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1.0 INTRODUCTION 

This document provides an introduction to the microprogram that implements the IMP-16 

instruction set. It is assumed that the reader is fami! iar with the materia I conta ined in 

Pub. No. 4200005, GPC/p Product Description. Additional reference material that 

would be useful to the reader who needs a more thorough understanding of microprogram

ming the GPC/p may be found in Pub. No. 4200001, GPC/p Microsymbolic Assembler 

and Pub. No. 4200007; GPe/p Microcoding Manual. 
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2.0 FLOWCHART DESCRIPTION 

An overview of the microprogram for the IMP-16 instruction set is provided by the flowchart 

shown in figure 2-1. This figure delineates the major operations performed by the micro

program. A more deta iled definition of these operations is presented in Section 3.0 of this 

publication. 

2.1 Fetching a Macroinstruction 

Consider first the manner in wh ich a macroinstruction is fetched and executed. The instruc

tion fetch routine consists of two microprogram steps. As a result of the first step, the 

main memory location whose address is contained in the Program Counter (PC) is read, the 

nine most-significant bits of the memory data are stored in the CROM Instruction Register 

(CIR), and the least-significant byte of the memory data (with the sign of this byte ex

tended into the most-significant byte) is stored in the Memory Data Register (tv~DR). On 

the second step of the instruction fetch routine I the PC is incremented. 

2.2 Instruction Address Formation and Execution 

The macro instruction step that follows the instruction fetch routine depends upon the class 

of macroinstruction that is to be executed. If the instruction class is a type that does not 

use the common memory address formation routine (as specified by bit 9 of the Address 

Control ROM output), then the next microinstruction executed is specified by the macro

instructions op code, and there is a branch to the "entry point" of the microprogram for 

that macroinstruction. The microinstruction(s} that perform the macroinstruction's function 

are then executed. Following this, there is jump back to the first step of the instruction 

fetch routine. 
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Figure 2-1. Flowchart of Basic Microprogram 
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If there is no interrupt and the instruction class does use the common memory address 

formation routine (determined by bit 9 of the Address Control ROM output), then two 

additional microprogram steps are executed before branching to the "macro entry point. 1I 

The first step consists of forming the memory address and storing it in the MAR. In the 

second step, memory is read and stored in the MDR. Then, there is the jump to the macro 

entry po i nt • 

2.3 Interrupt Piocessing 

Consider now the response of the microprogram to an interrupt. On the first step of the 

instruction fetch routine, the condition of the INTRPT input to the jump condition multi

plexer is tested. If the I ine is active, the microprogram jumps to the interrupt routine 

(INTR). On the first step of this routine, the CPINT input to the jump condition multi

plexer is tested; when a control panel interrupt is requested, both the interrupt (INTRPT) 

- and control panel interrupt (CPINT) inputs to the multiplexer are active. See figure 2-2 

for the logic associated with the interrupt. Assume first that INTRPT is active as a result 

~f INT REQ (an i~terrupt request from an::r/O device controller), and that CP INTR is not 

active (see figure "2-2). Then, the next microprogram step executed turns off the interrupt 

enable flip-flop (INT EN becomes a "0,11 thus inhibiting further interrupts) and the pro

gram counter (PC) is saved on the stack. On the following step, the PC is set to a vaiue 

of 1, and the microprogram branches to the instruction fetch routine at location 1. This 

causes the execution of the macroinstruction stored in location 1 of the main memory, and 

thus provides ent"ry to the macro-level interrupt service routine. 

Now, assume that INTRPT is active as a result of the CPINTR line being active. Then, 

following the first step of the interrupt routine, the microprogram branches to the control 

panel service routine. The first step of this routine causes the CPINP flag to be pulsed, 

and loads the CROM Instructidn Register (CIR) and Memory Data Register (MDR) with the 
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3.0 SYMBOLIC DESCRIPTION OF MICROPROGRAM 

A detailed description of the microprogram is provided by the listing of the symbolic code 

given in table 3-1. In order to fully undersfand the program, the reader should be familiar 

with the material presented in the manuals referred to in 1.0, Introduction. 

A few of the ma jor features of the I isting are explained below. 

