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Chaoter 1 
Introduction 

Objects are the basic units of storage ;n the FHP system. 
~ach ooject is distinct from al I other ooJects and;s inoividually 
addressed and protectea. The primary use of an ooJect ;s as a 
:ol'l,ta;"Ier oif data. Each ooJect :e,. co,·tai,: f·r;)f'/i 0 to' 2*111.,;2-1 bUs 
where each bit 1S directly addressable. 

~ach object is identified by a unique 60 bit name or unique 
ipentif.ier U.Jl),). UID's are urli=lue across alII F1P systens for slilll 
time; they are never reusee. 32 of the 80 Ul~ bits designate a 
i..ogi:a!; Allocation UI'IH (LAU), the mO~:tble ul'l·it of stora;e 1n the 
FHP system. fhis 3i bit LAU identifier is also unique across al I 
FHP systems. The re~ain;ng 48 bits of the UID designate the ooJect 
seriai number (OSN). OSN's are unique within eaCh LAU. 

1.1.2 .bgical ~d~ress 

The directly addressable virtual me~ory of an rhP system 
allo~s 2 •• 8U ooJects where each object is jirectlY ~ddressable to 
each of 2 •• 32-1 bits. A logical aadress is co~posed of a co~bined 
Jl~, bi~ offset· ~air of, 112 bltS. Thi~ :o,stitutes a st,gle, 
fairly large address space which is usee by all FHP systems; there 
is only one address space tor all systems for al I time. ~ach time 
the virtual memory is accessed four items ~ust be provideo: object 
,a~e ". the forfTI of· UID, offset olf the f1rS.t b1.t to oe refere,ced, 
number of bits to be referenced and fu~ction which is usually read 
:>Ir wrHe. 

1.1.j Accessing and Protection 

Oojects are use~ for two primary ~urposes: to store cata for 
future processing and to store instructions. There are three 
fundamental operations that can oe performed on an object: reaj 
bits, write bits and fetch instruction bits. Each function must be 
explicitly allowed for each Object. Thi$ is done oy atta:n;n; 
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1. 1 • 3 Access;,g a,d Protection 1 -2 

read, write or execution permission to each object. A proceaure 
:>pjec,t (PO), o,e whiCh may Serve as a1 i,strJction SOJrce, mJst 
posses the execute or ~ attribute. A data obJect may posses reao 
on :>Ir write (~) attri:>utes to al,l:>w rea:H,g or IIIritin3. 

1.1.4 Proceaure Objects 

A procedure object is used as a source of instructions. 
lnstructions are retrievea from a proceaure object, interpreted 
(bit settings decoded to derive se~ant,c inte,tJ and appropriate 
action taken by an entity called an S-!nterpreter. Programs stored 
in procedUre oojects control actip~s taken by a, fHP system via 
S-lnterpreters. Multiple, distinct instruction sets are possible 
;iv"9 rise to a, S-lnterpreter for each. Eac, disti1ct i instrJc­
tion set is callea an S-Language. 

1.1.~ Ubjects of ~xtendej fype 

Objects used for storing data and instructions are primitive 
type aojects; only the three pri~ttive o~erations mentioned before 
are possible for thern. fhP allows for the construction of Objects 
0,1 extendeo tyoe (ETO) so that data CO"lstrJcts of a more abstract 
nature can be ref~rencea. ETJ's are referenced by tneir UID's but 
arbitrary fu~ctions as well as datum desis,ations can ~e definei 
for each type. 

An ETJ is the instance of a given ty~e ~hile an associated 
e~tended type manager (ElM) ;s a set of proceoures which implements 
the extenaeO o~erationj oj the type. 

1.1.6 Object Management 

II"l addition to the access t..Jnctions, ~ set of 
provideo which allow for the management of obJects. 
the a b i ,1 i t y toe rea it ! , del e tea n :i. co "I,t r 0 I, a c : e sst 0 
primitive and extended types. 

1.2 ~ro~edJre Jbjects 

functions are 
Ihese include 

obje:ts of O:>lt, 

A procedure object is like a oata object object except that it 
can serve as a,' instrJction SOJrce. In order tOj maket,is 
possible, proceoure objects adhere to a specific ~nternal 
struct;Jre. Thi.s structure facili.tates orderly e"\try i"lt;)! the PU to! 
the desired set of il"lstructions, the establishment of the correct 
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1.2 Procedure Objects 

S-!nterpreter. 

1.2.1 Instructions 

tach lnstructio~ is composed of an ~ bit operation cooe 
(opcodeJ ana a number of operand specifications. The se~antics of 
each o~code is k,o~n to the ap~~opriate S-l,teroreter. Uperanj 
specifications (called syllables) follow the opcode in contiguous 
storage. Each ~yl lable is 8, 12 or lb bits 1019 a,d is either a 
literal (the operana in the syllable itself) or is an index into a 
taole which wi 11 comoletely specify the lo:ation, size and repre­
sentation of the operand. The table is called the Name lable (N1J 
~hile the injexi1g syllaole is :el~ed a Nam~. r~e ~a~e la)la 
defines the basic mechanism for total na~e resolution inclu~ing 
scalar a,d arra¥ access, pre- anj ~ost-i1aexin; anj indirecti01~ 

1.2.2 Procedures 

When a orocedure is invoked care ~ust be taken to i1sure tnat 
the correct environment is provided. lhis is done via a structure 
called the proce~ure e1vironne1t descriptorl (P~D) dhi~h locates the 
procedure's S-lnterpreter and name table. A PED can be shared by 
all crocedures ~itM a co~mon environ~ent. ~a:h legitinate entry 
associated with a given PEO has its own entry descriptor lEU) which 
locates where in the PO instruction execJtio,· is to tiegin. A 
single Pu maY contain multiple PED's each of WhlCh may contain 
nultiple ED's. 

lMose entrles whiCh are callable from outside of tne PO are 
jefined in a gate list at the oe;innin3 of· the ?U. ~ gate is 

procedure 
structJre 
be91 n ning 

essentlally an inoirection to an ED so~ewhere in the 
Object. The size of the gate list 1S specified in a 
calleo the procedure object header and is located at the 
J~ t,e object. 

1.3 Ubject Protection 

Access oermissions ere attached to each ooject via an Access 
Control List or ACL. An ACL exists for each object and lists 
access rights to the object for each sJbje:t. For ooJects of, 
extended type ACL entries are listed in terms of subjects ano the 
specific extended operations. 
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1 .. 3.1 ~iJbjects 

1.3.1 Subjects 

The subject is the oasic unit of auth~rity and accountabi,lity 
in the FHP system. At any point in time instruction execution ;s 
oound to one subject. Hence object access rights are c~m~uted ;~ 
terms of the current subJect. A subJect ;s composed of four 
se~erate aJt"ority ele~e1ts: pri1cipal, ~~)C!sS, jona;n ana tag. 
The principal component 16 an external authority ana in tne sim­
~~est case is the 1ene of the user usi'9 the sfsten. The or)~!ss 
component identifies the current process. The domain com~onent of 
the suoject al lo~s users ana systen, designers to tie access pri~i­
leges to the proceaure that is being executed. The tag comFonent 
allo~s users t~1 c01strJct: arb; trary :;I.,.)!tect~::>1"\ sti"'uctures. 
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Chao'ter 2 
Objects 

All pro~ram addressable data res;je ;, oOjects. An ooject 1S 
a nameo container of data in which each datum ;s physically re­
;,.,-esented ;,y a nJmoer of bits. A,. oDJect C9n c01tai, u;,! t::>l 
(2U32)-1 oits. 

An object is named by an SO-bit number known as a Unique 
Identifier, :>r UID. The WID is the Jrly name Oy ~hich an object is 
known and is unique 1n both space and time -- uIDs are not 
reusable. In :>rJer to assure uniqueness across all F1P systems 
without requiring total communication between syst~ms, a UID has 
two primary conponents: a Logical AllocatiP' Unit ldentij,er 
(LAUID), and an Ubject Serial Number (USN). 

+--~·------·---------+--·-·---------·t UIU: LAUH> 
t--------------------t---------------t 

('18 bits) (32 bits) 

A null JID cOl"1sists of all zeros. 

2.~ ~ogical Addresses 

A logical aJdress oenotes a bit posltion in a la.,.ge, t~o­
d;menslonal virtual memory. 1his virtual ~emory is composed of up 
to 2.*~O o~Jects, ea:h of ~h;Ch nay ~old u~ to (2**~d)·1 bits of~ 
data. A particular object is selecteo oy specifying its U10. 
Selecting a parti6ular bit within that ooject is accomollshej by 
specifying an offset into that object. An offset 1S an integer in 
the r a , 9 eO. • ( 2 * )\ 3 2 ) - 2 • A I 0 :;n : a 1: a a d res sis a - 1 1 2 -0 i t p a" r 
(UID,OfFStT). All accesses to virtual memory involve presenting a 
logical starting address, a count of Dits to oe transferrea, ~nd 
the direction of transfer (read or write). 

2.3 Object Protection 

UDjects are protected information containers. Any attempt to 
access their contents or attributes is mediated. lhe functions 
specified in this Chapter require specific primitive access permis-
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UbJeCt Protection 

sions for their successful completion. l~ the suoject on ~hose 
behalf the function is being performeo does not have the reQuired 
access perTdssip"'l, the functio,. is a;)orlted ~ith a prote:·tio1' 
violation before any observation or modification of the object's 
:ontents or attri~Jt!s is ~aje. (Su~jects are discussed ;"'1' ChaPter 
xxx.) If a function ;s aborted because of a protection violation 
and the subject Joes not have any ~rimit;ve a:cess pernisslon to 
the object, a1 I the invoking subject can determine is that the 
object does not exist or it (the subject) joes not have any pr1ni­
tive access permission to the Object. If the function ;s aborteO 
oecause the suoject Joes not have the specific primitlYe access 
required by the function, but it aoes have Some primitive access 
oerm;ss;on to the object, the SUbject 1S t~l~ that the o;)ject ooes 
exist and it lacks the requirea primitive access permission to 
oerforn the function. 

2.q Object AcceSSing runctlons 

Ine most conmon (anj fundamental) o~erations on o::>Jects are 
writing and reaoing the bits they contain and fetching bits from 
them for i-strean interpretation. These o~erations are invOkeJ' by 
s-interpreters as part of the process of interpreting a-ops. They 
are cescribed here in an aostractl na,ner. 

TYP~ offset_type IS 0 •• (2 *~ 32)-2; 
TYPE oodect_size_type 1$ 0 •• (~ ** 32)-1; 
TVPE ooject_iaent;fier_type IS 
io(E.CORD 

USN: 
LAUlD: 

E.""u RECORD 

o •• (2 ** 4ij)-1, 
o •• (2 ** 32)-1 

BOUND 60J 

~ROCE.DURt write_object~ 
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READ O~Li object_1de~tlf;er: 
READ ~NLY bit_offset: 
~E~D U~LY oit~str;ng: 

PROPERflES INTERFACti 

oJJect_identifier_type, 
offset_type, 
bit_st~;ng_type); 

rhe bit string 1S written lnto the Object, starting at bit 
0.11 s et • 

The tol lowing errors are aetectea. If any occur, the functlon 
is ter~lnated oefore any changes are made. 

If the ObJect does not exist or the subject currently bound 
to t!'\e process eKecutir,g the tJnctio1' does not halle Nri,te 
access permission to the object, a write check fault is 
s i ; nail I e ::J '. 

If (bit offset t lE~GTH(bit string») 1S greater than the 
Object's size, an extent check fault ;s sign~lle:l. 

READ uNLV object_iaentifier: 
READ ONLY o~t_offset: 
READ ~NLY bit~length: 

PROPERTIES INTERFACE' 

object_iaentifier_type, 
oHset_type, . 
ooject_s;ze~type, 

bit.str;n~~ty~e); 

9:~b:43 
5/\Jov179 
Rev. 1 

Data Genera~ Cor~oration 
Company Confiaential 



Tne bits from bit offset to (bit offset t oit length - 1) are 
returned. 

The following errors are detecteo. If any occur, the function 
;s ter~inated oefore any changes are made. 

If the oOject does not exist or the subject currently bound 
to the process executing the fJn:tion joes not have reao 
access permission to the oDJect, a read check fault is 
s i ; nail I e :j • 

If (bit offset + bit length) is greater than the object·s 
size, an extent cheCk taJlt is s191alleo •. 

R~AU uNLY object_ioentifier; 
~EAO ONLY ~it_~ffset: 
R~AO ~NLY bit_length: 

NRITE ON~r bi~_str1n3: 

PRUPERTl~S INrEHFAC~; 

object_identifler_type, 
ofrfset_type, 
object_size_type, 

rhe oits from bit offset to (bit offset t bit length • 1) are 
fetched so that they can oe interpretej as i-stream. ~~~ad_ObJect 
is used to fetch name table entries.) 
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2.4.3 

The folJo~lng errors are detected. If. any occur, t~e function 
is terminated before any changes are made. 

If tne ooject does not exist or the suoject currently oounj 
to the process e~ecut;ng the function aoes not have execute 
ac:ess perniss;on to t~e object, a~ !x!cJtion check feJlt l 

is signalled. 

If (oit offset + bit lengt~) is 3reater than the object's 
size, an extent check fault ;s slgnalled. 

·-tnd of :hapter--
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).1 Introduction 

Cha~ter .5 
Procedure Ubject Structure 

Procedures are realized through Procedure Objects. A pro· 
cedure ooJect consists of a Procedure Jbje:t Header, a ;ate list, 
S-;nstructions, name tables, and program data. Procedures callaole 
from outside of a ~iven procedure ooject are called external entry 
points. ~xternal entry points are ca11ed by specifying the logical 
address of an elenent within the gate' list of t~e tar~et 
procedure's procedure obJect (a gate). -

The procejure ooJect header be~ins at offset zero ~~ a pro· 
cedure Object. rhe gate limit field of the procedure object hedoer 
jenotes the ,unber of· elements i" the ;ate I ;.st i• 

The gate I,st immediately follows the procedure ObJect header 
ano is ali;nea 0 MJO (12~). The gates are eac, l~tl bits and aenJ~e 
proceoures which may be entered from ,nside or outside this pro­
cedure object. fhese elements may be ~ointers to! other gates or 
they may oe entry descriptors. An entry descriptor indlcates that 
the rea!;zati014 'If this el'ltry ;)oint resides in this procedJre 
object, and locates the information necessary to invoke the 
procedure. 

The remaining items that may be contained 
opject may appear anywhere within the object. In 
gate list, a proceaure object may contain 
jescriotors, orocedure env;ronne1t jescrri~tors, 
S-lnstructions, and literal data. 

3.2 Procedure ubject Header 

in a procedure 
addltion to a 

lnternal entry 
name taoles, 

The procedure object header contains information pertlnent to 
the entire proceJure object. 
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3.2 ~roced~re JbJect Header 

procedure object header 

t----------------.-t-------t-------t---.-.-.------t-----------_·t 
I procedure_object I flags I gate I reserved_for' reserved -
I _info_o~fset I tmt I limit I _oinaer moz 
to---------------31t~2---47t48---~3+b4----------9~+9b- ----·--ld7+ 

prJ~edJre_object-"fo_otfset (52 bits) - rhjs offset 
contains the location--relative to the start of 
~rO~edJre obje:t--of the ~ro~eoJr!~obje:t_into~ty~e 
locates the arg_into_array (see discussion below). 

fielj 
t n 1 s 

I'Ih; r:; n 

)\ tlags_anj_format lib bits) - These oits define the flags 
and format field (see below). 

gate.limit (lb bits) - rhlS tiel::i contains 
integer v~lue specifying the number of gates 
1 i st. 

a, unsignej 
in tMe gate 

)\ reservea l32 b,ts) - This field is ignored; 1t is available 
for ~ s It 'J Y c J m ::> ,; I e r s, 0 i , d e r s, etc • 

• reserved - moz (3~ bits) - This fiela is reServee fer 
future use -- Each bit mJst oe zero (0). 

fl~gs and format fiela 

version number INR I 
1= 11 

t32--------------·------------~~tqO-tql----------------------47~ 

".. versio" (8 bits) '"' fhis field cont3i,s the integer valJe of 
the procedure object structure version number. 

* NR (1 oitl - This oit must be set (oit = 1), inc1catin; 
this is anonresolvable pointer. 

* format code (7 bits) - ThiS field contains an inte;er value 
that is the format code. For procedure ~bJect heaa~rsl 
thi.s v3;IJe 1S sixty-five CbS) [d'C1tn3!11. 
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3.j Entry Uescriptor 

Tne Entry Uescriotor contains ;nformat;o~ pert"ent to a 
particular proceaure. lhe entry descriPtor denotes an external 
e~try point if it lies ~ithin the ~ate list; otherwise,-~~ oenotes 
a proceaure callable only from a procedure within· the containing 
~~O~edJre ~oject~ ~'try descriPtors are stJred with,n procedJre 
objects SUCh that the address of bit 0 is 0 mod(128J. 

entry descriptor 

+---------------t-------+-------t--------------+---------------+ 
lin; .t i .a I_PC_ I flags I resrvdl oro~eaJr!~ I tnitlal .. trame I 
I offset I and I mbz I env; ronment_ I _51 ze· I 
I I format I I offset· I' i 
to-------.----31t32---47+~8---b3+b4----·-----9~t9b----------l~lt 

* in;t;al_?C_offset (32 bits) - The offset, relative to the 
Initial PBP, of the first S-lnstruction for this procedure 
(see the Procedure Environment Descriptor oiscussio~ 
oelow). 

* flags and formats llb bits) • rna fornat code and flags 
f1eld (see below). 

* reserveo, ~ust oe zero (lb bits) 

* procedure_environment_offset (3~ bits) - Ihe locat;on-­
relet·ive tOi tne sta:rt of. t"lis pro:ejure object--~If al 
Procedure Environment Descriptor defining the execution 
environment and S-Interpreter re~ulreo for th~S orocedJre. 

* initial_frame_size (32 bits) - The number of Lits requ1red 
for this procedure's local aut~lT,atic: data. 
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~ntry Uescrlptor 

I entry jeSCri~tlr -- f~&9S and format 
I 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~ 

t---t---t---t---t-----------t---t----------------.-------------+ 
I 

I I 
I 

I I 
I 

II 
I version 

I I 
INR I 
1=1 I 

format code = b4 

t32It33It54It3~lt3b-·-·---39t40-+Ql-----·--------------------41+ 

* 

I 
t-> Reser~eo 

access_into_present (1 bit) • 1f set, this bit 
that an access.mooes array is oreseht for this 
below). -This flag is examined only for entry 
which apoear in ;~te lists. 

lnoicates 
gate (see 

descriptors 

~ StPP fl~g ~1 bit) - 1f set indicates the ~t~ must oe 
cnangej upon procedure entry. 

I * do_not_check_access flag (1 bit) - If set byp~ss access 
I checki'~. See Section 3.4. 

* reserved (1 bit) - The semantics of these bits are oefineo 
by the o~er~ti,g syste~ anj S-~e,gJa;es. 

* version l4 bits) - This ;s an inte~er in the range of u 
IS that identifies the versi~~ off the structur~. 

format code (7 bits) - This ;s 
rang~ of O •• ii7. For e,try 
Sixty-four (04) ldecimalJ. 

an integer 
~escrijoto~s, 

value in 
thls value 

• • 

the 
i s 

The procedure object header locates a record calleo the 
procedure object info type (via the pro:edure_object_info_offset 
field). This record contalns the argument information array offset 
(arg_i,~o_array_~~fset). - This of~set lo:ates ah array ~~ entries 
which parallels the gate list and spec;f;es informatlon requirea to 
validate access to arguments. 
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proceoure object info tYPe 

t-.-·-----------------.--------t 
arg_info_arr?y_offset 

to--------··------·~---~·----31t 

* ar9_1nfo_array_offset (32 bits) - The location--relative to 
the start ~~ this orocedJre oPje:t--of the ar9_"fo_srrat 
(see below). - -

tach entry ooint to a doma" ~ay specify ;~formati~n descri­
bing the access the cal le~ must have to the actual pa~emeters he is 
oessin3. Si1ce every aate in the ;ate liJt, 1. a oote'ti~l dO~9i1' 
entry point, every gate potentially specifies this informatlon. 

Argument access information is specified via a vector, called 
the arg_into_array, which parallels the gate list and is locatea by 
the ar;_info_arr~y_offset field oj the orocedJre_6bje:t.lnfb_tyoe. 
An external entry point's arg_info_array element is accesseD by 
JSing the ;ate nJmber as a subscriot i1tJI the ar;_info_array. ~rhe 
gate numOer is the offset portion ot the proceoure entry 
jescriotor's logi~3~ ajoress, divrij~~· by 128.) 
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3. ~. 

t-+···------·---t---·-·--··---·-t---------·---··-----~ ---------+ 101 required_#_ I num_formals 
I I argu~ents I 

t·+---------·---t----·----------.··-·~--------.-·.---~ ··-------t 111 nurn_formals I access_moaes_array 
I I f (array of JP to 12 a:cess_~odes_ty~esJ 

+O~1----------15tlb---~------------------------------~-------6jt 
9ccess_modes_type (primitlve access variant) 

t---t---t---+---t 
101 ~ I R I ~ I 
I I I I I 
+0--+1--t2--+3--+ 

I 1 I reserved 
I I (Mt.1l) 
to--tl-~----·--3t 

The fields of an ars_info_array_element have the following 
11ean;ngs; 

}\ 

* 

* 

t.1it 0 Tn,s Olt identifies format of tt'lis 
a r 3_info.srray_element. 
a long va~iant element, 
short va~iant element. 

A value of, zero indlcates this 
a value of one indlcates this is 

1 s 
a 

number_of.requireo_args (15 b,ts, long variant) -­
ar;une,t c,~,t requ~re~. See text~ 

num_formals (10 bits in long variant, 15 bits in 
var;ant1" r~is f~elj specifies tha ,unb9r of a~tu~n 
ters this procedure expects as an unsigned lA~eg~r. 
varlantl may speclfy fr:>m zero to b:;,S5S ac1;,JQIs; a 
variant may specify from lero to twelve actu~ls. 

Minlmum 

short 
parane­

A i ong 
sh:)lrt! 

access.m:>des.orray_offset (52 oits, long variant) -­
field locates an array of access_mOdes_type d~scr;bin9 
access the caller- is required to have to ea::h of 

r h 1 S 

the 
the 

Data General Cor::>oration 
Company Confidential 

10:44:,3"7 
:j/\jov/79 
Rev. 1 



actuals he is passing. 
1s a~ offset, relative 
object. 

;s-/ 

rhe access_modes_array_oftset field 
to. the start of· the procedure 

A ace e s s .. m 0 a e s _a r r a }I ( 4 e b; ,t s , s h 0 r t v a r ; ant) • - r h , s t1 e 1 d 
contains access information for up to twelve actual 
ar~u~e'ts, s~ecitled as an ~rray of ac:ess_mOdes_type. 

The fieldS of an access_modes_type have 
'Ileanings: 

the following 

* 

tiit 0 (1 bit) - 1his oit 
speci1~i'9 prinitive acceSS 
(value = 1). 

identifies the structure as 
(valJe = 0) or extended a;cess 

f, k, ~ l3 bits, pri'llitive variant) - Tnese 
that the-caller must nave execute, read, and 
to this actual ~respectivel~). 

0; ts speci,f,. 
write access 

• ignored l3 bits, extendea Variant) 
reserved. 

these bits are 

I If the access_,nfo_present flag of this pro~edure's entry 
I jescrjptor ;s ~ot set, the ar;_info.arra¥ and access_,"oaes_array 
I ~re ignored. However, if tnis flag ;s set, the numoer of actuais 
i oeing ;.lassed 1S verlfied as being greater tha" or equlld to the 
I number 6f arguments requi~ed by the ·arg_inf6_array_ele~ent. For 
I the short formdit: trds is nu,"_form:a,ls, ahj, f:>(' the 1~l1g for~at 
I reqU;red_#_arguments. If the test' fai Is, H~VAL11)_'\IIUI"'~E.I-<.~.JJf_A(..!~AL.S 
I is sign~11ed. 
i 
i 
f 
i 
I 
I 
i 
i 
i 
i 
I 
I 
i 
i 
I 

The cal Jer's access to the first min(num_formals, 
actuais_su~plri~s)-arguments is verified to i,clude the- ~~ocedJ~e'S 
access_mOdes_type array. Access_modes_type array elements apply to 
a·r 9 u TI eAt po; Ii t e r s 1 nor de r 0 f 1 n : .r e a s i ~ 9 n e 9 a t 1 v e dis p I a :: e 11'1 en t' t r 0 'Tl 

FP le.g., access_mOdes_array (1.1' corresponds to the argument 
~ointer at ff'a)[-iJ, etc.). An 3c:ess_m:ldes_type matt sJ,Jeci,fy 
primitive execute, reaa, ana write access (access~modes_type 
~.,.;mLtiye variSlnt~. .'. . ' 

For the remainder of the actuals suppl;ed, a check is 
formed to \fer; fy' th~t· the caller has R,~ access to the actual. 

per-

Any access Check that fails causes TROJAN_HURSc_ARGUMENf to oe 
sign a 1 led. 
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Procedure ~~vir~nne't Descriptor 

3.~ Procedure Envlronment Oescriptor 

A Procedure ~nviron~ent Descrl~tJr (PED) identlfies the 
instances of static data and procedure storage and the Name lable 
shared by aetiv~t~J~S-J~ ~ (set ~~) SOJr:e la,guage ~rJ~edur~lsJ. 
A single PtO is sharea by' ail procedures which share that portl0n 
of the enviro"ment. The 'PEU also specifies tMe s-lnterpreter 
requireo for execution ot those proceoures. 

~rocedure :nviron~ent Oescriptor 
+--------.------t-------t-------+------------------------------+ 
I reserved_for reserillao -
I _comp; 1 er 

I flags Ilargestl 
f "k" I name I must be zero 

tU--·---------jl~ja---4ltq~---bj-b4-··--·-------·-----------l~/t 
&-lnterpreter Pointer ~SlP) 

t12b------·-------------·--------------------·---~------·---~~~t Name Taole ~ointer lNfP) 

ti~o·----~--------·~-----~--------·--··-·-·---------·---·-·-50~t Static Uata Area Po,nter (SOA~) . . ~. 

t3~4-.--------·.-----------·.---.---·---·---~--------------w~llt 1,itial Procedure dase Pointer (P~P) 

t~l~·-----·---·--·----------------·--··-··-·------------·-·-oj~t ~-lnterpreter Env1ronment Prototype Pointer ~S~~~) 

* reserved.for.como,ler (32 bits) - Tllese bits are 
unil"lterpreted. rh,S fielo is ava; laole for use oy compi­
lers a1d aebJg;e~s. For examo1el t,ey ni~ht oefi1e strJctu­
res nere to 10c~te symbol t~bles and schemata. 

* flags and "k" lIb OltS) • rhese bits are the fl~gs and 
format-field (see below). 

* largest na~e (16 bits) ... This fielj specifies an· unsigned 
integer value-in the range of 0 •• ll2 ** lbJ -"'1). Ihis 
val u ere ~r e sen t s s 12 e " f !\I am eTa b 1 e - i n :0 U 1 i1 p I ~ s 0 f'- 0 Ii 
olts. 

* reserve)(oij o;ts) - These oits ~re reserved for future use 
-- tach -bit must be zero. 
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Procedure ~nvironment Uescrlptor 

$11:), (1&28 oits) - This field is a :>ointer 
S-lnterpreter to be usee 1n interpreting 
instruction stream. 

1 den t i .f Y ; n 9 the 
this proceoure's 

* NfP (12~ bits) - lhis field specities a pointer 10c~tlng 
the start of this procedure's ~ane table. 

* ~~AP ll~d bits) .. This fiel0 specifies a pointer which 
lo:at~s the ~ro~eoure's stati~ oata ar,a. This ~ointer :e" 
be null, ind;c~tin9 this procedure requires-no st~t'c d~ta. 

* 1 n 1t i a I :J b foI II 28 bits) .. T his fie 1 j s p e cit i est h e 1 0 c at ,t , 0 ,. 
of the procedure storage implementing the proceoure. this 
poi n t e r. nus t be 0 b J e c t reI at i " e • t\ ,1 Ii;) If f·s e t s r e J at 1 v ,- t J I 
the Pb~ AbR defined in the'preceeding sections are relative 
to this :'01nter. 

~tPP (1~8 bits) - rhis field specifies 
lo:at~s the procedure's ~-lnterp~eter 
(SE.b). 
" " 

a pointer 
ErWl ronne,t 

which 
j·t :>C i( 

flags and Uk" field 

t-----t----------------.-------t---t-----------------.----------t 
I "k" I 
I' i 

* "k" 
00 
01 
10 
1 1 

.. 
-> 
-> 
-> 
.. > 

reserved 

encooed operand 
I( ~ 8 -
Ie - 12 -
I( : lb 
reserved 

INR I 
I = 1 i 

syl1~ole 

formet coae : )b 
" .-

size • • 

* reserved lb oits) .. These oits are reserved for system use. 

* format cooe (7 bits) - This field contains an integer value 
in t~e range-of 0 •• 127 Nh;~h is tne format code. -For. 
procedure environment descriptors, this code- is sixty-six 
(obJ Lje::~ nalJ. 
. -
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5.t.> Instructlons 3-1J 

..s.t.> Instructions 

An instrJction ~ust convey to the processor Information 
regarding transformation of data or alteration of the target 
n ~ C Ii i n e ~ sst ~ t e • j h ;,s i"l ,1 0 r 1\ a t 1 :::11; 1 "I C Iud e s, t Ii e f oj low i n ~ ; -

*' the oper~t;on to be performed, 

'* the nUllber of operf:)nds, 

1! the locatlon, size, and representation ~type~ of operf:)nds 
ana 

11 the direction of Data flow. 

L.:>~atip"l, ian3t"l, a,d represe"tatip"li ihformatlon for opera,as 
are grouped in a table calleo the Name Table iN!"). A process" 
current nane table-,s located oy its current Name laoie POlnter 
(~TPJ. r~e way source re~erences are encoded in-the ~l is lllus· 
frated in the-the ~ane Table cMaoter. Resolvin3 Nt references tOi 
lo~ical addresses is dis~ussed in the Chapter on N~me ~esolution. 

Each instruction beg,ns with an H-bit operation specification 
(the O~COdeJ. Ihe o~c:>pe imolies ~he nJm:>er of ooerands, ~hl" 
6perands are so~r6es/sinks, and the operation to be p~riormeo. In 
nany case~, the type ana containeriz~ti6n of operanos are also 
conveyed by the opcode.' -

The S-Lanauage mat define u~ to 2~b valid opcodes. An atte~Ptl 
to execute an S~!nstruction with a reserveo opcode causes an 
I i~ V A L.l j) _ S _ (J Pc:> n :;1 t , 0 n to,' I;:) e s i 9 :1 ~ J, I ea. 

j.~.C: Uperands 

tach oPcoJe may be followed by sane nJmoer of opera,a speclfi­
c~tions ~represented by "syllables"). Each operand syllable 1S' "k" 
oits long, where "k" ma)'"be eight,'tweJve or sixteen blts. ~aliJ..llLl 
d.Qu._c.Q..t._~I.LQ.!it.Q,t..t._,k.Ua.· lhe value of k is ootained from the ·Pro,;, 
:e~~re'~n~irbn~e~iU~s:riptor-of tne CJrre,t -~roceaure~ rhe -FH~ 
Architecture dictates the kinds of operand specifi6ations whiCh ~ay 
apoeari the :S-liIa:hi/ie jen",es instru:tlP" s;'''ItalX dn~{ defines the 
o r de r ana 1 n t e r m1 x ; n 9 0 f 6 per and s),1 I §I b .1 e s • - . 
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3.b.2 Uperands 

V~,lid ooeraid syllaoles are: 

* ~ame syl I~ble--~n operand reference name. 

Literal 
literal 

5),llaole--an l'T1mediate syllable representing 
value. -

.5.b.~.l ~ame ?yll~bles 

All variable references are maae via Name syllaoles. A 
is lero~ex~en6ed on the left to si~teen 6it~ a"a uS~d' as an 
into the current Name Table (see Name rao)e d~scussionj. . -

).b.2.i:! i.Herals 
- -

1'1 arne 
index 

LHeral operandS have an impllcit length of "kIt blts and no 
t¥pe; theY may oe-'TIanipul~t~a by the interpreter -in any deslrej 
manner. 

3.0.2.5 Relative eranches 

A relative branch address is specified via a literal syllable. 
In tnis case, the idteral syllaole IS iiter~<r~teo as a s1g1e;j 
offset relative to the start of the branch instruction- lnote that 
the :urrent ~C always 001~ts to the instru:ti01 being i~terprete~: 
the current i~stru~tion). The relative offset lS right justlfle~ 
and sign-extenjed on the left to 3~ oits, 'TIultipliea tiy tne 3 r ea­
test common divisor lbtU) of 8 and k, (i.e., b for K=b or 10, and-Q 
for K=l~), a,d ~jded-(i6~ulo 2*~32) to-t,e ot~set portl)~ of" tne 
current ~C.- This v~l~e replaces trie current ~C offset. 

3.b.2.4 ~bsolute branches 

An absolute lntra-procedure oDJect branch is m~ae oy evalua­
t-ir"l9 an offset name syllable. The resJltl of, this ellaluatio;" is 
lnt~rpreted as aA'unsighio, bit-8ranular offset value. lhi offset 
~alue 1S e.t!nj~j/trJncatej to 32 61ts-as ji:tateaoi th~ offset's 
N~me Table ~ntry. This result is adaed ~o PSP.6ffset and replacis 
the offset portlon of the current- ;)C. 
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~. I Pointers 

3.7 Pointers 

A pointer represents or implies a losical address as an 
into a specific oOject la <U10, offset». in the s1mplest 
the o~inter' directly re~~esents ooth the ooject an~ ~ne 
(t~is is cal l~d a resolvable pointer). ~esolution 6t this 
type requires no·intervent,on. ' 

offset 
case, 

offset 
pO,lnter 

Alternatively, a pOlnter may require interventlon for its 
con ~ e r s ion t::> I a "0 g; c a I Ii! d j res s ,or the p :> i "\ ,t (H 1'1 a y rep res e"\ It a 
structu~e more'comp)e~ than a simple logical addresi. ~uch poin­
ters are termed nonresolvable pointers a~d" any attempt- to apoly 
pointer resoiution to them results in a-nonresolvable-polnter fault 
::>elni:j 5i ;naillej,. A ret..lrn froni a ;0 ,,\ ... e8 011 vaDle poi ,ter faJi t, 
causes the"pointer to De refetcned and reinterpreted. rault b;ts 
are "\ot, 1910red, a1d the nonresolwable :>ointer fault Tlay reCJr. 
the object may be"implied as the 'obJect containin~ the pOl'nter 
stru:tJre (~al~ed tntra_bbject :>ointers or ODJe:t rel~tjye 
pointers) or eXpllCHly mentioned dS a ull) (calleo' lnter_obJect 

I oOlnters 'or Jl)1 ~ointers). " . 
i 
j 
f 
I 
i 
i 
i 
i 
i 
i 
I 
I 
I 

when a non-resolvable pointer is used in con~unction wlth 
either a, inter- ~r in~ra~:>bJect for1'lat an a5sJ~iative ,ointer is 
lnOlCateO. ~hen resolve ~ttempts to indirect thro~gh an associative 
:>ointer, t~e c,Jrre,t stac~'s Ass'~lative A~dreis Taele is searc,eo 
for an entry whose tag matches the address specltiea by' the asso~ 
clat~ve ~o'nter. Fo~ a~-aosolut! aisociatlV! ,6inier, this aO~r!S9 
ls·oetermined trom-the"U!0 ana offset portlons of the pOlnter. Por 
an ooject relative assoc~'~tive pointer o~ly the offs~t ~ortion 'is 
relevant; the"ulU used is that of the Object conta;ning the 
:) 0 ; " t e r • 1 fa" it s so: ,; at; 0 n ; s f 0 .J n j. ; "\ I t n e 1\ Art '" ere s u lit i n ::J 
address is used by the resolve function. Otherwise a 
~O_ASSJCIAT~J_~D)HESS condition i. signalled. 

