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He present a simple and po#lerful computer a rch i tec tu re  Hi th several  
novel feat~lreq, the most i n te res t i ng  of t4hich are probabty the Hays in ~.lhich 
imnlectiate and stack operands are treated in th is  r e g i s t e r - o r i e n t e d  machine. 
The recen t  debate in th is  journal (see [ 1 ] - [ 5 ] )  over the r e l a t i v e  e f f  c i enc ies  
of s tacks  ;md r e g i s t e r s  w i l t  take on a ne~.~ form for the BLIZZARD, 

lhe machine is ca l led the BLIZZARD, since the design r4as i n i t i a t e d  
~4hi le the author" iJas snot4-bound at home during the Boston "B l i zza rd  of ' 78 " .  

A summ~.-g of the BLIZZARD's features are: 

- flemor U cons is ts  o f  up to 2**32 1G-bit words. Addressing is by 14or(t. 
lg rtotzhle-Hord r e g i s t e r s  are avai lab le,  Seven have special func t ions  ( l i k e  
PC, SP): three of the seven are "~Jindou" reg i s te rs  for fe tch ing immed}atr' 
immediate operands and pushing/popping stack operands. 

- D a t a  len[Iths ] ,  2, 4, 8, lg or 32 b i t s  (cal led b i t s ,  dabs, n ibs,  hutes,  
~or'ds, ~md doubte-I.Iords, or gener ica l lg ,  " f lakes" )  hanctled eas i l  U. 
Small f lakes are stored as packed arrags: each f lake is eas i lg  access ib le ,  

- Each i n s t r u c t i o n  is one 14orcl long (and is possiblg fol lowed b 9 ~lord or 
double-l.rord immediate operands) and has a simple four -n ib  format, 

- There are looping, subrout ine e n t e r / e x i t ,  and block move i n s t r u c t i o n s ,  e tc ,  

I . NOTATIr]N AND DATA FORrlATS 

A rJouble-~4ord occupies consecutive ~Jords; i t s  address is the same at:. 
the t~ord rJith lower address (which contains the l e a s t - s i g n i f i c a n t  b i t s  of the 
doub le - i Io rd ) ,  IJe let  [X] denote the contents of the memor9 ~Jor(I at l oca t i on  
X, and (X) denote the double-word stored at locat ion X (cons is t ing  of IX] and 
[ X + t ] ) .  He also use () for denoting reg i s te r  contents: (PC}, etc. 

In tegers  are in tt4o's-complement; f l oa t i ng -po in t  numbers are double .~ 
words t4ith a sign, e ight  exponent b i t s  (excess 128.code) and a 23 -b i t  mant issa,  

lJe use hexadecimal nota t ion:  a 14ord is four hex d i g i t s  (n ibs ) .  A he× 
cons tan t  appears as # folios.ted b9 a nib sequence, Lower case l e t t e r s  denot~ 
a r h i t r a r u  n ibs:  flBABd is a word with nibs 8, A, B, and an a r b i t r a r 9  n ib d. 

The b i t s  of a double-~Jord or word are numbered from 31 or ]5 for the 
s ign  b i t  to 0 for the l e a s t - s i g n i f i c a n t  b i t .  S im i la r l 9 ,  f lakes in a word are 
numbered s t a r t i n g  wi th zero for the f lake in the l e a s t - s i g n i f i c a n t  p o s i t i o n .  

I I .  RE61SfERS 

BLIZZARD's IG double-word reg is te rs  (R8 to RF) are carefu l  l9 
al located bettleen seven dedicated uses and general-purpose use. This f rees 
the opcodes from having to specifg operand sources (e.g. immediate, s tack,  or 
r e g i s t e r } .  The r e g i s t e r s  are i den t i f i ed  with double-words 8 to F of memor9 
(Ri c o n s i s t s  of memorg ~4ords 2.  i and 2 , i+1 ) .  

RO = Program Status Register PSR 
car rg  b i t  ( b i t  31}. overflo~l b i t ( b i t  38), i n t e r rup t  mask b i t  
( h i t  29). and f lake size code: 1,2,4,8,1G. or 32 ( b i t s  0-5) 
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IJhen used as a base or inctex reg is te r ,  PSR has a value of I~. 

= Link Re, l ister LR: Keeps the return address for subrout ines.  
LR gets the old PC, ~4henever PC is assigned a ne~J value. 

RA = Iq~n~ral Purpose Registers 

= Program Counter PC, Incremented by ]. a f te r  each i n s t r u c t i o n  fe tch.  

= St.:tck Pointer  SP 
Push decrements SP by 2 then stores a double-word, 
Pop fetches the double-word at (SP) then increments SP by 2. 

