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"liES 1000 MICAOf'ROCESSOR 

Bit Microprocessor System 
,, __ .. U' 1000, lP 1000, LP 1030, LP 1010, lP 1000) 

lW';'lYi!! 
• 2 CBll' KIlffiIIJX StSl'bl (plue clock) 

• 48 A~'SSIBLE 8 BIT DtttxNAL Rl!CI:n'mtS 

• 48 lIASIC IlfS'!'R'O'CTIar5 

• BllURY AmI Dm:;nw. ~'l"lC CAI'AlIILITf 

• DIRB::T &IfII IlIDntreT DIPI1J' CIM'PI1l' CAPAlIILIT!' 

• AU'I'Q(,\TIC SUBROli'l'llIE 1IfS!'I1C Of IIIDKIlT DEVlCR; 

• FAlIIU" Cf' Jlt'VEL<I'MKIft DE'fICf3 

pr:SCRIInClf 

t!MI Stlr1ee 8000 Loe;1c Proceeeell:' SyIIt_ 1e (!.ee1p(!. tc pulCInI any dilll tal 
f'WI.c Uon u1Drs t~ tner paob.e.e th&rl • !I'I'L or ClICS imple.-nt&tion. 
'!'JpIcall7 .. 100 packai:e ~t.1I can be Nd\lOed to 0 three chip 1I01ution ot 
LP 8000 ProoeellOT, LP 6000 ProgaII Jt~ and lJ' 1030 Clook Generator ( two 
40 lead DIP plua one 8 bad DIP) . ':'he OOMeqUent .... 1np 1n u..l~t 
aM prodllCtion coeta and 1.ncreaNd rel1.b1l1q- Ii"" the llMIr IIIiUV CIt tba 
a4.anta&ee of • CJ\Ietomi-.d LSI 1I01uUon but YithcJut the re.tnoUon that It 
__ t " .. h1sh .olw» prodI»t. 

n. SyIIt. 1e t.trrlcata4 Yith c.n.r.t :r..tru.ent'. ~l ~11tr14e Proce.e 
eb.1oh bu • pron!I. rel1abll1 q- aM prodaoUon hietory. .ill _bc-e ct the 
Snlee Booo tud.b 1nc:lu41n& DIad 0'Il:7 --.nee , General ~1111 IDput-O:ltplt 
and l:..o:ry Intert_ parta are tul.lJ' oc-paUb1e with elollh otbotr. 

!be LP 8000 Logic Proc ••• or Unit It •• lt ie • co-plete 8-blt einflle chip 
Kl8-LSI IUcroproceellOr, It ha.e • -.dem cc-puttlr erch1tllOtur. with tort7 
dlbt pneral purpo .. tntemal reg1etere. 'l'h1., coupled with a binaQ" and 
dllOt.al oapabI11ty arltbaetl0 unlt, allowe a versatIle and eophi.tic.ted 
iapl_t.Uon ot • -tcrocc-pUter eyet., !!he 8-btt )l&ta hiShv&.Y te 
egppl..ented bJ .. 6-bit Addre •• bile to fI1.e I. '4-b1t &ddrell c.pabl11\1 
which pera1ta &l;:e" .. to 16,}84 voX'4e tn cc.binaUon of pl."OgrM _r.r, data 
_r.r or peripheral (!.lIYlcee. 'DIe &ddree. epac. con.teh ot 64 "-.dul .. -
vh1ch caD be either 2'56 vom ot _ry or on. 8-blt b1d1r.atlona.l I/o pOrt. 

p!!p,.0PXEm' r.y:n.r 
! p:ooillOtion .,..tem ..., _iet 01 ~ • Logie Procee_. lJ'.8000, &lid JIOit , 
LP 6000, (plUl. Clock Comerator , lJ'103O) . BOIfIVtIr. the prMtical dllYll~Dt 
taa11T -.b1eh cgmple=ent. the LP 6000 ilion the "ear to t..pl_t hie harI!"are 
and IIOttvare in • real t1ae replae .... nt -.de tor hill t1nal -.Ii: Procr-d 
prodlltlt . LP 1000 end LP 1010 parl., plWl PRW. can direotb replec. tba LP 6OI:l4 
RClii. Indeed the developmant t alllJ.17 lIIIq _11 be used •• the complete eolutlon 
to¥: ahort run!llll.l.ti variet,. lQ'et_ . 



LOGIC p!lreESsm ~ LP (Part nw6er LP 8000) 

TM 10&1c proc ... ar (LP) 18 the heart or the Serl •• 6000 STet... It perf~ 

all or the uithmeUc lUI4 10&1~ tlmcticme required M4 aleo coat=l. all 

_eUYiti .. occur1J:l{! 1.11. the .,..tea. It bee 48 J[ 8 bit ~ resbtere 

end ~ 8 bit inpu.t/ClQt~t 1nterfece to which external per1pherele ..,. be 

attached di.J:ectb. 

PRaaua: 1!a(0Rr • PM (JVt muIber LP 6000) 

Th. prosr-~ (PM) coata.ina .. 11: J[ 8 bit DDCrJ' lIh1eb .tore. the UMr'. 

ProF_. 'nU. eb1p al.o 1nclw!.e. the pl'ogr&a oounter which po1nte to the 

ClU"Z'llnt addnee. It 111 &1'Z'&ZIBed at the top or _ tfIW: _N hal'dware .tack 

whieb 1e eontrolled by the LP tar eu~t1ne ~till&. Teo.ur.cu". 

a4dr .... ble 8 bit 1/0 1nterfacee U'e iJlcl.lI.ded, 80 that a ~ .,..t_ 
cOIleiet1.cg ot OIIe LP aDd one PM h.u 24 I /O 1...". . Edra PMe can be oannectild 

to the II&in IQ1It_ bus, up to e MX j ... ot ,61 vorda. Each PM and I/O 
interfaoe C&D be addreeeild by the loP, the lIOdul. addreeaee be1.cg prosra-d 

at the _ t~ all the cuetc:-r ' e progna. 

Jm/CItt 1N'1'!lU'.lCK ClIP ~ KIC (Pari muaber LP 10(0) 

'nl. IIIIIIGrY 1JItertao. (JIlC) conlli.ta ot aD II bit prosram cClUDter (Q reaietel') 

_t the top ot _ tlllll' ward. her'Il.1I&t'8 etack. The addrele outpatl are 'l"l'L 

o0"'P_Uble aDd IID&b1. the JIlC to be intertaoed directly to BD;T e:rlerDa.l 

&elllOrJ' or lip to 2048 ][ 8 bite. The mn rr.y OaD be t.p1..ented with etand'N 

puta IIUCh all ~, RAlI, oore, diede _tri:l: eto. 

The ) area CIIZI be uteD4ed. by ua1J:l{! HTIIr&l. )lIC/ external. ....... , 

eo_binat1oru. 'DIe addrees .. are •• l ected by hardw1rina paa to Va ar Voe. 

lXPII'1'/otf.L'P\lT BUJ1'ER - lOll (Part nuzioer LP 1010) 

Die inpUt/outpUt butter oone1eta ot two addreellable 8 bit latched. I/o 
interfaceB . 'Ih. addreeH. are _elected by hardw1r1.cg pine to Vgg or Voo. 

CLreI CmmtA'I'OR - CG (Put DU.lIIber LP 1030) 

The Sari" 8000 nee4a cal;r a ainal- phaee 8ooP.:Hz clock, .. power_reeet 

aignal to clau and ~sa the .,..t .. and two power iNppll •• (+5", - lZ'V) . 
Virtu.all::r all utll1'Nll. cOlllPCGente ..,. be .l111fn.ted by uai1l4 the clook 

ganerator (CC). The trequeney 01' the built-in clleUlator is dete%S!ned b)-

en uternal resiator and capacitor or can be optional17 over-ridden by an 

input tro- lUI ut.mal ollenlator. J. data synchronil1IljJ 8ignal (P}Ji) 111 

provid~ to act &II & ' scope triger SlId ' Data Valid ' etrobe tor ut8rnal 

hardware. 



"'UlIIJ: R''I'T1C8 • 

J.ll pt. .. Ub retlpe!Ct to Tee 

Star"e ~tu.re 

Optratina ~ratur. 

-2O'f to 0.31' 
_55°c to +l50oC 

OOC to +750C 

• "'nll'hll the .. ratitl,p 

ewld CIIUa ~t 

daM.se to th.t droot. 

:runcUonal cpftaUon 

1e net 1aplhd - ope:!!'­

atina ecnd.1 U_ uti 

llP"Oithd bollft-. 

It.!mftIC!L CIWW."l'l!fi1SCS (LI' eooo , loP 6000 , LP 1010 , LP 1000) 

Tee _ +5T:!: O.2'5VI V&i. GIl» (lUbetnt. at veeh Vg _ _ l2T:!: IT. 

Chan.cter:1eUo '"" ... ...... -.t1_ 
Clock 1nquency 500 800 lIl!s 
v'eb'", Cycle ~1me , • uS 

Clock and Renet Inpllt 
Too -1.5 Toltt 

L~le '1' 
LotI! c '0' - 9.5 Voltl 

Data Bu.II 
(IDp.lt Ccnd1t1one) 

LO£,ic ' 1' Tee - 1.5 Volt. 
LotJ.o '0' .... Volb 

nata Bu.a 
(O.dpat CoQdi UCII1* ) 

Locio '1' Too _1.0 Totto c.pac I Ut·. lc.4 
Loc1c '0' .... Totto 0EIl;r. pn:f ... 

Centrol ... .\d4re.e Bu.II "',. 
(Inpllt Ccnd.1U_) 

Loc10 '0' Teo -1.5 Volb 
Logic ' 1 ' .... Volt. 

Control ... Mdre .. Bu.II 
(Outpu.t CCDdit1cne) 

Logic '0' Vee -1,0 Tolb Capac1Uy. 10.4 
LOgie ' 1' -7.0 Volta """ hr1phenJ. :au. (lnpItt) 
Lo&1e ." '(co .-.l.5 '(ol~. 
Logie ' 0' .... Totto 

OUtJr!,lt (B CUrrmt (LP 1010) , .. '(41 _ 1 ,(olt 

Outpat Of CUrrmt (otber 
4e,,1e,e) 1 .. T4e • 1 Volt 

OUtpu.t an Qlrrtmt(all 
o1..,1e .. ) 1 '" V~ _ Vg: at 

Power Ccntum:lticm Ll' 8000 1000 •• '" .l.ll other chipe 'CC .. 
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lOU WCIr'd. hoax- • 1 

48 8 bit General Re.s!.ter. 
24 trRr l)!.pu.t c.atput P1la 
.. lIMp ~_ Stack 

H I " LP lDOO LP 1010 

• II, Inkdao. 

I{"" ~ I I i ~ 11 bit -.. 00, 
• ..orr Add1'otM ""." """", 
• '" h6 • Data cat 8 bit. 

2048 x 8 bit ~ 
lUX, J'R(X, cam, .t •. 

Date. In bib (tor R/W ~) 



Proo""or 81snal" 

""' .. 

CI. 

"'" CO, 

"" 
Per1ph.lre.l 

Clock 

a .. et 

lI1d.ireoUonal 8-liMLd p%'*Oh.arlled data bwI, uaed in oonJ=otion with 

&ddre". bwI to impl_t 14-bit addre"" ward. 

Puah JI'lll 6-lead addn •• bill. '!'hi. 6-bi t word 'p"oitie' the 

"_ry '-od'lll,,' addre"" and the 8-bit data 'I!wI epeo.iC1 .. the 

1 ot 256 'U1U. -adule &d4r""" 

lDd1oat .. dUwotiaa o! data no.' on data bul. 

IDdica'bt. it data bus 11 eury1ne; deta or &44reee iD!orw.t1-. 
U..-d to .. leot the Q OClWlter or Z "I!J."ter tor... , e44r0t .. q. 
u.e4 to OOtitrol the intunal &441' .. " ltack, 

S1&\I\.1I 

'Xhll 11 a bid1.reoUonal 8-bit latobed 1npat/wtpllt port With &D 

open drain OIIl.tpllt oon!igIIr.:Uaa. In the caM ot the LP6000 ohip 

the 8-b1t port 11 orllanieed euch that only bite 5-Il an bi41zeot-

1on.al, bit" 1-4 an onl.y a •• nabl" .. 1npu.t.. 70r ell other ohipa 

iD. the tlllllily thI peripheral interlacee ar" 8-btt ell b1.41rectional. • 

• singl" pb.aH hip leonl olock. 11 required. by the .,.rt_ and W. 

woul4 nOZlll&l.ly be proYi4e4 by the Ll'1030 Clock GeMn.tor. '!he 

olock ~ ulNtd can be Hleoted between 500 and 8ooX!Iz. '11'1 th 

&D. 800KHz olock. the mach1n" prorld". a 5fS- ... eMn" oyole tu.e. 
'XhlB i. a clock. ",.nchronhed. Ili8h l..u e1snal, ~ prod4e4 by 

the LPl030 Clock Generator. 

Veo +5 Volt eupply 

VIIi 0 Volt (00) IlUpply 

Vu _12 Volt IlUppl,. 
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v8000 LOCtC f'Il()C)~S(ll 

"" Conn",ct i.ans 

1 \·cc 21 Peripheral 8u.s 1 , Paller an Reset " AddreSi Bu, I 

3 Cl~k " " " , , Nat Used " " " 3 , " " " " " , 
6 ,",u ... , 26 " " ; 
7 " " 7 " " " 6 , " • 6 " ." Used , " " 5 " " " 

JO • " , JO " • 
II • • 3 31 " " 
" • • , " • • 
IJ • • , lJ • • 
14 PeripheriJ. at, 8 " • • 
15 • • 7 JI ero 
16 • " 6 '" CDA 
17 " • 5 37 ex" 
" " • , J8 CRA 

" " " 3 39 '" " " • , 40 Vii 

p", Connections 

1 ,,, 
" ex" , 

'"'" ... 1 " eM 
3 " " , " 'U , " " 3 " "I , " " , " Peripher.u ... " 6 " " , 26 " " B7 
7 " " 6 " " " B6 , 

" • 7 " " • 85 , • • , " • " " JO .. , Uled JO " • BJ 
II Pa\l'er <XI Reset 3' • • '" " Address at, , '" • " " IJ " • , 'lJ Peripheral Bus A8 ,. • " 3 34 • " A7 

" " " , JI " " A6 

" " " 5 '" " " AS 
17 " " 6 37 " " " " Clack " " " A3 
" e", 39 " " " " CIO 40 " " AI 
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18 pa 5 J8 • • u 
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pa , " v .. 

20 'IO " vo! 
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P1J\ ~OI\II6Ot~_ 

1 v •• 2l 
"" 2 2 Data lIwI 1 22 PAl) 3 

3 • • 2 23 v .. • • • 3 " pa • 
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1) • • 2 JJ Per1pb111nJ. :au. 18 
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16 • • 5 J6 • • '" 11 • • , 31 • • " 18 "_ J8 • • " " O>.!. " • • 42 
20 ct. " • • 41 

J. p1r or "'j~.nt .Mr" ... , 11 .. l,ated. by PAD 4. PAD ) UId 
PAD 2 in the ran,t, 48 to 6), 
54 -.nd 55 . 

,.!. 011 .. lecb per1pb8:cw.l. ~ .... 
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I Circuit. 

LP 8000 .,-.t •• ..u. 0IIl.T • -n llllliber of intesrahod o~ U tor oo.t 

.!feet!'". 1JIpleQntaUOII. ~ 4eTlIl~t aDd pre-pr04\1OUIIII LP 1000 

(IiI,.orJ' IDt.r!ac. Cirnit) Md LP 1010 (IDpu.~tp.lt BW'tC) _" u ... d. nUl. 

PHCIf, Z-JtaII, or RIJ( to ~. the final __ -~d R(III (_ d1~). 

'MI • .,..t .. uint; PDQ( or Z-!UJII behaYH 14C'1Uoal17 with th. t1Dal ... 

JI~ ftCII Yera1GD.. Ih~ h p:toga:_ .. beeII pro .... 4. the LP 1000, 

LP 1010, allIS ~II.OI ClaD all be ",lao_ b7 loP 6000 to &1" th. t1aal 

l ow-oOOlt .,..t. uain& pchap ... r .... two 40 1.&4 DI" (LF 8000 + tp 6000), 

.... d on. B 1...., DIP (LP 10)0). a-J.l pno4uoUon 1'WWI, or 00""- _~ 

.sun.'" JlUI -1IIOrY GaD J: in with loP lOOO &Il4 LP 1010. 

'1'0 ,fapllt) Iwzodwan M4 Mttwar. ct."lo~t IIDd help .,.ed. the 11HZ. 

pl'odlAot u~ cycl. tiM, a oc.pl.t40 b.U'I!wve protot)'p40 d~o~t .,..t. 
h .nJ.bbb to ""Ppori thII Serb. 8000 f~. 'l'he GIC 8000 IUcroao.pate.r 

Sy.t •• pZ'OY1d ••• 1: .. t bK too: ""'" d"1&Md J,nt.rf&CIft aD4 nlatllll har4nr. 

.. ",.11 .... ~ ~t1_ hoW.,- with :r-ld_t, _~ bardwan 

&Il4 Hltnre debue; &141. 'l'he UIIen proocN1I etm be t .. tea _ -u.t1_ 1IZIf.1c 

rn1 tiM op.r&t1ne; oOl:llUU_. 'l'o'" pZc$Z'" ~lo~t r .. t WId 

.ttiohnt, PH'iphanl 1.Dtuft.O" III!d their z..lated. .ottnr. 1nclu41n.& T'n' 

h1&b ~ rnde.r. h1ch *P"4 pImCIh ell' 'Pid" ~ an incl.-oded. 011 the 

protot;ne 1IT't... In a44.1 UCiII., all or the card JAT.I ~ .. at th1 • .,.._. 

r-n&fac hooa OOIIPl.tto mozcecuputen to -.., or I/o ..auJ. .. , ~ ~la 

_ aD ODI bu.1. terr f"tIrtlIIr 'TIt. lIItecraUCIII.. 

$att. ... 
For JI'IrI ~ d ..... l~l'It to oheocl: the now or iD.tru,oU_, • _ 

,l.t. UHDl.e:r an4 .t.l.at4% .nttm u.. JUI'l'!Ulf IV 1 ..... n.b'· terr operaUcm. 

on .urJ.oo.plter ~ err em iDte.,.,...] or cct.e=al U.- IbuI I:WItworb • 

•• rYn ,] 

.1 .arN&l 4 .. orib.1.Jlc oo-pl.te hardware ...,.oh ot Seri .. aooo, and 4eta.1l. 

ot the 14 ...... - ~UOD 1Ottwar. 1, .TallUl. rro. all c.wr.l lNItr'u.-l'It 

)tl~leotroN.o. s..:L .. artio .. , J.,g-u.., add D1.t:J:01butor.i. 
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1 . 0 Introduction to the ALPS SrsUs 

General Instrullent )(icrodectroniCi AdT4nced Lopc PNx:eutna; SYltn 

(ALPS) is an ~bit pu-&llel proceuin.l 1I11Us du1&;ned for ,eneral 

I U inttn..c::tion Nt hal 

been cbose:a 80 that c~ lUb-routinu -r be carrled out with the 

.lnl., len&th of proyu. 1be bi.J'dwue hal &lao been optiahed 10 

that tbl! user need. the .lpl" me.ber of I!rtl!rnal cOllponents. A 

siaple ,,,,U:II can be built vith onl.t two chip. and a cl.ock ,ennator . 

Dedicated 1D.put/output 1D.terfacu are proYided 10 that there 11 no 

lleed for cospllcated external bul -..ltiple:rlllf;. 

ill the COllponenu of the ALPS ~t ban been du1&ned to be totalb" 

cOllpatibli! with each other . Ttley are .anufactured u~ thi! CtAHT 

nitride protl!ll, known for its hi&h stability and rellablllty. 

The let caas1ltl of 

(1) LOCIC PItC)(USOR loP ( .... rt mW>i!r 1J> 8000) 

The l.o,ic proCfllllOr (LP) 11 thi! hi!art at the ALPS IYltn. 

It perla .... all. of the arithatic and l.ocica! function. 

required and alao contraIl all acthl ties occurin& in the 

ALPS IyIItn. It bas 48 l[ 8 bit woric::LD& re&iltera and an 

8 bit input/output interla.::e to vtdch srtemal peripheral. 

_y be attached directly . 

(11) IWlCRAM MDIORY '" (Part maber LP 6(00) 

'nil! procl'q _rr PI( COIlta.1JU a n: x 8 bit -rr whicb 

'Ibi. chip &110 includes tile 

pro&r .. counter vbicb poinu to the current addreu . 

It 11 arranaed at tile top of a four won!. hardware ltack 

vhlch 11 contralll!d by the LP for subroutine nest.in.&. 

twa directly adelre ... bI. 8 bit Itt interface. are includsd, 

110 that •• 111'., ,ptea coa.1Iti.a& ot one LP &lid aDS PM 

baa 2.4 I/o leada . btn. PMII can. be oonneoted to the 

_in .,..t. bua , up to • _xl., .. of ,61 word.a . Eac:h PH 

aDd I/o in1;.rfac. can. ba a44ra •• .." bT the loP, the .,.&1la 
addre,a.s be1nl p~ at the _ t1ae as the 

CIlIItc.ar'. progn.. 



- , -
(ill) ""'11'1 ualRP'ACZ CHIP - laC (Part Ht.ber 111000) 

The _I"]" 1Dterface chip ConsilU of &I:l 11 bit 

proP"" counter at the tllP of a tour word hardware 

su.c:II:. The ""dna. outp.!u are TTL ca.p&tible and. 

enable the MlC to be interfaced. directl;r to a.a;r external 

ry at. up to 21 :It 8 bin. The _1'7 plane, _1' be 

bIpl_ted with sUndan! chips 5IIch as PII)MS aDd. IW6 or 

core. aDd diode _trma can ilia be ~ed.. "_ry 
area iIIpl.-.ntatiOil with the MlC chip will han an 

a.n.al,0CO'" operation to the '" contaiJled ill the 1P6OOO 
.. k pro&r~ ~ie. but includi.Jl& the faellity ot 

read/write operation. 

The _rr area can be extended bT UlIin& several )(Ie/external 

.-orr ca.binations. The particular addruse, are ~ clected 

by hard'lfir1nc pi.na to VII or Vee . 

(h) INPtrr,-'ll1l'PUT BUrFBR - lOB (Part Nlalber LPIOIO) 

Tbe input/output butter tOll5il tl oC two pI'OP''' addreuable 

8 bit bidirectional inpu.t!output interfaces. The output 

facility u prorlded by ItaUe atches which with the 

addition of • 618 I"tliator pUl dam to 1'" can drive 

nL directly. Up to eipt I/O derlcel -.y be used in • 

IIYn_. tbus prorld..in& 128 .ddressable input/output lines. 

Tbe addreues of pt..rticular derlces are seletted by bard­

.trine pina to VII or Yet . 
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CG (Part nuaber LP 1030) 

The ALPS need.a anlJ' aD BOOIXs olock, • ~~-re .. t 

1i&Dal to clear lind ..,ncbron1 .. the I,.,tea and. two 

power supplie. . Virt1.lall:r all uhma.l coaponenb 

-:r be elUiliLated by UIIiDg the cloek pnarator (00). 

The (requeuo7 ot the built in o.c11~tor 1, determined 

by an atun.! rut,tor WId capacitor, or o.an be 

optiQZlAli¥ over-ridden b;r an inpu.t .tr<:ma an atemal 

o,cll1ator. J. data IQlIChron.la:lng 81anal ~) 1. 

provided to act alii an oltC1llolJOOp8 tri5gar and • 

"D&ta Valid" atrobe for external hardware. 
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2.0 ALPS Slate. DeacriptiOl1 

2 . 1 STJtUCnJ1tl: at BASIC SlS!»C 

ALPS it a _dular .,..u-. llhieh is "adl,y expanded accord.in& 

to the ",_plexity ""lIured-. !'roc"'" can be written 10 

th&t C_ IJUbl"OlltiDn are eontailled in .. bade chip aet 

which caD be Ilud in .. rue" of _chine I . 

'Iha .YIU. 11 bu.1l.t around & .odu1e bu' with tour basic 

part • • See'1.I:.1. 
(a)_ SIIPplz &II (5 I.eaoil) 

The ALPS .,..t •• need. two auppllea of +5V and -12V 

(or -SV and -1 7V) gd an IlOoKHz clock. ,. pcI'Io'er -on-

"IJtIt dpl at witch OIl. is Mce.1I&17 to clear the r,lb 
inhrfacea and .,.nchronise the on-chip clock divider. 

on each chip. 

(b) Data au, (8 bit.) 
Intonation (addruHI or data) pa .. to and trail the LP 

\lUq thh bUi. 

(e) Contral Bu, (4 blu) 

'rbi. w. it driven rr- tbe LP aDd cClll.trob the actirlty 

ot all chips in the ALPS Jylto!a . 

(d) Addre .. Ills (6 biU) 

Thi, bus selectt the actiYe area of the .rate. . Any 

ca.poDeDt in the ALPS _yato which hal II pre-pro,r_d 

.. ddre .. which 11 not Identiea1 vith the &d<ireu bu. will 

be inact! TIl. 

2 . 2 mE SUPPLY lUi AND BASIC SlSTDI TDlIlfJ 

'!be ALPS ITstell taiD& it controlled fro. an 800IIb eloek. 

'filii it diYided by tour on each chip to proTide. b .. 1e .. chine 

(lyele of SUS . r:lt; . 2 abow, the .,..te. clock and bow" the ei&ht 

tiM Ilot. tl-tB are defined. !be.tart of th" D"ptiYe 

&oiD& eden are defined .. ,.1-1'4 and an lI. .. d .. referencea to 

define lIJ'au. tl.1n, in the electrical. apeciticatiOl1 (llee llection 

1) • 

The powiIr 011 relet licnal _at be lIynchronilled with the clock 

... abovn. 
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2. 3 mE IlATA BUS 

The 8 bit data bus actil'ity ia controlled by the LP usin& the 

4 control bussu (see 2.4). [nfo"...tion, which _y be 

addrusn or data, ca.n be tra.nsfernd: (see ~.3) 

(a) fre. LP to another ALPS ~ponent . In this -ode the LP 

pnch&r~u all data busses in T2, T3, T4 and then 

conditiondly dhchargu it in T5 and T6 . The data is 

now ""ild;y to be .... ad into the add .... ssed ALPS c .. panent an 

T7 and TB . 
(b) fr~ an ALPS COliponwt to LP. In this ~de the LP 

pnch&r~u all data busses in T2, T3 and T4 . 
ALPS COIlponrnt dischargel the data bull in T7. T8 and at the 

sa. tOe is .... ad into the LP for prooessin& and/or decodin& . 

Note th.at the LP alwaYII p .... eharges the data bus every .... chine 

cycle . Hany instructions do not use the data. bus, e ., . ' tncM!1tent 

ac~lator ' in which case the char,e on the data bus ""Minll 

W1til. the next Rchine cycle . 

TIle data bus noru.lly carries 8 bits of data to and fro. the LP 

with data bus 8 as the ~st sit;nificant di&:it. Note that the 

data is inverted . 'this iB only ot Uportam:e when debugin& 

a lIyste. by ~tori.n,g data bus activity. 

,",e data bull ill alllO used in ConjWICtion with the 6 bit address 

bull to provide the least lIignificant 8 bits of a 14 bit addresa. 

Whenever any COliponentl are connected to ALPS syate. it .ust be 

borne in .tnd that the data bus is a hl&h i.pedance bus so that 

it is not possible to connect itNs which require significant 

input curnnt (e . , . TTL) . 11I.ia ia of no concern to the use r 

who only uses ALPS syste. co.ponents as they MY!! all been 

designed to be cOlipatible with the data. bus requi.rulents . 

CollJlOnents requirint input cu=t .. st be connected via any of 

the ALPS peripheral interfaces. 

2. 4 THE OONTROL Bll5 

The control bus consists of tour oontrol si,plals . 

CIO: controls vhether infOrM.tion is writ1;.l:n onto the data bus 

or read fro. it . 

CIlA: detendnes whether the infoJWation on the data bus is 

data or an address 
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CQZ: CODtrola whether tbe Q or Z rep.lIter it uded in the "'. 

PIal or MIe. 
CRA: controls whether the .. word hardware stad; on the l'1li , 

PWD or](le it ptq,bed (or popped). I t ditfenmtiat .. 

between j...p and lJubl"OUtine iMtnlct iOJlJ. 

Fig. 4 shOll's all 16 pouible codes and the effect they have on 

the AlJ>S c~nu. in practice tbe LP only uaea the codet 

0000, 0010, 0100, 0101, 1000, 1100, 1101 and 11 10 . 

ill c"p"""llta in the ALPS -rae- are connected to , e_ 

.odule bus, to which the OUtputs of nch c"P""""t are e((eeehel, 

wire OR'ed . The .,..tell h dirlded into .odulu for purpo"' 

of addrellsin& and the addre •• bus (6 bit s) select. which ot 
Chelle 64 posaible .odules 1& active. 

A .adult! 11 defined as 

256 x 8 bitl of ROM 

OR 156 x 8 btu of IWiI 

OR 1 iDput/outp.lC interl&cco. 

'0'1' calculatiJl& the -xl-- du ay.~ lor. &inn application 

it it use1'ul to describ. u. AIlS -rIte- C· I • .. nte in una 01 

lIOduln (-ri·- penlinible 64) . 

C'-POoonc 

'" 
>lIe 

1 . 0 . B. 

Module 

I 8 hit 1/0 inter! ace 

11 x 8 bit. ~'" 

No. of Modul •• 

! 
! 

• 
2 8 bit I/O interfaces 1 

mTAL • 

2J[ x 8 biu z.n.m&l 
We.ory TOTAL 

1 l[ 8 bit 1ft! inter-
face . TOTAL 

• 
8 
8 

, 
• 
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l tltnullodule seleetiOll i. perfor.ed by 8 additional addreu biu 

C&TJ'ied on the dIu. bus . rid, penllits selection of I of 256 data word 

locatiOM in I _I"J' .odule . U an 1/0 .odLlle w .. accessed the 

data bus only carri .. the 8 bit data word, because there is no explicit 

intra.odule addnt .. for an 1,tl location. 

Me.ory .od.ules are further g-oupe<l in 2" 11: 8 bit papl and. sinee the 

PM i, a basic 11 11: 8 deYioe the .... hard1rlll"e baa beeD &rr&D&ed such 

that the chips un be used in pairs to Ippear .. ODIII COiltinUOUS 

2K 11: 8 bit ~_ry. The actiTe chip h aut_tically selected. by 

the 11 th bit of the aystCil addren. 

ThI= pair of chips can be conlidered. II one 21 11: 8 bit chip f or 

prove_inc pur~u. fie. S illUitrates the addreui.n& ache.. 

When addren illCo~tion baa to be written. into the Q or Z 

rep-llterll of -.ory chips tbe lethe PIo! or lIUC is ,elected by ad.d.ren 

bus All64, 5" 6. Thill speti1"ies I V"'IP of 8 .ooulel and. for the 

PM, the addreu inCorwatian rill be written into e pair of chipl , 

Le. 211:" .od.ulu~ When readin& iafo .... uOll fre.. I pair of PM " , 

ADB3 is e'U-1ned to detendne which of thl= pUr the dau. is to c_ 

fre... Witb. lIUC chip i..pl_nu.tion, nonnal addren decodiJt& telectl 

the required. _ry location lpecitied by the 11 bit addren. 

ror the Close of peripheral inter1'ac:el, these are allO uaicned 

.od.ule addrenu which are lpecilied by the 6 bit addren bull. 

ud.1lC PM chipl, an:r peripheral addrell can be .elected uc:ept 0 and. 

63, (lotodule 0 ... t be reserved for the start of prov .. and. 63 is 

already allocated to the LP I/O inter1'ace. Due to pin liaitations 

on the I.O . B. chip only three ....ue addren leads are provided 

and these are used. to aelect pair.ll of I/O peripher als in the range 

4.8-63. The three select lew are PAD2, 3, 4 and. they are 

c~ rith the '7It_ address bus AJ)82,3,4. The address bua 

ADD5,6 ... t be at • 10c1c ~lR to select an I/O deTice, this ciTes 

the raJJ&ll (48 + 0 -> ..s + 15). The A.-B selection fr. the pUr 

of per ipheral partll 11 perfor.ed by address bu. ADBI. 

The ruuwal _thod. of allotatiDe .odule ad.drellea il to IItart 

the PNp"_ ROW or RAM arrQ"I at ...ciule 0 and work UPWlrdS, and. to 

a.nip peripheral interfacu f..- 63 and. work downwardl. Thil _thod 

.. 'Ike! proP"" orritinr; aiapler and. enablu ea.y eJtpUI5ioll of tho ,,,s te •• 
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The input/output interfAce3 are identical on all ALPS ca.ponent3 

except that On the LP (.,Jllle addreu 63, see below) . 

