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1n1s is a preliminary document in which we have endeavored 
to provide you with the necessary and sufficient infofmation to 
m<::ike full w:::.<~ of the cpu;:32 product. At this time, i will be 
necessary for program developers to understan~ the 
to follow the source code provided. We look forwar 
other languages implemented. 

Hopefully, you will find this new 
and rewarding as we have in developing 
~:::oopm<:1n 's~ J ,:i.nu.::11'··y :!. c;.;97 .f!Y.Ig <:\1'··t :i. c 1 f.': 11 Mi Cl'"OC:oded 
Cont1,··ol '1 '"ind hi~; {.4pri 1 1.987 .~YI~:;: article ·"The ~JI 
useful as additional support material. We 
document twice. On the first pass, do. all 
worry about details that are not clear. On 
concentrate on putting all the pieces together 
over-all picture. 

CPU/::::;2 devt.~1 c:)pt.'?n::~ are 1 i c:ensed to include 
run-time MVP-FORTH/32 program as a part o{ ihei 
F;1.;:~<::1~::;or·1<::1bl e suppc:wt f c:w· developers t-Ji 11 be provided 

P.}:::. 
June i 9ff/ 
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Intv .. odu.c:ti on 
GE'~t ti nq Star··t~:~d 

Install the Hardware 
Distribution Software 
Troubleshooting 
Problem Resolution 

Hr.:is;t PC ~3of twa1,··t::~ 

Cross-Compiler/Mic:roc:r.:ide Disk 
MVP-FORTH/32 Kernel Disk 
Tests and Demonstrations 
General Notes on MVP-FORTH/32 
Other Forth Dialects 

Most of today's common microprocessors 
c:;::\tego1·-·y elf "c:ompl<~}: instF·ucticm set ccimputers"' ( 
to improve the technology have lead, on one' fr6n~i. 
i n!st.ruct i cin set c:clmputer .. !s '' <RI SC) . The CPU/:32 r~ 
alternative, the stack-oriented 
c:omput.t:ff" (l.-iJif:3C). 

1 

Th~? mo!::.t r::;igni·hc:ant potential offen?d by the WJSC'2df=·U;::::.2 is 
thi=:~ n<~?1tJ way of ,;,\cklr .. ess;ing a pn::ibl<~m fc:iund in c:iassic:al ·fJ:sc~ .:\nd 
RISC architectures~ that of semantic mismatch between the 
c:omput;:.:i.tional nf?.f.-~ds of ;~:i.n applic:ation pt··ogram and the, CF'.U\s 
instruction set. This mismatch limits the ultimate"thrSughput of 
such systems. The WISC CPU/32 allows an opcode's semanfic 
content to be harmonious with the hardware structure ~n& 
application program's needs, vastly improving thrdughput. 

The concept of the writable instruction set computer, 
i ncor··prn"· .:,d~E:d in the l;JI ~3C c1:::·u;":~;'.2 .1 wi 11 be a new e>: per i enee for 
most users. Complete ac:c:ess to the processor's logic ~QQtrol 
linE2s i~s ;::1vr.d.labl£~. Custclm opc:odes c:an be implemented e·ai5ily and 
inteqrated into applications. In contrast to writa~le~~control 
~;tr.:in~" options c:1v.::li l <::\bl e on sonH? c:omput.en··s ., the. CPU/32'!S< 
i nst1···uc:ti on ~;;f:?t has c.~ f-::.i mp l t:::· for .. mat for: ea~v mcldif.icat~Pn~ ... ·-The 
1<\lr·itabl<=~ :i.nstTuc:tion s;et c:,:":\n be employed to.make .. an app:C:Ccat.ion's 
funde:1m<;?1TL:":\l oper··ati ons the n.::\"l:i ve code of the WISC pr::6c~s;sor. 

i ndep:~~:~~r h :~~:~.~ ~ c :~ ~c ~:a ~~~eh~~ d i~~gc:~~;~~i~;· !~f d~~i~~~~j·~~ '\ ,();~q. 
r""et.urn <.':\ddn2sse!::;. The us<'? of tht."sE? stacks s:i.mpl ffi~s t..he Geu;:::;:z 
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hardware by eliminating the need for decoding operand location 
information - all operands are implicit in the op-code. In 
addition, hardware stacks greatly increase the speed of the 
frequent subroutine calls demanded by modern structured 
programming. A unique feature of the CPU/32 is the combination 
of an opcode with a subroutine call, subroutine return, or 
un~onditional branch within each instruction. This allows 
processing subroutines and branches in paral.lel with other 
operations, further increasing the speed of subroutine calls. In 
many cases, subroutine calls actually take no time at all. 

The documentation include~ everything that.was used to 
produce the hardware and software systems: complete:circuit 
drawings, details of the microcode format, and ~ou~6e cbde for 
,~ll. the softw.:.".\re. This may be more t.h.:m you need, bi,;it j:t is our 
intention to be as open with the product as possible. Note th~t 
th£;? boe:1rd!s, dcicumentation, and softwa1'-e are c:opy1r-ighted;, · .No 
restriction is placed on the use of this softwa~e with:~ . 
applications using the CPU/32. A patent has been a~p~i~d fo~. 

Not all users of the WISC CPU/32 need to mast~r i~• most 
detailed inf6rmation that is provided. ExecutabLe code and 
complete source listings are included for a micro-assembler, a 
c:r-os~:;-compi 1 el'"? and ti-le completely function al devel opmet1t 
language. All are ~eady to run, permit.ting productive use of the 
system from the beginning. Eventually, you will want ~o study 
and understand all facets of the WISC CPU/32 system. Our 
e:·:perienc:e· teachE?s that unde!rstanding al 1 par·ts of a problem and 
its solution is the ultimate approach to problem-solvin~~ For 
tutorial purposes, you may skip to the pa~ts of this 
documentation which interest you most. 

To install the CPU/32, first thread the two ribbon cables 
coming out of the CPU/32 box through the back of the IBM PC/AT or 
.,compatible's bm:. Then att.:.~ch t~iem to, the header·s mal'."ked "CN1" 
and "CN2" cm the HOST card. The col or-marked end of the 1:abh? 
sockets should go nearer;:;t the "CN1 11 and "CN2" markings on each 
cable. If. you have to pull the cable back over the connector to 
get the cable out of· the PC box, the connector is on backwards. 

************************** WARNING ***********~************** EJ .. ~£lt:H1 tJ.J.§. r..u;;i.~.9.o.. £!?.l~.~J_§.§ {~\1-i:Q:£gr~cg£t1.z ttiJ .. l it.tS!m~i;f~;·,tilg_ BQ.§r · 
;;;~~**!:.*.;~~~*;;~.~*~;;;;;;~*~;;;;;*~~;*~~*;;*:~;.~~.~~f~llf~;;t' 

'. .... _., 

' •I' 

.. ·. ·- . ~ . :· :·. 
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Next, place the HOST card into any slot on the IBM PC/AT or 
compatible. The HOST card will work equally well in an 8-bit 
slot er a 16-bit slot. The HOST card will also work in some IBM 
PC's and IBM PC XT's~ but operation is not guaranteed. Thi& is 
because many of the earlier PC's have a hardware bug that 
proch.1c:£-?S a sd.gnific::•:i.nt .:.:i.maunt of "noise" on thf2 bus 
which violates published IBM PC design specifi2ati 

The:· CPU/::::.2 comes canf:i.gun-?d to address the 
numbers 300 through 307 (hex). If this cause§.~ 
s:.y~:;ti;~m, st:H:? t.tH:? ~:;;!:':ct.ion an r-t:?cc:mfigur-ing t.hf? HOST c: 

Several diskettes are provided 
that you make backups of them using 
before proceeding any further. 

The disk labelled "l.\JISC System" is 
brings up MVP-FORTH on the CPU/32. T~ run 
CPU/32, boot DOS in the normal manner, th 
~:3ystt'-?m" disk in t.ht-:? f::i d1• .. ive .. From t.he DOS 

P1: cpu:::::2 

This places you in. . . . · .. 
mi c1··oc:odt'-? .::i.ssemb 1 f:?.I'-, cr·oss-···comp i 1 er-, .. <and other·. 
loaded. To load the microcode memory ~nd the 
program memory (which contains the kernel arid float 
package far the CPU/32>, turn on the CPU/3~ box's 
in: 

You trJill ~:;f:::e a ~:;t:?1r·:ie:•s of ''happy f.::i.ces'' ind:ic::at 
l Cl<~d i ng process is progressing. Note that th<~ CPU/~52. memory 
:i.m<::1qt.0 i~:::. ~".;tc1--·~;!d .:E:; Fo1···th ~.c:reens at tht~ high end c:•f the ''WISC 
S';lStem" disk~ so no adc:Htional DDS f:i.les should be .:\dded to this 
disk to avoid overwriting the Forth screens. 

The CPU/32 is now ready for operation. 
control to the CPU/32, type in~ 

C~ F' L.1 :::;: ~~ 

To transfe.r system 
.,, .. , ..... 

You trJi 11 ~:;ee a "<CPU/::::;:2J DK" p1~ompt. YcJu· e:1re. i1ow''.f-cthrJing a 
::::;2·-b:i.t version of MVF'--FORTH directly from the CPU32.'<""[i<;y?typl.rig 
in 1JL..IST or any Dtht:~r .. function de:~si1·-ed. To return c:oilfFol.· to ·the 
PC, type in BYE and notice the return to the 
p1··ompt. 

{:; note abclut 
MVP-F!JRTH/32. In 
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to the PC Forth with a BYE, perform the disk assignment (e.g. 
DRl>, then return to the CPU32. This decision was made to 
isolate the CPU32's Forth from the many possible.effects of 
enhanced disk interfaces for DOS files. etc. 

If everything did not go smoothly, fir&t double~check that 
the ribbon cables are on snugly and in the proper orientation. 
If the) PC s;.howr..;; C:i "START ... " and then dies, the CPU/::32-:Ls not 
n=~sponding properly to the "CPU:32 11 command. If this h~ppens, or· 
anytime ttH:d: ym~1 want to ve1rify con··ect oper'·ation of tl""ie sy&tem, 
r·ur1 the single-stepping dia<,1nostics. · ' . ;·, : ~ ~· : '.: . .... 

-··:, ;··:· 

The "Di.::\gnc:lst:i.cs" disk cont.::dns two sets cif 'c:liagr\o~tics~ 
The first set i ~.:; the si ngl e-steppi ng diagnostics t

1 
.. h.n ... ····~.~.••_-.i:.-,...::_·:;~.'·_k1, -.!sv····e-, tlm1e

0
.d:.,c. _. 

host to exercise all the resources of the CPU/32 = = _ ~ 

To nm these dic.H;inostics, TLm the CPU~32~COM .file f~·om ::t-h~ "WISC 
System" disk as desc:1··ibed above, but do not do·a 0LdAoJ.'f\L-L ·'Next, 
place the diagnostics disk in the A drive, and frcifil'_*h~.F·C's . 
For·th, type! :in: 

DRO 2 LOAD 

The diagm:istics will then e>:en:ise eat:h port,ion' c;:.f'_ tt:).e 
system, di !:~playing messages as the. tests prc:1gress. · I·f ::the tests 
1::r.:implete withr.:iut ~" failun? m~?ssai;.~e, the CPU/:::.~2 ·.gh_e.::i.i:e<~_· •. :~:_·t~--·.,_-e·~.;-d .. ~d .• the.. . 
single-~tepping diagnostics. <If a failure is , ·- • see the 
secticin on problem resolution b~low.> 

The secohd set of diagnostics on this disk is the ~tress 
test. To run the stress test, run MVP-FORTH/32 using the CPU32-
LDAD-ALL--CPU32 sequence as described previously. Fro~ the 
11 <CPU/~)2) DI<" pn::impt, type in: 

ORO 3 LOAD 

This test first does a memory addressability and st~ck-bit 
failure test, then repetitively exercises the critical microcoded 
definitions. The test takes a while to run. The CPU/32 will run 
an infinite nµmber of floating point stress tests at. the end of 
the sequence~ Pressing any key on the keyboard will terminate 
testing. If your system passes this test successfully, then 
everything should be operating correctly. 

,;: 

Vour system was completely tested before shipping usjng the 
same fl1::ippy disks you have. If any probleri1s C\rise:Ci111~:fr\g" · 
i nstal J. .:,\"l:i on or- c.1per·ati on of your system, please c;dropl:'-;t.~. t-he 
·foll <:Jwi ng steps .1 in or·der, to resolve the problem. · .·. ·· ..... · ... · 

··-.· 

/ 
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1) Please check for obvious problems with the hardware: unplugged 
power cables, connectors, etc. 

2> Please re-read the applicable sections of the documenta~ion. 

3) If the hardware does net pass diagnostics, or seems unreliable 
in operation, ensure that all connecting ribbon cables inside the 
CPU/32 box are securely plugged in, and that all card~ are 
properly seated in the motherboard. 

4) H you still c:an nc)t resc>lve the problem after ;e-reading the 
dc.1c:umentation, please call us any time at <415) 747--076(). 

. . ·.:.·· .. 

•• ••• > • ••• '::;': •• • 

The PC host communicates with the WISC 1:PUI32.systel1i with up 
to B I /0 ports. Any program or I anguage that t:an aC:lc:ll"'ers$ these 
pr.irt.s c:an r·Lm the CPU/~$2. For e>:ampl e, the' IN and ·bl()J" fl.tr1c:tions 
of BASIC, or· user.,-writ'ten pn.lcedu1,.:es in C, Pascal,· ~t'.2\~:in..i:\y be· 
1..1r:;ed to control the system, ewe:m when tl1e CPU/32. ~ S:; :r·i.1·[1nfng > 
Forth.. Curn:nt1 y, we are provi din<;:J .;i.11 developme1-1l';':;~O..i;t>: sl.1pp.t>rt 
software in MVP·-FORTH. . . . .. 

The Host PC software is organize-:d'as a micro-.\lssern.bl~r,·a 
crrJss-comp :i. 1 e1··, and the soun:e code to. c:ross-C::ompi'·fe\tflec tlVF'~ · 
FORTH/32 kernel. Complete source code for this softw~~e i~ 
i::ir-ovj. ded in Fm-t.h ·screen fc3rmat on the disks mad!:ed "Cross:_ 
Compiler /Mi c:n:1cc:1de 11 and "CPU/32 Kernel 11 • 

The? "Cross··-·Compi 1 er· /Microcode" disk ccmtai ns the source code 
for the crcss-comp:i.ler, microcode assembler, and th~ microcoded 
primitives used by MVP-FORTH/32. To reload these screens, run 
the FORTH.COM file fr·r.im the 11 WISC System" disk under DOS by 
typing: 

FOF<TH 

This is the MVP-FORTH kernel which has the assembler and 
double precision word set from the MVP-FORTH math pack~ge <MVP~ 
FORTH ser·ies volume ~;> pre-lc3aded. Place the "Cr'oss.:... · 
Compiler/Microcode" disk in the 1-\ drive. Turn on the CPU/32, 
tht.·m type in: 

DRO '.2 L.DAD 

Screen 2 loads all the source codei compiles the micro~Ode 
directly into the CPU/32 microcode memory, .and creat'.e~'jt:l}:e -;b;;lsic:· .. · 
Forth di cti rmary structure with headers for. f.l"}e rlii c:'iAocdde words . 
on the CPU/32. When the loading is completed 7 sere.en 2 does a 
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SAVE-ALL, which saves the new memory images onto the highest 
screens of the A disk. 

When the loading is completed, you may wish to do a SAVE
FORTH to a DOS files disk to save the revised version cf the 
c::1~0!::;!:",·-··c:ompiler··/micr .. o·····ais~;:;emble1' ... File XCOMP.COM on the ''l.>JISC 
i3yst<:.~m '' disk c:or .. reE;pc.1nds t.c.1 the host PC Forth system y<::iu have ~:1t 

th:i.~:; point. 

The most straightforward way to add or modify microcoded 
primitives is by following the above procedure, then recompiling 
tht~ i"l'v'P-·FDt:'\Tl-1/:::::2 kE'l"Tlt~l as:. dE~SCI' .. i bE~d in th~;- l"H:?:d:. section. 

Thi-::~ "M'..JP .. -·FDf·(rl-l/:32 l<f?rnel" di~:;.k cont.-::d.1·1s.; the srJurc:e code fo1'· 
the cross-compiled MVP-FDRTH/32 kernel. To reload £he kernel, 
continue on from the previous section using the XCOMP.COM MVP
FORTH kE!n· .. ,el used to 1 ciB.d the c:r-c.1ss--comp i 1 er- and microcode from 
t.ht? host PC.. Pl c:1c:E~ the "MVP-·FDFfl'H/:~;~~: Ket'"l'H..:!l '; . di ~:;k :i. n the A 
drive, then type in: 

2 LClf..'.iD 

This i-.ii 11 =:.tc:11'·t the ker .. nel cr-oss-c:ompi la.ti r.:m t .. 1rb9ess. Tl1e 
cross compiler actually builds the target image in the CPU/32's 
progr .. am mE!mot-y. The m£7!!:::.sages "ST(-)RT ... " fc:il lowi-:~d b.y •" END" 
indicate a transfer- of control to the CPU/32 to execut~ func:t:i.bns 
during the compilation process (see the sec:tion on the u~ag~ of 
1111 <.,\nd "" +cw· mcn-E~ infcll'-rr1;::d:j.on about this .. ) 

When the cross-compilation is completed, transfer control to 
the CPU/32 and complete compilation of the kernel by typing in: 

CPu::=!;2 
::~; l. D 1~ D 

Do a VL.IBT to satisfy yourself that the dictionary is 
complete, then return control to the host and save the new CPU/32 
memory image by typing in~ 

BVE 
Bf.:'1VE .... ·(.::.L.I.... 

If desired, you may do a SAVE-FORTH to save a copy of the 
MVP-FORTH kernel for later use. Th~ host Forth kern~l:;~6u are 
usi n9 no~,1 c:orTespond1s to the file CPU32. COM on th<:~ "t.>JISC System" 
disk, and is well-suited for experimenting with single-stepping 
CPU/32 functions from the host PC .. 

The CPU/32 comes with some demonstration disks in addi.tion 
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to the disks already talked about. While the function and the 
content of the demonstration disks may ch£nge, they are all set 
up with the same format for consistency. 

Each demonstration disk should be placed in the A drive 
after running the CPU32 command from DOS. Each disk has a Forth 
memory image that should be transferred to the CPU/32 using the 
LOAD-ALL command. Each disk has screen 2 reserved as a host 
loading screen. From the host PC, type in: 

Dl::::O 2 L..OP1D ( P1L.tt.omat i call. y does a LOAD-t~LU 

cpu:~:;2 

Next, load the application program from the CPU/32 by typing 

When the load is completed, 
demonstration will be displayed. 
the instructions. 

instruc~ions for rurning the 
lypi ng in HELP t-J:i.11 r-e---di splay 

Most of the graphics demonstrations require an Enhanced 
Graphics Adapter <EGA>. The other demonstrations assume the use 
o+ .:~ Colo1' .. Gr .. aphic~:;; {~daptf21'·· <CGf::1) with 80 columns o+ te:-it. 
Changing the segment number from 8800 hex to 8000 hex ~n the host 
PC's source code will make the non-graphics demonst~atiofis work 
on a monochrome display. 

The differences between MVP-FORTH/32 and the functional 
descriptions in Bbb G~QYI EQBI~ are minor. To make the most of 
the so+tware tools available, you should become famili~r with 
MVP-FORTH. In most cases? the high-level and low-level functions 
are the same. The kernel's implementation is different in that 
microcoded definitions replace the machine language used in the 
original MVP-FORTH. 

The +ollowing notes cover the major differences between MVP
FORTH and MVP-FORTH/32. Further details will come from study of 
the source code. 

* The arrangement of the header fields is different. 

* The link field comes before the name field. 

* There is no code field. 
!5c•.HH.":! as th<-.":! CFA. 

In most cases, the PFA is the 

t.~ The value for var-i at:il e~:; and constants is !:5to1~ed · 4 bytes 
after·· t.hE':! PFf:%. 
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* The name field count is a 4-byte value with flag bits in 
the highest byte. 

* All strings including the name fields 
fill up an evenly divisible by 4 number of 
counts st.i l 1 n.~flE?ct the actual name l 

* For colon definitions, the ~rra~ 
level subroutines is automatically 
operation is not needed. 

* Each i nstn.tcti on consists c:if an 
highest 9 bits and an address for sub~ 
subroutine e:-dt. bit) in the low 23 .bits. 
opcodes foll owed by subr-outine cal ls ( 
are automatically compacted into a si 
compiler. · 

* Al 1 operations that <:.·u·-e.· :1.6 
work on 32 bits in MVP-FORTH/32 

* All 32--b:i. t memory ope1~ations ( 
instn.tctions-must be C:\ligned pn vJord 
the memory address Gsed ~~st be 
compiler aut.omiat.i t:al ly performs 
c C:\ S(-?S N 

* A single screen buffer is 
will be noted). 

* The user variables are at low memory 
change addresses with disk buffer changes. 

* The stack address space is not accessible 
Therefore, the MVP-FORTH implementation fot 

The elemental editor command PP is availabj 
CPU/32. The standard Forth line editor? 
from the host. Identical screens can be 
Change the editor to suit your own needs 

MVP-FORTH/32 has no disk utiliti~s 
di. sk func:ti ons. Only system function c 
.::i.ctivE~ dr··ive on the host a1~e reqnir.ed. 
confusion that results when usi 
enhancement to the host- PC's· 

There is no assembler -
CPU/32's native language i§ Forth.· 
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written in microcode if desired, corresponding to the assembly 
language used in other Forth systems. 

In addition to the included standard wordset from MVP-FORTH, 
the MVP-FORTH/32 system has a number of additional words in 
mic1' .. occde. Some of these ar·e simple primitives for co.Inmon 
combinations of words and math functions. Others ~re-completely 
netrJ words that are useful in the demonstration progKam$~ 

Qtb~c Egcib Di~!g£i§ 

We reali;e the limitations of the standard di~fr0~uted 
ver·si on of MVP-FORH-l, especial 1 y when using a harc:l-di~~:: bf-'sed 
system under· DOS. We have used an opti mi Zf:.~d ver·si 011 qf MVP-FORTH 
knm-m a~:; L.IB-·FCJl::::TH for CH.tr· development efforts. A"1pcig,';othet'-
th i ngE;;., L. I B-··FDRTH has suppor·t f r.:w· DOS scret.~n fil e,~~;·:f.:a~·-t::.efr· 
f?>(ecution speed, c."-lnd a full-·screen ed.itor •. ·. LIB.,,..FO~.J'8•Js;:>inYt:IJe 
public dom.:.:d.n and i~::. e:\vailable from Mount.:;\in View Pr·e~'!S •. L]B...., 
Fm.:;:TH functi ens correc::tl y, but is not a fltl ly 'P<:)lJs·b:~.8".~·:fLtl-1,:Y 
E:;uppor·ted pr··oduc::t. If you wish to use L..IB-cFORTH, ic .. 9n.t:~at:'t l..ts for 
a copy of the CPU/32 files in the DOS sc:reens·fqnn:at;,~;;:o,)/x: ·:-

. .·· .·. . . :J';'.i};~;;y;~i;'.~'.;?~:: .· •. '>. 
We pl an to develop a more power·ful Forth thati•i,F\119!'.Vs.·.th~ LISf:.~ 

o·f. one r.:w morP CPtJ/:~:2·s cm 1:1 single host .Pc wif:hin?:~i:\n~t~Jj'l::.~gf"'ated 
s;of twar·e en vi n)nment. l•Je a1···e al so pursuing por·tin"g'IS!:l:):fr~c.· · · ·. 
l angt.tr.H;;ies to the CPU/32. Until these pr-oduct-.s:•are:,·r.:e~ff~/.; : 
however, MVP-FORTH remains the only the fully su~po0£~~ h6st 
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Int1r·oduc::ti on 
Spec i + :i. cat :i. ons; 
Cc:-\p ab :i. l it i es 

Ope1' .. ati ns.i Sp€~E".:>d 

General Architecture 
The Host Intf?r-f.::icf'.:' 

Master/Slave Modes 
t..<Jritf:.:> Por·t~5 

Read Por·ts 
The Status Register - STATUS 
The Host Request Register - HOST 

Tht? D<:~.ta St.::-tck 
The Data Stack Pointer - DP 
The Data Stack - DS 
1::;:e!::d:r-ictir.:ms 

The Arithmetic Logic Unit Complex 
The Arithmetic: Logic Unit and Multiplexar - ALtl 
The Data Hi Register - DHI 
The Bus Latch - LATCH 
The O~ta Low Register - DLO 
Multiplication and Division 
R\~str-ictions 

Thf::.• RE".:'lut· .. n Stack 
The Return Stack Pointer - RP 
The Return Stack - RS 
F:estri c:t:i. on~.:. 

Memory Addressing and Subroutine Control 
The RAM Address Latch - ADDRESS-LATCH 
The Address counter - ADDRESS-COUNTER 
The Next Address Register - NAR 
The Page Register - PAGE 
Rest1, .. i ct :i. cins 

P·r .. cig1' .. <:1m Mf::!ff10l' .. Y 
Program Memory - RAM 
Byte Addressing Program Memory 
F<estr-icticms 

Instruction Latch 
The Instruction Latch - IL 

The Mi c1··0-:pr·ogr.:.~m Countf2r·, Condi ti cm Codes Z< Interr·upts 
The Micro-Program Counter - MPC 
The Condition Code Register - CCR 
The Interrupt Register - FLAGS 

J.O 
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F:;:estrictions~ 

Micro-Program Memory & Micro-Instruction Register 
Micro-Program Memory - MRAM 
The Micro-Instruction Register - MIR 
F<estr· i r:.t ions 

Program & Micro-Program Execution 
Instruction Format 
Instruction Processing 
Micro-Instruction Processing 

Bus Source and Destination 

This section describes the operation 
detail. Appendix A contains ·a surti~ar~ o+ 
interface. The tables in Appendix 
micro-instruction format and ~i 

characteristics. Appendix 
CPU/32. The reader should. 
Figures 1 and 2 to see th~ 
p1roct'?.ed i ng. 

* Clock cycle: 150 nE. (jumpe1r and oscillato1r se1ec17.abl~) micro-
instruction cycle. 

·it Thr·oughput: Appr·o:-: i mate:t y ::::;. 5 mi 11 ion Forth op~~;~tf~ns per 
second (varies depending on instruction mix> 

* Architecture: 32-bit data paths. Writable 32-bit horizontal 
mi cr .. ocode memc1ry. Twi::i independent 32--bit hardware, stack •. 
mi=2mories. Overlappt:~d micro···ins-,truc:tion e:·:ec:ution and fetch. 
Overlapped macro-instruction execution and fetch, with direct 
execution of subroutines calls. 

.<!.,'/~"-·./·,. 

·!%- Host Computer Requirements: One ful 1-si ze e>:pans.ibi<>~'iot, with 
ti.J<:) r·:i bbon c.::\bl es to the CPU/32 bm:. All CPU/::::;2 icards~';cn;~y be 
n?l ocated i n::;:i de the host PC/AT case i 'f desired>, R'e'qJ(r~es :~n IBM 
PC/AT or·· compatibll"':!. May work on some IB~1 PC comil~t·ij:)I~s':ifthe 
cH.idress bus meets published PC design specifi~atfcir{s~f::,,·'.,/;>' 

- ~ :~ :::._,~.~t":: · .;.~;_f\~:r.'-· . -~~:_~,..,.:~ 

7 m; ~~::~!~:r ~i ~~".; 4~ ~~: c '"~ ~ p=4~;;n:;.t~r;~~i~~~q~~;~,~~~';i'.~~~$~;t;k \\ > i~ 
and mi c1rocode memor·· :i es use 4k :·: 4, · 35 ns statft;.J::::AM<''.q , · ''· J~: 
Pr .. ogr-am memor-y uses T.";:~k :-: 8, 120 .ns static: RAM chips.'·'_' ·.· ···.·.· ... ,, 

. · .. ' < :·:<;: i~i' 
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* Hardware stacks~ Independent 4k-element, 32-bit data 
stacks with hardware stack pointers. Stack pointers 
incremented or decremented in parallel with other 

* Microcode Memory: 4k x 32-bit words divided 
pages of up to 8 instructions each. Mi 
changeable by the host PC. 

* Program Memory: 1 megabyte 
standard. Expandible to up to 8 meg 
Capability to address up to 2 gigabytes 
in 8 megabyte pages. Memory is organ1~ 
accessib1€~ as either bytes or ~-Jords. 

* Interrupts: .. CPU/32 ~.ntern.tpts; 
underf 1 c:lw/overf1 ow, ret1,.1rh ··stack 
attention request. 

or to host PC memory 
DMA ccmtn::il l e1~. 

The WISC CPU/32 runs at a 33% duty 
c:loc:k of 150 ns (6.67 MHz.) as derived f 
Since most primitives are only 2 clock cycles 
best-case operating speed of 3.33 MOPS milli 
operation& per second <MOPS>. In addition, 
e:-: it~::., and unc::ondi t.i onal br.:mc:hes th<at can be 
opcodes are processed at zero time cost. In act 
average primitive will be somewhat more than 2 cl 
the availability of zero-cost subroutines will pr 
effective instruction rate of better than 3 MOPS 
subroutine call instructions. This figure~i 
affected in programs that perform many m~lt~pl 
divisions, or ether complicated operations. 

Various benchmarks have shown speed 
times over LIB-FORTH (a speed-optim:i.zed 
running on an 80286 at ~ MHz., · · · 
Pr·ogr·ams that perfor"m a lot 
than aver-age. number of. sLtbrouti 
than this 5 to 10 ti1i1es:i · ·-· ~· ..... · ....... 
floating paint mat~ will not· 
faster than the 80286. 
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The WISC CPU/32's qeneral architecture is shown in Appendix 
D, figures 1 and 2. The CPU/32 uses 32-bit horizontal microcode 
to drive a 32-bit, stack oriented processor. The CPU/32 is 
capable of overlapped micro-instruction fetching and-exsc:utirin, 
and overli::1.pped mac:ro--instruction ·fetching and e>:ec:utipn ... Several 
functional units are implemented in hardvJare and 2p11nec:tecl by a 
singlt? 32·-bit., 3-statt~ dat:.i::\ bus. 1:-:idditionally,. the iristf-:uc:fion 
addrt'-?ssi ng •~.nd decoding dai:i:1 paths are ccmnected :-.:.~2::-t)it 
address and memory data paths. 

- -
, > ', c'','.·:~--:\:·-.,:~' 

Since the mic:rci-assembler is the primarymeari'.i:i-·6f\':,. 
cont1·-ol l i nq the ha1~dware n?sdLwc:es;, control sign.;i\l~f;·~~lt,; .be!
descr·· i bed in terms c:if their· micro-assembler m1-;1emi:micsL'1· ):he -
function of €~.:.-\ch micro·-operation will be de:$cri-bed·;~J11'}J:.b;e · 
corresponding hardware section. 

Ib§ ~9§$ lotg~f~£g 

The host i nt~-::rfac:'.e is; shcwm at the top df figu~-~-}~~
host .:.~.daptt~r car·d plugged into the PC host -c::ontatr'i~.-:fCJ;~#''c-.:bci'. 
ccmve1'··t 8-bi t PC dat.::1 to :;;2-bi t · CPU/32 data, .:_'ls wel 'J: k:\sf_J.ogi.C: 
control the operation of the CPU/32. - -

The CPU/32 has two modes: Master •nd Slav~. 
the CPU/32 runs programs with a continuously cycling. _ 
Typically, the host PC monitors the CPU/32 status regi~ter, 
1,,Jait.ing for- a non--;!er·o v0:-..lue, then ret1..wns the CPU/32 to Sl<i:l..Vf!~ 

mode for servicing. 

To enter Slave mode, use the STOP command <better yet, use 
the RESET-BOARD command if powering up or the CPU/32's internal 
state is unknown). In the Slave mode, the CPU/32 waits for IN 
and OUT commands from the host to receive or .send information. 
It will also respond to DMA transfers on DMA channel 'j~ 

~1Jh i 1 e in slave mode, the CF'LJ1:::.2 responds to the port 
addresses shown in Appendix A. In the normal configur~t~on~ the 
pcwt addresses a1'-e in the ranc;;Je :::;;oo to 307 he:-:·~ JL\mp~f-:'s ,Jt' · 
through J14 on the host interface card may be c:hantjed to 
this address to any otherwise unused bank of 8 ports 
f.'.ipp<~ndix i'.~. 
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Por·t~; :::::oo th1' .. ough :~:.07 <::\l' .. f2 uf~:;.f2d ajs "~,ir-i tf2" ports with tht.~ 

assembly language OUT command. Each port accepts 8 bits of data, 
and may be written to using the WRITEO ..• WRITE7 words from the 
micro-assembler. Each WRITE word accepts an 8-bit value from the 
stack and writes it to the appropriate port. 

Port 0 is used to write data to the 32-bit data bus. FCJLlf'' 

bytes are written successively (lowest order byte firsti highest 
last> to this port. As the fourth byte is written, the CPU/32's 
clock is automatically cycled once to clock the results in to the 
destination determined by the contents of th~ micro-instruction 
1~egi st er... The X ! mi cr·o--assembl et-· t-Jc.ir-d takes a 32-bit m .. 1mber· from 
the data stack and writes it to the CPU/32 data bus. In DMA 
operations, a WRITEO is simulated by the host interface card 
hardware for each data transfer, aut6matic~lly arrangin~ each 
quartet of DMA'ed bytes into 32-bit words for memory storage. 

Port 1 is used to write data to the 32-bit mfcro~i~struction 
register <MIR>. It requires 4 successive WRITE1 operations, just 
like port O, but always places the results in the MIR. The 
micro-assembler word MIR! takes a 32-bit value and places it in 
the MIR. Typically, the MIR value is set using a micro-assembler 
construction (accessed from the normal FORTH vocabulary within 
the CPU32 version of the MVP-FORTH kernel on the host PC> such 

>> DEST=DLD ;SET 
which automatically determines bit values for the micro
:i.nst1~uction. Th<'2 ''>>'' i~:; a prefi:-: that indicates the star-t cif a 
micr-o--·inst1~ucticm de+J.nj.tion, and ";SET" indicates the encl of the 
definition, and directs the micro-assembler to load the assembled 
micro-instruction into the micro-instruction register using the 
MIR! primitive. Subsequently typing in: 

,,..,1j, 11 
r<·:~ad 

:1. 2::s:4 :56 7B.. x 1 

store the 32-bit quantity 
back the value, enter the 

>> SOURCE=DLD ;SET 

12345678 in the DLD register. 
following commands~ 
X@ D. 

Tc.1 

Note that all values used are 32-bit integers, since the CPU/32 
is a 32-bit machine. 

Port 2 single-steps the CPU/32's clock. WRITE2 has the same 
effect as the single-step that automatically occurs with X!, 
except the host does not drive the bus data lines. The data 
written to the port is ignored. The micro~assembler word CYCLE 
writes a dummy value to port 2. 

Pm-t 3 starts the board in MaE:;b2r mode. The data wri.tten to 
the pert is ignored. The micro-assembler word GO writes a dummy 
val uE:~ to port :::=:. 
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Pert 4 stops the board and places it in Slave mode. The 
data written to the port is ignored. The micro-assembler word 
STOP writes a dummy value to port 4. 

Por··t ~5 r:5E?t!;:; the bm:wd in DM!-i mDde. The data written t1::i the 
port is ignored. The micro-assembler word SET-DMA wfite~ a dummy 
vc:d ue tc:i port 6.. Typi c:c:\J. l y t.hi f.5 por·t is not direqtt,y 6sed by 

-. ·:~. ,}·" . 
i::tpplicat.i.cm p1· .. cqr··ams.. >, 

Po1··t 6 rf?SE~t~.:; tht~ d2ib:1 bus SE•quencer used by wt<l:tE:5:1,' WRITE'.1' 
1:~Ef.:1DO 9 and 1;Ef.~D :L.. It al so t. ake:::; the boan:I out of· Dl"l.?1>'~cide. > ·As a 
m.::Yt.:tt.;!1'·· of good p1··ogr-amming pr··ac:tic:e, use RESET..::'BE!µ.~·.9~q(Tjefi.~.f'l9;'1:''Whi<:l-r 
v·J1'··i "b?s a dummy v<::d. L.tt-~ to por·t 6 .1 bef<::ire each sej'"ies ·p.f· .. \~a\as or 
writ£·::s. The ~"Jor-d!::; X@, X!, MIR@, and MIF~! d<J tt:1i!.~; .;idt!:l.n\'<atic~lly. 

-.· ''."<.-~ ~-:.\i:',·i . ,.;~.:;: :,;_:-,.:-,' 

"' ....... -: '., ,::·,' -.;: ,:_:---'.:;:c ,.··,:;{:·r-.:?/t~:<-_·'.'.,_·:~·<_··;/::-- : ' ' .'.:• 
Port 7 ~'Jrit.es to the 8-bit. service reg:i.st~r\',i:)ri'.','t'ti!l?;··CF'U/32. 

Thi !5 l'""EWi s.;tew mav be 1rJri tb:;!n evem l-'Jl-1en th€'~. CPU/~:i::2. ii,==>:.i~)· .. 1'1ast.er 
mocJe. If intf?t""Tl~tpt.s a1'"<'2 en,::i.bled, w·iting to t.:fri!?.i·f:'~g.i!s;Y.~r will 
qe:ner·· atf::- c:1 CPU/3'.;;:: i n"b::~l'Tupt... Th€;! m:i. cr-cl-assemb let j~¢l~:~'j:'ry'.(;;f;E;Q 
t.":lkes~ a.n 8--bit. valuE~ fr·om the stack and writ.es it.:. tc,f,port 7. 

Port 0 is used to read data to the 32-bit data bu~. Four 
bytes are read successively (lowest order byte first, highest 
last) from this port. As the fourth byte is read, the CPU/32's 
clock is automatically cycled once to adjust any counters that 
may be affected by the MIR contents. The bus source is 
determined by the contents of the MIR.. The X@ micro-a~sembler 
word reads the contents of the data bus and returns a 32-bit 
value to the data stack. In OMA operations, a READO is simulated 
by the host interface card hardware for each data transfer, 
automatically retrieving successive 32-bit bus bytes to fcirm 
quartets of 8-bit values. 

Port :L is used to read data from the 32-bit micro
instruction register <MIR> .. It requires 4 successive ~EAD:L 
OpE·r· io:d: :i. ans:., just ]. i k<~ port 0, but al ways 1~£;!turns ti}~ rJ~S.qlt. 

th&? 1··11 I!::;:. The mi cro-·-assE::mb l er MIR@ returns a 32-"bit.·.~tall.ie fr·om 
the MIR. Typically, MIR@ i!::> only use~·htl fo1'·· d:i, . .::tgnot:>"t:.Ji;:: f.:lL.trpoE,es 

Port 2 reads the CPU/32's 8-bit status reg1st~r. 
the micro- assembler word that returns a 16-bit value with the 
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high 8 bits zeroed. The status register typically has a zero 
value while the CPU/32 is in Master mode. The CPU/32 sets the 

16 

status register to a non-zero value to indicate a request to be 
returned to Slave mode for service. 

The STATUS register is an 8 bit register that allows the 
CPU/32 to communicate requests for service to the hbst while in 
maE;t.€:-!I' .. mode. Typic:ally, the f:)"rP1TLJS n~gister i~;; o, wfl:.h a non
;£:en:"j value i ndi ca ting a n=iqwest for· one of 255 possi.bl e user--
clef :i. ned ~::.er· vice~-:; f t'··rnn. th<~ hos•t. The STt::-iTUS 1~egi stel'"' is set usi n<] 
the DEST=STATLJS micro-operation, and is queried ~rtjm,he ho~t · 
u~:;i n<;J th•= STC::ffl.JS welt..: cl. The1···e ii:; no w2iy to read the HTATUS . 
1···eg:i.!stt~r·· from the CPU/:::L2. An Sl·:ampl.eof SE)t.tinq a .. SJffl'"US value 
isr. 

>> DEST=STATUS ;SET 12. X! 
STP1TUt3 ( Rt::~t.urned value is 12) 

- --. :"- _·-:·-· 

. . .. ·L'> . · ... 
c .. :_-:..;-_, .. ,; . • 

Th<e 8-·bit HOt!T negistf:-:"!r ,;:1llo1rJs the hc:i~.:;t PC ·tq·;;~c:\k~ ;eql.ter:-.t!'~· 
few <::i.ttenti on to the CPU/:~;2.. Tht-:? host PC. may \.\11·~itE? 'ti:)'.the host 
n?g i ~:d:f.~r ur::;i ng tht';! PCREC::! word.. The CPU/::2 may re3~,-l:hf- HOST · .. ·. 

rt::-!g i s;te1··· v;:.•.l w.::! usi nq thf:~ SOURCE:::-"FLAGS mi crp·~·ciper"at,,i ot1 i ·· . 
HEX 
-4~5 PCF~EC! 

>> SOURCE=FLAGS ;SET X@ DROP OFF AND • 
( Display lowest 8 bits of value, giVing 45> 

DEC IM~~L. 
The upper bits of the FLAGS register c:ontain inter~upt status 
information described in a later section. 

The data stac:k is one of two hardware stacks in the CPU/32. 
In thii? M'v'P····FOF~:TH/~~;2 imp 1 E~mi:.~ntat ion., the data str.:i.c: k cc)nt .ins the 
Forth data stack elements (except for the top-most stack element, 
which is contained in the DHI register described in the next 
section.) The data stack consists of the data stack memory and 
the data stack pointer. 

The data stack pointer CDP - not to be confused with the 
MVP-FORTH user variable dictionary pointer DP)"is-a 12~bit 
up /dciwn counb21· .. that may be i ncn-2mented, decr"<i:lmen:(:eo., >cir 11::>aded. 
on each micro-instruction. The fol.lowing micro~a~~embl~t 
commands load the DP, read it bac:k, and show results of increment 
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and decrement operations~ 
>> DEST=DP ;SET 200. X! 
>> SOURCE=DP ;SET X@ D. 
>> INCCDPJ ;SET CYCLE 
>> SOURCE=DP ;SET X@ D. 
>> SDURCE=DP DECCDPJ ;SET 

Displa")( 200) 

Display 201} 
X@ D. X@ D. X(<i! D. 

< Display 201, 200, 199} 

17 

Notice that X@ cycles the clock on each read operatibn~ The DP 
i nc1···(;:.mt.~nt c:w· c:lec1'··emEmt opew at ions ta.kt-: pl ace .::d: tt-;e ·erld t~f ec:1ch · 
clock cycle. This means that the data stack itsel~ maf b~ read, 
then the DP incremented or decremented at the end cf tbe very 
~Sii:\ft1e C ye l (.;?. 

The data ts.tack ms> if:;; a. 4k by 32-··bi t fast 1tierficir\1 •· •• • The DS 
value m;:i.y be! 1··1:~ad c:w ~'Jr :i. tten on each c:yc:l e, v.ti th tQe;DP val Lle 
c:h.:1nq02d at the end of each cycle.. In MVP-FORTH/32'1.t.l";JE{ ·DP'pqints 
to the s0~c:ond to tcpmrJst stack element, with :an .lNFt;pF~J ~d:;Lng as 
;:i. "pc:•p" opf?t'"atic)n, and a DEC[DPJ. follm\led on the(rye":,it:,61.ot:k't:yc:le 
1-J:lth a DEST::::DS operation ;:i.ct.ing as a "pus;h" operc:\t,:i;on •. ,The · 
f cll l m"1:i. nq ~-;equence of conimc:i.nds pushe!:"J b\lo items on tt~·e.~:D?.,. t,:hei·1 
pops them off again: 

>> DECCDPJ 
>> 

;SET. CYCLE 
DECEDPJ ;SEI" .. 

>> 
DEST=,DS 
DEST=,,DS ;BET :2.2222 n x· ! 

>> SOURCE=DS INCCDPJ ;SET X@ .D. 
( Pop 22222 then 11111> 

X@. 

• •'" :, ·~-~-' ·:c ' ""< ..' 

:>.;;]~·;>-"/'·. 

t~d~fi 
< Pu~h 22222> 

D. 

Any time the DP value is· between 0 and 1FF hex, a data stack 
underflow/overflow interrupt. is generated. The DS positions 
between 0 and 1FF are st.ill usable if interrupts are masked, 
however. This provides run-time stack size checking with no 
speed penalty. In a sophisticated software environment, the DP 
interrupt could be used to page portions of a larger than 4k-word 
data stack in and out of the DS memory. The starting value for 
DP with an empty stack must be initialized to FFF hex. • 

The Arithmetic Logic Unit complex consists of th~ Data Hi 
register <DHI>, bus data lat.ch <LATCH>, arithmetic and icigic unit 
((:il ... l.J) with as;tsod.€:i.ted mult:i.plf:~:·:er·, .:.'\nd Data Low t'·eglster <DLO> .. 
All these have :::;.2-···b it. data path!:;. The ALU 1nl..1lti.p'.l.e:-tf?r :and Dllb 
re<Ji r::;te1'. .. s may bf.~ cc:mr1ec::ted to for·m a 64-bt;t. sn1+1;i'riijc;:'IP:~~,:J}~ni:$mi'- ·\;'.Y,tW:i~ 

. ; -. , .. ~ 
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The ALU performs 32-bit addition, s~btraction, and Boolean 
logic operations on one or both of two inputs, denoted the A-side 
and B-side inputs. The result of the arithmetic or logical 
operation are passed through the multiplexer and may be shifted 
right or left one bit, rolled right 8 bits (with the lowest 8 
bits moving to the highest 8 bit position>, or passed through 
unchangt?.c:l. 

ALU operations are broken up into logical operations and 
arithmetic operations <corresponding to the 2 mode selects of the 
74F181 chip). Logical ALU micro-operations leave the carry in 
bit CIN uncommitted, and result in an indeterminate carry-out 
bit. Allowable logical operations are: 

t:_qNGIIQN Q.l;.§!;.f.1I.t~IIQ.t~ 
ALU=A Pass A side through unchanged 
ALU=B Pass B side through unchanged 
ALU=notA One's c:omple~ent of A side 
ALU=notB One's complement of B side 
r-1LLJ::::AorB A 1 og i C:<.:\l "or 11 B 
ALU=A;::i.ndB A logical "and" B 
ALU=t~:-; cir B A 1 cg i c: al ":-~or· 11 B 
ALU=AnorB A lDgic<.:\l "nor" B 
AU.J="AnandB A lc>gical "nand" B 
P1l...LJ:::::Arn:orB A logical ":-:nor-·" B 
ALU=O Force ALU outputs to all 0 
Al...U=-1 Force ALU outputs to all 1 

<two's complement negative 1> 

All arithmetic operations are performed with two's 
complement integers. These operations automatically set the 
carry-in bit value as required to generate functions, and result 
in a valid carry-out value at the end of the clock cycle in which 
they are used. Allowable arithmetic: operations are~ 

ALU=A+O Pass A side through unchanged (set carry-out to 0) 
ALU=A+1 Add 1 to A side 
ALU=A-1 Subtract 1 from A side 
P1LU=(...)+1'.:1 Multiply A side by 2 
ALU=A+A+1 Multiply A by 2 and add 1 
ALU=A+B Add A side to B side 
ALU=A+B+1 Add A side to B side plus 1 
ALU=A-B Subtract B side from A side 
ALU=A-B-1 Subtract B side from A side, then subtract 1 
ALU=AornotB+l <Special purpose function) If the A side is O, 

this t<.:tkes the two· s complement: .. of .the B sid.e 

Some examples of ALU functions are given belbw (note that 
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. - . -

the word 1.P..Q is equivalent to the sequence tesI G.Y.~h~>': 
> > ALU==B DEST=DHI ; SET 5. X ! .( ·set OHL.to 5> 
>> DEST=DLO ;SET 3~ X! (. 8~~.DLO.to 3> 

~ t .·~~~~m:~~s:~~::+I~ir~l!~,!Gi;1,\~f 1d~dr:~~er4r~~~i~r~:~~"ftj 
:~~t i~!=i=~~:ufr::~~~f ~~~r~!~~~!if l~"A · 
highest bit from the DLO · r·egister:''.i+{ 

. · ' S '.> -_ AJ.:.\-1¥~·y\·r 
.. > :::~ ,s·ouRc:e: 

.·.·_,. 

pp era ~r~n~~rr~;~~6°~~Y~tJ~r~:~f ~~~~~i,;- ,o. "- . 
carry-in bit respectively for. $hift.ipg:_6p·~'i':.;:~t; 
arithmetic functions automa:i:ic::ally generC:1,~a, Jhei,r 
v.;11 ues • 

. The output of .. · the ALU· .<NOT 'ttie · 
source 6f the sign bif ~rid ~~t6-bi~: 

.. · . -· 

Ib.~ Q~t~ !::l.L 8.~9.t§t~t. ·::· fdtt!. 

the 

;.<··· 

- .;·,·-.· .. > .. ·· .. 
,. ' 

. ·-. ,-.. ·_. 
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is specifi~d in the micro-instruction. 

Tl1e PHI register· may hold any quantity '8"u~Yt{f: 
a mic1rocoded primitive's e>:P-cl.ttion~ By C:ohveHti 
register al ways contains the top !;>tack,. elem~rl.t~'~ 
end of a wor-d when execl.tting MVP-FORTH/32 

Ihg ~!:!§. b.~tr;.b. ::: b6.Il;tl ' .. ·:·>.,;Y 1 

·i~~~H~~: •. ~;:~::t~e;t1~J~!:r~~:tr~r:E~~~l1. 

20 

. 

direc'tly into the ,ALU~ ·Thi.ts, in t,he pr,e,Y;i'q1.i ·· 
stor-ed dat.a in DH:t: ·by :~t$irfo 1 the At:U:;;:g. :c:oii'~t'ii 

... ·_, ... 

iif!{~);:J~l· passed data . thro9gh. ·.·· .. .. .. . .· . j ., c,-'.; \;,.;p; 

However~ there is anothe.;..: func;tiqn: f6.P::;:£ . 
end . of each c:l ock cycle, the LATCH captur-Eis{:wtL 
the bl.ts (whett1er· it w_a$' us~d by the ALU ()i;. }):pt;)' 
subsequent.· bus .. so1.\r-ce is SOURCE=Dt+I · on. th~ .Jl~~·" 
n?tai ns and supplies to the ALU B ei de fhe<,fi.Cilt-. 
clock cycle. This is exfr-e~ely u~efui f~~ ex2h~ 
contents of the DHI r·egi ster with the content$ .of·. <;ifyy."bther 
system resource. For example, exchanging the c~rr-ent-DS value 
and DHI without using the LATCH would be accomplished by: 

1-klwever- , 
cml y two 

>> SOURCE=DHI DEST=DLO ;DO 
>> SOURCE=DS ALU=B DEST=DHI ;DO 
>> SOURCE=DLO DEST=DS ;DO 

using the LATCH, this exchange can be a~C:~'mpli shed in 

£'~~;}~( 
·~:··: ~~= _; .. · 

h'~<Ji·\:· 
'>t 

eye 1 es: .· :· 1 •. ,. ,j<! .. 
> > SDURCE=DS . DEST=LATCH ; DO ': ' · ... :,; 
> > SOURCE= DH I DEST=:DS SOIJRCE=LATCH ~LW;::B:'.:D'E~pT;=,:DHI ; DO L 

On the first cycle, the 
the LATCH~ 
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data indefinitely? as long as SOURCE=DHI is used in consecutive 
clock cyc:l<::?s;. 

The DLO register is a 32-bit shift regi•ter that i~ used 
both as a tempor-·ary holding register and as a 1 ow half ot a.<64-
bi t !Shifting mech.::1nism. (-)s a holding register, SOLJF<CE:~PLQ.,~rjd 
DEST=DLO allot-J storinq any :32·--bit value in DLO add·r~ea<;:l;i'fa~·;i:t·t 
b ;ac: k: · ' ··.• ; 

>> DEST=DLO ;SET 123456. X! 
> > f-3Cjl.lf~l~E==DI_() ; SE1· X@ D" ( Dt sp.l ay 

When used as a shift register, DLO may G~ sh 
inde~pendently 1.u:;in9 SR!:DLOJ or SLCDLO], arid may be 
the ALU multiplexer to form a 64-bit ~hift regist~r 
DLO may not bf:? set and shifted in the !5C:\me. clcick c)/'!=l 
may be re~ad and then shifted (after reading) in t:he 
cycle.. lfJhen shi f ti n<;;J 1 E-:f t .1 the l <jwest bit of PLO 
CIN bit. When shifting right, the highest bit 
the output of the lowest bit of the ALU (no~ 
multi pl e:-a~r) ~ 

>> DEST~DLO ;SET 4. X~ 

>> CIN=1 SL!:DLOJ ;DO 
>> SOURCE=DLO ;SET X@ O. 
>> DEST=DLO ;SET -8. X! 
>> ALU=-1 SR!:DLOJ ;DO 
>> SOURCE~DLO ;SET X@ D. 

The single-stepping diagnostics have 
single bit across all 64 bits of DLO 
circle in both directions. 

( 

(. 

( Hesi..11 t 9) 
< Set DLO to -81 
( Shift right, hitj~ 

Result is . ..;.4) · 

gOod .· e:-: flmp leg. >of ;$~'i':f;1~:f;H~ a 
and the ALU/mult{plexer/DHI 

Two very special modes of operation of the LATCH and ALU are 
provided for multiplication and division. When the special bus 
source designation MULTIPLY is used, the ALU multiplexer performs 
an arithmetic shift right operation on the partial sum (which 
works by feeding in the arithmf.:?tic: can··y--out bit into the ·· 
multi pl E)>:<-:ff. ) In 21ddi. ti cm, the LATCH retains previoLiE". data. 
Thi~;; cap.:~bility allciws per·forming a :~~2··-bit multiply in:gr:ie.cyclt~ 
per bit, plus a fet-J cycles of clverhead for setLlp., ~se~'..the~Y 
mi cn::icode d~~f in :i. ti on of U·it for an e;-: amp 1 e of a ~;hi +t af1d; '<•' 

conditional add algorithm using this capability. 

The special bus source desidnation DIVIDE 
the logical complement of the ~LU ~ign bit 
left input, but also manipulates the ALU f 
provide either an ALU=A+B or an ALU=A-B operation 
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This results in a one-clock cycle per bit <plus setup overhead> 
non-restoring division algorithm for unsigned numbers as 
demonstrated by the microcoded def initioh for U/~OD. 

th~t 
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clock cycle. This means that the return stack itself may be 
r·t-:~ad, th~:n tht.~ RP incremented or decremented <::1t the end. of the 
very same cycle. The astute reader will notice that the RP works 

I 

exactly the same as the DP. 

The data stack tRS> is a4k by . 
value may be read or w~itten on each 
changed at the end of each cycle,. In 
to the topmost stack ~element, with 
operation, and a DECtRPl followed ~n 
DEST:=RS opera ti on acting as a '1push'' 
sequence of commands pLtshes two items 
off again: 

>> DECIRPJ. 
> > · DEsT:::!:RS .·· 
>>· 
>> 

stack, . 
either be 
the address 
This added ioliting 
par all el subrol-tU.ne 
operations. It does 
chip en~bling lngic delays~. 
written through the ALU nn a sing 

. 
Any time the RP value is between 

stack underflow/overflow interrupt is 
positions between 0 and 1FF ar• still 
masked, however. This provides run-time 
no speed penalty. In a sophisticated 
RP interrupt could be used to page port 
wcwd return stack in and out of the HS 
value for HP with an empty stack must be 

Since the RS is used for 
general SOURCE=RS and DEST~RS 
first or very last (ENDirig) mi 
1tmr-d definition. Also, DEST=HP 
used durir1g 
res1,.1lts t 
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Due to timing constraints, the RS value may not be written 
through the ALU to the DHI register direc:tlyJ no~ may it be 
written to RAM. The RS value may be captured by the LATCH for 
use in the subsequent clock cycle, may be written to the DS, and 
may be written to OLD (or to DP or RP for that matter>. RS may 
be w· it ten to the ~'1ddress l atc:h or the address c:our"iter >on a ·· 
~single clock cycle, but the address latc:h. value w~Jl l;:i.7.wr:i.tten, 
too late fC)I' .. R?)M to be available fclr· use! on the vehyr}~:·:g Clpck 
eye 1 e -- 1-Jai t one c: l r.:ic:k eye le bef on? accessing RAM •• Tb~\hardware 
s;ubr .. ciuti n<'2 r£':!tur .. n f unc:t ion that ccip j_ es the RS. content:;·,t:o .·.t;he. 
address lat ch does all 01tJ Rr.'.:\M to b<i? r<:~ad on the subsequent clock 
cyclf?, l·rn~'-lever, since :it u!•'>l'?S different c:ontr·o1 cin:qii;f'Y•~ · 

..:,.-: .. ' .-. __ ;~_::~ .. _·_,.-.·- ) 

~:·:·_:>:/ ·.,~ 

t1§ffiQ[.Y. 6.9.9.i.::.§.§.§.!..IJ.9. @.IJ.9. §l:-l~[.Q\:itt1.J.§ GQ.o.t.L.Qt< .. , '.\'' • 

The data paths used for memory addr~ssing and::~l~~&::&{Ki·r)e' 
ccmtn)l <:-:\re shown in the~ bottom half of. f i gur·e l~ T~~;"memptY 
adfkessi nq data paths connect tel. the retu1~n stack <,Ri3X1·4't''t:~e·< 
memor··y ad;;kess counter . <ADDREBS-COUNTEF~J, the'·m~tTH.:it'i;~.cl~r~.!S:~<:·· 
latch u:rnDRESs-u::iTCH> , the nel·: t addn:?ss reg.ist.er~ (l~AR .. >:.~·'.\;;~rid·~~h~ .. ·· .. · 
memor·y page 1···egistf?r" <PAGE>.·. The f~DPRESB-"'F()~J~!ER, ~:p'.P~~·§.~~·Lpf%if91"'1; 
;::i.nd l\U~R all m.::1ni pul ate the l o\1-H?t:;t 23 bits· Of 'progrr.\~r;g~:~a'f'while 
t.hf.~ PAGE t-f:~g:i Estf.':!1'· 1·101 c:ls the~ nel·: t highest. 8 •bi ts .of ··:~c\t.~·x·foi\,}ir-lg, 
:~; l bit. addr·ess space consisting of 256 pages C)f 8 l]lef}~~yte;;;• ,.The~ 
::Y::::nd m<;?mcwy addresE:; bit is i gnon::d by the pri.:igr-am meinor"y '<:afdH. 

Ther .. e an? ~sev1i?ral :i mpm··tant 1 i mi t<:1ti ems to t..tsi ng th.~ memory 
add1, .. e~.;;!:5 path r·esourct:!~5, most <:if v.•hi ch ar·e desi gr1ed tO ~~vdid ·· 
interfering with the automatic subroutine processing logic. 

The RAM address latch <ADDRESS-LATCH, not to be confused 
with LATCH which :is attached to the ALU> is a 23-bit transparent 
latch that is used to address memory for all functions except 
automatic: instruction decoding. Its outputs are enabled to 
address program memory during all micro-instructions except the 
first and last within a microcoded word. Data written t6 
('.::1DDF:ES!3--U~TCH becomes; a valid mem1.:iry addrf:JSS appro>:im<i:\tely h"'tlf"."" 
~-Jay th1, .. ouqh thF.? cycle in vJhich it is trJrit:ten with DEST=APDRESS· .. -
LATCH. Thi 1:~ 1 t2.:.-1v1:~~.;; enough ti me fc.w pr··cgr·am memory to:>be <;. 
~':\ddt-<'!!!s!sed and rc;.~ad or- ~·.ir·i tten du1'"ing the very ne>(t c:loC::k cycle~ 

123456. 100. RAM! ( Store 123456 at addr 1-00) 
> > DEST=::::ADm:;:ESS--LP1TCH ; !:!ET 100 •. X ! ( addr 1 
>> SOURCE=RAK.;SET X@ D. Fetch 

Once set, the ADDRESS-LATCH 
:i. nstr·uc:t ion is 
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DEST=ADDRESS-LATCH or DEST=ADDRESS-COUNTER is used again. 

The ADDRESS-COUNTER is a 23-bit count-by-4 register which 
has the lowest two bits always forced to zero. Its primary 
purpose is to increment by one word address the values to be 
stored on the return address stack, th~s generating a return 
address that points to the instruction after the subroutine call. 
The ADDRESS-COUNTER may be set using the DEST=ADDRESS-COUNTER 
micro-operation. This micro-operation causes whatever data is on 
the bus to flow through the ADDRESS-LATCH and into the ADDRESS
CDUNTER. This means that a DEST=ADDRESS-COUNTER micro-operation 
also implicitly performs a DEST=ADDRESS- LATCH operation. 

The ADDRESS-COUNTER may be incremented by 4 during any but 
the first and last micro-instructions within a microcoded word 
definition. The increment, which is specified by the 1NCrADCJ 
micro-operation~ occurs at the end of the clock cycle, and may be 
combined with a SOURCE=ADDRESS-COUNTER micro-operation ·to read 
the value present before incrementing. An interesting use cf the· 
ADDRESS-COUNTER is to perform an .INCCADCJ followed by tha next 
cycle with a SOURCE=ADDRESS-COUNTER DEST=ADDRESS-LATCH~ This 
pn:ivid<?.s a capabil :i. ty to step thr·<:>ui;1h \.'Jcwds of program mem<::iry for·· 
reading or writing. An example of using the ADDRESS~COUNTER is: 

RESET-BOARD ( Among other things, this 
zeros the page register) 

>> DEST=ADDRESS-COUNTER ;SET 100. X! 
< Also sets ADDRESS-LATCH to same value) 

> > I t,~c; [ f.1DC] ; D(J 
>> SUUh:CE::::=?1DDRESS--·CDUNTER ;f.)ET X@ D .. < Vc:i.lue of 104) 

The next address register CNAR) is the closest thing there 
is to a program counter in the CPU/32. The NAR is a 23-bit 
holdinq reqister for the address of the next instruction. Each 
CPU/32-insfruction specifies the next instruction to be~executed 
with a subroutine call, subroutine exit, or unconditional branch. 
This means that the NAR does not increment t~ determine 
instruction addresses, but rather is reloaded at the end of the 
instruction fetching process. The section on instruction 
decoding will clarify this point. 

The NAR is loaded using the DEST=DECDDE instruction, which 
is only useful for purposes discussed in the section on 
instruction decoding. The NAR may not be read back directly~ but 
its contents may be accessed in 15i ngle-stepping mode b.yc. . > 

performing a dummy instruction decode that ~bpies fi~'~ontents 
into the ADDRESS-COUNTER.. The NAR's outputs are enabled for 
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program memory addressing only during the first and la.st micro
instructions within a mic:rcicoded word definition. 

The PAGE register is used to extend the memory .address range 
beyond the 2:3 bits provided by ADDRESS-COUNTER, ADDRESS-LATCH, 
and NAR. The PAGE r-egi ~;ter is set. to zer-o by the RESET..,.;BOARD 
c:ommand, c.:i.nd may cinl y be changed ~-.ii th· the DEST==Pf:)GE. m~C:r-o
operat.i on. The PAGE regi ste1r· 1:ontents are al ways app~i-fdad to the 
high emd of the ADDRESS-COUNTER valt1e, and ·1na.y be e'~:ainined by 
reading the ADDRESS-COUNTER: 

HEX 
>> DEST==ADDRESS-COUNTER ;SET 0045678C~ X~ 

C Set ADDRESS-COUNTER 23-bi~ v~tue> . . 
> > DEST=PAGE ~SET 7 4800000. X ! · .· . . · . 

< B~·bit PAGE register value is/~9·hex, 
starting with bit. 23.of ~a.i~•f . 

> > SOURCE=ADDRESS-COUNTER ; SET X@ D. > ·' .. •; .. 
< Returned val Lie is 74C5~7ac. ·:>-<;.~'.?{~·. < ·· - . 

DECIMAL RESET-BOARD C~>>:Y,./. 
';-... ' .. · _ _,' ,.,:,:· ·:.~; ... 

!3i nc:e the page register· contents are Lised for' •.. ~g~rl~:r'.¥fihl;r 
bits 23--31 of the memory address., tht? page r:egist~~:;::~°&J:e~·ts:whith · 
of 256 non-over leap pi n g bank S of 8 meg ab yt es i S 'i Ii LtSEf at any 
given time. Inter--s<:agment memory accesses may be .;i;\6tfo'irip~"t~l1ed by 
~:;;.::wing the PAGE register valL1e fc)r the program~ settfh(f,J:-PAGE- to 
accessed the desired memory 1 oi:ati on, then restoring the PAGE 
register value b~fore the next instruction. is decoded. 

As discussed in the r-eturn stack sectibn, the ~equences 
SOURCE=RS DEST=ADDRESS-LATCH and SOURCE=RS DEST=ADDRESS-COUNTER 
are valid, but result in a memory addr-ess which is set up too 
slowly to provide valid RAM accessing dur-ing the neMt clock 
cyc:le. Wait one clock cycle befor-e reading o~ w~itiMg RAM when 
using these constr-uctions. · · . 

Never pe~form a SOURCE=RS, DEST=RS, DEST=PAGE, DEST=DECODE~ 
SOURCE=ADDRESS···COUNTER, DEST=ADDRESS-COUNTER, DEST==ADDRESS-'LATCH . 
or INC[ADCJ during the first or last clock cycles.of a: mi~rocoded 
instructir.m. Doing so will interfere ~ith instruc:;toi'6h. d~¢.oding. 
and crash whatever program is executing. Ex~eptiori~i ~ri a' · · 
SPECIAL instruction <which is guaranteed not to contain a 
subroutine call or return) SOURCE=RS, DEST=RS~ and. , > 

SOURCE::::ADDRESS--COUNTER may be used in the ·first mit:rb..;:. : . . .. : 
i nst1··ucti on; and on an i nstrL1c:tl. ori that.is .. krio.wn·.t<i1 Pe·};:;\/:-;;.:> · 
subroutine ~all <such as the Forth LIT weird impY<an1fl!i"1:t:;;,;.-tfcir:i· In. 
MVP-FORTHF32) SOURCE:::=ADDRESS-COUNTEr.;: may be used to act::~ss t;;he 

"·'• ... 
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value being written to the return stack on the first micro
instruction. The section on instruction decoding explains the 
reason for these limitations. 

27 

The ADDRESS-COUNTER must be restored to its original value 
befo1'"e the la.st micro-instruction of a word if· ith~s .. b;~en used 
for memory ~'o\ddressing, otherw.ise subroutine calli.riJ;1,,ori .. t.he 

~~:~:~~~~~ti :0:,~e~~ 1 ~h:0~D~~~~8~~~tj~;-~~- in~'~t.: ;~;~~It~~~z·*~~·,·Afi~~~,~ 
address us+:-.?d to . fetch the · macro..,.i nstruction .• · A fyp,ic . .:i\1.' two· · · 
micro-instruction setjuenct"1 to accomplish this.:fs:,:·:_<·;:·-,:>., .· 

::::::::::s:::~~::::D~. : : .1. ~:!jf ~~H!¥ii~~.~~~ 
. . : . . . . ..... >t)•/' ,>~.~'·-~: .. -. .-- .,. . ' .... · ,, ''" 

. , 

P.r:9gr:~m ·t'J~fu9.r:S:: .. , 

The CPU/32 ~ome~ 

·.,;·.· . 

. ,'··· 
·-.~;:::··>. '" '>.'·''\ 

Erng~::.,tl:::: .. : ::~ory is organized as \ip th'2~~~~p~~~~Of 32~ 
bit words, and is addressable as either bytes or .;;,dr:as·~;<words· 
must always be aligned on word boundaries (everii; diVisibla by 4 
memory addresses>. For example, memory addresses O~ 4~ 8, 12, 
and 16 ~'o\re aligned on wc>rd boundaries, while addres$es 1, 2, 3, 
5, 6, and 7 are not. Program memory is accessed by fir~t setting 
the memory address in the ADDRESS-LATCH, then performing a 
SOURCE=RAM or DEST=RAM operation. In order to w~it~ arid then 
read a 32-bit RAM value: · 

>> DEST=ADDRESS~LATCH ;SET 100. X! ·· 
>> DEST=RAM ;SET 12345678. X! 

( Store 12345678 at address 100) , -· 
>> SOURCE=RAM ;SET X@ D. (Fetch 123456713>···· 

:..... .. ; . ~~'·."·. ;;,,.:/·::'·/.) ...• ,::,:£;,, ,..:•; \ ·:·,'.~ · .• 

Program memory data takes one cycle t6, b~'tC>~~'.?~1i':~~·':'~Yte"~· an 
address is established. However, since 'the AOt>RE:SSShATCtl.~outpt.:tts 
ar·e valid appro>:imately halfway. thr-o_ugh 'l;:he cy¢1e_;t;q:,.~DJF.'1:,t,!;.ley. 

:~~:t;.~~t.·i :~~1 may be read or· writ ten on··. t~e ,Y:~~)\·.r-t:jif~~~~:;~:1;R~~·o,;s·.~·.J.>. ·· 
In word accg>ss mod<=, .the lowest two bits :cif ;.t·H;~:A6~DRE~~·_: 

'. ::c· > .. /~'.:'·_: 

'·:.-· . 

:,.:·· ... 

. ·.···:·· 
·.' 



LATCH value are ignored treated as if zero, forcing access on 
even word boundaries. 

Program memory may be accessed as an array of bytes instead 
of full-words. If SOURCE=RAM-BYTE or DEST=RAM-BYTE are used, the 
1 olf\1<-::::s·\: 8 bit.~:; of the data bus are mc:~pped onto the apprt)pd. at<~ RAM 
byte in the word being addressed. If wri tH1g to F<AM, th~ h(ghe!!.;t 
24 bits of the data bus are ignored. If reading from ~AM, th~ 
highest 24 bi tE; of the d,::\ta bus aF"e set to zero. Byte acc:essi ng 
to RAM is controlled at the memory chip level, so a 
read/modify/write operation is not required to chan~~ a ~ingie 
mt?.mory byte: 

HEX 
>> DEST=ADDRESS-LATCH ;SET 102. X! 
>> DEST=RAM ;SET 12345678. X! 

( Set 32-bit word 100 to 
>> SOURCE=RAM-BYTE ;SET X@ D. 

( Bytf.?. 102 value is ::::;4) 
>> DEST=RAM-BYTE ;SET 99. X~ 

>> SOURCE=RAM ;SET X@ D. 
( New 32-bit word 100 

DECIMAL 

102) 

The output of th<*1 R{-11"1 is too slow tc:i .be -fed di•tec:tly tt·wougl-1 
the ALU on a single clock cycle. It may, however~ b~ capturea by 
the U-HCH few U!::;e on the cycle subsequent to the REAO=RAM or 
READ=RAM-BYTE micro-operation. As discussed in th~ ~ection on 
the return stack, do not read or write RAM directly from the RS. 

RAM is available for use on the cycle immediately afteF" a 
DEST=ADDRESS-LATCH or DEST=ADDRESS-COUNTER micro-operation, 
except when the source is the RS (in which case a one elock cycle 
wait is required). Feeding the output of RAM directly to the 
ADDRESS-LATCH may appear to work in simple test cases, but will 
lead to unreliable operation since the progF"am memory's data path 
will be diF"ectly feeding back to its address path. 

The i nstl'·uct ion lat ch (IL) is an 11 bit ·tt·ai1E;pajr-E?oi"!: l. ~=vtt:h 
that ls used to contain a 9 bit opcode and 2 bi ts of sl.tbf~Clutine 
contir·ol i nformati cm for an instruction. Opcode information 
t.·witteri tr.J thf?. IL fn:im bits 23-31 of the R{"iM clata bus, c:\nd · 
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subrou~1ne control information is written from bits 0-1 of the 
RAM data bus (according to the CPU/32's standard instruction 
format.> The micro-operation to do this is DEST~DECODE, which 
also writes bits 2-22 to the NAR. Since the IL is a transparent 
latch, info1~m.::1tion \.\•ritten to it j_s availe:ible as an inp1..tt to th<"-'! 
micro-program counter during the cycle in which it ij written. 
This hc..ss impor·tant implica.tic:ins fcir· instruction decqd.i9g as 
discus;se·d in .:~ latE":!r sE~ction. · . 'r}? · 

ThE·~ IL. cont€.:mt.s may l::H:2 r~:!<::"\d to the data bus 1..1~ih9'. the 
f~JOW~CE::::MPC micr·o--operation. Thi~.; is only usefLtl foi';diagnost.ics 
and i nter-r·upt p1···c:ic:e'::;;E5i ng. When f''C-?,::i.di ng ba.c:k the. n, .. ,:'bits: 23-:31 
and bits 0··-1 contain t.ht.~ IL information, and bits aAi.9 contain 
micro-program counter information. 

_-:·-·>-t<:~/,-~-: ·. _·,' _. 

;- <-~~(,; ,-·-:· 

Itl§'. r.1.i .. sx::.9.:::ELt:;).9.1:.:.f:lm ~~Q\:!.IJ.t.<§X::.l. ~~9.D.9J .. tLQIJ. QQQ.§'.§ t !8,~~i±:(S.!E.r!°;:§., 
';~{~~:~i0~'':' ..;, ·'· -,:: ' 

The CPU/::::;2 has a mi ere-program 11 t:<::1unter" .· CMPC)i,;;~6·,~ddress 
m:i. c:ro--proq1··· am meimr~wy. Th~"! val u~ that addn?sses: ;lni ~:;:"' ""-p.F;"()gf"am 
mf:?mcw·y .::i.ctually consists c.1f r.\1"1 asssembly of 12bt~:~· mrdifferent 
!:::.oL.wc:e:·s. Bit 0 (the lm·H?s:.t b:i.U is the output,qof 't?i::irl8itio1·1 
c:odf.? multiple>:i;?r.. Bits 1 and 2 are constants'. fhd ~'f.,lfltC::ro-'~ 

ti 11~~es t :11~'.(: ~-: i ~ .... nnd t··1e_--) <1:J_ ~~----~-~t :-7·. ~'.~ .··l 1. c~0:i. 1tn·· es :~:;-·-6 come fr om . <..-\ A~b{f; >,c~.--·1;~.f_·Cp_i.>~r· with :in 
I I' - , » \ -~ J fj'""QIJ) Cl reg:i ste1·- in tl~e t: f7 

·, ·:'.t';-, 
;--

The mi Cf'C)··-pr·ogr·e:im c:ountf.?I'"' is a 9 bit register. whb§e 1 owest 4 
bits may be incremented if desired. When an inst~u2tLoh is 
decoded. the opcode is directly set into the MPC. This means 
that mi c:ro--pr·o<;Jr<::\m memory is .:.:i.c:c:essed as 512 opcodes, with each 
op cod£? h.::1vi niJ a pagt:~ o·f 8 m:i. c1·-D·-·i nstn.H:t i Drns avai lat)'l.!F 'to it. 
Within a page of micro-program memory, the MPC va1U€:is. left 
undisturbed while the lowest three bits are manipulated by 
JMP=~:o:>: micro-·-oper·.::i.t:Lons i,.,1:i.t.hin the page as described below. 

