
APPENDIX D 

FLOATING POINT PROCESSOR 

D.I GENERAL 

The Floating Point Processor (FPP) performs floating-point arithmetic operations 

by providing an extension to the CPU arithmetic s('ction. The FPP comprises 

a single card located in a dedicated slot of the main chassis. The FPP operates 

with the CPU and the memory via the standard GP Bus, however, some dedicated 

wiring between the FPP and the CPU is used to increase operating speed. 

D.2 LOGIC LAYOUT 

The floating-point operations are done between the floating-point accumulator 

(in the FPP) which contains the first operand, and the memory effective address 

which contain the second operand. fh" result is stared into the fPP accumulator 

or into the memory oddress, depending on the instructi0r) Store indicator. 

Floating-point conversions ore done between the FPP accumulator ond the 

CPU internal registers A I, A2. 

D.3 The FPP logic (Figure D-I) performs complete pora"el operation on 

all data. Data ore transferred in and out of the FPP one word (16 bits) at a time. 

The single-word exponent is loaded into the Exponent-Logic section and the 

double-ward mantissa (or double-precision integer) is loaded into the Mantisso

Logic section. Processing is then done on the ~tj bits in parClllel. I he H'f' logic 

is completely microprogram controlled. The Commond/Timing logic section 

contains the FPP sequensor, instruction d('.c.ode and control logic, status r['gislE'r, 

and most FPP input/output control si9nols. 
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D.4 INSTRUCTIONS 

The FPP is operated by special floating-point instructions during the normal CPU 

programmed operation. The floating-point instruction is controlled by the CPU 

which is the Master of the dialogue and allows the FPP to execute the arithmetic 

operations. If the FPP is not installed in the system, an attempted floating-point 

instruction is trapped and a software subroutine may be initiated (if the subroutine ' 

is not directly called by a Call Function instruction). The command codes and 

functions of all FPP instructions are shown in Figure D-2. 

D.S DATA FORMAT 

The two types of d"to handled by the rpp are floating-point data and double

precision integer data (following diagram). The FPP performs arithmetic operations 

on fiooting-point dota only, and performs conversions between floating-point and 

integer data. 
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D.6 Floating-Point Data 

Floating-point data are real numbers contained in three 16-bit words: a double

word mantissa and a single-word exponent. 

D.7 The mantissa is a fraction «I), with the point considered to be at the 

extreme left of the data quantity bits. The mantissa must be left normolized, 

thus, the left data bit is a I for positive numbers (sign bit 0) and a 0 for negative 

numbers (sign bit I). Input data are checked for normalization (by comparing 

the left-most data bit with the sign bit) and the result of any arithmetic operation 

is normalized. The numerical range of the mantissa is given in Figure D-3. 

D.8 
15 15 

The exponent is a single-precision integer with a range of -2 to 42 -I. 

The range of the exponent ond the range of the complete floating-point number 

(mantissa with exponent) is shown on Figure D-3. 

D.9 A floating-point data Zero is represented by three null words (mantissa 

and exponent). The FPP recognizes as Zero any data with a null mantissa, 

regardless of the value of the exponent. The FPP produces a null result under 

the following conditions: 

• during FAD/FSU if both received and stored operands are null. 

• during FMU if either received or stored operand is null. 

• during FLD if the received operand is null. 

• during FDV if the stored operand (dividend) is null. 

If the received operand {divisor} for an FDV command is null, the FPP sets 

Divide-by-Zero error status and does not change the slored operand. 

D.l0 The mantissa of all floating-point operands, other than null, must be 

normalized. If any unnormalized montisso is received, Ihe FPP sets Unnormolized

Operand error status and does not change Ihe stored operond. All FPP operation 

results other than null are normalized. 

D.ll Integer Dolo 

The integer (Figure D-3) is a double-precision whole number with a sign bit and 
. 30 30 

30 quantity bits. The range IS from -2 tol2 -1. 
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Format Function Explanotion (Addressing Mode) 
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D.12 OPERATIONAL FLOW 

The FPP logic is microprogrom controlled. Figure D-4 is a flow diogrom of all 

FPP operations. Eoch microinstruction is represented by a single block, wilh 

the microprogram oddress shown (in hexadecimal) in the upper-left corner of 

each block. 

D.13 The paths from one microinstruction to another ore controlled by the 

microprogram oddress control (parograph D.25), Each microinstruction specifies 

the address of the next microinstruction, eilher directly (explicit oddress) or 

according to certain bronch conditions: IDLE, TEFL, OPER, FIX, RESULT. These 

branch conditions are shown in Table D-I, The contents of the Address ROM ore 

listed in TobIe D-2. 

D.14 Start of Commands 

The FPP goes to the Wait (/00) microinstruction upon the completion of any 

previous command or when the system Master Clear (MCl) is pressed. The FPP 

stays at Woit until a command is received from the CPU. 

D.15 FFL Command 

For the FFl Commond, the first part of the mantissa is loaded into the M-register 

left holf during microinstruction Wait (/00). A conslant of 30 is looded into 

the exponent register EM, and then cycled through EALU to EFB. 

D.16 The flow branches via IDLE to microinstruction RDM2 (/Ol) where the 

second half of the mantisso is loaded into M-register right half. The complete 

M register is then looded into the ALU. The flow now branches via TEFL to 

microinstruction REsALU (/03). The complete mantissa is loaded from the ALLJ 

into flaoting-point occumulatar FA. The exponent of 30 is loaded into register 

EF, while EAlU is reset to zero. The fI<;,w branches vio REsUl T to anolyze the 

result of the operation. 
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Table D-I Next AddlPss Branch Conditions (A) 

NEXT ADDR[SS GfNfRATION (NAGN) CONTROL BITS 

T YP" 
S[L Code Address Source (active low) 

ySNAO-I-2 SNA3 SNA4 ·'·SNA5 SNA6 
--

I XFlICIT 0 0 o 0 
RAO RAI RA2 RA3 EXPLICIT I o 0 

--PDLI' .. ._. ... 1 ---.------- ----~-- "-~- ------ ~~.-----

0 0 I 0 0 0 0 

T I TlF L 0 I 0 0 0 0 K09 
LJ RlSUU 0 I I 0 ALBUFZ ALBUFO ALBUrl 
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0' AliGN I I 0 EiBOO [MOO EALUOO EOMI 
dO IOPlR I I I 031D ALBUF Z KDV, LD K06 

'--.' 

f f X ins!ruc ti on 

(M) 0; received mantissa is zero 

ov~rflow bit 
montiss(J sign bit 

filsf,data bit (2- 1) verifies if mantissa is normalized 

FlOACT 
Al BUFI 
MAUIO 
A LBUF I 
ALBUf2 
AtAUF27 
031D 

I: (rA) 0; stored mantissa is 7'ero 

sign-bit and 1st-bit un-alike; operand is normalized 
KO" 0 Add/Subtract; K06 1: multiply/divide 
DGC I Data Grf!oler ,han Conslant (30) 
[OMI 1 [\olh opf!rands have the semf.' exponent 
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SNA7 
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---_ .. 
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0 
DGC 
ALBUF2Z 

