































































































































































































PHAEE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHG (Con‘t‘c\)
oN THE 33rd (Final) clock (MC =0)
inhibit sx2 A AxsLl = (FADIV.PHG), NMC2
enoble § s> A AXS = ( " Y. Mer ( residve. X1+ A)
(8 i) ehifts lefe Witk 2° 9 bt B3l)
s/MRe (for nett nstruchion) S/MRQ/l = FAMDS,PHG.NBRPHL NISEN
stop sus‘ta;n'»na PHG BRPHG = NMCR, FAMDS,PHG, NFSHEX N|BRPHIG
N [DW with even R] = (discard \'emafméer)
mhibL s/A:D -8 DIT/) is qoun]:ﬁ'eg by N(FAbNH.Mcz) | (see REGISTER CONTROL)
s/PH3 BRPH] = FADIVH . MCZ
[ow with even R] 3 (sove remainder)
e/AED -5 DIT/1 e still high
advance to PH? NBR is Hs‘h
(exe.\mle. st 2 cmcl final 4
‘l'te,rit;ons)
1/6 SERVICE cALL: N (FaDI. cca +Mco00s )
TeENG (emable ertry) IBENG = FAMDS.PHG.NFPRR.NFSHEX. NIS[ENG/|
wnhbil s/PHe 1F ToEN S/PHG = BRPHG.NCLEAR. NIEN
DIT/, wsed For Frcsc‘t \eﬂic) s iphibiled L’?’ ISEN on exil and EhdL‘Ctl &’7 {s/Prc/18) on reLurn,
hence is one clock ahead | f PHG when PHG s 'mterruyt:é.
B3] - Koo when (s/PHL/T6) K00 = G000S = FADIV. Koof| + B3\, (s/Pn¢/i8) (For s/Azd —s)
Ph7| (erlered T [DW with even R]. no evelrFlow) - -1
D — S {presel on lasT clock oF PHEC)
s+ A T Al neg. AXS = FUDW.NR3!,PH?.NB3) |rectored remainder]
NFLl = s/a-—s s/sxA = NFLI, (s/sx/FL1)
FLl = s/-A*-' S s/exMA = FLI( " )}FADIV'FH?
s/RW S/BW = FUDW.NR3}, PH?
PHE (cn'taref.x ‘F oW wilh even R].no oveet|low) remainder o R
S - RW (PRESET N PH7) with Fo’aaé\'ty metched
i) or13§na.\ numeralor,
PHY B-a5 (Phase \:\/-Passe(\ iToverflow) SXB = (FADIV.PHY). NDIsS
S - A AXS = " ) }oouo'tx‘ent\
s/A-—> S ot oer L s/sxa = ( " ). N(FLI ®I0)
s/~h—5 T */0 o/ s/5xMA = ( " Y N(s/sxA)
s /RW s/RW = FAMDS,PHq
s/LR3} ¥ [DW with even R] §/LR3] = FUDW.NR3),FHq
s/DRQ s/DRQ/1 = PHA
PHIc ] No ovERFLOW (cc2=0) = (enlry from PH])
TA—sS
S —» RWv 1 T [pw with even R] [t (preset in PHR) %uo‘tien‘t - Rl
S —+~ RW'T N " ] " - R
TESTS  (cc3,ccq corilrol) TESTS = FADIV.ENDE,NCC2
OVERFLOW (cc2 =1) = (cn‘try from PHG n which Rw s "_Ei: seb)
(don’t change ScRATEHPAD, <3 or cc4)
ot S/TRAP = ENDE, cc2.AM, & VERIND -
TRAP T x'43' T AM = -
x ‘ ) S/TR30 = §/TR3} = PHIG. CC2 .AM.OVERIND FADIV +
ENDE ENDE = PHIO.EXC
Sheet __ 3 of __3 [MNEMONIC: DW, DH ]




PRE3 | B— 5= F N 0's + B © 1, _]
sl op Me | FL2, FL3 D) S N (hc=o0)
RRvl—» A (ins\q T shorl) Cow )
S/sxA S/AKRR R/cc:,ﬁ/:ca
PHS A—>$) s+ BT 'en3 S/SKA
RR »# A
Mc-4—Mc T NFL2 N{NFLz. (MC=g) /
hold FLs ( )
PHT | A 5 - RW en"terd from PHe
neles : FLZ means shift right ‘ S/LR3I, s/sxB
FL3 means shift jJ nomber & bite s/rRw " lang
PHio B—g
S s RWoy T loni
SHIFT G"»;ez) \:o;n't) (s
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
\ ! ! | £ (Bfs)
END [] & | = [ x[>TEENEE 3l Fon{nlz s]an)s:
of T e e B
1 / Y .
mee win [ 2H LN s e
(PRED) qelic’ 77 7 os FASH ! s SF
leng - L RS \  FAMDS: S, SF, M1, MW, MR, DW, DH
FLED o s. Me mFLB
|+ FL2 (store direchian) s/FL2 = PRg3. P25, (R/FLZ = cLEAR) P26 =] means r'xgh‘t
P25 = < NP2L30 + MCOIOS MCYNPLI = FASH,PRE3, Pas even (21P1-4) -» M
P3) > FL3  (odd no. bils) s/FL3 = PRE3. P3| odd > (2]#l-2) + nc
NF2S=> P263) -+ MCOOOS MCxPLZ. = FASH.PRE3, NP2S 4|P| — MC
B—s Sn = Bn.sxB (s/sxB= PRE/12)
S P Pxs = FAMDS. PRES, NANLZ. NFAIM =(s/LR3if\)= 6v2.8L5 )
RRvl +» A (insig ¥ shorl) An - RRn.AXRR (S/AXRR = PRE/12 ] S/LR3) = PRE/I2.(5/LR31/12)
Qs -~ B (for shorl |eft shift) BXxz = FAMDS.PRE3
s/A—s  (wnsiq T sherl) s/sxA = FUS,PRE3
8/AxRR  (for RR -2 A) S/AXRR = FUS.PRE3
Rjcc)  (for parity cheek) Rjcct/i = FASH,PRE3
Rfccz (far overflow tesh) Rjcc2/l = FAMDS, NFuMH PRE3
s/PUS BRPHE = FUS.PRE3
Sheet of __3 [MNEMONIC: S (2s)

21|




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS A— S Sn = An. AXRR
S4B 1 long BXS = FUs.PHS.DE3 (B remasns = 0 T short)
RR = A An = RR,, AXRR
sustam FL3 (on T bt coohl is dd) R/FL3 = N(Fus.PHS) (For first clock oF Pu&D
s/A—S 8/SXA = FASH.PHES
LEFT SHIFT casSE:
MC ~ 4 M (4]P]-% - M) McDeT = (FRsH.Prs.nFia)  (Fus helHs Mce and M7 =0 hence
o‘own-cquntv'hs staits ot MC.§>
: s/PHT BRPAT = ( " ).Mcz
S\’”ﬂ: coun't =0 {S/MRQ S)MRQ/\ = { u ) MC & (?or nexl [ns‘tr‘uExCr'cn)
PHG | (SHIFTING PHASE)
CONTROL SIGNALS !
SFT sFT = FASH.NIGEN.PH,
SUM BUS: s)sxa = FASW.Pus (presst)
T Ao s + SFT (susTain)
+ FASH. (S/PHG/ID) (retorn from I/6 service)
INITIAL REGISTER CONTENTS :
short l R (0’5)—|
A B
long | R Rl |
LEFT SHIFT CASE . I.h‘l-t;cx“y me | corlains 4)P1-4 , where P is e numbler oF bit pesitions o
be shifted. AB shifts leFt by 's urlil Mc has down - cosrted (by #'fs) o zero
REGISTER coNTRoOL!
S013] + ACD3O AXSL) = SFT.NFLZ.NFSHEX
BO = A3 (insiq T sharl) } S/A3l = ARSLI.ABIEN/| « { = Bo.FAMDS. PHe
A0 - A3) if sherl eyelic + Ao.(Fuls.p22.ND23). PHG
B0OI3) -» B0030 BXBLI = SFT.NFLR NFSHEX
AO - B3] if long cyelic S/831 = BxBLIL.B3IEN/| — A0.(Fus.p|22.D23)
CONDITION CODES : [ Fus/i= sETnFL2 Fus  [(ue. shift 1eft)
Toqqle cci as I's shift {s/ccl = Fus/i.Ao0.Nce)
Throvgh AG (Far'ft_y check) | | Rjcci/a = Fus/i. Ao
l s ce2 \F overflow sjcca = Fus/1l. (Ao @A)
RIGHT SHIFT cas€s:
1) 0dd no. of bits: (FL3 is on r)ur'mﬁ Firel lock ) T_r»'ft\'a.\\y M corfains 2]||Pi-2 . AB shifts
r\.jht ane chﬁi{on and Mc | courts down by 4, 7’1@363"113 2|Pl-6. |wWhen The shit by
s Sr‘\'n'ls}\tA) s\’\'\Ffmrj Takes F\qce by 2's urtil M2 has c\ewn-c:;or-.'\jcfl (b]f 4-‘5) to zera.
REGISTER conTRoOL:
§00 —++ AO 1 AXSRI = SET,FL2.FL3 (son descrbed next page)
S0030 +> AC\ 3|
$31 > Bo if lonq s/Bo = BXBRI.S31/| « 53).80001EN/| |+ FASH.D23
B0030 ++ B0OI3| BxBRl! = sFT. FL2.FL3
Sheet a of 3
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHG | (Cort’d)
2) Even no. of bits: (FL3 is stF c!url'hs FiesT <lack) Inllt\la.ny MC conTaing| 2)P|- 4, AB shifts
ri%\nt b)/ 2's vl me bas down-covrted (By‘\*'s) to zera)
REGISTER conNTRoL
S000 —— AQ (5066 described below)
500 — Al AXSR2 = SFT, FLZ.NFL3.NFSHEX (s00 o)
$0029 - A2 3] .
§30 — so} ¥ long s/Bo = BXBR2.530/! « $30.B000IEN] sj_ EASH. D23
31 —» Bl s/8l = BxBR2.53\/l — s3). Boooien/]l —
Booaq — BO23) BXBRZ = SFT,FLZ NFL3 NFSHEX
PHASE CoNTRoL,ele:
MC -4 » MC MCDC7 = SFT  (Fus holds Mce and Meq =O,he.nce. down-court By 4's)
(mc £0) = svélain PHG BRPHC = FAMDS.PHGAMCENFSHEXNBRPHIO| (keep shifting)
a,cx\.lr.m{.c to PH7 (NBR s }ns“)\)
(e =0) = s/MRQ (for ned inclr | s/MRQ/l = FANDS.PHL, NERPHG, NIGEN
s/RW (1o store A) S/RW - SFT. MCZ.FUS
MisSC: , _ :
—?m_bus eitension : shert cyc‘\r. s4>nﬂ ‘Yd'c arithmetic
————— 5000 = A30. [(Fus.b22.nve3) + B3o. {Fus.pzavez)+ Ao ~t (Ao.N(Fus.nD2I))
l_—r—— S$60 = A31. |( “ ) +831.( no )+ Ad ~T ( . )
[soocfsoo [ so | st [---
(Me<4)
I/6 SERVICE cALL:
IsENC  (enable ertry) TOENG = FAMDS, PHL  NFPRR.NFSHEX. IBE[NG/t o= NMCOOBSR
inhibit s/Pue T TeeN s/Pi¢ = BRPHG NCLEAR,NISEN
0 SFT o " sSFT = FASH.PHG NISEN
PH7 A— S Sn = An, AXRR
S -+ RW RWh, = Sn.RW
(note: 8 +RW does nst tzkd blace I PHC was s\(iFPcA) but That is Thd case I shift zero
Fos]t'cns) hence Trere weuld be ne charge n The coiledts ofF R)
/LR3I s/tR31 = (FUS.PHT)
Sl//RW h \°"‘j %ﬂaquh—’Rw" s/RW = ( »  ).p23,NR3| — nhblits store when R ;s'cAi>
s/B—s 2 S/SXB = FASH PHT hence R will conlain
Hhe m5.W nThis case,
$/DRQ §/DRQ = BRPHIG
s/PHIO BRPHIO = FUS,PH?
Prial B—S, SRl F long (presel in PH7)
ENDE ENDE = PHIO.Ex¢
Sheet __ 3 of _ 3 [MNEMONIC: S
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PRE3 |[B—~ 352 P, OB - |
Y\

siLop e, FLz £(P) | Rieci Rjcca Pie [ et N(Fessx + (g =00y —
RR-»A,  RFO —FLl ( } Y
shorl = s/sxMa — :'
leng = S/LR3I, 8/A%RR L ( I
] PH7 A>3
( s/cca it Ao, D> Aa
PH3 | RRv] - A,  5/AXRR s/cct ¥ naogu L nFLz
NELL 2 S/SxA s/Eis T o3tz Boozim
FLI = s/sxMA
PH4 NFLE = A—»s%» B, (s/sxA -insig) k] B—S +»D l F FL3 1e on:
- -A=rS B, 5/SXMA NFLI 2 S/sxy sjcct § nFL2
P Linhibit s/ks§ Nkee FLI S S/SxMb Rfcce | hold FL3
s/RW iF ‘onﬂl S/LRB\ |
RR +> A l )
. PR [ NFLI 2  Dos, s/sxA s

-D s, s/5XMA T nFLa
FLI >

PHS (NFLI = 5 15 insig) whibil s/xzi T nkos

FLI = NA+K3}—>5wr A S # Rt T long
S/sxA s/RW
M -1 - ne T NFL2 JL
R/FL3 N(NFL2 (Me=o)) = ——’ PHIG | NFLIWNFLZ & A o> 5
S N FLINFL3 2 NA3K3| —s
EL3 = 0’s s
retes: FLI  means hcga.t\\:'-e, nomper S - RW
FLE2 means shit nght TESTS ({nc\uéfni B)

FL3 means resolt =0 if on in PHY

SHIFT FLoATING (SF)

SHIFT FLOATING . genercd seguence oF everls

) Pol e absclute value F he number \n AB
2) Shit e marlissa }>7’ The nomber oF hexes 5\7@&!4\:@:\ unless early stop :

LEFT : decremerl exyonen't , s‘toF V7 Exfonen"t vnderflow (s/cea), or F manlissa =0 oris 71¢ (s/cet).
RIGHT: incremenl " N N " v overtlow (s/cca)} - It =0,
3) Store The rewlt (ne'S“ic‘) i or\'i'\nai\y nsgaﬁve). (store trve zero T mantissa =o0.)

note: namenC\ o.tore e‘l‘ﬂ:erehces: F’ej:erenc.e: mcm»‘au\ HarAware'
CHARACTER\STIC ~ ExPoNENT
FRACTON - MANTISSA

