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Technical Discussion: Attached are Sigma 5 CPU Engineering Notes and Phase Sequence
Charts, This material, which reflects the general operation of the Sigma 5 CPU,
is for reference only. The simplified equations shown in the phase sequence
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ed material are:

1. Sigma 5 CPU Equations 133263

2. Sigma 5 Floating Point Equations 134106

Attachments: Sigma 5 CPU Engineering Notes and Phase Sequence Chartsi

Page 1 Index

Pages 101-152 Sequence Charts (Most Instructions)

Pages 201-217 Sequence Charts ( Mul., Div., Shifts)

Pages 301-331 Sequence Charts (Floating Point)
Prepared By: Evan Bell Date: 1/8/68

& »
Approved: _¢ ﬁwgqyj/( Date: //Q/L.X'

ProductSupport Engineer
L,
> Dafe:/’ #6 €
nager, Product Support Engineering SDS-S5-441 (3/65)

e

Approved:




Mnemonic  Code
LOAD/STORE

LI 22
LB 72
LH 52
W 32
LD 12
LCH 5A
LAH 58
LCW 3A
LAW 3B
LCD 1A
LAD 1B
LS LA
M 2A
LCFI 02
LCF 70
W 46
STB 75
STH 55
STW 35
STD 15
STS 47
STM 28
STCF 74
ANALYZE/ INTERPRET
AXLZ 44
INT 6B

Page

112
112
112
112
112
112
113
112
113
112
113
121
128
112

112

120
120
120
120
120
121
128
120

AT 20 116
AR 50 116
AW 30 116
AD 10 116
SH 58 116
SW 38 116
SD 18 116
MI 23 201
MH 57 201
M7 37 201
DH 56 206
DW 36 206
AWM 66 120
MIB 73 118
MTH 53 118
MIW 33 118
COMPARISON

CL 21 124
CB 71 124
CH 51 124
Cw 31 124
CD 11 124
cs 45 121
CLK 39 126
CLM 19 126
MISCELLANEOUS

Page Subject

101 PCP Phases
104 PREPARATION
111 ENDE

326
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SIGMA 5 INSTRUCTION PHASE SEQUENCE CHARTS

Instruction-Name

Toad Immediate

Load Byte

Load Halfword

TLoad 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

Exhange Word

Store Byte

Store Halfword

Store Word

Store Doubleword

Store Selective

Store Multiple

Store Conditions & Floating
Control

Analyze
Interpret

Add Immediate

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

Floating Point Notes (Index on p. 301)

Mnemonic Code Page Instruction-Name

LOGICAL

OR 49 115 OR Word

EOR 48 115 Exclusive OR Word
AND 4B 115 AND Word

SHIFT

s 25 211 shift

SF 24 214 Shift Floating

FLOATING-POINT ARTTHMETIC

FAS 3D 302 Floating Add Short

FAL 1p 302 Floating Add Long

FSs 3C 302 Floating Subtract Short

FSL 1c 302 Floating Subtract Long

FMS 3F 310 Floating Multiply Short

FML IF 310 Floating Multiply Long

FDS 3E 318 Floating Divide Short

FDL 1E 318 Floating Divide Long

PUSH DOWN

PSW 09 128 Push Word

PIW 08 128 Pull Word

PSM OB 128 Push Multiple

PLM 0A 128 Pull Multiple

MSP 13 128 Modify Stack Pointer
EXECUTE/BRANCH

EXU 67 138 Execute

BCS 69 138 Branch on Conditions Set

BGR 68 138 Branch on Conditions Reset

BIR 65 138 Branch on Incrementing Register
BDR 64 138 Branch on Decrementing Register
BAL 6A 138 Branch and Link

GALL

CALl 04 141 Call 1

CAL2 05 141 Call 2

CAL3 06 141 Ccall 3

CAL4 07 141 Call &

CONTROL

LPSD OE 140 Load Program Status Doubleword
XPSD OF 140 Exchange Program Status Doubleword
LRP 2F 112 Load Register Pointer

MMC 6F 134 Move to Memory Control

WAIT 2E 127 Wait

RD 6C 142 Read Direct

WD 6D 142 Write Direct

INPUT/OUTPUT

sIo0 4G 145 Start Input/Output

HIO 4LF 145 Halt Input/Qutput

TIO 4D 145 Test Input/Output

TV 4R 145 Test Device

AIO 6E 145 Acknowledge Input/Output Interrupt
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NOTES ON PCP PHASES

l. INTERRUPTS ARE INHIBITED DURING PcP PHASES BY DISABLING (S/INTRAP)
(8/I NTRAP)= N(PCP2.NKRUN).NPCPACT , WHERE PCPACT = PCPI+PCP3 +PCPY-+PCPE + PLPG
2. I/® 15 NOT DISABLED DURING PcP2 BUT IS INRIBITED DURING PCPACT

(s/16EN) = IoFs.PcPa/i + - -~
SCINH = PCPACT + ---

3. THE SIGNALS LISTED BELOW ARE TRUE WHEN THE SWITCHS INDICATED ARE ENERGIZED

swkt —CLEAR"(cpPu RESET AND SYSTEM RESET) OR "“LoaD"

SWk2 —’INSERT Pswi' OR“INSERT Pswa"

SWK3 —"STORE INSTR APDR' OR “STORE SELEcT ADPR"

5WK4 —"INSTR ADDR INCREMENT' OR "DISPLAY INSTR ADDR' OR "DIisPLAY SELECT ADDR"
SWKS — "DISPLAY SELECT ADPDR' OR "STORE SELECT ADDR”

SWK6 — "CompPuTE RUN'" OR "Ccompure step "

SWKIZ2 = SWKI +swke

PHASE | FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH ENTER ING PCPI AT PHip
10 1s IHIBITED IF AN
oR BRPCPI = N(INT.IEN).NFUEXU,NIOSC | INTERRUPT REQ. IS
PCP « HALT/I. PHIO PRESENT AND IEN
6 S/PCp|= BRPCPI+ PCP6 IS TRUE
P
g PRESET D—S FOR PCP2 S/SXD = PcPl
1 R/PCPI=.
s/pcPa = PCPl + RESET/ks
PCP PHASES A
PHASE ] -
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
N& CONTROL SW. ACTIVE 5 R/HALT FF{ R/HALT = PcP2.NKAS/B
INHKIBIT INTERRUPTS DURING IDLE | (S/INTRAP)=TI. PcPe .NARUN
D—> 5 — DIs PLAY LIGHTS 5 /SXD =PCP2/I.NRESET/C. N KCLRPSW/8 SO RN EEET
NILOCcoN
PcP2/I= PPz , MPCP3
COMPUTE STEP,RUNS PRESET X8 | (8/cxs) = PcPa/lWIocon. (ksTEP/a+KRinf)
}D CLEAR Pswi 3 O+ PsSwW/{ PSWIX5= KCLRPSWI.NLECON. NKAS/B 520 éeca.mﬁ@ S/SKD
C (R /CCH>= (K [cc) 1 inhi b ted .
P (R/cc)= cexs/o h= 1%
Cexs/o=PswiXs
c PXS= PSwixs
- |CLEAR PSwa 0+ PENE Pe#'eXS= KCLRPS Wi . NTOCON NKAS/B
- R/RPn = RPXS =PSuexs h=24 »27
P [cPu RzgET= R0 0000 0 D DX = RESET
L 8/D6= RESET /&
E O+ PS4/l PSS ing = RESET S=p's , 8/Sxp THAIBITED
O FL'R PSwzX< = RESET
4 254 P 5/P n= RESET/C ,PX=PSWIXE n=26,2743)
# SETBRP s /8rp= RESET/C
4
R/PcP2= PCP3
| s/pcpa=(PcrPz/1. NIt _ON. NDCSTOP)
ANY ConTRZL SWITCH(GTHER ThAN FESLT . (CLEARM&M-I— INT. KRUN
ACTIVATED — 65 T6 PCP3 +NRALT. KAS /1. KAS/2)
PCP E Q'FQ
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PHASE ]
F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
D— 8§ PRESET DURING PtP2
o4 A AX= PcP3
PRESET A—S FOR PCP# g/SXA = PCP3
COMPUTE STEP,RUNS> S #C cxs PRESET DUR(ING FCE
= BRPHIO | BRPHIO= PCP3.5Wx 6
P DISPLAY SEL ADDR.
C | srere sEL ADOR )Z P#B Bxp= PCF3.6WKS
P
> INSERT PswWiI= FS’WI(excePT@#A AXPEWI= kpsw /B, PcP3
$ | INSERT Pswp S PSwa+~A AXPswWe= KpPswa/E, PCP3
3
CLEARMEM
INEERT Pswi,2 (7 S#*B BX§= PCP3.SwWkIE
LOAD
NIgFs = Reser 195C R/Igsc = PCP3. NIdFS
R/PcPE=.PcP3
R/PCP3= .
§/pCPy= PCLP3.NBRPHIO
PCP 3efe
PHASE 1
r FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRESET FOGR PCP5 — AVD—S (8/5xAORD)= PcPU-
DISPLAY SEL. APDR }ALDR sy+4sP | PXK= PoP# SWKE
STEeRE SEL, ADDR.
o sz . .
STORE INST ADDR | ¥ PREET S*MB| 8 /mpxs = PLP4.Sivkl+ PCP4.Swe3 | PRESET FOX FoPT
CLEARMEM
lD LeAD
G iﬁ?:@?ﬁiﬁ” 3 S/orR s/0iafz= PCPA swry
P ' B/DR@= S/MaX3 + s/MRQ/2 + =+
4 | TNsERT Pswi
INSERT PSWE
CLEAR DATA >S$-AD DXS = PCPY, KCLEAR/B+ PLP4. SvKI2
CLEARMEM
Loap
INSEAT Péwis PS5 SXP= PCP#, k Pswi/B.NDIs
INSERT Pswy
INSERT Pswz ( PATA Su/—-> A AX K = PCPY . SwK2 + PLP#. KENTER/B
ENTER DATA
ENTER DATA 8/cxg= PCPY, KENTER /B PRESET FOR PiPS~TOC
LeAD = 20+ F 5/P25= PCPH . Kiine/i i?”f/fiﬁ,—?ﬁ D“ZJRC/N&
PX = PcPeé: kFILL/B ToLE.
TNST Apik Tnok PHI7#»P Puc 2= Pery, KINCKE/E
R/IPCPY=
S/PCP& = PCPY4 + BRPCPS
PcP P
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PHASE ]

G v

I FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
AVD 3 & PRESET IN PCPY
PRESET B—*S FOR PcP4 g/8xB8=PLP5, NBRPcPE

INSERT PSWI = g —4 pswi
INSERT Pswa2 > S+ Pswp@

EnTER DATA= §#D
g4 C

DISPLAY INST. ADOK
DISPLAY SEL. ADDR [ C#D
INST ADDR INCRE

STERE INST. ADOR
STERE SEL ADDR
CLEAR MEM
LBAD

WERITE
S MB

P+1-+»P
£/DRQ
BRPLPS

CLEARMEM 1;\,
LGAD J

L6AD = LoaD #* A

Pswixg = PCPE, KPsw (/B

PsweXE= Peps . KPsw2 /B
RFPXS = PSWEXS

DXs = PcP5, KENTER/B
cXs

DXC = PLPE, swké

Maxg= PRESET IN PcP4

Plic 2= PLP5. swk|
£/Méxs= PCPE,SWK |
BRPCPS = PCP5. CLEARMEM

$/sXA = BRPCPS
AXLBAD= PcPs, KFilL/B
S/MRQ/2 =BRPCPS

+ PcPs, N(P28.P2I).KFILL/B

PRESET /N PcP ¥

R/PCP5=.
S/PCP6= PcP5.NBRPCLPS
PCP .
PHASE ]
F FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
B—S PKESET /N PcP5
S/HALT S/HALT = Pcpé
STORE SEL ADDK }=> S+ P PXg= PCP4, sSwks
D|SPLAY SEL ADDR
/z INSERT Psw/i _
P INSERT PSWE (3 g b DX8= PCPs, SWKIZ
CLEARMEM
LEAD
6
L6AD » BE 4 P PX = PCP&.KFEILL/B
s/Peé,29,3] = RESET/c
RESET/Cc = PcPé. KFiLL /B
O2000000 D g/p6= RESET/c
R/PcPe =,
s/Pepl = PCPéE
PP ¢ Fe
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PHASF/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
u
= [}
<z & q
[l T -
338 spey R
- >
PRE PEX aodal PREPARATION :
PRE | o N PERFORMS THOSE FUNCTIONS WHILH ARE
PRE?2 INDRECT GENERALLY CoMMON To ALL TINSTRUCTIONS
PrReZ INDE
oo —— e D_& PRE! PRE2 PRE2 Pre3 Pres %
PRE 3 ' 1 !
R — | — DEcobE OP | FETCM TN- ADD INDK | FETCW orezavs] HALF wpD
PRE ¢ ¢ | EXCHANGE | PiEcr ADPR.| 1o Per AbpR| CORE -we—>D| OR ByTE
Aued ADDE . Iiox ALign | O% TNPIRECT | mn ALiGumesT
PRE ¢ , SET TA ¢ INDK| ADPR, <16l BT,
PRE4 | L EAW - TND%- NIA ] j T
R R NIx . NTA
PRE4 (%(g: Z'f.’f) LT v LeFL J
@ Prg/l2 =% END OF EFFECTIVE ADDR, COMPUTATION, PRE| OR PRE2 X PRE4 MAY LasT
© PRE/34 => LAST PHASE OF PREFARATION For 4 (T5u)uocey
PREP. TIMING PreR FAMILY ADDR. SigNALS
TIME - +INCR FABYTE =>BYTE ADDR INsST,
WORD * NIANIX CORE  1.12ps FARwW = HALF woRD INST.
WORD - NTA'NIX - Wo CorE  0,66us FAIM =3 IMMEDIATE ADPDR, INST
LT oRrR LCFT 0.5G s FAW =3 WORD ApDDR. TNST
IMM witw FM opPeR 0.4 s FADW =% DOUBLE WoED ADDR. INST,
IA ¥ 112 FAWORD =3>> WORD OR DOUBRLEweRD INST
Iy +0.3¢
IAIX +1,22
PREPARAT ION o 13
Pho MB—»C ( ){
=MNDE Cw»»7D
C—r> & PREZ IA-»{MB_"C O > IA
C—+»D
- R
NEXU =3 Pl > P{UD aL o BE 4S - A
ENDE 5 CLEAR fove. (Neaw) 0 HW => /S —> A 0 —1xAL
“Yow = 25> A
[—HALT: PcP FAW . NIA 2> A+D —» S
r—] Pt
PRE | ANLE = P-»B
P—>s —————(Faw: NIA)—J (zxAL+TA)
S»>P
1INDX BEG = RR»> A
Co=3 S/TA, S/MRR % PRE? UIX = D 5
INDX =3 S/IX, S/IXKAL +
& I => A+D—> S
J S > P
[
(NIRHIA) w )
{ L(L_I +LCFT)— —
Fres PREOPER=> MB—> C 4 Y l ’(
PRI
= c>rD B4 Bero =5 D RuGHT € Puces
F‘Aslo? - B—s
AND STORE
oTHeRS S #>P 0% B#0)>A LEFT € PLACES
RR > A FAMT . swz
FADW = Mekat | ~¥/LR/, /LB/ BC -] —> BC
Bc=0 =3 SIgN PAD SPw, 5Pz
f\_,w_-,‘w_, D — 5 (s )
FAw S = D
EXECUT 10W =6 _J Be#o —
PREP, 2.3
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PHAS[/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
NANLZ = P —> B BxP/1 = BRP -PRre! MoOVE PROG. ADDR
PRE _ To B. IF NoT
D——5 Sn = PRn TMMED INST, MOVE
4 NEATM = S —> P PXS = NFAIM-. PRE | OPERAND REF ADDR
70 P
Di2l4 - LR/ /R / = Diz-i4 - LRXD X FIELD To LR
T5L RR —» A /A = RRp * AXRR INDX. INCR —> A
INDX =S SET INDEX FLIP FLoP S/IX = INDX - PREY
INDX- NFAW =3 SET IMDEX ALIGN S/IXAL = INDX - PREL . NFAW
ET T = (o PrEl REQUEST INDIRECT
¢o = s IA S/IA ADDR..
CORE MEM REQ 3/MRQ/2 = CO.PREL. NFAIM
FAW - N(S/IA) } -, PRESET A+D—> S S/SXAPD = AW :PRE{NCO-INDX
“INDX i
NFAW . INDX  => PRESETA -~ S s/exA = (S/IXAL)
tf:” jﬂ —sPrRESET D5 S/8XD = (Lr +L(_FI)- PREL
- SPIM = (LI+LCFI)- PREY
—5 SIGHN EXTEND —— = = = »{s/epw c SpId- m,zj
r S/SP2 = SPrm- NDIZ
I } —> BRANCH To PRE4 BRPRE4 = (LI + LCFI). PREL-NANLE- NCO
xv:m:w—} -—> BRANCH TO PREZ| BRPRE2 = INDX : PREL
U 4+ €O - PRet
ENABLE TRAP To'do'=» PRETR| S/PRETR = PRE!-NANLE
IDLE Mops == SET HALT S/ HALT = NKRUN. PREL.\NFUEXU
PREP. 3513
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Inpex Reag  Alian M
WorD INpEx oMLy
—_ IXAL N {0—‘—>IML R/IxAL = o [ pre| | PREZ
2 A—>S Sn = PRn ) | X
BYTE AN =35 = A AxSR2 = IXAL * PREZ.FABYTE PRy
Har wo Alige =% 33 o A AxSRI = IXAL-+ PREZ ., FAHW Woro TA ¢ Iupéx
DousLe wo. ALign =225 > A Axsul = [XAL -+ PrEZ . FADWY | PRE! . PRER2, PREZ
s—+>P | PXs = Prez2 f I
TupiREeT™ Avik, = W
Clear TA = 0 —= T4 R/ 1A = e
1A —> MB—>=C Chn = MBp - CXMB IA owmLy |
¢ > Dxe = TA-pre2 EPKEA iPzez PrEZ]
— TR ] :
: : PRE/12
SuM BUsS PrRESETS ‘
IA +to Bus =3 D—=35 B/8XD = TACNIx At INDER Alien AND TA
IA pus Ik —> A+D —> S 3/ SXAPD = IA-IX -« FREZ | PRE) | PREZ . PREZ;
RA PLUs Tnpx —> A+D — S + IXAL- PREZ IA |
——‘<_I‘( >L—
SUSTAIN PRe 2 BrRPRE2 = IXAL-PREZ ‘IXALT/—:
RE /12
+ TAePRez
NBRPREZ — PRE/I2 PRE/I1Z = NIA.NIXAL. PREZ
pre/i2 = (PRE | + PREZ). NBPPRE2
PREP. 4 oF 13
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE/I7 = END OF ADDR VARIENT] PRE/12 = PREI- NINDX: NCo
PRE + PREZ . NTA: NIXAL
/'2 PREOPER =3 SET MeM REQUEST S/MBQ/2= PRECPER - PRE/I2 FETCH OPERAND
PRESPER 1S ONLY THOSE
FABRANCH == OSET MEM REQUEST S/MRQ/L = FABRANCH'PRE/1T NANLE INST WHICH REQ. ReAD -
EXECUTE SET DATA RELEASE s/DRQ/e= U6 . LT PRE/i2 ING THE EFF. ADDR. FROM
ENABLE M READ =>- PRESET RR=>Al  S/AXRR = PRE/i2 MEMORY, PRESPER IS
AD Yy =>PRESET MeRsE 1 —»/AR  (s/wR3Y= GUI- ELO QUALIFIED WiTH NANLL
4] + eul-oLl
sTD + &ul.oLs
SD + eul-eLy
LR + GudeoL?
s + ou2 ouLs
FAMULNH (8&/LR3)/12)= FAMULNH + FASEL
FASEL + (8/LR31/1)
FADW (s/LR31) = (s/ir3yiz)- PRE/I2
iﬁfqﬁrﬁr 2PRESET MERGE] —=/LB/| (S/P31/1) = FADW- PRE/IZsN(04°0;)- N (OUl- OLB)
AND LAD
NINDEX=3 D —>9S Sn = PRn )
—_ S = (PRn® Kn) SXADD
— n
Do ,__’;*'D 2 .+ D DxS = (F'AIﬂ. PRE/I2
NFAIM  —= 5> P Pxs = NFAIM - PRE{ + PRE?2
FADW =3 CRUSH 53| S3LINH = FADW . PRE/I2
SET T8L s/TgL = PRE/12
preser B—+S s/SXRp = PrRE/12. NFAIM
PREF. 5of 13
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
L=*
PRo GRAM ADDR. BAck To P
Pee B —S Sn = Bn» SXB
TRANSFER PROGRAM
3 S 4= P PxXsS = PEAS10. NFAIM [ PRE3, NAWLZ ACOR. BACK TO
+ FUwWAIT +PRE3-NANLZ ®)
+ FAseL «PRE3 -NOLT-NANLE
TEL + FUEXLL- PEE3 -NANLZ
+ FARWD - PRE3S - NANLZ
OR + FAMDS- NFAIM. PEES.NANLEH
DR
s/Bco = NP32.PRE3.NPRE/34. a1 BYTE Coinr Decove
BLo  Bel
A —
NPAWORD = LOAD BVTE COMTER] o Bct = NP33. PRE3.NPRE/34.0U7|(Bezl) -+ 0 |
s/sPw = SPIM-DI2
FAHW - Cl6- P32 PRED
NFAWORD == SET SigN EXTENSIoN] 4 SPIM = FAIM- PRE3
5/spz = SPIM-NDI Pre/34
+ FAHW » NCI6°P32- PRES
+ FAByrE. P32 P33- PRE3
NPRE [34
PRESET D —>S | S/5xp = PRE3 - BRPREH @
NFAWORD
« NFUMK [ =
BRANCH To PRE4 BRPRE4 = PREZ - \/7RE/ 34 »
FAST @
FUMT » == PReEseT S—>C S/CxXs = FuMI- ‘RE3 PRE/34
FASE
PREP, GsF13
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
NEADW (€) ¢ E W
PRE] PreoPER>{MB— C Cn = MBn - CAMB D oEL
3 C —-—>D DXc = PRESPeR - PRE3 FADW,/i e =L vl
CoNT (D) : BLvi
UNCONDITIOAL RR —=> A S/An = RRn' AARE- NAXRRINM
EXCEPT: FAST/M _
EAPAD READ TAHIBIT AXZRINH= FASTORE-PREZ. &L4
STRC L + FAPSD « PRE3Z
+ FAST/M - PRES
+ FARWD. &L(- PRE3
STCE = CF —> Az43i AXFC = FASTORE PREZ. OL4
XPsD = PsWi+> A AXPSW!= FaesD. PRE3
AxS =
ce > Azes
FAST/M 66 > } AXCC = FAST/M -PRE3 . @6 «~STACK MULTIPLE
cL #5 Mcoso7 AND LM, STM
FAST/M-N&e =» 1 —» MC S/MCc7 = FAST/M + PRe3 « N&G 4 STACK WORD
FAaro = 0 —» /Lr/ LRXZ =FUSI®. PRE3
FADW/!
ZAL?/\T =7 P-l-=7P PDC2l = FADW/I - PRE3 FaDwj/1
+ FAST . PRE3 FAST r=>(P) : EWADOR.
+ FACOMP/L-PREZ- Ul LM
FULAD =, 45T MEM. REQ. s/MRg/2 = FALOAD/A- 2ut. PRE3
P+l —> P PUC3| = FULAD: PRE3
PREF. 7 oF 13
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
sien D—>5 Sn = PRn™ See siGN PAD lLoalc,
PAD = S—D Dxs= BCZ . PRE4.NFULAD ProPoaaTeEs ARE
PRE s—>C S/CX5= FADWH.PRE4 CRUSHED (SPZ) ox
4 ENABLED (SPW) UAWARY
FULAD MB—>C Cn = MBn . CXMB FZoM SIenN Posi7ion
C—>D DxC = FULAD. PRe4
(P-1) —>P PDC31= FULAD- PRE4
T54
RiGHT ALIGN D = LoAD DADR8= NBCZ., PrRE4
LEFT ALiaN A =3 STERE AXALB= FASTERE.NBCZ, PRESG
+ FAMT. SWEZ.NRCZ, A PRE4G
PeesET SiGN PAD
pPreseT D —>S s/sxD < PRE4. (BC=f)
PRESEr NEGITIVE SIGN | 5/5PW= FAHW. Dog. (Bc=l) PRE4
PRESET POSITIVE SiGN S/SP& = FAHW.NDo8, (Bc=}). PREY
+ FABYTE . (BC=)). PRE4
DECREMENT BYTE COUNTER BCDCI = NBCZ.PRE4
CoMpare BYTe =3 O+>Ap023 AXZ /012 = FACEHF/I. &BUT. PRES
BC # O ==p SusTAN PRES BRPRE4¢ = FERE4. NBCEZ
PREP,
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PHASE/ FUNCTION PERFORMED S1GNALS INVOLVED COMMEN1S
PRE/34 Is THE
PeeP| Apper Presers LAST CLock DURING
EHD PEEP, WHEN REG
pris A+D —» 5 S/SXAPD = FAADD «(PRE/34 1PH2) | ALIGNMENT TAKES
+ FAST/A-(PRE3+PHL/F) | PLAcE | PRE/34
+ FAST/A- PHE ' IS ColCIDENT with
PRE , . PrRE 4. (BCL=0), ELSE
/34 A—-D — 35 S/SxAMD = FAsuB-(Prec—/_34+PH2} PRE /3¢ 15 COINCIDENT]
wiTtH PRESZ,
D- A —> § S/SKDMA = FupLM - (PRE3 + PHI/F)
+ FUPLM - PHE
A —> 5 S/sxA = FASToRE - PRE/34
+ FARWD-(PRE/34 + PHE). NRZ
+ FAMT - PRE/34
+ FAPsSD+ PREZ
+ FUMMC-PRED
D— 5 S/$xD = FUINT « PRE3
+ FALCFP 'PRE/34
+ FALoAD:(PRE/34 +PHE)
%+ Fuxw - PRE3
PREP. 9 of 13
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PreP Apper PPreser conrT,
END
PHASH D-1 —3 s/stDMi = FuPLw-(Pk53+PH1/F+PH8)
e D+1 — 5 S/sxDPL = FuPsw-(PRe3+ Pul/F+tPHE)
/34
A+l — 5 S/$xAPL = FUBIR - PRE3
4 =1 == 5 =/5xAM!I = FUBDK :PRE3
-0 75 S,/ SXMD = FALOAL/C(FRE 344 PH:”}
\
VA L %9 .S, PRXAD = FAIEL-PREI-NEOLY
+ U4 . gLB-Pred
\ NAA D —> 3 s/’szMAD = FASEL « PREZ » 517
L ADD—> 5 5/SXAEORD = €. ylg- PRE3
"Siv D —sS 2/ ORAGRD =S4 0L PRES
PREP.
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Core ,?EAU/LV;\‘}."E (3 M@ =|ls/mRQ/1) + (S/MRQ/Z) + (5/M?Q/3)+é/Msxs)]
Prer * N(ANLz -Peeg) <f
o Se7T Mertany Pequecr S/MRQ/Y) = Furnr - pee3
PHASE] + FUWAIT. PREZ
+ FASID+ PRE3 k
e Ser Mem. Req awo Dira Zel. (s/M7Q/2) = Fursp - (Peefsy +piz) ]
;3 +(FAST /Mo PRE3 Nouo ) lord
4 + (5, MBxs) l
ALL Merory REQUESTS
SET Memory Rzpuesr (5/MRQ /3] = FADW/L - (PRefsy+ piz) [< ARE TVHIBITED
DATA RéL. DELAYED +F4£0MP/L. &1t - m# IF (AA/LE'PEE.?/
SET WRITe Mem. REQ. (5/MBxS) = Fisrore- Pez/sd
t FAMT « swe- FRE/3Y
+ FAPSD - PREF &7
PreseT B—> S 5/SXB = FUBAL. PRE3
+ FALOAD/A-(PRE/34+ PH2)
+ FAPSD - PREZ
PREP. T of 15
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Fa=T Mereory Ieaw S/AXRR = FusF.Dz3- PRe3
PREP + Fupw. NR3|. PRE3
END PrecET RIL—s A + FASTORE« PRE/34- \oA
Priasd + (FAST/M « PRES +NoUo] NOLA
+ FuMMmge PRE3
+ Fus . PRE3
PrE Meree | —= LR3I s/LR3] = FADW/L.Pre3
/34 + FUMMc » PRE3
FAST MEMARY W RITES
Meser S — Lw Q/RW = PUXW * PEEB’NA“"E
’
+ FASI -N&L1-(PRE/34+ PH
+ FUBAL - PRe3 -NANLE
+ EUBDR: PR&3-NANLZ
+ FUBIR PRE3 NANLZ
FAST ==  seT sw? S/sw8 = FAsT pres TWE e PH
seqlence Llip flops
FUMSP =%  SeT sw7 S/ewf = FaoT. iies - Nek
+ FULAWORDW -NDO.PRES] sw 7 juDicaTes
+ FA . Sus . sSECOMD PASs To
LOAD/A- SUS. NDI16. PRE/74 Eror stapamce
AND SIGN OF
LoAD ABsSocuTE,

PREP.
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FUNCTION PERFORMED

PHASE/ SIGNALS INVOLVED COMMENTS
pred  (STM) == P=] #>P PoCa! = (FAST/H - PrES -Houd) -NOLH
END , \
prAsH (LM ) = R-] =R RpL3l = (FA%T‘/M'/’ZF&A/&MQ}'@‘-’J:
PRE
/34
TIMING SELECT Fr/P FloP$ s/Tie = FAComp) '(‘7’25/'?;¢+F-‘ﬂ/2:’
+ FAST - PRE3
T +(Aniz - Pee3)
+ FhcomF/L( PRE/34 +PHZ)
( (FaDIv) 3 ser PH3 BRPHZ = FusF.PRE3 NANLE.DZ3
(FaMuL) = ser Pu3 + FAMDS - PRE/34 « NRRPH5» NANLE
BRANCH  (LPsD) > seT PH3 + FAPSD « PRES: NANLE - o7
oG i C &AJLE) =" SET PHE BRPHS = -’:AQLZ . stg)

(Fus) =5 ser P45 + Fus . PRE3

(FusF-bz3pseT FHS + FusE- PRE3 NDZ3.

(L ysTH) = ser phe BRPHG = (FAST/M.pRE3- Nguo), Nankz

- FusrF.Dz3=p s&r PH3
{ FAmrs swa) => seT PHY BRPAY = FAMT » w2 PRE/3Y
(EX“) T SET Pdio BRPAIO = FUEXU - PREZ NANLE

PREP,
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
ENDE IS PHASE lo
TZ END OF EXECUTION => ENDE ENDE = EXC - PHIO For ALL INST.
EXC 1S SET WITH PRet
—
MB c Cn = MRn - (XMB AND INDICATES THAT
INST, ExecUTioN
—- _
¢ D bxe = PHIO PRECEDED THIS PHID,
Cil77>
C_17 & EXC = PHIO N
g > R MEB PR
[T5L . }\fﬁe\/‘h
oR CE&G-Igh *;? Wiz ;.‘
< efxci
DR UL__gf I = @ FuncTioNS
IR h 4 WHICH PRoG ADDR
DREG. [0 liz 1415 =er Acor 3] ) NOT ‘APDATE ARE
[A) EXECUTE TnsT
UPDATE PROGRAM ADDR. IX AvpR, (B) TOSERVICE CALL
INCR. PROG, @ - ] L\;‘{ itirefrauﬂ
ADDR IFNOTY P | o> P Pucsl = N(FUEXU.END). NI&SC i) P Houd
AS NOTED « PHIO. NHALT. NINT. NKAHo
1/-
Decg ProG) © 2 THST. IS ReBeATED
ADDR IF IF MMC OoF EXUA
INST 1S TO P-L =P PDC3l = FUEXU -« [INT +Iesc).5ube CHAIN WAS TERMIN-
: + FUMMC-NMCZ - ENDE - (INT + I0rsL)  ATED BY INTERRUPT
BE REPEATED
OR IC SERWVICE CALL
REFERANCE ADDR. =3 PReseT D»5| S/SXD = PHio
ENDE lof 2
PHAS[/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
T ENABLE = I&EN 5/:&5»1 = Te&SC - PHIO NI INH
PH
10 INTERRUPT ENABLE =3 IEM TEN = KRUN:PHIO-N]&SC
SET ARITH OVERFLOW TRAP S/ TRAP = AM. CC2: PHip+ OVERIND
—>
INDEX => {stserDos-u 7R/ s/rxp = oxC
Freser RR—> A S/AXRR = PHIO
ENABLE PRE] =3 PRELEN PRELEN = N ($/TeAR)» N(5/INTRAP) - NISGC - NHALT
s/ peet = PREJEN: PHIO
CLEAR £ RESET/A CLEAR = PHIO
+ BESET/B
RESET/A = CLEAR + ...
(PHAsE £/F
NBR
SWhp
MCn
ANLZ
CLEAR == ZERO—¥< Be o,
DIeTn
EXC
IX
OVERIND
DIewD
L PI&IND
INTRAP
ENDE

22



PHASE/

FUNCTION PERFORMED

SIGNALS [INVOLVED

COMMENTS

PREP

CONTENTS 0OF REGISTERS

AT END OF PREPamaATION
NEADW/|1 = (D) Ew

H = [P PrnG. ADDR,
Fa i/l = D) @ EW vl

" =% (P) ! E{.ADDR,

" =% /B) : PROG ADDR.

LOAD RELATED EVENTS
DuURING FREP,

o ) SIGN PAD [MMED,
x_cn" = PRESET D— S
- BRANC PRE4

A
iC

FALOAD

FALCFP} =»>  PRESETD — S
FALOAD/C =  PRESET =D->35

FAS 10 .