The standard 8 bit interface consbt! of 8 latches connected to 

8 open drain NJS output transistors. The configurAtion is shown 

in Fi . ,.6 (I 7. When readi.n,t: fn:. the interfa.ce the pillll are 

treAted as inputs and the dAU is fed to the LP via the dAta bus. 

Input and outputs are effectively wire OR'ed together so that when 

infor-.tion is to be read fro. the interface, it i. necellSary to 

..rite 0000 0000 into the latches to prevent incorrect infonnatiOll 

being; read in fro. the latches . This is done auttaatical!y at 

power on. This feature can also be used to advantqe . For 

ePH.ph it is pollSible to use an un:used interface to store an 8 bit 

yord. 1/0 nuaWer 63 on the LP differs in that it can ",ad 8 bits 

of data but only send four bits of data out (bits &-5) a.!l theN: 

are only four latches. 

The peripheral interfaces can be addressed in tw"o ways , 

(1) DiN:ctly (u.d»« UK and SAM instructions). As there is 

only a 3 bit datA field available to specify the peripher al · 

bei»« addressed, 56 is added to fo,-. addresses in the ranse 

56-63. This 13 oonvenient in practice aJI it is nonoa.l to 

allocate peripberah fn:. .oo.ule 63 working domwards .m..ue 

the progra- starts at .oo.ule 0 and works up!rards. 

(il) lndiN:ctly (using Lll and SU) . An,,- of the I/O's _y be 

addressed in this .ode U A full 6 bit addreu is available 

stored in the X location of the scr atohpad 3tON:. 
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'. ClY.-fP01\"ENTS OF THE ALPS S\'5mt 

3 . 1 LOGI C PROCESSOR (LP) 

3 . 1.1 Addressing Scheme used for LP Scratchpad. 

The LP contains 48 8 bit working r"gistc r s (the $cr.1 t chpad) 

which an fabricated fr.,. RAM . 11I~ scratchrad can be 

addressed in two ways: 

(a) Direct Addressing: a data field in the ,\U'S 

instruction specifics the required register. 

(b) Indirect Addressing: a data field in t he ALPS 

instruction specifiu that the address will be foun.:! 

in another re~ster . In the case of the LP tllis can 

only be the ST regis t e r which is used solely a s a 

scratchpad address regis t er for indirect addressing . 

s 

+ -

T 

fig., L. P sc rat chpad addressing scheme 
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The 5T rc&ister consists of two three bit r~Ii.lt~ r'. 

T (the lIOn sigdficant th.ree bits) Carl only be ch&n,sed 

u'ln& special. AlJ'S instroctiODI which load it vith • 

three bit. literal specified in the user ' s pro,;r ... 

(rnst.ruetion, US). or Croll the aca.uhtor (Instruction, 

SAT) . Sis .. three bit recister with can abo be lOiLded 

fro. pro,r .. data (Instruction: ISS) or r~ tbe 

aeeu-ulator to,ether with the T reCister (Instn.lction: SST) . 

rull details ot these instructions will be found in uctioa 

5 . Relilur S c&l\ also be incre.l'lted or decre.ented . 

A n", detect. when S 17 which is used as a J-P 

condition. 

" Cour bit .dd.ren neld i. used in the A1..l'S inltnoction 

set to .pecHt the reliner to be used . Co.1e. G-J 1 • 

(0000 _ 1011 ) IN: interpreted as the direct adlire ninl; 

.ode and the appropriate regi.ters ilrc accessed . nil! 

re.ainin& colin are interpreted as indirect Ilddreni n& 

u'in& the S T relilter as follows: 

Your Bit Addren Field Re!ister Accened 

0 _ 11 (0000 _ 1011) o _ II (0000 - 101 1) 

" (1100) ",,lister pointed w ,",' 

13 (1101) ~&:hur pointed w b, , 

S decre",ented 

T 

T, 

14 (1110) repster pointe-<! tobyST, 

S increlHnud ., (1111) do not U!le 

'nIe S recister i. dec~ted atter boln& u,ed tor code 13 

and w~_!lted after use for code 14 . 

P'i& . 9 .hoIIs the address~ in diagrQl.tic to", arnn,ed 

&I 6 phIlu of 8 replter. . '!be T reV-Iter selects t~ 

phIle and the S rev-ster selects the neister . The full 

e.pabLlity ot the T "'lister (8 planes) l. not used due 

to pbydcal liaitationl on chlp shc, SCI that T - 110 or 

I I I i. not used . If by accident it is, the scratchpad 

Ifill cenerate 0000 0000 on the data outputs ".hen read . 

There ",lll then bo no undesirable effect on the data 

.tarcd ".hen tryin& to ".rite using usin&: tll"se values of 

T. Note that t1&. 51 ,hows reglners ()..15 1\1 directly 

addrenable boc,,"use .pedal. instructions exist to 

directly .dd ...... rt:&:ilter 12 (aho CIIllcd V), 13 (w), 

14 (X) and IS (y) . Reg.hters 12 ru\d 13 aN freely 

aYlllLable to the uaer but 14 =d 15 art: u .... (1 tor 
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lpecu,lre,.hten u",d (or addrulliJi& (,e" 3. 1.3). 

3 . 1 . 2 .... de Lolb: Procenor (LP) Operat.iOD 

A typical .. chlDe cycle vUl be described. (see ria . tO). 

1'be 11 nqlluta (u.iII&; the coatrol bu.) • new in.strucUon 

fro. tllfl pro,raa beld i.a • .orr (iDstnletioo fetch) . 

This appe .... "'" the dl.f;. bus and h .... ,4 into the inltr'\leuon 

in the lnltn>(:t.ion rep.ter until it baa beeD e:Rcuted 

(I, 2, J or , .. chine cycles). 11Ie lnatntCtion i. decoded 

by the llicropro,v_d control 101 which ,eneratf!l .U the 

control aipal. Rquired by tbe LP and aha controh the 

relt of the ALPS .,..tell ria the control bu.. It ,Iso 

UI.in", tlq conditio"l for j_p inatroct1ona &lid 

provides the necessary .oquencing for .ulti-cycle 

1n.tructionl . 

Molt in,tructionl use t.h!: arid_tic and 1o,1c Wl.it AU! 

which can perron! the follovin& operation.: 

lo,ita1, ,010, OR, excluBin OR, ' no~perat1on ' •• hirt. 

richt Or left 1 bit 

arit'-etic: bin.&ry add, BCD add, deere_ot. 

' Ho-opuatlon' 11 DOt • tnt" lo&1cal operation. It 

allow, cLau. to pt. .. throu&h the AW unUtered, e.,. vllen 

dIU 11 transferred r~ acratchpt.d. to .c .... -·Jator it alit 

pall throll&h the ALIJ. 

Data 11 red lato the ALIJ f.-- three pollible IIOUrcCl: 

(a) 1'be Ac:eu-l&tor: th1l 11 tho! .ai.o vork:iD& ~&ilt<!r of 

the aa.chitie in which the n: ... ltl arllin& f.-- AU! 

operationl are 1I.w&ll, lto~d. 

(b) The Soratchpad: (lee 3.1.1). 
(0) !be Teaporary Ston:: thh holdl a copy of .... , 

int'orwaUon arrhin& on the c1ata bul . 'nlil 11 UIIed 

to enable Utual fields cDlltailled la uchiDe 

in'trucUonl to be fed to the AW and abo to act &5 a 

,ton: for th8 Rcond h&1f of b<o IIIlrd instructiOni. 

In ,eneral the te.porary .ton: hold. all dati. befon: 

leaviDc or enteriDc the LP. 

It it not pollible to perron all cc.binationl of the 

&ritn.etic&l and lopcal operations with all thn:c tource. 

(&C8 &cction 5 tor detILU. of a ... aUable co.bin.ationa). 
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'nte outputs of the ALU C;llI be hd to the sceuatlator, 

tnporary Itore, S.f re«later, lICratchpad or Yertension 

register (YER) . lER is & copy of bita 4, ) and 6 of the 

data held in scratchpad Y (location 15) and i s used in 

&dd.ressint; the ertem&l. ALPS COllponed& (see 3.1. 3) . 

'othen an instnK:tion has been executed a new in~truction 

is required whicb alst be fetched fro-. IIeWIOry . 'ntis is 

done while the current instruction i& on its Last execution 

cycle so that no tae is wasted by thf: M:-orr access tiIIe . 

This scheM: is called an overlapped fetch and execute. 

3.1. 3 Generat.inl! l4for.ation for the Address IkIs. 

The a.ddrua bus selects which of the 64 ponible IIOdules 

is adll,.eHc,j. 1be prosrl.ll is nonaa.lly hf:1d in pa,:es of 

211: WQrd" fQ~d Qf a pair of PM or J MIe plus 

aU<>eiated .lIOry. Only three bits Qf address are needed 

to specify each 211: area and these are stored in the Y 

extension re&ister .so that it is nQt pc!nible to execute 

prosraa fl'Oll a d:i:f'ferent 2K proVaa area unless the n:R 

contents are changed. 

subroutine . 

'lhl.s is easily done by a su.pl e 

instnlCtions. Y holds the full current Pi'«e addren and 

X holds an alternative address. 

eucuted fro. the proV'" &n!& addressed by Y. It is 

possible to obtain data, or chance the Q or Z resister in 

P34!;e t. nul is useful in preparin,& to chance pa,Iles in 

a pro,ru, and for storint and retrievint data addressed 

by the Z resister. 

/i)noa.liy only three bits (4. 5. 6) of the Y relister are 

needed to specify the 2'; active pICe . These art! held in 

the Y extension register YKR . T1Ie full Y re&.ister is only 

needed when it is required to cilan&e the contents of the 

Q (or Z) re,isters in p6«e Y, as bits I , 2, 3 alst be 

loaded into bits 9. 10, and 11 of Q (or Z) . 

3. 1.4 Use of flags provided in LP. 

Four flaf;s are provided 

(l)S .. 7 f1a.1! (S7) : 

in the LP . 'ntere are: 

Thia ia situated on the outputs 

of the S rcllister and detects when 

the contents are equal to 7 (I II ) . 



(u) Carry rhc (CAR): '!be <;:any fia& detect. oyerllow 

rro. bit 8 (MSD) of the ALII . 

It 11 used tor BCD add (lilt) and 

when ~ m.bera (QQ». 

It is cuared when the aec ..... lator 

cl:Klunu are .tUfted rl&ht Gele 

bit (El) and !let vhen they are 

.tUfted left one bit (LSA). 

(w) Zero rl.a& (ZIR): n.e uro f1q ia situated on the 

outputs nf the ALII and detects 

IIhen 0000 0000 ia present. 

(b) Posit.be rla& (pa;): The politive fh& detectl 

when the ."t li#lifiCl.llt bit 

(bit 8) of the 1LU outputl is I, 
i.e. Ixxx DX. No special 

.l~jticance il attached to bit 8 
in the II IYltea. 

f'lacs 87 Md CAR are static and no special care is needed 

in their use. F'l.a.as ZER and pa; are dyn.aaic IIlId it ~ 

be rnoeabered that they are set by vliatuer data 11 Gel the 

AU! outputs. ror .,st instructions that do not explicitly 

use the .w.r flRlctions, the acc:usulator contents are 

paned throu&b the AU! and baell: into the ae .. ,·htor, and 

ia all doi.n& the Z£it and PQ) flq' _1' be llet &. follows: 

Ruult equ.al.s sero 

ReIUlt. o.ot equ.al. to uro 

Relult positbe (~O) 

Ruu.lt neaatiTe «0) 

,.. - I 

"" - 0 

"" - I 

"" - 0 
If the flAl' vere let by & Doo-&CClIaIlI.tor in.tnaction 

(i .e. BCD add lilt. decre.ent IZC or coapl.re QQ» their 

"alue _1' be corrupted durillf: the firn cycu ot the next 

inltruc:tion. If this is • cooditional juap, the politin: 

and IIe,Ube fh&s _1' be cban&ed ao that any turther 

conditional j_p inatnlctions usins pa; or ZER _y Ihe 

unexpected rellUlts. 

n.e table belov ,bows vhich jWlPI _y Ntely follow one 

another, &ate lequences bein& sbovn by • and unS&h 

aequMCu by I. 
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Lt 6000 f'IOCIW( MOORT. - 7iB. 11. 

IMPUY/ OlITPUT A 

......... 
RIAl! OIt..Y 

MBIOAT 

102,4 x 8 BIT 

""DS 

INPUT/OUTPUT II 

, -

r--"L ..: h) 

~nA 

C.;oZ CCST1f(J 

Dn;a)Dl ",. 

"'" 
CHIP 

ADM; 
Am", 

D)l!(lOr. cW<> 

""" 
VC .. 

~IJI 

"'" 
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• 
! I Q,.afe 

~ 
~ • Safe 
§ 
• 

3. 2 1HI NIGRAM MQIORT - PM ('art. MeI.LP 6000) 

'Jhe pro&r .. _17 (PM) bold, the userl procra- in a 1024 x 8 bit 

101. 'Jhe pattem h defined by ODe _Ilk iD the CIAIn' procen 

ami h .,at cooyeniently l pecitied by a paper tape. 

rro. the tape, the .ut h au~tically ,enerated which ain..1aillel 

&lIJ' polI&ible _ree of data error. 

The curnnt add ..... .. of the pro,",", h held in the pro&r .. coUDter 

Q which caa be incn.nted to IItep throu&h a pro,..... ru. h 

..... set to lero at JIOWi!r-on-nset and 110 the first location nu.berl 

of the 101 ...... y .. at bold the first instruc tioa of the pro,"'"' . 

"'e Q n,hter h connected to the data bull aad part of the 

~II' bu. (Mu I, 2, 3) 110 that UDder cert&iD eondition. it c&D 

be P"'set to a lpecilied mull' . For elQUlple, when a progr .. 

J_p.is perfor.ed, the LP _ds the nev pro,.." ltart .ddren 

al.oa& the data bu. and &lidren bill aad thi . h loaded into the 

If the instnlctinn h ',0 to subJ"O\ltine ' it 11 

neeeeaary to Ito ..... the old nlue of the pro,raa coWlter . For 

thil nallOll Q h the top ..... pater of a ltack of four ..... pater. 

which allovs neetin& of IlUbroutinee to • depth of thl"f!e, i.e . the 

uller _y progr .. & SIIbroutine of • IlUbro\ltine of a subrouti.ne called 

flCIt ........ t at power on Sll!ro. nu. h of no coacern for cornctly 

,",itUn pro,..... but _y cause cClDfuIiOD it the lltacli: h popped 

before lilly ,,&lue hal been p.oahed into IU, RB or Z. 

preset to • "hen Y&lue iD the _ vay .s the Q cOllDter. CI.re 

_It be taken t o ensure that thil h not done when the ,...rI-. 
depth of .... broutin.i.n& h be.i.nl: uaed because Z behtc the bono. of 

the .tack, hold ll the final retu"' addrellll . 
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The "'" also contaills two 8 bit peripheral b"ues • . These are 

iDdependallt of the Nllt o( the circuitry and are onJ.y placed 011 

the '/II for u.ser convenience. 

The .oo.ue ed.d.re.lllel at the _ry arra,y and the inter(aee. are 

.peei1'ied by the u.ser at the __ tt. as the ..tn prova. A 

.all .. tri.:I: h coded with these ... alue. '0 that the chip ia 0011' 

.elected. when the COIIteJiti of the addree, bull _tcbe. _ o( the 

lpeei1'ied. adOre'HI. Tbe chip ia then controUed. ICCordinc to 

the iDatructions Nlcei1'ed 011 the cOlltrol bua (re. the II, to 

(Onl a 2Ii Ictin Pf'OV- area which appear. to the 11 as a 

continuous proU-WC area •• Thia is achieftd. by aaJU.nc the 

proF" cOUllter 11 bits 1011& rather tiwl the 10 bitl neceuary 
(or adOre._inc 1024 word. o( _ry. The 11th bit selectl whether 

chip A Or B 11 acth .. accordinc; to whether a 0 or :z ... 
progr~ iD the addreu .. tri.E. When a pair o( chipa are used. 

in this (uhiOll the c<mtuts of the .tack are the ._ on each 

chip .. they are l*ed. ill parallel. Tile (act that the 21 actil'e 

area 11 spreadOftr twO chipl 11 at no concem to the prop-_r .. 

the chans;l", (rca ODe chip to the other is fu1.lr aut_tic. The 

.i.plest ALPS conCiprauon can be b.dlt with ODe 11 and one PM. 

Ewn rith this ST.ce_, :zo input/outputs and " inpuu are 
ava1Lt.ble. (The l.iJd.tation of the " inputl 11 due to peripheral 

JlLllllber 63 situated. 0lI the LP "-;tine onlr 4 bidirectional. uxt 

" undi.rectional line. (inpuU). 



- ,. -

3.3 )G(jRl' IN'mU"ACZ - Part No . 11' 1000 

The AlJ>S IIYlt_ no~ Wle. the ,/II for pl'OP''' stor ace. 

H_nr, for proU. dtlYelo.-nt ehb -.y be u.ean~ent to usa 

d the IlUked. read only _ry 11 obviou.sl.y iJlpract icaJ. tor 

deb",,!", purposu . Tile "1 interlace dlip (/IIlC) 9able. 

aa;r lor. of readj .... ite _ry to be used with the Al.PS syate., 

111.,. !tAX, PlIlW, core, diode -atra. III operat101l it is u.ost 

identical to the tour re,pater stack provided on the PM except 

that the addre .. biu are bro\Iatlt out of the package 'tia TrL 

coapatible outpuu . It CloD abo addre .. up to 2X of exte~ 

_.'w'rJ" c~ with lit for PM. A .. xi._ of 8 K1c" CAD be 

uaed in the AlPS SYltu. 

When uaed with. norM! read/ .... ite _ry an lOB chip rill be 

DIIC"a&rJ to bW'fer the data (he btJ.od fr "i,. 11'0001 . 

There 11 no ..... on wby the KlC plua axternal -ry should not 

be lISe<! instead of the l'1li but the weer paebp count aDd 

iDcreued coat _ana that cilia approach b oal,y luit&ble for 

...n productiOil nma or where it 11 likely that tbe prop-.. 

-.:r require CbaD&i", . 

Tbe a.ddren of tbe )(Ie ia deter.iDed by hardwirin& external ~ 

as fillon . 

Connections 

". , ,AD l ,AD • NlC Wodule Addrell a...ace 
VII VII V" o - 7 

VII v" V" 8 - 15 

VII v" y" 16 - 13 

v .. v" V" 2.4 - 31 
Yo, y" y" 32 - J9 

V" y" y" 40 - 47 
y" y" 'II 4B - 55 
y" y" y" 56 - 63 

A """ 
.. leet 11 ,"",dod to inhibit the laC operation. 

The Iddr. .. but, control bua, PAll inputs and chip enable an 

all Tn. c~tible. 
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3.4 IKPUr/OlrrP1IT DUfFER - Part No. LPIOIO 

The badc AlJ'S system providu 24 input/outputs in the buic two 

clrlp (lJ' + PM) system. 

As the prouam becomes loncer IIlOre PlU will be .. hied to the system, 

so that input/outputs will increase with program complexity. 

Many simple systems often need ooly the siJDplut of prograas 

but Nan,Y I/Os and for these applitatiolllll the lOB has been 

introduced to allow eeo~c&l. upansion of I/O capability 

without paying for unnecessary .extra progr_ space. It 

cOl1llists of two 8 bit I/O parts of the standard ope~ed 

AlPS pattern (see fig .6) . The addresses,," selected by three 

pinll which are connected to Vg or Vee. Addresses are ool;r 

selectable in adjacent })&irs in the rllllge 48-63 as follews, 

Connectioas selected Address 

p.w • PAD 3 PAD 2 Peripheral Bus • Peripheral Bus 

V .. V" V" . , 49 

V" V" Yo, " 51 

V" v" V" " 53 

V" Yo, y" 54 55 

v" V" V" 56 57 

v" V" Yoo " 59 
yoo v" V" 60 61 
y" y" v" 62 OJ 

A chip select is also pronded which caa inhibit the lOB operation . 

The lOB 11 also useful in conjunction rith the MIC to proride 

data bufterin,g for sny read-n.te _lIOry. 

The address bus, control bus, PAD inputs and chip enable are all 

TTL co:apatible . 

.-
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).5 CLCCJ: GBKDl4'l'(II. - Part .0. LP 10)0 

c 

va: 

vee 

Th. &US .,.'. --u 0Dl:T .. d.l!pu. h1#l uplltu4. clock_ 

• ponr 011. :rent ~ with ttl, olock. Thl. CIaIl _t 

.a.e1l7" pZ'CI"i4M ua1Dc tbIo 010011: &.-ratGr (00) ... block 

4i~ of thl, i • .tlcI.n bdow. b oizouit pnanw. tbt 

n_.-.zy Glock IaZI4 ~t "ph t~ tbt 1QWt... 'ftle a. .. t 
aDd SyDchzu!.1W1a lDpIlq .n 41rectb" e-paUbb with 'f'rL/J1tL 

'7'~' . ~ 
r----------------- -- J 

" t- I , 
. 4 • I I 

, I I 
I 

I I 
I I 
I ~ I, CIO(:k OutPl't 

I I Power V I 

o. Synch 

: , : R •• et ""01' • 8 .. I 

Rent Output 

I I L ___________ _______ .J 

• "" 8 I 

t """' 

o~ c.(.100pP 

'or 1M Clook OIItpat to foli_ the ~d.n8 Inpa.t 1» 

the ala"".ode, 'tM 'l'1.II:I.DC lDpat lJhould be tied to • losio '0 ', 
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~ ALPS .ltiCl'0lA_AOr BTI-~ a "'Nt 41p1 that b ~ 

chrcm1se4 to the .,-.t. cloak, aa4 .. t Ponr 011 the .,.tn lIIUIt ~ .. 

• , .. ,-" or m olock p.dode or met to foroe all ompc= .. t OU'oW.h 

1I1to thdr iII.1tUl atate. Lcc10 em b lJ' 1030 -ttar. the p<Iftr 

n.ppq lin .. to the .,..tea aD!! &~t. • ." the Rn.t Oltpa.t (p1D. 8) .. 

"1",1 &1't'111.s: th1, .1"'_ of two 0100k ~iod. of r. .. t tar the 1JIIt.. 
~ nepUn edge or thi •• 'PHI1, 1Ih1ah ~l •• the .,..t_. 11 oarnatlJ' 

ayDChraailled to the .,..u. olook UId the ,lS3 •• ~. nd, It.tt.r ClOD­

d1 u. ~. that the a .. 1t OdJlU1; 11 cal.7 ~led .. t _ particular 

pmod or .. _binI oyolt or the ~ ... peiod et p3J( de!i.I11Dc an. 

_,ehlD. cya~. If, hcwwnr, 41aillc the pG"I'C' lip pu10d the a...t lJIpat 

h.t aloc1o '1', the Re .. t OI!.tpQt w:1ll re-.u. mit. po81Un .aU"" 

,tat. 1IDtU W, Bleet IzI;pa.t ia taDn to .. los1o '0', Tbto RI.,t o..tpat 

atter thi, 1.Izl'lI:1; chtoII&- rill .. itch t. it. JnaoUn nepU_ .tate ~ 
ohron1,ed to the .,..t.a oleek and ;)]1' .1p&l tor the reuca. pZW'I'ioaal;r 

d •• cribe4. 

'l'h. LP 1030 -mtGn the ... t IIlPIt d=JJIa that pci04 when .elI 1, pM-

1 Un ad the qat. cloak ia AlpU,... If ktwMn the .. pcriodil the 

Re .. t lDplt hu obazIced rr- alOCio '0' to .. loc1o '1' th_ 1;be Bnet 

Catpu.t wiU ohaDal to it. podU_ .tate .. tha poaiU,.. eq. or the /J3lf 
11lbleqnomt to the LP 1030 ~tor1Jtc tbe ohaq;l or 1Bpu.t. 

pq.:a..et lqp\:I.t ~. t1"Ca .. las10 'I' to .. locJ.o '0', the Re .. t Cbtpa:t 

will chula' to it, -sati,.. .t.te _ tbe tint poUti_ eq. ot the .,-.-

1.- olook 000UZ'i.lls dur1IIC the poeitift pRied or fij'8 &ftc th1. 1.D;pat _ .. 
~ R •• et OI;ltptt hM lID at-m.' pall 4_ redetar to Va. ncw4 M1 

-nlu. 2.5 UIDa. 

Th. 'lR' OII.tptt abe hM aD iDt ..... ' pill 4_ 1'Militor to Va. n-inell,. 

3.5 m... '!'be /JlR' aipal 1e or .bIport.aaoe iJI. the ALPS JI10repr00" __ 

s,..te. b-eo-g •• the Data lIDe or the .,-._ is true ooq- dtarlJ:Ia that pRioel. 

m.v /JlR' 1. pod tift. It. anila'bllU,. ... 1.t. .,..t.. b~str,.. 

'1'bII Clook an4 R ... t OII.tpat. or the LP 1030 GaD drift typioal.l:r • .,.._ 

oo-pr1.ei.n& or d:r: otroui ta wi thaIlt e441 U.w.. 01%w.i try. 7ar ad41 tiouJ. 

41"1" req~te the Cleok OII.tp!lt wUl require b1po~ lNtter1Jli. 

how.ftr. 'l'be R •• et ulIl /J31f OII.tplt I2rly. oapa'bUity GaD be tnore...." 11)' 

OOftneOtJ.llc lItIa JNll 4_ red.ton to Va rr- tb_ OIltptt.. 
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.. l:I:on1'nl th ... raUJlp 
oOllld ___ ~t 
~ to tbIo dfti •• 
J'uDoUonal opIInU-, 1. 
not iIIpU.a - ~tiJI& 
oGDd.1U_ aft .,...,u1e4 
bel_. 

ZL!L'!'IlClL ClIlWCmIS'!ICS (loP 10)0 - ... Data ShMot tor otbc'l). 

Voo .. +5f! O.25V, TIi" QIQ) (.u.tzat. at TOO) I TU" _l2f! lV. 

'""--SupplS Volta,p 

B ... t Iaput 
Lopo 'I' 
Lopo ' 0 ' 

Sp1ohr-.b1 .... Iapat 
LoiJ,o '1' 
Loc10 ' 0 ' 

ill. D.1tput. 
Lo&io 'I' 
Losio '0' 

CapacJ.taoM lID Input. 

Clock Oatpllt 
.. 14th 
Bi .. 'l'p. 

'oll_ 
I3IJ O:atput 

R1M_ 
roll .... 
PropopU .. DIu". 
lopo '0' to '1' 
lopo '1' to ' 0 ' 

B ••• t o..tput .. ,.. .... 
lopo '1' to '0' 
lopo '0' to 'I' 

B ••• t Input 
t..t "" TiM 

S)'DOhroQ1i11nc IrrpIIt 
PnqllW\DT 

Pul •• 'fl1th B1&b 
Pvt.. ti1 tb Low 

1fiD. 

trii Voc -1.5 .... 
Vill Too ~1.5 .01. 
Vo1 
V~ 

III 

C1 

.~ 

'" 
')r 

'" 

.... , 
• /rt 

t 

Voo _1 

'50 

o 

)00 
100 

450 

'50 

,00 
,00 

kI:. 1In1 t Ccod1 U. 

+5.25 V 
·11 • 

v 
0.8 v 

v 
0.8 T 

-10 

1 

10 

700 
200 

200 

)00 
,00 

)00 
)00 

700 

800 

v 
v 

" .. .. 
.. 
oS .. 
oS 
oS 

oS .. 
... ... 
... ... .. 

51 nlrill4 2ou. 
V" .. - l2V 
Voo .. +5V 

Vin .. v" Ii! 
25 ' 

.." .... 

.." .... 
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~~.L-______ "-____ -" ______ -"-= 
DoC Hooe 

Pend ... ble. ope.utln, un fo~ 1"lt_ 
~.ln. the Intimal OSCillator on LP 1030. 

~ .. "-'''-''--''''"''-L-L....:.~:...L. 
DoC +70

o
C 

'arm ••• bl, open tina Ir" for Iync. 
ulln, I.tarnll a.tl ll.tor to LP 10)0 . 
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4.0 I!ft'ERII'ACE OOlfH1ERATIO~ 

The AdYanced Lolic Proceasin& SYlte. ALPS has been deai&ned to a 

.trict philosophy or beine Tel")' st.-ph to i..ple.ent in a URrs .yne. . 

'DIe .uu... c_plete proceasill& IJ)'Ste. conta.in.s DIlly three actiTe chips, 

tIw LP8000 Proce"or, the LP6000 Procru Store and the LP10,lO Clock 

~rat.or UOIl& with a fev resistors and capacitors to control the clock. 

lIith this basic .yste., the user hal acce .. to three inplt/outplt 

lrouPl, two on the prolru. chip haTin&; el&ht bit inplt outplt capability 

.....t one on the prcx:euor chip which hal an dlht bit iAput but only a four 

it output capability. !be ltaad&rd inplt/output port hal a loaic 

ccmf!&uratioo AI lbow in ria . 14 'the output data is held static by a 

flip flop, the output of vhich is connected directly to the ,ate or the 

outp.lt transistor . A lOCic .:ero in the outp.lt .t0r8&e vill tum OFf 

the output transhtGr . 

or powr on reRt POR . 

'!his is tbe ltate produced after the applicatioo 

The fi4al output confi&uration iI a .taple open d .... in H(6 tranlhtGr 

with its source connected to Vcc, the poaiti~e chip ~pply . Th!1 

confi&uration ,iTeI ~er .... tility in outp.lt buffer du:i,&n ailovine any 

'fOltqe rail to be utilised . In the ON .tate the output transiltGr will 

_rce current fro. the politift supply and iA tbe 0P7' n.ate, the output 

IIIOnully would be pulled tG a suitable TQltaae ria a reliitoT. A 

..,lection of pouible interface deai&n' are included at the end of this 

..,ctioo . 

1Iben the uHr withel to use the iAp.>t facili t y , it -.tt be re .. bered 

Wt the output "'&ilter 11 directly coupled to the outp.>t tTallshtor and 

the output word would appear vired-or on any inplt data . It 11 c-'" in 

Rveral prolru.1 to ule the inp.>t port to read a pre~ioul output word but 

ir th1l is not the intention, the output reliater should be elesTed to an 

:el"'Ol before any input 11 requelted . 

/ ••• 2 



!be illp.lt/ outP\lt poru cOIltalned OIl tbe indirl.d\IIJ. l"w chip are 

ali&btly different fro. those coatalned ill tbe other chipa, in that the 

open dr&in outP\lt tran,irtora can IOUro:e twice the output current for the 

... Ydl TOltqe <b'vp. Thil feature ClUl luplify HTeral. interface 

deaJ.&nI , IlId for e.s;uple it .nov. direct COI.IPl.i.n« to a m. illp.ot with 

only a dJ1ll.e pull dOlll1 relinor . 

'nIe inp.otl are directly ec:.patibl.e witb IIneral. other lo,ic fu.illea 

1ncl.wtin& m. and QfJS . Vben llsed witb daple switChel, an antibounce 

facility can be iDcorporated ill the JIrO& .... if witch bo\l1ce vall likely 

to be a probl.e •• 

/ • . • J 
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4 . 1 Display InterfacinJ 

'!be Ad'f&Ileed Locic Proee .. inc SYI~ e&n be pro,r_d to 

interface with u.:.st &I1y type of display deYice . Since the 

character co.position 11 oont&iDed in a rUG only K.,ry look 

up table, Ifty character tor..t llUeh as 7 sec-ent, deciaal 

st&rburlt etc . (:Aft be ba.ndled . 

With the data or'plli ... Uon be.i..nc controlled by the 50ttwue 

pro, ..... nMOII, .utipleJd.n& arrance.ents can be nplo,."d, 

i.e . di&it Hrlal Hpent panllel, or &I1y othl!r chosen Kthod . 

With aU d.ilplal type. lt 11 necnury to pronde the correct 

current or 1'01taa;e bQfferln.!; to suit the 111te. bein& uled . 

When u • .lnf: a I&.Iltiplexed display arran,ge.ent it is otten 

ponible to utili ... the I&.Iltiplex output pulsn al keyboard. 

strobe, and th1l technique 11&, been used in the n:a_Ple 

of aeotioo 7.0 of th. Softvanl """"1. 
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The ALPS SYIte. it bued around .. parallel "i&ht bit data &l'Cb.itecture. 

but IMInral peripheral IieTtee" .uch as teutype., certain printen -.nd tape 

SYlteas are based on .. serW data orsanhation . To enable the ALPS .,aU. 
to coonne with these peripberab, pro&r .. , have been developed which usn 

the UARj'r deric .. to protide a aerial data converter. The UAR/f deric .. 

contain. al.l the lolie necnaary to proride an asynchronous lerial dua 

interf&cl!. which can tran-.it or Neein .... rioudy toru.tted data . The 

UAR/'!' prondu a Tuuhle ba~ rate controlled by a sineen t:t.e. uta ~te 

clock and the vord rOnAt and control bits an PJ'O&...-ble f.- tbe ALPS 

,,.ate.. !be data word is cMcked au~tic&.ll,. durin& the recdve cycle 

and 1'ulous error condition. an tested. 