Conllol Nc,d Address Control Next Address 
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(BIJS T i rr,ing 
from CPU) 

~ 01 -RDM2 
·---·-I'~-·· .. __ . -'--'-07-~- fFX~-·~ 
------
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o 0 03-RESALU (if FFL) 
·-··-O--I~ t-----------

I 0 04-RDEXP 
I I 
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SEa 

-
_.-
-
-
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-
* 
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Table D-\ Next Address Branch Conditions !B) 

OPER 

(MO,MI) 
031D 

Contlol 

ALBUFZ C ..... mmolld Decodl.' 
(mon!, A-O) KDVFLD K06 

ALBur27 
(mont, B ·0) 

Operafion 

031D ~ 
ALBUrl ~ I 
ALBUF2Z ~ I: 

sign-bit and 1st-bit un-olikc; operand is normalized. 

K06 " 0 

FIX 

EFBO 

(M) OJ received montissa-A is z~ro. 
(FA) ,0; stored mantisso-B is zelo. 
Add/Subtract; K06 c I, Multiply/D;vidc 

Control 

ALBurz EALUOO EAEq 5NA7 
(EOMI) 

Operation 

Next Addres<; 

Next Address 

E)(poncntc::O (negotivcL number c I obsolut(' vall}€'; may no! b" chongcd 1o fi)(f~d-point number. 

f"\ -. 



Table D-I Nest Address SWIlL'h Conditions (C) 

ALIGN 

r-------------------------------.-----------.-----------------~ 

Contlol Compare Exponellt Next Addless 

tFBO EMOO EALUOO EAEB DGC 

0 0 0 0 0 
X I 0 0 0 

EM'" US '" EMr30 IC-ALGM 

0 X 0 0 EMr30 • EFB 
0 0 X EM -- UB-2 IS 10-RESFA 

G 
0 0 irEAIUOO:-~AEB -- 0 

----O~- --

0 11-REQPMM 
J 
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ID-ALGfA 

1---,'----+----i-.------+~~,...---,-,·~----+-i1TA-EB~ DGC ~ 0 
~-----::-----·~---·-__::_-----I-- --'------t- --:----- ~--_+~~_;;'___'''''-'-__l---~~-~--~~--

KE SUL T 

I 
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Control 
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DGC I 
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(ALUOO -- I: 

Operation 

Data Greater than Con,tant (30). 
Exponents ore the some. 
Output of EALU / Con,.on. (30). 

Next Address 

ALBUFZ ALBUFO, J, 2 

o 000 07-UNNORM 
__________ 0 _______ . _____ l.J...-'_~ ____________________ ._ --- _--------------------1 

o 0 0 J OS-RESULT 
f-- ________ 0~-----__ --+---------1.....L.Q-------- __________ __ ____ ,-----------------j 

~ ~ ~ ~ Overflow 06-0VF 

J 0 0 0 R e ,u I. l. e j ~ -- oF=TX-Z"'E7CX----------I 
I (7(W----------I;< .. ·. ';-

Overflow OCCUIS when the two most-significant hirs ore diffe/ent after the 32 bits ore adjusted 
ri'Jhl, for opefonds between -230 and 1-230-1 inclusive (limit of fixed-point numbers). 

ALBUFZ 
ALBUFO 
l\LBUF I 
f.LBUF2 

D -d .: . 1 

I: mantisso is zero 

overflow bit 

manfissa sign bit 
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Table D-2 

fLOATING POINT ADDRESS STORE 

FPAS FORM 8 8 8 

FAPIP 

fNAXOL 

fNAXOIi 

fNAIDL 

fNAIDIi 

FNARML 

fNARMIi 

FNAREL 

F NAREH 

FNAXIL 

fNAXIH 

FNAFXL 

FNAFXH 

DATA 

fPAS 

HAS 

fPAS 

HAS 

fPAS 

FPAS 

FPAS 

HAS 

FPAS 

HAS 

FPAS 

fPAS 

8 8 888 8 8 8 8 8 8 8 

/OOfF LEADING Ff 

0008300 C A 0 0 3 0 3 0 F 

5 3 3 D 3 B E 9 5 5 0 0 0 0 0 0 

o 0 0 0 0 0 0 0 0 000 0 0 0 0 

00000 0 000 0 0 0 0 0 2 I 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

00000000 

o 0 0 000 0 0 0 000 0 0 0 0 

o 0 0 0 0 0 0 F 7 S 6 6 6 6 5 

o f BOO 0 0 000 o BOO 0 

o 0 0 0 0 0 0 0 0 0 E 000 0 0 

0 2 0 2 0 2 0 2 0 0 0 0 0 0 

0 2 0 2 0 2 0 2 0 0 0 9 0 0 0 A 
---~-----------,-------.--------

FNAAGL FPAS B 0 D 3 0 0 0 C 0 0 D 3 0 0 3 3 

fNAAGH fPAS 0 0 0 0 0 0 0 C B 0 D 3 0 0 0 C 
---------------------------.,-.. -~-.---,.--.-

FNAOPL 

FNAOPH 

fPAS 

FPAS 

o 0 0 0 0 0 002 S 4 4 2 831 

A A 2 2 2 2 206 6 6 6 6 6 6 6 

~ I 2 34 5 6 78 9 ABC D~ 

16 4-BI[ WOWS 

EXPLICIT ZERO 

IDLE 

RDM2 

• RE SU LT 

EXPLICIT ONE 

fiX 

AliGNMU~T 

OPERA 1I0~, 



0.17 FFX Commond 

For the FFX command, no data is loaded during the Wait microinstruction (/00). 

A constont of 30 is loaded into exponent register EM. This constant, plus one, 

IS then subtracted from the exponent in EFB and the difference is placed in [ALU. 

The CPU command signal FLOACT is received as part of the FFX command, and the 

flow branches via IDLE to microinstruction FFX (/02). The exponent difference from 

31 is loaded into the CT counter, and the mantissa is loaded into accumulator FA. 

0.18 The branch condition FIX tests the exponent to determine if and how 

the mantissa must be modilied for conversion to a double-precision integer: 

• 

• 

• 

• 

If either the mantissa (FA) is lero or the exponent (EFB) is negative, 

the floN branches to RESNU (/12) where both registers are reset to 

cero. This Reset-Null operation is completed in the RESALU (/03) 

microinstruction as the flow moves to the RESULT branch. 

If the exponent (EFB) is precisely 30, the mantissa can be used directly, 

without any change. The flow branches directly to microinstruction 

RESFA (/10). 