FADW/'} = SET MEMORY REQUEST
FASLt  =p SET FAST MEM WRITE
FADW/I = MERGEL —> LR

INSTRUCTION FAMILIES

FALEAD: LI,LB,LH, LW, LD
FAL®AD/C! LCH, LCw, LCD P—
FALCFP @ LCFI, LCF, LRP
FaLcF 1 LCFI, LCF
FADW/1 t LD, LcD; ALSO:AD, SD,CD
FAS10 ; LI, LB,LH, Lw, LCF LCFI, LRP
LCH, LCW, plus others
FASIL 1 LI, LB,LH,Lw, LD LCH, LCw, LCD
SPIM = (FULl+ FULCFI): PRE
8/sXD = (FuLl +F'UL<.F'I)' PREI
BRPREA = (FULL+FULLFT)+ PRE| - NANLE
§/SXD = FALOAD. { PRE/24 + PH2)
+ FALCFP. PRE/34
5/SYMD = FALOAD/c -(PRE/34 + PH2)
S/MRQ/I = FASI0: PRE/34
S/MRQ/3 = FADW/ | - (PRE/34 + PH2)
S/RW = FASII: (PRE/34+PH2 ) NOLS
/LR3I = FADW/!: (NANLE PEE3)

[— By THis

INST TescriBeD
SEQUENCE

THESE FAMILIES
INCLUDE SEVERAL TYPES
oF INSTRRUCTIONS

PRE/34 |5 LAST FWASE
OF PREPARATION

FASIO, FETCH NEKT INST
FADW/|: FETCH EW

“FALGAD": L1 (22), LB(72),LH(s2),Lw (32), LD (12), Lcu(sa)lLcw"(sA))ch(m), LCFI(02),LeF(T0), LRP (2F)

Vof 3
PHASE/ FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
FALBAD D—=3
Py | P s —RrR| sn = PR,
1 FALoAD/C == =D —>5 %/RRn = Sn.Rw
FALCE —— { Seaer~=CC| ccxs/a= FALCF. PHI .R30
Soez ~>FC| Fexs = FALCF. PHI. R3L
FULRp =—=> Sezz7 »~KRP RPXS = FuULRP- PRI
FaSll === seT CC3 §CC4 TESTS = FAS 1L . (PHI+ PH3)
LeAD PosITIVE => seT CC3 S/CC3 = sgTZ . TESTS SGTZ: SJK GREATER
LEAD NEGITIVE =3 SET CC4 s/CC4 = S¢ . TESTS THAN ZERS
preser B--+S S/SxB= FADW/I. PH!
FADW/1 { ppcser RR—» A </AXRR= FADW/| - PH1
KooHeLD= FADW /I PH1
FULED = HoLD END CAEREY s/swo/NE= KooHeLD
Faslo BRANCH To ENDE BRPH10 = FASL0 . PHI
PH RR —> A s/An = RRnr. AXRR
2 MB —C Cn = MBn- CXHMB
C—=D DxC = FADWY/|. PH2
B —>9S Sn = Bn. SxB
s —>F Pxs = FADW/I. PH2
PRESETS
pe | FuLp ———s PrEseT D—>S| s5/SxD = FALOAD. (PRe/zd + PHZ)
FUL(D ——=—2-PRESET —D —»S| =/SXMD= FALSADL: (PRE/34+PH2)
Eapw/i — {PE&&ET FMwers| S/Rw = FASII: (PRe/74+PH2)
7 Men Res S/MEQ/3= FADW/\ . PH2Z
FAL&AD 2.f3

e




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
+t T —s .
o512 - o Sn = PRp
PR3 S —+> RR S/RRn= Sn * Bw
LD | o SET CC3,CC4 vaTesTs| TESTS = FASLL - (PHI+PH3)
T8l LeD AND S32(3%
58263Z= NSWO . NTeSTS
LoAD PoslITIvE =y SET CC3 S/C.CB = SGTZ. TesTs
LOAD NEGITIVE =9 SET CC4 s/ce4 = S . TESTS
BRANCH TO© ENDE BRPHIo = FADW/i. PH3
ENDE
PHIO NormAL &
PR
FALOAD 3ef3
PHASV FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS
CONTENTS OF REGISTERS INSTRUCTION FAMILY
T TH '
AT THE END OF PREPARAT ION EALOAD/A: LAH, LAw, LAD FALOAD/A  NOUI 2= LAH, LAW
PREP LAD =~ (D) ' Ewl FULAWERDW | LAW oR LAD
FALOAD/A* Noul=>(D): EW
(A) RR RR—>A 13 Auro Fumecrion
FALOAD/A == (P): Ew ADDR, Z“LZ i“;ﬁ&ﬁp O;YR':ls
L (B): Pros. ApDe. SEQUENCE,
FALOAD/A => PRESET B-—>§ $/SxB = FALOAD/A- (PRE/34 +PH2)
Pos sigN=> SET SwW17 S/sW7 = FULA W @RDW - NDO. PRe/34
+ FAL&AD/A. QU5 NDI6, PRE/34
PH1 B—3 Snh = B, + SXB
FALOAD/AEN e S — P PXS = FALOAD/A -NOU!- PH]
FALOAD/A = SET CORE MEM KkeQ, S/MRQ/3 = FALOAD/A- { PHI + r»’a'a} S/MRQ/3 2> Core ReR
T5L = SET FM WRITE S/Rw = FALOAD/A - (PH] + PH3) W!TH DATA FELEASE
AUTC., SET ON FOoLLOWING
POs. SIGN = SET D->§ S/SXD = FALOAD/A- [PHI+PH3)+ SW77 CLOCK,
- _ _ s s Pzl LAD:FETCH EWO
NEG SIGN => SET -D—> 35 S/SXMD = FALOAD/A(PH'+ PHEY NSWT WLAD: FETCH NEXT INST
megee 1 —= /LE31/ S/LR3| = FULAD - PH1
"FALGAD /A" (Load Absolute): LAH(SB), Law (3B), LAD (1B) of3

13




PHASE/ FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
-.’:D _— S S(\ - PRn
PH2 S —=> PR 5/REn = Sn-Rw LOAD EWO
FALOAD /A = pPreserT B-—=>»S S/SxB = FALOAD/A - (Pre/34 + PHZ)
SET CL3 anp ({4 viA TESTS| TESTS = FALOAD/A - PH2
TaL SUMF 0 =% SET SWO 5/Swo = KooHoLD . NSOO3/E
END CARRY HOLD KOOHAOLD = FALOAD/A - PH2
S/FL8 = KooHOLD - Koo
OVERFLOW =% SET (L2 ROBOVER= FALOAD/A: PH2» NOf NO OVFL INDICATION
FoB L AW INST
N(iLAD) = BRAM(H To PHIO BRPHIO = FALOAD/A  PHZ2 . N&U/
B— S Sn = B, - sxB LAD — ONLY
S —+>p PxS = FALOAD/A : PH3
PH3 [SET core MEM, REQ S/MRQ/3 = FALOAD/A: (PHI +PHE) FETCH MEXT INST
LAD = 1551' FM WRITE S/RW = FALOAD/A : (PHI +PH3)
DR MR —>C Cn = MBp, *MBxC
C —=D DxC = FALOAD/A: PH3
Pos, SigN = PRESET D—S S/SXD = FALOAD/A-(PHI+PH3)-NDoO
NEG. SIGN == PRESET =D-2S S/SXMD = FALOAD/A+(PHI+PH3) DO
EL? > PRESET 3| S/k31 = FALOAD/A - PH3 « FL3
FALOAD /A 203
PHASE/ FUNCTION PERFORMED SIGNALS [NVOLVED COMMENTS
PH4 *D—>5s Sh = PRy, -
S ——> RE S/Ezh = Sn Rw
SET CC3 AND CC4 viA TESTS TESTS = FALOAD/A - PH4 S0063=0 C‘%a Cé"
LOAD 7 O = Serddls S/¢C3 = SGTZ. TESTS 80063 >0 | o
TSL $32¢32 = NTESTS/! - NSWO
SUYM GREATER THAN ZERO 3GTZ = NSO0L3 - NSO
OVERFLOW =3 SET CC2 PROBOVER = FALOAD/A - PH4-
S/ oveRIND = PRoREVER
s/cc2 = PROBOVER: (sood So)
BRANCH To ENDE BRPHIO = FALSAD/A. PH4
DE
NORMAL  En =/TRAP = ENDE:CL2- AHM . OVERIND
PH1d
(enDe]
PR
FAL@AD/A 3.3

114



PHASE/

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMEN1S

PREP

CONTENTS OF REGISTERS
AT THE END OF FRERPARATION

INSTRULTION FAMILIES

0): Ew FASIO : AND, OR, EOR, PLUS OTHERS } THESE FAMILES
4 FASIl  : AND, OR, BOR, PLUS OTHER INCLUDE SEVERAL
) RR ot Ol EoR TYPES OF INSTRUCTIONS
(P} + PROG. ADPRESS
b Gus-ELY: B8R FALEGIC
QU4 OLB: AND
AND 5 PRESET AAD =S S/PRXAD = CU4-OLB: PRE3
=14 => PRESET AvD—>S5 S/SXAGRD = QU4 OLY: PRE3
EOR = PRESET A@D—>S S/SXAECRD= U4 L8 - PRE3
FASIO  =s= SET CORE MEM. REQ. S/MRQ/|I = FASIO- PRE/34 FETCH NEYT INST.
FASI =3 SET FM WRITE s /RW = FASIL - [PRE/34 + PH2 }NELY
OR (49), EGR (48), AND (48) | of2
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 1S
Pr AND = AAD = S WHERE N s DEFINED
AS EACH oF 32 BITS
11 er =>AvD > S5 Sn =PRn
EOR = A@D —> 5
S —> RR| s/RR.= SnRw
T8L
FAS11 == SET (CI 4 (C2 SEE FAARITH, PH3
VIA TESTS TESTS = FAS! - { PHI + PH3) SEQUENCE FoR
s/cc3 = SG¢TZ. TESTS TESTS DETAILS
s/cc4 = S0 - TesTsS
FASI10 =3 BRANCH TO ENDE BRPHIO = FASIO . PHI
PH| wNormaL snve
|0
ENDH
DR

OR, EOR, AND
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS 0Dk R INSTRUCTION FAMILIES
PREP
AT TRE £MD FAARITH : AD, AL AW, AH, SD,SW,SH <7 INST(e) Coverer BY
[ (D) sw FAADD  : AD, AL AW, AH, AWM THIS SEQUENCE
i e A ) FASUB ‘3D, Sw, 8H,2P,CI,CW, CH, LB
NEADW/ 5‘* (4) RR 202! Cum, LR
(P 1 PRox ADLE 2ag10 1 Aw, AI, AH, SW,sH , Puus avssryy
Fom sy FAsil  : AD, AW, AL, AH SD Sw sH [ THESE FaMILIES
(’D,I : EWV: PLUs ' oTERs [ INCLUDE SEVERAL TYPES
. A} RRv: FADW/| @ AD,SD ALSO LD, LD, D | OF INSTRUCTIONS, Sgg
F“‘i’ww""?’i ) : EW ADDR. COMBINED LISTS P,
(8) : PRO% ATDDR.
SVENTS DURING PRE/34: LAST PHASE OF
FAADD -7»> PRESET A+D-»$§ S/SXAPD = FAADD - (PRE/34+ PH2) FEeR
PHZ2: REPEAT FOR FADW,|
FASUB =3 PRESET A-D->» S S/SXAMD = FASUB: (PRE 34 +PHZ) ‘
FaS (O s S/MRQ/I = FASIO- PRE/34 FASI0: FETCH NEXT INST,
FADW/l}% SET MEMORY REQUEST S/ MRQ/A = FAD‘-A{.»’I' (PRE/B4 + PH2> FADW/):FET'CH’ EwW
FAS! =3 SET PAST MEMORY WRITE| S/RW = FASII -(PRE/34 +PHZ) NOLI
FADW/I => MERGE | —> LR S/LR3] = FADW/I ' (NANLZ-PRE3)
“FAARITH" :

AT (20), AN (S0), AW (30), AD(10),

sH (5€), SW(38), sD(18)

| ot 4

PHASV

FUNCTION PERFORMED

COMMEN 13

PH

'l'\\tT

FAADD => A +D =S
Fasug => A -D— S

S—= RR
FAS! => ProBg CCl #((2 via TeSTS
PROBEOVERFLEW
FARRITH "7 1se-cei e mnn carey
PRESET B ->S
PRESET RR—A
FADW/l == 35,0e S = 0
HotD END CARRY
FASIO :=%> BRANCH TO ENDE

END CArRRy == SET Ccl
CVEEFLOW —> SET L2

Pos iTwWE ResulLT=>5T CC3
NEGITIVE EESLLL’T'#SET‘ cC4

SIGNALS. INVOLVED
Sn = (PRn @ Kp) - SXADD
SXADD = GRAD+ GXNAD + GRAND+ £3)
RRhn= Sn- Rw
TESTS = FASI|: (PHI + PH3)
PROBEOVER = FAARITH{ PH! + PH3)
CCIXKOD = FAARITH(PHI+ PH3)
S/9XB = (FADW/!. PHI}
S/AXRR = (FADW/I- PHI)
S/SWO/NZ = KOOHOLD - N50031E
S/ FL3 = KOOHOLD' Koo
KOOHOLD = FADW/i+ PHI + FALOAD/A- PH2
BRPHIO = FAS10 - PH{
s/ccl = CCIxKoo
s/ccz = PRoBEVER.(500@ s0)
3/OVERIND= PR&BSVET
s/cci2 = SGTE. TESTS
s/ ¢4 = So.TEsTS

WHERE N 15 de-ﬁmc—)
as each o+ 22 bits

Eadw/t 3> 5-» KRvi

SEE PH3 OF THIS
SEQUEM(E FoR TESTS,
OvEKr::_ow) AND END
CARRRY DETAILS FoOR
DovgLEWORD ADD
Mosr S/Ga/IFICANT
HACFE.

FAARITH

z & 4



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 1S
FADW/I  onLy
B—>3 Sn = Bn * SXB
PH XFER PrOG ADDR TO
2 S—=P PXS = FADW/! < PH2 7 Rea.
MB—>C Cn = MBp- CxMB
FADW/1 =<
i C—+D DXC = FADW/! - PH2
[ RR+-A S/An = RRy - AXBR
FAADD =3 PEESET A+D—»S S/SXAPD = FAADD - (PRE/34 + PH2)
DR | FASUB == PRESET A-D —§ S/SXAMD  =FASUB - ( PRE/34 + PH2)
FADW/I => SET CORE MEM. REQ, S/MRQ/3 = FADW/I- (PRE/34 + PH2) FETCH NEXT INST
DouBLe PRECISION ADD om
SUBTRACT  FND CHRRY GOES /K3l = FADW/)- P2 - FL3 K31 15 BuiT
7o LS B CAREY UPSIDE Powwn
K00 [PHE] — K31 [PH3]
FASLL => PRESET WRITE To FM s/RwW = FAS{{ - (PRE/34 + PH2)-NoL,
FAARLTH 3ot 4
PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMEN IS
5 FAADD =3 A+D—>S Sp = (Prn ® kn>' SKADD MBST SIGNIFICANT
o]
PH FASUE => A-D—>5 SXADD = GXAD + GXNAD + GXAND + K31 HALF oF pousLewoRD
ADD,
3 S—=>RR| RRy = Sn-Rw
PROBE CC3 ¢ CC4 wirn | [TESTS = FASH. (PHI+PHa)
TESTS < Swo (S$3263 ¥0)
— NSW O =3 53263 =0 | - . INTO SGTZ (SUM GEFAT-
THL ;53263:’.‘ NTeESTS/I - NSwo £& THAN EE70)
| SGTE = (5006370) - NSO - NFACOMP
PoSITIVE RESULT—>seT ccz | . §/¢C3 = S5GTE-TESTS CANDIT/ON cooles
=T cca | - . SET IN PHASE
NEGITIve EESULT =28 et 59 TESTS , ABe OveEREIDEN BY
PROBE CVER FLOW [PROBEOVER = FAARITH - ( PHI + PH3 ) R/CC DURING FH3
sscece = PROBESVER - (S00 @ 50)
LS/OVERIND = PROBEEVER
e . CLIXKoo = FAARITH - (PHI + PH3)
T CC! iF END CAzR
SET C NP caRky S/ccy = LLIXKOC: KOO
BRANCH To ENDE BRPHIC = FADW/i : PH3
AM (Az:m,msx} =5 TRAP TO '43' S/ TRAP = ENDE - CL2 + AM - OVERIND
ENDE ON COVERFLOW 5/TR3p = ENDE. (C2. AM . OVERIND
5/TR3B1 = ENDE (L2, AM. SVERIND
. Mo A A Crpe
S
FAARITH 4 oF 4

17



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS OF REGISTERS FAMT
PRE {A)+ =R {No™ useD) MTw (33)
(D) EFF LOCATION MT H (53
(B) : PROG, ADDRE. MTR  (73)
{(P)  EFF.ADDR, e %
[ E
PRESET A ~—=> 5 S/SXA = FAMT - PRE/34 ¥ =
g g
B
Lo | o
(R#0] -5 SET SW2 S/Sw2 = FAMT.PHI-NRZ g
PiH R POSITIVE { NR28) <3 R #»A AXR = FAMT: PHL NR28 E
a
R NEGITIVE (R28) => NR»»A AXNR = FAMT.PHI-R28 =
A
R 0 5> PRESET A+D—+ S S/SXAPD = FAMT:PH{ - NR28' NRZ mﬂz;é
o
R<Ko =3 PRESET D-A-{->S S/SXDMAM| = FAMT.PUi- R2g
TSL R=0 = PRESET D —> S5 S/S®KD = FAMT: PHi -RZ .
TORE
INTRAP => SET INTERRUPT S/CEINT = EAMT: Prl: INTRAP Hop §
CLoCkK EMNABLE E
NINTRAP =% SET TIIL TIMING S/TIIL = EAMT:PHL-NINTRAP %
]
SFANT " MTB (73), MTH (53), MTW (33) | of 4
LEHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
MTH (R70)=> L&AD Byre S/BCO  =FAMT.PH2. 01. NP32.NRZ
MTB CeuNTER s/ Bcl = FAMT. PH2 . @U7.NP33. NRZ
PH BCX = FAMT. PH2, &1, NR2 * Timing
2 NINTRAPL = T8L
R>0 => A+D—=>95 R=o
R<O =»D-A-1—>3 Sn = (kpn @ PRn).SXADD | R=0 = T5L
R=0 = D—>s + PRn INTRAP = T5L
TIMNE 55— A AxS = FAMT. PHZ
seE
* [ SET cc3 € ccd TESTS = FAMT. PH2. NINTRAP
VIA TESTS SGTZE = (30063 #0).NS0. NFACOHP
RESULT Pos=> SET LBl sS/ce? = TESTS. S4¢TE
NEG =3 SET ¢4 s/cc4 = TESTS. S0
END CARRY =% SeT <l CC | XKoo= FAMT. PH2, NINTRAP
NINTRAP s Byre END CARRY €Cl x K233 FAMT.PHZ, NINTRAP. &u7
FUMTB =2 SET FLAG3 5/FL3 = CC| AK23
QVERFLOW =» SET (L2 PROBOVER= FAMT: PHZ NINTEAP
HALE WD ovEL PRoBEVER/H= FAMT. PH2, NINTRAP, duf
OVERIND = PRoBOVER M
s/cc2 = PROBOVER. (S00 @ So) i
+ PROBAVER/H. (5153 Si6) { | azs
MTB=—= CRUSH S=23 S23 = [.dCLiXK23
ca:xku—D@
FTHASE 2  (CoNTINUVED
FAMT 2o 4




PHASE/' FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
ExXIT HIGHEST PRIORITY LEVACT = FAMT, PH2. [NTRAF
PH | INTRAP=9ARM HIGHEST PRISRITY LEVARM = FAMT. PHZ.INTRAP
2 TEIGGER CouNT ZERS| CNTZERS = FAMT. PHZ2.INTRAP. S0031Z
Preser A —> S S/SxA = FAMT (PRE/34 + PH2)
(R#0), MTW => SET CoRe WRITEl S/MBXS = FAMT. PHz N&1.NRz
2;"} —> BRANCH To PH8 | BRPHE =FAMT.PHZ. (Rz +Net)
MTw
P3H MTH.Zvi\E;:i.:‘;i:P}AJUST SIeN FUMTSIGN= FAMT. PH3.NINTRAP. (cg2 + Neus)
Mt -
FUMTOVER= FUMTSIGN. NFL3
MTH, GVFL =3 EXCHANGE S/ce3 = FUAMTOVER . Cc4
CezervCcd 5/CL4 = FUMTOUVER . (L3
T5L
MTB => TesT ByTE =0 s/cc3 = FuUMTSIGN. FL3.NSI63IZ Sicz3 wite BE
ZERS DUE TO
FUMTSIGN => CC3 4 Ccd Reser| R/cc3 = FUMTSIGN PH2 (CRuSH S23)
R/ced = FuMTSIGM :
BRANCH To PRE4 BRPRE4 = FAMT.PHZ
Fork PREWRITE ALIGN
FAMT 3oF 4
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE
4 LEFT ALiaN A AXALB = FAMUT  SW2 : NBCZ .PRE4
T5L BRANCH To PH¢ BRPHE = FAMT. SWZ . PRE/34
SeT A— s S/SXA = FAMT: PRE/34
SET CORE MEM. WRITE S/MBXS = FAMT- SW2 . PRE/34
BC# O SusSTAIN PH4 BPPRE4 = PRE4. NBLZ
PH A—95 Sh = PRp
8 S —#> MB MB,, = Sn-» MBXS
DR
Ph B—5 P PRSXB = NEAFL: NFAMDS- PHY
(i SET CDORE MEM REQ 5/,“..[:'52/2’ PXSXB
T5U KESET INTRAP R/INTRAP= FAMT. PHq
PH NorMAL eNDE
o
ENDE
FAMT™ 4 Fa
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS OF REGISTERS INSTRUCTION FAMILIES
AT THE END OF FREPARATION FASTORE: STB, STH, STW, STD, S7CF, (Xw-wRE), (AWH- NPEE)
pRep| STEF = (A) : BYTE ALIGNED CF | FASTORE/|: STD, (Xw-NFRE), (AWM. NFRE)
' : STE => (A): BYTE ALGNED Ryg,
STH = (A) | HW ALIGNED B
stw = (A): Roos
sTD = (A) : Rv!
Xw (A) 1 Roon
Awp =7 {(D) :Ew
(B): PROgG.ADDR,
(P): EFF ADDR
STD = (P): £FRADDR vi THE TRANSFER K ->4A
EVENTS DURING PREP /S AN AUTO FuMCTiaN
STCF == INHIBIT Re—» A AXRRINH = FASTORE - PRE3 - O%k4 IN FRES,
ENABLE CF —>A AXFC = FASTORE -PRE3: OL4
STCFY
STB % => LEFT ALIGNA AXALS = FASTORE PRE4- NBCEZ
STH
AWM = PRESET A+D-—>S§ S/SYAPD = FAADD«(PRE/34 +PH2) FAADD 1S QUALIFIED
xw = [PRESET D —>» S £/8XD = Fuxw-PRE3 WITH (FUAWAM - PRES)
SET FM WRITE S/Rw = Fuxw. PRE3 1
FASToze=>{55"’ Core MEM REQ S/MBXS = FASTORE: PRE/34 :z;:s;::; :V
Preser A —> S S/ SXA = FASTORE.PRE/34
::g} ==> PRESET RR—»A S/AXRR = FASTORE PRE/34 - NO'2
"FASTORE": STB (75), STh (55), STW (38), STD(15),  STCF (74), XW (4¢), AWM (¢e) joF 3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENIS
tm s {A+D —>S sn = (PRy+ Kp)eN(PR, - K, )+ SXADD
S ~>A AxS = FUAWM- PH!
PH{
W =% > S Sn = PR.
S —> RR Rn = Sn. Rw
— - .
W | easroe wi S Sn = PR
ok 8§ —>»MB MBp = Sn- MBXS
Anit STH
TeL sm} = RR —> A s/An = RRy AXRR
, PReseT A > S/SXA = FASTORE/| + PH!
FASTORE 'e"{ser core wriTe Rea| S/MBXS = FASTORE/) - FH!
STl sTp =~ RESET P3| PDC3I = FASTORE - PHI- 5ul
PR
AWM
-
xw = SET Co3 b L TESTS = FUXW -+ PHI
+ FUAWM - PHL
AWM | QVERFLOW =% SET CC2 PROBOVER = FUAWM: [PHI +PH3)
AWM , END CARRy =3 SET (LI COIXLD0 = FUAWM » (PHI +PH3)
NFASTORE /| => BRANGH TOPH] | BRPH] = FASTORE - MFASTORE/ -PHI
FASTORE 253
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PHASE/ FUNCT{ON PERFORMED SIGNALS INVOLVED COMMENTS
r A —5 Sn = PEh
PH? FASTORE/I%"ﬁ S —>MB MBy = Su - MBXS
BRANCH To PHY BRPH? = FASTORE: PH2
PR
PHY B S SXB = PXSXB
S—=P PXS = PxSxB
TS5t PRESET A—>» 5 S/SxA= FASTORE: PHY
A —»'S Sh = ‘DRH
SET CC2 IF Sooie #0 S/CC2 = N(S00I6E+S0016W)+ (FUSTH -ENDE
PHIO] STH = OR ALL ONES ( ) ! )
SET TRAP =
Dr| AwM == Ir overriow. Au S/TRAP = ENDE. CC2.AM. QUERIND s00era—]
S/TR30= ENDE. ¢cZ. AM. @VER IND [NAlG
S/TR3/ = EwDE <1 N(s00162 +50010H
NormaL BENDE FCCTLAM OVER IND bp e
(FUSTH-ENDE)—l
s/cc2
FASTORE 3F3
PHASE/ FUNCTION PERFORMED SIGNALS [NVOLVED COMMENTS
Peed ;ONTE)W OF REGISTERS FAMILY SIGNALS SELECTIVE INSTf)
T THE END OF PREPARATION
FASEL = LS, STS, €S CS - COMPARE SEL, 45
(¢} : Ew FACOMP = (S, OTHER CoMP INSTS). LS - LOAD SER  4A
() + EwW STS- STORE SEL 47
(A) : RRvl
LS . .
cs} =>(P) : PROG. ADDR.
sts =-(P): EW ADDR.
STS => (B) : PRoG. ADDR.
END oOF PREPR
LS _ A ) _
cs]=> PreseT AAD S/PRXAD = FASEL.PRE3-NeL7
sTs = pPreseT NAAD-—>S S/ PRXNAD = FASEL: PRE3 -« OL7
FASEL = PREseT S > C S/ CXS = FASEL- PRE3
PH| 221= AaD—s Sh = PEn
Ls?
1 sTs = NAAD —> S g (c): [ew A(Rev)]
T5L S7#~cC cn = Sn+ (XS sTs% (Q):(ew A(RRY)]
‘PRESET A —S S/SXA = FAEL - PHL
FASEL ilpzeser RR — A S/ AXRE = PASEL: PH{

“FASEL": Ls (+A))

STs (47), Cs(45)

12)
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PHASE/ FUNEZTH)N PERFORMED SIGNALS INVOLVED COMMEN IS
P A — 5 Sh = PRn
2 S —>1D Dxs = FASEL. PH2 (p): RRVY
T5U RR = A s/An = ERp - AXRR (A): RR
g?—s} = preser AAD—>S S/PRXAD = FASEL -PH2: NOLA
LS = PrEseT AAND>S S/PRXAND= FASEL * PH2- LA
s 1 —
- Srs 7 AAD TS Sh = PEn cs
3 Ls => AAND—™>S STS}# (A)I[ER/\(RR\'D]#
s S—+> A AXS = FASEL - PH3 Ls == (A):[RRA(RRV))]
L
;?.5 = PRESET AVD—>S S/SXAORD = FASEL - PH3 - Ne&LS
¢s => PrReseT A-D—>S S/SXAMD = FASEL - PH3 - OLS
ti =5 SET CORE MEM REQUEST S/MRQ/L = FASEL:-PH3 - NOLY FETCH NEXT INST.
STS == 9eT (ORE MEM.WRITE S/MBXS = FASEL PH3: OLT STORE RESULT IN Ew
LS => SET FM WRITE S/BW = FASEL.PH3- LA
€S =3 SET TIIL S/TIIL = FASEL: PH3. OLS
¢ — D DXC = FASEL, PH3
FASEL 2q.F 3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
L% [RARVI)] vEwARWY]
PH ;_ss} = AvD —S Sn = PRn L 1
4 cs = [[RIAR)] : [Ewarv]]
cs == A-D—>S Sp = (PEn ®Kn )+ SXADD _
s 5T (RIA(RVL]] V[EWA(RMS}
bRl ST = S>> MB MBn= Sp » MBXS
T s = S7> R | RRp= Sn - Rw
e SGTEZ = (50031%#0) NS00 FACOMP | SiGM EXTEMD FOR CS
Te T2 % => seT 3 awp et | SGTE = (S0031=0) NSO-NFAGHP | FoR DETAIL on
ALCORDING TO TESTS = FASEL - PH4 - NO/LT TeSTs SEE FAARITH
TESTS 5/cc5 = SGTZ TESTS PH3
s s/cc4 = So  TeSTS
Ls} => BRANCH TO ENDH RBRPHIO= FASEL: PH4 - NOL?
TS => BRANCH To PHY BEPHG = FASEL - PH4 - OL7
?qH STS = <B —> S - F PAGSAB = NFAFL ' NFAMDS - PHG
TsL SET CORE MEM REQ. MRQ /2 = DUXSXB
PHId  WormAL ENDE SEE ENDE Z&w.. &
END|
DR
FAsEL 3F3

(=22



PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
END CONTENTS OF RegisTers
OF ;
(D) s =
PREP (®) w
(P) : PROG. ADDR.
SET MEM REMUEST (MEXT INST) S/MRQ/\ = FUINT. PRe3
PRESET D —»5 S/3XD = FUINT.PRE3
D—>5 Shn = PRn
S—>CC CCXS/0 = FUINT: PH1
CLeEAR Dooo3 DX/0A = FUINT - PH1
PH SeET  Merge § —> /LE/ S/LR3[ = FUINT. PHI
1 PrESET D —> S S/SXD = FUINT-( PH{+ PH3)
T5L PRESET FM WRITE S/RW = FUINT: (PHI + PH3)
D—5 Sh = PRn
P Sie3t~RR | S/RR, = Sn. RW
e RWXZ/01 = FUINT-. PH2 RWAZ /ol TRANSFERS
ZEROS To RRoois
T8L DowN ALIGN D DXDR8 = FUINT-PH2
IFr R riep 1s opp
3=/ = BEAUCH To ENDE BRPHIO = FUINT. PHE. 3
INT (e¢3B) fof 2
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN?S
PH PrESET D —> S S/SXD = FUINT. (PH!+PH3)
3 PRESET FM WRITE S/ RW = FUINT-(PHI+PH3)
T5L DowN ALlgh T DXDR8 = FUINT. PH3
PH D—=s Sn = PRn
4 Siear > RR sRr, = Sp- Rw
TsL
RWXZ/0l = FUINT-PH4 BWXZ /ot INwIBITS
BRANCH TO ENDE BRPHIO = FUINT- PH4 ByTES O anp L
To KRR
PH NoRMAL ENDE
10
ENDY
TS50
INT Ec‘Fa
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PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
ppep|  CONTENTS OF REGISTERT INSTRUCTION FAMILIES
T . o
AT THE END OF Fi FACOMP/1 D, CI, W, CH, (B
((D) v EL {ALiguED) FASUB i CD,CI,CW,CH,CB, PLUS OTHERS
NFADW/I = J(A) : RR FASIO LI, CW, CH, CB, PLUS OTHERS
(P) : PROG. ADDR. FADW/! t CD, Pius OTHERS
(D) @ EwWvl
(A) * RRv i
FADW/! =% <(p) i ew ADDR.
{(8) : PROG. ADDR.
END OF PREFP
FASUB = PRESET A-D—>5 S/SXAMD = FASUB « (PRE/34+PH2)
:25“’/ }a SET CORE MEM REQ. S/MRQ/! = FASto - (PRE/34+PHe) FETCH NEXT INST.
Dw/1
S/MRQ/3 = FADW/I-(PRE/34+PH2) FETCH EwW
FACOMP/I => SET TIL s/ TIL = FaLOMP/! « (PRE/34 + PHE)
FADw/I > MERGE | —> LR s/ LR3I = FADW/| - NANLZ - PRE3
cB => CLzAR Aooces Axgfoie = FACOMF/I. OuTl PREZ
“FACOMP/I” €L (21), CB(71), CH(S), W (31), cD(11) | of 4
PHASE/ FUNCTION PERFORMED SIGNALS, INVOLVED COMMEN1S
Py FASUB = A-D —>5 Sn = (Kn @ PRy )+ SXADD
1
FASIL =% 8ET CL3£CC4 via TESTS fTEsrs = FASII - (PHI + PH3)
seTe = (50031 ;ﬁo)o NSOO - FACOMP
5/¢c3 = SGTZ - TESTS
THL \S/ccs = so. TESTS
NFADW/) => PRESET AAD-—>S S/PRXAD = FACOMP/| + PHI - N1
FACOMPB/I =2» SET T&L S/T8L = FACOMP/i - PHI.
PRESET B—>S S/SXB = (FADW/|+ PHI)
PRESET RR—~= A S/AXRR = (FADW/I PHI)
FADwW/I =3 ¢ SAVE S #0 S/SWIO/MNRE= KOOHOLD + NS003I2
HoLD END CARRY S/FL3 = Koo HOLL - KOO
FASI10 -=p BRANIH TO EMDE BRPHIO = FASIO. PHI
FACOMP/) 2 4

| 24~




PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMEN IS
B—s Sn =B,  SXB
(=} . XFER. PROG APDR To
2 S PXS= FADW/1:PH2 P rEQ.
:MB"’?C Cn = MBn. CXxMB
D = . —
SR DxC = FADW/1 - PHZ
DR (RR*-A S/An = RRp - AKRR
FASUB =3 PRESET A-D —=» 5 S/SXAMD  =FASUB - ( PRE/34 + PH2)
FADW/! == SET CORE MM, REQUEST S/MRQ/3 = FADW/I: {PRE/34 + pH2)
DousLe PRECIS!IOM s
SUBTRACT END CARRY GoES /K3/3 < FADW/ P2 FL3
TO LSB CARRY
Koo [PHI]—>FL3 — K 3)(PHT]
FACOMP/| =% SET TiL S/TUL = FACOMP/\ - (PRE/F4 + PH2)

FACOMP/I ’ 3 of4
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
BH FasuB = A-D—>35 Sn = (Kn @ PRn)- sxApD

3 TESTS = FASU-. {PHI +PH3)
Se7 CC3 g CCH4 wITH TESTS
- S3263%Z = NTESTS/I - NSwo
SeTZ = (300¢3# 0)-NSCO-FACOMP
ComPare RESULT FOs=3 s/cc3 = SGTZ . TESTS
ComMPARE RESULT NEG = 5/554_ = 50 TESTS
CD = BEANCH TO ENDE BRPHIO = FADW/! - PH3
PH —y - 4
o] NERDw/L = AAD‘ S Sn = PRn
IF (S#0) THEN 5/CCZ/NE = FACOMP/|-ENDE - Nowt

