+535353333353533353535353535353535353353535353533353535353583535353535353535353583+¢+

b & »%0°%
> $ o b
b $ o >
hY §F » b
Y $ 3 B
M) » 8 $ 3 )
5% »¥p 2348

USER=dJdJu QUEUE=LPT DEVICE=aLPo1
SEuW=4 QPRI=127 LPP=635 CPL=8Q CuPlFs=1 LiMiT=70
CREATED: 24=UCT=77 16:0v:40
ceNullEUED o=VEC=77 14:;2vu:>4
PRINTING: o=uFL=/7 1U4:2T72¢6

PATH=tPDU e MEMO sMEMUEST14.LS

¥ P B899 v > $%y b PP+ S > > kY F58
$% 3% % 5% b % * $»%3 b $o ¥ ) b b
$ v § > 9 v 8 $ 9 ¥ % » o > 0 % )

PP o B8y 32 9 8 $ 5% 283 b $ b3 $p8
b ¥ ¢ b s % F Y % b SoP0F & )
A % b 3 & 3 »R»% b % » w wd § > b
M $ Fu83% & 3% b o¥ % 2308%$ b & Fo%o¥ FH ¥

+53335353535353535353535353833353535353535353535353535%353535353535353535353335353+

A0S xLPT ReV 01,00



To: S=Language Task Force
From: R. "delaard, D. Farber
Subject: Proposed $PL S~language definition

Date: 2U0/uct /77 Memo No. 314

Apstract:

This document defines the data types, representations, anu operations
for an SPL s=lanauage for the FrP system. The Janauage 1s greatly
simplifiea over previous proposals oy the factorina out of all data
aadressing andg type information into the namespace architecture,
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1 Opjectives of this Keport

The intent of this document 1s to fully specify <the formats,
operations, and special conditions for an instruction set wnich can be
used to efficiently 1implement normal SPL proarams. A numper of
forseen uses of SPL wili require or be aided by extensions to the
S=languaqge not specified here. These areas include

Conversion, Editina, ana Formatting
Shared gata mediation
Dther kernel microcode operations

A1l system <calls are considered simply external calls into
system=controlled domains.

In addition, it should be possibie to ada S=language operations
in revisions of the S=language whenever it is found that such adyi-
tions would syanificantly enhance the instruction set 1in some waY.
Such additions cannot reasonaply pe forseen, put can only bhe deter-
mined from dynamic statistics of real programs.

2 Data Types and Kepresentations

ibe SPL s=-lanauage defines five types to represent all of 3SPL’s
data types and implicit structures. Jlhese gata types are 1n general
determinea oy the opcode’ the type field of the NIE i1s currently
ignored,

The instruction set assumes a "hidden register" model. In this
model, the type field determines how operanas are placed 1into arpi-
trarily large invisible registers = whether data 1is right or left
adjusted, and if pright adjusted, whether zero or sign fillea. Opera=-
tions then manipulate such registers, and finally store back results.
A number of exception conditions occur when the result memory con-
tainer is too small for the data stored in 1t.

The operatiyon definitions Jlisted determine how such data s
interpreted (e.g. as 1integers, bits, etc.). Iln most cases this
impliies no type checking on the part of the interpreter, merely
assumptions made.

2.1 Integers
Inteyers come in two forms, which are distinauished oy their

types in the name table and never by information within an s=language
operator. Internally, all integers are represented igenticaliv as 1o
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bit signed quantities; all transformations of length ana/ur signedness
occur in the fetch and store steps of an i1nstruction.

2.1.1 Unsiagned Integer

Unsigned integers represent ®PL enumerations (including ASLI1 and
BUOLEAN), and intervals, whenever the I|lower bhound 18 non=negative.
Agditionally, unsigned integers will no doupt be used to represent the
current lengtns of strings.

An unsianed integer n pits in lenath may represent any value 1in
the range 0 to Z*xn=1, The maximum length of an unsigned 1nteger 1is
65 pits (because the high order bit is used internally to store an
implicit zero sian); the minimum lenath is | bpit.

Unsigned integers are internally riant adjusted anac zero +tilled.
A1l integer arithmetic and comparison operations i1nterrret all integer
values as signed. when storea, unsianed vaiues are truncated on the
left? if the truncated part is not all zeroes, an integer overflow
trap is taken,

2.1.2 Si1aned Integer

Signed inteagers represent all oPL intervals where the (ower wound
is negative.

An unsianed integer n pits in lenath may represent any value in
the range =2**x(n=1) to c¢**(n=1)~1. The maximum lengtnh for an unsianed
integer is o4 bits? the minimum length 1s 1 bit,

Unsigned integers are internally riant agjusted anag sian-tilled.
When stored, unsigned values are truncated on the left: it tne trun=
cated part is not an extension of the sign wit (hianh oruer it of the
result) an integer overtflow trap is taken,

2.2 Real
Keal values are used to represent the 3SPL gate type RcAL. Real
values are always 64 bits in length, anga are represented in "[8wM

standarag” form (A ovit radix 16 exponent and 45 bits ot sianeg
mantissa).

Keal values are left agjusted and zero filled. Wnen storeus the
low order (rightmost) bits are truncatead as necessary; this 1s a
significance truncation wnich causes no trap.
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2.3 Bit String
Bit strinas are used to represent SPL sets. Pdditionaily, opit

string operations are sometimes used on boolean values ana way pe used
on arrays and strings of boolean values.

Bbit strinas are 1nternally left adjusted and zero tilled. oit
strings may have a minimum lenath of 1 and a maximum lenath of c*x32-1
bits.

2.4 Pointers

rointers are used for indirect addressing 1in the namespacCe
architecture. Jlhey are used by the external CALL instruction, py the
"STUORE_POINTER" dinstructions, and by the "RcScRVE" instruction which
returns an address in tne current frame,

Internally pointers are left adjusted ana zero fillea. Tihey may
be self relative, in which case only tne wupper 4y bats are
significant, or absolute in which case all 128 bits are relevant. The
SPL data type "pointer" is always represented by 128 oit aovsolute
pointers: short forms may be used internally within the compiier.