Req\ster organizalion:

oA s A 3o B ﬂ
A R , .
(exr'oncr'\t'. courts up ([mo.uﬂl(ssm\ . shitts {eft \:«/ ’s  er r?g‘r\t X,y 2s, B will = )
or down but does ’W\rourl\nc;:t a shorl ghite )
nét shift )

SHIFT FLOATING
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PHAS(/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
! L ] 1 & (hexes) i .
END [T 24 ] R l 13 ‘>—< H EI% ?] Farm‘y S\qna‘e:
o Y B e
PREP o Tr] Cempfdf i ; FUSE  : SF
//‘\;'\\ FASH SF, s
PRE3 P v FAMDS : SF, s IMI mw MH, DW,DH
[T e
P2s o 1w Fra (store diredtion) | s/FL2 = PRES.Pas; (R/FL2 =CLEAR)| Fas =1 means RIGHT
[ NP2631 # Mcbiok , 1+ MeT MCXNPLL- = FASH, PRES , P2g (2]Pt-1) = Mc
NP25 = pPag3l » McoooS MCxPLR = FASH, PRE3. NPag 4|P| = Mc
B—s Sn = Bn. SxB, (s/sxB = PRE/)2)
S P Pxs = FAMDS.PRE3.NANLZ.NFAIM
RR » A An = RR,.AXRR, (S/AXRR = PRE/iz) | (replaced in Ph3 ' long)
RKRO »» FL (store sign) sJFLl = PRE3.RRq, (R/FLI = CLEAR)
O’s »» B (For sherl cases) Bxz = FAMDS. PRES
chort s/—A:—»s S/SXMA = (Fusk, PRE3.ND23) (‘F:ar |a} - s?»A \n PHS
$/PHS BRPHS = ( n ) in case. A is neq.)
= £ PR
s/AxRR} For RRv| A s/AXRR = (FUSF.PRE3,D23)
lang = < s/LR3| S/LR3L = ( " )
s/PH3 BRPH3 = FAMDS.PRE/34.NBRPHS.NANLEZ
Rfcct (for normalzalion test) R/ccl = FASH.PRES
Rjcca (for exp. over/underflow test) R/CC2 = FAMDS.HFUMH.PRE3
PH3 (ent:rg ilf !onq only’)
RRv| + A  (lLs.w) An = RR,.AXRR (LR3) is high)
NFLI = 8/A-s s/sxa = NFLI.(s/sx/FLI)
/ FUSF. D23, PH - PRV
Ll > s/pos coxma -+ FLI( )} 3] (s/tal>s, (sw)
s/AXRR {for m.s.w) S/AXRR = FUSF.D23.PH3
PH4 | (ertered if long enly)
Al — s (see PH3)
S +»B (Lsw.) BXS = FUSF.D23.PH4
NFLI = s/A—> s (insig.) s/sxA = NFLL . (s/sxfFL1)
F. . — 5.,
JFLI = s/NA+ Carry —» 5 §/SXMR = Ful.( v )}Fus 223.004 | (s/1a] s, (m-sw))
1 dont set k31 Koo =0 N(s/k31/1) will be high T nKoo | holding NK3) on (1.e. k31 off)
N ) = N(Koo.(s/k31/3) + (s/x31/2)). (s/K3)/3))
where (s/w31/3) is high, and
(s/¥31/2) = R (FAMDS.PHK-), hence s low,
Therefore 1 (s/K31/1) reduces [ta wxoo
RR - A (m.sw) An = RRn. AXRR
PHS | -A——— 5 if sherk (see PRE3)
NA*\'anY—-—» S ‘;f long cmA no, .[s nca. (S:c PH4—) (A—t S Au'F pos.no. - 'ms.lﬂ)
S - A f ne.is neﬁ, AXS = FUSF.PHS . FL) (Aor‘l‘t cha.nje A .lf ros. no.)
s/A—s s/sxA = (FASH.PHS)
Mo -l e T left shift Mcbe7? = (v ).NFL2 (41el-1 - Mc)
shitt couil = 0 > S/Pn7 BRPH7 = ( " ).NFL2 Mz (NFLZ2 term n:c;e; Lor
e e s s/MR& (for nei\'.{nstr.) S/MRQ/I = ( ).NFL2 Mz fixed Po]ﬁt shift)
Sheet ___| _of __ 3 [MNEMONIC: SF (24) ]
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHe | (SHIFTING PHASE)

coNTRoL sIGNALS
FusF /) FUSF/i = FUSE, NISEN.(PHC + PNT) (Ploaking shifE anly)
SFT SFT = FASH.NIGEN.PHC (any s\{%t)

FNORM  (madfissa is normalized ) FNORM = (AS+Ad+ a0+ Al NFL2.McG he? | (left only  on i mod.4 clocks)

FL3 (marTissa. = zero 'méicd:or) s/FL3 = FUSF/|.s08152 SIL31Z.Boo3i2

FSHEX (<lep s\'f\&{na) FSHEX = FUSF, FNORM (normalized on lelt shift)

+ FUSF. FL3 (maslissa. = zero)
+ FusF, Ao (exfoneﬁt has
SUM BuUS unécr/cﬂe.rﬂomec\o
A — s0B3| S/SXA = FASH.PHS (presel)
+ SFT (svstain)
+ FASH.(s/PHC/I0) (retvrn from 1/6 service)
(0's = soooT - ex?anant?\'e\é) PRXAD/0 and PRXAND/q are each iohibite ) by FusE/L
A REGISTER EXPONENT FIELD A0007 are \'solaieg ‘Fro\-n e rest oF A 57 \r\‘:r\mt\na e resel
ena_&\c. (AX/O) by FUSF/I ) alsp since S0007 are ‘\e\; =O) no \'s can s4C A0007T via. The s\\f?k
e . AOOBT are unée.r The feonlral &F ALCT nnl ADCT which ceunl) fRe exroncﬁt ance
of :a,c}v hex S\r:?Ftch.

AO: T Ao becomes o 1L S\ﬁr'\f"es exronen't overilow. It will be [resél oo The -Foﬂom'ms
c\oc,; 57 R/Ao = FUsF/) ) alfter \'\a.\';ha )’-mffarm:r) t's functions (re. sel ccz cml rla:\sc.
FSHEX)., Tt musk be cleared] beYore Frgrar‘m3"\re. reswlt for scrcitc\’w-rm\ for comrn‘t"b‘\\\ty with £7,

INITIAL REGISTER coNTENTS: Tlhe AB reej'xstcrs coritain The absalste vallve &F The ‘ﬂoq‘k(n%

Fm'n't nomber (_w#a B corlal m'ns zeros in e sherl cqse,). The N :3:;\ numSer “winos |
wm Y\'alc\ -9 resu‘t c{: ‘truc Tu’c.

LEFT sSWIFT casE:  Inibially Mc| cortains 4|P)-1 ; where P is Te number |&F hexests be shifted.
The marlissa. in AB shits lefb bf I's uwh) ¥e Mc has c)cwn-coun'tcg +4 zera or o) Fsuex
S-tnrs -TF-E. S\'I.fﬂ: JL\GTO hb\'mal"%(d—;bn) cxr-'onert UNAE\:FIOU) alr mo.n_ﬁssn_ Ol’:|3.lr\’1\ y bc’lﬁs Zere
REGISTER conlro) :

S0831 » AOT31  (s0007 =0) AXSLI = SFT,NFL2.NFSHEX (FNSRM prevenls S84 A7
Bo -~ A3 S/A3) = AXSLI.ABIEN/) <BO.FAMDS. PHG by "&"S“hj FSHEX)
BOI3I - B0030, (0's » B31) BXBL! = SFT.NFL2.NFSHEX

AOOT - | 7 AOOOT ADC7 = FUSE/I.NFLZ.NMca. NMCT (on 0 mod. & clocks)
s/cct T maatissa s normolized. sfcct = FUSF/I.FNSRM (o 1 mod .4 clocks)

RIGHT SHIFT cASE In'\'tl‘o,\\y mel cortains 2\\”}—1) where P is e number]| of hexes 5 be s\mﬁ:e\
The manhissa ' AB shifts r\'a\w't by 2's willl The MC has down- courled H zero or o] Fsriex
S-tafs jx'le- 5&'\‘{?{: A\)e +(> axranﬁﬁt o\lerﬂow or ma,ﬁ'h.ssc. OI“\.ailﬂa.Hy Ec.\hﬂ zera joT ‘Dc;n?} S\"‘\%‘\LGA OAY-F
The end & A T \onj or AT eHorl .

REGISTER cortrel:
s0829-~ A103] (0's+ A080Y) ARSR2 = SFT.FL2.NFL3,NFSHEX (NFL3 s Tar fived poirL)
$30 480 | .o s/Bo = BXBR2.530/1 « S30.Boc0IfwN/I —

S3} - Bi } toens s/Bl = BxBR2.S531/1 = 531.BoooIEN/) FASH.pa3
B0029 - Boz3| BXBRZ = SFT. FLB,NFL3.NFSHEX (NFL3 s Tor fixed point)
ADOOT + | -+ AOOOT AUC7 = FUSF/ILFLE2,NMC7 . Neca {on 0 mod. 2 clacks)
T (preverts sprplus courl in PH7 i case
where ex P ovcr‘ﬂou consges FSHEX>
Sheet _ 2 of _3 [MNEMONIC: sF
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PHASE/ FUNCTION PERFORMED SIGNALS. INVOLVED COMMENTS
PHG | (cent'd)
PHASE coNTRoL:
MC -1 -+~ MC MCDC7 = SFT
(Mc # 0).NFSHEX = sustain PHG BRPHL = FAMDS.PHC . NMCZ NFSHEX.NBRPHI0
(Mc=a)+FshEX = advance PH7 (NBR is h]ﬁh)
s/MRQ S/MRQfl = FAMDS.PHL.NBRPHL NICEN (For next instroction
Misc:
sjcca ' axronant una\cr/merﬂow sjcca = FUsF/l.A0
(me <4)
1/ SERVICE cALL: b
I0ENG  (enable er?by) 166NG - FAMDS . PHL, NFPRR .NFSHEX.I& Em,/| — NMCOOOS E
mhibil s/PHe (T TeeN $/PHG = BRPHG.NIGEN.NCLERR
(SFT and FUSF/I are each iwhibited by Teen)
PH7 | (PROBE RESULT (will be low (' left case)uhen
(FusF/1 is still }ﬁgh) FUSF/t = FUSF,NTeeN. (Pus + PHT) FSHEX cavsed by exp.underflow)
s/cct i 1t and madfissa normalized. | S/l = FUSF/I.FNGRM « (Ag+ a3 +aio+alf) NELZ. McC ME7
s/cca FF exroneﬁt ouer/unc):rﬂoul sjcez = FUSF/! . A0
R/A0 (l’enAer s{an bt +) R/AO = F'OSF/)
s/FL3 § maslissa =0 s/FL3 = FUSF/1.S08152 516312, 800312 | (A is an S0831)
Lo.‘wu. ys \nia}t T sherk
s/B—s s/SXB = FASH.PH?
pas| B—o s Sn = Bn.SxB (B=0 F shofl)
S D Dxs = (FusF.PH8)
NFLI % S/D—s sfexd = (v ).NFL naiate &.s.w‘forla'\nas
FL! = s/-b-»s s/stD = ( n ),FLl s‘\in was ncja.t\-\le .
s/LR3| s/LR3l = ( w )
S/RVJ i 1o|-,3 S/RW = ( " )_DE‘B
1F MANTISSA =Q
s/cc| iF lefe shifk sfcci/i = ( W ).FL3.NFL2 (0 is congidered narmq‘fzcc))
R/cca Rjccz/l = ( " ).FL3 (cance! overfunderflow 'mcl)
held FL3 en (fer s zonlr in F’H‘i) R/FL3 =N ( " )
(LK D — S, S RWel F \a\-.s (Fre.sét in P¥8) (\.s.w.)
IF MANTISSAZO:
NFLI = S/A—s s/sxA = NFLL.(S/sx/Fu))
FUSF. PHY.N |F
{FL! > S/NA+Carry 5 S/sxMA = FLI.( = )} L
dan't set k31 F Koo =0 (s/631/2)= N(FUSF.PHT) --- (see discussfion n PHA)
S/RW s/RW = FAMDS.PHq
s/DRQ 8/bRQ/) = PHY
PHI6| A or NA+Carry or O's — S —» RW (presét w PHq) (true mero ¥ maritissa=0)
s/ces 1 reslt >0 ! TesTs = {FUSF ENDE)
sjccd v« <0 | TESTs/I = ( " ) (includes B req in test)
ENDE ENDE = PHIO.Exc
Sheet 3 of __3 [MNEMONIC: sF |
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FLOATING POINT

BOX OPTION

Ta,k\e_ e'F con’tcn“ts:

301 =~ 3oz GENERAL INFo,

302 - 309 ADD/SUB

310 - 317 MULTIPLY

3ip - 325 DIVIDE

326 FLow CHART : CPU «» BoX

327 “FAFL PH4-5"

328 - 329 DISPLAY - BUS SYSTEM

330 - 33) ADDER MODULE ~ ADDER CONTRoL
(332 - 399 Reserved for additional infs.)

NsCes on documertation:

o o\eccé;nai

EE) oz
Se.67 |FsL ic|Fss =
®.. 97 |FAL D |[FAS 3D
©e.87 |FDL IE|EDS 3¢
.57 |FML IF |EMS 3F

FAFL = OI.063,04.65

1) CcPy ond BOX ac't\'v]:fy are ;omlﬂne.:l on The seguence charls . CPY Fenclions are a///cr/:vz‘ea/ on a S/art.

2) The “General sequence of evesls” nales on pages 3oz, 3i0

3

and 318 are inlernded only To Sive an ;mfl"css;an

of whalt is To teke place. —The)/ cannék be either complete  or accurale in every deTall withoul Beccm;n3
Teo e_mla\fmteé T, serve Treir iifende purpose.

MKsc.:

1) To simulate absence of box : G\—roun:} 12Fot (kills FP:G"J)) 3roun¢) 23F07 (raises NFSPTION), ([:'t&.ln cPU)

OVERALL BLOCK oF Box:

5 El—éirectfoﬁa,\ ca\:\c H

F’rinclfm\ use of regisfers:

L3z, xi
o FP bus 30
(reverse crcler‘)——l L—
l— Li, L2,R32
- T T
1% SEE B 3ﬂh — B :
47 ¢——J
v - L4, LI, X1,R2, R+
&I—B 7|:o 7’|s A 3|}4 it Mk et — A
]
45 )
4 >
[[J+= A,-A, D,-D, A+Dd, A-D 31— -a
[ 0
4 Lt, RI r—
p T T
[1]+= R D 3l fe— «~—D:
—
NA
(NA) £-1 ~—F
contr. F-t4 or NF-(4
£x I (unbiased exp. sum or difference) —E:
tj Eret

30l

PHI-4+ cPU Feeds Eus) PHa-10 bus Fee)s cru’s B req.