ENDH |+ CC2
DR NorMAL Enpe

FACEMP/| 4 of 4
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENIS
FAMILY  SIGNALS LOMPARE LIMITS
CONTENTS OF EEGISTERS COMP/L: CLR, CLM INST RuCT 1oNS
AT THE END Prey, . (LR - COMPARE WITH
Prep| *:, OF PREPARATION  FASUB @ CLR, CLM FPLUS OTHERS e s Reareree
™ ! Ew FACOMP : CLR,CLM, (D, LT, EW, CH, CB CS| i ¢oupare with
LR T:,>_<(A) ! BRvi LikiyTs N MEMORY
(P) | EW ADDR
(B) . PRoc¢. ADDE.
(D) ewvi
CLM =53 <U«\) ! RR
(P} . Bw ADDR
L (B) ! PROG ADDR.
END OF PREPARATION
MBQ/3 AUTO SETS
LM E , . DATA RELEASE ONE
= SET (ORE Memory ReQ.| S/MRQ/3 = FACOMP/L. PRE3- DUT CLock LATER THAN
FASUB = PReSET A-D—»>S S/SXAMD = FASUB - (PRE/3¢+ PH2) | Memrory ReQuesT,
FACOMF/L=> SET TIIL S/TiL = FACoMmP/L(PRE/3¢+PH2) | TIIL 15 ReQuIRED
TO AlLow TESTS
WHEN ADDER —» FM
1S NOT PREFORMED
“FACOMP/L" @ CLR (39), <M (19) 1of3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH A-D-—=5 S, = (PRn ® Kn).SxADD CLM =>[-Ew vl + RR ]
i
CL\Z#EEW+KE~/1]
TESTS TESTS = FACOMP/L « (PHI+PH3)
TIL FACOMP/L =>{SET (L3 |F )0 §/cc3 = 5GTZ- TESTS
SET Cl4 IF K0 s/cc4 = 30 - TESTS
SeTZ = (%0031 #0) NSOO - FACOHA
FACOMP/L =5 PRESET B —> 5 5/5XB = FACOMP/L - PH!
LLR == PRESET RR—> A S/AXRR = FACoup/L . PHi. &uU3
PH | cim = {MB—? c Cn = MBp - LxXMB CLMs(D): EwW
2 C =D DXC 'F FACOMP/L - PH2. &ul
lcom CLR =5 RR »»= A SAn = RRy - AXRR CLR=>(A): RR
A (B"""S Sn= Bn- S5xB
LR F “OMP/LX S —»=> P PXS = FACOMP/L. PH2
st XFER CC3 —* CCl s/ccl = CC3 - FACOMP/L PHZ
KFER Cc4 —» CC2 S/cc2 = Cc4 - FACOMP/L PH2
FAcoMP/, 4 PRESET A-D -»5S S/SXAMD = FASUB:(PRE/34 + PH2)
SET CORE MEHORY REQ S/MRQ/1 = FACOMP/L - PHZ
SET TiL s/TiL = FACOMP/ L - (PRE/34 + PHZ)
FACCMP/L 23
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PHASE[ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN S
Pg” FACOMP/L =» A -D —>S Sp = (Kn © PRn)- sxavp CLM}?EEW+‘_ZZ]
CLR
TESTS TESTS = FACOMP/L - (PHI +PH3)
TiL SET CL3 IF 820 s/cc3 = SGTZ - TESTS
FACOMP /L SET Cc4 IF S<K0 S/CC4 = S0 - TESTS
SGTE = (5003) 3 0) NSOO FACOMP
L BRANCH To ENDE BRPHIO = FACOMP/L. PH3 BRPHIO SETS DATA
RELEASE
P
16 NoruAL ENDE
ENDE
Dr
FACOMP/L

353

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
END ConrenTs pF EEG/STERS
CF
Peep (P) : Preq. Aope,
SET CORE MEM. REQUEST S/MRQ/ = FUWAIT: PRE3
PH Ser HALT S/HALT/{ = FUWALIT - PHI
1 BRANCH To ENDE BRPHIO = FUWAIT PHIL
T5L
PH INHIBIT ADVANCE OF PRo& ADPR. PUC3BI = NFUEXU: PHIo NHALT « ...
1o BRANCH To PCPI BRPCP = NFUEXU'HALT/! - ENDENL&SC
ENDE INHIBIT PREL PRELEN = N(S/TRAR) N(S/INTRAP) - NLESC - NHALT
SEE PCP SEQUENCE
WAIT (2E) 127

I oF 1



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS OF ReECISTEES INSTRUCTION FAMILIES
PREP {’ SPw1i FAST : PSM,Psw, PLM, PLW, MSP
FAST => FAST/A : PsM ,Psw, PLM, PLW
P 1 ¢ '
(0): SPwi FAST/M : PSM, PLM,PSW, PLw, LM, STM
FAST/M=3 (B} : PROG. ADDR FAST/L : PLM, PLw, LM
) FAST/S | PSM ,Psw,sTS
FAST == (P): SPwo ADDR FAST/C : PSM, MsP
LM, STM=— (P): IST EFF LOCATION FasT/A= STACK POINTER DOUBLE WoRE
MsP (A): RR (MoDIFER) spwo (R) EEetm
) 5 E]
(FAsT/M. 00) (A)+ cc WO, OF WoRDS
(MC): Cc sPwi ~ (Rvl) @ SPACE CouNT : woro Caum’j
32 I3
PSw, PLw=> (MC): |
MsP => STACK POINTER MODIFIER
PRESET CONDITIONS WITH PRE3R (R) ;
o I 31
FAST/C —=> PRESET A+D—>S S/SXAPD = FAST/C:{PRE3+PHL/F +PHE)
PLM =3 PRESET D-A—S S/ SXDMA = FUPLM: (PRE3+PH1/F +PHB)
PSwW =3 PRESET D+! — S S/SXDP! = FUPSW.(PREZ+PRI/F +PHS)
PLW == PRESET D-|—> 5 S/SXDML = FUPLW: (PRE2 +PHI/F + PHE)
FAST =—3> SET SW& BRSWS8 = FAST:PRE3
MsP ==> SET Sw7 S/ SW7T = FAST- PRE3-NE4
L. =>{R—l——>k RDC3L = FAST/M PRE3- NOUO: OLA
SET CORE MEM REQ. S/MRQ/2 = FAST/M-PRE3-N&UO . OLA
sTh PrESET RR —A S/AXRR = FAST/M:PRE3-NGUO- NOLA
FAST - —>» P PDC3I = 'EAs MEPEES NOUD - NoLA
+ Fas
LM, STM —3> BRANCH TO PHASEG BRPHL = FAST/M-PRE3: NOUO- NANLZ
FAST =PRESET S —C S/ XS = FAST: PRE3
SET TIIL S/TIHL = FAST:PRED
“FAST": Psw (09), PLW (ox>) PsM (0B), PLM (OA)) MSP (13), LM (2h), sTM™ (28) bof iy
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHI/A = PHi-Swg-FAST

PH Fast/c»D+A—>3
YA ] pLm =>D-A —>s

b~ Sn = (En @ PRn)- SXADD
Pow D1 =31 eush st SILINH = FAST :PHI/A
PLw =D-1 =5 Cxs/0 = Cxs - N(FAsT- PHI/A) | uP DATE WoRD counr
ezl —'—C“’a'z exs/1 = cxso N (FasT pHiA) | TO CREC
ZERO —> ( 005 Co(ered)= Sn . (xS NEC>(C) 2 Wi
Eniomed = Sn - cxs &6 (C) 1 WCEA

AlL @ K6 (WorD CovdT oveL

Tht Ok UNDFO=>seTsw3| S/ 5w3 = (Al-Kib)- FAST: PHI/A
TS (Do) -7 TET swI S/ SWS5 = Do :FAST PHI/A
w (Pie) = SET Sws S/SWe = Dib - FAST: PHI/A
WORD COUNT =0 5 =ET UWa S/ sw4 = [N(Ale- Kia)- S1631Z]- FAST - PHI/A
FAST =3 DOWN ALIGN T DXDRE = FAST: PHi/A
SusTamm PHL
HOLD PHI AND STEP Sw§-SwWis| BRPHI/ = FAST'PHI-ML(NSW%FHI/C.)
+ PHI/ G+ (Swa-PHI/C)
+(S1631Z N{Ai6- kia))-PHI/C]
STEP TO SwWY STEPEIS = NBRSWE- NBRSWIO- NBRPHI|» NBRSW 12 NBRSWIS . NRESET
/w9 = SWE.STEPBIS
FAST 2of 1
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FUNCTION PERFORMED

PHASE/ SIGNALS INVOLVED COMMENTS
PLM == preseT A+D —>5 S/SXAPD = FUPLM- PH1/B PHi/B = PHi-Sw9
PH PLW —=> PRESET D+1 —>S S/SXDP| = FUPLW: PH1/B
1/5 Pow == PRESET D1 —>S S/SxDMi = FUPSW- PHI/B
FAST/C =—>-PreseT D-A—S S/SXDMA = FAST/C-PH!/B
T8L FAST DowN ALlIgN D DXDR8 = FAST -PHL/B
lseT TiiL S/TIIL = FAST:-PHI/B
STEP TO SWIO S/5wlo = SWYT - STEFBIS
pem—>A+D—>5 PH1/C = PH{+SWIO: FAST
P pLw =D+1—>5 .
l/c Pow =D~ 1—>35 Sn = (kn ® PRN). SXADD
ThL FAST/c>D-A—>S CRUSH SI6 SleINH = FAST - PHi/C
S —>=A AXS = FAST.PH1/C-SWT (A): New sc
¢ —=>D DXC = FAST-PuL/C (P): New we
A DK o e Yomer st | /3w = (Me-kie) FAsT- Pt/ vy g e
(SPACE COUNT =0) = SeET SW2 s/swz = [N({Al6-KIG)-S1631Z] FASI'I'~FH1/C ewz): 6Cc=0
FAST/ANSWT {FiRsT PASS) —> SW7 5 SET INDICATES STERE NEW WorD SPacE AND NEW TSA
{SBCOMD PASS) — R/SW7 = FAST . SWT: PHi/C
FAST —>~ SET CORE MEM REQ. S/MRQ/3 = FAST - PHL /C
FIRST PASS ~PLM =3 PRESET A-1—>5 S/SXAML = FUPLM PH1/C- NSW7
stcons pesj e i gt | BRP = em ol o) | T pre Ay
+ (Ale - Kig) - PHI/C PASS,
FAST 30
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH{/D = PHLi: SWlIl- FAST
PH FAST —> ALIGN A AXAL8 = FAST - PHi/D
i/D STEP TO SwWi2 BRSWI2= SWil - STEP 8IS
T8L
PHI/E = PHI: sWi2- FAST
T;E MBR—>C cn = MBnNn - CXMB
FAST — UP ALIGN A AXAL8 = FasT- PHIJE
PResET AvD—>S 5/ SXAORD = FAST - PHI/E
bR TS (sws) == ©ET Ao S/A0 = FAST-PHI/E -Sw5
W (sWs) => SeT AiG 2/Ale = FAST-PHL/E- SW6
SET CORE MEM WRITE S/MBXS = FAST-PHI/E
SPwW! ADPR = P+l »=P PUC3L = FAST: PHI/E
STEP To swi3 BRSWI3 = Swliz - STEP BIS
FasT 4 of 1)

=



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHI/F = Pdl . Sw i3 -FAST
PH MER"E}—%-A vD —3 Sn = PR~
L/F T STORE NEW SPw!
S +~MB MBn = SN - MBRS
SET CORE MEM WRITE S/MB®S = FAST: PH\/F
DR C+=D DXC = FAST. PHI/F (@) : TsA
[RRIGIT A3 AXRR/2 = FUMSP ‘PHI/F [szz/a SAME AS ...
mse = I Vwwers /3 Go€s 7o
(RR16 =>A15 S/AIS = FuMSP- PHI/F e e s ves
7o BYrE 2, r
FAST/c =>PRESET A+D —> 3 S/SXAPD = EAST/c-(PRE3 +PHI/F+PHE) e ;;‘sjzrvlzéc
PLM =>PrREseT TD-R—>S S/SKDMA = FUPLM (PRE3+PHI/F+PHE)
Pesw =—>peeser D+i —>95 S/5XDbPL = Fu Psw-{ PRE3+PHI/F +PHE)
PLWwW =—=>PRESET D-| —>S S/SXDMy = FUPLW- (PRE3+PHI/F + PHE) Mse = (A) : MoDIRIER
FasT/M = (C —> A AXLC = FAST/M-(PRES+PUI/E +PHE) B Fast/ns (A) : NO, OF WoORDS
SPWO ADDR. TO P =% P-{»~P pPDCBL = FAST - PH1/F
SUSTAIN PHASE BRPHI/L = FAST -PHI N [PHI/C ...
STEP TO SW BRSWI4 = SW)3 - STEP 8I5
FAST Sef iy
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHi/G = PHI » SWl4 + FAST
TH FasT/c  A+D—- 57\
/G— PLM D-A —5 |
PLW D-1—'S Sn = (Kn ® PRn)- SXADD
SToRE UPDATED TsSA
PswW D+1i — S
DR MULTIPLE == TBA T CC
S »>=MB MBn = Sn°* MBXxS WORD  =»TsSatd
MSP = TSA+ER
DRoP PHASE 1 BRPHL/ = FAST . PHL - NPRi/G-
BEANCH To PHSQ BRPHYG = FAST . PHL/G
M PHiI/C
PH A-t—>S Sn =(Kkn® PRn)-sxaop | °F° /
e PLM=3> S+ D DxsS = FUPLM - PH2 pLM =(D): CC-1
- DETERMINE STAETING
RFELD To A > R A AXR = FUPLM- PHZ ReG, IF PULL MULTIPLE
PLM PreseT A+ D =S S/SXAPD = FUPLM * PH2
T8L
C N <,
cree TRAP OND ITIOND
TSL SW3 NSWe | . ser TraP S/ TRAP= FAST - PHZ SW3: NSWG
swi -NSW5 + FAST . PH2-SWI - NSW5
s /TR30 = 1"
SWi+ S / Note FAsSTA®orRT %
w3 = 5T ABorT S/FAsTABa'ET-_-FAsT- PHZ .SW . Two FuP
+ FAST. PHZ.SwW3 coore FASTFI & FASTFZ
FAST
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
spwo = MB=—>C Cn = MBn - CXMB .
PH (To® oF STACK (c):TeA
ADDRESS C—=7D DXC = FAST/A.PH3 D):TSA
3
P = A+D—=>S Sn = (kn & PEn)- SXRDD
S >R XS = FUPLM- : €
DR | aserr R F PH3 (RY: 15T ReG
FAST/AJ=>preseT 5 —> C S/CXS = FAST/A:PH3.iFASTF|
SPw | ADDR === P +| »>P Pucsi = FAST/A-PH3
ARBSET = 5T MeM. Reaq S/MEQ/Z = FASTABOET PH3
PH P—>3 SXP = FAST.PH4
4
S —(_ Chn = Sn - (XS FOR PusH=»{C): SPw!
ADDR.
S —==A AXS = FAST, PH4 For PULL=> (A} sPW1
ADPR.
ARORT CONDITIONS
T5L SW3 - SWG
ok =3 BRANCH TO BRPHY = FAST/A -PH4- SW3. SW6
SWI » SWE PrASE 9 + FAST/A - PH4 - SWI - SWS
NABERT =% PreseT D—>S S/SXD = FAST/A - PH4. NBEPHT
Asger = { MB —C Cn = MBn. CXMB
¢ =D DxcC = FASTAB®RT. PH4
FAST 7 of 11
PHASE’/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
- D—>5S5 Sn = PRn
< S > P PxS = FAST/A - PHS5
SET MEMORY REQ. S/MRQ/2 = FAST/L - PH5
FAST/L % FeTcH 19T WokD
R+ —#> R RUCB] = FAST/L - PHS
FAST/S > PRESET FM ReAD S/AXRR = FAST/S - FPHS5
FAST ? of Ul
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH mp —= C en = MBn - CXMB
A C——D DxC = FAST/L: PHb
FAST/L
b — S5 S/5XD = FAST/L: PHG -NMCE
Dr
L S —RR S/Rw = FAST/L® PHG -NMCZ
RR —#>A S/AKRR = FAST/S: PHG
FreTe=>9 A — 35 S/SXA T FAST/S: PHG -NMCZ
S —=MB 8/MBXS = FAST/S: PHG - NMCZ
(P) sup (R) counT comTROL
S
tﬁsr/ } = P+1{-—+>P PUCBI = FAST/S - PHG
+ FAST/L - PHG -NOUO
PLM = P-{ »>P PDC3! = FAST/L * PHG - U0
E’:T/s } —= R+1{ »>R RUC3! = FAST/S -PHG
+ FAST/L - PHG -NOUO
PLM =2 R-1 >R RDC3! = FAST/L - PHée - &uo
DECREMENT MACLRO COUNTER McCDCT = FAST/M . PHG . NIGEN
(PLM, PLW) MC=0 =» PRESET A—S| s/sxa = FAST/L + PHG - QU0 MACE
(PSM,Psw) MC=0 =PreseT C—>S| S/SxXcC = FAST/S * PHG - QUO-MCE
I8 SERVICE CALL ENABLE (MC»4) | IFENG = FAST/M:NMCOOO5Z. PH¢
MC # O =—> SUSTAIN PHASEG BRPHG = FAST/M - PHG NMCZE
(M, STH)«(MC=0) =3 BRANCH TO 9] BRPH9 = FAST/M-PHEM(Z- NSUO
FAsT 9 of 1)
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PuLL => A —>5 Sn = PR ,
PH + Cn - SXC (P): sPw1i
7 PusH = C —> 5 ADDR.
5 SPW! ADDR => S —>P PXS = FAST/A - PHY
L
SET CORE MEM ReEQ. S/MRQ/E = FAST/A - PHT
PH MB —C Cn = MBh - CXMB
3 c —=D DXC = FAST/A - PHS
ce =>A AX LT = FA%T/M-}PEH*-Pm/nmek-&(.
THL AXE = FAST/M. ( PRE3Z + PHI/F+PHY
FAST/C. = PRESET A+rD—>S S/SXAPD = FAST/C:(PRE3 -+ PHI/F+PHY)
PLM =3 PRESET D-A—=rS S/SXDMA = FUPLM - (PEE3+PHI/F+PHS)
PSwW = PrRESET D+ >3 S/SKDPl = FUPSW/(PREZ+PHI/F+FHP)
PLw = PRESET D-| —>S S/SXDML = FUPLW(PRE3TPHI/F+PHE)
FAST/A -—'-°/{5ET Sw g BRSWS = FAST/A- PHE
{ PRESET L > 5/5x%C = FAST/A: FHS8
FAST = SET TIHL TIWMING S/Tht = FAST. PH®
SPWO ADDR = P—1 —>P PDC3Y = FAST/A - PHE
FAST 1o of 1t
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PHASE/ FUNCTION PERFORMED SIGNALS [NVOLVED COMMENTS
PH B —>3 Sn = Bn.SxB
9 s b T PXSXB = NFAFL-NFAMDS - PHY
5/MRQ j2 = PXSXB
SeT CONDLTION (ODE
T5L FASTNABORT = FAST. PH?. NFASTABSRY
SW3.swe =3> ABORT SET (L3 S/CC3 = FAST: PH9: 3W3
swl- swS =3 ABORT seT el s/ccl = FAST.-PHY: 5wWI
SW2 (SPACE COUNT =0)=5>SET L2 §/cc2 = FASTNABERT. PHY. =w3
SW 4 (WORD COUNT =0 ) =2>SET CC 4 $/CC4 = FASTNABORT.PH?.SwW4
R/cc = FAST - PHY
ABOIRT  => PRESET D—»S s/SXxD = FASTABORT. PHY
PH NoRMAL EWDE
10
ABORT =>{CorgpecT CLZ §CC4 TESTS = FASTABSRT. ENDE
5/CC4 = FASTABBRT.ENDE. SIL3|Z <= TESTS. SI731%
S/CC2 = FASTABORT ENDE. 50)|52|«€=TESTS. ©0007%.S0€I5Z
CRuUSH S0 SGTZ = 1, FASTABERT ENDE
CRuSH Slé Sie = . FASTABORT, ENDE
CRUSH Soo Soo = I, FASTAB&RT. ENDE
FAST

133

iy of 1t




i3

PHASE[ FUNCTION PERFORMED SIGNALS INVOLVED " COMMENTS
| —
CoNTENT OF FREGISTERS W
AT THE END OF PREP NerT€
END L A MAPPING oR
PRER (4) : CowTrew Impce Aproréss ReAD PROTELT
(B) + Pres. ADDRESS MMC  INSTRACTION
Pre3 PRESETS /j/v DecoDED A
ser | —> LR3/ S/LR3I= FUMMC. PRES TLLEGAL
EAST MEMORY READ| S/AXRR= FUMMC. FRES INSTRULTION AND
preser A—>S S/SxA = FumMe. PRE3 Wit TRAP 70
X ‘4o’
PH A —>3 Sn = PRp
1 S —~»p PXS = FuMMC. PH1
S —>D Dxs = FUMMC. PHI
RRul —vA s/An = RRp. AXRR TRANSFER COUNT
AND CoNTROL START
SET Cere MeM REQuesT | S/MRQ/2 = FUMMC. PHI ¢ A
AnD DATA TCELFASE
PRESET A—>rs e/SxA = FuMMc. (PHI +PH3)
(A): RRul
PH A — § Sn = PRy, (P): ConTroL Imace Avd
2 § —>MCooo]] MCXS = FuMMC. PHZ2 o) " " "
3 —=>P PrS = FUMMC PHZ2
MB —= C Cn = MBp.. CXMB €) Memory Lock
CoNT RO = IMAGE
DR PRESET C—> S s/5xC= FuMHC . PH2
¢ —» S Sn = PEn .
PH S A AXS = FUMMC.PH?D (P): ConrreL Srarr
3 PrESET A —>S S/SXA = FUMMC. {PHI +PH3)
PRESET WRITE T8 LOLK S /1LeckwW = FUMMC, PHS
BRANCH T& PHG BRPHe = FUMMC, PH3
A—™>5S Sn = PRp
PH Sooo7 #>LoCK| S/lBekW = FuMMc.PH6.N(BC=1)
[A Piszo +1 —#>Pis520 | Puc20 = FUMMC. PHG
Bc - { #> BC BCLDC! = FUMMC.PHG
MCL—- | »> MC MCDCL = FUMMC PHGL.BLR
TeL ALiGN A LeFr 1 BYTE | AXALS = FUMMC.PHe NBC=1)
Preser A—> S S/SXA = FUMMCL.PHG
SusTaiIN  PHe BRPHe = FUMMC, PHG. N(ag:;)
LasT  PHe =>(BL=1)
UP Date Worp (T M Al AXMC = Fummc. PHe. (
- : (Be=t)
(Be=1{ Meroe | —r/LE/ S/LR31 = FUMMC. PHG . (BC=1)
Preser FM wWriTE S/RWKS = FUMMC, PHG, (Be=l)
MMC (¢F) lof 2



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH Pis2o—> S SXP = FUMMe PHT
7 A —>s Sn = PRp + Pp- SXFP
S A ARS = FuMMC, PHT Loap A
& —> gRul S/RRpy = S, . RWxXS AND RRul wirH
New StamT, Coupt]
FRESET WRITE T& FM s/Bw = FUMMC. PRT
Preser D+l — S S/SXDPl= FuMMCL. PR7
D+l —> 5 Sh = (Kn@® PRy ). 9xADD
PH S ——=D DS T FuMM . PHS
¥ S ——P PrS T FuMme, PHER
S —»RR S/RRn = Sp . RWKS
PrESET A —> S S/SXA T FUMMC. BEPHZ
PrReseT (ome Memory
REQIEST AMT DATA 6/MRQ = FUMMC. BRPH2
LELEASE
NOT{InTemruPT)  BRANCH BRPHZ = INST
OR Igsc) AND ¢ =7 TO BRPH2 = FUMMC, PH3, NMcz| ComminueD, ELSE
NoT Mc=0 PH 2 < N(INT + Igsc) INST. EXIT
PH B—»>S
9 S —+>=7P PASX B = NFAFL.NFAMDS. PH$
PRESET C(CoRE MeMory S/MRR/z= PASKE
REQUEST AND Darta Keo,
MNerMAaL EnDE ExcePT
PH \F FAMMO 22 Net POC2] = FUMML . PHio
10 Emnisd  Decgement P MMez (INT+185¢)
THis wiL EBetvkd To
FUMMe WRSTREUCT 6D
AFTER INTEZRUPT oOR
Tesc
MMe adza
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PHASE/ FUNCTION PERFORMED SIGNALS [NVOLVED COMMENTS
CONTENTS OF REGISTERY T s T T T o] l
Peei | Prey P3| Pri | PRE | Peez [pres | PHx| pHe | PH7|PHE [PHY [PH 10
PREP A‘T- THE END OF PEEP PP e EuRAMLE %4—Lﬁf”57 BENG ANL ENDE,
conel | T Ve ALz E/E ;!
(c): INSTRUCTION TO
(D) BE ANALIZED FAMILY SicNAL (ADDRESS ING)
(P): EFF. ADDR OF INST. FAIM : ALL IMMEDIATE INSTS,
®): PROG. ADDR. FABYTE: ALL BYTE INSTS.
FAHW ' ALL HALF WoEBD INSTS,
FAW 1 ALL WoRD ADDRESS INSTS.
FADW @ ALL DOUBLE WoRD INSTS,
Coto?r —» &)- = FUANLE - INST To BE ANALIZED
=7 ox¢ 2 - Pl IS LOADED INTD
PH INSTRUCTION REGISTER
1 — - . THE ANLZ FLIP FLOF
PrReser D—> S S/SxD = FUANLZ PH1 S ReQUIRED TO
TsL PreseT Di2/4-% /L.R/ S/LRXD = EXC MAINTAIN  ANALIZE
Preser RE —» A S/AXRR = FUANLE - PHI SEQUENCE.
SET ANLE FLIP- FLOP S/ANLE = FUANLZE - PHI
BRANCH TD PREL {S/PEEl = NCLEAR - FUANLE - PHI
NBE = N{FUANLZ. PH1)
ANLZ (44) | of &
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE D—=S Sn = PRn (P) : INST ADDR.
i S P PXS = NFAIM: PRE/I2
ANLZ SET INDEX FLIP FoP| S/IX = IND®: PREL
INDEX 3> < SET INDEX ALIGN SAIXAL = INDX.PRE['W NFAW
Dieig —» LR /LR283f Dizi# - LRXD
RR  —> A s/An = RRy - AXER @) : INDX
’t’;’f‘;ﬁ‘:{’_; = PrRESET A+D—>S S/ SXAPD= FAW+ PREI+ INDX - NCO
5L INpiRECTL, ser IA s/IA = Co - Prel
ADDE. SET CORE MeEM, REQ. s/Mza/a= Co- PRE1 - NFAIM NFAIM INHIBITS
s/CCi = NOt-(ANLZ-PRES) CORE FETCH DURING
+ NO3-NFAIM.(ANLZ-PRE3) | ANLE INST. THIS
PRE IS AN TLLEGAL INST
3 S/cc2 = FADW « (ANLZ -PRE3) How BVEE DUBING
SET CONDITION (oDE TO + FAHw . { ANLZ-PRE3) ANLZ , THE ILLEGAL
ANl ANALIZED INST  ADDR, CLASS TNST. TRAP 1S Dis~
[ = .
/s ANLE: TA ABLED , THER.EFORE
s/ Cc4 = FAIM- (ANLZ PRE3) THIS RERQUEST CAN
T8L R/CC = (ANLZ - PRE3) NOT BE ALLOWED.
BRAR =] = .
o To RS BRPHS ANLE - PrRES (LIVLCFT ) BEANCH To
SeT TiHL il;('ng = ANLZ - PRE3 PRE4 15 DPISABLED.
CLEAR & REGISTER. z= = n "
Pre]  INDEXING AND INDIRECT ADDRESS OPERATIONS : SE& FLEIHKATION
AEL: NFAW -NIA- T5L +T8L FAW » NIA — T8L
NFAW Ik — MEM, CYCLE +T¥L FAW: IA = MEM.OYILE + TEL
NFAW « NIX: TA= MeM OC+TSL
ANLZ 2 of 4
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 3.
Ipy | Deap Puase 1o ALow ADDER To BUS FUNCTIONS OCCUR DEPENDENT
5 FAMILY SIGNALS To DIE OuT, ON ANALIZED INST However werré 7o
CoRE orp FM IS INHIBLTED,
TIL
By P—»9 SxP = ANLZ - PHG
¢ CC1 =% S —» A AXS = CC1 ANLZ ‘- PHG
=NCC{ . .ANLZ -PHE DISPLACEMENT
NCCL = 5 —>2A AxSLI ALIGNMENT
T5L] NCel => P32+~ A3l A3IXP32 =NCCl- ANLE.PHG
preseT A —>S S/SXA = ANLZ - PHG
PH A—=S Sn = PRN
7 isyre*o S oA AGSLL = Nectobee ANLE, PHT| ) ool s
Az1kP33 = NCC{.NCC2,ANLZ. PH? ALIGNHMENT
TSLI apw™ = 5 —> JhA AXSRI = (C1-CC2 ANLZ-PH7
peeseT A—> S $/SXA = ANLZ . PH7
*
NFAIM =>PReSET FM WRITE S/RW = ANLE - PH7. N4, NOU| =BT onLy rF Tyee
OF INST WAS NoOT
IMMEDIATE ADDRESSING
» FAMILY BYTE ADDRESS OF TYPE
ANALYSED INST. FABYTE | ETC
HAS BeeEN CLEARED .BY OXZ
IN PRE3, ADDR GROUP HELD
IN CAND, C0DE SETTING
ANLZE 3 oF4
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 1S
o1 A—=5 Sn = PRn
8 NFAIM¥® = 5 > Rw | 5/RRp = S, Rw
T8L
PH
3 B—>3S-—>=P PXSxB = NFAFL«NFAMDS:PHY FETCH NEXT INST
SET CORE MEM. REQUEST S/MRQ/2 = PXSXB
51
E\; MorMAL ENDE SEE EMNDE <SEQUENCE
ENDH Zero —> ANz R/ANLE = (LeAR
DR
ANLE 4 of 4+
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE CONTENTS OF REGISTERS FAMILY SICNAL
AT THE END OF PREPARATION FABRANCH : BAL, BCS, BCR
BDR,BIR, EXU
(B): UPDATED PROG, ADDR.
NEXU =29 (P): errecTive ADDR,
FABRANCH =>>(A): RR
EXUW =3 (P):UPDATED PROG. ADDR. Px3 = FUEXU'PRE3Z - NANLZE MOVE PROG. ADPR BACK.
To P).
FABRANCH == SET MEM REQUEST S/MEQ/i = FABRANCH - PRE/IZ.NANLZ @)
BIR ——>PRESET A+l —=S §/SxAPL = FUBIR- PRE3
BDR ——> pRESET A-1 —>5 5/SXAMI = FUBDR - PRE3
2:’.‘-2 == PRESET FM WRITE S/RW = FUBAL: PRES -NANLZ
B0 + FUBIR - PREZ-NANLZE
+ FUBDR - PRE3- NANLE
EXU === BRANCH To ENDE BRPHIO = FUEXU . PRE3-NANLZ
BAL = PReseT B —>5 §/SXB = FUBAL - PRE3
"FABRANCH" : ExV (cv)) Bes (e9), BeR (az)) BIR (45), BDR ((,4')) BAL (cA) I ofF2
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
- BAL =B —>S Sn = By - OB BIR : BRANCH UNTIL NEG
BIR == A+l-—>5S RR = ZERO oE POS.
1 . A-] — S Sn =(kn® PRn) « SXADD BOR | BRANCH LWTIL POS
; RR = ZERD ORNEG
S +#> KR RRnh= Sn - Rw
FABRANCH = SET DATA RELEASE
Bes X ® S/DRQ/2 = FABRANCH: PH| @O TO ENDE FOR PROGRAM
orR BCS - (CCAR#O) BRANCH TO LooP (BRANCH),
BCR EupE BEPHIO = FUBCS-PHI. (R-CC)
T5L BLR: (KLAR=0) + FUBCR +PHI» N(R- L) GO TO PHY FOR PROGRAM
it BAL + EWBAL - PHL END LooP (No BRANCH)
BIR
. - * SPECIAL MELH, TO
BOR|  BIR:(s<O) —,5ET PHIO * S/PHio = FUBIR: PHL . NBRPHS AvOID LEVEL PILE UP
T  BDR: (9>0) ( ENDE) + PUBDR PHi-S6TE KILL NBR By '
| Bes: (cenr=0) NBR = 1. FABRANCH. PHI (FUBDR - Pt
BRANCH To
TaL| BCR: (CCAR#O)p => a BRPHY = FUBCS - PHi- N(R-cc)
BIR- (S 2 0) +FUBCR:PHL: (RrcCC)
- + FUBIR PHL- NSO
£
BDR:(540) =3 SE&T PHY S/PHT = FUBDR-PHI-NSGTZ
PH B—>S —s PASXB = NFAF NO BRANCH PLACE
= L+ NFAMDS - PH
9 P 7 PRrROG, ADBR INTO (P)
DR SET MEMORY ReQuesT S/MF(Q/2= PrexB AND REQUEST NexT
INST  IN“SEQUENCE,
PH NORMAL ENDE WITH ADDITIONAL REQUIREMENT REQUIRE Fol EXuU L/STED
EINOD INHIBIT P+l-% P PUCB! = NFUEXU PHIDHHRTNINT-NIOSC
ﬁ EXU =24 IF (INT+Sps5C)—P-1>A PDC3/ = FUEXU»(INT+I6S¢)rEND
PR
IEENABLE =2 ITHEN = I&SC Purd NIYINH
FABRANCH 2sF2




SET INTRAPY

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
frelim SeT TRAP S/TRAP = (S/TRAP)« JRESET
Set INTRAP S INTRAP = (§/1NTRrP) - NRESET

SHANTRAP = (S/1NTRAP)-NreESET
(S/nTRAPD) = (S/INTRAP)

SET INTRAPZ
IOHIB(T SeT FRE! PREIEN = N(S/TRAP) - N(s/1nTRAP)
cLEAR cLeak  =(8/inTRAP)
INTRAPY
wrears]  SET CenT (S/eeinNT) = 1OTRAPIINTRAP2 . DTRAP
SeT Dra Ni(s/>ra/fz) = T« INTRAPI- TRAP
BEP =D P+ B BXP = BRP-INTRAP)
Reser Bep (R/BRP) = INTRAPI
c—+5 D NDXC =L INTRAPZ EEDUNDANT TerRm
ReseT |NTRAPZ R/ZINTRAP2 = ©
cenR P PX = [NTRAPL LEPUNDANT Term
INT =5 INT, o+ Tayoa PrInT = NTRAP +(IRTRAPININTRAPR) | PXINT D EnTER AcTive To
irenpd <Lear P PX T INTRAPY INTERRUPT LoGiC
TRAP D TR, o> Rg-a PxTR = TRAP (WTRAPI: N INTRAP2)
SeT DrQ o(s/prafe) =T iNTRAPI: TRAP ReDUNDANT Team
SET mEQ AG/mrafz) = T*+ 10TRAPI-NINTRAPZ
SeT DRA (s/pea) = I «N(s/mra/z)
Resetr (e RfceinT = e
ReseT INTrRAPI (B/inTRAPY) =L * INTRAPZ
SET  luTraPz (S/inTRAP2) = (iuTRAPI- DINTRAPZ)
ARE
-+
R
MB—>C =D NDXcC =T wTRAP2
INTRANY & Nexe =B A(NINTRAP\ ¢ INTRAPZ)
+ R Rxc =T - N(VINTRAPI-INTRAP2)
Rx = T-N(0eTRAPI-INTRAPR)
SET Sxb N(s/sxD) = BN(INTRAP\- 1N TRAPZ)
ReseT INT (R/NT) =T +N(uUaTRAPI-INTRAPZ)
ReseT INTRAP2 R/INTRAPZ = o
set Prey N(s/ereEr) 2 Tw+ e INTRAPZ: NiNTRAPY
DR