The external CalL instruction always puspnes a 12¢ bit pointer
which may bhe absolute or self=relative. The KESExVEe ana STURc_rOINTER
instructions store any type of pointer; a trap 1s taken if the Jlengtn
is 48 bits and the pointer is not self relative. The
STORE_FULL_POINTER instpruction always stores a 12u bit avbsolute UlLD,
even if it could be self-relative.

2.5 Typeless vata

A number of OPL operations deal with data merely as sequences of
bits; these incluae many of the move anG compare opberations, The
structured SPL data types = records, array, ana strinaga = may only be
useda in such "typeless" operations (and of course all field selection
operations provided by the namespace architecture). I|he type field of
operands in such operations is ianored; data is treated merely as bit
strings of the lenath specified in the NTt. 1n this report we always
call such data it strinas,
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3 Operation Formats

The formats of operations tor the s=-lanquayge can be broken into
tnree general catecories? all operands are names, one operand 1is a
selt relative offset, and the first operana determines the total
number of operands.

3.1 Operators whose operands are all names
Instructions of this format include ali of tne followina forms of

operation (where + ana ®F are the names assianey to S=langyuasge opera-
tions herein):

a = constant
a = r(a)

a := %F(b)

a 2= F(b,a)

a 2= oF(b,c)

Note that all operations startino with » could easily ©ve eliminated,
by, for exampie, replacing the operation a:=%r(vb,c) with the sequence

:=¢c; a:=F(bsa). However, using poth format appears to be a natural
optimization for these common cases.

hdditionally the foliowina special operations fall into this
cateqory.

GuTu n where n names a PJ offset value
CAlLL p

CALL p(a)

RETURN

p 2= RESERVE(R) reserves frame space

RELEASF (n) releases frame space

INTERNAL_CALL
INTERNAL_RFTURNM
STORE_PUInTER
STORF _FULL_POLINTER
SHIFT

3.2 Operators wnich include a relative program offset

Uperations of this format comprise most controli flow operations
with the exception of those wnich specify a target adcress usina a
name instead of a selt relative opcode. Ihe operands ni ... nje if

any, specify parameters of the predicate which determings whether or
not to execute the pranch instruction. ihe operand i specifies a
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signed, nNibple offset relative to the beginning of the 1instruction,
which is adued to the PL if the branch is taken,

IF_F(a) aoto i
TFNOUT_F(a) goto i
IF_F(a,p) ocoto 1
IFNUT_F(a,b) goto i
IF_FCasbec) goto i
TJFNUT_F(asbsc) goto i

Uther operations involving PL offsets include:

LUOP

Comparisons with zero
FIMU_FIKST_UNE
FINU_PREV_ONFE

GUTU

LuMNG_GOTO
cause the iterand to be incremented by the i1ncrement valuer <hc then
branches if the iterand has passed the comparandg. (bhis instruction is
used to impiement most for=loops, as well as internally compiied
loops.

3.3 Operators with a variasbie numper of operands

The S=language contains two operations with a variable numuer of
operands, the architecturaliy defined externai call instruction anag
return_access instruction.
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4 Special Conaitions in the SPL S-language

This section geals witn special <conditions, especially trap
conditions, which can ©pe encounterea during s=larguagde execution.
These conditions are as follows.

Name resolution errors

Instruction input and output errors
Protection violations

Control flow violations

Long instructions

Overlapping instructions

when an error is encountered during execution, a trap 1is taken,
The exact way this 1s done will not be detineu here., Traps may occur
within instructions only tor "long" instructions, which are so marked
in this report,

4,1 Name Kesolution Errors

Any instruction with at least one operand which 1is a name may
generate a name resolution error, This includes all instructions
except the LOTC instructions. Errors occur when the nametavle or
associated information is invalid or unreadable; tnese errors are
described further in the namespace documents.

4,2 Instruction Input and Output tErrors

Instruction input errors can occur when the type ot an operand is
not the type expected, or wnen the value of an operanu 18 not within
the legal range of values, or when the operand 1is iarger than the
maximum acceptable size. This category includes overflow, undertlow,
and divide by zero errors. In generai, typechecking is not expected
to be dynamically perforemd oy the interpreter, however there is
nothing to prevent it in the future. Lenath checking however will]
probably aone, and range checking where necessary (as in string
assignment) must be done to insure validity of the operation peing
performed. Nutput errors can be considered to mean "output container
invalid for result". This condition may arise in at least three ways:
wnen an integer value would be truncated on a store (this 1is an
overfiow or underflow), when in a memory to memory operation the
destination field is not the same size as the source fieldis), and
when the type of the container 1is not wvalid for the resuijit, in
particular, when resuits are pointers.
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4.3 Protection violations

whenever an instruction causes a fetch or store to main memory, a
protection violation can arise. The details of this are specified
e|lsewhere.

4.4 Control Flow Violations

fhree sorts of control flow violation may arise. Firsty, the
offset of a locael hpanch 1nstruction can be out of ©oounags of the
particular procerdure/procedure obyect. (fhis sort ot error may be
subsumed vy protection checks on 1nstruction streagm; put sucn checks
do not guaru aceinst 1nvaliu jumps out of tne current proceaure oput
within the procedure chject.)

The second sort of =srror occurs analoaously when the oftset tor
modification of tne stack causes a stack to averfiow or undertlow, or
wihen the size of a frame 1n reserve/release instructions 1s negative.

Finally, errors ma; pbe aenerated in the execution of <call ano
return code. Such errors may arise via the kerneil, or otner
s=language microcode, and hence are outside the scope of this paper.
In general such errors may be described simply as "entry point speci-
fiea 1s invalid", or "return packet on stack is invalid".

4,5 Long Instructions

A number ot instructions in the SPL S~language may 11nvolve
arbitrarily large amounts of data, and thus nhave some exceptional
conditions. Primarily, such instructions must be 11nterruptaole botn
due to handling pacge faults and for bhandling external interrupts
(which may of course involve process swappina.,), and must be continua-
ble after interrupt completion.

