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mg pms ctlon |s soav Iﬁdé ha oesno est the zero
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regi sk | atﬁﬁsc%i&ﬁéd 4 Galr0 the
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nat sg exaa?’ . THisSthéar&th bmh ilﬂﬁéjujré .ﬁ.mutyhao thel uﬁy&.ﬁbmetutba AT Megg
Si gnasmPFﬁr@ﬂmﬁ tragnbga to plavenrt ynaksireabld rédetitjons.| A BKIFIhstrliition pérdghsd rélstivieR 102
| oads biaheh ifregiger BD yéntaimsarzera biddoeddomthous bleerindltBelcontepta nERS. TramslatenXitATiis t | on coul d
be a ewpthepprinaitivestiing (netryction userbpsie huitdingtblopigp fight lgpp %H@X%T'mtwctwegtl@rtser sour ce

e e

I'ster -1ns orm ng It re ocatlon regi ster -
55 destm@atdhmeuahgtﬁgsadefofthsmuty.tﬁrua.oawe&m&h s&avmlrmarwm as a rel ocat ion
register field. X register ‘108 assunes the first byte may have ALU opcodes
in bits 3 through 6 and | oads these bits accordingly. AR register 112 and
CR register 124 assune that byte one is a sufficient starting address and
| oads byte one into register AR 112, resets CR register 124 and starts
accessing the mcrocode location in RONI114 If any flrst ‘guess was 60
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an 8 or 16 bit register or registers which are contained or used to |ocate{%/
the operand. The three bits designate eight ways in which certain registersc
can be enpl oyed for operand accessing in possible conbination with 5 two "™ .
di spl gcenent ‘bytes in the instruction. The node field is a E@g P“Mfé el d.in
the irstruction which specifies 5 whether the operand is Qrhi%ed in :
the indicated register or at a nenory |ocation pointed at by the register
contents, and indicates the mani pul atTABEtlo be nade on the displ acenent
bits, if any. In particular, a regP@Pef et is indicated can be either

t he | ocation of %I?@ng_g};gnd or can point to the |ocatien of the operand in
menmory, A Wor wor ield-is a one pit field in the instruction used in ‘g
conbi nation with one of tle pade2fi el d 10 codes to specify whether the
~operand is a byte or wordTQuUamt Ty wAny of the registers and conbinations

f 10 the 8 bit registers in upper file 78 may be the | ocation, and
certain ones may M#smaric:t g éh ‘f”l gcation in nenory of the operand specifi ec(l)

in thd% nstruction. An a [ address subroutine is initialized by
koader circuit 130 at cloc when requi ed, that is whenever the
instruction i s agewapd¥nt ROM instruction and obtains the operand froma
| ocation in menory. The stwpstiesl(bpwdd) by t he ‘address subroutine are
substastially simlar 15 dse((@)nbidider(¥Abng j unp wherein the microcode 16
address is saved except that novenent of data into and out .of 15 AR
regi ster 112, CR regi Ster'f,(eﬁiﬁ%éﬁif@ﬁi‘ﬁvﬁr"@% are under the control of
| oader circuit 130 rather®thdn 1 3. The node and register/nenory fields
are digectly | oagngsammqtransl ati on ROM 122 ‘through mul tiplexer 120 frogm Q
bus 22 to obtain one of tNwenine starting subroutine m-crocode addresses by
a direct decode. As a result the addressed operand is automatically | oaded
into the appropriate upper file registers, 20 usually OPR register 46 in
t he sane manner §§R'5GI§EST’FBI instruction fetch as descri bed above. 20 T.ps_e
oper at¥®®on and organi zati og of ,the spyesent arrangenent can be better
~ under st ood by consi deri ng:_.f'r-dn-t%e{-a-iﬁggtvhe execution of a nunber of specific
instructions which are particufarliy dnique to a CPU utilizing the present
‘arrangenent. The Mdeldomey execute what is defined as string instructions
consi sWing of a set of priTfi t'vw® one byte 26 instructions which-can be 30
performed either once or 8WdYTdl y. When used as a repeated operation the
string 25 instr?g_;cyiptybg: permt a conplete string or |oop operation to be
har dwar e executed as oppapgchthéh (AMDikp! software execution. Wen used in
the fagm of a single opereieix B 13KNi Ng i nstructions pernt the witisg
of a tight software | oop which could be used to performnore conplex string
instructions. All primtiif/BIREEFQNg1 thastikidttwion) use BC registers 84 and 92
respectively as a | oop cAHM{IE+ Ahy Y egi ster 103 and if necessary 1K 30
regi ster 105 as i rs,to operands in nenory. If -a direction flag in Pg)
136 haS been cl eg%gﬁ%%ﬁ%dmgr and 30 pointers are-incremented after beihﬂ/bv
used, otherw se they are decrenented automatically by ALU 134. O her
software instructions are provided in the instruction setforsetting '
orclearing the diSF%'E'FiCQMPNQFag in PSW136. The prinitive string instructigns
are MIE, COWPARE, SEARCH, LOAD, ,and STORE. The MOVE prinitive noves a S
string of characters, i.en 1—13'}%=,-b,y es, fromone bl ock of nenory to
anot her. The COVPARE prirfitive 35-"pérnits conparing two character strings
td determ ne aft @membhich character the strings becone unequal and 35 thus
hel p tsp establish a | exi hilteaP) or deri ng between the strings. The SEAR®H
primtive permts sear chi™SMdw=3 gi ven character in a character string.
The STORE pri mtb¥§:1+t§onused for filling in a string of characters with a
gi ven value. Typical o SERGkyM tive and the LOAD primitive are used
as buigsdi ng bl ock instructh@merebatflags 4t ek ght software | oops that performgs
conpl ex string instructi css((WEagl)-aik)£im)pri mtive instructions also 40 has
the ability to operate on> worldmbatflagedet as characters or bytes. |ncluded
anmong the string instructjons is a 40 prefix, REPEAT, which provides for
rapid | oop control in a HF_' 15@3%”_’? ’&%t ed string operation. Any of the

prim t®e instructions cag he Breggded with the one byte prefix, REPEAT, %
which will repeat the instruction as |long as the |oop count is not zero.

The test for the |oop.cowse is made prior rather than after each repetition
of the |oop so that the i(Hi+{1+4)—®0p count of zero will not cause any -
execut 6ons of the prinitillfEHEWINE)i nstruction. 45 During each repetitiof®
of the loop, the loop counter is decrenented. During the repetition of any
string 45 instruction the PC program counter 42 renmai ns pointing at the
repeated prefix byte and is not updated until after the last repetition of

M o o, — o r a I T . N TR Y l



‘byte. Translation is perforrred' by using the value in the A register 90
.ndex into a table pointed at by HL 60 register 88 and 96. The :
a.n’sl ated val ue obtained fromthe table then replaces the value initially

90. The machi ne | anguage code for the.strin
[ nstr uct %8&2’%?%

Set forth belowin summry form 7

g +

GB2059 124B 7 TABLE 1 Stri ng |nstruct| ons STRI NG LOAD 5
57654321076543 Q'Al%ﬂmmc

LDS (w=0)
- LDSW (w=1)

|
((1J)y (A 15 CARRY, AUX-CARRY, SIGN, ZERJ, BaRitv( OVerFrdw (|
15 if (DIRECTION)=1 then (1J3)-(1 +w) (1J) else (1J) + (1

{Continued)

f w=
J))[e
+W)-

Flags Affected: 1 Description:

Fl ags Affect ed:
20 None STRI NGSHHYRSEARCH ' .
25 7 6 543210 7654§2l,515 4[f5r] Mhenoni c: 30

STS "% w=0

STSW (we 1) Descripti o9+t tWen (A)[err] ((1K) 35
el se( XA) [ er r] ( Mnkhdriié:, (IK))

35 40

Fl a@RCAS f éet®d:

40 NSne STRI NG COVPARE SRGHSW (w=1)
45 7 6 5 4. 3%61076543210I\/hermn|c 50

CWPS  (w=0)

scription:
if w=0then (A})—{(|K))

CVPSW (W=1) Descri pti on; ndvnelbt faBeitedet | 9)) - (1K) 55
[ errdg nowhere but fl agsisape)s@k)+1,(K) '
55 else ((1J)+1, (IJ)) (-6 hd@yheds, but flépg are ek r | nowhere but flags set if
(DI RECTI ON) =1 the J)-(1+w) - (IJ)