I+ a mi c::1"·ot::odf.?d operation re qui n.?~:; mor-e tha11 a·:(~or~ds of 
mi cro-pr-ogr am memor-y, the INCC:MPC J mi c:r·o-operati on ~iay be usH:d ta 
inc:1·-t;?mt:!nt thE~ lm-Jf.~!::.t 4 bitE:; of the MPC to jump to th~ ne:-:t page. 
The Il\lCCMPCJ must be used 011 the IJ.~.Q..£. :!;.Q L~.§.:!;. mic:i;:p~~fl:~t.ruc:tion 
e;-: ecuted i,.Ji thin <::\ pa.qe, and the i .. €:1§.t mi cro-i nstl'.""~.tst,.,~·9Q ~1t1st 
c:ontai n a JMF':::::>::o: mi c:ro-oper·ati on to the mic:ro:::iril7"~;ti~'~(~.~Jan of the· 
ne;-:t p,::\<;;JE! that i~==· to be e>:<-.?c:ut:.c~?d cm the sL.1c:c:ei:.~d:Lr1g 0 ~:}6s:J: cycle. 

The MPC ffli:\Y bf.? n'?<':_.l.c:I ~·Ji th th<-:? SfJURCE=MPC mi c:ro--gp~rati cm. 
Bi ts 1 :I. -1 Cf c:c:mt.ai n the cur··1···e1Tt MPC value" . Other, O.f't,:§: t:ot"'.ltain 
othE~1~ inf m·mat ion ,;:i.bciut the IL c.md mi cro--prcJgr-am mf:#.wpr-y~address. 
In pa.1,··tic:ula.t··, bit~:; 9-·10 contain the b"'Jo mic:1'·0·-·ir·,5:.tf::~1ct~on 
ir·G=q:i.ster- bits w~:;ed t<::l fono bits 1··-2 of the mic:rcl-r-1rq9r . .:;\.rnmemory 
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c':'lddt···ess. 

The condition code register CCCR> is used td hold status 

information for use in conditional microcode branches. It is 

updated at the end of every clock cycle~ and is not directly 

accessible to high level language programs. The val4e cf one of 

thf:? 8 possible condition 1:odes is. s<·?lt::cted by the 3.·-p\t micro·--

i nstruc:ti on reg:i ster condition al br-am:hi ng field to for·m the 

lowest bit of the micro-program memory address for the'subsequent 

micro~instruction. The 8 condition code values are: 

~k;B 
D!:-1.f£1Q§!:: 

0 
l. 

,-, . .::. 

·~· . .::. 

4 

!J.!ifr:~sc 
.~§§~illt1l~r.:: 
D9.t.~:t;J_9!J 

(i 

c 

z 

C"' ;;:) 

L 

1 

Q.§§f!'..:il21i~1D 

;~!:;~~=]. h~~v:1~~e v~~ u~LU carTy·-6ut s~:lid oply 

~'Jhen an ar·ithmetic:: ALµ.oper-a.t].cm is 

used during the pr?C:79fn~cloc:k 

cycle •. A carry"";c:)~1tLqf,•Q'\}?<=!ts.·this> 

c:ond it ion code tt-l l. · · · 

1 ogi cal inverse of ALU zero test."! When the 

·ALU output ·is··· z~~r-.cf, £"11¥·~}:.~~"t: .. f~!:.; set 

t 0 (l • . . . . . . .. . .:·. .< ! t . . ..... 

Si.qn bi c cif ALU output.. When 1~LU tiLtt.put bit 
:::::i (bE:~·f on? sh if ting) is 1,,. this bit 

Loi,.,1e~st bit ~: ~L.O regist.er. ~\Jh;~~ 826 bit 0 is 

a :!. , this bit is a L Bit reflects 

contt-!nts c1f .DLO l:;;e·fcw"e' .:i.ny shifting 

<::w lc1ading operaticm dud.nq a cl6ck 

Unused 
Unu~:;ed 

Al w.:1ys :l 

cycle. 
reserved for future e~;pansian 

reserved for future expansion 

The CCR value may be read for diagnostic purposes in single

step mode by selecting the CCR addressing number 0-7 with the 

.-:i.ppr·opr-:i. o.~te bit~:; of the MIR, and using the SDURCE==MPC micro

c:iperaU. on. B:i. t 8 contains the curr<;mt CCR value for the 

~ondition selected. Other b:it.s cc:intain other information .about 

the IL and micro-program memory address. 

The? s<:?.cti on on mi cr--o-··i nst.1·-uct ion process1. ng . cC:if1f:'·~ir1k 

explanation of how to use condition codes in a microcoded 

d e:~·f in it i cm .. 
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The CPU/32 supports interrupts for DS underflow/overflow, RS 
underflow/overflow~ and host service request, as well as a 
software interrupt capability. The interrupt st~tus register 
forms the highest 8 bits of the FLAGS register <the lowest 8 bits 
are formed by the host service register>. The 
bf:? s<~t using the DEST=FLAGS mi c:ro--oper.::~ti on 
the SOURCE=FLAGS micro-operation. Each bit 
has a specific meaning~ 

25 

,.., .. .., 
.:.. I 

28· 
29 

'::::.() 
3:t 

-tJ~~.etJ.IJJQ 
Data stack pointer uridaff 
Return stack pointer -und 
Host ~~er vice r-eql.1est 
Dyn<:1mi c: t::::AM parity er1~or
Sof tware inte~rupt 
Softl-'Jar"e i hterrupt 
Software 1·nterrupt··. 
Interrupt~a~k bit 

Inter-rupts are inac 
These bi ts. mu.st be. sE1t> ta (> 

when clearing an ·i.ntern .. 1pt~ . 
masked whenever bit ::~; r df the 
may stn 1 he rceaCI if desi~ed. 
operation. Bits '.24 thfoLtgh 
u.si ng the DEST=FLAGS mi. 
simulate interr~pt~ cir 
be taken not to over-wr 
FLAGS register. 

If interrupts are unmasked, any interrµpt 
will. ·force an opcode of l tci be e:·:ecuted at the n~:-:t>:i.n7tt··uctimn 
dec:od:i.ng cyc:lE?, c.'.\nd i-Jill disable any instrw:tidn fetching, 
subt-outine calling, <;?i·(iting, and unconditional branching 
op er at ions:. that may be~ in p1··o~:;ir-ess. Opcocle. 1 i$ defined i'n MVP-· 
FORTH/:~:.2 to ma!:',k interrupts c'i:l.nd invoke an interrupt h.andl er. 

Since only the lowest 4 bits of the 
INCt:MF'CJ mic:r .. o-·operation must 1iot 
l"ll.tmber that is 1 less thah evenly 
INCl:MPC:J from MRP1M pages 15, 31., A7, 63, 

Any mi c1·-oc:oded 
31 of the FLAGS r~g 
ex~c:uting a DECODE mic 
inter·rupt·. 



..:·:. 
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12:J>456 78. 50~5 
503. MRA11@b. 

Ni er oc oded bit pat t~rn' f ~'dfli 
is ·fetched, val u.e· is 4()DOd2c:>6> · 

DECIMAL 

The MIR is loaded on each clock 
from the contents of MRAM. However, .·.· . 
only lcJaded by the MIR! instrut:tioh.1 not 
CYCLE, X@, or .. X!_. This allows .retent 
instruction during 

. MRAM may n~t be 
.- th.e MRAM .suppl,i es i 
If the CPU/32 ne~ds 
up a service request 
Slave mode, then f~t~~n 
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Up until this point we have examined only the functions of 
each resource of the CPU/32 in Slave mode. This settiqn 
describes how instructions and micro-instructions ~Fe ~kecuted in 
Master mode. 

The CPU/32 instruction format consists 
bits of subroutine control inform~tion ih bi~s 
bit~.;;), a prc1gr·am .::1ddr-i:?ss field in bits 2"':"'.23 
bits 24-31 <highest nine bits>. 

Bit: 

The Subrc::iutine contn:.11 bits allow 
either an unconditional Jump 
(value of 1), or a subroutine 
illegal for these 2 bits. 

The 21-bit address field is the w6r~ 
implicit lowest 2 bit value of .0 appended•.·. 
23-bit byte address for addressing the rie~t 
executed. This field is used for subroutine 
unconditional branches. The field is ignor 
return operations. 

The opcode is a 9-bit value that directly 
of MRAM. Opcode 0 is reserved for use as a No-op, . 
is reserved for use as the interrupt servic~ opcod~. 
is executed as the subroutine call, subroutine r 
unccmcli ti c>n,:i.l br-anch is pr .. ocessecl, mald.nq subr-i:1uti 
"free". 

page 
:,9pc::i:1de 1 
~The dpc::c::ide 

ng 

,"-·:.:• 
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The DECO cycle, initiated by the DECODE micro-operation, 
must always occur in the next-to-last micro-instruction executed 
within a microcoded word. During the DECO cycle, the interrupt 
flag registers are examined for pending interrupts, antj the MPC 
is clocked with the value of the Instruction Latch (IL). If a 
non-masked interrupt is pending, the MPC value is forc~d to 1 
instead of the IL. value and the call c":\nd e)·: it c:ontr:o1; bf ts at-e 
set tci 0, c<.wsi ng an interrupt ser·vi ce wcJrd to star::t:~'.~t},?'Fut'ion • 

. ' ' ' -" "·''·' ', •"::;~ 7 '.i:.'. ' 

The DECl. cyclf~, df2noted by the END micro~~at=>i~Aftfl~r':·iZ#1/(f', . 
must al vJays occur in the .1 ast mi c1·-o·--:i nstrut:tton .e>:ec\tt'~O>wtthin a 
microcoded word. During the DEC:!. cyclf:.:·~, the ADDRE:;SS7;COUNTER is 
inc.:rem€'mted to fm·m a subn::)L.ttine return address p6if1Jifog:;to>t.he· 
ne~·: t st.~quenU. e:il wcw·d. If a subr·out i ne cc.<.11 or uricd~qt!fi:bhal .· 
b1,··anch :i.s specified by the instruction in 'l:heIL, tb;efA'f~IAR}pi..ttputs 
EW·e enablE~d to dr·ive the Rt~M ~:ldcfr"ess bu.s. If a SLtbro6tir1e' call' . 
is being processed, then an INCEHPJ is auto'matfi::a1'f·i;7~:gr'f'.ci~ffi'~ch ··• 
H a subr·outi. ne e:d t is being processed, then the')?)[)J:>RE~S,7!'.WAT.GH 
is l Daded fr·orn th<~ RS, and the ADDRESS-LATC~ OLttpLt~~·~~;:\~:~j\~(s.~9 to 
drive the RAM c.<.ddr-ess bus. The· EIND mi cr-9--assembler,-::~h;~c.i~i~~:}.1P~fes · a 
JMP==OOO mi c:n::i--operat:i on to ensure that the J)th ·9ff~~;:~•:;;tM<::ro7> . , 
j. nstn.U:t ion :i S the f :i l'"St mi C:l'"'C)-:·i.nstr:L!C:tion S)-(eC:tl,'.f~c;l:;by'.!(fJfre i71i?.Wt 
opcode. ··.. .:·.· •···· < · • ;,'•··~t·. •i~t,~:J%::1.>t}). 

:·:~\''·;,:!-,~ -,:~.-:~(,:>'~·,;7:~·.''· ·(, -.c_;<". ' . 

The DE.C2 cycle occLws during e;.:ec:dti<:H1 df. t:He'."·f£(~ift~ 1;·;1h.f2P.o'
i nstruct:i on of the ~·mrd ·that was h<;?l d :i.n -the. IL cjLw:1n~.~·'.'.f:~~f·J:>.ECO 
c:yc:lE?. DLu,..ing the DEC2 cycle, if an interFL.~Pt.i~ !19:1;::',~~~i;r;i<;;i> 
processed.1 th<i? r:.~DDRESS--COUNTEF: is loaded fromwha.t~W~r,.·<-,y~J'd~Js 
pre~5ent on the F~AM address bus .1 .:md th€'2 IL and NAR 1\r~> .fqaded 
t-li th !·>Jhatever value is on the pr<::igram F:AM data l::JL\s• < f.7\11 these 
loads oc:cLu"· .::~t th<;?. end !jf the clock cyc:le. Addit:ioric:tlJ.y~ if an 
unconditional br .. ,;:u·1c:h is being pr·ocessed.1 the NAR :is ui:s~d to drive 
the F~?WI •~dd1'-f!~ss:. bus. If a s:.ubr-cJutine c:all is being proc:essed, 
the NAR is used to drive the RAM address bus and the RS is 
written w:i.th the contents of the ADDRESS-COUNTER. If i 
subroutine exit is being processed, then the contents of the 
ADDRESS-LATCH register are used to drive the RAM addres5 bus and 
the RP is incremented. 

Eac::h mi crococh';!d i nst.ruct:i. cm must be at ]. east twb ~fock 
c:ycle~; long. Since the IL :i.s c\ transparent. 
valid data before the end of a cloc:k cyc:le, 
read from RAM during the DEC2 cycle and clocked 
the same clock cvcle :if desired. This mean& ,. : ' ·, .. - ·. ,·.· 

of one instruction may occur simultaneou~ly wi 
of the next instruction. 

In the i nstn.tcti on decoding procf:!ss, .·· ·. 
be executed is being loaded into NAR and tL~ 
instn.tction of trH';! S.\:-1CL?.D1 inst.n .. tction :is bein~J 
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the micro-operation DEST=DECODE allows changing the contents of 
the NAR, IL, and subroutine control bits during the middle of a 
microcoded word, just as if those registers had been loaded with 
the normal decoding sequence. The MVP-FORTH/32 word OBRANCH and 
other words exploit this fact. 

There are some micro-operations that, while prohibited under 
most circumstances, are essential for efficient. program execution 
for special cases. Be very careful when exploiting th~se special 
c<:\ses, and do m1t. rely cm a single test. t.6 ensure· cdrrect. 
operations, since some violations of usage rules mani~est 
themselves as relatively infrequent. random failures: 

l.) SOLJRCE::::R{\M will place th<·? c:ontE~nts being fet:.c:hed t<'.:> the Nf.\R 
and IL during the DEC2 cycle onto the data bus. This ~~n be used 
to fetch a data cell instead of an instruction by.using a 
subroutine call to the data cell. A manual subroutine exit 
function using a DEST=DECODE must then be performed. 

2 > SOURCE'.=ADDRESS--COLJl\ITER may be used during the DEC2 tycl e .to 
fetch the contents about to be saved on the RS if "th~Jns~ruction 
being el·:ecLtted is 9.H~.L.9.nt:.t~~s!. to be i:\ subr"outine c:.;\\lL .. This is 
accomplished by having a special compili~g word fo~ th~ 
microcoded word in the Forth k~rnel. 

3> SOURCE=RS, DEST=RS, SOURCE~RP, DEST=RP may all~~ µsed during 
the DEC2 cycle if tht~ instn.icU.on being e>:ecute.~d is gy§f§!J.!:§'§f! to 
be an um.::onditional jump. This is; accomplished by den6ting the 
microcoded word as SPECIAL with the micro-assembler. 

Each CPU/32 opcode is implemented as a series of two or more 
micro-inst.ructions. Each opcode starts on the MRAM page number 
corresponding to the opcode number 0-511. Each opcode may take 
one to sixteen consecutive MRAM pages as required. 

Within each page, the order of the micro-instructions is 
unimportant, except that the first micro-inst.ruction on the 
opcode's first page must be located at offset O. The micro
~ssembler assumes that instructions are to be processed in 
sequential order (i.e. O,l,2,3,4~5,6,7) unless instructed 
otherwise with the JMP=xxx micro-instruction. 

The ,JMP::::::o::-: m:i. cro-·i n~5·l:r·uct.i on •i where the ">no:" may be 
replaced with a large variety of binary bit patterns, allows.non
seqt.ient:i.al conditional br .. anching hd.th:i.n and betweeri rnic::1~0...,progran\ 

memory pages. As an example, consider the microcode sequence: 
3 :: ALU=A+l. DEST=DHI ;; 
4 ~: ALU=A+l DEST=DHI JMP=il.O ;; 
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ALU=A+l DEST=DHI ;; 
In this s;eqw~)nc:e, the character!"=- 11 :::: : : 11 replace the famili.:::u- ">>" 
which we have been using to load the MlR. Any n~mber between 0 
,:,\nd 7 follot·Jed by a "::" begins 21 micro--·instruction definiticm 
and sets the offset within the current micro-program memory page 
(set by th<~ OPCODE: command described in part:~> .. The .fpfflmand 
";;" replc:\ces ";SET" and actu.:::i.lly li'Jrit€~s the rnicrc:i·-~ri9t:r~~t:-t:ton tci 
MRAM in the curTent page instead of to the· t~tlR~ .• ll)·j.~.11~,·~.e>:',C:\mpJe . 
the DHI register is incremerited three.timei:;,, "-'+t.H;i"l'.RQt.~~HL~.£:t9~ial 
fl.ow of contr·ol to MRAM offsets 3, 4, ancl ?" Th!,?!'.;••.:.4,Mft#¥d.(i•i.' : 
micro·-operation specifies the lowi::~st three bits·Of·:.J.h~}i)e.:-:t· 
micr·o .. ·-in!:',;trL1ction to be 110, whi.ch is 6.dec;ima.1.·• ... ·.ot.b~f;· ... 
unccmdi ti rmc:\l jump mi c:ro--opt:"'rations ar"e: Jl~P:;:Q0<)1.;; ~J~f~·.f:::~y:)i,. •;; ~. 
J IVIF'::!:: 111 • ·.i. • < ... ;:'..~~;~;./c,' ·. 

- - ' ;.·.·.:."-:: -·----·- '.: ... ,-- -~~-)_>\'. ._-:/.;.:···.)'.: ·:~;~:-:, >~>·:~.: 

Condit. i r.:m.:\\ 1 jump mi c:n:i--oper .. ati ons · al ltiw it'ie,: f8~.~~t·bff'.ip+ 
the sub~:;equent. mic:r-o-in5',t.n.1ct.ion 's addr'.'ess to·b.e c:l~~.er:-.~·fri~~·by a 
c:ondi ti cm code .1 l'"e!:'Julting in a tli'Jo=--i-Jay hri:\Hc:t1H ·' ~~9S~~::t,afllpJei 

o : : r-~LJJ:::::A OEST=DH r ; ; . . ··;; f./si: x · 

1 : : Jt1IF''::;:·1 :l.S DE:CO.DE:~:::<···;·; . ::,;·::>::{:,~:;:;·;s:>'~~:<;·:·.:_-c.- ,;r>:> 
6 : ~ ALLJ:::::O DEST":::DHI END ; ; > .:·;,.. :;: •''."\ 
I : : .~L...l..J:::::-· 1 DEST::::DH I E:l'~ID .·~ ;i. . ::.~:. ./.\";, ·>' 

jumps ·ff" Om 1 c1cat.irJn ·1· ... ·.tci .• ·1 ocation·· .. ·6. i ·f···fh~:;fil..IJ.·'.'!;>lg(i's';;tj~i#·\~~;~,!;1>• .•.. • .• ····.·····.·· 
(b:i.n<:iry. o-f-fs:;et 1.10t. arid. locat:i._<:in 7. if/tl)e.fiL...lJ/.S;_:Lgp, .. ~i#::r}~ .. ~.1\· .....••... ·· 
(bin.:i.ry offset. U.1) •. This microcoded worp·'tf=i!Si::9···t,.1;~·.t>}f~:.~~gl.j5"l:f:-!f" 
.::tncl !5E~tr::;. it to 0 :i.f the DHI value is ITOf'l~l"lE?,.g<'lt).\l~~f;·,~·~'·· .~ts;..DHI· . 
tel --1 if thf.~ in:i.t:i.al DHI value is negatiye •• :· l\lotiCt:~;~t:b§.!.:.).here. 
a1~e b\10 pos•,;ible last mic:r-o-instr .. uctions,fqr e;.:et:t.ttiotif·potri. 
1;,thj.c:l .. \ t··\ave an ~::1\JD fnic:rc)-assernble~r. dj.r-e(::ti:·ve~ ··-;-··:'~~.<_.·:·--· 

Dur·ing mic1' .. o--prc:HJ1'·am E~i·:ecut.ii:m., •. the MPC/MRAM/~1i'.F<'.·~ii(U.:\ngement 
forms a two-stage micro-program pipeline. The mic~o~:i.~~t~uction 
to be executed next is being fetched while the MIR ~on£rols the 
~:5yst.f,2m 1'-!j: th the current m:i cr·o· .... :i. ns:;tn.u::t ion.. This means that 
c::onditirm<~l b1, .. ;:,u·1ching ir..;; act:omplisshed using the ccmdition code 
that w.:F::; st:~t i::tt th€'i> end of the cycle 9.~f.QC§'. the brant:h is 
t:~>:f2cuted. This mE"~ans that, in the .::\bave e:·:ample, the JMP=1.:t8 
act.eel on the value at the ALU output at the end of the 2~§Yi9Y§ 
micro-instruction (in this case, the micro-instructi6n ~t offset 
·"1 ' ~ ••• u } 

Allowable microcode branches ~rel 
JMP=OOO JMP=001 JMP=01-0 
JMP=100 JMP=101 JMP=110 
JMP=OOZ JMP=OlZ JMP=lOZ 
JMP=OOC JMP=01C JMP=10C 
JMP=OOS JMP=OlS .:JMP::;,lOS . 
JMP::::OOL JMP::.::(llL JMP=1i)L 

see the section on co~dition codes 
code!::. "Z", "C" .1 11 8 11 , c:\nd ''L". 
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In MVP-FORTH/32, each microcoded definition is defined to 
place the top of stack element in the DHI register (without using 
an arithmetic ALU operation) at the 8~0 micro-instruction of each 
word. That means that the very first micro-instruction of each 
word may execute a conditional branch using the Z or S condition 
on its very first micro-instruction. 

In the pn:~ceding !sect:i.on~::., ~'\le hi:.<.V<'2 be•:.-n taking fcir gr .. ante~d 
th<;.? availability c;if mict .. ·c;i-oper·,::\tions to d<:::~signate bus SC)Uf"¢P.s ~incl 

bus destinations. A maximum of one bus source 0specifiEd by a 
!3DUf~CE;;;;; .... m:i.cn:i···ope1····ation) may b£~ f2f"i<::\bled within any qivt:?n 
micr·c:i·-·in!:;t1··1..u::ticm.. If no bus soLwce is s;pecified,.t.he X! micro
assembJ.er command may be used in single-step mode to drive the 
data b1..u~;.. Tht:? SDUF.:CF:>=HOST mic:ro-·opera.ticm e:·:plicitly;spec:ifies 
this sr.;i.me micr··o-··oper,::i.tion. The mi<:::1:c)-'-·assf:~mblt~r· t'llor·d SOURCE:=LfffCH 
i!s a dummy c:iper·ation to be used to e:.;pU.citly gL\te a stiuf".ce fc:w 
trH:? B isi d<0! crf thf2 P1LU .1 a.nd n1t .. 1r::;t bt~ us<:::~d in the same micr·o-,., 
instruction as a SOURCE=DHI micro-operation. 

One bus destination may also be specified within a micro
oper·a.tion. (~!:;; a spec:i.al c.::\sE~, [;EST:••DL..D mc:1y be used 
simultaneously with any other DEST= •••• micro-operatiuns due to 
the way DLO is implemented in hardware. The micro~assembler 
w6rds DEST=L..ATCH and DEST=DHI are dummy operations for 
documentation purposes. This means that whatever data is on the 
bus may be used for the ALU B side input and be written to DHI as 
well as any other desired bus destination. 
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Int1·-·ciducti on 
Interactive Development 
The Cross Compiler 

Sealed Vocabulary 
Exercising New Commands 
Current Limitations 

The Micro-Assembler 
Defining Microcoded 

E::-: iamp 1 es 

All software used to 
MVP-FORTH~ Any prr.:>g1""amming 
c.<.dc.<.ptelr card· s 8 por-t:S. C::c1l.r18 
and deg~ee of control made i 

1D1§r:§£ 1.t;{§. · Q§ygl~2m§n.t· 

The uniqLH? intr-21'"c.1ctivity of Forth made possi tb~. step-by-·· 
s:;tep dt"?vel opment of the system software al orig .. e' ¢PU/32. 
hardware. Each part of the hardware was immedi te~ted with 
simple Forth functions in a single-stepping mode from the host 
computer. When the hardware implementation was ~omplet~, the 
necessary software also was essentially complete. The fully 
functional system could be immediately tested with this boot
strapped software. 

The cross-compiler and micro-assembler are clo~ely 
i nt.<:~1· .. t···c~l. o:\ted to e.::1ch other as wel 1 as to the hardware. We have 
desc1'"" i bed the l"'iard~'-la1'""e f i n:;t si nee undenstandi r:ig tha bar.dware is 
c0i=>sE?nti c.d to understanding the soft.wan~ beyond the high l 
Frn·-th E5CKWCt~ code level of detail.. , ·: .: • 

;· 

··i·•• ,,;., 

. ::~·>£) .. ):' 
<.· 

As t,Ji::"\s demonstrated in the, ha~d~aY:.~ ~ortton'}b.f:;·:~hi'~ }·P 
docLtmentat ion, i nt..er e:\ct i.ve. te,stihg usiqg •. trf2 si:r1l;j1,~;-t3;H~P.· , .. 7 .. , .. ', .... ·. ,.,,·:•d[i{!;, 
icn_: .. ~d!-· .. -;~ .. · cc~_i: io=·t-ti.·.e1··11_-cr_Pus-·o/-:f5?.~.·w.la·. ~.'"".:h .. et. ·1·1be~_e·sb,te· .. ·s· ... :wt ..... a. ·.vw·.··,.•~.)y,:·,.r.:> .. · .• '..t-.·,·cl .. ,,, .. ·~.·a1'··.r:e·t·n.'~.·.· ... i ... t1·1'.· .. ··h··.···.• .. •.•._·.~,·.·.• ....•... h···.··.•,•.!.·,·¥·· .• •.:,· .. •.·.·. ·.e;_ •. ~fll·;····;•'.:.: .. ··;t,·,;: .••. •.;.•.·•.·.•.··.••.i .. ·tl: ...•. ·.·······nh .. '_· .. ·•.fil.t.i ... ·,·h·.'•.!._ •• e'' ·, ::· •;•.<-<· 
s~f;.~";;e is ~by c;~>:f~er~;~nti1~·g with t'he f'Ltnc~~on~·;f '\/af:TbLi~ :J.~1~d'j);.~~~:;,:;$,;f:J::: 
from the Forth interpret.er. ~.t 

,,.,.,:.·; 
~, \i··''"· 

c .·.,·_:,c,,·· 

. ,· ·_. ·_{_;~~:\~;~: .. :: 

' .. ··.. . . .··· ; ; ·) c}},ii~~:r 
~·. ·' 
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Ib.~. G1.:::.q§.§~. ~;.9mP..tLg.r_ 

The cress-compiler is used by the host to generate a run-
time, object code kernel on the CPU/32. It links prinrltives 
C:l'"ei:ited by the mi cn::-1-·assemb 1 er 1->Ji th any r+:."!qui red program 
str·uctures and functions. l>Jhen finished, an image ofi th.€;) first 
:::::21< bytes of RAM and al 1 mi cro-rwog1,..am memory. MRAM 'repidihg in 
thf~~ CPUr~:.2 is savE~d by .t.hr.::! host to Fo1'·th blocks. .m;1 <di~!< !..tsipg the 
S{:;VE···{:iLL. ·hmcti on.. lf.Jhen perfor·mi ng a col cl sta1,..t, the. LOAD-"ALL 
function must be used to initialize the CPU/32's 

The cr-o<.:;;s--c:ompili:::r· rnaintair1s a sealedyocabul<:\.f"i?. pontaihing 
C.i.11 the mact'"O functi ems c::urTemtly defined for the bt1.car:p. ··.·At t,:he 
l::ias;e of this dictionary .:i.re special c:ross-·c:ompil,€ff•WOf"'qs such .::i.s 
IF,. ELSE, THEN, : · (col on) , i:'\nd ; <semi --colon) • · Af tt?,f"° .cross-:-
comp i 1 at ion has !!:;t.-~1,·tt~d, vmr·dts a1''.'e adped to this s;i=9led < .. ·· 

vocabulary and are <:ross-compi 1 ed an. the. the CPU/~ge ~.tienever 
the k<=:vword CROSS-COMPILER is used. 7 . any wo1~q defini,~ir.:>ns;,: 
constat1ts, va1,..iables.1 etc:. ~-Jill be com1Hle(ito ,ths,'tl¢.:ir;~:h 

By (~nt1:::!1,..in(] the Fc3r·th vJcird { <left brace1,) the c:;rdss..,..c:t':lrnpi leir· 
e~nter·s i m11H?di ate·-·CPU/:32·-el·:ecut. j, on mode from the hast. Piny wards 
!::;ubtse!qw:ntl y typt:H::I in an:.• !o;t-:!a1,..c:hed for in the1 se~alt?d vcic:abul ary 
C."lr-.rJ, if found, are e:·:ecuted by the CPU/:32. Numbers ml.1st be~ 

entered with a decimal point C32-bit integer in MVP-FORTH> to be 
correctly transferred to the CPU/32's data stack. As an example, 
from the host PC type in: 

CPOSS .. ·-CCJMP IL.ER 
{ ::~;. 1!:;. + } ( Di sp 1 ;:i. ys:. !3T ,::iRT •• END) 
D. ( Displays 9) 
For:: TH 

"STf-iF:T. a II and "END" are di splay<::d for e.::\c:h word e:·:ecuted CH'\ 

the CPU/32 in this mode of operation. If execution fr~ezes 
b·et1tJeen thesf.~ t1,'Ja dir::;pl.::'lys, the E·:·:ec:uticin O·f ·a. cross-compiJ ... +?d 
word from the host has failed and the CPU/32 is . · 
reboot. of the host PC is recommended. 

The immediate execution mode works 
Forth word on the CPU/32 to exea~te the 
the data stack to the CPU/32, transf~~rihg 
in Master mode, then stopping the CPU/3~and tran 
the resulting data stack. Entering the Fo~th word 
will leave the immediate execution mode and return 
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comp11er. No colon definitions or other creation of dictionary 
entries should be attempted while between { and }. 

The current cross~compiler cannot keep track of. the 
dictionary pointer~ etc. on the CPU/32 if any changes are made to 
th€'~ dictionary by theCPU/:32's ker·nel. This mt?ane::.tfJC\\_'I; riq .c:;ross
compiling or micro·--assembly m<ay be done after MVP-F[)RTl:ii32has 
al ten:?d the d:i. ct i l:mary in .:my vJay. This could be chang.E!d by 
modifying th1;: cn::>s;s·~·ccimpiler to query key variables frt:im the 
CPU/32 after each BYE command from MVP-FORTH/32. 

Crciss·-compil!:'~d ccide should be kept t:o a .minim1..il'o~·l:i.·~c¥l~t'.~.e it 
i !:'~ time-consuming and ti'"i cky to i-,1ri te. After a mihimaJ . .kerr1el 
has been generated~ the CPU/::-:;;2 shoul cl clo all ·~urther: ffc:it.t;tr . 
compi l.:.<.ticm. . .··· ·· · · · 

<:.';-.-i:-~ , .. __ " ·-'.~' "/'.'· 
.. ' ' .. ,._,, .:. "_.,. 

<··,_u: 

The mic1~0·-c:~sst~mble1~ i~~ a tool. to save the prC)~,f~m~'eb n~o1r1 
·having to set all the bits for mj.c:rocbcle by hd.nd.·~.J:tf• . .!:l1.lo~J$.the· 
use of mnemonics for se:·t.t..; 19 th<~ micn1-oper"C1.t:i.on :ff~fd\s'{'n .~ 
mi c1·-o .. --i nstruct.i cm and, f <::>F· the mr.J!".:;t part, au.tomaticalfy .hC\ndll:$ 
the micro-instruction addressing scheme. The micro-aas•mbl~r and 
cross-compiler are co-resident. They share routin~s for 
ar.::c::es!:5:i. ng the! CPU/:::::2 's r·esou1··r.::es> and the sealed host dictionary. 

Caution: writirrg microcode is not for the faint of heart! 
When using microcode? you are directly controlling~sigMals on the 
t«Ji l'"f.?S of the pr· :i. nt.ed c: i rcui t boards n If your microcode does not 
work as expected, you should re-read the applicable portions of 
Part. Two of this documentation. It may, in some exceptionally 
tricky cases, be necessary to consult with the hardware 
schematics to resolve a tough question about what the hardware 
will and will not do. Pay particular attention to the 
"limitation" sect.ions in applicable dcicumentation. Some.timing 
c:onstr .. ai nt vi cil ati ons ~·Ji 11 not show up with c;ompl ete c:onsi S'l'.ency. 
We recommend that you test each new microcoded definition with a 
DO LOOP that r,:;Hm:ut.es <at lea.st ten.million times., 1..1sir1g.wors~...,; 
c.::iSf.~ (and/or random) data and checking for corn~c:t <:lnd consl§teht 
r"esultf.:;. 

Part. Two of.this document goes 
meanings of the various micro-operatioAs 
make up each micro-instruction. This sect.ion 
actually run the micro-assembler to define mi 



f.j.j, 

OPCODE: starts all microcoded definitions. The 

When single-stepping microcode via 
loading MRP1M, tl"H?. wor .. d 11 >> 11 may be U!!.~ed instead of "0 : : 11 £dnc€,:> 
t.he offset t-Jit:.hin a pag<'2 is irr·elevant. Additipnally, the word 
";SET" mu~::;t bt?. used instead of ii;; 11 to d:i.1'·ec:t the 1nic:ro:
i nstr·uc:t:i. on to the MIR i nst.ead of·. MRAM.. The i.-1qrd ";DQu may .l::re .. 
Uf.S<::?d i nsb:::·<:H:I of tht"? st:~quence 11 ; SET CYCLE". 

At this point, the next step. 
to read and understa~d the exam~l 
given in Appendices E through 6. . 
:i.n Appt?.ndi:·( G provides e>:amples bf'. 
route data around in the CPU/32 • . 

. . 

Most custom rnJ c:r-oc:oded 
can be created by simply cop 
a new source screen, c:han~ihg 
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the d~finition. As an example, the word ORC! dif~ers from +! 
only in that the ALU~A+S function was changed to ALU=AorB, and 
that the RAM wor·d .::~ccesses were changed to RAM-B,YTE accesses. 

·. ,.; 

.·.· 

42 
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300 WRITEO - DATA BUS. <AUTOMATICALLY 
301 WRITEl - MIR <WRITE 4 TIMES JUST. 
~502 WR I TE2 -- SINGLE STEP BOARD CLOCK 
303 WRITE3 - START BOARD 
304 WRITE4 STOP BOARD 
305 WRITE5 SET DMA MODE 
306 WRITE6 - RESET DATA BUS 
307 WRITE? - SERVICE REQUEST REG ~ 

BI;BQ EQBI BR!?.Bg§§s.!2 
300 READO - DATA BUS <AUTOMATICALLY 
301 READl - MIR CREAD 4 TIMES 
302 READ2 - STATUS REGISTER (8 BITS) 
:303 REJ4D3 -
::;;04 RE(-)04 -
:::.\05 READ~.:5 .. _ 
~506 READ6 ·-· 
:~::.07 READ7 
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J 1 
,J2 

,J'.3; 
J4 

,J5 
J6 

.. i7 
JS 

J9 
,] 10 

J 1 1 
J 12 

J 13 
. J 14 

.. 10 
Jl. 

J2 
J ::::: 

J4 
J5 

lj~ (L ~1. !.11.R. t ~ 1:!9.§.t. \;;_f.·i~D;;t ~J.\l.[l.l?._~~r_ f.:.Q§.i.t..1..9.t.J.§. 
( 11 .. , ,., II df?.notes jumper- i n place) 

H~':!:-; bta1···ti nq Pcwt. P1ddr€;)s;.~::; 

~~:(>i) :3:()8 ::::;10 318 ~)2(> ~~28 ~~::~:o :3~~:s 340 :349 etc 
}·{ }·~ H N N-

" ,., }·{ " ,., }{ }·{ 

H H }·{ }{ " ,., }-{ 

,., }{ }·{ >' . 
,., }·{ H }·{ }·{ 

;.{ }·{ N }{ 

}·{ H H H N H H }{ . 
n " ,,.\. 

}·{ }{ H N N }·~ }·{ N H 

}·{ }·{ " ,., }{ }·{ H H }·{ }{ 

. 
,., }{ H " }·{ " }·{ ,., }·{ " ,, 

t~ !:f .~3!!)[!1.f@ ti.!€!!! 9 !'.: Y .!~; .€:! LQ .J. .!::! ill ~H~!'.: 
( 11 Nu denc;tes jLtm_per- in pl·c':\C:e) 

Memory card number 

0 1 ::~ :::;; 4 1:::· 
,J 6 7 8 9 etc 

" ,, " ,., H .. , ,., H 

}·{ N }·{ }·~ 

,., •. , ,., }{ N 

}·{ N N }·! 

}{ ,., }{ }{ 

}{ }·{ }{ " ,., 

;.; }{ }·{ }·{ }·{ N }·{ }·{ 
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INT 
I INT 

INT 
INT· 
INT 
INT 
INT 

DATA 
DATA 
DATA 
DATA 

ADDR 
ADDR 
ADDR 

.ADDR 
ADDI:;: 

4 
4 
2 
2 
'"") .. _ 

1 
1 

4 
1 
1 
2 

3 
2 
1 
l 
1 

0--3' 
4--·7 
8-9 
10-11 
12-1:3 
14 
15 

16-19 
20 
21 
22-23 

24-26 
27-28 
29 
30 
31 

SRC>: 
DST>: 
DCTL>: 
RCTL>: 
SSEL>: 
Llnused 
unused 

ALUFH·. 
MODE 
CIN 
DSH>: 

COND>: 
MADH 
INMPC 
NDECO 
INAD 

· .. :·.: 

BUS SOURCE SELECT 
· BUS DEST I NAT I ON · SELE:CT · 

:· .. _ 

DP COUNT CONTROL··· ,, 
RP COUNT CONTRciL · · 
ALU MULTIPLE KER S.H I FT 'cot\tfROL ' 

MIR14 . . · ... , • · ·\· :.~. , 

---- MIR15 .·:·· ,,·:.· 

... ~·>; .... 
ALU FUNCTION RAW INPUT ,. , 
ALU· MODE _ ... · . ·· . · ·.· .. · __ :. · .. - ··' .. 
ALu1·SH:iF.T .cARRY.~·1.N ... < .. . ,. -· ·:. -.. :>::-~. 
DLO SHlFT/DE:ST;CDNJ'RoL:'.'.•:::< · ,, 

. .... .. ' .. ·~ : J.:~:..t~.{<-:r.~-= - .. 

.. __ .,: ... ~·· 

CONDIT I ON CODE'·, SELECT ai'rs :: .. · ·•·.. ' · .. 
~~~~E~l~~~~~~go~~~~R~~NS;T ANT B.1 rs 1-2 

NOT--DECODE BIT . 
INCREMENT ADDRESS COUN1ER ~IT 

... : -· .. ·· -
,;,• 

_.:: ... : 

. ·.>·. 
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!:H.S!'.::S!.:: 
sm ~~ r.~: ~~ :tU;;! D. 
±1~-?.Js! 

DCTLl·: 

F<CTL:=·: 

0 
1 
, .... .. ::. 
3 

t! !J ~ !!! .9 !.J J_ .S 

SOURCE=HOST (default> 
sout::.:CE=DP 
f30UF~CE=DS 

BOURCE==DUJ 
4 SOURCE=DHI 
5 MULTIPLY 
6 DIVIDE-SELECT 
7 SOURCE=FLAGS 
f:l . SOURCE=RP 
9 SOURCE=RS 

10 SDUF<CE=ADDHESS-COUl\tTER . 
11 BOUHCE=HAM 
12 SOURCE=RAM-BYTE 
13 SOU~CE=MPC 
14 SOURCE=MRAM 
1 ~5 SOURCE=FPU Cun imp 1. 

(l 

1 
<default> no bus 

DEST=Df' 
2 DEST=DS 
~; ( L\rH .. t sed) 
4 DEST=PAGE 
5 DEST=ADDRESS-LATCH 
6 DEST=STATUS 
7 DEST=FLAGS 
B DE!:H=f~P 

9 DEST=RS 
10 DEST=ADDRESS-COUNTEH 
11 DEST=F~AM 

12 DEST=RAM-BYTE 
13 DEST=DECODE 
14 DE~3T=MRf:~M 

15 DEST=FPU <unimplemented) 

0 
1 

DEC[DP:I 
INC[DPJ 

2 no-op (default) 
~5 unused 

0 
1 
2 
"':!' ·-· 

no-op (def.::iult) 
(unused) 
It,IC[RP::I 
DEC[F<P] 

46 
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t1 t ~.1.'.:.9.::. 
9.[~_\?.i.L~t:i:..9.D . 
.f Lf!.J..~J 

~3SEL.H 

::!. .€:! 1.\::~ .~ 

0 
1 
r' ..::. ..,. 
~' 

tJD.@!.!.)QDLf~ 

<pass ALU unchanged) <default) 
SRCALUJ 
SL[ALUJ 
ROLL[ALUJ 

<logical ALU functions Mode=l.) 
ALUF>: 0 P1UJ=not.A / 

1 (.1LU=--=f~nor .. B/ 
:2 (unused) 
:::. ALLJ::::O .' 
4 ALU=AnandB/ 
5 (.4L..LJ::::notB" 
6 ALU=AN or B/ 
7 Cun used) 
8 ( U nt..\S E• d ) 
9 ALU=AHnorB/ 

10 ALU=B r 
l.l AL.U=AandB/ 
:1.:2 ALU=-1 / 
13 (unused) 
14 f'-)l.LJ:::Ao1'· B/ 
15 ALU=A~ <default) 

(arithmetic ALU functions Mode=O, CIN=O> 
ALUFH 0 ALU=A+:l./T 

1 (unused) 
2 ALU=AornotB*1 ~ 
:::;. (unused) 
I.I. ( Ll.1'1 US E·!<:j ) 

~::.; Cunust~d) 

6 P1LU=P1-·B .v. 
7 (unused) 

t1 

·er .. ~~ /) . 

B 
9 

:1.0 
11 
12 
i::::. 
14 
l.5 

(unused) 
ALU=A+B+i~ 

(unused) 
<unused) 
ALU=A+A+l.~ 
<unused) 
<unused) 
<unused> u ()' ~~ 

oi er· .ff\d'. 

47 
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!~\ t£.r.:.9.·:::. 
9.Ef.:~.Li~tLPIJ. 
f.L§!1f1 Y:.::-i~1.\::\g .t! !.:.! .f.:~ .m f~· !J -~- -~~ 

(arithmetic ALU 
ALUFx 0 

1 

functions Mode=O? CIN=1) 
AL.U=A+O /' 

(unused~ 

CIN 

DSHl·: 

COND)·: 

M(.-~D:-: 

INMPC 

2 
3 
4 
r.::· 
~· 
6 
7 
8 
9 

10 
1 1 
12 
1 :::;; 
14 
15 

0 
1 

0 
1 
, ... , 
..::. 

3 

0 
1 

s-::. _1,··-~---1- u·-11,.; -··. -_-, --· "" ,- ..... ~ - ,., .... -· "' 

(unused) 
(unused) 
(unused) 
ALU~'<A- - 'I) - J 
(unused) 
(unused> 
ALU=A+B#/ 
<unused> 
<unused). 
AL.LJc.:::A+A·~ 
<unl.1sed) 

( un_i .. .ts.ed. _> __ >. -~·· .. A;...-. , ... : 
"iii .J!lt!L n. .·.· .. 

CIN~o <de~~ult 
CIN~1 

<rio~op) 

SR[DLOJ 
SL[DL.OJ 
DEST=DLO 

JMP=:·l>:O 
JMP=:-:)-:C 

2 ~IMP=:o:Z 

3 JMP=xxS 
4 JMP=xxL 
5 (unused> 
6 (unused) 
7 JMP=xxl 

0 ~JMP=OO:·=: 

1 JMP=Olx 
2 JMP=10x 
3 JMP=11x 

0 
l 

<ncl--op) <def.::\ult) 
INC[MPCJ 

4B 

( 

· c·_ •. ·._.···/>-. :.:1_/il· ___ 'lrJ _) .· ... _, ... 00 
.. · .. ···.·,. . .·. 
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UL£c2= 
QQ~C~tLQQ 
fig!~ 

NDECO 

INAD 

0 
1 

0 
1 

DECODE 
Cno-op> (default> 

<no-op> <default> 
INCEADCJ 
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f'."~PPEl\ID I X C ........ _ .. ,_ ..... -................ .._ 

Each instruction performs a simultaneous micro~6dded 
primitive execution and a jump. The microcoded ~ri~itive starts 
,::it micro··-·codf:~ ~..,,rn,..d offset 0 of the=! mic:roc:ode page t1~ld '.in tlie. op-
cod<-? f i f.~l d. The addn:s!:;; field contains the word :atidr"ess of the 
nei-: t i nst1· .. uc:ti on tc:l be f.;)i{E~cuted. Thr~ jump mode fit:?:~:(::!. .ccmtrol s 
whether the address field is a jump target~ or whetRe~~a 
s;ul::wout :i. rH:~ ci::il 1 ( DOCDL.) c.1r subn.::>ut i ne .return (EXITf:Hts•'to be 
pt~r-t:or .. 1ned.. :·-·'--\:.-. _,_,._ 

In the case wher··e the ne;.; t i nstruct.i oo is at.'·t,~'c=/he:·:t 
ccmsecuti ve memor-y .:;.dd1·-ess, the ,JUMP mode is used wtth'<t:he 
,::-\dc:Jt-·ess ·f i f.~l d of the i nst1·-uc::t i cm set app1'-opri c..\te}.y,.)i:: Ali 
instructions must be aligned on word boundaries '< 

. -~;-i·.r.: 
--" ·''-· ~~~J~> 

JWtJE t:!9:!2s f.lsL-:!21 \i:'i'•;f r 
BITE3 0-<L= 00 -· ,JUMP (eliminates tail·· .. end ret:uf"Ei-idt'ii)fv:< 

< .::\l.~:;o for· jump to ne:d: seqLientiai <~l;:l,~)~ess>. 
Subroutine exit ··~~ -;,:-:.,· 0 l -·· 

1 (i .. _ Subr .. c:iut :i. ne! c:al 1 
1 l ..... ILLEL:-l(~L 

B ~.rn.r~. t;_ \2. ~1 r:J.JiJ::J2. E_ 
BITS 2-22: High 2l bits c:if the 23-bit address o~ jump 
di-2st :i. 112\t ion .. The lc:iw two bits of the address are a~surn~d to be 
zero (i.e. aligned on a word boundary.) 

Q. E: G Q. Q. ~ !'.:.I.~~ i=. Q. ~ .. 
BITS 23-31: These 9 bits set the page register of fhe micro
program counter for the next op-code .. 
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/)--~~~ c7"'1 ~- -7 

C.YG.b!;~ 
DECO 

t!G.I1Q!:J. ,,.,.~J-~~; ~ 
Clock interr-Llpt register· i~~= ... <..r 

DEC2 

Clock micro~program counter at end of clock cycle 

Inc1'"ement address counter l!!Mll'l:z::j ll L@-@s111l£:>o~ 
Enable next . address register outputs to ~ADx>{ ,; .• .• _ , .·· 

-..... .... ~-IF EXIT, then ~lock Ram Address Latc;h fr.dill A~···. 
and enable RAL outputs instead of 
N~xt Addr Reg ENDIF 

IF CALL then decrement RP ENDIF 

<Note: DEC2 fr·om one instruction may .oc:C:L~t ~i1nu1·::. 
taneousl y with DECO of the rie>:t ihstri.i'c:tiOn:f · 

E11at:)le Ne>'t Addr· Reg OLttp_L.t·~s_ to· ·F<AD.>t.>f ... ..:.··:·· ~.~~-:'_._ ... ·:'-f.·~ .. : .:·· 

,·:·· 

A »,.iJ - ' e "''titt[ •. 

IF EXIT.) then en~ble RAL outputs . .:lnd il1t:hefoie.fit :.RF'> 
END IF .. ··· (.<· ·····:'· .. ··· ·· 

IF CALL, ~~:i1 n~r ! ~:6 :.d=~::~ ··.~~b~~,et(\2:°:~:.~ffi·:i~;:~~,.;~b·:'\: ~L·:~: ~ 
~in tEA 1 ap;.:a, then cl m:k i;e,., t aeh.ir",e.!i.1~ 'i=,ef~iste::t, 

next address register, and instryc:tion l•tc:h 

Clock addr::; \r· mter from address b<>~<~ti?l~;;Jr~~\, . 
" H :• :·~· .. ·.: '.;;..'. ·:.:: '.: • •• 

,·,._~ 

t;y._1f f@ 

z_d I'.._ f7 ~ V Of d, ........_ . ~ 

~(~ /Vl' . ~ 
~()-r ~ ~ . : 

; .... ,.. :·:·,; ,· 

.. "> 
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If an interrupt occurs, then the MPC is loa~ed with a 
reference to instruction # 1 (interrupt handler) on DECO. Also, 
EXIT and CALL are inhibited during this clock cycle. The 
interrupt handling micro-instruction is expected to s~ve the 
c:or-d:E~nts of the ne:·: t address n:g:i. ~.;;ter, the page regi ss.ter, and the 
i nstruc:ti on 1 atc:h, and set the i nter-rupt mask bit• . :CMf'DFffANT: 
The i nterr·upt handling word must w.::1i t one cl oc:.k cyc1e/~fter. 
setting the i nten·upt ma~;;k before doing its own. DECODE!{! · 

Since the ne:·:t adckess register is not t:lc:kked:if .ar:i . 
inteir-r-upt is in pr·ogress, the ne>:t acidness register, :i.risl.ruc:Jion 
1 atc:h, .-and page 1'·egi st.er all c;ontai n the data of tt~.e:' if!str"t,,\i:;:t.ioh 
that lfJas C:\bout to be e}:ecuted when the inten·upt qcC:l..trt:';ec:h 

!HI 
24· 

,-, , 
..::.b 

27 

r;Q~H~;IjJ§ 
Dl-"tTi'.-1 ErTACI< POINTER ERFmF~ 

~~~~F:l~E~·0,~~;~ ~~~~,~~~~ ~~~~~ WRO'fE TO SE~r~vtc:~·;·· .• ·.·;.·,. .~;..:;,, .. ;:.;;,;.;.)"-·-"' 
DYNAMIC RAM PARITY ERROR <U~IMPLEMENTED) 
Software interrupt •2 
Software interrupt #1 
Software interrupt #0 
INTERRUPT MASK <1=ENABLE O=MASK> 



PRELIMINARY WISC CPU/32 DOCUMENTATION 6/2/87 

1> In general~ never use the RS or RP during the, first or last 
micro-instruction of a word. 

2) Never route the RS or RAM through the ALU in a single clock 
cyclt~ .. 

:.:;:) Never r-oute RS to or fr-om F<AM di!:lta di r.ettl y~ 

4) Wait one clock cycle before using F<AM 
LATCH from the RS. 

5). Always use a DECODE 
executed and an END on the last micro-inst 
each definition .. 

6) Never use an arithmetic 
operation of a word. 

7) Never use a JMP=xxZ 
~~LU ar i th met i c 
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E.!§!:!Bs 
N!:!t::!~sB 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 

13 
14 

E!.f2.\::!13.~ 
~\::!t15!~8 

15 
16 

.Qs§.GB.!EI!QN 
QE .GQ~Is~I§ 
ALU AND MEMORY ADDRESS BLOCK DIAGRAM 
INSTRUCTION DECODING AND HOST INTERFACE 

BLOCK DIAGRAM 

Q~§.G.13J .. E:I!.Q~ 
QE G.Q~I~~I§. 
HOST ADDRESS DECODER 
READ/WRITE DECODER 
OMA CONTROL LOGIC 
DATA WIDTH CONVERTER FROM HOST 
DATA WIDTH CONVERTER TO HOST 
DATA WIDTH CONVERTER CONTROL.LOGIC 
HOST DATA BUS BUFFER 
CONTROL SIGNAL TRANSMITTER - 1 
32-BIT DATA SIGNAL BUS TERMINATORS 
CONTROL SIGNAL TRANSMITTER - 2 

HOST EDGE CONNECTOR 
HOST TO CPU/32 RIBBON CABLES 

Q~§.~J~!.E:II.Q~ 
QE G.Q~I~~I§. 
MICRO-PROGRAM <0-7> 
MICRO-PROGRAM CB-15> 

17 STATUS & SERVICE REQUEST REGS 
18 DATA BUFFER TO/FROM HOST 
19 CONTROL SIGNAL SIGNAL BUFFER - 1 
20 CONTROL SIGNAL BUFFER - 2 

21 SYSTEM CLOCK GENERATOR/OSCILLATOR 
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l""'J'°':I' 
,,:;..._;. 

'"iC-
• .::. 'l.._i 

26 
27 
28 
29 

31 

33 
34 

CLOCK CONDITIONING 
BUS SOURCE & DEST DECODERS 
MRAM CONTROL LOGIC 

DATA STACK POINTER 
DATA STACK RAM (0-7) 
DATA STACK RAM (8-15> 
DATA STACK RAM <16-23) 
DATA STACK RAM <24-31) 
RETURN STACK POINTER 
RETURN STACK RAM C0-7> 
RETURN STACK RAM (8-15> 
RETURN STACK RAM <16-23> 
RETURN STACK RAM <24-31> 

35 DATA & CONTROL BUS RIBBON CABLES 
36 HOST TO CPU/32 RIBBON CABLES 
37 DATA TO INTERFACE BOARD RIBBON CABLE 
38 INTERFACE TO ADDRESS BOARD RIBBON CABLE "A" 
39 INTERFACE TO ADDRESS BOARD RIBBON CABLE "B" 
40 PC-BUS POWER/GND 

E1Q!:!B§; 
~!:!t1£<sB 

41 

QE;§~B.!E'.I.!Q~ 
Q.f ~Q~I~J.H§ 
MICRO-PROGRAM BITS (16-23). 

42 ALU ((l-7) 

43 ALU <8-15) 
44 ALU (16-23) 
45 ALU <24-31) 
46 ALU tARRY-LOOKAHEAD 
47 DLO REGISTER 
48 ALU ZERO DETECT 
49 SHIFT INPUT CONDITIONING 
50 ALU FUNCTION CONDITIONING FOR DIVISION 

51 DATA & CONTROL BUS RIBBON CABLES 
52 DATA TO INTERFACE BOARD RIBBON CABLE 
53 PC-BUS POWER/GND 

E!.§\,JJ3s 
~\Jt!~sl3. 

54 

Qs§.~13.!.t:I!.Qt'! 
QE ~Q~Is~I§ 
MICRO-PROGRAM BITS <24-31) 
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L':.- C:.h 
\_,._J 
i::;· .• 
-..ib 

57 
58 
'59 
60 

61 
'ri t>..::. 

63 
64 
'c::-Ow 

66 
67 
68 
69 

70 
71 
72 
73 
74 
75 

RAM ADDRESS LATCH 
ADDRESS COUNTER (2-9) 
ADDRESS COUNTER Cl0-17) 
ADDRESS COUNTER <18-31> & C0-1> 
NEXT ADDRESS & PAGE REGISTERS 
RETURN STA~K CONTROL LOGIC 

INSTRUCTION REGISTER & MICRO-PROGRAM COUNTER 
INTERRUPT FLAG REGISTER 
CONDITION CODE REGISTER 
INTERRUPT MICRO-ADDRESS REGISTER 
MISC CONTROL LOGIC 

RAM DATA TO BUS INTERFACE <0-7) 
RAM DATA TO BUS INTERFACE (8-15) 
RAM DATA TO BUS INTERFACE <16-23) 
RAM DATA TO BUS INTERFACE <24-31) 

DAT A 8< CONTROL BUS RI BBDN CABLES 
INTERFACE TO ADDRESS BOARD RIBBON CABLE "A" 
INTERFACE TO ADDRESS BOARD RIBBON CABLE 11 B11 

ADDRESS TO RAM BOARDS RIBBON CABLE 11 A11 

ADDRESS TO RAM BOARDS RIBBON CABLE ''8° 
PC-BUS POWER/GND 

~§ill9[~ ~9§[~ = ~g~ 
<Note that up to sixteen memory boards may be used within one 
system> 

El§!::!Bs Qs.§!;;';BlEilQ~ 
~!::!~f.!sB QE !;;';QNig~I§ 

76 RAM DATA BUFFER 
77 RAM ADDRESS BUFFER 
78 READ/WRITE/OUTPUT CONTROL LOGIC 
79 RAM BANI< 0 BITS (0-15) 
80 RAM BANI< 0 BITS ( 16-31) 
81 RAM,BANI< 1 BITS <0-15) 
82 RAM BANI< 1 BITS ( 16-31) 
83 RAM BANK 2 BITS ((l-15) 
84 RAM BANI< 2 BITS ( 16-31) 
85 RAM BANI< 3 BITS (0-15) 
86 RAM BANI< 3 BITS (16-:31) 

87 ADDR TO MEMORY BOARD RIBBON CABLE II A II 
88 ADDR TO MEMORY BOARD RIBBON CABLE II B" 
89 PC-BUS POWER/GND 
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(~LE 

DH~ 

INTO ·it 

n fl n 11 n * 

M(.~STR 

NCVCL 

l'lDMA 
NDMC 

NDMif.:;: 

NI OR 
NI O\>J 

NM(.~ST 

NF;:DO 
NFW1 
NFW2 

NSEL. 

N~!EL.O 

NSEL1 
l\ISEL.2 
NSEL::~; 

th. 9XJ. ''-\ L Q. ~ t?..~;. c LP.. tJ . .9.n §. t 9..r:. tm. ~D~ §. 9. ~ 1.:. s!. 
( 11 -!<:·" i ndi c:atf?S i nt~-;;>r .. ··-bo1::1rd c:cmnec:tj. on) 

PC-Bus address enable (ac:tive low) 

PC-Bus address latch enable -- used 

INTxx transceiver direction HI=host-

Inter-box data bus (from host 
card to CPU/32> bits 0-31 

Maste1~ modf? 

NOT-clock cycle request to CPU/32 

NDT-·DM?"~ mode 
NOT-DMA c:ycle clock request 

NOT-Destination MIR signal to 

PC-Bus NOT-I/O read signal 
PC-Bus NOT-I/O write signal 

NOT-·me:i~5tE·1~ mode 

PC-Bus NOT-DMA Acknowledge CDMA channel· 

NOT ·-·r f?ad fr-om I/O port off ~:;et 0 
NOT-1····ead ft· Dlli I/D p CW t. Df ·f S(:?t 1 
l\IOT -··r t'?.:.~.d fl'""(Jffl I/O port offset 2 

PC-Bus NOT-refresh signal <DACKO for RAM ~ef~~sh> 

NOT-power on reset 

NOT-board select 

NOT-Sf?~ 1 f?~c: t INT;·:;-: dc.~ta bits 
NOT··-St'?l ect INT;o: date\ bits (8-15) 
NOT--S(:?l c~?ct INT:·:;.; dc:1ta bits ( 16-··2:::::) 
NOT···Sel f.-;;>c:t INT;-:;-: data bits <24-·31) 
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NSMIR 

NWRO 
11 n a n n 

NWP7 

NXENB 

NXRDO 

NXWRO 

PCO 
n • n a n 

PC7 

PCAO 
• n a n a 

PCA9 

PCADO 
n a n n n 

PC{~D2 

PCDO 
• " u " n 

PCD7 

PCDRQ 

PC I OR 
PC I OW 

PC RES 

PCTC 

PULLX 

XNCYC * XDIR * 
XNDMR * XNDSV ·Mo 

XNMAS * XNREF * XNSMR * 
XNSSt * 

NOT-Source MIR signal to CPU/32 

NOT-write to I/O port offset 0-7 

NOT-anable transceiver to PC data bus 

NOT-intermediate read O 
(conditioned to form NRDO> 

NOT-intermediate write 0 
<conditioned to form NWRO> 

Internally buffered S-bit pc dat~ bus 

.. • 
PC-Bus address bits -- used for l/O 

. <Direct from PC-bus~ 

PC addn~ss for. read/wri t.e pc:irt offset(: 

PC-Bus data bits 

: .. .,·.: .. 

..... 

PC-Bus DMA Request from board <DMA channeii; 

I/O Read in progress 
I/O Write in progress 

PC-Bus reset signal (active high> 

PC-Bus terminal count 

4.7K Ohm pull-up ~esisto~ 

Inter-box si gr.al for·· NCYCL 
Intet-·-bo>: signal f OF" DIR 
Inter-bo>: signal for NDMIF< 
Inter-.. box signal for· NDSRV 
Intf•~r·-bo>: signal for NM{~ST 

Inter--bo>: signal for NREF 
Int.er-be>: signal frir NSMIR .. 

Inter-..,:box.signal fdr . NSS1"A. ·,.,'' .. 
'• 

'· 

. :~· . 

.. : . ~·: " .... 

:,-.. 

·.· ,. .., 
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en 
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i (L 
I 

t_.i J 

.. -., .. -., 
l~./-· ~~'-,T-1 ,·~/-· ~ .. :_:'~_,·-_· -~-~-F_I_G_UR~E_1 __ ~_:_--. 
1·-..... l l) 1· ...... ..-.1 .. -·1 

-:I,-· 

·1 .. -., 
l L · .. i .. ,;;:;;TA Pf'F-Fj:"P I !---______ ..:,;···.! j_., : : I _: ; • : -: •• I 

i ....... , <12 BITS) 

;:::::.. ;u!!i-t:-:::-----a: Anni:;· 
i .. -., .. -.. "·· ... 1 ... ···· : ,,_., .. 

l
k.,j ;.::j x K.· .·::::::il'L._ -I-· IH_·· T_A_· i·_'.=;_·TH_,. ,_-_:t:_:: --JI 

;·,··. 4. L, :.·.· ".·"·.· .-.. -, "'!'.• .. T ,., " I . .:•c. J:.•11 :: ..... 

BiJS LATCH 
.t-,, -1·,:· ( 
I~ • .,.:,.• 

·· . ... · .... · 

SIDE 

I 
··· ... 

{ 
I 1 

I 

I 
· ... ..J ...... 

In· .. ·.,-,,, .. l-i1 .. Dt"'i-:-1,=·1i:-~· .
1
1 I H H . , 1''.J.......i ·-' ,,_("::, 

(·:··::. E' I TC'•; !1 
f ,· ••• • .'!- I ; ·-'·· I 

: l ····· ...... ··· 

· ........................... 
..• ······ A SIDE 

. ..... 
... ·· .. ·" : .. ········ ·" 

{_ ........ 
.-,.-t BIT ALU 

... ·· 
.,:.c. /...... "',/ 

.. .. -7[~·i4r· 
'"Lii' - - - - - - --.. :::.. -'- '{' ; 
H ->=:x / ~;IGti BIT ··· .... ....... 

MULTIPLEXOR: !J ~J nrrn LOW REGISTER rl _~;~If"! ____ _ 
~ •1 (·::·:· BT TS.) I tJ ... ,-,I IT 

PASS-TH~:u, SHIFT RIGHT 
1 ··., ,·· 1 ; ·.vi... • . l" •-•-

I . " ·· .•. 
.. ····· 

F.:ETURN PO I MTEF.: 
02 BITS) II ··:~ ·:::i 

.:·-" L.. .....--. v· I 1·11--------* 

' 

.
. ··.·... I . . ·· .. , /ADDF.: 

k ····..,fi:Jl~/-" -41.....-··.-.:.1·' R~TURN STACK 
!··..... . ...... , ,..:·\ r..... .· I ..... I (4f:" ...... ·: .. ::. E' I re·. j f : '• . •, .... ·-•L.. • ._.}. 

SHIFT LEFT, BYTE ROTATE 

.... 
'· .. 

/ 

I F.'. '.:; ::<::{ I 
i 

I 
HIGHEST BIT IGNORED F.OR RAM ADDR 

,..------------------------..;,,;.::~~~ 
i r---:--::'.·. 2 LOi·J BI r_:;:P I I J 

I ~ ~-I . I AIIDRESS '·COUMTEF.: I 
· ·r· 1 • 1 y . I~:· {":.•1 . E'TT . .:··· l..i...· j'~ I ·.I... .~.J. .• _.... I · · I I · . 

HIGH S i ...-·T...:. -

............. · 

RAM ADDF.:ESS LATCH 

(2:~: :B I TS ) 

-·~ ·::) 
,_J L.. 

___ __... _ __.::.. · t ·. c i LU~·J 2:3 
r- , , AAfux ~ 

· 1 PAGE 11 L~~x~3 ::.-.. :E-::-;::-; -:R+:E-G-I'_s_T, E-F-.: _I.:.;:· .:....:.::;;~---...;.;._---.i.....,..-------.1 3 1 
. ! REGISTEF.:I i .;, ~ '{ . I I PF.'.OGF.'.AM F.:AM I/ 

, ..-!=· E=I r·=···, 1 i::23 . B rr::)1, . ! ···-· . ·.J, I ! (2:3-:::i:1 ) ....... ····... '----.-: ...... r. ... ;i-.' ••• - ... """'" ,.... ...... ------1 
I i __ LOl-J 2 

(2G ~{ .-:32~1B I TS) ·· ..... 

BITS=0 ...... · ....... 
i .. -.! .·-·; .. -., . .-., 

r<:: .. .) C::>i >< f.;:::~,_::. ----1,r...._..___µ ___ :..:.:RD:.:::..:.::-:::..:.=< _~_..::.··-:..~'..:'-=·-4:::.~·~. _ _1 

. ....t··, .··. 
I ·"I"· . 

. 
'··'. ' 

" .. ..J/ 
'i .··· ..... i -, ·~C"' . II'"E-v "·' .1:;y 1 !... H I Ir:'. ::SING 
["-".: ...... ·j DATA ROUTING 

I . 
I .·-·:··-·1 

-: .-· l .:._.!L_ . 
r,.. ... iT71 ··· DATA '· ... 
'1.::.... · ... A:>< P::-/ .. -.. ----------.::1 .. .. ·" 

.. CONTROL 
\. ,, .. 

f"LOATING 
POitiT 

PHIL KOOPMAN .JF.: •. 
CPIJ .... ·:J2 BLOCK I1 I AGF.:AM 

lE.-BIT DATA SLICE 

I 
I I 
I I 
I 
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FIGURE 2 

SERVICE REQUEST !/ 
F.:EGISTE~~ ,,__ --1··· .... 
(8 BITS) i i 

! I ,I 
= ··:;: ::::: . 1 .-,.-1 i::. T = '[1! i=-· ··j...jn·-·r 1 . .. i i .. ·· ··-·· i--. ··· ... i .:,,:C, - r_, - .j J:i!_ .:;:' : : - .:: !· ••• ··' ". I 

!!-'···----- • ::• 
r··.. . ... ···1 DATA T~:Ar·iSCEI 1·1JE~~ r··... .· i ! I ... , 

I .-. I ' .. -., I I 

· ...-1 ~o EIT~J ...-. 

HOST I r·ff E~'.F ACE 

TO HOST DATA ':~.: 

i 

:" r·, 

L' ·I 11 .... .l ;:-:; · · ·-·rH'·r·11·-· ,...,F1-1·=·TE:::· H .. ' --·--·-·-i_ .. _ _.._-.j ·=•. ··~-:=• ~·-~ .... ·-'I .•·· ._;: 

I ,__ __________ ____. 

··-·· .·· 
) 

~ 

:31-BIT F.:AM ADitF.~ESS · l ADK:.:: 
·· .... /,,.·· . 

r------· -------1 
PROGF.~AM RAM 

I. 
(2G ::-:: 32 E:IT!3) 

I I 

<I ·I . .-., .. - .. 1------ _______ .J 

f- t 
.... I I ·.. I 

.. JC: 
..·• '\ 

Rff):j~ -.... -!__ /, .. ! 

SOFTW.AF.'.E I MTERRUPT I ·· ........ ···· 
....... 

HI 

~ ,,'!_ 

F·H···r:·IT'·..' ERr:·nC'.· I .r:. I I r:. _.r:. I 
HO::;T F.:EG!UEST 

IMSTRUC~ IpN !fiTCH (o:;t BITS OP-COitE :~.: 

I 
(11 BITS). 2 BITS ADDRESS T"f'PD 

~ 

DP ERRO~: 
~:P ERROR 

DECODit1G . ....-

C'J.J !Iii . 1Y·1 n)- i ) CALL/D:: IT 
· ... · <2::::-:;:1) OPCODE 

'1- _·· ........ ! 
HffERRUFT'.3 '1 ADDRESS LOGIC .. - - -

...__ ______ ___.! ....... ! ------..----' 

MI CF.'.0:-:PROGRAM 
1 ....... 

:32 

· C~tl.ilt"ffER.· ·· . . 
c -~~' J i l 

(12 BITS) 

·· .. , / ADDR 

MICRO-PROGRAM MEMORY 
<4K ::-:: 32 BITS) 

••• 1·' •• ..... 

---::-":::: >< ... <-: ----------

1'·· MICRO-!NSTR~~!ON REGISTER 
I i 

! (32 BITS> .. -., .. -.. 
i •. JC. 
l ...- I r · ··· .. , COt"ffF.:OL 
fr-::: .... ----11.LI 1--1 -------------....... SIGNALS 

t 

cor·mITION 
CODES 

PHIL KOOPMAN .JR. 
CPIJ .. ·':32 BLOCt< DI AGRAM 

COtiTROL ~·: 

HOST ·INTERFACE 
.·~TI r- • ~-.fT".I .•,,-.: ,• •, 
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PRELIMINARY WISC CPU/32 DOCUMENTATION 6/1/B? 

\?.t9n.~L l?.~E.£.rj_Q.tt£H:tl?.. £gr. lMI ~9.~r.£!. 
( u * 11 i ndi cat es int.er-board c:onnec:t ion) 

ALU31 * ALU31 highest bit for sign conditional 
From ALU board 

BUSO * 

BUS3l * 

CLOCI< * 
DCTLO 
DCTLl 

DLOLO * 

DPO 
......... · . 
DP1l 

DSTO 
a ·n a 111 a 

DST3'· 

DVOSC 

FABTC * 

System d•ta bus (32 bits> 

ti ... 

SYSTEM CLOCK 

Dal•· stack po(~t~~ ~bnt~~i 
D•ta stack pointer ~ontr6J·b~t· 

· Lo~est bit ·,f·rom 'DLD ·re~i ~;her· 

Data ... stack i:>':ainter_. 

~ -.. 

. '!' • 

.. •' ', 

Divided crystal f~eq~iency :. 

System clock that is a few 
~cir use with RAM writes aMd 

INTO * - Inter-box data bus (from host 
....... * card to CPU/32> bits 0-31 
INr.H * 

MADO * MICROADDRO MICROCODE RAM AD0RE$.S 
11 u a A H * 
MAD1 l. * MICROADDR11 

1'1ASTR Master mode 
'; .• 

MIRCI< * MIR register clock ~ignal· 

MRXDR * Micr6-instrtittiori ~b 

NACOT * NOT-ALU Ca~yy 6tit 
.j •• • •• 

.. :.:'._. · .. ·_:= :··: •.• ...... ' .·,'.··:.':·\ 

' • I • • 



PRELIMINARY WISC CPU/32 DOCUMENTATION (S/ l /87 

NCl<FP ·?!-

NCYCL 

NDADC * 
NDDEC * 
NDDP 
NDDE3 
NDFLG * 
l\!DFPU t~ 

NDIV * 

NDMIR 

l\.IDMRA 
NDP{.~G ·M· 

l\IDPER * 

l'· . .tDRAL * 
NDRB * 
NDRP 
NDRS * 
i"JDF<vJ * 

NDET14 

NDSXE 

NHOST * 
S 1NT 

N i!!-l'·i.;:r;,~+""~·;" 

l\IMULT ·*-

NOT-byte access control 

NOT-cycle FPU clock 

NOT-chip select for MRAM 

NOT-clock cycle request from host 

NOT-DEST ADDRESS-COUNTER 
NOT--DEST dec:1:)de 
NOT-·-DEST DP 
NOT--DEST DS 
NOT-DEST INTERUPT FLAGS 
NOT-bus destination FPU & cycle FPU clock 

NOT DIVIDE-SELECT 

NOT-DMA tr~nsfer mode 

NOT-.. Destl.nation MIR signal from host to CPU/32 · 

l\!OT--DEST MF(AM 
NOT-DEST RAM ADDRESS PAGE REGISTER 

NOT-Data stack pointer overflow/underf l9w 

NOT-DEST RAM-ADDRESS-LATCH 
NOT-DEST RAM-BYTE 
NCH··-or:::!:H i:n:· 
NOT ·-DEST 1:~s 

NOT-DEST RAM-WORD 

NOT-Destination service request register 
<loading signal from host> 

NOT-DEST STATUS REGISTER 

NOT-DS RAM chip write enable 

NOT-DB to bus transceiver enable 

NOT-host interrupt 
s -l-r.11. -/tf't,f 

NOT-i nter·-rupt to PC HOST \l'Jhen dest==~,)·!:;-c'li;;, n~q"'1e.~t 

NOT-master .. mode 

NOT-micro-instruction to dat~ bus xceiver en•~lE 

NOT MULTIPLY-SELECT 



PRELIMINARY WISC CPU/32 DOCUMENTATION 6/1/87 

NPCEN * 

NREF * 

NRPEN * 
NRPER * 

NRSWE * 
NRSCS * 
NRSXE * 

NSADC * 
NSDHI * 
NSDLD * 
NSDP 
NSDS 

NSFLG * 

NSFPU * 
NSMIR * 
NSMPC * 
NSMRA 
NSPC 
NSRB * 
NSRP * 
NSRS * 
NSRW * 
NS STA 

NWAIT * 

NWMRA * 

DSC * 
PULLG 

RALCK * 

RCTLO * 
RCTL1 * 

RPO 

NOT-enable PC to bus xceiver from host 

NOT-refresh command from host for DRAM~ 

NOT-Return stack count up/down enable 
NOT-Return stack pointer over/underflow 

NOT-RS write enable for stack RAM chips 
NOT-RS chip select for return stack RAM chips 
NOT-RS to bus xceiver enable 

NOT-SOURCE ADDRESS-COUNTER 
NOT-SOURCE DHI & HOLD B-SIDE ALU LATCH 
NOT-SOURCE DLO 
NOT-SOURCE DP 
NOT-SOURCE DS 

NOT-SOURCE SERVICE REQUEST (0-7) 
/INTERRUPT FLAGS<24-31) 

NOT-bus source FPU 
NOT-bus source MIR 
NOT-SOURCE MPC 
NOT-SOURCE MRAM 
NOT-SOURCE PC -- host data buffer to bus 
NOT-SOURCE RAM-BYTE 
NOT-SOURCE RP 
NOT-SOURCE RS 
NOT-SOURCE RAM-WORD 

NOT-Source Status register fr·om CPU/32 to host 

NOT-Open collector clock cycle wait request 
for use by slow memories 

NOT-write MRAM conditioned 
write-enable signal to MRAM memory CHIPS 

Clock frequency without cycling/waiting inhibits 

4.7K Ohm pullup resistor 

RAM address latch clock 
conditioned for OMA transfers. 