INTRAP SEQUENCE
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PHAS[J FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
END CONTENTS or E&q/STERS
OF
PREP (A): Pswi AXPSW! = FAPSD'PRE3
(B) ¢ PRoG ADDR AXZ = FAPSD: PREZ
(P) = CURRENT PSw1 ADDR]
NTRAP>PRESET A —> S S/SXA = FAPSD- PRE 3. NTRAP
XPSD{TRAP =>PRESET A-1—-5 S/SXAM{ = FAPSD PRE3. TRAP
[ = SET (ORE Mem WEITE S/MBxS = FAPSD: PRE3- @7
BRANCH TO PH3 BRPH3 = FAPSD - PRE3.NC'7. NANLZ
LPSD =
SET CORE MEM. REQ. S/MRQ/2 = FAPSD - (PRE)34 +PHe)
P NTRAP A—> S Sn = PRn APsD:
i TRAP A-1—»53 + <PRh @ \(n). SXADD STORE CURRENT
P
e § —> MB MB n = Sp MBxs swi
XPSD=>>
CURRENT PSw2 ADDR.~» P PUC3I = FAPSD (PHI +PH3)
| CURRENT PSW2 —»3 A AXPSW2 = FAPSD.PHL
SET CORE MEM WRITE S/MPXS = FAPSD-PHL NoTE
PrESET A—>S S/5xA = FAPSD - PH{ TEAN T Tees
TRACLs —> TRs =/TR28 = FAPsD PHI. TRACLL =1 T o TRE
Y g 2 MB 3\% : spf nMaxs *#3D:
2 —— n = AR
SET Core MEMROY PEQ SMR&/2 = FAPSD: (PRE/34 +PH2) STORE CURRENT
DR MEXT PSWL ADDR —> P PUC3| = FAPSD: PH2 Psw2
“FAPSD" : LPsD (0E), XPSD (oF) \of 3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Mg —= C Cn = MBn- CXMB FETCH NEXT Powl
P: c-»>D DA C = FAPSD : PH3
FAPSD=»{ SET CORE MEM, REQUEST 5/MRQ/2 = FAPSD - PH3
NEXT Pow2 — P PUC3! = FAPSD . PH3
DR PRESET A+D —>S §/SXAPD = FAPSD- PH3
XPSD (IF TRAP-R29)=2> TRS - A AXTR = FAPSD-PH3- 7. R29-TRa -COAD A WITH TRs
. OR ZERSE
AXE = FAPSD:PH3
PH MB—>C Cn = MBn . (XMB FETCH NEXT Psw2
4 C—>D DXC = FAPSD: PH4
A+D —>5 Sn = <Kn ® Piin)‘ SXADPD
S = Powl PSWIXS = FAPSD - PH4 LOAD NEXT Pswli
S - X = FAPSD -
Sk P PXS ARSD - PH4 IE  XPSD - TRAP
XPSD =3 IF TRAP, TRAC- CC CCXTRACC = FAPSD: PH4 - 7 TRAF MERGE CC wirH TRACLS
[ SET MeM REQuEST S /MER/| = FAPSD: PH4
FAPSD === " PRESST D—>S S/SXD = FAPSD - PH&
LPSD - R30 =3 INTERLOCK CLOCK S/CEINT = FAPSD-PH4 . N&'T- R3O
wiTH ARE
FAPSD 2473
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
==
PH LoAD NExT Pswz Psw2xS = FAPSD: PHS
5 . PH5- .
L PsD = R30, LEVALT LEVACT = FAPSD:PH5-N&'7- R30
B31, LEVARM LEVARM = FAPSD - PH5 M&7- R30-R3Y|
(D — g sSn = PEn INTERRUPT INHIBITS
TSL FAPSD ‘1 S »>PS5wW2 Pew2 = FAPSD: PHS XPSD = MERGE CURRENT
SETTING WITH NEW
LPSD = LOAD NEW VALUES]
LPSD = RTERO —> INT INRIBITS staxs/i = PSwW2axs - N&7
RESET INTRAP (R/TNTRAP) = (R/TRAP)
FAPSD =~ 3 TRAP (YZ/T'RAP) = FAPSD + PHE
n TRACC (R/TRACL) = FAPSD: PHE
BRARNCH TO EMDE BRPHIO = FAPSD.PHS
PH NORMAL EWNDE
\0
DR
FA
PSD 3.3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Tee CONTENTS OF FReEGISTERS
(B) : ProGRAK ApDE.
PH R —+> TRAcc1, 2,374 sITRACc'=(Fi\<AL-PH|)-QTERP'AST‘AP"E;&
{ sfTRACL s(FacaL-PHI) - NTRAP-NSTRAP: [RX
T5L s/reau.s-.(mcauPn'ﬁ""m"f?'AST’MP.isc SeT CowpiTion CoDES
s/‘riALc’o=(Fnan-PHl)-AT&AP"~\57&P\P‘?“3\ Duging XPsSD
SET TRZ® S/TRZ8 =(racaw-pHl) - ATRAP-NSTRAP
MeooiFies Aooees
CALB or CAL4 => SeT TR30| 5/TR30 = (FACAL-PHI) - @& or I/usr . M_;o
cAL2 or (ALY =3 ser TE3/ | 5/TR3! = (FACAL-FH')'GT‘NSTgR?'WM o By xPsp
SET  TRA = .
P CS/TMP) = (FAcAL P"“) PrOCess To INresP SEQ.
SEE INTRAP SEQUENCE
INTEAH

n FA H :
CAL": CALY (04)) cALa (05) CAL3 (o6), cAL4 (a7)
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
L.
END LONTENTS OF Fe, . .T2ES
oF
PREF (P) : TRoOG. ADDR,
(B) © EFFECTIVE ADDR,
wp — (A) : RR BlL192 == INTERNAL MODE
NRE=>>PRESET A —»=§ S/SxA = FARWD. (PRE/34 +PH2).NRZ
RD == ClE4R /4 AXRRINH = FARWD . &bc. PRE3
PHl wp « A S Sn = PRn
1 N{mm;;} === S —*> Dozl DISXS = FARWD - PHL. @D NBILISZ
MoDe
5L B = Dré&3247 DI&XB = FARWD - PHI
NRE —3> PRESET A—> S S/SXA = FARWD(PHI+ PH3) NRZ
'KSS > CC CCXRWD = FARWD., PH!L + Blelq2
INTERNAL  —= < INTERRUFT INH INHAWD = CEXRWD - &LD + B26
rove WRITE DiRECT WD INT = CCXRWD: &LD - B25
wD SET WRITE LINE S/DIB’WD = FARWD - PHL . &LD
S/CIF = INHXWD: B29 - B27
cer R/CIF = INHXWD. B29
WD-(INTENALMODE)-BZ'[::; INTERRUPT S/IT = INWXWD- B30 - B27
CONT INRIBITS R/11 = [NHXWD. B30
NEXT S/El = INHXWD. B3I - B27
PrGE °/Er = INHXWD: B2
"FARWD": RD(tc), WD (4D) bofs
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
ReAD SENSE SwiITCHES S/cct = CCXRWD.KkSs
INTEENAL MoDE sS/ccz = CCXRWD.KSS?2
s/cc3 = CCX RWD.kSs3
s/cc¢ T CCXRWD.Kss4
R/CC = CCXRWD
ALARM  CONTROL 5/ALARM = WDINT. B3i
R/ALARM = WDINT. + Reser
Aubto  ToGGLE S/Music = WDINT.B30.NMusSIC
R/Music = WDINT. B30
AuDI® = Music. NALARM
+ ALARM, KRUN. (K¢
Reap AnD RESET Memomy RDXMFI = cCxRwWD , 8LC, Be7
FAULT IND/ICATOES
MEL0-7 +> Azsz/ AXPARITY= RDXMFI
ZERS  —r> Aoozd
gerks —» MRI MFER = EBDxMFI-NRZ
+ RESET
INTERNAL MoDE = BRFHE BEPHE = FARWD. PHI . §/¢/53
FARWD a2.fs
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
- A—>5S Sh = PRn
e EWDM = Sz > DAT (3] DAT, = Sp -+ EWDM
WD -INTERRUT CONTROL =3 EwDM EWwpM = NBi6-NBI7-NBI2-BI3-DIOWD
T5L PRESET A —»35 S/SKA = FARWD-(PRE/34 +PHZ)-NRZ
A —=S Shn = PRn
PH
3 EWDM —=» S| 3 >DPATW31| DATn = Sp:EWDM
PRESET A— S S/SXA = FARWD:(PHL+ PH3) - NRZ
T5L DeceeEMENT MC MCDC7 = FARwD -PH3
BRANCH To PHb BRPrHGe = FARWD - PH3
sSer FUNCTION STROBY 3S/DIeFs= FARWD. PH3
¢+ NoTZ = SE£ SHEET 5
. A —>5 Sn = PRn " FoR  PHASE G
Pé _ Stz 72Tl DATR = Sh ¢ EwDM LEemT oL,
s A
PRESET A —> S S/SXA= FARWD . PHL - NDISEXIT » NRZ
T5( I® ENABLE I&ENG = FARWD PHG - NEWDM. NDIGEX /T NMCOOOS 2
DIGEXIT = CLEAR DIewDd R/PISWD = DISEXIT
NDIZEXIT =2 SUSTAIN PHG BRPHG = FARWD- PHG-NDIOEXIT
FsA =5 eNABL& DI&IND DIGIND = FSA.DIOT3.NDISTZ |= DIexDle
DIo > Drories) = .
DIEIND == DLes! = CC3 5/CC5 = DIPIND. DI®SS
DIrosz»» cCd s/cc4 = DI¥IND . PIyr52
FARWD 3of 8
PHASy FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH DI& ~» A AXDI® = FARWD - PHY
7 PRESET A —> S S/SXA = FARWD ' PH7
TeU RD =% SET FM WRITE S/ RW = FARWD: PH7. 8LC - NRZ
B ——
PH A > >n = PRn
8 ED: Ngg=> 5 === RR. s/RRp = Sn - Rw
TEL BRANCH To PHlio BRPHIO = FARWD - PH®
NEXT INST =3 SET MeM R S/MEQ/| = FARWD .PH®
PH NormaL ENDE
1o
T34
FARWD 4 & 3

143




DIRECT I/8 CoNTROL Logic

PHASE .2 13 6 |6 | 6 S A ¢ 7
pata/apor [ | i ‘
Fs R — i
TEEN ] ; ; ! — . |
TeAcT , = — T
FSA . : L 3
preTi - T 1 5
NDI&T3 ' !

DISIND ' | L
DIGEXIT ‘ ‘

|

DIgIND
m | brer:
—DIeTI
NDIOTE3
R o DIeexiT
.
(W S i
I |preTe
NI&ACT R o—l
DIFIND
) — ‘
S
GPU tloek DIoTE

. R o_—,

FARWD 54f 5
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FUNCTION PERFORMED

PHASE/

SIGNALS INVOLVED

COMMENTS

COBNTENTS OF REGQISTERS

INSTRUCTION FAMILY SICNALD

PREP| AT THE END OF PREPARATION
FAIC®: SI¢, TIC, TDV, HI&, AIG
(B): PROG., ADDR FAI&/1:ST®, TIC, TDV, HI&
(D)é (P): 1&PADDR
sie = (A): R[o] {sT CMD ADDR
EVENTS TDuURING PREF
Pem B BXP/i = BRP-PREL
D—3 Sn = PRn
NINDX == S > P PXS = NFALM: PREY
MB —>C
n = {
e=>D DX& = IA-PRE2
INDX A+D —»3 S/SXAPD = FAw.PRE{. INDX.NCO + IA-[Ix. PREZ
S »»D Dxs = FAlo- PrRe/i2
S P PXS = PRE2
si16 = {O — /LR/ LRXZ = FUSI&. PRE3
R (o] »= A S/AXRR = PRE/|2
0000000000000000 COMMAND  Dw. AD!
6 ' 5 T % % w4 =@ 3
Worp w R (0]
‘FATO": SIO(4c), HIO (4F) TIa(4D), TDV(4E) AlE (CE) | of 15
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
FUNCTION LINES To MIOP:
ATe SIG TI@ TDV HIY
PH| @2 —jrco/ 1 © o o ol /FNCoG/ = BCD* B.o2
1 &6 —»/enet/ 4 o o 1 L JFNCIC/ = BLD %X B.CG
&7—>=FnNce/ © 0 4 0 | JFNC2¢/ = BCLD*% B o7
FUNCTION LINES T® IIOP
Fusre —> /sre/ /ST0/ = BLD* B FUsIc, (NIscoy. NPHIO)
NGe.87 —» /[ TI18/ /TI®/ = BCD# B. NOG.O7 (NIedoN.NPHIO)
NE2. 86.N67 —> /TDV/ /TDV/ = BCDX B.N&2.66.No7. |(NI&coN. NPHIO)
&%6.07 —> [/ HIE/ /HI®/ = BLD* B.0G.O7. (NI&CON. NPHIO)
FUAI® — [AIG/ /AIG/ = PBCD¥ B, FUALY. (NICCON. NPHLD)
SET TeP ADDR LINES
P2, —> SW5 —/1PA0/| S/SW5 = (FAI&. PHI). P2l Sw FLiP /FLoPsS
/I&PAOC/ = BCD* B. SWS HeLp IoP ADDR.
Pez —+ sSwé —>/1ePaL/| s/swe = (FALe. PHI). Pze LINES UNTIL
/IOPAIC/ = BLD¥ B, swe INST. COMPLETED,
P23 »+ sw3 —>/I6PA2/| s/sw3 = (FALS. PHE). P23
/IGPAZL/ = BCOXB.SW3
NSIs => CLEAR A AXE = FAle. PH1. NFUSIy
PRESET = D—> 5 S/SXD = (FA1O-PHI) ALIGN Devicé ADDR,
Device ADDR Dz43) 7 Dosoy] DADRS = (FAIS PHY)
PX = (FAZ&.PHU C&RE ADDR. FER MIAP
XK'20" —» P /P26 = (eArs. p,“) TRANSFER DeuvsLeword

FAly
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
D—=35 Sn PRA Device ADDR.TO Aooo7
PH 50007 Aot AXS/O = AXS/Z
2 AxS/e = (FAI&. PH2)
R0 = sSer Ao? (s/A?) = (FAIC. PHE)., NRZ GENERATE R FOR
R 15 EyEN=>SET Acs 's/A8) = (FAT®.PH2). NRZ. NR3{ TrANSFER TO X'20°
CLEAR Aogis Az /1 = (FALO. PH2)
MTEP
—— SET .
NeT Al& PRchae WRITE S/MBXS = FAID/L.PHZ. N(zoreP. IgADD)
S/MRQ = S/MBXS
S/DRQ = S/MBXS
PRESET A— S s/SxA = (FAI&. PH2)
CLEAR CC1 AND Cc2 R/cct = (FatepHz)
R/cca2 = (FATO. PHE)
PROCEED LOW =5 SET SWO s/swo = (FAL@.PHZ). NPR
INTEGRAL IeP ADDR IGPADD = NSW3.N3SW5.NSW6
IGAXST = FAlD, PHZ
FAL® 3oF 1S
PHASE/ FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
PH A —=S5 Sh PRp
3 MwP}'—‘*’ S — MB MBR = Sn - MBxS WRITE CoMH To CORE
NATe s D DxS = (FALE. PH3) X'20' For MI&P &NLY
Devl ’ onran
Rovn” [ o000 oonre o, oo
o CH I T T ST R
Device ADDR. =3 A ——> IL@FR I&FRXA = FAIO, PH3-B DEVICE ADDR. TO
A -~ I1&DA I0DAXA = (FALS. PH3) DeVICE SUBCENTROLLER
NAIG, R => P+i > P Pucal = (FAI®/i.FH3), R31 Core ADDR= X ‘21’
PROCEED LOW =2 SET 5wWO S/swo = (FAI&. PHB), NPR
NSW©O = BRBRPH3 BRPH3 = FAI®. PH3. Nswo WAIT FO@R PRoCEED T&
o Lew
SWO —7 SeT ConTRoL STRovq S/ISCONST= (FAIL. PH3). SWo
FAIS
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INTEGRAL IOP FAST MEMORY ( D.C. CHANNEL)
CONTENT Reap weire werp Ao
PRESET | PRESET |I6FM |1oFR8 |1&FRY
STATUS , BYTE ADDRESS
BITS 0715 BITS (5 TS 3t S/AxRR/Z| S/Rw/z| 1 0 0
FLAGS , BYTE ADDE, BYTE COUNT ;
BiTS OTHT BITS8ET  BITS 167E 3 S/mRR/3| s/RW/3| 1 0 1
BYTE COUNT (BWLY) N |
BITS 6 T& 3¢ 5/"""'22/6 DENE 1 0 1
MersT AXRR/4| S/RW,
SIGNIFICANT =3 C;M:s“”p DBWO, APDR. | &/ /4 /R4 1 1 0
BYTE 1 24 T&® 31
L:nzsnrl-FchNn? COMMAND DBW ADDR 5/%%%/4 < f:l K { 1 {
ByTe BITS 24 T8 31 | 5/AMRR/3| S/AKRR/3
STATUS BITS FLAGS
BIT O READ BALKWERD BT 9 TRAN M. DATA ERR&R BIT @  DATA CHAIN
BIT L CHAINING MODIFIER BIT 10 TRANSM, MEM. ERROR BIT 1 INT AT O ByTE CT.
BIT 2 ZERS BYTE (OUNT INT, BIT ti MEM&RY ADDR, ERR&R. BIT 2 COMMAND CHAIN
BIT 3 CHANNEL END INT BITIZ  I&P MEMBRY ERROR BIT 3 INT AT CHAN. END
BIT 4  UNUSUAL END INT BITI3  IOP CONTROL ERROR BIT 4  HALT SN TRANS, ERR.
BT 8 INCeRRECT LENGTH BIT 14 IeP HALT BIT &  INT UNUSUAL END
BIT 6  SUPPRESS INCR.LENCTH
BIT7 SKIP
DEVICE ConNTROLLER ApDRESS Decope
MULTIUNIT DEVICE CONTROLLER SINGLE DEviICE CONTROLLER
IEFRO =1 T&FR I&FRO=0O
\31234547 ~ O I 2 3 ¢ £ 4 7
T T T
ILilDC. | Device | ] i’-m lZ(D'C,/'Dlsvllce:-' ]
LICKh = IEFRp  WHERE n= 3-7 , P=1=7 AS PER TABLE BELOW
CHANNEL,
SELECT IeFRO =1 I&FRO =0
SELECT LI83 = 0 IGFRrR3 STANDARD
ONE oF ;,Cfm’f ens,  L/IABL= NLI®S. NLIE4
4 GREUPS LIYG = le] I&FR 4 2
SeLecr | Lzes = | reFm/ reFRS FPTIBNAL L/IO2BL= NLIOS. LIO
ONE QR CHANNELS L/I&3Bis LI&D . NLIGY
ElGHT Lot = IoFR 2 IoFRG (EIGHT EACH) L/L&4Bl: LIS3 LICY
CHANNEL &7 = (=4
s =17 LoFRS I&FRT * EQUATIENS NOT (&MPLETE
PRESET FLIP FL&PS
IOFM I¥FEMB AXRR
S/I&FM = S/AXRR/2 S/IBFM8 = S/AXRR/4 S/AXRR = S/AXRR/2
+ S/AXRR/3 + S/RW/4 + S/AXRR/3
+ S/AXRR/4
+ S/AXRR/ 6 IoFMY Rw
+ S/RwW/2 S/16'FM% = 8 /AXRR/3 S/RW = s/RW/2
+ S/Rw/3 + S/ AXRR/G + S/RW/ 3
t S/ Rw/4 + 5/ Rw/3 + S/ RwW/4
BYTE DRIVER L&GIC
NCROSSE NRW-1
N(AXRR .NAXRRINH) ﬁ,__l>®_ AKRR /O RW‘:‘:I >@__._ __,:I: Rwxs/o
LOF—> A nmBocRy [ |
( :I>®__KWX$/I
N(FUMSP. PHI/E) _DS' AXRR/L | ol NMBICRO
% :D@—KWXS/Z
@wm — AXRR/i2 :D@, AXBR/2 ¢ NMB2CRE
W7£ " Iy
Swe i 9 Rwxs/3
IeFRS:_I>9__£l>_A’£Z/_'3:-I>@— AcRE/3 | | Nmescrer —m—
R
NRw N(I#FR8. NRW) S—> RR

FALY
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PHASE/ FUNCTION PERFORMED S{GNALS INVOLVED COMMENTS
PH IoceoNsT —> /JCNnsTC/ /CNSTC/ = BcD¥ B,IOCONST CONTROL STRIBE
T = T :
4 CNST —> INTEZGRAL ISP CNS I&rconsT. IOPSP NIOPEX v IBF(s)
+ /CNST/. I6PEP. IOPEX (ToPEX = MIOF CABLE)
NI&PADD } IIgP PASS CNSTT = FAlg/L.NIDPADD. CNST
AIS, NISIR CNST &N + FUALS. NISIR. CNST NeT INTEGEAL
I&7 ADDR, AND NoO
TNTEGRAL 16P PROCEED PRI = cNsTI. (LAsT IeF] ) Irep INT. PenpiNG
c AIO. I&IR IIeP s/swe = FAI®/L. PH4, IBPADD. CNST] INTEGRAL I&P ADDR,
NST =% PR&CEED
IBPADD + FUALGS. PH4. I&TR, CNST OR INT. PENDNNG
WAIT FGR PR&CEED = BRPH4 BRPH4 = FAI&, PH4. SWO.Nsw2
MI®P ADDRESSED
PH PRerceeD —>RESET SWO R/swo = FAI&. PH4, PR NSWO = MI&FP PROCEED
4
CLEAR —#%» IocaNsT R/IGCONST= FALS. PH4. NSwoO
(M10P}  conDi,2 —> CCI, Lc2 s/ccl = FAIC. PH4, NSwo, ConNDe
S/cc2 = FALS, PH4, NSWO.COND2
NRZ == ReAD (oRE€ S/ MRQ/2 = FAIS.PH4. NSWO.NR2
ser MRR § DR
RZ = BRPHI BRPHG = FALS PH4, NSWO.RE N& REG. STATUS ReqD.
FAle G of V5
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
INTEGRAL I&P ADDRESSED 1&6PADD = NSw3.NSw5.NSwe (swo =swe=1)=>1II0P
PH (seconn Crock) Durine SgcenD PH4
4 SET FUNCTIGN S/I&FS = FAIS. PH4 . 5wz swz 15 RESET
STREBE
preseT [ToFM(00)] —= A S/AXRR/2= FAIE. PHé . SW2 FeAD PREVIOUS STATUS
5/I8FM = S/AXRR/2 AND BYTe ADDRESS
START SEQUENLE =wW&-/5 BRSWS = FAIt. FH4 . SWE
Pecer Sw2 R/swez = FALG. PHE swe
MIGP ADDRESSED Newo === MIop
PH
5 MB —o C Cn = MB,. CXMB } ReveN X '2o'—>» D
¢ —>D Dxc = FAI®.PH5, NSwoO Repp =x'21" =D
[1gFM (00)] —> A s/An = RRp+ AXRR
NALE-NR3L =2P+1i —> P Pucal = FAI&/i, PHS.NSwo NR3L Incuement P IF R Eved
SET CeRE READ , DRQ DELAYED S/MRR /3 = FAIS/L PHE Mews, NR3Y RWeap A'21 IF R evel
; S/SXD = FAI&, PHS, NSWO.R3
SET D—>
R34, b= PRE D s + FUAIL@.PH5 NSwWe
AIC PRESET 5 —= FM s/Rw = FAIGAPH5.NSWo, R31 ALE =X 20" conThinNs
+ FUATO.PH3.Newo CsTATUS, T& APUR]
MI&P APDRESCED GO To PHG S/PH@ = PHE.NER. NIoEN
F
ALO T of 15
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PHASE/

FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PH
5

SWE
NSw?7

INTEGRAL I8P ADDRESsSED

NSWT7 =3 SUSTAIN Sw®

SV [F3L) == ser swy

NAIG =3 PRESET [FM (o)) —= A

CLEAR IoDA
preset [FM(oo)] —A

Al =%

BRSW8 = FAIZ PHS Swg. Nsw7

S/SWT = FAIS.PH5. sws NSwT, FSL
+ FAIS PH5.SW5,NSW7, AvE
S/AXRR/. = FAIG/L. PHS, SW8.NSW?

IZDAX = FUALZ. PHS5 sw 8. NSw7
S/AXRR/z = FUAI®. PH5. sw&

WAIT FoR Device
\CONTROLLER 'R&s‘?dusf

D.c. ResPoNse RecEivel
FSL =% fiierion
STROBE ACKNoWLEDGE]
AV == FuneTion oM
ACLEPTED

PH

SW8
SW7

NAIE =s[FM(ot)] — Ateat
Ale = [FM(o0)] —> A

Swq =% SeT LodoiTied CobE&

RESET sSwWwT
SI6 = (CLEAR OLD STATuUS

/;z/ -+ I&FR
Al =
PrESET A —> S

PRESET [FM(00)] —= A

S/An RRy,. AXRR /6

S/AV) = KRn . AXRKE

AXRE/. = FALS/). PH5.5We SwW7

S/ Cc| = FALG. PH5. SWg. sw7, NDoR]
5/¢ccz = FALS PHs. sWg.SWT.NIOR
R/SW7 = FA1E&. PH5,SWE, sy
SI6SP/i = FusI®. PH5. Swe. sw7
S/Rw/z = SIe@SP/L,DOR. I&R

IL&FRXFR=(FUALE. PS. 8,7)
IcFRX = (FUALB. PS, €.7)
S/SXA = (FUAIS. P5.8.7)

NALE = ByTE & —» Ay

ALG = STATUS —» A
(Feom Inm. Acxnd DEVICE)

S/AXRR/2= FUALlE. PHS. SWE

FATo

8 of I35

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
VALID START => VALST YALST = FUSI&. NCCl. Ncea
PH| VALST =% ZEREe —»S > I0FMpY| RRp = Sh. BRwW CLEAR LT STATUS
5 § NAI& => FR > Aooco7 S/An = FRn.AXFR
Sw9 AXFR = FAT®/|. PH5 . Sw¢
Al =% A —>=S Sn = PRn
PRESET A-—S S/SXA = FAI& PHS, sw9
Ale  =>[1oFM00)] —% A s/ An = RRp. AXRR ALE = sTATUS —> A
NATG =>4 PRESET Rul — /iR s/Lr3l = FALE/I. PHS. SW9 STATUS T& Rul
PRESET WRTe T& Rul | 2/Rw = FAI&/1, PHE SW9.\RZ
AlE = PRESET WRite T& [IoFH(00)| S/ RW/2 = FUAI&. PHS. SW9
RZ}__—? BRAMCH T& SW I3 BRSWI3 = FALy/i. PH5 SW9. RZ
AVEO + FAIS. PHS. SW9, AVS
Falo 9 oF 15
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
;
PH A —=9S Sn PRn LeaD I& STATUS
5 j S — Rul Rwn = Sn. BWXS Bur INHIBIT SI5
SW] NATO =< 2ZERE ——> RwI5| RwiS = S5, RWxS/!. RWISXZ] wHicy miDicaTes
10 L NRWXZ = FAle/l. PH5. SWi0 A BUSy seLecTorIOP
( s—/-b-[rarm(oo)] RwWn = 3n. RWXS AIE sSTATUS FETuRNE]
Aler ==~ Go srarus | RW3 = Sg RWXS. (FUis. #4S, swio)| WirH INTERRUPT
ESRey InTERRUPT BEw<4 = 34, " . ! STATUS BITS
BITS Rws=3S5 " . " CLEARED
r I&FR ——> Aooo7 AXFR = FUAI&, PHS. SWI0 Tevice ADUR — A
Al = {I&P STATUS »»Aogs IeAxsT = TI&INST
ISINST = FuALe, PHS. swio. (A +|As + Ay+ NIBFRO)
CLEAR T¢& BYrel AZ/! = FUAI®. PH5. Swio
NAIE? PRESET L‘rampo)] —A S/AXRR/4 =FAIE/1 . PHS. Sw 0. NR3!
NR31
NA& 13 =FALo/L. PH5. swio R#| epp R Fiewo
R3| P=>BRAMCH T& SWi3 BRSWI3 %% : ,
ONE STATUS WoLD
EeQuir gD
FALO™ 10oF 15
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH ferm(io)] — A s/An = RRp . AXER/2 Fei> MSB OF CDW
5 | NAr = ADDEESS Te A2434
sw Preser [TorM(i)] A | S/AXRR/4 = FAIS/\. PH5. swit
i1 S/AKRR/6 = FAT&/1. PHS. SwWiI
Ale = Apcog = Azsz AXAR24 = FuAle. PHS. Sw TRANS FER DevicE
ADDR, To By 3 oF A
LeAD MSB oF CPW
NAT& Azyz) = Arszs AXALB = FAIY/I. PHS. swi2 ADpRESS TO Al623
PH IoFM (1) Azyz/ S/An = RRy - AXRR/3 AND READ (S8 oF
5 Cow 7& ByreZ oF A
sw pPreser A—%S s/SxA = FAIG. PH5. swi2
12 Preser wrRiTE 1o K S/RW = FAILPH5 Swi2, NRZ
DA —> s SX DA = FUAIE PHS. W12 BEAD LUEWicE STATUS
Ale = S —> Aoco7| AXS/z = FuAr# PHS swi2 To BYrE © o5 A
A2 = seT Cc2 S/Cc2 = FUAI&.PHS. SWiZ. Aig
QLT INDICATES
STATUS —> A _
N N UNUSUAL INTEEREUPT )
SIT =» [ooooooooooooooao CURRENT CDW. ADD,
° "4' }1 :/Z 72 o4 J'zy 3/
ALy == STATUS Iooooor,fd De/oev.
o gtz & te a7 &g 3
FAle [R5 RT
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PHASP/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
A —> g Sn = PRn STATWUS ——><E)
PH S -=» RR RWp, = Sn. RwxS
)
=Y DReP  FuNCTIeN STReEBE| R/ISFS = FAIS. PH5 Swi3 DISCoNNELT
i3 DPREP LoNNELT STREBE R/ IGCONST= FALS. PHS . SwWi3 Device CoNTROUER
yALsT{PRESET D-1-—+5 S/SX DML =FAIZ. PHE. SWI3, VausT | TF SI& VAUD START
(Zprzesg-r S —>[oFu (10)] S/RW/4 =FAI&S PHSSWI3 VALST | SToRE New CDW. ADDR]
NVALST = BRANCH T&’ PHY BRPHY = FATS, PHE . SWO0, SWi3. NVALST] NVALST ALSc NcLuDE
ALl FAI® ExcePT
sSI&
SI&. VALST ONLY
PH D-1 —=S Sh = (Kn @® PRn). SXADD
5 Stazz—>[Terulo)] | =®wy, = S, . RWXS/2 MSB Neéw Cow
sw SeE ExXPLAATION oF ISFM ADDEESSING &N P APDR TE& roFM 40
14
S > A AxS = FAI®. PHS. Sw)4
IIGP =-BRANCH T& PHQ BRPHY = FAL&. PH5. SWO. SW 4
FALG 12 oF 15
PHASF/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
MIEP ADDRESSED Mre srary
PRI ®Re [ D—>S Sn = PRn F s R
6 1334 S -—»» RR Rwn = Spn. Rwxs
S e D Dxs = FAI&/|. PHG. NR3i
SET DRQ DELAYED S/DRQ = MgaPi
K eved Aciga
DewN ALIGN D DXDR8 = FALE. PHG oW ADPDRESS
R3!
DeQ + =3» BRANCH T& PHY BRPHY = FAI® PHo . NSwo. p3) R oDp ok AI&
ATer + FUALE. FATS. PHG BRANCH Te PHT
Mg —s C Cn = MBn . CxMB
Pu
7 Down ALIGN D DPXDRE = FAL& . PHT
CLEAR Too/5 NDXDRE/0, /L = FAIS. PHT
PrESET D—> S TSR D = EAIL& , PHT
FRESET WRITE T& FM | 3/kw = PAle. PH7Y
7H D —» S Sn = PRp
g S —>kR Rwn = Sn. RWxs [xz0'] — ®
C —=D X = FAls PHY a1l — D
AT 13 of 15

|
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
MI&P ADPRESSED
ZH
q NALIC, R EveN =% I&PBRY I&®RY = FAIO/I.PHY. NR3) NRZ | R even
pPRESET DS STATUS —> Bul
T&BRY ?{PRESE_‘_ S — Rul s/5AD = I&BRI. NSwo
U s/rw = ISBRY. NSWO
s/ LR3| = FAIZ. PHI. NSWO
INTEGRAL &P ADDRESSED
UP ALIGN LSB cDw ADDR,| AXAL8 = FAL®. PHY. SWO
VALST{?KeséT‘ A —r S 5/5><A = FAIMS PHY.SWO. VALST PRESETS TO STORE
preser s — [LoFH(I]] S/Rw4 = FAIE.PHA.SWo. VALST | L@ CPow ADDR.
s/ RwW?2 = FALS PHI. SwWo. VALST
EiTHER 16&P
B —>S sSxB = PRSAB FeTer NExXT
S -+ P Px S = PASxB INSTRUCTION
MRQ/T = PrSXB
DEQ
FAIO 14 of 15
PHASE/7 FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
MI&P ADDRESSED
PH P
1o (D—>5 Sn = PRn
Reven i?l S —>TRul RwWp = Sy, o RWXS
EnlD
INTEGRAL I&P ADDRESS
A —>S = = PRn
VALST gﬁm(”ﬂ BRWn = Sy, - RWXS/T
sge NormaL END
FALS 1S oF 15




MULTIPLY = jehﬂa‘ Sequence oF evenls

M T

D put mu\t\.ﬁ“ccmzl. in ¢ (anr\ib :r\s(in}‘{\\'mnti)/) . (edtend sign T m1)
2) pul multiplier in B (via A)
3)'ntemTe) ;\eo.r'mq A and Boool on e First clock of PHE
(double lenath Fl’;rloc.t 's Formed in AEB) ‘
4) sel ceaz ' all bits in A¥are #+ Bo
5) slore A¥ ' R (ref\o.ccx{ E)/ B later f R crU)
@) slore B 'n Ry

MH
7Y Pt multiplicand ne (and D msignificantly) | vpward-aligned | hence cieat =0, _
a) Fu‘t mu?t'\}aner W B (e A) with 0’s n Boelis (B1C3] confaing The 16 bit mu‘t‘lfhu')
3) 'lte_rate) ciear\nﬁ A (ch Boooj ) on The firsl clock c? PH&

(sinsfe length Fl’c(\uc-t te formed in A)
4) shore A¥ n Ryl

(rele: The reference manval considers (R) To be The multiplicand , Though “fhe hardware uses (R) as
e muft{]a\fer. Obv;ous\y The. Frac\uc't s unafFected \D\'/ This cortradiction in nomench‘tum.)

x : wil be A-D in cerffain cases where mu\t{rlnér is n:'saj:l'\ib,

Reqisfer organizalion during MULTIPLY Lerdlions:

| 1 ]
el < 3t
m/ /L& L Q-I‘?D) X2 »~»D
|
33o] ] D B! S/(A+D-S, A-D—=S, A->35) —:
Mmoo \i&gl\
o] fzf] A 3ol B Bk
[ N
Y xa xa X (x0) ii i
;" ololo
(s/Bc31) 2?$
o\ |1
iolo
Lot
1ii{o
Lo
MULTIPLY

20|



PRE3 | RR —» A, 8 » MC

B—s P (docin't c\mhje P3z)
MB - c »D, S/5xA
s/R3)

PR3 A—S-»B

right cyc‘cb ane \>f£&
P32 > < .
kil Doeis - dIe23

l

P4 {NP32 = 0's +» D3I

fn‘aiwt :Yr.'le D one ‘bytc
P32 3 N -
kill Dowis - DiL23
O’s #» BogIS | s/sxD, s/cxs

PR [_‘\) - 5 s C  (vp- a\\'ﬁnet} HW ) |

PHéG 1sC c\ock (MC = 8)
0’s — S, 8% Y/arr A B0OOI
(a‘so rcﬂu\ar MIT ‘Fun:‘ticns)

PHG Znd - 7% clocks (Me=7-2)
(r“l”‘“ MIT Functions)

PHG | 81 clock (Mc=1)
B30 —» B303| (sian pad)
(n.‘ se rasuiar MLT Functl'ons)

PHG | 9Th clock (mec =0)
s/Rw

(also rrau]m‘ MIT forclions)

PHIO| A-D — & ('F(x'e,r Sfﬂn and B3|
or A — S

on Frevfeus clock)
S —+» RWy! (Rl is an)
TESTS

MH @ EHW % RIL3l > Rl

“FumH "

PREZ | RRv| -= A, L+ Me, Rjeca

Mw B—S»FP
> MB 2 €+ D s/sxA

MI = (leave c m} D o.]one)

F’RE4~| sign pad c and D, S/sxA

-

PH3 |A > S - B

Pre | 1sh clock (Me=1)
0’s — S, S%/a = A Boool

(alse rcgu\a.r MIT funcbions)

PHG | 2nd - 1St clocks (Mc=15-2)
(reqular M1T functions)

Phe [16TF clock (Mc=1)
B30 «» B303) (slljh Fa.é.)
(O.ISO resu\wf- MIT Foncliong)

!