60 (1K) - (1+vv)[err] (||<)"“B'|R T‘g'?)qj!b&';_"'ﬁw[*mﬂ‘“‘)(|J) 65

(1K) L(L +w)

35

45

(I K) else (IK)+{1%+

Flags Affected:
- CARRY, AUX-CARRY, SIGN, ZERO PARITY, OVERFLOW

STRING MOVE

Mnemonic:
MOVS (w=0)
MOVSW (w=1)

Description:
if w=0 then {{1J)) — {{iK)}
else ((IW)+1,(lJ)) - ({1K)+1,(K))

if (DIRECTION)=1 then

{IJ)—(1+w)— (IJ)

(IK)—{14+w) — (IK)

else

(1J)+(1+w)— (IJ)

(IK)-+{1+w) — (IK)
Flags Affected:

None

REPEAT PREFIX

Repeat:

(XA) g

0 then
;
I

rrj
(1J) 20

-
10

10 30

15

20

25

45

50

55

50

65



-8 GB2059124 B :
8 TABLE 1 (Continued) Flags Affect ed: 5 - CARRY,

AUX- CARRY, SI GN ZERO, PARI TY, OVERFLOW 5 STR| NG
SEARCHg 10’ 76543 210 o12iE 9
10 Mhepori-c—SRCHS (\Ar—ﬂ\ 15 QRCHS\/\/(\I\— q

15 Descri ption: i f W—Othen (A) ((l IQB)L nowhere but flags are set 20
else (XA)-((I1K) +1, (1K) tinued) 20
nowhere but flags are set if (DI REE;'H'W 1 then (IK)-(1 +w)[err] (1K) else
(LK) +(1+w) [err]DdsddplioS

25 Fl agsAf fect ed: CARRY, whildBEARRY, SI G\, ZERO, PARI TY O\/ERFLQN 30 .5
STRI NG MOVE service pending interrupt (if any) here

30 76 543210 7 6 5pefognprimitiye sging instruction Mhenoni c:

35 MOVS (w=0) ND\/SW(\Arlgcgfqg%‘QgﬁY‘Fon 40 - if w=0

t hen (ﬂd\]))[err] ((1'K)) itive instruction is o ified to 40 el se
(1) (1) Terr] (1K) bt téa%ﬂ% {BPREEHER%1 then (19)-(1 W [err]
t1J and (ZERO) &+ K) - (1 +w) (I K)

45 eI se (1J3)+(1 +w)[ err] thed St 'whilloopl +w) (1K) 50 :

50 FI ag% Affected: None g®-of-while . REPEAT PREFI X .
55Rept7654321p) @g43210 9 ' 15
GB2059 124 B 9 TABIE™ htinued) Description: 5

while (BC) <> 0 service pendl ng interrupt (if any) here perform primtive
string instructiwori N succeedi ng byte (BCO) -1 [err](BC) 10

if primitive instruction is one specified to . 10 b®
affect ZERO fl ag and(ZE,ED?5<4>32210 76543210 '

1000770} I “displacement

Mnemonic: C _ .
25 LP 25
.Descri;}tion: _ S . ' '
(BC)—-1— (BC)
30 L if (BC) <> 0 then S o 3

(PC) + displacement — (PC})
where “displacement” is an 8-bit signed number

. . FIagsAffected : o L
35 None . ' : - 38
SKIP
40 76543210 76543210 40
M1 000 T 1] I” “displacement ]
Mnemonic:
SKP disp
s 45 45
Description: . - . _
if (BC)=0then (PC) + displacement— (PC}
5 ‘where * dlsplacement" isan 8-b|ts19ned number-
50 ' : FIagsAffected o o ' o L B _' - . ' 50
- ) None . - . : - e
: . TIGHTLOOPINSTRUCTIONS : e o
Translate: . _ o . .
76543210
J10101 1 _
60 : _.._Mnerhonic;'- - : L : SR '. : e - : . 60
: Descriptibn:

CHO+AN A



thenjexit while |oop end-of-while .15
@ﬁ‘ C+2 [err] (PC) LOOP 20

0 765432 1 0 765432 1 0 76 543210 [err] Menonic: 25

LP 1o

GB 2059124 B - 25

Descriptions {BO)Y-1  (BC) 230 | if (BC) <> 0 then - 1

\

30 (PC) + displacenent-[err] (PC). vm_;are di spl acenent"” is an 8-bit signed

nunber

Fl ags Affected: 35 ABLE | None

35 SKIP 40 | #optiguel3 2 10 76543210
40 [err] " Flags Affected: "~ [err] Menonic: SKP disp 45

45 Description: If (BOnddet hen (PC) + displacenent (PC) where
"di splacenent” is an 8-bit signed nunber 5 - Fl agsAf f ect ed:

50 None TI GHT LOOP | NSTRUCTI ONS 55 S

55 Tra

10 T.
5 LOOP
543
4 3 2

nslate:. L9BPANDTESFZERQ) 1 0 1 0 1 1 1 60 Mhenoni c:

60 X @T Descri pti on: ((_r?@a%-%égﬁ%%%r]e((j@ .543302 10 GB205.912_4 B 0

LE I (Conti nued) 1 None
AND TEST ZERO 10F- - - = ~S==--=-d476543210 7
210 Mnemonic: - ' _

1 0 [err] MenonilEWdisP\Whirspl floearslodPvélels LooP While) .15

6

s

1076543210 - 765

LPU dfsp forz=0 (neani8YdigeFoam0j (meansLooP Until) 15 15

Descri
(PO +
20 whe

20

25

35

50

55

ption: (5‘90’,.-”01_ [err] (BC) if (ZERO) = z and (BC) <> 0 then 20
di spl acerr_erff f‘er(é(})_{g ) _
re "di splacenment idzerah=Saddibc)Sh@ics nunber Flags Affected:

{PC) + displacement — (PC) 20
where “displacement is an 8-bit signed number-

Flags Affected:
None
) 25

As can be seen the general form the primitive string instruction consists of one byte having a 7 bit opcode
and a w bit which is used to signify whether the string instruction is to operate on a character or a byte (w =
0)-oron aword {(w = 1). ' '

Consider the following example as a use of string instructions to write a tight software loop. The task is to
scan over a string of input characters until a character is encountered that is not alphanumeric. IJ register 103 3¢
is initialized to point to the beginning of the input string and register BC is initialized to contain the length of
the input string. The direction flag is cleared in PSW 136 and the HL register has been loaded with the first
address of a translation table. The translation table contains one byte for every possible character. Every
character which is an alphanumeric character has been assigned a unique arbitrary code: This same code is
placed into E register 94. The software loop using a string instruction to scan for a first nonalphanumeric 35
character is as follows:

SKP X1
X2: :
LDS _ - 40
XLAT C oo
CMP AE
LPW X2
X1:

The routine above causes the following to occur. With the instruction SKP X1 the program will skip to X1 if
the count register is zero by adding the displacement X1 indicated in the SKIP instruction to the program
counter as can be verified by reference to TABLE 1 above. If the contents of the counter is nonzero, then the
next byte is accessed, namely the string load instruction LDS. As verifiable from TABLE 1 the contents of the
memory location pointed at by the contents of register 1J, in other words the first character in the inputstring 50
of characters will be loaded into the A register or accumulator 90. The character loaded into the accumulator
will be added to the first address of the translation table which is contained in register HL to form a memory
address, That address will be the location in the translation table which corresponds to the character read.
from the input string of characters. The code into which the character is translated will then be retrieved from
that location and put into accumulator 90. The COMPARE instruction, CMP A E by definition will subtractthe 56
contents of register E from the contents of register A which was previously ioaded with the alphanumeric
translated code. If the first character of the string of characters is not an alphanumeric code the subtraction
will result in a positive or negative nonzero number. However, if it is equal to an _a'lphanur_neric code the sum
will be zero thereby affecting a zero flag bit in PSW 136. The loop and test zero instruction, LPW, will subtract
one from the contents of the count register BC. If the zero flag is set and the BC registeris still‘honzero, then 60
the displacement X2 contained in the loop in the test zero instruction will be added to the program counter
and reinserted into the program counter. Inasmuch as the displacement can be a negative number the
program counter can be backed up by the proper number of bytes to re-enter the program at the first step
with the string load instruction, LDS. It will be noted that the string load, LDS, will increment IJ register 103
by one since it was assumed that W = 0. As a result the next character from the string of input characters will 65



None 25 .

