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Mnemonic  Code
LOAD/STORE

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

FIXED-POINT ARTTHMETIC

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
MW 37 201
DH 56 206
W 36 206
AWM 66 120
MIB 73 118
MTH 53 118
MIW 33 118
COMPARISON

CI 21 124
CB 71 124
CH 51 124
CcwW 31 124
CD 11 124
cs 45 121
CLR 39 126
CLM 19 126
MISCELLANEOUS

Page Sub ject

101 PCP Phases
104 PREPARATION
111 ENDE

326
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112
112
112
112
112
112
113
112
113
112
113
121
128
112

112

120
120
120
120
120
121
128
120

136
123

INDEX

SIGMA 5 INSTRUCTION PHASE SEQUENCE CHARTS

Instruction-Name

Load Immediate

Load Byte

Load Halfword

Load Word

Load Doubleword

Load Complement Halfword
Load Absolute Halfword
Load Complement Word

Load Absolute Word

Load Complement Doubleword
Load Absolute Doubleword
Load Selective

Load Multiple

Load Conditions & Floating
Control Immediate

Load Conditions & Floating
Control

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 1D 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 bivide Short

FDL 1E 318 Floating Divide Long

PUSH DOWN

PSW 09 128 Push Word

PIW 08 128 Pull Word

PSM 0B 128 Push Multiple

PIM 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 Call 3

CAL4 07 141 Call 4

CONTROL

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

e 6F 134 Move to Memory Control

WAIT 2E 127 Wait

RD 6C 142 Read Direct

WD 6D 142 Write Direct

INPUT/OUTPUT

sI0 4C 145 Start Input/Output

HIO 4L¥ 145 Halt Input/Output

TIO 4D 145 Test Input/Output

TDV 4E 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 l
[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
pD— 8 PFESET DURING PLPR2
o A AX= PcP3
PRESET A—S FOR PCP ¢ 8/SXA = PCP3
COMPUTE STEP,RUNS 8§ 4L cxs PRESET DUR|N& FC7E
=> BRPHIO | BRPHIO= PCP3,swke
P DISPLAY SEL ADDR, -
C | srere seL apoR }P‘/“B Bxp= FCF3.SWKS3
P
o | ZNSERT Pswi s Pewi (except WAl AXPEWI = Kk psiy/ /3. PP
# | TWSERT Pswp > Pswa+~A AXPEwWa= Kpswo/E, PCP3
3
CLEARMEM
InNsefT Pswi,2 (7 S#*B Bxs= FPcP3.swkie
L 6AD
NIgFs = Reser Ildse R/Igsc= PCP3. N1GFS
R/PcPE=.PcP3
R/PcPz= .
s /PCPY= PCP3.NBRPHIO
PcP 3efe
PHASE 1
I FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRESET FOR PCPS™ — AVD—5 (8/8xAGRD)= PcPi
DISPLAY SEL. APDR }Am Si4eP | PXK= PP SwKE
STORE SEL, ADDR,
INET - P o
ZﬁRAERM”_J’QDDR PRESET S=MB| 3 /mpxs = PCP# SLUKI+ PPé Sw2 | PRESET FOX FoPo
= e
ID LeAD
G :iiz?:gp?;mzw 7 S/Pra S/s3fz= PCP4 swky
P ' B/DR&= S/Max5 + S/MRQ/2 + =
4 | znsERT Pswi
INSERT PSWe2
CLEAR DATA [ SAD DXS = PCPY4,KCLEAR/BY PLPY. Sv KI2
CLEARMEM
Loap
INSEAT PSwi= P85 SXP= PCP#, k Pswi!/B.NDIs
INSERT PSwy
INSERT Pswp ( PATA sw-* A AX K= PCPY. SwK2 + PLPY. KENTER/E
ENTER DATA
ENTER DATA 8/cx8= PCP¥, KENTER /B PRESET FOR PoPS-TO
LOAD = 20+P 5/P25= PCPY . KFini/E ?:Uf/:izrjqx );chfm’r
FPX = PCP‘#:/(FIL;./B IDLE.
INST, ADik TNLiD> PHis»P PucC2l= PePs#, KINCKE/E
R/IPCPH= »
S/PCPE = PCPY4 + BRPCPS
PcF’ 4'0';6



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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[ Pre/i2 == END OF EFFECTIVE ADDR, COMPUTATION, PRE! OR PRE2
© PRE/34 => LAST PHASE OF PREFARATION

LPHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
B = aQ
< x o q
-t - Q — Q
S ERTITES
= >
PRE EEX @aodau s PREPARATION :
PRE | o PERFORMS THOSE FUNCTIONS WHILH ARE
PRE 2 INDRECT GENERALLY CoMMoN To ALL INSTRUCTIONS
PRrREZ INDEX
e - T PRE! PRE2 PRE2 PrE3 PREY %
PRE3 4 { | R
| L DECODE OP | FETCH TN- | App INDX | FETCH ofteadt] HALF wp
PRE 4 + | EXCHANGE Dreecr ADPR.| T Rer ADPR| CORE -»c-»D| °R BYTE
ALign ADDE . INox ALign | OR IwpIRECT| oy A ALIGNMEST
PRE 4 . SET TA ¢ INDY @ | ook, - Si6tl TXT.
PRE+ - L PAMWY - THD% - NIA J‘
[ PR NI%x . NIA
PRE4 (2@: Z‘g_” LT v LeFl J

¥ PRcA  MAY LAST

For 4 (T5L) cwasl

PrREP. TIMING PreR FAMILY ADDR. SigMALS
TIME - +INCR FABYTE =>BYTE ADDR INST
WORD * NIANIX CORE 112 pms FAHW = HALF wWorD INST
WORD - NIA'NIX o Core  O.6b4us FAIM =2 IMHEDIATE ADDR, INST
LT oRrR L&FT 0.5 us FAW =3 WORD ADDR. TNST
IMM witw FM opPER 0. 94 s FADW =% DouBLE WoED ADDR. INST,
IA ¥ L2 FAWORD =35> WORD OR DOURLEWoRD INST
Iy +0.3¢
IAIX +1,22
PREPARAT lON Laof 13
o MB—C ( 3,
=MNDE C-»7D
Cr> & PREZ IA-»{MB_"C O > IA
C—+»D
=7 R
NEXU =3 Pl - P{UD aL o BTE=> /%S »> A
eNpe ~» CLEAR hovk. (Neaw) © HW = JaS == A 0 —»1xAL
Y ow = 28 > A
/& Iosu—Ju
HALT PcP FAW:NIA = A+D —> S
our—| 2er
PeE | RANLE => P+»B
D—g L (FAW-NIA (zxAL+TA
S »>rP )
IRDX BG = RR~» A
Co = 5/IA , S/MRR &  PREZ
INDX = S/IX, S/IXAL v MIX = D K
5 I = A+D—> S
J S —> P
[
(NIANIA) w J
L )
oo v (LI +LeFD) w ‘( —
3 PREOPER 2 MB—> C " IR
= c PRE
~rD 4l Bero = D RiGHT ¥ Puces
F’A$lo} = B—>s
AND S4»P STORE
oTHERS bR BC#0)=>A LEFT € PLACES
RR —» A FMT~$»2—}( )>A ¢
FaDw = Meeat | 3/LR/) /LB/ Be o1 —> BC
BL=0 =3 SIgN PAD SPw, SP2
P_UF%W‘J D — S (si4n PAD)
FAW S *>» D
EXECUT 10N BC=0 J LBC?*O —
PREP, 2.f13

04



PHAsy FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
NANLZ == P = B BXP/i = BRP -PrRe! MOVE PROG. ADDR
PRe _ TO B. IF NoT
D—=5 Sn = PRn TMMED TNST MOVE
1 NEATM = S —> P PXS = NFAIM- PRE | OPERAND REF ADDR
70 P
D24 > /LR/ SR/ = Diz-14 + LRXD X FIELD Te LR
TsL RR —»» A /Ay = RRp » AXRR IND%. INCR — A
TNDX =>> SET INDEX FUIP FLop S/IX = INDX - PREY
INDX- NFAW =% SET IMDEX ALIGN S/ IXAL = INDX - PREL - NFAW
SET IA S/IA = (O PRE] REQUEST INDIRECT
co = ADDR..
CorE MEM REQ 3 /MRQ/2 = CoO - PREL. NFAIM
FAW - N{(S/1A) } -, PRESET AD—=> S S/SRAPD = AW - PREL.NCO-INDX
*INDX
NFAW . INDX. = PReESETA -~ S S/ SxA (S/IXAL)
Lz }7 —Preser D> S/SXD = (LT +LCFI) . PREL
Lerl o | [sPIm = (LI+LCFTj - PREY
—> SIGN EXTEND —— = ~>¢ o dpy = epid. D2
S/SP2 = SPrm- NDIZ
tiﬁl } =3 BRANCH To PRE4 BRPRE4 = (LI + LCFI). PREL-NANLZ - NCO
X 1_} - BRANCH TO PRE2| BRPREZ = INDX : PREL
IUDIREC + Co - PREL
ENABLE TRAP To'uo' = PRETR S/A‘PEETK = PRES -NANLE
IDLE Mope == SET HALT S/ HALT = NKRUN. PRE] . NFUEXU
PREP. 3513
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Inpex Rega, Allan PREZ STATES
WorD INnpEx oMLy
—_ IxAL N {0 —>TXAL R/IxAL = - | Prel  PREZ
2 A—=S Sn = PRn ) X ]
BYTE Auan =S e ) Ax3®2 = IXAL *+ PREZ.FABYTE PRE/2
Haer wo Alien =% —2’5_;—;. A AxSR| = IxXAL - PREZ . FAHW Woro TA ¢ InpEX
DoueLg wp. ALign ~» 23 —> A Axsi| = IXAL* PrEZ2 . FADWY (PRl PREZ | PREZ
s—»=>P| Pxs = Prez ; *:?i_:ﬂ»—
T i
THpiReeT™ Ao, B ?KE/)Z‘I
Clear TA = 0 —>. T4 R/ 14 = .
— = . s IA onuLy
14— {MBTC cn = MBp - Cxms PREI Prez, PREZ!
C > Dxc = TA-Pre2 | Al |
S e B
: PZE/laj,
SuM BUS PRESETS ‘
IA +o Bus == D—3S 5/ SXD = LAY NIk - pee INDEX ALign AND TA
IA Plus INDx —> A+D — S S SXAPD = TA.IK -« FKEZ | PRE) | PREZ. PREZ,
RA PLUS Tnpx == A+D —> S + IXAL-. PREZ A | |
—————FT( >L—
SUSTAIN PRE 2 BRPRe2 = IXAL-PREZ Mxacl——
PRE /12
+ TAePRez2 '
NBRPREZ —> PRE/I2 PRE/IZ = NIA.NIXAL.PREZ
PrE/i2 = (PRE | + PREZ). NBPPRE2
PREP. 4 oF 13

[Ke]
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE/17 = END oF ADDR VARIENT| PRE/I2 = PREI. NINDX: NCo
PrRE + PREZ NIA - NIXAL
/IZ PRECPER =3 SET MEM REQUEST S/MRQ/2= PREGPER - PRE/I2 FETWH OPERAND
PRESPER 1S ONLY THOSE
FABRANCH =5 SET MEM REQUEST S/MRQ/L = FABRANCH ' PRE/IT NANLE INST WHICH REQ. ReAD-
EXECUTE SET DATA RELEASE | S/DRQ/2= GU6 . OL7-PRE/i2 ING THE EFF. ADDR. FEoM
ENABLE FM READ =3 PRESET RR—~A S/AXRR = PRE/i2 MEMORY, PREGPER IS
AD % =»PRESET MERGE | —>/LR (s/LR3Y )= @Ul- &LO QUALIFIED WITH NANLZ
cD +oeul oL
STD + oul.eus
sD + eut-oLy
CLR + @udoLg
L) + Qw2 o8
FAMULNH (&/LR3)/12)= FAMULNH + FASEL
FASEL + (8/LR31/1)
FADW (s/LR31) = (s/irayiz). PRE/12
iiﬁﬁﬁrpr 3 PRESET MERGe| —=/LB/| (S/P31/1) = FADW- PRE/I2+N(63+0,)- N (But - OLB)
AND LAD
NINDEX=> D—>9S Sn = PRn
— 5 = (PRan® Kn) SXADD
— n
moex = APTS oD DxS = FAle. PRE/I2
NEALM R § > P Pxs = NFAIM - PRE{ + PRE2
FADW =3 CRUSH 53 S3IINH = FADW . PRE/I2
SET T8L s/T8L = PRE/i2
preser B—# S s5/5%R = PRE/I1Z. NFAIM
PREF. 5of 13
LHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRoGRAM ApDR. BAck To P
PeE B —»5S Sn = Bp» SXB
3 ROGRAM
3 S+#=P PXS = FAS10.NFAIM.PRE3, NANLE: :ogis_“;ci i
+ FUWAIT *PRE3 . NANLEZ ®)
+ FAseL «PREF -NOLT NANLE
T8L + FUEXWL- PRE3 -NANLZ
+ FARWD < PRE3 - NANLZ
oR + FAMDS. NFAIM. PEE&MANL;%
DR

S/Bco = NP3Z.PRE3.NPRE/34. &1 BYTE Coinr Decove

Bco Bel
AW —p
NFAWORD == LOAD BNTE CAWMTER]  /Bet = WP33. PRES.NPRE/34.0U7 | (Besl) » 0 |

S/sPw = SPIM-DIZ
FAHW* ClG P32 PRE3
NFAWORD = SET SieN ExTeNSlon] / SPIM = FAIM- PRE3
s5/sPz = Spm-NDI PrE/34
+ FAHW » NCIG*P32+ PRES
+ FAByE. P32 P33- PRE3
PRESET D 5 | s/s«p = PRE3 - BRPREH
NFAWORD
« NFUMB [~
BRANCH To PRE4 BRPREY = PREZ - »"%65/54.
FAST
FUME $ = PRreser S—rC S/CXS = FUMI' RE3
FASE

PREP,
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
NFADW {(€) 2 E L
PRE| PReorEr>JMB—> C Cn = MBn - CXMB D ew
3 C—->=D DX¢ = PREGPeR - PRE3 FADW/L @) ¢ BLvi
ConT (D) ELvi
URCONDIT10RAL RR —= A S/An = RRn' ARRE: NAXRRINM
EXCEPT: FAST/M = . .
EAPLD BEAD TAHIBIT AXZRINH= FASTORE-PRE3. &Lé
sTEC + FAPSD + PREZ
L + PAST/M < PRE3
+ FARWD. &LL- PRE3
STCE = LF —=> Az43| ARFC = FAsTORe: -PREZ. L4
XPsD =3 Pswi»> A AXPSWl= paesp. PRE3
AxS =
ce=» Azes }
FAST/M- 96 AKCEC = FAST/M - PRE3 - 06 ~STACK MULTIPLE
/ =7 cc > Mcodo7 AN LM, STM
FAST/M-N&o =»> 1 —» MC S/MCT = FAST/M + PRES « N&G « STACK WORD
FALe = 0 — /Lw/ LRXZ =FUSIO: PRES
FADW/L
FAST = P—-| »> P PDC31 = FADW/! - PREZ FA‘DW/!"
cLm + FAST . PRE3 FAST jq(}?) : EWADDR.
+ FACOMP/L-PRE3- &U1 CLM
FULAD #{ssr MeM. Req.| S/MRQ/2 = FALOAD/A.&uL. PRES
Pyl —> P PUC3| = FULAD: PRE3
PREF. 7 oF 13
PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
D —>5 Sn = PRn™ *SEE siGN PAD loalc,
?LG;,N = S—D Dxs= BCZ . PRE4.NFULAD PPoPoGATES ARE
PRE S—>cC S/CXS= FADIVH.PRE4 CRUsHED (SPZ) or EJ
4 ENABLED (SPW) UPuA,
FULAD MB—>C Cn MBn . CXMB FRoM SIenN Posi7loM
¢—>D DXxC = FULAD. PRe4
(p-1) =P PDc31= FULAD- PRES
T5U
RIGHT ALiGN D == LoaDp DXDR8= NBCZ., PrRE4+
LEFT ALign A => STHRE AXALB= FASTORE.NBCZ, K PRE4

PReEsSET SiGN PAD
PRESET D —>S
PRESET NEGITIVE SIGN
PRESET PooITIVE Si1GN
DECREMENT BYTE CouNTER

Compire Byre = O»>Acc23

Be # 0 == SustdiN FPEES

+ FAMT. SW2.NBCZ. PRE4
s/5xD < PRE4. (BC=t)