• The first two pages of the listing define mnemonics used by the assembler 

(EQU statements) . 

o The first two fields of data on the left side of the page give the address and 

content in hexadecimal code. The 23-bit content is represented by 6 hexa

decimal characters with the data right-hand justified: ROM bit 22 corresponds 

to the least-significant bit of the right-most hexadecimal character. 

• A leading asterisk in the labeN fi eld of the symbol ic code denotes a comment 

statement. 

• The prefix XI before a string of characters indicates that the characters are 

interpreted as a value in hexadecimal code. 

• Arithmetic instructions have the following format (brackets indicate an optional 

field): 

[ label] operation, A-Bus, B-Bus, R-Bus auxil iary operations comments 

• Branch instructions have the following format: 

[ label] operation [, condition] address auxiliary operations comments 
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• Flag operations have a format similar to the format for arithmetic instructions 

except the operation field is replaced by a flag operation field followed by a 

flag designation. 

• The ORG statement is a directive to the assembl er and is used to control the 

ROM address where the mi cro instructions are located. 

The first word of the instruction fetch routine is at location 180. (Note that all references 

to addresses in the following text are expressed in hexadecima I code.) The first word is 

not expressed in symbolic code, because the coding of this ROM word has been chosen to 

provide multiple functions for many of the ROM bits and thus make the instruction fetch 

routine efficient. 

The ensuing operations performed are indicated in the comment statement that follows 

this step. 

Note that the fl~g address of the Read Memory Flag (RDFF) is chosen to be the same as the 

iump condition multiplexer address for the interrupt line (INTRPT). 

Coding of the ROM word is chosen so the microprogram jumps to location 1 E5 if an interrupt 

is active. 
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oeo 
OliO 
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;JQUUf)(; •• *** 
,)(.1 U LJ u(J ** * •. )' 
vOuv(;lJ ... * ... 
'J(;O(;I,O .* ... ., 
CUUU('O .**~. 
OUul1UG . * 
ClJOuUO .. 
OOUlJUO .. 
(J00100 XOR 
nOU2CJO OR 
uCOU:,H.r AND 
'Juu,:)uO ADD 
uUO(lC,O .. 
lJOOUOO .. 
00(.11)00 * 
2uu004 JMP 
2lJ.JuU4 8 
oSUulJu4 JSR 
5uUU04 ~SR 
tIt} iHJ u 0 RE T 
UOOOOb JFEl CI-I 
4ltGOOO JI:.ST 
OOOu(JO .. 
POUUOO HlTKPi
OOGuG1 R£QC: 
uOOu\j2 PSIG'! 
fj 0 u U :) ~ HIT U 
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nt.ruu05 (.'REOO 
GOvullb CPI:Jl 
OiJuuu7 STAf..T 
\.:UUUOB STKFtlL 
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ftOOUOA CYOV 
\.)uUOOL RLTEGt; 
tJOUU0E.. FAILe 
OOU01U GJC 
OUUOOO • 
OUOOOO .. 
ODlJuOf; .. 
DuOGOO • 
nOOLJ30 PFLG 
ro •• I; II 1 n 
VVUV.LV 

OUtiJ2C 
OuoooO 
!)UCOOO 
000_001 
OOOuu, 
('OO{J03 
I)GULJu4 
()OOO()~ 

C(;OuU6 
GuOu07 
OUOuuo 
OuuUIJ9 
OOI..JC'f\ 
000010 
('uOuuO 
OOUUOO 

RFLG 
SFLG 

* ROFF 
\\'RFF 
_ I OFF 
OJFF 
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S"RSTF 
LDM~FF 
dALTFF 
FAILFF 
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SELFF 
GFLG 

* 
* 

Table 3-1. Symbolic Code Listing 

rCFl:'f r~ ~E' or; '';fI[!'-,Of ICS FOI~ IISf 0'1' PPOGRAM 

f(."J 
[(;u 
EC.'J 
E(;U 

'(l1C'0.1 
Y'21.'Orl 
;:.1 
"";)(,0,1 

EyruisIVE OR 
l'KLt'S IVE OR 
Lor; r C f.L MlO 
APITH':::TIC AOf) 

J'~t', 2 fOM!CH 
~. oCO(004, t> Jill. P TO suPn()UT pit: 
Je",r::,2 f,pr~!r.H TO SItr-ROIITI~!f:' 

