Appendix C
The M-code Interpreter (in Modula-2)

The document in this section is to be regarded as the definition of the Lilith virtual machine ag agreed
upon by the compiler writers and the hardware team. Casual readers may find this document too concise
and uncommented. There are other papers which may help one in digesting the contents of this document.
They are:

"The Personal Computer Lilith’ by N. Wirth, ETH report number 40
Chapter 3 of this manual

"The Lilith Architecture, its Design in view of Code Generation’,
an unpublished paper by Christian Jakobi.
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The M-code interpreter N.Virth, Ch.Jacobi, V.Viniger

- -

last modification: facts: Feb.81; details: 4.1.82

The following Modula-2 Program {is an extension of the Appendix 1
in "The Personal Computer Lilith",

Its purpose is to do docomentation of how we made the actual
implementation on the Lilith. It is not used for introduction.
It's use is more a reference what is microprogrammed exactly.

The undefined opcodes in the instruction set:

21B, 334B: reserved for use by the compiler
2148, 215B: reserved for use for arithmetics

237B second byte >3: reserved for floating arithmetics
246B second byte 8: reserved for debugging new instructions

<>8: reserved for supporting special hardware, extensions

247B second byte >5: reserved for operative system needs

Table of instructions

LIS LLVS LGV5 LS¥5 LXB. -~ UCHK CHK DCH
LI6 LLVE LGY6 LSY6 LXV ESC CHKZ UNPK
LI?7 LLv? LGV? LSV7 LXD SYS CHKS PACK

9 208 40 68 8e AB co EQ
e 40 1e0 148 20808 248 308 340
8 B LIB LLY LGY LSva LSy READ FOR1 MoV
1 1 LI LLD LGD LSvi LSD VRITE  FOR2 CMP
2 2 LI2 LEY LGY2 LSv2 Lsoe DSKR ENTC DDT
3 3 LI3 LED LGV3 LSV3 LXFV DSKY EXC REPL
4 4 LIA LLV4 LGV4 LSV4 LSTA SETRK  TRAP BBLT
5 5
6 6
77

g8 18 LIS LLV8 LGV8 LSv8 DADD ENTP EQL GB
.911 LI9 LLV9 LGVS LSvg DsuB EXP NEQ GB1
A 12 LI10 LLVi® LGvie LSvie DMUL ULSS LSS ALOC
B 13 LIl LLV11 LGV1l1 LSvViil DDIV ULEQ LEQ ENTR
C 14 LI12 LLV12 LGV12  LSV12 UGTR GTR RTN
D 15 LI13 LLV13 LGV13 LSV13 UGEQ GEQ CX
E 16 LI14 LLV14 LGV14 LSV14 DSHL TRA ABS CI
F 17 LI1S LLV1S LGV15 LSV15 DSHR RDS NEG CF
18 28 LIB SLY N Ssva Ssv LODFY  OR cL
11 21 SLD SGD SSvi SSD LODFD  XOR cL1
12 22 LIV SEV SGV2 SSw2 SSD@ STORE  AND cL2
13 23 LID SED SGV3 SSv3 SXFV STOFV ~ COM CL3
14 24 LLA SLv4 SGv4 SSva T8 STOT IN CL4
15 25 LGA SLVS SGVS SSV5 SXB - COPT LIN CLS

16 26 LSA SLVE SGVE SSv6 SXVY DECS MSK CL6
17 27 LEA SLv7 SGv7 SSv7 SxD pcaopP NOT CcL?

18 38 JPC SLve SGv8 SSve FADD UADD ADD cLs

19 31 JpP SLvo SGv9 SSva FsSuB usus sSuB CLS
1A 32 JPFC SLV:-  SGV1@ SSvi@  FMUL UMuL MUL CL11
1B 33 JPF SLV? SGv1i1  SSvii  FDIV ubDIv DIV CcL1e
1C 34 JPBC SLvi:  SGV12  SSVi2  FCMP UMOoD CL12
iD 35 JPB SLV3 SGV13  SSV13  FABS ROR BIT CL13

1E 36 ORJP SL¥:-  SGVWi4 SSV14  FNEG SHL NOP CL14
1F 37 ANDJP  SLV: SGV15  SSV15  FFCT SHR MOVF CL15

Fixed addresses

dec oct hex

(F-register of module 8 [software])
(inttialization flag of module @ [software])
(string pointer of module 8 [software])
device mask

P-repister

saved P register

boot flag

O WN - D
DN DBWN O
ONRDWUNLO
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"14
18
18

‘30

32

*)

18 E
280 18
22 12
36 1E
42 20

7 free locations

trap vector

interrupt vector for line 8 (clock)
interrupt vector for line 8 (disk)

interrupt vector for line 1§

data frame table

(967 entries; firmware allows 256; compiler allows 224)
free area .

