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[5711 . ABSTRACT

An adaptable programmable calculator employs modu-
lar read-write and read-only memories separately ex-
pandable to provide additional program and data stor-
age functions within the calculator oriented toward the
environment of the user, and an LSI NMOS central
processing unit, capable of handling sixteen-bit parallel
binary operations, binary-coded-decimal arithmetic,
sixteen-bit parallel input/output operations, two-level
interrupt from up to sixteen input/output devices, and a
direct memory access channel. The input/output units
include a keyboard input unit having a full complement

of alphanumeric keys, a magnetic tape cassette reading
and recording unit capable of bidirectionally transfer-
ring programs and data between the calculator and a
magnetic tape, a 32-character solid state output display
unit capable of displaying every alphabetic and numeric
character and many other symbols individually or in
combination, and a sixteen-column alphanumeric ther-
mal printer for printing results of computations, pro-
gram listings, messages generated by the user and the
calculator itself, and error conditions encountered dur-
ing use of the calculator. All of these input/output units
are included within the calculator itself. Many other
external input/output units may be employed with the
calculator. The calculator may be operated manually by
the user from the keyboard input unit or automatically
through a program stored within the read-write mem-
ory to perform calculations and to provide an output
indication of the results thereof. While a program stored
within the read-write memory is being executed, the
user can perform calculations manually from the key-
board. Execution of the program is temporarily sus-
pended at convenient points within the program to
allow execution of the calculations manually selected
by the user. If desired, the user may be prevented from
manually selecting calculations from the keyboard input
unit by disabling the keyboard input unit during pro-
gram execution. The calculator employs & natural alge-
braic program language that allows the user to enter
lines of one or more alphanumeric algebraic statements
into the calculator from the keyboard input unit while
visually observing each line as it is entered to check for
errors therein. The user may immediately execute each
entered line or store that line as part of a program in the
read-write memory, may subsequently recall the exe-
cuted or stored line so that it may be reinspected, and,
if necessary, edited and re-executed or re-stored,
thereby automatically replacing the previously stored
line. The program language of the calculator is con-
tained within a plug-in language read-only memory and
may be changed by inserting a different language read-
only memory.

8 Claims, 276 Drawing Figures

0
t
)
0
0
B)
i)
0
®
@

o]e]e]o]e]ojoje]e]elejo

c]€]0]0]10




4,075,679

Sheet 1 of 267

U.S. Patent Feb. 21, 1978




U.S. Patent Feb. 21, 1978 Sheet 2 of 267 4,075,679




U.S. Patent

Feb. 21, 1978

Sheet 3 of 267

MOOOE®
OOEOE®

)

(

LINE
DELETE m GECALK] [FETCH]

DISPLAY—ﬁ

SYSTEM COMMANDS

{

L

ﬁ
=

—

EEEE

r—— CHARACTER

&

0]0]0]010

B6EHE
©]0]01010
ﬂl@@@

4,075,679

FIG 3



4,075,679

Sheet 4 of 267

U.S. Patent Feb. 21, 1978

1
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
-

||||| To02 NOILO3S | T T T T o0 oIS 0f - ———-
WOY KJON3N| | ATddns| 30N | 1NN |
NI-9N7d | | 4IMOd{HIMOd | | A
_ | AN
Coe2 — 027 v | — .
] _ | _J NIFONd |
] | _ o |
082 - | | 2 ———
_ ==
oY | | I NOMd |
NI-9N1d _ _ on |
_ _ \ONM NM{\_. ||||| |_
oIz JOV4H3INI “ _ uoﬁwwpz_
T = L | TWN¥3LX3 0s¢
JOVNONY]
INVHNIVA (van | (aon) 04INOD
] 40SSI00¥d [T L1380
~08¢ Sng | sng o/1 _0l$
AJONIN AHONIW _ O¥LNOD
3Lm/av 3y ! _ (day)
ISV _ “ _l 4 1d/dS10/ATN
02 ” fac: 05e] | 028 098
AHOWIN _ _ 3L13SSV0
ILIIM/0V Y _ | u3LNMd | | Avidsio | | QuvosAdX | | 3dvl
TWNOILdO | 9ILINOYW
_ P 9Old




4,075,679

Sheet 5 of 267

U.S. Patent Feb. 21, 1978

HOSIAY3dNS
TOMLINOD

401103
AN

HIOVNVI
AHOW3N

=  YI1FYYILINI

[ u371dn00
ISHIATY
Y | B |

»  4ITNOD - W_M%HMI
v v
MOSIAY3ANS AYLNT

o/ QUVO8AIN

SUIANG
AV ldSI

§ 94 NI




U.S. Patent

OCTAL
ADDRESS

00000
2K
4K
oK

10000

12K
14K
I6K
20000
22K
24K
26K

30000

32K
34K
36K

40000

42K
44K
46K

50000

52K
54K
56K

60000

62K
64K
66K

70000

72K
74K
76K

Feb. 21, 1978 Sheet 6 of 267
/
/
/ /
MAINFRAME
/ LANGUAGE
ROM
//
MASS MEMORY
GENERAL 1/0
PLOTTER
MATRIX
ADVANCED PROGRAMMING
EXTENDED 1/0 (PART 1) PLUG-IN
EXTENDED 1/0 (PART 2) ROM
STRINGS
8K
WORDS
i
4K
WOTDS

FIG 6

4,075,679

OPTIONAL
READ/WRITE
MEMORY

BASIC
READ/WRITE

MEMORY



4,075,679

Sheet 7 of 267

U.S. Patent Feb. 21, 1978

MAINFRAME LANGUAGE ROM MAP

ROM CHIPS

I6K 20K 22K 24K 26K

14K

10K 12K

OK 2K 4K 6K

T 11 TTT T I T T TITTTTTITT T I NI TTTTTT
0N SINILNOY “A¥3S SO/1 8 SO 43N
H-HHHHH
SNOLLONNS 91¥1
ittt v rerrl i
. __wa_______* TS
SINILOOY ‘A¥IS M3AMS O/1 8 TOUINOD =)
EH 5
SHIANQ 3LLISSVD
A H
NILSAS ONILYH3J0 3L13SSY
]
HIVW TYNYILINI 9y mw‘%oﬁmm&
HOSIAU3ANS 0/
| I O O O I |11
4OSIAY3NS JOYINOD
T HH
431 344U LN
I IdNOD NdWoD IS¥IATY
S378VL ¥371dN0D
39vd 3 $37 TdW09
A o ]
s 18 g8 g8 B B 3
S 2 <+ @ S < D

$35534adv  v1id0

FIG 7



U.S. Patent Feb. 21, 1978

Sheet 8 of 267

4,075,679

LOW ADDRESSES

OPTION ROM STOLEN READ-
WRITE MEMORY.

SPECIAL FUNCTION KEYS

USER PROGRAM

R-REGISTERS

MEMORY  STARTING OFWAM-—+
SIZE  ADDRESS
aK 70000 |
ek 60000 | WAM :
FWUP—
END$—~ '
RMAX /—; J
2
— NOTES —— 2

(DOPTION ROM AT 30K
TAKES MEMORY FIRST,
BINARY PROGRAMS
TAKE MEMORY LAST.

AVAILABLE MEMORY

STATEMENT PARAMETER
STACK

SUBROUTINE STACK

BLANK WORD

{| FOR/NEXT STACK @

(@) ADVANCED PROGRAM- APl
ING ROM.

(3 STRING VARIABLES  AP3—
ORGANIZATION  INFOR-
MATION AND VALUES.

AP?

VTI—

VT2—
FWBA—
LWAM—~

FIG 8

b —— —

}|NUMERIC ARRAY ORGANIZA-
— — ] TION INFORMATION
}{SIMPLE VARIABLE VALUES
NL%A)ERIC ARRAY VALUES

BINARY PROGRAM AREA

76550 BASEPAGE READ-
WRITE AND PERMANENTLY
77777 STOLEN READ-WRITE




U.S. Patent Feb. 21, 1978

HIGH BYTE

LOW BYTE

Sheet 9 of 267 4,075,679

FWAM —-

317g

KEY NUMBER

CHARACTER |

CHARACTER 2

ONE KEY
DESCRIPTION

377

KEY NUMBER

CHARACTER |

CHARACTER 2

FWUP—

TO ADD A KEY MOVE
THE USER PROGRAM AND
R-REGISTERS INTO THE
AVAILABLE MEMORY. TO
CREATE A "HOLE" AT
THE END OF THE KEY
AREA LARGE ENOUGH FOR
THE NEW DESCRIPTION.

TO MODIFY A KEY DE-
LETE THE PREVIOUS
DESCRIPTION AND THEN
ADD THE NEW DESCRIPTION.
(SEE ABOVE)

FIG 9



U.S. Patent Feb. 21, 1978

FWUP

END$—

N TN s

REVERSE
LINE LINKS

Sheet 10 of 267

FORWARD
LINE LINKS

4,075,679

1 \

A

___/

LINE O

|

LINE |

A

LINE N

REVERSE
LINK

FORWARD
LINK

LINE BRIDGE
(DETAIL)

\TRACE FLAG -STOP FLAG

FIG 10



U.S. Patent Feb. 21, 1978 Sheet 11 of 267 4,075,679

STATEMENT PARAMETER STACK ENTITIES
"WHAT" WORD DESCRIPTION:

] 2 [3[4] 5 =196 |
]

I=VARIABLE

0=CONSTANT
2, 8LASS

nz FULL PRECISION NO.

3

4

5

6 ENTIRE ARRAY

7 EMPTY
3, COMMA LINK
4. COLON LINK
5. SUB CLASS
6. ADDRESSING MODE

0 ABSOLUTE .

| RELATIVE TO "WHAT" WORD

2 RELATIVE TO END$

3 RELATIVE TO AP2
NUMERIC CONSTANT ENTIRE ARRAY
WHAT WHAT
LENGTH=7 LENGTH=4
WHERE =3 WHERE

SIZE OF ARRAY
VALUE
STRING CONSTANT

SIMPLE VARIABLE WHAT
ARRAY ELEMENT LENGTH
R=REGISTER WHERE

WHAT NO. OF CHAR.
LENGTH=3 CH. Il |CH 2
WHERE pu—
EMPTY N
EJ%TTH - CH. N-1 |CH. N
WHERE = 0 FIG I




U.S. Patent Feb. 21, 1978

AP3—

Sheet 12 of 267 4,075,679

AP2 OFFSET TO PREVIOUS AP3

AP2 OFFSET TO PREVIOUS AP

DISTINGUISHES MAINFRAME GSB
FROM ADV. PROG. CALL

FROM SUBROUTINE

ADDRESS OF LINE FOR RETURN

FIG

12



U.S. Patent Feb. 21, 1978 Sheet 13 of 267 4,075,679

BLANK WORD
AP2—T"ADDRESS OF LOOP VARIABLE
STATEMENT RETURN ADDRESS
LINE RETURN ADDRESS
FINAL
VALUE ONE FOR/NEXT
DESCRIPTION
STEP
VALUE
NEW DESCRIPTIONS ARE
ADDED BY MOVING THE SUB-
ROUTINE STACK AND THE
STATEMENT PARAMETER
STACK INTO THE AVAILABLE
MEMORY AND CREATING A
HOLE" BETWEEN THE BLANK
WORD AND AP2. AP2 THEN
MOVES TO THE "TOP" OF
THE NEW DESCRIPTION.
VT|—

NOTE: THIS STACK IS NULL UNLESS THE ADVANCED
PROGRAMMING ROM IS IN USE.

FIG 13



U.S. Patent Feb. 21, 1978 Sheet 14 of 267 4,075,679

VALUE TABLE MAP

VTl ARRAY

VT2 o | -ORGANIZATION DATA BEFORE
VALUE AREA

FWBA—

AFTER ALLOCATING A NEW SIMPLE VARIABLE:

VTl— ARRAY UNCHANGED EXCEPT MOVED
NEW T2 | QRGANZATION DATA | ¢ TO LOWER MEMORY
NEW VALUE INSERTED ABOVE VT2
oD VT2—f————————— 1+
VALUE AREA COMPLETELY UNCHANGED
FWBA—>

AFTER ALLOCATING A NEW ARRAY:

VTi— ARRAY UNCHANGED EXCEPT MOVED
| _ORGANIZATION DATA | _y TO LOWER MEMORY
NEW T INSERTED ABOVE OLD VT2
NEW VT2 o | —ORGANZATION DATA
NEW VALUES
OLD VT2—=f—————————" -+
VALUE AREA COMPLETELY UNCHANGED

FIG 14A



U.S. Patent  Feb. 21, 1978 Sheet 15 of 267 4,075,679

EXAMPLE: DM A,A[3,2,4] B,C[-1,7:9],D

ARRAY
POINTERS
A NO_OF I DM 6L 10y LpUp, - Ly Uy
B DIMENSIONS=3 Dv=Uy-L
- T3 B KUk Lkl
~ -~ D3=3 = ~ .
L = o= T
Y 2 = > A324
Z D=2 = A24
Ly =l < Al24
D=4 =3 A3jq
ADDRESS OF ﬂoiu' A2 |4
LAST WORD OF Allq
FIRST ELEMENT T35
LENGTH OF DATA .
= 96 WORDS 223
L NooF Ll<H—
DIMENSIONS=2_| _, B3
-L2= | = A213 <
Dp= 3 -° AlLl3 S
=7 Sz A392 o
o |
= Ajp2 =
PONTERS | | ASP WoRD-OF |2 A3 ~
A | |FIRST ELEMENT |S A1
B LENGTH OF DATA l All?
C L L = 36 WORDS A32|
D [NT2—{  VALUE OF D _|SIMPLE VAR A0l
o s i C[9 T A|2|
Y C09 — A3l
Z C-19 = A1l
Tar il
.
e P — VALUE OF A ]L
Cl7 2 SIMPLE VAR:
Co7 =
C-17 !
L~ VALUE OF B |SIMPLE VAR. FIG 14B




4,075,679

U.S. Patent Feb. 21, 1978 Sheet 16 of 267
pryuing! DESCRPTION }
R
= 6550 /FROGRAM 60
i LINKS 100
S £ 76600 20
2% 201 COMPILE BUFFER s %
a = 60
EZ_ 60 w200
5 & 76700 A
- | 5
w
g:mgg COMPILE STACK z
5 20
: o 8
A e ROM STOLEN | 80
rrio0|  INPUT/QUTRUT | READAWRITE |
20 BUFFER 40
40 60
60| KEYBOARD BUFFER 500
10y /0 DRIVER 20
20 [CONT SUPER. TENE|  TEMP. 4
S oML TR nTERe TEMR| 00
= 77300 AND. TBL. FOR 20
= ogpzzZzZzzz 2 EXEC. STK. 40
T 40 SRANDOM NO.
S oo SEED 100
= T1400F ArRAY VARMBLE | fon- NER- | &0
) O POINTER TABLE | RoM LINKS 40
= 40[INTERR JUMP TBL. 60
| 60 HIGHS LOW_y
Z o T e n
@ 90 .
40 //RESEQE//LENTER & RES. REG.
17600 [ KEYBOARD BUFFER
% -LIVE_KEYBOARD
B p27777272777777), TENPORARIESS
el USM STACK
[£40] -CASSETTE TEMP
28 SHARED TEMP.
e0[ MATH_ WORKING
STORAGE

FIG IS

PROCESSOR
REGISTERS

SYSTEM STARTUP/

CONSTANTS

POINTERS

ROUTINE LINKS

DELAY~

ABSAD |

FIXIT

7

NGET-
SDIV, 1DV

)

KEY

— 8 WORDS
REFER TO

/] LISTING FOR
ZZ MORE DETAIL




4,075,679

Sheet 17 of 267

U.S. Patent Feb. 21, 1978

001 H0SSID0U—, 9l 914 AX1ddNS ¥IMOd WO
i 20— U
| — HOLINOW OL{ gl yo1vyangs 2
| o= —=2p 00710
_ —

NOY WLS =———— 104INOD - ZHAS
| T R e L 0l
| ol W |gs 1INoH1D - LN
_ sl —— 13534d < 13
||l A8 y ~ SIS
¥ NLS = £ + 13 -
<& e VY ] - YYINQ
R T1a <l
g oo [ d -

- LS — -

" om%w M T_ﬁj \ | NOLLYNINY3L
| R ¥0SS 30040 - @
_ L& [ @
| JSva-avafl £ Svor |98 3 1 m_m_%o =
<> o SVI-OVAL [Fara - giT ] 6la0i-0001 < >
s T ) 8 e -
_ =z g S | 98 | [Ow3] [ 901 ] % NOILYNIWY3 L
| = T04INOY ORS00 T [T F— o0
| 7\ o > M — S0l
_ \ / ik i AN
| |/ 30v43LNI HOLINOW V| j g1
e v_———————— . l+H L ¢Vd-0Vd—




4,075,679

Sheet 18 of 267

U.S. Patent Feb. 21, 1978

© NV ONIWIL
ANOW3W OL

1 9ld

van - 02y
0 logl— A
P |
g0 pgawnd > £ 12 Ll |
] (@)
X IX o =
L 3
140 S
v
LINJHIY
5 , 135344 01
¢um<§ ISVH
DVIILNI
HOLINOW OL 40SSID0UdONIIN 01

HOIWIANID M00T1D



4,075,679

Sheet 19 of 267

U.S. Patent Feb. 21, 1978

8| 914
HOLY¥INID D010 W04 < N
Y0010 INO 3SYHd iy
1353 ™
¢y
1353y

¥0SS3II0UJOUIIN 0L

d0d<

A

LA o

11NJYID 1353dd



4,075,679

Sheet 20 of 267

U.S. Patent Feb. 21, 1978

AHOWW

TNy3LY3 01
qQ /\V\
“Tyqy-Oy

.

6l 914

40SS3D08d 0¥I1W QIHTAH

LI0Y1) faaa
TOMINDD

Sng oL {oud

dLA9

v
JKWN

OWS

MO

WLS

SANNOYS ONY

S317ddNS ¥3IM0d

. SIVYIMATY3d
q1d - yM/an 5,918 AHOWIW $,918 TvadH4dI¥Ad 19 0L sng
119-8 g ANN 119-8 YIva 0/]
4
m T Tyar-Ovan) sng var j_ J le STgo1-Cor
18 q1d
119-8 1188
usl N
” 1
d7IdYNd ¥3d4ng pgamv Au_»__mv AUOMV TOYLNOD NOILDAWIA L0og
HOSSIDOUd
TOHLNCD NOILDIYIGA n:Iu &_Iu zun_u_DzHZDu A79¥NI ¥32and 0/1 a8
- 305532044 HLYW 1nd1no '
AMYNIE TINILY3 1NNl
tdd
zea | SSTHAGY
WMM TYUIHdIY3d
STYNOIS T04INDD T
|
EEEEEEFEL 82 g ERES B
> [ Ne] [} =



U.S. Patent Feb. 21, 1978 Sheet 21 of 267 4,075,679

HIGH R—L, TTL-—>MOS

L—L, MOS— TTL

DIRECT ION /\/I[;O

CONTROL ~
ONFEED | ENSURES THAT THE
BUFFER S| BUFFER ENABLE LINES
ENABLE ARE NON-OVERLAPPING
— "L
L f‘v
rFr——————————— = — — — — =
| 1 OF 8 BUFFER CIRCUITS I
| RI-STATE LEFT TO RIGHT ENABLE I
T -
| ourpuTs i} |
| i |
| |
| L{(N) >4 +>— R(N) |
I (MOS SIDE) (TTL SIDE) |
| |
| I
| RIGHT TO LEFT ENARLE |
| |
L o o e —|l—2
L L




U.S. Patent Feb. 21, 1978 Sheet 22 of 267 4,075,679

077000 ———— e —
o P
OCTAL ADDRESSES ~
077777
BASE
~—— 00000 PAGE
i 5. \ REGISTER
= 7 { LocaTIONS
00037
A A
ABSOLUTE
L 1
lz,igg 00777 @ | — S
01000
i o
T~ T
L_ - 01777
02000
- et
T T

Base Page Description

FIG 21



U.S. Patent Feb. 21, 1978 Sheet 23 of 267 4,075,679

CURRENT PAGE ABSOLUTE ADDRESSING CORRESPONDENCE
FOR MEMORY REFERENCE INSTRUCTIONS

LEAST 10 BITS " "
OF ASSEMBLER REAL ADDRESS
QUTPUT (octal)
TOP 5 BITS (of P) LOWER 10 BITS (octal)
1 000 X X XXX 0 0 0 0 START OF PAGE
1001 X X X XX 0001
1 00 2 X X X X X 0002
1777 . 0777
0000 . 1000
0001 . 1001
000 2 . 1 002
0777 X X X XX 1 7 7 7 END OF PAGE

FIG 22



U.S. Patent Feb. 21, 1978 Sheet 24 of 267 4,075,679

00000 8
T T
< -
X X X X X 8 - 777 8
L 1
T T
| CURRENT VALUE
gﬁEEENT ¢ xxxxxg |V OF PROGRAM
COUNTER
L L
T 7
L X X X X X 8 + 7 7 6 8
'L L
T
77777 8

RELATIVE ADDRESSING

FIG 23



Sheet 25 of 267 4,075,679

Feb. 21, 1978

U.S. Patent

Vi Old

S1/0 SV O aUAod gdv {(19vd dsvd LON /TIOV I ISVE) M\m NV

Z1G6- 1716+ ‘d 40 LYTYA LNII¥HEAD

(oM IaNI/LDadIa)  1I/d

QHL Ol JALLVYIAY  (GATLYTTY) g/4 I 0 T T l1/0
/4 0 0 1 1| 1/a
("0L3
a/4 T 1 o T11I/a
“g000€ ‘9000T1) 19¥d JHL 40 I70dIW
4/4 0 1 0 1! 1/a
JHL OL JAILYIdY  (dL0710S4V)
a/4 1 0 0 11 1/0
PONIQODONT d9¥d LNIJIND x
da/4 0 0 0 1| 1/0
*0dAZ NOILYDOT AMOWIW OL IDJdSdd HIIM
a/4 T1 1 0| 1/0a
SAYMIY SI DNICQOONI $S7¥adv d9ovd HSVH x )
a/4d 0 T T 0 1/d
“INO ad¥Y NIHL *
a/4 110 T 0 I/a
‘-0 SLIg9 INAWITIWOD ‘6 LIg IJONOI |
4,/9 01! 0 1 0| 1/0
CIATLUOMEN $I SSsAdaay ‘T1=6 LI ¥0d M :
/49 1 1 0 0|1/
“Haay ATLISOd = 8-0 SLId ‘0=6 LI1d 04 M
d/4 0. I 0 0| L/a
“SHILSIOUM MY BLE-0 SUSSTHUQY M
q/4 T 0 0 0| 1/0
‘Q1414 ssodaav 419 0T *
g/4d 0 0 0 0|1/
0 T z £ 14 S 9 L 8 6 0T 11 21 €T ¥1 ST

SNYIL1Yd L19 NOILON¥LISNI Jdd

dWC

H0T

25d

qav

vav

ddD

AWVN

"LSNI

AONTHITATTS AT OWHKW

LJINOUO



gvé 914

4,075,679

~
=)
~Q
Gt N
5] 1-N SI
% a1314d SIHL
0 0 1 1 1 0 0 1§ 1 T 1 1 g
° NI AYVYNIE ,
2 o 0 0 1 1 1 o 0 0] 1 T 1 T AL
w "gI>N>T :
0 0 0 1 1 0 0 T 1 T 1 .1 148
A24N0S N1«
0 0 0 1 1 0 0 0] 1 TT 1 VS
Q114 |
o0 0 0 1 0 1 0 0 1] 1 L S adgs
~ ALY.LON .
=) 0 0 1 0 1 0 0 o] 1 T 1 1 avs
i -LJIHS ,
— 0 0 o 0 1 0 0 1| 1 1 1 1 gey
by 40 SLIf b o«
. 0 0 0 0 1 0 0 0] 1 T 1 1 qYY
" ,
4
0 1 z € 14 S 9 L 8 ¢ o1 11 21 €1 #¥1 ol dAWUN
m “LSNT
L
ad JLYLOd-LJALIHS < dNOED
&
. (Q3NNILNOD) SNY3IL1vd LI9 NOTLIMYLSNI 2dd
(7]
.



4,075,679

Sheet 27 of 267

U.S. Patent Feb. 21, 1978

dve diId

(T ¥)

H s300dodd S NY H0 D ¥V MAHLIA J0 dONISddd dHL °S.0 JAYW H¥Y S/ ANV H/H HLOH

‘INASTId SI O ¥ON S ¥IHLIIN JI

*JITASLI YATIWASSY IHL Ad I3S SI H/H  YIAAIMOH

*1/0 SY Q440D d¥Y (LAS/4YdT1d) S/D ONY (dTOH L,NOQ/d7TOH) H/ H

s/0 H/H 1 1 T 1 T 1 1 1 s4ds
S/D H/H 0 1 1 1 i¢ T 1 1 ods
s/0 H/H T 1 1 0 T 1 1 1 sS0S
/> H/H 0 T T 0 T T T 1 208
s/> H/H 1 0 1 1 1 1 1 1 Was
S/0 H/H 1 0 1 0 1 1 1 1 WYS
‘p~0 SLIE JO dWOD +T=#
S/> H/H 0 0 T 1 T 1 1 1 ddgs
‘#-d OL 4TS ‘1=6¢ LId 41 «
s/0 H/H ] 0 T 0 T T T 1 dv¥s
‘v NMHL 0 S11d=%
S/0 H/H 0 T 1 1 1 1 T 0 a18
f#+4d OL dINS ‘0=6 LI9 AT «
S/> H/H 0 1 1 0 T 1 1 0 ¥1s
‘2E-
s/0 H/H 1 T T 1 T 1 1 0 4714
‘1¢+ ‘@1aId dINS 11€ 9 «
S/D H/H 1 T T 0 1 T 1 0 vy
0 1 4 € 14 S 9 L 8 6 0T T 21 €1 9T R AWYN
"LSNI
qALTY :dNO¥o

(Q30NTLNOD) SNYILi¥d 119 NOILINYLSNT Jdd



Sheet 28 of 267 4,075,679

Feb. 21, 1978

U.S. Patent

ave 914

1 1 0 1 [ [ l 1 [¢] I
1 0 0 [ 1 [ 1 1 0 SHS
1 1 o 1 0 1 1 1 0 nas
1 0 0 L 4] T [ 1 0 sAs
1 1 Q 1 1 T 1 1 0 nss
1 0 0 T T 1 { 1 0 SSS
T 1 0 1 0 T I T 0 244S
T 0 0 T 0 T 1 1 0 SdS
v-0 SLIF 40
0 T 0 1 T T T T 0 qg1s
dWOD +1=%¢ ‘#-d OL
0 T 0 T 0 T 1 1 0 YIis
dIMS ‘1=§ LId dI ¥
0 0 0 T T T T T 0 d1yd
‘v DMHL 0
Q 0 0 T 0 1 T 1 0 vy
SLId=% ‘#+d4 OL
0 T 0 T T T 1 T 0 SVAS
dIMS ‘0=§ LI€ dI N
0 1 0 T 0 1 T 1 0 YZSs
ZE- 1€+
0 0 0 T T T 1 1 0 24
‘aTdId dINS LId 9 *
0 Q 0 T 0 T 1 T 0 ¥Zd
T 4 € 14 L 8 6 ot IT 21 €T P1 St UWYN
*LSNI
dIAS $dnoun

(Q3NNTINOD) SNY3L1vd LI9 NOILINYLSNI Jdd



4,075,679

Sheet 29 of 267

U.S. Patent Feb. 21, 1978

D) ZADIE

dv¢ 9id

Ive 94

.Amhmcou sSAjaav *1/0 SY Q3Q00K3 (LDIWIANI/LDA¥IA) 1/

Y¥3Ls1DJd LId § 0 0 0 0 0 0 o] 1 T 1 |I/a axi
0 1 Z € v S 9 L 8 6 01T 1T ZU €T pI &I AWYN
TLSK1
ALADAXT  FdNO¥D
0 0 o 0 0 1 0 0 0 0 0 T| 1 T T gL
0 0 0 0 0 1 0 0 0 0 0 0| T T 1 1 VoL
0 0 0 0 0 1 1 0 0 0 0 T |1 T 1 1 and
0 0 0 0 0 1 1 0 0 0 0 0| I T 1 1 YWD
0 1 z £ 4 S 9 L 8 6 0T 1T 21 €1 *®T ST AWYN
TLSKI
LNIWITIWOD  :dNoyn
T{TEx NYHL *1/0 SY QiIAODN3 (DOT (IHL d0d/d0d L,NOd) d/d

2€- SMOTIY) a1dld JdIdS
INIWI'TdWOD S.2 ‘LIg 9 | d/d 1 0 0 0 o[ 1 1 1 T 14y
0 1 4 £ v S 9 L 8 6 01 1T z1 €L #T ¢l TWUN
TLSNI
TAIOUN

(LNOJ) SNY3LLVd 118 NOLLONYLSNI Dd8



4,075,679

Sheet 30 of 267

vGe 9id

U.S. Patent Feb. 21, 1978

—_— =
5 12] |2l |2 L
NEEIREIRE
sl el 12l 12 *av
= W W m FHr, 5L
W I = =1 RV SNA
= Z & g o o (A1 N1Y [ mv aua V
g P o5 08IN0) My [E
- T 578
%1 4R}
j &) —_
LA m
. i o
~ NS R AAS \4—& 2 m
i)
Lo
228 “Tavz — YNNI WD
545 7] X141YN e \
SEw a1 | S J
— _ ——avaa (90)YUSIIN & a 13s/% .:..mv
B 4 1
NIHM CTRLVIOTRERT 4V x|
— =
_ C 04107
Y1 sm gy
143S —
(SNOILISKYVL o ——nyr (GDIN3ISI93 ¥ ¥ 135Sy &Ew
INI0I-3L91S — — 1
WLLNINR3S-poM <55 3INGDY
4 C
n ) & 141HS 43151938 1 1 L35 J
09 ¥ = _ = o0 HW J
INNOD-3LY1S — N ; |
LN <o} SIHIT 0¥IM0) SAOMOUHIMASY P g
L ) 360730 NOTLINALSNI i
=
ﬁ SY3141 90 oYY — 5
— = 1
| T 1]
o = 5 ) Son
RIS By *NY3L1vd
— ¥IINADY I1VIS 118 h IR 5T g
20q
. SIHILV <3 uas)

-
518
EiEl




Sheet 31 of 267 4,075,679

Feb. 21, 1978

U.S. Patent

Sng §01

$layz

ST L0032

M m_ m _ ' M mu o » sna val var awa
4 k< >
; [va1_sas>
1 L NG % 3 AR 2 300030 5S3Ua0Y (1 “801 wsr)
1IN n Soropnr = ———
110041D SLIN¥I SLINMII L Ll
SLINJEID Gy LI B Ll
NOILYZIMOYHINAS T04IN0D k]| 0uN0d | | o
SHOINYTTIS I WSk 234 = ] !
HOL34 NOTLINHLSMI sng AYOW3W /_ ﬂ
T T —3 I " ,” (varzss]  (QDYIASION 0 ams |
H s SIHILY] SSIUATY ONY oo -
ONXS MI val1
ais NOILJ3130 ¥3LSI9 Ddd E 0Ty —1
NOT123S-W T
—‘ _ (ST)YALSIOW 1 1 135/1 m:au
W1S
STavz ] & L
AC/X3 dWQ —III—
H o —  (SDINGMI ¥300v-4
prosr— . e dDNI u_v
lﬂ ¥0103138 AD/X3 . = ] LI
2
[sov > = (s Ivd dwg ——
B¢ = 2 YI0qY-d  wsa awa
A0 3 [ > =
 qQHS 1TAHO DY k<0 _133) G ¥0LI3T3S 300w ONISSTYACY
ST &1 NaHB 01 T T N h
dIA0dIG¢ SI LI NIHM WOud _ WAE — \ﬂ —’
[ACOLT X30LT
A¥T13Q JLVLIS-3INO ¥ NI
ONILTNS3H .ﬂ& ONIMOTIOL I_Oz._.ZDu >D\xm nMﬁumm.—m_Oum m 4 13s/4 LIDU
FHL TILNA LI NG LDV
LON $300 NOTIONHLSNT T
~0dIIW 3HLI ONISD g > m m
WSINVHOIK FHL ‘ATTYDIJAL g% |3 (STHYILSIO3 o ¥ 13aS/Y m:aQ
T.mz:a > @Q\ e
L =
oo phe 041N0D 141H
wanotive 3 owiooosa % Ln “ o (9TAILSION § s
40 SIINVLSNI FML T1v A3 Swv
= ¥3LSI9M § =
— | LNdLNO ¥0§ 1§ ONINNG 15 0 T3
r p; 1 )40
' 03 #1 LNOD




U.S. Patent Feb. 21, 1978 Sheet 32 of 267 4,075,679

NOTES:

1.

-——{:::>>——— DENOTES A MICRO-INSTRUCTION DECODED IN THE ROM.

2. E:> AND C::) DENOTE ONE- AND TWO-WAY INTERCONNECTIONS TO A BUS;

9.

10.
11.

ALWAYS CONTROLLED BY A ROM MICRO-INSTRUCTION.

DENOTES A DIRECT CONNECTION BETWEEN TWO ITEMS.

l DENOTES A CONNECTION BETWEEN TWO ITEMS THAT IS ACTIVE ONLY WHEN
THE STATED SIGNAL 1S GIVEN. SUCH SIGNALS ARE NOT ROM DECODED
AZAB MICRO-INSTRUCTIONS. SOME ARE PRESENT THROUGHOUT AN ENTIRE

EXECUTION CYCLE, WHILE OTHERS REFLECT MORE TEMPORARY
CONDITIONS.
OR

| l DENOTES THAT THE STATED LINE REPRESENTS A DECODED CONDITION.

REPRESENTS A NON-MICRO-INSTRUCTION CONTROL LINE OR
[:::::]F—Iﬁ SOME OTHER SIGNAL.

)&4:::::)6— REPRESENTS AN INPUT TERMINAL TO THE BPC

B  rEPRESENTS AN OUTPUT TERMINAL FROM THE BPC

¥XC " K—REPRESENTS A TERMINAL THAT IS BOTH AN INPUT AND AN OUTPUT.
NUMBERS IN PARENTHESES INDICATE THE NUMBER OF BITS A MECHANISM HANDLES.
THE LOGICAL SENSE (XXX VERSUS XXX) OF THE 1/0 TERMINALS IS

CORRECTLY INDICATED. HOWEVER, THE DRAWING IS NOT A RELIABLE INDICATOR
OF THE EXACT SENSE OF THE INTERNAL SIGNALS. TYPICALLY BOTH SENSES
EXIST, AND FREQUENTLY THE PHYSICAL PROXIMITY OF SIGNALS TO THEIR
DESTINATIONS WAS MORE IMPORTANT IN DECIDING WHICH SENSE TO USE, RATHER
THAN AGREEMENT OF LOGICAL SENSE.

BECAUSE STRICT ACCURACY IN REPORTING SIGNAL SENSES ON SUCK A

GENERAL LEVEL DRAWING WOULD SHARPLY INCREASE THE NUMBER OF INTER-
CONNECTIONS, WITH ONLY A SLIGHT INCREASE IN USEFULNESS, WE USUALLY
SHOW ONLY THE NAME OF THE SIGNAL.

FIG 25C
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SIGNAL
NAME

MEANING AND ASSOCIATED ASSEMBLY
LANGUAGE INSTRUCTIONS

FORMULA FOR
GENERATION

LD*

INSTRUCTION IS EITHER LDA OR LDB

(LOAD A OR LOAD B).

I11

DIFFERENTIATES BETWEEN THE TWO.

I

14

*I

13

*I

ST*

INSTRUCTION IS EITHER STA OR STB

(STORE A OF STORE B).

111

DIFFERENTIATES BETWEEN THE TWO.

AD*

INSTRUCTICON IS EITHER ADA OR ADB

(ADD TO A OR ADD TO B).

111

DIFFERENTIATES BETWEEN THE TWO.

CP*

INSTRUCTION

1S EITHER CPA OR CPB

(COMPARE TO A OR COMPARE TO B).
I11 DIFFERENTIATES BETWEEN THE

TWO.

DIFFERENTIATES BETWEEN INSTRUCTIONS
INVOLVING THE A REGISTER AND THOSE
INVOLVING THE B REGISTER.

JMP

INSTRUCTION IS JMP

(JUMP) .

JSM

INSTRUCTION IS JSM
SUBROUTINE) .

(JUMP TO

1Sz

INSTRUCTION IS5 ISZ
THEN SKIP IF ZERO).

(INCREMENT AND

T14°T13 112

*Iy;

DSZ

INSTRUCTION IS DSZ
THEN SKIP IF ZERO).

(DECREMENT AND

AND

INSTRUCTION IS AND

(AND TO A).

IOR

INSTRUCTION IS IOR
WITH A).

(INCLUSIVE OR

ASG

INSTRUCTION IS AND ALTER-SKIP GROUP

INSTRUCTION:

RLA SKIP IF
RLB SKIP IF B
SLA SKIP IF A
SLB SKIP IF B.=
SAP SKIP IF A
SBP
SAM

SBM SKIP IF

Bys”

SKIP IF 815=0,
SKIP IF A, .=1,
1, ALTER B

ALTER A, .
ALTER B
ALTER A
ALTER BO'
ALTER A
ALTER B

ALTER A

0

0°
0°
15°
15°
15°
15°

FIG 34A
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SIGNAL MEANING AND ASSOCIATED ASSEMBLY FORMULA FOR
NAME LANGUAGE INSTRUCTIONS GENERATION
ASG S0C  SKIP IF OVERFLOW=0, ALTER
(CONT.) OVERFLOW.

S0S  SKIP IF OVERFLOW=1, ALTER
. OVERFLOW.