25 As can be seen the general formthe primtive string instruction
consists of one byte having a 7 bit opcode and a w bit which is used to
si gni fy;qwhethér the string instruction is to operate on a Ch%aaﬁsglizoé a.
byt e (V\L Q) or on a word (w=1) Consider the follow ng exa 6 as us.
ofétrlng i nstructjons to wrlte a t| ht softvvare Ioop The task is to 30

it e ST i PR e tf"’*ﬁ

begi nni ngf.l@ &nblﬂﬂhﬁsré&usﬁérﬂ@ ofthk hl@ 1 il hEBctErQFbttﬁ

| engt.h @f seafiRed, BQinitiakzed 0 Jontdimthe RhgtR 6fithedfput fildghdlaesttfiggis BdetioncldRd( a6 and
the HL r etfrdtaes lodrerould ednisi stewhedt thaifdliowinbe first address of a translation
table. The transl ation table contains one byte for every possible
character. \é’? F¥&Kbracter which is an al phanurrerl c character has been
assi gne Zqur arbitrary code. This sane code is 35 placed into E
regi ste 94 Thgp&ef tware [ oop using a string instruction to scan for a
f#rst nonal phanurrerl ¢ 35 character is as follows: SKP X1 X2 40

LDS

40 XLAT CMe SKiPEnstrifipixX@ould skip4he loop if the counter register BC is zero. Ifnot the repeat prefix, RPT, is
45 The ﬁo@?qﬁé‘d&%%t%Mgé%th??@es'ﬁFﬂ'WWg’ » the PERigiva stringnstiuctiprewhi ?H?‘Wétsf“bn 15

SKP X1 th y |Wh§REh Z%Qn)ﬂeargfnqibltt :tg c%g‘s]:?l X rimitive rl%m ng
e otsn A g smﬂssfgéﬁtmﬁfﬂmﬁ e,

%Q&Me the
count er agnfeRs oPErediSter 9o Mnf\ B1cBBCRarb@er Which 3 bin QY haslbberlI6Aed4Hat €Nt S

of t he. Ostbtradt it frém e bdritdnts of th BBatioh Poimeddt biphé ontefits 3EIK RBRERE105/73 M6k Ws thés@ two 29
st ri ng | octdractesiareiifereptathe BBerers willdreinbnzerolaed the am flagBieHeded Thas,domttent s of t he
50 nenor yanpirsiate Bt ﬂobeﬁYV?fd logp” 48y be Wiitep By pse afthe rgpeat egﬂxﬂhe Ft"nslmsttunﬂq'.w we\r be

10

wor ds theuﬁef’s[? ggrE%%{zontal an mctrerr:tesﬂ ?rﬁ Sb n:m Str Ittlheo g
| oaded i nié}fo]l reg'Pe é%inré % ctro de% BEH B%é rll’[soév ﬁ%;r\l‘l nt 0 tﬂ-.e
accunul &t 0 betlibnsd @ct. at&eéwcpuhd&th HO ABED B InBEkdd BEDHra! Padibd BED

whi ch is metRicedns aéhl with BaBghfsinRfiortikhidhGs dofddtd EontiRitRé yecaddd@eeer biteadnpadted mﬁ
w || be t Higital ioabatiomcantairtsloae decisnalligittpehytet AS5ill@odatis asheciabsasedf paraded BCD. ARG
char act er '"f°€'a€t'°f' isdimviefern ‘ﬁ A gaded insyighg "@F"Qi Hat the foermpst sﬂﬁé'ciﬂbhié of the bytestie @ty t he

char act¥r “‘F Ba' ,E' o g Pd‘tsh’é?feﬁé“?“ef é\?é’ﬂ” : "t" ﬁ?" E’E Bftd 30
tht into ; eratl /’TSé% Ith tergggta%‘ fh%n

w | | subt5,¢y; ,t cont ents of regl st er rom e cont ents regl ster
A whi ch V\IaS'hepi’aeiHbﬂMSdSﬁH Inefishs vdvbilestabsut ad JABIWAE AliditidnlaRdiGlbRicish araﬁ;dﬁwendf t he
first cisascaotieg tocaﬁASﬁanchtiongssturivlaahmeam’teepcswdmwawtd BE&D adjlgphenttaxenpt thatctede t i
subt r act i @aistgf i ppdated (i pn adjustmeninndhe scgumulstorveiptar Avigrenired- Consideriivb edditiopanever

if it is BEor WiuginegiansthiBRInTEPRBRAP he sum wi || be zero thereby
affecting a zeroftag bit in PSW136. The | oop and test zero .instruction,
LPW will subtract 60 one fromthe.contents of the count register BC. |If
the zero flag is set and the BC register is still -nonzero, then 60 the

di spl acenent X2 contained in the loop in the test zero instruction will be
added to the program counter and reinserted into the program counter. '

| nasmuch as the displacenent can be ‘a negative nunberthe program counter
can be backed up by the proper nunber of bytes to re-enter the program at
the first step with the string load instruction, LDS. It will.be noted that
the string load, LDS, will increnent IJ register 103 65 by one since it was
adsuned that W= 0. As a result the next character fromthe string of input
characters will 65 11 :
GB2059124 B 11 be | oaded into the accumJI ator for corrparl son. Now
consider the situation in which it is desired to search a string of
characters to identify which one is the given one, such as would occur
during an ordinary operation to | ook up and identify specific data.in a
search file. To acconplish this register IK.is initialized to point to the
bgi nning of the file of input characters to be 5 searched, BCis
initialized to contain the length of the input file and a reset flag is
reset or cleared. The 5 hardware |oop could consist sinply of the
following: SKP X1 X2: 10 RPT

10 SRCHS X1: .The SKIP instruction would skip the Ioop if the counter
register BCis zero | f not the repeat preflx RPT IS -

&



Ai/mtive string instruction which follows is to 15 be perforned and only
n the zero flag and Z bit of the repeat instruction are equal is the
Ioo to gat Xl. When exited, the program counter is increnent by
p]% rhg"e‘%@? ?‘g chosen, the primtive string instruction which forlo? )
the r epeat preflx is the strlng SEARCH which, as is verified by TABLE 1,
will take the contents of A registefABYB 2 nto which the particular character
whi ch i's bei ng 4 §9 ha§_ been | oaded and 20 subtractitfronthecontentsofthe
| ocati on pointe ntsof | Kr egi st er 105. As |ong. asthesetwo 20
characters are di ffererﬁo,%g,‘,dl fference wll be nonzero and the zero: fd ag
unef fected. Thus, it cagibe@appreci ated that a "hardware | oop" can be
witten by use of t he r(Ape(htn])-pr(&frx The string instructions may be used in
"har dwar e" | oops and trjghte s“dﬂm%ﬂseddvmbpsmbecause the string primtives :

C:?read to indicate that as |ong as the BC register is not zero, the
e

tio

COVPARE, SEARCH, LOAD &MBh contain an increnenti ng or

decr®ment i ng function he operations which are 25 perfornmed. Thel?

m crocode structure of each the string instructions is described. in greater *
detail bel ow. A3bw$RebdmhalBSig ucti ons are handled by CPU 10 both in packed
BCD and unpacked. BCD f ex#icARAked BCD i nstructi.ons deal with BCD

i nf g®mation which is cd¥dd tteNcontain two deci mal digits per- byte. -Unpacked
BCD digital informatio a[tl’dntAar ns one decimal .digit per byte.  ASCI| code is

a special case of unpa ‘R_Ieg“,’, ubr nrt: oF 8l tion'is’in byte formand coded
in such a manner that s be g’g% ﬁﬂ i zi’wablts of the byte are only
30 tdee parity. bit and RS o desr gnat e t hat the fol | owi ng- 9
information is a nuneri cal char acter. The least: 30 significant four bits
of the ASCII byte in such a case is the binary coded deciml di git. The CPU
i s capabl e of BREbUAHGIBFP/AHkETId9¢iRm ations with respect to ASCII

i nf 5matlon Wit h greategsegﬁe3 d facility than in the prior art. The basis
of t'he ASCII instructi cwg%fqv(-p eTS-. about an adjust cycle. Additi: on and®
subtracti on adj ust nent 35~ imy to an-ASCI| -instruction is simlar to

t he correspondMnganmked BCD adj ustnents except that the X 35 register
is updated if an adjus®™#nt on the accunul ator, register ‘A is required.
Cons¥der the agdltron and ‘subtraction adj ust rrents as set forth in Tabl¥® 2
bel ow. 12 4 ,

