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ins'rrucHons and i:; cClpabh~ o·f reading and writing Hs own operands from arid into memory. Onc.e 
an FPU inS';'iUG'iion he::; b0G;' s,tarted, it can contint>G without CPU intervention, leaving the CPU 
free to execl..i'h~ o'd10r (! .·e. ncn-fPU) instrulCtions. 

0.0 INTRODUCTiON 

The position of i"he PDP-l1 in tha market is svch thai" some ;f~oCli'ing point arithmetic ~apa­
biIHh::.> are very desll"obie, if noi" necessary. Considering the complexity, and therefore 
the price of a Hoating point unit "FPUII/ it shouid be avoilobie as an option only. 

Some qu,:;;stions 'j'o be cU'lswered concerning 'rho FPU opHon are ~ i$t~d below oi'ld elaborated 
on in the foHowing sec'dons. 

1) Internal versus aU!; Option 
2) FPU - CPU irlterClc'i'lOi'"'i 

3) Jhe FPUis Ii1struction and Data Formats 
4) The FPU's Instru~tidn Set 

1 .0 INTERNA L VE~SUS BUS OPTION 

The FPU is though1" of as a fairly independent processor, i.e. wh(m started it is supposed to 
f ~ . I , \. .., d' f· j CPU -h· . F. i d" d ·t· d t f" "Imsn Ine Instruci"ion Ir,oe~n en1' 0 rna . l is inCiuces reo Ing an wn In9 p a rom 
and into memory. Therefore, the FPU has to be connected to the bus. 



t'. ., ~;I '" . ", " ! ,- ~ t' I . h lJeCQuse 'I;-h;; i: "tV Vii i ~ l~lCNC ·.··W() mCIT.Ch"'l" l:nJ$~S \' • e. Cl tClS :£jynCi'ironou~ on.:: enc r e 
a~};nchrotlvu:; Utllbu.J) 11' show16 c.r;'· cc::r~ bo cor':n..;:Jc700~,,:; ;~O .:.h:J Utilbi..:~ in ord(;;( 'iO make it 
acc~pi'cb:8 for 'i-he, 'J :/50 eno' 1·~/:20. 

"'9 . .. /' '. j.~ II c:. ~.. ~ ~ -; ..... -:.:e •. ~ .." ,\ 

i ne nex~' ques~'jorl h.) bG soiv,;i:;c; ;n ~'h!~ ::';0C'tlCn is wne'l'r.(~i ';~,e l-~U ~;hOUiC; .:;:.:;~t,;.·;·C U1 virtuc~ 

Oi phys !cal addre;:;s t:P.;JC;J. FiSuriJ 'j ... '~ ::;huv/s th~ confiQuL"oticn v.; i;';1 -;+.0 .: i:"U O;)wt~1'i ng in 
... ,7-tuo·£ ,.-..,.:"..\ .... ( ... ~'''· ... 'c~:... I!l"\ !.:~I'"'·Vlr'" ~-., ·),r~'···\ i::Ju"; u,,",,,,,,,:,,,,·,·'t·,,·~··· ~'I"! phys"l'ca~ ,~,.-;.J.~: ..... , .• <~ .... ;,:::; 
"Ii . i y"" .... i Q ... ;.) "',"'U Ii;d. .I.> I • t:/""''''; ~ .&. , .~ I I ; .. .1\';; ..... ~:a 10 I • .... ~\. ... ;;.;.::;,) .. i ............... . 

Tho vir'h;oi oddr~ss space is defi~,ed as i-he oddre£~ spac~ the user runs in; the physical 
dd t. • f· d ' . f" • • . ~ E , ! I - h • a ress space IS de Ine os ti1e so,' or core ~o~otlons ocn;cl ay aCiaressea. '-or 0 moc Ine 

which does not have address mc;pping (e.g .. r~~ccare protect) thG virtual address space 
is identical to the physical address space. 

Loo1dng ai' ';+0 ~>;)~U\'iOti of Figure 1-2, the. foUowing comments can be made: 

'i) The addrasses of the operand;;) hONG to b(;;; passed -;'0 ';-hc F?U 0$ physical addresses. 
Looking 0';' ~'he Re~occi'0 Prorec1' o?tion; 'ihis mocm~ i-hc;i' h' shou~d recognize certain 
FPU addrosse~ cnd no)'- rG~ocoh~ them. Ln£r(;;:od, h shouidi-d,E; 'l'I10 dQt4 {on the dato 
iines) which COrl':cln \·he virtuo' cddrozs and relocc:h;; it a~ if it wen:~ on addres$. This 
"'f~"·"'·I~·':-:'·'· '·""';:'c::"..~1 r;1"'''''"''!·r~',s f·i,,..,··~i "~!'~':"i'" ' ... ·at~'n" .... "I"" ·r-'n· .;. r",,,lr\{~'~"-"::'I·'·"C)l·"~ ... c·~ o""t:lon 1'::;'1"';i";';;~ .;)i''''';;'' ................ 111._ ..... , ..... ""'...;\"", i.J I 011 II; 1;0 .,;;; ..... ' .......... .:. j .... , 'v':-' "-

2) The Rijiocate/Prob~c~' clp'i"ion might helVe. Reod/~Vrh'e pro1'e:c'" bH-s which ~j9ht have to 
be dupiicated in the FPU, or1the Rc~occ.ii"e/Proh;;C'i· option has 'fO hovel knowledge rele­
vcu·.,t to the US;3 of i'he virtua~ addresses it re:oca~·es. 

3) In case of ·the modes (R)+ or -(R) address vioiotion~ can occur which can be detected 
with ciifflcu~ty by the Reiocate/Protuct option. 

The solution of Figure: 1-1, I.e. kri- \'he f?U opcr"'i"~ in vir';'ucd memory, hcs none of the above 
dh:advarri'cgGs. In Figurt:: 1-1 r'~' is \'recl"!-ed in i-he some way as the CPU for which i'he Relocate/ 
'... • ~ , " • ,. , ,.....i ~... .. h" i ': l . d .' ,.; ,.. ?U' i 'I 
i .... roreC"l' opnon i$ C!G:.i igned _ i......h3lany I from i ~ coove a can be stcmo their rne t''' snOUlO operate 

in virtual sooce. 
I 

Because of m~chCin iced r irnh'oHcn~ and res'rricHons on the fast bus, !~. is most desil-oble i·hat the 
FPU take up no more than one system unit if the so~ution of Figure 1-1 is irnph~mented. 
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0312 
bEiC;.1u .. :.;;; ;<';0 FPJ Wn~ ~>;;;; ai: tndsp .... r;;::;CJ.·: l:;'S-oco:;;sor, 'l' b ,.j~.;:db~~ to Cl~CW ,r ro nni~h 0 

S'I"\'::irtea ins'j':"lJd'iOi1 in,.L~p~)tid0n1· of ';'h~ CPU. Thi~ cd ow::; ·th..;: CPU ~'O bt.:; hcnd~e·d in eHher 
of two 'NQ ys . 

"i! ) i Th(; Ci)U /;;) d~~cicn~d bu::;:; whn~ ';'he l:?U card~s out its operut!o;;. Th;& has the oovQrd'­
age i'hc~1' h· wov~d aeh:::ldo:Ci';'e :'h~i inh;;"~·i.,;pi· r{';~ponse time (bccaus.a f;canng point opera­
dons ';"cnd 'ro '(oke OJ rek!'rive~y icng execution Hme). It also ?rohibits the CPU from 

• • ,!. f!' . ~, .. execunng orner, I.a. non- wOQ'fIns, msrrucnons. 