RS control bit from MIR 
RS control bit from MIR 

RETURN STACK POINTER BITS 0-11 
Up to 4K bytes of addressabil~ty 
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PRELIMINARY WISC CPU/32 DOCUMENTATION 

i=:.:P 1 1 

l=(PUP * 
RSO % 

. . . " . ·it 

!=:.:!;~~; 1 * 
1::;:sxc * 
SPLO * 
BPL.1 * 

Br.::: co 
. . " . n 

SF.\'.C:3 

SSE LO ·lt 

SSEL1 * 
XCL..t::: * 
XNCYC * 
XNDMA ·* 
XNDMR * 
XNDSV * 
XNINT * 
XNMAS ·ft· 

XNPCE * 
xr-mEF -it 

XNSMF~ ·*
XN~3GT ii· 

Return pointer up/not-down control bit 

Return stack data bus 

RS bus transceiver direction control 

GND 
+~iv 

Bus source control from MIR 

ALU shift selection control from MIR to ALU board 

system clock bus version Cinv~rted> 

Inter-boH signal for· NCYCL. 
In tt?.r· -·b m: signal for NDMA 
Inter·-·bo>: signal for NDMIF.: 
Int0?r:..;.bo:·: si gnaJ. for NDSFN 
Inter-bm: si gn,:\1 f C:lF' NINTR 
I nter--bDN signal fc:lr NMf:.iST 
Inter·-·bo:·: S·;:i. gnal f C:lF' NF'CEN 
Inter--·bo>: signal fr.:w NF~EF 

I ntet- .. ·-bo:-: s.i gn,:\J. fo1~ NSMIR 
IntE'!F··-.. bo:·: s:i.gna.1 for NSSTA 
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PRELIMINARY WISC CPU/32 DOCUMENTATION 

§!go~! Qg§f[iP1i9D§ f gr RBIB ~Q§[~ 
(''*'' indic;::itE~~:::. inte:~r··--·boa.r·d ccjnn£~c:tion) 

ALLIO ALU outputs (from ALU into multiplexor> 

ALu:::::o 
AL.U::::;l. * 

ALUFO 

ALU XO 
ALUXl. 
f:~L..UX2 

r~Lux::::: 

'~L..UX4 
t-iLux;s 
!'.::il..UX6 
P1LUX7 

P1LUYO 
f.iL.UY l. 
P1LUY2 
ALuv::::: 
{.~L.UY4·· 

P-iL.U\';':i 
ALUY6 
t'.°1LUY7 

BUSO ·ii-

CIN 

CKDHI 
CLOCI< * 

DLOHI 
DLOL.O * 
DSHO 
D!:3Hl. 

FASTC * 
FUNCO 

Raw ALU function inputs from MIR 
(inverted & conditioned to form 

x c.::lrry-·l ook<lheacl ~:;i gnal from 
x c.:i.rt-·y-" l Ciokahead signal .from 
v 
/\ c:ar-r-y-·1 ociki:1head si gni:'\l from 
x c rlr r y-·-1 ook e:i.h<~ad sl.gr1al. 
x c:an .. ·y-1 c:iokahead ~~i gnal 
x c:ar-r·y·-·l ookahead signal 
\I c:<:11•·ry-·l. ocJkahead ~~i gnal .'\ 

x c:ar!"'y--1 ookahead signal 

y c:ar·l"'y~l ookaht~ad s:i gnal. 
y t:C:\lrTy-J. ookahead s:i gnal 
y c:arry-·J. 1::>ok~-=ih€~ad sighal 
y c:arry-1 ookahf~ad signal ·from 
y c:ar·ry-·l ooki:'\he.::\d signal from ALU< 
\.f carry-lookahead signal fr· om ALU( 1 

\/ c:arr-y-1 ookahead signal f1~om ALU ( 24-·-27) I 

y c:at'"r·y·-1 ciokahead signal from ALU < 28-:-3 l.> 

System data bus <32 bits> 

ALU Carry-in bit for ALU from MIR 

Clock DHI register 
system clock 

High shift out bit of DLO register 
Low shift out bit of DLO register 

DL.O Shift control bit 0 from 
DL.O Shift control bit l. fr6m 

FAST CLOCK 

ALU 74181 function & mode inputs 



PRELIMINARY WISC CPU/32 DOCUMENTATION ·~1./· :t. / fj"*? 

MADO * 
l"l?~D:l.1 * 

MODE 

MRXDR * 

NACOT ·*-

NCI NO 
NCIN:I. 
NCIN2 
NCil'f3 
NCIN4 
NCIN5 
NCIN6 

.NCIN7 

NDIV ·*-

l\~MUL.T * 
NSDHI ·*· 
NSDLO * 
NSMIF:< -!I.· 

PULL.A 
PUL.L.B 

SL.IN 

(condit.ion0?d fol"" c:livi~::.ion .. ::.'\s:; 1~(;?quit'"F2d) 

Enable transparent. latch on B-side ALU input <pass bus 
data through to ALU) 

MI CROP1DDF:O MICROCODE RAM ADDRESS 

MI C~":;;OADDR 1 :i. 

MIR cl cic:k 

c;L.u mcJdE? sE·l ect f1'·om MIR 

Micro-instruction to data bus xceiver direction 

NOT-ALU = zero for condition code 

NOT-ALU carry out for condition code 

NDT--1:1LU Carry-in bit for· r'.:'tLU ( o-:.::.) 
NOT·-AL..U Carry-in bit fm·· ALU (4···7) 

NOT-·ALU CarTy-·i n bit for. P1L.U ( 8-.. 1 :1.) 
NfJT'-ALLJ Ciarry-.. i n bit fCW' ALU ( 12 .. -15) 
NOT-f..1LLJ Can~y-i n bit f C.11'" P1LU (16-.. 19) 
NOT·-ALU CarTy-·i n bit for ALU (20:·-2~5) 

NOT-ALU C,:;,r-1' .. y--·i n bit fc::w P1L.U (24-·27) 
NOT· .. -AL.U CarTy·-.. i n bit f <:3r P1LU ( 28·<;:: l) 

NOT-chip select for MRAM 

NOT DIVIDE-SELECT 

NOT-micro-instruction to data bus xceiver enable 

NOT MULTIPLY-SELECT 

NOT-SOURCE DHI & HOLD 8-SIDE AL.Li LATCH 
NOT-SOURCE DL.O 
NOT-bus source MIR 

NOT-write MRAM conditioned 
write-enable signal to MRAM memory CHIPS 

4.7 K-ohm Pull-up resistor 
4~7 K-ohm Pul1-up resistor 

DLO shift left input bit 

bPLO * Gf-,ID 
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St3EL.O * 
t!SEL.1 % 

XCL.I< ·!t-

Multiplexor shift right input for AL.LI multiplexor. 

Multiplexor selection bit 0 from MIR 
Mult:i.plt:?:·:or self2c::U.c:m bit 1 fn::im MIF< 

system clock bus version (inverted) 
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PRELIMINARY WISC CPU/32 DOCUMENTATION 

FiCIN:I. 
(.:1c I 1\12 

?'1t...u::::; 1 * 

BYTE 

CKL.RD 

CLOCK * 
CL..Ol<B * 

CONDO 

COND2 

DC:l.2 

DECO 
DECl 
DEC2 

Dl....Ul....O -~~ 

EXIT 

INAD 

Mr:~oo * 
MP1Dl ·*-

;~?. L 9. n S\ L P. ~~~ 12.f.;..1::. !J:;?_ t t ~;~ D. ~~- f .. 9.t~.. G. Q P. B. ~l~~ <:11.:. s! 
(''*''' indicates inter .. ·-boat-d c:onnec:tion> 

Address counter carry-in for bits (10-17) 
Address counter carry-in for bits (18-22) 

Address counter count enable fro~ MIR 

Sign bit from ALU output 

System data bus (32 bits> 

Sign if :i. €~~=· that byte Rf-WI ac:c:essing is bei11g Lfsed 

Subroutine Call being proc:essed during d~code 

Clock low 2 bits of RAM data to 
form CALL/EXIT bits 

System clock ' ' · 
Sy~~tt:?m c:l oc:k ---·· S<:-c:ond copy for" fanout cd~it-Fpl . 

Condition code multiplexor control bits 
from micro-instruction 

Decode cycle 1 or 2 -- debounced DEC1 OR DEC2 

I:k~c:ode cycle 0 
Df,;:coc:le:: c:yc:l i:~ 1 
DE~c:ode c::yc:l <= 2 

"DECODE" microcyc:le 
"END" mic:l'"OC:yc:le 
1st cycle of next opcode 

Low shift out bit of DLO register 

Subroutine exit being processed during decode 

FAHTCLDCt::: 

Address counter increment control bit from MIR 

Increment MPC microcode control bit from MIR 

Interrupt service required (used during 

Condit:icm code select ne:-:t--·mic:roaddrt~ss 

Next micro-address bit 1 from MIR 
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PRELIMINARY WISC CPU/32 DOCUMENTATION 6/ :1./!3'? 

MAD2 
MAD3 
n st a u n 

MP1D11 

MIRCI< 

MPD3 
a • If 11 a 

MPD11 

MRXDR 

NACOT 

NADOE 

NALUC> 

NBYTE 

NCAL2 
NCr~LL. 

NCl<FP 

NCSMR 

ND2CK 

NDADC 
ND ADD 

ND DEC 

ND ECO 
NDECl. 
NDEC2 

·IE-

* 
·M-

* 

* 

* 

* 

* 

*· 

* 

* 

* 

NDFLG * 
NDFPU ·M-

NDMA * 
NDPAG * 
NDPER * 

Next micro-address bit 2 from MIR 
Next micro-address 

MIR cl eek 

Micro-program counter data input bus 

Micro-instruction to data bus xceiver dir~2~jnn 

NOT-ALU carry out condition code bit 
...... ·· 

.NOT-address counter output enabl~ 
. . . . .. ~~)·~.· .-:'.· .. 

NOT-ALU equ.:.~1 tCJ zero conditf;n cod~ tiLt · _'' .:.;< 

NOT-Signifies byte RAM accessing is ~:~f~~j~~~:i&l~~ 

7~~~~~~~~~=i~:~~;~ e:~1~~::~ ~~~~:;~:~~~~li~f !tr~~~~~.e .... 
NOT~cycle FPU clock 

NOT-chip s~lect for MRAM : '··. --:..·:.·· 
·.,, ·_, 

NOT-decCJde 2 clock for IL and NAR 

NOT~DEST ADDRESS-COUNTER 
NOT-DEST address latch <activated either fo~ direct 

": .'~. '. 

write to address latch or for pass-thru to address J 
counte1~) . 
NOT-DEST DECODE (simulates decoding of instr~ctian and 
loads next address register & instruction latch.) 

NOT-zeroth cycle of decode from MIR 
NOT-1st cycle of decode 

.NOT-2nd cycle of decode <may corresppnd with.the 
ne>:t NDECO) 

NOT-DEST INTERUPT FLAGS 
. ::: .. ·· .-

NOT-bus destination FPU & cycle FPU~~~62k~ 
NOT-DMA transfer mode 
NOT~dest page register~ 

NDT-Dat~ stack pointer 
' ' ·~~.: . .' ~ 
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PRELIMINARY WISC CPU/32 DOCUMENTATION 6/ :l. /B7 

1"··.I D 1:~: {i L... ·l-~ 

l\IDF~:B -!<i· 

NDR~; ·*· 
NDF:W * 

NEX:I. 
NEXIT 

·NHOST * 

NINTR 

l\ILDAD 

NMRXE * 
. NPRTY -*· 

. NRAM .. * 

NRLOE 

NRPER ·* 
l\IRPEN * 

. NRECS ·*
NRSWE ·*-
1\ff~SXE * 

NRXEH 

l'~SP1DC ·*
NSFLG · * · 

NSFPU * 
NEMIR * 
NSMPC * 
NSFrn 
Nf.:lr-:t:S 
NGF\'.~~ 

osc 

··PULU). 
PULLE 
PULL.F 

•*• 
·K-

·it 

NOT-DEST RAM-ADDRESS-LATCH 
NCTT-DEST RAM-BYTE 
NOT· .. ·DEST R~:> 

NOT-DEST RAM-WORD 

NOT-EXIT activated during DEC:l. cycle 
NOT-currently processing an EXIT command pLtring 
< sub1,.:out i ne retur-n addr·esr::; fetched from ret.Lfrr) 

NOT-host servi~e r-equest interrupt 

NOT-interrupt pending (for Decode O> · 

NOT-load addr-ess counter-

NOT-micro-instr-uction to 

NOT~RAM parity err-or- (open c6ll 

NbT~~ctivate ram data 

NOT-RAM addr-ess latch 

NOT-Retur-n stack pointe~ 
NOT-Return stack count up/down 

NOT-RS chip select ~or- r-etur-n 
NOT-·-F~:s wr- i t e en ab l. e for st ac ~;: 
NOT-RS to bus xceiver enable 

NOT-RAM to data bus xceiver- enable 

NOT-SOURCE ADDRESS-COUNTER 
NOT-SOURCE SERVICE REQUEST C0-7> 

.. · /INTE~RUPT FL.AGS<24-3:1.) 
NOT-···bus saun:e FPU 
NOT~bus source MIR 
NOT :...SOUR<:~E . MPC 

·NOT-SOURCE RAM-BYTE 
NOT·-SOLJF<CE RS 
NOT-SOURCE RAM-WORD 

NOT-write MRAM conditioned 
~·ff· i te-enab 1 e 

4-. 7K pul I -"·up r-es.istor- · 
4-.7K pull-up r-esistor · 
4.7K pull-up ~esistcir 
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PRELIMINARY WISC CPU/32 DOCUMENTATION 6/1/87 

PL.IL.LG 

RADO ·IE-

11 • ft a 11 * 
RAD31 * 

RALCI< ·IE-

RCTLO * 
RCTL1 * 

RDO * 
It Q R II II 

RD31 * 
RPUP * 
r~so ·IE-

. . . . . ·* 
RS31 * 
RSXC * 
SPLO * SPL.1 * 
XCLK * 

4.7K pull-up resistor 

RAM address bus fed to RAM boards 

RAM address latch clock -- conditioned ~ 
addressing and lat.ch loading/flow;".'"th_l".';q!Jg 
becomes· transparent when thi.s si g·nai'. i'$'./, 

. . ;' ', . . ·N. ··:: ::.~ 

RS control bit from MIR 
RS cbntrol bit from MIR 

Ram data bl.ls to/from· ram 
•••. to next address r•gister 

·a ..• a· 

Return pointer 

Refi..trii s17. aC: k: c:iC:\ta 

•. : <,:,.: 

RS bus transceiv~r direc~i6n 

GND 
+5v 

system clock bu~ version (inverted> 

: .. -"'_ ,,• ·. 
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WI SC CPU/:y;t CC> 1987 BY PHIL KOOPMAN JR. 

SCF~EEI\~ 4:t- 1 
0 INDEX --- CPU/32 X COMPILER & MICRO~ASSEMBLER PHIL KOOPMAN JR. 
1 LIBRARY VERSION FILE: XCOMP.4TH LAST UPDATE: 6/1/87 
:2: 
3 BETA TEST VERSION CC) COPYRIGHT 1987 
4 BY PHIL KOOPMAN JR. 

6 LOAD 
7 SCREEN 
B 

.......... ____ _ ..... _______ .. 
9 2 LOAD 

10 
11. 
12 

14 
1 ~=i 

BCREEN #2 

SOURCE 
SCREENS 
----·---·-----·---·- ..... 
2 - 102 
105 - 203 
205 - 254 

CONTENTS 
======== 
MICRO-CODE ASSEMBLER 
l<ERNEL MICROCODE 
EX TENDED KERNEL MI CR~DCCJDE~,, 

0 \ LOAD SCREEN FOR MICRO-ASSEMBLER & 
1 HEX MATH CR CR • 11 Loading cross-compiler 
2 • 11 <C> Copyr-ight 1987 by Phil 1<oop1na\n 
3 VARIABLE OPTIMIZE? \ True value means' 
4 1 OPTIMIZE? ! 
5 100000. DCONSTANT MEM-SIZE 
6 8000. OCONSTANT SAV~~SIZE 
7 DECIMAL 
8 CR MEM-SIZE 1024. DI 5 D.H ." K bytes mt:>mn1t>-v.. 
9 4 :L 02 Tl·U~U ( Load c:ross-c:omp i 1 er > . · · .. ·.•·······•·· ,. 

10 CR CR . 11 Lot.'.\d i n<;J m:i. cr-ocode source tr.:i CPU/32 
11 105-203 THRU ( Load basic: microcode ) 
12 205 254 THRU < Load extended microcode > 
13 CR CR • 11 Savj.ng memcwy image" CR SAVE-ALL CR .· 
14 • 11 Do a SAVE-FORTH to <a DOS ·file name XCOMP.COM 
15 CROSS-COMPILER FORTH DEFINITIONS 

SCREEN #3 
0 \ NO LOADING DONE FROM CPU/32 FROM THIS FILE 
1. 
2 
3 CR CR 
4 
5 
6. 

7 
8 
'1 

1 (i 

u. 
12 
13 
l.4 
:1.5 

II NO LOADING DONE FROM CPU/32 FROM THIS FIL~.··\ CR CR 



<C> 1987 BY PHIL KOOPMAN JR. 

GCREEN #4 
0 \ CAGE STATEMENT 
1 DECIMf.::iL 

( -> ) 

CAE~E I FCf.~SE 

COMPILE 

4 
( FlJ-iG - > FU~G ) 

COMPILE >R COMPILE R@ 
IMMEDIATE 

EXECUTE 
() 31 

5 

7 IFCASE < •• ADDRS .. COUNT 31 -> ... BRANADDR COUNT:32 > 
8 FLAG -> > < EXECUTE ) 
9 31 ?PAIRS 32 COMPILE OBRANCH HERE 0 , 

10 ROT 1+ ROT 
1 l. I MMED I (-ffE 
l.2 
13 
14 
15 

SCF~EEN #5 
0 \ CASE 
1 DECIMAL 

NEXT CASE ELSE CASE 

2 NEXTCASE .•• BRANADDR COUNT 32 -> 
3 ( -> FLAG ) ( EXECUTE ) 
4 32 ?PAIRS COMPILE BRANCH 0 
5 SWAP HERE OVER - SWAP ! 
6 HERE 2- SWAP 3l. COMPILE R@ 
7 IMMEDIATE 
8 
9 

l.O 
1 1 
1.2 
13 
1.4 
l.5 

ELSECASE < ••• COUNT 32 -> 
32 ?PAIRS COMPILE BRANCH 0 , 
SWAP HERE OVER - SWAP ! 
HERE 2- SWAP 33 ; 
IMMEDIATE 

. 
' 

COUNT 



' 

~1.J I EC CPU I:~;::,~ CC> 1987 BY PHIL KOOPMAN JR. 

F>CREEN *1:6 
0 \ CASE ENDCASE BETWEEN 
1 DECIM?~L 
2 ENDCASE -> > 
3 DUP 32 - IF DROP SWAP HERE OVER - SWAP 
4 1- 33 THEN 33 ?PAIRS BEGIN 
5 DUP O> WHILE SWAP HERE OVER - SWAP 
6 1- REPEAT DROP COMPILE R> COMPILE DROP 
7 IMMEDIATE 
8 
9 

10 
l. 1 
1.2 
13 
14 
15 

BEHIJEEN 
>R OVER 
F<> > NOT 

SCREEN #7 

Nl N2 N3 -> N2<=N1<=N3? 
> NOT SWAP 

AND 

0 \ DEFINE F<EADO . . READ7 WR I TEO . . 
l. HEX 
2 READO 300 P<ii! WR I TEO 
-=!' ·-· READ1 301 P@ WRITEl. 
4 READ2 :3(>2 P@ WRITE2 
5 READ3 3()3 P@ WRITE3 
6 READ4 :::::04 P@ WRITE4 
7 READ5 305 p(g WRITE5 
8 READ6 :::::06 P@ WRITE6 
9 READ7 307 P@ WRITE7 

:LO 
u. DECIMAL 
12 
1::::: 
14 
:I. ~5 

SCF<EEN #B 

WRITE7. 

300 P! 
301 P! 
3()2 P! 
.3(~3· P! 
304 P! 
3(!5 P! 
306 P! 
307 P! 

. '·' 

. , 
.,.; ~ 

0 \ FORTH BOARD STOP & GO -- STOP GO 
1 HEX 

STATUS? CYCLE 

2 STOP < ...;.> 
:::; 0 vJR I TE4 
4 GO ( --> 
5 0 WRITE3 

7 
8 
9 

1 (i 

STATUS < -> STATUS > 
READ2 \ OFF AND 

STATUS? STATUS U. 

\ Status register conterit~ 

11 CYCLE < - > ~> \ Cycle one clock tick 
1.2 0 WRITE2 
13 DECIMAL. 
1.4 
15 



<C> 1987 BY PHIL KOOPMAN JR. 

~3CF<E::EN :!f9 
0 \. FORTH BOAFW 
:L HEX 

RESET SET-OMA PCREQ 

2 PCREQ < N -> 
:3 l:1JR I 1-E:·7 ; 
4 
5 
6 
7 

l=i:ESET ·-BEC! 
0 l>JH ITE6 

8 SET-DMA ( -> 
9 0 WRITE5 

:LO 
11 DECIMAL 
12 

14 
15 

SCREEN #10 

-> 

0 \ VARIABLES FOR MICROASSEMBLER -- 1 
1 DECIMAL 
2 \ Following variables 
3 \ have been used in 
4 VARIABLE >SOURCE 
5 vr.:iF<IABLE >DP 
6 VARIABLE >ALU-MUX 
7 Vf~RIABLE >CIN 
8 VARIABLE >CONDITION 
9 VARIABLE >INC-MPC 

10 VARIABLE >INC-ADC 
1:L 
1? 
1 ::~; 
:1.4 
15 

t.;cr~EEN ~:j: 1 l 
0 \ VARIABLES FOR MICROASSEMBLER 
1 DECIMAL 

; .... _ 2 

2 VAR I t~BLE CURRENT--OPCODE 
3 VARIABLE CURRENT-OFFSET 
4 DVARIABLE MICRO-WORD 
5 
6 
7 
8 
9 

10 
1l 
12 

\ Micromemory page number 
\ Micromemory of~se~ ~~lu~ 
\ Current micro-assembler building word 



~.JISC CPU/~32 CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #12 
0 \ INITIALIZE MICROASSEMBLER FLAGS 
1 DEC I l""IAL. 
r .. , .. :.:. 
:3 
4 
•-::,J 

6 
"1 
8 
9 

RESET ( -> 
0 >SOURCE 
0 >DP 
0 >ALU-MUX 
0 >CIN 
0 >CONDITION 
0 >INC-MPC 
0 >INC-ADC 

10 0. MICRO-WORD D! 
1 1 
l r_> 

..:.. 

1 ~.::. 
14 
:t ~5 

SCREEN #13 

0 >DEST 
0 >RP 
0 >ALU 
0 >DLO 
0 >JMP 
0 >DECODE 

0 \ SET UP DEFAULTS FOR MICROCODE WORD 
:t HEX MATH 
2 :·FINISH C ...-} > \Set requir~d bits 
3 >DP @ NOT IF 00000200. MI 
4 ( Default ALU ope~ation is pass A 
5 >ALU @ NOT IF 00100000. Ml 
6 \ >ALU @ NOT IF 
7 ' MICRO-WORD D@ SWAP DROP 20 AND 
8 \ IF C CYIN~l > 00000000. 
9 \ ELSE < CYIN=O > OOOFOOOO. THEN 

10 \ MICRO-WORD D+! THEN 
11 >DECODE @ NOT IF 40000000. MICRO-WORO 
12 
1~::. DECIMAL 
14 
1 ~5 

SCREEN #14 
0 \ SOURCE DEFINITIONS 
1 DECIMAL MATH 

l. 

2 : SRC < DVALUE -> > PFA -> ) 
3 CREATE D? 
4 DOES> >SOURCE @ r.:iBORT" MULTIPLE SOURCE= STATEMENTS" 
5 
6 
7 
8 
9 

1.0 
u. 
1.2 
13 
14 
1 i:= 

d 

1· >SOURCE D@ MICRO-WORD D+! J 

1. • SRC SOURCE=DP 2. SRC SOURCE:;,;DS 
3. SRC SOURCE=DLO 4. SRC SOUt:;:C§'.;:';}:>,J~.~~~, .. \i,;.,,,;: •••< 
5. SRC MULTIPLY 6. SRC DIVIDE~SELECT·'·. 
7. SRC SOURCE=FL.AGS 8. SRC SOURCE=RP 
9. SRC SOURCE=RS 10 .. SRC SOURCE=ADDRES8...-COUNTER 

. ij .... · .; ; < ............... •;· . . . 
11 . SRC SOLJRCE=RAM 12. ·. SRC SOURCE=RAM--iBYTE 
13. SRC SOURCE::::MPC 14. SRC SC)URCE=:MRAM c•> . . 
15. SRC SOURCE=FPU 0. SRC SOURCE=HO$l~ · . C defC\Ul t 
SOURCE=LATCH : ( for readability ) 



·= /~--. '\. : 

·: \. ;· - .. 
.... ___ ,, 

WISC CPU/:32' <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #:1.5 
. 0 \ DEST DEFI~ITIONS -- 1 

1 DECIMAL MATH 
2 DST < DVALUE -> 
3 CREATE 4 DLSLN D, 

( PFA -> > 

4 DOES> >DEST @ ABORT" MULTIPLE DEST= STi?tTEMENTS" 
5 1 >DEST D@ MICRO-WORD D+! ; 

'6 
7 1. DST DEST=DP 
8 3. is unassigned > 
9 5. DST DEST=ADDRESS-LATCH 

10 7. DST DEST=FLAGS . 
11 9. DST DEST=RS 
12 11. DST DEST=RAM 

·. 13 13. DST DEST=DECODE 
14 15. DST DEST=FPU 
15 DEST=DHI ; ( DHI i.s 

SCREEN. #16 ... · 
0 --\ DP .· CONTROL 
1 DECIMAL MATH 

4. 
6. 
8. 

10. 
12~ 

-· .- 2 : DPQ ( DVALUE -> PFA 7'> > 
3 CREATE 8 .DLSLN D, - ·_ _ 
4 DOES> >DP -@ . ABORT';. MULTIPLE 'DP 
5 1 >DP . , D@ - MIC.RO-'-WQRO 
6 
7 0. DPQ DECCDRJ 
8 ' L DPQ INCCDPJ 
9 

. 10 
1:1. 
12 
l.3 
14 
l.5 

. SC.REEN # 1 7 
.. 0 \ RP CONTROL 

1 DEC I.MAL . MATH 
2 RP ( DVALUE ~> > 
3 .CREATE 10 DLSLN 
4 DOES> ·- >RP @ 

1 >RP 
6.' 
7 3. RP DECCRPJ 
8 2. RP INCCRPJ -
9 

1<} 
11 
12 
13 
14 
l.5 

C PFA -> > 

A~ORT II MULTIPLE RP ST~;EMENTS u ._··. 

D@ MICRO-WORD D+! ; 

.. ··-=· 

,: __ ... 



WISC CPU/32, < C) .·~ Y987 BY PH IL l<OOPMAN JR •. 

SCREEN jl:l.8 
0 \ AU} MUX 
1 DECIMAL 
2 ALUMUX 

SELECTION DEFINITIONS 

3 CREATE 
4 DOES> 
5 

< DVALUE -- > > 
12 DLSLN D, 

>ALU·-MUX @ 

1 >ALU-MUX 
6 
7 
8 
9 

1. ALUMUX SR(ALUJ 
2. ALUMUX SL[ALUJ . 
3 .. ALUMUX ·RdLl..:;t/:\LUl 

10 
11 
12 
13 
14 
15 

SCREEN,#19 .• . ,, :.'" .. ; 
O \ .ALU·,. FUNCTION ·CONTROL 
f ,' '·.·" 
2 .: 
3 \ 
4 \ 

6 
7 
8 
9 

10 
11 DECir'iAL . 
l.2 
1.3 
14 
l.5 

SCREEN #20 

,· ....... 

0 \ ALU QEFINITIONS 1 
1 HEX' 
2 \ Logical definitions 
3 10. ALUL ALU~notA 
4 11 •. ALUL ALU=Ano~B 
5 
6 
7 
8 
9 

10 

13. ALUL ALu;:.o 
f4 •. Al,..UL ALU~An~ndB 
15. ALUL ~LU=notB 
16~ ALUL ALU~Axof~ 

.11 :DECIMAL,.. 
12 

C PFA -> > 

ABORT" MULTIPLE ALU 
D@ MI CRO--WORD D+ ! ·.. ; .. 

..,···' 

.'·,:, ·-. 

13 .. / 
14 

-·:· . ..... ·.-.:·-· .... ,·,·' . ,'' 

15 .. •' . :: . ... '. '··. .. . :< ~·:: · .. -.. -
. ·. ·:·. ·· .. ;:.~... :.... . .'.''.~:~" ··:>: 

-·:. : ,. 

·. •'· 

. - :~ ; 

•''•·.;. 



WISC CPU/32' 

SCREEN *t-21 
0 \ ALU FUNCTION CONTROL 
1 HEX 
2 : ALUM < DVALUE -> > 

CC> 1987 BY PHIL KOOPMAN JR. 

AFUTHMETIC 

PFi.:i -> ) 
3 \ 
4 \ 

Automatitally compensates for FUNC & CIN inverters on board 
Function codes used below reflect '181 docn for active hi data 

5 CREATE 02F. DXOR 10 DLSLN D, 
DOES> >ALU @ ABORT" MULTIPLE ALU STATEMENTS" 6 

7 
8 
9 

>CIN@ ABORT" MULTIPLE CARRY-INSTATEMENTS0 

1 >CI N 1 >ALU ! D@ MICRO-WORD D+! ; 
;""'''./ ·:. ··<i . .:..:':l>· :·:· .. : 

:·:~~;_:_,·/.: .. ,"-'\ . 

10 
11 

-· ·"< ~ : ,.._. .~~ .. , ... -

12 DECIMAL 
13 
14 
15 

SCREEN #22 
0 \ ALU DEFINITIONS - 2 
1 HEX 
"') 
"'-· \ Arithmetic: definitions 
3 20. ALUM ALU==A+O \ 
4 26. ALUM ALU=A-B-1 
5 29. ALUM ALU=A+B 
6 2C. ALUM ALU=A+A· 
7 2F. ALUM ALU=A-1 
8 
9 00. ALUM ALU=A+l 

10 02. ALUM ALU=AornotB+l 
11 06. 'ALUM ALU=A-B 
12 09. ALUM AL.U=A+B+l 
13 oc. ALUM ALU=A+A+l. 
1.4 DECIMAL 
1.5 

SCREEN #23 
0 \ CARRY IN CONTROL 
1 DECIMAL 

Passes. 

·-·:: ::-· < :. •• ~ .. 

~- . .- . ; 

A through, 

2 : CIN < DVALUE -> > < PFA -> > . . ~"' -

3 

. ·.: __ ,· 

CREATE 21 DLSLN D, .. ·, •· __ ,:,,_ 
ooEs> >CIN @ ABORT" MULTIPLE CARRY-IN· sTATEME:.t\tfs·· 4 

5 1 >CIN D@ MICRO-WORD D+! J. 
6' 
7 0. CIN CIN=O 
8 1. CIN CIN=l 
9 

1 (l 
11 
12 
13 
14 
l.5 

·:··; 

__ ,.-,.· 

., .. --. 

')., 

. ~-



l,i.J I SC CPU7~S2 <C> 1987 BY PHIL KOOPMAN JR. 

SCF:EEN #24· 
0 \ DLO CONTROL DEFINITIONS 

D, 

5 
6 

DLO ( DVALUE -> ) 
Cl~(EATE 22 DLSL.N 
DDEB> >DLO @ 

1 >DLO 
ABORT" MULTIPLE DUJ STATEMENTS" 

D@ MICRO-WORD D+! 

7 1. DLO SR[DL.OJ 
8 2. DLO SL[DLOJ 
9 3. DLO DEST=DLO 

10 
11 
12 
:l3 
14 
:1.5 

!3CREEN #25 
0 \ DIVIDE OPERATION MACRO 
1 HEX 
2 DIVIDE ( -> ) 
3 DIVIDE-SELECT 
4 >CIN @ ABORT" MULTIPLE CARRY-IN STATEMENTS" 
5 >ALU @ 1~BORT 11 MULTIPLE ALU MUX STATEMENTS" 
6 1 >ALU 1 >CIN ! 
7 002FOOOO. MICRO-WORD D+! 
8 
9 DECIMAL 

10 
11 
1,.., 

..::. 

l.3 
14 
15 

SCREEN #26 
0 \ NEXT ADDRESS CONSTANT CONTROL 
1 DECIMAL. 
2 JMP ( DVALUE -> ) ( PFA -> 
3 CREATE 24 DLSLN D, 
4 DOES> >JMP @ ABORT" MULTIPLE JMP BTATEMENTS" 
5 1 >JMP ! D@ MICRO-WORD D+! ; 
6 HEX 
7 \ Constant address jumps 
8 00. JMP JMP=OOO 
9 OB. JMP JMP=010 

10 10. JMP JMP=100 
11 18. JMP JMP=110 
1 ~ . ..::. 

l.~5 DECIMAL 
14 
15 

07. JMP JMP=OOl 
OF. JMP JMP=011 
17. JMP JMP==101 
1F. JMf' JMP=l 11 



WISC CPU/32 CC) 1987 BY PHIL KOOPMAN JR. 

SCF~EEN ~*27 
0 \ JMP STATEMENTS -- 2 
l HEX 
2 \ Branch on not carry-out 
< .... • 01. JMP JMP==OOC 
4 09. JMP JMP=01C 

11. JMP JMP=10C 
19. JMP JMP=11C 

6 \ Branch on ALU output not equal to 0 
7 02. JMP JMP==OOZ 12. JMP JMP=10Z 
8 OA. JMP JMP=01Z 1A. JMP JMP=11Z 
9 

10 \ Branch on sign bit = 1 
11 03. JMP JMP=OOS 
12 OB. JMP JMP=01S 
1:3 
14 DECIMAL 
15 

SCF:;:EEN #28 
0 \ JMP STATEMENTS 3 
1 HEX 

<ALU output bit 3U 
13. JMP JMP==fOS 
1B. JMP JMP==11S 

2 \ Branch on lowest bit of DLO (shift-out ~it) 
3 04. JMP JMP=OOL 14. JMP JMP=tOL 
4 OC. JMP JMP=01L 1C. JMP JMP=lfL 
5 DECIMAL 
6 EXIT 
7 \ Branch on ????????????????????????????? 
8 05. JMP JMP=OO? 15~ JMP 
9 OD. JMP JMP=Ol? 1D. JMP 

10 
11 \ Branch on ?????????????????????????????????? 
12 
13 
14 

06. JMP JMP=OO?? 
OE. JMP JMP=Ol?? 

15 DECIMAL 

SCREEN #29 
0 \ MPC CONTROL 
1 DECIMAL MATH 
2 MPC < DVALUE -> 
3 CREATE 29 DLSLN D, 
4 . DOES> >INC-MPC @ 
5 1 >INC-MPC 
6' 
7 1. MPC INC[MPCJ 
8 
9 

10 
u 

13 
14 
15 

16. JMP JMP~OO?? 
1E. JMP JMP=01?? 

PFA -> 

ABORT" MULTIPLE MPC 
D@ MICRO-WORD D+! 



0---
( 
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V.JISC CPUr~2' (C) 1987 BY PHIL KOOPMAN JR. 

SCREEN #30 
0 \ ADDRESS 
1 DECIMAL 
2 INADC ( 
::;:; CREATE 

COUNTEFi! CONTROL 
MATH 

DVALUE -> ) < PFA "-> ) 
31 DLSLN D, 

4 DOES> >INC-'·ADC @ ABORT" MULTIPLE INC[ADCJ STl.\TEMENTS" 
5 1 >INC-ADC D@ MICRO-WORD D+! 
6 
7 1. INADC INC[ADCJ 
8 
9 

1 (I 
11 
12 
13 
14 
15 

SCREEN #31 
(I \ DECODE MACRO 
1 HEX MATH 
2 DECODE ( -> ) 

3 >DECODE @ 
4 1 >DECODE 
5 
6 END ( -> 
7 JMP=OOO 
8 
l7 

10 D.ECIMAL 
11 
12 
3.3 
l4 
l5 

SCREEN #32 

& END MACRO 

ABORT" MULTIPLE DECODE STATEMENTS 
00000000. MICRO-WORD D+! ; 

0 \ FORTH BOARD I/O PRIMITIVES -- X! X@ 
1 HEX 
2 COOE X! ( D -> > \ WRITE WORD TO BOARD 

. , .. 

•, ~. 

3 DX , 
DX , 

# 306 MDV AL , DX OUT C R•set s~quencer ) 
4 # 300 MDV BX POP AX POP 
5 
6 
7 
8 
9 

AL , DX OUT AL , AH 
AL , BL MDV AL , DX OUT AL , BH 

MDV 
MOV 

AL , D~.OUT 

AL ' DX "OUT 

10 
u. 
12 
13 
14 
15 

NEXT JMP END-CODE 

CODE X@ ( D -> ) \ READ 
DX 

' 
# 306 MOV AL 

' 
DX 

DX 
' 

# 300 MDV 
AL 

' 
DX IN BH 

' 
AL MOV 

AL ' DX IN CH 
' 

AL Ml;:>V 
NEXT JMP END-CODE 

DECIMAL 

. ~- . .... _: 

WORD FROM· BOARD. 
OUT 

,_ .. ·. 

· ... :.~. _. 

,·>·· 



<C> 1987 BY PHIL KOOPMAN JR. 

DCF(EEN #:3;:3 
0 \ FORTH BOARD I/O PRIMITIVES -- MIR! MIR@ 
1 HEX 
2 CODE Mii=(! 
·-::· .... • 
4 

DX # 
DX , # 

< D -> \ WRITE WORD TO BOARD 
306 MDV AL , DX OUT < Reset sequencer 
301 MDV BX POP AX POP 

6 
7 

AL , 
NEXT 

AL , DX OUT AL , AH MOV 
BL MDV AL , DX OUT AL , BH MDV 

AL , DX OUT 
AL , DX OUT 

.J MP END-CODE 
8 
9 

10 
11 
12 
13 
14 
15 

CODE MIR@ D -> \ READ WORD FROM BOARD 
DX 

' 
# 306 MOV AL DX 

DX 
' 

# 301 MDV 
AL 

' 
DX IN BH 

' 
AL MDV 

AL 
' 

DX IN CH 
' 

AL MDV 
NEXT JMP END-CODE 

DECIMAL 

SCREEN ~*34 

0 \ SET UP MICROCODE WORD --
1 DECIMAL 

OUT ( Reset sequencer 
AL 

' 
DX IN BL 

' AL 
' 

DX IN CL , 
BX PUSH ex PUSH 

;SET ;DO 

) 

AL MOV 
AL MDV 

2 : ; SET < -> ) \ Per·f or·m . MIR! , but don't c:yc:l e J::lqc;;k 
3 FINISH MICRO~WORD D@ MIR! 
4 
5 
6 
7 
8 
9 

10 
n 
12 
13 
:1.4 
:1.5 

; DO ( -> ) 
;SET CYCLE 

\ Load and e:-:ecute single instrLtc:tion 

" . u .. RESET CURRENT-OFFSET I u 

. ' 
>> RESET -2 CURRENT-OFFSET 

~3l~REEl\I #35 
0 \ AID TO SPEED EXECUTION --- MIR-SETUP 
l. DECIMAL. 
2 

6 

14 

MIR-SETUP < -> ) 
MICRO-WORD D@ 
[COMPILEJ DLITERAL. 
COMPILE MIR! 
IMMEDIATE 

\ Use after [ J around microcode word 



r--,\ 
·....._ __ .. / 

/ \ I 
_) 

~<JI SC CPU/ :~:.2 <C> 1987 BY PHIL KOOPMAN JR. 

SCf:;:EEN #~)6 

0 \ AUTOMATIC NEXT ADDRESS GENERATION 
l. DECIMAL 
2 : <AUTO-ADDR> 
:3: CASE -1 = 
1+ 0 :::: 
5 1 :::: 
li 2 = 
7 3 = 
8 4 == 
9 5 = 

:1.0 6 = 

( -:I.. .7 -> ) 
IFCASE JMP=OOO NEXTCASE 
IFCASE 
IFCASE 
IFCASE 
IFCASE 
IFCASE 
IFCASE 
IFCASE 

JMP=001 NEXTCASE 
JMP=Ol.O NEXTCASE 
JMP=Ol.1 NEXTCASE 
JMP~l.00 NEXTCASE 
JMP=l.01 NEXTCASE 
JMP=l.l.O NEXTCASE 
JMP=111 NEXTCASE _ 

1 1 -2 ::: 
12 7 == 
13 ELSECASE 

IFCASE 
IFCASE 
1 ABORT" 

ABORT" MUST USE : : WI_TH ; ; " NEXTCASE 
ABORT" NO JMP= ON PAGE CROS~ING" 
ERROR IN AUTO-ADDR11 .ENDCASE ; 

14 
l.5 

SCREEN #37 
0 \ MICRO-RAM ! AND @ 
1 DECIMAL MATH 
2: MRAM! ( DMICRO-WORD ADDR -> > --- '~ -
3 [ > > DEST=DECODE ; SET J MIR-SETUP - - DUP , 0 - - :20~ i;f~$LKi ,, J( ! -
4 [ > > DECODE ; SET J MIR-SETUP CYCLE }:.:~ . : . ,: --- ' -
5 [ >> =SET l MIR-SETUP ·-- CYCLE CYCLE;' .. ,: J> ,,,:/ • 

6 [ >> DEST=MRAM ; SET MICRO-WORD D@ l DL.ITERAL M-~CRO_.;WbRtr D!_ 
7 (l >JMP ! 7 (-iND 1- <AUTO..,ADDR> MICRO-wcu:m b@'Mf~:_!''; xf ; --
8 : MRAM@ ( ADDR --> DMICRO-WORD > - - ':--\ -_ -
9 [ >> DEST=DECODE ; SET J MIR-SETUP _ DUP 0 20. DLSLN X! 

10 [ >> DECODE ;SET J MIR-SETUP CYCLE 
11 [ >> ;SET J MIR-SETUP CYCLE CYCLE 
l.2 [ >> SOURCE=MRAM ;SET MICRO-WORD D@ J DLITERAL MICRO-WORD D! 
13 0 >JMP ! 7 AND 1- <AUTO-ADDR> MICRO-WORD D@ Ml~~ X@ ; 
14 
15 

SCREEN #~58 

0 \ PROGRAM 
1 DECIMAL 

RAM ! AND @ 
MATH 

'"' ..::. 

3 
4 
··-;;:, 

6 

RAM! 
[ >> 
[ >> 

C DWORD DADDR -> ) 
DEST=ADDRESS-COUNTER 

DEST=RAM 

RAM@ C DADOR -> OWORD > 

•SET J MIR-SETUP ~! ' - - - -

;SET J MIR-SETUP 

7 [ >> DEST=ADDRESS-COUNTER ;SET J MIR-SETUP _X! 

X! 

8 [ >> SOURCE==RAM ;SET J MIR~SETUP _ X@ . 
9 

... ,.,.-·. 

10 
11 
12 
1..,. •J 

14 
15 

--

---.,_, 



r 

t..<J I SC CPU/ ~~;2 CC> 1987 BY PHIL KOOPMAN JR. 

0 
1 
:~~ . .., . 
. ~:' 

\ PF<OGR(.;M 
DECIM1::il.,.. 

fo.'.":<iMC ! 

l~f'.)M C ! t1l\ID C(ii! 
MATH 

< B D?~DDR -> > 
[ >> DEST=ADDRESS-LATCH ;SET J MIR-SETUP X! 

4 [ >> DEST=RAM-BYTE ;SET J MIR-SETUP 0 X! 
i:::-
,J 

6 RAMC@ C DADDR -> B > 
7 [ >> DEST=ADDRESS-LATCH ;SET J MIR-SETUP X! 
8 [ >> SOURCE=RAM-BYTE ;SET J MIR-SETUP X@ DROP 
9 

10 
11 
1 ,, ..,_ 

1:3 
:l4 
l.~5 

SCREEN ~=1:40 

0 \ STORE MICROCODE WORD --
1 DECIMAL 

" . 
' !f 

INSTRUCTION END 

2 ;; ( ->) 
3 
4 

>JMP @ NOT \ Default 
IF CURRENT-OFFSET @ 
FINISH MICRO-WORD D@ 
CURRENT-OPCODE @ 8 * 
INSTRUCTION < N -> ) 

neKt address is current w6rd.+- 1 
<AUTO-ADDR> THEN 

5 
6 
"7 
I 

8 
9 

STOP CURRENT-OPCODE 

CURRENT-OFFSET @ + 

..;.:l CURRENT~OFFSET 

10 RESET-BOARD ( -> ) \ Sets page=O & 

MRAM! 

11 \ Does 2 dummy cycles to flush out any possible decodes 
12 STOP RESET-SEQ [ >> ;SET J MIR-SETUP CYCLE CYCLE 
13 [ >> DEST=DECODE ;SET J MIR-SETUP O. X! 
14 [ >> DEST=PAGE ;SET J MIR-SETUP 0. X! 
l.5 [ >> DEST=FL.AGS ;SET J MIR-SETUP -l.. X! < Mask interrupts ) 

BCREEN #41 
0 EXIT \ INIT DMA REQUEST -- DMA CHANNEL 3 
1 HEX MATH 
2 ( Note: write means write from PC to the FORTH system 
~3 SETUP-DMA wr.:;:ITE-FLAG HI-4-SEG ADDRESS COUNT .;_> ) 
4 RESET-SEQ >R 07 OA P! ( disable ch 3 > 
5 SET-DMA < set DMA mode > 
6 O OC P! ( c:lear byte ptr· flip-flop \BIOS places NOP here 
7 ROT IF C write > 48 ELSE < read > 47 THEN ~OB P! 
8 DUP OFF AND 06 P! < low address > 
9 BYTES\.<JAP OFF AND 06 P ! ( high address ) 

10 82 P ! ( set up top 4 bi ts of address ) 
11 R> DUF' OFF AND 07 P ! < high count > 
12 BYTESWAP OFF AND 07 P ! ( low cot.mt .) 
13 03 OA P! < enable channel 3 ) 
14 DECIMAL 
l. I:::' 

~1 

\ 

\ 



I 
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WISC CPU/32' <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #42 
0 \ INIT DMA REQUEST -- DMA CHANNEL 3 -- ASSEMBLER VERSION --1 
1 HEX 
2 ( Note: write means write from PC to the FORTH system ) 
3 CODE SETUP-DMA ( WRITE-FLAG HI-4-SEG ADDRESS COUNT -> > 
4 
5 

CLI 
AL , # 07 MOV 
DX , # 306 MOV 
DX , # 305 MDV 
AL , AL XOR 

DX , # OA MOV 
DX , AL OUT 
DX , AL OUT 

DX , AL OUT \ Disable ch 3 
\ Reset CPU/32, '~equencer 
\ Set CPU/32 ~~A~~od~ 

6 
7 
8 
9 

10 
11 
12 

DX , # OC MDV DX , AL OUT \ 
CX POP < Count > DI POP < low 
AX POP ( non-0 is write flag ) 
<>O? IF < write > AL , # 4B MOV 

1 ~5 THEN DX , # OB MDV DX , AL 
14 
15 DECIMAL 

SCREEN #43 
0 \ IN IT OMA REQUEST ...;;,;,- DMA CHANNEL .3 
1 HEX 
2 DX , # 6 MDV 
3 AX , DI MOV 
4 AL , AH MOV 
5 <>O? IF ELSE 
6 DX , # 82 MDV 
7 DX , # 7 MDV 
8 AX ' ex MOV 
9 AL , AH MOV 

1 (l STI 
11 AL , # 03 MDV 
12 NEXT JMP 
13 END-CODE 
l4 DECIMAL 
1 :=i 

SCREEN #44 

\ Set l.ow address· ... 
DX ·· AL OUT ' . . .. 

··DX . AL OUT 
. . .· .. ' . . ..... . 

.THEN , ..... AL , 
DX ; .AL.·,~c:J\JT 

' set c:odnt 
DX ·, AL OUT • 

DX ' AL our 

DX , # OA MOV 

0 \ FORTH BOARD I/O PRIMITIVES -- W->BOARD 
1 HEX 
2 CODE DMA-WAIT ( -> ) 
3 .BEGIN AL , 8 IN AL , # 8 AND 
4 END·-CODE 
5 HEX MATH 
6 : W->BOARD < PCADDR DBOARD-ADDR 
7 >R RESET-SEQ 
8 [ >> DEST=ADDREss~coUNTER ;SET 
9 [ >> DEST=RAM ... INCCADCJ ; SET ) 

lO >R 1 THIS-SEG 10 LI* R> 0 D+ 
l. 1 ABORT 11 · DM1!:\ CROSSES . PAGE REG.· 
12 SWAP R> 2* 2-IE- ' SETU.P~DMA 
13 \ BEG.IN 08 P@ •efAND ' ,. z:, . _ 
14 \ C ?TERMINAL ABORT'' •• DMA- L • 
15 DECIMAL 



WI t3C CPU/:~::2 .· CC> 1987 BY PHIL KOOPMAN JR. 

SCF<EEN #45 
0 EXIT 103 LOAD \ W->BDARD ** HIGH LEVEL ** 
1 DECIMAL MATH \ Transfer words from PC to board 
2 W->BOARD < PCADDR DBOARD-ADDR WORDCOUNT -> 
~~: 0 DO 

!:::" 
~! 

6 
7 
8 
9 

lO 
u 
12 
1 ~~=-
14 
15 

ROT DUP XD@ D>R 4 + ROT ROT 
DR> DOVER RAM! 4. D+ 

LOOP DDROP DROP 

SCREEN #46 
0 \ FORTH BOARD I/O PRIMITIVES -- BOARO->W 
1 HEX MATH 
2': BOARD->W < DBOARD-ADDR PCADDR 
3 >R >R RESET-SEQ 
4 [ >> DEST=ADDRESS-COUNTER ;SET J 
5 [ >> SOURCE==RAM INCLADCJ ; SET J 
6 0 THIS~SEG 10 U* R> 0 D+ OVER 
7 ABORT 11 DMA CROSSES PAGE REG 
8 SWAP R> 2• 2* 1-
9 \ BEGIN 08 P@ 8 AND 

10 \ <?TERMINAL ABORT" .• DMA-2 •. " 
l1 DECIMAL 

1:3 
14 
15 

f.3CREEN #47 
0 EXIT \ FORTH BOARD I/O PRIMITIVES -- BOARD->W ** HIGH LEVEL * 
1 DECIMAL MATH \ Transfer words from board to PC 
2 BOARD->W ( DBOARD-ADDR PCADDR WORDCOUNT -> > 
3 0 DO 
4 ROT ROT DDUP RAM@ D>R 4. D+ ROT 
5 DR> 3 PICK XD! 4 + 
6 . LOOP DDROP DROP 
7 
8 
9 

10 
11 
1 '":• ·"-

13 
14 
1 ~5 
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~~I f:lC CPLJ/32 CC> 1987 BY PHIL KOOPMAN JR. 

SCF<EEN ~*48 

0 EXIT \ 
1 DECIMf:'lL 

LIBFORTH FILE NAME FOR MICROCODE SAVES 

2 CREATE SAVE-FILE-NAME ~50 AL.LOT 
·-:;-·-· 
4 
5 
6 

SET ·-SAVE .... FI LE 
SAVE-FILE-NAME 30 0 FILL 
BL WORD SAVE-FILE-NAME 

7 SET-SAVE-FILE CPU32.DAT 
8 

OVER C@ 1+ 

9 OPEN-SAVE-FILE ( -> FILE# OFFSET# > 

CMOVE 

10 [COMPILEJ MATH CURRENT-FILE @ OFFSET @ 
11 FILEO ENSURE-CLOSED 
12 SAVE-FILE-NAME FILE-NAME OVER C@ 1+ CMOVE OPEN. 
1 .... . .::. 
14 CLOSE-SAVE-FILE < FILE# OFFSET# -> 
15 CLOS~ OFFSET CURRENT-FILE 

SCREEN #49 
0 \ SAVE MICROCODE IMAGE ON SCREENS 310~325 
1 DECIMAL 
2 SAVE-MICRO-SCREEN < START-uADDR SCREEN# -> ) 
3 DUP BUFFER SWAP OFFSET @ + OVER 2- OVER 
4 DO I MRAM@ 
5 3 PICK D! 4 + LOOP 
6 DROP UPDATE SAVE-BUFFERS 
7 

SAVE-MICROCODE -> 
( OPEN-SAVE-FILE 
RESET-BOARD 0 

. . . . . 

SAVE-MI Cf(OCQDE 

B 
9 

:1.0 
1 1 326 310 DO 2 EMIT DUP I SAVE-MICRO-SCREEN 
12 
13 
14 
l.5 

DROP 

SCREEN #50 

( CLOSE-SAVE-FILE 

0 EXIT \ LOAD MICROCODE IMAGE 
1 DECIMAL 

256 + LOOP 

2 LOAD-MICRo~scREEN START-uADDR SCREEN# -> 
3 BLOCK OVER 256 + ROT 
4 DO DUP D@ I MRAM! 4 + LOOP 
5 DROP 
6" 
7 LOAD-MICROCODE -> 
8 ( OPEN-SAVE-FILE 
9 RESET-BOARD 0 

10 326 310 DO 2 EMIT DUP I LOAD-MICRO-SCREEN 
1l 256 + LOOP 
12 
13 

DROP <-CLOSE-SAVE-FILE> 

14 
15 



·. 
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WISC CPU/32' CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #51 
0 \ MICRO-RAM AND @ 
1 HEX MATH \ Store 8 microwords. ADDR must be offset 0 into 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

MRAM!PAGE ( .• LO .. BxDMICRO-WORD •• HI •• ADDR -> 
C >> DEST=DECODE ;SET J MIR-SETUP 0 14 DLSLN 
C >> DECODE ;SET J MIR-SETUP CYCLE 
C >> ;SET J MIR-SETUP CYCLE CYCLE 
C >> DEST=MRAM ;SET MICRO-WORD D@ J DLITERAL D>R 
DR@ 1FOO OR MIR! X! \ Offset 7 
DR@ 1800 OR MIR! X! \ Offset 6 
DR@ 1700 OR MIR! X! \ Offset 5 

··,. 

DR@ 1000 OR MIR! X! \ Offset 4 
DR@ OFOO OR MIR! X! \ Offset 3 
DR@ 0800 OR MIR! X! \ Offset 2 
DR@ 0700 OR MIR! X! \ Offset 1 

< Offset 0 > DR> MIR! X ! 
15 DECIMAL 

X! 

page 

SCREEN #52 , . ·. 
o \ LOAD MICROCODE IMAGE ON SCREENS 310-325 -- .LOAP)f:Mig~OC()DE. 
1 DECIMAL . . ;, . . < 
2 VARIABLE MIGRO-ADDR .. ,·,;/<.''.<; 
3 : LOAD-MICRO-SCREl:'.N ( START-'uADDR SCREEN# -~> .. ) , , . >'' 

4 BLOCI< MI CRO-ADDR ! DUP 256 + SWAP .· , . 
5 ·DO a·o DO MICRO-ADDR@ D@ 4 MICRO-ADDR 
6 I MRAM!PAGE . . ' -· .. -··· 

7 8 +LOOP 
8 
9 LOAD-MICROCODE < -> 

< OPEN-SAVE-FILE 
RESET-BOARD 
326 310 DO 

0 
2 EMIT DUP I LOAD-MICRO.,;,;SCRE::EN 

256 + LOOP 

10 
11 
12 
13 
14 DROP ( CLOSE-SAVE-FILE ) 
15 

SCREEN #53 
0 \ SAVE PGM RAM IMAGE ON SCREENS 327 - ••• -- SAVE-'BOARD-FORTH 
1 DECIMAL MATH 
2 : SAVE-BOARD-SCREEN < DBOARD-ADDR SCREEN• -> 
3 DUP BUFFER SWAP OFFSET @ + OVER 2- ! 
4 256 BOARD->W UPDATE SAVE-BUFFERS 
5 
6 
7 
8 
9 

1 (I 
11 
12 
13 
14 
l.5 

SAVE-BOARD-FORTH ( -> 
C OPEN-SAVE-FILE > 
RESET-BOARD 0. . 
SAVE-SIZE 1024. D/ DROP 327 + 327 
DO 1 EMIT DDUP . I. SAVE,...BOARD-SCREEN .. 

1024 •. D-t LOOP 
DDROP < CLOSE-SAVE-FILE ·> ; · ' 

;··_,:.'.· 
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WISC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCF<EEN :1'1:54 
0 \ LOAD PGM RAM IMAGE ON SCREENS 327 - ••• LOAD-BOARD-FORTH 
1 DECIMAL MATH 
2 LOAD~BOARD-SCREEN DBOARD-ADDR SCREEN# -> 
3 BLOCK ROT ROT 256 W->BOARD 
4 
5 LOAD-BOARD-FORTH -> ) 

t OPEN-SAVE-FILE 
RESET-BOARD O. 

6 
7 
8 
9 

SAVE-SIZE 1024. D/ DROP 327 + 327 
DO 1 EMIT DDUP I LOAD~BOARD-SCREEN 

10 
.11 
12 
13 
14 
15 

1024. D+ LOOP 
DDROP CLOSE-SAVE-FILE > 

SCREEN #55 
0 \ LOAD~ALL ·~-< SAVE-ALL 

; DE~~~~=ALL LOAD-MICROCODE LOAP-'"BOARD~FOR,T~ ,?;~;-~) .. i~,-iy 
3 
4 SAVE-ALL SAVE-MICROCODE SAVE~BOARD~FCl~TH 
5 
.6 
7 
8 
9 

1 (l 
11 
12 
13 
14 
15 

SCREEN #56 
0 \ DATA STACK TO BOARD 
1 HEX 

... ' : .. ··,''. 

· .. -:'·. ·. "'. ·. 
. ~·· ~:. ~\ 

... ·' >;..·. 

2 DS->BOARD < ••• DSTACKIN .•• 
STOP 

-> ) \ Assume all 32-'p:i.t #'s 
3 
4 
5 
6 
7 
8 
9 

:LO 
11 
12 
13 
14 
15 

NEGATE OFFF AND 
0 0 THEN 

;SET J MIR-SETUP 

>R DEPTH 2/ 1+ 
DEPTH O= IF 
[ >> DEST=DP 
OFFF R@ DO 
E >> DEST=DS 
[ >> 
( >> 

;SET J MIR~SEJ0P 
INCEDPJ ;SET J HIR-SETU~ 

OEST=DP ;SET J MIR-SETUP . R> 0 
E >> SOURCE=DS .AL\,.l=B .DEST=DHI, ;5)ET 4 .· 
E >> INCEDPJ::·;SET:;J MtR.;;SETOP\ ,,qycL(:>'~.:·.: 

. ': .. ·,:,., 

DECIMAL 

X I.·.·: . . : 

ii 



WISC CPU/32. 

SCREEN #57 
0 \ DATA STACK FROM BOARD 
1 HEX 

CC) 1987 BY PHIL KOOPMAN JR. 

,.-, 
.i:.:. BOf:)RD-- > DS 

STOP 
-> ... DSTACKOUT ... 

3 
4 SP! [ >> SOURCE=DP ;SET J MIR-SETUP X@,DROP OFFF AND 
i= 
oMJ DUP 000 = IF DROP 
6 ELSE 1-
7 DUP OFFE = NOT 
8 IF [ >> DEST=DP ;SET J MIR-SETUP OFFE. X! 
9 OFFE SWAP DO 

10 [ >> SOURCE=DS ;SET J MIR-SETUP X@ ?STACK 
11 [ >> DECCDPJ ;SET J MIR~SETUP CYCLE LOOP 
12 ELSE DROP THEN 
13 [ >> SOURCE=DHI ;SET J MIR-SETUP X@ 
14 THEN 
15 DECIMAL 

SCREEN #58 
0 \ BOARD 
1 DECIMAL 
2 : B-RES 
3 

VOCABULARY 
FORTH DEFINITIONS 

[ 'INTERPRET@ J LITERAL 'INTERPRET 

4 VARIABLE 'BINTER 'INTERPRET@ 'BINTER ! 
5 
6 VOCABULARY BOARD-VOC IMMEDIATE 
7 
8 
9 

{ ( -> 
[COMPILE:! 
'BINTER @ 

\ Enter board 
BOARD-voe DEFINITIONS 

'INTERPRET ! 
10 ( Get rid of return stack junk ) 
11 R> R> DDROP 'INTERPRET@ EXECUTE 
1 '":• ..:.. 

1 ~5 FORTH DEFINITIONS 
14 
1.5 

SCl~EEN #59 
(l \ NULL FOR BOARD vocr-1BUU~RY 

1 HEX BOARD-voe DEFINITIONS 
2 ~ X FORTH BLK @ 
3 IF STATE @ ?STREAM THEN 
4 
5 FORTH DEFINITIONS 
6 
7 
8 DECIMAL 
9 

1 (l 
11 
1.2 
1 ~5 
1.4 
15 

\ Redefine null 
R> DROP 

; . 

mode· 



WI F;C CPU/ ::;:2 ' 

SCREEN ~1:60 

0 
1 \_, 
r; 
.1::. 
"":!' .... • 

4 
1:::-
,.J 

6 
7 
8 
9 

:1.0 
11 
1,..., ..::. 

13 
14 
15 

SCREEN #61 
0 \ SERVICE ARRAY 

<C> 1987 BY PHIL KOOPMAN JR. 

1 DECIMAL FORTH DEFINITIONS 
2 CREATE SERVICE-ARRAY 512 ALLOT 
3 
4 SERVICE-ENTRY < CFA INDEX -> J 

5 DUP 255 > OVER O< OR 
6 l~BDRT II INVALID SERVI CE.,;;.EN'TRY 
7 2* SERVICE-ARRAY + ! 
8 

10 
1.1 
1.2 
13 

15 

BCHEEN #62 
0 \ SERVICE ARRrw INITIAL! ZATIDN 
1 DECIMAL 
2 BAD-SERVICE-CALL ( -> > 
:3: 1 ABOHT II CALL TO BAD SERVI CE ROUT I NE II 
4 
5 xxx \ SCRfHCH 
6 256 0 DO 
7 ' BAD-SERVICE-CALL CFA I 
8 
9 xxx FORGET XXX 

1 (I 
11 BAD-OPCODE < Board: -> > 
12 CR CR • 11 IL.LEGAL OPCODE· -- RETURN 
1 -:r ·-· 
14 ' BAD-OPCODE CFA 
1 ~j 



1,,JH3C CPU/:::7.2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #63 
0 \ SERVICE CALL PRIMITIVES 
1 HEX 
2 : RESTART ( -> > \ Restart FORTH board for concurrent usage 
3 [ >> JMP=100 ;SET J MIR-SETUP GO 
4 
1:::
,J 

6 
SERV--·PAGE ( Boar·d: -·· > ) 

F<ESTAFff PAGE . 
7 ' SERV-PAGE CFA 1 SERVICE-ENTRY 
8 
9 ~ SERV-KEY ( Board: 0 -> CHAR ) 

10 [ >> ALU=B DEST=DHI ';SET J MIR-SETUP 
11 KEY 0 X! RESTART ; 
12 ' SERV-KEY CFA 2 SERVICE-ENTRY 
j . ..,. .. ~:· 
14 DECIMAL 
15 

SCREEN #64 
0 \ SERVICE CALL PRIMITIVES - 2 
1 DECIMAL 
2 : SV-2ND < -> D2ND.BTACK.ITEM > 
3 [ >> SOURCE=DS ;SET J MIR-SETUP X@ 
4 
5 
6 
7 
8 \ 
9 

10 
11 
1 ~ • . ..::. 

SERV--READ ( B1::iar·d: AD BU(# -> AD BLK# 
X@ DROP DUP >R 
BLOCK SV-2ND 256 W->BOARD 

'Perform read of next bl6ck to have it 
R> 1+ BLOCK DROP . 

SERV-READ CFA 3 SERVICE-ENTRY 
SE RV-WR I TE ( Board: AD BLK# - > AD BU<:l:I: ) 

X@ DROP 
13 SV-2ND ROT OFFSET @ + BUFFER 256 BOARD->W 
14 RESTART UPDATE SAVE-BUFFERS 
15 ' SERV-WRITE CFA 4 SERVICE-ENTRY 

SCREEN #65 
0 \ SERVICE CALL PRIMITIVES - 3 
1 HEX 
~~ SERV-TERM ( Board: 0 -> FLAG > 
":!" ·-·· 
4 

[ >> ALU=B DEST=DHI ;SET J MIR-SETUP 
?TERMINAL 

i:::· 
,J IF -1. ELSE O. THEN X! 
6 ' SERV-TERM CFA 5 SERVICE-ENTRY 
7 
8 DECIMAL 
9 

10 
11 
12 
:I.:::; 
14 
1 ~:5 

RESTART 



WI f'::lC CPU/:;:.2 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #66 
(- 0 \ SERVICE CALL PRIMITIVES - 4 
"·· , 1 HEX 

2 : SERV-CR < Board: £PRINT ~> EPRINT > 
3 EPRINT @ X@ OR EPRINT ! 
4 RESTART CR EPRINT ! ; 
5 ' SERV-CR CFA 7 SERVICE-ENTRY 
6 
7 DECIMAL 
8 
9 

10 
11 
12 
:1.3 
14 
l5 

SCREEN #67 
0 \ SERVICE CALL PRIMITIVES . -· 4 
1 HEX 
2 : SERV-EMIT 
3 X@ RESTART 
4 ' SERV-EMIT CFA 
0::... , 

Boa~d: CHAR -> CHAR ) 
DROP. 0 EPRINT ~ .EMIT·; 
B SERVICE~ENTRY• 

6 : SERV-EMIT-PRINT ( Board: CHAR. -> CHAR Y 
7 X@ RESTART DROP . 1 EPRINT. ! -·. E'MlT ; · 
8 ' SERV-·EMIT-PRINT CFA 9 SERVICE-.ENtRY 
9 

10 DECIMAL 
1'1 . 

12 
13 
14 
15 

SCREEN #68 
0 \ NOP SERVICE CALL WORD 
1 DECIMAL 
2 : NOP ; 

... ·· 

·.i·.;. 

:'·.;,: .. 

:.-; > ' .. :: 

3 ' NOP CFA 0 SERVICE-ENTRY 
4 ' NOP CFA 255 SERVICE-ENTRY 

\False hit on statu•·register 
\ Halt command 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

;• .. 

.,, 

':.:· 
::-.:·. '·: ":·~ 

· ... ,·· ·:'.;; 

··:·:. 



) 

CC> 1987 BY PHIL KOOPMAN JR. 

8cr.:;:EEN *!:69 
0 EXIT \ SERVICE CALL WAIT LOOP WORD 
1 HEX 
2 \ Uses the DECODE instruction in SYSCALL OFFSET:2 to restart 
3 BSERVICE ( -> > 
4 BEGIN 
5 BEGIN 
6 ?TERMINAL 3 - P1BORT II BREAK ... II 
7 STATUS UNTIL 
8 STOP STATUS 
9 DUP >R OFF AND 2* SERVICE-ARRAY + @ 

UNTIL 0 EPRINT ! 
EXECUTE 

10 R> OFF = 
11 DECIMAL 
12 
13 
14 
15 

SCREEN #70 
0 \ SERVICE CALL WAIT LOOP WORD 
l. HEX 

HIGH SPEED 
'·'' .... ., .. ·"-"-

2 \ Uses the DECODE instruction in SYSCALL OFF!F)El) 2· 
3 CODE DO-SERVICE < -> STATUS EXECUTE-ADORES~ l 
4 DX , # 302 MDV .. · . . ><< 
5 BEGIN DX , AL IN AL , AL OR <>O? UNTlL :;;• 
t.1 DX ' # 304 MOV DX ' AL our ox ·., .. # 302. MOV) >/. 
7 DX , AL IN AH , AH XOR AX PUSH BX' ~ AX .. MOY 
8 BX , BX ADD AX , SERVICE ..... ARRAY C:BXJ MDV f:·LJsft< 

'.-,.-. 

9 NEXT JMP END-CODE 
10 BSERVICE ( -> > 
11 BEGIN DO-SERVICE 
12 EXECUTE 
13 OFF = UNTIL 0 EPRINT 
14 DECIMAL 
15 

SCREEN #71 
0 \ EXECUTE A PROGRAM ON THE BOARD -- BEXECUTE 
1 HEX MATH 
2 \ Uses the NOP instruction in OPCODE:O OFFSET:5 to run 
3 BEXECUTE ( .• STACKIN .. DADDR -> .. STACKOUT •• > 
4 D>R ?STACK 
5 [ >> DEST==STATUS ; SET J MIR-SETUP O. X ! ( Rese1;: status ) 
6 [ >> DEST=FLAGS ; SET ] MIR-SETUP -1.. x ! ( Mask iritrpts ) 
7 DS->BOARD 
8 [ >> DEST::::PAGE ;SET J MIR-SETUP DR> 
9 [ >> DEST=ADDRESS-LATCH ;SET J MIR~SETUP 

10 [ >> DEST==DECODE ;BET J MIR-SETUP 
11 DDUP 7FFFFC. DANO X! 
l. 2 E > > DECODE ;; SET J MI R~SETUP CYCLE 
13 C: 5 : : JMP==iOb ll SET l MIR-SETUF; CYCLE 
14 • II START •. II GO BSERVICE II Et~b 

15 BOARD->DS 0 EPRINT ! DECIMAL 



( 

CC) 1987 BY PHIL KOOPMAN JR. 

t.1CREEN ~*72 
0 \ OP-EXECUTE BOARD 
1 HEX MATH 
2 DP-EXECUTE ( D -> ) \ Single step execute a primitive 
·~· 
····' ( If addr info present, make it a sujroutine call ) 
4 
r.:: 
"·! 

6 
7 
i:1 
9 

:t (l 
1 1 

FFBFFFFF. DAND 8. 4. RAM! C nop l 
OC. 8. RAM! ( nop > 

RESET-BOARD DDUP 07FFFFC. DANO DO= 
IF 10. DOR ELSE 2. DOR THEN OC. RAM! 
FF800010. ( HALT = OP-CODE 511 ) 10. RAM! 
4. BEXECUTE 

OPCODE-EXEC < N ~> > 
0 17 DLSLN OP-EXECUTE 

:I. :-2 
1 ""!" ····' 

\ Jump start the board using the COLD execution vector 
B01:·'1RD ( - > > 

:l -'l RESET-BOARD 14. BEXECUTE 
1:s CPU32 BOARD DECIMAL 

BCREEN ~*73 
0 \ REDEFINE INTERPRET FOR 
:I. DECIMAL 

BOARD vocr-:iBULARY USAGE 

2 VARIABLE BOARD-FENCE 
BOARD-- INTERPRET 

HERE BOARD-FENCE ! 

4 
5 
6 
7 
8 
9 

10 
11 

BEGIN --FI ND 
IF 

DROP DUP 
IF CFA 
ELSE D@ 
THEN 

EL.SE HERE 

:l2 THEN 
1..,. 

. ..:1 

14 

BOARD-FENCE @ U< 
EXECUTE 

DP-EXECUTE 

NUMBEI=-.: DPL (!;1 1+ 
NOT IF 

15 ' BOARD-INTERPRET CFA 'BINTER 

SCREEN #74 
0 \ CRDSS COMPILER VOCABULARY SETUP 
l DECIMAL 

C-RES 

DROP THEN 

[ 'INTERPRET @ J LITERAL 'INTERPRET ! ; \Restore vector 

5 VARIABLE 'CINTER 
6 

'INTERPRET@ 'CINTER ! 

7 VOCABULARY CROSS-VOC IMMEDIATE 
8 
9 CROSS-COMPILER ( -> ) 

10 [COMPILEJ CROSS-VOC 'CINTER@ 'INTE~PRET-

11 IMMEDIATg 
12 
13 cc [COMPILE] CROSs~coMPILER 
14 
15 

INTERPRET 



\ ) ... ~ ___ ./ 
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WISC CPU/32. CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #75 
0 \ CROSS COMPILER VOCABULARY SETUP - 2 
1 DECIMr:-~L 

2 CROSS-VOC DEFINITIONS 
3 : FORTH-VOC ECOMPILEJ FORTH IMMEDIATE 
4 
5 FORTH C-RES ECOMPILEJ FORTH INTERPRET 
6 
7 EDIT C-RES EDIT INTERPRET ; 

IMMEDIATE 

8 EDITOR C-RES ECOMPILEJ EDITOR INTERPRET.; ·; •> :IMMEDIATE 
9 FORTH DEFINITIONS ;,:,:<;: ... ;·. 

l.O : ; ; END ECOMPILEJ CROSS-COMPILER . -··<":/<:<:··;· -.•.· 
11 CROSS-COMP IL.ER DEFINITIONS ''. )>?·, .' .. _ · ·' 
12 
13 

::REEN #76 ... ··· ;'ilf~1,}~,>} 
0 \ CONSTANTS FOR MICRO-CODE REFERENCES BY 
1 DECIMAL CROSS-COMPILER DEFINITIONS 
2 : OP-VALUE 00 23 DLSLN . DCONSTANT ; .. · ..... , ... 
3 0 OP-VALLIE· ENOPJ 137 OP"'"'.VALUE:<·,[] 

> • •• • - .·,. :;· 

4 34 OP-VALUE EDOJ 
5 511 OP-VALUE EHALTJ .... 
6 67 OP-VALLIE CDOCONJ ·. ·• 
7 : OP-CALL-VALUE oo· 23 DLSLN 

93 : DP~y~~.~~'4'~· 
2·~ D+: 

8 15 OP-CALL-VALUE . [ OBRANCHJ . 
9 25 OP-CALL-VALUE C+LOOPJ ·r.;. 

10 167 OP-CALL-VALUE CLOOPJ 
11 68 OP-CALL-VALUE CDOVARJ 
12 78 OP-CALL-VALUE CLITJ 

.. <·~l~j~c? 
13 : OP-EXIT-VALUE 00 23 DLSLN 1. D+ 
14 00 OP-EXIT-VALUE CEXITJ 
15 

SCREEN #77 
0 
1 
2 
3 
4 
~5 

6 
7 
8 
9 

10 
11 
12 " 

:1.3 
14 
:I£.':" . ;,,} 

PCONST?\N,l"_ :,,~._j},:··:, 

· ... ":'./(i. 