ADD/suB MU L DIV
postnerm multif“er tient
ctr. (‘backvdcmjs) goetien
Q.uﬂenA 5 Frcéu:i} nomcrqior‘)
scaler scaler scaler

QAA enA) mu\t(p\}cunc\ n\enomlmcftol’
sum

expon enl iteralions Tterations
buffer ctr. ctr.

c.lign. Ctr') FFOA. exp- %uo. exp.

sum E€xp.

FLOATING POINT - GENERAL



20€e

CQANT WNINID

gns/aay

Condition Code Settings for Floati

ng=-point Instructions

Condition Code Meaning if no trap to location X'44' occurs Meaning if trop to location X'44' occurs
1 2 3 4
0o 0 0 0 Ax0, 0/A, or ~A+ A® with FN=1 | @
0 0 0 1 { N%O normat) o«
0o 0 1 0 NS>0 results |,
o 1 0 0 @ divide by zero
o 1 0 1 * overflow, N <0 I always trapped
o 1 1 * overflow, N >0
o 0 0 A+ A® -A+ A
@ 1. 0 0 1 N<O|>2 posfnormal-l FS=0, FN=0, and N<O0 l >2 posrnormul-} FS=1, FN=0, and no
1 o0 1 0 N>0 izing shifts ) no underflow N>0 izing shifts J underflow with FZ=1
T 1 0 0 underflow with FZ=0 and no trap by FS=1 O] *
1 1 0 1 * underflow, N <0 ! Fz=1
T 1 1 o0 * underflow, N >0

@ result set to true zero
(@ "*" indicates impossible configurations
@ applies to add and subtract only where FN=0

AL

D /SUB : Genem\ Sequence of events :

D)
2)
3)
4)

5
7)
)

)

PuL onqend (R) in A
Pyt a&icng CEw) in D

=hel (Macnc‘ ¢.><\='oncn't> - (qunA exroneﬁt> n E
Hcmc{ec\mo.\\)l rl'aht shift The martissa with The smaller

exponenl b/ The dfference in E

Pyt The \cmier oF The Tweo exfoneﬁts n E

AAA/SubtraEt N result soes“t.‘:‘ D

Seale [result | ot normalized (uvnless =0, or left

)

shl‘ﬂi\'rvcl hbited by PN = 1), o< lreslt) <t Us put n A
Assemble a:)jos’tu% ex‘:onen’t () and manlissa (R)

on S in proper fao\cu-'it)/
Stere 5§ nel TRAP

CONTROL FLAGS (in Psw):

Fz ("flodling zere”):
when =1 cavses Trap o x'44’
T Gnaertlow
when = 0 causes ZER0s T be
stored —(excer‘t where s]ih‘\lr—r'cancc

t.rhr coheurs )

ADD/SUB covtrel 'na.gs :

EN (mHmX ENF n \'mrc)wa.re.):
when =1 nhibts ho!"mn.”'z-at!loh
oF results
when =0 allows n:\rma,\lléci’fl;:h
oF results ond se’ﬁ:fn«j oF ce)
F top 2 haxes n'\:iunnorma\(ie;
result|=o

Fs  (significance trap):
when = | causes trap X ‘44!
¥ FN=0 and Top 3 hexes oF
iunncrma.ll'-zee) resu’tl =0

FLOATING PoINT : GENERAL INFO., ADD/SUB



goege

gas/qay

(R) — FP — $4607 -+ A4TSI, EW sign —o MWN

|

(EW) > FP—» 54607 > D46 3] , A00OT —+» F
A6a07 —+» A000T ‘T AC , |+*A8, |+ D8 T mwy

/A+D o8 FMWN, s/a-p s TN, (K7 will =1,

|

(Ryl) s FP, FP— A0OO3 F |on_:} (0's 4 ao031 T chorl)
S0007 -» & (1e. (Aet)- (Del) » &)

(EWu1) — FP, FP—5003) ' lonq, 5003! -+ Dooal

(E =C>>=$ ASPP =3 5/A+D—~>S h o\c!cl) S/A-—D——-»s f sub.
FothmE W Fo, Foth-mE T Fo (e (Aet) -4 w E)

(E>0) » ALM = s/Ipj— s, s/swa(ForanD) E-| »E
s/sw| £y MWWN | s/FPR W (sub @Mwu)

(E<0) = AR = 8/lA|—5, D00OT > F) E+lmE
s/sw) T a47, s/FPr f A47

(

SX Vg A (0's +> A0%3| T s\mr’t)) A-+D T sSWE,

(E # 0). RTz = E‘é"f?'ﬁ = courl E 'tuma.t‘c‘}. zero
s/RTz T (s4731 -0), SXADY, s/A—s, suélaln sy

(E=0)+ RTe2 = AsPP =

s/A+D-»5 § (aAé. ® swl) , §/A-D>s i (sub® SNI)
Fthmed B F-temefro (unbiased exp. of lorger no))
R/RTa

~<

)

AID —S 4D , Os-p A

s/a-D —-s T S4l | S/A+D S F =s4¢

Dl —» 5, s/A-s | rewerse FFRT pag

(D4e @ D47) = sxYiur A Ex| e

(54 D p4a7). (DEN+FNF) > © s A

(>4 ©247).(DSN +FNF) D Sxle =+ A E~ |- E

4

—

(A4751=0).(A5255 = 0), RT2.,FNF =
A —sSxlb+rA, E-)»E, g/RT2 T 5473150, S/AS

N

(4751 =0).(AS255 £0).RT2. FNF =

A— Sxl6 %A)Ej—\-w-n;)

47 = Aqsx'/\g-aA) Et|+E, > FPRR

R47.((A475! £ 0) + RTZ + FNF) =
s/rT2 T 5473120 or (54771 = 0). sherl

J
(FPRR causes: s/tA—s £(FFR), s/cPU-PHT)

{

S003) — FP T (RT2 + FEUF, F2) .FPRD, FP s CPU-B req.
suélain PRX's |  s/cPu-ru T FPRD, NTRAP
s/cPU-cc, cca (e, ete), Ese fFeR

l

547 - FPo, El — FPl, E0207 — FPo20T, $487|— FPOR3)

(FP's en&\:\eg it (RT2 + FEUF.F&)} , FP's »» cPU-B req
s/eru-rW \f NTRAP, | — 7 'F FPRD, K3I

ADD/'SUB




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
FrRE3| (wilf nit be reached iF WEGPTION and) FREZ was entered)
CLOCK TIMING ¢ (TBL unless Z/& service cal, v which case FPCLEN/2 rejects| 75t clocks T3 box)
s/78L S/78L = PRESIZ (toal torm-on (redvn.))
* FAFL. NIBACT . NFHIQ Chotd ontdf T6ACT or PH18)
* FAFL. (s/FPHG/TE) (return From z/e)
FRR - A (s/axrm = PRESI2) (auyenci - s )
MB > C »» 2 ,(From even Jocation)| Dxc = PREsFER. PRE3 (addend - m.s.w.)
(address Torced even Yy S3/2MK 1t carlicr phase (sce "PREFARZTION™)
/- PZ/ i Jong (reguest FLUCE = (FAFL NO2.PREZ NAnLZ) (FP3s=0)
S/MRQ /s, of addend ) s/MRGS = ( 2 D crbibited iF A/Fapmm)ﬂ
/WA — S S/SXNA = FAFL.FRE/3+
s/rHy I FEPTION S/FHI = PRE/3#. NER
( 7rAP if NFEFPTION)
FPCON —>» box FPRCON = FAFL,PRE3
. gart the box
8/PHI  (in box) S/PH) = FPCON, NPH]
L (prevert s/PHI|on next clock)
PH/ NA ——> S (/ereset in PRE3)
PH) NS —> £P “FP, = Z.5,.FPXS + = NPHE ND]S (R) — FP
FPO — 547 (— s4¢) .
FP0O831 — 5487 \lL SXFP/U = S4¢o7xFP = PHI. NEPDIS (augend mantissa - mgw)
FP0O07— S0007 © SXFP/4 = S4LOTXFP = PHI.NFPDIS {avgend exponert )
0’s ——— SoB3! (ne enable hi)
S A AXS = PHI
DO —» £PCEN FPCON = FARFL,PH/. 20
FPCON > MWN S/MWN = FPCON.PHI | R/MWN = PH) (store addend sign)
0’s » B (For PH7, 8) Bx = PHI (Fost-norma\\‘iéﬁon ctr)
0's -~ & (for Pu3) EX = Py (exporerl req.)
0's = F (For PHE) FX = PHI (q_uﬂ\sen'% :xfoner'\'\t rcrj)
s/LR , S/LR3/ = (FAFL.NC2.PH/
/LF3/ i fong % (- ) ( #o ayncﬂf/—/.s.w.)
S/AXRR s/axfR = v ) :
S//V.b — S s/SXA/ﬁ = FAFL.FPH/
S/PH2 S/H2 = PH/NBR
S/PHE s/PHa = PHI
PH2 ND —+ S (preset s PHs)
PHE NS —s FP Fr, =, Sy FPKS « « NPHE. NDIS (Ew) — FP
FPQ —> S47 — S46¢
— SXFP/U = S4CO7XFP = PHe. NFPDIS (addend marlissa - mew)
FP083| — S487)
FP 0007 — $0007 SXFP/4 = 54LO7KFP = PHa. NFPDLS (addend exponent)
0's —— 50831 (no enable hi)
S ——»D Dxs = PHE
NA00D7 - F FXNA = Phz.Ne¢ (store (\llijeh’) e.xr:merx't)
Sheet |  of & [MNEMONIC: FP: ADD/SUB ]
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FUNCTION PERFORMED

SIGNALS [INVOLVED

COMMENTS

FP — soo03) T )on3
0's = sae3y T short
S «»» D003}

P2l PRESET FoR ExPoNENT AR(TH:
PHE J’s/m =(Pha. AQ). NAI, (sn'n\!u}f Az - AB)
cortd. NAGOOT7 —+= A00OT T Ag =) L AX/L = AxL =(PH=z.A0) (wn-inverl cw.eiencx ercneﬁ;x,)
|+ AB s/a8 = PHa,NMUL (w7 cor?t\‘o})ﬁ
i » D& 1"? Wl /DB = PH2, MWN (s
I adaen 1s nag. A ™ I}
§/A+D — s f N S/SXAPD = S/SXAPD/l = PH2. mwN.NMuL or (hel)+ Gendti=e)
s/A-d = s F Mend e pos. S/SXAMD = N(S/SXAPD). 5/sxAMD/2 « = Pua [(For (Aet) + N(Det41-s)
RE ) = A s (/c/—escf 1 PHI)
- i Jor K7 = G8 =1
S/PRG (For EWui) 7 S/PRQY! = FAFL.NOZ. PHE
S/NA - s S/SYNA = FAFL.PHE2 (acgend - /.s.w.)
S/PH3 S/PH3 = FH2, NER
S/Ph3 S/PH3 = PHE-
PH3 (Aet) - (De?) — s (presel b PHE) (unbrased exponenent
PH3 SmE S/En = S,.PH3 difference + £)
NA — & (/brcsef n PHE) ((’?v/)—-)FP ra /ani)
NS —> FP FFP = L. Sp. FRYS e = NPHE.NDIS (R) > FP.F S‘/éarf-/'ns/:?.)
FE o Aooal (f long AXEP = PH3.No2 | Vo
0% »» acoz) f sherl | Ax/L = AxL = PH3 I (aogend - 1.5.w.)
Mé’w/,«.,C—»} /’f /aay -DXC = F/‘?FL,/W’Z.PM? (Qdd’eﬂd/— /SA/)
.5/,{/5 — 5 s/sx,vb = FAFL.PH3
S/ Py ¢ S/PHS = FH3, NER
S/Frit s/PH4 = PHZ
PHEY WD —> S (/orese‘é m PH3) CEW 1) = FP F /ony)
PH4 NS — FF

Fr, = L. Sk FPXS am = NPHB.NDIS
SXFP/4 = SXFP/A = SGo3IXFP =
(ho CNAL)C. &‘.i)

DX/ = DXsS/L = PH4

PH&.N

(EW) > FP /F short - fn51:7. )
2z2. NFPDIS

(a,AAencl I.s.w)

Clear Condition Codes R/:g_ = (FAFL.FPre)
S/5 s s/sxs = ( P
S/PHE S/PHS = FPHP.NBR
Zz Sez se/varafe cﬁart:
"Farl PHS -
('P"’ﬁ PH4 Cch_t{"r\)e.c\ on nex T ?“ﬂe>
Sheet 2 o 6 [MNEMONIC: FFP: ADD/SUB ]