4,6 Overlappina Operands

It is important to note the effect of memory to memory instruc=
tions whose source and destination fields overlap. For simplicity and
generality, we specify that the operation of any instpruction, long or
short, in which the destination field overlaps any source tieldgs, is
undefined, anad may vary from model to model., Tne single exception to
this is the string assignment instpruction, which implements a bit
shift and is guaranteed to work in any direction and for any length,
Of course, those instructions in which a source fiejd serves as a
destination fieid, for example, add a to b, are not consiagereu to be
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5 SPL Operation NDefinjtions
The SPL operations are defined in detail below. ihe Operations

are classified (arbitrarily) as control operations, and i, &, and
3=0operand operators.

5.1 Definition Format
tach definition includes three sections,

ihe operands section defines tne types expectea for each operand.
In the case wnhere integers, reais, and pits are distinauished, type
checking may be reqauired vy the interpreter to uetermine the reaquired
result type; in most cases the type of the operand can be assumed to
be the tvype reauirea. when tne operand name given 15 "i", the operand
is interpreted as a "k" Dbit siagned value found in the 1=stream,
representing the number of niobhies from the start ot tne current
instruction to the start of the destination instruction, if a branch
is taken.

The semantics section aefines the operational semantics of the
opcode., The functions "resolve” ana "evaluate" define the transforma-
tion of a name to the address it specifies, and a name to tne value
located at the address it specifies, respectively. Arithmetic opera=
tions such as + and *, ana poolean operations such as loaical=-and and
logical=complement, are assumed understoouy voth for inteager ana real
values.

bErrors are specified by error code letters, whicn are fully

defined in section 6.

5.2 Control Operations

5.2.1 GOTU i

SEMAMIICS: PL <= PC + 447
ERRNKS 2 h
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5.2.2 LONG_GOIO ni

nts inteaer
SEMANTTICS: PL <= PUPTR + evaluate(nl);
LRROKS: b
NOTE: allows "execution" of code by an i1nterpreter

5.2.3 IF_LERO nl, i

ni: bit string, integer or real.
SEMANTICS: IF evaluate(nl) = 0 TnFn PC <= PC + 4xi1,
ERROKS a,b,-

5.2.4 IFNUT_ZtERu nl, 1

nls bit strinys, integer, real
SEMANTILS: IF evaluate(nl) <> y THEN Pe <= PL + 4%i;
ERROKS: arb,=

5.2.5 IF_GT_ZEPU nl1, 1

nl: integer
SEMANTICLS: IF evaluate(nl) > u THEN PC <= PL + 4%
ERROKS: a,b

5.2.6 IF_GE_7ZERU n1, 1

ni: integer
SEMANTICS: IF evaluate(nl) >= ¢ [HeN PU <= PC + 4%
ERROKRS ¢ arb




5.2.7 IF_LT_ZERU nt1, i

nt:
SEMANTICS:
ERKROKS:

5.2.8 IF_LE_ZEPRPu nt1, i

nti:
SEMANTILS:
EPRORS:

integer
IF evaluate(nil)
a,b

inteager
IF evaluatetni)
a'b

5.2.9 RcAL_IF_GT_ZEKO nl1, i

nis:
SEMANTICS:
ERKOKS:

real
IF evaluate(ni)
a,b

S.2.10 REAL_IF_GE_ZERU n1, 1

nt:
SEMANTICS:
ERROKS:

real
TF evaluatei(nl)
a,b

5.2.11 REAL_IF_LT_7tRU n1, 1

ni:
SEMANTICS:
ERROKS:

reai
IF evaluate(ni)
a,b

5.2.12 REAL_TF_LE_ZtRU nl,

ni:

real

THENMN

THeN

THEN

JHEM

THEN

PL

PL

PC

PC

PC
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<= Py Y*x
<= PL 4%
<= Pg 4%
<= Pg¢ LS
<= Py 4*i

-

~e

~e

-e



Memo no. v

2u/uct/ 17
page 13
SEMANTICS: IF evaluate(nl) <= y [HEN PL <= PL + 4%
ERKOKS a,b
5.2.135 LF_SUBSET nl1, n2, 1
ni,ne: hit string ( expected to be equal in lenath)

SeMANTICS: IF logical=ANu (evaiuate(nl) ,
loaical=CuMPLEMENT (evaluate(n?2))) = v
THEN PC <= PC + U4xi;
ERROKS: a,b ,-

S.2.14 [FNOCT_SUYSET nl, n2, i

niL,nes b1t string (expected to be eaual 1n length)
SEMANTICS: IF Jogical=AND (evaluate(nl),
logical =COMPLEMENT (evaluateing)))
<> Uy [HEM PU <= PL + 4%*17;
ERKUKRS: a,b,-

5.2.15 [F_FWUAL nl, neg, i

nir.n2: bit strings of same length
SEMANTICS: Ir evaluate(nl) = evaluate(n?) |HcN
PL <= PC + u4*i7;
ERRORS: a,b,-

5.2.16 1FNOT__£QUAL nl1, n2 i

ni,n2: byt strings of same length
SEMANTICS: IF evaluate(nl) <> evaluate(n¢g) ThnEn
Pe <= PC + 4x*xi7;
LRRORS: a,b, =



5.2.17 IF_LESS nl, n2,

nir,n2:
SEMANTICS:
ERROKS:

NOTE 3
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bit strinys

TF evaluate(nl) < evaluate(n¢g) THEN
PC <= PC + 4%x1;
a’b’-

a < b if @ and b are eaual up to the enu of

a and b is Jonocer than a.