L1J I BC CPU/ ~;:2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #78 
0 \ OPTIMIZING COMPILER VARIABLES, ETC. 
1 DECIMAL 
2 VARIABLE OPT-STATUS 
3 \ 1 = previous instruction is a defaulted JMP 
4 
i:::· 
,_J 

6 
7 
8 
9 

1 (l 
u. 
12 
13 
14 
15 

\ 4 = previous instruction is a CALL 
\ 8 = previous instruction can not be changed 

DEFAULT-JUMP 
IS-A-CALL 
DON'T-DISTURB 

1 OPT-STATUS 
4 OPT-STATUS 
8 OPT-STATUS 

SCREEN #79 
0 \ CROSS-COMPILER DICTIONARY HANDLING --1 
1 DECIMAL CROSS-COMPILER DEFINITIONS 
2·32 CONSTANT USER-AREA 
3 VARIABLE BDP 200 BDP ! \ 10 .• 200 
4 : BHERE < -> N ) 
5 BDP @ 
6 
7 : DATA, ( D -> ) \ Send data word to 
8 BHERE FORTH (l RAM! CRoss~coMPILER 

9 
10 : DAT AC, ( B -> ) \ Send data byte tt') the di ct f:qnary 
11 BHERE FORTH 0 RAMC ! CROSS-CClMPILER 1 BDP. +'.! .. ·; . . 

12 
1:3 
14 
l~i 

SCREEN #BO 
0 \ CROSS-COMPILER DICTIONARY HANDLING --2 
1 HEX CROSS-COMPILER DEFINITIONS MATH 
2 : OPCODE, < D-MICRO-CODE-INSTRUCTION -> > 
~5 FORTH FFBFFFFF. DAND CROSS-COMPILER \ Mask "spec:i al II bit 
4 BHERE 4 + 0 DOR DATA, DEFAULT-JUMP 
r.:
,.J 

6 
7 
8 
9 

l.O 

CALL, ( D-Subroutine-address -> ) 
OPTIMIZE? @ 
IF OPT-STATUS @ 1 = 

IF -4 BDP +! BHERE 0 FORTH RAM@ 
FFBOOOOO. DAND DOR THEN 

11 THEN 
12 IS-A-CALL 
13 DECIMAL 
14 
15 

2 0 DOR DATA, 



). 

. _./ 

/ : 
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WISC CPU/32' (C) 1987 BY PHIL KOOPMAN JR~ 

.· SC~REEN #8 i 
-0-, CROSS-COMPIL~R DICTIONARY HANDLING --:3 
1 HEX GROSS-COMPILER -OEFINITIONS MATH 
2 : EXIT, ( -> ) 
:3 1 0 
4 OPTIMIZE? @ 
5 IF OPT-STATUS @ 1 = \ If 1 stat~s, combine the EXIT 
6 IF -4 BDP +! BHERE 0 FORTH RAM@ CROss~coMPILER 
7 FFBOOOOO. DAND DOR THEN 
8. . OPT-STATUS @ 4 = \ If 4 status, do tai 1 . rec:;qr·s~ elim. 
9 IF DDROP -4 BOP + ! BHERE O FORTH RAM@ CROS$>.-,,COt1t:·j:t;E:R 

10 FFFFFFFC~ DANO THEN . , . . -·· ·· ......... . 

11 THEN 
·· 12. DATA, DON'T-DISTURB 
• 13. 

14 DECIMAL 
15 

.SCREE;:N #82 
0 
1 " 

. '? 
: ~-

3 
4 
5 
6 

. :7 
·s 

9 
10 
11 
~ ''.'.'. '· .... 
1 ":r ·-· 
14 
15 

.·, . 

. sc;REEN "#83 
O.~ CRbSS-COMPILER LITERAL HANDLING 
1 DECIMAL CROSS-COMPILER. _-D~FINITIONS 

. 2 .~ BLITERAL < D -> .. ID> 
· · 3 STATE @ 

4 IF [LITJ BHERE 8 + 0 D+ DATA, 
5 DATA, DON'T-DISTURB 

_Q--> •• IQ 

6" 
7 

"8". 
9 

DBLITERAL 
STATE @ 
IF DSWAP BL I TERAL . BL I TERAL .··. 

:i.o-·_ . 
. .11 HEX 

12 : WORD:....ALIGN · < :""> ) 
13 .· 4 BDP @. 3 AND 

,; .. -, . 14 ?DUP IP 0 DO BL 
15DECIMAL 

, .. 

. . ~ 

> -:~·, 

· .. :·,,· -·: .·.· 
-··.' 

THEN ; 
:·: 

.[ 



CC> 1987 BY PHIL KOOPMAN JR. 

bCREEN #84 
0 \ CREATE FOR CROSS-COMPILER 
1 HEX CROSS-COMPILER DEFINITIONS 
2 VARIABLE BLATEST 0 BLATEST 
3 BCREATE C -> ) \ Create a header on both IBM and Board 
4 [COMPILE] BOARD-voe DEFINITIONS FORTH RESETrBOARD CREATE 
5 CROSS-COMPILER ( At run time BOARD-VOC is still current 
6 WORD-ALIGN BLATEST @ 0 DATA, BHERE 
7 LATEST C@ OlF AND 8000 DATA, 
8 LATEST DUP C@ 01F AND 0 
9 DO 1+ DUP C@ 7F AND DATAC, LOOP 

10 WORD-ALIGN [COMPILE] CROSS-voe DEFINIT 
11 
12 BSMUDGE -> ) 
13 BLATEST @ DUP FORTH 0 RAM@ 2000 
14 ROT 0 RAM! CROSS-COMPILER 
15 DECIMAL 

SCREEN ~*85 

0 \ OPCODE: --- DEFINE A MICROCODE DEFINITIO~ 
1 HEX CROSS-COMPILER DEFINITIONS 
2 OPCODE: < N -> > < LOADING: Usage 
3 ( Executing <name> gives formatted 
4 DUP INSTRUCTION 
5 BCREATE 0 17 DLSLN DDUP D, 
6 BLATEST @ 
7 FORTH DUP 0 RAM@ 1000 OR ROT 0 
8 CROSS-COMPILER EXIT, 
9 CCOMPILEJ FORTH 

10 
11 DECIMAL 
12 
1 ''!!" ·-· 
14 
15 

SCREEN #86 
0 \ ABORT" " FOR CROSS-COMPILER 
1 HEX CROSS-COMPILER DEFINITIONS 
2 VAR I ABLE ABORT" ·-ADDR VAR I ABLE • "-ADDR 
3 BOARD-voe DEFINITIONS 
4 ABORT" < FLAG -> > CROSS-COMPILER 
5 ABORT"-ADDR @ 0 DATA, 22 WORD· 
6 COUNT DUP 3 + FFFC AND 0 DATA, OVER + 
7 DO I C@ DATAC, 1 /LOOP WORD-ALIGN < Fill 
8 DON'T-DISTURB ; IMMEDIATE 
9 

10: ." ( ->) 
1.1 ."-ADDR@ 0 DATA, 
12- COUNT DUP 0 DATA, OVER + . 
13 DO I C@ .DATAC 7 1 /LOOP 
14 DON'T-DISTURB IMMEDIATE 
15 CROSS-COMPILER DEFINITIONS 

' ., 



~JISC CPU/32 .· <C> 1987 BY PHIL KOOPMAN JR. 

SCF:EEN 4i:87 
0 \ IF .. THEN FOR CROSS-COMPILER 
1 HEX BOARD-voe DEFINITIONS 
2 IF < ~> PATCH-ADDR 222 ) 
3 CROSS-COMPILER BDP @ COBRANCHl DATA, 222 
4 DON'T-DISTURB ; IMMEDIATE 
5 
6 THEN < PATCH-ADDR 222 -> > 

7 CROSS-COMPILER 222 ?PAIRS 
8 CROSS-COMPILER BDP @ 0 D+ ROT 
9 CROSS-COMPILER DON'T-DISTURB 

10 IMMEDIATE 
11 
12 DECIMAL 

14 
15 

SCREEN #88 
0 \ ELSE FOR CROSS-COMPILER 
1. HEX BOARD~voc DEFJNITIONS 
2 ELSE ( Pt-HCH-ADDR 1 222 - > 
~5 · CROSS-COMPILER 222 ?PAIRS 
4 
5 
6 
7 
8 
9 

10 
1 1 

OPTIMIZE? @ 

IF . OPT~STATUS @ ··~ = 
IF ( Redirect jump to after the 

-4 BDP + ! BDP @ 4 - DUP · . .....,,..,,..., .... ,. 

THEN 
THEN 
F.JDP @ 4 ..... 

FF800000. DAND ROT (l Mr-.'r">hi·•';• 

:I. 2 t>WAI=· 222 BOARD-VOC [COMPILEJ THEN 
13 IMMEDIATE 
14 DECIMAL 
15 

SCREEN #89 
0 \ CROSS COMPILER BEGIN AGAIN 
1 HEX BOARD-VOC DEFINITIONS MATH 
2 : BEGIN ( -> JMP-ADDR 333 
3 CROSS-COMPILER ?COMP BDP @ 333 
4 IMMEDIATE 
5 
6 : AGAIN < JMP-ADDR 333 -> > 
7 CROSS-COMPILER 333 ?PAIRS 0 
8 OPTIMIZE? @ 
9 IF OPT-STATUS @ l = 

10 IF < Redin::?ct Jump in 
11 -4 BDP + ! . BHEF<E 
1·..-, 

..:.. 

13 THEN 
14 DATA, 
15 IMMEDIATE 

THEN 
DON'T;...;DISTURB 

DEGlMAL 
) 



f 

( 
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/ 

lrJ I SC CPU/ 32 CC> 1987 BY PHIL KOOPMAN JR. 

0 \ CROSS COMPILER UNTIL 
1 HEX BOARD-VOC DEFINITIONS 
2 ~ UNTIL < JMP-ADDR 333 -> 

CROSS-COMPILER 333 ?PAIRS 0 [QBRANCHJ D+ DATA, 
4 DON'T-DISTURB ; 
5 IMMEDIATE 
6 
7 CROSS-COMPILER DEFINITIONS DECIMAL 
8 
9 

l.O 
11 
1.2 
13 
14 
15 

~3CREEN #91 
0 \ CROSS COMPILER WHILE REPEAT 
1 HEX BOARD-voe DEFINITIONS 
2 = WHILE ( JMP-ADDR 333 -> JMP-ADDR 333 PATCH-ADDR 224 > 
3 [COMPILE] IF 2+ 
4 IMMEDIATE 
5 
6 REPE{~T < JMP-ADDR 333 PATCH-ADDR 224 -> 

[COMPILE] AGAIN 7 >F: >R 
8 F~> R> 2- [COMPILE] THEN 
9 IMMEDIATE 

1 (l 
11. CHOSS-CDMPILER DEFINITIONS DECIMAL 
l.2 
1 . ..,. • .::1 

l.4 
:L5 

SCREEN #92 
0 \ CROSS-COMPILER DO LOOP +LOOP 
1 HEX BOARD-VOC DEFINITIONS 
2 ~ DO < -> JMP-ADDR 4444 > 
3 CROSS-COMPILER CDOJ OPCODE, DON'T-DISTURB BDP @ 
4 IMMEDIATE 
r.::-
,J 

6 LOOP C JMP-ADDR 4444 -> > 

7 CROSS-COMPILER 4444 ?PAIRS 0 [LOOPJ D+ DATA, 
8 DON'T-DISTURB IMMEDIATE 
9 

10 +LOOP ( JMP-ADDR 4444 -> ) 
1.1. CROSS-COMPILER 4444 ?PAIRS 0 [+LOOPJ D+ DATA 
12 DON'T-DISTURB IMMEDIATE 
l. ~~ 
1.4 CROSS-COMPILER DEFINITIONS DECIMAL 
l.5 

4444. 
.j 
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WISC CPU/32' CC> 1987 BY PHIL KOOPMAN JR. 

f3CREEN #93 
0 \ CONSTANT VARIABLE USER FOR CROSS-COMPILER 
1 DECIMAL CROSS-COMPILER DEFlNITIONS 
2 W-IRIABLE DOUSE--ADDR \ MUST be set by cross-compiled 
3 USER ( VALUE -> > 
4 BCREATE BHERE 2 OR 0 D, DOUSE-ADDR @ 0 CALL, 
5 4 * 0 DATA, ECOMPILEJ CROSS-COMPILER DEFINITIONS 
6 DON'T-DISTURB ; 
7 VARIABLE 
8 BCREATE BHERE 2 OR 0 D, 
9 CDOVARJ OPCODE, -0 0 DATA, DON'T~D 

10 ECOMPILEJ CROSS-COMPILER DEFINITIONS 
11 . ·, ., ,.,, . 

12 CONSTANT < DVALUE -> > 
13 BCREATE BHERE 2 OR 0 D, .·· .. ' 
14 
15 

EDOCONJ OPCODE, D~TA, DON' T.,.-DISJURB ·. 
ECOMPILEJ CROSS-COMPILER DEFINITIONS . 1 

SCREEN #94 
0 \ CROSS-COMPILER EXlT . 
1 HEX BOARD~voc DEFINITIONS 
2 : EXIT ( -> > 
3 CROSS-COMPILER EXIT, ; · 
4 IMMEDIATE 

6 CROSS-COMPILER DEFINITIONS 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCREEN #95 

DECIMAL ... 

0 \ BOARD VOCABULARY DEFINITIONS & UTILITIES 

c:ode 

; DE;IMA~ ->B~ARD-VO~ L~:~~N~:~~~S voc:abular-y/exec:uti~·~ robde 

3 8-RES ECOMPILEJ CROSS-VOC DEFINITIONS - . 
4 FORTH R> R> DDROP 
5 CCOMPILEJ CROSS-COMPILER 
6 
7 CROSS-VOC DEFINITIONS 
8 
9 BLIST [COMPILE] BOARD~voc 

io 
11 
12 
13 
14 
15 

B' 

vt.1 ... ~.f ,.Nt;:{J0e~~l~~l; •;-.\'-i!i~J.l:;il.:;i;".'fY_I 

~gg~~~C~5 ~~~~~::~gg · .. ·. ico~fJ~~t~~Wf 
'~ . : .. ~ ·:· 

c.:::::,:,-;-.- .··.:·.' 

. . :·,. 

··, - . . ~ . ::.· 
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WISC CPU/32 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #96 
0 \ ( DEFINITION FOR CROSS-COMPILER 
1 HEX MATH 
2 BDARD·-'v'OC DEFINITIONS 
3 ( \ 
4 -1 >IN 

Required to allow stack comments 
+! 29 WORD C@ 1+ HERE + 

C@ 29 = NOT ?STREAM IMMEDIATE 

CROSS-VOC EXIT, 

6 
7 
8 
9 

10 
11 

[COMPILE] CROSS-voe DEFINITIONS 
BSMUDGE SMUDGE CCOMPILEJ C 

12 CROSS-COMPILER 
13 
14 
15 

SCREEN #97 

DEFINITIONS .. 

0 \ SEAL BOARD VOCABULARY 
1 HEX BOARD-VOC 

DECIMAL 

IMMEDIATE. 

2 ' X < X is the null used in the BOARD v6cabul•ry: 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

FORTH DEFINITIONS 
80CO OVER NFA Make null header out 

LFA 
HERE BOARD-FENCE 

DECIMAL 

0 SWAP 

SCFi:EEN #98 
0 \ COLON DEFINITIONS FOR CROSS-COMPILER 
1 HEX 

DEFINITIONS 2 CROSS-COMPILER 
3 SPECIAL ( -> 
4 HERE 4 - D@ 
5 BLATEST @ 

) \ Used for DON'T-disturb tag by CPU/32 
40 OR HERE 4 - D! \ Set "specia~" bit 

FORTH . '' 
6 DUP 0 RAM@ 0800 OR ROT ORAM! FORTH . ·CROSS..:;,COMPlLER 
7 

8 = 
9 \ 

10 \ 
1'1 
12 
1~5 

POISON ( -> \ Used for non-interactive tag.by>¢Pu/32 
A poi son word crashes system when entered in .i i:nfil~c:li.a:I;~ mode.· ... , 
e.g. LIT, >R, .••• This makes oµt~r int~r:f~:.f:,~F,":~f,'·:~.~;~ti:..-:~:J>;'. 

BLATEST @ FORTH 
DUP 0 RAM@ 0400 OR ROT 0 RAM! 

14 CROSS-COMPILER DECIMAL 
15 

... ' '·' 
··· . .' 

:·• 
,·i 
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WISC CPU/32 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #99 
0 \ COLON DEFINITIONS FOR CROSS-COMPILER 
1 HEX 
2 CROSS-COMPILER DEFINITIONS 
3 IMMEDIATE C -> > 
4 BLATEST @ FORTH 
5 DUP 0 RAM@ 4000 OR ROT D RAM! FORTH ; 
6 
7 : < Usage: : <name> > 

CROSS-COMPlLER 

8 BCREATE BHERE.2 OR 0 D, tCOMPILEJ BOARD-VOC 
9 SMUDGE BSMUDGE J FORTH 

10 CROSS-COMPILER DECIMAL 
11 
12 
13 
14 
15 

SCREEN #100 
0 \ REtiEFINE INTERPRET FOR CROSS-COMPILER 
l HEX FORTH DEFlN.ITIONS. . >: .. ··· 
2 VARIABLE CROSS-FENC~ HERE .~ROSS~FENCE 
3 CROSS-INTERPRET 

... :: 
.,• .·. 

: ::~·: <: . , .. 

4 BEGIN -FIND 
5 · IF STATE @ < < . ·';i.-.i: ,,, ':. 
6 OVEF< CROSS-FENCE @ U> .: .. :'· ,_:::~ " 
7 IF IF D@ CROSS-'COMP ILER . OVER: :-2,.!.Ak,i;t~;::_;,s·:> .. /, : · : ' 

~ < Test "special" bit I~ R;A~~ 7 AN~LI~ Dg~~r~~!S~~~g~;~~~ii,{trH~N·· 
10 FORTH ELSE D@ CROSS-COMPILER OP-EXECUTEi::FDR'fH THEN 
11 ELSE ABORT" ILLEGAL COMPILAND" .·· CFA.'EXEd..JfE' THEN .· .. · 
12 ELSE HERE NUMBER CROSS-COMPILER. BL lTERAL FORTH . · 
13 DPL@ 1+ O= STATE@ O= AND IF DROP THEN. 
14 THEN ?STACK AGAIN ; 
15 ' CROSS-INTERPRET CFA 'CINTER ! DECIMAL FORTH DEFiNITIONS 

SCREEN #101 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 (I 
11 
12 
13 
14 
15 



lA! I SC CPU/ ::::.:2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEi'··.i t.f102 
0 \ DUMP-RAM AND INIT-STAC~S TESTING/UTILITY WORDS 
1 FORTH DEFINITIONS 
2 DEClM(.2iL 
3 DUMP-RAM ( START END -> > MATH 
4 HEX CR 4 + SWAP DO 
5 4 /LOOP ; I " !."::II I 0 RAM@ 8 DU.R CR . . 

I NIT-STACKS ( -> ) 

(I . . DEST==RS DEC[RPJ ;SET .. 
6 
7 
8 
9 4100 0 DO 0 0 X! LOOP 

(i .. DEST==DS DECEDPJ ;SET n • 10 
11 4100 0 DO 0 0 X! LOOP 
12 
13 
14 
15 

SCREEN #103 
0 \ 32-BIT FETCH AND STORE IN PROPER BOARD BYTE ORDE~ 
l. HEX .. .,;.! 

2 CCtDf:: X D ! 
~5 BX POP 
4 [BXJ , 
5 2 [BXJ , 
6 NEXT JMP 
7 
8 CODE XD@ 
9 BX POP 

D ADDR -> > 
DX POP AX 
AL MDV 
DL MDV 

END-·CODE 

ADDR -··> D 

10 AL 7 0 EBXJ MDV 
11 DL , 2 EBXJ MDV 
12 AX PUSH DX PUSH 
13 NEXT JMP END-CODE 
14 DECIMAL 
15 

SCREEN #104 
(i 

1 

~· -· 
4 
5 
6 
7 
8 
9 

10 
11 

\Stores in lo •• ~i 
POP 
1 CBXJ , AH MDV 
3 C:BXJ , DH MDV 

\ Fetches in 

t:iH , 1 [BX J MDV 
DI-I ., :3 CBX J MDV 



!;..J I SC CPU/ ~32 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN :l:J: 105 
0 EXIT \ :~:;2 BIT MICROCODE f30URCE -· NOTES l!:( LOAD f.iCF<EEN 
1 ASSUME: 1. Top element in DS is in DHI reg. 
2 

4 NOTE: THE DP-CODES OF NOP AND HALT 
5 MUST NOT BE CHANGED!!!! 
6 NOP = 0 
7 HALT = 1 
8 
9 1) Return stack too slow to get thru ALU on 1 cycle 

10 Can copy to DS and to DL0 7 LATCH, ETC. 
11 2> RAM too slow to go thru ALU during read 
12 3) RS/RP Can't be used on 1st and last cycle <Except SPECIAL> 
13 4> Don't use RS thru address-latch & do RAM on next cycle 
14 5> Don't use Z test after ALU MATH function 
15 (also means no ALU math function with END> 

SCREEN #106 
<n> - # clock cycles 0 \ MICROCODE --- NOP<2> 

1 DECIMAL CROSS-COMPILER 
2 0 OPCODE: NOP ( -> > \ MUST be opcode 0 ! ! ! ! ! ! ! ! !. 
3 0 :: DECODE ;; 
4 1 :: END ;; 
1:::
~J 

6 \ 
7 

Special NOP ~or initialization use in 
3 . . . . 

8 4 . . . .. 
9 5 . . . . 

1.0 6 . : . 
11. 7 : . .. 
12 ; ; END 
1.3 SPECIAL. 
14 
1.5 

SCREEN #:1.07 

. . , ' . . ' , ... 
' ' DECODE ;; 

END ; ; 

0 \ MICROCODE --- HALTC4+X> 
1 DECIMAL CROSS-COMPILER 
2 ~:Hi OPCODE: Ht~LT ( -·>) \ -·1. is flag to PC host 
3 0 ~= SOURCE=DHI DEST=DLO ALU=-1. DEST=DHI ;; 
4 1 :: SOURCE=DLO DEST=LATCH ;; 
5 2 :: SOURCE=DHI DEST=STATUS 
6 SOURCE=LATCH ALU=B DEST=DHI ;; 
7 3 : : 
8 
9 ;;END 

1 (I 
1.1. 
l.2 
:t ~5 
1.4 

\ Infinite loop JMP==011 .. 
!I !I 



~1JI~3C CPU/::~:2 <C> 1987 BY PHIL KOOPMAN JR. 

0 \ MICROCODE --- %DP!%<2> 
1 DECIMAL CROSS-COMPILER 
2 3 OPCODE: %DP!% < N -> > 
~ ..... 0 :~ SOURCE=DHI DEST=DP 

1 :: SOURCE=DS ALU=B 

6 ; ; El\JD 
7 
8 
9 

1 (l 
1l. 
12 
13 
14 
15 

GCF.:EEN 4* 1. 09 
0 \ MICROCODE --~ %DP@%<3> 
1 DECIMAL CROSS-COMPILER 
2 4 OPCODE= %DP@% ( -> N ) 
3 0 : : DEC[DPJ ; ; 

DEST=DHI 

4 1 r. : SOLIRCE=DH I DEST::::DS . DECODE 
5 2 : : SOURCE=DP ALU=!? .·.· DESJ::::l)HI . 
6 
7 ;;END 
8 
9 

1 (l 
11 
12 
13 
14 
15 

bCREEl\I #110 
0 \ MICROCODE --- %RP!%~2) 
1 DECIMAL CROSS-COMPILER 
2 5 OPCODE: %RP!% < N -> > 
3 0 :: SOURCE=DHI DEST=RP 
4 1 ~= SOURCE=DS ALU=B DEST=DHI 
C.':" ,_, 
6 ; ; END 
7 POISON SPECIAL 
8 
9 

10 
11 
12. 
13 
14 
15 

DECODE 
INC[DPJ I 

; ; 
END .. 

' ' 



WISC CPU/32 CC) 1~87 BY PHIL KOOPMAN JR. 

SCF.:EEl\l :!:!: 111 
0 \ MICROCODE --- %RP@%C2) 
1 DECIMAL CROSS-COMPILER 
2 6 OPCODE: %RP@% ( -> N > 
3 0 :: SOURCE=RP DEC[DPJ 
4 1 ~: SOURCE=DHI DEST=DS ALU=B 

DECODE;; 
DEST=DHI ,END ;; 

l1 ; ; END 
7 SPECIAL. 
8 
9 

10 
1l 
1.2 
1::::. 
14 
15 

SCREEN #112 
0 \ MICROCODE --- ! <4> Store 
1 DECIMAL. CROSS-COMPILER 
2 '7 OPCODE: ! ( N ADDR -> 
-::- 0 . . ·-· . . 
4 1 : : 
i::- 2. . . 
~J u . 
6 3 u . . . 
7 
li ; ;END 
9 

10 
1l 
12 
13 
14 
1 ·=· • ~1 

SCREEN #113 

. . , ' 
SOURCE::.-= DH I 
SOURCE==DS 
SOURCE=DS 

/ 

DEST=ADDRESS-LATCH 
DEST==RAM 

ALU=B . DEST;.,,DHI 

0 \ MICROCODE --- +(2) 
1 DECIMAL CROSS-COMPILER 
2 8 OPCODE: + ( Nl N2 -> NSUM > 

3 0 :: SOURCE=DS ALU=A+B DEST=DHI 
4 1 •• . . 
6 ;;END 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 

INC[DPJ .DECODE ; ; 
END . . , ' 



) 

~.<JI !:3C CPU/ 32 CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #114 
0 \ MICROCODE --- +! (6) 
1 DECIMAL CROSS-COMPILER 
2 9 OPCODE: +! C N ,::~1DDR ····· > 
3 \ Ff.?tch Clperand 
4 
&::" 
,..! 

6 
7 
8 
9 

C) : ~ 

1 n n .. 
2 : ~ 

!30URCE:::::DS 
SDURCE==DHI 
SOURCE==RAM 

INC[DPJ ;; \Load N into bus latch 
DEST=ADDRESS-LATCH ALU=B DEST=DHI ;; 

DEST=DLO ;; 
3 : ~ SDURCE=Dl....O ALU=A+B DEST=DHI ;; 
4 g : SOURCE=DHI DEST= RAM 
5 = : SDURCE==DS ?~UJ==B DEBT=DH I 

10 
11 
1 '"'..' 
1 ~~; 
1.4 
1 t:::" ,.J 

; ;;END 

SCF<EEN ~:f: :1. l 5 
0 \ MICROCODE ~-- -<3> 
1 DECIMAi.... CROSS-COMPILER 
2 10 OPCODE: - < Nl N2 -> NDIF ) 
~~: (> = : 
4 1 .. . . 
I!!!' 
~.i :::: : g 

6 
7 !; ; END 
8· 
9 

10 
:1.1 
L2 
:l ~.:;. 

14 
:1.5 

SCREEN #116 

BOURCE::.-=DS · ALU:::::A-..B 
ALU=f-i-·1 DEElT::•DHI 
AL.l.J::::notA DEST=DHI 

0 \ MICROCODE --- -ROT<5> 
DECIMAi.... CROSS-COMPILER 1 

DEST=DHI 
DECODE ; ; 
END;; 

INC[DPJ 
DECODE 

END .. ;·, ' 

::·:·~ 11 OPCODE: -ROT ( Ni N2 N3 -> N3 Ni N2 
:3: 
4 
c:-
~.! 

I.:! 
7 
B 
r.; 

10 
l.l 
1? 
1 ··•· .. ::. 
14 
15 

0 :: INCEDPJ ;; 
1 :: SOLJRCE=DS DEST=DLO . " , , 

\ CHI <- N1 DS <- N3 
2 :: SOLJRCE=DHI DEST=DS AL..U=B 

\ LATCH <- N2 
3 :: SOLJRCE=DS 

\ DHI <- N2 OS 
4 :: SOLJRCE=DHI 

; ; END 

DEST=DLO DECODE 
<- N:I. 
DEST=DS ALU=B 

\ LATCH <-Ni 

DEST=DHI DECLDPJ. ;; 

; ; 



( 

<C> 1987 BY PHIL KOOPMAN JR. 

scm.:.E:J\1 1:1: 1 1 7 
0 \ MICROCODE --- 0<2> 
1 DECIMAL CROSS-COMPILER 
2 12 OPCODE~ 0 < -> 0 > 

3 0 ~~ DECCDPJ 
4 1 :: SOURCE=DHI DEST=DS 

DECODE ; ; 
ALU=O DEST=DHI ,END ;; 

5 
6 ;;END 
7 
8 
9 

10 
1 1 

1 ":r ·-· 
14 
15 

· SCF~EEN #118 
0 \ MICROCODE~-- 0<<2> 
1 DECIMAL CROSS-COMPILER 
2 13 OPCODE1 O< ( N ~> FLAG ) 
3 0 :: JMP=01S 
4 
5 < >=O > 
6 < <O ) 
7 ; ; END 
8 
9 

10 
1.1 
1 , .. ., ·-
13 
14 
:1.5 

SCREEN #l.l.9 

2 : : 
3 : : 

ALU=O DEST=DHI 
ALU=-1 DEST=DHL 

0 \ MICROCODE --- 0=(2) 
1 DECIMAL CROSS-COMPILER 
2 14 OPCODE: O= < N -> FLAG 

(> : : JMP=01Z DECODE 
4 
5 ( =O ) 
6 ·c < >O ) 
7 ; ; END 
8 
<';f 

10 
1l. 
12 
13. 
14 
l.5 

2 . . 
":!' . ·-· . 

. . . . 
ALU=-1 DEST=DHI END 
ALU=O DEST=DHI END 

.. ' , .. 
' ' 

. . ' , 



' ( 

\ 

CC> 1987 BY PHIL KOOPMAN JR. 

~3CREEN :It. 120 
0 \ MICROCODE --- OBRANCH(3/4) Favors taking the branch 
1 DECIMAL CROSS-COMPILER 
2 15 OPCODE: OBRANCH C FLAG -> ) 
3 \ 0 flag => branch non-0 flag => go to next instruction 
4 \ Must ALWAYS be used with a CALL attribute!!!!! 
5 0 :: SOURCE=ADDRESS-COUNTER DEST=DLO JMP=OlZ ;; 
6 \ FLf.:1G:::::(l 
7 2 !! : 

Allow compiled branch to take affect 
INCERPJ JMP=OOl DECODE ;; 

8 l : : SOURCE=DS ALU=B DEST=DHI INCEDPJ END . . . 
!l.,!I 

9 \ FLAG<>O Override compiled branch 
1 (i 

1l 
3 :: SOURCE=DLO DEST=ADDRESS-COUNTER ;; < 

\ Wait for RAM access 
1 ,..., 

..::. 4 :: SOURCE=RAM DEST=DECODE INCERPJ 
13 5 :: SOURCE=DS ALU=B DEST=DHI INCEDPJ 
14 ;;END POISON SPECIAL 
15 

SCREEN #121 
0 \ MICROCODE -~- 1+(2) 
1 DECIMAL CROSS-COMPILER 
2 16 OPCODE: 1+ < N -> N+l 
3 0 :: ALU=A+l DEST=DHI 
4 1 a • a a 

~5 ; ; END 
6 
7 
8 
9 

10 
11 
1.2 
13 
14 
l t:::' • ,_j 

SCREEN #122 
0 \ MICROCODE --- 1-<2> 
1 DECIMAL CROSS-COMPILER 
2 17 OPCODE: 1- ( N -> N-1 
.... . .::, (> : : 

4 
~:5 ; ; END 
6 
7 
B 
9 

10 
11 
12 
13 
14 
1. ~:) 

DEST::-.::DHI 

DECODE· 
. El\ID ;·; 

DECODE 
END .. , , 

. . 
, !I 

Also s~ts latch ) 

DECODE.; 
END ;; 



w:rsc CPU/32 CC> 1987 BY PHIL KOO~MAN JR. 

SCF<EEN # 123 
0 \ MICROCODE --- 2•<2> 
1 DECIMAL CROSS-COMPILER 
2 18 OPCODE: 2* < N -> N+N ) 
3 0 :: ALU=A+A DEST=DHI 
4 1 •• .. 
5 ;;END 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCREEN #124 
0 \ MICROCODE --- 2/(3) 
1 DECIMAL CROSS-COMPILER 
2 19 OPCODE: 2/ ( N -> N/2 > 

DECODE 
END 

. . 
' ' . . 

, !I 

3 0 :: SOURCE=DHI DEST=DLO AL0=A+1 DESJ=DHI. JMP~01S .. ;; 
4 
5 
6 
7 
8 
9 

10 
., 11 

( 

positive) 2 :: 

7 : : END ; ; 

negative 3 :: ALU=A CIN=1 SR[ALUJ DEST=DHI 
JMP=10Z DECODE;; 

=·-1 ) 4 .. AL.U=O DEST=DHI END a a .. ' ' 12 
13 ( <> ·-1 ) 5 .. END a a 

14 
15 

; ; END 

SCF<EEN # 125 

.. 
' !I 

0 \ MICROCODE --- <<5> #### BENEFITS FROM DEST=DHI uBIT #### 
1 DECIMAL CROSS-COMPILER 
2 20 OPCODE: < ( B A -> FLAG > 
3 \ Test for different signs 
4 0 :: SOURCE=DS ALU=AxorB ;; 
5 1 :: SOURCE=DS ALU=AxorB JMP=018 ;; 
6 ( Same sign inputs > 
7 2 :: SOURCE=DS ALU=A-B-1 JMP=101 ;; 
8 5 :: INC[DPJ JMP=118 DECODE ;; 
9 6 :: ALU=-1 DEST=DHI END ;; 

10 7 :: ALU=O DEST=DHI END ;; 
11 
12 Different sign inputs -- < if B ·is negativ~ ·.>.·:.> 
13 3 : : SOURCE=DS ALU=notB . ·. JMP=1Q1 ;; · · > · 

14 ;;END 
15 



l\iISC:: C::Pl..J/::~;2 CC> 1987 BY PHIL KOOPMAN JR. 

SCHEEi\! *~ 1 '.."26 
0 \ MICROCODE --- <S=STEP>C13) 
1 DECIMAL CROSS-COMPILER \ Single character string match 
2 23 OPCODE~ <S=STEP> 
3 < FLG AD1 AD2 CNT -> FLG' AD1' AD2' CNT' 
4 \ Increments AD1 AD2, Decrements CNT 
5 \ IF <>, CNT <= -1 FLG <= 0 
6 0 :: SOURCE=DHI DEST=DLO ;; 

ALU=B DEST=DHI DEST=ADDRESS-LATCH 1 . .. . 
DECr:m=·] ; ; 

1 (i 
11. 
:1.2 

~::·~ 

::::: 
4 
r: 
d 

" 
: 
: 
: 

" " 
: 
. 
: 

SOURCE=DLO DEST=RS 
SOURCE=DHI DEST=DS INCCDPJ 
SOURCE=RAM-BYTE DEST=DLO 
SOURCE=DS ALU=A+B DEST=DHI 

ALU=A+l DEST=DHI ;; 
ALU=O DEST=DHI ;; 
ALU=A+l DEST=DHI ;J 
DEST=ADDRESS-LATCH 

:l .,,. 
.• ... ' INCC:MPCJ ;; 

1.4 t,, " . " . SOURCE=DHI DEST=DS ,JMP=OOO ;; ; 

SCF{EEN ~~:I. 27 
0 \ MICROCODE --- <S=STEP> --2 
1 DECIMAL CROSS-COMPILER \ Single character string match 
2 24 CURRENT-OPCODE ! 
·z ..... 
4 
5 
6 

0 
1. 
:~: 

:~:: 

: 
" . . . 
.. . 

. . . .. . . 
.. . 

SOURCE=DLO ALU=B DEST=DHI ;; 
SOURCE=RAM-BYTE DEST=DLO ;; 
SOURCE=DLO ALU=AxorB DEST=DHI ;; 
ALU=O DEST=DHI INCCDPJ 

7 
8 
9 

SOURCE=RS DEST=DLO INCCRPJ JMP=lOZ ;; 
Bytes are <> Place 0 in flag, -1 in count ) 

5 :: SOURCE=DHI DEST=DS DECCDPJ DECODE ;; 
:1.0 
l.l 

1 ··:; ..... 

6 :: ALU=notA DEST=DHI DECC:DPJ END 

Bytes are = Leave flag non-0, decrement count 
4 :: SOURCE=DLO ALU=A-B DEST=DHI 

u u , , 

:l 4 DECCDPJ JMP=110 DECODE 
1 ~-:=; , ; El\ID 

SD~EEN =It :I. 2B 
0 \ MICROCODE --- <+LOOP>C9/11) --1 
:I. DECIMAL CROSS-COMPILER 
2 \ Always use with CALL attribute!!!!! 
~~; \ IMPLICIT LOOP RANGE SPf:%N OF 80000000 HeH 

. . , , 

4 2~) OPCODE: <+LOOP> ( N -· > ) ( F~S: LIMIT COUNT - > . • . ) 
5 \ Capture non-looping address in address latch 
6 0 :: INCCRPJ ;; 
7 1 ~u SDURCE=RS DEST=DLO INC[MPCJ ;; 
8 2 :: SOURCE=DLO ALU=A+B DEST=DHI 

,JMP=:=O 1 S ; ; \ Add N to counter 
' ' ' 



/~ / ' 

·,~ 

WISC CPLJ/~52 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #129 
0 \ MICROCODE --- <+LOOP> 
1 DECIMAL CROSS-COMPILER 
2 26 CURRENT-OPCODE ! 

:;~ 

3 < + N > 2 :: SOURCE=DHI DEST=RS INC[RPJ JMP=OOO ;; 
4 0 :: SOURCE=RS DEST=DLO DECCRPJ ;; \Test count 
5 1 :: SOURCE=DLO ALU=A-B INC[MPCJ JMP=lll ;; \Test count 
6 7 :: SOURCE=RS DEC[RPJ JMP=OOS ;; 
7 
8 
9 

- N ) 
4 •• . . 3 : : SOURCE=DHI DEST=RS INCCRPJ ; ; 

SOURCE=RS DEST=DLO DECCRPJ ;; \ Test count. 
10 
l.1 

5 :: SOURCE=DLO ALU=A-B INC[MPCJ ;; .X Test count 
i,... 11 11 
'-' .. SOURCE=RS DECCRPJ JMP=01S ;; 

12 
1 ~5 
14 
15 

SCREEN #130 
0 \ MICROCdDE --- <+LOOP> 
1 DECIMAL CROSS-COMPILER 
2 27 CURRENT-OPCODE ! 

.... -- ..::. 

3 C +N DONE) 0 :: SOURCE=RS DEST=ADDRESS-COUNTER 
4 INCCRPJ JMP=tOO.;; . . .. 
~5 -N DONE > 3 :: SOURCE=RS DEST=ADDRESS-COUNtER INCCRPJ ;; 

4 : : I NCC RP J ; ; .. 6 
7 
8 

5 :: SOURCE=RAM DEST=DECODE DECODE INCCRPJ JMP=111 ;; 

'9. ( 

1 (I 
1t 

+N LOOP 
-·N LOOP 

1 :: INC[RPJ DECODE 
2 :: INC[RPJ DECODE 

JMP=111 
JMP=111 

. . 
' ' .. 
!I ' 

12 7 :: SOURCE=DS ALU=B DEST=DHI INC[DPJ END ;; 
13 ;;END 
14 POISON SPECIAL 
15 

SCl=i:EEN # 1:::::1 
(l \ MI CHDCODE _,,___ <<ABORT II>> ( 11 ;:.:;: ) 
1 DECIMAL CROSS-COMPILER 
2 29 OPCODE: <<ABORT">> ( FLAG -> 
3 \ If flag <> o, then NOP if flag = O, then jump over message 
4 0 :: JMP=01Z ALU=A+l ;; . 
0:::
~1 

6 
7 
8 
.9 

1 (l 
1 1 
12 
13 
14 
15 

FLAG=O 2 :: SOURCE=RS DEST=DLO ALU=A+1 JMP=lOO ;; 
4 •• . . BOURCE=DLO ALU=A+B DEST=ADDRESS-LATCH ;; 
5. : = SOURCE=RAM DEST=DLO ALU=A+i INCCRPJ INCCMPCJ ;; 

SOURCE=DLO ALU=A+B DEST=DHl JMP~ooo ~; 
. . . _":;,~_::.; ._: ..... ·.> '.:-·. · .. ' •.•.. 

6 •• . . 
· .. 

FLAG<>O 
3 :: JMP=001 DECODE ;; 
1 :: SOURCE=DS ALU=B DEST=DHI INCCDPJ END .. 

!I , 

.. ::.j · 

i 
i 
: 

i 
~· .. 

! ' 
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<C> 1987 BY PHIL KOOPMAN JR. 

SCf:::EEN *~ 1 :;;:;;~ 
o \ M 1 c1=-.:ocoDE <<ABORT 11 > > --···-2 
1 DECIMAL CROSS-COMPILER 
2 30 CURRENT-OPCODE ! 
3 \ If flag <> O, then NOP if flag = o, then jump over message 
4 0 
5 1 
6 2 
7 3 
8 ; ; END 
9 

10 
11 
1.2 
1. -:r ..... 
14 
l.5 

:: ALU=A+1 DEST=DHI .. 
' ' : : SOURCE=DH I DEST=ADDRESS-COUNTER ; ; 

:: SOURCE=RAM DEST=DECODE DECODE . ·• 
'· ' :: SOURCE=DS ALU~B DEST=DHI INC[DPJ END 

POISON SPECIAL 

; .·: .. · .. ,. 

SCREEN #133 
0 \ MICROCODE --~ <D0)(4) 
l. DECIMAL CROSS-COMPILER 
2· 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
1 .,.. . .;, 
14 
15 

\ Mt..tst al ways be us~d 'with. ct. JUMP si nee 
34 OPCODE: <DO> ( L~M.IT START ..,.> ) : 
\ Return: C ,.-} LIMIT START ). 

0 :: DECCRPJ ,, 
1 : : SOURCE=DS DEST=RS · DEC[RPJ INC:IDP) 
2 : : SOURCE=DH I DESl"=R8 . . . DECODE-. , .. 

3 :: SOURCE=DS ALU=B DEST=DHI INCtDPJ. 
; ; END 
POISON SPECIAL 

SCREEN # 1 ~34 
0 \ MICROCODE --- <ENCLA> (11) 

\ RS+count+7 

·····:'_ ·.-.. ,•' 

:I. DECIMAL CROSS-COMPILER \ SCAN TO FIRST NON-DELIMITER 
2 35 OPCODE: <ENCLA> ( ADDR -> ADDR+1/ADDR DONE-FLAG ) 
3 \ RETURN STACK < DELIM ~> DELIM >~~ 
4 0 : : DECEDPJ . . 

' ' 5 1 . . SDURCE=Dl-II DEST=DS ; ; . . 
6 2 : = SOURCE=DHl DESi"=ADORESS-L.ATCH · ; j · ·· .. · • ·. ··.;. ··. 

7 3 . . SOURCE=RS DEST=DLO ... •. . . !• ' 

8 4 .. SDURCE=DLO ALU=B DEST=DHI . . . . ' ' 9 \ Compare with delimiter 
10 5 : : SOURCE=RAM~BYTE .· DEST:::DLiO ; ; 
11 6 :: SOURCE=DLO ALU=AMo~B. 

l.2 7 :: SOURCE=DS ALU=B bESi=DHt 
13 
14 
15 

\ ' 

... ~ ... : -

. ··.-:·.:!:' 

··. 
',. 



WISC CPU/32 CC> 1987 BY PHIL KOOPMAN JR. 

SCRE'.:t::.l·'-1 # 1 ::~;5 
0 ' MICROCODE --- <ENCLA> --~ 

1 DECIMAL CROSS-COMPILER \ SCAN TO FIRST NON~DELIMITER 
2 36 CURRENT-OPCODE 
3 = DELIMITER > 

0 ·· ALU=A+l DEST=DHI JMP=111 DECODE;; 
7 :: SOURCE=DHI DEST=DS ALU=O DEST=DHI 

<> DELIMITER ) 
1 :: ALU=A DEST=DHI DECODE';; 
2 :: SOURCE=DHI DEST=DS ALU=-1 DEST=DHI 

i .... 
.J. ~.) 

11 ; ; END 
12 

SCREEN =I* 1 :::::6 
0 \ MICROCODE --- <ENCLB> (10/11> 
1 DECIMAL CROSS-COMPILER \ SCAN TO FIRST DELIMITER 
2 37 OPCODE: <ENCLB> < ADDR -> ADDR+l/ADDR DONE-FLAG 
3 \ RETURN STACK < DELIM -> DELIM ) 

0 . .. DEC[DPJ . . . , , 
1 . : SOURCE== DH I DEST=DS " . . ,_ ' 
~2 " . SOURCE=DHI DEST=ADDRESS-LATCH .. . . A , , 

-·'/ 
l 

··:r . : SOUl~CE=RS DEST=DLO . . ·-· . !I , 
4 .. .. SOL.JRCE=DLO 1=4LU=B DEBT=DHI .. . . . , , 8 

9 \ Compare with delimiter 
10 5 :: SDURCE=RAM-BYTE DEST=DLO .. 

!I , 

END;; 

END ;; 

11 6 :: SOURCE=DLO ALU=AxorB DEST=DHI INC[MPCJ ; ; 
12 \ Compare with 0 
13 7 :: SOURCE=DLO ALU=B DEST=DHI JMP=OOZ ; ; 
14 

BCREEN :t-~ :I. :3;7 
0 \ MICROCODE --- <ENCLB> --2 
1 DECIMAL CROSS-COMPILER \ SCAN TO FIRST NON-DELIMITER 
2 38 CURRENT-OPCODE 
3 = DELIMITER J 
4 
1:::· 
d 

(> :: : 

7 •• 
JMP=111 DECODE ;; 

ALU=-1 DEST=DHI 
6 
7 <> DELIMITER 
8 
9 

10 
u 
12 

:I. ~ : SOURCE::==DS f'..1LU==B DEST=DH I 
(:::(l) 

'""t p d 
4 h" JMP=l 11 

< > DELIMITER < >O -- .Go past this 
3 ·· ALU=A+l DEST=DHI 

SOURCE=DHI DEST=DS ALU=O 
1 LI. ; ; END 

JMP=01 2'. ;: ; 

DE~cinE<; t. 
charact¢r; 

DECODE ;; 
DEST=DHI 

END ;; 

END ; ; 



CC) 0~87 BY PHIL KOOPMAN JR. 

GCREEl\I # l :::::Ei 
0 \ MICROCODE --- <PICK>C5) \ Does all of PICK exc. error check 
1 DECIMAL CROSS-COMPILER 
2 41 OPCODE: <PICK> C •• STACK .. A-? .. STACK .. B > 
3 0 :: SOURCE=DP DEST=DLO \Save DP value 
4 
5 
6 
7 
B 
9 

1 : : 
J"j a a 
.i:;, It A 

":!' 111 • 

'•-' Ill A 

4 : : 

10 ; ; END 
11 
12 

14 
15 

BCREEN #139 

ALU=A+B DEST=DHI ;; 
ALU=A-1 DEST=DHI ;; 
SOURCE=DHI DEST=DP ;; 
SOURCE=DS ALLJ•.:::B DEST=DHI 
SOURCE=DLO DEST=DP 

0 \ MICROCODE --- <ROLL><3*N+6> 
1 DECIMAL CROSS-COMPILER 
2 42 OPCODE: <ROLL> ( .. STACK.~ COUNT-1 
3 0 :: SOURCE=DS DEST=DLO INC[DPJ 
4 1 :: ALU=A-1 DEST=DHI DEC[RPJ 
5 2 :: SOURCE=DP DEST=RS DECCRPJ 
6 
7 
B 
9 

1 (l 
11 
12 
1·< ._. 

14 
15 

SCREEN ~* l 40 
0 \ MICROCODE --- <ROLL> 
1 DECIMAL CROSS-COMPILER 

-"-2 

DECODE ; .; 
END • • ' _, 

2 43 CURRENT-·OPCODE ! < •• STACI< .. COUNT-1 -> .. NEW-STACK .. 
3 < LOOP UNTIL COUNT REACHES 0 > 
4 1 :: SOURCE=DS DEST=RS 
5 2 :: SOURCE=DLO DEST=DS 

ALU=A-1 .DEST=DHl . . 
!I , 

6 3 :: SOURCE=RS DEST=DLO INCEDPJ 
.7 

8 
9 

Done ) 
5 : : 

l.O 6 : : 
11 ; ; END 
12 
1::::; 
14 
15 

0 :: INC[RPJ SOURCE=DLO 
SOURCE=RS DEST=DP INC[RPJ 

END ;; 

,JMP=OOZ 

--tt' ' , 



CC) 1987 BY PHIL ~OOPMAN JR. 

SCf~EEN :j;j: 141 
0 \ MICROCODE --- =<3> 
1 DECIMAL CROSS-COMPILER 
2 44 OPCODE: - ( A B -> FLAG > 
3 0 :: SOURCE=DS ALU=AxorB .. 

, !I \ Test for :::: 
4 1 :: INCCDPJ JMP=01Z 

7 
8 

< > ) 
) 

9 ;;END 
10 
11 
1 '·' ··-1 ••r . .::. 

SCREEN #142 

3 
2 

. . . . 
. . 
: 

?'~LU=,O 

ALU=-1 
DEST=DHI 
DEST=DHI 

DECOD~ 

END 
END 

0 \ MICROCODE --- ><5> #### BENEFITS FROM 
1 DECIMAL CROSS-COMPILER 
2 ·45 OPCODE: > < B A -> FLAG ) 
3 \ Test for different signs 
4 0 :: SOURCE=DS ALU=AxorB DEST=DHI ;; 
5 1 :: SOURCE=DS ALU=AxorB DEST=DHI 
6 Same sign inputs ) 
7 2 :: SOURCE=DS ALU=A-B JMP=101 == 
8 5 : : INC[DPJ JMF'=11S ·DECODE ; ; 
9 6 :: ALU=O DEST=DHI END ;; 

10 7 :: ALU=-1 DEST=DHI END ;; 
1 1 

. . 
' ' . . 
' ' 

12 Different sign inputs -- > if B is non-negative 

. . , , 

13 3 :: SOURCE=DS ALU=notB DEST=DHI JMP=101 ;1 
14 ;;END 
15 

SCFi:EEN ~* 14:::;: 
0 \ MICROCODE --- >R<3> 
1 DECIMAL CROSS-COMPILER 
2 46 OPCODE: >R < N -> 
3 0 : : DECCRPJ ; !i 

Return : · - > N ) 

4 1 :: SOURCE=DHI DEST=RS DECODE;; 
5 2 :: SOURCE=DS ALU=B DEST=DHI INC[DPJ END;; 
6 
7 ; ; END 
8 POISON SPECIAL 
9 

10 
u 

1 ~5 
l.4 
:1.5 



~'JI GC CPU/ ::::,2 <C> 1987 BY PHIL KOOPMAN JR. 

SCPEEN :!:!: 144 
0 ' MICROCODE --- ?DUP<2> 
1 DECIMAL CROSS-COMPILER 
2 47 OPCODE~ ?DUP < A -> 0 I A A ) 
3 0 :: DEC[DPJ JMP=OlZ 

5 =O 
6 < < >O ) 
7 
8 ;;END 
9 

lO 
11 
12 
13 
14 
1 ~3 

SCREEN #145 

2 
3 

n 

" . . 
.. . . . Il\IC[DPJ 

SOURCE=DHI 

0 \ MICROCODE --- @<4> 
1 DECIMAL CROSS-COMPILER 
2 48 OPCODE: @ ·< ADDR -> N > .. 

' ' 3 0 n : a 

DEST=DS 

4 1 : . . SOURCE=DHI DEST=ADDRESS-LATCH 
5 2 . . . . SOURCE=RAM DEST=DLO DECODE 
6 3 n . . . SOURCE=:DLO AL.U=B DEST=OH I 
7 
8 .. ;END , 
9 

1.0 
11 
1.2 
13 
14 
15 

SCREEN #l46 
0 \ MICROCODE --- ABS<2> 
1 DECIMAL CROSS-COMPILER 

DECODE 

END;; 
END ;; 

2 49 OPCODE: c~BS . ( ·Ni -> N2 
3 0 :: SOURCE=DHI DEST=DLO ALU=A-1 DEST=DHI 

.. 
' ' 

4 JMP=018 DECODE ;; 
5 
6 '( >=O ) 2 . n SOURCE=DLO ALU=B DEST=DHI ENI>·.· .. •· . • . . '.-·, ' 7 <O ) 3, . : SOLJRCE=DLO ALU=notA DEST=DHI END . . . , 

' 8 
9 " ;END , 

10 
11 
12 
13 
14 
1 c:-,J 



(!' 
~ 

0 

() 

WISC CPU/32' ( C > 1987 BY PHIL KOOPMAN JR. 

SCREEN :l=H47 
0 ~ MICROCODE --- ADC<4> 
1 DECIMAL CROSS-COMPILER 
2 50 OPCODE: ADC < Ni N2 CYIN -> NSUM CYOUT ) 
~5 0 : : SOURCE==DS ALU==B DEST=DHI INCC:DPJ JMP=10Z ; ; 
4 
5 < CYIN<>O > 5 :: 
6 ( CYIN=O > 4 : : 
7 
8 3 : : SOURCE=DHI 
9 

10 C COUT<)6 > 6.::. 
11 < COUT=O > 7 : : 
12 
13 ;;END 
14 
15 

SCREEN # 148 . 

SOURCE=DS ALU=A+B+1 
SOURCE=os ALU=A+B 

DEST=DS _JMP=11C 

·. ALU=-1 .· .DE:ST:::iDHl 
AL0=6 D~~T=DHI 

. 0 \ M ICROtODE """~- AND <2) . 
1 . DEC I MAL .· . CROS$~co1~.~iL~~ :· • ; ' 
2 51 OPCODE: AND :(. N1°N2 -~> N3 

.. ~. ~ .. ::. sOURQE::p$<,_:_;~Lu-=1g~g~·-
5. .. 

6 ·; ; E'.NO · 
7 ' . '"" 
·9·.· 

9 
10 
11 
12 
13 
14 
15 

SCREEN #149 
0 \ MICROCODE --- ASR<2> 
1 DECIMAL CROSS-COMPILER 
2 52 OPCODE: ASR < Ni -> N2 
3 0 :: JMP=018 DECODE;; 

DEST=DHI 
DEST~DHI 

4 .. . . 

·. 5 < POSITIVE > 
6 . < NEGATIVE > 
7 
8 ;;END 
9 

10 
11 

·j2 
13 
14 

. 15 

···...:·.,. 

,·. 

2 : : ALU=A ·cIN=O 
3· : .: . AL,.U=A· Ci:N:;;::1 · 

•.. ,-

. ~~~-~b~Jiy/: g~~~" 

.; .. 



WISC CPU/'.32 ( C) 1 987 BY PH IL ~<OOPMAN JR. 

SCREEN #l.50 
0 \ MICROCODE ---.BYTEROLLC2J 
l. DECIMAL CROSS-COMPILER 

<ROLL 8 BITS RIGHT> 

2 53 OPCODE: BYTEROLL < N1 
3 0 :: ALU=A ROLL[ALUJ 
4 1 n n .. 

--> N2 J 
DEST=DHI DECODE ; ; 

END •" 
' !' 

5 
6 ;;END 
7 
8 
9 

10 
1l. 
12 
1:3 
14 
15 

SCREEN #151 
0 \ MICROCODE --- C! <4> 
1 DECIMAL CRoss~coMPILER 

Store within 

2 54 OPCODE: C! C N ADDR -> > 
·3 0 : : ; ; 
4 1 :: SOURCE=OHI DEST=ADDRESS7LATCH ;; .. · · 
5 2 :: SOURCE=DS 
6 3 :: SOURCE=DS 
7 

DEST:0:RAM-BYTE. INCC:DPJ . , . ..-..... ,....,,., . .,. .... _ ........ : 

8 ;;END 
9 

10 
l.1 
12 
1~3 

14 
15 

SCREEN #152 

ALU=B. DEST=DH! .INCttiPl 

0 \ MICROCODE --- C@C4> 
1 DECIMAL CROSS-COMPILER 
2 55 OPCODE: C@ < ADDR -> N > 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0 
1 
2 
'7 ·-' 

; ; END 

.. .. .. . . .. . . . . .. 

; ; 
SOURCE=DHI DEST=ADDRESS-LATCH ;; 
SOURCE=RAM-BYTE DEST=DLO 
SOURCE=DLO ALU=B DEST=DHI 

DECODE 
END.· 

',;' 

'. ! ·, 



) 

~·.JI SC CPU/:32 CC) 1987 BY PHIL KOOPMAN JR. 

f.-3Cl::;~EEN # 1 :':f3 
0 \ MICROCODE --- D! C7) 
1 DECIMAL CROSS-COMPILER 
2 \ Lo half in ADDR~ Hi half in ADDR+4 
:::;. ~5.'.':l OPCODE: D ! C D ADDR -- > ) 
4 0 :: SOURCE=DHI DEST=DLO ALU=A+1 DEST=DHJ ;; 
r: 
.• J 1 .. .. SOURCE~:=DLO DEST=ADDRESS-LATCH ALU=A+l DEST=DHI 

2 .. SOUHCE=DS . . INCCDPJ ;;; 
DEST=RAM 
DECCDPJ ;; 

ALU=A+1 DEST=DHI 7 
8 
9 

10 
11 

::::: 
4 
5 

u • . . .. . . .. . . 
SOURCE=DS 
SOURCE=DHI 
SOURCE=DLO 

DEST=DLO INCCDPJ ALU=A+l DEST=DHI ;; 
DEST=ADDRESS-LATCH INCCDPJ ;; 
DEST=RAM DECODE ;; 

12 
1 ""'!" ·-· 
14 
15 

6 . " . . 
; ; END 

SCREEN ~:I: 154 

SOURCE=DS ALU=B DEST=DHI INCCDPJ END;; 

0 \ MICROCODE --- 0@(7) 
1 DECIMAL CROSS-COMPILER 
2 \ Lo half in ADDR, Hi half in ADDR+4 
3 58 OPCODE: D@ < ADDR -> D > 
4 0 :: SOURCE=DHI DEST=DLO ALU=A+1 DEST=DHI 

1 :: SOURCE=DLO DEST=ADDRESS-LATCH ALU=A+l 
DECCOPJ ;; 
DEST=DHI 

6 2 :: SOURCE=RAM DEST=DLO ALU=A+l DEST=DHI ;J 
7 3 :: SOURCE=DLO DEST=DS ALU=A+1 DEST=DHI ;; 
8 4 :: SOURCE=DHI DEST=ADDRESS-LATCH ;; 
9 5 :: SOURCE=RAM DEST=DLO DECODE ;; 

10 
l.1 

6 :: SOURCE=DLO ALU=B DEST=DHI END;; 

12 ; ; END 
13 
14 
15 

SCF(EEl\I =I:~ 1 ~:'i5 
0 \ MICROCODE --- DDROPC2> 
1 DECIMAL CROSS-COMPILER 
2 59 OPCODE: DDROP < D -> 
3 0 :: INCCDPJ 
4 1 :: SOURCE=DS ALU=B 
5 ; ; El\lD 
6 
7 
8 
9 

1 (l 
1 1 

:1.4 
:1.5 

DEST=DHI INCCDPJ 
DECODE 

END 
n u , ' 
" " , ., 



VJI !:3C CPU/::::: CC) 1987 BY PHIL KOOPMAN JR. 

SCF:EEN :l:f 15(::i 
0 \ MICROCODE ··-·---- DDUP < :3:) 
1 DECIMAL CROSS-COMPILER 
2 60 OPCODE: DDUP C D1 -> D1 D1 ) 
3 0 :: SOURCE=DS DEST=DLO DECEDPJ 

DEST=DS DECEDPJ 
DEST=DS 

4 1 :: SOURCE=DHI 

7 
8 
9 

10 
11 

:1.4 
:1.5 

GCREEN #157 
0 \ MICROCODE --- DLSL<3> 
1 DECIMAL CROSS-COMPILER 
2 62 OPCODE: DLSL < 01 -> D2 ) 
3 0 :: SOURCE=DS DEST=DLO ;; 

.. , , 
,DECODE 

END 
. " ' , .. , ' 

4 :I. : : f::iLU=A CIN=O SLEDLOJ SLEALUJ DEST=DHI DECODE ;; · 
5 2 :: SOURCE=DLO DEST=DS END ;; 
6 
7 ; ; END 
8 
9 

10 
1 1 
:1.2 
13 
14 
15 

bCl::-.:EEN :l* 1 :.;8 
0 \ MICROCODE --- DLSRC3) 
1 DECIMAL CROSS-COMPILER 
2 63 OPCODE: DLSR ( Dl -> D2 > 
-::-· ... ' 
4 

0 :: SOURCE=DS DEST=DLO ;; 
1 :: ALU=A CIN=O SREDLOJ SREALUJ DEST=DHI DECODE;; 
2 :: SOURCE~DLO DEST=DS END;; 

7 ;;END 
8 
9 

1 (i 
1.1 
12 
l :-::. 
14 
15 



__ .. _ 

·, 

(C) 1987 BY PHIL KOOPMAN JR. 

F3CF:EEN :!:I: 1 ~i9 
0 \ MICROCODE --- DNEGATEC5) 
l DEC I M?il... CROSS--COMP IL.ER 
2 66 OPCODE: DNEGATE < Dl -> -01 ) 
3 0 :: SOURCE=DHI DEST=DLO ALU=O DEST=DHI ;; 
4 1 :: SOURCE=DS ALU=A-B DEST=DHI ;; 
5 2 :: SOURCE=DHI DEST=DS 

7 
8 
9 

1 (l 
1 1 

CY=1 

CY=O 

ALU=O DEST=DHI JMP=10C ;; 

4 : : SOURCE=DLO ALU=AornotB+1 

5 : : SOURCE=DLO ALU=notB 

12 6 : : END ; ; 
13 ; ; END 
14 
15 

SCREEN #160 
0 \ MICROCODE --~ DOCON(5) 

DEST=DHI 
JMP=110 

DEST=DHI 
PECO.DE ; ; 
DECODE ; ; 

1 \ DOCON Must never be used with either CALL orEXlT a.ttributes 
2 \ Address field for jump points to dat~ word 
3 DECIMAL CROSS-COMPILER 
,.,. 67 OPCODE: DOCON < -> VALUE > 

5 0 : : SOURCE=RAM . DEST=DLO • • 
6 

' ~- . ·' .· . .. . 

1 : : SOURCE=RS DEST=ADDRESS-COUNTER DECJ,'.DF') Il\iCC:RPJ ; ; 
7 2 :: SOURCE=DHI DEST=DS ;; 
8 :3: : : SOURCE=RAl;I DEST=DECODE DECODE ; ; 
c~ 

' 4 :: SOURCE=DLO ALU=B DEST=DHI END;; 
10 
1 1 f;END 
12 POISON SPECIAL 
13 
14 
:Ii:::-';J 

SCHEEi\! ~* 161 
0 \ MICROCODE --- DOVAR<5> 
1 \ DOVt~R Must. be L\Sed with a CALL ;attribute 
2 \ Address field for jump points to data 
-:: ..... DECIMAL CROSS-COMPILER 
4 68 OPCODE: DOVAR ( -> VALUE ) 

5 0 .. SOURCE=ADDRESS-COUNTER DEST=DLO .. 
6 1 n • SOURCE=RS DEST=ADDRESS-COUNTER . . 
-. 2 . . SOURCE=DHI DEST=DS .. 
I . . !I ~ 

8 3 .. SOURCE=RAM DEST=DECODE DECODE .. 
9 4 . . SOURCE=DLO .. 

:l.O ; ; END 
11 POISON SPECIAL 
12 
:1.3 
14 
15 

ALU=B DEST=DHI END .. 
!I ' 

WOf"'d 

DECCDPJ 
INC[RPJ 

. . 
' !I 

INCCRPJ . . , ' . . ' ' . 



CC> 1987 BY PHIL KOOPMAN JR. 

BCF<EEN ~:F 162 
0 \ MICROCODE --- DROPC2) 
1 DECIMAL CROSS-COMPILER 
2 69 OPCODE: DROP ( N -> > 
3 0 :: SOURCE=DS ALU=B DEST=DHI INC[DPJ 
4 l : : 
5 ; ; END 
6 
7 
8 

10 
1 1 
12 
13 
14 
15 

SCFi:EEN # 163 
0 \ MICROCODE --- DSWAP<7> 
1 DECIMAL CROSS-COMPILER 
2 72 OPCODE: DSWAP < Dl D2 -> D2 D1 > 
3 0 .. . . 
4 1 " . . . 
5 '? .. • o:.. . . 
6 

."!!. .. ·-· . . 
7 4 .. . . 
8 0:::- .. 

~1 . . 
9 6 .. . . 

10 
11 ;; ;END 
1.2 
l.3 
14 
l.5 

SCREEN #164 

SOURCE::=DS 
SOURCE=DS 
SOURCE= DH I 
SOURCE=DS 
SOURCE=DLO 
SOURCE=RS 
SOURCE==DL..O 

DEST=DLO INCEDPJ 
DEC[RPJ ;; 

DEST~os ALU=B 
DEST=RS ;; 

DEST=DS DECEDPJ 
DEST=DLO INCERPJ 

DEST=DS 

0 \ MICROCODE --- DUP<2> 
1 DECIMAL CROSS-COMPILER 
2 73 OPCODE: DUP ( N -> N N ) 
3 0 :: DECCDPJ 
4 j_ : r. 
5 ;;END 
6 
7 
8 
9 

l.O 
11 
12 
l. :~:; 

:t4 
15 

SOURCE=DHI DEST=DS 
DECODE 
El\l.D ; _; 

. . 
' ' 

DECODE 
END 

.. , ' . " , !I 



( 

< C) 1987 BY PH IL l<DOPM?"%N JR. 

SCREEN # 16:':i 
0 \ MlCROCODE --- 1(2) 
1 DECIMAL CROSS-COMPILER 
2 74 OPCODE: I ( -> N > 
3 0 :: SOURCE=RS DECCDPJ 
4 1 :: SOURCE=DHI DEST=DS 
5 
6 ;;END 

DECClDE ; ; 
ALU=B DEST=DHI I END;; 

7 SPECIAL \ Special forces RS available in 1st clock cycle 
8 
9 

10 
11 
12 
13 
14 
15 

SCREEN #166 
0 \ MICROCODE --- R@C3> 
1 DECIMAL CROSS-COMPILER 
2 74 OPCODE: R@ ( -> N ) 
3 ;;END 

i -·- ·. SAME AS I 

4 SPECIAL \ Special forces-RS available in 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCREEN #167 
0 \ MICROCODE --- I' <3> 
1 DECIMAL CROSS-COMPILER 
2 75 OPCODE: I' < -> N > 
3 0 :: DECCDPJ INCCRPJ ;; 
4 1 :: SOURCE=RS DECCRPJ 
5 2 :: SOURCE=DHI DEST=DS ALU=B 
6 ;;END 
7 SPECIAL \ Special forces RS 
8 
9 

10 
11 
12 
13 
14 
15 



. CC> 1987 BY PHIL KOOPMAN JR. 

SCREEl\I *!: 168 
0 \ MICROCODE --- J<5> 
1 DECIMAL CROSS-COMPILER 
2 76 OPCODE: J < -> N > 
"':!' ·-· 0 

1 
tM_:i ... _ 

6 ··::· ·-· 
4 

B ; ; END 

: . . 
: 
It . . . 

. . 
u . 
: . . 
It . 

DEC[DPJ INC[RPJ ;; 
SOURCE=DHI DEST=DS 
SOURCE=RS DEST=DLO 
DECCRPJ 
SOURCE=DLO ALU=B 

INClRPJ ;; 
DECCRPJ .. ' , 

DECODE ;; 
DEST=DHI END 

9 SPECIAL \ Special +orces RS available in l•t 
10 
1 1 
12 
1 ~::. 
l.4 
15 

SCREEN #l.69 
0 \ MICROCODE --- LEAVE<4> 
l. DECIMAL CRoss~coMPILER 

2 77 OPCODE: LEAVE C ~> > ( 
'':!' 
·-·' C) : : 

1 : : 
5 

7 ;;END 

INCCRPJ ;; 
SOURCE=RS · . · DEST=DL() 
SOURCE=DLO DEST=RS 

DECLRPJ 
DECODE 

8 \ Special forces RS available in 
9 POISON SPECIAL 

:lO 
11 
12 
1 ··:r ·-· 
14 
1.~5 

BCF~EEN 44 l. 70 
0 \ MICROCODE --- LIT<5> 
1 DECIMAL CROSS-COMPILER 
2 \ This MUST be used with the CALL attribute pointing 
3 78 OPCODE: LIT ( -> N ) 
4. 0 :: SOURCE=ADDRESS-COUNTER DEST=DLO DEtCDPJ 
5 l. :: SOURCE=DLO DEST=ADDRESS-LATCH INCERPJ 
6 2 :: SOURCE=RAM DEST=DLO ;; 
7 3 :: SOURCE=DLO DEST=LATCH DECODE 
8 4 :: SOURCE~JHI DEST=DS 
9 SOURCE==LATCH 

10 ; ; END 
11. POISON SPECIAL 
1 '":• ..:.. 

14 
1 ~5 

:instr 



"-·· -

WISC CPU/32 (C) 1987 BY PHIL r<OOPMAN JR. 

SCREEN #171 
0 \ MICROCODE --- LSLNC2*N+3) 
1 DECIMAL CROss~coMPILER 

2 \ COUNT TREATED AS AN UNSIGNED INTEGER 
3 79 OPCODE: LSLN C Nl COUNT -> N2 ) 
4 0 :: SOURCE=DS DEST=DLO INCEDPJ 
5 ALU=A-1 DEST=DHI 
6 
7 < LOOP WHILE <> 0 ) 
8 3 :: CIN=O SLEDLOJ ,, 
9 4 :: ALU=A-1 DEST=DHI JMP=OlZ ;; 

10 
11 ( DONE ) 
12 2 :: SOURCE=DLO ALU=B DEST=DHI 
13 7 •• .. 
14 ; ; END 
15 

SCREEN #172 
0 \ MICROCODE --- LSRC2> 
1 DECIMAL CROSS~COMPILER 

2 80 OPCODE: LSR < Nl -> N2 > 
3 0 : : ALU=A CIN;,.;O ... SREALUJ 
4 1 •• . . 
5 ;;END 
6 
7 
8 
9 

10 
11 
12 
:1.3 
:1.4 
15 

SCREEN #173 
0 \ MICROCODE --- LSRNC3*N+4) 
1 DECIMAL CROSS-COMPILER 

>= 0 

JMP=OlZ ;; 

:'. 

2 \ COUNT TREATED AS AN.UNSIGNED INTEGER >= 0 
3 81 OPCODE: LSRN < N1 COUNT -> N2 > 
4 0 :: SOURCE=DS DEST=DLO ;; 
5 1 :: SOLIRCE=DHI DEST=DS ALU=O DEST=:DHI 
6 
7 
8 
9 

10 
11 

. 12 
13 
14 

LOOP WHILE <> 0 > 
3 :: SOURCE=DS ALU=A-B DEST=DH:C 
4 :: ALU=notA DEST=DHI ;; 
5 :: SOURCE=DHI DEST=DS CIN=O SRrDLOJ· 

ALU=O DEST=DHI · 
DONE > · . ·. . . . . . . . ,.'>i · ' '.,>'::~,;,; . 

2 : : SOURCE=DLO ALU•-=B DEST:::iDH l · 
7 •• 

• u INCEDPl 
15 ;;END 

- .':;_-._=·. 

·>'. ,· 



( 
I 

lAJ I SC CPU1:::::2 CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #174 
0 \ MICROCODE --- NEGATEC2> 
1 DECIMAL CROSS-COMPILER 
2 82 OPCODE: NEGATE ( N -> -N 
3 0 ~: ALU=A-1 DEST=DHI 
4 1 :: ALU=notA DEST=DHI 
5 ; ;; END 
6 
7 
B 
9 

l.O 
11 
12 
13 
14 
15 

SCREEN #175 
0 \ MICROCODE --- NOTC2) 
1 DECIMAL CROSS-COMPILER 
2 83 OPCODE: NOT < N -> O=FLAG > 

DECODE 
END 

.. 
!I , 

" " , !f 

"=!' 
.... 1 0 : : J MP==O 1 Z DECODE 
4 
5 C < >O > 
6 ( ::::(l ) 

7 ;;END 
8 
9 

10 
11 
12 
13 
14 
15 

SCREEN #176 

::.::; 
"') 
..:. 

: : . . . . ALU=O 
ALU=--1 

0 \ MICROCODE --- ORC2) 
1 DECIMAL CROSS-COMPILER 

DEST=DHI 
DEST=DHI 

END 
END 

2 84 OPCODE: OR < Nl N2 -> N3 ) 

DEST=DHI 3 0 :: SOURCE=DS ALU=AorB 
4 
i:::· 

'"' 
1 •• . . 

6 ;;END 
7 
8 
!j 

10 
11 
12 
13 
:t4 
15 

d d 

!I' ' .. , ' 

INCEDPJ DECODE U 
E::ND ·. .• • , ' 



~.,i I E:H:: CPU/:3;2 

SCREEN #177 
0 \ MICROCODE --- OVER<2> 
i DECIMAL CROSS-COMPILER 

CC) i987 BY PHIL KOOPMAN JR. 

2 85 OPCODE: OVER ( Ni N2 -> Ni N2 Ni > 
3 0 :: SOURCE=DS DECCDPJ DECODE;; \ALU latch<- Nl 
4 1 :: SOURCE=DHI DEST=DS ALU=B DEST=DHI, END;~ 

5 
6 ;;END 
7 
8 
9 

:1.0 
11 
12 
:I. "T ·-· 
1.4 
1 1:::" 

d 

SCREEN #178 
0 \ MICROCODE --- R><2> 
1 DECIMAL CROSS-COMPILER 
2 86 OPCODE: R> ( -> N ) ( return: N -> ) 
3 0 : : SOLJRCE=RS DEST•.::LATCH DECCDPJ INCCRPJ DECODE ; ; 
4 1 :: SOLJRCE=DHI DEST=DS 
5 SOURCE=LATCH ALLl=B DEST=DHI END;~ 
6 
7 ;;END 
8 POISON 
9 

10 
1 1 
12 
:l 3 
14 
15 

SCREEN #179 

SPECIAL 

0 \ MICROCODE --- RLC(3J 
1 DECIMAL CROSS-COMPILER 
2 88 OPCODE: RLC < N:I. CYIN -> N2 CYOLIT ) 

ALU=B DEST=DHI 3 0 :: SOURCE=DS DEST=DLO 
4 
!:::" 
d 

6 
7 
8 
9 

CYIN=O > 
2 :: SLCDLOJ 

CYIN<>O ) 
3 :: SL[DLOJ 

CIN=O JMP=10S DECODE ;; 

CIN=l. JMP=lOS DECODE ;; 

l.O ( COUT=O > 4 :; SOURCE=DLO DEST=DS 
11 ( COUT<>O > 5 :: SOURCE=DLO DEST=DS 
12 
13 ;;END 
14 
15 

JMP=01Z .. 
' ' 



WISC CPU/32 

SCREEN #180 
0 \ MICROCODE --- ROTC4> 
1 DECIMAL CROSS-COMPILER 

CC) 1987 BY PHIL KOOPMAN JR. 