PHG [17Th elock (Mc=0)
s/RW
(also r‘e,sulo-l' MAT functions)

PH7 | A-D—>s }(’F(icr sign and Bc3i

or Ao S on yrev'\ous elo r,k)
S »» RW (m.s.w)
S »> A

TESTS (l‘h:\u‘;\lncs B)) S/T&L_)
NBo =» s/SXA
BO = s/stA

PHY | s/cca T s#0 «(magmivde)
S/RW, s/LR3\; s/5%xB

PHlo

B — S - RWvI (sw)

MW @ EW x Ru) - R,Rvl
MT @ I_x Ryl - R Ry
SE

YEAMULNH"

MULTIPLY




PHAS[-/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
Fomﬂ\/ siﬁna.\s :
EUMB (MR = OUS. &7 (EHW x RIG3L > RA1)
FAMULNH (MW, M1) = 6U3.6L7 + OUR.6L3 (EW X (Ru1) = R Ru1)
FAMUL (MH, MW, M1) = FAMULNH + FUMM
FAMDS (MH, AW, MI DW,Dh, s, SF) = FAMULNH + FUMH + ---
Pres| B—> S SxB s/sxB = PRE/iz
S+ P T MW or MH PXS = FAMDS.PRES3. NANLZ, K NFALIM
RRvi A T NMH moltie)ier AXRR s/AXRR = PRE/I2
Ielie
RR —s A T MH T LR3| §/LR31 = PRE/i2. (8/LR31/12]) « FAMULLNH
MB =+ € D T WMI oy Dxc = PREGPER.PRE3
\ rultiplican)
(C)D unc\-\o.nae_é it MI)
mce F N . s/Mc3 = PRER, FA .
Il SRR LA st Fer cbr. /MC3 3, FAMULNH
8 Mc T omu | $/Mc4 = PRES, FUMH
(for Fr’or}uét - Ryl n
sel R reqto Rel T mu S/R3| = FuMH.PRE3 PHIO, ard to render ®
s/A—s T NMI (for AsmBin PH3) $/SXA = FAMUL.PRE/34 « low§ ML Y even) unc‘mnje.'\'n‘ Ifs)
R/cce T NMn (for magnitude test) Rjcca/t = FAMDS.NFUMH, PRES
s/Pn3 1T NAL BRFH3 = FAMDS.NBRPHS.NANLZ PRE/3+4
s/Pre4 T MI BRPRE4 = PRE3.NANLE, NPRE/34
PRE4] (en‘tercé onl)& M) \
The IMMEDIATE OPERAND n C ans|D s s'x3n Fcu-ucc\ in b8 Card D R chaft on "PREPARATION'
s/a—s s/sxr = FAMUL, PRE/z24
s/m3 BRPH3 = FthS.MBRPHs‘.NAuLzfrgE/sq.
PH3| A—s (Presel in PREB or PREX)
S+ B BXs = FAMUL PR3
NMW = s/PHC BRPHL = FAMULNH,PH3
ng\"rt-c\/c\: D byte f PXDR8 = FOMH,PH3.P3z (partial ur-a\;ﬂn HW
MW = < 0’s - DiL23 P32 | DxDRB/2= DXDRS.NFumH Hntially in Ls. )
s/PH4 (NBR is high)
PH4 <en‘[¢.rcc\ on\y F mu)
032 5 Riﬂ%‘t-cyclc D Ey‘t: DXDRB = FUMH.PH4.FP32 ]}(cgmfﬂate uﬁ‘-a,\“gn Hw
0’s w» D623 DXDRE/2 = DrDRE.NFUMH [ Wintially » Vs, ww)
NP32 3 6's o DiG3| DX/2 = Dx/3 = FOMM.PR4 = redun'T P32 | (W wmilially n m.s. 1w)
0’s =» BogI5 (clear 81415 for sign \cs}c Bx/1 = FUMH, K PH4
s . S/SXD = FUMK,
/D_’S G:orj)—,sfgc,m PHE) /X Pr&
s/cxs S/cxs = FUMH.PH4
(QJVQ“CC & PHS')
Sheet __| __ of _ 3 [MNEMONIC: Mw (37), MI (23) M (s7)]
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED ‘ COMMENTS
PHS| (ertered. only i M)
Do SrC (\nresi in PH4) (urv-oligneé. HW o )
PHe | (1TERATION phase) (17 elocks|"f MW or MI | 9 clocks F o)
CoNTROL S1GNALS
MIT  (handles direct legic) MIT = FAMUL PHC
MIT/t  (handks preset logic) MIT/I = FAMUL.NToEN. (PHG +5/PHL/18) (similarto BeoN “in =7)
REGISTER CONTROL- PRESET LOGIC !
SUMMARY: o ® ‘T” ? @m
1z i J
13?_ x| 2% 4, A aa | o b
_3_)_' = v ¢ £ ; + \J
e TSy VIR S S
3 § B2 g R - @
O 0 0 —0 — 0 *
6 O f — | — .
o 1 o — 3 — | Py
C ol — 2 — = -
)} 0o 0o —2—2 - - .
I 0 1 —3-— -1 —+4% . . -~
I 1o — 3—-{ —+4 . —e
bl — 4 e O — 4 N . -——o
FRoM ABOVE SUMMARY :
enable b DX = MIT/) +DXC +-- (For benehit oF 2¢ # D)
C +»D Dxc = MIT/\. (831 ® Be3y)
ac» D DxcLi = MIT/L NDxC (ihsiq when s/A—'s)
co - Doo end Dooo S/boo = $/Dooo = co.{DXc +Dxreut) (sign exLension)
s/A+D — S s/sxAPD/I = MIT/I. N(s/oxAmd/1).N(S/ sHA/1)
§/A-D—> € s/stMb/| = MIT/.830.(83) ®BC3))
s/A — > S s/s%A/l = MIT/1.(NB30.uB31.NBc2|| + B30.B3).8Bc31)
| —» BC3) (h:-\,r\ls oriti) resel) S/BCB) = (s/sxRN\D/l) (set ~resel legic corvenien]
o BC3 (v w o set ) R/BC3| = MIT/I.NB30 + CLEAR for 1/6 interruptability)
§30/1 +» BO (produdt bits) s/B6 = BXBR2.530/) « 530.Bo00lEN/I + FLI . (s/PHe/I0)
" s
831/t » Bl F s/B1 - BXBR2.531/1 =~ 33}. BoooIEN/I + FLa .(s/PrL/I6)
— - —_—
Boozq + Boa3| BxBRZ = MIT/ = MIT 4
I\ _____
N
!
REGISTER CONTROL - DIRECT LoGiC ¢ |
5000 +» AO (aAc)er extension H ;
800 - AL AXSR2 = MIT (Roo red T AOY) !
60029 - ADE 3l :
S3O - FL| l 2-bit extension S/FLl = S$30,MIT; R/F“ = (MIT +cy EAR) l_,___ /'
s31 »» FLa | oF A (for 1/8) s/FLa = s3.miT;y R/FL2= (v o+ | )
CoNTROL FUNCTIONS - GENERAL *
MC -1 — MC MEDC?7 = MIT/I
sustain PHG witi} Mc =0 BRPH¢ = FAMDS,PHC.NMCE NBRPHION JFSHEX
Sheet __ 2 of _ 3 [MNEMONIC: MW, ML, mMd j
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FUNCTION PERFORMED

SIGNALS [NVOLVED

COMMENTS

PHASE/
PHG

(Cert’d)

ON THE FIRST clLocK !
0’ > A, Boool

ON THE NEXT Te FINAL cLOCK:®
B30 +» B303)

(B8R =0 & This 't\;ne.) hence carnot interfere with The abave

oN THE FINAL clocK:

MIT/I séls up The sign ‘eral]ion logic JThe result oF which will be on g

(will be s/a-D =g T
s/MRQ  (For nekl instruction)
S/RW  (nsig iT umn, R.4d)

MH = s/Pmo) s/DRQ
NMH = advance To PHT

1/& SERVICE cALL:

TeENG (enable edlry)
inhibit s/Prc F 1een

when r:'turnini from I/o (at (s
E’ T/b ieﬂ‘(c - 1\5 ;n\mgxt
raised h)/ (s/PHe/18)); al

whibiC ¢ =D

FLl - Bo

FL2 - B

(he=1C F mu,mr; mc=8 'F mn)
(nc'ml'nj has been Frese‘t - <)

(Me =1)

§/B3031 = B30, MIT.(Mc=l)

(mc =0)

PHC/TE) t?me)) The Cc-+D funchion -
50, 2 preducl bits (slhred i FL1,2) are
DXC = IGPH|. SWI3, NBXBRE «— low
S/BO = BXxBRZ. 530/ «: FLi. (8/PHe
s/Bl = BxBR&2. s31/1 « =FL2, (S/PH(¢

(neqakive mu!t{F\{cr).(Bcal:o); stherwised will be s/a—s)

S/MRQ/l = FAMDS,PHG.NBRPHG NIZEN

S/RW = MIT.McZ

BRPHIO = FUMH.PHG Mcz | s/DRQ =
(NBR is high)

I6ENG = FAMDS,PAL.NFPRR,NFSHEX,I
s/PRG = BRPHGL, NCLEAR, NIGEN

1o enable €D or 2c D te toke i

(elear accumulator)

(exteml s;sn 2 it Fos.n'.)
dve o BxsrR2

Aurf\w3 The next elock.

(TESTS next o\od()
BRPHIO

(exc\u:les 'F«'na.\ 4 'fer Y
——
PENG /) «— McoooS =

norma)\y Ferfol’meg
lace (MIT/1 s
pol n Bo,1 as B shifs right,

1s)
o)

PHY? (byfaassec% FOMH)
A-—S or A-D-» 3 (er X )
S —#» RW (s‘torc 243 %28 pro&) presetin FH m.s.w, of Froo)uc“t
S -+ A AXS = (FAMULNM,PHT)
s/T8L (For maﬂn‘xtu:)e, s/T8L = ( " ) (Nsoo3iz s slow (PHaY)
NEO = S/A—s tesh) s/sxa = ( " ).NBO
Bo = s/NAR-+S s/SxXNA = ( " ).Bo
TESTS = ( u )
TESTS (lhc\ua};na B regisber) TeESTS/I = ( " ) (cc3, cog cortrel)
S/PHY BRPHY = ( b )
PHT (EYFQSSec} W MH)
s/cez T s#0 sfcca = Nsoo3iz.(s/cce/NE) « FAMULNH.PHY (T8 timing)
(re, F The Top 33 FrcAuci bits| are nal all TRe same)
s /RW s/RW = FAMDS.PHq
o/LR31 (*o sTore 1.sow, oF Froc),) /LR3I = FAMULNH.PHA
s/B-s §/5xB = FAMULNY PHY
S/DRQ s/PRG/) = PHY
PHI0 B— 5 . L 23 z° o'Frzrocjuc't. (re-
NMH { S - RWv | } (?resc.t v PR) J F]accs ERERXLNS Rocﬂ)
A S erAd—s (preset v Pue) . eitive produd 2% 2°
MH = S -+ RWy | (R prescl in PhG | R3] selin PREZ)
TESTS TESTS = FUMM.ENDE (ce3, cc4 contra))
ENDE ENDE = PHIO, Exc
Sheet __3  of _ 3 [ MNEMON C:

MW, M, MH |
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PREZ| B— s =P a
32 Me PHG | 3rd clock (MC =32)
(RR+A) | KRG »» FLI B3l = (leave cc2on), (overflow) ——
MB »> c D NB3) = R/cca | (preceed)
R/cce j
S/LR3I,  S/AXRR
PHe | 4% - 22nd clocks (Mc=29-1) |
PHG | 33rd clock (MC =0)
S +>A inshead of Sx2 +r A
PH3 | RRvl +» A, S/AXRR PH7 | A+ID} =5 -oA T Als neq (rem})
NFLL = s/sxA NFL = S/sS%A
FLL 2 s/sSxma FL! = S/SY.M.A,
l s/RW
PH4 | NFLI = A > 5B , S/S%A
FLL = {—A :1.5 »B 5\/st1\ PHB | TA—> S »» RW (rem)l
b s/%3) F NKoo
RR - A PHY | B > 5 —A (\%uoﬁ
s/ccz FLi = Do = s/sxA
FLi #Do = S/sxMA
PHe | st clock (Mc =32) S /LR3}
Sxa& A, Bxas» A3B S /RW
| — Koo (for s/A-|D] = 3) )
(o} so regu\or DIT fonchions)
| Prio Neem =>{i/=, ~»S e RWyT (quo)
Phe | 2nd clack (MC = 31) TESTS
(23 ";t‘er-':““l?-fw—ee‘) . cc2 = TRa? b %x'4a3’ TaM =)
\\NFADWH” (DW with even R) : R, Rvl + EW + Ry , remainder .» R (s'\an malchad to nun:er.{’tor)

IVIDE 3entru.\ sequence T everts

D Pl 2x |nvmerder| in AB (2° bt being n B30 inall cases)

2) Pt denominaler n D (wah-a)lljn&A ‘T DH) (re. 2°bt s in D3 ‘

3) terate , le_‘Ft-s\‘;sﬂfncj The liuc‘tnént\ wlo B. (Tn:i»&a‘h:. overTlow T \%m‘t{ent] 5 aa)>

4+) geore rema.incxcr‘. n R FF oW with ev’:n R (éherwise discard ﬁ'.) } Jon't Store ‘f overllow (CC2=\)
5) <lore qouo'tlent n Ret T DW or R 'FoH

Ditferences n nemenclature :

Relerence Manval : DIVIDEND + DIVISOR

Hardware . NUMERATOR = DENOMINATOR
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PREZ| B> 4» P ~ (

32 - Mc

PAG | 3ed clock  (Mc = 30)

RR =+ A , FRO — FLI

B3l = (leave ccz2 on), (overflow)

R

MB —» ¢ D NB3l =

R/cca 3 (?rcccc:‘)

R/cca AU

.

DH = f
._) PHG Lm - 32nd clocks (Mc-= aq—\ﬂ

!
PRE4~I down-align and sign padc and D | PHC | 33¢d clock (Mc =0) |

(s+»A instead of sxz2 4 A)

PH3
NFLl = s/sxa
FLU=> 5 /sxmA

!

PH4 | [aAl > 5 - B

PH e B —->S»A

s/cca FLI=D0 = $/SxA
] FLI#D0 = s/5xMA
PHé I et clock (Mc=32)
O’s A BX2 =5 s/RW

(1quel)

f=> Koo (for s/A-Ip)—>s)
(alss reqular D47 funclionz)

PHIO Neea = ITAS3S—>RW (que)
c - y
PHC | 2nd clock (Mc =31 | TESTs
(2 fer: |2+ B3l) —— cc2 > TRAPTo x'43’ ¥ AM=1

CEADIVA” (DWWl ol R) ¢ R fEW e R, (discard remainder)
et DH : R-‘_—EHW-»R! ( " " b

Resléter orja.h‘lédtt;cn Aur{na DIVIDE 'ftcrcx,t'\:ms:

ang » ] :
K,-<——0° \ Ke -~ Qtjclel‘ — :3!
A
L > By
=Do

co js/A+J> T [koo =co, (e (sum+).(D-) or (sum -).(p+)]

L ’Ckf[s/A—:D N " ]

Koo means sum is +, Therefore insert | in gudlient
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PHASF/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Family s nals
(FUDW.NR3)): = GU3,0LC.NR3I
[DW With even R ] operdlion ! R,Ryv| + EW = Rul , e ainder - R
FADIVH : = OUB.GLL.R3) + 8US,BLG
[pw wilh odd R or DH] °F°l'bi\‘cn'. R+ EW or EHW - R (e\l Sn:a.\'c) u-ema,\n(Ser>
FADIV [DwW or DH)
FAMDS [DW or DH or ML mu,IMH S &F]
PrReE3] B— S Sn = Bn.SxB8, (5/sxB= PRE/12)
S P PXS = FAMDS.PRES.NANLZ.NFATM
RR - A An = RRn,AXRR, (S/AXRR = PRE/12)
RRO —~ FLt  (store numeraXor sign) sfFLI = PRE3.RRo
MB «» C +» D (denominalor) Dxe = PREGPER.PRES
32 +» Mc s/mca = FADIV.PRE3
Rjcc (For oveflowtesh and corlro)) | Bfcca/t = FAMDS.NFUMH.PRES
s/LR31 ) ee s/R3) = (FUbW.NR3I.FRES) }
v with R Tor numer, Ls.w A
S/AXRR} V{2 wih even ] s/AXRR = ( " ; v -
' . S NANLZ, PRE Dy
s/PH3 'rF oW BRPH3 FAMDS . NBRPHS NANLZ, PRE /34 prE /54 high F DV
s/PRE4 if DH BRPRE4 = PRE3 . NANLZ. NPRE/34
PRE4| (entercé on\y W DH)
“The HALF WORD in Cand D 1s down - a..‘iﬁheA ard s?an-f:aclécg as per chart |on "PREPARATION”
s/PH3 when Finished BRPHE = FAMMS.NBRPHE.NANLE, PRE|/34
PH3 RRv| ~ A F [pw with even R) (presél n PRES) (romer. tis.w)
(A réfains R T N " 1
NFLI = s/A—s }S/\M < s/sxA = Nsu.(s/sx/ﬂ_n)j- FADIV, PH3| + FUDW.NR3|, PH3
FLI = 5/-A =S s/sxMA = FLl.( v ) (redun. — mech. com.)
s/AXRR T [DW with even R S/AXRR = FUDW.NR3).PH3
P4+ | (Al — s (presel in PH3)
S =B (inumer, D BYS = FADILV. Pnu4 (\.s,w. \? DWwith even R\)
NFLi=> S/A—S 'F [ow s/sxa = NFLL(§/Sx/FL)
. FuDW, NR |31,
FLI = §/NA+Carry — $ [ with s/sxma = Fui.( ):}_ P4
dont s<L K3 i Koo =0 even R] N(S/Ka\/l) will be HSH I'F NKOD) ho\c)l‘ng NK3) on ()-cl K3 a‘F‘F)
N( w ) =nN(Koo. (s/K31/3) + (s/K31/ .(s/Ka\/s)))
where (s/x31/3) is HS\'\ an
(s/K31/2) = N(FAMDS.|PH4) | hence is law
ThereFore N(S/K31/1) redvcefs & NKoo
RR = A T [DW wih even R) An = BRp, AXRR {m.s.w, & numer,)
s/cca sjccz/l = (FADLV, Prsa)
s/PHG BRPHG = ( W )
Sheet __| __of _3 [MNEMONIC: DW (3¢), DH(Se) |
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS | (ITERATIONS PHASE) -33 clecks
CoNTROL sSigNALS:
DIT/1  (handles presel logic) DIT/t = FADIV.NTEEN. (PG +(s/PHC/ |18)). N (FADIVA. Mcz)
CONTROL FUNCTIoNS:
MC =] —> MC Mede? = DIT/) (\‘n'x“b‘q\\)/ selto32)
suslain PHG urtil Mc =0 or BRPHL = FAMDS. PHG.NFSHEX.NMcz .NBRP|HIo
unti} overTlow detested |
REGISTER CoNTRoL , ele.:
s/A+D =S f Co = Koo s/SxAPD/I = DIT/1. N {(co@koa) KOO means posilive
s/a-D—s if co # Koo s/sxAMDd/i = DIT/1. (co ®Koo) residue
S013] +» A0030 | excesl on AXSLI = FADIV.PHG NMcz
BO ++ A3 final elock $/A31 = AXSLLASIEN/I« BO.FAMDS.PHG [v residuex 2 o AB
Bei3! + Boc30 BxBL! = FADIV,PHG
Kog +» B3] $/B31 = BXBLI.B3IEN/I+ Koo, FADIV |quetiesl| bt =1
oN THE 1L croek: (Mc=32, cca=t)
I — Koo KOO = G003 = FADIV. KOO/| + CC2.Mca (to cavse s/A-|D|— 3)
NA+Carry s § [DW with evenR]FL)
A s g INFLY Fl’csc‘t in PH4 263 532 oF {numer,}
o' sTNp - ]
| o’s 'f N[ [owW with even R]
S }
S0131+ AGD30, BOo - A3I .
! s EgiSTE 2 v,
BoI3] =+ Bob3s (see REGISTER coNTRoL) }( % jovmer w» AR)
> B3) (insiq) (Koo is Forced high)
ON THE 2nd cLocK: (Frest Terabion - For Jquetient ) 2% bit|) (Me = 3D
A-ID] — 5, s%2 +» AD030
BX2 - A3\, B0O30 (see REGISTER conTRoL)
Koo -+ B3y (2% h)u.o‘tfe.nt[ bit) {K00 means + \rc_»:,iz)\L&)
ONTHE 3rd clLocK: (oveERFLOW TEsT) (Mc = 30)
B3l = | means oVERFLOW since] T indicates [qualient| » 2
raise DIVOVER DIVOVER = B3|, (DIT.(MC=30)) « FADIV.ccla. Met NmeT
SN leave ¢€c2 on {no resct active) {(was sel in PH4)
s/PHIO, S/MRQ, 8/RQ BRPHIO = DIVAVER | s/MRQ[i = FAMDS.PY 6. NBRPHG.NISEN, s/DRQ=
stop susto{n;nj PHG BRPHG = NBRPHIO, FAMDS, PHL NEsrex wlmcz BREHIO
N33l = | /R Rfccz/a = NB31. (DIT,(MC :38)« FADIV, cc |2, mct nMe?
(conLinuve Tt:r:{b'oni) (que. 2%%, 831 This c\oak)
4% - 32nd clocks
(i’ter‘otl'ons for quo. 2% __a'|» B) (Mme = 29 They !)
Sheet 2 of 3
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inhibt sx2 A
erchle S —s A
(2 < shitts |efE Wik =2° 9
s/MRQ (For nett inglruclion)
s'tor sus'to.'\h'xns PHG

N [oW with even R] =
bt S/A D oS
s/Prg

[ow with even R] >
s/AED — S
odvance to PH?

I/0 SERVICE cALL:
TeENG (eha}:le_ cr?t?’)/)
nhbil s/pHe F ToEN
DIT/Y, used for Frcscft logic, is i
hence is one clock ahecad
B3} — Koo when (s/PHL/18)

AxsLl = (FADIV.PHG), NMCZ

AXS = ( Y. Me®

bt - B3I)

S/MRQ[l = FAMDS,PHG.NBRPHL, NISEN
BRPRG = NMCZ,FAMDS,PHG NFSHEXN

n

(o\;scora rema.inger)
DIT/) i %UA“F)':} by N(FADIVH.Mcz)
BRPH] = FADIVH.MCZ

(sove kemaihAcr)
DIT/1 s still high
NBR is Hs‘h

.
I0ENG FAMDS. PHL . NFPRR.INFSHEX, NIO

S/PHG BRPHG . NCLEAR. NI&EN
bibited Ly I&EN on exil and enaL\cA &>>/
& PHG when PHG s inte.rr\)\nt::l

K00 = G000 = FADIN. K00/} « B3\ . (S/PHC/LE)

=

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHG (Con‘t‘c\)
oN THE 33rd (Fina}) clock (MC =0)

{ residve x | = A)
BRPHIG

(see REGISTER CONTRGL)

(exc\uje Ist 3 aml Fnal 4
. ‘l'terit;ens)

.
- N(FADIV.CC2 +MC0005Z)
ENG/|

(s/Prc/16) on refurn,

(For s/Azd —5)

PH7| (erlered T [DwW with even R]. no evelrFlow)
AtdD—=5 {preset on lasT clock oF PHC)
S A T As neg. AXS = FUDW.NR3!,PH?.NB3| |rectored remainder)
= = NFLI, ($/sx/FLi
NFL] = S/A—S S/SXA (s/sx/ )}FAMV‘PH?
FLI = s/-A—S s/exMA = FLI(  « )
S/RW S/BW = FUDW NR3}. PH?
PHB8 (cn'taref.x ‘T I[d>W with even R]. no oxler'how) \'e.mq'mg\»r - R
S > RW (PRESET W PH7) wilh polarily metehed
) oriﬂina.\ numeratoer,
PHY B->5S (Phase L\/-Fasser\ iWoverfiow) S%B = (FADIV.PHY). NDIS
S -+ A AXS = " ) ‘iqbuo'tl‘ent\
s/a—s F Yoer A s/sxA = ( " Y, N(FLI ®D0)
s/-A— 5 T H e s/oxMA = ( v )N(s/sxA)
S/RW s/RW = FAMDS, PH]
s/LR3) T (W with even R] S/LR3! = FUDW.NR3).PHY
s/DRQ S/DRQ/I = PHA
PHIO] No ovERFLOW (cc2=0) = (ertry from PH])
TtA—-sS
S —» RWv) T [ow with even R] | (preset in Pua) %uotl'en't -+ Rt
g - RWT N o ] " -+ R
TESTS  (Cc3,cc4 cerlrol) TESTS = FADIV,ENDE,Ncca
OVERFLoW (cc2 =1) = (eritry from PHG in which Rw is ndk[set)
(don’t chanqe SCRATCHPAD, <3 or cc4)
- S/TRAP = ENDE, cc2.AM, O |VERIND
TRAP T % f oam = = FADIV & ---
X &3 T A=) { S/TR30 = §/TR3} = PHIG. Cc2 .AM.OVERIND « ATV +
ENDE ENDE = PHio.ExC
Sheet __ 3 of __3 [MNEMONIC: DW, DH ]
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PRES [B—> S-F | 0'swB - M J
sl op e FL‘E.) F.LB fe®) PHG sHiET N (Me=o)
RRvl —» A (insiq T shorl) S
S/sxp , S/AXRR R/cel, Rfccz
PRS A-—S, s»BT long s/sxa
RR A
Mc-4—mc T NFLz | N(MF2.(he=g)e /
hold FLs ( )»
PHT Ao s -=-rW \F eh'terc‘* From PHe
netes : FLZ means ShiE right S/LR3Y | s/sxB
FL3 meang shift GSA nomber o'? b s/rw f long
PHio B-——>g
S s RWo "Floni
SHIFT G»Ee,) paiit)  (s)
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
[ ] i + (bifs)
END [[ & [rRTx l><|?§|§,¥]§% 3l Famly signals|:
of : ; A Y B
1 / \ .
s P EL SR
(PRED) qelic =77 " & FASH I 5 sF
leng X X\ FAMDS: S, SF, |MT, MW, MH, DW, DH
FLED o 5. ME mFLs
|+ FL2 (store direchian) s/FL2 = PRE3.P25, (R/FL2=CLEHF\’) P2E =] means r'naht
P25 = < NP2L30 » MCOloS MCYXNPLl = FASH,PRED, PRS eveny (2|Pl-4) -+ Mc
P3| - FL3  (0dd no. bifs) s/FL3 = PRES3. P3| odd » (21#]- 2) + nc
NP2S= P263| +» MCooOS MCxPLZ = FASH.PRE3,NP2S 4|P| — Mmc
B—os Sn = Bn.sx3 (s/sxB:= PRE/12)
S P Pxs = FAMDS. PRES, NANLZ . NFAIM =($/LR3(/\)=0UE..OL§)
RRvl + A (insig T shorl) An = BRn.AXRR (s/AXRR = PRE/12 | S/LR3) = PRE/i2.(5/LR31/12)
O’s - B (for sherl It ohift) BXZ = FAMDS.PRE3
s/A—s  (mnsigqif short) S/SXA = FUS,PRE3
s/AXRR  (for RR -» A) S/AXRR = FUS.PRE3
Rjcct  (For Far‘d:y cheek) Rjcci/i = FASH,PRE3
Rfcca  (For overTlow test) Rjce2/l = FAMDS, NFUMH PRE3
s/PHS BRPHE = FUS.PRE3
Sheet ! of __3 |MNEMON|CI s (as)
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS A—S Sn = An. ARRR
s Bt lonj Bxs = FUs.Prns.Da3 (B remans = 0 T s}\c\—'t)
RR - A An = RR,, AXRR
sustam FLB (on'F bt cooil i edd) | R/AL3 = N(Fus.PHE) (For first clodke oF Pue)
s/A-—»s S/SXA = FASH.PHS
LEFT SHIFT cASE:
MC ~ 4 2 MC  (4|P]-4 = M) Mcbel = (PAsH,.png.nFLa)  (Fus hel s Mct and Me7 =O)hcr\cc
Qown-cauntfhfs staits ot MCG’)
. S/PH? BRPAT = ( " Y. Mez
S\’”P: court =0 = {S/MRQ 5/MRQ/‘ = ( u ). Mez (?or next \'ns‘tr\)c‘\fl'en)
PG | (SHIFTING PHASE)
CONTROL SIGNALS!
SFT SFT = FASH.NIOEN.PHC
SUM BUS: s)sxA = FASH.PHE (presel)
A—s + SFT (susTain)
+ FASH. (s/PHG/1D) (retorn from 1/0 service)
INITIAL REGISTER CONTENTS:
shert l R (0's) |
A B
long | R Rl |
LEFT SHIFT cASE . Lnitially Mc corlains 4)Pl-4  where P s Tic nombler oF bit Fos'-‘t.éns +
be shited. AB shifts lefC \)7 s until M¢ has down - cosrted (by 4’l9) o zero
REGISTER coNTROL!
S0131 —+ ADD3O AXSL) = SFT.NFLZ.NFSHEX
BO = A1 (insig § sharl) \J, 5/A3] = AXSLL.ABIEN/I — { = Bo.FAWDS. PHG
AD —» A3 T short eyelic + Ao.(Fuls.D22.ND23). PHG
B0)3) » B0030 BXBLI = SFT.NFLE,NFSHEX
AG - B3] T long eyclic s/831 = BxBLI.BIIEN/| «— AO.(Fus.D|22.023)
CoNDITION CODES r FUS/t = SFT.NFL2.FUS (e, shift left)
Toqale Ccl as I's shifk {s/cu = Fus/i.Ac.Ncel
Throvgh AG (Far‘it_){ check) Rfcctja = Fus/i. Ao
Il cc2 \F overflow sjcca = Fus/l.(Ao @A)
RIGHT SHIFT casgEs:
) 0dd no. of bits: (FL3 is en z-\ur'mﬁ Tirst dock ) T.n'nt{a\\?» MC cortams 2]|Pi-2 . AB shitts
r{ah‘t one Fas.l‘t;on and Me | courts down by 4, 7'-01::‘*»3 2|P|-6 . When The shit by
| s %—u'nius\'\zrl) sh'\?t.ma takes F\acg by 2's uvetil MC has c\ouh—deun‘tcA (by 4's) to zera.
REGISTER conNTRoOL: ’
S00 —++ AD 1 AXSR| = SFT.FL2.FL3 (so0 described nest page)
S6030 +> ADI3]
$31 +» Bo f lonq s/Bo = BXBRL S31/l « $3)1.8000/eN/| |+~ FASH.D23
B0030 +» BOI3] BxBR! = sFT.FLZ.FL3
Sheet __2 of _ 3 [MNEMONIC: s
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PHASV FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHG | (Corl’d)
2) Even no. of bits: (FL3 is &F Jurfns Fiest <lack) Imt\‘a.ny MC conTaing| 2)P|-4, 2B shifts
right by 2's uill mc has down=courifed (by4's) to zers)
REGISTER conNTRoL:
S000 —— Ao (5060 described below)
500  —w Al AXSRZ = SFT.FLE.NFL3.NFSHEX (s00 o)
S0029 - AGZ2 3| .
$30 BoY . = . — 530,
— E: long s/Bo BXBR2.530/! ~ $30.BoooteN/|i »-]_ EASH . D23
$31 - Bl s/8i = BXBR2.S3\/l « 531, Booojen/]l
Boo2q ~ BO23} BXBRE = SFT.FLZ NFL3,NESHEX
PHASE coNTRoL,ele:
MC~4 o NC MC3C7 = SFT  (FUS holds Mce and Mme =0,hencagmn-cwn‘t \sy 4's)
(Mc £0) = svélain PHG BRPHE = FAMDS.PHG.NMCZNFSHEXNBRPHIO| (keep shifting)
(N\ O) > advance to Pu7 (NBR s }\23\7\)
<" s/MRQ (for nexCinctrd | s/MRQ/l = FANDS PHL, NERPHG, NTOEN
s/RW (to slore A) s/RW  : SFT. Mcz.FUs
MisC: . . . .
sum bus g)(_tens'lon: $\'70r:t C\/Cl\c ‘Onﬂ CYC'IC a'rm?mc'txc
P — —A——— ———
5000 = A30. [(Fus da2.nde3) +B30.(Fus.D22,023) + A0 «f (ro.'N (Fus.nD2)))
l g 800 = A31.|( . Y+ 831 ( Y+ Ado 4 ( . )
so00fsoo [ so [ s1 [---
(Me < 4)
I/6 SERVICE chALL:
I8eNG  (enable ertry) TOENG = FAMDS,PHL . NFPRR.NFSHEX. IBE[NG/t o« NMCOOSSE
mhibit s/pue W zeEN s/Pi¢ = BRPHG, NCLEAR,NISEN
i SFT w n SET = FASH .PHG NISEN
Pu7| A— s Sn = An, AXRR
S -~ RW RWh, = San. RW
(note: 5 +RW does nal takd place T PHC was skippeé) buL Thak is The case of shift zero
Fasrtl'cns) hence Trere weold be no change. n The coiterts of R)
S/LR3| s/ir31 = (FUS.PHT)
s/RW T long f;r\ BorSofwd s/RW = ( » ) p23,NR3| ~— mhblits lore when R is OAL
S/B——’S onqg S/SXB = FASH.PH‘? hen;e R w'\H r_ontam
Hhe M.5.W. nThis case,
$/DRQ 8/DRQ = ERPHIG
s/PHiO BRPHIO = FUS,PH7
PHiol B—'S, S-»Rivi ' long (presel in PH7)
ENDE ENBE = PHIO.ExC
Sheet 3 of 3 LMNEMONIC: S
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PRE3 |[B— S - P, O -»B S 'T ]
siLop he, Fiz f(P), Rker, Rjcca Pie | T N(Ferix + (Mg =00 3 —
RR -7 Ay RRO —»» FLU { \“ S
short = s/sxma J
leng = /LR3I, S/A%RR L ( I
J PH7 A—>¢g
{ s/cca it he , 0w A0
PH3 | RRv| -» A,  §/AXRR s/cet T naogn  neL2
NEL 2 S/SxA s/FiL3 T sog3im. Boozim
FLI = s/sxMA
PH4 NFLl = A-—S L B, (s/sxa -insiq) Prg B-—>S +rD l F EL3 1g on:
- -A-+s » B, S$/5XMA NFLI S s/Sxd sject ¥ nFLR
P Linhibit s/k3i ¥ Nkoe FLI S 5/Sxb Rjccz | hold FL3
s/RwW F lcmﬂJ S/LRB\ |
RR +> A l
) Puq [ NFLI 3 D os, s/sxa fnes
{—D S, 9/SXMA T nELR
FLl < ,
PHS [ (NFLI = s 1sinsig) mhibil s/uz1 T nKoo
FLIL = NA+ K3l —> S «» A S -» RWvi 'fflanj
E/Sx;\ S/R‘A!
Mc -1 - M iT NFL2 l
R/FL3 N(NFLe (Me=o)) = — PAfo | NFLIWNFLE & A —-n— S
C " ) - FL1.NFL3 22 NA+K3 —s
FL3 = 0’s > §
retes; FLI means hcaat\i;-e, nomber S - RW
FL2 means shift nght TeESTS (indl ué“ns B)

FL3 means resolt =0 ‘T on in PHY

SHIFT FLoATING (SF)

SHA\FT FLOATING » genercd sequence of everils

) Pl e absalute valve oF the number n AB

a) Shift e monlissa \37/ The number oF hexes syeén‘\:fe.c\ unless early stop
LEFT : decrement EX?ehent> stoF W exrone,n't ungerﬂem (S/cca), or \{ menfissa =0 or s ¥ (S/ccl).
RIGHT ! incremenl " N W " overflow (s/cca,‘)) v " =0 .

