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SIGMA 7 INSTRUCTION PHASE SEQUENCE CHARTS

Instruction-Name

Load Immediate

Load Byte

Load Halfword

Load Word

Load Doubleword

Load Complement Halfword
Load Absolute Halfword
Load Complement Word

Load Absolute Word

Load Complement Doubleword
Load Absolute Doubleword
Load Selective

Load Multiple

Load Conditions & Floating
Control Immediate

Load, Conditions & Floating
Control

Exchange Word

Store Byte

Store Halfword

Store Word

Store Doubleword

Store Selective

Store Multiple

Store Conditions & Floating
Control

Analyze
Interpret

Add Tmmediate

Add Halfword

Add Word

Add Doubleword
Subtract Halfword
Subtract Word
Subtract Doubleword
Multiply Immediate
Multiply Halfword
Multiply Word
Divide Halfword
Divide Word

Add Word to Memory
Modify & Test Byte
Modify & Test Halfword
Modify & Test Word

Compare Immediate
Compare Byte
Compare Halfword
Compare Word
Compare Doubleword
Compare Selective

Compare with Limits in Register
Compare with Limits in Memory

OR Word
Exclusive OR Word
AND Word

Shift
Shift Floating

Convert by Addition

Mnemonic Code
LOAD/STORE

LI 22
LB 72
LH 52
LW 32
D 12
LCH 5A
LAH 5B
Lcw 34
LAW 3B
LCD 1A
LAD 1B
LS LA
M 24
LCFI 02
LCF 70
W 46
STB 75
STH 55
STW 35
STD 15
STS 47
ST™M 2B
STCF 74
ANALYZE/INTERPRET
ANLZ 44
INT 6B
FIXED-POINT ARITHMETIC
AT 20
AH 50
AW 30
AD 10
SH 58
SW 38
Sb 18
MI 23
MH 57
M 37
DH 56
W 36
AWM 66
MTB 73
MTH 53
MIW 33
COMPARTISON

CL 21
CB 71
CH 51
CW 31
CD 11
cs 45
CLR 39
CLM 19
LOGICAL

OR 49
EOR 48
AND 4B
SHIFT

S 25
SF 24
CONVERSION
CVA 29
cvs 28

Convert by Subtraction
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10

13
14
14
14
13
15
64
14

70
70

16
16
16
17
16

17
26
28
26
32
30
21
21

21

18
18
18
18
17
19
20
20

21
21
21

34
37

63
63

Mnemonic Code Instruction-Name

FLOATING-POINT ARITHMETIC

FAS 3D Floating Add Short

FAL 1D Floating Add Long

FSS 3C Floating Subtract Short

FSL 1C Floating Subtract Long

FMS 3F Floating Multiply Short

FML 1F Floating Multiply Long

FDS 3E Floating Divide Short

FDL 1E Floating. Divide Long
DECIMAL

DL 7E Decimal Load

DST 7F Decimal Store

DA 79 Decimal Add

DS 78 Decimal Subtract

DM 78 Decimal Multiply

DD 7A Decimal Divide

DC 7D Decimal Compare

DSA 7C Decimal Shift Arithmetic
PACK 76 Pack Decimal Digits

UNPK 77 Unpack Decimal Digits

BYTE STRING

MBS 61 Move Byte String

CBS 60 Compare Byte String

TBS 41 Translate Byte String

TTBS 40 Translate & Test Byte String
EBS 63 Edit Byte String

PUSH DOWN

PSW 09 Push Word

PLW 08 Pull Word

PSM 0B Push Multiple

PLM 0A Pull Multiple

MSP 13 Modify Stack Pointer
EXECUTE/BRANCH

EXU 67 Execute

BCS 69 Branch on Conditions Set
BCR 68 Branch on Conditions Reset
BIR 65 Branch on Incrementing Register
BDR 64 Branch on Decrementing Register
BAL B6A Branch and Link

GaLL

CAL1 04 Call 1

CAL2 05 Call 2

CAL3 06 Call 3

CAL4 07 Call 4

CONTROL

LPSD OE Load Program Status Doubleword
XPSD OF Exchange Program Status Doubleword
LRP 2F Load Register Pointer

MMC 6F Move to Memory Control

WAIT 2E Wait

RD 6C Read Direct

WD 6D Write Direct

INPUT/OUTRUT

SI0 4C Start Input/Output

HIO 4F Halt Imput/Output

TIO 4D Test Input/Output

TDV 4E Test Device

ATO 6E Acknowledge Input/Output Interrupt
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40
40
40
40
45
45
50
50

80
80
80

80
80
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55
55
57
57
60

65
65
65
65
65

82
83
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74
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76
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C.RU. Reg'\s'ters

oPcedes (ov & oL Jewa\;nj) s \?safster end-bits
AA;el‘ & carry sys’fem

PREPARATION PHASES

Pc,P PHASES

LT, Lw, LA, LB, Lew, LeH,  LAW, LAH
LD,  LCF, LeFT

LAD

LS

xW, sTD

STW, STH, 578, STCF
sTs

AT, AW, Al SW, SH
AD,SD, Led, cD

CI, CW, CH, €8
cs

ClM, LR
EGR, R AND, AWM, MTW, MTH, MTB

MOLTIPLY (genera) infs)
MW, ML
MH

DWIDE (3:n=ra.\ '\nﬂ.)
W
DA

SHIFTS (1:!1 :.ra.\ in?o)
S
SF

FLOATING POINT (3enero| infa.)
FAL,FAS FSL, FsS

FML, FRS

FdL, FDS

MBS, cBS
TBs, TTES
EBS

| oA, VS
LM, sTM
PLW, Psw, PLM, PSM MsSP
Mme
INT,  ANLEZ
XPSD  LPSD
LRP) RD, WD
SIo, T1o, TDV, H1a, ATc

INTRAP SEQUENCE

DA, DS, DL, DST, Dc, DM, DSA DD, FACK, UNPK
ExY, BAL

Bcs, BeR, BDR BIR

WALT, CALI cAL2 CAL3, cALA

-g-

Mlsc:
Dobln—o.\'\sn YoWD ! ses plée, PRI
Down-align BYTE : see p 18, FHl

TESTA ! see pié, following PHS
TESTA/) ¢ see p 18, following PH4



SIGMA 7 CPU REGISTERS

PCP LIGHTS |
"PROPAGATE" mﬁvso
1 (DATA) /DIo/
% 4
X16
X2
X1
%16 o i DE'SII_IMAL
RR—,FAST MEMORY IN X2 A " rovwo *—‘ »——— DU/
) X1 FUNCTION A D ¢s LINES
% 2 - = = = sooresspt D10/
/DIO/ h_IRD/(‘gD L')NES > % 4 a+D A b o %4 B BT ||
ATA — ;
DECIMAL 0-3 A+CS A o cs DI-7 S07, E - Mglrig‘gy
/D ot N UL IMB/
u/ V D+cs o b s o7 |
DC PCP KEY§ —J 0-3I
{DATA) A®D A D ¢ N J
A®Cs A 0 cs -4 MFASOTRY
X2 EM
C i D p@Cs o b ¢S SumM Bus ouT RW
Xi= AUD A b o PcP
SLOW MEMORY, LIGHTS
/MB/ IN N DOWN ALIGN*
V ) — AND A D s —>
0-3I 0-31 N . Q PCP KEYS
A Ao is (ADDRESS)” P
C -0 o D Is 15-31 F— D24-3|
SET & .
SIGN AR Ao 15:33
EXTENSIO| LM
C 3 C D UPWARD o b s MAP
ALIGNED .
-4 G "+
O 2f S |
LM
0-3I Ml s R’BDRES7LB /
" LB
"GENERATE" /INT/-NTERRUPT N
L8 FAST
GENERAL REGISTER ADDRESS MEMORY, | p
ADDRESS

INDEX REGISTER ADDRESS

R REGISTER PAGE ADDRESS

)

3-27

*Also Sign Extension




SIGMA 7 OPCODE CHART

oLo
OL1
oL2
oL3

oLk
oL5
oLé
oL7

oL8
oL9
OLA
OLB

oLC
oLD
OLE
OLF

Al TTBS CBS AD AW AH LCF
Cl TBS MBS CcD W CH CB
LCFI LI LD LW LH LB
Ml EBS MSP MTW MTH MTB
CAL1 SF ANLZ BDR STCF
CAL2 S cs BIR STD STW STH STB
CAL3 XW AWM Dw DH PACK
CALL STS EXU MW MH UNPK
PLW Ccvs EOR BCR SD SW - SH DS
PSW CVA OR BCS CLM CLR DA
PLM LM LS BAL LCD LCW LCH DD
PSM ST™M AND INT LAD LAW LAH DM
S10. RD FSL FSS DSA
TIO WD FAL FAS DC
LPSD WAIT TDV AlO FDL FDS DL
XPSD LRP HIO MMC FML FMS DST J
ouo ou2 oul oue oul ou3 ou5 ou7
REGISTER END-BITS, ETC
SHIFT LEFT | Logic: FAMDSF, N (PAFLD. PHI, P2G + FAFLD PHIZ)

SHIFT

A3 : ASLl » ABIEN/2, [where ABIEN/2 = BO.FAMDSF/i+ 50.ALCYC +K4G FAFLD PHIZ]
B31: Bxall x B3IEN/I [where BIIEN/| = Beal + S0.FASHFX, CRR.C23 + Bo.NFAMDSF|

4+ DxNC, FADIV. PHIl  + K4G.FAFLD.PHII

LEFT 4 Logic !

SHIFT

A28-3] ! AXSL4 x AZB-3IEN/| )[w\em AZ8-31EN = Bo-3.(FASH,C23 + FAFLM PHI3) +A0-3, thYc]

BEg-3] : BXBL&/ x 50-3 | [uhere BXBL4/) - BxBLA.FASWFx, caz.c23)

RigHT 2 Logic :

SHIFT

B4T: ARPRRZF (A47+ D4C)

A4B: v (r7@D4e)
AD ¢ u L PRT0 + AXPRR2, A0EN/Y,
[where AGEN/I'= (AO+DT Y FASHAX, c28 + FAMUL) + Bao(FASHFX.CRE. c23)+A30. ARCYC
Al @ w L PRTI + AXPRRE. AIEN/
[where MEN/I = (RO®DTX . yrean( "
B4T ¢ cleared. by miT FaFLM

848,49 : BN.WIT FAFLM (signpad)
Bo: BXBRZ, FAMDSF. PR30,N(FAMDSF/M.NKIT) + BXBR2. NFAMDSF. B30

Bl : W eRaLN( e y& v n B3
p2! w . o (PR32 ®G23) o ‘Bo
B3: w o+ v (BleBc®cszd) + v n By
B4 v (T FARLM).BTo + o N(WT.FAFLH) B2
BS: s~ )Em + w.N(C o« )es
B8,q: . (SALFAFLM ). Rele-(sqnpad)  + u N (shott FARLM). BG,T

Bc3l: SFTR2.B30, e, (for |on3 yhon - eyelic, odd - numbered ,'Fhieul F;"Tt s\‘\ﬁ:s)

RigHT 4 togic (flosting-poil on\y):

SHIFT

ALcYc

47,48 49  ore cleared by AXSR4
pSo : AXSR4, (FMOF, AAT3IZ)
Bo,),2: (FAFLD.PHi0), 528,29 30

INSTRUCTION ConTRAL BITS i GBI ARTHMETIC, C2R = Cfcuie, C23 3 LoNa

= FASHFX.CZ22.Ncz3 <+ NFAMDSF

ARcYe = ALcyc .NANLZE

YHA3L v



ADDER MODULE (V2):

D A ¢ a8
a
{0 Lo 10 :(‘
—r—
D 3k
FE S &
= AS.cs - ex
Gr
i _ Croa g Add
1 A-DCS .Gx e
o v N S
N eﬂ @l
L T O @ l
— '? A *x 0 o | .
: ) AD-E
T all Csls mus't ke on
,_FQ""D'CS Ngx > | K3t
PRx | ) AD.cs - PRx
(. {:
PRK
o CARRY MoDULE (¥2) AS USED FOR K4,KS,Ké !
e e -
K7
SxPR 3,55 PR PRS PRG PR7
SxA —A Z& !
sxes —@ G GS GC;J G‘j
Iy &l
JREE G GF & G
sxB B K7
F) ¢ G (%4 @i
K B :?
NoTe: when Sxk and SxPR are
high (SXADD case)
S = N(PR.K),(PR+K),
which rcc)ucesta
PR® K
!
W4 53 Ké K7
CARRY STRUCTURE: NKoO
K3l
NK4G —— PRSI
Koo KIS k/
<3 ;5 \ 7S Je—i 17453
Kss
LU ; » . g
) E—— A R ) S
P B— A g m— A
K46 |K47 K51 Ksq K63 Ka7 K3 K7 Kil K14 ®a3 Ka7
&:I,Qllf ] Ii Il‘} |‘ F'_Jlf_41 l’ nu* l; ]l*s 1
—7
~ / I [ Sls
EI E HERERA ARG Nl i \ IRE 2l RTTEl R 3
7 g e 9| |o 3| [+ a ) :a 5 [3 [ 3| |4 71 |8 |
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PHASE ]

Net Indexed ., PRERQ = sSet RQ
Indirect. Not immediate = RQC
Not Indexed. Ofer'md 'r‘e%uiv“&l‘)mc

Provide Timing differential
between Address +o Mewory

and Mewwory Rcz}ucs‘f‘"

RQC. Siwgle Clock Mode > MRQ
Indivect. €31 = 1—1B3|

Not Indirect . Two Opera-nés‘ﬂl-?LBﬂ
Sowme Immediate Ingtr = Set PHI
Al other Instructions=>Set PREZ

[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

PRE) P> Q . QXP = PREI . NANLZ
Reset A awd B registers AX/L = PREY Ex/1 = PREI

[TeRL NINTRAPF => Reselt B Bx/I = PREl. NINTRAPF
Dia-14 —> LR (s /LRXD) = &xe GXC =ENDE
Set Regquest frowm € = St ARY S/AR®R = Ra&acC (Previous Pk“s‘)
Indexed =% Set IX s/1x = INDX. PRE\ NINDX= NCIz. NCeI3. NCI4
Indexed. Byte Al S(RR)»A gkt 2}  AXRRRZ = OU7 . INDX, PRE) +,(NC3. NCH.NCE)
Tndexed . HW Add= RRY WA right | AXRRR! = @uUs . INDX . PREI
Indexed . Word Adl HRR)»A AxRR = FAw. INDX . PRE]
Indexed . DW Add = (RR)»A left | AXRRL| = FADW, INDX, PREI

S/RQ = PRERQ . NLA,PREI|. NINDX
RQC = CO. PRE|.(c3 +C4 +C5)
RQC = PRE!. NINDX ., PRESPRQ/\ . NANLY

+ PREL, NINDK . PREGPRQ/z .NANLY

ATE =RQC.MAP | TRPI40 , NKSC
+RQC . NMAP. TRPICO. NKSC
4+ MAP. NCRS, (TRZ240. NTR270)
+ NMAP, NCRe, (TRIBO. NTR 210)
4+ CRO. (TRI0O. NTRI4+0)

MRQ = RQC . KSC

LB3l /2 = LMXC . L3l . NAG

LB3l /2. = PREFADE, LMXC ,NCO

(s/pmif)= PREIM, PRE|

S/PREZ= NPRELM. PREI,N(S/INTRAPF)

for LCFI AL LI, CBS MBS, £BS

RQC = Use Address
Srom C

Disable ENDE ENDE = L. NENDE Fast cutess of
I1.PREI ENDE Si%‘no-\
Seleet Timin T4RL = PREP
Si%ha.\ +e Rate Meter RATE/L = PRE|
RWDILSs = PRE|
Trapp?\ua Logic Illgb‘n.' Opcode (s/TRAP/1) = FAILL . (PREL, NANLZ)
Slave . Priv. Indh +FAPRIV, (PREL. NANLZ). NMIASTER
Non Implemented +FANIMP. (PREL. NANLE)
S/TRACC| = FAILL.PREI, NANLZ . NTRAP .
s/TRACCS =FAPRLY, PREI, NMASTER . NJANLZ . NTRAP
S/TRB| = FANLMP , (PREI. NANLZ)
PREPARATION ) of 4
PHASE ‘
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRES Not Indirect = D+A—5S SXADD = (PREZ . NIA ) . NSDIS
= S ->P Pxs = (PRE2 . NLA)
T4RL => Reset IX R/Ix = (PREZ, NIA)
= Reset A AX/1 = (PREZ, NIA)
= Reset D Dx/1 = (PrE2, NIA)
TIndexed . Not Lndivect = Set ARQ s/ARQ = (PREZ. NIa). IX
Indexed, PRERQ = Set RQ s/ra =(PRE2 .NIA).IX, PRERQR
Indirect = Set DRQ S/DRQ = PREZ . LA +PRE2.NIA.OPRY|. N(PREDS.IX). NFABRANCH
= Go +v PRES $/PRE3= PRE2. IA. N(s/INTRAPF)|
Two Operawds . Indexed BGofo PRE3| S/PRE3=PREZ, PREDG - IX - N(S/INTRAPE)
Indivect. Not Indexed . Opr Req=> Sef AG] S/AG=PREZ.TA. NIX, GFPRQ. NANLZ vie (S/AG/1)
Net Indivect. Opr Reg = MRQ MRQ = (PREZ, NIA). PRED®. NANLE [+ PREZ.NIA.6FRQ.NANLZ
Not Tadirect. Not Tiwe Opr. = To PHI (s/PHL/1) = NPREDG, (PREZ « NIA)
Add Not Tndirect, Not Indexed . Two Gpr #To PHI|  (S/PHI/1) = PREDE.NIX,(PREZ. NIA)
Rel [ (s/Pui)=> set EXU S/EXU = (/PHI/1). NCLEAR
AG . PREDES = | — L @3]l LB31/2 = LMXC. A& . PREDS
enable T4RL clock T4RL = PREP
Twe e?ernhés.InAexe‘). > s/LB3i/i s/LB31/l = PRER.NIA. PREDO. IX
PRE3 lndireet = ¢ D DXC/6 =1A. PRE3
L Reset IA R/IA = (PRE3 + CLEAR)
Indivect . NAG- = T» PREZ2 S/PREZ = PRE3, NAG. TA. N(S/INTRAPF)
AG = T. PRE4 S/PRE4=PRE3, AG . N (S/INTRAPF)
Set AG s/AG = PRE3
Not Indivect = MRQ MR& = PRE™. NIA . NANLZ
Data = St DRQ =/DRQ = PREZ, NIA
Rel = Goto PHI (s/PHI/\) = PRE®. NIA
Enable T4RL Clock T4RL = PREP
PREP, 2 of &




PHASE ]
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I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE set AG S/AG = PRE4
Mewor, Reguest RQL = PRE4
Go to PRE2  (withIAresef] S/PREZ= PRE4. N(S/INTRAPF)
PRERQ = st RQ S/R@ = PRE4. PRERQ
THRL set ARQ S/ARQ = RQC )
Seleet T4RL Cleck T4RL = PREP
Twe oFo.ra.nés.Lch.no‘t\onﬂﬂoiﬂnj# { —»LB3j LB3| /2= LMXC , A&, PreDdo.N (FAFL..NOE.)
“PREP. 3of4
¥
ENDE | ENDE - NHALT . N(SINTRAPF)=> S/PREI
Indirect Addressing = S/1A
PREI [cLEAR A, B, E
P—>Q
Ihde;;v\a( = set IX
Imwmediate > Gro :?o Phage | _ﬁ
PRERQ. Not Index ®Request nest Instr,
Reguest Operand (i not imdexed)
or indirect address 1§ IA.
Set ARQ
Not Immediates Go +, PREZ
1
N IA 4 NIa ]Il
PRE2 IA NIA
:i%;:.?c Set DRQ IX SRequest OCperand
Ir:eka NIX, OPRQ = S/AG | Add Index Reg.
N Reset 1IX
Clear A, D
PRERQ. IX =
Reguest next Ingtr
Net IX eon év\o"’
two operands g
reguired = (o +, PH|
Go to PRE3Z and Indexed awd two
Wit Loy comteuts of [opevands reguived
Indivect Add location Go To PRER
DF‘*RE3 1A NTIA
Relense| Reset IA Set DRQ
Interiocke Set AG set A&
it IA :
NAG =% Go to PRE2, NIA|Request 2nd Operand
AG=DGo to PRE4 | Go ts PH|
l 4
PRE4| set ARQ PH|
Set AG First Execution
h Reguest Oparawnd Phose
PRERQ = Reguest next Instr,
PREPARATION
Go Yo PREZ. NIA SEQUENCE 4 f4




[onnse |

THAN CPU RESET, ACTVATEDL
2 GO TG PCeR-PLPD

TINTERRUPT RERUEST « RUN ¢ NG T
PRARATY ERROR RALT « NGT
ADDRESS S18F HALT

= Reset HALT FF

CPL RESET > X'02000000' D

ALT - ANY CONTROL SwiTeH, STHER

S/PcPZ = .PCPR.NHALT.NCLEAR, KAS A . KAS/2
+ PLP2.NRALT, NCLEAR. CLEARMEM

R/HRALT = (INT.NDCSTOF). PLPZ. KRUN/B

NDX/y = .RESET
S/ 6= | RESET/B

PHASE
l FUNCTION PERFORMED STGNALS [INVOLVED COMMENTS
Fere] NO CONTROL SwiTcH ACTIVATED R/HALT = .PCPR . NKAS/B
= Resed HALT FF
D> DSPLAY LIGHTS NSXh = .PCP2 . NRESET /B, NsDIS
%L \

LN PCP3

NPLRP3

No G Ims+ruc+icﬂ »D

= x'25' > @ S/Q%6 = JRESET /B (oo R4 fQ31 |Hyprcal term
QX2 = ,RESET
AXI13 = RESET
> 0 ﬁpswigmuam?a) PSWIXS = . RESET
=0 —» PSwW2 PoawakD = . RESKET
=0 —» P P/ = . CLEAR
= set HALT S/HALT = RESET
PCP  PYASES | fe
PHASE ‘
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
beps| @ P NPXQ = .CPS
TNSERT PSwi oc PSW2 S D>+ A | NSXD = .PCf3 [ kP i/B
NAXS = .PCP3 ., KPSW/B
TeL| 6o O Peea s/pcPd = PCPB . (NPLP7. NENDE)
1 Larecon o Lpces
RIPCPT = .
S/T8L = FcP3. (KPSW/B + NKIDLE/B)
Pcp 2.fe




PHASEI FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Per4] CLEAR DA = o 4> D NDX/1 = PCP4, KCLEARD /B
ENTER DATA = DATA SUiTeHES 3D [ NDxK = .PCP4 , KEMNTERD /B
DISELAY SELECT ALDRESS + STORE NPXK = +.,PCP4 , KhISPLAK/B
TeL SELECT ADNMRELL +.0CP4 | KSTORK/B
'{s(. = SELECT ABBRESS +> P
LOADSD 20, > P NEX20 = .PCP4 | KEILL/B
RUN +STES > D> S > C NSXD = .PeP4  NKIDLE /B
N(s/¢x3) =PCPZ. NKIDLE /B
TNSERT Pswi = P335-3C+>D | NIXP = PCP4 . KPsWi/B
N (S /Cx3) = .PCP3, KPSW /B
NDXQ/6 = .PCP4 ., KPSW1/RB
SPswi Y NDXPSWA = ,PCP4 | KPSWA4/B
INSERT MW $ PSw? ,.)b NBXPSWZ =, 0CP4 KPSW’Z/B
TNCRENENT INST. AR D P+ += P NPCTPL = ,peP4, KINCRE /B
2> et DRQ N(s/DRQR) = . PLP4, KINCRE/ B
> Set Request NMRQ = ,RCP . (S/Dbaa)
DISPLAY oR STORE = Set 2RA NCS/BRAY = +, PGP4 .KSTOR/B
> St Roquest +LPLPA | KBASELA/B
R/PCPY = |
GO To PLP5 S/PCP5 = .PCP4 . (NPLP7. NENDE)
PcP c
PHASE /
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PCPSf RUN + STEP = EBNLE NENDE = (PCPE, NKIDLE/B
% P+l »> e PCTP4 = .ENDE Im,,\«wey.*:zi PR3
3 U= NDXC/6 = .ENDE CTPI=1. NPLTPL. NENDE
2 C+R NORXC = EMDE I.PCTPIDIS
oL E NGRS el NEXC = LENDE
> 656718 PREL S/PREA = .ENDE. NHALT, N (S/INTRAPF)
STGRE = D> S—=>MB NSXD = PCPS , XSTOR/B
= Wride Ward NWW =, PePs, KSTOR/B
> Tahdid Protect Fal PROTY = .FAILD . NPCPS
DISALAY S Ca=D NDXC/g = .PCPE ., KNSPLA /B
INCREMENT INST SDR D C->) NDXC/6 = PCPS . KINCRE /B
> P> NQXxP = PCP5.KINCRE/
INSERT PSWI oR PSW S NDXK = ,PCP5 , kKPSW /B
DATH SWITLHES > D
LBAD > St DRQ N(S/BRAN = .PCPE. KFILL /R
> Set Request NMRQ = . PCLP. (S/DBRAY
RUN 0k STEP 3 6o v6 RPe:-PCPT | s/PePe = . PLPS . (NPCP7. NENDE)
R/PCPS =
bt
Rel,
PcP 4 ofe



[ovase |

PHASE -
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
g_i%g, INSERT PSWAL D DdD>S+> NSXD = .PCPE, NPCPT ., KPSW1 /B .NDIS
> S+ P3wi NEXS = .PCPE NPCPN.KPSW4/B
PSW4AXS = .PcPG NPCPT. KeSWi/B
TeL| INSERT PSwWR S b»> PSwWR PSWRXD = . PLPG . NPCPT, KPSWR /B
CLEAR MEMORY > Set DRA N(S/DRA) = .PCPG., CLEARMEM
2 Seb Request NMRQ = .PCP. (S/DRGY
> Wele Word NWW = PLPG. CLEARMEM
> P+i>P NPLTPL = .PCPG ., CLEARMEM
> Tahbi} Crostover | cRE- = JNCLEARMEM | (Address o+hm§“}
2 Tolbit Potect Fall | PROTH = ,FATLD . NPCPE
2> Stayin PePE s/PePn =" (s/Per). (NPLPT . NENDE)
-E://:cg;?z = (PLPE. NELEARMEM), NKFILL/B
= PCLPNT
» P> R @ RP QCLEAEMEM
LOAD = Set ™RA N(S/DRA) = .PCPE, NECPT, KFILL/B
2  Set Raequest NMRG = . PCP. ¢(S/DARRY
> Weate Word NMW = PCPG, KFILL/B
> P4l->P NPCTE4 = .PCPG . KFILL/B
P Force Load Bootshap on'S | ST = (KFILL/B . P28 Hyeical tecm
> Tahibid Prolect Fail PROTD = ,FATLD .NPCPE
3 Go’mges-m.m Sor weitt & /pceq) = P28 . PCPS, NCLEARMEM
n T
CLEAR WEMORY+FILL > 6OTO t=<:(>s\pcc»'7J (s/Pcen) = [PCP6  NCLEARMEM), NKFILLIB
Resel AHcL ArcL = N(NAHCL)
Dok NARCL = N{AHCL .NPCPL)
Rel.
FC.P 5 OFG
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
F‘;‘;‘; CLEAR MEMGRY = SAME 68 PG NPCPT
LEAD D werlke Ward N = .PCP6 . KFILL/B
> P+l 2P NCCTP4 = .PCPE . KFILL/B
Tew > Force Fill Bookshap on S |STT = KFILL/B.P28 Hypical term
2 Tahbit Polect Fail PROTY =.FAILD . NPePE
G& TO PCPL (6/PcPi\ = .PCPT NPCP3
(R/PcPG) = _pCPN + RESET
@®recen = |
INSERT PeWl or POWZ = bxC/e =,PCP7, KPSW/B
A—>S—> C —> D (s/6X8)=,PCPG. RPESW/B
SXA = .PCP7. KPSW/R
e P QRXP = PCP?. KPSW/B
1
1gdq! p—
_ Set INTRAPE FF=>Go o PCP2.Feed (5/PcP2) = , PCP| , NCLEAR.NFCPS
R/ PCP\ = .
Tel| sk HALT RR S/HALT = .PcPl
[AS A

PCP



PHASE ‘

r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
LI LW LH L8 Lew LCH
(22) (38) (sa) (72) (3a)  (58)
FAS26 (a.\sa covers LAW )
- - . . . FAS23
. . - o Eas2l  ( u nOLAW, LAH)
. . . PRERQ (v mow o LCF AWAH, SWSH[CM cH B cLR, EOR, o) AND)

ENDP LT = { iz Dooll | €231 —» DI23| Dxc/4 = ouvz, (Net.NSS N&T), PRE) (alse covers A1)

MRQ (access net intr. £(°) MRQ = (GUE.(NO+.NO§.NW)+(NBLNO?),GL&).NANLE,FREI (alse covers AT LcFI)
NLI = s/R (v w » (@) s/Rq  : ¥ (PRERQ)

PHI NLI = Q»FP PXxQ = PRERQ.PHI

T4RL L1 = (D r.\.\ren.ct'}/ centn.ins in'Fo)

LW 3 C-»D DXc/e = ous, (Ne4Nos), PHI (also covers AW cw WTW)
LH = Cy+D (down- a}isnei) pxe/5 = 6us.( a ) PRy (G » o AM,CH, MTH)
LB cgwD (v - ) oxcBP = ouT.( ).eHl C - W LCF, B, MTB)
Lew=> NC#»D, |+ cs3) DXNC/I = (Nm‘ca).(o*_ﬁas‘Ngq)_pm ( n 8D, Led sw)
Lcﬁ:}{NCH_ﬁD (Jown-a\fangé_) DXNC/3 = <@U5 .« * )-P"”) (G " SH)

| = CS31 csxi/8 = ( n ) ¢ W)
s/DRRQ s/pra = (FAS23,PH|)
s/PHS BRPHS = ( o)
s/TioL s/TioL = { )

PHS D+Cs3l— S ENDE SXADD = (FASE!.F‘HS); ENDE = FAsS2l, PHS ever= F (ND0.KO)

TioL 5 —> RW RwW = ( " ) PROBEOVER = FASS(, PHS
s+a e 4 cottr Pxs = (o ) TROVER = PROBEOVER.OVER, AM
s/TEsTAI ’ S/TESTA = ( u )

o > {1 »cca alvcrﬂnw Sfcca = PROBEGVER.GVER ; Rcc = PROBESVER }
TRAP o 67 T everflow. AM S/TRAP = TROVER; S/TR30 = S/TR3I = TROVER. N(§/ [TRACc4/1)

PHASE ]

LI(Ea), Lw(32), LY (s2), LB (72) Law (3R, Lch (ga)

1€

F

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

LAW  LAH (Laad Absdlte Values)
(38) (s8)
FASIO
o——+—— FASBl (olso covers LI,LW, L, LB,LCwW, LeH)
o FAS2L ( n w o Lew)
—— e PRERQ (o " LWL LA, L-B,LCW,L:H,LCF,AN,AH,SvJ)sH,C\d,CH)cB)CLR,EO‘ﬁ) cR,AN))
{ENDP S/RQ  (access nesil instr. f@) s/Rq : T(PRERQ)
PHI MB —+» C (P\"=rm—¢f=n)
T4RL c+D f Law DXe/e = (Nol.o3).5LB.PHI (adso covers LAD)
cy D LAH  (down - alijhul) Dxc/5 = SUS.(NeS.ou.07).PHI {» W MTH)
QP PXQ = PRERQ.PHI
s/TaL S/T4L = FASIO,PH)
P2 | s/Ngx T D is negalive s/Ngx = (FASio .PH2).DO
T 5/DRQ s/pRQ = ( “ )
S/PHE s/PHS = ( “ )
s/TiokL s/TioL = ( " )
PHS ENDE ENDE = (FAs2l.PHS)
Tiow D— s \f D s ch. .
p— s neq. SxADD = ( " ) + NFAMDSF, Ngx <« vid SxApb/) (neqale case)
S+ RW RW =C )
S+ A Axs = ( " ) (hote'- OVER s m\a;yxteA.
8/TESTA | ce3, 4 carln sfesta = () by FAS10 swmce iL1is
0 »» Cc2 Rj/cca - PROBEOVER = FASZ4,PHS unsuitable For nesaj:u:.m
LaW 3 { tmrcca T overflow lewe-d'] &/cc2 = FASIO.PHS.KO « (mpossible i LAW) vsing NGx)
TRAP T 47 ¥ overTlow. am| S/TRAP= TROVER; §/TR30 = 5/TR3] = TROVER, N(5/TRACC4/1) ;(mvzk-. FAS10.PHS.AM. KO )
LAW (3B), LAH (3B) 1f




acr |
PHASE F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
LD (12) Load Devblewerd. PREDE, FAS\G) FuLd
PHI MBvl > C (prep)
T4RL C-D Dxcfa = (181.03).(NE#. NOS, NOT) PHI (a)so covers AD, AW, LW)
s/LR31/2 s/Lrai/2 = (sul.(NE5, W07 PHI) (- w  AD,SD, Lcb)
s/Ra  (acess ned mstr f@) s/RQ = ( " ) - o)
s/bRQ (For access EW) s/oRq = PREDC.PHI (\'\a‘uc:‘t set \’7 Fref.)
s/PH3 BRPH3 = (FuLp.phi)
s/T8L s/TaL = ()
P3| D—s (ewv1) | SxD = (Futd.PH3)
oL S - RWv I RW = )
s +» A (For mere test) Axs = ( )
MB =+ ¢ (see PHI)
C+D pxcfe = (o)
QP PXQ . PREDS,PHI
s/pRe s/DRQ = (FASIG.PH3)
s/PHS =rReHS = (v )
s/TaL s/TaL = FULD.PH3
PHS ENDE ENDE « (FASIG . PHS)
TeL D-+5 (ew) SxD = FULD.PHS
S —++ RW RW = (FAsie PHS)
S > A AXS = ( " )
1 Ag0 b cc3 4 conlr A3IX| ¢ FULD.PHS NAGOSIa
s/TESTA (néte: A carfains EWv1) $/TEsTA = Fasle PHS
=
LD (&) ) oT
PHASE ]
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Load Conditions ond Flcc:t\hc! Cortro) :
LeF (70)  LcF| (oa)
. - FARSIT = GUT.OLE + Ouo. L2
. PRERQ = (81.63),(NO4 NOS) NoLE NANLE
enP [ s/re f LcF (access ned instr £(Q)) s/Rq = T(PRERR)
MRq f el (0 . W 0D MRG = (NOIL.N83). OL2. NANLE PREI {also covers L1)
PHI MB #C ; Cp—D (c‘)m-a!;ancc\.)'l{: LCF | DxeBP = SUT.(N64.N85), PH| (ehgn. f(P32,P33))
T4RL] (D ceilains wnibr. ¥ LeFD) (dxefe roised Ly previsus ENDE) (drm\/ Aewn aligned )
s/nPRx  (For D243 — 80007 n PHE) s/NPRx = FAS(7.Pni
s/PRQ 8/DRR = FASI7, PHl
a-»p T LeF PAQ = PW,PRERQ
/8L (For buffered st o cc's) s/TeL = FASIT.PHI
2| ENDE ENDE = (FAsI7.PHE2)
TsL D243] — K2336 — S0007 SXLAB = ( » ) (sp-ahgn byte)
80 - cCl sfcci = so. Cexs
S| - CC2 Frrio et sfcca = 51 . coxs
52 o cC3 (itareJ n Rao) s/cca - s2.cexs CCXs = FAS)7, PH2,R30 rese'\’.s = CCXS
$3 -~ cc4 sfcc4 = S3 . cexs
5 -+ FS IF s/Fs : S5, FSZNXS
YR 'T“, ok §/F2 = S6. FSENXS| FszNxez FASIT.Pua.R3l ¢ resds = Femnxs
(stored in R3)
S7 -» FNF s/FNF : S7 . FSENXS

LCF(70) LCFI(o2)
)

-l0o-

[o ]




PHASE ‘

I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
LAD (iB) Load Absolite Dousble ward. FASIL) FASI9 , PREDS, FULAD
PHI MBvl e C (prep.)
THRL < 4D Dxcfe = (N363), 0B
S/NGX s/NGx = FULAD.PHI
s/DRa (for access EW) s/brRg = (PREDS.PMI) ("C%Utst set E}/ Frcp.)
Pzl -D — s SXADD = FASIL.PHZ + NGX, NFAMDSF
ToL. S — A Axs = FASIL . PH2
NKoQ —+ SO0 -+ KAOH (nermal action)
MB. - C (see PHL)
s/LR3l/2 s/LR31/2 = (FULAD. PHZ)
s/TeL s/T8L = (o )
PR3 Nce = D—s SxD = (FuLAD,PH3). Nco +EN= +(EWvI) — Ry!
TBL co = A-S SXA =( ). <o - w3 = ) = Ryl
S —+» BRwvyl RW = ( u )
sjewz T Ago  (For eh3im PHS) s/BWZE = NA0O3Iz,(5/BW/1) « FAsi6 . NeLY. P H3 | R/BW2 =CLEAR
O+ A AX/1 = FASI9.FH3
NCO = ¢ =D DXe/6 = (FuLAD.PH3).NCO
NC D DXNC = ( " }. co
o =
{NKGOH—» €531 (stored end carry) esxifg = ( n ). CO.NKooH
LAD (1B) Jofa
PHASE ‘
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH3| (Ceortinved )
Q-+ P PrQ = MRQ/i + PREDS.PH3 redundart @ P s for
MRQ /) access nexl inste MRQ/I = FULAD.PH3 } mechanizaian canvenience
S/DRQ s/org = (FAslé.v. PH3)
S/PHS BRPHS = ( w )
s/TioL s/TioL = FASIq.PFH3
PHS ENDE ENDE = (FASIL.PHS)
TioL D+Ls31— S SXADD = FAsSIq.PHE +EW = EW >R
S <> RW RW - (Fasie (PHE) } -EW = NEW +e.c.+» R
S+ A AXS = { " )
ceBdcoind | +»A31 T A20 n PH3 A3IX| = FASIL .BwWz (render Ao T Lsw. £0)
| s/7esTA S/TESTA = FASIC.PHS
0+ cc2 Riccz. : (PROBEGVER) = FASIY,PHS
| cc2 7 ovedlow sfcca = ( " ). evER
TRAP T (7 1T overflow. AM s/TRAP = (TRevER) !
s/TR30 = (), N(s/TRAcc4/1) oveR = f(nAG.NDO. Ko)
P
s/TR3L = (v ) N( N ) assured Ly:
where (v ) : PROBEGOVER AM.GVER oA
cd>Frce § nPu3
Ne D if co
LAD 2of 2