2) A! lOW the CPU to continue executing non-f'oatjn~l instructions once the FPU i$ set up 
(i . e. ready to start execuioing). Th is onows the CPU to carry out subscript' computation, 
c,,",- \'~; .~,:-11""-(;; HV~;'.;"'" f·I,..,··:l\··,· .... ~·)C".(·~""i'"\ ",:; ;:.!~,.r" se;""l~"~"""'" , .•. "..,~, ... ~. ~~:'l·ru .... t'ioi"" t.hu'" ·Imp .. pov·lng the 'O:.."'~,""VI;I ~iI~ ' .... ·'IroAII"wotoo~ v' ~llli Ii.~'.tw I,.";,,f"'tt;i tJ"IVli VI II"~""" 16\.,.~."'~::,.3 ,~",,.J~.II. &~4aa ~ II ~, 1.1:' " I' 

OV~~,'C; J .::lX0c~j·ior: i'ifn~. Th is moi'hoci b ~0~~C~'~Q bCCCi::J:''';';: of rt~ dQ~crio~ci aovantcges. 

In P:0vlo:J:ii mernO:i: ~'he FPU wc;, act·ivct.cd by i-he '~1/20 dii"OuSh csequencc of MOV instruc­
Hons,. cs ~(;}$cribed jn Tlf.:chniccd Memos2~ ond 23 .... A. A 'fypiccd sequence iooked like the 
one giveN1 bck>w for the case of the instruction f\l\Ui..F A{Rx), ACl 

compute oddr~ss . 

test for FPU busy (FBR)=4 when F PU busy e:se J?J 

lv\OV PC i fPC seve PC 

fViOV Rx, FIR+FOC+AC; move operand address and start FPU 

The above 5squ6nce ~"akes 8 wc~·d;) cmd has ·j·o be i"epeQt~d for every FPU insTruction of the 
above i'Ype. 

The new ~cheme requires that every F?U insh·uction (Hke: MULF A(R2L AC1) is preceded 
by 0 J SR. The J SR anows the F PU i-o toke controi over th6 CPU. The F PU uses the CPU 
for addi6ss computa'don, ~rl'ack pointer adiustmeni's, atc. I ond CiC~·S i ik<:; .::I ncrdwired inter­
preter. The JSR instrud·ion has to be the fo~lowing, "JSR R7, FPU"where FPU is an address 
in tt-e I/O area. An example of this is given below. (next page) 

-4-



\ JSR R7, FPU typical coB sequence in 

MULF A(R2), AC~ , i user· s program 

~-------~----------~---------~-~--------~---~---~~~~----~~~~----
the I/O address F PU cooto i ns ~BR~ 

FPU,---
----MOy (R6) + ,FRA* ,.; "BRo when the FPU is busy 

@{FRA)--} FIR* 

(FRA) +2--7 FRA' 

MOV R2, FDA 

(FRA) + (FRA)"'>:f DA * 

(FRA) + 2~FRA 

2 or 4 data fetches 

MOV FRA, PC 

* FRA means Floating Return Address 

otherwise it contains "MOV (R6) + ,FRAil 

; When the latter instruction is executed 

h dd · I tr'~ t e returnc .ess 1$ poppeo ort 

the stack into the FPU's FRA register 

i The instruction is fetched, under 

hardware control, and loaded in the 

; FIR register and FRA is incremented 

The CPU's register R2 is read 

; The index computation "A+(R2)" 

is done under hardware control 

'; and FRA is incremented 

Depends on the mode of the FPU 

O>ntrol is transferred back to the 

CPU while the FPU does the 

; required operation 

": 

." 

* FIR means Floating Instruction Regi$ter 

* FDA means Fioating Data Address 

-5-

0313;~ 



l 

0314 
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R=R7 

A B C D E 

SEQUENCE FOR I\AOST INSTRUCTIONS 
HI:;~7 

R=R7 
" , .\ 

A B C D E 

SEQUl:>~CE rO:~ CER"fAH'i CONVERT H'-lSTRUCTIONS 

A = Instruction F~tch 

C = DGi'C Fetches/Stores 

D = Transfer Conl'rc·~ frorl1 FPU beck to CPU 

E = Execution 
'·"'G" 'R'- 2 " -"'" I • ' • ."'! rol - Ud: - I, ;-;"'U instruC-i"iOi"'1 ;:.uosequences 

'1'"; S ., I '" - ,'">." • • d" . . ~ \- P" , .. , • h·' f h dd oalow is 'iT;C sequonc,;;; ot r''''U ISSUt?V' InstrUC'I'IOnS ond r"'U octions wniC ore required or t e Q ress 
computation and final oXt.i:curicn of mos'i" FPU instruc)"ions. The capiral ietters preceding the sections 
correspond ;'0 ';':~i\:;: subsecPJ~:nces of Figure 2-1 • 

A: ; FPU busy iocp 

; Get re1'urn address 

(FRA)---; FIR ; Gat instruct i on, both parts 

+2-;,FRA i done by r PU hdrdwore 

-6-
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, .' tt ~~. 

\ COi,'f i nU~a) 

7 (9 A(R) *&)(FRA)-> FDA 
* (FRA) +'2-~ FRA 
*(FRA) + (FDA)-,. FDA 

*@iFDA) 'FDA ~ \ -+ 

0315 

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

2.1 . 'I 

transf~r corsi'ro~ baCK 1"0 CPU 
i"o execute non fPU initiated 
!ns~-rud-ions 

-rhe C?d cono;Hor. codG bH~ C, Nl'Z, and V which existed iu~t prior oro the FPU instruction, 
ore dos'rroI'Go. This is caused by 1·he ins'J-rucdons )-he FPU issues to the CPU. 

The FPJ has i~'~\ Civvn set of condition code bHs, liFe, FN, ,=Z, end FVII. These con be trans­
ferred '~'O ';-he; CPU'$ concH-ion code bits under contro~ of a special instruction Copy FiQOting 
Conaj-Hon IICFCC". 

On th~ 11/05 and ·d,e 11/20 the F PU win be 0 Unibus opHor!. Thepdorli'Y 'evei of the FPU 
wiH be 7. 

In order not 1'0 increase NPR latency, l'he FPU wni monitor the NPR line and give up the bus 
between memory cycles. 

Thi~ 11/20 bus priority arbitrator requires a MSYN signa~ )"0 transfer Bus /V,astership between 
peri?he~rais. In cert~in specio~ cases this could nead to i'he exr:::cu'l-ion of an instruction be .... 
fore the bus would be rearbitroi-ed to another requesting device (e.g,. the FPU). The execu­
'['ion of an oui" of $equence instruction would be in conti let with the correct operation of the 
FPU, as wn~ be dear from Section 3.0. This is preveri'red by "feeding ll the CPU a "SR!' 
instruci"ion when the above condition occurs end the F PU i:; in controi . 

-8-



When 'rho CPU v,lanh; ';'0 m;:k\i.:~ U~i.:; of li"he FPU, t~2 CPU:;: pr'iCi-:,\,Y ~~v~d shr::;.ukl be iess 
than 7 (,.0. PR<7). \Nhctl PR=7, id~~ F PJ \viil not b-:: cb~c '&"0 b~co;,,;~~ bu~ mester, be­
couS>t: 'rhe CPUls PR=7 !~; cO"'l~kk:;i~ci \"0 SG higher. Th:s wE~ cuu~e ri1e CPU to be in an 
infini'ha lOOp ~X0ctrdn9 :'h~ ii3R fi jnm~ruC';-ion 0:> ci~$cdbGci cbove, one:.::: !t tries to 
execuh:; an F PU instrucHon. 

