §s set by the field enginser and contains
the value of the maxisum instatled nurber of conirol nemory Wordss
each word comprising 16 bits. It is addressable as a source oniv.
The lower 10 bits are aluays zeror ie.2.r HAXH has a 1024 word
resolution. Un the BIFi2/8B1714 MAXM wild aluays contasin zeroe.
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NULL REGISTER

The NULL register is a 24«bite addressable field of zeros.

INPUT/Z/0UTPUY REGISTERS

EPCE W KA G FF G 69 WL SR RN VY AD YD @ Ok K VD @Y €D e

The following is a description of the Input/0utput rogisters.

CONSOLE.SWITCHES
{(H-tiemory Processor only)

This ?24-bit register reflecis the current state of the 26 Console
swuitches on the processor.

CONSOLE CASSETTE TAPE INPUT (U) REGISTER

Tho U register atcumulates the data read from the tape cassette on
the Censole contrel panels It is addressable as a source in  the
KUN mode with the MOVE REGISTER microisnsitruction and in the TAPE
mode with the MOYE 24«8IYV LITERAL nmicroinstruction. (Sce MIL
Statementss LOADJHMSHMALY It §s3 not addressable as a sink
fdestinationd.

COMMAND REGISTER
The CHMND register ds wused to transfer commands te the 1/0

conirolse. It is 24 bits wide and is addressable as a sink cnly.

DATA REGISTER

The DATA register is used to transfer data to and from the I/0
controls and their peripherals. It §s 24 bits wide and is
addressable as a source or as a sinka
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CONDITION REGISTERS

AT OR O on P BT TT MO SN WK WY CU RS TR oD o W

There are five Condition registerss

Binary Conditions (BICN)

Fietid Length Conditions{FLCN)

Interrupt Conditions CINCN)Y

X ANDZOR Y registers{s) Conditions {XYCN}

X AND/ZOR Y registers{s) States Conditions (XYST3

Each Condition register consists of four bits. The bits are identified
from Left to right and are assigned the position numbers 0 thru 3.
with 0 being the nmost-signivicant pit.

ALi Condition registers are source registers only. They masy be moved
to another register or testeds using the IF and SKIP instructions, for
their current contentse. They mwmay not be the sink (destination)
register of any instruction.

BIT BICN XYCN XYST FLCN INCN

0 LSUY MSEX LSUX FL=SFL  NO-DEVICE
CYF X=Y ANY o INTERRUPT FL>SFL HI=PRIGRITY

2 cYD X<y Y NEQ 0 FL<SFL INTERRUPT

3 CYL XY X NEQ 0 FL NEO 0  LOCKOUT

BINARY CONDITIONS (BICN) REGISTER

LSUY is true if the Lfeast~significant unit of the Y register 5 1
and the Ceontrol Paraliel Unit {CPUY register spacifies hinary (CPU
= 033 or % and the CPU registor specifies decimal (CPU = 1).

The Carry Flip=flop (CYF)} register indicates the value of the

carry=in bit in the Controd Parallel (CF)} register. The CYF
register may be manipuiated as part of the CP reqtater and by the
CARRY fnstructione.

The Carry Difference (LYD) register is true if XN={CY¥F+Y?<0. This
condition is not affected by CPLs f.0es a 24~bit compare s aluays
madeo

The Carry Level (CYLY register is true ¥§f (XN+YeCYF)» Uimited by
the Control Paraidel fLength {CPLY registere overflouse.

16

AL
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AY COMOITIONS (XYCN)Y REGISTER.

HS53Y is teua if the most“significani it of the X registers as
determined by the Controd Parailel Length C(CPL)Y registers is a 1.

NOTE: The comparisons of the ¥ register to the Y register are not
atfectad by CPLF they are siwvays 24+bit CORPArese

XY STATES (XYST) REGISTER.

LSUY dis true if the leastesignificant unit of the X register is 1§
and the Control Parailel Unit (CPUJI register specifies binary (CPY
= G)3 or 9 and the Control Paraliiel Unit (CPU) register spocifies
decimal (CPU = 1). The comparisons of the X register or the ¥
register to zero are not aifected by CPL? adl 24 bits of the X
ragiscter andfor the Y register are used in the comparisonse

ANY.INTERRUPY

This bit is true if any of the folliowing conditions tn re
CC» CD» or INCHN (H-Hemory Frocessor) are true:d

0
iy
[}
ot
@
-
(]

Event : Register {Bit Postition?
MESSKNé DEQECE | IﬁCNiQ)W
PORT INTERRUPY ' INCNCZ)
170 SERVICE REQUESY INTERRUPY S Ced2)
CONSOLE IRTERRUPY | CCeE3)

HAIN HEHORY READ PARITY .
ERROR INTERRUPT CD(Oo)

MEMORY HRIVE/SSHAP ADDRESS
GUY OF BOUNDS INTERRUPT cnisd

The €L and CD registers are both &-bit source and sink
Cdestination) registers within ¢the C register. The bits in each
are nuabered 0 through 3+ with bit 0 being the wost significant.
They have been assigned the following uses and meaningss?
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e
i

CCLO0)Y STATE LIGHT

CC{1) TIMER INTERRUPY

CC{2) 170 SURVICE REQUEST INTERRUPT

CC{3) CONSOLE INTERRUPT

CDC0Y HAIN MEMORY PARIYTY ERROR

CDECLY HAIN MEMORY WRITE/ZSHAP ERROR OVERRIDE
CD(23 HWAIN MEMORY READ OUT OF BOUNDS ERROR

COC3) HMALN MEMORY WHRITE/ZSHAP QUT OF BOUNDS ERROR

ALl bits in the CC and CD pertiens of the C registers once s5e¢s
remain set even though the conditions that caused thes to be set
may no longer exist. Therefore, if it is desired to clear any of
these bits to zeros this must be done explicitiye. CDOCLYs CDC23s
and CHC3) of the € register are adways zero in the S~Manoty
Processoer but stild may be addressod and tested.

CONSOLE INTERRUPY
€CC{3})

Thic bit is set wuhen the interrupt toagie switch oen the Conscole
cantroel panel is turned on. It remains sot as long as the switch
is one. It can be reset programiaticaldy Dut not by turning the
Console toggle switch offs This bit §=5 alse reportad in
ANY o INTERRUPT when ¢ ¥s ons

MAIN MEMORY READ PARITY ERROR INTERRUPT
£CD{03)

This bit is set when a2 main memcery parity cervor is detected during
a READ or a READ portion of a SHAP cperation or when an attempt is
made to access non<existent main memorye

HMAIN MEMORY ADORESS QUT OF BOQUNDS OYERRIODE
{CDC13) {d=HMemory Processcr onily)d

This bit is testad if the Field Address {(FA} reqgister setting 1is
fess than the Base Register (BRI setting or greater than or eauati
to the Limit Register (LR)Y settings then HRITE oy SHAP operations
wild be inhibited unless this bit is set {(oneds The state of this
bit does not affect the settinmg of CD(2} of (CDL3).
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READ ADDRESS OUY OF BOUNDS INTERRUPT
(CDLZ2)} {M=Momory Pracessor only?}

This bit is set when a READ operation is attempted and the Fictd
Address (FA) vregister  setting is either le@ss than the Base
Register {(BR) setting or greater than or equal to the Linity
Register (LR) setting. The READ operation i5 net inhibited.

WRITEZSWAP ADDRESS QUT OF BOUNDS INTERRUPY
(ChDC3y} {M=taenory Processor only)d ‘

This pit is set when a KRITE or SHAP operation 1is attempted and
gthe Fieid Address (FAY register setting ¥s either 1iess than the
Base Rogister {(BR) setting or aoreater than or equal to the Limit
Register {LR) sctting. This bits uhen ons is alse e¢eported in
ANY - INTERRUPY. -

FIELD LENGTH CONDIYIONS (FLCH) REGISTER

ALL conditions are based upon comparisons betwueen the 16 bits of
the FL register and eithsr zero of the corvesponding low=order 16
bits of the first word in the Scratchpad (S0BY.

INTERRUPY CONDIVIONS {INCN) REGISTCR
(M~¥emory Processor only)

MO DEVICE is true if an 1interrupt message s present in the
dispatceh buffer for a port or channel which does not have a davice
attached to it. This condition ids normally cieared by the
processor uith a DISPATCH READ AND CLEAR instruction.

HY PRIORITY is true if there is a high-pricority nessage present in
the dispatch buffer. :

INTERRUPY is true if there i5 a message proesent in the dispatch
buffer for the processor. Yhis condition is normally cleared by a
DISPATCH READ AND CLEAR dinstruction. It s also reported n
ANY o INTERRUPY . ‘

LOCKOUYT §s true if the intervrupt system is locked (marked as *in
use 3. .
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The following s a Llistr, arranged by areas
registers and their associated designations.

HICROINSYRUCTION CONYROLS

A (Hicroinstruction Address)

M {Curraent Hicroinstruction)

TAS  (Yop of Address Stack?

TGPKM Logical Top of NM-Hemory:?

MR (Microinstruction Base Register)

S=HEHGRY CONYROLS

B8R (Base Register)

LR {timit Register)
Fa (Fielid Addressd

FL. {(Field Length)

P (Conivol Paralliely

INTERRUPT CONTROLS

ce
con
ITHCH

PARALLEL WIDTH CONTROLS

c
ce
CPL
cru

7 = 20
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of applications of
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DRGANIZAVION OF FIELDS AND SUBFIELDS
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The foliowing is a description of the organfization of register figlids
and subfields, expressed in the notation of HIL structured data
dectarationse.

01 C BIT(24)s 01 F BITCHB3,

02 CTA BITC4)» 02 FA BIYT(24)»

02 €8 BITT42, 02 FB BITL242,

02 CC BIT(4), 03 FU BIYCA)»

02 CD B8IT(43>» 03 FT BIT{43>»

02 CP BITL8)» 03 FL BIT(i6)»
03 CYF BIT(1), 04 FLC BITU43,
03 CPU  BIT(2). 04 FLD BIV(&)»
03 €PL  BIV(S}? 04 FLE BIV{4)»

04 FLF BITL4)5

NOTES € deoes not exist as
a composites, only
as subficldse

01 L BITLZ243, 01 T BIT(2&),
02 LA BITL4Ds 02 TA BIT{4Y
02 L8 BIV(&G)s 02 78 Bi1T4{4A3s
02 LC BEY(L)Y, i 02 TC BITL&3e
0z LD BIVL(G)» 02 YD BITS43,
02 LE BIT(4), 02 TE BITL4Ys

Gz LF BIT(%)? 02 TF BITL4)?
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* Avaitable on B1720 systems only

Foliowing is an alphabetical tist of HIL statements found in thig
section.
Statement Page Statement Page
ADD SCRAVCHPAD §=2 i MAKELSEGHMENT.TABLEZLENTRY &=50
ADJUSTY ’ B=Z ] HEICRD o=31
AND e Bl 1 i wHe MEMORY. BOUNDARY G=%52
ASSIGH &=0 [} HONITOR #~5 3
BIAS 8=7 ) HMOVE 5756
BRANCH.EXTERNAL §=9 | NGP B-56
CALL 8-10 i NORMALIZE B 7
CALLEXTERHAL 8=11 ] OR {58
CARRY . 8§12 ] «0VERLAY o
CASSETYTE B=13 i PAGE B=61
CLEAR B=~14 ) POINT =62
CODE « SEGHENT 8=~15 ] PROGRAMLLEVEL 3<&3
COMPLEHENT 8=16 g READ B=64
COUNT 8-18 i REDUMDANY-CODE 8~66
DEC §=20 ] RESERVE . SPACE Bep ¥
DEFINE Jm=z i ) RESET H=608
DEFINE JYALUE g=-22 ] ROTATE B=70
«DISPAT(H g-=23 g SEGHENT =7t
FMIT.RETURNLTOLEXTERNAL 8=25 i SEY =72
EOR §=26 2 SHIFTAROTATE 7 =74
EXIT =28 - SHIFT/ROTAYE X#Y /s Xy =76
EXTRACY B=29 g SKIP Ge=¥7
FA.POINTS =33 ] SMEHDRYLLOAD 8=79
FINT =32 3 STURE 8=30
60 TO B=3%3 ] SUB.TETLE E=81
HALT 3=34 { SUBYRACTY SCRATCHPAD B=8¢
IF §=35 § #HHAP Be=83
IR Be=t] i TABLE fi=84
JUMP 8=42 3 YITLE 8«35
L.IT 8=43 § TRANSFER-CONTROL =35
LOAD b b ] HWRIVE 8=87
*LOAD HSHA Bei5 ] HRITESTRING =89
LOAD« SHEHN B=&7 § XCH f=9i
HACRO B8=48 ]
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ADD SCRATCHPAD ADD SCRATCHPAD

S P

SYHTAX:

W 3 AR G S e

a

A[}Dnnuomscr 3tchpad°u0r du«-mnTO FA«:»«-&(}S

SEMANTICS:

e A e

This 1instructicon adds the left half of any scratchpad woed
{50AeeeS15A) to the Fiald Address (FA) register. The resuly is placed
ir FAF7 the contents of scratchpadesord resain unchanced. (See  aiso:l
SUBTRACT SCHATCHPAD.?

EXAMPLE:

2 &G 6% W um e

ADD S¢A TO FA
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Table B~3: Microinstructions



MIC B NAME: MC MD ME | MF o \
MICH "NAN 15 14 12 t Hol 3 3 7 6 3 . 4 ! 3 2 ! ] , 0Q 0l 10 1t
e - ' ' : i , . ‘ VARIANTS | o000 001 cio 0l 100 101 I e
. MOVE ) > | REG 1 GROUP REG L REG 2 | REG 2 GROUP
REGISTER MO SOURCE REGISTER  SELECT ' SELECT |SINK REGISTER
. e [) 0 0 EGISTER GROUP REG MOV OPW[DOUBLE PAD WORD [VVINED PR R—P

SCRATCHPAD MOVE SOUEA"AELQ{R’Ai{!’;\‘i__A_?‘5‘;|:_§.\i_¥DlF? 2 | ADDRES3S /2 TPW LEFT | RIGHT

2 34T ¢ i IREGISTER GROUP, REG MANIPULATE | 4 BIT MANIP. MANTP, SET . AND OR . ECR  INC . !NC DEC DEC
MANIPULATE 4BIT SOR & SNK __ iSEL. VARIANTS |  LITERAL  # WRIANTS: : : TEST TEST
8T TEST REL i ¢ | REGISTER GROUP, |REG TESTBIT |D5P, RELATIVE BRAKNCH §i D5P SIGN: - | + = :

BRANCH FALSE 4 81T S0URCE 'SEL_NUMBER SGN[DISPLACEMENT MA : :
BIT TEST REL i I TREGISTER GRCUP REG TESTEIT DSP. RELATIVE BRANCH * DSP SIGN: |+ e ; :
BRANCH TRUE 4 BIT SOURCE 'SEL NUMBER  SGN'D - : i ‘ :
SKIP MWHEN 1 0 | REGISTER GROUP REG  SK'P TEST | SKIP TEST | ANY T ALL ©EQL | ALL  ANY/ ALL/ EQL/ ALL /
SR 4 BIT SCR & SNK SEL  VARIANTS | VARIANTS: | CLR/ CLR/ CLR/: CLR - CLR/CLR/ (LR / CLR
READ /WRITE ! I [R/WICOUNT FA/FL DATAREG TWw DATA TRANSFER R/W VAR: READ - WRT :
MEMORY VAR VARIANTS CODE | SGN  WIDTH MAGNITUDE . CNT VAR: NOP FAt LFAY  Fay . Fas Fat
i MOVE BBIT ) o | REGISTER GROUP,  ENTIRL B 6iT6 OF 8 81T LITERAL i’ « S S L Fut  Fed
LITERAL REG SEL 1S 2. B ok = . _
MOVE 24 BT [ i REGISTER GRGUP ; . & MOST SIGNFICANT BITS OF i ! :
LITEZRAL REL SEL IS5 2. FULL 24 BIT LITERAL ] ? ! | : : :
SHIF T/ROTATE E?’E. | [ [ SINK REGISTER SNK REG  S/R LEFT sHI'T/RDTATE ;% 5/ R VAR SHFT , ROT i 1
, T REG ke GROUP SELECT VAR < COUNT L ‘ i ‘
EXTRACT FROM \ ) t | RIGHT BlT POINTER  SNX REG . EXTRACTION FIELD SiINK REG : ;
T REG | FOR EXTRACTION FLD CODE WIRTH CODE % Y P T L {
BRANCH ! ' 28R RELATIVE DISPLACEMENT MAGNITUDE DSP SIGN: | + - 5
| '-;é‘,‘: RELATIVE CALLED ADDRESS MAGNITUDE DSP SIGN: | + - {
] ) 0 ! 0 IDATAREG | TWIDATA TRANSFER WIDTH T SIGN ;i o+ - i
. CCDE ([ SGN, MAGNITUDE  REG CODE: | X Y T L : :
0 6 0 ) 1 ! [ T Fu
: REG REG REG ?C‘,A \REG RE o
[ 0o 0 ! 0 0 iS/R DIR . X/VY, CR RIGHT. XORY &' X/¥Y VAR: |X Y . ; '
f ; VARIANT l/AR“HL T/ROTATE COUNT_  &f 3/R,DiR: ! 5FT= SF7— ROT=—ROT » k
SHIF T/ ROTATE [ o o e ! {5/R,0IR | LEFT CR RIGHT X ANC V¥ &FTe SFT-= ROT- ROT-
L RAND Y LVARIANT | SHIF T/ROTATE COUNT ; :
[ o] [o] { i G j COUNT FA/FL! COUNT SCALAR NZF  FAt FAt FAY , FA L . FAk

NT FA/F ! i :
COUNT FA/FL VARIANTS . MAGNITUDE G _FL VAR: COFLY OFL4 L FL4 CFL+ | FL
EXCHANGE DPW ° 0 3 1 [ [ SINK DPW [ SOURCE DPW 3 : : i -

) & ADDRESS { ADDRESS par} :
SCRATCHPAD i o o o | 1 o c 0 DS, LEFT HALF PAD W pep sig _ ‘ :

i RELATE FA & ! s e SGN| WORD ACDRESS i PSP SIGN: 1+ 3 : ;
MONITOR 0 ° 0 ° o ! LITERAL OCCURRENCE IDENTIFILR i : '
OISPATCH 0 ° ¢ o0 0 0 0o 0 0 ) i OISPATCH SKP LU SKP FLAG : | FAIL SucE

! _ VARIANTS  FL I LOCK WRTLC READ R&c “
CASSETTE o 0 o [} 0 0 ] ¢ [ 0 ICASSETTE START TP @ STOPON UNDEF UN
CONTROL IMANIP VARIANTS - E_CAP X=*v ! i
BIAS ) 0 9 0 [} 0| ¢ ° i ! BiAS TST B TEST FuG: TEST : :
' . ___VARIANTS  FLGE: BIAS VAR: [UNIT | ¢ | S | 7S N@&P  FCP. >4
STORE F INTO 0 0 0 o ] 0t 0 1 2 [ SINK CPW ; i i i :
D PW i ADDRESS ' [
LOAD 7 FROM 0 0 [ 3 0 of o0 1 0 1 TSCURCE DPW i
! brw LDDRESS ‘ ‘
CARRY FF o ] ] 0 0 0 [ ] 0 CYFieyF cYF cvr i : }
_MANIPULATE f : picvL v : ;
EXERCISE o o] o o o o, o 1 1 1570 0 o READ WRIT . :
mMsm (L) ! : ‘ i :
ALT ¢ o0 90 ¢ ©0;2 0o 0 0°0 o 0
[ l
CVERLAY [} 5 o [2 2 ¢ .0 0 [} IR [ t
M-STRING i
0 B e 0 o 2 o [ ¢ 0 [ [
- o H
0 ) 2 [ I z 2 Y0 ) ) ¢
,3»40 OPERATION 2 ¢ 0 °oe e e ° ¢ ¢ ¢ 0 T

iR e e

[ we e
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ADJUST ‘ ADJUST

b sttt o it e e

SYNTAXS

LR K 2 N A X J

ADJUSY LQCATION Tﬂ-nn--.ua-m-n---wumun‘«-nn.-uuqmutiteral--n—)’

'R '
1==~LOCATION======PLUS===>{
| ‘ ‘

f=mm ¢ ====>i

: | i

1~~~ HINUS==>1

1 t

‘--- - -nno}‘

SEMANTICS:

This pseudo=operation adjusts the ophysical.code.address of the
compiler. The value of the physical.code.address specifies the
Llocation (control memory address) idnto which the next generated
microinstruction is to be placeds generaiiy by a user~developed
loader. (See also Segmentation: Labedi Addresses.)

LOCATION PLUSC+) or MINUS(=) increments/decrements the

-physical .code.address by the value of the literal. If this option is
not useds, the the physical.code.address is set to the value of the
Literal.

The literal nust have a value of 0 M0OD 16.

NOTE:z This idnstruction is5 generally wused to coapensate for
disposable loader routines.

EXAMPLE?:

ADJUST LOCATION TO 31003
ADJSUST LOCATION 7O LOCATION ¢ 32
ADJUST LOCATION TO LOCATION MINUS 128



AND

SYNTAX:

e

AND===source.sink.register===fHIiTH=~===sourco.register====v=>]
] L]
‘n-litera{n--n---u-)!

AND

SEMANTICS:
This instruction logicaliy ANDs the contents of a 4=bit source and
sink (destination) register with the bit configuration of the Uiteral
or the contents of a 4=bit source register. The result is placed in
source.sink.registers; the contents of source.register rvemain
unchanged. (See also: OR and EOR.) : '
The register may be any of the following:

source.sink.register source.register

CA CB =CC =*CD source.sink.register

FT FuU ' ' BICN

FLC FLD FLE FLF FLCN

LA LB LC LD LE LF " INCN Cavailable on B1720 oniy)

TA TB YC TD TE TF PERR (available on 81720 onty)

TOPM (avatable on B1720 only) XYCN

XYST

* CC and CD represent processor interrupts and flags

The literal has a décinai range from 0 to 15.
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AND
cont

AND
cont

SEMANTICS conts

WM M s A W AN WD

TABLE 8-1: AND Teruth Table

C X R N R -E K N K N L R B R _R_J_X_K J -‘---ou-q—----cun--w--u-udn----a--n- L X K K R K 3 X X J

1 Source & Sink 1 Literal i§ Source & Sink 1
| Register i Source Register 1 Register |

'--------w----c-l--nu-n-mnn.--n------u-uan---uo-a-onoo----------‘

] 0 ¢ AND % 0 i VYields | ‘) 1

:—-'--—--u’-----’--—----’-u—---u--u--a-ﬂwqu-—n-ni-n----c--------n

L 0 t AND 1 1 ? Yields 1 ) i

'------q-----n--’-----—r’-----u--u---i---u-u-n--ln-n---n-n-—----'

¥ 1 it AND % 0 i VYields 1 3 ]

l-------a----u-—'a-—----l-----n-o--q-'----u-----‘---n---u-------'

] 1 i AND 1 §f Yields 1 1 1

EXAMPLE:®:

AND TB WITH 3

(L K R B E N 2 X R 2 R X X K L N X N L E XX X % L 32 B LB R X R 3 X F N ¥ ¥ ¥ ¥ )

1 TA & T8 -8 TC & 70 & TE & TF 1

-n-..----c-‘—---unl------’-----u‘-—--n-‘------l-c---.-------n-----

t T ¢ 0000 1 1010 ¢ 1111 ¢ 0011 4 0001 1 0010 § before (DAF312) 1

!---g----.-‘-----?‘----‘-!'-----‘a---una----n-QQQ-------ccann----‘

t { =-- t 00114 ~-- {t == 1] == 1 == 1 literal (3) ?

'--.'----i-i------i------’----ﬁ-d------‘------"-'-------.----.--'

§ T4 0000 1 0010 # 1111 ¢ 0011 1 0001 & 0010 t after (02F312) 1

L L E T X X X N N R R ¥ ¥ ¥ X ¥ W E_ L E N N E R _EXELE L XL A L N L X T N L L & B KX B B X ¥ L. N XX X Y F ¥R FFX X T ¥ T



ASSIGN ' ASSIGN

SYNTAX:

L3

ASSIGN====ARCHITECTURE cNAHE===== = =wwe®character.string®e==cescca3j

] |
3--QCOMPILER.LEVEL--nwn-'ﬂa - -o-literal-------------..a)‘
{ (] !
f===MCP.LEVEL=mw===>} : t
1 ! i
1===GISMOLEVEL====>¢ 1
] ]
1===ATTRIBUTE literal AS identifier=== = escccecce(=w==)}
i ]
'---1-.)‘

SEMANTICS:

This statement assigns values to the various interpreter verification
attributes. These attributes occupy fields in the 1IPB {(Interpreter
Parameter Block) of alil MARK IV.1l and {ater interpreterse They are
accessed at BOJ (Beginning of Job) time by the MCP and are usad to
verify that the proper interpreter has been chosene.

The character.string for ARCHITECTURE.NAME must be a string of 10 or
foewer characters, and must be enclosed within quotation markse.