If the exponent (EFB) is greater than 30, the conversion to on integer 

is ne>t done. The flow branches to microinstruction RESFA (/10), via 

microinstruction OVXOV (/IA) where the Overflow interrupt is set. 

If the exponent (EFIl) is between 1 and 29 inclusive, the OENORM 

(/19) microinstruction is performed to convert the mantissa to on integer 

with the number of siCJnificant digits specified by the exponent. The 

mont;ssa ;s shifted right, end-off; the number of shifts is controlled by 

th" CT counter which is loaded by the Wait microinstruction at the start 

of tile F I" X command. 

The two r"FX opprations, other than the Null and the Overflow, pass via micro

instruction R[SFA (j10) to the I-X?EX (/OF) branch of RESULT. The sequensor is 

I(>synchronil(,d d<Jring the cycles UPOA by signals BOFFN and BSYCPUAN/BN 

te> the loqic for T3D. 

D.19 FLO Comrnond 

1 h" r L D conrmond is complete when the two-word mantissa and the exponent have 

be"n 100(l<>d into the FPP from memory. The mantissa is loaded in microinstructions 

WAIT (/00) and ROM2 (/01). The exponent is loaded in microinstruction ROEXP 

(/04). The flow then branches vio OPER to microinstruction REOM (/14). Between 

REOM (/14) and the following RESALU (/03), the loaded data are cycled through 

the ALU/EALU to the floating-point accumulator (FA/EF). If the mantissa 

received from memory equals Zero, the OPER branch is via RESNU (/12) to lood 

both the mantissa and exponent registers with zero. 

0.20 FST Command 

The FST command is controlled by the CPU; no FPP microinstructions are used and 

the FST is not shown on the flow diagram. CPU Bus-control timing signals BS'(CPU/,N 

and BOFF gate the FPP accumulator out onto the BIO lines (logic b). The 

BSYCPUAN signal also operates the Bus Selection Count .. " (logic d) to switch the 

three 16-bit parts of the floating-point data onto the BIO lines. 

0.21 FAD, FSU Commands 

The double-word mantissa and the exponent are loaded into M/EM by microinstructions 

WAIT (/00), ROM2 (/01), and ROEXP (/04). This operand is added to, or subtracted 

from, the operand in FA/EF. The difference between the add and subtract operations 

is in the logic control of the ALU during microinstruction AOSUM (/IB) or ADSUA3 

(/OE). The branch at OPER depends on the conditions of the mantissa (Tobie 0-1): 

• 
• 

• 

D.22 

RESNU (/12) if both mantissa ore zero. 

RESFA (/10) if only the new mantissa (M) is zero. The result is thus already 

in the accumulator (FA). 

REOPMM (/13) if the mantissa in FA only is zero. The received mantissa 

is added to zero by microinstructions REOPMM (/13) and AOSUM (/IB). 

TSTEXP (/11) to test and align the exponents if both mantissa are other 

thon zero. 

FMU Command 

A double-word mantissa and on exponent Ole loaded into M/EM by microinstructions 

WAIT (/00), RDM2 (/0 l) , and ROEXP (/04). The flow then branches vio OPER to 

microinstruction MUll (/18). The mantissa of the first operand, olreody looded in 

0, is shifted left one bit (MULl, /18) ond then right one bit (MUL2, lOCi; this 

operotion removes the unused bit-O of the right word. The actual multiplication 



II performed during repeated lequensor cycles during microinstruction ALGOMU 

(OD). 

D.23 FDV Command 

The divisor operand is loaded into M/EM by microinstructions WAIT VOO), RDM2 

\,01), and RDEX.P (04). The flow then bronches via OPER to microinstruction 

DIVI (/15). The dividend in FA il shifted right (SRFA in DIV2, /17) to ensure 

thnt thf> dividpnrt i<,: <:.mnllpr thrHl thp r1iv;~{"\r 

repeated lequensor cycles during the microinstruction ALGODI VOA). 

D.24 LOGIC AND TIMING 

The timings for the different FPP operations are provided together on Figure D-5. 

The control codes for the different logic operations are given on Figure D-6. 

Detailed logic diagrams are provided by figure D-7 at the end of this section; 

specific sheets (a to d) of the logic are referenced by the letter suffix only, in 

the following manner: Figure D-7, sheet b is referenced as "logic b". 

D.25 Microprogram Control (logic c) 

The FPP operations ore controlled by a selection of microinstruction control words 

stored in a read only memory (Control ROM). At time AP of a microinstruction cycle, 

a ROM oddress is selected and the ROM contents of that address are available to 

control the FPP logic for that cycle at time BP. Each microinstruction is shown as 

a separate block on the flow diagram, Figure D-4, and the hexadecimal ROM 

address is given in each block. The complete contents of the microprogram control 

ROM are shown in the ROM listing, Tobie D-3. 

D.26 The microcommand bits from the ROM are grouped into functional fields 

that provide control for the different logic sections. The fields are listed and 

explained at the beginning of Table D-3. 

D.27 Microinstruction Addressing is provided by the Next Address Selection 

field of each microinstruction word; this field sets up the address for the following 

microinstruction. The three control bits from the ROM (f-lSNAO-2) control the SNA 

U -I 0 

multiplexer (logic c) for selecting an explicit address or one of the oddre"es 

selected by the operation Branch Conditions (Table D-I). The addless-control 

conditions selected via SNA, and ROM bits f-lSNAO-2, selecf an oddr"ss cod" from 

,the ROM Address Logic (IIAD). At the completion of the microin,tru(tioll, the 

rising-edge of AP which starts the next microinstruction clocks the new addres, 

• into register RA, and the contents of another I<OM word are present ot the ROM 

output. The Next-Address control code is shown in Fiqurc D-6. 



Table 0-3 Microprc>grarn (ROM) Listing (A) 

DEFINITION OF THE MICROINSTRUCTION FORMAT FIELD 6 M REGISTER CONTROL 

FIELD LENGTH DEFINITION MNC EOU 0 M UNCHANGED 
R FORM 3, I ~~ 0,3,1,4,2,2,3,3,2,2,2,3, I ~ 0 MYO EOU 3 M, 0 

FIE LD 0 I 2 3 ~ 5 6 7 8 91011 MSB EOU 4 M SELECT BIO BUTNO CLOCK (LOADING EXPON.) 
FIE LD 0 NEXT ADDRESS SELECTION MBR EOU 5 M RIGHT ~ BIO (LOADING 2ND M.) 