12 TABLE 2 ASCI/Addr ] mé’_—; %??T"A%X[;Aﬁﬁyf(cxﬁﬂm 5 -.

. DG =1t oN | X +1>0) - v

(a[igs)[err] (A (A) + (b(—r(hw{(@Am}Y)(A) where " +" denot es add wrth carry 35
add- adj ust (A) [err] (Xﬁguxi EARRY) — (CARRY) ' (A) - S (clil)
10 ASCI | Subtraction a! ’AHDPé'rﬂ(e’ 0-[err] (CARRY) 15
DO-1to N ﬂjgs(‘,&f cted: 15
(afijy) [err] ( > i, Aux EANRWMBIBREZERO, PARRRBLES orS4PT T aCt i On Wi th bgyro
subtract-adj ust (A) [ eOVEKEKOW udlbfined (A (c[i])
20 ASCI I (unpacked BCD) Adjust forAddition 25 765
43210 _ . 25 Mhenonic: AAA 30
30 Descrlptlon if (A.lownibble gAgLEO; (AUX-CARRY) = 1 then (A) + 6 -(A)
(X) ® 1 [err] (X) 35 (Continued) © 1 [ oy r]” ( AUX- CARRY) 45 '
35 (AUX- CARRY) 4§@ thrpabkbd ¥ haiilidNor ENRa&dal1 [ €7 1] (A) Flags Affected:
76543210
50 OO 11T . %0
Mnemonic:
AAS
55 Description: . . ) 55
if {A).low-nibble > 9 or (AUX-CARRY) = 1 then
(A) — 6— (A)
X)—1-(X)
1— (AUX-CARRY)
60 (AUX-CARRY)— (CARRY 60
{A) AND OFH — (A)
Flags Affected:

CARRY, AUX-CARRY, SIGN, ZERO, PARITY based on (A)
65 OVERFLOW undsfined 65



40 - CARRY, AUX-CARRY, SIGN, ZERO, PARITY based on (A) /.
40 OVERFLOW undefined TABLE 2 45 1.2

( Cont i nued) ' 45 ASCI| (unpacked BCD)

Adj ust f@r Subtraction 7 6 54 3 2 1 0 50 : r].

5OJ I\/hermm p AAS- 55 J_;)gcr-lw nf¢nn G320591£465 ] 13

ESEJ:; r ]( A?ﬁg%%ﬁnl bbl e %tug?e chgracterAgAllnu bers retphen @%ﬁ @ ilhe (X)
he AS dition instru oop

60 (A) Al fnrn n %&aaf QSAS&(A&&? rs ten :

PARI TY baggéder@nac Lﬁaulgér 90. The first character of the second sum% oHﬁHiGiﬁtbrﬂ?&#

65 18 accumulator 90 in an add-with-carry operation. Obviously the high order nibble, the most significant four

GB20591 2 4it8 will bea3neAningiess Binn simne & svitbie thewdditian of thp fver ASEH coales andl thaS@ity bitfardae s . N
r epr esenteSarpHer. AN prenss S'desm%ﬁama@tb«!F@t'ﬂgﬁhq'%"'P'@Jﬁ@fé?cuﬁ‘f"a@h%’ t? qaserwmerb :
In the A e:n:e?‘gd?‘rh'i' 'sa 'ieif?{ 05'55"? *F{;%gﬂ%‘% i":"§g éf” 'ggbasand
then thg, Srh@fﬂg% miié ;i U Wl S } L5011,
nbers, g uiawrsis |s91|3§-fo§i95|ﬁ50rﬁ§n hé rru%érsipwammﬁwm é}rm

Th e fi r stsethatigidrédr nible tol2€ro SN0 sedry:wm.u shelldvedider 6518 whith doliing e FrRaisgf@ f 5
accunmul atreme8@i inforngetiom dble aantefits afacquynuREE SIS themstor&biv the Lushtipn tdresiitinging BItidke r
ni bbl e, te@ f‘mﬁ@ﬁ chsi‘ 'i Thed@mtheh fRpeats the preration it respes t‘ahmwst‘?gﬂ qedes ASGIm si nce

it wl I15U’éa’f‘ "és e E E& odes asrtld t arlt bit for eacts
char act er, é@ AR ‘@%@ picta/ IR
of accu n@h@co tstd?x y oné. ltm be hér s@bt}aétuﬂ &AL er
than 9 oraduii.ort.he:maugshbwarnyramafadési‘hlaa«gnanfso (HmisVer, thesiabeen set .

If so chGEWJuSﬂmenlvﬂHWeﬂinthSOBnmmﬂ‘bahb&h%e&@ﬁbﬁmh&tlaﬂyéﬂlﬁwahd‘amm is addem
to t he conthedssi '0$truxt'°rsaneeg1@ﬂaelvU8@|WﬂﬁTesph¢tagmA(Mcwd!vglqnlr@n&%forand t he
carry fl femae.diemytplicaprruineRe DamRe b2 contents of © 10 accumul ator 90
is then logically conbined with the hexideci mal nunber OF in an AND

function in order to set the high order nibble to zero and to carry forward
the | ow order nibble which contains the neaningful nunerical information.
The contents of accunulator 90 is then stored in the location corresponding
to the sumfor that character. The |l oop then repeats the operation with -
respect to_the next higher order ASCI| 15 characters of the addends.

15 Simlarly, ASCI|l subtraction is shown in Table 2. The subtract

adjustnent is done in an excess six code in the same manner as the adj ust
addition except that a six is subtracted fromthe contents of accunul at or

- 90 and the contents of X register 82 is decrenented by one. It will be
~noted that in neither the subtraction . nor addition routine as shown in .
Tabl e 2 does the contents of X register 82 figure in. However, the add 20

adjustnment will be used in the ASCII nultiplication schene as

di agrammatically shown in Table 3. 20 The ASCI| instructions are

particularly useful with respect to nultiplication and division. Consi der .

for exanple, the nultiplication routine as-shown in Table 3. 14 @B 2
. 059 124 B

14 TABLE 3 ASCII Multiplication a * b c (b) AND OFH [err] (b) 5
0- (c[I])5 DOi Ito N (a[i) AND OFG- (A (A* (b) [err] (XA)
nul tiply-adjust(A) (XA

3



1 (A + (c[i])[err A '

@dd-adj ust (A (XA (A- (c[i]) (X) (c[i+1]) ASCII Division a/b [err] c
(b)AND OFH [err] (b) O [err](X) DA =Ntol 20 _ (a[i])

AND' H ’

di vi ([ﬁ%lj;(isgé%& [err] (A). (A [ (b) [err] (A vvrth guot i ent gor ng ||’|10

-

(X) (A) [err] (e[i]) 25 S
25 ASCl | (unpacked BCD) Adj ust for T&ﬁ”ﬁt?pl i cation 7 65 4 321 0 76
54321030A80”Mt 76543210 76543210
30.(err] ”5 ﬁrbg AAM 35 - Description:

35 (RA)/ 10.-[err] (X ( [err] (A) Fl ags Affected 40 .

CARRY, AUX- CARRY undef DO ,uo$r G\, ZERO, PARITY = -~ D
based on (A), OVERFLOWalndrb OF@e (ASCI | (unpacked BCD) Adj ust for Division

45 - (A *(b)— (XA) . _ ' 3
45 765432 1 0  765432M 'f'q'deJBst‘ﬁ’zt(@)z 101 - o 76543
2 18 [err] Menonic: ﬁ e AD o 10

50 Description: (X)*10 Jy 'fé f((A) 0 [err] (X) 55 v
55 Fl agsAffected: RR& RRY undef i ned SI GN ZERO, PARI TY based on

(A), OVERFLOWundefi ned .
GB 215059 124 B 15 The ASCII nurrber b is conbined in an AND functl ongni th
‘the hexi deci medS&sér adFs zero the nost significant four bits. The
contents of the.c(l) | % ﬁ Bﬁ""t“ﬂe product, are set to zero. The loop is
entered by zer oi ng theD S S gnificant four bits of the ASCH1 - nul ti plicand
and getting the result @ paRserUi@t or - 90. The routine which is set forgh in
Table 3 is a routine wliviabadiust Ddapbi®s a nul ti pl e character nmul tiplicand by
a single 5 character m#tibpki®r. For nultiple character nultipliers the
routi ne woul d be repea’!"é'dq%e'ﬁb*t'%ﬂ'WOQ()pl urality of 5 products which
woul d t hen be conbi nedﬁﬁ’%{B’proprl ate formaccording to the normal

mul t3° plication algorithmfor decinmal numbers. The contents of.accumul atr
90 are then nmuhddnplnsSitedBol RGustdubiipiditohpl i er and the pr oduct | oaded into
the 16 bitXA register 82 and 90. The 16 bit binary product is then