PHASE/ FUNCTiON PERFORMED SIGNALS INVOLVED COMMENTS
PHE EXISTING cond(TinNsS :
PH4 A colains (R)) (va)/o’s (mantissa of auaené)
Coﬁt);, B n O)S
D " (Ew}) (De)in DOGO? {(EWM)/O‘S s E:fnj clockec) rlo Dos3l] This \z}mse)
E " (Aet)-(De1)
F v N(Ae)
IF E=0 : ASPFP = AsPP = PH4 N&lL, K E0D03Z.E040Tz
s/A+D— 5 T add s/sxAPD = s/SxAPD/| = ASPP.o7.Nsw|l « (R/swi = NPH3)
s/a-D s f sob g/SxAmd = N(s/sXAPD). 5/sxAMD/2 «|: ASPP
F—c4 =g " NFO EXFM64 = ASPP.NFo ]? (uninverfed onbiased
NF 64 — & W Fo EXNFMLY = ASPP.FO [ A exponesC o E)
s/PHG (m-l)/sub phase) s/PHC = ASPP
IE E >0 ALM ALM = PH4%4.,NOGL.NEO, NASPP (R) > (W)
s/Id) — S S/sxD = ND44.s5/sXAVD
{s/stD : D‘ra.s/sxmlb:]— P& A
s/sw) if N s/swi = (g/ewift) = ALM. AWN (veversing sign T 3 oper.)
s/FPR \f (sub@nwn) 6/FPR = ALM. N(67@ MuN) (result of PHC will be in
reverse Fo?arli't)/)
E-l »E EDCY? = ALM (clown-r.aunt 'Ewrm) Zzers)
s/A+D s/swa = ALM.PH4, NPH7 « (maJa. by
S/PH:T (a\n'gnmer?t r\msg) s/Pn{ = PH4.NGG .NASPP
IF E< O ALR = ALR = PH4 NGOG, EO,NRTZ o (R/RTJ-.F’H\) (=w) > (R)
s/lAl > s e/sxA = NA4T, s/sxava
= PH4, AJLR
{S/SXMA = R47-S/SXAVA} Ha- A
s/swi T aa7 S/S‘N] = ALR., A47 (reva’s’mg s'\an of A orer'.)
s/FPR ‘F Aa7 S/FPR = ALR.A4? (resolt f PHe will be in
reverse FO‘AB"\t}’)
Ex|l »E EVCT = ALR (uF—CoUﬁt E toward zero)
Do00T = F FXD = ALR.PH& (larger exponedl ++ ¥)
s/PHS  (alignment phase) S/PHS = PH4.NOG.NASPP
##5 | (RALVGNMENT PRASE — evlered on))r W E40 \n PHS)
o FIRST cLocK onLY ¢
PG \
A D T DX A = PHS, SWE « (reraec:ter> (laraer operand ~ D)
it E>0 1 PH4 ~
PHS D] — s ( _t . F\’Mv)
lAl —- 5 E <o R FTCS& n
(th\{\\:]‘t s/RT2 W orumber s rc%uires hcso.tl'cn bence invelves carry Frerasnj:{cn)
ALL CLOCKS :
SH Ve > A AXSR4 = AXSR4/) = PHS Neg
0’s - Ao4o7 ¥ s‘nor’[(«, /R4 = S0.AXSR4-A.NOZ + (long cnif) - (simiory AS, AL, AT)
“GUARD| DIGIT" logic Ferw;Tts riakt c\.\fsnmen_t k] AocoOD
Sheet __ 3 of _ G [MNEMONIC: FP: ADD/SUB
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHE ALM = PHS.NGL NEO.NASPP (E>0).NRT2)
v | ALL BUT FINAL cLock ((E#0)NRT2): | < ALR = PHS.NO6C.Eo. NRT2Z (E<0) NRTZ)
PHE NASPP = N(PHE.NoL.(E00s32.E04072 [N((E=0)+ RTZ)
oty E+l-=g T £<o0 EUc7 = ALR | +tRT=)
E-lwE T E>o EDC7 = ALM
sustain sw) s/swif/t = ALM.MWN + ALR.SW| (R/sw\ = NPH9)
s/A—s (for sxViewh) 8/sxA = PHS.NOC. NASPP
s/Rve f 4731 =0 §/RT2 = PHS,S2U.SZL.NASPP, NSXAD|D « NPRXNAND, NGXADD
suctain PHS S/PHS = PHS.NSL.NASPP '
ON FINAL cLock ((E=0)+RT2): ASPP = PHE NoG(Eooo3z.E040T= +RfTE)
s/p+Dd — s T (add ®sw) S/SXAPD = S/SXAPD/I = ASPP. (NG7.SwWi |+ 87.Nswi)
s/A-D — s F (sub ®ewi) S/SXAMD = N(S/SXAPD).s/SxAMD/2 «— |- ASPP
F-¢4 -+ E T NFO EXFML4 = ASPP, NFo (um'nver‘te_é}uni:iasaé
NF-Ghm E T Fo EXNFML4 = ASPP. Fo exfonen_t oF )orger num\:er.)
R/RTz R/RT2 = ASPP
s/PHC s/PHG = ASPP
prs | (ADD/SUB PHASE)
s ATD —S (presél in PH4 or PHS by ASPP) } (1-bit extension on
S o> D DXs = PHG,NSG left handles sverTlows )
PHG S/A +D — s f Nsat S/SXHF‘D X’eAucest PHG NGG, N (PR‘H. ©K %) (_sre.cia.\ mec)'h)
s/A-> — s s4c ps/blos | s/sxamd = N(s/sxAPD). s/sxaMD/z o = P|HC.NOG
0’s +» A {(for 0tD-g) AX = PHL,NBG
s/PH7 s/PHT = PHE.NoG
Pwe | (FIRST ADTUST |sum} PRASE)
pn7}) b — s (presél in PHE)
reverse FPR ‘T D4t {S/FPR = (PH‘"{.NOG.D‘?C). NFPR } (FPR couhl have been
R/FPR = ( n ) =& in PH4-)
(p4t £ D7) = AXSR4/l = PH7.NOL. (D46 ® D4T)
SR+ A AXSR4 = AXSR4/1
E+l-mE EVCT7 = AXSR4/|.NPHS
(D46 =D4&7) N(DSN +FNF) = AXSL&/I = PHT.NOG.NAXSR4 /1 NDSN [ N(FNF.N6L)
S Xl v A AXSL4 * AXSL4/|
E-} 4> E EDCT = AxSL4/1.N(PHS.DIV)
B2+ B, | » BL7 BxBLl = AXS L4/1.NOG) s/8L7 = BxBlLi, N8 (posinerm clr)
(D4e = D4T7). (DSN + FNF) =
S A AXS = PAT.NBL. NAXSR4/1NARSLA/
s/A—sS s/sxa = PA7. N{(s/PHT) + AXSL4/|. [NFPRR
S/PH8 s/Pra = PHT.N(S/PHT)
Aue | (FINAL mDPTUST |sSum] PHASE)
PHa | (A cornlains Tre Jsum| n The ranqel 0&S&1)
CONTROL SigNALS : (inhifit posLrarm.) —
ASN (A "Simple- Normalized ) high F 44751 # all zeros (1e. e &|s&l) or fFNF =)
ASN = N (A47,848.049. AS0.AS1). H(NA47}. A4BS 12 N (FNF.NBGY)
FPRR (Flodling Poinl Resu't Ready ) FPRR = PHB.NDIV.AsN (Mot S&) or FNF =1)
+ PH8.NDIV, NASESS® (ASN assvred neil elock)
+ PH8.RTZ.NPHS (s=0 (2nd PHB cleck))
Sheet __ 4 of 6 [MNEMONIC: FP: ADD/suB |
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PHAS[/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
oG RTZ (Resull is zero) $/RTZ = PH8. SZUSEL.NASPP.NsxADD | (54731 =0)
PH8 + PHB.SED.0Z N6 (84771 = 0} shoil
cortd) (nesée.c‘ for FNF=| case where sianfanq’_ in 3uurol Aig'\'t cn‘f)
NASN = ((04A<YiL).(FNF=0)) AXSL4/) = PHBNDIV,NASN
A-—9S (presst \n PH7 or PHE)
Sxib - A AXBL4 = AXSL4/I
E-\ = E EDC7 = AXSLASI.N(PHS.DIV)
B2 -+ B, | » BLT BXBLI = AXSLY/I.NGG, s/BC7 = BX [BLI.NOG  (postnarm, <r)
s/rRTz T s=0 (see above)
T S/A—>S . s/sxA = AxsiL4/1. NFPRR
. $=0).NRT
svustain F’Ha}‘f (hsess =0) z s/PH8 = PHB.NFPRR
L~ raise FPRR ' (A5255#0)+ kT2 FPRR = PHB.NAS2S5S5z, NDTV +PHR|.RT2 . NPHg
ASN,A4T = (A=1)
A—S (\orese"t in PHT) (NeTE: S4G {eh’-e»c):o) em\crm'nse=A4'7)
SR N > A AXSR4 = AXSR4 /|
E+lom E Euc? = NPHS.AXSR4/| :j—' PHEI.NDIV. A4T
|~ raise FPRR FPRR = PHB.NDLV.ASN
ASN.NA47 => (A ¢A L))+ (FNE=21) (dont shift registers)
A—S (Frese't n PH7)
s/rRTz ¥ s=0 (FNF=| case) (see above)
< raise FPRR FPRR = PH8.NDIV.AsSN
L» FPRR 2  (Flodting Poinl Resullt Ready)
slop CLOCK —» Box if Z/e sprvice call has CPU ;. FPCLEN/! = NFPRR) + NZSEN. NIcTH
s/ Pu7 S/FHT = PHL.NER « = NERPHL = N(|FAFL. PHG.NFPRR)
S/MRQ (For next msluclion)| S/MRQJI = FAFL.PHC . NERFPHE . WIREN
s/a s T NFPR s/sxA = FPRR NFPR (put resolt i
s/-A—-s T FPR S/sxMA = FPRR.FPR proper pelarily
s/PHY S/PH9 = FPRR
P#7 | CONTROL SIGNALS USED IN PH9-10:
PHY FPRD FPRD = Noz (I’E'SUH: Acok‘c ltns'ﬁo
TRAP TRAP = FEGF (ex?. overﬂow)
+ FEOF . N(FEUF.NF2) = FEUF. JF2  ((exp. underflow). F2)
+ BES.NEG . Fs (siejh'\ﬂcmw e trc\!-)
FEoF FEGF = NEO,E\. NRTz (exp. overfiow)
FEULF FEUF = E0.NEL.NRTz N (BeE New Bs)nrz) (evp. brm‘i:’,\"ﬂmﬂ)
Aor -A > S (pressL in PHE by FPRR)
soos| —» Fp i nat gz FPXSL = PHY, NFPDIS. FPRD.NRT2. N (HEvF.NF2)
o's —= FP ' f (shorL lor vesult zero or underflow and Fz:0 b)
FP B BYFFP = FAFL.FHT
5(r&sult-\.s.w.)
s/B-»s §/BXS = FAFL, PHT
s/u?s/ S/LRZS = FAFL. PHT
S/m./ Vd /onj and not ffalp case s/AN = S/RW/FP - F’H‘].FF’RD.NTNLAF‘ |
S/CC/ 7 e;y’aﬂenf vnderthows  ory ;F AN =0 and >2 /oasZ—narma//Z//‘;y sk rczw}ref/ Cmclides 772,
s/ee/ = s/ccl/FP = PHY.FEUF +| PHI.N6G, BGS
s/CCZ. Va ex,par)c’nf unJeff/aU or | overtiow . 5/555 = s/cca/FP = PHY.|FELF + PHY.FEOF
Sheet 5 of 6 [ MNEMONIC: FP: ADD/SUB |
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PHASI% FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
» — ' = P .
77 S/A s _FF NFPR S/SXA HY. NFPR (susta\nnnj from PHE)
| s/-a-s T ePR s/sxMA = PHY.FPR
cm'ta.
NE e f FPR. (B0 =&1) EXNE = PHY, FPR.NTRAP.N(FELF, NF2) | (inverl exp. when result neq)
(W, q\ual{ﬂbr Prevcnts Lntcrchanaina FEUF om;\ FEOF
S/FHE s/Fus = PHF.NER
s/PHlo s/PHio = PHY
~48| B—s ,
. Z resull -l.s.w.
PHIO S >R/ i /onj and not lrap } Oc,?“ i PH7) ( s sv)
SO P /»SWo (for TESTS) S/SWo = NSa03/E. (S/Swa/Ve) «— = FAFL. N2 FHE
Aor-p—s (presel in PHa) < [ nate: w71 s forfeed high in shart “-A"
$47 — FPO case te assure proper 't\’uncail;:n:
(exp.) NEI — FPl (+44 bias) KTl = Gooo3 = |PHIO.NFPRD. n3)
P {E0Z087 = FPoROT FPsxU = PHIQ.NFPDIS. NRTz , N{FE Jur. NF2)
54871 ~ FPOgZ 3| (FPrs = NP¥8, NDIs -- Blocks S (|=8) =+ #~)
FP e B BXFP = FAFL.FHE
resull m.s.w
§/8->5 S/SxXB = FAFL.FHE (resell m.s.w)
s/rw /i pott Zr—c}o case s/RW = S/RW/FP = PH10.NTRAP
S/ DRQ S/ORQ = BRFPHIO = FAFL .FHE
S/PH 10 S/PHIO = BAPKIO = FAFL,FHE
R/PHIO (na more bex qctl.on) (no sef Term hl)
Ve /L] B—-+ S .
S o> W } (presel mn PHE) (rcsu\{ - m.s.w,)
TESTs (cc3, cc# contro/) TESTS = FAFL.ENDE
(role: Swo =/ ceuses S>0 /;w//’cal‘/:m For dovd/e /:ny'?g zera Zest ; FB)s s ﬂC"ler/ For
(A2D/5UB).(FN=1) case only, wheke result is #, exp. = —4,4—} and s/én;? reance w hs . on/)/)
Stop susz‘a,}a/};j 7&L S/78L = FAFL. NICACT. NPH IO
TRAP T X'#4" /f Rwis off S/TRAP =(FAEL , ENDE. NRW) (NRW means TRAP i
s/7rR29 = ( 4 ) 7he Box was 4/ fast cf.)
ENDE ENMDE = FHID ExC
Sheet __ & _of _ 6 [MNEMONIC: FP: ADD/SUB
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OlE

q-:nern.\ sc%ue.nce. o'\: eva,n‘ts:

1) Pl mult‘;lah'er (R) n A, and backwards in B

a) Pul mu\ti\all‘canl (Ew) n D

3) Rt ex?oneﬁt sum n E

4) Nermalize (D)'\‘F necessary; e,oJr\Y exil ¥ =0

5) t (A) “ ) u Wwoon =0
(B doesn't change bl 2 2-bit Teralions
are c\e,)e’tcrl for each hex oF A <hift re%u'\rec\.)

Q) Clear A

7) -I.'tercita) Frce\uc,inj Jese $[¢=rol.}41 n AB

8> Norma.\fze AR

f—\) Assemble ac\jus'tecl ex\sonent (&> and
marlissa (A) on § n proper ?o\au:it)/

\0) Stere s 'F net TRAP

Tterdlions (PHV) :

D (ican:’.)