SEC  SKIP IF EXTEND=0, ALTER
EXTEND.

SES  SKIP IF EXTEND=1, ALTER
EXTEND.

RZA  SKIP IF A IS NOT ZERO.

RZB  SKIP IF B IS NOT ZERO.

SZA  SKIP IF A IS ZERO.

SZB  SKIP IF B IS ZERO.

RIA  RZA, THEN INCREMENT A.

RIB  RZB, THEN INCREMENT B.

SIA  SZA, THEN INCREMENT A.

SIB  SzB, THEN INCREMENT B.

SFS  SKIP IF FLAG SET.

SFC  SKIP IF FLAG CLEAR.

SS§S  SKIP IF STATUS SET.

SSC  SKIP IF STATUS CLEAR.

SDS  SKIP IF DECIMAL CARRY SET.

SDC  SKIP IF DECIMAL CARRY CLEAR.

SHS  SKIP IF HALT SET.

SHC  SKIP IF HALT CLEAR.

17 1,
DIFFERNETIATES BETWEEN HOLD, AND ALTER
BY SETTING OR CLEARING, THE TESTED BIT
IN THE FOLLOWING ALTER INSTRUCTIONS:

RLA, RLB, SLA, SLB, SAP, SBP, SAM,
SBM, SOC, SOS, SEC, SES. 17=0
IMPLIES HOLD; I7=1 IMPLIES ALTER.

16 IF 17=0, I6 DIFFERENTIATES BETWEEN T,

CLEARING OR SETTING THE TESTED BIT,
WHEN DOING AN ALTER INSTRUCTION.
T6-1 IMPLIES CLEAR; I6=0 IMPLIES
SET.

LSC INSTRUCTION IS AN ALTER INSTRUCTION 515-114-113-112
INVOLVING A LEAST-SIGNIFICANT BIT: I,4°Ig
RLA, RLB, SLA, SLB.

MsC INSTRUCTION IS AN ALTER INSTRUCTION I goT 415015
INVOLVING A MOST-SIGNIFICANT BIT, I,
EXTEND, OR OVERFLOW: SAP, SAM, SBP,

SBM, SOC, SOS, SEC, SES.

FIG 348
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STIGNAL MEANING AND ASSOCIATED ASSEMBLY FORMULA FOR

NAME LANGUAGE INSTRUCTIONS GENERATION

RSS DIFFERENTIATES BETWEEN THE SKIP AND ISP S P T
REVERSE~-SKIP SENSES AMONG THE ALTER Ig
AND SKIP GROUP INSTRUCTIONS.

EQ INSTRUCTION IS EITHER SEC OR SES. SPS SUTE ST Spv
RSS DIFFERENTIATES BETWEEN THE TWO. I;,°110% g

0Q INSTRUCTION IS EITHER SOC OR SOS. £15.114.113.Ilf
RSS DIFFERENTIATES BETWEEN THE TWO. I;,°110% I,

S/RI INSTRUCTIONS IS A "SKIP/REVERSE- 115-£14:113-112-
SKIP, THEN INCREMENT I geTgeT eI,
INSTRUCTION: SIA, RIA, SIB, RIB.

S/RZ INSTRUCTION IS A "SKIP/REVERSE- 115-£l4:Il§fIli
SKIP, WITHOUT INCREMENT I,9°Tg°I,+ T,
INSTRUCTION: SZA, RZA, SZB, RZB.

FGC IF ASC IS A 1, AND EACH OF S/RI, _il'fs
S/RZ, MSC AND LSC ARE 0'S,

INSTRUCTION IS EITHER SFS OR SFC.
RSS DIFFERENTIATES BETWEEN THE TWO.

STC IF ASG IS A 1, AND EACH OF S/RI, Ill°f;

S/RZ, MSC AND LSC ARE 0'S,
INSTRUCTION IS EITHER SSS OR SSC.
RSS DIFFERENTIATES BETWEEN THE TWO.

HTC IF ASG IS A 1, AND EACH OF S/RI, 1,71

S/RZ, MSC AND LSC ARE 0'S,
INSTRUCTION IS EITHER SHS OR SHC.
RSS DIFFERENTIATES BETWEEN THE TWO.

SEE NOTE AT BOTTOM.

RET INSTRUCTION IS RET (RETURN). [THE £150£l4-113-lly
o) i » ._0.-.
P/P BIT (I.) IS A DON'T CARE BIT T 10T g0 T T I,
FOR THE BINARY PROCESSOR CHIP.]

EXE INSTRUCTION IS EXE (EXECUTE). {14'{13;?13'I;r

107 Tg1g" I Ig
Is
NOTE: THE NOR OF FGC, STC AND HTC, IF TRUE WHILE ASG IS ALSO
TRUE, WHILE S/RI, S/RZ, MSC AND LSC ARE FALSE, SPECIFIES
EITHER SDS OR SDC. RSS DIFFERENTIATES BETWEEN THE TWO.

FIG 34C

4,075,679
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IS ONE OF THE FOLLOWING:
AAR  ARITHMETIC RIGHT SHIFT OF A.
ABR  ARITHMETIC RIGHT SHIFT OF B.
SAR  SHIFT A RIGHT.

SBR  SHIFT B RIGHT.

SAL  SHIFT A LEFT.

SBL  SHIFT B LEFT.

RAR  ROTATE A RIGHT.

RBR  ROTATE B RIGHT.

I6, I7 AND I1l ARE USED TO
DISTINGUISH BETWEEN THESE
INSTRUCTIONS.

SIGNAL MEANING AND ASSOCIATED ASSEMBLY FORMULA FOR
NAME LANGUAGE INSTRUCTIONS GENERATION
T/CM INSTRUCTION IS ANY COMPLEMENT ils.il‘t:_llg_. Ilzo
INSTRUCTION: CMA, CMB, TCA, TCB I10‘19018'I7‘15
(ONE'S COMPLEMENT OF A, ONE'S
COMPLEMENT OF B, TWO'S COMPLEMENT
OF A, TWO' COMPLEMENT OF B).
* . . . 0
TC INSTRUCTION IS EITHER TCA OR TCB ilS El 4_111 Il‘—2
’ v . . .
(TWO'S COMPLEMENT A OR TWO'S IlO 19 IB’I7 * Ig
COMPLEMENT B). I 5
SRG SHIFT-ROTATE GROUP—INSTRUCTION _1.15‘—1—14'113'112'

T10° 19" Ig" s

FIG 34D

4,075,679
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TABLE OF GROUP
ENCODING QUALIFIER GENERATION

4,075,679

INSTRUCTION
CATEGORY

GROUP

QUALTFIERS

GENERATED

G3

G2

Gl

GO

ST*
AD*
JMP
EXE
ASG
LD*
SRG
152
JSM
DSZ
RET
T/CM
Cp*
AND
I0R

O OO O F O H O O O o+ O

= T = T — T~ S S I R R = S

H H MO QO K kO MO

= - © +H O O +~H O C +H O O O +~
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ROM STATE-COUNTS

RULE FOR COMPUTING NTH = ROM STATE —
STATE COUNT FROM N-1TH § w | COUNTER OUTPUTS
STATE COUNT: = ﬁ ™ o~ —~ =)
o> s 22138 3|8
XOR 14 0 1 1 1
SC3 SC2 SC1 SCO o j1joj1,0
\ \ \% 1 0ol1] 01} 0
L3503 SC2 SC1 SCO 2 |1]l0]1]1
3 1 1 0 0
1. \\N DENOTES NTH SC(I)= 4 l l l l
N-1TH SC(I-1)
2. \)y DENOTES NTH SC(I)= 5 1| 1(1{|0@0
N-1TH SC(I-1) 6 0 1 1 0
7 0 0 1 0
8 0 0 0 0
9 1 0 0 1
10 0 1 0 1
11 0 0 1 1
THESE STATES NOT USED 2 1110100
13 1 1 0 1
START-~UP STATE { 14 0 1 1 1
(CAUSED BY POP)
” ¥/} (E 0 0 O
FORBIDDEN" STATE
(TRANSITIONS TO 0 0 0

ITSELF ONLY)

FIG 40
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THE ASM CHART HAS THESE 20 NON-SEQUENTIAL
STATE-COUNT TRANSITIONS:

0100 37102 2104 [ 3107 {27010
5700 4 10 2 4104 | ST07 |6 7010
10100} 37103 2106 | 4109 |7 70 10
27102 bT103 3706 | 97109 |14 71010

REQUIRING THESE 8 "NEXT-STATE IS...”
NON-SEQUENTIAL STATE-COUNT
MICRO-INSTRUCTIONS:

NSO NS3 NSb NSS
NS2 NS4 NS7 NS10

DEFINITION OF THE ”NEXT-STATE IS..."
NON-SEQUENTIAL MICRO-INSTRUCTIONS:

NON- STATE-COUNTER CONTROL LINES
SEQUENTIAL

STATE-COUNT

MICRO-
INSTRUCTION

INCI
NSC3
NSC2
NSC1
NSCO

NSO
NS2
NS3
NS4
NS6
NS7
NS9
NS10

NONE OF
THE ABOVE

THESE PATTERNS, WHEN PUT
THROUGH THE STATE-COUNTER'S
RULE FOR STATE-TO-STATE
TRANSITIONS, RESULT IN THE
DESIRED STATE-COUNTS.

é_

ololo|lo|lo|jolo |o
o|l~r|loloj— =]
o|l—|ir|lolo|lo|— |-
il lo|lolol—|lo|lo
olo|l~r|l~|lol—lo |~

—
[}
1
1
1

FIG 43
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W

ZAB BUS

' I
| |
e [ '
— ] {
i (A;* AZAB-ZZAB)+ 1 | EX/OV I
: Ai__L—r—— (Bi. BZAB* ZZAB) { ) (FROM EXTEND AND |
I o | OVERFLOW REGISTERS) |
| | b - e e e - - e o ——— 4
I : N For BIT 15 oNLY A
| !
|
|
| lrl-—-——-—-—-—-—-—— == A
1 1
: , TO SKIP MATRIX |
i ' 4
R ety
H R FOR BIT 0 ONLY 7
e e e e = — -~ —— 4
REPEATED 16 TIMES, ONCE FOR
EACH LINE OF THE ZAB BUS
1
11 ¢ E)() > TO INSTRUCTION DECODE (FrROM THERE USED
BIT 11 OF THE BY THE ROM IN DECODING A SET A VERSUS
I REGISTER SET B, OR, DMP A VERSUS DMP B)
(INSTRUCTION'S AZAB
11TH BIT,
WHICH IS A/B BIT FOR
BZAB
LDA OR LDB, ADA OR
ADB, ETC.)
ZZAB > ZZAB

1;‘ FROM ASYNCHRONOUS INSTRUCTION GENERATOR (SEE BRC 4-5)

THERE ARE EIGHT INSTRUCTION CATEGORIES THAT
OVERRIDE THE NORMAL AZAB OR BZAB OPERATION, AND
DO ZERO TO THE ZAB BUS INSTEAD.

FIG 48
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RULES FOR GENERATING SUM AND CARRY BITS

SERVICE
LOGIC
SIGNALS

INPUTS

OQUTPUTS

1

1

1

1

NOR
XOR
XOR
AND
CIN<NOR
CIN«XOR
CINeXOR
CINeAND

H ~ ~ =~ o o o o] CIN.

F ~ o o + - © ©of| ZAB.

~ O H O K+ O - O

H - o+~ o o o]cour.

- O o +H © + = of SUM.

"AND","NOR" AND "XOR" ARE MUTUALLY EXCLUSIVE CONDITIONS,
AMONG WHICH EXACTLY ONE MUST ALWAYS BE TRUE.
A. SUMi=1 IF EXACTLY ONE OR THREE INPUTS (AMONG Si,
ZA.Bi AND CINi)=l.

B. COUTi=1 IF ANDi+(XORi-CINi)=l.

A AND B CAN BE IMPLEMENTED BY CIRCUITRY THAT PERFORMS THE

FOLLOWING OPERATIONS:

NOW:

1. IF NORi=1, THEN SUMi=CINi; COUTi=O (FOR ODD
BITS), COUTi=l (FOR EVEN BITS)

2. IF XOR.=1, THEN SUM.=CIN.; COUT.=CIN,
1 1 1 1 i

3. 1IF ANDi=l, THEN SUMi=CINi: COUTi=1

FIG 55
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HOW TO INTERPRET THE BPC ASM CHART

What we usually refer to simply as a state ("state 4 for LOAD A") is
generally a coincidence of that particular state-count and some group
encoding qualifier pattern (representing a particular group). The most
precise way to refer to a location on the ASM chart is indicate both the
group and state-counts, (say, B4). Some states (0,l1,and 1l4) are completely
group independent. States are indicated by circles with numbers in them:<:>.
Group information is prominently displayed next to sections to which it
pertains.

Each state represents a ¢2 pre-charge and @1 decode in the ROM. The ASM
chart represents what is decoded from the ROM in the various states; it does
not necessarily represent end-results that occur simultaneously. If, for
instance, two instructions decoded in the same state have different delays
coming from the ROM, then they do not result in simultaneous activity, even
though they are drawn as being in the same state.

Rectangular boxes () denote micro-instructions. Diamonds ()
denote qualifiers affecting the decoding of micro-instructions.

Ovals ((:::::)) denote micro-instructions that are actually decoded and given,
but that are "don't-cares". That is, they are present but do not affect the
algorithmic process. Sometimes these don't-cares are the result of

minimization, and sometimes they are a result of the way the flow charts
have been drawn (in an attempt to make them more easily understood).

All activity within a state is decoded and initiated (its delay is begun) at
the same time. The fact that a state is shown as a seguential arrangement
of boxes and diamonds does not imply seguential activity; the entire state
is decoded simultaneously. For example, state 0 is represented below:

RULE: Identify the path, then
decode all instructions
at once.

FIG 91A
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HOW TO INTERPRET THE BPC ASM CHART, CONT.

Another way to represent the same activity is illustrated below. We don't
draw the ASM chart that way because of the increased size and because of
problems in achieving connectedness. Also, overall algorithmic process would
be hard to see; the more compact notation results in a more effective visual
outline. Within a state however, the expanded notation is often less
confusing as it more closely represents the actual way things are done.

If MEC=1, then: If MEC=0, and If MEC=0 and
BPRL=0, then: BPRL=1, then:

I I I

) v

within a state, related instructions are grouped together in the same box
solely for the sake of algorithmic clarity.

Because of limitations on transistor device size, and the large capacitances
of the IDA lines, two consecutive SET IDA's are required to ensure that IDA
lines assume their proper final values. If what is being transmitted with
the SET IDA is an address for Memory, the STM will accompany the second SET
IDA. If data is being written to Memory, DVAL will accompany the second and
all subseguent SET IDA's until Memory Complete is received. In either case,
the IDA lines will be stable before the start of the second SET IDA.

The symbol<<:::::::>>represents activity controlled by the M-Section. The

micro-instructions shown inside are encoded in the ROM, just as are any
other micro-instructions. However, these particular instances of decoding
those micro-instructions are independent of all group and state-count
qualifier lines in the ROM. They are decoded against qualifiers generated
by the M-Section and Address Decode. (RDR, WIR, DRQ, M00-M03).

The qualifiers that enable such M-Section activity are generated when STM
occurs in conjuction with an address on the IDA lines that specifies a
register within the BPC. These qualifiers are not always generated
immediately, nor are they necessarily co-incident with one another.

FIG 918
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HOW TO INTERPRET THE BPC ASM CHART, CONT.

9. Consider the following typical situation:

N

STM

il

— WHICH REGISTER IS DUMPED IS
l‘ DETERMINED BY THE M00-M03 ADDRESS
LINES FROM ADDRESS DECODE.

E I ONLY SET D'S IN M-SECTION
BOXES ARE AFFECTED BY DRQ

In this example the STM occurs in the state prior to the one with the

M-Section activity. The machine will stay in state N for 4 consecutive
state-times: 3 "no's" and a "yes" for the MEC qualifier. The BPRL qualifier
(from Address Decode) will be met each time, but due to delays in the
M-Section the first pass through state N generates none of the M-Section
activity. The second and third passes do perform the indicated activity,
except for the SET D. It is done during the second pass, but not during

the third. This is a result of DRQ, and prevents D from tracking the
pre-charge of the IDB Bus which follows the execution of the SET D. This
prevents the second SET IDA from producing a glitch on the IDA lines.

Sometimes the STM is given in state N-2. 1In such a case the one state of
M-Section delay is spent while in state N-1, and only three state-times
are spent in state N. When this bappens the M-Section activity occurs
immediately on the first and second of these; the third meets the MEC
qualifier. As before, the SET D is done only once.

such an instance occurs between states C2 and €9. There are several others.

FIG 9IC
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10.

11.

HOW TO INTERPRET THE BPC ASM CHART, CONT.

Sometimes, as in state C9, the BPRL qualifier is shown by a dotted line:t(é;RL=;?>
This occurs only when the machine represented by the ASM chart has no S g
activity in that state that is conditional upon BPRL. Therefore, BPRL is

a don't-care for the ASM chart at that state, and indeed is not used in the

ROM there. However, it still initiates M-Section activity when met. And

when it is met no externally caused MEC will be forthcoming, since no

memory external to the BPC is involved. The MEC will be supplied by the
M-Section itself, as soon as its activity is finished. 1In these cases the
timing is as outlined in 9 above, and we show a BPRL qualifier that affects

the M-Section, but not that point in the ROM, to remind the reader of what's
happening.

Finally, a word about the correspondence between what's in the ROM and
how the flow charts are drawn. The flow charts have been "de-minimized”
to promote their ease of understanding. For instance, state A5 is shown as:

¥0
D>

DMP ALU| DMP ALU
SET A SET B
| < |
STM
UPDOE

There are not two instances of decoding DMP ALU for state A5. The decoding
of DMP ALU in that state is independent of the BQ qualifier, as it is done
regardless of that qualifiers outcome.

State A5 could just as easily be drawn with a single DMP ALU in the same
box as the UPDOE, or in a separate box of its own, ahead of the BQ gqualifier.

such redrawing often adds a welcome measure of clarity in loops involving
repeated SET IDA's and multiple qualifiers. It lets us indicate what's in
D at the time a SET IDA is given after certain gqualifiers have been met or
failed.

FIG 9ID
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HOW TO INTERPRET THE BPC ASM CHART, CONT.

Not all instances of the same instruction appearing twice in the same state
are the result of de-minimization, however. The two SET D's in state A/B3
represent separate instances of decoding that instruction. The partial
structure of the state is shown below:

SET D SET D
:l:

Here each SET D is conditional upon a different qualifier. Because of the
way the ROM is organized, an instance of an instruction being decoded

represents the "AND" of selected conditions:
IF STATE 3 AND GROUP A/B AND NOT BPRL, THEN SET D
GPle GP2« GP3 ¢— (GP0=1 for A, 0 for B)
The other instance of decoding SET D in that state is:

IF STATE 3 AND GROUP A/B AND NOT IND, THEN SET D

The combination:

THE CONDITION OR CONDITION, THEN SET D

does not exist as a single encoding. It is simply the "OR" (during fan-in)
of the two separate "AND's" as shown above.

FIG 9IE
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THE MICRO-INSTRUCTIONS SHOWN IN STATES 0 AND 1 (THAT IS, THIS SECTION
OF FLOWCHART) ARE, IN THESE INSTANCES, INDEPENDENT
(GP0-GP3). IN GENERAL, OTHER INSTANCES OF DECODIN
MICRO-INSTRUCTIONS ARE NOT INDEPENDENT OF THE GROUP QUALIFIERS.

3

STM WAS GIVEN ONE STATE SOONER

BELONGED TO GROUP A

GUARANTEED TO GO THIS WAY AT

LEAST ONCE DUE TO MINIMUM
MEMORY CYCLE TIMING

ADDRESSED LOCATION
A REGISTER

THAN USUAL IF PREVIOUS INSTRUCTION

OF THE GROUP QUALIFIERS
G THESE (OR QOTHER)

SYNC F | INSTRUCTS FLAG MATRIX TO CAPTURE EXTERNAL FLAGS

ADM PUTS THE P-ADDER IN THE ADD-FOR-MEMORY-ADDRESS MODE

HAS THE MEMORY GIVEN
MEMORY COMPLETE

MEC=1T—YES

WITHIN THE BPC?

—

INDIRECT BIT 1S LATCHED, SYNC NO LONGER GIVEN

omp R | PART OF AN INCREMENT OR DECREMENT R IF FETCHED
FROM M-SECTION: ser 5 |INSTRUCTION IS JSM OR RET, RESPECTIVELY.
INSTRUCTION PUT ON
IDA LINES, SAME AS
IF IT HAD COME FROM
DMP IDA MEMORY .
KEEPS THE P-ADDER IN THE ADD~FOR-MEMORY-ADDRESS
ADM |MODE. 10 BIT ADDRESS IS IN T, WHICH IS ONE
INPUT TO THE P-ADDER.
SET I
SET T
5 eAD | ASSUMING THE INSTRUCTION INVOLVES A 10-BIT
J/ SET b | REFERENCE TO A MEMORY LOCATION, BEGIN OUTPUTTING
o DA |ADDRESS OF REFERENCED LOCATION, BUT DON'T
ENABLE AN INTE GIVE START MEMORY YET.
INTERRUPT
(FORCES JSM
10g, 1}
BY THIS TIME INSTRUCTION DECODE HAS SET THE GROUP QUALIFIERS
(“GrouP L”
NOT USED
GROUPS: AB ¢ D E.F 6 H I J K "
INSTRUCTION
TYPE: A: LDA/B C: STA/B D: ISZ  E: JMP G: EXE  H: RET  I:ALTER- J: SHIFT- K:CMA/B  NOT A BPC
ADA/B DSz F: JSM SKIP ROTATE TCA/B  INSTRUCTION
AND
OR
GP2
B: CPA/B

GROUP ENCODING QUALIFIERS
FROM INSTRUCTION DECODE

I

GPO

GP1

6P3

FIG 93



U.S. Patent

10-BIT REFERENCE

/

LA i, 1]

INDIRECT I

Feb. 21, 1978 Sheet

AB

113 of 267

D=15 BIT ADDRESS

4,075,679

L
GROUP A: 1oass
ADA/B
AND
oR
NDICATOR GROUP B: censp SET IDA
ST™

START MEMORY CYCLE
TO FETCH M

CAPTURE MEMORY RESPONSE:
PUT CONTENTS OF M INTO
D REGISTER IN CASE NOT
END LOCATION

IF M IS THE END
LOCATION, PUT IT
IN 5. S IS ONE
INPUT TO THE ALU.
A OR B WILL BE THE
OTHER INPUT, AS

GUARANTEED TO GO THIS WAY
AT LEAST TWICE FOR EACH
FETCH DUE TC MINIMUM
MEMORY TIMING

ADDRESS A LOCTION
WITHIN THE BPC?

INDIRECT BIT IS LATCHED

NO

INDIRECT, NEED
NEW M, D HAS
INDIRECT ADDRESS

SET IDA | JUST FETCHED.
PUT IT ON IDA
BUS AS ADDRESS
FOR NEXT FETCH.
YES

OMP PAD
THIS foup IDA DMP REG SET P
Sev bl ser o SET I1DA SET D
NOT SET IDA
AFFECTED :g;:‘E L
BY DRQ ot
NO YES

IND=17 SYNC

REFERS TO THE

PREVIOUS FETCH

SET 5
FROM MEMORY

DETERMINED BY
INSTRUCTION DECODRE.

GROUP A! NO P
P IS CORRECT,
CYCLE TO FETCH

NOTE STM 1S GIVEN TWO STATES

BEFORE STATE 2

OSSIBLE SKIP,
START MEMORY
NEXT INSTRUCTION.

SET IDA
ST™M

ERO.

DON'T SKIP,
P+l IS NEXT

€———- REFERS TG THE FETCH

JUST COMPLETED

P-ADDER HAS BEEN FORMING P+l.
UP DATE P AND PREPARE TO SEND P
OUT AS AN ADDRESS FOR NEXT
INSTRUCTION FETCH IF GROUP A

START GIVING SYNC

EXTRA TIME FOR THE SKIP MATRIX
TO SET UP AND FOR SECOND
INCREMENT OF P.

BASED ON THE CP LINE FRCM THE
ALU.
CONTROLS THE SKIP MATRIX.

INSTRUCTION DECODE

SKIP TO P+2

GET THE OR, AND Ok SUM,
AND PUT IT INTO REG.
INSTRUCTION DECODE
CONTROL ALU MODE OF

P-ADDER HAS BEEN
INCREMENTING P
(ALREADY CONTAINS
P+1} TO P+2

OPERATION

NOTE 1: THE SET IDA

CONVERTIONS

MEMORY FETCH AVAILABLE

STM

IIIHHHHEII

AND EXTEND

PRESERVES BUS
BY MAKING THE
TC

ALL CHIPS ON THE AUS.

THE SET D
DRQ.

1S AFFECTED BY

FIG 94
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SET P
SET D
SET IDA

SET IDA
5TM

UPDATE P REGARDLESS
AND BEGIN AGAIN
OUTPUTTING NEXT
ADDRESS FOR
INSTRUCTION FETCH

START MEMORY CYCLE
FOR NEXT
INSTRUCTION FETCH
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D REG=END LOCATION, REFERS TO THE PREVIOUS
DECLARE WRITE, SEND WRITE FETCH FROM MEMORY pe———
ADDRESS AND START THE | SET IDA o
MEMORY CYCLE STM
GUARANTEED
DETERMINED BY TO GO THIS
INSTRUCTION DECODE WAY AT
LEAST
NO_ 50 13 YES TWICE
A REG B REC DUE TO
MINIMUM
MEMORY TIMING
DMP A DMP B

GET THE WORD TO

BE WRITTEN KEEP WRITE
DECLARING WRITE, SET D
SEND DATA TO SET IDA
MEMORY

9

SET IDA

D HAS ADDRESS
OF NEXT

MEMORY CYCLE

" ™~ INDIRECT, NEED

NO

NEW M.
ANOTHER FETCH.

START

INDIRECT BIT
1S LATCHED

NO  AppRESS A LOCATION
l// WITHIN THE BPC?

CAPTURE MEMORY
POT

INTO D REGISTER

DMP IDA
SET D RESPONSE:
\l’ CONTENTS OF M
THIS SET D SET D NOT
AFFECTED AFFECTED
BY DRQ BY DRQG

UPDATE P AND

YES DMP PAD | pP-ADDER HAS BEEN FORMING P+1.
@ ssggg SEND IT OUT AS ADDRESS FOR NEXT INSTRUCTION
SET IDA |FETCH.
NO
NO -7 "~ J/
L=< 8PRL=17> WRITE
SEE NOTE 1 ~~_ -~ DVAL SYyNc | START GIVING sYNC
SET IDA
GUARANTEED TO
GO THIS WAY
AT LEAST
ONCE DUE TO DECLARE WRITE, DATA
MINIMOM VALID, AND SEND DATA
MEMORY TO MEMORY UNTIL
TIMING MEMORY COMPLETE SET 1DA |START MEMORY CYCLE FOR
sTM  |NEXT INSTRUCTION FETCH
NOTE 1: THIS IS ONE OF THOSE INSTANCES

WHERE STM IS TWO STATES AHEAD

OF THE MEC QUALIFIER.
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ASSUMING NOT END

1S2 M1
INDIRECT, NEED NEW M. D HAS 7
INDIRECT ADDRESS JUST FETCHED. 10 BIT REFERENCE /
PUT IT ON IDA BUS AS ADDRESS INDIRECT INDICATOR
FOR NEXT FETCH. SET IDA
SET IDA
START MEMORY CYCLE TO FETCH M
YES STM
PUT ADDRESS OF END F——eo—
LOCATION IN D. IT NO
SET D IND=1?
WILL BE ADDRESS OF | gpr 1pa THERE IS NO DMP D. A SET
STORE OPERATION DMP IDA |IDA-DMP A IS A POOR MAN'S
AFTER INCREMENT OR REFERS TO SET T |DMP D. PUTS OPERAND ADDRESS
DECREMENT. THE FETCH INTO T.
JUST
COMPLETED GUARANTEED TO GO
THIS WAY AT LEAST
3 TWICE DUE TO
START STORE WRITE MINIMUM MEMORY
SET IDA
MEMORY CYCLE |  grm TIMING
YES
MEC=17 ADDRESS A BPC
LOCATION?
P-ADDER HAS BEEN | oyp pap INDIRECT BIT IS LATCHED e
FORMING P+1, ET P NO
=17
UPDATE P. YES DPRL=1]
DMP IDA

FROM

()

SEND WORD TO BE

WRITTEN. ALU [ DMP ALU
INCREMENTED OR SET D

DECREMENTED WRITE

ACCORDING TO SET IDA
INSTRUCTION

DECODE.

FOR BOTH-ZERC TO ZAB BUS
FOR ISZ-CARRY IN
FOR DSZ-1'S COMPLEMENT

INSTRUCTION DECODE:

OF ZAB BUS INPUT.
THIS FORMS 2'S
COMPLEMENT OF -1.

REFERS TO
THE PREVIOUS
FETCH

SET D

LOCATION, PUT
INDIRECT ADDRESS
INTO D, DRQ DOES
NOT MATTER.

IF INDEED END
LOCATION PUT
VALUE INTG S,
WHICH IS ONE
INPUT TO THE
ALU. CTHER

GUARANTEED TO GO

INPUT IS ZERO
ON THE ZAB BUS.

THIS WAY AT LEAST
ONCE DUE TO
MINIMUM MEMORY
CYLCE TIMING

SEE NOTES l&2

P+l IS NEXT ADDRESS

REG IS DETERMINED IN THE ROM
BY MO0-M03 FROM ADDRESS DECODE.
STM IS FIRST GIVEN TWO STATES
BEFORE, IN STATE 7.

FIG 96

BASED ON THE SEZ No | WRITE
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CONTROLS THE YES
SKIP MATRIX
YES NO
KP=1?
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P-ADDER HAS
BEEN DMP PAD pMP P
INCREMENTING
P (ALREADY | AJ
CONTAINS P+1) NOTE 1:
TO P+2
UPDATE P REGARDLESS| SET P NOTE 2:
AND SEND AS ADDRESs| SET D
OF NEXT INSTRUCTION{ SET 1DA
FETCH \L
START GIVING SYNC SYNC
START MEMORY CYCLE FOR| SET IDA
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E.F

|, D=15 BIT ADDRESS

GROUP E: ame
GROUP F: asm

REFERS TO THE FETCH
JUST COMPLETED

4

START AN

NO yes] sET 1DA INDIRECT FETCH

STM
g:'; igh“ YES, JSM START NEXT
F
SET T SET IDA Iﬁgfzéc;‘""““
NO, IMP
POOR MAN'S OR NOT
DMP D/SET T POOR MAN'S
T=JSM DESTINATION SET IDA | pyp p/SET P.
DMP IDA { pyrs gmp
SET P} DESTINATION K No  INDIRECT BIT IS LATCHED
\L INTO P. «—~ ADDRESS A BPC LOCATION?
START GIVING| oo o GUARANTEED TO
SYNC GO THIS WAY
AT LEAST
TWICE
DMP IDA
() R
START MEMORY GET ADDRESS OF HOPED-FOR
SET IDA | cycLE FOR NEXT END LOCATION INTO D.

STM

INSTRUCTION FETCH

NOTE i1: REG IS DETERMINED IN THE ROM BY
M00-MO3 FROM INSTRUCTION DECODE

NOTE 2: STM 1S FIRST GIVEN 2 STATES BEFORE,
IN STATE 7.

MEC=1?

YES

DMP T
SET P
SET D
SET IDA

SYNC

SET IDA
STM

GUARANTEED TO GO THIS
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NO SEE NOTES 1s2

WRITE
DVAL

E:B’PRLFI\? YES DMP IDA
SET IDA /\ < SET REG
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SOURCE: =324 < N < 31,4

BINARY: 6-BIT 2'5S COMPLEMENT

IGNORED BY THE BPC,

OF INTEREST TO THE IOC

ASYNCHRONOUS INSTRUCTIONS TO ALU FROM
INSTRUCTION DECODE, DURING A RET:
1.2ZAB — ZEROS THE ZAB BUS (ONE INPUT TO THE ALU)

2. CM —— BIT-BY-BIT COMPLEMENTS THE ZAB INPUT AT
THE ALU. RESULTS IN 2'S COMPLEMENT OF -1

AS ONE INPUT.

N IS THE LEAST 6 BITS OF T, WHICH
1S ONE INPUT TO THE P-ADDER.
CURRENT VALUE OF RETURN STACK
POINTER (R) IS IN R AND S. S IS
ONE INPUT TO THE ALU.

GROUP H: RETURN

RET N, P

/

8z
e (x—z
[ i+

QUTPUT RETURN STACK

SET IDA POINTER AS AN ADDRESS

O

SET 1IDA
ST™

START MEMORY CYCLE FOR READ R,I

X

1 AND 2 TOGETHER RESULT IN S-1 FROM ALU. PUTS THE P-ADDER IN THE

SYNC
START
, GIVING

ADS ADD-SKIP-FIELD MODE (6 BIT ADD)

GUARANTEED TO GO THIS
L% WAY AT LEAST TWICE

NO

ADDRESS A BPC
/ LOCATION?

SYNC YES
ADS
ALLOWS TIME FOR P-ADDER
KEEP THE P-ADDER IN * TO DETERMINE THE FINAL DMP 1DA
THE ADD-SKIP-FIELD MODE COMPUTED RETURN ADDRESS SET P
ADS SET P
\ J{ J,
.
DMP PAD |pPUT COMPUTED RETURN PUT THE FETCHED RETURN ADDRESS
SET P |ADDRESS IN P, AND SEND INTO P. P WILL BE ADDED WITH N
SET D IT OUT AS ADDRESS OF (WHICH IS IN T) VIA ADS.
SET IDA |NEXT INSTRUCTION FETCH
SET IDA |START MEMORY CYCLE
STM FOR INSTRUCTION FETCH
J’ ALU HAS BEEN DECREMENTING S
DMP ALU | (VALUE OF THE RETURN STACK
SET R |POINTER). UPDATE THE RETURN
STACK POINTER (R).

@

FIG 99
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~

DELAY TO
ALLOW
INSTRUCTION
DECODE AND
SKIP MATRIX
TO SET UP

SKIP CONDITION
WOT MET:
p-ADDER DOES ﬁ
A STANDARD
INCREMENT P.

| GROUP 1:

ALTER-SKIP

SKIP AMOUNT
SOURCE: -3210 <N < 3110

BINARY: 6-BIT 2'S COMPLEMENT

OPTIONAL SET/CLEAR

Sheet 119 of 267

4,075,679

SZIA N

— <
0 b S
T

INDICATOR
SYNC START GIVING SYNC
\L SET IDA
STM
SET § |CLEARS THE S REGISTER
(ONE INPUT TO THE ALU)
Y
ES ag-12>10

WILL GO THIS WAY

(INVOLVES A)
TWICE DUE TO NORMAL
DELAYS THESE QUALIFIERS ORIGINATE
IN INSTRUCTION DECODE N
DMP ALU NO YES
SYNQ=1 IF SYNC BEING SET A
GIVEN ANY SYNC LINE }(:g;g]s\)nzs
NOT GROUNDED
(INVOLVES DMP ALU
NO 0o=17>"ES _ oVERFLOW) SET EX
(INVOLVES B)
INSTRUCTION DECODE DMP ALU DMP ALU
SELECTS THE QUANTITY SET B SET oV
TO BE TESTED, AND SEE NOTES
ygs ADJUSTS FOR RELATIVE \L \, \L 2 AND 3
SKIP SENSE SEE NOTES
1,3 AND 4
ws )
2t ] 7 NOTE 1: o
PUTS THE ALU HAS BEEN ADDING S (ALL ZERQS) TO THE ZAB
P~ADDER IN BUS, WHICH IS EITHER A OR B, AS DETERMINED BY Ill
THE ADD- (GENERATES AZAB OR BZAB)., BITS O AND 15 OF THE
SKIP-FIELD ALU OUTPUT CAN BE LEFT ALONE (NO S, NO C), FORCED
MODE TO REPRESENT A ONE WITH SMS OR SLS (S}, OR, FORCED

YES

SKIP CONDITION MET:
ALTER VALUE OF P
BY AMOUNT GIVEN IN
6-BIT SKIP FIELD OF
INSTRUCTION (IN T,
WHICH IS ONE INPUT
TO THE P-ADDER).

UPDATE P TC ITS NEXT
VALUE, AND BEGIN
SENDING IT OUT AS
ADDRESS OF NEXT

DMP PAD
SET P

SET D
SET IDA

INSTRUCTION FETCH.

FIG |

TO REPRESENRT A ZERO WITH CMS OR CLS (C). 1I6 AND
I7 CONTROL S/C ACTIVITY DIRECTLY AT THE ALU, IN
CONJUNCTION WITH LSC AND MSC FROM INSTRUCTION
DECODE.

NOTE 2:
THE ALU HAS BEEN ADDING § (ALL ZEROS) TO THE ZAB
BUS, WHICH IS ALSO ALL ZEROS, EXCEPT FOR ZAB,,

(EQUALS EX OR OV)}. THE RESULTING SUM (ON fﬁls)

IS JUST THE CURRENT STATE OF EX OR OV. AS IN NOTE
1, BIT 15 OF THE ALU OUTPUT CAN BE LEFT ALONE, OR
FORCED WITH SMS OR CMS, ACCORDING TO I6 AND I7.

EX OR OV IS THEN SET FROM IDBlS'

NOTE 3:

NOT ALL ALTER-SKIP GROUP INSTRUCTIONS ALLOW AN

ALTER OPERATION. THOSE INSTRUCTIONS DO NOT GENERATE
EITHER LSC OR MSC. THAT PREVENTS THE ALU FROM
ALTERING ITS QUTPUT.