- subjected to a nmulti pI 4 adi_ﬂgt_zl\gc_l I |7rl%__15r_‘u_§tg|_‘og 10 Anul tiplication

adj 88t , AAM firstdivi dedthkochPOdnt s 0 &ckhifl Ator 90 by 10 and pl acedt he
results in X /310 re |ster 82. The contents of accunulator 90 are then
reduced nodul 0 19"'Y" ohd@gr to place the remainder of the division into
accunul ator 90. The result is that the product of b with the nunmber a(1) is
- pressnted in unpapkesd BCD formin 16 bit register XA, The contents of g5

accunul ator 90 are thefhaddekito the product c(1)
- (A)mod 10— {A)

F/ags Affected:
40 : : CARRY, AUX-CARRY undefined, SIGN, ZERO PARITY 40
based on (A), OVERFLOW undefined

' ASCIl funpacked BCD) Adjust for Division _ ' -

76543210  76543210;
A7010707] 000010570}
Mnemonic: : :
50 _ AAD : 50
Description:
(X)*10 + (A)— (A)
. 0— (X) . '
55 : ' : ' 55
Flags Affected: '

CARRY, AUX-CARRY undefined, SIGN ZERO, PARITY
based on (A), OVERFLOW undefined .



results of sumare | oaded back into 15 accumul ator 90. A binary sumis now}3%

represented. in accumul ator 90 and is adjusted to BCD unpacked form 15 by

AAA, of the type previously described,, S SORt enfgs
he : 24 Ak

which in the first transit through the do l.oop had been set at zero. The @

an add|1E| on adj ust nent,
of accumulator 90 are ]
of;_X regl ster 82 Ioaded |nto the C

mult | plyi oFREeg %‘fﬁmby"ﬂﬂﬁéh?ﬂﬂef"i“ Inpg@
o ro. T
product ?ﬁ}t@:t i e e e tﬁ%ﬂg Penver s
EBlthe @ i Rﬁa@ gle
regi st eg Ma&érmlttph& Fof®litible chIhJ@telarﬁtQ %%utl du‘fﬂﬂe at@&ge aih @ piu yof 5
cont ent s prodifets @hich WeAd thebe&ombinatdin mrdpﬂata fdrrA Sccbramg fbahdry)rrfwd] mtibiatigar evi ous
rruI ti pl i cadorithm forldecimalammbers.i s | oaded i nto accunul ator 90. Since the b| nary

m may b eT‘Ter‘f° msccamulnfpr%’arettm mfipliedy dmﬁiiﬁthmuitlrietaneltheupmuwoe%d

thg%ﬂ” A T e ggrgw

| ocati on. The do Ioo repeats b

dadisERb acc ﬁla{o ﬁe$esblﬂls af tROpr&duet of BwitfiEln (-Qént
| caded i ninPadkétEBODITEYRAN 1qli‘t0£blb®dr XA OGatdnie of abbunsilatdr b@arﬁfhaﬁi ﬁaécsto e productgii st er
82 whi ch wingh in thirfrsarangid thrbagh thefo Idop bad¥iseh det atelato.T hmsutteoftsum erelmdexttpek intn

| nt egr as qsamulamw@ Adinagaum 'ﬁthféprﬁSPft’s%ﬁ"i' @mum'dm'wﬁenct' HtoB§P upppgkedifaom 15

VZPﬁ Eﬁe’“ zf\ hype prg P‘r‘ﬁ’t’é"ef °3'T“|"r?‘P’e?PPS?"'§ﬂ0\Ah
to nd 2)
o e é,%l%f 6 ‘B‘ i’é*?z,%r' %"’ésé% , : %% %Qﬁégstct in
char act er16'[bﬂ rJg ultipl hnﬁru& Q\@@nv@rtsi t@nt&h%&ﬁ fator and a
nul ti plag wip edkadncarforaﬁhndlow &Jidter XA R@h e vdsiilf) Bhedd@iliaton 90lighbRaddedtd thelRéntents 20
appr opri adf ekcstion sl@lcvidch cmta;nd:meratrvifmn tha p@avib@mgdtiplietdre Tk résalt isBadedsatonmodat e

mul ti pl e askuruiater89. Sticethe binaty sucrosvdieimpxeass mrnncmephéedlmqnt iRstevpienpeeviohsly art .
The h| gh ‘é?F‘d‘éFd ag'F%WéhB‘FBF‘Pr@S? EQSHr b?'“‘ir@?‘ﬁ"g't"fi‘é?‘-’b%'ﬂ 82 x

o S %%}%ﬁm R %ﬁg‘.y g

a(N) - as ddﬁ@tnteauﬁsﬂnaﬁ,t, sl gni f [ cant b| ts simlarly zeroed and oade I nto
accunul at oThe3ECI AntindSerldivision sstsinmiliatly shbwilinThttl€3 snd corsists ofHxoAvdrepeated froathe
execut ed highest or@scp\e@gtertt@thp lowvest Jhe optine sbciwsra@gglgplmracmmsor and a multiple character

35 The 3 Y!@ﬁ“ﬁﬁﬁ? '°f"t'ﬂe sbﬁWﬂ'%T%?f?*?'t%etagggk'@Seht%%d aeembéwt'se'm'a%erse "i@tt%r 82 30
and nul ti

nu| at or
$3"and o t'tmﬁtrt TR e i Eﬁn‘*

unpacked mog |ﬁbHﬁI’fBﬁ£suﬁ1i&r|Q%é€Eﬁcﬂ dedin®® abdunaratbrémmsm sBicw6 v.a
accumnulsgt D, QﬁhenZﬁebdeﬁ[fﬁe@gﬂtd’thélﬂbhtbﬁtéﬁfregi&dbxx regi ster 82. The di VI sor |3

t hen di vi 08 adinstmentie diyision Brst takesthe santantsiof Xitegiste G2 awi miftinliest by i@ endadtis h@ bei ng
pl aced i rPredusiipdie sqnéantsphacqyroriaterd0 F'é#?hﬁcﬁ?dbﬁrfe% "&t'?éﬂ*"i’ h‘%er egﬂatteﬁcez
The cont effpckecodeanymaer %Pve&eﬂ pingny for Q‘;“?'@ﬁ‘ﬂ ot °“f“Hl§

e
oo oy el G e e e,
count s gbeke QUBREH:Snal18hdbd iRt 4bor Q’Véﬁrloda{ %rtlﬂéﬁ ESt é\'rcﬁ&&fé'rofthe'squ

i Nt O accUuThekaini d@menia arRiahd re il Gved brdErAGLH tharactXs lodderiGad stcsrbili§tar®@b. The - a :
di vi de adgouet\ts alyegiviey XAidagein subivetdo & divigd anjuet as Hesciliied alroye oglarathé kirery ¢quivalent
accurul atgte acggmulpige 9°dT'\F|d§’lst9ﬁ isjadp yifethgfepyit bﬁﬁémﬁ'@ﬁﬂt‘t appEOPTRie uetent lpcatiap @J"d