Loaa\ ler - m.s.W
(unconditional in
PHI)

Load ier - ls.w,
(on\)l T long n
PH3)

___________

FP bus r\g____“_zis = (R) ?)
{ !
B 3 of7 H
— ~ J
t
Zeros
FP bus (o = (Ryl) ?)
! |
B 3 #[7 o|7 = (R) b
- S S J

DX2 D , Dxla =D

Lon.o“ng The mult("n“sr wle B - ba_ckwa,rés

(legic Froﬁuce:‘. | Froc\uc‘t )

TRRE ] | T

| [ Jaf

S/(A+D 5, A-D—S, ADS)

Fi (er S'Lﬁ\’l time)
MWN (icand sign)

/T

- Q.A(.'le"——-)

o

K31

FPR (s\ans og\aoéwte,) J

SWI (fcand X 2 is in D)

Y44 carry”/-:q

HHHGH T l

I

l I

LLER

X,
el
1o

l i | [

A==1
o

$45 = PR46. K4S, w\w;c% rec‘.to
PRAG. K46 + G4e

TaW

A Proc!udt{)

B (ier)

v

Note Thal The B rcg'\s'te—\" s \\i%\a_ye.& \vo.ckwovrésq

(This enabled eficiert vse of The FT41 ‘Rf‘:-‘ﬂaf: madole)

MUL



e

10w

(R) — FP o $4¢07 —++A4731 EW sign-»> MWN

r

FPOB3I —~+ B7148 | |'s »» F5 FT 7| Fo = MIT funclions (038 on Igh clock)
FO.5W0 = » n (5;3\" in c))
(EW) — FP—» 54607 -+ D4c3|  8/FPR { (Mwn @ A47) FO.5W0 = S+A | SAns
A0OOT s A00OT T RO, |+ AD(1e.-128), 1 »DF f mwn
s/A+D -8 T MWN | s/A-D s Frwn, (K7 will= o)
(Rul) — FP FP - Ac03) ' long (0's + o0l T shorl) 8 | ASN = A —r SXIG »> [E—I +E
[t F#, FP Q03] +» Bo748 , B7148 +» 531087 flang RSN, A47 = A= Sx/L-> A, E+l—E
50007 - E (e, (Ael) + (De?)- 1281 E) ASN. A&7 = (dort J”'”"ﬁc Aore)
! o) cases: FPRR 3 s/tA-r s (FPR), s/cPu-Ph7
(EWvt) —FP, FP—5003) if long, Soo3l —~» D003 )
DsN.AsN » (s/0s), s/swa T FPR L e '
DeN. AsN = §/1A| > s — (FPRR)
N 2 $/p—s, s/swa(for A+ D) 1 ")
—} 9 | 50031 —FP '\ (K72 + FEUF.F2). FPRD | FP+» CPU-B req.
( h suslain PRX's
SW2 (firsh clock) = A - D, Drsxiarr A, E-(mE $/cPU-RW ' FPRD. NTRAP
s/Awaé) s/rRT2 T sa73i =0 $/cPy-cel, cer ‘F(_E)) E-»g ¥ FPR

RSN (after Firsk clock) = Rz ! }

A =Skl -+A, E-l+HE, S/Aas RT2 = FPRR > 10 | S47»FPO, EI ~FP) E020T — FPo207, $4871 — FPo83|
(ASN.%E) = s/\1| —s, s/swa (fora»D) ‘ (F?'s z.rm\n\c; 3 (ﬁm)) FP 5 cPU-8 req .

s/cPU-RW T NTRAP

[

(RSN +DSN) = SX16-pA | E-l + E, F-l nF| RT2

s/A—s, A+ DT suz, s/RTz f(s473120).5%80D | RT2 = FPRR

(ASN.DSN) = (S+A -insiq), (5/0—5), A+D Fowa
s/swa T FpR

MUL




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
prez| (wil) not be reached 1 NESPTION \and PREZ was entered )
CLock TIMING i (T8L wnless Z/&\service call in which case FPCLEN/Z reject]s 5L chochs 75 box)
s/76L S/TEL = FRE/s2 (rhitral torn-on (+edun.))
+ FAFL. NIOACT NPH /10 Chold urts] TBACT or PHI10)
+ FAFL. (s/PHL/TE) ( return From Z/5)
R > A (s/axrr = PRE/I2) (rer - m.s.w.)
MB > C +>2 (From even localion DXC = PRECPER. PRESZ Crcand -m‘s.M)
é Caddress Forced even dy SBITNH 1 eartser prase (see "PREFARATION”))
/P3| i Jong (reguest PUC3/ = (FAFL.NO2.FREZ.NANLE) (P31:0)
s /mme lsw. of Jeand ) MR/ = ( M D (mhibited i NESFTION)
S/HA - 5 S/SKNA = FAFL.FRE/2+
s/rPr) IF FBRTION S/F'/// = PRE/3%, NBF
(TREP I NESPTION)
FPco, 4 FPCON = FARFL.PRE
/V—’ ex v rrES start The box
s/PAl (in box) 8/PHI = FPcoN, NPH|
[ (prevents s/Pafl on next clack)
PH/ NA =S (presel m PRES)
PHI M5 — FP FFy = L.8,.FPXS — = NPHE.NDZS (R) — FP
FPO —— 547 (—s4c) . '
PO 2487] SXFP/U = S4GOT7XFP = PHI,NFPDIS (ler manfissa - ms.w.)
FFP0007 > 50007 SXFP/4 = S4LOTXEP = PHINFPDIS Cier echment)
0’s ——> 5083} (ho e_namc_ hl)
S ——> A AXS = PHI
FP31 0% —»—> B487]| BXFP/U = BXFPU = PHI., MUL (ier mantisso. msw,
0’s ———=— B003I Bx = PHI - B, qu’twarch)
0% - € (For Pu3) EX = PHI (Exronen't req.)
5 - F $/FS = s/FT = BXFP/U = BXFPU = PHI.MUL
(erable F) Fx = PHl (*tercf\f,\lons ctr.)
0 —» SWO R/swo = BX = PHI
DO —» FPCOY FrReON = FAFL P HI. DO
FPCON —> MWN YMWN = FPCON.PHI;  R/MWN = PHI | (stere {cand siqn)
SSLR3/ , = (FAFL.NCE. PH/ .
/L P3/ P /Onj S/Lr31/1 ( 2 } (For rer /s w)
S/AXRR s/AxRR = ( . )
§/ND = 5 S/SxND = FAFL,FH/
s/PH2 s/ FHe = FPHI.NEBR
S/FHE. S/FHE = PRI
FHE ¢
piz| 1 FPR I operand signs £ S/FPR = PH2.6L. (MWN @ A47) ; RAFPR = PHI
Sheet _ | o _G FMS (3F), FML (IF) [MNEMONIC: FP: muL j
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PHASE FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHE ND =5 '¢ ﬁresez m PHr)
PH2 VS = £P FR, = Z. Sn.FRKS « = NFHE . NDIS CeEw ) — FrP
) FPO —» S47 — S4¢ . .
eortd l SXFP/U = S4GOTxFP = PH& .NFPDLS (|canc3 martissa. - IR
FP0g3| —»5487| I
FPoOOT—* 50007 SxFP/4 = S4L0T7XFP = PHR.NFPDIS (;.';ahc) expenenl 1)
0% —— $0%3| (no enable W)
S —»—D PXS = PHa
PRESET FOR EXPONENT ARITH:
s/Al = (PH2.a0).NAI (similarly A2 -A8)
NABGoT » Asoa7 'f AO=] AX/L = AXL = (PR2.A0) (un-inverL jer ex‘scnen't>
| - A s/A0 = PH2 .MuL ( minus 128)
$/A+D > g T lcond is pos. 5/sxAPD = 5/5xAPD/I = PHZ, NMWN.MUL | (for (Act) + (Det) +0-12855)
s/A-D— s 5 §/SXAMD = N(S/SXAPD).S/sxAMDj2 « = PH2
Y } Ticond 12 0cy. /98 = PHZ. MWN (For <AC?>+N@‘”)+°I"ES“’S)
RRv) - A 1 » (preset in F#7) K7=0 sirce PRB=G8=0
S/2RQ (For £W. /) | 7 fong S/ODRGS) = FAFL.NCE.,H2
S/NA — S S/SXNA = FAFL.FHZ (rer -dew)
s/PH3 S/FPH3 = PHR.NBR
s/PH3 5)PH3 = PHa
Fr3 (Aet) + (De?) - 128 = S (Frcse.'t in PH2) (unbpo,se«l exponer{t
PH3 S+ E s/E, = S,.PH3 sum »> E)
. (R 1)~ P if long,
NA —> & (presel m PHZ) (R = FP I shorT - //;s;j)
NS — FPR PR, = 1.5y FFPYS = NPHB . NDTS
FP - A0031 if lon AXFP = PH3.NO2 Cie 3
. r -
Q' A003| F shork AX/L = AXL = PH3 Sew
34871 B0&3| BXFP/L
- / (double- ‘nJT‘n ler
FPO700 —> BOOQ7 -5“ BxXFF/L BXEP 5, b I 3 )
t = =
FP3108 —» B487| 31 mxrr PHa.NeamuLl) = B, backwards
| - F4 s/F4 = BXFP/L (cﬂwang}e E fram 5 S3>
MEBv/ > C D I /cny DXC = FAFL.NC2, PHF (reand - /sw.)
S/ —> s S/SKND = FAFL.F,H3
s/PH? S/PHE = PHI.NER
s/l"M» 5/PH4 = PH3
sye| WD s (presel m FHZ) (Ee o £ P S Jorrg,
PH4 NS — P FPy = 1. Sp. FPYS = NPYE . NIIS (Ew)—FPIF short-1s(5,)
FP — s003) 'f long SXFP/4 = SXFP/A = S003IxFP = PH4N|e2. NFPDIS
0’ - So03) T shert (ne enable hi) _
S »» D003 Dx/L = DXS/L = PH4 (feand - \.s.w.)
Clear QI)J’ZLJIDﬂ Codes /?/Cc = FAFL, PHE
s/B—s S/SxB = FAFL.FHF
S/PHSE S/PHS = FHPNER
see se;,oaraz“c charZ :
YEAFL PHS-C”
Sheet __2 _of _% [MNEMONIC: FP: MUL )
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PHAsy FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
ik EXISTING CONDITIONS !
PH4 A conlains (R) (Rul)/o’s (martissa oF mutiplier)
B7148 (R),(Rv1) 'F long (manTissa oF moltiplier (withest sign b t)) with \eash snér{\ﬂcan't
B3i48 (R) T shert { bt in Bas. Reversc—io‘u}‘ms F B s [for mech. conv.)
D “ (Ew)) (De)in DooOT ((EN»I\)/O‘S is be'\ng c\éc\ﬁ&c% infs Doo3(] this Fba.se,)
E i {Aet) + (Del)-128 (tentalive {aroc\uc'-‘.'. exponenl (enblased )
& " 5F s)wor't) 13 \ona (numker 6F hexes - minvs one - in vt f‘:f:()
DSN.ASN =
s/PH? S/PH7 = PH& MUL,0C.DSN.ASN
s/owa T 4x- or —x+ s/swa = (5/Pn7).NPHR7, MUL FPR (moltiplier carry fF.)
DSN. NASN = {S/sm = NART. SxAVA = PH4.66.DYN. N(S/P07)
s/|al —s S/SAMA = A4T. SXAVA
s/PHG S/PHG = PH4.8C.DSN.N(S/PHT)
NDsSN =
s/D—s S/Sx> = P4 a6 NDsN
s/A D s/swa = s/swa/| = PH& 84 NDSN
s/Pus §/PHS = PH4.6G.NDsSN
5 | (ertered on\7/ it mu\tfg\iwné re_%uire.s Fr‘cnorma,\v'zab'on)
;;;c (swa + NASN) = N{s/PHL) = N(s/PHeC) = N(PHS.06.ASN. NSW2)
A-»D (first clock on\y) DXA = PHS.SW2 « (rcha')::r) sel \n PlH4)  (save mu)’t'xloh'cr)
PUHS Dos ( o ) (preseT in PH4)
A—s  (after firsh elock) s/sxa = NFPRR.AXSLY/\
SX ik > A AXSL4 = AXsL4/) Tl e nls/Pue)
E~| - E EDc7? = N(PHS.DIV), AxsSL4/I « = PHS|.06. N (s/PRG)
s/RT2 if s=0 (on first clock) s/RTe = PHS,52U.SZL.NASPP.NSXADD (mlt.'?\,{e_anJ;o
Rz o {m]sc FPRR FPRR = PHS,86,RT2 producl = 0; shore
s/PHq, ete.~(see |FPRR funclions af end oF PHS ) zero resulb)
NRTZ = suclain PHE S/PHS = PH5.06.N(S/PRG).NRTZ
(Nsw2, AsN) = (mu’tfph'canz) is "simp\c-norma.\izc:) “_ 2nd clock or latler )
$/8XD = ND4L.SXAVD «—
/e {s/sxm 2 dRCSxAU 1 pnsoc asnnewa
s/A D s/sva - s/sWaf) e 1 '
s /PHG s/PHG =
Pys | (erfered from PHS or cone‘[’tionq\‘y Trom PH4)
/:/;" ON THE FIRST cLocK :
|al—s f en‘try Frem PH4 } | Wit
. muilip jerl = 5
PHG Dl =S } Lo . pug (preset logic)
A -»D DXA = PHG,sWa (return “5'\m?\&-nor md{;gi‘"Mu\ﬁrﬁicomJ +>D)
(NASH + NDSN) =5 N(S/PH7) > N(s/PH7) = N(PH(.04. ASN.DsN) (mulitipiier no‘t“simr\e—norm‘o\."
s/A =S (for clocks after first) | 8/sxA = NFPRR.AxSL4/l «——— = Pule.o¢ N (s/PHT)
SXIe =+ A AxsL4 = AxsL4/i
Eel -+ E EDC7 = N(PHS.DIV). Axsia/) «
E-l »F 1 FDc7 = PHG.MUL.N(S/PHT)
(fo delete 2 2|-bit Terabions per hex of normalizabion rc%u]reé_)
Sheet __ 3  of _ © [MNEMONIC: FP: MuL
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
HE s/rTz f s=0 (enfisk clock) | s/RT=2 = Pue.SzU.SELNASPP NSxADD ] (mulZiplier =0 v,
o RTE = {ra\u FPRR FPRR = PHG.RT=Z NPHS I product = o stare
s/PHY efe - (sed FPRR funciions 4l end oF D) zero resuit)
:‘;\i NRT2 = sustain P S/Phl = PUL.OG.N (S/PHT).NRTZ
(AsN.DSN) = (mu,tllfll'cahf; e " simple norma_“zm}“ m‘rrl ‘Terations court] has been ac‘justu)
- For un-nermalizled mu\tfyp\fsr)
S A (insiq needed For D1v) AxXs = PHL, B, ASN. DSN
S/PHT S/PHT = PHL.GG.ASN.DSN
j+ w2 ' +x— or —x+ s/swa = (S/PH7).NPHT. MyL.EPR (moltiplier carry £F)
##5 | (ITERATIONS PHASE ) (cnt:ch fdom PHE or PHG ) Pr7 duralion :
P:;; z _ sherl ¢ 14 clocks x
SUMMARY oF REGISTER coNTROL ! 2z fong : 30 clocks %
PH7 A Yo Yo :{’ 9 f X subtract 2
5“"4—‘ -9 ! T i a locks for each
T £ i:ix it ea ] 30 s
l .a g__:é ~g ; Q .(\u < < < ; 2 "\t! al IE'V ,
2 £ IaXx oo» Ta Frenarma\:za‘hon
60 o0—o—0o . .
00§ — 1 — )
1. 0 — 1 — | »
ol t—2_2
10 0—2—2
1 01 —3—-1 —+4
'l 0 — 3 —-t—+4 . -
bl — 4 — 0 —+4
CONTROL SIGNALS: (high on tinal 2 clocks)
MIT  (high excepl Final cloek) MIT = PH7.MUL. N(Fo,swo)
M1 (mult}Fh'er: M1 = B49q.(NFI.NFPR) + NB4Q.(NFLFPIR) + (MwN. F1)
Ma B i +x+ erox- M2 = B48,( " )+ NB48.( v Yy + (o)
swa] B+ f ex- o -x#)| s/swa = MIT.muL, M1 N (8/5xAPD/A) | (hi on Fiest clock T FRR)
sWi  (on when D contains multip licand. x 2) S/S\N[ = MIT.NMIT. (|mz® swa))
) (hiah on even numbered clo cks) s/swo = NSWO.BXBLR « = M1T| , R/sW0 = BX
REGISTER CoNTRoL :
Dx2 —>D (nultiplicand x2 »2) | DXDLI = MIT N(IT (M2®sWa)), Nsw
Dx /2 +D ( 0 Xt =) | DXDRI = (MIT.(M2@®swa)).swi
S/A+D~>5 ) (S=0 en firsk §/SXAPD = S/SXAPD/I = MIT. N(s/sxam /1) N(S/5%A)
s/A-D —'sS elock | hence S/SKAMD = s/sxamd/l = (M1T (M2 @ swl2)). My
s/A + S A clears) S$/8%A = MIT,(N#1 NM2.nswWwa + Mi. Mz swa)
"545" e pa7 S/A4T = S/R47/2 = (G4 + PR4G.NK [40) BXBLE ~ = MIT
54629 - A483] AXSRZ = MIT
$303) +* B3130 S/B3) = $30. BXBLE | $/B30 = S31.B|XBL2 | (B reqisher s
B3|4( ————— B2948 BxBL2 = MIT (sueplies mulliplier bifts) } playe backwards)
CONTROL FUNCTIONS - GENERAL:
F-| - F on even numbered clocks Fbe7 = MIT. swo
sushain PH7 unlll Final clock §JPHT = MIT
Sheet __ 4 of __© [MNEMONIC: FP: MuLl B