Literal has a decimal range from O to 255 for COMPILER.LEVEL»
MCPL.LEVEL>, and GISMOJLLEVEL? and from 0 to 79 for ATTRIBUTE.

EXAMPLE:

ASSIGN ARCHITECTURE.NAME = "GISMD.26"
ASSIGN MCP.LEVEL = 197
ASSIGN ATTRIBUTE 64 AS ITEM.01=1



BIAS BIAS
SYNTAXS
IAS BYww=reoeNITo~=—vccccnsnocomoacanccnrarsasnacecsaansscunaene) |
] : . 1 £ ]
jeewfemcnnonvaensnscanscenanacass) | foe=TEST=~>1
| & : ] ]
| Juea AN wem=Swoad] 1
| 1 1 t
t je==CP==>1 i
] 1
[eeeSmecurcccccncnncnaannancaanan)]
] 1 | ‘ 4
1 §===AND F==>i ; ]
1 : 1
{mee(Precasavennonannanenenuces=a) |
1 i

{===AND F==>1

SEMANTICS:

This instruction sets the Control Paraliet Length (CPL) register and
the Controd Parallel Unit (CPU) register to values calculated from the
given operandse.

NOTEs Attt references to register S5 refer to the SFL or SFU
registers in the second half of the first scratchpad word,
@eJer» the SLf (low order 16 bits) part of the 50B register.

The CPU register will be set to 1 if the value of the the Field Unit
(FU) register is set to & or B3 otherwise CPU is set to 0. This. is
done for all variations of BIAS except BIAS BY Ss» which scts the CPU
‘register from SFU rather than from the FU register.

BIAS BY <.« sets the CPL register equal to 24 or to the value in the
specified register if it is less than 24. BIAS BY UNIT sets the CPL
register equal to the FU register (4 for 4=bit decimal, 8 for B8=bit
decimals or any other value less than 16 for binary)d.

If the TEST option is used the above actions are performeds, and the
next microinstruction is skipped if CPL has not been set to zero.



BIAS
cont

EXAMPLE®

8IAS BY F

BIAS BY F AND CP

BIAS BY UNIT

BIAS
cont

This instruction sets the CPL register to 24 or to
the value of the Fiecld Length (FL) registers if it
is less than 24. It atso sets the CPU register
equal to the unit in the FU registere.

This instruction sets the CPL register to 24, to
the value in‘the FL registers or to the value 1in
the CPL registers whichaver is the smallest. It
also sets the CPU register to the unit in the FU
registere.

This instruction sets the CPL register equal to the
Length of the unit of the type specified by the FU
register. It also sets the CPU roegister equal to
one unit of the type specified in the FU register,
ie2er 4=bit decimals 8~bit decimal, or binary.

NOTE

In all cases except UNIT, CPU is set to 1
if FU {or SFU) is & or 87 otherwise CPU
is set to 0. If UNIT is specifieds CPL is
set directly to the value in FU.
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BRANCH. EXTERNAL 7 BRANCH.EXTERNAL

SYNTAX:

BRANCHEXTERNAL====T(Q===={abel=====>{

SEMANTICS:

This instruction transfers control to the external segment docation
specified by label. (See: Segmentation.)

Label wmust be associated with a run tipe address thét has a
displacement from the BRANCH.EXTERNAL instruction of 1less than 4096
microinstructions.

NOYE: If an externai segment does not exist because $NO EXTERNAL
: has been specifiedr BRANCH.EXTERNAL is egquivalent to GO TO0.

EXAMPLE?:

BRANCH.EXTERNAL 70 EXTERNAL LSEGMENT.LABEL
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CALL ' CALL

SYNTAX:

cALLn-n—n\--n--n---- - -l abe‘_---.)'

i i
'--- + --)’
| 1

‘-nu - -n)!

SEMANTICS:

This fnstruction stores the address of the next microinstruction in
the A s;ack» then branches to the location specified by {abel.

The location specified by the 1abel @may be a wmaxisum of 4095
microinstructions away from the CALL instruction.

EXAMPLES

CALL M.IN.OUT
CALL ¢ABC
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CALL-EXTERNAL _ CALL.EXTERNAL

SYNTAX:

- Mnu> e on e
L}

CALL EXTERNAL=====tabel=m===>{

SEMANTICS:

This instruction stores the address of the next microinstruction in
the A stacks then branches to the external segment Llocation specified
by Label. (See: Segmentation.)

Label must be associated with a run time address that has a
disptacement from the CALL.EXTERNAL instruction of 1ess than 4096
microinstructionse.

NOTE: If an external segment does not existr, because $NO EXTERNAL
has been specifiedr CALL.EXTERNAL is equal to CALL.

EXAMPLE:

CALL.EXTERNAL BEGINNING.OF.LOOP,.1
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CARRY | CARRY
SYNTAX?
CARR Y--.-n--o-nn.o-n.- --u----.---)’
] : |
'-«--1----—------->'
{ 1
l--.sun—-.---.--—>‘
1 t
{===DIFFERENCE=~2>}
SEMANTICS:

This instruction sets the Carry (CYF) register to either 0 or 1.
CARRY 0 or CARRY 1 sets the CYF register to 0 or 1 respectivelye.
CARRY SUM sets the CYF register to the value of CYL single bit.

CARRY DIFFERENCE sets the CYF register to the value of the Carry
Difference (CYD) registar:

‘

f X>Y 1 X=Y AND CYF=0 1 X=Y AND CYF=1 § X<Y 1%

!-----]-‘---------o-un-’-- - anum ---------‘ -----‘

cyo & o 1 0o 1 1 f 1 1t

The CYD register, unlike the CYL register is not conditioned by the
CPL register. That is», all 24 bits of the X and Y registers are
compared when setting CYF by the CYD register. The programmer should,
therforesr know what is in the high=order position of the X and Y
registers when using the CYD register if the CPL register is set to
tess than 24.
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CASSETTE ' CASSETTE
SYNTAX:S
cA SSETTEu—n----STARTnm - nau-nn--m»n-nm\-nnun-aun--u---nt-)'
] ]
' --nSTUP.nu LR B P T R R P R Y --‘--n-.)}
| L ]
i L]
l--uNEQ Y--.)t
SEMANTICS:

This fnstruction causes the system cassette tape to start or stop a
READ operation at the next inter=-record gap.

The information read from the cassette is Qoaded into the U register
and remains there for a maxirum of two clock cyctes before the U
register is cleared.

EXAMPLE:

CASSETTE sSTgP
CASSETTE STOP WHEN X EQL Y



CLEAR
SYNTAX:
‘(--o---a-o-----qh-‘----— - o o ﬂ—ﬂ
i ' |
CLEARn - - n--------regi st Q= oW e e mn - oo "---—---)s
] ]
f===scratchpadewor due=>4§
SEMANTICS:

B WD N WS D Wn @ B E N

This instruction sets the specified register{s) or 24=bhit
word{s) to zeroe.

The foliowing may be cleared:

register scratchpad.vword

A SOA

aR L E N J

CA C8 =CC »CD CP CPU - 515A

FA F8 FL FT FU

FLC FLD FLE FLF 508

LA LB LC LD LE LF cew

TA 18 TC TD TE TF TAS ' §158

TOPM Cavailable on B1720 only)

§ = 14

CLEAR

scratchpad

* CC and CD represent processor interrupts and flags

Each register clear takes one clock cycles each scratchpad word takes

two clock cycles.

NOTE: MOVE NULL T0 register will be generated for each

specified on B1710 systems.

EXAMPLE:

CLEAR 5104
CLEAR BR L CB S48 TOPM FU

register



CODE.SEGHENT

SYNTAX:

CODE.SEGMENT===~=label =====>}

SEMANTICS:

See Segmentation? CODESEGMENT

8 = 15

CODE . SEGMENT
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COMPLEMENT COMPLEMENT

SYNTAX:

a

co HPLEHENT regi ster (1 iteral Jemecosswsnnonsenaneseerewne-s ----'------->'
i 1

' . ‘(-un--u-u---n---------------‘ '
v ' | o
le====AND===register (Literal)e=e==y

SEMANTICS:

This instruction COMPLEMENTs (switches the state of) the specified
bit. By using the options», more than one bit ¥in any one register can
be complemented with the same instruction if ALL BITS are in the SAME
4=BIT REGISTER. (See also: SET and RESET.)

The register may be any 4=bit source and sink (destination) register
belowu: .

CA C8 €CC CD (CC and CD represent4processor interrupts and ftags)
FT FU

FLC FLD FLE FLF

LA L8 LC LD LE LF

TA I8 7TC TD TE TF

TOPM (avaiable on 81720 oniy)

It may also be the FL, FBsr L» or T register: all bits must then be in
the same 4<bit subfletd.

The literal has a decimal range from 0 to 3 for a &4=bit register; fronm
0 to 15 for the FL register3 and from 0 to 23 for the F3, Ls» and 7T
registerse.




COMPLEMENT
cont

8 -~ 17

COMPLEMENT
cont

!

EXAMPLE:

COMPLEMENT LD{O) AND L(13)

LA L8 LC LD LE LF

1 o--—.»-i-u-n‘.. ‘---- - ‘ ----n-,-n---.-' --Q---g Toooseasweesen

L 1

0001 & 0010 4 0011 1 0100 4 0101 & 0110 Y after (123456)
1 1 (R ! i ]

¢ 0001 & 0010 ¢ 0011 1 1000 % 0101 1 01101 before (123856

L X & & ¥ 2 F 1 & R N X K R X 1 J -.I .-----------Q--.-----n-b-----------‘-

0 34 7 8 11 1t 15 16 17 18 23
K
LDIO) <==31==> L(13)

It shouid be noted that most registers can be adressesed in either of

two

Hays? ,
LA L8 Le LD LE LF
10 360 310 3 1012310 3 8 0. 3 1

' conscen]jocacnss ] -------“-“--“v--.---gn-_---‘ LA XL Y XY ]

I O0eee3 1 & 7 1 8eeell § 12440415 ¥V 16 19 § 20eees 23 %
malcacancennernrcanaenosnmns ] s corccrenrerrTaneNee T an cwe
¢ L ]
f==> LCO) LDCO) <==1 1~=> L{13)
or or or
LACO) L(12) v LDC1)
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COUNT COUNT
SYNTAX:
COUNT====FAs===|Prcmnccccmcecacnncnssesncccnaaf=a(pPl=macmcacnacccan>]
1 [ 1 . ' 1o i
' 1 t==AND FL DOWN==>1 1 I-literal==e======>y
1 1 ' | t i [
i §==DONN====mecemmccnecccaceancaaa>] 1-BITS~>1
t 1 11
' 1==AND FL=====yPe=wee=j |}
1 t 1 '
[ t==DOHN==>1 '
1 ' 1
(==Fle==={Pececccsceccacmccmcnsaananans>]
[ ' ' C
s 1==AND FA DOHN==>§ '
! ]
{==DOHN=====secmcecccecncecccccun>]
t '
1==AND FA=====ypem=ac==]
‘
(==DONN==>]
SEMANTICS:

This instruction increments or decrements the designated registers by
the value of the literal or the contents of ¢he Control Paratietl
Length (CPL) register., 1f the value of Uiteral is 0, the value
contained in the CPL register is used.

If the FA register is counted downs, it may pass through 0 (i.e.r 1if
FA=0 and is counted down by 1, it will be set to hex FFFFY. If the FL
register is counted down, it will{ not become Lless than 0.

If either the FA or FL register overflowss uraparound to or through 0
will occurs e.gesr if either is equal to the wmaximum vatue it can
contain and is counted up by 1» it becomes equal to O.

Thé titeral has a maximum decimal value of 72.




COUNT
cont

EXAM

8 = 19

COUNY
cont

PLE?

e

FA

FA

COUNT FA UP AND FL DOHWN B8Y 10

T Y Y Y YR YL LR K KL K B R L A E R R L 2 LEXNEZLELELRELYEEEREREERELDELELLEL LY N XX L LER]

¢ 0000 % 1001 4 1010 1 0111 ¥ 1111 1 1011 4 before C(09A7FB) ¢

'------ q - e ‘--n LR | n—.n-—! ----m-l - me ' ----.------------'

I == { == 1 == § == 1 == 1 1010 § titeral « A i

‘--u-.-l-u-u-n'------‘---.--' .n----‘--au--'unucn'----------n‘

{ 0000 1 1001 ¥ 1010 & 1000 1 0000 1 010! & after (O9AB05

[ R B % B R A L R B A B L B N B A B X A A L A K R K A R L A B A L A T R K K X R T L T B L A A _R 2 A N K L L A R L X J

FL ¢ 0000 1 0000 J§ 0000 & 1000 % before (0008) i

§ == { == ¢ == 11010 ¢ literal = A .

FL ¢ 0000 % 0000 & 0000 %1 0000 & after (00003 ]

FA is counted up by decimal 10 Chexadecimal A)» while FL is counted
down by 8 to its mininum value.
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DEC ' ' DEC

SYNTAX:2

DEC--source.sink .regi stere=gfY rssessurCea regi ster~ew=cecscsacceancama=)y
] I | ]
fe~=literale===seaay] J===TEST==>{

SEMANTICS:

This instruction decrements the contents of a 4~bit source and sink
(destination) register By the value of the diteral or the contents of
a 4=bit source register. The resuit is placed in source.sink.register;
the contents of source.register remain unchanged. (See also: INC.)

The register may be any of the following:

source.sink.register source.register

CA CB +=CC =CD source.sink.register

"FT FU B8ICN

FLC FLD FLE FLF - fFLCN

LA LB LC LD LE LF INCN Cavailable on B1720 only)
TA Y8 YC D TE TF : XYCN

TOPHM Cavaiabie on B1720 only) XyYsy

« CC and CD repfesent processor interrupts and flags
The Literat has a decimal range froam 0 to 15.

1f the TEST option is used and source.sink.register underflows (is
decremented beyond 0, the smallest value it can contain), the next
microinstruction is skippeds. If underflow does not occur or if the
TEST option is not usedr, the next microinstruction is executed.

NCTE: ALl 4=bit registers count modulo 163 e.ge.»r if a register
contains a value of 0 and is decremented by 2, it
underflows to a value of 14. :

EXAMPLE:

DEC T8 BY 7
DEC FLD BY LC TEST
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DEFINE | DEFINE
SYNTAX:
DEFINE-“---identifier s eScosancaeseaamanss ‘ -&-0-------->!
: 1 ]
‘ge==string=~>1
SEMANTICS:

This declaration assigns a name (identifier) ¢to a string of
characters. Any subsequent reference to the identifier is replaced by
the stringe.

String may be a scratchpad name (24 or %48-bit)’ a register names a
titeral; a part of one instruction’ an entire instructions part of
which may have been previously DEFINED? or empty. It may neither begin
with a pound sign (#) nor contain any embedded pound signse.

lThe entire DEFINE declaration must be contained on one cards, and all
DEFINEs must be declared prior to any executable instruction.

Nested DEFINEs are allowed up to 13 fevelse.

EXAMPLE:
DEFINE SOURCE.POINTER = S3# Z LOAD F FROM SOURCE.POINTER
DEFINE OP.REG = L# X CLEAR OP.REG
DEFINE TEST.OP = Q3800000a# X MOVE TEST=0P TOD DP.REG
DEFINE HINT = CC(3)*% X RESET HINT

X IGNORE.HALTY

.DEFINE IGNORE.HALT = RESET HINT#
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DEFINE.YALUE. DEFINE.

VALUE

SYNTAXS -

a

DEFI NE. v ALUE-------:.- i dent i fier - l i iera{ Socesesnecanesnsesccnsannnan ) |

] i
(== ¢+ ==e==literal==>1
L] |

fom = wm)}

SEMANTICS:

e W & T ® Wm»

This instruction assigns the value of the arithmetic result of
{iterals to the identifier. Any occurrence of the identifier in
program is replaced by its assigned value.

the
t he

DEFINELVALUE creates up to a 24=bit diteral. values less than zero are

in 2's complement notation and are 24 bits ilonge.

Previously defined identifiers may be used as literals.

The Literal may be a hex valuesr a4 binary valuer» or a character used as

two hex valuese.

EXAMPLE?

aso3 X VALUE is hex 000050
DEFINE B = AA + : X VALUE is hex 000051
DEFINE C = AA = £ VALUE is hex 00004D
DEFINE.VALUE FO03 = Q(1)00103 + 4 % YALUE is hex 000006

DEFINELVALUE AA

W o
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DISPATCH | DISPATCH

Cavailable on B1720 systems ontly)

SYNTAX:
Dl SP ATCH-- su-LDCK--— - n-n--o-------la -o----------u----u-----—------->‘
1 o | 1 1
1 ' {===SKIP WHEN UNLOCKED==>1% 1
L} 1
a--nHRITE-n-- t----uoan--u-no-m---nﬂ-------fcu.>'
t 1
‘---RE AD----. PR YR Y N T T n--u-n---.----u-)!
] 1
{=~=AND CLEAR==>1
SEMANTICS:

This instruction sends a3 message (e.g.r an- 1/0 descriptor address)
from the processor to a device on an 1/0 porte.

Béfore sending a message to a ports the processor should first attempt
to gain control of the interrupt system with a DISPAYTCH LOCK. This is
necessary because the interrupt system is shared by all ports.

DISPATCH LOCXK Locks (marks as "in use”) the interrupt systeme If the
interrupt systew is already dockeds the next aicroinstruction is
skipped.

OISPATCH LOCK SKIP WHEN UNLOCKED docks the interrupt system or skips
the next microinstruction if the interrupt system is already unlocked.

DISPATCH WRITE sends a 24=bit message to a porte Before a DISPATCH
WRITE is executedr, the L register must contain the 24-bit messages; the
seven Leastwsignificant bits of the T register must contain the
destination port (bits 17-19) and channel numbers (bits 20-23). The
contents of the L register are then stored in _the Dispatch buffer
“(main memory locations 0=23)s and the port and channel numbers are
transferred to a hardware register (Dispatch register) 1in the port
interchange. The contents of the L and T register remain unchanged.
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DISPATCH DISPATCH
cont cont

SEMANTICS cont?

DISPATCH READ transfers both a 24-bit message from the Dispatch buffer
to the L registers, and the source port and channel numbers to the
seven Least=significant bits of the T registere.

NOTE: If T(23) is found set after a DISPATCH READ and the source
port is an I/0 aultiplexors a main gemory parity error wdas
encountered during the fetch of an I/0 descriptor address
or an I1/0 descriptor, or during a RESULT SWA> operation.
Consequently, the message transferred to the L register
will be the address +24 of the parity errore.

DISPATCH READ AND CLEAR does everythin a DISPATCH READ will do and in
addition clears the Intercrupt Condition (INCN) register. That is, it
RESETs all INCN bits to zeroe.

Oniy the least=significant seven bits of the T register are involved
in any DISPATCH operation.

If the SKIP WHEN UNLOCKED option is used with any vartant other than a
DISPATCH LOCKs» the next-micro instruction is skipped.
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EMIT.RETURN.TO.EXTERNAL EMIT.RETURN.TO.EXTERNAL

SYNTAX:

q

EHIT.RETURNLTO.EXTERNAL=mwoernumcaranvan)]

SEMANTICS:

This instruction causes the compiler to emit the common code necessary
to get back to the main.segment from the external segment. This code
also includes the return code when the segment is exited for the last
time. (See? Segmentatione)
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EQR EOR
SYNTAX:
EQOR===50Urce.sink.register===WiTH======<source.register=======>j
] ]
l---l itera l---—-----)‘

SEMANTICS:
This instruction logically EXCLUSIVE ORs the bits in a &=bit source
and sink (destination) register with the value of the Lliteral or the
contents of a 4-bit source register. The result is placed in
sources.sink.register; the contents of source.register remain
unchanged. (See also: AND and 0OR.)
The register may be any of the following:

source.sink.register | ‘ source.register

CA CB =CC =CD source.sinke.register

FT FU ' v BICN

FLC FLD FLE FLF V FLCN

LA L8 LC LD LE LF INCN Cavailable on 81720 only)

YA T8 TC TD TE TF PERR Cavailable on B1720 ontiy)

TOPM (avaiable on B1720 oniy) - XYCN

XYST

* CC and CD represent processor interrupts and flags

The Lliteral has a decimal range froma 0 to 15.
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EOR
cont

EQR
cont

SEMANTICS cont?

LT TR T RN I X R X X ]
q

TABLE 8=2 EOR Truth Table

J Source & Sink | Literal t Source & Sink 1
] Register ] Source Register 1 Register ]

'---.----o---q--‘--—----n-n--mu-anmu—----—----n-'--------o--n---l

L 0 { EOR 1 0 § Yields 1 b ]

'------u-u.-----’u-----n1---------un-ﬂ.--------na-.-uo--a--n----'

] 0 i EOR 1 1 1. Yields 1 1 ]

’ 'n-------—---u--,-n-----*m-u--.---qnna-.a-------‘u-c--n------—--‘

L] 1 { EOR 1 0 i Yields 1§ 1 t

'---nu-c-a------gn------g-u--n--n-———’—---------!---------------‘

t 1 t EOR 1o 1 1 Yields 1 ) |

([ YT R T R L T YRy ¥ ry R L 0 L XL L EDE LR LYY X DX XL LY XYL L X L X X )

EXAMPLE?®

EGR TB WITH 3

1 TA ¢ 1B 1 7 3 710 8 YE @ TF 1

----‘------'---—--1 ----- -i------a--n---a------'-----‘---------u---

t T 1 0000 ¢t 01012 % 1111 & 0011 ¢ 0001 % D010 & ©before (05F312) 1

'---l------‘------‘--‘---'----‘-i--o--'l-----n'-----O----------U-’

¢ f == 1001t ¢ == § =~ § == § == § EOR €030000) ]

‘-.n'-----.‘------l-----‘!------]---u-n‘------‘------.-----_-Q---'

¢t T 3 0000 1 0110 ¢ 1111 4 0011 4 0001 1 0010 ¥ after (O06F312) i

LA X T B T X X W ¥ R K X ¥ 2 B N B N N N X W ¥ R _E E X R L K E N N E J _N_J N A L R N R L N B 2 X 3 & L & 3 X X & N N L K % N _J ¥ X J
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EXIT ' EXIT

SYNTAX:

Exxr-----n--u-).'

SEMANTICS:

This instruction returns program control to the <calling routine by
causing the compiler to generate a MOVE TAS TO A operatione.

The top of the A stack (TAS) is moved to the ADDRESS (A) register,
which is used by the thardware {dogic as the address of the next
microinstruction to be fetched. The stack is decremented automatically
by the hardware after the move.

NOTE: HOVE TAS TO A may be used instead of EXIT with the same
resulte
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EXTRACT Exmacrj

SYNTAX:

EXTRACT--arithmetice.exp BITS FROM | (literal)e===e=m—cccscccacncaa>y

] 1 1 L
] 1 ] §
t==(literal)===>{ fo=T==>{
' ] ]
] ]
‘--Y--)‘
SEMANTICS:

This -instruction isolates the specified bits from the T register and
moves them to a destination register (Ls Ts Xy Y)o If a destination
ragister is not specifieds T is assumed. .

The value of the following combinations may not exceed 24 bits:

arithmetic.expression + dliteral

CPL ¢+ Literat

DATALLENGTH of declared.identifier

DATAL.LENGTH of declared.identifier ¢ Literal

DATAL.LENGTH of declared.identifier + DATA. ADDRESS of daciared.identifier

NOTES:

) If arithmetic.oxpression = 0» CPL #ndicates the number of
‘bits extracted. :

2. If the starting bit for declared.identifior is not specified,
it5 DATA.ADDRESS 15 usegd.
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EXTRACT EXTRACT
cont cont
EXAMPLES

L3

EXTRACT & BITS FROM T€20) TO L

TA ™  TC 1D TE TF

T ¢ 0000 ¢ 0001 4 0011 § 1000 ¥ 1110 1 0100 1 before (0138E4) 1

1(20)
LA L8 Lc LD LE LF

L R YR N P LA LR L R P ELREELELEEYXEZELII IR ERY P R YT YTTY Y RS 1 2 X

L § 1001 1 1110 3 0011 4 1001 & 1111 ¢ 1100 ¥ before C(1E39FC) |

‘.-u--- ‘ [ —— ! - .- -’ ------! ---n-—‘ c--—--’ ----a----n-u-----l

L 3 0000 1 000C % 0000 ¥ 0000 % 0000 1 0100 1 after (000004) 1

Register T remains unchanged whide its four extracted bits are placed
fn the L register. The bits are right~justified> Uteading zeroes are
added. ’

NOTE: EXTRACT O BITS FROM T(23) TO a destination register may be
specifed, but the programmer must OR into the M register
the number of bits to be extracteds Caution must be
exercisedr however, when ORing into the M register: the
machine hardware instruction requires the right=bit pointer
for the extraction field» not the left. The hardware also
indexes the T register from 1 to 24» left to rights not O
to 235 the assembler performs this conversione
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FALPOINTS | o FA<PDINTS

SYNTAXS

FALPOINTS T(O==ewwr==egrithpetic.cxpression=vemevaca=yy

SEMANTICS:

This pseudo=operation does not generate any code. It merely informs
the compiler of the current contents of FA. This information is then
used when compiling the POINY constructs in the READ», HRITE and POINT
instructionse.

