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To: S-L~nguaRe Task Force 

From: R. delqard, D. ~arber 

Subject: Pro~osed ~PL ~-lanquage deflnltlon 

Date: 20/Uctl17 ~emo No. 31 U 

Abstract: 

This document defines the data types, representatlons, anu o~erations 
for an SPL s-l~nquage for the FrlP systpm. Thp lanquage is 8reatly 
slmplifiea over previous proposals OY the factorinp out of al I data 
aadressin9 ana type information into the nAmespace architecture. 
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1 aDjectives of this Report 

lhe intent of this document 1S to fully sppcify the formats, 
operations, and special conditions for an instruction set wnich can be 
used to efficiently implement normAl SPl proarams. A numopr at 
forseen uses of SPl wll i require or be aided bY extensions to the 
S-languaqe not specified here. These arpas incluue 

Conversion, Eaitinq, ano Formattinq 
Sharea aata mediation 
Other kernel microcode operat10ns 

All system calls are considered 
system-controlled domains. 

simply 

In addition, it should he possible to arlo S-lan~uaQe 
in revisions of the S-language whenever it is found that 
tions would Slanificantjv enhance the instruction set in 
SUCh additions cannot reasonaoly De forspen, out can only 
mined from dynamic statistics of real pr08rams. 

2 Data Types and Representations 

Cd 1 Is into 

operations 
such adui­

some way. 
be deter-

I~e SPL s-lanqUAge deflnes five types to represent all of SPL'S 
data types and implic1t structures. lhese data types are 1n general 
determinea DY the opcorie: the type field of the Nrf lS currently 
ignored. 

Ihe instructlon set assumes a "hldden register" mocel. In this 
model, the type fleld determines how operanas are placed lnto arbi­
trarily large invisible registers - whether data is ri8ht or left 
adjusted, and if right adjusted, whether zero or sign f,llea. Opera­
t10ns then manipulate SUCh registers, anrl finally store baCk results. 
A number of exception conditions occur w~en the result m~mory con­
tainer is too small for the data stored in it. 

The operat10n aefinitions l1stea 
interpreted (e.g. as inteRersI bits, 
implies no type checking on the pArt 
assumptions marle. 

2.1 Integers 

determin~ hOw SUCh data is 
etc.). 1n most cases this 

of the interpreter, merely 

Inteyers come in two forms, Which are distinpuished oy their 
types in t~e name table and never by information within An s-ldngua~e 
operator. Internally, all integF."rs are repr~sF."nted iaenticallv as 10 
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bit signed quantities; all transformations of length ana/ur siqnedness 
occur in the fptch and store steps of an lnstruction. 

2.1.1 Unsigned Integer 

Unsigned inte~ers represent tiPL enumerations (i ncludln8 ~SLIl and 
BUOLEAN), and intervals, whenever the lower hound 1S non-np~ative. 
Additionally, unsi~ned lntegers will no douot he used to represent the 
current lenQths of strinas. 

An unsioned integer n oits in length may represent any value in 
the range 0 to c**n-l. The maximum length of an unsi8ned lnte8er is 
6S bits (beCAuse the high order bit is used internally to store an 
implicit zero sian); the minimum lenoth is i bit. 

Unsigned integers are ,nternally riaht adjusted ana zero 
All integer arithmetic and comparison operations lntercret all 
values as s1gned. nhen storea, unsignea values are truncated 
left; if the truncated part is not all zeroes, an integpr 
trap is taken. 

2.1.2 S,qned Integer 

ti 11ed. 
integer 
on the 

overflow 

~;~ned inte~ers represent al I bPL intervals where the lOwer bound 
is negative. 

An unsi~ned integer n oits in lenoth may represent any value in 
the range -2**(n-1) to i**(n-ll-l. The maX1mum lengtn for an unsigned 
integer is b4 hits; the minimum len8th is 1 bit. 

Unsigned inteqers are internully riant a~justed ana sign-fi lled. 
When stored, unsigned values are truncatpd on the left: it tne trun­
cated part is not An extenslon of the sign ~it (h18n oroer uit of the 
result) an integer overflow trap is taken. 

2.2 Real 

Heal values ure used to represent the jPL date type ~~AL. Real 
values are always h4 bits in length, ana are representee in "lrlM 
standara" form lB uit radix 16 exponPllt and ad bits ot sianpo 
mantissa). 

Heal values are i~ft aajusted ana zero f,lled. ~nen 
low order (rightmost) b,ts are truncated as necessary; 
signifiCAnce truncation wnich causes no trap. 

storeo, the 
th,s is a 



2.3 Bit Strin8 
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~it strinqs are used to represent SPL sets. lariitlonally, oit 
string operations are sometlmes usea on boolean values ana Inay oe used 
on arrays and strings ot boolean valUes. 

bit strinqs are lnternally left adjusted Clnd zero ti Iled. cdt 
strlngs may ~ave a minimum lenqth of 1 and a maximum lenqth at c**32-1 
b 1 t s. 

2.4 Pointers 

~Olnt~rs are used for in~irect addressing in the nampspace 
architecture.lhey are llsea by the external C~LL instruction, Oy the 
"STURE_POINTEri" instructions, and by the "R~ScRvE" instruction which 
returns an aduress in tne current frame. 

Internally pointers are lett adjusted ana zero fillea. lhey may 
be self relative, in whiCh case only tne upper 4b b,t~ are 
significant, or aosolute in Which case all 12d Oits ~re releVant. The 
SPL data type "~ointer" is always represented hy 1~8 uit aosolute 
pointers: short forms may be used internally within the compi ler. 

The external CALL instruction always pusnes a 120 bit ~ointer 
Which may he absolute or self-relatlve. The kE~Et<Vc ana STURc_I""OlNrER 
instructions store any type of pOlnter; a trap is taken it the length 
is 46 bits and the pointer is not self relative. The 
STOkE_FULL_POINTER instruction always stores a 120 bit absolute UID, 
even if it could be selt-relative. 

