




























































































































































































































LLI 12A 
1.81 113 
f:AL CaMPUI "lIP OPSIWT 

CLRVA.. LLI ... " 
LBI III 
XRA 

CLRR!X. LIlA 
DCB 
tlTZ CLftOPL 
I IlL 
"lIP CLR.EX 

CLROPL. Lal I.A 
LL1 13. 

CLRD I. LKA 
DCB 
RTZ 
I IlL 
"lIP 1 

ADOPPP .. LEI IAI 
LDR 
LLI 131 

1.81 '" CAL ADDER 
RFT 

DOmlD.. 1.81 8.3 
LAI 1.8 
ADM 

CROUIID. LMA 
I IlL 
LAI 1., 
AIM 

"P'Z CR8ttt1D 
LMA 
RET 

ISET P81.T!:R T8 LSW 0,. WAG£ 
ISr.r PRmISIO. COUIITER 
I"EIATE Till: uu.UE I. THE JPACe I. CllEeK SII. 0,. WOP 
ICLEAR PART-PROD·S WOAK (I ... ·I .. 
ISET POIIITER Alii) eOU1lTIR 
ISET AeCUMULATOft •• ,. 
I.WISIT ACCttWULATOR corrl!lTs IIITG MIX 
IDECRDldT COtJIIT!'R 
11111. DOllE 10 TO .EXT ARFA 
IILSE CO.TIWUE £LI"ARI.' PIP WORKI •• AREA 
IBT STU,."I ••• ,. t. "EXT MEN LOCATI •• 
ICLEAR AD.ITIO.AI. ROeM POR MULTIPLICAKD 
IAT 131 TO 133 - Sri" CIUIITER • POIIITrR 
IPUT .11 IN MEMORT 
IDECRElldT COUIITER 
IRETURII TO CALLI.' PRelRAM dEW 
IELSE AD.WCE POI.TEA 
IAWD COWTIIlUE CLEARIIfCi OPI:RATI •• S 
IPOI.Tm TO LSV OF PARTIAL·PRODUCT 
IIR P. 81 I. "D a E-
IP.TR TO LSV OF MULTIPLICAWD 
ISET PRNISIOW COtJWTER 
IPERFIRM ADDITI •• 

ISET PRECISIO. COUNTER 
IADD "I" TO 23-RD 81T 0' PARTIAL-PROD 
IHERE 
IRES TORE TO MEMORY 

POIMTFR 
ICLEAR Ace VITKOUT DISTURBI •• CARRT 
IAIfD lATE ROutlDI.1 
II. 
IFI.ISKED C.TR • la. 

LAST WORD OF pep 

I. A MAWWER TKAT IS OF TKE REVEftSE OF MULTIPLICATION (VXICH us· 
ED ADDITIO. ARD ROTATE OPERATIO.S) OWE CAW PERP8RM 91VIS10. USIMa AW AL· 
IORIT" THAT UTILIZES SUBTRACTIOW a.D ROTATE OPERATIO.S. THE ALIeRITHM 
WILl. BE PRES!JfTEO DI'RmTLT I. TilE "JUI tySED I. JILOATI.a·POIMT OPII'ATIOMS 
B£SAUSE I. TJlIS CASE IT IS SIMPLER THAW DESCRISI •• IT P'OR .uamE'RS TIIAT 
ARE .IT I. PLOATI.'.POIWT PORII. _WEVER. TilE AL!:RT RFADER SHOULD RAVE 
LITTLE DIF,.ICULTY 08Smvl •• THAT THE ALIORITRM COULD 8E usa PeR IftnIIBERS 
TnT ARE WOT I. l'LGATIW'-PII.T P'ORIIAT I' OWE ,.IRST ALII.n TRt: MeST 511-
WIFICA.T BITS 0,. TKE DivISOR AW •• IVIBEIa. AMD TOGK APPROPRIATE ACTIOIf 
TO TRF LOCATIOIf 0,. A -BI.ART" POIMT JlGR CASES WHERE THE RESULT 
VAS .IT A PURE I.TEam. 

1M RAIfBLIII •• ILISK. T.r. ALeRITRII COULD BE STATED AS JOLlAVS, SUB­
TRACT TKE VALUE 0,. THE DIVISOR meN TilE VALUE 0,. OAlal.AI. DIVIDDD. 
TEST THE RESULT 0,. THE SUBTRACTIOW. I,. THE RESULT IS .EIATIVL •• _1 •• 
TIlE _TIRE DI VISOR C01JLJl Wo.T BE SUBTRACTED. A -'" I. THE LEAST 
sr.WI,.ICAWT BIT e,. A RElrSTER TERMED THE "QUOTIEIIT." LUVE THE CUR­
RIBT DIVIDDJ. AURE. IF TilE RESULT e,. TilE SUBTRACTIO. IS POSITIVE. OR 
ZERO. I.DI£ATI •• THE VAS LAR.ER THE DIVISOR. PLACE A -.­
I. TKE LEAST SIIWIFICa.T BIT 0,. THE "QUOTIElT- R£IISTlR Awn THE 
Dlvl.IIID TO BE TXE VALUE .,. TirE "RDlAI.DER" (OR 'RESULT) 0' THE SUBTRAC­
TI •• IPDATI... .EXT •• weE THE APPROPRIATE ACTIO. HAS BEnt TAKEII AS A 
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P'tJIICTIOW tt,. TRF. RFSULT 0,. THE SUBTRACTIOW OPERATIO •• ~GTATE THE~O.T!JITS 
.,. THE DIVIDDD (VR!:THD IT·S ORIIIWAL uu.UE OR TilE MEV -R!MAI.DER-) OME 
POSITIOJl TO THE RIIRT. A.D SIMILARLY ROTATE THE QUOTIEIT OWCE TO THE 
RIIIIT TO ALLeV 'ROOM PG'R Till: .EXT LEAST SI_I,.ICAIIT BIT. .oV RIPI"AT THF. 
EIITIRE PROCEDU'R!: nIITIL OWE HAS PERP'ORIIEI) THE AB8vF OPDtATIOJlS AS MAIIT 
TIWES AS THERE ARE BIT POSITIOWS I. THE REllST!'R usn TO HOLD TRF ORlar-
.AI. DIVID!2IDI (THAT liOULD BE 23 (DdIJlfAL) TI.ES JI'OR THE PLOATI.'-POIJlT 
PAf:XAI2 SElwa DISCUSSED HERE.) 

TRF ALGORITHM HAY BE VISUALIZED A LITTLF MORE CLFARLY BY STUDYI.a 
THE rLlw CHART PFES!NTED BlL"". ADDITIOJlALLY. A STEP-BY-STEP PRIS!1f­
TATION Iu"USTRATIJlO THE ALIORITHIf BElwa USFD TO DIVIDF THF BINARY EQUIV­
AL!.WT OF 15 (DEGIMAL) 8T 5 IS PRESl1ITED O. TH!' R!'XT PAtlF. THE LENgTH 
OF THE 'RESISTERS HAVE BEnt REDUCED TO SB8RTEII THE ILLUSTRATION. ADlDI­
B~. THE ALIO'RITIIII SHOW IS FOR THE JlA.TISSA PORTIO. OF WUllBERS ALRFADY 
STORED III "WORJlALIZED- FLOATl •• -POl.T POP.AT. 

NO 

NO 

SUBTRACT DIVISOR 
FROM DI VI DEND 

PLAC E "0" 1 N LSB 
OF QUOTI ENT 

ROTATE CURR FNT 
01 VI DEND LEFT 

ROTAT E blUOT lENT 
. TO THE LEFT 

YES 

PLA C E "1" 1 N L S b 
OF (.;IUOT lENT 

PLACE REMAINDFH AS 
NEW 01 VI DFND 

YES 

ANSWER IN 
QUOT lENT 



I • 1 I I 1 

8 • I 8 I 8 

---------------" • I 1 I 1 

ORIGINAL DIVIDEND AT START OF ROUTINE· 

DIVISOR (NOTE FLOATING-POINT PORMATI) 

RESULT OF FIRST SUBTRACTION OPERATION 
THIS IS THE .tRDlAINDm" FROM THE SUB­
TRACTION OPERATION. SINCE RESULT WAS 
"POSITIV~' A "I" IS PLACED IN THE LSB 
OF THE QUOTIENT REGISTER. 

" • I I "1 QUOTIOfT A"ER 1 ST LOOP 

NOW BOTH QUOTIENT AND DIVIDDfD (NEW REMAINDER) ARE ROTATED LEn 

8 • I 8 1 8 

" • 1 I " 

---------------e • I I I fJ 

NEV DIVIDEND (WHICH IS THE LAST REMAIN­
DER ROTATED ONCE TO THE LE") 
DIVISOR (DOES NOT CHANGE DURING ROUTINE) 

RESULT OF THIS SUBTRACTION IS ZERO AND 
THUS QUAL1FIES TO BECOME NEW DIVIDEND. 
QUOTIENT LSB GETS A "I" FOR THIS CASEI 

I • I I 1 1 QUOTIOJT AnER 2ND LOOP 

AGAIN BOTH QUOTIENT AND DIVIDEND (NEW REMAINDER) ARE ROTATED LEFT 

fJ • " 888 

8 • 1 8 I 8 
.. __ .. _-----_ .. _--

1 • ell " 

NEW DIVIDEND (WHICH IS THE LAST REMAIN­
DEJt ROTATED ONCE TO THE LE") 
DIVISOR - STILL SAME OLD NUMBER 

RESULT OF THIS SUBTRACTION IS A MINUS 
NUMBER (NOTE THAT THE "SIGN" BIT C'HANG­
EDI) THUS# OLD DIVIDEND STAYS IN PLACE 
AND QUOTIENT GETS A He" IN LSB POSITION. 

8 • ., I I I QUOTI ENT AFTER 3RD LOOP 

NOW BOTH QUOTIENT# AND. IN THIS CASE THE OLD DIVIDEND ARE ROTATED LEFT 

OLD DIVIDEND ROTATED ONCE TO THE LEn 

8.1818 SAME OLD DIVISOR 

---------------1.8118 RESULT OF THIS SUBTRACTION IS AGAIN A 
MINUS. OLD DIVIDEND STAYS IN PLACE. 
QUOTI DlT GETS ANOTHER "I" IN LSB. 

8 • liB I QUOTIENT AFTER 4TH LOOP 

SINCE TH~E WERE JUST 4 BITS. IN THE MULTIPLICAND REOISTER# THE ALGO­
RITHM WOULD BE COMPLETED AT THE DID OF THE FOURTH LOOP AND THE ANSWER 
WOULD BE THAT SHOWN. IN THE QUOTI ENT. RDlDlBER# THAT SINCE PLOATINS-
POINt FORMAT, IS BEING USED~ THAT THERE WOULD BE BINARY ~PONDITS INVOLV­
m. SIMILAR TO THE WAY ONE WOULD HANDLE EXPONENTS IN DECIMAL FLOATING­
'OINT NOTATION# ONE SUBTRACTS THE EXPONENTS POR THE TWO NUMBERS (DIVISOR 
IDCPONDIT PROM THE DIVIDDfD EXPONENT) TO OBTAIN THE EXPONDIT VALUE FOR A 
DIVISION OPERATION. IN THE ABOVE EXAMPLE~ THE MULTIPLICAND WOULD HAVE 
HAD THE BINARY EXPONINT .• (DlCINAL) TO REPRISIWT TH! NORMALIZED STORING 
OF t 5 AND THE DI VISOR WOULD HA.VE HAD A BINARY ~PONENT OF 3. THE ABOVE 
ALGORITHM RdUIRES A COMPDJSATION FACTOR OF + 1 A"ER .SUBTRACTING THE 
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~PONDfTS (CAN THE READER THINK OF WAYS IN WHICH THIS COULD BE AVOIDED?) 
IN ORDER TO HAVE THE CORRECT FLOATING-POINT RESULT. IN THE SAMPLE IL­
LUSTRATED ABOVE# (. - 3) + 1 • 2~ AND INDEED IF THE ANSWER SHOWN WAS 
K)VED TWO PLACES TO THE LEn (OF THE IMPLIED "BINARY POINT") ONE CAN 
VERI", THAT THE RISULT IS THE BINARY EQUIVELANT OF 3 (DECIMAL). THE 
READER MIGHT WANT TO TRY USING OTHER SMALL VALUED NUMBERS TO TEST THE 
~LJDITY OF THE ALGORITHM AND DEVELOP A THOROUGH UNDERSTANDING OF THE 
PROCESS. A GOOD CASE TO EXAMINE IS ONE WHERE 'HE RESULT IS "NON-DIDINO" 
SUCH AS THE NUMBER 1 DIVIDED~ SAY~ BY 3. 

JUST AS IN THE MULTIPLICATION ROUTINE~ THERE ARE SEVERAL OTHER PARA­
METERS THAT MUST BE CONSIDERED IN DEVELOPING THE DIVISION ROUTINE. FOR 
INSTANCE~ THERE IS AGAIN THE MATTER OF THE SIGNS OF THE NUMBERS. THE 
ALGORITHM REQUIRES THAT THE NUMBERS BE IN POSITIVE PORMAT SO AGAIN ONE 
MUST KEEP TRACK OF THE SIONS OF THE ORIGINAL NUMBERS AND CONVERT ANY 
NEGATIVE ONES TO POSITIVE FOR THE ROUTINE. IF THE SIGNS OF THE TWO 
NUMBERS INVOLVED ARE IDENTICAL~ THE RESULT MUST BE POSITIVE~ IF THEY ARE 
DI FFERENT" THEN THE PROGRAM MUST NEGATE THE ANSWER OBTAINED JiROM THE AC­
TUAL DIVISION P~OCESS. AND~ BECAUSE SOME CALCULATIONS WILL RESULT IN A 
tl)N-DlDING SERI ES FOR AN ANS"ER~ SOME "ROUNDING" CAPABILITY MUST BE IN­
CLUDED IN THE PROGRAM. T~EN~ THERE IS A SPECIAL CASE IN DIVISION THAT 
ONE MUST CHECK FORt DIVISION BY ZERO. IN THAT CASE THE PROGRAM MIGHT 
BRANCH OFF TO TELL THE OPERATOR A THING OR TWO. THE FLOATING-POINT 
DIVISION ROUTINE SHOWN BELOW CONSIDERS THESE MATTERS AS THE RFADER WILL 
(J3S~VE. 

MNEMONIC -------- ... _-----
FPDIV~ CAL CKSIGN 

LLI 126 
LAI eee 
CPM 
JFZ SUBEXP 
DCL 
CPM 
JFZ SUBEXP 
DCL 
CPM 
JTZ DEAROR 

SUBEXP .. LLI 137 
LAM 
LLI 121 
SUM 
ADI 801 
LMA 

SETDCT~ LLI 182 
LMI 927 

DIVIDE~ CAL SETSUB 
JTS NOGO 
LEI 13. 
LLI 131 
LBI '''3 
CAL MOVEIT 
LAI 081 
RAR 
.IMP QUOROT 

NOGO" LAI """ RAR 
QUOROT, J,.LI l~. 

COMMDlTS 
... ---_ .. _------

ISET UP REG'S AND CHECK SIGN OF NUMBERS 
ISET POINTER TO MSV OF FPACC (DIVISOR) 
ICLEAR ACCUMULATOR 
ISEE I F MS. OF WACC • ZERO 
IIF FIND ANYTHING - PROCEED TO DIVIDE 
IDECREMENT POINTER 
ISEE IF MS. OF DIVISOR • ZERO 
IIF FIND ANYTHING - PROCEED TO DIVIDE 
IDECREMENT POINTER 
ISEE IF LSV OF DIVISOR • ZERO 
/IF DIVISOR • ZERO~ TELL SOMEBODY I 
ISET POINTER TO DIVIDEND (FPOP) ~PONENT 
IFETCH DIVIDEND EXPONENT 
/SET POINTER TO DIVISOR (FPACC) EXPONENT 
ISUBTRACT DIVISOR EXP FM DIVIDEND EXP 
ICOMPENSATE FOR DIVISION ALGORITHM 
ISTORE EXPONENT RESULT IN WACC EXP 
ISET POINTER TO BIT COUNTER STORAGE 
ISET IT TO 27 OCTAL (23 DECIMAL) 
IMAIN DIVISION RTN - SUB DIVIS FM DIVID 
IIF RESULT IS NEGATIVE - PUT 8 IN QUOT 
IIF + OR 0~ MOVE REMAINDER INTO DIVIDEND 
ISET POINTERS 
lAND PRECISION COUNTER 
lAND MOVE REMAINDm INTO DIVIDEND 
IPUT A "1" INTO ACCUMULATOR 
lAND MOVE IT INTO THE CARRY BIT 
IPROCEED TO ROTATE IT INTO THE QUOTIENT 
IWHEN RESULT. IS NEG~ PUT "S" INTO Ace 
lAND MOVE IT INTO CARRY BIT 
ISET POINTER TO LSV OF QUOTI EMT 
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MNEMONIC -- ... _-_ .. --- .. _-

LBI ""3 
CAL ROTL 
LLI 134 
LBI 993 
CAL ROTATL 
LLI 102 
CAL CNTDWN 
JFZ DIVIDE 
CAL SETSUB 
JFS DVPXIT 
LLI 144 
LAM 

ADI ""I 
LMA 
LAI 000 
INL 
ACM 
LMA 
LAI 000 
INL 
ACM 
LMA 
JFS DVEXIT 

LBI ""3 
CAL ROTATR 
LLI 127 
LBM 
INL 
LMB 

DVEXIT I LLI 1~l& 
LEI 1211 
LBI 093 
JMP EXMLDV 

S ETSUB .. LLI 131 
CAL SWITCH 
LHD 
LLI 12. 
LBI 083 
CAL MOVEIT 
LEI 131 
LLI 13. 
LBI 803 
CAL SUBBER 
LAM 
NDA 
RE1' 

DERRORI CAL DERMSG 
JMP USEftDF 

COMMENTS 
~---- ......... .., .. ---

ISFT PRECISION COUNTER 
IMOVE CARRY BIT INTO LSB OF QUOTIENT 
ISET POINTER TO DIVIDEND LSW 
ISET PRECISION COUNTER 
IROTATE DIVIDEND LEFT 
ISET POINTER TO BITS COUNTER 
IDECREM!HT BITS COUNTER 
IIF NOT FINISHED - CONTINUE ALGORITHM 
IDO ONE MORE DIVIDE FOR ROUNDING OPS 
124TH BIT • 0 .. NO ROUNDING 
12~TH BIT • II SET PNTR TO QUOTIENT LSW 
lynCH LSW OF QUOTlmT 
IADD "I'· TO 23RD BIT 
IRESTORE LSW 
ICLEAR ACCUMULATOR WHILE SAVING CARRY 
IADVANCE POINTER TO NSW OF QUOTIDJT 
IADD WITH CARRY 
IRESTORE NSW 
ICLEAR ACCUMULATOR WHILE SAVING CARRY 
IADVANCE POINT~ TO MSW OF QUOTl DJT 
IADD WITH CARRY 
IRESTORE MSW 
IIF MSB OF MSW • 0 .. PREPARE TO EXIT 
IOTHERWISE SET PRECISION COUNTER 
IMOVE QUOT RIGHT TO CLEAR SIGN BIT 
ISET POINT~ TO WACC EXPONfNT 
I FETCH £,(PONENT 
IINCREMENT IT FOR ROTATE RIGHT OP ABOVE 
IRESTORE ~PONENT 
ISET POINTERS TO TRANSFER 
IQUOTI!NT TO JiPACC 
IS£T PRECISION COUNT~ 
IEXIT THRU FPMULT RTN AT "~MLDV" 
ISET PNTR TO LSW OF WORKING REGISTER 
ISAVE POINTER 
ISET H." FOR SURE 
ISET POINTER TO LSW FPACC 
ISET PRECISION- COUNTER 
IMOVE P'PACC VALUE TO WORKING REGISTER 
IRESET PNTR TO WORKING REG'S LSW (DIVISOR) 
ISET PNTR TO LSW OF FPOP (DIVIDEND) 
ISET PRECISION COUNTER. 
/SUBTRACT DIVISOR FROM DIVIDEND 
IGET MSV OF RESULT FROM SUBTRACTION OPS 
lAND SET FLAGS A"ER LOAD OPERATION 
IBEPORE RETURNING TO CALLING ROUTINE 
I**USER DEFINED ERROR ROUTINE FOR ATTEMPT­
lING DIVISION BY e - EXIT AS DIRECTED** 

THE FIVE FUNDAMENTAL FLOATING-POINT ROUTINES .... FPNORM .... "FPADDI" 
.. FPSUB .... "FPMULT" AND ··WDI v .. •• WH9I ASSEMBLED INTO OBJECT CODE WILL 
FIT WITHIN THREE PAGES OF MEMORY IN AN 8188 SYST9I. ADDITIONALLY .. THE 
R)UTINES AS PRESENTED IN THIS CHAPTER USE SOME SPACE ON PAGE '''' FOR 
STORING DATA AND COUNTERS. NEEDLESS TO SAY .. THE PROGRAMS AS DEVELOP-
ED FOR DISCUSSION COULD BE MODIFIED TO USE OTHER MEMORY LOCATIONS WITH 
LITTLE DI FFICULTY.. FOR REFERENCE PURPOSES .. THE LOCATIONS USED ON PAGE 
"" BY THE FUNDAM!NTAL FLOATING-POINT ROUTINES JUST PRESmTED ARE LISTED 
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HERE. 

LOCATION(S) -----_ ... _-------
108 
101 
182 

123 
124 
125 
126 
127 

130 - 133 

13. 
135 
136 
137 

USAGE 

---------
SIGN INDICATOR 
SIGNS INDICATOR (MULT & DIVIDE) 
BITS COUNTER 

WACC ~TmSION 
FPACC LEAST SIGNIFICANT WORD 
WACC NEXT SIGNIFICANT WORD 
FPACC MOST SIGNIFICANT WORD 
WACC EXPONDIT 

WORKING AREA 

FPOP LEAST SIGNIFICANT WORD 
FPOP NEXT SIGNIFICANT WORD 
FPOP MOST SIGNIFICANT WORD 
FPOP EXPONENT 

WORKING ARM 

THE FUNDAMENTAL FLOATING-POINT ROUTINES WHICH HAVE BEEN PRESENTED 
AND DISCUSSED ARE EXTREMELY POW~FUL ROUTINES WHICH SHOULD BE OF CONSID­
!RABLE VALUE TO ANYONE DESIRING TO MANIPULATE MATHEMATICAL DATA VITH AN 
8008 SYSTDt. THE ROUTINES IN THE FORM PRESENTED FOR ILLUSTRATIVE PUR­
POSES ARE CAPABLE OF HANDLING BINARY NUMBERS THAT ARE THE D!X:lMAL EQ­
UIVALENT OF 6 TO 7 SIGNIFICANT DIGITS RAISED TO APPROXIMATELY THE PLUS 
OR MINUS 38TH POWER OF TENI THE ROUTINES. CAN BE USED TO SOLVE A WIDE 
~RIETY OF MATHEMATICAL fORMULAS BY SIMPLY CALLING THE APPROPRIATE SUB­
RlUTINES AnER LOADING THE "F'POP" AND "F'PACC" REGISTERS WITH THE VALUES 
THAT ARE TO BE MANIPULATED (WHEN THEY ARE IN NORMALIZED FLOATING-POINT 
PORMAT). FtmTHFRMORE" THE BASIC ROUTINES ILLUSTRATED CAN BECOME THE 
PUNDAMENTAL ROUTINES IN MORE SOPHISTICATED PROGRAMS THAT MIGHT BE DEVE­
lJ)PED TO CALCULATE SUCH FUNCTIONS AS "SINES·' AND "COSINES" US ING NUMER­
ICAL TECHNIQUES THAT CLOSELY APPROXIMATE THOSE FUNCTIONS BY TECHNIQUES 
SUCH AS "EXPANSION SEftI ES" FORMULAS. 

THE INTERESTED PROGRAMMER SHOULD HAVE LITTLE DIFFICULTY IN MODIFYING 
THE ROUTINES ILLUSTRATED TO UPGRADE THEIR CAPABILITY TO PROVIDE MORE 
SIGNIFICANT DIGITS (BY. INCREASING THE LENGTH OF THE MANTISSA) OR TO EX­
TEND THE "EXPONENTS" CAPABILITY BY PROVIDING DOUBLE OR TRIPLE-PRECISION 
REGISTERS FOR THE EXPONDlT PORTION. FOR MANY APPLICATIONS" HOWEVER" THE 
USER MAY BE Wf1.L SATISFIED WITH THE CAPABILITY PROVIDED BY THE ROUTINES 
AS THEY HAVE BEEN PRESENTED FOR EDUCATIONAL PURPOSES. 

THE FLOATING-POINT ROUTINES WHICH HAVE BEEN PRESENTED CAN BE USED TO 
~NIPULATE NUMBERS ONCE TH~ ARE IN BINARY FORMAT. IN SOME APPLICATIONS 
SUCH AS WH9I FORMULAS ARE BEING SOLVED BY THE COMPUTUl TO CONTROL THE 
CPERATION OF A MACHINE" OR TYPES OF APPLICATIONS WHERE THERE IS LITTLE 
OR NO NEED TO COMMUNICATE WITH HUMANS" THE ABOVE ROUTINES COUPLED WITH 
SOME 1/0 ROUTINES AND WHATEVER OTHdl OPERATING PROGRAMS ARE DICTATED BY 
1lI£ APPLICATION WOULD BE SUFFICI rHT FOR HANDLING THE MATHEMATICAL OPERA­
TIONS. HOWEVEft~ IN PROBABLY THE MAJORITY OF APPLICATIONS" AT SOME TIME 
OR OTHER IT WILL BE DESIRABLE POR HUMANS TO COMMUNICATE WITH THE COMPU­
TER AND FOR THE COMPUTUl TO PRESENT INFORMATION BACK TO HUMANS. NOV" IT 
SEEMS THAT THE VAST MAJORITY OF PEOPLE PREFER TO MANIPULATE MATHEMATICAL 
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DATA USING DECIMAL NOTATION AND WOULD NOT WANT TO CHANGE THEIR WAYS BY 
10RKING IN FLOATING-POINT BINARY NOTATION. SO~ MOST PROGRAMMERS WOULD 
FIND IT BENEFICIAL TO HAVE SOME CONVERSION ROUTINES THAT WOULD CONVERT 
NUMBERS FROM DECIMAL PLOATING-POINT NOTATION TO BINARY FLOATING-POINT 
NlTATION AS Wn.L AS THE REVERSE. THE NEXT SECTION OF THIS CHAPTER IS 
DEVOTED TO DISCUSSING AND DEVELOPING ROUTINES THAT ACCOMPLISH SUCH A 
.,RTHVHILE OBJECTIVEI 

CONVERTING FLOATING-POINT DECIMAL TO FLOATING-POINT BINARY 

MOST USER'S OF A COMPUTER PUR MATHEMATICAL FUNCTIONS WOULD PROBABLY 
DESIRE TO INPUT DATA IN THE FORMI 

1234.567 

OR 

1.234 £+15 

USING AN INPUT DEVICE SUCH AS A KEYBOARD OR Tn.ETYP£ MACHINE. IN ORDER 
10 ACCEPT DATA IN SUCH FORMAT ONE NEEDS TO DEVELOP A PROGRAM THAT WILL 
nRST CONVERT THE INFORMATION FROM THE DECIMAL MANTISSA AND EXPONENT 
PORN OVER TO THE BINARY EQUIVALENT. THE PROCESS IS FAIRLY STRAIGHT-FOR-
_RD CONCEPTUALLY. 

FIRST~ ONE NEEDS TO DEVELOP A METHOD FOR BREAKING DOWN THE MANTISSA 
FORTION INTO A "DECIMAL NO~MALIZED" FORMAT. THIS CAN BE DONE QUITE 
RFADILY BECAUSE. 

AND 

1.234 E+15 • 1234.8 E+12 

11IUS .. TO EFFECTIVELY "NORMALIZE" A DECIMAL NUMBER ONE HAS TO SIMPLY KEEP 
TRACK OF WHERE THE DECIMAL POINT IS PLACED BY THE OPERATOR IN THE MANT­
ISSA AND COMPENSATE FOR THAT FACTOR BY REMOVING THE DECIMAL POINT (MAK­
ING THE MANTISSA AN INTEGER VALUE) AND CHANGING THE EXPONENT PORTION TO 
ACCOUNT FOR THE REMOVAL OF THE DECIMAL POINTI 

N!XT~ ONE NEEDS TO CONVUtT THE MANTISSA PORTION OF THE NUMBER FROM 
DECIMAL TO ITS BINARY EQUAL. THAT CONVERSION PROCESS CAN ACTUALLY BE 
ACCOMPLISHED AS FACH DECIMAL NUMBER_ IS INPUTTED BY THE OPEftATOR BY USING 
tHE ALGORITHM DESCRIBED BELOV. 

DECIMAL TO BINARY CONVERSIONI EACH TIME A DIGIT IS RE-
CEIVED IN DECIMAL PORM~ IMMEDIATELY CONVERT IT TO IT'S 
BINARY iSlU1VELANT. IN MAllY CASES THIS CONSISTS OF SIM-
PLY "MASKING OFF" EXTRA BITS TO LFAVE A VALUE IN BCD 
FORMAT. NEXT, IN ORDER- TO COMP.SATE FOR THE POV~S OF 
TEN DENOTED BY THE POSITIONAL WEIGHT OF DECIMAL NUMBERS .. 
MULTIPLY ANY PREVIOUS NUMB!RCS) THAT ARE ALREADY STORED 
IN BINARY FORM BY MULTIPLYING THIM BY 18 (DECIMAL). 
THDY ADD IN THE BINARY EIUIVALENT OF THE NUMBER THAT HAS 
JUST BEDl RECEIVED. 

THE ALGOAITHM CAN BE ILLUSTRATED BY CONSIDERING THE FOLLOWING EXAM­
PLE VH!1tE AN OPERATOR DlTERS THE DECIMAL NUMBER "63" BY FIRST ENTERING 
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THE NUMBER "6" AND TH!W "3" FROM AN INPUT DEVICE SUCH AS AN ASCI I CODED 
KEYBOARD. 

o 8 e 8 8 e 0 e INPUT REGI$TER INITIALLY CLEARED 

OPERATOR INITIALLY TYPES IN THE CHARACTER FOR A "6." 
THIS IS IMMEDIATELY CONVERTED TO lie AS IT'S BINARY 
EQUIVALENT. SINCE IT IS THE FIRST CHARACTER RECEIVED 
IT IS NOT NECESSARY TO MULTIPLY TftE PRESENT VALUE OF 
THE STORAGE REGISTER BY TEN. THE BINARY VALUE 1 1 8 
CAN SIMPLY BE PLACED IN THE INPUT REGISTER GIVING. 

o 0 0 8 ell 0 INPUT REGISTER AFTER 1ST' RECEIVED 

THE OP!RATOR THEN ENTERS THE CHARACTER FOR A "3." ONCE 
AGAIN THIS IS IMMEDIATELY CONVERTED TO ell AS IT'S 
BINARY EQUIVALENT. BUT, BEFORE THIS NEV DIGIT IS ADDED 
TO THE BINARY STORAGE REGISTER" THE CONTENTS OF THE 
REGISTER MUST BE MULTIPLIED BY TEN TO ACCOUNT FOR THE 
POSITIONAL VALUE OF THE PREVIOUS DIGIT. A SIMPLE WAY 
TO MULTIPLY A BINARY REGISTER BY Tm IS TO PERFORM THE 
FOLLOWING STEPS. 

e 0 e e 8 110 INPUT REGISTER CONTAINS 1ST, "6." 

o 0 881 108 ROTATE LEFT • MULTIPLY BY 2 

8 0 0 I 1 080 ROTATE LEFT • MULTIPLY BY 4 

0" "1 1 1 1 " ADD IN ORIGINAL VALUE • MULT BY 5 

o ell 1 100 ROTATE LEFT • MULTIPLY BY 10 

WITH THE PREVIOUS VALUE OF "6" NOW MULTIPLI ED BY TDI TO 
R~RESENT "6"" IN THE BINARY REGISTER" THE NEW VALUE OF 
"3" CAN NOV BE ADDED. IN TO YI ELDt 

00111111 BINARY EQUI VELANT 0 F "63" DEC I MAL. 

THE ABOVE ALGORITHM IS THUS REPEATED EACH TIME AN ADDITIONAL DECI-
M\L CHARACTER IS RECEIVED TO MAINTAIN THE BINARY EQUIVALENT. NATURAL-
LY THE ALGORITHM IS VALID POR MULTIPLE-PRECISION STORAGE OF NUMBERS. 