PHASE ]

[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
LS (48): EWaRYI) u RaN(RVI) —> R (reducels 1o EWAR +» R T Ris odd) | >0 » cc3 ¢owm FASL ,FASIS
ENDP s/LR3l/2 &/LR31/2 = PRE2,NIA,FULS
PRI MB —«» C (P"GF-) v
T4RL C D Dxefle = FASL, PHI
RRv | —> A AxRR = FAS\S, PHl
s/NPRX  (for AnD — 3) e/NPRX = FASG.PHI
s/T4L S/T4L z FULS. PH|
PH2 AAD —» S ]) w S%PR = NPRX
TaL S8 | ~(Rv1) +> B BxS = FASL.PHZ
’s —» CS csxi s (FULS. PH2)
o —»D for N(Ry\) = C-»D ox/) = ( )
s/cxs sjexs = " )
s/PHe BRPw4 = ( » )
PH4 A®CS —S SXPR = (FULS, K PH&4)
ToL S C N(Rv|) » D (exs s on)
c—+*D Dxc/e = ( . )
RR - A AXRR = ( " )
$/NPRX s/NPRX = ( " )
s/DRQ 1 for nedt instr. s/PRQ = (FASL PH4)
MRQ/ | MR/l = Y
s/Tav s/freL FULS. PR4
LS (4A) [ 2
PHASE 1
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS ENDE ENDE = FASIS.PHS
TeL AnD — S  (RaN(®R) gxPR = NPRX
8B —— S (EW A (Rv1)) SxB = FULS, PHS
S > RW RW = (6i.Ne2), (O NES, 8L ), PRS
S — A Axs = (FASIS pPug)
s/TESTA sfresta = ( v )
LS 2sf2

-12-




PHASE ‘

[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
EXcknnag Word. : (R < EWL)
AW (40) FAST = sut.oLL (alss covers £or oR AND)

PHI MB ~> C (’arzra.rat.an)

T4RL C—+D Dxe/e = (FASY, PHI)

RR +» A AXRR = ( )
M = FUXW. PH|
MRQ 11;“ write RQ UX (adso covers AWNM)
s/oRg §/pRQ = (FASq.PHI)
s/T8L (insig ccnsi&a(nj DRq;, mech. conv.) s/TaL = ( " ) (needed For EoR)OR)AND)

PHE A— S SxA : (FAsq.PH2)

TBL S = MB (R -+ gwL) MW s ( » ) (Frsq.Pr2 implies
MRQ/ | . MRQJI = ( " ) XW anl?/ since £OR R,
S/DRQ} Sf\or next mstr. S/'DRQ .t “ > and AND s‘k;,: FHE)
s/T8L s/lab = ()

PH3 ENDE ENDE = (FAS.PH3)

8L D5 SxDb = FUXW.PH3

S - RW (EW - R) RW = (FASq.PH3)

S s A AX B "
ce3, 4 conlr. N ( )

s/TeESTA | sfTEsTA = ( " )

AW (4¢) [of)

PHASE ‘

l FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

ENDP S/LRBI/a S/LR31/2 = (PREI.NIA + FRE3 IA) FAFRR <—cful.oLs

minys

i

ENDP RRv | =2 A AXRR = Fasi+,(PREZ .NTIA)

MRQ . MR =(FusTp.{ Y NPRLEY)
{or wrlte

s/DRQ s/or] = ( “ )

s/LB31/} s/e3ifi = ( . )

PHI A—sS } SxA = (Nel.43), 615, PHl

Rvl > MWl
T4RL, S —+» MBv|\ MW = (Ne.&3).0LS. PHL
RR - A A%XRR = (FUSTD.PHI)
MR . MR =
2 o write A )
S/DRQ s/DRG = C3.0LS, PHI
s/Pr4 BRPH4 = (FusTp. PHI)
s/T4L (fns&g) 5/T4L = FAS|4. PHl (Far sT3)
PH4 A— s SXA z FUSTD.PH4
R — MW
TAL S > MB } Mw = FAS\4. PH4
= (FUSTD.PH4
nRe/ 1 '?cr next ingbr hrR)) ( He)
s/bRQ | sipRg = ()

PHS ENDE ENDE = FAS\4, PHS

TeL

NOTIES  STD (15)  covered by FASI4 and FuslTp

a.\s?o covers STS
3TD (15) 5

_53_




l

nete: in The STH,ﬁTB’A.nA STCF cases|
Al63l— K1530 —» So015

PHASE I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
STW (35)  STH (ss)) sTB (15)) STCF (74) FASI® = 6U7 (No4.6S.NoL) + (om.e3).8us + |(01.03) 65
PRE2.NTA:
NSTCF => RR-mA AXRR = PRE2.NIA,FASIS, OLS (o s down - aligned T sTH,578)
[ccl —+» D24 s/bas = cc| (FUSTCF,.PREZ. NIA. NANLZ) ( )=8L4.007 PREZ NTA. NANLE
cez » b2s s/d2s = e ( . )
cC3 = Dab sval = ce3 ( » ) 0 +D cn.usel Ly
STCF =5 < Co4 D27 s/ba7 = o4 ( " ) P DX/t = PRE2,NIA
Fs - Daq s/p29 = Fs ( " )
FZ »» D3¢ s/p36 = F& ( b
(FNF D3I 8/D31 = FNF ( " ) i
s/NPRx  (For u':ulartl A)(in‘mi‘) S/NPRX = (PREZ.NILA.FASIS.NANLZ) (insig T sTw)
MRQ (for wrITE) MR : ( ' ?
s/>RQ | % 2/pRQ = ] )
— will be > TeL. because F
PHL ; sTw = {A — S SXA = ((Ne&1.03), LS, PHI) { (sxPR i3 high becouse Fyrre
T4RL 5 > MW MW = " ) bt D=ojalse Av(ArD) = A)

the K. (corries) sfsmuls =afpx2 (re.ap)— &

} SXUAH = (FUSTH.PH))

= Koz ) ’cqusec\ by NPRX

sTH = "— 58163}
S —» MK wwh = (o0 )
AjD243| > K2330 — 50007
R ] SxuAB = (OU7. (Ne4. 65 NGL). PHY)
::S; > W m asie23 ' T :
W S243)
S > MB MWB < ( . )
STW (38), STH(SS), STB(1s), STCF (74) [of 2
PHASE ]
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
i | (Continoed )
}+rcaiE (For Vawp " significance test”) S/cs|S = FUSTH,PHI
MRQ /1 For nest instr. MRQ/I  =(FASIB.PHI) +032.0L5.PHI
&/DRQ sporg = v )
s/reL if st (for “sigpficance test) s/TBL = FUSTH.PH|
PH2 ENDE ENDE = FAS|8 ,PH2
TaL 0+ cca Rjcc2 = (FUSTH.PHZ)
SH= i cca f siaﬁ.’fme in AGOIS s/cca =( “ Y Alb.NKao + (Al = 1), (R0D1S # oll U's)
NAlL, NAOOIS =) (Alk :0).(A00I5 # oll 0's)
STW, éle. asfa

-|4._




PHASE ]

/ FUNCTION PERFORMED SIGNALS INVOLVED | COMMENTS
STS(47): RA(RYI) v EWAN(RYI) «» BWL | (reduces T2 R vEW - EWL '§ R s QJ) FAS |6 ond FASI4 are high
ENDP s/LrRa1 /2 S/R31/2 = (PRELNIA + PRE3.Tx). FAFRR/I «— ¢lu4.ou7
minys
1
[ewre RRvl -+ A AXRR = FASH4 (PRE2.NIA)
\'s 4»cs esxi = FusTs.( )
PH A®CS—sS SsxPR = (FUsSTs.PH 1)
N(Rv)+s A
T4RL S s A Axs =( = )
MB —+ C } Ewand (prep.)
c»D Drc/t =(FASG. PHI)
s/MPRX S/NPRx =( « )
s/CxRR S/CXRR = OU4 (Ne4. o5, 87)
s/TioL s/TioL = (s/exRR)
PHZ AAD — S SXPR = NPRX
TioL s B } EW e N(Rv1) B BXS = FASG.PH2.
RR —»» C (exRR is on)
s/LR3y/2 s/Lr3)/a = (FusTs.Pa)
enable T4-RL TarL = (v )
PH3 RRv] - A (Rvl = A) AXRR =(FusTs.Pu3)
[T4RL] ¢ D (R +»D) bxe/e =C o+ )
5/NPRX S/MPRX:( » )
oo }{:or wrile MRa = ' )
s/DRQ S/DRQ = { n )
ST3 (47) [T 2
prase |
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH4 AAD — S (Ra(RvI)) SXPR = NPRX
ToL B ~—— S (EW A N(R V1)) SXB = 0u4, (NO4.85.07). PR4
S -+ MB 'Y = FAS\4, PH4
RQ/t = (FAsa.P
MR /1 access nexl insir, MR/l = (Fasc.PHe)
s/DRQ s/fpr@ = (v )
PHS ENDE ENDE = FAS)4, PHS
TeL
sTs 282

-5~



[ouAsE |

PHASE
F

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

AT (20) AW(30) AH(S0) SW(38) SH(s8)

FASIZ = (N61.02),6L0 + (U3 + 8us ). (NOSNOL NOT
PRERQ = (OU3.NOY +(01.63).{N84,N85) + (01.N82)

L6LB), NOL3. NANLE

ENDP s/Rq F NaT (aceess nexl netr £ ()
MR & AL ( - [ )]

[crz+ Doolr, ci23l D123l | T a1

s/RQ : T (PRERQ)
MRQ = ouz.(Ne4,Nos NeT).MANLZ, PRE
bxc/4 = evz.( . ). PREI

(ales covers L1)
( " )

0 Cc2

{ »» ccz 'lF werﬂew

S/TRAP
s/TR30
s/TR3I

trq.P'to &7 T overflow. AM

Rjcca = (PROBEGVER) = FASiZ .PHS

sfecca = ( " ). SvER
s/TraP = (TRoVER)

sftRse = (v ). (N(s/TRacca/1))
s/tR3l = (- ) v )

PHI AW = C-»D Dxcfe = 0uB,(No+.nos) PHI (also covers cw, Lw MTW)
T4RL SW => NC-+D, |+ c53) 'DXNc/l B (Nwaa),(oanos.wq) [ " SD,\.cn,L:w)
CoCl6 —> DOOIS (own - align Va wp):
AH => {coois -~ DIe3l § wP32. Dxe/s = ©US (Now.Nos), PH) (oleo covers ch,Lu MTH)
cle3l —+ diem f ps2 (couses pxejz W P32 or Dxemie if NP32)
MNcocty -+ DoOIS (Aawn—m\;in inverted Yz WD)
NCooI§ —» Die3) f NP32. DXNC/3 = 6US. (54.N6S Ne7) . Pal (also covers Lew)
SH = . .
B nciesr moia f eaz (causes Dxne/2 T P32 or DxXNCRIG T nesz)
| > CS3) esxi1/8 = 6uS, (04.N6S NeT) PHI (also covers Lcw)
RR +» A AxRR =(FAsiz.PH1)
Q> P T NIA PXQ = PRERQ.PHI
s/PHE BRPRS = (FASIZ.PHI)
s/oRQ (for nest nstr) s/org = ( u )
s/TioL s/TioL = (v )
AT (=e), AW (30) AH (50), SW(3%), sH(S8) lof2
PHASE ]
l FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS ENDE ENDE = (FASIZ,PHS)
T} A+D+csal — S sxadD = ( " )
S +» RW RW = ( " )
S+ A Axs = ( " )
1 €C3,4 conlrol
s/TesTA | sfTESTA = { . )
0> cci Rjcer = " )
} »» cci f end carry S/CCI = ( " ). Koo

oVER = f (AS. Do.NKo
+NAO.NDO. X0)

TROVER = OVER.AM.PROBESVER

Cloctk 'F°l|°u;n1 ENDE
TESTA funlions:

o -+>CC3
ysccs f A30

O +» CC4
s cca f A<O

(TeSTA was st last deck)

R/ccs = (TESTA)
gfces = ( " ).NTESTA/I.NAO,NAGO3IZ
R/cce = )

(
sjccd . ( » ).NTESTA/L. AO

AT, efe.

252




PHASE ‘
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I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
AD sD Led QD (QAA‘ subtra. Et) load. comr\cm:nt) r_omf;a.r:>- dovbleword.
0)  08) (A 1)
——— FAsE
. ]
I (elso covers LD, LAD)
a2 (- " CLM, CLR)
PREDS C» » LM LD, LAD)
ENDP
s/Rsi/z f Lo s/LRrzi/2 = (5[PHI]1). (FASS + sui. (No4.nes.Nac))
PHI MByl - C (prep)
TARL C =D £ ap Dxc/e = (N1.03).(No4.NeSNET). PHI +EWy] - D,Cs3)
NC =>D | »cs3t T NAD DxNey/i = v ).(e4noSNe7)+Fasz). PHl —EWvl - D
RRv | - A ‘T NLeD AXRR = FASZ2.PHI +Rel -» A
(A cortams O £ Led)
s/LR31/2 (For wrile) iF nen S/LR31/2 = OUL(NGS.NST).PHI
s/oRq  (for access Ew) 8/DRQ = (PREDO.PHI) (\'e%uest seb },7 prep)
s/Ra (itidte nexl inctr. access £(Q)) s/RQ = 0uL {(NoS.NST) +(Nos.Net ). PHI
s/TioL if Nep 8/TioL = (FAS3 +FuLcd).Ph
PH2 | Titing : TioL Ned; TeL ¥ ep Rel + EwWvi § AD
TioL A+D+cs3l—> 8 SXADD = (FASI, +FAs22).Pra Rvi - gwy §spep
L s ++ RWvl T NCD RW = (FAS3 + oul. (64.N05.N87)). PHR - ewvl T Lep
S+ A (for zero feel) Axs = (FASIL + FAS22),PHR.
NK00 > 500 »» koo (stare end carry infe.) (normal action)
AD (16), SD (18), LcD(A), <D (i) 1ofa
PHASE ]
F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH2 | Carlinved
MB == C (see PHI)
e~ i Ap Bxe/a = FUAD.PH2
Nes»D  Fnap DxNe = (FAS2 + FuLeD). PHz
ENABLE TGRL 1% AD,SD TCRL = FAS3.PH2
S/TaL W LeD s/T4L = FuLCD,PHa
PH3} Timing: T4L ¥ iLep, Ten Fen, TurL [ A, sD .
T4 s/vz T Aagoe (For lma3lin Pus) §/BWE = NACO3LZ,(S/BWE/))T (FAS(c + FAS [22).NOLA.PHZ; R[BWZ:CLEAR
/ oA f Lep A%/ = EASIS.PH3
T}- RR#A T NLD AXRR = FAsza.Pus
TLRL NKooh —> €531 (slored end carry) cexi/a = Koo, (s/Bwa/)
Q +»P PXQ - (PREDS PH3)
s/PRQ s/prq = ( n )
s/PHE BRPHS = (FASIL + FAS22),PH3
s/TioL f Nep s/TioL = (FASIq + FAS3), PH3
Pus [Timing:  TioL ' Nep , TeL T ep
TieL ENDE ENDE = (FASIG + FAS22). PHE
/ A+D+csal — s SxADD = (FASIq +Fas2z ). PHS
TeL S-sRrW T NeD Rw = (FAS3 + FASIC) PR
S - A AXS = ((Fasic + Faszz),Pus)
1+>A31 T A$0 'n PH3 A3 = ( " ) (rendar Apo F Lswp0)
<3 4 corlr < S/ TESTA s/TEsTA = ( )
(AO® DO @K00) —? S00+> KOOH S00AN = FAS22.PHS (signtt. F €D, means R<EW)
s/Testa/ ' S/TESTA)1 = (S/TESTA).(NG4.N8G. &7) Causes NKOGH. (NAOO3!) +» CCB
1+ ccy F ena\-ca.rry if AD, SD S/cct = FAS3.PHS. KOO Rjccl = FASS. PHS i " KooH.{ = ) wrcce
| cc2 T overflow - 8/CC2 = PRYBEOVER.OVER; R/cc2 = PROBEGNVER <t (FAS2 + FASIQ).PHE
TRAP €5 47 T overflow. AM}I Nep S/TRAF, §/TR30, 5/TR3) : T (TReVER) « PREBE [svER. AM.OVER
AD, et 2sfa




[ooace |

PHASE
F

FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
- FAS I
PRERQ
€L (21), ew(31), cH (51} cB (&D)
PRE[2.NIA
RR —» A T NCB AXRR = (PRE2.NIA), Fasi, NFUcB
RR2431 —> AZ431 | O's + A0023 AXRR/3 = ( » ).FucB
I's 4+ cs  (for NAB) csx = v ).Fasi
s/rRQ F Ne1  (access next instr. YY) s/RQ : ¥ (PRERQ)
O+»D (for ABCS =PR—S—=eB in PHI) Dx/1 = PRE2.NIA (neee\eé for ¢T)
PHi MB +» C ¥ Nel (prep)
Tar] W= C+D Dxcfe = U3 (N&4+,NOT), PHI (alsa covers AW, LW MTW)
J'cocm +»D00IS  (sign pad) down-align V2wp: Dxc/s = ous.(No#.NES).PHI (adso covers AH, LN MTH)
ch = { Coog D3l if Nes2 DXcRIG = NP32. (Dxe/s)
cw3l »Dieat f sz pre/a2 = P32.( o )
(o -+ Doo23) rez po3 down- align byle :  Dxc8P = ouT.(No#.Nos).PHi | (olso covers LeF) LB, MTB)
cooo7m»pe43l f o o DXcr24 = NP32.8P33, (dxcer)
cB < COBIS # v » o DXCRiL/l = NP3, P33, ( n )
Clez3 +» v e DxeR8 = P3z.NP33( v )
ca3) - W Dxch -« P32, P33, ( » )
CI» Cl2 - Dooll, cia3| D23l DAc/4 = FuCL.Pd!
A®CS — S SXPR = (FASIl.PH) (cs cortamns all 1's)
(NR > B)
s> B BXS =( " )
s/NPRX  (for ArD—r S 2 A) s/NPRX = (" )
s/T4L s/t = ( v )
MRQ /1 F el MR/l = FUcl.PH}
Q» P PXQ = MR/l 4+ PRERGQ.PHI
C1I(a), cw(3), cH(s), ¢B(7) [Tz
PHASE ]
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH2 P = NP
AAD— S (Rn €W = A) SxPR RX
Tal S — A Axs = (Fasu.PH2)
s/T+L 8/T4L = ( g )
N3 O > cC2 Rjcca = (FASII.PH3)
™ - cca'f Ao (e TrRaEW#O) sjcca = ( . ). NAco3ie
B—S l SXB ES ( " )
S -+ A (-R A csm) Axs = ( » )
| - c53) csxife = (0 )
S/oRQ s/oRa » (v )
PH&|  ENDE ENDE = (FASU . PHe)
A SXADD = ]
TeL +D+cs2 > S (EW-8 = A) A C
S +A Axs =( v )
s/ xooh '§ w(ro@doeKoo) (re.EwWRR) S/KooH = §00 = NKoO® S00X where soox = (a0{@Do). FASIH, NS00XN)
s /TESTA s/TESTA = FAS||.Pr¢
s/ TESTA/) s/TESTA/) = (S/TESTA). (NO4.NGL.OT)
Cleelk ‘Fa“aw:mj ENDE ¢
O —»» cCc3 Rjcc3 = TeSTA
| #»cc3 ¥ R>EW s/cc3 = TESTA/I.NKODH NAGO3IE
0~ Cc4 Rjcc4 = TESTA
V+rccs  f EWHR s/cca = TESTA/I.KooH . NAGO3IE
ClI ) ete. 2fa
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PHASE ]

I FUNCTION PERFQRMED SIGNALS INVOLVED COMMENTS
CS(45)F RA(RuI) : EWA(RvI) (red. o R:EAR T Ris odd) . R<EW - cea , Rolew wsccay FASE,)S are high
ENDP s/LR3i/2 S/LR3] = PRER.NIA, Fucs
PHI| MB +» C (prep)
T4RL [ DXC/t = FASG.PHI
RRv} > A AXRR = FASIS,PH!
s /NPRX S/NPRX = FASGL . PHI
s/cxRR S/CARR = OU4. (No4.@5,87), PHY
s/TioL (For RR-mC) 8/TioL = (s/cxRR)
PH2 AAD — S 1 W a (RY1) SxPR = NPRX
TioL - * 78 BXS = FASG.PHZ
RR - C (cxRR 15 on)
R+ D
C D dxefe = (Fucs.Pra)
S/NPRX S/NPRX = ( )
s/T4L s/TaL = (v )
PH3 AND — 5 } RA(Ryl) = A SxPR = NPRX
T4L S > A AXS a (Fucs PH3)
s/cxs sjexs = (" )
PHe | B— o SXB = ou4, (Ne4, 65, 87), PHe
TeL s oh
S —+C | —[ENA(Rv\}]-»),Cssl (exs s on)
NC —»D
J DXNC/I = Fucs,Phe
I —— ¢33
MR/ ] o vest inele MRQ/i = (FASL .PHA)
s/Dqu §oRQ = (v )
cs (4s5) | oF 2
PHASE ‘
[ FUNCT!ON PERFORMED SIGNALS INVOLVED COMMENTS
PHS ENDE ENDE = FAS)S.PHS
Tal A+D+cs3l — S RoEW s A SKXADD = Fucs, PHS {nete: sdected conlents
S+ A (Mskuf;’ AXS = FAS15,PHS of R and W are trected

NKOC — S00 »> KoOH

(resdt ncsnide)
5/TESTA (For cc2,4 contr.)

s/ TESTA/I

(herma.l :L.Ctl;:n)
S/TESTA = FASIS.PHS
§/TESTA/I = (S/TESTA).(No#.NEL.OT)

as POE.l'bNt 'lntﬂjel' magnu-
tUJgs)

Clodk following ENDE :

s/cca f NKQoH .NAGO3 |2
sfcc4 F

(R>EW)

KooH, = (R < EW)

s/ce3/1 = (TESTA/i. NAoo312 ). NKOOH
s/ccqfy = ( " ). KooH

R/cc3 = TESTA
R/cc4 = n

csS

-19-
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PHASE ]

[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
LM (19) Compare with limits in MEMORY FAs) , FAS22, PREDE R> EWvl| ReEwvl| R>EW | R<EW
CLR(3Y) » .. » REGISTER Fas| | Fas22, PRERQ m\:su Rv\;&»l * ‘
s/ el cce | ce3 | ces
ENDP
¢ = 5/LR31/2 S/LR3\/2 : FUCLR,PREZ,NIA (For Rv 1)
> S/RQ (L nedt inshr access T(@)) $/RQ i -F(PRER-Q)
PHI I_ = MBv| »C
T4RL » => MB —+<—>C (P"P.)
i Nc»D, [+ cs3| DXNE/I = FAS|.PH|
¢ = RR —a
s = RRvl —A AXRR = FAS2R2, PH|
L = 5/RQ  (inik nexl instr access F()) s/RQ = OUL(NB5.N&G). PRI
. : = s/DRQ (Tor access EW) 5/DRa = (PREDO.PHL) (Yc%oes"f_. seb ‘:.7 F"‘?)
T% QP PXQ = PRERQ.PH)
= - A+D+CS3l — S SXADD = (Fasz2, PH2) QM D R -(EW)) »A
TeL ' S+rA Axs = ( . ) } CLR > (Ry1) - EW +» A
(AOBDODKOD) »» KOOH sooxN = (Fasi.PH2) (R< EWvl or Rvl<EW)
i ce3 4 conlr.
s/TESTA s/resta = ( )
§/TESTA/I §/TESTA)I = (8/TESTA), FASI
. = MB ¢ (see PHI)
= NC+>D, (1wes3l -imsiq) DxNe/l = OULLSLY, PH2
b = (NEW remains inD
S/T4L 8/T4L = FAsl, PH2
cuLM
cLR
cLm(19), CLR(3%) | ef2
[conce |
PHASE r FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
PH3 cLM
TaL CLR
O+ CC3 R/cc3 = TESTA L R > EWyl
{\ +».cc3 T NKooH.(AF0) s/cc3 = TESTA/I.NACO3) 2, NKOOH { ¢ Rvl >EW
0 CCH R/cc4 = TESTA . R < BEww)
{| - ccd T koow, (A20) s/cct = TESTA/1.NAOCG3IZ, KooH { ¢ Rvl < EW
RR -+ A AXRR x FAS22,PH3
| > cs3| csx1 /8 = FASI. PH3
q+P T oM PrQ = PREDO.PH3
s/PRQ s/PRQ = (FAs22.PH3)
s/PHS BRPHS = ( L )
PHS A4+D+cs3| — S SXADD = (FAS22,PHS)
TeL S+ A AxsS = (o )
(A0® Do®Ko0) + KooH 500N = ( " )
s/TESTA s/TESTA = ( " )
s/TeEsTA/A S/TESTA/I +  (®/TESTA), FAs)
0 —r> cC) R/ccl = (Fas).PHS) . R > EWvl
cec3 -~ ccl s/cel = ( ‘n Y. cc3 { ¢ Rvl > EW
0 —— CC2 R/cca = ( " ) R < EWvl
cc4 — Cc2 s/cca = " Yecs [ ¢ Rvl < EW
ENDE ENDE = FAsS22,PHS
Clocfk Fo\\aw\'r\s ENDE
| = CcC3 :lf‘ NKooH ., (A #0) (same as PH3) 3 R>EW
|+ ccd T KooW.( v ) ] R< EW
CLM, CLR 2fa
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PHASE ‘

[ FUNCTION PERFQRMED SIGNALS INVOLVED COMMENTS
EOR (48) EW@R » R
oR (49) EW R - R FAS = ous ((64.n05.NoL) +{(84.NE5.07))
AND (4B) EWAR-»R PRERQ = ((01.N92)(618 + 6LB) + sust 019 IN%L3, NANJLE

0P £/RQ  (access nest inst £(a) s/RqQ : £ (PRERQ)

PH| MB —»C (Fl’ef'dra-t!c.m)

[TaRL c-»D Dxefe = (FAs9 . PH)

RR —v—s A AXRR = ( u )
s/npRx T AND S/NPRx = U4, (04.NeS.ou)
s/PH3 BRPHB = FAS9,64,PH|
s/TaL s/TaL = (FAsq.PRL)
s/pRe spRa = (v )
QP PrQ = PRERq ,PH]

PH3 ENDE ENDE = FAS9, PH3

TsL EOR = PR— 5 (reD) SXPR = FUEOR.PH3
A—s 5 (e SXA = (Fusr.PH3)

Av
SR D— s SXD = C )
AND = PR— S (Aad) SXPR = NPRX
& — RW RwW = (FAS9.PH3)
A = ’
il CCS) & con'tr, Axs ( )
8/TESTA ¢/TESTA = ( » )
EOR(48) OR(49) AND(4B) =
PHASE ‘
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
RN '
2 el
SEEQ
« z £ 5
3 FASS = OU3.6L3 + 6uL,0Le
. 4 FASI3 = (o). &3).6L3
¢ 9 FAST = (e1.63). 003 + (62.53) 6L3
d b FAS24 = (0).63).0L3 + {92.63).6L3 + OUL,OLL

PH| . = C—>D Dxcfe = (ou3. (No+NeS)+ FASS). PH)

T4RL = Cy—D Dxe/s = ous. (v ).PHl (Aaun-alu'anec). (sign »Dooi15Y)
= Cg-+D DXCBP = SUT7.( o« ).PHY (- (o’s — boo23)
= RR-PA AXRR = FUAWM. Pl

RE83| —» A283) AXR = (FAST.PHI) R (down-aligned. and
1= R28 ——» C50027 csxifa = ( «  ).R28 sqn-u‘\:enée_l)-» A,cs
q = MRQ MRQ = FUAWM.PHI
¢ > MRa if rgo . MRQ = (FAsg,PHI),NR&Z
for wntz

p = s/oRQ s/DRQ = ( » )

L L N I s/TioL s/TioL s FAS24,PH|
P2l ¢ ¢ A+D+CS — S SXADD = (Fas24.PH2)
TioL b ¢ & S+ A AXs = ( » )

b o = S > MW MW 2 FASB,PHR

] = rR/MapbIs  f INTRAPF R/MAPDIS = FUMTW.PH2.INTRAPE

AWM (6C),  MTW(33), MTH(S3), MTB (73) lofs

-2~




racr |
PHASE ™ FUNCTION PERFORMED & SIGNALS_INVOLVED COMMENTS
PH PH2 conl'd
: é; E E (e ) % (oes net. cover +R in UTB)
0w ccl 2,34 Rfcc. = (PH2.NINTRAPF ), FAS24 j
. 4 & = 1=rcel Tkoo sfeel = ( v ).Fasz4. Koo cso]Aao[po|ko
++: AWM MTW ={ O | © o1
¢ = | wce2 T over sjcca = ¢ " ). FASS , OVER «—— awn =lo ) | o
> (mcea Tagpsi sjcez = ( . ). FUMTH, (515 ©56) MTw =| 1 jo i |o
= K23 - MuN 8/MWN = FUMTB, PHE.K23; R/MWN = CLEAR (store end-carry from BYTE)
MRQ/l (For nexk inslr) MRQ/1 = (PHa, NINTRAPF).FASS
Pt {S/PM- grRPH4 = FASE.PH2
oD }(’Foruf-a.“gnh) Dx/i . (FA5\3,PH2) o - v e
= < s/NPRX S/NPRX = (FASI3, PH2) J(vlﬁtc is inhibiLed when
WRQ F R#0 (Sor write) MR] = N ) NR & modifier =0 o FCYVT\‘IT-
L > s/DRQ For read next instr. | test oF data in ?rotec'teé.
L = s/pRqfor wrRITE fnPH'ﬁ} $/DRQ = FAs24.PHE L memory)
PH3 A1e31 —> 50015, Ste3l SxUAH = (FUMTH.PH3) (up- o).’anu) som 4> A
TeL 4 = S A AXS = ( " ) Yor proper CC3,4 se’ﬂL{nS
S > MH mwe = ( n ) n overTiow cases)
nea3l —S ()l byles) sxwag = (FUMTB.PH3)
a7 0 A0007,5 ~* A0B3) Axs/a = ( " ) (c\ear A0 For TESTA, which,
“g . > S MB mwg = ( o ) { in MTB sels cea i result g o)
: lercet T ka3 in PH2 sjecl = (PHININTRAPF), FUMTR. MWN
- Mra/ '} access e in nRafi = t ) Ease)
-~ + ' s/DRQ s/oRq = ( u )
RIMAPDIS T INTRAPF R/MAPDIS = FAS|3.PHI. INTRAPF
i
AWM, MTw, MTH, MTB 23
PHASE ]
F FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
PH4 CASE | i NINTRAPF = [ TESTA couses:
TeL > ce3 T (Result >0)
S/TESTA (cc3,4 coritr) S/TESTA = (FASZ24 PH4 NINTRAPF) fwrce3 (v <o), mMTR
ENDE ENDE = { " ) 1 e cca T (v <o)mTa
TRevER = { " )am ccz ]
. s/TRAP = (TReVER
TRAP T 7 T overflow. Am ofR30 = (- )).N(S/Tﬁhcc,ﬂ—/\) > AWM, MTW, MTH °n\7l
sfwat = {0 < JNC )
CASE 2 INTRAPF =
INTie h JInTw/ = (FAST.PH4 INTRAPF) (exit highest Pr'lof-rty m‘te"rupt)
WwT7 JNTy, = | M ) (arm w " N )
INTzs3 ~|'FA=0 fINTa3) = ( " ).Ro0312 ( trigaer counl zers )
CEINT cEINT = ( " ) (sync. with wnlerropt cloek)
B—sS > wawm Sx@ = FAST.PR4
5 p |(access Pxs = (FAS7.PH4 . INTRAPF)
MRQ 'mstn?(s)) MRQ = ( " }
s/oRq spRe = ( . )
®/INTRAPF ) R/I»TRAPF: ( N )
(advonee T PHS)
PHS[ (Ertered on'r 'f INTRAPF was on)
TeL
ENDE ENDE = FAS24 FHS
AWM, MTW, MTH, MTB 33

)

_Ea-




““FAMULNH": MW, MI SEAMULH Y1 MM

(PREZNIA) [ RRvi—»» A , STore RRvl signm RN ] (PRE2.NIA)| RR++A, RRIG+ RN(\-:.a:arcﬁu'gn)j
PHI Pos. RRYl = A S-»B PHl | Pos. RR=> A—os5»B
Neg.FRv] =3 NA— S8, |+ 8e3( N<a.RR = NA— S B, | - Bc3)
MW = MB o C MB > C
ML = Ci2#Dooll, CI231 » D123 C»D (down aligned.)
O A S #A
PHE. | DS pc’f MI (sign pads coon) PH2 | Dx2“ s mc (Up-align, O's »clea)
BecoN, c D BeeN C+D
FHY | Pes.RRvl 2 D 8mC PHY | Ris.RR > D o s5-mc
Neq. RRvI = ND—S»m ¢ NegRR 2 ND— S5 » ¢
BceN, c-»D¥(BceN) ‘Been, c-pd $(8ceon)

MIT MIT
(6T clock) MITEX l (515 Clock) MITEX =

v -] r ‘]
PHl0 NMITEx > PH10 NMITEX

{ ]

PHII | AB+CS+Bcl— 5,805,815+ A B PHII | AB '+ S+ BCl— 5, Bos RIS ++ A, B
S +» RW ‘T R even (Bwill=0)
PHIS E—-»S-» RWy ) —I PHIS l A =S RWYI —I

MULTIPLY - REGISTER ORGANIZATION

l’ » ' ]C , Fi 2 set L7ﬂ:e_ c)or.k that FG"s a ones :omrlEmen't inD.
A (*DeWem” means D corlains o one's complement”)
|E| D BRE E
FIXED B30(B31+BC3I)
P i T =
¢ 1
D'“e‘“‘ ll 1 H A Iﬂgh‘io‘l !a‘3|+ls| B 3L
D’?HAO
b RN =
L -5 E' [ i | cs |3]3.3|§] BO.C532 + PR32, §33

‘?loqﬁng- Fo}nt extension —

! Il 1 1 1

i
I
i
'
Y : i3 c |
Ak _ :
il 7 EEiaN : ¥
1§
=
NN NN i
i BHHENGE A i
FLOATING st 1y , terbYy iy
i EiH3 = 5
tst 2 clocks |'F fonﬂ i
(\hl‘th.! rostlon /7™ L | 1 Paany 1 L :
Fotipler: R 5 B Rk 5 Ed
long - 8473 Ry ] e T e e ox2 om e b
short- Bo731 ) @ (8" starts s)“&m / (t)short ) s
s after |5t 2 :\ecks) ofter et 2 B \
s clocks flang = .
(s/BC31) L
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MULTIPLY NoTES (Fixed and floaling ):

MPP (muﬁfur\? [:r:rnrc?t{on) = W

"
O - A

Carp
| = cs € (mn@rN)

BconN
s PH9
s/cxs

N resel \{-\Tarrur‘tcL\: -

BcaN (mult.r;\\er eon c\\) =

} for 3cnerab'on o lch}uc'L]

| > DxcM T

| —» Dreum f

£
L = Dxnem M

| > Beal

4 Flan‘h'nj Fo{nt on\?/
(clock Frcce.a"ng PHA)

B30-831.5c3| + B3o.B3).Beal (for ¢ »D)
B30 B3 Bca) + B3a. 831 Bea (for cxz D)
B3o B3I B3| +E20.B3i BeBi (for T+>D)
B30.83|.(6c3l) +B30.8¢3 + FLMC.BC3)

Thd ﬂud\ﬁg‘) by Beod (A\l’ec‘\.\y)

l» DCWeH 1T covCh (DXCA+ SxelIMY) + SCWER DXNCM
Bxt > 2 (Joes net aﬂJ/ Yo B, which ohifts during MIT only)
PR30 —> BO } diring MiT ,n\r.) 0 Bo,| during 2 Beew's Fr:scA.;ni M(T.
PRI ~+> B
| -+ B2 f (ge3@PR32)
Bl —r» B3 (B1&6 = Bl ®@BCI @ CS33)
| > B+ & 2 (FiRmT) + BT (Fummim)
> 85 v B3(" ) + Bn( » )
| s 88 & Bl (chert FW) + RN (shollFLM)
| o B9 a7 (T ) o+ R v )
RN —> B4g,49
{0 —~¢> BAT)
ITERATIONS COUNTING (delech MiTEX minvs2) !
¢ D f(Beon) = m@
- oo 0 o 0 (nitia) condilions)
CO'Z? - DQ—EI l
Co —+» Dy T Fced T opxem I
Cazem "‘“’347-7|}“f Floating (ex12) | s
.
e mo——[1 1] smue €™
| —» D31 f cowem [
Com > Doy no i’ DxeLiM b
Corn =+ Dagomg | Modting (cx2 ) :___—___LI (™)
_ FMS —»{ ; w } s/FLMc, (5 heses & Frrenr)
Comz 7> Do-a Lo 4
T —eom T el F panem ) v
Togem =+ Dggm | F ﬂ""i‘;‘j (Ex1» D) MW, !