2.5 Typeless uata 

A number of tiPL operations deal with data merely as sequences of 
bits; these incluae mant of the move ana compare operations. The 
structured SPL aata types - recoru, array, ana strinq - may only be 
usee in SUCh "typeless" operations (and of course Clll field selection 
operations provirled hy the namespace architecture). (he ty~e field of 
operands in such operations is iqnored; data is treated merely as bit 
strings of the lenpth specified in the NTt. 1n this report we alwaYs 
cal I such data bit strinos. 



3 Operation Formats 

The formats of operations tor the 
tnree general r;ate~:'1Or,es: all operands 
selt relativp offset, and the first 
number of operands. 
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~-languayp can be broKen 
are names, one operand 
operano determinps the 

3.1 Operators whose operands are a11 names 

into 
is a 
total 

Instructions of this format include al I of tnp fol lowing forms of 
operation (where t ana ~F are the names assiqneu to S-lan8uaQe opera­
tions herein): 

a 0-. - constant 
a := I-(a) 
a := ~Flb) 
a .-. -
a 0-

, .-
fCb,a) 
-llF(b,c) 

Note that all operations startinq with Jl could easily be elimlndted, 
by, for exampie, replacing the operation a:=SfCo,c) with the sequence 
a:=c; a:=~(b,a). However, using Doth format appears to be a natural 
optimization for these common cases. 

AdditionallY the followina special 
category. 

operations fall intu this 

GUTU n 
CALL p 
CALL pCa) 
Rt:.TURr.J 

where n names a Pu offset value 

P := kESERV!:.(n) 
REL!:.A::iF(n) 
I r~T E. RI'-J AL_C ALL 
I ,~TE.RNA L_RF TUI-W 
STOkE_PuINTER 
STOHF_FULL_POINT~H 

SHli-T 

reserves frame space 
releases frame space 

3.2 Operators wnich include a relative program offset 

Uperations of this format comprise most control flow operations 
with the exception of those wnich specify 8 target adaress usina a 
name instead of a selt relative opcodeo fhe operandS n1 ••• IlJ, if 
any, specify parameters of the predicate ~hich determ~nes whether or 
not to execute the orench instruction. Ihe operanri specifies a 
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signed, nlhole offset relative to the beqinning of the instruction, 
which is adued to the PL if the branch ;s taken. 

If_fCa) ooto i 
Tf-NuT_FCa) gnto 
IF_r(a,o) poto 1 

IFNUT_Fla,b) goto 
If-_FCa,b,c) qoto ; 
JfNUT_Fla,b,c) goto 

uther operations involving PC offset~ include: 

LuOP 
Comp~risons wlth zero 
FINLl_fIkSl_UI\H:. 
F 1 ~J0_PRL V_ONF. 
GuTu 
Lu~lG_GO r 0 

cause the iterand to De incrementerl by the lncrement value, dna then 
branches if tile iterand has paSseo the cnmparand. rhis instruction is 
useu to implement most for-loops, as well <'IS internally compileu 
loops. 

3.3 Operators with a variable number of oper~nds 

The ~-lanquage contains two operations wlth a variable numuer of 
operands, the Architecturally deflnerl external call instruction anu 
return_access instruction. 
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This section oeala witn special 
conditions, which can OP encountereo 
These conditions are as fol lows; 

cond,tions, especIally trap 
dur1ng s-lan8uane execution. 

Name resolution errors 
Instruction input and output errors 
Protect;nn violat1ons 
Control flow violatlons 
Lony instructions 
Overlappinq instructions 

~hen an error is encountered during execut10n, a trAp is taken. 
The exact way this 1S done wi 11 not be defineo here. Trnps may occur 
wlthin instructions only for "long" instructions, which are so marked 
in this report. 

4.1 Name Kesolution Errors 

Any instruction with at least one operand which 
generate a name resolution error. This includes 
except the ~nTO instructions. Errors occur when 
associated information is invalid or unreadable; 
described further in the namespace documents. 

4.2 Instruction Input and Output trrors 

is a name may 
a11 instructions 

the nameta~le or 
tnese errors are 

Instruction input errors can occur when the type of an operand is 
not the type expected, or wnen the value of an operanu is not witnin 
tne legal range of values, or when the operand is larger than the 
maximum acceptable size. This category includes overflow, underflow, 
and divide oy zero errors. In general, tyoechecking is not expectee 
to De dynamically perforemd Oy the interpreter, however there is 
nothinp to prevent it in the future. Lenqth checkinp however w111 
probably aone, and range checking where necessary (AS in string 
assignment) must be done to insure validity of the operation oeing 
performed. Output errors can be consirlered to mean "outout container 
invalid for result". This condition may arise in at least three ways; 
wnen an integer value would be truncated on a store ltnis is an 
overfiow or underflow), when in a ~emory to memory operation the 
destination fiel~ is not the SAme size as the source f,e\dls), and 
when the type of the container is not valid for the resuit, in 
particular, when results are pOinters. 
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~henever an instructlon caUSeS a fetch or store to main memory, a 
protection violation can arise. rhe detAils of this arp. soecifiea 
elsewhere. 

4.4 Control Flow Violations 

Ihrp.e sorts of control flo~ violation may arise. ~irst, the 
offset of a local hrAnch 1nstruction can he out of Dounes of the 
particular proc~rlure/~rocedure object. (fhis sort ot error may be 
subsumea DY protection ,heck~ on 1nstruct1on btrp.dm; but suen checks 
do not 8Uar(1 aadin~t lnvaliu Jumps out of tne current oroceaure but 
within the procerlure ohJPct.) 

lhe spconrl sort of prror occurs analo~ously when the ~ftset tor 
mod1fication of tn p stack Causes a staCk to ~vprflow or undertlow, or 
when the sizp of a frame 1n reserve/releese instructions lS negative. 

Finally, errors ma, be Qenerdterl in the executiun of call ana 
return corle. SUCh errors may arise via the kernel, or otner 
s-language microcode, and hence are outside the scope of this paPer. 
In general such errors may be described slmply as "entry pOlnt speci­
flea 1S invalid ll , or "return packet On stack 1S invalid". 