MBL EOU 6 M LEFT- BIO (LOADING 1ST M.) 
EXPO EOU 0 EXPLICIT WITH ADDRESS < /10 
IDLE EOU I IDLE TEST FIELD 7 EXPONENT ARITHMETIC UN IT SELECTION 
TEFL EOU 7 READ EXPONENT OR FFL TEST 
REST EOU 3 RESULT TEST EAMB EOU 0 EALU ~~ EFB-EM 
rXPI EOU 1\ EXPLICIT WITH ADDRESS> /OF EACB EOU I EALU = EFB-EM-I 
IfIX EOU 5 FIX TEST EOEM EOU 2 EALU ~ EM 
AL GN EOU 6 ALIGNMENT TEST EALZ EOU 4 EALU = ZERO 
OPER EOU 7 OPERATION TEST EOFB EOU 6 EALU ' E FB 

EAPB EOU 7 EALU = EFBI EM 
FIE LD SEOUENSOR 

FIE LD 8 EM REGISTER CONTROL 
5180 EOU 0 SINGLE BP; .<\P IN 180 NS 
M090 EO lJ I MULTIPLE BP EVERY 90 NS EM30 EOU I EM 30 
S 135 [0 LJ 2 SINGLE BP; AP IN 135 NS EMNC EOU 2 EM UN CHAN GED 
MI35 EOU 5 MULTIPLE BP EVERY 135 NS EMLB EOU 3 EM, BIO 

FIELD 2 END FIELD 9 EF REGISTER CONTROL 

S EOU END OF PROCESS EFMl EOU 0 EF=EF-I 
EFPI EOU I EF=EF+I 

FIE LD 3 MANTISSA ARITHMETIC UN IT SELECTION EFNC EOU 2 EF UNCHAN GED 
EFLD EOU 3 EF = EALU 

ALI' A EOU 0 ALUM FA 
ALUZ EOU I ALUM ' ZERO * FIELD 10 CT COUNTER COt'-lTROL 
ALFM EOU 2 AlUM 'M 
MULT EOU 4 AlUM FA (+OR-) M ACCORDING MULTI ALGORITHM CTMI EOU 0 CT=CT-I 
ADSU EOU 8 ALUM = FA (IOR-) M ACCORDING K07 CTPI EOU I CT .~ CT+1 
SUAD EOU 10 ALUM .~ M (+OR-) FA ACCORDIN G K07 CTNC EOU 2 C(UNCHANGED 
DIVI [OU 12 ALUM~ FA (+OR-) M ACCORDIN G DIVI ALGORITHM CTLD EOU 3 CT - EAlU 

FIE LD 4 MANTISSA ACCUMULATOR CONTROL FIELD II MISCELLANEOUS COMMAND 

NFA EOU 0 FA UNCHANGED GFUNM EOU I SET UNNORMALISED FLAG 
IUA EOU FA ~~ ALUM RI GHT SH IF TED GFXDV EOU 2 SET DVZO OR ovr fiX 
l F /I EO LJ 2 FA ALUM LEFT SHIFTED GFEVF EOU 3 SET OVERFLOW ON EXPONEt'-JT ARITHMETIC 
/IrA EOU :3 FA ALUM GFEVP EOU 4 SET OVERFLOW ON EXPONENT COUNT UP 

GFEVN EOU 5 SET UNDERFLOW ON EYPONENT COUNT DOWN r IE l D 5 o REGISTER CONTROL GFFIX EOU 6 VALID. OF NEG. FFX CORRECTION 
A EOU /A 

I'JCO LQU 0 Q UI~CH/\r'lGED B EOU /B j [0 EOU 1 o SHIFTED LEFT C EO U /C ';1,0 [0 lJ 7 o SHIFTED r<lGHT D EOU /D I.DO to U :3 0 FAR E EOU /E 
F EO LJ /F 

n 11 



lll) 

01 

02 

OJ 

04 

05 

WAll 

RDM2 

kE SAL U 

RDIXP 

g£<,UU 

Table D-J Micloprogrom (R.OM) Li:.jing (8) 

SNA SE~ ALU FA 0 M EALU EM EE CT MISe. 

IDLE,5135, 0, ALIA, AlA, NCO, MBI, EACB, EM30, EENC CTNC,O 

TEFL,5135, 0, ALEM, NFA, NCO, MBR [OEM, EMNC,EfNC, CTNC, 0 

IFIX,5135, 0, AliA, NfA, NCO, MNC [ACB, EMNC,tFNC, CTLD, 0 

k[Sl,5180, 0, ALFI, , AlA, I'KO, MNC, EALl, LMNC,HLD, CTNC,O 

OPER,SI80, 0, ALEM, NFA, NCO, MSS, EACS, EMLB, EFNC, CHD, 0 

lXPI,SI80, S, AlFA, NfA, NCO, MNC, [OEM, EMNC,ErNC, CTNC, 0 

06 OVER EXPO,SI80, 0, ALIA, RU" NCO, MNC, COrM, EMNC,EEPI, CTNC, GFEVP 

G? U~JORM EXPO,M090, 0, AlFA, LI A, NCO, MNC, [OEM, EMNC,EEMI, CTNC, GFEVN 

08 ADSUA I EXPO,S 135, 0, ALFA, AFA, NCO, MYO, fOEM, EMNC,EENC, CTNC, ° 
09 ADSUA2 EXPO,M090, 0, ;,l.IA, RIA, NCO, MNC, EorM, EMNC,£fNC, CTMI, 0 

OA ALGODI R EXPO,MI35, 0, DIVI, LFA, SLO, MNC, IAMB, EMNC,EFNC, CTMI, GFEVF 

OB SUEX EXPO,SI35, 0, ALEM, NFA, NCO, MYO, (AMB, EMNC,ErNC, CTNC, 0 

OC MUL2 EXPO,SI35, 0, MUll, AlA, SRO, MNC, EAI'B, EMNC,EFNC, CTNC, 0 

OD ALGOr,IU R EXPO,MI3S, 0, MULT, RIA, SRO, MNC, EAPB, EMNC,EFNC, CTMI, GFEVf 

OE ADSUAJ EXPO,5135, 0, SUAD, NFA, NCO, MNC, EOFB, EMNC,EFNC, CTNC, 0 

OF fXZEX EXPO,513S, 0, ALIA, MA, NCO, MNC, EOEM, EMNC,EFLD, CTNC,O 

AD NAME SNA SEO ALU FA 0 M EALU EM EF CT MISC. 