= LJr~I'(I Immediate "Window" Register I,,IIR 
Fetch of WIR (even as base or index reg is te r )  re turns  [(PC)] then 
adds I to PC. Store into I JIR is a no-op. 

= Oouble Hord Immediate "Nindou" Register DI4IR 
Fetch of DLIIR (even as base or index reg i s te r )  re turns  ((PC)) then 
adds 2 to PC. Store into DWIR is a no-op, 

= Double-Hord Top-of-Stack "Nindo14" Register TOS 
Fetch of TOS (even as base or index reg is te r )  re turns  [(SP)) then 
adds 2 to SP, (This is a "pop",) Store into TOS sub t rac ts  2 from 
SP, then stores into location (SP), (This is a "push".)  

I I 1 .  THE INS[RIICTION SET 

An i n s t r u c t i o n  is one 14ord long, but i t s  execution may fetch the newt 
14ord or double-Hord and bump PC bg an addi t ional  t or 2 (clue to kllR or ON]R). 
The ins t r , Jc t i ons  have s im i la r  four-n ib formats. Using "0" for opcode, " r "  for  
r e g i s t e r ,  and " " for immediate denotations, they look l i ke :  

O r F -  

O r F r  

OOr  -- 

O O r r  

Or --- 
. . . . . . . .  

load/s tore  a double-word,tflake (base reg + immediate o f f s e t )  
load/s tore a double-Fjord/flake (base rag + index) 
compare against immediate, not, enter, ex i t  
compare/add/subtract/exchange/etc, r eg i s te r s  
load/add/subtract  immediate, load PC (base reg + displacement)  
jump ( r e l a t i ve  to PC) 

Tlne i n s t r u c t i o n s  are l i s ted  below. In a l l  cases the r e g i s t e r s  named 
Rx. Rh. and Ra are evaluated in that order. (This onlg matters i f  two of them 
r e f e r  to the stack v ia TOS or to immediate operands v ia 14IR or DIJIR,) 

I I I. i LOAN and STORE DOUBLE-WORD INSTRUCTIONS 

8.tbd LOAD DOUBLE-WORD: loads Ra ~Jith the double-~lord at address (Rb)-~2~d. 
As'~embler: L a,d(b) (PUSH d(b) for L TOS,d(b)) 

lab× LOAD DOLIBLE-IJORD iNDEXED: loads Ra with the double-~vord at (Rb )+2 , (Rx ) ,  
Assembler: LX a , (b ,x )  (PUSHX (b,x) for LX TOS,(b,x)) 

r 2abd ,;:TORE DOLIBLE-WORD: stores double-word (Ra) into locat ion (Rb)+2*d. 
Assembler: S a,d(b) (POP d(b) for S TOS,d(b)) 

3ab× 5TORE DOLIBI_E-WORD iNDEXED: puts (Ra) into locat ion (Rb)+2~(Rx). 
Assembler: SX a , ( b , x )  (or POPX (b,x) for SX TOS, lb, x))  



These i n s t r u c t i . o n s  load r e g i s t e r s ,  jump (Ra=PC), change the c u r r e n t  
f l a k e  s i z e  (Ra=PSR), push/pop data from the stack (Ra=TOS), e tc .  i f  the b,4t~e 
or- incte× r P g i s t e r  (or both} is TOS, the value used is popped from the s tack .  
Smal l  rJ isp lacements (8 to IS) are coded d i r e c t l y ;  la rger  d isp lacements  r e q u i r e  
the LOAD/STORE INDEXED format ~4ith HIR or BNIR as the index r e g i s t e r  ( the 
d i s p l a c e m e n t  appears as an immediate operand). Note that  for  a l l  of these 
i n s t r u c t i o n s  the ctisplacement ct or (Rx) is in double-~4ords from l o c a t i o n  (Rb), 

111.2' LOAD and STORE FLAKE INSTRUCTIONS 

4abd t.OAO FLAKE 
Sail× LOAD FLAKE INDEXED 
ISabd STORE FLAKE 
7ahx STOqE FI.AKE INDEXED 

(Assembler; LF a,d(b)  or PUSHF d(b) ) 
(Assembler: LFX a, (b,x)  or PUSHFX ( b , x ) )  
(Assembler: SF a,d(b}  or POPF d(h) ) 
(Assembler; SEX a . ( b , x )  or POPFX ( b , x ) )  