3) Store The reslt (nesajic‘) T or{:lina.'l\y negative ), (STore trve zero & mantissa = 0)

note: nemenc)atore differences: Reference manval Hardware
CHARACTER\STIC ~ ExXPoNENT
FRACTI0N - MANTISSA

Rca\star orqcmllidt\on .

oA T8 A 3o B a'!
\ — ~ —
/
(exr'onerTL: courls up (|mer fssq_\ . shifts (eft \;s/ Vs er rfﬁ}\t &7 E’s . B w‘\n =0
or down bul does T‘:\rcurﬁncu‘t o sharl ghift )
net shift)

SHIFT FLOATNG
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
" | ! | & (hexes),
END L2+ = [x =<4 BKEE il Famly sianals:
o T3 T~
e Tn] ceppaf] | s e
//\\’L\ FASH SF, s
PRE3 P S G FAMDS : SF, s IMT, mu M, DW,DH
[ e
pas $[ I » FLa (store direction) S/FL2 = PRE3.Pag; (R/FL2 =CLERR)| P25 =1 means RIGHT
[ NP263| > McbloG |, 1+ MeT MCXNPLl. = FASH, PRES, Pas (2Pl -1) = Mmc
NP2S =  Pai3| » McovoS WexPLE = FASH, PRE3, NPag 4Pl - Mc
B—s Sa = Bn. SxB, (s/sxB= PRE/12)
S P Pxs = FAMDsS.PRE3.NANLZ NFAIM
RR = A A, = RR,-AXRR, (S/AXRR = PRE/i2) | (replaced in Pz 'F fonq)
RRO - FLy (store sign) s/EL) = PRE3.RRo, (R/FLI = cLEAR)
Ot +» B (For shorl cases) Bz = FAMDs.PRES
shot o S/—A_—-vs S/sxMA = (FusF, PRE3.ND23) (for |A} — STAA in PHE
S/PHS BRPHS = ( n ) " case A is neq.)
= (FusF.PRE=,
S/AXRR} For RRu| A S/AXRR (FusfF. PRE=,p23)
long = s/LR3| S/LR3l = ( " )
s/PH3 BRPH3 = FAMDS.PRE/34.NBRPHS.NANLE
Rfcct (for normalzalion test) Rfccl = FASH.PREZ
R/cca (for exp. over/underflow test) R/€c2 = FAMDS.NFUMH.PRE3
PH3 | (entered 'f lonq enly)
RRv | - A (l.sw) An = RRy.AXRR (LR3) is high)
NFLI = 8/A-s s/sxA = NFLL.(S/sx/FLi)
y FUSF.D23. PH Al— PR
FLI S s/-p—S s/sxMa = FLI.( » )} 3] (8/ial= s, (lsw))
s/AXRR  (for m.s.w) S/AXRR = FUSF.D23.PH3
PH4 | (ertereq if long only)
fAl— s (see PH3)
S -+ B (Lew) BXS = FUSF.D23.PH4
NFLI = S/A— s (insig.) s/SXA = NFLI,(s/sxfeLl)
iSF, . — \S.W,
JFLI= s/NA+ Carry o s s/sxMA = Ful.( )}Fbs D23 PR (/la] = s, (m.sw))
1Aon‘t sét k31'f Koo =0 N(s/k31/1) will be high F NKOD , holéa’n3 NK3| on (1.e. K31 off )
NC ) = N(Kkoo. (s/k3i/3) 4+ (s/k31/2)). (s/K31/3))
where (s/k31/3) is hi3h) and
(s/k31/2) = N(FAMDS.PHE) | hence s low,
Therefore N (s/K31/1) reduces |t WKog
RR =+ A (m.sw) An = RRn. AXRR
PHS | -A—— 5 if short (see PRE3)
NA+C°;r?1—) s i long and no. s neq. (see PR4) (A-s'T pos.no. - ;nslg)
s+ A no.is neg. AX'S = FUSF.PH& . FLI (dort change A hi pos. no.)
Ey— s/sxa = (FASH.PHS)
MC -1 Mc T e shift Mepe7 = (v ).NFL2 (417l-1 - mMc)
shﬂ: ol = 0 > S/PH7 BRPH7 = ( » ).NFL2 Mc= (NFLZ term nccéa) Gor
i counl = i . .
/MR (for neiths't\t) S/MRQ/] = ( Y.NFL2 Mc2 fixed Pa\ﬁt shrft)
Sheet | of 3 IMNEMONICZ SF (2%)
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PHASE/7 FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Pre | (SHIFTING PHASE)

coNTRoL SIGNALS
FusF /1 FUSF/I = FUSF. NIGEN,(PHG + PHT) (Roaling shitk snly)
sFT SFT = FASH.NIGEN,PHC (ony s\{%*:)

FNORM  (marfissa is nermolized ) FNORM = (A +ad+mor Al NFLeMce me? | (16fE only | on 1 mod 4 clacks)

FL3 (martissa = zero mdicator) | s/FL3 = FUsF/I.S08IS2 51C312 Boo3iZ

FsHEX  (Step shifting) FSHEX = FUSF, FNORM (normalized on left shift)

+ FUSF, FL3 (malissa. = zero)
+ FusF, AO (ex?cncrff has

SUM BuS unc\er/ox):q"ﬂomgé)

A — s0B3Y S/SXA = FASH.PHS (presel)

+ SFT (svstain)
+ FASH.(s/PHL/I0) (return from 1/6 service)
(0's —» $000T - expenest Field) PRXAD/0 and PRXAND/a are each ohibitepd by FUsF/i
A REGISTER EXPoNENT FIELD ! A0oo7 are isolded from the rest oF A by }nkp\iﬁnix e resel
enoble (AX/0) by Fus#/I, alsh since $0007 are held =0 , no 1's can sq€ AQ00T via The itk
aFs. A00GT are vnder the feorlrsl &F ALCT and ADCT which ceunT! the e_chncr'st ance
or each hex shitted. .

AOD: T Ao becomes o 1 L sx'jﬁi\:l'es axFoner?t overtlow. It will be Jresel on The -Faﬂem'ms
Aeck b R/A0 = FUSF/) | alfter \’\a\l;hi )ve.r‘Yormccl t's fundtions (e, | st ccz and raise
FSHEX). I‘t must Bc_ C\mr:é Le&rg Frerar.\nS'Wv—a \‘csu\t -Fgr scra,'tc\-».rm\ For ccnarg'}_'»gx\\ty WITF 7,

INITIAL REGISTER coNTENTS: Tlhe AB reqidlers certainThe absalste valloe oF The Hlodting

Fc;n'\: number (with B con'ta'mina zeros n The sherh case ), The W\ eja,\ number “minos 1
will y\'e.lc\ o result of troe =jero.

LEFT sSWiFT casE: Inilially M| cortains 4lP|-) S where P is Tie number | hexeste be s\n.iF‘\:crL.
The mastissa. 'n AB s“uﬂis \c'ﬂ: Br I's vl e M has c)cwn-coun'tu) +T Zera or Lm'\.\\ FSHEX
s'tars e s\’l‘lﬂ: C‘UGTO ho\'maﬁt&\’l'dn)e,xronaﬁt UNAC-I’%)om) or man'ﬁssn.. Ol;lji)h'v‘l\ y \>c‘mj Zevre ,

REGISTER cenlro) :

50831 » A0731  (s0007 =0) AXSLI = SFT.NFLZ . NFSHEX (FNORM preverls S8+ A7
BO —= A3 s/A3) = AXSLI.ABIEN/I—BOFAMDS.PHG | by raising FSHEX)
80131 —+» B0030, (0's w B3)) BXBL! = SFT.NFL2 . NFSHEX

ACGOT - | -+ A0OOT ADC? = FUSF/I.NFL2.NMCL NMCT (on 0 mod. 4 clocks)
s/cci § mantisse. s normolized. sfcet = FUSF/I. FNSRM I N docks)

RIGHT SHIFT CASE ! Inl\'t(o.\\y mel cortains E\P]-—\) where P is Fe rumber] of hexes 15 be s‘h'xthe\.
The manhissa. 1n AB shifts r\'i\n"t b?" 2's willl The Mc has e}own-cbuﬁte&'\z zero of vAh} FSHEY
S.taFS The shitt dve o exraneﬁt overilaw or marTissa or;a‘\nn.“y being zere for bcinad, shifted oFf
The ané F A F lonj or A T eHorl .

REGISTER contral:

50829— A103] (0's+ A080Y) AXSR2 = SFT.FL2.NFL3,NFSHEX (WFL3 s Tar fiked point)

$30 =+ BO | .o s/Bo = BXBR2.530/1 « S$30.B000 18N/l —

S3| - Bl } voend s/8] = BxBR2.531/] ~ 531.B0o0IE[N/) FASH.DE3

BO029 +» Boa3l BXBR2 = SFT, FL2.NFL3.NFSHEX (NFL3 s Tor fived poinl)

ADBODT + | = AOOOT AVC7 = FUSF/ILFLR NMCT Neca (on 0 mod. 2 clacks)

’L(Fmven'ts surF\us counl in PH7 in case
where ex|p. overflow canses FSHEX)
Sheet _2 _ of _3 [ MNEMONIC: sF ]




PHASE/ FUNCTION PERFORMED SIGNALS. INVOLVED COMMENTS
PHG | (eont'd)
PHASE coNTRoOL :
MC -1 - MC MCDC7 = SFT
(McC #0).NFsHEx = svsTain PHG BRPHC = FAMDS.PHC NMCZ NFSHEX.NBRPH 16
(MC=0)+FshEx = odvance ts PH? (N8R is high)
s/MR] S/MRQ[! = FAMDS.PHL. NBRPHL NITEN (For next instroctiond
Misc .
sjcca ha exranatﬂ: unAer/ovcrﬂow §fcca = FusF/i.Ao
(mc ¢<4)
1/¢ SeERVICE cALL: b
I0ENG  (enable ertry) I6ENC = FAMDS.PHG, NFPRR.NFSHEX.I®[ENG/I «— NMcooOS =
mhibit s/PHe T Teen S/PHG = BRPHG.NIGEN.NCLERR
(SFT and FusF/l are each inhibited by Teen)
PH7 | (PROBE RESULT) (will be low ('n Icft case)uhen
(FusF/1 is st high) FUSF/t = FUSF,NT6EN. (Pg + PH?) FSHEX cavsed by exp.underflow)
s/ccl T 1eft and madissa normalized. s/ccl = FUSF/i.FNORM « (A+4A7 +Alc+alf) NFLE2. McC . Mer
s/ceca 0l exronerﬂ: o\xer/unc\:rﬂow sjcez = FUsF/I. RO
R/AO  (render sign bit +) R/AG = FUSF/)
s/FL3 T madlissa =0 s/FL3 = FUSE/1.S50B1S2 516312,800312 | (A is on S0831)
L oatwa ys \nig}x T shert
s/B—s S/SXB = FASH.PH?
pis| B—os Sn = Bn.SxB (8=0 F shofl)
S D Dxs = (FUSF,PHB)
NFLI 3 §/D—s E/SXD = ( w ). NFL ncﬁate \.s,w‘for;a‘mas
FL! 3 s/-D—s s/sxMd = ( «  ).Fu sign was neqabive
s/LR3| S/LR3) = (  w )
s/Rw iF \ong S/RW = ( u ).DE.’S
1F MANTISSA =0 ¢
s/cet if left shift sfeci/l = ( “ }.FL3.NFLR (0 is considered normalized)
R/cca Rjccz/i = ( " ).EL3 (:ance! e\lcr/um}cr‘ﬂeu) 'm5\.>
hold FL3 on (For S cortrin PHa) | R/FLZ =N( « )
PRq £D—s, S-oRW.IF lorq (Fresét in PHB) (Ls.w)
IF MANTISSA#0:
NFLI = S/A—s s/sxA = NFLL.(S/sx/FuI)
{FL! S /NA+Carry - S/sxMA = FUl.( )}F“s':' PRI FLS
dan't set K3t T Koo =0 (s/KEl/a): N(FUSF.PHY) --- (see discusslion n PH4)
s/RwW S/RW = FAMDS.PHq
s/DRQ s/DRQ/l = PHY
PHI6| A or NA+Carry or O's — S — RW (Frcsét m PH]) (true zero ¥ mastissa =0)
sfccs f resslt >0 ] TesTs = (FUSF. ENDE)
sjccd v« <0 | TESTS/1 = ( “ ) (includes B req in test)
ENDE ENDE = PHIO. ExcC
Sheet __3  of __3 [MNEMONIC: sF |
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Ta.k\a. c‘F con'tcntsl

FLOATING POINT

BOX OPTION

30] - 3oz GENERAL INFo,

302 - 309 ADD/sUB

3lo - 317 MULTIPLY

318 - 325 DIVIDE

326 FLow CHART : CPU «» Box

327 “FAFL PHa-5"

328 - 329 DISPLAY - BUS sYSTEM

330 - 33) ADDER MODULE - ADDER CONTRoL
(333 - 399 Reser\reé Far aéé}t\‘onq\ m‘Fa.)

Noles on decumentation :

o clecoclx'nej:

e gz
Se.s7 [FsL 1c [Fes =
®¢.s? |(FAL ID [FAS 3D
@.. 87 |FDL IE |FDS 3¢
©e.07 |FML IF [FMs 3F

FAFL = OI.03.04.65

) CPU and Box adt\'v'f‘iy are c_oml:'mecl on The seguence charls . CRY Fnctlions are a.///ar/‘rzz‘ca[ on a §/ant,
2) The General sequence oF evenls” nates on pages 302, 3i0, and 318 are inlerded on\\/ To give an ;mfrcssian
oF whal is To toke place. The)/ cannét be either comFiete. or accurale 'n every defall withaul \:eccmh‘x%
Teo c.cmlah'catet\ T serve Yreir rfended purpose.

Misc.:

\) To simulate absence of box : G—rounA 12Fal (kills FPcan) 3roun3 23Po7 (raises NFOPTloN), (F‘ts.}n cPy)

OVERALL BLOCK oF Bax:

5 E)—:!)‘re,ci}lona,\ ca‘:\c :

PHI-4 cPU Feeds bus. PHA-10 bus Fee:)s cPu’s B req.

J

L32, x
@ FF bus B Principal use of registers:
(reverse order) J l—-
l‘ ADD/SUB MU L DIV
LI, L2,R32
14‘% e 7% l B v 3 s postnorm multir“er tiert
-— vetien
1 I i ctr. (hack\du\’cbs) %
47
v X
L4, LI, X1,R2, R d
I_L“’a 7’l° L A 311‘ y Ll X1, R2; R4 —4 QuﬁehA7 pre uc't> nume.raior)
—— | scaler scaler scaler
J
as
i 2
{[I== A,-A, D,-D, A+D, A-D 31) -4
| "
4% Li, RI
v | ddend
adden - .
l“+8 o '713 D a|} «D: ) mu\ttphcanc‘ denominater
— sum
(NA) - e exponen't iLeralione iTerdfions
" buffer ctr. ctr.
contr. F-&4 or NF-G4
(unbiased exp. sum or difference) align. ctr.
Ex) 6 E 7 P «—E : 3 4 }sroa‘. exp- quo. exp.
sum exp.
contr. Eres

30l
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20€e

CQaNT TYNINID

gns/aay

Condition Code Settings for Floating~point Instructions

Condition Code Meaning if no trap to location X'44' occurs Meaning if trap to location X'44' occurs
1 2 3 4
0o 0 0 O Ax0, O/A, or A+ A® with FN=1 | @
0 0 0 1 | N%0 o
0 0o 1 o N> 0 results |
o 1 0 0 @ divide by zero
o 1 0 1 * overflow, N <0 I always trapped
0o 1 1 © * overflow, N >0
1. 0 0 0 -A+ A® -A+ A
@ 1. 0 0 1 N<O l >2 posfnormal-l FS$=0, FN=0, and N<O}>2 postnormul—} FS=1, FN=0, and no
1T 0 1 0 N>0 izing shifts ) no underflow N>0 izing shifts | underflow with FZ=1
i 1 0 © underflow with FZ=0 and no trap by FS=1 O] *
T 1t o0 1 * underflow, N <0 ‘ Fz=1
1T 1 1 0 * underflow, N> 0
@ result set to true zero
@ "*" indicates impossible configurations
@ applies to add and subtract only where FN=0

@/SUB : Gene\'a\ Se%uance a'F evenls :

D Pol a.u:ncl (R) in A
2) Pl dian (Ew) in D

2) Pt (wacno‘ cxrencﬁ't)— (Qeuenn' exroneﬁt> n E
4-) Hemc‘ec]m«\\/ r\‘ﬂ\wt shift The martissa with The smaller

exponent \;7 The difference in E

$) Pt The \emjer oF The twe exfor\cn‘ts " E

C.) AAA/Sub‘traEt ) resutt soes"t‘:‘ D
7)

Seale |resvlt| orfil nermalized  (unless =0, or left

P

shifting nmbited by PN =1). og |result] <l s pit in A
8) Assemble cw)justu‘ ex‘:on:n't () and manTissa A

on S n proper [ao\o.rit/
9) Store s ' nst TRAP

CONTROL FLAGS (in Psw):

o= (”'Floc.‘tl.ncj zero"):
when =1 cavses trap T x'44
mrﬂow
when = 0 coses ZERos T be
stored —(exccf‘t where s'|3v{\‘ﬁ'cuncc

‘t\—a\: cohcur:s)

ALD /5UB corlrel flags:

EN (crx\‘c,ms ENF n \‘mrc)wmre«):
when = | inhibts nor‘mn.‘\.z-ot\‘ch

>4 results

when =0 oallews narmalizalion

[=} esvils cmé se‘ﬂ:\'na of cc)
i top 3 hexes -F |unnormo.\|'§ee§
resu itl =0

Fs (S;gn.\E'cA\nce trap):
when = | cavuses troap T X ‘44!
iF FEN=0 and Top 3 hexes of
‘Unncrma.\l‘zeg reso\tl =0

FLOATING POINT : GENERAL INFO.) ADD/SUB



goege

gas/aayv

(R) — FP > S460'7 - A4T3I, EW sian ——» MWN

l

(EW) —FP—+ 54607 > D4, 3 AD0OT —+ F
A6007 —» A000T T AO RN o2 D& T MwN

S/A+D s £ MWN, s/a-v s T Rwl, (K7 will =1,

|

(Rvl) > FP, FP— AO03I f lone, (0's -+ Aco3y T shorl)
sose7 -» & (1e, (AeT)'.(DcT) - E*)

(EWu)) — FP, FP— 5003) '{ lonq, S003| -+ Doo3)

(E =O>=§ ASFP =3 S/I’H-D——-) s ¥ O\AA) S/A—,D——as .\f sub.
FottmE il 70, F-ta-me § Fo (1o (Aet)-t4 m E)

(E>0) = ALM = s/IDl— s, s/swa (For A D) E-l »E
s/sz .|'F N\WN) S/FPR '\F (SUL\ @MV\JN)

(£<0) = ALR > 8/Ia| 8, DO0OT 4 F, E4lmE

s/sw) T a47, s/ePr f Aa7

(

SxVic A (0's > A0kl T shorl) AwD T swe

(E# O), RTZ = E‘é«!;a = cour?t E JComu.r‘e:\. zero
s/RTZ T (s4731 =0), SXADD, s/A-s, sulain sv

(E=0)+ RT2 = ASPP =

s/A+D -5 f (add @swl) | 8/A-D s if (sub® swi)
F-thwE  Fo , F-t4»E f ro (un\:'m.seé exp. of lorger o)
R/RT=

~<

)

AXD —»5 D N O)S—ﬂA

S/A-) =5 T s4 s/ardos § S4C

Dl —> s, s/A>s5 | reverse FPR'E Dac

(D46 DD47) = SXViL - A, ExlmE

(54c. D p4a7) . (DEN+FNF) > S —ps A

(P#. ©247) . (DEN+FNF)=» Sxle -» A E=|+E

—

(A‘Wb’:=o>.(ASES’§=o);RT2_E§F =
A —=Sxlb A, E-) = E, ¢/RT2 5473120, S/A-S

N

(R4751=0).(As2ss £0).RT2. FNF =
A— SXIG —¢+P\, [ \-nE)

h47 = A—-&SX'/\Q-—»A) Et+|+E, > FPRR

A47.(A4751 #0) +RTZ + FNF) >
s/rTe "f s4731=0 or (54771 = 0). sheik

J
(FPRR couses: s/tA—s FerrR), s/cPU-PHT )

. SR
$003) — FP T (RT# + FEUF, FZ) FPRD, FP . CPU-B req.
suilain PRX's |  s/cPu-ru T FPRD, NTRAP
s/cPU-cc), cca (e, ete), Eme f FPR

A

547~ FPo, Bl — FPl, E0207 — FPo207, $487|— FPOg3|
(FP's enuuej & (RT2 + FEDF.?T‘.-)) , FP'.S »CPU-B reg
s/cPy-rW 'f NTRAP, | — 17 'f FPRD.K3|

ADD/'SUB




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE3| (Wil ot be reached I NFEPTION and) PREZ was entered)
cLock TimiNG ¢ (TBL unless 2/& service Ca.//) i which case FPCLEN/2 fe/gcfs 75L clocks 15 box)
s/78L S/TBL = PRE/SZ (roitriaf toro-on (redvn.)
* FAFL. NIGACT . NFPHIO Chold ont il ZoACT or PH10)
*+ FAFL. ($/FPHC/TE) (retura From Z/6)
R -+ A (s/AxRmR = PRE/IZ) (auyenci - s )
MB —+ C 2D n(From even focalron) DXC = FREGFER, PRES (addfend - m.s.w.)
(address forced even Yy Sarznmy m earlier phase (sece “PREPARHTION)
/- P37 id /ony (reguest FUCE, = (FAFL, NOE. PRESZ, naws 2 (P37 =0)
S/MRQ /s, of addend ) s/MRY/ = ( “ I rbibited if nvEorTIOW)
s/,v;y — s S/SXNA = FAFL.FPRE/3+
s/rH) ST FOPTION S/PHs = PRE/3#. NEF
( 7RAP JF NFOPTION)
FPCON —> Box FrPcerN = FAFL,PRE3
. ghart the bex
8/PHI  (in bax) $/PH1 = FPCON, nPH)
(Frcv:n"; s/PHl|on next c‘soc\x)
PH/ NA — S (preset in PRE3)
PHI NS —> P “FP, = Z.5,.FPXS « = NPHE NDIS (R) — FP
FPO —— S47 (—» 54¢) .
FPOS3! —» 5487 llr SXFP/U = S4¢o7xFP = PHI.NFPDIS (augena manTissa - msw)
FP0OO7— 50007 ° SXFP/4+ = S4LOTXFP = PHI.NFFDIS (avgend exponest )
0’s —— Soa3l (ro enable hi)
S A AXS = PHI
DO —» £PCEN FPCON = FAFL.PH/. DO
FPCON »> MWN S/MNN = FFCON,F’HI; R/MNN = PH) (store addenc sii'm}
0’s = B (for Pn7, ) Bx = PHI (Fost—normo.\t'zcﬁ';on ctr)
0's = E  (for Pu3) EX = Pui (exporerl req.)
0's = F  (For PHE) EX = PHI (QJ‘SE""‘; exFonen"t rcg,}
S/LF. . S/LR3/ = (FAFL.NCR. FH/
Sait /7 fong / ( ) ( #o ayr?cﬁf/-/.s.w,J
5/,q,\(ﬁﬁ S/ﬂxﬁﬁ = ( 4 ) hd
s/,«/b —- S s/sxzvzv = FAFL.PH/
s/FH2 S/FHE = PHILNER
S/PHE. s/PHa = PHI
PHE ND —» 5 (preset i Pr/s)
PHa NS — FP Fr, =L, Sy FPKS « « NPHE. NDIS (Ew) — FP
FPO —> $47 S46
— SAFP/U = S4CO7XFP = PHe. NFPDIS (addend martissa - msw)
FPO8 3| —» 5487
FP 0007 — $S0007 SXFP/4 = 540LOTAFP = PH2. NFFDLS (aciz{enc\ exFonent>
o's —» 5083 (no enable hi)
S ——»D Dxs = PHZ
NAOODT7 - F FXNA = PHZ2.N&C (5“\’_0‘(6: ruxcjenfl exrnner»‘t)
Sheet ] of © FAS (3D), FAL (&D)) Fss (3¢), FsL (1c) LMNEMONIC: FP: ADD/SUB 4]




PHASE/

FUNCTION PERFORMED

SIGNALS [INVOLVED

COMMENTS

FP — s003) 1T Jong
0's = 5003y ¥ short
S -+ D003}

Clear Csnr//f/a/? Ccﬂlfs
S/B s

S/FPHE
2,

see se,carai’e charl :
YEaEL PHE -6

. 3
(P»‘!g PH4 cenlinven on nexD Fage)

o2 PRESET FoR ExPoNENT ARITH:
PR J’s/m :(Pra. Ad.NaL, (silarly Az - a8)
contd, NACOOT7 = A0GOT T AG =) L AX/L = AxL =(PH2.A0) (b0 - invert, mqené chneED
| - A s/A8 = PHa, NMUL (K7 eorlrel)
i~ D8 roy . 5/D8 = PHE., MwN
T aA;)«enzl 1§ nes. Aec?t De )+ s
S/A+D —> s } N S/SXAPD = S/SXAPD/ = PH2. mwN. NMuL (for Cret) + Gedrizs)
s/a-d> = s F Mend e pos. S/SXAMD = N(S/SXAPD). 5/SxAMD/2 « = P2 |(for (Aet) + N(DeM41-s)
RE )+ A . (presel i PH/)
- F Jom K7=G8 =
/2R (for EWvy) 7 S/PRQJt = FAFL.NOZ. PHE
SINA — S S/SXNA = FAFL.PH2 (zwjem/-— /s.u)
S/PH3 S/PH3 = FH2.NER
S/PH3 S/PH3 = PHE.
PH3 (Aet) - (De?) — s (Frese't n PHZ) (UnL,‘q_su) exponenent
PH3 S »E S/Ey = S,.PH3 difference - £)
NA — 5 (/brcsef n PHE) ((/?v/)——r o d /any)
NS — FFP F/‘; = Z. Sp.FRXS «— = NPHE, NDIS (R) = £PIF S/‘dff—/’nS/:?.)
FP » Aoo3l f long AXEP = PH3.Ne2 ],< Vo
0% » Aooz] T sherl AX/L = AXL = PH3 [ s-)
MBr/ 45 C —+ D [F fong DXC = FAFL.MO2, FH3 (addend - /s.w.)
67,1/5 — S/SXMD = FAHFL.FH3
S/ Py & S/P//f- = fHI, NVER
s/Fri4 S/PH4& = PH3
PHEl WD - S (/orese‘é i PH3) (EW 1) = FP F /ony)
PH4 NS — FF = NPHB.NDIS

Fr, = L. Sk £FPIS
SXFP/4 = SXFP/A = Sco3IXFP
(re enable b )
DX/ = DXs/L

PH&.N

PH4

Rfce = (FAFL.PHE)
s /’ sxs = ( ” b
S/PHS = PHE. NEBR

(EW) = FP iF short- /'175/'7.)
8z . NFFDLS

(addend ls.w)

