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B OCHOBe IlllipOKO HCnORb3yeMHX MeTO'AOB ManumHOli HMHTaD;HH CJIY'Iafurnx 
npouecCOB, MHOrruc ~liCR8HHHX M8TO'AOB li, B ~aCTHOCTli, BH'IliC~TeRbHHX 
3KcnepIDlleHTOB R8l!WT reHepMpOBaHHe Ha 3BM CJIY'IaIDWX ~HCeR • .A.n:r¥-li~ 
TaKOM reHepaD;HH nOCB.81118Ha o6mMpHM ~TepaTYPa (cM., HanpHMep,7 .-5 ) • 
IloKa3aHO, ~TO CJIY'Ia.fume ~liMa C JII06HM BepORTHOCTHHM pacnpe'AeReHHeM 
MO!'yT 6UTb nOJIY'I8HH COOTB8TCTBYJ(IIIEM H8CJIY'IaMHHM, 'A8T8pMIDllipOBaHHHM 
npeo6pa3OBaHli8M li3 CJIY'Iafurnx ~liCeR C paBHOMepHHM pacnpe'AeReHHeM Ha 
OTpe3Ke [0,I]. _IlO3TOMY 'AOCTaTO~HO orpa~liTbCR npO6ReMOM reHepan;HH 
nOCR8'AHruc, 

KaK Me~eT H3 YKa3aHHOit ~TepaTypu, caMUR pacnpocTpaHeHHH:ll: ·H 
8'AliHCTB8HHO H8,ll;8JKHUR cnoco6 nOJIY'I8HliR c;zy-iafurnx ~C8R Ha 3BM - 3TO 
BH'IliCReHHe T.H. nceB'AOCJIY'Iafurnx ~CeR. OHH reHepMpYJOTCR no peKyp­
peHTHHM gJOPMYRaM, T,e. glaKTlI'l8CKli .fIBJIJllOTCR 'A8T8PMliHHIJOBaHH1:D.m, TeM 
He M8Hee 60Rbllili8 Ha6opu TaKruc ~liC8R O6Ra,n;aIOT CBORCTB~, nO3BOJIJIIO­
IIIHMli HCnORb3OBaTb rue KaK· noMe'AOBaT8RbHOCTb H83aBliCliMHX CJIY'Iafurnx 
~CeR (HanpHMep, OHli Y'AOM8TBOPRIOT CTaTHCTlI'leCKID/1 T8CTaM, npe~a3-
Ha~eHHUM ~ npoBepKH pacnpe'AeReHHR H xoppeJIJIIJ;IIB CJIY'Iafurnx Be~). 

reHepaTopu CJIY'Iafurnx ~liC8.li (re~) MOJKHO rpy6o pas6HTb Ha 3BpliCTli­
~ecKHe, K HHM, B ~aCTHOCTli, OTHOCRTCR TaK HasUBaeMun M8TO'A nepeMellili­
BaHHR, T.e. MaHHny~oBaHHe wparMeHTaMH Mam:mwon 3a.IIJICH npe'AIWil!ero 
CJIY'IaMHOro ~liCRa ~ nOJIY'I8HliR nocRe,nyI!lllero /4-?~H TeopeTRKO-~liMO­
BUe. B O~OM li3 CaMUX no,IJJ)O6HHX H KBa.Jmq)HUMpOBaHHHX o6sopoB no reef I/ 

. 'AOCTaTO'IHO y6e,I0:1T8JlbHO noKa3aHO npe~eCTBO TeopeTlI'!eCKruc ~o-
PliTMOB, OCHOBaHHHX Ha·xoHrpy3HTHOM M8TO'A8 ]eMepa. B 3TOM MeTO'Ae n-e 
nceB'AOCJIY'IaMHOe ~CRO nOJIY'Ia8TCR no giopMy-Re 