The FA.POINTS and POINT constructs are provided so that the user may
synbolically reference the memory structures declared in a declaration
statement. Such references will show up in a cross-reference Jdisting
and can often result in automatic code changes when the deciaration
changese.

EXAMPLE:

DECLARE
01 STRUCTURE,
02 DATA.A BIT(10),
02 DATA.8 CHARACTER €20)»,
02 DATA.C FIXEDS?

FA.POINTS TO DATA.A

READ DATA.LENGTH C(DATA.A) B8ITS YO X POINY FA TO DATA.B
POINT FA TO STRUCTURE

MOVE DATA.C TO FA

KRITE DATALLENGTH (DATA.C) BITS FROM Y POINT FA TO DATA.B
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FINI | —

SYNTAX:

FINI -------------?I

SEMANTICS:

This instruction signals the compiler that the end of the input record
has been reached. It should be the 1last statement 1in the source
programe.
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GO TO | | 60 O

SYNTAX:?

GO "‘0---------------'--1abelnu--—--)‘

] L]
l--u + -a)’
] 1

’—-- - u-)'

SEMANTICS:

This instruction transfers control to the {ocation specified by tlabel.

Label must be associated with a run time address that has a
displacement from the GO T0 1{instruction of Lless than 4096
microinstructionse. . .

EXAMPLE: -

GO TO SORT.ROUTINE
GO 70 ~LOOP.1 '
GO TO +LOOP.2
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HALT | HALT

SYNTAX:?

HALT e D e >.'

SEMANTICS:

This instruction brings the processor to an orderly halt. The settings
of the Console switches determine the register displayed.

Pressing the START pushbutton on the system Console will cause the
processor-to again begin executing microinstructions. If tha STEP/RUN
switch is in the STEP position, only one microinstruction is executed.



IF IF

SYNTAX:

FORMAT 13 CONDITIONAL PROGRAM CONTROL

IF===register (literal)==~cecmcmmcccacccaTHfNmwm=m==statenent========>|
| i 1 ! L]
L ' i 1==TRUE==~->1 '
[ L I | f ¢
{ 1 i==FALSE~=->% !
t ¢ i
I==condition=wessscnu>j 1
{

l

l !(n-nn------‘

‘--BEG{N---st at emen‘t--.END-------------- -q—‘------------- LI LT T ¥ Y

' !(----------' '

L] L] | i
1-=ELSE BEGIN-==statement===END==>{

FORMAT 2: CONDITIONAL COMPILATION CONTROL

- e W wem - - - - AR AR A e L2 B 1 R R R _JX N _X N J - . e

{C¢ownmavancas]

’ 1 ]
IF~=module.optione=====~=e=THEN INCLUDE BEGIN==-statement==<=ENDw=====>{
] 1
§=TRUE==>1
] ]
t=FALSE=~>]

<--u---n.------.-n-Q-u-----n--nn---au------n-’n.-n.---- - . a - e

l(-- ----m—‘-‘

] 1
--:ELSE BEG‘I N---st at ementq--END—-----------------n---- LEL T T ¥ ¥ i
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IF ‘ 1f
cont . cant
SEMANTICS?

FORMAT 12 CONDITIONAL PROGRAM CONTROL

a AN Gx ez AW  ne G MM AN AR NS SR Es tS D SS S SN A AD WP ED R D

This instruction tests a bit(s) for TRUE C(one) or FALSE (zerod. If the
test condition is met, either the specified single statesment or the
specified BEGIN/END statement(s) is oxecuted. If the test condition is
not met, a branch around the first BEGINJEND pair is taken, and the
ELSE BEGIN/END statement(s) is executed. (See also: COMPLEMENT» SET
and RESET.) :

Logical operators are valid on the registers immediately follouing the
IfFs with the foliowing restrictions:

1)  All registers togically related must be within the same 4<bit
' group: IF T(0) and T(3) is valids, IF ¥(2) and T{&) is note.

2) Only two register elements may be logically related: IF T(2)
or T€0) is valid, IF TC2) and T(1) and T(0) i5 note.

» HOT logic may be applied anywhere: - IF NOT ¢ LC3) or NOT LCO)
) is valid.

The register may be any 4=bit source and sink (destination) register
belowu:

CA CB CC CD (CC and CD represent processor interrupts and flags)
FT FU

FLC FLD FLE FLF

LA L8 LC LD LE LF

TA T8 TC 7D TE YF

TOPM Cavaiable on B1720 only)

The register may also be the FL» FBs Ly or T register: ali bits wmust
"then be in the same 4=bit subfield.

The Literal points to the bit position which is to be tested. It has a
decimal range from 0 to 3 for a 4-bit registers from 0 to 15 for the
FL register’ and from O to 23 for the FBe L and T ragistere.

The condition may be any of the following conditions avaitabie froa
the condition registers: -



- e x - - e

Wb U0 m G G5 B AN gu GN S b S B AR ND s S NN M WS BE NS g DI Se g WS BB G ML b NE W e

i=== EQL
l=== NEQ
i

{~== GRT
‘n-- >

f{=== LSS
i=== GEQ
i=-=-= LEQ

- o= Y - e - as =

{=~= £0L
{=-== NEQ
]

‘--- L4
j=== GRT
l--g >

f=== {55
f=== GEQ
{==~= LEQ

» e FL-—--»--. =

=== EQL
§=== NEO
i

=== GRT
B I

d=== LSS
{==~ GEQ
f=== LEQ

mm=>] i i )
‘--)‘ .-n-- Y nw-)‘ '
]

--=>1 1
-==>] '
—ma> !
=e=>4 g
——=>1 t

i

L LT Y Ty 0 LEAE L DL ELE L LD ]
w==>{ 1 i ¢
' ]

Y L LT L L LT T YT x m-----—-naau)l

u--)i '
===>1 1
—==>1 1
“e=>] '
——e>] t

1

- - ANY. INTERRUPT ---------------,n.-u--—-.o)'

—ee>t '
“==>§ == SFL ==>§ '
: t

- e - SFL .-no- mDeeesweny]

“—=>1 ‘
——=>i '
-—=>1 ‘
wee>] t
ee=>] !

- '

CYD B L L L T T T PR Ny g g R R R e R R ) -)1

CYF LERE R LR L L ELELEY YR L LY E YL TR Y -E ---—-),’

cYL L T LR LY L XY T --w—u-n---c------)‘

LSBX
LSBY
LSUX
LSUY

H3SBX

LGCKDUT‘-“"-""‘"—n-r\-nn-«--wnm-—--nup-----)‘
H!.PRIURITY LR TR N Y ) ---nn-&na-----nn-}’
INTERRUPY “'"'"----u"""‘--I-'“--'au-a-q------>‘

ND.DEVICE u--n--auumom-o--mfmnnnﬂﬁ.-clﬂw-)!
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, e w0 o -----------m——----)‘

Borrow fQut Level
Carry Flip=flop
Carry Qut Level
Least Significant
Bit of X
Least Significant
Bit of Y
Least Significant
Unit of X
Least Significant
Unit of Y
Most Significant
Bit of X
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IF : 1f
cont , cont

SEMANTICS cont:

Any combination of conditions that is contained in one condition
register can be tested using AND/OR logic if all bits <an be tested
for TRUE Con) or FALSE (off). For example, the followiny are vatlid
conditionss

CYL AND LSUY
cyL OR CYD

Exanple: IF CYL AND LSUY TRUE THEN GO TO END
IF CYL OR CYD FALSE THEN GO TO BEGIN

if TRUE or FALSE is not specified, TRUE is assumed.
Examplez IF TD(2) THEN GO 70O LABLY

Register TD Branch Yo LABL7

0101 NO (bit position two is OFF)
1101 NO (bit position two is OFF)
o111 YES tbit position two is ON)
0011 YES (bit position two is ON)

Note: TD(2) could have heen referred to as T(14)

EXAMPLES:

The following examples 1idtlustrate Format 13 Conditional Progranm
Control: .

IF X = Y THEN GG TO +A
IF TBC1) OR TB(3) THEN EXIT

IF LF(2) THEN
MOVE X TD Y

IF FUC1) FALSE THEN
COMPLEMENT T(10) :

ELSE -
RESET FL(3)
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. : [
IF ' - IF
cont cont

EXAMPLE cont:

IF FLF(3) FALSE THEN
BEGIN
RESET FB8C1) AND FB(3)
CLEAR S14A
- END :

IF LACO) THEN
BEGIN
MOVE TAS TO T
END ELSE
MOVE FA YO T

IF TD(3) THEN
MOVE L T0 X

ELSE
BEGIN
MOVE T T0O X
: MOVE SuUM T0 X
END -

IF LA = 14 THEN
BEGIN |
MOVE 512 T0 X
END

FORMAT 2: CONDITIONAL COMPILATION CONTROL

-y R Ew e L E R R N T K N N B L E L B L R T R T X N F X X N

This instruction should be used for conditional {inclusion of code»
depending upon the setting of a wuser~defineds module.option toggle.
This module.option toggle is declared and SET or RESEY wvia a wmodule
option % card. (See Appendix As MIL Compiler Operation.)

More than one moduie.option toggle can be tested with the same IF
statement by using AND/OR logic. If NOT i3 wused in front of any
module.option toggier that module.option toggle 1is checked for the
RESET state. If both TRUE and FALSE are omittedr TRUE is assumede.

Note: A conditional inclusion=biock may not be used to include or
exclude a BEGIN statoment when the associated END statement is not
part of the blockes ‘



IF
cont

EXAMPLE:

The following are examples of conditienal inciusion of codes

$ SET DEBUG» RESET TRACE
$ SET TRACE, RESET B1700

8 - &40

IF
cont

After processing these 5 cardss, the module options wilt be set TRUE or
FALSE as follows: .

Any of the preceding examples may be nested within any
BEGIN/END pairs up to a maximum of 15 ftevels.

DEBUG = TRUE

TRACE
81700

IF
1F

IF

IF

END

TRUE
FALSE

DE3UG THEN
CALL

TRACE THEN

BEGIN

CALL

CALL

INCLUDE
DEBUG.ROUTINE

INCLUDE

SAVE.REGISTERS

- TRACE ROUTINE

DEBUG AND NOT B1700 INCLUDE

BEGIN
HOVE

END ELSE

BEGIN

HOVE
END

T 10X

MOVE L T0 X

T TO SOA

NOT TRACE OR 81700 INCLUDE

BEGIN
MOVE
MOVE
END ELSE
BEGIN

L TO X
T TO S1A

CALL TRACE.ROUTINE
MOVE T YO X

END

That ise

of
at

the
any

above
given

time during a compilation there may be at most 15 BEGINs that have not

been paired with their respective ENDs.
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INC INC

SYNTAX:

INC-‘--source‘si nk .regi ster==pYe=cec=gshyr ce.regi ster===we cesoreacweened]
i ) i 1
'm--iiteral-uu--n---)' ’---TEST-->‘

SEMANTICS:

This instruction increments the contents of a &4<bit source and sink
(destination) reyister by the vailue of the literal or the contents of
a 4~bit source register. The result is placed in the source and sink
registers the contents of the source register remain unchanged. (See
also: DEC.) :

The register may be any of the foliouingﬁ

sources.sinkeregister socurce.register

CA C8 *CC *CD  source.sink.register

FT FU BICN

FLC FLD FLE FLF FLCN

LA L8 LC LD LE LF ‘ INCN (Cavailable on B1720 only)
TA T8 TC TD TE TF XYCN

TOPM (avaiable on B1720 onily) - XYSTY

* CC and CD represent processor interrupts and flags
The literal has a decimal range from 0 to 15.

If the TEST option is wused and source.sink.register overflows (is
incremented beyond 15» the ilargest value it c¢can contain)s the next
microinstruction is skipped. If overflow does not occur or if the TEST
option is not useds, the next microinstruction is executede.

'NOTE: ALl 4=bit registers count modulo 165 e.g.r if a reagister
contains a value of 15 and is incremented by 2, it
overflows to a value of 1.

EXAMPLE:

INC LB BY 7
INC FLD BY BICN TEST
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JUMP | JUMP
SYNTAX:
JUHP ------—--FORHARD-— --u-nu-uw--un-ou--nu-nnq-----—-)i
, 1 1 ‘
f===BACKHARD==>1} I==<diteral==>§ ]
! . ‘ ]
'-—QTO»-uu-------—---'--otabeln_-_-------- -)‘
] |
{ 1

SEMANTICS:

This'instruction transfers control to the designated location.

The address of {abel is limited to a maxisum relative displacement of
plus or minus 4095 microinstructionse.

The Literal has a decimal range from 0 to 4095.

If Literal is not specifieds FORWARD/BACKWARD causes the compiler to
generate a JUMP instruction with a displacement of 2ero and a
direction sign of plus or minus. This 1is to facilitate ORing the
actual displacement into the the M register prior to the execution of
a JUHP instructton.

EXAMPLE:

JUMP TO +L0OO0P.1

JUMP TO END.OF.CODE.LABEL
JUMP FORXARD 12

JUHP BACKWARD
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LIT ‘ LIT

SYNTAX:

- e e A

wweemeepgQVE======~{literal TO0=====~=sinkeregister=e==s=cccccac>y

] { i |
o=l Tr==x} {===scratchpad. WOr du==e==>}
SEMANTICS:

This instruction moves a literal to any sink <€destination) register
(except the M register) or to any 24=bit scratchpad word. (See also:
MOVE.)

The diteral may be any decimal integer from 0 to 16777215, a
hexadecimal number from 303 to AIFFFFF3» a binary number from 3(1)03 to
2(1)1111111111111111111111113» or a character string up to three
characters in length. Leading zeros are not required unless tha actuatl
value of the literal is zero. The value of the literal should not
exceed the maximum value that the sink register can contain? if Lless,
the zero fili occurs.

Literal moves to a 24-bit scratchpad word generate MOVE literal TOo TAS
followed by MOVE TAS TO scratchpadewordes

PROGRAMMING NOTE

It is recommended that the MOVE instruction be used
instead of LIT.

EXAMPLE:

MOVE 12 TO L

LA K B N 3 X K ¥ N P R % ¥ ¥ ¥ N X NR-E RN K B E ¥ R E_KE X _N_N A X KK 3 X L N B_R X N J

i LA ¢ B ¢ LC 1 LD % LE % LF 1

---.a------‘-w---c ‘--- u-nia--.-a‘--.--—‘«--.-- 'u-e-.--------u-----

t Lt 0011 ¢ 0000 § 1001 1 1010 ¥ 0001 ¥ 0011 & before €(309A13) 1

i---.----r.a‘---n-- '--ﬂ -n-’.---uo] -—----1«-‘-«‘-’—--u------.--m-.nn'

] ] == {§ == { == ] == {§ == 1 == 1 LIT ) L

‘---'-'-‘--i-"-’-"--"--’a---.-"ﬂ n-----i-tnu---l--nn---------q----l

t L § 0000 1 0000 4 0000 4 0000 & 0000 ¢ 1100 4 after (0D000C) 8

WA MG 4N AR WD D SR AR WL WD W R T W SR T S0 WR P A W AN W S AN AR KO O A A A O N TR R KD B A A R G T G W A WD AR WD R R AR G e D SR AD e
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LOAD o LOAD

SYNTAX:

LOAD F FROM=====double.scratchpadekorde=ee=>}

SEMANTICS:

X 2 1 N L B N B 2 J

This instruction moves any 48=bit double scratchpad word (S0...515) to
the Field (F) register.

NOTE: The compiler widll gencrate two MOVE instructions for B1710
systemse. -

EXAMPLES

LOAD F FROM S11
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LOADMSHA LOAD.MSMA

Cavailable on B1720 systems oniy)

SYNTAX:

LOAD +MSMA=====ouccSTART=casmescccaca>]
i !
{===STOP====>1

SEMANYICS:

This pseudo=-operation causes the compiler to either start or stop
prefacing all emitted microcode with the first 16 bits of a MOVE 24
BIYT LITERAL TO HSMA instruction.

The above action is required when a microprogram is to be loaded into
control memory from a cassette tape while the system is in the TAPE
sode. The action of the hardware while in this mode is as followss

«-READLOOP
READ 16 BITS FROM THE CASSETTE 70 THE U~REGISTER
MOVE U TO M

IF M = FIRST HALF OF 24=BIT LITERAL MOVEs, THEN READ 16 BITS

FROM THE CASSETTE TO U
:  EXECUTE THE MICRO=OPERATOR IN M
- C(IF #=39D003=MOVE 24=BIT LITERAL .TO THE CONTROL MEMORY

HORD ADDRESSED BY THE A-REGISTERS THEN U, WHICH NONM
CONTAINS THE ACTUAL MICROINSTRUCTIONs IS MOVED TO
CONTROL MEMORY ADDRESSED 8Y THE A-REGISTER AND A IS
INCREMENTED 8Y 1)

IF M = CASSETTE STOP THEN
STOP CASSETTE AND HALT PROCESSDR

ELSE
JUMP T0O =READLOOP

No statement between LOAD.MSMA START and its corresponding LOAD.MSMA
STOP may reference any Label which has not been deciared prior to the
LOAD.MSMA STOP.
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LOAD.MSMA v LOAD.MSMA
cont : cont
EXAMPLE?

The fotlowing source code could be used to enable a microprogram to be
toaded from a cassette into control memorys, beginning at control
memory address zero:s

MOVE O TO A
SEGMENT ANYNAME AT 0
LOAD-MSMA START

(Microprogran)

L J

LOAD.MSMA STOP
MOVE 0 Tg A
CASSETTE sTOP
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Gr——

© LOADSNMEM , LOAD.SMEH

SYNTAX:

LOAD .SMEM—--——--—--SfA R‘l"ca;-u-un--- .-y
4 1
f===STOP====>1

SEMANTICS:

WD OB D AW OW MR AT W ke

‘This pseudo=instruction causes the compiler to either start or stop
appending each microinstruction with the following instructions:

MOVE 24 BIT LITERAL TO X
WRITE (25) BIVS FROM X
HRITE 16 BITS FROM X INC FA

These instructions are required when a sicroprogram is to be fLoaded
inte main memory from a cassette tape while the system is in the TAPE -
mode. : :

EXAMPLE:

MOVE 4096 TO FA % START ADDRESS
LOADSMEM START
(nicroprogram)

‘LOAD.SMEM STOP
CASSETTE sTOP

NOTE: The FA must start at a mod 32 vatlue.
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HACRD MACRO
SYNTAX?
s(¢-¢--------‘
] 1
MACRO macro.identifier===es--sceccascnncceccuns = cecgtatenent=== # ==>4
i 1
. --(fpl )u-n—nncﬁou-.-)'
i 1

"-(fp2’f03’oocfp?)'“)’

SEMANTICS:

This declaration assigns a name (macro.identifier) to a series of
statements and declares any formal parameters (fp) which nay be used

in the macro definition. Any subsequent reference to macro.identifier
is replaced by the actual parameters in the reference.

The actual parameters used in the reference to a macro must be. singtle
fdentifiers and must not not contain embedded bianks or special
characterss. The one exception is that an actual parameter could be a
DEFINE identifier and therefore c¢ould contain an embedded dash.
Howevers the DEFINE identifier itsel¥ would then have to define a
valid, actual parameter. fFor examples X» 3» HBO01lF» and TO are valide,
actual parameterss but 3 TO X and ¢ are not. Actual parameters may not
be omitted? as with formal parameterss they sust be enclosed in
parentheses and separated by commase. :

The macro declaration must be contained on one {ine and wnust be
terminated with an equal sign (=). :

The macro defintion must then follow with one statement per line. The
last statement must be.terminated by a pound sign (£)5 for this
reasons a MACRO must not itself contain a pound sign.. A MHACRDO may
reference another MACRO or a DEFINE which has been previously declared
but must not be recursive.

All MACROS must be declared prior to any executable instructions.
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KACRO ‘ | MACRG
cont ’ cont
EXAMPLE:

- E AR W as 4 uB

The dectlaration

NACRO HRITEMUWRITE#M1» WRITEM2», WNRITEM3)=
XCH WRITEM1 F HWRITEMIL
WRITE 24 BITS FROM WRITEMZ WRITEM3 FA AND DEC FL
XCH WRITEM! F HRITEML#

A when referenced as
HRITEM{SO» X» INC)

results in the reference being replaced by the following in=line code:

XCH SO0 F SO
WRITE 24 BITS FROM X INC FA AND DEC FL

XCH SD F SO
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MAKE.SEGMENT.TABLELENTRY MAKE.SEGMENT . TABLELENTRY

SYNTAX:

MAKE « SEGMENT. TABLE JENTRY me=mwcmecemcmecnmmccceanccnn=>]
' Tt [

i===yALUE literalw===>1

SEMANTICS:

This instruction causes an entry to be written to a segment table
which connects {abeled segments with their sequence number. This
facilitates the creation of the segment table required for normal
state segmented execution. (See: Segmentation.)



NICRO

SYNTAX:

HI cR 0----------1; ter al mosmmesomsamane) ]

SEMANTICS:

This instruction places a 16=bit constant in line. The

8 - 51

HICRO

programmer is

responsible for providing any protection that may be needed to prevent

a MICRO from executing:

rarailye.

The Literal has a decimal range from 0 fo 65535.

EXAMPLE?

MICRO 3000123
MICRO 38 3AA3
MICRQ "™22¢%
MICRO "HI"™

Frt e e

THIS PLACES A HALT MICROINSTRUCTION IN LINE
THIS IS EQUIVALENT TO ™MOVE 2AA3 TO L™
THIS IS EQUIVALENT TO aF2F23

Therefore

ac8c9a

. instruction should be

used



MeMEMORY .BOUNDARY

Cavailable on B1720 systems only)

e

SYNTAX:

Me MEMORY o BOUNDARY======MINIHUN owoowenansns)
{ i
t===MAXTHMUH==>}

SEMANTICS:

AN an dnEn W W A S

This instruction sets the M.MEMORY boundary
(Interpreter Parameter Block) of a MIL programe.

8 - 52

M« MEMORY.BUOUNDARY

within the 1IPB

HINIMUM specifies that the program will be toaded into M=vMemory at the

current code addresse.

MAXIMUM specifies that the M~Memory loading will stop at the current

code address.
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MONITOR | MONITOR

SYNTAX:

HONI TOR====={iteral===~==>1

SEMANTICS:

This instruction emits the monitor micro-operator with the 1literal
occurrence identifier. (See also Appendix B2 MONITOR.)

The Literal has a decimal range from 0 to 255.

EXAMPLES

MONITOR 5
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HOVE MOVE

SYNTAX?

HDVE nqsource‘regunnnuu —-—---qu-u-------------To---usource. sink‘ reg-- -)l

1 . . 1 ] ]
I=scratchpad.wordememesnvecnscnccnwcena=)] f=scratchpad.vord=>1
| §
§=ADDRESS ({abeleref)====wmesacecceana=)}
] ] . 1
t 1 1
[ I ¢ ===arith.exp=>1
1 ] 1 ]
] {= = =>}) ‘ |
] 1
f==arithe.grpem ovsocncucaunacseccnananans)j
1 . 4 ]
1 ==SEGHENT COUNT o memacrccandewnacanasa) |
i ]
1~=HEX+SEQUENCE.NUMBER=====roenrcccaanns)]
i |

. §==CODE.SEGHENTNUMBER=====moscusnacncra>]

SEMANTICS:

R A WM DM e

This instruction copies the specified information into a source and
sink (destination) register or scratchpad word.

ADDRESS (label.ref) is a literal value equal to the code address of
the tabel reference.

SEGHENT.COUNT is a titeral value equal to- the number of times a
segment statement has occurred.

‘HEX.SEQUENCE.NUMBER is a literal vatue equal to the tast six digits of
the source statement sequence number.

CODE.SEGMENT.NUMBER is a titeral value equal to the current code
segment number.
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HOVE ’ MOVE
cont , cont

SEMANTICS cont:

_--’Qﬂ--- - . v e
The following are restrictions on an §-Memory Processore.

1. I1f ADDRESS or arith.exp has a value greater than 255» and
source.sink.reg is CP» the move will not take place.

2. 1f sourcee.reg is Us, source.sink.reg may not be TAS, M, or A.

3. If source.reg is As CP» M» or DATA, source.sink.reg may not
be a 4-bit registere.

4o 1f sourcee.reg is SUM or DIFFs source.sink.reg may not be CMND
or DATA. _

The foltowing are restrictions on both an S=Memory and M=Memory
Processor. - ,

i. WHhen source.reg is DATA» source.sink.reg may not be DATA or
CHMND.

2e When source.sink.reg is Ms the operation 1is changed to a
BIT=0R uwhich modifiss the next micro-operation’ it does not
wodify the instructions stored in memory. In tape mode no
BIT=0R takes place. A titeral value generated from ADDRESS»
arithsexpsr or SEGHENT.COUNT may not be moved to the M

register.