Sheet

of
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PHASE/ FUNCTiON PERFORMED SIGNALS INVOLVED COMMENTS
PHE EXISTING <cond(TANS :
PH4 A cotilains (R)) (va)/o‘s (martissa of at)ﬂeno\)
coﬁtﬂ. B " o's
D " (EW)) (De}in DOoOT ((va‘)/o‘s s L:fn% clacked into Doosl| This \z}mse)
E " (Aet) - (De1)
F " N(Ae)
IF E=0 : ASPP > ASPP = PH4,N&L, ECOO3ZE . EasoTz
s/A+D— s f add 5/sxAPD = S/SxAPD/i = ASPP. o7 NsW|l « (R/sWi = NFHA)
s/A-D s T sub S/S%AMD = N (s/sxAPD). s/sxAmMD/2. «|= AsPP
F—¢4 - E f NFO EXFM&4 = ASPP.NFO (uninverttel) unbiqwi
NF -4 — & f Fo EXHNFMCE = ASPP.Fp [ A exporedt » £)
S/PHG (ul)/suk Fha:c) s/PHG = ASPP
IF E>0 1 ALM = ALM = PH4. NOGL.NEO, NASPP (RY > (EW)
s/ID) — S S/SXD = ND44.5/sXAVD
— PH4.
{s/stD : D%.s/sxh\lbj Pr%.ALM
s/swi f mwN s/swi = (g/swifi) < ALM.WH (veversing sign T 3 oper.)
s/FPR T (sub@nwn) 6/FPR = ALM.N(67@ MWN) (result of PHC will be n
reverse Fo)ar'\‘t)t)
E-\ .»E EDC? = ALM (AAwmcount “qun') Ze,r'o)
s/A+D S/swa2 = ALM.PH4 NPH7 «— (rner.\l. chnv.)
s/FH§ (o.\\'einme.nt r‘\ase) S/PH{ = PH4.NGG .NASPP
IF E< O ALR = ALR = PH4 NOGC, EO,NRTZ o (R/RTZ :FPH) (W) » (R)
s/lal = s s/sxh = NA4T, S/sxAVA
= VALR
L/stA = f\47.s/smv1\} Frs. A
s/swi T Aat S/sWi = ALR.A47 (reversing sign of A oper)
s/FPR T A47 S/FPR = ALR.A47 (resuit of PHG will bein
reverse Fc)nl"\t}’)
E+| »E EVCT = ALR (uF-Couﬁt E toward zero)
Dooo7 - F FXD = ALR.PH4 (\ﬂl\'gcr efﬁoncrft—r* )
s/PHE (a\ianmeﬁf F\\ase) S/PHE = PH4 . NOG.NASPF
oS (ALIGNMENT PHASE - ent:rec‘ an‘)' F E 406 \n PHSG)
o FIRST cLock oNLY :
FHEC ;
A= D F DXA = PHS, SWE « (re\oeater> (laraer opsrand - D)
. i E>0 In PH4 J
PHS D] — s ( SR PH4)
‘Al —- g W E 20 R Frese, \n
(th\w\\ailt s/RT2 T orumber s rc%uires hcsoftl'on bence invelves carry Frofaﬁnj:{en)
ALL CLOCKS :
S% /e > A AXSR4 = AXSR4/) = PHS Neg
8’s - Ao4o7 F shor‘LZ S/A% = 50.AXSR4-A.NOZ « (longq an\')') - (simiary AS, AL, AT)
“Guard] digiT” \03§c \loerm'\‘ts ria\\t a\!lsnmerft ‘o] Acoo3
Sheet __ 3 of _© [MNEMONIC: FP: ADD/SuB
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHE ALM = PHS.NGL NEO.NASPP {(e>0).NRT2)
Pt ALL BUT FINAL cLocK ((E#0).NRTE): ALR = PHSE.NO6L.Eo. NRT2Z ((E<0) .NRTZ)
- NASPP = N(PHSNoL (E00032,E04072 |N((E=0) + RTZ)
o) E+l-»E ¥ £<o Euc7 = ALR | +tRT=)
E-|-~E § E>o EDCT7 = ALM
sustain sw) s/swi/l = ALM.MWN + ALR.SW| (R/swi = NPH9])
$/A—>s (for s5xNeh) s/sxA = PHS . NOC.NASPP
s/Rte f 4731 =<0 S/RT2 = PHS.SEU.SZL.NASPP, NSXAD|D « NPRXNAND, NGXADD
gugtain PHS S/P4S = PHS.NBS&L.NASPP
ON FINAL cLocK ((E=0) + RT2): ASPP = PHS, NoL(Eooo3=.Ec40Tz +Rfrz)
s/a+D > s T (add ®sw1) S/SXAPD = §/SXAPD/I = ASPP. (NG7.5W! |+ &7.Nswi)
s/A-D — s T (sub ®swi) s/sxAMD = N(s/sxAPD).s/sxaMD /a2 «— |- AsPP
F-¢4 -+ E T NFO EXFMGL4 = ASPP, NFo (um'nver'tu;)unﬁiascé
NF-64» E T Fo EXNFML4= ASPP. Fo exponenl oF larger nomber.)
R/RTZ R/RT2 = ASPP
s/PH¢ s/PHL = ASPP
ews | (ADD/SUB PHASE)
v AEXD—S (presél in PH4 or PHS by ASPP) } (1-bit extension on
S D DXs = PHG,N&G left handles overﬂows)
PHG s/A+D — s f Ns4L 5/sxAPD reducesTs PHG. NGOG, N (PRoG @K|4e)  (special mech.)
s/A-D —s T osag s/iol» s S/SXAMD = N(S/SXAPD). S/SXAMD/2 +— = PIHC NOG
0’s +» A {for 6tD ) AX = PH6, NBG
s/PH7 s/PHT = PHG.NOG
swe | (FIRST ADTUST |suM| PHasg)
PH7 lb‘ — S LFl’Csét tn PHC)
reverse FPR T D4t Jis/FpR = (PHT7.NOG.D4L ), NFPR } (FPR coutd have been
R/FFR = ( " ) &l in PH4-)
(b4l #D&7 ) = AXSF4/l = PHT.NBL. (D46 ® DAT)
SR/l > A AXSR4 = AXSR4/I
E+l-»E Eue7 = AXSR4/l,NPHS
(D46 =D4&7) N(DSN +FNF) = AXSL&/I = PH7.NGG.NAXSR4A /1 NDSN | N(FNF.NOL)
S Xl > A AXSL4 = AXSL4/|
E-l 4 E EDc? = AxSL4/1.N(PHS.DIV)
BXx2+ B, | » BLY BxBLI = AXSL4/1.NOG  8/BLT = BXB[LIL NOG (postnerm ctr)
(p4¢ = D47). (pSN + FNF)
S A RxS = PR7.NbG. NAXSR4/1.NARSLA/L
s/p—s s/sxa = PH7.N(s/PHT) + AXSL4/1. |[NFPRR
5/PHB s/PHE = PHT.N(S/PH7)
Pré | (FINAL RITUST |SuM|] PHASE)
PHs | (A coslains TRe jsum| n The range] 0<4s&1)
CONTRoL SigNALS (inhiqit Fos?tnarm.j -
AsN (A “§'\m\:§:—gcrmanzei) high ‘T A4751 # all zeros (ne. Ne&|54&1) or i FNF =)
ASN = N (A47 A48.A49. Aso.ASI). N(NA4T). A4BSI2 N (FRNF.NBGY)
FPRR (Flodling Poinl Result Realy) FPRR = PHB.NDIV.ASN (Vtag S &) or FNF=1)
+ PHB.NDIV, NASESES = (ASN assured retL clock)
+ PHB.RTZ NPHS (s=0 (2nd PH8 clock))
Sheet __ %t of _© [MNEMONIC: FP: ADD/suUB 1
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PHAS[/ FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
~H¢ RTZ (Resull is zere) S/RT2 = PHB.SZUSEL.NASPP.Ns¥ADD | (54731 =0)
PHS + PHB.SEU.C2.NOG (54771 = 0} shoil
cortd l'——(:weszk; for FNF=| case where sian}?gnce in 3Unro\ Aig'ut °"\7)
NASN = ((0%A <YiL).(FNF=0)) AXSL4/) = PHB NDIV. NASN
A—9S (F\'es':t \n PH7 ar PHE)
Sx b+ A AXSLE = ARSL4/I
E-| = E EDC7 = AXSLA/I.N(PAS.DIV)
BYrE + B, |+ BLT BXBLI = AXSL4/L.NGG, s/B¢7 = BX [BLI.NGL (postnarm. <tr)
s/RTz T s=o0 (see akove)
s/A—S . s/sxA = AxsL4/} NFPRR
sfstm ous § (as2s5=0).NRTZ S//FHB - e N/FPRR
< raise FPRR i (as25520)+ RT2 FPRR = PHB.NAS255z, NDIV +PHE|.RTZ. NFHS
ASN,A4T = (A=)
A—>S (rrese‘t in PHT) (NoTE: S4C 'Forw-f)-o) o'ﬂmcrm]sc=A4-'7)
SR W - A AXSR4 = AXSR4 /)
. E/‘“ coeqr NPHQ.AXSR4—//| :}—= Pr8 |.NDIV. A4T
f.@-r‘n,isg_ FPRR FPRR = PHB.NDLV. ASN
ASN.NA4T7 = (U $AL) +(FNE =) (donl shift reqisters)
A—S (Freset m PH7)
S/RTZ T s=z=0 (FNF=| case) (see al:ove)
< raise FPRR FPRR = PH&.NDIV.AsN
> FPRR 2> ( Floating Poinl Resvlft Ready)
lop CLOCK —» box if Z/8 sprvice call has CPU : FRELEN]] = NEFRR|# NEGEN. nZeZN
s/Pu7 S/PHT = PHE.NER « = NERPHG = (] FAFL. PHG. NFPRR)
$JMRQ (For next msluclion)|  S/HRQJI = FAFL.PHC. NERPHG. NIAEN
s/A—>S ‘T NEPR s/sxA = FPRR NFPR } (‘:u‘t resun:‘fn
s/-A—as T+ FPR S/SxMA = FPRR .FPR proper Fo\o:l‘t/
S/FHC] S/PH‘] = FPRR
PHT CONTROL SIGNALS VSED IN PHa-l0.
PHY] EPRD FPRD = Noz. (I’E'SUHZ desble lens'ﬁs)
TRAP TRAP = FEGF (exp. overtlow)
+ FEUF . N(FEUF.NF2) = FEUF. JF2  ((exp. urderflow). F2)
+ BCS.N&G.FS (Sitjﬁtﬁ‘ca|1:.€: trop)
FEGF FESF = NEO, E). NRT2 (exp. overflow)
FEUF FEUF = EO.NELNRTz J(BeE New FslnFe)  (exp ur,r\ie_\/ﬂcu>
Aor <A — S (pressl in PH8 by FPRR)
Sco3| —» FP if nat FPxSL = PHY, DFPDIS. FPRD .0RT2. N (EuF.NF2) |
o's — P f (shorl Jor result zero ar underflow and Fz:0 )
FP > B BXFP = FAFL.FHT
5(re,suHi-!.s.w_)
s/B—»S §/BXS = FAFL, 7T
S/LR3/ S/LRBS = FAFL. PHT
s/ﬁn/ 5 /anj and not fra/a case s/RW = s/RW/FP = F’Hq,FPRD.NTRrAP J
s /CC/ /f ex/écweﬂ't uo;/eﬂ%zd or\ /Ff AN=0 amf > a /oasZ—narma//é//‘)y s/g/'r"‘,'s rcgu}rer/ ( //vc/ae/es /‘?Tz).
s/ce/ = s/ccl/FP = PHY.FEUF +| PHA.NOG. BCS
s/ccz 0 ex/ooncn’f vndeffon or | everfow. Sfcez = s/cca/FP = FHA.|FELF + PHi.FEOF
Sheet 5  of © [MNEMONIC: FP: ADD/suB
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PHAS[/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
7. — ! = s
#7 s/A—s _'-P NFPR &/ SxA PHY . NFPR (sus‘tmmnj from PHE)
PHY s/-A—=s T EPR S/SxMA = PHY.FPR
Ccnt)é
NE e F FPR. (20 =81 EXNE = PH9, FPR.NTRAP.N(FEUF, NF2) | (inverl exp. when result neg)
. %ua.l;ﬂ'cr Prevents ‘mterc]no.ngfna FEUF and FEOF
S/FHE s/Fne = PH7.NEBR
s/ PHIO s/PHio = PHY
Vad-1 B -5 R
. z resull -l s.w.
PHIO S s RW, /) if /aﬂj and no? Zrap } Oa,?se n A7) (resul s
SEO B /»SWo  (for 7ESTS) s/swo = NSa03/&. (s/su/o/xt/a) — = FAFL NO2. FHE
Aor-p-»5 (preset in Pra) < [ note: K71 s for ) high in short “-A"
$47 — FPO case To assure proper Tronecalisn ;
(ex > NEl — FPL (444 bias) KTi = Gooo3 = |PHIO.NFFRD, ®3!
P LEO028T = FPoROT FPsxU = PHIQ.NFPRIS. NRTz , N(FE JuF. NF2)
$4871 — FPOE 3! (FPrs = MPY8.NDIs -- blocks S (|=£) —+ <~)
FrR v B BXFP = FAFL.FHE
it m.s.
s/B->5 S/SxB = FAFL.PHE (resolt m.s.w)
s/ AW I not Zrap case S/RW = S/RW/FP = PH10.NTRAP
S /DR@ S/ORQ = BRFPHIC = FAFL.FHE
S/FH 10 §/PHI0 = BREPKIO = FAFL, PHE
R/F’Hlo (ne more. box Q,ctl‘oh) (no set term l’)l)
/] B-+s .
S o oW } (presel m PHE) (resuit - m.s.wW,)
TESTS (cc3, cc# contro/) TESTS = FAFL.ENDE
(rote: Swo =/ cavies S>0 | inchcalion Hor Jovd/e /=n37z zers test R This 45 ﬂeeJex/ for
(42D [s0B).(FN=1) case only, wheke result is #, exp s -l 4 and 517‘/;;} rcance i s w. oné\/)
Stop su:za/;v/}zj 7eL S/78L = FAFL. NICACT. NPH 10
TRAP To X424’ if Rw /s off S/TRAP = (FAFL, ENDE. NRW,) (NRW means TRAP &
s/7R2% = ( ” ) The Box was 4/ fast cf.)
ENDE EMDE = PHIO ExC
Sheet __ & _of _ 6 [MNEMONIC: FP: ADD/SUB |
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Genera) sequence ot evenls: 1 FP bus ‘:E:::__—:—-_—j;ﬁ = (R) ?)
Loao‘ ler - m.s.W 4 }
1) Pt moltiplier (R) m A, and backwards in B (uncondifianal in {B [3 o7 gl
2) Pl mu\t‘npll‘co.na\' (gw) \n D PHI) . . )
3) Pt ex?onen"\'. sym n E | 7
“r> Normalize (D}'.‘F necessary ear\\[ exil ¥ =0 zeros
5) uw (A) u 5 “ noon =0
(s doesn't c}m.ncje. bt 2 a-bit "Teralions ( FP bus CO = (Ry1) ?)
are delefed for each hex of A shift re%ul\rec\) Load ier - ls.w. } |
¢) Clear A (on\)l iF long \n T B |?,' SI? 0(7 = (R) ‘gl
’7) 'I_'tcro.'\?e.) FrcAuc.‘mj Jese 41Fr01.}4l ‘n AB PH3) N y y N y o
€) Normalize AB L t |
°\> Assemble a.a\jus'te:) ex}oonent D) and
marilissa (A) on S n proper ?o\nr'ft7 \ . .
\0) Stere S ‘% nel TRAP Lcu.o\mcj The mu|t(\nhcr' e B - backwards
Tterdlions (PHV) : Dx2 -»D ,Dx%a - D (logic produces product|)

. N ; "
FI (ler sign time ‘4 carry g

P ({cqni) MW N (\Acanc! sign)
i ——— U N w—— ) Y (S S S SCRVEY R O (e
SWi (\ICanA x2 isin D)
ks ssi «—— odder—> K31
GHHHA | e | 1 N A | o | i
A (Ipreduct|) B (ier)
N g y,

Nole Thal The B resis'ter s \‘ln\a_yag \vcu:kwmm;s”

545 = PR46. K45, which red. to (Thie enabled efficient vee of The FT41 Pip-Tlap modole)

PRAG. K46 + G46

TOW

MUL



e

10w

(R) — FP _—» $4407 _++A.4'73\> EW sign-—# MW N

r

FPOB3| —+» B7148 |  |'s »» F5 F7 71 F6 2 MIT funclions (O -28 on | clock)
1 FO.35W0 = » " (s‘(gn 'm—'Fo)
(Ew) —FP-—» 54607 > Ddc3| S/FFR T (mwn @ A47) Fo.SWo = S—++A | S/A>S
A000T —s 0007 F RO, |-+ AO(1e.-128), 1+DE f mwn
s/A+D =5 T MWN | s/a-D—rs Fran, (K7 will= o)
(Rvl) — FP FP - Ac03) "’Fl long (0's +» As03| F shorl) 8 | ASN = A— SXIG > »l:, E-I+E
[t F4, FP003) +» Bo748 , B7148 + 53108 flang ASN,A47 S A—Sx/L-—h  E+l—E
£0007 1 E (Le. (Ael) + (Del)-1281E) ASN A&7 = (dert f—\"’mﬁc A ar E)
l ol cases ! FPRR = s/tA-— 8 f(FPR), s/cPu-PH7
(EWel) — FR, FP—5003) if long, Sco3)l D003
DsN.AsN 3 (s/o-s), s/swa T FPR L '
DeN, AsN = 8/IAl s — (FPRR)
DEN 2 s/p— s, s/swa (for A+ D) 1 h
—} 9 | 0031 —FP ' (K72 + FEUF,F2). FPRD | FP—+» CPU-B req
f ) s0élain PRX's
SW2 (first clock) = A -»D, D sxlasrA, E-(mE s/cPu-RW ' f FPRD. NTRAP
s/ﬁ~¢é) s/rva f s4731 =0 s/cpy-ccl, cea T(E) , E-»g ¥ FPR
RN (ofter ik clock) = "z > |
A—Srib A, E-IlHE, S/AS RT2 = FPRR / 10 | 5475 FPO, E1=FPI E0ROT — FPo207, $4871 — FPOg3|
(AsN.EW2) = s/10| =5, 5/swa (forA»D) _.,_\l ‘ (FP% enabled °F (RT2 1 FEOF.F2), FP-» CFU-B req.
) s/cPu-Ra F NTRAP
\f =
(RSN +DEN) = SXI6-pA | E-l 4 E,F-) nF| RTZ D I
sjp—+s, A~DT suz, s/rRTe f(s4731=0)5%m0 | RT2 > FPRR | — ./

(ASN.DSN) = (S+A-insig), (5/05), A+ T swa
s/swz T FPR

MUL




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
pres| (will not be reached F WEoPTION |and PREZ was entered)
CLOCH TIMING : (TEL vnless Z/&|service call in which case FPCLEN/E rejecs 75L clocks 75 box)
s/78L S/78L = FRE/s2 (rnitraf torn-on (ked/w;‘»
+ FAFL, NIOACT. NPH 10 Chold witi/ 16ACT or PHIS)
+ FAFL. (s/PHL/Z8) ( return froan Z/5)
R v A (s/axprr = PRE/S12) (rer - ms.w.)
MB > C +22 ,(From even /OCQZ/‘G:‘?> DXC = PREOPER. PRES Cicand —M-S.h).)
é (ac/a/ress Porced even b’/ S3IINY 1h eardser /eAase (See W ’EP/‘?/?/?WO/V'))
/e P31\ i fong (reguest PUC3/ = (FAFL.NOE. PREI.NANLE) (#P3/:0)
s/mme lsw. of jeand) s/MRA// = ( " p) (rhibited i NEBFTZON)
S/NA -5 5 S/SKNA = FAFL.FRE/3+
S/Pw/) iF FBPTION S/PYI = FRE/3%. NBR
(TREP iF NECFTION)
£ - FPCON = FAFL.PRE
Pcor : Aax v Vat 3 S‘t&r‘t "ﬂn: box
/PRl (in bex) S/PHI = FPceN.NPH|
t (prevents s/Pa]l on next elack)
Fref NA =S (poresel wm FPRESZ)
PH1 NE — FP FP, = L.8,. FPXS — = NPHE.NDZIS (R) — FF
FPO —— 547 (-»s4c) . :
P08l o 54a7) SXFP/U = $4G07XFP = PHI,NFPDIS (ler mantissa-msw.)
FP0007 — S0007 SXFP/4 = S4LOTXEP = PHI, NFPDLS (ier exponent)
0’s ——» s083} (no enable h|>
S —r—> A AXs = PHl
FP310% —r—> B487) BxFP/U = BXFPU = PHI. MUL (ler mantissa msw,
0’s ——= B003| Bx = PHI -+ B, backwarde)
0% - € (For PHZ Ex = PH] (exronent rcg.)
5 s F S/FS=s/F7 = EXFP/U = BXFPU = PHL.MUL
(emMc F) FX = PHi ('terrf\i\éns c‘tr‘.)
5 —» SWO R/swo = BX = PHI
DO —» FPCON FRcoN = FAFL ,PHI.DO
FPCON - MWN MW = FPeoN.PHl;  R/MwN = PRI | (stere lcand sign)
; , = (FAFL NCE. PH .
/LRI i fong s/er31/r = ( 7) } (For ser /s.w)
S/AKFR s/axRR = ( ” 7
§/ND = 5 s/sm/b = FAFL, A/
S/ PH2 s/Fre = FHI.NER
s/FHE s/PHa = PHI
PHE ¢
PHE | » FPR F oreran.} signs # S/FPR = PH2.6L. (MWN ®A4—7>; RAFPR = PHI
Sheet PR FMS (3F), FmL (IF) [ MNEMONIC: FP: muL
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PHAS[/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
FH2 ND - s Coresel mn PH7)
PHZ2 VS — P FP, = Z. Srn.FPKS « = NPHE.NDIS Cew ) — Fp
> FPO — S47 — 54¢ . .
cont’d SXFF/V = S46OTXFP = PH2.NFPDLS | (icand madlissa - m.sw)
FPO23l —»5487]
FPoOOT— 50007 SxFP/4 = S4LOTXFP = PHE2.NFPDIS (iaanj cxfaanen‘t)
0 — 5 so%3| (no enoble hi)
S —»>»D PXS = PHa
PRESET FOR EXPONENT ARITH:
s/A1 = (PH2.80).NAL, (similarly Az -A8)
NADOCT + A0007 f A0=| AX/L = AXL = (FHR.AQ) (un-invert fer exgaonen't)
I » A0 §/A0C = PHa .MUL ( minus |28)
S/AtD o s Ficond is pos, S/SXAPD = 5/5xAPY/i = PH2, NMWN.MUL | (For (Act)+(nc’r)+o-1asas)1
s - . S/ SXAMD = N(S/SXAPD), S/SXAMD/2 ~ = PH2
‘/i DDS—‘ s } (‘F |c.a.nci s hﬁj- gjbg . PHE’(N/\I\NXN ) / / (fcl’ <A€T>+N(De$)+0—128->s)
AR > A 1 - (/w—eset n PHL) I:K"]:o since PRB-=g8=0
S/PRG (Ffor £W. /) | 17 fong S/DRG[I = FAFL.NSE.PH2
S/NA — s S/SANA = FAFL.FH2 (rer - fsw)
s/PH3 S/PH3 = PHI.NBR
s/PH3 5)PH3 = PHE
rFH3 (Aet) + (DeD)-128 » 5 (preset in PHZ) (un&:ro.ﬁef% exﬁonen‘t
PH3 S+E s/Ep = S, .PH3 sum »> E)
: (R 1) P if fong,
NA =5 (presel i PHZ) (R) =F£P i shorl - inssg.)
NS — FP Fr, = 7. Sp. FPYS = NPHE NDTS
FP - A0O3} f lorg AXFP = PH3.NC2 Ger - 3
0 —» A003| Fshort AX/L = AXL = PH3 e
B48 B0&3} BxFP/L
7 / (double- en5"{*n ler
FPD700 —= B0OOQT £ BXFPR/L exrp 5, backwards)
[} = = Q.
FP3108 —» B487| ohg BxFF/y PH3.Ne2.MuL +» ackwards
| = F4 s/F4 = BXFP/L (r}xanga F fram 5§ t \3)
MEv/ > C 2 I fong DXC = FAFL.NO2, Py3 (Feand - /.s.w.)
S/NVD > s S/SYND = FAFL. FPH3
S/PH# S/PHEt = PHI.NBR
s/ PHe S/PH4 = PH3
sPee| wd s (presel i F#3) Wy s F P F Jorrg,
PH4 NS — P Fr =1, 8, FPXS = NPHE . NDIS (.EW)—’FFstAorZ-/és/},)
FP — sco3| ' long SXFF/4 = SXFP/A = S003IXFP = PH4Ne2. NFPDIS
0's > Soa3) fF Shof“t (no Eha})h: h'.)
S —+» D003y DX/L = st/L = PH4 (lccmcs - \.s.w.)
Clear Condition Codes R/jcc = FAFL. FPH#
s/B -5 S/Sr8 = FAFL.FHE
S/PHS S/PHS = FHENER
Z see scpardle char:
YFAFL PHS-C”
Sheet 2 of _© [MNEMONIC: FP: MUL ]
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PHAS[/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
77| EXISTING CONDITIONS:
PH4 A conlaing (R))(Rul)/o’s (martissa of mu\tlﬁ\icr)
B7148 (R),(Re1) i long (marnTissa & muﬂt'\f:\ier' (without 533n by l’.)) with \eash snér\'\ﬂcant
B3148 (R) T shert bit in B4s, Reversc—loc.a\‘ms F Bis [for mech. conv.)
D “ (EW), (De)in Dooo7 {(Bwe1)/0's is \Dc'mg clocked ints Doosi]| this Fba.se.)
£ v {Aet) + (Del)-128 (tertalive Froéuc’t exponerl (unblased )
F . 5 sherl, 13 F long {rumber &F hexes - minus ene - in mult fh’c()
DSN. ASN =
s/PH? S/PH7 = PH4.MUL,0C.DSN.ASN
s/swe T o4x= or —x+ g/swz = (8/PH7),NPH7, MUL FPR (mu\t{\a\}er carry f£)
= NA&T. SAV
DN . NASH = &/ sxA 7. SxAVA = PH4.66.DYN. N (s/PH7)
s/lal —=s S/SKMA = AST. SXAVA
S/PHG S/PHG = PH4.86.DSN.N(S/PHT)
NDsN =
s/D—s s/Sx> = Pi4. 06 NDSN
s/A D g/swa = s/swWa/l = PH& &L NDSN
s/PHE §/PHS = PH4.6L.NDSN
45 | (ertered on\?l it multn'g\imné reobuircs rencrmalizalion )
};; (swa + NASN) = N(s/PHL) = N(s/PHe) = N(PHS.06.ASN.Nsw2)
A=D (first clock only) DXA = PHS.SwW2 «~ (I"cpcci:r) sl in PjH4)  (save multiplier)
PHS D—s ( " ) (Fresét n PI’HF')
A—s (alter fireh clock) s/sxA = NFPRR.AXSL%/| N
Sxlb 4 A AXSL4 = Axsm/u._j_"“s""" (s/Pue)
E-| -+ E Epc7 = N(PHS.DIV), AxsL4/) « = PHS|.06.N(s/PRa)
S/RTE T s=o0 (on first clock) 5/RT& = PHS,SZU.SZL.NASPP.NSXADD (mul’tf‘p\.\'cnné=0 b
NN raise FPRR FPRR = PHS.86. RT2 producl = 0; sTore
s/PHY, ete . ~(sec |FPRR funclions af end of PHE) zero resull)
NRTZ = suslain PHS S/PHS = PH5.06.N(S/PRC).NRTZ
(Nswz. AsN) =3 (mu}t;":h'c,anr) is “s}mp\c—ncrmm\\zeé "~ 2nd dodk or Jatler )
5/sxD = ND4L.SXAVD +——
1 {S/SXMD 2 dHCExAVd T pus]ow. asn.wewz
s/A D s/sWa = sfswaf) e— T °
s /PHG s/PRG =
Fys | (enfered from PHS or conelitionn\ly Yrom PH4)
;;4 oN THE FIRST cLocK :
4F v .
LAal—s \ antv Fram Pré ) lmu\txphar\ — s
PHG [Dl=—S oug (preseT logic)
A D DxA = PHG, swW2 (relurn “simple -nor ma,\n'aei"mu\t{\:@icam) #D)
(NASH + HDSN) = N(S/PH7) N(s/PH7) = N{PHC.0G. ASN.DsN) (mulitipiier no*c"s:mr\e-norm‘o\."
s/h =S (for clocks after firsk) | 8/sxA = NFPRR. AxSL4/t <« = PHlC 06 N (S/PHT)
S -+ A AXsL4 = AxsL4/|
E-|-»E EDCT7 = N(PHS.DIV).Axsia/| «
F-1+F 1 FDc7 = PHG.MUL.N(S/PHT)
(to delete 2 2|-biT Herations per hex of normalizalion rc%u'«rec\_)
Sheet 3  of & [MNEMONIC: FP: MuL
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
HE s/rTz f s=0 (enfisk clock) | s/RT=2 = Pue.SzU.SELNASPP NSxADD ] (mulZiplier =0 v,
o RTE = {ra\u FPRR FPRR = PHG.RT=Z NPHS I product = o stare
s/PHY efe - (sed FPRR funciions 4l end oF D) zero resuit)
:‘;\i NRT2 = sustain P S/Phl = PUL.OG.N (S/PHT).NRTZ
(AsN.DSN) = (mu,tllfll'cahf; e " simple norma_“zm}“ m‘rrl ‘Terations court] has been ac‘justu)
- For un-nermalizled mu\tfyp\fsr)
S A (insiq needed For D1v) AxXs = PHL, B, ASN. DSN
S/PHT S/PHT = PHL.GG.ASN.DSN
j+ w2 ' +x— or —x+ s/swa = (S/PH7).NPHT. MyL.EPR (moltiplier carry £F)
##5 | (ITERATIONS PHASE ) (cnt:ch fdom PHE or PHG ) Pr7 duralion :
P:;; z _ sherl ¢ 14 clocks x
SUMMARY oF REGISTER coNTROL ! 2z fong : 30 clocks %
PH7 A Yo Yo :{’ 9 f X subtract 2
5“"4—‘ -9 ! T i a locks for each
T £ i:ix it ea ] 30 s
l .a g__:é ~g ; Q .(\u < < < ; 2 "\t! al IE'V ,
2 £ IaXx oo» Ta Frenarma\:za‘hon
60 o0—o—0o . .
00§ — 1 — )
1. 0 — 1 — | »
ol t—2_2
10 0—2—2
1 01 —3—-1 —+4
'l 0 — 3 —-t—+4 . -
bl — 4 — 0 —+4
CONTROL SIGNALS: (high on tinal 2 clocks)
MIT  (high excepl Final cloek) MIT = PH7.MUL. N(Fo,swo)
M1 (mult}Fh'er: M1 = B49q.(NFI.NFPR) + NB4Q.(NFLFPIR) + (MwN. F1)
Ma B i +x+ erox- M2 = B48,( " )+ NB48.( v Yy + (o)
swa] B+ f ex- o -x#)| s/swa = MIT.muL, M1 N (8/5xAPD/A) | (hi on Fiest clock T FRR)
sWi  (on when D contains multip licand. x 2) S/S\N[ = MIT.NMIT. (|mz® swa))
) (hiah on even numbered clo cks) s/swo = NSWO.BXBLR « = M1T| , R/sW0 = BX
REGISTER CoNTRoL :
Dx2 —>D (nultiplicand x2 »2) | DXDLI = MIT N(IT (M2®sWa)), Nsw
Dx /2 +D ( 0 Xt =) | DXDRI = (MIT.(M2@®swa)).swi
S/A+D~>5 ) (S=0 en firsk §/SXAPD = S/SXAPD/I = MIT. N(s/sxam /1) N(S/5%A)
s/A-D —'sS elock | hence S/SKAMD = s/sxamd/l = (M1T (M2 @ swl2)). My
s/A + S A clears) S$/8%A = MIT,(N#1 NM2.nswWwa + Mi. Mz swa)
"545" e pa7 S/A4T = S/R47/2 = (G4 + PR4G.NK [40) BXBLE ~ = MIT
54629 - A483] AXSRZ = MIT
$303) +* B3130 S/B3) = $30. BXBLE | $/B30 = S31.B|XBL2 | (B reqisher s
B3|4( ————— B2948 BxBL2 = MIT (sueplies mulliplier bifts) } playe backwards)
CONTROL FUNCTIONS - GENERAL:
F-| - F on even numbered clocks Fbe7 = MIT. swo
sushain PH7 unlll Final clock §JPHT = MIT
Sheet __ 4 of __© [MNEMONIC: FP: MuLl B




PHASE/ FUNCTION PERFORMED SI1GNALS INVOLVED COMMENTS
v | ©N THE FINAL cLock : (F=-).(swo=1))
;;é S - A (sign Ceralion) AXS = PHT. N(S/PHT). muL
S/A—>S S/sxA = PHT.N(S/PHT)
PH7 s/PHB s/PH8 = PHT7.N(s/PnT)
cont’d
A#6 | (ADTUST |PRoDUCT| PHASE) ( Vasa & |prodoct] ¢ 1)
pHg| NASN = (Vesc £ A< Ne) AXSL4/t = PH8.NDIV.NASM
A—s (presél in PH7)
SXl6 + A AxsSLE = AXSL4/! ‘
B3128 -+ A283! 5/AZ8 = B3I, AZESBIXB « PHE.MUL.NASIN, (sirilarly, AZ9 A30 A31)
E-lwE EDCT = AxSL4/).N(PHE.DIV)
AsN.A4T7 = (A=) AXSR4 /] = PHB,NDIV. A47
A—S (prescl in PHT) ) »
Sx Yiw A AXSR4 = AXSR4/| (note: g4 is inh l\ntc‘l by PHe to Frevent
E+l - E EUC? = AXSR4/1, NPu§ sefling AS0)
ASN.NAa7 = (Ve éhact)
(héﬁﬂ'nﬁ s cha-ngatl)
FPRR =» (f\oo.tl‘ng fo(nt Bcgu\t Ee&cl;l)
(Prod, #0) FPRR = PH8.NDILV.(AsN +NAs2552) | (@l cases n PHE )
ralse FPRR ((er =0 ) + PHS,66.RTz (Enc‘ cock oF PH‘S)
(tcand = 0 ) + PHG.RTZ.NPWS (2rd clock oF PHS)
SZep CLOCK —> box f Z/8 service] caff fas CPU: FPCLEN/! = MFPRR + |NISEN. nIeIN
s/rng S/PHT = PHC.MER « = NBRENE = |N(FAFL.PRGC . NFFRR)
S/mRY  (For next tnstrvelion) | S/MRGSI = FAFL.PHL. NBRFKG .V |ToEN
/A= T dxt or —x- _s/sxa = FPRR.NFPFR }(F»’t resulf in.
s/-Aas T +x- or —x4 s/SxMA = FPRR.FPR proper polarity )
s/ PHq s/PHq = FPRE
PHT CcoNTRoOL SIGNALS USED IN PHY-10:
PHY FPRD  (result double length) FPRD = Nez ()ancj')
+ MUL..NR3|\ (even R aamress)
TRAP TRAP = FEOF (exp. overflow)
+ FEUF. N(FEUF. NFz): FEUF. Fz | (exp. underflow).(Fz 1)
FEOF FEoF = NEO.E|.NRT2 (exp. overflow)
FEUF FEUF = EO.NEI.NRTZ N (BLS.NOG, [Fs.nFa); (exp.underflow)
Aor A S (presel in PHS ¢ or 8 by FPRR ) .
s003f — FP nop FPXxSL = PHY.NFPDIS.FPRD.NRT2.N|(FELF.NFZ)
0’s — FP T (Sh""t and Ris oAc‘ or vesulL=0 or vnderflon |and Fz=0)
P oo B BXFP = FRFL.PHYT
> (resu‘t-\_s,w)
s/g—»s S/BYs = FRFL.FPH7
s/LR3/ S/LR3/ = FAFL.PHT
S/RW /F(long or R /s even).not trap| S/RW = S/RW/FP = PH9.FPRD.NTRAP ]
s/ccs /F exponenl underfiow S/ccs = sfcci JFP = PHq.rE|UF
s/ccz 7 exponent onderflows or | overt/ow s/ccz = s/cca/FF = PRY. FE|UF + PHY, FE®F
Sheet s of & LMNEMON‘CZ FP: MUL l
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
— ' = PHY, .
a7 s/’h‘ S l"F NFPR S/SXA 9. NFFR (sus‘tu\mnj 'From FHB)
prq| sa-os T PR S/sxMA = PHY.FPR
Coﬂ-tu A
NE e f FPR. (B0 =81) EXNE = PHY, FPR.NTRAP.N(FEUF, NF2) | (inverl exp. when result neq)
[N %ua.){ﬂcr Frchn'ts intcrc\no,ngimj FEUF and FEGF
S/FHE s/rne = Pr7.NEBR
s/ Phio s/PHio = PHY
~8) B—s
, z in ;Y7 result -1 sw.
PHIO S >R/ i /ar,y and no trap } (/cr?se ” 2 < ’ )
SEO P /s Swo (for TEs57S) S/SWo = NSIO3IE. (S/SWO/NE) «— = FAFL N2 FHE
Aor-pA-—s (preset in PHa) < [ rite: k71 e for ed high in sharf “-a"
$47 - FPO case to assure proper troncation ;
¢ ) NEL — FPl (+64 bias) KTl = Goco3 = |PHIO.NFPRD. k3!
) L eoze7 - 20207 FPSXU = PHIo.NFPDLs, NRTz N (FE JF. nF2)
54871 - FPOZ 3] (FPrs = MP¥8. K2Is -- Llacks s (l=58) — ~<~)
FrP ar B BXFP = FRFL FHE
(result m.s.w)
§/B->s S/SXB = FAFL.FHE
s/ W i ot Lrap case S/RW = S/RW/FF = PHIO.NTRAP
S/DR@ S/ORR = BRPHIO = FAFL ,FHE
S/PH 10 s/PHI0 = BAPKIO = FAFL,PHE
R/PHlO (ne more. bex o.ctt‘on) (no set term h‘l)
Yoz 7} B— s .
S o oW } (presel /> PHS) (resuit - m.s.w,)
7Es7s  (ce3, cct contlro/) TESTS = FAFL.EANDE
(ha?fc. C Swo =/ cavses S >0 ﬁw/fceﬂ‘foﬁ ﬁr q/oua’/g /enjﬁ Zers fest )‘ 75/;" /;’ ﬂee/gz/ﬂ,—
(4D2fsUB). (FN=() case only, whele resuft is *, exp.= -L# and Slé/;;i scance m fs.w. oné/)
Step susfm'm}{f 7EL S/78L = FAFL. NIOACT. NPH 10
TRAP 15 X'#2” if Rwis off S/TRAP =(FAFL.ENDE. NRW) (NRW means TRAF u
s/7r2? = ( Z ) 7he box was b/ fast cf.)
ENDE ENDE = FHIO, ExC
Sheet __& of & [MNEMONIC: FP: MuL
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glie

NICQ

Geherq\ Se%uence oF even’ts:

D Pl numeralor (R) n A

2) Pul denamm alor LEW) n D

3) PuL (numerator uronev?t) - (a\enom{nétar‘ exVonent) n €
4—) Normalize (D) F necessary TRAP and set cc2 T =0

)

(A) -~ “ ; eor-\7 exit if =0

G) PiL \horma\l.zcc) humcr&tol"\ ‘n A
7) Hexac\ecirna.\‘/ et shft A uitl |A] < )] (0-2 clocks)
83 Iteratc) s:roc)ucu'n% AR ‘iuotn':nt) <] in 3B ;
q) PoL \s()uo‘tnén ) A
lO) Assemble Q:\;\Uste,J QXPonant (E) and mantissa A)

on 8 in proper ?eia.r;ty
1) Stere s T nél TRAP

ITERATIONS (PHB.5WI) *

<(w'\\\ conloin leagh sn‘anl'ﬁ.&a.h't hex &F |numerater| ¥ sm\ing \’e%\il\\’f_i by PHB.SW1)

A (numerator| , TRen residue) A B (\a‘uo‘t‘lcn‘t\)
15[ l l o | | | Qi B | HE | | | H
L T R TETRTRT ) wF
K:i \ K49 - ;&cuer —_— %‘ K3l
1 N
[F[<f4] l | o | | | 2l
MT\X,‘N (oslan D (denamindlor) i chort long
|3r|
! s/A+D — s if Keo MWN  + ka6, MWN s/a-p s f kae RN+ Kag.mwn
Le.t  (sum+).(D-) or (sum=).(D+)} (sum +).(D+) or (sum-) (p-)
A