MODULE Interpreter;

FROM SYSTEM IMPORT VORD;

TYPE

co

(

VA

Request =

Mask = BITSET; (= 8..15 correspond to interrupt lines, 7 to the trap »)

NST
NILL
devstata
tlc
dft

(*Trap E

end
instrChk
prioChk
storageC
rangeChk
addrChk
realQvfl
cardOvf]
intOvfl
+ software
funcErr
halt
assertEr

R

[8..15];

= 1777778; "(*NILs)

dr = 3; (*devicestatus addresse)
= 168; . (*trap location adrs)
= 40B; (edata frame table adre)

rror Numberss)

(sends)
(*illegal instructions)
(spriority errors)
(*storage overflowe)
(srange violations)
(+NIL access or invalid computed addresses)
(*floating point overflows)
(scardinal overflow (maskable)s)
; (sinteger overflow (maskable)s)
assignments:
= g; (efunction return error [software]s)
= 18; (ehalt called [software]s)
r = 11; (e=assertion error [software]s)

hk

-

DBNODNDDWN O

(s the following global variables represent registers in hardware s)

PC: CAR
IR: CAR
F: CAR
CAR
CAR
CAR
CAR
CAR
: Mas
MSK: Mas
REQ: BO
ReqNo: R
overflow

Xowurco

(* auxilia
i, 3, k,
fromea,
b:

Im:
sb, db,
11, f2:

(s data st
stk[08]:

DINAL; (*program counters)

DINAL; (*instruction registers)

DINAL; (scode frame base addresss)

DINAL; (*data frame base addresss)

DINAL; (+*stack limit addresss)

DINAL; (*local segment base addresss)
DINAL; (sstack pointers)

DINAL; (*process base addresss®)

ks (ssoftware priority masks)

k; (shardware interrupt masks)

OLEAN; (sinterrupt request (bit in condition code)s)
equest; (*request number, 8..15s)

: BOOLEA!: (soverflow (bit in condition code)s)
ry varia-les used over single instructions only s)

1s2, lau7, lup, 1low: CARDINAL;
toea: CAUDINAL; (eframepointerss)
BOOLEAN:
BITSET;

sbmd, db»d, fo, x, y: CARDINAL; (sused in the display handling instrucionss)

REAL;

ores)
ARRAY [8..177777B] OF CARDINAL;

MODULE InstructionFe<ch;

IMPORT F,
EXPORT nex

PC;
t, nextd;
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VAR code[B8]: ARRAY [B..777777B] OF [8..255]; (29«18 bytess)
(*code[B8]..code[377777B] shares the memory with stks)

PROCEDURE next(): CARDINAL;
BEGIN

INC(PC);

RETURN code[4sF+PC-1]
END next;

PROCEDURE next2(): CARDINAL; (sget next two code bytess)
BEGIN

INC(PC, 2);

RETURN code[4sF+PC-2]+408B + code[4+F+PC-1]
END next2;

END InstructionFetch;

MODULE ExpressionStack;
EXPORT push, pop, Dpush, Dpop, empty,
expStackSize;

CONST expStackSize = 16;
VAR sp: CARDINAL; (sexpression stack pointers)
a: ARRAY [O..expStackSize-1] OF CARDINAL; (*expression stacks)
(* the array x is represented in the hardware as
a fast LIFO memory s)

PROCEDURE push(w: CARDINAL);
BEGIN a[sp] := w; INC(sp)
END push;

PROCEDURE pop(): CARDINAL;
BEGIN DEC(sp); RETURN(a[sp])
END pop; r

PROCEDURE empty() :BOOLEAN;
BEGIN RETURN sp=8
END empty;

PROCEDURE Dpush(d: REAL);
BEGIN a[sp] := high(d); INC(sp); a[sp] := low(d); INC(sp)
END Dpush;

PROCEDURE Dpop(): REAL;
BEGIN DEC(sp,2); RETURN pair(a[sp], a[sp+1])
END Dpop;

BEGIN sp := 8;
END ExpressionStack;

PROCEDURE mark(x: C<RDINAL; external: BOOLEAN); (*sets a stack marks)
VAR 1i: CARDINAL;