~., .)(0("000,4 r[TU'">" C\'''~Cf)~IG) 

c!,LJ .. 1'.fJP TO FET(I--J (l"1COt!n) 
~t~00r~O,4 JU~P TO I~ST (CrR Tn RAR) 

ret: 
flYU 
f(.,1.J 
~("J 

[tv 
r~J 

[0J 
rEt'I 
Fr,l/U 

:C J .. ::p C (':'0 J T I 0~'C; 

Eeu 
[OU 
[eu 
E(. J 
f0LJ 
f(..", 

E Cal. 
Eeu 
feu 
[C..l V 

E0:.; 
[vu 
n:'J 

E ( .. a) 

[(0 
[eu 
PEr H:F 
E0U 
EOU 
[t.U 
rc.u 
f(.J 
f~U 

f(;U 
F~~I 

lGLI 
[ell 
E (-IJ 

rQ\J 

1 
? 
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. f 
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H'T€t..l'10f.'T RE:"II~ST TP!JI=' 
f( 3US i:t.-I lf L TO ZD~O (PREV P!ST) 
r GlJ~. ,'IT IS F"tS[ (rPEV yt'C::T) 
R ~dC; .: 1 T n TOLlE (PP~V I! ~ST) 
R q,uc: l~IT 1 TRJE (PPfV JPC;T) 
R Rl;S .. UT ~F.r.:t') (DPEV H!S T) 
cor:T'Cr'L rf.P ,F L H!TEnRpPT ~~~III:S T TRUE 
~ 'T .'\f' T ~,I.J THT nE.p~ESSE'r 
STl .. P· FULL 
1tn~ ~'OuF'T f'lfl ~~E FL tl) TRI iE 
C Y0Vl :..IUT~--'I-'T cHO'/. RAU' Tq,-,~ 

J:. ('I_,e. LE SC Hll\i! OR EQUAL T~ Z~RO (PRE" IllST) 
~llf·\.';·J(' ~ 1 ! r Fill L Jl'vp corn 
srr["1 Jt;"t' rl").Il0 (err- PITS ()-31 
r •• JC AL10 C 4L:srs A 1<0\" ENARLE 

~If ,::l, 3 n"LSE FLAG 
A'lC,3 ~~SET ~LA~ 
} ..• .;;,( , ~ S:=-T FL.'l.~ 

FLf.GS 
(' REM, "[~:"j::'Y 

1 ~'r J 1 E ,·'E I~C'QY 
? If PuT ... I;'Tlo r- 0 0'· ?rrnr~ERr.'-
') OI'TI~PT G!',T~ T,) PL:"r.lP~J[~J.L 

4 cc· q ,~('1L pr i"fL C(W~iArlj HPliT P~QUEC;T 
'".I Sf,VE f\;( !'?"'ST(''1:::: C;T~TIIC:; FL.,\C;C::; 
f Ln~u ~~r~rs~ ~~GTST[p 
7 ~~,T \lY tll\L T Y"STPIICTIC'N 

SET :~y e!fls·.:')'~:TICC; (If) A Ff1TLlJqE 
Q P';f. p~Lr J !'-ITrr.r)llj'TS 
F, 5EL:.·,..T (II r r::r '1Y ST:\TIl~ FL,'\r..c;) 
l~ ~~TEG FL~r tr~RESS (e!R rlT~ n-3) 

f·fLG r.LSf) rft,\JC:;ES. A Re" nJt1.[~LE 
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Table 3-1. Symbolic Code Listing (Continued) 

000 OOUOQu ~ tEFliJ£ ~. J ~,C::'lLf.II:-('VS It!S TqUC T H)p·IS 
('OJ OUlJO(,(1 , * 
lJ(lO tlULU GlJ DATA fO~ (',4 IJSfr'! TI, F.I-'T~n SDFCIftL J "IS TR1,1CT t O!,JS 
(JOG :lOUUuO fWP [VV 0,4 I,l T[Rh: 1I TE • ~"':Ehor J 1 C TO nATA 
oeo LJOO{JCO * 
000 ')UIJUOO * C!:.F If!f" r.~GISTrp l·nlE.r.:or~ICS 