Gene ra 1 Fo rmat 

t------.------··t-.-----t-.---------.----.----·.-.-------------t 
offset I flags I format = 0,2: undefined and ignored 

I formatl format = 1: uniqJe identifier 
to------------31+32---47+4ij---------------------------------127+ 
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3.7 Pointers 3-13 

Flags and Format Field 

+----------------------.-------+---i-------t-.-----------------t 
reserved - mJst ~e zero I'JR Iresrvd I 

I I I 
format 
code 

t32-------------_·_----------39t40-+41-·-42tQ3-----------·---4/+ 

offset (0 •• 31) 
an offset relative to the start ~~ the ooject specifiej by 
the format code 

Flags and Format field (~its 32 •• 47): 

reserved - (32 •• 39) 

\lR (40) 

t n e s e :> ,i t sa!" en:) 1: d e f ; ned at:>.,. e sen t • - E. a c hoi t! m u S t ' b e 
zero (0). 

A value of zero inoicates this structure ;s a resolva­
ble pOinter. 

A value of one indicates that the resolution of the 
pointe,.: to a logical address reqJ; res intervention. 1"\1 t"e 
case where NR = 1 in conjunction with pointer formats 1 or 
2 an ass~ciative pointer is indi:ate::i. 

resrvd (41 •• 42) These bits are reserved, and must be zero, or 
results are Jnoredictable. 

format code (43 •• 47) 
This f:>rTlat :o::le ;de~t;,f;es the t'Y~e of· oo;nter. This type 
is expresseo by a integer value in the range of (0 •• 311. 
The current· codes are: 

Integer value 0 - null pointer. 
411: :')ther fieldS of· this p:>i,ter are ;gn:>red. \IV l'Ie l' 
this format ;s encountered during pointer resolve, 
ai "\ul!l l:)gical a:;dress is )r:)d.Jced (a Ul)t ~,f zer:),). 
Any attempt to refere"ce thru a null logical 
aodress results in a "\u11 ~ointer fault oein; 
s;gnal1ed. 

Integer value 1 • JID pointer 
The offset is relative to the start of the object 
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Pointers 

~h~~e JIJ is contained in o~ts ~8 •• 127 of t"is 
structure. 

Integer value 2 • object-relative ~ointer. 
The offset is relative to the start of the object 
:o'ta~,~,g this jatu~. 

Integer values in the range (3 •• 31) - Reserved for future 
ex~a,sio'. 
Specification of 01e ot these values causes A~ 

~ull~~~~~~~~ 

3.8 Associative Addressing 

A facility tor aSsoc1at;ng one adoress with another is provi­
ded using special types of pointers. rhe tra1s1ation oetwee1, an 
adoress and its associateo address is stored in a table located by 
the process' CJrrent steck header. If the res'~ve funct~on fi,ds 
no translation for the adoress in an associative pointer then it 
signals no_assJ~iative_address. The no_assJCiateo_address c'ndi­
tion handler can then create and return an association. 

3.8.1 The Associated Address Table 

The table used to contain the current set of associations is 
the 'ssociated Address Table (AATO. Each user stack :ontai1S a 
pointer to an AAr in its stack header. The current version number 
of the AAT is l~ It is AAT is organized as fol lows: 

TYPE Associated_Address_Table IS 
RECORD 

vers10n_type BOUND 32, 
AAT_i1dex.ttpe 3UJNJ 

VUID BOUND 64, 
PUINTER 80U~D 1~8, 

32, 
version: 
size_'~_table: 
padding: 
current_aJr: 
entry: ARRAY lO •• size_of_table-1J OF 

Associateo_Address_Table_Entry 
END RECORD BOUND; 

TYPE Associated_Address_Table_Entry IS 
RECORD 

tag: AATE_tag, 
ass,~iated_address: ~OINT~~ 

END R~CURD; 
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I 
I 

3.8.1 

TYPt AATE_tag IS 
~ECORO 

offset: 
f I a 3S: 
UID: 

EN) RECORD 

lhe Associated Address Table 

o • • (2 A,3 2 ) -1 , 
1/01) BOJND lb, 

0 •• (2 A.80)-1 

Note: associated_address can be any format 
of ~o;nter (including nuI1). 

3-15 

Tn;s function is (logically) invoked by resolve to find the 
associated address for a faulting associative pointer (for the 
current stack environment). The existence of this funct;on ;s 
architectural, its i~ple~entatio~ is not •. 

I hQ1u. L.1 Q.C aI. , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PROCEDuRE get_associated_address ( 
READ IN." ad~ress: ~0IN1E~, 
~RITE ONLY associated_address: POINTER, 
WqITE O~LY a$so:~ation_exists: B)U.E~N); 
PROPERTIES CONTRACT; 

END PROCEOJRE 3et_associated_address; 

The AAT associated with the caller's stack ;s searcned. If a 
translation exists for the address soecifiad, associatio,~exists is 
set to TRUE ana the associated address is returned in 
associated_address. If no translation exists for the give, 
address, association_exists is set to FALSE and the null pointer is 
returned i, assoc;ated.address. 

An address, ADDR, is derived by resolving the ~o;nter 
address argu~e~t. A~ ;nde~ is oerived as: 

in 

input1 [0:6] := 0 
inp",tl [7:31J := "DDR.offset i [O:c?'O 
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3.8.2 

input2 [O:bl := 0 
inPJt2 [7:151 := ~ODR.UID {3q:~7J 
;nput2 [1b:3lJ := ADOR.UID (0:15J 

Note: all values are to be treated as u~signed integers. 
X [;:j J means bi ts i thrOJ9'" j of X, "'here bH nUTlber 
o is the lett most bit of X. 

The AAT associated with the current stack is searched circularly 
starti~g at th' derived index until eit~erl a Tlatching entry is 
found, in which case association_exists;s set to TRUE and the 
associated aldress ;,. the taole ;$ retJr"lej, or a l1ull entrY is 
found 1n the AAT (or all entries have been exaTlined), in which case 
association_exists is set to F4LSE anl tne null ~olnter is 
returned. T~e match is performed by comparing the UID ano offset 
fielj o~ tl'te tag c~m~onent of an A_r e,try w1t, the Ul~ anl of~set 
field of the address specified in the call. If both of these 
fieldS match, the~ the correct entry hss bee" located. 

An entry with a 0 UIO end (Z A 32-1) offset in the tag fiela is 
a null e~try. 

3.9 Referencing Static Uata 

During architectural call the associatea address mechan;sTI is 
used to obtain a pointer to the ;moure copy of the target' 
procedure's static data. This is accomplished by nav;ng comFilers 
olace an associative pointer to the oroceoJre's static data proto· 
type in the P~~.SDAP. ~hen architectural call enters a new 
procedure, ;to resolves this oo;nter and oleces the resu1.t in the 
SOP A~R. Resolve invokes the get_assoc;ated_address function. If 
!II 1!atci'li"lg e,try is found, the!'! al :o::>¥ of. tr,e orOCedur!'s staU:. 
data has been ~ade for this staCk and is located by the associated 
address in the l1atch;ng entry. In tM;s case, the associ~te:J 
address is returned to resolve which. If no copy has been maoe, a 
'o_asso~iate:J_adjress :o"ldition ;$ si9,al~td. 

The kernel creates a zero entry AAT for each 
:)ointer 

copied 
; , 

user stack. The 
in t~e target 

into the 
the "Ie 11/ 

;n;tial_no_associated_address_ha~dler 
domain's doma;n object is 
no_associated_8ddress_handler_otr 
domain_environment_trame. At this poi~t the domain is on Hs own. 
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Referencing Static Data 3-17 

The ('o'~Kernel suppliedJ nO.8ssociated_address handler mJstl 
be capable of creating an associated oats region, allocating a 
larger ~AT, al"'lj· c,pyi,g static data 9111 wi.thout takll"'l3 a 
no_associated_address fault. (Note: if a static data prototype 
requires active initialization, the initi~1ization procedure must 
not itself require active static data initialization or call the 
procedure ~h,~e·s static 1S being init1al;z~j.J ~s stated earlrier, 
the no_associated_address_hal"'loler_ptr is copied into the 
do",sin.envi ron11e,t.fralf1e so that the f..,111 5; ~nal mechan; 8m C8l"1 be 
avoided. without this provision, a signaller couto not use any 
static data,. 

--~nd of Chapter--

Data General Corporation 
:ompany :bnfioential 

10:44:37 
9/Nov/79 
~ev. 1 



Chapter" 
~rchitectural 3ese Registers 

Tnree architectural base registers (A6R's) facilitate 
addressing. These registers contain logical ajdresses w~ich locate 
portions of oata space. ABR's are maintained as part of the 
::>·rocess' macro state as jescri oej in Secti;:>n 0.5. 

4.1.1 Frame Pointer 

The Fra~e Poi~ter (FP) points to the' base of t~e current 
procedure activation record. An activation record is createo and 
FP established w~e~ a new pro:eJure lP entered via the C~L~: 
instruction. Negative addressing relative to FP locates proceoure 
parameter ::>ointers. Positive addressing relative to :p locates 
local data used by the procedure for the current act;vatlon. The 
initial_frame_size in the ::>rocedJre's entr( aescri::>tor (~U) aefi,es 
the amount of local data allocatee; to the orocedure. 

The Static Data Pointer (SUP) is established upon procedure 
entry. It locates data ~sea by the pro:ejure during 9 previous 
activation. If there waS no previous activation then procedure 
entry atteTlPts t::/i estaol Lsn SDP Jsin3 the stat'1c_orototype_pointer 
field in the Procedure Environment Descriptor (PED) Oy signalling a 
S TAT I C _0 A r ~ i f a :.J It. 

4.1.3 Procedure ~ase Pointer 

The Pro c e j u reB a s e Po; n t e r ( P 3 P) ; s est a b i ,; she duo 0:"1, 0 roc eo..; r e 
entry by using the Procedure_Sase_Painter field in the PED. It is 
useful for addressing program CO"stS"ts and initial values. 

--tnd of Chapter--
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Chapter 5 
Name Table and ~a~e ~es,lution 

The Name Table ~s used for all variable references. A Name 
syllable is used a9 an index ;r'lt'l the current \laTle Table to~ l:')c~it! 
a Name faole entry. A Name Table entry represents an operano's 
location, size, and data representatio,. Reference structure 
(indirection, pre and post indexing) is reflected in the ~ame 
r~ble; exactly 01e ooerand syllaole oer :')p!~anj is required in any 
instruction. 

Operand syllables appear in three sizes: 8, 1~, ana 1b oits. 
The current operand syllable size (denoteo by "k"), the location of 
the current ~a'TIe Table, and the lergest n3m! represented in the 
current Name Table (denoted by "N"), are specified in the Procedure 
:nv;ronment, )escr;ptor associated ~Hh eac~ procedure ;.Ising that l 

Name Taole. These parameters remain fixed until the Procedure 
Envir01ment Descriptor changes. T~e actJal r'luTlber of \lane laol! 
Entries ;s always less than or equal to 2**lb. Only names zero 
through ~I~(\1~2*.k-l) are accessible via Name Syllaoles in the 
I-Stream: this defines the I-Stream Name Scope. Any attempt to 
reference a naTle larger than the largest name repreSentej i1 
current Name Table generates a NA~E_OUT_OF_RA~GE excePtion 
co,dition. 

5.1 Name Table Entries ana Name Table Fields 

A Name Table Entry (N1EJ al~eys "resJ~~es" to a <Io;icall 
address, length, fetch mode, type> 4-tuple or "evaluates" to a 
<val~e, le19th, ty~e> triple. The log;cal address is a <uLO, 
offset> While the leneth is a 32-bit uns;g~ed literal denoting a 
true lengt'" (i.e., a len;th of ZerJi in:Hcates 10 oHs are tOI be 
processed). Unless otherwise specified, an NTE field is 1b bits 
long. 

Name Table Entries may appear in two sizes: a b4-bit short N1E 
and a 128-oit long NTE. The short NTE is exactly the first b4 bits 
of a long NTE. The short format provides information required to 
resolve all operand references except array references and datai 
values requiring a displacement of more than 1b bits. The exten­
sion (i.e., fii"lal! b4 bits o'f a l:mg ~T:') pr"bv;des an additionall 1b 
oits of displacement and information reqUired to access arrays. 
rhe format of the ~ame Table E,try ;s illustrated beloN: 
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5.1 ~ame Table Entries and ~a~e T~ble Fields 5-2 

Short Name lable Entry 
+-----t-------t-----t---t--.-.--t-----t-----··--------------_···t 

R R I F I T I AbK I PRE._D1SPL.AClME.NT 
E. FLAG:) E. I "1 I y I (2 ) I (1 ~) 

S S I I P t-----t-------------------------t 
Ud V I I E 3A SE._N AME 

(1) (3) I (2) I (4) (ltd 
o t-----t-------t-·_--t---t-------+-------_·-----------------··-31+ 

I 
I 
I 
I 

Lf.:.NGfH 
( ltd 

U I SPLACt.iVlt.Nl 
(lo) 

I 
I 
I 
I 

321 031 

t---------------···-------------t·_-------------------------_·_-t 
TRAP/FLAG~[*J/RESE.RVED: l=ASSERTE.D 

[OJ: RES:RVE.)~~UST 8: ZERO 
(1]: LUNG NTE 
(2J: LENGTrl_rS_N4~E 
l3J: BASE_IS_~AME. 
(41: tiASE_IN[)l~ECT 
(5J: vEC TOR 
LbJ: IES.IS_A\.:4A"1E 
(7]: RESERVED-MUST BE ltRO 
[8J: ~:S:RVE)~"1USr BE ZE~O 
19J: RESERVEO-MUST Bf.:. ltRO 

tOOl: ~;3ht justify, zero f111 
[Oll: r<;ght justify, sign fill 
(101: .. eft justify, zero f,1 I 
1111: L.eft justify, 

ASCII s:>a:e of i 11 i 

+-~----------------------------.+---------.----------- --··------t 

D1SPL.ACE.MENT 
CUd 

INDeX_NAME. 
(lb) 

04+----------··-----------------79+80--·------------_·----------q5+ 
RESERVED 

(l bl 
INTER_t:::LEMENT_SPACINc:' (ItS) 

(1oJ 

96+-----------··---------------111+112---···-------------------127+ 
,ASE Field (lb •• 31) 

Each address calculation begins with a UID, offset called 
the Base. The source of this JI~, offset is specified by 
the SASE field of the NTE. The BASE Field may eontaln two 
suofields: 
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5.1 Name Table Entries and ~a~e fable Fields 

A~R Field (10 •• 17) 
The two oit ArchHectural1 3ase Register F'ield (AdR) 
specifies one of three architectural base registers 
Nhose contents are Jseo to oegin the logical 
address calculation. An ASH value of "11" is 
reserved. 

PRE-OISPLACEMENT Field (18 •• ~1) 
rhe 14 0; t P~E.-DIS:>U\C~M:'Nf' field re::>4"esents a: 
128-bit granular two's complement value usea in 
:o,jJn:tion ~ith A3R i'dir!~tiJn, or zer~~ 

The ~ASE Field may also represent the name of another NTt, 
in w,ich case it is a Single lb bit field w;t~ nJI 
subfields. 

All address calculations are oase/j1spla:ement calculatio~s. 
Two displacements may be included ln the NTE, one called DISPLACE­
~ENT a,d 01e cal led INDEX_NAME. 

DISPLAC~ME.NT Field (48 •• 63) 
The displacenent field is specifiej as a signed l~teral, to, 
be added to the offset portion of oase. It may be speci­
fied as a 16-bit literal in a short NfE or as a 52-oit 
literal, where the high order 16 bits are obtained from the 
,''HE. :xte1sip" (bits b4 •• 7f:i). 

INDEX_NAM~ Field (80 •• 95) 
The 8e:o"\d disp,lacement f·i el j, 
names an NTE. whose resolution 
yields a value to be used as a 

IES Field (9b •• l11) 

cal1e:l the INDt:;X_\lAIilE. fl~ld, 
and subsequent evaluation 

s .. Jt:)scri::>t. 

The Inter-element Spac;n~ (IES) ;s an unsigned lnteger 
value denoting the granular;ty of the SUbscript. It 
indicates the difference between tne starting oit addresses 
of two successive vector elements. It;s specified as a Ib 
bi t, imnediate value, or the na'TIe of an Jns;gned integer: 
valued oatum. 

_E~GTH Field (32 •• 47) 
TMis field denotes the true number of bits which represent 
th;~ o~erand valJe, i.e., the nU'T\ber of bits which mustl be 
fetched or stored. A length of zero indicates no bits are 
fetcl'lej 'r stored, a!"ld 15" forth. It is specifie:! as a, lb 
bit immediate value, or the name of an integer valued 
datuTl'. 
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5.1 

TYPE 

Name Table Entries and ~a~e Table Fields 

field (12 •• 15) 
Tha TV;)€:. f,ielj is a 4""oit li,t!ral field 
S-Interpreter-defined data representation. It 
fuL onll)l t:> the S-lnterpreter. 

5-4 

;nplyin~ a1' 
is meanlng-

FETCH_MODE Field (FM) (10 •• 11) 
The two oit FETCrl_~OUE Field soe:~fies the man1er in ~hich 
data is aligned and padded/truncated upon fetch/store 
(i.e., the containerization of a valJe accessed withi,· a" 
uncontainerized, bit-addressable virtual memory). 

00 ri3 h t justify an:] zero f ;.1 1 I t I" un cat e on the I eft 

01 right justify ana sign fill /t runcate on the I eft 

10 1 eft just; h and zero f; 1 rl I.t r u , cat e on the right 

11 1 eft just1fy ana ASC II space t i lIlt runcate on the 
right 

A FETCH_MOOE of left justify, ASCII spaCe fill speci­
fied for an item wnose length 1S not divisible by eight is 
undefined and results are unpredictable. 

FLAGS Fielo (l •• b) 
The FLAGS field of the NTE controls the way the other 
fields are resolved, deterni,i,g" particular whether a 
field is a value or a Name (wh1ch denotes another NfL). 

1) ~ONG_NTE - indicates whetha~ this is a short (64 
bit) N1E:. or a long (1213) bit tHE. 

2) .E~GrH_rS_A_NA~E - i~ji:ates whether the 1!n3t~ 
field ;s an immediate value (=0) or a na~e (=1). 

3) dASE_IS_A_~AME • i~dicates whether the 3ASE 
specifies an A6R (=0) or a name (=1). This 
is used in conju,ction wit~ the 3ASE_l~DIR~CT 
in directing BASE:. aadress formation. 

fielj 
f;eld 
flag 

q) BASE_INDIRtCT - ~hen BASE_IS_._~A~~=O, this fla3 
indicates if pre-oisplacement is required (=1) or 
10t (=0). If orediso,lacement lIS not reqJ;red, the 
PRE_DISPLACEMENT field must be zero, or results are 
,Jnoredictaol e. 
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S.l 

0) 

7) 

Name Table Entries and ~a~e Table Fields 

When 8ASE_IS_A_NAME=1, this flag indicates 
~hether the resolved base ,a~e is to be used as a1 
aodress (=0), or used to fetch a pointer (=1). 

VECTOR - indicates w~ether this NTE des:ribes 
VtCTOR reference (=1) or not (=0). If this flag 
1, LJN; must be asserted. 

IES_IS_A_NAME - ;ndicates whether the U.S ; s 
;Ill'lle:;!; ate (=0) !).r a name (=1) • T h i is flag 
Illeaningful only H VE.CTOR - 1 • -
Tn e re!TIai nin 9 flag bHs ail' e reserved, an j must 
zero. 

--
an 
i s 

be 

5.Z Address ~esolution 

A name obtained from the I-Stream is used as an index into the 
~eme Table. Ultimately, this ~a"e yields, throJ;h res!)lutio,' of 
the structure which starts at the designated Name Table Entry, the 
length of the ~perand, its type, its fet:h mode, and its starting 
logical address. Note that calculation of this address 'IIay re~uire 
the resoluti~n of '~her ~ane Table Entries. 

One Name Table Entry may descr;be: 

* a local scalar r.ference (i.e., a scalar referen:e relative 
to an Architectural Base ~eg;ster), 

a scalar parameter or linked ref!~en:e (i.e., a 
reference relative to an argument pointer or 
~ointer refere,ced by or!ai$~~acem~ht ,~ an AB~l, 

scalar 
linkage 

* a vector reference requiring the resolution of an index 
name, 

~ a pointer dereference (;.e., a record or record item whose 
locati," is obtained by resolvin; a ,e"ed base p'~nter), or 

• a "based vector" (i.e., a vector whose base aadres$ is 
obtained by resolving a ~a~ed oase p'ri~ter). 

• most combinations of the above 
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5.2.1 Resolution of a Name TaDle Entry 

5.2.1 ~esolut'~" of, a "Jane Table E1·try 

A Name Table Entry is resolved by resolving each of its 
fields, and then co~bining certain of these resolutions. The 
operand name ;s used as an inaex into the current Name Table to 
fetch a o4-bi.t NTE. If· an e)(tensi~" ;s ,.e:tu;'rad (indicated by th! 
LONG fleg being asserted), ~t is fetchea fro~ the next contiguous 
04 bits. 

5.2.2 BASE F;eld 

The BASE Fiel~ spec;fi~s the 3ASE porti;)" of, 
base/displacement logical address calculation. 

All arith~etic on offsets is 32 oit unsigned arithnet,: 
(modulo 2**32). Negative two-s complement values are treated as 
large, positi~a 1unbers and ~rap aroJnd zer~~ Assert;,,, of the 
8ASE.IS_A.NAME Flag indicates the entire SASE Field names a vari­
able reference (in data space). The base ~ane is resolved as any 
other name (involving recursion of the Name Resolve algorithm). If 
the 3ASE_l~DIR!Cr F~ag is ~OT asserted, the specified 3ase Name ;s 
resolvea to a logical adoress only. This logical adaress is used 
as t~e Base Oy t~e referencing ~TE. T';9 no~e is usefJl in the 
resolution of multidimensional arrays. If the BASE_INDIRECT flag 
IS asserted, the specified 3ASE_NAM~ is resolved and evaluatej 
(i.e., the resolved name ;s used to retrieve a pointer value from 
:lata space). rhe fetch of th;s :;)o;nter IIBlue ;'5 c:)ntrolled by its 
NTE. The UID, offset of the retrieved pointer value ~s the" used 
as tne Bas! oy the referencing NrE. 

Note that Base Name may denofe a structure of NTEs. The above 
discussion 01 3ASE_INUlHECT a~plies only to the result of, 
resolut;on/evaluation of the entire structure. 1he result of 
resolution/ellaluation of a ,a~ed base is assume:l to be 
pointer-valued. 

S~3 DlSP~ACE~E~T Fi~'d 

lhe DISPLACEMENT rield is always a literal in the NT[ and is 
always bit gra!'\ular. If the ~JNG Flag is \JOTI asserted, this is a 
short NTE and the lb-bit DISPLAC~MENT Field ;s right Justified ana 
Sign filled on the left to 32 bits. If the _P\JG Flag 1S asserted, 
this is a long NTE, and the 16-bit DlSPLACE~ENr Fiela of the short 
~ T E i ~ rig" t J J S t·j f·; e a a , d e)( ten ~ e j. t 0 3 2 0; t s bye 0 n cat en a tin; 0 " 
the left the lb-bit DISPLACeMENT Field of the NTE Extension. 
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5.3 DISPLACE~ENT Field 5-7 

T n ere s :Ill \I e d 3 2 - bit dis 0 1 at:: it ITI en t i i' a j a edt 0 t n e 0 f if set' 
portion of the Base. 

The INUEA_NAME Fiela appears in the NTE Extension and is 
resolved only i1 the VECTUR Flag is assert~a. ~n NTE whJ$e v~cru~. 
Flag is asserted and whose LONG Flag ;s not asserted is an INCON­
SISTENT i~A"'E TABL.E E'~TRY and genera·tes a,> !)c::e:>,tio~ cOl"ld;,tion. 

The INDEX_NAME Field always names an operand reference speci­
fying an elene,t-gra"ular subscript. The i"~ex name is resolve~ 
and evaluatea. The least Significant 32 blta of the returned value 
alre used as the SUJs:.r;pt. Note that il"l;elC name may denote 31 

structure of NTEs, whose resolution and evaluatl0n yieldS the 
desired subscript value. Al;9~ment is dictated by the l"Ia~ed 
reference's !\IrE. 

The l~D~X_NAME Fiel~ is assulTled to ,a~e an inte;er valued 
subscript reference. Specification of other than an integer valued 
SUbscript is undefined, and results are ~noredictable. 

5.5 IE.S Field 

The IES F;~ld is ah unsigne;; inte;er je"lotil"lg the ;ranularit, 
of the subscript referred to by index name. The ItS Fiela may 
specify a lb bit H.teral (It.S_IS_A_N~M~ "lot asserted) or the name 
of an unsigned integer-valued reference (IES_IS_A_NAME assertea). 
If r::S_lS_A_\lA~E, IE.S nane is resolved ~nj> evaluated; tne least i 
significant 32 bits of the returned value are taken as the true IE.S 
of the vector operand. A literal IE.S is right justified and zero 
filled on the left to 32 bits. The retrieved subscript is lTIul­
t;o,l;ed (m:ldJlot2**32) by lES, yield;n; a 32-bi.t, bit-gra1uJal". 
index value. This inde~ value ;s added to the offset portion of 
the Base Pointer. aa~ltl- ~1- i~t~Q~&ti~a- A~_ l~_ ~A;a_ ~~i~~ 
Qe~~tei- ~the~_ t~.~_ AQ_ ~Q&iQQea_ iQtaQa~~ ~al~aa- ~aiaceQ~a_ A~e 
~QQ.C. ea i.e. t..ab.lc... 

lES aopears in the t.JfE Exte,sion anj;s orocessed only whe1> 
both VEe LUR and LONG Flags are asserted. 

5.b ~E\JGTH Fi~ld 

The L~NGTH Field may specify a Ib 
( LEN G T 1_ I S _A _N AM E '0 t a E'U e I" ted) 0 if" t ~ e n am ,I 0 f· an 
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S.b 

reference (LENGTH_lS_A_~A~E ~sserteo). If LENGTH_1S_A_NAM~, length 
~a~e is resolved and evaluated; the least s~;nificant 32 bits of 
the returned value are taken as the true length of the referenced 
operand. If this value is not an Jnsigned i,teger, the results are 
undefined and unpredictable. A literal length;s right justified 
and zero f;,J1ed :>n the left to 32 o;te. Len;t,s (either literal or 
named) are always treated as unsigned quantities. 

5.7 ~a~e Table E,try Evaluation 

At this point, the NTE has been resolved to a logical address, 
fetCh mode, and length. The TYP:: Fiela is treated as a 4-0; tl 
literal ana made available to the instructlon semantic. The 
resolved NrE ;s Jsed bi the instruction se~a'tic to evaluate the 
operand reference (;.e., fetch source operands, store aestination 
operands). 

--End of Chapter--
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Chapter 0 
Tracing =aci lity 

The tracing facility provides support for debugging and 
~erfor~ance evaluation without ~odifi:ati~n or reco~piJatio~ of 
procedure objects. Tracing;s controlled b~ a three level data 
structJre i~ a process' oata soace on a per stack basi$. 5i,ce 
there is at least one stack per process-per aomain, tracing is at 
least'd oer :>'r:;)cess-~er dO'TIain p,e,,\oTle,,\o, .• 

lracable events inclUde: 

• S-Op Exe:uti~n 

* Name References 

* Nonlocal Goto 

* Jate Ref!ren:es 

When a traced event occurs, a signal is generatec naming the 
event's class. A handler is invo<eo on tne tr~ted stac< to deall 
with the event (e.g., inform the user V1a his console, update a 
trace data base). A retur"l by the handler c'~tinues the traced 
operation. Tne hanaleI" receives a parameter indicating the speci­
fi c eve n t w h ; c 1'1 0 C cur red and a po ,i n t e r t:> i the en v ; r 0 11 men t ( i ,. e " , , 
stack frame) in which the traced event occurred. The handler has 
no special pr;~ileges beyo"lo those of the i"~oking do~a1n. The 
handler may access trace state via the macrostate accessing inter­
faces jefined later in this chaoter. ~h!n the trace condition 
handler and the Signaller return, trace data structures are ree­
~aluated and the a:>propriate trace modes are e,abled before reSJm­
ing the traced event. 

b.l TraCe Data Structures 

Tracing is controlled by multi-Jevel data structures. events 
are si;nalled when a searCh of a particular! trace structJre 1no;:a­
tes a traced event is occurring. 

I!"I the following structures, all offs!ts are 32 oH unsigned 
integers denoting the location of a bit relative to the start of an 
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b.l Trace Data ~tructures 

object (i.e., object relative offsets). 

b.l.1 Trace Pointer 

The trace data structure for a oart1cJlar stack is located via 
the Trace Pointer, a 128-b;t general pointer residing internal to 
the system. A nJI I trace oOinter indicates n)1 tracing is oeing 
done for that staCk. 

A new trace e~viron~ent is estaolis~ej· via' a call provided by 
the kernel operating system. Trace state is reevaluated on each 
call and retJrn. ~n existing trace env;ro,ment 1S modified by 
nullifying the current trace pointer, modifying the trace oata 
structures, and establish;~9 a new trace pointer lo:ating the 
mOdified structure. 

The data structure located Oy the 
a single object. This object need not 
~o~ever. ~ojif,in~ the trace tables 
stack produces unpredictable results. 

trace pointer must reS1~e i, 
be dedicated to tracing, 

ass)ciatej witn a, a:t;Y9 

b.l.2 Trace Ta)~e ~eader 

The trace po;nter locates a Trace Table Header, the first 
level of the trace data structure. ;~ve classes of trace eve~ts 
are defined. 

Traca Taole ~eader 

o 31 32 33 47 
t··---------------.-t--t------------t 

Version I version (:0) 11 Iclasses (5) I 0 •• 41 
t--------------_·_--t--+------------+ 

S-Op Fetch I trace table offsetlD lentry count I 48 •• 95 
+--------------····_+--t---··-------+ 

Name Resolve/eval I trace table offsetlD lentry count I 9b •• 143 
t-------------------+--t-------···--t 

Procedure TranSit. I trace table offsetlD lentry count I 144 •• 191 
t----------------_·-t--t-_·_·_·-----+ 

Data Store I trace table offsetlD lentry count I 192 •• 2j9 
t-·_···_-----_·_----t--+------------+ 

Data ~etCh I trace table offsetlD lentry count I 241 •• 2B7 

* Version -- Identifies the version of this trace table 
struct~re (version fieldJ and the ,unoer of tra:e classes 
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2) 

Ir'B:e Table Header 

defined (classes field) (i.e., the number of trace table 
header e,triesl. 

Trace S-Op Fetch -- trace the fetching of S-Ops 
fi e d 1;:) 9 i ~ ail a j d res s e s • E a c., S - J p t::> i ;:) e t r ace :J 
fied by the log;cal address of the left-most 
ad:lress) oi,t of, ltS op-c,de. 

at spec;­
; s s:>ec,;· 

(i.e., low 

3) Trace Name Resolution/Evaluation .- trace the 
resolution/evaluation of ndme taole entries of specified 
name tables. EaCh name table entry to be traced is speci­
fied by the logical address of its name table (i.e., the 
name table pointer locating its na~e table) and the name 
corres:>0,oin3 to the tra:eJ ~T:. 

4) Trace Procedure TranSitionS (Entry and Exit) -- trace the 
entry into and exit from soec1fied procedures. ~ach traced 
procedure is specified by the logical address of its entry 
descriotor. Proceoure transitio~ tracing occurs at two 
points, procedure entry and procedure exit. 

5) Trace )ata Store -. trace the st'rin~ o~ any oit, of data 
within a range of offsets within a particular Object. A 
trace event is signalled whe~ever any ~;t within a traced 
range is stored, whether the operand Deing stored is 
containeJ entirely with;~ the traced ran~e, or overlaps the 
traced range. 

bl free! )~ta Fetch •• trace the fetc'~ng of any bit of data 
within a range of offsets within a particular object. A 
trace event is slgnal1ed whe,ever any ~it within the traced 
range is fetched, whether the fetched operano is contained 
entirely within the traced ran3e, ~r overlaps it. 

Each trace table header entry has three fields: a 32-bit trace 
table o~fset, a disable flag bit, and a 15-oit, entry co~nt. The 
trace table offset is the (object-relative) offset of a trace 
taole, ~hich describes the eve,ts wit'~' this class to be 
Signalled. The entry count is an unsigne~ integer indicet~ng the 
number of entries in the trace table. 

A disable flag value of one indicates this class of events is 
not being traced. No trace table exists for this class. rna 
remaining fields of this trace table header ent~y are ignored. 
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Trace Table Header 

A disable fla~ value of zerOI and zero entry count indicates 
all events of this class are to be traced. The trace table ~s not 
searched; rather a signal i.s generated unconditri:>/"Ially. The trace 
table offset field is ignored. 

A disable fla3 value of zero; an:; /'Io"p-zero e"try cou,t indica­
offset 

count 
tes specific events are to be traceo. rhe trace taol~ 
locates a trace taole for this event class. The e,try 
indicates the number of entries i~ the trace table. 

Traceable events nay occur during certain phases of 5-
instruction execution. Whenever an event of a particular class may 
occur, the trace table for this class is searched. If the teole 
contains the presently occurring event, a trace signal is 
;enerated. If the prese"tly occurring eve,t is not in the table, 
the interpretation continues. A return fro~ the trace signal 
continues the interrJPted S-oP. Since the trace signal handler na~ 
have mod~fied the faulting procedure's procedure object, data, 
i.t h :::J / :> II" S tat e , 3:1 1 'en c a c h e 0 i,·f::> r "a t i :> /"I m J s t I 0 ere d e r i v e d f 0 1 1 ;) ... , J"l ~ 
return fro~ a trace Signal. Knowlecge of the occurence of a trace 
Signal is lost to the interpreter fol1owln~ return fro~ the sig~ai 
handler. 

~.1.3 r~ace T~bles 

A trace table ;s a two level table. The first level, locateo 
oy a trace table heajer entry, is the trace table. Ihe sec:>n~ 
level is called the trace event table. Al I entries for a particu" 
lar taole occu~y logically conti;uous st;)rage. fables are 10catej 
by their left most or lowest aderess bit. A11 offsets are unsignea 
integers denoting bit ~ranular, object relative locations. 