In operation the UAII/!' dedCI! ia ilI!t.iillled by the .:rate. ~r on 

reset and heron operation h initiated tbe nrioul control characten 

which progru vord lell&th, puity .ode, nlMber of atop bits, etc. _It be 

set, and .. Control Strobe (aI), auat be applied . In.:lllt applicatica' 

the word fo .... t Ifill be fixed and tbe cantrol vord and ,,_trol atrobe Ifill 

be ban:! vired . A. len1 11 .urn .. !"nt to operate the control strobe, a 

c..plete pulle i. !lot nquired. 

Vith all c«Itrol condition. e_plete tbI= UAR/I' dnice -.y be used to 

tran-.it or ncebe and in run duplex it necessary . [t tranSll.iuion is 

nquired, the proeessor _It set up the J*rallel data von! on the appropriate 

input/output buffer whieh rill be connected to the pu-illel input. of the 

tranaitter buffer ""ister . The pl'OCelllor.ust nov output a ne&atift 

&0111& Data Strobe .!pal (i6) which loads the tran-.1tter buffer durillC the 

M,aU", period and initiates the data traMaiuion fn. the positive ed&c . 
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An. irlYertinc buffer is nece .... ry to prodde the <;:orrect lope Inels. 

lihen the tran.s.J.tter buffer baa be_ loaded the TraIlautter 8u1fer llIIIpty 

(TlIHT) lienal will ,11;0 low (lo,lc lero). Once tran.s-.iUiOD 11. .. been 

in1t.1ated. TBHT will Rt1.ll'n to the ' hipt .tate aDd at this point the tranllaitter 

buffer .. y be loaded with the nut word. Yurther transllission is controlled 

by t",.tina the TBHT (La, and outPUtt~ DS •• necess.ry. 

The d.atl l"t!cehe function 11 acduted &uto.atie&lly by tbe UAJVr upon 

the aeraiDfj of ... tart bit on the receber aerial input. 

lectinn will c_p1ete the entry aDd. checltln« fUDCtion On die iDcoainc; 

lerial data ttreaa and upon nachiltc th. c:entl"<l! of the first stop bit it 

will present the data in paraUel to tbe receher h14fer re,ilte... The 

D.lta ATailable flip flop 11 al,o let at thh tiae ;rnd prorld.inc the Status 

lIord Enable (SIIE) line is 10" the DA IlanaI will be gated onto ita 

reapecthe output. The other receher .tatlU ..orda P"tit)' Error {PEl 

f'raa1Dr; Error (1"1) , and OYer Rw (OR), are aho controlled by the SWi 

aL&nal and tbe,e can be tested for len! if Nlqu1red. The transaitter 

.tatus .ienal TBMT h also cOl1trolled by the SVE iaput. 

'ftIe pro<:essor prop-u. _t incilide a poll.in,( routine which re,u.1arly 

inspecu the DA output. also operati.nl; the M input if it 11 lI(It hard 

wired. \ben DA is found to be at • hi&h (lo&ic one) level the processor 

.... t then operate the Kecei.,ed IlIlti flv.ble (RDE) line which ,.tes the 

.. ralld dati fro. the receber buffer onto the tri-Itlte ouput Un"". 
The Pf'OU" MUlt then prodde &.D intemal data 'lltore ,equelK:e to load the 

.cc:....utOr (f'Otl the peripheral. '!tIh vill input the recebed data to 

the proceuer. After the data hal been read the DA nip nop .u.t be 

reset by pWs1nc the Rent Data baUsbh (RnA) 1ine. The UAR/T .y.tea 

vill then be ready to transfer the nut reeebed data. The transaitter 

and recei.,er sectiOns of the UAR/T ere doub1e buffered and data .. , be in 

tranBfer on the co-uaieatiol1 liDe while other datil. h beu.,; input or 

output fro. the proce'll'llor. 
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An external OIelllator ia necu .... ry for operatiDc the dock ot the 

and the treq~1 .at ban • ltability ot better tN.n COW' percent &lid an 

ab,olu.u n.lue or dltteen u.e. the Ilia of the total word. leqth and 

balld. rate. 



- 41 -
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!he tollowin& tour routine. allow the ALPS ay.tea to c· mieate dth 

NI ASRl3 tebtyp:; 1,Iain& the Genen.l Inltn.eat. Unb'era&l bJDCbronoul 

Receiycr/rrana.itter (UAR/r AY-5-101 3) . The routine. bay. beea written 

.. subl'Outinu but ean be 1,1",01 •• in line code by o.itti.D& the RET 

in.truetion. '!be" are two input aM: tvo OIItput roatinu featut'in& d.1reet 

aDd. illdirect I,A:! in.tnx:t1.on. . Tvo .ore input rouWei aN ,inn which 

.1lov mill use of • tape reader ltep relAy. 

COmiection of the VAl/! to the Perip/1el'tl Chan.nel 

peripflcra l modulI ptrlplwtal modul, 

tidir.et ion& l 
dau bus controt bus 

~-'-'--J.----.J 
UAR(T 

Telet)'pe 

For direct ilIput!output the d&ta -:lpah are COMf!CU(\ to peripheral 

lIodub 61 ADd tbe control IJ..&;nala to .,dille 62 . For indirect input/output 

peripheral 40 11 used for data and peripheral 41 tor tbe «IDtrol I~I. 
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Teletype Oute't Routines 

11Ie~ routJ..au prlDt a character, stored in the .«, ... Jatar. on the 

teletype . l/poQ exit f". the routine a character is left in tbe 

aeCUIUlator. !be fraD-.J.tter ad'fer EIIpty f}q • • TlHT. is te.ted in the 

buy loop at the label VAlT. lIMa the fhe bec_s set (appeariD& .. s one 

in the ae~tor) the buly lDop is left. and a lilt,. STROBE ~l (fiS) is 

lk"rIt to the UART. This au"s the UART to read the character fro. the data 

Iipal. on the peripheral latches and to .tart traasaisaion . !be 

Tran-.l.tter Buffer Flapty 1'4& is cleared by tbe I\II.ta Strobe Si&nal. thu. 

one character is not unt until tbe pl"el'ioua one haa been c~letely 

trl.ll.-.i. tted . 

The Directly Addre .. "" TeletlP" Oute't Routine 

Dlaracter is in Ac:a..Ilator 

TTO: SAM 5 san: character on latchu 

Telt uAR/r lklffer IIIpty P'h.c 

VAIT: l.AH 6 

JIP Vut 

LAS I 

'OM 6 

LAS ~ 

'OM 6 

l.AH S 

JO;T 

teat T'fIn' 

au.,. loop 

olear Da.ta Strobe 

reload cha.racter to 'c,...,lator 

optional. IIIIbroutine retul'!l 
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IDdirectI, Addrused Teletype OUtp!lt Routine 

nul routine acU 1.n exactly the _ way as tho: directly adcb'o:18ed 

routiDe. !be diffcrel'lee 11 tut iJlrtead Df Uf;in& LAM and SAM 1.Dltructl041 

it UIU LUt r.nd S1M iD.rtructionl with the :r re&hter loaded vith II .odu].e 

ad.dren . 1be prnioul cOIlUnti of the I re&1ster are ltored ill ""ilter 11 

and the character, held in the ac_later on entry to the routine, it .. n:d 

in ""ilter 10. Tbe bu.y loop b at the label IIUT as before: 

Tn" S .. to Nft cbaraeter in tellpclnrr reKilJter 

LU • Nft re,lIter I 

S .. II in te.porary re,irter 

LAL " Ht up data It\> ad.dreas 

SAX • ltore it in I 

.... to ,et chuacter -

m • ltore on latchet 

.... " Ht up-

SAX • control .ipal. pedpberal. 

LDI • 11 ch&racter iJa UART? 

JIP .... , 00'1 loop 

LAS I 

sr. • &end taU S'tJ'Obe 

LAS , 
SIO • clUJ' tata Strobe 

.... II 

SAX • re.tore I relillter 

.... to r.lMd chu-Icter to .cc~tor 

RET option.al ret\lm 
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Teletype Inpit Routine 

As with teletype output there is a tla& which .. st be tested before 

nus h the flATA AVUlABLE flac of the UART and 

is set when a cluLracter has been receind by the UART . It is clea.r-ed by 

the s~l RESET DATA AVAn.ABlE (RDA) to allov another character to be 

receind . To open the tristate N:ceiTer buffer of the UART. thus 

allo~ the ch&raeter to be read. the sil;nal RECEIVED DATA DWILE (ME) 

.. at be applied. 

The Directly Addressed Telet:rpe Input Routine 

TTr, LAM 6 Test Da.ta A'failable 

IS' 

lI' Tn 

lAS 2 

". 6 Send aM 

US 0 

". 5 clear data latches 

LAM 5 read character and 

SAM 5 save OIl latches 

lAS 4 eend m and clear RlI: 

". 6 

US ~ clear RDA 

SAM 6 

LAM 5 restoN: character '" 
"" aCcu.llator 

Indirectly Addre ssed Teletzpe Inp..ot Routine 

As the t'olO te~type Olltput routines diffeN:d in their addreu~ .odes 

so do the tva input n>UtinCl~ 11tc indiiect routine siailarly usin« LllI and 

SIlo! instructions . 
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tTl: W san X N:&!lur 

, .. II ill te..poruy .tore 

UL 41 set addrell of -

SA' • control .i&n&l' 

9.1,,: LIJ< • read in control .tpb 

ISlI 

lIP "'" tut lIIlta AnUa"le 

!.AS 2 

'III • send I!!I£" 

UL ,0 

,U • daU. peripheral 

!.AS 0 

51" • ohar latchu 

LI" • Nod eb&racur aDd 

, .. 10 store fA ",plter 10 

UL 41 

,U 

!.AS , send iiii &rut clear iii" 

,," 
US V clear iii 

51' 

.... II 

'" • ",Itore I "'&irter 

..... 10 relDad ebarac'Ur 

"" 
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Teletype Input Routine. Yeaturil!f Reader StePfinl 

The reader nep rela,y 11 connected to bit ii,.., gf the eontrol .1,pab 

peripheral and 11 .ctuated Mille the bu.,. loop of the inpl.lt routine. 

lbu. the direetly a.ddrelled input routine be,;.:.u : 

m, I.AL /10 let bit tiTe 

, .. 6 actuate reader .. .,.: LA!! , 
L'lN 

J" ... , 
LoIS 2 i<'nd RIIt and release relay 

, .. , 
"" o 
, .. S clear latchet 

LA!! S read char'eter and 

, .. S "'Ie 011 latehe. 

LoIS , 
S .. 6 lend REi' IlDd dear RIE 

"" s .. 6 clear RI¥. 

...,. S re.tore character 

R£T 

and the indirectly adcirell routine. 

nl: LAX 

". 
I.AL 

SAX 

"C 

SAX 

I.AL 

sr. 

II 

" 

" 

actuate relay 



lluay: LlII 

"', 
JIP .. " teat data anilable 

LIS , 
SI" send Rii and rd.,ase "la, 
foAL 40 

SAl( 

I.IS ~ 

sr" elear latchea 

U" read ehaneter and 

". 10 .. n in re&iater lQ 

LA!. " 
SAl( 

!.IS 4 send iUlA and dear IUE . 
SIW 

!.IS ~ clear~ 

sn< 

.... 11 

SAl re.tore I re&iater 

.... 10 relD.d eharacter 

RET 
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5. ntE 116TRl1CTIOH SET 

The ALPS inltruction ..,t couiltl of 4B instructions "hich can be 

1. 2. 3 or 4 IlaChine cycle. . Molt of the ~Y uled inltrvctionl 

are J or 2 ..ehinla cycle. lon&. 41 the IYIlte. has an overlapped 

fneb and encute, the nm till!! of lolly pr'O&rM can be e&leuhted by 

addinc up the n~ber of Cyclel of eadt inlltNCtion and _ltiplrinl; 

by the _ch.Lne cycle till!! (5Ifi !lin.) 

!be instruction set b presented in different for,.ul as follow.: 

5.1 Ii description of the inlltruction set shovin& _ uses of each 

S.2 

innrucUon. 

Ii lilt of the inltruction In &r"O\Iped by function . Thl, iI 

useful "hen lITitu., pro,r ... and loolcinc for a.n instruction to 

perfon. a siven fW\eUon . 

5 . 3 A lilt of the ilIltniction ..,t ,rouped by op code order . Thl. 

iI uled "hen eheeldns the contents of -rr or ebeckin& proCrM 

~-. 
5. 4 A li.t of the instruction set .~ a detailed breakdown of 

data nOlI' and the .tate of the address bus. data bus and control 

bul dud", the instruction encution . this is useful "hm 

debuaill& a 'Yllte. and al30 show. the precise .anJM!r in which 

the 1nstl'\letlonll \fOrie . 
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S .1 A Descriptioo ot the IDlStructioa Set 

I 

instruction 

OP. CODE 
1111 _ 

00101-
0011 1-

SiIlRT Umt.u. IlfstlUcnOIfS 

bit 
format 

MNE­
MONIC 

I 
I 

_6 1 6 5 , 3 2 1 
Op ",d. l'U'n! I LSS, LTS 

Dp code lu«n..t I , 

IN ST RUCTI ON CYCLES 

load &cc~tor with .nort literal 1 
100d S with "ort literal 1 
load T with abort litera.l I 

'flIe in&tf'\1Ction 1.'>S 100d. the 5 n!p.ster with the thne bit liter.! whlch 
appears in the lnatnICtion. The cQfltent. of the &cc-a.tor ani III:la1lected . 
The iDatnaction 1.1'S lot.da the T repster tn. clMilar haMon . !hue 
two inttrw:tion. are IISed to Ht u.p • start addre.s before addreniD& the 
L.P. Icratcbp.d indinc:tly. 

The inlItruction lAS load. the acc"-llator with • (Ollt' bit short literal 
(bitl ,,....). The _at aipifica.nt bit. 5-8 Ire tilled with :tUU , ThiJ 
i, IIseful tor introduc1n& Lln&l. a.c.o. nu.bera or any o~r • bit, ot 
data into the II)'lt_ in IS 1Iin,l. cycle . 
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I 
1 6 S 3 2 1 

instruction format op code I 

OP CODE MNE­
MONIC I NSTRUCTION CYC LE S 

ltore a~tor in rep.ter T I 
..., 0010 

0000 0011 '" SS< ltore ac~tor in replters 8 and T 1 

The replters SandT (Uled indirectly for Icceni", the !WI replterl) 

can be laded by the thort: literal inltniCtiool LSS and loTS or fro. 

the accu.U.tor ulin& the inltnlCtiool SAT and SST . Wheo the nJ.ue 

required in the T rec1lter 11 a.rrind at by COIIputatiOO (it 11 not 

Jma..n until the pro&J"UI 11 nlII and thul ca.mot be held a. a mOr1: 

literal) it can be loaded ulinc the SAT inltructioo . 

The S rechter can be loaded at the ,... tlae by \lsi", the SST inll tnlctionl . 

An uaap!e of the Wle of the SST inltniCtiOO aipt be when the IWI rep.tera 

are beifl& ulIe<1 al a Iook\lp table htorU\c I lht of nluu) . It the SandT 

rep-Iter. are I_ded with data reCeil'ed fro. &.II input the nluel read. fro. 

IWI repltel' by indirect accen will be a t'unction of the input siCNl 

(i , e . a converlioD fro. ASCII to "another code. ) 
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Lr:=~._·_-_-_-__ · __________ ~W~~~U~nRU==~IH~~:=U=ONo=O~HSO-________________ ~. - I 

bit .s 7 & S 4 3 2 1 

instruction formal I op-<:o<!. =:J 
literal <b.ia ! 

D~ CODE MNE- INSTRUCTION CYCLES 
MONIC ---" 

0000 0100 LU. load accUlaUlator with loq literu ; 
0000 0101 ALL ' AID ' L:m.& literal wi th .~tor 2 
0000 HOO roL ' EIClBIEII.:D1J; long literal wi til 

acc...uator 2 
0000 1101 ""'- 'OR ' lona; literal with .cc~tor 2 
0000 1110 '" binary add, loll,l liter al to 

."c.-.ator 2 
0000 1111 "" co.pare 10ni literal with 

.ccWllUl&tor 2 

These ili inat ruct-ions fetch a 101l,l (8 bit) 'liten! fro. the next vord of 
pros:ra- _ry and perton. arlthMtic (add, load, co.pa.re) or logical operatiolUl 
(AlID, EXCLUSIVE OR, OR) with the literal on the contents of the ac~tor. 
The logical opentions _,- be used. to IWIipuhte or uamne indirichlal bits 
of & vord for u.uple, to test wether bit 5 of a vord i n the acc.....Iator 
11 set the followin& instructions could be used. 

A u./IO 

JNZ SET 

(/10 il the literal <b.ta in hexadeci-.l. 
i . e . 00010000) 

The ALL instruction will perfonl & logic.! AI(Jl of the literal with the 
accUllUlator effecti.,ely lettiq all the bitl EXcept bit five to :..,ro , 
If bit fhe Wa$ IKt b.,fore the ALL instruction the JNZ OUlllP if non- :.ero) 
instruction will be satisfied. and the prouu vill juap to the lsbel let . 
lf however, bit fin '41 clear before the test. the accUllulAt or vould be 
zero at the IN'Z instructi.on . Thul the juap condition would not be satisfied 
and the progra. would continue at the next instruction. 



The CH.pare illstI'leticm O!P il Uled to telt the n.lue of a Tariable ( a 
eO\lllter or an arithlletie rerult) ,-,"lilt an eipt bit literal. The eontents 
of the aee...u.ator and. the li tera1 are added to&ether in the Art thIIetie and. 
Lopeal Unit and. the .tatua fu,cs (CAItIT, l'051fIYE,ZtltO) eet or el.eued 
aecord.in& to the reault. !he contentl of the .~tor I ;n unc:lwl&ed . 
POl' ""lIple the telt for the clla.raeter carria,ce retum (ASCll Tallie 13) in 
a teletype input routine the eode below eould be used (with the dLaraeter 
in the aeelllU4tor) 

""eR 

Bec:auae the ea.pa.re inltNCtioa llsel the acIdJ.tLoa faeUity of the A. L. U. 
the tvo ' a eOllpl.uent of the dLaracter La Inlerted. in the literal . Thua 
for the charader caITiI,e return (0000 1101) the literal "ollld be 
11110011. Adding carrie,e return to the literal p : .. n :_ 

0000 1101 

• 
c&rry acc1.lalla.tot' 

Thill the rellilt La U.l'O . 

To d_natnee usin& the cOllpU'e inltI'letion to teat the realilt of an 
uithlletic opentioa the folloviD& inltJ'll<;tioal telt if the c;ontents of 
the aec...u.atot' lie between zero and nine. 

JIP or 
JKP IlUIOR mabel" lell than I'ero 

OK, 
"" -9 JIP fDOIt 

!he eOllpAre 
-9 and eeta 
than nine . 
condition . 

n..be.r uu. tel' t:ban nine 

iAstl"lletion addl the eentre of the aeeu.al&tor and the Uteral 
the politi1'e !la, if the aee...u.ator eontained a n.tJer Jl"llter 
Thus the JIP JIJUtOR instI'letion vill deteet the erroneous 



bIt 

instructIOn format 

OP CODE MNE-
MONIC 

0000 1000 lA, 
0000 1001 lA, 
0000 1010 IAl 

0000 1011 lA, 

0001 1000 '" 
0001 1001 '" 0001 1010 SAl 

0001 101 J '" 

_ 54 _ 

s 7 6 5 , J 2 1 

op code 

INSTRUCTION 

load &C~tor frata rep-ster 'I 

load Ilcc...u.ator fro. "pster Ii 

load ,.cc~ tor fro. reghter I 

load aca.llator (NIl re&ist.er r 

.tore .ce~tor in rep-ster V 

_tore .c~t.or i.n rep ... ter Ii 

atore .cc.....u.tor in reght.er I 

store acc.w...tor in repster Y 

I 

CYCLES 

I 

I 

I 

I 

I 

I 

I 

I 

'MIl! four reght.era V,Ii,I,Y cannot be .tuned directly by the W or SAlt 

Inatruction. bec.\lle the op cod ... ror tAR or SAlt On ",,"stera 12, I J, 14 

and 15 are &i:ren apeeial 8e&IU.", by the processor. Th"1 eiFt .pecial 

lnatructiOllI are let aaide tor I_dine aDd readinc these replters. 'MIe 

actiOQ of the instructi0ll5 is ldenUe&]. to the action of the W ;md SAR 

inltnlction.. 'nIe rep. ten X and Y haTe .. ~cW.&r ncnitieance u 

.:)dul., addreninc replters. See ADIItESS OONTROL HIS"'WcnO)r;S (pA,gfI 57). 



_ 55 _ 

, 

bit _B 7 6 5 3 2 1 

Instruction format LI __ .~t_'_"_' ___ I-. __ "~""':..._'_' _--,1 

O~ CODE MNE- INSTRUCTION CYCL ES MONIC 

1000- WI load accwmator froa rep..ter 1 
1001 _ SAR ltore accwall.ator in re&i.ter 1 

1010 - ll.Ul binary add replter to /lcc..w.a.tor 1 
1101 _ DEC Dee.re.ent re&iater by one 1 
1110 _ AD! BCD .dd accu.ulator to re&ilter 2 
1011 _ AND Lop er.l. ' AlIJ)' re&ister with acc~tor 1 
1100_ ... 'lxduai1'1! OR' l"f.plter with .~tor 1 

!be abo1'e imltnlctiOlU al"f. u8ed to .anlp.olate the contentl ot the 

ac~tor and the n.a replter •• Tbey bUe" four bit ua-ent (~IS) . 

Rep.ter access is dire<;t it the arC-t lies between 0 &nd. J 1 but indirect 

tor u~t. 12. IJ and 14 . !be action iI 1ndetined for ar~t 15. 

The Decreant inltruction (DEC) 1. used to -.1.ntain a c01,lllter or pointer 

uaill,l a l"f.&i.ster. For ex&IIpll! a loop wtdch .at be entered 7 Uau;_ 

l.OO' 

l.U 6 

SAl! "" 

'''' ... lIP UXlP 

Dec1a1 addition 11 /lccollpl1lbed u&iJl& the a::D add instruction.Y:ll. ru. 

tvo cycle in.trw:tioa addl the c:onteat. ot the acc:\-..l.ator to the rep.ter 

durin& the tirst cycle and perfo .... a BCD c:orrectioa durlnc the HC:OIld cycle . 

The deca.l C&l'l')' 11 set or c:l_red by the result ot the addition and is 

uled by the next dec:1-.J. addition. The conteats of the accuaaalator ..... d 

rep.ter al"f. treated loa two four bit binary coded deci-.l d.1Pt, . 
Urlnc indire<;t auto :D:relleDt (or auto decre.eDt) re&ilter aeee .. ,two 

sixteen d.1,.Lt decl..u.l. n_berl can be added together. Repeated addition 

I 

a.nd 8h.1ttin.& can che .w.tiplleat.l.OIl . The lo.,pcal operations ot AND uxlExcluain 

OR II.l"e prodded to enable bit -.n1p.olation ot the content. of the replten. 



- " -

b " ,2.'-27~!'_-=5--,-.:'~..:3,--..!2,--'--, 
Ins1ru ct ion formil.t ll ______ '.'_" _d, _______ JI 

OP. CODE '" HE- INSTRUCT r ON CYCLES HON IC-

0001 1100 .... Shift &~tor 1 bit lett " llOOl 1101 .,. Shitt aca.ul.ator 1 bit ript 1 
0001 1110 .... Shift acc-ator .. bit, lett 1 
llOOl 1111 .... Shift .cc...uator .. bib ript 1 

!bele iII.,tl'\lCtion, are ael..t 41 ft· n. They are \1m to -..dpulate the 

bitl of • word, to ault1ply or dirlde & two dipt deciJrr&l. nu.ber by tan 

(LSN aDd KSJI') . Ibe d.n&l. bit .bitt in,tnlctioa, LS.\..aod....1Sol llet aDd 

clear the carry tla. respfll;lt!nlJ. 

I 



bit 

instruction formilt 

OP. CO DE MNE-
MONIC 

0001 0010 '" 0001 0011 szy 

0001 011 0 ,., 
0001 0111 SQ' 

- '5'7 -

• 7 6 5 , 
op code . ' 

INSTRUCTION 

'<ON accu.ulator in Z 

'<ON accu.ulator !AZ 

Store acc_ulator "', 
'<on acc-w.ator "', 

3 2 I 

on .od.ule 

on IIOdull5 

on IIOdule 

on .od.ule 

• • , 
, , 

CYCLES 

, , , , 
"0 increue the addrelllin& capabil.1tiel ot the procenor tvo ot the 

interDll. RAM' relbters I and Yare desi&nated ADp;u:s5 CCl;~o:. iunlS','ms 

',he Y ~&ister contentt deCiDe the prop-IIA area, wbllr~s_.~ X ~Ii.ter 

deriDes the data area, The rour adm .. control inst~tions store an 

ele'n~n bit addreu (ton.ed rro. bitt 1-3 or the appropriate relister 

aDd the ei&ht bits or the acc\aUl.ator) in the Q or Z relhter or the 

lIOdule addressed by I or Y reliner. Tb.u.s to store data in a location, 

the I "lister .u.st be loaded to pgint to the lIOdule or the location: 

,1115 addren ot the location within the IIOdul .... st then be loaded into 

the accu.ulator. Execution of an BU instruction vill load the z: 
recuter with the location addren. The data can then be stored (or 

!etched) u.sin& a nATA tRANSFIiR instruetion SO (or LII); SiAilarly, 

the Q l'eliner can be loaded udq an SQI to prorlde a start address or 

a routine in another pro&ru area. The instructiOns SAI, SQI and SAY 

are llIed to produce. chan.&e or prop-a.. area as d_lUItrated in . the 

exuples . 



-,.-
!U!pl •• 

S%I ut 111(1 iatra.-.h>l. Udre" 

LII htch uta 

HOM" u the _til • ...bel' .t m. locatio. aDd ADIIo\TA u the addre" of 

th. location w1thi11 the _'Ill •. 

storinl; au. in a .o4Ial.. 

LoU. HOD.4.T.4. 

,'" 
LoU. ADnATA 

,n 

SIX 

ctylQ,'", proar- ana 

W. "" .... 
SAl 

w. 

"" t-U 

SAY 

SAT 

ST&JIT11Idl 

ebU&' PI ....... to new ana 

'ftr.e S,", inltNetioA oMat;aJ the pro.,.- nw to the DeW area. bllt .iDee 

the inltJ1lCUoa U\K:IlUOO aM. t.teIl .,.. o ..... lapped. it bat to be folloved 

by • d..,. inltr'llCtioo which v:I.ll not athct the operation ot the c:h.I..D&eo .... l'. 

ADothel' SAT inltr'llCtion iA .. cood chok. ot 4..,. iAltnocuon. 



I 

.i< 
iDIItnu;:tion fOlWat 

0I.001I!: --1IllllC 

0000 0110 LII 

0000 0111 LIT 

0000 0010 ,n 
0000 0110 LllI 

0000 0010 'Ill 
!be inltruetions Ul, 

- 59-

, 7 , , • 3 , 1 

op code 

IHSnlUCTIOM 

Load r.cQ-j1.tar with (%> • .adule I. • 
Load .cc~tor with (Z), .odule Y • 
Store acctallatOl" in (Z), .oduJ.e .l 3 
l.o.d aca.al.ator (roc. peripheral, .odul.e .l • 
Store "", •• htor it! peripberal, pule I. 3 

LIT azd SII are uaed to fetch aDd nore data iD I 

.odlIl.. iadireetl,y rla the Z replter of that .odul.e. The lUIe .wt be 

,....eeeded by aD sa or S%I iDIItnICtiCG .. ducribed i.a the erwplea for the 

AO_" OOIlJR)L IHSnlucrIOHS. It 11 pouibl.e to It on iB and 1* 

trc. the data area (1 rep..ter • sa and. LIt) but onl,r pollible to load (re. 

tile JU"OV- area (Y - "pnor - I,.IJ). Thia 11 because the proV- area 
is 1III1.I&lly Rem Only w-:.I"J. 

rbe irultnlctiollll LIlt and. SDII are \lied to fetch am Itore data frca I/O 

peripberal dent ... , Tbe puticul.N I/O 1KIduJ.e 11 apeeUhd by the lower 

6 bita or the X re&ilter, The \1.1111 at the LDI and SIll iutruCtiOIlll _t be 

,....eceeded by aD SAl ia8tnICtiaa. to Ht up the nqv.ired .,.!I..le ~ •• • 

I 



I 

instruction 

O~ COOE 

0100 0"* --
0100 . ---
0 10 1 0"'** ----, 
0110 ()IH+ --
0110 1---
011 1 ()IH+ --

bit 

format 

MNE­
MONIC 

1" 

lIZ 

1HZ 

JIP 

JRS 

JOS 

10< 

-60-

JUMP lHSTRUCT!OHS 

I 
I 

_6 7 6 5 , 3 2 1 

Op code &rgtaen~ 

ar ru-ent 
, , 

INSTRUCTION 

Unconditional j llllp 

J"'P when reault il uro 

JIIIIP when rel~lt i s non-:ero 

lllllp when result h poaiti." 

J1.IIIP if re,ilter S il not eqUill 

to leVeli 

Ju.p if ca.rry let 

I 
I 

CYCLES 

3 

The destJ.IIoIUon .dd,... .. of Uie J..., i natrucuoo il ,enerated fro- Ule Qlree 

bit a r&...ent in tile actual inatructiom and the eiebt bit .r~nt in the 

nut word. nu., ,Mentel an eleyen bit addreu which aUoli. a l'allll! fo r 

the juap inatMlcUon of 21:. 

The conditional J-.p iaatrw:tiGnI JIZ, JHZ, JIP, J RS, J CS and JCH test the 

,tatu, n.,.. If the appropriate condition 1. IIIIU,tied the Pruln.- behal'e5 

U if an uncondiUonlll j .... p JMP had been encountered. I f the condition is 

oot ""u.tied t he prop-a.. continues vitti the neJ[t .eq~ntial i nltruc;tion . 

The liD(:onditional ju.p inltrucUcm takea 3 eTclea, the fint to (eten and 

decode the inatn><;Uon, the lecond to fetch dle DeJltVl,!N froM _IT and 

tile thl .... tD load the pro,.. cou.nter rlth the ne" addnu. An u.n l uccesafu] 

eonditlon.t.l ju.p Sou t.hroucJt the Urst tVl,! cye.1u but does not load the 

proua- co .... ter. Thu. the tiM taken fo r .. conditi ollill j..-p h duc ri bed 

u 3/2 _cl-.ine cye.1u . 



instruction 

OF: CODE 

0010 OH* 

0011 0*** 

bit 

form.! 

MNE­
MONIC 

"" 

I 

_ 61_ 

• 7 • 5 , J , 

op code 
, , 

INSTRucrrON 

:Load accWlulator fl"Oa .oduh 

Store accu.ulator in .odule 

IIOd\lle - (- +56: ) 

I 

CYCLES 

2 , 
Input or output to a peripberal 1& a lencthy t:lAe--colllllainc process 

vnen the <,]:,11 or sr. instJ'\ICtions are lUed. 70 increue the speed of 

input/output the <.AM and SA)( i.n.stnlCtion.s an PJ"IiIrlded. .'ben han 

a three bit ar&IafIDt (0-7) allowiDc d,ht _d\llu to b!..~.!'~ected. 

Since .od\llu 0-7 in a syste. will usually be itG! an offset of 5~ i, 

added to the ar&\lllent to lIOYe tbe directly addressed ric 's up to 

56-63. 

A co.polrisoD of the 1,1,", of srK and SAH instruc::tiOIlll to put the data 

held in repster am onto peripheral 57. 

LAL 57 LAR Rm 

s.u set up .od\lle 
addreu 

"" I 
send data 

'!'be indirect addreuirll code needs 5 wro. ot _ry and takes 7 cycles 

to execute vnereas the directly accessed ",.. tea needs :z wrds I.1)d takes 

4 cycles. 

I 



I 

instruction 

OP. CODE 

0111 I .... --0000 0000 

SUBROUTINE INSTRUCTIONS 

bit 
format 

MNE­
MONIC 

oos 

'" 

I -
I 

B 7 6 5 4 3 2 1 
0, "d. 1-

~ ..... , I , 

arg~nt I , 

I NSTR UCTION 

Go to subroutine (pu:lh stack) 

Return fro. ~broutine (pull .tac~) 

CYCLES 

3 

2 

The ' Go to subroutine' inltructioD 005 ,eneratel an eleTen bil: addreu in 

the _ -.nr>e.r al the j _p instn>etioDI. Howenr , instead of t.!:i. addren 

oTenTit.i.n& (he contents of the pro&J'UI counter ~e old. add'un h NTed 

in ~tner rep Iter (puSIled onto the ltack) and tnen the new addrelll 13 

loaded in~ toe progru counter . tip to three old add«uea can be &lTed 

on tne stack befor e oTerfloll , Return fro. subroutine c:.au.", tne last 

addres. · stacked to be ·popped~ fro. toe staclc and l oaded into tne prop"'_ 

counter . I n this va,. • piece of tilde can be entered by & jl.lllp-like 

instnlction fro. an:r.vbere in the progra. with lone added adnntage of" bein& 

able to r eturn to the edt point in tole Min prognuo . 