S.2.18 LFNOI_LESS ni, n2, i

nl,n2:
SEMANTTICS:

cRRORS:

5.2.19 INT_1F_EuUAL ni,

nirn2:

ScMaNITLS:

cPRORS:

hit strings

IF evaluate(nl) >z evaluate(ng) THEN
PL <= PL + 4*x3;

a,b,-

ney i

inteaer

IF evaluate(nl) = evaluate(n?2) JHcN
PL <= PL + 4%i;

a,b

5.2.20 lNT_lFNO]_EQUAL nl, n?, 7

Nnirnls
SEMAN|ICS:

ERKOKS:

5.2.21 INT_1F_LESS ni,

nirne:

SEMANTICS:

EPROKS:

integer

I evaluate(nl) <> evaluate(neg) TnEn
PC <= PC + 4%47

B,b

ne, 1

integer

IF evaluate(ni) < evaluate(n?2) {HcN
PC <= PC + 4xi;

a,b
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5.2.2¢ INT_IFNOT_LESS nl, né, i
nir,ne; inteaer
StMANTICS: IFr evaluate(nl) >= evaluate(ne) TrEwn
PL <= PC + 4xi;
ERROKS: a,b
5.2.25 xEAL_IF_LESS ni, N2, i
nisne: real
StMANTICS: IF evaluate(nrl) < evaluate(ng) TnEw
PC <= PU + 4%4;
5.2.24 REAL_TIFMUT_LESS nl, n2, i
nirene: real
SeMANTILS: It evaluate(nl) >= evaluate(n¢g) ThEw
PC <= PC + 4*xi;
ni,nc,n3: inteaers
SEMANTICS: IF (evaluate(nl) <= evaluate (ne¢)Js ANu
(evaluate(n?2) <= evaluate(n3)) jHeN
PC <= pPC + Uxj
ERKOKS: a,b
S5.2.26 LFROT_IHBEO0UNDS nly Ny NS, i
nli,nd,n3: integers
SEMANTILS: Ir {(evaluate(nl) > evaluate (n2)) OK

(evaluate(n?2) > evaluate (n3)) THEn
FC <= PC + 4x%x3
tRKORS a,b
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5.2.27 FIND_FLIRST_ONE nl, neg, i
ni: bits
nes integer
SEMANTICS: temp <~ evaluate(n2);
WHILE temp < length(nl) RePLAT
IF eval(resolve(ni)+temp) = "on" THEN
resolvei{ng) <= temb,
RETURNT
EnD IF;
temp <= temp = 17
END WHILE;
PC <= PC + 4d*3;
cPRNOKS: asbyo,-

5.2.28 FInD_PREV_ONE nl, n2, i

nl: bits
nes integer
SEMANTICS: temp <= evaluate(n?2);

AHILE temp >= 0 RePrAjf
Ir eval(resolve(nid)t+temp) = "on" ([HeN
resolve(ng) <- temp,
RETUPN?
EwD IF:
temp <= temp =~ 13
EnD RePEAT?
PL <= PL+4*i;

ERRURS: a;b,O,’
5.2.29 LOUP ni, i
ni: integer
SELMANTTICS: IF evaluate(n1) > 0 THFWY

resolve(nl) <= evaluate(n}l) = 1;
PC <= P(L + 4%i3;
ERKOKRS: arb
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502.3U CALL J, nO, nll oo nJ

Architecturally Defimed External CALL Instruction

5.2.31 CALLU nO

Architecturally defined External CALL Instruction

Restrictea to U Parameters

5.2.3¢ CALLL1 nO, ni

Architecturally Defined Externai CALL Instruction
Pestrictea to | Parameter

5.2.33 RETURN

Arcnitecturally Defined External RETURN Instruction

5.2-3“ RFTUHN_‘ALCESS Jr nll e s e nJ

Architecturally Defined External RETURN Instruction
with Uynamic Access Control Winagows (uACs)

5.2.35 INTERNAL_CALL n1

nl: integer
SEMANTICS: SPa <= PC offset of MNEXT instruction: 3¢ oit

SP <= SF + 32;
PL <= PUPIR + evaluate(nl):

ERRNKS: arb,s

i



5.2.36 INTERMAL_RETUR

SEMANTICS:

ERRORS:

5.2.37 RESERVE n1,

nt:
nes
SEMANTICS:

ERKORS:

5.2.38 RELEASE n1

nt:
SEMANTTCS:

ERKORS:

ne

Memo no. 0
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SP <= SP = 3%2;
PC <= PUPIR + fetch(SP,5? bit unsianea int)
a,b,s

inteaer

pointer

IF evaluate(rl) < Q0 then trap(range_error):;
resolve(n?2) <= create_pointer(SFr);

8¢ <= SP + evaluate(ni);

ApSyi

integer

IF evaluate(nl) < 0 then trap(range_error);
SP <= SF = evaluatel(nl);

arsyi
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5.3 Single name Instructions
5.3.1 CLEAR ni
niz: b1t string
SeMAMTICS: resolveinl) <= zero_all_bits(lenath(ny)j’
ERKOKS: Ay~
5.3.2 ScT ni
nt: bit string
SEMANTTILS: resolvetinl) <= set_all_pits(lengtninl));
ERxOKS: 3,
5.3.3 SET_Tu_uUMe nt
nis integer
SEMANTICS: resolve(nl) <= 1{;
ERKNKS: a
5.3.4 CUMPLEMEN] n1
nis bit string
SEMANTILS: resolve(ni) <= jogical=COMPLEMENT(NL),
ERRORS: Q™
5.3.5 NeGATE n!
ni: integer
SEMANTICS: resolve(nl) <= 0 = evaluate(nl);

ERRNKS: aro



Memo no. U
2u/ucte /77
page 20

5.3.6 ApSULUTE_VALUE ni

H inteager
: resolve(ni) <= |F evajuate(nl) < v [HehN

( 0 - evaluate(ntl)) ELSt evaluate(nl)
ERKOKS: a

5.3.7 INCREMENT ni

ni: integer
SEMANTICS: resolve(ni) <= evaluate(nl) + 1,
ERKROKS: aro
5.3.8 DECREMENT n1
nt: inteaer
SEMANTICS: resolvetlnl) <= evaluate(nl) - 1;

ERKOKS: a,o0
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5.4 Two Name [nstructions

In the followina description of Binary Operations, unless other=-
wise noted, tne types of the operands named by nl and nc 1is expected

to ve the same.