~ .. ~/R, I 
r'Ae 

{mod R). ( 2 

3'A8Cb R , M , C , An ( n) o) - ue~e ~CRa. KOHCTaHTa R OIlp8'A8M8TCR 
pa3pJmHOCTblO 3BM p ( O6H'JHO R .. 2P ) • Be~HHH M l'l C TlllaT8RbHO 
no'A6MparoT Talt, ~To6u yJiy'llllliTb KOpP,e~OHHHe CBO:ll:CTBa li YB8~Tb 
nepHO'A noCR8'AOBaTeRbHOCTl'l t1n1 7II, 0TM8THM, ~TO nOCR8'AOBaT8Rb­
HOCTb (2) BC8r'Aa nepHO'AlI'!Ha C nepHO~OM T ~ R (a B CJIY'Ia8 R .. 2P li 
c .. o nepHo'A· T ,R/4), 06ecne~eHHe 6ORbmoro nepHo~a Heo6xo~o B 

------···---~~-----· 1 06bE ·:·" ;:, ":' r :•~HCT'~T~T 
S:J.OEP' bl' , ··. ::..:: .3/\' ' 



K!)ynHHX Ma.mmnmx 3RCII8PRM8HTax,Tpe6YJ(l!UlX MHOrOK!)aTHOro o6paJ118HIDI R 
rcir. 

1 1 B MOHorpaqi:wrx: I, 2 peRoMeH,IJyeTCH 6o~ee rrpocToii BapHaHT MeTo~a 
]eMepa: T.H. My~nT~TRBHHi!: reHepaTop, IIOJlY'Ia.IOO!HliCH H3 (I-2) ·IIpH 
C= o. YTBepJK,I(aeTCH . 2 ' 'ITO ero CBORCTBa HR'!eM He ?ie, 'ISM y MeTo~a 
]eMepa ( C -#- 0 ) • Ha.ROH~, c~e~H fr;ROM8H,r(aIUi/lM pa6oT I' 81, MH BH6H­

paeM MHO.lltRT8~ M B B~e M = 5 + 1, r~e m HaxO~HTCH H3 yc~OBHH 
52m+1 < R ~ 52m+J • IlepHO~ 3TOro I'C1I IlpH R = 2P H A

0
=1 Ma.KCH-

MM8H - OH paB8H R/ 4 • 
'. PeMR3BD;HH My~nTHIIJmRaTRBHOrO rcir Ha 3BM HS rrpe~CTaBM8T Ilp~H­

IDl:MnHHX Tpy~ocTe:fi BBH.IIY rrpocTOTH wopMy~ ( I-2) • C~oJKHOCTH .Bosmma­
IDT .mmu, IlpH Bll:'!RM8HRR IlpOH3B8~eHIDI Ari M H3 (2), T.R. Ha MMOpas­
pH,Il;IIlDC rrepCOH~HHX 3BM pesy~TaT ,e~e~aeTCH B Ma.IllliHH08 (}JIOBO. ,Il;7IH 
pemeHIDI 3TO:fi rrpo6~eMH IIpRMeHHeTCH 8 pa36H8HR8 ~OlNHOii 3aIIHCH '!H­
ee~ An H M Ha k ~ 2 '!aCTett, ROTOPH8 3aT8M rrorrapHO rrepeMHOlKa!OT­
CH H pesy~nTaTH CM~aJOTCH rropa3pMHO. 06~aH cxeMa IlpH k = 2 llpH­
B8~8Ha Ha M8,llYI(Ill8M pHCYH.K8. 

H 
,< 

II 
L 

I.: 
An 
M -- - - --- -- -- - - ---- ---

I B I L J -\i(L)><:M(L) 

t[ I I -\i(H)x-M(L) I I:! L 

I \:l I I. I -\i(L),-M(H) 

I 11 I I. I ~).-M(H) 

-\i"M 

3aMeTRM, 'ITO ec~ R = 2P, TO ~OCTaTO'!HO BH'!HCllTn MJI~e p 6HTOB 
IlpOH3B8~8HIDI ¾' M, 'ITO COK!)aJ11a8T 'IHC~O orrepar,;H:li B nott CX8M9 • 

ABTOPH pa60TH 181 P9MR30BMR 3TOT rcir Ha H3HR8 acceM6~epa Ha 
3BM CM-4 ~ '!8TH!)8X BapHaHTOB BH6opa M n· R : 