5/5PW= FAHW. Dog. (BC=1), PRE4
S/SP2 = FAHW.NDo8, (Bcs1). PREY
+ FABYTE.(BC=(). PRE4

BCDCI = NBCZ.PRE4
AXZ /012 = FACEHF/I. BUT. FRES

BRPRE4 = FRE4. NBCEZ

PREP,
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PHASV FUNCTION PERFORMED SIGNALS INVOLVED COMMEN1S
PRE/24 13 THE
oreP|l Apper Presers LAST CLock DURING
gHn PREP, WHEN REG
pHAsS A+D —» 5 S/SXAPD = FAADD «(PRE/34 1PA2) | ALIGNMENT TAKES
+ FAST/A-(PRE3+PHL/F) | PLace Pre/3q
+ FAST/A+ PHE IS ColNCIDENT wiTH
PRE . PRE4 . (BL=0), ELSE
/34 A~-D —» 5 S/SxAMD = FasuB - PRE/34 + PH2) PRE/3¢ 15 CocIDENT]
wirH PRESZ.
D—-—A —> 8§ S/SKDMA = FUPLM - (PRE3 +PH1//F)\
+ FUPLM « PHE
A —> 5 S/5xA = FAsToRE - PRE/34
+ FARWD-(PRE/34+PH2). NRZ
+ FAMT » PRE/34
+ FAPsD:« PRE3
+ FUMMC-PRES
D— S S/SxD = FUINT « PRE3
+ FALCLEP 'PRE/34
+ FALOAD:(PRE/34 +PHE)
4 Fuxw - PRE3
PREP. Aef 13
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Prep ADDER [PrESET CodT,
END
o D-1 —35 S/Sx DML = FUPLW « [ PRE3+PHY/E + PHE |
pre D+{ — 5 S/sxDPL = FUPSW-(PEFB-vLPh/I/Fi-PHS’)
/34
A+l — 5 S/SxAPLl = FUBIK - PRE3
; 4 =1 =5 </5xAM! = FUBDK - FPRE3
- T o S,/ SXMD = FALDAL/C PRE 34+ pygj
\
AA L w0 .$/PRXAD = FALEL -PRE3-NOLY
+ U4 . EGELE-Pesd
NAAD —> 5 5/ PRXNAD = FASEL - PRE3 . &17
\ APD-—> 5 5, 5x AEOTD = & JLgr PRE3
|
Av D — S ;,-,/*:zx\Ae'TzD = L4 -o9- PRE3
PREP. 10 oF 13
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PHASV FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Core ‘<)“:AU/‘/‘</’A/‘“:' (5 MER | ’KS/MEQ/’) + (S/’AEQ/Z) *(5/'42@/3)-*@//45%5)]
PreP d U(ANLEfPBf‘g‘) -t - .
END sSE7 Menrtnry FeguetT é//MEQ/j) = FUTNT « PR3 ‘
PHASE] + FuwaAiT. Pre2 t
+ FASID- PRESZ I
ser Mem. RKeg AanD DArd e, (5/////2@/2) = FAPSD « (’?fé/;sz 1‘-}’//2) l
Fre +(FasT /M PR3- WEwo ) ford |
/34 + (5, MBxs) l
4LL Memory REQUESTS
SET Memory RzOUEST (5//-/2@/3) = FADW/L - PzE—/3¢+Pyg) Age fpn:s:reo
DArA EeL. DELAYED + FACOMP/L Ul -predl | [F (A“LZ'PEE-?/
SET Write Mem. Req. (s/MBxS) = Fisrore- Pre/54
T FAMT « swa- FRE /54
+ FAPSD PREZ &7
PreseT B—> S s/sxs = FUBAL. PRE3
+ FAL@AD/A-(PRE/34+ PH2)
+ FAPSD - PRE3
PREP. {} of 13
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
FasT Memery icears S/AXRR = FusF.Dz3:- PR3
PREP + Fubw. NR3|. PRE3
END Preoer IC— A + FASTORE ¢« PRE/34- NoA
P + (FAST /M « pRES +NOUO]- NELA
+ EuMMZ e PRE3S
+ Fus . PRE3
P Meree | —=— LR3I 5/LR3] = FADW/i-PRE3
/34 + FUMMC + PRED
FAST Msetngy WA/ RiTe
Meser & = Rw :\;//Rw = Puxw - Pre3<NANLE
+ FASI| N1 (PRE/34+ P
+ FUBAL - Pre3 -NANLZ
+ EUBDR: PRE3 -NANLZ
+ FUBIR* PRE3 NANLE
FAST = seT Sw? S/sw8 = FAsT Pres TWE e PH
seglevice £lip fiops
FUMSP =3  SeT Sw7 S/ oW = FasT. gz Neg
+ FULAWORDW -NDO.PREA] SwW 7 uDjcaTES
+ . - . sEcopD PAss To
FALOAD/A- ©u5. ND16. PEE/HM aer Geavenes
AND SIGN OF
LoAD ABsocuTE.

PREP.
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
cred  (STM] = P=1 P Pocs! = (FAsTyi - FeEs Hous) N
=N ;
iacd (Lh) =  R-] >R RDC3I = (pasr /v pees Wouo) s
PRE
/24
TIMING SELELT FL/P FLoPs s/ /T = FAC@M,:J/’; -{UPEE}/%H'/’HQ
+ FAST - PRE3Z
T L + (dniz - Pe£3)
< FhcomP/r( PRE/34 +PHE)
’/ (FADIV) 3 ser PH3 BRPHZ = FusF.PRE3 NANLE-DT3
(FaMuL) = seT Pu3 + FAMDS - PRE/34+ NRRPH5 » NANLE
BRANCH  (LPsD)=> s&T PH3 + FAPSD « PRED- NANLE - Ng7
koGic %AMLE) => SET pHS BRPHS = (AdLz - Pze3)
(Fus) =% ser P45 + Fus . PRE3
(FusF-p23pseT FHS + FuUsSF - PRE3 .NDz3.
LM vsm)-ar SET PHG BRPHE = {FAst_.f‘MvP,ees- Nauo)a NANEZ
~ FUSF.D23=y sET PH2
(FMT swo] == seT Py BRPAY = FAMT - sw2- PRE/SY
(Exu) == SET fiio BRPRIo = Fdexd » PREZ NANLE
PREF,

13 of 13
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
ENDE IS5 PHASE lo
Tg END OF EXEcUTION = ENDE ENDE = EXC - PHIO For ALL INST.
R EXC 1S SET wiTH PREL
MB c Cn = MRh CXMB AND INDICATES THAT
INST, ExescUTioN
¢ D bxre = PHIO PRECEDED THIS PHIO,
Clgr>
C_L7 & XL = PHIO .
g-n7> R MB 3N
T5L AR
oR CE’EG-i| “;I(e Et’z 3)
Q'XC&
DR ﬁ &R DR @ FuncTIONS
Ia ¥ WHICH PROG ADDR
'DKEG.[& ltz I4|l§ ReF AosR 3/} 1S NOT WPDATE ARE
[A) BXECuTE TnsST
UPDATE PROGRAM ADDR. IX ApPR. (B} TOSERVICE CALL
Incg, PRos D T Z;l i’if: e
ADDR IFNoTy P+ | +>» P Pucsi = N(FUEXU.END). NI&SC (é)) P HoLD
AS NOTED « PHIO. NHALT. NINT. NKAHoU
-
(2) INST. | ReRéATED
E:;RE ];ZOG‘ @ IF MMC oF EXU
twsr 570 [ P L =P PDC3l = FUEXU -« (INT +I0SC). ENDE CHBIN WAS TERMIN-
BE REPEATED + FUMMC: NMCE » ENDE - (INT+ 16SL) ATED By JNTERRUPT
OR I SERWCE ChLL
REFERANCE ADDR. => PReseT D»S| S/SXD = PHio
ENDE lof 2
PHASE{ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
T &ENRBLE = I&EN S/Teel = TesSC - PHIO - NIsTuH
Pu
10 INTERRUPT ENABLE = IEN TEN = KRUN:PHIO-NI&SC
SET ARITH OVERFLOW TRAP S/TRAP = AM. cc2: PHio: OVERIND
7L -
INDEx == {PZESET.DOS’-H /E/ 5/LRXD = OXC
Preser RR-—> A S/AXRR = PHIO
ENABLE PREL =5 PRELEN | PRELEN = N (8/TeAR) - N (S/INTRAP): NI C - NHALT
s/ PeEL = PREJEN: PHIO
CLEAR € RESET/A CLEAR = PHIO
+ BESET/B
RESET/A = CLEAR + ...
(PHAsE 7/F
NBR
SWhp
MCn
ANLE
CLEAR =~ ZERD=< BCp
DIeTn
EXC
IR
OVERIND
DrewD
L PI&ND
INTRAP
ENDE

22



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS aF FESISTERS INSTRUCTION FAMILIES
AT END O PREPaATION
PREP > oF ARATION FAL&AD: LI,LB,LH, Lw, LD INST Descwised
NEADW,/| = (D) BEW FALB‘ADP/C.‘ LCH, Lew, LeD et By Tuis  SequeNcE
- . FALCF ¢ LEFT, LLF, LRP
W IPY 0 Prag. . ) )
rA,t‘N.;, ; ey _f\“r. AepR FALCF @ LCFI, LCF
FAlnn g (D) ¢ EWel . . .
) => [P} | 54 ADDR, g:f;;/' : t?'f;DfHAL;O LACDF) SD)ICDLEP THESE FAMILIES
" =% !B} : PROG ADDR. - ’ LC’H- ,_cv‘/ L L'f';: ’ INCLUDE SEVERAL TYPES
(LW, plus others NeTRd N
LOAD RELATED EVENTS FASIL 1 LI LB LW, Lw, LD LCH, Lewlep |J OF EHETEICTIONS
DURING PREP,
1 SIGN PAD IMMED, SPIM = (FuLl+ FULCFI)- PRE
tEF y = < PRESET D—S S/SXD = (FuLl +FULCFT)- PREI
CFL) BRANCH TO PRE4 BRPREA = (FULT+FULCFT) - PREI - NANLE
FALOAD
= FALOAD. “+
FALCFP} =5  PRESETD — § 8/SXD 0 cri ( PRE/3¢ + PH2) PRE/34 15 LAST PuASE
ALLFP. PRE/24 OF PREPARATION
FALOAD/C =% PRESET =-D->5 S/SYMD = FALOAD/c -(PRE/34 + PH2)
FAS 1O ~ S/MRQ/I = FASIO: PRE/34 FASIO, FETCH NEXT INST
FADW/)} = SET MEMORY REQuesT S/MRQ/3 = FADW/ ! (PRE/34 + PHZ) FADW/| : FETCH Ew
FASLL =3 SET FAST MEH WRITE S/RwW = FASII- [PRE/34+PHZ ) NOL]
FADW/) = MERGE! —> LR S/LR3I = FADW/I (NANLE - P2€3)

"FALSAD": L1 (22), LB(72),LH(s2), LW (32), Ly (12), LcH(5A), Lcw'(aa))Lc»(m)) LeFL (o) LeF (70), LRP (aF)
\ of 3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
FALBAD D—=5
L i 5 —=RR| sn PRp
1 FALOAD/c = —D —>35 %/RRn = Sn.Rw
FALCF ——o { Seazz==CC} ccxs/a= FALCF, PHI .R30
Sz93, ~FC| Fexs = FALCF. PHI R3at
FULRP =% Sez27 »~RP RPXS = FUuLRP.- PHI
FASIl == seT (C3 € CC4 TESTS = FAS1{L.(PHI+ PH3)
L8AD PoSITIVE =3 seT CC3 S/cc3 = sGTE . TESTS SeTZ: SIM GREATER
LOAD MNEGITIVE =3 seT cC4 S/CC4 = Sp . TESTS THAN ZE&ERS
preseT B—S S/SXB= FADW/I. PH!
FADW/1 { feccer RR—>A S/AXRR= FADW/| - PHL
KooHoLD= FADW /I + PH1
FULED = HoLD END CAzgY s/swo/N& = KooHeLD
FAS o BRANCH To ENDE BRPH10 = FASLO . PHL
PH RR —> A s/An = RRp., AXRR
2 MB —>C Cn = MBn- CxMB
C —+>D DxC = FADWY/|. PHe
B —> 5 SV\ = Bn. SXB
S —>P Pxs = FADW/I. PH2
PRESETS
DR FULD ———~ PRESET D—»S| 5/SxD = FALEAD . (PRe/34 + PHZ)
FUl(D ——==>PRESET —D —35| S/SXMD= FALEADK: (PRE/34+PH2)
B PEESET FMwers| S/RwW = FASII . (PRe/34+PH2)
FAPW =2 men Rew S/MEQ /3= FADW/\ . PH2
FAL&SAD 20.Ff3

e




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
+t 7 — -
o112 - S Sh = PEH
PhS 5 —-— RR S/RRn= Sn * Rw
LD | SeT CC3, 04 vaTests| TESTS = FASHL - PHI +PH3)
9L LeD AND 3$32(3%
528263 F= NSWO - NTeSTS
Lo aD PosITIvE = SET CC 3B 5/c_c3 = SGTZ. TesTs
LoAR NEGITIVE == SET L4 s/ce4 = S ., TESTS
BRANCH TO© ENDE BRPHIO = FADW/i. PH3
EnDE
PHIO NormaL &8
PR
FALGAD 3oF3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS OF REGISTERS INSTRUCTION FAMILY
T TH
A E END OF PREPARATION FALOAD/A: LAH, LAw, LAD FALOAD/A - NOUI = LAH, LAW
PREP LAD =>(D) ‘ Ew1 FULAWERDW : LAW oR LAD
FALOAD/A+ NOUI=> (D) : Ew
(A): RR BR—>A 15 Auro Fuucriod
. . TENTS R
FALDAD/A = \P) ¢ Ew ADDR, :\’;"\Z ilo:r ELJSED OBFY THIS
_ (B): Pros. ApDR. SEQUENCE,
FALOAD/A => PRESET B-—> S S/SxB = FALOAD/A.(PRE/'34 +PH2)
Pos sigN=> SET SwW7 S/SW7 = FULAWERDW - NDO. PRE/34
+ FAL&AD/A. QU5. NDI6. PRE/34
PHI 55 Sno TBn 3B
FaLoanAeneg 5 o P PXS = FALOAD/A -NOUI- PH|
FALOAD/A == SET CORE MEM k&g, S/MRQ/3 = FALOAD/A-{ PHI + mé:—s} S5/MRQ/3 > Core Reg
T5L = SET FM WRITE 5/Rw = FALOAD/A - (PHI + PH3) w!TH DATA RELEASE
AUTC. SET ON Foul OWING
POs. SIGN = SET D—>S S/SXD = FALOAD/A- (PHI+PH3)+ SW7T CLoCk,
N = - = P TR LAD: FETCH EWO
EG. SIGN =» SET -D—> 395 S/SXMD FALOAD/A (P! PH3)s NSWT NLAD: FETCH NEXT INET
meree 1 —> /LE31/ S/LR3| = FULAD - PH1
"FALSAD /A" (Load Abselute) : LAH(SB), Law (3B), LAD (1B) of3

13




OVERFLOW =3 3DET CL2

BRANCH To ENDE

PROBOVER = FALOAD/A - PH4-
S/EveRIND = PROREVER
s/cce

BRPHIO = FAL&AD/A. PH4

PRo-GOVER' ( sooP Sa)

PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
D -3 Snh = PR,
PH2 S —= RR S/REn = Sn-Bw LOAD EWO
FALOAD /4 == PreseT B—>S | S/5xB = FALOAD/A - (PRe/34 + PH2)
SET C&L3 aNp (L4 vid TESTS| TeEsTS = FALDAD/A - PH2
T3L SUMF 0 =% SeT SWO 5/Swu = KooHoLD - NS003/2
END CARRY HOLD KOOHOLD = FALOAD/A - PH2
S/FL3 = KooHOLD + Koo
OVERFLOW =5 SET (L2 ROBOVER = F‘ALOAD/’A- PH2 . NOY NO OvFL INDICATION
) FoB LAH INST
N{LAD) =% BRAMCH To PHIO BRPHIO = FALOAL/A' PHZ - N&U/[
B— S Sn =B, - sxB LAD — oMLy
S =+ p PrS = FALOAD/A - PH3
PH3 [SET core MEM. REQ S/MRQ/3 = FALOAD/A« (PHI +PHZ) FETCH LEXT INST
LAD = 1551' M WRITE S/RW = FALOAD/A - (PHI +PH3)
PR MR —=~C Ch = MBp *MBxC
¢ —>D DxC = FALOAD/A- PH3
Pos, SiaN = PRESET D-—>S S/SXD = FALOAD/A-(PHI+PH3)-NDO
NEG. SIGN = PRESET =D-=2S S/SXMD = FALOAD/A+(PHI+pPH3)- DO
FL3 =p FRESET K 3| S/K31 = FALOAD/A-PH3 - FL3,
FALOAD /A 2.3
PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
PH4 D — S Sn ] PET\ .
S —> RR s/RRn = Sn . Bw
SET CC3 AND CL4 viA TESTS TESTS = FALOAD/A - PH4 S00e3 =0 c.gs c84
LEAD # O == Serdidls S/Cc3 = SGTZ. TESTS S0063 >0 ] o
THL $32¢32 = NTESTS/l - NSWO
SUM GREATER THAN ZERO 2GTZ = NSOCLR » NSO

PH
(enDe]

PR

NDORMAL ENDE

=/TRAP

ENDFE: CL2: AM . &veERIND

FAL&AD/A
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PHAEEL

FUNCTION PERFORMED

SIGNALS {NVOLVED

COMMEN1S

PREA]

CONTENTS OF REGISTERS
AT THE END OF FRERPARATION

INSTRUCTION FAMILIES

0 Ew FASIC : AND, OR, EOR, PLUS COTHERS "} THESE FAMILES
@ FASIl @ AND, OR, EOR, PLWS OTHER INCLUDE SEVERAL
/ ' RR ous. Oig - E’E‘Z TYPES OF INSTRUCTIONS
* PROG. ADPRESS
\P} us- &Ly 8R FALOGIC
CU4-8LB: AND
AND “> PRESET AAD S S/PRXAD = QU4.-0OLB- PRE3
=14 => PRESET AvD-—>5 S/ SXACRD = Sus- OLY - PRE3
EOR => PRESET A@D—>S S/SXAECRD= U4 JL8 . PRE3
FASIO =3 SET CORE MEM, REL. S/MRQ/I = FASIO- PRE/34 FETCH NEYT INST.
EASI = SET FM WRITE s /RW = FASH] - (PRE/34 + PH2 JNBLI
OR (49), EGR (48), AND (48) lof2
PHASE/ FUNCTION PERFORMED SIGNALS {NVOLVED COMMEN 1S
Pt AND —=>AAD = S 3 IWHERE N Is DEFINED
AS EACH OF BITS
1 &R = AvD > S } Sn =PRn se
EOR > A®D > 5
S —>RR| s/RR.= Sn Rw
T8L
FAS11 == BS€eT CCI ¢ (2 SEE FAARITH, PH3
VIA TESTS TESTS = FAs !l - ( PHI + PH3) SEQUENCE FoR
s/cc3 = SGTZ. TESTS TESTS DETAILS
s/cc4 = S0 - TesTs
FASIO =3 BRANCH TO ENDE BRPHIO = FASIO . PHI
PH | NormMaL ewwe
jo
ENDH
DR
OR, EOR, AND 2.2