FINALLY, IT IS NEX:ESSARY TO CONVERT THE DECIMAL EXPONENT VALUE 
(WHICH AGAIN IS IMMEDIATELY CONVERTED TO A BINARY NUMBER AS IT IS RE­
CEIVED FROM THE INPUT DEVICE) TO R~RESDJT THE BINARY NUMBER RAISED 
1n AN EQUIVALENT VALUE. CONVERSION AT THIS POINT MAY BE ACCOMPLISHED 
sr FIRST CONVERTING THE BINARY REPRESENTATION OF THE MANTISSA TO IT'S 
"NORMALIZED" FORMAT (USING THE SPECIAL CAPABILITY OF THE "FPNORM" ROUT­
INE TO CONVERT THE REGULAR FORMATTED BINARY NUMBER TO IT'S NORMALIZED 
IORM) AND THEN MULTIPLYING THE NORMALIZED FLOATING-POINT BINARY NUMBER 
'fN 11 (DEX:IMAL) FOR !'ACK UNIT OF A POSITI VE DECIMAL EXPONENT OR MULTI­
PLYING IT BY 1.1 FOR EACH UNIT OF A MINUS DECIMAL EXPONENT •. THIS CAN 
BE ACCOMPLISHED BY USING THE "P'PMULT" ROUTINE PREVIOUSLY DESCRIBEDI 

THE DECIMAL TO BINARY INPUT PROGRAM TO BE PRESENTED SHORTLY HANDLES 
1IIE ABOVE CONSIDERATIONS PLUS ALLOWS SEvmAL OTHER JrUNCTIONS TO BE PDt-
!IORMED. TftE ROUTINE WILL ALLOW AN OP·DlATOR TO SP!X:I" THE SI GN 0 F THE 
DECIMAL MANTISSA AND EXPONENT AND TAKES APPROPRIATE ACTION TO NEGATE 
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NUMBERS DESIGNATED AS BEING MINUS IN VALUE. IT ALSO ALLOWS FOR ERASURE 
OF THE CURRDlT INPUT STRING BY TYPING A SPECIAL CHARACTER. THE ROUTINE 
ASSUMES THAT CHARACTERS ARE RECEIVED FROM AN INPUT DEVICE THAT USES 
ASCII CODE AND THAT AN OUTPUT DEVICE USING ASCII CODE IS USED TO "ECHO" 
INFORMATION RECEIVED BACK TO THE OPERATOR. NEITHER THE ACTUAL INPUt OR 
OUTPUT ROUTINES ARE SHOWN IN THE SAMPLE PROGRAM. (INFORMATION ON ACTUAL 
1,0 ROUTINES WILL BE PRESENTED IN A LATER CHAPTER). THE ROUTINE ALSO 
ASSUMES THAT CERTAIN LOCATIONS ON PAGE ee WILL BE USED FOR STORAGE OF 
tI1MBERS RECEIVED AND FOR MAINTAINING COUNTERS AND INDICATORS. A LIST· 
ING OF THE LOCATIONS USED" WILL BE. PROVIDED LATER. ADDITIONALLY, THE 
PROGRAM CALLS ON OTHER ROUTINES PREVIOUSLY DETAILED IN THIS MANUAL SUCH 
AS "FPNORM" AND .. F'PMUL T •• , 

MNEMONIC ----_ .. _--- .. _--
DINPUT, 

CLRNX2, 

SECHO, 
NINPUT, 
NOTPLM, 

LHI 000 
LLI 150 
XRA 
LBI 810 
LMA 
INL 
DCB 
JFZ CLRNX2 
LLI .13 
LBI 0e4 
LMA 
INL 
DCB 
JFZ CLRNX3 
CAL INPUT 
CPI 253 
JTZ SECKO 
CPI 255 
JFZ NOTPLM 
LLI 103 
LMA 
CAL ECHO 
CAL INPUT 
CPI 377 
JTZ mASE 
CPI 256 
JTZ PERIOD 
CPJ 305 
JTZ FNDEXP 
CPI 260 
JTS ENDINP 
CPI 272 
JFS ENDINP 
LLI 156 
LBA 
LAI 370 
NDM 
J JI"Z NI NPUT 
LAB 
CAL ECHO 
LLI lS5 
LCM 
INC 
LMC 

COMMENTS 

--------------
ISET POINTERS TO INPUT 
ISTORAGE REGISTERS 
ICLEAR ACCUMULATOR 
ISET A COUNTER 
lAND CLEAR MEMORY LOCATIONS 15S - 157 
IBY DEPOSITING S'S AND ADVANCING PNTR 
lAND DECREMENTING LOOP COUNTER 
'UNTIL FINISHED 
ISET POINTERS TO CNTR/INDICATOR STORAGE 
ISET A COUNTER 
lAND CLEAR MEMORY LOCATIONS 103 - 106 
lIN A SIMILAR FASHION BY DEPOSITING 0'S 
lAND DECREMENTING LOOP COUNTER 
IUNTIL FINISHED 
INOW BRING IN A CHARACTER ~OM.I/O DEVICE 
ITEST TO SEE IF IT IS A "+" SIGN 
I I F YES, GO TO ECHO AND CONTINUE 
I I F NOT ft+ •• SEE I F It." SIGN 
I I F NOT ft+" OR "_It TEST FOR VALl D CHAR 
I I F MINUS, SET PO INTER TO .. INPUT SIGN" 
lAND MAKE IT NON-ZERO BY DEPOSITING CHAR 
10UTPUT CHAR IN ACC AS ECHO TO OPERATOR 
IFETCH A NEW CHARACTER FROM 1/0 DEVICE 
ISEE IF CHARACTER IS CODE FOR ··RUBOUT" 
IIF YES~ PREPARE TO START OVER 
I I F NOT, SEE I F CHARACTER IS A PERIOD It." 
111' ..... PROCESS AS DECIMAL POINT 
I I l' NOT, SEE I F CHAR IS "E'- FOR EXPONENT 
I I l' "E" PROCESS A.S EXPONENT INDICATOR 
111' NOT, SEE IF CIIAR A VALID NUMBER 
IIF NONE OF ABOVE, TERMINATE INPUT STRING 
ISTILL CHECKING FOR VALID NUMBER 
111' NOT, TERMINATE INPUT STRING 
I"AVE A I, SET PNTR TO MSV OF INPUT REG'S 
ISAVE CHARACTER IN REGISTER "B" 
IFORM A MASK AND CHECK TO SEE IF INPUT 
IREG'S CAN ACCEPT LARGER NUMBER 
II F NO T, I GNOR E PR ES ENTI NPUT 
I IF O.K., RESTORE CHARACTER TO ACC 
lAND ECftO • BACK TO OPERATOR 
ISET POINTER TO DIGIT COUNTER 
IFETCH DIGIT COUNTER 
IINCREMENT IT'S VALUE 
lAND RESTORE IT TO STORAGE 
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MN!MONIC ---.-_- .. -------
CAL DEtBIN 
JMP NINPOT 

PERIOD" LBA 
LLI 186 
LAM 
NDA 
JFZ ENDINP 
LLI 185 
LMA 
INL 
LMB 
LAB 
CAL ECHO 
JMP NINPUT 

ERASE.. LAI 274 
CAL ECHO 
LAI 240 
CAL ECHO 
CAL ECHO 
JMP DINPUT 

FNDEXP.. CAL ECHO 
CAL INPUT 
CPI 253 
JTZ EXECHO 
CPI 255 
JFZ NOEXPS 
LLI 101& 
LMA 

EXECHO" CAL ECHO 
EXPINP" CAL INPUT 
NOEXPS" CPI 377 

dTZ ERASE 
CPI 260 
dTS FNDINP 
CPI 272 
JFS ENDINP 
NDI 017 
LBA 
LLl 157 
LAI 003 
CPM 
dTS ~PINP 
LCM 
LAM 
NDA 
RAL 
RAL 
ADC 
RAL 
ADB 
LMA 
LAl 260 
ADB 
JMP EXD::HO 

ENDINP" LLI 103 
LAM 
NDA 
JTZ FININP 

COMMENTS 

IPERFORM DECIMAL TO BINARY CONVERSION 
IGET N£XT CHARACTER FOR MANTISSA 
ISUBRTN TO PROCESS "." - SAVE IN "B" 
ISET POINTER TO "." STORAGE INDICATOR 
IFETCH CONTmTS 
ISET FLAGS AFTER LOAD OPERATION 
I IF"." ALREADY PRESENT" END INPUT STRING 
10THERWISE SET PNTR TO DIGIT COUNTER 
lAND RESET DIGIT COUNTER TO e 
IADVANCE POINTER BACK TO ..... STORAGE 
lAND PUT A ..... THERE 
IRESTORE It.M TO ACCUMULATOR 
lAND ECHO IT BACK TO OPERATOR 
IGET N~T CHARACTER IN NUMBER STRING 
IPUT ASCII CODE FOR .. <n IN ACCUMULATOR 
IDISPLAY IT 
IPUT ASCII CODE FOR "SPACE" IN ACC 
lAND LEAVE A COUPLE OF SPACES 
IBEFORE GOING BACK TO 
ISTART THE INPUT STRING OVER 
ISUBRTN TO PROCESS EXPONENT" ECHO "E-' 
IGET NEXT PART OF EXPONENT 
ITEST FOR A n+n SIGN 
1 I F YES" PROCEED TO ECHO IT 
IIF NOT" TEST FOR A "_U SIGN 
IIF NOT" SEE IF A VALID CHARACTER 
II F HAVE ,,_It THEN SET PNTR TO .. EXP SIGN" 
ISET .tEXP SIGN" MINUS INDICATOR 
IECHO CHARACTER BACK TO OPERATOR 
IGET NEXT CHARACTER FOR EXPONENT PORTION 
ISEE I F CODE FOR "RUBOUT" 
II F YES .. PREPARE TO RE-ENTER ENTIRE STRING 
IOTH~VISE CHECK FOR VALID DECIMAL NUMBER 
IIF NOT" END INPUT STRING 
ISTILL TESTING FOR VALID NUMBER 
IIF NOT" END INPUT STRING 
IHAVE VALID I .. FORM MASK AND STRIP ASCII 
ICHARACTER TO PURE BCD .. SAVE IN REG "B" 
ISET PNTR TO INPUT EXPONENT STORAGE LOC 
ISET ACCUMULATOR = 3 
ISEE IF 1ST EXPONENT I WAS GREATER THAN 3 
IIF YES" IGNORE INPUT (LIMITS EXP TO < 40) 
llF O.K ... SAVE PREV £XP VALUE IN "e" 
lAND ALSO PLACE IT IN ACCUMULATOR 
ICLEAR THE CARRY BIT 
IMULT X 10 ALGORITHM .. 1ST MULT X 2 
IMULT X 2 AGAIN 
IADD IN ORIGINAL VALUE 
IMULT X 2 ONCE MORE 
IADD IN NEW I TO COMPLETE THE DECIMAL TO 
IBINARY CONU FOR EXP AND RESTORE TO MEMORY 
IRESTORE ASCI I CODE BY ADDING "269" 
ITO BCD VALUE OF THE NUMBER 
lAND ECHO I THEN LOOK FOR NEXT INPUT 
ISET POINTER TO MANTISSA "SIGN" INDICATOR 
IFETCH SIGN INDICATOR 
ISET FLAGS AFTER LOAD OPERATION 
IIF NOTHING IN INDICATOR .. , IS POSITIVE 
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MND10NIC --- ....... _-_ .... _-
LLI I 54 
LBI SS3 
CAL COMPLM 

FININP" LLI 153 
XRA 
LDA 
LMA 
LEI 123 
LBI 004 
CAL MOVEIT 
LBI 027 
CAL FPNORM 
LLI IS.t& 
LAM 
NDA 
LLI 157 
JTZ POSEXP 
LAM 
XRl 377 
ADI SSI 
LMA 

POSEXP" LLI 1 S6 
LAM 
NDA 
JTZ ~PO,K 
LLI ISS 
XRA 
SUM 

£XPOK" LL'I 1 57 
ADM 
LMA 
JTS MINEXP 
RTZ 

EXPFIX" CAL FPXI0 
J JiZ EXPFIX 
RET 

YPXI e" LEI 134 
LDH 
LLI 124 
LBI 001& 
CAL MOVEIT 
LLI 127 
LMI sa .. 
DeL 
LMI 128 
DCL 
XRA 
LMA 
DeL 
LMA 
CAL FPMULT 
LLI iS7 
CAL CNTDWN 
RET 

MINEXP" CAL FPDle 
JFZ MINrxP 
RET 

JrPDI0" LEI 134 

COMMENTS 
--------------

ISET PNTR TO LSW OF INPUT MANTISSA 
ISET PRECISION 
IP!:RFORM 2' 5 COMPLFMENT TO NEGATE NUMBER 
ISET PNTR TO INPUT STORAGE LSW-I 
ICLEAR ACCUMULATOR 
ICLEAR REG "D" 
ICLEAR INPUT 5TQRAGE LOC LSW-l 
ISET PNTR TO FPACC LSW-I 
15FT PRECISION COUNT~ 
IMOVE INPUT & LSW-I TO FPACC & LSW-I 
I-SET SPEC FPNORM MODE BY SETTING BIT CNT 
lIN REG "B" AND CALL NORMALIZATION ROUTINE 
15FT POINTER TO EXPONENT SIGN INDICATOR 
IFETCH EXPONENT SIGN INDICATOR TO ACC 
ISET FLAGS AFTER LOAD OPERATION 
ISET POINTER TO DECIMAL EXP STORAGE 
IIF ,EXP POSITIVE" JUMP AHFAD 
IIF EXP NEGATIVE" FETCH IT INTO ACC 
lAND PERFORM TWO'S 
ICOMPLEMENT 
ITHEN RESTORE TO STORAGE LOCATION 
ISET POINTER TO PFRIOD INDICATOR 
IFETCH CONTENTS TO ACCUMULATOR 
ISET FLAGS AnER LOAD OPERATION 
IIF NOTHING" NO DECIMAL POINT INVOLVED 
IIF HAVE DECIMAL POINT" SET PTR TO DIGIT 
ICOUNTER THEN CLEAR ACCUMULATOR 
ISUBTRACT DIGIT CNTR FROM" TO ,GIVE NEG 
ISET POINTER TO DECIMAL EXPONENT STORAGE 
IADD IN COMPENSATION fOR DECIMAL POINT 
IRESTORE COMPENSATED VALUE TO STORAGE 
IIF COMPENSATED VALUE MINUS" JUMP AHEAD 
II., COMPENSATED VALUE ZEROr FINISHED! 
ICOMPEN DEC EXP IS +" MULT FPACC x Ie 
ILOOP TIL DECIMAL EXPONENT • 0 
IEXIT WITH CONVERTED VALUE IN FPACC 
IMULT FPACC X 10 RTN" SET PNTR TO FPOP LSW 
ISET D." FOR SURE 
ISET PNTR TO YPACC LSW 
ISET PRECISION COUNTER 
IMOVE FPACC TO FPOP (INCLUDING EXPONENTS) 
ISFT PNTR TO FPACC EXPONENT 
IPLACE FP FORM OF 10 (DECIMAL) IN FPACC 
I " " " It.. " .t It 

I " .. .. "" .. .. •• 
I .. " .t ".~ " .. .. 

I It " .. .... " " .. 

I .. .. .. .." .1 .. .. 
I .. .. .. .." .. .. .. 
I It .. " .... It .. .. 

INOW MULTIPLY ORIG BIN' (IN FPOP) X 10 
ISET POINTER TO DECIMAL EXPONENT STORAGE 
IDECREMENT DEC F,XP VALUE 
IRETURN TO CALLING PROGRAM 
ICOMPEN DEC EXP IS - .. MULT FPACC X 0. I 
ILOOP TIL DECIMAL EXPONENT = 0 
IEXIT WITH CONVERTED VALUE IN FPACC 
IMULT FPACC x e.1 RTN" PNTR TO FPOP LSW 
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.. DlOWle 
-._-_ .. -.. _---

LDR 
LLI 124 
LBI ."11 
CAL 110 \1EI T 
LLI 12., 
Lilt 3'. 
DeL 
L.I 1.-, 
DeL 
LMI 146 
DeL 
LIII 14' 
SAL FPIIULT 
1.1.1 IS., 
LBM 
IIIB 
LIfB 
RET 

DaBIW .. LLI 153 
LA-
81)1 II' 
LilA 
LEI II" 
LLl 1511 
LOR 
LSI 113 
GAL IIOVEIT 
LLI I~ 
LBI .13 
CAL RITATL 
Ul.15. 
LBI .13 
CAL ROTATL 
LEI 151& 
LLI. III 
LBI 113 
GAL ADDER 
LLJ Ih 
LBI 113 
CAL ReTATL 
LLt 152 
XRA 
LIlA 
DeL 
LIlA 
Lt.1 153 
LAM 
LLI 1 se 
LIlA 
LEI; 154 
LSI ".3 
CAL ADDER 
RET 

COIOlIWTS 

--------------Isn D •• JI'O~ SURE 
Isn POI1fTER TO WAce 
ISFT PRECISION COURTER 
IMOUE JrPAC£ TO wop (11ICLUDlwa rxPOWEIIT) 
ISET POI.TEA TO WAce IXPO.ERT 
IPLACE P'P FORM 0,. e.1 (DEClllAL) I. PPACC 
I • • • •• • • • 
I • • • •• • • • 
I • • " "" • " • I·· " ." · · · 
I • • • ." • • • 
I " • • ." • " " 
IWO. MULTIPLY ORII SI. , (I. WOP) X e.1 
ISET POIWTER TO DECIMAL EXPO.DlT STORAIE 
IP'£TCII VALUE 
IIWCRElfDT IT 
IR~STORE IT TO MEMORY 
IRETUR. TO GALLJ •• PROIRAM 
IDEC TO BI. C'.V .. SFT P~R TO TEMP STORAI! 
IRESTGRE CKARA;TER TO ACCUMULATOR 
IIIASK 0,.,. ASCII BITS TO LEAVE PURE B£D , 
IPLACE cmmaT BCD' 18 TDIP STORAaE 
ISET POIWTER TO VORKI •• ARIA LSV 
ISfT AWOTKER PffT'R TO LSB 0,. 11IPt1T Rd·S 
ISET D •• reR SURE 
ISET PRIEISI.W COUNTER 
IMOVE ORI81.AL VALUE TO WORKI.a ARM 
ISET PWTR TI LSV 0,. IIIPUT STeRA8E 
ISET PRECISIO. COUWTER 
IR'TATE LEFT (X 2) (TOTAL • x 2) 
ISET PWTR TO LSV AlAIN 
ISET p~ICISla. COURTER 
IROTATE LEFT (X 2) (TOTAL IOv • X 4) 
ISET PlITIt TO LSV 0,. ROTATED VALUE 
I.WD AIIOTKER TO LSV OF ORIII.AL VALVE 
ISET PRECISIO. COUWTER 
IADD 8RII TO R8TATED (TOTAL lOW • X 5) 
ISET PWTR TI LSV AlAI. 
ISET PRECISIO. COt1I1T~ 
IROTATE LEn (X 2) (TOTAL .0" • X If)) 

ISrI' POI.Tm TO CLEAR _REI •• AltFA 
I£LEAR ACCUKULATOR 
IDEPOSIT I. MSV S,. WORKIN8 AREA 
IDECREMEIT PWTR TO wsw 
IPUT zmo TIIDF TIO 
ISET PWTR T8 CURREWT DIGIT STORAIE 
IFETeH LATEST BCD auMBER 
ISET PIITR TO LSV .,. WORKI •• AREA 
IDEPOSIT LATEST BCD auMBER I. LSV 
ISET UP POl"TER 
ISET PRECISION COtnlTE7t 
IADD III LATEST , TO COMPLETE DEGBI. C'.V 
IRET~. TO CALLI •• PROGRAM 

TKE PeLlAVI.1 PRI'RAM _I.LL CO.~T BIlIARY IlUIIBERS ST()Rm I. PLeAT­
I.'·POI~ PORMAT T' DICI.A~ PLOATI •• ·POI~ PORMAT AR~ DISPLAY TKEM O. A. 
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OUTPUT DEVICE SUCH AS A TELETYPE MACHINE, IN THE FOLLOWING FORMAT. 

+1.1234567 E+07 

THE ROUTINE WHICH IS SHOWN BELOW OPERATES ESSENTIALLY IN THE REVERSE 
~NNER TO THE' INPUT ROUTINE. FIRST THE FLOATING-POINT BINARY NUMBER IS 
OONVEftTED TO A REGULARLY FORMATTED BINARY NUMBER" AND THEN THE NUMBER IS 
CONVERTED TO A DECIMAL NUMBER USING A MULTIPLY BY TEN ALGORITHM. SINCE 
'DiE READER SHOULD NOW BE IUITE ADEFT AT FOLLOWING THE OPERATION OF A 
PROGRAM FROM THE COMMENTED SOURCE LISTING" THE FLOATING-POINT BINARY TO 
PLOATING-POINT DECIMAL CONVERSION ROUTINE WILL BE PRESENTED WITHOUT FUR-
THER DISCUSSION AT THIS POINT. IT SHOULD BE REMEMBERED THAT THE ROUTINE 
ILLUSTRATED ASSUMES AN ASCII CODED OUTPUT DEVICE IS BEING UTILIZED. IN 
ADDITION" SEVERAL SUBROUTINES USED BY THE PREVIOUSLY ILLUSTRATED. INPUT 
PROGRAM ARE CALLED BY THE ROUTINE. 

MNEMONIC 

FPOUT" LLI 157 
LMI 110 
LLI 126 
LAM 
NDA 
..ITS OUTNEG 
LAI 253 
..IMP AHEADI 

OUTNEG" LLI 124 
LBI 8"3 
CAL COMPLM 
LAl 255 

AHEADl" CAL ECHO 
LAI 261 
CAL ECHO 
LAI 256 
CAL EHO 
LLI 127 
LAI 377 
ADM 
LMA 

DECEXT" JFS DEC!XD 
LAI 084 
ADM 
JFS DECOUT 
CAL FPX10 

DECREP" LLI 127 
LAM 
NDA 
.IMP DECEXT 

DEC !XD" CAL FPD 1" 
..IMP DECREP 

DECOUT" LEI 164 
LOH 
LLI 124 
LBI 803 
CAL MOVEIT 
LLI 167 
LMI 009 
LLI 1 611 
LBI 093 

COMMENTS -... --- .. --... ---~-
ISET POINTER TO DECIMAL EXPONENT STORAGE 
ICLEAR DECIMAL EXPONENT STORAGE LOCATION 
ISET POINTER TO MSW FPACC MANTISSA 
IFETCH MSW FPACC MANTISSA TO ACCUMULATOR 
ISET FLAGS AFTER LOAD OPERATION 
IIF MSB • 1 HAVE NEGATIVE NUMBER 
10THERWISE I IS POS" SET ASCII CODE FOR + 
IGO TO DI SPLAY ft+" SIGN 
IHAVE NEG ,,, SET PNTR TO LSW FPACC MANT 
ISET PRECISION COUNTER 
IPERFORM TWO' S COMPLEMENT ON FPACC 
ISET ASCII CODE FOR "-" SIGN 
IDISPLAY SIGN OF MANTISSA 
ISET ASCII CODE FOR "0" 
101 SPLAY "et

• 

ISET ASCI I CODE FOR ... ,t 
IDI SPLAY tt ... 

ISET POINTER TO FPACC E'(PONENT 
IPUT -I IN ACCUMULATOR 
I EFFECT! VELY SUBTRACT .. 1" FROM !:XPONENT 
IRESTORE COMPmSATEO EXPONENT 
IIF COMPEN EXP I OR POS" MULT MANT X 8.1 
I IF COMPEN EXP NEGATI VE 
IADO , ..... (DECIMAL) TO THAT VALUE 
IIF EXPONENT e OR POS NOW" OUTPUT MANTISSA 
IOTHERWISE" MULT MANTISSA BY 10 
ISET POINTER TO FPACC EXPONENT 
IGET EXPONENT AFTER MULTIPLICATION RTN 
ISET FLAGS AFTER LOAD OP!1'ATION 
IREPEAT ABOVE TEST FOR 8 OR POS CONDITION 
IMULTIPLY FPACC X 0.1 
ICHECK STATUS OF FPACC EXP A"ER MULTIP 
ISET POINTER TO LSW OF OUTPUT ~EGISTERS 
/MAKE D • 8 FOR SURE 
ISET POINTERS TO LSW OF FPACC 
15ET PRECISION COUNTER 
IMOVE FPACC TO OUTPUT REGISTERS 
ISET PNTR TO MSW+l OF OUTPUT REGISTER 
lAND CLEAR THAT LOCATION 
INOW SET POINTER TO LSW OF OUTPUT REG'S 
ISET P'AECISION COUNTER - PERFORM ONE 
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MNEMONI.C 
--------------

CAL ROTATL 
CAL OUTX10 

COMPOII LLI 121 
LBM 
INB 
LMB 
JTZ OUTDIG 
LLI 167 
LBI 004 
CAL ROTATR 
JMP COMPEN 

OUTDI GI 1..1..1 107 
LMI 881 
1..1..1 167 
LAM 
NDA 
JTZ ZERODG 

OUTDGS. LLI. 167 
LAI 261 
ADM 
CAL. ECHO 

DECRDG. LLI 187 
CAL CNTDWN 
JTZ EXPOUT 
CAL OUTX10 
JMP OUTDGS 

Z ERODG. LLI 1 57 
CAL CNTDWN 
LLI 166 
LAM 
MDA 
JFZ DECRDG 
DCL 
LAM 
NDA 
JFZ DECRDG 
DCL 
LAM 
NDA 
JFZ DECRDG 
LLI 157 
LMA 
JMP DECRDG 

OUTX 1 e. LLI 161 
LMI e"8 
LLI 16. 
LDH 
LEI 161 
LBI 8 •• 
CAL MOVEIT 
LLI 161& 
LSI .8. 
CAL ROTATL 
LLI 16. 
LBI "11& 
CAL ROTATL 
LLI 168 
LEI 161& 

COMMENTS 
---------------

IROTATE OP TO COMPEN FOR SPACE OF 51 GN BIT 
IMULT OUTPUT REG X 10. OVERFLOW INTO MSW+l 
ISET PNTR TO FPACC £'(PONENT 
ICOMPENSATE FOR ANY REMAINDER IN BINARY 
IEXPONENT BY PEJltFOFtMING A ROTATE RIGHT ON 
10 UTPUT REG' S UNT I L BI N EXP B ECOHES ZERO 
IGO TO OUTPUT DIGITS WHEN CaMPEN DONE 
IBIN EXP COMPENSATION ROTATE LOOP 
ISET PNTFt TO OUT M5W+l AND SET COUNT~ 
IPERFO~M COMPENSATING ROTATE RIGHT OP 
IREPEAT LOOP UNTIL BIN EXP = " 
15ET PNTR TO OUTPUT DIGIT COUNTER 
ISET DIGIT COUNTER TO "7" TO INITIALIZE 
ISET PNTR TO MSD IN OUT REG MSW+l 
IFETCH BCD FORM OF DIGIT TO BE DISPLAYED 
ISET n.AGS AFTER LOAD OPERATION 
ISEE 1 F 1ST DIGIT WOULD BE A ",,_. 
IIF NOT. SET PNTR TO MSW+l (BCD CODE) 
IPORM ASCII NUMBER CODE BY ADDING 260 
ITO BCD CODE 
lAND DISPLAY THE DECIMAL NUMBER 
ISET POINTER TO OUTPUT DIGIT COUNTER 
IDECREMENT VALUE OF OUTPUT DIGIT CNTR 
IWHEN • e. GO DO EXPONENT OUTPUT RTN 
10THERWISE MULT OUTPUT REG'S X 10 
lAND OUTPUT NEXT DEC I MAL- DIGIT 
IIF 1ST DIGIT. 0. SET PNTR TO DEC EXP 
IDECR VALUE TO COMP.EN FOR SKIPPING DISPLAY 
10F 1ST DIGITI THEN SET POINTER TO MSW 
10F OUTPUT REGIS - FETCH CONTENTS 
ISET n.AGS AnER LOAD OPERATIONS 
ICHECK TO SEE I F ENTIRE MANTISSA IS •• " .. 
I"" ...." .. "" 
I .. •• .. If.. .. ., .. 
I .. .. ".. ,. II " .. 

I " •• It.... .. II .. 

I .. .. .." II .. .. .. 

I .. .. .."" .. .. .. 
I .. .. •• II I' .. .. .. 

I " If .... If .. .. ,. 

II F EMTIRE MANTISSA IS ZEROI SET PNTR TO 
IDECIMAL EXPONENT STORAGE AND SET IT TO " 
IBEFORE PROCEEDING TO FINISH DISPLAY 
IMULTIPLY OUTPUT REO'S BY IS TO PUSH OUT 
IBCD CODE OF MSDI 1ST CLEAR OUTPUT MSW+l 
ISET PNTR TO LSW OF OUTPUT REGISTERS 
IMAKE SURE D." 
ISET ANOTHER PNTR TO W·RKING AREA 
ISET PRECISION COUNTER 
IMOVE ORIGINAL VALUE TO WORKING AREA 
I.SET POINTER TO ORIGINAL VALUE LSW 
ISET PR~ISION COUNTER 
ISTART MULT X 19 ROUTINE (TOTAL • X 2> 
IRESET PNTR 
lAND COUNTER 
IMOLT x 2 AGAIN {TOTAL • X ~) 
ISET POINTdl TO LSW OF ORIG VALUE 
lAND ANOTHER TO LSW OF ROTATED VALUE 
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--------------LBI I •• 
CAL ADDER 
LLI.114 
LSI .1. 
CAL ROTATL 
~!!T 

EXPIUT. LAI 3 •• 
CAL .KO 
LL! 11' 
LA. 
nA 
.ITS EXOUT. 
LAI 253 
"lIP ABEAD2 

EXOUT •• XRI 3" 
AD! .1. 
LIlA 
LA! 211 

A.MD.. CAL RKG 
LBI ••• 
LAir 

S.12. SUI 12 
"TS T01lU~R 
LIfA 
IllS 
.. lIP StJB12 

TOInJ£K. LAl 268 
ADS 
CAL ECHO 
LAII 
ADI oQII 
CAL mHO 
RET 

CIIOIEliTS 

--------------ISET PRECISIOR COUWTER 
IADD ORlt VALUE TO ROTATED (TOTAL. X I) 
IRESET P.TR 
IAWD COUJIT!R 
IMOLT X 2 OWCE MORE (TOTAL. x II) 
1,IWISJlED IlULT OUTPUT REI·S X 1. 
ISET ASCII COD!: POR -r-
IDI SPLAY -!'I )lOR -!XPO.EIIT" 
ISET PIIWTER TO D!£IIIAL IXP STORAGE LOC 
IFETCH DI£IMAL IXPO.EIT TO Ace 
ISET FLA.S AnER· LOAD OPt:RATIOW 
IIF IIS8 • I. VALUE IS RElATIVE 
II,. VALUE IS POS. SET AS':II CODE PeR -.-
110 TI DISPLAY 51 •• 
IFOR WEI EXP .. PERPORM TWO·S 'OIlPLI1I!JIT 
IIW STARDARI> MAnER 
I .. D RESTIRE TO ST8RA8E LOCATIO. 
ISET ASCII CODE paR ---
IDISPLAY SIaM e,. IXPO.EIIT 
ICLEAR RESISTER -8- .oR COURTER 
IPETeR DECIMAL EXPO.arr VALU~ 
ISUBT~CT I. (DECIMAL) 
n.oox JOR RElATIVE RESULT 
IRESTORE POS RESULT. IIAIIITAI. COUIIT OF ROW 
IlIA1ft' TINES 11 (DECIMAL) CA. BE SUBTRACTED 
IT. GSTAI. IIOST 518 DlalT OF IXPO.mrr 
IPeRM Ase II CHAR FOR "SD 0,. EXPO.I:IIT BT 
IADDI •• 268 T' leUIIT I. RnlSTER -S-
IAilD DISPLAT MOST 51181 nCAft BlatT OF IXP 
IFnCII RDlAI.8D I. DE£ EXP STO~AflE t.O& 
IAIID PORK ASSII CHAR pOR LSD 0,. EXPOwarr 
IDISPLAY LEAST Sla.IFICA~ DI.IT OF EXP 
IEXIT -JI'POUT- ROUTI.E 

•• SE '.E lIAS It 1).IICAL TO BI.ARY IlIPtJT ROUTIRE. AIIJ) BlllAftY TO DICI­
WAL IUTPtrr ROUTI.E TO WORK WIT. TBI: nJIIDAllIIITAL PLOATI .. -POIIIT ROUTIWES 
IT IS A RILATI V!2.Y SIIlPLE IlATTER TO TI E THEM ALL TOIETBER TO PORK A. 
-.pmATI •• PACKAgE" THAT VlULD ALLOW AW GPDATIR TO SPEC I Py IItnIERICAJ. 
VALUES. I. PLOATI .. -POIWT DI:CIIIAL IIOTATlew AIID IlmlCATE WXETBn ADDITIOM. 
SUBTRACTl' •• KULTIPLICATIO. OR DIVISION ¥AS DESIRED. TKEI OBTAI. AN A8S­
VER FR •• TWE COIIPVTER. AW ILLUSTRATI VI: -oPERATI .. PROIAA ... THAT UTILI­
lES ALL TBE DEIO.STRATI08 R'UTI.ES PRESERTED I. THIS SECTI08 IS SHOWN 
aaA.. TKE PMIRAM WILL ALJ..D,W All OPERATOR TO MAXE IIITRI!:S AWD R!:CEIVE 
RESULTS. I. T8. PORUT SRe"" BDEI 

.33.1£.3 X •• • -1.132111IE.' 

.-.------------
ppce.,.. CAL SRLn 

CAL. DJIIPUT 
IAL SPASES 
LLI 12A 
LDH 
LEI I" 
LSI 114 

co nEIIT S 

--------------
IDISPLAY A FEW eR • L,.·s FOR 1/0 DEVICE 
ILET OPERATOR DlTEIt A PP DFCIIlAL WIlBER 
IDISPLAY A FF.V SPA£ES AnER IItJIIBER 
ISET PIITR Te LSV or P'PA££ 
ISET D •• POR St1RE 
ISET P.~ TO TDIP , STaRAIE A~F.A 
ISET PR~ISIO. Sau.TER 
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MN£)tONIC 

--------------
CAL MOVEIT 

NVALID~ CAL INPUT 

LBI """ CPI 253 
JTZ OPERA 1 
CPI 255 
JTZ OPERA2 
CPI 330 
JTZ OPERA3 
CPI 257 
JTZ OPERA4 
CPI 377 
JFZ NVALID 
JMP P'PCONT 

OPERAI ~ DCB 
DCB 

OPERA2~ DCB 
DCB 

OPERA3~ DCB 
DCB 

OP!RA4~ LCA 

LAI *** 
ADB 
LLI 110 
LMA 
LAC 
CAL ECHO 
CAL SPACES 
CAL. D INPUT. 
CAL SPACES 
LAI 275 
CAL ECHO 
CAL SPACES 
LLI 170 
LDH 
LEI 134 
LSI 8"4 
CAL MOVEIT 
LLI 119 
LLM 
LHI XXX 
Lm 
INL 
LDM 
LLI Z+. 
LME 
INL -
LMD 
LHI 088 
LDH 
JMP RESULT 

CRLF2~ LAI 215 
CAL ECHO 
LAI 212 
CAL ECHO 
LAI 215 
CAL ECHO 
LAI 212 

COMM!NTS 

--------------
IMOVE FPACC TO TEMP STORAGE AREA 
IFETCH "OP~ATOR" FROM INPUT DEVICE 
ICLEAft REGISTER "B" 
ITEST FOR It+" SI GN 
IGO SET UP FOR It." SIGN 
IIF NOT .. + .... TEST FOR If_" SIGN 
IGO SET UP FOR tt_ .. SIGN 
IIF NOT ABOVE .. TEST FOR "X" (MULT) SIGN 
IGO SET UP FOR "X" SIGN 
11 F NOT ABOVE# TEST FOR "I" (01 V) SIGN 
IGO SET UPF fOR "I" SIGN 
I I F NOT ABOVE .. TEST FOR "RUBOUT't 
I I F NONE OF ABOVE .. IGNORE INPUT 
IIF "RUBOUT" START NEW INPUT SEIUa.CE 
ISET UP REGISTER "S" BASED ON ABOVE I.... " II It " •• 

I It It .. .. .. .. It 

I It.. t. " .. .. t. 

I"" .. " It " " I.... " " .. .. I. 

I SAVE "OP mATOR" CHARACTER IN REG "C" 
1*** • NEXT TO LAST LOC IN "LOOKUP" TABLE 
IHO 01 FY ,t***" BY CONTENTS 0 F "B" 
ISET PNTR TO "LOOKUP" TABLE ADDR STORAGE 
IPLACE "LOOKUP" ADDR IN STOftAGE LOCATION 
IRESTORE "OPERATOR" CHARACTER TO ACC 
'IDISPLAY THE "OPERATOR" SIGN 
IDISPLAY FEW SPACES AFTER "opmATOR" SIGN 
ILET OP~ATOR mTER 2ND FP DECIMAL NUMBER 
IPROVIDE FEW SPACES APTER 2ND NUMBER 
IPLACE ASCII CODE FOR U=" IN ACCUMULATOR 
IDISPLAY "." SIGN 
IDISPLAY FEW SPACES An-Eft ..... SIGN 
ISET POINTUl TO TEMP NUMBER STORAGE ARFA 
ISET D • e FOR SURE 
ISET ANOTHi1t POINTER TO LSW FPOP 
ISET PRECISION COUNT~ 
IMOVE 1 ST NUMBER INPUTTED TO FPOP 
ISET PNTR TO "LOOKUP" TABLE ADDR STOftAGE 
IBRING IN LOW ORDER ADDR OF "LOOKUP" TABLE 
IXXX • PAGE THIS PROGRAM LOCATED ON 
IBRING IN AN ADDR STORED IN "LOOKUP" TABLE 
IRESIDING ON THIS PAGE (XXX) AT LOCATIONS 
1"*** + BU AND "*** + B • 1" AND PLACE IT 
lIN REGS "D & E" THEN CHANGE PNTR TO ADDR 
IPART OF INSTRUCTION LABELED "ftESULT" BE­
lLOW AND TRANSFER THE "LOOKUP" TABLE CON­
ITENTS TO SECOME THE ADDRESS FOR THE IN-
ISTRUCTION LABELED "ftESULT." THEN RESTORE 
IREGI STERS "D" AND "H" BACK TO "0" 
INOW JUMP TO COMMAND LABELED "RESULT" 
ISUBRTN TO PROVIDE CR & LF'S 
IPLACE ASCII CODE FOR CR IN Ace & DISPLAY 
IPLACE ASCII CODE FOR LINE FEED IN ACC 
lAND DISPLAY 
IDO ·IT AGAIN - CODE FOR CR IN ACC 
IDISPLAY. IT 
ICODE FOR LF 
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MNEMONIC COMMENTS 

.. _------------ --- ..... ---_ ...... _-
CAL ECHO IDISPLAY IT 
RET IRETURN TO CALLING ROUTINE 

SPACES., LAI 240 ISET UP ASCII CODE FOR SPACE IN ACC 
CAL ECHO IDI SPLAY A SPAC E 
LAI 240 IDO IT AGAIN - CODE FOR SPACE IN ACC 
CAL ECHO IDISPLAY SPACE 
RET IRETURN TO CALLING ROUTINE 

"Z" RESULT ., CAL DUMMY ICAL RTN AT ADDRESS IN NEXT TWO BYTES I 
CAL FPOUT IDISPLAY RESULT 
JMP FPCONT IGO BACK'AND GET NEXT PROBLEM I 

"LOOKUP TABLE" AAA ILOW ADDRESS FOR START OF "FPADD" RTN 
BBB IPAGE ADDRESS FOR START OF "FPADD" RTN 
cec ILOW ADDRESS FOR START OF "FPSUB" RTN 
DDD IPAGE ADDRESS FOR START OF "FPSUB" RTN 
EEE ILOW ADDRESS FOR START OF "FPMULT" RTN 
FFF IPAGE ADDRESS FOR START OF "FPMULT" RTN 

*** GGG ILOW ADDR ESS FOR START 0 F '1 FPDI V" RTN 
HHH IPAGE ADDRESS FOR START 0 F .. FPDI V" RTN 

THE THREE ROUTINES., "FPINP,," "FPOUT.," AND "FPC.ONT" AS PRESENTED 
WULD R!:IUIRE ABOUT THREE PAGE OF MEMORY FOR STORAGE. HOWEVER .. AS WILL 
BE DISCUSSED SHORTLY .. THF ROUTINES COULD BE MODIFIED TO FIT INTO A CON-
SIDERABLY LESS AMOUNT OF MEMORY. THE DEMONSTRATION ROUTINES ALSO USED 
CERTAIN LOCATIONS ON PAGE 09 FOR STORAGE OF TRANSIENT DATA AND THESE 
ARE LISTED BELOW FOR REFERDtCE. NATURALLY'; THE ROUTINES COULD BE FASI-
LY ALTERED TO USE OTHER TEMPORARY STORAGE LOCATIONS. 

LOCATION(S) 

193 
194 
195 
116 
107 

11 " 

158 - 153 
154 - 156 
157 
168 - 163 
164 - 167 
178 - 173 

USAGE 

INPUT MANTISSA SIGN STORAGE 
INPUT EXPONENT SIGN STORAGE 
INPUT DIGIT COUNTER 
INPUT "PERIOD" INDICATOR 
OUTPUT DIGIT COUNTER 
TEMP STORAG E FOR CONTROL "OP ERATOR" 

INPUT WORKING AREA 
INPUT STORAGE REGISTERS (FOR DECBIN CONV) 
INPUT EXPONENT (DECIMAL ElUIVELANT) 
OUTPUT WORKING AREA 
OUTPUT STORAGE REGISTERS (FOR BINDEC CONV) 
TEMPORARY NUMBER STORAGE 

TECHNIIUES FOR SHORTENING LENGTHY PROGRAMS 

THE "FPINP.," ·'FPOUT.," AND "F'PCONT" ROUTINES DESCRIBED PREVIOUSLY 
MIGHT APPEAR SOMEWHAT LENGTHY TO THE RFADER. INDEED THEY ARE BECAUSE 
MANY OF THE SECTIONS WERE DEVELOPED IN A MANNER THAT WOULD ENABLE ONE 
TO MORE EASILY FOLLOW, THE LOGIC OF THE PROGRAM RATHER THAN TO SAVE MEM-
(lty SPAC E IN A COMPUTER SYSTEM. AS READERS KNOW" HOWEVER" I TIS O"EN 
DESIRABLE TO 'REDUCE PROGRAMS TO FORMS THAT USE LESS MEMORY STORAGE. 
BUT" THERE ARE TRADE-OFFS TO CONSIDER. DESIGNING A PROGRAM TO MINIMIZE 
THE AMOUNT OF MEMORT USED GDJERALLY RElUIRES SIGNIFICANTLY MORE HUMAN 
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PROGRAM DEVELOPMENT TIME" AND IT GENERALLY MAKES THE PROGRAM MORE "COM­
PLEX" OR 01 FFICULT FOR SOM!DNE aSE TO UNDERSTAND" BECAUSE ONE OF THE 
FUNDAMENTAL TECHNIIUES IN REDUCING A PROGRAM'S LENGTH IS TO CAPITALIZE 
(14 MAKING AS MANY '·SUBROUTINES" OUT OF Dl FFERENT SECTIONS OF THE PROGRAM 
AS POSSIBLE. THERE 15 ALSO ANOTH~ PARAMETER THAT CAN BE AFFECTED BY 
DESIGNING A PROGRAM TO USE LESS MEMORY - THE SPEED AT WHICH THE PROGRAM 
IS EXECUTED IS GOIERALLY DECREASED BECAUSE A LOT OF EXTRA TIME IS SPDtT 
EXECUTING TIME CONSUMING "CALL" INSTRUCTIONS. MORE DISCUSSION ON THE 
CONSIDERATIONS OF A PROGRAM'S OPERATING SPEED WILL BE PRESENTED IN A 
LATER CHAPTER. 