A f l a ke  (of s ize  g iven in PSR) is loaded ( r i g h t - j u s t i f i e d  w i t h  l ead ing  
zeros)  i n t o  or s to red  from Ra. The f lake is the d - t h  or (Rx ) - t h  f l a k e  from 
the l eas t  s i g n i f i c a n t  f lake  in (Rb) (O -o r i g i n  index ing) ,  Thus i f  PSR=], tt~e 
i n s t r u c t i o n  LF 2 ,5 {3 )  loads R2 ~4ith the S- th  b i t  of word [R3], 

I I I . 3  SIMPLE IiTi!EOIATE INSTRUCTIONS 

8abc LOAD IHI1E[II ATE 
9abe ADD IIII1EDtATE 
A~hc St IE~TRAC:T I MilEOIATE 

(Assembler: LI a , fbc  or PUSHI #bc) Ra ge ts  flbc. 
(Assembler: ADOI a, fbc)  Add #bc to Ra. 
(Assembler: SUBI a,flbc) Subt rac t  #bc from Rao 

These mi Ic i ly  redundant (v i z .  141R/OWIR) i n s t r u c t i o n s  p rov ide  for  
compact code ~4hen the immediate operand is one byte or less.  

I | l . 4  JLIMP AND SUBROUTINE CALL INSTRUCTIONS 

Baboo JUtIP: Ti4o's complement value flabc is added to PC. (-2848<~flabc<~2847) 
A'ssembler; J label 

Cabc LOAD PC: The PC is Ioadecl u i t h  the doubleH4ord at (Ra)+2,bc. 
Assembler:  LPC bc(a) or just  LPC subrname 

These ar'e a lso  mi Ici ly redundant,  but help to compact code. JUflP 
p r o v i d e s  enough d isp lacement  to handle most local jumps. LPC p rov ides  a 
c o n c i s e  ~,3!:I of r e f e r r i n g  to a r e l a t i v e l y  large (256) set of s u b r o u t i n p s .  For 
example,  l~y d e d i c a t i n g  one r e g i s t e r  as base r e g i s t e r  for  a d i spa t ch  t a b l e ,  
each of  2SG common procedures can be ca l l ed  u i t h  a one-word i n s t r u c t i o n .  

Since LR gets  the o ld  PC 14henever PC is changed (except bg the post-- 
i n s t r u c t i o n  fe tch  i nc remen ta t i on ) ,  any of the i n s t r u c t i o n s  LOAD, STORE, JUI1P, 
LPC, e t c . .  can c a l l  a sub rou t ine ,  The subrout ine  need on ly  save the r e t u r n  
address  in LR (say on the stack) immediately upon en t ry .  The EN1ER 
i n s t r u c t i o n  (see l a t e r )  p rov ides  a neat uay of doing t h i s .  

I I l . S  COMPARE AND LOOP-CONTROL INSTRUCTIONS 

0 f,~b D~crement / lnc rement / leave  alone Ra, then 
compare (Ra) aga ins t  e i t h e r  b or (Rb) and sk ip .  f -codes:  

O=DSLI, I=SLI ,  2=SEI, 3=SLEI, 4=SGI, 5=SNEI, G=SGEI, 7=ISGI. 
g=DSL, 9=SL, A=SE, B=SLE, C=SG, D=SNE, E=SGE, F=ISG. 

OSLI and DSL f i r s t  decrement Ra. ISGI and ISG f i r s t  increment Ra. 



For" 8<=f<~.7 comparison is  (Ra) against  b, othem4ise i t  is  IRa) vs. iRb) 
E.t~.: St_; ~Nips i f  iRa)>(Rb), ISG a,b is equ iva len t  to ADDI a , l :  SO a ,b .  
Ascenfl~l er': SE a.b or SEI a,b etc.  

The inlmediate form can compare a r e g i s t e r  to zero. The i n s t r u c t i o n  
sk ipped  m,~,t he a one-t,lord i n s t r u c t i o n  (no immediate operands),  i l f  Ra or Rb 
is  HIR/DIJIR, tt,e i n s t r u c t i o n  skipped appears a f t e r  an immediate operand. )  
The f t o a t i n t l - - p o i n t  format causes comparisons to be cons i s ten t  w i t h  i n t ege r  
comparisc, ns. DSL]. DS[_. ISOl. ]SO are usefu l  in loop c o n t r o l :  t g p i c a l l y  they 
are* Tot lol led bU a jump back to the beginn ing of the loop. 

I I I . 6 .  BINARY OPERATIONS 

E fab Ra gets  b i na rg  opera t ion  " f "  of IRa) and (Rb). f: 
O,~ADD, i=SUB, 2=MUL, 3=OIV, 4=FADD, SWSUB, 
7-YDIV, 8=RErl, 3=AND, A=OR, B=XOR, C=LSH, 
E. F unused 

Ar, sembler:  ADO a.b etc.  

