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This docllr.H!nt descrihes the sourco lilnouilllo and oporatioll of NU. tho Alto 
microasscnhler. tlU Is downward compntible with °DEnAI.. the original Alto 
assemhler/clehu!19cr. hut hilS II '},Imher of additionill features. NU is implemented 
In BCrL. and runs on the Alto. 

An Alto microprogram consists of a nllmher of statrmp.nts and comments. 
Statenents arc terminated by scmicolons. and evcrything-hetwr.cn the semicolon 
and tho next Cit is treil1NI as il cOlanen1. Statel~cnts °can thus SJliln sllveral text 
olines (the current 1 imi t is 256 characters maximum). All other control 
characters and blanks are ignored. 

Statcments arc of three hasic types: declarations. address predefinitions. Gnd 
executable code. The syntax and semantics of t~ose constructs is as followss 

Declarations are of three types: symbol dofinitions. constant dofinitions, 8"d 
R meMory nnllles. 

~bol ncfJ.!!.!.~oJons 

Synbol definitions have the form: 

~namennl·n2·n3; 

The SYMbol "nilI10· 1s defined. with values n t • n7. and n3 • Thero is a standardo 
pilckilfiO of sYMhols for the J\lto which shoulO apliear at tho he!)inning of every 
source progrilm. For those who must add symbol derinitions. the interpretation 
of the n's is giVen in the appendix. 

Constant ~claratJyns 

Normal constilnts are declared thusly: 

$namc$n: 

j----------------------------------------------------- ------.-~----------------
Because the symbol table is allocated obove tho operating ° system. f1U will 

currently run only on 64~ Altos. 
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This declaros a 16 bit unsinncd constant with ValtH! n. Thr ilssrnhlcr assigns 
tho constant to tho first frr!(J locatIon in the constant nl'nrJry. unless the 
volue hilS nppl'arcrl bofore 11l\111!rilnothcr n'lMl! ill "ohlch r..un UII! villue of the 
nHme is the mldl"ess of the Ilroviollsly Ilcc);Il"nd constimt. An alternative 
constilntdefln1tlon Is used for nask cnn~t;lIIt~ which IItlVfl a spccified bus 
source field (recall thilt the cons"tnnt rnp.riury -ittldrrss is the concatination of 
the rselect ilnd bus source fiolds of the microinstruction). The syntax Is: 

$n nme$~111 : v; 

N specifics the desired bus source value. v is the constant villue. 

B Memory decla~-a t ions 

R memory nnmes arc defined with: 

$namc~Rn; 0<n<40B 
(IOOB if you have an Alto augmented-with 32 extra R registers) 

An OR locntion may have suvernl names. 

Address p-ret:1ef jj~J. t ions 

Address prcdefinitions nll011 groups of instructions to II!! olilaced In spedof1ed 
locations in the con11"ol meanory. as is requited hy the OR hrandin!l scheme used 
1n the Alto. The ir syn1ilx is: 

!n.k.nnncO.nancl.nillllc2,···.nanck-l; 

° This declal"ation causes a bl~r.k of k consecutive locations to he illlocated in 
tho instl-uctinn mp.mory. anll the nilmes a~si!lncII 1.0 them. n 'Ir'fill"~ tho location 
of t~~ block. in that if L is the address of the last locatinn of the bleck. L 
and n = n. Usually, n will htl ZUp-l for sorar! sr.1i111 p. for pxaMll1c. if the 
predefinition 

13.4,fooO.fool.foo7..fo03; 

1s en cOlin tered in the source text bl'fore any rx!'clltilbl e s tilt!'n"" ls. the 1 abe I s 
fooO-fo03 will be assigned to control memory locations 0-3. Ir there arc too 
few IliIm!!s. they are assigned to the low ilddress{'s In the block. I f there arc 
too many; they are discardoll •• 1nl1 an error is lllllicilted. If till!,",' ilre miss in!) 
labels. e.g. "fooO •• ofoo7..;:". the locations renain ilvailahlr. for the normal 
instl"Uctioll allocation process. A predefinition Mllst be liar. first nention of 
the naml! in the source text (rorward referenccs or labels (,Ilcolllltl'rf!d before a 
predefinition of a given name Ciluse nn error when the 1'I"I'lIefinition 1s 
encountered.) 