PERHAPS THE FIRST RULE OF THUMB TO APPLY TOWARDS REDUCING THE AMOUNT 
OF MEMORY A PROGRAM REQUIRES IS TO MAXIMIZE THE AMOUNT OF SUBROUTINING 
UTILIZED PROVIDED THAT THE SUBROUTINING MEETS THE FOLLOWING SIMPLE MATH­
EMATICAL RELATIONSHIPs 

B X N > 3 X N + B + 1 

WHERE. "B":& THE NUMBER OF BYTES IN A REPEATED INSTRUCTiON SEQUENCE 
ANDs "N". THE NUMBER OF TIMES THE SEQUENCE IS USED IN THE PROGRAM 

EXAMINING THE FORMULA ABOVE WILL SHOW THAT IT DOES NO GOOD IN TERMS OF 
CONSERVING MEMORY SPACE TO CALL A ROUTINE THAT UTILIZES ONLY 3 BYTES OF 
MEMORY. THIS IS BECAUSE A "CAL'· INSTRUCTION ITSELF REQUIRES 3 BYTES 0 F 
MEMORY I HOWEVER" ONCE AN INSTRUCTION SEQUENCE EXCEEDS 3 BYTES OF MEMORY 
THE POINT AT WHICH SUBROUTINING BECOMES PROFITABLE FUR CONSERVING MEMORY 
SPACE IS A FUNCTION OF "N,," THE NUMBER OF' TIMES THE INSTRUCTION SEQUENCE 
NEEDS TO BE REPEATED IN A PROGRAM. FOR EXAMPLE .. IF "B" • 4 .. ONE STARTS 
SAVING MEMORY SPACE BY SUBROUTINING WHEN "N" • 6. THE ABOVE FORMULA 
SHOWS THAT THE VALUE OF "N" REQ1JIRED TO MEET THE CONDITION WHERE MEMORY 
SPACE IS SAVED BY SUBROUTINING DROPS QUITE RAPIDLY AS "B" IS INCREASED 
SO THAT BY THE TIME ONE IS DEALING WITH INSTRUCTIONAL SEQUENCES WHICH 
USE 8 Oft MORE BYTES OF MEMORY .. ONE CAN SAVE MEMORY SPACE BY FORMING A 
SUBROUTINE IF THAT SAME SEQUENCE IS USED MORE THAN ONCE IN A PROGRAMI 
A SUMMARY OF THE MINIMUM VALUES OF "B" AND "N" THAT WILL RESULT IN MEM­
ORY SPACE BEING SAVED BY SUBROUTINING BASED ON THE ABOVE fORMULA IS PRO­
VIDED BELOW. 

B :I ~ AND N = 6 
B :I 5 AND N. 5 
B • 6 AND N. 3 
B • 8 AND N. 2 

THE AMOUNT OF MEMORY SPACE THAT ONE SAVES BY APPROPRIATE SUBROUTIN­
ING CAN BE CHECKED BY REARRANGING THE ABOVE FORMULA: 

B 'X N (3 X N + B + 1) • Z 

PHD SOLVING FOR .. Z .... THE AMOUNT 0 F BYTES SAVED. 
IS 8 AND "N" IS 3" THEN "Z" 1St 

FOR EXAMPLE" IF "B" . 

8 X 3 <3 X 3 + 8 + 1) • 6 

WHDl DEVELOPING SUBROUTINES .. ONE CAN OFTEN USE ONE ROUTINE TO SERVE 
SEVERAL FUNCTIONS BY ALLOWING FOR MULTIPLE ENTRY POINTS TO THE SUBROUT­
INE. AN ~AMPLE OF THIS METHOD WAS USED IN THE FLOATING-POINT PACKAGE 
DISCUSSED WHERE TWO mTftT POINTS TO THE ROTATE SUBROUTINES WERE PROVI-
DED .. SUCH AS THE "ROTATLtt SUBROUTINE WHICH HAD A SECOND ENTRY POINT LAB~:.' 
PLED "ROTL" WHICH ALLOWED ONE TO ENTER THE ROUTINE BY "SKIPPING" THE 
"NDA·' INSTRUCTION WHICH RESlDED. IN THE LOCATION LABELED "ROTATL.·' 
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ANOTHER WAY TO OFTEN SAVE SIGNIFICANT AMOUNTS OF MEMORY IS BY CARE­
FUL ORGANIZATION OF THE PROGRAM AND ASSIGNMENT OF DATA STORAGE AREAS IN 
MEMORY. FOR EXAMPLE~ THE READER MAY HAVE NOTED THAT ALL THE NUMERICAL 
DATA STORAGE AREAS USED. IN THE FLOATING-POINT ROUTINES ALONG WITH THE 
COUNTERS AND INDICATORS STORED IN MEMORY WERE LOCATED ON PAGE 00. THIS 
\f:\S DONE TO MINIMIZE THE RESETTING OF THE PAGE POINTER (REGISTER "H"). 
SCATTERING DATA ON DIFFERENT PAGES OF MEMORY IN A LARGE PROGRAM CAN RE­
SULT IN QUITE A BIT OF WASTED M910RY BECAUSE REGISTER "H" MUST BE FREQ­
UENTLY ALTERED (WHICH REQUIRES A TWO BYTE INSTRUCTION) TO CHANGE THE 
MEMORY POINTER ADDRESS. CAREFUL ORGANIZATION OF DATA STORAGE CAN EVEN 
BE HELPFUL IN MINIMIZING THE AMOUNT OF TIMES THAT REGISTER ttL" MUST BE 
LOADED WITH A NEW ADDRESS (REQUIRING A TWO BYTE INSTRUCTION) BY LOCAT­
ING STORAGE AREAS IN ACCORDANCE WITH HOW THEY ARE ACCESSED IN A PRO­
GRAM SEQUENCE SO THAT AN "INL" OR "DCL" (ONE BYTE COMMAND) MAY BE USED 
11) ACCESS A STORAGE LOCATION RATHER THAN AN "LLI XXX" INSTRUCTION. 

IN LINE WITH THE ABOVE CONSIDERATIONS IS THE SIMPLE RULE TO MAIN­
TAIN POINTERS AND COUNTERS AND OTHER FREQUENTLY USED "INDICATORS" IN CPU 
REGISTERS AS MUCH AS POSSIBLE. THIS CONSIDERABLY REDUCES THE NUMBER OF 
TIMES THAT THE "H & L" REGISTERS HAVE TO BE CHANGED TO "POINT" TO LOCA­
TIONS THAT CONTAIN SUCH INFORMATION AND THEN CHANGED BACK TO HANDLE THE 
CURRENT DATA THAT IS BEING MANIPULATED. 

ANOTHER GENERAL RULE OF THUMB TO FOLLOW FOR REDUCING PROGRAM MEMORY 
USAGE IS TO CAPITALIZE ON "LOOPS." A FORMULA FOR DETERMINING WHEN ONE 
CAN SAVE MEMORY SPACE BY USING A "LOOP" (ASSUMING THE LOOP COUNTER IS 
STORED IN A CPU REGISTERn) I S PRESENTED HERE. 

B X N > B + 6 

WHERE. "B". THE NUMBER 0 F BYTES FORMING THE "REPEATED'" PORTION 0 F 
THE SEQUENCE THAT MUST BE CONSECUTIVELY REPEATED. 

AND. nN" = THE NUMBER OF TIMES THE SEQUENCE MUST BE CONSECUT·IVELY 
REPEATED. 

T.HUS~ BY USING THE FORMULA~ ONE CAN SEE THAT IF A PROGRAMMER HAS A FOUR 
BrTE INSTRUCTION THAT MUST BE CONSECUTIVELY REPEATED THE PROGRAMMER CAN 
SAVE MEMORY BY SETTING UP A "LOOP" IF THE SEQUENCE MUST BE CONSECUTIVELY 
REPFATED THREE OR MORE TIMES. I F ~'B" I S ONLY TWO~ THEN A "LOOP" CONS ER­
VES MEMORY IF IT MUST BE CONSECUTIVELY PERFORMED FIVE OR MORE TIMES. 
(THE ABOVE FORMULA IS DERIVED FROM THE FACT THAT IT REQUIRES SIX BYTES 
TO SET UP A "COUNTER~" INCREMENT OR DECREMENT THE COUNTER EACH TIME A 
'~OOP" IS COMPLETED~ AND MAKE A "CONDITIONAL" BRANCHING TEST). 

A SUBTLE CONCEPT THAT CAN SAVE MEMORY SPACE INVOLVES THE POSSIBILI­
TY OF INCLUDING A FEW CAREFULLY CHOSEN INSTRUCTIONS IN SUBROUTINES TO 
INCREASE THEIR GENERAL USEFULNESS. FOR EXAMPLE~ CONSIDER THE SUBROUT-
INE ILLUSTRATED BELOW. 

SAMPLE~ LCH /SAVE VALUE OF "R" IN "~CIt 

LHI XXX / SET PNTR TO "DATA" PAGE 
LAM / FETCH A BYTE 0 F "DATA" 
LHC /RESTORE ORIG VALUE OF "H" 
NDA ISET FLAGS FOR ACC CONTENTS 
RET 

SUCH A SUBROUTINE MIGHT BE EXTREMELY VALUABLE IN A LARGE PROGRAM WHERE 
''DATA'' WAS STORED ON ONE PAGE, BUT "COUNTERS" AND "INDICATORS" IiAD TO 
BE STORED ON ANOTHER. BEFORE CALLING THE ABOVE ROUTINE~ THE PROGRAM 
WOULD HAVE SET REGISTER "L't TO THE APPROPRIATE ADDRESS ON THE PAGE 
WHERE "DATA" WAS TO BE OBTAINED. SUPPOSE THAT SOMETIMES THE MAIN PRO-
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GRAM NEEDED TO SIMPLY TRANSFER DATA FROM ONE LOCATION TO ANOTHER~ AND 
AT OTHER TIMES IT MADE "TESTS" ON THE DATA IT OBTAINED. THE SIMPLE IN-
CLUSION OF THE "NDA" INSTRUCTION IN THE ABOVE ROUTINE DOES NO HARM IN 
CASES WHERE DATA IS TO BE SIMPLY TRANSFERRED~ BUT IT CAN SAVE VALUABLE 
MEMORY STORAGE IF THERE ARE TWO -OR MORE TIMES IN WHICH THE DATA MUST BE 
"TESTED·' IN THE MAIN PROGRAM BY HAVING THE "NDA" IN THE SUBROUTINE! 
R)R~ THE "NDA" SETS UP THE FLAGS ALLOWING ONE TO IMMEDIATELY EXECUTE A 
CONDITIONAL BRANCHING INSTRUCTION UPON RETURN FROM THE SUBROUTINE WHEN 
DESIRED BASED ON THE "DATA" LOADED INTO THE ACCUMULATOR BY THE SUBROUT­
INE. TO PUSH THE POINT BEING MADE ONE STEP F1JRTHER - ADDING ONE MORE 
INSTRUCTION TO THE ABOVE SUBROUTINE - AN "INL" PLACED JUST BEFORE THE 
"NDA" INSTRUCTION COULD MAKE THE ROUTINE EVEN MORE "GENERAL PURPOSE." 
FOR INSTANCE~ IN A TYPICAL DATA MANIPULATING PROGRAM ONE MIGHT BE SEQ­
UENTIALLY ACCESSING LOCATIONS IN THE "DATA" STORAGE ARFA WHILE POSSI-
BLY SFARCHING FOR A CERTAIN "CODE." AT OTHER TIMES ONE MIGHT BRANCH OFF 
TO PERFORM WORK IN ANOTHER ARFA OF MEMORY IN WHICH CASE ONE WOULD PRO-
BABLY HAVE TO PERFORM AN "LLI XXXt~ INSTRUCTION. THUS" THE INCLUSION OF 
'DIE "INL" COMMAND IN THE SUBROUTINE TAKES CARE OF ALL THE TIMES THAT ONE 
NEEDS TO ACCESS THE NEXT LOCATION IN THE "DATA" ARFA", YET DOES NO HARM 
IF THE PROGRAM WILL BE DIRECTED TO A DIFFERENT MEMORY AREAl (NOTE", HOW-
!YER~ THAT ONE WOULD HAVE TO EXAMINE CAREFULLY", HOW OFTEN THE MAIN PRO­
GRAM MIGHT BE REQUIRED TO ACCESS THE EXACT SAME LOCATION AGAIN", THUS RE­
QUIRING A COMPENSATING "DCL" INSTRUCTION IN THE MAIN PORTION 0 F THE PRO­
GRAMI) 

HOWEVER", ONE OF THE MOST POWERFUL MEMORY SAVING TECHNIQUES FOR 8008 
SYSTEMS IS BASED ON THE USE OF A CLASS OF INSTRUCTIONS THAT MANY NOVICE 
PROGRAMMERS COMPLETELY OVERLOOK! THIS CLASS OF INSTRUCTIONS IS THE 
"RESTART" (RST XXX) GROUP. FOR" WHILE THE MNEMONIC FOR A "RESTART" IN­
STRUCTION IS SHOWN AS CONSISTING OF TWO PARTS", THE ACTUAL COMMAND IS AN 
EFFECT I VE ONE BYTE "CALL" INSTRUCTION I WHILE THE "RST" COMMANDS WERE 
INCLUDED IN THE 8008 INSTRUCTION SET TO FACILI TATE IMPLEMENTING "START­
tp" OPERATIONS IN CONJUNCTION WITH THE "INTERRUPT" FACILITY ON TYPICAL 
8008 SYSTEMS~ THEY MAY ALSO BE PUT TO EXTREMELY EFFECTIVE USAGE IN GEN-
FRAL PROGRAMMING APPLICATIONS. THE REASON IS FAST TO UNDERSTAND ONCE 
IT HAS BEEN POINTED OUT - BEING ABLE TO "CALL" A SUBROUTINE WITH A ONE 
arTE INSTRUCTION INSTEAD OF A THREE BYTE INSTRUCTION CAN SAVE A LARGE 
AMOUNT OF MEMORY SPACE 1 F A ROUTINE HAS TO BE "CALLED" FREQUENTLY IN A 
PROGRAM. 

THE READER SHOULD REVI EW THE MATERIAL ON PAGE 17 0 F THE CHAPTER 
~lCH EXPLAINS THE 8008 INSTRUCTION SET IN THIS MANUAL PERTAINING TO 
1HE "RESTART" INSTRUCTIONS. SINCE THERE ARE 8 "RESTART" LOCATIONS ON 
PAGE 00" THAT MEANS THAT ONE CAN HAVE UP TO EIGHT DIFFERENT SUBROUTINES 
IN A PROGRAM THAT CAN BE ACCESSED WITH BUT A ONE BYTE CALLI WHILE THE 
'1ftESTART" LOCATIONS ARE SPACED BUT 8 (DECIMAL) LOCATIONS 'APART", ONE CAN 
STILL USE THE "RESTART" LOCATIONS FOR RFACHING THE DESIRED OBJECTIVE 
OF SAVING MEMORY SPACE EVEN IF THE DESIRED SUBROUTINE WILL NOT FIT IN 
TKE 8 LOCATIONS BY SIMPLY HAVING A "JUMP" INSTRUCTION AT A RESTART LOC­
ATION THAT DIRECTS THE PROGRAM TO THE ACTUAL SUBROUTINEI 

TO SEE ,.HE IMPORTANCE OF USING "RST~ COMMANDS. IN LARGE PROGRAMS CON­
SIDER THE FACT THAT IT MAY OFTEN BE NECESSARY TO CALL A PARTICULAR SUB­
RlUTINE 30 OR _0 (DECIMAL) TIMES. USING A ONE BYTE "RESTART" INSTRUCT­
ION INSTEAD OF A THREE BYTE "CAL" COMMAND CAN THUS SAVE 60 TO 80 (DECI-
~L) MEMORY LOCATIONS. THAT IS ROUGHLY ONE-FOURTH OF A "PAGE" OF MEM-
ORY IN AN 8008 SYSTEM I MULTIPLY THAT BY A FACTOR OF 8 - THE NUMBER OF 
''RST'' l.OCATIONS AVAILABLE - AND ONE CAN SEE A VERY CONSIDERABLE SAVINGS 
IN MEMORY USAGEI THE PERSON WHO HAS DEVELOPED FAIRLY DECENT SIZED PRO­
~AMS FOR AN 8888 SYSTEM WITHOUT TAKING ADVANTAGE OF THE fiRST" COMMANDS 
TO CONS~VE MDIORY IS OMEN AMAZED WHEN SUCH PROGRAMS ARE RE-WRITTEN TO 
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trrILIZE THE TECHNIQUE AND THE PROGRAMMER FINDS MEMORY USAGE CUT BY A 
OONS I DERABLE P Utc ENTAG EI 

AS A CHALLDIGE TO THE RFADER WHO IS INTERESTED IN DOING A LITTLE 
CREATIVE "TRIMMING" OF A PROGRAM" WHY NOT GO TO WORK ON REDUCING TH·E 
SIZE OF THE "FFINP,," "FPOUT,," AND "WCONT" ROUTINES PRESENTED IN THIS 
QiAPTER? USING THE TECHNIQUES DESCRIBED IN THE LAST SEVERAL PAGES" 
ONE SHOULD BE ABLE TO WORK THOSE ROt]TINES DOWN FROM THE ROUGHLY THREE 
?AGES OF MEMORY THEY REQUIRE AS PRESENTED" TO WITHIN ABOUT TWO PAGESI 
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IWPUT/OUTPUT PftOGRAMMING 

THIS CHAPTER WILL BE CONCERMED WITH DISCUSSING PROaRAJIIJIJNa TECH.l-
801'S mit TJIlANSFEltIU.S.lNPQRMATIOIi TO AIID FROM THE COMPUT!Jt AND EXTERNAL 
DEVICES.. EXTEIlRAL DEVICES ARE CONNU:TED TO THE COMPUTDt. IN All 8888 
SYSTEM VIA PHYSICAL COIIND:TIONS WHICK CARRY I'LICTJltONIC SIGNALS. SlNCE 

.IT IS onDJ DESIRABLE TO HAVE A NUMBER OF DIFF~DfT DEVICES CO.REeTED 
1'0 A SYSTEM AT ONE TIME.. A HARDWARE ARRANGEMENT. IS GDiERALLY PROVIDED 
11IAT DlABL.ES A NtJMBEROJr DEVICES TO BE CONNECTED AT ONE. TIME" BUT ONLY 
(liE SUCH DEVICE MAY ACTUALLY "COMMUlliCATE" WITH THE COMPUTER AT AllY GIV-
IN 'NSTANT OF TIME. TO ALLOW CONTROL OF WHICH DEVICE IS ABLE TO COMMU-
RICATE WITH THE COMPUTER" AN ELECTRONIC ARftANGDfDlT. IS PROVIDED THAT 
ALLOWS "SOnWARE- SELECTION OF INPUT AND OUTPUT ··PORTS." AS FAR AS A 
PROGRAMM'" IS CONCmNED .. A "PORT" CONSISTS OF EIGHT Sm-ARATE ELECTRONIC 
mGNALS TRAT CAN BE IN A. "I" OR "8" STATE. THE EIGHT SIGNALS COR~ES-
POND TO THE EIGMT BIT POSITIONS AVAILABLE, IN T"E ACCUMULATOR OF THE cpu • 
., "INPUT" POJitT ACCEPTS INFORMATION FAOM AN !JCTERNAL DEVICE AND PRESDITS 

.IT TO THE ACCUMULATOR OF AN S888. AN "OUlPOT" PORT TAKES INFORMATION 
JlROM THE ACCUMULATOR AND PASSES IT TO AN OUTPUT DEVICE. THE SELECTION 
OF A PARTICULAR INPUT OR OUTPUT PORT IS SPECIFIED BY THE PROGRAMMER 
.. EN UTILIZIIIG AN. 110 COMMAND. THE READER MAY DESIRE TO REVIEW THE DIS­
CUSSION OF TilE. 1/0 INSTRUCTIONS PRESENTED ON PAGE 18 OF TilE CftAPTIJ' DE­
SCRIBING TilE INSTRUCTION SET FOR THE 8818 CPU AT TMIS TIME. 

NOTE. FOR TilE PURPOSES OF THE DISCUSSION. IN TMIS CKAPTER" 
ALL 110 OPDATIONS WILL BE ASSUMED TO TAKE PLACE BETVED 
THE 1'0 "PORTS" AND TKE ACCUMULATOR OF THE cpu. VRILE SOME 
READERS MAY BE AWARE THAT. IT IS POSSIBLE TO COMMUNICATE 
WITII A COMPUTER VIA TB:IDIIIUES KNOWN AS "DIR~T MDiORY AC­
CESS4t nERDY AN gTEflNAL DEVICE PLACES DATA ·DIRmTLY,·lNTO 
AREaS IN MEMORY4t OR V!CE-VEftSA4t SUCK CAPABlLITY. IS RARELY 
POUIID OM 81.8 BASED SYSTEMS. FURTIIE2'MORE.. SUCH TRANSFUt 
TEC1DJ"UES ARE ESSENTIALLY -BARDWARE CO.TROLLED" ANn ARE 
OUTSIDE TR! PURELY PROGRAMMING REALM TO VIIICII THIS MAN-
UAL IS J)EVQTED. 

TilE BASIC CONCEPT BEMIND COMMUNICATING WITH A COMPUTER LIES. IN PRO-
1IIDI.8 SOME FORM OF SYSTDIATIC SYSTDt fOR ENCODING. INFORMATION "'OM AN 
fXT!2lNAL. DEVICE TKAT WILL ALLOW A PROGRAM TO DECODE TilE. INFORMATION AltD 
TAKE APPROPRIATE ACTION" AND TO ALLOW A PJltOGRAM TO Sl!IfD CODES TO AN EX­
TERNAL D£VlCE TIIAT WILL. D·IJIlECT. IT TO PERPORM. IN A PRESCR·18ED MAIINER. 

SUCII A SYSTDI CAN BE CftFATED !JfTIRELY 8Y TilE PROGJIlAMMER. INDEED .. 
,IN MANY SPECIAL. APPLICATIONS" SUCR AS CONTROLLING A UIIIIUE PI ECE OF 
_CUMERY" TKAT IS dUST THE APPROACK TAKER. POR EXAMPLE4t SUPPOSE SOME 
."UFACTtJ1Itdt RAD A MACIlINE TIIAT WAS TO BE CONTROLLED BY TIlE COMPUTER. 
'nIE MACKINE COULD BE CONSTRUCTED so TRAT VJIIEN_ IT VAS PdPOlUtlllG A CER­
_III TYPE 0' FUNCTION. IT WOULD CLOSE A PARTICULAR ILECTRICAL SWITCII. 
1IIERE Ifl GilT BE A NUMBi2t OF SUCR SVITCIlES 011 TilE MACIIINE AND EACH ONE 
mULD BE CONNIX:TED TO AN INPUT. LINL REPRESENTIIIG ONE "BIT" OF AN. INPUT 
PORT. FOR TRE SAKE OF DISCUSSiG.~ SUPPOSE A MACRIN!: IlAD EIGHT 5UCIIIII­
PUT SVITCIIES" 0.£ CONRECTED TO FACR POSSIBLE. UNE MAKING UP AN IIIPUT 
JIOItT. OBI THE S-ITCII WAS "CLOSED- A "1" CO.DITJON VOULD BE PLACED ON 
111£ L·INE AND eDt. IT WAS "opm" TRE LINE WOULD RJ2tftESENT A "I" CONDI­
TION. FOR THE SAKE 0,. SIMPLICITY" .IT COULD ALSO BE ASSUMED THAT ONLY 
(liE SW1TCII COULD BE CLOSED AT AflY81VDI TIME. 

-ow. ASSUME TilE COMPUTER "AS TO ".'TOR THE STATUS OF TilE SVITCIIES 

6 - 1 



fit PDtIODICALLT !XEUTING All INPUT. J.STRUCTION FOR THE INPUT PORT TO 
1IHICH THE SWITCHES V"'E ATTACHED. TMDI" D!7ENDINa ON WHICH SWITCH VAS 
De THE CLOSED CORDITIOtl" THE COMPUTER WOULD. D·IRI.CT~ IflJl'ORMATI0N TO BE 
OUTPUTTED ON. AN OUTPUT PORT" SAY" TO DIRECT ANOTHER PART OF THE MACHINE 
10 P!2tJl'ORM A SPD:I,.IC OPdtATION. A PROGRAMMER .. tGHT MAKE UP All ~INPUT" 
PROaRAM. IN THE FOLLOWING MAtfNER. 

MNDtONIC 

--------------
I NCTRL.. IMP X 

NDA 
JTZ INCTRL 
CPt III 
dTZ STARTl 
CPl .12 
dTZ START! 
CPI II. 
dTZ START3 
CPI III 
dTZ STARTli 

• 
• 

CPI 2"1 
dTZ STARTS 
.IMP ERROR 

COMMENTS 

--------------
IREAD DATA FROM PO~T X INTO ACCUMULATOR 
ISET FLAGS. AnER INPUT OPERATION 
'NO SWITCHES CLOSED - KEEP LOOKI.a 
'IS. IT SWITCH ,., 
IYES" DO RElUIRED ItOtJTl.E 
115 .. IT SWITCH #21 
lTD" DO RElUIRED ROUTINE 
'IS. IT SWITCH 131 
ITES .. DO REQUIRED ROUTINE 
lIS. IT SWITCHI4? 
'YES" DO RdUIRED ROUTINE 

liS. IT SWITCH IS? 
IYES" DO RElUIRED ROUTINE 
IIF PROGRAM EVER GETS HERE SOMETHlNG VRONG 

THE ABOVE INPtJT ROUTINE. IS IUITE SIMPLE. AND LACKS A TECHNICAL CONSI­
DERAT'ION THAT MIGHT BE. NECESSARY. IN A REAL SYSTDI (HOV CAN THE ROUTINE 
TELL WBETKER A READINS. INDICATES A ... Et- SWITCH CLOSURE OR A "PREVIOUS" 
(J)NDITION STILL. PRESDlT?) HOWEVER". IT DOES. ILLUSTRATE THE CONCEPT OF 

. INPUTTING INFORMATION AND HAVINa THE COMPUTER INTE.1lPRET THAT INFORMA­
TlOII. 

IN A SIMILAR IIAIItfi2t TO THE. INPUT ROUTINE# ONE COULD CONNECT.. SAY .. 
1HE COILS OF ELECTRONIC R!LAYS TO THE OUTPUT LINES OF A SP~I FIC OUTPlJT 
PORT. FACH OF THE EIGHT POSSIBLE- LINES. CONNECT.ED TO AN OUTPUT PORT 
OOULD ACTIVATE THE ASSOCIATED RILAY WKDJ A "I" CONDITION VAS PRESENT .. 
BUT NOT VHDI A ..... CONDITION EXlST.ED. SINCE. EACH LIRE CORRESPONDS TO 
ORE "BIT". IN THE ACCUMULATOR" ONE COULD EASILY. DEVELOP A PROGRAM TO CON­
TROL THE OPERM'IOII OF THE RELAYS BY PLACING APPROPftlATE CODES IN THE AC­
CUMULATOR OF THE CPU AND THDI aB:UT'INaAN "OUT Z" INSTRUCTION WHERE HZ" 
JtD»RESENTED THE OUTPUT PORT WHOSE. LIRES VEftE CONNECTED TO THE RELAYS. 

'N THE ABOVE EXAMPLE.. INPUT PROGRAM TO MONITOR THE STATUS OF A SET OF 
SWITCHES IT VAS ASSUMED THAT ONLY ONE S1IITCH COULD BE CLOSED AT A GIV. 
nME. THUS .. TH~E VDE O.LV NINE. POSSIBLE SIGNAl. CONDITIONS THAT COULD 
BE RECEIVED BY THE COJIPOTEIIl. - Atrf OIlE OF THE EIGHT SWITCHES .. EACH REPRE­
SUITED BY THE STATUS OF It PAIlTICtlLAJIl B1T. IN THE ACCUMULATOR., COULD BE 
'1»11,," OR NONE 0,. TRIM WERE ACTIVATED. THUS" THE PARTICULAR CODING TECH­
.1t1E POR THE DAMP!.£ VAS REALLY IUITE LIMITED. HAD. IT BEEN STATED THAT 
II« NUMBdt OF THE' S.:ITCHES COULD BE "0." AT ANT Glvm TIME.. THEN THERE 
.OLD BE 256 DIFFDIIIT CODES POSSIBLE ON THE, 8 INPUT LINES AT ANY'SIVDI 
TIME' SUCII AN DlCODING SCHEME WOOLD. ALLOW IUITE A LOT MORE lllPORMATION 
10 BE COWVErm TO THE COMPUTER III ONE.I.PUT PORT. ONE COULD RMDlLY 
.VISIOR COMI ... UP WITH It SYSTEM WKDEBY AN "'TdIlAL MACHINE COULD USE 
THE 256 POSSIBLE STATES AVAILABLE 0 .. ailE.. 'RPUT POR' TO PROVIDE A LOT 0' 

. INP'ORIIATION TO THE COMPUTat. BY ASSl8111NQ. DI FFERQlT. CODES TO R~RESorr 
DlFFEIlIJIT "ARTIFACTS" ON£ COULD. I"ASILT COME UP .ITII A DEVICE THAT COULD 
ISSUITIALLY mCODE ALL TltELETTdS OF TIlE ALPHABET" THE NUMBERS " - 9" 
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AND A LOT OF SPECIAL SYMBOLS AND STILL HAVE UNUSED STATESI WELL, AS THE 
JltFADER UNDOUBTABLT KNOWS, pmPLE DEVELOPED SUCH mCODING SYSTEMS QUITE 
SOME TIME AGO. IN FACT, A NUMB!1t 0,. DI,.,.I'JtENT "STANDARDIZED" ENCODING 
STSTDIS HAVE BED DEVELOPED OVDt THE TrAitS. ON'E 0,. THE MOST POPULAR EN­
CODING STSTDtS .. ONE THAT IS USED ON MAHY KINDS G,. MACHINES SUCH AS £LEe­
~ONIC KEfBGARDS .. TTPEWRITER, NUMBERICAL CONTROL MACHINES AND IN A VAR-

. lETT OF COMMUNICATION DEVICES .. IS COMMONLY ABBft£VIATED AND 'REFERRED TO 
AS TilE "·ASCII" CODE. "ASCII" IS THE ABBREVIATION FOR "AMERICAN STANDARD 
CODE FOR INFORMATIGN INTERCHANGE." "ASCII" CODE. ITSELF IS ACTUALLY DE­
SIGNED TO USE JUST '7 BITS OF INFORMATION 'THUS ALLOWING FOR THE ENCOD­
ING OF 121 DIFF!7ImT "SYMBOLS")" HO"EVD, "ASCII" CODE IS O"m USED IN 
DEVICES THAT USE' BITS BECAUSE THE LAST BIT OF DATA CAN BE USED TO TEST 
POft TRANSMISSION ER'RORS BY SERVING AS A "PARITY" INDICATOR. MORE WILL 
BE SAl D ABOUT "PARI TT" A LI TTLE LATER. 

WHILE THE ENTIRE "ASCII" CODE IS BASED ON THE DIFFERENT PATTERNS 
THAT WILL FIT IN SEVEN BITS OF A RESISTER .. THUS YIELDING 128 (DECIMAL) 
DlFFEADlT "CODES .. " A COMMONLY USED "SUBSET" OF THE ASCII CODE. IS O"EN 
UfILIZED. TftE "SUBSET" DOES NOT USE EVERT POSSIBLE PATT~N BUT ONLY 
1II0SE PATT~NS DESIRED. THE "SUBSET'· REFERRED TO IS FREQUENTLY USED IN 
"ASCII" CODED K!.TBOAADS .. TELETYPE MACtlINES .. AND OTHER DEVICES. IN THE 
USTING· SHOWN BELOW .. THE 8 'TH BIT NOT USED BY THE "ASCII" CODE WILL BE 
SHOWN AS A '·1" CONDITION AND TilE CODES WILL BE PRES9fTED AS THEY COULD 
APPFAR IN THE REGISTERS 0,. AN 8''''1 CPU. 

~ 

CftARAC T EJI' S BINARY OCTAL CHARACTE1'S BINARY OCTAL 
STMBOLIZED CODE ft!P SYMBOLIZED CODE RW 

A 1 I 881 081 301 10 1"" 881 24' 
B • 1 881 810 382 " 18 18" ele 2.2 
C 11 ''''8 811 383 , 19 199 " 11 243 
D 1 1 8"" 1610 3"" S 18 180 108 244 
E 1 • """ 111 305 S Ie .,," 181 245 
p- 11 888 118 396 " 19 le9 118 246 
G 1 1 119 III 381 18 1"" 111 247 
H 1 1 "81 088 318 ( 18 101 999 258 
I 1 I 801 8"1 311 ) 18 191 8"1 251 
J 11 e81 818 312 • 18 181 018 252 
K 1 I 801 " 11 313 + 18 181 811 253 
L 1 1 081 100 3111 .. 10 101 18" 2511 
M 1 1 881 191 315 10 lei 181 255 
N 1 I III 118 316 • 10 181 11 " 256 
0 I I 801 111 31'7 1 Ie 181 1 I 1 251 
P II 810 ""9 32" 8 18 118 009 260 

• 1 1 8161 "". 321 1 10 lie 6101 261 
R 1 1 118 118 322 2 19 118 018 262 
S 11 819 811 323 3 18 118 III 263 
T 11 811 18fJ 324 .. 10 11" 188 264 
U 11 '811 181 325 5 18 118 181 265 
V 11 811 118 326 6 18 lie lie 266 

• 11 111 III 321 '7 10 11 e 111 267 
X 11 III '''If' 338 • 18 111 .88 2'78 
T 11 III 881 331 , 18 III 881 2'71 
Z 11 811 III 332 t 18 111 818 272 
[ 11 811 811 333 J 19 111 811 213 
\ 11 III .1" 3311 c 18 111 188 2111 
] 11 811 lei 335 • 10 111 101 2'75 
t II 811 III 336 > .8 .11 III 276 .. 11.,11 111 33'7 ? 18 111 111 277 

SPACE I 1 ."., 888 2118 • 1 1 888 .80 381 
~ 
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TilE SUBSET OF TilE "ASCII" ;OD£ JUST PRESENTED HAS SEVERAL NICE FEA­
TURES WGRTJI ."TIN.. FORINSTUCK .. TilE 26 LETTUtS OF THE ALPIIABET AilE 
ALL ENCODED.'. A sauDlc!: STAJIt,T" ••• 'TII 311 'OCTAL) AND END,I.a .ITII 332 
"~TAL). TitUS 0.1:. CAN !:ASCI-Tell_It, DATA .. FeR E'CAMPLE" BEllla. ·INPUTTED 
.. AN OPERATOR TO SE~ I F TilE CODI •• Na RECEIVED ftEPRESEIITS A LETTER ttF 
11IE ALPlIABET BT PDPORIUNG A • ... 81! TEST" AS ILLUSTRATED BELOW. 