S.4.1 SCOMPLEMENT nl, n¢

nl,n2: b1t strings
SEMANTILS: resolvein?2) <= jogical=UCOMPLEMENT(N1),
ERROKS: aro0,-

ni,ne: integers
SEMANTICS: resolve(n¢g) <= ¢ = evaluate(ni);
ERROKRS: aso0

5.4.3 BABSOLUTE_VALUE ni, n¢

ni,n2: integers

SeMANTICS: IF evaluate(ni) < 0 TAEw
resolve(n?d) <= 0 = eveluate(nly;

FLSE resoive(n?2) <= evaluate(nt)),
ERKNKS: aso

S5.4.4 SINCREMENT nl, n2

ni,n2: integer
SEMANTICLS: resolve(ng)
ERROKS: as0

<= evaluate(ni) + 1;



5.4.5 SVELREMEMNT nt,

nir,ne:
SEMANTILS:
tRROKRS:

S.4.6 ReEAL_NFGVATE ni,

niyn2e
SEMANTICLS:
ERRNKS

S.4.7 REAL_ABSVAL ni,

nl,n2:
SEMAMTICS:

ERKOKS:

5.4.8 MUVE ni1, n2

nt, n2:
SEMANTICS:
ERPKNORS:

5.4.9 INT_MUVE ni,

nl, ne:
SEMANJICS::
ERROKS:

ne
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integer
resolve(nZ) <= evaluate(nli) = 1,
as0

real
resolve(ng) <= y = evaluate(ni);
a

real
IF evaluate(nl) < 0 THFW
resolve(ng) <= y = evaluate(nl);
ELSt resolveing) <= evaluate(ni),
a

any ot same length
resclve(ng) <= evaluate(nl);
AprOp ™

integer
resolve(n¢) <= evaluate(nil;
ar0
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S.4.10 STURE_POINTFK nty, n2
nt: any
ne: pointer
SEMANITTCLS: resolve(ng) <= create_pointeriresolveinil));
ERKORS s ArO
5.4,11 STORE_FULL_PTR ni, ne
ni: any
ne: pointer
SEMANTICS: resolveing) <= create_full_ptr(resoive(nl));
ERKOKS: a,o
NOTE 2 create_full_ptr differs from create_ptr =

it never stores object—=relative pointers ang
must nave a 128 bit container for it.

nlz: inteaer
nes: hit string
SEMANTICS: resolvelng) + ni <= evajuate(n?)
tRROKS: ag=
NOTE 3 nl may be negative for a jeft shitt,

Full container is shifted, no fill 1s done?
this could pe considered a "relative" move.

S5.4.135 CLOUNT_OMES n1, n¢Z

niz: bit string
ne s integer
SEMANTICS: resolvel(ng) <= | Lvount of bits in evaluate(nli)

whicn are "on"l
ERROKS 2,0,"



5.4.14 ROUND nl, n?

ni:
nes
SEMANTICS:

ERRKNKS:

5.4,.15 TRUNCATE ni.,

ni:

ne:
SEMANTILS:
ERROKS:
NOITEs

5.4.16 FLUAT nl, n?2

nt:
nes
SEMANTTCS::

ERROKS:

5.4.17 ANMD n1, n2

ni,ne:
SEMANTI(S:

cRROKS:

a0

ne
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reai
integer
temp <= evaluate(ni):;
temp2 <= integer_partitemp);
1F temp > ¢
IF traction_rart(temp) > U.> I1HCN

temp? <= templ + 17?

el SE
IF fraction_part(temp) > U.5 IHcN
temp?2 <= temod -
resolve(n¢) <= tempd;

real

integer

resolve(nZ) <= i1nteger_parti(evaluate(nly);
a0

I integer_part(a) | = largest inteaer

less than or eacuai to lal,

integer

real

templ <= evaluate(ni);

temp2 <= ¢’

resolveing) <= create_real(templstempc);
a

bit string

resolve(ng) <= evaluate(nl) loaical_AnD
evaluate(n?2);

Aay0, -~

17



Memo no. U

20/uct /17
page 2%
Souolb UR nl' nd
nirn2: b1t string
SEMANTICS: resolve(ng) <= evaluate(nl) logical_0Ok
evajuate(n?2J?
ERROKRS : 370, "

S.4.19 AND_COMPLEMENT nl, n¢

nirnd: bit string
SEMANTICS: resolve(ng) <= evaluate(ni) loaical_0Or
loagical=complement( evaiuate(n?2J));

5.4,20 ADL nl, n?

nl,ne: inteaer
SEMANTICLS: resolve(ng) <= evaluate(ni) + evaiuate(n2);
EtRRORS: ar0

5.4.21 SUBTRACT ni, nc¢

nlirsne: intedcer
SEMANTICS: resolve(ng) <= evaluateini) + evaluate(n?):;
tPRORS: aso

5.4,22 MULTIPLY ni, ne

niencs inteager
SEMANMTICS: resolve(ng) <= evaluate(ni) * evaluate(n2);
ERROKS: asc

e e e e e ..



5.4.25 JUUTIENT nl, n¢

nlsne:
SEMANTILS:

ERROKS:

NOTE:

S5.4.24 REMALNUFK nl, n?2

ni,n2:
SEMANTICS:

ERROKS:
NOJE;

Memo no. U
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integer

resolve(ng) <= evaluate(ni) [integer agividel
evaluate(n?2);

a3y

integer divide can pbe defined as

truncate(real divide).

inteaer

resolve(ng) <= evalaute(ng) =

((evaluate(n?2) linteaer dividel evaluate(nl))
* evaluate(ni))

as0

sign of remainder is sign of aivigend (n2).
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5.5 Three Name lnstructions

In the following instructions, unless otherwise noteu, the types
of the names in an instructijon are expected to be the same. No type
conversion 1s performed in the instruction execution.