Exr.cuti!!~ ~t:.!!t~ .. r'£-"-~ 

Exccutahle codn statements consist of an olltion;I} lahel folll)wcd hy a number of 
clausos scpnriltcd tiy comr~i\s. ilnd terminiltf'!\ wi th a semi-colon 

label: clause,clauso.clause···; 

If n lahol has boon proderined, the instrllction is placed CIt the control memory 
locaion reserved for it. Otherwise. it 15 assigned to the lowest unused 
location. 

Clausos arc of t:hree types: gotos. nondata functions. and nssiHIIMcnts. 
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(joto clml~es arc of the form : lilhcl, anr! calise tho vahle of tho label to 
bo ilsscmlJled into tho t..'f:XT fiold or the instruction. If tho labol is 
unclnfinfld, it chilin of fonlilrd references is constructed which will be 
fixed up when the synlJOI is encountered as a label. . 

Nondata functions mllst ho defined (by a literal symhol definition) before 
bein!) encountered in n code clause. This typo of clause assembles into 
tho fl,2, or 3 fields, and repl"esents either a branch condition ~;r a 
control function (e.g. IIUS=O, TASK). 

ReUi s ter trans fcr~ !i!.,';-,'i_t"Ufl_r::!!:.!!.~..:'iJ 

All rcgister transfl!rs are spl"!cifilJd hy ilssignmcnts of tho form: 

rdcsta~rdestb~"'~source 

This, typo of ClilllSIJ Is .lssemhled by looking lip the rdcsts, checkIng their 
lenal i ty, and r.liIkin!l t.11P. fil1l'l assignments iMplied hy the syrnhol types, 
Each df'stination il1l"J~f'S definitional rf''1uirl!t.1cnts on the source (e.g. 
ALUOllTl'lIT nust ho defined. DUS must be dC'rined)." lhnsn requirements must 
he siltisfietl !.Jy \.hl'! source for he stilternl1nt to hl1 In!Jal.· \/l\nn the sourco 
is NIC(lUII\.cred, it is looked 1111 in lho synhol tilhlc. If it is legal and 
siltisfins tho definitional rl!lluirl!ll1f'nts ir.1l'osllrl hy t.hl"! d'!~tinalions, the 
necessary f lolt! il!>si!llH:lf'nts .Ire marl,!, Hnrl. pr-ocessin!/ continuos. If tho 
p.ntire sOlll'cn t1nfilll"!s tho BUS, and till! (lnl~ l"/!f!li1inill!1 I"!,/Ilirr!ment is that 
the IILU (1utput r.llIst lin defined (c"!I" t.o-tWJ, the AI.IlF field is set to 0 
(IILl! OUTI'UT = IIU:j) , ilnd Jlrocc~,sill!J cOlltilHes. If lie Hhcr of the above 
conclitiolls holrls, lhn sourcl"! can II'!t/ally he:only of the form: "thing whIch 
defincs the bus • alII runction." The SOl-rcp tilkon is hrnknn into two 
suhs tr i IIgS, anel p..lch is] ookerj up in thl! syrllJIII tah Ie. If l\-/O subs trings 
Ciln he found "'hich satisfy lh'1 rr!l\lIirr'mlmts, thl'! finltl assl!Jllmlmts implied 
by holh are Mitde" If the boundary hrt~;een t.he hlo suhstril1!1s is advanced 
to thn end of thn tok(,11 without cllJfinition, ,In error is !J(!lInrated. This 
nethod of eVilluiltion is simple, but it hns pitfalls. For instance, L~ T+2 
is illn1al, hut L"Z+T is 1I0l, providin!J lllat lhe constanl "2" has been 
defined. 

The constant "0" is sJlecial, in that whnn one or morc clauses in a 
statenent. rml1re that the bus be 0, tho constant is not output, hut a flag 
is set. \/hnll processin!] or the statement is cOmlJlctnd, if any clause has 
Cilllsnri the R mcn'Jry to \II) 10ilril1d, the cOllstant is not IIsnd, since the 
hardware forces the !.Jus to 0 in lhis case. 