Trace Table Entry 

o 127 128 lS9 160 175 

+-·---·---------t-~·-·--~-·+-----·-·------+ ;:)o;nter off se t entry count I 
t-----_·_-------t----------t-------···----t 

The pointer identifies an entity c;)ntain;ng tra:ea eve~ts 
(e.g., a procedure or a name table). The 32-bit offset locates the 
trace event taole within the object conta;nin~ the trace table. 
The trace event table defines a set of specific events within the 
t 'r ace d e rl t ; ,t y ,oJ h i ~ h are tog e n era t e s i 9 n a1 $Ie T "I e 1 6 - bit eo n try co J n t I 

is an unsigned integer denoting the number of specific events 
::l e f·i , e d for t his c 1 ass w i .t h ; nth i .s ! n t ; t 'I ( i • e • , the n J m be r 0 f I 

entries in this trace event table). 
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b.1.3 Trace Tables 

A particular UIO pointer may oe ;~clu~ej in at ~ost one trace 
table entry for a single event class for a particular stac~. A 
zero entry cou~t indicates all events of t~is class for tnis entitt 
are to be traced. The trace event table is not searched. The 
:) If f set f; e 1 d ; s i 9 ~ 0 r e ::! '. A non - l e r :> I e "I t r ~ : 0 \J n t ; 1 die ate s the 
number of trace event table entries defined within this class for 
this e1,tlt'l. 

The trace table entries within a particular class are oroered 
0'1 increasing ~alue of their UIO pointer fields (wit" these fields 
taken as 128 bit integers). Search of these tables terminates when 
a U1) pointer field greater than aULD p011ter to the ootential~t 
traceable event (also taken as a 126 bit integer) is found. 

~.1.4 Class-Specific Trace ~vent Tables 

Since the trace event table defines specific e~ents, its 
format dependS u~on its event class. 

b.1.4.1 S-Op Trace Event Table 

S-Ops to oe trace::! are specified 01- a oer-proceOJre oasis. 
The UIO pointer in the trace table entry ;s a pointer to the entry 
descriptor of a procedure containing traced 3-Jps. Fetching of 
S-Ops associated with this entrY descriptor are the potentially 
trecable eventS. The trace event table for this class is a taole of-
32-bit PC offsets locating the S-Ops to be traced. Note that t~e 
S-Ops associated with an e~try descriPtor are co~tainea in the Same 
object as the entry descriptor. 

o 31 
+----···-----·.---------.--t 
I PC offset 
t··----_·_·_····-----------t 

At S-Op fetch time, the S-Op Trace Table containing aULD 
po; n t e r poi n t ,i n 9 tot he cur r e n tiP roc e d u r e en t r )' des c r 1 p tor i s 
found. The S-Op trace event table entries associated with this 
t r ace tab 1 e en t r), are 0 r de red by i 1 C r e 3 sin :J PC 0 f f set v 3,1 J e • 
Search of this table terminates when a trace event table entry ;s 
f 0 un d con t a i "IIi , 9 a P: I 0 f f set val J e 9 rea t e r - t h a" the cur r e n tiP: I 
offset. At S-Op fetch time, if a search of this table fines an 
entry lIatcni19 the fetch PC orffset, a,. 5-00 trace event is 
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S-Op frace ~vent Taole 

signalled. Otherwise, the &-Op is fetched and interpreted. ~hen 
the signal handler returns, the 3-)p is refetcned and interpreted. 

b.l.4.2 Name Resolveltvaluate Trace tvent TaDle 

Names to oe tra:ed are speciiied per-1ame table. r,e resolu­
tion or evaluation of names associated with the tracea name table 
are the pote"tial1y tracable eve,ts. The UID p:>li'1ter in the t;race 
table entry is a name table pointer. The trace event table is a 
b; t tab 1 e (i. e ., a n a r ray 0 if bit s ), IV; tho '1 e bit f;) rea: h b 4 0 it, 
name table entry or name table extension in the specifiea name 
table. The trace table's e"ltry count mJst :>e ler:)t (i.e., trace all 
name resolves/evaluates), or equal to the largest name in the 
:orres::>o'1din; "lane table. (A :>·r:>cedJre'S' Pro:edure ~nv; r01mer1t' 
DescriPtor speclfies both the name table pointer and largest name). 
~ t n a mer e so 1 u ti :>" 0 r ! val \oJ a t i ;) I'" tim e , i fin B m ! t rae ; "I g ; ,S 0 e i n 3 
performed, the name resolveleval trace table entry whose 010 
pointer ooints to the current "lane taole is found. The name 
resolve/eval trace event table associated with this trace table 
entry is i~dexed by the na~e to oe resol~ed ~~ipr to init~attn; the 
resolution. If the bit thus located is one, or no trace table 
entry ~ith the prooer JI~ pointer is fOJnj, a name resolve/aval 
trace event is signalled. Otherwise, the name is resolved or 
evalJated. Nhen the trace event sig~al handler returns, the 
resolution or evaluation is completed. 

Calls, returns, and nonloce! gotos are tracable events. 
~rocedures to De traced are specified on a procedure object basis. 
Tne UIO pointer in the trace table entry is a pointer ta the 
orocedure object header (note: its offset is i;nored). ~ach trace 
event table entrY specifies a 32-bit offset (relative to the start 
'If t,e traced ;>,r,cedJre aoject) 'If an ant·ry descriptor tJI be 
traced, ana four trace event flags: 
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Proceaure Transition Trace event Table 

o 31 32 35 
t---.-.---·----------------+------.--+ 
, entry descriptor offset I x x x x , 

c r 1 r 
a e e e 
I t a e 
1 u v n 

r e t 
n e 

r 

In the following descriPtions, procedure "A" calls procedure 
"8", who cal Is procedure "Cu. Procedure "3" is being traced • 

• call - signal procedure call trace whenever this procedure 
is cal1e1. Tracing is controlled ~y B's stack's (do~a;n'sj 
trace pointer. The signal occurs within a's domain and on 
d's stack after the new environm~nt has been estaolishej 
(including the new stack tra~e and static data area). The 
signal OCCJrs as the call completes oetore fetching the 
first S-op of 8. 

* return - s;gna1 Procedure return trace whe,ever this 
procedure's activation record ;s to be deleted. lhe signal 
occurs just oetore the activation record ;s actually 
deleted. Tracing;s controlled by ~'s stack's (domain's) 
trate ~ointer. The s;~naA o:CJrs ~~thin 8's d~mai, anj- 0'( 
d's stack before any environment is destroyed (i.e., as 
so~n as tne return is recogn;zed). A return from the 
Signal handler continues deletion without further s1gnal­
li,g f'r t~is activation rec~rj, ih:~Jding i'vl~at~o,' of· 
any cleanup handlers. Note, one signal occurs per activa­
tion record per traced stack. This- signal may ~ccur whe, 
the traced procedure returns, or if a nonlocal goto ;s 
cassing control to an activation ~revfous to the traced 
procedure's in the dynamic call history. 

~ leave· signal proceoure leave tr~ce whenever this pro· 
ceOure calls another procedure. Tracing is controlled by 
3', sta~k's (d~~ain's) tra:e p~ri'ter. The sig,el o:CJrs 
within B's domain on a's stack after parameter pointers and 
state have been pushed, out oefore the target environment 
has been built. A return from the s;gnal hanaler continues 
this call ~ithout further signal1ri1g. 
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Procedure Tra1SHip.,· l'race Ev!nt Table 

* reenter - signal procedure reenter trace whenever this 
pr,ceoJre is reentered vi~ a retJr",. Treci.,g is contrJ~led 
by B's stack's (domain's) trace pointer. The signal occurs 
in fj's d"n3·i,· on !:i's stack uoo., fetch 'If the first S-Uo, at· 
d's return PC after the environment has been reestablished. 
This sig,al occurs if C returns to 8,' or a"lY orocedure 
following ~ ;n the dynamic call history performs a "onlocal 
go t 01 ;. 

If procedure transition tracing is being performed, the 
procedure transition trace tables are searched to deternine i1 a 
signal ;s to be generated. The procedure transition trace table is 
searched for an entry whose ~ID oo;nter p,;nts to the procedure 
object header of the current procedure object. If none ;s found, 
the current· ;:''''JJ:edJre trans; U on ; s not oeine tll"aced. !.f one ; s 
found, the associated trace event table ;s searched for an entry 
eqJal to the offset; of the procedure entry descriptor i., question 
(this offset 18 relative to the start of the containing proceaure 
object). I' none is found, this procedure tra,sition is not oeine 
traced. If one is found, and if its flags indicate the transition 
occurring ;,S be"9 traced, the s;g"e1l;s 9!her!ted as inl.icatej, i" 
the preceding discussiOn. 

M~lt;ole signals of this class nay ~~:ur if (e.g.) B's stack 
specifies leave tracing, ana C's stack specifies cal I tracing. In 
such a case, tll/O di,sti"ct signals are ge1e!"lete::l., the fi,rst one 0" 
B's stack, and the second one on C's stack. 

).l.q.~ Data Store/Fet:n Trace ~ve"t Table 

The accessing of operand values in data space are the poten­
tially traceable events. Trace eve~t teol,s for data store an~ 
fetch traclng are iaent;cal. Areas to be traced are aenoted by 
their :ontai"i"g o~ject (specified as the JIO ~ointer i1' a trate 
table entry) and the start and length of each traced area within 
that ooject. (The offset o~ the JIll poi~ter ~ust be zero, or 
results are unpredictable). Each trace event table entry delimits 
each range as a 32-bit object relative base J~tset and the nJmJer 
of bits in the range (range length). 
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Data Store/Fetch Trace Event Table 

)ata Store/Fet:h Tra:e Event Tacle t,try 

o 31 32 03 

t-------------·---------·-t---···----------~--·------+ I base offset I range length 

Trace event table entries are ordered by ,ncreasing base 
~~fset valJe. The range length ~alue is a 32-oit unSigned integer. 
Note that range length is not the offset of the end of the traced 
range. 

If either class of data tracing is being performed, whenever 
virtual me~ory 1S accessed to reaa or write an operand or port;o~ 
of an operand, the data fetch or store trace table (respectively) 
il searchej for an e,try whose UID pointer po~'ting to t,e start of, 
the Object containing that operand. If none is foune, this data 
access is ~ot oeing traced. Otherwise, the trace event taole 
associated with the found trace table entry is searched for delimi­
ted area containing any part of the (portion of the) operana oein; 
accessed. If none is found, this operand access is not being 
traced. Otherllflse, the first one fO,JnJ ;le1erates a si;na 1l (a aatai 
store trace event or a eata fetch event). 

b.2 :o1sideratio,s For S?HINT 

Whenever a new staCK is entered (e.g., when a Ooma;n boundary 
is crossed), the new trace poi,ter is examined. If this pointer is 
non·null, the new stack has tracing enabled. The stack's trace 
table header is located and each aefinea e,try examined. Trdcin; 
for each class ;s enabled according to the class' trace table 
~eaOer e,try. Reserved entries are ,ot examined. 

Trace tables and trace event tables are oefined ano orderea to 
nini"llize searchin·;. Whel"l a process chan;es· pr:>cedure objects, the 
procedure transitIon trace table is searched for an entry corres· 
:>onOin; to tiotet ;:)·r::>cedure object. I f. 10,e is fOJnd, tni s cl ass of, 
tracing ;s oisabled until the procedure object is again changed. 
_Hke~ise, ~hen a new name table is specified, the name resolve/e~al 
trace taole is searched for an entry corresponding to the new name 
table :>ointer. If· "l01e is found, name tracin; i.9 di,sable;j unti.l a 
new name table is defined. The S-Op trace taole 1S searched at 
;:'),rOCeOure entry/reentry tirne. If· "l0 e.,try mat:hin;; the :lestinetio"l 
procedure's entry descriptor is found, S-Op tracing is disabled 
until the next pro:edure entry/reentry. 
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b.2 0-10 

Since data references are more random tMan proceaure oOject 
refere~ces, data store/fetch trace tables ~ust be searched for each 
store or fetch while a process is running on a traced stack 
(domart,). The trace table is searched for a"l- e"ltry correspo,din; 
to the operand's data ooject. If one is found, its trece event 
table is searched until a range is found containing any oit of the 
operand, or a oase offset ;s found beyond the end of the operand. 
Searching terminates as soon as Jne of these cJnoitions is met: If 
an operand falls in several traced ranges, only the first one found 
;enerates a si ;na,l. Onl y one si ;nal i~ ;e"lerated per operard 
regardless of the nu~ber of memory references required to access 
the entire ooerand. 

0.3 Access to ~acrostate 

In order for the nat;ve mode jebu9ger to fUnction it must be 
able to access the macrostate of a process. The following func­
t~ons const~tute the total guaranteed interface available to a 
native mOde deougger. Implementation restrictions are expected in 
:ertsl;"I' imo·lementations. These fU1ctl;:>nS supplene1-t the 
Debugger/Kernel interface functions. 

0.4 Deougger/Namesoaee Functions 

The functions which are described are implemented as Unprivi­
leged S-ops and/or software. The debu;ger can thus execute the~ 
While in any domain. 

In the foll,w;n; interface jescriptlP1s, ~ointer ar;u~ents ara 
expected to be 128 bit pointers. The error argument ;s expected to 
oe an unsi;ned integer capable of, exo,ress;'9 v91ues 1n the range 
0 •• b5535 (i.e., a 16 bit unsigned integer). Any other argu~ents 
o~oPJce uno~edi~table results. 

Namespace and protection execution exceptions are signalled. 
Improperly sized operands are treated as for S)L Pointer ;nstruc· 
tions lsee the SPL S-language definition in Chapter12.) The follow­
ing conditions are detected and returned as- a value of the error 
argument: 

o - No errors. 

1 - fp argument ;s not a Frame Pointer. 

2 .. There ;s n::>; orevious or successor St9CI( Frame. 
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b.4 Debugger/~amespace FW1ctions 0-11 

3 - The new_trace_pointer does not locate a Trace Table Header. 

Exce~t as indicated, the state 
"err", and the results of 
interfaces, are Jndefined and 
argument is returned. 

PROCEDURE get_current_fp 

of writaole arguments other tha, 
executing one of the following 
u1pred;ctable if a nonzero erro~ 

(NRITE IN_~ current_fp: POINrE~ Tv 

This function returns the value of the current frame pointer (FP) 
oese register to the caller in the ar;u~e't "current_fp". The 
"current_fp" argument is expected to be of length lie to hola a 
full UID pO·;"Iter. 

This function ;s intended for use to begin traversing the 
users stack. ~ote that this function returns the FP of the aebug­
ger procedure's activation record. 

PROCEDUR~ get_previous_fp 
(READ O~Lt fp: 

wRITE ONLY prev_fp: 
NRIT~ )N~" err: 

POl·>,Jl::R TO stae 
POINTER TO stack_frame, 

O."bS535); 

This function returns the value of the frame pointer (FP) base 
register for the p~ede:essor of "fp~ i, "~rev_f~". "fp" is usej 
only as a source ana is expected to contain a pointer representing 
some activatio,!s frame pointer. The fra~e po~'ter value for the 
predecessor frame is stored in the "prev_fo" argument. rhe 
"prev_fpll a:r;u1le"t ;s e)(~eeted tOI oe of le,gth 128 to hold a fJll1 
UlD pointer. 
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b. 4 •. 3 0-12 

PROCEDURE get_successor_tp 
(READ O~Lf fp: 

WRITE ONLY succ_fp: 
NRITE IN.~ err: 

PJlN1ER TJI stac 
PUINr~R TO stack_frame, 

0 •• 05535J; 

This function returns the value of the frame pointer (FP) base 
reglster for the successor of Ufo" i" "suc:_fp"~ "fp" is used o~ly 
as a source and ;s expected to contain a pointer which is the frame 
~ointer of some frame. The frane pori~t!r valJe for the successor 
frame is stored in the "succ_fp" argument. The "succ_fp" argument 
;$ expected to be 0" len;th 128 to hOilj· 9! full UIO poi"lter. 

PROC:DuRE ;et_state 
CRE-AD ONLY 
~E:.~D O~L't' 

fp: POINTtR TO stac 
state_otr: P)i~T:R T~ 
readable_macro_state, 
err: O •• b5535); 

This function returns the "Readable Macro State" of the frame whose 
f,rame pointer value is given by ";fop. The state ;s dUl'lped as ;\' 
record whose format is defined by "readable_macro_state. State is 
dum p e d beg;.n, ,i , gat, the 1 0 cat; 0 n g; v en 0 ,y " S t e t e _p t r " , III h i chi s 
expected to contain a pointer. 

PROCEOURE set_state 
(READ OIlL't' 

READ ONLY 

WRITE ONLY 

fp: Pul~TER TJ stac 
state_ptr: POINTEk TO 
writable_macro_state, 
err: 0 •• b5535); 

Thi$ f..mctiP" loads the "Writable '1a:"..OI State" of the treTle /IIhose 
frame pointer value is given by "fp". The state is loaded from the 
record whose format is defined oy "wrttaole_macro_state". The 
wr;table Macro State is 10aoeo be9in~in9 from the locat10n given by 
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o.LI.S 

If a nonzero "err" is returned, state is not modified. 

PROCEUURE swap_trece_pointers 
l~E~D O~Lf new_trace_pointer: P::l 

trace_table_header, 
~RITE JN~~ ~Jj_trace_~ointer: p 

trace_table_header, 
~RITE JN~l err: 0 •• 65535); 

This function sets the value of the current trace pOlnter to the 
"e I u e g; ve "'I, 0 Y the a r 9 u rn e n t " new _ t rae e .p t r " i. I.t ret oJ r n S the "e I u e 
of the old trace pointer in argument "old_trace_ptr". 
"new_trace .. ptr" and "old .. trace .. Ptr" are ex::>ected to be of length 
128 to contain a full UID pointers. 

Uoon loadin; the new trace oointer~ the curre,t stack's 
previous trace state is lost. The trace tables located b~ the new 
trace pointer are evaluated and ~rovide the "'Ie. definition for the 
current stac~'s trace state. The appropriate trace modes are 
enabled and tracing co~mences as soon as t,e next S-Op is fetched. 
(N.B., if a Trace Table indicates "trace every occurance", recur­
s;ve signall;n; nay result.) 

If a nonzero "err" is returned, the current stack's trace 
pointer is set to null (all tracing o;saoled). 

0.5 Macro State Definition 

rhe follo~ing describe the ~ACRO SfAT~ records wh;c~ are used 
for the "Set_State" and "Get_State" functions. 

TYPE readable_macro_state IS 
RECORD 

FP: 
SEP: 
SOP: 
PEsP: 

fHP: 

P ),1 'HER, 
POINTER, 
PJI'JT:;R, 
PUINTER, 
PJ:l'JiTER, 
POINTER, 

?c: 

%trame poi~ter (A8~O 
%S-environment pointer (A6R) 
:4stat;c ::fete ,,'I; ,ter (~B;O 
%procedure bese pointer (AbR) 
%entry descriPtor ~ointer 
Xframe header pointer 

offset_type, %:ul"lrentl:>c int 
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~acro State Defin1tion 

STO: offset_type %stack top offset 
EN() RECORD; 

TYPE writable_macro_state IS 
~E.CO~D 

EUP: POINTER, %entry descriptor pOlnter 
;)C: offset.type, %:urirent PC int 

STO: offset_type %stack top offset 
END RE.CO~D~ 

--End of Chapter--
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Chapter 7 
~xcept;on Conditions, Faults, and SIG~A~s 

7.1 IntrOduction 

ExcePtion c~n~itions are error eo~ditio"'ls detecteo by the 
system. Trace conditions and nonresolvaole pointer faults are 
,sca;)es I!/hi~" :eJses SO!ftw31'e to be il1l1o(e;] (e.~., tOI resol"e a 
nonresolvable pointer, instantiate a static data area, or log an 
event). EaCh :o,dBio"'l' is detecte::!· oy t,e s~ste'!l and :')assed 0"'11 t:>1 
a SlGNALL~R. The SIGNALLeR ;s invoked with a condition COde and a 
:')ointer. The senant;cs of this :')ointer de:')end u:')on the nature of 
the condition Oeing slgnal1ed. Prior to invocation of the 
SlG"HL ... E~, all macro state is stored where it, is accessiole to O::>/th 
the SIbNALLeR and the handler. 

The SlG~A_L!R is responsiole for locating a software Mandler 
for a particular condition. The SIGNALLER scans the current stack 
for a nandler ::Iefine::l to handle that conjit~on. If one is fou~d,· 
it ;s CALLed. If none exists on the current stack, the condition 
'!lay oe passej on to the stack which celled the current stack. 

7.2 Conditions 

lne 'olloN;ng sections deser;oe the conj;tions generatea and 
the information presented to the SlGN~LLEH. For each condition, 
the lIalue o~ the pointer parameter passed to the signal handler is 
given along with the semantics for returning from each fault. The 
signal handler mJst re~uest exolicitly thacc the lIacro state of. a1' 
activation be modified. 

unrecoveraole class 

~OINTER TO: IN)EFI~eD 

Semantics: 
An attemot has been made to fetch an;] execute an S-Op wh;Ch 
is not defined In the current S-Language. The signal 
occurs 0" the current stack. fhe ;)OP), and PC in nacro state 
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7.2.1 

locate the faulting S·Op. A return (re)executes the S-Op 
locatej ~y the ~c in macrostate. Such a return may :a~se 
recursive faulting_ 

unrecoverable class 

POINTER TO: IN)EFI~ED 

Semantics: 
An attemot has oeen ma~e to invoKe a procejure ~hich 
specifies a value for operand syllable size which is not 
e i 3 h t, t f4 e 1 we, 0 r six tee '" I (e i 9 '" t ;) 'r gil( tee" i '" I S P R I N r ) • 
The POP and PC in macro state locate the faulting S-Op_ 
~acro st~te also contains a oointer! to the entry descriptor 
which was called. This entry aescriPtor locates the faulty 
Pr::>cedJre Env; rOl"lment Oeser; o,t~,r. Tne signal oc:urs 0," the 
called stack. A return from handling this fault causes 
Jno~edi~table results. 

unrecoverao!e class 

POINT~R TU: UND~FINEO 

3e:nantics: 
An attempt has been made to resolve or evaluate a name 
which is lar;er than the lar;est name in the current name 
table. rhe POP and PC in macro state locate the S-up which 
speci,fi~g the i,lle;al name. TH' 913n9!1 occurs on the 
current stack. A return from handling this fault reexecu· 
tes the S-Jp located by the ~C ln nacro state. Such a 
return may cause recursive faulting. 

unrecoverable class 

POINTER TO: fa~lting name table entry 
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7.2.4 

Semantics: 
An attem::»t has been made to reso,lve or evaluate a name 
table entry whose EAR Trap is set, and no EAR handler 
exists for tne current S·L~n3Ua9!. Th! signal occurs 0" 
the current stack. The POP and PC locate the S-Op which 
generatej the illegal_EAR exceotio,. The handler is passed 
a pointer to the of1end1ng name table entry. A return from 
ha,dl;,g this fault reexecutes t~e S-Oo located oy the P:, 
in macro state. Note, such a return may cause recursive 
faulti:"lg. 

unrecoverable c~ass 

POINTER TO: faulting NTt 

Semantics 
An attempt has been made to resolve or evaluate a name 
table entry ~hose specification is not conSistent. rhe 
signal occurs on the current stack. rhe POP and PC locate 
the S-Jp "ddch generated t,e U le;al1-1'te except';:::>n. The 
handler is passed a pointer to the inconsistently specified 
\IT::. l\ return fro" hal"ldlri'9 tn; s fa·ul t! reexecutes the S-O;,· 
located by the PC in macro state. Such a return may cause 
recursive faulting. 

unrecoverable class 

POINTER TO: data 

SemantiCS: 
A pointer resolve has been attempted on a pointer whose NR 
oit is not asserted, but whose for~at field does not 
specify a valid resolvable pointer format. The signal jar 
info porinter locates the invalid poil"lter in data space. A 
return from the signal handler reattempts the fetCh ana 
resolve o~ t~e faultin3 ~ointer f~)m d~ta space. 

1) a taG e n e r ed C 0 ir :I 0 r a ti 0 n 
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vnreco~erable class 

POIN1ER TO: invalid entry descriPtor 

Sema",t;cs: 
Architectural call found a structure other than an Entry 
)escri~t~r, ~hen it expected an E,try Descri~tor. The 
signaller 1nfo pointer locates the invalid structure. A 
return from this signal handler reevalJates the structJre 
located by signaller info oointer. 

unrecoverable class 

POINTER TU: S-lnterpreter_pointer fielj o~ aPED. 

Semantics: 
A eal,l has been ",ade to ai o'rocedJr!i whose Procedure Erwi· 
ronment Descriptor S-interpreter pointer specifies an 
object which ;s not an S-lnterpreter. A return from this 
handler reevaluates t~e S-lnterpreter Pointer field of the 
target PED. 

unrecoveraole elass 

POlNTER IO: S-lnterpreter_pointer field of aPED. 

Semantics: 
A cal I has been made to a procedure whose Procedure Env;-
ronment Descriptor S-i~teroreter POinter spe:~fies an· 
object which is an S-lnterpreter, but ;s not active. In 
31Q$, alII, S-interpreters mJst oe a:ti.vated at IP.I time. t\i 
return from this handler reevaluates the S-lnterpreter 
Pointer f,ield of the tar~et PED. 
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trace class 

POINTeR TO:traced S·Op 

Semantics: 
An attempt has been maae to fetch and execute an S-Op whose 
10;1:al, ad:::lress is contained ;i the' cJrrer'\t stack's S .. U:>, 
trace table. The Signal occurs on the current stack. The 
haidler is passed a oointer to the traced S-Jp (the sane as 
the current PC stored on macro state). The signal occurs 
foll::>win:~ conpletion of a;ll, ~'revip.J$ 5-0::>s, but :lrior t::>1 
interpretation of the traced 5-00. A return ref etches the 
t rae e d S· 0 ::> fr ::> rn vir t u a 1 m em::> ir yah j, c J" tin u e s :l ,i spa t : h ; n ;;J 

and interpretation without recursive faulting. Process 
data S:lece may be nOJ;fiad by the haidJer. 

trace class 

POINTtR TO: name table entry 

Se'l1ant;cs: 
An attempt has been maoe to resolve or evaluate a name that 
is reflected in the current' staCk's \Jane Resolve/Eval Trace 
Taole. The signal occurs on the current stack oefore the 
nane ;s actually resolved. The ha"ldler is passeo a pointer 
to the traced name's name table e~try. A return from the 
ha,oler retetches the traced NT~ trb~ virtual ~e~ory 9nj 
continues its resolution or eveluatio~ wlthout recursive 
faJlting. Process data space may oe modifiea by the 
handler. 

trace class 

PUINTER TO: entry descriotor 

Semantics: 
An attemot has been made to call a orocedure whose entry 
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7.2.12 

descriPtor is reflected in the current stack's Proceoure 
Transit~~n Trace Table with the call tracing fla; set. rhe 
signal occurs on the current stack. The handler;s passed 
a :)o;nter to tl'te traced :),,"'IC!d.Jre's, e,try ::iescri:)tor. 1\ 
return fro~ the handler cont1nues the call without recur­
s;IIe faJlt 1;ng. See the f.racin~ Facility cMapter for. 
details on the semantics of this fault. Process data space 
~ay oe modified oy the h9ndler. 

trace class 

POINTER TO: entry descriptor 

Semantics: 
An attempt has been made to 1) return from or 2) execute 9 

nonloca1 goto through a :)rocedure ~hose entry descriptor is 
reflected in the current stack's Procedure Transition Trace 
Table Nit" the return tracing flag set. The sig~al OCCJrs 
on the stac~ containing the activation record to be oeleted 
(this :>e:o'lles the current· St9Ci(). Hds fault oc:urs =>,,"ior 
to deletion of a traced procedure's activation record and 
after any cleanuo handlers for the traced procedure have 
returned. The fault o~curs while the activation record is 
entirelry ",tact. The ha,dler i,s passej· a! poi"ter to the 
traced entry descriptor. A return fro~ the handler contin­
ues deletion of the activation rec'rd without recursive 
faulting. Process data space may be modified by the 
handler. 

trace class 

POl~TER TO: entry descriptor 

Semantics: 
An attempt has been made to 1) cal lout from or 
a no~lo~al goto out of a procedure whose entry 
;s reflected in the current stack's Procedure 
Trace Taole ~lth the leave traci"g fla; set. 

Jata General Cor:)oration 
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occurs on the current stack as soon as the call or nonlocal 
goto 5"0;)·;s recog!'l·;zed and or;or tJI its dispatch and 
interpretation. (The current stack is the one from which 
the :alll or "Io!"llocal got:'>1 Nas fet:hedJ. rne i'\a"ldler is 
passed a pointer to the traced entry descriPtor. rhe 
current PC storej in macro state is· the address :.>11 the call; 
or nonlocal goto S-uP. A return from the hanoler refetches 
the S-Jp poir"lted to by the curre.,t P:i from virtl.lal merrory 
without recursive faulting. Process data space may oe 
~odif;ed by the ha"laler. 

trace class 

POINTER TO: entry descriptor 

Se"antics: 
An attempt has been made to return to a procedure whose 
entry descriptor ;s reflected ih the curre.,t staCk's 
Procedure Transition Trace Table with the reenter tracing 
flag set. This atte'l1pt :>~eurs as a resullt of a retur"l' t:>l 
such a proceoure, or a nonlocal go to such a proceoure. In 
this context, the current stack ;s the one contai;ng the 
activat;on record which ;s gaining control. 1he hanoler is 
passed a pointer to the entry jescriptor. The $;9"1al 
occurs upon fetch of the S-UP located by the traced 
~r:'>iCed",re's current PC (i..e., the fi rst' 5-0p at the ret",r"l' 
point). The macro state stored is that of the activation 
oeing returned to. The si3nal a~p!ars as ;f it ori91r"1ated 
within the traced procedure at the point to which the 
return w'~ld ha~e passed control. A return from the 
handler refetches the f;rst S-Op and continues 
interpretation. Process dsta sp:tce' 'IIay Oe mod;f;ed by the 
handler. 

trace class 
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POINTER fO: jata 

Semantics: 
An attem::>t has been made to fetch data, from S"I' area of 
logical memory delimiteo 1n the current stacK's Data fetch 
Trace faole. rhe signal OCCJrs on the current stack before 
the data is actually fetcheo. The handler receives a 
pointer to the first portl;:>n of data tJI De fetched oIhich 
lies within the delimitea range. Note that the actual 
pointer !TIay "ary 1!"1 a nodel (jepen~e'<t nanner. A ret,Jr" 
from the hanoler reattempts the fetch and contlnues execu· 
ti::ln of, the S-Jp without recJrsive faulting. r,e ha,aler 
may modif~ oata space, inclUding the delimiteo portion of 
logical l1eilory. 

t I" ae e cl as s 

POINTER TO: data 

Semantics: 
An attempt has been made to store into an area delimited in 
the current! staCk's Data Store Trace faole. No, data is 
storeo. The signal occurs on the current stack at the time 
of the store. The handler receives a ::>ointer to the first 
portion of data to be stored which lies within the delimi­
ted range. ~ote that the actual ;)ointer may vary in a 
model depenaent manner. A return from the handler comple­
tes the st:>re lVithout recursive faulti,g. Note that, 1,f a"lf 
operand being stored spans a Data Store Trace delimited 
range, it 'nay have bee, partir.idly 'Tlodifiea in logical 
memory at the time the trace fault is taken. Actual 
Dehavio!" is model depenoent. The hanoler nay modify 
process data space. Modifications to the delimited portion 
::>1 1 og;~ail memOir)' are un::ieH ,e::l ah:J In:>rredicteol e. 

7.2.18 NONRESOLVAtiL~_POINTER 
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~onresolvaole pointer fault 

POINTER TO: data 

Semal'ltics: 
A pointer resolve has been attempted on a pointer whose NR 
oit ;s asserted. The si;naller i~format;on pointer locates 
the faulting pointer in data space. A return fro~ the 
handler reattempts the fetch and resolle of the faultin; 
pointer from data space. If the NR bit ;s still asserteo, 
the f e J 1 t I'll i 1.1 t) e sian all e j. a9 ai ,. 

static data faJlt 

POINTER TO: UNDEFiNED 

Semantics: 
Architectural call was unaOle to locate an instantlated 
static data area f~r the procejure oein; called. Archi­
tecural call invokes the static data fault handler through 
a ~ointer in the stacK header (see the ~er,el DeSign 
Spec;ficatlon). The macrostate of the faulting activatlon 
;s tnat' Jlf t,e called :>.,.~cedJr!. H:>lIIIever, t,e SD? 1S 
undefined. The PED of the called procedure is 10cateo via 
the Entry )escrioto~ in the faJlting a:tivatiol'l's 
macrostate. The static data fault handler provides archi­
tee t u r 91 cal I wit h an as soc i 9 t i 0 I'l bet ween the cal I e :j 
procedure's static data prototype pointer and the instan­
tiated static data area. See the <ernel Design Specifica­
tion for details of how this association is commun;cated. 

--End of Chapter·-
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8.1 :1'311 

C h a:>t e I' 8 
Call and Return 

CALL ;s invoked via an s-languege specific CALL 5-Uo. It ;s 
assu~ej an S-I,teroreter is active on SJme stack, aenoted the 
CALLER's STACK. The procedure to be invoked is denoted the lAkGtl 
~~OC~OJRE. The address of the T'RiET ;)RJC~DjR!-s ENTkY D~SCRIPTU~ 
(EDl is denoted the TARGET ADDRESS. 

CALL is partiUoned into three ohases.' The first completes 
the caller's activation, stores state to be reestablished upon 
return, ::lushes p~!rameter poi nters. The se:o,d :>hase 1 jl:ates the 
TARGET ED and ouilds tne TARGET environment, crossing aomain 
ooundaries if necessary. The fi,al ::Ihase Ju~ljs the TAR;ET activa­
tion and invokes the S-Interpreter. 

The first phase completes the CALLER's activation, constructs 
::Iaraneter ::Iointers to the actuals, and :necks if the CALLE~, is 
being tracea. The description begins on the CALLER's STACK within 
the :Al..LER's a:,tLvaitip, lIIith the di,s::>atc, 'f a C~LL S-Op; 

1) If the current &-Machine defines any S-~achine-specific 
state, it,;s stored 01"1 the C~L .. E:~,'s ;H~C'<. rhe manr'ler in 
which this state is stored is left to the a-Language to 
jef',e. W~e1 the CALLER's 8TA:K a;ain becomes CJrrent (vial 
a RETURN or NONLOCAL GOTD), that state is reloaded by the 
S-'1achine. 

Allocate and initialize a 
current' stack for the neN 
is threaded onto the call 
the current frame header. 

frame header on top of the 
activation. The new frame header 
history of the process following 

3) The current activation's frame header is completeo. 

Current ~acrostate is stored i,ter1al to t~e system. 
Hence, macrostate is never directly accessible to the 
~rogran. It may oe interrogated or ~oaified o,~y 
indirectly, via a set of interfaces descrioed in the 
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8.1. 1 Phase one - Complete_tALLtRs_Activation 

ChaPter 7. 

5) Parameter pointers are constructed for each ot the actuals. 
Space ;s reservea at the top of the current stack for' 
these. (Note that parameter pointers are linkage pointers, 
anj as such are subject to the restrictions placej 0' 
linkage pointers by the Namespace architecture.) 

b) The current staCk's trace taoles are examined to jetermine 
if LtAVt tracing ;s being performed for the current 
procedure. If so, Procejure_Leave_~race is Signalled on 
the current stack. A return from this signal continues the 
al ;lori tnn from ti'd S ooint'. "4ote that Tlae,rostate a.,d/or; tn! 
parameter pointers may have been modifiea by the slgnal 
ha,dler. :~11s are orovided to ex~licitly request storing 
or modifiying macro state. 

