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1• INTRODUCT ION

There appears to be a design fault in the DIVS instruction hardware of the
FR80's III-IS computer. DIVS is the signed division of a 36 bit number by
an 18 bit number. DIVS on the III-IS does not always produce the same
results 'as DIVS on ACD's PDP-15 computer in the case of divide overfIow ,

2. DIVS (PDP-15) v DIVS (III-IS)

Figure 2 is the PDP-15 Reference Manual description of DIVS. The dividend'
is 34 bits and 2 sign bits. This is understandable if one thinks of it as
the result of mUltiplying two signed 17 bit numbers together. The underlined
sentence defines the condition for divide overflow'. This occurs when the
quotient is too big to be represented as a signed 17-bit number. The
underlined section of the PDP-15 manual describes the overflow condition two
ways. "Magnitude of the quotient exceeds 17 bit plus sign capacity of the HQ"
is correct but it is not the same thing as saying "the divisor is not greater

\than the AC portion of the dividend','.
I, '~
;~-.17 bits ----7ik~----17 bits ----7"7':,
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~--AC, 18 bit } ~ MQ, 18 bit }
Figure Layout of Dividend
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This is because the AC portion of the dividend only includes the top 16
bits of the most significant half of the dividend; the 17th bit is lurking
in the top bit of the MQ register, see Figure 1. The PDP-15 hardware
correctly uses the bottom 16 bits of the AC and ;he top bit of the MQ
when testing against the-divisor for divide overflow. The error i~-'j~st In
the manual (see Figure 4). ~

Figure 3 is the III-IS reference manual's description of DIVS. Note that
only the erroneous description of the test for divide overflow has been
cribbed from the PDP-15 manual. Figure 4 is a III-IS test program to see if
the error was in the III-IS manual or in the hardware. Figure 4 shows
the error to be in both as the III-IS is only testing the contents of the AC
for divide overflow. The centre test run In Figure 4 should have generated
divide overflow (LINK=77) but did not on the III-IS. Divide overflow was
generated correctly by the PDP-15 (last line of the test program reslts).

I

3. CONCLUSION

There is a serious design fault in the III-IS DIVS instruction. DIVS does
not always generate divide overflow when the quotient arithmetically exceeds
the single length result capacity of a sign plus 17 bit number, ie it gives
wrong answers sometimes!

bb
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DIVS

o

Di\ ide 1111,'coutcnts of lilt: ,\C .ind :'-IQ (u ~(l-hit
:-.i==lh,'ddi\ id;.'lhl wit h Ill\.' ,i:,."" in :\Co .uid hils 0
and 0 I, ;I:d the rcm.r in iuj; ,~·I I,ih d\.'\·~lll'll to
1Il:1~:!lillidd by the L-Ollt~'!II, of mc morv 10..-;:1:011
Y (11lL' di\ isor). TIK f":-l!lt::l:~ <]lIOIi...'111;'II'p;.':lf" ill
the ~lQ with t hc al:;\.'hr:li,::tlly (1,'IL'f1llil1l'd Si:':l ill
~lQ bit 0 .md IIll' 111:1:_:llil,:"k (I 's ":l1lllpkI11L'nl)
in ~IQ bits I t hrouch ) 7, T:h: r·I.'ll1:iilld,'r is ill t11-.:
AC with ..\C bit 0 con t.iini.i.; ihc ,n:!,,'!lillldl' (I 's
comp lc me nt ). Till? :ldd rL'SS of Y is 1:1~'L'!1 10 be
scquc n t ial to the ;lddf\.'~:S or I11L' D!\'S instruc­
t iou word, 1'11.' contents of Y .rrc L!l'';L'11to l~~ t he
absolute \":.ilu,' of the' divisor: t hc cont cnt s of lilt:
Link af\.' t.ik cn to be the \.)ri:!n;lI !:-i:;11 of the
d;\·i;:\.)f (J)!VS ;!~"dlll"S pr ,....ious cxccu t io n of ;111

L\[ CS\I in-t ruct ion ). Prior to t hi-, l)IVS il1-
<t r uct io n. 111~divi.lvnd ll:u:;1 l-c c n ic rcd ill t he
,\C ;,l1d vl Q (L\C of k:lq 'i~!lli'i\::1I11 h.ilf. L~IQ,
and L\C ("Ij' :,10St S!fllifj,::I:l[ luli'). The ~,IQ
portion of :1 nC~;lli\,t: di\"id":lld is I's co mplc­
llil'nlL'..t prior to Ilk division. If Ill..: di\'j;;or is I;ot
grl';l!cr iklil 1111.'AC pc"iioll or tile divi(.knd.
,h'ide <_)\~'ri:()\Voedl!":; (1l1:1~;1iitidc of I11L'quo­
riC!i~ (':-;l'-:,'~!sill,: )7 bit i';!';o; :--.i~:!l~':;j):ll'ity or thl.:
I\!Q). ,I:lei t hc Link is SL'1 to one to :--;~~;Ld t hc
overflow condition: d:iI:1 in t hc ,,\C ;'!IHI lh.: \IQ
.u c of 110 value. :\ valid Ji·..isiou halts when the
'i.'p counter, init ializ cd to t hc 2's complement
of ~3s (I ')1(J steps), ,'011111slip to 0 (rhc <ix
low-order bits or the DIVS instruction word
s;~.:'~'irytl;~' st cp count). TI!,' con tent of t hc Link
is clc.ircd to 0, 1'11..: L;;l1ic'll!S of Y ,II"": ·1111-

dl\ln~\."l1. The propr.nn rvsumcs ~Il t hc next in­
,.;lllIctioil (;;1l'l11ory loc.rt ion Y I- l ).