E+7 —7#—*Dug,

CewWer = MULRN + FLM (MWoRu)

)
(*c couTams oNES comPLEMENT )

(nate: when a s :omrle_meﬁt \s
FGT WD, The "4 owed is “ru’w}"

W
Lo Bel one clock later) FML —»{} S/FLMC (2e™)
[

MI ——>!I | l s/moLe (\4-"“)

(13 hexes & FPRENR)



MIT  (MULTIPLY ITERATIONS) =

(lsT elock = 2xTIL, Fy :TlL)

PRxzx —> AB
Bo_a (see BeoN)

PRo.2q > Aay

| - A T (D’Tl@AQ)MUL + PR7| FLM

(A—s; lnsn'% - mech. conv, ~ will

S&‘nn a\x.sﬁln.y ll'ﬂhtﬁ)

Lo Ao f (D71 +A0)MUL  + FRT FLm

PR - A

+7-L9 4-71

1> 48T (dec@ne7) o T FLM

L A47T (Dae+aa7)

GxE —> CS

FXED: 823 4 E2,3 (merne)
(For zere check
Lsw, of [aroc\uct)

I+ cs33 T Bo.cs32 + ga3.Praz

Go-u Cs|-3.=_

Ga7-m =2 CS g, T rm

C +»D f(Beon)

C using CSXGRI
| —> BCl §  SMIT pewcn
sosCan P10 F MiT MrEx

(keeF cso ofF F ?‘&)}( [Rad cs-ﬂ)

(see sefamtz. sheek)

BcoN : high T MIT-[ muLe + Fnc +M\T’EX>MUL] + ther slowterms

© 2 clocks preceding M1T)

Toggle meg if miT | . T
MIT
MPI9 = PPcTig
1eq
Mp
. I 7S Pl P pis [MP
l i ! ae1q.p17 (UL Jewd = S/MULC
342 [ 1 ML PIL)
J— g .
L I \ ' ) } M1 PIL (FLM shoil +  =3§/FLMG
& 72 FLM. PIs —
_ “ wrEx | %::t‘" ot ! i ) -
“ 112 F rim sheit (MPI9 + PHY .PI8) MULE+ FLHC % fiiTEX
28 T FLm lang
FAMUL P2
FAMDSF/M PHa MIT (PHio)
e A |
LA (e)
¥ S s
— T MuLe
Clang) ! MITEX
H —
\
BXBR2 ,
T 0 F 1
MH 'tnnmg < acen ! ,
' , -
' ToGGLE MPIq .
t —
MPIq
— ~ resolt o QP
s
PI7,PI8: 00 01— 10 — !l QR
L
-
MPP
P
FAMOSE/M PHq WIT (PHIo)
Ly A 3 o2y
Pttt f—t——{
— FLMC
' —
(dont shit 87) Uarg) MITEX
C -
FMS Limin | BxBREZ ,
(multl'rh'cr < aeen ! i
ariqinall F t t i
13tnatly TOGGLE MPI9 \
smy\c - — 1
. MPIq
horma,\mccs) — 1 ]
Pi&, 17, 18 000 00} —> 010 —> Oi| ——+100 —= {0f ——
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R/TIL ot thie time
¢ to stop TiL timing
aTter M1TEX




l

PHASE

/

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PHALE PRECEDING PRE2,NIA ! sAR3Y/2
(Far RRv\ >R 'n PREZ.NIA)

= (PRELNIA + PRE3.Tx + PRE4), FAFRR/1 & s(ous,
+ (PREINTA + PRE3,TA), FAFRR ¢ =(0U2 0L 3)e =

NO4,05,06) «— = FAMULW
FAMULT

PRE| RRv| = A

2.NLA: {

A%RR = FAMDSF,PRE2.NIA

mu\UP\r'er > A

s/cxs T FAMOLT  Cimm)

O+ A (clear A for ‘\'t:rail'ons)
0> P (clear Teralans c‘tl'.)
R/cca (for mq.sn'ﬁ'MAe.Tes't in PHIS)

s/TaL T FamuLy

S/cxs = FAMULT, PRI

AX/) = FAMDSF, PH|

Px = FAMUL. PHI

Rf/cc2 = FAMDSF, NFAMYLH. PHI
S/T4L = FAMUL . Bu3. PH)

T4RL RRO —> RN (sfore signfer PH1,2) /RN = RRO, RNXRRG < = PRE2.NTA, RNXRRo/) | ¢ = FAMULNY; R/RN < CLEAR
| +>cs (ForNA++S in PRI TRN) esx) = PREZ.NIA FAMUL (nogalive multiplier case)
PHI (A s i Ads pos. SxA = (FAMUL.PHIDNRN | Jmultighier| +> 8,Bc 31,
[T4-RL ADCS —> S § sxPR = ( n ).RN (averds need for sign
» n Neq. ' .
11+ 8ca l A s/Beat = ( " ). RN Teralion)
lS+8B Bxs = FAMDSF, PH)
. , . C \
(MB —+C f FamuLw (preparalion coftrel) mu\t.\,\lmj -C.
ltiphcand w» D (vith
ciz —>=Dool| f R muiup
< T FAMULT  (imm) DxC/4 = FAMULT, PH| b . .
ci23l —+»D|231} / ngnra.é.) (\mm&)late.)
cocie ——» MWN  (ihsig) s/MWN = CociG , FAMDSF. PRI (MBo — cocig)

(forD >S5S » C =D n ruz)

MI (23), MW (37) “FAMULNH”

PHASE ]

{ of 4

[

-26-

FUNCT!ON PERFORMED l SI1GNALS INVOLVED COMMENTS
Pzl (TMiNg: TaL T FAMULW ; TeL For FAMPLT )
T4L [bos 1 T FAMOLT Gimm) SxPR= FAMULL.PH2 (PR =D since A=C5=0) 32 bt mu\ti?\»cani
or S-—»C j (exs was sel by FAMULI_pm) (a.ss:rnHzJ) —++C D
Tl | D (ol cases) Dxc/e = (FAMUL.PH2) (elready in ¢ F FAMULW)
Jr'i —+» CS } (For wnversion of <. csxl = ( " ).RN (=N is surplos (mech. )
|s/cxs T muibio!{cr neq) sfcxs = ( " ).RN (Fr D®CS s 5o in PHY)
BX Ve —+>B (0 —»Bocel) BXxBR2 = ( " ) ]
Bcon {(AcscﬁLeL s:Farc\ic\)l) EC~QN =z akBRa, FAMDSI-;/M j in‘t:rreau.tg mu‘t{r‘;gr E’)c
qeneral : sel-up nxcm)échM,bxanm B3t ff's as fundion of Bag, 831, 8c31)
s/PHs BRPHY = (FAMUL,PHE )
PHY \averted mu‘t]r\\'cqné_-»c F
TeL| D@®cs —»s (l.e.ND—'S)}"fmﬂ‘mu(t‘-F“er SXPR = FAMDSF/M, PHY multiplicand. was negated in
Srrc (exs was sét in PH2 T RN) PHI (Thervise C remains unchanged )
c—»D F(Beon) (c\esr'lgc_A S&Fa.rq‘_‘{g\r) (;(mu\t'?ﬂe.r 2"y
3=nv.m.\: cwD DxcM, INC+D Foxnem , BxC D F DxCLIM, O D T el The ‘Feruio‘mg,
i+ dewem i (CoweM (|DxeM + DxeLim) + Neewem  Dxvem ) ele, (ceweht means V¢ corlains one's
&omlo\emen't” ( = FAMOL.. RN))
Bx/+ +>B (0 +» Bacoet) BxBR= =(FAMDSF/M) -Frq 'lntz"mjdic- mu\t;\’\l'er 2.".
BeoN (sce PH2) BcoN  =( " ). BxBR2 f
O»D (re\ai:el-to Been )os;(,) Dx /) «( " ).PHﬁ
§/MIT (MIT is aTas FAMdSE/M.PHIO) | S/MIT «( v ).PHY (is held on urti) MITEX)
g/Tie F nel single clocking sTiL =( ).PHa  NKse N (s/rLmc/i). mig),
MI) Mnw 2.4



PHASE ‘

FUNCTION PERFORMED

/

SIGNALS INVOLVED

COMMENTS

PHASE ]

Phie] = miT (mu!t\'r\y ‘terations) (16 clbeks The FirsT of which is 2xTIL lans)
TIL .
NOTE : Retjister cracm'xeo\t\én) an Bt C—or;txo\) and sther such defals gre descrifbed s:Fo\"cj:e.\Y (unAel"
YMIT FuNcTionNs ), On\7 ic.ni,l‘a.\ conlro| Fondlions are mertioned belaw,
(PR=A@DBCSYX V4 — A AXPRRZ = (M1T) ‘ma\uct generdlion
(&G =AD+ACS+Dcs)x /o +>CS CSXGRL = ( » )
Bx /4 —» & (PR303| - Booor) BxBR2 =( » ) e
BcoN (see PH2) BcoN reduces To BxBR2.N (MuLc + MITExX) | interrogale mul‘b’r\ier 2
50203 —» £0203 (merqe) (ph enabled by FAMUL MIT) product 2% 40
(A—>s ({ns'.i,)) SxA = FAMDSF,PHIO
MPIq h'\ejh on al] even clacks bit the last S/MFH r&) to MIT. N{MuLc+ M]TEX)_NHH‘] 5-kbit fter. ctr (doesnt
PISI8 +MPIq o> PISI8 PCTPS = MPIq courl Jurinj lad two clocks)
ON THE 14T clock : (neLt last even r_\ock) (etr =13)
s/MULe s/MuLe = (MP[ﬁ,(s/MU{_c,/ﬂ)) where (sfMue/1) = FAMULNNY, Pi6 PIT7
R/TH_ lm'tkir_ aul o‘F TIL R/TIL rez)'f.‘o( " ) +NMIT (TlL't\lml.ns Yasts Wru.,F’HIO)
S/N\RQ/M s/MRe M = ( )
ONTHE 15™ clack : (MuLc) (nest 15 Yast clodk —last C-»D‘?(BCAN‘)) F(mu]ﬁe“cr E'.m’so)
S/MITEX S/MITEX = MULC (etr <l 213)
"R 3°§br neiL instrodion MRQ = MRR/M } | level MRQ/I
Q- P PX = PXQ = MULC
ON THE 1P clodk : (MITEX) (Vast clock)
(0 D) (Beon logic)
R/MIT  (repealer) S/MIT = (MLT.NMITEX.NCLEAR) .
step sus’tq'\n'\ns PHl0 BRPHI0 = ( " ) (shore 2 aF Froc\-.
s/TioL TR is even S/TIoL= FAMULNH .MITEX.NRS| ne<t phase )
M1 MW ER S

[

FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Pal (TwmiNg: TeL T Ris odd , Tlok FlRis even)
Tl A+cs+w3l— S SxADD =(FAMDSF/M. PHIT) (Assimilated prod 24335
or S o A AXS =( “ ) (K31 is =nc\—corr7/ From
Tiot S »» RW T Ris even RW = FAMULNH, PH{|, NR3| B assmilation ))
(5+csaa)c533)acq)—.» B BB = FAMDSF/M ., PHII (assimilate Eroa}.. 2%%)
( " )_.4_; E00073 (mgrﬁg) (path Fl'ov\écé. by FAMUL.PHIY) (Prog. 2% =® #0)
| =» cs3| for ma.ﬁh.»tuge"tcst csxl/g = FamoL . PaIL)
s/LR3i/2 (for S—» RwWl) s/LR31/2:( )
$/PRR s/oRg = ( )
s/PHIS BRPHIS = (o )
s/TaL s/TeL = (- )
Fast B —s Sx8 = FAMULNH.PHIS Assimildfed. orod. 2 s s
[TaL S —> RWv| RwW = FAMDSF,Pd\5 (LR3Y2 i1s on)
SPor (Set-uPtn test ca bt Fme\uct):
Cc3,49 1 > A3l Fezro A3IX] = FAMULNH, PHIS.NEZ E$0 means Ffoi.aa‘w#o
conitr. [ 8/TESTA S/TESTA = FAMDSF, NFASHEX. PRIS
lwrcca f 23732 4 2 s/cc2 = FAMULNH.PHIS. (NBO.NAGG3IZ + Bo.NKod) (CS31 =1, D =0)
ENDE ENDE = FAMDSF,PHIS
ML, MW 4of 4

5




PHASE ]
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PREJ2..NIA: RR -—»A (mu\t\r\uer +» Fl) AXRR = FAMDSF. PREZ . NIA muh‘i‘h& concisls of
T4RL] RRIb +» RN (slore mum?\;ds;sn) S/RN = RRIL. FAMULH, PRE2. NTA; R/RN = CLEAR || RRIL3). (o015 are.lihoreci)
| = cs (For NA—>S in PRI T RN) CcSxl = PREZ.NIA,FAMUL (neg. muh‘..’r\.'er case)
PHY A—>s i pos. multtiphier SxA = (FAMUL PH1).NRN {motiplier] - B163) Be2l,
[T4RL A®CS — S, |+ Bc3) » heg. v SXPR =5/Bc3l = C " ). RN (BoolS are \.ns.lj)
S —B Bxs = FAMDSF, PHI
[MB —c (Fl’ex\sa.rail;n corlr)
COCIG —» DOSIE  (sign pad) (coci = RRo if wP3z2 , RRIG T P232) downward aligned. half-
{ coois—bik3| f wesz Dre/S = 0v5.(No4.05.60). PHl word mitliplicand s D
€163 Dik3) F P32 (will be “F‘a'l{%“a‘ in PH2)
L{cocit ~»Mun (nsig ) S/MWN = FAMDSF.PH)
[0 (clear Tor up-o-\;an‘l) and for ifterations ) A%/t = FAMDSF.PH| l Sét“uf for urwarl
G/CXS (for Dx EI(. ~a € n FHE-) slexs =(FAMULH f PHI) o&\énmgnt s mu\‘t\r\\'cuné
| > NPRX SINPRX = ( " )
s/TaL s/teL = ( u )
0 = P (clear Herdlions <tr) PX = FAMUL . PH)
PH2 Dy .cs, — K, (cs = alt \'5)A=0)D.IS dewn a,“:jngJ.)
TBL Kx&'®— soois SKUAH/I = FAMULH, PH2 vpward aligned half-
0 — sie3l word mu\flp“cani +>c+D
S—+rC (cxs was set m PHI) (0 +» DIG3))
C—»D Dxe /e =(FAMUL, PH2)
. . ) sXl = " -
( t=cs f mu\tiF)\er‘ was n<ﬁ°:t\‘1€ < ( )RN SEL UFAFO“ ND se
<Ls./cxs g/exs =( " ).RN in PHq
MK (s7) N FAMULH" 1of 2
PHASE ]
f FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
Prz| (corlinued)
[Bx/a 73 (08000} }'mims:tc moltiplier 2"
1BCGN same as FAMULLNRA
s/ PH9
PH] All crara'.t-i:ns Same as F'Hd‘ o’FbyF‘AM‘QLNH‘ Somm DQCS—%S—r{C F RN) ’ (C un(_\hu.nsg;l'lf' NRN)
Tel D F(Bcon) «— T(2"° & mu)t{r\x'er)) BxY/4 — B, Bcon (For 23*F muﬁ,\f\\cr‘)) QD Lrek‘hl
T BeoN legic), s/MIT, sTht.
Pataf = MIT Lmu\‘t{ﬁ\r Teralions) (8 eflocks , The Tirst of which is 2x Tk Ianj)
Tk
O‘Fernil;ns same as PHIO oF FAMJLLNH “‘e‘?t Thal :
l) Vhere are 8 docks ;nstca.z). vof 1 o 30
2) The lasth 'Ftcritl'on s For mu\tfr:'\;:r 25 fead F 27
3) Tcrm\nal ‘tteralions are m eiated onThe ¢ clocke :né'f:ml & he 147 (] e. (S/MULC/\)z FAMULH.P\'I)
4—) T\\e. Fro‘)u:f (Em-°> WQ\ have ne St‘an‘m'c_ance rw\«;na =]
5) TioL will nol be set
Pl  A+cS+ K3l — S »A | carry AXS = SXADD = (FAMDSF/M.PHII) reduc 20 ° = A
TeL B+CS32,C533 BC| #> s} assimlation BxB = ( " ) | 080019 ; (garbage in B203i)|
alse: |+ cs3) ("ns"3~), s/ma\/a, s/p Ra s/F’Hlb') s/T8L , (as in FAMULNH)
PHIS A— S SKA = FAMULN ., PHIS
T8L S+ RWy1 RW - (FAMDSF .PHIS)
s/TESTA (3,4 conlr) s/TESTA = ( ). NFASHFX
ENDE ENDE = ( )
MH . Z2&2
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«

EADIVW”: DW. Reven

“EADIVH" DB or DW.Rodd.

(PREZ.N1A) LF{RVI-HA | (PREE.NIA)I RR-»> A (sbore sign in RN) [
PR A—S+ B, RR-»A (STore signinrN) PHI | A=S 4+ B 0 A
MBac( u nu W) MB » ¢ (stere siqn in MWN)
c+>D (down a\\gne.é>.f$ DH
PHZ | A Sx2mA, BorA3l, BX2 B PHZ | BO+» Cs003l (sign pad), Bx2 » B
D—s»c (down alignc) T pH
C+D T or s e+ T or 7
NC+ D, sfcast § Y or 7- Ne+sD T 44 or 7 s/csa\'.f%s/ha{-f‘/_
- 4
PHIl | NDITEX = sxa=A, e, PRIl | NDITEX = Sx2-A, de.
(@IT) |DITEX.NCc2 (32nd clock)s 5 —— A  elc., (®I1T) | DITEXNCE (32nd dock) = S —— A, <lc. S
DITEX.Cc2 (3rd clock i lgi»2*) —] DITEX.cc2 (3rd clock T [g]>2™)
PHIZ ]ENDE (verflaw) ; PHiZ |ENDE (overTlow) [
PHI3 1Res‘£nreel remainder — § 3 A and. RW I PHID lRes'T.ove& remainder —> S A l
PHI4 | B—>50A, 0D P4 | B—>S»A, o»D
slesal T+ or (A )(A#0) of (£.).(A=0) sjesz1if ¥/ or (#),(8#0) or (7-).(A=0)
PHIS | A 4 CS31 —> S o> RWy | (qustient.) I PHIS ' A+CS3) —5 +> RW (%uotient)—'
2 2% 2°
H,B 'V | sle o o o, 4?3—-—( numeralar =—32_]—:— (c\:nommm\"=+a = -3 _‘;—:"_
S g
AB T . 222 2°
D/L.—E.o o | PHIN -1 C|o I o o,
Koo,cs ;) o
P
T
10 0 000 e | (s/swz since RN.(A=0))
]
P Vo I
) 0 |
]
:l 1 Il o ¢ Sw3
217 11t ¢ o 0lo & 1 o T DIVIDE EXAMPLE
1 g
fojo 1 w -3 (4-bit words)
o 0
1 -0
AR -32/+4~ = -% 1o
1] o o ole | o o
)
DITEX :0 o | N o~4
o [
Ve
(sx1mA)—> 1 1 o 01 0o 0 o
o | J PHI3Z
)
(RU®ro).sws JOo o o
¢ 0 01 O o b
rem-» R PH 14
O 0O o
i Q ! o o ©
PHIS
(RN.MWN .(R=0))
| o 0
-
L oooly o000 < TESTA: >0 40

%“" +* Rvl
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PHASE ‘

s/TEN (start ‘ln‘terruy'tab\»‘st/\)

I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHAYE PRECEDING (PRE2.NIA): S/LR3|/=2 s/LrR3)/2 = (PREI.NIA+PREB‘I>(+PRE4-),FAFRR/,) For RRv | 42A in PRE2,NIA
where FAFRR/| = 5U3, N84 05,00
PRE2.NIA: RRvl —»A AXRR = FAMDSF, PRE2.NIA lsow. oF numer, (2%-2°)
T4RL|
PHI | [A—> S B BXS = FAMDSF, PHI, SXA = FABIV, PHl l.s.w. & fomer o B,
TRl L1 oBwz T Acisizo (For 0F test) §/BWE = FADIV.PHI, AGIBI= “B was 2eRo’ (almest).
R = A AXRR: PH|. RNxRRo/2 s FADIVW m.sw, of numer mA (21.3_23?:)’
{ RRO —+ RN (resét 5/ cLEAR)] RNXRRO = RRO.RNXRRO < PHl. RNXRRO/2 §lore sign of numer,
{ MB -+ C (Ly Freﬁmrnt;an conlral) denom, (2%-2°).
| MBO —m» coclemMwN (. " ) S/MWN = FAMDSF PHI, cocit Store sign of denom.
Rjcc (or o.F, “r‘est) R/cc2 = FAMBSFE, NFAMULH, PH\
0 - P (;\ear{cr vse o.$‘i¢l’¢;t.cm; r_,tr,) PX = FADIV, PHI

S/LEN = FAMBSF NFAMUL P
/

PHE| [A —> Sxa--A ARSLI= SXPR = FADIVW.PHa (D=CS = zero) scale nomerdtor To
TeL {BO — A3 $/ABI = AXSLI. ABIEN/2 <« BO.FAMDSF | d.‘an nomer. 23 aver
Bxz +» 8 BxBL} = FADIV, PH2 denem,2° s First
{ 0 B3l (insig) (no sel term adtive) ‘tterabion yfc)As que. 2"
{NC-HD, l szl f N(MuN@RN) DxNe/i = (FADIV .PH2), N (MwN @ RN) } denem —>D, with FO\:\A"T\'.y
[ o N ) xefe = { . Y ( . ) cf?os\tgﬁ numer,
P+l 4> P (rl‘t-wuﬁt Teralions c,tr:> peTrt = ( " ) (m:c\n, convenience in PH1L)
S/PHII (STafl Feralions) ereq < ()
FADLY = OU3.0L6+ous.ore] (DW or DH)
NOTES! FADIVW = FADIV.NO|.NR3| (oW T R is even) i perform Dw
FADIVH - (oW TR s odd eroH) @ DH
DW (23¢) (R must be even; T RIe oc\c).1 see DH) "FADIVW” |sF 4
PHASE /
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Puy] "DIT" Divide iLerabions (22 clocksiF ne over‘ﬂow> 2 clocks 'F evertlow )
TeL
CoNTReL SIgNALS:
DIT  (diwide Teralions) DIT = FAMDSE/D, PHII
prrex  (lagt cleck FpiT) DITEX = FADIV,P2( + cc2 32nd clock or "oF deteded”
CoNTRoL FUNCTIONS:
Pl P (coonl. er) }‘f PCTPI = (DI, NDITEX) (P=1 ‘1Hft§a‘l\7)
, T NDITEX
suslain PHY BRPHI = ( " 3
MRQ/t (a+B el MRG/l = (DIT.DITeEx) .
R//IEZ) (step :‘nterru!o}fu\.;um'f) Rien = ( . ) } mc\uclcs oF,
s/P!-H3} when P=32 T pivex | BRPWIZ = (FADIV, PHIL P2EC) }udu&” oF
s/TioL (re. ne 0.F,) s/TioL = ( “ ). FADIVW
(ac}»'anceﬁ Pz fF o.l'—'.)
REGISTER coNTRoL:
A+D+cs3l— S SxADD = (DIT)
Sx2 > A } fpssz pxsui = (v ) N (FADLY. P2C) residve x 2 A
BO -~ A3l residue s/A3) = Axsu.Aayaw/a «—:FAMDSF/I. BO -
S A W P= 32 AXS = FADLIV, PHII. P24¢ \"es'léue,u A?or remqinéer rtst.
Bx2 7B . BxBL] = DIT wilierl is The I's umrle.-
[ +>B3| } uebiert s/83| = DANc. FADIV,PHI } mert of |quo| when F-or o
D ) b if il @ Koo) | ity o deom clockel.
:Vi_:;l} + denom. DxNc/D reduces T (FADIV, PRI, (MWH @ Koo) Et; .b,);.s - Z;;:;;:-;—;g;
¢ =D i N (MwWNeweo) DX</D v NG e ) ] residue clocked i A,
NMWN.NKoo + MWN, Koo
(e+).(s-) + (c-).(s+) (s/sw3 = (FADIIV, PH1II}. DO . AGO3IZ
SW3 :'Fon after final 'vtem'tlc'm,menns zero|residve was \n\‘t(for neq. numer; cqse): F\/sw3 = ( v ). A3l + CLEAR
DW
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PHASE ‘

I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Pt} (Cen‘tz‘nugi)
TcLl OVERFLoW Logic: (siqn biL
\ 42 ccB T !laos‘rt..afghuo) s/ccz= FADIV. PRI, P2L29= P30, NP3, DIVJVER
In] =14} >,asl} l (re. Fm:Lc. DIVOVER alter The ]s‘t—l't:r:u':n (Emj rjoc\k}l’za)
I‘U > 2"—| DNOVER = RN, NDO (- numgr).(—res'w\u.e)
f31 » 2 — + NRN,DO (+ numar).(+reslolue)
v R = 2 + DO.AOO3IZ . Bwz {residue =)
j (néte: BW2 means Booa29 =0 & wis tfme'}bc means + rcs]Auc)
\>cca2 = DITEX (Peform DITEX fhinclions and inh'bit NdITEX funilions) (3rd cloek)  (DITEX = cc2)
alse: s/DRQ s/DRQ = (FADIV.PHII, cc2) (eNDE Follaws)
S/TRAP s/tear = ( ).AM
s/TRBo} trapTo 7 TAn< s/TR30 = ( ). AM
s/TR3I /TR3 = ( ). AM
(o.c!xlcmce.t PHIE)
Priz] (enlered on\/ T overflow déteited in [PHID
TeL ENDE ENDE = FADIV. Priz )
P3| (Remairder recterdlion phase) NoTE ; (RN@DA) means numerdfor and fesidue have ke signs
Tiol] N (RN @Do), NACGOBIZ => A+D +C531 —S SXADD = FADIV,PHI3. N(RN® Do), NACOSI & (unlike sfjns).(r'es]a\ue £0)
NC o ). Acoslz = (0 ——5)|  (+or= romerdder cases) (residue =0)
( v ).NsW3 = A——>S| Sxa= FADIV.PHI3. (RN®DQ). NswW3 (ke s'.ans‘),()res;c\ue[ﬂiemm\)
¢ - ). SW3 = (0 ——s9) (nesa'hvz numerdlor case where rcsic!ue hit 0) ( 3 )Q " f-\ w \)
s-7»A (Fr abuotien‘t adjuibmert npPHI4)|  AXS = FADIV.PHIZ  (zem remander reao‘a]res infcreasing h)uo\ in neq, Numer: ease)
S s RW RW = FADIVW. PHI3 Femainder > R
DwW 3of4
PHASE l
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Phi4d (a.«:\:’us't Qougtlént sét-ur H‘wo.s;) (ho'tc. N iF 'n}: %u.Stm'n't \‘5 nejn—,tx.\{-e) ll't |‘s (- \!5 c:mp\emen‘t)
TL} B-—23S %A AXS = SXB =(FAMLV,PHI4) %:r\'nj un-acljustc\. quo 40 A,
0 —++D DX/ = ( ) (clear for A+cs31—=s)
P> cs3) F (L) s/es3) = (coxife) = (FABIVPHI NRN. AWN | (+1 for 2's complemedt)
er (74).(rem #0) s/es3i = v D =(. » ) RNNAWNNJRoe3IE  ( n )
(l'n(—/-y-)cqse_)‘l'Fr em =0, a -l is cweh&'ﬁm iuit'eﬁt;‘mis is‘ra'u} \:} Jﬁ'&\wie\lfng ( ))
or (/=) (rem=0) s/cs3) = csxifa = FADIV.PHI4, RN MWN . AG31E | (+] ewed +quo. because remsg)
$/DRQ S/DRQ = FAMDSF. PHi4 (ENDE FoLlows)
s/LR3l /2. S/LR3I/2. = FADIVW.PHI4 for qulient s RW)
s/Tlok s/TioL = FAMDSF.PHI4 (s = Rwyl follows)
PHIS ENDE ENDE = FAMDSF, PHIS
ToLl A+csdi—s s (adjuited quéliest) | SXADD = FADIV.PHIS
S = Rwvl ( )] Rw = FAMDSF.PHIS (LR31/2 was s<b in PHI4)
Forcez s [s—> A C o ) AXs = FABDIV.PWIS
coitre|l | s/TESTA S/TESTA = FAMDSF, NFASHFX, PHIS
W 4 of 4
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PHASE ]

=

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PREZ2 .NIA R A (8% 7°)+» A (umer)| AXRR = FAMDSE.PRE2.NIa
RRO —» RN (slore nomer, siqgn) | 3/RN . RRO.RNXRRO « PREZ NIA.RNXRRo|/| « FADIVH; (R/RN = CLEAR)
PH) A— S } SxA = FADLV.PHI } @) pa s (momer)
[T4RL S B vomer, | BxS .= FAMDSF.PHL
| = BWZ T Ae13) =0 e/Bwz = FADIV.PH|.AOIZI12; R/BWE -cLERR | (wcor_cverﬂootest)
MB-»C (F"’P)
€ —+D (down o.lf%nei.) denoem, Dxc/; = 0US, (No+.65.8L). PH) (Joun.ad-'sne} derom. to
MBO > ocil o Ml f upper juup s/MWN = FAMDSF.PH|, cocle: R/MWN = CLEAR °; (5'?“ ‘tmé. in M)
MBIL > COCil wa bl ower ' (b remains = o ' DW.R3Y)
O+ P (clear HeraLions tr) Px » FADLV. PHl
0 -~ ce2 or o.F, test) Rfccz = (FAMDSF.PHI), NFAMOLH
s/TeN (sfaft x'nterrurto.\{\\]ty) s/ten = ¢( " ). NFAMUL
s/cxs T DM (5L nekin DW.RBI case) s/cxs = FADIVH, PH|, OUE (for D> S C in PHE)
0w A (for sign pad, ete) AKX/t = FAMDSF.PH|
P2l D — S " DH (bot net in SXD < FADIVR, PHZ (Aaun-a.‘néhej,m;ah'-rm;e]t)'
AN S C } DW.R3\ case) (CxS is on - see PHI) } derom . 5 f DH (¢
casEL A a]rea.éy conlains 32 bit
d-eneh"\, 'h . cas
NT:]:sm}(-Aenom%D)Cs) DXNE/I = (FADI, PHR) . N(MWN ®RN) o R case .
CASE 2 +/— : (FUt -)gnona\‘no.k'or
C D (+ denommd) dxefe = (o > . C o) irte D, csal/nap in
CASE 3 -/+ B Ps‘a.r\‘by oFFes'ftc,
c D (+ denom—m D) D%C/e = ( » ). ¢ ) numer . O\SO) ’
1S 4 €5003) (siqn pod numer) €sxl = FADIVH.PH2.RN pit sign ;uul_ oF negq.
cASE & /- ¢ nomer, in CS)
NC = D }(—émm DA DxNe/t = FADW.PHZ N (WN@RN)
| = A3 AZix1 = A3BIXI/j= FADIVH PH2, MWK, RN
P+ CS003] (5ign pad momer) | ©SX1 » FADIVH, PH2.RN
(+ sfesmt =DrNC/I - néun.) -
DH (s¢) (includes DW (36), where R 1s odd) YFADIVH" . . leT2
[ooace |
PHASE [ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
?HE. (Cer?tl‘nueé) (5(«‘: numqrqiar Se 2"
B2 —+ B BXBLZ = FADIY.PHZ is “over® denom, 2° for
O —+» B3| (\;15; ) G s term a.c'tu've,) First "tf-fntl.m', \‘”“‘?\;“it
(sign. Fa.:\ 'S \na-rl\u\ \:Y cs (see och:B) eration )’!‘cus %wtm‘t E’)
Pl > P (rre-mu?t‘wons c'tr) PeTP) = (FﬁbIV-PHQ)
s/PHI) BRPHI = ( )
PHI] “DIT" (22 cechks) .
Tel (_smng as FADIVW uceﬁtm Tiok is ﬁ sl ¥)' DITE") <AN.'AE Ttuci‘;:n")

[GOE)) (en‘teru\ on\\/ T overNlow A-‘teé\?ej n

Pan (7o or "2 20)

(cverﬂou case en‘7>

TeL ENDE ENDE = FADIV, PHIZ-

P13 (Some as FADIVW exceFT Hhat )

L D) Tming 15 TCL indead SFTIoL ‘ (remander rectordtion)

2) S»BRW s 'm\»}l;r\::J (e e rma.lv;clel' s Aulswéei)

PrI¢ (same. as FADINW eXCem S/LR3| = Jnes n;t "bx):g 'F\ace) (Brmﬁ Uh»cu;iusu que,

TLL %A and u‘_‘ua't css»)

PHIS (same o8 FADIVW uce‘:’t Wl . %)otfc WL —> RW (\ns't:a} c? RN»\)

TioL (store cbuetlént wn R
(ENDE) ENDE +» FAMDSF, PW(5

DH 2of2
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SHIFT INSTRUCTIONS (nsles on corilrol sigrals):

— SHPC.FASHFX.P25 P2s29w — MCTPZ = MCTPL. P30312

enabled by N(FasHFx. POBIZ)
MCTPI = SETL, NSHEX/i

Pro {10

PCTPI = SHPC, FASHFL

L PcTPa = PCTPL.P3031W  + SHPC .FASHFX P25

N
G U

L FeTP3 = PcTP!. Pac3iw

— PCTPS = SHPC.FASHFL + SFTL4, FASESL

FASHFL ; tasg\lt Ly SFTR2
SHPC conlr.

FASHFX sel by PH1.P30 | Taggle. by sFTR2

sBwz = PHI. P25 (All:sﬂt.oh QJ‘? 5\1&:\’, 1 O #\e'&‘_, l#r—}{nﬁ)

SHEX = PH9,NNshExA (ext Trom shitmg phase)

NswEx/t = N (Passia (It shit cases)
+ PiS7w (ruj\\t SLIft cases 'ﬂonfm:l Fo‘m‘t llmlt -4 \'\cxei)
+ NP25,NAOSIIZ FASHFL (harma.h'ch. nomber n ﬂoain}wj left 5\n{t>
+ Eo) (cxronant cvﬁrﬂam/ungcl"ﬂmu)

SETL = PHQ NBWZ

SFTR = PH9. BWEZ

hi & suEx time

—_——r—
SFTLI = FASHFX [SFTL.(P3o+P3l)  + SFTR.Pi8.P31 |
SETL4 = SFTL. NSFTLI, NSHEX/
SFTRZ = SFTR. NSHEX/|
PCTE] = SHPC, FASHFL 3 MCTEl = SFTL4 FASHFL
wmplies FasuEx  exclude naht shifk
PARITY & togfle cci by SFTRAR, which = FASHFX . SFTL4- (Ao @Al © Az ®A3) +EFTLL. NBwWz Ao
v
FIXED PoT aveRFLow : il ez by FASHFX , SFTL4- N (R0004 2 +Rooo4w) +SFTLI - NBw, (A0@Al)

FLOATING PoINT MeRMALIZED © st ce) by

FASHFL, SHEX. NAGTI 2 + PASHEL PHIS, NBWE, RT2
" EXPONENT ovERFLow/undeRFLOW < ccz by FASWFL.PWIS, Eo.NRTZ

P REGISTER CoNTRoL

on\)/ use.} o ceurl 8080 daon e my

McTPS /

McTP2 MeTPl
GND GND
4 s s R A4—
r ~ r N s ~N r ~
.. » . £28. 789 ,/.N(FASHFx»NP‘Se-NPs\)
27 I 28 1] Ed IJL]ze T z7|—-u—,aa a7 28— a‘I[LIES
[15 )a—l [sq 2o[ap ?_zl %aa aﬂ {aa aﬁ—l ,30 31 Iaz BT’
a5 fa7 45 jaT | 45 47 4s 41 [ 45 L"_[W
| 2z 2 2 2 2
PiT8 v 1 PAZZ P24.25 Pas.2g 4 [y PASZ
(Pazz. + par.rae) (FAZ + r32.P93
[\ 7 L J - J \ ’ “~ J
23,43 2343 MR 23,43 23,43
j —L— norm‘b low
peTRS PCTP4 PCTPS FeTP2 peTel
nurmq“7 h
SN PcTP2/) = PCTPl. Pac.Pai.(FASE + P3z.fas)
&
AN

cevil: PIS-20 f FAZE
pis-2a f raza
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"EAsHFR' | S

(prezN1A) [ AR = A |

PH A—s — B l|F|on_j

05 B T shatl

R+ A

a )

PHS NSHEX

SHIFT SHEX

long

FHI"rI B — 5 - RWyl

Y chort
-

PHIS [A— 5 - AW |

eyelic — double (long)
arith. l — ceurt += Veft) -- no, & bis
_l —N—

C AL =) .

| T T T 1
e cred
indexable
\nAiFECJ[ Q:Ath’:ssa,ub
FasH ., PHA (Fued)
FIXED PoINT ~ LEFT /PE'5= Bwz =0 (¥)

/’( L_a"‘ r 2° (E‘;nary Fo:;i\.:.:l"s)

25 2 29 30,8

5 8
[ o9 [t ( - C\ac\f(
<] [s3°} AB C|O LES YIZ P303t=&= 0-3 S

down-coonl P3031, shit aB left k, Vs, -tcﬁ\g car § A0, sib cea T (Aooan)

6000 0000 ABCO  xxxx 00 P303lz . PaLzaz (0-15" locks)
2

doun-court Pae2q  shit AB Ieft by 45 tosgle cal Tlroor@nzona), st cea T N (noood 2 + Raoo4w)

6000 0000 ABCO 0DOO 0O P03z, P2L24% (1 deck)
3

sHEX (raied by Pesaiz)

FIXED PoINT - RigHT Pas = BWE =1 (-)

SHPC (P30 5 SHPe during PHI represerts 2')

13 18 25 & 29 30,31

G e (32 o
[

h_oﬂﬂ\e' SHPc --- SHFC uf-f—ouﬁts Pac2q ---- corry '?rem PaG Aomh— ccun.ts P\S\a]

shift aB né\\t b/ 2's (B30 »Be3) 4o itend B in case & over-shft (1e. P31=1))

oy 0Q 00 AB ct 00000 Y2 PISVTW
g f ]

SHEX (raised by PIS17w) shit aB 1eft 1 Pis. 3y (1 elock)
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PHASE ]

[

FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
(Phabe preceding PRE2.NIA):  &/LR31/2 =] (PREI.NIA + PRE3.IA). GU2, OLS for RRY| during PRE2.NIA
PRE[2.NTIA: RRv] - A AXRR = FAMDSF.PRE2 ,NTA
TR
PHl | A>sSoa f \fma R ‘o= s - B T ghorl SXA = FASHFX,CR3, PH&) BXS = FAMDSF, PH|
T4 | RRwan AXRR = RNXRRO/Z.PHI RNXRROJ2 indudes
RRO-»» RN (Store sign) (insig) S/RN = RRO.RNXRRO, where RNxRR0 includes RN{RA0/ PH) FASHFX
(R/RN = cLEAR)
Pas s BWE  (store direction) S/Buz = FASH.PHI. P2€, R[SWz = cLEAR SHEX D qas > F2§
R/cc (For F""'"tf check n PHAY) R/cc) = FaAsH.PHI. can Lc.s,_-t °"\7 ‘n
Rfcca (For overflaw check \n PHA) R/cca = FAMDSE, NFAMULH, PH1 lefE shift case.
s/1EN (render wslroctisn witerruptable) | - /TEN = FAMDSE.NFAMUL PHI wil be resst by suex
o » Pis-a2 (for I"Is‘\t shit case) P)S/E. = FASH PH)
P30 sHPC. ( u ) s/sHpPc = FASHFX. PBI. P30
S/PHY BRPHY = FASHFX ., PH|
PHY | SHIFTING PHASE . (Detads are lisfed on s:rexraﬂte skee'ts; °"‘Y general conlrel is mentidned hcrc)
L
NPas = shit \eft by I and by 4’ ufif] SHEX (= P2S312) causes ot (1 ~19 <locks)
P2S = s\anc rf%\nt by EIS (@nJ ‘C‘H'. Ey ﬁ mn_) il SHEX (: Pl§|7w> caunses e,qt (2~33 a‘cr_ks)
A—s SxA = FASH . PHq For Axsie | Axsiy
A — PR (Dandcs are c\mr:e&’l’\ence PR=AD for AXPRRZ.
(co;tl:nue.J)
S (a25) “FEASHFX” | of 2
PHASE ‘
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

PHY
Tl

(Cait’d)
Suslain PHY

Funjléns F«.{%rm:A on last c‘ac\: (lv=.