4.5 long Instruct~ons 

A number of instructions in the ~PL S-lan8uage may 1nvolve 
arbitrarily large amounts of data, and thus nave some exceptionai 
conditions. Primarily, SUCh instructions must be 1nterruPtaole botn 
due to handlinp pape faults and for hanaling external interrupts 
(which may of course involve process swappin a .), ana must be continua­
ble after interrupt co~pletion. 

4.6 Overlapping Operands 

It ;s important to note the effect of memory to memory instruc­
tions Whose source and destination fieldS overlap. For slmpliclty anu 
generality, we specify that the operation of any instructlon, long or 
short, in which the destination field overlaps any source fieldS, ;s 
undefined, and may vary from mOdel to model. Tne single exception to 
this is the string assignment instruction, 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 field serves as a 
destination fieirl, for example, add a to n, are not consioereo to be 
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5 SPL Operation ~efinitions 

lhe tiPL operations are defined in oetail below. 
are classifled (arb,trarily) as control operations, 
3-operand operators. 

5.1 Definition format 

tach definition includes three sections. 
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Ihe 0FJerations 
and 1, t!., and 

{he operan~s section defines tne types exrectea for each operand. 
In the case wnere integers, reals, ana bits are d,stinquisherl, type 
checking may be re~u;rea Oy the inter~reter to oetermine the require~ 
result type; in most cases the type of the operand can be aSsumea to 
be the type requirea. when tne operand name given 1S Hi", the operand 
is interpreted as a "k" bit Signed value foun~ in the 1-stream, 
representing the number of nibhles from the start ot tne current 
instruction to the start of the destination instruction', if a branch 
is taken. 

The semant1cs section aefines the operational semantics uf the 
opcode. The functions "resolve" ana "evaluate" def,ne the transforma­
tlon of a name to th~ address it spec,fies, and a name to tne value 
located at the address it specifies, respectively. Arithmp.tic opera­
tions such a~ + and *, ana boolean operations such as loalcal-and and 
10glcal-complement, are assumed understoo~ oath for inteqer dna real 
values. 

Errors are specified by error code 
defined in section o. 

5.2 Control Operations 

5.2.1 GUTU 

S E M A f\11 I C S : 
t:::Rl'(nkS: 

Pl. <- PC + t.+*i; 

'"' 

letters, whicn are fully 



n 1 : 
Sf:.MANfrcs: 

lRI'(0KS: 
NOJE: 

n 1 ; 
SEMANTICS: 

ERl'(nKS; 

n 1 ; 
StMANTILS: 

lRROr<S; 

n1: 
S E:. M .4 ~lT I L S : 

ERkOt<S: 

n 1 : 
SE~'1Mn res: 

ERRORS: 

inteaer 
PC c- PuPTR + evaluate(nl); 
h 
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allows "execution" of code by an lnterpreter 

!"'1t string, integer or real. 
IF evaluate(nl) = 0 THFN PC <- PC + 4~i, 
a,b,-

bit strin8' integer, real 
If evaluatelnl) <> U IHtN P~ <- p~ t 4*,; 
n,b,-

integer 
If evaluate(nl) > 0 lHlN PC c- p~ t 4*1; 
a,b 

integer 
IF evaluate(n!) >= U fHtN Pc c- Pc + 4*'; 
a,b 



n 1 : 
SI::MA!'.ITICS: 

t.RRORS: 

n 1 : 
SE~~A~JTILS: 

t.PROKS: 

nl~ 
St.MANTICS: 

f:.RI'WkS: 

n 1 ; 
St.~1ANTICS: 

t:J:?RnRS: 

n1: 
Si:.f\1ANT I CS: 

ERKOt<S: 

inteRer 
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IF evaluatp(nl) < 0 THI::N PL <- P~ + 4*i; 
a,b 

inteqer 
I~ evaluatelnl) <= u lHt.N Pc <- p~ + 4*i; 
a,b 

real 
If evaluate(nl) > 0 THt.N PC c- P~ + 4*1; 
a,b 

real 
If e val u ate l n 1) > = () I H E~! PC c - P ~ + 4 * i ; 
a,b 

reai 
If evaluate(nl) < U TH~N PC c- P~ + 4*i; 
a,b 

n1: reAl 



StMANrrcs: 

n1,n?': 
St.MAf\JrrL~: 

ERKOkS: 

n.l.,n2: 
SEf...\ANfJCS; 

t.RRUkS: 

nl,n2: 
St::.MANTICS: 

ERI"WRS: 

nl,n2: 
St::.MANTrCS: 

t,RtWr<S: 
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I~ evaluatelnl) <= U IHt.N Pc <- Pc t 4*1= 

a,b 

hit string ( expected to bp ~qual in len~th) 
I~ 10gical-ANu levaludte(nlJ , 

lOQical-CuMPLt.MtNf levaluate(n?'»J = U 
THEN PC <- ~C + 4*;; 

a,b ,-

b,t string (expected to be eoual ,n length) 
If log;cal-ANU levaluate(nl), 

I09ical-CO~PLEMENT (evaluateln~»)) 
<> v 141::.~ PC <- PL + q*,; 

a,b,-

bit strings of same lenwth 
If evaluatelnl) = evaluate(n?) IHeN 

PI.: <- PC + .. *,: 

~lt strings of same length 
IF evaluate(nl) <> evaluate(nd) THEI~ 

P~ <- PC + 4*,; 
a,b,-



nl,n2: 
St::YANi leS: 

ERkOkS: 
r~n IE: 

n1,n2: 
BE:,MMHTCS: 

t;.Rt-WKS: 

n1,n2: 
S I:. M j.\ "J I I l,; S : 

bit strin8s 
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T~ evaluate(nl) < eVdluatpln~) THE~ 
PC <- PC t 4*,; 

a,b,-
a < b it d and b are equal UP to the enu of 
a and h is lonaer thnn a. 

