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6enRee A.B., 4epHHroe A.n. Pll-81 -191 
naKeT noAnporpaMM FPP AnR Bb14HCneHHH 
C ee~eCTBeHHblMH 4HCnaMH Ha 3BM TPA-i 

Uenb pa60Tbl - yny4WeHHe CTaHAaPTHOro naKeTa AnR Bbl-
4HCneHHH C ee~eCTBeHHblMH 4HcnaMH Ha 3BM TPA-i . AnR 3Toro 
HCnonb3OBaHO YCTPOHCTBO pacwHpeHHOH apH~MeTHKH, HOBble no 
cpaeHeHH~ co CTaHAaPTHblM naKeTOM anropHTMbl, H3MeHeHa CTpyK
Typa KOMaHA. B pe3ynbTaTe yeenH4HnOCb 4HCno onepa4HH HaA 
ee~eCTBeHHblMH 4HCnaMH, yMeHbWHnOCb epeMR HX BblnOnHeHHR 
H 061,eM naKeTa. BpeMR BblnonHeHHR OCHOBHblX ;in ...... u~- · · · -~CKHX 
onepa4HH - cnf ... 
B 2;] H] pa3 
o6pa~eHHe K A ---- 2 9 88 / 2- 8 I np • 
aeTOMaTH4eCKO l _ l/ l/ f Ee JI fl P, B A • B • 
BeHHblX 4HCen O ). - 11P.t)H½f0B A . 11 . 

Pa6oTa B~ TiaKeT no,nnporraMM PP • 
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BBEAEHl-1E 

naKeT noAnporpaMM FPP ( FLOATING POINT PACKAGE) noasom1eT 
nporpaMMHCTY Hc nonbaosaTb Ha 3BM TPA-i 111 apH$MeTHKY c nnasa~
~eA aanRTOA 6e3 HanHCaHHR co6CTBeHHWX nOAnporpaMM swnonHeHHR 
onepa4HA. 

FPP, onHcaHHwA s ~-3~ o6naAaeT PRAOM oco6eHHOCTeA . B HeM 
He HCnonb3yeTCR ycTpoACTBO ~ / pacwHpeHHOA apH$MeTHKH , Hesoa
MOmHO o6pa~eHHe K APYrOMY Ky6y naMRTH. 

B AaHHOM FPP npeAnonaraeTcR HanH4He Ha 3BM ycTpoAcTsa pac
WHpeHHOA apH$MeTHKH. 3a C4eT HCnonb3OBaHHR ycTpoAcTBa pacwHpeH
HOA apH$MeTHKH B MOAe "B" H npHMeHeHHR HeKOTOPblX HOBblX anro
PHTMOB speMR swnonHeHHR onepa4HH cnomeHHR se~eCTBeHHblX 4Hcen 
yMeHbWHnOCb npHMepHO B 2 paaa, a YMHOmeHHR H AeneHHR - B 7 pa3. 
Bo cTonbKO me paa 6wcTpee ewnonHR~TcR 3TH onepa4HH H no cpae
HeHH~ c onepa4HRMH H3 CTaHAaPTHOro 6noKa nnasa~~eA aanRTOA AnR 
3BM "3neKTPOHHKa- 100" c HcnonbaoeaHHeM KoMaHA AA6 151. npH MeHb
weM 061,eMe nporpaMMbl - 6 CTpaHHLI - B AaHHOM FPP Ha 13 onepa
l.lHA 6onbwe. 

FPP AeACTByeT no npHH4Hny HHTepnpeTaTopa: KOA KOMaHAbl cny
mHT AnR Bb13OBa COOTBeTCTBY~~eA nOAnporpaMMbl. npH o6pa~eHHH 
K AaHHOMY FPP AnR aApeCHblX KOMaHA HCnOnb3yeTCR He OAHO, a AB a 
cnosa. B peaynbTaTe CTano BO3MOmHWM o6pa~eHHe K APYrOMY Ky6y 
naMRTH, KOCBeHHaR aApeca4HR, aBTOMaTH4eCKOe H3MeHeHHe aApeca 
4HCna Ha 1, 2 HnH 3, 4TO YA06HO npH opraHH3a4HH l.lHKnOB. 