Pre-excel! t ion
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Ln s tr u c t Lo n
Scqu0nce:

1
?·lncr:l0nic:
Name:
Op Code:
Execute Tj r.ie :
Ex e c u t Lon r

u
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n
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I L·

In
I, I" .! ; I I 11S l rue t. J. () n Scq II (; nce :It)
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I,
i (' /,.

}·;/lf; n i v i d o Tnsl.lI1c:(.j,):lS

Loci1tion Contcnts

x - 4
X 3

2
1

LAC d i vi dcnd (lcast signific<lnt)
i.no
LAC dividend (most significunt) '-----'
DIV
Divisor
Next instruction

x
X
X
X + 1

DIVS
Div} io , Signcd
644323'
7.4 cycles
Dividc the contents of the l\C and t-1Q (a
s i 9n cd 36 - bit di vi del!d \vi t h the s .i9n i n
ACO a nd !\Cl) by the contents of rnc rnor y
location X (the z:.8solute divisor). The
quotient appcars in the NQ with the alge­
bra i c s is n j n ;.1°0' The r cmai ncer is in
the J..C, w i.t.h -"lea cont ei ni nq t.h o sign of
the di v .idend 2.nd !~Cl-l 7 con t ai n i nq the
magnitude in l's c ompLomcnt. notation. The
addr cs s of X (the abs oLut e divisor) must
be s equont Lo I to the DIVS instruction
address.
P 1_'j 0 r tot:) e 0:-:r-cut ion 0 f t 11e DI VSin s t r uC -
t i 0!1, the absol u t.e v a I ue 0 f t 11e d .i, vis 0 L-

rnust be stored in X and the li nk !!I11S t CO!1-
tain the sign of the divisor. This is
accompLis hcd by Loedi nq the l\C w i th the
siS~od divi~or, executir:g a GS~ instruc-
t:ic_...-n , and t.h on s t o r i.n c th e AC in X. 'i'tlC
d i. \,I i dond must then be ent ozed i nt.o the ,"-,C
and 1·:Q. If thc (1iv~.sor is nut grC'2tcr t:-;0n
t~1elliost sinni[ic,:lni: half of t.:,,? iJ.i_\;.ir'r_--:-,c'.
(t~G hC), divide o·'/l.-Lflc-.·;(J!.'CUl.'Si tile I in k
i sse t to 1, (11' d t ;1c d .iv i c1c oPi~r <1t i on t e r -
minates w i th the re s uI Li.n q C: ita, cont a in cd
in the AC and j·1Q, being of no value.

A valid division te:'-!'1inales v.hcn the SC
(initialized to the 2's complement of 238)
steps to zor o . '1'h8 1i nk is c Loar ed . The
contents of X (the absolute divisor) remain
unch<1ngcd. The program resumes execution
at address X + 1.

Location Contents

X - 7
X - 6
X 5
X 4
X - 3
X - 2
X - 1
X
X + 1

LAC divisor
GS!·1
Dl\C X
LAC di.vi.dend (least s Lqri i f i c ent.)
L;':Q
LAC di.vidend
OIVS
J\bsolutc divisor
Next instruction

(most
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ITE5T ITE~T liEST
B:C::G I I'J •• BEG I ['J •• BEG IN .•

LAC (000001) LAC (00000l) LAC (000001·)
G 3r1 G ::(1 G ::11
)JAC ., DAC v

DAC V'i'.. .~
"LAC (400000) II i -I~ L{\.C (400000) Ll~C (20000'0)

LI-1IJ U1Q LlIQ
L.6.C (000001) OJ(\t).._ L.4C (OOOnOG) LAC (000000)11 DliJS PDP-IS" DI 1}:; DI1J:

" 0 X.• 0 v 0fl..•
..: ..•~

DAC ""'(
$OVv\Ce.. DAC Y DAC Y"'1 LACQ LACQ L.A.CQCO

DAC Z pro~. DAC Z D!,C Z
3:'JL ::-1-JL ~:JL~ DZ:~ll LHJI{ -E ~ D?:~1 LINK DZ!'1 L IrJl\
J~1P I (037777) J["IP I (0':37777) J:1P I (037777)Y.• 0 Y.• 0 Y.• 0

Z.• 0 Z .• 0 Z.• 0
LINK .• 77 LINl{ .• 77 LI~JK .• 77
S7A?7 BEGI!'-J '3TA?'T BEGHr STA?T BEGIN"

FA FA FA

liEST
ITEST

I ( (

r-e.su-lts
~---?

ITE::T liEST
ITES7 /7E3T

YI
Z.•
LHJ1C .•

1
77

YI
Z.•
LINi{ .•

0 YI 0
400000 Z.• 200000
0 LHJI( .• 0

3 1_I ~l}V 77 > Y I 0 ZI LA: L I ~.KI S
\..

>Y/' L.'!..'JJ -2 ZI

c-- PbP- IS Res.u.lt-s -------~
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