IOID1ONIC 

--------------
8KALFA.. INP X 

~PI 311 
dTS curALp'A 
QN 333 
.J FS CKALFA 

ISALJI'A ..... 

ceMMDlTS 

--------------
'ACCIPT A QHARACTER FROM INPUT DEVICE 
'SEE.'FINPtJT IN RANGE FROM 311 
,Te- 332 .. _I F IT IS NOT" tGNORE TilE 
'1 IIPUT " " I,. ,IT IS WITHIN TilE RAIIGE ,TIl" RAVE AN ALPHABEf.ICAL CIIARACTER 
'TO PROCESS AS DESIRED 

THE READER IllAY NOTE TIIAT TilE .UIIBERS • TIIPtOUGR , ARE ALSO GROUPED 
TeSETRa, eN TilE S.U!IICE FIlOM 261 TO 8'" AIID TilE PROGRAMMER CAN TKUS 
ItFADILT. PI!lFORM A SIIdLAJll ftMGE. TEST TO DilLY ACCEPT NUMBmtS~ 

TIIERE ARE 'SEVDlAL OTBD "CRAIlAITEIlS" TftAT ARE USED BY MANT MACIII.ES 
11IAT OPERATE WITII ASCII CODE ,TJlAT WILL BE MENTIONED FO~ REP'DtEilCE. TilE 
JIONCNeNS "C.llllIAGE-RETURN" tltl)" "WWE-P'EED" '212)". "BILL" (.11) AND 
-RouaGtJTW f311)" AilE .. 1ST 8nDl. JI'OOIID ON TELETYPE MACReNES WIll'" MAKE 
VERY II'ICE. 1'0 DEVICES POll A CCUIPUTEIl. 

nEIl AII.IIIPOT INSTRUCTIO. IS EXECUTED .. TIlE COMPUTER WILl. RECEIVE 
d(4l1t BITS OF I M ... ItMA!'1 ON SI.MULTAJ.lDtlSLT: - CORIlESPOHDllia TO TilE EJGHT 
POSSIBLE LlNE$ IF AN. ,IRPUT peRT DlGJI ARE FED. INTO TilE ACCUMULATOR. IN 
erllER WORDS .. THE, DATA'S A'CIPTED. ,I. PARALLEL. LIKEWISE.. WIlEN. AN OUT­
POT I NSTlttJe'rIO •. IS EX!SUTED~ TIlE GOllPUTER WILL saD ALL ElGHT BITS OF 
TIlE A'CUMDLAT81t' OUT Te TIlE APPMPMAT£ eUTPUT PORT SIMULTAINJ.X)USLT • 
• WEVD .. SOME DDiCES WIIICH 611E. ,DESIIt.1S Te OPDlATE WITH TIlE COMPUTER MAT 
leT BE "PARALLEL",. DblCIS. TREY MAT.I.STEAD BE "SERIALLY" OPERATED 
•• ell "FAIlS TIIJ!f. De .eT TJIlANSIIIT ... ·I.fOltllArION ova A GROUP OF 1flRES.- BUT 
Mftlat S;DlD TilE. INFIRMATION " •• £ _T AT A TIME" ovm A SINGLE WIRE" 
SOCII DEVIGES MAT" II01fEVIJl" S71LJ. BE C ••• £eTED TO AN .1.1 SYSTEM SINCE 
tilE MAT SIMPLY ~'DlSCAJlD" TilE DRUSD BITS CORRESPOtlD.lIIG TO UNUSED LJNES 
... AN "0 PORT. .N StieR CASES" TilE PJlOaftAMM~ IlUST XIIOW WlUCR. L1NE OF 
A PORT_ I S Tilt "ACTS VI." LINE ."D TAKE CARE TO DfSUltE TOT THE PROGRAM 
".Ptn.ATES BITS OF, '''P'G~MA~IO. SO TJlAT TIlEY APPFAR Oil THAT LIIIE AT TilE 
PROPER T·IME. WJlI!T1I£R. A PAKTI8m.AR. DEVIIE CONNECTED TO A CeMPUTER IS 
"SDIAL" OR "PAJlAJr. .. a.", 'N OPIRATto. lAS FAR AS TIlE, COMPUTEIt ,IS c: •• .:dtM-
1») IS In_ A F1MCTle .... 11IE Tl'PE 8F IIARD.ARE- •• TERFACE PWeVIDED raft 
TIlE EXTER.AL DEVICE. P'Dft ,,,HANeL T.ETYPE MACIIINES ARE ESSIBTIAI..1.T 
"SIIN ..... DEVICES 9'1.'E TilEY. ACT O.~J."lbcATIO. ONE BIT AT A TIME. 118W­
!NEB" D. ACTtJALJ.T_ ' •••• TED T8_ It. COMPUTD ORE ~AN ELa:T TO IlAVE A 
"!IARDWARrllfTDlFACE TllAT C •• VERTS.'"JI8RMATION ~U:El9ED FROM TilE MACIIINE 

. '. S'DJAJ., JI'8_ AIID PLAct;S. ·,IT .• II A "PARALL." REGlSTi2t BEnRE PASSIRO TilE 
IIlTA TI TilE CIJlPUTat" AJID ... .,a.'N THE .TIIER DIRECT"." RAVE TilE 'IMPUT-
• SDlD~ DATA .•• PARAUEL_ Pellll TO TIIE..IIITER,.ACE WlUCft RLL TBDI PASS IT 
• TI TilE MACJlINE. I. BIT-SD'·IAL.. ,..5111011. SUCH All lI1TDFAC;E CAN SAVE 
A LeT 'F COMPUTER TIME BECAUSE TIlE. EXTlJttlAL IlAIlD.ARE. lINT.FACE IS ABLE 
,. IIAIIDLE THE TillE. ".slJIf,.a SEltlAL TO PARALJ.EL AND PAIlAI.L& TO SERiAL 
-._5. 1I0.ZVat,,!VCR IIIdlDW._E caSTS MGNIY # AIID. IN MAllY APPLICATIONS OIlE 
taT DESIRE TO JlAVI TKE CGMPtrrER DO tilE SERIAL TO PAItALLEL_ CeNVERSION AND 
VJCE-V.S~. TillS CAlI BE ACCOIIPUSIlED _01TE READILY WJTJt A SUITABLE PRO­
.AM THAT AeTUALLT UT'ILIZES TIlE ' •• PUTER'S 0 .. Tlllilla Te DETERMINE OUf 
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TO "LOOK- Gil "SAJlPJ.P. P'OR TilE NEXT BIT OF INFORMATION '""OM T"E IEftJAIa. 
DEVICE OR WHEN Te IBID TilE N"'T BIT 0,. INFORMATION TO TIt! SERIAL DEVIC!~ 
WIlLE THE DETAIL.SO,. CAREFUl.LY CONTROLLING THE T!M,ING PUR SUCII A PROGRAM 
.... 1. BE DISCUSSED. IN TilE N~T CKAPTI2'" TH! CONCEPT OF IIAVI_G TilE COM­
PUTER PEftJl"8J1tM PARALLEL TO $ERIAL IR SERIAL TO PARALLEL CONVDtSI8N WILL 
BE DIMONSTRATED WIT" S!VDtAL ROUTINES AT T"IS POINT. THE TECKNIIUE CON­
MST 0,. USING ACCtJIIIULATOR "ROTATE" INSTRUCTIONS TO S'MI" THE S!2'IAL DATA 
IN Oft OUT OF TilE COMPUTER. 

. 
IN TftE PARALLEl. TO SERIAL ROUTINE SHOWN NEXT" IT WILL BE ASSUMED 

1'IIAT A DEVICE TRAT ACCEPTS SERIAl. DATA IS CONNE£TED TO THE LEAST SIGNI­
nCANT BIT LINE 0,. OUTPUT PORT "X" AND THAT THE "EMAI_ING LINES AVAIL­
ABLE ON TilE PORT ARE UNUSED. TftE DEVICE WILL BE ASSUMED TO BE A UNIT 
'ntAT OP~ATES WITft. "ASCI I" CODE AND BEFORE Tft! ILLUSTRATED ROUTINE IS 
"GALLED" TIIAT TilE CODE FOR A CRARACT£ft HAS BEg PLACED. IN THE ACCUMULA-
10ft. 

MNEMONIC 

--------------
PARS St" Lei II" 
NEXOUT" OUT X 

JltRC 
DCC 
dFZ NEXBIT 
RET 

COMMDfTS ---... _---------
'SET UP REGISTER "C" AS A BIT C:OUNT'" 
'OUTPUT DATA IN Ace TO PeRT X" ONLY THE 
'DATA IN ~SB USED" NOW ROTATE ACC RIGlfT 
IIGNOIIIE CARRY TIID DECRDtENT BIT COUNTER 
fDO NEXT BIT IF CNTR NOT ZERO 
ImelT RTN WltEN ALL' 8·ITS TRANSMITTED 

IN TilE FOLLOWING SEftIAL TO PARALLEL ROUTINE IT IS ASSUMED TKAT DATA 
IS ARR·IVING AT TftE MOST SIGNIFICANT B.IT POSITION OF AN INPUT PORT AND 
1ftAT IT IS TO BE ASS DtBLED. INTO AN EIGHT BIT FORMAT • 

. MNEMONIC 

--------------
S £RPAR" XRA 

. LBA 
LeI 811 

NEXTIN" IMP X 
JlDI 218 
RAL 
ADB 
RAR 
LBA' 
Dec 
tin NEXT'. 
RET 

COMMENTS --..... ----------
'ChEAR ACCUMULATOR AND ALSO C1.EAR 
IRESISTER "B" AT START OF ROUTINE 
'SET "A BIT C:OONTEJIt 
IBR·ING. IN DATA FRO" INPUT PORT X 
'SINCE ONLY M58 RAS.IMPORTANT DATA" MASK 
fO,.,. OTKDt BITS & CLR CARRY" I NOW ROTATE 
fL.E" TO SAVE NEI BIT" TIIEN ADD IN ANT 
IPREVIOUS B:I T5 FROM "B" AND ROTATE ft18"T 
ITO ADD ON UTEST B,IT" STOltE IN "B" 
IDD:RDlENT BIT COUNTi7t 
'IF NOT FiNJSIIED" GET NEXT BIT 
"EXIT RTN ""EM 8 BITS RECEI VED & STaRED 

ANOTIIDt POPULAR "STANDARDIZED" CODE FeR OPEftATJNG 1"0 DEVICES IS 
••• AS "BAtmoT" CODE. BAUDIT 'lot. IS A "S "£VEL" CODE IN TRAT. IT RE-
IOlftES FI VE BITS TO !lPD:l PT A PAIlTICUUR CIIAJltACTd. TIIU9" T"ERE ARE 
nrEORETICALLY 32. Dl ""~INT PATTERNS TIIAT CAN BE "EP~ESINTED 1fIIDi USING 
_UDOT CODE. NOW" BAUDIT CODI lIAS. LONG BEDl USED. IN A VARIETY OF TELE-

# TrPES AND OTII. COIOl~.ICM.lO. DEYIG£! AND TltE CODE. IS OF I NT Eft EST TO 
IMIfT COMPUTER GWDS BECAOSEOLDER MODEL. TELETYPE MACIIINES" PAPER TAPE 
PDNQIID AND PAPD TAPE RaDIIS ;AN '"Df BE OBTAINED "'OM S!GOlfD llANO 
.tJ1ICES AT .UITE REAS •• AB .. ! PRICES" AND USED AS AN.I,e DEVICE FOR A ~OM­
PUT"'. ...,11.1: BAUDOT CODE CAlI ONLY REPRESDfT 32 DIFFDlDfT BIT PATTIRNS" 
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1IIESE MACRI"I:! CAli PRINT ALL TIlE. L.ETTIltS 0,. TIlE ALPHABET" TilE NUMBERS 
• TJllltOUGR ,# AWD A VAIlIETY 0,. PUII~TUATI0N SYMBOLSI THAT IS A LOT MORE 
1IIAN 32 DI,. .. DDlT CBARACTaS I IIOW. I SIT DONE? 

.ELL" TilE DESIUIJlS OF T1I091: MACHINES USED A UTTLE .. INGEIIDITY TO 
!NABLE TilE MACIiINE TO IIAN.DLE ALMOST DOUBLE THE NUMBER OF CHARACTERS 
'!HAT COULD BE RrPltESDITED BY A F,IVE BIT CODE BY USING SEVIJ'AL OF TilE 
CODES TO "SHI n" THE MACHINE BETWEDI TWO MODES" SO TIIAT. IN ONE MODE IT 
WOULD INTDPIlET THE. C,ODES TO MEM OIlE SET OF CKARACTE.1lS AND t. THE OTJlER 
mDE IT WOULD INTERPRET THE CODES TO REPJltESDIT A DI,.FDENT SET OF CHAR­
ACTERS. IN OIlE MODE" TERMED THI: "LETTERS" MODE" ALL TilE L.ETT"'S OF THE 
ALPHABET MAY BE. PRINTED. . IN THE "FIGURES" MODE" NUMBERS AND PUNCTUAT-

. JON AilE PRt.TED. THI: "BAUDOT" CODE. IS PRESENTED B&OW. 

CHARACTERS 
LC UC, 

A 
B ., 
C : 
D S 
E ·3 
F I 
6 & 
H , 
I ts 

J • 
)( ( 
L ) 
M • 
N • 
o 9 
P 121 
Q 1 
R 4 
5 
T 

BELL 
5 

U 
V 
W 
X 
Y 
Z 
SPACE 

., 
J 
2 
I 
6 .. 

CAR. RET. 
LINE FEED 

NULL 
FIGURES 
LETTERS 

5 LEVEL CODE 
BIT POSITIOH 

o 0 0 1 1 
1 1 0 0 1 

" 1 1 1 0 
121 1 " 121 1 
o 0 " 0 1 
o 1 1 0 1 

1 1 0 1 " 
1 " 100 
ttJ 0 1 1 0 
o 1 0 1 1 
o 1 1 1 1 
10010 
1 1 1 0 0 
o 1 1 0 0 
1 1 0 0 0 
1 0 lie 
10111 
o 1 " 1 ~ 
o 0 101 

1 0 0 " '" 
" 0 1 1 1 
1 1 1 1 0 
1 0 0 1 1 
1 1 1 0 1 
1 0 1 0 1 
1 0 0 0 1 

" 0 1 0 0 
o 1 " 0 0 
00010 
o 0 0 0 0 
1 1 0 1 1 
11111 

OCTAL 
CODES 

003 
031 
016 
011 
001 
015 
~32 

024 
00 f\ 
013 
017 
022 
034 
014 
030 
026 
027 
012 
005 
020 
007 
036 
,023 
035 
025 
021 
004 
010 
002 
000 
033 
037 

IN THE BAUDOT TABLE SHOWN ABOVE TN'E OCTAL CODES COLUMN WAS SHOWN 
ASSUMING TOT TII£ CODES WEllE STeRED. IN THE LEAST SIGNIFICANT BIT POSI­
TIONS OF AN •• 1. R_aSTER WITH THE THREE MOST SIGMIFICANT BITS SET TO 8. 
1KE RFADER CAlI NOW SEE TIIAT 16 OF THE POSSIBLE 31. CODES CAli REPRESDIT 
TWO DJFFDIJIT CHARACTERS DI'PENDI.S ON WHICH MODE- TIlE MACIIJ.E. IS IN. THE 
PUNCTIONS "SPAGE#- "GAftftIA8Z-RETVft8#" "LJIIZ-FEED#" AND "NULL" MEAN TKE 
.ME JIlESARDLESS OF 10UCB MODE TIlE MACHINE. IS IN" AND TWO CODES "FIGURES" 
MID "LETTERS" ARE USED TO SWITCR TilE MODE OF Tit! MACHINE. WIIILE EVPY-
1MINa MY IEDI FINE AT THIS POIIIT .. IT 15 lllPOftTANT TO DISCOSS HANDLING 
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1HE CODE AS PART OF AN 1/0 ROUTINE BECAUSE THERE IS A SUBTLE FACTOR THAT 
CAN BE OVER-LOOKED BY SOME BEGINNING PROGRAMMERS! 

IN ACTUAL OPERATION .. A BAUDOT TELETYPE OPERATES IN THE "MODE:-' THAT 
IT WAS LAST PLACED IN BY A "FIGURES·f OR "LETTERS" KEY AND REMAINS IN 
THAT MODE UNTIL THE OPPOSITE MODE CODE 15 RECEIVED. THUS .. A MECHANICAL 
ARRANGEMENT ACTUALLY SERVES TO "REMEMBER" A "BIT" OF INFORMATION. THE 
·MCT THAT AN EXTERNAL MECHANICAL LINKAGE 15 USED TO HOLD A "BIT" OF IN-
FORMATION MOST BE TAKEN IN ACCOUNT IF A COMPUTER PROGRAM IS TO PROCESS 
THE CODE WITH PRACTICAL RESULTSI 

FOR INSTANCE, IF ONE HAD AN INPUT ROOTINE THAT SIMPLY LOOKED FOR A 
flUE BIT PATTERN FROM A BAUDOT DEVICE ONE COULD GET THAT PATTERN IN MANY 
INSTANCES ntOM TWO POSSIBLE CONDITIONSO·FTHE TELETYPE MACHINE. FOR IN-
STANCE WHEN THE OPERATOR TYPED AN ··A" OR AN 'f_" MARK. IF THE PROGRAM 
\MS DESIGNED TO P~FORM A CERTAIN FUNCTION ON RECEIPT OF THE LETTER itA" 
IT WOULD ALSO PERFORM IT I F THE PUNCTUATION .'-" WAS RECEIVEDI TO AVOID 
1HAT HAPPENING .. ONE MIGHT INFORM THE HUMAN OPERATOR TO ALWAYS ENTER IN­
FORMATION DURING THAT PART OF THE PROGRAM WITH MACHINE IN THE "LETTERS" 
MODE, BUT THAT IS NOT THE SAFEST WAY IN WHICH TO DESIGN A PROGRAM. 

INSTEAD, ONE WQULD BE BETTER 0 FF TO ADD A BIT TO THE BAUDOT CODE 
\liEN IT VAS MANIPULATED IN THE COMPUTER. THAT WOULD SERVE TO DI FFER~T-
lAT BETWEEN "LETTERS" AND "FIGURES." FOR INSTANCE, THE CODE 000011 
COULD BE USED TO INDICATE THE LETTD "A" AND . 100011 TO INDICATE THE 
PUNCTUATION "_" MARK. IN ORDER TO INSTITUTE THIS METHOD .. ONE WOULD 
HAVE TO HAVE A PftOGl'AM THAT KEPT TRACK OF WHICH MODE THE TELETYPE MACH­
INE VAS OPERATING IN VHIl'EVER IT VAS RECEIVING DATA FROM THE MACHINE, 
fN "JIl£MEMBEJIlING" THE LAST. "LETTERS" OR "FiGURES" CODE RECEIVED. FURTH­
ERMORE, IN ORDER TO ENSURE THAT THE MODE WAS PROPEftLY RECEIVED (SUCH AS 
WH·EN THE PROGRAM WAS FIRST STARTED OR POWER TURNED ON THE TELETYPE MACH­
INE), IT WOULD BE WISE TO HAVE THE COMPUTER OUTPUT A COMMAND THAT WOULD 
PLACE THE MACHINE IN A KNOWN STATE SUCH AS WOULD BE ACCOMPLISHED BY OUT­
POTTING A 'fLETTERS" OR "FIGURES" CODE AT THE START OF SUCH OPERATIONS. 
THEN .. FOR STORAGE AND MANIPULATION IN THE COMPUTER, THE INPUT ROUTINE 
mULD SET A SIXTH BIT TO A "1" CONDITION WHENEV~ A CODE WAS RECEIVED 
WIlLE THE MACHINE VAS IN, SAY, THE "FIGURES" MODE, AND LEAVE THE SIXTH 
BIT AS A .,"" WHEN CODES WERE RECEIVED IN THE "LETTERS" MODE. THE SIX 
BIT CODES COULD THEN BE MANIPULATED AND STORED BY THE PROGRAM IN MUCH 
'!HE SAME MANNER AS ONE MIGHT PROCESS "ASCII" CODES WITH THE ABILITY TO 
IMMEDIATELY RECOGNIZE THE CLOSE TO 61 DIFFEftmT CHARACTERS. WHm IT WAS 
IESIRED TO OUTPUT ·INFORMATION, THE SIXTH BIT WOULD BE USED TO INDICATE 
WHETHER IT WAS NECESSARY TO FIRST OUTPUT A "FIGURES" OR "LETTERS" CODE 
TO SET THE JllACHINE IN THE PROPER MODE. (IT WOOLD NOT BE NECESSARY TO 
OOTPUT A "FIGURES" Oft "LETTERS" MODE COMMAND BEFORE EVERY CHARACTER WAS 
SENT BECAUSE ONE COULD USE AN ALGORITHM THAT WOULD ONLY SEND A "MODE" 
COMMAND WHEN THE "SIXTH BIT" WAS NOTED TO HAVE CHANGED FROM THAT PRESENT 
w.HEN THE PREVIOUS CHARACTER WAS TRANSMITTED). 

TWO SAMPLE ROUTINES FOR PERFORMING SOCH A FUNCTION.. ONE FOR INPUT­
TING DATA FROM A BAUDOT MACHINE, AND ONE fOR OUTPUTTING DATA TO SUCH A 
~CHINE, WILL BE ILLUSTRATED BELOW. 

MNEMONIC 
.. _ ...... ---------

BAUDIN, 1A~ 037 
CAL OUTPUT 
CAL LETCOD 

INBAUD, CAL INPUT 

COMMENTS 
.-.. _-_ ....... _-----

/LOAD "LETTERS" CODE INTO ACCUMULATOR 
ICALL ROUTINE TO SEND BAUDOT CHAR 
IINITIALIZE REG '9B" TO "LETTERS" 
INOw ACCEPT BAUDOT CHARS 1M MACHINE 
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-------------- --------------

Flacon. 

CPI .33 
CTZ ,.laCOD 
CPt .31 
CTZ LITCOn 
ADB 
CAL MAIlIP 
JMP I.BAOD 
LBI ••• 
RET 

IIEE I,. -,.ISURU" CODE 
lao In UP "I" AS SIXTH POSITION BIT 
ISBS. I t "LETT_I" CODE 
180 SIT UP "8" AS SIXTH POSITION BIT 
IADD 'N STATUS 0,. SIXTH BIT POSITION 
IUS ER SUBJitTN TO PROC ESS DATA 
'IGET IIEXT CHAR III SE8UlliC! I' APPLICABLE 
ISET SIXTH BIT. IN "B" • 1 
IR !!TURN TO MAl Ii itO UT'1 N! 

LETCOD~ ,LSI ••• /S£T· SIXTH BIT, I. "B" • • 
RET IRETUIl. TO MAIN ROUTINE 

. TIlE IlEAD-" SHOULD NOTE THAT THEftE AilE ACTUALLY TWO ENTIty POINTS TO 
1IIE ROUTINE dUST PRES_TED. THE St1BROOTINE "BAUDIN" SHOULD BE CALLED 
10 INITIALIZE THE CONDITION OF THE BAUDOT MACHINE WHEREVER THE· PROGRAM 
IS FIRST STARTED OR AT OTHER TIMa WKIN THE ·'MODE" OF THE MA~HINE IS NOT 
CERTAIN. O.CE THE MACHINE AND ROUTINE HAS BEDI "INITIALIZED" THEN THE 
PROGRAM. MAY BE CALLED AT "I.BAUD" AS LONG AS SOME OTHER ROUTINE DOES NOT 
INTDFD'E WITH THE STATUS 0,. REGISTER "B." THE RDDD WHO IS INTERESTED 
IN "LeGIC". 1116HT NOTE THAT RESISTER "S" IN THE ABOVE PJltOGRAM ACTS AS A 
"n.IP-rLOP" TO JIl"'DIB~ THE -MODE" '111 WHICH THE TELETYPE IS OPD'ATING. 

TIll ROUTINE IHOP NEXT ALSO HAS TVO !lITRY POINTS. THE FIRST T~MED 
"BAUDOT" IS USED om THE FI1l5T CHARACTER 0 F A STRING 0 F CHARACTERS IS 
1'0 BE OtITP1.'JTTEDIN ORDER TO "INITIALIZE" THE BAUDOT MACHINE AND SET UP 
REGISTER "e." TRE INTRY POI.T "OTBAOD" MAY THOI BE USED UNTIL· THE 
"IIODE" MEMORY RaSISTER ,"e") IS IIiTERFDED WITH BY ANY OTHm EXTERNAL 
RaUTI.E. NOTE TOO" THAT· THE ItO.UTIIIE BELOW EXP~TS THE CHARACTER TO BE 
OOTPUT?m TO BE RESIDING. IN REGI.TD "B" 1fHDtTHE SUBROUTINE IS CALLED I 

.... £MONIC COMMENTS 

-------------- --... -~-- ..... --.... .-
BAUDOT" LAI 831 ILOAQ "LETTDS" CODE. INTO ACCUMULATOR 

CAL OUTPUT ICAU ROOTINE TO saD BAUDOT CHARACTER 
LCI ••• ISET INDICATOR FOil "LETTERS". IN "c" 

OT8Atn)" LAB . IMOVE CHAR Ji'M "B" 'TO ACCOMULATOR 
NDI I.. ISEE I F SIXTH BIT • 1" I' YES • ·'FIGURES" 
.ITt LTCHAR /CHARACTEIl" I F NOT • "LETT"'S" CHARACTER 
NDC I'IF "n8" SEE IF LAST OUT ALSO "FIG" 
dTZ LASLET II F I RIJIE TH. LAST WAS A "LETTERS" 

OMCOD, LAB IPUT PIlUIMT CHARACTER IN ACCUMULATOR 
CAL OUTPUT ISblD THE BAUDOT CHARACTER '. 
RET 1.!:TUft. TO CALLING ROUTINE 

LASLET. LAI '33 ISI.CI. LAST WAS "LTJIl" PUT e'FIG" CODE 
Ulna" CAL OUTPUT IlaD CODE 

LeB IIAVElLATEST IN REa "C" FOR COMPARISON 
"MP OUTCH' 'SDID CUltWDlT CHAftACTER 

L7CHAR. LA, ,.1 ISET lIAR &-ISE. I F LAST VAS "LETTD'S" 
Moe ,.., COIIPABIIO. OF SIXTH BIT POSITION 
dTZ OUTCOD 111" ....... LAH WAS AUO "LETTDS" 
LAI '3' . .I_I" 1107. '.D "LETTD!" CODE FIRST 
.IMP LASP',e 1ft .DlI •• ABOVE RTII TO SOlD ""ETTERS" CODE 

I 

IT lion_ DIlIRA8 .. B TO SA.V&. In, llIw •• a TllAT WII.L. CO_VERT BETWEEN 
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(If! TYPE OF 1/0 CODE AND ANOTHER" SUCH AS BETWEEN '·ASCII" AND "BAUDOT.M 
'tHIS MAY BE DESlltED FOR A NUMBER OF RFASONS - FOR INSTANCE BECAUSE ONE 
HAS ONE TYPE OF INPUT DEVICE USING ONE CODE AND A DIFFEftENT OUTPUT DE­
VICE USING ANOTHER CODE. OR" ONE MIGHT DESIRE TO USE A PARTICULAR PRO­
GftAM THAT WAS VRITTDt TO OSE ONE KIND OF CODE" WITH A MACHINE THAT USED 
A DJ .... DDT KIND OF CODE" WITHOUT HAVING TO MODI" A LOT OF LOCATIONS 
IN THE ORIGINAL PROGRAM THAT MIGHT HAVE BEEN TESTING FOR SPECIFIC 1/0 
CODES FROM AN EXTERNAL DEVICE. IN SOCH CASES" THE COMPUTER'S CAPABILITY 
1n PERFORM CONVERSION FUNCTIONS IS READILY CAPITALIZED UPON BY CONSTRUC­
TING A "LOOKUP" TABLE AND USING A SUI TABLE PROGRAM TO CONVERT FROM ONE 
CODE TO ANOTHER. 

FOR EXAMPLE" SUPPOSE IT VAS DESIRED TO USE A "BAUDOT" MACHINE WITH 
A PROGRAM THAT VAS D£VELOPED ORIGINALLY TO OPERATE WITH A MACHINE THAT 
USED "ASCII" CODE. ONE COULD PROCEED TO FIRST CONSTRUCT A "LOOKUP" 
TABLE SIMILAR. IN FORMAT TO THAT SHOWN HEftEr 

ADDRESS CONTENTS COMMDiTS --_ .. _----- 4e __ .. ~ __ .... _ ----.... ----
18 8"" 381 '4A" (ASCII) 
18 8el '1'13 "A" (BAUDOT) 
11 ""2 382 "B" (ASCII) 
f8 883 031 "B" (BAUDOT) 

• • • • • 
• • • • • 
• • • • • 
• • • • • 

19 976 2.8 ·'SPACE" (ASCII) 
11 877 0"~ "SPACE" (BAUDOT) 
II 118 241 ... " (ASCII) 
11 III '115 ".tt (BAUDOT) 

• • • • • 
• • • • • 
• • • • • 
• • • • • 

II 174 277 n? tt (ASCI!') 

1" 175 0~1 "1 •• (BAUDOT) 
19 176 38" ..... (ASCII) 
II 177 118 SUBSTITUTE "NULL" (BAUDOT) 

IN CONSTRUCTING THE TABLE" ONE COULD ELECT TO LFAVE OUT OR "IGNORE" 
afARACTERS THAT VERE NOT REPRESDITED BY BOTH CODES" OR TO SUBSTITUTE A 
"SUBSTITUTE" CHARACTER VHnf ONE CODE DOES NOT HAVE AN EIltrlVALENT CHAR-
N::TER. EITHER METHOD RE.UIRES CONSIDERATION WHEN THE SEARCH ROUTINE IS 
DEVELOPED. THE FORMER METHOD LEAVES THE POSSIBILITY THAT A HUMAN OPERA­
TOR MIGHT TYPE IN ,. CHARACTER THAT DID NOT EXIST IN THE TABLE AND SO THE 
PROGRAMMER WOULD HAVE TO BE CAREFUL TO "LIMIT" THE TABLE SFARCH ROUTINE. 
NlTE THAT I F EVERY POSSIBLE ENTRY EXIST IN THE TABLE .. THEN THE TABLE 
SEARCH ROtJTINE WILL BE "SELF LIMITING" IN THAT A MATCH WILL ALWAYS BE 
FOUND. ON THE OTHER HAND .. THE LATTER CHOICE 0 F USING A SUBSTITUTE CHAR­
ACTER. RE8UIRES THAT THE TABLE BE ORGANIZED SO THAT THE "PREFERRED" CHAR­
ACTER FOR CASES OF MULTIPLE SUBSTITUTION WILL BE THE ONE FOUND "FIRST" 
'Bt THE TABLE LOOKUP ROUTINE. FOJIl INSTANCE" THERE ARE SEVERAL CHARACTERS 
BESIDES THE "'" MARK" SUCH AS •• ] •• AND "[" WHICH COULD BE INCLUDED IN THE 
ABOVE TABLE WHICH ARE REPRESDfTED BY ASCII CODES BUT NOT BAUDOT CODES. 
IF ONE DECIDED TO. INCLUDE THElt.IN THE TABLE" BUT HAVE "NULL" CHARACTERS 
AS THEIR CONVERSION aDIVALENT .. ONE CAN SEE THAT A PROBLDt ARISES WHEN 
C»tE USES THE SAME TABLE TO CONVUlT FftOM BAUDOT TO ASCI I AS NOW THERE 
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ARE SEVDAL PLACES IN THE TABLE THAT HAVE THE "NULL" CODE. AS WILL BE 
CLEAR SHORTLY~ THE ROUTINE THAT CONVERTS FROM BAUDOT TO ASCII~ 'WILL AL­
laYS REPJIlESDlT A "NULL" CHARACTER, IN BAUDOT AS A " ••• SYMBOL IN ASCI I BE­
CAUSE THE BAUDOT ROUTINE "SEARCHES" THE TABLE flItOH HIGHEST ADDRESS TO 
(DWEST AND WILL FIND THE "NOLL" TO "." Elf TRY FIRST. NATURALLY~ THE TAB-
LE COULD BE RE-ORGANIZED SO THAT SOME OTHER "NULL" CONVERSION mTRY WAS 
IDCATED FIRST. OR~ A DI FFEftgT TYPE OF LOOKUP 'ROUTINE THAN THE ONE TO 
BE PRESEWTED CAN BE DEVELOPED. THESE FACTORS ARE SIMPLY BEING POINTED 
OUT TO INCREASE.THE READER'S AVAPlEJfESS AS TO THE TYPES OF FACTORS THAT 
t«JST BE CONSJ DEfIED WHDf PERFORMING SUCH OPERATIONS.' 

A ROUTINE THAT WILL USE THE "LOOKup·' TABLE TO CONVEJtT "ASCII" CHAR­
N;TERS TO "BAUDOT·· IS ILLUSTRATED' NEXT. THIS PROGRAM~ AND THE "BAUDOT" 
ROUTINE DISCUSSED EARLIER COULD BE USED TO OUTPUT CHARACTERS FROM A 
PROGRAM THAT VAS ACTUALLY DOING INTERNAL PROCESSING WJTH ASCII CODES. 

MNDtONIC COMMENTS 

ASBAUD", LHI 018 ISET PAGE ADDR PNTR TO LOC OF TABLE 
LLI 000 ISET LOW ADDR PNTR TO ·'TOP" OF TABLE 

FASCII, CPM ICOMPARE (ASCII) CODE IN ACC TO CONTENTS 
JTZ FN DB DO IOF TABLE.. I F MATCH~ DO CONVERSI0tl 
INL IOTHERWISE ADVANCE LOW ADDft POINTER 
INL ITO NEXT ·'ASCI Itt CODE LOCATION IN TABLE 
JMP FASCI I lAND KEEP LOOKING FOR A MATCH 

FNDBDO~ INL IWHEN HAVE ASCII MATCH", ADV PNTR 1 LOC 
LAM lAND FETCH BAUDOT EQUIVALENT INTO ACC 
RET IEXIT LOOKUP ROUTINE 

THE ABOVE 'ROUTINE ASSUMES THAT THE CODE (IN ASCII) FOR A CHARACTER 
THAT EXISTS IN THE TABLE IS IN THE ACCUMULATOR WHEN THE ROUTINE IS ENT-
ERED. NOTE THAT THE ROUTINE DOES NOT TEST FOR THE- "END" OF THE TABLE 
BECAUSE OF THAT ASSUMPTION. IF FO~ ANY REASON IT MIGHT BE POSSIBLE FOR 
A CODE TO BE IN THE ACCUMULATOR THAT WAS NOT IN THE TABLE, THEN IT WOULD 
BE NECESSARY TO ADD AN '-DlD OF TABLE'· TEST EACH TIME THE TABLE POINTER 
~S ADVANCED AND TO TAKE APPROPRIATE ACTION IF "NO MATCH" WAS FOUND IN 
11-IE TABLE. 

THE ND(T ROUTINE DOES ESSDlTIALLY THE REV~SE PROCESS, USING THE 
~ME TABLE~ TO CONVERT BAUDOT CODES TO ASCII CODES. IT COOLD BE USED 
ALONG WITH THE PREVIOUSLY DESCRIBED "BAUDIN" ROUTINE TO ACCEPT CHARAC­
TE7tS FROM A BAUDOT MACHINE AND CONVDtT THEJ4 FOR USE IN A PROGRAM THAT 
UfILIZED ASCII CODES. AS IN THE ABOVE ROUTINE~ THE PROGRAM ASSUMES 
tHAT A VALID BAUDOT CODE IS IN THE ACCUMULATOR WHEN THE ROUTINE IS CAL­
LED. NOTE THAT THE ROUTINE STARTS SEARCHING THE TABLE IN THE OPPOSITE 
DIRECTION THAN 'THE ROUTINE PRESENTED ABOVE. 

MNEMONIC __________ 41._ .. __ _ 

BAUDAS~ LHI 811 
LLI 177 

FBA1!JDO ~ CPM 
JTZ FNDASC 
DeL 
DCL 
.IMP FBAUDO 

COMMENTS 

ISET PAGE ADDR PNTR TO LOC OF TABLE 
ISET LOW A DOl'- PNTR TO ·'SOTTON·· OF TABLE 
ICOMPARE (BAUDOT) CODE IN Ace TO CONTENTS 
IOF TABLE~ IF MATCH~ DO CONVERSION 
IOTHERWISE DECREMENT LOW ADDR POINTER 
ITO NEXT ·'BAUDOT'" CODE LOCATION IN TABLE 
lAND KElP LOOKING FOR A MATCH 
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MNEMONIC 

FNDASC" DCL 
LAM 
RET 

COMMDlTS 

------------_ .. 
IWHEN HAVE BAUDOT MATCH" DEeR PNTR I LOC 
lAND FETCH ASCI I EQUIVALENT INTO ACC 
IEXIT LOOKUP ROUTINE 

NATURALLY" THE TECHNIIUES ILLUSTRATED TO CONVERT BETWEEN "ASCII" 
AND "BAUDOT" CODES MAY BE APPLIED TO MANY OTHER TYPES OF CODES., INDEED" 
11iE SMALL COMPUTER MAKES AN IDEAL DEVICE FOR "COUPLING" aETWEm A VAR­
IETY OF 1/0 DEVICES" PARTICULARLY IN COMMUNICATION APPLICATIONS" THUS 
ENABLING MACHINES OF DIFFERENT CHARACTERISTICS AND USING DIFFERENT CODES 
10 COMMUNICATE WITH ONE ANOTHER. 

A CONCEPT THAT WILL BE DISCUSSED MORE FULLY IN ,THE NEXT CHAPTER WILL 
BE BRIEFLY MENTIONED AT THIS TIME TO POINT OUT AN IMPORTANT CONCEPT WHEN 
DEALING VITH 1/0 DEVICES CONNECTED TO THE COMPUTER. AS THE READER UN-
DJUBTABLY KNOWS" M~NY MACHINES THAT MIGHT BE CONNECTED TO A COMPUTER ARE 
MUCH SLOWER IN OPERATION" IN FACT On-EN TIMES ORDERS OF MAGNITUDE SLOW­
St" THAN THE BASIC OPERATING CYCLE OF A COMPUTER. FOR INSTANCE" AN 8008 
SYSTEM RElUIRES BUT A MERE 32 MILLIONTHS OF A SECOND IN A TYPICAL SYSTEM 
10 EXECUTE AN "INPUT'· INSTRUCTION. THAT IS" IN THAT SHORT AMOUNT OF 
TIME IT CAN "ACCESS" AN INPUT PORT AND BRING IN 8 PARALLEL BITS OF IN­
fORMATION INTO THE ACCUMULATOR OF THE CPU. 