AHana3oH H3o6pamaeMwx 4Hcen B $OpMe c nnaea~~eA aanRTOA -
cTaHAaPTHblA AnR MaWHH THna PDP-8 : 

0,8 • 10-
616 < I XI< l,B • 10 6 16 HnH X =0. 

1. l-1306PAIEHl-1E BEmECTBEHH~X 41-1CEn 

Be~e CTBeHHOe 4HCno npeACTaBnReTCR BHYTPH MaWHHbl ABOH4HOA 
MaHTHCCOA H noKa3aTeneM. 4Hcna npeACTaBnR~TCR cneAY~~HM o6pa-
3OM: 

2
noKa3aTenb 

MaHTHCCa * , 
rAe MaHTHCCa - senH4HHa co 3HaKOM, npH4eM 

.!.. < I MaHTHcca I < 1 . 
2 -

T.e . 4HCna HOpManH3OBaHw; !,_;--; l, , ; 
' ~ ., 
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noKaaaTenb - qenoe 4Hcno co aHaKOM. 
noA noKa3aTeflb OTBOAHTCR OAHO cnoao MaWHHbl, nOA MaHTHCCY -
ABa cnoaa: 

@.I E ~I Ml I [ M2 

SE - 3HaK noKa3aTenR /1 pa3PRA/ 
E - noKa3aTenb B AOnonHHTeflbHOM KOAe /11 pa3PRAOB/ 

SM - 3HaK MaHTHCCbl /1 pa3pRA/ 
Ml - cTapwaR-- 4aCTb MaHTHCCbl l a AOnonHHTenbHOM KoAe 
M2 - MflaAWaR 4acTb MaHTHCCbl s /acero 23 pa3PRAa/ 

npHMep: PaccMOTpHM npeACTaBneHHe AeCRTH4Horo 4Hcna 0,1." 
AaoH4Hoe npeACTaaneHHe 4HCna 0.1 TaKoao: 

0,00 011, 001 100 110. 011 001 100 110 011 001 100 •• 
Ero MOmHO nepenHCaTb B, BHAe: 

2-8*0,11 001 100 110 011 001 100· 110 .011 001 100 ••• 
TorAa C y4eTOM OnHcaHHOH BblWe ¢opMbl OHO aanHWeTCR

0

B Tpex Ma
WHHHblX cnoaax TPA cneAYKlillHM' o6pa30M: 
111 111 111 101 011 001" 100 110 ' 011 001 100 110 
HflH B BOCbMepH4HOH 3anHCH: 

7775 3146 3146. 
· AecRTH4Hoe 4Hcno - 0,1 ablrnRAHT TaK: 

7775· 4631 4632 
/MaHTHCCa - B AOnOflHHTeflbHOM KOAe/. 

2. 06PAmEHHE K FPP 

npH o6pa~eHHH K FPP AOnycKaeTCR 2 THna KOMaHA: aApeCHble -
KOrAa Heo6XOAHMO yKa3blBaTb aApec 4Hcna' H 6e3aApeCHble - KOrAa 
onepaqHH npoH3B0ARTCR HaA 4HCnOM, HaXOAR~HMCR B nceBAOaKKyMy
nRTOpe FAC /cM. n.3/. 

06pa~eHHe K FPP ocy~ecTBnReTCR /Ha R3b1Ke SLANG 161 J cne
AYIO~HM o6pa3oM: 

N CIF FPPFO 

N+l CDF CURFO 

2 

JMS I Z AFPP 
<KoMaHAa> 
<aApec>· 
<KOMaHAa>: 

/ FPPFO - yMHomeHHblH Ha 1 0 8 Ho'Mep Ky6a, 
/ B KOTOPOM HaXOAHTCR FPP •. 
I ecnH Tpe6yeTcR, CURFO - YMHomeHHblH Ha 108 
/HoMep Ky6a, a KOTOpOM HaXOAHTCR AaHHaR Bbl
/3b1BalO~aR nporpaMMa. 
/no aApecy AFPP HaXOAHTCR aApec Ha4ana FPP. 