R/IEN ('tcr‘*m\nib 'nﬁta'ruf‘ta\;l&y )
MR/t (@ »rP, étc)
s/ToL {Shre n:itp"m.;:,)

shor on]y {S/PH|§

8/DRY
lah3 on)/ {

s/PHI4
s/LR3i/2

BRPHY = FASH.PHY, NSHEX/) | where ;

NeHEx/| = N(NP25. Peczaz.nP30.NP3Y
-
SHEX | whech = FASH.PHO.NNSHEX/I )
R/IEN = SHEX
MRQ/l = SHEX.N(FASHFL,cz3)
3/TloL = SHEX.FASHFx
BRPHIS = SHEX.FASHFX.Nc23
§/PRQ = SHEX.FASHFX.Nc23
BRPH [4 = SHEX /FASHFXx , c23

s/LR3|/2 =SHEX .FASHFx. c23

shifting in process
1 P
+ PIS.PIL.PI7)

(" sh¥t ewit”)

(P sha\ C are Sf‘ree)

S\’nort H
(A =S 4»RW nest phase)

‘Dhil
(B> s+ Ruvl nest phase)

PH 14

(en'terc.a‘ T \ana on\)/)

TieL B oo S —>RWv| SxB = FASHFX.PHI4; RW= FASHFX.PHI4
S/TioL S/Tiol. = FAMDSF, PH 14
$/DRQ S/DRQ = FAMDSF.PHI4
FHIS|  A—SsRW SXADD = FASH, PHIS, NRT2 (néte:AdD reduces [ A5 NRT2 s high)
TioL RW = FAMDS F, PHIS
ENDE ENDE = FAMDSF, PHIS
S 2st2
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YeasHFL': SF

—
(pRE2NIA) [ Store sign of R | PHio [A—s+C R/RT2 T mas.#o |
PHI | Sheft = RR —LA — PHI lB—-’S—,-)A l 4]
Long => RRvI—A l
PHIEZ. | A ——> S~ RWvl I R+
{ NA+| — S RWv\ § R-
Phz[ A—o s B T R+ leng E0l07 # A, c»D, R/RTE \f lswzo
NA4+l— S B T R-
RR - A /—r-short
j » | PHI4 rEO\quA-f-)A R/RT= ¥ A0
LES A s F R+
NA + Carry— S TER-). fong PHiS (AvD) ———> 5 if (R+).leng
NA+| —— S F(R-), shorl N-(AVD)-*.-CA\'!-\/-—;‘S \F(R-). long
Sooa7 -+ E, S083) A A————>5 § (R+). shefh
NA+1 —— > 5 if (R=). shork
J S > R’W
PHY NSHEX => shit AB Etl—E
SHIFT
SHEX s/RT2 —"

Anu}:}e(\ani‘) — couit (+= Yeft) --ro. of hexes
——
N N

indexable

Y
ndirect ac\c\rasso.\a e

EASH. P (Flodting )

FLoATING PoI'NT —LEFT PE5=BWZ = 0 (+)

/ - a® (Sv'rnn/ ):csrt‘or e 2° \'txeS)

2 29 30,3

5 8 2%
J 0o ao] LT_:JSJ xlxlx!X‘ SHEX (0—!4- clacks)
!

femn—

e

Léown—caun—t PEGBI) VF-count P 1Si8 R Anw-m-c;urﬂ: 0007

(SHEX can be rélsze\ Ly

(l &‘.c:&:)
\> PR53IZ s e, ShiE cor T has been :ew‘r' ::j u‘)‘.ﬁx\ ar
2 2) FISiTw , € 14 hexes oF shift have “Taken place (hence resolt mus“t:c.)l o
3\) Acsilz | Le. The rimber is harrv‘n";EeA ) or
4) Bo | e, The exmoal has vedertloved. . (Ewil = 11y ")

FLOATING PoINT = RIGHT
Pa5=BWz =1 ()

SHPC (r p s a' \:\'nar)l Fas.méns, e, E'l kcxrs)

18 25 = 2 303 /
. e
olololofo] foo ool |aBcft] x|x|x|x SHEX (0-28 c\acLs)
EER boes] P FERH
\ indhal .

'tcaﬂ\c SHPc. --- SHPC U\O-Cou\;ts PIS3I PISI8 and Eoco7

AB shifts "‘.ﬂ“t by 2's (re. ere hex Tor each eycle oF SHPe)

’SHE}( can be Fa;lscr) b)/ : (I c¥oc‘}<>
2 1) PEssiZ | Le shift covil has been comrhél wHh | er
2)PIS\ 72 , be. 14 hexes & hift have taken ?‘o-cc (hence resultmu?tzo) jor
l 3) EO, e, The exfene»:.t has ouexﬂoutc\. (E will =16 0o 00 00)



[ acr |
PHASE [ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE[2.NIA: RRo-»>RN (Shre sign) S/RN = RRo RNxRRo, where RNXRRO = RNxRRo/JI PREZ.NIA, and where
T (R/RN = cLEAR) RNXRRO/I = FASHFL
RR —> A (\asia) AxRR = FAMDSF.PREZ, NIA
s/Rs/z T long S/iR3I/2 = FASHFL PREZ.NTIA c23 (For RRY1 =7 A in PHL T long)
o’s D D/t = PREZ.NTIA (for -As)
P RRvi—=A T lon AXRR = FASHFL, PHI (LR31/2 (s on)
T4 | RR—mA ‘T short } ( -« )
P25 —»Buz (store diretion) s/BW® = FASH.PHI.P2S, R/Bw2 = CLEAR
R/ccl (for nermalize check in PHY anJ‘PHlS) Rlcl = FASH.PHI
R/ccz (for exroneﬁt o\larﬂcw/uru:ldﬁow R/ccz = FAMDSF, NFAMULH, PH|
Test F’ng)
SIeN (render msbnction wlerruptoble) | S/TEN =FAMDSE, NFAMUL. PRI
0 Pis-22 (clear “bmil coviter”) PXJ2. = FASH, PHI
5/NGx f hcja'.tive aFcra..neL S/NGx = FASHFL.PHI.RN
R/KooH (to couse 'A'+|=—>s nexl phose Jin ne.cjcftive, or!ra»nu\ :ase.',[xm (on tre :u)éar): Ngx, N (KOOH.FASHFL), hence
in FASHFL when neqalion Takes place (Ngx), A—s T woon s on, and Blel o> 5T Koort 1s off.]
S/PH3 i shorl ] $/koon = 500 = NKOO,N(FASHFL.PHI) ; (R/koon lis always high)
enable TERL if long } — | BRPH3 = FASHFL.PHI.Nc23; TGRL = FASHFL PHI.c23
PH2| RR>A (ertered if long enly) | AxRR = FAsHFL.PHZ
TG S B BxS = FASHFL.PHE
RL +°F=’““‘L A4S SXADD = FASHFL.PHE ; ADD = A smea Nax is | o
——cpcro.ni CAE] S Nz " BDD = A+) sSince N&X Jand NKOOH are an.
NKOO —ms Koot (store invetted | &/Ko0oM = so00 = Nxoo
e.no\-mrry Far dovble Prec;s;on hg_aail'an b}
S/NGX (B corlinue negdlion)]  S/N&x = FASHFL.PHE.RN
SF (24) "FASHFL” e
PHASE ‘
[ FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
N o
P3| 50831 —> A083I, (042 A000T), (marlissa) | AXS/3 = FASHFL.PH3 (S\'is converted T zere)
TeL 50007 > E (exfaonevs‘t) ExS = FASHFL.PH3 (S0 will 20 excepl n above)
+ operand 1 A5 SXADD « FASHFL, PH3; AID =A sinee NG s off
- eFeruJ i A8 ¥ \nfut carr)/:o [ = " , ADPD= A woosan a..n; KooM is on
A+lors T inpil carry = T . P ABDE Akl w woeml s offe
s PHY BRPHA = FASHFL,PH3 (Koo in PHZ)
PHYG SHIFTING PHASE (D:TA'\\S ore 1|§'t:a), on sepnrai: s\wc&\'s)’ on\y ﬂe«neral zontrol is m‘sﬂtl‘ohecx \'1=l‘c>
TeL NoTE: The number| 'n AB is The absalvte value oF the oF TRe mafitissa
NP25 = shift 1sfe by 4's viti] sHEx ([=Pass1z + PISI7W + Eo + NA0aIIZ) causes exit | (1= 15 elocks)
pes = n rnghts 2's v (]= P2s31Z + P1S\TW + EO) canses exiC (1-29 clocks)
s/rTz  (seh up “RESULT 2ERa” test) S/RT2 = (s/RT2/3) = FASHFL.Pnq.NSC
A—>s SxA = FASH, PHY (mech. conv.) for Axsig
A— PR (D and s are Q‘QQJ’CA, hence PR -:A) for AXPRRZ
sustain PHY BRFHY = Fash. PHT, Nsnex/l, whcrcg (s‘ﬁ%n%«i n Fracees)
NSHEX/} = N(NPRS,P2L292 NP30,NP3I + PI5.PI.PIT + E0 + NAGBI 2 FASHFL.NP2S)
Funlions ferfarmgl on Yail clack (i.e. [ sHEx, which = FASH, P9, NNsHEX/) (*snifE exdil)
R/I'EN (‘term[natg. n'Tten'uF‘ta,Lu‘fE7> R/IEN = SHEX
shorl on\)« © MRq/ (QmP &) MRQ/I = SHEX. N(FAsHFL.cas) (P and ¢ are '?rae.)
s/PrI4 BRPHI4 = SHEX, FASHFL, Nc23
leng enly: sjcxs s/cxs = SHEX,FASHFL.C23 (for A—>Ssrc inPHIO)
SF
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PHASE ]

r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHI10 (eh'tare_;:) \'F \onc( on\y)
TeL A S--C Sxh: FAMDSF, PHI0 | (Cxs was sél n P49) (save ms.w.)
R/RTZ T Nacoslz (zero tedt m.s.w.) {S/RTz = (/RT2/3)= FASHFL Acoala RTa.Noe | (RT& was sl in PHa;
R/RT2 = (abways hi.) (medh. conv) drop T A #0)
PHY (en‘temlfhng enly)
TeL] B seA SxB = FASHEL PHIl . AXS = FASHFL.PHI Cls.w, — A)
(r/RT2 'F NAcozIZ - redundart) hold ®Tz T Acoate - (see PHIO) (correits oT A same as PHIo)
s/Ngx T ar'«@(na\» orernni naac&a‘vt S/NGx = FASHFL.PHI)L RN } seb up for A+i—rsmRNv
R/KooH §/koon is inhibited by (FRSHFL.PH) (see PHI) in PHIZ
S/LR3y/2 s/LR3I/2 = FASHFL, PuIl (For RWe1)
s/TioL S/TioL = FASH.PHII
PHIZ + °T’°’°“J © A—s (eitered if long only) SxADD = FASHFL.PHIZ A
TioL| — operand : A+l— S W= legic same as PH2
NKOO —» KooH S/KooH = SQ0 = NKOO
s/NGx s/NGx = FASHFL,PHI2, RN
S —» RWv RW = FASHFL, PHIZ store sﬁ\{tcl \s.w.
R/RT2 T WAce3l 2 (zerotesh 1.s.w.) hold rT2 T A0O31Z -(see PHIO)
EDIOT 4 A0ID] (0 +» rest o A) AXE = FASHFL PHIZ  (AXE raises AX) (E0—+» A0 blacked by FAMDSF)
C-+»D (<0007 will corfain 2eras) DXc /6 = FASHFL,PHI2 (m.s.w, 4> Do)
MRQ/) (a» P, ete) MRR/I = FASHFL, PHIZ
3/DRQ S/obR® = FASH, PHiz
S/PHIS BPHIS = FASHFL, PHIZ
s/TioL g/TIoL. = FASH, PHIZ.
SF 3f 4
PHASE ‘
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHIH (ertered T shorl enly)
TCL] AVEDI07 —»A (merge) AXE/t = FASKRFL PH 4 (does nal raise Ax) (22007 cerlains zeres)
R/RTz i Nacosie hold RT2 T Aco3siz - (see PHIO)
sMNex ¥ Oﬁsllna) o‘seroncl ncjn‘t.'vc ¢/NGx = FASHFL.PHI4, RN };Q, A+)—>S e RW n PHIS
R/KooH s/koon is inhibiLed by (FasuFL.Pui4)  (see PHi)
s/pRQ s/DRQ = FAMDSF, PHI4&
s/TioL s)TioL = FAMDSF. PHi4-
P15 | (Final faka,sc oF bt shorl and Qons)
TioL + o[urnnl (non-zero resuit):
sharll: A — s
ionﬂ AvD — S A0 107 has exp;Do83| has mantissa,
- cFeA’nnA (won-zero resuH;> P SxADD = FASH .PHIS NRTz (other bits =0)
shotl : A+l — 5
’0\13 : (m)-ﬂ—»s Tend carry inPHI2 = | cantraHgA 5)’ NGx ““A KOOH
((AVD) —s =0 | ]
(o—s F zero result n ma.v'\h'sm.) (exponent made =0)
S + RW RW= FAMDSF, PHIS
S 4> A For AXS = FASHFL. PHIS
|82 T resolt nat zere (fngr.sg) €3, Ces A3I%[ = FASHFL,PHIS NRTZ (‘FQ\' \on3 case where exp =0, m.sW a0, Ls.w fo)
s/TESTA cantr, S/TESTA = FAMDSF. NFASHFX, PHIS
sjcel F oresdt s o v 1€t shift case $/cel = FASHEL PHIS NBWE RTZ (see alse PHq)
s/:ca‘f resolt # o and exp. cvar/um;:rﬂou) s/cc2 = FASWFL, PHIS, EO NRT2
SF 4a‘F4—
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FLOATING POINT CONTRoL Flags (FZ FN, FS):

F=z F‘ox;ﬁ Zers | (Aﬂ:hés 4 ol 'g\o:tni o?@fﬁiéh;)

FZ = 0! Unéer’ﬂem mnsc.sﬂeresu\tt be sa: e-ﬂh»wl o thue 2%,*\"@'
vee s Yo || ard he Lee sitte oo,
(Excegb'on: F oaTras resolis from s'xﬂ\'}(\r'l'cn.n:e, Qnock\;aq e

\

l'tSU?f 3r an &Ah\b‘h ar sum:ah) an Uh:\el‘\om ﬂ-enemfel "
e Process & ra's'thmmaxlh'wﬂ is |3ncrc§ when Fz =0)

Fz=1 Uhe‘le‘ﬁow cavses o.‘l}aft 68 . Resvlt étoroﬂe Aocs nal

ocr_ur') vec s =¢"G A , anc\ e Lce il te sétt
reflezt “Fe ra\a.l'—fty & e resulS (o fer <o, 10 for >0)

 EN F\o&tmﬂ nomallie, (Ppphes +o a.;\l o.nl sobtr ¢n\7>

FN= 0! Reso'tts o'?‘ alﬁlta'ne or su\s‘fm?ﬁ%s are Fostmrmnﬁ\.ie—l.
cCtz I.S Sg l'F meore -Y;on tu)o Fogtnormq,\l'gn.naj S\tv are.
rettuur.ec} or T He rgcu‘t s =mero .

for «u and

SUVCI’O,CT- only 9 FN = 1 l-n\'n\))t Fo—ithbl‘rﬂa.\:aailc;n 5 rcsu\)(.‘s c‘F a.chl?ﬁ\o;-as or su‘btrn'rto'ns,

vee wil n:\e:ﬁta\b‘*y reman = 04

Fs Flcoftmé sigriTicance (Arf»le'st a.A; an:\» st on)/}

FS=] with FN= o) wll canse A__trar_t' 68 'I'F more _h’mxn *ie
rogtvvochlé»;\s s‘\';irts ore rer\su.\\"eg or F The resll ¢ zero,
ResilT §Eraz3c dees nal secor, bil Lee wil be sstta
indicite fre rasslt {08 Jor zere | ot for 20 10 for D0),
ccl s §€t) ard ccz wil be b T oan undecflom resuhfq}
*From ?os horma.\\;u;\% a.ml F2=1.

C.C. SUMMARY:

uee Lee No TRAP TRAP & &8
00 00 * NxO, O/, or[ﬁ-h‘orm<-ﬁ) wih FN=1] -
[]] N<o ——
10 N>O —
I R
of o0 —_ divide by zero
ol - overflow ,n<o o.\wa,ys tra.FPSL
‘o - e\lcrﬂow ,h >0
\ —_— -
to 0Q ¥ A-Aor A+ (<A) A-A or At+(-A)
o N<o > 2 Fes'tnormall'al;ﬂ' svnpts F5=0 and N<o >2 rcs‘inamJ\’.ﬁGmx s‘wﬁts Fg =1 an.).
T 10 N>0 EN = O “-*‘Cl N>0 EN=0 an
] J— no underflow R et (unAerﬂw
it P2 o)
W 00 * UnJer'Flow with FZ =0 a.nc\ ne 'tmr \by FS =i
ol vnder low s N<o Fz =
1Q —_— unﬂ‘uﬂo» 5 N>o
n —

¥* resolt Sétt True zero
T A-H’\lcst a-A«} anA suktra;’; cnl)v where FN=o0
— ndicales - lr'n{:oss‘\uc :em%éurn{l'm‘\s
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A
PrI LRR-HA, MBwc, (sTare signs) NOTES : PHY [ A"+ D453l — 5"~ A”
l A = AOO3 s/FMOF ¥ avedlon
PHE | ApA’, (TAe) +» A, B A = a8771 B-G++rE, OB, o+D
cmc, ~(tce) »» D,C57 A" =473
l (tAe) = Priz | FMOF » 1A'l 2 8"k it m A} E+I-mE
PU3 | (TAe)-(Tce) —S=E el NFMoF. (ASN +FNF) S
FRyl->A, MBvl . C exponen A" > 8" ——>A
NFMOF, N(ASN + FNF) =
PHe | (TAe) =(tce) > C#D e — Ao 8%l #2A, E-lmE
(the) < (1¢e) > 0D} (Ace)- B (Nianp) o\ cases; reverse FPR if sum neg.,
s/FPRf A is neq,, E+l»E —E<o \ S/RT2 { ("<0).NFMOF
(the) > (Tce) = <»D” E>0 j
{ PRIZ [ (A=) = A= S"x i #A",  ExInE
PHE | A"t O A’ \ (04A™C i) NFNF =
\ s/FPR Fois neq, E-I-/—»E\ A" SXIb — A, E-IpE
| [(e ¢A<1)or RTZ or (A"41).FNF]=>
“
PHG | D) = &% ik -+ A" E-l»E ) A" -5 T NFPR.N (RT2 + FEUF. NF2)
" " # . E=0 4 "
<odF NFPR —c"mBesa T EPR 1 -A'- T FPRN L . )
£70 E+¢4 o AOIOT | 5’2 AGE3)
— . .
Vs cs0007 ([ FPR, SRyl T NFTRAP
PH7 | 1A'l —»S'x e A" E+imE
” at wooo . E=0
c"od" T NFPR, —c'wD, cs3 il FPR E\;o
y PHIs [ ABcs — s T N(RTz+ FEUF.NFZ)
} S RW T NTRAP
PHE | A"— SX e — A" hold cs31 ‘»Ej(ho or A= 0)
g+lpE § E <o, E-{PET Eve (E=0 arA0)—
FLOATING ADD LoNGg (FAL)
PHASE ]
[ FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS

-r«m.L
PRER.NIA : RR A  (insig.)

AXRR = FAMDSF FPREZ .NIA

( r:rp,atge\ sfan‘i?x :m\\\’ M‘tr\;g;

Exponesl A‘lﬁu’e‘nc'\ng sét—uit (RR- MB)
- cuu;enJ P ADCS0007—+S

+ " DA S

S -+ Acoe7
- cul):n) L C++D
+ w1 T-mD

('Fol‘ 2's camr\cment)

| —» €57

SR (save un'\nvevtca\ n.u.ﬁenA. exp.)

Piif A—sosB  (hsiq) BXS « FAMDSE.PHI, SxAs FAFL.PH (For long FAFLM)
T4RL] RR-m A (ms.w. &F mﬂem\) AXRR = RNXRRa /2. PH! } RNXRRQ/,: = FAFL
RRO +» RN (store sign of ougend) /RN = RRo. RNARRO  RNXRRO « RNARRO/2, PHI
(R/RN = cLEAR )
MB - C (m.s‘w c'F cLA()Ch&l)
MBO =y COCIG <ws M { stom M)o\ené—s.}sa) S/MWN = FAMDSF. PHI.cocie - (R/AWN CLEAR)
s/cxcraz (for con ca7, corsi rcagi in pH2) s/cxcL3z « FAFL,PHI
Ricet (For exp. undeFlaw et i PHIS) Rjcc] = FAFL.PH) (alsovsed or méri-ftlm_ce tal
Rjcca (v o onderfoverflos v W o ) Rfecz = FAMDSF, NFAMULK, PR T]in PHiS)
I's +» c50007 (4o mverl Aooo7 T A is neq.) esx1/S « FAFL,PHI exp.bifs are inverted when neg.no
STEN (STl ilerroplability) S/IEN = FAMDSE, NFAMUL.PHI
Pha | AQ > AS7 A0B3| —+ A48T (manTissa) AxAL32 = FAFL.PH2 msw of augend A edtension
L | co—rce7, c0831 —>cagnr (o ) exel3z (FE sdin PH1) . :33."4 s on

SxPR = FAFL,PH2, RN
SxA = FAFL, PHZ, NRN

AxXs/t = FAFL.PHZ

Dacfo= FAFL, PH2, (MWN @ FAFLM) « MWN
DXNC = FAFL,PHE. N(MWN ©FAFLM ) « NMWN
€8x | = FAFL, PH2, NFAFLM

BxS = FAFL ,PH2, N(FAFLM Nea)

} inverted  addend

un'unv:rtel n«.q'ene‘
exp -+ RoloT
(0 Ac, A0E83))

exp > D (only D0007 are sfs n‘a{)
"+ " o cs0007
(an\y’ B0007 are “5"&)

FaL (1p), FAS (3D,

FsuL i), Fss (3¢

J

“FAFLAS'

_4.0_

IaFCI



PHASE /-

FUNCTION PERFORMED

[

SIGNALS INVOLVED

COMMENTS

PH2 (con‘fthuc&.)
TeL Access of \-mw, & or-»era.nn:‘s . (bits 003\) .
s/LB3/I siB3i/i = (FaFL.PH2)
R . = . . v i
MRQ £ ‘“3 (n.Ac\lchA.) MRQ ( Y Ne2 couses MBv| 4+ C in PH3
S/DRQ sforq = ( ) Nez
s/exfl § sherl sfexp= ( » ).e2 " O e w
S/LR31/2 (muienl) 8/LR3)/2:( ) (for RRv | ~+ A in PH3 'f!ms)
(0 Eaad - T s\\ort)
encble TERL T long TeRL = (v ).Nea
PH3 A4T7] = S4TTi+> B477)  (insiq) SXA/3 = BxS/i = FAFL.PH3 (for leng FAFLM)
Tew A+D + 57 — 50007 ~~» E0067 SXK/I = SxPR/| = Exs = FAFL.PH3 unblased exponeit Jifference
.f T‘ ——
! RRe ~MB,
shefl] o0 P (insiq ) Px =(FAFL.PH3) (for FAELMD)
TRl [0 - A473) AxA=C e )
if S4T7 =9 A4771 (regenerdle A477)) AXs/a- = (FAFL.PH3.N(FAFLM, ASN)) S4771 A4T71; See SxA/3 dbave
len3 RRvl o ACO3Y hi ‘°”ﬂ (zeros s,\ort) AXRR = ( » )_ Nez ls.w, a'F uaan.
|~ Ngx if RN (insiq) s/Ngx = ( ).RN (for FAFLMD)
I'F o .
0 —++ C003| s).'x ¢L see PHa Lo, G‘F addend
MBv| w> cooz f ‘°”ﬂ 0
PH4 NOTE ! Bolo7 halds The ma.Se.ncl exp., Dot a7 heus The inverted aalée:u; gxrantn‘t.
TeL
CASE I} €20 (exponenls :aku_n) - sétfup For add /svbtract)
C D F add Dxefe = (FAFLAS PH4.ER). 07
€MD e et PR/ = ¢ e
| —— cs3) n = ( " ) “
S/PHI, s/TeL BRPHR= 5/TaL = ( )
FAL, ete,

PHASE L

P e'F”q

/

FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH4 (con‘tihucé.)
TeL CASE 2: E>o (auﬂena'. (A) > addend @, r]g\;t shift lel)
€D  (addend) DXC/G = FAFLAS, PH4 . NEG.NE®
s/cxs sfcxs = " (for A—5»C n PHS)
(advancets PHS)
CASE 3: E<O (a“:nc’ () > uu-ﬂ:ml (A) : rléht shift YAl
0D DX/ = (FAFLAS. Put) } set op for jAl — s in PH7
| = NGgx }]fA neaative s/Ngx = (FAFLAs. PH+.E0),RN .
| +» FPR 3 s/FPR = ( " ). RN remembers po\u’nty reversal
Dola7 —» Boio7 (larger exp. — B) BXND = ( " ) 20107 corlains inverted exp.
E+l wE (precovst E toward zero) PeTEL: ( " )
s/PH7 BRPH7 = ( " )
s/TaL s/TeL = ( " )
PHS[ (erlered from Pra F E>o0)
TeL A—S—+cC SxA = (FAFLAS.PHS); cxs was sel in PH4. larqer na ¢
O A AxfL s ( ) .
| +»Nex i addend (D) 1s n.eﬁnifve, sMNex= ( u ). MwN Jl sélupfor o} =+s in PHe
E-1 & (pre-coont E Bwarl zere MeTEl = ( )
| +FPR F The ]a.a\c)e.naH s oppasite] Yo Thal desired For e add or subtral (re. | ADD with NEg, addend
"1 siFPR = (FAFLAS.PHS) (07 MW +No7, anN)]or suB v Pas. . )
s/T8L s/TaL = ( " ) -
(a.a\\la.nr.g“:: PHG)
FAL, ste, 3 °‘Fq

_4,‘ -



PHASE
[_

|

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PHC
T8L

(eh‘b:rcl on‘\/ $rom PHS (E is how >,0)
ID| —rSX A7 A

C—+>D TF FPR
{Eq—»D, s> ce3 T FPR

E-|+E (covrt Toward zero)

i Ef0: oPH8

T e=0: gPaq, sToL

- (s"v;ft |ar'|r1x'na.‘ cLAA.cﬂA.D
SXADD= AXSR4 = FAFLAS.PHG

Dxe/6 = (FAFLAS, PHL) NFPR
pric/i= v ). FPR
meTel = ( v )
BRPHB = ( ). NER
BRPH] = s/T8L = (v ). E2

(Nax was sl PHS T MWN)

ortama\ uu.aen:\ +» D,
pe a.rty as per FPR (s:c. PHS)

(g0 +o "keep 5\;(¥t;nﬂ " r\ﬁ ase)
(cﬁa"-o ADD P)’\Q!‘c)) & coun“‘s"’e-L

7
Tal

(erTered on\V‘From Pha T E was 40 (E
JA| —>Sx N =~ A

c-+D T (Abp.FPR +SUB, FPR
€D, 1 mes3) 1f ( " )

E+\—f->E (COUhttawnxA zgro)
FTezo: (o.a‘vma_ % PHe)
\fe=0: s/FHq, sfTeL

now is £0)) — (shit \origlna.) au.ﬁcnnu)

SxADD = AXGR4 = FAFLAS.PHY
prc/e = (FAFLAS.PHT).(e7@FFPR)
prNe/t = ( . WC )
petel = ( " )
BrRPHq=s/TeL = ).Ez

(Ngx was sel in PHe T RN
cr\clmo.l aggené +» D as per
}Abb/sus but reversed if ePR
wa.s s:t n PH4
(oo “keep sh) u‘thcS F‘nue)
(30 T AOD Fkasa) (E courits to+1)

PHB
LAS

(ertered efher from PHG or PHT,

A4T7T7) — S 47 .
! O)’s — 5 oo;:} f short
a4731 — 54731 i lang
S X fo = A
E+l-»E T ECO
{E -l ETE >,o} (court fud 2ere)
hald €531 (For PHR)
sustain PHB T (€ #0).(R4731£0)
advanceTs PHY T (B =0)+(A4731=0)
sjraL T (£=0)

by (a4]73) =o) since A,D Cs will lmvc, swo clacks 4

bit ol

v W The oﬁa{nn) eXFal’\gﬂt dfference was > 1)

exa/3 = (FAFLAS Pu8).02

SXA = n Y. Nez

AxsR4 = ( " )

petel = ( " ).Eo

McTEL = ( " ).NEo

Rics3l = N( " )

BRPHS = ( " ).NEZ, NA4T3IZ
s/TeL = ( " ). EZ; (neteiTaL ndt

(0-8 clocks (shol); 0-15 (\cn3))
in eﬂ:ect in sharl
)u.ra—ohs suamft cance
s loal bcyen-lhnoo?. This
4 bt qrovp 1sThe 3unr:! \‘St
L‘tr.rmma) s'tatr. wil = )
unless exit :.au.see\ \71 AWSIE)
(rc‘neéter F‘Ff)

necessary F PHq rcnc&me)
lo a.“ow' Fgr ccu'r)‘ Fropo.sd.-mn

PHASE
F

FAL, FAS, FsL, FssS

[ooase |

4 o‘fﬂ

FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHq| ' ADD PHASE " (can be enfered Srom : PHl4 T expeneils were e \ml FHG or PH7 if lexponenls dittered
T8l b;l TR e_s(fonen'ts ﬂ:cref by more Than I)
or (NOTEL 1 FPR s on, s suinm:s The pe ar'ty sTthe sum oL't@mJ m'ﬁ\s F\mﬂ s rf_\lersg.A.)
TeL
(sTae A+D+CSBl—» S+ A SxADD = Axs = FAFLAS.PHq
PHB) s/emoF F overflow (madtissa) §/EMOF = (FAFLAS.PHA), (A47.D47.NKAT + NA4T.ND 47.k47) {does nat mclude 1)
B0107 - b4 —» ECOODT {NB\ - EC0O! | BOROT ++ E0207 , 9 by } unLiusA Nrnnen’t
: |exs =(FAFLAS, PHY) of som s E
0B (clearfor posivorm. ruse) ex/t =( " )
Shaadd } se:tu‘sgor )A‘—»S n PHIZ px/i = ( " )
| = Ngx s/NGx= ( " )
MRq /! MRG/1 = ( " )
R/ITEN (step m‘terruﬁtnlniy) R/IEN = ( " )
s/PHIZ BRPHIZ.:( " )
s/T8L grac =( )
PHI2) jAl—s:
oLl Far s negdlie sum exADD = (FAFLAS.PHIZ). (A47®FMOF) (Ngx & on)
A——>S PoSltNg w SXA =( " JNC " )
casE .|: EMeE - shit laf right (1¢nczy -2& A&-L)
SX Yo+ A AXSR4 = FMoF S/FMGF - see (847 rcrrzsm'ti +2°)
| = A0 T A4TRVZ s/ASo = FMOF A&T3|Z ¢ PHA; R/FMoF (A =-2 case,yic) Vs + &)
E+] € (adjust exp) PeTEl = FMOF is J{mys high
FAL, cle. 549




PHASE ‘

I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHi2] (continued ) ) .
T8l CASE 2! FMaF, (ASN + FNF) - ('/.;éA <) er -1 4AC-Vie ar(&h“el’b.i't FaEt- hcrmall.iatlan).FMGF)
S A (1A} »A) AXS s FAFLAS, PHY.NFMeF, NFPPN/2, [(NFPPN/2 reduces s
) ASN + FNF )
CASE 3: FMoF.(ASN . FNF) - (- Ve & A< W) and rost-narma.\fae 4 shit Jal 1Rt
SxIl s A AxsLt = FPEN|  FeeN = Fepi/a =
E-l . B (adjus ep) MCTEL = » FAFLAS.PHI2. NFMOF [NASN . FPPN/I | where
| s Bc3 (‘Far Pos‘t—norm‘éh—.) S/Bc‘ai = v FPPN/I reduces 1 NFENF
s/kTe T FMoF.A47312 §/RT2 = (s/RT2/1), which reduces to, resulf = o
FAELAS.PHIZ. N FMeF. A47312
04D (redun) DX/ = (FAFL.PHI2)
| = Nex S/Nax =( Y sel UE for ngﬁi{an and
s/Gooo3/I f shofl (causes"k71") (s/g0003/1) = ( " ) NFPRD; resitbyu.EaR sherD truncalion
s/LR3|j2 sAR3 /2 = 0 ) (for s+ RWv1 1 lang)
s/Tion i lang $/Tiol. = FPRD. PHi2
FPR \aﬂﬁc ! reverse FPR ¥ The suvh zjcneroj:c,} in PHq was heaat(ve_.
S/FPR = (5/FPR) = (FAFLAS.PHIZ). (47 @FMOF)N[FPR
R/FFR=(R/FPR) = (v YO o)
PHI3f (§- ¢ clocks T sherk (el TCL) ; 1-13 clocks T lon3 (First and last TioL., o) He Tﬁl_)
Te| NeTES: A conlains e abseluie valule STHhe sum; 'FF FPR is on {(from controlin PH4 5 IE) t
or svlﬁﬁxﬁés Tre result s ncsoﬁ: we and soiCable oAjus'tmen‘ts will be »mu\e when s'tanhi The result
TioL
FAL, éte 6 o9
PHASE ‘
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

PH |3l (con'tinu.c\ )

A-—>S
sustam PHI3

n

Bx2 »#» B (sfﬂnf, T FeeN ~below)

A&7 = (FAFL,PH3. pg7) (e, lsom

TioL if lon3 and < 2 shifts
LR3!l/2
NGx

A47512.RTz2, FNF = FPPN (ie.

Sx Vi - A (lma\'ca])
E+l #E  (adjust exp.)