hit strings 
If evaluate(nl) >= evaluate(nd) THE~ 

PC <- Pl,.. t 4*1; 

inteoer 
IF evaluate(nl) = evaluate(n2) fHc. N 

PL. <- PI.. + 1.1*;; 
t.PI'<f1r<S: a,b 

n"n2; 
St.:MANllCS: 

n1,n2: 
SU1ANl I CS: 

integer 
It- e val u ate l n 1) < > e val u ate l n ~ ) T 11 f I~ 

PC <- PC t 4*;; 
a,b 

inteqe r 
If evaluatelnl) < eva]uate(n2) fHI:.N 

PC <- PC t 4*;; 
a,b 



n1,n2: 
St:!V1ANTI(';S: 

E:..RkOkS; 

n1,n2: 
SI:.fv1MJ I I CS: 

nl,n2: 
St.MA"JTIL.~ : 

nl,nc:,n3: 
St:MA"HICS: 

t;.RkOkS: 

nl,ni.,n3: 
SE:..MANTILS; 

inteoer 
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I I- e val u ate l n 1) > = e val u ate ( n i.) THE 1'1 

Pc <- PC t t.+*;; 
a,b 

real 
T F e v d 1 u ate ( n 1) < e v d 1 u a t f> l n i. ) T rl E: I~ 

PC <- PC t 4*;; 

real 
I I- e val u."\ t p ( n 1) > = e val u a t P. ( n c.:) T 11 E j'i 

PC <- PC t 4*,; 

inteoers 
IF levaluate(nl1 <= evaludte lnc:)) ANu 

(evaluate(n2J <= evaluate(n3)) IHLN 
PC <- t-IC + LJ*i 

inteqers 
If levaluate(nlJ > evaluate (n2)) Ok 

levaluate(n2) > evaluatf> (n3)) THE~ 
PC <- PC + LHi 
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n1: bits 
n2: 

SE"'1ANTICS: 

n1: 
n2: 

SI:;}1ANTICS: 

EKRUR~: 

5.?29 LOUP n1, 

n1: 
SLMANTICS: 

tRRORS: a,b 

inteqer 
temp <- evaluate(n2); 
WHILE temp < lengthlnl) R~pt,Ar 

IF eval (resol ve(nll+temp) = "onll THt.N 
resol vp.(nd) <- teruo, 
Rt, TURIH 

EN!) IP; 
temp <- temp - 1i 

END WHILE; 
PC <- PC + 4*;; 
a,b,o,-

bits 
inteqer 
temp <- evaluate(n?); 
~HILE temp >= 0 RcP~AI' 

Ir eval (resol ve(nl)ttemp) = "on" rHt,N 
resolve(n~) <- temp, 
~t. TURI'H 

Ei~D If; 
temp <- temp - 1; 

E I~ D R t, P I:::. A r ; 
PI.. <- PI..+4*i; 
""b,o,-

inteqe r 
IF evaluate(nl) > 0 THFN 

resolve(nl) <- evaluateln1) - 1; 
PC <- PI.. + 4*,; 
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5.2.3U CALL j, nO, n1, ••• "J 

Architecturally Defined external CALL In~truction 

5.2.31 CALLu nO 

Architecturally defined External CALL Instruction 
Restrictea to U Parameters 

5.2.~~ CALLI nO, nl 

Arcnitecturally Defined External CALL Instruction 
Restrictea to 1 Para~eter 

5.2.33 RErUK~J 

Arcnitecturally Deflned External kETU~N Instruction 

Architecturally Defined External REfLJKN Instruction 
with Uynamic Access Control Winaows (U~CS) 

5.2.35 INTERNAL_CALL nl 

n1: 
SI.:.MANTICS: 

integer 
SP@ <- PC offset of NEXT instruction: 3~ oit 
SP c- SP + 32; 
P~ c- PuP(R + evaluate(nlJ; 
a,b,s 



St.tvlAN fICS: 

t.RROHS: 

5.2.37 RESfKVt nt, n? 

n 1 : 
n2: 

SE.fVIANTICS: 

f:.RkOHS: 

5.2.3~ HELEASt. nl 

nl: 
SEMANTTCS: 

t.Rt<ORS; 

')p <- SP - 3'2; 
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PC <- PuPfR + fetch(SP,j? bit UnSlqnea int) 
a,b,s 

inteqer 
pointer 
IF evaluAtP(~l) < 0 th~n trap(ran~p_error): 
resolvelnd) <- creatp_po;nterlSP); 
S~ <- SP + evaluateln!); 
~, s, ; 

;nte~er 
If evaluate(nl) < 0 then trap(rangA_error); 
SP <- SP - evaluatelnl); 
a, s, ; 
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5.3 Single 1\1~lT1e Instructions 

5.3.1 CLEAR n1 

nl: 
St:.MMlTICS: 

ERkClKS: 

5.3.2 SeT nJ. 

n t : 
SI::.MANI Il .. S: 

tRtdlKS: 

n 1 : 
SEMANTICS: 

I::.Rr"<nKS: 

5.3.4 CuMPLEMI::.NI nl 

n 1 : 
S f:.f'~ A N l Il. S : 

lRI-WkS: 

5.3.5 Nt:.GATE nl 

nl: 
SE~AI\JTICS: 

t::RRl1kS: 

hlt string 
resolvelnl) <- zero_al1_blts(lenqthlnl)); 
3,-

bit strlng 
resolvelnl) <- set_al1_bitsllengtn(n1)), 
3,-

integer 
resolvelnl) <- 1; 
a 

bit string 
resolve(nl) <- logical-COMPLfME~Tlnl); 
a,-

inteper 
resolve(nl) <- U - evaluate(nl); 
a,o 



nl: 
SI::.MANTICS: 

tRI"(OkS: 

5.3.7 INC~EMENT "1 

nl: 
SI::.MANTH.S: 

tRkOkS: 

5.3.8 D£CkEMENT "1 

nl: 
SE~ANTICS: 

t.RkOKS: 

inte~er 

Memo no. 0 
?U/iJct/l7 
paqe c::!O 

resolve("l) <- IF ~valuate(nlJ ~ ~ rHtN 
( 0 - evaluate(nl) ELSt cvaluat~(nl) 

a 

inteqer 
resolve(nl) <- evaluate(nl) + 1, 
a,o 

;nteoer 
resolvelnl) <- evaluate(n!) - 1; 
a,o 



Memo no. li 
2U/uct/17 
paqe c:l 

5.4 Two Name Instruct,ons 

In the follnwinq descriPtion of ~inary Operations, unless ot~er­
WIse noted, the types of the operands named by (')1 and nCo ;s expected 
to oe the same. 