BEGIN i := S;
stk{S] := x; I (8S); (estatic links)
stk[S] := L; I 78), (edynamic links)

IF external THEN ::k[S] := PC+188008B (ereturn address and external flags)
ELSE stk[S] := PL:
END;
INC(S,2); (sreseved field for interrupt maske)
L= 9
END mark;

PROCEDURE saveRegs:
BEGIN
saveExpStack;
stk[P ] := G; c©.x[P+1] := L;
stk[P+2] := PC; «tk[P+3] := CARDINAL(M);
stk[P+4] := §; <«ik[P+5] := H+24;
(* stk[P+6] is rcserved for error code s)
(* stk[P+7] is ruserved for error. trap mask s)
END saveRegs;

PROCEDURE restoreRegs(changeMask: BOOLEAN);
BEGIN
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G := stk[P]; F = stk[G];
L := stk[P+1]; PC := stk[P+2];
IF changeMask THEN

M := Mask(stk[P+3]);

MSK := M+iMask(stk[devstatadr])
END;
S := stk[P+4]; H := stk[P+5]-24;
restoreExpStack;

END restoreRegs;

PROCEDURE Transfer(changeMask: BOOLEAN; to, from: CARDINAL);
VAR j: CARDINAL;

BEGIN
j := stk[to]; sadeRegs; stk[from] := P;
P := j; restoreRegs(changeMask);

END Transfer;

PROCEDURE Trap(n: CARDINAL);
BEGIN
(= INTEGER, CARDINAL overflow is maskable, but the masking
need not be programed realy in the procedure trap s)
IF NOT (n IN ( Mask(stk[P+7])- (Mask({8..15})-Mask({cardOvfl,intOvf1})) )) THEN
stk[P+6] := n;
IF 7 IN Mask(stk[devstatadr]) THEN
LOOP (s ! =) END
END;
INCL(stk[devstatadr], 7);
Transfer(TRUE, tlc, tlc+l);
ELSE (*the trap has been maskeds)
(*the value for the expressionstackpointer must be corrects)
END;
END Trap;

PROCEDURE saveExpStack;
VAR c: CARDINAL;
BEGIN
c := B; (*expression stack counters)
VHILE NOT empty() DO
stk[S] := pop(): INC(S); INC(c);
END;
stk[S] := c; INC(S);
END saveExpStack;

PROCEDURE restoreExpStack;
VAR c: CARDINAL;
BEGIN
DEC(S); ¢ := stk[S];
VHILE c>8 DO
DEC(c); DEC(S); push(stk[S])
END
END restoreExpStack;

PROCEDURE get(N: CARDINAL): CARDINAL;
BEGIN
(* i := input from channel N s)
RETURN i
END get;

PROCEDURE put(x, N: CARDINAL);
BEGIN

(= output x to chennel N s)
END put;

PROCEDURE readBootFile;
VAR bootflag: CARDINAL;

BEGIN
(* read the boot file according to key and set bootflag )
stk[6] := bootflay

END readBootFile;

BEGIN (smaine)

stk[5] := P; (*allows debuggings)
readBootFile; :
P := stk[4]; restoreRegs(TRUE);
Loop
IF REQ THEN

(spreferable for software: INCL(stk[devstatadr], RegNo);=)




Informatik ETH Zurich DK.interpreter .MOD 19. 1. 1082

Transfer(TRUE,2sReqNo, 2sReqNo+1);
END;
IR := next();
CASE IR OF
88 .. 17B: (+LIB - LI15 load immediatee) push(IR MOD 16) |
28B: (sLIB 1load immediate bytes) push(next()) |

. 21B: (sreserved for future instruction as needed by the compilers)
Trap(instrChk) |

22B: (sLIV load immediate worde) push(next2()) |

23B: (sLID 1load immediate double words)
push(next2()); push(next2()) |

24B: (sLLA load local addresss) push(L+next()) |
25B: (+*LGA 1load global addresss) push(G+next()) |
26B: (sLSA load stack addresss)
push(pop()+next());
IF overflow THEN Trap(addrChk) END |
27B: (sLEA load external addresss) push(stk[dft+next()]+next()) |

38B: (*JPC jump conditionals)
IF pop() = @ THEN PC := PC + next2() ELSE INC(PC,2) END |

31B: (*JP  jumps) PC := PC + next2() |

32B: (*JPFC jump forward conditionals)
IF pop() = @ THEN PC := PC + next() ELSE INC(PC) END |