NOTE 4:
HALF OF THE ALTER~SKIP INSTRUCTIONS PERTAINING TO

NOTE 3 DO NOT INVOLVE ANY OF A,B,EX OR OV. EQ AND
0Q WILL BOTH BE FALSE, AND THE INSTRUCTIONS WILL
FOLLOW AN A OR B PATH, AS DETERMINED BY Ill. THIS

SIMPLY RESULTS IN AN UNNEEDED SET A WITH A, OR
SET B WITH B.

00
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SHIFT-ROTATE

GROUP J:

SAR N

SHIFT COUNT:
1-16 IN SOURCE
N-1 IN BINARY

o o

Sheet 120 of 267 4,075,679

SHIFT COUNT IS IN 4 LEAST
SIGNIFICANT BITS OF THE I REGISTER

SYNC

START GIVING SYNC

FROM INSTRUCTION DECODE (Ill}
YES

PUT REGISTER TO BE

DMP A DMP B |MANIPULATED INTO SHIFT
SET S SET S |REGISTER (S), WHICH IS
[ B ALSO ONE INPUT TO THE ALU.

L

COMPUTING THE NUMBER OF
LOOPS AROUND STATE 3:
THERE ARE TWO DECREMENTS (IN STATES
1 AND 2) TO I (WHICH START OUT AS
N-1) BEFORE CTQ IS ASKED. THE
EFFECT OF THESE TWO DECREMENTS IS
NULLIFIED BY:

1) CTQ IS THE RESULT OF A ONE-
STATE DELAY, SO THAT IT
REFLECTS I AS IT WAS BEFORE THE
LATEST DECREMENT.

NOTE 1:

2) THE DEFINITION OF CTQ IS 178'
ONE COUNT BELOW ZERQ, TO
MAKE UP FOR THE ORIGINAL BINARY
BEING N-1, ONE COUNT BELOW N.
THUS, OF THE TWO EXTRA DECREMENTS,

ONE IS NOT NOTICED DUE TO DELAY,
AND THE OTHER IS NECESSARY TO MATCH
AN OFFSET IN CTQ. THUS, THERE ARE
N-1 LOOPS AROUND STATE 3.

NOwW,

THERE ARE ONE MORE SSE's THAN
LOOPS, OR N SSE's.

GIVE SSE N TIMES. EACH SSE CAUSES
THE S REGISTER TO SHIFT OR ROTATE
ONCE. INSTRUCTION DECODE
DETERMINES THE OPERATION S WILL
PERFORM.

DMP PAD

SET P | P-ADDER HAS BEEN FORMING P+l

SET D |UPDATE P AND SEND IT OUT AS
SET IDA |ADDRESS OF NEXT INSTRUCTION FETCH
SET IDA |START MEMORY CYCLE FOR NEXT

INSTRUCTION FETCH

SHIFT-ROTATE INSTRUCTIONS
GENERATE ZZAB (ZERO TO

DMP ALU
SET A

ZAB BUS-ONE INPUT TO THE
ALU). ALU HAS BEEN
ADDING SHIFTED § TO ZERO.

DMP ALU
SET B

PUT RESULT BACK INTO

ORIGINAL REGISTER.

FIG 10l
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K
GROUP K: COMPLEMENT é}

SYNC START GIVING SYNC

TCA/B

TWO's COMPLEMENT——]P SET S CLEAR S (MAKES ONE INPUT
TO THE ALU ALL ZEROS)

CMA/B
ONE's COMPLEMENT —7 °
DELAY TO ALLOW TIME FOR
P-ADDER TO FORM D+l

P-ADDER HAS BEEN FORMING P+1.
UPDATE P AND SEND AS ADDRESS
OF NEXT INSTRUCTION FETCH.

SET IDA |START MEMORY CYCLE FOR
NEXT INSTRUCTION FETCH

ST™

ALU HAS BEEN
COMPLEMENTING THE ZAB

DMP ALU DMP ALU |BUS INPUT, WHICH EQUALS
A OR B (ACCORDING TO I11)
SET A SET B |AND ADDING THAT TO ZERO.

NOTE 1: I l NOW PUT RESULT BACK
FOR BOTH TCA/B AND INTO ORIGINAL REGISTER.
CMA/B, INSTRUCTION
DECODE PRODUCES T/CM,

WHICH GENERATES CM
WHICH RESULTS IN A UPDOE gsgﬁggoaﬁﬁEg§§§ggSAN°
BIT-BY~BIT COMPLEMENT

OF THE ZAB BUS INPUT
TO THE ALU. WHEN
ADDED TO ZERO, THIS
PRODUCES THE CORRECT
RESULT FOR CMA/B.

FOR TCA/B ONLY, TC* GENERATES A CI
(CARRY IN), WHICH, WHEN COMBINED WITH THE
ABOVE ADDITION, PRODUCES A TWO's

| FIG 102
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M

ORIGINATES WITH
GNI IN THE
M-SECTION

DOES SOME CHIP .-
CLAIM THAT THE
NEXT INSTRUCTION
FETCH IS REALLY
PART OF A CURRENT
MULTI-WORD
INSTRUCTION
FETCH?

IF YES, DON'T
WAIT FOR
AGREEMENT ON
SYNC, START
NEXT FETCH.

IF NO, WAIT FOR
AGREEMENT ON
SYNC. OR, A
CHIP WANTING A
MULTI-WORD FETCH
COULD REQUIRE
LOTS OF TIME
BETWEEN WORDS,
KEEP SYNC AND
GNI GROUNDED,
RELEASING GNI
WHEN READY FOR

SET IDA
STM

YES

THE NEXT WORD.

EITHER WAY,

&

Sheet 122 of 267

SYNC

4,075,679

GROUP M: NOT A BPC INSTRUCTION

START GIVING SYNC

DO ALL CHIPS ON THE IDA BUS
AGREE TO ALLOW INSTRUCTION
FETCH? ANY THAT DON'T WILL
KEEP SYNC GROUNDED DURING @2
UNTIL THEY DO AGREE.

DMP
SET P

PAD

SET D
SET IDA

P-ADDER HAS BEEN FORMING P+1.
UPDATE P AND SEND IT OUT AS A
ADDRESS OF NEXT INSTRUCTION
FETCH.

O

NO

MEMORY CYCLE TO
FETCH NEXT WORD FROM
MEMORY.

START A

FIG

IF NOT PART OF MULTI-
WORD FETCH, RETURN

TO STANDARD INSTRUCTION
FETCH SEQUENCE,
OTHERWISE, DO THE

FETCH LOCALLY AND

AND CHECK FOR MORE SUCH
FETCHES.

SET IDA
STM

DMP ALU

103
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ACTIVITY REPRESENTED ON THIS FLOW CHART IS EXECUTABLE
INDEPENDENTLY OF THE REST OF THE MACHINE. THE REST OF
THE MACHINE COULD BE WAITING FOR AN MEC GENERATED BY
THIS FLOW CHART'S SMC, OR, IT CQULD BE STOPPED BY A BUS

GRANT.
YES, READ THE BPC.
I '
DMP A DMP B (DMPP ‘ | DMP R I
ERA PERMITS
ADDITIONAL
INSTRUCTIONS
AV 14
T
NC
BRG=07 DRQ WILL=0.
YES
PUT DATA FROM
SET D ADDRESSED REGISTER
IN D.
14
SET IDA SEND IT QUT

AS DATA.

THESE DMP REGISTERS
ARE REDUNDANT.

1 A

DMP B I

[ DMP A

ERA PERMITS
ADDITIONAL
INSTRUCTIONS

SET 1DA SEND OUT DATA.

Sheet 123 of 267 4,075,679

NOT A BPC REGISTER

N IS THE STATE WITHIN WHICH 5TR GOES
TO GROUND. M-ADDRESS IS ALSO LATCHED
AT THAT TIME. IT TAKES FROM N TO N+l
FOR FOR AND WIR TO GET SET UP.

YES, WRITE TQO BPC
CAPTURE DATA INTO
THE ADDRESSED REGISTER

L L
l’ SET B ]

ERA PERMITS

ADDITIONAL

INSTRUCTIONS
M- L4

CAPTURE THE DATA
INTO THE ADDRESSED
REGISTER.

L Iy "

L
l -

SET P l

SET A

SET R |

SET A J SET B SET P l SET R ]
ERA PERMITS
ADDITIONAL
INSTRUCTIONS
-4

SMC IS GIVEN DURING $1 OF STATE N+2 AND $2 OF NEXT
STATE. DURING THAT ¢2 FDR AND WTR ARE EACH RESET
TO 1'S. THUS, WHEN THE MACHINE GETS BACK TO "N+1"
ON THIS DRAWING, IT IDLES UNTIL ANOTHER BPC-REGISTER
MEMORY CYCLE IS STARTED.

N+1

- FIG 104
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BPC ERA ADDRESSING

IDA ADDRESS READ/WRITE RESULTING u-INSTRUCTION (S)
(OCTAL)
(NOTE 1)
40 R DMP PAD (,INC P}
41 R DMP PAD, ADS (NOTE 2)
42 R DMP PAD, ADM
42 R DMP PAD (,INC P)
44 R DMP EX
44 W SET EX
45 R DMP QV
45 W SET OV
46 R DMP T
46 w SET T
47 W SET D
51 R DMP ALU (NOTE 3)
52 W SET S
53 R DMP ST
53 W SET 1
54 R DMP A
54 W SET A
55 R DMP B
55 W SET B
56 R DMP P
56 L SET P
57 R DMP R
57 W SET R

NOTES

IN THE ERA MODE, THE BPC REGISTER ADDRESS DETECTOR RESPONDS

TO IDA BUS ADDRESSES, AS SHOWN.

HOWEVER, ONLY THE FOUR

LEAST SIGNIFICANT BITS OF THAT ADDRESS ARE USED AS QUALIFI-

ERS IN THE ROM.

HENCE, WHILE 578 IS DECODED (FOR R), THE

SET R AND DMP R IN THE ROM RESPOND TO 178 ON THE M-ADDRESS

LINES.

INC P (P-ADDER OUTPUT = P+l)

IS THE NOR OF ADM AND ADS.

IN GENERAL, THE RESULT OF A DUM PAD IS DIFFICULT TO PREDICT,
AS IT DEPENDS UPON WHERE IN ITS FLOW CHART THE BPC IS STOPPED.
IN GENERAL, THE RESULT OF A DMP ALU IS DIFFICULT TO PREDICT.
IT DEPENDS UPON WHAT IS IN THE I, A, AND B REGISTERS.
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NOTES

A. THIS WAVE FORM PRESENT ONLY IF THE BPC IS THE ORIGINATOR OF THE
MEMORY CYCLE.

B. ACTIVE PULL-UP DURING MECD ON DVAL, RDW, AND STH.

C. MEANING DURING THIS TIME, BUT LATCHED DURING STMA ONLY. SHOULD
BE LOOKED AT DURING STM ONLY.

D. WAVEFORM SHOWN ASSUMES BPC AS THE ORIGINATOR OF THE MEMORY CYCLE.
IF THE ORIGINATOR WERE AN EXTERNAL AGENCY, RDW COULD TRANSITION
TOGETHER WITH STM.

E. EARLIEST RELEASE OF RDW IF AN EXTERNAL AGENCY WERE THE ORIGINATOR
OF THE MEMORY CYCLE.

F. TRANSITIONS IMMEDIATELY AT THE START OF @1 IF THE BPC IS THE
ORIGINATOR OF THE MEMORY CYCLE.

G. FOLLOWS STM.

H. UMC NEED NOT BE USED IF SMC IS GIVEN BY THE ORIGINATOR EXACTLY AS
SHOWN, INSTEAD. HOWEVER, IF UMC IS GIVEN AS SHOWN, IT WILL RESULT
IN SMC AS SHOWN.

UMC IS IDLE IF THE BPC IS THE ORIGINATOR.

I. FOR ADDRESS.

FOR DATA.

WRITE MEMORY (TWO CONSECUTIVE FASTEST CYCLES SHOWN)

FIG I1IC
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EQUIVALENT STRUCTURE OF TWO
BACK TO BACK MEMORY CYCLES

WAVEFORMS START HERE

O

IF BR GROUNDED HERE AND
SET IDA BG 1S GIVEN, WOULD HAVE
TO WAIT UNTIL SET IDA
u-INSTRUCTION 1S OVER.,

SET IDA BR GROUNDED HERE, BUT
STM STM PREVENTS BG.,

NO

O

YES

BR STILL GROUNDED. BREAK

SET IDA IN STM ALLOWS BG, FLOW-
CHART 1S SUSPENDED, HOW-
EVER. MUST WAIT FOR SET
IDA TO GO AWAY, BEFORE
USING BUS.

SET IDA

STM

BUS REQUEST AND BUS GRANT DURING MEMORY CYCLES

FIG 118
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TABLE OF BPC ROM CONTENTS

MICRO- ROM |GIVEN IN ANY WHEN IN ANY PROVIDED ALL OF THESE
INSTRUCTION |LINE|OF THESE GROUPS OF THESE STATES CONDITIONS ARE MET
INTE 1 ABCDEFGHIJKM |0 MEC
SET IDA 2 ABCDEFGHIJKM |0 1 2 3 456 7 8 9 10 14|RDR
3 ABCDEFGHIJKM |1 6 7 8 10 14 S5TP
4 ABCDEFG 138910 MEC - SSTP
5 ABCDEFG 2 4 14 53TP
6 ABCDEFGHIJKM |9 10 §5TP
7 EFH 29 S5TP
8 HM 138 910 SSTP
SET D 9 ABCDEFGHIJKM [0 1 2 3 4 56 7 8 9 10 14|RDR-DRQ
10 ABCDEFGHIJKM |01 2 3 4 56 7 8 9 10 14]M-ADD 7-WIR
11 ABCDEFGHIJKM |6 14 5TP
12 ABCDEFGHIJKM |1 8 STP
13 ABCDEFG 138 BPRL-MEC -5TP
14 ABD 138 IND - MEC- §TP
15 ABCGIJK 7 8 TP
16 CGI 4
17 ABCDEFGHIJKM |9 MEC
18 H 29 STP
19 H 29 3Tp
DMP IDA 20 ABCDEFG 3 BPRL-MEC
21 ABCDEFGHIJKM [0 1 2 3 4 56 7 8 9 10 14 |WTR
22 D 2 TP
23 DEF 2 IND - 5TP
24 H 4 BPRL-MEC
25 ABCDEFGHIJKM |0 BPRL- MET
DMP T 27 ABCDEFGHIJKM [0 1 2 3 4 56 7 8 9 10 14|M-ADD 6 RDR
30 D 345 TND - MEC
31 EFH 9 MEC
STM 28 ABD 2 STP
29 AK 45 5TP
32 ABCDEFGHIJKM (10 TP
33 AC 2 8Tp
36 ABCDEFG IND- STP

FIG 120A
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TABLE OF BPC ROM CONTENTS

4,075,679

MICRO- ROM | GIVEN IN ANY WHEN IN ANY PROVIDED ALL OF THESE
INSTRUCTION | LINE| OF THESE GROUPS OF THESE STATES CONDITIONS ARE MET
STM 37 DEF §TP
(CONT.) 40 HM 39 STP
SET T 34 ABCDEFGHIJKM |0 1 2 3 456 7 8 9 10 14| M-ADD 6 -WTR
35 ABCDEFGHIJKM |0 MEC
38 DM 2 STP
39 F 2 IND - STP
41 F 2 IND - §TP
ADM 42 ABCDEFGHIJKM [0 1 2 3 4 56 7 8 9 10 14| M-ADD 2-RDR
43 ABCDEFGHIJKM (0
45 ABCDEFGHIJKM |1
DVAL 44 ABCDEFGHIJKM |9 ME
SET P 46 ABCDEFGHIJKM {0 1 2 3 4 56 7 8 9 10 14| M-ADD 16-WTR
47 AB 3 IND - MEC
48 ABD 7 STP
49 ABCDEFGHIJKM |9 MEC
50 E 2 4 14 IND - STP
51 HIJKM 6 14 STP
52 H 4 MEC
53 ABCDEFGHIJKM |14
DMP P 54 ABCDEFGHIJKM |0 1 2 3 4 56 7 B 9 10 14| M-ADD 16-RDR
55 CEFGHI 8
56 ABD 9 SKP- MEC
57 ABCG 78 SKP-STP
DMP R 58 ABCDEFGHIJKM |0 1 2 3 4 56 7 8 9 10 14| M-ADD 17-RDR
59 ABCDEFGHIJKM |0 MEC
61 H 2 STP
WRITE 60 C 24 IND - STP
64 ABCDEFGHIJKM |9 MEC
65 DEF 7 8 STP
SET R 62 ABCDEFGHIJKM |0 1 23 456 7 8 9 10 14| M-ADD 17 WTR
63 ABCDEFG 14 STP
66 H 9 10 5TP

FIG 1208
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TABLE OF BPC ROM CONTENTS

MICRO- ROM | GIVEN IN ANY WHEN IN ANY PROVIDED ALL OF THESE
INSTRUCTION | LINE| OF THESE GROUPS OF THESE STATES CONDITIONS ARE MET
SET S 67 ABCDEFGHIJKM {0 1 2 3 456 7 8 9 10 14| M-ADD 12-WTR
68 ABCDEFGHIJKM [0 MEC
69 ABD 3 IND -MEC - STP
70 IJK 2 §TP
SSE 71 J 39 §TP
SYNC 72 AB 39 IND - MEC
73 ABCDEFGHIJKM |9 MEC
76 EG 2 4 IND
77 H 4 MEC
80 1JK 2
g1 JKM 2
DMP EX/OV | 75 ABCDEFGHIJKM |0 1 2 3456 7 8 9 10 14{(M-ADD 4 + M-ADD 5)-RDR
SET OV 78 ABCDEFGHIJKM |0 1 2 34 56 7 8 9 10 14| M-ADD 5-WTR
79 1 9 10 0Q- 5TP
SET EX 82 ABCDEFGHIJKM 0 1 2 3 456 7 8 9 10 14| M-ADD 4-WTR
B3 1 9 10 EQ-5TP
DMP PAD 84 ABCDEFGHIJKM |01 2 3456 789 10 14|(M-ADD O + M-ADD 1 +
M~-ADD 2 + M-ADD 3)-RDR
85 AB 39 IND - MEC
86 ACK 9 MEC
87 DM 7 STP
a8 HIJKM 16 5TP
89 ABCDEFGHIJKM |1 STP
90 BG 7 8 SKP.STP
91 ABD 9 SKP-MEC
RTP 92 ABCDEFGHIJKM |0
NSO 93 ABCDEFGHIJKM MEC
96 AC 5 6
97 ABCDEFGHIJKM |10
ADS 94 HI 4 56 14 SKP
95 H 456 14

FIG 120C
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TABLE OF BPC ROM CONTENTS

4,075,679

MICRO- ROM | GIVEN IN ANY WHEN IN ANY PROVIDED ALL OF THESE
INSTRUCTION | LINE] OF THESE GRQUPS OF THESE STATES CONDITIONS ARE MET
UPDOE 98 K 10
99 A 56
NS9 100 C 4
101 ABCDEFGHIJKM |9 MEC
DMP ALU 102 ABCDEFGHIJKM (0 1 2 3 4 56 7 8 9 10 14| M-ADD 11-RDR
103 ABCDEFG 56 S§TP
106 ABDJKM 8
107 HIJKM 10 STP
NS7 104 BG 6
105 D 345 IND - MEC
NS4 108 | CF 2 IND
109 HM 4 MEC
SET B 111 ABCDEFGHIJKM |0 1 2 3 456 7 8 9 10 14| M-ADD 15-WTR
114 ACK 5 BQ
115 1JK 9 10 BQ-5TP
NS6 112 | JK 3 CTQ
113 M 2 SYNCQ
116 K 3
117{ M 2 GNI
DMP B 118 ABCDEFGHIJKM 012345678 9 10 14| M-ADD 15-RDR
119 J 2 4 BQ-STP
122 c 4 BQ-STP
NS10 120| ABCG 7 8
121 HIJM 6 14 GNI
124 IJK 6 14
125{ ABCDEFGHIJKM |14
128} EG 249 iND
DMP A 123! aABCDEFGHIJKM |01 2 3 456 7 8 9 10 14 M-ADD 14 RDR
126 J 24 AQ- STP
127 C 4 AQ-8TP

FIG 120D
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IV(108)

INTERRUPT VECTOR TABLE POINTER IN IOC

IXXXXXXXXXXX 0000

Sheet 158 of 267

4,075,679

-

DETERMINED BY

THE TNTERRUPT POLL

INTERRUPT TABLE IN RWM

SERVICE ROUTINE ADDR.

SERVICE ROUTINE ADDR.

JSM THROUGH THE INTERRUPT TABLE

FIG 123

FOR SELECT CODE 0

FOR SELECT CODE 158
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NOTES:

10.
11.

——t___;:>*—- DENOTES A MICRO-INSTRUCTION DECODED IN THE ROM.

[::> AND <:::::> DENOTE ONE- AND TWO-WAY INTERCONNECTIONS TO A BUS;

ALWAYS CONTROLLED BY A ROM MICRO-INSTRUCTION.

DENOTES A DIRECT CONNECTION BETWEEN TWO ITEMS.

|1

DENOTES A CONNECTION BETWEEN TWO ITEMS THAT IS ACTIVE ONLY WHEN
THE STATED SIGNAL IS GIVEN. SOME SUCH SIGNALS ARE ROM DECODED
MICRO-INSTRUCTIONS, WHILE OTHERS ARE PRESENT THROUGHOUT AN
ENTIRE EXECUTION CYCLE.

& DLB -

| DENOTES THAT THE STATED LINE REPRESENTS A DECODED CONDITION.

)
I {

REPRESENTS A NON-MICRO-INSTRUCTION CONTROL LINE OR SOME
6

OTHER SIGNAL.

](_.(:)(_ REPRESENTS AN INPUT TERMINAL TO THE IOC.

(")  REPRESENTS AN OUTPUT TERMINAL FROM THE IOC.

'\/\1
LaJara

< ’

:le(:)(— REPRESENTS A TERMINAL THAT IS BOTH AN INPUT AND AN OUTPUT.

NUMBERS IN PARENTHESES INDICATE THE NUMBER OF BITS A MECHANISM HANDLES.
THE LOGICAL SENSE (XXX VERSUS XXX) OF THE I/O TERMINALS IS CORRECTLY
INDICATED. HOWEVER, THE DRAWING IS NOT A RELIABLE INDICATOR OF THE
EXACT SENSE OF THE INTERNAL SIGNALS. TYPICALLY BOTH SENSES EXIST, AND
FREQUENTLY THE PHYSICAL PROXIMITY OF SIGNALS TO THEIR DESTINATIONS WAS
MORE IMPORTANT IN DECIDING WHICH SENSE TO USE, RATHER THAN AGREEMENT OF
LOGICAL SENSE.

BECAUSE STRICT ACCURACY IN REPORTING SIGNAL SENSES ON SUCH A GENLEAL
LEVEL DRAWING WOULD SHARPLY INCREASE THE NUMBER OF INTERCONNECTIONS,
WITH ONLY A SLIGHT INCREASE IN USEFULNESS, WE USUALLY SHOW ONLY THE
NAME OF THE SIGNAL.

FIG 126C
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ADDRESS 15| 144 13| 12| 11|10 98 7| 6[5}4}3 (2|1} 0
M ES TWO'S COMPLEMENT EXPONENT EMPTY Ms
M+ 1 Dl D2 D3 D4
M + 2 D5 D6 D7 D8
M3 Dg P10 D11 P12
THE BCD DIGITS
0 0000 5 0101
1 0001 6 0110
2 0010 7 0111
3 0011 8 1000
4 0100 9 1001
THE INTERNAL FLOATING POINT REPRESENTATION OF
.003587219 ( = 3.587219 X 10—3)
ADDRESS 15| 14| 13| 12} 11|10 9|8} 76154131210
M 1 1 1 1 1 1 ¥ 1 0 110 0O O O OfO
M+ 1 0011 0101 1000 0111
M+ 2 0010 0001 1001 0000
M + 3 0000 0000 0000 0000

FIG 127

BCD FLOATING POINT FORMAT
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NOTES:

1. ———:::::::>—"- DENOQTES A MICRO-INSTRUCTION DECODED IN THE ROM.
2. [::> AND  { Y DENOTZ ONE- AND TWO-WAY INTERCONNECTIONS TO A BUZ:

ALWAYS CONTROLLED BY A ROM MICRO-INSTRUCTION.

3. DENOTES A DIRECT CONNECTION BETWELN TWO ITEMS.
4. DEROTES A CONNECTION BETWEEN TWO ITEMS THAT IS ACTIVE OXNLY WHEN
THE STATED SIGNAL IS GIVEN. SOME SUCH SIGNALS ARE RO DECODED
« MICRO-~INSTRUCTIONS, WHILE OTHERS ARE PRESENT THROUGILOUT AN
DLE -
ENTIRE EXECUTION CYCLE.
5. | | DENOTES THAT THE STATED LINE REPRESENTS A CECCDED CONDITION.
S NG b
> Inz\lj
6. k1 REPRESENTS A NON-MICRO-INSTRUCTION CONTROL LINE OR SOME
6
OTHER SIGNAL.

7. }Cy_ REPRESENTS AN INPUT TERMINAL TC THE EMC.

8. ]——y ) REPRESENTS AN OUTPUT TERMINAL FROM THE EMC.

9. :]e(:)é— REPRESENTS A TERMINAL THAT 1S BOTH AN INPUT AND AN OUTPUT.

19. NUKMRLRS5 IN PARENTHESES INDICATL THE NUM3EZR OF BITS A MECHANISM HANDLES.
11. THE LOGICAL SENSE (XXX VERSUS XXX) OF THE I/0 TERMINALS IS CORRECTLY

INDICATED. HOWEVER, THE DRAWING IS NOT A RELIABLE INDICATOR OF THE
WACT SCNSE OF THE INTERNAL SIGNALS. TYPICALLY BOTH SENSES EXIST, AND
FREQUENTLY THE PHYSICAL PROXIMITY OF SIGNALS TO THEIR DESTINATIONS WAS
MORE IMPORTANT IN DECIDING WHICH SENSE TO USE, RATHER THAN AGREEMENT CF
LOGICAL SINSE.

.

[}

USE S$'TATCT ACCURACY IN REPORTING SICGNAL SENSES CN SUCH A GENLCRAL
LEVEIL DRAWING WOULD SHARPLY INCRLASE THE NUMBER OF INTERCONNECTIONS,
WITH ONLY A SLIGHT INCREASE IN USEFULNESS, WE USUALLY SHOW ONLY THE

NAME CF THE SIGHNAL.

FIG 129C
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§MHERTZ @ _J LML
go LUy uyu

4K READ STM | A %

CEN

QU6EA

QuUsB

MEB

(D UMC

IDA ENABLE

4K WRITE STM~ | 4

CEN

RW

QU6A

QuUéB

MEB

D UMC %

4K REFRESH QU7A ___|
Qu7B

CEN I

o ——— e — g

QUBA —4—

P e e —— oy

QueB —_
® T 2% 777
@ RW

MEB T 1

READ/WRITE MEMORY CONTROL TIMING

(D UMC IS GIVEN BY MEMORY TIMING AND CONTROL CIRCUIT.
( CS AND RW ARE NECESSARY DURING A REFRESH FOR A
MOTOROLA OR AMI PART. TI'S PART DOESN'T CARE

FIG 136



U.S. Patent

Feb. 21, 1978

Sheet 178 of 267

Lo

|
—

4,075,679

,DAO [Q‘Illllllllllll P
—— ' _‘ N
DA | L<-— = 0
[TTTTTIITITT
7 - i @
& DA 2 L<_ an b
LQLJ . . IIENEEENIEEAN 4
& IDA 3 L°<_—TI]HH[IITII
g > 9
& ey O
= IDA 4 L’<}—"HHHIIHHI B 3
w > 4
=
< IDA 5 _L<}‘Hunrnrrn B
= y
= IDA 6 L’<F o | 4 é
L . T TII I TIT] |
IDA 7 rg}_ || )
<o |
iDA 8 L,<}_ =
) I T — - =
IDAg 4 I TITTTTTITTIITT dB
. ' A
o IDA 10 . TTTTTIIITIT] _‘_" |§ E
S| DAl L<|_ —
= . O]
DAT2 L<]7 —
. TTITTITITIIIT !
DA 13 L<]— B
R [TITTITIITIIT <§
— =
IDA 14 B\LOQ—HHH[I 111 B
! ! CEN——~ w
= =8 =
2 T E——2
S S
o uﬁ
. - - ~ Y ~ _/ ‘lgn:
IDA BUS MEMORY ADDRESS



U.S. Patent Feb. 21, 1978

Sheet 179 of 267

4,075,679

——RPL

KDP CONTROL 1/0 INTERFACE
—{>>— 7
+5 +5 |
INIT > pp | o
PP
PA3
12
|
o PO
—
(&)
=
=
(&)
(]
& 0SB
<
|
8 —
C = V2p—WesB
DOUT B 3 P
) A Y0
>1006 | STATUS LATCH
005
[0 4 Us3
—— e O S D—TRL
1003 R
p— (1 1o 2 DI—pRT BUSY
[0 e N
> 55 Q DI—PAPER OUT
L > SIZE

usIB DSP
US7A PRT

}F ROM KEYBOARD SECTION

FROM PRINTER

SECTION

FIG 138
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KDP CONTROL KEYBOARD SCAN CIRCUIT |——'— FIG 139
7

R458B
PUP

—~U39C

§

RST €———mr e
A *5 = [14520 R
Q0M\use8 KRST DEBOUNCE
—UA5C COUNTER
#4059 2l |l |\ Srmes—a
07 | o PP 4030 | i Sliasp0 Ryt 1 U2A
ro?o@:_ [OW FOR— [~ {>r°U368 3027
O o1 USOB| | [KEY DOWN T
005 __KEY SCAN =
5 U658 Ef— COUNTER™ <+
oyl 4520 < U65A E =
——Cin 030201 R 4520 <REY
002 1 DOWN
(] = =
00057
=
o Z DICBA
|§ i 1452 UST
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BASIC TIMING

KDP_CLOCK IS 15 MHZ (DERIVED FROM 6MHZ SYSTEM CLOCK)
MAIN TIMING SIGNALS (COMPLEMENTS ALSO USED)
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COUNTER U35
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11011

4,075,679
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(~5 3415)

6 CLOCKS
(~4s)

T\
-

ROM TIMI

P7CE) _] |

ADDRESS |
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KDP CONTROL MEMORY SECTION FIG 142
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PROGRAMMABLE CALCULATOR

BACKGROUND OF THE INVENTION

This invention relates generally to calculators and
improvements therein and more particularly to pro-
grammable calculators that may be controlled both
manually from the keyboard input unit and automati-
cally by means of a stored program that has previously
been loaded into the ¢calculator memory from the key-
board input unit or an external magnetic record mem-
ber.

Computational problems may be solved manually,
with the aid of a calculator (a dedicated computational
keyboard-given machine that may be either program-
mable or nonprogrammable) or a general purpose com-
puter. Manual solution of computational problems is
often very slow, so slow in many cases so as to be an
impractical, expensive, and ineffective use of the human
resource, particularly when there are other alternatives
for solution of the computational problems.

Nonprogrammable calculators may be employed to
solve many relatively simple computational problems
more efficiently than they could be solved by manual
methods. However, the keyboard operations or lan-
guage employed by these calculators is typically trivial
in structure, thereby requiring many keyboard opera-
tions to solve more general arithmetic problems. Pro-
grammable calculators may be employed to solve many

20

25

additional computational problems at rates hundreds of 30

times faster than manual methods. However, the key-
board language employed by these calculators is also
typically relatively simple in structure, thereby again
requiring many keyboard operations to solve more gen-
eral arithmetic problems.

Conventional programmable calculators have also
been restricted to operation in accordance with a single
fixed program language. It would be advantageous to
provide a programmable calculator in which the user
may select at will any one of a number of different
calculator or computer languages.

SUMMARY OF THE INVENTION

The principal object of this invention is to provide an
improved programmable calculator that has more capa-
bility and flexibility than conventional programmable
calculators, that is smaller, less expensive, and more
efficient in evaluating mathematical functions than are
conventional computer systems, and that is much easier
for the unskilled user to operate than either conven-
tional programmable calculators or computer systems.

Another object of this invention is to provide a pro-
grammable calculator in which the user may employ a
reset key at any time during operation of the calculator
to initialize the calculator without thereby erasing any
information stored in the calculator memory.

Another object of this invention is to provide a pro-
grammable calculator in which a visual cursor can be
selectively entered into a displayed line of alphanumeric
characters from either the left-hand end of that line or
the right-hand end of that line.

Another object of this invention is to provide a pro-
grammable calculator in which the user may execute
statements manually from the keyboard at the same time
the calculator is executing a program stored in the cal-
culator memory.

Another object of this invention is to provide a pro-
grammable calculator in which the user may obtain,
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under program control, a printed listing of selected
information stored in the calculator memory.

Another object of this invention is to provide a pro-
grammable calculator in which the user may, at any
point during execution of a program stored in the calcu-
lator read-write memory, transfer the entire contents of
the read-write memory, including all data and relevant
housekeeping information existing at the time of trans-
fer, to an external magnetic tape, and may thereafter
load that transferred information back into the calcula-
tor read-write memory for automatic resumption of
execution of the program at the point therein at which
the transfer occurred.

Another object of this invention is to provide a pro-
grammable calculator in which the user may insert
additional characters at a designated position in a line of
alphanumeric information by moving an insert cursor to
that position and by then simply actuating keys repre-
senting the desired characters to be inserted.

Another object of this invention is to provide a pro-
grammable calculator in which the user may coarsely
and finely position, within a display, a line of alphanu-
meric information whose length exceeds that of the
display by selectively actuating a group of display posi-
tion control keys.

Another object of this invention is to provide a pro-
grammable calculator in which an attempt to store a
line of alphanumeric statements containing a syntax
error results in a visual error message being indicated to
the user and in which subsequent actuation of a recall
key results in that erroneous line being visually dis-
played with a cursor indicating the location of the syn-
tax error.

Another object of this invention is to provide a pro-
grammable calculator in which the user may select
either one of two visual cursors to designate separate
editing functions to be performed in connection with a
displayed line of alphanumeric information.

Another object of this invention is to provide a pro-
grammable calculator in which interrupt service rou-
tines employed in connection with peripheral input-
/output units may be written by the user in keyboard
language.

Another object of this invention is to provide a pro-
grammable calculator in which the user can declare an
interrupt priority among a plurality of peripheral input-
/output units to eliminate user attention to interrupt
requests.

Another object of this invention is to provide a pro-
grammable calculator that automatically adjusts ad-
dresses designated in relative branch statements of a
program stored in the calculator memory in accordance
with any program editing performed by the user.

Another object of this invention is to provide a pro-
grammable calculator in which the user may specify an
array through use of a dimension statement that in-
cludes one or more variables to represent the size of the
array.

Another object of this invention is to provide a pro-
grammable calculator in which the user may specify, as
part of an enter statement, an array that may include an
expression to specify a subscript thereof and in which
the expression is automatically evaluated by the calcula-
tor and the result thereof displayed for the user.

Another object of this invention is to provide a pro-
grammable calculator in which a specified array may
include an expression to designate a subscript thereof
and in which a trace mode of operation is provided to
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automatically evaluate the expression and display the
result thereof to the user.

Another object of this invention is to provide a pro-
grammable calculator in which the user may com-
pletely change the language of the calculator by replac-
ing a plug-in language read-only memory.

Another object of this invention is to provide a pro-
grammable calculator in which the user may call a
rounding function for rounding a number to a specified
number of digits.

Another object of this invention is to provide a pro-
grammable calculator in which the user may call a
tangent function and specify as an argument of that
function any angle up to 10°°°.

Another object of this invention is to provide a pro-
grammable calculator in which the user may direct
execution of a program to begin or continue at a la-
belled program statement.

Another object of this invention is to provide a pro-
grammable calculator in which the user may select an
exclusive or logic operator for use in constructing al-
phanumeric statements.

Another object of this invention is to provide a pro-
grammable calculator in which the user may recall into
the display either the last or the penultimate line of one
or more alphanumeric statements executed by the cal-
culator or stored in the calculator memory by actuating
a recall key either once or twice, respectively.

Another object of this invention is to provide a pro-
grammable calculator in which the user may, during
program execution, direct execution of the program to
any one of a plurality of program lines by simply actuat-
ing an appropriate one of the keys of a keyboard input
unit.

Another object of this invention is to provide a pro-
grammable calculator in which the user may communi-
cate via the calculator keyboard with a plurality of
peripheral input/output units connected to the calcula-
tor by means of a universal interface but without regard
for conventions of that universal interface bus.

Other and incidental objects of this invention will
become apparent to those persons skilled in the art upon
detailed examination of the following portions of this
specification.

These objects are accomplished in accordance with
the illustrated preferred embodiment of this invention
by employing a keyboard input unit, a magnetic tape
cassette reading and recording unit, a 32-character
light-emitting diode (LED) display, a 16-character ther-
mal printer unit, a memory unit, and a central process-
ing unit (CPU) to provide an adaptable programmable
calculator having manual operating, automatic operat-
ing, program entering, magnetic tape reading, and mag-
netic tape recording modes.

The keyboard input unit includes a group of numeric
data keys for entering data into the calculator, a group
of algebraic operator keys for use in entering algebraic
statements into the calculator, a second set of numeric
keys, a complete set of alphabetic keys and a group of
special character keys all arranged in a configuration
slightly modified from that of a typewriter keyboard, a
group of program editing and display control keys use-
ful in editing displayed lines of alphanumeric informa-
tion, a group of system command keys for listing pro-
grams of alphanumeric statements stored in the calcula-
tor memory, for controlling the operation of the mag-
netic tape cassette reading and recording unit, for con-
trolling the calculator memory, and for otherwise con-
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trolling operation of the calculator, and a group of
user-definable keys. Many of these groups of keys are
useful in both the manual and automatic operating
modes of the calculator.