10 RE SF A EXPO SJ3S 0 ALFA NFA NCO MNC EOrB EMNC EFNC CTNC 0 

1 J T5TEXP K AlGN 5180 0 ALFA NFA NCO MNC EACB EMNC EFNC CTLD 0 

12 

13 

14 

15 

16 

17 

18 

19 

I" 

RESNU 

REOPMM 

REOM 

DIV 1 

UNMOP 

01'12 

MULL 

DENORM 

OVXDV 

15 AD5LJM 

Ie ALGM 

ID ALGFA 

IE UPDAI 

II UPDA2 

EXPO 5135 0 ALUZ NfA NCO MNC EALZ EMNC EFNC CTNC 0 

EXPI 5135 0 ALUI NFA NCO MNC EOEM EMNC ErNC CTNC 0 

R EXPO 5135 0 ALEM NfA NCO MNC [OEM EMNC EFNC CTNC 0 

EXPI5135 0 ALFA NIA NCO MNC EOEM EMNC EFNC CTPI 0 

EXPI 5180 0 ALFA NFA NCO MNC EOEM EMNC EFNC CTNC GFUNM 

EXPO 5135 0 DIVI RIA NCO MNC EAMB EMNC EFNC CTNC 0 

EXPO 5135 0 ALUZ NFA SLO MNC EAPB EMNC EFNC CTMI 0 

EXPI M090 0 ALFA RFA SRO MNC EOEM EMNC EFNC CTPI GFFIX 

EXPI 5180 0 MFA NFA NCO MNC EOEM EMNC EFNC CTNC GFXDV 

EXPO 5135 0 AD5U AFA NCO MNC EOEM EMNC EFNC CTNC 0 

EXPO 5135 0 ALEM NFA NCO MNC EOEM EMNC EFNC CTNC 0 

EXPI M090 0 Al.FA RFA NCO MNC EOEM EMNC EFNC CTPI 0 

EXPI 5135 0 ALFA NFA LOO M5B EOFB EMNC EFNC CTNC 0 

EXPO 5135 0 ALEM NFA NCO MYO EOEM EMNC EFLD CTNC 0 

D -12 :~ ['/ . 1 

ADDRESS 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 
OA 
OB 
OC 
00 
OE 
OF 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
IA 
I B 
IC 
ID 
IE 
IF 

Table D-3 Microprogf(.Hll (I~OM) Lj'j,lillQ (C) 

FPC50 rrcs I FPl52 

0 0 I 0 0 I 0 0 o 0 0 0 
~.---

I 1 0 0 I I 0 0 0 I 
010 o 0 I 0 0 o 0 I 0 o 0 0 0 I 0 I 0 I 0 
I 0 I o 0 I 0 0 o 0 0 o 0 0 o () o 0 0 o 0 I 
0 I I o 0 000 000 0 I I o 0 0 0 0 I 0 0 
I I I o 0 0 0 0 o 0 I 0 o 0 o 0 I 0 0 0 0 I 
I 0 0 o 0 0 0 I 000 0 0 0 o 0 0 0 0 0 I 0 
0 0 0 o 0 0 0 0 o 0 0 0 0 I 0 0 0 0 0 0 I 0 
0 0 0 000 I 0 000 0 I o 0 0 0 0 0 0 I 0 
o 0 0 o 0 I 0 0 o 0 0 0 I I 0 0 0 I I 0 I 0 
o 0 0 o 0 0 I 0 0 o 0 0 0 100 0 0 0 0 I 0 
o 0 0 0 I o I 0 I I 0 o I o 0 I 0 0 0 0 0 0 
000 o 0 I o 0 o 0 I o 0 000 III I I 0 0 0 
o 0 0 o 0 I o 0 o I 0 0 I I I 0 o 0 0 I I I 
0 ° 0 o I 0 I 0 o I o 0 o I I 0 0 001 I I 
0 o 0 o 0 I 0 0 I 0 1 000 0 0 0 001 I 0 
0 o 0 o 0 100 o 0 0 0 I I 0 0 0 o 0 0 I 0 
0 0 0 0 0 100 o 0 0 0 0 o 0 0 0 0 o I I 0 
I I 0 0 0 o 0 0 o 0 0 0 0 o 0 0 o 0 000 I 
0 0 0 0 0 I o 0 000 I 0 0 0 0 o 0 0 I 0 0 
100 o 0 I o 0 000 I 0 0 o 0 o 0 0 0 I 0 
o 0 0 o 0 I o 0 o 0 I 0 0 0 o 0 0 o 0 0 I 0 
I o 0 o 0 I 0 0 o 0 0 0 o 0 o 0 0 o 0 0 I 0 
I 0 o 0 000 0 000 0 o 0 o 0 0 0 0 0 I 0 
o 0 0 o 0 100 I 100 0 I 0 0 o 0 0 0 0 0 
o 0 0 o 0 I 0 0 000 I o 0 0 I o 0 0 I I I 
I o 0 000 I 0 o 0 0 0 o I I 0 000 0 I 0 
I 0 0 o 0 0 0 0 o 0 0 0 o 0 0 0 000 0 I 0 
o 0 0 o 0 I 0 0 I 0 0 0 I I 0 0 o 0 0 0 I 0 
o 0 0 o 0 I 0 0 o 0 I 0 o 0 0 0 o 0 0 0 I 0 
I o 0 000 I 0 o 000 010 0 o 0 0 0 I 0 
I 0 0 o 0 I 0 0 0 0 0 000 I I I 0 0 I I 0 
000 o 0 I 0 0 0 o I o 0 0 0 0 o I I 0 I 0 

--
« 0 0 :J --' 
Z w Z --' « 4. 

'" V> w <i ~ 0 ::;: w , , , , , , , , 
0 - N <') 't .n -Q r, 

FPCSJ 

0 I I 0 I 0 0 0 o 0 
I 0 I 0 I 0 o 0 0 0 
I 0 I a I I o 0 o 0 
I 0 I I I 0 0 0 0 0 
I I I 0 I I 0 0 0 0 
I 0 I 0 I 0 0 0 0 0 
I 0 0 I I 0 I 0 0 0 
I 0 0 0 I 0 I 0 I 0 
I 0 I 0 I 0 o 0 0 0 
I 0 I 0 0 000 0 0 
I 0 I 0 0 o 0 I I 0 
1'0 I 0 I 0 o 0 0 0 
I 0 I 0 I 0 0 o 0 0 
I 0 I 0 o 0 0 I I 0 
I 0 I 0 I 0 0 0 o 0 
I 0 I I I 0 0 0 0 0 
I 0 I 0 I 0 0 0 0 0 
I 0 I 0 I I 0 0 0 0 
I 0 I 0 I 0 0 0 0 0 
I 0 I 0 I 0 000 0 
I 0 I 0 I 0 o 0 0 0 
I () I 0 0 I o 0 0 1I 
I 0 I 0 I 0 o 0 I 0 
I 0 I 0 I 0 0 0 0 0 
I 0 I 0 0 0 0 0 o 0 
I 0 I 0 0 I I I o 0 
I 0 I 0 I 0 0 I 0 

°1 I 0 I 0 I 0 o 0 0 (' 

I 0 I 0 I 0 o 0 0 0' 
I 0 I o 0 I o 0 0 0 
I 0 I 0 I 0 0 0 o 0 
I 0 I I I 0 o 0 0 0 

::;: ~ >-- '" 
w w lJ 0 , , , , 
0) 0- 0 -- -



0.28 sequensor (logic d) 

The sequensor logic is driven by the OsCFLO timing signal from the. CPU and the 

control commands. OsCFLO is derived directly from the CPU sequensor and has the 

same 22.5 MHz frequency, with a duration of 45 nsec. One FPP sequensor cycle is 

produced for each microinstruction. tach cycle begins with an AP pulse and ends 

when the next AP pulse starts the next cycle. At each AP time, a new microprogr~m 

address is loaded into register RA (logic c) to select the next microprogram. At time 

BP, the conditions specified by the microinstruction are executed, such as data 

transfer from one register to another, arithmetic operation, etc. The timing signals 

Tl, T2, T3, T4 are used within the sequensar logic only. 