MIjL and DlV have double-uord product and d iv idend .  

G=FMUL, 
O=RSH, 

l l i . 7 .  LINARY and UTILITY OPERATIONS 

FOad NOT a. d 

F Iad  ENTER a.d 

F2ad EXIT a.d 

F3ab EXCtt a.b 

FAab BLOCK a.b 

FS..  to FF..  

Set Ra to complement of iRa), p lus  d 
(d=O i s  complement, d=l for 2 ' s  complement) 
Saves RB..Ra on stack, wh i le  tak ing  d arguments from 
the stack and loading them in to  R2. .R [d+ I ]  
(Top goes in to  R2, e t c . )  
Restores RO,.Ra from save area on stack,  underneath  
d r e s u l t  double-Hords, E l im ina tes  save area by moving 
ct r e s u l t s  doMn a+l p o s i t i o n s  and a d j u s t i n g  SP. I I . e .  
stack goes from [d r e s u l t s ,  (a+l)  regs,  o t h e r ]  
to [d r e s u l t s ,  o ther ]  ) Then loads PC from LR. 
Exchange r e g i s t e r s  a and b (Note that  a=b=TOS 
e×changes top two elements on s tack , )  
Moves a block of [TOS] ~ords from (Rb} . . . .  
to i ra)  . . . . .  Stack is popped. "Smart" v e r s i o n .  
Unused, 

l h i s  completes our l i s t i n g  of the BLIZZARD i n s t r u c t i o n  set .  

IV. THE LIINDOM REGISTERS 1,41R, DI41R AND TOS 

These g ive  much v e r s a t i l i t y  to the simple i n s t r u c t i o n  set .  Theg are 
no t  r e g i s t e r s  in the usual sense, s ince they are jus t  shor thand:  

WIR is the word pointed to bg PC, 
DNIR is the double-word po in ted to bg PC, and 
TOS is the double-word po in ted to bg SP. 

That i s .  (LI IR!,=[ iPC)],  so that  " r e g i s t e r "  WIR has a va lue equal to the 
imm~.diate 14ord operand for the i n s t r u c t i o n .  Analogously,  (DWIR) equa ls  the 
doub le - i i o rc l  j us t  a f t e r  the i n s t r u c t i o n  word. S i m i l a r l y ,  (TOS) equals  the the 
double- f lo ra l  on the top of the stack.  Thus the programmer can t a l k  about 
immediate ope,'ands or t op -o f - s t ack  operands as s imply and na tu ra l  Ig as he can 
t a l k  abo,Jt r e g i s t e r  operands. This inc ludes any use of these r e g i s t e r s :  even 



fo r  base or i ndew- reg is te r ' s  purposes, Freeing the opcodes of the n e c e s s i t y  o# 
making t h i s  d i s t i n c t i o n  helps make a f l e x i b l e  i n s t r u c t i o n  set .  

To make t h i s  14or`k smoothly, these " r e g i s t e r s "  have an 
" a u t o - i n c r e m e n t "  pr`oper,tg r e l a t i v e  to t h e i r  d e f i n i n g  p o i n t e r s  (PC or SP} uhen 
they are fe tched:  PC is incremented by .!. (resp. 2) a f t e r  any fe tch  of IJIR 
( resp .  [tIJIR), and SP is incremented by 2 a f t e r  any fe tch  of TOS, The 
inc rement  of PC a f t e r  f e t ch ing  NIR or DI4IR keeps BLIZZARD from subsequen t l y  
t r ' y i n g  to execute tha t  operand. 

14hen a va lue is to be s tored in to  TOS, SP is f i r s t  decremented by 2, 
and then th.qt double-~.Jer,d is placed in the memory l oca t i on  then po in ted  to t~ 9 
SP. Th~Js a load i n t o  TOS is a "push",  An attempt to s to re  i n to  NIR or DWIR is  
a no-oP~, 

The concept of a "~.lindou r e g i s t e r "  is  d i f f e r e n t  than the 
" a u t o i n c r e m e n t  i n d i r e c t "  address ing modes of the POP-[]. and VAX. There theu 
o b t a i n  the e f f e s t  of a 14incto~.~ r e g i s t e r  by spec i f y i ng  the d e f i n i n g  p o i n t e r  
r e g i s t e r  (say PC or' SP) and then spec i f y i ng  v ia  a d d i t i o n a l  c o n t r o l  b i t s  the 
a u t o i n c r e m e n t  i n d i r e c t  address ing mode. Here immediate and t o p - o f - s t a c k  
oper,ancls a,-e f u l l y  equ i va l en t  to r e g i s t e r  operands and may be used wherever 
r e g i s t e r  operands are permi t ted  (even as base or index r e g i s t e r s ) ;  no 
a d d i t i o n a l  c o n t r o l  b i t s  are requ i red .  