I 
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,., 1«)'ItS ON DlSTRtICTION SET 

"",. I Condition of Sta~s Flq. with Conditillnu jlDlP fnstructions 

D.irl.nc a ...utic1cle in.~tion the contents of the acc:uaul.ator are 

paned ~h thO! Ariu.etic and Lo&lc Unit (AllI), and 11&1 be operated 

II,fOO., dependinf; on the inltruction . 

Ollt of thO! AU! the positive anll ~ero f1.qs are set accord.i.n& to the data. 

The carry f1.q it aot affected. 'rhus in the first cycle of a conditional 

jlDlP instruction the positive and ~ero f1.&&. -1 chance fro. their ltate 

at the belinnin, ot the instruction. It the flal' were set b1 a non-

ICC1.laUl.ator instruction (a re&l.ter inltnlCtiOll) their nlues -1 be 

corrupted du.r1n& the first cycle ot the next instruction . Thi. b 

pt.rticu.larly iaport&nt with consecutive conditiona.l j_pa . 

For euaple, 

lEe REGI 

JIZ "'" 

JIP pa; 

decrellMt re&l.ter Olle 

jap it zero to ZERO 

j",.p if po.itive to PQS 

The positive llIld uro status t1.&&s .re ... t by the IEC instruction llIld 

telted b1 the JIZ inltructiOO . If the test i. u.nsu.cce •• tu,l (i.e . resu.lt 

18 aot oz.ero) control pal .... to the JIP inltruction llIld IlI1less the c:ontentl 

of the aec:uaul.ator are eu,c:tl,. t!Ie_ 1lI the data whic:h set the fla&. 

(Le . contmU or re&l.ter one), tIN! positive llIld :r:ero f1.q1 "ill be 

corru.pted b1 the J1% inltruction . 

Wlexpected result. 

'l'lws the JIP instruc:tion 11&1 sive an 

'Ihe safe co.binations or j",.pa are sholm b1 f.II l.lteri~ in tIN! 
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"II5T ll6T111JCTION 

" 
JCS 

i 
CN 

JIZ I I I I HZ UnNfe 

" JII> I I I I - • Safe 
~ J., • • • • 
8 • JOJ • • • • • CN 

Table Co.binations of conditional )u.ps ... (IOsitbe and n", flacs sre dynaaic vherNS the carry 'lac it .. tU~ 

flop only altered under spedal cmditioftl (osee Hate 2) . The)15 

inltnllCtlm (J-r ifre .... tcz .. S it DOt equal to Hl'en) tetU a l.o&iea.l 

AND of the biu of re.llter 1C1'en and is thus unaffected by data 011 the 

data linet (unleu S it heine c!wt&ed). 

Note 2 Setting the Carry Flaa 

The Carry "lac is a BCD earry rla& and it affected by (our instNCtiOGI 

only. '!be tnStnlCtiOOI are BCD add (AIII.), c~ (OO}, sin&lc bit left 

shift accuallator LSA and sln&le bit rf«ht lhift aecu-.ol.ator RSA. Left and 

ri&ht shift inatructiOI1I, respectil'ely, let and dear the earry flac. AIR 

and CKP Ict the f1&& accordin, to the relJ\llt of their operation . 
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.,,, 3 The Halt Instruction HLT 

Tbe Halt instruction 18 a sial.l.ator irletNCtion only and 18 not iapleaented 

in the processor. It te~tn a si.ulation of a pl'O«r .. , causina the 

5i.ulator to priDt out the contents of the 48 pl'Ocnsor reeisters . 1be 

effect of the lILT instruction op-code in the processor is Ilftdefined and 

the instruction lbould not be used (llee note 4) • 

.,,, . Ho Operat ion Instruction NOP 

Three .are instruction op-codes pro<il.lCe undefined rnulu in the processor 

and should not be ulled . lbe,. haTe been eiven the _e.onic NOP, although 

the Asae.bl er does not reeoenhe it. In the 5t.Uator a NOP instruction 

is sldpped . 

.,,, S Re&ist er Addre ninA 

11le relister instructions contain I four-bit code which identifin the relister 

to be accessed . Now four bits can uniquely address onl,. 16 resisters and lIO 

a apedal convention 18 auu.ed by the proceuor . 'IVo three bit re«isters 

5 and T point to the row and plane respectively of the array of 48 repsters 

to identify one particular re,ht er . 5 can take values in the rllll,le 0-7 

(8 rows) Ieavine T with le,al values O-S (6 planes) , 5 can be inerelieDted, 

decrellented and loaded, 1 can only be loaded . 

When the procclsor finds a relilter instruction which atte.pt. to acce.s 

repster 12 it as!u.eS indirect resister .ode and accenu the re,hter 

pointed to by S and T. Re&ister 5 is autooecrellented after the indirect sccus, 

when a direct acceu of "abur I J i. Ute.pted and autoincrelMtnted after the 

indirect access wben a direct access of resister 14 18 attetlpted. The table 

below illustrates these points , · Hote that a di.n!ct aeeess to resister 15 is 

undefined . 

Ke,hter "Directly Accessed" Repster Actually Accened 
o _ 11 o _ II 

" "lister pointed ~ by 51 
13 rer;ister pointed ~ by ST. , d.,cre.ented . '. repster pointed to by ST. , inere.ented . 

" """'" Undefined . 
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""EO Loa!lintj Re&iaten SandT 

Re&iaterl SandT e&D be loaded with 3 bit short literals by the i.nstNCtiOU 

LSS IlDd L'IS . Bin 1-3 of the iDatNCtioa words an loadll!d into the .ppropri.te 

re&itter . 'ftIe iD.truction SAT w111 store the &Ca.Jlator bits 1-3 ill re&itter 

f but the :l.nstructiOll SST will ltore ac ... -,lator bitl 4..6 in resister f and 

biU 1-3 in re&ilter S . Thl. poiJIt _st be v.tclled w..D loadin& T fro. the 

ac.-.-lator . 

nte in,tNCtioa SAT e&D be "$ed to -,...itch- the indirect rep.lJter .ceeu fro. 

plane to plane . A whole row of rep._ten e&D be accu$ed by cha.n&ln& T. 

\'hf,n u$ed with ."to1ncreM'nt or ."todecreM'nt indirect aeeellln&. whole planet 

of relilten can be ..,upulated with arelt ease . 
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Subroutine ltack 
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MEAHINC at Sna!Ol.S USED IN mE IErOOTIQfIS 

"nUl .,.t:d..eanl that the content. of the rep.ter/ 

llCa..I.lator 011. the left-hand dde hec_. equal to the 

Tal.ue of tbe ~ .. igft on the r4h~d .ide • 

Mean. tbe cOII.tents of the l'Olp.ter,n.e..ry loe&uan 

po1a.ted to by PTR. .utllAY is the _ ot tbe _1'7 or 

Vbm ARRAY is & "ciner fUI8e ,TIl; will 

be • Ilit _ber or & bit rtn&e. in which case, the 

.,..bol will .un the content. of the appropriate biu . 

!bu. RAM (.ddJj is the IW( repner (in tbe prow .. or) 

pointed to by addr . Vbere .ddr is calculated .ccor din& 

to the tonaUa.:_ 

it the U"~nt (biu 1-4) or the instruction Ue in the 

"&nI' 0-11 then .ddr equal. the arcw-ent (i.e. direct 

re,i,ter .cce •• ). 

if the .... su-nt 11 12 the .ceen is indirect and .ddr 

is ,hen by the content. of rep..ten T and S . 

1r the .... .-nt is 13 the &ecen is ",,&in. indirect .,1& 

S ud T, but S 11 decruaed by 0Ile &fter the &eee .. . 

11' tbe ar~nt is 14 the aceen is 1ru!.irect 1'1. S and 

T. IUld S 11 iDc..-nted after the aeceu . 

IDdic&tea that the Wi) .cUritie! on either .tile of the 

M'aicolon occur .ia!.ltaneoully. libel an acti'l'ity 11 the 

_ of •• tatu. fl.., this •• uu t.b&t the fh& is Nt by 

the cOIItenta of the data linn durin& thil .. chine cycle , 

i.e. A=""" ; U4; uS ... 'UI that ttu. ac~tqr eontentl 

Al"8 cycled around the data linu and U4 (firlt BCD carry) 

and uS (ecand BCD garry) are set accordin& to the 

.. cc ...... lator oontentl. 

",., actbitr fol.J.ovin& the colan 11 dependent upon the 

ltatul flq befol"tl the colan. If the tlac is ... t the 

aethitr 11 perfor.ed . 



- ,,-

¥hen an instructlon 11 fetehed fn. ROM K.ory the Q re&iater 

(pro&raa counter) poinu to the word. to be accessed. """ 
re&bter is 'the top re,ister of the sUCk in .. 21( paae. lbe 

pIlGer" e_ter h the Q rep-liter iD the pat;e conu.:i.nJ..na; the 

It is incre.:n.ted after e&cll fet.(:h . 

and, ,l.ailtaneOlld,., tnto the c\.at& butter P. 

accessed ~ .. dat& litem "'It be ....,..nd fro:. tbe instruction 

word. . rurin& a ju.p instruction 

it fetched. (usinc the Q re,irt.er) 

the wecond von:! of the i.utruction 

into the P resister . 1be 

co.plete addre .. h •• -.bled froll pu't of the instruction (in the 

instructlon. recilter 8) and the conteDts of the P re,hter . 

'lhu. the P re,ister perlo ... " tllO fu.nctiOllJ- allovin& the aritlwatic 

and lo&ic \II11t to ,eee .. part of the instruction word, IIlId pl'Ol'idi", 

.. wfrer for "ord. fetched fro. the ROM to be put on t o the &ddren 

linu . 

A st..U..ar tedmiql.le of prortdin& an iM.«e of a re&ister, to be 

acce .. ed by other parU of the proc"",sor circuits. 11 used with the 

Y re&iller in ttl function .... .odule addreuin,r; re&ister . A 

three bit I"(!,ister n:Jt is lnded with an ~e of biU 4, ~ &ll.d 6 

of t.he r rtp.ter. Tbe contents of the YER re,iater are then 

put ont.o the addre .. hi. linea .1.l1li61, ,4,[1151 and A.D84l ~n • 

"'e nJI; re,hter is used in preference 

to the T reabter bec:aUH of the increased speed of &ccelliq. 

'!1le syabol I'D it uMd to repI"eaent the 2~ pqe of ROM Kl.ected by 

the .ooule addre .. contained ill the n:R re,illlter . 

exp~ .. ionl 

.,...,.[0) 
P,ooMDI[Q] Q:~1 

n,,,, "'" 

llean that an instruction voni if retched (usin& the Q re,bter) fl'Oll 

the CIIrrently selected pro,r .. ROM p;l&e and loaded into the instruction 

""tster and the data buffer re,ister . 

re,;ater) il then i.nc .... llented . 

'Mle proar .. cOWlter (Q 

Tva statlc fht;1 U4 and uS are used to indlcate four and elght bit 

ItCO carrin. Our1n& I 8CO add instruction the f~s arc set or 

cleared, .. approprLau, in the rirst cycle of the instructlon . 

,,",I 
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fhl7 are u..d durtQa the •• cond ~l. ot the ia.tructioft8 to 
prvt'iu BCD COrrfftiOG . 

!'h. cOIItrol d~ ClO,CDt., CQ:Ii and au. an hdd OIl the to.r 

cODtrol bwo U..... . CIO coatrola iaJlllt/oatpllt, CDl ie the okta 

or _ddr ... ~trol al,aal . OQZ epeeitt •• whetb.r tb. Q r.s{atar 

or tb. Z r.,hhr 1. ued. durllll • lIOII ace ... aDd CR.I. coat rob 

tb • .,,,_t or tba .tacll:. 
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4 . 10 Instruetion Set Hne-ooiel 

OIapter rive 

The Crol. A,~bler 

S. l ()eneral. Delleription or the Crosi-Asse.tller 

5. 2 tni tial DialoCUe 

S. J Ult1n&1 and Error Mr!1aa&eI 
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o-puter. (larae, ~ ADd aicro-) OOI18i.st buJ.c::ally, of a 

processor, --1'7 and _'I' input/output dni.ce.. The procenor 

executes instruc::tlou ot a procr .. vh.ich are in sequence in __ 1'7. 

The in.tnoct.1.ons are a fixed lay;tb .trin& (a vord) of bits ADd CUI 

b. rquded .. just a collection of piLr&llel inputs to 10 co.plex 

loeic netvork, vh.ic::h is the proce,sor . 

tetched f..- __ ..,. by the proce .. or (the ust act a processor 

pertOrll' when executinc an in'tnlct.1.on is to fetch the Dext) . 

The _.orr i.s a list of vord. each one of which CUI be indirldually 

acce.,ed by 'peci(7inc it. addre •• • Tbe addreu i.s held in the 

procru coWlter vh.ich is iocr _ented i1fter ea.c::h instruction fetch. 

The proceuor CUI fetch (\a.ta f..- Ilfld store dilta in i1ny l OCl. tion 

ot the __ .-y. It CUI a.lso clIiInse the progru counter, affectbely 

ft J-p!ns. about the Pl"OIr .. by fetc::b.iIJ& the next instruction f..­

the newl,....a.cldreued. location. 

/ ••• 2 



txaaple 1.1 

Addrelll 
,Instruction 
lIn_nic 

"00 ... 
0101 JHI' 

0102 6 

0103 " 

>0' 

'" 

109 

lDads the contentlll of 
l<;><;&tion 102 _ 6 

Juaps o'O'er location 102 
to 103 

Store!! 6 ill location 109 

TIIa aboTe procr .. , in a a;L.p!e fictitious lan&~e. lo.ads the contents 

of ane location into a rc&ister and then storc~ th .. in another 

location. It the WIer deeided that he should subtract, tay 5 frooo 

the data befare storin& it in the second location the pro,rall would 

bl!(:OIIel-

Addren 
IIIltruetion 
Kn_nic 

"00 IJI 

0101 "" 
0102 J'" 

0103 6 

"04 
, 

0105 " 

Mdreu or 
Opu&»d 

>0, 
104 

10, 

, 

Subtact 5 

Juap OTar data 

Data to be subtracted 

Store in location? 

beq addreu after the !.Merted inStnlCtiDlH IIWlt be chanced and 

sc.e addreues before IIWlt be ehalt&ed to allov the prot;r .. to Uf!Cute 

.. reqllired. Mote that data and inStnKtioM can both be ltored in 

the NAe lI_lT. tha JMP inlty,K:tion in the aboTe pro,r" ill reqllired 

so that the Mta ill location 103 (i.e. 6) is not fetched by the 

processor and interpreted ill an instruction. In ,Meral the data 

lUld pro,r" as physically leparated in leparate part!! of _MOry or 

,,'tOid -i.xin«. this IMerally tend. to lIIlke software IIOre reliable. 



1.1 Justification of An Asse.blf Lan«u~e 

The ALPS processor re.pornb to, and execut u, instructions which 

are stored 111 I. _lIOry as a strine (a word) of binary 0 ' , and 1',. 

While these strill&s han -aDin.I to the procel8or they are confu.ine 

for the user and so.: fon. of .,..bolic represen.tation (Mne.onic) is 

roeqlliroed. 

and l' s) for instruction .:le.oo.ics, whic h are short _aningful strings 

of cWa.cters . 

nature of the instruction and can write fairly readable pro&ra..s using 

To obtain the O's ud l' s that the procusor needs, the user 

can convert each .ne.oo.ic of hil pro,ra. by conlultill& I table , to 

the a ppropriate aachine code - I laboriOUI procedure - or he can use 

I cOIlput e r pro«ru, the aueabler, to convert tho for hia. 

At tbil st&le the Uler provu consistl of .. e.:lnics and nlD.bers, 

which aroe connrted by the au_bler to .achine code instructions and 

data • Consider the litultion of a uler with a pro«ru consiltine of 

.. e.anici and maben, who willlel to insert SOlIe .:lroe inltn>Ct10ns in 

the aiddle of hil proCra. . If the IlUIIben are ad<ireuel (saf 

destinations of jlD.P inl tnoctiOns) the enti .... procr- _y have to be 

Itodif'ied to account for the chan,te of addresses uuaed by the 

introduction of new instructions. See euaple 1.1. 

'lbil 11 obTioUily a nry tt.e-conllllain& procedll.J"e fnll&ht with 

possible errors and to lidutep it we let the I.ueabler check the 

Iddrenes for U I . lDstead of usin& absolute IddrellU we use 

"..bol s , which can be _an.i.n&ful _s that the aua-bler can recopile 

and ISSign vlluel to • 'Ibis, &I well &I reducing errors and siApllfyin,t; 

.odificatiODs, .. .kes the pro,.. ... .ore readable IS shown in eXilllple 1 . 2. 

1be sJ'llbols can have valu .. alligned to the. by the IUeJlbler 1.1 in 

STQCI( and ~D, or they can bave their vahiu .. signed by the user 1n 

a Itat nent of the fo"" shown in ~ple J . J . 

I.1I1gned/ 

Thul eoostants can be 



Enaple , . 2 

A6dreSi IDlJtnlCtion _of 
"''''"'& ..... 1 ~nic: ... , .... 

'"" LO Sroa< Loads S'l'OCl" .. 6 

0101 JIll' ''''" J-PS OTer <!.ata 

OIOZ STOCI 6 .. u 

0103 OVER ST SP .... 

and the .adified pro,r .. 

Addrus lI'IltruCtiOll _of M,,,,",& 
Lo"1 MIt_ic ... , ... 

,,00 L' SrocK Load StoCK 

0101 SUII R." Subtract ~D 

"02 JIll' ''''' 
0103 SrocK 6 .. '" 
0104 ~D 5 .. u 

0105 ST SPARI 

THREE OWALS 3 

LA.II-;t, I , U~UALS 6 



all1&;ned .,.bob without necuaarUy bei.o& ilctual labell. 

tbe aal9bler un be .. de to read. the label .,.bol. the 

In.tnx:tioa -.onic:, the oper&lld .,.bol Uld then !&nore enl"}'thilla: 

el.ae In the Input line . O~_~ou can then be in.erted after the 

operand .,.bOl to 1l.l.u.nrate the operatino of the proU" without 

afhct.in& the interpretation of the a._bier. 

A fUrther IdYilnta&e of IId.D. an lS~ler Uu in tbe cboice Dt 

_ber .yItN' Imlable. At uchine-code lenl the Dlaberl _,t be 

binary (Oi l Dr 1") but at aa-tllr ~e lenl we can 1I.e b1n.&ry. 

octal, ded.llal, b1n.&ry coded deciMl or buadecboll ",aU-I . The 

choice of defllllt n_ber "'.U- vill depend llpon. the word .:Ue~ 



SO\lt'(:e Proaraa Fo .... t 

2.1 Statnen.t Fo .... t 

2. 2 Label Field 

2. 3 Operator Field 

2.4 Operand Field 

2. S co..en.t Field 

2.6 Fo .... t Control 



IIfmOOOCTIOH 10 THE ALP9 Wt)(8LT LoUlCUA(Z 

Source prosr ... ,onu.t 

2. . 1 Stat_lit 'onu.t 

A ltateaent can cans1lt of up to four fleWs which are identUied by 

order of Ippurance and lpecul te~tin& chu'acters . 

fonu.t of a ALf9 as_bl,. ~e ,tat_nt 11:-

label: operator operand c~t 

"'e ,eneral 

The label and c_nt field, are opUonal. The operand field 11 

dependant upon the type of the operator. A Btat_nt Wit conta.in at 

leut an operator ami _Y IlODtaJ.n illY of tbe other type,. 

The aa_bler interpreu and proee'UI these state_nu one by one, 

&eOeratilla; one biJI.ary (-.chine-code) iottructioD .ad l~t_1 a data 

wnl . 

2 . 2 Label ,ield 

A label h , u!ler-<lefined .,..bol and il 1I.J.&ned , value by the 

'rhe "alue all~ed vUl be the addre" of the current 

l ocaUon, i.e . the addrell of the inltruction as in EuIIple 1.2, or 

will be obtained t,.,.,. the oper&lld field in the calle of a Uller­

'"tt;r.eDt u in £Jtuple 1.3 . 

A label 11 I l,..tlolic _ani of reierr1.nc to a !rpecific loc,dan vithin 

a pro,r.... If preso:'nt a label alwaYI OCcurl first 10 a ftat_nt and 

"It be te..m...ted by a colon. 'nIere C&ll be oo1y one hbel per line. 

"'e first su characters of , label Ire lisniCicant and can be 

preceded br anr nu.ber of lpacel . 

Tr&lUn,;! 



fr&1lJ.n« lpacel betwen the seventh label charact er and the colon an 

icnored . MY characten e:LCept colon can be used in a label but 

A 'YI!bol lliled .. a label cannot be redefined in • llser procraa. 

2. 3 Operator 'ield 

11Ie operator field follova tbe label field (if NlY) in a statment. 

leadiD& lpacel and tabs are icnored . n... operator consht. of up ~ 

.ilt characten, .ta~ine at the first nOD-space character after u. 
label field colon (or .tart of Une) and tel'1linated by a space . It 

be an instnH:tion .,CWlDic or an asse.bler directhe . lo'h"'n it 

inltnH:t1on _nic, it lpeel -in the instnICtion to be &,!nerated 

the action to be perfol'llCd on the operand wich followl (if &nY)· 

2.4 Operand Field 

Thla field is the last field used by the asse.bI e r and follow. the 

operator field, interven1nc IJaCCI beJ.n,s; ipored. It CNI be up to 

e1,:ht chart.cterJ ~ and it ter.tnated by a spilce , e:LCept .men tM 

operand i. &II Mell Itrine . S\X:h a Itrin& 1& enclolled in ain&le 

and ca.n. extend up to the end of the sUt..-nt~ . Tbe opel"Ud 

can be optiocaaUy followd by a c_nt, separated by ODe or .ore 

The operand is that part of the ltatnent that is ...upulated by u. 

operator field. Operands can t.aIte one of tbe fou-tn& forwa: -

(a) deeiMl n .... ber 

(b) bexadecJ..al n .... 'tIer 

(c) label (of up to rlx cM.ractera in Ienctb) 

(d) .. (cu~nt loc&tion) 

(e) .. + deciMl n_ber 

ef) .. + he:u.decwl n .... ber ! see Section 3.12 

(,J. I 
(h) • + lndirect re,ilter addrellin& - see Section 3. 9 

(i) • -

(j) , (c_ - null operator) - tee Section 2. <; 



2 . 5 co..tnt Field 

Thh field 11 option&! and .. ,. contain an,. MCn characters . It 11 

i,&:nored by the Aue.tJIer aDd can be uMd to dOCUMtlt the proCru. !be 

c_nt CaD be the onl;r field on the line or can follov the operand 

field. tf the firlt character on the line h a ru-ber liJD "" the 

entinl line il treated .. a c~t. tf the operand f!eld COlltainl a 

c_. the .. ..bler treat. thh .. a .llll.llopen.tor replaci.D& it orith 

• pacu. It then treatl all further characters ... ~nt • 

2.6 rorw.t Control 

IIorbontal forwatinc of the 1OUl'"Ce J)rOp-u 18 controlled by lpace or 

tab (which 11 traDll1terated to lpace) . These characters have no 

effect upon the alla~ly except when the,. ser?e II field dellaitin& 

characters. Vertical forw.tu,,; ill controlled by the forw-feed 

c.ha.racter . TIIO uae.bler directive. are prorided for vertical fo .... tirll; 

of the UH.tIly 111tin& 10Ihich 11 horit.ont&liy forw.ted and PlIed by the 

.. _bIer . 

See Appendix C for u .. ple. of 111Jtin&1I . 



Iru! .. 

] . 1 ~aeter Set 

3. 2 Separatinc and De~tins Characters 

3.3 Ille,al Character. 

3.4 Operator Charaetera 

J.s Pe.--nent S,.bola 

J.6 U.er nefl.Jled s,..oob 

3.7 Direct ",u!&-nt 

3.8 Re&!.ter Acce.lin& and Direct ASI~t 

3.9 Re,bter Addreul.na; Mod"" 

3. 11 The HuMer 51.teu 

3. 13 JUIIP lDltntetionl 

3.14 Aetiyitie' outaide of • 2~ Area 



3.1 C21araeur Set 

A subHt ot the ASCn ch&Tac:ter Ht (He AppeDdiJ: A) h UJOed in ~ 

Pf'OIru .tau.eDU IIlId iac:ludn:-

(a) the IIpper-caH alphabet A- Z 

(b) the di&it. 0-9 

(c) the toll.ovinc dluaeter.: 

C21.aracter -
Carri",e Return 

I Line 'eed 

Fon. Feed 

colon .. ..... , . ... 
• ~ 

'P'" 
ub 

/ olaoh 

• ... ter1lk 

• plu, 'ilP 

• at '!&n 

foraating character 

libel ten.i.n.a.tor 

c~nt field ori&inator 

I1IIll operand field indicator 

field te~tor 

field tenainator 

preeedel a he_deciaal con.taPt 

C\IfT'eIIt location counter 

ariu.eUc addition operator, or poll 

au.toiDcre.ent (ind.irect re,hter lIOde) 

aritJ.etic IlUbtraction opera~r, or POlt 

autodecre-.ent (iDdtrect relilter _de) 

indirect re,hter .ode 

.1n&la quote ASCII .trine de~terl 

period no preHnt f'IInctioo 

dollar'!&n no present fl,lDCtionlrt!Hrved for 



3.z Separatln5 and Delaitin§ Ql&racters 

AI ltated above, c_, aeaicolon, coUm, .iJl&l.e-quotes and 'pi(:e aft 

field delliiten and should be used with care in any other cond.itiOQ'. 

3. 3 melal C21aracters 

'!here are Cl.IITelltly no :Lll.epJ. character. (ettept tbolM! used out of 

context). However, it 11 stl"OIlI11 advised that only uppr:rc.se 

uleq-pe c_patible ASCU cbu.cters should be used 10tMn ..... it!n& 

pro&rau . 

3 . 4 operator ~racters 

T'IIO arithaletic operators + and _ are used in the &lse1lb11 ~e t. 

two contertl:-

(a) used with the current location counter .y.bol .. (see Section 3 . 1lJ 

(b) used with the indirect resister accen .Jllbol • (see Section 3.9) 

3. 5 Perw.uent S,..bob 

The ... are the in.truction me...uc. and a,,",bler directives and are 

• perw.uent p&rt of the Aue.bler . the1 oeed not be defined before 

...... bl,. bir definition. an relevant onl1 to the ope rator field, 

the _ sJllbol. ~ be defined by the user •• label .y.boh al~ 

thil could MIte the reSlll.tiJl& Pl'Olr" contusina to re.d • 

3 . 6 User Defined Sy.boh 

U ... r defi.Jled llJ'llooh are those uNd a. labels or those defined by 

direct IIIi.&nMnt . they are added to the .yabol table &I the,r are 

encountered durin& the firlt pa., of the a,seabl,r. 

3 . 7 Direct Aaa!e-nt 

A direct .nisn-"nt stat~nt anociates • ',..001 with I value . Vhea 

'" direct aa.iaJ-nt .tat_llt 11 encountered the .,..bol 11 elltered 

into the .}'IIbel table and the .pecified value .lIIociated to it . 

A direct IIIt.cn-nt ,taU-nt take. the for. 

SYMBOL' f»U uprellion ... ~/ 



REO 1: .,., . 
REO 2: ,"U' , 

, , 
.... ..," 
"'" RIll , 

..... 
• l1li , 

_l " I 32 41 
1,---''---:,.::1 33 :; 

_ 1'-'----".6" 2' ,", " directly-. 26 45 
acee .. ed 8 17 27 ~ 46 

... IlECISmR 0 9 18 28 37 41 
10 I, 29 J8j---;;¥ 
11 20 30 39 ./ 

::~ ii 31/ 
~li /~ 

7 /' 
T311211 



where SIMfIOL is the sfllbol to be UI~ed (del..iJlited by. colon), 

EQU il the lsse.bler directive denottn« direct .11~nt (lee 

5ecuOlI ".2 Md ".3) Md exprellion 11 one of operand uprenions 

Ca) deciaal nu.ber 

Cb) he:u.deciul nUilber 

(c) label 

(d) it current lo<:atlon 

(e) it + deciaal nUllber 

(f) it + heJt&deciaal nUilber 

Iilte: that an auJ.&n-ent doea GOt take up lI'I1 Prolr&a apace, it 

lterely aaaocbtn a value with a .ore convenient or dOlcriptin _. 

Only one 1,.001 CM be alli&Ded per direct a .. ipltent It&teltent aM 

it cannot be redefioed, nor can a direct a .. 1pltent realli&n a 

previollaly declared label. 

No forvar4 referenci.o& 11 ..u.-ed with di.reet alltp.nU. 

3. 8 Ref5isur Atcn_inA and Direct AII.lp!!enU 

It il advisable, when 1I1ins re,ilter acce"in& instruction (LAR, 

AND, etc.) to use II the operand I I)'IIbol who" nlue 11 .. a~ed 

to be the nuaber of the re,hUr to be aeulled . This u.prona 

rea<:\ability .... d .. y be of future ule with prof5r&a debugi", aids. 

See bupLe 3.8.t. 

3.9 Resister Acidrenill,( Model 

'I'be re,ilter accelltn,; instn.lctions eontain • four bit eode with 

which 1 S recilltera could be directl,:r Iddrened . There are, howe"r, 

48 l"'O,lInra on the procenor chip .... d to &!low Iceen to all of thell 

two three-bit relilters 5 &.nd T are used . 

arr~ed .1 an .rr.,. of 8 rovl and 6 planel (-the ei.cht biU of each 

re~ister fonain« the col~I) . 5ee Exa.ple 3.9. 1. Reslster T 

addre .. ea the pl&ne or the array a.nd re,!thter 5 the row . 

80thl 



Re&ilter ftdi,rectly acceued" Re&ilter actually accessed Action on S .. " .. " M" 

" RAIIlST] M" 

' 3 RAII(sr] decr.ented ,. RAII(ST] incre.ented 

'5 ...... , Undefined ~defi1oed 

s..-rr of Re;ciater Mdreas1n& 

l!2!!!: When addreas1n& -.odu 13 and 14 are used the RAM location 

acceuod. 11 the one that's addreu is the value of the S, T 

ncuter before the iMtructlon execution lias started. The 

oS reel.ter content. are -od1!ied, decre.ented Or incrau:nted, 

only after the RAM hal been lI!ed. 



3. 10/ 

80th re,ilter3 can be loaded f~ the ace...uator or with three bit 

literal.. Re,hter S can be autowre.ented, autodecre.e:nted or 

left WlChaD&ed accordJ.n.& to the in.tnKtion addre.sinc .xIe. To 

allow for these three indirect .xIu of reaiater aceen,three of 

the direct _u are ,iYen .pecW -anin&. 

If an atteliPt 11 .. de to directly acee .. re,hur 12, 13 or 14 the 

procUJ(lr uaps it and interprets the inltnKtionl indirect, 

autodec~Dt iDdirect or autoi.nl:~nt indirect re,hter access. 

Table 3 . 9 . 2 su ... rileS the above. A direct access of relister 15 

,iYe' undefined result • • Re,isterl 12, 13 and 14 are not affected 

by a direct acceu on the •• 

Indirect acceu1n.& causes the re&ister pointed to by S T to be 

aceesll8d, autociecreM'llt indirect acceuiD& reduce. S by one alter 

the acc ... and autoincre.e:Dt acceniD& increuu S by one after the 

accea • • 'ntu. all 8 rep.ters of JI, plane u.n be lnd.1rectly accessed 

by su<::ceuJ.vely autolncre.e:Dt1.n& or autodecre_nt.in& S. 

To clarify, on the a •• e-bler li.tin&, the use of indirect relilter 

Jl,ddreuin& a .pecLal .)'IIbol used . 

"at 'ien" (e), alter a re,ilter aecel • .ne.onie, it a's~1 indireet 

addressin&. It then search. for an operator .,..bol (+ or -) and 

asse.ble. the. Jl,S:-

SJ!bol Heanill,$ 

e indirect addrelllns 

o 

O. 

autodecre_nt indirect 

autol.ncre.ent I.nd.irect 

In. truction Arsu-ent 

" 
'3 

" 
Any other use of e or arrl.ll&_nt of e and + or - is llleaal . 

To allow re&llter. 12, 13, 14 and 15 to be directly accessed they 

are ,inn _I (V, It, X and J) and ei&ht instruction. are provided 

for loadin& and ItorinA to and fl'Oll lICa..aIator and re,i.ter. 

See Qlapter Four - lnstnoction Set. 