33B: (*JPF jump forwards) PC := PC + next() |

34B: (+JPBC jump backward coﬁditionaI-)
IF pop() = @ THEN PC := PC - next() ELSE INC(PC) END |

358: (+JPB jump backwards) PC := PC - next() |

36B: (*O0RJP short circuit OR »)
IF pop()=8 THEN INC(PC)
ELSE push(1); PC := PC+next()
END |

37B: (*ANDJP short circuit AND &)
IF pop()=8 THEN push(B); PC := PC+next()
ELSE INC(PC)
END |

48B: (sLLVY load local words) push(stk{L+next()]) |

41B: (*LLD 1load Tocal double words)
i := L+next(; push(stk[i]); push(stk[i+1]) |

42B: (*LEV load «xternal words)
push(stk[stkidft+next()]+next()]) |

43B: (+LED load #xternal double word s)

i = stk[dftenext()]+next();

push(stk[1];: push(stk[i+1]) |
448 .. 57B: (sLLY -LLV15s) push(stk[L + (IR MOD 16)]) |
68B: (=SLY store local words) stk[L+next()] := pop() |

61B: (*SLD store local double words)
1 t= L+next(}; stk[i+1] := pop(); stk[i] := pop() |

62B: (*SEV store external words)
stk[stk[dft+next()]+next()] := pop() |

63B: (sSED store external double word =)
i := stk[dfi+next()]+next();
stk[1+1] := pop(); stk[i] := pop() |
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648 ..

188B:
181B:

1828 ..

1208
1218:

1228

1408:

1418 ..

1688:

1618

2008:

201B:

2838B:

20828

2048

2858

20868

287B:

778: (*SLV4-SLV15 store local words)
stk[L+(IR MOD 16)] := pop() |

(*LGY 1load global wordes) push(stk[G+next()]) |

(*LGD load global double words)
i := next()+G; push(stk[i]); push(stk[i+1]) |

117B: (+LGV2 - LGV15 1load global words)
push(stk[G + (IR MOD 18)]) |

(*SGY store global words) stk[G+next()] := pop() |

(sSGD store global double words)
1 = G+next(); stk[i+1] := pop(); stk[i] := pop() |

.. 137B: (+SGW2 - SGV15 store global words)

stk[G + (IR MOD 16)] := pop() |

(*LSV8 load stack addressed words)
k := pop(); ,
IF k=NILL THEN Trap(addrChk)
ELSE
push(stk[k])
END |

157B: (+LSV1 - LSV15 1load stack addressed words)
push(stk[pop()+(IR MOD 16)]);
IF overflow THEN Trap(addrChk) END |

(*SSV0 store stack-addressed words)
k := pop(); J := pop();
IF j=NILL THEN Trap(addrChk)
ELSE
stk[j] := k
END |

.. 177B: (+SSV1 - SSV15 store stack-addressed words)

k := pop(); 1 := pop()+(IR MOD 16);
IF overflow THEN Trap(addrChk)
ELSE

stk[i] = k
END |

(*LSY load stack words) 1 := pop()+next(); push(stk[i]);
IF overflow THEN Trap(addrChk) END |

(sLSD load stack double words)
i = pop()+next(); push(stk[i]); push(stk[i+1]);
IF overflow (*either additions) THEN Trap(addrChk) END |

(*LXFV load indexed frame words)

k := pop() + pop()*4 (+18 bitss);

push(stk[k]);

IF overflow(=:8 bitse) THEN Trap(addrChk) END |

(*LSDB® 1load =tack double words)
i = pop(); push(stk[i]); push(stk[i+1]);
IF (1=NILL) T#EN Trap(storageChk) END |

(*LSTA load ntring address )
push(stk[G+27 ~next()) |

(sLXB load irdexed bytes)
1 t=pop(); 3 .= pop(); k := stk[j + (i DIV 2)];
IF overflow 1+EN Trap(addrChk)
ELSIF { MOD Z - @ THEN push(k DIV 40808)
ELSE push(k MOD 4808B)
END |

(sLXVY load indexed words)

1 := pop()+pop(); push(stk[1]);
IF overflow THEN Trap(addrChk) END |

(sLXD load indexed double word )

1 i= 2epop()+pop();
IF overflow(eaddition or multiplications) OR (i=NILL) THEN Trap(addrChk)
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21688:

211B:

212B:

2138:

2148,

2168B:

216B:

22088

2218B:

2228:

223B:

2248

2258

226B:

2278

ELSE
push(stk[i]); push(stk[i+1])
END |

(sDADD double precision additione)
(s 1 := Pop2(); f2 := Pop2(); Push2(f1+f2) «) |

(*DSUB double precision subtractione)
(s f1 := Pop2(); f2 := Pop2(); Push2(f1-12) =) |

(sDMUL double precision multiplications)
(e f1 := FLOAT(Pop()); f2 := FLOAT(Pop()): Push2(flef2) ») |

(*DDIV double precision divisione)
(s f1 := FLOAT(Pop()); f2 := Pop2();
f1 := f2/f1+remainders..; Push2(f1l) ) |

2158: (sreserved for future multiprecision instructionss)
Trap(instrChk) |

(«DSHL double precision multiplication by 2s)
(s 1 := Pop2(); Push2(2.8+f1) =) |

(*DSHR double precision division by 2s)
(* f1 := Pop2(); Push2(f1 / 2.8) «) |

(+SSV store stack words)
k := pop(); 1 := pop()+next();
IF overflow THEN Trap(addrChk)
ELSE

stk[1]) = k
END |

(+SSD store stack double words)
k := pap(); J := pop(); 1 := pop()+next();
IF overflow OR (i=NILL) THEN Trap(addrChk)
ELSE

stk[i] := j; stk[i+1] =k
END |

(*SSD8 store stack double worde)
k := pop(); J := pop(); 1 := pop();
IF {=NILL THEN Trap(addrChk)
ELSE

stk[1] := J; stk[i+1] := k
END |

(*SXFV store indexed frame words)
i t= pop();
k := pop() + pop()*4; (=18 bitse)
IF overflow(=18 bitss) THEN Trap(addrChk)
ELSE
stk[k] := i
END |

(*TS test an. sets)
i := pop(); push(stk[i]); stk[i] := 1 |

(*SXB store ‘ndxed bytes)

k := pop(); ¥ := pop(); J := pop() + (i DIV 2);

IF overflow THEN Trap(addrChk)

ELSIF 1 MOD Z = ® THEN stk[j] := ke408B + (stk[j] MOD 48@B)

ELSE stk[{] := (stk[j] DIV 468B) + 408B + k

END |

(*SXY store :ndexed words)
k i= pop(); ¢ ‘= pop()+pop();
IF overflow THEN Trap(addrChk)
ELSE

stk[i] := k
END |

(*SXD store indexed double worde)
k := pop(); 3 := pop(); 1 := 2spop()+pop();

IF overflow(smultiplication or additions) OR (1=NILL) THEN Trap(addrChk)

ELSE

Page
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2388

234B:

2358:
236B:
2378:

2408
241B:
2428

243B:

2448

2468B:

2478

2508:

stk[1] := J; stk[i+1] := k
END |

.. 233B: (*FADD - FDIVs)
(* floating point operations s)
IF overflow (sOR zerodivides) THEN Trap(realOvf1) END |

(*FCMP floating compare s)

f1 := Dpop(); f2 := Dpop();-

IF 11512 THEN push(8); push(1)
ELSIF f£1<f2 THEN push(1); push(8)
ELSE push(8); push(8)

END |

(*FABS floating absolute value =) |
(*FNEG floating negative s) |

(sFFCT floating functions =)
i = next();
IF i=8 THEN (sFLOAT floats)
ELSIF i=1 THEN (*FLOATD float doubles)
ELSIF i=2 THEN (sFIX fixe)

(*may cause a floating overflow traps)
ELSIF i=3 THEN (eFIXD fix doubles)

(=ELSIF ....... s) (=lateron additions... =)
ELSE Trap(instrChk)
END |

(+READ=) stk[pop()] := get(pop()) |
(*VRITEs) put(pop(), pop()) |

(«DSKR disk reads)

put(5, 8); (= clr addr s)

i := pop();

FOR i := 1 TO 1+127 DO
stk[i] := get(8);

END |

(=DSKVY disk writes) -
put(5, 8); (= clr addr s)
FOR i := 1 TO 3 DO put(@, 8); END;
put(BABAGH, 8);
i 1= pop();
FOR 1 := 1 TO 1+127 DO
put(stk[i], 8);
END |

(*SETRK set tracks)

REPEAT k := get(9) UNTIL 13 IN BITSET(k);
1 := pop();

put(i DIV 1B8H, 18);

put(i MOD 1@ek, 11) |

(*ESCes) (®esizpes)
i = next();
IF 1=8 THEN
(*micro juwp to high micro ram; used for debugging new instructionss)
ELSIF 1 IN {I..3} THEN (sprinter instructionss)
ELSE (= free for extensions; now boots, is considered as error @)
END |