·2.1.3 

The mei·hod of Section 2. 1 requires every f PU instruction to oe preceded by a JSR. An 
aherncrrive method is to issue the FPU instruction lias isli and hove a trap service routine 
to transfer control to the Fi)U ~ Anexamp~e o·f such a routl ne is given below. (It should 
be noted 'i"hot an FPU OP codes start with a "1711

.) 

SUB 112, @R6 i d~crem0n~" $av~d PC 
CiviP iij700000,@O (R6) ; tesi" for FPU OP code 
BLO NOTFPU 
NIOV (fi)R6, -(R6) 
,h.AOV 4(R6), 2(R6) 
MOV R6, 4(R6) 
;\AOV ffFPU, (IV R6 
RTI 

; mCike 3 top words of stock 
FPU, PS and PC 

i end of FPU rrcp handler 

NOT FPU: ADD #2, @R6 

2. 1.4 INTERRUPTABILITY 

0316 

A • 1, ,:! ,. • • h . CDU' e' "'PU' ~. I' t t· SlJOC la~ aeOOiOCK concution con anse VI en the i is eXCC;JTing :-.' supPJiea Ins rue Ions 
and an inteiiu1ji' occurs by a device which abo wani"s 1'0 make use of the FPU. At the time 

I ..... ,. 0 e ., ... PU n • • ~, • ,,~ " ! 'II' " Th' CPU" tne L.td was ~xecu'rmg r suppned Insrrucnons, It wes COnSHJerea busy. e IS 
interrup1-ob[,-;; cr i-hoi- poin'j' becou:;;e it is runn~ng err a priodty ~eve! ~owar thon 7. If the 
interrupting device wou~d go off and use the FPU witnou1" tesHng, the CPU would start an 
infinite ioop of IIBR ." insi"r1.Jctiorls because the FPU was busy. 

This loop is execui"ed at the priorHy k:v~~, of j'he interrupting devic~. In order for the FPU 
~'O become free, it he;;; to continuo supplying CPU in~rructions untH subsequence D of Figure 
,.., rib ~ I· , ,l:"" PU · • ~ . he')' , L-I nos, een compictea, i.e. when tne i CUsmiS$6S reI U. 

A special hardware aid is buHi" in~'o th~ FPU to discover '~his S·iQ~·e. The FPU has 0 register 
called the Floating Interrupt Vector "FINTV" and a bit called the Floating Interrupt CPU 
Dismissed IIFICD" in:the F~oa~ing Progrcm Si"c:;tus "FPSII word. The FICD bit is set when 
ever a non-zero value i~ looded into FINTV. rhe operai'ion is as fol lows: V/henever the 
subsequence D of Figure 2-1 is executed, and the FICO bit of i"he F?S is $et I the FPU will 
cause an interrupt using as inter~pt vec~"or (FINT\I,). ' 

A possibie routine preventing the dead'iock making use of the above' hardware, is ~how" 
on the next page. This code is port of the in·terrupt service routine of the intelTupting 
device wh ich wonts to use the F PU. 

-9-



C " ~.f !~'''72 j\A? :\0 I 11' ~ 

BLO FPUfREE 

MOV FiNTV I TENt? ; sav(; old FINTV 
iV,OV N SN • iNTV I ~::H~TV i se~' ,Ui;) new itr;-..cn-upt VC:C~'Ot 

*NiOV 2(R6L TEf\APl 
*N~OV NEVV. PS,2(R6) 

RTI 

FPU FREE: SAVE FPU STATUS 

MOVE TEivd', FINTV 

RTI 

zov,e o~a PS 
instaU new PS 

; dismiss cvrr~nt inten'upt 
and start F?U 

rustere o~d FINTV 

reS)'ore o~d PS 

1 ,1 ,,' I I .; . h' t . ~ ", I' I", '·"r ..... jW'" 'V "( ,- .. , n snOiJ~a 00 nor\::lQ j'.o any lrl,'crrupr vecror catl oe .ocoed :i'WO r 11'; , Lt I tor example, 
h . t .' . ro .,' ., ' • d . . ~ ".. F 1'"' '-V · h f· t e In errup'i VGcror or me h"'ltCrrupt'mg eVI(:.e a!') ~oadea H'WO • iN i I tnen upon t e Il"$t 

'R'~ -.,.. d t:. " \ .' l' -/ ~ 1 " • d .', F 0U ' '." d h 
i 11 In rne aoove COCI6, 1'ne mt.errupr WIH oe dISrl'l:SSc' uni'l~ i'ne i i"HlS Ctlsmlsse t e 
CPU. i~t thc!1' point', the FPU wiH r~que:::r!' elL'"! intiSrrupt with ~'he ~n'(errupt vector of the 
origincd interrupting device,5;<thus simuiai-ing the o;d ini'errupi-. 

2.2 F PU-l1/05 INTERACTIOi'l 

The use of the F PU wHh the 11/05 is essenti~Ji iy the same as with the 11/20 except for 
the JSR preceding an FPU ir~~i'ruction, which is not nsquii"ed wHh the 1'1/05. The 11/05 
win execute code making use of the JSR, however, for compatibility reasons. 

When the 11/05 fc1"ches on instruction which srar'i"s with a lI'i7" (i .e. an F?U OP code) it 
win not ~'rap, bUi' execute the foUowing sequence. 

TST FPU05 
BEQ .-4 

MOV PC, FPU0542 
MOV IR, F PU05+4 
MOV FPU05+6, PC 

test is FPU is busy 
i ioop is busy 

i srort fetching instructions from tho FPU 

The above ~eoue~ce is, not execui'ed with PD?-ll insi"ructions as shown above, but in 
I . 

i 1/05 micro code which is done at a much gteoter speed, This oUows the FPU instructions 
to be given without a JSR, )'hus eHminoting the space and time consuming jSR and the 
Instruction Fetch subsequence "A" of Figure 2-'1. 

*These instructions are only necessary when the F-PU has to proceed with ~'he interrupted 

instruction at Ci different priority ~evel. 
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'2.3 

The FP0 'Nid 
Unibu:;. --,"'" i ~~ 

~ 1 .... ,:S 

Seci'ion '/ .0 . 

b0 conncc~'0d 7'':; ';hc '; 1/~.O v;~ c d1i"8Ci' !;er of w i~'c::, rc;i"h~ ... then vic the 
is rec!iJit~ci fct ·i'hl;.); :':;:'0::'''';; Ci;).o~·(j'Hc.n of thY.:.: $..;:;:~m~.n"tatkh1 vl::Jtion, see . .. ~ ...." . 

0318 

..,..' .,' . ••... ,.. , ' o· ~ /40 h d '''''1 d' I he iii.;;;qU I i~a oaCn;;;t5 cc;mpu~'ohon WI, j be; donli..:: by 'rri~ i i Qi war~. I ne nee to nave. 

tre FPU supp~y the 1'i/40 wl)·h tbe ansi'ructions is l'hereby el iminateo. The'j '1/40 condition 
codes win not be affected by the FPU unless i-he insl'ruci'ion is a CFCC. 