(ICO OUuOOO * 
OC;) :lOuUOl Pl fQJ 1 
u(;O ulJOOO2 P2 lvU ? 
000 lIUOO03 R3 rou :; 
0('0 ('uliUU4 R4 Eel) 4 
uOO UlJe,005 R5 f(.u 5 
0(10 OlJLJ006 R6 E~U C 
0(;0 e,OOGu7 R7 ECU 7 
000 UOOllOl PC EQIJ .. n * 
000 000002 Mon EGu R? * 
000 COO{J03 "'~!l.H fG\J ?3 * 
00') I!OulJ04 (~CO fr.·U P'l. ~ ilL TEQ!IAT[S TO RI-Q7 
o(,a :)00005 ACl fr.\) ~~5 * 
lI00 II00U06 ACe E(il,) ':f) * OOJ 0(;(;007 AC3 F:vv rn * 
000 OOUuOR GS EOU 11 G;"TE'r1 S~UPCE ( Ft~('I!·" CIP:,?) - R OR R BUS ONLY 
UOO ]00U09 GD EI.:U 4 f:-l~u r"!'::t;Tr'AT I ()}J (FR0P CI~t,(l) .. A o;:? R 8tlS N·:LY 
000 [jUOOUA GXR ECiJ 1 r· GATr.:~ I' I)(X I<f~ I SH:r> (P)0~) CIR1,(l) - A. BUS ONL'( 
lJOO (lO('uC8 STK FQU P- ST I·Cr" liSE or.; A OK r: PtiS f)~ lL Y 
OUo JOCODO * - h::""'~JIDr::S ·'J.LT p Fr~s ~~! q ~!JS 

lJOO JOUljuO FLGS Eeu 0 Ri-\Ul S T f TI:S f='LhGS (N'LY TO f1E I)SEE' 

000 000000 * If' CYCLf ~OLLO~yr.IG tp:=Lr;,~VPSTF') - A ANr) R SUS 
OOu OOUOuO * 
000 00(;000 * (lEFIt:f 'O'-'T 10~'lS F()::< (;PfC?M:n FIELD (VI'.lIJ~ LIST B) 

uOO OUU000 * 
\)00 30000u HOR [OiJ Y' ~·orJr.ou r.CTfT( RIGHT (fiL T t Fqr; mJLY) 
000 300020 FOL fJU y' j'Jnr 2'-' P01.":TI=' L~FT (AI.T t. F~jS mJLY) 
0013 300U10 ShR EOU X' 3l"l(.1. U ~;r~ I C"T RI~!-IT (f.LT f· PIC; O~JL Y) 
000 3UOu30 SHL EGJ X'jl"r.r.3G ~;~I t:'T LFr-'r CJI,I_ T fJ. F='~.!C:; OIJLY) 
(,00 OOOUqO elN EOu '~. 'lO Y:.T LO·,II O~CfP Ct\i='RY PJ TI:?1JE 
OOl) UOl;DoO CI·i?A~ FQU X'~(l co!- D!...r'~c-.IT T~~ ! Rl:S 
000 (lOOU02 !3L8 EQU 2 b·Ltl if( L~I-T t:YTf' C~ q r.!1S (")('\"J'T USE fJOO) 
O~.) 000002 EtJCOV E.()U 2 E.t:f.~U: C[..D;·Y M.lQ ('\Vr:~r-'LO\·. (Af)n O!\.fLY) 
000 200002 RDI feU X'2("Or.02 RE f\~'J FJSTf.:UCT r o'! It. TI) C!q J\1-JD t.~DR 

(,0(; t."rl,ln,. 
"UVUU-' 

nAT~'t 
L'M' """'.1.- £CU 4 L')A,) n"c- . ., 

t, ntlC; FPOr. TH~ ~ATl\ Rue:; 
or-o 'JUoeO! RE [QU . 1 n,)a f'lf PLf 
0(;0 uUUliilB IF EIJL.I JFCTep- I:;S Tr~'.ICTl ON FCTr:~ (f.l T TI') JFF.:TCH) 
Ul'O .)00002 SPR EVU ? ~Ib'" PP0P (wITH nfoTAII'·1 ONLY) 
tiL.) OOiJOJO **It.** ***** 
000 000000 ~***. -**** 
000 UO{JUOO *It*** EfJO OF ~"lEI~Or-:Je C~F IrH TIO'!S ***** 
000 . OU\.IOOO ***** ** ... * 
OlllJ OOOuuO ****:t ***** 
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0(:0 Ju{Joon 
OUO (;(j(;~OO 
V,') "'UUor!o 
If9 IJUCiu'jQ 
if. 1 l ~ J lJ lJld) 