5.5.1 $AND n1, n2, n3

ni,n2,n3: bit string
SEMANTICS: resolve(n3) <= evaluate(ni) loaical _AiD
evaluate(n2)
ERROKS : as,o,=

5.5.2 $UR ni, n2, n3

nl,nc,n3: hit string
SEMANTICS: resolve(ns) <= evaluate(nl) loaical_0kx
evaluate(n?)
ERKORS: Ayp0,~

5.5.3 SAND_UOMPLEMENT nl, ndse N3

nl,n2,n3: bit string
SEMANTTLCS: resolve(ns) <= evalute(nl) Jogical_ANy
logical_complement (evaluateing))

5.5.4 $ADD n1, n2 /n3

nl,n2rn3: inteager
SEMANTICS: resolve(ns) <= evaluate(nl) + evaiuate(n2):;
ERPROKS: a,0



5.5.5 $SUBTRACT ni ,ncZ.»

ni,n2,n3:
SEMANTICS:
ERROKS:

5.5.6 SMULTIPLY nl, nd»

nl,nc,n3:
SEMANTICS:
ERROKS:

5.5.7 SQUUUTLENT ni, ne.,

ni,ne,n3:

SEMANTICS:

tRROKS:

5.5.8 SKEMALNUDFEK nl, nZ2,

nl,nc,n3:
SEMANTICS:

ERRORS:

Memo no. v
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ns

inteacer
resolve(n3) <= gvaluate(nl) = evaluate(n?2Jis
ar,o

integer
resolve(ns) <= evaluate(nl) * evaluate(n?2);
Ar0D

integer

resolve(n3) <= evsluate(nl) [integer divige]
evaluate(nZ2);

as0

n3

inteaer

resolve(ns) <= evaluate(ng) =

((evaluate(n?2) Linteger dividel evaluate(nl))
*x evaluate(ntl));

3¢ 0

5.5.9 REAL_ADD nl, n2, n3

nlyne,nis
SeMANTICS:
ERRORS:

real
resolve(ns) <= evaluate(nl) + evaluate(n2);
Ar0Q




5.5.10 REAL_SUBIRACT n1,

nl,ncrnis:
SEMANTICS:
tRrkORS:

5.5.11 REAL_MULTIPLY ni,

nl,ncsn3:
SEMANTICS:
cRKOKS:

n?, n3

real
resolve(ns) <=
arn

02’ n3

real
resolve(ns) <=
a,0

5.5.1¢ REAL_DIVIDE n!1, n2, n3

nl,hd:n3:
SEMANTICS:
ERKROKS:

real
resolve(ns) <=
a,0

evaluate(nl) =

evaluate(nl) x

evaluate(ng2) /

Memo no. v
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evaluate(n2)?

evajuate(n2)?

evaluate(nl)
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6 Possible Future S=languaqe lnstructions

The flexibility of a microprogrammahle machine is oniy eftective
when i1t can be wusead to delay decisions (binding, architecture,
contracts) until suftficient information is avaiiaple to determine just
what instructions would be cost effective.

Nhile we are convinced that the instruction set provided 1n the
previous section will be adeauate for aenerating code for arpitrary
SFL programs, it may become clear that in certain casSes tne micropro=-
aramming of key routines, for instance, formatting routines or special
table lookup routines, would provide gefinite performance improvements
for a large class of proarams.

The precise semantics of such routines snould not be determined
now. Rather, completed systems software should be measured carefulliy;
those routines which turn out to bpe commonly used ana which are
bottlenecks can be microcoded. In oraer to help insure that program-
mers use common software to impiement common functionality, anc thus
assure that we have a fair c¢cnoice of commonly wuseg interfaces to
microproaram, it is necessary at this point to define and puulicize
libraries of Jlow=level abstractions for use by FHP systems
programmers. The SPL abstraction mechanism is ideal tor this task.

tventually, those abstractions which prove to be very commonly
used ana which coulg be sianificantly improvea oYy microproaramming Kkey
routines, shoula pe consigered for such optimization. Lt is therefore
important to ensure that small routines which can be proarammed in the
S=language can 1n aeneral also be microproarammed,

below we present a3 number of example routines, written at

SPL=-slanauage Jlevel, which suagest themseives as candidates tor
microprogramming eventually.

6.1 SCAN_FOR_CHARACTER nl, n2, n3, 1

ni: array ot character
ne: character (arbitrary size char)
n3: unsigned integer
is pc offset
SEMANJICS: n3 := 0

at it nlinsl = n2 then return
increment nj3
it n3 > length(nl) ther goto i
aoto a




6.2 SCAN_FOR_STRING ni,

SEMANTIC

6.3 TRANSLATE nl,

nis
ne s
SEMAMITLS:

6,4 HASH nl1, n?e

ni:
nes
SEMANTICS:

ne

6.5 SCAN_FOR_IN_SET ni,

ni:
nes
ni:

iz

SEMANTICS:

Memo no. v
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ney NS, i

string

string (shorter than n)

unsigned i1nteger

offset

ns := 0

it ntin3:jenath(ng)l = n2 tnen return
increment nys

it n3 > length(nl) then aoto i

aoto a

array of character

array ot character

temp = length(nl)=1

niltempl 2= n2lnlitempl]

if (temp 1= temp=1) >= U then aoto a

string

integer

temp := length(nl)

neg := xor(ncsniltempl)

if (temp := temp=1) >= ¢ then gotu a

ners N3, i

string

array of bits

unsianed i1nteger

nffset

ns 2= 0

if n2Ll nt [ ns ] | is "on" ther return
increment n3

it n3 > length(nl) then goto

aoto a
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Y

6.6 CUNVERT_INT_TO_STKkInNG nl, n¢
ni: inteaer
nes string
SEMANTICS: converts nl to right adjusted blank padded

character string n2.

6.7 ANALYZE_RtAL nl, n2, n3
nl: real

nes: inteaer

n3: string

SEMANTICS: set n¢

set nj

string

6.8 FINITE_STATE_TRANOLATE ni,

ni: finite

of tupl

ne: string

n3: string
SEMANTICS: state
index :
a: temp =

state 2
n3linge
it temp
increme

aoto a

6.9 FINLTE_STATE_CLHECKh nl1, n2,
ni: finite

ne: string
ns: integer
SEMANTICS: state 3
index ¢
as temp =

10 exponent of ni
a left adjusted
left

to base
to mantissa of nil,
with decimal implictly at

n2, n3

state taoles in scome representation

es <state, char, next state, output>
1nput
output

=1
=V

output (state, n2lindexi)

= next state (state, n2linuexl)
x] 1= temp

= 0 then return
nt index

n3

state tables as above

input
output

1
J

output (state, n2lindexl))




state = next state (state,

ns 1= state
if temp = 0 then return
increment index

aoto a
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neglinuexl)

Y
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7 Appendix? S=language oummary Charts