When the 11/40 fetches an FPU insh'uctiol"l: it 1'6$'rs H 'j'he FPU is busy while h" ~liows for 
higher priority bus reques\·s. Once the F?U is free, the "' 'i/40 win do the required 
address computaHon and notify the FPU. The FPU will then strobe in the requ·ired data 
,. 1 ~"I;''''! o .. ,~." " r~'- 'i"r') • , "h • 'd f h r "''''l~':''' .•• ,....,.;. ',.; .LU$ 'c "·";;~·'~~'i::;.~"'~ ,:.,1 ... ·-',:. ·~'1'·'··l .~I; .~\. ,,~,~ ...... ) ",".-, - .;:. [·':::. ... ul··ea ot·o etc es Iv~a~ '44\,;.,i. & ~ ~"'" \0)', ';';;';":":;;~""""",,Il"'1 \111 ''Ii,,,,,,,,, ,~ " ~ ' ..... ; J,j ~' "iI~. } Y,,", a • ....., ~""''-"'; I 

(stores 'riom) Into m-em",o,,"y ~nd anov.;:;; ;;+.(;; 'i ;~/40 CPU \'0 proco.[;;d whHe H C'xccute~ the FPU 
i nst'ruc't ion. 

3.0 THE FPUls Il'iSTRUCTION & DATA FORMATS. 

ThZt FPU has, except for i\~s serGi'ch, odckess and Sl"corh,;s tcg,s'hers, 6 generai purpose data 
reg isters caHGd Ac~umu~a~'ors ilAC~S". They aro named ACY; through AC5 cnd are inter-

" 'b .... ,,.., 64'· J' • ., ~ ~ , • • ~. •.• ~ ,.. "2 I' • prered to e.;jL or "-bll's ~ong o~penC:lng on \'ha Instruc';;ion. in case 01' c ;j -Olt Instruc-
• .. h (" h A ) 1"'.,. , " 'h"" ..• /- • h 32 hon, Oody i'l e top l.~~. :eh'mo;;\" .:L!:-olh; ar.e: used, w .He tne remoli'llng I,i .e. rig t. ... 

! • c) ';'.f A' r • .' ;",' . , S ,,- " r, '" o Irs or rna L rema Hl l.mcrn·aCl~ed. ee ~- igurc.;: v- ~ • 

" ~. 

-11-

. ~iij' 
\',1' 



l 

* 

54-bit AC 

~" " .~:-=-------- ~-.------ ' 
( 32 -b i t J.~t.: ------- --...... 
r---------

r 
AC~~------~----------

I I 
AClrl ___________ ~------------_+------------~l----------_4 

1 1 ! ! 

1 ! 
AC2! I 

~l·----------~I----------------~---------------I~----------~ 

AC3.;-\ ___ :-____ -<. _____ '+-I ----ll 
! I I 

"\ I+~L 1 ! . i 

n~~i ____________ ,~----____ ~-----r---------------~------------~ 

Acs"i I 
·l~------------i,i----------------~i~·'~~-----------~I-----------~ 

,- I 1 ACo liscratch, area I 

~!----------~i~-------------------------------\-------------
I! ! 

AC7 j FPC i J:i'R2~~ FI1·v .... I!V FD1~ 

0319 

* AC6 and AC7 are reserved for internal use. 

AC7 ~iS 

1) 
used to contain the following status registers: 
FPC "Floating' pe ll 

':'"" poil1;::s to t.he word followirlg th~ 
first word of the FPU instruction .. 

2) J~ru\ UlFloating Return Add::ess" - !ooin"c.s ·to the 
next instruction to be execut:ed. 

3) FIN'IV IIFloat:.il1.9' I:r.:.terru::J't. Vee'cor li 
- do 16 bit interrupt 

vee"cor used by the FPU u::)on com.pletion of the address 
cO::~lpu'cation pa1:.~'t. of an inst.ruct.ior ... when (FINTV) fo. 
'Iihis is only used on .ieee 11/05 and 11/20. 

4) FEe "l"loating E~cept.ion Codet! - A numher which identifies 
·the cause of the interr';J.p't. 

FIGURE 3-1 Accumulator Layout. 
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The FPU ins"l;ruct.ion set. iE{ di·via.aa in five for~·~Lat.s c .. s shovln in Figure 
3-2. F'ormat Fl is uSed by 'the binaryfloatir:g- inst=l~ct.iOr:.s. 170rmat 
F2 is used by -the unary flo2l:t.in9' instructions. Fo:cr:Lat. E'3 :LS used 

0320 

by the load a£la. st.ore coz:;.ve:cx. 'to a~d £ron1 Integer inst:ruC"cions. For­
mat F5 is used by some special inst-;.ruc-cions like Copy Floating Condition 
Code. 

The fields of Jc~he formats of Flig-ure 3-2 are interpreted in the follow­
ing way. 

OC ilOperat.ion Codell 
Tne oc field of all FPU instructions ~5 4 bits long 
and contains a If 17 II • 

FOC II Float.ing Opera'cion Code" 

FSRC 

MODE 
o 

This field of the forffiatspecifies the specific 
floa'cil'lg point. ?peration. 

ilFloating Source" 
The floating' source specifies the. source operand of 
the inst.:ruction. The in'terpreta'tion of the addressing 
modes is as shown below: 

INTERPRETATION 
AC¢-AC5 contain the data. The "data" is considered 32 
or 64 bi-ts depending on the mode of the FPU (i.e. Float­
ing or Extended) ~ 

When AC6 or AC7 are specified, an OP code error will 
be given unless the instruction is a STX instruction. 

1 R;i-R7 con-cain '!:he address of the da'ta. When R=R7 the 
dat~ is considered to be only 1 word long (i.e. 16 hits). 

2 

3 

4 

Rr;)-R7 contain the address of the data.. After the 
daJca has been f~tched R}O-R6 are incremented with 4 or 
8 depending- or... -the mode 0 f the FPU. "V\7hal1 R=Ri, the 
data is considered to be 1 word long and therefore·, 
R7 will be incremented with 2. 

R!/f-R7 contains the address of the address of the data·. 
RW-R7 are incremented by 2. 

R¢-R6 are decremen'l:.ed by 4 or 8, depending on the FPU 
mode. Af'L:er that they contain the address of the data. 
When R=R76' R7 is decremented by 2 and con'tains the 
address of a 1 word data item. 

-13-
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PI 15 12 ~Ll 8 7 6 5 t''"'") -, 

17 
oc }?OC 

FDST 

F2 15 12 II 6 5 o 
17 

oc Foe FDST 

F3 15 12 11 8 7 6 5 0 
17 ! , 

oc Foe AC SRC 

DS'I' 

F4 15 12 1.1 6 5 0 
17 

OC FOC SRC 
DST 

F5 15 12 11 o 
17 

OC Foe 

FIGURE 3-2. FPU INSTRUC'l'ION FOi~ATS 
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0' 

MODE 
5 Aft~~ that they contain the 

ad.dress of t.:rJz address of t.11€; catcl ~ 

6 1J:he adaress of t.he data ia de"terroined by 'c~ne 1.4es'ular 
in.dex comp'C:d:ation. 

7 

FDST 

The address of the data is det:ermi~1.ed by the regular 
deferred index computation. 

"Floating Destination" 
The interpretation of this field is identical to that 
o f '~1:8 .,/ source v 

AC II ACC'l .. 1rnulator .. 
This is a 2 bit field speci~ling AC~-AC3. 

SRC "Source li 

Regular PDP-l1 source field. 

DST "Des-tination" 
Regular PDP-II destination field. 