Ta~ I 

J& rr/rr M R 

I 5I7 240 

2 . 5I9 248 

3 52r 252 

4 523 266 

2 

i ! l 

BH6op reHepaTopa 1&4 ocoOeHHO y~o6eH Ha CM-4, T.R. MaHTHCCa Be~BCTBeH­
HOro '!HC~a C ~ofuion TO'!HOCTnID Ha H3HRe ~OPTPAH RMeeT ~Hy 56 6HT. 
reHepaTopa I-4 pa6oTaIDT Ha CM-4 oT 3-x ~o 6-TH Mc Ha o~o CJlY'IaR­
HOe 'IHC~O / 8/ ~ · 

AllTOpH·HaCTOJim8ii pa60TH BOCIIO~n30BMRCn ~een ~opHTMa 181 Ilpli 

C03~aHRH rC1I ~ rrepcOH~HOii 3BM THIIa IBM PC/XT(EC-I840,I832,I833, 
"IlpaBen;-I6"). ,Il;JIH IIOJiy'I9HIDI Ma.KCHMMnHOH CKOpOCTH paOOTH rC1I peMR-
30BaH Ha H3HRe acceMO~epa. O~a BepcHH rrporpa.MMH HaIIHCaHa B KO~ax 
MHKporrpon;eccopa INTEL 8088, ~yrM - B Ko~ax MHKporrpon;eccopoB 8088 
H 8087. B C~e.I(yI(Illeli ra6~e IlpRBO~TCH II0~06HH8 XapaRT9pHCTHRH 003-
~aHHHX rrporpaMM: 

Ta6~a 2 

llf.l~ M R ,IJ,.mrna BpeMH (MC) fille~ (MC) 
Irr/II rrepno~a Ha 8088 8 88 8087 

I 513 23I_r 23I_I 0,5 0,3 

2 517 240 238 0,5 0,45 

3 519 248 246 0,5 0,45 

4 521 252 250 0,55 0,5 

BpeMH P,aOOThl rcir Ha O~HO CJiy'IaiiHOe '!HC~O OKa3MOCn Ha IIOPMOK Jiy'Illl8, 
'ISM B 78/. 3Ha'!eHR9 A

0 
, Ka.K H B / 8/, ~ BCeX rC1I BH6HpMOCn paB­

HHM I. 
reHepaTOp J& 4 li3 Ta6Jr.I He B~'!eH B TaOJI.2, IIOCKO~nKy MaHTHCca 

tmc~a c ~oiiHoil TO'!HOCTnID B rrpon;eccope 8087 (T.e. B ~OPTPAHE ~ PC)_ 
HMeeT ,rr,mrny 52 OHTa, rroaToMy reHepaTop M 3 HS Ta6Jr.I y,ite ooecrre'!HBa­
eT ee MaKCHMMnHyID "sarpysey". BMBCTO 3TOro MH B~'!Hll B rrporpaMMy. 
HOBHii My~nTHIIJmRaTRBHHii reHepaTOp - M I (Ta6Jr.2). OH oo~~aeT O~HHM 
BalKHHM rrpe~eCTBOM, a HM8HHO: y reHepaTOPOB M I-4 li3 Ta6Jr.I c~­
'IaiiHHe '!HC~a HM9IDT IIOBTOPHI<IlU18CH MJI~e 6HTH, CM/If. OTO He CKa3H­
BaeTCH B HaY'!HHX pac'!eTax, HO Ilp9IIHTCTBY8T HCIIO~n30BaHHID CJiytiaiiHHx 
'!HCe~ B Ra'!eCTBe CJiytiaiiHOii rroc~e~oBaTB~nHOCTH 6HT (HarrpHMep, ~. 
rroJiytieHIDI CJiytiaiiHoro ~eca B IIaMfITH 3BM). Y reHepaTopa MI H3 
TaOJI.2 Bee 3Ha'!a.IIIH8 6HTH (RX 3I) paBHOIIpaBHH, T.e. O~Ha.KOBO "cJty­
'Iainm" H "He3aBHCHMH" (B yKa3aHHO/ Blillle cMHc~e). 3To CBH3aHO c TeM, 
'ITO '!HC~O R = 231-1 IlpOCTOe (CM. I/, r~.3). 

reHepaTop M 2 H3 Ta6Jr.2 ~eHTH'!8H BHBJIBOTe'!HOMy reHepaTopy 
Ha 48-pa3PMHOii SB~ E:3CM-6. Ero CTaTHCTH'!8CKli8 CBOiiCTBa BHCORO on;e­
HHBaIDTCH B pa'6oTe 21. 
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I 
I . 