The destination "SINK" allows a clause to s/Iccify n hus source without 
specific'ation of tl destination. It is useful, for (!xamrle in constructs 
of thc form: SINK":-\Mi); CONSTIINT, 1."OISr XOR T" Which will cause the 
value of ltISP to he anded on the bus with the mask constilnt 

Tho assembler is invoked with: 

MU/global switches sourcflle.optlonal extension 11stflle/L blnflle/B 

Legal global~witches arc: 
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IN 110 not produce a binary file (ovcrridolr.il hy hllll i 11'/11) 

If listfiln/L is absent hut the.lL glohal swii.ch is snt, lisllllfl ""!plll ",HI bo 
sent to sourcefile.LS. 

If binf! loIn is ahsent, binary output is scnt to ~ollrcofl1p. "Nil. 

Error messa!1es wi 11 ho sent to the 1 istilln fill! i r 0111' h.l~ 111"·11 '.,,('cifled, 
unless delHI!) moda has been set, In debu!l 1:\(1,J". I'rrors ill"r ~'''11'I r" 1/;" syste"o 
display ilr(!a, and a IlilllSO occllrs at at cVf!ry I!rror (iln,1 ill c"rt., ill ~t.her 
tlmes). TYpin!l any Char".lctnr proceeds. 

If no listing filo has boen requcsted, dl!hll!/ mo,le is S,!t IlIdl'p"lIrjl'nt (If the 
global switch. 

The assembler produccds tllClW fllf"n,lt binary (llll \,lIl, lh,. !,If'illl' 11.!r-:"'; of ttic 
two memories sllecifinll ill tho fi Ie ilrc CO~~aM;l .1/111 III:S1FP( I \fl~;. 1l1I)",' defined 
locations in lhcse memories arc output. fllCTO f nrnilt b u,j·,,'.lt I!,) ,. "",.j th th·o 
PRON blowin!] 11'"O!l,",tr.I, and with HM11.0Alt, iI tll'!.(ript.ion lOr l.hi.1I j." illt.lched. 
Noto that ~he instruction mnr.tory specified ill Ihl"' "inary fIll' 11,,\·', nd inr-jude 
tho 3 bit f3 field, whIch exists only in the d,~r.II'J'/in!/ Ri\~1. 

Listing f11£ 

Tho listin!! file contains: 

1. ) All nrror messages (un 1 ess dehug morle is sct) 

2.) A listin!] of all unused but 11rerJ,!finflll locations <111·1 \lrlr{lsolY~d 
forward rcfernnces. 

3.) A listin!) of thn contents of tho C(ln'>tallt M!'Mory 

4.) A listln!] of tho namcs assigned to lh,. R Mrnory 

5.) A listing of the ohjl!ct and s'Jllrc" codl! 
dnclnrnl10ns removcd. The 35 bIt instrllctlon is 
following order: 

LOCATION: RSEL ALUF nus SOllRCE n F2 1.01\\11, LOIII~T FJ 

(I':jl" r"':·-··~lls. Qn(J 
print'·" O!Jt ill ·tlie 
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AppI!I1dix I: literal symhol definitions 

The vnluu of n 5ymhul Is II 3 word quantity. Thr. first w(lrll cOlltnins a type (6 
bits) .11HI it Vii 1"1' (10 hits) which ,Intl'Qinns the inlr.l'protilLjon of the symbol in 
all cases CXC('Jlt when it Is ellcountered ilS tllo source in il rC!lister transfer 
clause (itSSilJllncllt). Tho second word contains the type ilnll vallie used in this 
case. The third \-/ord contains hits specifyin'l the dofinitiollill requirements 
and source attrihutes applicd \-Ihen the symbol is encountered in an assignment: 

B ITO: I. OUTPUT rmsr IIF. IlEFINED' (W;W BY LlIS PIWCE5SING) 
(LIIS) BITt: IIl1~; rlllST liE IlEFINEU' 

BIT2: ALM MllST BE IIEfINEO' 
BITS 3-7: 0 
BIT8: L IS OEFINED 

BIT!): 
BITt 0: 
BITt4 : 

nus IS OEFINEO 
AI.U IS OEFINF.O 
ALU OUTrUT IS IlEFINEO 
IF BUS IS DEFINED 

(I.IIS) 