(NoTE : 0-5 clacks ' shot (ol

Sxlt > A (s +»AZB3I)
E-| -mE Laéjus't ex?.)
s Be3| (for cht—norm,a‘r_)

Posl-nermalization coudlin

CASE 1: (FAFL,PHI3, NFPRR) “Resuul] NoT ReADY” FoR STeRAGE | r=qbuu'res shift e

Ft or r'filnt. (Tlol. 'Fol"Fl;’St
clock ﬁ \ong)

SxA = (FAFL, PHI3.NFPRR)
BRPHIZ = ( h]
/Tl = ( ).N(FPPN.ASE§§EL .FPRD
S/iRsI/2 = ( )
/Nax = ( )
BxBLl = )

= +l; can happen T Prq Fruévcec\. - and FNH
AXSR4 = (FAFL.PHI3 A47)
PeTEl = ( u )

o¢|sum|< e and “EN" r_s__n_ot‘m)ulkftmi post-y

TLL.)‘, o-\2 eloecks '1{: \ons (‘Fll;st clode Ttol_)
AXsl4 = FPPN FPPN = FPPN/3 =
McTEl = FAFL.PH!BAE\#?S)E.
s/3csl = v } FPPN/1 reduces B

lcqllc : B was c.\en;—e:) n PHY anA s\;lﬂ:ﬁ ,:’ﬂ:

The resull s mcu:]y Tor &Y

and Fost—narmu.‘th;ni s

corloms a | when The W
Cenol':tiona\ly“ kil un
V2> El (merge)

Be3| is sl each Time The resulf is

0\'&36 .

SRz or PH3). Qs 8 shifls Jeft B30 e~ B3| amBe3) , hence °F

shiil r\'o:css}.ft 5;3';"1:’:5 > 2 shits are rf
!l s rca.Jf for s"\"ara.g,; (or in PHIS), TE mean

b erflow inc\lcaj'.ion :

E1X| = FAFLAS, FPPN, FS.NF2 , E0.B3|

ﬂronen_t 'lf >2 .5“\1\'.5 \'f-%‘-lll.'tg nne) 'F\n-gs r=%uire +ro.F on s;ﬁﬁ:ﬂccmm

(For Pos’t—nerm . c'tr)

s cﬁ) or-—l)
} (o-1 c\cc\:on‘/s aAvm\c,e
T case2)

crmd(inilbn)
oll ZTRers TaL))

FPPN/L | where
NRTZ,NFNF

\:7 one's in PH13 unlil
ch'\',—nerma.\lzel (in
B3| coitains o |
L%m‘rel)' aJSo ‘IF 230

s >2 s“{ﬁ:s +ack Hu.:e.

(m::-a; +64 wma hean'.'rt‘ve
b bot net on unc\ef’ﬂb\")

FAL, ele,
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PHASE ‘

FUNCTION PERFORMED

[

SIGNALS INVOLVED

COMMENTS

PHASE FJ

=w3| (Cortinued)
CASE 2! A47.(A4751Z + RTZ + FNF) 39 FPRR : " RESULT READY "For sToRAGE (I cllock: TiowL Flong , TLL T shork)
(re, Ve g lsoml<l ,Jor swm =0 or (\sum} <1 and. “EN" is whibibn o Fost-horma);zatl’on»
(TA«— k— 5 F sum neq SxADD = FPRR , N(RT2 + FEUF.NF2),FPR K= K3l dusls NGx; alse
(A ——ss5 =« o pos. sxA = " N( " ) NFPR k" s high (for proper truneg
I\Q_——» s i resut-0or | exponedl unAerﬂnw with The ‘\‘raP‘F\aa (F2) o dfien) F 60003/l was st
(néfe Thal The vndedlad indicalion is Kiled § 52 l=os‘thorma)‘vl;n3 in PHIZ.,
difrs were reg’u}re_zl alnd The Fs.Fz con‘f\éurojﬁén ax’us'tu) n The
‘?‘mgs; hence when st oﬁm\'fancg trap occurs, cc3 and cc4 will be U
as m;unt\lnn n"f The svlm r-ame.v"man \ay zers, ‘Forcgg l:y FEUF.F—E)
s->rWv! 1 long RW = (FPRR). FPRD, NFTRAP inkbil ¥ trap.
{24871 = AOB3| AXSR32 = ( * ). N(FAaFLD.&2) m, s. manlissa. bils,
J E+64 = A0107 AXE = ( ) (e Erl—»ni E0207 - A0R0T) vninveted exp. plus bias,
| (0 #0)
i's +» €50007 T resull neg, esxifs= (v )FeR (For sign nserTion and exponenl inversion)
s/DRQ sprg = ( )
s/TsL sAsL = (v )
s/ PHIS BREWIS = (v )
s/RTz T short and 44771 =0 §/RTe = (s/RTz/3)= FPRR.NFPRD.NGG, A4TTIZ needed For shert, case
[ s/TRAP 1 s)TRAP = (FPRR), FTRAP ?Jhare. FNz| and signf-
</TREA | trn\‘-"fo 68 ¢ spres = (o ). FTRAP \cance s cortined 1o
Trap condilions are : FTRAR = Aoco3 (3““"‘! A‘ﬁ‘.t)
overFlow (uncendifienal) + FEGE  (which = NEO.EL.NRTZ FaFL)
underflow (f F2 on) + FEUF,FZ (where FEUF = E0.NE| .|NRTZ FAFL)
msianticart result (FFN.%s) + FRINSIG . Fs, (where FRINSIG =)
FAFLAS, B30 >2 Fét.nnrm shifts (\'mp\;nﬁ\)
L +FAFLAS. NFNF RTZ ) (result =0).FN
FAL, FAS, FsL,FSs - 8of9

FUNCTION PERFORMED

SIGNALS iNVOLVED

COMMENTS

PHIS ENDE ENDE = FAMDSF. PHIS
ToLl A@cs —>s T resolt g0 (see PHI3) SXPR = FAFL,PHIS, N (RTZ +FEUF NF%) €30007 are on T ressll neq.
s = ’Rw ' NTRAP RwW = FAMDSF, PHIS ; RWDIS =TRAP.NINTRAPF [(inhibiTed by trap)
S A AXS = FAFL, PHIS (ne.e&e) for sl\ﬂn b))
| A3l (merge) T result # 0 AIXI = FAFL. PHIS, N (RT& + FEUF. NF2) (needed To assure >0)
Coc ' . . . o= . .
Tor ma‘hcnﬁfmn {ccs =1) inslesd oF 26 'n a cd8e oF unnermal’ ';'gn‘L (FN:)) F\'DD’/SUE
CC3{4‘ where The result s Pos.\txlv:,)'TFc bfasec\ exgancnt 0, QNJ =) 1nllﬁ'oa.nc= is confined.
conlr T e l.s. 32 blils of a long operdtion)
| 8/TESTA S/TESTA = FAMDSF NFASHFX , PHIS
| - cel S/cc| = FAFL.PHIS, FEUF (exp.undertiow)
4+ FAFL.PHIS \FRINSIG & see PHI3 (l}'\s;cjf{ﬁmnt V’esu\t).?:—ﬂ
| = CC2 $/ccz = FAFL PHIS. FEUF  (exp. underflow) -((.«L‘.L'-‘&-J F FsTrap anFE=0)
+ FAFL ,PHIS, FEOF (exp. overflow)
FAL, etc, 9079
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(PRE2,NIA)
rﬁ’Rv |+ A } NoTES ! FHe D"@cs‘i_, S”+->C”+-qu) Beon
l' . A = AGO3( on T +x-or—x) ”%(Bcord)
PHI A->S B A = A&TT7I
RR-A, MB+C  (slere signs) A"s A4731 J
(The) = S PHIo | MIT {f NMITEX 2>
— uminverte: p -
PH2 A A N (?Ag) - A S/FPR T El'otse_c\ (er) L (narma.)iy 28T ) MITEX=> _.1
€ v C[ , ?C:) —;—)D) +X- or—Y EXFDh:nt J
PH3 | A s’m B, (1a)+(fce)-128m E Pan | AB"+ e’ Ber-rr AR (assimilaTian)
MBvl » C c’ D" cs3l f(Beon)
ASN, CSN 3 03, 0+’ Boen
ASN.NCSN = T~ D S Priz ['A7 D" 53155 A" | © »=D" ]
NASN = 0-»D, RRul A _]
‘ 4 . |
PH4 | (A'=0)= s/RTZ PHIB | (A=) A"— SxYe—A", E+1 »E
(AT#0)F \Al-skiewa’, E-1rE (/ase $ A V1g) =
“ " "
adjost iter, chr. (ddde 2 Tec) AB'—> 5'x 16 A} E-|E
" D f Nesn [(Vas A1) or RTZ] =
P A" if NFPR.N(RTZ + FEVUF.NFE)
1 ” —
PHE | NASN = A" SXibpap) E-ImE } A 55" E RRR N " )
adjust er.clr. (delete 2 ter) Et G4 » A0IOT, ' A0S 3
AsN, CsN= C'» D, o~ A, Beon I's »» cs000T § FPR, 50 Ry | if NFTRAP
AsN NcsN = (go To PHG) _}
PRIS | A@cs—5 if N(RTZ +FEUF.NFZ)
PHé | DT> S'x1C 12 A E-1mE ‘ s+RW if NTRAP
PH7 | (A'20).NASN= A SXIb A, E-i »E -J
(a'=0) = s/RT= FLoATING MULTIPLY LoNg  (FmD)
ASN =5 A" S+ 3] 0 2A) Beok J
PHASE ]
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

(Phd

lse. Fr:cea\x.ni PRE2.N1A): S/Lis\/a § long=

(PREI,NIA + PRES.IX + PRE4). OVl OLF

for RRv +1 Jurins PRE2,NIA

Expanen_t summ;n:‘ se'tuF:

- mulﬁpl)‘er : ABCS0007? S
+

n

:A—»5

S —»> A0OO7?
- mu\tn‘r};mn_l: CT-D
“+ P ¢ =D

{»»cs0 (o remove 2x biasfrem sum)

SXPR
SXA
AXS/|

=FAFL.PHR. RN

= FAFL,.Prz NRN

FAFL,PH2

DxNc = FAFLPHE N(MWN@FAFLM) « = MWN
DAC/e = FAFL.PHZ.(MWN @ FAFLM ) « = NMWN
8/cso = FAFLM. PHZL

"

PRE|.NIA:  long: RR |- A AXRR = FAMDSF.PREZ, NIA Lsw. & mltiphier
T shefl: RRw» A ooz moltiphier
PRl | A—> 558 BxS = FAMDSF, PHI  SxA = FAFL,PH| (0> 8477 since AGT7! = )
T:(L RR -+ A (I’eéunc}o.nt T s\er‘t) AXRR = RNXRRO[2,PH} } m.s.w ol mu\t‘.F‘(tr

RRO —» RN~ (Store mulbiplier sign) S/RN = RRo.RNXRRO; RNXRRO = RNXRRO/2. PHI 4] rRaxrrojz = FAFL

(R/RN = cLEAR)

MB —» C m.e.w ST mu\t;f“aml.

MBO - COCIL ——> MWN (store mu\t‘l‘a\;mnl sign) | S/Mwn = FAMDSF, PHI, cocle | (R/MwWN = cLEAR)

s/cxcn.aa (for co#cﬂ’coaslv»cﬂﬂ n Pl-la) Sfcxel3a = FAFL. PHI

Riccl (for exp. underflon tesl in PHIS) Rjcel = FAFL.PHI

Rfcez (v v vederforerflown o ) r/ccz = FAMDSF, NFAMULH, PHI

s - CS0007 (%2 invert Aoco7 T A ie n=3.) esxi/5 =« FAFL PHi exp. bils ore l;ﬁ\lcl:tC_A when negno

S/TEN (starL lnterruﬁ\:em\'ty) S/IEN = FAMDSE, NFAMUL, PH|
PHZ |  AO~++A47 AOB3I > A4gT] (mantisso) AXAL3Z = FAFL.PH2 m.s.w, & mottiplier o> A exfension)
TeL | comc47,co3l >c#87] (moitissa) excL3z  (RF, séf in Pi) » o multiphicand ¢

uninverfed multiplier
exp. —> Aolo7
(0 +» Ao, Acs31)
uninverted. mu\tEFh‘m-ncL
exp. > D (onlyDoaDTare's iqwifh

}

“_i28”+» cs0007

FmL (IF), FMS (3F)

“FAFLM
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FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PRZ. (cc-r'-t;nugz:\
L} € —»B T sherD : (\'elp\a,ce coilests B with shofl mu\'br‘ff.r-) only bils 8-3) ore ﬂﬁ;n‘Fn-;awt and S0B3
redvece o AOB3I resan“css & fobdher s s cm'\'tra\\eA 57 SxXA er SXPE(osrer L\aavc.))
Bxs = FAFL.PH2. N (FAFLMNOE) (0+> BAT71 $ince A4TTI = 0)
Lo FPR S final produil s o be negbive S/FPR = (s/FPR) = FAFLMD PH2.(MWN® RN)
Access of Lsw. & oFaanJS: (bits 0031)
s/iB3i/| s/LB31/1 = (FAFL,PH2)
MRQ }ﬁ: lorg LmolEiplicand) MRQ =( )Nz cauges MBv| —»C in PH3
5/DRQ SJoRQ =( Yoz
sfexh ' shorl sfexpt = (v e " O—rc v o
S/LR3I/E (muit\'fs“er) S/LR3§/£ =( " ) (for RRvi4>A in PH3 “F ’onS)
- (0 =+=A « » = sherl)
enable TerL T long TeRL = ( » ez
PR3 | A4771 —» S4TT1 4> BETTI (\'ns’.j.\r” sharl) SxA/3 = FAFL.PHD | BAS/| = FAFL.PH3 (does net affedl Booai arsooa)
TeL [ A+D + coo—» 50007 —> E000T SxK/ = SxPR/ = EXS = FAFL.PH3 (unblased. exponedl sum)
W Ot P PX = FAFL.PH3 (Pi518 used as erdtions dr)
s‘har't) O > C003I i sheit see PHEZ
TGRL MBv | . coo3y ]f \onﬂ )
b Q- AGT3] AX/l = FAFL,PH3 (D-“ a'FA will Slear onless  {sel ferms belaw ore uc'b'dz)
lohg (A—S—N case)
ASN case: (A vit"s;mrlc-normau\nlzeé.")
54771 —» 4771 (reaenerde A4771) Axs j4= (FAFL.PH3 N (FAFLM, ASN) SHTIE=A4771 , sex SxAls above.,
RRvl —— A003I1 T ‘nnﬂ (eres 'fs\-mrt) AXRR = (. " ).No2
s/NGx F mv‘t;r\icr ngsih.ve. s/Nex = ( ). RN for |A|— 5 'n P4
s/TeL s/T8L=( ). FAFLMD
0 =D Dx/j = FAFLMD.PH3
(ag‘(a.n:et PH4 T normalize ‘AH
FM L., FMS 2 °<F 9
PHASE ]
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH3 (r_on't;nueé.)
ASN case: (A is “S'\""-?‘Q-ho\‘mn\;gel)
T D (mu\t.f\.‘mn-\) DXC/a = FAFLM PH3, ASN
oA (mollishier i is B) Axfi 18 high and no si terms are active
ASN, CN ¢ s/PHG BRPHG = FAFLM. PR3 ASN, NesN iry s§my\e-noma}li‘e¢ mu\t-r‘fculﬂ
ASN.CeN => MPP, which causes: MPP = FAFLM.PH3 ASN. csN prepare For ‘tteraions
i 0_}..A ‘ Ai/‘ = MPP rea‘l’unc’;ant n PH3 bl h:éAeA
C++D bxc/e = MPP } T MPP rises n PHT or PHT
MPP = | 1 cs T signs oFFeéﬁ:g csx| = MPP, (MWN® RN) (posifive Fméuzt scheme)
s/cxs s/exs = (s/Cxs/1) = MPP for D®cs —+>C n Phq
BcoN BCoN = BxBR2 FAMDST/M. cle whichred.To MPP Fondions deseribed sarq;m,
5/PNq BRPHY = MPP pre-ferdlians Phase
R/TEN R/TEN = MPP Step wlerrupLability
L s/T8L s/T8L = (s)exs/)) < MPP for D@®¢s »c »» Df(Beon)
PH4 (erf'LcreJ on\y it The mu‘t;!n“er is net normlalized)
-1 T Az0: s/PHI3, s/RTZ, MRQ/I,R/IEN, {s/m‘z = BRPHI3 = RITEN = s/tRaifa2 = (s/RTZ/1), wh{cH redocesTo FAFLM PH#. A4731 2 }
s/Lr3y/z, sTioL'f ndl (shert.Rodd)} | MRQ/1=(s/RT2/1)FAFLMD, s/TioL=(s/RT2/1) FPRD (result = 0)
Al — s SXADD = FAFLMD, PH4 AetifNgn A Gx,
FPRENR causes : insiq FPRENR = FAFLMD, P4, NasH “prenormalize R operand. |
SXIG —> A F Az0 AxSL4 = FPRENR ta] shifts left ane hex.,
-l s E MCTE! = FPRENR doun - counl exporert,
up-counl PISIB T Aako PcTPS = PCTPS/| = FPRENR, NA4T3I2 delele 2 multiply teralions,
c»p T NesH DXC/e = FAFLMD. PH4- NCSN (For DS in PHG)
(advonce T PHs T Axo)
NOTE : nermalieabion of The |A) 5 Mstcaé oF A , avo'n)s e case of the smallest chs'u\s le. neﬂ&kt've mu\f\r\;cr
(all 1) being nermalized To bebome =17, “This woold m%u:\re s‘::c'm} coilre) lpgic fo circomvest PHio.
FML, FMs 3sf9
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PHASE L

[

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PHS (ent&r&) on]}l if mu\tniasllcr— Was an snnormal h'ze_l Ylen-zero numb%) (I-E 41041(5 .‘f 5\\oft 5 1-13 c_1o<\(s 1\: !crj)
TeLl ASN = FPRENR : FPRENR = FAFLMD.PHS NAsSN
A—> S Xik > A ] SKA = FAFL.PHS , AxsL4 = FPRENR
E-| mE (0-4 clocks Thot] McTE| = FPRENR rormalize, <
up-covil PISIB T o-2 g pPetRs = PeTPS/3 = FPRENR . NA4T3IZ (same as PH&)
sustain PHS J BRPHS = FPRENR . PHY
ASN.CsN
(advance To PHL) T normalize rhuit‘l?“cnhg.
AsN. csN => MPP MPP = FAFLM, PHE, AsN, caN prepare Yor iLeratians
SIPH‘i R et - see A:SL\K Pr3
PHs | (ertered ah()/ ¥ moltiplicand is unnarmal ve.ccl)- can be ertered am FHZ or PHT)
TeL D—rS SxD = FAFLMD, PHE Cis inD (+or - na.)
FPRENM camses FPRENM = FAFLMD. PHG. N(PHT. ASN) = FAFLMD.PRC | “prenormalize M operand”
TG-*-*—A— AXS1L4 = FPRENM mult;F)l«cn.m:‘ X1l A
E-l =& } nsiq, Fpeo MCTE( = FPRENM, FAFLM down -courl expenert
s/exs ] ) sjcxs = FPRENM.NA4T3IE + (S/cxs/1) {Horfiss scmp in PH7)
s/TeL. s/TaL = (s/cxs/1) €5« FAFLMD, PHe

(Q-AVM::'Q PH7)

PHT (en'tereé Hrom PHG an\y) (1-6 clocks [iF s\eﬁ,\ I-14 elocks \onj-] maximom arrllés onlly + Vel i’s” mu(‘b‘r’fcm’oc‘)

Tor| T A:0: CALIEN e, same asin PHe | (5/RT2/1) reduces To FAFLMD.PH7. A47312 result = o

TBAI:

(Firet dock cn(f)
FML, FMs 459
PHASE ‘
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH7| (covtinued)
T Ago:
ASN =» FPRENM : FPRENM= FAFLMD.PHT.N(PH ASN) = FAFLMD, PHT.NASN ] corlinue. prenormalizalien
A—r SXIaPrA } meig § Ao SxA: FAFLMD.PR7 | A%SL4 = FPRENM l (-5 docks f short
E-luE MCTEL = FPRENM. FAFLM 1-13 . long)
s/exs } ouly F A g0 Sfcxs = FPRENM. NA&T3 2
sustain PH7 BRPHT= FPRENM, NA47312
AsN = MpP MPP = FAFLM,FAFLMD,PH7. AsN prepare Yor Heralians
s/PHq ,E-tC—. - see descr. PH3 L(Svrr)us , mech, convenience)
S»C (f&l\ cu:s) CXS s on"ﬁ%rous\wnﬁt PHT? (‘For A—S»C+»D when MP?)

Py | (entered from PH3, PHS, or PHT as fungtion oF MPP)

T8L

DRCS — S { SxPR = FAMDSE/M.PHY; cxs was sl by MPP, [ {maeh multsphcand signte

CSs are on T (MWN @ RN) mu\tﬁyhér Tor ]rraéuc't\)

C—+»D 'F(BCﬂN> (ACSU—"LJ se.raraigl}/)
BcoN  (deserbed separalely) BeoN = BXBR2. FAMDSF/M el which reduces T {FAMDSE/M.PUY
0D (relded +o Bean logic) Dx/1 = (FAMDSF/M. Puq)
S/MIT  (MIT 15 « fasL Puis.FAMDSF/M) $/MIT =( » ) (repeaker) (sustained inPHIO urty Mitex)
S/T”- (For SlAhqle. level tlrmms) s/TiL = ( " ). NKse N ((SIFLMCII).PIS) {l'nkiht when s;ns\e c\oa\“‘ni
or when enly fwo PHIO :lacks :
s/FLMC I"F S'sﬁfﬁ-cn.nce n e c"l.j"hdl M'-"t\i'-“'é" e—x‘w'ru\. on\y n The leash 513nlr?\'ca.t hex. (\.a. on\)/ two
clacks. & PHiotabe u.sel) B/FLMc = PH9, PIg, (S/FLMc_/I)) where.
(s/Fme)) = PAFLM. PIL (PiS +82)

FML, FMS
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PHASE ]

| FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PHI0

="MIT" (molCiply eralions ) (12 clo
i 4= (TIe excep’t when onl\/ 2 clocks are \'e%u\re ;\." ‘ts‘mv’ng will beTGL n el cn.sc)
@n‘tre\) anl odmer suc)'\ Qe:ta:\\s ore Jes:\:v}atJ Serau‘a'ul
(Uhr):r “MIT ?Dnc‘Uans”). On|7 jenera..' cenlre) Funr:t\.ons ore h;tc.:) h@\ow.

NoTE ¢ Ras‘ister crjn.m!.il'on N bit

FLMC s \nij& Qurr'hrl The nedl & lasl lock | 5/ FLme = MP19, (s/FMcf1) « see r\msc. 9

MITEX o " v last dack
MP|C1 M “ Wi even num\urei
;\,ocksj C-Icsués'na \ut

uF-ceun't PiSi18 when MPIq = |
Bcen
suslam PHio uilil 1asT clock

s/MITEX = FLMC
S/MPIq = Bean, (s/mPia/1) | which redvces

PeTPS = MPI]

BRPHIO = MIT, NMITEX NCLEAR

R/TIL (nitiate end of TiL (2 clocks n ade)) | R/TIL = MPI9. (S/FLMC /1) + NMIT

-~

RMLT (repealer)
s/TeL en last clock (M1TEX)
(advance +o PHIT)

S/MIT = MIT.NMITEX. NCLERR
5/TBL = MITEX.FAFLM

ks T s\mFt, 28 clocks i long subtrad 2

T MIT. NFLMC NMITEX , NMPI1q

resdls a)ways \::'3\;

Boan = BxBR2.FAMDSF/M. NELMC, éie, which redfuceste MIT.NFLMC

s-bit l\'te.rit(ons &

% number of PHS clocks)

(NMYT Fbr- vﬁ-mi\ r:si)

Pl | (Pssimilalion phase)
TeL A+CS+ K31 = S wr A SXADD =FAN\D$F/M.PHH) AXs$ = FAMDSF/M . PHI| K3! is end m—ry-?ram B
B+C532,0593 Bol B BxB = FAMDSF/M.PHLI (affecks Booo7 enly)
(D conlams zers)
C—»D F(BC.ON) e\e.sct;chr) scf:arntt.’y f;jn Herduon Sti-ur
1 c53) § Vs complemedt 2D csxif8 = PHIL (s/pewem) +- (BeoN Logic)
MRQ/| MRQ/l = FAFLM, PHIl
s/TeL s/T8L = FAFLMD, Pl
(a.:)\lun:g E PH 12,)
EML FMS Cof9
PHASE ‘
I FUNCT{ON PERFORMED SIGNALS INVOLVED COMMENTS
Phig] (sign ‘teralion)
T8L A+D +C53) —» S 4+ A SXADD = FAFLM PHIZ = AXS = FAFLM PHIZ camr\et:s ,F"’J“"ﬂ
O =D Dx/\ = FAFL PHIZ
S/Nﬁ-x Q/Ncﬂg = FAFL.PHIZ. set ur‘For neﬁn.'tl'on and
5/G0003/i F short. Rodd (cduses “wT1") (s/g0003/1) = FAFL.PHIZ NFPRD, resel By CLEAR sherl truncalion
s/LR3Y /2 S/LR31/2 = FAFL.PHI2 For 8+ RWe) T long or Reven
s/TioL 'F nel (shol. Radd) /TIOL = FPRD.PHIZ.
Pzl (V-2 clocks | beth TeL T (shotC.R odd) , dherwise baTh TioL ).(NeTE: rrc.e\uc‘t 75 an absplite value:gizsn gl orso)
Tl
or | cAsE | (FAFL.PHI3,NFPRR): " RESUT [NoT READY FoR SToRAGE ; requires shit left of rigt (1 clock Freqgd)
ToL A—>S sxA = (FAFL,PHI3,NFPRR)
susTain PHIZ BPHIZ = ( B N
« TioL 'f net (shert.RoAY) | s/moL= ( " ).N(FPPN,AS255 ). FIPRD
" LRBi/a s/LRSI/a; q " b} - high m&c,:Pt in cerlain FAFLAS cases
" NGxX s/NGx = { )
Bxa -8B (insig) BxBLI = ( " ) (for FAFLAS)
A4T = (FaFL Pm3, a47), (e, \Fméuat) =1, eq Y % = Yo reslts im =i )“\:ncc Fr«).: +1)
Sx Vic o> A (logical) AxSR4 = (FAFL.PHIS, A%T) (reducesto 1 masy, e, Yid)
E+l - E PcTE) = ( » b} Ur-‘aun‘t f_xre»en‘t
A47512 RT= = FPPN (e, [ipreduc) = 2z ¢n <
SX1e 7 A AXxSL4 = FPPN
Booo3 —+A283| bt palk Prov‘ul:z) by AXSL4 FAFLM, PHI3
E-}—E MCTE! » FPPN down- eouAll, exrontnt
| + Bc3) (ihsig) 5/Be3) * FPPN (for FAFLAS)
FiL, FMs 7of9
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PHASE .

I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
P3| (Corlinued)
CASE 2: A47.(A4751Z +RTZ)=> FPRR: "REBULT READY"For STomAGE  (le. lpraduct) = L <fn <t ,or=0)
A+Kk— s preduct ne%aj'\'\la. SXADD = FPRR,N(R‘TEﬁ—FEUF.NFE)‘FPR K=Kal deels NGX | caso,‘ﬁ
A——s3 o " positive SXA =z v N{ o ). NFPR (s]mrt.RQJcD) Sk s
0 ——> S . resulbzers or exp. underflow] with The tra.F ‘F‘vo.g (Fz) off (1-6.7 neither & a\mve) on for proper t"unto-tl‘on‘)
S0031 ~+ RWy| T not (shorl, Rodd) RW = FPRR,FPRD, NFTRAP whibt T trae ] (ref p12)
54871 —> A0a3| AXARS2 = FPRR.N (FAFLD . 62) m.5. manhsse hits
E+64 -+ A0I07 AXE : FPRR (E_\—,»A\) E6207 +» A0207) uninverted e.x;em*ent F)us bias
(0> A0) (slnzn hserled nest phase)
I's > CSo007 F resolt nagair’vg CEX\/5 = FFRR, FPR ({or s{ﬁn l'nsctr't;cn am). ax?om.n't ;h\lQl's;oh)
S/DRQ s/DRQ = FPRR
s/TeL s/T8L =
s/PHIS BRPHIS=
Trap T result nat Rers anA (txr. overTlow + exp, vnderSlow with Trap r&aa (F=) on):
FTRAP = FEQF + FEUF. Fg
FEoF = FAFL,NRT=z NEo,E| overtlow: un\aiase«.—! exp. > 63
FEUF = " " Eo, NE| vnderflow: v L4
S/TRAP s/TRaP = (FPRR.FTRAP)
s/TR29  (for Trap uuress 68,) s/meq = ( - )
FML, FMs % «f9
PHASE ‘
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHis| ENDE ENDE = FAMDSF, PHIS
Tl A@cs — 5 f result nat zero SxPR = FAFL.PHIS N(RTZ + FEUF.NFZ) €S0007 are an \f result neq.
S —» RW T NTRAP Rw = FAMDSF.PHIS' | RWDIS = TRAP,NINTRAPF (iu%\!.te.é \;7 TRAP)
For S > A AXS = FAFL.PHIS (necég‘l Lor sign biL)
ce3ced | +» A3 T resglt nataers (merqe}} ABIX| = FAFL,PHIS N(RTZ + FEUF,NF2) (ngeéeé Far cefain FAFLAS :a.sas).
corlr. | s/resTA S/TESTA = FAMDSE, NFASHFX, PHIS
| — CC) £ unéerﬂew a,,j S/ccl = FAFL,PHIS FEUF
Pwecca » v eroverlow[resuitte | g/cca = marL.Puig, (FEUF +reor)
FML) FMS ﬁ O"Fq
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PH3

PH4

PHS

PHG

PH7

PHa

— .
[RR—»p, MB o, (slore sians) ] NoTEs: PHa [ (A=1) & A" 5"xVie+> A" E+imE j
T ¢
’ J A = Aoo3! (:iles (n"=0) 3 s/RTE __——w
‘ A A (1he) A, s/FpR T A= p477) bold (A1<1c ), (A" 0) B A" s"x2 A" |
Lo e —(1Ce) = 1,087,  +f-er—fr A'z A4T3I cs3l) | QAT I (AT = Ao s"x2 A"
l (tAe) =
¢ 7 H uninverted
(1Ac)‘\TC€>—'>S+”E ; 0D | biase
RRvl A, MBvl i exponen PHio F"aﬁ'/x%ewAB”J E+i-pE, hold €531 I
[ Asn, col > N E ‘ [ 1
~{c"t -+ D" cs3) ! PHIL | DIT NDITEX =
(K=0).cSN » S/RT= (iker) (s5®cleck) DITEX?
(ASN (A= 0)) Nesh = |47 S»B () j
NASN.(AFO) = 1A'l +SxicmA”
E-lmE, c»D i Nesu } 1 pHIZ [?Hs”xa,»x) (que. 2%)»a31, 02" |
/ H
D Y
— |
NASN 5 A SX 16+ A", E-\#2E s PHI3 | A’ s’ T NFPR,N(RTZ + FEUF NF2)
ASN.csN > - |c'|»D)cs3), OB + “A"s” T OFPRON( v N
ASN.NCEN=» A—r S B” — E+ G4+ A00T, 5"+ A0S3I
Y I's 4 50007 FPR, S+ R 1T NETRAP
f I
\ D' S'x1GA”, Et|+E l PHIE | A@cs —s T N(RTz +FELF NF2)
So> RW i NTRAP
(A'#0) NASN = ATos"x16m A", E+\+as‘-]
(A"=0) = s/cce (%o), s/RT=
AsN D> A'> S i
j |
i FLOATING DIWWIDE LoNg (FpL)
|8hsmeA, -|c'[»Djcs3l, 0~B" | J
PHASE I
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

T4 RL

?REL.NI.A: RR = A (insig)

AXRR = FAMDSF, PREZ,NIA

(rq:eaiet‘. suln lfl.can )t)l h:itlb“mﬁc)

Py A—swB  (msiq) BXS = FAMDSE PHI,  S¥A = FAFL.PHI (For tong FAFLM)
T4RL RR +» A (ms.w, o¥ numcru’tor) AXRR = RNXRRO/Z,PHY
. RNXRRo/z = FAFL
RRO —» RN (sTore sign o numer.) 8/RN = RNXRRO.RRO; RNxRRo:RN»«RRo/a.Pm}
(R/RN = CLEAR)
MB s (m.sw. & denominalor) (by preparclien cofbrsl)
MBO —» CoCle v MWN (sTore denom. sign) | S/MWN = FAMDSF.PHILcociG, (RIMWN = CLEAR)
sjexcLaa (for cow €47, C0B3L et n PHE) &/cxeL32 = FAFL PHi
Rlccl (for exp. underflow YFest 1n PHIS) Rjcel = FAFLPHI
Rjcca (for n wvn "‘/°“=fﬂ°“’ wowower YD ide by zere test in PHT)
Rfccz = FAMDSF, NFAMULH. Pri
\'s v+ c50007 (to invert Ar.\oo?.f As ncs) csx) /S = FAFL. PHl exp. bils are inveited when neq.no;
§/TEN (storl interruptability) S/TEN = FAMDSF,NFAMUL,PHI
PHE. AO —» A4T  AOB3| —+» A4BTI (mantissa) AXAL32 = FAFL.PHE. ms.w. & nomer > A etension
L CO a7, COBIL wr ca8T1 (v ) cxcLaza (FF siln PHR) e
ExFancF«t o\}'wcrer\c'mq sEt-uF( numer, exp minus denem., e,ap.):
- numer: ABCS50007 — S sxPR = (FAFL.PHZ). RN | uninverted numeralor
+ v A 55 SXA =( v ) NRN exp. -+ A0ICT
S —» AG0OT Axsf =( v ) (o -.$A0,A0531)
- denom C —+D oxcfe =( v ) L(AwN @FAFLM) «— MuwN :nverte) deromn (o
+ v T-D DxNe <(  » WN( " ) - NMWN }ue#b,(uh\y D0007 are siqnit.)
| ~»cs?7 (fer2's cemF\,cman't) esTxl  =( v NFAFLM “| "y CSOCOT
s-+B (insiq) Bxs =( o N(FAFLM, Ne2) (For FAFLAS and FAFLM)

FpL (18), Fps(35) "FAFLD"
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PHASE ‘

I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
2| (conbinved.)
T"L Access F Lsow SFcFerc.nAs (}:ﬂ's a031)
s/LB31/ sAB31/) = (FAFL.PHE)
MRQ } ]\cﬁohs (a\enom:noi'ar) MR& = ( " ) Nea causes MBu) s C n PHS
S/PRQ SRR = ( v ) .Nez
s/ex/t T shork sjexfi = ( v ).ez " O »
s/LR3)/2 (numeraj:or) s/iR3lj2 = ( B ] (forRRvimA in PH3F \ot\i)
enable T¢RL T long TeRL = ( v )Nz (0 —>A » » ushal)
s/EPR T Final %u.éblcnt isTs be nc.aa.’ﬁsle S/FPR = (§/FPR) = FAFLMD. PH2 ., (MWN @ RN) algerithm 3e.n=raj':s |quotient|
PH3[  A4T7I > S477( -+ B4T7I (insiq) SxA/3 = BXS/l = FAFL.PH3 (for long FAFLM)
TeL] A + D +C57 — S0067 = E6007 SxKfl = SXPR/I = ExS = FAFL,PH3 unbiased exp, difference
.IF numer, E‘F. - Jencm. GXF ?
shorl] O P (deor erdions &tn) Px = (FAFL.PHZ)
TerLl [0 - A4TTY arp = ( o)
i ASTT| — 64771—+> 4771 (reqenerdle) AXsja = (FAFL,Pn3.N(FAFLM,ASN)) | SxA/3 ={FAFL.PH3
[°“ﬂ RRvl — Aco3i f‘chs (clears shorL) AXRR = ( W ez l.s.vl.vnj\: numerafor
I NGx T RN (For A|—+5 in PHS) s/Nax = ( “ ).RN
{o » o031 F .S\MFE } sce PH2 }\‘s.w. F denominador
MBv] — con 31 F long
0#D DX/l = FAFLMD.PH3 (for jAl 5 in PH4)
s/T8L s/tel = (FAFL.PH3, N{FAFLM. ASN)).FAFLMD
PH 44 (For‘:ose: Process rumeralor — converl o QLSclutc vn.\ue.) Zero 4:.‘ne_c,\-<J Frencrma.\l.ze F hecessﬂ.fy) examine c\enom.)
T8L CASE | :(A5N+(A4731=0)).a: (O\Ehern, 6F unknown m&gn\tuc)a)
e BRPHC = (FAFLD.FH4 ) .NesN . (AN +ae7312) || sét-up for zero checking
c D DXC/L = (FAFLMD,PH4) .NcgN and Frr.norma.!l\e;ng a\encm,
1Al—>s SXADD = ( " )
S—rp (insig-replaced in PHG) AXS = (FAFLD.PH4 )  AsN
5 = B (save for Pug) Bxs = ( " ) .Nesn
FDL, FDs 29
PHASE J
F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS (urmnue.r;)
Tal casE 2: (A4731=0) csN => (5/rTz/1) , which reduces To FARLD, PHe.A47312.csN. (O |+ nen-zers Jmm.)
&/PHI3  (nest To end phase) BRPHIZ = (S/RTz/1)
s/RTz  (resvit <o ndicator) sRTe = () (R/RTz = cLEAR)
MRQ/) (i" For nesl ‘mgtrui,q'on) MRQ/; = ( n ). FAFLMD (Q-+ F, ¢'\‘=)
R/IEN (‘term;natt. \ﬁterrvrte.\;();ty) R/IEN = ( " ) (was sct v PHI)
s/a_Rs\/a (For s+RW| in ‘°"5 case) 8/LR3Y/2 = ( ) (nst needed § skort)
s/T(OL F ‘onj S/TIOL. = ( " ).FFRD (neeée; because S»R\!v\)
cAsE 3: (A4731 #0)
ASN: =»FPRENR FPRENR = FAFLMD, P4, NAsN prenarmalize R operand.
(numeralor nat. s;mF\c-norma\ f;ezl. (l.nc\ugcs =0)) (Le. 0€ng Yie )"%G £n< 0)
JA| = sxl6 +> A AXSL4 = FPRENR {numer.} x 1 —= A
E-l = E (adj. exp) MeTEl = (insignitadit F Azo)
vp-courl Pis18 T A0 (insiq)) PCTPS = PCTPS/3 = FPRENR.NA4T3IZ (For FAFLM)
(advance o PHS)
c+> ' &N DXc/e = FAFLMD. PH4- NcsN (for PHE)
ASN: (numerdlor is simple -normalilzed) (e, Ye ¢ n <l , ~1€nd-Ae)
1Al — 5 —=A AXS = FAFLD. Ph4,ASN {numer.) -+ A
CsN:
(see CASE 1)
csN: =>DPP DPP = FAFLD.PH4.ASN, csN seél-up $or divide Teralions
E—.D ¥ MwN — DXC/L = DPP. MwN } -lDGhOl‘H ]-H D,cs
T+»D, | m2c5al i MWR DxNe/i = DPP. NMWN
DPPL OB Bx/| = DPP Clear B for PH, 16, 11
S/PHq BRPHY = DPP
s/TgL sfTeL. = DPP
ALL casEs: IA|— s SXADD = FAFLMD. PH4 (N&% was <L i P T RN)
FDL, FDS 349
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ooase |