The stack is  a u t o m a t i c a l l y  checked for  over f low or underflo14 ~lhenev~,r 
i t  i s  mod i f i ed ,  The l o c a t i o n  of the bottom of the stack is g iven  in memory 
dou l ] le - rJord  ].6 and the l oca t i on  of the top of the stack area is  g iven  in memory 
(louh I e-Hord ] 7. 

Some sample  code sequences are: 

LOC VALUE ASSEMBLER COMMENT 

2R0 #;?8D L 2,WIR. 
201 ~3E8 flO3E8 

% loads the constant  t000 i n t o  R2 
% (Note that  lOOO = flO3ES.) 

202_ 12E3 LX 2, (DI4]R,3) 
203 80123000 //123000 

Y. loads the (R3)th element of t h e . a r r a y  
% beg inn ing at #t23000 i n to  R2 

In  our f u t u r e  examples, we sha l l  replace 14IR or DI41R by the cons tan t  so 
o b t a i n e d ,  preceded by e. (E,g, for  above; L 2,elOOO and LX 2, ( e # 1 2 3 0 0 0 , 3 ) )  

205 OFBB 

28G @FAD 
Z@7 8183 
288 @FC@ 

289 2FBB 

28A 12CD 
28B 83E7 
28C 888~ 
20D EJFF 

28E E].FD 
28F 8183 
210 2ODe 

PUSH PC 

PUSH e259 

% (same as L TOS,PC) push the program 
:% counter (286) on the s tack .  
% push constant  259 on the s tack .  

PUSH 8(SP) 

POP PC 

L× 2,(SP,egBg) 

(same as L TOS,OISP)) d u p l i c a t e s  the top  
% double-~ord of the stack 
% (same as S TOS.PC) pop the top of  s t ack  

in to  the PC 
% load R2 w i th  999th s tack element 

LI PSR,8 
SUB TOS,TOS 

SUB TOS,e259 

% Set byte s ize to 8 - b i t  by tes .  
% Subtract  the double-word which is  on top  o f  

the stack from the clouble-~aord . h i c h  i s  
second on s tack,  save r e s u l t  on s tack  

% Decrement doub le -uord  on top of s tack  by 259 

S e leee,e(e259) % Store 1@0B i n t o  l o c a t i o n  259 



21] @J83 
212 QSES 
213 2FF6 POP O (TOS) % (Same as S TOS,O(TOS)) Puts the d o u b l e -  

% ~4ord 14hich is  second the stack in the 
% loca t i on  g iven on top of the s tack .  

V, LOADINg AND STORING FLAKES 

BLIZZARD h.3s a f l e x i b l e  rsay of man ipu la t ing  f l akes .  The f l a k e  l eng th  
used in ,q I o n d / s t o r e  f lake  i n s t r u c t i o n  is obta ined from PSR when the 
i n s ' l r u c f i n n  is e×ecutect,. 

The mot r a t i o n  for  the 8LIZZARDS's f lake addressing method is  tha t  
f l a k e s  are ,~sua ly  kept in packed arrays.  The ~lay to address a f l a ke  is thus 
to g i v e  the beo nn ing of the array as a word address, and the o f f s e t  in 
f l a k e s .  Since th,~ f lake  o f f s e t  can be given in a r e g i s t e r ,  i t  is  easy to 
ranclomly ,3rcess f lakes  in an ar ra  9 of packed f lakes,  

For e×,qml)le, suppose #~e'd l i ke  a " f l a g  b i t "  for  each clouble-14ord of 
memo,-u. ]hen i f  LX 2, (8,3) loads R2 lai th the (R3)-rd double-word of memory. 
LFX 4, (S,S) loads R4 w i th  the (R3)-rd b i t  of t.he tab le  of f l ag  b i t s  b e g i n n i n g  
at  (RS). Hhen PSR = 1, That is ,  R4 now conta ins  the f l ag  b i t  for  the 
do,Jble-Hord in iR2, 

A f l ake  is always loaded in to  a r e g i s t e r  r i g h t - j u s t i f i e d  w i t h  lead ng 
ze ros .  Hhen a f l a ke  is s tored,  only the ind ica ted  f l ake  is mod i f i ed ;  o the r  
f l a k e s  in the same ~4ord are not changed, Some examples are: 