I> 

' I 
\ ' 

N+K <KoMaHAa> 
<KOMaHAa> 

N+M 0000 /KOA BblXOAa H3 FPP. 
/npoAonmeHHe nocne BblXOAa H3 FPP; AC=O,MQ==<J 

AnR 6e3aApeCHblX KoMaHA , 
<KOMaHAa>: = <onepaqHR>, 

AflR aApecHblX KOMaHA 
<KoMaHAa> == <onepaqHR> <Ky6> <I>· <war> ~. 

rAe <onepaqHR> - KOA onepaqHH /6HTbl 0-5/ 
<Ky6> - HOMep Ky6a /6HTbl 6-8/ 
<I> - yKaaaTenb cnoco6a aApecaqHH /flHT 9/; 
<war> - war, KOTOpblA npH6aanReTcR ~ aApecy 4Hcna 

nocne BblnOflHeHHR onep~qHH /6HTbl 10, 11 / 
<aApec> - ecnH <I>;,,0; TO 3TO aApec 4Hcna, HaXOAR~e

rocR a yKaaaHHOM Ky6e; ecnH <I> = 1, -i-o 
3TO aApec, no KOTOpOMY HaXOAHTCR aApec 
4HCna, HaXOAR~erOCR B yKa3aHHOM Ky6e. 

CneAyeT OTMeTHTb, 4TO KOMaHAbl B cy~HOCTH RBn_RIOTCR ¢aKTH-
4eCKHMH napaMeTpaMH o6pa~eHHR K noAnporpa-MMe' np1-14eM 4HCflO 
napaMeTpOB 3apaHee He $HKCHpyeTCR. C 'i:\pyroA, CTOPOHbl, nporpaM
MHCTY YA06Ho C4HTaTb 3TH napaMeTpbl KOMaHAaMH, TaK ·.KaK FPP -
HHTepnpeTaTop. 

. . 

np11_Me_4aHHe: npi-1 B03HHKHOBeHHH OWH60_K ,C KOAaMH 1 '2 '3 HflH 4 
/CM. n.3/ npoHCXOAHT CfleAYIO~ee: 

1 / no aApecy N +M aacb1naeTCR KOA ocTaHoaa HLT /7402/ 
2/ B AC aacb1naeTCR KOA OWH6KH / 1 '2' 3 HflH 4/ 
3/ B MQ aacb1naeTCR 4HCflO (N +K) - aApec KOMaHAbl' npH Bbinon

HeHHH KOTOPOH B03HHKna OWH6Ka 
4/ ynpaaneHHe nepeAaeTCR no aApecy N+M /ocTaHoB no aApecy 

N+M·/. 

3. OnEPALlHH C nHABAJOutrn 3An.flTOt1 

B FPP HCnonbayeTCR nceBAOaKKYMYnRTOP FAC, aaHHMalO~HA R4eHKH 
A, A+l, A+2 Toro Ky6a, a KOTOpOM noMe~aeTcR FPP(A=ADRFPP+ 
+ 200 8 • ADRFPP - aApec Ha4ana FPP). ~4eAKa A COAepmHT 
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noKaaaTenb, a R4eHKH A+l 1,1 A+2 - MaHTHccy 41,1c11a. Ec111,1 pe-
3yJlbTaTOM B~nOJ1HeHHR onepa41,11,1 RBJlReTCR 4HCJ10 C nnasa~~eH aa
nRTOH, TO OHO 6yAeT HaXOAHTbCR B FAC /HCKJ1~4eHHe ~ KoMaHAa 
FNEG /. 