115



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
'd
B—>S Sn = Bn * SXB
PH XFER PrOG ADDR. To
P S—#>P PXS = FADW/1+«PH2 7 rea.
MB—C Cn =MBp- CxmMB8
FADW/I =<
: C—+=D DxC = FADw/1 - PH2
RRA S/An = RRp - AXRR
FAADD =P PRESET A+D— 3% S/SXAPD = FAADD - (PRE/34 + PH2)
DR | FASuB == PRESET A-D —=$§ S/SXAMD  =FASUB - ( PRE/34 + PH2)
EADW/I => SET CORE MEM, REQ. S/MRQ/3 = FADW/!I- (PRE/34 + PH2) EETCH NExT INST
DoUBLE PRECISION ADD o®
SUBTRACT  FAD CARRY GOES S/k3l = FADW/). PH2 - FL3 K31 1s BuiLT
7O (S B CAREY UPSIDE Powwn
K00 [PHE] —» K3/ [PH3]
FAS1! = PRESET WRITE To FHM s/RW = FASl! - (PRE/34 + PH2)-NoL
FAARITH 3.f4
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 1S
5 FAADD =3 A+D—>S Sh = (PrRn ® Kn)- SXADD MOST SIGNIFICANT
ol
PH FASUB => A-D—>S SXADD = GXAD + GXNAD + GXAND + K31 HALF oF povsLEwIRD
ADD,
3 s —+=RR| RR, = Su*Rw
PROBE CC3 ¢ Ccd wirw | [TESTS = FASH. (PHI+PHa)
TESTS <
‘ SwWo (S$3263 ¥0)
- NeW O =% 53263 =0 | - ) INTO 86TZ (SUM GErAT-
THL ?532632 NTESTS/I « NSweo EX THAN Z£70)
' seT® = (500637 0) - NSO - NFACOMP
PosITIVE TRESULT=3SET CC3 L s/ccs = S5GTZ-TESTS CONDITION CODES
BEESULT —» ST ¢C4 | g/ = . resT SET (N PHASE 1
NEGITIVE S R iC4 S0 - 78STS . ARE Ovegr/Dets By
PROBE OVER FLOW (PROBEOVER = FAARITH - (PHI + PH3 } R/CC DURING FH3
s/ce2 = PROBEQVER - {3009 S0)
[.S,/OVERIND = PROBE&VER
e Ean A ppr CLIXKO0 = FAARITH - (PHI 4 PH3)
T CC! IF END CARK
=€ FEND oA | s/ce = CLLIXKOO: KOO
BRANCH To ENDE BRPHIC = FADW/1 . PH3
AM (ARITHMASE} =5 TRAP TO '43' S/TRAP = ENDE- CC2+ AM - OVERIND
ENDE ON  OVERFLOW s/TR30 = ENDE. (C2. AM. OVERIND
5/TR31 = ENDE L2, AM, QVERIND
. ‘\ SROPA KA |2 SRR
S
FAARITH 4 oF 4
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PHAS[/

FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS OF REGISTERS FAMT
PRE (A) T RR{NoT usEeD) MTw (33)
(DY EFF LOCATION MT H  (53)
(B) : PRoG, ADDR MTB (73
(P)  EFF.ADDR, . 2
=k
AV
PRESET A —> 5 S/SXA = FAMT - PRe/34 N, -
w
S
o pog|
5 T
Lo | a
{(R#0] 5 ST sw2 S/SW2 = FAMT.PHI.NRZ g
=
PiH R PO<ITIVE (NR2g) =3 R A AXR = FAMT: PHY' NR28 L]
'Y
R NEGITIVE (R28) = NR~»A AXNR = FAMT-PHI R28 il
Align | >
- %> PRESET A+4D — S S/5XAPD = FAMT.PHi - NR28- NRZ mjd.z;;g
[N
R<K o =% PReSET D-A-1->S S/SXDMAM| = FAMT.PHi. R2g
T5L R=0 = PRESET D —> S S5/8XD = FAMT PH!RZ
STore
INTRAP =% SET INTERRUPT S/CEINT = FAMT: Pri- INTRAP Hop
CLOCK ENABLE
NINTRAP = SET TIIL TIMING S/THL = FAMT:PHL NINTRAP

SFAMT": MTB (73), MTH (53), MTw (33)

| of 4

P ASF[ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Lrﬁ
MTH} . (R#0)=> L&AD ByTe s/Bco iFAMT'. PH2. &1 . NP32.NRZ
MTB CouUNTER s/ BCL = FAMT. PH2 . &U7.NP33, NRZ
PH BCX = FAMT. PH2. &1, NRZ * Timing
2 NINTRAP, =TS8 L
R>0 = A+D—>95 R=e
R<O =>D-A-1 —>3S Sn = (kn @ PRn).SXADD | R=0 = T5L
R=0 = D—>s + PRn INTRAP = T5L
TIMNE 5 —= A AXS = FAMT. PHZ
see
* [ SET cc3 ¢ cc4 TESTS = FAMT. PH2. NINTRAP
VA TESTS SaTZ = (S0063#0).NS0. NFACOHP
RESULT Pos == SET L] sS/ce? = TESTS. £GTE
NEG = SET o4 s/cc4 = TESTS. So
END CARRY = SeT il CC| XKoo= FAMT. PH2, NINTRAP
NINTRAP < BYre END CARKY TCI X K23= FAMT.PHZ, NINTRAP, u7
FUMTB = seT FLae3| o/FL3 = CCIXKe3
OvER FLow => SET (L2 PROBEVER= FAMT: PHZ. NINTRAP
HaLF we ovEL PRoBEVER/H= FAMT. PH2, NINTRAP. du5
OVERIND = PRoBsever
s/cce = PROBOVER. (Soo @ So)
+ PREBOVER/M. (5158 Siu)
MTB == CRUSH S23 S23 = [, CCL1XK23
THASE 2 (oNTINUED
FAMT

20{4»-




PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
———— —
EXIT HIGHEST PRIORITY LEVACT = FAMT. PH2. [NTRAP
P | INTRAP 2>9ARM HIGHEST PRIGRITY LEVARM = FAMT. PH2.INTRAP
2 TRIGGER CounT ZErs| CNTZERS = FAMT. PH2.INTRAP. 30031Z
Preser A—>S s/SxA = FAMT- (PRE/34 + PH2)
(R#0), MTW = SET C&RE WRITE S/MBxS = FAMT. PHZ N&1.Nrz
12;0} —> BRAMCH To PH8 | BRPHR =FAMT.PH2.(Rz +No)
MTw
PBH MT:;_ZW?;‘,;E:T;:'P}AJUST siGN | FUMTSIGN= FAMT. PH3.NINTRAP. (cg2 + Neus)
FUMTGOVER= FUMTSIGN. NFL3
MTH. 8VEL = EXCHANGE s/CL3 = FAMTOVER . Cc4
CeBerwccéd s/ctd = FAMTOVER . (L3
T5L
MTB => TesT BYyTE =0 s/cc3 = FUMTSIGN.FLB.NSIG3IZ Si623 wite BE
ZERS DuE To
FUMTSIGN => CC3 4 ccd Reser| TR/cc3 = FUMTSIGN PH2 (CRUSH S23)
R/ced = FUMTSIGN
BRANCH To PRE4 BRPRE4 = FAMT.PHSI
FokR PREWRITE ALIGN
FAMT 3.f 4
PHAS[/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE
& LEFT ALIGN A AXALS = FAKUT SW2 ' NBCZ -PRE4
T5L BRANCH To PHE BRPHE = FAMT. SW2 - PRE/34
SET A— s S/SXA = FAMT: PRE/34
SET CORE MEM. WRITE S/MBXS = FAMT - sW2 . PRE/34
BCe# O SusTAIN PH4 BPPRE4 = PRE4 . NBLE
PH A—>5 Sn = PRp
8 S —+> MB MB, = Sn - MBXS
DR
Pr B—>=5S-»"F PASKB = NEAFL- NFAMDS. PHY
9 SET CDRE MEM REQ O/ MEQR= PXSXB
s EESET INTRAP R/INTRAP= FAMT. PHq
P NormAL ENDE
lo
ENDE
FAMT™ 4sf4

19



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS OF REGISTERS INSTRUCTION FAMILIES
AT THE END OF PREPARATION FASTORE: STB, STH, STw, ST, STCF, (Xw-NPRE), (AwH- NPEE)
PREP STCF == (A): BYTEALIGNED CF | FASTORE/(: STD, (Xw:NPRE), (AWM. NPRE)
P STE = (A): BYTE ALGNED Rag,
STH  =»  (A) ' HW ALIGNED B,
STW == (A) ' Roo;l
STD = (A): Rv!
X (A) + Room
Awal = (D) Ew
(B): PRO&. ADDR,
(P): EFF ADDR
5:‘3 = (P): EFRAZDR v THE TRANSFER T —>A
EVENTS DURING PREP /5 AN AUTO FUNLTioN
STCF == TNHIBIT R—u A AXRRINH = FASTORE - FRE3 - OL4 IN PRES.
ENABLE  LF —>A AXFC = FASTORE'PRE3- oL4
STCF)
STB r => LEFT ALIGN A AXAL8 = FASTDRE'PRE4- NBCZ
STH
AWM =» PRESET A+D-—>3§ S/SXAPD = F—AADD-(PRE/34+PH2) FAADD 1S QUALIFIED
xw = [PRESET D —>» S &/8XD = Fuxw-PRE3 WITH (FUAWM - PRES)
SET FM WRITE S/RwW = Euxw. PRE3
FASTOEE-_a’{”E” Come MEM REQ S/MBXS = FASTORE . PRE/34 i;% ZS;::E :”
preser A —> S S/ SXA = FASTORE.PRE/34
:;g} == PRESET RR-— A 5/A%RR = FASTORE PRE/34 - NO2
"FASTORE": STB (75), STH (55), STW (35), sTD (15), STCF (74), XW (4¢), AWM (o) | oF 3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 1S
pum s JATD —>3 sn = (PR + '<n>'N(F'Rn~Kh)'ij\DD
PHL L S —=>A AxS = FUAWM. PH!
W = 4P =S Sn = PR.
S —> RR Rn = Sn. Rw
_ﬁ - »
x| easroxe ol S Sn = PR
o% S ——»>MB MBp = Sn - MBXS
At STH
TEL sm} = RR —> A s/, = RR, AXRR
PReseT A—> S S/8XA = FASTORE/I - PH1
7
FASTORE, ‘%{ser cors wriTe Rea| S/MBXS = FASTORE/I - PH
STREl STD => RESET P3l PDC3!I = FASTORE « PHI- 5ul
PR
AwM
=3 SET CC3 AND (C4 e .
Xw JiA TESTS rESTS = FURXW -+ PH!
+ FUAWM - PHL
AWM | QVERFLOW =% SET CC2 PROBOVER = FUAWM: (PHI +PH3)
AWM , END CARRy =35> SET (I CLIRLDO = FUAWM * (PHI +PH3)
NFASTORE /I = BRANCH ToPH) | BRPH] = FASTORE:NFASTORE-PH]
FASTORE

2.3
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
‘F A —>S Sn = szh
PH2 FAsroRE—/\%<é S > MB MBr = Su + MBXS
BRANCH To PH9 BRPH? = FASTORE « PH2
PR
PHY B S SXB = PxXSxB
S—»>P PAS = PXSxB
5t PRESET A—>» S S/SxA= FASToRE - PH¢
A Q's Sh = ‘DEH
SET CC2 IF Seoie ¥ 0 S/CC2 = N(30016Z+500/6W)« (FUSTH -ENDE
PHIO] STH = OR ALL ONES ( ) S )
SET TRAP = .
DR AW Tr overeiow. Ad S/TRAP= ENDE. CC2Z.AM. OUERIND s?f:g?—
S/TR30= ENDE., ¢cZ, AM, GVER |ND |NAlG (
S/TR3/ = ENDE. cc2 s N{S00162+ 50010y
'\\OKMAL eNpE ! - AM CVER IND PRoo15—+
(FusTH - EnpE—|
l s5/¢C2
FASTORE 3oF3
PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
PEEP ’Z.QNTEMT OF R.EG"STER& FAM\LY SIGNALS SELECTIVE INST@},
T THE END OF PREPARATION i
FASEL = LS, STS, €S CS - CoMPazE SEL, 45
(€} : Ew FACOMP = CS, OTHER ComP INSTS). LS - LoAD SEL  4A
(D) : EW STS- STORE SEL 47
(4) : RRv1
';Z} =(P) : PRoG. ADDR.
sts =(P): EW ADDR.
STS =» (B) : PRoG. ADDR.
END OF PREP.
oy AAD—>S = NeL7
oo ] => PRESET S/PRXAD = FASEL.PREZ-NEL7
sTs =% Preser NAAD—>S S/PRXNAD = FASEL: PRE3 - OL7
FASEL = PReser S —> C S/ CXS = FASEL- PRE3
PH| 1= AAD—s Sh = PRy n
8 sTs == NAAD —> 5 c.s}%' (c): [ew A(RRv1)]
T5L > c cn = Snv xS sTs% (¢):(ew A(RRVY)]
i’stss'r A-—=S S /SXA = FADEL + PHL
FASEL PRESET RR —>A S/ AXRE = FASEL: PH{

“FASEL": Ls (4a),

STs (47)) Cs (45)

2]
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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



PHAS{ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
END CONTENTS OF RegisTeRS
OF sl s =
Peep) () & &w
(P) : PROG. ADDR.
SET MEM REOUEBST (NEXT INST) S/MRQ/4 = FUINT:. PRe3
PRESET D —> 5 S/SXD = FUINT-PRE3
D—=5 Sh PRn
S—>CC CCXS/0 = FUINT: PH1
cLeaR  Dooos DX/0A = FuINT - PH1
PH ser  Meree 1 —> /LR/ S/LR3[ = FUINT- PH{
! preser D —> 5 S/sxD = FUINT - ( PHi + PH3)
TS5L PRESET FM WRITE S/RW = FUINT: (PHI1 1 PH3)
D ___>5 Sn = PRﬂ
Pr Sie31~>RR | S/RR, = 5n. Rw
e Rwxz/01 = FULNT- PH2 RWAZ /oL TRANSFERS
ZER®S TO RRoois
T8L DowN ALIGN D DXDR8 = FUINT: PHZ
IF R Fie.p 1S5 oDD
B3| =, => BRAJCH Ta ENDE BRPHIO = FUINT. PHZ.R3!
INT (eB) fof 2
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH PRESET D —> S S/SXD = FUINT. (PHi+PH3)
3 PRESET FM WRITE S/ RW = FUINT-(PHI*PH3)
T5L DowN ALiagH D pDXDR& = FUINT. PHS
PH D—=5S Sn = PRn
4 Siea > RR S/ERY‘ = Sp- RW
TsL
RWXZ/0l = FUINT-PH4 BWRZ /ol INWIBITS
BRANCH TO ENDE BRPHIO = FUINT+ PH4 ByTes O anp L
To KRR
PH NorRMAL ENDE
10
ENDY
T5L
INT 2Fa
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PHASE/ FUNCTION PERFORMED SIGNALS [INVOLVED COMMENTS
ppep| CONTENTS OF REGISTEERT INSTRUCTION FAMILIES
T T ND OF PE&F
AT THE END Fe FACOMF/t i €D, (I, (W, CH, CB
(D) . BL {Au(,ugp) FASUB : CDlCI‘CW‘CH)CE, PLUS OTHERS
NFADW/| == < (A) ¢ RR FA$10 P Cl,CW, CH, CB, ALUS OTHERS
(P) : PROG. ADDR. EADW/! ! CD, PLus OTHERS
(D) : EWvl
(A) : RRv i
FADW/I =¥ <o) i ew ADDR.
{{8) : PROG. ADIR,
END OF PREPR
FASUB == PRESET A-D—>5 S/SXAMD = FASUB - (PRE/34+PH2)
:ii!://l},_.,, SET CORE MEM Req. S/MRQ/l = FASto - (PRE/34+PH2) FETCH NEXT INST.
S/MRQ/3 = FADW/!-(PRE/34 +PH2) FETCH EW
FACOMP/I = SET TIIL s/TiL = FACOMP/| « (PRE/34 + PHE)
FADw/| <> MERGE | —> LR s/ LR3I = FADW/I: NANLZ - PRE3
CB=> (LeaR Aooces AxZ/oi2 = FACOMF/I. our. PRES
“FACOMP/1” + CL(21), CB(71), cH(S1), W (31), cD(Il) | of 4
PHASE/ FUNCTION PERFORMED SIGNALS, INVOLVED COMMEN1S
P FASUB => A-D —>5 Sn = (Kn ® PRy » SXADD
1
FASIl = SET CL3FCC4 via TESTS {TESTS = FASI - (PHI + PH3)
SaTE = (50031 # 0)« N300 FACOMP
5/¢cc3 = SGTZ - TESTS
TiL Ls/ccs = so. TEsTs
NFADW/I => PRESET AAD-»S S/PRXAD = PACOMP/| * PHI - N&UI
FACOMP/! =2» SET TS8L S/T8L = FACOMP/! - PHI-
PRESET B-—>S S/5xB = (FADW/|- PHI)
PRESET RR —= A S/AXRR = (FADW/I pHI)
FADW/1 =3» {SAVE S #0O S/SWO/NRE= KOOHOLD - NSOOBIZ
HOLD END CARRY S/FL3 2 Koo HOLD » KOO
FASIO -=% BRANCH TU EMUE BRPHIO = FASIO. Pwi
FACEMP/) 2 F 4