3. 10 Macro and Spte. Routine C&lle 

two characters, the period ( . ) and the dollar si&n (t), are resel"Ved 

for future expansion of the asse-bler to include .acro and syste. 

routi.n.e calls . The _cro (Dr routio.e _) pnceded by a period 

(Dr a dollar s1&n) vould be treated as an use.bler directive, to 

c;wse the assellbler to insert suitable code . 

3. 11 The Ilulber SlSt_s 

fbe default n_ber SYlte. of the assellhly l.ani;uqe is dect.al. OperandI 

can also be liven AS heu.dec~ Ollllbers . Kendect..al O\lllbers Ire 

preceded by a slash and contain the characters ~, A-F, where:-

, - 10 

B - 11 

C - " 
D - 13 

, - .. 
, - 15 

TYo hexadect.al n_bers can be pacbd into one ei&ht bit vo~. The 

lar,nt hexadect..al _bel' that can be held ia " (- 2SS) . See 

Exuple 3.11.1 . 

1he 'processor inltruction aet includea an inltmction for addini; 

tOlether Binary COded Oflct.a.l (BCD) nUllbers . BCD m.bera are a 

subaet of the hexadect.&l .yste • • One dect..al di&:it is ltore.:! in 

four bits and six of the pollibIe aixteen arrance.entl of the four 

bits are unused . Two BCD di&iu are stored in one ... o~. 

conversioll of a nuaber Itored in BCD for iop.lt Dr outJ'lU.t is very 

siaple and for this reason the redundancy of the n_ber ayste. is 

acceptable. 

3. 12 1he Pro«ru Counte r and The Dlata Address Re«hter 

'nle pro, .... CO\lDter Q and the Data Addreu re,hter 2 are eleven 

bits lone and thus can be uaed to address 2048 (n) individual 8 

bit locations of IlellOry . 

pro&ru/ 

rurtn,: uecution of lUI iostmction the 



."tool 
Hl' 

26 

IDtemal 1leprt:lM'lItation 

0110 1000 

0001 1010 



pro,r .. cOIIDter poiDu to the nut iDnruction te be executed. At 

the eDd of an iD.tructiOl1 the next in.tructi.ol1 is fetched f.­

_ry inte the in.tnICtilll1 rep.ter 11., UId then the provaa counter 

h ino:rellellted (ino:rnaed by .u). 

mditied uruler pro,ru clll1trol to ct.UH a "juap. to another part of 

the pro,ru. 

If tM UHr wisbu to ltere data hi or load data froll _ltOry, tM 

pro, .... _It load the dtta addr"l re,hter % with the acldrell of 

the locat1eD to be Kcened, aod theD K CUI the location with a load 

or ... tore inltnlctiOl1 (He OIapter Four _ InatrucUon Set). 

3.13 Juap InltructilD' 

" JII"OIra. "j uaps" when the proce .. or il e&.Ilsed to uecute, not the 

next lequentia.l inltl'UCtion, but another one el.aewhere in the pro, ru. 

'11th 11 achieved by ch"nlin, th8 cootent. of the JII"OIJ'UI counterl 10 

that the next in.truction to be executed h fetched into the ptOCellOr 

froa the dutin&ti.oI1 of the Juap. !be prova- counter can b. 

directly .od.itied by the proce ... r (II in .. JUIIP in.trueUon) or 

ilIdirect.l,y by an inltruct11111 whieh .tore. I Talue in the cOWlter. 

In the fo~r caH the dutin&tiOl1 .. dd.ren h deter.J.ned. at lI.e.bly 

The latter 

technique (hand-Ioadina the prolr .. counter) can be uled to provide 

an indirect Juap via a lil t of r.u.ti.ne _ • • 

be taken, when Mdif'J"in& the .... ,ru co_tel' in such a fa.hion, to 

enlUre that the procenor J-p' t. the .tart of III in. truction (and 

IIOt te the .ecWld .... nt of a tve wont in.tn,octi .... or into data) . 

The .~ proll:ru can be written entirely u'in& labeb a . d"tinati_. 

for J"'p' or by UI1n& rohti.,. J-pt. In rolatin J_PI the addrell 

11 the pro,r .. cOllDter ph. or .tnu. an OtfHt, a.ltho~ it 11 

IIH.bled to an ,blOlute 11 bit addrell. !be operand. of the 

inl tn.ction take, one of the three for..=-

(1) / 



(i). current location 

(u) • + deciaal nr..ber 

(ill) .. + hendeciuJ. nr..ber . 

\/ben an asterisk i. encountered alone the instruction .~nt is 

the contents of the pro&raa cOl.ll1ter . If • plus or a ainus i. 

found the follovln& sy.boh .re KlUlZled to assellble the offset 

(which can be ,hen in deelaU or heXlldeCiM.l) . the offset is then 

added to or .ubtracted fro. tbt! preera.- cO\lllur to J,.ive the innruc:tioa 

ar,pa.-ent . 'lbeM fo .... of operand can be ulled with .ost instn,octionl, 

not just the Ju.-p in.truction.. It il i.-portaDt that the coolideratu. 

of the dutination .ddren, &ino in the case of "hand-loadin&" the 

pro&ra. cOunt erl be ,iven wheo usin& PTP&raa counter offsets . 

3. 14 Activitie. Outlide of a 21 Area 

To overco_ the llaitationl u.po ... d b,. • 21 rlUl4le of addrene. the 

load, .tore and ju.-p instructiona all assu.e • 3 bit erto:nsion to 

the Q or Z re,lIur. . 1hls uk ... the.. erfectivelJ' 14 biU (althoUCh 

in the c .... of the Q re&ister _ pl"'O&r .. counter - on.l.y the botta. 11 

biu .re activel,. incre_nud) allovin& 16'1 of • .0..,. to be accused . 

)fovever vith thh IUople .,.IU. of one extension reJ,.ilter, when a 

pro, .... 11 NIIIli..rIc in one 21 .pq,e- it can only accus locatioos in 

that 21 p&&e . To ac:cu. locatiool in other palu it •• t ju.-p into 

tho ... p&&es by cbanciAI the enenlloo. "Ibis 11 crude I4d wasteful 

of .pace , 10 the processor i. ,inn a choke of two "-xlllle" 

HlectiAI re,iaten X and Y. (With an ei&ht bit word 2)6 location. 

or one .odule can be uniquely addressed . ) 

The proceslIOr Usu.-o!!S that the prolru 

lies in the JlII' .ddrened by the contents of the Y relister . DItta 

Cloll be fetched fl'Oll the pro,r .. P'Ce by usil1l. an instruction to load 

tl'll" accu.l.l.tor with the contenU of the location pointed to by the 

Z reahter. on the .odula pointed to by the Y reli,ter . lid. (:art 

be .tored in or fet(:hed fro. '""" P'f:e by Ulin& an instruction which 

."CUHI/ 



, -. 
3 bit. 

aceUIle. 8 pa&e. 
or 16I of_ry 

Q or Z 

II -, 
biu 

leee.se. 8 .adu1e1 
-1 ~e 
- 2I of_ry 

8 _ 1 

8 btu 

aceusel 
256 word. 
- 1 .adule 

To J-P to & l.oc&tiOl1 iD aDOther pqe: the pqe IIWIber h held iD bit. 

UL • load N iDto acc-w...tor 

SoU atore it iD rep.ter 1: 

UL K load M into lee-w...tor 

SClJ: set up Q 1-8 - M and. Q 9-11 - J: 1-3 

L.U: rel .. d. N into acc .. ul.ator 

SAY let up Y (and YEll) - j .... p. to new p&&e 

SAY d.....,. inatnactiOl1 (llee text) 



~ee5SU the loc.tion pointed to by the Z repster on the .,dille 

pointed to by the I re«i.ter . For the purposes of proCraa eountin&; 

the 3 bit e:rten,ion to the address, .ntioned abon, is held in the 

fIr extension relbter" JER, vhich is .. direct COP)" of bits 4~ of 

the Y re&ister . See EDaple 3.14.1 . the YER rqister 11 uled to 

lnernse the speed or instruction tetehel. 

has to ch&nae Ne tile pro&ru counter in the nev Jl&le is let up to 

the required entry point ami then the r resister, and hence the n:R 

re&ister, is loAded with the new ~e nu.ber . See exaaple 3. 14 . 2. 

1be last instruction executed in the old pqe Ifill ch.an,&e the fER 

re&ister to the Rev Plte but the next instruetion will already have 

been fetched fro. the old pile . tbUI it h advhable to have a 

du.y inltruction which Can be encllted "dur1nc. the pqe chance 

without eausin& .ide efteetl . Ii repeat of the la.t instl1.lCtlon 

executed (s.u) is an obvious dUlllq i.n.ltruction . 



ASSDIBLER DIRECTIl'ES ..uro MHD«lNICS 

,.1 Proaraa LOCation ORO .. , S,uol ..... it;nllell.t .., 
'., s,.hol .... ,.Icn-nt JIlIllL 

••• Dll.ta Storace '" 
•• S Dll.ta storqe .sen 

••• "'lIse.bly Ult.iDJ Di:recti, .... SP ... tz 

,., "'1lI_bl,. Lhtin& Directive """ 
,.8 AllIe.b~ Interruption .IT 

,.' AlIlIeabl,. Tenlinatioo '" 
4.10 Instruction Set )tIeiiiOuiu 



ASSDl8LER DIRECTIVES AND KIiI:l1ONICS 

This chapter describes the Asse.bler Directive! ami the Instructilln Hne.,nici . 

DirectiYes are stateM:nts which cause the assellbler til per fllrll certain 

procell.i.D& operatilllli . 

data I tor&&e, asse.bly l1stln&' and asse.bly tenaination or int errupt ion . 

Directivel are held in the operator field . 1be label aBli,pIMnt directhu 

_st be ~eded by a label, the data Itorq;e directiYlII uy be , IJ1d all 

others _It not be . 

Use.bier Directives 

4. 1 Pro!r&Il Location - OItG 

1be directive ORC inltructl the &I",.bler that the pro&ru counter 

11 to have a new value . Thil nlue ls liven in the operand Held 

in dect..aJ. or beu.decbal rol"ll . 'Jbe ro .... t of the Itat_nt ls: 

ORG IIrilin addre.. (c_nt) 

where the e: tnt field i, optional • 

• paCel before ORG, h\Jt at leart one betweUl ORO and the addreu . 

There lIily not be ,.. label. Tf the first stat_nt of a proCr .. ls 

not III ORO directive the aue.bl.erll~' IJ1 or1«in of :ero . 

See E:duQple 4 . 1. 1 and Appendix C. 

4 . 2 Sy!OOl ASS1e-nt - DIll 

The direct IIIJ.&nItent directive ~ 11 used to all1.&n a value to a 

17I'bcll. The .,.001 to be lI'i&ned _It be in the label field 

(tel"ll.i.n.ated by a colon) ;and. the value, • dec..t.al m...ber, heDdec~ 

Ill .. ~rl 



STATIHEIft' 

000 ,.. 

"" , ... 
ORO J 

ORO T!I'I 

pROGlW( OOUN'ml 

''" 
281 5 

lll.epJ. t}'Dt&:I: 

ill.epJ. IJDt&:I: 

IlAHPtZ 4. 1 . 1 UN of the 0110 Direct! Ye 



maber or a prevtoully defined label, .. rt be in the operand 

field. 

SnmoL, deciaal nu.ber 

buadecillal nu.ber 

pre-defined label 

(c_nt ) 

(c_nt) 

(c_nt) 

As alw.,.. the c_nt field 11 optiONJ.. 

1be I,.bol ls aui,&:ned a nlue equal to the bott.. ei&ht bit. of the 

operator; that ls, the Alle.bur extracts the intr.~ part: or 

the addrell (the operator). 

See l!xUple 4 . 2.1 and Appendix C. 

4 . 3 S}'IIbol Autpu.e:nt - 14000L 

The direct alllpM:nt directlve IIJIlIL aUl&n' a value to a '}'IIbol in 

the lute Ut\JIer II fXlU . '!be value assigned is a six bit nu.ber 

equal to bits 9-14 of the operand; that is, t he MODUL direct ive 

caules the A"e.bur to extract the .adile nu.be r fra. the addre •• 

(i.e. the operator) . The statelleot fo~t is, 

S'i1WOL' MOOOL deciaal maller (c_nt) 

heJradeciaal n .. ber 

pre-defined label 

See ExaIIple 4.3.1 and Apperuiix C. 

4 .4 DIIta Stor!!e - DC 

The Define Conatant dlrective DC causes the As_bIer to load the 

value of the operand (in the rl.O,le 0 to 255) into the current 

location . Ttle operand can be: 

(i) Deciul nu.ber 

(il) Hexadec,-l n_ber 

(ill) A previously defined label. 

The fonut of the ltate_nt 11 

(s)'llbol') DC deciM.l n_ber 

See/ 

he:u.deciM.I n..-ber 

,. .. , 
(ca..en.t) 

(c.-ent) 



STATDlEHT '",",L VALUt 0" ..... VALUt -
"""', "lU 3 deciaal """" 3 3 

KArl tXIU ,. bexadeet.al IIA' 10 10 

EXIT, "lU OOT lobd EIlT " OOT " MATHSl tXlU AD. lobd 25' MAnti 1SO AD. "" 
,"U START W..ol .,. .... 

BEGIN': '". "'" Ule,al if HE.Ul ia IUldefined 

ADD: tXIU ow: il.leC'l- it ADD ia alnaq defined 

,"", ,"' m lllepl because 1\10 is already defined. 

STAmlEloT SYMBOL VAlliE OPERAIiD VAUJE 

'nIREEl HOIlUL 3 

LABEL: )oIOOOL 1m 

EL\KPLE 4. 3.1 UM. of the HOruL Ilirectt~ 

""""" """"" STAT»IE1fI' CURJUJn' LClCAnON VALlIE 

10, =VE, .:1, 12 

IX: 10 10 

'577 DATA: OC IJ,c " 

3 

2815 

,nooL 

rm.n 

"''' 
IX: " ... 

tlle,al operand _ ,reater than 255 

DC-< 1lle,al operand _ le.s than :era 

IX: ,.,:LYE 101 

OC 'STRII«l' ille,al operand 

t:XAMJ>1E 4.4.1 Uee or the OC Directhe 

VALl!! -
101 

2571 



See Exuple 4.4 . 1 and Appendix C. Cktly one locatiOJ:l can be loaded 

per directive. 'nIe label and c~t fields are option.&l . 

4.5 o.u Stor¥e - .\Scn 

The ASCrf directbe info..a the Alsellbler that the operand i. &.II 

ASCn strt.n& enclosed in lincle-quotu, vhich h to be loaded oae 

character per loation in consecutive loeatioos . 1b6 !Sen Itrt·1II 

In sin,ale-quotu, can be b.,wC(m I aDd It! clIaracteMI 

10"1 ' 'nIe nat ..... nt fonoat is, 

(.,.bol;) ASCII ' ascii strinl ' (co..mt) 

Sea ElcIuIple 4.5.1 and Appendix C. 

All A')ClI characters except earria«e returo, line feed and sinale 

quotes can be uled in the ASCII Itr in.l . DC d..irectivu • .lSt be used 

to load the intenal represenUtion of the se tbn:e cha.racters lnto 

'!be intems! representation used is the seven bit (bit 8 

equal. zero) standard code . See Appendix A. 

4.6 Aile_bIT Ultin§ Directive - SPACE 

The SPACE d.ireotin ... y have neither label IIDr operand (althou&h it 

... y haye .. c_nt U' thll c_ or null operator device is used, see 

Osapter 2 SectiOfl 2.5) . It caus ... thll Asse.bler to insertone 

blan.k line in the outp.lt USUJII . See Append.ix C. 

fo .... t i.: 

SPACE ( , 

'!be .tate.ent 

4.' us_bIy Ust!..nJ DirectlY. - EJECT 

4.8/ 

Like the SPACE: directive EJECT ... , h .... e neither label nor operand but 

it can haYe .. c_nt . 

printer, to ,enerate s p&4Ie throw and to continue the U.tiAs at the 

top of a ne .. JloII.&e. 

The stateMent fo .... t lB: 

KJECT (. ,,_nt) 

See Append Lx C. 



""""" ,,,,,, ... STAmtENT LOCATIOHS C<lNmnS """''''''' SlIIBOL VALUE -
30U ASCU ''!HE CAT I 30u " T 

3011 " H 

3013 .. , 
3014 32 

301S 67 c 

3016 OS , 
30" " T 

30" 32 

.JJ19 STRlNCZ: ASen 'SAT ' 30" " S STRINCI 30" 

"" OS , 
,02' " T 

ASCII 11 111e",1 operand 

!.Sen nQ effeet 

EXAMPLE 4 . 5 . 1 Use of the ASCll Directive 



4. 8 ASll'IIbly Interruption - EOT 

The EOT directive lIaml the Aue.bler that the source pro«ru conto-

on a new tape . rt is used in lol!& aource progrus to divide the 

When an roT is found the 

A,.e.bler Vlml the operator ria a lIe.sace 011. the teleprinter. and 

then vaiu for hia to load the aert tape . llben the tape is ru.dy 

the operator .. st type 00 to clfttinue . It. is advisable to inel1lde 

an ORC directive at the be,iM!!,. of oesch t..I.pe in cue a tape il 

loaded out of sequence . 

tbe directive _,. have a eo.aent (u.iJ!.K t be c_ device) but neither 

label nor operand. 

Sutellent fo .... t: 

ro, ( . ~nt ) 

See Appendix C. 

4.9 Asse.blT Ter..Wtion - END 

An END ltattllent alit be the last. state_nt of the source pro,ru . 

nte dIrective cannot have a hbel or an operand (it can have a c_nt). 

tbe tND state_nt terwinatu .... one of the ane.bl,. and initiatu 

pIoll two. ItatHenti after the E.'fD beiJ!.K !&nored. If an EHtl 

stat~nt h not found before the end of the fUe the Asse.bbr 

printl a vam.lnc llelll&e 011. the lineprinter and then insert. an 

effective END in preparation for the second pall . See Appendix C. 

4 . 10 [nstruction Set ~CI 

See the Ikrdvare Manual for an eIJIhnation . f the hardware concepti 

and e&pIobWtiu of the ..chine . 

lilted below in f .. il,. ,roup' Iceordin& to function . 'l\\e,. can all 

have labels blIt not aU can have operands . Vhetber a faaily can 

have operand. 11 lI.oted with the fa..il y de$Cription . 

Accu.ulator/ 



Accu.ulator and Resisters (operand) 

LoU. load accu.ulator lfith a 1011& (8 bit) literal 

u.s load accUlallator lfith a short (of bit) liter&! 

LAII load aCa..Ilator r~ re&i_ter. See a..pter th .... e 

SAR .tore aca.W&tor in relister. Section 3.9 

Re,hten SandT 

LSS 

C1, 

load S ori th a .hort (J bit) li ural 

Ioa.d T with a mort (3 bit) literal 

(operand) 

( opennd) 

SST .tore acaa.lator in "&isteu SandT (DO operand) 

S" store aecumlator ill ",bter T 

Aecu.ulator and Addre •• Control Re!isters 

(no operand) 

(no operand) 

lA, ,~' acCllallator ,- repater , 
lA' l~' .eCUlallator ,- re,hter , 
LU load acelSU!ator ,- register , 
lA' Ioa.d aCCUMUlator rro. I"e,ilter T 

SA' store .ce~tor in I"e,ilter V 

SAY ""n aceUlallator in resister V 

'" .~n .eCUMUlator in repster , 
'" .~n aCa.llator izI re&ister , 
SU ""n &cCU&llator in Z on .xIlile , 
szy .~n ae~lator La Z 011 .odu]." , 
5<1' .~n acn_,Jator in Q on .ooul.e , 
SQ' .~n aca...lator '" on .ooule , 
Loliea! 02!ratLonl (operand) 

ALL l.ocieal AND. aca..llator with Ion,; li tenl 

"" lo,ieal AND. acC\IIUlator with I"esbter 

ORL lopeal OR. aeCUlallator with 10111 literal 

roL eIelushe OR, aceu.ulator with 10111 literal 

roR e.-elusive OR, .ecu .. lator with "'lister 

Arlttu.et lc! 



Arltbetic Operations (operand) 

'lAD bin ... ,. add ""ilter to accll&I!ator 

DEC decrellent ""liter by OIIe 

Alit !\CD .dd acc .. )..ator to "'filter 

ALA .dd 10l1l' literal. 1.0 aCCl.llPlator 

00 c-'PA"' .cCIlaIhtor vith literal 

Shift Oper.tiOli (no operand) 

L5A mlft aCcualutor 1 bit ldt 

RSA shift accu..lator I bit ri,ht 

LSM .hUt .ccuail ... tor .4 bits left 

RSH shift .. cC' .... utor .4 btu ritht 

fne>t{\:lute>t Di",ct (operand) 

LA!( load .ceu..alator fro. .,.dule 

SAM store .. ccu.)..ator in .,.dule 

(no oper .... d) 

LIX I_d aceuaol.ator "ith (z) on .,dule I 

LIT load ,ccllalutor vith (Z) on .,dule Y 

S IX ItO", .. ccUSI)..ator in (z) on .,dule I 

w' "i thin .. '''OIl (operand) 

JIW unconditional ju.p 

Jrz ju.p if -.~ 

J" jUllP if not uro 

JlP ju.p if po.iti oIl 

J'" jUllP if re,t.ter S of 7 

Jo; j ... p if carry .et 

JeN ju.p if c .. rry not '" 
~uhroutine In.truction. 

cas ,0 1.0 .... broutine (operand) 

RI';T retu m fro. .ubrouUne (..-oper<U1d) 

In .ddition to the .. bove ..,_1f;:, the ,use.hIu alao recofT1 lHI 

"hlch halU the Siallator Profl'&ll but has no efrect in the procel 



OPERATOO PROCEruRE 

5.1 General Deacrl.ptlon of the Crou AS5ellbIer 

~ . 2 Initial dialo~e 

S. 3 Lhtinle and Error Muea,;e l 

5 . 4 Siailltor rilll 

5. S paper Tape PUnchina; - Loader Tape 



OPERATOO PROCEIIlRE 

The Cro~s-Asse.bler 

The CRIliS-ASSEHBLER is desiped to daplify the c~ation of prograas for 

the caputer kit. It converts the user ' s pro«raa, written in s,-.bolic 

fo.,., into the operation codes that the p1"OCessor can uecute . Thus it 

is possible to define labels, constants and instructions with easily 

identifiable nOlan that a~ _ani.n.!!:ful to the user. 

h written in A~I FORTRAN IV and requires about 18K of co~ _.orr for 

operation (When nm on a PDP 11) . It can be .odified to run on cOllp1ters 

with a Sllaller core lI\laory~ however, the standard version has been dcsi&ned 

to rlDl on the PllPli and ,sigJla co.puters . 

5 .1 General Description of the Cross-Asse.bler 

The Cross-Ane.bler operates in two passes . On the first pass i t 

produces a fixed_foru.t inte.-.ediary copy of the free-foru.t source 

file and collicu infor.a.tion about the s1lllbols and t he lndividual 

state_nu. 11I.e !.Ouree prograa can be prepared on punched cards 

or paper-tape. In the second pass the instruction Ele..:micB are 

decoded and the binary equivalent of the state_nt constructed 

usin& infor.a.tion stored in the s}'IIbol tables . 

the sbe of the source pro«raa that can be handled by the Cron-

Asse.bIer is liaited by the si~e of the tables . 

the CroU-Aue.bler can asse.ble a pro«r ... that : 

Without .udificati on 

(a) contains fe'oler ttwl ,00 inp1t stateaenu I..nc Iud1n8 ssse.bIer 

directives 

(h)/ 



(b) M. no IIOre than 100 defined prosr .. labels 

(c) lOOw' fewer than 500 label Croll referencet . 

In addition the lOurea pro,r .... It not exceed 41( (4096) vani. of 

... y al to facilitate chan&et to the lpecifie&tion. vith re,ard to 

the Mrip- nu.ber of atau.entt or labels . 

5 .2 Initial Dialop 

The Cre.a-AlIIeabler &MO\IlICU itself and aslcs the operator qvettion. 

about U.tiqa. p&per tape punchi.o&. a:lallator files and s,..l>ol 

table • • '!be &awer. to the quenion. are usually ns or N) or a 

n~ber. When the correct rnponse la neither 'as, If:) nor a n~ber 

the CIIOSS-ASSD(BLER will pro.pt the operator . The dialo""e and 

!lOR anwen are Ihovn in Appendix B. 

5 . 3 U.t!nal and &rror I4ella,5et 

s_ erron are detected durin,& p&.&-OIle and appropriate .'sacn 

are output by the Croll-Alae .. bbr . 

and are inaerted after the line in error in the p&1I one Iiatina . 

U' the line M. oot been li,ted the arror routine will lilt the Une 

before outplltti.o& error .'8&&81 . At the end of p& •• 0I1e the toW 

o_ber of erron detected it printed on the teletype and the line­

priAtar. A varniJ!.& •• &&&e will be printad on the linepriAter if 

an EHD is not ro\WI before the end of the IIO\lI'CI! pro,r .... file. it it 

hoveTer only a warnin& and is not counted &I an error. The Cro .... 

Ane.bler alway. printt a p&.a-tvo listin& and the errors detected 

in p&1I two are printad &l'ter the line iD error. At the end of the 

alle.bly the toW n_ber of erron detected in the second p&1I 11 

prtnted on the teletype and the line printer . Exaaplel of listLnc' 

and tho effect or Allle.bler dlrective s are civen in Appendb: C. 



) . 4 SiMulator rUe 

TlIe Croll- .... ,_bbr can prepare a file of the output of tile aue.bIr, 

aa an iAa«e of the prolraa in 4J[ of _ry. The opeu.tor can d~1 

not to create the (lb iUld hence A e space OIl tbe t..ckup storace 

de .'"ice. 

The creation of the tt.Uator fib it ter.inated &I lIOOII &I an error 

is detected . By thit _ant, an old correct copy of th<!! .~lator 

file h not dettroyed by t new tncorrect OIIe . 

The file I, uted by a S~lation proal"" to da.llate the execution 

of the pro,r .. on t AlJ'S .y.te. . The Siallation proar ... h written 

in .... ~t FORTRAN IV and Di&ital Equipll!nt l , MACRO-II fo r ","nin« on 

a PDP 11 equlppe4 "ith t Une printer. 

'i . 'i Paper r.pe PunclUn§ ... Loader Tape 

Optionally the Crolll_ .... ste.bler can punc,h a paper vhich contains, in 

one of two fonutt, lnfonution dellCribin« the user prol!rlUl in core . 

'MIlo two fonaan are: 

(1) character 

(il) b.inary . 

The character fonut h used when the paper tape .. y han to be 

.:xUfied or patched usin& just a tebtype . The contents of eilCh 

location (each lDcation specUled in the ltOUr'Ce ~raII) are printed 

... t>fO .odlfled heudeci.al chu",ctera (see Appendu n) usin,r 

standard MCn code . wmn the bott.. four bits of the .odlfied 

hexadec1Aa.l eharacter are re.3YCd, they produce tile deciaal that 

the character repruented . Tbe binary f o .... t is used .men a 

proal"" h cOllpbte and 1.lIIUkely to be clwl&ed . I t hu tile 

advantqe of producl", tapCl ,bout one half as 10", as the character 

fo .... t . [n binary fo .... t each character representa one el&ht bit 

word ( I track per bit) . A count h., to be &iun at the bel'lnnlnc 

of the tap" of the total nUllbii:r of locations .... presented .ince 

th~rcl 



there 11 no vay of encodiaa; an end of b.pe sip.u . '!be fint. 

ch.araetllr of the tape iI the forut. ducript.ioo (i.e . B for Bin.Uy, 

C tar (haractllr) and the l .. t tev character. an the cbeck_. 

1be ta .... t at both tape. iI !Ibovn in t'~re ) . 4 . 1. 

The paper tape 11 prepared tar load.in& the praVP into -ry 

II.1n& the ,blOlutll laader ot the lyltN proy-aas . If an error 

occur, dllrin& .. _bIy the pmchizl& at tbe tape 11 discont.ilwed. 
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APPElIDII 1 

Men Character Set 

Oi&racter 7 bit Octal Dee:t.&l He:a.6eet..al Character 7 bit Octal DeeiMl. He:a.6ec1Nl 
Space ",0 32 '0 , 101 6S .. 
I "'I JJ 21 , 102 66 " • .., 

" " c 103 67 " ". "'3 JS 23 0 I'" " 44 
t 044 36 " • 10, .. 4l 
~ "" 37 " r I'" 70 .. , ... J8 26 c U" ,I ., 

047 J9 27 H fl O n .. 
( 0,0 ,0 " [ 111 7J " ) 0;1 .. " J 112 " " • 0\2 " " , 113 71 " + 013 4J " L 114 76 4C 
, 014 " 2C H 11, 77 " 0" 4S '0 M "' " 4E 
• 056 .. " 0 11, 79 " / 017 " " P 120 SO ,0 
0 "'0 ,. 30 Q 121 81 " I "'I " 31 • 122 " \2 , 

"" ,0 32 s 123 8J SJ 
3 "" 51 33 , 12, .. " , "', " J4 0 12' ., 

" , "" SJ J5 V 126 86 56 , 
"" " 36 • 127 " 17 , "', IS 37 , 130 88 " 8 070 " J8 T 131 " S9 , 071 17 J9 , 132 .. SA , 07' ;8 J4 ( 133 " 51 

, 073 59 J8 \ 134 " SO 
07' '0 " ] 13' 9J SO - 07' 61 JO t 136 " " 076 62 ,. - 137 " " , 
07' 6J JF Corrl ... OIS 13 0 • 100 64 '0 '''urn 

'0 .. Feed 014 12 C 

LiDe Feed 012 10 , 



APPEHDII 8 

GDI LTD ALPS CJlC6S-ASSOIBLER VOOtG l)-IEC-71 

00 TOO VA."., THE 0IJT1'UT LISTING OM THE LP OR TTY? 

fTJ 

00 TOO ".un' A PASS 01£ LISTIJ«;? 

III 

00 100 VANT A WAIER TAPE PIJN(){ElI1 

III 

00 lOU WANT TO SAVE A OOPr OF 'mE MEK)Ry FOR mE SDfULATOR? 

III 

00 YOU WANT A SDIBOL TAHL£(Sl:') OR A (X'5S IUFEREIiCE LIST(CR)1 

Sf 

!YPical PDPll Operatpw; Srat_ 0 'rub 

_"" tOO t OO 10'; ooto lYlts 
_ .. 

~JAJi..16 

-.. sotIJICE, 1 Wier procra- soW"Ce co4e 

~"" Sfl 1I!ItDIjI, 5 pus :z li.t.in& fUe 
_ .. Sf: wnlo3, , resetti1'll loader tape of Wier pt'OCr. 

_ RU. AlIS II .tart the Ass..t.ler 



APPE.Iron c 

er-ou-Aue.bler Ultinf; 

GDC LTD ALPS CRliS-ASSnmLER PASS-<tiE ERRORS IJ-1IX:-71 PAGE 1 

5 O:VERT TUroPLIJH 
OPDWiD IIElft'IP'IER roo LOI«l 

S FRED: IIOOOL PETmt 

MAUD OPERAMD 

7 PETEJI.: EXlU SAM 

INVALID OPEIWID 

D1I r. TAPE 1 rotrMD 

PUtAS! LOAD HBlT TAP! AND tHEM TYPE 00 

Q) 

E!Ill at TAPE 2 FOUMD 

PLEASE LOAD If:lT TAP! lMD 'nlEH TYPE 00 

Q) 

J ERRORS IEntttD 1M PASS ONE 

GDC LTD ALPS CRC6S-ASSfX8LER D6TRUCTIOM LISTII«l 1]-IEG-71 PAGE 2 

AM OOIE ARC 5T-NR 

I 

STA'l'DCEMT ,,. I 

2 "" mIS IS A COOOJiT 

81 I ... 
UKJErMD OPERAND 

3 , I 

FRED 

ItifJ rN 5 QWERT nlIOPLI: JH 
tnaEP'IICED OPERATOR 

UHID'DIED OP!RAKD 

• 
7 

8 , 
I~ 

11 

" 13 

" 1\ 

16 

,..D K)WL PEmI 

""'" Ill' SA!1 

SA!1 SA!1 7 

"" ,""All 

lILT 

lXIT 

.". COIOWIT TAPE 2 

lXIT 

.". TAPI J 
1>11' 

»D 

{l IM LTD ALI'S CllQSS-AS1mmU;R SYMBOL TAHU: IJ-1EC-71 PAGE 3 

S YMOOL ",. stili'" ",. 
"" ~ 

• ERRORS DETECTED 1M PASS 'NO 



APPENDIX D 

Huadec1aU. and Maditied lkD.dect.al 

In additilll1 1;0 the dec~ and. Iw!%&dect-l nu.bera La t he 1IOIIf'a pro", .. s 

the Ane.bler uln • -oUied hendeciMl 'y,te. for the l oader tape . [n 

cha .... cter fo ...... t. one character is 1I11C!d. to repreRftt eKh l word (4 biU) , 

to li,apllfy the Io..der PI'O!rU, the character. &nl chosen 110 that the 

ootto. four bits or their AScn code are the four biu or the i word they 

represent . 