(U.';[o ny RIIS I'HOCESSING 
TO Cllf.CK l.EGJ\1. ITY OF CLAUSE 
(RIIS) 
(RIIS) 

(lJSf.() ny RIIS 
l'IWCE:iSING \.JIIEN SOIlRCF. 
I S OF TIlE FOH~I 
"nUS OEfINER.ALU FUNCTION") 

Assignr:1f'nt processing procl.'l'ds by slIcccssivl'!ly ORing thl'! nttribllte words for 
the destinations with -1. \-1111'11 the PoliS is rncounter!'!!I, I.he attribute word 
contnins O'S in bits 0-7. for thill!Js which must hI'! definel!. Legality of the 
source (if it Is a definl!d synbol) Is tested by cOQPutinu 

DESTINATION ATTRIBUTES (0-2)' AND SOllRCE ATlRIIlllTES (8-10) 

The 0 bits in hits 0-2 of the result repre5cnt 1I1;5iltisfied conditions. If the 
only reQllirf'l1 l!nt Is AI.U Ih!flllltllJn, all,l If the BlI';; is deflnf!II, the ALU function 
is set to !Jilte the hilS throu'Jh (defining the J\l.lIe. ilnd the clilllse is complete. 
If this dOl'sn't work, tlw source string is Iii sl1emhef'cd , looking for two 
substrinqs, tho first of which dnfinns tho bus (Illt9), nllil the secolld of which 
defines the J\LU output if thn bus is defined (hilI4). If two substrings are 
fOllnd, the iMplied aso;l~l1Inl!l1ts are milde, nmJ the clnuse is complete. 
Otherwise, an p.rror Is inrlicntl'd. 

The syr:lhol tYPI!(s) dotcrnlnn thl! finlds to he snt in tho microinstructiolp Somo 
types arc le!Jal only a5 an isolated clause, somo arc legal only as the source 
or destination in an assi!)n(:1"nt. The currcntly defined tYP(lS arc: 

TYPE: LEGAL AS: INSTRUCTION FIELD SlUE EFFECTS 
RECEIVING VALUE 

0 I L1.Efr/\1. NLVr.R 
1 WJlJEF I NEIl AIJ£1Rf.SS J\llImESS 
7. liEF HlEO J\£101',ESS AIJIlRI'.SS NEXT 
3 R 1.0CAT10'1 I.IIS I.II~ R~EI. 
4 R LOCJ\TION RNS RIIS ({SEL 
5 .. CO'JSTA~T RNS RSEL,BS 
6 nu:; :jOlmC[ RIIS liS 
7 NO~JrlATA Fl CI.AUSE fl 
to (lflTflFI" 1.11:-; Fl 
11 .. L ,,[FINING F1 RIIS Fl 
12 NO~(I/\TA F2 CLAUSE Fl 
13 DATA F7." 1.115 F2 
14 .. DATA F2 RIIS F2 nS .. l,ll\-mZ .. 1RUE,RSEL .. O 

("ONS,"ACOEST) 
15 DATAF2 .. LIIS fZ ns .. o ,HSEI."O 
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(,'(Ill :.1.- ,'" , ,. : r::~) 
16 END C1.AUSE ~I.I'I'!d, II',.': 1!~ ! ;\t 

- (:;(IlFII 1.,\;" I :,: l) 

17 .. 1. Rim 
20 1." I.IIS 1.0A01. 
21 NONIlATA F3 C1.AUSE F3 
22 DF3 .. I.IIS FJ 
7.3 .. nF3 lUIS rJ 
24 .. ALU FUNCTIONS HilS AI.UF 
25 T" \,liS 1.0AOT 
26 .. T RIIS ALUF 5\.1:; A 1.1 'I I" \,,\I.!!E 

27 NO 1.0:-.1(j En lISf.(l 
'30 rnEt"~F 1 NEil AIIlIRESS 
31 UIR!;lI,UtI.SII RIIS 
32 "~I/\SK CONSTANT RIIS 
33 .. F2 RIIS FZ n:; ... 7. 

31\ .. Fl RIIS F1 liS ... ? 

Tho current symbol definitions are attached. 