0.29 The sequensor is controlled by the microprogram to run in one of four modes: 

5135, S180, M090, M135. In either of the two single-cycle modes (5135,5180), 

the sequensor produces d cycle of a fixed length (either 135 or 180 nsec) and with 

a single BP pulse. In either of the two multiple-cycle modes (M090, M135), the 

sequensor produces a variable-length cycle where the BP pulse is repeated (every 

90 or 135 nsec) unlil the repeat condition (REPCONO) is disabled. The 5equensor 

C yc les and the Repcot C ondi t ion code are shown on Figure 0-6. 

[).30 Inslruction Loading (logic d) 

An FPP instruction is loaued into Ihe K-register under CPU Bus control during a 

cru Fetch microproqrom, while the FPP idles in the WAIT microinstruction (/00). 

The FPP instruction code (Figure 0-6) is loaded into the K-register on the trailing 

edge of RSYCPUA"'J/B"'J. The load-instruction timing is shown in Figure 0-5. 

Opcr'HHI Looding 

Operands ore loaded into the FPP registers M and EM during instruction FFL (to 

M only), F! D, ond Ihe four arithmetic instructions. The operand source is the 

(PU for tl", Fit iw,truction ond the memory for the other instructions (Figure 0-2). 

Pori or all 01 Ih,' Ihrcc-word operand (double-word mantissa and one-word exponent) 

is loaded during microinstructions WAIT (/00), ROM2 (/Oll, andRDEXP (/04), 

occording 10 the specific instruction. 

0.32 Operand loading is performed under CPU Bus control. The Bus timing is 

shown on Figure 0-4. The CPU control signals BsYCPUAN and TMFN together 

enable the sequensor 13 count (logic d). Gating the operand word from the BIO 

lines ;nto the M or EM register ;s controlled by the microprogram control bits 

(Figure 0-6); in both cases, the data are gated o7;'lrrrhe leading edge of BP. 

D.33 Store Operand 

A Store-Operand operation is performed under CPU Bus control to transfer an 

integer operand to the CPU (FFX instruction) or to transfer a floating-point 

operand to the memory (FsT instruction). The timing is shown on Figure D-5. 

The CPU control signals BOFFN and BSYCPUAN/BN (logic d) are used to enable 

the sequencing of Bus-selection bits BIOSO/sl. The same two control signals gate 

the selected data onto the BIO lines (logic b). 

0.34 FPP Operation Control 

The FPP operation process;ng is controlled by CPU signal FLOACT (Figure 0-5; 

logic d) which is derived from the CPU microprogrom bit GFLOT. FLOACT is 

received at the beginning of an FFX instruction. FLOACT controls the IDLE 

branch of the microprogram control to start the FFX operation. For the FLO and 

the four arithmetic instructions, FLOACT is received near the end of the CPU 

instruction to time the actual processing and to synchronise the end of the operation. 

FLOACT is a condition for loading the CR in the CPU. 
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INSTRUCTION LOADING 

BsYCPUAN --jII----------ot--

>147 >31 

GfETOi 

>23 

mem }-_ BIO 

CPU'mern (TMRN) 

mem 1-- (TRMN) 

N.;>fe: CPU drops BSYCPUAN at fixed time for fetch 

CPU r= 
i 

J 
uct 

}-
CPU )-

mem )-~-

OPERAND LOADING 

Ffl Instruction 

B5YCPUAN -il--------~----~------~ 

TMfN 

1<20 -j ~~ >33 

I 

1<331 1> 10 1 
BIO -=r= :::r=..:::=::r=_ =r= 

>5++-~+- <300 
DONUN ---1--... ,-

FLD, FAD, FSU, FMU, fDV In.',ue';on. 

BSYCPUAN ~I-------~------i-------ot-------~ .... ---+-----

_-j~t_-_<_20~ _________________________ ~1~~~>33 

TMfN I 
>50 

B 10 __ 1-- I _:=r:::----:---r---1 ___ L-. __ --'_ 

I >5 ~++--+- <300 

DON E F N I jon.j ~---'I'"--+----------_jl--;.---
>0 ~--~ I-

TRMN 

Figule D-5 fPP Tirnillg (.1\) 

STORE OPERAND 

F5T Instruction 

uc J~ 
mem }--

BOFFN 

65 YCPUAN 

610 

I:> 451 
_::::o=r-y~ __ =n= 

Iron~ition 

Word-Select Count 

60FfN 

BSYCPUAN --jl--~---;--""*--1---4---~--1---.oj-

1 
610Sf IN 

BI050 

BIOsl 

mont. I mont.2 exponent 

61050-5 I 00 01 II 10 

FFX instruction 

CPU t BOFFN 

BSYCPUAN 

BIO 

1>135 1 
I 

I I 

I I 
I'" 305 L-l:'E-

FPP OPERATION PROCESSING 

>1080 
FLOACTN I I--

DONEFN 

Proce$S Time 1:155°01 ..::: 300 
O<F<20p. 

jr=nn 

1<3~ \",01 
FlOCRO, I ';:~"\":'\'" Jii':;'i'~W-r'~~~\~ 

Figure D-5 F f'f' T illli"!J (B) 
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ROM 
Command 

S 135 

5180 

CT 

M090 

CT 

M135 

Seque n,or C yo I es 

o 90 135 

o 90 180 

[7iPl fliPl. rm -r::II:IIT!T-

90 135 

FF 
90 

135 

FF 
135 

s '= Single Cycle 

REPEAT CONDITION 
M = Multip,le Cycle 

MUErON 

0 
0 
0 
0 

--,~-,-

1 
I 
I 
I 

A LBUF2 ALBUF3 REPCOND 

0 0 0 
0 1 1 
I 0 1 
1 I 0 

1-------1-----
0 0 

} hem' 
0 I 
1 0 
1 I 

Figure D-6 Logic Control Code, (A) 

REPfe", inactive 
Repeat-Terminated Count 

(N at (TO -7 1" IFF) 

i'I'"'' [) -(, logic Conl,,,,1 ("drs (A) 

INSTRUCTION CODES 

In,l. 