(~ote: tracing must be s;gna~lej on the tra:ej stack, 
;.e., the current stack. The handler must be able to 
Tlo::Hfy t"le caner's maerOI staite ahj· the oaraTleter poi,ters 
being passed to the target procedure. The order of events 
~resentej here is sufficient, out "lot ,ecessary to guaran­
tee this capa~;l;ty. This note also applies to CALL 
traei,,;, aJrin::J the last p"ase of ar:hi.tectural oal1.J 

7) The frame header now contains information oescribing the 
:A~LER's activatio, record. The curre,t FP is ajjusted to 
point to the top of the area reserved for parameter 
pointers. At tnis point, the :urr!ht FP ana SP oo;nt tJ: 
the same bit and a zero length local data section is 
allocated at the top of the :A_L~R'ls steck. 

8.1.2 Phase two - Locate_TARGET_Environment 

l~ essel"lce, if tarqet_pointer lo~ates an :0 which 1S 
within the current Procedure Object, and target ED shares 
°E) as the target !O (i.e., the ~E)~offset fields of the 
identical), the calling and target activations share 
°ro~edJre Enviro"lment and the renei"der )~ tnis ohase is 

cont aii /"Jed 
the same 

EDs are 
the same 

bypassej,. 

If target_pointer ooes not point to an ED contained within tne 
current proced~re object, kernel microco~e is invoked to find the 
TARGtT PROCtDUR~'s ED, crossing domains if necessary ana pessing 
oere~eter pointers a:ross do~ain oounjarie~. The Namesoace ni­
crocode invokes the kernel microcode from the CALLER's stack, ana 
receives control again on the TA~GET stack. lt is assumeo that, if 
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8.1.2 

stacks changed, the kernel microcoae has built ana threaoed a frame 
header and copied the para~eter poi~t!rs (with appropriate 
checking) onto the TARGET stack. Trace state for the ola stacK is 
savej, a,d tra:e state f~r the T~R;Er St3C< 1$ evaluatea. 

If the TARGET ~D does not share the current activation's PED, 
3- ,eN enviro"lI'nent Ls b"d It. Note that, if· t3if'~et_pointer p~ii'ts 
outsioe the current procedure object, the current and TARG~T tDs 
:annot Share the same PED. 

This phase occurs in neither the CALLER's not the TAHGET's 
activation, out in t~at "GREY" area, i, betNeen. nhen Namespace 
again resu~es execution, FP points to the base of the invokea 
orocedure's actri~atrion (following the frame header and oaraneter: 
pointers). In addition, the SP (or 51?) points to the first bit 
availaole at the top of the current staCI< (,following the oaraneter 
pointers). At thu point, there is no local storage allocatee for 
the TARGET pro:eJure. 

1) If target_pointer points to an tD within the current Pu, 
and the ~ED associated with the tar~et ED is the same as 
the PED associated with the current ED, the only part of 
the ~~o~ess' e'viron~e't w,1:h is c,a,gina is its lo:al, 
automatic data (including its parameter pOinters). Unly 
this state need oe flushed froTl the: \Jane CaChe. Proceed to: 
phase three. Otherwise: 

1) If target_pointer joes n~~ poi,t to an EJ cont9~,ej 
within the current procedure object, invoke kernel 
TI;crocode to fo·l1o~ the target po!il"lter u"'ltil a,( Elf 
is found. Details of this algorithm are beyond the 
scope of this specifjcatip,. Control returns tOI 
Namespace on the TARGET stack (which is now the 
:urrent stack). r,e c,Jrre,\t f), is the TA~GEl :1.1. 
The TARGET PED is located via TARGET ED's scdress 
and the ;)I::,)"""offset f;,eld of, the rA~bE.r E:>. 

2) Since a new environment ;s being established, the 
Na~e Cache must oe flUShed.' 

3) Loao the current PdP and NTP from the appropriate 
fields of the rA~GET PED. If the p~p field of the 
TARGET PED is not an object relative pointer, 
5; gnal l~val id_POll ,ter. 

4) Locate an instance of Static Data associated with 
the SD;)P of the rA~ij!T P~D for the current stack. 
If none has been instantiated, invoke the static 
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8.1.2 Phase two - Locate_lARGET_Environment 8-4 

jata fault handler to instantiate one. Load the 
SOP with a pointer to the static data area. 

S) ~oad the LARbEST_NAME a,d :URREN1_SY_lAaLE_SIZE 
from the TARGET PED. 

bJ ~o:ate tne TARGET S-lnterpr~ter, via the SIP f~elj 
of the TARGET PED. If this SIP field does not 
:le,ote a, Object of typ~1 S_l"HE~PRET;R, s19,all 
Invalid_S_Interoreter. In SPRINT, if it aenotes an 
inactive S-l,teroreter object, 519,al, 
Inactive_S_Interpreter. 

This ends the second phase of architectural call. The final 
:lhase takes olace 0' the rA~G::T stacic and within the 14k:;Ef i 

PROCEuURE's new activation. At this point, the fARGET PROltUuHE 
has logically oeen "YOked. All that reTlaihs is to cOTiPlete the 
new activation's enV1ronment and macrostate. 

1) Allocate a local storage area at t:'I1~ t::>p of the stack by 
adding the INITIAL_FR~ME_SIZE field of the TARGET ED to the 
offset fi,eld of, SP. Che::i< f;')ir el(t!ht lIio:latio"'l. 

2) The TARGET PROClDURt begins execution at the address 
de,ote~ by the sJm of the ~a~~offset plus the 
inittal_PC_offset field of the TARGET ED (this offset is 
~ithi~ t~e same ::>bject den::>ted by ~6~). SET the PC. 

3) The current stack's trace tables are examined to determine 
if CA~L trecina is bet'9 ~erf't~ej for the current 
procedure. If so, Procedure_Call_Trace is Signalled on the 
currenti stack. i\. return from this slgnal continues the 
algorithm from this point. Note that macrostate and/er the 
para~eter oointers may have oeen nojified by the signal, 
nandler. Calls are provided for exolicitly requestlng the 
st::>rina or modification of macrostate. 

4) Invoke the S-Interpreter. 

5) InVOking a new a-interoreter may rebuire the c;')rstru:tio"'l 
of initial S-Machine state. The S·~achine may require 
know]e;e of ~hether SIP ,as ::han3ej· as a result of this 
cell. 
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8.1.3 

8.2 Return 

Retur" terminates the lifetime of t,e current activ9tion, 9nj 
makes the caller's activation current (the caller's activation ;s 
the activation wnich ;~mediately preceeas the current 01e in the 
process' dynamic call history). From the Namespace Point of view, 
this is a relet~~el¥ sim~le oper9tip,~ 

Functionally, architectural return performs the fol10w;ng= 

1) Check the current activation tor retur, tracing. It the 
current trace table indicates the current proceDure is 
bein; retJr1 tracej, ;e1er~te a retur,eole 
PRUCtDURE.RtTURN_TRACE signal. Continue when the signaller 
returns. 

2) Locate the caller's macrostate. 

3) Jelete t1e current actiyatio, retorj tro~ t,e current 
staCi<. 

4 ) ~ e loa d t Ii e c al I e r "s mac r os tat e • T , ,; sma k est nee a J 1 e r ' s 
activation current. The Protection level of the system may 
De invoked at this point if the return Changes staCkS. 

5) CheCK if the current trace table indicates the current 
pro~edJre ;s being reenter traced. If so, ;enerate a 
PRUCEOUHE_RtENTER_TRACE returnable signal. Continue when 
the si ~mal1 er returns. 

b) Continue interpreting S-Ops. 

8.3 \jordocsl Goto 

Nonlocal goto causes control to pass a specifieo S-Op with,n a 
specified act;vation (other than the c~rre't o,e). 

8.3.1 Restrictions on Nonlocal Goto 

A Nonlo:al Goto S-Oo '!lust feature a" ,pcoje 
local (intra-activation) gotos. The nonlocal 
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8.3.1 Restrictions on Nonlocal Goto 