'rhe FPU :~andles two -cypes of float:.ing poinJc data: ptloating ifF" 
which is 32 bi'cs long, and Ex~c.endi?d ilE" which is 64 bits long. 
Bo·th format.s assume normalized l1.~1Lbers only. The fraction is 
represent.ed in sigl1-magni-tude notation vlith the binary radix 
point: t:o the lef·c.' rrhe most significan'c bit of the fraction 
is no';: st.ored because i't is redundant. This bi-c is always a 
1 except when the exponent is Oq then the number is declared 
t.o be zero.. The F and E format are shown in Figure 3-3 below. 

WORD N VlORD N+2 

F Format 31 30 23 22 16 o 
S f EXP f FRA eTlON 

"--'------------,~~------------~ 
1 8 23 

E Format WORD N WORD N+2 WORD N+4 WORD N+6 

0322 

63 62 55 54 48 47 32 31 16 15 0 
~---"--t i ON f i .l I L 

~ 

I Si EXP I FR I AC I TI 
1 8 

55 -.--~ 
S=Sign of fraction 

EXP=8 bit exponent, in exce~s 2?Oa ~otation~ r~dix =2, , 
FRACTION=23 or 55 bit fract~on ~n s~gn-magn~tude notat~on, radix point 

to t:he left 
FIGURE 3-3 Flo~~~~g Point Data Format 
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0323 

Appe~:'la:LX A lists t.he c::;mple'c,e FFU ir .. s·c:ct:;.cti'o:Ci ,set., a description 
of \',inic:his given balovJ .. Pl.ppGJ.'"" ... dix B lists some rtlaxir:.1;~:rcl 2;.::.i.d minin'lum 

execu't.ioZ'i times. 

The FPU's program status register in shown in Figure 4-1. It 
has four mode bits: 

1) FT, the FPU's Truncate Mode Bit. This bit, when 
set, causes 'che result of any floating point operq.tion 
to be truncat.ed rz.t.her 'chan rour ... ded .. 

2) FD., -the FPU I s Double PreCiSiOL1. Integ-er Mode Bit. 
This bit. is act.iv'e in conversion between integer and 
floating point. forma'c.. When on, the in-ceger format 
assumed is double prec~sion 2 i s complement (i.e. 32 
bit,s). v1.ben off, the integer format that is assumed 
is single precision 2' complement (i.e. 16 bits). 

" 

3) FE" the FPU,'- s Ex'tended Precision l"iode Bit. This 
bit determines 'che p:cecisibn that is used for floating 
point. calculat:.ions. vmen set" ext:.ended precision is 
assumed - when reset q normal precision is used. 

4·) FJ.Vll'VI, t.ne FPU I S Main"tenance 11/iode Bit:. The FM..1VJ. 
enables special main"cenance logico The exact nature 
of this logic will be detailed in a later memo. 

Along- wi-en t.he four mode bits, the status register contains 
four condi'cion codes, FC, FV, FZ and FN. These are loaded 
in to 'the CPU I Seq V II Z I and N condition codes by the Copy 
Floating Condition Codes instruction. 

The \vay ir.:. which each instruction affects the £loa~cins condition 
codes is detailed in the instruction definitions. The FC condi­
tion code bit: has two meanings: 

1) For the STCXJ instruction, which converts a floating 
point number to an integer, the FC bit is set if the 
reSUL&1ng integer is too large to be stored in the 
specified register. 

2) In all other cases, the FC bit indicates that the 
absolute value of the floating point result was larger 
'C.han the larges·t integer that can be represented in 
M bits, where M is the width of the fraction. In the 

-16-



ext:ended mode, lili = 56 bi:cs and in floc;:ting- ~'node M = 
24. rrhis allows sigTL·-r~1a~:;~1itude integ-e:;;: arithmet:ic 
with 24 and 56 bits of precision, no'c including the 
sign hit/" to be performed with the FPU. 

0324' 

The FPU·s Progrrun status Register also contains six interrupt 
enable bits. The FPU interrupt vector is at core location 2408 • 

When FIC is set., an.d the STCXJ ins-c.ruc·cion causes FC to be sat, 
a trap will occur. If the interrupt occurs, the instruction 
is aborted leaving the con:cents of all ·the regis-cers untouched. 

2) FIV FLOATING INTERRUPT ON O\TERFIJ01Al 

iir£1en this bit is set" . float.ing ove~flows will caUSe an interrupt. 
The result of t.he operation causing ·the interrupt will be correct 
except for the exponent which will be off by 400 (octal). If 
the bit is off, the result. of the operation will be the same 
as detailed above and no interrupt will occur. 

3) FTU FLOATING INTERRUPT ON U~~ERFLOW 

When this bit: is on~ floating underflow will cause an in·cerrupt. 
The result. of the operation, causing the interruptI will be 
correct except for the exponent: which will be off by 400 (octal). 
If the bit is off and underflow occurs, the result will be set 
to zero. 

4) PIOR FLOATING INTERRUPT ON OUT OF RPANGE 

When this bit is 011.0 and the FC hit is set 'because -the result 
is out of integer range q an interrupt occurs. Ou~ of integer 
range means that the absolute val~e of the result is greater 
than or equal to 2XL where XL=24 if floa\ting mode, or 56 if 
extended mode. 

5) Flu~ FLOATING INTE~~UPT ON U~~EFINED 

When this bit is on and a -0 is obtained from memory, an 
interrupt will occur. When this bit is off -¢ can be loaded 
and used in any arithmetic operation.. The result: of such 
operation is undefined. 

-17-
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'l'he FICD bit., when on., \\1i:i..l cCl.'i,;ise' an interrupt 'C0 CCCl1r when 
the address ~on1pu:i:at:iorl pe::.:forrneo by the 11/20 and 11/05 is 
done. On the 11/40 this bit will be ignored. For a complete 
description of the use of thi~ enable, see Section 2.1.4. 

7) FIE FLOATING INTERRUPT ENABLE 

BIT 

0 , 
J. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

All interrupts by the FPU are disabled when this bit is off. 

FC 
FV 
FZ 
FN' 

FlYtVl 

FT 
-:t . ..-. 
.clJ 

J:i1E 

FIe 
FIV 
FlU 
F'IOR 
FI'UV 
FIeD 
FIE 
RUN 

;Floating Carry 
;Floating Overflow 
; F loa'cing Zero 
~Floating Negative 
iF loa t~ng IVlain tenan ce Mode 
;Floating Truncate Mode 
i Float:ing Double Precis ion. ~lode 
;Floating ~~tended Mode 
;Floating Interrupt on Conversion Error 
i Fl.oating Interrupt~ on Overflow Error 
iFloating Interrupt on Underflow Error 
i Floating Int:errupt on out of Range Error 
I Floatin~ Int:errupt on Undefined variable 
;Floating Interrupt on CPU Dismissed 
iFloating Interrupt Enable 
iFPU's Run status 

FIGURE 4-1. Layout of FPU Prog-ram s'ta'cus Register 
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INSTRUCr.:2ION:: 
MNElVION"I C : 
OPERATION: 
FORI\flAT: 

INS'J:l~XJCTION : 
MNEMONIC: 
OPERATION: 
FOR..1'v1AT: 

INSTRUCTION: 
J.Vf.J.~EMONI C : 
OPE:aATI Ol't: 

FORlYiAT: 

" 

Set Floating Mode 

!l f 7 I 0 . , ..... 
v o I.L 

Set. EX'cended IVlode 
SETE 
FEt.--- 1 

In'ce9'~r ize F loat.il"i.g/Extanded 
IN1-:X FSRC 
AC4.'f-.dl (FSRC) ;' ACS·i..i.-(F8RC) - J (FSRC) 
FC<...,.l it' t pSRCl ~,2XL else FC\:-¢"~ 
FV(.!.-. rI I 

FZ ,::-. 1 
FN<-l if 

.~~ C' ~ - 1Z~ d i..i:1 SR ) =p 8l.Se ~, ,-p 
(FSHC)< W else FN<{f-¢ 

11 I 7 I 0 I 3 l FSR;Ci 

0326 

d (FSRC) is ·the in'ceger part of (FSRC) i. e. (FSRC) is 
fixed and then floated. Note t:::nat t:he i:""l'cegerx.j.s obtained 
by 'cruncation i. e.' 5. 9 becom~s 5. If jFSRC I ~2 J.J I J (FSRC) =(FSRC) • 
Not.e -tha'!: the fractional part of (FSRC) is stored in AC5. 