5.4.1 SlOMPLEMENT nl, n2 

n1,n2: 
Sl:::.rII!ANTIl.S; 

I:::. RtWt-<S : 

5.4.2 $NEGAff nl, n~ 

n1,n?: 
S H1 A ~iT I C S : 

t.RrWkS: 

b1t strings 
resolvel(2) <- 10gical-COMPLEMENTlnl}j 
a,o,-

integers 
resolve(nc) <- U - eVdluate(nl); 
a,o 

n 1, n~ 

nl,n2: 
St.r-1ANTIC~ : 

inteqers 
If- evaluate(nll < 0 Tr1Ei~ 

resolve(n?) <- 0 - evaluate(nl); 
ELSE resolve(n2) <- eveluateCn 1 )), 

ERKOKS: a,o 

5.4.4 $INCR~MI:::.Nl nl, n2 

n1,n2: 
SE:.MANlILS: 

ERI"<OKS: 

integer 
resolve(n2) <- evaluate(nl) + 1; 
a,o 



5.4.5 $Uf~R~MtMT nl, n2 

n1,n2: 
SEMANTH.S: 

ERROkS: 

nJ.,n2: 
StMAN°1 ILS; 

t:.RKnkS: 

n1,n2: 
~EMAr.oll Ies: 

intef:le r 

Memo no. U 
20/uct/i7 
pa!Je ~2 

resolve(n~) <- evaluatp(n!) - 1; 
a,o 

real 
resolvp(nc) <- v - evaluat~(nl); 
i'l 

real 
If evaluatelnl) < 0 THf~ 

resolvp.(n~) <- v - evaluatp(ni); 
E~St resolveln~) <- eva1uate(nl)i 

ERROkS: a 

S.Q.8 MUVE n1, n2 

n 1, n2: 
~ f M A i'IIT 1(': ~ : 

t.PknRS: 

n 1, n2: 
SEMAN IIC~:: 

t:.PRnkS: 

any of same length 
resolve(n~) <- evaluatelnl), 
13,0,-

;nte!=ler 
resolve(n~) <- evaluatelnl); 
a,o 



nl: 
n2: 

SUA~N fTC S: 
tRkOr<S: 

n 1 : 
n2: 

St~·~ANTICS; 

t:R~OkS: 

l~n IE: 

5.4.1~ SHIFf nl, n? 

n 1 : 
n2: 

SHiANl IeS: 
t:.RROkS: 

NOTE: 

nl: 
n?: 

SEMANTICS; 

Any 
pointer 

tvlemo no. v 
2v/iJct/t7 
oCloe ~3 

resolve(ni) <- creatP._pointerlresolvelni))i 
A,O 

any 
pointer 
resolvelnc:) <- create_fwl1_ptrfresolve(nl)); 
a,o 
create_ful1_ot r differs from create_ptr -
it never stores object-relative pointers and 
must nave a 12R bit container for it. 

inteoer 
bit strlng 
resolveln2) + nl <- evaJuate(n?) 
a,-
nl may be negative for a lett shift. 
Full container is shifted, no fill is none; 
this coula be considered a "relative" move. 

bit string 
integer 
resolveln~) <- l ~ount of bits in evaludte(nll 

which are "on"j 
a,o,-



5.4.14 ROUNU n1, n? 

n 1 : 
n2: 

St.MANTICS: 

5.4.1~ rRuNLATE nl, ni 

n1: 
n2: 

SEtvlANT Il .. ~ ; 
t:.RkOkS: 

i~OI E: 

5.4.10 f-LUAI n1, n2 

n 1 : 
n2: 

St::~1ANTTCS: 

t:.RrWkS: 

5.4.17 ANU n1, n2 

n1,n2: 
SU'~ANTIL.~: 

renl 
inteper 
temp <- evaluate(n1); 

Memo no. U 
20/Uct//7 
pape c 4 

temp2 <- integer_partltemp); 
IF temp> 0 

I~ fraction_part(temp) > U.~ IHeN 
te mp2 <- temp2 + 1; 

E.lSE 
If fraction_part(teolpJ > U.'.:> IHeN 

resolve(ni) <- temPi; 

real 
inteper 

te mp2 <- tAmo2 - 1; 

resolve(n2) <- lnteger_partlevaluate(nlJ); 
a,o 
I inteper_part(a) I = largest inteaer 
less than or eoual to lal. 

inteqer 
real 
tempt <- evaluate(nl); 
temp2 <- u; 
resolveln2) <- create_renl (tf>mplrtemoc;:); 
n 

blt string 
resolve(n2) <- evaluate(nl) loQical_Ai\iD 

evaluate(n2J; 
a,o,-



5./-I.lb uR 1"11, n~ 

n1,n2: 
St.MANTIL~: 

t.RrWkS: 

n1,n2: 
StYANl Il.S: 

5.4.20 ADU 1"11, n? 

n1,n2: 
SLMArJlILS: 

tqt-<OKS: 

5.4.21 SUbTRACT 1"11, 

n1,n2: 
St:J"'ANTICS: 

c..RRORS: 

1"12 

5.4.22 MULTIPLY nl, n2 

1"11,1"12: 
S E ~'1 A tilT I C ~ : 

t.RROkS: 

t-lt string 

Memo no. I.i 
20/uct/17 
paqe 2'1 

resolvp(n2) <- evaluatelnl) logical_OK 
pvaiuate(n2n 

a,o,-

bit string 
resulv~ln2) <- evaluate(nl) 10aical_0K 

10qical-complement( pvaludte(n?)); 

inteaer 
resolveln~) <- evaluate(nl) + evaiuatd(n2); 
a,o 

inteaer 
resolve(n~) <- evaluetelnl) + evaluate(n?): 
a,o 

integer 
reso1vetn2) c- evaluate(nl) * ev~ludte(n2); 
a,o 



r'll,n2: 
SEMANTIl .. S: 

t;.RROkS: 
I~O rE: 