2 89 OPCODE: ROT ( Ni N2 N3 -> N2 N3 Nl ) 
3 0 :: SOURCE=DS ;; 
4 1 :: SOURCE=DHI DEST=DS 
5 2 :: SOURCE=DS 

ALU=B DEST=DHI INCCDPJ ;; 
DECODE ;; 

6 3 :: SOURCE=DHI DEST=DS 
7 ;;END 
8 
9 

10 
11 
1? -
13 
14 
15 

SCREEN #181 
0 \ MICROCODE --- RRC<4> 
1 DECIMAL CROSS-COMPILER 

ALU=B DEST=DHI DECCDPJ END 

2 90 OPCODE: RRC < Ni CYIN -> N2 CYOUT 
3 0 :: SOURCE=DS DEST=DLO · JMP=01Z ;; \ 
4 
5 CYIN=O 
6 
7 
8 
9 

2 :: SOURCE=DS ALU=B SRCALUJ 
CYIN<>O > 

3 :: SOURCE=DS ALU=B SR[ALUJ 

CIN=O. 

CIN=1 

10 
1 1 

1 :: SOURCE=DHI DEST~ns JMP=10L 

12 
13 

COUT=O 
COUT<>O 

14 ;;END 
15 

SCREEN #182 

4 :: ALU=O DEST=DHI END;; 
5 :: ALU=-1 DEST=DHI END;; 

0 \ MICROCODE ~-- S->D<3> 
1 DECIMAL CROSS-COMPILER 
2 91 OPCODE: S->D ( N1 -> 02 > 
3 0 :: DEC[DPJ JMP=01S DECODE . . 

' ' 4 
~ w ( 

6 ·c 
7 
8 . , 
9 

10 
11 
12 
13 
14 
15 

>=O 2 
<O 3 

;END 

. . . . 
n . . . 

SOURCE=DHI DEST=DS ALU=O DEST=DHl 
SOURCE=DHI DEST=DS ALU=-1 DEST=DHI 

. . 
' ' 



l~J I SC CPU/ :::::2 

SCREEN #183 
0 \ MICROCODE --- SWAPC2>' 
1 DECIMAL CROSS-COMPILER 

CC) 1987 BY PHIL KOOPMAN JR. 

2 92 OPCODE: SWAP C Nl N2 -> N2 N1 ) 
3 0 :: SOURCE=DS 
4 1 i: SOURCE=DHI DEST=DS 

DECODE ; ; \ ALU 1 at.ch <-- N 1 
ALU=B DEST=DHI END;; 

~5 

6 ;;END 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 

SCREEN #184 
0 \ MICROCODE --- SYSCALL(7+host delay) 
1 DECIMAL CROSS-COMPILER 
2 93 OPCODE: SYSCALL < DATA1 N -> DATA2 

6 
7 

(i :: SOURCE=DS DEST=LATCH INC[DPJ ;; 
1 :: SOURCE=LATCH ALU=B DEST=DHI 

SOURCE=DHI DEST=STATUS ;; 
\ Infinite ~~ " n It • SOURCE=:::DH I JMP=010 • u , , 

Restart at address 4 . . , , 4 : : 
8 \ 
9 

10 
11 
:I ~ -~ 

I"-
~ : :: 
t:) : : 

·7 ~ ~ 

SOURCE=DHI 
SOURCE=DHI 
SOURCE=DLO 

DEST=DLO ALU=O 
DEST= STATUS 
ALU=B DEST=DHI 

DEST=DHI ; ; 
DECODE ; ; 

END . " !I , 

1 ~ ~ 

14 ;;END 
1 ~5 

SCREEN #185 
0 \ MICROCODE --- TOGGLE<6> 
1 DECIMAL CROSS-COMPILER \ Works on 8-bit value 
2 94 OPCODE: TOGGLE ( ADDR B -> > 

3 0 :: SOURCE=DS DEST=DLO ;; 
4 
i:::· 
d 

6 
7 
8 
9 

10 

\ Ff2tc.:h 
1 ... 

a n ,.., 
u • . .::. . . 

··:!· .. .... • It It 

4 n n ... 
r.::· It • 
d .. 

11. ;;END 
12 
1.3 
l.4 
l ~5 

operand 
SOURCE=DLO DEST=ADDRESS-LATCH INC[DPJ ;; 
SOURCE=RAM-BVTE DEST=DLO ;; 
SOURCE=DLO ALU=AxorB DEST=DHI ;; 
SOURCE=DHI DEST=RAM-BYTE 
SOURCE=DS ALU~B DEST~DHI INCEDPJ 



I.A.I I ~3C CPU/ ~S2 CC> 1987 BY PHIL KOOPMAN JR. 

E'iCREEl\1 ~t. 1 El6 
0 \ MICROCODE --- U*(36) 
1 DECIMAL CROSS-COMPILER 
2 96 OPCODE: LI* < Ul U2 -> UD3 > 
3 \ ALU LATCH = Ul DLO = U2 DHI/DLO = PRODUCT 
4 0 .. SOURCE=DHI DEST=DLO .. , ' 
5 1 : : SR [ DLO J ; ; 
6 2 :: SOURCE=DS ALU=O DEST=DHI SR[DLOJ JMP=10L ;; 
7 
8 
9 

10 
l.1 
12 
13 
14 
15 

\ NOTE: MULTIPLY sets holds the ALU latch 
BIT (I ) 

4 " . MULTIPLY ALU=A+O SRf.ALUJ SRf.DLOJ . . 
c::- . . MULTIPLY ALU==A+B SREALUJ SR[DLOJ ,J . . 

( BIT 1 
6 : : MULTIPLY f~LU=A+O SRf.ALUJ SRf.DLOJ 
7 . . MULTIPLY ALU=A+B SREALUJ SRf.DLOJ . . 

SCREEN #187 
0 \ MICROCODE --- U* 2 
1 DECIMAL CROSS-COMPILER 
2 97 CURRENT-OPCODE 
3; < BIT 2 > 
4 (i .. MULTIPLY ALU=A+O SR[ALUJ SRtDLOJ . . 
t::- 1 . . MULTIPLY ALU=A+B SRLALUJ SRf.DLOJ .J . . 
6 BIT 3 ) 

7 ~. " . MULTIPLY ALU=A+(l SRf.ALUJ ·SRf.DLOJ ... ~ . . 
f3 3 . . MULTIPLY ALU=A+B SRtALUl.· SRtDLOJ . . 
9 BIT 4 ) 

1 (l 4 . . MULTIPLY AL.U=A+O SRf.ALUJ ·sRf.DL.OJ • u 

with U1 

JMP=11L,. .tt<icr..MF;c.·J 
JMP=11L INQ[MPCJ 

JMP=OOL 
JMP=OOL 

] 

1 1 i:::' . . MULTIPLY ALU=A+B SRf.ALUJ SRf.DLOJ INC[MPCJ ,J .. 
:1.2 BIT 5 ) 

l.3 6 • u MULTIPLY ALU=A+O .. 
14 7 n • MULTIPLY ALU=A+B . " 
15 

SCREEN #188 
0 \ MICROCODE --- U* 
1 DECIMAL CROSS-COMPILER 
2 9f3 CURRENT-OPCODE 
3 BIT 6 ) 

SRf.ALUJ SR[DLOJ JMP=clbl. 
SREALUJ SRf.DLOJ JMP=OOL ii·" ,., 

4 0 :: MULTIPLY 
5 1 :: MULTIPLY 
f., BIT 7 ) 

ALU=A+O SRf.ALUJ SRf.DL.OJ JMP=01L lJ 
ALU=A+B SRf.ALUJ SRf.DLOJ JMP=01L ;J 

7 2 :: MULTIPLY ALU=A+O SRf.ALUJ SRf.DLOJ 
8 3 :: MULTIPLY ALU=A+B SRf.ALUJ SREDLOJ 
9 BIT 8 ) 

10 4 :: MULTIPLY ALU=A+O SRtALUJ 
11 5 :: MULTIPLY ALU=A+B SRf.ALUJ 
12 BIT 9 ) 
13 6 :: MULTIPLY ALU=A+O SRf.At:.:_UJ 
14 7 :: MULTIPLY ALU~A+B SRf.ALUJ 
1 t::-~J 

; . ' . . , ' 

. . , , .. , ' 
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WHlC cpu;::::.:;;;: CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #189 
0 \ MICROCODE --- U* -- 4 
1 DECIMAL CROSS-COMPILER 
2 99 CURRENT-OPCODE 
3 C BIT 10 
4 () = : MULTIPLY ALU=A+O SREALUJ SRCDLOJ JMP=01L ;; 
I:::' l . . MULTIPLY ALU=A+B SREALUJ SREDLOJ JMP=01L ;; ..., . . 
6 ( BIT 1 l ) 

7 2 : g MULTIPLY ALU=A+O SRCALUJ SRCDLOJ JMP=10L ;; 
8 3 : : MULTIPLY ALU=A+B SREALUJ SREDLOJ JMP=10L ;; 
9 ( BIT l2 ) 

10 4 •• MULTIPLY ALU=A+O SRCALUJ SRCDLOJ JMP=l1L.INCLMPCJ ;; . . 
11 5 : : MULTIPLY ALU=A+B SREALUJ SREDLOJ JMP=11L INCEMPCJ ;; 
1 .... : . .... ( BIT 1'.'.:.~ ) 
1 ~5 6 n n .. MULTIPLY ALU=A+O SRCALUJ SREDLOJ JMP=OOL ;; 
14 ·7 : : MULTIPLY ALU=A+B SRCALUJ SREDLOJ JMP=OOL ;; 
15 

SCREEN ~* 1 90 
0 \ MICROCODE --- U* 5 
1 DECIMAL CROSS-COMPILER 
2 100 CURRENT-OPCODE 
~5 < BIT 14 > 
4 0 :: MULTIPLY 
5 1 :: MULTIPLY 

ALU=A+O SRCALUJ SRCDLOJ jMf:.,,;,,on.;··:_;; 
AL.U=A+B SRCAL.UJ SRCDLOl JMP::::01L).i'.~i 

6 < BIT 15 ) 
7 2 :: MULTIPLY 
8 3 :: MULTIPLY 
9 < BIT 16 > 

ALU=A+O SREALUJ SREDLOJ JMP='fhl.(::; f 
ALU=A+B SRCALUJ SREDLO;:f. JMP::::t6p::·;;. 

10 4 :: MULTIPLY ALU=A+O 
11 5 :: MULTIPLY ALU=A+B 
:1.2 ( BIT :1.7 > 
13 6 :: MULTIPLY ALU=A+O 
14 7 :: MULTIPLY ALU=A+B 
j,5 

SCREEN #l9l 
0 \ MICROCODE --- LI* -- 6 
1 DECIMAL CROSS-COMPILER 
2 101 CURRENT-OPCODE 
~5 ( BIT 18 ) 
4 0 :: MULTIPLY ALU=A+O 
5 l :: MULTIPLY ALU=A+B 
t:> < BIT 19 ) 
7 2 :: MULTIPLY ALU=A+O 
8 3 :: MULTIPLY ALU=A+B 
9 ( BIT 20 

SRCALUJ SR[DLOJ JMP=l lt .. INCEMPCJ ; ; 
SRCALUJ SRCDLOJ JMP=11L INCtM~CJ ;; 

SREALUJ SRCDLOJ JMP=C>Ol. ;; 
SRCALUJ SR[DLOJ JMP~OOL ;; 

SREALUJ SR[DLOJ JMP=01L.. ; 
SRCALUJ SRCDLOJ JMP~01L . 

' 
SRCALUJ SREDLOJ JMP=10L ;; 
SREALUJ SR[DLOJ JMP=10L 1;. 

:lO 
l.1 
12 
13 

4 : : MULTIPLY 
5 :: MULTIPLY 

EIT 21 ) 

ALU=A+O SRCALUJ SREDLOJ JMP~11L INCCM~CJ 
ALU==A+B SRCALUJ SRCDLOJ J.MP=UL INQt:MPCJ ; 

14 
l5 

6 : : . :MULTIPLY 
7. : : MllLTIPLY ~~~=~:~ ~~ ~~~~g ~~i~~~~ g~~tg~,~~~~~~'~:~~~'0¥'r'~r 



(C) 1987 BY PHIL KOOPMAN JR. 

SCREEN t.J: 1 92 
0 \ MICROCODE --- LI* .. , 

i 

1 DECIM1'..":1L CPGSS·-·COMP ILER 
~:;:~ :l02 CUFff(El\IT-··OPCDDE 
"-=!' 
·-·' BIT :~2 ) 

4 0 " 
. MULTIPLY ?;L.U"-=?~+O SRU':iLUJ . 

1:-.. - 1 . . MULTIPLY AL.U=A+B SR[ALUJ -..J . " 
6 ( BIT 2~; ) 

7 2 n . MULTIPLY ALU"-=A+O SRU-iUJJ " . 
8 :3 . : MULTIPLY ALU=A+B SR[ALUJ . 
9 BIT 24 ) 

1 (l 4 .. MULTIPLY <-"":il...U=A+O SR[ALUJ . . 
l.l ~5 : . MULTIPLY ALl..J::::(-':i+B SRCALUJ " 
1 ".7• . ,_ BIT ;:~5 
1 ··:!· 6 : . MULTIPLY (-\LU=?-l+O SR U-iLU J .... 1 . 
14 7 : : MULTIPLY AL..U•=A+B sr.:;:cALUJ 
15 

SCREEN # l. 9~3 
0 \ MICROCODE --- U* 8 
1 DECIMAL CROSS-COMPILER 
2 l.03 CURRENT-OPCODE 
::::; ( BIT 26 ) 
4 0 :: MULTIPLY ALU=A+O SR[ALUJ 
5 1 :: MULTIPLY ALU=A+B SR[ALUJ 
6 BIT 27 ) 
7 ::~ :- : MULTIPLY ALU~A+O 

B ~~ " . MULTIPLY AL.U=A+B .. '. u 

9 BIT 28 ) 

l.O 4 . . MULTIPLY {1LU=t=1+0 
1.1. 5 .. MULTIPLY AL.U=A+B . . 
:!.'..? BIT 29 ) 

1 :::. 6 . . MULTIPLY AL.U=f:i+O . . 
14 7 .. MULTIPLY AL.U=A+B . . 
:1.5 

E:!Cl=<EEN :t-J: :I. 94 
0 \ MICROCODE --- U* 9 
l. DECIMAL CROSS-COMPILER 
2 104 CURRENT-OPCODE 
3 ( BIT :_:::o 

f.:; 

7 
B 
<;> 

0 " . . " 
l. .. 

•II II 

BIT ~::: l 
r•, 
..::. . . 
":!" .. ..... . . 

MULTIPLY 
1--1UL.T I PLY 

MULTIPLY 
MULTIPLY 

ALU•=A+O 
ALU=A+B 

ALU=A+O 
ALU=A+B 

SRCALUJ 
SR[ALUJ 

SF<U-iUJJ 
SF([P1UJJ 

SFUAUJJ 
SRl:AL.UJ 

SREALUJ 
SREALUJ 

SR[f.")jLlJJ 
SR[ALUJ 

:l.O 
1 1 

4 .. . . SOURCE=,DL.O DEST==DS 

12 
13 
14 
l ~:; 

; ; END 

SRl:DL.OJ JMP:::::OJ.L !i " , 
Sl~<:[DL..OJ JMP==Ol.L .. 

~· ' 
SR[DLOJ . . ' _,_ 

SR[DLOJ 

S~~[DLOJ 

SREDLOJ 

SR[DLOJ 
SR[DLOJ 

SF<EDLOJ 
SR[DLOJ 

SRCDL.OJ 
SRl:DLOJ 

SREDLOJ 
SREDLOJ 

SR[DLOJ 
SR[DLOJ 

END 



~ 

L·1J I ~:;c CPU /32 .. CC> 1987 BY PHIL KOOPMAN JR. 

SCHEEN ~t 1 95 
0 \ MICROCODE --- U/MODC39/40l 
1 DECIMAL CROSS-COMPILER 
2 \ Max divisor is 7FFFFFFF Max dividend is 7FF ••. FF 
3 105 OPCODE: LI/MOD < UD1DVDND U2DIVISOR -> UREM UQUOT 
4 \ ALU LATCH=DIVISOR 
5 \ DHI=DIVIDEND<HI> DLO=DIVIDENDCLO> 
6 \ DHI=REMAINDER DLO=QUOTIENT 
7 
8 \ Shuffle operands 
9 0 :: SOURCE=DS 

10 1 :: SOURCE=DHI 

al'"OLtnd 
DEST=UHCH ; ; 
DEST:::=DS ALU=B DEST=DHI INc'r.·.o.··F.·.:J ..• " 

·' ··' 11 2 :: SOURCE=DS DEST=DLO DECCDPJ " . , , 
12 \ Initial subtraction 
13 3 :: SOURCE=DS ALU=A-B DEST=DHI SLCALUJ SLCDLOJ ;; 
14 *** CONTINUED ON NEXT SCREEN *** ) 
15 

SCREEN #196 
0 \ MICROCODE --- LI/MOD - 2 
l DECIMAL CROSS-COMPILER 
r·, 

. ..::.. 

3 
"( 

( 
**** Continuation of opcdde page # 105 ****' 
BIT 0 > 4 :: DIVIDE SLCDLOJ SLCALUJ ;; 

4 ( BIT l > 5 :: DIVIDE SLCDLOJ SLCALUJ 
5 BIT 2 6 :: DIVIDE SLCDLOJ SLEALUJ 
6 
7 
8 
9 

l (I 
1l 
j ...-:• 

l.3 
:l .<.1-

l.5 

SCREEN #197 
0 \ MICROCODE --- LI/MOD - 3 
l DECIMAL CROSS-COMPILER 
:~:: 
-· .. ::. 
4 
5 
6 
-7 
8 

l.06 CURRENT-OPCODE ! 
(BIT 3) 0 :: DIVIDE SL[DLOJ SLEALUJ ;; 
(BIT 4 1 :: DIVIDE SLCDLOJ SLCALUJ ;; 
( BIT 5 > 2 :: DIVIDE SLCDLOJ SLEALUJ ;; 
(BIT 6) 3 :: DIVIDE SLCDLOJ SLCALUJ ;; 

BIT 7 4 :: DIVIDE SLCDLOJ SLCALUJ ;; 
BIT 8 5 :: DIVIDE SLCDLOJ SLCALUJ ;; 

9 BIT 9 > 6 : : DIVIDE SLCDLOJ SLCALLIJ tNCIMPCJ ; ; ·•' 
10 BIT 10 > 7 :: DIVIDE SLCDLOJ SLCALUJ JMP==OOO ; ; 
1 1 
12 
1 ...• . .::. 
14 
15 



/ 

., 

lAJI SC CPU/::::.::;:'. CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #198 
0 \ MICFmCClDE ,._,._ .. _ U/MOD - 4 
1 DECIMAL CRDSB·--CDMP ILER 
~2 107 CURRENT-··OPCODE ! 
~5 ( BIT u. ) 0 = = DIVIDE SLCDLOJ 
4 ( BIT 12 1 . " DIVIDE SLCDLOJ . " 
i:::- ( BIT 1 -:r ) 2 .. DIVIDE SLCDLOJ .J ·-· .. 
6 ( BIT 14 ) ~; H H DIVIDE SLCDLOJ . . 
7 ( BIT 15 ) 4 . . DIVIDE SLtDLOJ . . 
8 ( BIT 16 ) 5 . . DIVIDE SLCDLOJ . . 
9 ( BIT 17 ) 6 . . DIVIDE SLCDLOJ .. 

10 ( BIT 18 ) 7 .. DIVIDE SLtDLOJ . . 
1.1 
l2 
:t3 
14 
15 

SCREEN #199 
0 \ MICROCODE LI/MOD - 5 
1 DECIMAL CROSS-COMPILER 
2 108 CURRENT-OPCODE ! 

SLCALUJ 
SLCALUJ 
SL[ALUJ 
SLtALUJ 
SLtALUJ 
SLEALUJ 
SL.tALUJ 
SL[ALUJ 

3 <BIT 19 ) 0 :: DIVIDE SLEDLOJ SLEALUJ 
4 < BIT 20 > 1 : : DIVIDE SLEDLOJ SLEALUJ 
5 ( BIT 21 > 2 :~ DIVIDE SLEDLOJ SLCALUl 
6 < BIT 22 ) 3 :: DIVIDE SLEDLOJ SLEAL.UJ 
7 <BIT 23 > 4 :: DIVIDE SLCDLOJ SLtALUJ 
8 < BIT 24 > 5 :: DIVfDE SLfDLOJ SLEALUl 
9 ( BIT 25) 6 :: DIVIDE SLEDLOJ SL.tALUJ 

10 ( BIT 26 > 7 :: DIVIDE SLEDL.OJ SLtALUJ 
1 1 
12 
13 . 

l4 
15 

SCREEN #200 
0 \ MICROCODE --- U/MOD - 6 
1 DECIMAL CROSS-COMPILER 
2 109 CURRENT-OPCODE ! 

" . 
!I ' . " , !I . . 
, !I . . 
' ' .. 
' ' . . 
' ' 

3 < BIT 27 > 0 :: DIVIDE SLEDLOJ SLEALUJ ;; 
4 ( BIT 28 > l :: DIVIDE SLEDLOJ SLEALUJ ;; 
5 ( ·BIT 29 > 2 : : DIVIDE SLEDLOJ SL.EALUJ ; ; 

INCtMPCJ 

6 '( BIT 30 > 3 : : DIVIDE SLEDLOJ SLEALUJ INCEMPCJ 
7 < BIT 31 ) 4 :: DIVIDE SLCDLOJ JMP=OOO 
8 
9 

10 
11 
12 
13 
14 
15 



WISC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCF\EEN #201 
0 \ MICROCODE --- U/MOD - 7 
1 DECIMAL CROSS-COMPILER 
2 110 CURRENT-OPCODE ! 
3 \ Test sign of result 
4 0 : : SOURCE::::DHI INCEDPJ JMP=Oi~ ; ; 
5 
6 \ Result 
7 
8 
9 

iO 
11 
i2 

2 : : 
7 •• . . 

\ Result 
..,. .. 
·-"' a a 

13 ;;END 
14 
15 

SCREEN #202 

>= 0 Don't add divisor back 
SOURCE=DHI DEST=DS JMP=i11 
SOURCE=DLO ALU=B DEST=DHI 

< 0 Add divisor to remainder 
SOURCE=" ALU=A+B DEST=DHI 

~~<s- .I'
~ t 
v 

DEC,ODE ; ; 
.ENO ; ; 

JMP=OiO 

o \ MICROCODE --- WORDSWAP<2> 
i DECIMAL CROSS-COMPILER 

<ROLL 16 B.I TS 

2 1i1 OPCODE: WORDSWAP < 
3 0 :: ALU=A ROLLCALUJ 
4 1 :: ALU=A RDLLCALUJ 
5 
6 ;;END 
7 
8 
9 

1 (l 
11 
12 
13 
1.4 
15 

SCF\EEN #203 
0 \ MICROCODE --- XOR<2> 
i DECIMAL CROSS-COMPILER 

Ni -> N2 > 
DEST::;DH I -
DEST=•DHI 

2 :1. i2 OPCOD,E:_ --XOR < Ni N2 -> 1\13 ) 

OECO'bEf 
END ;; 

··. ,.··. ::··:. 

3 0 :: SOURCE=DS ALU=AxorB DEST==DHI INCCDPJ 
4 1 : : 
5 
6 ; ; END 
7 
8 
9 

10 
11 
l.2 
13 
14 
15 

··_.· 

. - ·,.,: · .. ·; 

.. -
' ' 

DECOI)E _ ; ; 
END H 



SCREEN ~*204 

0 
1 

•• =!' ·-· 
4 
5 
6 
7 
8 
9. 

10 
11 
1 ,..., 

..::. 

14 
15 

SCREEN #205 

<C> 1987 BY PHIL KOOPMAN JR. 

0 \ MICROCODE . "'~-;.... ,pWA~_,.ORdP 
1 DECIMAL CROSS-COl"IPILE::R 
2 120 OPCODE: SWAP·~~OROt=· · 
:::;; 0 : : I NC [ DP] 

5 
6 ;;END 
7 
8 
9 

10 
1:t 
12 
1:3 
14 
15 

SCREEN #206 
0 \ MICROCODE --- <CM-STEP><l0/3) 
1 DECIMAL CROSS-COMPILER 
2 \ CMOVE step 
3 121 OPCODE: <CM-STEP> ( SRCADDRDESTAODRU 
4 0 :: ALU=A-1 DEST=DHI DECt:DPJ JMP=O 
5 < Count not = 0 -- continue ) 
l:J 
7 
8 

3 : : · SOURCE==DH I DEST==DS INC EDPJ 
4 :: INCt:OPJ ALU=A+t ; ; 
5 :: SOURCE=DS DEST=ADDRESS-LATCH 

9 \ Fetch source byte 
.· 10 6 : : SOURCE=PH I DEST:::::DS 
.11 7 : : SOURCE==RAM.,..BYTE 
:l.2 
1 .. ~.' ...... Count = 0 -- stop > 

14 2 : : 
15 1 :: SOURCE=DHI DEST=DS 



-, 
-~-

~~ISC CPU/32 CC> 1987 BY PHIL KOOPMAN JR. 

!:3C1::;:EEN -=1:1:207 
0 \ MICROCODE --- <CM-STEP> --2 
1 DECIMAL CROss~coMPILER 

2 122 CURRENT-OPCODE ! 
~· .... , \ 
4 

Store 
0 " " . . destination byte 

P1LU=A+ 1 ; ; 
5 1 . . . . SOURCE=DS DEST=ADDRESS-LATCH 

SOURCE=DHI DEST=DS DECCDPJ 
SOURCE==DLO DEST==RAM-BYTE 

ALU=A+B DEST==DHI ;; 
6 2 . . 
7 :::: . . 
8 4 . . 
9 5 . . 

10 ; ;END 
11 

. . 
.. . . . . . ALU=O 

. . 
!l ' . . 

!I ' 

DEST=DHI 

, .. ,--

DECODE --;f 
END_ '- -- • -• ·' ~-. 

12 
13 

·:·.:-'.;· .··.-·.·. ·: ; 

14 
1 ~5 

SCREEN #208 
0 \ MICROCODE <<CM-STEP><ll/3) 
1 DECIMAL CROSS-COMPILER 
2 \ CMOVE step _ _ - _ 
3 123 OPCODE: <<CM-STEP> < SRCAD DSTAri U ->·S~1~0~1 
4 O : : ALU=A-1 DEST=DHI DEC[RP) JMP=Oif:> 
5 
6 

Count not = O .-- continu~ > _ 
3 :: SOURCE=DHI DEST,;,.RS INCC:DPJ 

- --

ALU=;,;..t··-
7 \ Fetch source byte 
8 4 :: SOURCE=DS DEST=ADDRESS-LAtCH ALU=A+B DEST=DHf ;~ 
9 5 :: SOURCE=DHI DEST=DS DECCDPJ I~CCMPCJ ~; 

10 6 :: SOURCE=RAM-BYTE DEST==DLO ALU=-1 DEST=DHI JMP~OOO ;; 
11 
l2 
1~5 

14 
15 

Count == 0 -- stop > 
2 :: DECEDPJ INCERPJ 
1 :: SOURCE=DHI DEST=DS 

SCREEN #209 

DECODE JMP==001 ;; 
ALU=-1 DEST=DHI END ;; 

0 \ MICROCODE --- <<CM-STEP> --2 
1 DECIMAL CROSS-COMPILER 
2 124 CURRENT-OPCODE ! 
3 \ Store destination byte 
4 0 :: SOURCE==DS DEST=ADDRESS-LATCH ALU=A+B DEST=DHI ;; 
.::.--
'-' 

,, . . ..:.. . . .. , ' 
6 1 . c . 
7 3 . . ·- . 

SOURCE=DHI DEST=DS DECCDPJ 
SOURCE=DLO DEST=RAM-BYTE ;; 
SOURCE=RS DEST==DLO ALU=O DEST=DH I I NC [ RPJ - · _· :, DECODE 

f:i 
9 

10 
11 
:I'"' .;.t!. 

1 """ ·-' 
14 
15 

4 . : . 
; ; END 
SPECIAL 

SOURCE=DLO DEST==DS END;; 

-.. · ..... -· 

,,.. ,: 

. ~ : 
-I-_ 

d·-
•:i 

<j"·'. 



\,•JI BC CPU/ ~::2 

SCREEN #210 
0 \ MICROCODE --- ORC! (6) 
1 DECIMAL CROSS-COMPILER 

CC> 1987 BY PHIL KOOPMAN JR. 

2 125 OPCODE: ORC! < B ADDR -> 
3 \ Fetch operand 

(I :: SOURCE=DS INCCDPJ ;; \Load N into bus late 
1 
"' ...::. 

:: SOURCE=DHI DEST=ADDRESS-LATCH ALU=B DEST=DHI ;; 
:: SOURCE=RAM-BYTE DEST=DLO ;; 

~.::. 

4 

:: SOURCE=DLO ALU=AorB DEST=DHI ;; 
:: SOURCE=DHI DEST=RAM-BVTE 

- :: SOURCE=DS ALU=B DEST=DHI 5 
10 
l.1 
1 ,, 

..:.. 

j ··:~ 

. ··-' 
1 •+ 
1 ~5 

; ; END 

SCREEN #211 
0 \ MICROCODE --- 4*(2) 
1 DECIMAL CROSS-COMPILER 
2 126 OPCODE: 4* < N -> N+N ) 

INC[DPJ 
DECODE 

END 

3 \ Get a 0 into highest bit of DLO for shift operation 
4 
c::
,.J 

0 :: ALU=A+A SR[DLOJ DEST=DHI DECODE ;; 
1 :: ALU=A SLCALUJ DEST=DHI END ;; 

6 ;;END 
7 
8 
9 

10 
1 1 
1? -
13 
14 
15 

SCREEN #212 

.. , , . . 
' !I 

0 \ MICROCODE --- <INTERRUPT><11) Interr~pt service word 
1 DECIMAL CROSS-COMPILER \ MUST be op-code 1 ! ! ! ! ! ! 
2 1 OPCODE: <INTERRUPT> 
3 < -> PAGE&ADDR-CNT INT-FLAGS 
4 0 " n .. 
5 1 .. 

" . 
6 2 .. . . 
7 3 " . . . 
8 4 .. 

• n 

9 \ Pla.ce 
1 (i 1:::- .. 

~1 a n 

11 6 a a 
• a 

12 
:1.3 
14 
15 

" n , , 
SOURCE=ADDRESS-COUNTER DEST=DLO D~CCDPJ ;; 
SOURCE=DHI DEST=DS DECCDPJ ;; 
SOURCE=DLO DEST=DS ALU=O DEST=DHI a a , , 
SOURCE=DHI DEST=ADDRESS-COUNTER ;; 

-1 in flags to mask interrupts 
SOUF\CE==FLAGS ALU=-1 DEST==DHI INCCMPCJ ;; 
SOURCE=DHI DEST=FLAGS ALU==B DEST=DHI 



i/-.J I SC CPU/ :::::2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #213 
0 \ MICROCODE --- <INTERRUPT> --2 
1 DECIMAL CROSS-COMPILER 
2 2 CURRENT-OPCODE ! 
3 \ Execute program at address 0 
4 
1:::
d 

6 

0 :: SOURCE=RAM DEST=DECODE DECODE;; 
1 :: END;; 

7 ;;END 
8 POISON SPECIAL 
9 

10 
1 1 
12 
13 
14 
15 

SCREEN #214 
0 \ MICROCODE --- SET-FLAGS (6) 
1 DECIMAL CROSS-COMPILER - -

2 127 OPCODE: SET-FLAGS ( NEW-FLAG-WORD -> OLD-FLAG~WORD. ) 
::~: 

4 
r.::
~1 

6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 

(l . . . . 
1 11 H . . 
,-, .. .1.:. . " 
~;:; a a . " 
4 . " .. 
£:" . . 
~.1 II fl 

; ; END 

SCREEN #215 

.. , ' 
SOURCE=FLAGS DEST=DLO ;; 
SOURCE=DHI DEST=FLAGS 
SOUFi:CE=DLO 
DECODE ;: ; 
END ; ; 

. . , , 
ALLJ::::B 

0 \ MICROCODE --- RTIC6) Return from interrupt 
1 DECIMAL CROSS-COMPILER 
2 128 OPCODE: RTI 
3 ( PAGE&ADDR-CNT INT-FLAGS -> > 

4 0 ~: SOURCE=DHI DEST=FLAGS ;; 
5 1 :: SOURCE=DS DEST::::PAGE ;; 
6 2 :: SOURCE=DS DEST=ADDRESS-COUNTER INCCDPJ ;; 
7 
f:3 
9 

10 

~$ :: ;; 

-<-1- : ~ 

~j : : 

SOURCE=RAM DEST=DECODE 
SOURCE=DS ALU=B DEST=DHI 

11 ;;END 
12 POISON SPECIAL 
13 
14 
1~5 

DECODE;; 
INCCDPJ END ;; 

-I 
I 



~'JI EiC CPU/:::;;:~: CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #216 
0 \ MICROCODE --- WFILLC8+2*N> 
1 DECIMAL CROSS~COMPILER 

2 129 OPCODEg WFILL < ADDR WORD-COUNT WORD -> > 
~5 

4 
5 

\ Move count to DHI and value to DS 
0 :: SOURCE=DS DEST=LATCH ;; 
1 :: SOURCE=LATCH ALU=B DEST=DHI 

SOURCE=DHI DEST=DS INCCDPl . . ' , 
\ Stash ADC value in DLO, set ADC to ADDR for fill 

2 :: SOURCE=ADDRESS-COUNTER DEST=DLO ;; \Save ADC 

6 
7 
8 
9 3 :: SOURCE=DS DEST=ADDRESS-COUNTER ALU=A-1 DEST=DHI 

1 (l 
l. 1 

DECCDPJ INCCMPCJ ;; 

12 
l. ~!. 
:1.4 
l.5 

4 " • 
" " 

SCREEN #217 
0 \ MICROCODE --- WFILL --2 
1 DECIMAL CROSS-COMPILER 
2 :1.30 CURRENT-OPCODE ! 
3 < Fill another word ) 

JMP=OOS ;; 

4 0 :: SOURCE=DS DEST=RAM ALU=A-1 DEST=DHI 
5 INCCADCJ JMP=111 ;; 
6 7 :: SOURCE=ADDRESS~COUNTER DEST=ADDRESS-LATCHJMP•OOS ;; 
7 
8 < Done ) 
9 1 :: INC[DPJ SOURCE=DLO DEST=ADDRESS-COUNTER ;; 

L :: INCCDPl DECODE;; 
-· ·-· :: SOURCE=DS ALU=B DEST~DHI INC[DPJ END;; 

12 
13 ;;END 
14 
15 

SCREEN #218 
0 \ MICROCODE --- 1(3) 
:l DECIMAL CROSS-COMPILER 
2 1:37 OPCODE: 1 ( ·-> l. ) 

\ ( Used by xcompiler!) 

3 0 :: DEC[DPJ SOURCE=DHI DEST=DLO 
4 ALU=O DEST=DHI 
5 1 :: SOURCE=DLO DEST=DS 
6 ALU=A+1 DEST=DHI 
7 2 : : END ; ; 
8 ;;END 
<? 

10 
:l1 
12 
:1.3 
14 
1.5 

.. 
~· !I 

DECODE .. , , 

Vti \, 
" g 

. /1xo/· 
·:ia· '"~ i C91/,j/ 
G{ji~L 



<C> 1987 BY PHIL KOOPMAN JR. 

~"lCF~E~EN :fl='.21 9 
0 \ MICROCODE -~- COUNT-DOWN (3/4) Favors taking the branch 
1 DECIMAL CROSS-COMPILER \ Similar to DUP_l-_SWAP_O=_OBRANCH 
2 138 OPCODE: <COUNT-DOWN> C FLAG-> .. /FLAG> \BUT drops at end! 
3 \ 0 flag => branch non-0 flag => go to next instruction 
4 \ Must ALWAYS be used with a CALL attribute! I!!! 
5 0 :: SOURCE=ADDRESS-COUNTER DEST=DLO JMP=OlZ ;; 
6 \ FL..AG=O 
7 ·z • a 

•, .. • u a 

Allow compiled branch to take affect 
ALU=A-1 DEST=DHI INC[RPJ DECODE ;; 

8 4 : : END ; ; 
9 \ FLAG<>O Override compiled branch 

10 2 :: SOURCE=DLO DEST=ADDRESS-COUNTER JMP=101 
11 \ Wait for RAM access 
12 5 :: SOURCE=RAM DEST=DECODE INC[RPJ DECODE 
13 6 :: SOURCE=DS ALU=B DEST=DHI INC[DPJ END 
14 ;;END POISON SPECIAL 
15 

SCREEN #220 
0 \ MICROCODE --- @+(5) 
1 DECIMAL CROSS-COMPILER 
2 139 OPCODE: @+ C Nl ADDR 
3 0 :: SOURCE=DS ;; 

-> N2 ) 

4 1 :: SOURCE=DHI DEST=ADDRESS-LATCH 
5 2 . . . . 
6 :::. . . . . 
7 4 . . . . 
8 
9 . ;END , 

10 
11 
1 '":• .... 
1.3 
1.4 
1.5 

SCF~EEN #221 

SOURCE=RAM 
SOURCE=DLO 
Ei\ID ; ; 

DEST=DLO ,; _.; 
ALU=A+B DEST=DHI 

0 \ MICROCODE --- 3_PICK <4> 
1 DECIMAL CROSS-COMPILER 

. . , ... , . 

2 140 OPCODE: 3_PICK < Nl N2 N3 N4 -> 
3 0 :: SOURCE=DHI DEST=DLO 
4 1 :: SOURCE=DS ALU=B DEST=DHI 

Nl N2 N3 N4 N2 ) 
Il\IC[DF·J ; ; 
DEC~CDF•J ; ; 

5 DECEDPJ 2 . . . . 
6 
7 

'":?. ·-· 

8 ;;END 
9 

lO 
11. 
1.2 

. l :::. 
14· 
15 

. . . . SOURCE=DLO DEST=DS 
D_EC.ODE ; ~ 

END 



!..•JI ~3C CPU/~:;:;;:: <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #222 
0 \ MICROCODE --- 4 PICK C6> -
1 DECIMAL CROSS-COMPILER 
2 141 OPCODE: 4_PICK < Nl N2 N3 N4 -> 
'"'I" ·-· 
4 .,,. 
..! 

0 :: SOURCE=DHI DEST=DLO 
1 :: INC[DPJ ;; 
2 :: SOURCE=DS 
~ .. 
,.:;, "' n 

N1 N2 N3 N4 
INC[DPJ ;; 

DECCDPJ ; ; . . 
!1 ' 

N1 ) 

6 
7 
8 

4. : : 

ALU=B DEST=DHI 
DECCDPJ 
DECCDPJ 

DEST=DS 
DECODE ; ; 

5 : : 
9 

10 ; ; END 
:1. l. 
1,., 

..:.. 

:I.~:; 

14 
15 

SCREEN #223 

SOURCE~-=DLO 

0 \ MICROCODE --- D>R<4> 
1 DECIMAL CROSS-COMPILER 
2 142 OPCODE: D>R < N1 N2 -> > 
:3 C) : : DECCRPJ .. 

, !1 

< Return: 

1 ti If SOURCE=DHI . . 4 DEST=RS DECCRPJ ;; 

END 

5 
6 

2 : :: 
":!" n t:1 
·-• II II 

SOURCE=DS 
SOURCE=DS 

DEST=Rs· INC[DPJ DE~CODE ; ; 
ALU=B DEST=DHI lNC[DPJ EN:O 

. ..,, 
I 

8 ;;END 
9 POISON SPECIAL 

10 
1 1 
1 ~ ~ 

13 
:1.4 
1 ~3 

SCREEN #224 
0 \ MICROCODE --- DR><5> 
1 DECIMAL CROSS-COMPILER 
2 143 OPCODE: DR> < -> Ni N2 ( return~ N2 Nl -> 
:3 
4 
5 
l::i 
7 
8 

C) : : 

l. ... . . 
2 : : 
..... 
.. :;. g :: 

.4 : : 

9 ; ; El\.ID 

DEC[DPJ . . , , 
SOLJRCE=DHI 
SOURCE= RS 
SOLJRCE•=RS 
SOURCE=DLO 

10 POISON SPECIAL 
1.1 
1 ? 

.~ 

13 
14 
15 

DEST==DS DECCDPJ . " !f !I 

DEST=DS · INCCRPJ • 
DEST==DLO INCCRPJ . 

ALU=B DEST=DHI 

.. 
' !I 



\ 
/ , 

~i.JISC CPU/32 CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #225 
0 \ MICROCODE --- DROT (13> 
1 DECIMAL CROSS-COMPILER 
2 144 OPCODE: DROT ( Dl 02 D3 -> D2 03 Dl ) 
-:r ..... (> : : ; ; 

LJ. l. : : DECC:RPJ ; ; .I 

5 \ Transfer D3 to RS 
6 
7 
8 
9 

2 :: SOURCE=DHI DEST=RS 
3 :: SOURCE=DS DEST=RS 

DECC:RPJ ;; 

10 
1 1 
:1.2 

14 
15 

3 
4 
5 
6 
7 
8 
9 

10 
11 
l2 
1 -:r •.J 

14 
1 i::.-

~J 

\ Transfer D2 to 
4 :: SOURCE=DS 
5 :: SOURCE==DS 

\ T~ansfer D1 to 
6 :: SOURCE=DS 
7 :: SOURCE=DS 

; ; END 

SCREEN #227 

DECC:RPJ INCCDPJ ;; 
RS 

DEST=RS DECC:RPJ 
DEST=RS 

DHI: DLO . 
·ALU=B DEST=DHI 
DEST=DLO 

'•. 

: ~g~g~i : f ~;,~1nu/:_::. 
INCC:DPJ . l~.g,,E,.~RCl.;; . 

Jl"lr:o=9o_o ; ; 
·. - >» .. ::·.·,,· ... -.":. 

·._~:~~&/. ,/ : 

·:·( :.:~: ·· . ., 
. :-< \.;.>.·_.: ·:. 

0 \ MICROCODE --- DOVER <7> 
1 DECIMAL CROSS-COMPILER 

. -·.· .. :.. ~ . 

2 146 OPCODE: DOVER ( D1 D2 -> Di D2 D1 > 
3 
4 \ 
5 
6 
7 
8 \ 
9 

10 
11 
:1.2 

0 : : INC[DPJ ; ; 
Save Dl in RS:DLO 

1 : : DECCRPJ INCC:DPJ , , 
2 :: SOURCE=DS DEST=DLO 
3 :: SOURCE=DS DEST=RS 

DECC:OPJ ; 
DECCDPJ ; ; .·· ·.· 

Transfer D2hi ~nd 

4 :: SOURCE=RS 
5 :: SOURCE=DHI 
6 :: SOURCE==DLO 

D11 o to DS .. . .. , -. . 
· DEST=LATCH DECl:DPJ IN.c['fip'J:~~:{ffff.+~j,~· ,:.·.: .':··. 

,_., .:>:-{·' 

DEST=DS ALU=B DEST=DHI DEC[OPJ DECODE;; 
DEST=DS .. ·.· '5'.·J~;f,f/;>:}·f:.~D ; ; 

13 ;;END 
14 
15 

.-·,: 

'·· 
' .. ,_;, 



lAJI f3C CPU/:::.~2' CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #228 
0 \ MICROCODE --- D= C5/6) 
1 DECIMAL CROSS-COMPILER 
2 147 OPCODE: D= < Dl 02 -> =FLAG 
3 \ Save D2<lo> in DLO 
4 0 : : SOURCE=DS DEST=DLO 
5 \ Compare hi halves 

INC[DPJ ;; 

6 1 :: SOURCE=DS ALU=AxorB DEST=DHI INC[DPl ,, 
7 2 :: . SOURCE=DS ALU=B DEST=DHI INC[DPJ JMP=lOZ 
8 \ Not == 
9 5 :: DECODE JMP=111 ;; 

:1 ALU=O · DEST•DHI END ;; 
halves ::::: 

10 7 
11 \ Hi 
12 4 : : SOURCE=DLO - ALU=AKorB 

3 :: JM~=11Z DECODE JI 
DEST:::i:DHI 

1-::· ._, 

14 6 : : ALU=-1 DEST= DH I END ; ; 
15 ;;END 

SCREEN #229 . .. . . 
0 \ .. MICROCODE ,..;_...;. <UNORM> C6+4¥X) 
1. DEC I MAL • CROSs-cqMF' ILER . . .. 
2 148 OPCODE: <UNORM> ·. r ·MANT 
3 0 : : SOURCE==DS .. · PEST:::iDLO 
4 · . · ALU=A+1 .. ·OEST=DH t 
5 \ Loop f.or Justi fyi,n9. ······• 01-il 
6 . 2 : : · ALU=A"'"l .. DEST=DHI 
7 4 : : · SOURCE;;:::I>Hl ,!)EST ·"DS , < . . . / 
e . ALU,,;,,t> .· .. ·.··.crN=d ·. st.cbLciJ 
9 5 : : AL.U=A DEST==DHI .; ; 

10 6 :: SOURCE=DS ALU=B 
11 
12 \ Un-shift two bits 
13 3 : : ALU•=-1 SR[DLOJ JMP=U.1 
14 7 :: ALU=O SRCDLOl 
15 

SCREEN Af 230 
0 \ MICROCODE --~ <UNORM> ~-2 
1 DECIMAL CROSS-COMPILER 
2 149 CURRENT-OPCODE 
:3 \ Finish 

INC[MPCJ 
.JMP=OOO 

4 (> : : 

5 1 •• .. 
up at end 
SOURCE=DS 
SOURCE==DLO 
END •• 

ALU=B DEST=DHI 
.DEST==DS ALU=A+t 

. 6 2 : : 
7 ;;END 
8 
9 

10 
11 

. 1.2 
13 
1.4 
1.5 

, ' 



(~ ·.\ 

'".__) 

lAJlSC CPU/~::2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN ~n:;:; l 
0 \ MICROCODE --~ <UDNORM> 
1 DECIMAL CROSS-·COMPILER . 
2 150 OPCODEr <UDNORM> < DMANT EXP -> DMANT EXP > 
3 \ SETUP: DLO :::: DMANTLO DHI = DMANTHI DS = EXP 
4 \ Us~? RS 
5 (> : : 

6 l .. . . 
7 
8 2 : : 
9 3 : : 

1 (l 
11 
l.2 
13 
i.4 
15 

SCREEN #232 

as temp holding location for DMANTHI 
SOURCE=DS DEST==LATCH ALU=A+l DEST=DHI ;; 
SOURCE=DHI DEST=DS · INC[DPJ DEC[Rt=·J 

SOURCE=LATCH ALU=B DEST=DHI 
SOURCE=DS DEST=DLO DEC[DPJ 
SOURCE= DH I ·. DEST=RS 

0 \ MICROCODE _..;.;.,... <UDNORM>· ' 
1 DECIMAL CROSS-COMPILER 
2 151 · CURRENT..;·OPCODE ! 
3·\ SETUP: DLO:::: DMANTLO 
4 \ 
C" 
'-' ll : .:: 

6 
7 4· •.• 

h-·. 

8 5· : : 
9 6 •• . . 

1 (l 
11 7 •• . . 
12 
13 
14 
15 

·SCREEN #233 
0 \ MICROCODE --- <UDNORM> --3 
1 DECIMAL CROSS~COMPILER 

2 151 CURRENT-OPCODE ! 
3 \ Done ~~ shift right 1 bit and end 
4 l :1 SOURCE=LATCH ALU=B SRCALUJ SRIDl_Ol 
5 SOURCE=DHI INCCDPJ INGCRPl 
6 2 :: SOlJRCE=DLO DEST=DS DECIDPJ 
7 
8 
9 (> ==-

10 
11. 

12 
.. l:.3. 

' 14 . 
15 . 

I, 

I 



t;J I BC CPU/~:::2 

SCREE:N ~:F2::::;4 

0 \ MICROCODE ~-- C+! <6> 
1 DECIMAL CROSS-COMPILER 

(C) 1987 BY PHIL KOOPMAN JR. 

2 :l ~):~:; OPCODE: C+ ! ( N ,:~DDR ·-<> ) 
. ·-:~ 

•• _1 
\ Fetch \ ·operand 

4 0 
1 

6 :-;:: 

.. 
" 
: 
" . 

.. 
" 
: 
" . 

SOURCE=DS INCCDPJ ~; \Load N into bus latch 
SOURCE=DHI DEST=ADDRESS-LATCH ALU=B DEST=DHI ;; 
SOURCE=RAM-BYTE DEST=DLO ;; 

7 
-1 

8. 
9 

10 
1l 
1, .. , 

,,::. ' 

1 ::::. 
:1.4 
15 

" ;_ , 

"':r . . 
. -~-" . . 
4 " . . . 
5 . : . 

END 

bCREEN . ~n:::::~i 

SOURCE=DLO ALU=A+B DEST=DHI ;; 
SOURCE=DHI DEST=RAM-BYTE 
SOURCE=DS ALU=B DEST=DHI INCEDPJ 

0 \ MICROCODE --- =O_?EXIT 0 (3/6) Expert 
1 DECIMAL CROSS-COMPILER 
'.,;':! 154 OPCODE: ::.::(! ?EXIT ....;O TRLJE--FU)iG ·~ > ) 
"=!" .... ' ( 0 -> 0 ) 
4 
5 \ O~flag =>-EX1T- nori-0 flag=> go to 
6 \ Must ALWAYS be used with a CALL attri 
7 0 :~ JMP=01Z ;; 
8 

DECODE 
END 

9 \ FLP1G< >O 
10 :3 : : 
11 :l. : : 

1'.2ilJ.ow compilf.-?d subr-outine call to take 
JMP~001 DECODE;; 

SOURCE=DS ALU=B DEST=DHI INCEDPJ. END ;J 
12 
':1.::::. 
14 

·scREEI'~ :l:f236 
0 \ MICROCODE --- =O_?EXIT 0 --2 
1 DECIMAL CROSS-COMPILER 
2 \ :i.54 CURRENT-OPCODE ! 
··~· .... ' \ FL.AG=O OverTide c:ompi l<:::~d c:ALL., plus do an EXIT 

. . 
~, .. , 

4 :;:: 
r.:: 
~! 4 

" . . " . . SOURCE=RS INCERPJ JMP=100 ,, ·\Get 2nd return addr 
SOURCE=RS DEST=ADDRESS-COLJNTER ;; ( Al~o sets lafch ) 

6 
'7 1::.'" 

~1 

8 6 
9 7 

10 
:ll ·;;END 
l.2 
t::.=:: 
14 
1.5 

. . 
n . 
: 

: 
: 
: 

\ Wait fer RAM access 
n • , , 
SOURCE~RAM DEST=DECODE 
ALU=O DEST=DHI END;; 

POI.SON 

INCERPJ DE:CODE 



hlISC CPU/::~:'..? (Cl 1987 BY PHIL KOOPMAN JR. 

SCREEN ~*2::;;7 

0 \ MICROCODE --- <>O_?EXIT 0 C3/6l Expert system support 
1 DECIMAL CROSS-COMPILER 
2 155 OPCODE: <>O ?EXIT 0 TRUE-:-·FLP1G .. -> ) 

( 0 --> 0 ) 
,\Continue 
\ EHit 

5 \ 0 flag => EXIT non-0 flag => go to neHt instruction 
6 \Must ALWAYS be used with a CALL attribute!!!~! 
7 0 :: JMP=01Z ;; 
8 
Cy \ FLP1G:::::O 

10 
1 1 

2 : : 
1 " • .. 

Allow compiled subroutine call to take 
;JMP=OOl. DECODE 

SOURCE=DS ALU=B DEST=DHI INC[DPJ END 

:I.~.:;; 

14 
l.5 

SCF<EEN #2:~:.8 

0 \ MICROCODE --- <>O_?EXIT 0 --2 
1 DECIMAL CROSS-COMPILER 
2 \ 155 CURRENT-OPCODE ! 
3 \ FLAG<>O Override compiled CALL plus~cr~n 
4 3 :: SOURCE=RS INCERPJ ;; \Get 2nd 
5 4 : : SOURCE=r~s DEST=ADDRESS-COUNTER ; l · 

\ Wait for RAM access 
~j : : n n , , 

6 
7 
8 
9 

6 :: SOURCE=RAM DEST=DECODE 
7 :: ALU=O DEST=DHI END;; 

10 
11 !l; END 
12 
1 ~.::. 
14 
15 

BG~EEN =1*2~~::9 

POISON 

INC[F<PJ. 

0 \ MICF~OCODE _ .......... < >O ?EX IT c.:::/6l El·:per··t system suppor.t 
1 DECIMAL CROSS-COMPILER 
2 156 OPCODE: <>O ?EXIT 
3 
4 

( FALBE-··FLr'...)G -> 
( TRUE-FLAG -> 

\ Con.:tinue 
., ERlt. 

5 \ non-0 flag => EXIT 0 flag => go to neHt inst 
6 \Must ALWAYS be used with a CALL attribute!!!!! 
7 0 :1 JMP=OlZ ;; 
8 
9 \ FLAG=O Allow compiled subroutine call 

10 2 :: JMP=OOl 
11 1 :: SOURCE=DS ALU=B DEST=DHI I 
12 
1 :~:: 
14 
:I. !.5 



WISC CPU/32 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #240 
0 \ MICROCODE --- <>O_?EXIT --2 
1 DECIMAL CROSS-COMPILER 
2 \ 156 CURRENT-OPCODE ! 
3 \ FLAG=O Override compiled CALL plus do an EXIT 
4 3 
5 4 

. . . . 
. 
. . 

SOURCE=RS INCCRPJ JMP=100 ;; \Get 2nd return addr 
SOURCE=RS DEST=ADDRESS-COUNTER ;; (Also sets latch ) 

6 \ Wait for RAM access 
7 ~ . . 

~ . . . . , ' 
8 6 
9 7 

. . . . = . . SOURCE=RAM DEST=DECODE INCCRPJ DECODE ;; 
SOURCE=DS ALU=B DEST=DHI INCCDPJ END;; 

10 
1 1 . ;END , POISON 
12 
13 
14 
1~ ~ 

SCREEN #241 
0 \ MICROCODE --- -1<2> 
1 DECIMAL CROSS-COMPILER \ (Used by xcompiler!> 
2 157 OPCODE: -1 ( -> TRUE-FLAG > 

3 0 :: DEC[DPJ SOURCE=DHI DEST=DLO 
4 DECODE ;; 
5 1 ::- SOURCE=DLO DEST=DS 

ALU=-1 DEST=DHI . . 
' p 

6 END 
7 ;;END 
8 
9 

10 
1 1 
12 
13 
14 
15 

SCREEN #242 
0 \ MICROCODE O=_NOTC2> 
1 DECIMAL CROSS-COMPILER 
2 158 OPCODE: O=_NOT ( N -> 0/-1 
3 0 :: JMP=01Z 
4 
5 <>O 
6 =O 
7 ;;END 
8 
9 

10 
11 
12 
13 
14 
15 

~ 
~ 

2 
. . . . . . . . 

ALU=-1 DEST=DHI 
ALU=O DEST=DHI 

\ Forces clean flag value 

DECODE 

END 
END 

. . , , 
" . , ' 

.. , ' 



·•. 

CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #24:;;. 
0 \ MICROCODE --- SET-TRUE<B> \ Expert system support 
1 DECIMAL CROSS-COMPILER \ Compile as a normal opcode 
2 159 OPCODE: SET-TRUE < -> > 
3 \ In-line parameter is pointer to flag location. Flag <~ 1 

4 \ Also performs an exit 
::.'i (; : : DECEDPJ SOURCE==RAM DEST=DLO ; ; · 
6 l : : SOURCE==DH I DEST=DS ALU::::O DEST=DH I 
7 2 : : SOUF~CE=DLO DEST=ADDRESS-COUNTEF('.. . 
8 
9 

10 
11 
12 

~.::. 

4 
5 
6 
7 

13 ; ; Et-JD 

. . SOURCE=DHI " . . . SOURCE=RS .. ... SOURCE==DLO .. . . . SOURCE=RAM . . . " SOURCE=DS .. . 
14 POISON SPECIAL 
l.5 

SCREEN #244 

DEST=RAM -H d , .,, ' 

DEST=DLO . . 
~· ' DEST::::lADDREss~coUNTER 

DEST=DECODE 
ALU=B DES"fi::::DHI 

0 \ MICROCODE --- SET-FALSE(8), 
1 DECIMAL CROSS-COMPILER 
2 l. 60 OPCODE: SEP-FALSE ( ".':" > ) 
::;. \ In-1 i ne parameter 
4 
~5 

6 
7 
8 
9 

10 
l.l. 
l.2 
l .. ,.. .... :-
14 
l. ~i 

\ Also perfbrms an 
0 :: DECEDPJ 
l. :: SOURCE::::DL6 
2 :: SOUHCE=DHI 
:~:: 

4 
1:::-...... 

6 .... 
I 

; ; END 

. . . . 
: . 
ff . . 

.. . . . 
" . . . . . 

SOURCE=I,)H I 
SOURCE=RS 
SOURCE=DUJ 
SOURCE==RAM 
SOURCE=DS 

t=·o I !:JON BPEC I P1L 

SCREEN #24~5 

DEST=DECODE DECODE:: ff 
ALU=B DEST==DHI 

0 \ MICROCODE --- EXPERT-B <7> \ Expert sy~tem 
1 DEtIMAL CROSS-COMPILER \ Fetch flag v9lue 
2 \ Compile with a jump to the flag addr~•& 
::::; 16l. OPCODE: EXPERT-B < -> FLAG-VALUE ) 
4 \ In-line flag value fetched as 
5 \ Also perfurms an exit 
6 0 : : SDURCE=.Rf:)M OEST==DLO ... 
7 l. : : SOURCE==DH I DEST:=Ds . ,, . 
8 2 :: SOURCE==DLO ALU=B DESTdDHI 
'"'i ::::: : : SOURCE=t=-<S DEST==DLO 

1. 0 SOURCE•:::I)LO 4 " " n n 

:I. 1 . SOURCE~R?'%M i::.· : ·= \...! 

12 6 " . 
13 ;;END 
14 POISON 

. 
n 



l\i I E'.; C CPU / ::::; '.;? CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #246 
0 \ MICROCODE --- EXPERT-C (6) \ Expert system support 
1 DECIMAL CROSS-COMPILER \ Store flag value 
2 \ Compile with a call to the flag address 
3 162 OPCODE: EXPERT-C C FLAG-VALUE -> > 

4 \ In-line flag value stored as target of jump. 
~3 \ Also performs an exit 
6. 0 . .. SOURCE=ADDRESS-COUNTER DEST=ADDRESS-LATCH ;; 

1 .. . .. '? SOURCE=DHI DEST=RAM INClRPJ ;; 
p _, 2 . .. . . SOURCE=RS DEST=DLO ;; 

~ ... 
~ II II <-:y SOURCE=DLO DEST=ADDRESS-COUNTER INClRPJ ;; 

10 
1 1 

4 
5 

... .. . 
" . . . 

12 ;;END 
13 POISON 
14 
15 

BCREEN :1*247 

SOURCE=RAM DEST=DECDDE DECODE ;~ 

SOURCE=DS ALU=B DEST=DHI INCCDPJ END ;; 

0 \ MICl:;:OCODE --.. -· EXPEF(l"--f:I (6/B) \ E:·:pert sys;tem. ~:;upptir:t 
1 \ 5 clocks if unknown~ 7 clocks if known 
2 DECIMAL CROSS-COMPILER 
3 \ Compile with a CALL to the rule list 
4 163 OPCODE: EXPERT-A < -> FLAG-VALUE \ If J~il'.tr~' :&~lid 

! •• - • c 

t::,_, < -> ) \ if value invalid -- perform call to rula~l~~t 
1 ' FPtC"I"· .1.: ·1 aci va·l lt<"'' "H'ld tPst .fat'" :::i:Cl or- ="'-·j · · · :. >··' } \.:i \ ... - I 1 •• c: .. .. .. .. ... c. . .. ... .. .. _ . --:-·· .. ':"· _.-· ... ;··.«_, 

-, 
I (l SOURCE=RAM DEST=DLO DECCDPJ ~; \Get valtle .. .. 
C:) 
\..} 1 

""• ~::. 

... ... .. .. 
SOURCE=DHI 
SOURCE=DLO 

DEST=DS ;; 
ALU=B DEST=DHI 9 

10 
1l 

\ I ncrt'Hnent adcln~s:.s count.t=r- to point to 1st 1 i st cell 
INCCADCJ INC[RPJ INCCMPCJ ;; 

:I. ~2 
13 \ test for flag = -1 
14 3 :: BDURCE=ADDRESS-COUNTER DEST=ADDRESS-LATCH JMP=OOS ;; 
15 

bCREEN #~;~48 

0 \ 1"'1ICfWCODE -·---- EXPERT·-.,~:i --.. 2 \ E~·:pert s;yr:>tem support 
1 DECIMAL CROSS-COMPILER 
2 164 CURRENT-OPCODE ! 
3 \ Flag is valid - true or false. Perform an exit 
4 0 :: SOURCE=RS DEST=ADDRESS-COUNTER 
i:::· 
~J 

6 
... , 
I 

4 :: INCCRPJ 
5 :: SOURCE=RAM DEST=DECODE 
6 :: END ;; 

8 \ Flag = -1 -- Unknown value 
9 \ Access rule list address 

DECODE ; ; 

10 1 :: SOURCE=RAM DEST=DECODE DECCRPJ 
11 \ Flag invalid value -- allow call to tak~p 
12 \ POP last value from DS 
13 2 :: SOURCE=DS ALU=B DEST=DHI INCEDPJ 
14 
l. ::5 ; ; END POISON 

JMP=100 ;; .. , , . 



~----_,./ 

WISC CPU/::::;2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #249 
0 \ MICROCODE --- UNKNOWN_I_@_12_+_!_4 Expert system initing 
1 DECIMAL CROSS-COMPILER 
2 165 OPCODE: UNKNOWN_I_@_12~+_!_4 ( -> 4 > 

~:; 0 : : DEC [DP J ; ; 
4 1 :: SOURCE=RS DEST=ADDRESS-LATCH ;; 
5 2 :: SOURCE=ADDRESS-COUNTER DEST=DS ;; 
6 3 :: SOURCE=RAM DEST=DLO ;; 
7 4 :: SOURCE=DLO DEST=ADDRESS~COUNTER ;; 
8 5 :: SOURCE=DHI DEST=DLO INCCADCJ ;; 
9 6 : : INCCADCJ INCl:MPCl ; ; ; 

10 7 :: INCCADCJ ALU=-1 DEST=DHI JMP=OOO ;;. 
11 
l2 
1:3 
14 
15 

SCREEN #250 
0 \ MICROCODE ~-- UNKNOWN_I_@_12_+_!_4 -~ .2 

···:.:-.. 

1 DECIMAL CROSS-COMPILER ·.~· '. 
2 166 CURRENT-OPCODE ! ·.~.· 

~$ 0 : : SOURCE;::::ADDRESS-COUNTE;R DEST=APDRESS-L~l:'CH ,.; ; . 
4 1 : : SOURCE'.= DH I · DESl=RAM ALU=O DEST=DH I · ... · ·, :· j.;·" 
5 2 : : SOURCE::::DS. OEST=-,ADDRESS-COUNTER ·.· ALU::;:A+l :;,;, 
6 3.::. ALU=A+A DEST~DHI ; ' ; ; ' ..... ··· .... ::~>':{; ;,, .··•· 
7 4 :: ALU=A+A DEST=DHI DECODE ;~ 

8 5 :: SOURCE=DLO DEST=DS END;; 
9 -; ; END 

10 POISON. 
u. 
l.'.2 
l3 
14 
l 1:::· 
• ~1 

SCREEN #251 
0 \ MICROCODE --- <LOOP><l0/12> 
1 DECIMAL CROss~coMPILER 

2 \ Always use with CALL attribute!!!!! 
3 \ IMPLICIT LOOP RANGE SPAN OF 80000000 Hex 
4 167 OPCODE: <LOOP> ( -> > ( RS: LIMIT COUNT ...:.> ••.• 

·'.'· 

5 \ Load address latch fo~ destiMation of end-of~ld6p"f~ll-thr6ugh 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 c~ .J 

0 : : DECCDPJ ; ; . . . . . . .. · ·.· ... · .... ·· .. ·· .... ·· .. · .. 
1 : : SOURCE=DHI DEST:::i:DS . ALUi::::O DEST;,;.DHl -INCtRPJ''.cf{ 
2 :: SOURCE=RS DEST=DLO ALU=A+l DEST~DHI ;; . 
3 : : SOURCE==DLO ALU=A+B DEST=DHI ; ; \ Add J to,.t:ot.,t.nter 
4 : : SOURCE=DHI DF..:ST=RS INCC:RPJ ; ; .. . . , .· _ .. · ...• · 
5 : : SOURCE:::;:RS DEST=DLO .• >J)EGtRPJ.,,::,};1'.j;,c::)~:"'i;a;r''. 
6 : : sou1:~CE=DLO 'ALU=A'"'.'B DECfRP·l· INCtMPt>f:·.r~;·~:,, 
7 : : SOURCE==RS DEST=DL.O INCt:RPJ · . JMP:::i:OOEf ;.i:;.:;:; 

'·" 
. -,: 

·:. 

· .. · •. ·1·•'. 

., 
1 

I., 



(<_) 

WISC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #252 
0 \ MICROCODE --- <LOOP> 
1 DECIMAL CROSS-COMPILER 
2 168 CURRENT-OPCODE ! 

,..., 
..::. 

3 <LOOP ) 1 :: DECODE JMP=100 ;; 

4 
5 
6 
7 
8 
9 

DONE 0 :: SOURCE=DLO DEST=ADDRESS-COUNTER INCCRPJ JMP=010 ;; 

2 :: SOURCE=RAM DEST=DECODE INCCRPJ 
DECODE JMP=lOO ;; 

4 :: SOURCE==DS ALU=B DEST=DHI INC[DPJ ··END·;;. 

10 
J.1 ; ; END 
12 POISON SPECIAL 
j ., . . ..::. 
14 
:1.5 

SCREEN #253 
0 \ MICROCODE-··- 0+(7) --1 

1 DECIMAL CROSS-COMPILER 

~ 1690°~;on~~u~~E=DS < D~E~~=~~Tg~ > \ Place. D2<16:~ ·j~~ ALLJ'.,tii.tch . 
4 
5 
6 

INCCDPJ • • 

D~6~~~E~bH~LO D~:i~~~;r ' i~ci~~~ ~2<1 ol in .. ~:°:~J:·;.\,z·~·f.;~~~f> \ Save 
1. : : 

7 SOURCE=LATCH ALU=B DEST~DHI .. ~1 

8 
9 

1 (l 
11 
12 
1:3 
:1.4 
l.5 

\ Compute low half of result 
2 :: SOURCE=DS ALU=A+B 
3 :: SOURCE=DHI DEST=DS 

SCREEN #254 
0 \ MICROCODE --- D+ --2 
1 DECIMAL CROSS-COMPILER 
2 170 CURRENT~OPCODE ! 

DEST=Di-II 
DECCDPJ 

INC CMPC~·. ~ • · .. . ' '> .·· 
JMP=lOC .. 

' ' 

3 < CV<>O > 4 :: SOURCE=DS ALU=B DEST=DHI JMP=OOO ,, 

4 0 :: SOURCE=DLO ALU=A+B+l DEST=DHI INC~pP.4, :DECODE ; ; 

5. 1 : : END ; ; 
6 
7 ( CY=O ) 
8 
9 

1 (l 
11 ;;END 
12 
13 
14 
l.5 

c:· 
<:! 

6 
7 

. : . SOURCE=DS ALU=B DESl=DHI ;; 
a : . . . . a 

SOURCE=DLO ALU=A+B. OEST=DHI. INCU>PJ. DECODE 
• ••• < ., • '.'. ;:~ .: ••• -~ • ••• .". •• • • ·.;.;· ~- ::~ : 

END;; ·.·· .... :·; 

.. -·~· .: 

,,·•.<: 

·:._;_;· 
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) 
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WI SC CPU/'.2.~2 CC> 1987 BY PHIL KOOPMAN JR. 

sc~·u:.EN #1 
0 INDEX --- CPU/32 KERNEL & MATH SOURCE PHIL KOOPMAN JR. 
1 LIBRARY VERSION FILE: KERNEL.4TH LAST UPDATE: 6/1/87 ,.., 
... :.. 
3 BETA TEST VERSION <C> COPYRIGHT 1q97 
4 BY PHIL KOOPMAN JR. 
5 
6 LOAD 
7 SCREEN 
8 ======= 

SOURCE 
SCREENS 
======== 
4 - 76 

CONTENTS 
======== 
CROSS-COMPILED KERNEL SOURCE 9 2 LOAD 

10 3 LOAD 
11 

81 - 105 
110 - 141 
143 - 199 

COMPLETED KERNEL SOURCE FOR CPU/32 LOADING 
64-BIT INTEGER MATH PACKAGE 

12 
1 :::. 
14 
15 

64-BIT INTEGER.MATH PACKAGE 

SCREEN #2 
0 \ KERNEL LOAD SCREE~ 
1. DECIMAL 

FOR CROSS COMPILER 

2 CR • " <C> Copyright 1987 by Phi 1 Koopman Jr•• 11 CR. 
3 CR CR." Cross compiling kernel to CPU/32 11 CR CR;> 
4 4 76 THRU 

CR CR ." Cr~ss compiliation cdmpieted." c~';CR:,.: £:' 
;:;i 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

• 1.1 Type in: CPU32" CR 
II 3 LOAD" CR CR 

CROSS-COMPILER FORTH DEFINITIONS 

\ LIB-FORTH STUFF 
CR CR." SET UP FILE1 AS KERNEL.4TH" CR 
: SETUP FILE1 OPEN LOAD-ALL 

SCREEN #3 
0 \ MVP-FORTH LOAD SCREEN TO FINISH COMPILATION FROM CPU/32 
1 DECIMAL 
2 81 105 THRU \ Load remainder of kernel 
3 CR CR." Remainder of CPU/32 kernel loaded." CR 
4 CR." <C> Copyright 1987 by Phil Koopman Jr." CR 
5 CR CR • " Loading CPU/32 math· support. •i CR. 
6 110 141 THRU \ 64-bit integer support 
7 143 199 THRU \ 32-bit floating point support 
8 CR CR • " Type in: BYE" · ., ·. ·. < ' ··; · · · 
9 CR " SAVE-ALL" CR CR 

10 • " Do a SAVE-FORTH to a pas file name CPU32~COM i:f: ciesired" 
l. 1 
1 ,., .... 
13 
14 

. ~. · .. ' .. 



WISC CPU/32 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #4 
0 \ MVP-FORTH SOURCE -- DOUSE 
1 HEX CROSS-COMPILER 
2 VARIABLE UP 20. { UP ! } 
.. :r . .;. 
4 
c:' 
..J 

6 

DOUSE < -> ADDR 
R> @ UP @ + 

7 B' DOUSE FORTH D@ DROP OFFFC AND CROSS...,;COMPILER'OoUsE:-AbDR ! 
8 
9 

10 
1. 1 
12 
13 
14 
15 

SCREEN #5 
0 \ MVP-FORTH. SOURCE .....;_ USER VARIABLES 
1 HEX CROSS~COMPILER 

2 

4 
5 
6 
7 
8 
9 

10 
11 

( 0 
( 1 
( 2 
3 
4 

05 
06 
07 

USER ) 

USER ) 

USER ) 

USER SPO· · 
USER RO 
USER TIB 
USER WIDTH 
USER WARNING 

12 DECIMAL 
13 
14 
15 

·. . . : . 

('"~F •. , { ·~F;O ~i· } .. 

: OFF. .( 'i;<O > (;, }. ·/ 
MEM.;..S I ZE , -490.. D+ 

!F. · { WIDTH !; 
1. · < WARNING ! > · 

( 

~ ... "· ... ; ... 



WISC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #6 
0 \ MVP-FORTH SOURCE -- USER VARIABLES 08 - OF 
1 HEX CROSS-COMPILER 
2 
3 08 USER 
4 09 USER 
5 OA USER 
6 OB USER 
7 OC USER 
8 OD USER 
9 OE USER 

10 OF USER 
11 
12 DECIMAL 
13 
14 

·15 

SCREEN #7 

FENCE 
DP 
voe-LINK 
'-FIND 
'?TERMINAL 
'ABORT 
'BLOCK 
'CR 

0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 

. 3 10 USER 'EMIT 
4 11 USER 'EXPECT 
5 12 USER 'INTERPRET 
6 13 USER 'KEY 
7 14 USER 'LOAD 
8 15 USER 'NUMBER 
9 16 USER 'PAGE 

10 17 USER 'R/W 
11 
12 DECIMAL 
13 
14 
15 

SCREEN #8 

2000. { DP } 

0 \ MVP-FORTH SOURCE -- USER VARIABLES 18 - lF 
1 HEX CROSS-COMPILER 
2 
3 18 USER 'T&SCALC 
4 19 USER 'VOCABULARY 
5 lA USER 'WORD 
6 1B USER >IN 
7 lC USER BASE 
8 lD USER BLK 
9 lE USER CONTEXT 

10 lF USER CSP 
11 
12 DECIMAL, · 
13 
14 
15 

o. r 
~ >IN ! "} 

.OA. { BASE ! } 

o~ { 



t.<.JI·BC CPU/:~;2 (C) :L':YH7 BY PHii .... l<OOPMAN JR. 

SCREEN ~*9 

0 \ . MVP-FCH:::TH E30UF<CE --· USER W~P I?rnLES 20 - 27 
1 HEX CROSS-COMPILER 
~ .. . .::. 
~3 :;;~() USER CURRENT 
4 21 USEF-< DPL 
1::.:· 
,J 

~-., .. j ..::.,.,::.. USER FLD 
6 23 USER HLD 
7 24 USER OFFSET 
8 r·;~ 

..::. ;,J USER OUT 0. { OUT 
"I 26 USEF< R# 

1 (I 27 USER SCR 
11 
12 DECIMAL 
1 :~; 
14 
15 

SCF<EEN #10 
0 \ MVP~FORTH ~OURCE -~ 
1 HEX CROSS-COMPILER 

·2 
3 28 USER STATE: 
4 29 USER ' I SERVI CE 
i::' . ...., 

6 
7 
l3 
9 

10 
1. 1 
12 
13 DECIMAL 
14 
15 

SCREEN #11 

0. { STATE 
\ Interrupt 

" J' 

0 \ MVP-FORTH SOURCE -- SP@ SP! 
1 HEX CROSS-GOMPILER 
2 SP@ < -> N > 
3 %DP@% OFFF AND 
4 
5 
6 
"'1 
I 

8 
9 

10 
11 
12 
13 
1 LI. 
15 

SP! _ .. > ) 

OFFE %DP!% 

RP@ ( -·> N ) 

NOP I.RP@% OFFF 

RP! ( -> 
R" .. ·' OFFF %RP!/. 