(*SYS rarely used system functions: dump, boot,... e)

i := next();

IF i=8 THEN 1 := pop() (s bootstrap ths machine from boot #i s)
ELSIF i=1 THE®# (* dump )

ELSIF {=2 THEN push(P) (e read P register s)

ELSIF i=3 THEN (s set H register s)

{ i=m pop(): H := 1-24; stk[P+5] := {;
ELSIF 1=4 THEN push(H+24) (* read H register )
ELSIF i1=5 THEN push(1) . (* version number for 13.2: 1s)

(*ELSIF i=,,, THEN ...s) {(* lateron additions... =)

ELSE Trap(instrChk)
END |

(*ENTP entry prioritys)

Page

8




Informatik ETH Zirich DK.interpreter .MOD 19. 1. 19882 Page

251B:

2568:

257B:

2688:

261B:

©262B:

2638:

2648 :

2658

2668

2678

2708B:

271B:

272B:

273B:

274B:

i = next();
Im := (sMask of i bitss) Mask{B..i-1}; (swhere {0..-1} means {}¢)
IF NOT (Im >= M) THEN Trap(prioChk)
ELSE
stk[L+3] := CARDINAL(M);
M = 1m;
MSK := Mask(stk[devstatadr])+M
END |

(*EXP exit prioritys)
M := Mask(stk[L+3]);
MSK := Mask(stk[devstatadr])+M |

(*TRA coroutine transfers)
Transfer (BOOLEAN(next()), pop(), pop()) |

(*RDS read strings) k := pop(); 1 := next();
REPEAT

stk[k] := next2(); INC(k); DEC(1)
UNTIL 1 < @ |

(+LODFV reload expression stack after function returns)
i := pop(); restorsExpStack; push(i) |

(*LODFD reload expression stack after function returns)
i := pop(); J := pop(); restoreExpStack; push(j); push(i) |

(*STORE save expression stacke)
IF S>H-(expStackSize+1) THEN

PC := PC-1;

Trap(storageChk);
ELSE saveExpStack END |

(+STOFV store expression stack with formal procedure variable on top®)
i t= pop(); '
IF S>H-(expStackSize+1) THEN Trap(storageChk)
ELSE
saveExpStack; stk[S] := 1; INC(S)
END |

(*STOT copy from expression stack to procecure stacks)
IF S>=H THEN Trap(storageChk)
ELSE
stk[S] := pop();
INC(S)
END |

(+COPT copy element on top of expression stacks)
i := pop();-.push(i); push(i) |

(*DECS decrement stackpointers)
DEC(S) |

(sPCOP storeze allocation and copy for value parameter s)
stk[L+next(): := §;
1sz := pop(): k := S+lsz;
IF overflow (" (k > H) THEN Trap(storageChk)
ELSE

ladr := poy . )i

WVHILE 1s25t¢ DO

stk[S) :~ stk[ladr); INC(S); INC(ladr); DEC(1sz)

END

END |

(sUADDs) j - pop(); 1 := pop(); push(i+j);
IF sverflow THEN Trap(cardOvfl) END |

(sUSUBe) J =~ pop(); 1 := pop(); push(i-J);
IF overflow THEN Trap(cardOvfl) END |

(sUMULe) 3 "= pop(); 1 := pop(); push(isj);
IF overflow THEN Trap(cardOvfl) END |

(sUDIVs) § := pop(); # := pop(); push(i DIV j);
IF 3j=8 THEN Trap(cardOvfl) END |

(*UMODs) j := pop(); 1 := pop(); push(i MOD j);
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2758:
2768:
2778
3e8B:

3818:

3828:

383B:

3048B:

2458,

3068

3078:

3188:

3118:

3128,

OK.{nterpreter .MOD

IF §=8 THEN Trap(cardOvfl) END |

19.