5.4.24 REMAINuFk ni, n2 

nl,n2: 
St:.MAI\)TICS; 

E:.RkOHS: 
I\ln fF: 

integer 

Memo no. 0 
2U/Jc t 1"17 
pape 26 

resolve(n~) <- eVdluAte(nl) [integer uivideJ 
evaluate(n2); 

a,o 
;nteqer divide can be defined AS 
truncate(real dlvide). 

inteaer 
resolve(nc) <- evalauteln~) -
«(evaluate(n2) linteaer divide) evaluate(ni) 

* evaluate(nl» 
A,O 
siqn of remainder ;s sign of uivi~end (n?). 



r,l emo no. I,) 

?\J/uct/l7 
paQe c..7 

5.5 Three Name lnstructions 

1n thp followinq in~tructions, unless otherwise nOlPU, the 
of the names in an instruction are expected to be the same. No 
conversion is performed in t~e instruction execution. 

5.5.1 $ANU nl, n2, n3 

n1,n2,n3: 
SI::.MAN1TCS: 

tRROkS: 

nl,n2,n3: 
St~~ANTICS : 

E:.RkOHS: 

nl,nd,n3: 
f'EMANTTt.:S: 

5.5.4 IADD nl, n2 ,n3 

nl,nd,n~: 

bit string 
resolve(n.$) <- evaluateenl) 10pical_AI~D 

~vnluate(n2) 

bit str1ng 
resolve(nj) <- eva'uatel~l) looical_OK 

ev?,luate(n2J 

hit string 
reso1velnj) <- evalute(nl) 10gical_ANU 

lOPlca'_complement(evaluatPlnd») 

inteoer 

types 
type 

SEMANTIL:S; 
ERROKS: 

resolvelnj) <- evaluate(nl) + evaiuate(n2Ji 
a,o 



Memo no. v 
?u/Jct/l7 
paC!e cR 

5.5.5 $SUbT~ACT n1 ,n~, nj 

n1,n2,n3: 
Sl:MI-\NTICS: 

t..RI"([1r<~: 

inteaer 
resolve(njl <- evaluate(nl) - ev~ludte(n2); 
a,o 

5.5.6 $MULTIPLY n1, n2, n3 

nl,nc:,n3: 
St.~lANrI('~: 

t.PtWKS: 

integer 
reso1ve(nj) <- evaluate(nl) * evaluate(n?); 
PI,O 

5.5.7 $~UUTIFNT n1, nCr nj 

n1,n(;:,n3: 
St.MAN 1 H. ~: 

integer 
resolve(n31 <- evaluate(nl) [,nteger uivioej 

evaluate(n~); 

5.5.8 $kEMAINuEk n1, n2, n3 

nl,nc:::,n~: 

SEMANTIC~: 

nl,nc:::,n3: 
St}AANTILS: 

ERROR~: 

inteaer 
resolvelnj) <- evaluAte(n~) -
((evaluate(n?) Linteger ~ivlrleJ evaluat~(nl)) 

* evalLJate(nl))i 
a,o 

real 
resolve(n~) <- evaluate(nl) + evaluote(n2); 
a,o 



Memu flO. V 

2u/uct/17 
PCloe c::9 

5.5. 10k E A L _8 U AIR A ern 1, n?, n 3 

nl,n2,n3: 
S1::.MA"lTIl.S: 

t;.Rk('lr<S: 

real 
resolve(nj) <- evaluatp(nl) - evaluate(n2); 
a,o 

5.5.11 kFAL_~ULrIPLY n1, n2, n3 

nl,nc::,n3: 
St:YMHILS: 

c:.RROkS; 

nl,nc,n3: 
SI:.MMJfI('S; 

ERknKS: 

real 
resolve(n5) <- evaluate(n1) * ~valuate(n2); 
a,o 

real 
resolveCnj) <- evaluAte(n2) I eva]uate(nl) 
a,o 



Memo no. U 
20/uct//7 
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6 Possible ~uture S-lQnguaae Instruct,ons 

The flexibility of a m,croprogrammahle machine is only effective 
when it can be usea to delay decisions (binding, arch,tecture, 
contracts) unti I sutficient information is availaDle to determine just 
what instructions would be cost effective. 

While we are convinced that the instruction set prov,ded ,n the 
previous section will be arlequate for ~enerat,ng code for arbitrary 
SPL programs, it may become clear that ,n certain Cases the micropro­
arammin8 of key routines, for instance, formatting rout,nes or speCial 
table lookup routines, WOUld provlde aefinite performance improvements 
for a large class of proarams. 

rhe precise semantics of such rout,nes snoulj not he determinea 
now. Rather, completed systems software should he measured carefullY; 
those routines whiCh turn out to De commonly used ana which are 
bottlenecks can be microcoded. In order to help insure that program­
mers use common software to implement common functionality, ana thus 
assure that we have a fair cnoice of commonly usee interfaces to 
microproaram, it is necessary at this point to define and pU~llclze 
libraries of low-level abstractions for use by rH~ systems 
programmers. The SPL abstraction mechanism is ideal tor th1S tasK. 

tventually, those abstractions which prove to be very commonly 
usee ana whiCh coula be sianificently im~roveo Oy micropru~rammln8 K~Y 
routines, shoulo De consieered for such optimization. It is therefore 
important to ensure that smal I routines Which can be proqrammed in the 
S-languaqe can 1n aeneral also be microprogrammed. 