Onepa41,11,1 cseAeHbl s Ta6111,14y, rAe: 
➔ Y - 3Ha4HT 11noMeCTHTb no aApecy Y 11 ; 

(Y)K=.>L - 3Ha4HT 11nepesecTH 4HCJ10, HaXOAR~eecR no aApecy Y, 
1,13 4>opMaTa K s ¢opMaT L"; 

t - cpeAHee BpeMR BblnOJlHeHHR•onepa41,11,1. 

MHeM0KOA 
KoA 

onepa1.11111 

--
FEXIT 0000 
FNORM 0100 
FCLA 0200 
FACNEG 0300 
ABS 0400 
SQUARE 0500 

' SQRT 0600 
FLDA 0700 
FSTA.· · 1000 
FAD' 1100 
FSB 1200 
FMU 1300 
FDV 1400 
FADSTA •' 1500 
FSBSTA '1600 
FMUSTA 1700, 
FDVSTA 2000 
ENEG 2100 
FTOI 2200 
ITOF · 2300 
FTOJ 2400 
'JTOF 2500 

-Ha3saH11e 

Bo3spaT 

Ta6mu~a 

0n11caH11e KoA 
·ow116K11 

Hop1-1a111130BaTb FAC(FAC)f-!OpMan113a1.111R '+ FAC -
0411CTl1Tb .FAC . , 0, ➔ FAC 
CMeHl1Tb 3Hat< FAC .,-(FAC) ➔ FAC 
A6cornornaR 'aenl1411Ha l (FAC)l ➔ FAC 

· Bo.3secrn B°KBaApaT (FAC)*(FAC) ➔ FAC 

KsaApaT~b111 Kop·e.Hb y(FAC):➔ FAC 
noMecn;Tb, a FAC (X) ➔ FAC 

· 3anoMH.11Tb (FAC) ➔ X 
. Cno)t(HTb '·" (FAC)'+ (X)' .. FAC 

Bb14eCTb.. ·(FAC).:..(X) ➔ FAC 
YMH0)1(11Tb (FAC) *(X) ➔ FAC 
Pa3Ae1111Tb (PAC) /(X) ➔ FAC • 2 
Cno)t(l1Tb .11 3af]0MHl1Tb (FAC)+ (X) ➔ X. 
8bl4eCTb 11· 3a'noMfc'l1Tb (FAC)-(X) •➔ X 
YMHOJKHTb 11 3anoMH11Tb (FAC) * (X) ➔ X 
Pa3AeJ111Tb 1:1 3anoMHl1Tb (FAC) / (X) ➔ X 2 
CMeHl1Tb 3HaK -(X) ➔ X 
F- I -npeo6pa3osaH11e (FAC) F => I ➔ X 3 

· I- F -npeo6pa3osaH11e (X)I => F ➔ FAC 
·.F-J-npeo6pa3osaH11e (FAC)F=>J ➔ X 4 
,J-F -npeo6pa3osaH11e (X)J => F ➔ FAC 

MKC 

.47 
155. 
65 
70 
70 

295 

2900 
125 
125 
370 
390 
310 
290 
435 
460 
380 
360 
115 
120 
120 
125 
120 

'fipHMe'laHHH: 
ABS , SQUARE , 

I • OrrepaQHH FEXIT 
SQRT - 6e3ap;pecHb1e 
2. OrrepaQHH FEXIT 

, FNORM , FCLA ; FACNEG, 
/ OCTanhHbie - ap;peCHbie/. 
- B03BpaT H3 FPP B BbI3bI-

Baro~yro rrporpaMMy. 

· · 3. OrrepaQHH SQRT. BbI'lHCneHHe KBap;paTHoro Kop-
HH H3 'lHCna A ocy~eCTBnHeTCH MeTOp;OM HbIDTOHa: 

z i+l = ( z i + A/zi) /2 
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8~4HCJ1eHHR npeKpa~a~TCR, ec111,1 I z i+l-z i l He 6011bwe eAHHH4bl 
MJlaAwero paapRAa •0 Ec111,1 A< 0, Bb1pa6aT~saeTCR KOA owH6KH 3 1-1 

npOHCXOAHT OCTaHOB no OWH6Ke /CM. n.2/. 