re::tui.res tll/O o;)era,ds: t"le desti,eti:)I''1 a:tivatip"'l' (i.e., ti1e FP of. 
the destin~lt;o" act';veti::)I'l)' and a P:i offset. lt3.i- ~~i.ii..e.l;.. 1:;'1 
~~u~a~~aU~~~~~U~~UL~~~~Lu~tiU~~U~Ua 
~~~~~~"U~ti~~~~u~U~u~~U~"~~. 

ArchHectural return is a speclal case of nonlocal goto, where 
the destination activation and ~C offset are implied from the 
calling activation's mecrostate. 

Functionally, nonlocal goto traverses the dynamic call history 
of the process backwards i" time, issuing a return for each act4va­
tion encountered until the destination is reached. ~hen the 
destinatiol"l activati.:>n becomes curre"t, it' local ~oto to the soe:i­
fied PC offset is iesueo. 

1) Check the current activation for retur, tracing. If the 
current trace table indicates the current procedure is 
be;n;3 retJI"1 trace,., ;e"lerlate a retur,e::l,l e 
PRUCEDURE_RETURN_l~AC~ signal. COl"ltil"lue when the signaller 
returns. 

2) Locate tne caller's macrostate. 

3) velete tl\e CIJ,.re,t activaltio, re:ortJ. This il"lvoillfes i,ter· 
vention by KOS to determine if (e.g.) cleanup processing is 
re::tuired. 

4) Reload the caller's macrostate. This makes the cal Jer's 
activation current. The Prote:ti01 level of the syste~ ~ay 
be invoked at this point if the return changes stacks. 

;) If the curre~t activation is 
proceed with the next steP. 
step through this step. 

the destil"latlon 
utherwise, repeat 

3ctivation, 
the first 

At this point, the destination activation ;s again 
currentl. 

b) Reload the current PC offset with the PC offset specified 
;n t"e n~nlocali goto S-O~'. Thl,S P: oiffest is assu~ej, tJi 
locate a valid S-Up within the current procedure. 

7) Check if the current trace table indicates the current 
procedUre ;s being reenter traced. If so, generate a 
PRJCE~JR!_~£~NT~~_THACE returnable si9,el~ Contri,ue w~e"l' 
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8.3.2 0-7 

the signaller returns. 

9) Co~tinJe i~terpret;ng S-Jbs. 

l~~u~U~Lu~~~~LO~~a~g~~L~~_~~~U~t 
~UuU~~U~U~~~~~~~U~~~LUL~~"U~_~~L~t 
llLUUU_~~~u~U~Lu~~~~L~~~~~~~~~~"U~· 
U Wl_ liJl Q..i L .Ill a.s;t..Q i.t..u. L b..aA_ Q.e &0 _ .i.:l"-~~.t.c :..t.l¥_ ,QJ Q..d itic d.. aJ:. e. 
loLIlQ.t ag ~ t.a b..l e... 

--tnd of Chapter-· 
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Chapter q 
S-l..ianguages 

lnformation in th;s chapter applies globally to all S-Ianguage 
spec; ficaUons. 

9.1 8ranches 

A relative branch instruction specifies as an operand a 
"relative ~~fset" 5yllaole. This syllable is a k-bit literal 
denoting a signed, offset relative to the current PC. The PC is 
jefi~ej to be ~ointt~g to the oe~tnnini of the instruction contain­
ing the relative branch. The value of "k" determines the granular­
i.ty ~If the offset. The k-ott relative :>rffset syl1aole Ls S;;:Jn­
extended to 32 bits then multiolied by the greatest common divisor 
of 8 and k (~C)(8,k)1 to obtai~ a oit-;ranJlar offset. This ~alue 
;s then added (2's complement addition) to the offset portion of 
the :urrent PC. I~ter~retatio" resJmes at this ne~ I·strea~ 
location. 

~bte that a relative branch ;s always intr~-~~ocedure Jbject, si~ce 
only the offset of the PC is modified. 

9.1.2 J~fset Branch 

An offset branch is an intra-Procedure Object branch specified 
relative t~1 the beginning o.f the CJrrent ~r)~ed;.Jre Ooject. An 
offset name operand is evaluated to yield an unsigned integer 
Olffset of Jess t!Ht'. Olr e=lual to 32 oits in length. This value 
represents a bit granular offset. The branch is performed by the 
replacement of the offset portio~ of t~e P: w;th this value. As 
such, the value ;s an absolute branch within the current procedure 
~bject. l',ter~ ... etatl0" co,tin",es at the new l-stream 10cat·i~n. 
The result of not using an unsigned integer type for an offset 
oranch ;s Jn~ ... edictable. 
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t.xcepU,n C,nditions 

9.2 ~xception Conditions 

This section deals with spec~al a,d exception conoitions ~hich 
may be encounterea during s-language execution. 

Several exception conditions of an architectural natur~ may 
Stlris! as a resJlt, :>It s-lah;usge exeCJtio1 .. They typical1¥ involve 
protection or addressing violations as a result of attempted 
improper use of aata, instructions or envir01ment. A list and 
description of these exceptions can be found 1n Chapter xxx. 

9.2.2 ~a~eSPStte :rrors 

Any instruction with at least one operand which is a name may 
generate 01e or ~ore name SPace errors. t.rr,rs ,~cur ~nen the name 
table or associated information ;s invalid or unreadable. Names· 
~ace errors are e~u~erated in the "Name$~a:e" porti'~ of tn, 
architecture document. 

An instruction is divided into discrete units of operation. 
~it the com:),letion of a unit 0;1 o:>erat:ion, any external ;nterru:>ts 
will be honored if present. At the completion of interrupt 
handling, the instruction ~;ll be continuej at the point of inter­
ruption with the next unit of operation. rhe unit of operation for 
ahy specific s-instruction may vary fro~ ~ojel to mopel as a 
function of convenient implementation. 

9.4 Jverla:>p;n; Jperands 

It is important to note the effect of me~ory to memory in­
structions whose source and destination fields overlap. In the 
interest of s;mpliClty and generality, the operation of any in­
struction in which the dest;natio~ field Overlaps any SOJrce field 
;s specified to be undefined and may vary trom model to model as a 
fu!'\ct;;m of· c:>nve1';9nt ; TlPle'lle,tsIt i01'. The operan;Js in tho~e 
instructions in which a source is also a destination, such as the 
"add a to a" i"lst'rJct;on, are rtotl :o1s;deret:l t" oe ovel"lap~;",g. 
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9.5 Definition Format 

5-1 anguage ::>peranas can synta:tiC!iIIIY be o,e of two f::>ir'l1s., 
The) can be names or indices into the Name Table or they can be 
i 1"'11 ,; "Ie 1 i t era 1 s • r , e s e ; n 1 i ., e III t era 1 s a'r e use j a s reI 3it ; ,v e 
offsets to the current value of the program counter in conoitional 
and unconditio,al oranehes. As su:h, liter~ls are signed integer 
values of k oits in length where k is establisheo oy the size of 
the associated name taole and ~ay be either eight, twelve or 
sixteen bits. 

The definition the functions "resolvej" and "evaluated" refer 
to the transformation of an operand name to the aodress it 
specifies, a"lo of an opera,o name t::>i the I/alue lo,cateo at the 
address it specifles, respectively. 

9.& Invalid S-)~s 

Opcodes 0 and 255 are invalid s·ops in 
Jpcode 127 ;s reserved for diagnostic ~urposes in 
and is treated as an invalid s-op. 

--End of Chapter--
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C h a ::>t e" 1 0 
SPL S"Language 

10.1 Data ry~es and Their ~epresentation 

The SPL s-language defines six data types to support all of 
sp.rs source data tyoes and data structures. rhe following is a, 
enumeration of each of the defined data types and its 
representation. 

10.1.1 Integers 

There are sig"ed and unsigned ;'itegers. The two forms are 
distinguished by the encoding of the FElCH_MOOt fielo in the 
associated Name Table ~ntry. Internally all i,tegers are identi­
cally represented as fixea length signed quantities with al I 
transformat~~~s ,~ length and/or signedness ,ccurring in the fetch 
and store steps of an instruction. 

10.1.1.1 U'ls;;;nej, Integers 

Unsigned integers are used to represent SPL enumerations 
( i r'\ C 1 u::I1 n gAS C 11 a '0 d J 0 1.. tAN) an j i n tel' vall s, III her e the 1, ~ e r ;) 0 iJ n ::I 
is non-negative. Addltionally, unsignea integers will be used to 
represent the current length of strings. 

The length of an unsigned integer may De from one to thirty· 
two 0 its and t h u S 'TI a y I' e ~,.. e sen tan y va ,1 J e 1 nth era n 9 e 0 t :> 
(2**52)-1. Unsigned integers are addressed at their left-~ost end 
(lo~ ajdress, ~S3). Whe1' fetChed, u1sig1ed i1teger ~eiues are 
internally right aaJusted and zero filled. When stored, unsigned 
~alues are truncated on the left. If the trJncated part, 1f any, 
is not all zeroes, then an integer range excePtion is signalled. 
If t,e len;t, 'If a u1s;,g,ed inte;er ;,5 ",It bet.;ee" 1 anj· 32, any 
use of the value will yield unpredictable results. 

Signed integers are used to represent all SPL intervals where 
the lo~er oound is negative. They are also used to represent 
literal values in the instruction stream. 
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10.1.1.2 Signed Integers 10-2 

Signed integers may be from one to thirty-two bits in length 
including sign bit and can thus represent any numoer in the range 
-(2**.31) t:>1 t{2**~1)-1. Signed ;I"tegers are a:ldressed at their 
left-most end (low address, MSB1. When fetcheo, they are inter­
,aHy r;3ht !djusteo and sign fi,llej'. w,e't store:], they a'r! 
truncated on the left. If all truncated bits, if any, are not 
i~entical to t,e hig~ :>rder oit:>~ the resJlt~ then an inteaer 
range exception is signalled. If the length of a signeo integer is 
not oetween 1 an:] 32, any use of the value will yield un~redictaole 
results. 

10.1.2 Sit Stril"3 

Sit strings are used to represent SPL set values. 8it strin9 
operations are sometimes used on boolean valJes and may :>e used on 
arrays and strings of boolean values. 

~;t strings are aderessee at the left-most end (low address). 
t'lhen fetched, they are internally left adjusted ana zero fi lied 
/linen necessary. 0" st:>re, they are ri ~ht· t4"Jn:eted as necessary. 
Bit strings may have a minimum length of zero bits and a maximum 
le,gth of (2**32)-1 oits. 

10.1.3 Pointers 

Po!inters are used for indirect ad:;ress,;ng. As such,' they are 
used in the SPL s-language by the pOinter instructions ana by the 
R~SERVE instru:tto~ ~hich returns an address i~ the current frame. 

The definition of pointer formats and their architectural 
usage can oe fou~d in Chapter 3. 

10.1.4 Typed Operators 

All S~L s-Ianguage operators are ty~ej. As a oart of its 
semantics, each s-Ianguage operator specifies an algorithm to be 
~ertormed and the expected data t~~e of ea:h a,d every input and 
output operand. Ho~ever, no explicit type Checking is performed on 
either i~p~t or OJt~ut o~erands. If· o)era,ds are incorrectly 
specified by either the compiler or programmer, the algorithm will 
be executed treat~n9 the i~put and output data as being of the 
expected data types and unpredictable results wil I be generated 
with possioly no e~cePtions arising. rhus, unless explicitly 
specified otherwise, the results of every SPL s-language operator 
are Jnpredicteble and may vary from model to nodel it the in)ut l 

Data bener!;! Corooration 
Com~any Confidential 

9:~'US3 
":J/\Jov/79 
Rev. 1 



Ttped O:>erators 10-.3 

and/or output operands are not of the exoected type. 

A number of various exception conditions resulting from 
exec~tipn of SPL s-i,str~ctions in:l~aln; the i~prooer soeciti:a­
tion or use of data or instructions cause the generation of a 
program exce:>tion. rhe fol1owin~ is a list and descr1ption ot the 
program exceptions specified for the SPL a-language. In each case 
the exception is signal lea. 

o - Integer Range txception 

This exception occurs whenever t~e result of an inte;er 
arithmetic operation is outsiae the range of representable 
values fJr t~e soecified desti,ati,n o:>erand size_ 

1 - Integer Divide by Lero txcept;on 

The value :;);f the oiv;sor ;"l &1 .W)TIE\JT I'HEGek or ~ti"iAHOE.~ 
INTEGeR instruction is integer zero. 

tiPL a-language instructions are defined in detail in the 
following sections. The operations are classified as Control 
Instructions, Integer Arithmetic and Bit String Instructions, 
>I1 iiscel1aneous Instructions, and Architectural Instruct;o"ls. 

10.3.1 Control Instructions 

10.3.1.1 B~A~C1 IF r~TEG~R ZERO 

(Jpcode: 

18Z nl,lit 

n1: source of type integer 
lit: inJine literal 
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10.3.1.1 

Description: Evaluated n1 ;s compareo to zero. 1f it is 
equal· to zero, then the current value of PC 
is updateo by uSing the in11ne literal. 
Jtnerwise, elCe:uti;,,, c::>/"lt,i1"lues ,,·111"11. 

10.3.1.2 tiRANCH IF INT~G£R NOT ZERO 

Opeo:;e: 

Syntax: 

bS 

IbNi. 1"11, lit 

n1: source of ty~e i,teger 
lit: inl;ne literal 

Descri~tion: Evaluated,,1 is :o~P9red to zero. If it is 
not equal to zero, then the current value of 
pc ;s updated by usi'9 the inl;ne literal. 
Otherwise, execution continues inl;ne. 

10.3.1.3 I:HA~C1 IF l'lT::(,;,R LESS TH~N ZE:RJi 

Upcode: 

Ibl.l 1"11, !t.t 

1"11: source of type integer 
lit: inline Hteral 

Uescr;ption: Evaluated 1"11 is compared to zero. If it is 
less than zero, then the current va~ue of PC 
1S updated by usirtg the inline lHeral. 
Otherwise, executi,,, c::>nt~,ues in1i"e. 

10.3.1.~ eRANCH IF INTEGER LESS THAN OR £QUA~ TO ZER0 

Opcode: 

Syntax: 

b9 

18LEZ ,,2, H t 

,,1: source of ty~e "teger 
lit: inline literal 
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10.3.1.4 ~RANCH IF INTEGER LESS rH~N OR EQUAL TO ZtRU 10-5 

Descri~tion: Evaluated,1 is :onp3red to zero. If it is 
less than or equal to zero, then the current 
value of PC is uodated by uSing the inl;ne 
literal. Otherwise, execution continues 
inllne. 

10.3.1.~ B~ANCH IF INTEGEH GREATER THAN ZERO 

Up:ode: 

Syntax: 

b8 

18GZ n1, lit 

n1: source of type i,teger 
lit: inline literal 

Descri~tion: ~valuated'1;s tonDered to zero. If it ;s 
greater than zero, then the current value of 
pc 1S ~pdated oy us;,g the inline literal. 
Otherwise, execution continues in1ine. 

Opcode: 

SYntax: 

07 

IdGEZ n1, l~t 

n1: Source of type integer 
lit: inline literal 

~escrlption: Evaluatea n1 ;s compared to zero. If it is 
greater than or eq~ali to zero, then the 
current value of pC is UPdated by using the 
inline litera~. Uth!r~ise, execution contin­
ues inline. 

10.3.1.7 bRANC1 IF I~TEGER EQUAL 

Opcode: 

Syntax: 

72 

n1~ source of type integer 
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10.3.1.7 BRANCH If INTEGER ~WUAL 

n2: source of ty~e i,teger 
lit: ;nline literal 

10-b 

Jescri~tion: tvaluated,1 is co~p9red to evaluated n2. If, 
they are equal, then the current value of PC 
is updated by usi,g the ;nline literal. 
Ot he rlllil se, execut i on con t i nues in Ii ne. 

10.3.1.8 B~A~C1 IF I~TEG~R NOT EJU~L 

Opcode: 

Syn·tax: 

73 

IBNE. nl, n2, lit 

n1: source of type integer 
,2: source of· ty:>e ;,t !ger 
lit: inline literal 

Descri~tion: Evaluated "1 is cO~P9red to evaluated n2. If, 
they are not equal, then the current value of 
oc is updated Oy usi,g the inline literal. 
Other~ise, execution continues inline. 

10.3.1.9 8RA~C1 IF I~T~G;R LESS TH~N 

Opcode: 

Syntax: 

74 

1 ~ L n 1 f n 2 , I·; t 

n1: source of type integer 
,2: source of, ty:>e ; '\:t!ger 
lit: inline literal 

Descriotion: Evaluated "1 is :o~P9red to evaluated n2. If· 
it is less than n2, then the current value of 
pc is updated by usi,g the inl;n! literal. 
Otherwise, execution continues inline. 

10.3.1.10 :3R~N:H IFf INTE~E:.R LESS T"fA'J JR E.1U~L 

Opcode: 77 
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10.3.1.10 BRANCH IF INTEGER LESS lHAN OR E~UAL 

I B L E. n 1, n 2 , l;.t 

n1: source of type integer 
n2: source of ty~e i,teger 
lit: inline literal 

10-7 

Descri~tion: rhe evaluated ,,1 is :onpsred to th! evaluatej 
n? If it is less than or equal to n2, tMen 
the current value o~ pc is updated Dy the 
value of the ;nline literal. Utherwise, 
execution continues inli,e. 

10.3.1.11 dkANCH IF elr STRING EQuAL TO Z~RO 

Opcoje: 

Syntax: 

80 

SBl n1, lit 

n1: source of tyoe bit string 
lit: inline literal 

Descriotion: Evaluated "11 is :onp3red to zero. If every 
bit is equal to zero, then the current value 
of pc is uooeted by Jsin; the inli,e 1 ;tara!. 
utherwise, execution continues ;nline. 

10.3.1.12 aR~N:H IF 31T Sf RING NJT t.JUAL 1), lE~O 

Opcode: 

SY"Itax: 

81 

SbNl n1, lit 

nl: source of type bit string 
lit: i"line literal 

Description: The evaluated nl 16 compared to lero. If any 
oit is not e=1ual to! zero, then t,e current 
value of pc ;s updated by uSing the ;nline 
l~teral. Other~ise, !xecutio, co~ti~Jes 
inline. 
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10.3.1.13 ~RANCH IF BIT SrRINGS E~UAL 10-0 

10.3.1.1j 9RANCH IF 3lf STRINGS EQ~AL; 

Opcode: 88 

SSE. 1"11, "2, lit 

1"11: source of type bit string 
1"12: source of type bit string 
lit: inHne literal 

Descri~t;on: Evaluated ~1 is conp3red to evaluate~ 1"12. 1t 
the lengths of t~e ooerands are equal a"O tne 
values of the resultant stri"gs are e~ual, 
the current value of pc is upoated oy us;np. 
the inlin! li.teral. Jtl'\erWPle, exeCJti,01 1 

contil"lues inline. 

Opcode: 

Syntax: 

89 

SaNE. 1"11,1"12, lit 

1"11: source of type bit stril"lg 
1"12: source of tyoe bit string 
Ht: inHne literal 

Descriotion: Evaluated 1"11 is eonp9red to evaluate; 1"12. Lf' 
the lengths of the operands are equal ana the 
values of the resu1~ant strings are e~ual, 
execution continues 1nl;ne. OtherWlse, the 
current value of P: is uodated by using the 
inline 1Heral. 

10.3.1.15 BR4NCH IF 31T STRI~G LESS TH_N 

Opcode: 

SYntax: 

90 

SbL 1"11,1"12, lit 

1"11: source of type bit string 
1"12: source of type bit string 
lit: in1;ne literal 

Oata General Corporation 
Company :bnfidential 

;:54:5,$ 
t:J/Nov/79 
~ell. 1 



10.3.1.15 BRA~CH IF BIT STRING L~SS THA~ 10-9 

)escri~tion: Evaluated n1 is :o~pared to evaluatej n2. If· 
the lengths of the operands differ, the 
shorter operand is padded with zero~s on the 
right to the length of the longer. If the 
resulrtant ,,1 is less t.,a,. the resJltant ,2, 
the current value of pc is updateo by usin~ 
the inline li.ter'3!l .. Jtherwise, execJt;o" 
continues inl;ne. 

Notes: The lengtl'ls of n1 en:; 1"12 need not oe equa'l. 

10.3.1.1b BRANCH IF BIT STRING LESS THAN OR tGUAL 

up:ode: 

Syntax: 

93 

SBLE n1, n2, lit 

n1: source of tyoe bit string 
n2: source of type bit string 
lit: intine literal, 

Description: tvaluated n1 is compared to evaluated n2. If 
the lengthS of t~e o~erands differ, the 
shorter operand is padoed with zeroes on the 

Notes: 

right to the length of the longer.. If the 
resultant nl is less than or equal to the 
resultant ,2, the CJ.rre"t value of p:, ;s 
updated by using the inbne I Heral. 
Jtherwise, e)(ecutlon c:>ntii,ues inline .. 

The length of n1 need not be equal to the 
le,gth of ,2. 

10.3.1.17 BRANCH IF IN BOUNDS 

$yntax: 

112 

BINBND n1, ,.,2, n3, lit 

n1: source of tyoe i,teger 
1"12: source of type integer 
,3: source of, tY::le i,t eg!r 
lit: ;nline literal 
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10.3.1.17 bRANCH IF IN BOUNUS 10-10 

Descri~tio~: Evaluated ~2 is :onPlred to evaluated n1 and 
to evaluated n3. If it;s greater than or 
e qua 1 ton 1, a I" dIe sst h a "'lor e ~ u ail to" 3 , 
then the current value of PC is updateo oy 
using the inl!'!"!e Ji.ters!1. Other",;se, execu­
tion conti"ues i"l;ne. 

10.3.1.18 3R~N:H IF ~OT IN bOUNDS 

Opcode: 113 

~i\lINBND n1, ,,2, "'13, lit 

,,1; source of type integer 
"'12: source of· ty;)e ; ,:t:eger 
n3: source of type integer 
lit: in!ine literal 

Description: Eveluated n2 ;s compared to evaluatea I'll and 
to evaluated n3. If it is less tnan 1"1 or 
greater than n3, the!"! the current value of pc 
is UPdated, by usi,g the inline literal. 
Utherwise, execution continues inline. 

10.3.1.19 ~R~N:H IFI SU3SEf 

Opcode: 114 

asue nl, n2, 1 i,t 

nl: source of tYPe bit string 
n2: sOurce of type bit string 
lit: lnline literal 

Descri~tion: This instruction tests w~ether or "'lot the set 
named by n1 ;s a subset of the set named by 
n~. Eval~ated n2 ;s logically c~molemented 
and then logically and'ed with evaluated nl. 
If tne result ;s zer:), the" n1 is a; subset of· 
n2 and the current value of pc ;s updated by 
using the ;n]Ji "'Ie I U era!., lltherw; se, exe:u· 
tion continues ;n1 ine. 
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10.3.1.19 

Notes: 

13RANCH IF SUdSET 10-11 

The len 9 tho f n 1 nee j "0 t bee qua ,) tot n e 
length of n2. 

10.3.1.20 BRAN:H IF ~UT SUBSET 

Opcode: 115 

BNSU8 I"'tl, "12, lit 

'11: source of type bit string 
n2: source of type bit string 
lit: inline literal 

Descri~tio"\: This instruction tests whether or "lot the set 
named by nl is a SUbset at the set named by 
1"'12. E.valuated 1"'12 i.s lo~icall)" complemented 
and then logically a'1d'ed with evaluateo ,,1. 
If the resJlt i,s n:'l","zer::>J, t"en,1 is n'it 31 

subset of n2 and the current value of pc is 
updated br Jsing the ;nline literal. 
Otherwise, execution contil"'tues inline. 

!\Jotes: rhe length of.,J need ,ot be e~ual to the 
length of 1'12. 

10.3.1.21 3RI\I\I:H IFI 'OINTt.R EQUA.I 

Opeode: 

Sy.,tax: 

11& 

Pdf. nl, n2, lit 

n1: source operand of type pointer 
1"'12: source ooerand of ty,e pointer 
lit: inline Hteral 

DescriQtion: This instruction tests ~hether or not the 
logical address represented by the pointer 
naned by 1"'11 is the sa~e as that of the 
po;nter named by 1"'12. If the logical sodres-
ses are the sane, the current value of PC ;s 
updated by using the inline literal. 
Dtherwise, executi:>" e:>nc,i,ues "line. 
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10.3.1.21 

(\;otes: 

Opcode: 

Syntax: 

8R~N:ti IFI ;)OINTE~ ::QI.lAL 10-12 

If the "Pointer Fault" bit is asserted, a 
" Poi n t e r F au 1 t ", i $ S i q "aliI e d • Allot her t r a ::>' 
bits ere ignored. 

11 7 

Pti;\lE:. nl, n2, lit 

n1: source operand of type pointer 
1"12: source ooeranc of ty~e pointer 
1;t: in1ine literal 

Descriotion: This instrJction tests ~hether or not the 
logical address represented by the pointer 
name~ by n1 is t~e sane as that of the 
pointer named by n2. If the logical aOdres· 
ses are :"loti the sa'ne, the current value ::>If pc 
;s updated by using the ;nl;ne literal. 
Otherwise, executi:>" c:>"t~"\ues ;"I,11ne. 

Notes: If the "Pointer Fa~lt" bit is asserteo, a 
"Pointer Fault", i,s signal:led. All other trao' 
bits are ignored. 

10.3.1.23 FIND FIRST O~E ELSE oR~N:H 

Upcode: 

SYr"ltax: 

118 

FFO 1"11, 1"12, lit 

n1: source of type bit string 
n2: source/dest~nation of tyoe integer 
lit: in1ine literal 

Descri::>tion: ThiS instruction is Jsed to pertorn a forward 
scan through all or a portion of the bit 
str;"9 named by 1"11 searchi1g for the f1rstl 
occurrence of a oit set to one. Evaluated n2 
is used as an initi91 index into: the oit 
string named by n1 and indicates the starting 
b;t oos;t;,n f,r the searc~. lero indi:etes 
the first bit, (length(~l)-l) indicates the 
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10.3.1.23 

Exceptions: 

Opcode: 

FIND FIRST UN~ ELSE ~RANC~ 10-13 

last bH. 

The bit string is scanneo;n a forward 
(ascending address) ::Jirectior, until a bH· setl 
to one is encountered or the end of t~e bit 
string is reac~ej. If a bit set to on! is 
encountered, then the search is successful 
an::i the instruc,tio"\· 1S c'FIloleted by updating 
evaluated n2 to point to the one olt founa. 
~ )( e cut i 0" c ,n U n u ! S 1'1 i ttl the n ext i ., ,I i n e 
instruction. 

If the !nj ~t tne bit strin~ is reachej 
ana no bit set to one has been found, then 
the search is ~nsuccessfJI and the instrJC­
tion ;s completed bY updating the current 
value o:f PC by using t,e ;"line literal. 

o - integer range excePtion 

119 

FNO n1, n2, lit 

n1: source of type bit string 
n2: source/dest4nation of ty~e lnteger 
lit: ;nline literal 

Oescri~tio": This instrJction ;s Jsed t~ perforn a forwarj 
scan through a portion of the bit string 
named by n1 searchin; for, tne nel(t occurre,c! 
of a bit set to one. Evaluated n2 is used as 
an initial index i,to the oit stri'9 named by 
n1 and the search;s initiated at the bit 
position fo~10~in9 tne o,e ir,dexed by evalJa­
tea n2. Zero indicates the first bit, 
(length(nl)-l) i'di~at!s t~e last )~t. 

The bit string is scanned in a forward 
(ascendir,g address) directio~ unt; I a bit! setl 
to one is encountered or the enO of the bit 
stri~g is re,c~ej. If a bit set to one is 
encountered, then the search is successful 
and the instructio, is c,mpleted by updatin; 
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10.3.1.24 

Ex cept i ,ons: 

FI \10 N:;X T :IN:, ~I\I)i dRANCH 10-14 

evaluated n2 to point 
and then performing 9 
current value of pc 
literal. 

to the one bit found 
orancn by Jpdating the 

oy uSing the inline 

If the end of the bit string;s reacheo 
and no bit set to One' has been found, the, 
the search is unsuccessful and the instruc· 
t;on is co~plete. E.ecution then continues 
with the next inline instruction. 

o - integer range ex:eotion 

10.3.1.25 FIND PREVIOUS ONE AND BRANCH 

Opcode: 

Syntax: 

120 

FPO n 1, n2, 1; t 

nl: source of tyoe bit strin~ 
n2: source/destination of type integer 
1 Ii t: i n 1 in! 1 I; t era 11 

Description: This instruction is used to perform a back­
Hard sea' throJgh a oortio" of the bit string 
named by nl searching for the previous 
occurrence of a oit set to one. E~aluated n2 
1S used as an initial index into the oit 
string named by ,~ a,d the searc, is i,~· 
tiateo at the bit position preceding the one 
oo;nted to by evalJatej ,2. lero indicates 
the first bit, (lengthenl)-!) indicates the 
I as t b i.t • 

The bit string is scanneo in a backward 
(descending address) direction Jntil a bitt 
set to one is encountered or the start of the 
bit string is reaChed. If a bit set to one 
;s encountered, then the search is successful 
and the instru:t;o"l' is completed by updatin; 
evaluated n2 to point to the one b;t found 
and then performin; 9 orahch by up;ating the 
current value of pc by USing the inline 
1,iteral. 
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10.3.1.25 

E.xce~t;o,s: 

If the start of the bit string is 
reached and no bH set to: one has :)een found, 
then the search is unsuccessful and the 
instruction is com~lete. ~xecut;on then 
continues with the next inline instruction. 

o • integer ra~ge ex:e~tion 

10.3.1.20 flNu LAST ONE elSE ~RANCH 

Opcode: 

Syntax: 

121 

FLO n1, n2, lit 

nl: source of tyoe bit string 
n2: source/destination of type integer 
1:;U ;nHne l~terall 

Description: This instruction is used to perform a baCk­
Nard sca"'l throJgh 911 :>r a portion of the 01 tl 
str;ng nameo oy nl searching for the first 
occurrence of S; 0; t set to one. E.llaluated n~ 
;s used as an initial index into the bit 
string named by ,1 a,d i,dicates t,e startin; 
bit position for the search. lero indicates 
the first bit, (le,gth(nl)-1) ;,dicates the 
last bH. 

The bit str;n:1 is s:anned ir'l al backwari 
(oescending eddress) direction unt,l a bit 
set to one is encountered or trle start of- the 
oit string is reached. If a bit set to one 
;s encountered, then the search ;s successful 
and the instruction is completed by upoating 
evaluated ,2 tJI ooint. to tne o"'le oH f:)~'d. 
execution continues with the next ;nl,ne 
i/,,\stf"uct ;0". 

If the start of the bit string is 
reached an~ ~o bit set to one has :)een tou~d, 
then the search is u"successful a"o the 
;nstruct;o" ;s com~leted OY JPJating the 
current value of pc by USing the inline 
Hteral. 
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10.3.1.2b 

E.xceptions: o - integer range exception 

10.3.1.27 LO~P D~W~ TO Z:RO 

(Jpcode: 

Syntax: 

124 

LPOl\Il ,,1, l!;t 

,,1: source/oesti"at;o" of type i"teger 
lit: inHne literal 

Description: Evaluated 1"11 ;s compareo to zero. If ;t ;s 
greater tne" zero, tnen it is decremented by 
o"e and the current value of pc ;s upoated by 
-.15'''9 the irl!i,e 1i~!'ral., Otherwise, exe:u· 
tion cont;"ues inli"e. 

10.3.1.28 LOJP U~ 

OpcOde: 

Sy.,tax: 

122 

LPUP nl, 1"12, I H 

1"11: Source of type integer 
,,2: source/destinati~n of ty~e integer 
lit: inline literal 

Oescr;~t;on: Evaluated nl is :o~pared to evaluatej n2. 1t 
it ;s less tha" evaluated 1"12, the" it is 
incremented by one a,d a branch is take" by 
updating tne curre"t value of pc by using the 
;nl,.,e literal. Other~;ge, executio" co,ti,,­
uel inline. 

Exceotions: o· i"teger range ex:eotion 

10.3.1.29 LOOP DOWN 

Opcode: 123 

L P 0 r~ n 1, ,,2, lit 
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10.3.1.29 LOOP DUWN 

n1: source of ty~e i,teger 
n2: source/destination of type integer 
lit: inline literal· 

10-17 

Description: ~valuated n1 is compareo to evaluateo n2. If 
it is greater than evaluated n2, t~en it is 
Oecremented Oy one and a branch is taken by 
JPdating the CJrrent valJe of oc bt Js;n; the 
inl;ne literal. Otherwise, execution contin­
ues ;nline. 

txceptlons: 0 - integer range exception 

10.3.1.30 3RI\N:H IF' \jUl..L POINTER 

Opcode: 

Sy"tax: :sNP1R nl, lit 

n1: source of type pointer lit: 
1 Heral 

inline 

DescriPtion: ~valuated n1 is examined to determine if it 
;s a null oo'nter. If itt i.s, then a r!lati~e 
branch is taken by updating the offset 
portion of current P: by using the ;"line 
literal. Otherwise, execution continues 
inline. 

10.3.1.31 ~RANCH IF NOT NULL POINT~N 

Opcode: 99 

Syntax: BNNPlk nl, lit 

nl: source of tyoe p~inter 

lit: inline Hteral 

Vescriot;on: Evaluated n1 is examined to determine if it 
;s a null pointer. If it is not, then a 
relative bre,Ch is taken by JP~at;ng the 
offset portion of current pc by using the 
i"line literal. Oth!~~ise, execution contin-
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1 0 .3. 1 .31 8RAN:t-t IFI \Jor: ~U_L PJI'~lE.R 

ues inline. 

10.3.1.32 SE~f REL4TIVE. 3RANCH 

upeode: 97 

3RE.L lit 

lit: ;nHne literal 

iJescr;:>tion: The offset portion of, oc ;s update:) oy usin; 
the inline literal. 

10.3.1.33 PRJC~OJR~ JBJE:r RELATIV~ 3R4N:H 

Opcode: 96 

SY"Itax: dR n1 

n1: source of type integer 

Oeseriotion: The current oc offset is replaced oy eva){nll 
t PbP.offset. 

10.3.2.1 CLEAR INTEGER 

OpCO::le: 16 

:;>yntax: lCL.R n1 

n1: destinat10n of type 1nte3er 

DescriPtion: Each bit of evaluated "1 is set to zero. 
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10.3.2.2 CLE.AR BIT STt<ING 10-19 

10.5.2.2 CLE~R aIr STRIN~ 

Opcode: 18 

SYl"ltax: £:ICLR nl 

n1: aestination of type bit string 

Descri~tion: Each bit of evaluate:! ~1 is set to zero. 

10.3.2.3 S~T INTEGER 

17 

Syntax: 15fT n1 

nl: destinat;o"l of type integer 

Description: Lach bit of evaluated n1 is set to one. 

10.3.2.4 SEl BIl 5TRIN~ 

Opcode: 19 

Syntax: S~ r nl 

n1: aestination of type bit string 

Descri:>tio,,: Each bit ot, evallJate:l, n1 is set to one. 

10.3.2.5 SLT TO ONE 

Op::ooe: 20 

Syntax: SElONE nl 

nl: destinatio" of type integer 

Description: Evaluated n1 is assigned the integer value 1. 
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10.3.2.5 SE.T TO Of'jE 

Exceotio,s: o - integer range ex:eotion 

10.3.2.b COMPL~MENT WITH ONE OPERAND 

Opcode: 21 

Syntax: (;IYIPLl n1 

nl: source/desti,at;~n of type bit str;n~ 

Description: E.valuated n1 ;s logically complemented. 

Opcode: 22 

SYl"\tax: CMPL n1, n2 

n1: source ot type bit string 
"12: destinaitiP"I1 'J~f tfPe :>tit str'''Ig 

Description: Evaluated n1;s 10g;cal1y co~plementeo and 
the result store~ at r9s'J~vej ,2. 

10.3.2.8 AND wITH l~O UPERANDS 

(Jpcoje: 23 

Syntax; AND2 nl, n2 

n1: source of tyoe bit string 
n2: source/destination of type bit string 

Oescriotion: Evaluated ~1 is 10~i:al1y ANDed with evalua­
ted n2 and the result ;s stored at resolved ,2. 

10.3.2.9 AND 
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10.3.2.9 

Syntax: 

ANU 

ANI.) n 1, n2, n3 

n1: source of tyoe bit strin~ 
n2: source of type oit string 
n3: aestin9tio~ of type string 

10-21 

Description: Evaluated nl is logically ANDed with evalua­
tea n2 and the result is stored at resolvej 
n3. 

10.3.2.10 OR ~lrrl TWO OPERANDS 

0pcode: 

SYl"ltax: QR2 nl, n2 

nl: source of type bit string 
n2: source/destination of tyoe bit string 

uescription: tvaluated nl ;s logically ORea with evaluated 
n2 and tne result is storej at reso~ved n2. 

10.3.2.11 OR 

Opcode: 

Syntax: OR nl, n2, n3 

nl: source of tyoe bit string 
n2: source of type bit string 
n3: destinatiol"l of type oit string 

Description: tvaluated nl ;s logically ORed with evaluated 
n2 and the result i. stored at resolved n3. 

10.3.2.12 AND COMPLEMENT wllH T~O OPtRANUS 

(Jpco:::le: 27 
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10.3.2.!r2 IN) CO~PLt~E~T Wlri rWJ JPERANJS 10-22 

Syntax: AIvDi~OT 2 n 1, 1"12 

1"11: source of type bit st~ing 
1"12: source/destination of type ~it string 

Descriotion: ~valuateo n2 is lo;ical~y A~Ded ~ith the 
logical complement of evaluated n1. The 
result is stJr!O at' resollVed n2. 

10.3.2.13 AND C0MPLEMENT 

Opco::le: 

SyntalC.: 

28 

ANDNOT n1, n2, 1"13 

n1: source of tyoe bit st~ing 
n2: source of type bit string 
1"13: destination of type ott stri~g 

Description: Evaluated n2 ;s 103ically ANDed with tne 
logical complement of evaluated 1"11. The 

10.3.2.14 EX:LJSIV~ JR 

Opcode: 

Syntax: 

result is stored at resolved n3. 

29 

XOR n1, 1"12, ,3 

n1: source of type bit string 
1"12: source of to/pe bit st~ing 
n3: destination of type bit string 

Descriotion: Evaluated ~l is lo~ically exclusive JR'ed 
with evaluated n~. The result is stored at 
resolved 1"13. 

10.3.2.15 NtGATE INT~GER ~lTH ONE OPERAND 

Opcoje: .50 
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10.3.2.15 

Syntax: INt."1 "1 

n1: source/aestinati~n of type integer 

Description: Ev~luated n1 is subtracted from zero ana the 
result ;s st~red at resolwed nl. 

Exceptions: o • integer range exception 

Opcode: 31 

LNEG I'll, n2 

I'll: source of type integer 
"12: destin3itio"l. :llf t.,pe i"te;er 

Description: Evaluated n1 ;s subtracted from zero and the 
result ;s st:)lf'ed atl I"tuolwed n2. 

E.xceptions: 

10.3.2.17 4~SO_UrE V~LJE l~TEGER 

Opcode: 32 

SY:"ltax: lA~S I'll, n2 

I'll: source of type integer 
"12: :::IestinaltiP"l' "f t.,pe i"teger 

DescriPtion: The absolute value of evaluated nl is stored 
at resolvej· "\c. 

E.xceptions: o - integer range exception 

Ope ode : 33 
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10.3.2.18 INCREMENT INT~GER ftlTH ONE OPEkANU 1()-24 

II'lJCl iii 

n1: source/destination of type integer 

Descrtotion: Evaluated ~1 is incremented oy one ana the 
result is stored at resolved n1. 

o • inte3er range ex:e~t;on 

10.3.2.19 INCREMENT IN1EGER 

Opcode: 34 

Syntax: lINe nl, n2 

n1: source of ty~e i,teger 
n2: destination of type integer 

Oescri~tion: Evaluated nl is incremented by one alid the 
result is stored at resolved n2. 

Exceotions: o • integer range ex:eotion 

10.3.2.20 DECREMENT INTEG~R WITH ONE OPERA~D 

Opcode: 35 

Syntax: IDEC1 n1 

n 1: S 0 \J r C e Ide s t ; ~ a ti ::> n of, type i lit e 9 e r 

DescriPtion: Evaluated n1 is decremented by one ana the 
result is st::>red at resolwed nl. 

E.xceptions: 

Qpcode: 

o • integer range exception 

36 

IDE.e n1, n2 
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10.3.2.21 10-25 

n1: source of type integer 
"'l2: des t ; n a it i 0 , I :> if t y p ! i 1'\ t e g e r 

Description: ~valueted n1 is decremented by one and the 
result is st~red at resolwed "'12. 

t:.)(ceptions: o - integer range exception 

Opcode: 37 

SYl"ltsx: IADD2 nl, ,2 

nl: source of type integer 
n2: sOJrce/dest~"'lation of tyoe integer 

DescriPtion: tveluated nl is Boded to evalyatea n2 and the 
result is st~!red at l resolved 1'12. 

Exceptions: 0 - integer range exceotion 