1. 1062

(*RORe) 3§ := pop();: (erotate top right by j MOD 16 positionss) |

(*SHLe) 3§ := pop(); (eshift top left by j MOD 16 positionss)

(*SHRe) J := pop(); (e*shift top right by j MOD 16 positionse) |

(+FOR1 entry forloop )

i := next(); (= =8: up; <>8: down s)

Tup := pop(); llow := pop(); ladr := pop();
k := PC+next2();

IF ((i=8) AND (1low{=1lup)) OR

((1<>8) AND (1low>=1lup)) THEN (s enter tiiz for loop =)

stk[ladr] := 1low;
stk[S] := ladr; INC(S);
IF S>=H THEN Trap(storageChk)
ELSE
stk[S] := lup; INC(S)
END
ELSE (= dont execute the for loop =)
PC = k
END |

(*FOR2 end forloop =)
lup := stk[S-1]; ladr := stk[S-2];
1sz := INTEGER(next()); (= range -128,.4127 »)
k := PC+next2();
{ := stk[ladr]+lsz;
IF overflow OR ((1s2>=8) AND (i>1up))
OR ((1s2¢=B) AND (i<1lup))
THEN (= termination =)
DEC(S,2)
ELSE (= continuation of the loop s)
stk[ladr] := 1 '
PC := k
END |

(*ENTC entry to a case statements)
PC := PC+next2();
k := pop();
1ow := next2(); lup := next2();
stk[S] := PC+2s(lup-1low)+4;
IF S>=H THEN Trap(storageChk)
ELSE
INC(S);
IF (k >= Ylow) AND (k <= lup) THEN
PC := PC+2s(k-1low+1)
END; .
PC := PC+next2()
END |

(*EXC exits & case statements)
DEC(S); PC := stk[S] |

(*TRAPs)
i := pop(); Trap(i MOD 16) |

3058 ('UCHK CHK check J €= { (= k )

k := pop(); I = pop(): i := pop(); push(i);
IF (i1<j) OR ( »k) THEN Trap(rangeChk) END |

(sCHKZ check { <= k s) (sCARDINALe)
k := pop(); 1 := pop(); push(i);
IF 1>k THEN Trap(rangeChk) END |

(sCHKS check sign bits)

k := pop(); push(k);
IF INTEGER(k)<® THEN Trap(rangeChk) END |

(*EQLe) J := pop(); 1 := pop();
IF 1 = j THEN push(1) ELSE push(8) END

(*NEQ#) J := pop(). t= pop();
IF 1 # § THEN push(1) ELSE push(8) END

252B: (=LSS, ULSS#) j := pop(); 1 := pop();

Y?()%
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3138,

3148,

3158,

3168:

3178:

3208:
3218:
3228:
3238:
324B:
3258:
3268:

3278:

330B:

3318B:

332B:

3338:

334B:

3358
336B:
3378B:

3488:

3418:

IF 1 ¢ j THEN push(1) ELSE push(B) END |

253B: (+LEQ, ULEQs) j := pop(); { := pop();
IF 1 <= j THEN push(1) ELSE push(@) END |

254B: (*GTR, UGTRs) j := pop(); {1 = pop();
IF i > j THEN push(1) ELSE push(@) END |

255B: (sGEQ, UGEQe) j := pop(); i := pop();
IF i >= j THEN push(1) ELSE push(8) END |

(*ABSs) { := pop(); push(ABS(INTEGER(1))); —
IF 1=1888008B THEN Trap(intOvf1) END |

(*NEGe) 1 := pop(); push(~INTEGER(1));
IF 1-1008080B THEN Trap(intOvfl) END |

(*ORs) 3§ := pop(); 1 := pop(); (e k := 1 OR j =) push(k) |

(*XORs) 3 := pop(); i := pop(); (= k := i XOR j =) push(k)]

(ANDs) § := pop(); 1 := pop(); (* k := 1 AND j ¢) push(k)|

(sCOM») push(-pop()-1) |

(*INs) 3§ := pop(); 1 := pop(); (= k := i IN j; gives FALSE if k>15 =) push(k) |
(sLIN load immediate NIL s) push(NILL) |

(*MSKe) j := pop(); (* k := mask with j MOD 16 ones s) push(k) |

(*NOTs) 1 := pop(); (* i := NOT { ») (sboolean: 8<->1s) push(i) |
(* current implementation:
b := BITSET(pop());
IF 15 IN b THEN EXCL(b, 15) ELSE INCL(b, 15) END;
push(CARDINAL(b)) =)

(sADDs) § := pop(); 1 := pop(); push(i+3);
IF overflow THEN Trap(intOvfl) END |

(*SUBs) § := pop(); 1 := pop(); push(i-]);
IF overflow THEN Trap(intOvfl) END |

(*MULs) j := pop(); 1 := pop(); push(is]);
IF overflow THEN Trap(intOvfl) END |

(*DIVe) J := pop();
i := pop(); push(i DIV j);
IF (§=8) OR ((j=-1) AND (1=-32768)) THEN Trap(intOvf1) END |