FF L 

FFX 

FLD 

FST 

FAD 

FSU 

FMU 

fDV 

SST 

B 10 lines, and K DECODE 
K-Reg. Bil, SST (KOS) INST ,---------

4 5 6 7 8 9 10 15 0 I 2 0 I 

I 0 0 1 0 0 0 0 0 I 0 0 I 

1 0 0 1 0 0 0 1 0 I 1 0 I 

0 0 0 I 0 - - 0 0 0 0 0 0 

0 0 0 1 0 - - 1 - - - - -
1 I 0 0 0 - - - 1 0 0 1 0 

1 1 0 I 0 - - - 1 0 1 1 0 

I I I 0 0 - - - I 1 0 1 1 

1 1 I 1 0 - - - 1 1 1 1 1 

810 Line, 

4 5 6 7 8 9 10 11 12 13 14 IS 

Figure D-6 

FAddress 

0
1

0 0 0 0,0 
KOR2D 

Logic Conhol Code, (8) 

KDVFLD 
2 

0 0 

1 0 

0 1 

- -
0 0 

1 0 

0 0 

I 1 

fiq\l,n[)-(, I nq;r (' oPhol rod", (R) 

FLFX 

1 

1 

0 

-
0 

0 

0 

0 

D" J 



Microinstruction Word Format 
i I 101 i I I I ' , i T" I ' I i i 

field 4 - Mon'is~o Accumulator Contlol 
field o 3 4 5 8 9 10 " z z - 0 

V) V) 

<{ <{ 
~ CL 

"" "" FielJ 0 - Next Addres5 Selection 

0 NfA 0 0 FA unchanged 
I RFA 0 I (ALUM) Right-,hifted FA 
2 LFA I 0 (ALUM) Left-shifted ". FA 
3 AFA I I (ALUM) fA 

0 - N 
<{ <{ <{ 

Z Z Z 
hee Tobie D-I) V) V) V) 

l l C>-

O EXPO 0 0 0 Explicit, oddre$5 </10 
I IDLE 0 0 I Idle test 
2 TEF L 0 I 0 Read exponent or FFL lest 

3 ~~ S T 8 ; ; I\C~uj I lesr Field 5 - a-Register Control 

4 EXP I I 0 0 Expl j c ii, (Jddres~ )/ 01 

5 IFIX I 0 I fix test 
0 -6 ALIGN I I 0 Alignment test 

7 OPER I I I Operation test 

V) V) 

a a 
:L :L 

0 NCO 0 0 Q unchanged 

F iold I - Sequensor 
I SLO 0 I Shift-Left 0 
2 SRO I 0 Shift-Right 0 
3 LDO I I Load (FAB). 0 

z "" M " 
~, 

,-" ~ "" 1 l l 

0 5180 0 0 0 Single BP, AP in 180ns Field 6 - M-Register Control 

I M090 0 0 I Multiple BP every 9005 
2 5135 0 1 0 Single BP, AP in 135ns 

5 MI3S 1 0 1 Multiple BP every 135ns 

z ~ '" ~ ::: ::: w 
V) 0 0 ::: ~ ~ 

1 l 1 , 
field 2 - EnJ 0 MNC 0 0 0 M unchanged 

3 MYO 0 I I (a) - M 
4 MSB I 0 0 BIO ielected f but no clock (loading exponent) Microinstruction /05 only 

End of Process 5 MBR I 0 I BIO - M Right (Iooding 2nd. mont.) 
6 MBL I I 0 BIO - M Left (loading ),1. mant .) 

Field 3 - Mantissa ALU Selection 
Field 7 - Exponent ALU Selection 

w 
0 - N U 
::J ::J ::J ::J 
~ ~ ~ ~ 

<{ <{ <{ <{ 
1 1 l l 

0 - '" ::J ::J ::J 
-' -' -' 
<{ <{ <{ 

w w w 
CL CL 1 

0 ALfA 0 0 0 0 (fA) • ALUM 

1 ALUZ 0 0 0 I Zero· ALUM 
0 EAMS 0 0 0 (EFB) - (EM) . [ALU 

I EACB 0 0 I (EFS) - (EM) - I • EAlU 
2 ALEM 0 0 I 0 lM)· ALUM 
4 MULT 0 1 0 0 (FA) + or - (M) ALUM' MUL TI Algorithm 

8 ADSU I 0 0 0 (FA) + or - (M) ". ALUM' K07 

10 SUAO I 0 I 0 (M) • Of - (FA) ". ALUM'K07 

12 DIVI I I 0 0 (FA) + or - (M). ALUM'OIVI Algorithm 

2 EOEM 0 I 0 (EM) - EALU 
4 EALZ I 0 0 Zero EALU 
6 EOFB I I 0 (HB) ". EALU 
7 EAPB I I I (EFB) • (EM) EALU 

according to 

Figure 0-6 Logic Control Codes (C) 

Figure 0-6 Logic Control Codes (D) 

D -16 I i9u1e D-6 Lo<)ic COlllrol Codes (e) figure D-6 Logic Control Codes (D) 



Field 8 - EM-Register Control 

0 
if> --' 
::E ::E 
w u, 
~ ~ 

1 EM30 0 1 30 • EM 
2 EMNC 1 0 EM unchanged 
3 EMLB 1 1 BIO ~ EM 

Field 9 - EF -Regi,ter Control 

z i 0 -
'-L '-L 
W W 

" ~ 

0 EFMI l L H (EF) -1 - EF [decrement] 
I EFPl L H H (EF) + I ~ EF [incrementl 
2 EFNC H L H EF unchanged 
3 EFLD H H L (EALU) ~ EF [load] 

Fiel4 10 - CT-Counter CO'ltrol 

z 
0 -
0- I-
U U 
:L :L 

0 ClMI 0 0 (CT) -I ~ CT [decrementl 
1 CTPI 0 I (Cn +1 ~ CT [ increment] 
2 CTNC I 0 CT unchanged 
3 CTLD 1 I (EALU) ~ CT [loadl 

Field l' - Miscellaneous Commands 

0 - N 
"- "- "-
() () () 
~ :L :l.. 

I GFUNM 0 0 1 Set unnormalized flag 
2 GFXDV 0 I 0 Set DVZO or OVF FIX 
3 GFEVF 0 1 1 Set overflow on exponent arithmetic 
4 GFEVP I 0 0 Set overflow on exponent count-up 
5 GFEVN I 0 I Set undfllrflow on exponent count-down 
6 GFF IX I 1 0 Validation of negative FFX correction 

Figure D-6 Logic Control Codes \t) 

D.35 STATUS AND INTERRUPTS 

The floating-point instruction executions are not interruptable; if a Memory 

Management Unit detects a Page Fault, the floating-point instruction is stopped 

like any other instruction. An abnormal condition detected during a floating-point 

instruction execution sets the corresponding flag in the status register, sets the 

condition register to 3, and generates a Floating-Point interrupt. The Floating

Point interrupt can be connected only to one of the eight internal interrupts (refer 

to CPU Section I, Interrupt System). 