I_OC VA[.UE 
280 8008 
28t  4S4# 
2.82 6851 
283 6t',53 
204 8684 
L0.  59D4 
206 83E8 
R07 79g6 

208 595F 

209 4AOF 

ASSEMBLER 
LI PSR,8 
LF 8,8{4) 
SF 8, 1 {5) 
SF 8,9(5)  
LI PSR,4 

COMMENT 
% Set f l a k e - s i z e  to 8 - b i t  by tes  
% Get r igh tmost  byte located at {R4) 
% Store in le f tmost  byte at (RS) 
% and in le f tmost  byte of (RS)+6, 
% Su i tch  to 6 - b i t  f l akes  

LFX 9, (e1888,4) 

SFX 9, (5,6) 

LFX 9, (5, TOS) 

LF A, flF 

%Load (R4)- th  f l ake  from f l a k e  a r r a g  
% uhich begins at l o c a t i o n  1088 

% Store in (RG)-th f l ake  of  a r r ay  rst-,ich 
% begins at l oca t i on  (RS) 

% load f lake from a r ray  14hose o r i q i n  i s  
% given in RS, index is  on top of  s tack  
% Get / lF- th f l ake  of a r ray  b e g i n n i n g  at  
% 8, ~hich is thus r i gh tmos t  n i b  of  RI .  

The l o a d / s t o r e  double-word and the load /s to re  f l ake  i n s t r u c t i o n s  share 
a common p h i l o s o p h y  about o f f se t s :  the o f f se t  (d or (Rx)). is always measured 
from (Rh) in u n i t s  equal to the s ize of the item being loaded. Thus, L 
a , d ( b )  and [_F a ,d (b )  have the same e f fec t  ~4hen the cu r ren t  f l ake  s i ze  is  32. 
The f a c t  that  the cu r ren t  f l ake  size is g iven in na tu ra l  form { r a t h e r  than in 
a more comp:~ct l o g a r i t h m i c  no ta t i on )  in PSR both prov ides more pe rsp icuous  
code and pe rm i t s  l a t e r  expansion of the design to handle f l akes  of o the r  s i z e s .  

Vl. THE .If IMP INSIRI.ICTION AND SUBROUTINE CALLS 

The BL]ZZARD's one-word jump i n s t r u c t i o n s  (J and LPC) are meant to 
encourage modular code. They have the side e f fec t  of s e t t i n g  LR, the l i n k  
r e g i s t e r ,  to the l o c a t i o n  one beyond the cu r ren t  i n s t r u c t i o n .  Thus these 
i n s t r u c t i o n s  can be used both for  o rd ina ry  jumps and for  sub rou t i ne  c a l l s ,  
s i n c e  the l i n k  r e g i s t e r  w i l l  con ta in  the r e t u r n  address for a sub rou t i ne  , c a l l .  



The normal wag to save the r e t u r n  address upon s u b r o u t i n e  e n t r g  i s  to 
e × e c u t e  an ENTER a ,d  i n s t r u c t i o n  as the f i r s t  i n s t r u c t i o n ,  Th is  
(1) removes the d parameters  from the top of the s tack  and saves them in a 

" £ 3 f e  p l a c e " ,  
(2) pushes Ra . . . . .  R8 onto the stack ( in  that  o r d e r ) ,  
(3) a r r a n g e s  the d parameters in R2 . . . . .  R[d+]. ] .  (The parameter  wh ich  

Has o r i g i n a l l g  on the top ends up in R2.) 
I f  a>=.[, then t h i s  saves the r e t u r n  actdress. I f  a> l ,  the r e g i s t e r s  2 . . . . .  a 
a r e  f r e e d  fo r  use as temporar ies ,  I f  d>8, the f i r s t  d o f  these tempora? ies  
a r e  loaded H i t h  the d parameters  from the top of the s tack .  (These p a r a m e t e r s  
a re  removed from the s t a c k . )  

IJhen the s u b r o u t i n e  is f i n i s h e d ,  the i n s t r u c t i o n  EXIT a .d  r e s t o r r : s  
the  r e g i s t e r s  and r e t u r n s  the d r e s u l t s  on top of the s tack  as the s u b r o u t i n e  
r e s u l t s .  ( [ h i s  loads the r e g i s t e r s  from a .save area undernea th  the d r e s u l t s  
on the  s t a c k ,  and then moves the d r e s u l t s  doun a+l p o s i t i o n s  on the s t a c k , )  

V l l .  INPUT/OLITPIJT AND INTERRUPTS 

]nl)ut/ouput is handled bg memorg-mapped i/o. A write to [or read 
from) an IO device looks like a write to (or read from) a particular memorg 

I oca t i on. 