Hama nporpa.MMa ocpopM.1.ceHa Ka.K rro,n;nporpaMMa--q>ymaum: ,n;JIJI Bhl3OBa Ha 
.1!31:IKe OOPTPAH. Bhl3OB ocymecTBJI.lISTC.II KoMa.imott XaRANF(LEVEL) • ~ID! 

RANF ·1'IM99T TmI RE.A.L•a (wm DOUBLE PRECISION ). IIapaMeTp LEVEL 
~e~o~HCJIBHHh!li, npHH1'1MaeT aHa~eHH.II I,2,3,4 H aa,n;aeT HOMep reHepaTopa 
H3 TaOJI.2. Ka.lK,ll;l:lli H3 rcti .I& I-4 npe,n;CTaBJI.ffeT co6oi1 H93aBHCHMyIO npo­
I'PaMMY, HCIIO~b3YJOOIYIO paa,n;e~bHHe o6~aCTH IlaM.IITH. IIpe.nycMOTpeHa Ta.KlKe 
BO3MOJKHOCTb B0306HOMeiirul: IICBB,JJ;OCJIY'lallHOll noc~e,n;oBaTe~bHOCTH C .mo6o­
ro ee-~eHa • .Ivm sToro no~b3OBaTe~b .n;oJ1JKeH coxpaHHTb rroc~e,n;Hee rro.ny­
~eHHoe·CJIY'lai1Hoe ~HC~O ~- 3aTeM ,n;JIJI IIOJIY'ISHIDI IlOCJIS,JJ;OBaTe~bHOCTH 
~+ 1 ',: ~+2 , •• , ,D;OCTaTO~HO npe,n;BapHTS~bHO Bhl3BaTb rro,n;npOrpaMMY 

RANFIN 1 BKJIIO"IBHHYIO B rel!: 

CALL RANFIN·(LEVEL,X) 
3,n;ecb LEVEL, KaK H Bhlllle, aa,n;aeT HOMep reHepaTopa, a X ecTb n-e 
CJIY'lanHOe ~c~o ~ • IIo,n;nporpaMMa RANFIN IIO.IJ;CTaBJI.ffeT 3Ha~elll'Ie 
"xi"' ~R BMBCTO "ceMelll'I" Ao (CM. (I-2)). 

HID!te npmio.n;HTCH TeKcT nporpaMMhl rel! Ha .1!31:IKe acceM6~epa ,n;JIJI MrrK­
ponpo~eccopoB 8088/8087. B AaHHOM BapHaHTe nepe,n;a~a napaMeTpoB ocy­
mecTBJI.ffeTc.lI Ta.K, KaK npHH.!ITO B i:tiOPTPAHE BepcHH . Microsoft (cM.HH­
qiopM~HOHHHi1 6JOJIJieT9Hb JIBTA, .lh 33). 

B 3aKJIJOqeHHe OTMBTEM, ~TO B IIO.IIBHBlllIDCC.II B rroc~e,n;Hee BPBM.II aa,n;a­
~ax TeopeT~eCKOll qJH3HKH, CB.II3aHHhlX C pac~eTaMH Ha pemeTKa.X B KBaH­
TOBOll xpOMO,D;HHaMHKe, Tpe6ymc.lI rel! c ,n;JmHOll rrepHo,n;a, 6O~bill9li 250• 
,Iljm Tarone aa,n;a~ OIIHCaHHhlli reTI HenpHrO,JJ;eH. ABTOphl MO~T;;eKOMSH,n;OBaTb 
pa3~Hhle MSTO,JJ;hl YB.e~eHIDI Il?Ho,n;a (cM., HanpEMep, 7 ) • Mo,irno HC­
IlO~b3OBaTb H,n;ero r.Mapc~H / 9 o cnapeHHh!X reHepaTopax. Ilpa.KT~ecKH 
H9Orp~9HHyro ,n;JmHy nepHO,D;a 1'IM9IOT MaTp~rre reHepaTOphl, OCHOBaHHhl9 
Ha H,n;e.fIX pa6OThl TaycBopTa (cM.,HanpEMep, IO/). O.n;Ha.KO me peMHaa­
~ Ha nepCOHMbHHX :3BM 3aTpy.n;HHT8filHa, T.K. no CBO8li npeyo,n;e OHH 
opneHTHPOBa.m.l Ha :3BM nap~e~bHOro .n;ettCTBM.' 