DEPTH ( -.. > N ) 

OFFD SP@ 

AND 

>R 

I . '\ 
• J 

F<P@ RP! DEPTH 



<C> 1987 BY PHIL KOOPMAN JR. 

SCF\EEN *~ l ~;:~ 

0 \ MVP-FORTH SOURCE -- > O> 
1 HEX CROSS-COMPILER 
2 0} ( N -> FLAG > 

() > 

5 < Dl 02 -> FLAG ) 
DDUP :::: 6 

7 
8 
<7 

D< 
ROT 
IF 
ELSE 
THEN 

-ROT DNEGATE D+ O< 
SWAP < SWAP DROP 
SWAP DROP 

10 
1 l U< ( U 1 U2 - > FL.AG 
12 0 SWAP 0 D< 
l.3 
l.4 DECIMAL 
15 

SCF~EEN #l.3 
0 \ MVP-FORTH SOURCE -- l 2 
l HEX CROSS-COMPILER 
2 VARIABLE EPRINT { 0 EPRINT 
:3 2 .. CONSTANT 2 
4 4. CONSTANT 4 
i:::· 
,.J 20. CONSTANT BL 
6 DECIMAL 
7 . 2+ ( Nl -> Nr;. . ~-

8 l.+ l+ 
9 2·- ( Nl. -> N2 

10 1- l ---
1 1 4+ ( Nl -> N2 
1 ";• ·- 4 + 
13 4- ( Ni -- > N2 
14· 4 -
15 

SCREEN #14 

BL 

I "I. 
• J 

D< U< 

2+ 2-

0 \ MVP-FORTH SOURCE -- EXECUTE <EMIT> <CR> <PAGE> 
1 HEX CROSS-COMPILER 
2 VARIABLE DO-EXECUTE -4 BDP +! 1. DATA, 1. DATA, 
3 { DO-EXECUTE 4- } CONSTANT EXEC-ADDR 
4 EXECUTE ( ADDR -> > < 2 NOP's allow store before,instr .f.etch) 
5 2 OR EXEC-ADDR ! NOP DO-EXECUTE NOP 
6 
7 
8 
9 

10 
1. 1 
12 

<EMIT> ( CHAR -> ) 
EPRINT @ 
IF 9 SYSCALL ELSE 

<CR> ( -> ) 
EPRINT @ 7 SYSCALL 

13 <PAGE> < -·> > 
14 1 SYSCAL.L 
15 DECIMAL 

8 SYSCALL THEN 

DROP 0 OUT ! ; . 

DROP 



<C> 1987 BY PHIL KOOPMAN JR. 

E;CF~EEN # 15 
0 \ MVP-FORTH SOURCE -- <KEY> 
1 HEX CROSS-COMPILER 

< ?TEF~M I Nf.:~L.. > 

2 <KEY> < -> CHAR > 
3 0 2 SYSCALL 
4 
c::
·-' < ?TE}-=~MI N1~L > ( -> FLAG 
6 
7 

0 5 SYSCALL . ; 

8 DECIMAL 

10 
1:t 

14 
15 

SCF<EEN #16 
0 \ MVP-FORTH SOURCE -- DECIMAL HEX 
1 HEX CROSS--COMPILER 
2 DECIMAL OA BASE 
3 : HEX 10 BASE 
4 
r.::
•. J 

6 DECIMAL 
7 
8 
9 

:1.0 
1 1 
:1.2 
1 ::::; 
14 
15 

f3CREEN #17 
0 \ MVP-FORTH SOURCE -- +- D+- DABS 
1 HEX CROSS-COMPILER 
2 +- < Nl N2 ~> N3 > 
3 O< IF NEGATE EXIT THEN 
4 
5 D+- C Dl N2 -> D3 > 

6 O< IF DNEGATE EXIT THEN 
7 
8 DABS < Di -> 02 > 
9 DUP D+-

l 0 
11 MIN Ni N2 -·> N~5 ) 

12 
13 

DDUP > IF SWAP DROP EXIT THEN DROP ·-
MAX Nl N2 -> N~: ) '-,- .. ,:-,;'. _;' 

14 
15 

DDUP < IF SWAP DROP EXIT THEN »ROP 
DECIMP1L 

INDEX 



l;J I BC CPU/ 3'.;;::. (C) i9B7 BY PHIL l<OOPMAN JR. 

SCREEN #18 
0 \ MVP-FORTH SOURCE -- M+ M* M/ 
1 ~~X CROSS-COMPILER 
2 ~ M+ ( Di N2 -> 03 
3 S->D D+ 
4 
t::' 
d 

6 
M* ( Nl 

DDUP XOR 
N2 -> 03 > 

>R ABS 
7 LI* R> D+-
8 
9 

10 
1 i 
i :2 

M/ < Di N2 -> N3 N4 
OVER D>R DUP D+
R> R@ XOR +- SWAP 

t ::.::: DEC I Ml·~L 
14 
j c:.· 
,d 

SCREEN #i9 

SWAP 

r~@ 

R> 

0 \ MVP-FORTH SOURCE -- M*/ 
1 HEX CROSS-COMPILER 
2 g M*/ < 01 Ni N2 ~) D2 > 

ABS 

ABS 
+-

U/MOD 
SWAP 

::::; DDUP XOR !3WAP ABS >R SWAF' 
4 ABS >R OVER XOR -ROT DABS 
5 SWAP R@ U* ROT R> LI* ROT 0 
6 R@ U/MOD ~ROT R> -U/MOti 
7 SWAP_DROP SWAP ROT D+-
8 
9 

10 
l.l. 
i2 
i3 DECIMAL 
14 
l.5 

SCREEN #20 
0 \ MVP-FORTH SOURCE -- * 
i HEX CROSS-COMPILER 
2 : * < Nl N2 -> N3 ) 
3 LI* DROP 
4 

/MOD I MOD 

5 : /MOD < Ni N2 -> NREM NQUOT > 
6 >R S->D R> M/ 
7 
8 g I ( Ni N2 -> N3 
9 /MOD SWAP_DROP 

1 (l 
1.:1. 
12 
i3 

MOD 
/MOD 

l.4 DECIMAL 
15 

Nl N2 ~> N3 > 

DROP 

" ' 



,-~ 

r 

CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #'.;~: 1 
0 \ MVP-FORTH SOURCE -- */MOD *I M/MOD 
1 HEX CROSS-COMPILER 
2 */MOD ( N1 N2 N3 -> NREM NQUOT > 
3 >R M* R>. Ml 

6 
7 
8 
9 

*I < N1 N2 N3 -> N4 
*/MOD SWAP_DROP 

10 
1.1 
12 

M/MOD 
>R 0 
U/MOD 

14 DECIMAL 

SCREEN #22 

< UD1 U2 
R@ U/MOD 

R> . 
' 

-> U3 
R .... ·' 

UD4 > 
SWAP >R 

0 \ MVP-FORTH SOURCE -- EMIT CR PAGE 
1 HEX CROSS-COMPILER 
2 B' <EMIT> FORTH D~CC C 'EMIT ! ) 
:3 EMIT ( CHAR --,) ) 
4 'EMIT @ EXECUTE ; 
5 
6 
7 
8 
9 

1.0 
11 
12 
1 -:r ..... 
14 
15 

B' <CR> FORTH D@ CC { 'CR 
CR .( -> > 

'CR @ EXECUTE 

B' <PAGE> FORTH D@ CC { 'PAGE 
PAGE ( -> > 

'PAGE @ EXECUTE 

DECIMAL 

SCREEN #2::::; 

) 

) 

0 \ MVP-FORTH SOURCE -- ?TERMINAL KEY 
1 HEX CROSS-COMPILER 
2 B' <?TERMINAL> FORTH D@ CC C '?TERMINAL ) 
3 ?TERMINAL ( -> FLAG > 
4 '?TERMINAL @ EXECUTE ; 
5 
6 B' <KEY> 
7 KEY 
8 'KEY @ 
9 

10 
11 
12 
13 
14 DECIMAL 
15 

FORTH D@ CC 
-> CHAR > 

EXECUTE 

{ 'KEY } 

-.;:· ... 

· .. ··. 

'•i 



WISC CPU/32 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #24 
0 \ MVP-FORTH SOURCE -- SPACE COUNT TYPE 
1 HEX CROSS-COMPILER 
2 SPACE < -> ) 
3 BL EMIT ; 
4 
5 COUNT ADDR -> ADDR+4 N ) 
6 DUP 4+ SWAP @ OFFFF AND 
7 
8 TYPE < ADDR N -> > 
9 DUP O> 

10 IF OVER + SWAP 
11 DO I C@ EMIT 1 +LOOP 
12 ELSE DDROP 
13 THEN 
14 
15 DECIMAL 

SCREEN #25 
0 \ MVP-FORTH SOURCE -- -TRAILING 
1 HEX CROSS-COMPILER 
2 -TRAILING < ADDR Ni -> ADDR N2 
3 DUP 0 
4 DO DDUP + 1- C@ BL 
5 IF LEAVE ELSE 1- THEN 
6 LOOP ; 
7 
8 SPACES < COUNT -> 
9 0 MAX ?DUP 

10 IF 0 DO SPACE LOOP 
11 THEN 
12 
13 
14 
15 DECIMAL 

SCREEN #26 
0 \ MVP-FORTH SOURCE -- PAD HERE 
1 HEX CROSS-COMPILER 
2 HERE -> ADDR ) 
3 DP @ 
4 
5 PAD -> ADDR 
6 HERE 4C + 
7 
8 
9 

10 
11 DECIMAL 

13 
14 
15 

SPACES 



WISC CPU/~52 (C) 1987 BY PHIL KOOPMAN JR . 

. SCREEN :1=1:27 
0 \ MVP-FORTH SOURCE -- HOLD <# #) # 
1 HEX CROSS-COMPILER 
2 [ HOLD C CHAR -> ) 
3 1 NEGATE HLD +! HLD @ C! 

5 
6 
7 
8 
9 

10 

<# ( 

PAD 

•. > ( 

DDROP 

D1 -"> Dl 
HLD 

UD -> ADDR N 
HLD @ PAD 

1 l. :1:1: ( UD 1 -- > UD2 

OVER 

12 BASE @ M/MOD ROT 9 OVER < 
13 IF 7 + THEN 30 + HOLD 
14 
15 DECIMAL 

SCREEN :1=1:28 
0 \ MVP-FORTH SOURCE -- <ABORT"> 
1 HEX CROSS-COMPILER. 
2 VARIABLE <QUIT-ADDR> 
3 VARIABLE <WHERE-ADDR> 
4 <ABORT"> < FLAG -> 

.;."" ...... .. . ·""· <ABORT''> . ,_ ,_ 

... , ....... . 

5 <<ABORT">> ( Automatically EXIT if FLAGT=o.··). 
( IF ) <WHERE-ADDR> 

R@ COUNT TYPE SP! 
( ELSE R> DUP @ 

6 
7 
8 
9 B' <ABORT"> FORTH D@ cc 

10 
l.1 G <. 11 > ( -> ) 

@ EXECUTE CR 
· <QUI.T_;ADDR> @ EXECU.TE 

+ 4 + >R THEN 
.. 

) 
\."'. .. 

' DROP ABORT"-ADDR ! 

· ... _. 

12 R@ COUNT DUP 7 + R> + OFFFFFFFC AND 
FORTH D@ cc DROP . II ·-ADDR ! 

>R ... TYPE ; 
l. 3 B I < • 1·1 > 
14 DECIMAL 
15 

SCHEEN ~+29 

0 \ MVP-FORTH SOURCE -- SIGN #8 
1 HEX CROSS-COMPILER 
2 SIGN C N -> ) 
3 O< IF 2D HOLD EXIT THEN 
4 
5 #S ( UD -> 0 0 
6 . BEGIN # DDUP 
7 

D.R ( D N -> ) 

OR NOT UNTIL 

8 
9 

1 (l 
l. 1 
12 

>R SWAP OVER DUP D+
< # #S ROT SIGN #> 
R> OVER SPACES TYPE 

13 r>. < D -> ) 
14 0 D.R SPACE 
15 DECIMAL. 

D.R D. 

.. _., . 

. - ·'. 



'~ 
I \ 
' / "----- / 

WI!3C CPU/'.:;.~2 <C> 1987 BY PHlL KOOPMAN JR. 

scF:~EEN #:::::o 
0 \ MVP-FORTH !30URCE -- .R U. 
1 HEX CROSS-COMPILER 
2 • F~ < N 1 N2 -- > > 
3 SWAP S->D ROT D.R 
4 
5 U. Nl -> 
6 0 D. ; 
7 
8 : • Nl -> ) 
9 S->D D. 

10 
1:1. ? < N1 -> ) 
12 @ • ; 

13 
14 DECIMAL 
15 

SCREEN #31. 

'? 

0 \ MVP-FORTH SOURCE -- ?COMP ?CSP ?LOADING ?PAIRS 
1 HEX CROSS-COMPILER 
2 ?COMP C -> > 
3 STATE @ NOT ABORT" COMPILE ONLY" 
4 
5 ?CSP C -> > 
6 SP@ CSP @ 
7 ABORT" DEFINITION NOT FINISHED" 
8 
9 ?LOADING C -> > 

10 BLI< @ NOT ABORT" LOADING ONLY" 
11 
12 ?PAIRS N1 N2 -> > 
13 ABORT" CONDITIONALS NOT PAIRED" 
14 DECIMAL 
l.5 

SCREEN #32 
0 \ MVP-FORTH SOURCE -- ?STREAM ?STACK 
1 HEX CROSS-COMPILER 
2 l ?STREAM < ~> > 
:::;; ABORT" INPUT STREAM EXHAUSTED" 
4 
5 
6. 

7 
8 
9 

10 
11 
12 
13 

?STACK 
SP@ 
SP@ 

14 DECIMAL 
15 

( -> ) 

OFFF AND 0080 < ABORT" 
OFFF AND 0100 < ABORT" 

STACK 
STACK 

EMPTY" 
FULL" 



SCF~EEN 1t:::;:::;; 
0 \ MVP-FORTH SOURCE -- PICK ROLL 
1 HEX CROSS-COMPILER 
2 PICK < N1 -> N2 > 

::;: DUP 1 < i:7:iBOl=<T" PICK AHGUMENT < 1" 
4 <PICK> ; 

6 fi:OLL ( N 1 -·- > ) 
7 DUP l. < !~BOFH II ROLL ARGUMEl'H < 1 11 

8 < FWL.L > 
9 

10 
l.l 
12 DECIMAL 

14 

scf:::EEN #::::.4 
0 \ MVP-FORTH SOURCE -- <CMOVE> CMOVE 
1 HEX CROSS-COMPILER 
2 \ <CMOVE> < ADDRl. ADDR2 U -> 
3 \ 
4 \ 
5 

OVEf::: + SW1=4P 
DO DUP C@ I C! 1+ LOOP 

6 \ CMOVE ADDR1 ADDR2 N -> 
7 \ DUP 1 < 
8 \ IF DDROP DROP 
9 \ ELSE <CMOVE> THEN 

10 
11 CMOVE < ADDR1 ADDR2 COUNT -> > 

DROP 

12 BEGIN <CM-STEP> UNTIL DROP DDROP 
l.3 
14 DECIMf~L 
15 

SCF~EEN #~s5 

0 \ MVP-FORTH SOURCE -- <<CMOVE> <CMOVE 
l. HEX CROSS-COMPILER 
2 \ <<CMOVE> < ADDR1 ADDR2 U -> 
3 \ >R SWAP R@ + 1- SWAP R@ + 1- R "·· ·' 
4 \ BEGIN ?DUP WHILE <<CM-STEP> REPEAT 
5 \ DDROP 
6 \ 
7 \ <CMOVE ADDR1 ADDR2 N -> 
8 \ DUP 1 < 
9 \ IF DDROP DROP 

10 \ ELSE <<CMOVE> THEN 
l.1 
12 <CMOVE < ADDR1 ADDR2 COUNT -> 
l.3 >R SWAP R@ + 1- SWAP R@ + 1- R> 
14 BEGIN <<CM-STEP> UNTIL DROP DDROP ; · 
15 DECIMAL 



I 
\ 

. ·~ 

~nsc CPU/:32 . <Cl .. 19B7 BY PHIL. l<OOPMAN JR. 

SCREEN #36 
0 \ MVP-FORTH SOURCE -- DISK ACCESS CONSTANTS/VARIABLES 
1 HEX MATH CROSS-COMPILER 
2 MEM-SIZE -4. D+ CONSTANT LIMIT 
-:r ·-· 
4 1. CONSTANT #BUFF 
5 408. CONSTANT BUF-SIZE 
6 
7 { LIMIT #BUFF BUF-SIZE } FORTH D* D- OFFFFFF. DAND 
8 CC CONSTANT FIRST 
9 

10 40. CONSTANT C/L 
11 VARIABLE USE C FIRST USE ! } 
12 VARIABLE PREV C FIRST PREV ! } 
13 C 0 OFFSET } 
14 
15 DECIMAL 

SCREEN #37 
0 \ MVP-FORTH SOURCE -- <RIW> R/W 
1 HEX CROSS-COMPILER 
2 <RIW> ( ADDR BLK FLAG -> ) 
3 IF 3 SYSCALL ( Read ) 
4 ELSE 4 SYSCALL C ~rite > 
5 
6 
7 
8 
9 

10 
l.1 
12 
c~ 

14 
15 

THEN DDROP 

B' <RIW> FORTH D@ CC { 'R/W ! } 

R/W 
'R/W @ 

DECIMAL 

ADDR BLK FLAG -> ) 
EXECUTE 

SCREEN #38 
0 \ MVP-FORTH SOURCE -- +BUF BUFFER UPDATE 
1 HEX CROSS-COMPILER 
2 +BUF < ADDR -> ADDR2 FLAG ) 
3 BUF-SIZE + DUP LIMIT -
4 IF DROP FIRST THEN 
5 DUP PREV @ 

: ··.; ~-· 

.. ~ . . : : .. 
·.· 

·. ; ":: -~· 

6 
7 
8 
9 

BUFFER N -> ADDR < Single buffer support oMly 11 • ·• • · >. 

10 
11 
12 
13 
14 

USE @ >R R@ @ O< .. · . 
IF R@ 4+ R@ @ 7FFFFFFF AND 0 R/W. '.tHEN\ .> . . < '' 

R@ ! R@ PREV R> 4+ 

UPDATE -> > 
PREV @ @ 80000000 OR PREV @ · ! .·. ; .. · 

15 DECIMAL 



~, 

' 

~<JISC CPU/:::::2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #39 
0 \ MVP-FORTH SOURCE -- <BLOCK> BLOCK 
1 HEX CROSS-COMPILER 
2 ~ <BLOCK> < N -> ADDR > ( Supports only one block buffer ) 
3 PREV @ @ 7FFFFFFF AND OVER = 
4 IF DROP 
5 ELSE DUP BUFFER SWAP 1 R/W 
6 THEN PREV @ 4+ 
7 
8 B' <BLOCK> FORTH D@ CC C 'BLOCK 
9 

10 : BLOCK < N -> ADDR 
11 'BLOCK @ EXECUTE 
:I.~=: 
l :::;. DEC I Mf.:IL 
1 •+ 
l ~5 

SCREEN #40 
0 \ FILL 
l DECIMAL 
2 : FILL 

CROSS-COMPILER 
( ADDR COUNT VALUE -> 

3 OVER O> 
4 IF 

-, 
.J 

<Character based) 

5 -ROT OVER + SWAP DO DUP I C! LOOP 
6 ELSE DDROP DROP THEN 
7 
8 
9 

10 
1 1 
1 r; . .:.. 
1 ..... 

··~' 
14 
15 

SCREEN #41 
0 \ MVP-FORTH SOURCE -- SAVE-BUFFERS EMPTY-BUFFERS CLEAR 
1 HEX CROSS-COMPILER 
2 ~ SAVE-BUFFERS C -> > 
3 #BUFF 1+ 0 DO 7FFFFFFF BUFFER DROP LOOP 
4 
i:::· 
,..} 

6 
7 
8 
9 ( 

10 
ll 
j? 

13 

EMPTY-BUFFERS 
FIRST LIMIT 

< #BUFF 0 DO > 

( ··- > ) 
OVER - 0 

7FFFFFFF 

C EMPTY-BUFFERS } 

CLEAR ( N -> ) 
OFFSET @ + BUFFER 

14 DECIMAL 
1 0:::

d 

FILL 
BUF-SIZE I * > 0 FIRST+ 

400 BL FILL 

( LOOP) 



CC> 1987 BY ~HIL KOOPMAN JR. 

~3CF.::EEl\I #42 
0 \ MVP-FORTH SOURCE -- <LINE> .LINE LIST 
1 HEX CROSS-COMPILER 
2 <LINE> ( N1 N2 -> ADDR COUNT 
3 BLOCK SWAP C/L * + C/L 

5 .LINE < LINE SCR -> > 

6 <LINE> -TRAILING TYPE 
7 
8 LIST < SCR -> > 
9 CR DUP SCR ! 

10 
1l. 

II SCREEN #" u. 
DO CR I ~::: • R 

10 0 
SPACE I SCR @ .LINE 

1 '":• .... ?TERMINAL IF (QUIT-ADDR> @ EXECUTE 
13 LOOP CR 
1.4 DECIMAL 
1.5 

SCF<EEN =1:1:4::::; 
0 \ MVP-FORTH SOURCE --. 
l HEX CROSS-COMPILER 
2 DIGIT ( C Ni -> N2 
3 ::::;o -- DUP 

DIGIT CONVERT 

TF I FF 
9 > 

•+ 
5 

S\.&JAP 
IF 
DUP 
DUP 

DUP l. l. < IF 
ROT < NOT IF 

DROP ·--l 
DROP ,....1 
ELSE -1 

ELSE 
THEN 

THEN 

7 -

6 
7 

O< IF DHOP 0 

8 CONVERT 
9 BEGIN 

10 WHILE 
11 D+ 
12 IF 
13 R> 
14 REPEAT 
15 DECIMAL 

SCREEN #44 

C UD1 ADDR1 -> UD2 ADDR2 ) 
1+ DUP >R C@ BASE @ DIGIT 

SWAP BASE @ U* DROP ROT 
DPL @ 1+ 
1. DPL + ! THEN 

R> 

0 \ MVP-FOHTH SOURCE -- <NUMBER> NUMBER 
1 HEX CROSS-COMPILER 
2 <NUMBER> ( ADDR -> D 

BASE @ 

THEN 

:::. :::. + 0 0 ROT DUP l+ C@ 020 ·- DUP >R -1 DPL 
4 CONVERT DUP C@ BL > 
5 IF DUP C@ 02E = NOT 
6 ABORT" NOT RECOGNIZED" 0 DPL ! 
7 CONVEF<T DUP C@ BL > ABORT" NOT RECOGNIZED 11 

8 THEN DROP R> 
9 IF DNEGATE THEN 

10 
11. B' <NUMBER> FORTH D@ CC { 'NUMBER ! .} 
1 ~ . .. :.:. 
1.3 : NUMBER ADDR -> D > 
14 'NUMBER @ EXECUTE 
l!:i DECIMAL 



hlibC CPU/::~;'.? CC> 1987 BY PHIL KOOPMAN JR. 

0 \ MVP-FORTH SOURCE -- <EXPECT> 
1 HEX CROSS-COMPILER 
2 <EXPECT> C AODR N -> 
3 OVER 0 SWAP ODUP 1+ C! C! 
4 OVEF~ + OVER 
5 DO KEY DUP 8 = 
6 IF DROP DUP I - 1 AND DUP R> 2- + >R 
7 IF 07 
8 ELSE 8 DUP EMIT BL EMIT -3 OUT +! THEN 
9 ELSE DUP OD = 

10 IF LEAVE DROP BL 0 
11 ELSE DUP THEN I C! 0 I 1+ DDUP 1+ C! C! 
12 THEN EMIT 
1~ LOOP DROP ; 
14 B' <EXPECT> FORTH D@ CC C 'EXPECT } 
l.5 DECIMAL 

SCf~EEN #46 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 

'STREAM 

2 'STREAM < -> ADDR 
~~; BLK ('l! ?DUP 
4 IF BLOCK ELSE TIB @ 
5 >IN @ + 
6 
7 EXPECT ADDR N -> ) 
8 'EXPECT @ EXECUTE 

l.O 
l. 1 
:1.2 

QUERY < ·-> ) 
TIB @ 50 EXPECT 

13 DECIMAL 
l.4 
:I r.::· . 
•• ;..J 

SCF~EEN #47 

0 >IN 

THEN 

0 \ MVP-FORTH SOURCE -- ENCLOSE 
l. HEX CROSS-COMPILER 
2 ENCLOSE ( ADDR1 C -> ADDR1 

EXPECT GlUERY 

3 >R DUP BEGIN <ENCLA> UNTIL 
4 ( .. -> ADDR1 Nl ADDR1+N1 

Nl N2 N:3 ) 
DDUP SWAP 
( RetLwn: 

SWAP 
.. -> c ) 

5 >R -l. OVER 1-
6 
7 
8 
9 

BEGIN SWAP 1+ SWAP 1+ DUP·C@ R@ :::: NOT UNTIL 

10 ( 
11 ( 

BEGIN 

BEGIN 

12 ::::._PIC~::: 

<ENCLB> UNTIL 
< •• -> ADDRl. N1 

DUP C@ DUP R@ = 
l>JHILE 1+ 

ADDRN2 
NOT SWAP O= NOT AND 
REF·EAT < ####~Ht## 

13 OVER 4_PICK + C@ IF DU~~+ 

14 R> DROP 
15 DE·c I M(...)l. 

) 

( #### ) 



-·: . 

WIBC CPU/32 CC> 1987 BY PHIL KOOPMAN JR; 

SC.REEN #4El 
0 \ MVP-FORTH SOURCE -- DOVOC FORTH 
1 HEX CROSS-COMPILER 
2 DOVOC < -> > 
3 R> CONTEXT ! 
4 
5 FORTH < -> > 
6 -4 BDP +! 
7 B' DOVOC FORTH D@ CC DATA, 
8 O. DATA, < LINK ADDR TO LAST WORD IN DICTIONARY > 
9 80000001. DATA, 

10 BL 0 DATA, 
11 O. DATA, ( VOCABULARY LINK 
12 
13 DECIMAL. 
14 
15 

SCREEN #49 -
0 \ OPTIMIZING COMPILER VARIABLES, ETC. 
1 DECIMAL CROSS-COMPILER 
2 
3 VARIABLE OPTIMIZE? -1. { OPTIMIZE? 
4 

} .. 

5 VARIABLE OPT-STATUS . . 
. -'·6 \ 1 = previous i nstruc:t ion is a defa~tl ted -;JMP: 

.. 

·.· 
-· 

7 \ 4 = pr·e.vi ous inst·ruc::·t1·on i ·s ·a CAL·L· ·· .. · ·>·-.·.-: 

previous in~truction can not be ~h~~~ed 8 \ 8 = 
9 

10 
1 1 
12 

14 
15 

DEF AULT _:;,~1 UMP 
IS-A-CALL 
DON'T-DISTURB 

SCREEN #5(1 

l. OPT-STATUS 
4 OPT-STATUS 
8 OPT-STATUS 

.. 
' ; 

.;. : 

0 \ MVP-FORTH SOURCE --
1 DEC I.MAL .CROss~coMP ILER 

ALLOT LATEST DEFINITIONS 

2 
3 
4 
5 
6 
7 
8 . .. ~ 
9· 

:i.o 
1 1 
12 
13 
14 . .. 
15 

... .. 

ALLOT 
·.DP +! 

< N -> ) 

C, < B ·-> HERE C! 1 ALLOT DON'T-DISTURB 

WORD-ALIGN 
4 DP @ 3 
r?DUP IF ···o 

, ( N -.>- ) 

( -> ) 
AND 3 AND 

DO BL C, LOOP THEN 

W,ORD-:ALI'GN HERE 4 · ALLO_T . DON.' T.-:D l SI:URB. ; r . .. 
_.X, < N -> > 

WOR.Q-ALIGN HERE 4 ALLOT ; ·· 
. ; .. 

,. ..~; .·: : 

····,t:· 



() 

1,1.n sc cF.:·ur.::.2 · CC> 1987 BY PHIL KOOPMAN JR. 

SCF~EEN #~5 l. 
0 \ MVP--FQF;:TH SOURCE -·-
1 DECIMAL CROSS-COMPILER 
2 : LATEST ( --> ) 
3 CURRENT @ @ 
4 
5 
6 
7 
8 I' .... 

9 
1.0 
11 
12 
l. ~.::. 

:1.4 
15 

DEFINITIONS < -> > 

CONTEXT @ CURRENT 

FORTH DEFINITIONS ) 

SCREEN #52 
0 \ COMPILER 
:I. HEX 
2 : OPCODE, 
3 FFBOOOOO AND 
4 
5 : CALL, ( Sub 
6 007FFFFC AND 
7 IF OPT-STATUS 
8 IF .. .,.4 ALLOT · 
9 FF800000 

10 THEN 
11 2' OR X , I 8-A-CALL 
12 DECIMAL. 
13 
1.4 
15 

SCREEN ~=1:53 

• ' , 

LATEST DEFINITIONS 

0 \ COMPILER DICTIONARY HANDLING 
1 HEX CROSS-COMPILER 
2 : EXIT, ( - > > 
:3 1 
'1· OPTIMIZE? @ 

5 IF OPT-STATUS @ 1 = < If 1 
6 . lF -4 ALLOT HERE @ 
7 FF800000 AND 
8 OPT-STATUS @ 4 :::: 
9 IF DROP -4.ALLOT 

10 FFFFFFFC AND 
. 11 THEN 
12 X, DON'T-DISTURB ; 
13 
14 DECIMAL 
15 



\ 

~'.)I SC CPU/ ~::.2· CC> 1987 BY PHIL KOOPMAN JR. 

0 \ MVP-FORTH SOURCE -- <WORD> 
1 HEX CROSS-COMPILER 

<WORD> C CHAR -> ADDR > 
ltJDRD-·-(.:%L I GN 
' STREP1M Sl>JAP 

V.JORD 

c::
•• .J IF ( end···-stream c-

ENCLDSE DDUP > 
) DDRDP DDROP 
OVER DUP 

• .1 HEl::;:E 4+ DDUP 4+ 
ELSE >IN +! 6 

7 
8 
9 

HERE 4+ ! + HERE B + 

10 

ABORT II INPUT > 
THEN HERE 4+ ; 

1+ 

11 B' <WORD> FORTH D@ CC C 'WORD } 

13 ~ WORD CHAR -> ADDR 
14 'WORD @ EXECUTE 
15 DECIMAL 

SCREEN #55 
0 \ MVP-FORTH SOURCE -- TR?~VERSE 

1 HEX CROSS-COMPILER 

>r~ 
R> DUP 

CMOVE 

2 
-=!' ·-· 

\ ADDR1 is presumed to be a word address 
TRAVERSE < ADDR1 N -> ADDR2 ) 

4 O< 

OFFFF > 

5 IF < Tei 1 ength word ADDR1 is last c:har in hea#er:·string ) 
6 
7 
8 
CJ 

1 (l 
11 
1 ':" ,.._ 
l .,r 
. ·-' 

14 
1 i::: . ,J 

BEGIN 4- DUP @ 
ELSE ( To end of name 

DUP C@ 1 MAX + 
THEN 

DECIMAL 

BCl::;:EEN #56 
0 \ MVP-FORTH SOURCE --
1. HEX CROSS-COMPILER 

Header structure: 

C>< UNTIL ... ·:·~-·: 

string ADDR 1. is. 1 ength wo~:~ I . 
3 + FFFFFFFC AND 

LFA PF?'.1 NFA CFA 

2 \ 
3 \ 
4 

LFA NFA •• TEXT •. ( Note: NO CFA 11 

5 
~) 

NFA PFA -> NFA > 
-· 1 TRAVEf":SE 

7 LFA C PFA ~> LFA 
8 NFA 4-
9 

10 
1.1 
12 

PFA ( NFA -> PFA 
1. TRf':WERSE 4+ ; 

13 CFA C PFA -> CFA 
1.4 DECIMAL. 
:1.5 

' -~. . ··.,. -

( This will work most of the tlme > 



r~ 
I \ I . 

WISC CPL!/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCF<EEN #57 
0 \ MVP-FORTH SOURCE -- <SMATCH> 
1 HEX CROSS-COMPILER 
2 ($M{HCH> ( TXTADDR1 NFAADDR2 -> MATCH·-FL.AG ) < ADDR-LENGTH 
3 OVER @ OFFFF AND OVER @ 2000FFFF AND = 
4 IF C same length ) 
5 -1 -ROT 4+ SWAP DUP 4+ SWAP @ OFFFF AND 1-
6 BEGIN <S=STEP> DUP O< UNTIL 
7 BEGIN ROT DUP C@ >R 1+ ROT DUP C@ >R 1+ ROT R> R> = ) 
8 < IF 1- ELSE DROP >R >R DROP 0 R> R> -1 THEN > 
9 < DUP O< UNTIL ) 

10 DROP DDROP 
11 ELSE 
12 ( Different length• > DDROP 0 
1~3 THEN 
14 DECIMAL 
l.5 

SCREEN #58 
0 \ MVP-FORTH SOURCE -- <FIND> 
1 HEX CROSS-COMPILER 
2 <FIND> < TEXT-ADDR NFA-ADDR 
3 BEGIN DDUP ($MATCH> 
4 IF SWAP DROP DUP PFA 
5 ELSE 4- @ 
6 DUP IF 0 ELSE 
7 THEN 
8 UNTIL ; 
9 

<·-FIND> 

-> PFA STATUS -1 I 0 > 

SWAP @ -1 -1 

DDROP 0 ~1 THEN 

10 
11 
12 

<-FIND> < -> PFA STATUS -1 I 0 > 
BL WORD CONTEXT @ @ <FIND> 

13 B' <-FIND> FORTH D@ CC C '-FIND ! } 
14 
15 DECIMAL 

SCREEN #59 
0 \ MVP-FORTH SOURCE -- -FIND FIND 
1 HEX CROSS-COMPILER 
2 ~FIND < -> PFA STATUS -1 I 0 
3 '-FIND @ EXECUTE 
4 
5 ·FIND 
6 -FIND 
7 
8 
9 

10 
1 1 
12 DECIMAL 
l ..,.. 
,..;, 

14 
15 

-> ADDR > 
IF DROP ELSE 0 THEN 

·.1. 



( C) 19BT BY PH IL. ~:::ODPMAN JR. 

GCF:EEr'~ :1:1:60 
0 \ MVP-FORTH SOURCE -- COMPILE [COMPILEJ [ J 
1 HEX CROSS-COMPILER 
2 COMPILE < -> ) 
3 R> DUP 4+ >R @ 
4 DUP 3 AND IF , ELSE FF800003 AND HERE 4+ OR , THEN 
5 DON'T-DISTURB 
6 CCOMPILEJ ( -> ) < Not required when in cross-comp 
7 ?COMP -··FI ND NOT ABORT" NOT FOUND" 
8 10000000 AND IF @ FFBOOOOO AND HERE 4 + OR 
9 ELSE 2 OR THEN DON'T-DISTURB IMMEDIATE 

10 
:I. :I. [ ( -> 
12 0 STATE IMMEDIATE 
1::::: ] ( -> 
:l4 COOOOOOO STATE !~MEDIATE 

15 DECIMAL. 

SCREEN #61 
0 \ MVP-FORTH SOURCE -- SMUDGE 
1 HEX CROSS-COMPILER 

SO BLANK 

2 SMUDGE < -> > 
3 LATEST 3 + 20 TOGGLE 

;.) so ( ... > ) 
6 E3PO @ 

7 
8 BLANK ·-> 
9 BL FILL 

10 
11 DECIMAL. 

sc1::;:EEN #62 
0 \ MVP-FORTH SOURCE -- DLITERAL. LITERAL 
1 HEX CROSS-COMPILER 
2 LITERAL ( N -> N I 

4 
5 
f.:i 
"7 
I 

8 
9 

10 
11 
1.2 

ST1;TE @ 

? IF COMPILE LIT 
HERE 8 ··· @ 

HERE 8 -
FFBOOOOO AND HERE OR 

DON'T-DISTURB THEN 

DL I TERAL. N ··· .;· N I 
STATE @ 
IF SWAP ( [COMPILE] LITERAL 
THEN IMMEDIATE 

:I. 3 nc-::c I MAL. 
14 
15 

2 OR 
IMMEDIATE: 



,,----

( 
~-

~·,JI SC CF'U i 32 CC> 1987 BY PHIL KOOPMAN JR. 

sc;::;~EEl\I :1*6:::; 
0 ' MVP-FORTH SOURCE -- <INTERPRET> 
1 HEX CROSS-COMPILER 
2 : <INTERPRET> C -> 
3 BEGIN -FIND 
4 IF DUP STATE @ U< 
5 IF DUP 10000000 AND 
6 IF SWAP @ OPCODE~ ELSE SWAP CALL, THEN 
7 8000000 AND IF DON'T-DISTURB THEN 
8 EL.SE 4000000 AND 1::1BORT" POISON ~\!ORD" EXECUTE THEN 
9 ELSE HERE 4+ NUMBER DPL @ 1+ 

10 IF < ECOMPILEJ > DLITERAL 
11 ELSE DROP < ECOMPILEJ > LITERAL THEN 
12 THEN ?STACK AGAIN . 
13 B' <INTERPRET> FORTH D@ CC C 'INTERPRET ! } 
14 DECIMAL 
1 i::· '-' 

SCREEN #64 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 : INTERPRET < -> > 
3 'INTERPRET@ EXECUTE 
4 
~; : X ( -· > ) ( NULL 
6 BU< @ 

INTERPRET & NULL 

7 IF STATE @ ?STREAM THEN 
8 DR> DDROP R> DROP : IMMEDIATE 
9 

10 B' X FORTH D@ CC 
11 C FFFFFFFC. AND NFA COOOOOOO. OVER 
12 
1 :3 DEC I Mf'~L 
14 
15 

SCF<EEN =1*6~3 

0 \ MVP-FORTH SOURCE -- QUIT <ABORT> 
1 HEX CROSS-COMPILER 
2 : C!U IT < --· > ) 
:::;; 0 BLK ! < [COMPILEJ ) [ 
4 BEGIN RP! CR QUERY INTERPRET 
5 STATE @ NOT 
6 IF . II <CPU/::::.'.?) OK" THEN 
·-y 
I AGAIN ; 

6 SWAP 4+ I } 

8 B' QUIT FORTH D@ CC C <QUIT-ADDR> } \ Vector for <ABORT"> 
9 

10 
1 1 
1 ,-, 

..::. 

13 

<ABORT> < -> ) 
RP! SP! 0 SET-FLAGS DROP C enable interrupts 
< [COMPILE] > FORTH DEFINITIONS QUIT 

14 B' <ABORT> FORTH D@ CC C 'ABORT ! } 
15 DECIMAL 



) 

0 \ MVP-FORTH SOURCE --
l HEX CF=<rn3G·--COMP I L.EF< 
2 i::1f.:.DF<T ( .. _ .> .l 

3 'ABORT @ EXECUTE 
4 
:'.."i COLD -> 
6 EMPTY-BUFFERS PAGE 
7 20 SPf.'.1CES 11 The WISC cpu;::::.2 11 c1::.: 
B 20 SPACES 11 with MVPFORTH/::.:;2 11 Di: 
9 25 SPACES " 6/ 1 /87" CF:;; CH 

10 19 SPACES '' <C> 1987 By: Phil Koopman Jr.~ CR CR 
11 0 EPRINT 
12 FIRST USE ! FIRST PREV ! 0 OFFSET 
1::~; II <CPU/32) OK" 
14 DECIMAL ABORT 
15 DECIM?)L 

scm:::EN =f'.1=6 7 
0 \ INTERRUPT SERVICE ROUTINES _,,_·1 

1 HEX CROSS-COMPILER 
2 INTERRUPT-DECODE ( FLAG -> 

Assume stack pc1int.ers are c:lose to va1L1e that. c:ai..i?<§ p('"oblt:~m 
DI.JP 01000000 1~1ND IF CR . II .D(.~T~l STACK ERROR:::::'' 

SP(§! 80 + OFFF AND 0100 . < IF • " STACI< EMPTY" 
6 ELSE • " STP1CI< FULL II THE::N THEN 
7 DLJP 02000000 AND 

80 + OFFF Al\ID 
IF CF~ • " RETURN STACK ERROR:::::" 

B l::.:P@ 0 :I. ()(i < IF . II STACK EMPTY It 

9 ELSE." STACK FULL" THE:N THEN 
:1.0 DLJP 04000000 r::1ND 

08000000 PrND 
70000000 AND 

IF CR 11 HOST REQUEST::::" DLJP FF AND • THEN 
II PARITY ERROR" THEN 11 DLJP IF er.:;; . 