1U.3.2.23 ADJ INrES~R 

Opcode: 

SYl'ltax: 

38 

IADD nl, "'12, n3 

"'Ii: source of type integer 
,2: source of, tyoe i,teger 
"'13: destination of type integer 

Descriotion: Evaluatej "'II is aojed to evaluated n2 and the 
result is stored at resolved "'13. 

ExceQti01s: O· integer range ex:eQtion 

10.3.2.24 SUBTRACT INTEGER WITh TWO OPERANDS 

Opcode: S9 
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10.3.2.24 SU3T~ACT I~f~G~R ~IT~ T~J JPERANDS 10-2b 

Syntax: ISUB2 n1, n2 

n1: source of ty~e i,teger 
n2: source/oestination of type integer 

Descri~tio~: Evaluated,1 is suot~acted from evaluated n~ 
and the result is stored at resolved n2. 

Exce:ltio"'ls: 

10.3.2.25 SUBTRACT INTtG~k 

Opcode: 

Syntax: 

40 

rSUb n1, n2, n3 

"'11: source of ty~e i,teger 
n2: source of type i"'lteger 
,3: ::IestinaitiP" :).f t.,pe i/"lte3er 

Description: Evaluated n1 ;s suotracted from evaluated n2 
and the result is st~red at resolved "3. 

Exceptions: o - integer range exception 

10.3.2.2b ~U~JrpL~ I~T~G~R wITH rwJ JP~R~N)S 

Opcode: 41 

Sy"tax: IMUI..2 n1, ,2 

n1: source of type integer 
"2: source/destination of tY:le integer 

Description: Evaluated n1 is multiplied by evaluated n2 
and the result is storeO at resolved n2. 

Exceptions: o - integer range exception 
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Opcode: 

Syntax: 

42 

IfilUL n1, n2, n.$ 

n1: source of type integer 
,2: source of, ty:>e i1.teg!r-
n3: destination of type integer 

10-27 

~escri~tion: Evaluated n1 is ~ulti~lied oy eva~uatej n2 
and the result ;s stor-ed at resolved n3. 

t::xceotions: o • integer rang! ex:eotion 

10.3.2.28 DIVIDE INTEGER 

Opeo:;e: 

Syntax: ID1V n1, n2, n3 

n1: source of tyoe i,teger 
n2: source of type integer 
,3: jestinatio.,,:>rf tlfP! integer 

Semantics: n3:= TRUNC (n2/nl) 

Oescrlotion: Evaluated "'12 is oivijed ~y evaluateo n1 and 
the quotient result ;s stored at resolved n3. 
The operation is performed using an inte3er 
arithmetic algorithm such that the dividend 
,2 a,d the discerd!d rem3M,der have the same 
sign. 

Ex:e~t1ons: o· integer range ex:eotion 
1 - integer divide by zero exception 

10.3.2.29 ~t~AIN)E~ 1NTEGER 

Opcode: 

SYntax: IRE.M n1, n2, n3 

n1: source of type integer 
n2: source of, t),:)e i 1t!g!r 
n3: destination of type integer 
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10.3.2.29 H~~AINDER INTEGtk 10-20 

Description: Evaluated n2 ;s divided by evaluated n1 and 
the re~ainder result is stored at res~~vej 
n3. lhe operation ;s performed using an 
integer arithmetic algoritnm such that the 
reSult remainder n3 has the same sign as the 
dividend. 

Exceptions: 0 - integer range exception 
1 .. i ntegel'" ai vi je by zero except; on 

~otes: Jf the value of evaluatea nl is 1 or -1, then 
the result of, this o)eration will oe zerol. 

10.3.3 Miscellaneous Instructions 

10.3.3.1 MOV~ 31T ST~I~G 

Opcode: 49 

SI\I'iOV 1"11, n2 

nl: source of type bit string 
,2: destinSltiP" o,f type o,it stri"lg 

Description: Evaluated nl is moved to resolved 1"12. 

:\Jotes: 

10.3.3.2 I~r~G~R MOV~ 

Opcode; 

SYI"\tax: 

If the lengths are not e~ual the results are 
unpredictable. 

48 

Itllluv 1"11, n2 

1"11: source of tyoe integer 
,2: :ie s t ; n 9t i 0 "I' O\t t tP e in t e ge r 
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10.3.3.2 10-29 

DescriPtion: Evaluated n1 is stored at resolved n2. The 
lengths of nl and ,2 ne~j not De e~ual. 

Exceptions: o - integer range exception 

10.3.3.3 PJI~T~R MJVE 

Opcode: 50 

PMOV nl, n2 

n1: source of type pOinter 
,2: :; est ina tip" ;):f t 'I pe ;) a ; n t e r 

Description: Evaluated nl is stored at resolved n2. AI I 
pointer tra~ bits !)(:~ot the "Pointer Fault" 
are copied. If the "Pointer Fault" bit is 
ass e r ted a ";) 0 i n t e r F au 1 t" iss 1 ;3 n ~ '1 Jed. 

10.3.3.4 CRtATE POINTER 

Opco:::le: 51 

Syntax: PIR n1, n2 

n1: source of any tYoe 
n2: destination of type pointer 

Descriotion: Create a poi,ter fran resolved nl ana store 
it at resolved n2. If resolved nl has the 
sane UIO as resoJ~ej n2, store a, i,tra­
object pointer, otherwise store a full UID 
pointer. 

10.3.3.5 CREATE GENERAL POINTlR 

Opcode: 

Syntax: 

52 

GPfR n1, n2 

n1: source of any tyoe 
n2: destination of type pointer 

Data (~eneral Corporation 
:dmpany :bnfidential 

9:54:5.$ 
5/Nov/79 
~ell. 1 



10.3.3.~ 

Descriot,olj: 

CREAT~ GENERAL POINTER 

Create a po~nter fron resolved n1 
it at resolveo n2. Always store a 
::I01nter. 

10-30 

and stor~ 

full Ull,) 

10.3.3.6 STORt NULL POINr~R 

53 

Syntax: NULLPTR n1 

"1-1: :;estinatio" olf t~pe :lo;nter 

Oescription: A null format pointer is storeo at resolveo 
"11 • 

10.3.3.7 RE.SE.RVE:. 

Upcode: 

Syntax: 

Descr; ot ion: 

Notes: 

10.3.5.8 R::L.EASE. 

Upcode: 

SYl'ltax: 

54 

RSRV n1, n2 

n1: source O::lersnQ of, tyoe integer 
n2: destination operand of type pointer 

This ;nstruction i1creTle,ts the ;"Itarnsl 3::1! 

(Stack Pointer) by the value of evaluated n1. 
The previoJs settin;1 of· SP is stored '1 ' 
resolved n2. 

This instructio"l mJst generate an extent 
check if the value of SP "passes through" 
zero durin; the increment or is set greater 
than the Object extent. 

RLSE. n1 

n1: source operand of type integer 
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10.3.3.8 RELE.ASE: 10-31 

Descri~tion: This instruction releases an area from the 
stack by replacing the offset of the internal 
Stack Pointer (5;)) by the value of evelJateJ' 
n1. The UID portion of evaluated n1 is 
ignored. 

Notes: Th1S instruction must generate an extent 
fa",} t if the val Je of SP H:;)asses through" F;:)j 
durine the decrement. 

10.3.4 ArChitectural Instructions 

10.3.4.1 CALL 

Opeo:]e: 

Syntax: 

DescriPtion: 

E)(ceptions: 

10.3.'1.2 RE.TJR~ 

2 

CALL nl, lit, £n3, n4, ••• l 

"l·1; source of, ty:>e P); "l,t er 
lit: in1;ne literal 
ln3, n4, ••• J = source J~ a1Y type 

lh;s instruction 
;s the tal";et of 
of parameters of 
::Iperands are the 

See Chapter 8. 

implements Call. Resolved n1 
the cal1~ lit is the nJmoer 

the call. The remi:tln1ng 
paral'f'eters of tl'le call. 

Opcode: 3 

Sy~ta)(: RfN 

Oescript;on: This instruction implements Return. 

Exceotions: See Chapter S. 
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10.3.4.3 NOP 10-32 

10.3.4.3 1\10P 

Op:ode: 1 

Syntax: NUP 

Oescri~tion: This instruction performs no operation. 

--tnd of Chapter·· 

Data General Corporation 
:onpany :bnfidenti!1 

9:54:53 
S;r~ov/79 
~ev. 1 



Chapter 11 
fortran S-Language 

11.1 Data fypes and Their Representation 

All addresses are bit granular (ajdress at the left~ost o~t), 
locating containerized data. All lengths are bit lengths. All 
:>peranj, le~gths u'e specified in tne len~t"lf ffiel~j of the :>peranj's 
NTt. In some cases, however, the opcode may ;~ply a length. Data 
re:>1'esentat,i:>n is :>iftP.1· im:>'lied in the o;)c)de. \10 type :hecki,g is 
performed; the type fiele of the NT~ ;s ignored. In case there ;s 
conflict between the type or len3tn the op:ode specifies and the 
type or length the NTE speeifies, the results are unpredictable. 

1.1.1.1 LOGICAL 

A LOGICAL datum is represented as an b, Ib, or 3t bit contain­
erized bit vector. All bits in the container are significant. rne 
representation tor TRUE ;s ell bits set ( one ). The representation 
for FA~6E is al~ bits reset ( zero!). If ahy bit ~ithin the 
container is different from any of the other bits, the value of tne 
logical is u1defined. The results :>1 any o:>erat~on on an unaefi,ed 
logical value are unpreo;ctable. 

A LOGICAL d!tum is addressed at the lo~-address e,d, right­
Justified and "sign" extended. 

8 oit logical 

representation in H~X 
_._-----------.------
FF 
00 
<a'il others> 

logical value 
--.----------

rRUE 
F~LSE 
<undefined> 

Ib:19:10 
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11.1.1 

11" oit lo;ical 

representation in HEX 
.. _._---.-.----------
FFFF 
0000 
<all others> 

32 ott 10;;icaJ 

representation in HtX 
.-----~~-~.----.-~---

FFFFF-fFF 
00000000 
<all others> 

LOGICAL 

logical value .. _----- ... _.-
TRUE 
F~LSE. 
<undefined> 

logical value .. _ .... _-----_.-
IRUE 
F~LSE 
<undefineo> 

11.1.2 I~TEG:R 

Integer data are represented in 2's complement notat~on ~n 
container sizes of 8, 16 a~d 32 bits. Integers are addressed fro~ 
the leftmost (low-address) bit. Integer operations may occur on 
nixed sized operanjs. INTEGER data i. ajdr~ss!d at its leftmost 
(i.e. low-address) end, right-justifiee and sign-filled on the 
left on fetch, truncated 0' the left on store. _n attem~t to store 
a result with more significance than the result container can hold 
;enerates an overflo~ conaition. Jvertlows are detected on conple­
tion of an operation that overflows the container and prior to 
storin; the result. All integer operations are 2'3 complement i 

operations. 

32 Bit l.,teger 

representation ,n HEX 

7FFFFFFF 
00000000 
60000000 

value in decimal 

2**31 - 1 (most positive) 
o 
- 2**31 (most negatlve) 

1b:19:10 
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11.1.2 

10 bit Integer 

representation ;n HEX --......... --..... - ...... ------ ........... 
7FFF 
0000 
8000 

d bit ll"lteger 
representation in H~X 

7F 
00 
dO 

1.l.1.3 POINTER 

INTEbtfi 

value in decimal 
I --,..---..... -...-... -----

2**15 • 1 (most positive) 
o 
- 2**15 (most negative) 

I 
~---.. -... ---... ......... ~ 
2**7 • 1 (most positive) 
o 
• 2**7 lmost negative) 

A POINTEH is a datum which contains or implies a logical 
address. FO~l~A~i suoports the til/O types of· oointer format: general 
and intra-object. rhe instructions which manipulate pointers will 
produce ge,eral object fornat oointers whe, the JIJ of the target' 
container is not that of the pointer value. Intra-object r.ointers 
inH 0, orod;Jced other~;se. The defini,tit:'" olf pointer f::>lI"llats ~n:i, 
their architectural usage can be found ;1"1 Chapter 3. 

11.1.4 fI,.OATIN:;, ;:>UINT 

All FLOATING POINT data are in "Ib~ format" binary floating 
;)oint' and ::>~cU;)¥ either 32 or 04 bits. In eLt"er case, the f::>rllat' 
is compatible, with variation in only the ~ant;ssa sectlon (i.e., 
an algebraic sign bit followed b~ a 7-bit, e(cess-04 hexadecinal 
exponent, followeo by a 2~ or 50 bit hexadecimal normalized 
1lantissa). 

FLOATING POINT data is addressed at the leftmost (low-address) 
end, left-justi1ied ana zero-fille~ on the right when fetched. 

Data Genera~ Corooration 
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t---t---------+------------.---.-.-.----------------t 
I s I exoonel'\tl 
1(1)1 (7) , 

mantissa 
(24) 

+---t---------t---------_·_·_·_·_·_-------··--_·_---+ 
o 1 7 8 31 

or 

+---+---------t----------------------/ /---.----------+ 
I s I exool'le"lt I 
IU)I (7) I 

mantissa 
(5b) 

t---t---_·_·_-t--··-----------------I 1---------------+ 
o 1 7 ~ 

~n unno,rmalize:l floating point numoer, :9 negative zero, o,r 8! 

non-zero exponent with zero mantissa, ;s considerea an illegal 
f·l => i8 t ; "19 POI; "I·t n J moe r • The usa :> If a .... J n ... 0 r In a 11 i zed t 1 => a t ri "I 9 ;) 0 i n t . 
number yields unoredictable results. A legal zero has all 32 or 04 
oits zaro. 

All floating point values are subject to rounding and/or 
tr".II'lcation. A mope .vithin the stete of the' :)"':>l=eS5 determines the 
selection of rounding or truncation when floating values are 
generated or m:>~ed. rhe rOJndi"lg/truncatio"l node is sele:ted by tne 
"SET EXCEPTION kESPONSE" SWOPe Truncation is performed by defawlt. 

11.1.5 C~ARA:T~~ STRING 

Character string ;s a oatum of length of multiples of ~-bit 
bytes. The ~;~i~u~ length is 0 oytes, ana the maximum is 2**29 - 1 
bytes. 

If, the 1 e "I 9 t h ; s not a '1'1 u " t ; p 1 e 0 f ; . :) ,i t s , the 0 0 era t 1 0 nan :j 
result will be unpredictable. A character datum ;s always 
left • j "" s t ; f ; ed, :> ·1 an I( fi' 1 e d w; t l'I ~ Sell :) II 3 n k s • 

t---------------t ............... +----••••. ---•• -+ 

t--------·----·-t ............... t·--···------···t o 7 
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11.2 FO~T~A\I ;xce:>tiofls 11-5 

11.2 FURIRAN Exceptions 

A n~moer of various exceptional :o,ditions resulting fro~ 
execution of FORTRAN s-instructions, including the i~proper speci­
f,ieatio" or JS! ;:)If data 0:1'" ir,strJctions, cause the genersltion ;:),f 31 
program excePt~on. The following is a list ana descriPtion of the 
progra~ exceotions soecified for tne FJRTR'N s-language. Included 
is a list of the possible response actions for eacn of the excep­
tional conditions. In each case the default response is Signal. 

o - Integer Range Exception 

This exception occurs whenever t~e result of an ;nte3er 
arithmetic operatlon is outside the range of representable 
values for the specified destinatio,· o~erand size. Tne 
defined response actions for this exception are the 
fol!!owing: 

00 -

01 

10 ... 

11 -

signal 

force largest na;nitude, properly 
value 

reserved 

rightmost bits of result are stored, left 
truncat;on occurs 

1 • Integer Divide by Zero Exception 

The value of the divisor i, a Dl~l)E I~~EGER or Rt~AI~DE~. 
INT~G~R instruction is integer zero. The defined responses 
to this 9x:eotion are the follow;n;: 

00 .. 

01 -

10 -

1 1 

s; gn a 1 

force lar;est na3n;t~de, properly 
value 

reserved 

the dividend ;s storeo 

2 - Float;,g Po~~t Overflow 

The exponent result of a floating point operation exceedS 

Data General Corporation 
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11.2 

3 -

fuRTRAN ~xcePtions 

the oositive representable range of, fl~ating po;,t exponent 
numbers and the result mantissa is not zero. The defined 
res p :> ru est 0 tt'd s e )( c e :) t ; p " are the f 0 1 11 0 ~ ; n g : 

00 - signal 

01 - force lar~est 'Ila;n,tude, properly 
value 

10 • reserved 

1 1 - rightmost bHs are stored, left truncation 
occurs 

Floating Point Underflow 

TMe exoo~ent result of a floatin; ooint operati:>n exceeds 
the negative representable range of floating point exponent 
, u 11 b e r san ~ the res u It m 3 n t ,i s s ai,s n J It z e r 0 • T "I e j e f.i "'I e j, 
responses to this exception are the following: 

00 ... 

01 

10 -

11 -

signal 

force the smal lest magnitude, properly signed 
lIalue 

force zero 

rightmost oits are stored, left truncatio" 
occu rs 

The value of the aivlsor in a floating 
stru:,tip" i.s zero,. The jef,i,e:1 response 
following: 

point divide 
actions are 

00 -

01 

10 -

11 ... 

s; gn a 1 

force largest magnitude, properly 
value 

signed 

reserved 

Data General Coroorat~on 
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11.2 11-7 

11.3 FORTRAN S-Language uperation Uefinitions 

Fortran s-language instructions are de~ined in detatJ in the 
following sections. The operations are classifieo as Control 
Instructio,s, Arithmetic a~d Logical Instr~cti)ns, Float~n9 ~ointl 
Arithmet,c Instructions, Character Instructions, Misce1laneous 
Instru:ti01s, Conversio" InstrJctions a,d In~ut/OutPJt Assist 
Instructions. 

11.3.1.1 BRANCH IF l~RO 

Opcode: 

Syntax: 

b4 

BZ n 1, I H 

n1: source of type' i~teger, floatlng or 
logical 
lit: ;nl;ne literal 

Description: Evaluated nl is compared to zero. 1f it is 
e~ua 1, to zero, t hen the current va 1 ue of pc 
is UPdated by using the inl;ne literal. 
Jtherwi$e, e-ecuti)n c)nt~,ues i,line. 

11.3.1.2 8RANCH IF NOT Z~RO 

Opcode: 

Syntax: BNZ n1, lit 

nl: source of type i,teger, floating or 
1091cal 
lit: inline literal, 

Uescr;ption: Evaluated nl is compared to zero. If it i9 
not eqJal to zero, then the current value of 
pc is updated by using the ;nline literal. 

Data General Corporation 
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11.3.1.2 tiRANCH IF NUT l~R0 11-8 

utherwise, execut;~~ conti~ues i~line. 

11.3.1.3 ~RANCH If LESS ThAN Z~RU 

Dp:ode: 

Syntax: dLl n1, lit 

nl: source of ty~e i,teger or floating 
lit: inl ine literal 

Descri~tion: ~valuated n1 is :onpared to zero. If ,t is 
less than zero, then the current value of PC 
is updatej by usi,g the inline 11teral. 
Otherwise, execution continues inline. 

11.3.1.~ 8RA'JCi IF L:'SS TH~N OR ::GlJA;"i ru Z::RJ 

Opcode: 

Syntsx: 

b9 

dLEZ nl, lit 

nl: source of type integer or floating 
lit: i,line literal 

Description: ~valuated nl is compared to zero. If it ;s 
less than or equal to zero, then the current 
value of pc is updated by using the inline 
literal. Other~tse, executi01 continJes 
inline. 

11.3.1.5 ~RA'JC~ IF GREATER THAN Z~RU 

Opcode: 

SY!"ltax; 

b8 

BGZ n 1, 1 i t 

nl: Source of type integer or floating 
lit: i~line literal 

Description: tvaluated nl is compared to zero. 1f it is 
greater than zero, the, the current' value of 

D a t a (~e n era 1 C::> II' :> 0 rat; :> n 
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11.3.1.5 

pc is updated by using the inline l1teral .. 
Jtnerwise, e<ecution c'nt~,ues inl'"e. 

11.3 .. 1.b BRANCH IF GREATER THAN UR EQUAL TO lERO 

Syntax: 

07 

d('t:.l I'll, lit 

I'll: source of tyoe i,tager or floating 
lit: inl,ne literal 

Descri~tion: Evaluated I'll is conoered to zero. If it is 
greater than or equal to zero, then the 
current value of PC' is u:>dated by using the 
;nline literal. Otherwise, execution contin­
ues inline. 

11.3.1.7 BRANCH If INTEGER tQUAL 

Opcoje: 

Syntax: 

72 

lEst:. I'll, n2, lit 

I'll: source of tyoe ; ,tager or log; cal 
n2: source of type integer or logical 
1;t: inl;ne literal! 

Description: Evaluated I'll ;s compared to evaluated n2. If 
they are equal, then the current value of PC 
is updated by usinR the inline literal. 
Jtherwise, e)(ecuti'n C:'>r'lt l;1ues ,,11/'1e. 

11.3.1.8 BRANCH IF INTEG~R NOT EQUAL 

lJpco::;e: 

Syntax: 

73 

Ibi\lE I'll, n2, 1 it 

I'll: source of ty~e i,teger or logi:al 
n2: source of type integer or logical 
lit: inline literal; 

Oat aGe n e ral C:.> ir ~ 0 rat·, :> n 
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11.3.1.8 BRA~C~ IF l~r~G~R NJT E~UAL 11-10 

DescriPtion: Evaluated n1 is compared to evaluatea n2. If 
they are not equal, then the curre,t value of 
pc ;s updated by using the ;nline literal. 
o t ~ e r w ; s e I e )( e : u t 1 :)1''1 c;) n t·; r'I U e s i ... I i /1 e • 

11.3.1.9 BRANCH If INTEGER LEbS THAN 

Op:::o::le: 

Syntax: 

74 

IbL nl, n2, lit 

r'll: source of ty~e i,teger 
n2: source of type integer 
lit: in1;ne literal 

Description: Evaluated n1 is co~pareo to evaluateo n2. If 
it is less tha" n2, then the curre"t val~e of. 
PC is updated by using the ;nline literal. 
utl"lerwise, exe:uti,/1 cJnti' ... ues ,,1i/1e. 

11.3.1.10 ~RANCH IF INIEGcR LESS THAN UR E~UAL 

Op:o:::ie: 

Syntax: 

77 

IIjLE nl, n2, I it 

n1: source of tyoe i,teger 
n2: source of tyoe integer 
lit: inline literal, 

DescriPtion: The evaluated nl is compared to the evaluated 
"12. If;t is less tH11· 'II" e=tual t:>I,2, t,e,· 
the current value of pc is updateo by the 
value of the inli,e literal. Other~ise, 
execution continues ;nline. 

11.3.1.11 dRAN:H IF FLJAflNG EJU4L 

Upcode: 

SYl"'Itsx: 

82 

FbE. nl, n2, lit 
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1 1 .3. 1 .11 

1"'11: source of type floating point 
"Ii: source of· ty:)e floaitin~ :>oint 
lit: 1nl;ne literal 

11 .. 11 

Descri:>tio"l: tvaluated "11 is conpareo to evaluatej 1"'12. If 
1"'11 is equal to 1"'12 then the current value of 
PC ;s updated 0)' usi"lg the inline literal. 
Utherwise, execution continues inline. 

Opcode: 

Syr'\tax: 

83 

FE:HliE, 1"'11,1"'12, li.t 

1"'11: source of type floating point 
,2: source of, ty:>e float;n~ :>o;nt 
lit: ;nline literal 

Descri:>tion: Evaluated ~l is co~pared to evaluated 1"'12. If 
they are not equal, then the current value of 
~c ;s update:l 0)' usi,g the ;nlinlt literal. 
Otherwise, execution continues in1;ne. 

11.3.1.13 3Rt\rCH IF, FLJATIIVG Lf.SS THt\N 

Opcode: 

Syntax: 

84 

n1: source of type floating point 
,2: source of- ty::>e floaltin; ooinl 
lit: ;nl;ne literal 

Descri:>tion: Evaluated "11 ;s :onpared to evaluated nd. If 
it is less than 1"'12, then the current value of 
PC is updatej oy uSi"lg the inline literal. 
Otherwise, execution continues lnline. 

11.3.1.1~ 3R~N:H IFi FLJATING LESS rH~N Ll~ ::GlJA.1 
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11.3.1.14 

Opcode: 

SYl"\ta~: 

t:i~A~C-I IF FLUATIN:;~ llS8 T14\f )R EQU~L 

85 

F8LE nl, n2, 1 it 

nl: source of type floating point 
,2: source of ty~e floati~; ~oint 
lit: inline literal 

11-12 

Descri~tiol"\: Evaluated,1 is CO~P3ree to evaluated n~. If 
it is less than or equal to n2, then the 
e u r r en t v a lu e o:f p ::' ; s u ~ d ate d b y the val u e 
of the inl;ne literal. Otherwise, execut;ol"\ 
continues inline. 

11.3.1.1S dRANCH IF CHARACTER EQUAL 

Opeo:;e: 

Syntax: 

50 

CBE n 1, n2, 1; t 

1"11: source of ty~e c~ara:ter strin; 
1"12: source of type character string 
IH: inline literal: 

Description: Evaluated n1 ;s comparee to evaluated n2. 1f 
they are equal, then a relative branch is 
taken by upaating the offset portion of 
current PC by the ~elue of the i1~ine 
literal. Other~;se execution continues 
inline. 

Notes: If the character strings nameo by nl and 1"12 
are of different len;ths, then t~e shorter 
string ;s ASCII clank filled on the right to 
the length of· the I01ge r str;n;. 

11.3.1.16 SRANCH IF CHARACTER N0T EQUAL 

Op:ode: 

Syntax: 

87 

CBNE nl, 1"12, I H 

1"11: source of tyoe cnara:ter str;n3 
1"12: source of type character string 
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11.3.1.1b ~RANCH IF CHARACTER NOT E~UAL 

lit: inline literal 

Description: Evaluated nl is compared to evaluated n2. If 
they are not equal, then a relative oranch is 
taken by UPdating the offset portion of 
cur r e n t pcb y the l/ a I IJ e 0 f t I'l e i , ,1 ; n e 
literal. Otherwise, execution continues 
inline. 

Notes: If the character strings namea by n1 and n2 
are of differe,t len;ths, then tne Shorter 
string is ASCII blank fi lied on the right to 
the le:'lgth of, the IO'l\3er string. 

11.3.1.17 ~HANCH IF CHARACT~R lESS THAN 

(Jpco:le: 

Syntax: 

Description: 

Notes: 

91 

Ctil n 1, n2, 1 it 

n1: source of type c,ara:ter string 
n2: source of type character string 
lit: inline litera1, 

tvaluated nl is compared to evaluated n2. If 
it is less tha~ eval~atej n2, then a relative 
branch is taken by updating the offset 
portion of curre,t PC oy the valJe of the 
inline literal. Otherwise, execution contin­
ues inline. 

If the character strlngs named by n1 ana n2 
are of differe,t lengths, then t~e shorter 
string ;s ASCII olank filled on the right to 
the length of· the lo"\ger string. 

11.3.1.18 dRANCH IF CHARACTER LESS THAN OR [QUAL 

Op:ode: 

Syntax: 

92 

CtlLE nl, n2, lit 

nl: source of type c,ara:ter strin; 
n2: source of type character strlng 
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11.3.1.18 BRANCH If CHARAC1ER L[SS THAN OR ~WUAL 

Ht: inline literal 

Description: Evaluated nl is compared to evaluated n2. If 
it ;s less tha~ or equal to evaluated nd, 
then a relative oranch is taken by upoating 
the offset portion of current pc by the value 
of the inline l~teral. Otherwise, execution 
continues ;nl;ne. 

Notes: If the character strings named by n1 and n2 
are of differe~t len;ths, then the shorter 
strln9 ;s ASCII blank filled on the r;8ht to 
the lel"l9th of, the lo,ger str;n;3. 

11.3.1.19 LOOP UOWN TO l~kO 

OpcoJe: 

Syntax: 

121.( 

LPI)NZ nl, lit 

~1: source/desti"latiJn of· type integer 
lit: inline literal 

Descriotion: Evaluated ~1 is de:remented by 1 end stored 
at resolved nl. If the resulting value is 
greater than zero, the,. the currentl value of 
PC ;s updated by the value of the inline 
literal~ OtherNise, execution continJas 
inl'ne. 

11.3.1.20 LOOP UP 

Opcode: 

Syntax: 

12c 

LPJP nl, n2, 1 l.t 

nl: SOurce of type integer 
n2: source/dest~natiJn of ttoe integer 
lit: inl;ne literal 

Descriotio~: The evaluatej 1"'12 is :o~pared to eva~uated ~1. 
It it is less than nl, then it is ;ncramentea 
oy one and the curre,t value of the PC is 
updated by the value of the inl;ne literal. 
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11.3.1.20 LOOP UP 

Otherwise, execution continues inline. 

11.3.1.21 AUD AND BRANCH IF LESS THA~ OR EQUAL 

Synta)l: 

119 

ADDbLE 1"11, 1"12, 1"13, lit 

,1: source of, ty::>e i 1:te9ar 
1"12: source/oestination of type integer 
"13: source of, ty::>e i,:tegiH 
lit: literal, signed relative offset of PC 

Descriotion: Evaluatea 1"11 is addej to! evaluatea "2 anj 
stored at resolved 1"12. The result is checked 
a 9 a ins t e v ~!1 J ate;j ., t3. 1ft n e 1"1 e IN 1"1 2 ; s I e s s 
than or equal to 1"13, then the current value 
of pc i s u:>d ate 0 b>, the \I a 1 u e 0 f the ; , ,1 i 1"1 e 
literal. Otherwise, execution contlnues 
inline. 

11.3.1.22 ADU AND BRANCH IF GREAT~R 

Opcode: 

Syntax: 

118 

ADDBG 1"11, "2, 1"13, lit 

1"11: source of tyoe i"lteger 
1"12: source/aestination of type integer 
,3: source of, ty:>e i,teger 
lit: literal, signed relative offset of PC 

)escr;otion: !valJated 1"11 is eddej to evaluatea 1"12 and 
stored at resolved 1"12. The new result is 
c h e eke d a 9 a'i "IS t e v 311 J ate j n 3 • 1 f the n e I'll 1"1 2 
is greater than n3 then the current value of 
oc is update:; 0>' the' value of the ,nline 
literal. Otherwise, execution continues 
1nline. 
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11.3.1.23 11-1(:) 

11.3.1.23 SELf RELATIVE ~HA~CH 

Opeode: 97 

Syntax: 8REL 1 H 

Semantics: 

Descri~tion: The current value o~ PC is updated by the 
value of the inline literal. 

Opcode: 

Syntax: SR n1 

n1: source of type integer 

Oescri~tion: The current value o~ PC offset is re~laced by 
eva1 (n1) + PaP.offset. 

11.3.2.1 CLtAR 

I,)peode: 18 

Syntax: CLR n1 

n1: source/destinati~n of any tyoe 

Descr;pt;on: Each bit of evaluated n1 ;s set to zero. 
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11.3.2.2 St.T 11-1 7 

11.3.2.2 SEl 

Opcooe: 

Sy"tax: 

19 

SE r n1 

n1: source/destination of type integer or 
logical 

Description: tach bit of evaluated n1 ;s set to one. 

11.3.2.3 SET TJ· JNE 

Opcoae: 20 

SYl'\tax: SE.fLiNt n1 

n1: source/destination of type integer 

3e~a"tics: n1:= 1 

Description: ~valuated n1 is set to integer 1. 

Upcode: 48 

Sy~tax: lMOV n1, n2 

n1: source of type logical or integer 
,2: jestinaltipl'\' ,:t tfP! 1031::al o'r ;,teger 

SemantlCs: n2:= n1 

Descriotio,: Evaluated 1'\1 is stored at resolved n2. 

Exceptions: 0 - integer range exception 

Notes: An integer range ex:e~t;on can o~cur whe, 
mov1ng integers of different container sizes. 
It cannot occur with logical to logical, 
moves. 

Data General Corporation 
:ompany :bnfidential 

1b:19;10 
11/0ct/79 
~ell. 1 



INTI:.GE,R M(JVI:. 

11.3.2.5 COMPL~M~Nr 

Opcode: 22 

Sy~tax: CMPL n1, 1"12 

n1: source of t~pe logical 
,2: oestin3tiP" :)If t>,P! 103i:al 

Semantics: n2 := NOT n1 

)escriotion: ~valJated n1;s logically comple~ented and 
the result is stored at resolved 02. 

11.3.2.b AND 

Upcode: 

SY"Itax: 

24 

ANL> n1, 1"12, ,3 

n1: source of type 10g;cal or integer 
,2: source of, ty;)e 1 )g;~3il or inteaer 
n3: destination of type log;cal or integer 

Se~a~tics: n3:= n1 A~D n2 

uescription: Evaluated n1 is logically AND'ed with evalua­
ted 1"12 and the resJlt is storeo at resolved 
n3. eacM oit in n1 is oitwise AND'ed with 
the positionally corresponding bit in n2. The 
corresponoing oit of n3 is set to the result. 

Opcode: 

Syntax: 

2ta 

Ok n1, n2, n3 

n1: source of type logical or integer 
,.: : sou r : e 0 f' t)':') e 1, 9 i c a il 0 r i n t e ; e r 
n3: destination of type logical or integer 
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11.3.2 .. 7 OR 11-19 

Description: ~valuated n1 is logically inclusively UR'ed 
with evaluated n2 an::i the result is stored at 
resolved n3. Each bit in n1 is oitwise OR'ed 
~ith the positional~y corresponding oit in 
n2. The corresponoing b1t of n3 is set to the 
result. 

11.3.2.8 EXCLUSIVE uR 

Opco::Je: 29 

XOf< n1, n2, n3 

1"11: source of tyoe logical or inte;er 
n~: source of type logic81 or ;nteger 
,3: destin3it;p,· :),f t,-pe IOdica1 or integer 

Semantics: n3:= n1 AOR n2 

Descriotion: Evaluated "11 il lo;ically exclus~ve JR'ej 
with evaluated n2 and the result is stored at 
resolveo n3. Eec, bi,t in 1"11 1.s oitwlse 
XUR'ed with the positionally corresponding 
ott in n2. The corresponding bit of n3 is set 
to the result. 

Opcode: 

Syntax: 

16 

EQV 1"11, n2, "13 

n1: source of type log1C81 or integer 
,2. : sou r ceo f' t y ;) e 1:> 9 i C ::I 11 0 r i n t e ~ e r 
n3: destination of type log;cal or integer 

Descriotion: Evaluated "11 is logically exclusive ~JH'ej 
with evaluated n2 and the result is stored at 
resolved n3. Eac, bit in n1 j. oitwis! 
XU~'ed with the positionally corresponoing 
ott in n2. fhe resulting bit is 
complemented. The corresponding bit of n3 is 
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11.3.2.9 EQUIVALENCE. 11"20 

set to this result. 

11.3.2.10 NEGA1E INTEGER 

(Jp:ode: 31 

Syntax: INt.6 nl, n2 

nl: source of tyoe t,teger 
ni: destination of type integer 

Semantics: n2 := - I'll 

Description: Evaluated I'll is "twos complemented" and the 
result ;s st~lr!d atl i"l!solwed 1"l2. 

Exceptiol"ls: o - integer ral"lge exception 

11.3.2.11 A8S0.UTE I~T~G:R 

Opcode: 

Syntax: lAdS I'll, n2 

Semantics: n2 := Inll 

1"11: source of tyoe i,teger 
n2: destination of type integer 

Descriotiol"l: The absolute val""e of, eva,luated I'll, is c;)m­
puted and the result is stored at resolved 
,2. 

txceptions: 

Opcode: 

Syntax: 

o • integer range e~ception 

Il\lC I'll, n2 

nl: source of type integer 
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11.3.2.12 INCR~MENT INTEGtk wITH 2 OPERANDS 11-21 

n2: oestination of type lnteger 

Semantics: n2 : = n 1 + 1 

Uescri~tion: Evaluated I'll is in:~emented oy one and the 
result ;s stored at resolved n2. 

o .. integer range ex:eotion 

11.3.2.13 INCREMENT INTEG£R 

upcode: .$3 

Syntax: lINt1 n1 

n1: source/destinatiln of· type integer 

Semantics: n1 := n1 t 1 

Description: Evaluated I'll is in:~emented oy one ana the 
result is stored at resolved I'll. 

Exceotions: o - integer range ex:eotion 

11.3.2.1q D~CHEMENT INTEGER WITH 2 UPERANDS 

OpcoJe: 30 

Syntax: IDEe n1, n2 

n1: source of tyoe i,teger 
n2: destination of type integer 

Se'TIantics: n2 : = I'll" 1 

Description: Evaluated n1 is decremented by one and the 
result ;s st:)red at, resolwed n2. 

Exceptions: o - integer range exception 
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11.3.2.15 DtCREMENT INTEGER 11-22 

11.3.i.15 DECR~MENT INTE~fR 

Upcode: 35 

Syntax: IlJEC1 nl 

n1: source/destination of type integer 

SeTla"tics: I'll := n1 - 1 

Description: Evaluated n1 is decremented by one ano the 
result is st~red at resolwed n1. 

t.lccept ions: o • integer range exception 

11.3.2.1b ~D), INTE:;E~ /VIrH 2 O;)E~A'lJDS 

Opcode: 37 

SYl"ltax: IAOU2 nl, 1"l2 

n1: source of type integer 
n2: source/destinati~n of tyoe integer 

Semantics: n2:= n2 t nl 

Descrietion: Evaluated nl is addej to evaluated n2 anj the 
result is stored at resolved n2. 

Exceotions: O· integer ral"lge ex:eot;on 

11.3.2.17 AOD INTEGER 

Opcode: 

Syntax: 

Semantics: 

36 

lAUD n1, n2, n3 

I'll; source of tyee ;,teger 
n2: source of type integer 
"13: jestin,ltiP"t· :>if t.,pe ;"te~er 

n3 := ,,2 i I'll 
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11.3.2.17 ADD INltGE.R 

Oescr;~t;o~: Evaluated ~1 is ad~ej to evaluated n~ a~d the 
result is stored at resolved n3. 

E.xceotio"s: 0 ~ integer range ex:e~tion 

11.3.2.18 SU8TRACT INTE.~ER ~lrH 2 OPERA~DS 

Opco:;e: 39 

Syntax: lSUtl2 n1, n2 

n1: source of t)'~e i,teger 
n2: source/destination of type integer 

Se"nal"ltics: 1"12 := n2 - n1 

Descr1ption: E.valuated nl ;s subtracted from evaluated n2 
and the result is stored at resolved n2. 

E:.xceptio~s: o - integer range exception 

11.3.2.19 SU3T~A:W I~T!G~R 

Opcode: 

Sy"tax: 

Semantics: 

40 

lSUti n1, n2, n3 

n1: source of type integer 
,2: source of· ty:)e ; ,teger 
n3: destination ot type integer 

n3 := n2 ... n1 

DescriPtion: Evaluated n1 ;s suotracted from evaluated n2 
and the result ;s stored at resolved n3. 

E.xceptions: 

lJpcode: 

o - integer range exception 

41 
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11.3.2.20 MULTIPLY INTEG~R wITH 2 OPERANDS 

n1: source of type integer 
n2: source/dest;nat;~n of tyoe lnte~er 

Semantics: n2 := n2 .. n1 

Oescrio·tiol"'l: Evaluated,2;s :nulitipHed oy eva,juate::! 1"11. 
and the result is stored at resolved n2. 

E.xceptio"s: o • integer range ex:eption 

11.3.2.21 ~ULrlPLY rNTEG~H 

Opcode: 

Syntax: 

Semantics: 

42 

IMUL n1, n2, n3 

n1: source of tyoe i,teger 
n2: source of type il"'lteger 
,·3: je s t ; n at i ,,"\, ~:f t)' P e in t e ge r 

n3 : = n2 .. n 1 

Descriotion: E.valuated,2 is :nultiplied by evaluated 1"'11 
and the result is stored at resolved n3. 

Exceotions: o • integer range ex:eotlon 

11.3.2.22 olvrOt I~TEGE.k wITH 2 OPERAhDS 

Opcode: 

Syntax: 101\12 n1, n2 

1"11: source ooerand of· tyoe integer 
1"12: source/destination of type integer 

Se~a"tics: 1"12:= TRJNC(n2/nl) 

Description: Evaluated n2 ;s divided by evaluated 1"11 and 
the ~uo.t;'e"\.t: resJlt' ;s stored at res'illle::l, "\2. 
rhe division is done uSing an integer arith­
metic algorithm and in SJch a way that the 
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11.3.2.22 )lVID~ I~T~GER wrri 2 JP~RANDS 11 .. 25 

oividend n2 and the discarded remalnder have 
the same s;gl1s. 

E.xceptions: o . integer range exceptlon 
1 ~ integer. divide by zero exception 

11.3.2.23 DIVIDE INTEG~H 

Opcode: 

Syntax: 

44 

lli!V n1, n2, n3 

n1: source of tyoe i,teger 
n2: source of type integer 
,3: destin3!tio,,\1 'If t~pe inte~er 

Semantics: n3:= TRU~C(n2 I nl) 

Descriotion: Evaluated n2 is dlvijed oy evaluated nl anj 
the quotient result is stored at resolved n3. 
The d;yisi))"l is do~e usi,g an inte;er ar1th­
metie algorith~ and in sucn a way tnat the 
dividend n2 and the discarded remainder have 
the same signs. 

Exceotions: o· integer range ex:eotion 
1 - integer divide by zero exception 

Upcode: 

SYntax: 

45 

lREM nl, n2, n3 

nl: source of type integer 
,2; source of· t)l:>e l"lteger 
n3: destination of type integer 

Se~a'tics: n3:= n2 - n1 * TRJN:(n2/nll 

Description: Evaluated n2 is divided by evaluated n1 and 
the re~ainder result is stored at res)~ved 
n3. The division ;s done USing an integer 
arithmetic algorithm wni:h produces a renain-
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11.3.2.24 

Exceotions: 

Notes: 

R~M~[~DER I~rEGER 11-2 b 

der with the same sign as that of the divi­
dena n2 and whose absolute value ;s less t~a~ 
tnat of the divisor ~1. 

o • inte~er range ex:eption 
1 - integer divide by zero exception 

If the divisor evaluated nl is 1 or -1, the, 
the result of this instruction is lero. 

11.3.3 Fl03tin; ~oint Arithmetic I,strJct~ 'hs 

11.3.3.1 NEGATE FLOATING 

Opcode: 04 

Syntax: FNf;;.G n1, 1'12 

I'll: source ot tyoe floating point 
n2: aestination of type floating point 

n2 : = ... n 1 

0escription: Evaluated nl is negated and the result is 
stored at resolved n2. 

11.3.3.2 ABSULUTE FLOATING 

Opco::;e: 

Syntax: 

Se'TIantics: 

DescriPtion: 

05 

FAt;S n1, n2 

n1: source of tyoe floating point 
n2: aestination of type floating pOint 

1'12 := In1l 