4. onEPAUH.fl FDV. 

HMeR KOMaHAY AeJleHHR 24-paapRAHOro 4e11oro 4HCJ1a Ha 12-paa
PRAHOe 4e11oe 4HCJ10, nony4HM <l>OPMYJlY, no KOTOPOH ,ocy~eCTBJlReTCR 
AeJleHHe. E 

· 3an1,1uieM• AeJlHMOe A s BH,tie A=MA. 2EA 1,1 AeJlHTeJlb B=MB-2 B. 

r_Ae MA• MB, 
nbpRA~H. 

1 · · 1 · ., . ' ' 
- M_a.HrnCCbl, 2~-lMAl<l • -~r.SIMB[<l, a EA.EB-

~', ... , : 
Jor,qa 

. .. . . 2 

!Al' !MAI EA-EB IMAl·C EA-EB+l 
D=-·=-·2 =---,.2 

!Bl . lMBI IM Bl ~2-C2 
A1.C+A 2 =P-- . 
B1 .C+B 2 

. 12 EA-½+1 
rAe C ·= 2 10 = 100008 , P = 2 , 

Al - CTapwaR•4·a~Tb MaHTHCCbl A, .2 10 .$.A
1
~,2H-1, 

A2 - MJlaAWaR 4aCTb MaHTHCCbl A, 0 .$. A2.S, 212_1 .. 
B1 - CTapwaR 4aCTb MaHTHCC~ B,CABHHYTOH Ha 1 pa3PRA 

2 11 B 2 12 sneso, .s, 1.s, -1. 

TorAa 

A1 -C+A2 -1 A1 -C+A2 1 -i:. R B2 . B2 2. 
M= ____ ,,,. C • ---• . . =C (Q+--)(1-.-+(-)-•• ), 

B 1-C+B2 B1 (l+~) . B1 _B 1C B 1C 
B 1.c 

rAe •Q- 4e11aR 4aCTb OT AeJ1eHHR(A1-C+A2) Ha B1,2 10 .5Qs,2 12 -1, 
R- OCTaTOK' OT ,qeneHHR (Ai .c + A2) Ha'• Bl, Os R_s2 12 -2. 

MO)l{HO aan1,1caTb 
-1 R . · -1 B2 -1 'R B2 -1 . R B 2 

M=C (Q+-)-C .Q•--·C ._,._+C (Q+-)(-L)- •••• ,., 
B1 B 1.c B1 BrC B1 B

1
C 

-1 R Q.B2 . -1 (R,C-Q.B2) _ 2 "'C • Q+- - 0-+c =Q-C + . .c +c 
B1 ·C B 1• c 2 B1 

- Q c-1 [ R-C-Q.Bg 1 c-2 I R-C-Q-B2 I -1 - • + •.• +---=--··C +E, 
B1 Bl 

rAe [ l I I I - cooT,BeTCTBeHHo 4e11aR 1,1 AP06HaR 4aCTH, a 

-1 R B2 -1 R B2 B 2 R B 
c=-C ·-B •-,+C (Q+-)(-) =-((Q+ --)-.?_-R), 

1 8i•C B1 B1-C (B 1C)2 B1 C 

I c+I R-c-Q.B2 ,J.c-21 ~I~ .Q -~ -I Q.B2 IC-21 .< 2-~2 
B1 . (B

1C)2 G B1 
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T.e .. npYI AeneHYI~ nocneAHRR,ABOYl4HaR ~Yl<l>Pa He rapaHTYIPOBaHa. 
0Ko~4aTenb.HO Ma~TY1cca 4aCTHo1o cocT.cmT Yl3 · Q - cTapweH .4a~TYI ,· 

R°C-Q 0 B2. . 
YI [ B 

1 
-l , - MnaAWeH 4acTY1. 

EcnYI B=O, Bb1pa6aTb1BaeTCR KOA OWY16KY1 2 /AeneHY1e Ha 0/ YI 

npOYICXOAYIT OCTaHOB no OWY16Ke /CM. n.2/. 