~elow we present a number of 
SPL-slanQua8e level, WhlCh suagest 
microprogramming eventually. 

example routines, wr1tten at 
themselves as cand1dates tor 

n 1 : 
n?: 
n3: 

; : 
SEMANIICS: 

array ot character 
ch~racter (arbitrary size char) 
unsiqned integer 
pc offset 
n3 := 0 

a: if n1ln.)] :: n2 then return 
increment n.$ 
if n3 > le ngthCnl) then goto 
aoto a 



n1: 
n?: 
n3: 

; : 
StMANrIl:S: 

6.3 TkANSLATE 1"'11, n~ 

n 1 : 
n2: 

SI:,MAN1II..S: 

6.4 HASH n1, n2 

n1: 
n2: 

St:MANTIl:S: 

string 
string (shorter than n) 
unsiqnea lnteger 
offset 
n..s : = 0 

Memo no. v 
2v/uct/(7 
pa~e j1 

a: it n1 Ln3:1en<;2t"(n2lJ ;: n2 tnen rpturn 
increment nj 
if n3 > lengthCnl) then aoto i 
aoto a 

array of character 
array of character 
temp := length(nl)-l 

a: n,L [tempj := 1"'12 [nlltempJ j 

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

strl ng 
inteqer 
temp := lengthCnl) 

a: 1"'12 := xor(n~,nt lterrpl) 
if ltemp ;= tem~-l) >= 0 then qoto a 

n1: string 
n2: array of bits 
n3: unslQnea integer 
i: offset 

St:.MAN1ICS: n.$ := 0 
a: if n2L nl [ 1"'1.$ j J is "on" then return 

increment n~ 
if 1"'13 > lengthCnl) then qoto 1 

aoto a 



n 1 : 
n?: 

St.r-1ANTIC~ : 

inteqer 
st rin 8 

~~emo no. v 
21J/uct//7 
paqe ,;2 

converts n1 to right adjusted blank padOed 
character string n2. 

6. 7 A 1'1 A L Y L E _R t.. A L n 1, n 2, n 3 

n1: real 
n2: inte<'ler 
n3: 

St.MANTILS: 

n 1 : 

n?: 
n3: 

St.MANTICS; 

n1: 
n2: 
n.5 : 

SEi'-1A.NTIC!;): 

a: 

strlng 
set ni to base 10 exponent of n1 
set nS to mantissa of n1, a left adjusted 
strlng with decimal impjictly At left 

finlte state tables in some reprpserltation 
of tuples <state, Char, next state, output> 
strin8 input 
string outPut 
state := 1 
index := u 
temp := output (state, n2lindexJ) 
state := next state (state, ni[;nuexl) 
n3[index] := temp 
it temp = 0 then return 
; nc rernent index 
goto a 

finite state tables as above 
string input 
inteqer output 
state := 1 
index := () 

a: temp;= output (state, n2lindexJ) 



Memo no. v 
?,U/uct/l7 
paqe .)3 

state := npxt state (state, n2[;nuex)) 

n,) := state 
if temp = 0 tnen return 
inc rpment ; ndex 
ooto a 



""emo no. () 
2u/uct/i7 
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7 Appendix: S-language ~ummary Charts 

7.1 Operation, Uperand lvpe, and Error dummary 

~ymbols in operAnds and errors columns have the following meanlngs: 

operanos 

; - signed or unsigned int 
r - real 
o ... oits (any type as such) 
p - pointer 
o ... immediate offset 
x ... p of external entry point 
k ... immediate operanO count 
a ... any type, not ;nteroreted 

* - operanu is stored into 

operation operandS 
--------- --------
G010 0 

LOhIG_GUTU i 
IF_ZERU b 0 

1 Fi-JO I_LEi'<O 0 0 

1 F _G l_lEt~r i 0 

IF_GE:._LFRO 0 

IF_LT_LEKO 0 
IF_Lt._lERO 0 
KfAL_IF_GT_Z£RU r 0 
KEAL_IF _GE_Zt.RU r 0 

kEAL_IF_LT_ZI:.Ru r 0 
REAL_IF_Lt_Zt:RU r 0 

IF_SUBSET b b 0 
! rl'-lO r _SUcRE:. T t1 b 0 
IF_Ei..lUAL 0 b 0 
I F I~ 0 T _I:: Q U l\ L t) b 0 

IF_LeSS b 0 0 

IFNOT_LESS b b 0 

INT_IF_EQUAL i i 0 

INr_IFNOT_I::QUAL ; i 0 
INT_IF_lt.SS 1 0 
INI_IFfIlOT_LEjS ; 0 

errors 

a ... name resolution error 
o - result container size overflow 
s ... stack violation (overflow etc.) 
b - pc violation (out ot UOynas, etc.) 
i-input value incorrect 
+ - kernel generated error conditl0n 

10n8 instruction, interruptable 
all statements with "a" err~r may 

aenerate fetch protection errors 
all statements with "*" operands may 

gene r ate store protection errors 

errors 
------
b 
b 
ab-
ab-
ah 
ab 
ab 
ab 
ab 
ah 
ab 
ab 
ab-
ab-
ab-
ab-
ab-
ab-
ab 
ab 
db 
ah 



r<EAL_IF_LE:iS r 
r<EAL_I FNuT _Lt S~ r 
1 F _1 NBuUr-.DS 1 

I FI~O 1_1 NHOlmiJS ; 
I-IND_FIRST_OI\iE t) 

F I I\iD_PKE V _UNt. 0 
LOUP "* ; 
CALL k 
l.ALLO x 
CALLl x 
KEf URN 
kETURN_AL:CtSS k 
lN1EKNAl._CALL 
IN1ERNAL_Rt.TuRN 
RE:.;ERVt:.. 
KELEASt. 

l..Lt:..AR *b 
.::lET *b 
SET_TO_Or~E * ; 
COlvjPLEMENT *b 
NEGAIE * ; 
ABSOLU1E_VALuE * ; 
INl,;Rt:MENl" *i 
iJECR£Mt.NT * ; 

;bCU~PLtMENT b 
:bNi:.GATt:.. ; 
:bA t:I SuLUTl::._ V ALlJt 
;p I NC KEr"lENT 
;t 0 t::. eKE f"l F l'oj T 
kEAL_Nt::.GATt::. r 
KEAL_AtlSVAL r 
l"lOVE 0 