THE EXTREME SPEED OF THE COMPUTER CAN IN FACT CAUSE PROBLEMS WHEN 
PERFORMING 1/0 OPERATIONS I F STEPS ARE NOT TAKEN TO "CONTROL" THE SIT­
u\TION. ASSUME FOR ¥AMPLE" THAT A POlSON DESIRED TO CONNECT AN ELEC­
TRONIC KEYBOARD UNIT" SIMILA~ TO A TYPEWRITER" THAT WOU~D PRESENT THE 
ASCII CODE FOR THE KEY BEING DEPRESSED IN PARALLEL ON THE LJNES OF AN 
INPUT PORT. IF THE PERSON JUST CONNECTED THE KEYBOARD OUTPUT LINES TO 
mE INPUT LINES OF ,AN INPUT PORT" AND WANTED TO DEVELOP A PROGRAM THAT 
WULD ACCEPT. INFOJltMATION FROM THE KEYBOARD" THERE WOULD BE A NUMBER OF 
RATHER TOUGH PROBLEMS" AND THEY WOULD BE RELATED TO THE SPEED AT WHICH 
1HE COMPUTER CAN OPERATE RELATIVE TO THE SPEED AT WHICH A HUMAN CAN DE-
PRESS THE KEYS ON A KEYBOARD. . 

SUPPOSE THAT THE KEYBOARD VAS OIRECTLY CONNECTED TO AN INPUT PORT 
AND A PROGRAMMER TRI ED TO DEVELOP A ROUTINE THAT WOULD SIMPLY READ THE 
CODE BEING SENT' BY THE KEYBO~RD" STORE THE CHARACTOl IN MEMORY" AND GO 
(If TO READ THE NEXT CHARACTER. IN THE FIRST PLACE" HOW WOULD THE PRO-
CJtAM BE ABLE TO EVnI TELL IF A KEY HAD BEEN DEPRESSED? TRUE.. ONE COULD 
ASSUME THAT I l' NO KEYS VOtE DEPRESSED" THAT THE CODE BEl HG REe EI VED 
WOULD BE ALL ZIltO.s" AND A PROGRAM COULD CHECK FOR THAT CONDITION. BUT" 
810i I F THAT VAS DONE" THE PROGRAMMER WOULD SOON HAVE ANOTH~ PROBLEM. 
liIIEN A KEY VAS ACTUALLY DEPRESSED AND. A "NON-ZEllO" CONDITION RECEIVED" 
A SHORT PROGRAM TO PLACE THE CHARACTER IN MEMORY AND ADVANCE THE MEMORY 
POINTER WOULD BE ACCOMPLISHED, IN THE ORDER OF A HUNDRED-MILLIONTHS OF 
A S~OND. THE POOR HUMAN DEPRESSING THE KEY WOULDN'T HAVE A CHANCE OF 
GETTING A FINGER OFF THE DEPRESSED KEY IN THAT AMOUNT OF TIME" AND IN 
mCT IT WOULD TAKE ON THE ORDER OF SEVERAL TFBTHS OF A SECOND FOR A PElt-
9)N TO REMOVE A FINGER FROM A KEY. IN THAT AMOUNT OF TIME" THE SIMPLE 
INPUT ROUTINE COULD HAVE .tRFAD" THAT SAME CHARACTER AND PACKED IT INTO 
MEMORY LOCATIONS A FEW HUNDRED TIMESI NOT EXACTLY THE DESIRED RESULT. 
VlAT NOW? WELL" ONE COULD DEVELOP THE INPUT ALGORITHM SO THAT" ONCE A 
'~ON-ZERO" CODE WAS RECEIVED" ONE WOULD NOT ACCEPT ANOTHD CHARACTER UN­
TIL A ··ZERO·· CODE WAS OBSERVED. THAT MIGHT IMPROVE THINGS SOMEWHAT" BUT 
IT WOULD PRiX:LUDE ACTUALLY BEING ABLE ,.0 RECEIVE A ~ZEftO" CODE (THAf 
MIGHT REPRESENT A VALID CONDITION) AND" BECAUSE OF TECHNICAL CONSID­
ERATIONS <SUCH AS "CONTACT .BOUNCE" ON THE MECH4NICAL SWITCHES OF THE 
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KEYBOARD) IT WOULD NOT BE A VERY RELIABLE METHOD TO UTILIZE • 

. INSTEAD" IT WOUbD BE FAR BETTER TO PLACE AN "INTERFACE" BETWEEN THE 
KEYBOARD AND THE COMPUTER INPUT PORT THAT WOULD ACCOMPLISH THE FOLLOW­
ING OBJECTIVES. WHENEVER A KEY ON THE KEYBOARD WAS D~RESSED" THE IN­
TERFACE WOULD "LATCH" (HOLD) THE CODE R:EPRES~TED BY THE KEY IN AN ELEC­
TRONIC "BUFFER" THAT WAS CONNECTED TO THE LINES or AN INPUT PORT. THE 
''BUFFER'' WOULD THUS HOLD "DATA" FROM THE KEYBOARD. NEXT" WHEN THE KEY 

'THAT HAD BEm DEPRESSED VAS RELEASED" THE "INT~FACEtI WOULD PRESENT A 
SIGNAL TO AN INPtrr LINE OF ANOTHER INPUT PORT - TERMED A "CONTROL" PORT. 
FINALLY" THE INTUlFACE WOULD HAVE A LINE COMING FROM AN OUTPUT PORT OF 
THE COMPUTER" THAT WOULD ALLOW THE COMPUTER TO SIGNAL TO THE INTERFACE 
'tHAT IT HAD TAKEN APPROPRIATE ACTION. A DIAGRAM or AN ELECTRONIC INTER-
~CE WITH THE CHARACTERISTICS' DESCRIBED IS SHOWN IN THE NEXT ILLUSTRAT­
ION. 

MACHINE 
DATA 

'OUTPUT 

PA,.A 
INTO 

PORT X 

LATe H ....------t. 

STROBE + 

NEW 
CYC.L E 
5 t GNAl.. o 

CONTROL 
INTO PORT Y 

CO.MT.JtOL 

OUT OF PORT Z 

WITH SUCH AN INTERrACE" ONE COULD DEVELOP A MUCH MORE RELIABLE SYS­
TEM USING AN INPUT PROGRAM THAT WOULD PERfORM IN THE FOLLOWING MANNER. 

MNEMONIC 

MACHIN" INP Y 
JFS MACHIN 
INP X 
LBA 
LAI .81 

.. DUT Z 
XRA 
OUT Z 
LAB 
RET . 

COMMENTS 

ICHECK STATUS or ·'CONTROL" FM MACHINE 
IIF DATA NOT RFADY - WAIT BY LOOPING 
IDATA RFADY NOW' SO FETCH "DATA" 
ISAVE "DATA" IN REGISTER "B" 
IPREPARE TO PULSE LINE ON PORT "Z" 
ISEND LOGIC "1" ON PORT Z CONTROL LINE 
ICLEAR ACCUMULATOR 
ISOID LOGIC •• " .. ON PORT Z CONTROL LINE 
Ift.ESTOIlE "DATA" TO ACCUMULATOR 
IEXIT ItTN WITH "DATA" IN ACCUMULATOR 

THE ABOVE ROUTINE ASSUMED THAT THE "CONTROL" LINE "'OM THE INTERFACE 
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CAME INTO THE MOST SIGNIFICANT 81T OF THE ACCUM'ULATOR AND THAT THE CON­
TROL LINE GOING TO THE INTERFACE ORIGINATED-rAOM THE LEAST SIGNIFICANT 
BIT IN THE ACCOMt1LATOJit. FtJRTHDtMORE" WHILE THE ABOVE ROUTINE "WAITED" 
PeR NEW DATA TO AR~IVE FftOM THE EXTERNAL DEVICE BY MONITO~ING THE INPUT 
CONTROL PORT CONTINUOUSLY" THE "JFS MACHIN" INSTRUCTION COULD HAVE BEEN 
REPLACED BY A DIRECTIVE TO HAVE THE COMPUTER PERFORM SOME OTHER ruNC­
TION(S) BEFORE TESTING INPUT PORT tty .. AGAIN INSTEAD OF WASTING TIME DO­
ING NOTHING I 

A SIMILAR TYPE OF INTERFACE" AND SIMILAR PAOGRAMMING TECHNIQUES CAN 
BE APPLIED TO A WIDE VARIETY OF DEVICES THAT MIGHT BE CONNECTED TO THE 
COMPUTER. WHILE THE EXAMPLE SHOWED BUT ONE LINE BEING USED ON EACH CON-
TROL PORT~ ONE SHOULD NqTE THAT-WITH EIGHT LINES AVAILABLE ON ONE PORT" 
~E CAN USE JUST A FEW "CONTROL" PORTS IN A SYSTEM TO MONITOR AND CON­
TROL A LARGE GROUP OF EXTERNAL INSTRUMENTS BY USI~G THE AVAILABLE BIT 
POSITIONS. 

TESTING FOR ERRORS DURING 1/0 OPERATIONS 

IT IS OFTEN .DESIRABLE TO TRANSMIT DATA TO AN EXTERNAL DEVICE THAT 
WILL STORE THE DATA IN SOME SORT OF PERMANENT FORM, SUCH AS ON PAPER 
TAPE OR MAGNETIC TAPE. THEN" AT SOME LATER TIME" READ THE DATA BACK 
INTO THE COMPUTER. DURING SUCH A PROCESS IT IS POSSIBLE FOR ERRORS TO 
occtm. THAT IS" BITS OF INFORMATION WITHIN A "WORD" MAY BE ALTERED BE-
CAUSE OF "NOISE" Oft RANDOM E1UtORS OCCURING IN THE 1/0 SYSTEM. WHILE 
SUCH ERRORS ARE LIKELY TO OCCUR AT A VERY LOW RATE IN A WELL DESIGNED" 
PROPERLY OPERATING 1/0 SYSTEM" IT IS OFTEN DESIRABLE TO UTILIZE TECHNIQ-
UES THAT WILL AT LEAST INDICATE WHEJi AN ERROR HAS OCCURRED. THERE ARE 
A VARIETY OF ERROR CHECKING TECHNIQUES AVAILABLE" SOME SO SOPHISTICATED 
'DIAT THEY CAN OFTm "CORRECT'· CERTAIN TYPES 0 F OtRORS ,THAT OCCUR DURING 
1./0 OpmATIONS. TWO TECHNI8UES WILL BE DISCUSSED HERE. WHILE NEITHER 
~E OF THEM HAS ~EftROR CORRECTING" CAPABILITY, THEY ARE CAPABLE OF DE­
TECTING THE MOST COMMON TYPE OF 1/0 ERROR WHICH IS FOR A BIT IN A WORD 
CHANGING STATE. 

THE FIRST METHOD TO BE .DISCUSSED CONCERNS THE USE OF USING "PARITY" 
T!CHNI.UES TO DETECT TRANSMISSION ERRORS. THE TECHNIQUE CONSISTS OF 
!XAMINING A GROUP 0 I' BITS FOR THE NUMBER 0 Ii BITS THAT ARE IN THE .f I" 
CONDITION WHEN IT IS BEING RFADI ED FOR "TRANSMISSION" AND THEN SETTING 
A BIT SET ASIDE FOR THE PURPOSE TO THE STATE THAT WILL MAKE THE TOTAL 
NUMBER OF BITS THAT ARE IN THE ,"1" CONDITION EITHEJit AN "ODD" OR .fEVENIt 

COUNT (FOR THE iNTIRE GROUP). FOR INSTANCE" I T WAS MENTIONED EARLl Eft 
mAT THE "ASCII" CODE·JltEGUIRED 7 BITS TO REPRESENT ALL THE POSSIBLE 128 
CHARACTERS DEFINED BY THE CODE" BUT THAT MANY SYSTEMS EMPLOYED AN S'TH 
BIT FOR "PARITY" PlJlltPOSES. THUS" THE "ASCII" CODE IS IDEAL FOR USE IN 
TfPICAL 8"e8 SYSTEMS BECAUSE THERE ARE EXACTLY 8 BITS TO A COMPUTm 
WORD. 

FURTHERMORE~ THE 8188 CPU HAS AS PART OF IT'S INSTRUCTION SET" SPEC-
IFIC INSTRUCTIONS TO FACILITATE THE USE OF PARITY TECHNIIOES. REMEMBER 
"IHE "PARITY" FLAG THAT VAS DISCUSSED IN THE CHAPTER ON THE 8008 INS,TftUC­
TION SET AND THE VARIOUS CONDITIONAL BRANCHING INSTRUCTIONS THAT USE THE 
STATUS OF THE PAftlTY FLAG? 

WHEN THE CODES nUll THE "ASCII" SUBSET WERE DESCRIBED FAIlLI Eft, IT VAS 
MENTIONJD THAT THE EIGHTH BIT POSITION (MOST SIGNIFICANT BIT) IN THE 
USTING WAS ARBITRARILY SET TO THE "I" CONDITION AS THE "ASCII" CODE DID 
NOT USE THAT BIT. HOWEVER, THAT BIT POSITION MAY BE USED TO SPECIFY THE 
DESIRED "PARITY" IN A SYSTEM WHERE PARITY CH!X:KING IS TO 8E EMPLOYED. 
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, FOR INSTANCE" I F ONE WANTED 'TO £STABLI SH AN EVEN PARI TV SYSTEM". ONE 
WOULD PROCEED IN THE FOLLOWING MANNER. 

~AMINE THE SEVEN BITS MAKING UP THE CODE FOR THE CHARACTER TO .BE 
~ANSMITTED (ASSUMING "ASCI I", CODE FOR THIS EXAMPLE). . I F THE NUMB.ER 0 I" 
BITS IN THE CHARACTER THAT ARE A LOGIC "I" ARE "EVEN,," THAT IS THERE ARE 
0" 2" 4 OR 6 BITS IN THE "I" STATE" SET THE 8'TH BIT TO A ""." IF THE 
NUMBER OF BITS ARE "ODD,," THAT I S THERE ARE 1" 3" 5 OR 7 81TS IN THE" 1" 
STATE" SET THE 8'TH BIT TO A "I" CONDITION SO THAT THE TOTAL NUMBER OF 
BITS IN THE ENTIRE GROUP BECOMES AN EVEN NUMBER I SOME EXAMPLES ARE IL­
WSTRATED BELOW. 

ORIGINAL 7 BIT ASCII CODE 8 Bl T "EVEN" PARI TY CODE 

~-~-----~~-----~----~---~ ---~----~--~--------~-~-

(A) 1 " 8 e 9 9 1 " 1 9 " 9 " " 1 
(B) 1 " " " " I 0 " 1 " e 9 9 I " (C) . 1 " " " " 1 1 1 1 " " " " 1 1 
(D) 1 " " " 1 " 0 " 1 " 9 0 1 0 e 
(E) 1 . " 8 " 1 " 1 1 1 " " " 1 " 1 
(8 ) " 1 1 " '" e " " " 1 1 0 0 0 0· 
(1 ) " 1 1 " 

., 
" 1 1 " 1 1 " " " 1 

ONE COULD ALSO ELECT TO USE AN "ODD" PARITY SYSTEM BY ESSENTIALLY 
REVERSING THE SCHEME SO THAT THE 8'TH BIT IS ALWAYS SET TO MAKE THE TOT-
AL NUMBER OF BITS IN A GROUP THAT ARE IN THE .. I" STATE BE AN "ODD" NUM-
BER. "ASCI Itt CODE USING AN 8 'TH BIT TO PRODUCE AN "ODD PARITY" SYSTEM 
IS ILLUSTRATED BELOW FOR SEVERAL CHARACTERS. 

ORIGINAL 7 8IT ASCII CODE 8 BIT "ODD'· PARI TV CODE 

--------------~--~------- ---~---~~~-----------~-

(A) 1 . ., " " 
., 
" 1 1 ·1 ., 

" " fa " 1 
(B) 1 e I " e 1 " 1 1 " " " 9 1 9 
(C) 1 I e I " I 1 e 1 e 0 fa " 1 1 
(D) 1 8 " " 1 " " 1 1 " 8 0 1 " 0 
(E) 1 ., 

" " 1 " 1 " 1 " " " 1 " 1 
<0 ) " 1 1 " fJ e " 1 S 1 1 " 0 " 0 
(1 ) " 1 1 " " I 1 8 e 1 1 " 0 0 1 

ONCE ONE HAS SELECTED WHICH PARITY (ODD OR EVEN) TO USE WITH A SYS­
TEM ONE SIMPLY SENDS THE DATA IN THE DESIRED MODE TO THE 1/0 DEVICE. 
niOl,,' WHEN THE DATA IS LATER READ INTO THE COMPUTER" A CHECK IS MADE ON 
~CH "WORD" 0 F DATA ,,£eEl VED TO DETERMINE I I" THE PARI TY IS CORREX:T. IF 
IT IS NOT" TH.EN AN ERROR HAS OCCURRED. SAMPLE ROUTINES TO GENERATE 
"EVEN't PARITY WORD,S FOR AN OUTPUT ROUTINE" AND FOR CHECKING FOR ItEVEN" 
P-ARITY IN AN INPUT ROUTINE ARE SHOWN HEXT. 

MNDtONIC ---.. _-----_ .. _ .. -
SEVDJP~ NDA 

JTP GOUT 
XRI 218 

GO UT " CAL 0 UTPUT 
RET 

COMMENTS 

IAsSUME 7 BIT ASCII CODE, IN ACC# 8'TH BIT 
IINIT it, IF PARITY EVEN AS IS" SEND DATA 
IOTHERWISE SET ,MSB • 1 TO GET EVEN PARITY 
IUSER ROUTINE TO TRANSMIT DATA TO 110 
IEXIT EVDJ PARITY GENERATOR ROUTINE 
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MNEMONIC -- .... __ .. _------
REVENP., NDA 

RTP 
JMP PERROR 

COMMDlTS 

IASSUME DATA FM 1/0 DEVICE IN A'CCUMULATOR 
ISET FLAGS., IF EVEN PARITY., ALL O.K. 
IIF NOT EVEN PARITY DO USER 'ERROR ROUTINE 

SIMILAR ROUTINES ARE FASILY DEVELOPED FOR UTILIZING "ODD" PARITY. 
THE PROGRAMMER SHOULD NOTE THAT "PARITY" TECHNIQUES CAN BE USED WITH 
VIRTUALLY ANY CODING TECHNIQUE AS LONG AS ONE BIT IS SET ASIDE FOR THE 
PAAITY INDICATOR. FOR INSTANCE~ ONE COULD EASILY ADAPT PARITY TECH­
NIQUES FOR THE BAUDOT CODE DISCUSSED EARLIER PROVIDED THAT THE 1/0 DE­
VICE COULD HANDLE THE EXTRA BIT. THAT MIGHT NOT BE POSSIBLE WITH A 
BAUDOT tELETYPE MACHINE BUT IT MIGHT BE APPLICABLE~ SAY, IF BAUDOT CODE 
WAS BEING WRITTEN ON A ,MAGNETIC TAPE UNIT WHERE EXTRA BITS COULD BE AD­
DED TO THE CODE AND PROCESSED BY THE 1/0 UNIT. 

THE READER SHOULD ALSO BE AWARE OF THE FACT THAT THE USE OF PARITY 
CHECKING TECHNIQUES IS NOT INFALLIBLE. IT DOES DETECT ERRORS THAT RE­
SULT IN AN ODD NUMBER OF BITS CHANGING STATE WITHIN A GROUP~ BUT NOT IF 
AN EVEN . NUMBER OF STATE CHANGES OCCUR. 'IT IS THUS MOST USEFUL IN A SyS­
TEM WHERE THE EX'PECTED PROBABILITY OF· MORE THAN ONE ERROR OCCURRING IN A 
GROUP OF EIGHT BITS IS EXTREMELY LOW. THE PROGRAMMER MIGHT ALSO WANT TO 
CONSIDER., WHEN USING A, ·'PARITY·· CHECKING SCHEME~ THE POSSIBILITY OF 
TRANSMITTING EACH GROUP OF BITS TWICE. THEN~ WHEN DATA IS READ BACK 
FROM THE 1/0 DEVICE., AN ALGORITHM THAT WILL SKIP THE SECOND GROUP IF THE 
GROUP IS RECEIVED CORRECTLY THE FIRST TIME, OR READ THE SECOND GROUP IF 
AN ERROR WAS DETECTED IN THE FIRST GROUP., CAN BE UTILIZED. SUCH A FOR­
MAT., WHILE REQUIRING A LONGER TRANSMIT AND RECEIVE TlME~ CAN RESULT IN 
HIGHLYR!LIABLE 1/0 DATA HANDLING OPERATIONS. 

ANOTHER ERROR CHECKING METHOD THAT IS OnEN USED WHEN PASSING DATA 
TO AND FROM 1/0 DEVICES. IS TERMED THE "CHECK-SUM" TECHNIQUE •. THE METHOD 
IS IUITE SIMPLE 'IN APPLICATION YET REMARKABLY POWERFUL IN DETECTING ER­
RORS. THE TECHNIIUE CONSISTS OF SIMPLY MAINTAINING A ONE REGISTER SUM 
OF ALL THE DATA TRANSMITTED WITHIN A "BLOCK." THAT IS~ AS EACH WORD IS 
SENT OUT., IT IS SUMMED WITH A REGISTER THAT CONTAINS THE SUM OF ALL PRE~ 
VIOUS DATA VORDS TRANSMITTED IN THE. BLOCK. (OVm-FLOWS IN THE SUMMING 
REGISTER ARE IGNORED). AT THE END OF A BLOCK OF DATA., THE TWO'S COMPLE­
MOlT OF THE SUM THAT HAS BEEN COMPILED IS SENT AS THE FINAL PIECE OF 
D\TA IN THE BLOCK. 

WHEN THE BLOCK OF DATA IS READ BACK INTO THE COMPUTER A SIMILAR SUM 
IS FORMED AS EACH DATA VORD IS RECEIVED. THEN., WHEN THE LAST PIECE OF 
MTA IS RECEIVED., WHICH IS THE TWO'S COMPLEMENT OF THE "CHECK-SUM," THAT 
~LUE IS ADDED TO THE SUM OBTAINED FROM ALL THE PREVIOUS DATA WORDS IN 
THE BLOCK. THE RESULT, IF NO TRANSMISSION ERRORS HAVE OCCURRED., WILL BE 
ZERO - THE RESULT OF ADDING ANY NUMaER TO IT'S TWO'S·COMPLEMENT. IF IT 
IS NOT Z ~o., THDI A TRANSMISSION ERROR HAS OCCURED. THE METHOD IS 
SIMPLE AND QUITE RELIABLE. THE READER CAN READILY DETERMINE., THAT IF 
etRORS HAVE OCCURRED., IT WILL AFFECT THE VALUE OF THE SUM AS IT IS FORM­
ED., AND THUS LIKELY RESULT IN A NON-ZERO VALUE AS A FINAL RESULT WHEN 
T.KE CHECK-SUM AND IT'S TWO'S COMPLEMENT ARE ADDED. (NOTEI IT IS THEOR­
ErICALLY POSSIBLE FOR "U5T THE RI GHT NUMBER 0 F ~RORS TO OCCUR WHEN 
READING A BLOCK OF DATA TO RESULT IN A "ZEPtO" CONDITION BUT IT IS QUITE 
SMALL - HARDLY DOUGH TO LOSE SLEEP OVER) I 

A ROUTINE FOR GENERATING A CHECK-SUM AND PLACING THE TWO'S COMPLE­
MENT OF THAT VALUE AS THE LAST WORD SENT IN A BLOCK OF DATA., FOLLOWED BY 
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MNEMONIC COMMENTS --------......... _- ... _ ........ -.--_ ... .- .... 

A ROUTINE THAT WILL READ BACK A BLOCK OF DATA USING A CHECK-SUM TECH­
NIQUE AND TEST TO SEE I F ANY ERRORS OCCURED IS SHOWN BELOW. 

SCKSUM" LHI XXX 
LLI YYY 
'LEI ZZZ 
LDI 000 

NXCKSM" LAM 
ADD 
LDA 
LAM 
CAL OUTPUT 
INL 
DCE 
JFZ NXCKSM 
LAD 
XRI 377 
ADI 001 
CAL OUTPUT 
RET 

RCKSuM" LHI XXX 
LLI YYY 
LEI ZZZ 

LDI """ INCKSM" CAL INPUT 
LMA 
ADD 
LDA 
INL 
DCE 
JFZ INCKSM 
CAL INPUT­
ADD 
RTZ 
JMP CKSMER 

ISET PAGE ADDR WHERE BLOCK OF DATA STORED 
15ET LOC ON PAGE FOR START OF DATA BLOCK 
ISET I WORDS IN BLOCK COUNTER 
ISET CHECK-SUM REGISTER TO " AT START 
IFETCH DATA WORD FROM MEMORY 
IADD PRESENT DATA TO CHECK-SUM VALUE 
ISAVE NEW CHECK-SUM VALUE 
IRESTORE ORIG DATA WORD FROM MEMORY 
IOUTPUT THE DATA WORD TO 1/0 DEVICE 
IADVANCE MEMORY POINTER 
IDECREMENT WORD COUNTER 
IIF CNTR NOT "" FETCH NEXT DATA WORD 
IPUT CHECK-SUM VALUE IN ACCUMULATOR 
I FORM (TWO' 5 COMPLEMENT VALUE 
lIN STANDARD MANNER 
ISEND 2 '5 COMPLEMENT OF CK-SUM AS LAST 
IWORD IN BLOCK AND EXIT ROUTINE 

ISET PAGE ADDR WHERE BLOCK OF DATA GOES 
ISET STARTING LOC ON PAGE FOR DATA 
ISET , WORDS IN BLOCK COUNTER 
ISET CHECK-SUM REGISTER TO " AT START 
IFETCH DATA FROM 1/0 DEVICE 
ISTORE DATA WORD IN MEMORY 
IADD NEW DATA TO CURRENT CHECK-SUM VALUE 
ISAVE NEW CHECK-SUM VALUE 
IADVANCE MEMORY POINTER 
IDECREMENT WORD COUNTER 
IGET NEXT DATA WORD 1 F CNTR NOT 0 
INEXT WORD FROM 1/0 IS 2'S COMP OF CK-SUM 
IADD IT TO CHECK-SUM FORMED BY DATA 
IIF RESULT IS 0" O.K." EXIT ROUTINE 
10THERWISE GO TO USER ERROR ROUTINE 

THE ABOVE ROUTINES" AS THE READER WILL NOTE" ASSUME THAT DATA BLOCKS 
ARE ONE PAGE OR LESS IN LENGTH AND DO NOT CROSS PAGE BOUNDARI ES. HOW­
EVER" BY THIS TIME THE READER SHOULD HAVE LITTLE DIFFICULTY WRITING A 
CHECK-SUM ROUTINE THAT COULD HANDLE LARGER BLOCKS. 

THE NEXT CHAPTER WILL CONTAIN MORE INFORMATION OF INTEREST TO THOSE 
DEVELOPING PROGRAMS FOR I/O' OPERATIONS THAT REQUIRE CONSIDERATION OF 
''REAL-TIME'' PARAMETERS. 
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REAL-TIME PRO GRAMMING 

REAL-TIME PROGRAMMING AS DISCUSSED IN THIS MANUAL APPLIES TO THE DE­
VELOPMENT OF PROGRAMS WHOSE PROPER EXECUTION ARE DEPENDENT ON THE LENGTH 
OF TIME IT TAKES FOR THE COMPUTER TO PERFORM AN OPERATION OR" SEAl ES 0 F 
INSTRUCTIONS.. THE NEED FOR REAL-TIME PROGRAMMING I S INVARIABLY RELATED 
TO THE RECEIPT OF INFORMATION FROM DEVICES AT SPECI FIC TIMES OR THE CON­
TROL OF DEVICES lXTERNAL TO THE COMPUTER WHOSE PROPER OPERATION DEPEND 
tPON RECEIVING COMMANDS FROM THE COMPUTER AT SPECIFIC TIMES. 

THE DISCUSSION OF THE SUBJECT OF REAL-TIME PROGRAMMING HAS BEEN DE­
FERRED TO THE LATTER PART OF THIS MANUAL AS REAL-TIME PROGRAMMING IS 
GENERALLY MORE DI FFICULT THAN THE DEV£LOPMENT 0 F PROGRAMS THAT ARE NOT 
RESTRICTED BY EXECUTION TIMES. THE REASON IS SIMPLY THAT IN ADDITION TO 
THE "LOGIC" AND '·TECHNIQUEtt FACTORS THAT THE PROGRAMMER MUST CONSIDER 
WHEN DEVELOPING ANY PROGRAM~ THE PROGRAMMER MUST NOW ADD IN THE FACTOR 
OF HOW MUCH TIME IT WILL TAKE FOR THE COMPUTER TO EXECUTE VARIOUS IN­
STRUCTIONS AND INSTRUCTIONAL SEQUENCES. THE PROBLEM IS REALLY ONE OF 
"COMPLICATION ." 

HOWEVER~ REAL-TIME PROGRAMMING I F OFTEN VITALLY NECESSARY IN CERTAIN 
APPLICATIONS AND HENCE THE PROGRAMMER MUST BECOME AWARE OF SOME OF THE 
CRITICAL ASPECTS OF SUCH PROGRAMMING. THE READER SHOULD NOT~ HOWEVER~ 
BE OVER-WHELMED BY THE PROSPECTS OF SUCH COMPLICATIONS. FOR~ ONCE ONE 
HAS AN UNDERSTANDING OF STANDARD MACHINE LANGUAGE PROGRAMMING PROCEDURES 
AND HAS GAINED A LITTLE EXPERIENCE~ WHICH ONE SHOULD HAVE OBTAINED BY 
THE TIME ONE IS DELVING INTO THIS SECTION~ ONE SHOULD FIND THE ASPECTS 
OF REAL-TIME PROGRAMMING SIMPLY "ONE STEP UP" AND AN EJOYABLE CHALLENGE. 

AS WITH MANY OTHER ASPECTS OF PROGRAMMING~ PROPER PREPARATION SUCH 
AS CLEARLY DEFINING THE PROBLEM TO BE HANDLED~ AND PROCEEDING IN AN OR­
DE1ILY FASHION~ CAN GREATLY FASE THE OVER-ALL TASK OF DEVELOPING REAL-
TIME PROGRAMS. . 

THE LASt SEVERAL PAGES OF CHAPTER ONE PRESENTED THE TYPICAL EXECU­
TION TIMES FOR THE VARIOUS CLASSES OF INSTRUCTIONS AVAILABLE. THE TIMES 
SHOWN ARE THOSE FOR AN 8808 UNIT WHOSE MASTER CLOCK HAS BEEN ADJUSTED TO 
A NOMINAL FREQUENCY OF 5"0 KILOHERTZ. WHEN GETTING DOWN TO PRACTICAL 
APPLICATIONS~ ONE MUST REALIZE THAT ANY SYSTEM WILL HAVE SOME FINITE 
DEVIATION FROM THE NOMINAL FREQUENCY. FOR INSTANCE~ IF AN 8088 SYSTEM 
~S "A CRYSTAL CONTROLLED MASTER CLOCK~ THE POSSIBLE VARIATION FROM THE 
tl)MINAL FR!:QUDlCY MIGHT BE IN THE ORDER OF 0.05 TO 0.1 PERCENT. SOME 
ee88 SYSTDIS MIGHT HAVE RESISTOR-CAPACITOR CONTROLLED MASTER· CLOCKS AND 
THE POSSIBLE VARIATION FROM THE NOMINAL COULD BE CONSIDERABLY WIDER -
tP TO ~ OR 5 PERCENT. IN ANY EVENT~ WHEN CONTEMPLATING THE DEVELOPMENT 
OF ~EAL-TIME PROGRAMS~ ONE MUST ALWAYS TAKE INTO ACCOUNT THE POSSIBLE 
VARIATION FROM NOMINAL 0 F THE MASTER CLOCK FREQUmcy .. AND IN FACT SHOULD 
PLAN PROGRAMS TO OPE7tATE UNDER ··WORST CASE" VARIATION CONDITIONS. THUS .. 
IF ONE WAS THINKING 0 F USING AN 80"S SYSTEM TO CONTROL A PROC ESS THAT 
REQUIRED TIMING ACCtmACI ES OF 0.01 PERCmT~ ONE COULD IMMEDIATELY STOP 
CONSIDERING USING A COMPUTER THAT HAD A MASTER CLOCK ACCURATE TO'ONLY 
0.05 PERCINTI A SECOND CONSIDERATION ABOUT WHETHER TO USE A COMPUTER TO 
CONTROL TIME-DEPENDENT EVmTS~ INVOLVES HOW CLOSE TOGETHER EVENTS THAT 
ARE TO BE CONTROLLED NEED TO OCCUR. IT CAN BE OBSERVED BY EXAMINING THE 
INFORMATION AT THE END OF CHAPTER ONE~ THAT ALMOST ALL THE INSTRUCTIONS 
REQUIRE A MINIMUM 0"' 20 MICROSECONDS TO BE EXECUTED. THUS~ O~E CANNOT 
PLAN ON USING THE COMPUTER TO CONTROL EVENTS THAT ARE LESS THAN THAT FAR 
APART IN rIME. IN FACT~ BECAUSE 1/0 INSTRUCTIONS THEMSELVES TAKE 2~ AND 
32 MICROSECONDS~ AND BECAUSE THOSE INSTRUCTIONS WOULD INVARIABLY BE RE­
QUIRED TO DEAL WITH EXTERNAL DEVICES~ ALONG WITH THE FACT THAT ONE WILL 
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ALMOST CERTAINLY WANT TO DO SOME OTHER INSTRUCTIONS BETWEEN I/O,COM­
MANDS~ IT IS A PRETTY GOOD RULE OF THUMB TO DISQUALI FY THE USE OF AN 
8008 SYSTEM AS A REAL-TIME CONTROLLER 1 F ANY TWO EVENTS DEPENDENT UPON 
TIMING FROM THE COMPUTER WILL OCCUR WITHIN 100 MICROSECONDS. A SECOND 
RULE OF THUMB TO IMMEDIATELY REJECT THE USE OF SUCH A SYSTEM AS A TIME 
DEPENDENT CONTROLLER., ONE THAT I S PRETTY MUCH DERI VED FROM EXPERl ENC E., 
IS IF THE APPLICATION WILL REQUIRE MUCH MORE THAN 1000 1/0 OPERATIONS 
PER SECOND. UNLESS., SUCH OPERATIONS ARE STRICTLY REPETITI VE AND THE 
~EVIOUS RULE CAN BE MET. THIS SECOND RULE OF THUMB IS DERIVED FROM 
PRACTICAL EXPERlmCE WITH "PRC>GRAMMING OVE!iHEAD" WHICH RESULTS WHEN A 
~RI £TY OF TIME-DEPENDENT EVENTS MUST BE "JUGGLED" IN A REAL-TIME PROG­
RAM. 

THE PROSPECTIVE REAL-TIME PROGRAMMER SHOULD BECOME FAMILIAR WITH 
1HE LENGTHS OF TIME REQUIRED TO ~ECtJTE THE VARIOUS CLASSES OF INSTRUC-
TIONS. ONE OF THE FIRST NEW HABITS TO LEARN WHEN PREPARING REAL-TIME 
PROGRAMS IS TO WRITE OOWN THE EXECUTION TIME REQUIRED FOR EACH INSTRUC­
TION ALONGSI DE THE MNEMONIC AS THE PROGRAM IS WRI TTEN. I T THEN BECOMES 
PN EASY MATTER TO FIGURE OUT ttTOTALS" FOR VARIOUS PORTIONS OF THE ROUT-
INE(S>. ADDITIONALLY" IT IS OFTEN HELPFUL TO WRITE DOWN THE "TOTAL" 
EXECUTION TIMES ALONG "PATHS" AND "LOOPS" ON A FLOW CHART 0 F THE PROG­
RAM. REAL-TIME PROGRAMMING OFTEN REQUIRES A FAIR AMOUNT OF "JUGGLING" 
BETWEEN CHOICES OF INSTRUCTIONS USED AND ALTERNATE SEQUENCES OF COMMANDS 
IN ORDER TO OBTAIN DESIRED PROGRAM EXECUTION TIMES. HAVING CRITICAL 
TIMING INFORMATION ON HAND IN THE FORMS SUGGESTED CAN PROVIDE THE PRO­
GRAMMER WITH A QUICK VIEW OF HOW THE PROGRAM DEVELOPMENT EFFORT IS PRO­
CEEDING. 

IN ANY PROGRAMMING APPLICATION., FLOW CHARTING IS AN EXTREMELY VAL­
mBLE AID TO ENABLING ONE OBTAIN AN "OVER-ALL" VIEW OF A PROGRAM'S OP-
ERATION. IN REAL-TIME PROGRAMMING ANOTHER TOOL OF EQUAL IMPORTANCE 
SHOULD BE BROUGHT INTO USE. THAT TOOL IS A "TIMING DIAGRAM." A "TIM-
ING DIAGRAM" ILLUSTRATES THE RELATIONSHIP. IN TIME BETWEEN THE OCCUR­
!NCE OF SPECI FIC EVENTS 0 F INTEREST TO THE PROGRAMMER. 

A TIMING DIAGRAM IS SHOWN ON THE TOP OF THE NEXT PAGE. THE DIAGRAM 
ILLUSTRATES THE DESIRED STATUS 0 F A SIGNAL LINE AS A FUNCTION 0 F TIME 
FOR AN ELECTRONIC SIGNAL THAT IS TO PROVIDE INFORMATION TO A "BAUDOT" 
TELETYPE MACHINE. THE DIAGRAM SHOWS THE SIGNAL CONDITIONS REQUIRED TO 
DIRECT THE MACHINE TO PRINT THE LETTER "Y" OR THE FIGURE "6" DEPENDING 
~ WHICH MODE THE TELETYPE IS OPERATING IN ("LETTERS" OR "FIGURES"). 
THIS DIAGRAM WILL BE USED TO DEVELOP A SAMPLE PROGRAM FOR OPERATING A 
TELETYPE PRINTER MECHANISM AS AN INTRODUCTION TO THE CONSIDERATIONS RE­
QUIRED WHEN DEALING WITH REAL-TIME PROGRAMMING. 