PHASE/ FUNCTION.PERFORMED SIGNALS INVOLVED COMMEN IS
(B8 —5 Sn =B, - SXB
P+ . XFER. PROG APDR To
2 S PXS= FADw /I PH2 7 cea.
IMB->C Cn = MBn. CXMB
D =< - -
Cw=D DxC = FADW/1 - PHZ
DR (RR=-A S/An = RRp - AXRR
FASUR =% PRESET A-D -5 S/SXAMD  =FASUB - ( PRE/34 + PH2)
FADW/! == SET CORE Mem, REQUEST 5/MRQ/3 = FADW/I (PRE/34 + PH2)
Dousle PRECIS!ON
SUBTRACT END CARRY GOES S/K3i/3 < FADW/- PH2- FL3
TO LSB CARRy
Koo [PrI]—>FL3 —= K 3/(PHT]
FACOMP/| =2 SET TIL S/TuL = FACOMP/\ . (PRE/Z4 + PH2)
FACOMP/| 3 o4
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
oy | Frsve = A-D—>s Sn = (kn® PRn)- suavp
2 TESTS = FASH . (PHI +PH3)
SE7T CC3 & CCY4 WITH TESTS
— S3263% = NTESTS/I* NSwo
SeT2 = (500¢3# 0) NS00 FACOMP
ComPace RESULT FPos =5 s/ces = SGTZ.TESTS
ComParE RESILLT NEG == s/ccs = 50 TESTS
¢D = BRANCH To& ENDE BRPHIO = FADW/I. PH3
PH — i
ol werows _%{A/\DA s Sn = PRn
IF ($#0) THEN S/CCE/NE = FACOMP/| ENDE - Nout
ENDH | 4= (C2
DR NormAL Enpe
FACEMP/) 4 f 4
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN IS
FAMILY  SIGNALS LOMPARE LIMITS
CONTENTS OF REGISTERS COMP/L: CLR, CLM INST RUCT toNs
AT THZ END OF PREPARATI . CLR - COMPARE WITH
Prep no ARATION ~ FASUB @ CLR, CLM P OTHERS i rs o REaisTeR
(™) 1 Ew FACOMP : (LR CLM, (D, LT, LW, CH, CB €S| 0 o imame  with
LR _:><(A) . ERv{ LityTs IN MEmoRy
(P) . Ew ADDR
(B) . PRoc. ADDE.
(®) : ewvt
CLM = (A} ! RR
(P): Ew ADDR
L (B) . PRoG ADDR.
END OF PREPARATION
MEQ /3 AUTO 3ETS
LM SET CoRE Mem REQ. A B DATA RELEASE ONE
= orY REQ S/MRQ/3 = FACOMF/L. PRE3. U7 CLock LATER THAN
FASUBR = PReSET A~-D—>S S/SXAMD = FASUB - (PEE/3++ PHg) MEMRORY REQUEST,
FACOMP/L=> SET TIIL S/TL = FAComp/L(PRE/s++pPH2) | TiIL 15 ReQuirep
TO AlLow TESTS
WHEN ADDER —» FM
15 NOT PREFORMED
“FACOMP/L" ¢ CLR (39), <M (19) lof3
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH A-D —5 S, = (PRn ® Kn).SxADD CLM =>[Ew vl + RR]
i
CLR=[EW+RRvL]
TESTS TESTS = FACOMP/L « (PHI+PH3)
il FACOMP/L =»{SET (C3 |F $>0 §/cc3 = SGTZ. TESTS
SET Cl4 IF 540 s/cc4 = S0 - TESTS
SETZ = (0031 #0O) NSOO - FACoHH
FACOMP/L =3 PRESET B —> S 5/5xB = FACOMP/L - PH{
CLR =3 PRESET RR—> A S/AXRR = FACOMP/L . PHi. @U3
PH| am »{MB’*’ < Cn = MBn - CxMB ChM(D) : EW
2 C -~ D Dxe = FACOMP/L - PH2- &ul
lcem]| €HR = RR=A sAn = RRy - AXRR CLR=(A): RR
DRI /(B—-*rs Sn= Bn- SxB
LOMP/L
L) "ML S = P PXS = FACOMP/L. PHZ
T XFER  CC3 —% (| s/cel = (L3 FACOMP/L  PHZ
KFER Cc4 —» (2 S/cc2 = Cc4 - FALOMP/L - PH2
FAcoMP/ < PRESET A-D —> 5 S/SXAMD = FASUB: (PRE/34 + PH2)
SET CORE MEMORY REQ] S/MRQ/1 = FACOMP/L - PH2
SET TiL s/TiL = FACOMP/ L+ (PRE/34 + PHZ)
FACOMP/L 2.F3

12¢



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 1S
PH FACOMP/L = A =D —>$ Sp = (Kn ® PRn): SxapD QLM}?EEW+EZ]
3 CLR '
TESTS TESTS = FACOMP/L -(PHI +PH3)
Tilu SET CL3 IF S»0 S$/ce3 = SGTE - TESTS
Facomp/L»{ SET G4 IF <0 8/cc4 = S0 - TESTS
8¢T2 = (5003] #0) NSOO: FACOMP
| BRANCH To ENDE BRPHIO = FACOMP/L. PH3 BRPHIO SETS DATA
RELEASE
P NogurL ENDE
10
Enot
Pr
FACOMP/L

383

COMMENTS

PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED

ENDl  courenms oF EBeaisrers

OF

PrEP (P} + PRog. ADDR,

SET CORE MEM. REQUEST S/MRQ/I = FUWAIT- PRE3

PH SeT Halt S/HALT/l = FUWALT - PHI

1 BRANCH To ENDE BRPHIO = FUWAIT PHI

T5L

PH INHIBIT ADVANCE OF PROG ADPR|  PUC3| = NFUEKU: PHIO NHALT ¢ ...

1o BRANCH To PCPI BRPCP = NFUEXU:-HALT/I ENDE-NL&SC
ENDE INHIBIT PREL PRELEN = N(S/TRAP) NS/INTRAP) ULESC - NHALT

SgE PCP SEQUENCE

WAIT (2E) 127
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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)
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PHASI’/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHI/F = PUl - Sw i3 - FAST
PH MER(’E} ==AvD—3 Sn = PRn
l/r—' SPWL
S +=MB MBn = S - MBAS STORE MEW SPW!
SET CORE MEM WRITE S/MBXS = FAST - PH|/F
DR =D Dxc = FAST. PHI/F (D) : TsA
s P [1221631-7‘—>An,31 AXRR/2 = FUMSF -PHI/F AXRR /3 sAME As ..
(RR16 +>A15 S/AIS = FUMSP - PHIJF ;’:’ﬁg ;3”;“’;: ZOES
FaST/c =>PReser  A+D —> S S/SXAPD = FAST/c-(PRE3 +PHI/F+PHZ) :: ~ ":er;z - DiReel”
PLM =>PrREser D-fh —>S S/SKDMA = FUP LM (PREZ+PHI/F+PHE)
pesw =>peeser D+l —=95 S/5XDPL = FuPSw-(PRE3+PHI/F +PHS)
PLW ==>PRegseT D-| —>9S S/SXDMY = FUPLw-: (PRE3+PHI/F + PHS) Usp > (A) : MoDrFiER
FasT /M ol — A AXCC = FAST/M-{PRES+PUI/E+PHB) B mastns (A) : No, oF worDS
SPWO ADDR. TO P =% P-|»=P PDC3L = FAST - PHL1/F
SUSTAIN  PHAsE BRPHI/L = FAST -PH| N [PHI/C
STEP TO SW BRSWI4 = SW\3 . STEP 8J5
FAST 5 of 1)
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHi/G = PHI » Swl4: FAST
TH FasT/c  A+D—S
/& P LM D-A—>5 \
PLW D-1 —='S Sn = (kKn ® PRn)- SXADD
UPDATED TSA
Pew D+1 > % STORE AT
DR MULTIPLE = TBA CC
S »>MB MBn = Sn° MBxS WORD = TSALL
MSP =5 TSA+ER
DROP PHASE L BRPHI/ = FAST . PHL « NPRi/G
BRANCH To PHQ BRPHY = FAST . PHL/G
M PHI/C
PH A-1t—5 Sn = (Kn ® PRn):SXADD Fre /
2 P> S+>D Dxs = FUPLM - PHZ2 PLM =(D): CC-1
- - DETERMINE STAETING
E FigwD) 7o A > R A A)(R T FUPLM - P2 Ei&.lll:l Pule :U:)I'IFLE
PLM Preser A+D =S S/SXAPD = FUPLM + PH2
T8L
reel  TRAF ConpITIoNS
TS5y SW3 NSWC | . seT TRAFP S/TRAP= FAST - PH2. SW3+ NSWo
swi -NSwg + FAST - PHZ2-SWI - NSws
s /TR30 = i . .
SWI+ sw3 =% 52T ABorT 5/FA$TAB&ET’=FA%T. PHZ .Sw ] ;:Er F:il‘”:_:ro ‘FL .
15 1 1
. PHZ. S
+ FAST. PHZ. SwW3 cLore FASTF| 4 FASTF2
FAST
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
sPWo =3 MB—>C Cn = MBn - CXMB .
PH. (ToP OF STACK (€): TeA
3 ADDRESS) C—= D DXC = FAST/A.PH3 @) :TSA
PLM =>A+D—>S Sn = (kn ® PEn)- SXADD
S >R XS = FUPLM' PH :1ST RE
DR | asert R F FH3 (RY:1s G
FAST/AJ=>preseT § —> C S/Lxs = FAST/A-PH3.NFASTF|
spwi ADPR =3 P +|»>F Pucal = FAST/A-PH3
ABSET = se7 MseM.Keq S/MEQ/2 = FASTABSET: PH3
PH P— 3 %P = FAST.PH4
4 S —=»( Cn = Sn - (XS ForR PusH=»{C): SPw!
ADDR.
S —=A AxS = FAST, PH4 For PULL=> (A} SPW1
ADPR.
ABORT CONDITIONS
T5L SW3 - SWG
oR =3 BRANCH TO BRPHYI = FAST/A ‘PH4- SW3. SW6E
SWI + SWE PrAasE 9 + FAST/A - PH4 - sWI - SWS
NABORT = PreEseT D—>9S5 S/SXD = FAST/A - PH4. NBRPHT
ABERT =~ [MB —C Cn = MBn. (XMB
¢ +»D DxcC = FASTABERT. PH4
FAST 7o 1
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
- D—>S Sn = PRn
< S = P PXS = FAST/A - PH5
SET MEMORY REQ S/MRQ/E = FAST/L - PHS
FAST/L =% reTcH 10T WoORD
R+l —> R RUC3I = FAST/L - PHS
FAST/S - PRESET FM READ S/AXRR = FAST/S - PHS5
FAST % of Ul
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH MB — C cn = MBn - cxmB
4 ¢c——D DXC = FAST/L: PHo
FAST/L
b — S S/SXD = FAST/L: PHG -NMCE
R
p L S —=RR </ RwW = FAST/L: PHG -NMCZ
RR —#>A S/AKRR = FAST/S' PHG
FasT/o=4 A —= 3 S/SXA = FAST/S PHG -NMCE
S —=MB 3/MBXS = FAST/S: PHG - NMCE
(P) aup (R) counT conTrROL
k=Y
EC\C“‘T/ } —> P4l a>P PUC3I = FAST/S - PHG
+ FAST/L . PHG -NEOUO
PLM = P-{ +»>P PDC3! = FAST/L ' PHG - QUD
f:fr/s } —> R+1—»>R Rucsl = FAST/S -PHG
+ FAST/L - PHG -NOUO
PLM = R-41 >R RDC3! = FAST/L -PHG - &uo
DECREMENT MACLRO COUNTER MCDCT = FAST/M + PHG . NI@EN
(PLM,PLW) MC=0 =>PRESET A—>3] S/5xA = FAST/L - PHG - QUo . ACE
(Psm, Pew ) MC=0 =PReseT C—>5{ s/5xcC = FAST/S - PHG - QUO-MCE
L& SERVICE CALL EMABLE (ML 4) | IFENG = FAST/M.NMC0OO5Z. PHC
MC # O =—3> SUSTAIN PHASEG BRPHG = FAST/M - PHG  NMCZ
(M, STH)«[MC=0) = BRANCH To 9] BRPH9 = FAST/M-PHG MCE- NBUD
FAST 9 f 1\
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PULL == A —>5 Sn = PR )
PH + Cn - SXC (P): sPwi
7 Pusy = C —> 5 ADDR.
s SPwW! ADDE = S —>P PXS = FAST/A - PH7
L
SET CORE MEM ReQ. S/MRQ/ 2 = FAST/A - PH7
PH MB —C Cn = MBn - CXMB
8 c —=D DXC = FAST/A - PHS
CC A Axcc = FA%T/M~£PE53+PH|/F‘+PH€ 86
TIL AXE = FAsT/M. (PREZ % PHI/F+PHE
FAST/C = PRESET A+D—>S S/SXAPD = FAST/C:(PRE3~ PHI/F+PHY)
PLM =3 PRESET D-A—=rS S/SXDMA = FUPLM - (PEE3+PHI,/F + PKS)
PSW = PrESET D+ >3 S/SADP1 = FUPSW(PREB+PHIF+FHR)
PLw =3 PRESET D-| —»S S/SXDML = FUPLW(PRE3+PHI/F+PHE)
FAST/A —f-r{sc—r W € BRSWE = FAST/A- PHE
{ PRESET L —>% 5/ 5%C = FAST/A - PH8
FAST =% SET TIlL T'MING S/ThiL = FAST PH®
SPWO ADDR —>= P-1 —F PDC3) = FAST/A - PHE
FAST 1o of 11
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PHASE/ FUNCTION PERFORMED SIGNALS [NVOLVED COMMENTS
PH B —> S Sn = Bn . SRB
q S v P PXSxB = NFAFL-NFAMDS : PHY
5/MRQ 2 = PXS*B
ET CONDITION (ODE
T5L SET FASTNABORT = FAST. PHY. NFAsTASSRT
SW3- W6 => ABORT SET L3 S/CL3 = FAST PHY: 3W3
Swl. SwWS5S =3 ABORT SET L4 5/ccl = FAST-PHA- SWI
W2 (SPACE COUNT =0) =5 SET CC2 §/cc2 = FASTNABERT. PHY. sw4
SW 4 (WORD LOUNT=0 ) =5>SET ¢4 S/Cc4 = FASTNABORT.PH?.Sw4
R/cc = FAST - PHY
ABORT  => PRESET D35 S/SXD = FASTABERT. PHY
PH NoRMAL EWNDE
10
ABORT =>{Corgecr CLZ §Cc4 TESTS = FASTABORT.ENDE
S/CC4 = FASTABERT.ENIE. SIL3(ZE <= TESTS. SI731%
5/ CC2 = FASTABORT ENDE. 30)[52|«=TESTS. S000TZ.50§I52
CRuUSH SYo SGTZ = 1, FASTABORT,ENDE
CRusH Sl Ste = 1. FASTABORT. ENDE
CRUSH Sao Soo = I, FASTABSRT.ENDE
FAST
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED " COMMENTS
L
CoNTENT OF FREGISTERS o
AT THE END OF PREF ﬁpp e o
END ING o
PREF (4) ConTroL TMAGE AJ?pzéss ReAD PRoOTECLT
(B) : Pres. Appress MMC  INSTRACTION
PrRe3 PRESETS /5N DEcCeDED A
ser [ —> LR3/ S/LR3!= FUMMC.PRES AN TLLEGAL
FAST MEMORY ReAD| S/AXRR = FUMMC. PRES INSTRULT &N AND
PrRESET A->S S/5xA = FumMe. PREZ Wite TRAP T0
X 40’
PH A —>5 Sn = PRnp
1 S —=>pP PxS = FumMmMc. PHl
S —»>D DXs = FuMMC, PHI
RRul —+vA s/An = RR,. AxRR TRANSFER COUNT
AND CONTROL START
SeT Cer& MeM ReEQuesT | S/MRQ/2 = FUMMCL. PHI o A
AnD DATA TCELEASE
PReSET  A—>r S S/SxA = FumMe. (pHi +PH3)
(A): RRul
PH A — 5 Sn = PEn (P): ConTroL Imace Abo
2 S —>MCooe7]  MCXS = FuUMMC. PH2 D) W v
S —>P PXS = FuMMC PH2
MB — ( Cn = MBn.. C;(MB (C)f Memeory Lock
CoNTRO - [MAGE
DR PRESET C—> S S/5xt= FUMHC . PH2
C —> S S, = PRp ]
o p A AxS = FUMHC.PHD (P): ContreL Srarr
3 PreESET A —bS 5/SXA = FUMMC, {PHI+PH3)
PRESET WRITE TO LOCLK S/LECkW = FUMMC, PH3
BRANCH T& PHG BRPHG = FUMMC. PH3
A—=>S Sn = PRnp
PH Sooo7 #>LOCK| S/LBCKW = FumMMc.PH6.N(BC=1)
b Piseo +1 —#>Piszo | Puceo = FuMMC. PHG
Bc - { > BC BCDCL! = FUMMC. PHG
MC=- | —=> MC MCDCL = FUMMC PHG.BLE
T8L ALIGN A LefFr 1 BYTE | AXALS = FUMMC.PHo NBC=1)
Preser A—> S S/SXA = FuMMC. PHG
SusTAIN  PHéG BRPRE = FUuMMCL. PHG. M(Bc:p)
Lasr PHe ‘#(BL'—'\)
ue DATE WORD Ct N A AXMC = FU'AMC,. PH(O . (BC"")
(Be =17 Meree | —/LR/ S/LR31 = FuMMC PHe . (Be=1)
Preser FM  wriTe S/RWKS = FUMMC, PHob, (Beel)
MMC (¢F) | of &



PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH Pis2o—> S SXP = FUMM¢ PH?
7 A -5 >n = PRr\ + Pn' SXP
S = A AXRS = FuMMC, PHT Loap A
s—>tRul | 35/8Rp = S, . RwWxS AND RRul wirs
New STaxr, Coupnrl
Y2e5ET WRITE T& FM s/Rw = FuMHKC. PHT
PReSET D+l —= S S/SXDPi= FUMMC. PR7
D+l — 5 Sn = (Kh@PRn>.SXADD
PH S ——D DXS = FuMMK(C., PHS
g S ——P PXS = FuMMe, PHE®
S —»kKR S/BRp = Sp. RWXS
PrRESET A —» S S/SXA T FUMMC. BREPHZ
PreseT (owe Menory
geguesT ane Daran | S/MRQ = FuMHC. BRPH2
KELEAE
NoT(IntemzuPT)  BRANCH BrRPH2 = INST
OR I&sc) AND T =7  TO BRPH2 = FUMMC, PH3, NMcz|  CoMTinvED, ELSE
NoT Mc=0 PH 2 - N(INT + Igsc) INST, EXIT
PH B—>>5S
9 S =7 PXSx B = NFAFL.NFAMDS.PH9
PRESET CoRE MeMory S/MRR/T= PASKE
RequesT AND Darta Kec,
NerMmAL ENDE ExcerT
PH \F FAMMO Dz Net POC2] = FUMML . PHin
10 Enisd  Deccement P NMee (INT+T5¢)
THis wiie EBetvid To
FUAMML IRSTRUCT o
AFTER INTERRUPT OR
Tosc
MMC 22
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
CONTENTS OF REGISTERY T TR e T T |
Pze.] PReY PEE3 H| | PREI | PRe2 IPRE3 | PHS| PHG | PH7l PHY [PH9 |PH lo|
PREP] AT THE END OF PFrRER 0P o Eumrnz (INeT Bene MG ENDE
cope! T Ve ANcz E/E J
(€):] INSTRUCTION To
D) BE ANALIZED FAMILY SiaNAL (ADDRESS ING-)
(P): EFE. ADDR OF INST. FAIM : ALL IMMEDIATE INSTS,
(®): PROG. ADDR. FABYTE: ALL BYTE INSTS.
FAHW ALL HALF WoBp INSTS,
FAW P ALL WoeD ADDRESS INSTS
FADW : ALL DOUBLE WoRD INSTS,
Coto7 —v - = FUANLZ - INST. To BE ANALIZED
0107 G-z oxC FUANLEZ - PHl Ie LoADED TNTD
P INSTEUCTION REGISTER
i — - . THE ANLZ FLIP FLOF
PReser D—> S S/SXD = FUANLZ PH1 IS REQUIRED TO
5L PressT Di2/4—> /LR/ S/LRXD = &XC MAINTAIN  ANALIZE
Preser RE — A S/AXRR = FUANLE - PH SEQUENCE.
SET ANLZ FLIP - FLOP S/ANLZ = FUANLE - PHI{
BRANCH TD PREL {S/PEE! = NCLEAR - FUANLE - PH{
NBR = N(FUANLZ. PHI)
ANLZ (44) | of &
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE D—=S Sn = PRn (P) : INST ADDR.
i S —»>P PXs = NFAIM: PRE/I2
ALz SET INDEX FLIP FoP| S/IX = INDX:PREL
INDEX 3> < SET INDEX ALIGN SAXAL = INDX.PRE[: NFAW
Di2i4 —» LR /LR283f Dizi# - LRXD
RR  —> A S/An = BRy - AXER ()« INDX
WORD INDX ; E1 .
nor mpecr] =7 PRESET A+D—=>S S/ SXAPD= FAW . PRE|l+ INDX : NCO
Tsu| TapizecT ser IA s/IA = Co - Prel
ADDE. SET CORE MeM. REQ. S/MRq/z= CO- PREL - NFAIM NFAIM INKIBITS
[ S/CCL = NO1-(ANLZ-PRESB) igf: ;::,-H Tﬁ‘fs""w‘
+ N@3-NFAIM. (ANLE-PRE3) .
PRE IS AN TLLEGAL INST]
3 s/cc2 = FADW ¢ (ANLZ - PRE 3) How EBVER TUuRINgG
SET CONDITION (lope TO + FAHw . { ANLZ PRE3) ANLZ , THE ILLEGAL
ANL ANALIZED INST ADDR, CLASS _ ) INST. TRAP 18 Dis~
Ew /3 = ANLZ- 1A ABLED  THEREFORE
s/ tc4 = FAIM (ANLZ PRe3) THIS REQUEST CAN
T8L R/CC = (ANLE . PRES) NoT BE Altowep.
BRANCH To RIS BRPMS = Atz pres (LIVLCFI) BEANCGH To
SeT THL Sél'llk = ANLZ - PRE3 PRE4 1S DISABLED.
CLEAR & REGISTE R z = n "
L] PRE INDEXING AMD INDIRECT ADDRESS OPERATIONS : SEE FLELAKATION
AS,_;_ NFAW ‘NIA- T5L +T8L FAW » NIA — TS8L
NFAWIA — MEM, CYCLE +T¥L FAW: IA = MEM.LYLLE + TYL
MFAW - NIXK: TA= MEM,LYC +T5L
ANLZ 2 of 4
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 15
Ipy | Deap PuAsE To ALOow ADDER To BUS FUNCTIONS OCCUR DEPENDENT
5 FAMILY SIGNALS To TIE OUT, ON ANALIZED INST, Howevem wWgrrré 7o
CoRE ofF FM IS INHIBITED,
TIL
Py P—95 SxP = ANLZ - PHo
¢ CC1 = S > A AxS = CC1 ANLZ - PHG
=NCC! . .ANLz -PHE DIS PLACEMENT
NCCL = S —>2A AxsLlI ALIGNMENT
T5L] NCel =» P32+ A3 A31XP32 =NCCl- ANLE .PHG
preseT A —>3S S/SXA T ANLZ - PHG
PH A —=S§ Sn = PRnN
7 = i
capyre ¥ = 5 A AXSLi NCCL.Neez s ANLE, PHT Dis PLACE MerT
Az1xP33 = NCC{.NCC2,ANLZ. PHT7 ALIGNMERT
TSL mapw™ = 5 —> JhA AxSRI = CCL-CC2 ANLT-PHT
peeseT A —> S S/SXA = ANLE . PH7
*
NFAIM =>PRESET FM WRITE S/Rw = ANLZ: PH7. Neeé, NOU| SET oONLY IF TyPE
OF LNST WAS NoOT
ITMMED/ATE ADDRESSING
% FAMILY BYTE ADDRESS OF TYPE
ANALYSED INSTT FAGYT'E,_ETC.
HAS BEEN CLEARED BY OXZ}|
IN PRE3, ADDR GRoUP WELD
T N ELND. CODE SETTING
ANLZ 354
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMEN 1S
— -
oy A S Sn = PRn
g NFAIM® =% S —=> Rw s/RRn = Sp- Rw
T8L
P .
3 B—>3S-—=P PXSxB = NFAFLNFAMDS: PHY FETCH NEXT INST
SET CORE MEM. REQUEST S/MRR/E2 = PXSXB
5L / /
f{\)—l NorMAL ENDE SEE EMDE <SEQUENCE
ENDE Zero —3 ANz R/ANLZ = CLEAR
DR
ANLZ 4 of 4
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PRE CONTENTS OF REGISTERS FAMILY SICNAL
AT THE END OF FPREPARATIIM FABRANCH : BAL, BCS, BCR
BDR,BIR, EXU
{B): UPDATED PROG, ADDR.
NEXU =29 (P): errecTive ADDR.
FARRANCH =>(A): RR
EXW == (P):UPDATED PROG. ADDR.| PXS = FUEXU-PRE3Z - NANLZ MOVE PROG. ADPR BACK
T .
FABRANCH===> SET MEM REQUEST S/MRQ/L = FABRANCH- PRE/IZ.NANLZ °®)
BIR == PRESET A+l —=3S S/SXAPL = FUBIR- PRE3
BDR == PRESET A-1 —S 3/SXAM{ = FUBDR : PRE3
Bau
. s/RW = FUBAL - PRE3 - NANLZ
g;i} === PRESET FM WRITE + FUBIR » PRE3-NAULZ
+ FUBDR - PRE3 .- NANLE
EXU == BRANCH To ENDE BRPHIO = FUEXU . PRE3-NANLZ
BAL = PRESeET B —>S $/SXB = FUBAL:PRE3
YFABRANCH " : ExV (¢7),  Bes(eq), BCR (e8), BIR (48, BOR (¢4), BAL (&A) | oF 2
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
- BAL =B — 35 Sn = By - ©XB BIR : BRANCH UNTIL NEG
BIR = A+l—5S RR = 2ERO og Pos.
1 o A-1 =S Sn =(gn® PRn) - SXADD BOR. | BRANCH LWTIL Pos
BOR —> RR = ZERD O NEG,
S > ¥R RRn= Sn - Bw
FABRAMCH = =SET DATA RELEASE |
acs N s S/DRQ/2 = FARRANCH. PHI &0 To ENDE FOR PROGRAM
or BCS - (CCAR#D) BRANCH TO LOoP (BRANCH),
BCR EuDE BEPHIO = FUBCS PHI. (R-CC) &o To FoR
5] BCR-(waArR=0) + FUBCRPHL: N(R- <L) AP it
1ot BAL + FUBAL . PHL END LooP (NO BRANCH)
BIR
BDR| BIR-(s<0) _SET PHIO ¥ S/Pri0 = FUBIR: PH1.NBRPHq * i:jg\i;:::—‘;u?uf’
Ty BDR: (5> 0) (\ENDE) + FUBDR PHi.SGTZ Kill NRR By I
| Bcs: (cerr=o) NBR = I. FABRANCH. PHI (FUBDR « Prt)
, BRANCH To
TeL| BCR: (CCARZO)p == [ g BRPHT = FUBCS - PHi. N(R-cC)
BIR- (S 2 0) +FUBCR-PHL: (R-CC)
= + FUBIR -PHL.- NSO
. *
BDR: (54 0) == ST PHY S/PH9 = FUBDR:-PHI{-NSGTZ
PH B s - NO BRANCH PLACE
—>S x5 P PXSXB = NFAFL' NFAMDS + PH9
1 SET MEMORY BEQUEST S/ MR = PrRSX TROG. hDOR INTO (P)
DR /MRQ /2= SXB AND REQUEST MNEexT
INST  IN"SEQUENCE,
PH NORMAL ENDE WITH ADDITIONAL REQUIREMENT REQUIRE Fol Exu LISTED
ElNoD INHIBIT P+l-» Pucsi = NFUEKU: PHIO MHAT NINT-NIZSC
=
EXU =24 IF [INT+Ips5C)—P-1>A PDC3/ = FuExu-(INT+IeS¢)rEND
PR
TIEENABLE = ITHEN = IHSC P NIFINH
FABRANCH asfa
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SET INTRAPH

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

SHNTRAP = (S/1NTRAP)-NRESET
(S/inTRAPD = (S/INTRAP)

SeET INTRAPZ
|OWIB(T SeT FRE! PREIEN = WN(s/TRAP) = N(s/INTRAP)
cLEAR cCLEAR  =(g/inTraP)

INTRAPY

SeT CernT

(S/ceiNT) = 1OTRAPI-INTRAP2 . NTRAP

iNTRAP2]
seT Jr@ A(s/vearz) = T+ inTRAPI- TRAP
BRY =S P+ R BXP = BRP<INTRAP|
Reser BeP (R/BRP) = INTRAPI
Cc+ D NDxC =L INTRAP2 LEDUNDANT TerRm
ReseT |NTRAPZ R/ZIDTRAP2 = ©
cLeaR P Px = [NTRAPY LEDUNDANT Term
INT =5 INT, ¢ Tiyoay PrinT = NTRAP +(IRTRAPININTRAPL) | PXINT B EnTER AcTive Ts
inTeasy <LepR P PX = INTRAPY INTERRUPT LoGiC
TRAP = TR, 5, ™ Re-a1 PxTR = TRAP.(WTRAPI-NINTRAP2)
SeT DA O(s/prafe) =T-inTRAPI- TRAP ReDUNDANT TeERM
SET mRQ AG/me@fz) = To+«InTRAPI-NINTRAPZ
SeT DRI (s/pea) = I «N(s/mra/a)
Reser (e RlceroT = e
BeseT [NTRAPL (/) n-rzAPD =1 « InTRAPZ.
SET IuTRAPZ (s/inTRAPR) = (INTRAPI- DINTRAPZ)
ARE
+
R
MB-—>C =D NDXcC =T wTRAP2
INTRAYY -+ & Nexe =B - AN INTRAP « (8 TRAPZ)
+» R RXc =T « N(NINTRAPL-INTRAP2)
| > = T (0nTRAPI-INTRAPZ)
SET SxDb N(s/sxD) = BN(NINTRAPV- LR TRAPZ)
ReseT INT CR/NT) =T +N(uUaTRAPI-INTRAPZ)
Reset INTRAP2 R/INTRAPZ = =
seT Pren N(s/preEr) 2 Tx+ o INTRAPZ: NINTRAPI
DR

INTRAP SEQUENCE
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
END CONTENTS o Beq/sTERS
OoF
PREP (A): Pswi AXPSW{ = FAPSD-PRE3
= - PREZ
(B) : PRoG ADDR ATE FAPsD
(P) * CURRENT PSw1 ADDR]
NTRAPSPRESET A —= S S/SXA = FAPSD. PRE3. NTRAP
XPSD{TRAP = PRESET A-]1—-S5 S/SXAM{ = FAPSD: PRE3, TRAP
= SET CORE MeM, WEITE S/MBXS = FAPSD: - PRE3 .- @7
PH3 = FAP * PRESNCO'7. NANLE
LPSD = BRANCH TO PH3 BR sD - PRES A
SET CORE MeM. REQ. S/MRQ/2 = FAPSD - (PRE/34+PHe)
PH NTRAP=F> A —» S Sn = PRn XPsD:
1 TRAP =3 A-1—9S5 + (PRn @ Kn). SXADD STORE CURRENT
bR S - MB MBn = Sn MBxs Powil
APSD=3><
CURRENT PSWZ ADDR. P PUC3I = FAPSD (PHI +PH3)
CURRENT PSW2 -3 A AXPSW2 = FAPSD.PHL
SET CORE MEM WRITE S/MRXS = FAPSD- PHL NoTe
| PRESET A—>S S/5%A = FAPSD-PH{ :2:2'7; a4
= T
TRAcCCs —> TRsg s/TR28 FAPSD. PHI. TRACCL = Bhccs 77_?)337
P A— 5 Sn = PRn XPSD:
2 S > MB MB n = SN MBXS
SET CORE MEMROY PEQ SMRE/2 = FAPSD. (FR,E/S#-\-PHZ) STORE CURRENT
DR MEXT PswWi ADDR —> P Puc 3| = FAPSD PH2 Pew2
“FAPSD": LPSD (0E), XPSD (oF) tof 3
PHASE/ FUNCTION PERFORMED SIGNALS iINVOLVED COMMENTS
Me —= C Cn = MBn- (XMB FETCH NEXT Powl
P: cC-#>D DA C = FAPSD * PH3
FAPSD=»{ SET CORE MEM, REQUEST 5/MRQ/2 = FAPSD - PH3
NEXT Posw?2 — P PUCRI = FAPSD . PH3
DR PRESET A+D —>S S/SXAPD = FAPSD: PH3
XPSD (IF TRAP-R29)=3> TR'S »» A AXTR = FAPsD:PH3. &7. R29-TRa -OAD & WITH TRs
. OR ZER&
AXE = FAPSD:-PH3
PH MB—>C Cn = MBn - CXMB FETCH NEXT Pow?2
4 C—>D DxC = FAPSD: PH4
A+D —>$ Sn = <|<n@ P&n) ' SXADD
S T Powd PSWIXS = FAPSD - pPH4 LOAD NEXT Pswi
S —F X = FAPSD -
DR P Pre A PH4 IF  XPSD - TRAP
XPSD =3 IF TRAP, TRACC-» CC CCXTRACC = FAPSD: PH4 - 77 TRAP MERGE CC wirn TRALLS
[ 9ET MEM REQUEST S/MRQ/) = FAPSD - Pha-
FAPSD <=3~ 1 PRESET D—> 8 S/SAD = FAPSD - PH4
LPSD - R30 =3~ INTERLOCK CLOCK S/CEINT = FAPSD-PH4 . N&'T7- R3O
WwWITH ARE
FAPSD 2qf 3
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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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PHASF/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
=
END LONTENTS OF Te, . TEES
OF
PREF] (P) : TROG. ADDR,
®) © ErFreEcTIVE ADDR,
wp —3 (A) : RR BlL192 == INTERNAL MODE
NRE=S-PRESET A —» S S/SxA = FARWD. (PRE/34 +PH2).NRZ
RD == Clear / AXRRINH = FARWD . &tc. PRE3
PHY wp « A >S Sn = PRy
1 N(mm; = S —> Doz DIOXS = FARWD - PHL- @LD- NB6192Z
MoDe .
5L B -—— Dr&raz4? DI&RB = FARWD - PH
NRE =3> PRESET A—> S S/SXA = FARWD - (PHI + PH3)  NRZ
KSS > CC CCX RWD = FARWD PHL + BleiqZ
INTERNAL  —=» < INTERRUFT INH INHAWD = CCXRWD - 82D - B2¢
Mooe WRITE DiRECT WD INT = CLXRWD- &LD - B25
WD SET WRITE LINE S/D:ewp = FARWD - PHL . gLD
S/CIF = INHXWD: B29 - B27
ceT R/CIF = INHXWD: B2
wp-(mvmmmome)~az-[ =7 arerror S/IT = INWXWD- B30 - B27
CONT INRIBITS R/1T = INHXWD. B30
;‘“;’ : S/El = INHXWD. B3I » B27
i B/EL = INHXWD: B3y
W ", 5
FARWD”: ®b(¢c), WD (¢D) ef
PHASE/ FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS
ReAD SENSE SwircHES S/cct = CCXRWD.KSS{
TNTERNAL MoODE S/cce = CCXRWD.KssS?2
S/cc3 ™ CCXx RWD.Kss3
sS/cc4 = CCXRWD.Kss4d
R/CC = CCXRWD
ALARM  CONTROL S/ALARM = WDINT. B3}
R/ALARM = WDINT. + Reser
Aublo  ToOGGLE S/MusiC = WDINT.B30.NMUSIC
R/Music = WDINT. B30
AuDI® = Music. NALARM
+ ALAERM. KRUN. [K¢
Reap AnD RESET MeMory RDXMFI = ¢cCxRwD . 8L¢. Be7
FAULT IND/CATOERS
MEIO-7T =% Azzsy AXPARITY= RDXMF]
ZER> > Aocozd
z2ere —>» MRI MFER = EBDxXMFI-NRZ2
+ RESET
INTERNAL Meop& 2> BRFPHE Berxg = FARWD. PHI . F1ii42
FARWD 2of5
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
— = F
P A S Sh PRn
2 EWDM =3 Sz DAT 3] DATh = Sp+ EWDM
WD -INTERRUT CONTROL =3 EwWDM EWDM = NBi6-NBI7T-NBI2-BI3-DI&AWD
T5L PRESET A —»35 S/5*A = FARWD-(PRE/34 +PHZ)-NRZ
A —==S Sh = PRn
PH
E] EWDM == 5{63|—""’DAT!HBI DATn = 34 EWDM
PRESET A — S S/SXA = FARWD: (PH! + PH3) - NRZ
T5L DeceemMeNT MC MCDC7 = FARwD -PH3
BRANCH To TPHe BRPHGL = FARWD - PH3
SerT FUNCTION STROBY S/DIGFS= FARWD . PH3
—— / Nore  SeE SHEET 5
Ph A > Sn = Prn " FoR  PHASE &
L S1e317?DATIE3l]  DATR = Sh ¢ EwDM LEenT oL
PRESET A —> S S/SXA= FARWD . PHG-NDISEXIT - NRZ
T5L I® ENABLE IZENG = FARWPE :PHS - NEWDM. NE'[O’EX/?’- NMCooosZ
DIGEXIT =23 CLEAR DIowD R/PIGWD = DI®EXIT
NDIZEXIT =2 SUSTAIN PHG BRPHG = FARWD- PHe NDICEXIT
FSA = ENABLE DISIND DI&IND = FSA.DIST3.NDIATZ | = DIexple
DI& ~> Drergss) =
DISIND =% pro.si-» ¢c3 s/003 = DISIND. DI&sy
DIrsz» CCd s/cc4 = DISIND . DIy52
FARWD 3.f 8
PHASf/ FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS
P DI& v A AXDI® = FARWD:PH7?
7 PRESET A —> S S/SXA = FARWD - PH7
TeU RD = SET FM weraTe S/ RW = FARWD: PH7- 1L NRZ
—_—
PH A S >n = PRn
8 RD:NRgz=> S5 == RR. sRRp = Sn - Rw
TS| BRANCH To PHio BRPHIO = FARWD - PH®
NEXT INST = SeT Mem R=Q S/MEQ/I = FARWD . PH8
PH NoemaL ENDE
o
T2Y
FARWD 4 & 35
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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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PHAS!/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
D —5 Sh = PR, Device ADDR.TO Aooo7
PH So0s7 " Aooor| AXS/0 = AxS/e
2 AxSs/e = (FAI&. PH2)
R0 => ser Ao (s/A%) = (FAIE. PH2). NRZ GENERATE R FOR
R 1s EYEN=>SET Acg ‘s/A8) = (FAT®.PHZ). NRZ, NR3! TRANSFER To X'20°
CLEAR Aogis Az /1 = (FAIL®.PH2)
MI&P
NeT Al a} PRchsREeT WRITE S/MBXS = FA18/1.PH2. N(T&F&P. I4ADD)
S/MRQ = S/MBxXS
S/DR§ = S/MBXS
PRESET A—= S s/ SxA = (FAIZ: PH2)
CLEAR CC1| AND CC2 R/cct = (Pate.puz)
R/cca = (FAI& PHE)
PROCEED LOW =3 SET SWO s/swo = (FALE. PHZ). NPR
INTEGRAL I&P ADDR IOPADD = NSW3.NSW5.NSwWe
IOAXST = FAlp, PHZ
FAley 3oF 15
PHAS(Z FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH A —=5 Sh PRy
3 MIGP}:> S — MB MB, = Spn- MBXS WRITE CoMH To CORE
WAz S -+ D Dxs = (FALE. PH3) X'20' For MIeP &NLY|
Towss [Rloosod GSSARPE, woe
4 4 ? 'Ln 6 % T
DevIicE ADDR. =% A —> I&FR I&FRXA = FAI&. PH3-B DEVICE ADDR, ToO
A % I&DA IODAXA = (FAlS. PH3) DeVICE SUBCONTROLLER
NALG, R3L = P+l —+>P Pucsi = (FAI&/i. FHB), R31 Core ADDR.= X'21’
PROCEED LOW = SET SwoO s/swo = (FAI&. PH3), NPR
Nswo = BRPH3 BRPH3 = FAI®. PHZ. Nswo WAIT FOR PRoceeD T
G Le'w
SWO TV SET  CONTRoL STRoB{ S/ISCONST= (FAIS. PH3), SWo
FALS
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INTEGRAL IGP FAST MEMORY ( D.C. CHANNEL)