12 DUP IF c;1:;: 11 BOFTl>U~RE INTERRUPT" THEN 
1:~;; DROP 
14 DECIM~iL 
1 ;5 

f.3CF~EEN :1*6B 
0 \ INTERRUPT SERVICE ROUTINES 
1 DECIMAL CROSS-COMPILER 
~~~ 
... l • ..... 
4 
!:::-
·-1 

<s 
·7 
8 
9 

l. 0 
:l 1 
1 ':> ..:.. 

13 
14 
l::'.; 

I SEl:=\'.'v' I CE 'ISERVICE@ EXECUTE 

INTERRLJPT-SERV C ADDRESS FLAGS -> 

HEX 

-1 SET-FLAGS DROP < Clear & mask interrupts, 
c;i::;; CR .. " ·*'**'*·* I NTEF<HUPT ·*'·*-'*·-*·¥"" CF~ HEX 
DUP • " FU~GS::::: II LJ.. SWAP n " r'..':iDDRESS=" u n 

INTERRUPT-DECODE DECIMAL 
i;BDriT ; 

B' ISERVICE FORTH D@ DROP FFFC AND 0 
CC { 0 ! } \ Vector for INTERRUPT SERVICE 

\ Initialize t.o a JUMP to lNTERRUPT~SERV 
B' INTERRUPT-BERV FORTH D@ CC {. 'IBERVICE > 
DECIMAL.. 



<Cl 1987 BY PHIL KOOPMAN JR. 

~'.:iCREEl\i ~:F.S9 

0 \ MVP-FORTH SOURCE -- <LOAD> LOAD THRU 
1 HEX CROSS-COMPILER 
2 <L.CHiD> ( N ..... > ) 
3 ?DUP NOT ABCJF;:T 11 UNLOr'.~Dc;BL.E 11 

4 BLK @ >R >IN @ >R 
5 0 >IN ! BLK ! INTERPRET 
6 R> >IN R> BLK ! 

8 B' <LOAD> FORTH D@ CC { 'LOAD } 
9 LOAD < N -- > ) 

10 'LOAD @ EXECUTE ; 
ll 
j? THRU < N1 N2 -> > 
13 l+ SWAP DO I U. I LOAD 
14 ?TERMINAL ABORT" BREAK ... " LOOP 
15 DECIMAL 

BGi:EEN #70 
0 \ MVP-FORTH SOURCE -- CREATE 
1 HEX CROSS-CDMPILER 
2 CREATE ( -> ) 
3 WORD-ALIGN BL WORD DUP 4+ C@ 
4 O:::: ABORT' II ATTE:~MPTED TO REDEFINE NULL II 
5 DUP CONTEXT @ @ <FIND> 
6 IF DDROP WARNING @ · 
7 IF DUP COUNT TYPE SPACE · 
8 THEN 
9 THEN 

10 LATEST , C Store LFA ) HERE CURRENT 
11 C@ DUP 80000000 OR , 
12 r~LLOT C HERE happens to align with te:-:t of strihg · 
1 ::~; WORD--AL I GN 22000002 < Ca.11 DOVAR ) HE:RE 4 + .· ·. OR 
14 DON'T-DISTURB 
15 DEC I Mr;L. 

BCF;:EEN 4*71 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 

WHERE 

2 WHERE -> ) 
BU<@ 

4 IF BLK @ 
DUP . 

DUP 
>IN @ 

SCR ! CF< er.;: 

6 • II LI NE . ~*II 
7 CR CR C/L 
8 >IN @ 3FF 
9 ELSE >IN @ 

~$FF MIN 
C/L.. * 

-·TRAILING 
> 1 AND 

10 THEN CR HERE 4+ @ 
11 DROP 1- SPACES R> · 0 
12 DD 5E EMIT LOOP ; 

C/L 
1::;:DT 
TYPE 
+ 

DUP >R 

• II SC£-i:EEN #II 

/MOD DUP 
BLOC~< + 

HERE 4+ R@ 

13 B' WHERE FORTH D@ CC { <WHERE-ADDR> 1 } 

14 DECIMAL 
:I. ~3 



\ 

\ _____ / ) 

.. 

{ , / 

WISC CPU/:::;2 CC> 1987 BY PHIL KOOPMAN JR. 

f.-lCREEN #72 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
:-::: ( -·> ) 

VAf:::IABLE 

3 SP@ CSP ! CURRENT @ CONTEXT 
4 CREATE -4 ALLOT SMUDGE J 
5 
6 VARIABLE C -> > 
7 CREATE 4 ALLOT 
8 
9 DECIMAL. 

10 
11 
12 
1:3 
14 
:1.5 

SCREEN #73 
0 \ MVP-FORTH.SOURCE -- \ l. 
1 HEX CROSS-COMPILER 
2 $ ( ,... > ) < alias for. " <" 
3 -1 >IN +! 29 WORD DUP @ 
4 C@ 29 = NOT ?STREAM 
t::' 
,;.i 

6 28. Bl.ATE.ST @ 4 + 0 { ! } 
7 

) . 

+ 4+ 
IMMEDIATE:. 

8 : % ( -> ) al. i as for "\" ) · 
9 

10 
11 

?LOADING ·>IN 
C/L * >IN 

@ C/L I 1+ 
IMMEDIATE 

12 5C. BLATEST @ 4 + 0 { } 
13 
14 DECIMAL. 
15 

SCREEN #74 
0 .\ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 ( -> ADDR > 
3 -FIND NOT ABORT" NOT FOUND" 
4 DROP ( CCOMPIL.EJ ) LITERAL ; IMMEDIATE 
t::' 
~.1 

6 
7 
8 
9 DECIMAL 

10 
11 
12 
1 ·~ ..::. 
14 
15 

. . .. 
·, ·.:~ .... ~/;·" .· .. - . 



WISC CPU/32 (C) 1987 BY PHIL KOOPMAN JR. 

SCF~EEN :l:f7!'5 
0 \ MVP-FORTH SOURCE -- BYE 
1 HEX CROSS-COMPILER 
2 BYE ( ·-·· > > 

3 SAVE-BUFFERS HALT 
4 

( -> > ( Redefine this word to be 
6 ?CSP C COMPILE EXIT > EXIT, SMUDGE 
7 [COMPILEJ > [ ; IMMEDIATE 
8 03B. < 11 ; 11 > BL.ATEST@ 4 + 0 { } 

10 DECIMAL 
u. 

1 ··:r ..... 
14 
1 ~5 

!3CREEN #76 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 

LAST SCREEN LOADED 

2 BLATEST @ 0 { CONTEXT @ > 
3 BHERE 0 { DP ! } 
4 \Set up COLD vector for cold entry point~t 
5 B' COLD FORTH D@ CC { 14. ! FF80001.8. 18. 
6 DECIMf.'.)L 
7 
B 
9 

l.O 
11 
12 
1 ··:r ··-' 

SCF~EEN #Tl 
0 
1 

6 
7 
8 
r:1 

10 
11 
12 
13 
14 
15 

on board ) 
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CC) 1987 BY PHIL KOOPMAN JR. 

f3C F:l:'.T'.:l\I :IH3 1 
0 \ Bot:i1:~D For~~TH 

l HEX 
2 CONSTANT ( N -> 1 
3 CREATE -4 ALLOT 

USER 

4 [ ' DDCON @ FFBOOOOO AND J LITERAL 
5 OPCODE, DON'T-DISTURB 
6 
7 USER < N -> > 
8 CREATE -4 ALLOT 
9 [ ' DOUSE 2 OR J LITERAL CALL, 

I Ml""IED I ,~~TE 

10 4 * DON'T-DISTURB 
11. 
12 :: I MMED It:~ TE ( -- > ) 
13 LATEST 3 + 40 TOGGLE 
14 DECIMAL 

SCREEN ~rn2 

0 \ BOARD FORTH DOES> POISON SPECIAL 
1 HEX 
2 POISON -> ) 
3 LATEST 3 + 04 TOGGLE 
4 
5 SPEC:U-'iL < -> ) 
6 LATEST 3 + 08 TOGGLE 
7 
8 <DOES> ···.;· < Compilation helper for DOES> > 
9 F< > 07FFFFC AND 2 OR LATEST PF A DON 'T...:..D I STURB 

l.O 
11 DOES>... < --> PFA 
12 ?CSP COMPILE <DOES> 
13 COMPILE R> IMMEDIATE 
14 
15 DECIMAL 

SCREEN ~rn:3 

0 \ IF .• THEN 
1 HEX 
2 ~ IF ( -> PATCH-ADDR 
3 HERE COMPILE OBRANCH 
4 IMMEDIATE 

:2 2 
...., ... _ r·~ 

.:. 

6 THEN PATCH-ADDR OR-VALUE 2 -> > 
7 ?COMP 
8 HERE 
9 OR 

10 IMMEDIATE 
11 DECIMAL 
12 
:I ··:· 
··-"' 
14 
15 

2 ?PAIRS 
3 PICK @ FFBOOOOO AND 

SWAP ! DON'T-DISTURB 
OR 



' \ 

) 

\ 

CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #1:34 
0 \ EU:3E 
l. HEX 
2 ELSE < PATCH-ADDR1 2 2 -> PATCH-ADDR2 0 2 > 
3 2 ?PAIRS 0 ( Place for JUMP instruction 
4 OPTIMIZE? @ 

]. -· 
6 
7 
8 
9 

IF OPT-·STATUS @ 

IF ( Redirect 
-4 ALLOT 

jump to after the THEN 
HERE 4-- DUP @ 

FFBOOOOO AND SWAP ! 

10 
11 
12 

THEN 
THEN 
HERE 4.
-ROT 2 

13 IMMEDIATE 
14 DECIMAL 
15 

[CQMPILEJ THEN 

SCREEN #85 
0 \ BEGIN 
1 HEX 

AGAIN 

0 ·2 

2 : BEGIN 
3 ?COMP 
4 IMMEDlATE 
5 

< -> JMP-ADDR 1 > 
HERE 1 DON'T-DISTURB 

AGAIN C JMP-ADDR 1 ~> > 
1 ?PAIRS 

6 
7 
8 , DON'T-DISTURB 
9 IMMEDIATE 

; 
DECIMAL 

10 
1 1 
12 
1:3 
14 
1 ~5 

SCF<EEN #86 
0 \ UNTIL 
1 HEX 
2 UNTIL 

8< COUNT-DOWN 

3 1 ?PAIRS 
JMP-ADDR 1 - > ) 
COMPILE OBRANCH 

FFBOOOOO AND OR 
-4 ALLOT 

4 HERE @ 2 OR . 
' ' 5 IMMEDIATE 

6 

. :--

7 
8 

\ Count-down top of stack element & exit/dro~ when 
COUNT-DOWN C JMP~ADDR 1 -> > 

t7 
10 
:I. 1 
12 
13 
14 
15 

:I. ?PAIRS COMPILE <COUNT-DOWN> -4 ALLOT 
HERE @ FF800000 AND OR 2 OR , ; 

IMMEDIATE 

DECIMAL· 
. ''; ...... 

·.· 
. '· 

..... 
;:-

.. : . -~ ·_, ... 

. . ·~·· 

... _.;· 

l . ,. 

-:.• 



WISC CPU/32 . <C> 1987 BY PHIL KOOPMAN JR. 

bCF(EEN :J:l:87 
0 \ WHILE REPEAT 
1 HEX 
2 : WHILE C JMP-ADDR 1 -> JMP-ADDR 1 PATCH-ADDR 2 3 > 
3 [COMPILEJ IF 2+ 
4 IMMEDIATE 
5 
6 l=<EPEAT 
7 >R >R >R 

< JMP-ADDR 1 PATCH-ADDR 2 3 -> 
ECOMPILEJ (~GAIN 

8 H> R> H> 2- ECOMPILEJ THEN 
9 IMMEDIATE 

1 (l 
1 1 
12 
1 ··~· ·-· 

EXIT -> ) 
STATE @ 
IF C compiling EXIT, 

14 ELSE ( interpretting > R> R> R> DDROP DROP 
15 IMMEDIATE DECIMAL 

BCREEN #88 
0 \ DO 
1 HEX 
2 : DO C -> JMP-ADDR 4 > 
3 COMPILE <DO> HERE 4 
4 IMMEDH'tl"E 

6 DECIMAL 
7 
8 
Cf 

10 
11 

1 ::~ 
:1.4 
15 

bCl=<EEN #B9 
0 \ LOOP /LOOP +LOOP 
l. HEX 
2 +LOOP < JMP-ADDR 4 -> > 
3 4 ?PAIRS COMPILE <+LOOP> 
4 HERE @ FFBOOOOO AND OR 
5 IMMEDIATE 
6 
7 LOOP ( JMP-ADDR 4 -> ) 
B 4 ?PAIRS COMPILE <LOOP) 
9 HERE @ FFBOOOOO AND OR 

10 IMMEDIATE 
11 
12 : /LOOP < JMP-ADDR 4 -> 
13 ECOMPILEJ +LOOP 
14 IMMEDIATE 
15 DECIMAL 

-4 AL.LOT 
2 OR , ; 

--4 ALLOT 
2 OR , ; 



/ 
"-~/ 

WH3C CPU/:32' <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #90 
0 \ BOARD FORTH ABOF1!T" 
1 HEX 

":!" ·-· 
5 
6 
7 
8 
9 

10 

ABORT II ( FU-iG ~) ) 
?COMP 'STREAM C@ 22 = 
IF 1 >IN +! 0 , 
ELSE 22 WORD DUP @ 4+ SWAP OVER 

+ C@ 22::: NOT ?STREAM ·COMPILE <ABORT"> 
< Even multiple of 4 bytes > HERE @ 3 + FFFC AND 

ALL.OT WORD-ALIGN 
THEN DON'T-DISTURB IMMEDIATE 

11 DECIMAL 
12 
13 
14 
15 

HERE 

.. '.': ::>~ ~ .. -

• . . . & .. 

SCREEN #91. 
0 \ BOARD FORTH 
1 HEX 
2 : n II ( -> ) 
..,.. 
~' 'STREAM C@ 22 = 

u 

4 
5 

IF 1 >IN + ! 0 
ELSE 22 WORD DUP @ 

6 
4+ OVER + C@ 
STATE @ 

7 
22 = NOT ?STREAM 
IF @ 4+ COMPILE 
ELSE COUNT TYPE 
THEN 

<."> ALLOT WORD-AL I GN ·"·.·······. 
8 

.··• ... 

9 
10 THEN DON'T-DISTURB ; IMMEDIATE 
11 
12 DECIMAL 
13 
14 
15 

SCF<EEN #92 
0 \ WORD DUMP FOR CPU/32 
1 HEX \ Dump 32-bit words 
2 WDUMP ( waddr wcount --- > 
3 SWAP FFFFFFFC AND SWAP BASE @ >R HEX 4 * 0 
4 DO CR DUP I + DUP 0 6 D.R 2 SPACES DUP 
5 10 0 DO DUP I + @ 0 9 D.R 4 /LOOP 
6 DROP 3 SPACES 10 0 
7 DO DUP I + C@ DUP 20 <OVER 7E >OR, 
8 IF DROP 2E THEN EMIT 
9 LOOP DROP 

10 ?TERMINAL IF LEAVE THEN 10 
11 /LOOP DROP CR R> BASE 

13 DECIMAL 
14 
15 

,·'·· ···:·\·.: •. : 

· ..... ·_:.' 

! 
.· .! 
·. i 



,) 

lAJ I SC CPU/ T;,~ ( c) 1 C?B7 BY PH IL... l<OOPM(::iN J 1=< .. 

SCREEN #93 
0 \ DUMP FOR CPU/32 
1 HEX 
2 ~ DUMP < addr count --- ) 
3 BASE @ >R HEX 0 
4 DO CR DUP I + DUP 0 6 D.R 2 SPACES DUP 8 0, 
5 DO DUP I + C@ 3 .R LOOP 
6 DROP SPACE DUP 8 + 8 0 
7 DO DUP I + C@ 3 .R LOOP 
8 DROP 3 SPACES 10 0 
9 DO DUP I + C@ DUP 20 < OVER 7E > OR 

10 IF DROP 2E THEN EMIT 
11 LOOP DROP 
12 ?TERMINAL IF LEAVE THEN 10 
13 /LOOP DROP CR R> BASE ! 
14 
l~3 DECIMAL 

SCREEN #94 
0 \ VOCABULARY -- fig 
1 HEX 
2 : VOCABULARY 
3 CREATE 
4 CURRENT @ 4+ 
5 80000001 ' 
6 BL , 
7 HERE voe-LINK @ 
8 DOES> CONTEXT ! ; 
9 DECIMAL 

10 
11 ' FORTH 16 + VOC-LINK 
12 
1 . .,. .• ..:1 

l.4 
·I<::
J • ...! 

SCREEN #95 
0 \ FORGET 
l. DECIMAL 

VOC-L.INI< 

:z FORGET BL WORD CURRENT @ @ <FIND> O= 
::~; ABORT II r-..iot in c:u1rTf2nt voc:a.bul ar·y. II 

4 DROP NFA DUP FENCE @ U< ABORT" In protected dic:tic1nary." 
5 >R R@ CONTEXT @ U< 
6 IF [COMPILE] FORTH THEN 
7 R@ CURRENT @ U< 
8 IF [COMPILEJ FORTH DEFINITIONS THEN 
9 VOC-LINK @ 

:1.0 
11 
12 
l .,r 
. ·-· 
14 
1 i::~ '"' 

BEGIN R@ OVER U< WHILE @ REPEAT 
DUP voe-LINK ! 
BEGIN DUP 8 -

BEGIN 4- @ DUP R@ U< UNTIL 
OVER 12 - ! @ ?DUP O= 

UNTIL R> DP ! ' FORGET NFA FENCE 



CC> 1987 BY PHIL KOOPMAN JR. 

3CF~:EEN :j:j:<:;if..-, 

0 \ TEXT F~~ COPY 
1 HEX 
2 TEXT c -> 
3 HERE C/L 8 + 
4 DUP @ + 4+ 

) 

BLANK 
C! 

PP ( n --> <tewt> 
7 DUP FFFFFFFO AND 
8 P:1BORT" Off screen. 11 

l~JOHD BL OVEH 
PAD C/L 4+ 

9 0 TEXT PAD 4+ SWAP 
10 SCR @ <LINE> CMOVE UPDATE 
11 
:l.'.2 COPY 
13 SWAP BLOCK 4- UPDATE 
14 DECIMAL 
l5 

SCREEN #97 

CMOVE 

0 \ DOUBLE PRECISION MATH --- DU< D- DO= D> 
1 HEX 
2 DU< Lid l. ud 2 -· > flag ) < MVP-FORTH UTILITY 
3 D>R 80000000 + DR> 80000000 + D< 
4 
5 D- < dl d2 -> d3 ) < MVP-FORTH UTILITY ) 
6 DNEGATE D+ 
7 
8 
9 

10 

DO= 
OR O= 

d 1 -> flag 

U. D> ( dl d2 -·> flag ) 
12 DSWAP D< 
13 DECIMAL. 
14 
15 

SCREEN =l:J:!:!B 

( MVP-FORTH UTILITY ) 

0 \ DOUBLE PRECISION MATH --- D, DCONSTANT DMAX DMIN 
1 DECIMf.'-iL 
,..., 
,,::. 

4 
5 
6 
7 
8 
9 

D, ( d --> 

CREATE D, 
DOES> D@ 

d -> ) 
··-> d ) . 

compiling ) 
e:-:ecuting ) 

l.O DMAX < d:l d2 -·> d3 ) ( MVP·--FORTH UTILITY 
11 DOVER DOVER D< IF DSWAP THEN DDROP 
12 
13 DMIN < di d2 -> d3 MVP-FORTH UTILITY ) 
14 DOVER DOVER D< NOT IF DSWAP THEN DDROP 
l.5 



(~---, 

f \ 
\ I .____, 

( I 
',"_____..... ' 

' WISC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #1:?9 
0 \ PAUSE 
1 DECIMAL. 
2 : PAUSE ?TERMINAL 
3 IF 100000 0 DO LOOP 
4 BEGIN ?TERMINAL UNTIL 
5 170000 0 DO LOOP 
6 THEN 
7 
8 
9 ·:-··: 

10 '. 

11 
12 
13 
14 
15 

SCREEN #100 
0 \ DVARIABLE ID. INDEX 
1 DECIMAL 
2 : DVARIABLE ( ~> 
3 < -> addr 
4 CREATE 8 ALLOT ; 
5 
6 ID. COUNT 255 AND 
7 DO I C@ 127 AND EMIT 
8 

< compiling ) 
< e>:ec::uting ) 

OVER + SWAP 
LOOP· 32 EMIT J~ 

9 INDEX < First Last -> > 
10 1+ SWAP · · · -... ·. 

DO CR I 4 .R 2 SPACES I BLOCK ~4 ~TRAiLING iVPE 
PAUSE ?TERMINAL IF LEAVE THEN 

11 
12 
13 LOOP CR 
14 
j """ • >;;} 

SCREEN #101 
0 \ BOARD FORTH --- VLIST 
1 HEX 
2 : VLIST < -> ) 
3 C/L OUT ! CONTEXT @ @ 
4 BEGIN C/L OUT @ - OVER C@ 03F AND 
5 IF CR 0 OUT ! THEN 
6. DUP ID. SPACE SPACE 4-@ DUP 
7 O= PAUSE ?TERMINAL OR 
8 UNTIL DROP 
9 

10 
11 DECIMAL 
12 
13 
14 
15 

4 + < 

., 
i 

·:!.: 

·:j. 



<C) 1987 BY PHIL KOOPMAN JR. 

SCREEN #102 
0 \ • s 
l VARIABLE .SS 
:2 .. SL 1 • SS 
3 
4 .SR 0 .SS 

6 . SR 
7 
8 : .S DEPTH 
9 IF 

10 .BS @ IF 1. DEPTH 1+ 2 ELSE -1 
ll DO I PICK U. DUP +LOOP DROP 
12 ELSE 11 Empty Stack. 11 

13 THEN CR ; 
14· 
15 

SCREEN #103 
(l \ 'S -TEXT 
1 DECIMAL 
2 '8 SP@ ; 
3 

'") I ..... 2@ 2CONSTANT 2DROP 

. . . . 
4 -TEXT DDUP + SWAP DO DROP 1+.DUP l~ 

IF DUP ABS I LEAVE THEN LOO!=';. SWAP 
6 
7 
8 
9 

l. (l 
11 
12 
1.3 
14 
15 

2! 
2@ 

D! 
D@ 

2CONSTANT 
2DROP 
2DUP 

SCREEN #:I. 04 

DCONSTANT 
DDROP ; 
DDUP 

0 \ 20VER 2SWAP 2VARIABLE >BINARY >TYPE 
1 DECIMAL 

20VER 
-:r ...... 

4 2SWAP 
5 
6 2VARIABLE 
7. 
8 >BINARY 
9 

10 >TYPE 
11 IMMEDIATE 
12 
13 
14 
15 

DOVER 

DSWAP 

DVARIABLE 

CONVERT 

II >TYPE USED IN MULTI 

., .... 

2 . OEPtH~'l~:.;.~THEN 

.·-·- -... -... 

,. 
·. . . ·, ~ . 

·. -'-.:-.. .{ . . · 



~·.JlbC CPU/:y;,::. 

, .. ., 
.1::. 

6 
7 
8 
9 

10 
l 1 

FLUSH 

H 

OCTAL 

U.R 

['] 

BCl:;:EEN ~*106 

0 
1 
'") . .:.. 
~5 

4 
5 
6 
7 
8 
9 

10 
:1.1 
12 
1::::; 
14 
1 i::: .J 

BCREEN #107 
0 
1 
, . ., 
·'-· 

:3~ 

4 
a;::· 
,J 

6 
7 
B 
CJ 

I 

1 (l 
1.1 
r' .:.. 

l :;:. 
l.4 
15 

<C> 1987 BY PHIL KOOPMAN JR. 

0 FILL 

SAVE-BUFFET<S 

DP 

8 BASE 

0 SWAP D. F< 

?COMP [COMPILE] IMMEDIATE 



<C) 1987 BY PHIL KOOPMAN JR. 

scr.:;;EEN *!::1.0El 
0 
1 
,. . ., 
,,:: 
•• =!" 
··M' 
4 
5 
b 
7 
8 
r:; 

10 
1 1 
12 
13 
14 
l """ . ·.J 

sc1~~EEN #109 
0 
1 
~;:~ 

:::; 
4 
a:::· 
\.,I 

6 
7 
8 
9 

10 
1 1 
12 
i:3 
1·4 
15 

SCREE!',! ~H lO 
0 < internal use only variables and holding places ) 
1 DECIM{4L 
2 VARIABLE TEMP-ADDR ( temporary address storage 

4 VARIABLE TSUML 16 ALLOT 
5 TSUML 8 + CONSTANT TSUMH 
6 
7 VARIABLE TSUMQ 8 ALLOT 
8 

( di vi Esi c:1n temp 
( division temp 

quad precision temp 

9 VARIABLE TEMP-CARRY temporary carry 
10 VARIABLE SIGDIG < number significant 
11 7 SIGDIG ~ 

12 VARIABLE TERM 4 
13 VARIABLE FTERM 4 
14 VARIABLE <?MODE> 
15 

ALLOT ( temp storage 
AL.LOT < temp storage 

( nume~ic inpui ~od~. 



WISC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #111 
0 ( shift/rotate operations LSL ASR LSR ) 
1 HEX < may be replaced with CODE definitions 
2 \ : 2/ 2 I 
3 
4 LSL n1 -> n2 
5 2* 
6 
7 \ ASR < n1 -~ n2 
8 \ FFFFFFFE AND 2/ 
9 

10 \ LSR < n1 ~> n2 > 
11 \ ASR 7FFFFFFF AND 
12 
13 DECIMAL 
14 
15 

SCREEN #112 
0 < SGN U> 
1 DECIMAL 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 

SGN 
DUP IF 

LI> 
SWAP U/ 

' 

SCREEN #113 

( 

( 

0 C RRC RLC 

n -> signum.of.n 
O< IF -1 ELSE 

uni u~ -> flag 

ADC 

) 
1 THEN THEN 

1 HEX ( 
2 \ RRC 

SWAP 
IF 

may be replaced with CODE definitions 
( n1 carry.in -> n2 carry.out ) 

3 \ 
4 \ 

DUP LSR ROT 
8000 OR THEN SWAP 1 AND ; 

6 \ RLC ( nl carry.in -> n2 carry.cu~ 
7 \ SWAP DUP LSL ROT 
8 \ IF 1 OR THEN SWAP O< ; 
9 

10 \ : ADC ( nl n2 carry.in -> n3 carry.out 
11 \ >R 0 ROT 0 D+ R> IF 1 0 D+ .THEN 
12 
13 DECIMAL 
14 
15 



WISC CPUF52 CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #114 
0 ( single precision multiple rotates ASRN LSRN LSLN ) 
1 DECIMAL 
2 ASRN ( nl count -> n2 ) 
3 DUP O> IF 0 DO ASR LOOP 
4 ELSE DROP THEN ; 

6 \ : LSRN 
7 \ DUP O> 
8 \ 
9 

( nl count -> n2 ) 
IF 0 DO LSR LOOP 

ELSE DROP THEN 

10 \ 
11 \ 
12 \ 

LSLN ( n1 count -> n2 > 

13 
14 
15 

DUP O> IF 0 DO LSL LOOP 
ELSE DROP THEN 

SCREEN #115 
0 C conversions S->Q D->Q D->S Q~>s .· 
1 DECIMAL 
2 \ S->Q < n -> q 
3 \ S->D DUP DUP 
4 
5 
6 
7 
8 
9 

10 
u. 
12 
13 
14 
15 

\ 
\ 

. . 

\ 
\ 

\ 
\ 

D->Q 
S->D 

D"->S 
DROP 

Q->S 
DDROP 

Q->D 
DDROP 

SCREEN #116 

( d -:~· q 
DUP ; 

( d -> n ) 

( q -> n 
D.ROP 

q -·> d 

) 

stack ops DOVER DSWAP 0 ( double 
1 DECIMAL 
2 \ DOVER 
~5 \ 4_PICK 

( may be replaced with 
( d1 d2 -> dl d2 di ) 

4 
5 
6 
7 
8 
9 

iO 
11 
1.2 
l.3 
14 
15 

\' 
'\ 

\ 
\ 

DSWAP 
4 ROLL 

DROT ( 

6 ROLL 

4,_PICK 

( di d2 
4 ROLL . 

' 
dl d2 d3 

6 ROLL 

-> d2 d1 ) ( 

-> .d'' ""-' d'~ .,;:. di ) 

; 

·-

.... ·.·.· 

DROT .) 
CODE def i nit i on,s . ) ·. . 
< MVP~FORTH UTILITY. 

._,·-.-

.'·.~ 
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WIHC CPUr.::.2· CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN :J;~ 117 
( doubl F.~ 
DECIMAL 

,-. ,_, 
l 

precision stack ops 
< may be replaced 

( d --> ) 

D@ D>R DR> DR@ 
with CODE definitions 

~.~: \ D>l=i: 
\ R> -~ .... ' 

4 
5 \ DR> 
6 \ R"" ·' 
7 
8 DR@ 
9 I . J 

10 
11 
l ..... . ... _ 
13 
1.4 
1 ~5 

BCF<EEN # 118 
0 ( double 

SWAP >R SWAP >R >R 

_ .. > d ) 

R> R'" ,i' ROT >R 

..... -~· d 

DP I Ct< DROLL 
1 HEX 

precision stack -0ps 
·: ~ :. . : '· "( . ' 

2 
3 
4 
5 

DPICI< 
DlJP 1 < 
2* DUP 

< dl •• dn count-> dl ;. dn dm .) 
ABORT 11 DP ICI< ARGUMENT < 1 11 • · · 

1+ PICK SWAP PICK ; . ····. : ' 

6 DROLL ( dl •• dn count -> dl 
DUP 1 < ABORT" DROLL ARGUMENT 
2* DUP 1+ ROLL SWAP ROLL 

•• <omit din>~···:. 
7 < fu .· 
8 
'1 

10 D? < a.ddr -> > 
11 D@ D. 
1 '? ..:. 

13 DECIMAL 
14 
15 

sc1;:EEN =I+ 1 l. 9 
0 EXIT < D, DCONSTANT DVARIABLE ) 
1 DECIMAL 
2 D, < d --> 
3 SWAP , 
4 
5 
6 
7 
8 
9 

1 (I 
11 
12 
1:3 
14 
15 

DCONSTf!'~NT ( d -> ) ( compiling ) 
( -> d > ( executing > 

CREATE D, 
DOES> D@ 

DVARIABLE -> ) 
-> addr 

CREATE 8 ALLOT ; 

( compiling > 
< e>:ecuting ). 

.. : :· _;· 

i. 



'" I 

l 
1 
1 
:I. 
1 
l 

() ( :D····· f)-~ .. ~ 

,. .. , .. ::. 
::::; 
4 
1:::· 
... J 

CJ. 

7· 

8 
9 
0 
1 

:•i 
.i::. 
··:1· 
._;1 

4 
c:· 
...! 

··. 

D+ 1 dl addr -> 
. , D!..JP >F~ D@ D+ i::;:> D ! 

';;ftffi;\}~ 

CC) 1987 BY PHIL KOOPMAN JR. 

MVP-FORTH UTILITY 

GCF~EEN ~* 1:~:1 

1 
:I. 
:I. 
1 

0 ( double precision rotates/add DADC DRRC DRLC > 

1 HEX 
:") 
..:.. 
•• =!. 
·-·' 
4 
r.::· 
, .. J 

l::., 

7 
l3 
9 
0 
1 
:::: 
·•-t.• 

-~:1 

DADC < dl d2 carry.in -> d3 carry.out ) 
SWAP >R ROT >R 

DRRC ( d:l. carry.in -> d2 carry.out 
RRC SWAP >R RRC R> SWAP 

DRLC ( d1 carry.in-> d2 carry.out 
SWAP >R RLC R> SWAP RLC 

DECIMAL 

14 
l c::· 

,,J 

scf:(EEN ~* 122 
0 C double precision shifts DASR DLSR DLSL 
1 HEX 
2 :: l)(.~SR < d :t. ···· > d2 > 

3 SWAP LSR OVER 1 AND 
4 IF 80000000 OR THEN 
1:::· 
...i 

7 
8 
9 

10 
11 

\ 
\ 

.• \ 

\ 

"· 

DLSR 
Dr:::if.31::;: 

DLSL 
DDUP 

:1.2 DECIMAL. 
l ·:·· . . _:1 

14 
l ~) 

d1 ..... :;. d2 
7FFF P1ND 

( Dl ..... > D2 
D+ 

) 



CC) 1987 BY PHIL KOOPMAN JR. 

SC F: EE N :[~: 1. 2 ::~; 
0 ( double precision .multiple shifts DASRN DLSRN DLSLN 
l DCC I iv!f::\L 
2 DASRN C dl n -> d2 l 
3 DUP O> IF 0 DO DASR LOOP 

EL..E;E Dr~:OP THEN 

DL.f:lRN ( dl n ..... )' c.i ~:: ) 

DUP O> IF (• .I DO DLSR 
EL.SE DROP THEN 

DL.SL.N ( d:I. n ..... > d2 ) 

DUP 0 > IF 0 DD DL..SL 
ELf:lE DF~OP THEN 

BCF~EEN #:I. ~;:~4-
0 ( DOR DANO DXOR BVTESWAP 
l DECIMP1L 
2 u DOR dl d2 -> d3 ) 
3 >R SWAP >R OR DR> OR 
t:j. 

5 : DAND C dl d2 -> d3 
b >R SWAP >R AND DR> AND 
7 
8 ~ DXOR ( dl d2 -> d3 ) 
9 >R SWAP >R XOR DR> XOR 

:I.() 

:1.1 \ BYTESWAP < nl -> n2 > 

12 \ DUP 8 DLSRN DROP 

14 
15 

SCREEN 4* l. 25 

L..OOP 

LOOP 

0 \ double precision comparisons DO< 
1 DEC IMt~L. 
2 DO< ( d 1 -- > ·f 1 2H] 

3 SWAP DROP O< 
4 
5 DO> d1 -> flag 
6 DNEGATE DO< · ; 

8 \ 

l.0 

DO== 
OR O== 

c:l 1 - > f 1 a~l 

DO> DO::::: D ·· . ..•. 

:l.l. \ 
12 \ 

D > ( c:I :I. d2 ·-· > f 1 ~'9 ( MVP-FORTH UTILITY > 
DSWAP D< ; 

13 
:1.4 \ D::::: ( di d2 -> flag ) ( MVP-FORTH UTILITY ) 
l.5 \ D·- DO::.: 

D::::: ) 



:,.-~-..., 

' ·. 

' ) 
' 

WISC CPU/:::.\2 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN # l 2(.~ 
0 ( DMAX DMIN DU< DU> > 

1 HEX 

-::-·-· 
4 
i:::· 
•-' 

\ 
\ 

' 

\ 
\ 

DMAX 
DOVER 

DMIN 
DOVER 

( d1 d2 -> d:3 
DOVER D< IF 

( d1 d2 -> d3 
DOVER D< NOT 

) ( MVP--FORTH UTILITY ) 

DSWAP THEN DDROP 

) ( MVP-FORTH UTILITY ) 

IF DSWAP THEN DDROP 6 
7 
8 
9 

\ DU< ( ud1 Lld2 -> flag ) ( MVP-FORTH UTILITY 
\ D>R 80000000 + DR> 

10 
11 DU> ( Ltd1 ud2 ->flag 
12 DSWAP DU< 
13 
14 DECIMAL 
i5 

SCREEN ~* 127 

80000000 + D< 

(l ( quad precision stack ops QDROP GlDUP QOVEF~ QSWAP QROT 
1 DECIMAL < may be replaced with CODE definition~ ) 
... , 
..::. 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

QDROP ( q -> ) 
DDROP DDROP ; _ 

QDUP ( q1 -> q:I. qi ) 
DOVER DOVER 

QOVER < q1 q2 -> q1 q2 q1 
4 DPICI< 4 DPICI< 

QSWAP < qi q2 -> q2 q1 
4 DROLL 4 DROLL ; 

QROT < q1 q2 q3 -> q2 q3 q1 ) 
6 DROLL 6 DROLL 

SCREEN #128 
O ( quad precision store and fetch Q! Q@ 
i DECIMAL ( may be replaced with COPE definitions 
2 \ Bytes stored in low to high order, offset O = first byte 
3 Q ! .~ q addr - > ) 
4 DUP >R 8 + D! R> D! 

6 Q@ ( addr -> q 
7 DUP D@ ROT 8 + D@ 
8 
9 

l.O 
1l. 
i2 
1:3 
14 
1!5 

.. ~ . . 



<C> 1987 BY PHIL KOOPMAN JR. 

F;CREEN # 1 '.29 
0 { quad return stack operations Q>R QR> QR@ 
1 DECIMAL may be replaced with CODE definitions 
'.2 (] >R ( q ..... > ) 
3 R> TEMP-ADDR D>R D>R TEMP-ADDR @ >R 

01=<> ( "-> q 
R > TEMP·-.. ADDI::;: DR> DR> TEMP-ADDR @ >R 

7 
8 OR@ < -> 0 ) 
9 R> TEMP-ADDR DR> DR> 

10 QDUP D>R D>R TEMP-ADDR @ >R 
11. 

1::::. 
14 
15 

SCREEN #130 
0 
1 

( quad 1 ogi c:al ops QOR G!AND QXOR ) 

,-, 
..::. 
..... 
·-·· 
4 

6 
7 
B 
9 

l. () 
l. 1 
l.2 

DECIMAL 
G!OR 

D>I::;: 

QAND 
D>R 

G'!XOR 
D>R 

SCREEN # 1 :::;; l. 
0 ( DADC > 

ql q~: 

DSWAP D>R 

q1 q2 
DSWAP D>R 

ql q2 
DS!.<JAP D>R 

-> q:::;; 
DOR DH> DR> DOR 

" -_;.· q3 ) 

DAND DR> DR> DAND. 

-·> q=$ ) 

DXOR DR> DR> DXOR 

1 DECIMAL ( may be replaced with CODE definitions 
2 QADC qi q2 carry.in -> q3 carry.out ) 
3 TEMP-CARRY ! D>R DSWAP D>R TEMP-CARRY @ DADC 
4 DR> DR> 5 ROLL DADC 

6 
7 
8 
q 

1 (i 
11. 
1 '.2 
1.3 
14 
l.5 



\,1) I HC CPU/:::;::;? ( C) 19"B7 BY PH IL. KOOPMAN JR. 

(·.·, "'" ,,, DM+ 
1 DFCIM?'.iL 
2 Q+ ( ql q2 -> qsum ) 
3 0 QADC DROP 

5 QNEGATE ql -> -ql > 

6 -1. -1. QXOR 1. O. Q+ 
7 
8 Q- ( ql q2 -> q3 
9 QNEGATE Q+ 

10 
11 \ DM+ ql d2 -> q3 
12 \ D->Q Q+ 
l :::;: 
14 
:l '.5 

SCREEN :!:!: 1 :::::3 
0 ( Q+! GJ.+-- DABS 

DECIMAL 
, .. , .. ::. Q+! ( q ad cir .. -> 

DUP >R Q@ Q+ p·· .. 
\o'" Q! 

4 
5 Q+- ( ql n2 -> q3 > 
6 O< IF QNEGATE THEN 
7 
8 QABS ql -> q2 > 
9 DUF' O+-

l.O 
u. 
1~2 
l .. , .. 
.... :1 

14 
15 

SCF~EEN ~* 1 :::::4 
0 ( QASR QLSR QLSL > 

1 HEX 
r-, .. ::. 

4 
5 

QASR ( q 1 - > q2 , ) 
DSWAP DLSR 4_PICK 1 AND 
IF 80000000 OR THEN DSWAP DASR 

6 QLSR ( q1 -> q2 > 
7 QASR 7FFFFFFF AND ; 
8 
9 QLSL ( ql -> q2 > 

10 QDLJP CH 
l1 
1.2 DECIMAL 
1 ~.:;. 
14 
15 



CC> 1987 BY PHIL KOOPMAN JR. 

u E::x IT ( C! (:1 S F~ I\! C!L..Sf~~N C!L.bl...i\I 
:I. DEC I i"IPiL. 
:'? DPiSRl\I •, ql n2 -··> q:~:: ) 
·-:-:· 
····' DUP O> IF ( .. . .I DO Ui01SI=<: LOOP 
4 ELSE DF<:OP THEN 
~:.=; 

(;) C! L.. !::; i::~ N ( q:I. n2 H- > c(::. ) 

7 DUP i.)) IF 0 DO C!LSR LOOP 
El ELt::lE DFWP THEN 
9 

10 C!LSLN ( ql n2 ..... ..:· q:~:: ) 

1 1 DUP C>> IF (l DO QLSL LOOP 
:I. ~I~:: ELE3E DFmP THEN 
1::::. 
14 
l~:i 

GCREEN =I* 1 ::~:6 
0 < basic double multiplication DU* ) 
1 DECIMAL ( may be replaced with CODE definition~ 
2 DU* < udl ud2 -> uq3 ) 
3 ( adds 4 partial products to get result 
4 OVER 5 PICK LI* D>R SWAP 3 PICK U* D>R 
5 ROT OVER LI* D>R LI* 0 0 DSWAP 
6 0 DR> 0 Q+ 0 DR> 0 Q+ DR> 0 0 Q+ 
7 
B 

1 () 

ll 

!::1CF-<EEN ~* l. ~$7 
0 < double precision multiplication D* DM* ) 
l. DECIMAL 
2 D* < dl d2 --> d:~:: > 
:~:; DU* DDROP 

5 
6 
7 
8 
9 

10 
:1.1 

j .. ,. 
,, . .;1 

14 
:l ~5 

DM* 
DUP 
Dr1BS 

( dl 
4 PICK -

DSWf'.°:iP 

d2 ·-·> q:~:: ) 

XDR )f\ 
D~~BS DU* 1::.:> D+--



\ 

CC) 1987 BY PHIL KOOPMAN JR. 

t3C;REEN :!* 1 :::;8 
0 ( double precision unsigned division DU/MOD ) 
1 HEX ( may be replaced with CODE de~initions 
2 DU/MOD ( uq1 ud2 -> ud3 ud4 > 
3 >R >R TSUML Q! R> R> 
4 DDUP DNEGATE TSUMH D+! 41 >R 
5 BEGIN TSUMH 4+ @ O< R> 1- DUP >R 
6 WHILE TSUML Q@ QLSL TSUML Q! 
7 IF DDUP 
8 ELSE DDUP DNEGATE i TSUML +! THEN 
9 TSUMH D+! REPEAT 

:I. 0 1::;: > DROP 
11 TSUML D@ 3_PICK NOT DRLC DROP ROT 
12 IF DSWAP TSUMH D@ D+ 
13 ELSE DSWAP DDROP TSUMH D@ THEN DSWAP 
14 
15 DECIMAL 

SCF~EEN ~:I: 1 :::!:9 
0 
1 
2 
3 
4 
.:::· 
•. i 

6 
7 
8 
9 

10 
u 
i2 
l.3 
14 
1 "" ,J 

C double precision mixed division DM/MOD DM/ D/MOD D•/MOD ) 
DECIMAL 

DM/MOD < uqi ud2 -> ud3 uq4 > 

D>R 0 0 DR@ DU/MOD DR> DSWAP D>R DU/MOD DR> 

DM/ < qi d2 -> d3 d4 > 

3_PICK >R D>R QABS R> R@ DABS DU/MOD 
R> R@ XOR D+- DSWAP R> D+- DSWAP 

D/MOD di d2 -> d3 d4 > 
D>R S->D S->D DR> DM/ 

D*/MOD < d1 d2 d3 -> d4 d5 
D>R DM* DR> DM/ 

SCREEN #l.40 
0 < D/ D*/ DMOD > 
l. DECIMAL 

-:~ ._, 
4 

6 
7 
8 
9 

10 
il 
i2 
1 ~~ 
i4 
l.5 

DI ( 

D/MClD 

I)-1(·/ 

D*/MOD 

DMOD 
D/MOD 

dl d'-· .i-::. -> d3 
DSl>JAP DDROP 

di d2 d"'!" ·-· 
.. -_;.· 

DSWAP DDROP 

( dl d' .. :• ..:.. -> d3 
DDROP 

d4 



.... 

<C> 1987 BY PHIL KOOPMAN JR. 

sc1::;:EEN # 14 1 
0 ( DINP# DMODE ?MODE > 

1 DECIMAL. 
2 DINP# ( -> D ) ( "state···smar-t" WOl"'d ) 
3 BL WORD <NUMBER> 
4 CCOMPILEJ DLITERAL ~ IMMEDIATE 
5 
6 
7 
8 
9 

DMODE < -> ) 
0 <?MODE> ! 
' <NUMBER> CFA 
' <INTERPRET> CFA 
R> DROP INTERPRET 

'NUMBER ! 
'INTERPRET 

IMMEDIATE 10 
11 
12 ?MODE -> flag==O, :I. ,2 
13 <?MODE> @ 
l.4 DMODE 
15 

SCREEN #142 
(l 

1 
~2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCREEN #143 

' . . . ·.-:. . ~'· . ,' 

0 EXIT \ Note: 32-bit floating point number is 1 ~tack element!! 
1 \ And temporary numbel"'S ~re d-nums! ! ! 
2 
:3 
4 
5 
6 
7 
8 
9 

lO 
1 1 
12 
13 -.,. ' 

14 ,• -;. 

1 o:::· ~) 

(..· 

L. 

/ 
- { ·: 

< 
'i. 
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~\JI SC CPU I :~:.2 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #144 
0 EXIT \ floating point return stack operations F>R FR> 
1 DECIMAL C may be replaced with CODE definitions > 
J'"\ .. ::. F >R ( f 1 ·-> ) 

R> SWAP >R SWAP >R 
4 
5 FF<> ( -> f 1 > 
6 R> R> R> ROT >R 
7 
8 FR@ -> f1 
9 I' J ; 

10 
11 
12 
13 
14 
15 

SCREEN #145 

>R 

0 EXIT < floating aliases -- NOT NEEDED ..:;;.;.. 32 
1 DECIMAL 
2 F@ @ ; 
3 F! ; 
4 FDROP DROP . 

'··· 5 FDUP DUP< . 
' 6 FSWAP SWAP . ' . 

7 FOVER . OVER 
8 FROT ROT 
9 FPICI< PICK 

10 FRO LL ROLL ; 
u. FCONSTANT CONSTANT ; 
12 FVARIABLE VARIABLE 
13 FLITERAL C:COMPILEJ LITERAL. I MME·(> iATE: 
14 F, 
15 

SCREEN # 146 · · .· · .. 
0 ( FABS FO== and temporary absolute valLtes & zero test 
1 HEX 
2 FABS < fl -> f2 
3 7FFFFFFF AND 
4 
5 FO== C fl -> flag 
6 - FABS O= 
7 
B TABS < tl -> t2 ) 
9 >R FABS R> 

10 
11 TO== t1 -> tl flag > 
12 (.Note: does NOT. remove t1 from st.a.ck !) ! · 
13 >R DUP FO= R) SWAP ; 
14 
15 DECIMAL 

FR@ 

· .. t··, 



SCF~EEN ~:f 147 
0 ( various T operations 
1 HEX 
2 \ 
:::;; \ 

TDRDP 
Dm.:;:op 

( t1 ·-·> ) 

( C) 19B7 BY PH IL l<ODPMAN JH. 

5 CHl<O ( tl -> t2 ( forces clean zero ) 
6 TO= IF DDROP 0 0 THEN 
7 
8 TNEGATE < tl -> t2 
9 >R 80000000 XOR R> CHl<O 

10 
11 T+- < t1 n2 -> t3 ) 
12 O< IF TNEGATE THEN 
1 :2; 
14 DECIMAL 
15 

SCREEN #148 
0 EXIT C TSWAP TOVER TDUP T@ T! > 
1 DECIMAL ( may be replaced with CODE 
2 TSWAP < tl t2 -> t2 ti > 
3 DSWAP 
4 
c::· 
;J TOVER t 1 t2 -> t 1 t2 ti ) 
6 DOVER 
7 
8 TDUP ti -·> ti ti ) 
9 DDUP 

10 
U. T@ addr --> t 1 
1 ::;;: 0(°9 
1 "'' . .::. 
14 T! t1 i:\Cfdr -) 
15 D! 

SCFi:EEN :f~ :l. 49 
0 ( floating point to temporary conversion 
1 HEX ( may be replaced with CODE definitions 

5 
6 
7 
8 

F->T < fl ···,;· t2 > 

DUP FO= 
IF DROP 0 0 
ELSE DUP 7F800000 AND 17 LSFi:N 7F - >R DUP >R 

7FFFFF AND 800000 OR 7 LSLN R> R> 
SWAP T+- THEN 

9 DECIMAL 
10 
11 
i2 
1:3 
14 
:1.5 



(~-\, 

\ __ ) 

i 
/ 

<C> 1987 BY PHIL KOOPMAN JR. 

BCF~EJ:::N # l. ~50 
0 \ 32-bit normalization cf mantissa 
1 HEX ( may be replaced with CODE definitions 
2 UTNORMALIZE ( utl -> ut2 ) 
3 OVER IF <UNORM> ELSE DROP 0 THEN ; 
4 \ >R DUP O< 
c::--· \ IF ( shift right 
6 \ ELSE DUP O= 
7 \ IF ( zero ) 

8 \ ELSE ( shift 

LSR R> 1+ 

R> DROP 0 
left > 

9 \ \ BEGIN DUP 40000000 AND NOT 
10 \ \ WHILE LSL R> 1- >R REPEAT 
1:1. \ \ R> 
12 \ THEN 
13 \ THEN 
14 
15 DECIMAL 

SCREEN #151 
0 ( temporary to floating point conversion > 
1 HEX ( may be replaced with CODE defiMitions > 
2 T- >F ( t 1 - > f 2 > 
3 CHKO OVER ( sign .) >R 7F + < exponent >R .Ff\BS 
4 DUP O= . 
5 IF R> R> DDROP 
6 
7 

ELSE ( round ) 40 + R> UTNORMALIZE 
17 LSLN 7F800000 AND 

8 SWAP 7 LSRN 7FFFFF AND OR 
9 R> 80000000 AND OR THEN 

10 
l.1 DECIMAL 
12 
1 -,· ...:· 
14 
15 

SCF~EEN #152 
0 < floating to temp conversions and quad normalize ) 
1 HEX 
2 SEPARATE2 fl f2 -> tl t2 
3 >R F->T R> F->T 
4 
5 UDNORMALIZE udl n2 -> ud3 n4 ) 
6 >R DDUP DO= IF R> DROP 0 ELSE 
7 \ >R DUP O< 
8 \ IF DLSR R> 1+ 
9 \ ELSE DDUP DO= 

10 \ IF < zero ) R> DROP 0 
11 \ ELSE < shift left > 

R> <UDNORM> THEN 

., :· · .. 
12 \ BEGIN DUP 40000000 AND :NOT ·~ ~ 

~~ ~ ~~IL~UD~~~~> R>Tl~~N >~. REPEAT ·.· R>. ·/l)iEl\I >{:~3~:;~;~<_~::';:_-\;:,.":'. 
15 DECIMAL 

.. ; ' 

.·!.· 
'·f-

l. 

.. \ 

. ·) 
f 



WI ~3C CPLJ/:::::2 CC> 1987 BY PHIL KOOPMAN JR. 

f:3CF;~EEN ~* l ;::_;~::; 
0 ( temporary floating point addition > 

1 DECIMAL ( may be replaced with CODE definitions 
r~I 

.t::. 
""=!" 
.... 1 

4 
1::· 
,J 

6 
·•y 
I 

T+ ( tl t2 ·-> t::::. 
TO::::: IF DDF<DP 
ELF3E DSW?~P TO::::: 

IF nm:;:op 
ELSE ROT DDUP > 

IF D>R SWAP DR> ELSE SWAP THEN 
8 OVER >R 4_PICK DUP >R 4_PICK XOR O< >R 
9 

10 
u. 
:I.:;;~ 

13 

4 ROLL FABS 4 ROLL FABS DSWAP 
DUP O= IF R> DROP 0 >R THEN 
IF R> O< IF SWAP THEN 

1::::> 

NEGATE 0 ADC NOT 
ELSE + R> O< THEN 

>F-~ AB!:l R> 

32 MIN LSRN 

14 R> SWAP >R UTNORMALIZE R> IF TNEGATE THEN 
15 THEN THEN CH~<O 

SCREEN #154 
0 ( temporary floating point ~ultiplication ) 
1 HEX ( may be replaced with CODE definitions 
2 : T* ( tl t2 -> t3 ) 
3 ROT + OVER 4_PICK XOR D>R 
4 FABS SWAP FABS U* R> 2+ UDNORMALIZE 
5 TO= NOT IF 
6 >R < round > 80000000 0 D+ R> UDNORMALIZE THEN 
7 >R SWAP_DROP DR> T+- CHKO 
8 
9 DECIMAL 

10 
11. 
12 
1 ::::: 
l.4 
l o::" . ,J 

SCREEN #155 
0 ( temporary floating point division 
l. HEX ( may be replaced with CODE definitions 
2 : T/ < tl t2 -> t3 > 
"=!' ··-· 
4 
~ 
~i 

6 
7 
8 
9 

( check for divide by zero ) TO= 
IF DSWAP DDRDP < result is zero 
ELSE ROT SWAP - OVER 4_PICK XOR >R >R 

FABS SWAP FABS 0 SWAP DLSR ROT 
U/MOD SWAP_DROP 
R> 1- UTNORMALIZE R> T+- THEN CHKO 

10 DECIMf:.)L 
l.1 
l '? . ..:.. 
1 :::. 
l.4 
1 c:: 
... J 



( 

t.\i I SC CPU/ :2:.2 ' <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #156 
0 ( F+ F* 
1 DECIMAL 

F/ !_,_ .. , l 
... .Li . F2* 

1• .. , .. ~. 
~::. 

4 

F+ ( fl f'.;~~ -·> f:~:; 

SEPARATE2 T+ T->F 

5 : F* < fl f2 -> f3 
6 SEPARATE2 T* T->F 
7 
8 : F/ ( fl C2 -·> f3 
9 SEPARATE2 T/ T->F 

1 (i 

11 : F2/ ( f 1 - > f 2 >. 
12 F->T 1- T->F 
1 '"f ·-· 
14 : F2·M- < f 1 -· > f 2 > 
15 F->T 1+ T->F 

SCREEN #157 
0 < FNEGATE F- F~! > 
1 HEX 
2 : FNEGATE < fl -> f2 > 
3 DUP IF 80000000 XOR THEN 
4 DECIMAL 
5 : T- < t 1 t2 -> t3 > 
6 TNEGATE T+ 
7 
8 : F- ( fl f2 ·-> f~;. > 
9 FNEGATE F+ 

10 
1 1 . F+! < fl addr -> . 
12 DUP >R @ F+ R' , 
13 
14 : T+! ( t1 addr -> 
15 DUP >R D@ T+ R> D! 

SCREEN #158 
0 ( conversions D->F ) 
1 HEX ( may be replaced with CODE definitions ) 
2 : N->T < n1 -> t2 ) ( floats the integer value 
3 DUP >R ABS OlE UTNORMALIZE R> T+- CHKO 
4 
5 : N-· >F ( n 1 -.. > f 2 > 

6 N···>T T-·>F 
7 
8 
9 

1 (l 
1l 
1 :'2 
13 
14 

T·->N ( t 1 -> n2 ) 
CHKO 01E - DUP ABS OlE > 
IF DDROP 0 
ELSE DUP O> 

IF LSLN 
ELSE OVER D>R .7FFFFFFF AND 

R > +-· THEI'~ THE:N 
1 ::; DEC I MAL 

R> ABSLSRN 



) 

lAJ I SC CPU/ ~~;2 <C> 1~87 BY PHIL KOOPMAN JR. 

SCREEN #159 
0 < conversions F->N 
1 DECIMAL 
2 ~ F·-·· >N ( f :I. -·· > d2 
~S F->T T··- >N 
4 
r.::
,_J 

b 
7 
8 
<":{ 

l.O 
1.1 
12 
1 ~5 
14 
15 

SCREEN #160 
(i 

1 
·-· .. ::. 
"":!" ....• 
4 
i:::-
...i 

6 
7 
8 
9 

:1.0 
:l l 
12 
13 
14 
1 '"'" ...i 

\ floating comparisons FO< FO> 
DECIMAL 

FO< O< 

FO> O> 

F= 

F' ~ ( fl f2 -> flag 
F- FO< 

F> ( fl f2 -> flag ) 
SWAP F< 

SCREEN # 16 :I. 
0 ( FMIN FMAX F+- FSGN 
1 DECIMAL 
2 : FM IN ( f 1 f 2 - > f 3 > 

F::::: F< F> > 

3 OVER OVER F> IF SWAP THEN DROP 
4 
~7i : FM?~X < f :I. f2 ·-·> f:5 ) 
6 OVER OVER F< IF SWAP THEN DROP 
7 
8 : F+-· < fl n2 -> f~3 ) 
9 O< IF FNEGATE THEN 

10 
11 : FSGN . < fl -> n2 ) 
l ..... 

..::. 

13 
14 
15 

SGN 



re> 1987 BY PHIL KOOPMAN JR. 

~3Ci::;:E.EN :J.~ 1 b2 
0 ( :i. ntf2ger· 
1 HEX 

portion INT FRAC REM 

~;;: INT fl···-> f2) 
F-·->T DUP O:!.F'. < IF T->N N->T THEN T->F 

4 
5 TFRAC tl -> t2 > 
6 DUP 01F < IF DDUP T->N N->T T-

ELSE DDROP 0 0 THEN 
8 
9 FRAC ( fl -> f2 

10 F->T TFRAC T->F 
U. 
12 F<EM ( f 1 f2 -> f:::. 

OVER OVER Fl I NT 

1~'5 DECIMAL 

SCREEN # 16:3 
0 ( floating 
1 DECIMAL 

point inpL!t FCDNVERT ) 

2 FCONVEF<T 
>R F-->T 

( fl addr2 -> f3 addr4 
-:r ·-· 
4 
5 
6 
7 
8 
9 

10 
l.1 
·I•-:• 
J • ..:.. 

15 

BEGIN 
l>JH I LE 

IF 
REPEAT 

SCF~EEN # l 64 

BASE @ N->T DSWAP R> 
1+ DUP >R C@ BASE @ DIGIT 
>R DOVER T* R> N->T T+ DPL 
1 DPL +! THEN R> 

DSWAP DDROP T->F R> 

0 C floating point inpLlt <FNUMBER> 
1 HEX 
2 <FNUMBER> < addrl -> f2 ) 

@ 1+ 

3 3 + 0 SWAP DUP 1+ C@ 20 = DUP >R ABS + -1 DPL 
4 FCONVERT DUP C@ BL > 
5 IF DUP C@ 2E :::: NOT ABORT" NOT RECOGNIZED" 
6 0 DPL ! FCONVERT DUP C@ BL > ABORT" NOT RECOGNIZED" 
7 THEN DROP R> 
8 IF FNEGATE THEN F->T DPL @ 
9 BEGIN DUP O> 

10 WHILE >R BASE @ N->T T/ R> 1-
l. l. REPEAT DROP T->F 
l2 
13 DECIMAL 
l.4 
15 



' '· 

\, 

CC> 1987 BY PHIL KOOPMAN JR. 

BCF£EN # 16~5 
0 \ <FINTERPRET> 
1 HEX 

- FLOATING POINT VERSION OF <INTERPRET> 

2 1 <FINTERPRET> 
3 BEGIN -FIND 
4 IF DUP 

( -> ) 

STATE @ U< 
:;; IF DUP 10000000 AND 
6 
7 
8 
9 

IF SWAP @ OPCODE, ELSE SWAP CALL, 
8000000 AND IF DON'T-DISTURB THEN 

ELSE 4000000 AND ABORT" POISON WORD" 
ELSE HERE 4+ NUMBER DPL @ 1+ 

IF [COMPILEJ LITERAL 10 
11 
12 
l. ~~; 

ELSE F->N [CQMPILEJ LITERAL 
THEN ?STACK AGAIN 

14 DECIMAL 
15 

SCREEN #166 
0 \ FMODE FINP# 
1 DECIMAL 
2 FMODE < -> 
::;:.; 2 <?MODE> ! 
4 ' <FNUMBER> CFA 'NUMBER 
5 ' <FINTERPRET> CFA 
6 R> DROP INTERPRET 

. INTERPRET I 

IMMEDIATE 
7 
8 
9 

1 (l 
l.1 
12 
1:3 
14 
15 

~ . . . 
FINP# < -> f > . < "state-smart" wcir·d > ·.··.· 
BL WORD <FNUMBER> 
CCOMPILEJ LITERAL IMMEDIATE 

SCF<EEN # 16 7 
0 
1 
2 
::::. 
4 

C fl6ating point input TCONVERT ) 
DECIMAL 

TCONVERT C ti addr2 -> t3 addr4 
>R BASE @ N->T DSWAP R> 
BEGIN 1+ DUP >R C@ BASE @ DIGIT 

THEN 

5 WHILE >R DOVER T* R> N->T T+ DPL @ 1+. 
6 IF . 1 DPL +! THEN R> 
7 REPEAT DSWAP DDROP R> ; 
8 
9 

10 
11 
12 
13 
14 
15 

THEN 

EXECUTE THEN 
.-.';: 

I 

i 
·.I . 

. 'i 

! 
I 

. I 



<C> 1987 BY PHIL KOOPMAN JR. 

0 ( floating point input <TNUMBER> ) 
1 HEX 
2 <TNUMBER> ( addr1 -> t2 > 

3 3 + 0 SWAP DUP 1+ C@ 2D = DUP >R ABS + -1 DPL 
4 FCONVERT DUP C@ BL > 
~i IF DUP C@ 2E = NOT ABOf-i:T" NOT RECOGNIZED" 
6 0 DPL ! FCONVERT DUP C@ BL.. > r'.4BORT" NOT RECOGNIZED 11 

7 THEN DROP R> 
8 IF FNEGATE THEN F->T DPL @ 
9 BEGIN DUP O> 

10 WHILE >R BASE @ N->T T/ R> 1-
11 REPEAT DROP 
12 
1 :::;; DEC I MAL. 
14 
15 

SCREEN #169 
0 ( TINP# 
1 DECIMAL 
2 TINP# ( -> f ) ( "state-smart" word } 
3 BL WORD <TNUMBER> 
4 !3TATE @ IF 
5 CCOMPILEJ DLITERAL 
6 THEN IMMEDIATE 
7 
8 
9 

10 
11 
12 
13 
14 
1 ~5 

T. TINP# 100000 T* T->N • 

SCREEN #170 
0 \ TSLOG2 calculation 0.5 <= x <= 1.0 taylor series ln/ln2 ) 
1 DECIMAL 
2 
3 

r.:. .. 
~J 

6' 
7 
8 
9 

10 
11 
12 

14 
l~i 

TSLOG2 
TABS 
DDUP 
DDLJP 
DDUP 
DDUP 
DDLJP 
DDUP 
DDUP 
DDUP 
DDUP 
DDUP 
TINP# 

( t1 -> t2 ) 0.5 <::::: t1 (:::::1 
TO= NOT IF 

TINP# ·-1 T+ Dm\IAP TINP# 1 T+ T/ 
DDUP T* TERM D! ·.· 
TINP# 2.885390082 ( 2/ln2 ) T* FT ERM D! TERM D@ T* 
TINP# .9617966939 1"1E- ( 2/3ln2 ) FTERM T+! ··rERM D@ .T* 
TINP# .5770780164 T* ( 2/5ln2 ) FT ERM T+! TERM ;O@ T* 
TINP# • 4121 985ff31 T* ( 2/7ln2 ) FT ERM T+( TE'.RM D@ T* 
TINP# .. 3205988980 T* ( 2/9ln2 ) FTEF<M f+!· TERM' ·D@ T* 
TINP#. • 262308189:3 T* ( 2/111 n2 ) FT ERM t+f . TERM::b@ T* 
TINP# .. 2.:;:~ t 9;;3.(>832 T* ( 2/13ln2 ) FTERM.>T+.! ·ffERM)D~ . ·T:ff:;,'. 
TINP~t . 1 92359~3388 T* ( 2/15ln2 ) Fl ERM T+ ! .··TERM b@ 'f* 

a 1697288283 T* ( 2/17ln2 0 ) .FTERM D@ T+ THEN 

( 

... 

~·Is:"'~",~~~t(: 



_,...,--~ 

( \ 
) 

~-~ 

~~I SC CPlT/:32 CC> 1q97 BY PHIL KOOPMAN JR~ 

SCF.:EEN # 1 7 1 
0 ( chebyshev TS2** 
1 DEC I M?::iL 

c: a]. c IJ]. c1. t i on o.o (::::: >: <::::: 1.0 

2 TS2** < tl -> t2 > 0 <= t1 <:::::1 
3 TABS DDUP TERM D! TINP# 1.0 FTERM D! 
4 DDUP TINP# .69314718 T* ( X**1 ) FTERM T+! 
5 DDUP TINP# .24022636 T* < x•*2 > FTERM T+! 
6 DDUP TINP# .055505294 T* C x**3 > FTERM T+! 
7 DDUP TINP# .0096135358 T* C x**4 ) FTERM T+! 
8 DDUP TINP# .0013429811 T* . . .. 
9 DDUP TINP# .00014299401 T* ( >:**6 >.FTERM·T+.!·· 

10 TINP# • 000021651724 T* . C >:**7 > FTERM D@ T:+: 
11 
12 
13 
14 
l.5 

SCREEN #172 
0 
l. 
2 
3 
4 
t::' 
,.J 

6 
7 
8 
9 

1 (l 
1 1 
1 r,) 
~ 

1 ~5 
14 
15 

( basic logarithm LOG2 
.. DECIMAL 

TLOG2 < ti -> t2. > 
TO• OVER O< DR". PUP 
IF . < BAD OPERATION .. , 
NOT JF . >R -1 TSLOG2 

R> 1+ N->T. T+. 

LOG2 < f 1 ~ > .f 2' .) 
F->T TLOG2 T->F 

SCREEN 4* l. 7:::;; 
0 ( basic: exponentiation 2** ) 
1. HEX 
2 T2·*-* ( t 1 -> t2 ) 
3 OVER >R < sign > 
4 TABS DDUP T->N DUP >R N->T T-
5 TS2** R> + R> O< 
6 IF 40000000 0 < t~l.O > 
7 
8 2** t f 1 -> f2 
9 F-~T T2** T->F 

10 
11 DECIMAL 
12 . 
13 
14 
15 



--~ 

~'-l I !3C CPU/ :~:.2 CC> 1987 BY PHIL KOOPMAN JR. 

fiCl::;:EEN :1-t 17 4 
0 ( LOGB F·H!· 

1 DECIMAL 
2 TL.OGB 
3 DSWr'.':\P 

( tl tbase -> t3 ) 
TLOG2 DSWAP TLOG2 

( 1 c:>g tci a ba!E;e 
T/ 

4 
5 LOGB < fl f2 -> f3 > 

SEPARATE2 TLOGB T->F 

F** < fl. f2 ···> f3 ) 

6 
7 
8 
9 SWAP SEPARATE2 TLOG2 T* T2** 

1 (l 
11 

1 .. ,~ ·-· 
14 

SCF<EEN # 1 75 
0 < LOG LN l.O** E** 
1 HEX -
2 I LOG ( fl -> f2 ) 
"'!" ·-· 41200000 f==10.0 

LN C f 1 ~-> f2 ) 

LOGB 

6 4-02DF854 f==2.7182818 
7 
8 10** fl -> f2 ) 

LOGB 

9 41200000 < f==lO.O > SWAP F** 
10 
l1 E *·*' ( ft -- > f 2 ) 

T·->F 

12 402DFB54 < f=2.7182818 Sl>JAP F** 
1:3 
14.DECIMAL. 

.... 15 

SCF~EEN # 176 
0 < ROOT **2 l./X EXP 
1 DECIMAL 
2 ROOT < fi f2 ~> f3 
3 SEPARATE2 DSWAP TLOG2 DSWAP T/ 
4 
5 ft ·- > f2 ) 
6 DUP F·*-
7. 
8 t/X fl -,.> f2 
9 FINP# 1 SWAP F~ 

J. (l 

11 EXP fl n -> f2 
12 N~>F BASE @ N->F SWAP F** F* 
13 
14 
:1.5 



WISC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

E3CF<EEN ~* 177 
(-, 0 ( floating to alpha eonversion F->ME > 

· .·· 1 HEX 
2 F->ME C fl -> d2 n3 > 
3 F~>T TO= NOT 
4 IF OVER >R TABS BASE @ N->T DSWAP DOVER 
5 TLOGB DDUP TFF<AC DSWAP T->N 3_PICK O< 
6 IF 1- >R 40000000 0 < t=l.O ) T+ R> THEN 
7 >R < log almost 1? > BASE @ DUP 
8 SIGDIG @ 1 DO OVER * LOOP 
9 -1 + >R N->T R> N->T 

10 DSWAP TLOGB TFRAC DOVER T- DROP FO<. . -
11 IF DDROP 0 0 R> 1+ >R THEN 
12 SIGDIG @ 1- N~>T 

13 T+ DSWAP TLOG2 T* T2** 40000000 
14 T+ r~>N S->D R> R> SWAP ~R D+- R> .· 
15 DECIMAL 

SCREEN #178 
0 (exponent print F.ER F.E· 
1 HEX 
2 F.ER < f 1 n2 -> > 
3 >R F->ME DUP >R ABS S->D 
4 <# #S DDROP R> SIGN BL HOLD 
5 50 HOLD 58 HOLD 45 HOLD BL HOLD 
6 SIGDIG @ 1 DO # LOOP 
7 2E HOLD # R> SIGN #) 
8 R> OVER SPACES TYPE · ; 
9 

10 F.E fl -> 
11 0 F.ER SPACE 
12 
13 DECIMAL 
14 
15 

SCREEN #:1.79 
0 (fixed point numeric printing <F.> F.XR F.X 
1 HEX 

<F.> dl. n2 ·--·_ .... .addr3 n4 n5 
.... 
·-' SIGDIG @ - 1+ NEGATE DUP 0 MAX >R OVER 
4 >R DABS (# R@ (I MAX ?DLJP 
5 IF 0 DO # LOOP THEN 
6 2E HOLD R@ O< 
7 IF R@ ABS 0 DO 30 HOLD LOOP THEN 
8 R> DROP #S R> SIGN #> R> 
9 

10 F.XR fl n2 -> > 
11 >R F->ME <F.> DROP R> OVER -- ·· 

' 12 
13 F.X <fl.,..>> 
14 0 F.XR SPACE 

~ 15 DECIMAL 

'· 

>R 
, .. 

L 
-j.·· 



\ 

_) 

<C> 1987 BY PHIL KOOPMAN JR. 

SCREEN 4* 1 BO 
0 ( aligned fixed point print F.AR F.A ) 
1 HEX 

4 
5 
6 
7 
8 
9 

10 

F.AR < ·fl n2 n3 -.. > ) 
>R 0 MAX >R F->ME SIGDIG @ OVER - 1-
IF SWAP >R N->F 10** ~2/ F->N 0 D+ 

R> <F.> R> - -
ELSE DROP <F.> R> DDUP < 

IF SWAP - 3 PICK 3_PICK + OVER 
ELSE DDROP THEN THEN 

R> OVER - SPACES TYPE 

11 F.A fl n2 -> 
12 0 F~AR SPACE 
13 
14 DECIMAL 

SC.REEN # 181 
I) 

1 
~ . .. ::. 
::\ 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1:3 
14 
1 i:::· ..... 

< smart floating point prints F.R F. 
HEX 

F. R < f 1 n2 -> > 
>R DUP F->T DUP 17 > SWAP -A < 
IF DROP R> F.ER 
ELSE DROP F->ME <F.> DROP 

BEGIN DDUP + 1- C@ 30 == 
WHILE 1- REPEAT 

R> OVER SPACES TYPE THEN 

F. FP# -> > 
0 F.R SPACE 

F? @ F. 

DECIMAL 

SCREEN =1:1: 182 
0 ( SQRT FACTORIAL 
l. DECIMAL 
2 SQRT ( fl -> f2 ) 
3 FABS F->T DDUP TERM D! 
4 ( initial approximation is f 1/2 ASR 1-
5 5 0 DO TERM D@ DOVER T/ T+ 1- LOOP 
6 T-->F 
7 
8 FACTORIAL < fl -> ~2 > 
9 FINP# 1 SWAP F->N ABS 

l.O 1+ 2 DO I N->F F* LOOP 
11 
12 
13 
14 
15 

R@ DUPO> 



WISC CPU/~32. <C> 1987 BY PHIL KOOPMAN JR. 

SCF~EEN # l 83 
0 ( PI PI/2 Pl/4 2*PI RAD->DEG DEG->RAD ) 
1 DECIMAL 
2 FINP# 3.14159265 CONSTANT PI 
3 PI F2/ CONSTANT PI/2 
4 PI/2 F2/ CONSTANT PI/4 
5 PI F2* CONSTANT 2*PI 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

RAD->DEG ( f 1 -> f2 
FINP# 57.29577951 F* ; 

DEG->RAD < fl -> f2 
FINP# 0.0174532925 F* 

I 

SCF~EEN # 184 . 
0 < chebyshev sine routine ). 
1 DECIMAL 
2 TSI N ( t 1 - > t 2 > 
3 < input from -pi/4 TO pi/4 > 

4 T* TERM D! DDUP DDUP 
5 • 9999999995 < >: ** 1 > T * FT ERM 0 ! . • . >.. . .. 
6 DDUP TI NP# - . 1666666663 < . >t **3 > i* Ff.El'f~M :T+ ! . 

DDUP TINP# 
TERM D@ T* 

7 DDUP TINP# .008333328785 ( >:**5 ) T~.FTERM T+! .. TERM D@ T* 
8 DDUP TINP# -.0001983920268 ( x**7 > T* FTERM T+! TERM D@ T* 
9 TI NP# . 0000027 l. 7349463 < >: **9 ) . T * FTERM D@ T + TERM D@ T* 

10 
11 
12 
1:3 
14 
l.5 

SCREEN # :L 85 
0 < chebyshev cosine routine 
1 DECIMAL. 
2 : TCOS < t 1 - > t2 ) 
3 ( input from -pi/4 to pi/4 > 
4 DDUP T* DDUP TERM D! 
5 DDUP TINP# -.4999999943 ( x**2 ) T* FTERM D! 
6 TERM D@ T-M· DDUP TINP# . 0416666167 < X**4 > T* FTERM T+ ! 
7 TERM D@ T * DDUP TI NP# ·-0. 00 l. 388661862 < x **6 > T.* FTERM T+ ! 
8 TERM D@ T* TINP# .00002437988031 < x**B > T* FTERM,D@ T-+: 
9 TI NP# 1. 0 T + .. ' •· 

1 (I 
11 
12 
13 
14 
15 

' . ::: . - . .-~-- : '. - : 



l;J I SC CPU/:~;2 CC> 1q97 BY PHIL KOOPMAN JR. 

~3CF~EEN t~ 1 B6 
0 ( full range cosine and sine <COS> <SIN> 
1 DEC I M?-:1L.. 
2 <COS> C FP# -> FP~ > 
3 FABS 2*PI REM DUP PI F> 
4 IF FNEGATE 2*PI F+ THEN 
5 DUP PI/2 F> 
6 IF FNEGATE PI F+ -1 >R ELSE 1 )R THEN 
7 DUP PI/4 F> 
8 IF FNEGATE PI/2 F+ F->T TSIN T->F 
9 ELSE F->T TCOS T->F THEN 

10 R> F+-
11. 
12 <SIN> 

FNEGATE 

SCREEN #187 

fl ·-> f2 ) 
PI/2 F+ <COS> 

0 ( derived trig functions <TAN> <SEC> 
1 DECIMAL. 
2 <TAN> fl -> f2 ) 
3 DUP <SIN> SWAP <COS> F/ 
4 
5 <SEC> fl -> f2 > 
6 <COS> 1/X 
7 
8 < csc > ( f 1 ·-· > f 2 ) 
9 <SIN> 1/X 

10 
11 <COT> fl -> f2 ) 
12 DUP <COS> SWAP <SIN> F/ 
l .. , . ... ) 
14 
15 

sc1::;.:EEN tt 188 
0 C trig functions COS SIN TAN SEC CSC COT 
1 DECIMAL 
2 cos ( fl -> f2 
3 DEG->RAD <COS> 
4 : SIN ( fl -·> f2 
5 DEG->RAD <SIN> ; 
6 TAN ( fl -> f2 ) 
7 DEG->RAD <TAN> 
8 
9 SEC < fl -> f2 

10 DEG->RAD <SEC> 
1 l csc ( ·f 1 - > f 2 
l 2 DEG- >RP1D < CSC> 
13 COT < f :I. - > f 2 
14 DEG->RAD <COT> 
15 



,, 

<C> 1987 BY PHIL KOOPMAN JR. 

SCREEN *t l 89 
0 
1 
L: .. ,. ... ) 
4 
0:::-
;J 

6 
7 
8 
9 

10 
l1 
1. ~~ 
13 
14 
15 

( c:heby~:;hev arc: tangent rciut i ne 
DECIMAL 

TATAN C t1 -> t2 ) 
( i n put fr <..'1m . -1 t C) 1 
DDUP DDUP T* TERM D! 
DDUP TINP# .9999999842 ( x**1 > T* FTERM D! 

,TERM 
Jl/:.;~·i< 

.. ~'l''l"ERM 
TERM 
TERM 
TERM 
TERM 
TERM 
TERM 

D@ 
DC<i! 
D<il! 
D@ 
D@ 
D@ 
D@ 
D@ 

T* 
T* 
T* 
T* 
T* 
T* 
T* 
T* 

DDUP TINP# -.3333306679 < x**3 > T* FTERM T+! 
DDUP TINP# .1999248354 < x••5 > T• FTERM T+! 
DDUP TINP# -.1420257041 < x••7 > T* FTERM T+! 
DDUP TINP# .1063675406 < x**9 > T• FTER~T+! . 
DDLJP TINP# ·-. 0749$44546 < x•*11 ) T*- FTERM T+ ! . ·. 
DDUP TINP# . 0425876076 ( x*•13 ) r-IE-;\:f:'tfiRM T+t 
DDLJP TINP# -. 0160050306 < x*•,15 > T• FTERM T+ ! 
TINP# • 0028~540643 < x.jHl 7 > T* FTERl~f l)@. T.f. 

. ''• 

SCREEN :!* 1 90 
O < basic inven~e trig function <ATAN> <ATAN2> · .r. 
1 DECIMAL 
2 
3 
4 
5 
6 
7 
8 
9 

1 (l 
11 
1 ..... ..::. 

14 
l.5 

<ATAN> ( fl -> f2 ) 
DUP FABS FINP# 1 F> 
IF DLJP >R FINP# 1 SWAP F/ F->T 

FNEGATE PI/2 R> F+- F+ 
ELSE F->T TATAN T->F THEN 

<ATAN2> ( fx fy 
OVER FO= 
IF >R DROP DROP 
ELSE OVER FO< 

IF DLJP FO< >R 
IF F-.. ELSE 

ELSE SWAP F/ 

PI/2 R> F+--

SWAP F/ <ATAN> PI 
F+ THEN 

<ATAN> THEN THEN ; 

SCREEN :I:~ 1 91. 

R> 

0 < derived inverse trig <ASIN> <ACOS> <ACOT> 
1 DECIMAL 

~· 
~.· 

<ASIN> < f 1 -> ·f2 ) 
DUP FABS FINP# 1 F= 
IF SWAP DROP Pl/2 ROT F+- ,, 

r.:
~J ELSE FINP# 1 OVER **2 F- SQRT F/ 

.:' .. '.·/ ·. . , ... 
<ATAN> THEN:"~'; 

l1 
7 
8 

10 
11 
l. .. , .... _ 
13 
14 
15 

<ACOS> 
<ASIN> 

<ACOT> 
<?,TAN> 

( fl. 
FNEGATE 

( fl 
FNEGATE 

.. -> f2 
PI/2 F+ 

" .. - .. :- f2 ) 

PI/2 F+ 

.. , ,· 
_:· .. _ ·.\ 

.(j1 



CC> 1987 BY PHIL KOOPMAN JR. 

SC F;.'. i;::: E::: N :\:I: 1 9 2 
0 ( derived inverse trig <ASEC> <ACSC> 
:i. DEC I Mi~~L... 

·-::-·-· 
< {!~3EC > C ·f 1 -·· > f 2 > 
CUP **2 FINP# -1 F+ SQRT <ATAN> SWAP 
IF PI F ..... THEN 

6 <ACSC> ( FP# -> FP# 
7 DUP FABS FINP# 1 F= 
8 IF SWAP DROP PI/2 ROT F+-
9 ELSE DLlP **2 FINP# -1 F+ 

10 SQRT 1/X <ATAN> SWAP FO< 
11 IF PI F- THEN THEN 
:l2 
1 ::~; 
14 
15 

SCF~EEN :i'-1: 19~5 

FO< 

0 ( tr·i g ftmcti ems f.:1COS ?-'\SIN ATP1N ASEC ACSC ACOT ATAN2 ) . 
1 DECIMAL 

4 
5 
6 
7 
8 
9 

10 
11 
:1.2 
1 ~:. 
14 

ACOS 
<ACOS> 
i'.4SIN 
< l~S IN> 
ATAN 
<ATAN> 
ASEC 
<c~CSC> 

ACSC 
<c~CSC> 

1=~COT 

<ACOT> 
ATAN2 
<f4TAN2> 

FiCF:;:EEN :I=!: l 94 

( 

( 

( 

( 

( 

( 

fl -> f2 
RAD·->DEG 
fl -> f :;~· 

RAD·->DEG 
fl --> f2 

RAD->DEG 
fl -> f2 

RAD->DEG 
fl -> fr~ ..::. 

RAD-·>DEG 
f :L ..... > f ':·' 

-~ 

RAD···>DEG 
( f }-~ fy .. -> f ~::. 

r.:;:r-iD->DEG 

0 < <P->R> <R->P> P->R R->P 
1 DECIMAL. 
2 <P->R> ( frad fang -> fl·: fy 
3 OVER OVER <SIN> F* >R 
4 <COS> F* R> 
5 
6 <R->P> ( fx fy -> frad fang 
7 OVER OVER <ATAN2> >R 
8 **2 SWAP **2 F+ SQRT R> 
Cy 

10 P->R frad fang -> fx fy 
11 DEG->RAD <P->R> 

13 R->P fx fy -> frad fang ) 
14 <R->P> RAD->DEG 
15 



CC> 1987 BY PHIL KOOPMAN JR. 

SCREEl\I ~* 1 ni::~ . "t ... .s 
1:) 
·I 
.L 
l"'t .. ~. 
:~:: 

i.j. 
i;:: 
,J 

6 
7 
8 
9 

lO 
1 1 
l.2 
1 ::~ 
14 
15 

BCREEN :1:1::1.96 
0 ( Calculation speed and accuracy benchmark 
1. ( Adapted from BYTE magazine ) 
2 ( Volume 1.0, No. 5, MAY 1985, page 282 ) 
3 FINP# 2.71828 CONSTANT FA 
4 FINP# 3.14:1.59 CONSTANT FB 
5 
6 
7 
B 
9 

C1~LCULAT IONS 
FINP# 1.0 

-·> 

5000 0 DO FA F* 
FA F/ 

FB F* 
FB F/ 

:1.0 
1 1 

( CR " DONE" CR > " 
LOOP 

ERROR==" FINP# 1. 0 F ..... f · 

1.2 
1:3 
:1.4 
15 

SCF~:E:EN ~:I: 1 97 
0 \ Trig table test 
1 DECIMAL 

Th :i. s i !S a qc:iod st.1,·ess o.:f the bo.::wc.1 ! 

2 TEST-TRIG -> 
~2:. CR 
4 
t::-·-· 
6 
7 
B 
9 

10 
1.1 
12 
1 ~::; 
1.4 
1 ~5 

II x SIN<X> 
II -· ·--_ ......... -- -· - -· ---··--------

361. 0 DO 
I N->F DUP 5 F.R 
DUP SIN 7 12 F.AR 
DUP COS 7 12 F.AR 

COS<X> 
:.-::::::::-.::======== 

TAN 7 19 F.AR CR 
?TERM I Nt~L t~BORT II •• BREAK •• II 

LOOP 

TAN<X>" CR 
==============II CR 



("") 
\. __ 

--
I I 
\._ __ j 

) 

WlfiC CPu.n:'.Z <C> 1987 BY PHIL KOOPMAN JR. 

SCl::".:EEN # 1 9f:3 
0 
1 
2 
3 
4 
c:-
-...! 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

\ Stress test based en trig functions - 1 
DECIMAL 

STRESS-COMPARE < Dl N2 03 N4 -> > 
>R ROT >R 
D= R> R> ::::: AND 
NOT ABORT II BAD COMPAl::".:E II 

SCREEN #199 
(l 

1 
2 
3. 
4 
5 
6 
7 
8 
9 

1 (l 
11 
1 '""• ..::. 

13 
14 
l.5 

\ Stress test based on trig functions - 2 
DECIMAL ·..,: 

STRESS < -> > 
1000 0 DO CR I ~ 
361 0 DO II ti 

I N->F DUP F->ME 
DUP SIN F-:->ME 4 
DUP COS F->ME 4 
DUP TAN F~>ME 4 

DROP 

4 PICK F->ME STRES$-:-CQMPARE 
PICK SIN· F-:->ME ·----··:sTRES"SYCOMPARE 
PICK . cos F->ME. STRESS_:Ji{~OMPARE __ ·. 
PICK TAN F->ME STRESS~COMPARE 

?TERMINAL ABORT" •• BREAK .• " 
LOOP LOOP ; 

. ·. 

I 

I 

I 
I 

I 

I 
I 
I 
: 
} 
I· ., 

:'~j 



CC) 1987 BY PHIL KOOPMAN JR. 

E1CF;:EEN :I* :t 
0 INDEX --- CPU/32 TEST SOURCE PHIL KOOPMAN JR. 
:t LIBRARY VERSION FILE: TEST.4TH LAST UPDATE: 6/1/87 

3 BETA TEST VERSION CC> COPYRIGHT 1987 
4 BY PHIL KOOPMAN JR. 
5 
6 LOAD 
7 SCREEN 

sou1::;:cE 
sct::::EENS 
====::::::::::::::::::::: 

CONTENTS 
..... --.. -··--··-· .. .. _________ ... .. 

B :::====== 
9 2 

10 
2 -- 66 COMPREHENSIVE STATIC TEST. suft;g'~·:-F~dh f-IOST 

NOTE: TRASHES CPU/3:1 MEMORY! ! !Jc;f\f f'l ! f! ! f! 
l.1 3 

13 
14 
l.5 

SCREEN #2 

7(l 

80 -·· 
·75 
:l24 

RAM TEST FROM CPU/32 
STRESS TEST FROM CPU32 

0 \ STATIC TEST SUITE 
1 DECIMAL MATH 
2 VAR I ABLE DI SP-·-PASS 1 DI SP--PASS . 1 

3 ZZ < DVALUE DVALUE N -> ) 
4 >R QDUP D= 
5 IF DI SP--PASS @ IF • " PASS . II 
6 ELSE CR • II *** ERROR #'·' R> .. 
7 . 11 EXPECTED: II DU. 
8 II ACTUAL: II DU. KEY 13 
9 ?TEl~M I NAL OR ABORT II BREAK II 

1 o en 66 4. no cR 1 o co CR J 3 • R . " : 11 

1 l ?TEl:;:M I NAL ABOFH II BREAK II LOOP LOOP 
12 ( ERROR MESSAGE HERE IF BREAK KEY USED ==> 
l.3 FORGET TASKZZ CR CR 
14 LOAD-ALL CR CR • 11 Test complete. 11 CR CR • 11 Type: 
15 11 ~; LOAD" CR • 11 for stress testing." CR CR 

sci::;:EEN ~-J:::::: 

0 \ STRESS TEST LOAD SCREEN -- ** DO A 
l. DECIMAL 
2 l.O CONSTANT REPS 100000 
~.:;; CR CR . 11 STRESS TEST. ITERATIONS == 
4 70 75 THRU \ Load RAM TEST 
5 ~· FORGET-MARKER 
6 CR • 11 fa: ec:ut i ng :I. RAM test. 11 CR 
7 HEX CR RAM-TEST CR CR DECIMAL 
8 CR . " E:·:ecuti ng stress 
9 80 124 THRU \ Load & 

10 FORGET FORGET-MARKER 
11 CR . 11 EN ecuti ng •.• · REF'S · • ". RAM 
12 HEX REPEAT-RAM~TEST DECiflAG .. 
l.~5 CR . 11 fa:ecuting trig fl.ihc::t.icm 
l.4 • " PresE-3. any key to stop. 11 CR 
l 5. STF-<ESS 

** 



\.\I I ;~:;c: CF'l..J / T.? CC> 1987 BY PHIL KOOPMAN JR. 

f:;Cf:::EEN ~*4 

o • '' TEST MI 1::;: 1::::r::G I ~3TER •• c1:~: 

1 HEX MATH 
t""1 

.1::. 
··:: 
.... 1 

4 
;.::· 
\oJ 

6 
·7 

00000000. 
FFFFFFFF. 
12345678. 
EDCBA987. 

8 DECIMAL 
9 

l.O 
l.l. 
12 
l. .., . . .;. 
14 
j i::· 
• ....! 

MIR! MIR@ 
MIR! MIR@ 
MIR! MIR@ 
MIR! MIR@ 

00000000. 
FFFFFFFF. 
12345678. 
EDCBA987. 

SCF~EEN #5 
0 ."TEST 
l. HEX 

STATUS REGISTEI=<" CR 
MATH 

2 ~IXXA 
-:r .. <!!l .. ,ifl .. !tt "·'~···xv B 
·-'~~. ·u A 

4 

0 :: DEST=STATUS ;SET 
STATUS 0 ; 

X! 

5 0000. XXA 
6 OOFF. XXA 
"/ 00 :I. 2. XXA 
8 OOED~ XXA 

XXB OFF. 
XXB OFF. 
XXB OFF. 
XXB OFF. 

DAND 
DAND 
DAND 
DAND 

0000. 
OOFF. 
0012. 
OOED. 

9 
1 0 DEC I Mf.'.)L 
l.1 
12 
i::::. 
14 
1 ~:5 