IN ORDER TO CLARIFY THE DIAGRAM A BRIEF EXPLANATION OF THE OPERATION 
OF A BAUDOT TELETYPE MACHINE WILL BE PRESENTED. A TELETYPE MACHINE IS 
IW "ASYNCHRONOUS" DEVICE IN THAT IT REQUIRES "START" AND "STOP" INFOR­
MATION. ONCE THE MECHANISM IN THE TELETYPE HAS BEEN STARTED IN MOTION 
g( A "START" SIGNAL., TH.E MACHINE "EXAMINES" THE STATUS OF A SIGNAL LINE 
WRING SPECI FIC TIME P!llIODS IN ORDER TO RECEIVE A "COD~' THAT WILL EN-
ABLE IT TO PRINT A SPECI FIC CHARAC'TER. AT THE END OF THE PERIOD 0 F TIME 
OCCUPIED BY THE "CODE SIGNALS" THE MACHINE ~PECTS A "STOP" SIGNAL SO 
1HAT VARIOUS MECHANICAL OPERATIONS MAY BE COMPLETED AND THE INTERNAL 
MECHANISMS SET UP TO BEGIN ANOTHER "CYCLE" OF OPERATION. WHEN DEALING 
WITKTELETYPE MACHINES A "CYCLE" IS O"EH TERMED AS REQUIRING A CERTAIN 
NUMBER OF "UNITS OF TIME." THE DIAGRAM ILLUSTRATES A "CYCLE" FOR CER-
TAIN KINDS OF BAUDOT TELETYPE MACHINES. (THOSE THAT REQUIRE A "STOP" 
LENGTH 0 F TWO UN I TS) I THE CYCLE IS SHO WN D1 VI DED INTO 8 EQUAL UN ITS 0 F 
TIME. THE FIRST UNIT OF TIME IS RESERVED FOR A "START" PULSE. BY DEFI-
NITION., THE START PULSE MUST BE A LOGIC "0" AS SHOWN IN THE DIAGRAM • 
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TIMING DIAGRAM FOR SENDING BAUDOT CHARACTER. "Y" OR "6" TO PRINTER 

11iE NEXT 5 UNITS OF TIME ARE USED TO TRANSMIT THE "BAUDOT" CODE FOR 
WHATEVER CHARACTER IS TO BE PRINTED BY THE MACHINE. THE LAST 2 UNITS OF 
TIME MUST BE A LOGIC .. 1" TO PLACE THE MACHINE IN THE "STOP" MODE AND AL-
LOW IT TO COMPLETE THE CYCLE. THE DIAGRAM ABOVE SHOWS A CYCLE IN UNITS 
OF TIME. TO PUT THE DIAGRAM INTO PRACTICAL USE# ONE MUST DEFINE THE 
WIT OF TIME. FOR INSTANCE# SUPPOSE ONE HAD A TEl..ETYPE MACHINE THAT 
USED THE CYCLE FORMAT ILLUSTRATED THAT WAS DESI GNED TO OPERATE CORRECT­
LY WHEN EACH UNIT OF TIME (THE LENGTH OF TIME NOTED BY THE ARROWS MARK-
m "A" ON THE ABOVE DIAGRAM) WAS 29 MILLI SECONDS (NOMINALLY). AN EN-
TIRE CYCLE WOULD THUS REQUIRE 160 MILLISECONDS (FOR THE TIME SPAN MARK­
ED "B" ON THE ABOVE DIAGRAM). 

IF IT WAS DESIRED TO HAVE THE COMPUTER SEND A SIGNAL ON AN OUTPUT 
LINE THAT CLOSELY APPROXIMATED THE DESIRED,SIGNAL PATTERN# ONE WOULD 
HAVE TO DEVELOP A PROGRAM THAT WOULD CHANGE THE "STATE" 0 F THE LINE ON 
AN OUTPUT PORT THAT WAS SUPPLYING THE SIGNAL TO THE MACHINE AT THE TIMES 
rnDICATED BY THE SHORT UPWARD POINTING ARROWS SHOWN UNDERNEATH THE DIA-
~AM. THE RESULTING PROGRAM WOULD BE A UREAL-TIME" PROGRAM! 

REAL-TIME PROGRAMMING FOR THIS TYPE OF APPLICATION IS RELATIVELY 
STRAIGHT-FORWARD. FIRST OF ALL# THERE IS ONLY ONE SIGNAL LINE TO BE 
CONCERNED WITH (IN MANY REAL-TIME APPLICATIONS THERE MAY BE A MULTITUDE 
OF LINES TO CONTROL)' SECONDLY # THE AMOUNT OF TIME BETWEEN "EVENTS" IS 
QUITE LARGE SO THERE WILL NOT BE ANY REQUIREMENT FOR FANCY PROGRAMMING 
STREAMLINED FOR SPEED 0 F OPERATION. IN FACT # ALL ONE REALLY HAS TO DO 
IS MAKE SOME SIMPLE MATHDJATICAL CALCULATIONS AND DEVELOP SOME "TIMING 
WOPS·· THAT WILL MAKE THE PROGRAM "WAI Tit FOR THE DESIRED LENGTH 0 F TIME 
BETWEEN SENDING "BITS" OF INFORMATION TO THE OUTPUT PORT THAT WILL CARRY 
tHE SIGNAL TO THE TELETYPE UNIT. THE PROGRAM BECOMES SIMPLY A LITTLE 
fJ\NCIER VERSION OF THE "PARALLEL TO SERIAL" OUTPUT PROGRAM DISCUSSED IN 
niE PREVIOUS· CHAPTEIt. 

A SUITABLE PROGRAM IS PRESENTED BELOW. A DISCUSSION WILL BE PRE-
SENTED AFTER THE PROGRAM. NOTE NOV THAT THE EXECUTION TIMES HAVE BEEN 
PROVIDED ALON,GSIDE TIME-DFPENDENT PORTIONS OF THE PROGRAM. 

MNEMONIC ---.. ---.. -----~ 
BDOUT" LCI 006 

NDA 
RAL 

COMMENTS 

ISET BIT CNTR • I BITS + 

ISET CARRY BIT • """ 
IBRING "0" FM CARRY INTO LSB 0 FAce 
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2A MORBDO~ OUT X ISEND "START" OR "CODE:-'. 81 TS TO MACHINE 
20 RAft IPOSITI,ON NEXT BIT OF CODE 
44 + 19,,81&8 CAL BDFJ...AY IGI VE MACHINE ONE UNIT 0 F TIME 
2e DCC ISEE IF FINISHED START & CODE BITS 
44 I 36 JFZ' MORBDO IIF HOT~ S~D NEXT BIT 
32 LAI eel IPREPARE TO SEND STOP BITS 
2A OUT X ISEND STOP BIT '1 
1&4 + 19~848 CAL BDELAY IGI VE MACHINE ONE UNIT OF TIME 
44 + 20 CAL DUMMY IPROVIDE LITTLE MORE TIME 
44 .+ 20 CAL DUMMY IPROVIDE LITTLE MORE TIME 
24 OUT ~ ISEND STOP BIT 12 
44 +" 1~~848 CAL BDELAY IGIVE MACHINE ONE UNIT OF TIME 
44 + 20 CAL DUMMY IPROVIDE LITTLE MORE TIME 
44 + 20 CAL DUMMY IPROVIDE LITTLE MORE TIME 

RET IEXIT OUTPUT A CHARACTER RTH 

28 DUMMY~ RET ISHORT RTN TO EAT UP TIME 

32 BDELAY ~ LDI 215 ISET TIMER LOOP COUNTER 
24 OUT Z 10UTPUT TO UNUSED PORT TO' TRIM TIME 
24 OUT Z 10UTPUT TO UNUSED PORT TO TRIM TIME 
44 + 20 CAL DUMMY IUSE,A LITTLE TIME BEFORE STARTING LOOP 
44 + 20 MDELAY~ CAL DUMMY IFOR A TIME CONSUMING LOOP 
29 DCD ISEE IF TIME EXPIRED (CNTR = 0)1 
12 I 20 RTZ IEXIT BACK TO CALLING RTN WHEN F.INISHED 
41& JMP MDELAY 10THERWISE CONTINUE USING UP TIME 

THE ABOVE ROUTINE ASSUMED THAT THE DATA TO THE TELETYPE MACHINE OR­
-IGINATED FROM THE LEAST SIGNIFICANT BIT IN THE ACCUMULATOR. 

THE READER SHOULD NOTE THAT FOR CASES WHERE THF..RE ARE TWO POSSIBLE 
EXECUTION TIM"ES FOR AN INSTRUCTION" SUCH AS A CONDITIONAL INSTRUCTION" 
'tHAT THE TIME REQUIRED FOR THE CONDITION "MOST OFTEN" TO OCCUR IN THE 
PROGRAM VAS SHOWN FIRST~ FOLLOWED BY THE TIME REQUIRED WHEN THE OTHER 
CONDITION OCCURED. 

THE PROGRAM WAS INITIALLY DEVELOPED BY WRITING THE "MAIN" PORTION 
WITH THE TIME REQUIRED FOR THE "BDELAY" SUBROUTINE CONSIDERED AS AN "UN­
*OVN" FACTOR. WHEN THE BASIC, FORMAT OF THE PROGRAM HAD BEEN DETERMINED 
1HE EXECUTION TIME 0 F THE "LOOP" STARTING AT THE LABEL "MORBDO" WHICH 
INCLUDED THE FIVE INSTRUCTIONS, 

MORBDO~ OUT X 
RAR 
CAL BDELAY 
DCC 
JFZ MORBDO 

WAS CALCULATED - LEAVING OUT THE AS- YET UNDETERMINED TIME OF "BDELAY." 
THE TIME REQUIRED BY THE FI vt INSTRUCTIONS WHEN t1LOOPING" WAS FOUND TO 
BE 152 MICROSECONDS. SINCE IT WAS KNOWN THAT A TOTAL OF 20~000 MICRO­
SECONDS (20 MILLISECONDS) VAS DESIRED BETWEEN OUTPUTTING EACH BIT IN 
-nlE "CODE-' IT' WAS THEN EASY TO CALCULATE THAT 20,,000 - 152 = 19,,848 
MICROSECONDS DELAY WAS REQUIRED IN "BDELAY.·t 

THE SUBROUTINE "BDELAY" IS A TYPICAL ~AMPLE OP'-A TIMING DELAY LOOP. 
11IE MAIN PORTION OF THE- DELAY LOOP STAPtTS AT "MDELAY" AND" 'INCLUDES THE 
POUR INSTRUCTIONS. 
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MDELAY~ CAL DUMMY 
DCD 
RTZ 
..IMP MDELAY 

nlE THEORY BEHIND THE "BDELAY" SUBROUTINE WAS TO EXECUTE THE "MDELAY" 
LOOP THE REQUIRED NUMBER OF TIMES TO GET CLOSE TO A DELAY OF 19~848 MIC­
ROSECONDS AND THEN CLOSE ANY GAP BY THE "SET UP" INSTRUCTION FOR THE 
"LOOP" AND PERHAPS A FEW" FILLER" INSTRUCTIONS. 

THE TIME REQUIRED TO COMPLETE THE FOUR INSTRUCTIONS IN THE "MDELAY" 
LDOP WHEN THE "RTZ" CONDITION IS NOT MET IS 140 MICROSECONDS. FINDING 
OUT HOW MANY TIMES IT IS 'NECESSARY TO EXECUTE THE LOOP TO GET CLOSE TO 
A DELAY OF 19 .. 848 MICROSECONDS IS A SIMPLE MATTER OF DIVIDING. DOING SO 
YIELDED A FIGURE OF ALMOST 142 (DECIMAL). TAKING INTO ACCOUNT THE FACT 
THAT IT WAS NOT DESIRABLE TO GO OVER THE ALLOTED TIME~ AND THE FACT THAT 
SETTING UP THE LOOP WOULD TAKE SOME TIME~ THE FIGURE OF 141 DECIMAL WAS 
CHOSEN - WHICH 1 S 215 OCTAL. ONE OTHER FACTOR HAD TO BE CONSI DERED. 
WHEN THE COUNTER IN THE LOOP REACHED ZERO" THE uRTZ" INSTRUCTION WOULD 
BE EXECUTED AND THE "JMP MDELAY" COMMAND WOULD NOT. THUS" THE FULL LOOP 
~ULD ONLY BE EXECUTED 140 (DECIMAL) TIMES - THE LAST TIME THROUGH THE 
''MDELAY'' ROUTINE WOULD ONLY TAKE 104 MICROSECONDS. THUS~ AT THIS POINT 
IT WAS POSSIBLE TO CALCULATE THE TOTAL DELAY CAUSED BY EXECUTING THE 
• ... DELAY·· LOOP THE SELECTED NUMBER OF TIMES: 140 X 140 = 19~600 PLUS 104 
RlR A TOTAL OF 19~70" MICROSECONDS. THEN IT WAS AN FASY MATTER TO DE-
TERMINE HOW MUCH TIME TO USE TO "SET UP" THE "MDELAY" ROUTINE. THE DE-
SIRED TOTAL DELAY OF 19~848 MINUS THE 19~704 MICROSECONDS CONSUMED BY 
!XECUTING THE ·'MDELAY'· ROUTINE 141 (DECIMAL) TIMES LEFT 144 MICROSECONDS 
TO BE CONSUMED. THE "LDI 215" AT THE START OF "BDELAY" ONLY REQUIRED 
32 MICROSECONDS SO 112 MORE MICROSECONDS WERE CONSUMED BY ADDING THE 
"FILLER" INSTRUCTIONS "CAL DUMMY" AND TWO "OUT X" COMMANDS. THE TO-
TAL "BDELAY" SUBROUTINE THEN EQUALLED EXACTLY THE DESIRED DELAY TIME OF 
19 .. 848 MICROSECONDSI 

AFTER SENDING THE START AND 5 CODE BITS IT WAS NECESSARY TO SEND 
A "T.WO UNIT" STOP PULSE. SINCE THE STOP PULSE BY DEFINITION WAS TO BE 
A LOGIC "1~tt IT WAS NECESSARY TO SET UP THE STOP BIT AS A ttl" IN THE 
ACCUMULATOR. THE READER CAN CALCULATE THAT THE ACTUAL DELAY BETWEEN 
THE SENDING OF THE LAST CODE BIT AND THE FIRST "STOP" UNIT IN THE ROUT­
INE COMES OUT TO BE 20 .. 021r MICROSECONDS. REMEMBER" IN MAKING THE CALC­
tLATION THAT THE .tJFZ MORBDO" INSTRUCTION WILL ONLY REQUIRE 36 MICRO­
SECONDS ON THE FINAL EXECUTION OF THE "LOOP" THEREBY REDUCING THE LOOP 
EXECUTION TIME TO 19~992 MICROSECONDS AND THE "LAI 001" WILL ADD 32 
MICROSECONDS TO THAT VALUE BEFORE THE NEXT "OUT X" INSTRUCTION CAN BE 
EXECUTED. HOWEVm, FOR THE APPLICATION" THE VALUE OF 20,,024 IS Pl.ENTY 
CLOSE ENOUGH TO 20,,000 (OFF BY ABOUT 0.1 I) TO OPERATE A TELETYPE WHICH 
CAN TYPICALLY OPERATE RELIABLY WITH THE TIMING OFF BY 10 TO 20 PERCENT! 

THE DELAY BETWEEN THE FIRST STOPUNIT,AND THE SECOND" AS WELL AS 
nIE FINAL DELAY TO COMPLETE THE SECOND STOP UNIT~ WAS MADE TO COME OUT 
NICELY TO 20~""" MICROSECONDS BY TH! INSERTION OF THE ··CAL DUMMY" COM­
_NDS FOLLOWING THE ··CAL BDELAY" INSTRUCTIONS. 

THE ABOVE ROUTINE, AS THE READER CAN UNDOUBTABLY SEE~ COULD BE MODI­
n ED TO SERVE TO OPERATE A VARI ETY 0 F TELETYPE MACHINES OPERATING AT 
DIFFERENT SPEEDS BY CHANGING THE "TIMING LOOPS." THE PROGRAM COULD ALSO 
BE-MODIFIED FOR ASCII CODED MACHINES, OR OTHER TYPES OF CODES BY CHANG­
ING .THE "BIT COUNTER" AND POSSIBLY ALTERING THE LENGTH OF THE "STOP" 
PULSE DEPENDING ON THE TYPE 0 F MACHINE BEING DRI VEN. FURTHERMORE" THE 
TECHNIQUES DEMONSTRATED CAN BE APPLIED TO MANY OTHER TYPES OF PROBLEMS. 
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A SIMILAR ROUTINE COULD BE DEVELOPED TO RECEIVE DATA FROM THE SAME 
KIND OF BAUDOT MACHINE. HOWEVER" WHEN RECEI VING DATA FROM SUCH A UNIT 
THERE ARE A FEW NEW CONCEPTS TO' CONSIDER. 

WHEN THE COMPUTER WAS SENDING INFORMATION TO THE TELETYPE PRINTER 
IT HAD AN ADVANTAGE IT WILL NOT HAVE WHEN IT IS USED TO RECEIVE INFOR­
~TION FROM THE MACHINE. NAMELY" WHEN TRANSMITTING" THE COMPUTER HAD 
''CONTROL'' OF WHEN THE EXTERNAL MACHINE WOULD BE OPERATED. IN THE RE­
VERSE MODE" THE COMPUTER WILL HAVE NO "KNOWLEDGE" OF WHEN THE EXTERNAL 
DEVICE WILL BEGIN TO OPERATE AND SEND DATA TO THE COMPUTERI 

ADDITIONALLY" ONCE A "CHARACTER" STARTS ARRIVING ON A LINE OF AN 
INPUT PORT" THE "TOLERANCE" SITUATION REVERSES. WHAT IS MEANT BY THIS 
IS THAT WHEN TH'E "COMPUTER SENT DATA TO THE PRINTER MECHANISM" IT WAS 
POSSIBLE FOR THE COMPUTER TO BE MUCH, MORE ACCURATE IN PROVIDING PROPER 
TIMING TO THE MACHINE" THAN THE MACHINE REQUIRED TO OPERATE SUCCESS-
FULLY. THUS" I F THE TIME PERIOD FOR A "UNIT" OF TIME WAS OFF A FEW 
TENTHS OF A PERCENT WHEN GENERATED BY THE COMPUTER" IT WOULD NOT AFFECT 
11iE OPERATION 0 F THE MACHINE. HOWEVER" WHEN THE COMPUTER 1 S RECEI VING 
MTA FROM THE MACHINE" THE START 0 F EACH UNI T 0 F TIME M~Y BE OFF BY AS 
MUCH AS' 10 PERCENT OR SO" BECAUSE OF THE LOOSE TOLERANCE OF THE ELECTRO­
MECHANICAL MACHINERY INVOLVED. IF THE COMPUTER PROGRAM DOES NOT MAKE 
PROPER ALLOWANCES FOR SUCH POSSIBLE VARIATIONS" THEN .. INCORRECT" DATA 
MAY BE RECEIVED. 

FORTUNATELY" THE PROBLEMS RELATED TO THESE CONCEPTS ARE NOT TOO DI F-
FicULT TO OVERCOME. THE FIRST PROBLEM" DETERMINING WHEN THE EXTERNAL 
MACHINE IS STARTING TO SEND" CAN BE SOLVED BY PERIODICALLY CHECKING THE 
INPUT LINE FOR THE PRESENCE OF A "0" CONDITION INDICATING A "START" BIT. 
(NOTE: WHILE THERE IS ANOTHER MANNER IN WHICH ONE COULD DETECT THE BE-
GINNING OF AN EXTERNAL OPERATION IN PROPERLY EQUIPPED 8008 SYSTEMS" 
11iROUGH THE USE 0 F A HARDWARE GENERATED ~'l NTERRUPT" SCHEME" SUCH A MET­
HOD IS MORE PROPERLY CONCERNED WITH HARDWARE CONSIDERATIDNS WHICH ARE 
NOT WITHIN THE INTENDED SUBJECT MATTER OF THIS MANUAL. IF SUCH A DET-
ECTION SCHEME WERE USED" THE REMAINDER 0 F THI S DI SCUSSION ON HANDLING 
THE RECEIPT OF THE INCOMING DATA WOULD STILL APPLY). NATURALLY 6 HOW OF-
TEN ONE CHECKED FOR THE PRESENCE 0 F A "START" BIT WOULD HAVE AN AFFECT 
CW THE OVER-ALL ABILITY 0 F A REAL-TIME PROGRAM TO RECEI VE THE DATA. FOR 
INSTANCE" ASSUMING A START BIT IS PRESENT FOR 20 MILLISECONDS AS IN THE 
CASE FOR THE ,TYPE OF MACHINE BEING DISCUSSED" IT WOULD BE FOOl.ISH TO 
TEST FOR THE PRESENCE 0 F SUCH A "START" BlT AT PERIODS THAT WERE 21 MIL­
USECONDS APART! IN FACT" BECAUSE OF·OTHER CONSIDERATIONS" IT WOULD NOT 
BE WISE TO CHECK FOR A "START" BIT MUCH LESS OFTEN THAN EVERY FEW MILLI­
SECONDS. 

THE SECOND PROBLEM OF DEALING WITH THE LOOSE TOLERANCE OF THE MACH­
INERY CAN BE EFFECTIVELY DEALT WITH BY ADJUSTING THE RECEIVE ROUTINE SO 
1HAT IT ·'SAMPLES·· THE INCOMING 51 GNALAT THE THEORETICAL MIDDLE OF A 
'-uNIT'~ OF TIME RATHER THAN AT THE BEGINNING OR END OF A TIME PERIOD. OF 
COURSE THE ABILITY TO DO THIS ALSO DEPENDS ON HOW CLOSELY ONE IS ABLE 
TO DETECT THE ACTUAL "START" 0 F A CHARACTER FllOM THE MACHINE. 

A TIMING DIAGRAM SHOWING A "BAUDOT" CHARACTER BEING SENT BY "A MACH­
INE IS ILLUSTRATED AT THE TOP OF THE NEXT PAGE. SHORT UPWARD POINTING 
ARROWS ALONG THE BOTTOM OF THE DIAGRAM ILLUSTRATE THE TIMES AT WHICH A 
"REAL-TIME" PROGRAM WOULD NEED TO "SAMPLE" THE INCOMING LINE IN ORDER 
TO CORRECTLY RECEIVE THE DATA. NOTE THAT PRIOR TO THE TIME A "START" 
SIGNAL I 5 DETECTED" THE" COMPUTER SHOULD SAMPLE THE LINE 0 FTEN IN ORDER 
TO MINIMIZE THE PERIOD OF TIME IN WHICH A START SIGNAL MAY BE PRESENT 
BUT UNDETECTED. NEXT" IT IS DESIRABLE TO ADJUST THE "SAMPLE'! PEftIOD SO 
'nIAT IT COINCIDES WITH THE THEl)RETICAL MIDDLE OF A UNIT OF TIME" RATHER 
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TIMING DIAGRAM POR RECEJ Villa BAUDOT CHARACTER MY" OR "6" 

1HA. SAMPLE AT. INTEGERS .01' UNITS OF TIME A"D THE START SIGNAL VAS DE-
~TED. THIS METHOD CONJ'ENSATES JOIl. THE "TOLERANCE" P .. OBLEN MENTIONED 
PREVIOtJSLY. 

FIliALLY". Anm THE S'TH CODE ,BIT HAS BEEN RECEIVED" ONE CAN OBSERVE 
1HAT IT WILL _OT BE NEe,ESSARY TO'START TESTING POR A NEW "START" PULSE 
10ft ABOUT 2 AND 1/2 TIME- UNITS AS IT IS KNOWN THAT THE MACHINE WILL BE 
tBING THAT TIM& -ro COMPLETE. IT'S OPI:RM'ION. THUS" THE COMPUTER WOULD BE 
_LE TO PDroRM SOME OTHIJIt FUIIC!'lONS POR ABOUT 58 MILLISECONDS BEFORE 
mINa BACK TO THE ·SAMPLE-MODE TO LOOK POR A. NEW STARt BIT - THAT IS 
aoe8H YINE TO PDP'ORM A JrEW. THOUSAIID.INST1!UCTIONS ON AN 8188 SYSTEM. 

A SAMPLE !lOm.lNE JrOR flEC.El.VlNI_ lRFOftMATION nOM A DEVICE. IN ACCORD­
MlCE.ITH THE ABOVE DIAGRAM" ASSUMINa THAT THE TIME SPAN MARKED "C". IN 
1IIE ABOVE DIAGRAM WAS 1.8 IIILLI.SECOII.DS.- AND THAT MARKED "D" VAS 28 MILLI­
SECOROS IS ILLUSTRA,.m NEXT. THE READER MAY, NOTE THAT IT 15 ESSENTIALLY 
,. EXPANDED ,V.SIOR OF A "SERIAL TO PARALLEL" 1tOm'IN!: WITH INSTRUCt'IONS 
m CO.TROL THE TIMING ADDED. 

--------------
BDIN .. 

31 STaTI ... 
31 
.. I 36 
.. + '7'6 
31 
31 
36 I •• 
~ + II -~.19?48 MORBDI .. 
31! 
31 
21 .. 
• • • .. I 36 

LBI ••• 
Lei .• 15 
IIIP X 
NDI •••. 
"TS STltT1 • 
CAL HDELAY 
IMP X 
NDI 28. 
.ITS STItTI. 
CAL DVIDIY 
"MP NOItSDI 
CAL. lJ)ELAY 
I lIP X 
N1)1 I'.' 
RAL 
LAB 
RAR 
LIlA 
DeC ",.z ... aDI 

COMMDfTS --... __ .. _-------
ICLEAR. IIICOIIING .obING & STORAGE REGISTER 
.ISET 81 T COUNT'" 
'LOOK PO.1t "START" BIT 
INASK 0,.,., IRRELEVANT DATA 
II F NO START BIT" FORM "SAMPLING LOOP" 
/IF 7IMD-L081C ·1" ASSUME START .. DELAY 
ITO MIDDLE OF START ONIT & VERIFY RECEIPT 
10,. A START BIT BY MAKI.a APPROPRIATE TEST 
IIF .OT "e" HERE ASSUME FALSESTAltT 
ISTRETCH THE DELAY A LITTLE 
/STRErCH THE DELAY A LI TTL!: MORE 
'MAI,t DELAY LOOP. ALMOST I FULL 71"E UNIT 
IOET •. EXT BIT 
.ITRIM TO JUST- DESIRED, DATA BIT 
ISAVE INCOMIRa BIT. I,M CARAY FLAG 
ISET ANY PIlEVIOUS BITS 
IROTATE .0 SIT PRO" CAMY INTO REGISTER . 
ISAVE 'N. REGISTER "B" 
'DEeR_aT BITS COUNTER 
IDELAT • ,FITCH .meT INcoMI.a BIT 
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MNEMONIC COMMENTS 

-----._----_ ..... --_ .. __ .-_.-... _---

• Rite IHAVE ALL 5 BAUDOT BITS - RIGHT JUSTIFY 
28 RftC liN ACCUMULATOR BY ROTATE! 

• RftC IBEFORE PREPARING TO EXIT RTN .. + 9196 CAL HDILAY lOPTIONAL DELAY TO MAKE SUftE I.TO "STOP" .. + 28 CAL DUMMY IPART OF OPTIO.AL DIl.AY .. + 2 • CAL DUMMY IPART 0 F OPTIONAL DELAY 
21 RET IUNITS ARFA BEFORE EXITING ROUTINE 

32 ID!:LAY" LDI 215 ISET TIME LOOP COUNTER 
12 RTS ITRIM TIME - CONDX NEVEl' MET 
~ + 2. RDELAY" CAL DUMMY ITIME CONSUMING LOOP 

• DeD IDECRDlENT COUNTO' 
It I .8. RTZ IEXIT TO CALLING RTN WHDf CNTR • I .. JMP RDELAY IOTHERWISE CONTIMUE USING UP TIME 

32 HDELAY" LDI. 1" 6 ISET TIME LOOP COUNTER .. dMP RDELAY IGO USE UP ABOUT 1/2 A TIME UNIT 

,. DUMMY" RET ISHORT HTN TO USE UP TIME 

WHILE THE ABOVE ROUTINE IS SIMILAR.. IN MANY RESPECTS TO THE ONE DES­
atIBED FARLI m FOR TRANSMITrlNG .DATA PROM THE COMPUTER" SEVERAL DI FFER­
!NT FEATtJftES WILL BE HJaH-LIGHTED. FIRST" THE RFADER CAN NOTE THAT THE 
PROGRAM EXPECTS DATA TO BE ARRIVING-AT THE MOST-SIGNIFICANT BIT POSITION 
OF THE ACCUMULATOR (AS IN THE SEJtlAL 10 PARALLEL BOUTINE_ IN THE PREVIOUS 
afAPTEft) • 

NIXT" THE READER SHOULD NOTE THAT THE TH~EE INSTRUCTIONS STARTING AT 
THE LABEL "STJIlTIN'· FORM A "LOOP" TO TEST FOR A "STAltT" BIT Al.,'IVING JiftOM 
1IIE INPUT PORT. THE READER CAN SEE THAT THE LOOP RElUIftES 118 MICRO­
SECONDS TO EXECUTE AND THUS IT IS POSSIBLE FOR A STAJitT UNIT TO HAVE BEEN 
JllltE!ENT FOR ALMOST THAT LENGTH OF TIME BEFORE IT IS DETEC;TED. FOil IN-
STANCE" IF THE START PULSE ACTUALLY STARTED JUST A MICROSECOND AFTER THE 
"INP X" INSTIUJCTION AT "STftTIN" WAS EXECUTED" THAT PULSE WOULD NOT BE 
DETECTED UNTIL THE "INP X" INSTRUCTION VAS EXECUTED ON THE NEXT ROUND. 
H)WEVER" IT IS ALSO POSSIBLE FOR THE PROGRAM TO DETIX:T THE START BIT AT 
dUST ABOUT THE INSTANT IT ACTUALLY HAPPEN! - THU!" THERE CAN BE A VARI­
ATION IN DETECTING THE BESI .. I_G OF THE "START" TIME UNIT OF ABOUT 188 
MlCflOSECOUDS. NOV" THE ACTUAL. DETECTION OF THE START PULSE. IS USED AS 
A REFERENCE JI'OIl "DELAYING" TO THE MID.DLE OF THE TIME UNIT IN OIlDER TO 
'-SAMPLE" THE 1llKAIliING BITS. IN THE DESIRED REGION. 011 THE A.VERASE" ONE 
OOULD ASSUME THAT THE START PULSE WAS DETECTED. IN ABOUT THE KIDDLE OF 
'!HE POSSIBLE ItANSE OF VARIATION6 WHICH WOULD BE ABOUT 5. MICROSECONDS 
A"ER THE PULSE ACTUALLY STARTED. THIS .INPOJitMATION 15 USED TO ESTABLISH 
APnOXIMATELY HOW LONG THE "HDELAY" LOOP SHOULD BE IN ORDER TO GET 
CLOSE TO THE THEORETICAL MIDDLE 0." A TIllE tJNIT. THUS,," IF OME ASS-UMES 
"!HAT ON AN AVERAGE" THE START PULSE IS DETECTED 54 MICROSECONDS A"ER IT 
BEGAN" AND ONE ADDS. I .... MICROSECOROS .F'OllTHE EXEC.UTION OF THE. INSTRUC­
TIONS FROM MST~TIN" TO THE "CAL HDELAY 6 - ONE CAN DETERMINE THAT "HDELAY" 
NEEDS TO CONSUME 988. MICJIlOSECo.ns.. THE VALUE "'6 ACTUALLY DEVELOPED 
was A "CLOSE ENOUGH- COMPROMISE fOR THE SITUATION. 

AIIOTHER AREA OF INTEREST NEAR THE !ND OF THE MAIN ROUT1NE. IS MARK­
m BY THE CO" .... TS AS AN "OPTIONAL DELAY TO MAKE SURE INTO "STOP" UNITS 
MfA BEFORE melTINS ItO.TIME." AS POINTED 011T DilL I Eft" A"ER THE FI VE 
mTA BITS RAVE BEg SAMPLED THE COMPUTER HAS ."ITE A BIT OF TIME - UP 
10 ABOUT. 5. MILLISECO.DS. IN WHICH TO PERFORM SOME OTHER FVIIC~IONS BE-

, _ 8 



CAUSE THE MODEL MACHINE WOULD BE UNABLE TO SEND A NEW "START" PULSE 
UNTIL IT HAD COMPLETED IT'S CYCLE DENOTED BY THE TWO STOP UNITS IN THE 
mAORAM. HOVEVER~ IN SOME INSTANCES~ THE COMPUTER MAY NOT REQUIRE ANY 
WHEftE NEAR THAT LENGTH 0,. TIME TO PROCESS THE CHARACTER JUST RECEIVED. 
IN SUCH CASES# THE PROGRAMMER WOULD WANT TO MAKE SOftE THE PROGRAM DID 
II)T START "LOOKINS" FOR A NEV START BIT BEFORE THE LAST "DATA" BIT HAD 
BEEN COMPLETED. THE "OPTIONAL" HALF UNIT DELAY ENSURES IN SUCH A CASE 
1HAT THE MACHINE WOULD BE IN IT'! "STOP UNITS" PHASE# WHICH BY PJltEV-' 
10US DEFINITION WOULD BE A LOGIC ••• " 'CONDITION# BEFORE IT BEGAN "LOOK­
ING" FOR A NEV LOGIC "S" CONDITION SIGNI flYING A NEW START PULSE. 

FINALLY# THE JIlEADER MIGHT TAKE NOTE OF AN INTEJIlESTING "T1'ICK" TO GET 
A RATH~ SHOftT ADDITIONAL DELAY BY THE USE 0 F THE "JIlTS" INSTJIlUCTION AS 
THE SECOND COMMAND IN THE "IDELAY" SUBROUTINE. A CONDITIONAL RETUJltN, IN­
STRUCTION WHEN THE CONDITION IS NOT MET IS THE ONLY TYPE OF COMMAND THAT 
WILL USE BUT .2 MICROSECONDS OF TIME. THE "RTS" INSTRUCTION INSERTED AT 
THAT POINT WILL NEVER HAVE THE TRUE CONDITION MET AS THE READER MAY VER­
IFY BY CLOSE EXAMINATION OF THE POSSIBLE CONDITION OF THE "SIGN" FLAG 
WHENEVER THAT INSTRUCTION IS EXECUTED. IT IS A GOOD TECHNIIUE TO REMEM-
BER I F A 12 MICROSECOND DELAY IS HE'VIRED BUT THE PROGRAMMER MUST MAKE 
CERTAIN THAT THE CONDITION WILL NEVER BE SATISFIED WHEN USED fOR THAT 
PURPOSE! (REMEMBER# VIRTUALLY ALL OTHER TYPES OF INSTRUCTIONS TAKE UP 
AT LEAST 28 MICROSECONDS OF EXECUTION TIME IN .A NOMINALLY ADJUSTED 8888 
SYSTEM) • 

AS ANOTHER EXAMPLE OF THE DETAILS OF ftEAL-TIME PROGRAMMING# THE 
ABOVE EXAMPLE WILL BE EXPANDED TO DEMONSTRATE HOW THE PROGRAM COULD BE 
IMPROVED TO INCREASE THE RELIABILITY OF RECEIVING CORRECT DATA FROM THE 
IXTERNAL MACHINE. AS MANY READERS MAY KNOV~ THE INCOMING DATA FftOM AN 
ELECTRO-MECHANICAL MACHINE SUCH AS A TELETYPE MAY BE "NOISY." THAT IS# 
A SIGNAL THAT IS SUPPOSED TO BE~ FOR INSTANCE# IN THE LOGIC "I" STATE 
POI' AN ENTIRE UNIT OF TIME MAY OCCASIONALLY GO TO THE "S" CONDITION FOR 
!MALL FRACTIONS OF A UNIT OF TIME~ OR VICE-VER!A. IN THE ABOVE PROGRAM 
THE COMPUTER "SAMPLES" FOR THE STATE OF THE INCOMING SIGNAL JUST ONCE 
IN EACH UNIT OF TIME. I' BY CHANCE IT SHOULD SAMPLE THE SIGNAL AT THE 
I'OMENT THAT "NOISE-' VAS PRESENT ~ INCORRECT DATA COULD 8E RECEI VED. IN 
A "CRITICAL" APPLICATION#. IT MJGHT BE DESIRABLE TO REDUCE THE CHANCE OF 
SUCH AN EPtROR OCCURING. THIS COULD BE DONE BY "SAMPLING" THE INCOMING 
SIGNAL SEVERAL TIMES DURING EACH UNIT OF TIME AND COMPUTING AN AVERAGE 
OF THE "VALUE" RECEIVED TO DETERMINE WHETHER THE SIGNAL VAS TRULY IN A 
"I" OR "S" STATE. FO" INSTANCE# ONE COULD ELECT TO "SAMPLE" TME ! I G­
Na\L FIVE TIMES NEAR THE "MIDDLE" OF EACK UNIT OF TIME AND THEN MAKE A 
IECISION AS TO WHETHEJIt THE SIGNAL VAS A "." OR A "i" BY DETERMINING 
WHICH STATE VAS DETECtED 3 OR MORE OUT OF THE 5 SAMPLED TIMES. SUCH A 
"SAMPLING" METHOD WOULD GREAT1.Y REDUCE THE CHANCES OF "NOISE" CAUSING 
AN INCORRECT SIGNAL LEVEL TO BE ~ECEIVED. 