7.1 Operation, Uperand

lypey,

and trror Summary

Symbols in operands and errors columns have the following meanings:

operands errors

i = signed or unsigned int a = name resolution error

r - real o = result container size overfjiow

o = pits (any type as such) s = stack violation (overtlow etc.)

p = pointer b = pc violation (out ot voundas, etc.)
0o - immediate offset i = input value incorrect

x = p of external entry point + = kernel yenerated error condition

k = immediate operand count - = long instruction, interruptable

a = any type, not interpreted all statements with "a" errcr may

*
1

operation

c0T0

LONG_GUTU
LF_ZERU

IFn0T __ZEKO
1F_GI_ZERD
IF_GE_LFRO
LF_LT_ERD
IF_Le_ZERO
REAL_IF_GT__ZERU
REAL_IF_GE_ZERU
REAL_IF_LT_ZERU
REAL_IF_LE_ZtRuU
IF_SUBSET
IFNOT_SUBSET
1F_EWUAL
IFNOT_EQUAL
IF_LEtSS
IFNOQT_LESS
INT_iF_EQUuAL
INT_1FNOT_EGUAL
INT_IF_LESS
INI_IFNOT_LESS

operanu 1s stcred

into

operands

09 3 3 9 = = = =00 =0

- = -0 O0OO00DO00CO0O0O0CCOO0

0O O0OO0CO0OO0O0OO0OCO0CO0

aenerate fetch protection errors
all statements with "x" operands may
aenerate store protection errors

errors
o}

o}
ab=-
ab=-
ab
ab
ab
ab
ab
ab
ab
ab
ab=-
ab=-
ab=
ab=
ab=
ab=
ab
ab
ab
ab




KEAL_TF_LESS
REAL_IFNUT_LESS
IF_INBUUNDS
IFNOT_INBOUMDS
FIND_FIRST_ONE
FIND_PREV_UNEt
LOUP

CALL

CALLO

CALL)

RETURN
RETURN_ACCESS
INTERNAL _CalLL
INTERNAL_RETURN
RESERVE

RELEASE

CLEAR

SET

SET_TO_ONE
COMPLEMENT
NEGATE
ABSOLUTE_VALUE
INCREMENT
VDECREMENT

SCUMPLEMENT
INEGATE
$ABSULUTE_VALUL
2INCREMENT
PDECREMFNT
REAL_NEGATE
REAL_ABSVAL
MOVE

INT_MOVE
STORE_POLIMTER
STORE_FULL_PTR
SHIF]
LOUNT_ONES
ROUND

TRUNCATE

FLUAT

AND

UR

AND _COMPLEMENT
ADD

SUBTKACT

X X X % C T = = 73 9

*h
*b
* 9
*xb
* 1
* 3

* 1

- 00 -3 3020 ® =033 === =0

XD

*b
* 3
*1
LB
* 3§
*r
xr
*b
LB
xp
*D
*b
* 1
* i
%1
xp
*b
*b
*bh
* §
* i

ab
ab
ab
ab
ab=-
ab~-
ab
abs+
abs+
abs+
0Ss+
abs+
abs
DS
asi
asi

a=-

a=
ao

ao
Qo

ao=-
ao
ao
aoc
ao
ao
ao
30~
ao
ao
Qo0
a=-
ao=-
ao
ao
ao
ao=-
a0=
ao=-
a0
ao
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MULTLIPLY 1% ao
GUUTIENT ioki ao
REMAINUVER R ao
SAND b b *b ao~
HOK b O *b ao-
»AND_COMPLEMENT b 0 *bh ao=
2ADD i1 % ao
»SUBTRACT I B B 80
SMULTIPLY 11 X1 ao
$QUOTTEN] i1 ki ao
SREMAINDLEFR 11 %9 ao
REAL_AULD rroxr ao
REAL_SUBTRACT rr o%xr ao
REAL_MULTIPLY rr %r a0
REAL_DIVIDE rr oxr ao
7.2 SPL S~=language Function Table
) Type of uperandyd a
Format of Function i integer rREAL pics
lF_f(2) gote b I LERO LFERO ZeRu
I NOT_LEKN NOT_ZEKRO NJUT__ZeRu
I GT_ZERu KEAL_GT_ZERD
i LT_ZcRuU REAL_LI_ZERD
I GE_ZERO REAL_GE _ZERO
| LE_ZERU REAL_LE_ZERD
IF_f(a,b) goto c i INT_tQUAL cQUAL EwUAL
IFNOT_t(arb) goto ¢ I INT_LESS REAL_LESS LeSo
| SURGE |
1F_f(a,b,c) goto d I INOUNDS
IFNOT_t(asbrc) aoto d |
a 1= f() i CLEAK CLEAR CLEAR
I SET_T0O_ONE SceT
a := f(a) | NEGATE CUMPLEMENT
b := $f(a) I ARSOLUTE_VALUE