lEd .)() uc..:: il 
Ie·' ;)uUlJuD 
It-'~ .!ue::74e 
If.B IJ00ull0 
1l·3 OOIJOOO 
lEA 000000 

lEA 20u132 
lEd '~U\..r'OO 
lEt; OuOlJlJO 
lEC OUl)O\..rO 
lEe (JOUOlJO 
lEe nUU080 
l~C vOUOOO 
180 OOuuOO 
1&0 2F~e36 
1til (;OOlJ(,O 
181 'iu2740 
1~2 lJUUllOO 
182 122FOl 
le3 (JUOlJOO 
le3 Q06c34 
184 CULiUOO 
1£5 uG!..JuOO 
lE5 000000 
lf5 2F51d4 

. lE6 !..J922:"C 
1[7 lIO!..JtJOO 
lE7 OOU748 
lE3 000000 
000 UOuoco 
060 OA4209 
Ofjl no()uOc, 
0'10 000000 
090 UA4030 
091 000000 
OAO 000000 
u.a.o ~uOOOO 

OAO 122FOl 
OAl 006180 
OA2 OCOAOO 
OA3 1)04078 
\ii,q QOvOGO 
OblJ OOuooo 
OBO (J041Bl 
C[31 251404 
082 oOLlaoo 
OCO O!..JOUUO 
oeo OE43iJB 
lICl uOUOOO 
0[;0 OUlIOGO 
000 OE43Ct3 
o Lit OGOOOO 
OEO OOOUOO 
OED OC"bdl 
(jEt 2C50HC 
OE2 QUuDOO 
UFO UOOOOO 
(JFO OC"901 
OF! .2C514C 
OF2 uOCUUO 
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Table 3-1. Symbol ic Code Listing (Continued) 

.. 
* lfHTIAL17E EnAI.C~ TO IFfTCH 

ORG x'li19 
* I.OlF P-ic. 1ST STEP ,,~ I"'ITII'LIZE NI)UTI"~ IS EXr:-CUTED :3 TIl/,[SCLI)C 18~) 
• SL 1 S'( Te. F ..... F: 

1)11' r. , {.1 ,"C C:p·" • 1 F, <;HL 
• C(,,,·,·Ci. !><1P 1~·jIlT 1I-.r 
SKI!~ t'Ji.J,PC"rc CIr.rIF 

* * C{.tt. TH0L pt.!:EL PiTf~~llPT S[ ~v ICC ROUTH!f 
O,(u Xtlf:A 

CPIr ... l h ~FL( , ('PI IJt-', , ,0 ROI 
OHrl;,O,O JlilST 

* CP II:P FL • ..,.: LET:. C0 11 T1<0L PI'\!~~L LOG T C K' ,("1\',; TH!', T "'O~!Tr>OL PAi4FL ItlTERPUPT IS 
* bEIf!G St:I\"IC=:~). SE~VIcr prIIJTH'~ :'~f:r.Y £IF.: EIP .. tr~ '1ACR~ PQOGRAM Oq 
-* ~lCKOF;?vGf.-A;·i STOh.EO I" Ar,,0THfP CRI)M. 

* * ll!STf? FETCH ROUTF-JE 
ORG x'180 

IFETC~! r~Tf' X'2F2R36 
* ~t..p H'. Ii;n:;. IF li~TFPT,PUlSF P')~F, R-BUS TO ~/n~, REM)} 

AOG,~C, ,PC CH.,JIPC:-;T ~"TO J~'P TO '·-ACRO DJTRY oT IF ACR-9= 0 
* ".:OT': R£ IS "t::::DfT C SlF.P FOLLO\,'}!lG LCAP 

J\l)D,t;,<:.(,·')R,PlAr< Pi "FM0 P Y I',,-vmr:::ss F0Rf.1ATION 
* horr KL Ie; '[L:uEC. :·LL ~:r\' P~F IPe;Tr'fCTI">'S "UST HE P.J !-IAST~R CROf~ 

PFlG,r'~)FF, ~.·AP, ,':uf~ f"ltTAlfl ... JH'ST ~fAr') r~Er~Or.Y 

'" AUT0'~ATIC Ju'~P 10 [:IT~'( D~tr'T OF ~~ACROHISTI1UCTIO!·{ HEqE 
01.,;0 • X' lE!) 