B re r sernt f h I

appr Opl‘q a l‘?ﬂ:qgﬁ eth lﬁg %}e mu tlpﬁc Qfa‘LSnd :i\ﬁvtgsﬂﬁ?ﬁ eﬁ@he mult pﬁy a% tan&idl\lngt o
r eg' ster § réh 3& h r p acﬁqg\ i |on dr |vi§|g .The actual a f ic
shoul d beogaRtistls tohatneum b3 6y fEFH. .h&mmtu &de ara urfPadke@BED bnkl Sddddd i Sctd:
mil ti ply @eipustionahelnuhhbsrstee aatballysi bisdnSpon i theinfultplictior justiientheer l@Iy®be mabé h
r espectsot tet therraductingbtainadt Howey e sincethe mmaider oA division T rait intotXredister8? affenwsch ¢ 50
oper at i orthpréctersif "1“?? aBI“Ffﬂ‘PV njusthemadg ip egch ingancg tefpre “t?@&éa' disign 'smﬁsafett ed
BCD and z 8'@@? f°' ‘lhe %f_t"]sfﬂt‘f""mtsh%deﬁ‘u %’e%t?'é’e‘é'é? j.nary

h a SO @ oys an a i0 n the opcode in SSe fmstruc |on EIEmc
form and 06 Bl fn T.tsgamgap AR sREST .arctﬁ@d. s Ao olooes

pr OdUCtssl lﬁnﬁbia@ld%ﬁ%tlomy@énfor&'xi}ﬁﬁe, @dd lﬁmbt Showl bel@w tyﬁuﬁrﬂﬂn lna'alﬂb'h | NggD
X register 82 after each 50 character division, a-divide adjustnent nust

be made in each instance before the actual d|V|S|on i s executed. The

m crocode format for the ASCII- adjust instructions is described in greater
detail below. The CPU al so enploys an additional bit in the opcode in two
classes of instructions. Ad bit is included in the opcode in the class of
two operand instructions and an e bit is included in the opcode in the
class of 55 imediate instructions. Consider, for exanple, the add

i nstructi on shown below in tabular formin Table 4. 55 16 @&2059
124 B _ _

1 TABLE 4 Instruction set details 5 _Add ' '
57 6543 210 7 6 543 21 07-6-543210 7654321

0 [err] [err] 10 Mheroni c:

A~ APPSNPrE~N 7 NN\ AT~Ir~\ Ay o VR a\ o o o Y 1 oA ~ -



=0 then if d=1 then (RE&X) + (EA8) (RE&B) else (EA8) +
)[err] (EA8) 20 el se

|f d= 1 then (REGL6) + (EA16) [err] (REGL6) el se (EA16) + (REGL6)[err]
%ﬁqu C ed 25 CARRY, AUX- CARRY, SI GN
' 25 The six rost significaht .

b| ts of the opcode un| quel y pI’OVI de the addition instruction opcode NS
address. Bit: 1 of the opcode is theTAélei‘t and bit O of the opcode is the w
bit which’ |nd| cates whet her an 16 bit operation is 30 to. foIIow The d
bit provides for software pr ogr’ﬁwtﬁﬁ g 9¥HE direction in which the.

opergtl on is tggproceed. 30 Ln other words, as shown in Table 4 above,_if

t he bit has been set at 1 the contents of a first .register and a .secohd
register or nenory Iocav§o§1_4§?r__e_1_added BaBec 4Bseroed into the fifst register.
However, if the d bit i[80z&pd @] gn t hgnawdiresry/m odati on or second register
IS added to the first regl ster dlthe resur‘i “placed in the second register
or n®nory Iocaf”i”ffﬁ"”"’fh%DBam Lit By whi'ch CPU 10 processes the d bit i#0
particul arly advant agegip 93‘§ e1,d bit is not mcrocode decoded but is -
decoded usi ng conventi segaaar,\ REiflaagi c. Group decode ROM 116 35 gener at es
an internal discrete conmmand signal, DACT, which indicates that the current
i nstwsuct i on | o@ekedptiom t he various registers-has a d field. DACT is dirgetly
coupled to a cross- over'f"tflorﬂmlt 172shown in-Figure 1 B. Nornally, the
output from Mregister! &'ﬁﬁ ggsr g%gé?E%G are treated as designating
the source and destinat s fgA g d order. In other words, normally M
regigpter 104 generat es ope source code to sel ect 40.the appropriate soyyce
regi ster while N regi stiee1eh(rEaisclieaiel-yrgetser at es an enabl e signal and
the 40 destination codeEars)t-iREGISISH EAED I on regi ster. However, the d bit
provi des an addltlonal codi ng capaC|ty to. reverse the assuned source and

destj nati on as§ t i ster 104 and N
reg|7§t er 106 hy. conventCB ?‘Mgrézg‘h@p\ﬁf h}lﬁﬁtda%}%s@%%@v?gl rcuit 172 in 2
response to DACT. Now consider the use of the [err] bit in the opcode of an
-add 1 nTARdix aloér sighitdntisits bftRe BoddiuaGeN BraVidetid dd¥fitidtiinst bR opdddelariateds. Bit Pt Ow.

45 th opcode is the d bit and bit 0 of the opcode is the w bit which indicates whether an 8 or 16 bit operation is

_ GB A5 falgwThe d blg_qrommgswtkprqgmpmqf@egllrectlon in which the operationistoproceed. 7 '§ 5 4
1 lpother wordis » 35 Shopen Tqued above, if the d bit has been set:at 1 the contents of a first regjsteran zL
bitis

oy
ister ocation are added and ins o first register. However, if the
[ er r ] Iﬁ#ﬂ rtaé?oﬂ) secon regn@&erl ’»&3 Elst r-and &:rtx It placed in the second
10 M’]ew%for e IS8 alth@f Mﬁ gano \Wbit: larly advantageous. -

Des casi THeld®R is not microcode decoded but is decoded using conventional random logic: Group decode ROM 116 35

15 | f gmerstesi@Ontehin@tdiserate darbmanidsighdl DACT vehihirgiicatbs thiteheloyrrenf ipstrubtirnll@edidig t he d8
ordl 6 qb?yau;l reg;stggh@@ d field. DACT is directly coupled to a cross qyaltcg(cqltgu q!pewmgflﬂggwﬂg ‘off the

byt e(s orfnal aM reglster104 and N reglster'l s flesignsgting th esﬁu[yes n data is
t he co §t grqef t or s, reglster 104 generates the source code to seaa : a is

48 %g %ﬂ t % generates an enable signal and 40
the co e f@r e@tn%h ht-,tcpolt prowdes an additional coding ¢ acE {om a

16- Di t roGiigbiikd st sokirckaAd GbsiidBéh dda@randnsbytr rsi@ tHe@ltbGts &M Rgibtad 104 &
c o NS e Cuadisteci 0B ce Bvewiidnal rbdaes within- 0¥ @@ bvebsiicait 72 cegonsgtotiaeT30 -
gh-or Now Eq'iylpg the use of the ¢ bit in the opcode of an-add |mmed|ate instruction as dlagrammatlcally T30 i f
8

W—O4Fhﬂ‘ﬁ‘”(‘ 9'eibedfata [err] (EAB) el se (EA16) + data [err] (EA16) - 45 3



35 Fl ags Af fect ed: :

CARRY, AUX- CARRY, SIGN, ZERO, PARITY, OVERFLOW The opcode of the add

i medi ate instruction is simlarly identified in the six nost significant
bits of,,the 40 opcode, bit 1 is the e bit and bit 0 is the W ef or-
The ad' ' nsi r 40 Ql" AL % %
b)&/e pertains to the opcode, the- second E%/te pertains to the register or.
menory | ocation EA, - and the last two Shol-d the i mediate data Assune
for simplicity thgaf, ?gantities be added are single bytes, i.e. w =0,
The data, in the ins lon, is then the contents of a byte. The regi ster
or nenogy | ocati on (EA8) i 3 etdh@ added t oy sheadat aobyte and the 45 result g
pl aced in that nmenory | oc |oomomro‘n'ta@ stiﬁoaio 00 m 1 '
45 1f, however, the infor rrag,sdg';té)_égg d‘d’e Fs—&f Wdrd I ength, then the
contents of the 16 bit ne I ter W |l be added to the

I mredi ate data in the |nst§u-cﬂ‘fi‘im-andfpl E@t gaﬂ?lei(’—i-:n that nenory | ocation
or regi Bt er (EAL Jhe [err] bit permits the use of both 8 and 16 bit
data in a word Iengtrh addisbb,dataf vb® € bit is set at 1 then the i nmediate
data is the contents of t/nepwwé&glatahyi)e in the instruction wth the sign
bit 50 extended to forma 16 bit quantity. This is done in dedicated

har dwart® in ALU 18escegtionr di ng to deS| gn 50 princi ples well -known to the 15
art. However, if the t bit’esd 'é} {S?/”ero then the data which is
mani pul ated is the 16 bit d@'ﬂ}%ﬁ% ?ﬁg}e'ith%“i‘?é’yﬁﬁ plogfnathnsecuti ve bytes for ming
the last pair of a nultiplsg byte |nstruct|on with the low order byte
precedizgg the high order biyttaemetabae.esmrtebmenoimr@m both 8 and.16 data 2
words to be handl ed i n an instedtibn cal manner in data i medi ate instructions
in aformwhich is hardware 55 identical.