CONTENT Reap WEITE WeRD ADPR
PRESET | PRESET |I6FM |10FR8 |I&FRY
STATUS , BYTE ADDRESS
Brrs 07615  BITS I5 TS 3t S/axRe/fy| S/Rw/z| 1 0 0
FLAGS , BYTE ADDE, BYTE LOUNT
BITS OTE'7 BITS 889 BITS 16T¢ 3| S/A)GER/B s/Rw/3 1 0 1
BYTE COUNT (BNLY) No"r'/
BiTS e T& 3/ S/AXZ%/G DENE 1 0 1
MesT (commann Dew ApoR.|S/AXRR/4| S/RW/4 | 4 1 0
SIGNIFICANT =>i BITS o
Byre ! 24 T 31 .
L::zsrarl-FchNT-:,; COMMAND DBW ADDR 5/%%{/4 * v’ * 1 1 1
ByTe BITS 24 TE 31 | S/AKRR/3| S/AXRR/3
STATUS BITS FLAGS
BIT O READ BALKWERD BIT 9 TRAN M. DATA 2 RR&R BIT @  DATA CHAIN
BIT ¢ CHAINING M&DIFIER BIT 10 TRANSM, MEM. ERROR BIT 4 INT AT © ByTE CT.
BIT 2 ZERS BYTE COUNT INT BIT 1! MEM&RY ADDR, ERR&R, BIT 2 C(&MMAND CHAIN
BiT 3 CHANNEL END INT BITI1Z  I&P MEMERY ERROR BIT 3 INT AT CHAN. END
BIT 4 UNUSUVAL END INT BITI3 IOP CONTREL ERRER BiT 4 HALT SN TRaNS, ERR,
BT 8 INCeORRELT LENGTH BITI4 IoP HALT BIT & INT UNUSUAL END
BIT 6  SUPPRESS INCR.LENGTH
BIT7 SKIP
DEeEvitE ConTrROLLER Appress Decope
MULTIUNIT DEVICE CONTROLLER SINGLE DEvI¢E CONTROLLER
IeFRO =1 L&FR I&FRO=0O
\3/234567 ~ O I 2 3 4 £ ¢ 7
T T T —T
1] pe ” | Device | <=[o] "ok /pEVicd |
LICh = I&FRp  WHERE Nz 3-7 , P= (-7 AS PER TABLE BELOW
CHANNEL,
SELECT IFFRO =1 | I6FRO =O
SELECT LI®3 = 0 ICFR3 STANDARD * .
ONE &F ElGHT CHS. L/Ie"15~= NLIZ3. NLI&4
4 GREUPS LIzd = 0 I&FR 4
SELecT | Lo = | TeFR/ roFRS FPTIBNAL T o
ONE OF T re = | zeFr2 reFre CHANNELS L/i&?,::; L1803 I.I;I:ay
BIGHT (BIGHT ®ACH) &
CHANNELS L7 = I&FR 2 I&FR 7T

X EQUATIENS NOT (OMPLETE

PRESET FLIP FL&PS

IOFM IZFEMS AXRR
S/I&FM = S/AXRR/2 S/IBFMB8 = S/AXRR/4 S/AXRR = S/AXRR/2
+ 5/AXRR/3 + S/RwW/4 + S/AXRR/3
+ S/AXRR/4
+ S/AXRR/ 6 ._E_&_F__M R_W,
+ 8/Rw/2 S/19FMT = a/AXRR/3 S/RW = s/RW/2
+ S/ Rw/3 + S/ AXRR/G + S/RW/ 3
t S/ Rw/4 + 5/ RwW/3 + S/ RW/4
BYTE DRIVER L&GIC
NLROSSE -
N{AXRR.NAXRRINH) ﬁr._D& AKRR /0 RWH;@”R—M:D@_was/o
TI&FM > A
—_—— ( NMBORY [ |

J RWXS/!
N(FUMSP, PHI/F) _D‘S— AXRR/L | ol NMBICRY -——————-:1>®—
RWXS/2
arser o AXRR/i2 :D@_ AXRR/2 | & NMB2CRE
swa£> E

Rwxs/3
I6FR8 Mﬁz{;s%— ARRE/3 L NMB3LRE \_DS-

NRwW S—> RR

SOV

CR

FAIC 515
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PHASI% FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH IoceoNsST —> /CNsTC/ /CNSTE/ = BcD¥ B.,IOCONST CONTROL STROBE
CNST = T T .,
4 CNST —> INTEZGRAL IoP s &rconsT, IoPSPNIOPEX | TV IEF(s)
+ /CNST/. I6POP, I5PEX (ToPex = MISF CABLE)
NI&PADD ’} LI&P PASS CNSTT = FALd/L.NIOPADD. cNST | )
AL, NISIR CNST &N + FUALS. NISIR. CNST NeT InTserAL
I&F ADDR, AND No&
INTEGRAL 16P PROCEED PRI = cNSTI, (LAST IeF] ) IIoP INT. PenDnG
AIG. I&IR IIeP s/swa = FAI&/L. PH4, IBPADD.CNST INTEGRAL I&P ADDR,
CNST PRECEED
ISPADD + FUAIO. PR4. IGTR. CNST OR INT. PENDING
WAIT FOR PR&CEED = BRPH4 BRPH4 = FAIZ. PH4. SWO, N5W2
MIOGP ADDRESSED
PH PReceeD —>RESET SWO R/Swo = FAIZ. PH4, PR NSWO = MIeoF PRSCEED
4
CLEAR —% IecensT R/IECONST= FALL. PH4. NSWO
(107} conpi,2 —> CCI, CcZ §/cct =" FAIC. PH4, NSwo, coNDl
S/cc2 = FAIS. PH4, NSWO.COND2
NRZ == ReaD (ore S/ MRQ/2 = FAIS. PH4. NEWO. NRZ
ser MR & DRe
RZ == BRPH9 BRPHY = FAIO. PH4. NSWO.RZ N@ REG. STATUS REQD.
FAlG G oF 15
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
INTEGRAL I&P ADDRESSED 1&PADD = NSwW3.NSwS.NSwé (swo =swaz=1)=>II0P
PH (seconn cLocek) During Se&coND FPHS
4 SET FUNCTIEN s/I&Fs = FAIS. PH4 . Swz2 SWz s RESET
STROBE
preser [foFM(00)] —> A S/AXRR/2 = FAIE. PH4- . SW2 EeAD PREVIOUS STATUS
5/I6FM = S/AXRR/2 AND BYTe APDRESS
START SEQUENCE ZwWE-/5 BRSWS = FAI¢. FH4 . SWE
Pecer Sw2 R/Swz = FALE. PHY. swe
MICP ADDRESSED Nswo ==> MIoP
PH
5 MB —C Cn = MB, . CXMB } Reven>X'2o'—> D
¢ —D DxC = FAlI®. PH5, NSwo Repp =x'21"—»D
[1Fm (00)] —> A s/An = RR, -+ AXRE
NAL&:NR3L =>P+1i —> F Puc3al = FAI&/L. PH5.Nswo NR3! Incuvement P IF R Eved
SET (&RE READ , DRQ DELAYED S/MRR /3 = FAIS/L. PHS . Mewo NR3Y  Resv 21 IF R evex
' S/sXD = FAIL, PHS, NSwO,. R3J
SET D—>
R34 b= PRE D S + FUALQ.PHS NSwe
Ao PRESET 5 —> FM S/Rw = FALCG/APH5.NSwo, R31 ALE 2K 20" conThINs
+ FUALO.PHS.NSWO CoraTus, TorAvor]
MIsP ADDRESE 2D Go To PHa| 3/PHe  ® PHE.NER.NIgeN
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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PHAy FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH A —=9S Sh PR n Leap I& STATUS
5 j S — Rul Bwn = Sp. BWxS BT NHIBIT S5
SWI NATE = Z2ERe ——> Rwis| RwiIs = Si5, RWxS//. RWISKZ] weHicy mwpicares
10 L NRWXZ = FAIS/I PH5. SWIO | A BUSy SeiecTor ISR
S —[tormbo)]| =Rwh = Sn. RwxS ATE STATUS FETuRNEl
Aler == To STATUS RW3 = Sg, RWXS. N{FuaLs. #45, swio)| wirw Inrézmurr
EeRe INTERRUPT Rw4 = Sy, " . " STATUS BITs
BITS Rws=355 " . " LEARED
( IFFR ———> Apoo7 AXFR = FUAI&, PHS. swWl0 Tevice ADDR — A
Al = {I&P STATUS »»Apg5 IeAxsT = T&INST
ISINST = FuAls, PHS. swlo. (Ay + |y + Ay+ NIBFRO)
CLEAR T¢& PByrel AZ/1 = FUAIO. PH5. swio
NI e PREsET [torm(10)]] —> A S/AXRR/4 = FALE/1 . PHS. Sw 0. NR3!
NR31
NAzer B 13 =FAIg/1L. PH5.SwI0 R2l}] epp K FIELD
R3| ¢=>BRAMNCH T& SwWi3 RSWI3 %% . ,
ONE STATUS WetLD
EeQuirED
FALO 10oF 15
PHASFJ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PH ferm(to)] ——= A s/An = RR,. AXRR/3Z Tead MSB OF CDwW
5 | NALE > ADDRESS Teo A2434
sw Preser [TorM(1)]—+ A | S/AXRR/4 = FAIS/l. PHS5. Swil
1 S/AXRR/6 = FATO/1. PHS. Swil
Al® =% Acoog ™ Ag43 AXAR24 = FuAle. PH5. SWI TRANS FER DEVICE
ADR. 7o Byre 3 oF A
LeAD MSB oF Cow
NATE =i A 2431 =7 Avezs AXALB = FAI&/I. PHS. Swi2 ADpRESS To Al623
PH I6FM (1) Azazy S/An = RRy - szlz/a AND READ (S8 oF
5 Cow & ByreZ oF A
sw Preser A—%S S/SXA = FAlD. PH5. swiz
12 Preser wrRire 7o B S/RW = FAI&PH5 Swi2, NRZ
DA —> S SX DA = FuUAls. PHS. swi2 BEAD LDEVICE STATUS
Ale =» S —> Aooco7| AXS/z = FuAI%. PH5 swi2 To Byre o oe A
A2 = sET ccz S/Cce = FUAIS PHS, SWiZ. A2
TATU A OLT INDICETES
S >
’5 ATeS ——— — UNUSUAL INTEEEUPT
SI0 —=» Looooooooooooooaa CURRENT CDW, ADD,
R e
+ + + ﬂTaPi 1
ALY = STATUS 00000) y| De/DEV.
o 7 gz 3 ] 24 28 3
FAley I of 15
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PHASF/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
A —> g Sn = PRn STATUS — (B)
PH s -»=> RR W = Sn. Rwx§S
)
sw DrRer FuNcTioN <TreBEf R/IxFs = FAIe, PH5S Swi3 DISCoNNELT
i3 DREP LONMNELT STROBE R/ IGCONST= FALS. PHS . SWI3 Device CoNTROUER
VALST [PRESET D-1—>S S/SXDMY =FAIS. PHE, SWi3, VasT | IF SI& VAUD STAer
2?@5551— s—=[Term (10)] | s/rw/4 =FAIS. PHS.SWIB VALST | STere New CDw. ADDR
NVALST => BRANCH T&’ PHY BRPHY = FAT&, PHG. SWO. Swi3. NVALST] NVALST ALSO’ INcLUDE
ALl FALI® ExcePT
sI&
SI&. VALST oMLY
PH D-1 —=S Sh (Kn © PRn ). SXADD
5 Stgzs—+>[Termio)]] | Rwn = 5, . Rwxs/2 MSB NEw (oW
Sw See exFuamdaTion aF ISFM ADLRESSING ON R APOR  TE& IoFM L0
14
S > A AxS = FAI®&. PHS. SWi4
ITEP =>BRANCH T& PH9 BRPHY = FAL® PHS, SWO.SWI4
FALG 12.6F 15
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
MLI&P ADPDRESSED MLEP  STATUS z
-ty
PRI R21 L D —s Sn = PRn
6 ATE S —»» RR RwWn = Sp. Rwxd
S e D Dxs = FAI&/|.PHG. NR3I
SET DRQ DELAYED S/DRQ T MraPt
K eved Acign
DewnN ALIGN D DXDR8 = FALL. PHG CDW ADDRESS
R
peal + 75*-:> BRANCH T& PHY BRPHY = FAI& PHG.NSwo. R3/ R oDp ok AI&
AT + FUAIE. FAIS. P BRANCH T FHI
MB — Cn = MBn . CXMB
Put
7 Down ALIGN D TXDRE = FAL&.PHT
CLEAR Doo/E NDXDRE/0, /L = FAIS. PHT
PrESET D—> S TSR D = FEAL& | FPHT
CRESET WRITE T& FM | S/kwW = FAle, PHT
¥H D —» 3 Sn = PRn
8 S —»>RR Rwhn = Sp. RWKS [xzo'] — ¥
C =D TXC = FAIs FHY [x’2|: _— D
FATS 13 of 15
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
MI&P ADDRESSED
v
q NAI&, R EveN => I&3R9 I&BRY = FAT®/I.PHY. NR3I, NRZ| R evewn
PRESET DS STATUS —> Rul
IeBrY Q(PRES?F < —Rul S/5XD = IOBRY. NSWO
¢ Y s/rw = IZBRI. Nswo
S/ LR3| = FAID, PHY, NSwWO
INTEGRAL [&P ADDRESSED
UP ALIGN L1SB cDw AwDR.| AXAL8 = FALE.PHYI. SWO
VaLoTPRESET A —>S S/SkA T FAIS. PHY,SWO.VALST | PResers To sTorE
PrRese™ s —» [ToFH(I)] S/RwW4 = FAI&.PRY.SWo.vALST | Lse cow apom.
S/ Rw3 = FAILS PHY, Swo.YALST
EiTHER 168P
B—>5 SxB T PRSXAB FeTer NexT
S = P Px S = PXSxB INSTRUCTION
MERQ/Z = PxSXB
DEQ
FALG 14 of 15
PHAS% FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
MI&P ADDRESSED
PH _
Ke) (D—>5 Sn FPRn
Reven =‘71 S —>Rul | Rwp = S, » RWXS
Edp
INTeGRA- I &P ADDRESS
A —>S =0 Fin
VALST S ~»aiy]| Rwn = S, - RWx$/Z
See NorrmaL END
FALG 15 oF 15




MULTIPLY : 3enem\ sequence of events

M MT
) Fu‘t \-nu\t\":“ca.ni in ¢ (an;b :r‘)sfﬁn}%'mr;t)/), (ex'tenci siqn T oM
2) \:ut mult«'rh'er n B (Nia A)
3)‘|temTe) ;\ear'\h3 A o.nJ Boool onh The firsh clock oF PHé
(éau“c i:n_r.l_ﬂ-; Fl;oxf\oci is ‘Far-meg n AE) v
4) set ccz Wt all bits in A¥are #+ Bo
5) ehre A* 'n R (rcf\c.ccx{ E)/ 8 later T R c(u)
&) €lare B 'n Ryl

MH
T?“t mu\tff:\}:a.nc\ n (an; hy) \‘nsftjh,\'{lcant\y)) urwaré-ah'ineé) hence Cle3) =0 . i
2) Fu‘t mu\t'\)eﬂer ‘n B (\fta.A) with ©’s 'n BoeIS {(B1L3Y corlains The 16 bit mu’(tlf)icr)
3) '\ts_rate) dear'mj A (cmc\ Boool) on The firsh cleck oF PHe