1 N l_lviOIJ E ; 
S TtJRt._PO I ~lj E K a 
STORl::._fULL_PTR a 
3HIFl 1 

L.OuNT_ONl::.S b 
KOUr-JIJ r 
TRUNCATE r 
FLtJ~~1 ; 
AND b 
uR b 
AN D _C OfvlPLEME NT b 
ADIJ 
SUbTRACT 

r 0 

r 0 

1 ; 
; 1 

* ; 
*i 

0 

x a 

a 

a a 

*0 

*b 
* ; 
*i 
*i 
*i 
*r 
*r 
*h 
*i 
*p 
*0 
*b 
* ; 
*i 
*i 
*r 
*b 
*b 
*b 
* i 
*i 

0 

0 
r) 

0 

a 

. . . 

ab 
ab 
ab 
ab 
ab-
ab-
ab 
abs+ 
ahs+ 
abs+ 
oS+ 
abs+ 
abs 
os 
as; 
as; 

a-
a-
a 
a-
ao 
d 

ao 
ao 

ao-
ao 
ao 
ao 
dO 
ao 
ao 
ao-
ao 
ao 
ao 
a-
a('l-
ao 
ao 
ao 
dO-
ao-
ao-
aO 
ao 

Memo no. Ii 
2uhJct//7 
paae .;5 



fVlUL T IPL y * ; 

wUUT 1 EjllT *i 
kEi"lAINlJEr< *; 

:pA!IJD b b *b 
:bOr< b 0 *b 
:t>AND_COMPLt:.Mt.NT b 0 *h 
~AOD ; 1d 
:nSUB1RACT *i 
;bMlJLTIPLY , , * ; 
.:bQUCH I ENl i * i 
:t>Rt/o..1AINDt.P ; ; *; 
KEAL_AUD r r *r 
KEAL_SURTRACT r r *r 
RFAL_MLlLTIPLY r r *r 
kEAL_DIVIDt. r r *r 

7.2 SPL S-languape Function Table 

Format of ~unction Integer 

ao 

ao 
ao 

ao­
ao­
ao-
ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao 

Type of uperdnu a 
t,E AL_ 

Memo no. U 

2U/uctl/7 
pape :,6 

bi t s 

----------------------------------------~------------- ------------.--

IF_f(a,b) goto c 
IFNOT_t(a,b) poto c 

IF_f(a,b,c) gato d 
IFNOT_f(a,b,c) pote d 

a := fO 

a := Ha) 
b := $f(a) 

LEr:O 
l\401_LEkn 
GT_Zt:.Ru 
LT_Zt:RU 
l"E_Zt:.RO 
LE_ZERU 

INr_t.QuAL 
INT_LE!:>S 

CLEAr< 
SE r_1 O_Oi'\iE 

fIJEl"A 1 E 
AI1S0LUfE_VALUE 
INCRt:.Mt:.NT 

LEKO 
1'.10 r _LE KO 
kEAL_Gl_LEKO 
kEi-IL_L'I_lEkO 
t~EAL_r;E_lEKO 

kEAL_'-t:._LERO 

t:.fJUftL 
t<EAL_Lt:.SS 

CU:.AK 

Zt.Ru 
l\IuT_Zt:.Ru 

E~UAL 
Lt.S;;' 
SuB;;;EI 

CuMf-'Lt.Mt.Nf 



u := f(a) 

a · - f(a,h) .-
c · - :tHa,t)) · -

F-LUAI 

ADU 
~UdTRACT 

jV'IUL T lPLY 
t"IUUTJ.ENT 
KEIV1A 1 NuEr< 

r,<OU~~1J 

T RUr-fLo: A fE 
REAL_AUSVAL 
KfJ..lL_Nt:GI-\TE 

Memo no. v 
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A i'~D 

Or< 
A I~D _r uMj-'Lt::!II\1:. NT 

c · -· - Ha,b) r<EAL_AUD 
KEAL_SURrRACT 
KEAL_MuLITPL'( 
hEAl_DiVIDt. 

Miscellaneous Opprations 

l.:Ioro (.;ALL Rt. TuRi~ 
LOI''4G_GuTu C.ALLl.J Rt. TUR;'Ii_ACCESS 
LOUP 
rINf)_FIR0T_Oi~f 
t-IND_Pr<EV_ONL 

l.ALLi 
INTfKNAL_CALL 

I iHt.RI\lAL_:<f T URI\! 
RI:.SI:.RVF 

1 
1 
2 

3 

Rt.lI:.A;)E 

• . .. .. 
Ubjectives of this Report 
Uata Types anrl Representat,ons • 

2.1 Integers. 
2.1.1 unsigned Inteper • 
2.1 .. 2 ~i8ned Integer 

2.2 Real 
2.3 uit 0trinq • 
2.4 Pointers. •••• 
2.S Typeless ~ata • 

• 

• 

• 

• 

• 
• • 

Operation Formats.. • • 

• 

• 

3.1 Uperators whose operanas are all names. 

i"iOVt 
1 N l_ivlOv F 
;)TuRc_r'(llNIEk 
;) Tl.l R t._r U L L_P \J I i'~ n. 
SHIFt 

• 1 

.. 

• c · ~ · ~ 
• j 

• S 
• ..s 
• £4 
• 4 
• £4 
• ? · ~ 

3.2 uperators which include a relative program offset 
~.3 Uperators with a variaole number of operanus • 

.. • ':> 
• b · / 

5 

~pec,al Conditions in the ~PL ti-languagp 
4.1 ~ame Resolution Errors 
4.2 Instruction Input and Uutput Errors .. 
4.3 Protection Violations 
4.4 Control flow Violations. 
4.5 Lona Instructions. •• 
4.6 Uverlapping uperanas • 

SPL uperation Uefinitions 
5.1 Oefinition Format. 
S.2 Control Uperat,ons 

5.2.1 GOTO; 
5.2.2 LONG_GUTU nl 

• 
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