PHASE

=

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PHS| (eftered From PHa T (AsW)(ago) (- ]S clocks T shorl , 1-13 clacks ¥ long)
TCL CASE |: ASN => FPRENR FPRENR = FAFLMD,PHS, NASN conlinue rmnormal\'iimi‘ R'Qraa.nl
A—> SXIG - A AXSL4 = (FPRENR) (A cortanins a non-zero Fos.na)
E-l o & (ad. exp) meTEl = (0 )
suslain PHS BRPHS = { - ). PHS
up-count PISI18  (insiq.) PcTPE = P;{-Ps/s = FPRENR NA4T3|2 for FAFLM
cAsSE 2! ASN (e €ART)
CsN
(m)\lance 1o PHG) ﬁ'o s\'mf\a normalize Aﬁham)
csN = DPP DPP = FAFLD,PHS AsSN,ceN
—s_p‘ﬁ)_:ta_ (descr in PH4 -casE] 3)
BoTH CASES:
T Ao s SXA = FAFL.PHS
s»8 F S5 BXs = FAFLD.PHS McsN (save normalized | nomer.)
for relorndo A n PH8)
PHQ (G-"tﬂ’eﬂ‘- °"’\7’ ¥ ZER - ¥rem PH4 orPHS| D corfains The c‘lannm'mnﬂr where O & A hd or e ¢ a <o)
TtL] p— s Sxp = (FAFLMD.PHC) (¢ +D n PHE)
FPRENM couses : FPRENM= (v JN(PH7,ASN) = FAFLMD.PHG | prenermalize"M" operand
Sxll +* A AXSL4 = (FPRENM) denom, x 1 = A
Exlwe 1 insia T D=0 Peter = - ) FAFLD Qa\ju{t F .
s/exs | 3 sfexs = (o )NA4T3iE t(s/cxs/V) (for A =S+ C++D 1 PH7)
s/T8L $/T8L = (sfexs/1) «L— = FAFLMD.PHG
(a.cl\lo.nca. 'tc. PH?)
FDL, FDs 4of q
PHASE ‘
F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH7| (ertered from PHG on\r} (I-¢ clocks f shart] -4 clacks it lonj-) maximum n,pr]»‘es anly Fa"all Vs t‘=nom,‘ which beeomes 117)
el casei: (A=0) (DPNIDE BY =ERO)
1{‘— \ R (n=o0 o‘l:rﬂe\o) S/CCE. = FAFLD.PHT. A4T721 2 <Cc‘s will = 0!00)
6 s/Pi3, RT2, e (descr. in PR+ - clasE 2)  (S/RT2/) reduces T FARLMD. PH7, A473)I= (sl nert 15 lasl Phase)
(reL
on cASE 2: (A #0)
st RSN = FPRENM: FPRENM = FAFLMD FH7, N(PHT, ASN) - FAFLMD. PHT NAS[] conlinue prenarm. denom.
clok A= sxib—sA] L ok AxsL4 = (FPRENM) , S%A - FAFLMD.PH7
only) E+l - E } meig v Aso PctEl =(  »  ).FAFRLD (1 -5 docksT shorl
sfcxs } oy F A g0 sfexs = (¢ ).NA4T3IZ =13 clocksif long)
sustain PH7 7 BrRPH7 =( v ).NAa73lz
ASN
e T pHe)
last clack rad's s;mr\e-
BOTH cASES: A —> S—mcC cxs is on Throughasl PH7 notmalired denom, in ©
PHe | (erlered from PHT only)
TeL B—>S-mA SXB = AXS = FAFLD,PH8 relrieve nor-mu.\;te.l \nomer, |
DPP = o/PHq, de. (desr.in PH4 case 3)| DPP reduces T FAFLD.Pua (AN s high)
PHY (en'tergA E/.DPF’ ¥rom PH+) 5, er 8) (1-j2 e_\ocks; 2 clocks on‘j T fnumc\'\ = +|, in w ich case 2nd cLock \'sT(.t-)
T8L.
or NOTE: A wy‘atajns \numgﬂ‘ R wh‘lch s '/“_S n&| ern=p (mTtaJ canA.l't\.an n This r\\osg)
TeL D coffaing ~)denom| , where |defrom) skt d &1
hence, JA| =D} covld f*oéuce, a nbuot:.en‘tﬁn—ﬁc range. he $q¢16
$ n#0, PHY and 10 scale Fe rutheraar s assure a qﬁuot\‘ent inTRe range /¢ € )1\(! (e, noma\.\lcl)
5ofq

FDL,FDs
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PHASE ‘

/ FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

(coftinued )
CASE | A47 (me.c\ns A=+l hence
A~ Sx Vi A (Feruccs -+ VIL)
E+| —»E (&AJ‘ e"F‘)
sustain PHY
(Rc\\lance T case 2)

PHY

CASE 2: A47 (means YL <A< or A =0
(T\I"HN&: TeL i neC en‘tex:) from
Kag, is 'Fq.s't =h003\’\'to 5:.32:, ‘Funzt;on

A —5x2 A (sele for &' ierstion)

F(npd)itnz): (iglqlais)
(advance 1o PHIG)

i (n<d).(npo): (Uutlql<r)

1€ |9hl S IG) (Fesgl\b\t ehﬁy‘far;s. numer = —| or—%‘:
AXSR4 = (FAFLD.PHY. A47)
PeTE) = € )
BRPHY = ( Y

)hf.nc& ‘/(‘ é)il < lé)
CASE 2, TLL when eY\ACn.rAJ Yram cAsE 2; T
s, as The ani, 15y change onThe adder are

AXSLY

FAFLD .PHq ,NA47

T8L timing

assures )y & q¢!

(T8L net sustaned )

L ts sffient since

A4751.)
A3j «~Bo , where Bozo

o st numeritor n'skt | hex]

s/ PHl| . . BRPHII = (FAFLD,PHY.NK4G NA4T3l2) AaT ‘\mr\ic.-l by KAL SinceDa7s1
start It:ra,tlcns .

s/TsL s/TaL = ( " ) (NR4G is 4 levels ¢u.

F (n=a): (%'—'O) inTLLca.sg; G levels 'u‘?'rsl.)
s/PHI3, s/RTe, €. (described]in PHe casg2) | (s/RT2/) reduces T FAFLD, PHY. A4731 2

ALL CASEs:
A-—s SxA = (FAFLD.PHq)
hold 531 (for 27" Heration) Rjesz =N (  + )
Prto] (edlered only  nzd in PHY,casE2.) (1% q<1e)

TeL A SX N A AXSR4 = (FAFLD.PHIO) | SxA=FAMDSF, Piio assures 4.< q <!
2830 -+ BocOR adked by (v ) B=0,s31=0
E+l = E  (odf. exp.) PCTEl = ( » )
FDL,FDs ¢ of9
PHASE 1
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHio] (corilinued )
TeL held €531 (For 2" fterdion) R/cs3i = N(FAFLD. PHio)
PRI [ “DIT" Divide Terctions (23 clocks T = ‘HOI’—t‘J s§5°F \onj) (2" Terdlion ‘Froua\w nexl 4 la,s't'ftaratfcns (2°=0Y)
TBL (intial conditions]: A cortuing ExSa.a\justeJ numenl)(D)cS)caKTnjn —Hencm}s alse Ygle| €]al<zlel)
CoNTRoL SIGNALS !
DIT (divide fterations) FAMDSF/D, Patl
DITEX (last clock &f DIT) DITEx = (FAFLD).02.(P27.729,P30) short: P=22 (23+d Clock)
+( » )Pas( " ) long ¢ P2 5S4 (55™ . )
CoNTRoL FUNCTIoNS :
P+)—»P Terdlons ctr. S — PeTPl =(DIT. NDITEX) P was cleared in PH3
) \TEX
sustain PHY BRPHY = " )
" T8l s/TeL = FAFLD, PH|}
(Q.Avancc. BTy PHIa) .
MRa/l (@, k. LN MRQ/i = (BIT.DITEX)
R/LEN (stop lerrughabilify) RTEN =( » )
REGISTER coNTRaL: SXADD =DIT
A¥Dressl — sxzar Al AXSLI = DIT, N (FADIV.P2L) « 21T residue x 2> A
BO ~+ A3l unlyl Pag =| £/A3L 2AXSLI. ASIEN/2 « Bo,FAMDSF/I « FAMDSF.N (FAFLD . (PHil.P2¢ +PH|2})1
Bx2 — B 4 BxBL) =DIT |'$V°'t;=nt|
{K‘F&-ﬂ 831 S/B3} = K4L.FAFLD,PHI K46 means pas, residue
C—++D ’I'F(MWNQK‘%) DXC/D reduces 1o (FAFLD.PHH)_N(MWM$K4(.) Po\m')'y a'F denom, clocked
T+ . +denam. DANC/D  » u Y.( ow ) 1Al b,es is orrcéft;h residve |
£ ' .
| #>¢s3y } (w) sfcs3) = DxN¢/D clacked ik A.
MWN, K¥% + MWH, K+
(c=){s=) + (c4).(s4)
FDL, FDS 749
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[ounse |

PHASE

=

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PHiz] (Fina) teralion)
TeL {:4—: Sx2 oA } completes | qudbint] AXSL| = SxA = FAFLD.PHI2 ” «
—» A3l S/ABI = AXSLI.ABIEN/2 «— K46 FAFLD . PHIZ = F shotl 2 ¥ long
0D set op For Dxf = (FAFL.PHIZ)
s/Nerx neqation /NG = ' )
s/G 0003/t i sherl (nsiq) (s/goo03/) = ( ).NFPRD (%uotént s "hla}at q“jne:)
s/ik3)/a (Sor S-RWel T long) s/LR3y/2 = (¢ ) )
s/TioL b \onj s/TioL : FPRD,PHIZ VELoATING POINT RESULT DoUBLE
sl (nedt te lash Fkasc. | dch.)
TioL] NoTE: fe ]‘Un‘bleh't} e n A083] T ehdrl or in A483) F leng . The most sigricant [hex.s non-zers (unless RT2),
F (RTZ is on T either ofern.m; =0)
long | FPRR ie high: “FL,PT. RESULT READY" FPRR = NA47.(NA4T5I Z + FAFLD. 02 +RT2) | (reduces™ FARLD. PHIB),
TeL A+K— S T %uot.‘ent neq. sxADD = (FPRR).N(RT#+FEUFNFZ), FPR W= k3) due ToNgx (KT"
¥ pA——> S " " 0S. SxA = v ) N( " ).NFPR will be high insignificaritly
shorl o —— 5 T underflew with F2=0, or i RTZ m e shorl case since
S —» RWyl 1T long (and ndl trap) RW =( » ).FPRD, NFTRAP 54707 ore ignered.),
54871 —» A0e3l T long Axsr32 = ).N(FAFLD. o2) m. 5. bils oF quatient,
5087l —> A0831  eherl AXS/3 = FAFLD PHI3.02 ertire qudtiert,
E+&4 —+» AoloT AXE = (FPAR), (Le. ET Al, E0207 sR0207) uninverled exp. plus bias,
(o =+ A0)
I's — €50007 T result neq. esxifs = ( » ) FPR (For sign ‘nserlidn and exponenl \nversion)
s/oRQ shrg = C v )
s/TaL L = C ")
s/pHIS BRPMIS = ( )
FDL,FDS Befq
PHASE ]
F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHI3| (cortinved.)
TRAP Loglic: FTRAP =
overflew  (vncenditional ) + FEOF FEGF = (FAFL.NRTZ)NEO.E
ondedlow (FrRz=1) + FEUF, F2 FEUF « ( ) EO.NEI
a\iv'lc\g Ly oo (unr_onA‘\tfanaD + ceca see S/cc2 n PHT
(kb s - RWI) RW = FPRR,FPRD, NFTRAP
s/TRAP ) trop To G810 S/TRAP = (FPRR,FTRAP)
§/TR29 | stR2a = (v )
PHIS ENDE ENDE = FAMDSF, PHIS
T8L AB®CS — S I nsk(que =0 ordivby 0) SxPR = FAFL.PHIS,N (RTZ + FEUFNF=) 56007 are on't neg. resolt,
s-RW T NTRAP Rw = FAMDSF.PHIS | RWDIS = TRAP.NINTRAPFE {inhibited by TRAP.)
For S—+rA AXS = (FAFL.PHIS)
ces 4 { | a3l (merge) T result 0 A3kt = (v )N (RT2 + FEUF, NFZE) (1ns?3.~nee§=¢\‘l:arlon3 FRELAS)
contr. | S/TESTA S/TESTA = FAMDSF, NFASHFX PHIS
| > CCl b exp. underflow s/cc) = (FAFL.PH\S, FEUF) (n‘nﬁ-k-‘ru\ ¥ v, \:7 :em)
| +rcc2 v unécr/eveﬁ\ow s/ccz = ( " b} ce2 will be on T div. by zere
+ (FAFL, PRIS, FEOF)
FoL, FbS 9.fq
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PHASE 1

f FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Set DRA S/DRQ = FABG/| ., EXU Sety DRQ on every
l%!-lﬁ;k €vom PHI thyv
Geverste PrROTECTDIS PROTECTDIS = FABS PROTECTDIS while PHA 45 ofY]
PHI Crz-3; 7> Dia-3 , Cra=>Dbo-u Dxe /4 = FABS . PH| (extend sigh ofé\'s’-\numan‘t
R - LR R—LR occurs unless presel otherwise
(Rw0) => RR--A AXRR = FARS. PH|. NR2
T O-—»4 AX/l = FABS. PH\
S/LRBI/2 = FABS . PHI for Rul=—»LR in PH2
s/TeRL = FABG/I. PHI
PH2 At+tD —=>sS+R SXADD = FABEG/2 . PH2
BXxS = FARG . PH2
Rul — LR Preset iw PHl
TRl RR-—=> A AXRR = FARG/2 . PH2 v
YLR3/2 = FABG . Puz fovr Rul —»\R in PR3
s/Tiev /I = FAB® . PHZ
PHS Rul — LR Preset in PHZ
D—s —Rw Sxd = FABG/2 . PH3 (save Aisr\accmen‘\'_)
RW = FAB® ., PH3
O o DX/I = FABS . PH3
cBs => 0 -» L3 R/CCL3 = FABS. PH3. NG7
0 = LC4 R/CLY = FABO/I . PH3. N@7
Branch to Phase 5 BRPHS = FAR®/| . PH2
sS/TeL = FAB&/|. PH3
MBS (cs)) CBS (¢0) 1of 5
PHASE ‘
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS| ShifT B wight 2 (BiowBo, Bai=B)| BxBRzZ = FABS/PHS ""\“'T,c‘”ili‘" shitts
Shift A right 2 via PR (PR30mAsPRII-A) A XPRR2 = FABS/PHS caye bg\ f»:u—ffff"aﬁg )
A— S o E SXA = FABS/2 . Prs
TaL EXS = FABRG/2 - PHS
(Ao-7 #OYANINT => Set Word Mode] S/SWI = FABS . PHS. NA0DO? 2 . NINT | $K| used for Word Node £lip-Flap;
(Ae=7 =0) _ INT =D Go +. PHGA s/PHA = FABS.PHS. Apoo732
+ FABS.PHE, INT
S/T8L = FARE/\.PHS
PHé| B—>8 =P (so»P32 1 =Pp)] sx8 = FABS . PHé
PXsS/\= FABG&/2. PHé
T8L} MBS.R#0,NBO.NBI.NAG.NALLE>3DSAMI 5 /5w = (FABS. 67). PHG. (NBO.NBI. MAO. A} Set Word Mode indicutor,
.NRZ. NEGSZ.
WMu R#0 U cBS = Set Request MR@ = FABS. PHe, SWI
+ FABS, PHe . NRZ
+FABS.PHE, NO7
Reset Word Mode iwdicator (wm) R/swi = FARS . PHG
PH7 P—=LB B MB ~— C Re,%,u_es‘i' Set in PHé
WM = oD DXC/¢ = FABS. PH7. Swl Word —> D (MBS only)
NWM = . —» Da4-3| (Dow‘n.A’-'a,n.) bxcBP = FABS,PH7. NSwl Byte = D (Byte xlecfzq
‘ by P2233),
WM = P+ »P PCTPl = FABRS. PH7. Sw| Count P +or next word,
R#O . NWM = P+ /4 P PCTPl = FARS. PRY ., NRZ Count P Sor next kyte,
PA33 =FABS. PH7. NRZ
Protect Faill = set PF S/sw2 = FABO/A, PH7. PROTECTD {Remember Memory Proted
5 failure {will be used
({\;F_ﬂar swz) in PHB to cause brauch
to exif seﬁuehce).
S/T4L = FABRG/| , PH7
B

MBS) cBsS

s
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PHASE

[onase |

MBS . NWM, NPENPROTECT FAIDS E~1»E
PPy P
LBS = ~D—S»A

| FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHa| P-—>Ss B (P3z—so P33—sS1)| SxP = FABsS. PHa :
BXxS = FABRS, PHS
4L S/T4L= FABG/|. PHS
PHI| A—> S —=> P SxA = FABS/| ., PH?
So P32, S+ P33 PXS/t = FABG/|. PHY
O —> A AXx/L = FABRS . PHY
T™#H]| LB = S/NGX for =—=D—>S (S/NGX) = FABS. PHY. NO&7 Preset for PHIQ
NPF = sSet Regquest MRGQ = FABS . PHT . Nsw2
MBS - NWM =B Prepave for Up. Align. S/NPRX = FABS.G7.NSWI!, PHY Preset for PHIO
Phol P— LB
MBS. WM => D— S — MB SXD = FABS.G7. PHIO ., SwI
MW = FARS,S7. PHIO .SW) Werite Word
Tl SXUAB = FABS.@7 ., PHIO., NSw!  [] Byte selected by, P3232
MWB = FABRS.C7. PHio, NSWI! Wwte Byte
CBS = MB —>C  C —>Day-3| DXCBP = GUG. OLO. PHIO. NPHA Dowwn Aligh, byte selected
WMn NPF A NPROTECTFAIL = E—4 = E Es4 = FABS/Io. SWi by P32,33
P+i-P PA33 = FABS 1o . Nswli Count E awd P

MCLTE| = FABS/10
PCLTPl = FARS Nio
FABS /io =FABS. PHIO, NSW2 .NPROTECTD. &
AXS = FARS. PHIO . NE7

| For Word Mole or

Byte Ho&e,(MBScrﬂy)
7
Ax/l amd S/NGR ave

Preset,

Protect Fail = Set” fF S/owa = FAR® . PHIO. PROTECTD
MBS = Branch To Phase (3 BRPHIZ = FARS ,&7, PHIO
rw.
it} A+D—S—-A SXADD = FABS , PHI
AXs = FABS . PHII
Tol
s/TaL = FABS , PHII
MBS, ¢BS 345
PHASE ]
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHIZL NPF.AD =» Set CLC3 (s/ce3/1) = FABS. PHIZ . NSWA. A0
NPE, NAO . (A¥0) = Sef L4 S /Ce4 =FABS. PH2, NSw2 . NAO.NAD3IZ
NPF. (Az0) = E-I-mE MCTEl = FABS. PRIZ.NSwa . Ao0312
TaL = PyVamP PCTPI = FABS.PHZ. NSw2, AD03IZ || Count Sor ench byte
PA33 = FABS .PHIZ. Nswz. A0031Z (ces onlyd
PH3] P—S—»A (P32— S0, P33—51) SXP = FABS . PHI3
. AXs = FABS . PHI3
TeL| PFUINT L A0, E=D=> ko te PHEA } BRPHG & FABS . PHIZ '
N(PFUINT L AZOy E=0)=Go To PHE S/PHA = FABS. PHIZ. (SW2+ INT+NAODI3Z 1EZ)
s /el = FABs , PHIZ
Al A— S SXA = FABSA. PHC
S X2 —» AD-30, S50 A3) AXSLI = FARBSA. PHG
Te Bxz - BO-30 Bo-» B3| BXxBL| ® FABRSA. PHG
S/LR3I/2= FARSA. PH
S/CXRR = FABSA . PHE Preset for PH7A
S/TioL = (5/cxRR)
PHAl A—>5S SxA= FABSA . PH?
SX2=>A0-30, S0 r>A3l AXSLI= FABSA ., PH7
Tiow} E— A0-7 AXE = FABSA.PH7Y
Rul— Lr LR3| /2 . o
RR— C CXRR Presel v PH A
S/LR31 /2 = FABSA , PH? } PreseT fur PHBA
s /T8l = RARSA.PHT
Al A—> 5— RW SXA = FABOA/2 . PHa
0 RW = FABOA/2 .PHS
Rul — LR LR21/2 set in phase 74
s/TaL = FABGA/ /2, PH8
MBS, cBS 4of 5

J
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PHASE ]

WM UNPEEZ=> | - CS3]
Set Re :ﬁ-uts'f' (for nesk instrodion)

I FUNCTION PERFORMED SIGNALS 'INVOLVED COMMENTS
PHIA| B—S SxB = FABOA/A . PHY
Sx2 ~»Ao-20 SO0—=A3| AXSLI = FABGA . PHY
raLl Ne =D DXNC = FABSA ., PH?

CSXI/8 = FABSA,PII. NSW2, N(N6T. cca+NeT.cc4)

MRQ /| = FABOA/|, PhY alse canses QWP

Fhio A+D+(CS— S

S > A
0—=>D
WM n PFE=> |’s > (S0-29
Set DRQ
Set Im’errupf‘ ible

SXADD = FABGA/2 . PHIO
AXS = FABSA . PHIO
DX/y = FABSA , PHIO
CSXI/1 = FARSA. PHIO . Swi. SwW2
s/DRQ = FABea , PHIO
S/IEN = FABSA .PRIO
s/TIOL = FABSA/z, PHZ

ToL
PHIlA R— LR clwaye dune unless set othevwise
NR2I . (REO)=D A4S —S—2RW SXA DD =FARSA. PHII . NR3I. NRZ
R = FABSA.PHI\. NR3|. VRZ
o] eBS.(ceny cCH) L E=0)=> ENdE ENDE = FABSA . PHI. NG7. cc3
+FABGA/ . PHIL.NOT, CCy
+FABSA. PHIL.E2
Dala| PF = Set Trap S/TRAP= (s/TrAcc4/1)
Rel PF => Set TrRACCH (5/TRACCH /)= FABGA . PHI[.SW2. NTRAA
MBs cBs 5 ofs
PHASE ‘
/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Set DRQ for all NPHA Pheses S/DRQ = FARG/1 . EXU
Genevate PROTECTDIS For all NFHA Phases|] PROTECTDIS = FABRG
Preset LR3I/2 for PHI S/LR31/2 = FATR. (PRE2. NIA)
PHI | Ciz-3)=Din-3i 0% == Dooy DXC/3=FATR . PH|
Roul — LR LR3I/2 set in PREZ
™R RR—-—A AXRR = FATR. PH|
TeRL = FABG/ . PHI
PHZ A —>S SxA = FATR. PHZ
S = EXS = FATR. PH2
S—B BXS = FARS. PHZ
%R (R=0)=> RR-—=A AXRR = FATR.. PH:L, NRZ
R— LR normally occurs unless preset stherwise,
0= A AX/1l = FATR. PH2
(R=0)=> (& — (S0-7 CsXl/s = FATR, PH2. Rz
Set LR3[/2 Sor PHZ S/LR3I/2 = FABG, PHZ
S/TioL =FABG. PHA
PR3] ‘Rul— LR LR3I/ set in PHL
A+D+CS — S SXADD = FATR, PH3
S —» RW RW = FATR . PH3
B+4 =B (saoaso Bsu-—»a) BXBR2 = FATR , PH?Z
TOL} Set FP  (First Pags Ho S/8wW = FATR., PH3 Using SW| §ov FP
Reset PF (Protect Fail Frf lop) R/Swe  occured ot ENDE (ria CLER) Using Swa for PR
TTBS = 0—CC4 R/CeH = FARG/| . PH3, NO7
Bravnch te PUS BRPHS = FARS/! . PH3
5/T8L = FARG/\ . PH3
TBS (41), TTBS (40) | of &

-




[orace 1

PHASE

r FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
PHS| FP.2» B—>S sxg = FATRS, Swi
s=P (sowraz s|-»P33)] Pxs/1=FATRE, SW|
Reset FP R/sW| = FATR , PrRS R
Tel] PFU Protect Fail UE=0) L INTLCC4=> | S/PHA = FATRS, (Swa+ PROTECTD+CC4+EZHINT
Branch to PHIA| BRPHT = FATRE, (Sw2+PROTECTD+CC(4+ EZ+ INT)
NIPFU Protect Faily(F=0), INTLCCY] =>
Set Kequest] MRQ=FATRS.N(Swa+PROTECTDHCL4+ EZ+INT)
P— LB Novwmadly occurs unless set” othev wise
Net FP wd D2t-3] =K~ So-7 et SXUAB = FATR ., NSwi, PHS Upward Alignment,
= s —» MB MwR = FATR. NSWl . PHE Byfe selected by P32-33
Protect Fail => Set PF s/swz = FATR, PH5 . PROTECTD
NEP o N(PE  PROTECT Fail u CCH) = PLTP| = FATRS. N swi, N(SW2+PROTECTD +(C4)
‘ P+ % P PA33 = FATRS. NSwi; N(swa+ PRETECTD +CC)
Set LR3I/2 Sov PHG 8/LR3I/2 = FABC .NFABS ., PHS
s/TeL = FABE/.PHS
Fe] P—LB Normally occurs unless set™ othevwise
MR — C Request wmade in PHS
TeL C = D24-31  (Pown Align) DXCBP = FATR. PH6 Byte selected by P32733
F—s SxP = FABGS/I. PHG6
S—- B, (Paz— 50, P33SD| BXS = FATR.PHC
Rul — LR Nowmally occurs unless set ofherwise
RR = A AXRR = FATR . PHé
Protect Fail =¢ Set PF s/5wa = FATR. PHe . PRSTECTD
Docta
Rel
eIl A+D — s SXADD = FATR. PHY
S A AXS = FATR . PHY
L} 0's — Db DX/l = FATR. PHY
T4L = FABRG/I . PHY
TBS, TTBS ERE
PHASE ]
I— FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
He] A— PR FR&4-—A (FRIooA0,PRIPA)  AXPRR2 = FATR. FHS
/ ) s/THL = FABS/I. PHB
™
P9l A—s SXA = FABG/| . PHY
s> P (S0-»P32, S( - P33) Pxs/| = FABY/) . PHI
Tl Set Rtﬁ.)ueS"— MRQ = FATR. PH?
E-|=E MeTE|! = FATR . PH9
PHIO P—LB Me—C Rctbucsf mode iwn PHY
¢ — DZ4-3 (Down Aligm) DXCBP= FATR . PHIO Byte selected by P32-33
| B—5S S X8 = FATR . PHIO
S ——+P, (50—»?32)5\—»?33) PXxsS/i = FATR, PHIO
O— A AX/l = FATR . PHIQ
PROTECT FAIL =P Set PF S/swa= FABG. PHIC, PROTECTD
TBS ~ N(PF u Protect Ful)? ﬁaﬁue# MRQ = FATR. 67, PHIO.NFROTECTD. NSWZ
16 —» €S set NPEX S/NPRX = FATR . PHID for up 4{"8“ in PHS or Il
TBS =5 Bramch to Phase T | BRPHS =FATR. O7. PHIO
s/TaLs FATR.&7.PHIO .
s/LR3l/2= (G4, OLO. NPHA) . PHIO For TTBS only.
s/CXS = (&ud . GLO. NPHA), PRIO Preset for PHI/
< /rioL=(6u4. BLO.NPHA). PHIO
Dats
Rel | :
PAI | Day-31 2 K— S0-7 SXUAB = FATR . PHI
g—s ¢ —»D DxC/6 = FATR.PHII cxs set in Al0
i} RR—>A AXRR = FATR. FHIl
Rol — LR LR31/2 set in PHIO
e —> ¢S sel NPRX S/NPRX = FATR . PhIl Set Sor “Aup” operation
’ T4RL = FATR . PHI i Phase [2 -

TBs, TTBS
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PHASE ‘

[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHIZl AnD — s NPRX  set w PHI
S —A AXS = FATR . PHI2
T4RL S/T8L = FATR. PHIRL
PR3} NPF A (AD-7 #0) = Set CCH 8/CC4 =(FATR. NSwW2.,NAGOO7E). PHI3
R— LR novmally occurs unless set otherwise
TBLL NPFn NR3I 0R#0)n (A0-7#0) 2 A—S S XA= (FATR.NSW2 .NAOOO7Z).NR2,NR3| . PH3
= S—=RwWl RWBO=(FATR.NSW2.NA00072). NRZ.NR3. PHI3 | write byte O only
Brench +to Phose 5 BRPRS = FATR . PHI3
G/TEL/1) = FABS/| . PHI3
PHtAl P— 3 SXP =FATRA . PHY
oL Sx2 +rA0-30 50 A3/ AXSLI = FABGA . PHS
Set Reguest Q—-P MRQ/I = FAB&A. PH?
PFLU CCY4 = E+l-mE PCTEI = FATRA, PHY. swa
+ FATRA . PH? . ccd
PHION A — S SXA = FATRA.PHIo
Sx2 —Ao-30 So— A3 AXS L] = FATRA. PHID
TeL E > A0-7 AXE = FATRA. PHID
set Iuterruptille S/IEN= FATRA. PHIO
set MR& S/DRQ= FATRA. PHIO
Set LR3|/2 for PHIA s/LR31/2= FATRA. PHIO
s/Ta&uL = FATRA.PHIO
TBS,TTBS 4of 5
PHASE ]
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHIAl Rul— LR LR3I/2  set in PHIOA
A—>S SXA = FATRA . PRI
S—»RwW RW = FATRA . PH{|
T8l TTBS A B0 = O-= (L4 R/ACY = FATRA, NG&7, PHI|, E2
PF = Set TRAP (S/TRAP/I) = (S/TRAcc4/1)
= Set TRACCH (s /TRACCH/\) =FABOA.PHIl, SWL.NTRAP
TTBSn 04 y E=O = ENDE ENDE = FABOA.PHI. EZ
= FABGA/!I.PHIl . CC4 . NO7
Dala
Rel
TBs, TTBS 5885
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PHAS?/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
- —t .
PHI 2:: _3—:_’ Do-bnll—zl } DXxe/3 = FuERSs, PH| D\Sf\accmcnt -+ D
R — LR
T4RL] (RR) —> A AXRR = FUEBS. PH|
S/LRBI/2 = FABG/2 }
S/CXs = FARO/2 Preset Sor PH2
5/TloL = FABR®/2
Disable Memory profection PROTECTDIS = FABRG
until PHA s get,
PHZ] CCi-4 — Dduo-3 Duxel = FUERS ., PHZ
O4-2 —> DU4-7 DUX®& = FUERS . PH2
| — Dus DUCLOGCK = FUEBS . PH2
TIoL I—» DU DUSTART = FUERS. PH2
AxD — S SXADD= FABG/2. PHZ
SR BXS = FAR®G. PHZ
S - C CX3 prese_“" in PHY
(RR) > A AXRR = FABRG/2 . PH2
Rul — LR LR3 /2  preset in PH]
&/LR3| /2 = FABGC. PH2 } Preset for PH3B
S/TIioL = FABR®S.PH2
PH3 D— 3 SxD = FABG/2 . PH3
S == RW RW = FABROG, PH3 save displacement
™Y Rul — LR LR3I/2Z preset 1w PH2
Co=-2 »» D2y -3 DXCR2Y = FUEBRS . PH3
P ) Uﬁ@3 S/TIOL = FUEBRS, PHZ
) DX/1 = FABS, PH3
EBS (¢3) I of e
PHAS%/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH4 D—s SXD = FUEBS . PH4
S24-31 = DUo-7 DUXS =™ FUEBS . PH4
\ — dus DucLeek = FUEBS ., PHY4
TioL Reset PF  (Protect Fail' $£) Done by CLEAR of previous ENDE US:\«% SW2 fov PF
Skift B right 2 (cireular ) BXBRZ = FUEBS. PH4
s/cxRR B/CXRR) = FUEBS . PHy
S/T\OL. s/TioL = LS/CXRR) Preset for PHE
s/LR3) /2 = FUEBRS, PHY
O»D (so PR=A nes phase) DX/1 = FUEBS,Pu4
PRS (ewtered From PR PHIK ov PHISY
(Ao-7 =0), PF_ INT_ DUT > To PH8A| S/PHA = FUEBS.PHS,(SW2 +SW3+A00072+ INT)
) BRPH = ‘-
(Ao-7 =0), PF 4 INT_DUT =
TIoL SWET 4 right 2 (civewlar)] AXPRRZ =FUEBS. PHS, N( " ) shist vie PR
A-—9g SXA= FABG/2 . PHS
S E ExS= FABG/2 . PHS
(RRY = C CXRR § preset in PH4 14 or (5 DKSF\a.:emen't - C,
Rul —™ LR LR31/2
S/LR3| /2 = FABO, NFARS, PHY For Rul-LR in PISA
S/TioL = FUEBS, PHS
PRLL A—S SXA = FUEBS . PHé
S—>P 6 SOwP32 Si~~P33| Pxs/I = FUEBRS.PH6
TIoL] Set Reguest MRQ = FUEBS , PHé
Set b S/DRQ = FUEBS, PHG
PH7} MB—C—>Da-3; (Down Align) | DXCPB = FUEBS, PHY ByTe seleched Ly £32,33
B— 3 SXB = FUERS , PH7
ToL S—=»P S0mP32 SIw P | PAS/] = FUERS, PHY
PRETELTD =» Set PF S/Sw2 =FABE®/2.PR7. PR®TECTD Using SW2 Sor PF £4
Set Reguesl MR&Q = FUEBS , PHY
dota S/TIOL,= FUERS . PHY
(Releas]
EBS

~6O-
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PHASV FUNCTION PERFORMED
H&

TioL] NDRQ = Repeot Phase 8

NDRQ = D—S
s — DUO-7
|\ — busg

I's — ¢s, set NPRx
Dulio =» Set DRQ
DRQ =>AS

SIGNALS [INVOLVED COMMENTS
SXD = FUEBSE.NDRQ
DUxs = FUEBS8. NDRQ ByTe of source paftern-ady
bucLeck = FUEBS . PHS
BRPHE = FUEBS8. NDRQ

S/NPRX = FUEBS , PHS8
S/DRQ = FUEBRS. PH8. DUEND DUIO s End Field
S XA Fuesss, DRQ

= S—> P, S04 P32 SI~Pl PXsS/| = FUEBSS,DRQ
=0 —++ A AX /| = FUEBsS8, DRQ
= MB —»C— D243l DXCBP = FUEBRSS&. DRQ Down Align (byte selectd
DRQ. Dula = Set DEBR s/sw4 = FUEBsS&, DRQ, bulz by P32 P33)
DRQ . DU, PROTELTD =» Set FFj| s/swai= FUERSS, DRQ. DUIZ.PROTESY sw4 used for Decimal
Data s/TloL = FUEBS. PHS8 Byte Request (BR)SH,
iea ®/Swe = FUEBSS
PHI 1 Upward A\ian Da4-217>S0-7, g-15ekf SXUAB = FUEBS . PH9
NDRQ = S — DUo-7 DUXS = FUERSY. NDRQ Byte of Decimal No.~» DU
| — bdus DucLBtk = FUERS ., PHY
Tiol] NDRQ = Repeat PHY BRPHY = FUEBS?. NDRQ
I's — CS, Set NPRX S/NPRX = FUEBS . PHY
DUIO => "Set DRQ S/DRQ = FUEBSY . DUEND
DR® = DUp-7 —> Dat-3 DxdDU= FUEBS?. DRQ Edited byte — D
DRQ.DBR. dDula= Set dUT S/SW3 = FUEBS9.DRQ. DVIA, SW4| w3 ysed for Decimal
DR@ . NDUIZ => Set Re%,u.esf MRQ = FUERSY. DRQ, NDUIL unit Trap (BUT) Slipble
= Set DRQ $/DRQ= FUE®SS . DRQ, NdUIZ
PHIO