THE TIME DIAGRAM AT THE TOP OF THE NEXT PAGE ILLUSTRATES A SIGNAL 
WITH THE UPWARD ARROWS .ALONG THE BOTTOM OF THE DIAGRAM REPRESENTING THE 
MULTIPLE SAMPLING POINTS. IN EACH UNIT OF TINE. DEVELOPING A PROGRAM TO 
GIVE THE IMPROVED PERFORMANCE IS NOT DIFFICULT BUT IT DOES REIUIRE A 
FEW MORE TIME RELATED CONSI DERATION! WHEN DEVELOPING THE "SOFTVAJltE." 
'I1IESE ILLUSTRATIONS W1LL BE POINTED OUT IN THE DISCUSSION THAT FOLLOWS • 

. TO' BEGIN DEVELOPMENT. OF THE MU1.TIPLE-SAMPLING PROGRAM AMAdOR SUB­
MUTINE WAS DEVELOPED THAT WOULD PERFORM THE TASK OF "SAMPLING" FIVE 
TIMES IN SUCCESSION# KEEPING TRACK OF WHETHER A "I" OR .. " .. WAS JltECEIV­
m~ AND FINALLY DETERMINING WHICH STATE VAS RECEIVED MOST O"EN. THE 
SUBROUTINE WITH EXECUTION TIMES JOR EACH INSTRUCTION IS PR£SENTED AFTER 
THE DIAGRAM ON THE NEXT PAGE. THE READER MIGHT PAY SPECIAL ATTENTION TO 
'!HE MANNER IN WHICH THE ·'PFtEDOMINANT" SIGNAL STATE VAS DETERMINED • 
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MNEMONIC .. _---_ ....... _-_ ... -
!AMPLE .. LDI 815 

LEI 371 
BITEST .. INP X 

NDI 288 
CTS PLUSE 
NDl 2"0 
CFS MINUSE 
DCD 
tfn BITEST 
LAE 
NDI'281 
RET 

PLUS&: .. INE 
RET 

"INUSE .. DeE 
RET 

COMMENTS 

ISET COUNT~ FOR NUMBEJI! Of SAMPLES 
ISET UP REG "E" FOR STORING SIGNAL STATE 
ISAMPLE CURRENT SIGNAL ON INPUT LINE 
IMASK OFF UNUSED INPUT LINES 
IINCREMENT "E" IF SIGNAL A LOGIC "I" 
IRESTORE FLAGS TO REFLECT ACC CONTENTS 
IDECREMENT "Elt IF 91 GNAL A LOGIC 'tS" 
IDECREMENT SAMPLING COUNTER 
ISAMPLE AGAIN IF COUNTER NOT • " 
I"HEN HAVE 5 SAMPLES PLACE "E" INTO ACC 
IMASK OFF ALL BUT MOST SIGNIF1CANT BIT 
IEXIT VITH PREDOM SIG STATE IN M58 OF ACC 

IINCREMENT REGISTER ItE" 
IEXIT 

IDECREMENT REGI STEJIt "E" 
IEXIT 

INFORMATION REGARDING THE AMOUNT OF TIME RE.VIRED TO EXECUTE POR­
TIONS OF THE ··MULTIPLE SAMPLING" ROUTINE dUST PRESENTED IS REaUIRED 
BEFORE THE OVER-ALL ROUTINE CAN BE DEVELOPED FOR REASONS THAT WILL SOON 
BE APPARDT. 

THE ftEADEft CAN CONFIRM THAT THE TIME BETWEEN EACH OF THE FIVE SAM­
PLE! WILL BE 288 MlCftO!ECONDS FOR A TYPICAL 8088 SYSTEM ftEGARDLESS OF 
,"AT SIGNAL STATE VAS R£CE·IVED. ,IT IS IMPOftTANT TO NOTICE HOV THE 
SAMPLING ftOUTINE WAS "BALANCED" BY THE APPROPRIATE CHOICE OF INSTftUC­
TION! SO THAT THE ftECEIPT OF EITHP SIGNAL STATE RESULTS IN THE SAME 
TOTAL TIME TO EXECUTE THE ·'SAMPLING LOOP." I,. THI S REIUIREMENT VERE 
t«>T MET THE PROGRAMMEPt WOULD HAVE IUITE A "HEAD-ACH~' TRYING TO DEVEL­
(liE AN ACCURATE ROUTINE BASED ON ALL THE POSSIBLE COMBINATIONS OF "I" 
MD ·'e" SIGNAL STATES THAT COULD BE RECEIVEDI 

THE READER SHOULD ALSO TAKE. NOTE THAT THE "SET UP" TIME. THAT IS THE' 
TIME TO EXECUTE TJIIE INSTl'ttTCTIONS FROM THE LABEL ·'SAMPL~' TO "BI TEST·· 
PLUS THE TIME TO 'ACTUALLY "CALL" THE !'UBJIlOtJTINE WOULD REIUI"E I 08 MICRO­
SECONDS. THAT IS .. IT WILL TAKE 108 MICROSECONDS FROM THE T1ME THE PRO­
GRAM !TAftT! TO "CALL" THE SUBROUTINE UNTIL THE FIRST ·'INP X" INSTRUCTION 
IS ENCOUNTERED. 

ADDITIONALLY .. THE READER SHOULD NOTE THAT IT WILL REIUIRE 3_4 MICRO­
SECONDS '""OM THE TIME THE I'TH SAMPLE ·15 TAKEN UNTIL THE SUBROUTINE IS 
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ACTUALLY EXITED! 

IT IS IMPORTANT TO KNOW THESE RELATIONSHIPS SO THAT THE ENTIRE SUB­
ROUTINE CAN BE PROPERLY LOCATED WITHIN A TIME FRAME. FOA INSTANCE~ 
SINCE IT WOULD BE DESIRABLE TO HAVE THE 3 1 RD "SAMPLE" TAKE PLACE AT THE 
THEORETICAL ·'MIDDLE" OF A ··UNIT OF TIME" IT WILL B£ NECESSARY TO START 
'-CALLING" THE "SAMPLE" SUBROUTINE wHEN THERE ARE ABOUT 668 MICftOSECONDS 
J1tEMAINING BEFORE THE THEOftETICAL MIDDLE or THE ·'UNIT OF TIME." THIS IS 
BF.CAUSE IT WILL HE.UIRE 108 MICftOSECONDS TO "CALL" AND "SET uP" THE SAM­
PLING SUBJltOUT'INE~ PLUS 280 MI CROSECONDS BETWEEN THE I' ST AND 2 'ND SAMPLE 
MND ANOTHEJit 288 MICROSECONDS BETWEEN THE 2'ND AND 3'RD SAMPLE. 

SIMILARLY IT I! IMPRTANT TO KNOW THAT THERE WILL BE 90. MICROSECONDS 
~OM THE TIME THE 3'JItD SAMPLE 15 TAKEN UNTIL THE ROUTINE 15 EXITED. AS~ 
280 MICROSECONDS WILL BE TAKEN BETWEEN SAMPLE NUMBER 3 AND ~~ ANOTHER 
280 MICROSECONDS BETWEEN SAMPLE. AND J~ AND AN ADDITIONAL 3 •• 'MICRO­
SECONDS FJltOM S'AMPLE NUMBEIt 5 TO THE TIME THE ROUTINE IS EXITED. 

WITH T.HlS INFO~MATION NOV AVAILABLE ONE CAN CALCULATE HOW MUCH TIME 
SHOULD BE USED FROM THE TIME A START BIT IS RECEIVED UNTIL IT IS TIME TO 
"CALL" THE "SAMPLE"SUSJltOUTIN! SO THAT THE 3 'RD SAMPLE POINT WILL BE IN 
THE MIDDLE OF A "UNIT OF TIME." AND_ AFTEJIt THAT_ HOW MUCH DELAY TO PRO­
VIDE FROM'THE TIME THE "SAMPLE'· SUBROUTINE IS EXITED IN ONE UNIT OF TIME 
UNTIL IT IS TO BE CALLED AGAIN TO SAMPLE THE SIGNAL IN THE MIDDLE RANGE 
OF THE NEXT UNIT OF TIME. 

IN A SITUATION SUCH AS THE ONE BEING DlSCUSSED~ IT IS OFTEN HELPFUL 
TO PRODUCE AN '·EXPANDED TIMING DIAG'RAM'· TO lLLUS.TRATE SMALLER PORTIONS 
OF '·CRITICAL" TIME RELATION!HIP5. AN EXPANDED DIAGRAM SHOVING THE IN­
Jl'QPlMATION tJU!T DEJltIV£D AS IT APPLIES TQ THE "START" BIT AND THE l'ST 
'-nATA" BIT OF THE EXAMPLE INCOMING SIGNAL IS SHOWN BELOV. 

START I i I 
51 I 

1 iittt ttitf 
54 r- ~"8 'O .. ~ ~.... .0+1 

j-'1J3741 r- '~~8--1 

Ls 
1006---' C?JODO -__. ..... ----- 20" 000 -----.. 

EXPANDED TJMING DIAGRAM 

WITH THE TIMING RElUIREMENTS OF THE ··SAMPLE" SUBROUTINE KNOWN~ THE 
APPROPRIATE DELAYS TO PLACE THE "SAMPLING·' SUBROUTINE SUCH THAT THE 3 'I'D 
!AMPLE IS AT THE MIDDLE OF It ·'UNIT OF TIME" CAN BE ASCEJltTAINED AS SHOWN 
~ THE ABOVE EXPANDED DIAG~AM. IT IS THEN A JltELATIVELY EASY MATTER TO 
KJD1" THE PftOGftAM PftEVIOUSLY DEVELOPED ,FOR THE CASE IHD ONLY A SINGLE 
SAMPLE VAS TAKEN PEft TIME UNIT SO TKAT IT "CALLS" THE "SAMPIi.E" SUS .. OUT-
IHE. AN EXAMPLE OF SUCH A ROUTINE IS PRESENTED NEXT. 
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32 
32 
~ I 36 
.. + 918. 
~ + 1128 
36 I •• 
.. + 28 
28 
28 
~+182." 
~ + 1128 
28 
28 
28 
2iJ 
28 
U I 36 
28 
28 
28 
.. +·'18. 
28 

32 
28 
2fJ 
.. + 28 
28 
12 I 28 
..... 

MNEMONIC 

.... --- ... -~- .. ----
8DIN# 1.81 """ 

Lei ""' STRTIN# INP X 
·NDI 218 
"TS STRTIN 
·CAL HDELAY 
CAL SAMPLE 
dTS STRTIN 
CAL DUMMY 
NDA 
NDA 

MORBDI" CA~ IDELAY 
GAL SAMPLE 
RAL 
LAB 
RAft 
LBA 
DCC 
'~FZ MORBDI 
IItRC 
RftC 
RJltC 
CAL tlDELAY 
RET 

IDELAY, LDI 282 
NDA 
NDA 

RDELAY" CAL DUMMY 
DCD 
RTZ 
dMP RDELAY 

HDELAY. LDI 181' 
NDA 
NDA 
dMP PlDELAY 

DUMMY. RET 

COMMENTS 

-----------_ ...... 
ICLEAft INCOMING FORMING & STORAGE REGISTER 
ISET BIT COUNTER 
ILOOIC FOR "START·' BI T 
IMASK OFF, IRRELEVANT DATA 
II F NO START Bl T # FOftM "SAMPLING 1.00P" 
II F FIND LOGIC •• " •• ASSUME START .. DELAY , 
lAND THEN DO M1JLTIPLE SAMPLE ON START BIT 
II F RESULT NOT "e" ASSUME FALSE START 
IADD COMPENSATING DELAY BEFORE ENTERING 
IMAIN'''DATA" SAMPLING ROUTINE 
IWITH THESE THREE INSTRUCTIONS 
IEXECUTE MAIN DELAY LOOP 
IMULTIPLE SAMPLE ROUTINE ON "DATA" BITS 
ISAVE RESULTING STATE IN CARRY FLAG 
IGET ANY PREVIOUS BITS 
IROTATE NEV BIT FROM CARRY INTO Ace 
ISAVE FORMATION IN REGISTER t'8" 
IDECREMENT BITS COUNTER 
IDELAY " THEN FETCH NEXT "DATA" 81 T 
IHAVE AL.L I "DATA" BITS - RIGHT dUSTI" 
ItN ACCUMULATOR BY ROTATES 
IBEFORE PREPARING TO EXI T 
IOPTIONAI.. DELAY TO, REACH "STOP" AREA 
IEXIT BAUDOT INPUT ROUTINE 

ISET TIME LOOP COUNTER 
ITRIM TIME DELAY 
ITRIM TIME DELAY 
ITIME CONSUMING LOOP 
IDECRDlENT COUNTEJIt 
IEXIT TO CALLING RTN WHEN CNTR • 0 
10THERWISE CONTINUE USING UP TIME 

ISET TIME LOOP COUNTER 
ITRIM TIME DELAY 
ITRIM TIME DELAY 
IGO USE UP MORE TIME 

ISHORT RTN TO USE UP TIME 

THE INFORMATION PRESENTED TO THIS POINT IN THE CHAPTER HAS BEEN CON­
CERNED WITH ILLUSTRATING TECHNIIUES TO COORDINATE THE EXECUTION OF A 
PROGRAM WITH THE TIMING REIUIPtEMENT OF AN EXTERNAL DEVICE" THROUGH THE 
METHOD OF PROVIDING TIME DELAYS., TO EFFECTIVELY "SLOW DOW" THE EXECU­
TION OF A P~OGRAM. HOWEVER" ANOTHER ASPECT OF REAL-TIME PROGRAMMING IN­
tOLVES ESSENTIALLY THE OPPOSITE OBJECTIVE. THAT IS TO OBTAIN MAXIMUM 
SPEED OF OPERATION FROM A COMPUTER PROGRAM SO THAT IT MAY HANDLE EVENTS 
THAT MIGHT BE OCCURING IUITE RAPIDLY. THE BALANCE OF THIS CHAPTER WILL 
PPtESrMT Si.17EftAt. BASIC GUIDE LINES FOfi "STREAMLINING" THE OPERATION OF A 
PROGRAM TO 'OBTAIN MAXIMUM SPEED OF EXECUT10N. 

PERHAPS THE FIRST POINT TO PRESENT IS THAT THEftE IS A COROLLARY BE­
TWEEN OBTAINING MAXIMUM OPERATING SPEED AND THE AMOUNT OF MEMORY RE.UIR­
ED BY THE P~OGRAM THAT MAY AT FIRST SEEM A LITTLE STRANGE. THAT IS., AS 
ONE ATTEMPTS TO PROG~AM AN 8888 SYSTEM TO EXECUTE A PROGRAM THAT WILL 
PERFORM A FUNCTION IN A MINIMtlJM AMOUNT 0 F TIME .. ONE GENERALLY WILL IN-
~EASE THE AMOUNT OF MEMOftT NEEDED TO STORE THE OPERATING PROGRAM. Tft£ 

., - 12 ' 



REASON FOR THIS ftEhATIONSKIP IS THAT STREAMLINING A PROGRAM GENERALLY 
HE_VIRES THE ELIMINATION OR REDUCTION IN THE USE OF "LOOPS" AND SUBROUT­
INES,. WHICH., THE READER MAY JIlECALL., VEftE EARLl Eft STRESSED FOR THEI R AB­
ILITY TO SAVE MEMORY STORAGE SPACEI 

TO ILLUSTRATE HOW THE ELIMINATION OF ·'LOOPS·· CAN DRAMATICALLY REDUCE 
1HE TIME RElUIRED TO EXECUTE A SPECI FIC FUNCTION" CONSIDER THE EXAMPLE 
PRESENTED NEXT. IN THIS CASE" A PROGRAMMER NEEDS TO LOAD THREE CONSECU­
TIVE WORDS IN MEMORY WITH THE CONTENTS OF THE ACCUMULATOR IN AS LITTLE 
TIME AS POSSIBLE. A ROUTINE USING A "LOOP" MIGHT BE AS SHOWN HEREr 

32 
28 AGAIN" 
20 
28 
4./36 

LSI 803 
LMA 
INL 
DCB 
JFZ AGAIN 

THE READER MAY EASILY CALCULATE THAT THE TOTAL TIME REQUIRED TO EXEC­
ME THE ABOVE LOOP WOULD 8E 368 MICROSECONDS. A ROUTINE THAT DID NOT 
USE A LOOP COULD BE EXECUTED IN ABOUT 1/3 THE TIME IN THIS PARTICULAR 
CASE AS ILLUSTRATED NEXT. 

28 
28 
28 
20 
28 

LMA 
INL 
LMA 
INL 
LMA 

11iE "STRAIGHT" ROUTINE ONLY REClOlftES 124 MICROSECONDS TO DO THE SAME 
dOB. WHILE THE COROLLARY MENTIONED ABOVE MIGHT NOT SEEM EVI DENT WHEN 
SUCH A SHORT LOOP IS INVOLVED" CONSIDER THE SAME CASE IF 29 LOCATIONS 
IN MEMORY VEltE TO BE LOADED WITH THE DATA IN THE ACCUMULATOR. ONE CAN 
CALCULATE THAT THE LOOP METHOD WOULD ONLY REiDIRE 8 (DECIMAL) LOCATIONS 
IN MDIORY FOR THE OPERATING PORTION OF THE PROGRAM' AND WOULD EXECUTE 
'!HE PROGI'tAM IN 22~ MICROSECONDS. ON THE OTHER HAND" THE "STRAIGHT" 
mUTINE METHOD VOVLD REGUIRE SOME 3. LOCATIONS IN MEMORY FOR STORAGE OF 
'DiE OPERATING PROGRAM" BOT THAT "STRAI GHT-' ROUTINE WOULD BE EXECUTED IN 
A M~E ••• MICROSECONDS. 

THE ELIMINATION OF SUBROUTINES CAN AbSO GREATLY SPEED UP THE OPERA­
TION OF A CRI'TICAL' PORTION OF A PROGRAM AS SHOWN BY THE FOLLOWING EXAM­
PLE. THE FOLLOWING "SUBROUTINE" METHOD MIGHT BE USED AS PART OF A PRO­
GRAM THAT WAS TO RAPIDkY OVTPUT THE CONTENTS OF THE ACCUMULATOR AS A 
SIRlES OF OCTAL DIGITS. I.E." THE OUTPUT DEVICE WOULD ONLY RECEIVE THE 
1HREE LEAST SIGNIFICANT BITS. IN THE ACCUMULATOR. 

24 OUT X .... + 88 CAL ROTAND 
24 OUT X 
44 + 88 CAL ROTAND 
24 OUT X 
16 HLT 

WHERE THE 'S1fBROCTINE "IlOTAND" APPEARS AS. 

28 ROTAND" RAR 
21 RAR 
28 RAPt 
21 ,RIT 

(liE CAN CALCUUTE TRAT EXECUTING THE ABOVE "SUBJIlOUTINED" PROGRAM WOULD 

, - 13 



ftElUIRE 336 MICROSECONDS. -THE "STRAIGHT" PROGRAM METHOD SHOWN-BELOV ON­
LY RZ •• IRES 288 MICRO$ECONDS TO DO' THE SAME FtJNCTION. 

24 OUT X 
28 RAft 
28 RAR 
28 RAft 
24 OUT X' 2. RAft 
28 RAR 
28 RAR 
24 • OUT X 
16 HLT 

VHI~E THE ABOVE EXAMPLE DOES NOT SUPPORT THE "MEMORY USAGE CORALL­
MY·' ONE CAN SEE THAT 1 F THE StmftOUTINE WERE SOMEWHAT LONGER - SAY 1 T 
OONTAINED EIGHT OR NINE INSTRtJCTIONS~THAT .THE CORALLAI'tY WOULD BE TRUE. 

ANOTHER RULE OF THUMB TO APPLY TOWARDS DEVELOPING PROGRAMS TO OPER­
ATE IN A MINIMUM AMOUNT OF TIME IS TO DO AS MUCH WORK AS POSSIBLE WITH 
CPU REGISTERS INSTEAD OF WITH MEMORY. FOR INSTANCE~ SUPPOSE ONE HAD AN 
INSTRUMDIT INTERFACED TO A 8888 SYSTEM THAT PERIODICALLY NEEDED TO SEND 
A SHORT "BURST" OF DATA TO THE COMPUTER FOR STORAGE. FOR TECHNICAL CON-
SIDERATIONS ASSUME THAT IT WAS DESIRED TO RECEIVE THE "BURST" AS RAPID­
LY AS POSS18LE~ APTER WHICH THE COMPUTER WOULD HAVE SOME "I DLE'- TIME TO 
JiIIIlOCESS THE DATA. ONE CAN READlLY SEE BY THE FOLLOWING EXAMPLE THAT IT 
VIhL TAKE MUCH LESS TIME TO STORE, SAY FOUR "CHARACTERS" IN CPU REGIS-
TERS# THAN TO STORE THE SAME AMOUNT DIRECTLY IN MEMORY. A ROUTINE TO 
STORE THE CHARACTERS DIRECTLY IN MEMORY WOULD REQUIRE. 

32 
28 
28 
32 
28 
28 
32 
28 
28 
32 
28 

INP X 
LtiA 
INL 
INP X 
LMA 
INL 
IMP X 
LMA 
INL 
INP X 
LMA 

OR A TOTAL OF 308 MICROSECONDS. STORING THE DATA IN CPU REGISTERS WOULD 
(ffLY RElUIIIE 216MJCROSECONDS USING THE FOLLOWING ROUTINE. 

32 2. 
32 
28 
32 
21 
32 
28 

INP X 
LBA 
IMP X 
LCA 
INP X 
LDA 
INP X 
LEA 

THE FACTOR THAT MIGHT BE PARTICULARLY VALUABLE IN A "TIME-TIGHT" APPLI­
CATION IS THAT EACH CHARACTER IN THE SECOND ROUTINE COULD BE ACCEPTED 
AT 12 MICROSECOND INTERVALS 'WHILE THE FIRST ROUTINE COULD NOT ACCEPT THE 
CHARACTERS AT'A RATE FASTER THAN EWERY 81 MICROSECONDS. NATUftALLY~ THE 
MOVE EXAMPLE IS STRICTLY LIMITED '0 THE CASE VHERE VERY SHORT "BURSTS" 
ME BEING HAIIDL!D AS THERE ARE A LIMITED NUMBER OF CPU REGISTERS AVAIL­
ABLE I. WHICH TO STOllE -DATA. HO.EYD~ THE PRINCIPLE CAN BE VALUABLE. 
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THE CONCEPT OF UTILIZING CPO ftEGISTERS AS MUCH AS POSSIBLE CAN "BE 
EXTENDED TO A VAllI ETY 0,' APPLICATIONS BESIDES THE ONE ILLUSTRATED ABOVE. 
FOR INSTANCE. IT IS 0"_ ADVAlfTAalDUS TO SET UP CPU REGISTERS IN AD­
~NCE OF A "CRITICAL" TIME PERIOD IN ORDER TO STREAMLINE A PROGRAM DUR-
ING SELECTED OPDATINO PDtIODS. pOJl INSTANCE. SUPPOSE ONE NEEDED TO IN-
PUT DATA AT A FAST RATE AND ALSO PERFORM SOME MANIPtJLATION OF THE DATA. 
SUCH AS. PERFORM A TIO'S COMPLDlENT OPBATION ON THE DATA AND THEN DEPO­
SIT THE DATA IN MDIORY. ONE WAY TO DEVil.OP THE ROtrrINE WOULD BE AS FOL­
LOWS. 

32 REeEI V~ INP X 
32 NDI 377 
32 ADI 901 
28 LMA 
2. INL 
~4/36 .:IFZ RECEIV 

THE ABOVE ROOTINE COULD HAVE THE TIME FACTOR DECREASED BY ABOUT 12 
PERCENT I F, PRIOR TO ENTERING THE "LOOP" (A NECESSAftY EVIL IN THIS EX­
AMPLE BECAUSE A "LARGE-' BI.OCK OF DATA IS HYPOTHETICALLY BEING PROCESSED) 
mE FIRST SET CPU REGISTER "B-' TO CONTAIN "377" AND CPU REGISTER "e·' TO 
Jl)LD "I" 1," AND USED THE ROUTI NE SHOWN NEXT. 

32 RECEIV .. 
20 
28 
28 
28 
~~/36 

INP X 
NDB 
ADC 
LMA 
lNL 
dn REeDV 

A FEW CI.OSING COMMENTS ON THE SUBdECT 0 F "STREAMLINING·' REAL-TIME 
PROGRAMS WOULD IMeLODE THE MENTION THAT 1 F "SUBROUTINES·· ARE NEe ESSARY, 
TO USE THOSE VALl1ABLE;"RESTARTt. COMMANDS WHICH ONLY REIUIRE 28 MICRO-
SECONDS FOR AN EFFECTIVE "CALL" INSTEAD OF ~~ MICROSECONDS. ADDITION-
ALLY .. THE PROGRAMMER SHOULD PAY STRICT ATTENTION TO OVER-ALL PROGRAM OR­
GANIZATION IN ORDER TO REDUCE TIME CONSUMING "OVERHEAD" OPERATIONS. OR 
AT LEAST TO DEFER SUCH OPERATIONS .oR EXECUTION DURING NON-CRITICAL TIME 
PERIODS. 

FINALLY ~ REAL-TIME PROGRAMMING I S AN AREA WHEftE THE CREATl VE PROG-
RAMMER CAN HAVE A LOT OF FUN. EXPDtIMDlT .. LOOK FOR NEV METHODS TO SOLVE 
A PARTICULAR PROBLEM - YOU MAY FIRD A BETTER .. FASTER VAYt SUCH AS. 

HAVE THE FIRST INSTRUCTION OF THE ABOVE ROUTINE LOCATED AT THE ADD­
RES! OF RESTART LOCATION .. x .... MODI FYTHEROUTINE AS ILLUSTRATED. AND CUT 
MOTHER? PERCENT 0,.,. THE IlEltJIRED EXECUTION TIME OF THE ROUTINEl 

32 IMP "X" 
2" NOB 
21 ADC 
28 LItA 
al INL 
12/21 RTZ 

2" RST "X" 
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'PROM' PROGRAMMING CONSIDERATIONS 

FOR READERS WHO MAY NOT BE FAMILIAR WITH THE ABBREVIATION~ A "PROM" 
IS A "PROGRAMMABLE READ-ONLY MEMORY" ELEMENT. A PROGRAMMABLE READ-ONLY 
MEMORY ELEMENT IS AN ELECTRONIC DEVICE THAT CAN BE "PROGRAMMED" WITH A 
PROGRAM USING A SPECIAL INSTRUMENT SO THAT IT CONTAINS A "PERMANENT" 
PROGRAM. SOME "PROM" ELEMENTS CAN BE "ERASED" AND RE-PROGRAMMED BY US­
ING SPECIAL INSTRUMENTS WHICH ARE GENERALLY TOO EXpmSIVE FOR THE AVER­
AGE USER TO HAVE READILY AVAILABLE. WHEN THE "PROGRAMS" IN SUCH ELE­
MENTS NEED TO BE CHANGED IT IS GENERALLY NEC,ESSARY TO SEND THE DEVICE 
8\CK TO THE MANUFACTURER OR REPRESENTATIVE FOR PROCESSING. 

THE KEY FEATURE THAT A "READ-ONLY MEMORY" ELDIENT HAS OVER A "RAM" 
mEAD AND WRITE MEMORY) DEVICE IS THAT ONCE A PROGRAM HAS BEEN PLACED IN 
A "ROM" IT IS NON-VOLATILE~ OR PERMANENT. A SEMI-CONDUCTOR "RAM" DEVICE 
WILL LOSE IT'S CONTENTS IF POWER IS RntOVED FROM THE DEVICE. A "ROM" 
WILL RETAIN THE INJiORMATION PLACED IN IT I F POWER IS REMOVED. THUS~ THE 
"ROM" IS ,AN IDEAL MEMORY DEVICE IN WHICH TO STORE PROGRAMS THAT ARE PER­
~NENT IN NATURE OR THAT HAVE FREQUDlT USE IN A SYSTEM WHERE POWER MAY 
fREQUENTLY BE REMOVED. IT ELIMINATES THE PROCESS OF HAVING TO "LOAD" 
PROGRAMS BACK INTO MEMORY WHEN A COMPUTER'SYSTEM IS INITIALLY "POWERED­
\P" FOR A PERIOD OF OPERATION. 

THE KEY DISADVANTAGE OF THE "ROM" IS THAT THE COMPUTER CANNOT ALTER 
11IE CONTENTS OF THOSE MEMORY LOCATIONS ASSI GNED TO A "ROM" DEVICE. THUS 
ONE MUST TAKE SPECIAL PRECAUTIONS WHEN DESIGNING PROGRAMS THAT ARE TO 
RESIDE IN A "ROM" DEVICE. 

FOR INSTANCE~ ONE CANNOT USE MEMORY ADDRESSES IN A ROM TO STORE TEM­
PORARY POINTERS AND COUNTERS FOR A PROGRAM THAT NEEDS TO ALTER SUCH 
POINTERS AND COUNTERS DURING THE PROGRAM'S OPERATION - AND SIMILARLY ONE 
CANNOT USE ANY SUCH LOCATIONS FOR ANY KIND OF TEMPORARY STORAGE 0 F DATA 
OR OTHER "TEMPORARY· INFORMATION~ BECAUSE~ AS JUST MENTIONED~ THE COM­
PUTER WILL NOT BE ABLE TO "WRITE- THE INFORMATION INTO THE ROMI 

THUS~ IF A PROGRAM IS TO BE STORED IN A ROM~ AND IT IS NECESSARY TO 
USE POINTERS AND COUNTERS IN A PROGRAM (AS WILL CERTAINLY BE THE CASE IN 
~NY APPLICATIONS) ONE SHOULD ARRANGE THE PROGRAM TO USE CPU REGISTERS 
PDR THOSE PURPOSES~ OR TO USE ADDRESSES IN MEMORY THAT WILL CONTAIN RAM 
ELEMENTS. 

A ROM ELEMENT CAN BE CONSIDERED AS A "HARDWARE" MEMORY ELEMENT AND 
AS SUCH, ONE OF THE FIRST MATTERS ONE SHOULD CONSIDER WHEN PLANNING ON 
INSTALLING ROMS IN A COMPUTER SYSTEM~ IS WHERE TO ASSIGN THE ROM ELE­
MENTS IN MEMORY. A GOOD RULE OF THUMB IS TO PLACE SUCH ELEMENTS AT THE 
tpPER EXTREME ADDRESSES AVAILABLE. IN THE SYSTEM. FOR INSTANCE~ I F ONE 
~S AN 8808 SYSTEM CAPABLE OF ADDRESSING UP TO 4 K OF MEMORY, (PAGES 90 
1HROUGH 17) IT WOULD BE ADVISABLE IN MOST CASES TO DEVELOP PROGRAMS FOR 
FOM(S) THAT ARE ON PAGE 11~ OR IF MORE PAGES ARE REQUIRED FOR ROMS~ TO 
WORK DOWNWARD FROM THAT ADDRESS. (MOST ROM AND PROM DEVICES CAN CONTAIN 
256 EIGHT BIT WORDS - OR ONE "PAGE" IN A TYPICAL 8998 SYSTEM.) THIS AL­
lDWS ALL ADDRESSES BELOW THE ROM ELEMENT(S) TO BE AVAILABLE AS ONE CON­
TINUOUS BLOCK OF "READ AND WRITE" MEMORY WHICH IS GENERALLY A MORE CON­
VENIENT ARRANGEMENT THAN~ SAY~ STICKING A ROM ELEMENT ON PAGE 10 IN SUCH 
A SYSTEM~ THUS DIVIDING THE AVAILABLE ADDRESSES FOR RAM MEMORY INTO TWO 
SEPARATE AREAS. 

ALTERNATIVELY, ONE MIGHT WANT TO CONSIDER PLACING ROM ELEMENTS AT 
11IE LOWEST AVAILABLE ADDRESSES FOR THE SYSTEJt~ AND LFAVING THE UPPER AD­
a:iESSES AVAILABLE AS ONE CONTINUOUS BLOCK fOR RAM ELDlDlTS. HOWEVER~ 
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UNLESS A SYSTEM IS BEING DESIGNED TO SERVE AS A SPECIAL FUNCTION. DEVICE. 
IT IS GENERALLY VISE TO NOT USE A ROM ON PAGE 88 IN AN 888S SYSTEM AS IT 
WILL OCCUPY ALL THE POSSIBLE "RESTART" (RST) INSTRUCTION LOCATIONSI THE 
mcCEPTION TO THIS WOULD BE I F ONE DELIB~ATELY WANTED TO HAVE "POWER-UP" 
MUTINES THAT USED THE INTERRUPT FACILITY OF THE 8008 SYSTEM IN CONJUN­
CTION WITH A ROM TO AUTOMATICALLY GO TO A "RESTART" LOCATION. THE 
-RST" CLASS OF INSTRUCTIONS. WHICH USE THE SPECIAL LOCATIONS ON PAGE 00. 
ARE PARTICULARLY USEFUL COMMANDS WITH GENERAL PURPOSE APPLICATIONS. AS 
DISCUSSED ELSEWHERE IN THIS MANUAL. AND ONE SHOULD CONSIDER THEIR GEN­
ERAL PURPOSE CAPABILITIES CAREFULLY BEFORE DECIDING TO RESTRICT THEM TO 
A ROM APPLICATION. 

THE TYPES OF PROGRAMS THAT ARE GENERALLY MOST SUITABLE FOR PLACE­
MENT ON ROMS INCLUDE ROUTINES TO ASSIST GETTING A SYSTEM "ON-LINE" IM­
MEDIATELY FOLLOWING POWER TURN-oN. SUCH AS I/O ROUTINES AND "PROGRAM 
LOADERS." FREQUENTLY UTILIZED PROGRAMS THAT ONE MAY NOT WANT TO HAVE TO 
BE BOTHERED LOADING EACH TIME A SYSTEM IS STARTED. OR PROGRAMS FOR DEDI­
MTED APPLICATIONS. 

FOR INSTANCE. A USER WITH A TELETYPE SYSTEM MIGHT WANT TO PUT A 
STANDARD ROUTINE TO INPUT AND OUTPUT INFORMATION TO THE DEVICE (WHICH 
COULD BE.CALLED BY GENERAL ROUTINES) AND POSSIBLY A "LOADER PROGRAM" 
THAT WOULD ENABLE THE USER TO QUICKLY LOAD PROGRAMS INTO RAM MEMORY VIA 
A PAPER TAPE READER. IN SUCH AN APPLICATION. ONE MI GHT ALSO HAVE SPACE 
(II A PROM TO INCLUDE A SIMPLE PROGRAM THAT WOULD ENABLE ONE TO EXAMINE 
AND MODIFY MEMORY LOCATIONS USING THE TELETYPE DEVICE. THUS. WHENEVER 
POWER WAS APPLIED TO THE COMPUT!R SYSTEM. ONE WOULD INSTANTLY BE IN. A 
POSITION TO "LOAD" LARGER PROGRAMS INTO RAM MEMORY. OR TO IMMEDIATELY 
mE THE TELETYPE TO PLACE INFORMATION INTO RAM MDIORY. WITHOUT A ROM. 
11IE USER WOULD HAVE TO USE MANUAL CONTROL METHODS TO "LOAD" A "LOADER" 
PROGRAM OR OTHER ROUTINES INTO MEMORY. THE SAVINGS IN TIME ONE CAN ACH­
IEVE BY USING A. ROM TO STORE "START-UP" PROGRAMS OVER HAVIN~·1b USE PUR­
ELY MANUAL PROCEDURES CAN BE WELL WORTH THE COST OF A ROM OR PROM DE­
VICE. 

HOWEVER. A USER WHO DESIRED TO DEVELOP SUCH A PACKAGE FOR STORAGE 
ON A ROM DEVICE WOULD HAVE TO BE PARTICULARLY CAREFUL WHEN DEVELOPING 
1HE TELETYPE I/O ROUTINE I F SUCH A ROUTINE REQUIRED "RFAL-TIME PROGRAM­
MING- CONSIDERATIONS. SUCH AS A "TI~ING LOOP." POR INSTANCE, THE READ­
!It WHO HAS READ THE PREVIOUS CHAPTER WILL REALIZ E THAT I F THE COMPUTER 
PROGRAM ITSELF WILL CONTROL THE ACTUAL OPERATION OF A DEVICE SUCH AS A 
TELETYPE MACHINE. AND -TIMING LOOPS" ARE ESTABLISHED TO CONTROL THE PRE­
CISE TIME AT WHICH EVENTS WILL OCCUR. THAT THE ACTUAL TIMING REQUIRED 
TO PROPERLY OPERATE A DEVICE WILL BE A FUNCTION OF THE DEVICE BEING CON­
TROLLED AS WELL AS THE TIMING IN THE COMPUTER ITSE1.F. AND THAT THE AC­
CURACY AT WHICH SUCH TIMING MUST BE MAINTAINED. IS A FUNCTION OF THE AC­
CURACY OF THE TIMING IN THE COMPUTER SYSTEM AND THE DEVICE ITSELF. THIS 
ACCURACY MAY VARY BETWEEN DIFFERENT UNITS •. IF A FIXED "TIMING LOOP" WAS 
PROGRAMMED INTO A "PROM" AND AT SOME LATER DATE THE EXTERNAL DEVICE WAS 
REPLACED WITH A DI FFERENT ONE, OR THE TIMING OF THE COMPUTER WAS ADJUST­
ED. THE ORIGINAL "TIMING LOOP" MIGHT BE MADE INVALID. THUS, IN SUCH AN 
APPLICATION. IT MIGHT BE WISE TO PLACE THE ACTUAL "DATA" VALUE THAT IS 
TO CONTROL THE "TIMING LOOP" IN A "RAM" LOCATION AND HAVE THE PROGRAM IN 
11IE PROM ACCESS THAT VALUE. WHICH WOULD BE MANUALLY INSERTED BY THE OP­
!RATOR. RATHER THAN HAVING THE VALUE BE "FIXED" IN THE PROM. THE FOL­
LOWING TWO SUBROUTINES WILL HELP CLARIFY THE POINT. 