The magnetic tape cassette reading and recording
unit includes a reading and recording head, a drive
mechanism for driving a magnetic tape past the reading
and recording head, and reading and recording drive
circuits coupled to the reading and recording head for
bidirectionally transferring information between the
magnetic tape and the calculator as determined by al-
phanumeric statements executed from the keyboard or
as part of a program stored in the calculator memory.

The memory unit includes a modular random-access
read-write memory having a dedicated system area and
a separate user area for storing alphanumeric program
statements and/or data. The user portion of the read-
write memory may be expanded without increasing the
overall dimensions of the calculator by the addition of a
plug-in read-write memory module. Additionl read-
write memory made available to the user is automati-
cally accommodated by the calculator, and the user is
automatically informed of the number of available pro-
gram storage locations and when the storage capacity
of the read-write memory has been exceeded.

The memory unit also includes a modular read-only
memory in which routines and subroutines of assembly
language instructions for performing the various func-
tions of the calculator are stored. The read-only mem-
ory comprises a plug-in mainframe language read-only
memory for defining the language of the calculator and
a group of optional plug-in function read-only memo-
ries that may be selectively added by the user to in-
crease the functional capability of the calculator within
the framework of the language defined by the main-
frame language ROM. Receptacles are provided in the
front base of the calculator housing to accommodate up
to four plug-in function read-only memories. A recepta-
cle is likewise provided on the right side panel of the
calculator housing to accommodate the single main-
frame language ROM. By plugging an appropriate dif-
ferent mainframe language ROM into the receptacle
provided therefore, the operating language of the calcu-
lator can be changed from the standard algebraic lan-
guage described hereinafter to either BASIC, FOR-
TRAN, ALGOL or APL computer languagte, for ex-
ample. Different mainframe language plug-in read-only
memories, as well as any plug-in function read-only
memories added by the user, are automatically accom-
modated by the calculator.

Exemplary of the plug-in function read-only memo-
ries that the user may add to increase the functional
capabilities of the calculator are a plotter ROM, a string
variables ROM, a general input/output ROM, a matrix
ROM, an advanced programming ROM, an extended
input/output ROM, and a disc memory ROM.

The LED display unit is hardware-refreshed and
features 32-character 5 X 7 dot matrix alphanumeric
capability. Hardware refreshing of the display allows
the user to use the display in connection with keyboard
calculations at the same time the microprocessor is
executing a program stored in the calculator memory.

The central processing unit (CPU) may comprise, for
example, an LSI MOS hybrid microprocessor that in-
cludes a binary processor chip, an input/output (I/0)
chip, and an extended math chip together with neces-
sary buffering circuitry. This processor utilizes 16-bit
parallel bus architecture which, at various points in
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time, handles address, instruction or data information.
Also included are two 16-bit general purpose accumula-
tors, memory stack instruction capability, two-level
vectored interrupt capability, a single direct memory
access channel, and math instructions for handling bi-
nary-coded-decimal floating point numbers.

In the run mode of operation, the calculator is con-
trolled by an internal stored format generated by the
calculator in response to actuation by the user of se-
lected keys of the keyboard input unit. Each internal
stored format is employed as a pointer to the address of
the routine stored in the calculator read-only memory
that is required for execution of the selected keyboard
instruction.

In the program mode of operation, the internal stored
format generated by the calculator during entry of a
program is stored in the program storage area of the
user read-write memory. This internal stored format,
compiled from lines of alphanumeric statements entered
into the calculator by the user, constitutes a program
that may be automatically executed by the calculator
upon request by the user. During program entry, the
output printer may be commanded, by means of a key-
board switch, to provide a printed listing of the key-
board statements entered by the user together with the
corresponding program line at which the associated
internal stored format is stored. Since several key actua-
tions may result in generation by the calculator of a
single compiled instruction code and since the calcula-
tor executes only these internal instruction codes, a
complex program can be stored and executed by the
calculator very efficiently and in a short period of time.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a front perspective view of a programmable
calculator according to the preferred embodiment of
this invention.

FIG. 2 is a rear perspective view of the programma-
ble calculator of FIG. 1.

FIG. 3 is a plan view of the keyboard input unit em-
ployed in the programmable calculator of FIG. 1.

FIG. 4 is a simplified block diagram of the hardware
associated with the calculator of FIG. 1.

FIG. 5 is a simplified block diagram of the firmware
associated with the calculator of FIG. 1.

FIG. 6 is a memory map showing the format of the
various read-write and read-only memories within the
calculator memory section of FIG. 4.

FIG. 7 is a memory map showing the format of each
of the twelve individual read-only memory chips within
the mainframe language ROM of FIG. 4.

FIG. 8 is a memory map of the basic and optional
read-write memories of FIGS. 4 and 6.

FIG. 9 is a detailed memory map of a portion of the
read-write memory of FIG. 8 that is reserved for the
special function keys.

FIG. 10 is a detailed memory map of the portion of
the read-write memory of FIG. 8 that is employed as a
user program area.

FIG. 11 is a detailed memory map of the portion of
the read-write memory of FIG. 8 that is employed as a
statement parameter stack.

FIG. 12 is a detailed memory map of the portion of
the read-write memory of FIG. 8 that is employed as a
subroutine stack.

FIG. 13 is a detailed memory map of the portion of
the read-write memory of FIG. 8 that is employed as a
for/next stack.
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FIGS. 14A-B are a detailed memory map of the
portion of the read-write memory of FIG. 8 that is
employed as a value table.

FIG. 15 is a detailed memory map of the base page
portions of the language read-only memory of FIG. 7
and the read-write memory of FIG. 8.

FIG. 16 is a detailed block diagram of the processor
of FIG. 4.

FIG. 17 is a detailed schematic diagram of the clock
generator of FIG. 16.

FIG. 18 is a detailed schematic diagram of the preset
circuit of FIG. 16.

FIG. 19 is a detailed block diagram of the micro-
processor of FIG. 16.

FIG. 20 is a detailed logic diagram of one of the BIBs
of FIGS. 16 and 19.

FIG. 21 is a diagram illustrating the memory address-
ing convention employed by the BPC of FIG. 19.

FIG. 22 is a diagram illustrating current page abso-
lute addressing employed by the BPC of FIG. 19.

FIG. 23 is a diagram illustrating relative addressing
employed by the BPC of FIG. 19.

FIGS. 24A -G are a tabular illustration of the instruc-
tion set and corresponding bit patterns associated with
the BPC of FIG. 19.

FIGS. 25A-C are a detailed block diagram of the
BPC of FIG. 19.

FIG. 26 is a detailed block diagram of the connection
between the IDA bus of FIG. 19 and the TDB bus of
FIGS. 25A-B.

FIG. 27 is a detailed schematic diagram illustrating
how the DMP ST microinstruction is placed on the
IDB bus of FIGS. 25A-B and illustrating the details of
a pre-charger and a 01 enhancer associated with the
IDB bus.

FIG. 28 is a detailed schematic diagram of the D
register of FIGS. 25A-B.

FIG. 29 is a detailed block diagram of the I register of
FIGS. 25A-B.

FIG. 30 is a detailed schematic diagram of the upper
twelve bits of the I register of FIG. 29.

FIG. 31 is a detailed schematic diagram of the CTQ
generator of FIG. 29.

FIG. 32 is a detailed schematic diagram of the lower
four bits of the I register of FIG. 29.

FIG. 33 is a detailed block diagram of the instruction
decode block of FIGS. 24A-B.

FIGS. 34A-D are a table of the 29 instruction catego-
ries decoded by the instruction category identifier of
FIG. 33.

FIGS. 35A-E are a tabular illustration of the relation-
ship between the 29 instruction categories of FIGS.
34A-D and the instruction bit patterns of FIGS.
24A-G.

FIG. 36 is a tabular illustration of the details of gener-
ation of the instruction group qualifiers appearing at the
output of the instruction group decoder of FIG. 33 from
the outputs of the instruction category identifier of
FIG. 33.

FIG. 37 is a detailed schematic diagram of the asyn-
chronous instruction generator of FIG. 33.

FIG. 38 is a detailed block diagram of the control
ROM included within the BPC of FIGS. 25A-B.

FIG. 39 is a detailed schematic diagram of the 4-bit
state counter and drivers of FIG. 38. '

FIG. 40 is a diagram illustrating the natural state
sequence of the state counter of FIG. 38.
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FIG. 41 is a detailed schematic diagram of the micro-
instruction decoding circuitry of FIG. 38.

FIG. 42 is a detailed schematic diagram of the non-
sequential state-count generator of FIG. 38.

FIG. 43 is a diagram illustrating the logical properties
of the non-sequential state-count generator of FIG. 38.

FIG. 44 is a detailed schematic diagram of the next
state-count encoder of FIG. 42.

FIG. 45A is a detailed block diagram of the R register
of FIG. 25A-B.

FIG. 45B is a detailed schematic diagram showing
the origin of various signals employed by the R register
of FIG. 45A.

FIG. 45C is a detailed schematic diagram of one of
the bits of the R register of FIG. 45A.

FIG. 46A is a detailed block diagram of the A and B
registers of FIGS. 25A-B.

FIG. 46B is a detailed block diagram of the ZAB bus
control of FIGS. 25A-B.

FIG. 47A is a detailed schematic diagram of one of
the bits of each of the A and B registers of FIG. 46A.

FIG. 48 is a detailed schematic diagram of the ZAB
bus and the ZAB bus control block of FIGS. 25A-B.

FIG. 49 is a detailed block diagram of the S register
and the S register shift control block of FIGS. 25A-B.

FIG. 50 is a detailed schematic diagram of the S
register of FIG. 49.

FIG. 51 is a detailed schematic diagram of the S
register shift control block of FIG. 49.

FIG. 52 is a detailed schematic diagram of the ALU
of FIGS. 25A-B.

FIG. 53 is a detailed block diagram of the adder and
complementer of FIG. 52.

FIG. 54 is a detailed schematic diagram of the com-
plementer of FIG. 53 together with its associated cir-
uitry.

FIG. 55 is a diagram illustrating the rules for generat-
ing sum and carry bits during addition operations per-
formed by the ALU of FIG. 52.

FIG. 56 is a detailed schematic diagram of a portion
f the circuitry within the adder of FIG. 53.

FIG. 57 is a detailed schematic diagram of the ALU
sontrol block of FIG. 52.

FIG. 58 is a detailed schematic diagram of the output
selector and LSB/MSB trap blocks of FIG. 52.

FIG. 59 is a detailed block diagram of the extend and
overflow registers of FIGS. 25A-N in a non-ERA
mode.

FIG. 60 is a detailed block diagram of the extend and
>verflow registers of FIGS. 25A-B connected in a
aon-ERA mode.

FIG. 60 is a detailed block diagram of the extend and
sverflow registers of FIGS. 25A-B connected in an
ERA mode.

FIG. 61 is a detailed schematic diagram of the
EX/0OV control block FIG. 59.

FIG. 62 is a detailed schematic diagram of the extend,
sverflow, set EX, set OV, and EX/OV selector #1
slocks of FIG. 59.

FIG. 63 is a detailed schematic diagram of EX, OV,
and EX/0V selector #2 of blocks of FIG. 60.

FIG. 64 is a detailed schematic diagram of the flag
multiplexor of FIGS. 25A-B.

FIG. 65 is a detailed schematic diagram of the skip
matrix of FIGS. 25-B.

FIG. 66 is a detailed schematic diagram of the P
register of FIGS. 25A-B.
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FIG. 67 is a detailed schematic diagram of the T
register of FIGS. 25A-B.

FIG. 68 is a detailed block diagram of a portion of the
overall block diagram of FIGS. 25A-B that comprises a
program adder section.

FIG. 69 is a diagram illustrating how the program
adder section of FIG. 68 generates a 15-bit base page
address from the 10-bit field of a memory reference
instruction.

FIG. 70 is a diagram illustrating how the program
adder section of FIG. 68 generates a 15-bit relative
current page address from the 10-bit field of a memory
reference instruction.

FIG. 71 is a diagram illustrating how the program
adder section of FIG. 68 generates a 15-bit absolute
current page address from the 10-bit field of a memory
reference instruction.

FIG. 72 is a diagram illustrating how the program
adder section of FIG. 68 generates a 15-bit memory
address from the 6-bit field of a skip instruction.

FIG. 73 is a diagram illustrating the increment P
mode of operation of the program adder section of FIG.
68.

FIG. 74 is a detailed schematic diagram of the P-
adder input (PAI) of FIG. 68.

FIG. 75 is a detailed block diagram of the P-adder of
FIG. 68.

FIG. 76 is a detailed schematic diagram of the P-
adder control and the P-adder output selector blocks of
FIG. 68.

FIG. 77 is a detailed schematic diagram of the ad-
dressing mode selector of FIG. 68 and the service logic
of FIG. 75.

FIG. 78 is a detailed schematic diagram of the P-
adder of FIG. 78.

FIG. 79 is a detailed block diagram of the BPC regis-
ter detection and address latches block and the indirect
circuit of FIGS. 25A-B.

FIG. 80 is a detailed schematic diagram of a portion
of the circuitry of FIG. 79.

FIG. 81 is a detailed schematic diagram of the BPC-
register address detector of FIG. 79.

FIG. 82 is a detailed schematic diagram of the BPC-
register LSB address latches of FIG. 79.

FIGS. 83A-B are a detailed block diagram of the
M-section of FIGS. 25A-B.

FIG. 84 is a detailed schematic diagram of a portion
of the circuitry of FIG. 83A.

FIG. 85 is a detailed schematic diagram of a portion
of the circuitry of FIG. 83A.

FIG. 86 is a flow chart illustrating the logic flow of
the circutry of FIGS. 84 and 85.

FIG. 87 is a detailed schematic diagram of a portion
of the circuitry of FIG. 83B.

FIG. 88 is a detailed schematic diagram of a portion
of the circuitry of FIG. 83B.

FIG. 89 is a detailed schematic diagram of a portion
of the M-section of FIGS. 25A-B.

FIG. 90 is a detailed schematic diagram of a portion
of the circuitry of FIG. 83A.

FIGS. 91A-E are illustrations of the conventions
used in the BPC ASM chart of FIGS. 92-103.

FIG. 92 is a diagram showing the overall relationship
of the flow chart segments of FIGS. 93-103.

FIG. 93 is a flow chart segment of the instruction
fetch and fanout activity of the BPC of FIG. 19.
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FIG. 94 is a flow chart segment of the load, add, and,
or, and compare machine instructions executed by the
BPC of FIG. 19.

FIG. 95 is a flow chart segment of the STA and STB
machine instruction executed by the BPC of FIG. 19.

FIG. 96 is a flow chart segment of the ISZ and DSZ
machine instructions executed by the BPC of FIG. 19.

FIG. 97 is a flow chart segment of the JMP and JSM
machine instructions executed by the BPC of FIG. 19.

FIG. 98 is a flow chart segment of the EXE machine
instruction executed by the BPC of FIG. 19.

FIG. 99 is a flow chart segment of the RET machine
instruction executed by the BPC of FIG. 19.

FIG. 100 is a flow chart segment of the alter-skip
group of machine instructions executed by the BPC of
FIG. 19.

FIG. 101 is a flow chart segment of the shift-rotate
group of machine instructions executed by the BPC of
FIG. 19.

FIG. 102 is a flow chart segment of the complement
group of machine instructions executed by the BPC of
FIG. 19.

FIG. 103 is a flow chart segment illustrating the re-
sponse of the BPC of FIG. 19 to a request for execution
of a non-BPC machine instruction.

FIG. 104 is a flow chart of memory cycle operation
initiated by the M-section of FIGS. 25A-B.

FIG. 105 is a tabular illustration of the addressing
capability embodied in the flow chart of FIG. 104.

FIG. 106 is an illustration of the conventions used in
the waveform diagrams of FIGS. 107A-119B.

FIGS. 107A-C are a waveform diagram illustrating a
read memory cycle in which the source address is a
BPC register.

FIGS. 108A-B are a waveform diagram illustrating
two consecutive read memory cycles originating with
the BPC in which the source addresses are in the exter-
nal memory.

FIG. 109 is a waveform diagram illustrating a gener-
alized BPC-originated read memory cycle.

FIGS. 110A-D are a waveform diagram illustrating a
write memory cycle in which the destination address is
a BPC register

FIGS. 111A-C are a waveform diagram illustrating
two consecutive write memory cycles originating with
the BPC in which the destination addresses are in the
external memory.

FIG. 112 is a waveform diagram illustrating a gener-
alized BPC-originated write memory cycle not involv-
ing handshake.

FIG. 113 is a waveform diagram illustrating a gener-
alized 5-state BPC-originated write memory cycle with
handshake.

FIG. 114 is a waveform diagram illustrating a gener-
alized 6-state BPC-originated write memory cycle with
handshake.

FIGS. 115A-C are a waveform diagram illustrating
the initial start up and first instruction fetch of the BPC.

FIG. 116 is a waveform diagram illustrating the cap-
ture of external flags during a BPC instruction fetch.

FIGS. 117A-B are a waveform diagram illustrating
an interrupt of the BPC during an instruction fetch.

FIG. 118 is a flow chart illustrating the logical rela-
tionship betweeen a bus request and a bus grant.

FIGS. 119A-B are a waveform diagram illustrating
the timing relationship between a bus request and a bus
grant.
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FIGS. 120A-E are a tabular representation of the
contents of the read-only memory portion of the BPC
of FIGS. 19 and 25A-B.

FIG. 121 is a waveform diagram illustrating a write
1/0 bus cycle.

FIG. 122 is a waveform diagram illustrating a read
170 bus cycle.

FIG. 123 is a diagram illustrating the indirect ad-
dressing sequence implemented by the BPC and IOC of
FIG. 19 during an interrupt.

FIG. 124 is a pictorial representation of the use of the
extended bus grant capability of the microprocessor of
FIG. 19.

FIGS. 125A-C are a tabular illustration of the in-
struction set and corresponding bit patterns associated
with the IOC of FIG. 19.

FIGS. 126A-C are a detailed block diagram of the
IOC of FIG. 19.

FIG. 127 is a diagram illustrating the format in which
12-digit floating point binary-coded-decimal numbers
are encoded for use by the EMC of FIG. 19.

FIGS. 128A-C are a tabular illustration of the in-
struction set and corresponding bit patterns associated
with the EMC of FIG. 19.

FIGS. 129A-C are a detailed block diagram of the
EMC of FIG. 19.

FIG. 130 is a detailed schematic diagram of the bus
control block of FIG. 16.

FIG. 131 is a detailed schematic diagram of the mem-
ory timing control block of FIG. 16.

FIG. 132 is a detailed block diagram of the mainframe
language ROM, ROM interface, and plug-in ROM of
FIG. 4.

FIG. 133 is a detailed schematic diagram of one of the
individual ROM chips employed in the mainframe lan-
guage ROM, ROM interface, and plug-in ROM of
FIGS. 4 and 132.

FIG. 134 is a detailed schematic diagram of an ad-
dress section of the basic and optional read-write memo-
ries of FIG. 4.

FIG. 135 is a detailed schematic diagram of a mem-
ory control section of the basic and optional read-write
memories of FIG. 4.

FIG. 136 is a waveform diagram illustrating the tim-
ing relationship between various signals involved in the
read-write memory control section circuitry of FIG.
135.

FIG. 137 is a detailed schematic diagram of a read-
write memory devices section of the basic and optional
read-write memories of FIG. 4.

FIG. 138 is a detailed schematic diagram of an I/O
interface section of the KDP control block of FIG. 4.

FIG. 139 is a detailed schematic diagram of a key-
board scan circuit section of the KDP control block of
FIG. 4. '

FIG. 140 is a detailed schematic diagram of a timing
generator section of the KDP control block of FIG. 4.

FIG. 141 is a waveform diagram illustrating the tim-
ing relationship between various signals involved in the
timing generator section of F1G. 140.

FIG. 142 is a detailed schematic diagram of a mem-
ory section of the KDP control block of FIG. 4.

FIG. 143 is a detailed schematic diagram of a display
control section of the KDP control block of FIG. 4.

FIG. 144 is a detailed block diagram of the display of
FIG. 4.



4,075,679

11

FIG. 145 is a waveform diagram illustrating the tim-
ing relationship between various signals involved in the
display control section of FIG. 143.

FIGS. 146A-B are a detailed schematic diagram of a
printer control section of the KDP control block of
FIG. 4.

FIG. 147 is a detailed block diagram of the printer of
FIG. 4.

FIGS. 148A-B are a waveform diagram illustrating
the timing relationship between various signals in-
volved in the printer control section of FIGS. 146A-B.

FIGS. 149A-C are a detailed schematic diagram of
an 1/0 interface section of the cassette control block of
FIG. 4.

FIG. 150 is a detailed schematic diagram of a tape
hole detection circuit section of the magnetic tape cas-
sette unit of FIG. 4.

FIGS. 151A-C are a detailed schematic diagram of a
servo section of the cassette control block of FIG. 4.

FIG. 152 is a detailed schematic diagram of a write
electronics section of the cassette control block of FIG.
4.

FIGS. 153A-B are a detailed schematic diagram of a
read electronics section of the cassette control block of
FIG. 4.

FIGS. 154A-C are a detailed schematic diagram of
the power module and power supply blocks of FIG. 4.

FIG. 155 is a flow chart of a reset subroutine stored in
the mainframe language ROM of FIGS. 4 and 7.

FIGS. 156A-B are a flow chart of a list subroutine
stored in the mainframe language ROM of FIGS. 4 and
7

FIG. 157 is a flow chart of a flashing cursor subrou-
tine stored in the mainframe language ROM of FIGS. 4
and 7.

FIGS. 158A-B are a flow chart illustrating a double
buffering feature of the calculator of FIG. 1.

FIGS. 159A-L are a flow chart of line editing sub-
routines stored in the mainframe language ROM of
FIGS. 4 and 7.

FIGS. 160A-D are a flow chart of array allocation
subroutines stored in the mainframe language ROM of
FIGS. 4 and 7.

FIG. 161 is a flow chart of two rounding subroutines
stored in the mainframe language ROM of FIGS. 4 and
7.

FIG. 172 is a flow chart of a quote recognition sub-
routine stored in the mainframe language ROM of
FIGS. 4 and 7.

FIGS. 163A-F are a flow chart of enter statement
subroutines stored in the mainframe language ROM of
FIGS. 4 and 7.

FIG. 164 is a flow chart of a read binary subroutine
stored in the calculator read-only memory.

FIG. 165 is a flow chart of a prescale subroutine
stored in the mainframe language ROM of FIGS. 4 and
7.

FIG. 166 is a flow chart of a GTO/GSB destinaton
adjustment subroutine stored in the mainframe language
ROM of FIGS. 4 and 7.

FIGS. 167A-B are a flow chart of live keyboard key
processing subroutines stored in the mainframe lan-
guage ROM of FIGS. 4 and 7.

FIGS. 168A-B are a flow chart of live keyboard
execution routines stored in the mainframe language
ROM of FIGS. 4 and 7.
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FIGS. 169A-B are a flow chart of live keyboard
interpreter routines stored in the mainframe language
ROM of FIGS. 4 and 7.

FIGS. 170A-D illustrate the information structure of
a magnetic tape employed in the magnetic tape cassette
reading and recording unit of the calculator.

FIGS. 171A-B are a flow chart of a magnetic tape
recording routine and subroutines stored in the main-
frame language ROM of FIGS. 4 and 7.

FIGS. 172A-B are a flow chart of a magnetic tape
reading routine and subroutines stored in the mainframe
language ROM of FIGS. 4 and 7.

FIG. 173 is a diagram illustrating line bridging per-
formed by the routine of FIGS. 172A-B.

FIG. 174 is a flow chart of a load memory subroutine
stored in the mainframe language ROM of FIGS. 4 and
7

FIG. 175 is a flow chart of a record memory subrou-
tine stored in the mainframe language ROM of FIGS. 4
and 7.

FIG. 176 is a flow chart of an HPIB transparency
routine and subroutine stored in the calculator read-
only memory.

FIGS. 177A-B are a flow chart of a reverse compiler
routine stored in the mainframe language ROM of
FIGS. 4 and 7.

FIGS. 178A-B are a flow chart of a number builder
routine stored in the mainframe language ROM of
FIGS. 4 and 7.

FIGS. 179A-B are a flow chart of a compiler-scanner
routine stored in the mainframe language ROM of
FIGS. 4 and 7.

FIGS. 180A-C are a flow chart of GOTO/GOSUB
processing subroutines stored in the mainframe lan-
guage ROM of FIGS. 4 and 7.

FIGS. 181A-D are a flow chart of end-of-line execu-
tion routines astored in the mainframe language ROM
of FIGS. 4 and 7.

FIGS. 182A-B are a flow chart of a compiler-table
search routine stored in the mainframe language ROM
of FIGS. 4 and 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

GENERAL DESCRIPTION

Referring to FIG. 1, there is shown a programmable
calculator including both a keyboard 320 for entering
information into the calculator and for controlling the
operation of the calculator and a magnetic tape cassette
reading and recording unit 360 for recording informa-
tion stored within the calculator onto one or more ex-
ternal tape cartridges 12 and for loading information
stored on such tape cartridges back into the calculator.
The calculator also includes a 32-character 5 X 7 dot
matrix light-emitting diode (LED) display 330 for dis-
playing alphanumeric statements entered into the calcu-
lator, results of statement execution, error conditions
encountered during operation of the calculator, and
messages and data prompts generated during program
execution. The calculator further includes a 16-column
alphanumeric thermal printer 340 for printing computa-
tion results, program listings, and messages generated
by the calculator or the user. One or more plug-in read-
only memories 230 for increasing the functional capabil-
ity of the calculator may be plugged into a group of four
ROM receptacles 14 provided in the front base of the
calculator. A plug-in mainframe language ROM 210
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that defines the operating language of the calculator
resides in a slot provided on the right base of the calcu-
lator. By replacing the mainframe language ROM, the
operating language of the calculator may be changed,
for example, to either BASIC, FORTRAN, ALGOL or
APL computer language.

As shown in FIG. 2, the rear panel of the calculator
includes three input/output (I/Q) receptacles 30 for
accepting 170 interface modules 32. These 1/0 inter-
face modules serve to couple the calculator to various
selected peripheral 1/O units such as X-Y plotters,
printers, typewriters, photoreaders, paper tape punches,
digitizers, BCD-compatible data gathering instruments
such as digital voltmeters, frequency synthesizers, and
network analyzers, and a universal interface bus for
interfacing to most bus-compatible instrumentation.

The overall operation of the calculator hardware
may be understood with reference to the block diagram
of FIG. 4. A central processing unit (CPU) 100 handles
all data processing performed by the calculator and is
arranged to cooperate with a memory section 200 and
an 1/0 section 300. Memory section 200 comprises the
mainframe language ROM 210, a basic read-write mem-
ory 220, the optional plug-in read-only memory mod-
ules 230, and an optional read-write memory 2490. 1/0
section 300 includes a keyboard/display/printer (KDP)
control circuit 310, the keyboard input unit 320, the
display 330, the thermal printer 340, the magnetic tape
cassette reading and recording unit 360, a magnetic tape
control circuit 350, and an I/0 interface circuit 370. A
power module 410 includes a line transformer, a power
switch 16 located on the right panel of the calculator, a
group of line voltage selection switches, and a group of
fuses. The fuses and line voltage selection switches are
located within a printer paper supply compartment that
is accessible through a hinged cover 18 on the top panel
of the calculator.

CENTRAL PROCESSING UNIT

Referring now to FIG. 16, there is shown a more
detailed block diagram of the central processing unit
100 of FIG. 4. The heart of the CPU 100 is a micro-
processor 101. Microprocessor 101 is a hybrid combina-
tion of three NMOS integrated circuits and four
schottky TTL bidirectional data buffers. Microproces-
sor 101 requires two-phase clocking that is generated by
a clock generator circuit 102. A preset circuit 103 ini-
tializes the microprocessor 101 by means of a signal
POP when the power is not valid, as indicated by a line
PVL, or when a RESET key on keyboard input unit
320 is actuated, as indicated by a RESET line. A bus
control circuit 104 determines the direction of data flow
on the memory bus and further determines which mem-
ory section is allowed to place data on the memory bus.
A memory timing and control circuit 105 provides the
proper timing signals for interfacing the the micro-
processor 101 to the various memory sections.

CLOCK GENERATOR

Operation of the clock generator circuit 102 of FIG.
16 may be understood with reference to the detailed
schematic diagram of FIG. 17 and with further refer-
ence to copending U.S. Pat. application Ser. No.
599,500 entitled TWO-PHASE CLOCK CIRCUIT,
filed Jul. 28, 1975, by Loyd F. Nelson et al and assigned
to the same assignee as the present application. A duel
voltage controlled muitivibrator U8 may comprise, for
example, a Motorola MC4024 package. Section USA of
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this package and its associated components are em-
ployed to generate a nominal frequency of 11.6 mega-
hertz. Section USA is biased at a nominal voltage of 4.0
volts via resistor R23 from a power supply and a divider
network comprising diode CR1 and resistors R20 and
R21. Section U8B, similarly biased, generates a signal
having a nominal frequency of 10 kilohertz that is inte-
grated by resistor R16 and capacitor C15 to produce a
triangular waveform. The triangular waveform is then
used to modulate the nominal 10-kilohertz frequency,
thus spreading the energy associated with the basic
frequency over a frequency spectrum of 11.2 megahertz
to 12 megahertz and reducnbg both the conducted and
radiated energy to an acceptable limit at any given
frequency. The resulting frequency is divided by a flip-
flop U7 to produce the clock frequency used in the
calculator. Devices U4, US, and U6 provide the two
non-overlapping clock signals required by the micro-
processor 101. Device U4, which may comprise, for
example, a Motorola MMHO0026, converts the TTL
signal levels to MOS levels, as requied by microproces-
sor 101. A pair of inverters UGA and U6B feed back the
clock signals to YJ5B and USA to inhibit each clock
signal from proceeding to the high logic state until the
other clock signal has reached the low logic state.
Schottky TTL devices are utilized for the gates of de-
vices US and U6 to minimize the amount of time each
clock signals resides in the low logic state while insur-
ing that the two clock signals will not overlap. The
feedback signals of both inverters U6A and U6B are
also distributed to various circuits within the calculator
requiring synchronization with the microprocessor.
Exemplary of these circuits are the memory timing
control circuit 105, the basic and optional read-write
memories 220 and 240, a monitor interface circuit, and
the preset circuit 103. An output of clock generator 102
is also provided for the KDP control circuit 310 of FIG.
4 for display and printer timing purposes

PRESET CIRCUIT

Operation of the preset circuit 103 of FIG. 16 may be
understood with reference to the detailed schematic
diagram of FIG. 18. The output of a flip-flop U7 is a
power-on pulse POP that is employed to initialize mi-
croprocessor 101. Flip-flop U7 synchronizes a power
valid line PVL and a reset key line RESET for the
microprocessor 101. The PVL line indicates when the
power supply voltages are valid. Since the signal on the
PVL line transitions slowly, a pair of resistors R13 and
R14 are employed to provide sufficient hysteresis to
protect against false transitions. Preset circuit 103 also
generates an initialization signal INIT that is coupled
via the 1/0 bus of FIG. 16 to the various I/0 control
circuits 310, 350, and 370 of FIG. 4 to initialize 1/0
section 300 simultaneously with initialization of micro-
processor 101.

MICROPROCESSOR

Operation of the microprocessor 101 of FIG. 15 may
be understood with reference to the detailed block and
schematic diagrams of FIGS. 19-129C. Microprocessor
101 is employed to fetch and execute programmed ma-
chine language instructions stored in the memory and to
provide a means of communication with various periph-
eral 1/0 units. Microprocessor 101 is a hybrid assembly
whose active components are four 8-bit bidirectional
interface buffers (BIB), a binary processor chip (BPC),
an input/output controller (I0C), and an extended math
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chip (EMC), as shown in the detailed block diagram of
FIG. 19. The BPC, 10C, and EMC are each NMOS
LSI integrated circuits, while each BIB comprises bipo-
lar devices exclusively,.

Referring now to FIG. 20, there is shown a detailed
diagram of the internal logic of each 8-bit BIB. Each bit
is buffered in both directions by tri-state buffers con-
trolled by non-overlapping buffer enable signals. A pair
of 8-bit BIBs forms a 16-bit buffer between the three
NMOS chips of the microprocessor and the calculator
memory. Those BIBs are hereinafter referred to as the
memory BIBs. The remaining pair of 8-bit BIBs forms a
16-bit buffer used for communication with peripheral
input/output units and are hereinafter referred to as the
peripheral BIBs.

The elements of the microprocessor are intercon-
nected by an MOS-level instruction-data bus (IDA).
Within the microprocessor 101, the IDA bus comprises
sixteen lines labelled IDA ,~IDA 4 that are common to
the memory and perpheral BIBs as well as the BPC,
10C, and EMC. Also included are a number of other
MOS-level lines, some of which are common to all of
the chips within microprocessor 101 and some of which
form interconnections with only certain ones of the
chips. The IDA bus is employed to transmit encoded
information representing either machine language in-
structions, memory or register addresses, or memory or
register data to and from various peripheral input/out-
put units. The remaining lines comprise control lines,
clock lines, power supply lines, etc.

The peripheral and memory BIBs selectively connect
the MOS-level IDA bus within microprocessor 101 to
the TTL-level circuitry outside the microprocessor. In
the case of operations involving the microprocessor and
portions of the calculator memory outside the micro-
processor such as transmission of address, data, and
instruction information, the memory BIBs are enabled
in the direction determined by a bus control circuit 104.
The peripheral BIBs are enabled in the appropriate
direction by the IOC whenever a word of information is
to be exchanged between a peripheral 1/0 unit and the
MiCroprocessor.

As referred to in the following detailed description of
the microprocessor 101, the term “memory” means any
addressable memory location of the calculator both
within and without the microprocessor itself. The term
“external memory” refers to the calculator memory
section 200 of FIG. 4. The term “‘register” refers to the
various storage locations within the microprocessor
itself. These registers range in size from one bit to six-
teen bits. The term “addressable register” refers to a
register within one of the microprocessor chips that
responds as memory when addressed. Most registers are
not addressable. In most discussions that follow the
context clarifies whether or not a register has addressa-
bility so that it is not deemed necessary to explicity
differentiate between addressable registers and regis-
ters. Those registers that are addressable are included in
the meaning of the term “memory”. The term “memory
cycle”]refers to a read or write operation involving a
memory location.

The first 32 memory addresses do not refer to exter-
nal memory. Instead, these addresses (0-37;) are re-
served to designate addressable registers within the
microprocessor. Table 1 below lists the addressable
registers within the microprocessor.
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Table 1
Loca- Octal
Register tion  Address Description and # of Bits
A BPC 0 Arithmetic Accumulator (16)
B BPC 1 Arithmetic Accumulator (16)
P BPC 2 Program Location Counter
(least 15)
R BPC 3 }lse)tum Stack Pointer (least
R4 10C 4 g’eripheral Activity Designator
RS 10C 5 Peripheral Activity Designator
R6 10C 6 F;riphenl Activity Designator
R7 I0C 7 Peripheral Activity Designator
SE EMC 24 Shift Extend Register (least 4)
v 10C 10 Interrupt Vector (upper 12)
PA 10C It Peripheral Address Register
(least 4)
w 10C 12 Working Register (16)
DMAPA IOC 13 (ll)MA4l)’eﬁphcnl Address Register
east
DMAC 10C 14 DMA Count Register (16)
DMAMA IOC 15 DMA Memory Address & Direction
Register (16)
[} 10C 16 Stack Pointer (16)
D 10C 17 Stack Pointer (16)
AR2 EMC 20 BCD Arithmetic Accumulator

(4x16)

Among several service functions performed by the
BOC for the IOC and EMC is the generation of a signal
on a register access line RAL whenever an address on
the IDA bus is within the range reserved for register
designation. The signal on line RAL functions to pre-
vent the external memory from responding to any mem-
ory cycle having such an address. Functional Descrip-
tion of the BPC

The BPC has two main functions. The first is to fetch
machine instructions from memory for itself, the IOC,
and for the EMC. A fetched instruction may pertain to
one or more of those elements. An element that is not
associated with a fetched instruction simply ignores that
instruction. The second main function of the BPC is to
execute the 56 instructions in its repertoire. These in-
structions include general purpose register and memory
reference instructions, branching instructions, bit ma-
nipulation instructions, and some binary arithmetic in-
structions. Most of the BOC’s instructions evolve one of
the two accumulator registers: A and B.

The four addressable registers within the BPC have
the following functions: The A and B registers are used
as accumulator registers for the arithmetic operations,
and also as source and destination locations for most
BPC machine-instructions referencing memory. The R
register is an indirect pointer into an area of RWM
designated to store return addresses associated with
nests of subroutines encountered during program execu-
tion. The P register contains the program counter; its
value is the address of the memory location from which
the next machine-instruction will be fetched.

Upon the completion of each instruction the program
counter (P register) has been incremented by one, ex-
cept for the instructions JMP, JSM, RET, and SKIP
instructions whose SKIP condition has been met. For
those instructions the value of P will depend on the
activity of the particular instruction.

Indirect Addressing

Memory addresses appear on the IDA Bus as 15-bit
patterns during the address portion of a memory cycle.
The BPC machine-instructions that reference memory
are capable of multi-level indirect addressing. The ini-
tial indirect indicator is a particular bit in the machine-
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instruction itself (the most-significant, or left-most, bit:
bit 15). The internal operation of the BPC is so arranged
that if the memory content of that address also has a one
in bit 15, the other bits of the contents are themselves
taken as an indirect address. The process of accessing
via an indirect address continues until a location is ac-
cessed which does not have & one in bit 15. At that time
the content of that location is taken as the final address;
that is, it is taken to be the address of the desired loca-
tion and the memory cycle is completed when that
location is accessed.