55 Finally, the CPUis caifffaqé :qlga"éﬁé'ieaﬁ’i'tﬂﬁs?fﬁb&e mode utilizing a floating
poi nt ok to coordinate i p, such as math chi
whi ch Vrag| | performfloati qigmgqé ﬁeﬂ&gbﬁ §§'%?£X%§ pal | ow har dwar e &
executed floating point owﬁiﬂ,oqm ra her than by use of software ,
subroutines. The mat h chi platai&shdchstemboflaipsiyofcansemtivet or t he addr ess/ data bus
and to be constantly awar dyie$witittbe loworderivte presedingtbé on bei ng ‘executed. I n 60
parti cil®ar, the math chi p hesosletbute, det ect a special instruction, FLOAT, 30
and will performthe nece r 6 response thereto. In'order
for the math chip to know%'zgoxﬁaﬁsppﬁa Aepi nstruction which it is to
access, CPU 10 will react to a FLOAT |nstruct|on by performng a read

oper at iaan W t hout Flagsatieéted:ri ng the results of the read operation to | owerss
control unit 14. The addr &4A8RY, AHY-CARRY, SIGN. TERRAARITYOPVERAOWper and addr ess
specified in the FLOAT instruction thereby pI aci ng the address on the

addr ess/ ta blég or t he G 62 th ct spt -
OpCco the add i iate instruction is5|m arly entl ostS|gn cant bits of the
eXeCuUt i Obosde BHH ua@?b.{mﬁ:m he%ib€ ARG ialea@iigtiu%n\iis of St 4o
Wai t for pyt&@Drhe first By F 6 the Bpdoe, fhe E&@&ﬁ)y{el'bertm Mt rebib@rtﬂ%ﬁﬁﬁ/%cdﬁﬂn@Abus
An externaidtﬁeesttmpibmeﬂibimjmmdva@edato I ndi-cate to CPU whether or not the
math chip A@umm?mpmitewe@hﬁ@ammeﬁti?@#dqdﬁsetsmlebvtm'e @=tieFheidate, in thiyiastruction,

i nstr uct | GH‘e“ V\AF‘F‘e"WW ﬂ%eéegﬂﬂtﬂﬂ% ’Be'i‘QIY \gcatip(EAS) ds t'i‘ﬁ“l"‘ﬁ@f’i‘%f‘%‘é?‘%‘?‘(fﬁ?d?mnt

t5h_(|3_ ASBEE 6 E@ﬁj r{ edis of word Iengthcggnetge coﬁ e(n)ts 04 tn 1 %Q %%igg
reqi e ediate data in the instruction and placed back i tht :
7 6 5 4 3ioeatidn &t register (EA16) The £ bit permits the use of both 8 ard16hitdatainth v&%rcﬂerﬂgﬂ&dditio If @\95 4
3°2 10 Msinsst a1 theh GaTmm@edidt&data is the contents of the single byte in the instruction with the sign bit ~ - :
15 Desdcioi peendet to {oFN\a 6§ bif quentily. Fovikdone inslediegtad hautieredrsALUY 34qspardipgio designbus 2050
F ags Af f gg\f:ie s well known to the art. However, if the ¢ bit is set at a binary:zero, then the data which is
20 None }o ed is the 16 bit quantity in the pair of co:secuti;e bytes f;_);:n!ng the Iast"pair o; a r;t;ltip(:el b\:jte -
e preceding t i r e, it then allows both 8 and 16 data
, 25 7 6 5 \# ﬁiﬂdﬁdﬁvagidént al n'an]derﬁm g:@irigrhlﬁe ngimibt%ns form which is hardware
55 identical. . 30 - 556
Des cri pt | OFRinally, the CPU is capable of operating in a mode utilizing a floating point hook to coordinate operation
with a separate chip, such as math chip, which will perform floating point operations to thus allow hardware
executed floating point operations rather than by use of software subroutines. The math chip has the ability
to monitor the address/data bus and to be constantly aware of the current instruction being executed. In _
60 particular, the math chip is set to detect a special instruction, FLOAT, and will perform the necessary actions 80
in response thereto. in order for the math chip to know the address of the instruction which it is to access,
CPU 10 will react to a FLOAT instruction by performing a read operation without transferring the results of ’
the read operation to lower control unit 14. The address read will be taken from the operand address :
specified in the FLOAT instruction thereby placing the address on the address/data bus for the math chipto . _
65 see. While the math chip is executing-its routines, CPU may enter an idle state during which it must waitfor - - 65




if no signal on "test pin" then reexecute this instruction 35

Flaygs Affected: ' '

one The m crocode routines for the above instructions can now be
erstoad. 40 . Although the present enbodi ment is described w'th respect

to a par fP2P%12ikhstruction set coding and 40 nicrocoding in relation®o _.
operation of the above described hardware, it is to be expressly understoqgy
t hat %Flmw eplm?:;bm: t*na ﬁgf{_;fg;:;%meﬁh t:e& gt?mmfggtgimmicewsﬁej?%q iet_:liemez=,t<>tE o the E
ot her ™ y f efrg'j" R UEURed d within
t he sgo&E’gf Fﬁg f?ééﬁﬂ'g’é%' Y“’F‘ﬁ\‘x%’ﬂ'i‘i"!ﬂ‘?f"b‘se “‘t"ﬁ‘Béé”H‘a‘\?"F%ﬁrrgy‘ﬁaﬁ' l'sy"‘giffef‘ ®IP% t he
art.g Consi ‘er for exanple the nicrocode routine for the ASCI | add adj u§t
instruction, AAA: Table 7 45 bel owraglgrgari zes. t he ASCI| addition and

subtraction adjustnents.. ' 45 TABLE 7 AR X76
54 3 2 1 [er rALOATINGROINT HGOK D Typ a b CF s
50 . o ' .

50- hAA 000117 3gio 785435219  tnpal 1 P

tnp2 AAS l—‘fg%‘%"fi‘j) rod PR GRS op 2 1 A
1 DEC  mmdnshle: F3 . 0 X0 . 555
55 4 FLOATea 1 INC ~ tnpb 5 X t mpb- 0
NCY15 7 6 [err] X 4 none RN 7 15

4 none  DesqrRiiong(Q ' -

60 Each nicrocode i nstEQIER roRWRBRSCLR add5es B M4l ves which are al | owed to
operate in parallel. THefirst half, bits 1 t hrough 10, contain the source
andpglesti nat i qfgk jnfdcibgal | OWi Nng- a general nove between any two data soygpces
on ALU bus 16. 'lqhe secmsrd operation, which occurs in parallel with the
-first, may be any one of the 65 six follow ng types of instruction
contained in the mcrocode fields TYP, A B and F. - 65 19 _ :
- GB 2 059 124 BYAT 19 a short-range junp; *an ALU conditioni ng conmand; a
gené"? al control bookkeepinpg, paif, @ memory. cycle request; 5 . 25
along-range junp; and MG5g1 70771 R
.5 a long-range junmp w'th- SAVE, < —€l- .a call. The ROM:address as stored
Wi thin AR regiMtesrontl?2 is shown in bits O through 7 and the extra added bit
ARX30 n Table 7. The cofBnts of the increnenting register CRis shownsbn
deci mal for mi&g@%@‘um to the right of 10 the ROM address. The columms S,
D, TYPE, A, B/ r > ] i . . bit m crocode 10
which'is stored in R@fﬁ(;ls?lg%g%&r{eegﬁomnnmgﬁ%%%g&gﬁg"kg%"?}adj ust -and subtract.
Thegssour ce andeiddeatdchat i on fields occupy bits 1 through 10 and, according
to a source and desti nd¢rieon bus code -assi gnnent, uniquely identify one of
the registers in upper or lower files 48,78 or one of the ALU registers.
Ther e a'_rhemscié i{feﬁs of',f;i- ro_cr(‘)-drectjon_structieonﬁ in the present arrangenent..
Ty pglkl Alio tté %n@%%'i 'r§§f|¥5@e . e‘d?/sﬁr'regﬁth pal E n%r%&t% g& cé%ih a;ig’ 4,. ch
| 5t AK GlorbBdinBinlrbiSlon [oDNbrattivof i atktieh AddkrBbdardUiard, i ls&FbeloliHedaly ARderdiioifse < 15 0
M CI OGO EfivialBstltfpd€4fiharawhis caingoRetts whidhFRlatébietithp b1y IS gitally eqaivBiemeHakihedNal | unp
Wi t hi Inaly beenipieyeo sradlscidaled Sithinthe scoprif IHe@resght tnyghtionlbyi tist havingioatmans a
bookk skilbinthy aitrEonsidar for eyampEttieenicrospderpuiingddripSENl addadiug inswyetiery AB4cdplde 7 t ype 5
j unfP bglew sIrameizes RASS ! pedilp P RYP PPN A SN addr ess save. In the cad® of ¢
the ASCI| addition adjust and subtragt adjust, as shown in Table 7, the
m crocode burst 20 consists of -8 mcrocode instructions. The first _
m-croagde i ngty @cé g8, 2 npyes drhe &ontents of Awyp the lowep 8  2G bits of.
thesd6 bit tenporary register TMP A 138.. The second half of the m crogede
i nstruédion PP AnT ALY tdndi t i%ni ngd commatmpbahi dh preédondi ttn?s' ALU 134 to
add wi*Sout carry the contentls of A %’3{9 and TMP B 142. The opcode
synmbolical ly represented by >§I"co_r?si sts Of bi tsg 13 tqgf;oughts"ipf’, whi ch five
bitggare | oaded in opcode register 110 and decoded through ROM 132 toggU
134. The opcode will either ke a unique 25 ASCll . adjnst mentmdbor addition or
subtracti-on to.be perforned wpon vthe contngits @ .-t henavi crozode b field,
25 which field includes bits 818 t ough 20 in-the casesof BN ALU '
instruction. Bit 21 is a flad bit which indicates wiether BM not the PSW
flabk are to be updated. The ALU is preconditioned to test the contenf® of
t eMPOr &a¥h microcode instruction consists of two halves which are allowed to operate in'parallel. The first half,
bits 1 through 10, contain the source and destination field allowing a general move between any:two data
sources on ALU bus 16. The second operation, which occurs in parallel with the first, may be any one of the