K4e means sum s +y TR:re:Fgre, )'nsart i in %uot;cnt

DIV



Lige

NIQ

b | (R) —> FP— 54607 - A4731, €W sign —+> MWN

b=

S -y
,_T oo

~ 8 | SWI = Sx'iL» AB, E+lmE S/A—sS | R/swWI
(EW)—> FPe» 54607 - D4G3I |, s/FPR i (WWN@A4T) SWI.Fo=» S/ALD SxzmA, BX2 — B, K4G » B3) F-1wF
Ro0oT - aooo? T A0 | 1A, 1028 F wn SWI.FO.F7 = SXZ# A, BX2»B, K46 » B3|, F-inF
s/atd —s i mud  s/a-D a5 T RWN | (k7 will = 1) SWI.FO.FT & Bosm A,
FPRR % s/xA— S F(FPR) s/cpPu-PHP
(Re)) —> FP | FP 4 003 If long (0's v ACOBI'F short) (FPRR) _ B
80007 w+ E (Lo, (Ael)—(Det)»E) ( ] T )
9 | S003] —» FP T (RTa + FEOF,F2). FPRD | FP - cPU- B reg,
(EWv1) — FP, FP — 50031 if lang , S003| -+ Doo3l svstain PRY's
DEN =»  S/|A| S . s/cPU~RW ‘T FPRD, NTRAP | sustain swi
DSN = §/D -5, s/swz (forAmD) _} g/cPu-cca T ewi,  s/cPd-coecca F(E) | Eme i rer
- {0 é47-a FPOJ El — FP!,ano‘7‘-[—+FPoao7, S487| — FPO%3I
SWa ('Flt:st~c\ock) D APD, DasSxIL A Exr| m»E (FP's enu\a\e; ¥ (RT%-\FEUF.F@)) , FP#»CPU-Breq,
s/A—s, s/RTz T s473i:0 s/cPu-RW \f NTRAP
ASN (o.f.'tex Thest c\oé\() = RTz =
A= SxlbwA Ex\»E, S/A=s | RT2 P s/swi FPRR |——1—]
(ASN.BWR) = 5/ID| > s , s/swz (for A #D) —-—*—*\r
{
£ <
(ASN +DSW)=> Sxle+ A E-lmE s/ars |RTZ =
a-dFswa | s/rrz T(s4731=0) 5XAsD |RT2 SFPRR

(ASN.DSN) = s~A | s/A-dl>s, A»Ddf swa

(

R47 =» R/A47, §/AS\ E+I+E, S/A-|Dl-s

L,A‘J“

A7 = DPP=» S5/A+ 6, S5/23 K, s/sul F Kag

DIV




PHASE/i FUNCTION PERFORMED

SIGNALS

INVOLVED

COMMENTS

Tres] (il not be reached if NFOFTIGN |and PREE was entered )
CLock TiMNG: (T8L unfess Z/o| service call, m which case FPCLEN/2 rlejects 7SL clocks & £ox)
s/ 78L s)78L = PRE/IZ (1nitia) turn-en (redon.)
+ FAFL. NIOACT. NPHIO Chold vnti! TOACT or FPHI0)
* FAFL. (S/FHL/Z0) (return From I/%)
PR+ A (s/AxRR = PRE/12) (nomer, - m.s.w)
MB & +» D (From even /aca#én) DXC = PRECFPER.FRE3 (o/eoam. - m.s,u)
Z (address forced elven by S3/INH 1 earlier phase (see A EEraRATION ")
/- P31\ T feng ("‘cgues}f PUC3/ = (FAFL.NOZ. FREZ.NANLZ) (P21 =0)
s /MR j Ls.w, of denom ) s/mre/’ = ( “ ) | (hhibited iF wFoPTION)
S/NA = S S/SXNA = FAFL.PRE/3+
s/FHs WV FOPTION S/PHI = PRE/3#. NER
(TRAP If NEBPTION)
FreoN — box FPCON = FAFL,PRE3 Larl the bex
s/PHI (i box) s/PHI = FPcoN.NPH|
L(rrevcnts s/PH1| on next clock)
7 NA— S (preset in PRE3)
PHI NS = FF FE, = I.S,. FPXS «— = NPHE NDIS (R) — FP
FPo — 547 (=s4e) | gpory - PHILNEPDIS | (nu £ W)
FPo83| —» S487] X / = SX46O07XFP = PHl. Is mer. manLisgsa -m. s,
FP0007—» s0007 SXFP/4 = Sx4607xFP = PHI.NFPDIS (numer. exponenl)
0’s ——» s083| (no enable hi)
S ——— A AXs = PHI
0's = B (for PHB) BX = PHI (\%uotl.en’t\ req.)
o’s » B (for Pt‘:) EX = PH\ (exponert req.)
0’s » F  (feor Pu7) TEx = PHL Citerdtions r)
20 — FPCON FPCoWN = FAFL.FPH/. DO
FPCON +» MWN S/MWUN = FPCOR.PHI;  R/MWN - PH (store denom. sign)
S/LR3 ) s Y = (FA .
/ / iF long /LI\’S‘// (FAFL.NOE. A1) (For rumer. [s.w.)
S/ AXRR s/axrR = ( # )
S/NDs S/ SXND = FAFL.PH/
s/Fre S/FK2 = FPHI. NEBR
s/PH2 S/PHE = PHI
PHE D —S ¢ /orescz i PHI)
PH2 NS — FP FP = 7 Sn. FPXS « = NPHE NDIS CEW) —FP
FPo — S47 —+ 546 :
FPo8al . 54871 } SXFP/U = (SX4GOPXFP = PHI.NFPDIS) (denom, mastissa - m.sw.)
FPoooT — 50007 SxFP/4 =( " ) (denom. :xfomn‘t)
0% ——> S0831 (ho enable NB
S ——D Dxs = PHZ
| = FPR ha ore,ranc) siqns # s/FF»R = PHE.OG, (MWUN@ 547); R/FPR = PHI
Sheet __| __of __© Fps (3€), FoL (1E) [MNEMONIC: FP: DIV j
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHE PRESET FoR EYPoNENT ARITH :
PH2 S/A1 = (PHa.A0). NAL, (similarly Az-Ag
cortd NACCOT +» A000oT FF AO = AX/L = AxL = (PH2,A0) (un—\'nvert numer, exranenﬂ
I+ A8 S/As = PHZ.NMUL (K7 coritrel)
| ++ D8 F . /D8 = PHZR. MwN {
. . ! A + —
S/A+D — 5 } 11 clenem. 1s neg S/SXAPD = S/SXHFD/l = PH2. MWH.NMUL ( or (Re) (De) +1 )
S/A-D =S ‘T denom. is pos, S/SXAMD = N(S/SXAPD). S/sxAMD/2 « = Puz. | (for (AeD) +NDet) +1 > 8)
RRy) - A } i om (/oresef m PHI) [——J
S/PRQ (For £w.s) 7 S/DRQS = FAFL.NOR.FHE K7=G68 =1
S§/WA > S S/SXNA = FAFL.PHE
(nomer: - Ls.w.)
S/PH3 S/FH3 = PH2.NBR
s/PH3 S/PH3 = PH&E
HE (Aet) - (De?) — s <Fre$€t in PH2.) } (vnbiased cxranent
PH3 Vi S E S/E, = S,.PH3 difference + £)
numer, o}enom
NA > S (/aresei 47 ,"A/a) AR 1) — FP ¥ /t’ﬂjJ
NS —s FP Ry = 1.5, FPxs « = wPng . noIs || (R)—rFP /7 shart - insi3.)
FP- A003) ¥ lan AXFP = PH3.NG2 (n L aw
0% # A0o31 T shert AX/L = AXL = PH3 umer. -~ |.s.«.)
MBS > € D if long 2XC = FAFL.No2.FH3 (denom - [is.w.)
S/Wb—s S/SXND = FAFL.PH3
S/PHE S/FHE = PH3.NBR
s/ Fri4 S/PH% = PH3
|l wd—s (/prese‘t i PH3) (W 1) = FP if fong,
PH4 NG — FP FFy =T, Sp. FPXS « = NPHB.NOLS || (Ew)— FPP if shorl-ins/3.)
FP —» S003)  lon SXFP/4 = SXFF/A = S003IXFP = Ph4.[N&a NFPDIS
0% —s s003i 1T shork (no enable W)
8 4+ Doo3) DX/L =DXS/L = PHé (denam. - Lsw)
Clear Condition Codes Rfcc = (FAFL.FPHE)
s/B-s S/SXB = (FAFL.PHE)
S/PHS S/P//; = PHE NER
L see sc;aafafc chart
"FAFL PHE-L”*
(P/!+> PH& cortinued on next )'oaejc)
Sheet __ 2 of _G [MNEMONIC: FP: D1v ]
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PHASE/ FUNCTION PERFORMED SIGNALS [NVOLVED COMMENTS
PH 4 EXISTING conDITIONS:
PH4 A confaths (R), (Rv1)/0’s (manlissa of numeralor)
B u 0’s
D " (ew), (De)in D000O7T [(Ewv1)/o's is be'mj clocked in dooat| This Fhas:)
E " (Aet)- (Pet) (tenlatie %uétr'cnt eﬁFancn't)
F " o’s
DSN = (dencmindlor ' “s{m‘:‘na norma.\ii»::! ">
S/SxA = NA47. SXAVA « -
/1A= s s/sxmA = A&7 SXA\/A.J— PH4. 0¢. DS N (s/PH7)
s/PHG S/PHE = PH4.06.DSN,N(3/PHT7)
NDSN =3
s/D—os s/sxd = PH4. 6. NDsN
s/swa  (for A=D n PHS) s/swz = s/swa/l = PH4.0L.NDSN
s/PHS S/PHS = PH4.064.NDSN
775 | (ertered on\y ‘T denominaler rz%u'n—e s F\'cnarma.\izﬁfon)
of
PHE
(swa + NASN) = N(S/PHG) = N(s/PH6) = N(PH5. 0L, ASN.NSW 2)
PHS A= D  (first clock only) DXA = PHS.swa « (repecter, seb lin PH4) (save numerdlor)
D—>s ( " ) (Fresi in PH&)
A—s (after first clock) §/sxA = AXSLY/I
= PHS.0G, He
Sx\e+r A AXSL& = Axsm»/t} HS. 0% N (5/ P fHe)
E+l = E EUc? = PHS.DIV.N(S/PHC)
s/RTz T S5=0 (on first clock) | §/RT2 = PHE, szu.szL,NasPP.NsxApHD (denem. =0 means
raise FPRR FPRR = PHS .06 RT2 overflow - will
RTz = < s/PHq elc, - (sce] FPRR functions ot end oF PHg) cavse trap)
s/swWl s/swW) = PHS.DIV.RT2
NRTz = susTain PHS s/PHS = PHS .0G.N(S/PHC).NRT=2 |
(Nsw2.AsN) = (Ae.nam\'nator is" s?mplc normalized © - Eh‘l elack or |later)
S/sxD = ND4L.S/SXAVD «——
s/ip] > s s/ / b
/SXMD = DAL, S/SXAVD <l (euls. s¢. s Nswa)
s/A +D s/swa = s/swa/) — (o ASE:
s /PHG s/PHG =
Pus | (erlered frem PhHa or PHS)
or
s ON THE F|R§T cLock:
IAl—s F enTl—Y trem PH4 In rats ‘
PHG {D| __,5} _ (Fr‘csc.'t \03§C.> ome n=—s
A —+ D PHs DxA = PHG.SW2 ‘\s\mrle normalized ' denom, D
(NASN + NDSN ) = N(s/PH7) = N(8/PH?) = N(PHG.0G. ASN . DSN) (numedalor reguires normalizafion)
s/a—5 (for clocks afterfirst) | s/sxa = NFPRR.AXSL4/| = PHG. o N(S/PH7)
SXIL - A AxSL4 = AXSLE/\ .__J
E-l = E EDe? = N(PHS.DIV) AXsL4/|
Sheet __ 3 of _© [MNEMONIC: FP 1 DIV 1
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
~H5 s/RT2 T 520 (onfirst clock) | $/RTZ = PuC.SBU.S2L.NASPRNSXADD (romerder =0 with
o raice FPRR FPRR = PHG.RT2 NPHS denomindlor # 0
G RTz .
s/ PHY )etc., -(see |FPRR functions oL end of PHB) Jooquo = 0)
PHC NRTZ =  sustain PHG S/PHC = PHG.oL.N(5/PHT).NRT=
cortd
(HSN.DSN)—-—> (both mumeralor an} Aenomma:tor are simf\e, normqﬂtej)
Y AXS = PHC.OL.ASN.DSN |numerator| —» A
S/SXAPD/I = MWN.DIV, (5/PHT)
S/A- —» N i
/A >} ° {sjsxnmbﬂ = NMwH, DIV, (S/P!‘!T)v—f_ FRe.Ioe. ASN, DeN
s /Pu7 s/PH7 =
FHE (SCav“hj Fhuse)
PH?7 §A4’7 = \) = (can oeccur on\)/ ¥ cr‘xainm\ numeralor was = =| er = ‘/m,) (rumer. = + l)
0w A , AX = (PH7.DIV. A47)
AX
| = AS] } /le s A s/as) = ( . )
Exl»E Evc? = ( o )
a. S P =
sustain P47 /™7 = PH7| DIV, A&7
S/A-Ip]—r s S/SXAPD/| = MWN, DIV. (s/PHT)
s/sxmb/; =NMWH. DIV, (S/PHT)
(47 = 0) = PP = DPP = PH7.DIV.NA4T (romer: < +1)
23 - F if sherl (cooiont) | (s/F3 = s/FS = s/Fe = S/F7 = DPP)
§5 -~ F 'f i°“3 (CLIRE-IRND)] ( W )) 5/[:2 = DPP.N&2
s/A— s S/SxA = PHT7.N(s/Pn7)
s/5wWI if Jnomer| » | denom} s/swl = DPP. K46, DIV (K44 means + sum)
s/ PHB8 S/PH8 = PHT7.N(s/PH7)
{PHs.Jswi) ! (ertered anly T Jrumer| % [ dend m.}) (Lasts ene clock.)
PHE '
A —s (presel in Px7)
SX /i - A AXSR4 = AXSR4/I = PHB.DIV,sw|
$283! > B485| /848 = 5/B48/1 = s28.(FHs . DIV. sW[))  similardy B49 B50, BS)
E+) »E Euc7 = AXsR4/|.NPHS
R/sw! R/swl = NPHY
s/A—s S/sxA = PH8, DIV.SWI
suslain PHS (with sw| =0) S/PHE = PHB.NFPRR
(PH8|.Newi): (Lteralions rhase) (26 cllocks iF sherl: 58 clocks f long)
P
CONTRoL SIGNALS:
DIT (ol bat final 2 clocks) DIT = (PHB.DIV.NSW!). NFa (F>-1)
DIT/t (all bl final clock ) DIT/i = ( n }.NFPRR {F>-2)
FPRR  (final clock) FPRR = PHB.DLV, FO.NF7 (F=-2)
CONTROL FUNcTioNs:
F-l > F  {coonl '\"Ceratfons) FDC7 = DIT/A
susTain PHB S/PH8 = PHB.NFPRR
Sheet 4 o 6 [ MNEMONTC: FP: DIv B
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
(PHe[.NsW)) { on Firsl clock redvces To MWN since | kK46 = sxAdb =0
e after » " u v (MWN = K4G)| sinee  SxADD = l}
con’l| REGISTER conTRoL, elc.: .
s/AtD = s T (ke@sxad@mun)] S/sxAPD reduces s DIT. (x40 @ sxADD@fMwWN)  (spec. mech))
s/A-D — 5 1T N( " Y| s/sxAmd = N(s/SxAPD).S/SxAMD/z « = D|IT
54831 -+ A4730 AxsLy = DIT/)
B48 - A3I 8/A3] = AXSLI-7.B48 (for PHB. W case)
B493] +» B4§30 BxBL = DIT/
K46 +» 831 F lon s/B3] = BXBLI-L.K4G.SWO lquetient| bit =)
K4t 871 T shorl g/B71 = BXBL|-U K46, NSWO }
oN THE let clocK: (bIT.Nsxapd)! (F=5% F lorg | 23 T shert --- 1e. wiltial séttfng)
A — S (presel by previous clock)
K4é =0 | SXADD =0 {artimelic unit nol O.Acs;ni'- we: A= 8l was l""f.‘t> o
hence The c«pﬂ';tl'cm amourls tle : [,AB X2 - AB th\- S/A - |p}— 5] - 1€, g0 Yor %"‘o'a
s/swWwo T long S/SWO = BXBL|-L.NOZ (for ket » BT /B31)
ON THE NEXT TO FINAL CLOCK: (F==1)
(dor‘:’t S/Ai]) D) (see REGISTER coNTROL—- DIT is lew |fbecause Fo =1)
FPRR = (Flodling Point Result Ei:a.c\y) e (F=m2)
- £ M £1quel <) EPRR = PHB.DIV. FO.NF7 (FINAL clock PHB.NSWI)
raise FPRR (denom =0) + PHE.0&.RTZ (2nd clock of PHS)
1(3enom #0). (numejr=0) + PHG.RTZ,NPHS (2nd clock oF PHG)
§Zop CLOCK = box (f I/0 service| call has CPUY: FPCLEN/! = NFPRR + |NISEN. NISIN
S/PHT S/PHT = PHE.NBR« = NBEFHG = N(|FAFL. PHG. NEPRR)
s/MRQ (For next inslructian) S/MRR[! = FAFL. PHG. NBRPHL . NIGEN
B—s (0 — s47) SXB = FPRR.DIV.NSDIs (8 =0 T Neus)
S » A AXS = FPRR.DILV (}%u.o\,«—yA)
s/a—s i +/+ or /- §/sxA = FPRR.NFPR } (put resvlt n
's;/_p,-}s T /- ey S+ "”"s"/’s"iﬂh = FPRR.FPR “ ’W%r"é'é'ef'férifrz'ltf)m I |
s/PHY S/PRT = FPRR
PHT CONTRoL SIGNALS USED IN PRY-10:
PRY FPRD FPRD = Nga (resuit c}ou‘b\t \cns‘“’n)
TRAP TRAP = SW] (c\iv{Ac Ey zero)
+ FEGF (exp. overflow)
+ FEUFN(FEURNF2)=FEUR.F2 | (exp. underflow).(FE=1)
FEOF FEOF = NEO.EI.NRT2 (exp. overfiow)
FEUF FEUF = EO.NEVLNRTz N(BLI.NOG.FSLNF2): (exp underflow)
Aocr-A s (Fr:se‘t n PHS & or b)f FPRR)
s003) — FpP if net FPxSL = PHY NFPDIS. FPRD NRTz.N(FeJuF. NF2)
0's —» FP /f g(skor't or result =6 or underflow and F2Z=0)
FPr B BxXFP = (FAFL.FPYT)
(resvlt-Lsw)
S/8 s s/8xs = ( “ )
s/LR3/ s/erss = (- J
s/mw i /onj and ot trap s/Rw = S/RW/FFP = PH9 FPRD.NTRAP
s/ccs 7 exponenl vnderf/ow s/cc/ = S/CC\JFP = PHA.FEUF
s/cecz 7 exponent onderflow or |overFlow cr ¥ Sivide A’y zZera
S/cez = S/cca/FP = PHY .FEUF + PH 9. FEUF + PH9, swi
Sheet 5 of & [MNEMONiC: FP: DIV |
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PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
47 S/A —S .I-F NFPR S/SXA = PHT.NFPR (sus_ta\}s;nj ‘Fl‘om PHS)
PHq| sia—s T reR S/sxMA = PHY.FPR
Con‘t)g. .
NE »E  If FPR. (20 =81) EXNE = PHY, FPR.NTRAP.N(FEUF, NF2) | (inverl exp. when result ”‘3)
[, q‘ua.]ﬁ\\‘cr Prchn'ts intcrchanafna FEUF and FEGF
S/FHE S/FHE = PR7 NER
s/ Prlo s/PHio = PHY
8| B s
resel i FH7, result -l.sw.
PHI0 S >R/ if Jong and not trap } Cpreset in 247 ¢ )
SFEO B [ SHO  (For TESTS) S/SWo = NS003/2. (S/Swo/wE) — = FAFL NS2. FHS
Aor-A-—ss (preset in PHa) <« [ ndte: k71 s forfeed high in shert “-a"
$47 — FFD case To assure proper Truncabion -
¢ NEL — FPL (444 bjag) KTl = gooo3 = |PHIC.NFPRD. K3)
<P [E020T » FPoz0T FPXSU = PHIO.NFPDIS, NRTZ , N (FE JuF. NFZ)
84871 » FPOE 3] (FPrs = MP¥8.K0Ts -- Llocks § (|=8) — ~~)
FP pr B BXFP = FAFL.FHS
(result m.s.w)
$/8->s S/SxX8 = FAFL.FHE
s/ 7w i ot Zrap case /AW = S/RW/FP = PHI0.NTRAP
S /DRY S/ORQ = BRPHIC = FAFL.FPHE
S/PH 10 S/PHr0 = BRARKIO = FAFL, PHE
R/PHIO (no more box aclion) (no setterm hi)
AHl B— s .
5 o o } (Presel 7 PHE) (result - m.sw)
TESTs (€€3, et contro/) TESTS = FAFL.EADE
(rote: Swo =/ cavses S350 |imchcalion Hor dovd/e /=n372 zers test J 515 s f’:eaJed/fa.—
(422 [s0B). (FN=y) case only, wheke resvft /s F, AP —lh and 515'/;;7 scance #r fs.w. an/)'/)
Stop sus-z“mh/},j 7EL S/78L = FAFL. NICACT. NPH 10
TRAP T X'42" if Rw s off S/TRAP =(FAFL. ENDE. NRW) (NRW means TRAP &
s/7R29 = ( /r ) The Box was 4/ fast <f.)
ENDE ENDE = PHIO.EXC
Sheet __ & of 6 [MNEMONIC. FP: DIV
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cry BOX

PRES | MB# C»D $/PHI n box Freod | (5/PH|)
RR =+ A
S/SxNA ,
leng = S/F31, s/mra
P NA — € ‘L (R) FPcoN PR stere s]ans oF aFeranAs
NS —o» FP FP bus (R)*"’eﬂjs
-— s

S/3xND |, DO —»FpceN
\arq % $/LR3I, S/AXRR
PHE ND — S (EW) PHR (EW) = "5'3-’5

NS > FF FP bus set up ex\benent arithmelic
s/sxNA

&“3 = RRvl A, s/DRQ

|

v [ NA— S (RvD) PH3 | (Ry))or 0’s = regs
NS s FP (insig. ¥ chorl) FP bus (Aet) T (Det) mE  (exp. arilh)
—————— >
S/SXND

\ong S MBv| »C D

| |

PH&: | ND —» © (EWv1) PH4 | (EWul) or Os = rea’_s
NE —=FP (insia § short) FP bus
2 —————» .
S/SXB GO To PHE, G, or 7 o\e\aenéma
Clenr ca’s on sitvation

PHZ B-—s
S—+F, s/BRP

F’H‘:-_) fp>‘7 or 8
(minimum clock tatal =2)

®i6 | (WAIT FoR RESULT) (Do THE ARITHMETIC)

(1/8 service call can take over)

WEPRR > -
FPRR> T — FPRR (Final clock < resulf ready)
{ [
S/RW =P
PH? | FP»8 s/sxB | (0’s — ) F/P b PHY | LW of result — FP bus
S/CCI)CCE 'F('box) <.—-L S/Ccl ,ccz n CPU as require.
s/RW F (box) s/cc1/FP s/RW n cPy ' NTRAP. FPRD
l, s/cca/FP
Php B -—>S {Lsw) PHIO| Msw of result — FP bus
s/Rw/FP
S —+>RWyv| T RW
- FP bus .
g/svic T S 40 — s/RW in cPb F NTRAP
FPR -8 [
]
s/RW T (box) !
t »
I ! sther signals from cPU —>Box
PHIo | B -0 S oo oo > CPU — 5 Box
S R RW (maw) ! Fs Fs
Trap 1 % '44"iF NRwW : NFz NF2
TesTs (includes swo) ! FNF FNF
X NR3| -FP NR 3!
i NB2 - FP NoE
¥
| NO&G - FP NOG
]
! No7 - FP NET
]
- | FPDIS FPDIS
(CqL‘le 'Yt‘om 32L of CPU —» 32B oF \:ox) ————— 4

CPY «» Box "Big FICTURE
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NOTE : Since PHS and PHC in The CPU can oceur Jur'mﬁ a ch-icty o box \:hrunes>_mt qci;v'x“t/
‘s shewn on This Sefzo.raie_ charl, The lagt r\m.se. where The cPU 'Fcco\s Tre bex is FPH4]
“The bex 3larls 'Fecg;rﬁ e <cPU i PH7 (box PHA).
-‘DDr"mg PHG an I/6 service call can 3rq,§>‘me SN bl e bex will cortinve 2 com}wte_
s resu\ts, sulsje.&t T cPU corlre) oF cLock 4o e box. Examr}&:
[ cLock N O S I N N N N N N N N A A A N
FreLénya T L1 L J
FPCLEN// ] —
PHS ™
CPY N puc [ N ™
PHT |
Zoacs
OGN, ™
FCLocK I I I R I N D I L1
box FPRR I | I
[ es =
PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
PHEN (can comcur with Box PHE, &, or T | 402 never wifi FPRR) (Jasts one clock)
B—>s (Presel s FPus Ly FAFL. FPys) /
S — F~ PXS = FAFL, PHE (program addr. ~)
S/BRP S/BRP = FAFL. PHE (Scf/od‘o?. nafa‘{r./:o}nfer)
(e above releqses The _Ef—cjisier For use Jaler as receiver of resullfs Fom The Lox)
S/PHC S/P.Hd = PHS . NEFR
PHE (Carn concur wilh Lox PHb’) e, ’7) or 8)
“WAlT PraSE” : termirated &y FPRA (#Fom Lox) (FP Result /?farij)
or inlerroptec] by | I6ACT = IOEN +ZoIN (1/6 service calf)
NICRCT . NFPRR =
svsTain PHG S/PHG = NICEN.NCLEAR . BRPHE « = | FAFL . PHE. NFPRR
enadle I/ enfr/ IOENG = FAFL.PHL . NEFRR NIIOEXIT\MNFSHE X, 266G )
ZoRCT
s/7eL conlrs] S/78L = FAFL.NIGACT. NFHI0 (Vow o/w‘;:o? T8ACT)
+ FAFL, (s)PHi/Ie) (Frnal clock of FEACT)
# Zerms not associaled with |Fars
Block CLOCK —Sox /¥ 752 FPCLEN/2 = NTSEN (fow IF 75EN)
or FFPRR FPCLEN/! = NFFRR + NIOEN.NZIoIM| (low if FPRR. I6ACT)
§/PHE on Final clock BRPHG = IOPH/ SW/3. (s/rPHE /1)
NIOACT . FPRR =
S/MRY  (for nest instroclon)| S/MRQ/I = FRAFL.PHG. NBRFYL. NIS|EN
S/FPHT S/PHT = PHGNBR«— = NBRFPH,
Sheet of ! [MNEMONIC: FAFL PHS-G ]
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1

D15 —{ >— a FPDIS
1

|

P (in cPU) | sRes7 I-—U 9 NFPDIS
R 2

1, KFPXMLSC

Misc SZ/‘/O_T o3

\ ; o7 NKSXA :%?S:}— (515, NKSXA)
st/C“ - Y_'D@_‘—‘—_ NSDIS
o ! > NI ! )
B i 2 = ;‘_IE S sDIs f
55;/‘/0_‘ . . N(SDIS .NKSXA KKSXD)

29
¥ NKSXD
D 34
R 35
g
§ n KFPXsL
v 4%

L si
/ hid KFPXSU

t
loc OGA
TE
E 2 PU
[S IR C
c\.oﬂn/uF ﬂ _] ;j 3 = 4 4 5 5
Vo s ® 0o €« «am @ AAH )
M‘Lsc/s eslol1 111 1 “ NI REGISTER SELECT r‘o‘tar%;‘ switch  must
— /A s4| % - be on EXT 1o JlsPLx)/ e box
—/8  s3x o \
_ ;'D salx - REGISTER DISPLAY 1733\5 suiteh  mosl
sL/su si|x | \ \ ! be ON to obtain c\{sF\a s seled
N , by The swilches In modole ©CA In7TRe box,
£ a's Wil be Algf\a_\/g (oFF Fos‘Tt\'ova wil A\;F\n/ narmal FP bus infe.)
when mpul do s 15 FP
g
0w o
g S
c j=4
-
v
I A~ Y ; zZ M oy — a al fg.: ,":: ¢ f- A 9\ E
2 P 2zke 32T & S8a3fE& iE EE
8 z
~ - ~ N © _
PR M0 % &
o ~an] fues] prez] [Frze] reo] fana] [feys] (8545

DISPLAY



FPDIS = DIS frem CPU. High T DISPLAY SwiTcd is on when singi€ ciocxins

dewn = Misc FP
sws (top) 7 -

AQ —
Up —> sw| (betlom) < wn B 50031 — FPoo3l

up = S47->FPo, NE| — FP| , E0207 - FPAE.O‘?) S4871 - FPpE3)
(rste: FP—>s g“\m\\li\:cA 57 NEFPDIS 1 Freveﬁt lokah resuH’.l}w.:_} From [F? %> S —} )

syls = FPDIS.(KsxA +KsSxB + KsxE) (8% or 23 o S22 Ulp)
Causes rcmovak a‘F narm«.) \oeyxc 'rrom IS o.nc) Su‘bs‘tﬁ.UES:

A s T s4uvp, Bos F ssuwp, s T sz oup
(2 merge takes ):‘liace_ T mere TRan ane swileh ie vp )

r AE‘FI"'\&s Box — CPU cases

A
NFPX = N(FFDIS + PHY +FH\O> (raises “Eox" end & £P bus o enable Py 13 cortrel i 10 enr‘iy r\mses)
FPxMisc = FPDIS. KFPxMIsc
EPXSL = FPD1S.KFPXsSL + NFPDIS. PHY. NRT2 . N(FEUF.NFZ), FPRD
FPXSU = FPDIS.KFPxsSU + NFPDTS. PHIO. DRTZ, N (FEURNFE)

547 — S4¢, FPO —» 847 FPOB3| —» 5487): SXFP/U= NFPDIs.{PH| +PH2 )

SXFP FPo067 — So007 SXFP/4 = NFPDIS. (PH! +PHE + FH4~.NQE)
FP083) — 5083 : SXFP/A = NFPDIS. Ph+ Ne2

SxB = SDIS. KsxB  + NsDIS,FPRR,DIV

PRXAD/ = SDIS, (KsxA +KsSx3) + NSDIS, PRxad

PRXAND/ = SDIS. KsxA + NSDIS. PRXAND

PRXNAD/ = 8DIS. KSxD + NSDIS.PRXNAD

PRXNAND /| qx/’s> and K3| are all goalifizd by wsp1s

2200

| 2205 scon = |S8a
%’ |
1
FPXS FPi2 : ERI2
:Ds 3 i | 813 \/‘—
sz 2L13 : 32
) q: NFPX
KpI :
[}
| (E FPXMISC
i .
NKDI ! s
]
! d; FPXSU
1 s52
]
BXFP : G—-_—‘—w FPxSL
s/Bi2 cPy 1 Box siz
«— ] 5
I
|
_{> si2
SXFP/A ———:_D :
—1>_— s52.
O ),
. AXFP
FP bus (biL 12 shown as sample) :
| s/Aiz2
BXFP/U

s/BL7

BUS SYSTEM
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24/18 J‘>® A
DXDRI N
. al A.D
Dn-i ‘?S/BQ __) G‘XAD/ "
DXDLI =X 5 =
> N A.D
Dn+l *30/36 o GXAND/  x
~ 4/6
L G
5 /18
Jl>b/ ! PRYXAD/  »ol A.D
(see notes PRXAND/ xoo A.D
2 and 3 be&ow)
14 PRXNAD/ x A.D
{ To/(sX) _> - —
I PRXNAND/ x2 AD
DrA — 2
A g D [ . PR
N >
DXS x>
© ) 2g/a3
- s D oD
cLoeK Ki } c
- PR
| R 5 | N
7 %
- 3 '|>® i7/19 \
" 38/46¢
bit  lec. oft 8D l>__
2/3 aD
v ’ 4/s5 n b
46 /47 ne 6/7 13D PR
48/49 |oB 8/4 14D i
SO/SI a8 1o/ b (\rresu\a.r)
52/53 78 i2As 17D axrp 5
s4/s5 B 14/\5 18D { P ——
5¢/s7 SB 16/17 2id 5
58/59 4B i8/19 @ad SXB A
to/el 2B 20f2) 24D B F74E
t2/¢3 1B 22/e3 BsD
t4/65 (D 24fzs  aed
/67 2> a./e7 27p ) 3voun:§cc§ goles and unused pins neL shown.
?%//?7"\ ?-‘; ;i//?;c: ;?; 2) pn 14 PH2 en bt & (ond 9- \'nsij.)) 3né€',on Shhers,
[+
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3) pin 10 MWN en bl & (open or Cp., on ohers -'msixs.)

LT42 ADDER MODULE (/2)



MUN &7

NMUL NSl —
PHE AsPP
NMwN NeT7
MUL SW| ——

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

NMWH s/sxArd /2
NSXADD (s/sxar/ ) ke

DIT Y I M(S/9XAPD)

Mmwn
SXADD N i

(PHG . NEe)
PR4G K4 e

N(s/sxAPD/1)

NDIT
N{PRG.NOG)

NPH 2

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

N(S/SX AMD/1)

(PHB.DIN. SWIY - (lem‘:ﬁ) N(g/sxa)
PH? Nswa —— e
4 N (S/sxA +$/SRD) —
NAT N(s/Pu7) NAXsL4/) ,':D >— N (s ))
PHS (Mt M1) - 2 c%u;‘ To.
NFPR NoL  — ma ax
NFPRR __, (FPRR+PHq NASPP—] SwWaE P AXSLA/)
NPHY ._DE(%———- -l-« NFPR/R :bs’ N(S/sxA + 8/SxMD)
{ FER
N(S/5xMA)
M-,J - N J?v\>< N(s/SxMA + s/sxb) -
(PH4, &L NDSH) N (/%)
(Pns'\uc.lﬁsn.Nswe,) o ND4e _ o
- (s/s%AVD) IM—
- I>~" ) N (s/sxMD) ;::b— N (5/8XMA + S/sxMmp) o]

ALM
PH4

bac

T

6‘34

%ﬁ_ might be

TJOHLINGTD ¥3QqV

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

1

N
Nedis PRxAD/
sDis XAD

PRXAD N

NKSXD
| N

NSDIS !
PRXAND smsﬁ_‘ PRXAND/
| NRUSXA

NSDiS
PRXNAD 8IS PPXNAD/
b NKSRD =

NEDIS
PRXMAND |i > PREKNAND/

NSDIS tD>—-- R3]

NSXADD

GXAD

NSDIS ::b—‘ GrAD/
GXAND

T e P e

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