5. onEPALll111 FTOI 11 FTOJ. 

<l>opMa"f F -
/3 cnosa/. · 

<l>opMaT I -
<l>opMaT J -
0603Ha4YIM 

npeACTasneHY1e 4Ylcna s,¢opMe c nnasaro~eH aanRTOH 

npeACTasneHY1e 
npeACTasneHHe 
XL - 4Hcno B 

~enoro 4Y1cna co 3HaKoM /1 cnoso/. 
HaTypanbHoro 4Hcna /1 cnoso}. ' 
<1>opMaTe L. TorAa F-1 -'npeo6pa-

30BaHHe MO>KHO onHCaTb: 
F-1 

XF --> X1 = [ XF} XF E- [-2048 ,2048), 

EcnH AeHCTBHTenbHoe 4Hcno XF: X Fr;/ [-2048, 2048), TO• npY1 no
nb1TKe Bbtnon!"'HTb F- I -npeo6pa3oBaHHe Bblpa6aTblBaeTCR KOA OWY16-
KY1 3 H npOYICXOAHT OCTaHOB no OWH6Ke /CM. n.2/. 

F- J - npeo6pa30BaHY1e MO>KHO onY1CaTb: 

F-J. } 
XF==> XJ=[XF , X F ~[ 0,4096). 

EcnH XF: XFq'[0,4096), TO npY1 nonblTKe BblnonHHTb F-J -npeo6-
pa30BaHHe B~pa6aTblBaeTCR KOA OWH6KYI 4 YI npOHCXOAHT OCTaHOB 
no OWYl6Ke /CM. n.2/. 

npH BblnOnHeHHYI onepa~HH cnomeHHR, Bbl4HTaHHR, YMHO>KeHHR, 
AeneHYIR OKpyrneHHe npOH3BOAHTCR C HeAOCTaTKOM 3a. C4eT OT6pacbr
BaHHR 11XBOCTa 1 I MaHTHCCbl. 

npHt,\ep: CocTaBHTb nporpaMMY AnR Bbl4HCneHYIR 

U = ~(Xi+Yi)Xi. 
l:zl 

AApeca cneAYIO~He: 

CHMBon 

X1 

Y1 
u 

Ky6 

1 
2 
3 

AApec 

120 
400 
500 

B~3~Baro~aR nporpaMMa AOn>KHa HaXOAHTbCR B 1-M Ky6e, 
nporpaMMa npYIBOAYITCR Ha £HCYHKe. 
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FPP-s 0-M. 

0000 
0170 
0001 
0010 
0600 
0010 
0120 
0020 
0400 
0030 
0400 
0030 
0500 

**1 
*0600 
0600 7665 
0601 0500 
0602 6211 
0603 6202 
0604 4570 
0605 0714 
0606 0624 
0607 1123 
0610 0400 

FPPF0::::00 /DEFINITIONS FOR ASSEMBLER 
AFPP::170 
CURF::1 
CURF0::::10 
START=600 
FX0=-10 
X=120 
FY0::20 
Y=400 
FU0::30 
Y::400 
FU0::30 
U::::500 
FIELD CURF 
*Sl'ART. 

SUM, 

CAM DST 
u 
CDF CURFO 
CIF FPPFO 
JttS I Z AFPP 
FLDA FXO 4 
AIX /INDIRECT ADDRESSING ' 
FAD FYO 3 /STEP::3 
y 

0611 
0612 

1317 
0624 

FMU FXO 7 /INDIRECr ADDRESSING, STEP::3 
AIX 

0613 1130 
0614 0500 
0615 1030 
0616 0500 
0617 0000 
0620 2223 
0621 5203 
0622 5225 
0623 7766 
0624 0120 

nHTEPATYPA 

COUNT, 
AIX, 

~ 

FAD FUO 
u 
FSTA FUO 
u 
FEXIT 
ISZ COUNT 
JMP SUM 
JHP .+3 

-12 /DECitlAL 10 
X· 
••• /CONTINUATION 
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