PROM PROGRAM WITH A "FIXED" TIMING LOOP VALUE 

TIME, LDI 180 /SET TIMING LOOP COUNTER .. 
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TIMER~ CAL DUMMY 
DCD 
RTZ 
JMP TIMER 

IDELAY SUBROUTINE 
IDECREMENT TIMING LOOP COUNTER 
IEXIT SUBROUTINE WHEN TIME DELAY DONE 
IOTHERWISE CONTINUE TIMING LOOP 

PROM PROGRAM WITH CAPABILITY TO ALTER TIMING LOOP -VALUE 

TIME~ LHI XXX 
LLI YYY 
LDM 

TIMER" ••• 

ISET POINTER TO "RAM" LOCATION WHERE 
ITIMINe LOOP COUNTER VALUE STORED 
ISET TIMING LOOP COUNTER VALUE 
ISAME AS ABOVE ROUTINE 

THE SECOND ROUTINE ILLUSTRATED ABOVE ASSUMES THAT THE CPU MEMORY 
POINTER REGISTERS WILL BE SET UP TO POINT TO A LOCATION IN RAM MEMORY 
lIiERE THE ACTUAL "LOOP COUNTER" VALUE WILL HAVE BEEN PLACED BY THE OP-
!RATOR. WHILE THE METHOD NECESSITATES THE OP~ATOR HAVING TO SET THE 
PROPER VALUE INTO RAM MEMORY BEFORE USING THE PROGRAM STORED ON THE ROM .. 
IT AVOIDS THE PROBLEM OF HAVING A "USELESS" PROGRAM IN THE PROM IF A 
TIMING VALUE MUST BE ALTERED AT SOME FUTURE DATE. IT SHOULD BE APPARENT 
1HAT THIS KIND OF SCHE14E CAN BE APPLIED TO ANY SIMILAR SITUATION WHERE A 
"VALUE" USED BY A PROGRAM MIGHT CONCEIVABLY NEED TO BE ALTERED. 

IF .. FOR SOME REASON~ ONE DID NOT WANT TO HAVE TO DEDICATE A LOCATION 
IN RAM MEMORY FOR A "VARIABLE" VALUE IN SUCH A ROUTINE - THERE IS STILL 
ANOTHER TRICK THAT CAN "SAVE" THE DAY IN SUCH A SITUATION. THE OPERATOR 
COULD MANUALLY LOAD THE "D" REGISTER IN THE CPU PRIOR TO USING THE ABOVE 
TfPE OF SUBROUTINE (OR HAVE AN EXTERNAL ROUTINE IN 'RAM MEMORY PERFORM 
'!HE SAME JiUNCTION BEFORE USING THE ROUTINE)~ IN WHICH CASE ONE COULD EL­
IMINATE THE PORTION OF THE ABOVE ROUTINE LABELED "TIME" AND SIMPLY USE 
1HAT PORTION LABELED "TIMER." 

A GOOD RULE 0 F THUMB TO APPLY WHEtl CONSI DERING THE USE OF ROM IN A 
SYSTEM IS TO TAILOR THE PROGRAM FOR COMPACTNESS. A"ER ALL .. THE MORE 
ROUTINES OR SUBROUTINES ONE CAN STORE ON A PROM .. THE MORE USEFUL THE DE-
VICE WILL BE. MAKE EVERY EFFORT TO SAVE MEMORY SPACE BY JUDICIOUS USE 
OF SUBROUTINING~ WITH MULTIPLE ENTRY POINTS IF APPLICABLE. AND BY USE OF 
PROGRAM LOOPS. AN EARLIER CHAPTER S~RESSED THE CONCEPT AND PROVIDED 
GOI DELINES AND FORMULAS FOR CALCULATING WHEN SUCH TECHNI GlUES ARE APPLI­
CABLE. ONE SHOULD FIGURE ON SPBJDING SOME EXTRA TIME WHEN DEVELOPING 
PROGRAMS TO BE STORED ON ROMS IN ORDER TO LOOK AT WAYS TO SAVE MEMORY 
SPACE. TRY TO USE EVERY AVAILABLE. LOCATION ON A PROM - AFTER ALL .. ANY 
tJlUSED LOCATIONS WILL BE "PERMANDlTLY" WASTED. I F ONE FINDS ONE HAS 
SOME ROOM LEn' IN A PROM AFTER ONE HAS PLACED THE PROGRAMS REQUIRED TO 
BE ON THE DEVICE FOR A PARTICULAR APPLICATION .. CONSIDER THE POSSIBILITY 
OF "TUCKING IN" A FEW SMALL ROUTINES THAT WOULD HAVE GENERAL USEFULNESS. 
SUCH ROUTINES AS .. SWITCH .... "ADV~" AND "CHTDWN" WHICH WERE PRESENTED AND 
t.5ED FREQUENTLY IN EXAMPLES THROUGH-OUT THIS MANUAL ARE TYPICAL KINDS OF 
GENERALLY USEFUL SUBROUTINES THAT ONE MIGHT CONSIDER HAVING ON A ROM 
FATHER THAN "WASTING" ANY LOCATIONS. THESE TYPES OF ROUTINES WOULD THEN 
ALWAYS BE AVAILABLE IN THE SYSTEM FOR USE BY PROGRAMS RESIDING IN RAM. 

ABOVE ALL .. HOWEVER .. ONCE ONE HAS DEVELOPED ROUTINES FOR A PROM~ ONE 
SHOULD THOROUGHLY TEST AND CHECK THE PROGRAM(S) TO MAKE SURE THEY ARE 
ABSOLUTELY OPERATING AS INTENDED. AFTER ALL .. IT IS A BIT COSTLY TO MAKE 
A "PROGRAM PATCH" ON A READ-ONLY M9tORY ELEMENT I 
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CREATIVE PROGRAMMIRO CONCEPTS 

ORCE ONE HAS BECOME FAMILIAR WITH THE FUNDAMENTAL ASPECTS OF MACH-
INE LANaUAIE PR08RAKKINa. ONCE ORE IS FAMILIAR WITH THE KMEMONICS THAT 
REPRESENT THE MACHINE LAlf8UAGE COJlllAilDS OD CAlf MDfTALLY THINK OF THE 
.uNCTIONS THAT THOSE MNEMOMICS .REPRESENT. ONCE ONE HAS LEARNED HOW TO 
JIORMALIZE AND PLAN OUT A PROGRAM. UNDERSTANDS PLOW CHARTING. AND MDIORY 
jLLQCATION OR MAPPING. ONCE ONE HAS HAD SOME PRACTICE AT DEVELOPING AL-
(l)RITHMS AND CONSItiING SMALLER ALGORITHMS INTO PULL SIZED PROGRAMS BY 
SUBROUTININS. ONCE ONE IS FAMILIAR WITH SETTING UP POINTERS. COUNTERS. 
JORMINI PROIRAM LOOPS. UTILIZING BIT "MASKS." ONCE ONE HAS A "FEEL" 
POR ORSANIZINS DATA FOR TABLES. AND UNDERSTANDS HOW DATA CAN BE SORTED. 
ONCE ONE UNDERSTANDS HOW MATHEMATICAL INPORMATION MAY BE PROCESSED BY 
1KE COMPUTER. AND. ONCE ONE KNOWS HOW TO GET DATA INTO AND OUT OF THE 
CPU JlROM AND TO SOME EXTERNAL .. DEVICES. I.E •• ONCE ONE HAS SPENT A LIT­
TLE TIME STUDYIN. THE ASPECTS OF MACHINE LANGUAGE PROGRAMMING A COMPUT­
!1i - AS ONE WILL HAVE DONE BY READING (AND HOPEFUlLY LEARNING') THE 
mP'ORMATIGM PRESENTED IN THE PRECEEDING SECTIONS OF THIS MANUAL. THEN. 
ONE SHOULD BE IN A POSITION TO UNDERSTAND AND APPRECIATE THE TRUE POT­
atTIAL OF A DI8ITAL COMPUTER WHEN IT-S POWER IS UNLEASHED UNDER THE 
AUSPICES ·OF A CREATIVE PROGRAMMER. THEN. IS WHEN ONE CAN REALLY START 
~VINa. FUN CREATIlfG A.D DEVELOPING COMPLETELY ORIGINAL PROGRAMS TO PER-
JlDRM MYRIADS OF PERSOIfALLY DESIRED FUNCTIONS. THIS IS THE POINT AT 
WHICH ONE MAY TAKE A "BROAD VIEW" OF THE IMMENSE CAPABILITY OF THE MACH­
INE BY STANDINS BACK AND PONDERING SOME "SCENES" MUCH THE WAY AN ARTIST 
WOULD PONDER A BLANK CANVAS BEPORE STARTING TO PAINT A "CONCEPT" OR "IM­
ME" THAT EXISTED PURELY. IN THE ARTIST-S "IND. THE DISCUSSION THAT FOL­
LOWS MERELY PRESENTS SONE WAYS IN WHICH TO VIEW THE CAPABILITY OF A DIG-

.ITAL COMPUTER. SOME POINTS OF VIEW THAT MAY HELP PROGRAMMER-S APPROACH 
PROaRAXMI •• TASKS WITH CREATIVITY. NO GREAT "MAGIC" IS CLAIMED .oR THE 
IDEAS PRESENTED. .0 GUARANTEE IS MADE THAT THE POINTS OF VIEW WILL IN-
SPIRE EVERYONE TO ,REATER PROGRAMMING CREATIVITY OR ABILITY. BUT. IT IS 
JtfOWN THAT THE VIEWS PRESENTED .HAVE HELPED AT LEAST ONE PROGRAMMER TO 
CREATE COUNTLESS PROaRAMS. SOME OF WHICH OTHERS HAD CLAIMED "COULDN-T BE 
mWE ON A SMALL KACHINE." AND SOLVE NUMEROUS PR09RAMMING PROBLEMS. WHILE 
HAVINS A LOT OF JI'Ulf - AND QUITE OrrEN SAVING A LOT OF TIME' THUS. THE 
IDEAS WILL BE PRESENTED IN THE HOPES THAT PERHAPS A PEW OTHERS WILL BEN­
EFIT A LITTLE. OR A LOT. 

IT MUST BE ADMITTED THAT TO SOME READERS THE CONCEPTS DISCUSSED. IN 
THIS SECTION KIIHT SEEM "TRIVIAL- AT FIRST GLANCE. PERHAPS THE REASON 

. SOliE PEOPLE IlflTIALLY SEE THE CONCEPTS AS TRIVIAL IS BECAUSE THEY ARE 
PROFOUNDLY BROAD AIID TO SOME LUCKY P!x)PLE. PERHAPS. INSTINCTIVELY OB-
VIOUS. HOWEVER. MOST READERS WILL PROBABLY ,.IND THE CONCEPTS "GROW" 
AS ORE DOES MORE AND IIORE PRO GRAIOU.a •. UNTIL ONE DAY. THE READER "DI S­
COVERS" A PROPOUUDLY "SIMPLE" WAY TO HANDLE. A PROGRAMMING PROBLEM BASED 
(If A VARIATION OF ORE SORT OR AIIOTHER OF THE CONCEPTS PRESENTED IN TH·IS 
SECTION. 

FOR WHAT THrt ARE WORTH. THE CONCEPTS TO BE PRESENTED WILL BE DIS­
CUSSED IN THREE PARTS. 

THE OlfE DIMElfSIONAL VI EW 

THE UNDERLYINa PRINCIPAL' IN THIS _TIRE DISCUSSION ON CREATIVE PRO­
~AMlIINe IS TO LEAVE OUT THE DETAILS OF THE OPERATION OF THE CPU AND 
IT-S ASSOCIATED RESISTERS. IT IS XMOWN THAT THE CPU AND THE ASSOCIATED 
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REGISTERS CAN DO A· WHOLE HOST OF SPECI FlC OPERATIONS - MATHDIATICAL. BO-
OLEAN LOGIC. EXECUTE CONDITIONAL BRANCHES AND WHATEVER. THESE FUNCTIONS 
WILL BE TAXa ..oR GRANTED IN THE POLLOWING DISCUSSION. WHAT IS IMPOR-
TANT IN THE PRESENT SITUATION IS TO REALIZE THAT THE POWER OF THE COMPU-
TER IS IN IT·S MEMORY. THE CPU OBTAINS IT·S INSTRUCTIONS PROM MEMORY. 
AND THE CPU IS ABLE TO MANIPULATE INPORMATION IN MEMORY. THE CPU IS 
ABLE TO ACCESS A PARTICULAR WORD -IN MEMORY. IN THE CASE OF AN 8888 SYS-
TEM. BY POINTINa TO THE "ADDRESS" USING THE "H & L" REGISTERS. .oR EACH 
SPEC I FIC "ADDRESS" THERE I S A "SPECI FIC WORD IN MEMORY" THAT CONTAINS 
EIGHT BINARY BITS. 

ONE WAY TO VIEW THE ORGANIZATION 0' MEMORY IS TO THINK OF MEMORY 
AS BEING ONE LONG LINE OF WORDS - STACKED ONE APiER THE OTHER. IN FACT. 
THIS IS THE WAY VIRTUALLY ANY MACHINE LANGUAGE PROGRAMMER FIRST STARTS 
1HINKING OF MEMORY BECAUSE OF THE SIMPLE WAY IN WHICH EACH MEMORY AD­
tRESS CORRESPONDS TO A WORD 1M MEMORY - AND MEMORY ADDRESSES ARE SIMPLY 
A SERIES OF CONSECUTIVE NUMBERS • 

••••••••••••••••••••••••••••••• 
• ADDR • Wff" • MEM WORD • "N" • 

••••••••••••••••••••••••••••••• 
• ADDR •• +1 • MEM WORD. N+l • ............................... 
• ADDR • N+2 • MEM WORD • .+2 • 

••••••••••••••••••••••••••••••• 
• • • • • 
• • •• • ••••••••••••••••••••••••••••••• 

• ADDR • .+X • MEN WORD • N+X • ............................... 

THUS ONE CANCO.SIDER M!lfORY AS SIMPLY BEING ONE LONG STRING OF LOC­
ATIONS THAT MAY BE FILLED WITH WHATEVER INPORMATION IS DESIRED IN A SER­
IAL SEQUEXCE. I F ONE WERE TO FILL EACH MEXORY WORD WITH A ·CODE" THAT 
SYMBOLIZED A LETTER OR DIGIT. OR PUNCTUATION SYMBOL. ONE COULD PROCEED 
TO FILL A "STRING" OF MEMORY LOCATIONS WITH DlGLISH (OR PRERCH. OR GER­
*N. OR WHATEVER) WORDS. AltD GO ON TO PORN SDITENCES. AND BY USING OTHER 
OODES. TO SEPARATE S!JITENCES INTO PARAGRAPHS. 

N o SPACE I S 

ADDR M ADDR N+l ADDR •• 2 ADDR .+3 ADDR .+4 ADDR .+5 

OR. ONE COULD PLACE MATHEMATICAL VALUES IN MEMORY LOCATIONS. SEPA­
~TE THOSE VALUES BY ·OPERATOR" SYMBOLS. AND PROCESS ·COLUMNS" OF MATH-
EMATICAL DATA. (ASSUMING IN THIS STRICT CASE THAT THE VALUES WERE SMALL 
!HOUGH TO BE STORED IN ONE MDORY WORD.) 

ADDR N I +100 
ADDR .+1 I MINUS 
ADDR .+2 I - 50 
ADDR "+3 I EQUAL 

OR. THE CONTENTS OF MEMORY WORDS MAY BE USED TO SYMBOLIZE JUST ABOUT 
/JlIY ABSTRACT I TEll THAT THE PROGRAIIMER KI GHT DESI RE. THE PROGRAMMER NEED 
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SIMPLY PORM A CODE THAT THE PR08RAMMER DESIRES TO HAVE SYMBOLIZE SOIlZ-
1HIRG. 

ADDR N • SYMBOL .oR "APPLES" 
ADDR .+1 • SYMBOL .oR "PEARS" 
ADDR .+2 • SYMBOL .oR "BANANAS" 
ADDR N+3 • SYMBOL .oR "CHERRIES" 
ADDR .+3 • SYMBOL .oR "LEMONS" 
ADDR .+4 • SYMBOL .oR "BELLS" 

THE READER SHOULD REALIZE HERE. THAT THE CONCEPT BEING PRESENTED. IS 
CONCENTRATING ON HOW MEMORY IS UTILIZED .oR HANDLING "DATA" OR INPCR-
.. TIOR. IT IS TAXEN JOR GRANTED THAT A PORTION OF MEMORY WILL BE USED 
lOR THE ACTUAL OPERATING PROGRAM THAT "CONTROLS" THE MANIPULATION OF THE 
MEMORY THAT IS BEING USED POR THE "DATA." THUS. IN THE ABOVE EXAMPLES 
(lfE MUST REALIZE THAT AN "OPERATING PROGRAM" WILL PLACE THE CODES .oR 
LETTERS OR DIGITS. PUNCTUATION MARKS. SPACES. AND SO PORTH. AND PERfORM 
\11HATEVER PROCESSING IS DESIRED. AN OPERATING PROGRAM WILL TAXE THE VAL-
UES aluDt IN THE MATHEXATICAL EXAMPLE AND "INTERPRET" THE SYMBOLS AND 
PERFORM T~E DESIRED FUNCTIONS. AND~ AN OPERATING PROGRAM 1M THE THIRD 
EXAMPLE WOULD RECOGYIZE A PARTICULAR CODE TO MEAN "APPLES" AND PRINT OR 
~SPLAY THE ENTIRE WORD (OR PICTURE') WHEN IT INTERPRETED THAT CODE. 
11IE PRIMARY POINT BElNG MADE IS THAT THE DATA IS ORGANIZED AS A LONG 
"LINE" OF IlfPORMATION. THAT LINE OF IH.oRMATION CAN BE ARBITRARILY 
SPLIT UP INTO MAttY PARTS AIID PI ECES 0 F THE LINE BE CONSI DERED AS PORKING 
(liE PARTICULAR SECTION. AS IN THE CASE WEB ONE "EHOLISH WORD" IS FORMED 
PROM A SERIES OF "LETTERS." THE LONG LINE IS SIMPLY .oRMED. AND LOCA­
TIONS ALONG THE,LINE ARE MARXED. BY A "MEMORY ADDRESS." 

HOWEVER. AND THIS THE CREATIVE PROGRAMMER SHOULD TAXE PARTICULAR 
t«)TE OF. THE FACT THAT LOCATIONS ARE MARKED ALOMG THE LINE BY· "MEMORY 
ADDRESSES" CAN BE TRABSPQRMED BY THE PROGRAMMER 50 THAT MEMORY ADDRES­
SES ESSENTIALLY STAND FOR ANY ARBITRARILY ASSIGNED "MARKER." IN OTHER 
WORDS. TO THE PROGRAMMER. MEMORY ADDRESS NUMBER "N" CAN CORRESPOND TO 
TIME "T." OR DISTANCE "D." OR POINT "Z." THUS. ONE CAN STORE. SAY. 
1HE VALUE OF THE AMPLITUDE OF A SIGNAL AT TIME "T" IN ONE LOCATION. THE 
~UE AT TIME T + T· IN THE NEXT LOCATION. THE VALUE AT TIME T + 2T· IN 
1KE NEXT LOCATION. PURTHERMORE. IT SHOULD BE APPARENT THAT T· CAN BE 
-SCALED" AS DESIRED BY APPROPRIATE PROGRAMMING SO THAT T· REPRESENTS ONE 
MlCROSECOSD. OR MILLISECORD. OR SECORD. OR A YEAR' 

FURTHERMORE. ONE CAN ACTUALLY SO BE.YOND THE POINT. OF CONSIDmING 
THE LOCATIONS TO BE A LONG STRAIGHT LINE. BY CONSIDERING THE POSSIBILITY 
OF MAUIPULATING THE LINE 0 F LOCATIONS AS A PI ECE 0 F STRING. ONE CAN 
nSURATIVELY "CUT" THE PIECE OF "STRING" AT AMY DESIRED LOCATION AND 
fORM THE "STRINa- INTO A "RING" OR "CIRCLE." THIS IS EASILY ACCOMPLISH­
ED BY SIMPLY HAVING THE "MEMORY ADDRESS POINTER" GO BACK TO LOCATION 
'W" WHDf IT REACHES LQCATIOIJ ••• + X." CONSIDER THE POSSIBILITY OF DO­
ING SUCH AN OPERATION WITH THREE SECTIONS 0 F THE LINE AND USING THE 
TECHlJIQUE TO SIMULATE A "ONE ARMED BANDIT" MACKINE. 

ADDR N APPLE ADDR .+X+l PEAR ADDR N+2X+l BANANA 
ADDR .+1 PEAR ADDR .+X+2 BANANA ADDR .+2X+2 LEMON 
ADDR N+2 CHERRY ADDR B+X+3 LEMON ADDR N+2X+3 APPLE 
AD DR 11+3 BAIAIIA ADDR N+X+4 Br.LL ADDR Y+2X+4 BELL 
ADDR .+'" LEMON ADDR N+X+5 CHERRY ADDR .+2X+5 PEAR 
ADDR N+X BELL ADDR N+X+6 APPLE ADDR N+2X+6 CHERRY 
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ONE COULD DEVELOP ALGORITHMS TO "SPIN" THE MEMORY POINTER AROU.D.EACH 
-RING" AND RARDOKLY COME TO A STOP AT A LOCATION WITHIN EACH RING. THE 
RESULTS OF THE EVERTS IN ALL THREE "RINOS" COULD THEM BE PROCESSED TO 
DETER.IRE WHETHER ONE "HIT A JACKPOT" OR MISSED. THE DETAILS OF SUCH A 
PROGRAM WILL BE LEn TO THE CREATIVE PROGRAMMER .. BUT THE CONCEPT OF HOW . 

. OME COULD APPROACH SUCH A SIMULATION,PROJECT IS HOPEFULLY CLEAR. 

FINALLY. TO TAKE THE "ONE DIMENSION" VIEW A LITTLE FURTHER. ONE CAN 
lI) DOW TO THE "BIT- LEVEL. SINCE A MEMORY WORD IN All 8818 SYSTEM AC­
TUALLY CONSIST OF 8 INDIVIDUAL -BITS.- ONE COULD CONSIDER MEMORY TO BE 
A LONO LINE OF -1·S- AND ""·S... EACH MEHORY LOCATION CONTAINS EIGHT 
BITS AIID BY USINa CONSECUTIVE MEMORY LOCATIONS ONE CAR BUILD UP LONG 
-STRINGS- OF BiTS. AGAIN. THE "STRINS- CAN BE "BROKEJI" AT AlfY DESIRED 
POINT AND MAIIIPULATED AS DESIRED. THIS TECHNIQUE CAlf BE USED. SAY. TO 
SIMULATE A HUGE "SHIFT REGISTER" (USING ROTATE INSTRUCTIONS) OR TO RE­
PRESENT AN EVERT OCCURINa. OR NOT OCCURING AT POINTS 1M TIME. OR AT DIS-
~CES ALOMa A LINE. IN THIS VIEW. A BIT IS "ADDRESSED- AS BEING AT A 
SPECIFIC -POSITIO.- WITHIN A SPECIFIC -MEMORY ADDRESS LOCATION.- WHILE 
'IKE PROaRAMlfI.a -OVERHEAD- TO MAlIIPULATE SUCH -DATA- WILL GDfERALLY BE 
IIlRE COMPLICATED THAll THE CASE WHERE DlTIRE MEMORY "WORDS" ARE USED TO 
REPRESENT A "SYMBOL" OR PIECE OF DATA. ONE CAN SEE THAT THE BASIC CON­
CEPT 0,. CONSIDERI.a ALL BITS IN MEMORY AS· BEING .oRMED 0,. ONE CONTINUOUS 
-LINE- 0,. ONES AND ZEROS IS A VALID. AltD onm USEFUL IMAGE. 

THE TWO DIMENSIONAL VIEW 

THE CONCEPT OF VIEWING MEMORY AS A TWO DIMDfSIONAL PLANE WILL BE 
STARTED BY CONSIDERING AN IMAGE AT THE BIT LEVEl.. 

ADDR If 

ADDR .+X 

ADDR If • ADDR .+X+l • ADDR N+2X+l 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l' 1 1 1 1 
100 0 0 0 0 0 000 100 0 000 000 0 1 
1 0 1 0 0 000 0 0 lOt 0 0 0 0 0 0 0 101 
100 1 000 0 0 100 0 1 0 0 0 0 0 100 1 
1 000 1 000 1 000 0 0 1 000 100 0 1 
1000010 100 000 0 0 1 0 100 0 0 1 
1 0 000 0 1 000 0 100 0 0 1 000 001 
1 000 0 1 0 000 0 1 000 0 0 100 0 0 1 
100 0 100 000 0 100 0 000 1 000 1 
100 100 0 000 0 1 000 0 0 0 0 100 1 
1 0 1 0 0 0 0 1 1 1 1 1 1 1 1 1 0 ·0 0 0 1 0 1 
100 1 000 000 0 1 000 0 0 0 0 100 1 
1 000 100 0 0 0 0 1 000 0 0 0 100 0 1 
1 000 0 1 000 0 0 1 000 0 0 100 001 
10000 100 000 1 000 0 0 100 0 0 1 
1 000 0 0 100 0 0 100 0 0 1 000 0 0 1 
1000010 1 000 0 000 1 0 100 0 0 1 
100 0 1 000 100 0 0 0 1 000 100 0 1 
100 1 000 0 0 100 0 1 0 0 000 100 1 
1 0 100 000 0 0 1 0 1 000 0 000 101 
100 000 0 0 0 0 0 1 0 0 0 0 000 0 001 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 

ADDR •• X • ADDR •• 2X • ADDR •• 3X 

THE ABOVE DIAGRAM ILLUSTRATES AN IMAGE CRFATED BY THE STATUS 0,. THE 
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BITS IN A "PLANE" OF MEMORY. THE "PLANE WAS ESTABLISHED BY ESSDlTIAL­
LV TAKING "LINES" OF "EXORY ADDRESSES (AS PRESENTED IN THE "ONE DIMEN­
SIONAL VIEW") AND PLACING THEM ALONGSIDE O.,E ANOTHER TO PORM A SURFACE 
OR "PLANE." THIS CONVENTION WOULD BE ESTABLISHED BY THE MANNER IN WHICH 
11IE PROGRAMMER MAIIIPULATED THE MDIORY POINTER IN THE CPU. IN THE ABOVE 
ILLUSTRATION THE "PLANE- IS ESTABLISHED AT THE MOST FUNDAMENTAL (AND 
COMPLEX) LEVFl. AND BITS WITHI. EACH WORD ARE MANIPULATED. AS MAY BE OB-
SERVED IN THE ABOVE DIAGRAM. ONE CAN VIEW AND MANIPULATE BITS IN MEKORY 
SO AS TO FORM "PICTURES" OR "DIAGRAMS." THE ABOVE REPRESENTS A RECT­
ANGLE. A DIAMOND. AND A CROSS AS AN IMAGE MADE UP OF APPROPRIATE ONES 
AND ZEROS IN SELECTED BIT POSITIONS. ONE COULD THUS MANIPULATE PORTIONS 
OF MEMORY TO REPRESENT "PICTURES." (OR CHARTS. GRAPHS. PLOTS I ) THE DE­
OREE OF DETAIL WHICH ONE CAN OBTAIN BY SUCH MANIPULATIONS IS A FUNCTION 
OF HOW MANY "BITS" A-RE USED TO REPRESDIT A GIVEN "AREA" OF A REAL (OR 
PROPOSED "REAL") OBJECT. THE ABOVE EXAMPLE PRESDITS ALL KINDS OF POSSI-
BILITIES FOR THE CREATIVE PROGRAMMER. ONE CAN USE SUCH TECJDfIQUES TO 
JIORM "MODELS." CREATE PATTERNS. AND SO FORTH. 

IN FACT. GOING THE OTHER WAY SO TO SPEAK. THAT IS PROM HAVING THE 
COMPUTER GEMERATE PATTERNS OR OBJECTS. ONE CAN ALSO TAXE THE TWO DIMEN­
SIONAL CONCEPT AND APPLY. IT TOWARDS HAVING THE COMPUTER RECOGNIZE OB­
JECTS BY-"PROJECTING" THEIR SHAPE OR PORM AS A SIMILAR IMAGE OF ONES 
.#ltD ZEROS IN MEMORY. 

MUCH RESEARCH IS CURREXTLY BEING CONDUCTED TOWARDS DEVELOPING ALGO­
RITHMS THAT CAN RECOGNIZE "OBJECTS." ONE APPROACH THAT IS BEING STUDIED 
IS AN INTERESTING APPLICATION OF THE TWO DIMDlSIONAL CONCEPT. A "PIC-
TURE- OF AN "OBJECT" IS "MAPPED" INTO MEMORY WITH ".'5" BEING USED TO 
REPRES91T THE AREA OCCUPIED BY THE "OBJECT" AND ""'5" POR AREAS "OUT­
SIDE." THEIl. THE COMPUTER IS "TRAINED" TO IDmTI FY' OBJECTS BY USING AL­
GORITHMS BASED ON A "NEIGHBORING BITS" SCHEME. 1M THIS MANNER. THE COM­
PUTER DETERMINES HOW MANY "0'S" SURROUND A "I", AND PERPORMS .CALCULATIONS 
TO FIND THE "OUTLINE" AND SHAPE OF THE OBJECT. THESE FINDINGS ARE THEN 
COUPLED WITH COMPLEX ALGORITHMS TO ATT!XPT TO IDDITIFY' THE OBJECT PROM A 
-CLASS" OF POSSIBILITIES. 

SUCH PROGRAMS ARE OF COURSE QUITE COMPLEX AND THE DETAILS OF SUCH 
MANIPULATIONS ARE SOMEWHAT ESOTERIC. BUT. THE IDEA IS INTRIGUEING AND 
CAN PROVIDE FERTILIZATION POR THE CREATIVE PROGRAMMER'S IMAGINATION. 

TAKING THE TWO DIMENSIONAL VIEW TO THE M!MORY WORD LEVEL IS PERHAPS 
A BIT LESS COMPLICATED (IT lSI IT lSI) THAN CONSIDERING IT AT THE BIT 
LEVEL. IN THIS CASE. ONE ,NEEDS OIlLY EJlVISION A "PLANE- OF MEMORY WORDS 
WKICH CAN CONTAIN CODES PaR LETTERS. NUMBERS. SYMBOLS OR ACTUAL MATHE­
~TICAL VALUES. THE READER HAS ALRFADY SED EXAMPLES OF PROGRAMS THAT 
COULD BE CONSIDERED AS TWO DIMEJlSIONAL IN ORGANIZATION. ONE FOR IN-
STANCE. WAS DESCRIBED IN CHAPTER POUR III THE PRES_TATION OF THE NAMES 
SORTIJIG PROGRAM. . THERE. LINES 0 F NAMES WERE FORMED ·ONE BENEATH THE 
OTHER" 1M ORDER TO MAXE THE SORT ROUTINE FASI ER TO PROGRAM. ONE KIGHT 
REVIEW THE DIAGRAM SHOWING THE SAMPLE NAMES STORED IN MEMORY AS THEY RE­
lATE TO THE M!XORY ADDRESSES. WHICH WAS PRESEHTED NEAR THE END OF CHAPT­
ER FOUR. 

THE PROGRAMMER IS AGAIN REMINDED THAT AS IN THE ONE DIMENSIONAL 
VI EW. THE MEMORY ADDRESSES THAT PORM THE "X" AND "Y- BOUWDARI ES 0 F A 
TWO DIM!JISIONAL MEMORY PLANE CAN ACTUALLY BE THOUGHT OF AS ARBITRARY 
t)fITS - SUCH AS TIME. P'REQUDlCY. OR DISTANCE. AND THE PROGRAMMER ALSO 
HAS THE FR!EMM TO -SCAL!" BOTH THE "X- AND tty .. BOUNDARl ES BY APPROP­
RIATE SOnWARE. THE NEXT ILLUSTRATION SHOWS HOW AN "ALTITUDE MAP" OF 
A GEOGRAPHICAL AREA HI GHT BE STORED IN A "PLANE" 0 F MEMORY. 
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N •• X N.2X •• 3X •• I&X •• 5X N.6X 

tI 968 065 01" 015 014 018 064 500 YDS 

•• 1 061 8'6 881& 883 980 "76 018 480 YDS 

•• 2 962 "'8 888 998 096 891 882 380 YDS 

•• 3 962 0'8 099 182 101 989 012 209 YDS 

•• 4 055 019 975 953 047 063 039 100 YDS 

N+(X-l) 940 835 020 010 011 009 088 0 YDS. 

o YDS 180 YDS 200 YDS 300 YDS 499 YDS 500 YDS 600 YDS 

IN THE ABOVE ILLUSTRATION EACH MEMORY LOCATION CONTAINS A VALUE 
THAT REPRESDlTS THE ELEVATION OF A PIECE OF LAND. THE TOP AND LEFT SIDE 
OF THE ILLUSTRATION SHOWS THE ACTUAL MEMORY ADDRESSES IN THE COMPUTER 
WKILE THE BOTTOM AND RIGHT SIDE, ILLUSTRATE THAT EACH "ADDRESS" ACTUALLY 
STANDS FOR "100 YARDS DISTANCE." IT SHOULD BE APPARENT THAT THE EL­
EVATION FACTORS COULD BE. INSTEAD. INCHES OF RAINWATER. OR A TEMPERATURE 
PROFILE FOR THE AREA. OR. AS PREVIOUSLY MENTIONED. THAT THE "YARDS" CAN 
SE ALMOST ANYTHIWG ELSE THE PROGRAMMER MIGHT DESIRE TO DEFINE. 

AS A FINAL EXAMPLE OF THE TWO DIMENSIONAL CONCEPT. THE READER WILL 
BE LEFT WITH THE POLLOWING DIAGRAM - WHICH HOPEFULLY WILL ENCOURAGE ONE 
10 CONSIDER THE POSSIBILITIES .oR MUCH MORE COMPLEX "BOARD GAMES'" 

N •• X.l •• 2X+l 

• • 
N X • 0 • X N+2X+I 

• • ••••••••••••••••••••••••••• • • •• 1 0 • X • 0 .N+2X+2 

• • ••••••••••••••••••••••••••• • • N+X 0 • X • X N.3X 

• • 
.,+X .+2X N+3X 

FINALLY. THE READER WILL BE REMINDED. THAT IN A MANNER SIMILAR TO 
PORMING A "RING" AS DISCUSSED IN THE ONE DIMENSIONAL VIEW. ONE CAN ALSO 
roNSI DER FORMING A "CYLINDER" OUT 0 F A "PLANE" WITH INTERESTING RAMI­
nCATIONSI 

THE THREE DIMENSIONAL VIEW 

IT SHOULD NOW BE APPARDfT THAT'" ONE CAN Sf.;! UP "DIORY LOCATIONS 
Fli APPROPRIATE ADDRESSING TO REPRESDfT "LINES" AND "PLANES." ONE CAN EX­
TEND THE PRINCIPLE OUT TO' THE "THIRD DIMENSION" TO PORM "CUBES" OF MEM­
ORY. THERE ARE MANY INTERESTING POSSIBILITIES WHEN MEMORY IS VIEWED, IN 
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11115 lIAJIlIER. ONE CAlI PLOT THREE DIMDlSIOMAL GRAPHS OR VECTORS. 'OME CAN 
APPROACH MANY TYPES 0,. -IIOD!'l.IIIG" MID MANIPULATE SUCH MODI1.S SO AS TO 
OBTAIN DIFFERENT -CROSS-SECTIONAL" VIEWS. 

AS Iff THE CASE OF THE OIlE AlfD TWO DIII!2fSIONAL IMAGES. THE PROGRAM­
MER CAlI SUBSTITUTE (EFFECTIVELY) IIEXORY ADDRES.SES .oR SCALE FACTORS. NOW 
ALONG THREE AXIS. AND. AS IN THE PREVIOUS EXAMPLES. ONE CAM TAKE SUCH 
*HIPULATIONS DOWN TO THE BIT LEVEL I F DESIRED. 

THE DIAGRAM BELOW PRESEWT5 AN IMAGE OF MEXORY WHEW VIEWED AS A THREE 
DIMENSIONAL WORKING AREA. 

N 

N+1. 

N+2. 

M+3 · • • 
~+x 

X 

X 

X 

X X 

N+X N+2.X N+3X N-t+X N+SX N+'X 

~.~- "'(AJ+~)() 
~ .. ...-- 3 (N.,.~)fJ 

~ .. ..--- 2. (N+~1CJl 
(N+'X) 

IT 15 HOPED. THAT BY THIS TIME. THE READER HAS RECEIVED. SUFFICIENT 
DlFORMATION ON THE PRACTICAL ASPECTS OF MACHINE LAIIGUAGEPROGRAantIIIG 
PROM THE PRECEEDIRG CHAPTERS. AND THAT THIS CONCLUDING CHAPTER HAS PRO­
VIDED SOME STIMULATING CONCEPTS. SO THAT THE READER MAY GO 011 TO DE-
VELOP PROGRAMS THAT WILL BE OF PARTICULAR VALUE TO THE I.DIVIDUAL. IT 
IS ALSO HOPED THAT THOSE WHO HAVE BEEN INTRODUCED TO THE SUBJECT BY THIS 
~UAL. WILL FI8D MACHINE LANGUAGE PROGRAMMING AN EXCITING. ENJOYABLE. 
_D IN AS MAHY WAYS· AS POSSIBLE. A REWARDING DfDEAVOR' 
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