The absolute value of evaluated 
puteo and the result is stored 
n2. 
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11.3.3.2 ABSOLU1E FLOATlNG 11-27 

11.3.3.3 MOVE FLJArI~G 

Opcode: 06 

FflilOV n1, n2 

n1: source of type floating point 
., 2: j est 1 n 3 It 1 0 ." :) If t" p e f 11 :> at i ., 9 p::> Ii ., t 

Semantics: n2:= n1 

Descriotion: Evaluated.,1 is stored at resolved n2. 

Notes: The lengths of the floating point operands 
~ay differ. The rJ~'d/tru.,cate ~oje effects 
the mantissa when a 64 bit floating point 18 

'noved to a 32 ott f,l::>ati,g point. When a: .32 
bit floating point is ~oved to a b" bit 
flo:ating POli,t, the rli;Jhtmost 52 b1.ts of the 
mantissa are zeroed. For operands of equal 
length a bit copy ;~ performed. 

11.3.3.4 ADD fLOATING ~lTH 20PtRANDS 

Opcoje: 07 

Syntax: FADD2 nl, n2 

nl: source of type floatin3 point 
n2: source/destination of type floating point 

Description: Evaluated nl is added to evaluated n2 using a 
floating p:>liH algorit,m and the result: is 
stored at resolved n2. 

E.xceot;ons: 2 • floating point overflow exception 
3 • floating point underflow except;on 
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11.3.3.5 ADU FLOATING 

11.3.3.5 AUD F~OATIN~ 

Optode: 

Syntax: 

08 

FADD n1, n2, n3 

n1: source of type floating point 
,2: source of· ty=>e flo:aIUn; ::>o;nt 
n3: oestination of type floating point 

Se~antics: n3:= n2 t n1 

Description: Evaluated n1 ;s aOded to evaluated n2 using a 
floating p~~,t algorit,m a~d the result, is 
stereo at resolved n3. 

Exceotions: 2· floating point overflow exceotion 
3 - floating point underflow exception 

Opcode: 09 

FSUbt? n1, ,2 

n1: source of type floating point 
n2: source/dest~nati~n of tyoe floatin; ;)o;ntt 

Semantics: n2 : = n2 • n 1 

Descri::>tion: Evaluated "1 is suotr.cted from eV3~uatej n2 
using a floating point algorithm and the 
result is st'red at resolwed n2. 

Exceptions: 2 - floating point overflow exception 
3 - floating point u,aerflow exception 

11.5.3.7 SUBTRACl FLOATING 

UPcode: 10 
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11.3.3.7 

Syntax: 

Semantics: 

SJbrR~CT ~LOATING 

f~UB nl, n2, n3 

n1: source of tyoe floating point 
n2: source of type floating point 
"'16: jestin9tip,' ::>If tllpe f·j::>ating P)I;"'It 

n3 : = n2 - n 1 

Descriotion: Evaluated nl is suotr~cted from eva~uated n2 
using a floating point algorith~ ana the 
result is st::>red at rasolwed n3. 

Exceptions: 2 - floating pOlnt overflow exception 
3 • floatlng point underflow exceptl0n 

11.3.3.8 MULTIPLY FLaAl1N~ wITH d OPERANOS 

Opcode~ 11 

Syntax: 

nl: source of tyoe floating point 
nd: source/destination of type floating point 

Description: ~valuated n2 is multiplied by evaluatea nl 
Jsin; a floating poi,t algorithn and the 
result ;s stored at resolved n2. 

c'xceotio"ls: 2 - floating poi,t o~erflow excection 
3 - floating point underflow exception 

11.3.5.9 MULfloLY FLJATI~G 

Opcode: 

Syntax: 

12 

FMUL nl, n2, n3 

nl: source of type floating point 
,2: Source of· tyoe floati/"l3 ooint 
n3: destination of type floating point 
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11 • .3.3.9 ~ULTIPLY FLOArl~G 11-30 

5eTla"tics: ,,3 : = n2 * n 1 

Descrlption: ~valuated n2 ;s multiplied by evaluated n1 
Jsin; a floating poi,t algorith~ and the 
result is stored at resolved n3. 

Opcode: 

Syntax: 

2 • floating po·',t overflo~ exceptlon 
j - floating point underflow exception 

14 

FDIV n1, n2, n3 

n1: source of type floating point 
,2: source of, tyoe tl03ti.n; ooint 
n3: destination of type floating point 

Semantics: nj:= n2 I n1 

Oescriptlon: Evaluated n2 is divided by evaluatea r,1 using 
a flo~ting point algorithm ana the result is 
storeo at resolveo n3. 

Exceotions: 2 - floating point overflow exception 
.3 - floating point underflow exception 
4 • floating point divide oy zero exception 

11.3.4 Character Instructions 

Opcoae: 

Syntax: 

100 

CfvlQV n1, n2 

n1: source of t~pe character 
,2: ::lestin3tio1' ;)If type :l"Ia;racter 
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11-.H 

SemantlCS: n2:= n1 

uescri:;)tion: Evaluatea n1 is sto:re';] at resolvej nC!. It, 
the length of n1 ;s greater than the length 
:>[f n2, the" the m::>rve is truncatea on the 
r1ght. If the length of n1 ;s less tha~ the 
le,gth of ,2, t~e"'" evaluated ,2 i.s ~5:1I, 

olank ti lied on the right after the strlng 
named by n1 is e~hausted. 

11.3.4.2 MuVE SPAC~S 

(Jpco:::le: 101 

Synta>t: CMUVS n1 

nl: destination of ttpe :haracter 

Semantics: nl:= <ASCII blanks> 

11.3.5 Miscellaneous Instructions 

11.3.5.1 SET ~XC~P'lJN RESPONSE 

Opcode: 

Syntax: 

125 

SER nl, n2 

n1: source of type lnteger 
n2: source of tyoe i,teger 

Description: Set the response of an exception. Evaluated 
,1 is the u:e;),tiP"I1 "Iunber. Evaluatea n2 is 
the scenario numoer for the response of this 
exceotion. 

Exceptions: 0 - integer range exception 
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11 • .3.~.1 

Notes: 

SET EXC~PTION RESPONSE 

This instruction is als~ used t~1 set the 
floating point truncation/rounaing mode. 

11.3.5.2 GET EXC~PTIJN R!SPONSE 

Opcode: 126 

Sy.,tax: GER n1, n2 

n1: source of type integer 
.,2: ::Iestlnaltio1! :)jf t),pe i"teaer 

Uescr;ption: Evaluated n1 is used as an index into the 
current exceotion reS001ses. The sce"ario, 
for the exception is stored at resolved n~. 

Exceotio,",s: 0 - integer range ex:eotion 

11.3.5.3 MOVE PUINTER 

Opcode: 

Syntax: PTR n1, n2 

"1: source of tyoe p~inter 
n2: oest;nation of type pointer 

Se~antics: "2:= nl 

Description: Evaluatea n1 is stored at resolved n2. 

(jpcode: 51 

Syntax: AUDR n1, n2 

n1: source of any type 
1C: destinsiti01' :>It t)'pe oointer 

Description: Create a pointer fro~ resolved n1 and store 
it at resol~ed n2. If resolvea n1 has the 
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:R::ATE PJINTE.R 

same UIU as resolved n2, store an intra­
object format ooi.nter, otherwise store a; 
general pointer. 

11.3.b Conversion Instructions 

11.3.b.1 CONVeRT INTEG~R TO FLOATING 

Opcode: 102 

Syntax: IFCVT n1, n2 

nl: source of tyoe i,teger 
n2: destination of type floating point 

Se~anticI: n2:= FLJAr(nll 

Oescription: tvaluated n1 is converted to a floating point 
n u '" 0 era "lot her e s JI t I i ,I S tor e a a t Ire s :> 11 \I e j 
n2. The Round/Truncate mooe setting determi­
nes whether the resJlt~ng floating ~ointl 
number is rounded or truncated prior to 
storing the result. 

11.3.0.2 CONV~R' FLOATING TO INTEGER 

Opeo;;e: 

Syntax: 

10;) 

FICVT n1, n2 

n1: source of type floating point 
n2: destination of type integer 

Se,"antics: n2:= INT(n1) 

DescriPtion: ~valuated n1 ;s convert eo to an integer and 
the result is st:>red at resolveo "12. The 
Hounding ITruncation mode determines whether 
the result is rounded Jr truncated bef:>re 
conversion. 
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11.3.0.2 CUNVfRT FLOATING TO INT~GER 

Exceotio1S: o - integer range ex:~ption 

11.3.7 Input/Uutput Assist lnstructions 

11.3.7.1 CONVE~T I~TEGER 10 CHAR'CIE~ Sl~I~G 

Opcode: 104 

Syntax: ICC\; T nl, "12 

n1: source operand of type integer 
n2: destination of type character string 

Oescr;ption: Evaluateo n1 ;s convertea to a decimal 
character string ~,o stored in the resolveo 
n2. The character string is right justified, 
with olank fill on t,e left. If tne inte~er 
is negative, the first (leftmost) non-blank 
character i.s a ll,i,us. 5191, ('-'). If the 
character string is too small to holo the 
full lnte;er value, the entire character 
string is filled with the asteriSK character 
( " * " ) • 

11.3.7.2 CONVERT CHARACT~R STRING TO INTEGER 

Opcode: 

Syntax: 

105 

CICVT n1, n2 

n1: source ooera"d of, tyoe character strina 
n2: destination of type integer 

Descriotion: This instruction converts the ASCII character 
string given by evaluated n1 into an integer 
value which ;s stored at resolved n2. rhe 
character string is interpreted as a decimal 
1'\ u 11 b e r • T nee h a ,.. a i: t e ,.. s t r i n 9 m 91y C 0 1 t ai " 
only characters in the range "0" - "9" with 
the exceptio." olf ole1ks and [oot;p:"lall yJ :Ii 

leaeing sign. The length of the character 
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11.3.7.2 CONV~kr CHARACTER STRING TO INrtGtH 11-.35 

E.xcePtions: 

Notes: 

strlng deter~ines the' n~moer of chara:ters 
translatea. 

o • integer range ex:eption 

An integer range exception 1S generated if 
the integer, contal:"1er at resolved /"'12 can,ot l 

hold the integer representation of character 
string n1. bla,ks pre:eeding a sign ~~e 
ignoreo, all other olan~s are treated as 
,u~eric zeroes. I~ ,o,~,uneric chera:ters 
occur (excluding exceptions above) the value 
::>if the desti,ati:>n i,:t:eger is set to o. 

11.3.7.3 CONV~RT FLOATING 1U CHARAcr~R STRING 

Jpcode: 

Syntax: 

lOb 

FCCV'l nl, n2, n3 

1'11: source ooera"ld ofl tyoe floatin; 
n2: source operand of type lnteger 
,,3: ::IestinatiP":lrf tp'pe :ha!racter string 

Uescr;ption: Thls instruction converts the floating point 
number given by evalJeted,l lnto an 0.6:11· 
character string at resolved n3. "Character 
rounaing" is oerforned on tne :onversion. 
The decimal point is placed in the cnaracter 
string at the ,2+1 tM :ha~acter oositlon fron 
the right. the length of the character 
stri~g is determined by its name table entry. 
If the character stri~9 ;s insufficient In 
size, or there are t,o few characters on the 
left of the decimal digit to represent the 
floating nJmoer, asteri.<s ('*') are placed 
in the entire Character string_ 

11.3.8 Archite:tural Instructions 
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11.3.b.l CAI..L 11-36 

11.3.8.1 C.ALL 

Opco:Je: 

Syntax: 

02 

CALL n1, lit, (n3, n4, ••• l 

,.}: source of, ty:;)e p:)i,t ,r 
lit: inline literal 
[n3, n4, ••• J : s:>~rce :>rf a1Y type 

Th;s instruction 
is the target of 
of parameters of 
operands are the 

implements Call. Resolved n1 
tl'le calli. I it is the n.Jmoer 
the call. 1 he remaining 

paramet,rs of the call. 

E.xceptions: See Chapter ~. 

Upcoae: 03 

Sy,tax: RTN 

Descr;ption: 1M;s instruction implements Return. 

Exceotio,s: See Chapter S. 

11.3.8.3 NOP 

Opcode: 01 

Syntax: NOP 

Descriotio,: This instruction performs no operation. 

--E.nd of Chapter--
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Chapter 12 
COBO!..! S-.language 

12.1 Data Types and Their Representation 

Uaita reDresentation is ofte" imoliej :>,y the opcode. Exceotin:J 
decimal s-ops, no type checking is performed. If there ;s a con­
flict, betwee"l' the opcode a~d the NTt type or length, or if the \jT~. 
specifies an invalid length for a data type, the results are 
Jnoreoictable. 

Truncation ;s implieo ;n all numeric calculations and conver­
sion instructions unless otherwise stated. 

12.1.1 Integer 

C0MPUTATfJNAL data is represented as s~;ned, two's complement 
binary integers, sized b, 16, 24, 32, qO, 4a, 5b, and b4 bits. 
Nith the except~on of offset names, JnSi~ned i,tegers are recresen­
ted as positive 2's compiement numoers li.e. with leading zerosJ. 
Inte~er operations may o:cur on nixed sizej oper3nds. I,teger dat3' 
is right justified and sign filled on the left when fetched, and 
t!f" • .Jncated :>1"\ the left, IIIhen stored. "n atltem::>'t to: store a resJlt! 
with more significance than the result container can 1'101 a generates 
an integer ran~e e~cePt;on. 

12.1.2 Floating Point 

All floatin~ ooint data are i1 "18M format" binart floattn3 
point and occupy either 32 or 64 bits. The format consists of an 
algeoraic 5t;,n bi,t fOlllollle::J by a 7 o it I, excess 64 hel(ade:!l'Tlall 
exponent, followed by a 24 or ~6 bit hexadecimal normalized 
nantissa. COM;)UTATIONAL-l data i.s represe,ted as 32 ott, float".,;::! 
point. COMPUfATIONAL-2 data is represented as 64 oit floating 
ooint. rhe interpreter handles operatio"1$ on ~ixes of the twol 
precisions by converting operandS to 64 oit floating. Floatin3 
point data is left Justified and zero fiJ led on the right when 
fetched. All operations are done using a b4 bit algorithm, with 
riaht t1';Jncat,:>" of, results on store baCK (;t, 1e:essary). l'he Jse 
of a "dirty" zero or an unnormalized numoer glves unpredictable 
results (a "clea,~ zero has al I oits zero). 
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12.1.3 Decimal 

12.1.3 Uecimal 

rhe name taole type field is used to encode tne various 
decimal data types. The encoding of the four bit type field is as 
f 01 i1 :>~ s : 

0000: Character decimal, unsigned. 

0001: Character decimal, sign is separate and leading. 

0010: Character decimal, sign ; s separate anCl trailing. 

0011: :harecter decimal, s;gl"l ; s leadi'9 overpuncned. 

0100: Character dec h'!a I, sign is trailing overpuncheo. 

0101: ;)acked decimal, unsidned. 

0110: Packed dec1mal, signeo. 

The deci:nal operatiol"ls are defined to: accept a"lY cOllbinatio!'l of, 
these decimal formats. Uecimal operands have lengths of 1 to 18 
decimal d1gits plus 519n, for ooth packed and unpaCkej numoers. 
Decimal data ;s O-digit filled on the left when tetcheo, and left 
trJncated ~n!n stored (exclusive of the sign). 

A negative decimal zero may be generated if the source operand 
for a I III 0 V E ; "I s t f' J C t; ,,, i s ned a t i v e z e r :> I, 0 I" I 1.f a ! neg a >t i :v e r ! s J It, 
requires truncation when stored. In no other case will negative 
zero be ge"lerated. A negative zero source o~erand will be "ter­
preted as positive zero. 

PAC~EO-D~CIMAL data ;s represented as either signed or un­
signed packed decinal numbers. It is no~ checked tor validity. 
All signee paCked decimal numbers have their trailing a blts as 
sign, hexadecimal "C" for o~~s and ")~ for ~i,us, and all J~her. 
characters will be treated as plus. All unsigned packed decimal 
~umbers have their last 4 bits d;sreaarded (the tra,ling 4 bits are 
always treated as positive). 

1~.1.3.2 Chara:ter Decimal 

Numeric USAGE IS DISPLAY data is 
jec:i1lal. It is not Checked for vedid;.ty. 

represented as character 
There is an instructiol"l 
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12.1.3.2 Character Decimal 

to check the ra"ge and do a MOVE if in ra"ge. valid character 
enco:i;!'lgs for 1u11eri:· USAGE. IS DISPL.AY are digLt values "0" throu91"1 
"9" and the valid sign encodings. In all cases, the space charac· 
ter is a valio substitute for the characteri zero. Uperations on 
any other encodings yield unpredictable results. 

This represe"tation ;s generated when a data item is described 
oy a PICTU~E which does not contain the operat;onal sign designator 
S. The numeric value ;s represented as a string of the characters 
'0' •• '9'. r,ere is '0 sign charatter. 

12.1.3.2.2 Separate Sign L.eading/Trailing 

The sig,<;p e;,t"er 't" or '.' a,d ;s the f'irstl1ast charatter 
position of the data field. The digit values are as above, 
'0' .... 9'. 

12.1.3.2.3 Overpunched Sign Leading/Trailing 

1"'1 this representation, the first/laiSt, cha:racter p:;l~H;o"'l of, 
the data field implies both a digit and an operational sign. 1h1s 
encoding is oresentej herewith alo,g with the ~BCDIC en:od;ng for 
comparison. Note that an ASCII/EBCDIC character translation on a 
character dec;~al field performs the correct mapping. 

Decimal ASCII 
Digit t 

ASCII ASCII EBCDlC EBCDIC 
- unsigneo t -

EbCOIC 
u,signed 

.. --.-.-------------------.--_.--_._.---------_ .. _------... --
0 I ld 71) 30 Co DO fO 
1 I 41 4A 31 C1 01 F1 
2 I 42 48 32 :2 02 F2 
.5 I 43 4C 33 C3 D3 f3 
4 I 4'+ 40 34 :4 D4 F4 
5 I 4~ 4E 3S CS 05 F5 
0 I 40 4F 30 Cb Db Fe. 
7 I 47 50 37 C7 07 Fl 
S I 49 51 35 C8 OS Fe 

I 9 I 49 S2 39 C9 D9 F9 
ISPACE, 23 20 20 50 00 40 
--.-------.---.-._.---------.-.-------.-.--------------------

(al I table entries i, ~exadecimal) 
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12.1.4 Cha~a:ter Strin3s 

12.1.4 Character Strings 

A~y ooera,d whose length is a multiole' of, 6 bits (but ~ot 
zero) is of type character string (,n addition to any other type it 
may have). Interpretation as a character stri~g is determined by 
the opcode. For ALL character operands, the FLU and type fieldS in 
~lE are overrijden. This is not CO~$idered a type conflict. The 
minimum length is 1 byte, and the maximum is 2**29 1 bytes. 
Character data is left justified and ASCII olank fiJled whe" 
fetchea, ana right truncated when stored. Although translate s-ops 
are orovided, :6:DIC is not directly supoorted by this s-language. 

12.1.5 Translate Table 

Character translation instructions specify an opera,d which ;s 
a translate table. The resolved operana na~e is then the starting 
address of a" array of bytes. A character is tra~slated by i,ter­
preting it as an unsignea, byte relative inaex into the translate 
table. The byte at this 10catiJn is the translated Character. Inde( 
"0" corresponos to the first byte of the translate table. A 
translate taole consists of 250 oytes. 

12.1.b Boolean Vector 

Set memoershio instructions soecify a,· operand whic" descrioes 
a set. The resolved operand name is then the starting address of an 
array of bits. A character is tested for set memoership by inter­
preting it as ~n unsigned, bit relative index into the set vector. 
~ one oit at this location indicates that the character is in the 
set. A zero bit at this location indicates that the character is 
not in the set. A set vector c01sists of 25b oits corresponai,g tJ! 
character Codes zero through 255. 

12.1.7 Po;~ters 

Pointers are used in the COBOL s-language by the Architectural 
instructions. The definition of oointer formats and their architec­
tural usage can be founa in Chapter 3. 

12.2 CJ6JL ~Kceptions 

Data General Corooration 
Company Confidential 

17:18:7 
11/0ct/79 
Rev. 1 



12.2.1 12-~ 

1~.2.1 Error Handling 

Many ar't~metic and conversio, operatio1S can pro~u:e results 
which are too long to fit in the speciflea destination. ~or COeOL, 
division by zero, overflow and u,derflow fall into this category. 
Explicit size error ha ndl1ng, when specified by the pr09ram~er, 
nandates that the dest1nation fiel0 remain u,cha1ged ~hen a size 
error occurs. 

The C06JL S-19n~uage has a: 1-bit size error flag ca,11e:j 
SlZE_ERROR which can be set by any arithmetic instruction or by the 
check move instr~ctions. 

Note that when storing a signed value (be it decimal, floating 
or integer) i,to a decimal datum whose t~pe field indicates 
"unsigned", only the magnitude of the value is stored. No size 
error ,ccurs fran the sign cha,ge. 

12.2.2 Exceptions 

A numoer of conjitions, includi,g t,e imoroper specification 
or use of data or instructions, cause the signal ling of a program 
exce:>·tion. The folilo~.dng is a descriptio!" of the orogram el(cep­
tions specified for this s-language. lncluaed;s a list of the 
~oss;ble respo,se actions for each of the' e~cept10n :onditions. 
rhe default response is given by "00". 

o • Integer ~ange Exception 

The result of an integer operation is outslae the range of 
re~resentable values for the dest~,atio!" o~erana size. T"e 
oefined response actions for this exception are the 
f 0 1 11 0 wi!" 9 : 

00 -

01 .. 

10 .. 

11 .. 

Set SIZE_ERROR. 
result. 

reserved 

reserved 

reserved 

L .. Inte;er ,); III de by lero Except; on 

Store an unprea;ctaole 

rhe value of the alvisor in an integer quotient or integer 
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12.2.2 E.xcePtions 

re~ainjer instruction is integer Z!ro. The defined respon­
ses to this exception are the follow1ng: 

00 .. 

01 .. 

10 -

11 -

Set SIZE_::I'(~(J~. 

result. 

reserved 

reserved 

reserved 

Store an un;)redictaole 

2 .. Floating Point Uverflow 

The exoonent result of a floatin; ;)oint operation 
the positlve representable range ot floating point 
1unbers anj the result mantissa i~ no~ zero. T,e 
responses to this exception are the following: 

exceeds 
exponent 

de f·; .,e :j, 

00 -

01 -

10 -

11 .. 

Set SllE._:RROR. 
result. 

reserved 

reserved 

reserved 

3 - Floating Point Underflow 

Store an uno<redictaole 

The eX001ent result of a float;n; ooint operation exceeds 
the ne3ative representable range of floating pOint exponent 
1unb!rs ah:) the result mshtissa i~ noit zero .• r,e :::Ief".,ej, 
responses to this exception are the following: 

00 .. 

01 -

10 -

11 .. 

Set SIZE_ERROR. 
result. 

reserved 

reserved 

reserved 

Store 
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12.2.2 ~x:e=>t;ons 12-7 

~ - Floating Point Dlvide by Zero 

The value of the divisor il'l a i floaltin; 
struction is zero. The defined response 
f 0 III ::HoI i n \3 : 

00 -

01 -

10 -

11 -

Set ;'IZE_ERRuf<. 
result. 

reserved 

reserved 

reserved 

~. .. Deci~al J~erflow txceptlon 

Store 

point jivide 
actions are 

in" 
the 

an unpredictaole 

The result of a deci~al operation 
jiaits. The defined resool'lse 9cti~ns 
are the following: 

exceeds Ib 
for this 

decimal 
9xce=>t,0" 

00 -

01 .. 

10 -

11 -

5 e t S I LE. _E. ~ R JR. The res u I tis rig h t t run cat e j 
to 18 digits. The number of truncated digits 
i.s s tor e din the dec i m :3 il n a in e • T , a t res J I t i 

is stored in the destination left truncated 
if the jestinatio" si,z! is less tha" 18 
d1l:;11 ts. 

reserved 

reserved 

reserved 

b - Decimal Divide by lero ~xcePtion 

The II a 1 u e of the dill i so r ina· de:.: ,j 1I a 1 :) i v ide ins t r u c t ion ; s 
zero. The definea response actions are the following: 

00 -

01 -

10 -

Set SIZE_ER1(j~. 
result. 

reserved 

reserved 

Store 
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12.2.2 ~xcePtions 12"'8 

11 - reserved 

12.3 COBOL Operation Definitions 

The CJBJL s-language instructio~s are defined in detail i~ the 
following sections. lhe operations are classif;eo as Control 
instructions, I,teger Arithmetic instru:tio,s, Float~ng Point 
Arithmetic instructions, Decimal Arithmetic instructions, String 
instructio,s, Size Error i,strJcti,"s, a,d Architect~rall 
instructions. 

12.3.1.1 bRANCH IF ZERu 

Jpcoje: 

Syntax: 8l rd, I it 

n1: source of tyoe t,teger or floating po~nt 
lit: lnline Hteral 

Oescri~tion: Evaluated,1;s co~psred to zero. If it is 
equal to zero, then a relative branch is 
taken by u::>deting the Olffset ::>ortio', of 
current PC, using the inl1ne 1 iteral. 
Otl'lerwise, elCecut;," cont;inues inli,.,e. 

12.3.1.2 BRANCH If NOT l~RO 

Opcode: 

Syntax: 

b5 

bNl n1, lit 

n1: source of type i,teger or floating porint 
l;t~ ;nline literal 

Descri::>tion: Evaluated,l is cO~P3red to zero. If it is 
not equal to zero, then a relative branch is 
taken by uooating the offset ::>ortion of, 
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12.3.1.2 12-9 

current pc, using the inline IHeral. 
;)t"erw;se, exe:utijr'\ co"tir'lues ;!"\Ii"e. 

12.3.1.3 bRANCH IF GR~ATEH THAN ZERO 

Opcode: 

Syntax: 8GZ n 1, 1 i t 

n1: source of tyoe i,teger or floating poi,t 
lit: ;nl;ne literal 

Descriotion: ~valuated n1 is conpareQ to zero. If it is 
greater than zero, then a relative branch is 
take" by uooatina t"le j,ffset oorti01' of 
current PC, using the lnline literal. 
Jtherwise, elCecution c:>nt~,ues inline. 

1~.j.l.4 BRANCH If G~~ATtR THAN OR tQUAL 10 ZERO 

Op:;ooe: 

Syntax: 

67 

BGEZ n1, 1 it 

nl: source of type i,teger or floating point 
lit: inl;ne literal 

Descriotio,: Evaluated,1 is co~pared to zero. 1f it is 
greater than or equal to zero, then a rela" 
tive branch is taken by Jpdating the offsetl 
portion of current pc, using the inl;ne 
literal. Uther~ise, execution continues 
1nl1ne. 

12.3.1.5 BRA~Ci IF lESS THAN lERJ 

Opcode: bb 

all n1, lit 

n1: source of type integer or floating point 
lit: inline literal 
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12.3.1.5 12-10 

uescription: tvaluated 1"11 is compared to zero. If it is 
less than lero, then a relative bra~ch is 
taken by updating the offset portion of 
cur r en t p : " ..I sin; t h ! , 1"1 1 i ~ e , , t era i1 • 
Otherw;se, execution continues inline. 

12.3.1.6 8RA'JCi IF LE.SS THAN OR ::f.,lJA ... i TO Z:;RJ 

Opcode: 

SY!"'Itax: 

DescriPtion: 

b9 

8LE.Z 1"11, lit 

n1: source of type integer or floating pOlnt 
lit: inHne literal 

Evaluated n1 is compared to zero. 
less than or equal to 
branch is taken oy 
portion of curre,t 
literal. Otherwise, 
inline. 

zero, then 
updating 

pc, 1J S ; n9 
execution 

It ;t is 
a relative 

the offset 
the i!"lline 

cOl"ltinues 

12.3.1.7 BRANCH If INTEGfR tQUAL 

Opcode: 

Syntax: 

72 

1St:. nl, n2, Ht 

nl: source of type i,teger 
n~: source of tyoe integer 
l;t: inl,ne literal 

DescriPtion: Evaluated n1 is compared to evaluated n2. If 
they are equal, then a relative branch ;s 
taken by updatin~ the offset portion of 
cur r It n t P : " ..I S ; n ;I t h tin 1 i n e I ; t ! r 3 11 • 
Utherwise execution continues ;nl;ne. 

12.3.1.8 ~~A'JC1 IF I'JTEGER NOT E~U~L 

(Jpcoae: 73 
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12.3.1.~ 

Sy"tax: 

HRANLH IF INTEGER NOT E~UAL 

nl: source of ty~e integer 
'h~: source of, ty::>e ; 'tag~r 
lit: inline literal 

12-11 

Descri::>tion: Evaluated,,1 is CO~P3red to evaluatej "'12. If 
they are not equal, then a relative branch is 
taken by uod3tin; the offset ::>ortio~ of 
currel"lt pc, using the 1nline literal. 
J t n e r w ; s e , e I( e c u ti :> I'" c:> n t ii ., U e s ;., 1 11'1 e • 

12.3.1.9 BRANCH IF INT~G~H LESS THAN 

Upcode: 

Syntax: 

74 

IbL nl, "'12, lit 

n1: source of tyoe i,teger 
"'12: source of type integer 
lit: inline literal 

Uescription: If evaluated n1 is less than evaluateo n2, 
then a relative oranch is taken by updetln; 
the offset portion of current PC, USing the 
inline literal. Uther~ise, execution C01t;n­
ueS inline. 

Opcode: 77 

18Li:. I'll, 1"12, 1 it 

n1: source of type integer 
.,2: source of, ty::>e i,teger 
lH: ;nline literal 

Jescri::>tion: If evaluated nl. is less than or equal, to 
evaluated n21 then a relative brancn is taken 
Oy updatin; the offset portion of current oc, 
using the inline literal. Otherwise, execu· 
t ; 0 nco n t i 1"1 U e S ; I'll ; n ~ '. 
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12.3.1.10 

12.3.1.11 HRANCH IF FLOA11N~ t~UAL 

Opcode: 

Syntax: 

82 

FtlE. nl, n2, lit 

nl: source of tyoe floatin3 pOlnt 
n2: source of type floating point 
lit: in1 ine literal 

12-12 

DescriPtion: evaluated nl is compared to evaluatea n2. If 
they are e~ual, then a relative branch is 
taken by updating the offset portion of 
cur r en t P: " J sin ;;I t h ! i n I i 1"'1 eli t s r a ,1 • 
Otherwise, execution continues ;nline. 

12.3.1.12 3R~N;H IF, FLJATl~G NOT c~LJAL 

CJpcode: 

SYl"ltax: 

83 

Fb~t nt, n2, lit 

nl: source of type floating point 
"12: source of, tyoe floati,,; oo;nt 
l1t: inl,ne literal 

Jescriotion: Evaluated n1 is conpared to evaluated n2. If 
they are not equal, then a relative branch is 
taken by uodatin3 the offset oortio1"'l of 
current PC, using the inline literal. 
Jt.,erwise, executi;)n C;)nt,i1ues ;,,1 ine. 

12.3.1.13 BRANCH IF FLOATING LESS THAN 

Opcode: 

Syntax: 

84 

FbL nl, n2, lit 

nl: source of tyoe floating point 
nd: source of type floating point 
lit: ;nline literal; 
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12.3.1.1.3 BRANCH IFr FL,)ATiI\lG L~SS THAN 

DescriPtion: It evaluated n1 is less than evaluatea 1"12, 
then a relative oran:h is taken by updating 
the offset portion of current PC, usinG the 
i n 1 i I" e 1, t e r al. () the 'r l1li i s e , ex e cut 1 0 nco' tin .. 
ues in1ine. 

12.3.1.14 3R~N:rl IF FLClATlNl? LESS rH/.\N O~ ::QJA .. i 

Opcode: 

Sy"tax: 

as 

FbLE: 1"11, n2, lit 

n1: source of type floating point 
,2: source of, ty::>e fl03ti"~ ooint 
lit: inline literal 

Descriotion: If evaluated 1"11 is less than or equal to. 
evaluated 1"12, then a relative branch is taken 
oy updating the offset portion of :urrent OC, 
using the inline literal. Otherwise, execu· 
tion conti"ues i'·dine. 

12.3.1.15 BRANCH If DECIMAL E~UAL 

Upcode: 

Syntax: 

86 

DBE. 1"11,1"12, lit 

nl: source of tyoe det~mal 
n2: source of type aecimal 
In: in1;ne literal' 

Description: Evaluated 1"11 ;s comparea to evaluated n2. If 
they are equal, then a relative branch 1S 
taken by updating the offset portion of 
current p:" JSin3 the inl1 r'le literad. 
Otherwise execution continues inline. 

12.3.1.10 3kAN:H IF DEClV1AL NOT ::QWAl..i 

Opcode: 87 
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12.3.1.1b 

Syntax: 

BRANCH IF D~CIMAL NOT EWUAL 

DIjNE. rd, n2, 1 it 

n1: source of type oecimal 
,2: source of, ty::>e d,timaij 
lit: inline literal 

Descri::>tion: Evaluated n1 ;s CO~P3reO to evaluated n2. 1f· 
they are not equal, then a relative branch 1S 
taken by u::ldatin; the offset ~ortion of· 
current pc, uSlng the inHne literal. 
Jti"lerw;se, elCecuti:>I1 c::>I1ti'lues i,1 'I1e. 

12.3.1.17 BRANCH IF DtCIMAL LtSS THAN 

Opco:::ie: 

Syntax: 

SernantlCS: 

Dbl.. n 1, n2, 1 it 

nl: source of tyoe decimal 
n2: source of type oecimal 
Ii t: i n 1 ; n! 1 Ii t era 1 I 

If evaluateo nl is less than evaluatea n2, 
then a relative orah:h is taken b~ updatin3 
the offset portion of current pc, usine the 
in1;ne literal. Uthe'r"dse, executi,on contin­
ues ;nl;ne. 

12.3.1.16 BRAN:rl IF )~:l~AL LESS T~A~ JR E~UAL 

(.Jpcoae: 

Syntax: 

89 

Dt:H.t nl, n2, lit 

n1: source of type oecimal 
,2: source of tY::Ie decima1 
lit: inline literal 

)escriotion: If evaluated nl is less than or equal to· 
evaluated n2, then a relative oranch is taken 
oy updatin~ the offset portion of :urrent oc, 
using the inline literal. Utherwise, execu· 
t i on con t i r'I U e s ;!1 1 i n e. 
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12.3.1.18 t3Rt\NCH IF DECI'-1A;"1 :..E.S$ r-tA\I JR E.~UAL 

12.l.1.19 ~RANCH IF DECIMAL E.QUAL ZE.RO 

Op:ode: 

Syntax: 

Descriotion: 

90 

D~l nl, lit 

n1: source of tyoe decimal 
lit: inline literal 

Evaluated !"I 1 ; s cO'Tlp9red to zero. 
equal to zero, then a relative 
take, by u~dat;ng the ::>lffset 
current PC, uS 1ng the ; n , ; ne 

If it i s 
branch is 

oortio,' of 
literal. 

Jtl'ler~ise, el(e:uti:>!"l c::mt;!'lues ; '" 1 i I'" e. 

12.3.1.20 ~RANCH IF DECIMAL NOT EQUAL l~RO 

Opcode: 

Syntax: UbNZ n1, I it 

nl: source of type decimal 
lit: ;nl'ne literal 

Descriotion: Evaluated I'll is :o~pared to zero. if It is 
not equal to zero, then a relative branch ;s 
take",· by u:>datin; t,e ::>iffset oortio" of 
current ~c, using the ;nJine literal. 
Jtherwise, el(ecucion c:>!"lt~,ues inline. 

12.l.1.cl SRANCH IF DtCIMAL GRtATER lrlAN ZERO 

Qpcoje: 

Syntax: 

92 

DI:jGl n 1, lit 

n1: source of tyoe decimal 
lit: inline literal 

Descr;pt10n: Evaluated I'll is conpared to zero. If lt is 
greater than zero, then a relative branch is 
taKe, by uodatin; tne :llffset portio" of 
current pc, using the inl ine 1 iteral. 
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12.3.1.21 ~RANCH IF DECIMAL GREATER THAN lEMU 

Otherwise, e x e cut; ::> " conti n u e sin 1 i Ii e • 

12.3.1.22 BRANCH IF D~CIMAL GREATER ThAN U~ E~UAL TO ZERO 

Opco::1e: 

Syntax: LH3btZ n1, lit 

n1: source of ty~e decimal 
lit: inline literal 

0escriotion: Evaluated n1 is :Oftp3red to zero. If it is 
greater than or equal to zero, thel"l a rela­
tive branch is taKen by JPdatil"l9 the offset 
portion of current pc, using the inline 
literal. Other~ise, executio, continJes 
inline. 

12.3.1.23 8~~N:H IF JECI~AL LESS T~A~ Z~~O 

Upcode: 

SYr"ltax: 

94 

DbLZ nl, lit 

n1: source of type decimal 
Lit: ir"lline lriterall 

Oescription: Evaluated n1 is compared to zero. If it is 
less than zero, then a relative branch is 
taken by UPdating the offset portlon of 
cur r en t p : 'I J S 1 n ~ the 1 n 1 i n eli t e r :1'1 • 
Utherwise, execution continues inline. 

Opcoae: 

Syntax: 

95 

DbLEl nl,1 i t 

n1: source of type decimal 
lilt: inline l:iterall 
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12.3.1.24 dR~N:H IF )ECIVlAl.. 1..I:.SS TiA\J, :.IF< E~UI\L TJ lERu 12-17 

OescriPtion: t.valuated n1 is compared to zero. 
less than or equal t:> zero, then 
branch is taken by updating 
portion of current pc, using 
literal. utherwise, execution 
inline. 

If 
a 

the 
the 

1t ; s 
relative 

offset 
inline 

continues 

12.3.1.25 BRANCH IF CHAkALTEH EQUAL 

Opco,je: 

Syntax: 

90 

Cbt:. n 1, n2, lit 

nl: source of type c~ara:ter strin; 
n2: source at type character string 
lit: inline literal, 

Uescription: tvaluated n1 ;s compared to evaluated n2. If 
they are equal, then a relative branch is 
taken by updating the offset portion of 
c u ,.. I' e n t P : 'f J sin J t h !! i n 1 i n eli tel' a:l .. 
Otherwise, e~ecution continues inline. 

Notes: If the character strings named by,l anJ n2 
are of different lengths, then the shorter 
string is ASCII ::>1ahk fij,led on th! right t:)1 
the length of the longer string. 

12 .. 3.1.20 3R!\I\ICH IF CHlIfHCH.R ;\lOr' :'QJA~I 

Opcode: 

Syntax: 

97 

CtlNE. n1, n2, 1 i.t 

n1: source of type character string 
n2: source of, tyoe c,ara:ter str;n;, 
lit: inline literal 

Description: Evaluated ~1 is conpared to evaluated "2. If, 
they are not equal, then a rel~tive brancn is 
taken by updatin; the offset ~ortion of 
current pc, using the 1n1 ine 1 Heral. 
Jtherwise, execution CJnt~,ues inline. 
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12.3.1.20 

Notes: 

BRANCH IF C~A~A:~;R NJT tQU~L 

If the character strings named by nl and n2 
are of a~ffere~t lenaths, then tne sh~rter 
string is ASClI blank tilled on the right to 
the length of the lo"\ger strin;. 

12.3.1.27 ~RANCrl IF ChAkAlTtR LESS THAN 

UPco:;le: 

Syntax: 

98 

CbL n1, n2, lit 

1"11: source of tyoe c~aracter strin3 
n2: source of t)pe character string 
lit: inline literal. 

Description: If evaluated n1 is less than evaluateo n2, 
then a relative ~r3h:h is taken by upoat;n~ 
the offset portion of current pc, using the 
inline Iitera!l. Otherl'lise, exec..tt1.on co,tin­
ues ;nline. 

~otes: If the character strin~s nameo by,1 and n2. 
are of different lengths, then the shorter 
strll"\g is AS:11 019n( filled on the right tOi 
the length of the longer string. 

Opcode: 

SYl"\tax: 

99 

CtiLE n1, n2, lit 

n1: source of type character string 
,2: source of· ty:>e c,ara:;4:er stri n 3 
lit: ;nline literal 

Oescrl::>tion: If evaluated nL is less than or equal to 
evaluated n2, then a relative branch is taken 
~y updatin; the offset portion of :urrent OC, 
using the lnline I itara!. Otherwise, execu· 
tion continues ;nline. 

Notes: If the character strings namea by nl 
are of differe,t len;ths, then the 

and n2 
s h o;r t e r 
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12.3.1.2t:i 3~~N:H IF CHAkACr~~ ~ESS TiA~ JR ~~UAL 

strlng is ASCII blank filled on the right to 
the length of the longer string. 

12.3.1.29 BHANCH IF CHARAtTtRS TRANSLAT~D EQUAL 

(Jpcode: 100 

CrtH:. nl, n2, 1"13, lH 

n1: source of type character string 
"12: source of· ty:>e c,ara:ter strin;, 
n3: source of type translate table 
lit: inli,ne literal 

Descriptl0n: The character strings named by n1 ana n~ are 
translated throu;h t,e table named by n3. If, 
translated evaluated n1 is equal to tran­
sla,ted evaluated n2, tne" s· relati,,,e bra,c, 
;s taken by updating the oftset aortion of 
current pet \Jsin; the ;nli"e literal. 
utherwise, execution contil"\ues il"ll1l"1e. 

Notes: If the character strings named by n1 and n2 
are of differe~t len;ths, then the shorter 
string is A~CII blank filled on the right to 