Hhen an i n t e r r u p t  occurs :  the PC is  s to red  in double-14ord 18 o f  
memorg, and then the PC is  loaded from a doub le-Hord rese rved  to s t o r e  the 
a d d r e s s  of  an i n t e r r u p t - h a n d l i n g  r o u t i n e  ( i . e .  vec to red  i n t e r r u p t s ) .  (The 
l i n k  r e g i s t e r  LR is  not  m o d i f i e d , )  S imu l taneous lg ,  the i n t e r r u p t  mask b i t  in 
the  PSR is  t u rned  on, which masks out o ther  i n t e r r u p t s .  

Vlll. A SAMPLE PROGRAM: THE EIGHT QUEEN'S PROBLEM 

To i l lustrate Hhat tgpical BLIZZARD programs look like, L-le present l-,ere 
a solution to the Eight Queen's: problem, IJe first present a PASCAL proclrT~nl for" 
its, solution due to Niklaus Mirth [Algorithms + Data Structures = Programs, 
Prentice-Hal I, ]3715, p. 347-348), and then what BLIZZARO code for the compi led 

program might  look l ilse. 

progr,Tm e i g h t q u e e n s { o u t p u t ) ;  
var  i :  i n t e g e r ,  

a: a r r a g  [ 1 . . 8 ]  of boolean.  
b: a r r a g  [2 . .1G]  of, boolean, 
c: a r r a g  [ - 7 . . 7 )  of  boolean, 
×: a r r a g  [ 1 . . 8 ]  of  i n t e g e r :  

p r o c e d u r e  p r i n t :  
var  k: i n t e g e r :  
beg in  fo r  k : = l  to 8 do l a r i t e ( x [ k ] : 4 ) l  

wr i  t e t n  
end I p r i n t l :  " 

procedure trg(i: integer): 
ver j: integer: 
b e g i n 

fo r  j := 1 to 8 do 
i f  a [ j )  and b [ i + j )  and c [ i - j ]  then 
begin x[i):=j: 

a [ j ] := fa lse :  b[ i+j )  : = f a l s e : c [ i - j ]  :=fal se: 
i f  i < 8 then t r g ( i + l )  e l se  p r i n t :  
a [ j ) : = t r u e :  b [ i + j ] : = t r u e l  c [ i - j ] : =  t r ue  

end 



p,q(  I t r y }  

b a g i n 
for i := i to 8 do a [ i ]  : : t r u e l  
for i := 2 to 16 do b[i] := true: 
fnr ; := -7 to 7 do c [ i ]  := true: 
t r y { l )  

.~nCI, 

Not J t4e present the BLIZZARD code for the above program. 

LOC VAt_t_IE [_ABEL ASSEMBLER 
JO00 A: WORD 
18~1 B: DOUBLE-MORD 
lAD3 MORD 
1004 C: NORD 
I~05 ×: 9 DOUBLE-WORD 
1106 FISQ PRINT: ENTER 3,0 
1101 8261 LI 2,1 
11~2 1FD:71~5 PRI: PLISHX (eX,2) 
1164 gF64 PUSHI 4 
1165 C:655 LPC WRITE 
1106  D72g ISOl 2,8 
1167 BFFA J PRi 
1188 COSg LPC WRITELN 
11~3 F230 EXIT 3,8 

COMMENT 
% b i t s  array for A 

% b i t s  ar ray  for B 
% b i t s  array for C 

% integer arra9 X 
% enter,  save to R3 
% use R2 for k. do k := l  
% push x [k ]  
% push 4 
% call system ~rite routine 
% k:=k+l :  to PR1 i f  k<=8 

% cal l  sgstem w r i t e l n  rou ine  
% re tu rn  

1128 F171 TRY: ENTER 7,1 
1121 8MOt LI 0,1 
1122 £'~at LI 3 1 .2 J - 

112:3 0607 TRI: L 6,2 
1124 Er~(,3 ADD G,3 
1125 87 F~2 L 7,2 
112G El 73 SUB 7,3 
1127 t E"°1608o .~ , ,  LFX 5, leA,3) 
i 129 0:'56 SE I 5, 0 
I 12A [~0(-18 J TR2 
112B 55[)C;188] LFX 5, (eB, 6) 
112D D2Sa SEI 5,0 
1 12F B~a4 J TR2 
1 l UF F~SP7] 064 L.FX 5, (eC, 7) 
113 ] {G58 SNE I S, O 
11 :~2 Br~l ,, ~ J TR5 
1133 43[1211365 TR2: SX 3, (eX,2) 
11 3F, £SaO L I 5, O 
l 13G 75[LBI~O SFX 5, (cA,3) 
1138 75DG] ~01 SFX 5, (eB,6} 
I i3A 75D/16B4 SFX S, (eC,7) 
I13C D J28 SLI 2,8 
113D BOO4 J TR3 