INSTRUCTION: 
lVlNEMONI C : 
OPERATION:: 

PORl'1A'r: 

Clear Floating/Extended 
CLRX FDST 
FDSTr 91 
FCf-O 
FVf-O' 
FZ-f-l 
FN\ff!.-O 

* XL = 24 if FE mode = ¢ 
= 56 if FE mode =1 

-20--
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INSTRUCTION: 
M...~EMONIC: 

OPERP .. TION: 

FORlitJ.AT: 

INSTRUCTION' : 
MNEMONIC: 
OPERATION: 

FORlV"lA T : 

INSTRUCTION: 
M.L~El\10N·I C : 
OPERATION: 

FORMAT: 

INSTRUC'I'ION: 
MNEMONIC: 
OPERATION: 

FORMAT: 

*XL=24 if FE mode =1 
56 if FE mode=l 

Nc,=l'cd:e Floa ting/Ext8nded 
NEGX li'DST 
FDST~- (~"'DST) 
FC(--l if I(FDST)I~2XL else FC~O* 
FV~¢ 
FZ ~ 1 i; (FDST) ==[0 else Fz(-;1 
FN~ 1 if (FDST) < ¢ else FN(- fi1 

11 I 7 ·10 J 5 fFDSTi 

ABSX FDST 
FDST,:.- - (FDSfJ:) ii (FT<:3T; < 0 else FDSTf-(FDST) 
FC(- 1 if r (FDST) It 2:itL else Fel- ¢* 
FVt-0 
FZ (-1 if (FDST) =0 else FZ,:'- 9f 
FNt!-gJ' 

11 I 7 I 0 I 6 I FDST!. 

Test Floating/E~~ended 
TS'l"1){ FDST 
FDS~~(FDST) . 
FC~). if I (FDST\;" ',2XL else FC.:~ 0* 
FV(.'--O 

. I 1;..- " , 

FZ f-l if (FDST) =$if else FZ,~ ¢ 
FNf-l if (FDST)( 0 else FN~O 

Load Floating/Extended 
LDX FS1~C" AC 
AC(_(FSRC) _",. 
FC(-1 if I (FSRC) j' z:. 2AL else FCf-0-.\· 
FVf-0 
FZ~ if (FSRC)=¢ else FZf-91 
FN~ if (FSRC)< 0 else FNf-91 

-21--



INSTRUClJ:'ION: 
lVlNEl"10NIC: 
OPERll .. TION ;: 

FORMAT': 

S·tore .Float.il1g/Ex"C611ded 
STX l .... C I FDST· 
FDS'£ \~(;'.C) 
FC<~FC 

FVf--FV 
FZ.f-FZ 
FN~FN 

[1 I 7 I 1 /4+AC I FDST r 

-22-
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INSTRUCTION: 

.LVJNEMONIC: 

OPERATION: 

FOR...1V1AT :: 

INSTRUCTION: 

MNEMONIC: 

OPERATION: 

FORMA'll: 

* XL = 24 if FE=¢ 
= 56 if FE=l 

ADDX FSl<.C .. l\C 

I 
AC~-(AC) + (FSRC) if ~ 

I 

-else AC L.f2i-k * 
. . ~, " XL 
.I?cpl J.f I I.l--.. C) I ~ 2 else FC f- ~* 
FV <-1 if I (AC) : "1' XUL else FV f- 0**'1.< 
FZ f-1 if (AC) =fli else l?Z ,t:- 95 
FN~l if (AC)< ¢ else FN~l 

1 2 F'3RC 

Subtract FloatiL"lg/Ex"tendea 

SUBX ~~SRC 11 AC 

( ) ( ) ''''' ( .\ ). AC<~ "AC -FSRC ~r! AC) - (FSRC I z:, XLL 
else AC ~(j(** 

P XL 
FC~l if i (F.C) i't- 2 else FC f-¢-i.: 
FV(-l if I(~ .. C) i '7 XUL else FVf-O**"X 
FZf-l if (AC)=¢ else FZ~¢ 
FNf-l if (AC)<~ else ~N,~l 

r--! 
h ! 7 ~.J.. ;, 

I I 

! 

2 :4+AC 
I 

FSRC 

**XLL = .smallest number that is not identically zero 
=2 -128 

***XUL = largest number that. can be represen-ced 
=2 127* (1_2-XL- 1 ) . . ' 

-23-
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I NSTRUCTIOl.\;· ;; 

MNEMONIC: 

OPER]\ .. TION: 

PO ru.12\ T :: 

INSTRUCTION: 

OPERATION: 

FORMAT: 

lVIULX .,FSRC /I AC 

/ 1 

P ... C.<_(AC)·k{F'Sl~C) ·if i U-\C)*(FSRC) I/X~LL OR FIU=--=l . /" 
else AC<-0** 

XL 
FC~l if r (AC) I:? 2 else l?Cf-;o* 
FV(-l if I (AC) I .,..XUL else FV(--9J**'* 
FZf-l if (AC) =0 else FZ ~-0 
FN~l if (AC)<.rti else FN~9i 

~;-7i 3 
J 

Divide Floating'/Ex·cended 

D IV"'A FSRC v AC 

Case 1 (FSRC) f ~ 
j.\C(;-(AC)/(FSRCl if I (AC) / (FSRC)j :-~XLL OR prU=l 

else ACA..::-:2J** .,. 
FC~l if I (AC) I ~ 2

X
.LJ else FC ~-' -J6~': 

FV(-l if I (AC) l 7 XUL else FV -- 0,d., * 
F Z +--1 if (AC ) = Yi else FZ ~ ¢ 
FN <-1 if (F.C) < !2i else FN~fO 
Case 2 (FSRC) = ~ 
AC (-(AC) 
FCf-(FC) 
FV f--;(FV) 
FZ f-(FZ) 
FN~FN) 

1 7 3 4+).\C FSRC 

-24-
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INSTRUCTIOl:>J ~ 

MNEMONIC: 

OPERATION' ;: 

FORMAT: 

INSTHUCTION: 

MNEMONIC: 

OPERt'\TION: 

FORJ.ViAT: 

* XL = 24 if FE=~ 
= 56 if FE=l 

'j 

Reverse Su'btract Floating/Ex'tended 

RSUBX :eSRC;jAC 

';,'1:., / r~,71''::)~'.""". _I' ::\~'\ ,,!' ;';'.7.(I't·,C· )' _ ('";,(-,,\ 
t,":.,' ... , <;;--"", .. \. ..I~' to) ... \,\.,. j \.t":l. .... I ,1. /w ,; \.[ .. ).t\., , , ... -:,v / . l '_.~ 