1oL NOUT L PEL PROTECTD) =P+ 4 v P

Ufwo.ml Ali%n Das-31 = S0, §-135) ete
S — MR _ (byte)

SXUAB = FUEBS . PHIO
MWB = FUERS. PHIO Write ByTe selected by P3233
PCTP| =FUEBS. PHIO,N(SW2+SW3 +|PROTELTD)
PA23 2 u "

BHE-| - E MCTEL=® o " g
PROTELTD =» Set PF Set SW2= FAR®, PHIO, PROTECTD
Data
Releasd
EBS 3qF &
PHASE{ FUNCTION PERFORMED | SIGNALS INVOLVED COMMENTS
PRI} P— S P32—s0, P33 > 5| SXP = FUEBS , PHI|
TeL] Sx2 > Ao-30, S0wA3| AxsLl = FUEBS . PH| '
PHIZ] B—s sxB = FUEBS. PHi2
ToL S > P, S0-P32 sImP33| Pxs/t = FUEBS. PHIZ
PHIB] P+ /4 > P PCTPI = FUEBS. PHI3
PA33 = ] ]
TeL Ac—> S S XA = n "
Sx2 > Ag-30 , SO~ A3l AXsLl /1 = . "
E-= Ag-> AXE = W "
s/TioL = . u
PHi4] 1 —= Ddug buctLeck = FUERBS, PHI4 , NPH3
0 = D DX/ = FUEBS, PHI4
N(PF_ DUT). DUO = SeT CL} s/cct = (FUEBSIH, N{(SW2 +5w3),huo
N(PF o DUT), Dut =» Set CC2 s/cea = ( " .Ul
N(PF_ DUT). Duz => Set ¢cc3 | srce3 = ¢ " ), Duz
N(PF v DUT)., Du3 =» set ccy | s/ccy =( " J.Du3
(R/ec) = FUERSIH.N(BWL+ SwW3)
TOL] P—s, P32—5S0, P33 SXP = FUEBS . PHIY
N(PF L DUT) . NDUI . (cC2  DBR) =>| BxS= Fusssm.u%swu Swa), Nbut. Ce2
S»B + FUEBSIY N{SwW2+Sw3), NDUL . swd
N(PF LDUT), DUt = | % - ¢S CSKI = FUEBSI4, NSwa+Sw3). Duf
Go PHS BRPHS=FUERSI4. (NDUS + sw2)
(PFv NDuS) = S/CXRR S/cxRR = FUEBS. BRPHS +
N(PE u NDUS) = 0— R addr. lines R/ALRXR = FUEBSI4. NBR ,j:._:‘ '11“:'"{
. or
merge | with R oddr, S/LR3i/2 = FUEBSI4 use iw PHIS
s/ToL &/TioL = (s/cxRR) + FUEBSI4.NBR (rJ.t, FUEBSI4)
EBS

4 of ¢
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FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS
PHIS] | —™ LR Preset in PHIY¥ ~
A4+ (S —» S SXADD = FUEBS. PHIS
S — RW (5\/1’!5 |- 3) Rw| = " Lon
TioL RWB2Z = n W
RwWRB2 = L] w
Go to Phase S BRPRE = " "
S/eR31 /2 = " “ ]
(S/CXRR) = FUEBS, BRPHS Preset for Phase 5
s/TioL = (S/cxRR)
PHTRA (entered from Phase §)
Rul — LR LR /2 set in Phase 5
A—S SXA = FABGA/L ., PH8
oL s — RwW Rw = FABOA/AL ., PH8
Ne = D DXNC = FUEBSA . PHS (preporeTo sobtrait
Skt B left | (civeulav)

BXxBL{= FUERSA . PHKS8
s/vaL = FABGA /2. PHB

isr\a.cemen’t n PHIOA)

PHIA B—"S SXB = FABCA/2 . PH%
S x2 = Ag-30, So~As AXSLl=FABGA . PHY
| —» s3] CSX|/8 = FUEBSA . PH] «
8L s/txs = n " for S+»C inm PHIOA
s/TioL = n n
EBS Sdsfa
PHASE{ FUNCTION PERFORMED I SIGNALS INVOLVED COMMENTS
PHIOd A+D+(CS> =S SxADD = FUEBSA . PHIO
S—=»C CXS preset w PHIA
) dX¢/6 = FUEBSA ., PHIO
TiolL] O-»» A AX/l = " "
set A9 A9X|l = " "
E=0 => Set Mewory Reguest MRQ = FUEBSA. PHIO, EZ
QP PXQ@ = FUEBSA. PHIO. PXQ
St Interruptible S/IEN= FABGA. PHIO
set DRQ S/DRQ = FABOA. PHIO
s/TioL = FABGBA/2, PHIO
PHIA  A+D—S SXADD = FUEBSA . PHIl
S—RW (byTes 1,243) | Rwal = FUEBSA. PHILNFREL N(CROFATE )
Rwik2 = » ' " "
TIOL RwB3 = [y " W "
R— LR Norwmally occcurs unless set otherwisel
E=0 =» ENDE ENDE = FARGOA . PHII, EZ
PF L DUT = Set™ TRAP (S/TRAP/) = (5/TR29/1) . NPH8 SW3 used for Decimal
DUT = sSet TRy + (s/TRaCCH/1) Unit Trap &  and
ap SeT TrR3| (s/TR29/1) = FUEBSA, Phll. SW3| SW2 used for Protect
PF = Set TRACLY S/TR3 | =(S/TR29/1) . N (S/TRACCH/)Y Fail £5,
(S/TRACCH/|) = FABOA, PHII. SW2,NTRIAP
Dota
#dus&
EBS

-62-
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PHASI%

FUNCTION PERFORMED

COMMENTS

Set DRQ each execution phase
CVA =D Set LR3I/2 in preparation

SIGNALS INVOLVED
FACV= 0U2, (&4, NG5, C¢)
(s/dbRQ) = FACV, EXU

(s/LR3I/2) = FALV. 0z. (PRE2. NIA)

Optnde decod ina s '\3\«1'5

PH] RR—A NAXRR = FACV ., PH‘ Number to be converted = A
CVS =» | > E7 E7X| = Fucvsg, PHI E counts repititions of 3.
T4RL Set Reguest MR&Q = Fucvs. PH|
Go To Phase 3 BRPH3 = FUCVs. PHI
CVA = Rul—=LR Preset v (PREZ. NTA) phase R—=LR & (VS
(nete: B rea.was c\wal n PREY)
P2} A—>s B Ouly CVA BXS = FACV, PHL
(\ues +k~pu] SXA = FACv. PHZ
el o's— A +his phase AX /] = FACV. PHZ
Reset CC| R/cciy= FACVY, PHL
set Cx/i (s/ex/1) = FACY. PH2
PH3 ] (Cvs. E<32) u(CLVA- BO-E<32) DSt Regued]  MRQ=FUCVS. PH3. NE2+ FACV. PH3.NEZ, BO .
CVA=> =D DXC /6 =FALY. PH3, 67 MB—c, P—LB o I%FC
CVS = Ne-»d DXNC = FUCVS, PH3 Rhose 3of
TioL |~ €S53 txl/a = FUCvVs, PH3
A+D +¢S —s SXADD = FACV. PH3 Adl or Subtract
{evA . B30) L (evs, koo) => S—24 AXS =FACV. PH3, &7, B30 +FUCVS.PH3.K0O| vesuit +o A.
CVS. Koo => | > B3| B3|X| =FUCVS. PH3. Koo
CVA . B30, KOO = Set I s/cci = FACV.PR3,67, B30 . KOd cel was cleaved in PH2.
E+l = E PcTEl = FACLV., PH3 CounT itevet ioms.
SW$T B lett ome (eyelic) BXBL| = FACV.PH3
(cvs+swi).(E#22)=> P+ b P PCTPI= FACV. PH3, SWI N(E2.E7)
+Fucvs, PH3, N(E2,E7)
PH3  continved on)next pege
CVA(29), cVs(z8) | of2
PHASE{ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH3 set Swi s/swl = FALV . PH3
Cont:) Ef 33 = Repeat PH2 BRPH3 =FACV ., PH3. N(E2.E7)
E=33 = G, to PHY
Set Reguest, Q=P MRQ/| = FACV.PH3. (E2.E7)
S/TioL = PACY .PH3
Dodra
 Release]
PH4- A— S —RW SxA = FACY. PH4
RwW = FALY . PH4 R — LR
(s/7v8l) = FALV, PHY4 If evs:
TIOL] CVS = Set LR3/2 Sr RI—>LR | (s/LR2l/2 = FUCvVs, PHY Remainders R
in PHS I§ CvA:
Cowverted Number—=R
PHS| Cvs = B—s SXB = FULVs . PHS
S —RwW RW = Fucvs - PHS™
S —++A AXS = FuCvs . PHS
TaL] Set TESTA S/TESTA = FACV . PHS
ENDE ENDE = FACV. PHS
Data
I&&Ql
CVA, cVs 2sf2
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] FAST

(FAST _includes

ck st‘f'ruc‘f'ion.s§

PHASE
l FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHI| cec-=E EXCC = FAST. PH. (G4.NGS.6¢)  [Word Count- E4 thru ET
LM=b Go To  PH3A BRPH3 = FAST. PHl. CLA . &2
Set PHA S/PHA = FAST, PHI., G2
T4RL Set Re%uesf MRQ = FAST.PHI.02.NG7 Access let Word "
STM
STM=> G, To PHIA RRPHl = FAST.PHl.oLB. o2
set PHA S/PHA = FAST.PHI. 62
Set Interruplible s/IEN = FAST. PHl . (04 .NGS. 00)
Set DRQ s/DRQ = FAST . EXU DRQ is set for all
+ FASTA. EXU Phases of execution
PHIL C »>D DXC/¢ = FASTA . PHI not significawt
Reset Imterruptible R/IEN = FASTA. PHI
set Recbue,s'l’ MR = FASTA. PHI STM
L | RR=A AXRR = FASTA. PHI. (4. N&5. 6
R+] — R PCTR = FASTA . PHI. ©7
SXADD SXADD = FASTA. PH| not 5"(&7\\'?-'(_4.»\1'
S/T8lL = FASTA . PHI
PHN A—> s — MBE Mw = FASTA ., PH2 P—>hLB, Write Word
SXA = FASTA, PHZ
R+| **R PCTR = FASTA . PH2
E-|=E MCTE| = FASTA. PH2
E#| = Set Regouest MRQ =FASTA . PH2 . N(E=1) (E=\)=NE4,NES.NEG.ET
TaL = pa| =B PCTPR| = FASTA. P2 . N(E=D E0 thru E3 are [T
= RR 4 AXRR =FASTA. PH2 . N(E=1).NoL] igmored.
=> Repeal PHZA BRPHZ=FASTA, PH2.N(EZD . NOLY
E=| = Go Phase 134 BRPHI3Z=FASTA. PHz .E=). &2
= Set Reﬁueff MRQ /) = FASTA. PH2. (E=I).C2 Q> P,
s/ralL= FASTA . PH2
Date
Rel
LM (28A), STM(2B) | F2
PHASE ]
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHIA
MB—C D DXC/6 = FASTA . PH3 1st Word »» D
D—>sgs—wmA sXxd = FASTA ., PH3 aiE
AXS = FASTA. PH3 }M significant
(E=)=> prI =P PCTP| = FASTA . PHD . N(E=)). OLA| (E=l)= NE4,NES.NEC.ET
TeL = Set Reguest MRQ = FASTA.PH3. N(==).0LA €0 &Lmds,s are LM
f%more .
Reset Iunterryptible R/IEN = FASTA . PH3
Go to Phase 5A BRPHS = FASTA . PH3, OLA
Data
Rel
PHSA
c-+> D Dxe/6 = FASTA . PHE Wovrd = D
D— S —RW SXD= FASTA . PHE Wovd - Register
Rw = FASTA . PHS
R-+1 - R PCTR = FASTA. PHS
Téht E -(—E MCTE| = FASTA, PHS »
E#|=> Repeat PH5A BRPHS = FASTA, PAS, OLA. N(E=) ol
E¢lor2 > Set Request MRQ = FASTA . Phs, N(E=I0R2), CLA
= P+|l-»P PCTPL = FASTA . PHE.N(E=IOR2), GLA
E=t =¥ Sel Regquest MRQ/I = FASTA , PH5.(E=1).NO7,. 02| R-P
Go To FHIZA BRPHIZ = FASTA . PH5,0LA.02.(E=1)
Dt
Rel.
PHEEA END ENDE = FASTA . PHIZ P+ P eot.
M
Tk STM
Daf
Rel
LM) sST™ 2F2
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/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
33xy S/DRQ = FAST. Exu Set DRQ for alffl..ses
[ iy + FASTA. ExU
Pl ' cec —E EXCC= FAST . PHI, (64.NGOF, ®6)
¢! set Interruptible S/IEN= FAST. PHI. (04, N&5. 66)
ct > Dbes - Dbz} DxCC = FAST. PHl. (84.NO5, 6¢) Set number of
T4RL t| Cexo = | = D27 D27x| =FAST. PH|. CCZ.N02.0LNOS.0G | § words iwte feast sig
b RRie-3 72 Ale-3| AXRR/2 =FAST. PHl . OL3 end of Aor D
| —> A3| A3IX [I= FAST. PHI. NOG
4 S/NGX (s/NGX) = FAST. PHl . N&2 Prepare for neﬁa:(’.‘oh
rHZ 11 A or =D —» Bf&~3/ &1615/1 = FAST . PH2 Hold cword count in B
1 " BXs = FAST . PH2 (616131 caunses o5
art 15+CS awd prepare for S/NPRX = FAST « PHZ BO-i5 while presetti
ToL qpulmrzl mli%mwel«f of NeX in Phl causes q
t+he count to be nega.f‘etlf
PH2 \’)Pwo.nl Alian Halfwovd SXUAH = FAST . PR3 This resulfs in
S —> Ap-Als AXs/z = FAST. PH3 AlC-3)
Dlztsx > Ao-is
1] clesr B DXx/1  =FAST. PH3 S AL
PHE] 444 Bu A — S oA SXB = FAST . PH¢ Combine fositive &Nv.a'
s SxXA = FAST, PHY holves of Modifier —A
4 AXS = FAST. PHY 4((?05.4'»\ Aouis | Neg. im A:s—‘sﬁ
TéL | ¢ 1 set N&X (5/NGX) = FAST, PH4 Prepore 1o "‘1““" mediSier
$or “pushes”,
Set Reguest MRQ = FAST., PH4 } Aceess The Sfa.ce/Wovi
set LB3I/) (s/-B3AN) = FAST. PHY Couwt From memory
PLW (08%), PSW (o9), PLM (0a), PSM (08), MSP (13) (STACK INSTRUCTIONS) 1eF¢ -
PHASE ]
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS MB—> C—» D DXC/6 = FAST . PHS
TeL Pul —> LB EAD — D
b —-—A = S A fav Pushes AXS = FAST. PHE, &7 Ne?,'-ﬁ
G161 = FAST., PHS Held KiIs =|
ol |11 e/TioL/1) =  FAST. PHS
R&‘ PP ey
FHG A+D+LS — > —>B SXADD =FAST. PHC ModiSy Space /Word Cut.
Prevent cabry $rom Words +n] Kis = I. FAST, PHo6 awd stere ™ B,
space field BXxs = FAST. PHe
TIoL Dle+ 316 = Set sw2 §/5wW2 = FAST. PHG . DI6,NSI6 Word  Oven/Undev Slow
D0 »50=> sSet Swl s/sw| = FAST, PHé « DO . NSO Space Over /Undev§low
Die .16y DD, SO > set TRAP TR (s/TR3o/\)=FAST, PHé Push [Pl Overflos & Trap
3 DI6. 316 uB0.50 = Set P S/PHA = FAST. PHG.DIé. NSI6 4A to abort
Go to FPHI4A SRPHI4=FAST, PH6. Di6 . NSIo To :_l\a.s:__/ ';"f
S/PHA = FAST. PHG. DO . NSO T s ome T
BRPHKIY = FAST, PH6 , DO, NSO sk B
Set XS for PHT s/exs = (g/cxs/1)= FAST.PHL
s/TaL s/TeL = (s/cxs/1)s FAST.PHC
PHI[ #1448 A—=>S —C - DI6-D3| SXA = FAST . PH7 7} Imcrement (or Decremenl)
bxe/2 = FAST, PH? imte Ble-'s\; ‘sign midie
1 Ol w3 A AX/\ = FAST. PHY
T8L Set Rg%uesf MR& = FAST . PHT Reguest for TSA
PLw, efe, 2.fe

Cs-



PHASE ‘

] FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH& Lle _
11 MB—=>C —D bxe¢/6 = FAST .PH8 TSA —)D
1 DS A Sxb = FAST . PH8
TeL AXS = FAST. PH8.(GLA +0GL3) Increment/Decrement — A
! Set Cxs S/CXS = FAST . PH8 . NOL3 Preset £or PHY
Da¥a
Ral
PHY P—>S-»C SxP = FAST ., PH? Hold EA iv C
set PHA S/PHA = FAST . PHY
TeL. b Go To PHLA BRPH| = FAST, PHY.N&L3 (MSP goes to PHIOA)
| =+ £S5 TS x| /8 = FAST. PHI,NELB,NOLZ
*P11t Ale — CSO0-IS CSXI/3 = FAST, PH?, AlG for sSigm extengion
Dg: Set Requast MR® = FAST . PHI, L3 (‘NZ:: e
2!
PHIA| 3 c——D BXC/6 = FASTA . PHI (EA) — b
p Reget. Interruptitie R/IEN = FASTA . PHI
A+bD+es >S4 P PXS = FASTA. PHl. N@2 MediSied TSA — P
TeL[tP44| Set Reguest MRQ = FASTA . PHI.
' RR— A AXRR = FASTA .PH|. (G4, NOS, 67)
b R+l — R PCTR = FASTA. PHI. 87
b Go to Phase 3A BRPH3= FASTA, PHI. (4. NOS.NOI)
b SXADD = FASTA . PH|
s/TeL = FASTA . PHI
PLN,PS\\I) PLM, PSM MSP 3 oFe
PHASE ]
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
33T
doifes
PHeA] | ¢ A—S — MB MW = FASTA . PHZ P— LB  Write WWord
b SXA = FASTA . PHZ
R+| mR PCTR = FASTA « PHZ
ToL E-| »E MCLTE = FASTA, PHLZ
EF| =P Set RequesT MRQ = FASTA.PHZ. N(E=1. LB
P+| P PCTPI= FASTA, PH2. N(g=]).oLB
RR - A AXRR = FASTA, PHL . N(E=l) . NvOLS
fps Repeat Phase 2A | BRPHZ= FASTA. PHL. N (E=).NOLY
L PSW u [PSM, Ex}=» Go to PHFA| BRPH8 = FASTA.PHZ.[E=I), N&2
+ FASTA.PH2, 6L .NGL
1 -> 0%+ A AX/l =FASTA, PHZ. (=) . NO2
4 + FASTA . PH2Z. OL9
b = s /Cx5 s/CXS = FASTA . PH2. (E=|). . NO&2
' + FASTA .PH2Z. OLY
s/TaL = FASTA . PH2
Data
Re|
a3 ¢ MB— C—*D DXC/6 = FASTA . PH3 pP—LB Read /st Word
D—S =4 SXD = FASTA . PH3
b AXS = FEASTA, PH3 EADA
bi] o To PHSA ig PLM RRPHS = FASTA. PH3 . G&LA
8L P+l —P PCTPI = FASTA. PH3. N(E=). OLA | Prepare To Real
1 Set Reguest MR® = FASTA, PH3 . N(E=1), OtA | and word
Reset “Intervuptible R/IEN = FASTA . PH>
> set CXS S/CXS = FASTA, PH3. OL®
gﬁr seb T8L s/TeL = FASTA. PH3.
e
PHAAL ¢ P— 5= C sxP = FASTA , PHY{ TSh — ¢
sfrealL = FASTA . PHY
T8L
PLW, ete, 4 of ¢
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FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
o
ox
PH avd =D CPLM)
A ¢ Ca D bDxe/6 = FASTA . PHS -:";'sfq -—-;D (PLW)
¢l¢||D—> s —RW sXD = FASTA . Pis Write Word jn Rg%;ger
ol T RW = FASTA . PHS
TEH s R+ R PCTR = FASTA. PHS
b E-l»E MCTEl = FASTA. PHS
E#l = Repeot PHSA BRPHS = FASTA. PHS. OLA. N(E=I)
P | E#lorz = Set Reguest MR® = FAs'rA,PMS'.N(sweRzg.OLA
> Pl .,.,,If PCTPI = FASTA. PHS. N(E=| ORZ ). 01A
3
PHCA A— S—>P PXs = FASTA . PHG EADP
. SXA = FASTA . PHG
3 |45 —> ¢S C3Xl = FASTA . PHG
ToL| #| ¢ O% —> A AX/L = FASTA . PHG
4 CC — D2y —3 Dxce = FASTA . PHE . BLA.NG2
set Regquest MRQ .= FASTA . PHG . OLA
Ce=0 = |- D27 D2a7xl = FASTA., PH6.8LA, CC2
. Set NGX S/NGX = FASTA. PHG. GLA. N2
Set XS Loy S=C jw PHA] s/eXs = FASTA. PHG . GLS
sel TaL s/T8L = FASTA.PHG
PHAL ¢ D—-1—>S»cC-»)D SXADD = FASTA . PH7 New TSA —D
V] -D—— s»A AXS =FASTA . PH7.GLA
9 MB—C =D Dxc/e =FASTA. PHT PoLB
4 Set Reguest MRQ = FASTA , PHY
T8l o te Phuse [0A BRPHIO= FASTA. PH7
Dot
Kol
PH P—>s-c =XP = FASTA . PHS Final TSA — C
TaL CXS wes preset iw phase 2A
PLW, efe, 5&f¢
PHASE ]
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
2
o3
PHIA | D—S —> P PXS = FASTA . PHY EAP
SXD = FASTA . PHY
el bl D DXC/e = FASTA « PHY TSA =D
Set Rezs,uesf MR® = FASTA. PHY
FHIOA] ¢ 1 D+A—>S — MB MW= FASTA ., PHIO P—=L8, Write New TSA
1111 SXADD = FASTA. PHIO T
Tel 14 sSet Reguest MRQ = FASTA. PHIO
1111 Reset ‘Turewuptible R/IEN = FASTA. PHIO
111 Gor Pul LB iw PHIY (s/LB31/1) > FASTA, PHIO
PRIVA 1t B—=S—MB Mw = FASTA. PHIl Count — EALI
: Pul LB SxB = FPASTA. PHI Pul=LB | Write
L S A AXS = BASTA. PHII Count—=A For testin
¢4 Set Reﬁ.ue st Sor nest™ Twste. MRQ/\ = FASTA . PHII Reguest and Q»P
b
PHIZN 11911 swi-—+>ce| S/CCl = FASTA. PHIA. Swy
111 (Al—is =0 => set CC2 s/cca = FASTA. PHIZ , AOIISZ2
L1111 Swa —CL3 s/CC3 = FASTA, PHIZ , sw2
12t (Al7-31 =0 ) => setT CCH s/cCY = FASTA. PHIZ , AI7312
419 (R/C) ="FASTA. PHIZ
* END ENDE = FASTA. PHIZ
Deda
Rel
PH /A ¢t D—> s —=2A SXb = FASTA . PHIY
AXS = FASTA . PHIY
T8Li 12241 Sel™ Reguest MRQ/1= FASTA . PH4 Reguest and Q=P
4324+ Go t,  Phoase (24 BRPHIA= FASTA . PHIY
F’LW) ete.
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PHASE/

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE2| Set sw4 s/swd = FUMMe . PREZ 1st  pass indicatsr
Di2 —> Swi s/=wl = FUMMC. NSWw¥, PREZ. DI2 Function code bits
ey =F R wte Wi, 2,3 on
D13 Swz s/sw2 FUMMC NSW4 . PRE2 D3 S0 el (ent mrez
DIt —> sW3 s/sw3 = FUMMC, NsW4 . PREZ. DIY ] sccurs 35 indivect addvess)
PH1 RR - A (R — LR) AXRR = FUMMC , PHA
PRESET |- LR3| for PH2 s/LR3l /2 = FuMMC, PHI
TARL o —> P32 P33 X 1 = Fukme , PHY
S/T4RL = FUMMC , PHI
PHE A—S —»P SXA = FuMMC , PHZ EImuck: addvess -~ P
Pxs = FUMMC . PH2
T4RL] RR A (Rul = LR) AXRR = FUMMC, PHZ
Set Request MRK = FUMMC ., PHZ
set  Adlress Relesse S/ARQ = FUMMC ., PHZ
s/TapL = FUMMC, PH2
PH>| A— s—> E0-E7, Pis- L3I SXA = FUuUMmMe . PH3
Exs = FUMMC PH3
T4RL Pxs = FUMMC . PH3
RR —= A (' — LRD AXRR = FuUMMC, PH3
Disable ep pin S/MAP pis = FuMMC . PH3
set Data Release s/bRQ = FUMMC . PH3
Adr.
Rel.
MMc (6F) | of 4
FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

PA33 = FUMMC. PH4. N (P32, P23)

Increment P byte addr.

PH4 P byte ¥3=> -+l » P33
PeTP) = FUMMC, PH4. N(P32.P33) 1 _ & conbrol Start
| (ewi =D 1~ P22 PA2z = N(FUMMC. PH4 . NSwWi) Address at P20 or P22
(5\»-” #1)3 | > P20 PCTP4/t = FUMME . PH4 . NSW4 ﬁtpu\éiua on Suwmction,
o —» D24-D3) DXCBP = FUMMC , PH4 Douwmward  Align
Fobyke %0 > \ Load 3 bytes here
D24-D3|» Byte of Map - it swi " e ‘-H‘kybyh i
D24 -D3| » Byte of PeB <t oswe Siuatiins at end || Phase S Netwi
D2t -] " Byte oF Locks <if swi3 loaded own ot clock
N(P32, p23) = Repeat < BRPHE = FUMMC. PHY. N(P32, P33) jih‘""?:ir;fe&uje
(P32,P33)= O-> P32, P23 PX/l = FUMMC ., P33 memmory o
Dato. Reset Swi R/sw4= FUMML, PH4
R\ s/TeL = FUMMC. PH4
Clock
PHE| P— SB sxp = FUMMC, PHS Preserve Byfe Address
Brs = FumMmML , PRS
D2¢-D3} = Byte of Moy i$ sw "
ter| Das-p3 = Byte of PeB i sw :;:af;':j‘; end, | bead 4L byte
Day-D3|— Byte oF locks i swd
o -»D BDx/y = FUMMC , PHY
P> CS3] csxi/a = FUMMC, PHS
E-l»E MCLTEL = FUMMC., PHS
MMc 24 '
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PHASF/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHG A+D — S P PXs = FUMMC . PHe Tnerement adlvess
SXADD= FUMMC. PHG
TeL S A AXS = FUMMc. PHG
Set Rc%wtsf i§ Countyo MRQ = FuMmMe. PHG .NEZ Access next word
set Adlress Release Inferfck | &/ARQ = FuMMc. PHG swéd used here to
S/SwY = FUMMC. PHG, INT.NEZ| Remember in‘f‘erruf"‘
is Peni(»\g__,
PH7Tl B s—mp sxB = FUMMC. PH?
PXS = FuMMC. PH7
TeL | Count #0 and wo Inferrupt =
Return to Py BRPH4 = FUMMC. PH7 . NSWY. NEZ
Set Dala Release Interlock s/DRQ = FUMMC, PH7Y
Addr s/TelL = FUMMC, PHY7
Rel
PHE PA2Z = FUMMC (PH4 +PHB), NSW! || Increment Pt P20 or
PCTP4/1 = FUMMC . PH8 P22 depending on funchon
A=S —>RW (R on Lp) SXA = FUMMC, PH8 Stere mew R
TeL RwW = FUMMC . PH8
Evable mapping R /MAPDLS = FUMMC . PHS
MMC 354
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHY| set Intevvuptible S/IEN = FUMMC . PHY
Preset | —» LR3| s/LR3I /2 = FUMMC., PHY
E > A AXE = FUMMC. PHY
TBL] P— S — B SXP =2 FUMMc¢, PHY
Bxs = FUMMC . PHY
Renru&s"' next instruction MRQ/1 = FUMMC. PHq ., NSwH Not set & exit;
Set Date Releage Interlock s/DrQ = FUMMC, PHY due to interrupt,
PHIO| BuA — S—2RW (RulomlR)) SXB = FuMMmc, PHIO
SXA = FuMMe . PHIo
Bl RW = FuMMC, PHIo
Generate ENDE if we in+errup'ff ENDE =(FUHMQ . N$W+)- PHIO
Special Equations
MAPW = MMCW, Swi
PCBW = MMCW . SWZ
LOCKW = MMCW., SW3
MMLW = FUMMC . PHS
+Fummc.1>n4,(~eaz.ur33j]
MAPWXD = FUMMC . EXU
MMC

~éa-
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] FOUINT = SUG. 6LB
PHASE
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH!
Cq-jsr #*Dzo-21 05 =>Dooyy DXc/9 = FUINT. PHI
TARL ! S/T8L = FUINT. EXU . NENDE |T8L for remaining phases,
_D_gaf Operand —> ¢ — D
PH2 )
D—> S —> RW {5XD=FUINT. PHE Operandy_ g = Rao-
8L (R >LR) RW = FUINT.PH2 4-1s 2e-31
c—D DXC/6 = FULNT. PH2
Set Reguest £or next Instruction (MRQ@/1) = FUINT ., PH2 tavses Q=P also
$/LR3I/2=FUINT . PHZ Rul—=»LR in nex?T phase
PH3 Cleay Rul so that Rul,_ ;s
05 — Rw RW = FUINT . PH3 will be clear in §ivel vesult
TBL (roul —7LE> preset above
S/iR>ifz = FUINT . PH3 Rul =LR in nex? phese
Request Dafu Kelease onnedl clock | S/ DRQ = FUINT . PH3
PH4
D—s—cCcC SXD = FUINT . PH4
s/cel = FUINT. PR4, SO
T8l s/cce= FUINT. PHY , SI Overam .
s/cc3=FUINT ., PH$. S2 perando.g —> CCE
s/ccyd = FULNT. PH4 [ S3
R/CC) = FUINT , PHY
S —> RW (ByTes 243 ov\\y) RwWBR2 = FUINT, PHY Operemdyg g = Rulj g
(Rul = LR) RWB 3 = FUINT . PH4
ENDE ENDE = FUINT. PH4
Data
Rel.
INT (L,B) 1 of)
PHASEI FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHI C—>D DXC/é= FUANLZ. NANLZ , PHI
NN o o s Bro-y Oxe =FUANLZ. NANLZ. PHI + ENDE oyt sets LMXC
Set ANLZ  Flip-$lop S/ANLE = FUANLZ . PHI ANLZ s used to
TR set PREI s /PRE| = FUANLZ. NANLZ.PHI.N(S/INTRAPF)| distinquish between
sel TaL s/T8L = FUANLZ, NANLZ PHI the Two PHI% of this
instruction and +e
inhibif Funetions normall
Inhibit cleaving of LMxXe first LMXC = B.NAR. L. (PHI. FUANLE . NSW2 ) pu?omd by the ’]'
time thrw PHIY (swz is set in PREN) J imstruction being
A.vxl.ly!ei.
Inhibit S/PH2 (vie NBR) NBR =]FUANLZ . NANLZ
FRE| Nerwal preparation seguence
AMLZ | takes place to compute effective
address,
Disalle P—Q QxP = PRE! , NANLZ
TBL Disable S/RQ (v PRERG) | PREEQ = L. NPRERQ/
B. NGL3 . NANL?Z
Disable wemory V‘e%uesfs {MRQ=PRE\-WZ—-(N&‘F.N&E.NO?).NANLE
excepT Lor indivect addresses +PREI. (NOI.N®3). L2 NANLZ
" +(PRE2.NIA). IX. OPRQ . NANLZ
M +(PRE2. NIA). PREDO . NANLE
s +PRE3.NLA. NANLZ
~ +PREZ .NIA.FUSTD. NANLZ
5 +PRE2.NIA. FASI8, NANLL
: RQC = PRE}. NINDX, PREGPR®/1 . NANLY Request allowed
: +PREI, NINDX. P&eepm/z,mmuf ! cod vdirect
] L +PREI. CO cddvess,
v
< Set Sw2 For control of LMXC s/swz = ANLZ . PREI
st DR ' immediate S/DRq = PREIM.AKNLZ.PRE| {in case ndirect
ress was rna.r)e)
ANLZ PREPARATION
CONT oN NEXT PAGE
ANLZ (44) 1of3
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PHASE l
I _ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
ANLE (eovt)
Prep.
Set Cowndition code +o indicate (s/cu/‘)=(ANL§.PREI).FAIM.(Nol.Na3).(No¢}.Mo§ for Immediste word type
opeede  closs, s/cel = FADW., (ANLE . PREL) Double word type
(s/eci /1y = (ANLE,PREDY | FAW Word type
(R/ccr) = (ANLZ. PREI)
s/cez = FAbw. (ANLZ . PREI) Double word +ype
Glecr i) = cus, (AnCz. PREL) Halfward type
R/cc2 = CANLZ . PRE)
R/cC3 = (ANLEZ , PREN
(s/eet/1) = (ANLR . PRE)). FAIM Imwmediate +,0e
R/cc4d = (ANLZ, PREL) )
$/cc3 = (ANLz, PREI), Do Indvred addresced
Force Analyze Opeode into @&
rea«'.sfer upen cowf’e'l’u'vui
prepavation phases, ox/t = (s/PHI/1) . ANLZ
Suppress advancemenl s PHI NBR = ... T.aNLZ. (S/PHI/I)
sel aw| S/sWI = ANLZ . (s/PHi/))
ANLZ. SWL i No PASE 15 SET. (This dummy [ polse time ollows FA%s and FU's o settle)
L[| resst swi R/sWl = ANL=
sel P S/PHI = ANLZ.SW|
PHI
ANLE[  Neeq = P—s  P32-550 P3325l| sSxP = ANLEZ/I. PHI
= S —A AXS = ANLZ/|. PH|
TeL| O% —> D DX/I = ANLZ |, py]|
Reguest next ingtruction MRQ /1 = ANLZ. PHI alse causes Px@
ANLZ/t = ANLZ, Neo4
PHe Nced . N(CCl.Nee2) =S A — S SxXA= PHZ .N(ccr.Ncc2). ANLZ/|
Sohiet left| aAxsLy = ANLZ /1. N(Cei.neea). PH
TeL one (eyelic)
ANLE 2.3
PHASE 1
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH3] NCel. NCCZ . Neet =D A— S SXA = Necl . Nccz ,PH3 . ANLZE/|
ANLE = SLiff left | AXSLI= AyLz/t. Neet.Neez, PH3
one (cyelic)
TL] CCl . Ccz . NCed =Dshist right | AXPRR2= ANLZ/1.CCl. Ccz, PH3
f.wé
Set DRQ (s/pR@) = ANLZ, PHz
Set TioL (s/TioL/1) = ANLZ  PHZ
PR L Reset ANLZ +lip-Slop R/ANLZ = PH4 + CLEAR
Netd => s—Rw RW = ANLZ/\ . PH4
NCCd = A — 5 SXA = ANLZ . NeC4, PH4
TIOL ENDE ENDE = ANLZ. Pu4
dota
rel
ANLZ 3sf3
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J FAES D

Lo o4 85 -

PHASE
[ FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

SuppRESS M/,Ofw(y .- -

Pl LS = Go To PHS NBRPHS = FApSO - pPH [ NET7
s&7 RERUEST pMrRE = Fapse PHINET
T4 Xpio => Res£7 A1Apors R/MAPDES = Fapso - pH1 - 87
XPSp e VR0 o> SE7 MAPLIS S/mapoIs = FapsP PH 87 cWR3O
XPSL-LUTRAPF =2 G o To PHS WBRpH3E = Fapso-pHI 67 INTRAPF
SET REQUEST ME R = Fapsp:+ pH1. 87 INTRAPF
XpS D NINTRAPF=> P # & NOXP = FApPSD: PH1 187 + N(TNTRAPF)
Q" P WPXA = Fapsp: pH 187 N[LARAPF)
PSw ! 4D NDX pSwi = FApsp PA [
pH2l P—->s +» 8 NEXP = FApSD. PHZ
WBXS = FApso: PHZ
TL] RAP NPXBR = FAPSD - PH2
SET REBUEST MRA = FAPSD 'pPHZ
PUS] P+ 1| - P PcTPI = FApsD ‘PH3 [p—»i8] wRTEWIRD
SE7 ReQoEST MR AR = Fapsp -PH3
7L} D+ B —> S > HE VSxD = FApsD - PAH3
NVISXB o ~APSD ./9//3
VW = FApsp . pH3
PSwWa 4D NDXPSW2 = FAapsp pH3
daty yeleace .
) of 4

XPSD (oF) LPSD (cE)

| AArse
PHASE
I_ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
P P+ 5~ Pc7 ) = FHPpSD PHAE
SE7 REPE T AR R = FAPSD - PHE
TELY, p— 5 A> M8 NS kD = Fapso - pAE [P~ L8] wriTE wleo
VMW T Fapso- pH o+
data _release
alst p+ 1+ P Pc7PR/ = FApSD - PHS
SET REAE ST R & = FApSO: PHS Lp e i8]
TEY pp - = D wox e/l = Fapso pHT
nfa _release
el M8 — < AP NDxXC/6 = FAPSD-Pf/é [p >8]
D=5 7 Psw! pExD = FApso. pHé
7¢L NpSwi xS = FApsD />/-/6
— A WNAXS = Fapso - pHE
Res€7T mAppIs R/MAPPES = FstD.px/g
/_Ioso = ¢ #» I R/CL = FapsD CPHE - NET
o+ I1 R/TI = Fapss - pHE- wET
¢+ EL RIEL = Fapso: pHE 1 WET7
TRApApSD =7 TRACC™ECC NCC X TRACC= FApRSD " PAE TRAP é7
S e Nce xS = FApsD pHE
Aata axfeii
XPSD, LPSD 254
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) Farso

PHASE
[ FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS
FH7} D2, D3 += wWeiTE Key S/wko = FApso pH7- P2
S/wkK | = Fapso- pri7. B3
7E/| PE = ;-5 CL S/CL = Fapsp -pH7 . DS
D6 = ;4 IT S/TT = ﬁlpso‘?#7'pé
D7 = | EXL S/ET T Fapio  pd7 D7
R28 = pD2z-p27 FRPL2 =Rp27 | NRpXD = Capp - pH7.R28
Lpsp R3e = /1— ZA7 16 INTI6 = FApSD.pH7. M8T7-R20
Lpso  R30.R3I 2/ —= Zw7 17 V71T = Fapso .p#7. #67- R30.R3)
AsS A P NSXA = Fapsp- pd7
Npxs = Fapsp . i 7
TRAP - R2G=5TRacc o D2RB—D3/ NDX TRA cc = Fapso 7] TRAp < R29
RESET TRAp R/7TrRAR = Fapso-PH7
RESET INTRAPF R/INTRAPF = FRpSD - PH 7
BrRING Cp R/be—3/ NDXJ) =FApss. pH 7 WHCMD i Tion A LLY
Xpsp NR29 = Go 7o A7 NERPHT = Fapso - PA 787 - #R2G
SET REQUEST MRE = Fapsp: pH 7 87 pR2G
LpSD =P Allow CLork 1GERLsCK. | NCEINT = FAPS).PHT. HOT, R30
wH ZNT770
P8l D+A—=sS4p WPXS = FAPSD - PHS
SxApp = FApso- pHE
TéLl SeT pEG vEST MRE =  rapso o PHE
XPSD, LPSD 3 o4
PHASE ]/"-WPSD
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PR
| Reset TRAce R/TRACC = FAPSD . Ph?
P EMOE ENLE = FAp <D + P /0
74L
Aata pelease
ffé(//y‘z_
TR =FApPSD - WPHT . MPHE U
XPSD, LPSD 4 of 4

~73~




l Foerp =/9v2 BLF)

PHASE -
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

PHIt MB — ¢ —+ D MpxC /6 = FULRP -PHI
7#eL
2| D2z — p27 + Rp23 —Rp27 NRPXD = FULRP * PH2

SET REQvEST MRR/1IT = FULRp pH2
TéL S/pr & = ;‘,JLAP ./)//2
PH3| EnDE ENDE = FuLRp - PH3
7L

47H RELEASE

LRP(2F)

WD, RD Instroctions
SGHPH;Fia, ,Ti’mf‘na- D:’aa,V‘A-W
(Iamorinﬂ Cirevit and line iela,ys)

WD, RD
Phase / 2 3 3 3 3 4 4 4
Dota FF (5W3): Encibles Addvess and| WD Data Tp Deyice
RD/WD Line (D165} High| %o WD instiruetion

Strobe FF (SW4).