IIp.wrOJKeHHe 

.8087 
_data 

; coprocessor 8087 is used 
segment word public "data· 

ml 
expl 
al 
; 
m4l 

the 

m4lex 
m4h 
m4hex 

dd 1220703125 5••13 (in decimal) 
dd 7fffffffh ; 2••31-1 (1n hexadecimal) 
dd 

block 
dd 
dd 
dd 
dd 

1 ; seed number for level=l 
of the base number 5**21 for level=4 

4d6e2ef5h ; low double-word of 5••21 
0 
lblaeh 
0 

high double-word of 5**21 

4 

I 
i. 

!\\ 

lv 

lj 

; 
a4l 
a4h 

put here the same block 
<use 

put here the same block 

dd 
dd 

1 
0 

(use 
; the 

m31,m3lex,m3h,m3hex for level=3 
5••19 instead of 5••21) 
m21,m2lex,m2h,m2~ex for'level=2 
5••17 instead of 5••21) 
block of the seed number for level=4 

; put here the same·blocks a31,a3h and a21,a2h for level=3,2 
aall 
aalh 

dd ? ; ten-byte field for copies of the seed numbers 
dd 0 

aale 
xl 
x2 
x3 
x4 
exp2 
exp3 
exp4 
_data 

dw 
dd 
dd 
dd 
dd 
dw 
dw 
dw 
ends 

? 
? 
? 
? 
? 
40 
48 
52 

eight words for temporary data 

exponent for level=2 
exponent for level=3 
exponent for level=4 

const segment word public 'const' 
con st ends 
_bss segment word public 'bss' 
_bss ends 
dgroup group const, _bss, _data 
assume cs: _code, ds: dgroup,· ss: dgroup, es: dgroup 
code segment byte public ·code' 

public ranf 
ranf proc far 

push bp 
mov bp,sp 
push si 
push di 
les di,Cbp+8l 
mov dx,es:Cdil 
cmp dx ,1 
jne $1 

the main block for level= 1 

save bp 
set frame pointer bp 
save si 
save di 
load address of level 
load level into dx 
begin testing the level value 

fild dword ptr expl 
fild dword ptr ml 

load exponent <2••31-1) into 8087 
load ml into 8087 

fimul dword ptr al 
fprem 
fist 
fdiv 

mov 
fstp 
fstp 
mov 
mov 
fwait 
jmp 

dword ptr al 
st(0),st(1) 

di,Cbp+6l 
qword ptr Cdil 
st(0) 
ax,di 
dx,ss 

multiply ml by al 
get partial remainder 
store the new seed number in al 
normalize 

get address of function in DI 
return the result 
kill exponent in 8087 
return address of the function 
this is conventional 

$1: cmp 
je 

out 
.dx,4 
$4 

end of job 
go on testing the level 

••••••• ■ ••• <and so on) 
; the main block for level= 4 
$4: fild qword ptr m4h ; load mh into 8087 

mov ax,word ptr a41 ; begin copying al into aall 
mov bx,word ptr a41(2l 
fild qword ptr m41 ; load ml into 8087 
mov ·word ptr aall,ax ; copy low word 
mov word ptr aallC2J,bx; copy high word 
fild qword ptr aall ; load al Cits copy aall) into 8087 
mov si,Cbp+6J ; prepare result address in si 