IIesadecl.-.J. 
ASCIT Code Itodilied ASCU Code 

Ral! Word 

""""" Huadeciaal Reprelented , 00 110 000 , 00 110 000 OOCO 

, 00 110 001 , 00 110 001 oa" 
2 00 110 010 2 00 110 010 a"o 

3 00 110 011 3 00 11 0 0 11 OOU 

4 00 11 0 100 4 00 11 0 100 "00 

, 00 110 101 , 00 110 101 0101 , 00 110 110 , 00 11 0 lIO 0110 

7 00 llO III 7 00 11 0 III 0111 

• 00 III 000 • 00 111 000 '000 , 00 H I 00' , 00 111 00' '00' 

, " 000 00' J " 00' .,0 1010 

, ., 000 010 , 01 001 ou 10 11 

C ., 000 011 L ., 00' '00 HOO 

D " 000 '00 " 
., 00' ,., 1101 

, 0' 000 101 " 
., 00' HO 1110 

, ., 000 110 0 0' 00' m Jill 

Not!!1 Nonu.ll.t tell!types por tray l11 .. ber 0 at Jfand letter 0 iIS 0 



Special Characterl 

t21aracter 

C&rriaa:e rebina 

lin. feed 

to~ reed 

'" , 

/ 
0 

+ 

• 

I 

APPENDIX E 

ASSDlBLf LAIfJUAGE 

-
,,"'" 
nUllber .", 

,-
I~ce .. , ..... 
&5teriak: 

pl.u.1 li&n 

IdnUI li&n 

It lien 

....... quote 

period 

dOlW lip 

P"Imction 

fo~ttins cn.racter 

Itate.ent terainator 

label teniM.tor 

in col ..... I indic.te. c_nt 

null operand field indicator 

field t eniM.tor 

field terainator 

precede. a bexadecUlill constant 

current location counter 

aritt.lltic addition operator, or 
autoinc~nt (inUreet ",LIter .ooe) 

aritt.llU.c subtraction operator, or 
autodecre.ent (indirect re&ister .ode) 

indirect re,ister .ooe 

ASCII strine deliaiter 

no pre".,nt fWIICtion , resernd for 
IlACTO facility. 

nO present (unetion,reserved (or 
lystN use. 



SECTION B 

THE SIMULATOR 
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Chapter (N 

The ALPS St.U.ator 

1.1 Introduction 

The St.Ua.tor 18 .. cOllp.lter pror;ra,. which executes, IUIder controlled 

conditions, a progrUi vritten for the ALPS IlicroprocesllOr. The 

a:la1htor 18 written largely in FORTR.\N IV, "ith a f~ .all routines 

vritten 1.0 AS!lellbly Lan&ua,ge. It is desi,gn.ed to be used with the 

auss-ASSIDIBUR. 

1 . 2 Confpratioo of the St.U.ated Systea 

The h&rd!tare of the st.llated ALPS BYBte. 18 represented by IIOftware 

and is in a find conf4uration . The coof4uratioo represented by 

the CUl"l'l!nt version of the s:laalator cannot be a.lte .... d except by 

-.jor progrM changes . 

The conf4uratiOll 18 : 

one procelsor (LP) 

4X of e~t bit word Pro,raa _ry (PM) oc:cuP}'in& .o<!ule addresses 0-15 

OIle lIOdule (128 words) of JliI.tI. Storqe (16) • .odule address 16 

etght indirectly accessed peripheral channel s . lIOdule addresses 48-55 

eight di.rectly accessed peripheral Channell • .odule addresses 56-<>3 

See F4ure 1.2 . 1 

1 . 3 Facilities available "ith the St.lla.tor 

The !iaLlator provides pro,r .. debuuini facilities 5IIch as 1.o!tn>ction 

tracing, error traps and software ,eDerated inp.lt !ig:nal.II . Tbe 

latter facillty is an J...portant pr!:requeaite of repeatability of 

re5lllta . Out of bound addrelsell, ilJ.epl instruction words and 

atte.pted execution in data areall are so.e of the errors that can be 

trapped by the st.ulator. 



1. 4 Progra. Representation and Si.al.htion 

Ibe proU'" to be su.u.ated is held in a softvare representation of 

The array ia generated 

by the Crou-Au9bler and is p.iued to the SiaLhtor as the s>-.lator 

file . The Crou_Assellhler assellbles the instructions of the !Ource 

pI'1)grilll into e.i,ght bit words which it stol'eS in the array . The 

s>-.lator a.cceues the eleJIents of the &rray via a software progru 

counter and suck, and decodes the instruction op code . It then 

WexecutesW the instruction by ~ appropriate changes to the 

nriables that l'epl'esent the hardware . The slallator contains 

asse.bly languOl,ge routine s, which accen data &reas set up by the 

FORTRAH' routines, it i s thus very iaportant that both the asse..bler 

and si.al.lator are COIIpiled to produce one 1«Ird (16 bit) integers . 

1. 5 Instruction Tra~ 

'nIe trace syste. used in the siaJ.latar allDots the user to "IIarkn areas 

of code that he wishes to have traced. Jiben the siaLlator i s 

siaLlating these areas the statu af the aCCl.mlJ.lator, registers and 

fi&&s are listed on the line printer before each instruction is 

siallated. !be user can override the trace .. rles, inhibitin,g 

tracin,g only, by set~ witch 0 on the witch register to one . 

Retumin,g the svitOh to :rero, restarts tracin.r; . 

A special lineprinter driver, ...ritten in aUelibly l.an&uace, is used 

to increase the listin,g speed. The current version (VOOu.) of the 

Siaulator siaLlat es at one thousarul'th of the real ALPS processing 

speed, and at a si«nificantiy lover speed .. ben tracin,g. 

to be traced are defined before start of Siailatioo .. hen the siallatar 

reads the trace fUe, .. blch is on logical inp.ltjoutp.lt channel 

DllIIber seven on the host cOliputer. 

TRACE XXX YYY 

/-

'!'be fonaat of the inp.lt is: 



~re m and m are heXlldeet..l UdrellU -rk:i.nI the st&rt and. 

end of trace areas . 5!..n&le inrt~t1on. can be t.raced by IIII.ldn& 

ID ~ to YTY. When an "end-trace" .ann.r it fOl.lDd, t.he 

.t..Jl.at.or t.raCei t.he inrtl"\lct.10n and. then print. the contmts ot the 

proce'!IOr replterl 17-48. Thus the contents of all the ",lItert 

can be dete~d at any place in the prouaa by .ntch1D& the trace 

off and ~diately back on &&ain, i . e . TRAa> ID t'TT 

TRACE YYY ZIZ 

will cause t.rac:i.nc fre:. III to ZZZ with all RAM repatel"S listed at 

rYY. 

Ally m ... ber ot t.!"f.Ce card. can appear in the trace tile, the ,. beina 

t.r.ated •• an eod-of- file .arker. 

'n\e start and end of trace addresse. alst lie wit.hin the 4X pro,r .. 

Vhen a "Itart trace" -..ricer 

11 fDUDd the vace SYSt.ell rl.ll be .witched 00 an4 rlll re-.1.D. 00 1ID.t.U 

an. "end t.race" lIarker is found (and Tice 1'ersa) . lbus lea'l'inc the 

lliddle of a traced area vill not. llwitch off the t.race nor will enterUlc 

the lliddle ot a tra.;ed area witch it back on . 

To reduce the ..:Ilmt of i.n.rtructioo decod.J.D& needed to «ener a t e the 

t.race list.in& the eros_.M!IIbler packa a IU: bit poi.n.ter with the 8 

bit 1ost.noetion word into an amy ea-nt . Thia pointer points to 

an eIe.nt of the instnoetion .. ~c table . rt. is ~ed froo.. 

the array elnent in preparation tor lilt.int: . 

1.6 Input and Output 

Input aignala to the Jlr'M:r .. can be handled by a special subroutine 

Pf.RIJI', wh.ich takes as ar~ts the 1IOdu1e n_ber of the r,tl channel 

an,1 an lnt<'II:,'r constant, and returns a value to the accu-.t!ator. 

rl;ltTY can a.l!lO be used for output and the inte«"r eonstant decidu 

whetber the operation is input or outpit . 



PERD" ~st be .pocially prel*red by the WIler to si.al.late the input/ 

outp.lt charaet.eriitici of the perlpbera.l. deTiee. attached to the 

ehanneb . It 11 called by the .t-lator vhenuer a direct (LAM, SAM) 

or an iDclirect. (LD, SD, LIT) input./output in.tnlction 11 eneOWlured . 

'!be forut of the eall i.: 

CALl. pERIJ' (lPER, lOATA, 10, CLOCI) 

vIlere lPER 11 the .adule n_ber (address of I/o port) 

H14TA is the data 

[0 11 the input. output .n.teh (-9 for output 

-t for input) 

CLOQ{ is the nlue or the It-lator cycle COl.lllter upon entry 

to PERlF' (uled Cor IAl Uailll) 

IPfR, IllATA and ro are inteler variable., and CLOCK is a rul nUllber. 

1.7 Operatil1lj Proeedure 

'fbe .ia1lator ,,'t be IUppUed llith a .ia1lator Cll.e and a trace file . 

The .ia1lator fUe 11 read tro. l.o&ieal cbanne1 n_ber three and the 

t.r.ee file f .... ehanDel n_ber seven . Tbe .t-lator tdentifiu 

iuelf (III. the teletype, read. the files and ~diately start. 

It 11 thus iaportant. to enSl,U"e that .n.tch ::.era (III. the 

... itch reahur 11 Nt to :lero before nlDnini tbe .UaLlator. 

When the .ia1lator fW. a HALT iDl'tnII;:Uoo it tenlinates trac.in&, 

prinU the content. of the CPU repaters and then stops, priDtina; 

the •• ..,e "DiD or SDlULATI(IrI- . If there 1s no HALT at the end of 

the pro&t'I.II the .iaI.lator vill. fetch the nert instructi(lll. .. h1ch .. ill 

be • retum f .... S\lbrouUne (code 00000000) since the ... ellbler 

~ro l s all. location. before asuabl,y. Thus the siallator .. ill ~pop~ 

the subroutine .tack ~Itn,; a juap to sa.e probably undefined 

addrcll . It il therefore a wlse precaution to end a prollr;uo .. It.h a 

HALT instruction or a ~j_p to .... If"~ . 



1.8 Interpretation of Outfllt List.inJ 
aefore each traced inst~ction b siallated the siall&tor lists the 

.tate of the ac~tOrl, re&hterl a.nd nac. upon the lineprinter . 

Firlt in the line 1s the addren of the instNction be1D& liallated -

thh 11 &i.,en &I a '1.n.8:1e huadeciaal. di&it (tile .odule nuaber), 

a spac::e and tben two he:a.dec::iIIal cUc1t' repruentinc the inu.-

.odule addren. Nert the st-lator prinu the instruction ~c 

and operand in s,.bolic:: fono . !be contentl of the accu.IutOI" are 

printed next as aD e1&ht charac::ter .trine of 0 ' , and 11. reprelentill.l 

the state of each bit. 'lbil it the .tate or tile aceu.llatOI" before 

~nc::e.ent of siaal.ation or the instl"\lCtion . SI.n'l"l,- the .tatu 

of the c::~le c::owter, t'la.Is, re&i.tera and periphera1 c::bannelt are 

printed before instruc::tion at-latioa . After the ae~lator 

contentl, the c::ontenU of re(isterl randS are printed. !be three 

t1qs carry (e), zero (Z) and po.iti.,e (p) are printed followed by the 

c::ycle COWIter. Next the coatents of re&isters (1....15 are printed, eaeh 

one bein& printed a. two huad.ecblLl cUc1u. Fina)],. the ei&bt 

direc::tl:r accellible peripheral channela (~3) are liltet\. .. ain as 

two heD.dec::!.a.l charac::terl. See ~re 1. 8 . 1. 
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USING THE ALPS CROSSASSEt-ElLER 

ON CYBERI'£T TIMESHARING LIMITED 

In ordet- to use the cros_s,OItn'b ler available from Cybernet Tlmeliharlng 

users reCJ,llre a terminal (like e typewriter) end IICcess to II stendard 

telephone line. To connect to the computer en account code Is requIred, 

thl. being ave liable from Cybernetet the ecldress shown below. By 

dlllli ing one of the telephone number ...... Wlled by Cybernet, user' connect 

directly with the computerllt."d after ..... pplylng their correct account code 1M 

obtaIn an exclamation mark 'I' pr~t. 

lIou t~t all O\I"tINt 
tro_ tbe cc~ur b 
Wldul1nad. 
UI _ U.ar na.. . 
ACOOUIt • Account -. PASSIIOlD b not 

nor.al17 
printad. 

Upon receiving the prOW4)( 'I' users mey enter the Ir a.serrbly programs 

by BU ILDing a file. Programs may be typed In dlreclly or enlered from 

a previous ly prepared peper lape. 

See exa~le over. 

HavIng entered tM program(s) In Ihls way the cros_sl8mbler Is 

ectlvated by typing :-

I CALL ALPS 

ALPS Ihen asks for the name of tha file whIch contal"s Ihe program by 

prompllng :-

FtLENAAE? 

Here the user types the name of the file specIfied when buildIng. 

CYBERNET TIME SHARING UIVrTED 



IBUILD ALPDe1 
i'IOOEIEQU 1 
TI/'IE lEtlU 2 
CHAH 'EtlU J 
IIC1 : EOU " 
$/C2 ' EtlU ~ 
RCl'EtlU , 
CQPY'EtlU 1 
RES£T ILAl 128 , .. " 
oos ' OOK 
LAP COPY , .... "'''' 
LA!. '" 'N" OOS ' OOK 
LAR COPY 
SAR TlltE 
LAL J2 
SN\ , 

cos 'OOK 
LAR COPy 
AlA 12 
SAR CHAH 
LAl 16 

'N" STAflTILM 7 
JIZ STARt 
GOS litO 
LA/'! ~ "'-, . 
JIZ START 
'OS 0 
SN\ , , .... "'''' 
Ea. /fF 
JIP OHC£ 
CS. 
JIP TEH 
CS. 
JIP ~p 
..., OES£T 
OHCEIGOS TIM 
JW> F"iN 
TEH ILAS to 

'" ""'" ROO'GeIS TIM 
OEC I10DE 

-", "" 
.MP Flit 
REPIOOS lU, 

'N" JIZ ~P 
60S 1110 

'''' , 
"" JI7 ~p 
~:LA<; :' 
SN\ • 

'''' , 

EXAMPLE OF FILE BUILDING . 

ALPLEMI h tbe Mae ot the dho 
tile to be or.ated. 

JHl , 
TOOIe:ILAM 7 
JJZ TOOle: 

"",,'" U." 
JIZ TOOl( 

"'-" JJZ TOOl( 

..... "" F"iN : LAS I 
SN\ • 
JW> FIN 
LOOJ : LIW't 7 
J I Z LOOI( 
GOS 111<:1 , .. " 
JIZ LOOK ... """ 
'OS 0 
SN\ , 

HOTH.AIi 1 ..., ." 
Rfl 
1I10' LAl ?S=> 

SN< "" LOOP : OCC ttl 
Ja Un> 

'" TIM: 60S COUtIT , .. -
SN\ • 

60S ""'" 
<AS 0 
SN\ • 

"" COIMT : LAR 1t/£ 
... RC3 
2ND ' LA'-- ~ 

SN< "" IST'DEC I!C2 
JtQ 1ST 

"'C "" 
JNZ 2ND 

'''' '" 

1 



Next the pr-ogr-am Pl'Ompt5 for options : _ 

OPTIONS? 

If no Opllons al'e re~lred then II cal'rlage relurn C.U5es ALPS to 

cOII1)lIe the .'aelTtlly program usIng standard defoult50 (See below. J 
If the useI' wIshes to k:now whllt OptIon, lII'e llvallllb le Inen a ~e'tlon 

mark: should be typed In response 10 lhe OPTI()f\,jS? re~esl. 

e. g. 

PI (BATCH DEFN.l..Tl NlSS 1 LISTtIolG ST AII'TtIolG 
PUN) Al STA1EI'I[IIT NO. II 

N1 fflS OEFALLTl 110 PASS 1 LI6TING 

P1 (lATCH DEFAlL n PIIIISS 2 LISTING 
H2 illS DEFALLTl 110 PIIIISS 2 LI5TIIoIG 

CR (&ATCH DEF/IIll.Tl CPOSS REFER£HC( LISTING 
ICR (TIS DEF'U-T> NO CROSS REFEI!ENCl lISTtNO 

ST SYII90l lAM.l. 

51 II[IOIT 0lW FtIIl SIIU."lOR UIA. ~13 

LOSCFILEl illS OEFAU..T TO LOTE~IID)l 

LOlCFILEl 
/I... (BATCH DEFALL TI 
OPTlOHSI (RET] 

003 "" 

LGADER TAPE 1M MOD IFIED HE1 TO "FILE" 
LOAII[R TN'( 1M STo/IIHDAII'D HEX 10 "FILE" 
NO LOADER T,ftf"E 

" oos ,00< 

"'" 
"". 

JJZ LOOK 

JIZ LOOIt 

, 



The ~ •• errCle!" perform. Iwo p~ .... Ihrougtt the ~ssembl~ progr~m 

cheeklng flr . 1 for l~nllUl error. and then for references 10 I~bel. and 

Jurrp InslrucllOfl.. No IISllng. of the program are prodJced In ellher 

pes . 1 or pa.s 2 unlas. r,",",alted by specIfyIng Itoe optlOflI PI or P2 

(this save. lIme In lilting et Uler' termlmol). Diagnostic error 

message. are ... pplled 110119 wIth an Indicallon of the line on which the 

error has occured.. If no error. are delected therI ~ lGader lape file I. 

prodJced ~nd thl. may be punched al the u s er" te rmina l If re(J.I'red. 

Errors may be correcled by editing the a.selft)l~ program file :­
IEDlT M..PDEIt 
!mo T)'pe lin_ 10.000 

T)'pe lilM 15.000 

'f1pe lin_ 20.000 

0 .... nr1 h lilM 20.000 

92,000 !W 9 

""'" 
n .ooo LlXJI(lLN! 7 

" I 

.. '" 87 OM Ol 9l ~ 10 lS 27 .48 lJ 78 72 27 
tJ 00 J:! 81 Ol 00 :58 33 lL :58 J7 IL 58 

40 40 00 78 ?t 40 SO OJ n 78 .,. lit 50 J9 40 SO 
78 79 27 48 40 78 n 27 05 02 .48 40 02 J4 27 50 
41. 27 49 :'il 78 n 27 .48 :'il 05 01 "" 51 40 40 01 
••• v.unnv.un •••• 
&II 00 04 00 .4 K4 :iO 75 00 71 t2 B3 J4 78 82 00 
J4 00 82 96 04 00 " It5 :iO 87 N 50 84 00 

""'" 

.ote "tb.st ths tape 11 
produoe4 in _41tls4 
HsxaIWoU&l . ror s~-
4&1"4 Hsxa4loiaal ... 
opUon LOL. 



As .... y be Hen '.-om the above ."ample, to edit • file lhe user must 

t~ 'EDIT filename' af ler a 'J' pt"orrpl. 

!EOIT filename 

• 

Note Iha' when editing lin .sterlsk t·, PI'O~1 I, otnalned. There lire 

I"IJmeNlU' c~s available wllhln th. edllor but only toy,.. are 

".<allred for moat ope,..lIllona ,. .. 18I1ng 10 ALPs. Th ••• ",r.:-

TYn Type tna line nulTtler n 

DEn Delete line nurrbe .. n 

li'rI Insart line nulTtler n 

0Vn Over-write line nunDer n 

To leave the editor use,.. •• 1~ly type X [RET] In response to the'. I 

pro""l. 

'When u •• ,... heve obtained II cQI"'rec l ••• embly program they may obtain 

.. po •• one and pass IWO 1IIIIng by rulYling the ALPS program In II belch 

tnOde where the printout J. obtained on II line primei"' and Ihe loader 

r..pe Is produced on II high .,eed paper lape punch.. To pel"form thl, 

opw"atlon all that 1. r- .. qulred r. to type: 

lCALL FROM ALPF 

This ,.. .... 11. In .. series of ,,-, •• ,lona which will Inlllg .. 18 the job. I' 

.... e..pl.natlon of any qu •• IIOfl 8-'cad Is rllQJlred. 111 reply will provide 

"'I~ 



Note / ...,. be used iD p1Me of ' CALL ' 
A q~e8 tion .ark r eeponee produGte an 

8xplana.t1on. 

JOBQ produoee intor.adon ,bout \ be 
B.l.TCIl qu.ue . 

18 loy prior1\7. 

:=u.TO COL.IN HAIIDlCROFT 
:, RO. 

EUXPLK SHQIIIIiC IJDRJU.L USlGJ: iIl'l'OOUr '1'B 
QUES1'WI tllRI 1l8Sl'01ISl!: . 

,_, GtOwtooS_ 
e. " .. _ 8J:JI.G 

.~ -

C.HAIIERCROf'T AT 113 PLEASE . 

,._,_,_ 
'Ope , "llll!~ ToO ,_ -.,-­_T_E_ -.-..... 



Additional Fealures of Cybernel ALPS 

Dlrecl program enlry 

If II Is re"",lred 10 Mlr small Pf'ograms 01" 10 lest a.sembler 

In.lrucllon. 10 discOYItr their e""lvalent hexadecimal code, lhe 

facility ellisi. for typing a •• embler In.lr\lcllon$ dlreclly Into 

the ALPS program. The dlsadvanla,ge of thl. me thod Is that 

no permarMH"ll r&eord of Ihe entared .taternetlt. I. created I. a . 

tha .tatement. entered are deleted when leavIng ALPs, end 

ara not slorad on dIM: flle as wn.en u.lng SU lLO. 

e . g. 

"" ,. 'P , "'stll ' TiIIE (ltJIC~ -, 
"" ., 'W 
0" ·s ' E' 

"" " 
, , ... " '0' 

W; " '" "" .. ',. 
00.' " ' C ' 
008 .. . ~ . .,. 

" 
, , 

"" ., " ' .,,, 
" " ' 

OOC " '0 ' 
M" " '" , '"0 



LOS end LOt. 

The opllons LOS end LOL allow lhe us ... 10 specIfy whelher lhe 

loader lepe t1exedecllnllll notatIon pro<lJced Is In modifIed or In 

stondard fOl"mal. By default (I.e. If no Opllon Is specified) the 

program will proct.w::e modIfied hexadec ilTlllll as re"",lred by the 

Generlll Instruments LP8000 prolo-type kll . If stondllrd 

hexedecilMl Is re~lred the LOL optIon should be specified. 

When ALPS Is req"llred 10 generate a specifIc loader tape file (and 

not the defaull file LOTEMP) users should specIfy e llher :_ 

e. g. 

LOS (filename) 

LOt. (fllenllmeJ 

for modIfied hexadec Irna I 

fOl" s tandlird hexlldec Irna I 

lOAOCR TAPE SHOIIH IE PE ' N IIOPJFlE Il I£)(III[ECINIL 

o. 90 3~ 78 63 87 0;>1 ~ .oW) 35 78 63 8J 9'2 ().jo 20 
1$ 78 63 8J OJ! 01.. 93 ~ 10:lS 27 ~ l J 78 n 27 
O!S 01 48 I J 00 :IS 8t 01.. 00 58 33 I L :5e Y l L :5e 
. 0 "l> 00 78 79 "0 $0 OJ 91 78 7'i' III $0 39 "l> $0 
78 1'1 2J ~ . 0 78 n 21 OS 02 ~ "0 02 J.4 2J SO 
4t. 2J ~ :It 78 n 27 ~ !il 0$ 01 ~ ~1 "l> . 0 01 
M •• V.U.nv.~noo.v. 
411 00 O. 00 9. ~ 50 75 00 78 82 8J 3. 78 82 00 
3" 0() 82 96 O. 00 9S II:! SO 111 1\6 50 S. 00 _. 
0_ 80 ~!i 78 43 IfJ 91 0-0 40 35 78 ~ 8J <n 0_ 20 
.~"" •• nM'O.n. ' • • nv 
O!S 01 "6 ' 01 ~O 3:1 81 OC ~~ '58 33 I C 511 37 I e !SEI 
•••• ft •• ·.R .R ••• •• 
• Rv •• • nv •• ·' .~ M V. 
-c 2J . 8 !i l 78 n 2J . 8 ~l o:s 01 4& ~I . 0 . 0 n 
3. ao ~ 2J .8 &3 78 17 2J .8 &3 91 ro J!i 2J 50 
.OO~ •• _ M .~ ••• aM •• ~ 
.\- 00 82 9/> 0 _ FF 9:1 IJ!i 50 1:17 06 50 8. 00 

""''' 



The as .. rrc ly Instruc t ion EOT (end of lape) has been modlfl.d 

to a llow us_s to b,..aloe up Ihal,. programs Into several smaller 

file.. Each of the .. lndlvl~al flies may be c~lIed separil ialy 

and .hould Nva EOT.s tM last ss...,..,ly Instruction In placa 

of the EN:) statement. 

END OF flU xxxxx. FIlM! 
PlEASE EN'TER NEXI nlDW'l: 

FIL£/W€I 

wher e )()()(XX Is the filename 

The nexl file shou ld be apeclf led lind Ihe PIISS 1 assembly wil l 

contlnue. If It Is re,,-,Ired to terminate the first pa.s a carriage 

re turn should be given In respOnse to the FILENAME: request 

and Ihls will allow ent,.y of erther further lines of all.embler 

typed direc t ly III the terminal CK" to .... pply an Ef',I) Ins truction wh ich 

will cause ALPS to p,.oceed to the pa.s 2 assermly. 

e . g . 

" 

!lIUILD cot.WT 
COI.IrfTlLM fll\£ 

"" 0= 
2tlD I LAL 1'55 

"'" "" I ST I DEC 11(2 
Jf4l tST 
fl£C RC:J 
}til 2'IID 

'n 
'" [FEll 

The IWO ..,brDUIIn.s show" above have been bu III In to .epar ate 

fil es, they have baWl .xtrllcted from the exa~le .now" p,.""IDUs ly. 



! CIIlL ALP"l 
'if 11 l T{'l IIl/>CJ f"1l'O':'<;- A<;C;nlfllE" Vf'RCOO:;l "I 1 nl, 

FIll "ME' I" 
rjl-I ..- HPEll 

Moat of the aboYa errorl are ca,e to referencel to labell wh1ch 

lira defined In the main progl"am. The ... routines are IIssefl'tlled 

with the I"emelnder of Ihe program., which has also been broken 

down Into the main program and leparale IlUbrou t lnell, (efler 

cOI"'recllons to the locOl"'r.ct Iyntax on line 5 have been made). The 

I"e ... ltllnl elillefl'tlly r. shown below and a crOll1 reference lable II 

.Iao ahown. 



" u 
coo." " " n, ., " " "n " 7J ,. " " " "'O' " , 
""'" " " " " ., NO' 81 ., <>Ncr " • '" " '" , 0JC2 '" '" , 
"" '" " "" '" .. " " " s "'" " ., "'" .s 

26 START " " .. '" " " 'I' "" ., ., , WOE " " " """ " .. " .. "" 
,. 

" .. " " • " '" '" lOJ 
'00 "" '" 



SfXTIOl1 D 

1. 0 SJ..ple Input-Output 

3·0 Kovil1& Data betyeen Re&ht e ... 

4. 0 IICD Addition 

5·0 IICD Subt racti on 

6.0 ChaI1&1.nc Pales/Table Juap. 

8.0 Second lCeyt.o.ard Pro, .... 

9.0 Standard Routines 

10.0 Generatina ~ayeror.s 

(Se. abo • .ctiOft 4. ', p-.p 42, of Ha.rdvare Manual) 



1.0 Siaple Input...()utput 

The I/O pDrtl of the A.1.PS 'yst ........ 8 bit wide &lid conuln output latches, 

which .una that when data is • .,nt to th ... it ~ on the output pWI 

until it is onrvritten with nev d.u. The.u.e pDrt! can be WleO to 

input daU but it mut be re.e.bered thlt the input pins are sMred rlth 

the output piu and 10 any dIU read into !:he pf'O<'essor will lc the vire...()R 

of the current dau. on the output latchet &nd die current input d.u.. If 

a port is only WleO to read in d.ta then it _at Mve its output latehu 

cleared betore beine uled tor input, thi. is done iluta.a.tic.ll.y by !:he poole,... 

on-relet eI reui try. 

OIRn:T AOOOr.ssEII I/O 

The UH (L.o&d Aeeuulator frl* Module) I.Dd SAM (Store Ace..-ulnor in Module) 

iNitruetioNi can be used to transfer data between the LPBOOO aee..-ulator .nd 

the 1/0 portl at .ooule addreuu 56 to 63 at the top end of the .e.ory 

address ranae . As the UJoI and SAM instructions only hne 3 bitl available 

to describe the .oo1l1e addren of the data port to be used the 3 bit code 

hil!! 56 .dded to I t by the processor to fona the actual .oo.ule O'Iddress thlll 

1.U1 ~ addreues I/O port. 56 
UJoI 7 .ddrf!lsel I/O port 63 

The I/O poru can be on LP6000 ROMs, LPIOIO I/O Buffers Dr the LP5000 CP\I 

clrip, the latter port bei", exceptional in that: 

1.1 it alway. ha. addres. 63 

1.2 all 8 biu can be u.ed for input but 

1.3 only the Upperwolt four biu can be lI.ed for output. 

A st.ple output PI"OlI"&a could be 

1.,( LAL IllTA 

1.5 SAM {OPORT 
IIbere 1.4 .ets the .cc..-ul.tor up with the required 8 bit data ilnd 1·5 outpull 

the data to the rOPORT, t l3PORT beilll a Yilri .. hle in the rallll:e 0 to 7 to apecify 

• lIOdule addren In tlie "Ille 56 to 63. 

A li.pIe input pro,ru could be: 

\.6 lAM 10PORT 

\.7 SAR RID 

..mere \.6 inputs the wi~R of any predou" output and the nell input rl"OOl 

data port IOPORT, lOPORT bel",' vari.ble in the rlna" 0 to 7 u i.n 1.5 above. 



INDrRfl:T ADDRESS~ 

In the unlikely eYl!nt that 8 1/0 pons rill Dot provide enoU&h I/O for a 

Any of tbe 64 

Mldule addrellu can be u,ed a. 1/0 pon add.J'eIlU bowenr it is a convention 

th.lt I/O addrelles nln at the top ot _ry &nd ,row downward, whereas 

pro,,... -rr starts at the botto. ot • .orr iiUId ,row, upon\"ds. fbe AlJ'S 

protOtypi.llc s1stell sllovs the user to accell 15 1/0 ports with .odule a.ldressu 

in the ra,,&e 49-03. 

A siAple inpllt or OUtput pro,ru aipt be: 

1.8 LAL lOADDR 

1.9 s.u 
1.10 SU or UX 

... here 1.8 lets the accuaulator to the .odule address of the I/O port required, 

1.9 then stores this va.l\lt i.n the .x reehter and 2.0 either stores or l~. 

data lletween the llCcUllulstor and I/O port. /kite that once thJ .x re,hter 

h .et up Iny nUIILer of LIX and SIX in.tructions can be 1,1504, thi! X reeister 

only naeds to be let up ... hen a different I/O port is required. 

Indirect addressed input-output provides .are addresses for I/O ports (up to 

64) lout takes .are proer .. aDd takes a lonaer t~ for the inatructiona to 

flncute aDd thorefore d.irect addressna should be used wennor possible. 



2.0 Zeroi!ll Relhten and RAM 

s-u-. it h de.irable to .un. numin& • proC"'" knoviDA that the CPU 

""",ters and .. in • .elroy IW't are clear«! of &111 d.u. 

A pro,,... to do thh 

LSS , 

LTS N 

.... ~ 
LOOP: SAR • -

JRS LOOP 

I..TS NEXT 

LOOP2: SAR.­

JRS LOOr2. 

tor CPU re,.ilten eould be: 

S!T UP'S' RmISTD. 

SET UP PAGl 0,. CPU KDIlRY' TO lIB Cl.EARED 

CL&\R ACCUIl.ILATOR 

STORE' IN RAM (S,T), S " S - 1 

lr S of 7 00 TO "LOOP-

SET UP N!IT PAGE TO BE Cl.EAREIl 

HOTI ntAT S .. 7 PROM PREVIOUS LOOP 

STORE' 1M RAM (S,T), S .. 5 - 1 

II' S of 7 00 TO "LOOP2! 

ETC. ETC. 

In the .bove pro,r&ll II .nd MElT hold the 'T' .,.lue of the CPU "'lister paCe 

to be cleared. The .. al~ of S jI's deerew:nted frDII 7 to , in each loop, no~ tJat 

.S-rolls over" froll' to 7 when deeruoenud .,ain. 