1 zz 
2 zz 
:.::. zz 
4 zz 



,.r-----"-, 

(- '. , \ 

~-) 

~.JI SC C::Pl .. J/ ::;:2 CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN ~*t:1 

0 ."TEST 
l HEX 

PC REC!UEST REGISTER" CR 
Mt-:'1TH 

:~~ = XXL~ DROP 1::·cREG! . 
:3 : X XD 0 :: SOURCE=FLAGS ;SET X@; 
4 
0:::
... i 

6 
7 
8 
9 

10 
11. 
12 
i::::. 
l.4 
15 

0000. xxc 
005A. xxc 
OOA5. xxc 
OODE. xxc 

DECIMAL 

BCREEN #7 

XXD OFF. DAND 
XXD OFF. DAND 
XXD OFF. DAND 
XXD OFF. DAND 

0 ." DP TEST" CR 
1 HEX MATH 
2° : 'XXE < (> : :: DEST=DP· ;SET 
.3~""": XXF 1 . . SOURCE=DP. ;SET .. 
4 5A5. XXE XXF OOFFF. DAND 

X! 

5 t45A. XXE XXF OOFFF. DANO.:" 
6 000. XXE (> : : INCCDPJ ; DO 
7 OOF. XXE (> : : INCCDPl •DO , 
8 OFF. XXE (> :: = INCCDPJ ;DO 
9 FFF. XXE 0 :: INCCDPJ ;DO 

10 00(1. XXE (> : : DECCDPJ •DO 
' 11 100. XXE (> : = DECCDPJ ;DO 

12 010. XXE (> : ·: DECCDPJ ;DO 
l.:3 001. XXE (> : = DECCDPJ ;DO 
14 DECIMAL 
15 

SCF~EEN =1:1:8 
0 • 11 RP TEST" CR 
1 HEX MATH 
2 : XXG (> : : DEST=RP ;SET X! 
3 r. XXH 1 . . SOURCE=RP ;SET . " 
4 

0000. 
005A. 
OOA5. 
OODE. 

. 
' X@ ; 

05A5. 
OA5A 
XXF 
XXF 
XXF 
XXF 
XXF 
XXF 
XXF 
XXF 

X@ 

1 zz 
2 zz 
3 zz 
:4 zz 

OFFF. 
OFFF. 
OFFF. 

5 05A::'i. XXG XXH (IOFFF. DANO D5A5~ ;··.~·;1;·---, ·: 

6 OA5A. XXG XXH OOFFF. DANO OA5A;. 2··zt 
7 0000 .. XXG (> : : INCCRPJ ·DO , XXH OFFF. 

·s OOOF. XXG <) : g INCCRPJ ;DO XXH 
9 OOFF. XXG (> :,r. INCCRPJ ;DO x 

10 OFFt=. XXG 0 : : I NC [RP J . ; DO 
:l.l 0000 •. XXG (I ='= DECCRPJ ;DO' 
12 Q1QO. XXG Q • u DECCfWJ ; 1)0 
1.3 01:>.10. XXG 0 : : OECCRF'J ;"bcf 
14 (l(ll) 1. XXG C) : : DECIRPJ ;DO 
l.5 DECIMAL 



WISC CPU/::::;2 CCl 1987 BY PHIL KOOPMAN JR. 

SCF-<EEN :lt9 
0 ",, TEST DLO 1:~EGif3TEl=-.: (STCll=-.:E/FETCHl II Cl~ 

1 HEX 
:~ : XX.J 0 :~ DEST=DLO ;SET X! 
:::; : xxt::: 1 :: SOURCE=DLO ;SET X@; 
4 
1.-::· 
.,J \ II ' . XXD HEX BEGIN 0 DISP·-PASS 
6 00000000. xx.1 XXK 00000000. ( D= NOT IF " II x II 

7 
8 
9 

FFFFFFFF. X X~J XX~< FFFFFFFF. ( D= NOT IF . II Y11 

j, :2~5456 78 n XXJ XXK :1.2345678 .. ( D= NOT IF." Z" 
EDCBA987. XXJ XXK EDCBA987 .. ( D= NOT IF . II w II 

1 (l 
11 

\ ?TERMINAL UNTIL 1 DISP-PASS ! DECIMAL . 
' 

1,., 
..::. 

1:-.:-; 
14 DECIMAL 
1 '"" ,J 

SCREEN ~:J:10 

0 n 11 TEST DHI REGISTER (STfJRE/FETCl-1) 11 CR 
1 HEX 
2 : XXL 
3 : XXM 

0 :: ALU=B DEST=DHI 
1 :: SOURCE=DHI 

;SET 
;SET 

4 
5 
6 
7 
8 
tj 

10 
11 

5555555511 
AAAAAAAt..\. 
23456789. 
DCBA9876. 

1.2 DECIMAL 
13 
14 
15 

!3Cl=-.:EEN 4~ 1. 1 
0 
l 
r-, 
d:: . .. , .. ~. 
4 
&::" ..s 

6 
7 
8 
9 

1.0 
11 
1 '':> ..... 
13 
14 
1 i:::· . ;J 

XXL XXM 55555555. 
XXL XXM AAAAAAAA. 
XXL XXM 23456789. 
XXL XXM DCBA9876. 

X! 
X@ 

"·It 

' ... 
' 

1 zz 
2.ZZ 
~; zz 
4 zz 

THEN > 1 zz 
THEN ) 2 ZZ 
THEN ) 3 zz 
.TJ:;IEN > 4 · ZZ 



SCHEEN :l* 1 2 
(l 

1 

··~· .... • 

6 
'7 
8 
9 

10 
11 
12 
13 
l4 
15 

SCHEEN #13 
0 ." ALU CONSTANTS" 
l HEX 
2 : XXW ( A 
3 0 .. . . 
4 l.. : : 
5 2 : : 
6 
7 xxx ( ---> 
8 
9 3 .. . . 

10 
:I. 1 0 : : 80\JRCE::i::DHI 
12 1 .. SOURCE=DHI . . 
:1.3 
14 DECIMAL 
15 

SCREEN #14 

(C) · 19B'7 BV PHIL. KOOPMAN JR. 

ALU=O 
ALU=-1 

0 II ALU A ~t. . B SIDE PASS THRLJ" CR 
1 
··~ ..::. 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 ::::; 
14 
15 

HEX 
84512347. 
84~"51234 7. 
7BAE'.DCB8. 

·oooooooQ. 
FFFFFFFF. 
FFFFFFFF. 

FFFFFFFF. 

DECIMAL. 

00000000. xxw 
FFFFFFFF. XXW 
FFFFFFFF. XXW 

84512347. xxw. 
84512347. xxw 
7BAEDCB8. XXW 

7BAEDCB8. 

ALU=A 
AL.U=A 
ALU=A 



~'JI ~3C CPU/ :::;.2 CC> 1987 BY PH1L KOOPMAN JR. 

SCF~EEN ~:!: 1 ~5 
0 • II (H . ..l.J ~:~ g,, 8 BI DE COMPLEMENT II ci:~ 

:l HEX 
2 0000000:1.. 0. XX~\! 1~L..LJ:::.,notA XX X 
3 FFFFFFFE. O. XXW AL.U:::::notA XXX 
4 12345678. 00. xxw ALU=notA XXX 
5 12345678. FFFFFFFF. 
6 o. 00000000. xxw 
7 0. FFFFFFFF. XXW 

XXW ALU"=notA 
P1L.lJ::::notB XXX 
ALLJ=notB XXX 

8 o. 12345678. xxw ALU=notB XXX 
9 -·l.. 12:::.::45678. xxw ALU=notB XXX 

10 DECIMAL 
l. l. 
12 
1:3 
14 
1 ~} 

SCREEN #16 
0 • II ALU NOR 8t. NANO II CR 
1 HEX 
2 FFFFFFFF. FFFFFFFF. XXW 
3 00000000. FFFFFFFF. XXW 
4 FFFFFFFF. 00000000. .·XX W 
5 00000000. 00000000. xxw 
6 6432ACE4. 43221252. XXW 
7 
8 00000000. 00000000. 
9 FFFFFFFF. 00000000. 

10 00000000. FFFFFFFF. 
11 FFFFFFFF. FFFFFFFF. 
12 43239835. 436587AE. 
1 :3 
14 DECIMAL 
l.5 

bCREEN #17 
0 • II ALU XOR g,, XNOR II CF.: 
l. HEX 

xxw 
XXt.iJ 
xxw 
xxw 
xxw 

2 FFFFFFFF. FFFFFFFF. XXW 
3 00000000. FFFFFFFF. XXW 
4 FFFFFFFF. 00000000. XXW 
5 00000000. 00000000. xxw 
6 6432ACE4. 43221252. XXW 
7 
8 
9 

00000000. 00000000. 
FFFFFFFF. 00000000. 
00000000. FFFFFFFF. 
FFFFFFFF. FFFFFFFF. 

xxw 
xxw 
xxw 
xxw 

ALU=Anor-B 
ALU=AnorB 
ALU::::;Anor-B 
ALU=AnorB 
ALU=Anor-B 

ALU=AnahdB 
ALU=AnandB 
ALU=AnandB 
AUJ=Ana:ndB 
ALU= An an dB 

ALU=AxorB 
ALU=AxorB 
ALU=Axor-B 
ALU=AxorB 
ALU=Axo~B 

ALU=AxnorB 
ALU=AxnorB 
ALU=AxnorB 
ALU=AxnorB 

FFFFFFFE. 1 Z Z 
0000000 L 2 Z Z 
EDCBA987. I 3 z z 
XXX EDCBA987. 
FFFFFFFF. 5 ZZ 
00000000. 6 zz 
EDCBA987. 
EDCBA987. 

xxx 
xxx 
xxx 
xxx 
XXX1 

xxx 
xxx 
xxx \ 
xxx 
xxx 

xxx 
xxx 
xxx 

00000000. 
FFFFFFFF. 
FFFFFFPF. 

4 zz 

1 zz 
2 zz 
7 . .;. 

xxx 00000000~ 4 
xxx · 2710BEB6.< 5 

; (: -. :· .. . ~' " 

xxx 
xxx 
xxx 
xxx 

10 
l.l. 
12 43239835n 436587AE. xxw ALU~Axno~B XXX 
1 •T 

..::1 

l.4 DECIMf.:)L 
1 t:: -...! 



L.\11 SC CPU.1::::.2 CCl 1987 BY PHIL KOOPMAN JR. 

GCFiEEN :j:j: li3 
.~ 

(i II t~l .... U OP ~~~: i::iND" c::i:::: .. 
:I. HEX 
:-·1 FFFFFFFF .. FFFFFFF1:::·. xxw ,::iL..LJ::::P1or .. B x :i< x FFFFFFFF. 1 zz .r::. 

~5 00000000. FFFFFFFF. X Xl>J ALU==Aor·B xxx FFFFFFFF. 2 zz 
4 F"FFFFFFF .. 00000000. XX~\I t:iL..U:::::AorB xxx FFFFFFFF. 3 

...,.., 
L ... 

r.::· 
~1 00000000. 00000000. X Xl>J ALU==AorB xxx 00000000. 4 zz 
6 64:3'.2ACE4. L~::::;~;~21 25~:: .. xxw AL..U=Aor- B xxx 6732BEF6. !!::" 

...! zz 
7 
8 00000000. 00000000. xxw AL..U==AandB xxx 00000000. 6 zz 
C/' FFFFFFFF. 00000000. xxw ALU=AandB xxx 00000000. 7 zz 

10 00000000. FFFFFFFF. xxw ALU=AandB xxx 00000000. 8 zz 
11 FFFFFFFF. FFFFFFFF .. X Xl>J ALU=AandB xxx FFFFFFFF. 9 zz 
1.2 4:323913:35. 4:;:;6587AE. xxw AUJ=AandB xxx 43218024. A zz 
l.3 
14 DECIMAL 
15 

scr-:i:EEN :j:j::J.9 

0 II f:iL.U A+:l. ~I, Ct~RRY PROPAGATE TEST" CR . 
1 HEX 
~, 

..::. 12:345678. 0. XXl.iJ ALl.J==A+1 xxx 12345679. 1 zz 
3 00000000. o. xxw ALU==A+1 xxx 00000001.. 2 zz 
4 OOOOOOOF. o. xxw AUJ:::::A+1 xxx 00000(> 10. ~5 zz 
5 OOOOOOFF. o. xxw AUJ==A+l xxx 00000100. 4 zz 
6 OOOOOFFF. o. XX \A.I P1LU=A+ l. xxx 00001000. 5 zz 
7 OOOOFFFF .. o. xxw AL..U=A+l. xxx 00010000. .6 zz 
8 OOOFFFFF. 0. xxw AL..U=--=f:.i+ 1 xxx 00100000. 7 zz 
9 OOFFFFFF. o. xxw AL.U=A+l xxx 01000000. 8 zz 

10 OFFFFFFF. o. xxw ALU=A+l xxx l.0000000. 9 zz 
l.l. FFFFFFFF .. o. xxw t'::il..U=A+1 xxx 00000000. lO zz 
12 
1:3 DECIMAL 
:l.4 
l5 

GCPEEN *t-20 
(i II (4L.LJ (.~+ 1 v E:DPF~Dl>J PPDF'AGATE TEST" CR . -.:< 

1 HEX 
r·•1 .. ::. 12::::A5678. o. xxw AUJ:::::f:.i-l. xxx 1234567"7. 1. zz 
-:r ·-· 00000001 .• o .. X XltJ ALU==i'..i-1 xxx 00000000. 2 zz 
4 00000010. o. xx~~ f.~Ll.J:::::A··-1 xxx OOOOOOOF. ~~; zz 
i::.-
~1 00000100. o. xxw AL.LJ=A-1. xxx OOOOOOFF. 4 zz 
6 ·00001000. o. xxw ALU=A···l xxx OOOOOFFF. .,,. 

.;.1 zz 
-7 00010000. o. xxw ALLl==A--l. xxx OOOOFFFF. 6 zz I 

8 00 :I. 00000. o. xxw ALU=A-1 xxx c)OOFFFFF. 7 zz 
('.:) 01000000. o. xxw ALU=1~--l. xxx OOFFFFFF. 8 zz I 

l.O l.0000000. o. X Xl>J ALLJ:::::A-1 xxx OFFFFFFF. 9 zz 
1 1 00000000. o. xxw AL.U=A- l. xxx FFFFFFFF. 1. (l zz 
1. :2 
1 :::;; DECIMAL 
l.4 
:l.5 



l,1J I bC:: CPU I:~:;'.;,:: CC) 1987 BY PHIL KOOPMAN JR. 

EC REEN w;,~ l. 
0 .. " ALU P1--8 {~-B--· .1." CF~ 

1 HEX 
2 FFFFFFFF. FFFFFFFF. xxw ALU=A-B xxx 00000000. 1 zz 
3 00000000. FFFFFFFF. xxw ALU=A-B xxx 00000001. :;:~ z z 
4 FFFFFFFF. 00000000. xxw ALU=A-8 xxx FFFFFFFF. 3 zz 
5 00000000. 00000000. xx~ ALU=A-B xxx 00000000. 4 zz 
6 6432ACE4. 43221252. xxw ALU=A-B xxx 21 H>9A92. 5 zz 
7 
8 00000000. 00000000. xxw ALU=A-B-1 xxx FFFFFFFF. 6 zz 
9 FFFFFFFF. 00000000. xxw ALU=A-B-1 xxx FFFFFFFE. 7 zz 

10 00000000. FFFFFFFF. xxw ALU=A-B-1 xxx 00000000 .• 8 zz 
11 FFFFFFFF. FFFFFFFF. xxw ALU=A-B-1 xxx FFFFFFFF. 9 zz 
12 43239835. 436587AE. xxw ALU=A-B-1 xxx FFBE1086. A ZZ 
13 
14 DECIMAL 
1~ -~ 

SCREEN :1:1:22 
0 • II ALU A+B A+B+1" CR 
1 HEX 
2 FFFFFFFF. FFFFFFFF. xxw AL.U=A+B xxx FFFFFFFE~ 1 zz 
~=- 00000000. FFFFFFFF. xxw ALU=A+B xxx FFFFFFFF .. 2 zz 
4 FFFFFFFF. 00000000. xxw ALU="A+B xxx FFFFl=FFF. 3 zz 
~j 00000000" 00000000. XX!.iJ ALU=A+B xxx 00000000. 4 zz 
6 64::::.2ACE4 .. 4:;::221252. X Xl.iJ ALU=A+B xxx . A754BF36~ .5 zz 
7 
8 00000000. 00000000. xxw ALU=A+B+1 xxx 00000001 .. 6 zz 
9 FFFFFFFF. 00000000. xxw ALU=A+B+l xxx 00000000. 7 zz 

i. 0 00000000. FFFFFFFF. xxw ALU=?-)+B+ 1 xxx 00000000. B ZZ 
11 FFFFFFFF .. FFFFFFFF. xxw ALU=A+B+1 xxx FFFFFFFF. 9 zz 
12 4:~:~:~:-.:;:r;;e:-3:~5 ,, 4~:::6~i87 f"·)E. XX!t,I ALU=A+B+l. xxx 86891FE4. A ZZ 
1 ::~; 
14 DECIMAL 
j 1:.-• • _J 

bCF~EEN =t~2::::: 

0 . II P1L...U (.~1+i~1 (.~+(-\+ :!. II c1:~ 

1 HEX 
:-;:'. FFFFFFFF. FFFFFFFF. xxw ALU=A+A xxx FFFFFFFE. 1 zz 
:3 00000000. FFFFFFFF. X XlAJ ALU=A+A xxx 00000000. 2 zz 
4 FFFFFFFF. 00000000 .. xxw AU.J::::A+A xxx FFFFFFFE·. :3 zz 
5 (1(1(100000. (H)(H)(l(l(l(l. xxw AL.U==A+A xxx 00000000. 4 zz 
6 6432ACE4. 4-:3:2212~;2 a xxw ALU==A+A xxx C86559C8. 5 zz 
7 
8 00000000. 00000000. xxw ALU==A+f".:i+ 1 xxx 00000001. 6 zz 
9 FFFFFFFF. 00000000. xxw ALIJ=A+A+1 xxx FFFFFFFF. 7 zz 

l. (i 00000000. FFFFFFFF. xxw AUJ==f.HA+-1 xxx 00000001. 8 zz 
1:1. FFFFFFFF. FFFFFFFF. xxw ALU=A+A+1 xxx FFFFFFFF. 9 zz. 
12 4:3;239935 u 4:::!:6587AE. xxw 1~LU=A+{:.)+ 1. xxx 8647:!.06B. A ZZ 
1 ··~ 

.... 1 

14 DECIMAL. 
:I. i::: ,.J 



<C> 1987 BY PHIL KOOPMAN JR. 

:3CF~EEN ~*24 

0 " Ii TEST ::::;'.?-·BIT BYTE F:OTATE Fr.:;:oM ;~LU ii CF~ 

1 HEX 
2: YYA 0 :~ ALU=B ROLL[ALUJ DEST~DHI ~SET X! 
3 1 :: SOURCE=DHI ;SET X@ 
4 
5 12:34~i678. YYA 
6 EDCBr'..i987. YY~~ 

7 
8 DECIMAL 
9 

10 
11 
1.2 

SCHEEN #26 

XXP 
XXP 
XXP 
XXP 

78123456. 
87EDCBA9. 

00000000. 7 zz 
00000000. 9 zz 
(l(>(l(H)(l0(l. B zz 
00000000. D zz 

1 zz 
2 zz 

(i II TEST 64-BIT !3HIFT LEFT OF DLO/DHI .. , .. ,_, :·:11 CR . 
1 HEX 
~~; 00800000. 00000000. XXN 
":!' ·-· l. XXQ XXP 00000000. l. zz 01000000. 2 
4 7 XXQ XXP 00000000. :3 zz 80000000. 4 
5 1 XXGl XXP OOOOO(li) l. n 5 zz 00000000. 6 
l-:i 7 XXQ XXP 00000080. 

...., zz 00000000. 8 I 

7 l. XXQ XXP 00000100. 9 zz 00000000. A 
8 7 XXQ XXP 00008000. B zz (H)(l(l(i(l(>(I. c 
9 1 XXQ XXP 00010000 .. D zz 00000000. E 

l (i 7 XXQ XXP 00800000. F zz 00000000. 10 
l.1 l XXQ XXP 0 1 (l(H)(H)0 • 11 zz 00000000. 12 
:I··~ ..... 7 XXQ XXP 80000000. 13 zz 00000000. 14 
l. :::. l XXQ XXP 00000000. 15 zz 00000000. l.6 
lLf. DECIMP1L 
15 

zz 
....... ., 
Li .. 

zz 
zz 
zz 
zz 
zz 
zz 
zz 
zz 
zz 



r· 

' ---

CC) 1987 BY PHIL KOOPMAN JR. 

SCF(EEN t.~27 

0 . " TEE:T 64·-·HIT SHIFT FUGHT OF DLD/DHI .......... 1" CR 
l HEX 

XXR 0 :: ALU=B DEST=DHI ;SET 
1 :: DEST=DLO ;SET X! 

4: XXS 2 :n SOURCE=DLD ;SET X@ 
l:::' 
~.1 3 :: SOURCE=DHI ;SET X@ 

.,_,I 
A. 

6 XXT 0 DO 4 :: SREDLOJ ALU=A CIN=O SREALUJ ;DO LOOP 
7 00000000. 00000000. XXR XXS 00000000. 1 ZZ 00000000. 2 ZZ 
8 0 :: SREDLOJ ALU=A CIN=1 SREALUJ ;DO 
9 xxs 80000000. 3 zz 00000000. 

7 XXT 10 
1 1 1 XXT 
12 7 XXT 
1:::: l XXT 
14 DECIMAL 

!3CREEN ~*28 

xxs 01000000. 5 zz 00000000. 
xxs 00800000. 7 zz 00000000. 
xxs 00010000. 9 zz 00000000. 
XXS 00008000. B ZZ 00000000. 

4 zz -
6 zz 
8 zz 
A ZZ 
c zz 

0 II TEST 64·-BIT SHIFT RIGHT Ot= DLO/DHI --- ;~11 CR " 
1 HEX 
2 00000000. 

' 
...,. XXT xxs ·-· I 

4 1 XXT xxs 
5 7 XXT xxs 
6 l. XXT xxs 
7 7 XXT xxs 
8 1 XXT XXE3 
9 7 XXT xxs 

:1.0 l. XXT xxs 
1 1 7 XXT xxs 
1 ... ~ .. ::. l XXT xxs 
j . .,. .. ..) 7 XXT xxs 
14 l. XXT xxs 
1 r: . ..J DECIMAL 

SCl=i:EEN =~~29 

0 

6 
7 
8 
9 

10 
l.1 
12 
l.:3 
l.4 
l. ~.5 

00008000. XXR 
000003.00. 
0(H)00080. 
00000003.. 
00000000. 
00000000. 
00000000. 
00000000. 
00000000. 
00000000. 
00000000. 
00000000. 
00000000. 

1 zz 0000000(>. 2_ zz 
3 zz 00(>00600. 4 -zz_ 
5 zz 00000000_~ 6 zz 
7 zz 80000000. 

'-·:;-

.8 .tz 
9 zz Ol.000000. A zz 
B zz 00800000. c zz 
D zz 00010000. E zz 
F zz 00008000. 10 zz 

l.1 zz 00000100. l.2 zz 
13 zz 00000080. 14 zz 
j r: . ..J zz 00000001. 16 zz 
l. 7 zz 00000000 D 18 zz 



l.<J I \:3C CPU/ ~~;2 <C> 1987 BY P~UL KOOPMAN JR. 

~3CREEN :1:1::30 
0 
1 
, ... , 
.1~. 

":; ·-· 
4 
~5 

<S 
7 
8 
9 

10 
1 1 
12 
1 ·:r ·-· 
1.4 
15 

fJCREEN #~H 

0 
1 
:2 
.. :r ..... 
4 
r.::· 
,J 

6 
7 
8 
9 

1.0 
1 1 
12 
13 
14 
15 

~3CREEN ~*32 

0 • 11 TEST l=<f..:iM ADDRESS U.:iTCH VIA P1DDR COUNTER" CR 
1 HEX MATH 
2: YYG 0 :: DEST=ADDRESS-COUNTER ;SET X! 
3 1 :: SOURCE=ADDRESS-COUNTER ~SET X@ 

5 12345678. YYG 07FFFFC. DAND 
6 EDCBA987. YYG 07FFFFC. DAND 
7 
8 DECIMAL 
9 

10 
11 
:1.2 
l.3 
14 
l.5 

00345678. 
004BA984 .. 

1 zz 
l. Zl 



<C> 1987 BY PHIL KOOPMAN JR. 

SCF~EEN *~::;.::~; 

0 . " TEST r-mDR COUNTEI=< VU:i f:;:l~M ADDRESS LATCH" CF:: 
1 HEX 
2 ~ YYH 0 ~~ DEST=ADDRESS-COUNTER ;SET X! 
3 2 =~ INCCADCJ ;DO 
4 3 :: SOURCE=ADDRESS-COUNTER ;SET X@ 

6 
7 
8 
9 

10 
11 
12 
13 
1.4 
15 

12545~·ns .. 
00000000. 
0000003C. 
000003FC. 
00003FFC. 
0003FFFC. 
003FFFFC. 
007FFFFC. 
DECIMAL. 

SCREEN :~~54 

YYH 
YYH 
YYH 
YYH 
YYH 
YYH 
VYH 
YYH 

07FFFFC. D?\ND 0054597C. 
07FFFFC. DAND 00000004. 
07FFFFC. DAND 00000040. 
07FFFFC. DAND 00000400~ 

07FFFFC. DANO 00004()00. 
07FFFFC. DAND 00040000 •. 
07FFFFC. DAND 00400000. 
07FFFFC. DANO 0(H)0000(i. 

0 .. 11 TEST ADDR COUNTER TO RAM ADDRESS LATCH'' 
1 HEX 
2 : YYHA < RAM.BIT.PATTERN ADDRESS 
.. =!" 
····' >> DEST=PAGE ;SET O. X~ 

4 DSWAP DOVER RAM! 
5 >> DEST=ADDRESS-COUNTER ;SET 

> > SOURCE-=ADDRE.SS-COUNTER .-,.-'"'·.--· 
>> SOURCE=RAM ;SET ~@~J 

14 
15 

00000000. 
FFFFFFFF. 
A?~55P1A55 .. 
55AA55AA. 
DECIMAL 

SCF~EEN #~55 

432Cu 
4:32c. 
4~~2C. 

4:32c. 

YYHA (H)(H)0000. 
YYHA FFFFFFFF. 
YYHA AA55AA55. 
YYHA 55AA55AA. 

0 " II TEST Pf.\GE REG I STER II CR 
l. HEX 
2: YYJ 0 :: DEST=PAGE ;SET X! 

1 
-2 
.... 
...::. 

4 

3 l. : : SOURCE=ADDRESS-COlJl\ITER ; SET X@ ; 
4 
5 000000000. YYJ 
6 OFFFFFFFF. YYJ 
7 012345678. YYJ 
8 OEDCBA987. YYJ 
9 

lO DECIMAL 
11 
l.2 
1 .. ,,. ·-' 
j.4 
:1.5 

07F8000(H). DAND 
07FB00000. DAND 
07F800000. DAND 
07FBOOOOO. DAND 

000000000. 
o7F8ooooo. 

1 zz 
2 zz 



" / 

[; . .JI SC CPU /:s2 . ( C) l 9H7 :Efy' PH IL ~:::OOPM{.:iN JR. 

su::;:E EN 4r:::: 6 
o .. " ,=1L.u INPUT HOLD 1 NG u~iTCH" CR 
:I. HEX 
2 :: YYI< < 1\11 -.. > rmt.Nl l\l:L ) 
3 1 :: ALU=not.B DEST=DHI ;SET X! 
4 2 :: SOURCE=DHI ALU=B DEST=DHI ;SET X@ I 

5 CYCLE X@ 
6 
7 
8 
r:r 

10 
11 
l.2 
:1.:3 
14 
15 

c::·1:::·a:..":'r.::-t:.:-i:::·c·c::· 
J ,,J ,.J W '-} \.J J ,_t n 

AAAAAAAA. 

12345678. 

DECIMAL.. 

YYK 55555555 .. 
AAAAAAAA. 

YYI< f.'.\Af'V~AAf'.:iA. 

5~5555555n 

YYK 12345678. 
EDCBA987. 

1 zz 
2 zz 
":!' ·-· zz 
4 zz 
5 zz 
6 zz 

SCREEl\I :t-1:37 
0 ."TEST FL.AG REGISTEF<" CR 
1 HEX 
2·~ YYL (Clear· all possible er-r-ors before 

5 
6 
7 
8 
9 

10 
11 
l.2 
1:3 
:1.4 
1 t= ;J 

0 : : DEST=DP ; SET -1 • X ! 1 : : 
2 :: SOURCE=FLAGS ;DO 
3 :: DEST=FLAGS ;SET X! 
4 :: SOURCE=FLAGS ;SET X@ J 

00000000. YYL 
FFFFFFFF. YYL 
~5A345678. YYL 
P15CBA980. YYL 

DECIMAL 

OFFOOOOOO. 
OFFOOOOOO. 
OFFOOOOOO. 
OFFOOOOOO. 

DANO 
DAND 
DAND 
DANO 

000000000. 
OFFOOOOOO. 
05AOOOOOO. 
OA5000000. 

BCREEN ~*3B 

0 n II TEST DP g,: RP OVERFLOW ERF<OR I NTE1::;:r~~UPTS II CR 
1 HEX 

3 
4 
5 YYN 
6 
7 
8 
9 

1 (l 
:t.:I. 
12 
l3 

OFFF. 
0000. 

OFFF. 
0000. 

0 :: DEST=DP ;SET X! 
1 :: DEST=FLAGS ;SETO. X! 
2 :: SOLJRCE=FLAGS ;SET X@ ; 
0 :: DEST=RP ;SET X~ 

l. :: DEST=FLAGS ;SET 0 .. X! 
2 :: SOURCE=FLAGS ;SET X@ ; 

YYM 0:1.000000. 
YYM 01000000. 

YYN 02000000. 
YYN 02000000. 

DAND 
DAND 

D1~ND 

DAND 

00000000. 
01000000. 

00000000. 
02000000. 

:1.4 
l5 DECIMAL 



() 

0 

i 
,I 

WISC CPU/32' CC> 1981 BY PHIL KOOPMAN JR~ 

SCREEN W39 
0 
1 
~~ . .,.. ,_, 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1..,.. 

. ~' 

• II TEST HOST I NTEF<l~UPTS II CR 
HEX 
\ NOTE: Parity interrupt currently untestable 
: YYP 1 :: DEST=FLAGS ;SET 0. X! 

2 :: SOURCE==FLAGS ;SET X@ ; 

0 :: SOURCE=FLAGS ;DO 
YYP 04000000. DAND 00000000. 
·-1 PCREQ 
YYP 04000C>OO. DAND .· 04000000. 
0 : : SOURCE=FLAGS ; DO•. 

DECIMAL 

1 .zz .. 

. . .;·._·. ~.· .; 

14 
15 

:.' 

....... ··· C.' ,!j~~J;l_v 
S.CREEN #40 ... :, '•<"' ;_;;'.;.;_ -· 

~ H~x TEs~A~~XT AboREsfii REGt~mrR 'Vil o1'~t"Y'J:\Wc,f~,,~!c}~;i~ 
2 : YYQ O<.·· : : DEST=FLA(3$ ; SET' ~ 1 •· .. )(}: ·· (;Mask·. :ff\' 
3'. 
i( 2 
5 
6 
7 
8 
9 

. 3 =: 
4 : : 
.5 : : 
6 : =· 

10 
11 0000()000 .. 
12 7FFFFFFi=. 
13 12345678. 
14 t::DCBA987~ 
15 DECIMAL 

SCREEN #41 

YYQ 
YYQ 
YYQ 
YYQ 

oo7FFFFB •.. DANI)··.. oboo(,c>od. 
007FFf;'F8.. DANO . oOJFFFFB . . . 

. Oo7FFFF8 •. . DAND · .·. OC>3456 78'~ < ·. .. 
007FFFF8. DANO . 004BA98.0~. -·~-

. :.·, .. ::··' 

0 ."TEST NEXT ADDRESS REGISTER VIA DECODE" CR· :,.: ,, ..... 

; ~E~YR 0 : : DEST=FLAGS ; SET -1. X ! < Mask inter~~pts G_: 
3 1 :: DEST=DLO ;SET X! 
4 ( Automatically elk into counter during de-c(;)_d~ 
5 2 : : DECODE SOUR(:::E=DLO DS:$l'i:::RAM ; DP - _,' 1'" 

6 . 3 : : SOURCE=DLO DEST=RA'M c ,: , , ""-~,:·:'}. 

~ 6 ~·~ .DEcooe: ~g~~g~:gtg ·g~~:}:~~~·:/·~~:~.7~?Y'F'0;'.~Kt-, 
9 6 : : SOURCE=ADDRESS-COUNJ'E:R J$ET X~?'';;{.\. 

·.· · !! ~l!~~:,ii~· .· ~iS~~!~;;~~z~,j~~iitl;;!;'.;~~i 
. - . "' .. ·:._ ... ~:::.:> .. :' 

' 7 -,- '·.· :_': _ .. : ~: ·::.·· :·:·-~: -~ .. 

.... ~ <~: -

.. _ .. :_:~ ··> 

. i' 



0 

0 

WI!3C CPU/32 CC> 1987 BY PHIL .KOOPMAN JR. 

SCREEN #42 
0 ."TEST I'.NSTRUCTION LATCH&: CALL/EXIT BITS.VIA DEST==" CR 
1 HEX MA1"H 
2 : YYS >> DEST=FLAGS ;SET 80000000. X! C Mask interrupts > 
:3 > > DEST=DECODE ; SET X ! 
4 >> SOURCE=MPC ; SET X@ ; 
i::.-
..J 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

00000000. 
FFFFFFFF. 
12345679. 
EOCBA986. 
80000000. 
40000000. 
·20000000. 
DECIMAL 

YYS 
YYS 
YYS 
YYS 
YYS 
VYS 
YYS 

FF800003. DANO 
FF800003. DANO 
i=FB00003. DANO 
F"FB00003. DANO 
· FFB0.0003. ·DANO 
FFB00003. DANO 

.. FF8C>0003. DANO 

00000000. 
FF8(>0003. 
. 12000001 • · ... 
ED800002 •. · 
00000000 •. : 
40000000/'··· 

·. 20000·000. 

SCREEN #43 .·· . ·· · · · .. ·· .. •·· ·. · . 

• " l'EST lNSTRUCTION LATCH & CALL/EXIT 0 
1 
2 
3· 
4 

~E~YT ·.~·.•:;.· ~~:i=~~~(3~$~~Er){;1·: 
.. , < Aut6mat:.ic::~Uy cl}( 

5 2 : .: DECODE- SOUR CE:.::;: OLD . .,,,.....,.,,.....,..""" ...... ,,."" 
3 =· : . . .. .. . . . ·.· .. SOURCE~DLCf 6 

7 
8 
9 

10 
11 
12 
13 
14 
15 

4 u' SOURCE=MPC.; se'.T :x@ 

00000000 •. YYT F8000003. 
FFFFFFFF. YYT ·· F8000003 • 

123456 79. YYT. FF-88000000. ···09_.oo;_· .. 
EDCBA986. YYT ~ 

DECIMAL 

[)AND 
DANO 
DANO·· 
DANO 

SCREEN #44 
O • " TEST MICROPROGRAM COUNTER ~""".' LOAOl'.READt'i: CR···•. 
1. HEX 
2: YYU 0 .:: OEST=FLAGS ;SET -1; X! c.· Mask 

1 

3 
4 
5 
6' 

~ ~ ·~- ~~~b~~LO s8~~~E=~~tl DES.T=R·~~. ::.qMf:"=:t>QO< .. ::· 
3 :.: ·. . .. . . . SOURCE=PL;O OEST===RAM·'<.JMP::i:OOO 

7 
8 

: . ; : ~~~~g~:M~gqi~~;o,~~ ; P:·~.~r~e~~!~~~.ro~~~~{:.,:' 
.9 00000000. YYU OOOFFBOO. 
10 FFFFFFFF. YYU OOOFFSOO. 

· 11 12345679 •.. VYU . 000FF800 •. · 
12 EDCBA986 .• YYU ·· OOOFF800. 

· · :·13 DECIMAL· 
14< 
15 

·.:.·. ·.· 

.. •·, . 



CC> 1987 BY PHIL KOOPMAN JR. 

BCF<EEN ~t·i'.l·~.:i 

0 • ii TEBT MI CROPRDC3.t:;:f.'.)M COUNTEl=i: -··-·· I NCF:(EMENT ii CR 
1 HEX 
2 :: YYUA 0 :: DEST=FLAGS ;SET -1. X! ( Mask interrupts > 
<" ... ,, 1 :: DEST=DLO ;SET X! 

2 :: DECODE SOURCE=DLO 
3 :: SOURCE=DLO 
4 :: DECODE SOURCE=DLO 

DEST:::=RAM 
DEST=RAM 
DEST==RAM 

5 
6 
7 6 :: INCCMPCJ ;DO 6 :: ;DO 
B 
9 

10 
1l. 

6 :: SOURCE=MPC ;BET X@ 

14 
15 

00000000. 
FFFFFFFF. 
:I. 234~'5679. 
EDCBA986. 
DECIMAL 

SCREEN #46 

YYUA OOOFF800. DAND 
YYUA OOOFF800 .. DAND 
YYUA OOOFF800. DAND 
YYUA OOOFFBOO. DAND 

00000800. 
OOOF8000. 
0(>012800. 
OOOEE<:>OO. 

0 • " TEST INTERRUPT INSTRUCTION LATCH. 8-. 
1 HEX 
2: YYV 0 :: DEST=FLAGS ;SET 40000000. 
3 1 :: DEST=DLO ;SET XJ . 
4 ( Automatic:al ly elk 
5 2 : : DECODE SOURCE=DLO n•-,..,.-.-·--
6 3 =~ SOURCE=DLO 
7 4 :: SOURCE=~PC ;SET X@ 
8 
9 00000000. YYV 

10 FFFFFFFF. YYV 
11 12345679. YYV 
12 EDCBA986. YYV 
1::::: DECIMAL 
14 
15 

SCREEN :1:1:47 

F8000003. DAND 
F800<)003. DAND 
F8000003. DAND 
F8000003. DAND 

0 . ii TEST C(..'.)RRY CONDIT I ON CODE ii CR 
1 HEX 

00000000. 
00000000. 
ooooc1000. 

JMP=OPO ;DO 
JMP=OOO ;DO 
JMP=OOO ;DO 

2 ~ YYW 0 :: DEST=FLAGS ;SET -1. X! Mask interrupt~ 
3 1 :: ALU=B DEST=DHI ;SET X! 
4 2 :: ALU=A+B DEST=DHI ;SET X! 
5 6 :: JMP=OOC SOURCE=MPC ;SET X@ 
6' 
7 10. 20. YYW 
8 --10. ·-20. YYW 

1 (I 
11 DECIMAL 

13 
14 
15 

0000(>700. DAND 
00000700. DAND 



~HSC CPU/32 <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #4·8 
0 • II TEST ALU=•O CONDIT I ON CODE II CR 
1 HEX 
~2 : YYX 
-:r ·-· 

0 :: DEST=FLAGS ;SET -1. X! 
1 :: ALU=B DEST=DHI ;SET 

Mask interrupts 
X! 

4 6 :: JMP=01Z SOURCE=MPC ;BET X@ 
5 
6 10. YYX 
7 0. YYX 
8 
9 

10 DECIMAL 
11 
12 
13 
14 
15 

SCREEN #49 

00000700. DAND 
00000700. DAND 

00000300. 
00000200. 

0 • 11 TEST ALU SIGN_ CONDITION CODE" CR 
1 HEX .. . 
2 : YYY 0 : : DEST=FLAGS ;SET ,;...L X! < 
:;:; 1 : : AL.U=B DEST=DHl ; SET 
4 6 : : JMP=10S • .. SOURCE=MPC ii SET. 
5 

1 zz 
2 zz 

6 80000000. YYY . 00000700. . DAND. . .. ooooo5Qd~ : 
7 00000000. YYY · . (><)000700. DAND '/ 00060400~':·;:-
8 
9 

10 DECIMAL 
11 
12 
l.3 
14 
15 

SCF~EEN #50 
0 II TEST DLO . SHIFT OUT LOW BIT CONDITION CODE 11 CR 
1 HEX 
2 u YYZ 0 . 
-:r ..... 1 
4 2 
5 6 
6 
7 1. . vvz 
8 o. YYZ 
9 

10 
11 DECIMAL 
12 
13 
14 
15 

= :· 
u • . . 
: : 
: :· 

DEST=FLAGS ;SET -1. X! ( Mask inte~rupts 
DEST=DLO ;SET X! 
;DO 
JMP=11L SOUACE=MPC ;SET X@ ; . 

00000700. DAND 
00000700. DAND 

-00000700.' . 
00000600 •. 

1 zz ·. ·. •,·. 
2 zz 

.~. -· 



·\,i.J I !3C CPU/ ;::::2 CC> 1987 BY PHIL KOOPMAN JR. 

!3CREEN :1*~"5·1 

0 \ PRIMITIVE TO FORM 32-BIT PATTERN FROM A 0 .• 4K # 
:t HEX 
2 \ Repeat the 12 bits to form full 32-bit pattern fer RAM testing 
3 CODE 4KWD N=0 •• 4K -> DPATTERN) 
4 AX POP BX ' AX MDV ex ' AX MDV 

BX , 1 SHL BX 1 SHL BX 1 SHL 

-7 
I 

8 

AH , BL OR 
ex ' 1 SHR 
CH , AL MDV 

ex 

9 AX PUSH ex PUSH 

1 SHf-i: 

10 NEXT JMP END-CODE 
11 DECIMAL 
1,-, 

,,::. 

1 :::;; 
14 
15 

ElCl::::EEN #52 
(i II TEST MRAM . 
1 HEX 
~: i..JvJA 1000 (l 

~5 

4 CR l.000 0 
C::' 
~s 

II Ct~ 

DO I 4~<WD I 
I 

DO I MRAM@ 
I 

ex 1 SHR 

Mf.:::AM ! 
OFF AND (>:::: IF 

I 4KWD I zz 
OFF AND O= IF 

BX 1 SHL 

ex 1 SHR 

" I II THEN 

II @II THEN 
b CR 1000 0 DO I OFF FF XOR 4KWD I MRAM! 
7 I OFF AND O= IF II I II ··THEN . 
8 CR 1000 (i DO I MRAM@ I OFF FF XOR 4KWD I 
9 I OFF AND O= IF II @" n 

10 
l.1 (l DI SP-PASS WWA l. DISP-·PASS ! 
1 ::~ CR 
1 ""'" ._::, 12:3L~5l; 78 u 0 MF(AM ! (" • .J MRAM@ 12345678. 999 zz 
14 
15 DECIMr'.4L 

O • 11 TEST Dr'.:iT{-"1 STr'.:iCI< --··-1" Cl'.i: 
1 HEX 
2 WllJB Ddata addr -> > 0 :: DEST=DP ;SET 
..... . ~:· 0 :: DEST=DS ;SET X! ; 

addr -> Ddata > 0 :: DEST=DP ;SET 
0 :: SOURCE=DS ~SET X@; 

WWD 1000 0 DO I 4KWD I WWB 
I OFF AND O= IF II I II 

c1:::: 1000 0 DO I WWC I zz 

zz 
THEN 

0 X! 

0 X! 

THEN 
8 
9 

I 4KWD 
I OFF AND (I:::: IF II @" THEN 

10 
11 0 DISP-PASS ! WWD 
1? CR 

1 DISF'-PASS ! 

13 12345678. 0 WWB 0 WWC 12345678. 999 zz 
14 
1. 5 DEC I Mt':tl.. 

.LOOP 

LOOP 

LOOP 

LOOP •· 
' 



··~ 
\ 

\ 

WISC cpu;::::.2. <C> 1987 BY PHIL KOOPMAN JR. 

SCREEN #54 
0 
1. 
I'"\ .. ;:. 
-:• 
·-' 
/.f. 
C".!" 
•• 1 

6 
7 
8 
9 

10 
11 
l.2 
13 
14 
15 

• II TEST N~T?-1 STACK -· .. ·2" CR 
HEX 

WV.JE Ddat~:\ .:~ddr· ·--> ) 
0 :: DEST=DS ;SET X! 

0 :: DEST=DP ;SET 0 X! 

WWF < addr -> Ddata > 0 :: DEST=DP ;SET, OX! 
0 :: SOURCE=DS ;SET X@; 

WWG 1000 0 DO I OFFFF XOR 4KWD I WWE 

CR 1000 0 DO I WWF 
I OFF AND O= IF • II I II 

I OFFFF XOR 4KWD I 
I OFF AND O= IF • ·11 @" 

0 DISP~PASS ! WWG 1 DISP-PASS ! 
CR 
456789ABJ 0 WWE 0 WWF 456789AB. 999 ZZ 

DECIMAL 

RETURN STACK --1" CR 

THEN 
zz 

THEN 

LOOP 

LOOP. 

··. · .. ; 

·.I •• ·< • 

; 

SCREEN #55 
0 ."TEST 
1 HEX .. ·· " 

I"\ .. ::. 
3 
4 
5 
6 
7 
8 
9 

1.0 
11 
12 
13 
14 
:I""' • ,,J 

WWH Ddat.:.-.i. addr -> > 0 u · DEST=RP .·; SET o .x:! 
0 :: DEST=RS ;SET X! 

WWJ < addr -·> Ddata > 0 : : DE.ST=Rp ; SEl: 0 
0 :: SOURCE=RS ;SET X@; 

WWK 1000 0 DO I 4KWD I WWH 

CR 1000 0 DO I WWJ 
I OFF AND 

I ·4kWD 
I OFF AND 

0 DISP-PASS ! WWK 
CR 

1 DI SP-PASS· ! 

O= IF ii 

I zz 
O= IF II 

12345678. 0 WWH 0 WWJ 12345678 •. 999 zz 

DECIMAL 

••••• THEN·· 

@II THEN 

SCREEN #56 
0 . " TEST RETURN STAC~< --2" CR 
1 HEX 
2 WWL Ddata addr -> > 0 :: DEST=RP ;SET 

0 :: DEST=RS ;SET X! ; 
0 X! 

4 WWM < addr -> Ddata > 0 :: DEST=RP ;SET 0 ~! 
5 0 :: SOURCE=RS ;SET X@; 

WWN 1000 0 DO I OFFFF XOR 4KWD I WWL 

,: .: ~- ; .. ' . 

,.;· 

LOOP ; · 

',' ·i .• 

6 
7 
8 
9 

I OFF ANDO= IF ." 111 THEN LOOP 
CR 1000 0 DO I WWM I OFFFF XOR 4KWD 1 ZZ 

10 
11 0 DISP-PASS ! WWN 
12 CR 
13 456789AB. 0 WWL 
14 
15 DECIMAL 

I OFF AND O= IF • II @ 11 THEl\t. LOOP i 

1 DISP-PASS ! 

0 WWM 456 789AB.. . .. 999 . ti 



0 

0 

CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #57 
(l ."TEST EXIT MECHANISM° CR 
1 HEX MATH 
2 DEST=FLAGS ;SET -1. X! < Mask interrupb~ 

DEST=RP ;SEt 201. X! 
0 ... . . 

:3; 0 . . . . 
4 DEST•RS ;SET 12345678. X! 0 . . . . 
5 DEST=RP ; SET 2(>0. X ! 0 ... . . 
6 DEST=RS ;SET 67893453. X! 0 : . . 
7 DEST=DLD ; SET 0075A5AD. X ! .. (l . . . . 
8 SOURCE.=DLO DEST=DECODE •DO ' . 

0 : . . 
9 DECODE SOURcE=DLO DEST=RAM ;Do· (l . : . 

10 0 :·: . SOURCE=DLO DEST=RAM ;DO CYCLE 
11 SOURCE=F<P.;SET. X@ OFFF. OAND 0 . . . . 
12 SOURCE=RS ;SET X@ 0 . : . 
13 
14 DECIMAL 
15 

SCREEN #58 
0 .• II TEST CALL MECHANlSM II CR . 
1 · HEX . . · . . .. ·· :. MATH. ·· , . 
2 O : : .· OEST=F'LAGS ;SET :~1,.· X ! · ·· .. < 
3 567C. '.,;;!, D+ l23EJ• ·RAM I 
4 >> DEST=RP ;SET 200 •.. X ! 

>> DEST=Rs isE:J i23456ta ... ' X!:c.. ·.· .. ·· · .... , 
.,,..> DEST-P.AG·E· • SE. r··. ·o .. : ·x' .,,, .· : ··: .. 

5 
. 6 

7 
8 
9 

10 
11 
12 

.. - ... . . - - . . ' , .. ' .. . '. • ....... '._: ·.· ·. 

>> DEST=DECODE ; SET .. ; 0000123A• 
>> DEST=ADDRESS-COUNTER ;SET. 
>> DECODE ;OD 
>> ;DO. CYCLE 

13 
14 

> > SOURCE=RP ; SET · x@ . 
>> SOURCE=RS ;SET X@ 

>> DEST=RP ;SET 200. X! 
>> SOURCE=RS ;BET X@ 12345678.~ :i zz 

15 DECIMAL 

SCREEN #59 
0 ." TEST RAM -- 1ST 32K BYTES II CR 
1 HEX 
2 WWP 8000 0 DO I 4KWD I 0 RAM! 
3 I 3FF AND O= IF ii I II THEN 4 ./LOOP.· 

CR 8000 0 DO I Q. RAM@ I 4KWD I ·.zz ·.· 
I 3FF AND o= · lF· ~u. @II THS:l\I: ·< .l( :/LOOP .. 

4 
5 
6 
7 
8 
9 

CR 8000 O DO i OFFFF XOR 4KWD I O R·AM ! . 
·· 1 3FF ANO O= .· IF •.Ii 111 THEN 4'. ./LOOP . . 

"CR 8000 0 DO .·I (> RAM@ . l (l.fFFF .:.~·OR· 4Kwo: :.l .·. ?'.Z·.- . .. ... , 
I 3FF .AND O= .If; • !; . @.•.1 THEi.l\lL 4.jL()b}:." .; 

10 
11 0 DI.SP-PASS . ! . WWP 
12 CR · · .... · 
13 1234567S. O~ R~Ml 
14 
15 DECIMAL 

1 .DlS.P;...·PASS ! . 
.... , 

.. ··'' ;, '.· ... t . 

.O•· RAM@c . 123.4567~8· 
.· .. :.:.·; . 

'. ·. 
·;_·->,. 

·. . ~ 'r 



\.'.JI ElC CPU I 3'.2 CC> 1987 BY PHIL KOOPMAN JR. 

~'3CREEN :i:l:60 
0 . ll TEST l~({:~M BYTE {-)I_ I GNMENT Fm~: F~Er:::io II CR 
1 HEX 
~;~·: . ~'J~<JU F~P1M ! 
:::: 0 . " sou~~CE:::::RAM-BYTE ;SET X@ .. . . , 
4 
1:::· 
, • .,t 1Z::.45678. (l. W~.JU 00000078. 1 zz 
t) 12345678. 1. WWQ 00000056. 2 zz 
7 12345678. 2. WWQ OOOO(H):~:A. -:r 

~· zz 
8 12~)45678. ::::: n WWQ 00000012. 4 zz 
1:1 

10 EDCBt4987. 4. WWQ 00000087. 5 zz 
l1 EDCBA987. &::-wu t.-JWQ OOOOOOA9. 6 zz 
j ·-·, . ..::.. EDCB?~987. 6. WWI;! OOOOOOCB. 7 zz 
13 EDCBP1987. 7. WWQ OOOOOOED. 8 zz 
14 
j ~=-.w DECIMAL 

SCF~EEN #61 
(l II TEST RAM BYTE i~LIGNMENT FOR WRITE" CR . 
1 HEX MATH 
1 .. •1 .. WWF~ ECDBAFCB. DOVER RAM.! ( Set testing ..::. n ..,. 

0 .. DEST==RAM-BYTE ;SET DSWAP X! . 
·-' • a 

4 RAM@ 
t:" .J 

6 43L:l2435 .. o. WWR ECDBAF35. 1 zz 
7 4:~~~; 1. 2435 .. L WWR ECDB35CB. 2 zz 
B L~3212435 .. 2 .. WWR EC35AFCB. ..... . .:;. zz 
9 43212435n 3" WWR 35DBAFCB. 4 zz 

10 
1.1 4:~$2124CA. 4. WWR ECDBAFCA. &::-w zz 
12 432:l24CA .. &::-

\ .. In WWR ECDBCACB. 6 zz 
1 ::::. 432124CA. 6. WWR ECCAAFCB. 7 zz 
14 4:32124CA. 7. WWR cr~DBAFCB. 8 zz 
15 DECIMAL 

f;CREEN #62 
0 \ TESTING 32-BIT FETCH AND STORE IN PROPER BOARD BYTE ORDER 
:I. HEX 
::':': 
-:r ..... 
4 

"'" .J 

6 
7 
8 
9 

10 
1 1 
12 
1:3 
:1.4 
15 

CODE XD! D ADDR -.. > 
BX POP DX POP 

[BXJ 
' 

AL MDV 
2 [BXJ ' DL. MDV 
NEXT JMP END-· CODE 

CODE XD@ P1DDR ·-> D 
BX POP 
AL ' 0 [BXJ MDV 
DL ' 2 [BXJ MDV 
AX PUSH DX PUSH 
NEXT JMP END-CODE 

DECIMAL 

) 

?'~X 

\Stores in lo .. hi byte order 
POP 
l. [BX J AH MDV 
~!. [BXJ , DH MOV 

\ Fetch.es in 

AH , 1 [BX.J MDV 
DH , 3 LB X J M·OV 



,·~ 

'.,_) 

' 

<C> 1987 BY PHIL KOOPMAN JR. 

!JCl::::EEN #6:3 
0 
1 .... . .::. ..... .. ::, 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

" II TEST Ri:'.\M DMA WR I TE II CR 
HEX 

WWS RESET-BOARD 0 DISP-PASS 
500 0 DO 12345678. I 0 1230. D+ 

CR 500 4 DO I 4KWD I PAD + XD! 
PAD 4 + 1234. 100 W->BOARD 

RAM! 4 /LOOP 
4 /LOOP, 

CR 404 4 DO I 0 1230. D+ RAM@ I 4KWD I ZZ 

1 DISP-PASS 
-4. l.234. 

404. 1234. 
408. 1234. 

wws 
: WR I TE--LOOP 
DECIMAL 

D+ RAM@ 
D+ RAM@ 
D+ RAM@ 

BEGIN wws 

4 /LOOP 

12345678. 
12345678. 
12345678. 

?TERMINAL 

0 zz •'· .. . , -
404 tz 
408 zz . ' ' 

UNTIL . 
' 

SCREEN #64 
(l 

l 
2 
3 
4 
5 
6 
7 
8 
9 

l (l 
l.1 
l.2 
13 
14 
15 

." TEST RAM OMA READ 11 CR 
HEX 

WWT RESET-BOARD 0 DISP-PASS 
500 0 DO 12345678. PAD I + -~o! 

CR 400 0 DO I 4KWD I 0 2350. D+. RAM! 
.. ·4 1c6br=-< 
..•. ·4 /LOOP .. 

. '·-<·.,;·~~' ... :· < .. ':. . 2350. PAD 4 + 100 BOARD->w• 
CR 400 0 DO PAD I + 4 + XD@ 
1 DISP-PASS 

I 4KWD . ' I. it c{ 4 '/l._bciP 
,;;·_. 

PAD 0 + XD@ l.2345678. -1 
l.2345678. ' 404 
12345678. 408 

zz 
zz PAD 404 + 

PAD 408 + 
WWT 

1::::EAD-LOOP 
##R BEGIN 

?TERMINAL 

XD@ 
XD@ zz . ; -

BEGIN WWT ?TERMINAL UNTIL 

... ·. '. . ~--: . , .. ' ' 

.-. 

RESET-BOARD 2350. PAD 4 + 100 BOARb-)•W 
UNTIL DECIMAL -· : 

SCREEN #65 
0 ##W BEGIN RESET-BOARD PAD 4 + 2350. 100.W->BOARD. 
1 ?TERMINAL UNTIL DECIMAL 
2 
::::; 
4 
5 . ~ . 

6 
7 
8 

.:· · ... 
. : _:: -~- ,. _:. 

l':f 

10 
11 
12 .. -

13 .--. 

l.4 
1 i:::-,J 

:: ·-.· '·-: 
·,· .. ·_._·.· 



CC> 1987 BY PHIL KOOPMAN JR. 

scr;:EEN ~*66 

1 HEX 
2 WWW RESET-BOARD 0 DISP-PASS 
3 500 0 DO I 4KWD I PAD + XD! 4 /LOOP 
4 PAD 4 + 3320. 400 W->BOARD 
5 3320. PAD 18 + 400 BOARD->W 
6 400 4 DO PAD I + 14 + XD@ I 4KWD I ZZ 4 /LOOP 
7 1 DISP-PASS ! 
B WWW CR." PASS" 
9 DECIM1!.:iL 

10 r. R/W-LOOP BEGIN WWW II .. ?TEF<MINAL UNTIL 
1 1 
:l2 
13 
14 
15 

SCREEN #67 
(l 

l. 
~.2 
-:r ·-· 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
i::::; 
14 
j I::" . ..J 

SCREEN t~68 

0 
1 
~ . .. :: . 
.. ~ ..... 
4 
~:5 

6 
7 
8 
9 

10 
11 
1 ''.' ·-
:L ::::: 
14 
l.5 



CC> 1987 BY PHIL KOOPMAN JR. 

SCF~EEN ~t69 

0 
1 

7 
8 
9 

10 
11 
12 
1:3 
14 
1 ~5 

SCREEN #70 
0 \ Word to zero RAM in anticipation of a ram test 
1 HI-ADDR FIRST 100 -
2 
3 FLUSH-RAM 
4 WORD-ALIGN 
5 Hl-ADDR PAD 50 + 
6 DO 0 I ! 
7 4 +LOOP 
8 
9 

10 
11 
12 
13 
14 
:1.5 

SCREEN #71. 
0 \ ADDRESS WRITE/READ RAM TEST 
1 DECIMAL VARIABLE FX 

3 
4 

6 
7 
8 
9 

ADDR-RW-TEST ( -> SAVE-BUFFERS 
CR." ADDRESS STORAGE RAM TEST" 
HI-ADDR 3 OR 3 XOR PAD 3 OR 
DO I NEGATE I ! 

I @ NEGATE DUP I = NOT 
IF CR." FAILURE A ADDR=" I 

KEY 1 ::::. ::::: ABORT II ABORTED II 
4 /LOOP 

0 FX 

:3 XOR 

II VALUE='' u. 
ELSE DROP THEN 

10 HI-ADDR 3 OR 3 XOR PAD 3 OR 3 KOR 
11 DO I @ NEGATE DUP I = NOT 
12 IF CR . ii FA I LURE . B ADDR= II ',I ; ~ . • II •--V"l"'IL..LJ 

13 KEY 13 :::: .ABORT II ABORTED If . ELSE. 
14 4 /LOOP EMPTY-BUFFERS 
15 ZZ BEGIN FLUSH-RAM ADDR-RW-TEST ?TERMINAL FX 

,,. 
I. 



( C) 1987 BY PHIL. l<OOPMAN JR. 

E1CREEN :1:1:72 
0 \ (~DDl'.:\'.ESS w1:nTE1r.;:EAD RAM TEST 
1 HEX 
2 VAL-RW-TEST < VALUE -> > SAVE-BUFFERS 
::~; CR • " V?)LUE STORAGE RAM TEST VALUE=" DLIP LI. 
4 HI-ADDR 3 OR 3 XOR PAD 3 OR 3 XOR 
5 DO DUP. I ! ( I 70000 :::: IF II 70000" THEN 
6 4 +LOOP 
7 HI-ADDR 3 OR 3 XOR PAD 3 OR 3 XOR 
8 DO I NOP @. NOP DD.UP = NOT 
9 IF CR • " FAILURE B ADDR=" I U. • '' . 

1 (l l<EY OD = ABORT 11 ABORTED II ELSE 
11 4 +LOOP DROP EMPTY-BUFFERS 
12 
1 :~:. DEC I MAL. 
14 
l.5 

SCREEN #73 
0 \MASTER WRITE/READ RAM TEST 
1 HEX 
2 CHECK ?TERMINAL ABORT'' 
3 RAM-TESTA r ~> ) HEX 
4 ADDR-RW~TEST CHECK 
5 1 VALTRWTTEST CHECK 
6 4 VAL.:...RW-TEST CHECI-< 
? 10 VAL-RJ..iJ-TEST GHE:.CK 
8 40 VAL-RW-TES"f CHECl::: 
9 100 VAL-RW~TEST CHECK 

10 400 VAL-RW-TEST CHECK 
11 1000 VAL-RW~TEST CHECK 
12 4000 VAL-RW-TEST CHECK 
13 0000 VAL-RW-TEST CHECK 
14 55555555 VAL-RW~TEST CHECK 
15 DECIMAL ; DECIMAL 

SCREEN ~*74 

0 \ MASTER WRITE/READ RAM TEST 
1 HEX 
2 ~ RAM-TEST < -> ) RAM-TESTA 
:3 ADDR-RW-TEST CHECK 
4 10000 VAL-RW-TEST CHECK 
5 40000 VAL-RW.:...TEST CHECK 
6 100000 VAL-RWTTEST . CHECk 
? 400000 VAL-RW~TEST CHECK 
8 1000000 VAL-RW-TEST CHECK 
9 4000000 

l 0 1(H)00(l(H) 
l.1 40000000 
12 DECIMAL 
13 DECIMAL 
14 
1 ~5 

8000 
FFFFFFFF 
AAAAAAAA 

HEX 

20000 
so6oo 



SCREEN ~t.75 

0 \ REPEAT RAM TEST 
1 DECIM~il.. 

2 REPEAT-RAM-TEST 

CC) 1987 BY PHIL KOOPMAN JR. 

::::: REPS 0 DO CF~ CR II RAM TEST #II I • 
4 RAM-TEST LOOP 
5 
6 
7 
B 
9 

10 
11 
12 
1:3 
14 
15 

SCREEN #76 
0 

2 
.. :?. 
·-· 
4 
i:::· 
..J 

6 
7 
B 
9 

1 (l 
1.1 
12 
1.., . . .:., 
14 
15 

f:3CREEN #77 
0 
1 
2 
-·· .. ::. 
4 
5 
6 
7 
8 
9 

10 
11. 
12 
13 
l.4 
:1.5 



CJ 

l>J I SC CPU/:::::2 

SCREEN #7[-i 
0 
1 
r"""i 
..::. 
··:r 
·~·' 

4 
~5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCREEN #79 
0 
1 
2 
..... . .::. 
4 
""' ;.J 

6 
7 
8 
9 

10 
11 
12 
1:3 
14 
:It::' • ;.J 

SCREEN #80 
0 \ MICROCODE TESTING 
1 DECIMAL 
2 XLOOP 
3 l.~~345 

<C> 1987 BY PHIL KOOPMAN JR. 

DO LDOP 

4 REPS 0 DO 0 200000 -100000 DO 
5 l+ LOOP 
6 DUP 300000 = NOT IF . 
7 ELSE DROP THEN 
8 II II ?TERMINAL IF 

· 9 GR • • • • • CR 
10 
11 XLOOP 
12 
13 
14 
15 



v~ISC CPU/32 

SCF<EEN #8l. 
0 \ MICROCODE TESTING DOW)iR DClCON 
1 DECIM1!:1L 
2 12345678 CONSTANT CONA 

4 
:':i X V('.:%RCON 
6 l.2:345 
7 REPS 0 DO #TIMES 0 DO 
8 CONA I + VARA ! VARA @ I - CONA = NOT 
9 IF l. ABORT" DOVAR/DOCON" THEN 

10 0 VARA ! 
1 l. LOOP II II ?TERMINAL. IF 1 ABORT II BF<EAK" THEN ·' LOOP 
12 CR . . • . . CR 
i::::: 
14 XW":\RCON 
15 

SCREEN #B2 
0 \ MICROCODE TESTING 
1 DECIMAL 
2 : XABORT 
3 1 2 :3 4 5 
4 REPS 

ABORT" 

#TIMES 0 DO 
5 1 
6 0 

0 DO 
NOT ABORT" ABORTA" 

ABORT" ABORTB" 
7 LOOP II II ?TERMINAL ABORT" BREr~I<" 

CR 8 CR . 
9 

10 XABORT 
1 1 
1 '.., .1.:. 

1 "'" ·-' 
l4 
15 

SCREEN :(:1:83 
0 \ MICROCODE 
1 DECIMAL 
:: X:::: 
"":?" ·-· 
4 
£::' 
;J 

6 
7 
8 
9 

10 
11 
1.-, .. .:. 
13 
14 
15 

X= 

1 2 :::;; 4 5 
REPS 0 

I 
I 

LOOP II 

CR . . . 

TESTING 

DO 
I = 
I 1+ = 
II ?TERMINAL. 

CR 

#TIMES 0 DO 
NOT ABORT., =A II 

ABORT" =C" 
ABORT" BREAK" 



/ 

CC) 1987 BY PHIL KOOPMAN JR. 

SCf:;:EEN #84 
0 \ MICROCODE TESTING 
1 DECIMP1L 
2 X+-· 
::~: 

+ 

12:54~5 

REPS 0 DO #TIMES 0 DO 
r.: 
._} :'.:i6787654 + 691:31110 - NOT ABORT" 
6 
7 
B 
9 

10 
11 
12 X+-

l 4 
15 

··-1 
12:346545 

0 
LOOP II 

II 

CR .. • • 

SCfi:EEN #85 

l + 0 = NOT ABORT" +B" 
56 792:345 - -44435800 :::: NOT ABORT II 

1 - -1 :::: NOT ABORT" -B" 
?TERMINAL ABORT" BREAK" .LOOP 

CR 

0 \ MICROCODE TESTING +! 
1 DECIMAL 
2 VAR I f.'.)BLE VARB 
~; X+! 
4 
5 REPS 0 DD 12345678 DUP VARB #TIMES 0 DD 
6 I + I VARB +! 
7 DUP VARB@:::: NOT ABORT"+!" 

+A" 

-A" 

8 LOOP DROP II II ?TERMINAL ABDfi:T 11 BREAK" LOOP· 
9 CR • • . • . CR 

10 
1.1 X+! 
12 
13 
14 
15 

SCREEN 4*86 
0 \ MICROCODE TESTING -ROT 
1 DECIMAL 
:-z X-·RtJ1. 

5 
6 

REPS 
I 
I , 

I 
J 

4 ~5 

0 DO 
I, J 

7 
8 
9 LOOP II 

II 

10 
1 1 

CR . . . 

12 X·-ROT 
1:3 
14 
15 

4fl'IMES 0 DO 
.. -FmT 

- NOT ABORT" -ROTA" 
:::: NOT ABORT" -ROTB" 
= NOT ABCJl::;:T II -·ROTC II 

?TEF<M I NAL ABORT II BREAK II 

CR 



.. ----.... 
I 

\..._~ ___ /' 

WIBC CPU/32. <C> 1987 BY PHIL KOOPMAN JR. 

£;CREEN #87 
0 \ MICROCODE TESTING 
1 DECIMAL 

ROT 

2 XROT 
":! ·-· 
4 

6 
7 
8 
9 

10 
11 

1234-5 
REPS 0 DO 

.J I 
J 
12345678 
I 

LOOP II II 

CR • • • 

12 XROT 
13 
14 
15 

SCREEN #88 

#TIMES 0 DO 
12345678 ROT 
= NOT ABORT" ROTA" 
= NOT ABORT" ROTB 11 

= NOT ABORT" ROTC" 
?TERMINAL ABORT" BREAK" 

CR 

0 \ MICROCODE TESTING 
l DECIMAL 

0 OBRANCH. 

2 . .. XO . 
3 1 2 3· 

4 REPS 
5 0 
6 1 
7 LOOP 
8 CR . 
9 

10 XO 
1 1 
12 
13 
14 
15 

SCF~EEN #89 

4 5 
0 bO #TIMES O DO 
IF l ABORT" Ol3RANCH11 THEN 
IF ELSE .1 ABORT" BRANCH'; 

II II ?TERMINAL ABORT,, .. BREAK II 
CR ; 

0 \ MICROCODE TESTING 1+ · 1-
1 HEX 
2 Xi 
:-.::; 12345 
4 REPS 0 DO #TIMES 0 DO 

· !.,.:OOP_ .. '. .·.•.· .· 

5 7FFFFFFF 1 + 80C>OOOOO = NOT ABORT'' 1+ 1.1 

6 FFFFFFFF 1+ · AE<ORT 11 ·· 1+ 110 '""> ·.· 
7 00000000 1- FFFFFFFF = NOT ·ABORT 11 1,;;.. ... • \: -,. ' . 
8 3FFFFFFF 2* 7F'FFFFFE - NOT . ABORT" > 2* II ... • ;: ' • 

1 ~ ~~o~ . I~ • II • ?b~R~ INAL ABORT II ~RE?)~ 1_1 ;.·::~'.~{Y·',~t:?·R~b~~(\~~It~r< e;. 

l.1 DECIMAL 
1 .. 2 x 1 
13 
14 
15 



CC> 1987 BY PHIL KOOPMAN JR. 

t:.lCF~EE1·-.,i 'i*90 
0 \ MICROCODE TESTING 
1 DEC I MPiL 

::~~ l. :~: :~~ 4 • .,.. 
~! 

< 

4 HEPS 0 DO 
I l+ < 
I < 

#TIME~3 0 DO 
~.) I NOT ABOl;:T II <A II 

6 ,i!\:. I ABOffr" < B" 
7 ~:~""''LOOP 

8 CR . 
II fl ?TERM 11w:~L r~BORT" BREt~t< 11 

CR 

1.C) X'( 

11 
12 
1 ::::. 
14 
15 

SCREEN #91 
0 \ MICROCODE TESTING 
1 Dl::~CIMAL 

2 X·+·l_OOF1 

_,. 
·-· 1 ~. 

..::. ··~ .::.. 

F<EPS 
4 
(i 

1+ 

r.::-
..J 

DO 0 
-=!" +LOOP ·-· 

DO +LOOP 

200000 ··-100000 

5 
6 100000 :::-" NOT ABORT II +LOOPA II 

DO 

II . II ?TERM l NAL ABORT II BREAK II 

8 
9 

C~R " It Q A " C:R 

10 X+L.OCJP 
11 
12 
1:3 
l.4 
1.5 

!:3CHEEN ~*c;;:;:: 

0 \ MICROCODE TESTING 
1 HEX 

::;:; 4 5 

I I' J 

4 #TIMES 0 DO 

LOOP 

PEPS 0 DO 
:l.1111U.1 2::~222222 33333333 >R >R >R 

R> - NOT 
R> --· NOT 
R> - NOT 

5 
6 
7 
f:3 
9 LOOP II ti 

ABORT" l" 
ABORT" l'" 
?~BORT II .J II 

?TEl=i'.M I NAL. ABORT" BREAK" LOOP 

:1.0 
:I. :I. 

c1::;: • 

12 DECIMAL. 
1:~:; XII.J 
l-4 
l. ~) 

CR 

.I 



CC> 1987 BY PHIL KOOPMAN JR. 

0 \ MICROCODE TESTING O< 

2 XO< 
""=!' 
·.~~ 

1::.:· 
· .. .! 

4 ~.:i 

0 DD 
I 

:t:l'f I MES 1 + 1 DO 
O< ABORT" O<A" 

I NEGP1TE O< NOT ABORT" O<B" 
7 
I 

9 
10 XO< 
1 1 
:t2 

:1.4 
15 

LOOP II 

CR • • • 

!3CREEN #94 

II ?TERMINAL AB01::::T 11 BREAK" 
CF: 

0 \ MICROCODE TESTING AND OR xm:~ 

1 HEX 
:;~: :I.(>(> ALLO"l 
::::: XAOX 

5 REPS 0 DO #TIMES 0 DO 
6 05AF05AF 5AF05AFO AND OOAOOOAO 
7 05AF05AF 5AF05AFO OR 5FFF5FFF 
8 05AF05AF 5AF05AFO XOR 5F5F5F5F 
9 LOOP II II ?TERMINAL ABORT II BRE(~K II 

10 CR • • • • • CR 
11 DECIMAL 
l.2 XP10X 
1 -::-..... 
l.4 
1.5 

SCREEN t-1:c_;i5 
0 \ MICROCODE TESTING D@ D! 
1 DECIMAL 

4 
~j 

t.:. 
.. .,, 
I 

B 
9 

10 
11. 

:L ~~:. 

:1.4 

4 
REPS 0 

J I 
VAF:C 

LOOP II 

c1::;: • • • 

5 
DO ~HIMES (I DO 

1,Jf'.":1RC D! 

II 

D@ cl - l\IDT f:.iBOl::;:T II D@ ! A II 

I - NOT ABORT" D@!B" 
?TERMINAL ABORT" BFi:EAK" 

c1::.: 

LOOP 

::::: NOT A~ORT" AND." 
- NOT ABORT''. DR 11 

- NOT .•.. A.BOR1 11. XOR" 
LOOP 

LOOP 



(C) 1987 BY PHIL KOOPMAN JR. 

E1CF\El:::N #96 
0 \ MICROCODE TESTING 
l DEC I Mi~~l... 
~2 X D·+· 

D+ 

DO #TIMES 1000 -
I 

5 
REPS 0 

I I' 
ROT ::.: 

J I D+ J I 
-1000 DO 

I I' D+ \ Test for consistency 
6 
7 
8 
9 

10 
l1 XD+ 
12 
l ~~~ 

14 
15 

NDT (-)BQl::;:T II D+(-) II 

- NOT ?'BORT" D+B" 
LOOP II 

CR • • • 
II ?TERMINAL ABORT" 

CR 

SCREEN #97 

BREAK" 

0 \ MICROCODE TESTING 
1 DECIMAL 

DSWAP DDROP DDLIP 

2 XDD 
.. :·· 
·-' l 2 3 4 5 
4 REPS 0 DO #TIMES 0 DO 

LOOP 

. ·'· ·. 

c::' 
~J I I l.00 + 111 l. 2222 DSWAP DDUP .· ';. 

I 100 + = NOT ABORT II DDA II . I = NOT ABOR°f,;~ DDB ·~. 6 
7 DSWAP DDROP · .· ,.>;,/ ;;:.,.;}'.: . 

I 100 + == NOT ABORT" DDC" I = NOT ABORT 1t DOD!' 8 
9 LOOP II II ?TERMINAL ABOr<T II BREAK Ii LDCJP . .. . . 

l.O CR • CR ; 
11 
l.2 XDD 
1.3 
14 
15 

SCREEN #98 
0 \ MICROCODE TESTING 
1 HEX 

DUP DROP 

2 XDDSO 
:3 1 2 :3 
4 REPS 
5 I 
6 -

0 DO #TIMES 0 DD 
-1234 OVER SWAP. DROP 

NOT ABORT" DDS0 11 

SWAP OVER 

7 LOOP " " ?TERMINAL ABORT'' BREAK" · ·. · · LOOPc .. 
8 CR . CR 
9 DECIMAL 

l.O XDDSO 
11 
12 
1 :~: 
14 
15 - - - .. ~··. - .' -

_: ··_ ':: : .. -· 
-........ \< .. 

I 
! . 

. ·.:.· 
.,•. 

.\: 
' 

'[ 
. l, 

l 
- \ 



CC> 1987 BY PHIL KOOPMAN JR. 

bCREEN ~*99 

0 \ MICROCODE TESTING 
1 HEX 
2 XNN 

NEGATE NOT 

4 REPS 0 DO #TIMES 0 DO 
~) 0 NEGATE ABORT" NEGATE?i" 
6 -·56789876 NEGATE 56789876 = NOT ABORT" NEGATEB" 
7 12·341267 NEGATE -12341267 = NOT ABORT" NEGATEC" 
8 I 1+ NOT NOT NOT ABORT" NOTA" 
9 0 NOT NOT ABORT" NOTB" 

10 LOOP II II ?TERMINAL ABORT" BREAK" LOOP 
11 CR • • • • • CR ; 
12 DECIMAL 
13 XNN 
14 
15 

SCREEN #100 
0 \ MICROCODE TESTING 
1 VARIABLE VARF 
2 HEX 
3 XTOGGLE 
4 1 2 3 4 5 

TOGGLE 

REPS 0 DO 56781234 DUP VARF ! #TIMES 6 DD.: 
· I OFF AND XOR . VARF I TOGGLE . . . . 6 

7 
8 
9 

DUP OFF AND VARF C@ :!:: NOT ABORT" TOGGLE;, 
LOOP DROP " II ?TERMINAL ABORT II BREAK II LOOP .. 
CR • . . . • CR 

10 DECIMAL 
11 
12 XTOGGLE 
13 
14 
15 

BCREEN # 1. 01 
0 \ MICROCODE TESTING LI* 
1 HEX 
2 XU* 

12~545 

4 REPS 0 DO #TIMES 1000 - -1000 DO 
5 I J LI* J I LI* \ Test for consistency 
6' 
7 

ROT = NOT ABORT" U*A" 

8 LOOP 
9 CR • 

10 DECIMAL 
1 :I. XU* 

14 
15 

= NOT ABORT" U*B" 
II 

II ?TERMINAL ABORT" BREAK" 
CR ; 

... ·. ~ 

LOOP 

l·:. 

..•' 
·- .. - ·. 

.:···· .·· 

-L. 



<C> 1987 BY PHIL KOOPMAN JR. 

SCF~EEN :~t 102 
0 \ MICROCODE TESTING 
l HEX 
2 nmc 
::::. l 2 3 4 '.:i 

RRC 

4 ~HIMES 0 DO 
~) 0 l 

F~EPS 0 DO 
Fi:RC 0 ·- NOT ABORT II RRC1~" 800(l(l(i(H) = NOT ABORT II RRCB II 

6 1 0 F~RC 

RRC 
·- l :::: NOT f~BORT II RRCC II (l = NOT ABORT II RRCD II 

'7 100 0 
8 LOOP 

0 = NOT ABORT" RRCE" 80 = NOT ABORT" RRCF" 
II II ?TERMINAL ABORT" BREAK" LOOP 

r::; CR . 
10 DECIMAL 
l.1 XRRC 
:l2 
1 :~~ 
14 
1.5 

SCREEN #103 

CR 

0 \ MICROCODE TESTING RLC 
l HEX 
:;2 XRL...C; 
:3 l.2345 
4 REPS 0 DO #TIMES 0 DO 
5 0 l RLC 0 - NOT ABOF<T II RLCA II 
6 80000000 O RLC -1 =NOT ABORT"·RLCC"· 
7 80 0 F.:LC 0 -- NOT ABCJRT II RLCE II 
8 LOOP II II ?TERMINAL ABORT 11 BREAK" 
Cl 

I CR . 
10 DECIMAL 
11 Xf':LC 
1,.., .. ::. 
13 
14 
l. ~5 

BCF~EEN ~* 104 

CR 

0 \ MICROCODE TESTING 
1 HEX 
2 XADC 
:3 l.234~5 

4 REPS 0 DCJ #TIMES 0 DO 
5 o o 1 f:.)DC o = NOT ABmn" ADC?~ •i 

6 12:34 5678 0 ADC o = NOT ABORT" 
7 68AC = NOT·ABORTu 
8 FFFFE234 5678 l ADC -l = NOT 
9 38AD = NOT 

10 1235 FFFFEDCB 0 ADC -1 - NOT 
11. 
l.2 LOOP 
13 CF.: . 
14 DECIMAL 
15 Xr.1DC 

II II ?TERl''i 
CR 

J MP=x >:CA 



VJ I SC CPL.I./:~:.:;~ <C> 19g7 BY PHIL KOOPMAN JR. 

SCF.:EEN # 10~5 
0 \ MICROCODE TESTING 
1 HEX 

~1. BYTE··· .. l=<OLL 

7 

1 2 3 4 5 
F<EPS 0 DO 

12:345678 
1234~5678 

LOOP II II 

B Cli • 
r1 DECIMAL 

10 XBS 
1 1 
1 ·-:> ... _ 

sct::;;EEN # l 06 

#TI l"IES 0 DO 
WORDSWAP 56781234 = NOT 
BVTEROLL 78123456 = NOT 

?TEF<M I NAL ABORT II Bl::;;EAI< II 
CR ; 

ABORT" WORDSWAP" 
ABORT" BYTEROLL" 
LOOP 

0 \ MICROCODE TESTING 
1 HEX 

>R 1::;;@ R ·· .. 
·' 

2 XRRR 
:3 1.2345 
4 
5 
6 
7 
8 
9 

REPS 0 DO 
12345678 
R@. 
42345678 

LOOP II 

10 CF< • 
11 DECIMAL 
12 Xt::;;RR 

!:3G~EEN # l 07 

II 

:t:l:TIMES 0 DO 
987 6ABCD >R 1z:.,45678 = NOT ABORT" 

987 6?~BCD ::::: NOT ABORT" 
FD· 9876ABCD = NOT ABORT" 

42345678 - NOT ABORT" 
?TEl=i'.M I NAL Aaor.:;:r" BREAK" LOOP 
CF~ ; 

0 \ MICROCODE TESTING 
:l HEX 

U./MOD 

2 x--rn1 

4 
5 
6 
7 
8 
9 

1 2 3 4 5 
REPS 0 DO 

I ' I 
ROT 

LOOP II 

CR • 
10 DECIMAL 
1.1 X--UM 

II 

#TIMES 1000 - -1000 DO 
I J + U./MOD !' I 

::.-:: NOT ABORT" U/MODA" 
= NOT ABORT" U/MODB" 

?TEr-i:M I NAL. f:iBORT 11 BF<EAI<" 
CR 

I J + ·u;t'loo 

LOOP 

j 
'· 
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WISC CPLJ/:3:2 (C> 1987 BY PHIL KOOPMAN JR. 

BCREEN :J:I: 1 08 
0 \ MICROCODE TESTING LIT 
1 HEX 
2 : XL.IT 
-:r ..... 
4 
5 
6 
7 
8 
9 

12:545 
REPS 0 DO #TIMES 0 DO 

111111 111111 2222222 
- NOT ABORT" LITA" 
= NOT 
= NOT 
-- NOT 

ABORT" LITB" 
ABORT" LITC" 
ABORT" LITD" 

2222222 

10 
11 

LOOP 
CR • 

II 
II ?TERMINAL 

CR 
ABORT" BREAK" 

12 
13 DECIMAL 
14 XL.IT 
15 

SCREEN #109 
0 \ MICROCODE 
1 DECIMAL 
2 : X--PICK 
3 1 2 3 4 5 
4 

TESTING <PICK> 

LOOP 

5 
6 
7 

1 REPS DO I NEGATE -1 +LOOP 
REPS l+ 1 DO #TIMES 0 DO 

J PI CK J. NEGATE · = NOT .· ABORT" (p I CK> ii 
LOOP II II ?TERMINAL ABORT11 BRE'.AK II .• LOOP: 

8 
9 

REPS 0 DO DROP LOOP \ Take stuff from stal:k 
CR • • • . • CR 

10 
11 X-PICI< 
12 
13 
14 
l.5 

SCREEN #l.10 
0 \ MICROCODE 
1. DECIMAL 
2 X-ROLL 
3 1 2 3 4 
4 

6 
7 
8 
9 

REPS 0 
I 

I 
-1 

J 
0 

LOOP II 

TESTING ROLL 

5 
DO 
0 
= 
·-
= 
= 

#TIMES 0 DO 
J -1 4 ROLL 

NOT ABORT" <RDLL>A" 
NOT ABORT" <ROLL):D" 
NOT ABORT" <ROLL>C" 
NOT ABORT" <ROLL>B" 
II ?TERMINAL ABORT" BREAK" l.O 

11 
l.2 

CR • • • • • CR 

13 X-ROLL 
14 
15 

44444 44444 

. . . 
- '·' . 



) 

~"JI !:>C CPU/::::::;,:: · CC) 1987 BY PHIL KOOPMAN JR. 

SCREEN #111 
0 \ MICROCODE TESTING 
1 DECIMAL 

?DUP 

2 ~ X-QDUP 
3 1 2 3 4 5 
4 REPS 0 DO #TIMES 0 DO 
:=::i I (l ?DUP ABORT II ?DUPA II I :::: NOT ABORT" ?DUPB II 
6 13131 I 1+ ?DUP 
7 I 1+ = NOT ABORT" ?DUPC" I 1+ ::::: NOT ABORT" ?J)UPD" 
8 1:2,~1::_::;1 :::: NOT ABORT II ?DUPE II 
9 LOOP ." ." ?TERMINAL ABORT" BREAK" LOOP 

10 CR . • . . . CR 
l.l. 
l2 X--QDUP 
1 ~:. 
14 
15 

SCREEN #11.2 
0 \ MICROCODE TESTING S->D 
1 DECIMAL 
2 : X-SD 
3 1 2 3 4 5 
4 #TIMES 0 DO 
i:::· 
;J S->D ABORT 11 S->DA" :1.:~$4 = NOT 

l=i:EPS 0 DO 
134 

-134 
LOOP 

8-->D. -1 = NOT ABORT'~ S->DC" -'f34 
II II ?TERMINAL ABORT" BREf'4K II 

6 
7 
8 
9 

c•~ u • .. e • CR 

lO X·-SD 
l.l. 
:1.2 
1 "'!' ·-· 
14 
15 

SCREEN #11.3 
0 \ MICROCODE TESTING ABS 
1 DECIMAL 
2 ~ X-ABS 
"':!" ·-· 1 2 3 
4 F~EPS 
c::· 
..J I 
6 I 
7 LOOP 
13 CR 
9 

10 X--ABS 
11 
12 
13 
1.4 
15 

4 5 
0 DO 

NEGATE 
II II 

• a A ) A 

#TIMES 0 DO 
ABS I :::: NOT ABORT" ABSA" 
f'4BS I :::: NOT ABORT II {-'iBSB II 
?TERMINAL ABORT" BREAK" 

CR 



CC> 1987 BY PHIL KOOPMAN JR. 

SCREEN #l14 
0 \ MICROCODE.TESTING CMOVE 
1 HEX 
2 CREATE TEXTD 10 ALLOT CREATE TEXTE 10 ALLOT 
3 X-CMOVE 

5 11 TEXTE C! 22 TEXTE 1+ C! 
6 REPS 0 DO #TIMES 0 DO 
7 0 TEXTD 
8 TEXTE TEXTD 1+ 2 CMOVE 
9 TEXTD @ 00221100·= NOT ABORT" CMOVE" 

10 LOOP II II . ?TERMINAL ABORT II BREAK II LOOP 
11 CR • • • • . CR ; 
12 DECIMAL 
1:3 X-CMOVE 
14 
15 

SCREEN #115 
0 \ MICROCODE TESTING 2/ 
1 DECIMAL 
2 

4 
5 
6 
7 
8 
9 

X-2/ 
1. 2 3 

REPS 
5 

-5 
-6 
-1 

I 
LOOP 

4 
0 

5 
DD 

2/ 
2/ 
2/ 
2/ 
2/ 
II II 

#TIMES 0 DO 
2 = NOT ABORT" 2/A" 
-2 - NOT ABORT" 2/B" 
-3 = NOT ABORT" 2/Cu 

ABORT" 2/Di' 
I 2/ == NOT ABORT" .2/D" 

?TERMINAL ABORT" BREAK" 10 
l. 1 CR • . • • • CR ; 
12 
13 X-2/ 
14 
15 

SCREEN #116 
0 ~~I CROCDDE TEST I NG 
1 6i!'t.; I MAL 

~-· . 
2 VARIABLE VARXA 
3 X-@! 
4 1 2 3 4 5 

@ 

LOOP 

.. •· ... 

·' . ·" 
·' .··· 

:· . ;-: ... ~. 
.. · .,·.··· 

.. " .. ~: := . ... . . . 

5 
6. 

7 
8 
9 

REPS 0 DO #TIMES 0 DO . · 
I VARXA VARXA © I = NOT ABORT ... !@A" . 
J VARXA VARXA @ J = NOT ABORT" !.@B" 

LOOP 11 · 11 ?TERMINAL ABORT" BREAK" LOOP 
CR . • . . • CR ; 

10 
11 X-@! 
12 
13 
14 
l.5 

·;_. 

. ·.~· .1,'.·;··:~. 

. ~·: :: 



~~I SC CPU/:::;:2. CC> 1987 BY PHIL KOOPMAN JR. 

~3CREEN =i* 1 1 7 
0 \ MICROCODE TESTING 
1 DEC I M{.il. 
2 xrn:;:oT 
::::. 12:34~i 

DF~OT 

4 REPS 0 DO #TIMES 0 DO 
5 1111111111111111. 2222222222222222. 3333333333333. DROT 
6 111l.l.11l.1111l.111. D= NOT ABORT" DROTA 11 

7 ~~;33:33:33T$3::::.:3~5. D== NOT ABORT JI DROTB 11 

8 2222222222222222. D= NOT ABORT" DROTC" 
9 LOOP " 11 ?TERMINAL ABORT" BREAK" LOOP 

10 CR . . • • . CR 
:1.1 XDROT 
l2 
l3 
14 
15 

sci=;:EEN # 118 
0 \ MICROCODE TESTING 
1 HEX 
~~ XL..SLN 

1 2 :3 4 i:::-
...i 

LSLN 

F~EF'S 0 DO #TIMES 0 DO 
5 1 OlF LSL.N 

80000000 :::: NOT ·ABORTll 6 
7 
8 

LOOP II II 

CR . . . . • 
?TERMINAL ABORT" BREAi-;:: 11 ·•·· 

CR 
c1 

10 DECIMAL. 
11 XLSLN 

13 
1.4 

BCREEN :1:1: 119 
0 .. .iv MICROCODE TEST I NG U3RN 
{·'~f!t'EX 
:~ XL_SRl\f 
3 l.~~345 

4 REF'S 0 DO #TIMES 0 DO 
5 BFFFOFOF 1F LSRN 1 -
6 LOOP II II ?TERMINAL f."~BORT II Bfi:EAK" 
7 CR . • . . • CR 
8 
9 DECIMAL. 

l.O XU3RN 
11 
12 
13 
14 
15 



r -
~) 

WISC CPU/32 ( C) 1. 987 BY PHIL - l<DOPMAN JF<. 

SCREEN #120 
0 \ MICROCODE TESTING 
l HEX 

DLSL 

2 XDL ... SL .. 
~5 1 2 3 ·4 5 
4 REPS 0 DO 
::i 80028001 
6 20100009 
7 00050002 
8 LOOP II II 

9 CR • . • • • 
10 DECIMAL 
11 XDLSL 
l.2 
l.3 
14 
15 

SCREEN #121 

#TIMES 0 DO 
90080004 DLSL. 

::: NOT ABORT" DLSLA" 
= NOT ABORT" DLSL.B" 

?TERMINAL ABORT" BREAK" 
CR ; 

0 \ MICROCODE TESTING 
1. HEX 

LSR 

2 XLSR 
.... ,,:. 1 2 3 4 5 
4 REPS 0 DO #TIMES 0 DO 

LOOP 

5 84123456 LSR 4209l.A2B :::: NOT ABORT" LSR" 
6 LOOP II II ?TERMINAL- ABORT i• - BREAK 11 - -- LOOP. 
7 CR . . . . . CR ; 
8 
9 DECIMAL 

1 (l XLSR 
11 
12 
13 
14 
15 

SCF<EEN # 122 
0 \ MICROCODE TESTING ASR 
1. HEX 
2 XASR 

1 2 3 4 5 
4 REPS 0 DO #TIMES 0 DO 
5 
6 
7 
8 
9 

84122443 ASR- C2091221 = NOT ABORT" ASRA" 
44125434 ASR 22092A 1 A = NOT ABORT'' ASRB II 

LOOP II II '?TERMINAL ABORT" BREAK" - LOOP :: 
CR • 

1.0 DECIMAL. 
11 XASR 
12 
13 
14 
15 

n a Ii If CR ; 

· .. : .. :::_·; 

:· ... 

·,··.·'··· 

.... 
' _,-

:< ...• :· 



CC> 1987 BY PHIL KOOPMAN JR. 

0 \ MICROCODE TESTING <UNORM> 
1 HEX 
:;;: X UNOF~M 

f::, 

7 
8 
9 

1 :;;;: :~:. 4 5 
F:EPS 0 DD 

1 10 
·-OE 

40000000 
LOOP II II 

CR • 
10 DECIMAL 
l.1 XUNOHM 
12 

BCREEN #:t24 

4*"1" I MES 0 DO 
<UNClF<M> 

::::: NOT ABORT II < UNORMf:~ >II 

:::: NOT ABORT" <LJNORMB>" 
?TERMINAL. ABORT" BREAK" 

CR 

o \ MICROCODE TESTING 
l HEX 

<UDNOF~M> 

2 XLJDNORM 
~.:) 12345 
4 REPS 0 DO #TIMES 0 DO 
5 1 0 10 <UDNORM> 
6 ·-2E ::::: NOT ABORT II < UDNORMA >II 

7 0 40000000 D= NOT ABORT" <UDNORMB> 11 

LOOP 

8 LOOP II JI ?TEl~M I NAL. ABORT JI BREAK II LOOP 
CR • 

10 DECIMAL. 
11 XUDNDRM 

CR 