Page Addressing

Machine-instructions fetched from memory are 16-bit
instructions. Some of those bits represent the particular
type of instruction, and if it is an instruction that re-
quires a memory cycle, other bits represent the address
to be referenced. Only ten bits of a memory reference
instruction are devoted to indicating that address.
Those ten bits represent one of 1024,,locations on either
the base page or the current page of memory. An addi-
tional bit in the machine-instruction indicates which.
The base page is always a particular, non-changing,
range of addresses, exactly 1024,,in number. A memory
reference machine-instruction fetched from any loca-
tion in memory (i.e., from any value of the program
counter) may directly reference (that is, need not use
indirect addressing) any location on the base page.

There are two types of current pages. Each type is
also 1024,, consecutive words in length. A memory
reference machine-instruction can directly reference
only locations that are on the same page as it; that is,
locations that are within the page containing the current
value of the program counter (P). Thus the value of P
determines the particular collection of addresses that
are the current page at any given time. This is done in
one of two distinct ways, and the particular way is
determined by whether the signal called RELA is
grounded or not. If RELA is ungrounded, the BPC is
said to address memory in the “relative” mode. If
RELA is grounded it is said to operate in the “absolute”
mode. .

During its execution each memory reference ma-
chine-instruction causes the BPC to form a full 15-bit
address based on the ten bits contained within the in-
struction. How the supplied ten bits are manipulated
before becoming part of the address, and how the re-
maining five bits are supplied, depends upon whether
the instruction calls for a base page reference or not,
and upon whether the addressing mode is relative or
absolute. The differences are determined primarily by
the two different definitions of the current page; one for
each mode of addressing. Base page addressing is the
same in either mode. FIG. 21 depicts the base page.
Absolute Addressing

In the absolute mode of addressing the memory ad-
dress space is divided into a base page and 32 possible
current pages. The base page consists of addresses
77000- 777775 and 00000, - 00777,. The possible current
pages are the consecutive 1024,y word groups beginning
with 00000;. The possible current pages can be num-
bered, 0 through 31, Thus the “zero page” is ad-
dressed 00000; - 17777;. Note that the base page is not
the same as the zero page; the base page overlaps the
zero page and page 31.

Relative Addressing

In relative addressing there are as many possible cur-
rent pages as there are values of the program counter.
In the relative addressing mode a current page is the
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512,, consecutive locations prior (that is, having lower
valued addresses) to the current location (value of P),
and the 511, consecutive locations following the cur-
rent location.
Base Page Addressing

All memory reference instructions include a 10-bit
field that specifies the location referenced by the in-
struction. What goes in this field is a displacement from
some reference location; an actual complete address has
too many bits in it to fit in the instruction. This 10-bit
field is bit 0 through bit 9. Bit 10 tells whether the refer-
enced location is on the base page, or someplace else.
Bit 10 is called the B/B bit, as it alone is used to indicate
the base page references. Bit 10 will be a zero if it is on
the base page, and a one if otherwise. In addition, bit 15
indicates whether the reference is indirect, or not. (A
one implies indirect.)

If bit 10 is a zero for a memory reference instruction
(base page reference), the 10-bit field is sufficient to
indicate completely which of the 1024 locations is to be
referenced. There are two ways to described the rule
that is the correspondence between bit patterns in the
10-bit field, and the locations that are the base page: (1)
the least significant 10 bits of the “real address” (i.e.,
77,000, through 777;) are put into the 10-bit field, bit for
bit. (2) Another way to describe this is as a displacement
of +777;0or —10004 about 0, with bit 9 being the sign.

The 32 register addresses are considered to be a part
of the base page. Base page addressing is always done in
the manner indicated above, regardless of whether rela-
tive or non-relative addressing is employed by the BPC.
Current Page Addressing

Current page addressing refers to memory reference
instructions which reference a location which is not on
the base page. The same 10-bit field of the machine-
instruction is involved, but the B/B bit is a one (B).
Now, since there are more than 1024 locations that are
not the base page, the 10-bit field by itself, is not enough
to completely specify the exact location involved. An

- “gssumption” has to be made about which page of the

memory is involved.

The hardware inside the BPC handles 15 bits of ad-
dress and thus can reference any address in a 32K ad-
dress space. The “assumption” is that the most signifi-
cant 5 bits correspond the page, and last 10 bits deter-
mine the location within that page.

The assumption for absolute addressing requires that
there will be no page changes except by certain ways.
This means that once the program counter is set to a
particular location the top 5 bits need not be changed
for any addressing on that (which ever it is) page. When
the assembler assembles a memory reference instruc-
tion, it computes the least 10 bits and puts them in the
instruction. When the BPC executes the instruction it
concatenates its own top 5 bits of P with the address
represented by the least 10 bits of the instruction; that
produces the complete address for the location refer-
enced by the instruction.

However, the least 10 bits produced by the assembler
and placed in the machine-instruction do not corre-
spond exactly to the “real” memory address that is
referenced. Bit 9 (the 10th bit) is complmented before it
is placed in the address field of the instruction. The
other 9 bits are left unchanged. This induces a one-half
page offset whose effect is to make current page ad-
dressing relative to the middle of the page. FIG. 22
depicts current page absolute addressing. This similarity
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between current page and base page addressing is delib-
erate, and results in simplified hardware in the BPC.

Page changes can be accomplished in two ways:
incrementing or decrementing the program counter in
the BPC, and through indirect addressing. An example
of incrementing to a new page is a continuous block of
code that spans two adjacent pages. A page change
through an increment or decrement can occur in the
same general way due to skip instructions.

Indirect addressing allows page changes because the
object of an indirect reference is always taken as a full
15-bit address. Indirect addressing is the method used
for an instruction on a given page to either reference a
memory location on another page (LDA, STA, etc.),
or, to jump (JMP or JSM) to a location on another page.

Instructions on any page can make references to any
location on the base page without using indirect ad-
dressing. This is because the B/B bit designates whether
the 10-bit field in the instruction refers to the base page
or to the current page. If B/B is a zero (B), the BPC
automatically assumes the upper 5 bits are all zeros, and
thus the 10-bit field refers to the base page. If B/Bis a
one (B), the top 5 bits are taken for what they are, and
the current page is referenced (whichever it is).

It is the responsibility of the assembler to control the
B/B bit at the time the machine-instruction is assem-
bled. It does this easily enough by determining if the
address of the operated (or its “value”™) of an instruction
is in the range of 77,0005 or, 0 through 777;. If it is, then
it's a base page reference and B/B is made a zero for
that instruction.

Relative addressing does not require the concept of a
fixed page, as in absolute addressing. The word “page”
can still be used, but requires a new definition:

In relative addressing, a page is 1024, consecutive
locations, having 512,, locations prior to the cur-
rent location, and 511, locations following the
current location.

As before, direct addressing is possible anywhere
within the page. But off-page references (other than to
the base page) require indirect addressing, which, once
started, works as before — it is not relative, but pro-
duces a full 15-bit absolute address.

FIG. 23 illustrates relative addressing. Relative cur-
rent page addressing is done in such the same was as
base page addressing. The 10-bit field in the memory
reference instructions is encoded with a displacement
relative to the current location.

Bit 9 (the 10th, and most significant bit of the 10) is a
sign bit. If it is a zero, then the displacement is positive,
and bits O - 8 are taken at face value. If bit 9 is a one, the
displacement is negative. Bits 0 — 8 have been commple-
mented and then incremented (two’s complement) be-
fore being placed in the field. To get the absolute value
of the displacement, simply complement them again,
and increment, ignoring bit 9.

BPC Machine Instructions

The Assembly language representation of the BPC
machine instructions are three-letter mnemonics. Each
machine instruction source statement corresponds to a
machine operation in the object program produced by
an assembler.

The symbolic notation used in representing the BPC
machine instructions is explained in Table 2 below.

Table 2

Memory location. ) )
Numerical quantity. A numeric value that is
not an address, but represents a shift or
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Table 2-continued

skip amount.
I Indirect addressing indicator.
Instruction modifiers. These indicators
have various meanings, depending upon the
instruction. Each will be explained as it
is encountered.
The slash indicates that either item (but
not both) may be used at this place in the
source statement.
Brackets indicate that the item contained
within them is optional

Memory Reference Group of Instructions

The 14 memory reference instructions listed below
refer to specified address in memory determined by the
10-bit address field (i), by the B/B bit, and by the
Direct/Indirect bit (1).

LDA m[, 1}
Load A from m. The A register is loaded with the
contents of the addressed memory location.

LDB m[1]

Load B from m. The B register is loaded with the

contents of the addressed memory location.

CPA ml I
Compare the contents of m with the contents of A; skip
if unequal. The two 16-bit words are compared bit by
bit. If they differ the next instruction is skipped, other-
wise it is executed next.

CPB  m[ 1]
Compare the contents of m with the contents of B; skip
if unequal. The two 16-bit words are compared bit by
bit. If they differ the next instruction is skipped, other-
wise it is executed next.

ADA m[ 1)
Add the contents of m to A. The contents of the ad-
dressed memory location are added to that of A. The
binary sum remains in A, while the contents of m re-
main unchanged. If a carry occurs from bit 15 the E
register is loaded with one, otherwise, E is left un-
changed. If an overflow occurs the O register is loaded
with one, otherwise the O register is left unchanged.
The overflow condition occurs if there is a carry from
either bits 14 or 15, but not both together. The E and O
registers are one-bit registers within the BPC. They
represent the extend (carry out from bit 15) and over-
flow conditions for binary arithmetic performed by the
BPC.

ADB m[, I}
Add the contents of m to B. Otherwise identical to
ADA.

STA m[, 1]

Store the contents of A in m. The contents of the A
register are stored into the addressed memory location,
whose previous contents are lost.

STB ml[, 1]
Store the contents of B in m. The contents of the B
register are stored into the addressed memory location,
whose previous contents are lost.

JSM m[, 1]
Jump to subroutine. JSM permits jumping to subrou-
tines in either ROM or R/W memory. The contents of
the return stack register (R) are incremented by one and
the contents of P stored in R.I. Program execution
resumes at m.

JMP m[ 1}
Jump to m. Program execution continues at location m.
ISZ ml[, 1)

Increment m; skip if zero. ISZ adds one to the contents
of the referenced location, and writes the sum into that
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location. If the sum is zero, the next instruction is
skipped.
DSZ m[, 1]

Decrement m; skip if zero. DSZ subtracts one from the
contents of the referenced location, and writes the dif-
ference into that location. If the difference is zero, the
next instruction is skipped.

AND ml[ 1]

Logical and of A and m. The contents of A and m are
anded, bit by bit, and the result is left in A.

IOR ml[ 1]

Inclusive or of A and m. The contents of A and m are
inclusive or’ed, bit by bit, and the result is left in A.
Shift-Rotate Group of Instructions

Each shift-rotate instruction listed below includes a
four-bit field in which the shift or rotate amount is en-
coded. The number to be encoded in the field is repre-
sented by n, and may range from 1 to 16, inclusive. The
four-bit field (bits O through 3) will contain the binary
code for n—1.

AAR n
Arithmetic right shift of A. The A register is shifted
right n places with the sign bit (bit 15) filling all vacated
bit positions; the n—1 most significant bits become
equal to the sign bit.

SAR n
Shift A right. The A register is shifted right n places
with all vacated bit positions cleared; the n most signifi-
cant bits become zeros.

SBR n
Shift B right. The B register is shifted right » places
with all vacated bit positions cleared; the » most signifi-
cant bits become zeros.

SAL n
Shift A left. The A register is shifted left # places; the n
least significant cant bits become zeros.

SBL n
Shift B left. The B register is shifted left » places; the
least significant bits become zeros.

RAR n
Rotate A right. The A register is rotated right n places,
with bit 0 rotating into bit 15.

RBR n
Rotate B right. The B register is rotated right n places,
with bit 0 rotating into bit 15.

Alter-Skip Group of Instructions

The alter-skip instructions each contain a six bit field
which allows a relative branch to any of 64 locations.
The distance of the branch is represented by a displace-
ment, n; n may be within the range of —32,,to 31,
inclusive.

Bits O through 5 are coded with the value of n as
follows: if the value is positive or zero, bit 5 is zero, and
bits O through 4 receive the straight binary code for the
value of n; if the value is negative, bit 5 is a one, and bits
0 through 4 receive a complemented and incremented
binary code. Table 3 below illustrates this convention.

Table 3

Forn=  bits 50 meaning: (*denotes current value of P)

-32 100000 if skip, next instruction is * — 32
-7 111001  if skip, next instruction is *—7
-1 111111 if skip, next instruction is * —1
0 000000  if skip, repeat this instruction
1 000001  do next instruction, regardless
7 000111 if skip, next instruction is *+15
1

011111 if skip, next instruction is *+31

All instructions in the alter-skip group have the
“skip” properties outlined above. Some of the instruc-
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tions also have an optional “alter” property. This is
where the general instruction form “skip if ... <some
one bit condition > " is supplemented with the ability to
alter the state of the bit mentioned in the condition. The
alteration is to either set the bit, or clear it. If specified,
the alteration is done after the condition is tested, never
before.

To indicate in a source statement that an instruction
includes the alter option, and to specify whether to
clear or to set the tested bit, a C or S follows n. The C
indicates clearing the bit, while an S indicates setting
the bit.

The *“alter” information is encoded into the 16-bit
instruction word with 2 bits. Bit 7 is called the H/H
(Hold/Don’t Hold) bit, and bit 6 is the C/S (Clear/Set)
bit, for such instructions. If bit 7 is a zero (specifying H)
the “alter” option is not active; neither S nor C fol-
lowed 7 in the source statement of the instruction, and
the tested bit is left unchanged. If bit 7 is a one (specify-
ing H), then “alter” option is active, and bit 6 specifies
whether it is S or C. The alter-skip instructions are
listed below.

SZA n
Skip if A is zero. If all 16 bits of the A register are zero,
skip the amount indicated by n.

SZB n
Skip if B is zero. If all 16 bits of the B register are zero,
skip the amount indicated by 2.

RZA n
Skip if A is not zero. If any of the 16 bits of the A regis-
ter are set, skip the amount indicated by n.

RZB n
Skip if B is not zero. If any of the 16 bits of the B register
are set, skip the amount indicated by n.

SIA n
Skip if A is zero, and then increment A. The A register
is tested, and then incremented by one. If all 16 bits of A
were zero before the increment, skip the amount indi-
cated by n.

SIB n
Skip if B is zero, and then increment B. The B register
is tested, and then incremented by one. If all 16 bits of B
were zero before the increment, skip the amount indi-
cated by n.

RIA n
Skip if A is not zero, and then increment A. The A
register is tested, and then incremented by one. If any
bits of A were one before the increment, skip the
amount indicated by n.

In connection with the next four instructions, Flag
and Status are controlled by the peripheral interface
addressed by the current select code. The select code is
the number that is stored in the register named PA,
located in the IOC. Both Status and Flag originate as
negative true signals, so that when a missing interface is
addressed Status and Flag will appear to be false, or not
set.

SFS n
Skip if Flag line is set. If the Flag line is true, skip the
amount indicated by n

SFC n
Skip if Flag line is clear. If the flag line is false, skip the
amount indicated by n.

SSS n
Skip if Status line set. If the status line is true, skip the
amount indicated by n.

SSC n
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Skip if Status line is clear. If the status line is false, skip
the amount indicated by ».

SDS n
Skip if decimal carry set. Decimal carry (DC) is a one
bit register in the EMC. It is controlled by the EMC,
but connected to the decimal carry input of the BPC. If
DC is set, skip the amount indicated by n.

SDC n
Skip if decimal carry clear. Decimal carry (DC) is a one
bit register in the EMC. It is controlled by the EMC,
but connected to the decimal carry input of the BPC. If
DC is clear, skip the amount indicated by n.

SHS n
Skip if halt line set. If the halt line is rue, skip the
amount indicated by 2.

SHC n
Skip if halt line clear. If the halt line is false, skip the
amount indicated by n.

SLA nf,S/,C}
Skip if the least significant bit of A is zero. If the least
significant bit (bit 0) of the A egister is a zero, skip the
amount indicated by n. If either S or C is present, bit 0
of A is altered accordingly after the test.

SLB n [,S$/,C]
Skip if the least significant bit of B is zero. If the least
significant bit (bit 0) of the B register is a zero, skip the
amount indicated by . If either S or C is present, bit 0
of B is altered accordingly after the test.

RLA n [,S/,C)
Skip if the least significant bit of A is non-zero. If the
least signifcant bit (bit 0) of the A register is a one, skip
the amount indicated by a. If either S or C is present, bit
J of A is altered accordingly after the test.

RLB n [,S/,C]
Skip if the least significant bit of B is non-zero. If the
least significant bit (bit 0) of the A register is a one, skip
the amount indicated by ». If either S or C is present, bit
) of B is altered accordingly after the test.

SAP n [,S/,C)
Skip if A is positive. If the sign bit (bit 15) of the A
register is a zero, skip the amount indicated by n. If
sither S or C is present, bit 15 of A is altered accord-
ngly after the test.

SBP n [,S/,C]
Skip if B is positive. If the sign bit (bit 15) of the A
-egister is a zero, skip the amount indicated by ». If
sither S or C is present, bit 15 of B is altered accordingly
ifter the test.

SAM n [,S/,C]
3kip if A is minus. If the sign bit (bit 15) of the A register
s a one, skip the amount indicated by 2. If either S or C
s present, bit 15 of A is altered accordingly after the
est.

SBM n [,S/,C]
Skip if B is minus. If the sign bit (bit 15) of the B register
s a one, skip the amount indicated by ». If either S or C
s present, bit 15 of B is altered accordingly after the
est.

SOSs n [,S/,C]
skip if Overflow is set. If the one-bit Overflow register
0) is set, skip the amount indicated by ». If either S or
Z is present, the O register is altered accordingly after
he test.

socC n [,S/,C]
skip if Overflow is clear. If the one-bit register is clear,
kip the amount indicated by n. If either S or C is pres-
:nt, the O register is altered accordingly after the test.

SES n [.S/,C]
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Skip if Extend is set. If the Extend register (E) is set,
skip the amount indicated by . If either S or C is pres-
ent, E is altered accordingly after the test.

SEC n [,S/,C)

Skip if Extend is clear. If the Extend register (E) is
clear, skip the amount indicated by ». If either S or C is
present, E is altered accordingly after the test.

Return Group of Instructions

Listed below is the return instruction for the BPC.

RET n [,P]

Return. The R register is a pointer into a stack of words
containing the addresses of previous subroutine calls. A
read R,I occurs. That produces the address (value of P)
for the latest JSM that occurred. The BPC then jumps
to address P+ . The value of n may range from —32 to
31, inclusive. The value of n is encoded into bits 0
through 8 of the instructions as a 6 bit, two’s comple-
ment, binary number. The ordinary, non-interrupt-ser-
vice routine return, is RET 1. If a P is present, it “pops”
the interrupt system. Two things in the 10C occur when
this happens: first, the peripheral address stack in the
10C is popped, and second, the interrupt grant network
of the 10C is “‘decremented”.

The peripheral address stack is a hardward stack in
the 10C, 4 bits wide, and three levels deep. On the top
of this stack is the current select code for 1/0 opera-
tions. Select codes are stacked as interrupts occur dur-
ing 1/0 operations. A RET n, P at the end of an inter-
rupt service routine puts the select code of the inter-
rupted device back on the top of the stack.

The interrupt grant network in the 10C keeps track of
which interrupt priority level is currently in use. From
this it determines whether or not to grant an interrupt
requiest. A RET », P at the end of an interrupt service
routine causes the interrupt grant network to change
the current interrupt priority level to the next lower
level (unless it is already at the lowest level).
Complement Group of Instructions

Listed below are the complement group machine-
instructions of the BPC.

CMA
Complement A. The A register is replaced by its one’s
(bit by bit) complement.

CMB

Complement B. The B register is replaced by its one’s
(bit by bit) complement.
TCA

Two’s complement A. The A register is replaced by its
one’s (bit by bit) complement, and then incremented by
one.

TCB
Two’s complement B. The B register is replaced by its
one’s (bit by bit) complement, and then incremented by
one.
Execute Group of Instructions

Listed below is the execute machine-instruction for
the BPC.

EXE 0=m = 3I7%,[I)
Execute register m. The contents of any addressable
register can be treated as the current instruction, and
executed in the normal manner. The register is left un-
changed unless the fetched machine-instruction causes
it to be altered. The next instruction executed will be
the one following the EXE m, unless the instruction in
m causes a branch.

Multi-level indirect addressing is allowed. An EXE
m,I causes the contents of m to be taken as the address
of the place in memory whose contents are to be exe-
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cuted; this can be anywhere in memory, and need not be
another register. But regardless, only 15 bits are re-
quired to specify this location. If the 16th bit of m is set,
the lower 15 bits are taken as the address of the address,
instead of the address of the instruction. This continues
until an address is encountered whose 16th bit is zero.
Then that address is taken as the final address of the
instruction. Using that address one more fetch is done,
and the bit pattern found executed as an instruction,
even if it has a one in the 16th bit. FIGS. 24A-G depict
the bit patterns of the BPC machine-instructions.
Internal Description of the BPC

The details of the BPC may be understood with refer-
ence to the block diagram of FIGS. 25A-C. The major-
ity of activity within the BPC is controlled by a ROM.
This is a programmed logic array whose input qualifiers
are a 4-bit state-count, group, miscellaneous, and input-
output qualifiers. From the ROM are decoded micro-
instructions. Bach machine-instruction that the BPC
executes, and the BPC’s response to0 memory cycles
directed at its addressable registers, is a complex series
of micro-instructions. This activity is represented by the
flow charts depicted in FIGS. 91A through 105.

Changes in the state-count correspond to the step-by-
step sequence of activity shown in the flow charts. The
State-Counter has a natural sequence that was chosen
by computer simulation to reduce the complexity of the
necessary number of non-sequential transitions. When a
section of the flow chart requires a non-sequential tran-
sition it decodes a special microinstruction whose pur-
pose is to override the natural sequence and produce the
desired alteration in the state-count.

The Group Qualifiers are generated by Instruction
Decode. The Group Qualifiers represent the instruction
that has been fetched and that must now be executed.

The Input-Output Qualifiers are controlled by the
M-Section. Those qualifiers are used in decoding micro-
instructions, and in flow chart branching, that are de-
pendent upon or have to do with input and output to the
BPC.

The IDB Bus is the internal BPC representation of
the IDA Bus. To conserve power, this bus is used dy-
namically; it is precharged on phase two, and is avail-
able for data transmission only during phase one. Data
on the TDB Bus is transmitted in negative true form; a
logical one is encoded on a given line of the bus by
grounding that line.

The main means of inter-register communication
with the BPC is via the IDB Bus and the various set and
dump micro-instructions. For instance, a SET 1 loads
the I Register with the contents of the IDB Bus. A
DMP IDA places the contents of the IDA Bus onto the
IDB Bus. A simultaneous DMP IDA and SET I loads
the I Register with the word encoded on the IDA Bus.
As a further instance, that very activity is part of what
is decoded from the ROM at the conclusion of a mem-
ory cycle that is an instruction fetch. FIGS. 115A-C
and 116 illustrate the waveforms associated with the
start-up sequence and an instruction fetch.

Once the instruction is in the I Register, the bit pat-
tern of the instruction is felt by Instruction Decode.
Aside from the afore-mentioned Group Qualifiers, In-
struction Decode generates two other groups of signals.
One of these are control lines that go to the Flag Multi-
plexer to determine which, if any, of the external flag
lines is involved in the execution of the current ma-
chine-instruction. The remaining group of signals are
called the Asynchronous Control Lines. These are sig-
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nals that, unlike micro-instructions, are steady-state
signals present the entire time that the machine-instruc-
tion is in the I Register. The Asynchronous Control
Lines are used to determine the various modes in which
much of the remaining hardware will operate during
the execution of the machine-instruction. For example,
the S Register is capable of several types of shifting
operations, and the micro-instruction that causes S to
shift (SSE) means only that S should now shift one time.
The exact nature of the particular type of shift to be
done corresponds to the type of shift machine-instruc-
tion in the I Register. This in turn affects Instruction
Decode and the Asynchronous Control Lines, which in
turn affect the circuitry called S Register Shift Control.
It is that circuitry that determines the particular type of
shift operation that S will perform when an SSE is
given.

In a similar way the Asynchronous Control Line
affect the nature of the operation of the Arithmetic-
Logic Unit (ALU), the Skip Matrix, and the A and B
registers.

The least four bits of the I Register are a binary
decrementer and CTQ Qualifier network. This circuitry
is used in conjunction with machine-instructions that
involve shift operations. Such machine-instructions
have the number of shifts to be performed encoded in
their least four bits. When such an instruction is in the I
Register, the least four bits are decremented once for
each shift that is performed. The CTQ Qualifier indi-
cates when the last shift has been performed.

The A and B Registers are primarily involved in
machine-instructions that; read to, or write from, mem-
ory; do binary arithmetic; shift; or, branch. Machine-
instructions that simply read from, or, write to, mem-
ory, are relatively easily executed, as the main activity
consists of dumping or setting the A or B Register. The
arithmetic instructions involve the ALU.

The ALU has three inputs. One is the ZAB Bus. This
bus can transmit either zero, the A Register, or the B
Register. The choice is determined by the Asynchro-
nous Control Lines. The input from the ZAB Bus can
be understood in its true, or in its complemented form.
The second input to the ALU is the S Register. The
remaining input is a carry-in signal.

The ALU can perform three basic operations: logical
and, logical inclusive or, and binary addition. The
choice is determined by the Asynchronous Control
Lines.

Whatever operation is performed is done between the
complemented or uncomplemented contents of the
ZAB Bus, and the contents of the S Register. The out-
put of the ALU is available through the DMP ALU
micro-instruction, as well as through lines representing
the carry-out from the 14th and 15th bits of the result.
These carry-outs are used to determine whether or not
to set the one-bit Extend and Overflow Registers.

The R Register is the return stack pointer for the
RET machine-instruction.

The P Register is the program counter. Associated
with it are several other pieces of circuitry used for
incrementing the program counter, as well as for form-
ing complete 15-bit addreses for memory cycles needed
in the execution of memory reference or skip machine-
instructions. These other pieces of circuitry are the T
Register, the P-Adder Input, P-Adder Control, and the
P-Adder.

The P-Adder mechanism can operate in one of three
modes. These modes are established by micro-instruc-
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tions, not by the Asynchronous Control Lines. In the
memory reference machine-instruction mode (estab-
lished for the duration of the ADM micro-instruction)
the T Register will contain a duplicate copy of the
memory reference machine-instruction being executed.
Thus the 10-bit address field of the machine-instruction
and the base page bit (bit 10) as well as top 5 bits of all
the program counter, are available to the adder mecha-
nism. In accordance with the rules for either relative or
absolute addressing (as determined by RELA) the P-
Adder Input and P-Adder operate to produce the cor-
rect full 15-bit address needed for the associated mem-
ory cycle.

The ADS micro-instruction establishes a mode where
only the least five bits of a skip machine-instruction are
combined with the program counter to produce a new
value for the program counter.

In the absence of either an ADM or ADS micro-
instruction the P-Adder mechanism defaults to an incre-
ment-P mode. In this mode the value of P+ 1 is continu-
ously being formed. This is the typical way in which the
value of the program counter is changed at the end of
non-branching machine-instructions.

The output of the P-Adder mechanism is available to
the IDB Bus through the DMP PAD micro-instruction.

The D Register is used to drive the IDA Bus through
the SET IDA micro-instruction. Because of limitations
on transitor device sizes and the large capacitances
possible on the IDA Bus, two consecutive SET IDA’s
are required to ensure that the IDA Bus properly repre-
sents the desired data.

The PBC has special circuitry to detect a machine-
instruction that requires an indirect memory cycle. This
circuitry generates a qualifier used in the ROM. The
flow-charting that corresponds to a machine-instruction
that can do indirect addressing has special activity to
handle the occurrence of an indirect reference.

In the event of an interrupt request generated by the
I0C, the BPC aborts the execution of the machine-
instruction just fetched, and without incrementing the
program counter, executes the following machine-
instruction instead: JMP 10,,1. Register 10 is the Inter-
rupt Vector Register (IV) in the 10C. This is part of the
means by which vectored interrupt is implemented.
FIGS. 117A-B illustrate interrupt operation.

In the event that an addressable register within the
BPC s the object of a memory cycle, whether the mem-
ory cycle is originated by the BPC itself, or by an
agency external to the BPC, a BPC Register Detection
and Address Latch circuit detects that fact (by the value
of the address) and latches the address, and also latches
whether the operation is a read or a write. The result of
this action is two-fold: First, it supplies qualifier infor-
mation to the ROM so that micro-instructions necessary
to the completion of the memory cycle may be issued.
Secondly, it initiates action within the M-Section that
aids in the handling of the various memory cycle con-
trol signals.

FIGS. 106-114 are waveforms that illustrate the vari-
ous memory cycles that can occur.

The BPC can interrupt the execution of a machine-
instruction to allow some other agency to use the IDA
Bus. The BPC will do this whenever Bus Request (BR)
is active, and the BPC is not in the middle of a memory
cycle. When these conditions are met, the BPC issues a
signal called Bus Grant (BG) to inform the requesting
agency that the IDA Bus is available, and the BPC also
generates an internal signal called Stop (STP) that halts
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the operation of the decrementer in the I Register, and
halts the change of the ROM statecounter. In addition,
STP inhibits the decoding from the ROM of all but
those micro-instructions needed to respond to memory
cycles under the control of the M-Section. STP and BG
are given until the requesting agency signals that its use
of the IDA Bus is over by releasing BR. This capability
is the basis of Direct Memory Access, as implemented
by the IOC. FIGS. 118 and 119A-B illustrate the opera-
tion of Bus Request and Bus Grant. Communication
Between the BPC and 10C.

Each major element in the microprocessor is con-
nected to the IDA Bus and some related control lines.
The IDA Bus allows elements of the system to both
“send” and “receive” 16-bit words.

The term “chip” refers to any of the BPC, 1I0C, or
EMC.

Consider this question: “Since there are some sepa-
rate instructions for the IOC, and since the BPC is sort
of the ‘head processor’ that does the fetching of instruc-
tions from memory, how is it that the IOC receives its
instructions that the BPC Is not disturbed by fetching
such an instruction?”

The answer is: All chips in the microprocessor are
exposed to instructions via the IDA Bus as they are
fetched. A chip will either execute an instruction, or
idle until the next instruction fetch. An instruction can
cause activity in more than one chip.

There is a signal called Sync, which is issued by com-
mon consent of all the chips in the microprocessor, and
whose significance is that the next memory cycle is an
instruction fetch. During that fetch, the instruction
word appears on the IDA Bus. Each chip in the micro-
processor loocks at the word and puts it through an
instruction decode process to determine if that chip
needs to initiate some activity. If a chip recognizes a
machine-instruction, it pulls Sync to ground and begins
the activity.

More than one chip can recognize the same instruc-
tion, and this does happen (the RET #,P machine-
instruction affects both the BPC and the 10C). While
each chip is busy, it keeps Sync grounded, releasing it
when its activity is completed. When all activity is
complete, (i.e., Sync is allowed to go high by all chips),
the BPC initiates the next instruction fetch. The other
chips in the microprocessor can recognize this memory
access as an instruction fetch because Sync has gone
high.

If a chip is not affected by an instruction, it idles until
either another Sync/instruction fetch, or, until some
other mechanism causes the chip to respond. For in-
stance, the IOC can be the object of a memory cycle
required by the BPC’s execution of a memory reference
instruction (which the IOC had decoded as “not me”).

Each element in the system decodes the addresses for
which it contains addressable registers. To initiate a
register memory cycle, an element of the microproces-
sor puts the address of the desired location on the IDA
Bus, sets the Read/Write line high or low, and gives
Start Memory. Then, elsewhere in the microprocessor
the address is decoded and recognized, and an element
of the microprocessor begins to function as memory. It
is part of the system definition that whatever is on the
IDA Bus when a Start Memory is given is an address of
a memory (or register) location.

Here is a complete description of the entire process:
An originator orginates a memory cycle by putting the
address on the IDA Bus, setting the the Read/Write
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line, and giving a Start Memory. The respondent identi-
fies itself as containing the object location of the mem-
ory cycle, and handles the data. If the originator is a
sender (write) it puts and holds the data on the IDA Bus
until the respondent acknowledges receipt by sending
Memory Complete. If the originator is a receiver (read)
the respondent obtains and puts the data onto the IDA
Bus and then sends Memory Complete. The originator
then has one clock time to capture the data; no addi-
tional acknowledgement is involved.

Description of the IOC

The IOC includes a register called the Peripheral
Address Register (PA) which is used in establishing the
select code currently in use. The bottom four bits of this
register are brought out of the IOC as PAO through
PA3. Each Peripheral Interface decodes PAO-PA3 and
thus determines if it is the addressed interface.

The peripheral address is established by storing the
desired select code into PA with an ordinary memory
reference instruction.

Flag, Status and Control

The peripheral interface is the source of the Flag and
Status bits for the BPC instructions SFS, SFC, SSS, and
SSC. Since there can be many interfaces, but only one
each of Flag and Status, only the interface addresssed
by the select code is allowed to ground these lines.
Their logic is negative-true, and a result of this is that if
the addressed peripheral is not present on the I/0 Bus,
Status and Flag are logically false.

IC1 and IC2 are two control lines that are sent to
each peripheral interface by the IOC. The state of these
two lines during the transfer of information can be de-
coded to mean something by the interface. Just what
‘something’ will be is subject to agreement between the
firmware designer and the interface designer — it can
be any thing they want, and might not be the same for
different interfaces. These two lines act as a four posi-
tion mode switch on the interface, controlled by the
IOC during an 1/0 operation. I/0O Bus Cycles.

An 170 Bus cycle is an exchange of a word between
the IDA Bus and the IOD Bus. The information trans-
fer between the processor and an interface is not of the
handshake variety.

Timing diagrams for read and write 1/O Bus cycles
are shown in FIGS. 121 and 122. These cycles are initi-
ated by standard (programmed) 1/0 instructions, inter-
rupt, and by DMA.

For example, during a standard 1/O instruction, an
1/0 Bus cycle is initiated by a reference to one of R4
through R7 in the IOC. One way that can be done is
with a BPC memory reference instructions; for in-
stance, STA R4 (for a write cycle), or LDA R4 (for a
read cycle).

Consider a write 1/0 Bus cycle as illustrated in FIG.
121. This is initiated with a reference to one of R4-R7.
The IOC sees this as an address between 4 and 7 on the
IDA Bus while STM is low. The Read line is low to
denote a write operation. The IOC enables the periph-
eral BIB’s and specifies the direction. It also sets the
control lines IC1 and IC2, according to which register
was referenced. Meanwhile, the BPC has put the word
that is to be written onto the IDA Bus. That word is felt
at all peripheral interfaces. The interface that is ad-
dressed uses DOUT to understand it’s to read some-
thing, and uses IOSB as a strobe for doing it. After
TOSB is given, the IOC gives [Synchronized] Memory
Complete (SMC) and the process terminates. The BPC
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has written a word to the interface whose select code
matched the number in the PA register.

A read I/0 Bus cycle is similar, as shown in FIG.
122. Here the BPC expects to receive a word from the
addressed peripheral interface. Read, DOUT and BE
are different because the data is now moving in the
other direction.

In either case, the critical control signals SMC and
I0SB are given by the IOC, and their timing is fixed.
There can be no delays due to something’s not being
ready, nor is there any handshake between the interface
and the IOC.

It is the responsibility of the firmware not to initiate
an I/0 Bus cycle involving a device that is not ready.
To do so will result in lost data, and there will be no
warning that this has happened.

Place and Withdraw

The I0C includes some firmware-stack manipulation
instructions. Two registers are provided as stack point-
ers: C and D. There are eight place and withdraw in-
structions for putting things into stacks and getting
them out. Furthermore, the place and withdraw instruc-
tions can handle fall 16-bit words, or pack 8-bit bytes in
words of a stack. And last, there are provisions for
automatic incrementing and decrementing of the stack
pointer registers, C and D.

The mnemonics for the place and withdraw instruc-
tions are easy to decipher. All place instructions begin
with P, and all withdraw instructions begin with W.
The next character is a W or B, for word or byte, re-
spectively. The next character is either 2 C or D, de-
pending upon which stack pointer is to be used. There
are eight combinations, and each is a legitimate instruc-
tion.

A PWD A,1 reads as follows: place the entire word
of A into the stack pointed at by D, and increment the
pointer before the operation. The instruction WWC
B,D is read: Withdraw an entire word from the stack
pointed at by C, put the word into B, and decrement the
stack pointer D after the operation.

The place and withdraw instruction outwardly re-
sembles the memory reference instructions of the BPC:
a mnemonic followed by an operand that is understood
as an address, followed by an optional ‘behavior modi-
fier’. The range of values that the operand may have is
restricted, however. The value of the operand must be
between 0 and 7, inclusive. Thus, the place and with-
draw instructions can place from, or, withdraw into, the
first eight registers. These are A, B, P, R, and R4
through R7. Therefore, the place and withdraw instruc-
tions can initiate 170 Bus cycles; they can do 1/0.

The place and withdraw instructions automatically
change the value of the stack pointer each time the
stack is accessed. In the source text an increment or
decrement is specified by including a ,I or @ ,D respec-
tively, after the operand.