O O,:. PUSH 2 IigE F ~ 
1 IgF 9F61 ADDI F, I 
l 14R BFIIF J TRY 
1141. [~01 J IR4 
1142 BF[:A TR3: J PRINT 

C' [ "  

1143  ,..~01 TR4: LI 5 , I  
1144 /SD31QOO SFX 5, (cA,3) 
1146 75[)C;I gO1 SFX 5, (eB,G) 
1148  75D71004 SFX 5, (eC,7) 
114A D73£ TRS: ISOl 3,8 

% save to R7, get i i n to  R2 
% set f l ake -s i ze  to b i t s  
% i n i t i a l i z e  j (R3) to 1 
% set R6 to i+ j  

% set R7 to i - j  

% load b i t  A [ j ]  
% skip i f  A[ j ]=O ( fa lse)  
% else enter boclg of i f  strut 
% load b i t  B [ i 4 j ]  
% skip i f  B [ i+ j ]=O ( fa lse )  
% else enter body of i f  strut 

load b i t  C [ i - j ]  
% skip i f  C [ i - j ] = 1  

skip over i f  stmt body 
% X [ i ] : = j  
% set R5 to fa lse 
% A [ j ] : = f a l s e  
% B [ i + j ) : = f a l s e  

C [ i - j ] : = f a l s e  
test  i'f i<8 

% push i+ I  

% do t ry( i+1)  

% i f  i>=8 ca l l  p r i n t  
% set R5 to true 
% A [ j ] : = t r u e  
% B[ i+ j ]  : : t r u e  
% C [ i - j ] : : t r u e  
% Ioop 



I 14B BF+E8 J TRI 
114C F270 EXIT 7,0 % ex i t  from try 

115~ #;2~] EIC;HTQ:LI 2,1 % set R2 to t rue 
11S1 SE+~] LI 8ol % set f l a k e - s i z e  to b i t s  
1152 g3~t LI 3,1 % set i to 1 
1153 72D31888 El :  SFX 2,(mA,3) % A [ i ] : = t r u e  
] 155 [37:38 ISGI 3,8 % loop 
llSG, BFFC J E1 
1157 8302 LI 3,2 % i :=2 
1158 72D31801 E2: SFX 2,(eB,3) % B [ i ] : = t r u e  
115A F43DCI~10 ISG 3,e16 % loop 
I15C BFFC J E2 
1 ] 5D g~,:07 t I 3 , 7  % R3 : : -7  
115E F03I NOT 3,1 
IISF 72[:!1~1~t34 E3: SFX 2, (eC,3} % C[ i ]  := t rue  
1161 D727 ISOl 2,7 % loop 
1. 1G2 BFFC J E3 
1163 8F81 PUSHI I ~ do try(1) 
] 164 BFBB J TRY 
1165 CI3FF LPC SYSEXIT % ca l l  system e x i t  r o u t i n e  

I ×. F INAI,. gOHHENTS AND SUMMARY 

The design presented here emphasizes those aspects of the a r c h i t e c t u r e  
tha t  I riot:, most i n t e res ted  in studying:  the gene ra l i za t i on  of the 
r e y i s t e r - s t r t J c t u r e  of the typ ica l  von-Neumann machine to handle more genera l  
oper/-+nd~ and the development of a clean t4ay of handl ing f lakes ,  By compar ison 
H i t h  s i m i l a r  s o l u t i o n s  to these problems in other machines (e,g, the 
address inc l  modes of the PDP-11 or the byte po in te rs  of the PDP-18), I feel  
tha t  BLIZZARD is s i g n i f i c a n t l y  more pot4erful and f l e x i b l e ,  

Other aspects of the design need to be c l a r i f i e d  and expanded be fo re  
BLIZZARD becomes tJel I--defined, The i n te r rup t  s t ruc tu re  and the p o s s i b l e  
add i t i on of ~upervi sor /user  mode b i t s  in the PSR or t es t - and -se t  i n s t r u c t  i onto, 
for  example, need study. 

The des ign of BLIZZARD is also an exerc ise in aes the t i cs .  An a t tempt  
t~as made to achieve the maximum of c a p a b i l i t y  u i t h  a minimum of mechanism, The 
reader  can judge to .ha t  extent  BLIZZARD achieves th i s  goal ,  
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