STrobe 15 Device
(br648)

Device Response I ]
(b1o49)

Indicator FF
(swi)

DRQ
ENDE

(- J \

Wa.\f:r for Wait ‘-Fov-
Device to Device to
Respond Remove Rasponse
(D1&49) Signal

WD Trterma)l Confrol Mede  (Bifs 16-19 egoal zero)
Phase l 2 3 3 4 4

Date FF (sw2)
RD/WD Line (D65
‘r O® Inkibit bits, Alarm,
© ﬂ@ or Audio Cowtrolled
here
Indicator FF (swn) @ Cendition Cedes
Set UP here
DR
ENDE

RD (6c), WD (6D)
_74-
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PHASE ] Family : FARWD= OUG. (64 .55 .NCE)
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
TNHYXWD = UG- GLD - PHZ -BILKZ - B2¢ } For internal Com+ro|_
Seme importent siqmals WDINTL= 6U6: OLD- PH2-BI6192 Mode .of WD insTroction
bt D and RD BI6I9Z = NBIG-NBI7- NBIB-NBIT Decode of B Rey. Bits
FARWD = OUb-G4-05 -Nog Family (WD, RD) Decode
PHI Set Mewmory Request amd @+>p | MRQ/| = FARWD. PHI Reguest for next imstv.
P—osS-—-—B SxPy Bxs = FADIO.PH1 ESL, Address —=B
0= A AX/l = FARWD « PHI |
R—> LR No specia!l control for
R — LR
BRR—~>A AXRR = FARWD . PHI } o
i = DIG. P Molti purpose Flip-Flops
T4RL Set DATA Flie-Shop S/SW3 =FADIO. SWI 33 and SwW4
Reset Indicator Flip-Slsp 5 These ,as well as sw3 above, ave uoed heve,
4 (oo 51, ave slveady reset by CLEAR Date FFis Sw3
Rese Strobe Flir ¢ dur;w% Previsus ENDE “Indicator” s SWi
“Strobe” is SW4|
PH2| DATA FF=> Bje-31 — DIiC3z-47 DIOXR = FARWD . Sw3 Addvress Lines
DATA FF. WD=> A— S SXA = OLD. GUL. SW3 Data—> S Lov WD
= | — DI1&50 DIOSOX| = OLD. OUG. SW3 RO/WD Line
WD . DATA FF. R0 = S— DI,z DIGXS = &LD. OUL, SW3. NRZ Datow Out for WD 1§ RZO
WD+ Byq.1970):B2-B27-B 22 = Set (I S/CIF =INHXWD. B27.B29
WD (Big-19:0).B2¢. B2? = Reset CI R/CIF =INHXWD. B29
T6L WD. (Be-19=0)-B26- B27.B30 =5 Set I] S/IT = INHXWD. B27.1R330 Comtrol of Inhibit
WD- (Big-1920)- B2¢. B30 =® Regel I1 R/II = INHXxwD. B3O Bits conTuined in
WO. (Br.-1a=0). B2£. 827 . B3I = Set EI S/EI = INHXWD. B27.B3l POWZ
WO (Big-19=0)-B26, B3l => Reset EI R/EI = INHXWD. B3|
WO (Big-1920) - B2S- B3I => Set Alarm{  S/ALARM = WDINTL . B2S. B3| Alarm Cowtrol
WD‘{B\(.-I‘F ). B25 = Resel Alarm R/ALARM = WDINTL. B25+ RESET
WD (B¢ -1520)- B25. B30 FIUTC  Set MUSIC S/MUSIC = WDINTL, B25.B30,\MUsl] Audio ConTrol (Toggles)
WD-lB;b-m‘O)-BZS',BZO#Qas{Y MusiC R/MUSIC = WDINTL, B25. B3O
ALARM FF =5 ALARM LIGHT oN ALARM /L = ALARM Signal To Alarm Light
MUSIC FF+ ALARM FE AUDIL®G = MUSIC « NALARM 5 |+
. i3va o Speaker
+ALARMFF: RUN ¢ |KC =5 AUDIS TCALARM. KrUN/B). KC ¢
RD} WD 283
PHASE ]
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH3l DIO4? +(Bic-130)=> Set Indicator S/swi = (FARWD. PH3), DIG49. NSwI .
T (FARWD.PH3). BIGITZ. NSWI Using SW) Sor Indicator”
Indicator =» Stay in PH3 BRPH2 = FARWD . PH3 . NSwi .
= Set Strobe FF S/sw4 = (FARWD . pPa3) . NSWH Using SW4 £or " Strobe®
Indicator => ReseT Strobe FF R/sw4 = FADI® . SWI
TeL} Strobe => | — DIc4a DIo48X|= FARWD. Sw4
IndicaTor DIOE! « (B -1q #0) + (8/¢cc3/i) = (FARWD. SWI).NBIGI9Z. DIOS)
(Bia-14=0)1/cSS3 = Set ce32 S/ccz  =(FARWD, SWI, Bi6ITE).KSS3
IwdicaTor - DIOE2 «(Bi-1970) + (s/cc4/) =({:Agwb.swu).NB!eJ?E.Df&SZ Set Condition Lude
(Bie-13=0)+KSS53 =» Set CC4 s/ccd =£r/.\gwo.swl.stét?z;. Kss4 Crom Sense Switehes
(Big-19= 0)-K5S) => Set LCI s/cc! =(FARWD.SWi. Bielq2), KsS| or $vom Externel Device
(Bis-11=0) - KSS2 =» Set CC2 s/cc2 =(FARWD.SW|, BI6I92), KSS2
Indicator =» Reset CC(,2,3,4 (R/cc) =(FARWD, Swt)
Indicator =? DIG .3, —>D DXDI®& = (FARWD. SWI). NBI6ITZ
Indicator = Reget Indicotor R/SW| = FADI® R —LR occurs novmall,
R~ LR withouT special control,
RD: (Bio-=0)- Indicator - R#0. B27 % PFSR PFSR = (FARWD. Swi), (BI6I92.NOT. N2, B27) | Recet Parity Indicators
RD 'CBIS-ya_rO)- IndicaTor *» B27 =0 with short pulse sn /PFSRA
Parity Error). g —>Dzy-3 DXPARITY = FARWD, [B16192 . NOT.NRZ . B27)PH3| Puts MFL o9 inte Diy-3
PH4Y BIcHds +Bjc-19=0=> Set DRQ S/DRQ = FARWD. PH4. NDIo49
+FARWD. PHY, Bl¢IT2
DRQ =» Stay in Phase 4 BRPH4 = FARWD. PHH. NDRAQ wait in Phese 4.,
PRQ => Reset Duta FF R/Sw3 = CLEAR CLEAR = ENDE 4 -7~
'E— DRQ => ENDE ENDE = FARWD. PH4. DRQ
e SRR RW = OLC. 6U6. PHE. NRZ
—S— Rw = CLC. 6Uée. .
RD. R0 =D SXD= OLC. OUL. PHE. NRZ hood Input Dote
seb L' nit EnpE S/T8L = FARWD - PH4. NENDE
fD, WD
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PHASE ]

Family : FALO . FAIO/!

FUNCTION PERFORMED

F

SIGNALS INVOLVED

COMMENTS

Dotea FF - B22 => IGPA|
Data FF » B23 => JOPAZ
20,, — i (201 =322,.)

P e —-B BXS, SXP = FAIO . PHI P contains 1/¢ ADDRESS
, STA AXs = FAIO, PHI
1s —sCs S/NPRX = FAIG. PHI 4= S Sor up- align, in A2
TURL Set Data FF s/sw3 = FADLU, PHI Using w3 for Data FF
Reset IndicaTor FF (rR/SW|() = FADL® + CLEAR Using SWI for Indicator
Set MAPDIS ]/MAPDIS = FAIO .PHI Prevewt Mapping
(S/NLRXR) = FAIC. PH 0§—>LR for PHZ
TCRL = FAIG. PHI select TekL clock Sor PHZ
PHZ, ,
Arg-3)=—>K—> So-vl 15, /623, 24-31 | SXUAB = FAI®. PH2 Upward Ali%n ‘A Rea‘
So-7 +»Ao0-7 AXS/|= FALG.PHZ -
0's = A AX/| = FALG-. PHZ Cleat all A" Reg not being sef]
O's — LR (Preset during PHI) Address Register 0
SIC => RR .3 > Ar-31 AKRR/2=&LL, Cud, PHZ (Req. 6 cqniams firsk
R+#0.R3 = | A8 ABX|= FALS. PH2.NRZ.NR3I comma.n3 o\cﬂ(ees)
TRl R70 == | —> A% A9X| = FAIE. PH2 . NRZ
AT =P Set Mewory Eeq,ues‘f MRQ = FAIOY/|.PRZ
Se-: é‘lfQ ene S/ARQ = FAI®. PHZ
ata G = 0
B Fe ef = FNCI } Function Code
Dote. FF - 67 =5 FNCZ 16PXFCAD = FAIS . Sw3 te IoP%
Deta FF - B2| =p IGPAO (Nete this occurs For «l

Phoses Thet SW3 s set)

NPX 20 = FALO, PHZ

} I6P Aldvess

to 1OP5
Lood Memory Aldress
20,, nte P Register.

S16 (40), TL6(4D), TDV (48), HIo (4F) Ale (¢E) o4
PHASE ]
F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH3 20,6——) LB P is horm;“r om LB zo's Toaded il P in PHZ
A— s — MB SKA MW = FAICO . PH3
18P PROCEED. STREBE =» Set Indicator s/swt = FAIO3. PR. ASw], SwW4! Using SWi Soy Iwndicetor
TSP PROCEED - Tnticrtor > Set STROBE| S/sw4 = FAIO 3. NPR. NSwI Using Swi fer Strobe
Ind icator = Reset Strobe Rg/sw4g = FADLC . swi o il swl s
Trndicator = Stay in Phase 3 BRPH3 = FAIO-3 . NSWI Wait in PHD unti set,
= Set DRQ S/DrRQ =FAI®3 . NSWI
TeLl Tudieator- ISP CCI Signal = s/ccl (s/cci/1) = FAI@3, CONDI, SWI Nete © FAIof;:o_ ons
Indicator » TGP CLZ Signal = 5/CC2 (ssccz/i) =FAI&3, COND2, Swi FALO.
Indicator = Set Mewory Request MR&Q = FAIO3., Swi
ATG. Ina-.w{ov.(a,eo). NCOND! = Go 4o PHG | BRPHG =(0V6. OLE. NRZ. vwnm)). :::
Indicator: [(R=0)+ ¢OMD]|=>Go to PA8 | BRPHE =(FALS.RZ+FAIG. CONDI. _ '
" ]=> R>»P PX @ = (FAIQ, RZ + FALG. canDV).PHLWIE (ned instruction a.cnress)
=>R/MAPDIS | R/MAPDIS S(FALC.RZ+FAIS. CONDLY. SW!
= set DRQ S/ORQ =(FAIC. RE+FALC. CONDI). SWi
Set ARQ S/ARQ = FAILCG. PH3Z )
STREBE => | —> I0P Strobe line] [GPXSTRB = FAIG3. sw4 Strobe — IO vie. CNST |
- S/LB31 /1) = FAL®. PHE. NBR i
| No Bk 1 ueal | G/eRO s Yo e Rl o o
Ret Sor use in PHY)D ClecK in PH3,
A Indicator Sot = Reset Imdicstor | (R/SWI) = FADIO S/SWI =N W --e- 4:’::‘*:;",5':“;;‘\1}" Swi
Pud] 21, — LB This is done by
ood ing AO,, inTo P in
Set Me Req uest S/MRK = FAIO. PH4 ; SN
nl ser vra ¥ </DRQ= FAIO. PHY PHZ omd setting LES/
B3l = Q-+->F PX& =FAIG. PH4 . R3| O;\'y °3' ':ismée‘&r’:lra
Add. = peset MAPDIS (R/MAPDIS) = FAI®. PH4. R3B! S ofe| ; .
Rel Enable  Mepping Aquin,
PhS xe/6 = FALS-. PHS N8 represerts cell 21
MR— C +» D L px /' 20, preset infe Pix PH2]
20, —> LB % R3\ but 1§ R3VZ1 thew
T F37 - set ARG SRR = MALG, PHS. NR3J comtents of @ (3 P
Data
Rel
s10, ele. 2 of &

-T6-



PHASE 1

[ FUNCTION PERFORMED

SIGNALS INVOLVED ~ COMMENTS
FHCL &30+ Ao = MRQ/\ MRQ /I = FAIS. PHG , (NR3I +62)[(For neT instrudlion)
= S/brQ S/DRQ = FAIS. PHG.(NR3I+&2)
TeL] Reset MAPNS (R/MAPDIS)= FAIG . PHG Enable Mapping
Set Ru|l —> LR for use mPH7 | S/LR31/2 = FAIeo, PHe
e (5/T8L/\) = Faro . PHe
&
FH MB— C Avto matic when Reguest s made] (mp represedls cell 20
Pul— LR Preset in Phase { or The next Ens'troc'uon)
Tl AIG =®Co-1sDy-3; Co?Dous| DXCRI6= FAIO/I . PH7
=D S R SXD, RW= FAIG/| . PH7 (D represenls cell 21)
AL =>C->D DXC /e = OUG. GLE . PHT
=20, LB — Preset into P in Phase &
beta| ST DRR G/TaL/l) = FAIG. PHY
Rel| ™ ——Euxert ror 775, R3 G /BRQ) = FAIG. Ph7
PHE P— LB } Norme | Opevation
R— LR Upelgsesf otherwise
R#0-TCI-(R31 + AT6)=> RW | Rw= FAIG. PHB.NRZ. NCCI. (NRBI+62)| Weire: o Register R
ATS = D3 (=S i¢-3i  SXD/2 = FAIG/|.Pu8 Halfword on S From
T84 Reset Duafa FF R/SwW3 = CLEAR cell 20
ENDE ENDE = FAIE&. PH®
AI® => D—rs SxD = EAICG. PHB.G2 Word on S,
ba.“'&
Rel
810, ete. 344
S'm«pl;-?aeé Timing Diagrawm
(zqroving Civeuit and’ Line Delays)
SIS, TI1C )T’DV, H1& with Even Nonzewo R Field
Phase | 2 3 3 3 4 5 I3 7 ]
Doto. Flip-Flop (sw3)
IGPX FCAD
MAPDIS
Strobe Flip-Flop (5w [
I6PKSTRB ]
18P Proceed Sig. (PR |
Indicator FF (swi)
ENDE | |
Repeat this
pPhase until ToP
responds - with PR
Sigval Then set
Indicater,
Repead’ this
phase until TOP
sianal PR is low
Yhewn et Stwobe
ste; ebe. 4 f4

e



PHASE/

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

S/INTRAPE

NENDE  NCPREL+
ENDE . (S/TR6E) . N(S/BRQR/NDS/ERQ

a/DRR

CLEAR

S/INTRAPE

S /FNTRaPL

S/BRA = (S/INTRAPE) NENDE. NPREL
~ BADE. (s/TrAp). . N (S /8RQ/

(S/8re/) = FABO PR +FATRR PR
.+ FoRAL

S/BRA = (NENDE + AHCL/ N (S/INTRACF)

CLleAR = (S/3NTREPF)

SIINTRAPE = (S /z07RACF)

S/INTRAPA (S/FENTRAPEY NRESET

set BRR & -"rapor\l\*ﬂv‘d’
8 4o eoint at cuvienl
ettt tonm  rather then
next ntkrvcdion

Branch wshwdon taak +qu
beroue ob memory protech
O non- @xStent aadeess
eomi ob the kranchh
mstckion Wsel§,

I§ twp s Sor ton -
exslent oddress, set
NRA evea d ENDE ,

INTRAP SEQUENCE

- (SET INTRAPF)

| of 4

Data
Rel.

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
sl P> S +=» A AXS = INTRARL
o SxP = INIRAPL.NSDIS
o ->1 BPx /)l = TNIRAPL
s Sl QSX4i = INTRAPL, NSDIS
S/DPRQ Q/HRQ = TINTRAPL
CLEAR QLEAR = TINTRAPL
R/HALT R/MALT = INTRAPL
S/MAPDIS S/MAPDTS = INTRAPL disalole mopping.
NTRAQ > ereveat Stopping SCEN = N (INTRAPL . NINTRAPZ, NTRAP) | associoted wdh cBINT
dlocks afer next clock in INTAAPL. TNTRAPL
¢ Stagle, m‘Oc\on&.
S/TMoL S/TIOL = INTRAPL. NINTRACZ
S/TNTRARZ S/INTRACL = INTRAPL. NRESET
Timigq s fonction of Frcvious clock

INTRAP SEQUENCE

- (INTRAPI .NINTRAP2)

- 7‘8 -

2 of 4+



NTRAP.NINT D S/P25

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Klivaly Pss A AxS = INTRAPL
TioL [AxP = TINTIRAPL, NsSDIS
o =D BX/L = INTRAPY
1's = C Cex 4 = INTRAFLL. NSDIZ
S/DRA S/DRA = INTRAPL
CLEAR QLEAR = INTRAPL
R7daLT R/HALT - INTRARL
S/MARDES S/MAFDIS = INTRARL
NTRAP D S*d'\dn(or\‘\kﬁ next CETINT = INTRAPLINTRAPL NTRAS
ePU dockk with lh‘brruf"-
clock
TRAP D TRLK-3| 2> Pog-31 | PXTR = TNTRAPL. INTRARYL. TRAL
S/P25 3/P25 = pxTR
S/PLE = TRLUE.PXTR Hypreal term
INT NTRAP D TNTO -85 P2331 | PXTNT = TNTRAPL-INTRAPZ -NTRAC.INT
S/P23 = INTO - PXINT +\dpnca\ teim

PXTR = INTRAPL TNTRAPY. (TRAP + NIAT)

causes ‘inferrvpt Syadem
Soul¥ trap Yo 40,

MRQ MRQ = INTRAPL.TINTRAPZ
R/INTRAPL R/INTRARL = TNTRAPL + RESET
R/Lax C LMXC = £MXC N INTRAPL-INTRAPL)
\i’zf‘ﬁ' R/7AKHCL Akl = AHcL-N(tNmaPL»INmam\
INTRAP SEQUENCE - (INTRAPI.INTRAF2) 34
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
o 0153 5B SXADD = (NINTRAPLINTRAPY) NSBIS
TéL Bxs = ( " )
C+>D oxe/e = ( 0 )
C, > IA GRXC = ( m )
O]-F‘ *; O,.‘.'}
Cgry »> Raga,
S/PREL s/eRE] = ( n )
P>Q QxP = TNTRAPA
Vaka
Rel.
INTRAP SEQUENCE - (NINTRAP|.INTRAP2) 4o 4

e



| FAaLE

pUT Lot +noL 45 BET

(DST+unpk ) = ER 7o pHS
PRESET RR=—C
SeT IWTERRUPTIBLE

PHASE [ FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS
P s/dDr& = FADE. EXUV }_;w Il pheses
YA\ s/TioL = FADE. B XU
DUCLECK = FADE, NPH3, NPHY. NPREP
P2 /1% - R RX] = FRDE -FPHZ /15— &
PRESET vjprinen ALIGH (e/NPRX) = FaDE - P42
7ot PsA= p—=s A A AXS = FADE - pH2 BLC

Sxp = Fape - pH2 6LE

BRPHE = FADE .pH2 . /65 66.67 )
(S/¢xrRr)= FADE - pH2 (05 06:67)
(S/1em) = FHVE - pH2

J ] pm— pusa Dyspm = Fape - PH2 . DM
Sl 6e-67—> Dud-Lu7 Dux & = FavE - PH2
:‘\, R28-R3) — DuUO -Dbu32 DUY R, = FADE - pH2
| s7ART —> DU DUSTART = FADE - pH2 SBue START b LTS
DSA > PRESET So2C (s/exs) = FADE PH2 BLC OF 1NSTeweTrens T BY
DUCLSCK = FADE. NPH3, NPHT , N PREP
P3| BZA = ser KEQUEST MRR = FALE « PH3 - NOLC PREPARE Ta LoD CeRE
VP LD Ali1Gw 5 wo SXUAH = FabE - pH3 GpER AVE OR TV denn
un SHIET MomrBdnie .
DEA = O > P3r. /B33 P/l = Fape - PAE 8Lc
(R/swi) = FADE . EXV

DA (79), DS(78), DL(7E), DST (7F), DC(73), DM (78), DSA(7c), DD (74), PACK(76), UNPK(77)

(L4 pAck)(swi)=> Br 7o PHé
[fenp » p—i8, 418> ]

Aatoa Rofease

(R/sw)) = FADE, EXY
DUCLECK = FADE , NPH3 . NPHT. NPREP

RRpH & = FaDE pHE (65 86067 ) SH 1

1 of4
PHASE —EALE
F FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
rH4 DomwmwaARE  ALiGN Dx cap = FADE ‘PH ¥ C D uysint Pbyte
ol b4 -02r = S5 H Dy puUxXS = FaApe - PH 4 /5T 8y7€ 70 BV 15 TJon k&
Sx D/ = FADE . PHA
(PA,n =3 WA T END FELD )=y SET REGUEST N MR & = FADE P4+ P32:P33: WO UE NE,NSWI

ﬁ GpFELD " = 1 #r SWi /5wt = (FA o0& EXU) DUEND - NENDE SpECIAL
N S FTRR=C (/c XRR) = FADE . pr4 - DUEND DU ST Brwts Lp EN P
§ SWi=o =p kEPEAT PHL BRpHd = FADE - pH 4= HSW ! FlELD DokinG /fo? 7%
I\ 7 % - P /DgTP/ = Fa0E. /)}/4_ LAST €’vT£ TRAVSFER

323 - 51135'/3//4 Loop oNTit DV SAYS T

Has AL THE SpeciFIEL
A 7 TES

crerENT PBY 1 by e

WHRLE pMEM 0 R y WRD Goes
75 ¢ KHEGISTER.

(/exrr) = FavE .pHS

OXCR24 = FACE « PHS - NES: ET

D¥eL 16 /) = FAVE - PHS EGNET

OxX CRE FAoE - PHS  EE - ET

pxe/y = FHoE - PHE - WES < NET

pUXS WSXBJ) = FADE « P

MeTR. = FADE . PH 5 NES: E7
LRUHS = FAOE S PHS . NOVEND

RITEN = FanE: IS DuenD (W8S E6)
AX /[ = FADE - PHS, MCTE]=FADE.P

PH5| kR = C
& DowwiArD ALGH 17 D
TroL.
D24 =031 —» S f» DY
by Et E7= 01 =2 R~/ 77 R
S | wEvoreLn) = fEpeaT PHE
N | BvoszLn - (pm+D) = FESET Wieresplield]
R omkt, E-l—->E
DA, cle.

DUCLOCK = FADE, NPH3 . NPH% NPREP

/3}/7&1 7o PY LOOPR

DU MesT BR/WG f
EnomELD wWHIE £AST
Byre 1sw b REGISTER.

-go-

2 f4



ENDFIELD = /’'s R
O+
DUCLABLE —> Dauy-3/

Tiol] tkocrk — Dy

ENDFLELD =>
» SET CONDITION CODES
g FROM DUV CABLE iNFO
v
S
L

ENDFIELD.(DC + Dus) =»
a6 To PHY?
SET REQUEST

(bM + DD).IANT=> DuMDM
PU4 2 SET TRAPF (Adpr X'45')

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Pi¢ | NENDFIELD = REPEAT ¢ BRPHG = FADE . PAe. NDUEND WATT ONNIL DU READy |

RX| = FADE. PHe& . DUEND

Ex/I = FADE. PH6. DUEND
DxDU = FADE, PHé

DULLECK = FADE. NFFZ, NFYS, NPREP
S/¢cCl = CCeXbDU. DUO

R/CC) =CCxDU, bPUb

s/cecz = Ccoexbu. bl

R/CCZ = CCXxDV. DU7

S/&Cc3/f = CCxbUNl. DUZ

R/ccz =Ccxpu/t
S/Cc4/I=CCXDU/I.DU3
R/Ccd4d =ccxbdu/i

7

NIPALK. + UNPK) P RESET™ ZNTERPUPTABLE

LLXDY = FADE. PH6 DUEND

R/TEN = FADE,PHG, &4
DUMDM = FADE , PHE. INT. (NO'S, G¢)

(s/TrRARN) = (5/TR2Y/1). NPHE
S/TR3| =(S/TR29/!)+ -~ -

CLXDU/I=CexDU. N(8S.66.67), DUEM

B PHY = FADE . PHG . DUEAD.(6U7,. 0L +DU5)
MRE /) =FADE . PHe. DUEND.(6U7.6D + DUS)

15— R

Net DST or UNPK

b. ADUE

VS => ABORT
s INSTR,

IT&{GH’ INTERRUPTS

(s/T=29/) = CCXDU . Du4
P71 bU CABLE > Dad-3 DXDU = FADE. PH7
(OST + UNPK Y > seT WRITE BYTE | Me@ = FADE, A7, (05.06.07)
TIOL | PRESET UPWARD ALIGN S/NPRX = FADE, PH7
Ch8Ce — DU DUCLECK. = FADE.NPH3, NPH?, NPREP
v ENDFIELD => s/3w| S/SWI = FADE., EXU. DUEND. NEND
g OTHERWISE RESET swi | g /swi= FADE . ExU
~
9
)
Q
DA, e, ) i 3sF4
PHASE £ _
FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
el Dv+ D24 -D3/ DXDU = FADE - PHE
15 #* cs CSX/ = FADE -PHE
7ioL| #Sw! => REpEAT P8 BRPHE = FADE « PHE - AMSW /¢ Loop wiTHiA PHE
NSw!t (PST + UNPK) =9 SET RERVEST MRE = FADE PHE ‘N 3Wi . (65 64 .67 ) result back +o DEC. ACC
Svi /uTeeropTalE (/2ex) = Face pig. sw)
Swingci- €c2) =p SET REQUEST (Exp) | MrRy) = FaDE PHE  Swi - NINGEB, &6, CCi.jccz)
(PST+uMpK ) =9 D24 =31 —2 S —> ME SXUAB = FADE - PHS . UPWARD ALIGNED PbyTe
(%T FUNPK ) NSWi 2> P Yo +» P Pc7p /! = FADE < PHE (6566 -67) NSw ]
[PA33 =FADE -PHB(H566-87) WS/
= ST WriTe ByTE pi B = FADE.PHB. (p5-66-87)- NSw/
5 N(OST+UNPK) wpp D24-"D31 = 3 =2 Riy SXAVB = FALE pHE Upwarp AlibweEd
0 RWBO =(FADE pAEIN(6<-66.67 ). NEG . E7
9 RwB | (FAoE: pHE). ufpsit6-67) Ee. NEZ
A RwB2 (FACE -PHE) MBS 26:67)+ E¢ . E7
RwB3 =(FADE LA (G5 86:67). NEG., NET
N(D$7*U*//>K)9 E-/—-}‘}E MLT&I:FADE'Pf‘/g C MBS B4 67)
NIOSTHINPR).( B ET=0 ) R-i 45 R | MCTR = FADE -PHB. N(B566 67 )WES +E7
EuoFiELO = S /5w $Sswi = Fape . ExL) Duews + wENDOE s
PG| plect cc2) = EnoE ZNDE = FApe - PH. N(NGS. 66, CCl. Cd2)
[770L
DA’ ée,

-8|-
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PHASIJ FUNCTION PERFORMED SIGNALS INVOLVED I COMMENTS
N —— — B
FUEXU = OUG. OL7 Opcode Jeunl‘ma S;?m.\
rrez|.NIA:  sel DRQ $/DRQ = PRE2,NIA. SPRQ.FUEXU, NFABRANCH
PHI
MB == C —D Dxe/6 = FUEXU. PHI
T4RL QP PX®Q = FUEXU. PHI
set DR® s/br@ = FUEXU. PHI
PH2
ENDE ENDE. = FUEXU. PH2Z Couses C—O,R,D
ToL. ’
Suppre=ss P4| ~»P PLTPIDIS= I . NENDE
. 1 . NTRAP.NRALT, NFUEXU. RKAHOLY
Dato. Suppress Instruction Protect CS/TRAC.C4/l3 = PROTECTI, ENDE.NFUEXU. NTRAP
[Releas
ExU (e Vel )
PHASE% FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
— —
FUuBAL = GUG. OLA O}oc_oJe Jecodr'n; s?g,m.f
= PoQ QXP = FURBAL , PH

Q—P PAR = FuBAL . PHI
T4RL

s/TBL= FUBAL . PHI

PH2 Pp— s — Rw

RwW= FUBAL . PHZ
SxXP= FUBRAL. PHZ
T8L P—r>Q QXP = FUBAL . PHZ
Q—rP PXQ = FuUBRAL . PHA
Set Q,Q,%ue{‘— MRQ/\ = FUBAL . PHL
</DRQ = FUBAL . PHZ

PXQ in case of Trop

FPH3 ENDE

EANDE = FUBAL . PH3

PRETECT FAIL= Set BRQ s/BRQ= ENDE. (S/TRAP).I.N6/ARY) BRQ indicates
TeL wWhere N(S/BR@/) = L. FUBAL that return addres
is in R v*e.«%ls’(‘er
dato.
Yeleasd
BAL (¢A)

VoF 1
_g'a_



de nit b THRL

NFARRANWM = T X +, FABR

FABC = (BU¢ . B4 . NOS . NEE)
PHASI% FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
A‘P'RE2.N$A % t. PH3 BRPHI = FABL . PRE2,.NIA »
o] do wok ok TURL THRL = I  EARC ,PRE2, NIA =4 brromeds
PH3 [ BCS . (‘2 ce zgcws ENDE = FABC PH3.87.(R.ce) }J(R'CC)VRZ%-CC'
+BCR. N(R.CC +FABL. THI NG N(R . cC) +R29 .cc2
TLL +R30.¢e3
=S .N(R»¢°)2,> anP %M'l&/l = FATC.PHL. O7.N(ReS) [, TS '“:L
vBeR . (R.C0) R + ~FABC . PU3. N7 R.CC) ‘{ bvam
Stappreas Rt Fall (s/mccu/.) =PROTELTD . XPROTECTDIY (s/TRACeH ok top
hae amd TRACCH
. NPROTECTDIS =T .(FABR+FAICNERAMH)
ad
(FABR + FABCNBTRANCH) « FABC.PH3 .67, NfRch)
+ FABL TPHI NG, (R.4C)
Lt |eNDE PROTECTRATL S oot BRQ | 3/3R@ = FATC, PH3 . ENDE (s rAR) | BR@ mdicdfan ~io-
el oo we (sIBREN) oddress Frvmteap 'Lin & i
PHl =t DRGA S/DRG. = FABC . PHY
6L
|Pus| enDE ENDE =« FABC, PHS No brameh
Tel
&&t— re'co.se.
BCS (&9), BCR (68) Lot
FABR = (©UC . nok.O05.NO&E)
PHASly FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
—
PREZ .NIA
RR +> A AXTR = FADR. PREZ.NIA R+ A
Tiv] BIR = | s £83) esX1 /R = FABR.PREZ.NIA . ©7 a1 s
BN = Vem €S csx| =  FATR./PREZ.NIA .NG7 - . es
o B PH2 BRPHZ = FABR.PREZ, NTA
do nit st DRG S/DRA T PRE2.NIA  NFABRANCH, .. ~elaass S the

“”“NQ (tkz Lﬂml.g& *

\M (538 ?“3

e
Tt

TURL =T.FADBR, PREZ.NIA
PH2| A+ CsS—s - A AXs = {FABR., PH2)
SXATDD =
T s/TwoL = "
S/PRQ = "
PH3 | A— S +> RW SXA = FABR.PHD »al ?
RW = FADR.PHD =
TioL RWDLS : FABR .ENDE [FROTETDs  auppross choroing R 3
PROTECTE) [branching ol ot Sl
R.(A>0) ENDE = FABR.PH3.NS7.8AC iNACOU E e bramshid to inmitions
= ENDE b~
~BIR.(A<0O) + FABR \PHY . OF ., AO —{ braveh
3:\>1<.n(a>o)z=> R
»
+BIR  N(A<LO) %MT{ | = FABR . PHINGST.NNAD. NA®Y RS
. 'Ruv-qa‘% </ +FABR. PR3 .S7.NA(0 ) ‘{ L“M\‘J\
Suppase v o F.:ll(slT‘RACC\tﬂ) < PROTERTD . NPROTECTDIS (s/TRACCHN) e TRAP
~dPRETETDIS = T (FABRAFABNBRAMY) odd TRACH
~dFABR. FABCNBRANCH) = FABR.O7, NAD
' R NG7, 0 {NAG. NAco3 2]
It ‘ (via (BRQ/M? +FAT ]
PROTECTFAT ” S/BR Fns. ora di i witem
.- | enpe o1 AILS b BRQ | s/BR& =FRER hs ENDE .(5/TRAT) Lelis o &,
Paa | séC DRg s/DRq = FABR . PH4
oL
PHS | ENDE ENDE = FABR.PHS Ne branch
TeL
ddla.
release|

BDR (é‘r)) BIR (65)

—8a

|o'F)



PHASF./

Cinne LU MALT = (062 S LE ISOU— S
[ FUNCT 10N PERFORVMED SICHALS HYOLVED COMMENTS
i ET gERUEST MR Gfs @ FuehsT o Fidy PR
SET HALT S/ hAeT & Fowid T gl
L Cessea w FLmATT Y
é
i S S— —
wfel EpE t EvDE = F i 2T PHE
—EL
WALT (a€) Iof |
FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS

FACAL = 6U0. (NO4.o5)

Opcode Jeco«liv\% Si&vu.‘

PHA

R—> TRACC), 2, 3, ¢4 §/TRACC! =(FACAL. PHL. RTRAP, NSTRAF). R28 | )
’ " $/TRACCZ S(FACAL PHU. NTRAP, NSTRAP), ®Z9
TaRL $/TRACC3=(FACAL, PHI. N TRAP, NSTRAP ), R30
S/TRACC4=(FALAL, PHI .NTRAP, NSTRAP), R3\
< Set Up Address
set TR28 S/TR28 = (FACAL.PH  NTRAP. NSTRAP) of Trap Location
CALS or CAL4 = Set TR3O s/TR30= FACAL, PH|. &6
CAL2 o~ CALG => set TR3I (s/TR31/1)= FACAL. PHl, O7. NSTRAP
”
set TRAP (s/TRAP/ )= FACAL . PH
PH2
Proceed to INTRAP Se%uencc S/INTRAPF = TRAP . NINTRAPF
Tok

CALY (04), cALZ (05), CAL3 (oL) CAL* (o7)

-84
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