EXANPLES

MOVE X TO ¥

MOVE &8 TO S1A

MOVE ADDRESS (¢ GLOP) TO T

MOVE 10 TO TA

MOVE S12A T0O S108

MOVE ADORESS (BLAH) + 16 = 8 =-1 YO FA
HOVE SEGMENTL.COUNT YO T

MOVE (81+{3%10)-1)>/2 TO Y
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NOP | NOP

SYNTAX:

NUP--—----o.--nom-a--‘ .)'

SEMANTICS:

This NO OPERATION instruction does nothing except use one clock cycle
and take up one uord of control or main memorye. _
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NORMALIZE ' _ NORMALI 2E

SYNTAX:

NORMALI ZE-----‘---.--H- -c;-cvu)i

SEMANTICS:

This instruction shifts the contents of the X register 1Lleft while
counting the FL register doun until either the most-significant bit of
X (deternined by CPL) equals | or FL equals 0. If the most~significant
bit of X is adready 1» or if FL is already 0» then no shift takes

place.
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OR OR

SYNTAX:

3

OR===sourcessinkeregister==={ITHe=meenngoyrce.registor=======>{
] t
'&--titera L----—---u-)'

SEMANTICS:

This instruction is used to logically OR the contents of a &4=bit
source and sink (destination) register with the value of the {1literatl
or the contents of a 4-bit source register. The result is placed in
source.sink.registers; the contents of source.register remain
unchanged. (See also: AND and EOR.)

The register may be any'of the fotlowing:

source.sink.register source.register
CA CB *CC *CD source.sink.register
FT FU BICN
FLC FLD FLE FLF FLCN
LA L8 LC LD LE LF "INCN Cavailable on B1720 onty)
TA I8 TC 1D YE TF PERR (available on B1720 only)
TOPM (avaiable on 81720 only) XYCH
XYST

* CC and CD represent processor interrupts and ftltags

The Literal has a decimal range from 0 to 15.
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oR , ‘ OR
cont , cont

SEMANTICS conts

TABLE 5-3 OR Truth Table

§ Source & Sink | Literal 1 Source & SinK 1
q Register i | Source Register ] Register ' ]

'-----q--------ni-n- L P T TR Y X YR YR no.--.----u-n3-:----.-—.------'

1 0 t OR 1 0 i Yietds 1 J i

'n---------n----‘ - o c--‘-u--u-------i&--‘u -----i---------------'

i 1 § OR 1 0 ¥ Yields 1 1 t

’ TR T T L L T ‘ ------! - . an w -un---‘------—-o-‘-n--n----------!

| I 0 i OR 1 1 -4 Yields 1 1 ]

‘ L T T R i ------' u--n---n-on-! ceancecsaen] ELE LT L L LY LX) |

4§ 1 i OR 1 1 '3 Yields 1 1 [

L N R K K X B R L X B A B L R N N L K E R R X L 2 2 B X R JT_ R R R L N ¥ R E K X W I K E R 1 L B X 2 R R R R L L J % X X X X J

EXAMPLES

OR 78 WITH 3

§ TA %+ T8 ¢ YC ¥ YD 4 TE 1 TF 1

-qnul------i mamwmm jowe --n! ------’-----"----—-’---------n---------

® T 1 0000 1 0101 1 1111 1 0011 1 0001 1 0010 ¥ before C(OSF312) ¢

'i---‘ mowoam ‘ ------ﬂn-- ---‘-mo---! n-----’ -n-a--an.--------.n----uni

i § =-- 10012 4 == 4 == § == 1 == § Qiteral L]

1 7T 1 00001 0111 1 1111 1 0011 ¢ 0001 ¢ 0010 ¥ after C(OVF312) ¢

L L B N X N W W X B R N X F B F N & X B B N_-1 R § L R B Z R T X A R K B L B K L. X B _ X A X B L A R K _J X X R K R X N R N B 2 2 JR_X J
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OVERLAY OVERLAY

(Available on B1720 systems onty)

SYNTAX?

SEMANTICS:

LA B L N _J N N B _ZX J

This instruction overlays control memory from main memory. Before an
overlay is initiated the L register must contain the f§first controtl
memory overlay address» the FA register must contain the beginning
main memory addressr, and the FL register must contain the Llength in
bits to be overlayed. Overlay will continue until - the FL register
equals 0 or the A register is out of boundse. If the A register goes
out of boundss FA contains the address of the next microinstruction in
main memsory; FL contains the length in bits of unfetched data.

" The action of the hardware executing this instruction is as follows:

MOVE A TO TAS

MOVE L TO A

READ 16 BITS TO L INC FA AND DEC FL
MOVE L TO CONTROL MEMORY ADDRESSED 8Y A
INC A

TEST FL=0 OR A OUY OF BOUNDS

NO LCOP TO READ EVENT

YES END INSTRUCTION
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PAGE PAGE

SYNTAX:

a

PAGE---------‘-&---- )‘

SEMANTICS:

This instrucgion causes the source listing to skip to the top of a new
page at compile time. Code is not generated.
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POINT ‘ POINT

SYNTAX:

POINT FA TO===—===arithpetic.ekpression======>}

SEMANTICS:

This‘pseudo-operatibn causes the compiler to generate an instruction
that adjusts the value of FA to the value of the arithmetic
expression.

Prior to the execution of this instruction, the compiler must have
been given some knouliedge of the contents of FA. This can be done via:

MOVE arithmetic.axpression TO FA
or
FALPOINTS T0 arithmetic.expression

FA will be adjusted by up to 144 bits as a result of this command. (€A
Harning message will resutt if the adjustment 1is greater than 72
bitsld. (See also: READ and WRITEL)

EXAMPLES:

DECL ARE
01 STRUCTURE,
02 DATA.A BITC10),
02 DATA.B CHARACTER(20),
02 DATA.C FIXED; .

FA.POINTS TO DATA.A

READ DATAL.LENGTH C(DATA.A) BITS TO X POINY FA TO DATA.B
POINT FA TO STRUCTURE

MOVE DATA.C TO FA

WRITE DATALLENGTH (DATA.C)) BITS FROM Y POINT FaA TO DATA 8
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PROGRAMLLEVEL ‘ PROGRAMLLEVEL
SYNTAX?
‘(-n-‘------CATn--- - - -a u—-qu--.
B . 1
PROGRAMOLEVEL nommmonmatcharacter.string"==cencccaana=)y
$ ]

t===TO0DAYSeDATE=wawnwaa>]
! B |
{===TODAYSTIME= =wowunasy

SEMANTICS:

This instruction places forty characters of information into the
PROGRAMSLEVEL location of the IP8 (Interpreter Parameter Block).

If the TITLE statement is unuseds the title headings of the progras
tisting will reflect the PROGRAM.LE?EL»information.

EXAMPLE

S AR e -

PROGRAMSLEVEL “THIS IS A SUBHEADING™ CAY VODAYS.TINE
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READ | READ

SYNTAX:

READ&#-”SML To Xomwoaa LA E L PR LT L LI A R I LR PR R LY P LI LA L L DY |

| ]
LI LI R R L LRl Ll el ekl L) wwow(jemree  cescnnersavncns)]
1 : I | 1 [ ]
i==Literal====BIT===>1 {=REVERSE=>1 fo=yY==~>1
i i ] L
§=~BITS~=>1 o= Te=>}

i )

§wml==>1

‘ T 3 R AP T R B R W GG A A SR AW A AR SN SR AR R N R R R R R AD AR GV N G S D O R SN D W R R S

t
]

'—u.-nl Nc---qFA--- A G O VD D W U D G S I A S T R W A W D T N S N N R WD R B )

' 1 | {
' --FL‘ - e -on---u-),
t t
t==FA AND DEC FL==>1
] '
t==~FL AND DEC FA~=>{

-—DEC:---FA--- u-w---a-n-n.nnn-o.-.—---n LI T L Y LR T TR TN

t

1

L]

1

!

]

L)

] L] ]
] to=fFlLeo=coccanancas]
] | ‘ L]
L I §=~FA AND FlL======>{
! ' 1
1 § =~FL AND FA======>]
] { - ]
| $==FA AND INC FL=~=>1{
] i i
] §==FL AND INC FA=~=>}
] t L]
] §==FA AND DEC FL==>}
t i 1
1 1==FL AND DEC FA-~=>{
1
]

~=POINT FA TO airthmotic.expression=r=esececanccccacnna==>
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READ ‘ ' READ
cont : cont
SEMANTICS:

An M=Memory READ (MSML TO X) instruction reads to the X register the
16 bits in M=Memory pointed to by the contents of the L register. The
contents of L must be modulo 16. This facility 1is not available on
S*Memory Processors.

An S~<Memory READ instruction reads from O to 24 bits of information
from S-Memory into one of the aldowable sink (destination) registers:
Xr Yr T» or Lo

If the titeral is zero or is not specifiedr the field length is given
by the contents of CPL. The read data will be right justified in the
selected sink register. If the field length is zero then X» Y» T» or L
widl be set to zero. _

Normally, on an S~Memory readr, the contents of the FA register point
to the first bit of the field to be roade If the REVERSE option is
used» the contents of the FA register point to the last bit ¢ 1 of the
fiold to bte read. The sink register receives the contents of this
field as if it had been read in a forward directione.

INC/DEC édjusts FA/FL by the field length after the operation but in
the same microinstructione.

POINT FA adjusts FA by up to 144 + field Ulength bits after the
operation. (A warinig message will be issued {1f &the adjustment is
greater than 72 ¢ field length bits). The POINT FA option can be used
only if 1iteral BITC(S) is specified and is greater than 0. (See also:
FALPOINTS and POINT.)

EXAMPLE

READ MSML TO X

READ 24 BITS TO X

READ TO Y INC FA

READ 2 BITS REVERSE TCO T DEC FA AND FL
READ REVERSE TO L INC FL

READ 10 BIYS .TO T POINT FA TO 100
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REDUNDANT .CODE ' REDUNDANT.CODE

SYNTAX:Z

REDUNDANT .CODE=====START====vaenu=>
1 S
i=~=5TOP==>1

SEMANTICS:

- ) heE AR W WD 49 A a0

This instructidn causes the compiler to 'duplicate each aicro. It s
used to facilitate {opading programs tc memory.
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RESERVE.SPACE RESERVE.SPACE

SYNTAX:S

L]

RESERVE «SPACE FOR==*=-arithmetic.expreéssion====egliSewmanccn==}

SEMANTICS®

This instruction causes the compiler to emit a sufficient number of
NOP*s (i.2.» 300003) to allow for the number of bits specified by
arithmetic.expression.

The actual émount of space reserved will atways be MOD 165 therefore
up to 15 bits more than that specified by  the arithmetico.expression
may be reserved. _

EXAMPLE?

DECLARE IO.DESCRIPTOR 817T(C188)7

DESC.LOCN
RESERVELSPACE FOR DATALLENGTHCIO.DESCRIPTOR) BITS
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RESET ‘ ' RESET

SYNTAX:S

RESET---am---regi ster (l 3 tera[ PEEL LI LRI I R LA I LY LRI LI AL L LR L LR DS

i i i ]
.-NﬂTu)z ' a(a---—--m----u-----‘----------‘ ’
t 1 ! 1
{meempAND=~===mearggister (literal)==>1
S | i
I=NOT=>{
SEMANTICS?:

This instruction RESETs (sets to zero) the bit specified by the
Literal into the register. By using the options, more than one bit in
any one register can be reset with the sage instruction {if ALL BITS
are in the SAME 4-B8IT REGISTER. (See also: COMPLEMENT and SET.)

The register may be any 4=bit source and sink (destination) register
below:

CA CB CC CD (CC and CD represent proce;sor interrupts and flags)
FT FU

FLC FLD FLE FLF

LA L8 LC LD LE LF

TA B TC TD TE TF

TOPM Cavaiable on B1720 oniy)

It may also be the FL» FBs L» or T register: all bits must then be in
the same 4=bit subfield.

The titeral has a decimad range from 0 to 3 for a 4~bit register? from
0 to 15 for the FL registers and from 0 to 23 for-the FBs L, and T

registers.
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RESET RESETY
cont cont
EXAMPLE:

RESET T€0) AND TAC3)

TA 18 1C TD TE TF

T ¢ 1311 ¢ 1010 ¢ 1100 4 1110 & 1001 & 1001 1 before (FACE99) 1

‘----_'cr-sQ-——u-’uw—-u-:’---nn-i--u---‘---u--g-------.--un-a ]
T 4 0110 & 1010 % 1100 & 1110 ¢ 1001 § 1001 § after (6ACE99) 1
11 o1 i i ' i '
-n‘nu‘-u-nq--------n-».--a--—------mn-g-n---u-—--‘-----—n-----
ot 134 7 8 11 15 16 17 18 23
| I | : .

T€0)<==3 1==>TA(3)
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ROTATE ROTATE

SYNTAX:

q

RUTA TE-u-uQT.-nLEFT BY;«---! i terat BlfS==coman XL LY PR L L L DN |

i i 1 L I | {
t ' . l==aCPL=memese===>] j==TQ register==>I
1 i ] 1
L 1=-=RIGHT BY literal BITS===>} '
1 ) t
1 : 1
j === ewemenmncaan] [FToruaacpy~=eaijteral BITS===e=sma>]
] 1 1. 1

§===Yoe=>]  {===RIGHT==>{

] ' L]

t===XY==>{

SEMANTICS:

See SHIFT/ROTATE T and SHIFT/ROTATE X/Y/XY.
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SEGMENT SEGMENT

SYNTAX:

SEGHENI‘---unNEwSEGMENTn-Cno---on.----q-.c--o--------.a---n--u--)l
[ - N 1
t=-iabel======>]  {=<AT*===<ADDRESS (label) =====>}

‘ i 1

t==literalessesoccca>y

Note: The Lliteral must be MOD 16.

SEMANTICS:

See: Segmentation.



SET . SET

SYNTAX:

SET----------register TO ‘iteral-u-u-u----n-nwﬂ--..------f’----’----)l

i 1 4 ]
.-NOT-)] ‘—register (literai)n-uu—:uon.—-ug----qunnan---u------)'
: 1 |
§ {omcuensunnonenwncsesssanesnss | 1
§ 8 ' S |
(==AND========pegister (Literal)=->1

1 ]

1=NOT=>1

SEMANYICS:

This instruction SEVs the register to the vatue of the literal or SETs
(hit=one) the bit specified by the literal into the register. By using
the options more than one bit in any one register can be set with the
same@ instruction if ALL BITS are in the SAME 4=~BIT RE3FISTER. (See
also: COMPLEMENT and RESET.)

SET register TO dLiteral: The register may by any &-bit source and sink
(destination) register listed below.

CA CB CC CD (CC and CD represent processor interrupts and flags)
FT FU :

FLC FLD FLE FLF

LA LB LC LD LE LF

TA 7B TC TD0 TE TF

To0PH {available on B1720 systems only)

It may also be the CPU register. If CPU is useds the Literal - has a
decimal range from 0 to 35 otherwise the literal has a range from 0 to
i5.

SET register (literal): The register may be any 4=bit source and sink
register listed above. It may -also be the FL, FB» Ls or T register:
all bits must then be in the same &4-bit subfieldes The Literal has a
decimal range from 0 to 3 for a 4~bit register; from 0 to 15 for the
FL register? and from Q0 to 23 for the FB8sr L, and T registers.
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SET
cont

SET
cont

 EXAMPLE:

SET TA TO 3
TA 8 TcC  T0- TE  TF

T 1 1111 1 0100 1 0101 1 0110 § 0111 & 1000 1 before (F45678) |

'---w--i------‘-n--n-l-n----é.-unuu‘u-—--n‘----n------n--.--’

T § 0011 ¢ 0100 4§ 0101 1 0110 § 0131 ¢ 1000 § afier (343678) |

L X NN N R B N R R L N K N N N R B N L R R K A K RN NN A R R N X R R L A R A L ¥ N % ¥ ¥ W ¥ ¥ Fr ¥ % F ¥ X ¥ §_ ¥ ¥ J

SET TC(2) AND T(11)
TA 8 ‘TC 10 TE TF

LY T R X Y L LR YL N P R T N LT N L L -2 LY PR Y N Y R Y PR Y PR e X ¥

T 1 0001 1 0010 3 0000 1 0100 § 0101 § 0110 % before (120456) 1

‘---u—‘i'n--unl-*-u--‘--n—aulnnuuua;-u-h--’--an--a---qu-----'

T & 1001 ¢ 0010 ¢ 0011 ¢ 0100 1 0101 1 0110 1V after (923456) ¢

‘ LR
IC(2) <==§1==> T(11)
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SHIFT/ROVATE ¥ SHIFT/ROTAYE T

SYNTAX:s

q

ou--SHlFT r-ﬂ-u-LEFr BY-nn-iiterat BIT’Sm-n--'----u---------n-------v;)'

i i ! I | § 1
‘ i §==CPL=====mwme=>] {==T0 register==>1 -1
1 L 5 ]
f i===RIGHT BY literal BITS=e=cemcnccccnccecwncacanna)]
1 : ] B | |
| {e==T)omema)==>] i
i i | ]
] {reaYead| ]
] (] 1 i
1 feeeT=e>]} 1
) 1 1 ]
i fom=lw=>} ]
1 {
== =ROTATE Te==LEFT BY=====literal BITS=-e=mm=scccescasceameaas]

(] A ¢ 1 : ' |

: ‘”“CPL"“""">§ 1==T0 register==>{

t==RIGHT BY Lliteral BITS===>1

SEMANTICS:

@A A G S

This dinstruction SHIFTs or ROTATEs the contents of the T register and
places the result either in T or 1in some other source and sink
(destination) register. If the result is not placed in the T registers,
T remains unchanged. SHIFT will zero fills ROTATE wilit put the
most=significant bit in the least- sngn!fxcant pbit position and shift
the remaining bits.

The titeral has a decimal range from O to 2%.

"SHIFT/ROTATE T LEFT: If O or CPL is used» a shift or rotation by the
value of the CPL register will occur. If CPL is greater than 24s 24 is

usede

T0 register: places the shifted or rotated results in the specified
source and sink register’ the T register remains unchangedes If the TO
register option-is not used, the result is placed in the T register.
The register may any source and sink reyister except DATA or NMBR
Crofer to: Registers And Scratchpad). If the register is 4» the resuit
of -the SHIFT/ROTATE operation is BIT~O0Red 1into the ¥ register and
modifies the next microinstruction.
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SHIFT/ROTATE T ‘ SHIFT/ROTATE T
cont . cont

SEMANTICS conts

LT E LN T K I N T R A L

ROTATE T RIGHY: Because the hardware can only rotate the T register to
the Llefts, the compiler converts this instruction to the proper {left
rotate to accomplish the same result as the rotate righte.

SHIFT T RIGHT: Because the hardware can onily shift the T register
teft, the compiler will generate an EXTRACT to accomplish the same
result. Therefores the T register may be shifted right only to the X,
Yo T - or L register. If the TO0.ee option is not wuseds the result is
placed in the T register? otherwises the T register remains unchanged,

PROGRAMMING NOTE

It is recommended that the EXTRACT instruction itself be
usedr rather than SHIFT T RIGHT.

EXAMPLE:

- ROTATE T LEFTY BY & BITS

TA T8 TC TD TE TF

L L R K N KN ¥ R N L X & X N T N E N L K F & K 2 R E-E L N K N R X2 B X N L K J N L X E N ¥ % ¥ R-¥ ¥ X R K X 3 ¥ F }

T 4 0110 ¢ 0011 4 1000 1 0101 % 1111 ¥ 0000 ¥ before (6385F0) 1§

"------‘ LR L LI FELETELFEEL L LY weswanjeaceonen j cosusscennsne CEC T |

T ¢ 0011 ¢ 1000 1 0101 % 1111 ¥ 0000 1 0110 1 after (3B5F06) 1

X YRR YL YR Y YL A AT YL Y YRR YR X ¥y Y

SHIFT ¥ LEFT BY &4 BITS
TA 18 TC 10 TE TF

LE L X % W R N ¥ K K £ N & K K L N N B_JX R K A 5 & L N & L R R L E X R L N & X & E_R R K E L XK L KL L R X N F ¥ 2 1 F % ¥ ]

Y 1 03110 ¢ 0011 1 1000 % 0101 1 1111 & 0000 1 before (6385F0) ¢

l-n..- .-15' ------‘--.-ung u--nn—{‘ - o w0 D ’ -n--'n! ---'en'-—-----u-n-- '
T ¢ 0011 % 1000 3 0101 ¢ 11$1 4 0000 & 0000 1 after (385F00) ¢
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SHIFT/ROTATE X/Y/XY ' SHIFT/ROTVATE X/Y/XY

SYNTAX:

- vn - e nsHIFTno----u--nQXQ- ---u-u.--mLEFT--n---B Y-o-n literal B!Ts-----)‘

1 ' o :
1 ===ROTATE==>] {==eYe==3]  {===RIGHT==>{
{ {
'---XYn-)'
SEMANTICS:

This instruction shifts or rotates the X» Y» or. XY register (X
concatenate Y) a specified number of bits to the right or 1eft. Zero
fitll will occur-with the SHIFT instructione.

The titeratl has a decimal range from 0 to 23 for the X and Y register;
and from 0 to 47 for the XY register.

NOTE:The titeral has a maximum value of 1 on the 81710 systens
with the concatenated XY register.

EXAMPLE:

SHIFT X LEFT BY 5 BITS
ROTATE XY RIGHT B8Y 40 BITS
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SKIP SKIP

SYNTAX:

L X ¥ R L

q

SK IP HHEN-wu-regi st erﬂﬂALL e e w e -n-u“u----i i t eral------ Towaweccsee)

| ] 1 LI | ¢ 1 ' 1
! 1 i ===CLEAR=~=>1 1§ 1 t===FALSE==>1
{ | L ]
i {=m=ANY=cecsnasanaary '
L] ¢ 1 ]
$ {=e=fQlem~menancnua>] ‘
L) 1
t===conditione=ececescccocnancnencncncacayy
SEMANTICS:

L L R N 1L N R N X J R

This instruction causes one aicroinstruction to be skipped if the
designated condition is satisfiods (See alsos IF.)

SKIPkHHEN registers The Ltiteral contaings a &4=bit mask and may be
comprised of decimals binary., or heaxadecimal entries.

ALL is considered to be true only if all the bits in the register
corresponding to one bits in the mask are true. That 1is5» onily the
designated bit positions are tested to see if they contain ones. ANY
is true if at Least one bit in the register corresponding to a one bit
in mask is true. EQL is true if all the register bits equal the
corresponding bits in the maske. That is, the register must be exactiy
Like the maske.

ALL CLEAR causes the masked bits of the register to be set to zeros
after testing the ALL condition. Ondly the bits tested are cleared, and
-the clearing action always occurs whether the SKIP is taken or not. If
ALL is used with a2 mask of 0000, the result §is always false.



SKIP
cont

- SEMANTICS cont:

FALSE causes a skip when the whole coendition is false.

sKIp
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SKIP
cont

WHEN condition: The condition may be any condition available fron
the condition registers. (See: IF.)

The register may be declared as foilows:

FU TA LA CA BICN
FT 8 LB CcB FLCN
FLC TC Lc cc INCN
FLD TD LD co XYCN
FLE TE LE XYST
FLF TF LF

PROGRAMMING NOTE

The use of the IFeceTHENG o ELSE instruction
reconaended rather than the SKIP instruction. The SKIP

is
is

{imited to one» 4=bit grouping mask in one vregister and may

only skip one microinstruction. The. IF 1is capable
testing any combination of  bits 1in many registers

skipping blocks of microinstructions and will generate

SKIP MWHEN hardware microinstruction whenever possible.

of
or
a




8 =~ 79

S<MEMORY.LOAD ' S.HEMORY.LOAD

SYNTAX:2

SeMEMORY sLOAD======5TA RT-:----‘&--—&)’

SEMANTICS:

This instruction specifies the location for beginning statements in
S<HEMORY. Code is not generateds but the code address of the {last
statement is placed in the [IPB8 (Interpreter Parameter Block) at
RESERVEDH MENORY . .
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STORE ‘ STORE

SYNTAX:

C LR LR L N

STORE F INTQ======doubles.scratchpad.worde=ssexy

SEMANYICS:

This instruction MOVEs the Field {(F) register into any doubte
scratchpad word {S0eeceS515)3 the F register remains unchanjede.

NOTE: The conpiler generates two MOVE instructions on 81710
systemse.

EXANPLES

STORE F INTO S6
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SUBLTITLE SUB.TITLE
SYNTAX:
1(--—-;--:-& wowal ATewcenasmecsow ]
. 1 ]
SUBeTITLE==mwememnercharactorestringm=eee=sencecaa>y
] i
f=~>TODAYS.DATE==mwmmwm=)]
] |

§==>TODAYS-TINEwwmwmacns]

SEMANTICS:

This instruction modifies program title information.

If "character.string™ exceeds 72 charactersr, right-hand truncation
will occur.

$ HEADINGS and either 8 LINES.PER.PAGE t#£] or $ PAGE.NUMBERS must be
specified if subtitles are required on following pages.