65 six following types of instruction contained in the microcode fields TYP, A, B and F: ' 65



register A to determ ne whether or not they exceed 9 or whether the
auxiliary carry flag is set. The precharged ALU bus 16 is set at the
begi nni ng of each clock cycle to a full conplenent of ones and is 30 o
sel ecti er pul | ed down by microcode instruction 1, by enabli riate
puII d1¥ i I n Fi uregggogggi“ggc)ha?}se
| ected |ines of ALU bus 16 and to | oad a bi nary 6 into TMP B 142. A

conventlonal aé Ay ‘B?p icircuit 162 tests the contents of tenporary
register Atg g ea%"g‘ gﬁe alpr not the contents is greater than 9. If
so the output, $%'s true and conbined in OR gate 164 with
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ok ot R e
e ASC | ¥ Gt p
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50 tEmporApkkdaister 82 ito TMR B @vith th@ repulfxhg) the irgremented conter of X regnstertSﬁp*@y be 50
1 - % into )E rﬁﬁge@z as required and an ASCI{ Ephcatnoqdwnsnon Harg)me circuitry gerfgrms the
e

r remay pgrations required in t | a ition and,suptraction adjustment, such gthe -
iliary c{%%ﬁ%?g ;'y he use of pull up cbe ﬁ &Qbm'mgath sum with hexldeclmaltémt& D gatg
|

show e 2. The logical equiv. oyed by the ASCH addition and subtraction ha
err] ss ¥eenshowndiagrammaticallQRBigure 2. H@M&ver itisto beEerr ock2hdt INeBreuitry isborbhel X 0 55X
O purposes of iMistration onlylafig@presents an equivalentito the way in WhighyendEGiRpose circuitry - -
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6 . 1 ADD tmpa 25

i | t npa : F . 25001X0 XXX
&X'1° 8 RRCY tnpa 9 [err] t npa

1 R c 10 [err] t npc 0 NCZ 5 30 -

11 2 e 050 144 4 none RTN - 30cord 1801
00010 0 , 1 - SUBT = tnpa 1 -y
no dest 4 MAXC none [EABLE 8 o , 5 NCY

7 35 ' 3 . 1 LRCY

t npc X768 280 Moo 2 ™t P o1

LRCYs aAM MPao51 1 0 {@'Jo o tgmpa a 1 tmpb SUBT tnpa 6 : 5

0 - CY 13 40 1 ZERO tmpa : 7. - 2 no
dest 2 FA 4Otnip00 07 0 UL 1 03 8

0 NCY 14 9 oo 3 .0 1 N@M tmg 10 - S
1 LRCY c, 45 . - [err] t npc
45 100 1 0 6 b0 12 0 ferr1 ® no fest 4 PAgge P RTN 13 10
4 ASBEY none 14 ['esrr] > tnpap Og nohZ RN 3 5P ’
15 0 : 6 UNC 10 ; 50 As- shown for

AAD in Table 3, the 8 bit b| ary nunber for 10 is drawn fromthe queue as
t he1second b&te of the instruction and placed within the TMP C 140. Ths

conte PEFr of X ¢ dgitst & X898 % s bl acdd wi t hfTPeTvP B 1424 The P}bndr tional
l'ong j is then made to CORX, whjch ingt he. pr;sentrl pre ﬁred_.enbodr ment
is a 55 portion of an incrempnt and decrenent .instruc Y on. i rocode

i Nshg WoRKkons 3 through 11 ands COR%erepresast 55 the maegcut gt of the ngrmal
binary nmultiplicati.on algorithmwherein the TMP A i-'s - used as an

accunul ator. 0Theé ALUXcbde, RRCY,Z st andynicor - & ri giMAXGt atpren i ncl udr ng
the carry. The carry is incl®led since ALU 134 9s atﬂ'(i-,y onl$ to test the
carr%/_ bit rather than one sel?ect ec;: bit- o(m he b&/te PRor d! ™Rhus, _ni crocode
i nsffucti on 3 of CORX clears tenporary re ’ster. A and precondrtrons A2 i 34
to right rotate 1t Reo cortyex s @f tenporary 60 regi st egfrce. TlagpaaCt ual. .
-rotation occurs -at m ecrocode g9 nstraucti ontdpa 1 n the skRewnd leapd. of m crocode
instruction 4 60 a bookkeepi n inskructi tmweset SO an iMiZernalb counter in ALU
13430 wel | known to the art, either 15 or 7 dkpendiAy up&iNuwhet her - t3e
quantrédgl opet aj §d, laip%n ol o a b&/te or word. As wi]l begggen lgrgl ow t he counter
i's then ecrerrente as’a mul t1 plication ghgritym i syeenti IHH%d M crocode
instruction 5 is a short conditional junp in whgch .thg . cargy bit is tested.
If Bhere is no carry then the 65 junmp wll be made ti®CWi cr@smde i nstrgsti on
8. The last half of mcrocode instruction 8 and the first half of 65 21
GB 2 059 1247 ° 1 ©9 RitPocdle ir?st-ructf't‘m 9 V\]'I'I rli Mt réRte with the
carry the contents of tenporgty rezgi st er "% o] | Tt het Pht rotation
Withycarry of ‘the contents of; register TNPe I N the ast hal'f of picrggode
instruction 10 ashort. conditional jJunp is made whenever the condition, NCZ,
i ndi cates thatotohe conventos f the counter withen AlNEYI34 has reached zero.
If the contents is not zero tthe | oop returns td nm critZode |3nstruct|on 5. At
the end of the 5 loop return 1°s made to the m ctocod@CBur stmpfert ai ni'ng to-
AAD®herein the contents of A regr%ter of"re 5 loaded into terrporary45 #
regi ster B 142, gng oAlerl,ﬁ% i y,pr econdi ti gogd, t o, add jhe coptgnts of
tenporary.register B and tenpgrary register C V\zﬂ ch geyw holgs t he .product
of 10 tinmes the prior contentm of X regi shg@y 82 At mgzcrocade instruction
3, Woregister 82 is then zerd®d and an uncondi t® onalUjQinp e made to ABCF
wherein the additi on precondr t| oned b ‘mcrocode instruction 2, '
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t enporMicrgcode instruction 5.is a short conditional jump in which the carry bit is tested. If there is no carry then the
65 jump will be made to microcode instruction 8. The last half of microcode instruction 8 and the first half of 85



register B fromtenporary register A and executes the subtraction at

"mcrocode instruction 1 without setting the results at any | ocation. The
carry flag is also set. Therefore, if the contents of tenporary register
is a2 | Zero, it being assuned that all contents are of p03|¢|ve nunbers,
no carfy will be generated inasmuch as 20 tenporary reqistef® 298d% Been %’
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