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1. INTRODUCTION

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

2. - DIVS (ERP=13) v DIVS (ILI~15)

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 MQ"
is correct but it is not the same thing as saying ''the divisor is not greater

'than the AC portion of the dividend'. '
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Figure 1 Layout of Dividend




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 the top bit of the MQ

when testing against the divisor for divide overflow. The error is‘just in
the manual (see Figure 4). g

Figure 3 is the III-15 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-15 test program to see if
the error was in the III-15 manual or in the hardware. Figure 4 shows

the error to be in both as the III-15 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-15. Divide overflow was
generated correctly by the PDP-15 (last line of the test program reslts).

3. CONCLUSION

There is a serious design fault in the III-15 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!
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Execute Time: 7.65 us

Divide the contents of the AC and MQ (a 36-bit
stened dividend with the sigivin AC,y and bits O
and 01, and the remaining 34 bits devoted to
maznitude) by the contents of memory location
Y (the divisor), The resultine quetiont appears in
the MQ with the alacbraicatly determined sien in
MQ bit 0 and the masnitude (1's complement)
in MQ bits 1 throuch 17, The remuinder is in the
AC with AC bit 0 containing the magnitude (17s
complement), The Y is taken to be
sequential to the address of the DIVS instruc-
tion word. The contents of Y are taken to be the
absolute vilue of the divisor: the contents of the
Link are taken to be the oriznal sien or the
divizor {DIVS axsames previous execution of an
EAL GS)M iastruction). Prior ‘to this 'DINVS in-
struction, the dividend must be entered in the

AC and MQ (LAC of least sizmificant hatt, LMQ,

address of

and LAC oi most sicnificant hali). The MQ
portion of a negative dividend is I's comple-

mented prior to the division. I the divisor is not
greater than the AC portion of the dividend,
divide overflow occurs (muaunitude of the guo-

tisiiy (GG 3l TRl pls STy s padiliye eligtlie
MQ:. and the Link is set to one to sizaal the

overfiow condition: data in the AC end the MQ
are of no value. A valid Jdivision halts whei the
siep connter, initialized to the 2's compleinent
of 234 (19, steps). counts up to 0 (the six
low-order bits of the DIVS instruction word
spevify thesstepcount). The
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LLocation ConLrence
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X 22 LAC daividend-"(most _Sisfi ifcant)
vl DIV ;
X Divisor
Yoo Next instruction
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7.4. cyreles

DividEe,the centents of the AC anl MO/ {a
signed 36-bit dividend with the sign in
ACg and AC)) by the contents of memory
location X (HEheFebseolinteidinmisent) g e
quotient appears in the MQ with the alge-

braic sign in MQam. The remainder is in

the aC, with BCH"tOnteiming, the sigh of
£hel dividend B0 'AGy.y phicontginsng ¢he
magnitude in 1's complement notation. The
addrecss of X (the absolute divisor) must

be sequential tefithe D1IVS instruction
address.

Ericr to ithe, exechtioniof thenbIVS, instriice
tion, the adbsollute!Vvalieofsthe. diviisch:
must be stored in X and the link must con-
tFain the sidn=of Shetditviisor. [ Thi's 15
accomplished by lcading the AC with the
sicgned divisor, executing a GSM instruc-
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tiaon, . and then ssitering UhepE iiin =7 The
dividend must then be entered into the AC
and MO. DiEEne adi vidisor 1s' Aot greater faan
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divade overtflcy odeursytne link
s set o Ji, and the divadendgemation ter-
minates with the resulting data, contained
in the AC and MQ, being of no value.

A valid division terminates when the SC
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{ unchanged. The program resumes execution
at address X.+ 1. =
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