EXAMPLE?®:

SUB-TITLE TODAYS.DATE CAT "PROB.A™ CAT TODAVS.TIME
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SUBTRACT SCRATCHPAD SUBTRACT SCRATCHPAD

SYNTAX:

SUB]’RAC T---u-scratchpad.uordunou-FRﬂM FAmnu------)!

SEMANTICS:

- P LS DTN W W N W

This dinstruction subtracts the left half of any scratchpad word
(50AeeeS15A4) from the Field Address (FA) register. The result is
placed in FA? the contents of scratchpadeword remain unchanged. (See
also: ADD SCRATCHPAD.)

EXAMPLES

SUBTRACT S3A FROM FA
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TABLE TABLE

SYNTAX:

-uy w W wmwe w

i {

TABLE {abet--—'--eEGIN-"f-f--"character.string"-------END------>l‘
i |
f===hex. stri hg"f‘"_““""l

SEMANTICS:

MM RED @ un 4y o €

This instruction creates in-dine character~stringse.

Only one string is allowed per dine. The charcter.string must be
enclosed within quotation marks? the hex.string aust be enclosed
within 3 signse.

The BEGIN/ZEND pair must surround all strings in the TABLE. The
characters are grouped two per addresss i.€e.r 16 bitse

The label must be uniques its use references the first 16 bits of the
table.

EXAMPLE:
TABLE REF. Code generated:
BEGIN :
"AB" cicz
IABCI cicze
¥ I ' C3C4
w45 FA4FS5 -
END .
MOVE ADDRESS (REF) TO Y . % Yhe address-of the table (REF) witl

X be loaded into the Y register
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SHAP SKAP

(Available on B1720 systems only)

SYNTAX:

S“AP t i t er31 B!TS-—--- n----.*-----—---”l THw--u--L-------q)‘

| ! | i
i ~==REVERSE=~=>1 jomeT==>{
e |

foma)~=>]

| 1 1

‘ - e Yun).

SEMANTICS:

This instruction swaps the spocified number of bits between main
mremory and the specified register.

The FA (Field Address) register mrust have been previously set to the
proper main memory address.

The 1iteral has a decimal range from 0 to 24. If the value of the
Ltiteral is zero, the contents of the CPL register are usedes If the CPL
register is also 0, the register is cleared to aldi zeros. If less than
24 bits are swappeds the Leading bigs of the ragister are zero.

Normally the contents of the FA register point to the first bit of the
field to be swapped. If the REVERSE option is usedr the contents of FA
point to the last bit + 1 of the main memory field  involved. The
specified register (Ls T» X or Y} receives the contents of this field
as If it had been read in a forward direction.

PROGRAMMING NOTE

Incrementing or decrementing of the FA or FL registers is
not allowed with the SWAP instruct ian.



8 = 85

TITLE ' TITLE
SYNTAX:
’(u-n---qu-auCATnu---n-&- ----‘ )
1 3
q 1
=== TODAYS . DATEwmemanwa>
| L §

1===TODAYS .TIME==o===r=>]

SEMANTICS:

This instruction modifies program title infarmation.

If 'character;string" exceeds 72 characterss rgright=-hand truncation
witl occur.

$ HEADINGS and either $ LINES.PER.PAGE (2] or 3 PAGE.NUMBERS must be
specified if titles are required on following pagese.

EXAMPLE

TITLE TODAY.DATE CAT "PATCHES"



TRANSFER.CONTROL

SYNTAX:

-y Tues S W

4

TRANSFERCONTROL=w==mwmcan>]

SEMANTICS:

This idnstruction generates the
Appendix B8: BIND)

BIND havdware

8 ~ 8%

TRANSFER.CUNTROL

instruction. (See



HRITE

SYNTAXs

8 - 87

HRITE

wRITE-—HSML FRDH x-—nuu----.-qeuu'un-u-?----—-q-y------c&--.--n----.-)'

'n-----u—-a-n----y---ﬂn---wuu,o--nqqumu-FRDH*—-X----------&n-).

t LI | ] 1 1
t=titeral=re~c===g[T====e21 §=REVERSE=>1 1=Y=>1{
¢ 11 8 i L]
t={literalld=>1 §-BITS=>} =T=>1
' L) ]

t=L=>%

lnﬁ-.ulNc---aFA--n-n-ginu&.----*-u-@---u----,o—--n-----a-’----)

§ 1 . |
joesflovmencunesanmme |
! ‘ i |
I~=FA AND DEC FL==>}
! i )
f~=Fl. AND DEC FA==>1.

--DEC----FA--------------ou.qq-f&n-q--q----ofnnc----------)

]

i

!

'

1

'

i

! 1 '
! {=~Fl==smmmcenemen>}
g ' '
’ t==FA AND FL==w===>{
f 1 1
¢ §==FL AND FA======>{
g ) 3
| I=~FA AND INC FLw=>1
' i e
i t==FL AND INC FA==>1
‘ 1 e
s t==FA AND DEC FL==>1
' 1 Yy
i i==FL AND DEC FA==>1.
t

1

~=POINT FA TO airthmetic.expressionree=rcrecccccccnccvcana)

- S me s M Sk S S AR DR AR A R AR N NS AR A AR N NS D e B EE e A NS o VO WD e B




8 - 88

HRITE ) WRITE
cont cont
SEMANTICS:

An M=Memory WRITE {HMSML T0O X) instruction-writes from the X register
the 16 bits in M=Hemory pointed to by the contents of the L register.
The contents of L musgt be modulo 16. This facility is not available on
S=Memory Processorse.

An S=Memory HWRITE dinstruction writes from: 0 to 24 bits of information
into S=Memory from one of the ailowable source registers: X» Ys T» or
L.

The amount of data written (field dength) 1is determined by the
titerat/sCliteral) BITL(S) option. If this is equal to 0 or is emptys
then the field length is given by the contents of CPL is right
justified in the selected source register. If the field length is zero
then nothing is written.

Normally the contents of the FA register point to the first bit of the
field to be uritten. If the REVERSE option s useds the contents of
the FA register point-to the last bit + 1 of the field to be wuritten
to memory. Memory contains the rightmost contents of the source
registar as if it had been written in a forward direction.

"INC/DEC adjusts FA/FL by the field length after-the operatton but in
the same microinstructione.

POINT FA adjusts FA by up to 144 + field tlength bits aftor the
operation. (A warning message will be issued if the adjustment is
greater than 72 + field length bits)a. This option can be used only if
Literals(iiteral) BIT(S) is specified and is greater than 0. (See
also: FA.POINTYTS and POINT.)

The unparenthesized {iteral has a decimal range from 0 to 24.
C(titeral) has a decimal range from .0 to 262 a value of 25 witl cause
‘2L bits to be uritten with correct paritys a value of 26 will cause 24
bits to be written with incorrect paritye.

EXAMPLE:

NRITE MSML FROM X

HRITE 24 BITYS FROM X

HRITE FROM Y INC FA

WRITE 2 BITS REVERSE FROM T DEC FA AND DEC FL
WNRITE REVERSE FROM L DEC FL

HRITE 10 BITS FROM T POINT FA TO 25



HRITE.STRING

SYNTAX:

- onvh e

8 - 89

WRITE.STRING

1 t i i '
1 ~REVERSE=>1 1=y=>1.
YR
i=T=>4
t
1=L=>{

‘ <-I.----“-Q--- LA L R R R R R X B 2 R B R _ X & X K B XL L X X L X E X R X K L X ¥ ¥ J

lﬂ-a--INCO-u.FAn-----qnucnt---n-nn-;----—coug-------QQ-->

] § )
‘--FL'--nﬂoaa----u)‘
| |
t==FA AND DEC FL==>}
L] i
{==FL AND DEC FA==>¢§

"OEC‘"-'FA'--"-'-"-------’---n.‘-‘-'...-..-‘--.-“')

i

'

‘

1

‘

t

1

! ] N

' f=mFLm==eeemmncman>]

' ] ¢
X V==FA AND FL======>]

T o

t t==FL AND FA======>1

1 K | | '

i t==FA AND INC FL==>1

' ' |

' 1==FL AND INC FA==>i

' ‘ | )

t t-=FA AND DEC FL==>1

' i '

1 1==FL AND DEC FA==>1

i

i

=<POINT FA YO airthmetic.expressionereecneccnscncucs)

- an S W G R aB

B G5 A 4 S SD ML an an BB OB an UD AR S Wb Ln S5 A% G W SR G0 A S S A S0 S SR WS 5 S en




8 - 90

HRITE.STRING WRITE.STRING'
cont - cont
SEMANTICS:

This instruction generates the necessary fn~line 1literals for a
string, with moves to the indicated register. It also generates the
HRITE commands to write the string into main memorys beginning at the
address in the FA register.

The tength of the string is limited to the remainder of the source
card image. It may be any of the following data types.

Start~Stop Length of
Type Symboil Each Unit Exampte
Character - 8 bits "APC1284KL"
Hex 2 4 bits 3124ADF3
Octal : a3 3 bits 3(3)1235672
Quartal a2y 2 bits a€2)1233212

Unary a(l?r 1 bit 8(1)53110011013

EXAMPLE:®

WRITE.STRING ™APC®™ REVERSE FROM X
HRITE.STRING POINT FA TO 64



XCH XCH

SYNTAX:s

XCH====double.scratchpadenordel====F===~double.scratchpad. vorde2====>1

SEMANTICS:

This instruction moves the Field (F) register to double scratchpad
Uorde2 (S0eeeS15)7 double scratchpad wordel {50.+.515) is then nmoved
to the F register. The two words may be the same.

EXAMPLE S

XCH SO F S0 equivalent to? MOVE FA TO S50A

MOVE FL YO SOB

and simuttaneocustiys MOVE SOA TD FA
MOVE S08 YO FL

R
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PROGRAMMING TECHNIQUES

L X R L T A E E_ K N T _ R T E 2 XX X X X J

VIRTUAL-LANGUAGE DEFINITIONS

A set of virtual=-instructions for the virtual machine must first be
defined as each being a2 unique string of bits. This definition may be
chosen according to any relevant criteria. For example, COB0OL verbs
may be encoded according to their frequency of usages the higher
frequency verbs being encoded in three bits with one escape code that
specifies the next eight bits as an extendsed code string. Another
approach might be to accept directly the socurce Language as in a
time=sharing, "{ine~at=a~-time»" interactive Rode. After the
S«instructions and their operand fiedds have been defineds, any
standard location or technique should be satectad. For examplesr the
base values of S~instructions and S~data might be in S4A and SS5A of
the scratchpads or all routines are to be referenced with CALL and end
with an EXIT instruction to facilitate subrouting. The microprogrammer
is now ready to begin creating the aicroroutines needed to perfornm
‘each of the events in the S-languagye.

ASSEMBLY CODING FORM

The compiler accepts card 1{iwmages consisting of one symbolic
microinstruction per card. The source program nust reflect the
foliowing formats '

Column Usage

1=5 Reserved for 1label declarations which, if usedr nust
begin someuhere within this fielde.

i=-72 A percent sign (%) anywhere within this field
‘ indicates that everything to the right §s a comment.

6=72 Microinstructions may appear anywhere wuwithin this
fielde At 1east one blank must be used betueen words
except in those cases where a special character
(e.ge.» a parenthesis or relational operator) is
requireds in which case blanks are optional.
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Both point labels and uniques labels are allowed,
with a 4dimit of 25 characters and no imbedded
blianks. A blank is the separator between the {abel
and the beginning of the microinstructione.

73=80 Reserved for sequence numbers.
Source code maintenance as well as other compiler options may be

specified by the use of either a3 $ (dollar sign) or 8 <{aapersand) in
cotlumn 1. {See Appendix A: HMIL Compiler Operation.)

PROGRAM EXAHMPLES

Examples A, B and C first explain S-language statements; there is
assumed to exist some basic driver routine which is in control at the
beginning and end of erach S=instruction. This conteol routine performs
the Virtual Machine functions of maintaining an 1Instruction register
and fetching the next S=instruction.

EXAMPLE Az

‘Assume the following:

1. The 3 bits 010 idmply an S~-instruction of ADD H decimal
digitss Indirect address=ls Indirect address~2 and store the
ansuwer in Indirect address=2.

2. Indirect addresses are displacements from the beginning of a

: tables the actual base value of the table ¥s the current
setting of the Base Registerv(BR).

3. The lengths of the Indirect addresses are 9 bitse.

4 All data is in 4=bit decimal form and is 6 decimal digits (24
bits) long. '

S5e Overflouw is to be ignored.
The instruction might appear as follows?

010 0000110010000101100 in main meROry.
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~

This bit string represents an S~instruction conpiled from a source
f1anguage statement such as the following:

“ADD SUM TO ROLLTOTAL

That portion of an interpreter which would perform the addition might
appear as followus:s

NEXTSOP READ 3 BITS TO X INC FA X GEY 0OP=-CODE 4

MOVE X TO 4 X PREPARE T0 DECODE

JUHP FORWARD X2 GO TO DECODER

G0 TO ROUTINEL.FETCH

GO TO ROUVINE.STORE

GO - TO ROUTINE.ADD Z ADD ROUTINE

ROUTINE.ADD % LABEL FIRST LINE

- MOVE BR TO S1A X SET BASE FOR ADD
READ 9 BITS TO T INC FA Z READ FIRST INDEX
READ 9 BITS TO L INC FA Z READ SECOND INDEX
MOYE L TO FA % LOAD INDEX
ADD S1A TO FA Z ADD ACTUAL BASE TO INDEX
READ 24 BITS TO X X GET DATA=2
MOVE T TO FA Z LOAD INDEX
ADD S1A TO FA Z ADD ACTUAL BASE TO INDEX
READ 24 BITS TO Y % GET DATA=1
MOVE 2(12001110003 TO CP Z CLEARS CARRY

Z SETS CPU AND CPL CTORRECTLY

MOVE SUM TO T Z GET SUM READY T3 WRITE
WRITE 24 BITS FROM Y X HRITE SUM
MOVE 24 70 CP X HUST RESTORE CPU IN GENERAL
GO YO NEXTSoP X GO TO NEXT S=INSTRUCTION

EXAMPLE B2

If the source tanguage statement wWas
MOVE INVERVING FIELD 1 TO FIELD 2

The S~language might be:
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10P=-CODE4 DATA TYPE lADdRESS'iILENGTH‘IQADDRESS'Z ILENGTH=21
i BIT 1 Q001=BINARY ILEFT=-M0STY IN IRIGHT=-MOST? IN |
ISTRING § 0100=4-BIT I UNIT i BITS ¢ UNIT i§ BITS 1
i i DECIMALC(BCD) t ABSCUTE 1§ t ADDRESS 1§ L]
! t 1000=8-BIT 1 ADDRESS @ ¢ 1IN BITS @ '
i 1 DECIMALCEBCDIC) 1 IN BITS 1§ § L] ]
NOTES:

1. The size of each element in the S=language is 24 bits or
-1esse.

2o The left~most=~address=1 points to the beginning of field=1
and the data will be accessed with READ FORHWARD commands. The
right=most~address~2 points to the end of ¥field=2 and the
data wili{ be accessed with READ REVERSE commandse

Assume the following events have been performed in a manner similar to
that used in Example A:

i. The Op=code has been properly decoded and the correct routine
_has been entered. :

20 The address and length of Field 1 ére in the F registere.
3. The address and d4ength of Field 2 are in scratchaéd word SO,
Yhe foltouwing code then performs the INVERTED-HDVE operation and

properly pads if the receiving field (field 2) 1is Qonger than the
sending field (field 1).

INMOYV BIAS B8Y UNIT SET CPU AND CPL

READ & BITS REVERSE 70 L GET TYPE INDICATOR

TOP ' IF FL = 0 THEN GO 10 PAD TEST LIMIT FIELDL
IF SFL = 0 THEN GO TO ENDOP END OF FIELDZ STOP
READ TO X INC FA AND DEC fL GET A UNIT OF DATA
XCH 50 F SO EXCHANGE 50 AND F REG
HRITE REVERSE FROM X DEC FA AND DEC FL

PUT A UNIT OF DATA

XCH SO F SO EXCHANGE FOR GET
GO TO YOP

PAD LOAD F FROM S50
‘ MOVE 0 TO X
IfF LF(&4) THEN
MOVE 3403 TO X
Ao HRITE FROM X DEC FA DEC FL.
IF FL NEQ 0 GO TO =-A
GO TO ENDOP

GET ADDRESS INTYO F REG
SET ZERO FOR PAD

TESY FOR EBCDIC

ADD PAD SPACES

HRITE A SPACE

TEST LIMIT

END OF OPERATION

FE 2L 2L ] e e e MM O N MMM RN
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The resultant data movement in memory would be?

Before

After

Before

After

‘Notice that the same microinstruction

case.

FIELD1

1 ASCDE:"

L Y T8 3 N R ¥ KN T N

1t A8CDE!/1

L L R K A R L E R N 3 1R _J

FIELD1

LR L K R R R R X_ B N _L_K I

1110001

A R R B B B L A X N L XN J

1110001

sequence

Alpha Data Sfring

FIELD2

1 45617281

i EDCB A

Bit Strings

FIELD2

L L R % ¢ N N T X T 2 X 3 J

1111111

-8 000111

uwildl

work in

either
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EXAMPLE C

Givén: A Llist of data items.

Problem: Sort the data items into ascending sequence in place.
{Do a bubble sort.)

Assume?

1. The S=operator has the following genesral formats

. Left-nmost fength

S=op , Type Indicator Address 0f List

: In Bits In Bits
.--- L L E E R ¥ X F R ¥ L N R N R X B K N ¥ B P L N _E L K X & R X T R T R L E X X X X K X F X K X 2 N L N X N 2 N K F_JF X L N X X J
] A § 4 = 4=bit decimal  § A i A ]
§ BIT STRING 1 8 = 8~-bit alpha CEBCDIC) 8 BIT STRING ¥ BIT STRING ¢
L] ‘4 any other vatue from 0 1 {] ]
| t to 15 ] t - f

LY E L B L N ¥ N B ¥ -8 K _R_Z X & N X 3L N 3 ] -‘----.----.---0.-----ﬂa‘ﬂ--“-‘.-‘------------

2e The S-op has been decoded (see Example A) and the necessary
routine has been entered.

3. Scratchpad word S5 contains the most-significant (left-most)
address in S55A and the TYPE and %ength in 3558. :

Then the following routine witl perfrom‘the bubble sort:

CLEAR SWITCH
FETCH BEGINNING ADDRESS
IF FL = 0 THEN GO TO ENDOP DEGENERATE CASE TESTY
BIAS B8Y UNIY SET CPL TO UNIT FOR ROD/ZMWY
A COUNT FA UP AND FL DOWN BY COP X PLACE BETWEEN ITEMS

BSORT CLEAR L
CYCLE LOAD F FROM S§5

2 N 2R

IF FL = 0 GO TO ENDOP % LAST ITEM TESY
READ REVERSE YO X X GET ITEM ON LEFT
READ T0 Y X GET ITEM ON RIGHT
IF X GEQ Y THEN GO YO =A Z LEAVE ALONE"
WRITE REVERSE FROM Y X REPLACE RIGHY TO LEFT
WRITE FROM X X REPLACE LEFT TO RIGHT
MOVE aFa T0 LF %X MARK NOT ALL SORYED SWITCH
GO TO ~A X GO GET NEXT
ENDDP IF LF(0) TRUE GO TO EXITR £ EXIT ROUTINE
CLEAR L X RESET SHITCH
GO TO CYCLE %Z TRY HHOLE LAST AGAIN

EXITR EXIT



NL BLCCKX

SO0 ROoOVOoOORODOVLOROOVORLVRIDODDOOOONLITOTLROOODLOCODODODLOIODS

NAME

C0DE

9890
0300
2884
9600
06090
9T 00
tene

MEMORY
ADDRESS

£0000003
£02000013
(0001001
£90010812
£coo10Cy
€000t 0Cs

900001
000101
000201
£000301}
000401
(00050]
1000607

[ERr ISRy Sy Sy 3 )

s w2 86 ap be

FRIDAY, OCTOBER 01. 1976s 10350 AM.

¥

SEQUENCE

AN R XA XX AR LN AL TN AR AR AR IR ZZAZAAZAANXANIXAAAINALZZ AL AZAZXAINZZAZ: 00000200
s EXAMPLE QOF A MIL PROGRAM Z: 00000300

-5% THIS PROGRAM DEMONSTRATES SOME DESIRABLE CHARACTERISTICS OF A X: 00000400

H MIL PROGRAM. THE PROGRAM "INTERPREIVYS™ ONE BIT OP-CODE INSTRUCTIONS Z%: 00000500

a0 & as 0

MOVE 35003 TC B8R 00005100

MOVE 313003 TO LR 00005200

:x FROM A FIELD IN MEMORY AND PERFORMS THE INDICATED OPERATION.  SINCE Z: 00009600
$X THERE ARE ONLY T®0 VALUES OF A ONE BIY OP-CQODE, THERE ARE CONLY YWD X: 000007900
22 INSTRUCTIONS ¥DO DECODE. IN THIS CASE “ADD™ AND "END.CF.JOB™ ARE %: 00000800
2% THE ONLY INSTRUCTIONS.) %: 00000900
(3434443333333 33333885323433 943235434358 %44338443%43244343393233333433 33 M I LR Lo])
X : 00001100
:x 2 00001200
2% ) : : 00001300
: 1333333333333 2333333334333383 30334332333 3343483 32223343 2 00001490
: LXZTLXLLER GLOBAL DECLARES TILLLLIXNLL 2 00001590
: ZLLAXALAXX : TXLLAIITLL : 00001600
: 135333433 3333333333 2328233833083 932 333443332232 2%423 %243 : 00001700
: DECLARE - T 00001800
: 01 SYSTEM.INFORMATION BIT(1668), 2 00001900
: 02 DEVICE.STATUS.TABLE 8ITL{Z56). s 00002000
z 02 AVAILABLE.SYSTEM.MEMORY BIT(8). s 000C2100.
s 02 AVAILABLE.CONTROLOMEMORY BIT(4 ). T 00002290
3 02 OPTIONS.TASLE ) . BIT(48), $-00002300
: 03 SHITCHES BIT(3), : 00002400
: 03 FILLER BITC40), : 00002500
: 02 FILLER . ~ BIT(1352); s 00002600
H ' 2 00002700
: C T 00002800
: 133425944493 3353333433433333335 8333233532333 443 82438444 : 00002902
: LLLAXXZELY GLOBAL DEFINES . LAAXALLZRY 3 00003000
: ZELLEALAXT - COXLTTIILILLL : 0000310¢C
2 b33 945333453 354352338%3383435333%24334333422335343234¢44 00 s 00003200
: DEF INE ADOR1 = 502 - : 00003300
s DEF INE ADDR2 = S1# 3 00003400
: DEFINE ADDOR3 = 52¢ s 006003500
: DEFINE NEXT.INSTRUCTIONLPOINTER = S4Af : 000035600
: * 00003700
: 32 00ND3800
: 2 00003900
: : 00004000
T AAAIAXNAALLL AL LILALY 2 000046109
IBEGINNING.OF .PROGRANY 2 00004200
SANYLLTALANXITAXLLILXAR 2 00004300
L4 . " 100004400
2 THIS PART OF THE INTERPRETER ARBITRARILY SEYS THE STARTING ADDRESS OF: 00004500
2% THE NEXT INSTRUCTION ALONG WITH THE PROGRAM BASE AND LINIT REGISTERS<: 000045600
T ALTHIS INFORMATION WOULD NORMALLY BE FQOUND 8Y SOME JTHER HETHOD.) 2 00004790
2% 2 00004800
z ' : 00004900
MOVE 33002 TO NEXT<INSTRUCTION.POINTER : 00005000
H

000053500

PATCH
INFO

q oTduexyq

“weaBoxd TIH V

L-6
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FETCH
FETCH
FETCH
FEICH =~
FETCH
FETCH
FETCH
FETCH
FETCH
FETYCH

ADD
ADD
ADD
ADD
ADD
ADD
AQD
A0D
ADD
AD0
ADD
ADD
ADD
ADD
ADD -
AQD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
AOD

END.OF. J0B
END.OF.J03
END.CF.J08B

sC1s
28A4
7101
2884
1045
Coo00
001
Cols

3182
8890

£013.
0050

£01F

1140
070%

go1c
0732
0033
0013
10E2
0064
S0A8
Ceos

300F
1002
1004

TFAOD

n720

Do11

0001

£0007012
£000801
£000201
{000A0}

{000C0O3
£00CD0}
L000ED2

LDoLoLsLLLVLL

(000F01
{001003
£00210]
£001201

a0V

001301
{00140}
10015013
001601
001701
£001801]
£001503
‘LO01A03
.{001B0}
[001€03
£001001

DOoVvLLLLLBLLOL

. LO01E0
“1001F03}
2.£00200)

257002101
3 £002201
2 1002301

3 (002401

£00030Y

SFETCHT . BINARY7 RLAUS ING' Wg.i UPFr LUULs ANU TCRrunnid

b4
BEGIN FETCH
MOVE 24 TO CP
MOVE NEXT.INSTRUCTION.POINTER TQ FA
READ 1 BIT TO X INC FA
MOVE FA 70 NEXTa ZNSYPUCTIDN.POINTER

[ T T I Y L VR T YR Y 1)

n -

TIXXLIX CALCULATED BRANCE J THE INDICATED EXECUYION ROUTINES

XGET 0P CODE.