Clearinc ZS6 "0"11 af RAM 1.tI -.1..D _roy an be done aa fallDIII: 

...... , 

L\L ~DlILE SET UP ItODIJLE .lJ)DRtSS Of 256 WORD IILOCK TO BE Cl.EA.RED 

= , 
.... ~ ! ", ... 
LAA REO 

SU , 

.... / 
sa, 

""" .. 
JNZ LOOP 

STORE HOIIUIZ .lJ)1IR£SS IN X 

SET UP STARTIl(). Y,\lLl! OF LOWER 

8 BITS Of ADDRF.SS 

GBT 8 BIT ADDRESS 1M ACCU4 

STORE 1WI IJlDRESS HI Z REGISTER or CHlP StUX:Tt:II 

AS MODULI 'X' 

CLD.R ACaJKl.!U,TOR 

STORI , HI RAM 

DI!:CRDW!"T RAM oUIDRESS 
All. C'l.!A. RED ? 

In this pro,ru the 1WI locationa .re cieared in tbe order " ZSS - - - - I, • 

CPU rep.ter ealled Rro beine lUIed ta hald the value of the next RAM Addreu 

ta be eIe.red. Nat' that adv&lltaae i. taken of the fact that the DEC decre.ent 

instnlctian cluI.nc" a .... :h ... af , ta a .,.1110 Z55. 



3.0 Havins oata Bet~een Resisters 

DIRECT ADDRESSINC 

The !u.plest and quickest ~ay to .a~e data betveen reKisters is by: 

LAR RD:; I 

SAR Rfll 2 

lihich copies the data in RID 1 int o RW 2 &lIS~'" RID I and. lUll 2 are directly 

&ddrened, this infers that only re&iller G- U iIJId V, V, I and Y can be used 

in W. Ita,.. 

lliDHta:T ADIltF.SSllCl 

IIy usb1& indirect &ddressll'1& it is possible to transfer data froll one pille of 

8 re,hter to another: 

LSS 7 SET UP S - 7 
LOOP; LTS TVA1XE SET ,~ 'T' ",,,m 

URI CET DATA 

LTS ~ ALTDI. CPU RnaSTER PAGE TO T-' 
"R~ NOTE THI!: AIJI'O D~"f or s 
JItS LOOP ALL OONE 7 

The above pro,ru copies the 8 re,isters in CPU fIoiIIe TVAUIE i.nto fIoiIIe 0 of 

the CPU resister.. It .... ould be quite euy t o ;ilter the above pro,ru '0 that 

the re&lsters could be copied 'updde down' or cOpied out t o extem;r.l RAM etc. 

FUrther PrDK .... eDllplu are linD in the Staodani Routine. Section D, it" 9.0. 



4.0 BCD Addition 

the ALPS aicroprocenor 13 pIlrticlilarly well suited to BCD ari~tic 

operatiolUl and aanipul&tiolUl and a nlmller of routines are &inn in the 

Standard Routines of Section D para«raph 9.0. 

The basic Rthod for BCD addition 13 &II follows: 

Problea: IW) 3 - IW) 3 + DATA 

4.1 LA.L DATA 

4.2 ALA /66 

4·3 ADR IWJ 3 
The proCraa works &II follOW'll: 

State.ent 4.1 puts the data Talue in the accl.llulator, 

StatetMHlt 4.2 correct! this nUllber ready (or BCD addition .. and 

SUUllent 4.3 adds the contents of the accl.llulator to IW) 3 and correct! for 

BCD carries. 

The BCD add instruction adds two BCD nuallen in the accUllulator to two BCD 

nuabers in a recister. 

with the higher siCniticant maben, an,. earry resultinc fl"Oll that addition 

sets the pl'O(:enor carry naC and can be Wled for testinc by conditional Juap 

instructions. 



5.0 BCD Subtraction 

'ft1e OOD subtraction _thod 11 nry d .. ilar to BCD addition as described in 

The basic proara- is ,boom beiov, a .. re 

~prehend"e u.pie 11 ,i"eo 1.0 paraa .... ph 9.0, Standard Routines . 

Prol:.l~ RID 3 - m:: 3 DATA 

LSA 

LAR nATA 

EOL /Ff' 
Ami Rtc 3 

SET CARRY - I 

CET nATA 

o)<,;;s~ IT 

ADD IT TO Rm 3 

The .aio differences Letween addition and subtraction are: 

A. the earry flip nop Ihould be let to • I before subtraction 

o before addj tion 

II. the dat.\ ill in ... e rtcd for l ubtraction 

C. the data dlXl! not need a correcti", n ... her /66 added to it for lubtrllction. 



fbe ALPS -.!.croprocesaor _ry splita DUUrally into 8 x 21 word pa,n, j.-p 

and lubroutine inetruction. hal'in& an elel'en bit addrcub1& capahility to 

operate within. 21 Ne. If there il • requireMtnt to jup froll one 2K 

paae to another ( • . ,. when a proc;ru it lar,er t.han 21 words) then the 

followin& Prol..-..in& techniq1.>e an be Uled: 

6. I l.AL PArnKlD L6AD PAGE AND KlDlILK ADDRESS 

6.2 SA.I 

6·3 W. '''' 
~, SQ1 

6·' , .. 
6.6 SAY 

6., SOY 

STORE IN I: R!iG 

LOAD !/ORD ADlIUSS VlTKIN MOIIl!L£ 

st'Of!1 11 lilt I~ ADIIl&SS IN Q (PAGE) 

GET PAGI iHD HODULti ADDRESS 

STORE III Y RIDISTIR TO SELl.Cf (}iIP 

OOMMI' Il6fttiClll»1 FOR OYEltLAP 

In the above pro,ru. the instructions fUnction as fallows: 

6. 1 the 1'I11.>e of PAGHOD 11 put into the acc .. ulator, 

PAQIlD bits 4, S, 6 .pecity the oev pace required 

PAOOD biu I, 2, 3 apecity the .odule within the nev paae. 

6.2 the 1'I1.1l1e at PACHJD, the .odule addreu part ot the new addren, is 

Itored in the X re&i.ter. 

6 . 3 the WORD part (bat:tOll 8 hitl) at the new addrell is put into the 

acc~ator. Note that it thil nlve _re 1', U in the cale ot .ettin& up 

the ltart Iddress ot a new ROH, then u.s I' could be used instead of I.Y. WORD 

thllS .... 1'in& one iNltniction word. 

6.4 the SIQl inatruCtiOfl Itorel the contenta ot the aca.Wltor (WORD) I.nd 

the lower three biu or the X re&ilter contenta in the II bit Q re,ilter of 

the -e.ory deTice which bas a JIIlIe addren equal to the nlue of blts 4, S, 6 

of the I re&ilter. 

6.S this instnICtion rctrie'fel the mUle in the X re&i.ter and puta it in 

the accu.ulator. 

6.6 the new lIe.,ry i. now c.hip .elected by .torin,: the new pale addren 

(PAGMOD) in the Y re,hter. 

6.7 tbh 11 a d-r instruction to c .. peDH.te tar the fact that inetructiona 

are fetched f..- lie.,..,. whiht the pruiollS instruction 11 beina obeyed, 

(·ol'Olrl,apped fetch"). It hu no Prol..-..ifll function as luch. 



7.0 A Keyboard Input alV! Seven Sepent Msplay Routine 

In order to 1.lIldorstand t.hil d_n.trat.ion Proan.. it vLll be necenary to 

study this explanation in eonjunction vith nowchart: &lid pro,n.. lhtine. 

The overall function ot the pro,r_ h to continuously eDo&ine a 16 key 

keyboard to check It • key it preSled, if any key il pressed then the pro,n. 

converts the key code to IItD and diaplaya it on 4 lEDs and then conTtrts the 

OCD code to leven se,.ent code and diaplays it 00 a leveD sec-nt display. 

The electric.U clrcuitry required betveen the keyboard, lEDs and displays I, 

very ai_pIe and 11 ahovn in the circuit diq;r ..... 

The pro,raa u ........ the keyboard is connected to 1/0 -'ule 62, the .even 

ses-:nt display is connected to I/O .adule 61 and the I.£I)s are cOlUlected to 

1/0 .adule 63 (on the CPU chip). The proaraa functiolUl u follows: 

7.1 At label IliKIl: re,hter, I and 2 are set up as counters with an initial 

value at 4, theae counters are used later in the pro,ra..- t o help conver t the 

keyboard code to DCD. 

7.2 A code at 0000 1111 i, then output to the keyboard .atrix (see cJrcuit 

dia,ra. for connectional and then the output of the keyboard .atrix is read 

back in and tho top 4 biu checked for a non :ero result. [f the relult i.. 

:tero nO key vas preued so the displays are cleared at !o."OKII: and the pro,r" 

rest.artl. 

7.3 It the result vas non-:ero then the nevly input keyboard code is sent 

back out to the keyboard on the tOp 4 bitl or 1062. ThCle 4 bin are $hitted 

to the tOp end at the acc .... ulator and then the result checked, it the result 

is :era then DO key i, preued Or r1Ither the key depression previoudy detected 

_ust have di .... ppe.red ao the d1lplaya are cleared at NOK8: aDd the pro,n. 

restarted. 

7.4 Ir a key is at.lll pressed then the tva co-<>rdinatea 1: and T, of the key 

are nov nand in the top .and botta. four hits of the keyboani intertace 

(re.eaber the I/O interCace cOlUli.tl of latches). The 1: .and 1 codes ( l or ,) 

are nw converted to ntillbera in the ranee G-3 by countill« down the ,..,.hun 

1 lind ~, vhlch hau pre.iollsiy been reset to 4, until the ,..,levent key hal been 

accol.>ntcJ for. 

,.s! 



7.5 The ~odes .re then coln'ened to BCD by 1hiftint the one in RmA 

left 2 phces (to IIUltiply it by 4) &lid then addilll it to the other in REeD. 

This code is then shifted to the top 4 biu of the Icc-w.ator &lid displilyed 

on the CPU I/O repster 63 (r aber tbi, only hila output dnices on its 

top 4 bin). 

7.6 The BCD ~ode I.. re l t ored to the betto. 4 biu of the acc~tor and 

then at label BCD7: it iI .added to the .tart address of iI table of the 7 

lepent equinl.ents or BCD (rather b~ec.iaal) n...mera. Thi. new address 

h the addrell of the data defiPiIl,l the 7 lepteDt equinlent of the OCD 

n_ber. 

7.7 Thil addreu iI now . tored in the Z repller of the _ -'\lIe II tbe 

pro,ru (S2Y) &lid then the .pproprhte 7 .eptent code iI read in frooo the 

pro,ru ROM rl..a the 2 rep.ater (ur). Tbe table or 7 sepent codu i, 

defined .. part of the pro,ru at label SED 7:, note that these binary 

codes are never uec\lted II pro,ru beca\lse of the JMP U,U i.nIIt"'~tion 

preeeedill,l theoo &lid the fact that the label SED 7: is never l15ed .. the 

destination of a j_p inst",ction. 

A nowcb&rt describill,l W, pro,ru it shown in (i,\lN! 7.8 and s_ notes Oft 

the elIKtric&l circuit required it iin:m ill f~re 7.9. 



ALPS-LPSOOO OTBOAIID-DISPLAT PROGRAM EXAHPLB 

4 Rt.'TURN 

NOI(B: 

I 
......"" BACK: I BACK HJT 

• 

, 
R&\D I" I 
RDl.ECT8D 

BCD 7: I 

I/ote: INKIl, MlKU, flACK, OCD 7 ~fer to labels in the pro,raa text . 

YIJUre 7 . 8 



.ALP'::'-L~bOOO U~"OHSTRAT I OH PHOGKAH 
_TIll.::. ""OuMAM UEI'liJ'H.::.TKAT£S 1- ' 
_'::'~MNNIHv A 10 I,;IIAHACTER K~Y~OAHO 
rl.Uf,lVt.IITINI,i !ol.AN CODE TO acu 
.l.OHVt.IITINI,j oCO COU~ TO SI:.VLN SEGMENT COO~ 
rUll)Io'i.AVIN{i hLX KEV"OAKD CODE IN '1 SEGMEHT 
',,"1'1 :.!1 AjoI" 15 
.!oET U~ Ht.uISTI:.II ~o 110 HAMES 
.. i:."' .. , ." 
"i:.ub , ." , 
U I'::'''' ... wu , 
" .... V" , ."" • I. t.U.::., ."" " 

"HOU f I "'t. Tu ioCA~ A K":VItOARD 
.STAIIT riuUTIN£- .::.~T UP COUNTERS 
j 1'41'1<1' LAS .. 

.::." .. HEU/\ ., . H .... Od 

" 1.0UK , "" .. , '" CO, " ", K~V" *00001111 

'" KI:.Vb .,,111111 
H~ • _UU001111 

.ANV IIt.V ~H~:':'I:.Dl 

Jil HUKd 
.Vt.::.- ..... ICH UNt.? 

LioN • _""0000 
!loAM .eLV" - lnl0DOD 
LAM Kt-Yo ."111111 
I...SH. _11110000 

rKI:.Y DISAPPLAMI:.O DU~IHO TEST, 
,I I Z. NUKo 

.HU-I,;~ VEHT KEY CODES TO !tCO 
dACK , O(C .. !:;Go 

.J~l aACK 
.l,iI:.T Ot"LH I OF Q HIT COUE 

1._ Kt-Vb - 11111111 
11'::'1'4 • , ... 

.I,;ONVI:,t(T IT ~IIO" 
,.. UIII:. ' 1.11:.1,; Kt.I,j"l 

"CLI:.AI'C SOTTOM 
"" Itl TS 
I 0" • TO 0 - 3 

". 
olN' 1'I0Kt. 

_1,;01'l01"'t. THt. TWO ~OUt.S TO UET SCU 
LAII lIt.u~ "GET 1ST CODE 
,,:OA • ..x .. 
". 
",AU 1It.0 .. 

_ .. ~t.l.II'IAI... III:..::.UI...T IN ACCUMULATOR 



• 
"ullol'LAY I;rlril( UN lo .. U LA!1PS 
~1If'1 lU'" .. "IT:. ur I1UOUL l. I>J 

• 

l,,,,,,, 
:. ...... Lr.u!> 

."' 
."'11. I;U.I.I""H "Lii TU ., lot:GMI:.HT 
• u:>I .. " .. I.Ullo(l,I,... '>lULL 
.. 0.;1..11 ... I. .. !lou,., . Lltl.l; AUU,U.:'!> IN TAbL" 

.laty , . ",IU"lo AUIJI(r.SS 1101 I. 
LU , _"o.r ., lite-to COUt. 

.~U~ u l :'~L"'Y Tnt. LOUt. UN UI!>PLAY 
3/t'" Ollll' 

.UU ..... 1.0( IV ~ IAnT OF ""UUkA~ 

'LOUK ~Ol( AHVIH'" KLY 
,)!'It' I"'«D 

.1-" .. ;- I ,~t. 'f"" lo ... IIt,._ !>t.""M..,.T COU"-!> ,­
. olili SLU!'I~T", .. i'lL LUHNlCTEO TO 
po ~ 1/0 iOIJUl,t. 1> 1 

" I> <; :": .. 1. HI" I T I 
• ., '/1 · , • "" 

, 
'" .n , ton; • 

" , 
• :.1I"".J 
!>~ .. li1 1 "' loJ, "UI,IIIILII " 

"' ,", _OUOOU L I U , 
u, " . .... HoIIOII , 
"' .. , • 1.111.11..11111 3 

"' ". " v i l uu l 1(, • ", "" · ullU liul , 
"' 'I U _ 1,1 1/111 0 1 • 
"' '" " UUUlh,J I I I , 
"' n, .. I,I ILIIIII • 
"' '" _1,1111,11,1 111 , 

• . """'" I.I,IU •• ".< ~ Ili< , lo .. I.> HUIU)t,I,; II'IAt • 

"' '" · IIIIUILI • 
"' Itt,; ·llllIIU" • 
"' , .. . IUI 1 11,".11 , 
"' .,< .. IIUIIIIU • 
"' ". .,IIIII,IUI • 
"' '" ·IIIIl.l<.I01 , 

... '''H ..... ,1 t.n ..... :. Mt.Mt. " •• ,., Pl'iLl>SLU 

'.u ... ,,* ,.' " . 1.1. ..... 1'1 UI:'I'LAYS ,. L",U'" ..... ,., ",''>1'' 
.j ", I" I,j"" ."'",:.TAhT 

t • •• " 



, 

11 

1 

I 

-"' 13 .. 15 

I --' 9 10 11 

, , , 

1 2 J 

11 

'1 
I 

7 
5-

D. P .... , , 

2 3 4 5 

10 61 7 SeJ!eDt »i_play 
(c_n c.thode to -12V) 

4 

6 

~K -12V 

on each output 

5 , 7 , 

10 62 leyitoard 

2 
-12V 

" J 

\ C ". - \> , '~ L d . ,1 
" 

7 8 8 7 6 5 

I063LE1lS 



8.0 A Second Keyboard Pro,ra. 

The keyboard routine delcribed here i • .ore sophisticated than the one u.sed in 

~ra,nph 8.0. 

and will only acc:ept key input. if one key il depressed at a tille. The pro,rb 

il illultrned and up»lned in r~re 8.1 and should be li.pie to follOW' once 

the exa.ple in para,raph 8.0 bu been undentood . 

The only other keyboard facility that vould be particularly dealrable tbilt h 

!lOt included in Fi,ure 8 . 1 il that of a.nti-conuct boullCe 10,lC for the 

keyboard svi td!cl. 

tlile r (5aS) WI il'll a 

Thh facility can .uily be added by pro,~", a short 

loop of inst",ctionl and then us.iJ:l« the keyboard routine 

I f the keyboard routine detectl the salle key tvice then it u.n be 

auu.cd that the key conuct 11 not bounci",. For this reason (ud", the 

keyboard routine tv1ce) it is usual to pro,,.... the keyboilrd routine as I 

subroutine that II .,.lied (I"0Il the .. in pro&rb. 



LAL STRfAB 

'" us 15 

"" I 

... " 
JI% NOlET 

S," US. 
"" I .... , 
AlA STRTAB 

SZI 

LlI 

JIP on 
JMP ERROR 

00: SAR (.umu) 

.... , 
AlA SntTAB 

SZI 

Ln 

J1P olir 
J" ..... 

AlA OPRTAII 

SZI 

Ul 

iLTERNlTIV£ Xl1'BlARD 5n!VICE ROUllt.'l: 

l 
l SETTU«l UP TA..ELE MODl;LE 

AIlIlR!SS FOR LA. TDt ACCESS 

SET UP 11 tI On I 

READ IN ON r 

fX:HO Bo\CI OS r 

~ ClDIt I'OII.T 1 

READ IN ON I 

y 

ADDINO INDEI OBTAINED FROM X TO START 

ADIII.ESS Of TABLE 

l 
l 

SKNDING OUT START ADDRESS 

we IN x eOXlDE FROM TAllLE 

See next ' paae 

STORE DECOeE Of I IN OKE 

01' THE IlA.CKlt.'E RJ.CISTERS 

~ US I Ill T4Bl.E 1'0 fIND 
) ' DfXX)DE or 'f 

l 

See !leU ,..e 

2 SETTOO T ICX)D£ TO 

5 CORRECT I'OSITION 

BlNART ADDllll 'f DECOOE 

A"" I lII!XXIDE 
ADOlt('; lCEYOOARO Ds:xlOE TO 

START or OPERATIIll TABLE 

ItEA.IHNG FROM OPERATING TABlE 

(COULD BE START ADm.&SS Of' 

IflILTTPLT ROUTINE, OR ASC11 

CODE Of CIlARACTDt grc,) 

o , 
-, , 
-, 
-, 
-, 

3 
-, , , , 
, 

x 

fis"re 8, I 

1 or I 

.x" 
0010 

00" 
",00 

01~1 

OliO 

0111 

' 000 

' 00, , 
, 
• 



ERROR, 

OPRTAIl: 

SEVDW. ALT!RNATIVES ARE AVAll.A1ILE 

THE ltAatl"'B lIAS DETECTED ItORE TIlAS 

01iE KEY D£pR&SSED Mil) YOU ItA Y VI 51! 

TO SlG!W. THI flUI,OR OR TO rG~RE 

THE KEYBOARD COKPIETELY. 

ADIll.ESS OF ROlITlKE IF KEY ~ liAS PRESSED 

ADDRESS OF ROUTIIiE IF o;y I VAS PRtX'iEn 

'.ote: OPRTAB is .. lilt or add"nes vb.iclJ the pro,n..a su. .. tin& at 01(1 u~e. 

to convert .. key depre.uion into .. cdl to a particular pl"OCriUl , 

ro .. uuple. on a ca.lculator the + - ~ • kel~ aipt be preueJ an.l 

the addre.ues in OPRTAD would be a list of the addreues of the AIlD, 

SUBTRACT, MULTIPLY and DIVIDE routines. 

Figure 8.1 (continued) 



• 

9.0 Standard Routines 

This par,,&nph containa a .,ariety ot staD:larised routines which can be n,.,. 

useful for ... nipulatinc data atored in the 48 !WI repste" on the LP8000 

processor. The routines deal -.inly with BCD~" and it is a.,.-ed tblt 

two , BCD dl&iU are Itored in each 8 hit re,;ister. 

11M: _in application are .. tor theae routines are 

(i) any appUeation requirinc BCD aritbRtic 

(U) any applicatinll requirill& by tea ot dat.l. to be -...ed aroullli between 

CPU reciste" or to and tro. .. ill _ry 

(iU) any application requirinc 4 bit data .. nipu.lation, e.&. telephone m-Iwn, 

security. codes, data acquision etc. 

Theae routines are pro.,.ided to sene .. a soun:e ot ideal whic.h c.an be adapted ta 

suit the p<lrtic.ular user application . 



9 . 1 IICD ADD _ l'l'TO 14 DIGIT ~ 

9 . 2 • 

9.3 • 

9.' cUWt PAGE Of" REGISTERS 

9. ' OCD I..E.'T SlU" 14 DlC1TS 

9.' OCJ) RIGHT SHirr 14 D1GITS 

9.7 IICD GLRCt:1..AR RIGIfT SHIfT 14 DlClTS 

9.' OCD C1RCULAlt LErr SHlf1' 14 OIGITS 

9.9 TJWiSI''ER MTA ~N ~1SlT.R PACES 

9 . 10 p~lSED VERSION Of 9 .0 



GUI LTD IIlPS CROSS ·SSE"II.ER INSTRUCTION LISTING 151 In6 PIIG( • ... CODE ... ,H" STA1UlENT 

• If!OIJt I lIE AM 4 , t14 DIGIT UNSI8NED AUG , .".,... WHEAl 

• .. IS T R[G-2,l.4 OF ~ , •• IS IIlIM't'S l-o 

• t'O CAlL 4Pt4 , 
• OOS AD14 • tlf 0UEfIfl0li octlIRS 

• tCN!RY flAG IS S£l (If k£llJ!H .. • .. . -1:5 JIII/I4 76 

" • 
000 ,. • " .... lSS • S£l LP '5' 
00. .. .. ... SET CN/RY-o 
00' J8 " "S • SET LP '1' 
00' 8C C .. .... • IlET 'A' DIGIlS ... OEM M " ... " . ADD HEX 66 ... " , .. " . , S£l LP 'II' A(1i: 

00' ED D .. ... I- BCD ADD,DEC ' S ... ... , , ,. .os 1\014+2 S HOT ? ? ... 00 " RET END Of AD14 

" • 
" t£ND Of ROUTINE " .. ,. • 



ROUTH, T\'l ADD 1'10 14 DIGIT !!CD "!.'WIERS 

Yo, 

S " 1 

SET I!P 
• S· 'ill. 

No 
S - 1 

IUIOUTII'€ AOl4 
III" OlCOtT UN$ICNEO "00 
.. A"'Ate WH(ltE 
"A 1$ T Rt.C"2.3." OR ~ 
*8 IS ALWA~S r·Q 
;TO CAU /110' ... 
" 605 110 ..... 
• If O\l(R,Fl.O~ OCCuRi 
*tARR¥ f~AC IS SET O~ R(r~ 

• teRK 23 JAN 7' 

• AD,,.., LSS "SET \..IP '5' 
R91 ~ SCT C.AAR¥81 

-- LTS II 5r:T UP ' T' 
lAR t Get ' A' DIGITS 
ALA I '" AOD HE)( 66 

3 SET' uP '6' PCIIt 
e· eCQ "oo,.P£t '~' 

..IRS aol~2 's' ~OT ., 
RET • OUI C1F flO'" 

EliT) 



61" LTtI .-LPS CROSS-I.s5E"ILER INSTRUCTION llSTI~ t:'1 tn, "AGE , 
"" COIl( .... ST-ooII STAlE)£In 

" tMlUTlNE S814 

'" tsUlTRACTS TWO t4 DIGIT ,. _os 
" 
_ ...... 

JO fA IS T REG 2.J,4.~ 
31 •• IS IilLWlYS T-o 

" .ro CALL lJS[ 

" ..... u" 
" .Jf QlJERf\.OW IS 

'" ts£T ON RETtIIN ,. taJI>lDtEJfT RESUlT 
Tl • 
J8 tlRK 1~ JNI 76 

" • 
00. It .. "" ". SET CMf<Y 
ooc " 1 '1 LSS 1 SET S-t 
000 J8 ., LIB 0 SET ToO 
00£ 8C C ., 

"" • GET DATA 
00f' "'" " .. , ... '" I'S COfIP 
011 JC • ., lTS • SET Td 
01' ED , .. 'M 0- ADD IT 
OIJ <00, , ., .... 5814+2 AlL DOHE? 
01' 00 .. IlET YES-GO 8IICI( .. • 

" tEHD C6 ROUTINE Slt4 
.1 • 



OJ" LTD AlPS CROSS-IISS£"Il.ER IHSTRUCTI~ LISTIHG 151 In, I'AGE , 
"" co,., ... ST-NR STATEME~T 

" _ROUTINE 004 .. ta)ff'lEPEHTS .. " " IPIGH IoILtIIlER 

" l~I") 

" l .. 15 TREG-2.J.4.5.0 ,. .TO CALL USE 

" toOS CPII4 .. • 
" .- 15.JA11 76 ., • .16 " " "". LS' S£1 CARRY 

.17 ,. , ... LSS , SET .. , 

'" 3C • .. LTS • SET Td 

'" 0: C '" u" , an OIIHI 

.'" 0CFf " " [OL '" I'S COItP ." 9t C " ... • STORl B/toCI( 

'" " .. LAS • "" .. 
'" " , 

" "" .- """ '" .. " " " .os o!lhJ /toLL IlO/o'I:.? 

'" 00 n .... Y£5-00 9/toCK 

" • ,. tEND Of I!WTI~ C"14 

" • 



GI" LTD IILPS CROSS-o\SSE"81ER INSTRUCTION LISTIII6 t$l" tn6 PAGE 4 
ADII CODE ARG ST-NR STATEPOT 

" tROUTJHE ZR16 

" '16 DIGIT ClEM ROUTtHE 

" tclENIS a \IlRDS OF !WI 
eo tADDRESSED Ut~ '5' AHD 'T' 
81 'TO CIIU. IRl6 

" 'T ~ I( 0 TO , 
OJ • .. tllRK 15 ~ 76 
as • 

'" " 
, .. .. , LSS , SET lIP '5' 

." " " LAS • ""' .. . " .. • .. 1M 0- CLEM'ST 

". "'. " .. .os ZRl'·Z LOOP TILL S-" 

'" .. .. RET "'- "'" 
" • 92 tutD OF IIOUTtME ZRl6 

" • 



GIll L TO ALPS CJ1OSS-o\SSf:IIBLEIi I~IIUCTIOH LISTING I~I 1n6 PAGE , 
"" "'I< ... ST-HR STo\TEItEHT 

" tfIOUl1 HE Sll' .. n4 DIOIl SHIFt 

" tUFT GtE DI01T .. • .. tsTOR£ T WILlIE IlEFOR£ EIIT'I"' 
100 n CNI lIE 0-:1 
tOl tllEWNIE T*I 
to, • tOJ tMl lEW' SlOllE USED 
I" • 
I" tllRlC 1 S .J/IM 'l6 
to. • 028 ,. 107 ,'-" LSS 0 .... 

0" IC C loe '" 
, . GEl ~D 

0" IE to. L'" ISlUFl + lilTS L 

'" 9£ [ ItO 8M •• _810M I~ '*)'1 
OX .. " " III ... •• J I<¥..L DC.M:? 
02£ 00 "' O£, .ENIl OF ROUt1H( 
0" " 0 IIJ lAO .- 1OE1 ~D. DEC S 
OJO " I .. ... _SHIFl 4 liltS Il' 
OJI 0: C I" "" , ICOIUII HE RESt.l.. 1 
OJ, 9£ [ I" ... ,. I STOR£ ACt 
OJ] .,,, " 117 .... SL14+l 

1\9 • II. tEND OF SL14 
120 • 



GIll L Tn M.PS CROSS-ASSEIUt.£R IHSTRUCTt~ LISTING 151 In, f'AGE • ... COIlE ... ST-frjR STATEMENT 

122 tROIJ1l1E SRi4 

'" .14 DIGIT !llIn , 
I" MtGHl eM. DIGIT 

'" • ". tsTI:R£ T WoL~ 1lEF0R£ OOkY 
127 6T CNI 1£ 0-, 
128 • ". 6M) Tat' STIIrIE USED 
130 • 131 .IRK I' JNI 16 

'" 
,. • t32 SRI' IS. • _SET UP S 

0J6 " C 133 ..... • ..., .... , 
037 IF 13' ... _SHIn 4 IlilS ill 
0J8 " , 13$ ... .- _STM.tJ[C'S' 
.39 603C X I" .... H' "-"'L tJON£? 

." 00 137 RET ""-, """ 

.X IE , 138 .... .. ..., .... , 

.lD IE '" IS. _Stun 4 ,ITS L 
OJ, cc C I" EO,. • ",,",IHE 
OJ!' " D \01 ... I- .STORE 8ACIC ... .. " " I., ... SR14+1 ... ,,-

\0, • \0' t£NtI OF' SRi4 
I .. • 



0111 LTD ALPS CROSS-.ss£l1l1ltR INS'kLCHOH LlSTUI(j 1~1 In~ P/II& , 
AI" "',. ... ST-/IIR STAmlEJrll . " lROUTI,*, t;Fi • ... tclRClLNI RIGfT SHIfT ... tONE 8CD IIIOIT . ,. • .,. "'ORE 'T' VoiIlUE '"'''' Eln~ .., I'T' tNt! lIE O-~ ." lBEWIRE 1-\ ." • ." ttJS[S TEl'I' rl£6ISlER 10 

." • ." '1Rk 15 ~ " ... • '<2 ,. • ." CR!' 'OS • *SET ~ '5' 
OQ 8C C .60 lAR • -oET LEAST ... .E 10. , .. 1516 DIGIT .. , .. • 10' ... ., *STCfIE ratP ... 8C C .63 eN< • _ST AHtIAIl:D .. , ., .... ... "I"" ... " C 10' 5M • *SHIn .. , .... ,. .66 .os -, .. OJTlNE ... " '" 'BS , nCIRClLNi: 
.. C .. • '68 , .. 10 *SHIFT .. , CC C ." "" • 1!COI111~ 

"E " C '" 5M , ·STORE 

'" .. ". 'ET _END CRl4 
ISO .. E In , .. ,. *~Sl OF , .. IE '" 

,,. .!;'T~II'*D ." CC C ". "" , _SHIFl 

"" " , 
'" "" .- *1(001111£; ... .... .. '" - CPl." 
In • ". """. CI'" '" • 



GJII LTD AlPS CROSS-4S5011!l.[~ tHSTROCTtOH LlSTlIolG \51 1176 fo'/IGE , 
"" COIlE ... ST-NR STATUtENT 

.81 tROUTttIIE ell. 