Regardless of which of increments or decrement is
specified, a place instruction will do the increment or
decrement of the pointer prior to the actual place opera-
tion. Contrariwise, the withdraw instructions do the
increment or decrement after actual withdraw opera-
tion. The reason for this is that it always leaves the stack
with the pointer pointing at the new ‘top-of-the-stack’.
Place and Withdraw for Bytes

The following explains how the place and withdraw
instructions are used for placing and withdrawing bytes
as opposed to complete words. First, the stack is always
a stack composed of words. However, for byte opera-
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tions bit 15 of the pointer register assumes added signifi-
sance; it selects the left-half or right-half of the word on
top of the stack. If bit 15 of the pointer register is a one,
the left-half is selected. Also, only the right-half of the
registers A, B, P, R, and R4-R7 are taken as the oper-
ands; the left halves are ignored.

Thus, the instructions place from, or, withdraw into,
‘he right-half of the referenced register. The left-half of
the destination register is cleared during a withdraw
operation. The instructions place into, or withdraw
from, the left or right half of the top of the stack, as
determined by bit 15 of the pointer register. A place
operation does not disturb the unreferenced half of the
destination word in the stack, provided the memory
entity properly utilizes the BYTE line. After each place
or withdraw, bit 15 is automatically toggled, to provide
1 left-right-left-right-...sequence.

However, it is up to the firmware to see to it that bit
15 of the pointer register is properly set prior to begin-
aing stack operations.

When incrementing the stack pointer, bit 15 automat-
ically changes state each time. But, the address con-
tained in the lower 15 bits increments only during the
tero-to-one transition of bit 15. Similarly, when decre-
menting the transition of bit 15 from a one to a zero is
accompanied by a decrement of the lower 15 bits.

The incrementing and decrementing schemes just
described are only for increments and decrements
srought about by g, I, or D following the operand of a
Place or Withdraw instruction. Increments or decre-
ments to the pointer register with ISZ or DSZ do not
utomatically toggle bit 15.

The place-byte instruction cannot be used to place
aytes into the registers within the BPC, EMC, and I0C.
The reason for this is that these chips do not utilize the
BYTE line of the IDA Bus during references to their
internal registers.

The BYTE line is a signal supplied by the I0C for use
by an interested memory entity. The BYTE line indi-
cates that whatever is being transferred to or from
memory is a byte (8 bits) and that bit 15 of the address
indicates righr or left half. It is up to the memory (if it
is a 16-bit mechanism) to merge the byte in question
with its companion byte in the addressed word.

In the case of a withdraw-byte the memory can sup-
ply the full 16-bit word (that is, ignore the BYTE line).
The IOC will extract the proper byte from the full word
and store it as the right-half of the referenced register;
the left half of the referenced register is cleared. In the
case of a place-byte, however, the IOC copies the entire
referenced register into W, and outputs its right half as
either the upper or lower byte (according to bit 15 of
the address) in a full 16-bit word. The full word is trans-
mitted to the memory, and the “other” byte is all zeros.
Thus, in this case the memory must utilize the BYTE
line.

The consequence of the above is that any byte-ori-
ented stacks to be managed using the place instruction
must not include registers in any of the BPC, EMC, or
IOC; that is, C and D must not assume any value be-
tween 0 and 37; inclusive for a place-byte instruction.
Standard I/0

Standard programmed 1/0 involves three activities:

(1) Setting the peripheral address
(2) Investigating the status of the peripheral
(3) Initiating an 1/0 Bus Cycle

Addressing the Peripheral
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A peripheral is selected as the addressed peripheral
by storing its octal select code into the register called
PA (Peripheral Address — address 11;). Only the four
least significant bits are used to represent the select
code.

Checking Status

The addressed peripheral is allowed to control the
Flag and Status lines. (That is, it is up to the interface to
not ground Flag or Status unless it is the addressed
interface). These lines have an electrically negative-true
logic so that when floating they appear false (clear, or
not set) for SFS, SFC, SSS, and SSC.

The basic idea (and it can be done in a variety of
ways) is to use sufficient checks of Flag and Status
before and amongst the 1/0O Bus Cycles such that there
is no possibility of initiating an I/O Bus Cycle to a
device that is not ready to handle it. One way to do this
with standard 1/0 is to precede every Bus Cycle with
the appropriate checks.

Initiating 1/0 Bus Cycles

An 170 Bus Cycle occurs once each time one of R4
- R7 (43~ 7;) is accessed as memory. An instruction that
“puts” something into R4-R7 results in an output
(write) 1/0 Bus Cycle. Conversely, an instruction that
“gets” something from R4 - R7 results in an input (read)
1/0 Bus Cycle. However, there are no R4 through R7.
The use of address 4-7 is just a device to get an 1/0 Bus
Cycle started; they do not correspond to actual physical
registers in the IOC.

The Interrupt System

The idea behind interrupt is that for certain kinds of
peripheral activity, the calculator can go about other
business once the 1/0 activity is initiated, leaving the
bulk of the I/0 activity to an interrupt service routine.
When the peripheral is ready to handle another ration
of data (it might be a single byte or a whole string of
words) it requests an interrupt. When the micro-proces-
sor grants the interrupt, the firmware program cur-
rently being executed is automatically suspended, and
there is an automatic JSM to an interrupt service rou-
tine that corresponds to the device that interrupted. The
service routine used standard programmed I/0 to ac-
complish its task. A RET O,P terminates the activity of
the service routine and causes resumption of the sus-
pended program.

Priority

The interrupt system allows even an interrupt service
routine to be interrupted and is therefore a multi-level
interrupt system, and it has a priority scheme to deter-
mine whether to grant or ignore an interrupt request.

The I0C allows two levels of interrupt, and has an
accompanying two levels of priority. Priority is deter-
mined by select code; select codes O-7, are the lower
level (priority level 1), and select codes 105-17; are the
higher level (priority level 2). Level 2 devices have
priority over level 1 devices; that is, a disc driver oper-
ating at level 2 could interrupt a plotter operating at
level 1, but not vice versa. Within a priority level all
devices are of “equal” priority, and operation is of a first
come-first served basis; a level 1 device cannot be inter-
rupted by another level 1 device, but only by a level 2
device. Within a level priorities are not equal in the case
of simultaneous requests by two or more devices within
a level. In such an instance the device with the higher
numbered select code has priority. With no interrupt
service routine in progress, any interrupt will be
granted.

Vectored Interrupts
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Devices request an interrupt by pulling on one or two
interrupt request lines (IRL and IRH — one for each
priority level). The IOC determines the requesting se-
lect code by means of an interrupt poll, to be described
in the next paragraph. If the IOC grants the interrupt it
saves the existing select code located in PA, puts the
interrupting select code in PA, and does a JSM-Indirect
through an interrupt table to get to the interrupt service
routine.

An interrupt poll is a special 1/0 Bus Cycle to deter-
mine which interface(s) is (are) requesting an interrupt.
An interrupt poll is restricted to one level of priority at
a time, and is done only when the IOC is prepared to
grant an interrupt for that level.

The interfaces distinguish an Interrupt Poll Bus
Cycle from an ordinary 170 Bus Cycle through the
INT line being low. Also, during this Bus Cycle PA3
specifies which priority level the poll is for. An inter-
face that is requesting an interrupt on the level being
polled responds by grouding the nth I/0 Data line of
the 1/0 Bus, where n equals the device’s select code
modulo eight. If more than one device is requesting an
interrupt, the one with the higher select code will have
priority.

Automatic Peripheral Addressing

The IOC has a three-deep first-in last-out hardware
stack. The top of the stack is the Peripheral Address
register (PA-11,). The stack is deep enough to hold the
select code in use prior to any interrupts, plus the select
codes for two levels of interrupt. When an interrupt is
granted, the IOC automatically pushes the select code
of the interrupting device (as determined by the inter-
rupt poll) onto the stack. Thus the previous select code-
in-use is saved, and the new select code-in-use becomes
the one of the interrupting device.

Interrupt Table

It is the responsibility of the firmware to maintain an
interrupt table of 16 consecutive words, starting at some
RWM address whose four least significant bits are ze-
ros. The firmward is also to see to it that the starting
address of the table is stored in the IV register (Inter-
rupt Vector register — 10), and that bit 15 of IV is set.
(IV is the first of two levels in an indirect chain. For an
address in the interrupt table to be taken indirectly, the
previous address (IV) must have had bit 15 set.)

The words in the interrupt table contain the addresses
of the interrupt service routines for the 16 different
select codes. FIG. 123 depicts the interrupt table.

After the interrupt poll is complete the select code of
the interrupting device is made to be the four least sig-
nificant bits of the IV register. Thus IV now points at
the word in the Interrupt Table which has the address
of the appropriate interrupt service routine.

All that is needed now is a JSM IV, |, and the inter-
rupt service routine will be under way. This is accom-
plished by the BPC as explained below.

Interrupt Process Summary

The I0C inspects the interrupt requests IRL and IRH
during the time sync is given. Based on the priority of
the interrupt requests, and the priority of any interrupt
in progress, the IOC decides whether or not to grant an
interrupt. If it decides to allow an interrupt it immedi-
ately pulls INT to ground, and also begins an interrupt
poll.

The grounding of INT serves three purposes: It al-
lows the interfaces to identify the forthcoming I/O Bus
Cycle as an interrupt poll; it causes all th chips in the
system, except the BPC, to abort their instruction de-
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code process (which by this time is in progress) and
return to their idle states; and it causes the BPC to abort
its instruction decode and execute a JSM 10, I instead.

The 10C uses the results of the interrupt poll to form
the interrupt vector, which is then used by the JSM 104,
1. It also pushes the new select code onto the peripheral
address stack, and puts itself into a configuration where
all interrupt requests except those of a higher priority
will be ignored.

Interrupt Service Routines

The majority of the interrupt activity described so far
is accomplished automatically by the hardware. All the
firmware has been responsible for has been the IV regis-
ter, the maintenance of the interrupt table, and (proba-
bly) the initiation of the particular peripheral operation
involved (plotting a point, backspace, finding a file,
etc.). Such operations (initiated through a command
given by simple programmed I/0) may involve many
subsequent 1/0 Bus Cycles, done at odd time-intervals,
and requested by the peripheral through an interrupt. It
is the responsibility of the interrupt service routine to
handle the I/0 activity required by the peripheral with-
out upsetting the routine that was interrupted.

The last things done by an interrupt service routine
are to: (if necessary) shut off the interrupt mode of the
interface; restore any saved values; and to execute a
RET O,P.

The RET O part acts to return to the routine that was
interrupted, so that its execution will continue. The P
acts to pop the peripheral address stack and adjust the
IOC’s internal indicator of what priority level of inter-
rupt is in progress. By popping the peripheral address
stack, PA is set back to whatever it was prior to the
most recent interrupt.

Disabling the Interrupt System

The interrupt system can be “turned off” by a DIR
instruction. After this instruction is given the IOC will
refuse to grant any interrupts whatsoever, until the
interrupt system is turned back on with the instruction
EIR. While the IOC won’t grant any interrupts, the
RET O,P works as usual so that interrupt service rou-
tines may be safely terminated, even while the interrupt
system is turned off.

Pop On Turn-On

There is a signal called POP generated by the power
supply. Its purpose is to initialize all the chips in the
calculator system during turnon. POP leaves the 10C
with the DMA and Pulse Count Modes turned off, and
with the interrupt system turned off. The contents of
the internal registers are random.

Direct Memory Access

Direct Memory Access is a means to exchange entire
blocks of data between memory and peripherals. A
block is a series of consecutive memory locations. Once
started, the process is mostly automatic; it is done under
control of hardware in the IOC, and regulated by the
interface.

The DMA process transfers a word at a time, on a
cycle-steal basis. This means that to transfer a word the
I10C requests control of the IDA Bus with BR, halting
all other system activity for the duration of IOC control
over the Bus, which is one memory cycle. When
granted the Bus the IOC uses it to accomplish the neces-
sary memory activity.

A transfer of a word is initiated at the request of the
interface. To request a DMA transfer a device grounds
the DMA Request line (DMAR). Since there is only
one channel of DMA hardware, and one DMA Request
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line, only one peripheral at a time may use DMA. A
situation where two or more devices compete for the
DMA channel must be resolved by the firmware, and it
is absolutely forbidden for two or more devices to
ground DMAR at the same time. (A data request for
DMA is not like an interrupt request; there is no priority
scheme, and no means for the hardware to select, iden-
tify and notify an interface as the winner of a race for
DMA service.) Furthermore, a device must not begin
requesting DMA transfers on its own; it must wait until
instructed to do so by the firmware.

During a DMA transfer of a block of data the IOC
knows the next memory location involved, whether
input or output, which select code (and possibly)
whether or not the transfer of the entire block is com-
plete. This information is in registers in the IOC, which
are set up by the firmware before the peripheral is told
to begin DMA activity.

The DMA process is altogether independent of the
operation of standard I/0 and of the interrupt system,
and except for cycle-stealing, does not interfere with
them in any way.

Enabling and Disabling the DMA Mode

DMA transfers as described above are referred to as
the DMA Mode. The DMA Mode can be disabled two
ways: by a DDR (Disable Data Request), or by a PCM
(Pulse Count Mode — described later). A DDR causes
the IOC to simply ignore DMAR; no more, no less. The
instruction DMA (DMA Mode) causes the I0C to
resume DMA Mode operation; DMA cancels DDR,
and vice versa. DMA also cancels PCM, and vice versa.
Also, DDR cancels PCM, and vice versa.

Also, the 10C turns on as if it has just been given a
DDR. DDR (along with DIR) is useful during system
initialization (or possible error recovery) routines,
where it is unsafe to allow any system activity to pro-
ceed until the system is properly initialized (or re-
started).

Register Set-Up

There are three registers that must be set up prior to
the onset of DMA activity. These are shown in Table 4
below.

Table 4
Meaning

DMA Peripheral Address
DMA Memory Address (and direction)
DMA Count

Name Address
DMAPA (=13p
DMAMA (=14y)
DMAC (=15p)

The four least significant bits of DMAPA specify the
select code that is the peripheral side of the DMA activ-
ity. During an 1/0 Bus Cycle given in response to a
DMA data request, the four least significant bits of
DMAPA will determine the states of the PA lines, not
the PA register.

DMAC can, if desired, be set to n-1, where n is the
number of words to be transferred. During each trans-
fer the count in DMAC is decremented. During the last
transfer the IOC automatically generates signals which
the interface can use to recognize the last transfer. In
the case of a transfer of unknown size, DMAC should
be set to a very large count, to thwart the automatic
termination mechanism. In such cases it is up to the
interface to identify the last transfer.

DMAMA is set to the address of the first word in the
block to be transferred. This is the lowest numbered
address; after each transfer DMAMA is automatically
incremented by the IOC. Bit 15 of DMAMA specifies
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input or output (relative to the processor); a zero speci-
fies input and a one specifies output.
DMA Initiation

Once the three registers are set up, a “start DMA”
command is given to the interface through standard
programmed 1/0. The “start DMA” command is an
output I/0 Bus Cycle with a particular combination of
IC1, IC2, (and perhaps) a particular bit pattern in the
transmitted word. The patterns themselves are subject
to agreement between the firmware designer and the
interface designer. Sophisticated peripherals using
DMA in both directions will have two start commands,
one for input and one for output. It’s also possible that
other information could be encoded in the start com-
mand (block size, for instance).

Data Request and Transfer

The interface exerts DMAR low whenever it is ready
to exchange a word of data. When DMAR goes low the
IOC requests control of the IDA Bus. When granted
the Bus, the IOC initiates an 1/0 Bus Cycle with the PA
lines controlled by DMA Peripheral Address, and does
a memory cycle. (The order of these two operations
depends upon the direction of the transfer).

Next the IOC increments DMA Memory Address
and decrements DMA Count.

DMA Termination

There are two automatic termination mechanisms,
each usable only when the block size is known in ad-
vance, and each based on the count in DMAC going
negative. Recall that at the start of the operation part of
DMAC is set to n— 1, where n is the size of the transfer
in words.

During the transfer of the nth word, the IOC will
signal the interface by temporarily exerting IC2 high
during the 1/0 Bus Cycle for that exchange. The inter-
face can detect this and cease DMA operations.

The other means of automatic termination is detec-
tion by the interface of a signal called Count Minus
(CTM). CTM is generated by the IOC; it means that the
count in the least significant 15 bits of DMAC has gone
negative. CTM is a steady-state signal, given as soon as,
and as long as, the count in DMAC is negative. CTM is
generated by the IOC but is not utilized in the configu-
ration employed in the hybrid microprocessor. That is,
CTM never leaves the 10C.

For DMA transfers of unknown block size, the inter-
face determines when the transfer is complete, and flags
or interrupts the processor.

The Pulse Count Mode

The Pulse Count Mode is a means of using the DMA
hardware to acknowledge, but do nothing about, some
number of leading DMA requests. The Pulse Count
Mode is initiated by a PCM, and resembles the DMA
Mode, but without the memory cycle. The activities of
the three registers DMAPA, DMAC and DMAMA
remain as described for DMA Mode operation. The
only difference is that no data is exchanged with mem-
ory; no memory cycle is given. (The IOC even requests
the IDA Bus, but when granted it, releases it without
doing the memory cycle).

A dummy I/0 Bus Cycle is given, and DMAC decre-
mented. Also, the automatic termination mechanisms
still function; in fact, they are the object of the entire
operation. The Pulse Count Mode is intended for appli-
cations like the following: Suppose it were desired to
move a tape cassette a known number of files. The
firmware puts the appropriate number into DMAC,
gives PCM, and instructs the cassette to begin moving.
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The cassette would give a DMA Request each time it
encounters a file header. In this way the DMA hard-
ware and the automatic termination mechanism count
the number of files for the cassette. PCM cancels DMA
and DDR. Both DMA and DDR cancel PCM.
Extended Bus Grant

Two of the signals of the IDA Bus are Bus Request
(BR) and Bus Grant (BG). These two signals are used,
for instance, during a DMA transfer. The 10C requests
the IDA Bus (in order to do the necessary memory
cycle) by grounding BR. When BG is given the IOC
then knows to proceed.

Other entities can also request the IDA Bus. All chips
in the system listen to Bus Request, and Bus Grant
cannot go high until all chips consent to it; a ‘wired and’
does that. If two chips request the IDA Bus at the same
time, the winner of BG is specified, and the loser is kept
waiting by a daisy-chain priority scheme for the routing
of Bus Grant. This is depicted in FIG. 124.

As FIG. 124 shows, the IOC is the initial receiver of
Bus Grant; if it’s not who is requesting the Bus, then the
tester gets Bus Grant next. If the tester is not requesting
the Bus, then the next device in the chain has the chance
to use Bus Grant. A device gives the next device its
chance by passing along the signal EXBG (Extended
Bus Grant). The requesting device understands EXBG
as a Bus Grant, and refuses to send EXBG any further.
IOC Machine Instructions.

Assembly language machine instructions are three-
letter mnemonics. Each machine instruction source
statement corresponds to a machine operation in the
object program produced by an assembler.

Notation used in requesting source statement is ex-
plained below:

reg 0-7 Register location.

reg 47 Register location.

I Increment indicator (for place and withdraw
instructions); for BPC memory reference in-

structions it is an indirect addressing in-
dicator,

D Decrement indicator for place and withdraw
instructions.

A17,.D The slash indicates that either item (but

not both) may be used at this place in the
source statement.

o Brackets indicate that the item contained
within them is optional.

Stack Group

The stack group manages first-in, last-out firmware
stacks. The “place” instruction puts a word or a byte
into a stack pointed at by C or D. The item that is
placed is reg 0-7. The “withdraw” instructions remove
a word or a byte from a stack pointed at by C or D. The
removed item is written into reg 0-7.

After each place or withdraw instruction the stack
pointer is either incremented or decremented, as speci-
fied in the source text by the optional I or D, respec-
tively. In the absence of either an I or a D, the assembler
defaults to I for place instructions, and D for withdraw
instructions.

Place instructions increment or decrement the stack
pointer prior to the placement, and withdraw instruc-
tions do it after the withdrawal. In this way the pointer
is always left pointing at the top of the stack.

For byte operations bit 15 of the pointer register (C
or D) indicates left or right half (one = left, zero =
right). Stack instructions involving bytes toggle bit 15
at each increment or decrement; but the lower bits of
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the pointer increment or decrement only every other
time.

The values of C and D for place-byte and withdraw-
byte instructions must not be the address of any internal
register for the BPC, EMC, or IOC. The place and
withdraw instruction can also initiate I/O operations, so
they are also listed under the I/O group. The stack
group instructions are listed below.

PWC reg 0-7 L17)]

Place the entire word of reg into the stack pointed at by
C.
PWD reg 0-7 [.1/,D]

Place the entire word of reg into the stack pointed at by
D.

PBC reg 0-7 [.1/,D]

Place the right half of reg into the stack pointed at by C.

PBD reg 0-7 [,17,D]

Place the right half of reg into the stack pointed at by D.

WWwWC reg 0-7 [.1/,D]

Withdraw an entire word from the stack pointed at by
C, and put it into reg.

WWD reg 0-7 [,1/,D]

Withdraw an entire word from the stack pointed at by
D, and put it into reg.

WBC reg 0-7 [LI/,D]

Withdraw a byte from the stack pointed at by C, and
put it into the right half of reg.

WBD reg 0-7 [.1/,D]

Withdraw a byte from the stack pointed at by D, and
put it into the right half of reg.
I/0 Group

The states of IC1 and IC2 during the 1/0 Bus Cycles
initiated by the instructions listed hereinafter depend
upon which register is the operand of the instructions as
shown in Table 5 below.

Table 5
IC1 IC2
R4 1 1
RS 1 0
R6 0 )
R7 0 0

mem. ref. inst. reg 4-7 (1}

Initiate an 1/0 Bus Cycle. Memory reference instruc-
tions ‘reading’ from reg cause intput I1/0 Bus Cycles;
those ‘writing’ to reg cause output I/0 Bus Cycles. In
either case the exchange is between A or B and the
interface addressed by the PA register (Peripheral Ad-
dress Register - 11;); reg 4-7 do not really exist as physi-
cal registers within any chip on the IDA Bus.

stack inst. reg 4-7 [I/,D]
Initiate an 1/0 Bus Cycle. Place instructions ‘read’ from
reg, therefore they cause input 1/0 Bus Cycles. With-
draw instructions ‘write’ into reg, therefore they cause
output I/0 Bus Cycles. In either case the exchange is
beween the addressed stack location and the interface
addressed by PA.
Interrupt Group

The interrupt group instructions are listed below.

EIR
Enable the interrupt system. This instruction cancels
DIR.

DIR
Disable the interrupt system. This instruction cancels
EIR.
DMA Group

The DMA group instructions are listed below.

DMA
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Enable the DMA mode. This instruction cancels PCM
and DDR.

PCM
Enable and Pulse Count Mode. This instruction cancels
DMA and DDR.

DDR
Disable Data Request. This instruction cancels the
DMA Mode and the Pulse Count Mode.

IOC Machine-Instructon Bit Patterns

FIGS. 125A-C depict the bit patterns of the IOC
machine-instructions.

Internal Description of the IOC

The IOC may be understood with reference to the
detailed block diagram of FIGS. 126A-C. A DMP IDA
micro-instruction provides communication from the
IDA Bus to the internal IDC Bus in the IOC. A SET
IDA micro-instruction provides communication from
the 10C to the IDA Bus; SET IDA drives the IDA Bus
according to the contents of the O Register, which in
turn is set with a SET O micro-instruction.

As in the BPC, and Address Decode section and
associated latches detect the appearance of an I0C-
related register address. Such as event results in the
address being latched and sent to the Bus Control ROM
as qualifier information.

There are two main ROMs in the IOC. These are the
Bus Control ROM and the Instruction Control ROM.
The Bus Control ROM is responsible for generating and
responding to activity between the IOC and the IDA
and TOD busses. This class of activity consists of mem-
ory cycles, I/0 Bus cycles, interrupt polls, interrupt
requests, and requests for DMA. The instruction Con-
trol ROM is responsible for recognizing fetched IOC
machine-instructions, and for implementing the algo-
rithms that accomplish those instructions. Frequently,
the Bus Control ROM will undertake activity on the
behalf of the Instruction Control ROM. These two
ROMs are physically merged, and share a common set
of decodable micro-instructions.

However, each of the two ROMs has its own state-
counter. For each ROM, the next state is explicitly
decoded by each current state.

The I Register serves a function similar to that of the
I Register of the BPC. It serves as a repository to hold
the fetched machine-instruction and to supply that in-
struction to Instruction Decode. Instruction Decode
generates Asynchronous Control Lines that are similar
in function to those of the BPC. Instruction Decode
also generates Instruction Qualifiers that represent the
machine-instruction to the ROM mechanism.

The W Register is used primarily in conjunction with
the execution of the place and withdraw machine-
instructions. Each such instruction requires two mem-
ory cycles; one to get the data from the source, and one
to transmit it to the destination. W serves as a place to
hold the data in between those memory cycles.

The DMP W function is complex, and is imple-
mented by a DMP W and Crossover Network. If the
place or withdraw operation is for the entire word, the
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crossover function is not employed, and the pairs of 60

signals OLB, DLB, and, OMB, DMB, work together to
implement a standard 16-bit DMP W. However, a byte
oriented place or withdraw instruction involves the
dumping of only a single byte of W onto the IDC Bus.
This is done in the following combinations: least-signifi-
cant byte of W to most-significant half of the IDC Bus;
least-significant byte of W to least-significant half of the
IDC Bus; and, most-significant byte of W to least-sig-
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nificant half of the TDC Bus. The exact mode of opera-
tion during a DMP W is determined by W Register
Control on the basis of the Asynchronous Control Lines
from Instruction Decode.

Another use of W occurs during an interrupt. During
an interrupt poll the response of the requesting peri-
pheral(s) is loaded into the least-significant half of W.
These eight bits represent the eight peripherals on the
currently active (or enabled) level of interrupt. Each
peripheral requesting interrupt service during the poll
will have a one in its corresponding bit. This eight-bit
pattern is fed to a Select Code Priority Resolver and 3
LSB Interrupt Vector Generator. That circuitry identi-
fies the highest numbered select code requesting service
(should there be more than one) and generates the three
least-significant bits of binary code that correspond to
that peripheral’s select code. The next most-significant
bit corresponds to the level at which the interrupt is
being granted, and it is available from the interrupt
circuitry in the form of the signal PHIR.

The interrupt vector is made up of the three least-sig-
nificant bits from W, as encoded by the priority re-
solver, the bit corresponding to PHIR, and the 12 bits
contained in the Interrupt Vector Register (IV). Thus,
when an interrupt is granted the complete interrupt
vector is placed on the IDC Bus by simultaneously
giving the following micro-instructions: EPR, DMP,
ISC, UIG, and DMP IV.

The C and D Registers are the pointer registers used
for place and withdraw operations. Each of these regis-
ters is equipped with a 15-bit increment and decrement
network for changing the value of the pointer. Whether
to increment or decrement is controlled by the C and D
Register Control circuit according to the Asynchro-
nous Control Lines.

The DMA Memory Address (DMAMA) and DMA
Count (DMAC) Registers are similar to the C and D
Registers, except that DMAMA always increments,
and that DMAC always decrements. In addition, the
decrement for DMAC is a 16-bit decrement. These two
registers are used in conjunction to identify the destina-
tion or source address in memory of each DMA trans-
fer, and to keep a count of the number of such transfers
so far.

Two separate mechanisms are provided for the stor-
age of peripheral select codes. The DMAPA Register is
a four-bit register used to contain the select code of any
peripheral that is engaged in DMA.

The other mechanism is a three-level stack, also four
bits wide, whose uppermost level is the Peripheral Ad-
dress Register (PA). It is in this stack that peripheral
select codes for both standard 1/0 and interrupt 1/0 are
kept. The stack is managed by the interrupt circuitry.

The Peripheral Address Lines (PA Lines) reflect
either the contents of DMAPA or PA, depending upon
whether or not the associated 1/0 Bus cycles are for
DMA or not, respectively. This selection is controlled
by the DMA circuitry, and is implemented by the Pe-
ripheral Address Bus Controller.

Three latches control whether or not the Interrupt
System is active or disabled, whether or not the DMA
Mode is active or disabled, and, whether or not the
Pulse Count Mode is active or disabled. Those latches
are respectively controlled by these machine-instruc-
tions; EIR and DIR for the Interrupt System, and,
DMA, PCM, and DDR for DMA-type operations.

The interrupt circuitry is controlled by a two-bit
state-counter and ROM. The state-count is used to rep-
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resent the level of interrupt currently in use. Requests
for interrupt are made into qualifiers for the ROM of
the interrupt controller. If the interrupt request can be
granted it is represented by a change in state of that
ROM, as well as by instructions decoded from that
ROM and sent to the Interrupt Grant Network. This
circuitry generates the INT signal used to cause an
interrupt of the BPC, and, generates an INTQ qualifier
that represents the occurrence of an interrupt to the
main ROM mechanism in the IOC so that an interrupt
poll can be initiated.

The DMA circuitry is similar in its method of con-
trol. It has a ROM controlled by a three-bit state-coun-
ter.

Description of the EMC

The Extended Math Chip (EMC) executes 15 ma-
cine-instructions. Eleven of these operate on BCD-
Coded three-word mantissa data. Two operate on
blocks of data of from 1 to 16 words. One is a binary
multiply and one clears the Decimal Carry (DC) regis-
ter.

Unless specified otherwise, the contents of the regis-
ters A, B, SE and DC are not changed by the execution
of any of the EMC’s instructions. The EMC communi-
cates with other chips along the IDA Bus in a way
similar to how the I0C communicates via the Bus.
Notation

A number of notational devices are employed in de-
scribing the operation of the EMC.

The symbols <...> denotes a reference to the actual
contents of the named location.

Agjand By jdenote the four least significant bit-posi-
tions of the A and B registers, respectively. Similarly,
A sdenotes the 12 most-significant bit-positions of the
A register. And by the previous convention, <Ap3>
represents the bit pattern contained in the four least-sig-
nificant bit-positions of A.

AR1 is the label of a four-word location in R/W
memory: 777704 through 77773,.

AR2 is the label of a four-word arithmetic accumula-
tor register located within the EMC, and occupying
register addresses 20, through 23,.

SE is the label of the four-bit shift-extend register,
located within the EMC. Although SE is addressable,
and can be read from, and stored into, its primary use is
as internal intermediate storage during those EMC in-
structions that read something from, or put something
into, Ag3. The address of SE is 24;.

DC is the mnemonic for the one-bit decimal-carry
register located within the EMC. DC is set by the carry
output of the decimal adders of the EMC. Sometimes, in
the illustrations of what the EMC instructions do, DC s
shown as being part of the actual computation, as well
as being a repository for overflow. In such cases the
initial value of DC affects the result. However, DC will
usually be zero at the beginning of such an instruction.
The firmware sees to that by various means.

DC does not have a register address. Instead, it is the
object of the BPC instructions SDS and SDC (Skip if
Decimal Carry Set and Skip if Decimal Carry Clear),
and the EMC instruction CDC (Clear Decimal Carry).
Data Format

The EMC can perform operations on twelve-digit,
BCD-encoded, floating point numbers. Such numbers
occupy four words of memory, and the various parts of
a number are put into specific portions of the four
words. FIG. 127 depicts this format.
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The twelve mantissa digits are denoted by D, through
D,;. D, is the most-significant digit, and D,; is the least-
significant digit. It is assumed that there is a decimal
point between D; and D,. E, and M, each represent
positive and negative (signs) by zero and one, respec-
tively.
EMC Machine Instructions

Assembly language EMC machine-instructions are
three-letter mnemonics. Each machine instruction
source statement corresponds to a machine operation in
the object program produced by an assembler.

Notation used in representing source statements is
explained below:

N Constant whose value is restricted to the

range: 1 = N = 20; = 16y,

The Four-Word Group

The four-word group instructions are listed below.

CLR N
Clear N words. This instruction clears N consecutive
words, beginning with location < A >. Recall that: 1
= N = 16y,

O—location <A>
O—slocation <A> +1
-
*

L]
O<location <A> + N—1
XFR N

Transfer N words. This instruction transfers the N con-
secutive words beginning at location < A > to those
beginning at < B >. Recall that: 1 = N £ 16y,

location <A> —» location <B>
location <A> +1 —location <B> +1
.
»

.
location <A> +N-1 — location <B> +N-1

The Mantissa Shift Group
The mantissa shift group instructions are listed below.
MRX
Mantissa right shift of AR1 7 times, r = < Bg3; >, and
0=r = 17= 15
1st shift: < Ao_3 > — D1; . < D,-> —_ DH-I; ee Du
i8 lost
jth shift: 0 — D|; o < Dl > — DH-I; s Du is lost
’th Shift: 0 — D|; o &< D"> — Di+l; o < Dn > —
Ay 0= DG 0 — Ayys
Notice:
(1) The first shift does not necessarily shift in a zero;
the first shift shifis in < Ag3 >.
(2) The last digit shifted out ends up as < Aos >.
(3) If only one digit-shift is done, (1) and (2) happen
together.
(4) After (2), SE is the same as < Aos >.
(5) Any more than eleven shifts is wasteful.
MRY
Mantissa right shift of AR2 < By ; > -times. Otherwise
identical to MRX.
MLY
Mantissa left shift of AR2 one time.
< A0_3> —)Du; v < D"> — D[_‘; e &L D‘ > —
Ap3 0> DG 0— Ayys
At the conclusion of the operation SE equals < Ag; >.
DRS
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Mantissa right shift of AR1 one time.
O—PD]; e &L D,> _)Dl'+l; e &L D]z > —>A0_3, 0—>
DC; 0 Agys
At the conclusion of the operation SE equals < Ag3>.

NRM
Normalize AR2. The mantissa digits of AR2 are shifted
left until D, % 0.

If the original D, is non-zero, no shifts occur. If
twelve shifts occur, then AR2 equals zero, and no fur-
ther shifts are done. The number of shifts is stored as a
binary number in By ;.

i. 0 — By 5 # of shifts — Bg,

ii. For0 = < By > = 11;0 - DC

iii. If < By3> = 12; 1 - DC
The Arithmetic Group

The arithmetic group instructions are listed below.

CMX
Ten’s complements of AR1. The mantissa of AR1 is
replaced with its ten’s complement, and DC is set to
zero.

CMY
Ten's complement of AR2. The mantissa of AR2 is
replaced with its ten’s complement, and DC is set to
zero.

CDC
Clear Decimal Carry. Clears the DC register; O — DC.

FXA
Fixed-point addition. The mantissas of AR1 and AR2
are added together, along with DC (as a D,,-digit), and
the result is placed in AR2. If an overflow occurs, DC
is set to one, otherwise, DC is set to zero at the comple-
tion of the addition.

During the addition the exponents are not consid-
ered, and are left strictly alone. The signs are also left
completely alone.

<AR!> = D, D, Dy~=-—D,,
<AR2> =D, D, D;———Dy,
+ <DC> « initial value of DC
(overflow)— “Dy"D, D, Dy;=——~—D,, — AR2
DC (final value of DC)
MWA

Mantissa Word Add. < B > is taken as four BCD
digits, and added, as Dgthrough D,,, to AR2. DC is also
added in as a D,. The result is left in AR2. If an over-
flow occurs, DC is set to one, otherwise, DC is set to
zero at the completion of the addition.

During the addition the exponents are not consid-
ered, and are left strictly alone, as are the signs. MWA
is intended primarily for use in rounding routines.

<B> .—_—D9D D ID 2
<AR21> = Dl—__B ISno 6“ D,

¥ <DCS nitial value of DC
(overflow)— “Dy” D ———DQDID D" Dn—»ARZ
DC (final value of DO)

FMP
Fast multiply. The mantissas of AR1 and AR2 are
added together (along with DC as D;;) < Bg; > -times;
the result accumulates in AR2.

The repeated additions are likely to cause some un-
known number of overflows to occur. The number of
overflows that occurs is returned in Ag;.

FMP is used repeatedly to accumulate partial prod-
ucts during BCD multiplication. FMP operates strictly
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upon mantissa portions; signs and exponents are left
strictly alone.

<AR2> + ((<ARI>(<By;>)+DC—AR

DC doesn’t enter into these Represents the initial
repeated additions except for value of DC.

the first one as shown at

right. 0 — DC immediately

after each overflow

0— DC, 0—A,,, # of overflows—,

MPY 13 Agy

Binary Multiply Using Booth’s Algorithm. The (binary)
signed two’s complement contents of the A and B regis-
ters are multiplied together. The thirty-two bit product
is also assigned two’s complement number, and is stored
back into A and B. B receives the sign and most-signifi-
cant bits, and A the least-significant bits.

<A><KB>—><B><A>

FDV
Fast Divide. The mantissas of AR1 and AR2 are added
together until the first decimal overflow occurs. The
result of these additions accumulates into AR2. The

number of additions without overflow (n) is placed into
B.

< AR2 > + < AR1 > + < DC > — AR2
(repeatedly until overflow)

then
0—>DC,0—>B4_]9 n—>B0_3

FDYV is used in floating-point division to find the
quotient digits of a division. In general, more than one
application of FDV is needed to find each digit of the
quotient.

As with the other BCD instructions, the signs and
exponents of AR1 and AR2 are left strictly alone.
FIGS. 128A-C depict the bit patterns of the EMC ma-
chine-instructions.

Internal Description of the EMC

FIGS. 129A-C depict the internal block diagram of
the EMC. The micro-instructions SET IDA and DMP
IDA are the communication link between the external
IDA bus and the internal IDM bus. An instruction is
fetched by the BPC and placed on the IDA Bus. All
chips connected to the bus decode it and act accord-
ingly.

If the fetched instruction is not an EMC instruction,
or if an interrupt request is made, the EMC ignores the
instruction. Upon completion of the instruction by an-
other chip or upon completion of the interrupt, the
EMC examines the next instruction. If the instruction is
an EMC instruction, it is executed and data effected by
it are transferred via the IDA bus. At the appropriate
point during the execution of the instruction, SYNC is
given to indicate to other chips that it has finished using
the IDA Bus and consequently to treat the next data
that appears on IDA as an instruction.