5 



$5: 
$6: 

fld 
fmul 
fld 
fstp 
fwait 

• cmp 
je 
fistp 
jmp 
fstp 
fmul 
mov 

:,mov 
·fistp 
mov 
mov 
fild 
fmul 
mov 
add 
mov 
adc 
xor 
fistp 
xor 
mov 
mov 
fstp 
add 

st(0) 
st<0>,st(2) 
st(0) 
tbyte ptr aall 

aale,16446 
$5 
qword ptr aa.11 
$6 

get copy 'of al in 8087 
multiply al by ml 
get copy of ml*al in 8087 
store ml*al in aall:aalh:aale_ 
(temporary real format is ised!l 
test if the exponent reachs its maximum 
equal, then aall:aalh is a valid result 
store another copy of ml*al in aall:aalh 

st (0) ; ki 11 another copy of ml *al· in 8087 
st(0),st(2) ; multiply mh by al 
ax,word ptr aall ; begin copying aall into al 
bx,word ptr aall[2J · 
qword ptr xl ; store mh*al in xl:x2 
word ptr a41,ax ; copy low word 
word ptr a41C2J,bx ; copy high word 
dword ptr a4h ;·load ah into 8087 
st(0),st(l) ; multiply ah by ml 
bx,word ptr aalh ; begin adding aalh to xl 
bx ,word ptr x 1 ; <low word in bx> 
cx,word ptr aalh[2J;- remove this for level=2,3 
cx,word ptr xlC2l ; remove this for level=2,3 
ch,ch ;remove this for level=3; replace ch by bh for level=2 
qword ptr x3 ; store ml*ah in x3:x4 
ax,ax ; begin clearing aalh 
word ptr aalh,ax ; (low word) 
word ptr aalh[2J,ax; (high word) 
st(0) ; kill ml in 8087 
bx,word ptr x3 ; begin adding (aalh+xl) and x3 

replace 
adc 
fstp 

here bx by bl \.nd "'word ptr"' by "'byte ptr"' for level=2 
cl,byte ptr x3[2J ; remove this for level=2,3 
st<0) ; kill m2 in 8087 

and 
mov 
mov 

fild 
fstp 
mov 
mov 
fwait 

now chop off the high bytes of the result 
and store the rest of it in ah 

cl,0fh ; remove this for level=2,3 
word ptr a4h,bx ; (low word) 
word ptr a4h[2J,cx; remove this for level=2,3 

pack real*8 number 
qword ptr a41 ; load result in integer*B form 
qword ptr [sil; store result in real*8 form 
ax,si 

· dx,ss 
return address of the result 

sub Csi+6J,340h ; divide by 2**m <subtract a constant from 
;the exponentl;replace 340h by 300h for level=3 and by 280h for level=2 

jmp out. ; end of job 
; Put here the main blocks for level=3 and for level=2. They must be 
; the same as for level=4 but replace "'4" by ""3"' (resp. by "2"') in_ the 
; identificators and make other replacements marked in the listing. 
out :pop di ; restore di 

pop si ; restore si 
mov sp,bp ; restore sp 
pop bp ; restore bp 
ret 6 ; return, pop 6 bytes 

ranf endp 
;*************************************************************** 
; This is the entry to set the new seed number - a-byte data 
;************************************************** .... *********** 

· public ranfin 
ran-fin proc . far 

push- bp 
mov bp,sp 

save bp 
·; set frame pointer bp 

6 

l 

les bx,Cbp+6J 
fld qword ptr es:[bxJ 
les bx,Cbp+10l · 
mov dx,es:CbxJ 
cmp dx, 1 
Jne $7 

get address of "'new .seed" 
load "new ,Ja;eed"" into 8087 
get address of level 
load level into dx 
begin testing the level value 

block for 
0

level=l 

·$7: 

fimul dword ptr expl 
fistp. dword ptr al 

-multiply by exponent. 2**31~1 
renew seed number al 

jmp out.2 
cmp dx,4 ; go on testing the level 

(and so on) 
block for level=4 

fild word ptr exp4 
fxch still 
fscale 
fistp qword ptr a41 
jmp outl 

load exponent into 8087 
prepare scaling 
scaling 
renew seed number al:ah 

•••••••• put here the blocks for level=3 and for level=2 
they must be the same ·as for level=4 but replace "4" by "3" 

; (resp., by "2") in identificators 
outl:fstp st(0) ; kill the rest of data in 8087 
out2:mov sp,bp ; restore sp 

fwait 
pop 
ret 

ran-fin endp 
_code ends 

end 

bp 
a 

restore bp 
return, pop B bytes 
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