(sing}e. lergth raroc\uc‘t te formed in A)
4) slere A* n Ryl

(hc‘te:'me reference manuval consic\\ars (RY To be The mu’tfp“ca—hc;)—mousk “the hardware uses (R) as
The mu“tip\fcr, Obv;ous\y e Froc\uci is unaffected 5\/ This cortradiction in nomen:\nium.)

x : wil be A-D in ceffain cages where mu\t{rxxér is nescil'\lb,

Register organizalion during MULTIPLY Terdlions:

. HE
J _ c»Dd, cxamd
§gOI D ‘EFJ $/(A+D->5S, A-D—=S, A->S) ';
|
1
1

=
o
o
o
@
&
x
®w

v
| |
»
ow
=]
=
w
ow
e

~ 0 ~0—0 — O |wme—e e o =

;.; x4 ¥-1 X2 X) (x0)

(s/Bc31)

— -~ _0000 |*~—~--
— - 00-—-00 |«————

MULTIPLY
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PRE3 | RR -+ A, 8 »» M PRE3 | RR v —r-’Pi) |L+»MC.> R/cca
B—os »P (a\o:sn't c\mnje P32 . B—S»P
MB -+ cC =D, s/sxA MB s D, s/SxA
s/R3) MI > (leave C and D alore)
FRE+I sign FQ.A ¢ and b> S/SXA
\
PR3 | A—>S-»B PH3 |A—>S B
N right eyele D ane byte
wdl Do?l: +» DILR3
PH4 [ NP32 = O’s »» DI&BI
Paz n:aht cycle D one Lyte
kill Do1S" = DILE3
O’s # BoRIS | s/5xD s/cxXs
PHS I D 5-mC  (vp- a\{ﬂne.:} Hw ) l
PHG | 1L clock (Mc=8) PHe | st clock (Me=i0)
0’s =S, SxYarr A, BOOOI 0's S, SX/& -+ A BocOI
(a\so rcau\a.r MIT Fonclions) (also regolar MIT funchions)
PHC | 2nd - 7T clocks (MC =7-2) PHGe |2nd - 15 clocks (Me=15-2)
(re:ﬂu\nr MIT functions) (reqular MIT functions)
PHC | 8T clock (Me=1) Phe [IeT clock (Mc=1)
B30 —» B303} (sign pad) B30 - B303) (sign FQA)
(alsa resu‘ar M1T Func’ban) (also rcsdar MIT Fonclions)
PHG | 9T clock (Mc =0) PHG [17Th clack (Mc=0)
s/Rw s/RW
(A\SQ reaulm" MIT ‘Fonctions) (a.)s:: r&suln—t‘ MIT funétions)

PH7? | A-D—>s }(’F(icr sign ard Bcal

or A—> S on Frev'\ous elo ok)
S »» RW (m.s.w)
S -~ A

TESTS (\'r\dué;nca B)) S/TBL)
NBO =» 5/SXA
BO = s/s.xNA

FHY | s/cca T s#0 «(magniuvde)
S/RW, s/LR3\, s/s%xB

PHIO | A-D — 5 ] (f(ler sign ard B3l FHIo
or A > S on preyious clock)
S -+» RW.!  (R3l ison) B — S+ RWy1 (Vsw)
TESTS
MH @ EHW X RIL3I - Rl MW @ EW X Ryl = R Ryl
MI @ I x Ryl - R Ry\
SE
“EUMH " “FAMULNH"

MULTIPLY
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Family signals :
FuMH  (MH) = 6US.8L7 (EHW x RIGBL —+> RuY)
FAMULNH (MW, ML) = 6U3.OL7 + GUR.OL3 (EW X (RW1) —» R, Rul)
FAMUL (MH,mw, M1) = FAMULNR + FOMA
FAMDS (MH, MW, MI DW, DM, 5, SF) = FAMULNH + FUMH + ---
PRe3| B— S SxB s/sxB = PRE/iz
S+ P T MW or MH PxS = FAMDS.PRE3. NANLE, K NFAIM
RRv I+ A FNMH o) AXRR s/AXRR = PRE/I2.
mu mher
RR — A W MH ' LR3| §/LR31 = PRE/i2. (8/LR31/12]) « FAMULNA
MB -+ € D T NMI oy Dxc = PREGPER.PRE3
. mu\t(F‘ncan:}
(C)D un:\'\o.nae_é it MI)
TN ) s/MC3 = PRES,FA
A e L LI Qg ter ctr. /MC 3 PRE3, FAMULNH
8~ Mc F My | s/Mc4 = PRES, FUMH
) ('For Fr’cz}uéj: - Ryl in
sel R reqte Rl T my §/R3| = FULMH.FRE3 PHIO, ard to render ®
s/A—s T NMI (forAss»BinPHI)| s/sxa = FAMUL.PRE/34 « low § ML (T even) unchanged ¥ 1/8)
R/cca /T wmu  (for magnitude test) | ®/ccz/t = FAMDS.NFuMM.PRES
s/Pn3 \Fowmr BRPH3 = FAMDS.NBRPHS.MANLE PRE/34
s/Pre4 T MI BRPRE4 = PREI.NANLEZ,NPRE/34
PRE4] (erlered only T M1)
The IMMEDIATE OPERAND n C an) D s s'\an r:r"gcc‘ n bsTR C:\r-z; D as pefr chafl on "PREPARATION"
S/A——»s s/sxa = FAMuL. FRE/24
s/Pi3 BRPH3 = FAMDS.MBRPH{.NANL%.FRE/‘:M-
PH3| A—s (Preesl in PRES or PRESX)
S+ B BXs = FAMUL PH3
NMW = s/PHC BRPHL = FAMULNH FH3
R\aht—cyc‘: D Lyt:, £ DXDRB = FUMH,PH3.P3z (Fa.rtr‘a.\ uip.,g_\ign HW
MW = < 0’s —» DILE3 P32 | DxDRg/2= DxDRS,nFumn i nitially in s, Bw)
s/PH4 (NBR is high)
PH4 (er?tercc‘ enly F mu)
P32 Right —cyele D\ byte DxDR8 = FUMH.PH4.F32 (complete vp-align nw
0’s — DiLas DxDR8/2 = DrDRE.NFumMH Fintially o s, ww)
NP32 2 0's - DIG3| DX/2 = Dx/3 = FUMH.PR4 « redun'T Pz | (W wiially 'n mos. 1w)
0’s = 80815 (clear B1415 forsign legi)] Bx/ = FUMH, PH4
s/D—s . S/SxD = FUMH.PH4
PHE
s/cxs }(&rl_’sﬁc " ) sfexs = FUMH.PH4
(aév‘u.ncc t PHS')
Sheet __ | __of __3 | MNEMONIC: Mw (37), MI(23), MH (57)]
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PHASE/ FUNCTION PERFORMED SIGNALS [NVOLVED COMMENTS
PHS| (ertered, only i M)
DosS—w+—cC (\oreset in PH4) (uf-olisnei HW s C)
PHS | (ITERATION phase) (17 clocks] \f MW or MI, 9 clocks Fomw)
CoNTRoL S1GNALS !
MIT  (handles direcl logie) MIT = FAMUL,PHC
MIT/I (havdks preset logic) MIT/I = EAMUL.NToEN. (PHe +s/Pre/18)| (similarto Beon“in 27)
REGISTER CONTR4L- PRESET LoglC !
SUMMARY: ‘% 4f <Tn (g @ om
B 5 945 aA ! | S
Bc 4 £ 43 » ; A A ) is)
£l o 2o o N
y T2 I A
__ : ER 2 o Sv e - o
20 O —-—O0O ~— O -
0 0 b — | — | - -
o Vo — 3 — | —a -—
Oy — 2 —2 - -—
)} 0 o —2—2 - - .
I 0 | — 33—~} —+4 . . -
It o — 3 —-{—+4 - * -
ooy | — 4 —— O — +4 € * -——8—
FROM ABOVE SUMMARY :
enable D Dx = MIT/} +DXC +--- (For beneht oF aC#D>
<€ D Dxe = MIT/I. (B3l ® Bca3Y)
ac+ DxcLl = MIT/L NDxg (insig when s/a— $)
¢0 - Doo and Dooo S/boo = S/booco = co.{DXc +Dxeut) (sign exLension)
$/A+D S s/skAPD/I = MIT/I.N(s/sxamd/)).N(s/[s3A/1)
s/A-D— & s/sxAMpA = MIT/I.B30. (831 @ BC)
S/A — + S s/exA/l = MIT/i.(NB30.NB3|. NBc3|| + B30.B31.8c31)
| > BC3) (halds orti] reset) s/Bc3l = (s/sxAmp/i) (set-resél logic corvenienl
0+ BC3l (o v oset ) ®/BC3l = MIT/1.NB30 + CLEAR for1/0 Int.rruﬁtnk}\'.ty)
y S = .S30 . .
$30/1 +» BO (product bits) /B0 BxBR2 /I + $30.Bo00IEN/I + FLI .(s/PHe/I6)
831/t B! s/BI = BXBR2.531/1 « 531, BooOIE Eﬁ; + FLE.(S/PHC/IO)J
\ L___w—
B002q -+ Bo23| BxBRZ = MIT/| = MIT W
1
I\ _____
N
\
REGIVSTER CONTROL - DIRECT Loglic : !
S600 > AL (q.c)c)er‘ ex‘tens'aon; ;
S0 > Al AXSR2 = MIT (oo red B A0)) |
$0029 - ADE 2! :
$30 - FLI } 2-bit extension S/FLI = S30.MIT; R/FLI= (MIT +cyenr) | )
s3t v FLz | oF A (for 1/8) s/FLa = S3.miT; R/FL2= (v o+ |e )
CONTROL FUNCTIONS - GENERAL :
MC -1 - M McDC? = MIT/I
sustain PHG wili} mc =0 BRPHG = FAMDS.PHC.NMCE NBRPHION |FSHEX
Sheet 2 of _ 3 IMNEMONICZ MW, ML, MH

204



FUNCTION PERFORMED

SIGNALS INVOLVED

COMMENTS

PHASf/
PHG

(Cort’d)

ON THE FIRST clLocK
o’ +» A, Boool

oN THE NEXT To FINAL cLoCK:
B30 > B303
(82829 =0 && This tud

oN THE FINAL clocK:
MlT/| séls up The s'uan 'iterad]
(Wl be s/A-D =g i
s/MRQ  (for neil 1ns’truc‘t|'on)
S/RW  (insig T amu, Radd)
MH = s/Pon) s/DRQ
NMH = advance To PHT

1/& SERVICE cALL:
TeENG (enable eflry)
inhibil s/PHe F Teen

when r£turn§n3 frem I/o (at (s
}>7' Tk 50{(:. - 1‘5 m"ngxt

raised by (5/PHC/18)); al
nhibiC c-»D
FLi - Bo
EL2 -+ B|

so, 2 Froéuc‘t biks (Stf‘&A n FLi,2) are

(Me=1C F MW, Mz; mc=8"F mu)
(néthing has been presel — )

(M =1)
§/B303) = B30.MIT.(Mc=1)
e, hence eannot interfere with The. abave

(me=0)
on logic JThe resulE oF which will be on g
(hcgoil'\lc mu!t{?\(&!"),(ﬁﬁBl:O) 5 Stherwi se

S/MRQ[l = FAMDS,PHL NBRPHG ,NIZEN

S/RW = MIT.MCZ

BRPHIO = FUMH.PHG . MCZ $/DRQ =
(NBR s h'u}h)

I6ENG = FAMDS,PHL.NFPRR, NFSHEX,I
s/PHG = BRPHL.NCLEAR, NIGEN

PHC/ o) t'\me)) The c-D funsbion -
to enable €D or 2D te Toke A

DXC = I6PH) SWi3. NBXBRE «— low
s/Bo = BxBRZ. 530/ «:FLl. (5/PHG
s/Bl = BXBR2, 83(/| « =FLza, (S/PH¢

(elear accomulator)

(extenc!. s'\sn 2 uit Fosﬁ‘.)
dveTo BxBR2

c)urlvha_me hext c\cck,
w.l” \)e S/A—is)

(TESTS next clock)
BRPHIO

(exclodes final 4 ‘ter, Y
A
FENC,/I +— MCoooS =

narma)\f Ferformeé
lace (MITN s
pul n Bo,) as Bshifs right.

1s)
1)

PH7 (byf:asscc% FOMRD)
A— S eor A-D- s ( I )
s —» RW (stere 22 228 pro&} preselin PHG m.s.W., ot Frcc)uc't
S -+ A ) AxS = (FAMULNH,PH7)
s/T8L (For mq.ﬁn'ﬁcuée s/TaL = ( " ) (Nscoz1z is slow (PHY)
NBO = S/A—s tesh) s/sxa = ( » ).NBO
Bo => §/NA—S s/SxNA = ( " ).BO
TESTS = ( u )
TESTS (l’nc\ua“ncj B rgistcl’) TESTS/! = ( " ) (CC.SJ cc4 eorfral)
S/PHq BRPAg = ( " )
PHI (bypqueA M)
s/cca T sS40 sfcca = Nsoo3lz.(S/cca/NE) « FAMULNH,PHY (T8 timing)
(re, F The Top 33 FroAudZ bits] ore nal all he same)
s /RW s/RwW = FAMDS Puq
</LR3) (to sTore |.s.w. oF Fm"b S/R31 = FAMULNM.PHY
S/B—S S/sxB = FAMULNW PHq
S/DRQ s/PRQ/} = PHY
PH10 B35 . l 23 a0 c'Flnr‘oJuEt (rc-
NMH = { & o RIY | } (laresc"[ in PRY) J F‘“’“ 2;3_231‘\{: Ro:ﬂ)
A— S oF A-D — S (presel in '_’H‘) ) enlire FroAuEt 23‘— 2°
MH = S -+ RWy | (RW preselin PG | R3] selin PRE3)
TesTs TESTS = FUMH.ENDE (cc3, cc4 contrs))
ENDE ENDE = PHIO, Exc
Sheet __3  of _3 [MNEMONIC: MW, MT, MH ]

205



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—>5 = P
33 - Me FHe [3cd clock (M = 30) N
RR = A FRO — FLI B3i & (leave cczon), (overflow) F——
MB -+ ¢ - D NB3] = R/cca ) (proceed)
R/cca W > j
DH =
Pe [ 4% - 32nd clocks (Mc=29-1) |
T
4
PRE‘P[&own—Q\\gn and siqn ch]c, and D | PHC | 33rd clock (MC =0)
‘r (s A instead of sxz +A)
PH3
NFLl = 5/s5%A
FLL = 5 /sxMA
PH4 Al > 5B
PH? | B = S »A O%\Jc')
s/cca FLI=D0O = S/SXA
11'{ FLI #D0 = s/S5XMA
PHG | eT clock (Mec =32)
O’s A, BXZ2Z B S/RW
\=> koo (fer s/A-Ip|l—s) 3
(also r‘ezu\qrj DT ‘Funitionz)
Prio T A58 —>RW u
Necz »d TADSTRY ()
PHC 2nd clock (Me = 31) [ TESTs
(29 Ter : |2%[ = B31) I cce > TRAPTo x'43" T AM=1
“Eadive’ (ow with 0dd R) PR -EW o R (el\Sca.f'A_ rema'mé;r)
o DH : R‘TEH\'J—»RE ( " " )
Rig'\éter ot‘ja.n.léciion during DIVIDE terations
Koo
oftfz A 33lolr B HH
2 Eagl I

l;?—c:_. ‘\ Ka < cxcHel‘—-—»- UU:aI
G
1] D dH
=Do

co s/a+p T [Koo =co, (e (sum+).(B-) or (sum=-).(p+)]

"

]