(*reserved fcr future instruction as needed by the compilers)
Trap(instrChk) |

(+BITe) § := pop(); (» k := {j MOD 16} *) push(k) |
(+NOP+) |

(*MOVF move frame =)
1 t=pop();
fromea := pop()+pop()s4; (=18 bitsse)
toea i= pop{)+pop()e*4; (18 bitss)
IF overflow(+18 bitss) THEN Trap(addrChk)
ELSE
VHILE 1>8 3
stk[toea] := stk[fromea]; INC(toea); INC(fromea); DEC(1)
END
END |

(sMOV move blocks)
k t= pop(); 3 t= pop(); 1 t= pop();
IF (3J=NILL) OR overflow(=on i+ks) THEN Trap(addrChk) (essource may wrap arounds)
ELSE
VHILE k>@ DO stk[1] := stk[3]; INC(i); INC(j); DEC(k) END
END | ‘

(*CMP compare blockse)
k i= pop(); J i= pop(); 1 := pop(); N

11
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3428:

3438:

3448:

345B:

3468:
3478:

358B:

3518:

352B:

3538

354B:

3558

IF overflow (= on either: j+k or {+ks) THEN Trap(addrChk)
ELSIF k=8 THEN push(8); push(8)
ELSE

VHILE(stk[i] # stk[j]) AND (k > 8) DO

INC(1); INC(Jj); DEC(k)

END;

push(stk[1]); push(stk[j])
END |

(*DDT display dots) v
y := pop(); x := pop(); dbmd := pop(); { := pop()
(e display point at x,y

according to the mode 1

inside the bitmap described at dbmd

may cause a Trap(addrChk) s) |

(*REPL replicate pattern s)
db := pop(); sb := pop(); dbmd := pop(); 1 := pop()
(s replicate the pattern at sb

over the block described at db

inside the bitmap described at dbmd

according to the mode 1

may cause a Trap(addrChk) s) |

(sBBLT bit block transfers)
sbmd := pop(); db := pop(); sb i= pop(); dbmd := pop(); i := pop()
(* transfer the block described at sb

inside the bitmap described at sbmd

to the block described at db

inside the bitmap described at dbmd

according to the mode 1

may cause a Trap(addrChk) s) |

{sDCH display characters)
j := pop(); db := pop(); fo := pop(); dbmd := pop()
(* convert the character j

from the font stored at fo

to the block described at db

inside the bitmap described at dbmd

may cause a Trap(addrChk) s) |

(*UNPK unpacks) |
(*PACK packs) |

(=GB get base adr n levels downs)
{ 1= L; J := next();
REPEAT
i := stk[i]; DEC(J)
UNTIL j=B;
push(i) |

(=GB1 get bgss adr 1 level downe) push(stk[L]) |

(*ALLOC allccate blocks)
i = pop(); p.sh(S); S := S + {;
IF overflow U7 (S > H) THEN S := pop(); Trap(storageChk) END |

(«ENTR enter procedures)
i = next(); S = 8 + i;
IF overflow U~ (S > H) THEN S := S - 1i; Trap(storageChk) END |

(*RTN returr from procedures)
S = L; L := #tk[S+1]; { := stk[S+2];
IFic®
THEN (* exter~3al s)
G := stk(S):
F := stk[G};
PC := i - 1£3886B;
ELSE (+ locei o)
PC := i3
END |

(*CX call external procedures)
J := next(); { = next();
mark(G, TRUE):

G := stk[dft+j];
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3568 :

357B:

3608:

3618 ..

F := stk[G];
PC := 2s1; PC := next2() |

(*CI call procedure at intermediate levele)
1 := next(); mark(pop(), FALSE);
PC := 2¢1; PC := next2() |

(*CF call formal procedures)

k := stk[S-1];

mark(G, TRUE);

j := k DIV 4008;

G := stk[dft+j];

F := stk[G];

PC := 2+(k MOD 488B); PC := next2() |

(*CL call local procedures)
i := next(); mark(L, FALSE);
PC := 2e¢i; PC := next2() |

377B: (sCL1 - CL15 call local procedures)
mark(L, FALSE); .
PC := 2«(IR MOD 16); PC := next2()

ELSE Trap(instrChk)

END

END (sLOOPs)
END Interpreter.
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Appendix D
The M-code Interpreter (microprogram)

The listing for the M-code interpreter in microcode is found on the standard software release disk under
the name: intl3dot2.+. The full listing of this program will not be printed in preliminary versions of this

manual,