MOVE X 7O M
JUMP FORWARD :
GJ ID ADD 0P _ Oa
GO TO END.OF.JOS . X0P _ 1.
END FETCH :

Hy 4
TX%LX THIS EXECYUTION ROUTINE PERFORMS AN ABSOLUTE. 3 ADDRESSs
1ADDZ BINARY OR DECIMAL ADD. OVERLAPPING FIELDS ARE PERMITTED.
sInL% LEFT TRUNCATION OR LEFT ZERQ FILL WILL OCCUR IN THE
s . RESULT FIELD IF IT 1S RESPECTIVILY LONGER CR SHORTER
P4 THAN IS REQUIRED TO CONTAIN THE RESULTANT SUM. ALL 3
1% FIELDS MUST BE OF THE SAME TYPELBINARY, 4=BIT DECINAL
22 OR 8-8IT DECIMAL)Y CR THE RESULT IS NOT DEFINED.
H4 ’
: BEGIN ADD
: KOVE 2 10 FT ZINDICATES A 3 ADDRESS INSTRUCTION
: MOVE 144 TO FA ILENGTH OF 3 ADDRESSES
: CALL LOAD.ADDRESSES
: LOAD F FROM ADDRI1
s.L00P
: CALL GET.DATA %GET ADDEND.
: MOVE Y 7O X
s XCH ADDRZ F ADDR1 :
: CALL GET.DATA ZGET AUGEND.
: XCH ADDR3 F ADOR2
H BIAS 3Y F YEST o _ _
: GO TO FETCH ZEND OF RESULT FIELD AND INSTRUCTION.
: MOVE SUM TO T ' :
3 CARRY SUN . : , .
s IF FU EQL & THEN ZSYPPLY EBCDIC NUMERIC ZONES IF 8-BIT
: BEGIN
: MOVE 3Fa 710 TA
s MOVE TA TQ TC
2 MOVE TA YO TE
H END
: . WRITE REVERSE FROM T DEC FA AND FL ~ ZHRITE SUM.
: XCH ADDRY F ADDRS3
] GO 10 -LOOP
2 END ADD
2 .
TXXATATIALZL
1END.OF.JCBY
IXRXXXTLXETL
R S
3 BEGIN END.OF.JOS
: HALT
: END END.OF.J08
¥
SAXXXTAXLTAXYXLALY THIS GENERAL ROUTINE LOADS 1, 2 OR 3 ADDRESSES TO
$LOAD.ADORESSESZ SCRATCHPAD AND UPDATES THE NEXT.INSTRUCTION.PCINTER.
933332333333 %3%: ALL ADDRESSES ARE IN THE FOLLOWIRG FUORMATS
s A) A 24 BIT, HASE RELATIVE, 5-MLMCRY ADDRESS
'Y NHICH 15 CONVERTED 70 AN ABSOULUTE ADDRESS
4 POINTING AT THE ENU OF A FIELD 1.

96 45 20 80 06 BB a0 86 00 G0 B8 0

[T AT u 56 26 8 40 16 €3 40 80 s 38 as

LLIrTY

28 60 00 80 60 bs B8 98 N0 BB 00 R0 o5 0 2o 0 b 06 2 e

a0

90 au 86 26 €8 Do 2e 40 40 30 be

VUV 2ouy
00005600
Q00005700
00005800
00005900
00006000
60006100
00096200
00006330
00006400
00005509
00006600
Q0006700
00036800
00006909
00007000
00007100
03C07200
00007300
00007400
00027500 .
60007509
cooo7700
¢0007802
00007200
0008000
00008100
00008200
000038300
00008400
00008500
04C086C0
00008700
00006800 ..
00023900
60009000
00009100
0000920q

00009300
00009400
000095092
00069600
00009700
00009800
00009900
00010000
00010100
00610200
50010300
09010400
00010500
00010600
00010700
00010300
00019900
00011000
00011100
00011200
00011300
00011400
0011500
00011600
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MICRO INSTRUCTION COUNT = 00058

LOADLADDRE
LOAD.ADDRE
LOAD.ADDRE
L0AD.ADDRE
LOAD.ADDRE

LDAD.ADDRE
LOAD.ADDRE
LOAD.ADDIE
LOAD.ADDRE
LOAD.ADDRE
LOAD.ADDRE
LOAD. ADDRE
LCAD.ADDRE
LOAD.ADDRE
LOAD.ADDRE
LOAD.AUDRE

GET.DATA .
GET.DATA
GET.DATA
GET.DATA
GET.DATA

LOADLADDRE

0304
28824

16AL
7538
7538
10E0
8C30
1165
20C0
i1s5
2290
J1F1
0008
1BA4

0032
T760

_ 1BAY

C00F
0000
0000

£ £000

ERRORS DETECTED

PLULLLLLLLVL O

”n

(SR T

002503
002601

£002701
£002801

£002903
£002A03

{002303
£002C03
[002003

(002£01 -

£002F01
{00300}
£003101
£603201

£003301

1003401

{0035013

£003601

(003701
003801
1003901

30 ge 60 44 08 gu 00 B0 B0 00 g4 20 p NE % Um0 4y 8 9

8 an 8% g5 55 20 84 86 33 30 g &2 O R0

20 ag 08 gy 8 s e

RPN N

.LooP

LR EIR R

XXINIXZ
ET.0ATAZ
ZRXZLXZZ

8) A &4 BIT TYPE FIELDC0001 FOR BINARYs 0100
FOR 4-8IT DECIMAL AND 1000 FOR 8=-81IT7

c)

DECIMALY?

4 UNUSED BITS

D) A 16 BIT FIELD LENGTH INDICATING THE NUMBER
OF BITS CONTAINED IN EACH FIELD.

BEGIN LOAD.ADDRESS

ADD NEXTLINSTRUCTIONL.POINTER YO FA

£S

X===> END OF ADDRESSES

MOVE FA TO NEXTLINSTRUCTIONLPOINTER

MOVE BR TO V

READ 24 BITS REVERSE 70 T
READ 24 BITS REVERSE TO X

MOVE SUM T8 X
EXTRACT 1§ 8I
MOVE FT TO M
MOVE SUM TO S
MOVE FT TO M
MOVE T TO 508
DEC FT BY 1 T
. GO 10 -LOO
EXIT

END LOAD.ADDRESSES

THIS GENERAL ROUTINE WILL
THE M=MACHINEZ», SET CPU YO
CPL TO THE NUMBER QOF BITS

BEGIN GET.DATA
BIAS BY F

TS FROM T(8)

0A

EST
p

LTYPE

DEC FA ZGET TYPE AND LENGTH.
DEC FA . XGET ADDRESS.

: XADORESS BASE.

10 Y XGET LENGTH

ZSELECT A SCRATCHPAD
XADORESS LENGTH

AND LENGTH.

READ  FROM ZERC TO 24 BITS INTO
THE ENCODED DATA TYPE AND SEY
READ.

READ RLV’RSE TIC Y QEC FA AND FL

EXIT
END GET.DATA

L FINI

CAUTION: $ SUBSET WAS 'NOT SPECIFIED? THEREFQORE. THIS
PROGRAM SHOULD NOT BE USED ON A B1712/81T14.

S0 00 80 40 B2 B0 40 05 00 00 03 00 06 98 S% ap 00 40 05 00 40 40 05 00 a5 60 0t B 60 08 W0 4p

80 40 o5 4% 3o B2 r 0

"

00011700

00021800.

00011900
00012000
00012100
00012290
09012390
00012400
60912500
00012600
00012700
00012800
00012900
00013009
00013100
00013200
00013300
00013400
00013500
00013500
00013700
00013800
00013900
00014000
00014100
00014200

030014300

00014400
00014500
00014600

. 00014700

00014800
00012909
00015000
00015100
00015200
00015300

D OO0

.6—6
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CONTROL CAKRDS

The purpose of the compiler control
specify options to the compiler 1I/0

Every HIL control card has either a

called a "doilar card™s or has an &
called an "ampersand card”. Columns

fiel do

MIL

COMPANY CONFIDENTIAL .
PeSo 2212 5298

MIL COHPILER OPERATION

card is to allow the programaer to
files.

$ (doliir sfign) ¥n column 1 and is
Campersand) in column t and is
73-80 may be used as a sequence
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s-------u-n-n-ﬂ--un-any.dallarooption.not.in.this.diagran---------->|

L]
1
L]
i
|
'4
]
i
t
L]
1
]
1
1
1
|
§
]
]
i
]
L]
'
L]
]
1
1
L)
]
L]
i
]
1
i
1
i
t
L
]

DOLLAR CARD SYNTAX:

WEDWEME GO RS 0w

W ik e S gis AR Gn we W TS ga ae

S | i i
i d===NO==>{ B |
1 ]
{=e=DlBUG= = rrrcnccrmrcnrrnar e e c R C bR e saereeasawee ) |
1 ] i &
t===Literal~-=>t : ]

. ' 1
=o>HARDHARE s TYPEwwwweermanswccnancsnnccoccnseencsc=)]
{===f==>} : 1

fev=l==>{ 8

{

===l INES.PERPAGE Lliteralvce=ermerrsncsncccnnnconcn==s]
L

nﬂ-“ERGE--n-u--------n--w-n-u-nnq’-----n-m----------)!

u--NOPS-n----n-.--na---n-mu-&-num---a--u----o--u-n-t)Q

..
'---PAGE---ﬂﬂ-GC-uu-u----m.---ﬁ-nﬂ--ﬂﬂﬁﬂﬂﬁhﬂﬂﬂq--ﬂq--).
1 : ]
I‘--PASS.END-n-c--------uu—u----n--u-uu--;--u------a-)'
| ' 1
‘---PRGIECT---u‘--------uu------mmm--u-------—-----u-)‘
1 t
{e==menajfTowans=eeconditional.inclusion.identifier===>14

1 t===RESET-=>1 ' 4
| ‘ ’ L]
'--nNO SEQ------:-n----nnq-n---n--unnauunu--.------n-).
? ]
'-;-SEQ-Q--------u-----a.-o-.nnonnmn-fq-ﬁu-auonou----)'
1 1 i
! {== ¢ incrementecv==wa>]
1 L] 1
i I== basewr-=~m=m===saca)]
' 1 '
| f{=~ base ¢ increment==>|
t

i

¢ . 4
d==>terninatinge.soequence.fielde==>1{

A

COMPANY CONFIDENTIAL

2
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. DOLLAR CARD SEMANTICS:

ALLCODE Lists alil code generated by each MIL statement
(defauit on)
AMPERS AND tists ald ampersand cards (default on)
ANALYZELCODEFILE prints an analysis of the code file at end of
' source Listing
BT 10 generates code for BL710 (S~Memory)
: Processorss same as S$SUBSET», SHARDHARE TYPE=S

CHECK checks for sequence errors (default on)
CONPILE when reset a fast source listing will be

produced Wwith no code generation or syntax
checking (default on)

CONTROL prints all doil#r cards on listing? same as
$DOLLAR

DEBUG for compiler debugging use

DECK punches an object deck

DOLLAR brints aill doliars cards on Listing

DOUBLE | double spaces listing when printing

ERRORFILE lists errors and warning separately

EXPAND prints ali statements (including comments) in
a macro invocation

EXTERNAL generates external segment branching code

FORCE generates a‘éode file regardless of syntax
errors

?RAHE | Lists all 1IF» BEGIN...END statements which

conditionally exclude code (default on)

HARDRARE.TYPE specifies wnhich hardware processor type wiil
be wused: S (S=Hemoryl); M (M=¥emory)s; U
‘CUniversal). Example: SHARDWARE.TYPE = U
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HEADINGS

LINES.PERPAGE

LIST
LISTALL

LIST.NOHW
LIST.PATCHES

LISTP
MERGE

NEW
NO
NOPS
OLD.LISTING.FORMAT

PAGE
PAGE.NUHBERS
PARAMETER.BLOCK

PASSEND
PROTECT

COMPANY CONFIDENTIAL
MIL PeSe 2212 5298

prints altl title and subtitle headings at the
beginning of each page

prints maxiaum number of lines per page of
{isting if PAGE.NUMBERS is unspecified
excluding

Lists all source records

record (default on)

macro
Lists all unconditionally excluded records to
be printed

;ists source records when read; same as SLISTP

Lists all patches uwhen read sused with SHMERGE

(default on)

same as $ LIST.NOH

merges a secondary source file ("CARDS™) with
the primary source file <("SOURCE") replacing
primary source records by secondary records
with the same sequence numbers

creates-a new source file ("NEWSOURCE")

resets any specified dotlar option #f allowed
generates a NOP for external linking code
version of the

uses Listing for pre=S.i

qompiler-

skips to a new page before printing

puts page number on each new page of Listing
punches a parameter block with the object deck
if used with $DECK? otherwise onty code is
punched

displays compiler pass information on Console

protects SKIP when specified
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RESET resets any 'specified conditionat dnclusion
option
SEQ resequences‘source records
SETY sets any specified condtional inciusion
options
SINGLE prints singlé-space Listings (default on)
SUBSETY generates code for BLl710 (S=Memory)
Processorss; same as £8710s SHARDKARELTYPE=S
SUPPRESS suppresses printing of warning messages
TAPE specifies that the source file is on tape
VOID. deletes a specified range of source records.
' The  specified range nrust be exactiy 8
characterss the first character sust not be
blank or 2%
XREF sets XREFLLABELS and XREF.NAMES
XREF.ALL sets XREF.LABELS» XREF.MAMES and
XREFLREGISTERS
XREF.LABELS : cross=references all labels -
XREF « NAMES cross=references att names
XREF.REGYISTERS cross=references all registers

NOTES AND RESTRICTIONS:

Ao

B.

Unless otherwise specified (through the MERGE option)» the
only source of input is the card reader. - Once $ HERGE has
been specifieds, it is not possible to again {indicate “CARDS
ONLY™.

I1f no dollar cards are used the default options are: ALLCODE,
AMPERSANDs CHECK» COMPILEs, FRAME, LIST and SINGLE. ALl input
witl be from cards. .

Options are turned off ondy through the appearance of RNO
followed by the option word. Note that NO and the option wWord
are separated by at least one blanke.
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De Comments may appear on dotlar cards by preceedind the comment

with a %X (percent sign).

E. Dollar cards are not included as part of a “NEWSOURCE™ file
when $ NEW is specifiad.

Fe In the case of redundant 3 <cardss the {Last card 1in the
equivalence is perferrede. :

$ HARDWARE TYPE = $ SUBSET = $8710

$ CONTROL = $& DOLLAR
$ LISTP = 3 LIST.NOW

AMPERSAND CARD SYNTAX:

0% CLWE G CH I S ED WD G AN WD AN B SR G6 SD W Al &

fwmwena] IBRARY--w.ouiti efiloesi(drerwevonrvnovsncsenccosvcancannnnesnon) |

1 i b | ]
¢ tmmmpiltifile.id/filo. {demovesvwancanss} ]
§ | ) . | {
] t===pack.id/nulti.file.id/i===mococnna)} {]
1 { ' 1 i
t t=~=pack.id/milti.file.id/file.id===>1 1
] |
§===DEFAULT~>===SEJowmwwnmunaconditioneinclusion.identi fier==>{
i | 1 ]
! t==»=RESETe=>§ i
] |

.n--s dollar. optionn SowvEoaesCOoeesfMEoACERReERTORReEReescess s ew) |

AMPERSAND CARD SEMANTICSS

LIBRARY Causes the specified file to be opened and compiled.
Compilation proceeds to the end of the library file with no
i contribution from any standard primary or secondary input
file. At end of filer compilation 1is resumed from the
standard input files.

DEFAULY Specifies default settings for one or more conditional
inclusion toggies. The default setting for a particular

toggle uwill take effect only if no previous $ or & card
specified a setting for that toggle.

EXAMPLE: & DEFAULT SET TUGeA RESET TO0GeBeoeo
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$ Any valid doltar statement may be used.

L]

NOTES AND RESTRICTIONS:

Ae A dlibrary fike 1ds assumed to be a disk filte with 4
records/blocke.

Be The last record in a Llibrary file that is to be compiled must
be FINI: This record cannot be omitted.

Ce ALl & records are included as part of a "NEWSQURCE" file when
$ NEW is specified.

‘De ¢ records are tisted only when both $ DOLLAR and & AMPERSAND
are specified.

Ee LIBRARY, DEFAULT and $ statements may not be intermixed on a
single & card.

EXECUTION DECKS

STANDARD EXECUTION DECKS

R N ) € = A N 4B A E W - - . R

Following are examples of some execcution decks that may be used to
compile HIL programs on a 81700.

If the source code is on cards onlys, the foltowing deck may be used:

? COMPILE objectename MIL LIBRARY
? DATA CARDS

(MIL Source Cards)

L]

? END
If the source code is on disks the following deck may be used:

? COMPILE object.name MIL LIBRARY
? . FILE SQURCE NAME source.names’

? DATA CARDS

$ MERGE
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(Patch Cards If Any)

? END

I1f it is desired to make a new source file on disk as the result of a
compilations, one of the following decks may be used:

COMPILE object.name MIL LIBRARY
FILE NEWSOURCE NAME newo.Source.namnes
DATA CARDS '

NEW -

L B R ]

(MIL Source Cards)

? END
or if the source file is already on disk then:

COMPILE objecte.name MIL L IBRARY
FILE SOURCE NAME sourcee.names

FILE NEWSOURCE NAME newe.source.names
DATA CARDS

-MERGE NEH

O ) &) W

(Patch Cards If Any)

-

? END

Each of the names object.namer source.namer» and new.source.name may
take one of the following formats:

multi.file.id
nuliti.file.id/sfile.id
pack.id/multi.file.ids
pQCkoidINUIti-fiieoid.’file.ido

where
multi.fitle.id = identifier

file.id = identifier
packe.id = identifier
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EXAMPLES:

? COMPILE MINNI HMIL LIBRARY
? FILE SOURCE NANE MOUSE/SOURCES
? FILE NEWSOURCE NAME MICKEY/MOUSE/ZSOURCES

or
? COMPILE MICKEY/MINNI/ZOBJECT MIL SYNTAX

? FILE SOURCE NAME HMICKEY/MOUSE/?
? FILE NEWSOURCE NAME TRASH?

INTERNAL FILE NAMES

Some of the compiler?s internal fide names and their uses are Qlisted
below. This information is provided for use With ? FILE statementsa.

CARDS Input fiie containing control. and source recordse.
- Default device = Card Reader

LINE Qutput fide for the {isting. Default device =
Printer or Backup

PUNCH Qutput file for the object decks used when $ DECK
is specified. Default device = Punch or Backup

SOURCE : Seéondarv input file foer source records when §
MERGE is specified. Default device = Diske
USE.INPUT.BLOCKING

NEWSOURCE Output file for new source records when $ NEW is
specifieds. Default device = Disks & records/block

LIBSOURCE Input file for source records when & LIBRARY is
encountered. Default device = Disks
USE.INPUT.BLOCKING

LINESAVE A temporary work file containing a. copy of the
tisting.

CODELFILE A temporary uwork file containing a copy of the
object code. , o

PARAMGFILE A temporary work file containing parameters
o affecting the object code.and the listing.

MILXREF Output file containing cross referencing
 information to be passed to MIL/XREFER.
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NOTES:

‘A. The question mark (?) or an invalid character on 80 column

cardss the ampersand (8), and the doilar sign ($§) amust appear
in column 1 of the carde.

8. The word LIBRARY or SYNTAX must appear after the word MIL on
‘the compile card.

1. LIBRARY means the object MIL file wildl be saved
on disk at the completion of a compile with no
syntax errorse.

2. SYNTAX means the object fite will not be saved
on diske

C.  The ? FILE cardi(s) wmust appear immediately after the ?
- COMPILE card. Each element in the file statement must be
separated by a space and the statement must bDe terminated

with a semicolon.

D. If the "SOURCE™ or "NEWSOURCE™ file is on magnetic tape then
the word TAPE should appear on the file card. Example:

? FILE SOURCE NAME EBCSOR TAPE S
or
? FILE SOURCE TAPES;

E. I1f disk cartridge is used and there is not enough foom on the
systenm cartridge for backup files etc.» then some of the
compilerts tempovary files may be label equated to the wusers
pack using the file card. Exanmple:

? FILE LINESAVE NAME MYPACK/LINESAVE/S

Fo Cards with a $ in.column & are not transferred to the new
‘source file when $ NEW is specifiede

Ge The MIL command FINI must be the last physical record in any
source file. The word FINI must appear in column 6 or greater
on this record.
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APPENDIX B: HARDWARE INSTRUCTION FORMATS AND TABLES

NOTE: This Appendix wild follow the hardware ©bit numbering
convention: bits are numbered right to left» G through
23. As noted earliers this s at variance with the
softuare conventions where the most~significant
. Cleft=most) bit in any register was identified 1in the
MIL syntax as bit 0 (zero)dr the next mwmost significant

as bit 1» etce

B1700 HARDWARE TABLES

e AN T N eI WL R AP R R WD RN TR

Tabie B~1: Register Addressing

jSELECT {Column) NUMBER
0 1 2 3

(1] i TA FU X SuwM ]

1 t T8 FT Y CHPX ]

2 t TcC FLC T CHPY ]

3 § TD FLD L XANY ]

4 f TE FLE A . XEDY t

5 tE TF FLF M MSKX ]

6 I CA BICN BR HSKY 1

GROUP 7 t ¢8 FLCN LR ' XORY 1
(RowW) 8 § LA *TOPM FA DIFF ]
NUMBER 9 i L8 RESERVED FB MAXS |
~ 10 i LcC RESERVED FL - ' *MAXM ]

11 §f LD *PERR TAS . u ]

i2 ¥ LE XYCN cP *HBR ]

13 {f LF XYST *MSH . DATA i

i% i1 C¢C #* INCN READ CMND 1

i5 t CD RESERVED HRIT NULL |

MO R REDESE BRCWSERDRORTE BN EO D EP T ADRRE WS RGES DWW SN

% Available on 81720 systenms only
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BICN
XYCN
XYST
FLCN

«INCHN

cc

cD

NOTES:
1.

Za

3.

be

Table B8-2: Condition Registers

Softuare Bits

0 1 2 | 3
1 LSuY 1 CYF 1 YD 1evL 1
‘---—.-u-’--uu--'--u--ouu---u-us—-----n--n-n----‘-------n-----q'
3 MSBX i X=Y X<y 1 X>Y t
'-----nu-a-n.-u‘-ouwtn-u----ug’u----..;-----q---'mn--cn--------.
1 LSUX t INT 1 Y NEQ O § X NEQ O ]
‘---_------n----‘nmn---n---n-u-‘uu---gua-n------]e---------u.n-‘
I FL=SFL i FL>SFL 1 FL<SLF { FL NEQ O 1
‘-q----.--------’a--u---n-u-nmm‘-Q-n-----------nj-u----ou-‘.----‘
i PORT DEVICE § PORT HIGH 1 PORT INTERRUPT 1 PORT LOCKOUT 1
I MISSING {1 PRIORITY L] ] ‘
'----n--u-a-n--‘-u---.--------.-u------uc-—-u---'----—---u-----l
§ STATE 1 TIMER T I/0 § CONSOLE 1
t LIGHT 1 INTERRUPT 1 INTERRUPT i INTERRUPT {
'u-a---nn---u----!‘-—-----n----—i-n-u--n-u------u'u--n----.-----'
§ MEMORY 1 MEMORY « § MEMORY * t NEMORY *
§ READ DATA 1 HRITE/SWAP 1 READ ADDR I WRITE/SHAP ]
¥ PARITY ERROR & ADDR CQUY OF & OUT OF BOUNDS { ADDR 0UT 1
§ INYERRUPT ! BOUNDS OVER= 1 INTERRUPY 1 OF BOUNDS 1
] i RIDE : § INTERRUPT ]

3 2 1 0
Hardware Bits

* Available on B1720 systems only

BICNs FLCN» XYST» and XYCN are addressable as source
registers only.

The TOPM» MBR» and A registers are used to determine the
memory (controli or @®ain) and Ltocation of the next
ricroinstruction.

MSMA is control memory and may be addressed only from the
raintenance Console during tape mode.

CPU is a destination register only. :

NULL always contains a value ¢f 0. Any register or scratchpad
word to which it is moved will be cleared to 0.