the length of· the 10,ger string. Tne olanl< 
f;ll occurs before translation. 

12.3.1.30 dRANCH IF CHARACT~RS TRANSLATtD LESS THAN 

Opco:.ie: 

Synta)(; 

101 

CTSL 1"11, n2, n3, 1 H 

n1: source of tyoe c~ara:ter strin; 
n2: source of tyae character string 
n3: source of tyoe translate table 
lit: inline literal 

Deserlotion: The character stri,gs· nane:.i oy nl and n2 are 
translated through the table namea by n3. If 
translated evaluated 1"11 is less than tran­
slated evaluated n2, then a relative branch 
;s taken by up:.iat;'9 the offset ~ortion of· 
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12.3.1 • .50 & ~ A \I C, I F C -t A RAe T E t< 3 I R ~ N !) L ~ IT ~ 0 L:: SST HAN 

Notes: 

current PC, using the inl ine literal. 
Jtherwise, eKecution C'"t~,ues inline. 

If the character strings named by n1 and n2 
are of differe~t len;tns, then t"e shorter 
string is ASCII olank filled on the right to 
the len 9 tho f, the 1 0 " gel' s t I' ; n 9 • The J ,1 3 n Ie 

fi II occurs before translation. 

12.3.1.31 BRANCH IF CHARACTERS TRANSLATED NOT tQUAL 

Opcode: 

Syntax: 

102 

CTBN~ n1, n2, n~, lit 

nl: source of type cMaracter string 
"12: source of, tyoe c,ara:ter str1n;, 
n3: source of type translate table 
I ,i t: ; n I ; n e 1 ri tel' a I , 

Description: The character strings named by n1 and n2 are 
translated throu~h t,e table narneO by n3. 1f 
translated evaluated n1 is not equal to 
t'ransl ated eval Jated n2, then a rei alt i.ve 
branch ;s taken by UPdating the offset 
cortion of, c.Jrre"t PC using tne '''I·li,,!! 
literal. otherwise, execution continues 
inline. 

Notes: If the character strings named by n1 and n2 
are of differe"lt lengthS, then tne shorter 
string is ASCI! blank filled on the right to 
the 1 eng tho f, the 1 P , 9 e r s t r i n 9 • T l'l e ,,1 a n Ie 
f; 11 occurs Defore translation. 

12.3.1.32 BRANCH IF CHARALTERS TRAN~LATtD LESS THAN Uk EQUAL 

Opcode: 

Syntax: 

103 

CTBLE nl, n2, n3, lit 

n1: source of tyee c,ara:ter string 
n2: source of type character string 
n3: source of tyee trans1ate table 
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12.3.1.32 ~R~N:H IF, :H~R4C1E.RS T-<A\lS.ATE.)i ... E.SS T~A'J Ok E.~WAL 12-21 

lit: inline literal 

Jescri~tion: The character stri~9s naned by nl and n2 are 
translated through the table named by n3. If 
translated evalUated n1 is less than or equal 
to translated evaluated n2, then a relative 
Dranch is taken Dy u~oating t,e offset 
portion of current PC, USing the inline 
literal. Other~ise, execution =ont;~Jes 
inline. 

Notes: If the Character strin3s named by,l ana n2 
are of different lengths, then the shorter 
string is t\SCII oJah( fll,leo on the right tOi 
the length of the longer string. The Dlan~ 
fill occurs oetore translation. 

12.3.1.33 BRANCH IF IN SE.l 

Opco::le: 

Syntax: 

104 

CblNSE.T n1, n2, n3, lit 

nl: source of tyoe c,ara:ter strin3 
n2: source of type boolean vector 
"'1,3 : j est i n SIlt i p "'I' :>;f t >' P e i n t e 9 e r 
lit: inline lHeral 

Descri~tion; rne string named by ,.1 is scanned.. If all· 
characters in evaluated nl are in the set 
:"Ianej ::>y n2, the, a relat'ive bra1C' 1,S tai<e11 
by updating the offset portion of current PC, 
u sin 9 the ; n i ,1 !"l eli ,t e"" a 1 •. 0 the r tI ; s e I e x e : u .. 
tion continues inl'!"le. The index of the 
leftmost character n,t i1 the set is store~ 
at resolved n3. ~esolved n3 is unchanged if 
all characters are i "I, the set. 

12.3.1.34 BRANCH IF NOT IN SET 

Jpcoje: 

Syntax: 

105 

CIjNINSE.T nl, n2, n3, lit 
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~RANCH IF NUT IN S~l 

nl: source ot type c~ara:ter strin; 
n2: source of type boolean vector 
"1<3: destinalt:;p,- J,f tlfPe i"teger 
lit: ;nline Hteral 

Descri~tion: The string named by "11 is scanned. If ~ny 

Opcode: 

Syntax: 

character in evaluated nl ;s not in the set 
, a 'TI e d 0 y n 2 , t" e, are 1 at,; 1/ e bra, c, ; 15 t a i( e "I I 
by updating the Offset portion of current pc, 
." S ; n i1 the i" 1 ,i l"I eli ~ ! 'r E1'l. 0 the r \OJ i s e , e )( e : u -
tion continues inline. The ;noex of the 
leftmost character not t, the set is storej 
at resolved n3. Resoll/ed n3 is unchanged if 
all, characters are i,. the set. 

lOb 

CbS I" 1, 1; t 

nl: source of tyoe c,ara:ter strin; 
lit: ;nline Hteral 

Descri~tion: rne string named by ,1 is scanned. If al I 
characters of evaluated nl are ASCII spaces, 
then a relative orah:M is taken by updatin; 
the offset portion of current pc, using the 
irl!ine litera-I. Othe'rlll;se, executipn cOl"ltin­
ues inline. 

1~.3.1.3b 6R4NCrl IF CHAKACT~RS NOT SPAC~S 

Opcode: 

Syntax: 

101 

C"NS 1"1, 1 l,t 

1"1: source of type character string 
lit: inl;n! lriteralJ 

DescriPtion: The string named by n1 ;s scanned. If any 
character :>11 ellaluated n1 is not an ~S:lr. 
space, then a relative branch is taken by 
JPdat;ng tne offset! oortlp1 of C..Irrent oc, 
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12 • .5.1.3b 

using the inl ine 1 iteral. Otherwise, execu· 
tion contir'lues in};ne. 

12.3.1.37 LOUP DOwN TO ltHU 

Opcode: 

Syntax: LPOI\iZ nl, lit 

1"11: source of tyoe i,teger 
lit: inline IHerel 

Descr;otion: Evaluated nl is co~p3red to zero. It it is 
greater than zero, it ;s oecremented oy one 
and stored at resolved nli the offset portion 
of current pc is updateo using the inline 
literal. OtherN;se, e~ecution cont;n~es 
inline. 

12.l.I.3d PERFJR~ 

Opcode: 

Syntax: 

109 

PFlI1 1"11, n2 

n1: destination ot type unsigneo integer 
,2: source of, ty~e u,s;g,ed i,nte;er. 

Oescr;ptlon: The PC offset of the next inline instruction 
is stored at res~~~ej n1 ar'lO a bran" is 
taken by replacing the current PC offset with 
e val (n 2) t P, P .0 f f set. 

12.3.1.39 PERFORM END 

Opco:::le: 

Syntax: 

110 

PFMU\j[) n 1 

n1: source/destination of 
integer 
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12.3.1.39 PE.RFORM t::.Nt; 

Oescriotio": Evaluated,1 is conpared to zero. If is is 
not equal to zero, then the current p~ offset 
is replaced ::>y evalu9ted 1"11 ana integer zero! 
;s stored at resolved 1"11. Otherwise, execu· 
tio/"l conti1ues i,,!;ne. 

12.3.1.QO $E.L~ RtLATIvt dRANCH 

Opeode: 111 

Syntax: t;Rl=.L 1 it 

lit: inline literal' 

Oescription: An unconditional branch is taken by UPdating 
the offset portion of current PC, using the 
inline I Hera1. 

12.3.1.41 PRJC:DURE JBJECl RELATIVE oR~N:H 

Opcooe: lle? 

i3R 1"11 

n1: source of type unsigned integer 

Oescriction: A orench is taken oy replacing the current ~~ 
offset with P&P.oftset t evalln1). 

12.3.2 l,teger Arithnetic Instru:tiP1s 

12.3.2.1 MUVt INftGER 

Opcode: 

Syntax: 

113 

IMOV 1"11, 1"12 

n1: source of tyoe i,teger 
n2: destination of type integer 
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12.3.2.1 MOVE INTE.G!:k 

Oescri~tion: Evaluated,1 is stored at resolved n2. 

Exceptions: 0 - ;nteger range exception 

12.3.2.2 SET TJ JN~ 

Upcode: 

Syntax: 

114 

lSET::lNE nl 

n1: destination of type integer 

Descriotion: Resolved n1 is set tJ ;nteger one. 

12.3.2.3 A~SOLUTE INTEGE.R 

Opcode: 115 

Syntax: lAt:!S nl, n2 

nl: source of tyoe i,teger 
n2: destination of type integer 

Oescriotion: The absolute ~alue of evaluated n1, is com­
puted and stored at resolved n2. 

E.xce:;)tlo"'ls: o • integer range ex:e:;)tion 

12.5.2.4 NE.GATE INTEGER 

Opcode: 116 

Syntax: INEG nl, n2 

n1: source of type i"teger 
n2: destination at type integer 

DescriPtion: Evaluated n1 1S negated and stored at resol­
ved ,,2. 

txceptions: o - integer range excePtion 
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12.3.2.4 1\1 i:. GAT tIN T t:. G t H 

12.5.2.5 I~C~E~E~r INT~G£R wlTrl ONE OP~R~N) 

Upcode: 117 

~yntax: UNCl n1 

n1: source/destinatlon of type integer 

Oescriotion: Evaluated,1 is In:r!~ented by one and the 
result is stored at resolved nl. 

Exce::>ti.ons: o - integer range ex:eotion 

12.3.2.b DECRt:.MENT INTEGlR wITH ONt UPtRA~D 

(JPcode: 118 

~)'ntax: IDte 1 nl 

nl: source/destinet;:>n of, type integer 

Desc~lpt;on: tveluated nl is decremented by one ana the 
result is st:>red atl !"iesolrved n1. 

Exceptions: o - integer range exception 

12.3.2.7 AJD l~l~GER wlr~ 2 OPER4NlS 

Upcode: 119 

SYi1tax: lADI.l2 nl, ,2 

nl: Source of type integer 
n2: so~rce/dest1nac~on of tyoe integer 

Description: Evaluated n1 is saaed to evaluated n2 and the 
result is st:>red at !"~soltved n~. 

t:.xcePtions: 0 - integer range exception 
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12.3.2.8 ADO INfEGtH 12-27 

12.3.2.8 AJu I~rEG~R 

Opcode: 

Sy"tax: 

120 

IAC>LJ nl, n2, n~ 

n1: source of type integer 
,2: source of· tyoe i,teger 
n3: destination of type integer 

Descriotion: Evaluated nl is added to evaluated "2 and the 
result is stored at resolved n3. 

Exceptions: 0 - integer range ex:eotion 

12.3.2.9 ~UBrRAcr INrEG~R WiTH 2 UPtRANDS 

Opcode: 121 

Syntax: ISUb2 n1, n2 

,1: source of type i,teger 
n2: source/destination of type integer 

Descriotiol"l: E.valuated r'l1 is SU:ltracted from evaluated n2 
and the result 19 stored at resolved n2. 

Exce;)ti01S: o • integer range ex:eption 

12.3.2.10 SUBTRACT INTEGEH 

Opcode: 

Syntax: 

122 

ISUb n1, n2, n3 

"11: source of tyoe i,teger 
n2: source of type integer 
,3: :lestinaltip,. ;)If ttpe i('lte:;!er 

Description: Evaluated n1 is subtracted from evaluated n2 
and the result is st,red at resolwed n3. 
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12.3.~.10 

txceptions: v - integer range exception 

12.3.2.11 ~ULJIP~~ l~lEGEH ~lTrl 2 JPERQN)S 

IJpcode: 123 

IMUl2 n1, .,2 

n1: source of type integer 
n2: source/dest~"at~on of tyee integer 

DescriPtion: Evaluated n2 is multiplied by evaluated n1 
and the result is st)red at· resolved ni. 

f:.xceptions: 

Opcode: 

Syntax: 

o - integer range exception 

124 

IMUL nl, n2, n5 

n1: source of tyee integer 
,2: source of. ty~e i ,teg!,. 
n~: destination of type integer 

Oescri~tion: Evaluated n2 is ~ultiplied Oy eva~uated nl· 
and the result is stored at resolved n3. 

Exceotio"'ls: o - integer range !x:eotion 

12.3.2.13 OlVIDt INTtGER 

Opcode: 

Syntax: 

125 

lOlV nl, n2, n3 

I'll: source of tyee i,teee,. 
n2: source of type integer 
.,:3: destinatiP"I':>1f type integer 
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12 • .3.2.1.S 

Semantics: nj := TRUNCATE(n2 I nIl 

)escri~tip,~ Evaluated,2 is di~~jej Oy evaluatea nl and 
the quotient ;s stored at resolved n~. The 
discarded re~a;nder ,as the same slgn as the 
dividend n2. 

C:.xceotlOrlS: o • inte3er range ex:eotipn 
1 - integer divlOe by zero 

12.3.2.1~ SCALE li~Tf:.Gf:.R ::H 10 

upcode: 

Sy"tax: 

120 

lit: literal, signed scale factor 
,1: source of,ty;)e i,teper 
n2: destinatl0n of type integer 

Semantics: nc:?:= nl * 10 ** lit 

Description: Evaluated nl is multiplied by 10 to the power 
of the integer literal and the result is 
storeo at resolvea n2. 

Exceotions: 0 - integer range ex:eotton 

12.3.C:?1~ SCALE INTf:.GEH wITH ROUNDING 

Opcode: 

Syntax: lR!\lO lit, nl, n2 

lit: 1 i t era 1, sign ed sea 1 e f ac tor 
nl: source of tyoe i,teger 
n2: destination of type integer 

Description: Evaluated nl is multiplied by 10 to the po~er 
of the integer literal and the result ;s 
storeo at resolved n2. Rounding occurs (the 
result is incrementej oy one) if the s6ale 
factor is negative and the leftmost trunctaed 
oit is a one. 
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12 • .3.2.15 SCAL~ INT~GtH wITH HOUNDING 

c-xceotions: o - inte;er ra~ge eK:eotion 

12.3.3 Floating Point Arithmetic Instructions 

12.3 • .3.1 MJVE FLJAfI~G 

Upcode: 129 

::iYl"ltax: FMOV nl, n2 

nl: source of type floating point 
... 2 : j est ina it ; P ... I :> if t)' P ~ f.i:>:a t ; n g p:> Ii ... t 

DescriPtion: Evaluated nl is stored at resolved n2. 

Opcode: 1.30 

SYr'ltax: FAJ02 n1, ,2 

n1: source of type floating pOint 
,2: source/d~sti,atji;)n of, tyoe floating ooif'lt· 

Description: ~valuated nl is aadea to evaluatea "2 and the 
result is stJired at. resol",ed nd. 

Exceptions: 2· floating point overflow exception 

12.3.3.3 ADD FLuAIING 

Upcode: 

Syntax: 

3 - floating point u,derflow excePtion 

151 

f"AJD nl, n2, n3 

n1: source of tyoe floating point 
n2: source of type floating point 
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12.3.3.3 ADD FLlJA1IN~ 

n3: destination of type floating PJ~nt 

Description: evaluated n1 is aoded to evaluated n2 and the 
result 1S st:>lred atl resolwed n3. 

~xceptions: 2· floating point overflow exception 
S - floating point u,derflow exception 

12.3.3.4 SU~rkACT ~LOAT1NG ~ITH 2 OPeRANDS 

Opcode: 132 

Syntax: FSUb2 nl, n2 

n1: source of tyoe floating point 
n2: source/destination of type flo~t;ng point 

Descr;otion: t.valuated n1 ;s su:>·trected from eva1iuated nr2 
ana the result ;s stored at resolved n2. 

f.xceotio:'ls: 2 • floati1g point o~erflow exceotlpn 
3 - floating point underflow exception 

12.3.3.5 SJbTR4CT FLOArl~b 

Opcooe: 

Syntax: 

13~ 

FS\Jb n1, n2, n5 

"1: Source of type floating point 
,2: source of· ty::>e floalti"3 ooint 
n3: destination of type floating point 

Descriotion: c.vaJuated n1 ;s suo·tracted from eV!ilII,Jated n2. 
and the result is storeo at resolved nj. 

Exceotio~s: 2 - floating point o~erflow exception 
3 • floating point underflow exception 
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12.3.3.0 FLOATli\Jb IIlI:.GAlt. 

Upcode: 134 

nl: source at type floating point 
, 2: j est ina It La l' ::> rf t y p e f ,1 0 a tin 9 p J Ii 1 t 

Description: Evaluated n1 is negated and stored at resol­
ved r'l2. 

12.l • .3.7 MULTIPLY FLOAT1Nb "ITH 2 OPERANDS 

Opcooe: l.b 

Synta)!.: 

n1: source of ty~e floatin9 ooint 
n~: source/destinatlon of type tloatlng pOlnt 

Descri~tion: Evaluated n2 is nultipllea oy eva~uatej n1 
and the result is stored at resolveD n2. 

Exce:>tio"ls: 2 - floati"l9 point overflow exceptlon 
j - floating point underflow exception 

12.3.3.8 MULTIPLt FL~All~b 

Opcode: 136 

FiV1UL nl, n2, n3 

n1: source of type floating point 
,2: source of. ty;,e floatin; ooint 
n3: destination of type floating point 

uescriotion: Evaluated n2 is ilulitiplied Oy evst;}uated nl, 
and the result ;s stored at resolveo n3. 

Exceotions: ? • floati"lg point overflow exceptipn 
3 - floating point underflow exception 
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12.3.3.~ MULT1PLY FlUA11N~ 

12.5.5.~ UIVIUE FLUArIN~ 

Upcode: 

5e"antics: 

131 

FDl" nl, n2, nl 

n1: source of type floating point 
",2: source of· ty!)e floatini1 !)oint 
nj: destination of type float1ng point 

n.3 : = n2 I n 1 

Description: Evaluated n2 is divided by evaluated n1 and 
the result is stored at· resol~ed n~. 

t.xceptions: 2 • floating point overflow exception 
.3 fl~~ting poi~t u'derfl~w e~cept;on 
4 - floating point divioe by zero exception 

12.5.4 Oecimal Arithnetic Instructions 

12.3.4.1 CL~AR DeCIMAL 

Upcode: 138 

Syntax: U(..LK n1 

I'll: oestinat;on of type oecim~l 

Oescription: Evaluated n1 ;s assigned the value of decimal 
zero. 

12.3.4.2 SET Dt.CIMAL TO UNt. 

Jpcooe: 

Syntax: 

139 

USE-lONE n1 

n1: destination ~f type jec;mal 
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SE.l )E:IIl1A.1 TO UNt:. 12 .. .34 

Oescription~ tvaluated n1 1S set to decimal on~. 

Opcode: 140 

Synt:3x: DMUV nl, n2 

n1: source of type decimal 
,2: jestinalt;o"'l' :)1f t,-pe je::i'Tl~1 

Description: Evaluated n1 ;s stored at resolved n2. 

12.j.4.4 NEGATE O~CIMAL 

(Jpcode: 141 

Syntax: 

n1: source of type decimal 
, 2 : j est ina It ; p "'I ' ;) if t,- P e j e :: ·;11 a 1 

Description: Evaluated n1 is negated and stored at resol­
ved :'Id. 

12.3.4.5 INCKlMlNT DECIMAL ~ITH ONE. UPERAND 

Opcode: 14~ 

Syntax: DINL 1 n1 

n1: source/destinati,n of type decimal 

Description: Evaluated n1 ;s incremented by one and the 
result ;s stJlI'ed at: resolwed n1. 

Except;ol"fs: 5 - deCimal overflow exception 
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DtCHtMtNT DttlMAL WITH ON~ OPEHANU 

Opcode: 

SY:"ltax: DL>t('l n 1 

n1: source/dest;nation of type declmal 

Descriotion: Evaluated n1 1$ je:~emented oy one and the 
result i$ stored at resolved n1. 

txceotlons: ~ - decimal overflow exception 

12.3.4.1 AuD OtC1MAL wlTH 2 wPERANDS 

upco;Je: 

OAUiJ2 n1, n2 

n1: source of tyoe decimal 
n2: source/dest;nation of type decimal 

Description: tvaluatea nl is aOjeJ to evaluated n2 and the 
result ;s stored at resolved n2. 

Exceptions: 5· decimal overflow exception 

12.3.4.8 ADD DtCIMAL 

0pcode: 

Syntax: DAuL> n1, n2, n3 

n1: source of type decimal 
n2: Source of type declmal 
n3: destination of type deci~al 

Uescript;on: tvaluated n1 ;s added to evaluated n2 and the 
result ;s stored at! resolwed n~. 

Exceptions: ~ - decimal overflow exception 
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SUtiTHACT DECIMAL ftlrH 2 OPERANUS 

Upcode: 14tl 

Syntax: DSube? nl, ,2 

nl; source of type dec,mal 
, 2 : sou r eel des ti "\ at!; ,n 0 f· t y 0 e dec i ill a 1 

uescription: EValuated nl 1S subtracted from evaluated n~ 
and tne resul~ ;s st~r!d at resolv~d ni. 

c:'xcept10ns: 

(Jpcoae: 

Syntax: 

~ - decimal overtlow except10n 

147 

I)SUb nl, n2, n3 

ni: source of type oecimal 
.,d: source of! tyoe d!c;rnail 
n3: destination of type declm~l 

Descri::>tion: Evaluated nl is su~trected trom evaluated n2 
ana the result is stored at resolveo n5. 

~ • decimal overfl~~ exception 

12.3.4.11 MULTIPLY DECIMAL ~ITH 2 uPtRA~j)S 

Opcode: 148 

Syntax: DMUL2 nl, n2 

n1: source of tyoe detimal 
n2: source/destination of type decimal 

Descriotion: Evaluated,2 is nultipJ1ed oy eva~uatej nl 
and the result ;s stored at resolved n2. 

Exce:>tiois: 5 • decimal overflo~ exception 
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~U~TIPLY O~CIM.L wlT~ ~. JPERAND~ 

1~.~.4.12 MULTIPLY DEClMAL 

jpcode: 

Syntax: 

149 

UMUL nl, n2, nj 

n1: source of type decimal 
n2: source of type declmal 
n3: destination of type jeclmal 

Oescrlption: tvaluated n2 is multiplieo by evaluated n1 
and the result is it)red at resolv~d n3. 

Exceptions: 

Upcooe: 

S)'!"Itax: 

5 - decimal overflow exception 

l~O 

DUlv n1, n2, n,) 

n1: source of type decimal 
"12: source of. ty:>e d!t::im~il 
n3: destination of type decimal 

Se~antics: n3:= n2 I n1 

Oescrlption: lvaluated n~ is divided oy evaluatea nl and 
the I'" e suI tis s t 0 I'" e d a t I" e sol v e d . n';. k e s :) il -
vea n3 has an assumed decimal point which 19 

;;ver'l 0)' t"le len;;!t, oi· n2. Ihe n..lmoer of­
integral digits stored in the destination is 
e'1..1al to t,e nJmoer· of digits in resolvej, ,~. 
The-fractional part of the result is right 
truncated and stored in the remaining portion 
at the destination. Results are unprecicta­
ole if resolveo n' is longer then the 
destination. 

Exceotior'ls: o· ~eci~al jivioe oy zero exception 
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Upcode: 

Syntax: 

S:AL,t DECIMAL 

151 

DSL.ALI::. lit, n1, n2 

11t: literal, si;ned scale factor 
n1: source of type decimal 
1~: destin3:tio1' ;):f ttpe je:il1al 

Semantics: n2:= n1 * 10 ** lit 

vescrlotion: Evaluated n1 is l1ultiplied by lO to, the power 
of-the integer literal and the result lS 
stored at resolved n2. 

Exceptions: 5 - oecimal overflow exception 

Upcoae: 

Syntax: DHNO lit, :'11,,2 

lit: literal, s'aned scale factor 
., ,1: sou I" :: e of, t y :) e d! t:: i m 3 11 ' 

n2: destination of type decim~l 

vescri:;>tion: t:.valueted,1 is 'IIultipl;ed by 10 to! the pOwer 
of'the integer literal, lit, aAd the result 
;s stored at resolwea ,~. Rou,ding o:CJrs 
lthe result ;s incremented by one) 1f the 
jcele factor is neg3tive and the leftmost 
truncated decimal digit is flve or larger. 

Exceptlons: 5 - decimal overflow exception 

12.3.5 String Instructions 

The f 0 1 1 0 ~ ; n 9 ; n s t r u C t ion s suo P or t tl"H! : U :3 0 .. 1 S f.-( 1 'J (;i , LJ iI/ S T R r N .7! 
and INSPECT statements. lhe data named by <start>, <ena>, - 'and 
<index> are oinar~ intege~s which "index"! either the source or the 
destination. the value one designates tne first character 
~osition, tWOi t~e 5e:010, etc. (i~e. the strl"3s ~re e;tl~Y 
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indexed). These instructions glve unpredictable results 11: 

1) start> end 
2) start < 1 
3) "end" indexes pest the last Character pos;tlo~ 
4) any source string ;s nul I 

12.3.~.1 MUVE F~UM SUbSTRI~G 

Opcode: 

SYl"ltax: 

n1: source of type character strlng 
,2: source of, ty,e i'te~;J!r, start ;)ositi:lf" 
n3: source of type integer, ena positlon 
,4: :Jestinatip" ;)11 type :hair~cter string 

DescriPtion: The characters in source string n1 from start 
position through e,d position are ~oved to 
the destination string nij. If t~e· number of 
chardcters to oe mo~e~ exceedS the destina­
tion string size then right truncation ta~es 
:>·18ce. The del imHed SO;Jrce suostrin;- is 
ASCII space fil1ed to the length of the 
destination string. ' 

12.3.5.2 MOV~ TU 5U~arRINb 

Syntax: CMOVjUSU8 n1, n2, n3, n4 

nl: source of type cnara:ter string 
nc: destination of type'character string 
1"13: source of type l'teger~ start :>os;tion 
n4: source of type integer, end position 

Descriotion: All the characters i, source stri,g n1 are 
moved to the"destination string n2 starting 
at "start". positiP' artd ending at "end", 
position. If tne nu~ber of characters to be 
~oved exceeds the space in "the del,nited 
destination, right truncation takes pl~ce. 
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12.3.5.2 Mu~t TO SUBSrHIN~ 12-40 

lMe source strin:::; i.s A:>ClI space tille:J t:>, 
the length of the delimltea destinatlon 
stri 19. 

12.3.5.3 MUV~ SUcSTRINb 

()pcoje: 

Syntax: 

Oescriotion: 

CMUVSU8 n1, n2, n~, 1"14, n5, no 

1"11: source Character string 
1"12: source string start position, integer 
,3: source str;n~ !nd ~osit;on, inte;er 
1"14: destination character string 
,b: start p'iSi,tip'l' " destil"l1ti::>n stri1g, 
integer 
1"10: ena ~osit;on in jestiniti01 
integer 

string, 

Characters ;1"1 source strina desianated by 1"11 
from start position through end' position are 
cop1ed to that ~ortion of the ~estjnation 

str,ng aesignated by 1"14 from oestin~tton 
start position throJgh dest,nation er\;j 
posltion. If the numoer of characters to be 
movej exceeds the space ". the delt"ted 
destination, right truncation takes place. 
lhe delimiteJ source substring 1S I.\SCl.i. space 
filled to the length of tt'le dellrJ'llted destin-

12.3.~.4 SCAN SUdSTHING 

UpCO:le: 

Syntax; SCAN n1, n2, n.3, 1"14, nb, I it 

,1 : source of· t)i ~e C1ara::,ter strin; 
n2: source of type integer, start posit10n 
.... ;.$: source of, t y =>e i1teger, end ;)osltion 
n4: source of type character string, dellmi-
ter 
n5: destination of type Signed integer, index 
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12.3.5.4 SCAN SUbSTR1Nb li-£H 

lit: inline 11teral 

Description: The characters in "source" n1 from "start" 
through "e,a" are scan,e:j for characterls) i" 
"delimiter". If tMe delimiter is not found, 
"index" is u~cha~ged and a relative oran:h is 
taken by upoating the offset portion of 
current pc Oy the ~alue of the i'~ine 
literal. If a oelimiter is found, "index" is 
set to the character position of tne start ot 
the delimiter and execution continues inl;ne. 

Notes: If the delimiter :ontsins more than one 
character, all the characters must occur in 
sequence in "source" n1. 

12.3.5.5 MOVE CHARACTERS 

Opeo:;e: 157 

Syntax: CMOV n1, n2 

n1: source of type c~ara:ter strin~ 
n2: destination of type character string 

i)escri:>tion: Evaluated ",1 is stored at resolved, n2. If, 
the leneth of n1 is greater than that of n2, 
the "ove is ri~ht trJn:ated. If the len;Jt, 
of n1 is less than that of n2, the move ;s 
1\5:11 spaces f;11ed Elt the right. 

12.3.5.b MOVE SPACES 

Qpeode: 158 

Syntax: CMOVS n1 

n1: destination of type character string 

Description: Each byte of evaluated n1 is assigneo the 
value ASCII· space. 
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12.3.5.7 >10vE:. C-iA=<A:rr::R5i TR~NSLATED 

12.3.5.7 MOVE CHA~ACTERS TRANSLATEU 

Op:ooe: 

Syntax: 

15~ 

CTMOV I'll, n2, n3 

"1: source of tyoe c,ara:ter strin; 
n2: source of type translate taoie 
,3: ::iestinaitl0'f ::>It t1'pe ::i'Htiracter string 

DescriPtion: Each character of evaluated nl is translated 
and st~red into resolved n3. If the length of 
nl is greater than that of n3, the move is 
ri;ht truncated. If the length of n1 is less 
than that of n3, the move is filled at the 
r;;ht with tra,sletej, ~SCI1 spaces. 

12.3.5.8 EDIT CHARACTERS 

JPcode: 

Syntax: 

160 

EDITC nl, n2, n3 

n1: source of tyoe c,ara:ter str~n~ 
n2: source of type character string 
"13 : des t ; n a It i 0 " :> If t 1'P 51 :: h a 'r act e r s t r i n 9 

Description: Source str;ng n1 is edited into the destina­
t;~n under c::mtr::>!1 ofl tha "nask n2. The maSie: 
is processed a oyte at a time. The edit 
terminates when the' e,o of the maSK or 
destination is reaChed. The interpretation 
o~ eaCh "nask byte (mo) is: 

Note: 

mb :: 0; ignored 
o < mb < 10; copy nb characters fro~ source 
to destination 
rnb = 16; ignored 
16 < mb < 32; skip over rnb-lb source charac­
ters 
All others: The mask character is copied 
literally into the dest;~at;on. 

It the oestination is too short, the result 
1S right tru~cetea. 
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12.3.5.8 E)ilTi :H~R~CTERS 12-4 S 

12.3.~.9 EDIT NUM~RIC 

Jpcode: 161 

Syntax: E!JITNUM n1, n2, n"S 

n1: source of tyoe decimal 
n2: source of type character string 
,·3: :iest;n3itip" 'if t;pe :harracter string 

Description: The source ;s a decimal number which is 
edHed into! the destinati,on accordlJ"1g to the 
mask 1"12. The first byte of the mask controls 
z e r 0 s u por e s s i ::> J"I , s i g n t y p e , s i :3 n :;) 1 a c ! m ! nt' 
ana currency symbol olacement. lhe rest of 
the maSk contains literal characters and 
control characters for building the destina­
tion string. 

The source is fetched starting wlth the most 
s;grlificant· digit an:! ASCII characters are 
stored in the destination under control of 
the nask. Source c~aracters in excess of 
those reqUired by the maSk are ignored. A 
mask Which reqJires nore digits then are i,. 
the Source yields unpredictable results. 

Chara:ter code) in the maSk :auses the 
next source digit to oe passed into the 
destinatio,· as a"'l ~6:II :hairacter. 

Character code 1 in the mask 
termination sy~bol f~r both floatiJ"l9 
tion and zero suppression. It has no 
on the destination i, pass 1. 

is a 
inser­
effect 

Character code 2 skips the next charac· 
tel' in the destinati~n with no modlfication. 

Character cooe 3 ;s reserved for future 
use. 

All other characters ,n the mask are 
passed literally i't~ the destination. 
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12.3.5.9 ~DIT NJMER!C 

Ihe first two bits of the first byte of the 
mask contain the co~~a,d controlling lead;n; 
zero suppression. Code 0 causes no zero 
suppressio~. Code 1 is reserved for fJtJre 
use and is ignored. Code 2 selects space as 
the fi 11 character a,d coae .5 selects "*", as 
the fill character. If one of the forms of 
zero suppression is selected, all characters 
to the left of the leading nonzero digit and 
to the left of the ter~ination sy~bol are 
replaced with the fill character. 

The 3rd pass inserts sig, and th! currency 
symbol. There are .5 sets of commanos for pass 
3. 

~;ts 2 and 3 of the first byte of the 
'l\8Sk contr:>ll t~e sig,: ;)osition. Co:!e 0 :>/TIi,ts 
any sign. Code 1 causes the sign to be placed 
;n the first ehar~cter of the destination 
(lead;ng sign). Code 2 causes the Sign to be 
placea in the last o,e or two characters of 
the destination depending on sign type 
selected. :o::le 3 causes the 5i;n t'l be pla:ej, 
in ,the character before the lead1 n g nonzero 
digit and oefore the termination symool 
(floating sign). 

Bits 4 and S 01 the first oyte of tne 
mask control the type of sign to be used. 
:bde 0 inserts "." if the source;s negati~e 
and "i" otherwise. Code 1 inserts "_" if the 
source is ~e3ative 9nd a space otherwise. 
Codes 2 and 3 are valia only for trailing 
sign positip,~ C,de 2 i,serts "C~" if th! 
source ;s negative and two spaces otherwise. 
Coje 3 inserts "'b" if t,e source 1$ negative 
and two spaces otherwise. 

Bits & ana 7 ,~ the first oyte of the 
mask control the placement of the currency 
symc:):1. Code zero caiJses nOI currenc>, symool, 
to be used. Code 1 causes the currency symbol 
to be placed in the first character of the 
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12 .. 3.5 .. 9 ~l)!T NJr-1ERIC 12-4:) 

destination. Code 2 causes the currency 
symb~l to oe placed in the second character 
of the destintion. Code 3 causes the cur­
renty symbo·l to. re:>,lace the character before 
the leading "onzero digit or before the 
terminatio~ symool, whi:hever ;s leftmost 
(floating currency). 

The following conbin9t;0'S are inv3~id. Their 
use yields unpredictable results. 

* Leading sign wit, OCR" or "Dd". 

• Floating sign with OCR" or "Db". 

It ~ead;n9 sign and currency as first 
character. 

* Zero suporess~on and no termination 
symbol. 

* Terminetio"!· sy,"b~l in mask anO no: 
zero suppression. 

It Floating :haracter 
suppression. 

and 

It Two :):1' more termination sy"bols. 

It Floating insertion into the 
oosit~on as a fi~ed insertion. 

* Two floating characters. 

z er Oi 

same 

Floating ;"Isertion and 
available in front of 
no"!"'zero digit. 

nOI posUio:1 
the first 

12.3.6 Miscellaneous Instructions 

Data General Corporation 
:Ompany :bnfident;al 

17:18:1 
1l/Oct/79 
~ev.. 1 



12.3.6.1 HdTIALIZE. 12-46 

12.3.6.1 INITIALIZE 

Opcode: 162 

INrT litl,Ht2,nl 

litl: literal 
Ht2: literal, 
nl: decimal overflow na~e of type integer 

Des c r ; :> t i .0 n : r h e low 0 r de rei ;'I h t :> ,; t S 0 f 1 i t era I, 1 i t 1 are 

12.3.6.~ C~E:.AR 

Opcode: 

Syntax: 

deSignated the currency character. 111 
oecomes the o~ertlo~ name used by the dec;~al, 
arithmetic instructions. lit2 is ignored. 

ClR n1 

n1: destination of type integer or floating 
ooint 

Description: E.ach bit of evaluated n1 1S set to zero. 

12.3.&.3 CJNvE:.~T l~T~GER TO FlOATI~G 

Opcode: 164 

SYl"1tax: IF C V T n 1, ~2 

nl: source of type integer 
"'12: :lestinatio"'l' :>If type f,I08t11"'1g p:)!i"lt 

Description: Evaluated n1 1S converted to a floating point 
number and the result is stored at resl~~ed 
n2. 

f\lotes: The converted result wi 11, oe right truncated 
if there are more significant bits in integer 
"11 than the na"'ltissa of· the float~"'Ig =>oint 
allows. 
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12 • .3.b.3 CONVERT lNTEGER TO FLOA1ING 

12.3.b.4 CJNVE~T FLOATING TO I~TEGER 

Opcode: 

SY"Itax: 

lb5 

Flcvr n1, ,2 

n1: source of type floating point 
"Ie: jestinatiP" 'If type integer 

Description: tvaluated n1 is converted to an inte~er value 
and the result ;s st~red at resolvea n2. The 
fractional part of evaluated nl is d;scaraed. 

Exceotio,s: O· integer ra~ge ex:eotion 

12.5.b.~ CONVtKT INTEGtK 10 DECIMAL 

Upcode: lob 

Syntax: IDCvT n1, 1"12 

nl: source of tyoe "teger 
n2: destination of type decimal 

Descriotion: Evaluated,l is co~v!rtej to a decimal numoer 
and the result is stored at resolved n2. 

Ex:eoti.o"ls: 5 • decimal; overflo~ eXception 

12.3.0.6 CONVERT DECIMAL TO INTEG~R 

Opcode: lb7 

Syntax: DIcvr 1"11, n2 

1"11: source of tyoe decimal 
1"12: destination of type integer 

Descriotion: Evaluated "11 is :o,vertej to an inte~er value 
and the result is stored at resolved 1"12. 
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12.3.0.6 CONVERT DECIMAL TU INTEG~R 12-48 

ExceotiP'"ls: a • integer ra'"lge ex:eot;on 

12.3.6.7 CUNVERT FlOATl~G TO DECI~AL 

Opee::]e: 

Syntax: 

16!:) 

f"DCVT n1, n2 

"'II: Seurce .of tyoe tleatin~ peint 
n2: destinatien .of type decimal 

Descri~tien: Evaluated '"11 is ce'"lV9rtej te a decimal value 
and the result is stored at resetveo n2. 

Exceotie1S: 

Netes: 

~ • decimal overfl~w exceptien 

The cenversien is dene with truncation .of 
fraction. 

12.3.0.8 CONVERT DECIMAL TO FLUATING 

Qpcede: 169 

Syntax: DFCVT n1, n2 

"'11: seurce .of tyoe decimal 
n2: destinatien .of type fleating peint 

Deseriotien: Evaluated '"11 is ce1ve~tej te a fleating oeint 
value and the result is stered at reselved 
12. 

Netes: The cenversien is dene with rieht truneatien 
if there are net eneJgh mantissa digits te 
represent the magnitude .of the decimal 
number. 

12.3.7 Size Errer Instructiens 
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12.3.7.1 CLEAR SIZE ERHOR 

12.3.7.1 L~EA~ SIZE :RRUR 

Opcode: 170 

Sy~tax: CLRSl 

Description: ThlS operation sets SIZE._E.!~kOR to zero. 

12.3.7.2 SET Sll~ :R~O~ 

Opcode: 171 

Sy~tax: SETSl 

Description: This operation sets SIZE._E.RROH to one. 

12.3.7.3 CHE.CK MOVE INT~GE.~ 

Opcode: 172 

lCKMOV 1"1, n2, n3 

1"1: source of type integer 
,2: source of·ty:>e "tegtr, liTlit 
n3: destination of type integer 

Oescri:>tion: If the source f~ts i,: tne destination, the 
the source ;s assigned to the destination as 
in tt'le l"10v' ;nstru:tio,,. If the sOlJrce OJISS 

not fit in the destination SIlE._ERRuR is set 
to one. rha source fits in the dest,inatio" if· 
the magnitude of source does not exceed limit 
(see note). 

Notes: lhe integer limit is often equal to the value 
of decimal nJmoers of, a nJmber of 9"s, tJI 
check if the number 1"1 will be in range when 
trans! ated to: a je:.; 'II a 1 ,u:nber. Left trunea­
tion will occur if "limit" exceeds the range 
of the dest~nat;on. 
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12.3.7.4 

12.3.7.~ CHtCK MOVE DeCIMAL 

Op:ode: 173 

Syntax: DCKMOV n1, n2 

nl: source of t~pe decimal 
n2: destination of type oecimal 

Descriotion: If the source fits i,. the destination, the~ 
the source ;s assigneo to the destination. 
If the source joes n;)t fU i" the :;iesUnstio, 
then SIlE_tRROR is set to one. Note that the 
conditto~ "fits in the destination" nay 
depend on the number of significant decimal 
d;gits in the s~~~C!, a"d no~ just its 
length1 

12.3.7.S d~A~Crl IF ND SIZE ERROR 

Opcode: 174 

t$NSE. 1 it 

If SIlE_E.R~O~ is 0, 
take" by updating 
current p:~ Jsi"~ 
Otherwise, execution 

a relatlve branch is 
the offset portion of 

t n ! in I 1 !"Ie 1 i t e rail. 
continues inline. 

12.3.8 Arch;te:tural Instructions 

12.3.8.1 CALL 

OpCO::ie: 

Syntax: 

2 

CALL n1, lit, [n3, n4, ••• l 
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12.3.8.1 

Descript;on: 

Exceptions: 

CALL 

lit: inline Hteral 
[nl, n4, ••• J : SJlJrce ::>rf 8"lY type 

Th;s instruction 
is the tar~et! of 
of parameters of 
operands are the 

See Chapter 8. 

implements Call. Resolved n1 
the call. l;t is the nJmoer: 

the call. The remalnln;;J 
parameters of the call. 

12.3.8.2 RETJR\f 

Opcode: 3 

Syntax: R1N 

Description: This instruction implements ~eturn. 

~xceotl0"S: See Chapter S. 

12.3.8.3 NUP 

Opeooe: 1 

Syntax: NOP 

Descriotion: This instruction performs no operation. 

--[nd of Chapter--
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activation S"; 
activat;on record 8-0 

call 8-1 
:1811 a,d RetJr" .d.:J. 

,",onloca1 goto a~ 

procedure reenter trace 8-5, 
a-b 

procedure return trace 8-5, 
8-b 

return 8-1,.a~ 

Index 
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