D.36 At the moment any error condition is detected, the activating status-

register bit loads the instruction code from the D-register into the INST register. 

The INST code is then included with the status word to specify which instruction 

type caused the error. The system should respond to the FPP interrupt by sending an 

SST instruction with device address equal to zero. The floating-point stotus is then 

transferred to the CPU, as follows: 

STATUS 

o 0 
o 1 
1 0 
1 

FAD 
FSU 
FMU 
FDV 

Yes exponent 
<: _2 15 

* If Unnormalized is set, the operation is aborted, no other flag is set, and 

the FPP accumulator remains unchanged. 

n 



D .37 The interrupt and the error bit (right byte) of the status word are reset 

at the end of an SST instruction. If another floating-point instruction is performed 

before the SST instruction is received, the error bits of the status word indicate 

the accumulated status (logical Or) of both instructions. The INST code in the 

left byte, however I retains the code for the first instruction where error status 

wos set. 

D.38 SIGNAL LIST 

A complete list of 011 FPP input and output signals is given in Table D-4. 

D.39 CARD LA YOUT 

The layout of the FPP card is provided in Figure D-8. 

other operator controls located on the FPP card. 

D.40 PARTS LIST 

A list of FPP components is provided in Table D-S. 
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There are no U-links or 

Signal Conn. 

BIOOO-ISN 3---

BOFFN SBI3 

BSYCPUAN SAI2 

CLEARN 

FLOACT 

GFETCH 

MFAULTN 

OSCFLO 

TMFN 

TMPN 

TRMN 

3A39 

SA II 

SA 13 

SB20 

SAI7 

SBI2 

3A31 

3A28 

ACN 3A34 

BIOOO-ISN 3---

DONEFN SAI4 

FLOCRO SB 14 

FLOCRI SAIS 

FPPABS SBIS 

INTFPPN 3AI6 

TPMN 3A32 

Table D-4 FPP Signal List 

Logic 
Sheet 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

Remarks 

INPUT TO rpp 

BIO contents must be defined by the FPP 

CPU is master of the Bus 

CPU activation signal for FFX and CR 

CPU fetch cycle 

MMU detects a Page Fault 

CPU clock signal 

CPU microcommand bit 

Bus timing from CPU for SST dialogue 

Bus timing from memory 

OUTPUT FROM FPP 

D 

B 

C 

C 

C 

C 

D 

D 

Accept for SST command 

FPP operation was done 

FPP condition register bits to CPU 

Held inoctive when FPP board is inserted 

FPP interrupt 

Bus timing to CPU for SST command 
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td, C J, CJ, IlO. 

RO,(7,17 

0'). 

I), It" JR, LB, PI, 1'5. 

~ J, ( 5, HO. 

II. 

VO. 

01,04.(4. 

VR,W6,X4.X5. 

117. 

HI /, K4. 

D4 ,01 ,04-7 ,R7 ,R4,R7. 

1'1, U!. 

14,16, KB,P], P6,OR, R3 ,R6, V I ,V4. 

12, I 4, 16,18 

V6. 

CO,GI. 

y!. 

H7, H4 ,fl6, HR, 07,04,06,08, RH, S3, ss'. 
',7. 

DO, [3, L7, N3, Q I ,V]. 

'J) . 

D 7 ,D3 ,f 0, I 6,1'9,10, W3 . 

'Ii) , 

DI ,II, GO,1.4. 

II,CI,HI,n,>:?,11. 

10,n, U,,11,17,MI, 

!' 1, 15. 

f t), rtf. 

I 7,r 4, I t" I 8, M7, M'" 11.6,11.8, 

Hl,fl t),H:',IB,03,or),Ol,Pfl,RI,SI. 

rO,CD. 

, O,MO,OO,PI,RO, 

I O. t JO, 1'0,0 0, 

11 
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lob'~ D-5 FPP Patt~ l;~1 

Oesct iplion 

Printed circvit 

Integ'olcd circuit 7400 

Intt'nrated circuit 7402 

In tegroted circuit 7404 

Integrated circuit 7408 

lnteglaled circuit 7;4y6 

'n'egrot~d circuit 7425 

Integ/olrd circuit 7427 

lnlegrntf.!d eil cuil 7430 

Intrg,otrd circuit 7437 
l 

Integrated ci,cuit 7414 

inl{'qlol(>d circuit 7485 

Inle9'ol~d circuil 745138 

Inlf>groted circuit 74151A 

In,t('-~Jloted circtJif~74}53 
: ~ . , 
~nleqroted ':circuit 74157 

Inlefpatl'!d circuit 74174 

Integrated circuit 74181 

Inll!9foted circu.il 74182 

'nte~loted circuil 74$11 

tnf~glaj'~d -dr~iuit 27~ I (825129) 

Integrated circuit 74298 

Inlegrated circuil 74500 

'nf'eqro}ed cir<:uit 74S02 

Inle:gfOIf"d clr :ujl 74504 

I nle groted cifcui' 74510 

lntrqroted circuit 74530 

-'ntegrated circuit 74564 

,integ/atf'd circuit 74S74~ 

Jntegro;ed circuit 745151 

In1f!grofed circuj, 745153 

Int('grated circuit 745174 

In legrated circuit 745182 

'Inlcgro'ied cirx:oj" 745281 

Inl(!qral~d elf'tuil 74L5194A 

InlegrolE'd circuil 745175 

Inlegraled cilcuiL IBOI' 

:~nl~gf(~}~d~ dr,cvit, R&C06i3 

Int~grcitp.d ci,~cv1t' SN74:>J6?J 

-I nl~ grd'ted circuli' nBI (74IBSA) 

Inl~qrol~d circuit 269) (74 ISBA) 
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0' ~ ~ 
" L 

I 
I 

I 

I 
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5111 10005901 

I 

I 

TobIe D-5 FPP Ports li~t contd. 

Reference Description 

~----------------------~----------------------------------

C 1-18. 

:19-~9,51-61. 

R 1,3,5,6,8,9,19-24,26-30,32 -34, 36, 37, 

38,40-48. 

R39, 

R2,4,7, 14, IS. 

RIO-12,16-18,35. 

R25,3 I. 

Capacitor JOIJF, 

Capacitor lOVF. 

Re~islor I Kn,. 

Resistor nOn, 

Resistor .d70n, 

Resistol 4.7Ko, 

Resistor IOKn, 

25'1 FITCO. 

I /8V/, 5" o. 

I 18V1, 5~;;' . 

1./8W, 5% . 

t '-8\'';, 5', . 

I jRV/, 5%. 

12NC Cod", 
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