The Word Pointer Shift Register points to the regis-
ter to be effected by the DMPX/SETX or
DMPY/SETY micro-instructions and the registers to
be bussed to the Adder. It is also employed as a counter
in some instructions.

Once data is on the IDM Bus, it can then be loaded
into one of several registers by issuing the appropriate
micro-instruction. The data paths between IDM and the
X and Y registers can be controlled in two ways. One
way is by issuing an explicit micro-instruction, e.g.,
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SET Y2 would set the Y2 Register with the data on
IDM. Another way of accomplishing the same thing
would be to issue a SET Y for a word pointer equal
two.

The X Registers are used for all shifting operations,
the direction being instruction dependent.

The Shift Extend Register is a four-bit addressable
register used to hold a digit to be shifted into the X
register or one that has been shifted out of X.

The Arithmetic Extend Register is a four-bit address-
able (read-only) register used to accumulate a decimal
digit for the FMP and FDV instructions and serves as a
number-of-shifts accumulator in the NRM instruction.

The N Counter is used to indicate the number of
words involved in the CLR and XFR instructions, the
number of shifts in MRX, MRY, MLY and DRS, the
multiplier digit in FMP, and a loop counter in MPY.

The Adder is capable of either binary or BCD addi-
tion with the complementer being capable of either
one's or nine’s complementation of the Y Register in-
puts. A carry-in signal is available from three sources
for generating two’s or ten’s complement arithmetic.

The Decimal Carry Register is a one-bit register that
can hold the carry-out of the Adder. ADR1 is the ad-
dress of the AR1 operand; its two least significant bits
are determined by the word pointer, e.g., WP0 => 00,
WP1 => 01, etc.

The Address Decode ROM generates the control
signals used for reading from or writing into a register
in either the Extended Register Access (ERA) mode or
the normal addressing mode of operation. Miscella-
neous hardware has been added to enhance the execu-
tion of the two’s complement binary multiply instruc-

tion (MPY).
BUS CONTROL

The direction of data flow on the IDA bus is con-
trolled by the bus control circuit of FIGS. 16 and 130.
Gate U19 provides the basic definition of the direction
of data flow. The direction of data flow is normally
from the microprocessor to the memory since address is
the first data on the IDA bus when the memory cycle
starts. This condition is controlled by the STM signal
into gate U19 being logically false. Once the memory
cycle starts, the Processor Driving (PDR) signal indi-
cates that data flow is from processor to memory. In
some instances, such as during direct memory access
(DMA) operation, the PDR signal does not indicate the
direction of data flow on the IDA bus. For this case, the
Write (WRIT) signal is ANDed into U19 to decide bus
direction. Also, since the first thirty-two memory ad-
dresses are actually registers within the microprocessor,
the Register Access Line (RAL) is used to prevent bus
conflict when accessing register information. Finally,
the Monitor Buffer Control (MBC) signal is also
ANDed in to define bus direction during testing. The
resulting output of U19 is called the Stay Off Bus (SOB)
signal since it indicates those times when the memory
section is not allowed to be on the IDA bus. The bus
control circuit also controls the direction of the bidirec-
tional data buffer located within the hybrid micro-
processor (processor buffer out, PBO, signal). Since the
microprocessor buffer and the memory buffers nor-
mally operate in tandem (i.e., when the microprocessor
buffer points out, the memory buffer points into mem-
ory, and when the memory buffer points out, the micro-
processor buffer points into the microprocessor) the
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SOB signal is inverted by U17A and used to control the
microprocessor’s buffer.

The bus control circuit also decodes the upper three
bits of the IDA bus (IDA12 through IDA14) using a
dual open-collector output 2-line to 4-line decoder
(Texas Instruments device SN74LS156 or equivalent)
as a one-of-eight decoder. The memory space is thus
broken into 4096-word divisions. The memory map of
FIG. 6 shows allocation of read-only and read/write
memory in the memory space. The first three outputs of
the decoder are wire-ORed together to indicate that the
mainframe language ROM memory section is being
accessed. The next three outputs of the decoder are also
wired-ORed together with the two-pole switch S1 de-
termining whether or not the upper two outputs are to
be included in the wire-ORing. The resulting output
determines which portion of the memory space is taken
by the optional plug-in ROM memory section. The
balance of the address space is assumed to be read/write
memory. The boundary between the plug-in ROM and
the read/write memory is determined by switch S1
which is set according to the amount of optional read/-
write memory that the calculator contains. The STM
(Start Memory) signal is used to latch the outputs of the
decoder into the latches U16A and U16B for the bal-
ance of the memory cycle since address information is
only present on the IDA bus at the beginning of the
memory cycle. The output of the latches is gated with
the Stay Off Bus (SOB) signal to prohibit the memory
section from placing data onto the IDA bus until per-
mitted to do so. If the data to be read is located in the
mainframe language ROM memory section, the bus
control circuit releases the mainframe ROM buffer
control (MFRBC) signal to allow the ROM to place
data on the IDA bus and point the bidirectional buffer
associated with the ROM from the memory to the mi-
croprocessor. Likewise, if the data to be read is located
in the plug-in ROM memory section, the bus control
circuit releases the plug-in ROM buffer control
(PIRBC) signal. If the data, instead, is to be read from
the read/write memory sections, the bus control simply
removes the Stay Off Bus signal to allow the read/write
memory to place the data on the IDA bus at its discre-
tion.

MEMORY TIMING AND CONTROL

The Memory Timing and Control block of FIG. 16
may be understood with reference to the detailed sche-
matic diagram of FIG. 131. This block comprises a
small state counter, U21, which counts the number of
states in the memory cycle. The counter initiates its
sequence when the STM signal occurs if the memory
cycle is referencing addresses located in the memory
section (indicated by the RAL signal not being true).
The counter is clocked on the rising edge of the phase
two clock. On the first clock after the STM occurs,
flip-flop U21A changes state and the STMROM signal
is generated. Thus, the STM signal to the ROM is de-
layed by one-half of a state time to allow more address
setup time as required by the ROM. On the next state
time, the second flip-flop U21B is set provided that the
Memory Busy (MEB) signal is not true. The Memory
Busy signal is used to suspend the sequencing should the
read/write memory be addressed and not be able to
participate in the memory cycle immediately (such as
being in a refresh cycle when the memory cycle starts).
When the second flip-flop is set, the Unsynchronized
Memory Complete (UMC) signal is generated to indi-
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cate to the microprocessor that the memory cycle is
complete. FIG. 109 illustrates the timing associated
with the memory cycle.

READ-ONLY MEMORY

Both the plug-in ROM memory section and the main-
frame language ROM memory section shown in the
block diagram of FIG. 4 are composed of a number of
N-channel MOS sixteen-kilobit integrated circuits.
These devices are organized as 1024 words of 16 bits
and contain their own dynamic address latches and
mask-programmable address decode circuits. The orga-
nization of the read-only memory section is shown in
FIG. 132. The mainframe language ROM memory sec-
tion contains twelve such devices. The plug-in ROM
modules contain either two or four such devices de-
pending on the features which the ROM module con-
tains. An example of the ROM circuitry used in all the
read-only memory sections is shown in FIG. 133. The
16-bit IDA bus input/outputs are used for receiving the
address information from the microprocessor and for
outputting the data accessed. When the STM input is
not true, the ROM assumes that memory address infor-
mation is on the IDA bus and continually inspects IDA
bits 10 through 14 to determine if it has been addressed.
The device is designed such that power consumption
when not addressed is approximately one-tenth the
consumption when addressed. Therefore, the power
consumption in the calculator is reduced by applying
the power to the device only when it is addressed. Con-
sequently, each ROM device has an associated “power
pulse” circuit 211 which is turned on by the ROM ad-
dress decode circuit (powered separately from the +12
volts input) only when the ROM is addressed. If the
ROM detects its address, it exerts the power pulse
(PWP) output which switches on the transistor and
applies + 12 volts to the voltage switch (VSW) input
that powers the balance of the ROM circuit. The ROM
latches the address information and starts its data access
when the STM signal (STMROM) is exerted. The ac-
cessed data is placed on the IDA bus as soon as it is
accessed (approximately 300 ns) provided the output
drivers are not disabled (Output Data Disable, ODD)
by the bus control circuit.

READ/WRITE MEMORY

Both the basic read/write memory section and the
optional read/write memory section shown in the block
diagram of FIG. 4 are identical in structure. As shown
in the detailed schematic diagram of FIG. 134, each
section contains an address decoder U1 which examines
the upper three bits of the address (IDA12 through
IDA14) and generates one of three outputs depending
on whether the address is 70K, 60K, or 50K octal. A
jumper is used to select which address the memory
section responds to thereby defining the memory sec-
tion as the basic read/write section or the optional
read/write section. The output of the address decoder is
latched in US along with the balance of the address
(U12, U14, U16) when the Start Memory (STM) signal
occurs. The output of U5 is gated with the STM signal
to generate the Request for service (REQ) signal which
is sent to the read/write memory control circuit. The
output of the address latches goes directly to the read/-
write memory devices with the exception of the lower
six bits which first traverse a two-to-one data selector
(U17 and U18). The other input of the data selector
comes from the refresh address counter (U20 an U21).
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The lower six bits of the address are selected by a read/-
write memory control circuit (DATA SELECT) as
determined by the read/write cycle being either a re-
fresh cycle or a normal memory cycle. At the start of
the refresh cycle, the read/write control circuit first
increments the refresh address counter to advance it to
the next memory address to be refreshed.

The read/write memory control circuit is shown in
the detailed schematic diagram of FIG. 135. The state
of the memory control is determined by the four flip-
flops of devices U6 and U7. The flip-flops of U7 indicate
that a refresh cycle is in progress. The waveforms asso-
ciated with the control circuitry are shown in FIG. 136.
The flip-flops are clocked on the positive-going edge of
the phase two clock. When the STM signal occurs,
flip-flop UGA will be set via U4A and U4B on the next
clock provided neither flip-flop of U7 is set. The read/-
write memory devices are enabled (CEN) via U9A
whenever either UGA or U6B are set. Whether the
read/write memory devices perform a read or write
operation is determined by gate U2A (RW). If the RW
signal is a logical high, the read/write devices are in
read mode. To generate the write mode, three condi-
tions are necessary: the Write (WRIT) signal from the
microprocessor must be logically true; a refresh cycle
must not be in progress (UTA and U7B are not set); and
the latch composed of gates U3C and U3D must be set
(U3C output high). The latch is cleared by the Request
(REQ) signal not being true. The latch is set at the
beginning the next phase two clock following the set-
ting of flip-flop U6B. If the memory cycle is a read
cycle, the Output Buffer Enable (OBC) signal, which
allows the output of the read/write memory devices to
be placed on the IDA bus, is generated via U2C when
the memory timing and control circuit removes the
Stay Off Bus (SOB) signal.

The refresh cycle is initiated via gate U4B when the
monostable U21 delay period has expired provided that
the microprocessor is not requesting use of the memory.
When the cycle is initiated, flip-flop U7A will be set
which causes the read/write cycle by setting U6B via
U4A and U4B on the next state time. Secondly, flip-flop
U7A also generates the Memory Busy (MEB) signal via
U2B and U3B to notify the memory timing and control
circuit should the microprocessor start a memory cycle
while the refresh cycle is in progress. Thirdly, flip-flop
U7A also drives the RW signal, via U8B, to the read
logic level as required by the read/write memory de-
vices during the refresh cycle. The second flip-flop of
the refresh cycle, U7B will be set the state time follow-
ing the setting of flip-flop U6A to sustain the conditions
required for the refresh cycle. When the read/write
cycle has expired, indicated by flip-flop U6B resetting,
the next state time flip-flop U7B resets thus terminating
the refresh cycle.

The read/write memory devices, Texas Instruments
devices TMS 4030 or equivalent, are shown in FIG.
137. The devices are organized as 4096 addresses of one
bit. The read/write (RW) control signal determines if
the operation is a read (RW high) or a write operation.
If the cycle is a write cycle, the data written is accepted
from the Data In (DIN) inputs. If the cycle is a read
cycle, the data is presented at the Data Out (DOUT)
outputs and will be placed onto the IDA bus when the
Output Buffer Enable (OBE signal is generated by the
read/write memory control. The read/write cycle is
started when the Chip Enable (CEN) signal occurs
provided that the devices have been selected by the
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Chip Select (CS) signal. The memory section is capable
of byte operation as determined by flip-flop US and
gates USC and USD. The memory bus control signal
Byte (BYTE) from the microprocessor indicates if the
memory operation is to be a byte operation. If the Byte
signal does not occur, both bytes are enabled. If the byte
signal does occur, the address bit IDA1S, latched in
USB when STM occurs, will determine which byte is
being referenced.

KDP CONTROL

Referring now to FIG. 138, there is shown a detailed
schematic diagram of an 1/0 interface included within
the KDP control block of FIG. 4. When the Initialize
(INIT) signal on the I/O bus occurs, the power-up
(PUP) signal is generated by the 1/0 interface and used
throughout the KDP control circuitry to initialize the
various flip-flops and counters. The 1/0 interface sec-
tion contains the 1/0 operation decoder composed of
the two three-to-eight decoders U21 and U29. The
decoders are enabled whenever the KDP's peripheral
address is detected by gate U17. Decoder U21 generates
the read register 4 (R4) and read register 5 (RS) signals.
The R4 signal is used to send the keycode information
to the microprocessor. The RS signal is used to send the
KDP status information to the microprocessor. The
status latch US3 as well as the gates to place the data on
the 1/0 bus is located in the 1/0 interface section. Bit 0
indicates that the LED display unit contains 32 alphanu-
meric positions. Bit 1 indicates if the printer is out of
paper. Bit 2 indicates that the printer is busy printing.
Bit 3 indicates that the reset key on the keyboard has
been depressed. Bit 4 indicates that the keyboard sec-
tion is exerting the interrupt request signal (IRL).

The other decoder, U29, generates four register
strobe signals, R4SB, W4SB, W5SB, and W6SB. The
R4SB signal indicates to the keyboard scan control
circuitry that the pending keycode has been accepted
by the microprocessor. The W4SB signal loads the
display character code from the microprocessor into
the data register in the KDP memory section, causes the
timing generator circuitry to generate the signals to
store the character code in the read/write memory in
the memory section, and causes the display control
section to terminate displaying until all the new data has
been received. The W6SB signal also loads the data
register in the memory section with the printer charac-
ter code, and causes the timing generator section to
transfer the code to the read/write memory in the mem-
ory section. New printer data is not sent to the KDP
control until the printer busy bit in the KDP status
indicates to the microprocessor that the printer is no
longer busy. The W5SB signal updates the “command
register” of the KDP control. Bit 0 of the I/O command
word generates the print (PRT) signal via gate USTA
which sets the print command flip-flop located in the
print control section. Bit 1 generates the display (DSF)
signal via gate US1B which, similarly, set the display
command flip-flop located in the display control sec-
tion. Bit 2 is used to turn on an astable multivibrator
(gates U30A and U30B) which produces the audio
“beep* sound of the calculator. Bits 3 and 4 control the
command register “run light” flip-flop U31A which
turns on and off the *“run light” located on the left side
of the LED display unit. Since the flip-flop is JK type
flip-flop, if both bits 3 and 4 are set, the run light will
toggle to the opposite state. If bit 3 only is set, the run
light will be turned off. If bit 4 only is set, the run light
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will be turned on. Similarly, bits § and 6 control the
command register cursor flip-flop U31B which deter-
mines which type of cursor, insert or replace, symbol
can be displayed in the LED display unit. If bit 5 only
is set, the cursor will be the insert cursor. If bit 6 only is
set, the cursor will be the replace cursor.

The switches on the calculator keyboard are single-
pole, single-throw switches. The circuitry included
within the KDP control block of FIG. 4 which scans
for keyboard input and sends the information to the
microprocessor via the /O bus is shown in the detailed
schematic diagram of FIG. 139. The keyboard scan
counter U65A and U65B determines which key is being
examined for closure. The counter is clocked at approx-
imately a 2.5 KHz rate by an oscillator made of gates
U37A and U37B and associated components. The lower
four bits of the counter is decoded by U48 to select one
of sixteen column select lines to the keyboard. The
upper three bits of the counter are used by US7 to select
one of eight row scan lines from the keyboard. Should
the selected keyswitch be depressed, the column select
output will be connected to the row select input and the
output of the row selector (US7) will go to the logic low
state indicating that a keyswitch closure has been de-
tected.

When a key closure has been detected, flip-flop U27A
will be set via inverter U36B. The complement output
of flip-flop U27A inhibits the keyboard scan counter
from counting further thereby saving the keycode for
the key closure that was detected. The flip-flop also
causes flip-flop U27B to become set via U39C. The
output of flip-flop U27B then sets the latch U62 pro-
vided that an interrupt poll is not in progress (US6C).
The output of the latch causes the low priority interrupt
request (IRL) signal to the microprocessor to be set,
thereby indicating that a key closure has been detected
and that interrupt service is required. At the micro-
processor’s convenience the service routine is per-
formed. The first operation of the service routine is to
perform an interrupt poll to determine which I/0 de-
vice is requesting service. The fact that the interrupt
poll is taking place is indicated to the keyboard scan
circuit by the Interrupt (INT) signal being exerted
when peripheral address bit 3 (PA3) is logically false
(poll of low level interrupt I/O devices). The keyboard
scan circuit, since it has generated an interrupt request,
responds by exerting the I/0 bus data bit 0 (I0DO)
which corresponds to its peripheral address via gate
U61C. Upon determining that the keyboard scan circuit
is interrupting, the microprocessor executes the key-
board service routine. During the service routine, an
I/0 cycle which reads R4 occurs. When the 1/0 cycle
occurs, the keycode from the keyboard scan counter is
placed on the 1/0 bus via the eight gates of U58 and
US9. The 170 cycle also causes the Read Register 4
Strobe (R4SB) which U37C resets flip-flop U27B. The
output of U27B will, in turn, set U27A, provided that
the debounce counter U28 declares the key no longer
closed, and thus allows the keyboard scanning to re-
sume. The debounce counter is reset whenever a key
closure occurs. As the key is released, the debounce
counter will be reset each time a key bounce occurs
until finally no further key bounce occurs and the de-
bounce counter counts to the point that it enables gate
U37D.

The keyboard scan circuit also has the automatic key
repeat feature. The latch, composed of gates U39A and
U39B is reset whenever no key closure is detected.
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Likewise, the repeat counter U47 is held reset as long as
no key closure is detected. When a key closure is de-
tected, the repeat counter is allowed to start counting
{but starts counting over again each time that a key
bounce occurs as the key is closing). When the repeat
counter’s output pin 1 goes high, the latch composed of
gates U39A and U39B is set and the repeat feature is
enabled by enabling gate U39D. Thereafter each time
U47 output pin 12 goes high, gate U39D will set flip-
flop U278 thereby causing another interrupt request to
occur. The deiay time from the time the key is de-
pressed to the time automatic repeating starts is deter-
mined by the time it takes after key closure, with no
further bouncing, for U47 output pin 1 to go high fol-
lowed by output pin 12 going high. The frequency of
key repeat is determined by the frequency at which U47
output pin 12 toggles.

The keyboard also contains the Reset key which 15
handled separately from the keyboard scanning. When
the Reset key is depressed, the KRST signal goes low
and, after a time delay for key bounce caused by C22,
R49, and RS0, the 711t to inverter U40B goes low. The
positive-going transition of inverter output U40B is
differentiated by C21 and R47 to produce a pulse which
becomes the 1/0 bus Reet (RESET) signal that reini-
tializes the microprocessor and 1/0 section. The output
of the inverter, before the pulse formation, is sent to the
K DP’s status latch which the microprocessor can inter-
rogate to determine if the initialization is a power-on
initialization or a Reset key initialization.

The Shift and Shift Lock keys oo the keyboard are
handled separately from the scanning circuit. When
either of the shift keys on the kevboard is depressed, the
SHIFT signal resets the latch composed of gates U46A
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and U45C and sets flip-flop US6B which in turn will set

1/0 data bit 7 {I0ODT) thereby indicating to the micro
processor that the shift key is depressed. If the shift lock
key is depressed, the latch composed of gates Ud6A and
U45C will be set to indicate that all further keycodes are
shifted keycodes. The latch remains set unti! on the shift
keys is depressed.

A KDP control timing geuerator included within the
KDP control block of FIG. 4 is shown in the detailed
schematic diagram of FIG. 140. The 6 MHz clock from
the 1/0 bus is divided by four by flip-flops US6A and
U62A to produce the KDP clock and the gated T clock
generated at the output of gates US6A and U7C. The
gated clock is disabled via gate U54B whenever either
flip-flops U63B ot U648 are set. Flip-flop U63B is set on
the next KDP clock after a printer data word (indicated
by W6SB) is sent to the KDP control. Similarly, flip-
flop U64B is set on the next KDP clock after a display
data word (indicated by W4SB) is sent the KDP con-
trol. The two flip-flops disable the T clock for only one
state time since the output of each flip-flop clears flip-
flops U63A and U638, respectfully. During the state
time that the T clock is disabled, the R/W signal (gate
US5C) goes low during the second half of the state time
and is used by the memory section to store the data just
received into the XDP read/write memory. The three
signals PLC (printer load clock), DLC (display load
clock), and SPA {select printer address) is used by the
printer control, display contrel, and memory sections to
produce the correct address for storing the data just
received into the KDP read/write memory. When new
display or printer data is not being received, th PR
(printer) signal is used to control the SPA signal so that
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either display or printer data can be read from the KDP
memory.

The upper portion of FIG. 140 shows the circuitry
which generates the basic timing signals used by the
printer control, display control, and memory sections.
The waveforms generated by this circuitry is shown in
the waveform timing diagram of FIG. 141. Device U35
is a four-bit binary counter with a synchronous load
control input (Texas Instruments device SN7T4L5163},
The PR (printer) signal is present for eight state times
and absent for six state times. The last state ime before
each transition of PR, the P7 signal is generated hy gatr
U46C for the full state time and the T7 signal is gener-
ated by gate US6B during the last half of the state tire.
Each time that P7 occurs, the binary counter wil be
loaded with the data on the A through D inputs «n il
next state time. If the PR signal is not true, the cownter
will be set to zero the next state time. If the PR signal is
true, the counter will be set to a decimal ten on the next
state. The use of these timing signals will be discussed 1
the following sections.

A read/write memory section of the KDP coniro
block of FIG. 4 is shown in the detailed schemazic dia-
gram of FIG. 142. Central to the memory section is the
KDP read/write memory which stores the display data
By designing the display control section to auiomati
cally refresh the display, the capability to inform the
calculator user of what the calculator program is doing
via display messages while the program is running i
possible. More importantly, the design provides the
basic requirement of live keyboard, i.e., displaying key-
board actions and results while a program is running.
The read/write memory device U38 is Signetics device
82809 which is capable of storing sixty-four 9-bit words
The memory is divided into two halfs by the select
printer address (SPA) signal on the A5 input of the
device. Thus the lower half of the memory stores the
32-character codes for the LED display unit and the
upper 16 locations of the upper half stores the i6
character codes for the thermal printer unit. The data
from the I/0 data bus to be siored in the memory is firsi
saved in the register composed of U43 and US2. The
timing section then generates the R/W and SPA signals
as necessary to transfer the data from the register into
the proper location in the memory. When the KDP
control is not receiving information from the 1/0 bus,
the display and printer data in the read/write memory
are alternately assessed to refresh the Adisplay. The
printer data is only printed the one time after ithe print
command is received by the 1/0 interface section. The
address for the read/write memory is selected by the
two-to-one data selector composed of Uld and Uid
The two inputs to the data selector are the display char-
acter address and character column select and the
printer character address and character row select. The
character address information is used to address the
read/write memory. The column and row select is usec
to address the dot pattern read-only mermory UZ3. The
read-only memory is comprised of devices that arc
organized as 2048 words of eight bits. The dot patterns
for both the display and the printer are stored in the
ROM. The most significant bit of the address {PR} i
used to select whether the dot pattern is for the display
or for the printer. The next seven bits of address select
one of 128 possible symbols. The lowest three bits of
address select the desired column or row of the symbol.
Column data is needed for the display unit; row infor-
mation is needed for the printer unit. The timing saction
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is designed such that when a printer character is being
processed by the printer control section, the address to
the read/write memory is the next display character to
be processed and vice versa. As shown in the timing
diagram of FIG. 141, during the state times that the P7
signal occurs, the ROM is enabled (input CE of U23)
and, as explained in the read-only memory section, the
power pulse circuit composed of Q3 and associated
components applies + 12 volts to the main section of the
ROM device. During the second half of the state time
the T clock occurs and the ROM accesses the doat data
addressed and presents it at the D outputs for use. At
the end of the P7 state time the dot data is parallel
loaded into the parallel-in/serial-out shift register com-
posed of U22 and U18. During the following state times
the dot data (DD) is shifted out of the shift register for
use by the display or printer control sections. If the dot
data is printer row data only five dot data bits are de-
fined (five by seven printer matrix). For the display dot
data, all seven bits are defined since the data is column
information.

The most significant bit of the read/write memory is
not used. The next most significant bit is used to inform
the display control section that the cursor (CURSOR) is
to be flashed in that character position. The outputs of
the read/write memory are open-collector and require
the external pull-up resistors to obtain the logic high
state. This fact is used to advantage to generate the
symbol for the insert cursor (character code zero). If
the display symbol being accessed in the read/write
memory is to have the cursor superimposed (read/write
output bit 07 true), the display control section, if re-
quired, will cause the cursor enable (CE) signal to go
high thereby switching off transistor Q4 and causing the
output of the read/write memory to become the charac-
ter code zero for the insert cursor.

A display control section of the KDP control block
of FIG. 4 is shown in the detailed schematic diagram of
FIG. 143. When the first data character of a new group
of display data is sent to the KDP control, the W4SB
associated with the transaction is used to trigger one-
shot U16. The output of U16 via gate U9A clears binary
counters U3 and U6 thereby initializing the counters to
the first display character address of the read/write
memory in the memory section. Also, via gate U7A, the
output clears flip-flops U15B and U15A. In turn, the
output of flip-flop U1SA disables the column scan de-
coder U2 which blanks the display, disables gate U4A
which enables gate U10D and allows the display load
clock (DLC) from the timing section to increment the
binary counter to the next display character address
each time that a new display data character is received,
and disables the one-shot U16 from being triggered
again on the next data transfer. The display control
section remains in the mode of receiving display data
with the display blanked until the DSP signal is re-
ceived.

When the DSP signal, part of the command word, is
received from the I/0 interface section, the binary
counters U3 and U6 are again cleared to start the dis-
play scan at the first display character address. Also, the
DSP signal sets flip-flop U1SB which clears flip-flops
U12B and U32B thereby re-starting the flash cycle for
the cursor and allows flip-flop U15A to be set on the
next T7 clock. Once flip-flop U15A is set, the display
control switches from the mode of receiving new data
to the mode of displaying the data. Assume for the
moment that the cursor is not displayed, in which case
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gate USA is enabled to pass the serial display dot data
(DD) through to the display connector and hence to the
display. The LED display unit is composed of eight
display devices that contain four display not matrices
per device. A detailed block diagram of the display unit
of FIG. 4 is shown in FIG. 144. The serial-in/parallel-
out shift register (332) shifts in a new dot data bit each
time that the clock signal occurs. When one column of
dots for each character position has been received (244
bits), the scan line corresponding to the column data is
enabled to cause the dots selected on those columns to
light or not light according to the data in the shift regis-
ter. The cycle is then repeated with each column in
sequence. Counter U1 and decoder U2 determine which
column is selected. The timing relationship between the
waveforms that result from a display of all LED col-
umns is shown in FIG. 145. Since binary counter U3
starts with a count of zero at the beginning of the dis-
play cycle, both gates USB and U9C will enable gate
U4B. Gate U9B allows the T clOck to become the series
of display clocks shown in the first three lines of FIG.
145. The display size (SIZE) signal via gate USB will
disable the last sizteen series of display clocks (shown
on line two) if the display is only a sixteen character
display. The upper three bits of the binary counter U3
and decoding gate U9C further allow the display clocks
only when the three bits are zeros. The balance of the
time the column scan decoder U2 is allowed to operate.
The divide-by-five column counter Ul determines
which column is being scanned. It is not initialized as it
makes no difference which column is scanned first since
all columns will eventually be scanned. Each time that
counter U3 “rolls over”, the column counter U1 will be
incremented to the next column.

The display cursor logic is shown at the upper left
portion of FIG. 143. The cursor flash frequency is de-
termined by the astable multivibrator composed of
gates USA, U8B, and USC which is divided by four by
flip-flops U12B and U32B. When the Q-not output of
flip-flops U32B is a logical high, the cursor symbol is
enabled for disabling. The command register in the 1/0O
interface section enables either gate U11A or Ul1B
depending on whether the insert (INS) or replace
(RPL) cursor is selected. As discussed in the memory
section above, the cursor (CURSOR) output from the
read/write memory indicates when the particular char-
acter being accessed from the read/write memory is to
also have the flashing cursor. If the insert cursor is
selected, the cursor enable (CE) signal is generated
which forces the output of the read/write memory to
assume the insert cursor code. If the replace cursor is
selected, the flip-flop U12A is used to save the cursor
signal so that it will be available when the character dot
pattern is sent to the display unit. The replace cursor
lights all dots in each column of the character matrix
which is achieved by gate U11B disabling USA when
the cursor is to be displayed thereby forcing the serial
display data to the state that lights all dots on the col-
umn.

A printer control section of the KDP control block of
FIG. 4 is shown in the detailed schematic diagram of
FIG. 146A. Assume as an initial condition that flip-flops
U44A and U44B and binary counter U33 have just been
cleared by gate US4C. Since the output of flip-flop
U44B is a low, decimal counters U24, U2S, and U26 and
flip-flop U32A wil be cleared, printer scan decoder U41
will be disabled, printer paper advance (ADV) solenoid
will be de-energized via gate U7B, and gate U17B will
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be disabled thereby enabling gate U10B to pass the
printer load clock (PLC). Hence, no printing action will
occur and the printer control is in the data receiving
mode. The binary counter U33 provides the printer
character address to the read/write memory in the
memory section. Each time that printer data is received
by the KDP control, the timing section produces the
printer load clock (PLC) to advance the binary counter
U33 (via gate U10B) to the next printer character ad-
dress so that the next address will be ready when the
next printer character code is received. The PLC clock
also clocks the other binary counters U26, U285, and
U24 as well as flip-flop U32A but since the counters are
connected in cascade (ripple carry output to enable
inputs of next stage) none of the counters will change
state because flip-flop U32A is clear. The printer con-
trol section will remain in the data receiving mode until
the PRT command signal is received from the 1/0
interface section.

When the PRT signal is received, flip-flop U44A will
be set and at the end of the next T7 clock flip-flop U44B
will be set indicating that the printer control section is
in the print mode. To understand the timing that the
printer conrol section generates, it is first necessary to
understand the requirements of the thermal printer unit.
A block diagram of the thermal printer of FIG. 4 is
shown in FIG. 147. The print head circuit comprises an
off-the-shelf twenty-bit serial-in/parallel-out shift regis-
ter whose inputs are DATA and CLOCK. The output
of each group of five bits goes to a 5-of-20 demulti-
plexer. Each demultiplexer routes its five input bits to
one of four print head positions. Each print head posi-
tion contains five dot resistors which “burn” the paper
to produce the printing. The four input scan signals (S1
through S4) determine which of the head positions the
demultiplexer selects. The sequence of operation is for
the printer control to send the dot information for the
first, fifth, ninth, and thirteenth character positions and
generate the first scan signal which “burns” the paper
for the proper length of time. The procedure is then
repeated for each of the other scan signals in sequence.
When the four scans are completed, the paper advance
solenoid which as been energized (“‘cocked”) during the
four scan operations is de-energized and a fifth time
period is required to allow the paper to advance and
settle.

Returning now to the printer control circuitry,
FIGS. 148A-B show the timing relationship of various
waveforms associated with the printer control circuitry
of FIG. 146A. Binary counter U33 counts the sixteen
character positions. Outputs QB and QC of decimal
sounter U25 determines which scan is taking place via
scan decoder U41. Notice that the counter’s output also
goes to integrated circuit U34. Device UM is a four-bit
magnitude comparator which generates a positive-true
sutput as output A =B whenever the four bits input at
the A inputs is equal to the four bits input at the B
inputs. The output is used to enable the T clocks to pass
through gate USC to become the printer clocks. Notice
that inputs AO and Al are tied to a logic one. Conse-
juently, inputs B0 and Bl can be used to shut off the
zlocks to the printer. The four gates U19A, U19B,
U19C, and U7D combine logically with inputs B0 and
B1 to form a disable function such that if any input to
U19A, U19B, or U19C is a logic high, the clocks to the
printer are disabled. Therefore, let each input to gates
U19A, U19B, and U19C be taken to form a counter
whose decimal count is shown in FIG. 148B. The state
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number associated with each count is shown immedi-
ately above the decimal count. The outputs which de-
fine the decimal count are the output from flip-flop
U32A, the four outputs of U26, and the QA output of
U2S. Notice that the feedback generated by gates USD
and U46B causes the counting sequence to change from
decimal count 11 to 16 during state numbers 12 and 13
and again from count 43 to 48 during state numbers 28
and 29. Note also that counter U26 is a decimal counter
which causes the count to change from count 19 to 32
during state numbers 16 and 17 and again from count 43
to 48 during state numbers 28 and 29. Thus, the total
number of states for one scan is 32.

Only during the first state (decimal count zero) are
the T clocks allowed to pass through gate USC to be-
come the printer clocks. Binary counter U33 counts the
sixteen character positions of the printer. For the first
scan, input B2 and B3 of comparator U34 are both zero.
Therefore, as the character counter U33 counts through
the sixteen character positions, only the first, fifth,
ninth, and thirteenth characters are sent to the printer.
For the next scan, only the second, sixth, tenth, and
fourteenth characters are sent to the printer. A similar
pattern occurs for scans three and four. These wave-
forms for each scan are shown in FIG. 148A. After the
character counter has counted through sixteen counts,
flip-flop U32A will be set and via gate U19A further
clocks to the printer will be disabled.

The scan signals are shown in FIG. 148B. The scan
decoder U41 is enabled by flip-flop U44B, QD output of
U24, and the burn control output (BCO). A printer burn
control circuit within the KDP control block of FIG. 4
is shown in the detailed schematic diagram of FIG.
146B. Devices USOD, USOC, and associated compo-
nents form an oscillator whose duty cycle depends on
the unregulated +20 volts. The output of the oscillator
turns switch Q4 on and off which in turn charges capac-
itor C27 through resistors R66 and R67. The higher the
+20 volts, the slower that capacitor C27 will be
charged. Devices U50B, Q15, Q16, and associated com-
ponents form another oscillator which operates at a
frequency of approximately one-tenth that of the US0D
oscillator. The purpose of this oscillator is to discharge
capacitor C27. The voltage across C27 is input through
R67 to the non-inverting input of comparator USOA.
The other input of the comparator is a reference volt-
age. The reference voltage can be modified by the print
intensity adjustment, the print head thermister, and
resistor R63 which is switched in when FET Q12 is
turned-on. The output of the comparator USDA is the
burn control output (BCO) signal which alternatively
switches the printer scan signals on and off. The BCO
signal is a negative-true signal whose duty cycle is in-
versely proportional to approximately the square of the
unregulated +20 volts, thereby providing an almost
constant power dissipation for the print head resistors.
The print temperature control (PTC) signal from gate
U7D of the printer control section modifies the duty
cycle of the burn control to allow a fast rise time for the
temperature of the print head resistors during state
numbers 1 through 12 of the scan time followed by an
approximately constant temperature for the print head
resistors during the second portion of the scan period.

When the fourth scan is completed, the QD output of
U2S will become set. The output disables the scan de-
coder U41, disables the current drive to the advance
solenoid, and disables the counter feedback gate U46B.
The paper then advances to the next line. The time



4,075,679

57
allowed for the advance (40 state times) is longer than
the scan time due to the disabling of the feedback gate
U46B.

Decimal counter U24 is used to determine which row
of the character is selected. For the first row, the dot
information read out of the read/only memory section
is all spaces. The next seven rows are the seven rows of
the five-by-seven dot matrix. The last two rows are
again all spaces to provide the separation between the
characters on successive lines. For the last two rows,
output QD of decimal counter U24 {counts eight and
nine) will be a high thereby disabling the scan decoder
during those two rows. At the end of the tenth row, the
QD output will return to a logic low which via capaci-
tor C16 clears flip-flops U44A and U44B ending the
print mode.

CASSETTE CONTROL

The cassette control circuitry of FIG. 4 provides the
interface between the microprocessor and the cassette
transport hardware. The control circuitry can be di-
vided into four sections. One section is the I/0 interface
section which provides the interface between the 1/0
bus and the rest of the cassette control circuitry. An-
other section is the tape section which provides the
motor drive electronics that causes the movement of the
magnetic tape. A third section is the read electronics
section which detects flux transitions on the magnetic
tape and decodes it into bit serial digital data which is
sent to the microprocessor. The delta distance code is
used to represent digital information on the magnetic
tape. This code represents a zero on the magnetic tape
by a short distance between flux transitions and a one by
a long distance between flux transitions. The fourth
section is the write electronics section which encodes
bit serial digital data from the microprocessor into a
seires of flux transitions on the magnetic tape.