.82 t(tF!Ctl.M LEFT SHIn 

.83 toNE leD OtOIT 

." • 

.80 tSTORE 'T' WillE ""001£ £HTIIY 

." t'T' CNI lIE 0-5 

to' taUT 1lEWM£ t-l 
.00 • .89 • 
.90 tuSlS TEtf' I!£OIST[R 10 
.91 • In tllfd( 15 .)11M 76 

'" • ... '" ... ClIO <SS 0 *GET ItOST 

05' 8C C ... co. • ..SIG DIGJT 

"" IF ." "" _STORE 11 ,.. .. • .., SNI to _\I'IIE1'I' .,. 8C C ." .... , • ... 00 

05' IE ." <S. _S1I1/<I1II\IID 

"'" .. [ 200 SNI ,. _LHl 

05' .... .. ")I .os .. , _gun 

"" " • '" <ss • _HOW PlJl 

'" .. • '" LN< to .,so 
'" IX C ". "" 

, _IHI0 tHE 

'" '" c "" ORR • _LSD 

'" 00 '" RET _[HD ell. ... " 
, 

'" LN< ,- .1HIS IS ... IF "" .... IOIl£St Of 

'" IX C '" "" 
, _SHIFt 

'" .. , ,to ... .. _'tOOT HE ... ..,. .. '" .... ell.·" 

'" • 
'" tOlD Of cu. , .. • 

• 



0111 LTD AlPS CROSS -'SS£IU!UR INSTROCTIOlol llSTING 151 1n6 PG • 
o\DR COllE IIRO ST-HR ST-'TE~HT 

'" tROOTlHE TItU 

'" '16 DIGIT llWISFER 

'" tFROt1 ONE 'T' II£GIST[R 

". tTO 'T'-O II£GlSTER 
no t'T' VAlLI: IS III 'U' REGISTER 

'" tCM.L WITH 

'" tOOS TRl6 
m "T' eNol lIE 1 TO 5 ,,. llIEWME 'yt-1 
". • 
'" .8RK 15 JIM 16 

'" • ... " 
, ". "'" CO, , SET UP'S' ,.. 08 no "" GO" 

"'" " 
,,. MT $lORE IN 'T' .... 0: C '" CAR • GET NUt1I1EP 

'" J8 m US 0 SET '1'-0 

OfF .. D 23J ... .- STOf/l. NUlftl(R 

07' .... .. '" 
..., tJl16+1 ou. _, 

,n 00 73!5 "'T nllJSHED 

'" • 
737 tElID OF fiOOltNE 1R16 
2J8 • 



GIll LTD ALPS CII'OSS-ASS£KIILER II'STIlUCTlOll LISTItIG 1:11 In6 P4oO£ 10 
AM roDE ARG ST-HI! STATEHEHT 

, .. 4ROJTtNE PT16 

'" 416 DIGIT TRAHSFER 

'" 4rROK AMY 'T' REGISTER 
,OJ .10 "MY 'T' I1[GISTER ,.. • , .. t'T' VAU£S IIfIE IN , .. tv REG BITS ',2,3-:1 ,6,7 ,., tW REG USED "OR nil" STOllE , .. tCAlL WITH ,.. tOOS PTU 

'" .'1' CNf lIE 0 10 :I 

'" tB£\Mfl£ ",-, 

"" tTRiIoHSfER tS flO! ut21 10 ,., tft£OS TO \/567 T II£GS ,.. • ,., .... " ..... " '" • 
'" " 

, 
"" PTl6 ess , SEt LP '5 ' ,,. .. ". "W DEl '1' S 

07' 01 ". .. , SET LP '11' 

'" 0: C '" eM • GET MfA 
on " '" .... T8f' STOllE ,,. .. '" "W GET 'f' 5 

'" " '" "" SHIFl " Bns II 

'" 01 , .. SA' SET LP '12' 
07 • .. '" LA' GEl TEIf' 
07C " , , .. ... .- STORE DATA 
07' "',. ,. 

'" "" PT16·' ALL DOHE? ,,. .. , .. ,." FINISHED , .. • 
'" t(HD OF ROUTtNE P1t6 
271 • on END 

" J«) ERRORS FLAOOED tlol 1I,8OU( toSSEKBLY ,-
LOADER TAPE tN F1LEI - LOTEMPl 



10.0 Ceneratin& Output Va.ero~ 

10.1 LEVEL OIAI«::I 

LOAD -1" lJiI AOCUH\!UoTOR US I 

SEtoll ACX::l.DIVlAf'OR TO OUTPUT J'ORT SAM OttI'PUT 0 

I I 
I O. 2. I'Ul.S£ 

LOAD (I) IN ACa.MULAroR lAS I 

smm ACC\IMULAT'OR TO OUTI'UT f'OttT 

00 TO TIHDI SUBROlJTlliE 

LOAD (0) 1M AoctJMULAT'OR 

J>IIOCIIl! VITH REST or I'ROGIWI 

::= ~11 I 
SAM 00l'PUT 0 ~L __ 

10.3 STIlIBl SEQUEJrICZ(Dilpl&y, Keyboard, etc . ) 

START: US I 

STROB!: 

THIER: 

LOOP: 

"", 
SAM O\1rPl1T 

oos tlKER ..... , 
!SA 

JIZ 5tHT 

JK.P STROBl 

Ul. 'DOE 

"" I 
DEC I 

JHZ """ 

""'"" 

_-,n H 

IIote, 'TlJ(l' letl Multiplex lote ..... l 



SECTION I 

THE GLOSSARY 



AIl')OWTI 

"""'" 

' lOr 
ANS I f'ORTRAH IV 

""""'" 

M.lMrical addruHI and clata that will reaain ImClwl.&ed 

dllrin& a loadine proeeu . A JlrOAraa tilat COIDt.ai.n1 luch 

IlWlberl . 

A loader vhich vill load illto the cOIIputer -I'T I 

rile COIItai.JlJ.n& absolute addrelHI SlId absolute data 

(al oppoHd to a file COPtainin& .,.bollc adelrelHI or 

data - He RELOC.ATIlIC LOAlER). 

A replter ill vhich mmbers are totalled, unipulated, 

or te.porarily ltored for transfers to and tro- _I'T 

or external dence.. 

Binary (tvo" - cOIIplellent) addition of two nllllbert 

In't'olrin,r; the Kcu...U.ator . 

operation . 

Generallr. an arit~tic 

A _ber vhich identifin OIIe 1ocatiOl1 ill _IT. T. 

direct the; COIIplter to acceu a partic\ll&r _ry locatiOll 

or replter. 

The character Ht that COIDtain, onl;r letterl (lipper aad 

lowr cas .. ) and n_rals . 

A lop.cal operation ill whlch tbl! rellllt is tn>e if aU 

i.nputl are true and fal ... if at lealt one input is talM . 

In connection with the; processor aea.u.lator _ a bit by 

bit lop.eal operation in vhieh .,ida bit is act if both 

inplt, are act and cleared if either or both input, are 

<iou. 

Abbrenation tor _riean National. Stulclards In.titllt., . 

'!he Itandard IIlb ... t of an roRTR.Ui lan&\!llAei . 

That part of a ..chiDe code inltruction vh!ch i, operlted 

011 or Il ... d by the procnsor in e.uelltin& the operstioo 

deli,pl&ted by the operation code ( ... e OI'PltATIDH (XlDE) . 



ARRAY 

"cu 

A Ult of elt:lleDtl (one dJ..ensional UnI,.), J. set of 

li.t, of el~Dtl (tva dt.ensional), " set of &et. of 

are identified i.JI row (one .u.-nSiOl1), by row and 

(XIb.'l (tvo ~lIaloo&l) ud by l"OV. cot..1 and plane 

(three ~1I.ioaal) . 

AbbrerlaUon tor _riQ..II StaDdard Code for lllfo .... tiaa 

Interd!an.&e . A charackr ..,t &Dod 8 bit code 

repreKnution . 

10 trandal .. fro. • IJllbolic PJ"O&raa tQ " bin&ry 

(uchlne-code) prov" by 5IIbstitutin.A btn&ry operation 

codes for syabollc operation codes ( ... ~c.) and 

absolute or reiou-table addresses for a,..oollc 

.ddrulJes . 

A cOIIputer pro,,. .. wlUch assNblu •• ,.bolic source 

proS"" t o binary ~h.lne l.an&1Ia,;e . 

ASSEMBU:R DMCTIVE A ltat_nt inclltded in & IIJ'IIbolic source pro,""'. 
When tbe pro,"" 1. &,se.bled tbe direcU .... ia not 

trandated into .achille ~e but it inltnocU the 

_"..,.tIler t(I perroT'll • ..- f&M.icular oPl'ration (~­

tt..e. ~d paeucio operations or i.altnll;t.ianl). 

ASSDtBl,l' UNCXlAGE The 1IOUf'Ce ~" used .I.. ilIput to an Aseeabler and 

t"",dated by it mtn IY.chi4e ~e. 

.urro lNCR»4t:1I't 

RIN,\RY 

A pr"OCelllOr fr.cillt,. whereby ,"",oenr an indiN!et 

atee .. i. _de the "hoe of tbe pointer i. decreased 

by one .fter the Kcen (poBtdecreMcnt) or before the 

acceu (predeCreMcnt) . 

• procell"" f &ellitr whereby vhen.ve .. ;on indirect 

.ccen ia .. de the nl.ue of the pointe .. is lncreued 

by one afte .. the .cceu (postincrellllnt) 0 .. before the 

IICcen (prein.crelK'nt) . 

"ftIe n .... be .. a,.ate. based on t he radix two. 

dllitl .re reatrlcted to 0 and 1 . 



BINARY {DIlEO DECIMAL A sublet of the beu.deciNJ. lI_ber SYltell , in which 
- 8CD 

IICD ADD 

BIT 

BOOts TRAP 

BOOtSTRAP LOAIER 

"""" 

CKN'I'RAL PIIOCI:SSOR 

OtARACf'ER SET 

ClIEOOUMj 

the firlt ten char~terl are valid (decLaal di&itl 0-9) 

and the upper .ilt (heQ.dec.iJoal A-F) are Uhpl. A 

binaJ'r coded de~ is .. deciMl n_ber n.ored in 

four bitl (wei&bted 8-4-Z-I), witb redundalH:y of ILx 

of the sixteen arTAQ&e.t:nt5 of four bits . 

An addition operation which &eCOWlU for the redunda.o.cy 

of the IICD n~r systell and ,eneratel correct carry 

Ii&n&h and lead BCD results. 

A ,in,le di&it in .. binary lILIJIber , or in the recorded 

representation of :su<:h a ",-her . 

one of two values 0 or 1. 

A telf-.tartin& proce~re which achieve I a particular 

desired state .. a result of its awn action. The 

n.art of a pollibly c\IIIUlatlve procedure. 

A loader routine consisting of .. few instructions 

which are luftieient to bring the rut of the loader 

into the --I"J' f..- the input derice . (Lift!.n& 

itself up by its boot.traplJ) . 

A tl.a(l; or st.cnal vhlcb beco.es set or reset (true or 

falae) .. a relNlt of III aritt.etic operation ,eneratinc 

a maober ,",ater than the base of the o_ber syate. . 

The part of a eo.putcr SYIte. which interpret. and 

executes the instruction. of • proara- . 
A set which inc:lud.es _ of all the s,-.bolt IJ\Kh IS 



OOIE 

(XlNOnlotlAl. JIMP 

OOltiTANT 

A variabl e «lven, usually at the end , of .. li,t of 

it"s, which are to be transaitted (roll one device, 

.,..u. or pr'Olr"UI tCl another . 'M>e nlue of the 

variable is obtained fn. a (repeatable) atbe .. tical 

operation upoa the it ... s in tbe list. The recipient 

e&I1 cbeck tbe nlidity of the list by npeatin& the 

'!be representation of the 

yulabh v1ll depend upan the npre.,otat1on "ted in 

the lilt . 

To let to :<tro, to true the COIIUDts of II(lIlethin& by 

fillln& it with :te1"01 . 

A 'Ylte. of ')"IIboh ",hich han _an1nf; to .. coaplter 

proet:llor, an .sse.bler, a cc-piler or ,_ other 

lanpa,e inter pretu", 

A Itrlna; of 1,..0011, usually delWted by spedu 

'1110011, contained in code, whlcb is COlipletely 

t.&nored by the proceuor or ~e interpnter whh:h 

nu;:ehu and Uti upon the code . For the benetit of 

the user to de&eribe Md el&rLfy the action of tbe 

pro,r .. . 

A c_puter pro,r_ vhich tran.utes the sute.enu of 

.. hi&h-level ~. IUcb as F'OR'ntAII, into uchltae 

code innnoc:tiool or s_ intentediate fol"ll. 

An instruction vhl.cb uy break the Rquetl.t1.al eDcutifXI 

or .. pro,r ... depellClill,l; upon _ !lUte , fla« or 

lo,ieal qu.ntlty. If the !ltate is r&lse the ..,quentb.l 

exeeution i. unbroken . 

lnstructlon direeU the ec.p.l t er to continue exeeution 

at a .pee1fled location anywhere "ithin the .., ... .-y. 

~rie data ufttd but, gene ra.lly. not chansed by a 

Proll'&Jl · 

The lnfo .... tion .tored in a ..... 'hter or ..,.,.-y location . 



OJRE KIHORY 

CRaiS-ASSoaJlDI 

QIRRENT LOCATIO!! 
OJUNTER 

DATA ADMESS 
REClSn:R 

IllTA IIORD 

""'" 

IELOOT'ER/ 

~ry "ystea cOlisistirl& of -U ferrite cores, vbich 

can be bi-directionally .a&netised. 

in a tbree-<l.J.aoi!I18ional arr.,. (a llet of lleta of Ihu) _ 

the Ust reprelte/rt.8 a word and the llet of lieU represel1ts 

the array of vords . Address decoders decode the l"DII 

and plalle to lleiect the adelrelsed word. 

AD a .. e.bier \/Tittel!. in a J..ai:I&ua&e other than the 

intended for . Cel1erally the Cran-As_bier is vrittel1 

in a hi&h-lnel lan&u~e. Uld 11 used to create the 

specify the addren asd,gned to an instruction beinl; 

A re,i.ter, u,ual.l7 IIOlUlted dth the .e-ory (or in the 

_ chip), vhich 11 the illput to the addrue d.eeod.i.nl 

1be contents of the 

re&ilter are decoded to acceu one vord of the _1'7. 
1'0 read or write a location the Data Addreu Re&iner 

.,It be loaded vith the addreu of the location . 

A vord, in the c_puter, vhich ia interpnted by the 

pI"O&r ... as cOl1~ a nu.ber. a fact (a l.ocical 

qU&Qtlt,.) or any other infonu.tim . 

To fault-find an erroneOllI prGp"&a &l>d pn .. re 

co~ction • • 

1be nu.ber s,..tea blUed all the radix 10, IUlinf: the 

dicits 0-9 . 

To decrease the cmtents of a ",,1Iter or .e..al'y vord 



A 'Jllbol or 'U'in& of .,..bols or other infonllotioo 

vhlch CM be reco,pUlM!d by a procusor or PJ'O,raa a. 

the ltart or end of _ qua.ntity. 

DIRECT REGIStER MOIl!: Vhen the ar~nt or a re,ilter acCell1 inltNCtion b 

decoded by the processor a. bein.& the addrell of the 

ElCLUS IVE-OR 

E'''''''' 

re&i.ter to be accelled. 

A lolica! operation in which the output b tnle if OM 

input 11 true and the other fal.H (and rice versa) but 

tal.e If both inputs are true or falle . In cOIIDection 

with the procellor ac~lator. it 11 a bit by bit 

txelulhe-or wholM! outp..t 11 returned to the 

.ppropriate bit of the accU&lhtor . 

To perfo". a 'pecific operation until ita cc.pletiOll.. 

A' witb an inltNCtiOO or a preera • • 

EI1'ENSIOS RmlSTI:lt Addre .. erten.iOll. re,ilter . A ",hter used to extend 

the addrellU\& ran,;e or • prooellor . 1be cantentl or 

",c, 

'"z 

FORMAT/ 

the re,hter .re appended to the lIOat si.p;nificant end 

or the addreu Rnt out by the procenor and the wbo1e 

chanea the ertensiOli by an inltruCtiOO thul chan&in& 

the are. of adare,sine. 

An .rea of coda bounded by deliaiten. It. position 

.... 1&ti"" to other liel,b or the deliaiter. identify 

the content. of the field for the processor or proUU . 

A collection of it.,.1 of info .... tion arran,ced in • 

.el4in&flll order. llaaically • I*per tape or Oed: of 

punched cards . 

Software chat 11 ltered penll&Dent]s in kad Only ItNory . 

A sln&1e binary dl&it whlch can take ,,&lue. of 0 or I 

(repre",nt!n& lo,leal falae and 10,llical true) dependln, 

upoa t.bc condition t ..... t the t1.a& is N.id to rep .... "'"t. 



FORMAT 

FOO4FfZD 

FORTRAN 

The arran,sr.ent of bits, vords , CWlcttrs Of Itrin&'. 

in .. predefined "ay. into .. Ib.te.ent . 

fi..nd forwat - .. ri&orouslJ' defizled arrM,&tlll'nt, in 

which the absolute pollition witiilit .. 

• ~u.nt is t.port&Dt • 

.. loosely defined UT&D,!I;_nt, in 

wb.leb the position of .aD it~ "lathe 

to other i uaa is 110" ... ani1lct'ul tban 

absolute position. 

A character of the ASCII character set wbose code iI 

recoglised by lineprinten and causes t he. to IIOTC the 

paper to the top of .. oev pII,Ie . On the teletype the 

COni feed allift. the paper by 10 nell lines. 

A Ilich I nd langua,;e which all<ws p!'O&raa, to be 

vritten in Dl&UIh-like state.enu and a.l&ebraic 

equationa, in.tead of ins truction by inrtruction. 

FORVARD RPl'mEIfCIH(l 1be facility of all~ labeLs and .,.boll to be 

HOOT-A$SDUILER 

, 

rd .. ....,nced bo:fore they haft been defined . Can 

ert'm,j to un,. }eyeb (with "ta~nt. referflncin& 

.,.bo1s vtUch are equated to otiter '1IIbo1s which ba .. ., 

yet to be defined) . KDst asseablen illov only one 

or two leYd.1 01 Corvard referencin& . 

!be nuaber ':rlt_ ~sed on tbe radix 16 . HelllldeCiMJ. 

~tl include the dec1_1 d.i&it" 0-9 and tbe letten 

A (l"I!presentiD& 10) to" (representinc IS). '!be 

heAdect.al n ... ber .,.au. fully utilizes the 16 

..-rance.ents or rour bits (cf. BCD) and hecause or this 

is orteo used in c_p.lter lysU.1 vhere the vord l en,:th 

i ' an lnteler .ultiple or four bits . 

An 'I~bler vrittcn in • .achine lancuace or • ..chinOI 

•• H.bly l&n&ua&e ror runni.nc on that .. chine to aa_bIe 

a louree pror;r... the 1k>5t_A$se.bl.er vould probably be 

aue.bled 00 a Cross Aue.bl.er. 



Ill"" 

INDIRECT AcresS 

nroIJtECI' JUMP 

I IfDIRECT RECIS TER 
MOlE 

N'Uf,tlumn' (r/O) 

A direct copy of an ltea, .. Ust, a H&i,ter or & 

_ry location dUferq only ill itl pb,yaical 

loc&tlon and .eans of ltor.,;e . 

location by • (!..xed .-unt, u~ one . 

An .ecc .. of • III'lIOry location or l'Ciister .. de by 

looltin& at the contenU of lUIother .e.ory location 

or reSileer (pointer) &D.d usin& t hle. as tbe addreu 

of the d&ta to be ,c(:ellled. 

A j~ Were the destination b Dot ltated explicitly 

but 11 held in _ .tora.r;e area and retcbed by 

referenciD& that ator.,;e area . 

\/hen t he t.rCUKnt of • "'lister aceen inltruCtion h 

decoded by the processor as bein&. not the a<!d.rel. of 

• re&!a ter but, an .r~nt to • 1o,iea1 network for 

deeodin& to • relister .. ddr ..... - usin«. -:rbe. rued 

re,hten or pointers . 

'ftM: cranm .. lon of infOnl;l.tion into and out of the 

co.puter .,ate.. !be inter hce _chinezy tor the 

transainian . 

'nIe l ope net>lork that tran.la.t ..... iJnab fro. the 

c_puter into _ (,,:..u.n&f1.Il) fOnl for the enemal 

world and ltl dnlces . 

niTER ItODtnL ADIlIWiS Tbe addre .. of .. location in _ry uprened .... 

.odu1e nuaber . tbi, maber defines the .odule in 

whlch the l.oc:aUon occ:uu but DOto the locaUon lueIr . 

[NTRAHODUL£ AOIlUSS The addnlll of a loe;o.tion in .e.ory reduced to lle in 

t he ranee of one .odule . 

poaitlon of a l ocation within a fIOdule but not whlch ... ""'. U ... d wi1:h the DfTERMOIltlL£ ADDRESS to ceneratoe 

the rau addN: .. . 

JttlP/ 



-
, 
LA .... 

LIBRU<f 

IlACRO-f'Acn.ITT 

IIDIORY )l)nuu:/ 

An instn.tetion lthich breaks the sequential e:ecutlm 

of .. pro", .. and causes the ca.puter to continue 

encutlan at another specilied loutian anywhere 

withiD the _ry b\lt within tbe prouaa. 

~e t __ Mad and twenty four . Thus 3K La JCrl'l . 

S,--bolic Itrin& of eb&raeters (uSll&ll.y alpha.n..eric) 

uNd iDltead of .bMluu add!'eIHII iD cOliputer provau . 

'!be label La .u~ed an absolute addn .. by aD 

a._bier or co.pllir. 

A collection of nudard routines, Kells,ible by the 

user. 

A constant or .. eelt-defined ,J1Ibol. 

A proUU which will. read an input file, decode it, 

and IItt up in • cOliputer l s IteIlOry an 1..&&11 of it . 

"nIe loader is used. to load other proSraas into the 

cOIIputer, in order to exl!cute the •• 

A ,roup of .toraae eI.e.ents in a eOliputer _ry, 
identified by II nu.erieal address and able to .tore 

ane cOliputer wont. 

The strl.na;. ot hi.n&ry diliu 0 ' . aDd 1' . that the 

proee .. or can interpret and eU!cute. 

only thoee ,t:rin&1 of bit. tbat reprellent le,&1 

i.JIrtrv:Uons. 

A facillt,. of an Is_bIer which allow. each occurrence 

of .. repeated piece of code to be rephced , in the llource 

prou", by .. lI,.bolic _ - the aura _ . tbe 

.. _bIer will inRrt the appropriate aachine .;:ode at 

ea.;:h OCCllrren.;:e of the .aCI'OWille . 

A collection of Itorq;e ele.eots or«anised into ,rouPI 

(locationl), elch of whi.;:h can be addre3S1!d by the 

location nUllber . Each location can hold one ca.p..tter 

word . Each ltorace ele..,nt can hold one bin&ry dillt. 



r IIDtORY ItOOOLE 

HNDtON'IC 

An area of IlellOry. lfhich is a co.,plete entity seperate 

fro. ill other '-HU . II. stl*!nt of ellOry with a 

defined n ... ber of locations, which i s usually the 

larges t IlUllber of location' addreuibb by the c_put er 

word . 

II. Wlthod of realisin& logical contrOl fWlc tions by 

stQriD& the n:quired s tatu of signal" as sequence! of 

words in a -.ory. 

Syw.boli(: Daile for an instruction . It is recognised 

by tM asse.bI er and converted to the appropriate 

IIIlchine code . 

MO DIFIED HEXAIECJl(AL Based On the radix 16, .,dified hendeciu.l is ... 

vari.aDt of the ataDdard bexadect.l. . The hexadeciaa.l 

di&ite A-F (repre!leotint 10 to 15) are replaced by tbe 

"'DIlLE 

NULL OPERA1UR 

OCTAL 

OPERAIi'D 

letters J-o . In ASCII code the botta.. four biU of 

the IIOdified hendeciolal are identical to the fOUThit 

cod.inc of the heudecillal nuaber . "ntus it il only 

necessary to strip oCf bit 5 u~ards to generate the 

correct four bitcode . 

A conceptual buildin& - bl.o<.::k for a cOilputer syste • • 

In _ry, a .. dub is the larltest block of IIClKlry 

t hat can be addresse d by the COMputer lO'ord . 'I11u. 

lIith an eq;bt-bit IIOrd a .. dille i. 256 location. long. 

A SIlpervhory Prolilrall uintdning the operating 

enrirollll<'nt of the cOIIpiur . 

A 'tero or blank operator, u sed ... heN! no operator 

111 needed but wheN! to OIIit one could cause confu.ion 

to a prolilrall or user . 

The nUllber '1. t a "sed on the udix 8. 

di.l;itl are 0-7 . 

I.e!!;.al octal 

The iu. of infonution tbat i • .anipilated or used in 

an instruction . The addreu or .,..OOlic n ..... in an 

aunbly ~lI«e state.ent . 



OPERATION 001£ 

OPERA.,. 

OR 

ORIGIlf 

PACIED 

"" 

"'" 

"'",,../ 

'nIat part of a .achine-code instntetion that 'pecifiu 

the operation to be perfo...,d by the in.tntetion . 

In 1.11 uae.bly ~ state.eot it b the .,..bolic 

I.IId hl,bl"yel "o" .. ,u it 11 a s,..bol which repnHnt. 

a pu'ticular ... theatic.U. f'wlction . 

A loPc&1 operation in which the output 11 falK if 

neither ot the tvo inputs is trult, III.d tnle otbervhe . 

In CODllectioa nth the I.(:~tor - a hit by bit 

lo,ical operatioa in Which Neb. bit is cleared if 

neither ot the corrupoodin& biu ot the inpuU are 

... t. If both or just one of the input biu 11 Ht 

the output bit 11 let &l.so . 

~e .tart of a pro,r" code. Hot n .. cessarily the .tart 

of a pro,rq but the lowest rumbered loeatioo. ocClipied 

by the pro,r.. code . 

At a ..... bl.y tiae the ori&ilI CAD be re.et and the 

definitioo. bee_I'_ 

the lowut oUlibered loeatioa occupied by the part ot 

the pro ...... C\UTently bein& an_bled . 

When .ore than oae piece of info ... tioa 11 held 1.11 one 

IIlIit ot storqe (vord) .... , . tvo four bit BCD ou.ben 

can be pack"d toto _e 8 bit vord . 

1be want area ot _ry t.hat CI.II be addr ... aed by 

It 11 not 

neeeasar1l.y the _ abe ., a -.tllle beeauae ot 

EXtenlion Reaistera . 

A COliplete Kannin.I!; ot the input data pre"·lI.ted to a 

pro,r .. . 

Uaed in connection with .... .ory or re,iater array to 

represent yariation. in a third d:1.ension. 



• 

PIlIlll'ER 

PIl' 

PROGRAM AREA 

PlIIOlED CARIS 
~d 
PAPER TAPE 

PI'; ' 

P15H OOVN LIST 

R.unx 

READ ONLY HDtORY/ 

A re«ister or .eM...,. loca.tion conta.i.nin& the address 

of the re,hter or location to be accessed . 

To re.ove the hst entry fro. a push down stack or 

list . 

A sequence of ca.puter instructions that .. ill &Clive 

a particular proble. or perfo", a certain series of 

operations . 

The area of _...,. in which the prop-_ 11 held, as 

opposed to t he data U't!a , where Woraation is held . 

A special resiner llhieh &ets as a pointer to the nert 

instruction to be encuted . U point s to a locat,iof\ 

in lie.,...,. iUld. 11 :i.n<:re.ented &ft ef the instruction in 

that loca tion Ml!I been encuted . 'Ihus sequential 

execution of the prolru is ensured . 

lnexpensi n .edia. for data ,tor",,,, . Binary lnf orwaUon 

is represented by pmched ho l es . 'Tht: data can be 

changed easily by l'!'placin& cards or splicin« in new 

pieces of tape . Card are usually 80 coluMns lon& 

with 12 bits per eard. Paper tape can be five, $lx 

or ei&ht bit wide and h of (virtually) unli.i:ted 

lencth • 

To add a new ite. to a pushdown lht or stack . 

A list of iteJIS or infOlWltion in which the latest 

arrival is on top of the list and the ol dest at the 

bottOli. USlIilly operated in a LIFO lIa.IUler (Last In 

First (Nt) so that i t e!ll "..., put onto and rc.oved froll 

the top of the list. O1'ten called a 5 tack. 

'ftle base of " nUllher systeJI . 

n .. ber syate. ill one len than the radix, thus the 

n ... ber or syoobols needl!d to ""present the di&it s is the 

radiJ< . 



READ OMt. Y M!H)RJ 

REALTOO: 

RJ:XlISTER 

RELOCATIt«: WAIER 

ROUTIII!: 

''''''00: 

SET/ 

'ftIu. a vire cexmected to gound ., 

I"C!preaent a nro ... d a wire connected to 8Upply a one. 

1be data atored LD a read only _ry unroot theretore 

be ehall~ed by a prou", 

1be tae in whicb • pro,;r .. executes . 

A collection. of a fixed maher ot binary .tor&,lle 

~"'lcu, tI"C!ated .. c_plete mtity rather than a. 

croupin& tor the teaporary S'tor&,lle ot iDtorw.tion . 

'!be &rT&Il,lNellt or the connection. ot tbe duicu caD 

allov ,reater ..ru.p!l&UIIIl or tbe in!orw.t.ioa. 

(eapecially at bit leYel) than if alloved iD a _ry 

l.oeation. . 

A loader which will load into the cc.puter __ ry a file 

containin& absolute, lyabolic and relatin addrenes 

connrtin& tne., a. DecClS&l'J. to absolute addrelle • • 

'!be converaiOll procelUn "T be "aried to aCCOUDt for 

part. ot the IJI"O&TUI alnady loaded . 

To.ake ~ual. to biDary nro (cr . SET) . To I"C!tum to 

the ori&J.nal. cODdltion. , .. iD the oue ot Power ClD Reset 

vh1ch clean re&!.ters and prop-a. counten LDd resets 

.tatu. flac" 

A piece ot selt_l\Itficient code tlw.t can be ealled 

operation. without altee1:i.nA the MiD procraa. it 

The tiM LD Ifhicb a proV" i' execllted. 

certa.1n cireualtances and act as end ot field Marks 

for a pro ..... . Anr character which 11 lIot iueU 

data but appear. iD the data a ... wamin& t o the 

proa;r .. proceuiDc the data . 



, 

SET 

SHIfT 

SDruLATOR 

SO"'''''' 

SOURCE PROGRAM 

STACK 

S T,4,TD4EN'J' 

STRII«7 

SUBROUTINE/ 

(1) To aake equal to binary one 

(ii) A «roup of ite •• vith or without any special 

crwpinc N!htionahip . A collection of piece. 

of infor'M.tioo. 

To _VI!! by a fixed aaount in II. reco&nised direction. 

For eUllple, to shift left is to .ave to the left, to 

shift doom h to .,ve dOlffivlI.rds - both by find ~unts . 

In connection with the aCC1DII.l.ator shift -.eMS to IIOVO!! 

the bit-pattern to the left or to tbe right by ... nUlllber 

of bits. 

A cc:.puter procraa which sJ..llates under contrcllled 

conditions the operation of a syste_. II. pro,r .. or a 

processor , 'i1Ien saulatm,; .. pro.!: .... executin& on • 

processor it h usual for the ,:i.uhtor pro&raa to be 

nut on .. larcer N.chine usin& the values of Variables 

to represent the h&rdw&rd functions. The .iallator 

will ceneraily run slover tban the STate. it represents . 

The c","puteT pro«r .. a! opposed to the co.puter it 

controls or the .e.ory it occupies . 

t1te pro,l!;ra.. preJlllred by the user vritten in a IJIlbolic 

ssse.bly langua,s:e or in a high-level lan,gu",e. 

A list of it"'s in which it"'s a~ ente~d onto and 

re.oved froM the top of tho! list . 

representation of such a list . 

A strin& of characters ten.inated by a special 

character such as line_feed. 

fields by an asse.bler. 

Treated as a ArouP of 

To put data (infonoation) into a ~Ahter or .eMOry 

location, ovel'Yritinl; the old contents, for the 

purpose of ~trieviD& the data later. 

A collection of it~.s reAarded as a whole. 



ST1.<" 
STl<BOLIC 

SfS1'IiM ItWtUi 

UlfCOMDITION.U. 

US .. 
Wilt ASS1CNl3M' 

USmtDtrDl£Jl 

A routine ..tuoh CM '" enterftd. era. ~er. ill 
• F~ &lid trc. 1Ih1ch oontrol 11 PM_ to tIw 

nut leq1HrlUal inlItJouoti_ in the -.t.n ~. 

'-~ It:rinI of u.ncten . 
'l'tIat which 11 • ~ OJ;' oontaiJul ,.,.uo.a. 
J. ,tandazod l'OII.tm. or _brou.t.1.niI not 1nolua.d in, 

but called by • 'WIer~. Helel 1D t;M Wlil'lUl 

l1bnry. 

An ordered or unord.r~ oolleeUan at it- at 

Jntor..Uan ......,. tor retm:encl ~ ••• 

... rtp"HDtatian lOt negaUv. mabel'll Ie that 

,ddJ,Uon aD4 wbtr&ctian IIZ'8 ptort~ aU1larq. 

Th, Wo ' . oc.pl_nt of .. mmber 11 obt.a1ne4 by 

ca.plemenUns and ~t1.no!; the rnabu' . 

Wi thout ~ tor any ~ oon41Uarw . 

'l'Iw penaa 'lObe pro&rallll and operate. the ~t.r. 

or Q'IIbola • .tim • .yIIbol tabs a ..-..lue .. ai&rw4 by 

the UHZ' rat.h.r than an .. aellbl.er or oc:.pJ.lu. ... 

aywt>ol .... ,peI! 111. the p~ by • d1reot "'ian-nt 

.t&t~t . 

A ~l that 11 1Dtrodu0e4 into • prou&III by the 

'CIur, .. d1lUlICt era. • ~t .,.-bo1 8UOb .. 

an 1Mtzuctian 77 -1110. 

1 tu_ lancth -trine; of bJt. . 

To .tar. .tat.. in ii) (~) . To gutput 

tnt_tIm. 
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