FIU=l else .. 2. .. C(--!:.?',''it· 
FC(-l if r (AC) j' Z:2XL else FCrJZi* 
FV~l if l (AC) I ,,?XUL else FV~-{!J**"1 
FZ ~-1 if (AC)=% else FZ~.0 

11 I 7 4 AC !FSRC 
!~~--~----~------------

Compare Floa·ting/Ex~cended 

CMPX AC, FDST 

AC'~ (AC) 
FC ~-' -1· if 
FV ~l if 
FZ ~l ~f 
FN ~l if 

7 

.-- 2XL 
'/ (AC) I t,: else FC ~ 55* 
I (AC) I / X'GL else FV*(-~;*** 
(AC) =fli else FZ \~f6 
(l~C)<. fZi else FN -r- 95 

4+AC t FDSmJ. 
. \ 

**XLL = smallest number that is no·t identically ziaro 
== 2 -128 

***XUL = largest n~£er that can be represented 
= 2127 (1-2- -~) 

-25-
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INSTRUCTION: 

MNEMONIC: 

OPERATION: 

FO RJ.'VlAT : 

INSTRUCTION: 

IvJ.NEMONIC: 

Reverse Divide 

RDIVX FSRC ,AC 

Case 1 (AC) =J2i 
9 

AC ~(FSRC)/(AC) if I (FSRC) / (AC)1 z.. XLL OR 
FIV=l else AC~t** 

FC ~ 1· if r (AC) ,. ~ 2
X 

else Fe f-9J* 
FV~l if I (AC) I 7 XUL else FVf-Y.i*·J~* 
FZ~l if (I\C) = ¢ else FZ f-[lJ 
FN(--l if (ll.C) < 9J :,else FN~0 

Case 2 (AC)=O 

AC -(-(AC) 
PC ~_r -(FC) 
',':;1 V " !";;IV) 
J,; \--\..1,; 

FZ <-(FZ) 
FN (r-{1?N) 

flil· 7 
I I 
I i 

5 AC :FSRC 
I . 

Load & convert from Extended Floating to 
Floating/Extended 

LDC'Y'X FSRC,AC 

0332 

OPERATION: 
, j 

AC t-- CyX( FS~C) if f (?'1~~C) I ~ XLL or FIU::1 else AC..-... ~** 
FC ~l if r (AC) I z: 2XL else FCf-9i* 

FORJ.VlAT: 

* XL = 24 if FE=¢ 
= 56 if FE=l 

FV f-l 'i f ! (AC) I /" XUL e 1 s e FVof- 9i * * * rz ~l if (AC)=.0 else Fz~f2i 
FN (-1 if (AC) < 95 else Fi'I'~ 9J 

i 1 17 
I I 

5 I 4+AC 1 FSRC . 
I ' 

**XLL = smallest number tha't is not identically zero 
= 2 -128 

***XUL = la~gest n~p.~r that can be represented 
= 2 1 Z7 (1-2 XL 1 ) 

.~ 
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is defined as (FSRC) from "to 0333 
the current mode., i .. e to Floa/c ing or :8:<tended.. 'T:'~-~e source is 
assumed to be opposi·:'e to '"che curren"c r.1.ode.. Specifically 11 if the 
current mode is F and the F':;" 1ji"t ia seti t:hen FSRC ./,63:32/ a.re • I 

loaded into AC < 31:; 0/'. If t.I1.8 -:2""£ bi-'c is ~e:co, "c',ne I·esu~i.'t is. rounded 
us ing FSRC < 31 '; '" ::~ro:ce tOnat. FSRC (31,; 0 1 is una ffect.e.d ,> I f the current 
mode is E, AC <63:32( are loaded frorn J?SRC <31:0> and AC <31:;2» are 
cleared. Similarly, CA~ (FSRC) corl'Y-eJ.:"t,s (FSRC) from X t.o -x mode by 
truncating or rounding (FT=l or ¢ when X=E or loading trailing zeros 

if X=F. 

INSTRUCTION: 

~lNEMONIC : 

OPERA'I'ION: 

FOruvL?~T : 

Store & Convert from Floating/Extended to 
Extended/Floating 

STCXY AC J PDST 

FDST~ Cxy (;~C) if f C){Y'(AC) t XLL or FIU=l 
else FDS"'T':'- (Ji*'k 

.. fJ ... XL 
FC r 1 if r (AC) ! ""? L. else ::"c<-fli'k 

FV<.-l if 1 (AC) I "7 X'"lJL else FVf-¢*** 
:£4'Z E--l if (Ae)::.:p else FZf-;6 
FN-<:-l if (Ae)" ¢ else FN":'-¢ 

6 AC iFDST ! 

* XL = 24 if FE = ¢ 
= 56 if FE = 1 

**XLL = sm~llesot number tha-c is not iden'tically zero 
= 2-1.~S 

***XUL : ;1297~:2~~~I~ that can be represented 
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INSTRUCTION: 

MNEMOl'JI C : 

OPERA'r:l:ON: 

FORMAT: 

Load In'::eg't=:!r/Double to 21oating/Extended 0334 

LDCJX SRC~AC 

-" 2
XL 

1 -J t/ e se Fe {-kJ* * 

FZ~l :11: (AC)=9i else FZ~-¢ 
FN (-1 if (AC) < yJ else FN f- ¢ 

1 7 6 4 +AC I SRC 
\ 

CJX(SRC) specifies a conv8rsion from an integer with precision specified 
by J to a floating point number with precision specified by X, i.e. if 
J=I ana. X=l<-' -the source is assuzned -to be a 16-bi -c 2 e s complement integer 
wl'1ich is converted -to a sig'n magnitlJ-de floating point number with a 
24 bi·t Eraction.. In -the case of CDF (SRC) I the fraction is truncated, 
i.e, only the highest 24 significant digits are used. 

INSTRUCTION: 

lV1NEMONIC: 

OPERATION: 

F 0 Ri."lA T : 

*JL=lS '..r= ~J.. FD mode 
=31 if FD mode 

**XL=24 if FE=fb 
=56 if FE=l 

= 

= 

Store Converted from Floating/Extended to Integer/Double 

STCXJ AC, DST 

'm ., •. ~ \ .,.. "" JL ~ , '! I JL ·1 
DSlf--CXJ'(AC~'r'~I: .-:2. .;CXJ .,~AC).:i.2 -1 eJ.se DST~(DST)* 

., ",. 2 J J..J,,", ' (- 'l, )2J .w ~ 1 ~ FC\;-." -l.. ~r - 7'CXJ ACj -.L e se FCf-)CJ * 
FV~~ . 
FZ~l if (DST) =¢ else FZ~¢ 
~"'N <=-1 if (DST) I( 0 else FN~¢ 

1 7 7 AC DST 

fli 
1 

-28-
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INSTRUCTION: 

l'f.tNEMO NI C : 

OPERATION: 

FORMAT: 

INSTRUCTION: 

lVli~"EMO NI C ;; 

OPERATION: 

FORJ."vlAT: 

INSTRUCTION: 

MNEMONIC: 

OPERATION: 

FORMAT: 

Load FPU ~ S Prog':cam S-tatus 

LDFPS SRC 

FPS~(SRC) 

Store FPU's Progr~n Status 

S'.f'FPS nBS: 

7 7 5 DST 

Store FPU·s Exception Code 

STFEC DST 

DST~- (FEC) *2 

11 
i 

7 7 6 DST 

-29-
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0336 
INSTRUCTION' ; 

MNEMONIC: 

OPERP .. TION: 

F'ORMAT: 1 1 

rrhe ROM cycle counter (RCC) decremen-ts each ROM cycle.. In. maintenance 
mode the next ROlVl word will not be fetched if ·the RCc=.iO. 