PHASIZ FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS
Pu5 | N THE FINAL cLOCK : (F=-1).(swo =1))
ey S —» A (sian Teration) AXS = PRT.N(S/PHT) MuL
s/A—s S/sxa = PRT.N(S/PHT)
PH7 s/PH® S/PH8 = PHT7.N(s/PHT)
Ccht)c&.
##6 | (ADTUST |PRobLCT| PHASE) ( Vase & |prodoct| ¢ 1)
pia| NasnN =  (/ese <A< ) AXSL4/| = PHB,NDIV.NASN
A— S (presék in PH7T)
SXle -+ A AxsLE = AxsSL4/)
B3I28 -+ A2E3] S/AZ8 = B3I ARBBIXB + PHE.MUL.NASIN. (similarly, AZ9 A30A31)
E-lmE EDcT = AXSL4/).N(PHRE5.DIV)
ASN.A4T7 = (A=) AXSR4/) = PHB.NDIV. A47
A—S (prescC in PHT) _ .
S % Ve > A AXSR4 = AXSR4/| (note:saq is inh bited by Pre to Fr:vent
E+l»E EUC7 = AASR4/|,NPHS selling AS0)
ASN.NAa7 = (e éhct)
(hc:m('nﬂ is c}":a-ngec‘)
FPRR => (flontu'ns fo§nt Refeult \_’feculy)
(Prod, #0) FPRR = PHB.NDIV.(AsN + NAS2552) | (all cases n PHB)
raise FPRR 4 (ler =0 ) + PHS, &G.RTz (2nd cJock oF PHS)
(\lcanA =0 ) + PHG.RTZ.NPHS (ané clack oF PHG)
§Zop CLock —> box if 2/& servicel calf fas CPU: FPCLEN/! = MFFRR + \NZISeN. nZ6IN
s/Pug S/PHYT = PHC.NER « = NBRPNE = \N(FAFL. Fré . NFPRE)
S/MRG  (For next tnstroelion)|  S/MRGSI = FAFL.PHL. WBRFKG .V |Tosn
/A —=s T 4xd or —x- ..8/sxA = FPRR.NFPR - }( F.u't. resull in.
s/-A=s T +x= or —x+ s/sxMA = FPRR.FPR proper Fa\.;}if)
s/PHq s/PHq = FPRR
PHT CoNTRoOL SIGNALS UseED IN PHY-1o0 ¢
PHY FPRD  (result double length) FPRD> = Nea (Iomj')
+ MUL.NR3| (even R ae)eXress)
TRAP TRAP = FEOF (exp. overflow)
+ FEUF. N(FEURNF2):FEUF. Fz | (exp. underflow). (Fz -1)
FESF FEGF = NEO.E|.NRTZ (exp. overtlow)
FELF FEUF = EO.NEI.NRTZ N (B65.N0¢, [Fs.nFa); (exp.onderflow)
A eor-A 58 (Freset m PHS ¢ or 8 \:7/ FFRR)
50031 — FP \f nel FPXSL = PHY.NFPDIS.FPRD.NRTZ,.N|(FELF.NFZ)
0’ —> FP T (short and Ris oAJ or resuit:O or Unc)er'HoLO cmt‘ F2=O)
Fr o B BYFP = FAFL.FPHYT
4 (l'esu§t-\_s_w)
S/8—s S/Brs = FRFL.PHT7
S/LR3/ S/LR3/ = FAFL.FPH]
S/RW /F(long or R /s even).not trap| S/RW = S/RW/FP = PHY.FPRD.NTRAP J
s/ccs 1 exponenl wnderfiow \s/ees = s/cct JFP = PHA.FE|UF
s/ccz i exponent vnderflows or | overflew  S/cca = s/cca JFP = PR FE|UF + PHY, FESF
Sheet S  of G [MNEMONIC: FP: MuL
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PHAS% FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PYT7 S/A — S .l{- NFPR S/SXA = PHY.NFFR (susta\h;nj 'Fl’om FQB)
prq| s/-a-s T PR s/sxMA = PHY.FPR
contd] :
NE »»E if FPR. (E0 =€) EXNE = PH9Y, FPR.NTRAP. N(FEUF, NFE) (lnver’t exp. when result neﬁ)
[, %uali‘?\'cr Prchn'ts intcrchomaimj FEUF and FEGF
S48 s/Fue = PH7.NEBR
s/ PHio s/PHio = PHY
A8l BH—- s
resel in FHT, result -l.sw.
PHIO S =R/ I fong and no? trap } Gpreset in 4 ( )
SEO B /- SHO (for TESTS) S/sWo = NSao3/2. (§/Swo/Wa) «— = FAFL. N2 . FHE
Aor-p-—35 (‘:t‘ese‘t n PHG() -~ )’ néte : K71 s ‘Far .:,cl high in shart “-A"
$47 - FPO case to assure proper Trunecalion ¢
( NEl — FP! (+64 bias) KTl = Gooco3 = |PHIO.NFPRD. K31
P (E0287 » FFoz0T FPsXU = PHIQ.NFPRLIS.NRTZ . N(FE JuF. NFZ)
$487| » FPOZ 3 (FPrs = MPEB. KIS -- blocks S (|=8) — #~)
Fr »r B BXFP = FARFL FHE
(result m.s.w)
§/B8->s S/SXB = FAFL.FHE
s/ AW i ot Lrap case S/RW = S/RW/FP = PHIO.NTRAP
S/ DFQ S/0RQ = BRPKIO = FAFL.FHE
S/PH 10 S/PHIE = BAPKIO = FAFL, FHE
R/F’HlO (na more box a.ctz.an) (no sef term hn)
6 55 o } (presel s» PHS) (_,"esuPC - m.s.W.)
7ESTS (cc3, cct contro/) TESTS = FAFL.ENDE
(hote: Swo =/ cavies S>0 |imdhcalion For Jdovd/e /en37f‘; zers test J His s .»:eea/aa/for
(ADDfsvB).(FN=y) case only, whele resu/t is *, exXp.= -l# and 5/5}/;}7 seance 1t fis.w. anéy)
Stop soslaimmy TEL S/78L = FAFL. NICACT. NPH 10
¥
TRAP 15 x'#4° if Rw /s off S/TRAP = (FAFL . ENDE. NRW,) (NRW means TRAP
s/7rR29 = ( " ) 7he box was b/ fast /)
ENDE ENDE = PHIO, EXC
Sheet __& of _ 6 [MNEMONIC: FP: MuL
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AIQ

(?renera\ Se%uence o‘F even'ts:

D P numeralor (R) in A
a) Pl dencmin alor (Ew) m D
3) Pt (numerator exronev?t> - (Acncm;nc‘tﬂr‘ ex‘:onen't) n €
4—) Ncrma.\\.tc (D) \F m-,c_csso.ry 5 TRAP ar\A sel cez '.Fso
5> n (A) “ " 3 e,or-\/ exft .fF =0 ;
¢) Pl \horma\&ecs nomeralar| n A
7) Hexac\ec;mo.ﬂ)/ rn'j\'\t shft A witl) |al< )p) (0-2 clocks)
83 Iterate, reduein S € l uutl'ent) <] in3B :
5. "3 b
Q) Pt \svllat\cn \ in A
!0) Assemble oe\lus’tec\ cx{:onznt (E’) and mantissa (A)
on 8§ In proper Fe\ar;ty
) Stere S T ndl TRAP

ITERATIONS (PHB.3WI) :

{(Win coritoin {east signficant hex &F \numerater| F Sm\ing re%u'\rr_ci. by PHB.sW1)

A ()numerdator| , TRen residue)

; — B (\a‘uot‘\ent\)
] | g | [ [ BREEE 1 | g | | —
;(:_.. 49 -~ ::QCAAQY‘ —_— W K3l ~
4 (44 7 3 3\ -
N N N O N N N
M\fm (> sian D (denominator) short long
s/a+d —» s if Keo MmN +  Kaeomwn 3 s/A-dors 0 kac RN+ Kag. mwN
Le.r  (sum+),(D-) or (sum-).(D+); (sum +).(D¥) or (sum-) (D-)
Y K4e means sum is +, Theretore inserD | in quotient .

DIV



Lie

ANIQ

(R) —» FP— S46O7 —+» A4731, EW sign —+» MWN

l

(EW)—> FPo» $4607 = D4G3I | s/FFR T (WN@A4T)
ROGOT —+ AGOT 1T AO

s/A+D — s i MmN

, A8, 1+ 28 F mwn
| 8/A=D as'waN) (k7 will 21)

|

(Ro)) —> FP, FP -+ A003] If long (6's »» ACOB I ghert)
50007 -+ E (e, (Ael)—(Det)»E)

l

(EWv1) — FP, FP — 5003} if lang | 0031 — Dol

DSN = Ss/lAl—S

psN = &/D -~ s, s/SWE. (for A+ D)

N

SWA (Yu"st‘c\ock) D APD DrSXIL A Et| mE
s/p—s, s/RTz § s473i=0

AsN (qﬂ:ﬂ Tiest claek) = RTZz =

A= Sxlbw A Ex\»E, S/A-s RT2 3 s/swWi, FPRR

(ASN.BW2) = 5/IDl >, s/5wW2 (For A+rD)

S -t
,.T--—.

SWI = Sx/» AB, EH»E S/A—s, R/swi

SWI.Fo = S/A“-’D) Sx2#» A, BX2— B K4k 4 B3) F-InF

SWI.FO.F7 = SXE-ﬁA,Bxa.,»B)Kq.L,.,B3|)F_\ﬂ,:-

SWI.FO.F7 & BoSwr A
FPRR 3 s/xA-» S T(FPR) s/cPu-PH7

(F’P’RR)

|

(ASN +DSN)=> SxlC = A, E-l»E, s/a+s |[RTZ =

A-dfswa | s/rTz T(s4731=0).5XADD |RT2 3 FPRR

(ASN.DeN)=> s»A, s/a-d|>s, AmDd f swa

f

A47 =» R/A47, 5/AS\, E+I»E, S/A-|D|=s

A47 = DPP=» 5/A+ s, S5/23+>F  s/swl 'f k4G

—

S003| —» FP T (RT2 + FEoF, F2).FPRD | FP+ cPU- B regq,
svstain PRY's

s/cPu-rW ‘T FPRD,NTRAP | suslain sW)

s/cPU-cca T swi, sfcPi-cc,cca F(E) , Eme T PR

|

547 — FPO, El — FPI, E0R07— FP0207, S487]— FPOT3
(FF's encbled ‘T (RTza FEUF.F8)) , FP+» CPU-B re,
s/cPU-RW 'f NTRAP

DIV




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Pres|  (will noZ be reached iF NFOFTION |and PREZ was entered )
CLock TIMNG: (TEL unfess Z/o| service call, i which case FPctén/a rlejects TSL clocks G Aox)
s/ 78L s/78L = FPREJI2 (1nitia) torn-on (redon.))
+ FAEL. NIBACT. NPHIO (hold vnti! T2ACT or FPH10)
+ FAFL. (S/PHL)IS) (retvrn From I/9)
PR+ A (s/AxRR = FRE/12) (nemer, - m,s.0)
MB » & +» D (Frem even /aca'rfalﬂ) DXC = PRECPER.FPRES (lenom. — m.s. &)
s (address forced elven by $3/INH 1 earlier phase (see "AlrcrsrazioN )
Jr P31 Y long (f-cguest PUC3/ = (FAFL.NOE FRE3.MANLZ) (P2l =0)
s/MRG lsw. of denom ) S/mRQ/1 = ( " ) (nhibited /¥ nFerPTIon)
S/NA = s S/SXNA = FAFL.PRE/3%
s/FH/ I FOPTION S/PHI = PRE/34.WER
(TRAP if NEBPTICN)
FPcoN - box FPCON = FAFL,PRES il the box
s/PHI  (in bex) S/PHI = FPcaN.NPHI
T—(frevcnts s/PHI| on nexL clock)
PH7 NA —> S (preset /o PRE3)
PHI NS = FP Fr = IS, . FPXS «— = NPHE NDIS (R) — FP
FPo—— 547 (msse) L _or . NEPDIS | (n 19 w)
EPOB3| - S487] XFP/U = SX4GO7XFP = PHl, Is vmer. manfissa -m,5.v,
FP0007 —» s0007 SXFP/4 = Sx4607 xFP = PHI.NFPDIS | (numer, exronent)
0’s — 5 s083) (no enable hi)
S > A AXS = PHI
0’s =» B (for PHB) BX = PHI! (Wuot{en't\ req.)
0’s » E  (for PHI) EX = PHI (exponent req.)
0's » F  (For PuT) TEx = PHI Citerations &)
20 — FPCEN FPceW = FAFL., PH/. DO
FPCON -+ MWN S/MWN = FFCON,PH!} R/MWN = PHI (store denom. s"\sn)
3 . 5 - .
S/LR3/ } # fong S/LR31/) = (FAFL.NO2.FPH/) (For momer. Js.w)
S/ AxRR s/AaxRR = ( “ )
S/ND s S/ SXND = FAFL.PH/
s/PH2 S/PHE = PHI. NBR
s/PHa s/PHa = PHI
PHE ND =S ¢ /oreset m PHI)
PHa NS — FP FFy = 7. Sn. FPXS « = MPwe, #0IS | (EW ) —FF
FPO ——» 547 —S4¢ :
FPoB3l —» S 4871 } SxFP/U = (sgq.g,o%(pp - PHLNFPDIS) (Acnom,man‘trssm - m.s,w.>
EP0o0? —» 50007 SXFP/4 :( " ) (denom. ¢Kfon':n't)
0% ——» s083I (no enable W)
S ——+—D Dre = PH=
| = FPR s ore.rcmcl signs # S/FF‘R = PHE. oG, (MWN D A4-'?>; R/FPR = PHI
Sheet __!| _of _ G Fps (36>, FoL (1E) [MNEMONIC: FP: DIV
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PHASE{ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
FPHE PRESET FoR EYPoNENT ARITH : )
PH2 /AL = (Pr2.A0).NAL, (simlarly Az-Ag
ot d NAGOOT »» AGODT T AO 2] AX/L = AxL'= (PH2,AC) {un-tovert numer, ex?onenJL)
| +> A8 S/Ag = PHa.NMUL (KT corilrol)
. . = PHZ. MWN
I=» o8 } F denom. 's neq, =/v8 ('Fﬂ" (AeT) + (Ded) +1 — s)
§/A+D — s S/SXAPD = S/SXAPD/| = PH2. MWN. NMUL.
s/a-D —=s i denom. is pos, S/SXAMD = K (S/SXAPD). S/sxAMD/2 « = PuE_ | (for (Aet) +N(Det) +1 — §)
KR! - A } i Jom f/’resef m PH) T—J
S/PRQ (For £w./) 7 SDRRS) = FAFRL.NO2.PHE K7=G68 =1
S /WA~ S S/SXNA = FAFL,FHE
(nomer: - Ls.w.)
s/PH3 S/FH3 = PH2.NBR
s/PH3 S/PH3 = PHa
VA (Aet) - (De?) — s (Frcsé\: n PHR) } (vrbiased erenent
PH3 § S E S/E, = 5,.Pd3 difference +» £)
humer, Aenom
NA —» S (presel in Fy2) R 1) — FPF /anj)
NS —s FP i = 1.5, FPrS « = NPH8 . MDIS j(R)—rF/’ 7 shart -insig.)
FEa» A0O3) T long AXEP = PH3.Né2 (romer. - Ls.w.)
Os #» A0031 T shert AX/L = AXL = PH3 T
MBS »> C +0D if long 2XC : FAFL.NS2.FH3 (denom - fis.w.)
S/MD— s S/SXND = FAFL.PH3Z
S/PH ¥ S/PHE = PH3.NER
s/ P4 S/PH& = PR3
At NS (/p,—ese‘t w PH3) (W' 1) = FP if fong,
PH4 VS — FP FP, =T.Sn, FPXS « = NMPHE.NDIS || (Ew)-FP ;fséarz*-/‘ns@,)
FP —» 50031 i long SXFP/4 = SXFP/A = S003IXFP = Pu4 [N&2.NFPDIS
0% — Soa3i T short (no enable H))
S -~ Doo3| IX/L =DXS/L = PH4 (Aencm. - l.s.w.)
Clear Condition Codes Rlcc = (FAFL.PHE)
S/B-s S/SXB = (FAFL.PHE)
s/PHS S/P//s" = PHE NBR
f/, see separale chart :
YFAFL FPHE-L”
(Pw# PH4 cortinved on neit yoa.eic)
Sheet 2 of _6& [ MNEMONIC: FP: DIV ]
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHE

EXISTING conNdITI6oNS

PH4 A confans (R), (Rv1)/0%s (wanfissa of nurmerator)

B v o’s
D " (Ew)> (De)in D0007 {(Ewv1)/0's is bein clacked in doost| This ?ho.sc)
E W (Aet)— (Det) (tentative %uétf:n’t exf-oncn't)
F " 0’s

DSN =% (a\enom\nior s “s{m‘:\a norma.\iie:) ”>

§/5xA = NA47. SXAVA « .
AN

Ealnd S/SxMA = A47, sxAVA.J_ PHe. 00 DsN N (5/P17)
s/PHG S/PHG = PR4.06.DSN.N(5/PR7)

NDSN =
s/Dos S/sxd = PH4. (. NDsN
s/swa  (for A+D n PHS) s/swa = s/swz/) = PH4.0L.NDSN
s/PHS S/PHS = PH4. 646.NDSN

745 | (ertered en\y F denominaler ve%u'\re s F"Cﬂorma\ﬁ-alb'an)

or
e (sWa + NASN) = N(s/PHG) = N(s/PHL) = N(PHS. 06, ASN.NSW 2)
PHS A=D (first clock only) DXA = PHS.sW2 « (repedler, scU |in PH4)  (save numerdlar)
D—s ( " ) (presel in PHa)
A—s (atter first clock) §/sxA = AXsiLa/l } - PHs. 0w N (s/P [He)
S X\ -+ A AXSLA = ARSL4/|
E+l = E EUC? = PHS DIV.N(S/PHC)

J’s/RTae T s=0 (on first clock) | s/RT2 = Pug, szu.szL.anPP.NsmeD (denem. =0 means

raise FPRR FPRR = PHS.0G.RT2 overflow -- will
RTe = ¢ s/Pnq, ete, - (sce| FPRR functions ot end oF Pua) cavse trap)
s/swW| s/sWw} = PHS.DLV RT2
. NRTz = susTain PHS S/PHS = PHS.®C.N(S/PHC).NRT=
(NSW2.ASN) = (c)e-namincd'nr is‘simftlc normm\i!eé - E“‘l clack or latar)
S/SXD = ND4L.S/SXAVD «——
/1Pl —s {s,/stD = D4L, S/SXAVD «—

— = (PH|S. 6. AsN . Nswz2)

"

s/A +3 s/swa

s/swa/\ ‘——_—T
s/PHC S/PHG =

##5 | (erfered frem PHa or PHS)

o
ON THE FIRST <L :
PHE ock

| L
IAl—s T en ry from PH4 . }numemtor‘—-) s
PHG (D] — 3 (presel logic)
1 1l n PHS w o, . n
A —+ D DXA = PHG.SwWa simple normalized " denom, )
(NASN + NDsSN ) = N(s/PH7) = N(8/PH?) = N(PHG. 06, ASN.DSN) (rom eddlor reguires normabizafion)
s/n—=s (For clocks after firsh) S/SXA = NFPRR.AXSL4/| = PHG, oL, N(s/PH7)
S XIL A AXSL4 = AXSLE/) '—:——I—
E-l - E EDc7 = N(PHE.DIV) AXsL4/
Sheet ___3  of _© [ MNEMONIC: FP ¢ DIV ]
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PHAsy FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS s/RTz T s=0 (onfirst clock) | s/RTZ2 = Pue.S2U.S2L.NASPRNSxADD || (numerdler =0 with
°r raice FPRR FPRR = PH&.RTzZ, NPHS denammndter #0
FHE RTZ > .
s/PHY ,elc. - (see |FPRR functions o end of PH8) S quo = o)
PHC WRTz = sustain PHC §/PHe = PHG.o¢. N(5/PHT).NRT=
COI’\t‘A
(HSN.DSM)& (beTh romeralar and| Seneminator are sim?,e. normcd'xtej)
S +» A AXS = PHG, 0. ASN.DSN |rumeralor| —+ A
S/SXAPD/] = MWN. DIV, ($/PHT)
S = :
/A-I>] = {s/sxnmbﬂ = NMwH, DIV, (s/PH?)V—f‘ PRGJoL.ASN. DEN
s/Pu7 s/PH7 =
PHE (Sco.mj phase)
PR7| (A47 = 1) = {can occur on\)/ ' or'\a}nau\ numeralsr was = -| ar - ylé) (rumer. = + l)
oA \ AX = (P47.DIV. A47)
A X
| = AS } /e A s/as) = ( . )
E+!+E Eve? = ( " b
o s/Ph =
sustain PH7 /N7 - Pu7)D1v. A47
S/A-Ip) = s S/SXAPD/) =MWN, DIV. (s/PHT)
$/5xAMD/| < RMWN. DIV, (S/PHT)
(h47 = 0) = DPP DPP = PH7.DIV.NA4T (romer < +1)
23 = F f sherL (coolont) (s/F3 = S/FS = s/F6 = 5/FT7 = DFP)
§5 -~ FEf l°n3 (cotioiil) ( w )) s/|:a = DPP.N&2
s/A— s S/SXA = PHT.N(S/PH7)
s/SWl x'F Inumeri > ]Jcnom‘ s/swl = DPP, K46 . DIV (K4 means + sum)
s/ PHB s/PH8 = PHT.N(s/PH7)
(PHs.fsw () (erfered an\\/ ‘T Jrumer} % | dend mS) (Lasts one clock))
PHE '
A—s (presel in PR7)
Sk /i - A AXSR4 = AXSR4/| = PHE.DIV,sW|
S2831 -~ 8485 s/B48 = s/B4g/i = Sas.(PHs.DIV. swh) similarly 849 B0, BS)
E+) = E EUC? = AxsR4/|.NPHS
R/sw! R/sw| = NPHY
s/A—s s/sxA = PH8, DIV.SWI
suslain PHS (wilh sw| =0) S/PHE = PHE.NFPRR
(PHBl.nsw): (Lteralions phase) (26 clfecks i shorl; 58 clocks long )
Ps
CONTRoL SIGNALS:
DIT (oll bt final 2 clocks) DIT = (PH®.DIV.NSWI), NFo (F>-1)
DIT/t (all bl final clock ) DIT/H = ( " ). NFPRR (F>-2)
FPRR  (final clock) FPRR = PH8.DLV, FO.NFT (F=-2)
CONTROL FuNCcTioNs:
F-1+» F (couil iCeralions) FDC? = DIT/M
suslain PHB S/PH8 = PHB.NFPRR
Sheet _ % of _© [MNEMONIC: FP: DIV
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
(Pre.Nsw)) { on Tirst clock reduces To MWN since | kK4t = sxatb =0
e after " " n (MwN = K‘l-a} since. SXADD = 1}
cont’d] REGISTER coNTRoL, ele.: 5 .
s/A+D = s T (keL@®sxavd@me)] s/sxAPD reduces i DIT. (k4@ sxADD@MWN)  (Spec. mech.)
s/A-D — s T N( " Y| s/ sxAMDd = N(S/SXAPD).S/5xAMD )z « = D|LT
54831 -+ A4730 AxsLy = DIT/M
B48 - A3| /A3l = AXSLI-7.B48 (for PHB.SW| case)
B493l » B4§30 BXBLl = DITA
K4t + 831 long s/B3] = BXBLI-L.K4C.SWO } lqustient| bit =1
ket BT T short §/B71 = BXBL|-U K46, NSWO
ON THE gt clocK: (DIT.NSXADD) (F=58% ha \ons , 23 Foshort -:- e, niltial sc'ﬁ'.'.fna)
A —s (presel by previovs clock)
K46 =0 | SxADD =0 (anfhmetie uhil nst o.ACs;ni’— Le: A= sl was F’“f.‘t> o
hence The oPercj:l'on amourts tle : [AB X2 - AB, cma\_ s/A = b} — S] -he, go Yor %uo.a !
s/swo ‘T long S/SWO = BXBL|-L.NOZ (for Kot +» am/;ssg)
ON THE NExXT TO FINAL CLOCK:® (F=-0)
(Aor'ft s/ALD = s) (see REGISTER coNTROL - DIT is lew |becance Fo = 1)
FPRR > (Floiling Poiwt Besolt Rady) g (F=-2)
(Ve s\c{uc)m) FPRR = PHB.DIN. FOo.NF7? (FINAL clock PHB.NSWI)
ralse FPRR (denom =0) + PHE .06 .RT2 (2nd cJock of PHE)
Jt(éem.m-a #0). (numejr=0) + PHG.RT2.NPHE (2rnd clock oF PHG)
§Zop CLOCK —> box (F I/0 service| call has CPU: FPCLEN/I = NFPRR + \NISEN. NIGIN
S/PHT S/PHT = PHE. NBR e = NEBEPHC = NCVFAFL, Pre. NEFPRR )
S/MRQ (For next inslruction ) S/MRRS! = FAFL. PHG. NBRFHC . Pag V%
B—os (0 —s47) SXB = FPRR.DIV.NSDIs (820 T Neus)
S - A AXS = FPRR.DILV (Iguel »> A)
s/A—s i +/+ o0 /o S/sxA = FPRR.NFPR } (put resolt n
N s'/’/.A—ss ) "‘F”“{-/—'""BF"/? '""'"""E'.’/stA” = FPRR.FPR N ""'F'l*bé'e'?"f'ét&ﬁfl'tf)“ B |
s/PHY S/PHT = FPRR
PHT CoNTRoL SIGNALS UsSED IN PHY-10:
PR] FPRD FPRD = Noa (resu)’t c)eu‘b\: \cns-n’n)
TRAP TRAP = SW] (diide by zera)
+ FEGF (exp. overflow)
+ FEURN(FEUENF2) =FEUR.F2 | (exp. underflow).(FZ=1)
FEOF FEGF = NEO.E|.NRT2 (exp. overflow)
FEUF FEULF = EOrNE\-NRTE,N<BG§_MOQ,F5,NFz}; (cxr unc\er‘ﬂou))
Aor-A s (presel n PHS ¢, or 8 by FPRR)
soo3) — FP if net FPxSL = PR, NFPDIS. FPRD.NRTz.N(reJur, NF2)
0's —s FP if a(s}wr‘t or resulb=6 or underflow and F2=0)
FP v 5 BXFP = (FAFL.PHT)
(result-Lsw)
S/8 s s/8xs = ( “ )
s/LR3/ sferss = (- ]
s/rW £ Jong and not trap S/RW = S/RW/FP = PH9.FPRD.NTRAP
\‘ycc/ Jf@x/:am:/zf vnderflow s/ccs = S/CC\/FF = PHY.FEULF
S/ccz 7 ax/opnenZ' Dﬁder—f/ou ar aVe/‘f/aw or 7 q//'V/ble_ A/)/ Zera
S/cez = s/cca/FP = PRY . FEUF + PH[3. FEUF + PHY,sw)
Sheet 5 of - MEMONiCl FP: DIV J
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PHASE/7 FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
P#7| s/A—s .rF NFPR S/SxA = FH9.NFPR (sud_-m.h;nj From Pug)
PHY s/’-A a5 ¥ PR S/SXMA = PHY .FPR
cortd) .
NE »E if FPR. (20 =€) EXNE = PHY., FPR.NTRAP.N(FEUF, NF2) | (inverl exp. when resu)tnej)
N %uo.){ﬂbr prevenls Qntcrcho.ngina FEUF and FEOF
S/FHE §/rne = PR NER
s/ PriD s/PRic = FHY
FHE L — 5
? i PHT resolt -l s
PHIO S = Ru/ if long and not trap } (preset /o 2 (ress )
SED = [/ SWOo  (for 7Es57S) S/swo = NSa03/2. (S/Swo/Wa) «— = FAFL.NO2. FHE
Aor-A->35 (Fi’esét n FHq) b I nele : K7l is ‘E\r C-c‘)- Hgﬁ n s‘ncr’t oA
$47 —» FPO case To assure proper Truncalion ¢
( ) NEl — FP! (+¢4 5?&5) KTl = Gooo3 = [PHIO.NFPRD, K31
e .
*Pe) e0za7 - Frozon FPXSU = PHIo.NFPDIS.NRT2 . N(FE JuF. nEZ)
$487| —» FPOR 3! (Frrs = NFY8.NDTs -- Blocks § (|=5) = ~~)
FP »» B BXFP = FAFL.FHSE
(result m.s.w)
s/B->s S/sxB = FAFL.FHE
s/ i ot Lrap case s/Rw = S/RW/FP = PHI0.NTRAP
S /DR@ S/ORQ = BRPHIO = FAFL.FHE
S/ P 10 S/PHI0 = BAFRKIO = FAFL, PHE
R/PHI0  (no more bex aclion) (no set ferm hi)
| B—s .
o s o } (Presel 7> PHE) {resolt - moswl)
T7ES7S (€€3, cc# eonlro/) TESTS = FAFL.EADE
(hote: Swo =) cavies S50 |imcheation For Jovd/e /e.nj'g zers Zest N Fhis s nee/cd/fa,
(R22/50B).(FN=)) case only, whele resuft is +, exp. = -L# and signifreance i hs.w. only)
Stop sas‘Zzu'n/},f 7EL S/78L = FAFL. NIOACT. NFPH 10
TRAP T x'42’ iF Rw s off S/TRAP =(FAFL . ENDE. NRW) (WRYW means TRAP &
) s/7R29 = ( ” ) The box was b last cf.)
ENDE EMDE = FPHIO EXC
Sheet 6 o 6 | MNEMONIC: FP: DIV
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cPu BOX