MICRO NAME MC MD ME ' MF 'y 1 .
! Al 5 14 18 12} U [[ I ] 8 T, & 5 4 I 3 2 [ (] 90 ol 10 1t
) ] ! I ! 1 1 | | | VARIANTS | o000 061 Ot o) 100 [L1] e 1t
Y ° ) 1 | REG 1 GROUP REG 1 REG 2 REG 2 GROUP 1
REGISTER MOVE . SOURCE REGISTER | SELECT | SELECT | SINK REGISTER K . [
¥ o 6 1 6 | REGISTER GROUP REG |MOV |DPW|DOUBLE PAD WORD fj MOVDIR: |P+R |Re—P
SCRATCHPAD MOVE SOURCE DR SINK SELECT . DIR | v ADDRESS i v2oPw: LEFT |RiGHT
4 BT [ I 1 |REGISTER GROUP, |REG MANIPULATE |4 BIT MANIP. MANIP. SET | AND| OR | EOR | INC | INC i DEC {DEC
MANIPULATE 4BIT SOR & SNK | SEL| VARIANTS LITERAL  F] VvARIANTS: TEST TEST
BIT TEST REL [ ® & | REGISTER GROUP, |REG. TESTBIT |DSP| RELATIVE BRANCH P{ DSP SIGN: |+ -
BRANCH FALSE 4BIT SOURCE ~ |SEL{NUMBER |SGN |DISPLACEMENT MAG |
81T TEST REL ] [) T TREGISTER GROUP |REG [TESTBIT | DSP|RELATIVE BRANCH B DSP SIGN: |+ —
| BRANCH TRUE. - 4 BIT SOURCE SELI NUMBER | SGN|DISPLACEMENT MAG i
SKIP WHEN ] ] 6 | REGISTER GROUP |REG! SKIP TEST 4BIT TEST MASK 8 SKIP TEST | ANY | ALL | EQL | ALL | ANVY/{ ALL/ [EQL / 'ALL /
o 4 BIT SOR & SNK_|SEL' VARIANTS | VARIANTS: | CLR/| CLR/| CLR/| CLR | CLR/!CLR/ |CLR / CLR
READ /WRITE ] [ 1 |R/W[COUNT FA/FL | DATAREG W TW, DATA TRANSFER £ R/W VAR: READ | WRT
MEMORY VAR | WVARIANTS cooe ‘SGN WIDTH MAGNITUDE CNT VAR: NP | FAat FAY | Fas FA ¢+ FA ¢
MOVE 8BIT & 0 0 | REGISTER GROUP; | ENTIRE B8BTS OF € BIT LITERAL REG SEL « v | TEY R Fut | oFoe
_ LITERAL REG SEL 15 2. R W SIGN + -
MOVE 24 BIT [ 1 REGISTER GROUP | 8 MOST SIGNFICANT BITS OF
| LITERAL  k REL SEL 15 2. FULL 24 BIT LITERAL :
SHIFT/KOTATE ] ] ] *SINK REGISTER SNK REG  B8/R LEFT 5H('-'T/ROTATK 3 /R VAR: SHFY | ROT
l____.__:f__R_EG i GROUP SELLCT__ V_AR « COUNT’ I N
EXTRACT FROM D) 1 1 RIGHT BIT PCINTER SNK REG| EXTRACTION FIELD H SINK REG
T REG FOR EXTRACTION FLD cope WIDTH CODE : X Y T L
REANC BRI /¢ RELATIVE DISPLACEMENT MAGNITUDE fl OSP SIGN: | + | = )
relShve TS 744 RELATIVE CALLED ADDRESS MAGNITUDE y PSP SIGN:| + |-
A o ] ] o Qo i 0 | DATAREG TW|DATA TRANSFER WIDTH TW SIGN ; + -
5:"‘}?_ MEMET_( _g_oot SGN' MAGNITUDE S REG CODE: | X Y T L
CLEAR e o o0 o o 1 1 I FA FLTFUT] €P
| REGISTERS _REG ,REG BE‘E REG|REG REG REG REG
SHIFET/ROTATE 0. o6 0o [] ] 6 0 |S/RDIR |X/Y|LEFT OR RIGHT. X0 R Y B X/Y VAR: {X Y '
X QR Y .} VARIANT | VAR [SHIFT/ROTATE COUNT 3 5/R,DIR: | SFT=I$FT+ROT='ROT = :
SHIF T/ ROTATE 6 o ) 0 1 6 t |[s/”RDIR LEFT OR RIGHT X ANO ¥ 5/R, DIR SFTe- | $FT—=ROT < |ROT~ :
X AND VY _VARIANT | SHIF T/ROTATE COUNT % VARIANTS: : !
COUNT FA/FL ] L] -] 0 i | 0 | COUNT FA/FL COUNT SCALAR 3 COUNT FA/ | N@P | FAt FAt FAL | FAY FA G
VARIANT& MAGNITUDE . 2 FL VAR: L rLé ret i rLe FLé
6 o0 0! o0 1 1 1 SINK DPW SOURCE DPW
EXCHANGE DPW : ADDRESS ADDREDS
SCRATCHPAD ° 0 [ i o o o o D3P | LEFT HALF PAD P SIGN: | : -
RELATE FA b L / *sc.u WORD ADDRESS DSP SIGN: | 4
MONITOR e 0 0 ! o o ! LITERAL OCCURRENCE IDENTIFIER
DISPATCH o o o, o ) ] o] 0 e 0 [ DISPATCH  SKP & 5SKP FLAG: | FAIL | S5UCC! .
VARIANTS FLG &d DISP VAR : [LOCK WRTLO READ |R&C WRTHI ABINT UNDEF.UNDEF
" CASSETTE 0 0 2] 0 o 0 [ [] [} ] t 0 ICASSETTE - | Ve B CASSETTE [STARTISTOP DSTOPON UNDEF [UNDEF UNDESF STOP ON uNDEF
CONTROL NANIP vARu_mrs/ __MaNtiP: TAPE | GAP | X=&Y X=Y
BIAS ) ¢ 0 [} 3 ) [J o o 0 [ [ BIAS [ TST @ TEST FLG: |TST/ |TEST :
. : _VARIANTS  FLG 31 BIAS VAR: JUNIT | F S FS [NBP | FCP INSP NP
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Table B4 Variant fField Definitions

IFOUR=BIT MANIPULATE 1 SKIP WHEN (6nnn) SKIP READ/HRITE MEMORY
1 (3nnn) VARIANTS TEST VARIANTS ] {7nnn) VARIANTS
1 ] i

{BITS 4=6 CONDITIONS1BITS 4~6 CONDITIONS #BITS 6=7  CONDITIONS
{m=m=ecsee ecccecmcces|escamese  esccwemase  fescecscs  ecececcces
1 000 SET 1 000 ANY.SKIP 1 00 X REG.

t o001 AND 1 001 ALL.SKIP 1 01 Y REG.

1 o010 OR 1 010 EQU.SKIP t 10 T REG.

1 011 EOR 1011 ALL CLR.SKIP ! 11 L REG.

1 100 INC 1 100 NOT ANY.SKIP :

1 101 INC/TEST 1 101 NOT ALL.SKIP 4BITS 8=10 CONDITIONS
t 110 DEC 1 110 NOT EQU.SKIP fe==-=s=ces eccccemc--
o111 DEC/TEST & 111  NOT ALL.CLR.SKIP 1 000 NOP
L e L LY B 1/} . FA UP
TEXTRACT FROM T REG. 1 SHAP MEMORY 1 010 FL UP

1 (8nnn) VARIANTS i €02nn) VARIANTS 1 011. FA UP FL DN
t t t 100 FA DN FL UP
{BITS 5-6 CONDITIONSIBITS 67 CONDITIONS & 101 FA DN
femscacne wceccemesc]ecsccmes  seceaeseee | 110 FL DN

t 00 X REG. ¢ 00 X REG. 1111

i 01 Y REG. § 01 Y REGe -~ (Qeescccccceccascccccccce-
1 10 T REG. 1 10 T REG. ' CASSETTE CONTROL
11 L REG. & 11 L REG. ‘ €002n) VARIANTS

§ COUNY FA AND FL ' i DISPATCH (001n) §I8ITS 3-1
1 (06nn) VARIANTS i VARIANTS jrercncns

CONDITIONS

i
!
¢
{
1
{
|
]
]
|
]
1
1
1
]
¢
]
]
]
FA DN FL DN 1
1
]
]
]
]
£
§
i
4
1
%
L]
]
f
£
¢
H
i
]

! ' ' 000 START TAPE
1BITS 5-=7 CONDITIONSIBITS 1~3  CONDITIONS & 001 STOP ON GAP
I=eeewece secoreccee{esmvecss  weeece=e=s  § 010 STOP ON X NEOQ Y

1 000 NOP i 000 DISPATCH LOCK 1011-111 RESERVED

1 001 FA UP i 001 DISPATCH WRITE je==eceecccccccacacmcncan-

1 010 FL UP t 010 DISPATCH READ 1o BIAS

t 011 FA UP FL DN | 011 DISPATCH RD & CLRI  (003n) VARIANTS

1 100 FA DN FL UP 1 100 RESERVED i

i 101 FA ON 1 101 RESERVED IBITS 3-1 CONDITIONS

1 110 FL DN 1110 RESERVED jmmemm—ae —r—me—eaa-

' 111 FA DN FL DN § 111 RESERVED § 000 FU

1 | t 1 001 24 OR FL

1 1 t 010 24 OR SFL

! g $ 011 24 OR FL OR SFL I
t i 1 100 NOP ¢
1 i 1101 24 OR CPL OR FL 8
1 i 1 110 NOP q
1 ' ¢ 111 24 OR CPL OR FL &
1 ' ' OR SFL ¢
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B1700 HARDWARE INSTRUCYION FORMATS

- ek ma ™ LA B X N X R 2 J S B Gu B NS OB & Anam KR o BN G R &2 OB W

BIAS

1 op ; 1 BIAS Y TEST CPL NEQ 0 FLAG 1
{ CODE & VARIANTS €V) & O = NO TEST 1
! 0000 0000 0011 1 Oeaseo? t 1 = TEST CPL RESULT 1§

15 &4 3 1 0

This instruction sets CPU to the value 1 if the value of FU is & or 8
and to 0 otherwiser uniess V = 2., I[f ¥ = 2, the value of the CPU is
determined by SFU in Lieu of FU. SFU is the first & bits of the
scratchpad word $S0B8. (On the B1710s FU = 8 will set CPU = 0.)

The value of CPL is also set to the smaliest of the values denoted in
the following table. -

') VALUES
4] FU :
1 24 or FL
2 24 or SFL
3 24 or FL or SFL
4 CPL
-5 24 AND CPL AND FL
6 cPL
o 4 - CPL (not defined on the B1710)

If the test ftag equals 1 and the final value of CPL is not 0s, the
next microinstruction is skipped.
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8IND

CAvaidiable on B1720 systems only)

FYE YT E YL N R K RN L 3 1 N K RN B N ¥ N J

t 0P CODE 1
i 0000 0GO0O0 0000 0100 ¢

CTE T XY RoR-N L R R R B L R B 2 2 X R 1 X_J

12 .0

This instruction moves the 24=bit value from the L register to the MBR
register; moves the least significant 4 bits from the 7T register to
the TOPH register’? and moves the most significant 20 bits from the 7
register to the A registers, truncating the left most & bits of the
sourcee.

BIT TEST BRANCH FALSE

L X XL R R N R N R RN R L R R I L A K A R R R A R R N N R L R N R NN YR YN ¥ N Y N

t op f REGISTER 1 REGISTER | REGISTER 8 DISPLACEMENT 1 DISPLACEHMENT ¢

i CODE 1 GROUP # } SELECY # t BIT # t SIGN § VALUE 1
1 0100 1 0sesld P Oecal 1 O0vael § 0 - POSIVIVE § Deesl5 ]
i L] 1 i § 1 = NEGATIVE ¢ ¢

15 12 1% 8 7 6 5 & 3 0

This instruction tests the designated bit within the specified
ragister and branches (relative to the next instruction) by the amount
and direction of the signed displacement value if the bit is 0. If the
bit is 1, a displacement value of 0 is assumeds and control passes to
the next in=dline #H~instruction. A displacement value indicates the
number of 16-bit words from the next in=line instruction. A negative
sign indicates louer addresses in control memory {backword
displacement). The mpaximum displacement is 15 microinstructions.

NOTE: Register Bit # is read from right to lefts 0~3 according to
the hardware bit numbering conventione.
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BIT TEST BRANCH TRUE

L B X W N N K K K K X E K Z B _E A _E_ L R _E N L R_E 2 X B X R L X X R X K 3§ W ¥ X ¥ N F X N ISyrE ey g ¥ ¥ 2 N F F E L X F L R L K P N T ¥ J

1 0P 1 REGISTER # REGISTER 1 REGISTER % DISPLACEMENT 1§ DISPLACEMENT 1

{ CODE i GROUP & & SELECT & § BIT # ! SIGN 1 VALUE '
§ 010! 8 OwaelS5 1 Oeaul ! O0ceel T 0 = POSITIVE § DeeelS ‘
i ' i . ) 1 1 - NEGATIVE 1@ : i
15 12 11 7 6 5 % 3 0

This instruction tests the designated bit within the specified
register and branches (relative to the next instruction) by the amount
and direction of the signed displacement value if the bit is 1. If the
pbit is 0, a displacement value of 0 is assumeds, and control passes to
the next in=line H~instruction. A displacenent wvalue indicates the
number of 16=bit words from the next in=line instruction.s A negative
sign 1indicates dower addresses in control memory (backword
displacenent). The maximum displacement is 15 microinstructionse.

NOTE: Register Bit # is road right to left, 0=3 according te the
harduare bit numbering conventione.

BRANCH

t opP ! DISPLACEMENT SIGN {1 DISPLACEMENT VALUE 1

§ CODE &t 0 = POSITIVE i L]
1 110 4 1 = NEGATIVE § 0oee4095 L

15 13 12 11 0

This instruction fetches the naxt microinstruction from the ULlocation
obtained by adding the signed displacement value given in the
.instruction to the address of the next in-dine microinstruction.

A displacement value indicates the number of 16-bit words.

CALL

LA R L B T % X K F R K R K L N B -R_N L B N X X N 3 R X ¥ ¥ X R X X X R X R -2 X X N X L. X N 13 XK X J

§ 0P I DISPLACEMENT SIGN § DISPLACEHENT VALUE 1§
f CODE & 0 = POSIVIVE 4 |
! 111 4 1 = NEGATIVE § 0eeol095 ]

LA N X R A X N B L N N N FE ¥ N N B N T B _N B ¥ B N E N KT ¥ N_E X R K JE-N K B L_JL R L L X R_J1 X X J

15 13 12 11 0
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This instruction pushes the address of the next in=line
microinstruction (already contained in A register) into the A stack
and then fetches the next microinstruction from the docation obtained
by adding the signed displacement value given in the instruction to
the address of the next in=line microinstruction.

A displacement value indicates the number of 16-bit Wordse

NOTES:

le EXIV», the opposite of CALL, s accomplished by employing the
MDVE register instruction with TAS as the source register and
A as the sink register.

2e When the A address is stored in the A stacks, it is pultiplied
by 16 and stored as a bit addressa.

CASSETTE CONTROL

t OP I CASSETTE MANIPULATE 1 RESERVED 3§

4 CODE § VARIANTS (V) t FLAG BIT ¢
§.0000 0000 0010 1 Qeee7 ! Deacl !
15 ' 4 3 . 0

This instruction performs the indicated operation on the tapé
cassette.

¥V = 0 Start Tape

Stop Tape

Stop Tape if X NE@Q Y
Reserved

Reserved

Reserved

Reserved

Reserved

NAOWNEWN e

Ail Stop Tape variants cause the tape to halt in the next -available
gape : ‘ .
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CLEAR REGISTERS

preper R L L L L]

(Available on B1720 systems only)

pepearr L R X X T N 2 L X L K R L. L .0 LR 2 X X F ¥ ) B -

1 OP ! REGISTER FLAGS
! CODE | 8-BITS 1
$ 0000 0011 1 LTYXFFFCH
t i ALUPR
15 8 7 0

This . instruction biears the specified register{(s) to O if the
respective flag bit is 1. . '

COUNT FA/FL

' 0P § COUNT t LIVERAL 1
i CODE 1 VARIANTS (V) ¢ |
t 0000 0110 % Oewe? 1 Deee3l 8
15 87 5 4 0

This instruction increments (decrements) binarily the designated
register(s) by the value of the Literal contained in the instruction
or by the value of CPL if the value of the literal is 0.

Neither overfiouw nor underfiow of FA is dectected. The value of FA may
go through its maximum value or its mininum value and wraop around.

Over flow of FL is not detected. The value of FL may go through its
maxinmum value and wrap around. Underflow of FL is detected and will
not wrap around. The value 0 is Lleft in FlL.

Literal values (or CPL values if LIT=0) of 25 through 31 are truncated
to the value 24.

Count variants are as follows:

¥V = 000 No Count
001 Count FA Up
010 Count FL Up :
011 Count FA Up and FL Dowun _
100 Count FA Down and FL Up
101 Count FA Dowun
110 Count FL Down
111 Count FA Doun and FL Down
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PORT ABSENT is executed by the processor when necessary to return a
Port Device Absent level signal to another port indicating the absence
of the designated channel.

Dispatch operations in the case of Processor~2 and Processor Adapter=i
(direct connect to memory) are Limited to the following:

l. LOCKOUT ¢ SKIP-IF~NOT-ALREADY~-LOCKED: always skios.

2e WRITE LOW: always sets Port Device Absent {evel true (true
indicates absence).

3. READ AND CLEAR: always seots the Port Device Absent Ulevel
false (false indicates present).

No changes occur in the T and L registers. In the INCN register only
the Port Device Absent bit can change. The Lockouts the Interrupts and
High Priority bits widl always be false. No other dispatch operations
are defined.. '

EXTRACT FROM REGISTER T

1 oOpP ! ROTATE i DESTINATION 1 EXTRACT L
§f CODE 8 BIT COUNT 1 REGISTER § BIT COUNT &
T 1011 1 Q.ae2é § 00 = X { Oewelb |
i 1 t 01 -~ Y i |
] L] : t 10 - 7 1 t
1 ] § 11 - L 1 1
15 12 11 76 5 &4 0

This instruction rotates the T register contents 1left by the ROTATE
.count, extracts the bits specified and moves the result to the sink
register. If the extract bit count 1is 1ess than 24» the data is
right=justified with the left (most=significant) zero bits suppilied.

The contents of the T register are unchanged untess it is also the
sink register.

A rotate value of 24 is equal to 0 and is equivalent to a NO
OPERAYION. 4 : : - :
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DISPATCH

L R X N 3 K N _J B -

CRequires a hardware I/0 subsystem available on the 81720 only)

{ gpP t DISPATCH ] SKIP VARIANT 1
i CODE t VARTANYS t CApplies only to 8
t 0000 0000 0001 # 000-LOCKOUT i lockout variant) ]
! § 001-HRITE 1 0-SKIP XIF ALREADY LDCKXED 1
| 4+ 010=-READ § 1-SKIP IF NOT ALREADY LOCKED 1§
] 1 011-READ & CLEAR 1§ 1
| i 100-HRITE HIGH ] 1
L) 8 101=PORT ABSENT 4§ » 1

15 4 3 i 0

This instruction sends/receives fnterrupt and interrupt information
to/from other ports.

Since the interrupt system is shared by all ports» the processor
shoudd gain control of the interrupt system by successfully completing
a LOCKOUT prior to a DISPATCH WRITE.

LOCKOUT sets the lockout bit in the DISPATCH register and alliows, via
the skip variant, skipping or not skipping the next 16=bit instruction
based upon the success or failure (already set) of the LOZKJUT.

WRITE (High or Low) DISPATCH sets the Lockout and Interrupt flip flops
in the port interchange. It also stores the contents of the L register
into menmory {ocation 0 to 23 and the contents of the least=significant
seven bits of the T register (designating the destination port # and
channel #) idnto the appropriate port interchange register. In
additions, it s5ets (Hrite High) or resets (Hrite Low) ¢the high
Interrupt flip flop in the port interchange.

READ DISPAYCH stores the contents of memory 4docations 0 through 23
into the L register and the contents of the Port Channed register into
the least sfgnificant 7 Hits of the T register. The other 17 bits of T
are unaffected.

READ AND CLEAR DISPATCH in addition to performing the READ DISPATCH
operation clears the Lockout flip flop», the tuwo interrupt flip flops
and the Port Device Absent flip flop ¥n the port interchange. It does
net clear any memory locationse.
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NOYE2 The microprogramming assembiler uses the teft~most bit to be
extracted and calculates the rotate bit count to be used by
the hardware circuits. The assembler addresses the bits
within the T register left to right as 0 through 233
hardware addresses the bits right to left as 0 through 23.

FOUR=BIT MANIPULATE

Yy T R 0 Y K N B X Y ¥ 3 K R_§ X ¥ R ¥ R ¥ ¥ X L . T X ¥ R -3 K K K X X E_ X B B ¥ ¥ X * X _R-X % 3 X X J

§ 0P § REGISTER 1 REGISTER 1 MANIPULATE 1 LITERAL ¢

i CODE 4 GROUP # & SELECT # 1 VARIANTS (v) ¢ §
t 0011 & O.eol> 1 0cenl I Qece? t 0...15 1
15 12 11 8 7 6 4 3 0

This instruction performs the operation specified by the variants on
the designated register.

V=0 The register is set to the value of the 1literal.
1 The register is set to the Logical AND of the register and

: literal. -
2 The register is set to the Logical OR of the register and
titeral.
3 The register is set to the (Qogical EXCLUSIVE-OR of the

‘register and Literal.

4 The register is set to the binary sum (modulo 16) of the
register and literale. /

5 The register is set to the binary sum (moduio 16) of the
register and literal, and the next microinstruction is
skipped if a carry is produced. ‘

6 The register is5 set to the binary difference (acduto 16) of

" the register and the literal.

7 The register is set to the binary difference modulo 16 of
the register and titerals and the next microinstruction is
skipped if a borrow is produced.

EXCEPYIONS:

BICNs FLCNs XYCNe XYST, INCN (B1720) énd CPU (B1710) when specified as
operand registers are not changed as a result of this operation.
Howeveres the carry or borrow outputs are produced and a skip can

resuit.
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HALT

{ 0P CODE {]

§ 0000 0000 0000 0001 |

C R L N K K R N L BN X B L N X R N Z R N N J

15 0

This instruction stops the execution of the microinstructions. In RUN
rode the next micro to be executed is fetched and stored in the WM
register» and the A register points to the next folliowiny micro. In
TAPE mode the next micro is not fetched and stored in the M registers,
but the HALT micro is dleft in the M register.

The register idindicated by the register setect switch will be
displayed. .

LOAD F FROM DOUBLEPAD HORD

- s - - - .o LA L R X N X % X J - 5 -

(Available on B1720 systems ontly)

L1 - 3 B L N R-E N B R B L K B _B. K X N B N L _E L K R K L X_J X J

1 op - 1 SCRATCHPAD L
{ CODE t WORD ADDRESS ¢
t 0000 0000 0101 % Oe...l15 §
15 - 4 3 0

This instruction moves the contents of the A and 8 portions of the
designated scratchpad word to the FA and FB registers respectively.

"MONI TOR

(Availabie on 81720 systems only)

MR EE AR D NS A O DN AR R W ARG St IR D BTN AR O R e

{ OP CODE 1 VARIANTS 1
1 0000 1001 1 7o 6» 5S¢ 4» 390 2, 0

15 87 0
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This instruction skips to the next sequential instruction.

During the time this micro-operator is executing the operator and the
Last two bits (0 and 1) are decodeds, ANDed with the system clock and
are present in the backplane as follows:

MONITOR 0 True for the 0P Code

MONITOR 00RO Yrue if last two bits are 00
MONITOR 01RO True if last two bits are 01
MONITOR D2RO True if last two bits are 10
MONITOR 03RO True if Last two bits are 11

At the backplanes the monitors are one~half clock from Leading edge to
trailing edge.

MOVE 8~BIT LITERAL

1 0P ¢ DESTINATION § LITERAL ¢

§ CODE 1 REGISTER 1 L
i 1000 1 GROUP 3 1 0eee255 1
' ! 0usel5 L L
15 12 11 8 7 0

This instruction moves the 8-bit Literal given in the 1instruction to
the sink register. If the wmove is between registers of unequatl
lengths» the data is right-justified with left (most=significant) zero
bits supplied.

EXCEPTIONS®
1. READ and HRIT are exciuded as sinks.
2e When M is used as a sink registers the operation s changed

to a bit=-0OR uhich nodifies the next microinstruction. It does
not modify the instruction as stored in memorye.
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MOVE 24=BIT LITERAL

- W L K K R N J ) T a5 X .

i OP § DESTINATION § 24-BIT LITERAL ¢

! CODE 1 REGISTER 1 )
' 1001 I GROUP # I 0ecoMAX 1
' | 0..e15 ] t
15 12 11 8 7 0

This instruction moves the 24-bit literal given in the double=length
microinstruction to the sink eregister. If the move is betueen
registers of unequal lengthss, the literal is truncated from the teft.

EXCEPTIONS:
1. READ» HRITs, M and CP (B81710) are excluded as sinkse.

2e The MSMA register (available only on the B1720) may be a sink
ondly in the TAPE wmode.

NO OPERATION

L R L R T X R N N N R R R L E R X KX TR X XN ]

1 @OP ]
1 CODE L
t 0000 0000 0000 0000

L R L B T R X K- X N F -2 L X B K N L ¥ ¥ N J

.15 0

This instruction initiates a skip to the next_sequential fnstructione.