I INCREMENT
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i DECPREMEN|
v := f(a) I FLUAT xOuUND CuUnT_OnES
i TRUNCATE
| REAL_AuUSVAL
{ KEAL_NEGATE
a := f(a,b) i ADUD AnD
c 1= %$tCa,0) i SUsTRACT Or
| MULTLIPLY AND_CUuMFLEMENT
I WUUTLENT
I REMAINUER
¢ 1= f(a,bh) | REAL_AULD
i REAL_SURTRACT
| REAL_MULITTPLY
| REAL_DLVIDE
Miscellaneous Operations
LOT0 LALL R TuRWw MOVE
LONG_GUTU CALLY ReTURN_ACCESS INI_MOVE
LOOP LALLL INTERNAL_KETURN OTURc _POLINTER
FIND_FIRST_ONE INTERKNAL_CALL RLSERVE STURE _FULL_PUInTE
FIND_PREV_UNL RelLeASE SHIF|
1 0 e e e e e & s e & e 2 e« & o o « @« <1
1 Ubjectives of this Report e o e+ s e e = e e e o ¢
2 Data Types and Representations « « « o e « o =« o o 2
2.1 Integers « =« o« &« e« o o o o e o o s « « ¢
2.1.1 uUnsigred Integer ¢« « o « « o o« ¢ + a o & 5
2.1.2 JSigned Integer e o = & 2 e e s o e e 5
2.2 Real e e e e s e 2 e e & a2 e ‘o ‘e o o « 5
2.3 Bit Strind « o o o o o & s+ e o o o o e o 4
2.4 Pointers « + o« « o e s o e & e a e e e « 4
2.5 Typeless NData o« o« o o o & 2 s o o o 2 = o 4
3 0Operation Formats o+ =« o o o ¢ o o a s s e s b5
3.1 Uperators whose operanas are all names . . « o = . 5
3.2 Urerators whicn include a relative program offset . . 5
3.3 Uperators with a variaple number of operands . . . . b
4 ovpecial Conditions in the oPL S=lanauage e e e e e e
4,1 iName Resolution Errors . .+ .+ . e o o e e e o 1
4,2 1Instruction Input and Uutput Errors ., . . . e . o
4,3 Protection Violations e & e e e s« e o e o « 8
4,4 (Controi Flow Violations . . . . . . . . . . . B
4.5 Lona INStructions « =« @« =+ o« s o o o o o« =« . B
4.6 Uverlapping UPErands « « =« « « s o s s s o =« B
5 §SPL uperation Uefinitions e e o e o 2 e 2 =« = < 10
5.1 Definition Format ¢« &« « o o o o o o o « o =« 10
5.2 Control Uperations e e o e e e e & e e e« e 10
Se2.1 LGOTOD 1 & & 4 & 6« e e e e e e o « < 10
5.2.2 LONG_GUTU nl1 . . o o o o & o o o « « =« 11
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~ C

IF_Z&RU nl, ] -
1FNOT_ZEKO nil.,
IF_GT_LFRO nl,
LF_GE_ZFRO nl,
IF_LT_ZFEKO ni,
LF_LE_ZFrO ni,
REAL_TF_GLT_ZcRU n1,
PtAL_iF_Gt-LEHD ni,
REAL_LIF_LT_ZERDO n1l,
ReAL_IF_LE_ZERO ni1,
IF_SUsSET nls, ney i

-t el b de 8.

- 8 @

IFNUT_SUBSET nl, n2,

IF_tQUAL nt, n2, 1
ITFMUT_EWUAL nl, n¢Z
IF_LESS nl1, n2, i

ITFMUT _LESS nl, n2,

"

1

INT_IF_EGUAL nl, n2,

INT_TENUT_EQUAL ni,
INT_IF_LESS nl, ng,
TNT_IFNOT_LEcSS ni,

n2,

PEAL_LF_LESS n1, n2,

REAL_LFWOT_LESS ni,
IF_INSOUNDS ni, ng,
IFNGT_INBUUNDS ni,
FINU_FIKST_UNE ni,

LUOP n1, 1 . .
CALL yr n0r nl, ...
CALLO nu . . .
ChllLl nU, nl . R
RETURN « . .

ﬂe;
n?r
FIMU_FREV_ONE nl, nc»

RETURN_ ACLEbS jr nt,

INTERNAL_CALL ni
INTERNAL_RETURN
RESERPVE ni, n¢ -
PelLEASE ni « .

ale hame Instpructions

CLEAR ni e e e
SEV nl o . .
SET_TO_DNE ni .
LOMPLEMENT nl .
NEGATE nl - .
ABSOLUTE_VALUE n1
INCReEMENT N1 . .
VECREMENT n1 . .
Name Instructions
SCUMPLEMENT nl, n?2
SNEGATE n1, ne .
DABSOLUTE_VALUE ni,
PTNCREMENT nl, n¢
SDECREMENT ni, n¢2
REAL_NEGATE nl, n2
REAL_ASSVAL n1l, n?2
MOVE nl, n¢ e .
INT_MOVE ni, ne .

STOKE_PUINTER ni, n

STNRE_FULL_PTK ni,
SHIFT nl, ne¢ . .
COUNT_ONES nl, n2
RUUND nl, n2 .
TRUNCATE n1, n2
FLOAT nl, ne .
AnbD nl, n¢Z .
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S.8.1b Ok nly N2 & ¢ o o« o o
S.4.19 ANAD_CUMPLEMENT niy n2 =« o .
S5.4.20 ADD ni, n2 e 2+ e s+ e =
S.4.21 SUBTRACT nl, n2 « « « o«
S5.4.2¢ MULTIPLY nly, N2 &« « o« o =«
5.4.25 QUOTIENT nly N2 & o o o &
S.4.2d REMAINDERP nl, n¢ - o . .
5.5 Three Name Instructions . « =«
5.5.1 oAND nl, N2, N3 - . - . .
5.5.2 P0R nt, nE, n3 . . - . .
5.5.3 »AND_CUMPLEMENT nl, n2, n3 .
5.5.4 HADD nly, N2 4NS 4 e e e e
5.5.5 $SUBTRACT nl ,n2, n3 e o a
5.5.6 »MULTIPLY ntl, n2, n3 e e e
5.5.7 SQUOTIENT nl, n2, n3 e e e
5.5.8 SREMAINDER nil, né, ns o+ . .
5.5.9 kEaAL _AuD nl, ng, nd3 . . . -
S.5.10 REAL_SUgTKACT ni, nds n3 . .
S5.5.11 PREAL_MULTIPLY nl, nc, nS . .
5.5.12 REAL_DIVIUE nl, nZg, n$ . .
rossible Future S—-language Instructions
6.1 SCAN_FUR_ChARAETtR ni, ne, nl, 1
6-2 S(‘AN_FUR_SIR‘LN\: n1p n2, HS, 1 o -
6.3 TRANSLATE nl1, n2 « +« =« =« o =
6.4 HASH Nnly, N ¢ o &« o o o o =
6.5 OCAN_FUR_IN_SEl nl, n2s n3, ¥ .
6.6 CONVERT_INI_IO_SIRING n1, n2 . .
6.7 ANALYZE_RFAL nl, N2y N5 &« .+ o+
6.8 FINTTE_STAIF_TKANSLATE ni, nd, nj
6.9 FINITE_STAIE_CHECK ni, néy n5 o .
Appendix: S=languaae 3ummary (Charts .
7.1 Uperation, Operand Type, and Error
7.2 SPL S=lancuage Function japle .
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