INSTRUCTION' ~ 

I"lNE.tvlONIC: 

OPERA'l' ION ~ 

FORMAT: l 
i 

INSTRUCTIOK;;; 

~1NEMONIC : 

OPERATION: 

FO&."I\ilAT: 

./ 

AC¢~-(AR) 

1 I 7 ¢ y; 1 

S-core B register in AC)lJ 

STB~ 

AC¢~ (BR) 

7 " , , 
! 

1 

-30-
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INSTRUCTION~ 

MNEr~ONIC : 

OPERATION: 

STQ9f 

BH."}---( QR) 
AC flf4::- (.BR) 

1 7 )Zi 
~? 

033'1 

YJ 1 3 

-31-
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",.,111 .• _ 

·';.X 

Copy Floi.:lt .. :L:.g 
C,)ndi i:ion Codc:s 

Sat Floating Mode 

Lo~d Maintonance 
(;onn t::.(:~:c 

storo AR Register 
in )\C¢ 

store BR Register 
.1.11 ACfJ 

store QR Register 
Ac9i 

Intsgerize Floating/ 
8]< ';:,E~ n d ed 

Cle;-n: Floating/ 
Ext:onded 

CFee 

SE;rrF 

SE'J.'E 

LDj)iC 

STQ'if 

INil1-" L,'Cit.;C) .l2~.. .J.: ,)~ ... 

CIJRX F'D s'r 

APPENDIX A 

170000 

170001 

170002 

170010 

170011 

170012 

170013 

170300+PSRC 

CC .. "=~ :FCC 

FE<--O 

FE~l 

BR .;~.-- (QR) 

'AC¢ ~--(BR) 

AC4 <..:......integer part 
of . (PSRC) i AC5·,~,~-fractional 

part: of (FSRC) 

FDST {--, ¢ 

A (1) 



INS'PHucrION _ .. ". .-" ... -.~,-.. ,-'- ..... -.. __ .. _ ..... ..-

Negate Floating/ 
E:{'t('nded 

Mak.Cl .?\b~301ute 

F IOdi-:. inq/Exl:.c:nded 

I'{:)[~t: Flo:'::tt.iag/ 
E:.~o{t:Gnded 

Load Flo:J.l:.ing/ 
E::'{l:ondod 

st.o·ce Float:ing/ 
g>; .. t(,;ndE~ld 

I\(~i 'J" vI·' -"3 -i·" 1." ncr/ • > ' ;, '.. • 1: _ ( •. n.-.\. 'L~, -. J 

f~:;< i: ;~9 n c1 (! d 

Sub ~:~C;::'1.ct: Floai:ing/ 
r~;,;;:t[}nd(Jd 

l'~HL'.tlt.:Lply F'loat.ing/ 

Heverse subtract 
"'1 o'~i"i ncr/·P";"""-E~J.·l(l'-:'d !..-.. (.,..\ .......... ,.~ - :J .......J .... '-,... -' "-, 

Compare Floating/ 
, ,):::xt.f-~nded 

NEGX FDSrr 

LD:C FSRC, AC 

slrx AC, FDSrf 

ADDX FSRC,AC 

MULX FSRC,AC 

DIV~X FSRC, AC 

RSUBX FSRCuAC 

CMPX AC,FDST 

APPENl..JIX A (continued) 

170500+FDST 

1'70600 +F'DS'I' 

170700+1i1Ds rr 

171000+AC*lOO+FSRC 

171400+AC*100+F'DS'f 

172000 +AC* 1.00+FSRC,.'· 

172300+AC*lOO+I"SRC 

173000+AC*lOO+FSRC 

173400+AC*lOO+FSRC 

174000+AC··!:lOO+FSRC 

174!.J..OO·+·AC*lOO+FSRC 

FDST(-~- - (FDST) 

FCC~-condition of (FDST) 

FDST. (-··-AC 

AC .~-- (Ae) + (FSRC) 

AC .. ~- (Ae) - (FSRC) 

AC ~(AC)*(FSRC) 

?\C (---- (])J.C) / (FSRC) 

E'CCf- condit:ion of 
(FDST) - (AC) 



L 

· ~~-.~.~: 
o~t:~ 

~ 
crJ 
o 

Lc:]d 8< Co.n.v(n .. ~··t r)'..:'om 
ExtcnJed/Flonting to 
~' 10 at.:Ln.g/\~~{"~.:ended 

f3 I:o:co t ... l-:'onvert fr(>m 
F ll.::·;~t·;:irlq/Ext.ended 1:0 
'~"~'- .. :,'~' (.~ "';i/'i-'10 a.l-l'l,\(l .!_!., ..• I."'.:,..I..~ _, ,.:.:;,.... 1. !. t.. . ,L ":) 

J ....... ~~~j'3 S ~Olyi.·,·.q· .;- In·f·"-:,o~:.r/ .J\ .. : ~-","_l ,~:.( . ...; -- v .. • .. ·... ....... ..''''- ""'''.J J ......... -

Dopb le t:o 1<'loat:ing/ 

RDIVX FSHC,AC 

LJJCYX FSRC,AC 

STCXY J\C I l?DS'r 

SbJro & Convert Floating/ 
B.;<te.:nd(.;d. to Int:oger/ 

1: i.:,·:l,dFPU's F:r.og:cam 
f) .. ~:.~ :-)_ .~.~~ t.1. S 

S'bYf~'(:l FPU I S Program 
St.d. t:cJ. S 

st:o:ce F'PU! s In C i3p·ti(Wl 

Codo 

\ 
, .' 

S'l'CXJ AC,DST 
.' 

IDH'PS SRC 

APPENDIX A (continued) 

DESCRI~10N 

175000+AC*lOO+FSRC l\C (:-- (FSRC) / (AC) 

17 5400 +AC~'( 100 +E'SRC AC ( __ cOl1vert:ed (FSRC) 

176000+,A.C';:lOO+I"DST FDST '(,--convert.Gd (AC) 

176400+AC*lOO+SRC 

DST ~-converted (Ae) 

177400+SRC FPS·(- (SRC) 

177500+Ds'r DS'f { .. -FPS 

177600+DS'11 D ST (---- (FEe) ',"2 



r ... 
. --~ 

An initial analysis of our floa-t:ing poin·t algori.rthms result.ed 
in the execution 'cimes of the t.aiJle below. 'These tirc.es apply 
to AC t.o I~C opc~rations. 

The following approximation can be used to find the execution 
time for memory referencing operations: Take time of table 
}')elo\'/ C;t~'1.Cl i:~,5.::~ to i:t (\) 1) 25 .,.~t;~S(3C -i- rrler:~ory aCCeSS~/'cycle ·t:irc:.e) * 
nw:rlber of merti.ory re:tGre.i.1Ces. This 
fur·t:her for possible mernory cycles 

t:irne has ·to be corrE!ct.ed 
for t:he address computation 

(e. g. add 1 memory a.ccess 'C.ime for lI.lode G '" A (R) ") .. 

;NSTRUC':'~'IO:N EXECUTIOl\f TIME IN AJSEe 
SI'NG~LE PRECISION EXTE~l)ED1 PRECISION 

HI1'[ .. MAX. 

ADDX 1 .. 8 3.5 2.4 5.1 

SUBX 1.8 3.5 2.4 5.1 

MULX 2.7 5.5 4 .. 8 10.0 

DIVX 3.0 6.0 s.o 12.0 

B (1) 
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