The cassette control I/0 interface section is shown in
the detailed schematic diagram of FIGS. 149A-C. The
1/0 interface section contains an 1/0 operation decoder
composed of a dual three-to-eight decoder U3 and asso-
ciated gates. The decoder is enabled whenever the pe-
ripheral address lines indicate peripheral address one
and an interrupt (INT) poll is not occurring. One sec-
tion of the decoder decodes the I/0 read operations; the
other section decodes the 1/0 write operations. A write
to memory address seven (W7) clears the servo-fail
flip-flop U7B and the cartridge out flip-flop UTA as
shown in FIG. 149C. The servo-fail flip-flop is set by
the servo section. The cartridge out flip-flop is set when
the cartridge-in microswitch opens due to the cartridge
being removed from the transport assembly. A write to
memory address six (W6), which occurs during the last
1/0 DMA operation, sets the search complete flip-flop
U9A and clears the DMA request enable flip-flop U9B.
A write to memory address five (W5) latches the pri-
mary command information from the microprocessor
into the eight-bit command latch U1 shown in FIG.
149B. The command latch is also cleared to its initial
state by the Initialize (INIT) signal when the calculator
is turned on. The figure shows the information assigned
to each bit. A write to memory address four {W4)
causes the bit serial data to be written on the magnetic
tape (sent on I/0 bus line IOD0) to be latched into
flip-flop U13A and clears the flag flip-flop U13B.

A read of R6 (R6SB) causes the beginning/end of
tape flip-flop U15A to be cleared. The flip-flop is set
whenever a hole is detected in the magnetic tape as
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shown in FIG. 150, A hole is detected by allowing light
to pass through the hole to reach a phototransistor. The
signal from the phototransistor is applied to an op-amp
U4 which compares the signal to a level which is ap-
proximately 30% of the peak level. The transistor Q4
changes the op-amp output to voltage levels compatible
with the input requirements of the beginning/end of
tape flip-flop.

A read of RS (R5) causes the cassette status data, held
stable by latch U16 of FIG. 149B, to be sent to the
micropressor. The data assigned to each bit is shown in
the figure. A read of R4 (R4SB) causes the data de-
coded from the magnetic tape (RDT) to be sent to the
microprocessor (gate U12F) and clears the flag flip-flop
U13B shown in FIG. 149C. The flag flip-flop is used to
indicate the presence of either servo tach information
(output of flip-flop U15B) or the presence of read data
(RWF) from the magnetic tape as selected by the com-
mand bit 3 (TAC) of the command latch U1. Similarly,
the 1/0 status (STS) signal is used to indicate either the
presence of a gap on the magnetic tape (when in the
normal mode as indicated by search/normal bit of the
command latch U1) or the fact that the search operation
has ended when in the search mode. The search opera-
tion is terminated (indicated by gate U6A) by either
having a servo-fail signal (flip-flop U7B) or a cartridge
out signal (flip-flop U7A) or a beginning/end of tape
encounter (flip-flop U15A) or a normal completion
caused by an 1/Q write operation to R6 setting the
search complete flip-flop U9A. Conversely, if none of
the four conditions have occurred and the run com-
mand (command bit 7) is true, the GO signal is gener-
ated via gate USB which informs the servo section that
the motor is to run.

The cassette control servo section is shown in the
detailed schematic diagram of FIGS. 151A-C. The
servo system is designed to provide tape speeds of +/—
22 ips and +/— 90 ips at +/— 5%. The transition
between these speeds is at a constant acceleration of
+/— 1200 in/sec/sec which corresponds to approxi-
mately 18 ms to accelerate from O to 22 ips. In addition
to speed control, the servo section provides the tape
moving (MVG), a tachometer pulses (TAC), and servo-
fail detect (SFD) signals as status information for the
microprocessor. The input signals from the 1/0 inter-
face section are the GO signal which indicates that tape
movement is to occur, the Fast (FST) signal which
indicates the higher speed is desired, and the REVerse
signal which indicates the direction of tape movement.

Referring to FIG. 151A, the reference generator
composed of the input circuitry associated with U25A
converts the digital input signals GO, FST, and REV to
analog voltages for input to the controlled-slew-rate
amplifier composed of U25A and U25B. The slew rate
is a function of the voltage of the zeners diodes CR7 and
CRS, resistor R49, and capacitor C29. The slew rate is
approximately 100 v/sec. The steady-state voltage gain
of the amplifier is either + 1.5 or — 1.5 as determined by
the digital input REYV signal. The steady state output
voltage is 0, +/—2, or +/—7 volts depending, respec-
tively, on whether GO is logically flase, GO is true and
FST is false, or G is true and FST is true. The output
voltage will be referred to as the “forcing function
(ViD)”. It is applied via R79 to the summing junction of
the servo loop which is at the inverting input of U28B.
The forcing function is also applied to the dead-band
detector circuit.
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The dead-band detector circuit is composed of the
two voltage comparators U21C and U21D and associ-
ated components. Since these comparators operate from
0 to § volts, the forcing function is first level-shifted to
provide compatibility with the comparators. If the
shifted level is above the reference of U21D, the mov-
ing reverse (MRYV) signal is generated. If the shifted
level is below the reference level of U21C, the moving
forward (MFD) signal is generated. If either the MRV
or MFD signals are generated, the moving (MVG)
signal is also generated. This signal indicates that the
forcing function is indicating a motor speed of greater
than 2 ips. The moving signal is used to light the run
LED on the transport assembly which indicates to the
user that the motor is operating and is sent to the status
latch in the I/0 interface section for use by the micro-
processor. Also, the absence of the moving signal is
used to turn off the drive to the motor to prevent the
motor from creeping due to small offset voltages in the
sytem.

The feedback voltage Vb from the tachometer asso-
ciated with the motor is also applied via R78 to the
servo loop summing junction, as shown in FIG. 151B.
The feedback voltage is proportional to the angular
velocity of the motor and is generated by an optical
tachometer, as shown in FIG. 151C. The optical ta-
chometer consists of a light source, a 1000 line disk and
a phototransistor. A signal (23 KHz at 22 ips) is ampli-
fied by the op-amp U3 and applied to the bidirectional
one-shop (Signetics device 8T20 or equivalent shown in
FIG. 151B) which generates 2 us pulses. These pulses
occur on both polarities of the waveform such that the
repetition rate of the output pulses is twice the input
frequency (46 KHz at 22 ips). The pulses are applied to
a second-order low pass filter, composed of L2 and C42,
which has a bandpass of 2.25 KHz. The output of the
filter is a positive DC voltage which is proportional to
the angular velocity of the motor. (The ripple of the DC
voltage does not have an adverse effect upon the motor
speed since its frequency components are much higher
than the bandwidth of the system.) The output of the
filter is amplified by U28A with a gain of either +3 or
—3 in a circuit configuration similar to the configura-
tion used to generate the forcing function. The polarity
of the gain in this case is determined by the MRV (mov-
ing reverse) and MFD (moving forward) signals gener-
ated by the dead-band detector circuit.

The feedback from the summing junction op-amp
U28B is also applied to the summing junction. The
feedback provides most of the open loop gain and intro-
duces a zero at 5 Hz that matches the mechanical pole
of the motor. The closed loop gain of Vfb/VIT is 0.6
with a bandwidth of approximately 200 Hz. The motor
driver amplifier, composed of transistors Q3, Q4, Q9,
and Q10 and associated components (shown in FIG.
151C), provides a voltage gain of 2.46 as determined by
the feedback resistors R62 and R61. As mentioned ear-
lier, the moving (MVG) signal from the dead-band
detect circuit is used to disable the drivers if the moving
signal is logically false to prevent the motor from creep-
ing due to small offset voltages in the system as well as
to insure stability during the zero speed crossover re-
gion. Also, the INIT signal is used to disable the drivers
to prevent spurious movement of the tape during calcu-
lator turn-on and turn-off. The maximum average
power dissipated from either darlington driver is 13
watts. This assumes a worse case duty cycle of 80% and
a maximum average supply voltage of 23 volts.
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The servo-fail detect circuit, composed of U21 and
associated components, senses both the voltage to and
current through the motor. Both the voltage and cur-
rent sense inputs are filtered such that an overload con-
dition is not detected during acceleration. The output of
the circuit sets the servo-fail flip-flop in the 1/0 inter-
face section which in turn causes the GO input signal to
be removed thereby protecting the motor from over-
load.

The write electronics section of the cassette control
block of FIG. 4 is shown in the detailed schematic dia-
gram of FIG. 152. The inputs to the section come from
the I/0 interface section and are the bit to be encoded
(BSD), the write command (WRT), the track to written
on (TRKB), and the mode command (MOD). Outputs
from the section are the flux transitions on the magnetic
tape, and the read/write flag (RWF) to I/O interface
flag flip-flop which indicates that another bit of data
may be sent.

The encoder portion of the write electronics section
is composed of flip-flops U3DA and U30B, astable multi-
vibrator U29, and one-shot U31B with associated gates.
The section is initialized whenever the WRT signal is
false. Both the data bit flip-flop U30A and the write data
flip-flop U30B are preset by the WRT signal. Also, via
gate U35C and open-collector inverter U34D, the WRT
signal discharges the timing capacitor C50 associated
with the astable multivibrator U29. The one-shot U31B
is shared between the encoder and the decoder. Its
other input (input A) is forced to the enable state during
write operations by the WRT signal. When the WRT
signal becomes true and the MOD signal is false, the
output of the astable multivibrator is allowed to oscil-
late. The period of the first oscillation of the multivibra-
tor is determined by C50, R87, and R88. When the first
oscillation is complete, the one-shop U31B wil be trig-
gered which signals the end of a data bit time. The
output of the one-shot causes a flux transition on the
magnetic tape by toggling the write data flip-flop U30B,
loads the next data bit on the BSD line into data bit
flip-flop U30A, and sets the I/O interface section flag
flip-flop to indicate that another bit may now be sent by
the microprocessor. The output of data bit flip-flop
U30A determines the time constant of the astable multi-
vibrator by either switching in or switching out resistor
R88. The period of the astable is short if the flip-flop
contains a zero and long if the flip-flop contains a one.

The output of the write data flip-flop U30B is sent to
the magnetic tape read/write circuitry. The read/write
head provides for two tracks on the tape; track A and
track B. A high-voltage open-collector output BCD-to-
decimal decoder U1 (Texas Instruments device SN7445
or equivalent) is used as a one-of-eight decoder to select
the track, whether a read or write operation is to occur,
and, if a write operation is selected, which direction
current flow through the head is to occur. Hence, the
decoder inputs are TRB (track B), WRT (write), and
WDT (write data). The TRB signal determines the
track by enabling outputs 4, 5, 6, and 7 or outputs 0, 1,
2, and 3. The WRT signal selects the “write” outputs 2,
3, 6, and 7 rather than the read outputs 0, 1, 4, and 5.
Since the “read” outputs are not enabled, the four FET
switches Q1 through Q4 are turned off and the read
circuitry is disconnected from the tape head. (The regu-
lated turn off bias for the switches is generated by a
voltage doubler circuit located in the servo section.)
When the WRT signal goes high, transistor Q5 is turned
on which, in turn, turns on the current source composed
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of Q6 and associated resistors. The direction of current
flow through the head from the current source to the
decoder output is determined by the write data (WDT)
signal input to the decoder. Each time the WDT signal
changes levels the direction of the flux on the magnetic
tape is reversed due to the current flow through the
head changing directions. The Initialize (INIT) signal is
logically ORed with the WRT signal (via CR4) to turn
off the current source and prevent spurious write cur-
rents through the head during a calculator turn-on or
turn-off.

The read electronics section of the cassette control
block of FIG. 4 is shown in the detailed schematic dia-
gram of FIGS. 183A-B. The inputs to the read elec-
tronics is the TRB (track B) signal which determines
which track is to be read, the WRT (write) signal which
disables the write section and enables the read section,
the analog signal from the magnetic tape head, and the
FST (fast) and MOD (mode) signals which determine
the threshold level associated with the analog head
signal. The outputs are the bit serial read data (RDT) to
the 1/0 interface and the read/write flag (RWT) to the
1/0 interface flag flip-flop.

When information on the tape is being read, the
BCD-to-decimal decoder Ul of FIG. 152 selects out-
puts 0 or 1 or outputs 4 or 5 thereby turning on FET
switches Q1 and Q2 or switches Q3 and Q4, respec-
tively. The appropriate tape read head is then con-
nected to the pre-amplifier U2. The preamp provides a
nominal gain of —20. Since the output from the read
head can vary as much as +/—25%, the gain is ad-
justed by selecting RS such that the output of the pre-
amp is 300 mV PP. The bandwidth of the preamp is at
least 110 KHz. The read waveform from the magnetic
head contains predominate frequencies of 10.6 KHz and
17.6 KHz when the tape speed is at 22 ips for one’s and
zero’s, respectively. A significant amount of informa-
tion is contained in the 3rd harmonics of these wave-
forms. The frequency is increased to 72 KHz when the
tape speed is at 90 ips. However, at 90 ips, only gap
information (the absence of flux transitions) is being
searched for and no data is recovered at that speed. The
signal from the preamp is applied to the input of an
active second-order Butterworth low pass filter com-
posed of U17 and associated components. The filter has
a bandwidth of 55 KHz which limits the noise suscepti-
bility but at the same time does not increase the peak
shift excessively. The filter has a gain of 6.7 which
produces a nominal output of 2 Vpp. The output of the
filter is applied to a differentiator (C14 and RS5) and a
threshold detector composed of U22 and associated
components. The differentiator attenuates the signal
(10.6 KHz) by a factor of 9, while the following ampli-
fier U18 provides a gain of 9 and a low impedance
output. The output of U18 is applied to a dual compara-
tor U10 which detects a zero crossing condition. The
two comparators are only enabled during the appropri-
ate +/— threshold to increase the noise immunity. The
output from the zero crossing detector is applied to the
clock input of a D-type flip-flop U27 while the clear and
D inputs are connected to the threshold (THD) signal
from the threshold detector. This configuration pre-
vents a glitch (multiple transitions) from occurring on
the output of the flip-flop since the only way possible
for the output to go high is for the clock input to go
high while the THD signal is high. The only way for
the output to go low is for the clear and D inputs to go

low. The positive-going transition of the output of the
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flip-flop U27 indicates that a flux transistion (FTR) has
occurred.

The input to the threshold detector is the amplified
and filtered signal from active Butterworth filter. The
threshold detector produces an output when the abso-
lute value of the waveform exceeds either 10%, 45% or
30% of the nominal peak signal. The 10% level is used
for reading at 22 ips, the 45% level is used for write
verification and gap detection, and the 30% level is used
for high speed gap search. Which level is selected is
determined by the FST and MOD inputs at inverters
U20E abnd U20F, respectively. The two transistors Q1
and Q2 connected in cascade perform the function of
filtering the output of the threshold detector and insur-
ing that the THD signal remains high for at least 100 ns
thereby preventing noise from causing false outputs on
the flux transition (FTR) signal out of the flip-flop U27.

The output of the threshold detector (THD) is also
used to retrigger one-shots U43A and U43B shown in
FIG. 153B. The first one-shot, U43A, has a period of
approximately 125 us. If no flux transitions are detected
for 125 us, the one-shot expires and sets the latch com-
posed of gates U39A and U39B. The output of the latch
(GAP) indicates to the microprocessor, via the 1/0
status control signal, that a gap condition exists. The
output of the latch also inhibits the InterRecord Gap
(IRG) one-shot U43B from being retriggered. The per-
iod of the interrecord gap one-shot is approximately 2.5
ms. If the latch has not been reset or if a flux transition
after the latch is reset has not occurred by 2.5 ms, the
one-shot expires and an interrecord gap condition is
declared. The gap one-shot U43A also clears the four-
bit binary counter U42. To prevent the possibility of
noise in the system erroneously ending the gap condi-
tion, the latch is not allowed to reset until four flux
transitions have been detected and counted by the bi-
nary counter U42. The gap one-shot also clears flip-flop
U38A whose output is used to initialize the read decode
circuitry. The first twelve flux transitions after a gap
occurs always correspond to a digital zero on the mag-
netic tape. Hence the flip-flop U38A is not set again
until twelve flux transitions have been counted by the
binary counter U42.

The decoder is required to reliably retrieve informa-
tion stored in the form of delta distance code from a
tape which exhibits speed variations. The input to the
decoder is a stream of pulses corresponding to flux
transitions detected on the magnetic tape (FTR). The
time between the pulses indicates whether the distance
between flux transitions was a “long” or a “short” dis-
tance. Decoding the time between pulses into ones and
zeros could be accomplished on an absolute basis of one
were willing to allow the ratio between zero and one to
be large enough that a zero would always be less than a
specified time and a one would always be greater than a
specified time when all possible variations in the system
have been accounted for. This approach would reduce
the amount of information which could be stored on the
tape and is not acceptable. Instead, the decoder elimi-
nates dependence upon the absolute time required for
the tape to move a long or short distance by “tracking”
the average tape speed. The ratio of the *“long” time to
the “short” time, not the actual time, is used in decoding
the information. The decoder uses the time between
previous FTR pulses to develop a reference voltage
which is used for decoding. The reference voltage is
developed across C59.
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To understand how the reference voltage is estab-
lished, a description of the decoder circuit configura-
tion is first necessary. When the GAP signal occurs,
flip-flop U38A is cleared and its output, the decoder
nitializing signal, clears the read data flip-flop U38B
and turns on FET switch U33A to short out resistor
R111. The reference capacitor C59 is driven by U36
which is part of the sample and hold circuit formed by
FET switches U33B and U33D and sample and hold
zapacitor C58. The input to the sample and hold circuit
:omes from the ramp generator circuit formed by U32
and associated components. Notice that the output of
‘he ramp generator can be applied directly to the sam-
ole and hold capacitor C58 via FET switch U33D but is
first attenuated by the resistor divider R108 and R107
sefore it can be applied to the sample and hold capaci-
:or via FET switch U33B. Notice, further, that the read
jata output (RDT) of the read data flip-flop U38B ena-
sles the attenuated signal FET switch U33B to update
the sample and hold capacitor when RDT is a one or,
similarly, enables the direct signal FET switch U33D
when RDT is a zero. The ramp generator (U32) output,
which is the signal sampled, is reset to zero by switch
U33C whenever one-shot U31B is triggered.

When the end of a gap occurs, the following initial-
izing action is generated. The positive-going edge of the
first flux transition pulse (FTR) triggers the one-shot
U31A which has a pulse width of approximately one
microsecond. The one-shot pulse and the fact that the
read data flip-flop U38B is being held clear by the de-
coder initializing signal U38A causes FET switch
U33D to turn on and charge the sample and hold capac-
itor C58 to the voltage of the ramp generator output. In
turn, the reference capacitor C59 will also be charged to
the voltage of the sample and hold capacitor via U36
since the FET switch U33A is turned on by the decoder
initializing signal. For the first flux transition, the ramp
generator will be at its maximum value due to the long
time of the gap signal. On the trailing edge of the one-
shot U31A pulse, the second one-shot U31B is triggered
and generates a four microsecond pulse which turns on
FET switch U33C and resets the ramp generator. After
the pulse terminates, the output of the ramp generator
proceeds to become a ramp. The next flux transition
occurs after a “short” time (twelve “short” times al-
ways follow a gap) and again the sample and hold ca-
pacitor is updated with the voltage of the ramp genera-
tor. This time the voltage of the ramp generator cor-
rectly corresponds to the “short” time or a digital zero
on the magnetic tape. After twelve flux transitions the
reference capacitor C59 has been initialized and the
decoder initializing signal is terminated.

The time between the flux transitions now varies
according to whether digital ones or zeros (“longs” or
“shorts”) are recorded on the magnetic tape. When a
flux transition occurs, one-shot U31A is triggered and
its output clocks the read data flip-flop U38B. The read
data flip-flop is updated with the results of the compari-
son of the reference voltage to the attenuated output of
the ramp generator by comparator U37. The output of
the ramp generator is attenuated by R105 and R106 to
produce a “short” voltage less than the reference volt-
age and a “long” voltage greater than the reference
voltage. The read data output is used to select which
FET switch, U33B for a “long” or U33D for a “short”,
updates the sample and hold capacitor C58. The ramp
generator output is attenuated for the “long” time to
produce the same sample and hold voltage as for the
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“short” time. The reference capacitor C59 voltage is
allowed to track only the low frequency changes
caused by tape speed variations since resistor R111 and
capacitor C59 now filter the short term changes in the
voltage of the sample and hold capacitor. The read data
output is sent to the 1/0 interface section to become the
bit serial data to the microprocessor. Each time that
one-shot U31B resets the ramp generator, it also gener-
ates the read/write flag which sets the 1/0 interface
flag flip-flop to indicate to the microprocessor that the
bit serial data is ready.

POWER SUPPLIES

The power supplies in the calculator consist of five
regulated supplies, +12, +7, +5, —5, and — 12 volts,
and two unregulated supplies, +/—20 volts. These
power supplies may be understood with reference to the
block diagram of FIG. 4 and the detailed schematic
diagrams of FIGS. 184A-C.

For the + 12 volt supply of FIG. 154C, a reference
voltage appears at pin 4 of U3 when a voltage of 10 to
40 volts is applied between pins 8 and 5. The reference
voltage is also applied to the non-inverting input of the
amplifier in U3. The output voltage from the supply is
sensed by R9, R10, and R11 and applied to the inverting
input of the amplifier in U3. Capacitor C11 is used to
limit the frequency response of the U3 amplifier. The
output of the U3 amplifier is further amplified by Q4.
The output current of the supply is dropped across R13
and sensed by pins 10 and 1 of U3 to limit the output
current to approximately 2.75 amps.

For the +7 volt supply, device Ul (National device
LM309 or equivalent) is used. The device is designed to
provide +5 volts between pins 3 and 2 when a voltage
of +7 to + 35 is applied between pins 1 and 2. By using
a resistor divider RS and R6, the terminal normally
connected to ground is connected to a point which is at
2 volts, thus giving an output of +7 volts from the
device. Resistor R8 is used to limit the power dissipa-
tion in Ul.

The five volt supply of FIG. 154B is a switching
regulator. The non-inverting input (pin 1) of the ampli-
fier in U4 is connected via R15 to a 45 reference volt-
age developed from the + 12 volt supply by resistors
R14 and R16. The inverting input (pin 2) to the ampli-
fier is connected to the supply output at L2. If the sup-
ply output voltage, as sensed at the inverting input of
U4, falls below the reference voltage on the non-invert-
ing input, the output of U4, amplified by Q6 and Q3,
applies + 20 volts to inductor L2. The tap on inductor
L2 via R22 allows both Q3 and Q6 to saturate thereby
increasing efficiency. When Q3 turns on, the reference
voltage to the non-inverting input of U3 is raised by
approximately 50 millivolts by resistor divider R17 and
R15. When the output voltage at the inverting input of
the U4 amplifier reaches the reference voltage at the
non-inverting input, the amplifier turns off Q6 and Q3.
Turning off Q3 causes the reference voltage on the
non-inverting input of the amplifier to drop by about 20
millivolts. This hysterisis voltage introduces about 70
millivolts of ripple on the +5 volt supply which is
filtered out by L1, C4, and C15. The current used to
turn on Q6 and Q3 is limited by sensing the voltage
across R19. If the +5 volt supply is suddenly pulled
more than a diode and an emitter-base voltage drop
below the reference voltage, transistor Q5 turns on and
shuts off the drive transistor in U4. As long as there is
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any current flow out of the +5 volt supply, Q5 remains
on and keeps the +5 volt supply shut down.

The —12 volt supply is developed by device U2
(National LM 320-12 or equivalent) in a manner similar
to the +7 volt supply. The —5 volt supply is a zener
regulated supply consisting of resistor R7 and zener
CR3.

CALCULATOR FIRMWARE

Operation of the calculator firmware may be under-
stood with reference to FIGS. 5-15, the calculator firm-
ware listing of routines and subroutines stored within
the calculator read-only memory, and the flow chart of
these routines and subroutines illustrates in FIGS.
155-182B.

Referring to FIG. 8, there is shown an overall block
diagram of the portion of the calculator firmware resid-
ing in the mainframe language ROM 210 of FIG. 4. The
address structure of the mainframe language ROM is
depicted in FIG. 6 in relation to the remainder of the
calculator memory. The location of each of the firm-
ware components of FIG. 5 within the twelve individ-
uval ROM chips comprising the mainframe language
ROM is shown in FIG. 7. The remaining portion of the
calculator firmware resides in the various plug-in
ROMs 230 of FIG. 4 that may be employed by the user
for increasing the functional capability of the calcula-
tor.

A detailed listing of the routines and subroutines of
instructions stored in the mainframe language ROM
together with a listing of the routines and subroutines
that may be stored in a general I/0 plug-in ROM are
provided hereinafter. In addition, as a preface to the
listing of the routines and subroutines stored in read-
only memory, a listing of the base page read-write mem-
ory is given. This listing of the base page read-write
memory may be understood with reference to the mem-
ory map of FIG. 15. It will be seen that the base page
portion of the read-write memory is employed for stor-
ing several words of information used by the calculator
firmware. Included are all the working registers of the
calculator, scratch pad locations used by the floating
point math routines, locations for storing information
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regarding the current status of the magnetic tape cas-
sette unit, and locations for storing information regard-
ing the current position of the visual cursor associated
with the output display unit.

DETAILED LISTING OF ROUTINES AND
SUBROUTINES OF INSTRUCTIONS

A complete assembly language listing of all of the
routines and subroutines of instructions employed by
the calculator is given below. The listing covers the
read-write memory base page, the entire mainframe
language read-only memory, and a general 1/0 plug-in
read-only memory. Each page within the listing is num-
bered in sequence at the upper left-hand corner, and its
page number within the specification as a whole is indi-
cated at the bottom of the page. Each line of each page
is separately numbered in the first column from the
left-hand side of the page. This line numbering and
paginating arrangement facilitates reference to different
portions of the listing. Descriptive headings are vari-
ously provided throughout the listing to identify rou-
tines, subroutines, groups of constants, and plug-in
ROM routines. Each instruction of each routine or
subroutine and each constant stored in the mainframe
langauge ROM or the general I/O plug-in ROM is
represented in octal form in the third column from the
left-hand side of the page. Each of these instructions
may be understood in detail by referring to the detailed
description of the microprocessor hereinabove. The
octal address of the ROM location in which each such
instruction or constant is stored is given in the second
column from the left-hand side of the page.

Mnemonic labels serving as symbolic addresses or
names are given in the fourth column from the left-hand
side of the page. An asterisk in the fourth column indi-
cates that particular line of the listing is merely a com-
ment. A mnemonic code corresponding to a particular
instruction is given in the fifth column from the left-
hand side of the page. Operands that may be either
labels or literals associated with each of the instructions
are located in the sixth column from the left-hand side
of the page. Explanatory comments are given in the
remaining right-hand portion of each page.

BASE=PAGE READ=WRITE-MEMORY

00004000 ° UNL

00¢05000 Sup

0D006000 #

90007000 -

d000800Q R

00009000 76550 BINARY PROGRAM LINKS

00viooo0

00011000..76557 CHUFF HSS 80 .
CSTAK HsSS 80

00012000 Ten??
00013000 4
00VU14000 77017
0uU15000 77042
00016000 77062

STEAL
ROMWD

WINRY BSS 7
-

COMPILE BUFFER
COMPILE STACK

___RMIBL HSS_19  ROM ADDRESS_TABLE
BSS 16
BSS 1

STOLEN RWM TABLE
ROM IN/QUT INFO

0001700027063 NPROG.BSS 1. NEW-PROGRAM FLAG

00U18000 77064 IHUFF BSS 41 INPUT/OUTPUT BUFFER

00019000 77135 KBUFF HSS 41 KEYBOARD BUFFER

00020000 *

00021000 77206 10TMP BSS 8 1/0 DRIVER TEMPORARIES
00022000 77216 . CSTMP BSS 17 CONTROL SUPERVISOR TEMPORARIES

00023000 T7p37 _  CMIMP WSS 14  COMPILER TEMPORARIES

00024000 b

00025000 77255 XCOMM B8SS 1 INTERPRETER COMMUNICATIONS WORD
00026000 17256 CMODE__BSS_ 1 CONTROL=-SUPERVISOR MQDE_FLAG
00027000 77257 CSTAT BSS 1 CONTROL STATE

00026000 77260 ERRBP BSS 1 ERROR BYPASS LINK

003029000 . -3
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BASE~PAGE REAUD=WR]TE~MEMORY

ooosoooo 772u1 EXTMP BSS 12 INTERPRETER TEMPORARIES
00031000 °
00032000 71215 _IDXARW._BSS ) INDEXED RWM_
00U33000 77276 SAVEB BSS 1
00034000 77277 ENUS  BSS )
DOU35000. 71300 APZ__ BSS 1 I
00L36000 77301 BSS ¢ RESERVED FOR INDEX TABLE
00037000 »
00038000_77305 . QFwWAM_B8SS_ 1 _FIRST_WORD_ACTUAL RAM. ____ .
¢0U39000 77306 FWAM  HSS 1 FIRST WORD AVAILABLE RwWM
00040000 77307 Fwup 855 1 FIRST WORD OF USER PROGRAM
00041060_7¢310___ _ ___ RMAX__HSS_ 1 MAXIMUM R~REGISTER AODRESS . __ . ___
00042000 77311 VTl 8SS 1 FIRST WORD OF VALUE TABLE INFOQ
00U43000 T7312 vIZ B8sS 1 FIRST WORD OF VALUE TABLE VALUES
00U440006. 72313 ___FWUA__B8S.1__ _ FIRST wORD OF BINARY_ARCA
00045000 77316 TE HsS 1 TRACE ON/OFF FLAG
00046000 77315 STYFG BSS 1 SECURE-PROGRAM FLAG
00047000 77316 CEHR..BSS 1. . COMPILE ERROR FLAG_.__
000648000 77317 SwWHRE 8S8S 1 SAVED WHERE
00069000 °
A0U%0000 77320 . . ESV___BSS_l.___________ _ERASE STRING VARIABLE TABLE . ___
00051000 77321 STCHK 8SS | STRING COMPARISON LINK
00052000 V7322 STENT BSS 1 STRING ENTER LINK
0005%3600.77323. .. STEAS_BSS_.1___ . _ __ _STRING ENTER ASSIGNMENT LINK____ __
00054000 77324 AKOUN BSS ) LINK TO PROCESS A STRING
00U55000 77325 STRES HBSS 1 STYRING ASSIGNMENT FQic READ STAT
GOUHLO00 77326 .. STEFL BSS.1._ . _.__ . STRING ENTER FLAG
000N IC00 TT327 SELED BSS & SEE) FOR RANDOM= NUMBER GLNER-\TO’]
Qu0UHa000 77333 BSS 8 KESERVED FOR PUST=RELEASE o
00059000 77343 NOTRY BsS 1 MAXIMUM ¥ OF TKIES AT READ OR SEARGCH
00U60000 77344 AVELG BSS 1 CASSETTE AUTOVERIFY FLAG
U0ULL1000 77345 CSCF H88S 1 SELECT CODE OF CASSETTE-
JOUGZ000 T7346 FTRGT HSS 1 TARGET RECORD FOR PARALLEL SEARCH
G0U63000 T7347 INTSR 6SS 1 INTERRUPT SERVICE FLAG
QguUes000 e o — — - e e emai o :
00U65000 77350 ALBUF BSS 1 BUFFER EDIT POINTERS
u0U66000 77351 AEBFX B85S 1
w0Ue7000 77352 —. . - AEHFM HSS 1. _. __ R _
Q0068000 77353 AEHFL HSS 1
00069000 .
00G70000..77354— . DVTAB HSS 26— .. ___ DECLARED .VARIABLE TABLE
040071000 77406 DATABH BSS 26 DECLARED ARRAY TABLE
00072000 77440 1TABL BSS 16 INTERRUPT JUMP TABLE -
U0U73000 77460 — . WPLT BSS 7 HI=PRIORITY INTERRUPT_SAVE-AREA
00674000 77467 LPIT HSS 7 LO=PRIORITY INTERRUPT SAVE AREA
00U75000 »
00076000.77476——— ENR__HSS & ENTER .REGISTER
00077000 77502 URES BSS & USER RESULT REGISTER
00078000 77506 LAGS B85S 1 FLAG REGISTERs 0=15 L=TO=R
00079000 . :
VOUEODOOD 77507 ELlNK BsS 1 END=STMT EXECUTION LINK
U0UK1000 77510 +IUSR BSS } I1/0-ROM SERVICE ROUTINE LINK
00UB2000 77811 . MLBPL BSS.1 __ “MAIN.LOOP". BYPASS_LINK
GOUR3000 77512 OLEN HSS 1 DISPLAY LENGTH
00084000 77513 o8P BSS | DISPLAY HEGIN POINTER
00085000- 776146 CSELC BSS 1 . CASSETTE -SELECT-CODE
00UBA000 T7515 BUSFG BSS 1 FOR UN
00087000 77516 IOLNT BSS 1 FOR UN
00038000~J?SL17A__-—_mw_.RGFLGrBssulw—w«m-»rm —~-REGISTER ASSIGNMENT _INFORMATION
00089000
00050000 77520 PARG 855 1 P-ARGUMENT
0008100077521 —  AP36. -B§S$-1-— . . PRODUCTION -36 - (FOR—JO}
00092000 77522 AP37 BSS 1 PRODUCTION 37
00093000 77523 APT7 B85S 1 PRUDUCTION 77
00094000-77524-— - APT8. ..88S 1 —  ..PRODUCTION .78
00095000 77525 AP136 HSS 1 PRODUCTION 136
00096000 77526 APPN  BSS 1 ‘ P¥ EXECUTION
00097000-77527 ——— . APRET- 865 -}.como .. A P, ROM!S PART _OF. tRETt _EXECUTION —
0009YR000 77530 LOADL Hs5 1 CASSETTE LDK OK LINK
00099000 77531 APRVC HSS 1 A P. ROM'S CHECK FOR ()
u0l00Q00 77832 REFOR.BSS-1— . RESET.FOR/NEXT.  BEFORE-EXECUTE
00101000 77533 RLINK 8585 1 RUN=CMND EXECUTION LINK
00102000 o
001U3000. 77636 RBUFF BSS 4] - . RESERVE KEYBOARD-BUFFER—
00104000 77605 LKTMP BSS 14
00105000 77623 LKFLG HSS 1 LIVE KEYBOARD ENABLE/DISABLE FLAG
00106000 - B e -
GUl0T000 7762 ENSV  BS5 & SAVE AREA FOR ENTER
u0luBogl 77630 SVACM BSS 1 SAVED XCOMM FOR ENTER
00109000 — e - - - ~ -
00110000 7!531 BSS 2 FOR POST-RELEASE CHANGES
00111000 bt
0N112000-77433 - JSTAK BSS 32 JSM $TACK
60113000 ¢
Q0114000 TTaTS HSS 1 FOR POST-RELEASE CHANGES
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BASE~PAGE REAU=wWHITE=MEMORY
00114100 77675 T26  8SS )
00115000 “
00116000 77676 _ CATMP BSS 11 .  CASSETTE TEMPORARIES.
00117000 L
00118000 77711 11 BSS 1 SHARED TEMPORARIES
00119000 77712 . ... T2.. BSS 1 ... __ S -
00120000 77713 13 BSS 1
00121000 77714 Té BSS 1
00122000 7771 _ . T5 .. BSS 1 ___ . _ . ___
00123000 77716 T6 BSS 1
00124000 77717 17 BSS 1
0012500077720 s 85S_1
00126000 77721 T9 B5S 1
00127000 77722 710 @85S 1
o0lzs000 77723 .T1il._ BSS 1
00129000 77724 T12 BSS 1
00130000 77725 T13  BSS 1
00131000 77726 Tlé__ BSS 1
00132000 771727 T1S BSS 1
00133000 77730 Tl6  BsS 1
00134000 77731 T17_._BsS_1 _
00135000 77732 T18  BSS 1
00136000 777233 T19 BSS 1
001370007773 T2¢ __BSS.1
00138000 77735 T2l  BsS 1
06139000 77736 T2¢ BSS 1
0014000077737 T23___BSS 1
00141000 77740 T24  BSS 1
06142000 77741 Tes> BsSS 1
00Ll43000 S
00164000 77742 OPl  BSS 4 FLOATING=POINT TEMPORARY
00145000 77746 0PZ  BSS 4 FLOATING=POINT TEMPORARY
0014600077752 _______ _RES _._BSS_4& _ __RESULT FOR_ALL_FLOATING=PQINT -
00147000 77756 MRWl  BSS 10 MATH READ=WRITE
00148000 77770 BSS 4 AR}
0014900072774 MiRw2 BSS 4 MATH REAQ=WRIIE
00151000 00040 ORG 408
00152000 %
00153000 #_SYSTEM. STARIUP
00154000 ®
00155000 00040 164041 SYSS JMP %s14]
00156060 0004l B85S_1
00158000 » o -
00159000 # CONSTANTS
00160000 __ _ .. _% I e
00161000 00042 000777 PSL1 DEC 511 JN 40
00162000 000042 BT!7 EQU PS11
00163000 _00063 000411 _P20% _DEC_26% .
00164000 00003 Ba4ll EQU P265
00165000 00084 000400 P26 DEC 256 Js JUN
00166000 0000448400 _ EQU P256
00167000 00p45 000377 P255 DEC 255 JB JUN
00164000 000045 B377 EQU P25S MT
00169000 00046 000231 Pl>3  DFC_153
00170000 000046 B231 EQU P153
00171000 00p47 000230 P152 DEC 152
00172000 00n0&l___B230__EQU_P1S2.
00173000 00050 00N224 Pley DEC 148
00174000 000050 - B226 EQU P148
00175000 00pS) 000202 _P130__DEC_130
00176000 000051 v292 EQU P130
90177000 DOpB2 000200 Pl28 OEC 128 JB MT
00178000 000052 _H2V0_ _EoU _Pl128
0017900v 00053 000177 Pl27 OEC 127 VB MT
00180000 000053 HB1T7 EQU Pl127 MT
0018100