NORMALIZE X

1 opP L]
t CODE 1 :
¢ 0000 0000 0000 0011 14 : -

LR L B R TR L L LA X N L X -2 ¥ J

15 -0
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This instruction shifts the X registér left while counting FL dowun
untid FL = 0 or until the bit in X referenced by CPL = 1. Zeros are
shifted into the right-most end of X.

CPL = 1 references the right=most bit of X while CPL = 24 references
the left=-most bit of X. If CPL = 0» the operation will continue until
FL = 0.

OVERLAY CONTROL MEMORY

(Available on B1720 systems onily)

FL T T 2 X P X X L B X E X E X LN L N J

i OP t
f CODE 1
{ 0000 0000 0000 0010 ¢

15 0
This instruction overtlays control memory (M-Hemory) from main memory.
The starting main memory address is in the YA registers the Llength of
the data to be overlaids in bits, is in the FL register. The starting
control memory address is in the L register.

Execution of the instruction proceeds as followuss

1. The contents of the A register are moved to the TAS register.
2e The contents of the L register are moved to the A register.
3. The first 16 bits of data are read from main memory and

stored in the control memory wia register L. Register FL is
decremented ty 16 bits? FA is incremented by 16 bitss and A
is incremented by 1 word.

ba Step 3 is repeated until FL = 0 or A > MAXM» at which point
‘the process terminates with a move of TAS to A.

5 The operation then continues uith the next microinstruction.
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READ/HRITE MEMORY

LY R Y B T K N N L K A K R L E.L.ER L ELRLEITEYEZIILIELESY YT " FY Y r Yy Y X X 2 XN L L2 4 8T X 1 7

igP ! DIRECTION 1 COUNT 1 REGISTER # 1 FIELD 1 MEMORYH
$CUDE 4 O TO REGISTER & VARIANTS & 00 = X i DIRECTION ! FIELD 13
10111 1 1 TO MEMORY i Oead? 101 =Y 1t 0 - POSITIVE & LENGTHI
t | 1 1t 10 =17 t 1 = NEGATIVE 1 0...26%
] i ] 111 =1L ] ] L
15 12 11 10 8 r 6 5 4 0

This instruction moves the contents of the register (memory) to the
memory {(register). If the value of the memory field Length is {Less
than 24s» the data from memory is right-justified with left
(nost=significant) zero bits supplied while the data from the register
is truncated from the flefte.

The contents of the source is unchanged. _

Register FA contains the bit address of the memory field while the
memory field direction sign and memory field length are given in the
-instructione.

If the value of the memory field length as gsven in the fnstruction is
0» the value in CPL is used.

Nemory field length values (or CPL vafues if MFL = 0) of 25 and 26 are
truncated to the value of 24. Hhen used on a WRITE operations the
vatue 25 and 26 cause odd and even parity respectively to be written
into menory regardless of the parity of the read data.

For a description of the count variantss see COUNT FA/FL,

READ/HRITE HSMH

CAvailable on B1720 systems only)

L LA L R X RETEERET LY LY 0 LY LY L LY R L XYY &P L3 X . ¥ X 2 % 1

t op ] VARIANTS I R/W VYARIANT 1§
i CODE 1 G/B ¢ H/F & S/N 1 0 YO X t
i 0000 0000 O111 1 1 - t .1 FROM x 1

15 : 4 3 2 1 0
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This instruction (1) moves the contents of the X register to the
M=Hduory word specified by the address contained in the L register if
the R/W variant bit = 15 data 1s right justified with left (most
significant) bits supplied or (2) moves the contents of the M=-Memory
word specified by the address contained in the L register to the X
register if the R/KW variant bit = 07 data is right justified with left
(most significant) zero bits supplied.

The lower &4 bits and the upper 8 bits of the address in L are ignored.

READ/WRITE MSM causes the A ragister to be moved to the TVAS register
and the L register to be moved to the A register before the
instruction is executed. The TAS is restored to A after the READ/HWRITE
#SM operation is completed.

The S variant is used'to enable the set/reset of the G/8 and H/F flip
flops. If S = 1» the G/B8 and H/F flip flops are set/reset by the G/8
and H/F variantse. If S = 05 no change is made in the G/8 and H/F flip
flODS- i ’ '

1€ the G783 flip flop is truer all READ/HRITE MSM operations uwill force
bad parity in the addressed word. If the G/3 flip flop is false, all
READ/HRITE MSM operations will force good parity in the addressed
word.

If the H/F flip flop is trues the processor upon reading an MH=-Nemory
word containing parity error wWwill flag the error condition by setting
a CD bit trues It witl not halt. If the H/F flip flop is falses, the
processor upon detection of a parity error in reading an 4=Memory word
Will flag the error condition by setting PERR bit 1 true and then
halt. Reading an M=Memory word occurs when fetching a HM-op from
M=Memory or when moving an M=Memory word to any destinatione.

The H/F and G/8 fiip flops are cleared to zero (false) swith the CLEAR
signale. If S = 1ls the GsB and H/F flip flops are set/reset prior to
the execution of the READ/HRITE #MSH portiog of the operatione.

REGISTER MOVE

DN TR R AR SR AP WD W D O S A0 WS BT G DN A D SR G NS AN OGN 0 S0 Al D AR GRS R ED D Y IS R T TR D Rl D NS G O GG W

t oP 8 SOURCE i SOURCE { DESTINATION 8@ DESTINATION @
? CODE ¢ REGISVER 8 REGISTER ¥ REGISTER ! REGISTER |
§ 0001 4 GROUP # & SELECT # t GROUP # t SELECT 2 |
i 1 Qewnel5 f 0eee3 t Oeeald i 0ceeld !

Wwm ) GG W R A N SN D R R S e O] I AR S5 EP D W G5 S G0 G RN D B R G SR TR G M W SN O S B AD R VR AR D R U N RS AT A AR W G

15 12 11 87 6 5 43 0
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This instruction moves the contents of  the source register to the sink
register. If the move is between registers of unecual ULlengthss the
data s right~justified wuWith Lleft (wmost-~significant) zero bits
supplied or the data s truncated from the lefts whichever is
appropriate.

The contents of the source register are unchanged unless it §s also
the sink register, :

EXCEPTIONSS

1. WRIT» CHMND C(and CPUs READ on B81710) are excltuded as source
registerse. ‘

2e When the M register is used as a sink in RUN or STOP mode»r
‘the operation is changed %o an bit=0R which modifies the next
microinstruction. It does not modify the idnstruction stored
as stored in memory. In TAPE moder no bit=0OR takes place.

3. BICN» FLCN» XYCN» XYSTe INCNs, READ» WRIT, SUM, CMPXs CMPY»
XANY>» XEQOY» XEOR» MSKXe DIFFsr MAX» MAXM» and U are excluded
as sink registerse.

ba U is excluded as a source register - in the STEP mode.

Se When DATA land SUMs DIFF on B1710) is designated as a sources
' CMND» and DATA are excluded as sinks.

6o On the 81710 when A» Ms CPs or DATA 1is designated as a
sourcer» all &4-bit registers are prohibited as sinks.

Te On the B1720s when U or DAVA is designated as a source and
when the next micro is to be obtained from ma¥in mnemorys, M is

excluded as 3 sinke.

-SCRATCHPAD HOVE

[T T REYEFTY EFE Ty el L XL L LR 2R LY L LR L L Y2 Y R RY P Y ¥ Y 'Y ¥ )

r ap I REGISTER § REGISTER 1 DIRECTION § SCRATCHPAD & SCRATCHPAD ¢

f CODE t GROUP # & SELECT # ¢ 0-TO § WORD t HWORD ]
t 0010 1 CeeniS 1 0aveld 1 SCRATCHPAD # O-LEFT WORD 1 ADDRESS L]
1 ] ] ! 1-FROM 1 1-RIGHT f 0u.el5 ]
¢ L] L « f SCRATCHPAD 1 WORD . L ]

L L R L B N X X X N X B 3L X R X N L 3 R B L 2 F F P E ¥ X L N K E_S& 2 1 X K- E AR 2 2 K R L A X X L F L L R N R X L ¥ ¥ % %X % B % % T % }

15 12 11 8 7 4 6 5 4 3 0
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This instruction moves the contents of the register (scratchpad) to
the scratchpad {register). If the move is between fields of unequal
Lengthss, the data is right~justified with Left (most=significant) zero
bits supplied or the data is truncated from the 1left» whichever is

appropriate.
The contents of the source register are unchanged.

EXCEPTIONS:

le When the M register is used as a sinks the operation is
‘changed to a bit=-0OR which modifies the next microinstruction.
It does not modify the fnstruction as stored in memory.

2e BICN» FLCN» XYCNs XYSTs INCNs READ, WRITs SUM» - CMPXs CMPYs
XANYs XORY» XEQY» MSKX» MSKY» DIFF», MAXSs MAXM and U are
excluded as sink registers.

3. HRIT» CMND Cand CPU» READ on B1710) are excluded as source
registers. ' ‘

4. U is excluded as a source in STEP mode.

Se On the Bi710 M as a source resufts in a transfer of 24 zeros.

SCRATCHP AD RELATE FA

BR MO R BAB BT EWWBBE E®

1 oop { RESERVED ¢ SIGN OF § LEFT HALF ADDRESS i
i CODE 1 " 5§ 0 = POSITIVE § OF A SCRATCHPAD WORD 1
1 0000 1000 § 000 t 1 = NEGATIVE 1o 0cealS ‘
15 8 7 5 . 3 0

This instruction replaces the contents of the FA register by the
binary sue of FA and the left half the specified scratchpad word.

Neither overflow nor underflow of FA is detected. The value of FA may
go through its maximum value or its ginimum value and wrao arounde.
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SET CYF

t OP I SET 1

! CODE I VARIANTS (V) &

T 0000 0000 0110 1 1,2,4s8 !

15 4 3 0

This instruction sets the carry flip-flop as specified by the
variants. ‘ .

Setr CYF to O

¥y = 1
2 Set CYF to 1 ‘ o
K Set CYF to CYL (carry total fros sums)
8 Set CYF to CYD (carry borrow from difference)
NOTES: |

| CYL is generated under the control of the tength in CPL.

2 CYF is an input to the arithmetic logic along with the X
and Y registers. CYF is the 1left-most bit of the CP
portion of the C register.

"SHIFT/ROTATE REGISTER T LEFT-

AR BAER WL S TR @ W™ W W LA K X X & % X J - L2 K X}

£ OP 1 DESTINATION 1 DESTINATION § SHIFT/ROTATE I SHIFT/ROTATE ¢
I CODE ¥ REGISTER I REGISTER t 0 = SHIFY § BIT COUNT ]

t 1010 § GROUP # ! SELECT # f 1 = ROTATE I Oeeelb 1
-t 1 Oueels I Queel 1 1
15 12 11 8 7 6" 5 4 0

This instruction shifts (rotates) register T left by the number of
bits specified and then moves the 24=bit result to the sink register.
If the pmove is hetween registers of -unequal lengths, the data is
right=justifieds, with data truncated from the left.

The contents of the T register are unchanged unless 1t is also the
sink register.
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Zero fild on the right and truncation on the left occurs with the
shift operation. ROTATE is an end=around shift with no truncation or
fill.

If the vatue of the SHIFT/ROTATE COUNY as given in the instruction is
0r the vatue given in CPL is used. :

EXCEPTIONS:

1e When the 4 register is used as a sink register. the operation
is changed to a bit-0R which modi fies the next
microinstruction. It does not modify the instruction as
stored in memory.

2e BICN'.FLCNv XYCNe XYST» INCNs» READ» HRIT, SUMs CMPXs CHMPY»
. - XANYs XEOY» XODRY, DIFFs» MAXSs MAXM and U are excluded as sink
ragisters.

SHIFT/ROTATE REGISTERS XY LEFT/RIGHT

GPEE AR SAEN GRS B EY UE ED WA AN UP EN O EE SRR W TR NS R AR UE O A OB S A e

t op ! SHIFT/ROTATE § SHIFT/ROTATE { SHIFT/ROTATE |
t CODE t VARIANT t DIRECTION i BIT !
$ 0000 0101 ¥ O = SHIFY ! VARIANT 1 COUNT '
i © # 1 - ROTATE 1 0 = LEFT t OuesiB t
' ' 1 1 = RIGHT ' '
15 8 7 6 5 0

This instruction shifts (rotates) register X and Y left (right) by the
nuaber of bits specified. The register X is the left-most
(most=significant) half of the ctoncatenated 48~bit XY register. Only a

count of one may be specified on the B1710 for the concatenated XY
register.

Zero fill on the right and truncation on the left occurs uith the Lleft
shift. Zero fill on the Left and truncation on the right occurs. with
the right shift. .

If the value of the SHIFT/ROVTATE COUNT as given in the instruction is
0» the operand is shifted/rotated by the amount determined by CPU as
followus: ‘
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cPU SHIFT/ROTATE COUNTY

« 00 1 bit

01 4 bits

10 Undefinad

11 8 bits (available only on 81720 systems)

NOTE: TYhe shift by CPU option §s available only on 31720 systeas.

SHIFT/ROVATE REGISYER X/Y LEFT/RIGHT

YN M SAW AR IR A D R O AN G GREE OE AR S W KO BN A WD A GRS

1 oP 4 SHIFT/ROTATE  SHIFT/ZROTATE 1 X/Y § SHIFT/ROTATE ¢
{ CODE § VARIANT 1 DIRECTION § VARIANT 1 BIT ]
t 0000 0100 & O = SHIFT 1 0 - LEFT 1 0 -~ X REG 1 COUNT 1
! t 1 = ROTATE !t 1 = RIGHT 11 =~ Y REG 1 Deeols t
15 8 7 S ) 5 4 0

This instruction shifts (rotates) sregister X or Y left or right by the
number of bits specified.

Zero fill on the right and truncation on the {eft occurs with the Lleft
shift. Zaro fill on the 1eft and truncation on the right occurs with
the right shift. 3

If the value of the SHIFT/ROTATE COUNT as given in the instruction is
0» the operand is shifted (rotated) by the amount determined by CPU as

- follows:
cPU SHIFT/ROTATE COUNY
00 1 bit
01 4 bits
10 - Undefined
11 8 bits (not available on B1710 systeas)

NOTE The shift by the CPU option is available on 81720 systems
only.
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SKIP WHEN

t 0oP t REGISTER § REGISTER t SKIP TEST 1 MASK ]

1 CODE § ROW % 1 COLUMN # 1 VARIANTS (V) 8 0...15 1t
$ 0110 1 Deoeeld 1 0...1 1 Dueo? 1 ]
15 12 11 8 _ 7 ' 6 4 3 0

This instruction tests only the bits in the register that are
referenced by the 1 bits in the mask and ignores all others. It then
performs the actions specified below. Exception: If ¥ = 2 or ¥V = 6, it
compares all bits for an equal condition.

V=0 1f any of the referenced bits are 1*s, the next
M~instruction is skipped.
1 1f ati the referenced bits are 1'se the next d=instruction
is skipped.

2 1If the rvregister i3 equal to the masks skip the next
M-instruction.

3 This 45 the same as ¥ = 1, but the referenced bits are also
. cleared to 0 without affecting the non~referenced bitse.

4 1If any of the referenced bits are 195, the next
M=instruction is not skippede.

S §f atl the referenced bits are 1%s, the next Y=instruction
is not skipped.

6 If the register is equal to the masks the next Y=instruction
"is not skipped.

7 This is the same as ¥ = 5, but the referenced bits are also
cleared to 0 without affecting the non~referenced bits.
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NOTES AND RESTRICTIONS:
1. If the mask equals 0000 the ANY result is false. The skip is
made for Vv = 0 and ¥5s not made for vV = 4, If the mask equals
0000, the ALL result is true. The skip is made for V=5 and
V=7 and is not made for V=1 and v=3,

2e BICNs FLCN» XYCN, XY5Ts and cannot be cleared with VvV = 3 or V
= T« Howevers, they can be tested.

STORE F INTO DOUBLEPAD WORD

TGOS o MR G TGS s NE W - -

CAvaitlable on 81720 systems only)

1 oP ! SCRATCHPAD
t CODE § NORD ADDRESS
¢ 0000 0000 0100 ¢ D...15 '
15 4 3 - 0

This instruction moves the contents of the FA and FB registers to the
_designated scratchpad words. FA is transfered to the A haif of the
scratchpad word, and F8 (which contains FL, FT» and FU) s transferred
to the B scratchpad word.

The caoantents of FA and FB remain unchanged.

SHAP F WITH DOUBLEPAD WORD

- e ab e - - - - LA 2 R R % X X N J AD N En A

LA K L R E X R ¥ ¥ K X K R_ L N K K N X E N K T R E AKX L A A L L E K X K A X 1§ J

v op § DESTINATION 1 SOURCE !
¢ CODE f 48-81T7 i 43-81T L
§ 0000 0111 1 SCRATCHPAD 1§ SCRATCHPAD ¢
] 1 WORD 1 WORD !
] 1 0sc015 1 0eeel5 |

15 8 7 % 3 0

This instruction moves the contents of the FA and FB registers to a
hardware holding register. It a3lso moves the contents of the Lleft and
right word of the source scratchpad word to the FA and F8 register
respectively, and moves the contents of the hardware holding register
to the destination scratchpad vword.
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SHAP, MEMORY

(Availabie on B1720 systems only)

t 0P § REGISTER # 1 FIELD 1 MEMORY 1§
{ CODE i 00 = X t DIRECTION i FIELD 18
t 0000 0010 ¢ 01 = Y 1 0 - POSIVIVE t LENGTH 1
1 110 =17 t1 = NEGATIVE ¥ 0O...2% 1
! t 11 =1L L] L] 1
15 8 7 6 5 b 0

This instruction swaps data from main memory with the data 1in the
specified register. I[f the value of the memory field is less than 24,
the data fronm memory is right=justified with (Left (most-significant)
zero bits supplieds The data from the register is truncated from the
teft before entering memory.

Register FA contéins the absolute binary address of the main nmemory
fiold while the field direction sign and ¥field is given in the
instruction. :

If the value of the memory field Ltength as given in the instruction is
0, the value given in CPL is used.
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Table B8~63 HNicroinstruction Timing

LR TR R L L L L L X I B L R L X 2 L L L LEXEEXE LY LYY LEEREYTY Y X L L XL L L L X 3 N )

t B1710 1 : R | 81720 ]
f Notes 1 Clocks 1 Microinstructions t Clocks ! Notes 1
'-""-"-l-"-""’"- ----------u-‘-u---n—--------c'--—---“'-------Q
i BIAS

BIND

BIV TEST BRANCH FALSE

BIT TEST BRANCH TRUE

BRANCH

CALL

CASSETTE CONTROL

CLEAR REGISTERS

COUNT FA/FL

DISPATCH

EXTRACT FROM REGISTER T
FOUR=BIT MANIPULATE

HALT

LOAD F FROM DOUBLEPAD WORD
MONITOR A

HOVE 8=-BIT LITERAL

MOVE 26=-BIVT LITERAL

NO OPERATION

NORMALIZE X

OVERLAY CONTROL MEMORY
FEAD/HRITE MEMORY

READ/WRIVTE MSH

REGISTER MOVE

SCRATCHPAD MOVE

SCRATCHPAD RELATE FA

SET CYF

SHIFT/ ROTATE REGISTER T LEFT
SHIFT/ ROTATE XY LEFT/RIGHT
SHIFT/ROTATE X/7Y LEFVT/RIGHT
SKIP HHEN

STORE F INTO DOUBLEPAD WORD
SHWAP F WITH DOUBLEPAD WORD
SHAP MEMORY 5

INNW IS INVANN N
SN

- ‘
IO INWDIWNSNNIS IOINONN
e S Gn WD SR Mk WD SR AND am W R S NG GE AR a NG L AR A A G LA NS OB Sh S ME NS LE W

.------‘---‘--ﬂ---ﬂﬂ-—‘-‘--
oD A5 4B 4R NS SN NS BE U D EB M S SR S0 OR A S0 Ak Ga W5 gB NR AN an V0 ER OB AD OB &5 SR s
B0 ot g b gk s gt et e b TN N U B e \) e et et (b b peb Yy et b b [\ e b B Ly e

§ o0 Gn o S0 an 2 S0 2D SR AL AP D U5 S5 Q) S0 WD U5 SD G5 U6 g NGB S0 S ) SR W an B EE S -
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B1710 NOTES:
The basic clock of the 81710 is 4 mega hertz.

i. This incltudes the fetch of the called microinstruction.
2e For BCD result register movess there are theree clocks.
3. There are six clocks per bit plus one additional clocke.

he Onty a value of one bit is atllowed in the 81710.

81720 NOTES:
The basic élock of the B1720 is 6 mega hertz.

1« If the relative address is not within controil megory
(therefore in main memory)l)s» there are two clockse.

2e There is one clock per bite.

3. There are five clocks per 16 bits (one microinstruction) plus
five clockse.

bha READ is five clocks until the processor receives the datae.
WRITE is four clocks until the processor is released. Sone
instructions may be performed during the processor READ or
WRITE command times if they immediately follow the READ or
HRITE commands: this is called *“concurrency™. Consecutive
READ or WRITE commands operate at HMAIN MEMORY READ cycle
speed (four <clocks) or MWRITE cycle speed (six clocks)
respectively. '

5e The data is presented to the processor and is released in one
MAIN MEMORY READ cycle. Concurrent execution of certain
gicroinstrcutions is performed if they immediately follow the
SHWAP command. The WRITE portion of the SWAP command is begun
and perfarmed in parallel to the READ portionr, and wmain
memory is not available for the duration of a NWRITE cycie.
For consecutive main memory commandss, rafer to note 4.
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BEGIN
B8IAS
( BICN
- BIT
< BITS
<= B8R
( BRANCH '
e+ BRANCHJEXTERNAL
# 8Y
) CA
’ CALL.EXTERNAL
- CARRY
- CASSETTE
7/ CAT
/= cB
» cC
- cD
> CHARACTER
> CLEAR
¥ CHND
s cMPX
. CMPY
= CODE.SEGMENT
- CODELSEGMENT . NUMBER
A COMPLEMENT
ABSOLUTE CONSOLESHITCHES
ADD o ' CONSTANT
ADDRESS COUNT
ADJUST cP
ALL cPL
AND : CPU
ANY cCYD
ANYINTERRUPT CYF
AS CYL
-ASSIGN . DATA
ASTACK DATALLENGTH
AT DATAL.TYPE
BACKWARD DATACUSAGE

BASE.LIMIT DEC

DEF INE

DEF INE.VALUE
DIFF
DIFFERENCE
DISPATCH
DOWN

puMP

ELSE
EMIT.RETURN,. YOLEXTERNAL
END

EOR

EaL

EXIT
EXTRACY

F

FA
FA.POINTS
FALSE

F8

FINI

FIXED

FL

FLC

FLCN

FLD

FLE

FLF

FOR

FORWARD
FROM

FT

FuU

GEQ

G0

GIR

HALT
HEX.SEQUENCE.NUMBER
HI.PRIORITY
HIPRIL
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 IF MICRO

INC MININUM
INCLUDE MINUS

INCN MOD

INTERRUPT MONITOR

INTG MOVE

JUNP MSBX

L MSKX

LA MSKY

L8 MSH A

LC HSML

LD NEQ

LE NENSEGMENT
LEFT : NO.DEVICE
LENGTH.BETHEEN.ENTRIES NODEVICE

LEQ NOP

LF NORMALIZE

LIT NOT

LOAD NULL
LOAD.MSMA OR

LOAD «SMEM OVERLAY
LOCAL.DEFINES PAGE

LOCATION PLUS

Lock’ POINT

LOCKED PORT

LOCKOUT PROGRAM.LEVEL
LR READ

LSBX REDUNDANT.CODE
LSBY REMAPS

LSS RESERVE.SPACE
LSUX RESET

LSUY REVERSE

M RIGHT

M. MEMORY .BOUNDARY ROTATE

MACRO 3

MAKE .SEGMENT .TABLE.ENTRY S<MEMORY<LDAD
MAXTMUM . SEGMENT

MAXH SEGMENT.COUNT
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SFL $ 3 . UNIT
« SFY . $3B UNLOCKED
SHIFT S4 up
SKIP . S4A | VALUE
SPACE | 548 ' WHEN
START © 85 WITH
sTopP | $SA WRITE
STORE $58 “WRITE.STRING
SUBLTITLE 56 X
SUBTRACT S6A XANY
SUM v $68 © XCH
SHAP 57  XEOY
50 | S7A ~ XORY
S0A 578 4 XY
508 58 ' XYCN
51 S8A XYSTY
S14 588 | Y
518 $9 | 0
S10 S9A
S10A . 598
5108 T
S11 TA
S114A TABLE
$118 TAS
§12 Te
s12a e
$128 . ™
513 TE
S134 TEST
s138 TF
S14 THEN
S14A TITLE
5148 T0
$15 © TODAYS.DATE
S15A | TODAYS.TIME
$158 TOPM
52 TRACE
S2A  TRANSFER.CONTROL

5§28 "TRUE
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