FrcoM

PRED | MB# C »D S/PHI n box — (S/FHD
RR =+ A
S/SXNA |
leng » §/P3), s/MRa
T NA — © (R) FPcoN PHL store signs oF o?emnés
NS —» FP FP bus (R) «» ras.’s
_—
S/SXND | DO —FPcen
lara % S/LR3I, S/AXRR
PHE | ND — S (Ew) Prz [ (ew) - req.’s
NS ey FFP FP bus st vP ex‘bonen‘t o.r.‘\'!%mrzt;c
e ——
s/SxNA
long = RRvl -f-)ﬁL) s/PR]
PHE | NA— S (Rvi) PH3 | (Rv1)or o’s = reg‘s
NS —— FP (insig. ¥ shorl) FpP bus (Aet) T (Det) m»E  (exp. orith)
—————— >
S/S%ND
long = MBv| »C »D
PH4- ND —» S {(ewet) PH4 | (EWul) or O%s = reaﬁs
NS —FP (\Hs'wf & ghort) FP bus
S/st GO To PHS, &, or 7 a\e,aené'ma
Clenr cc’s on sitvation

! 3

FHb’c,>"I or 8

PHE | B > 5
sS+F, S/BRP

=he (WAIT FoR RESULT)
(1/5 service coll can fake over)

NFPRR

EPRR SR ey
FPRR:}D -— FPRR (+in Joaﬁ - result reajﬁ:
- 3 S/RwW =P [
PH? | ¥P»B s/sxB | (0’s —9) ‘ PHY | LsW of result — FP bus
> y FP bus

s/cel,cca f(box) €—— s/ccl, ccz2 n CPU as re%u!'re

s/RW F (box) s/cc1/FP s/RW n cPy i NTRAF. FPRD
s/cca/FP

Prie B —S {Lew) PHIO| Msw of result — FP bous

S > RWyv| T RW S/Rw/FP
- FP bus .
s/svo T &40 — s/RW in cPb f NTRAP
TR )
s/RW ¥ (box) I
T i sther sfgna\s $romn CPU —» Box ¢
PHio [ ] L/ ————————— > CPU ———5  ROX
S ®RUT RW (nsv) ! Fs Fs
TRAP & R '44'if NRW ! NFz NFzZ
TESTS (\'nc\uées swWo) ! ENFE ENF
k NR3| ~FP NR 31
| N2 - FP Noa
: N®G - FP N& G
: No7 - FP IN-ard
J: FEDIS FPDIS

(coble Trom 32L of cPU —» 32B o box) --—--

Py «> Box "Big PFIcTURE
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NOTE : Since PHS and PHG in The CPU can oceur c\ur’ma a variely of box Fhucs)‘m& adivit
s shown on This separdte charl, TThe lash phase. where The cPU Feeds Tre box is PH4
The bex 5lafls 'Fec){hi e <cPU in° PHT (box PHR).

-;Dur"mg PHG an I/6 service call can aqrab The cry, bol e bex will cortinve To compule

Ts res\.\\ts7 subjedt T3 <Py conlre) &f cLock *o e box. Examr)&:

[ ceock A N S S I I T T T T T T |
FRELEN/2 I L —
FPCLEAS! —
PHE M
CPY S g | !
PHT 1
Zoacy -
WOZLA2LD, ‘ 1
f cLocKk I I NS N N B [ | L1
box FPRR | |
1 Pr9 [
PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
PHS (can concur with box PHE, &, or 7, but pever wit FPRR) (Jasts one clock)
£2-—>s (presel s PHE By FAFL.FHE) /
s>~ PHS = FAFL. Pas (pregram addr o )
S/BRP S/BRP = FAFL. FHS (scf/ofo? aa/ﬂ’(f,/:a;nlfer)

(e above releases The _E/—cj/s'zef For use /Jaler as receiver of resulffs Fom The Lox)

s/Pyc s/,-wg = PHS. NER

FHC (Can concur wilh Box PHS &, '7) orl8)

"WAIT FrASE”: terrmnated &y | FPRR (7rom fox) (FP Result Ready)
or inZerropted Sy IOACT = TOEN +I6TH (1/6 service calf)
NIGACT . NFPRR =
susZain PHL S/PHG = NICEN.NCLEAR.BRPHG « = | FAFL . PHE NFPRR
enable I/6 enlry I0ENG = FAFL.PHL . NFPRR NIIOEXIT\NFSHE ¥. ZOEN G/
Io/CT 3
s/78L conlro/ S/78L = FAFL. NIGACT. NPHIO (Vow doring IT6ACT)
# FAFL, (s)PHC/T0) (Finel chock of TEACT)
# Zerms not associaled wilh \FAFL
Block CLOCK —hox /T 7T5L FPCLEN/2 = NTSEN (fow if 75EN)
or FFERR FPCLEN/! = NFPRR + NICEN.NIoIM) (low f FPRR.IEACT)
§/PuG on Final clock BRPHG = I6PHI SW/3. (S/PHL/I0)

NIOARCT . FPRR =
s/mrp  (for nest mstrochon) /MR

"

FAFL.PHG, NBRFHL NIC\EN

s/FPHT S/PHT = PHONBR— = NBRFH,
Sheet __ | _of ! [MNEMONIC: FAFL PHS-G
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I 1
Dis P FPDIS
i —'{> R
1 (i cPu) | 32847 NFPDIS
b 2, KFPXMLSC
S o2
Mmisc 52/1/&_‘03
R ; o7 NKSXA (sd1s,NKSxA)
il
i T“D $————————— NSDIS
sS4 2
o —.——i!>—* NSDIS-I
= ilz > SDIs f
B ; 21
s% . N(SDIS .NKSXA,NKSXD)
Ksxs
I = NKSXD
v 34
s2_« 35
¥ * KFPxsL
v a
L 8|
/@*7 KEPXSU
= NEPAMISC ._0>J
t
loc OGA
~
c cPU
9 N
down / vp ﬂjj_}j_}j.’j
! } s 0 0o < amW Ay .
MISC/S sgloly t]1 1 ‘. Pl REG}\STER SELECT rétar S\A\Tc\'\ must
EXT . box
— /A sS4 % Lo be on EXT 1o AlSF\ﬂ.f e Po
— /B8 s3lx b .
— ;'D szl x - REGISTER DISPLAY tas\e swileh  musC
be oN to obtain A{s‘:\ays selec
st /su S| % | t 1 | . . .
by The swilches in module ©CA InThe box,
\_._v.__/

T_O\s wil} be Alé!n\a.\/e:\
when mpil fo s 15 FP

(oFF ?oéftxbn il g\.s(:\a/ nermal FP bus infs.)

+

I3

0 @

C =

£ £

b o~

Vo
- I~ \ o e = A —
z Z M - o ] o E
~ [ - = ~ 2 o T 2
8 E gzpt 3:9: c25%8% f: i
o &

: A N

tﬁm » g ~
0w Z w ut v l‘;
— — - —
o -wm] [vuove] [oce=[|egestu] [scee| [ganr| foy&| (8838 5]
DISPLAY



FFDIS = DIS from CPU. Hiqgh T DISPLAY SwiTcH is on when SINGLE ciocwin=
/ c}.oubn = Misc — FP
Sws ('w’:’) 7 dewn = So03| — FPoo3I
vp —> SW| (batLem)
~ vp = $47-> FPo, NE| — FP| | E0207 - FPoEo?) S4871 - FPoE3)

(nste: FP—s %\m“f\\cj Ey NFPDIs T Frevent \a,t:\y resu‘tnl'mj From KFP X S —} )

s11s = FPDIS.(KSxA +KSxB + KSXB) (8% or 23 oc 52 Wp)
Cauvses Ffmqul T nermal logie Trom & and subsCitues :
pos § erwp, Bos f ssup 1> f sz op
(> merge takes f‘iace. T more THan ane swileh is u[:)

[‘ Ae{{n¢5 Box — CPU cases

A
NFPX = N(FFDIS + PHY +FH\Q> (raises “Eox” end oF £P bus 2 enable Ut corlral T in cnr‘i?/ r\mw;)
FPxMisc = FPDIS, KFPxmIsc
FPxsL = FPDIs.KFPXsSL + NFPDIS. PHY. NRT2 N(FeuF.NF2), FPRD
EPXSU = FBDIS.KFPXSU + NFPDIS.PHIC. NRTZ,N(FELENFZ)

S47 — S4¢, FPO —» §47 FPOB3| — 8487!: SXFP/U= NFPDIS, (PHl + Pr2 )

SxFP FP0007 —» 0007 : SXFP/4 = NFPDIS. (PH! +PH2 + PH4.NB2)
FPO83) —» 5083\ : SXFFP/A = NFPDIS. PH4 Ne2

sxB = SDIS. KsxB + NSDIS.FPRR, DIV

PRXAD/ = SBIS, (KsxA +KsSxd) + NSDIS PRxAD

PRXAND/ = SDIS. KSxA + NSDIS. PRXAND

PRXMAD/ = SDIS.KSxD + N&DIS, PRXNAD

PRXNAND/ Gx/’s and K3| are all gualifizd by wsdis
> ) E) i

220n. 5600 = |E8.n

e 1§

i
|
|
1
]
EPXS '
> —
1 32L13 1 ozeB3
2 | G: NFPX
1
KpI |
I
| <E FPXMISC
i —SWwWi
NKDI :
: @ FPXSU
1 ss2
i
BXFP : —— FPXSL
s/Bi2 cPy 1 BOX si2
- —
I
1
sig
SXFP/A ——
sga2
SXFP/U .
b Ax FP
= b , i
FP bus ( it 12 shown as samp e.) l o/ar2
BXFP/U
s/BLT

BUS sYsSTEM
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_24/18 D‘S A
37
DXDRI % 2
Dn-1 %35/3q ] GXAD/ x — A.D
3
DXDL] * * 25 -
Dn+| *30/36 u GXAND/  x -ﬂ) A.D
~ 4/6
5/18
/ PRXAD/ 52T > A.D
(see noles L_ PRXAND/ x;° - AD
2 and 3 'pe\ow> )
f 14 PRXNAD/ 27 ) AD
EES) _> - -
pxa M PRANAND/ 2% > A.D
A "z __> ]I /2 s PR
DXS x>
—)
|
s P 2g/a3 oD
4 M
CLOCK
¥ C
e b 5 R
’ ) | —‘g@”
Dx * \r7/19
L
38/
bit loc. oft 8D
N ) 2/3 9D
4/5 nD
46/47 1B /7 13D <
48/49 \oB 8/4 14D . -
50/81 9B 1o/ 1SD (irregular)
52/83 18 i2As 17D 4s ]
54/s5 B 14/\5 18D {S”‘:i ¥ )
s5¢/s7  SB /17 21D 47/33
58/59 48 18/19 22b SXB 2
te/el 2B 2ofz) 24D B F5/42
t2/63  IB 2z/23 25D
64/6S (D 24/es  2ed
e/67 2D ac/27 27D ) arounA:A geles and snosed pins néL shown.
g/ 6 6D 28/ 2 30D . . .o .
30//,7? 7D 30//;: 21D 2) Pin 14 : PHE on bil 8 (and 9- \hStﬁ.}) anc\j on alners,

3) pin 10: MwN en biL 8 (open or C_, on Sthers -'ms\s.)
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MUN &7

NMUL NSl —
PHE AsPP
NMwN N&T7
MUL SW| ——

MwN
lN +0
NS ] (s/ewe)
(8/SxAMAYD) { .
NMwN

NMWH s/sxArd /2
NEXADD (s/sxar/ ) K#e

DIT A I M(S/9XAPD)

MmwN
SXADD N i

(PHG . NEe)
PR4G KA e

N(s/sxAPD/1)

NDIT
N{PRG.NOG)

NPH 2

NDIT (/sxAmd/2)
N(PHE NOL) A
NASPP -

N(S/SX AMD/1)

(PHB.DIN. SWIY - (lem‘:ﬁ) N(g/sxa)
PH? Nswa —— e
4 N (S/5xA +$/$RD) —
NAT N(sjPu7) NAXsL4/) ,':D >— N (s ))
PHS (MIT M1) - 2 c%u;‘ To.
NFPR NoL  — ma ax
NFPRR . (FPRR+PHq NASPP—] SWE P AXSLA/)
NPHY ._DE(%———- -l-« NFPR/R :bs’ N(S/sxA + 8/SxMD)
{ FER
N(S/5xMA)
M-,J - N J?v\>< N(s/SxMA + s/sxb) -
(PH4, &4 NDSH) N (/%)
(Pns'\uc.lﬁsn.Nswe,) o ND4e _ o
- (s/s%AVD) IM—
- I>~" ) N (s/sxMD) ;::b— N (5/8XMA + S/sxMmp) o]

ALM
PH4

bac

T

6‘34

%ﬁ_ might be

JOHLINGD ¥3QqV

(see eq\)ua‘tfons {or mec}mn]znjfion Act&x\s)

1

N
Nedis PRxAD/
sDis XAD

PRXAD N

NKSXD
| N

NSDIS !
PRXAND smsﬁ_‘ PRXAND/
| NRUSXA

NSDiS
PRXNAD 8Dhis PPXNAD/
b NKSRD =

NEDIS
PRXMAND |i > PRAKNAND/

NSDIS tD>—-- K3|

NSXADD

GXAD

NSDIS ::b—‘ GrAD/
GXAND

T e P e

(Y‘eFec\ters) \’-‘la}lel ursiA& - c‘own)