\

. {Lri[s/»\-b TN

Koo means sum is +, therefore insert | n gbuo't\’en't
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PHASy FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
Farn]\x s'»gne\.\s
(FUDW.NR3)) = 6U3,0LL, NR3I
[DW with even R] operdfion ! R,Rvi + EwW - Rul , rer ainder —» R
FADIVH : = OUB.6LL.R3) + 8US, LG
[pw With odd R or DH] c‘ae_m‘);,'on t R EWor EWW -9 R (e\l Scm’; rema,'m(xar)
FADIV [DW or DH)
FAMDS [DW or DH oc ML MW JMH S, 5F]
PRE3] B— S Sn = Bn.SxB, (5/sxB= PRE/12)
S+ P PXS = FAMDS,PRES,NANLZ.NFAIM
RR -» A An = RRn.AXRR, (S/AXRR = PRE/I2)
RRO —~+ FLI  (store numerotor s'\sn) s/fFL| = PRE3,RRa
MB - C -»D (denominslor) Dxe = PREGPER.PRES
32 - Mc s/mea = FADIV,PRE3
Rjcc2 (For overflowtest anc)..contra\) R/CCE/I = FAMDS, NFUMH. PRE3S
s/LR3) £ . 8/lR3) = (Fudw, NR3I. PRE3)
DY with even R § v lsw
S/AXRR} | 1 with even ] S/AXRR = ( . 5 or nume swW 3 A
s T ow - N 5 NANLZ, PRE "
/PH3 _ BRPH3 FAMDS . NBRPHS NANLZ, PRE/24) PRE/24 high Fow
s/PRE4+ if DH BRPRE4 = PRE3,NANLZ. NPRE/34
PRE4] (ertered on\y W DH)
“The HALF WORD In Cand D i Aown- a.‘igneA and s?qn-FaAQ:A as per chart on "PrREPARATION
s/PH3 when Finished BRPUS = FAMDS,NBRPHS.NANLE PRE|/34+
PH3 | RRvl » A f [2w with even R] (presél n PRES) (romer. lLs.w.)
(A rélains R TN u 1))
NFLI = s/A—s }s/ml—» < s/sxA = NFL!.(s/sx/Fu)j- FADIV, P3| + FUDW. NR3I.PH3
FLi=> s/-A—s s/sxMA = FLI.( ¢ ) (r:éun. - wmech. conv)
s/AXRR T [DW with even R] S/AXRR = FUDW.NR3).PH3
PH4 | [A] — 5 (presel in PH3)
S B ({numer}) BXS = FADIV. PH4 (L.sw. T doWuith even R)
NFLI=> S/A—s ‘T [ow S/sxa = NFLL (§/Sx/FLI)
. Fudw, NR|[31,
{Fl.l'% §/NA+Carcy —'s ¢ with sfsxma = Fui.( v )} e
dont s¢f ka1 if Koo =0 | evenR] N(s/¢31/1) will be high T NKoo ho\J{DS NK31on (1.e. K31 ofF)
N(C v ) =nN(Koo. (s/K31/3) + (s/K31) ).(s/m‘/s)))
where (s/x31/3) is hig\h an
(s/K31/2) = N(FAMDS_[PH4) | hence is low,
Therefore N(s/xBIN) reducels = NKoo
RR »—A T oW with even R) An = BRn, AxRR {m.s.w, oF numer, )
s/cca sjccz/i = (FADIV.PH4)
s/PHG BRPHG = ( " )
Sheet __ | of _3 [MNEMONIC: DW (3¢), DH (Se)

il
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PHASE/ FUNCTION PERFORMED S1GNALS INVOLVED COMMENTS
PHG | (ITERATIONS PHASE) -33 clocks
CoNTROL SIGNALS :
DIT/1 (handles preset logic) DIT/t = FADIV.NTISEN.(PhG +{s/PHi/ |T8)) N (FADIVH. Mc2)
CONTROL FUNCTIoNS:
MC -] - MC Mede? = DIT/) (inilidly setto32)
suslain PHG urlil Mc =0 or BRPHG = FAMDS, PHG.NFSHEX.NMcz.nBRP|HIo
unti) overflow detected
REGISTER colTRoL , ete.!
s/A+D —»s T co= koo s/sxAPD/l = DIT/1.N(co@Kaa) KGO means positive
s/A-D—s if co # koo s/sxAMD/I = DIT/V. (Co ®Koo) residue
$013] —» ACO30 | excesl on AXSL] = FADIV.PHG.NMcE
BO +» A3 final elock s/h31 = AXSLLASIEN/l« BO.FAMDS.PHG b residuex 2 —+ AB
Boia! - Boo3o BxBL!I = FADIV.PHG
Koo + B3I $/B3{ = BXBLI.B3IEN/|+~ KOO, FADIV |quetiesT] biL =1
ONTHE st crock: (Mc =32, cca=1)
| — Koo KOO = G0603 = FADIV. K0O/| « CCc2.Mc2 (to cavse s/A-|D}— s)
NA+Carry =5 § [DW with even R} FL)
A— 5T ¥ INFLY] 7 presel in PH4 2%3 2% F {numer,|
0 ————»S'nf Nf_ " ]
| 0’s f N[ [ow with even R]
—~r— l
S0131+ ACD30, Bo+ A3I {see REG\STE R Y (2 Inumer) AB)
BoI3l »Bo030 FISTER conTROL * i
} -+ B3] (nsig) (K00 is Forced h{gh}
ON THE 2nd ClLocK ! (Fiest Terdlion - for Jquetiest| 2% bit[)  (Mc=3D
A-ID] — 5, s%2 - A0C0O30
BX2 - A3\, B0030 (see REGISTER CoNTRoL)
Koo -+ B3} (& l%uotie‘n'ti bit) {Ka6 means + rrf‘:(z)ue.}
ON THE 3rd cLock: (oveRFLoW TEST) (Mc = 30)
831 = | means ovERFLOW since| & indicates [quabient) » 22
raise DIVOVER DIVOVER = B3|, (DIT.(MC=30)) « FADIV.cc|2. Mct . MMeT
N leave CC2 on {(no reset active) {was sel in PH4)
s/PHI0, /MRQ, 8/DRQ BRPHIO = DIVOVER , s/MRQ[ = FAMDS.PHIGC.NBRPHL . NISEN, §/DRG=
stop susto{n;nj PHG BRPHG = NERPHIO, FAMDS, PHC NESpEx, u|mes BRPHIO
NBS R/cce Rfccafz = NB3), (DIT.(Mc=38))« FADIV. cc |2, Mk NMCT
(conTinve 'ftcra'b'ans) (ohu.o.83°+> 83! This c\or_k)
415 - 320d cLocKs
( Terdlions e que. 2 __2'|»B) (Mc = 29 Trew 1)
Sheet __ 2 of _ 3 | MNEMON I C: DW, DH

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




PRE3 | B— 5= F N 0's + B © 1, _]
sl op Me | FL2, FL3 D) S N (hc=o0)
RRvl—» A (ins\q T shorl) Cow )
S/sxA S/AKRR R/cc:,ﬁ/:ca
PHS A—>$) s+ BT 'en3 S/SKA
RR »# A
Mc-4—Mc T NFL2 N{NFLz. (MC=g) /
hold FLs ( )
PHT | A 5 - RW en"terd from PHe
neles : FLZ means shift right ‘ S/LR3I, s/sxB
FL3 means shift jJ nomber & bite s/rRw " lang
PHio B—g
S s RWoy T loni
SHIFT G"»;ez) \:o;n't) (s
PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
\ ! ! | £ (Bfs)
END [] & | = [ x[>TEENEE 3l Fon{nlz s]an)s:
of T e e B
1 / Y .
mee win [ 2H LN s e
(PRED) qelic’ 77 7 os FASH ! s SF
leng - L RS \  FAMDS: S, SF, M1, MW, MR, DW, DH
FLED o s. Me mFLB
|+ FL2 (store direchian) s/FL2 = PRg3. P25, (R/FLZ = cLEAR) P26 =] means r'xgh‘t
P25 = < NP2L30 + MCOIOS MCYNPLI = FASH,PRE3, Pas even (21P1-4) -» M
P3) > FL3  (odd no. bils) s/FL3 = PRE3. P3| odd > (2]#l-2) + nc
NF2S=> P263) -+ MCOOOS MCxPLZ. = FASH.PRE3, NP2S 4|P| — MC
B—s Sn = Bn.sxB (s/sxB= PRE/12)
S P Pxs = FAMDS. PRES, NANLZ. NFAIM =(s/LR3if\)= 6v2.8L5 )
RRvl +» A (insig ¥ shorl) An - RRn.AXRR (S/AXRR = PRE/12 ] S/LR3) = PRE/I2.(5/LR31/12)
Qs -~ B (for shorl |eft shift) BXxz = FAMDS.PRE3
s/A—s  (wnsiq T sherl) s/sxA = FUS,PRE3
8/AxRR  (for RR -2 A) S/AXRR = FUS.PRE3
Rjcc)  (for parity cheek) Rjcct/i = FASH,PRE3
Rfccz (far overflow tesh) Rjcc2/l = FAMDS, NFuMH PRE3
s/PUS BRPHE = FUS.PRE3
Sheet of __3 [MNEMONIC: S (2s)
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHS A— S Sn = An. AXRR
S4B 1 long BXS = FUs.PHS.DE3 (B remasns = 0 T short)
RR = A An = RR,, AXRR
sustam FL3 (on T bt coohl is dd) R/FL3 = N(Fus.PHS) (For first clock oF Pu&D
s/A—S 8/SXA = FASH.PHES
LEFT SHIFT casSE:
MC ~ 4 M (4]P]-% - M) McDeT = (FRsH.Prs.nFia)  (Fus helHs Mce and M7 =0 hence
o‘own-cquntv'hs staits ot MC.§>
: s/PHT BRPAT = ( " ).Mcz
S\’”ﬂ: coun't =0 {S/MRQ S)MRQ/\ = { u ) MC & (?or nexl [ns‘tr‘uExCr'cn)
PHG | (SHIFTING PHASE)
CONTROL SIGNALS !
SFT sFT = FASH.NIGEN.PH,
SUM BUS: s)sxa = FASW.Pus (presst)
T Ao s + SFT (susTain)
+ FASH. (S/PHG/ID) (retorn from I/6 service)
INITIAL REGISTER CONTENTS :
short l R (0’5)—|
A B
long | R Rl |
LEFT SHIFT CASE . I.h‘l-t;cx“y me | corlains 4)P1-4 , where P is e numbler oF bit pesitions o
be shifted. AB shifts leFt by 's urlil Mc has down - cosrted (by #'fs) o zero
REGISTER coNTRoOL!
S013] + ACD3O AXSL) = SFT.NFLZ.NFSHEX
BO = A3 (insiq T sharl) } S/A3l = ARSLI.ABIEN/| « { = Bo.FAMDS. PHe
A0 - A3) if sherl eyelic + Ao.(Fuls.p22.ND23). PHG
B0OI3) -» B0030 BXBLI = SFT.NFLR NFSHEX
AO - B3] if long cyelic S/831 = BxBLIL.B3IEN/| — A0.(Fus.p|22.D23)
CONDITION CODES : [ Fus/i= sETnFL2 Fus  [(ue. shift 1eft)
Toqqle cci as I's shift {s/ccl = Fus/i.Ao0.Nce)
Throvgh AG (Far'ft_y check) | | Rjcci/a = Fus/i. Ao
l s ce2 \F overflow sjcca = Fus/1l. (Ao @A)
RIGHT SHIFT cas€s:
1) 0dd no. of bits: (FL3 is on r)ur'mﬁ Firel lock ) T_r»'ft\'a.\\y M corfains 2]||Pi-2 . AB shifts
r\.jht ane chﬁi{on and Mc | courts down by 4, 7’1@363"113 2|Pl-6. |wWhen The shit by
s Sr‘\'n'ls}\tA) s\’\'\Ffmrj Takes F\qce by 2's urtil M2 has c\ewn-c:;or-.'\jcfl (b]f 4-‘5) to zera.
REGISTER conTRoOL:
§00 —++ AO 1 AXSRI = SET,FL2.FL3 (son descrbed next page)
S0030 +> AC\ 3|
$31 > Bo if lonq s/Bo = BXBRI.S31/| « 53).80001EN/| |+ FASH.D23
B0030 ++ B0OI3| BxBRl! = sFT. FL2.FL3
Sheet a of 3

[ MNEMON I C:
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PHASE/ FUNCTION PERFORMED SIGNALS INVOLVED COMMENTS
PHG | (Cort’d)
2) Even no. of bits: (FL3 is stF c!url'hs FiesT <lack) Inllt\la.ny MC conTaing| 2)P|- 4, AB shifts
ri%\nt b)/ 2's vl me bas down-covrted (By‘\*'s) to zera)
REGISTER conNTRoL
S000 —— AQ (5066 described below)
500 — Al AXSR2 = SFT, FLZ.NFL3.NFSHEX (s00 o)
$0029 - A2 3] .
§30 — so} ¥ long s/Bo = BXBR2.530/! « $30.B000IEN] sj_ EASH. D23
31 —» Bl s/8l = BxBR2.53\/l — s3). Boooien/]l —
Booaq — BO23) BXBRZ = SFT,FLZ NFL3 NFSHEX
PHASE CoNTRoL,ele:
MC -4 » MC MCDC7 = SFT  (Fus holds Mce and Meq =O,he.nce. down-court By 4's)
(mc £0) = svélain PHG BRPHC = FAMDS.PHGAMCENFSHEXNBRPHIO| (keep shifting)
a,cx\.lr.m{.c to PH7 (NBR s }ns“)\)
(e =0) = s/MRQ (for ned inclr | s/MRQ/l = FANDS.PHL, NERPHG, NIGEN
s/RW (1o store A) S/RW - SFT. MCZ.FUS
MisSC: , _ :
—?m_bus eitension : shert cyc‘\r. s4>nﬂ ‘Yd'c arithmetic
————— 5000 = A30. [(Fus.b22.nve3) + B3o. {Fus.pzavez)+ Ao ~t (Ao.N(Fus.nD2I))
l_—r—— S$60 = A31. |( “ ) +831.( no )+ Ad ~T ( . )
[soocfsoo [ so | st [---
(Me<4)
I/6 SERVICE cALL:
IsENC  (enable ertry) TOENG = FAMDS, PHL  NFPRR.NFSHEX. IBE[NG/t o= NMCOOBSR
inhibit s/Pue T TeeN s/Pi¢ = BRPHG NCLEAR,NISEN
0 SFT o " sSFT = FASH.PHG NISEN
PH7 A— S Sn = An, AXRR
S -+ RW RWh, = Sn.RW
(note: 8 +RW does nst tzkd blace I PHC was s\(iFPcA) but That is Thd case I shift zero
Fos]t'cns) hence Trere weuld be ne charge n The coiledts ofF R)
/LR3I s/tR31 = (FUS.PHT)
Sl//RW h \°"‘j %ﬂaquh—’Rw" s/RW = ( »  ).p23,NR3| — nhblits store when R ;s'cAi>
s/B—s 2 S/SXB = FASH PHT hence R will conlain
Hhe m5.W nThis case,
$/DRQ §/DRQ = BRPHIG
s/PHIO BRPHIO = FUS,PH?
Prial B—S, SRl F long (presel in PH7)
ENDE ENDE = PHIO.Ex¢
Sheet __ 3 of _ 3 [MNEMONIC: S
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PRE3 |[B—~ 352 P, OB - |
Y\

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

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

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

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

FL3 means resolt =0 if on in PHY

SHIFT FLoATING (SF)

SHIFT FLOATING . genercd seguence oF everls

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

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

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

Req\ster organizalion:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

BOX OPTION

Ta,k\e_ e'F con’tcn“ts:

301 =~ 3oz GENERAL INFo,

302 - 309 ADD/SUB

310 - 317 MULTIPLY

3ip - 325 DIVIDE

326 FLow CHART : CPU «» BoX

327 “FAFL PH4-5"

328 - 329 DISPLAY - BUS SYSTEM

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

NsCes on documertation:

o o\eccé;nai

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

FAFL = OI.063,04.65

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

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

3

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

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

MKsc.:

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

OVERALL BLOCK oF Box:

5 El—éirectfoﬁa,\ ca\:\c H

F’rinclfm\ use of regisfers:

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

30l

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

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

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

expon enl iteralions Tterations
buffer ctr. ctr.

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

sum E€xp.

FLOATING POINT - GENERAL



20€e

CQANT WNINID

gns/aay

Condition Code Settings for Floati

ng=-point Instructions

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

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

AL

D /SUB : Genem\ Sequence of events :

D)
2)
3)
4)

5
7)
)

)

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

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

exponenl b/ The dfference in E

Pyt The \cmier oF The Tweo exfoneﬁts n E

AAA/SubtraEt N result soes“t.‘:‘ D

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

)

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

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

CONTROL FLAGS (in Psw):

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

t.rhr coheurs )

ADD/SUB covtrel 'na.gs :

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

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

FLOATING PoINT : GENERAL INFO., ADD/SUB



goege

gas/qay

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

|

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

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

|

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

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

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

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

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

(

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

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

(E=0)+ RTe2 = AsPP =

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

~<

)

AID —S 4D , Os-p A

s/a-D —-s T S4l | S/A+D S F =s4¢

Dl —» 5, s/A-s | rewerse FFRT pag

(D4e @ D47) = sxYiur A Ex| e

(54 D p4a7). (DEN+FNF) > © s A

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

4

—

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

N

(4751 =0).(AS255 £0).RT2. FNF =

A— Sxl6 %A)Ej—\-w-n;)

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

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

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

{

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

l

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

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

ADD/'SUB




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

SIGNALS [INVOLVED

COMMENTS

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

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

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

DX/ = DXsS/L = PH4

PH&.N

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

(a,AAencl I.s.w)

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




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

q-:nern.\ sc%ue.nce. o'\: eva,n‘ts:

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

a) Pul mu\ti\all‘canl (Ew) n D

3) Rt ex?oneﬁt sum n E

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

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

Q) Clear A

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

8> Norma.\fze AR

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

\0) Stere s 'F net TRAP

Tterdlions (PHV) :

D (ican:’.)

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

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

___________

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

DX2 D , Dxla =D

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

(legic Froﬁuce:‘. | Froc\uc‘t )

TRRE ] | T

| [ Jaf

S/(A+D 5, A-D—S, ADS)

Fi (er S'Lﬁ\’l time)
MWN (icand sign)

/T

- Q.A(.'le"——-)

o

K31

FPR (s\ans og\aoéwte,) J

SWI (fcand X 2 is in D)

Y44 carry”/-:q

HHHGH T l

I

l I

LLER

X,
el
1o

l i | [

A==1
o

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

TaW

A Proc!udt{)

B (ier)

v

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

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

MUL



e

10w

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

r

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

RSN (after Firsk clock) = Rz ! }

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

s/cPU-RW T NTRAP

[

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

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

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

MUL




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




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

(?renera\ Se%uence o‘F even'ts:

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

ITERATIONS (PHB.3WI) :

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

A ()numerdator| , TRen residue)

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

DIV
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ANIQ

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

l

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

s/A+D — s i MmN

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

|

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

l

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

DSN = Ss/lAl—S

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

N

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

AsN (qﬂ:ﬂ Tiest claek) = RTZz =

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

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

S -t
,.T--—.

SWI = Sx/» AB, EH»E S/A—s, R/swi

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

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

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

(F’P’RR)

|

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

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

(ASN.DeN)=> s»A, s/a-d|>s, AmDd f swa

f

A47 =» R/A47, 5/AS\, E+I»E, S/A-|D|=s

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

—

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

s/cPu-rW ‘T FPRD,NTRAP | suslain sW)

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

|

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

DIV




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

EXISTING conNdITI6oNS

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

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

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

§/5xA = NA47. SXAVA « .
AN

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

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

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

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

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

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

— = (PH|S. 6. AsN . Nswz2)

"

s/A +3 s/swa

s/swa/\ ‘——_—T
s/PHC S/PHG =

##5 | (erfered frem PHa or PHS)

o
ON THE FIRST <L :
PHE ock

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

FrcoM

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

! 3

FHb’c,>"I or 8

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

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

NFPRR

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

"

FAFL.PHG, NBRFHL NIC\EN

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

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

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

+

I3

0 @

C =

£ £

b o~

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

: A N

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



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

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

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

[‘ Ae{{n¢5 Box — CPU cases

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

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

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

sxB = SDIS. KsxB + NSDIS.FPRR, DIV

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

PRXAND/ = SDIS. KSxA + NSDIS. PRXAND

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

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

220n. 5600 = |E8.n

e 1§

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

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

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

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

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

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

DIT A I M(S/9XAPD)

MmwN
SXADD N i

(PHG . NEe)
PR4G KA e

N(s/sxAPD/1)

NDIT
N{PRG.NOG)

NPH 2

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

N(S/SX AMD/1)

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