* H.n: rtpu;:>T h.OPT l"'~ Ff'lLL("!'·!S 
INTP. [(,CrII.T CPIt4TP TEST FOR (N-!Trf)L Ofl!·!FL INTERRlIPT 

f,FLE rJ :~Ei.,rF, pc,", S TK n TUrn OCF r-~TERRUPT Er JARLE AND Sf..VF Pc 
* t"OTE rr,Er+F rL'\S fI.r:rrlS5 ~:uTCP CAusrs 'Of'" 

* LOAl> 

* LOA.u 

* STOF-.E 

AUl).O.O,PC .CIr-!rlf EXECl'TF tt!STP IN LOC 1 OF VAl'" ."EtJ.0nY 

ORe:. X'BO 
OR, ··-cp·, , GS 't-, , PC:: 

It'[,IhECT (SH.'Gt[ LEvEL) 
O~G X'9u 
PFLG,RJFF'~JP"GS 

ORG X'.I!o.O 

R~ MC~, lOA~ INTO SOUrtCE REG 

* H.O FOllO,~It,jC? Lt;CS C()IILr' 8E St.VF'" IF Cn",.4·"o" ~~E'" ADR FOR~4 USED 
ADD, GXR, p·DR, '''"p ~E r·:E~~ORY AI)I"PES5 
PFLG f LJtI FFF ""f..tO , 0 r. 

STOR CR,t,~S,VDR 0 
PFLG'~RFF'~CR"n IF ~PITE u~~ORY WITH (G~), 

. * SlOkE. p.lHh::CT (Sl~:r:LE LEVEL) 

* ADO 

* SUD 

" Sf(G 

.. SKf'.[ 

Oli\;. ~'!\~ 

PFL&,LD~QFF,~PR"O Rf LOAD ~Q WITH A~D~ESS 
A STOq 

eRG X'CO 
AO(),f.lOR,GS,GS 

Ot<6 X'CO 
AOu, ~·Di{, GS, G~ 

ORG X'E(I 
AOO,~G~,GS,MO~ P[,C~PA 

U • PS 1 G:-l. SK 1 p, 1 F 

ORG X'FO 
XOR,~OR,~S,Mnp PE 
Q,w<Ei.JlI SKIP,lF 

SUE O.1CP+ t) FROt·' SP 



'. ',J 
I. j 

. J : /, 
j \. '> 
j : 1 
~ , t 
,-1, 
" : i - ~.' 
i. ~ ., 
t . ~ 

t· 

l ": -'" 
l· ", ,. 

t '." 1 ~ 11 

J ~ .. : 
a ~: ': 
~ t,t 

-J 
-:-0 

.. , .... "li 
" ..;",0 

.' ~, .... r: 
' .• )00 

',,,",vDO 
rl::"~~l 
. ~S.:;'~4 

.• " 

* t~0 \".: 

* q':.-~' 

~ t,.SZ 

* Ll 
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·,.!d$3 3-1. Symbolic Code Listing (Continued) 

.(lfO 

" ,ll'H,r,S,GS IF,RE 
,,I 

.~/,./.f 
Y.'6c3 

, 1 rj H , 1'\ CD, A CO -IF ,RE 
t ~t1' ..... .' 

;(1 f,C , "'.J ; ...... 
., .. - : 

·~.r',ACl,~Cl IF,PE 

'~, .... ' X, 70 
r,I'u,:·uR,GS,!:OR PE 

I.;: ~: (J 51\ I P, I ~ 
~.~ ,.., 
,.j>j,) X'73 

.",." . . ". -~) \. r r'\ CIt p ~ 1. .' I ~r> , , , ,_ r-: ., r_ 

:; :' ;·j\FF ,i.,'I['Q, f..UO, f.7DR ii 

.. : . '. JST hAVE ';r"'h CONTPITS 
:, t-·0S (t.r\[j FL'~·CTINI). 

yt1epp.,::tIT 
PfS TonF: It! ~E'~ORY 

FOR PROPER T!:'5T. 2 MS BITS OF WRFF 

:;" t 
/.1.-='1} SVIP, IF SKIP JF ZERO, ELSE IFETCH 

.. 1.1" X' 7C 
"/~' ;', ~ f; , <~0F;, t-1r)R Ci-,PA, RE 
'.,..j' '1. I 79 ~() TC I C l+l ; I • .;J 

SUB O~JE 

Rt:.,IF 

°t:,IF 
COFf'Lf MEtJT OF 0 (2' 5 CO~PLEr'Etn FOR N=l) 

PE,C:-"PA,IF 

* ~~""l jl'~ RO;· OF CRef:, At)ltUH IS OECO!1ED AS 'DOtJ'T C~RE' FOR CAl 

* 

* 

RE, C""PA, IF 
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1 FR"M N (~NTRY POTNT) 
tm"J-r'E:GATIVf GO TO SHIFT, ELSE' IF 



06u- !JOUUOU 
Ut,() 1I[4U09 
lJbl ')OOUO(l 
068 oou('Ou 
06G U!452u9 
LJf9 (lOO .... CO 

vf:t OOuClOO 
(lE.C 05~c.d'19 

l.:f:.:; ()UlJlJ~IO 

l170 lJOOlJOC 
070 (JC4GLl 
\.171 ~t~lJ!.tC 

u7~ I)OUUOO 
07Q l)OOOOO 
1I7U j)(J'H'41 
07') l)t;: 4c70 
07/.. ,,iOlJLlUO 
G7f, (;l.lUUiJO 
u7A :~C:'>IJI.jC: 

073 tJuCuuO 
tI,e ;.lUUOOO 
1I7C O~0c:ib1 
07D 23C(04 
07c. 000(,00 
040 ')UULuO 
0'10 1'-)4-(:09 
(;41 OOUUOO 
041 (jOLl~OO 

041 COUliGU 
u,,1 IJUUO G 0 

_ l,.Jty4 ~OOUOO 
. 044 !.9d209 

0,,5 tlVuuCro 
Uqlj uOOuOO 
(;4.:i 1~('303 

v4~ 2C5lJ4C 
04A uOOlJuO 
,,'iC 1)00000 
O'IC 12uc09 
04D ~OOOuO 

lI~O OOUOOO 
• u~\) 1 zc..:>e 9 

051 000000 
lI!.>l tJl)OliOO 
(;51 !)OOlluO 
l~O COOOOO 
1~) 12C~f.9 

151 ~OUuOO 

1~'-1 'JOOUOO 
1~1 ooouOO 
05:.> GOlll,GO 
05:3 30(230 
O~.C OOL(,UO 
G~C ')20081 
(I!/) 22Lm5C 
OSC OJuuvOO 
u57 noouou 
O~7 3UC~20 
u5~ uOouOU 
u~o 02ut..cH 
u~q 22ubeC 
u~A I,OuLlOO 
l~fl (J u 0 c) (.1 0 
1~:J ~tJCll 0 
15C I,OOOOU 
l!:JC (\UOUUO 

'" ORO 

... CRl 

* SKAZI 

* lSi. 

* 
* 

f .. ()TE 
p,'VST 

*' l.JSZ 

* PUSH 

* 
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Table 3-1. Symbolic Code Listing (Continued) 

OKV l..'fO 
ANu, f -rR. (,5, GS IF,RE 

ORG . X'6d 
O~f·~rw, "CD, ACO -tF.RE 

OHG X'f,C 
Ot<,:'[';f<',AC1,,\C1 IF,RE 

Ol<b X' 70 
M'U,:' DR, GS, ~:DR RE 

o'H£(~O SI<.IP,!c:' 

ORG X'73 
A~J,~' iR, "I..['P CIt., PF.: 
~FLl: , ;·.;i.FF , "'.C'Q , !'-.up , MDR n 

r -:jU~ 0" '-.lST IIA'IE ·;·f'h CO~HE~ITS 

f ~ Zi h uS (t.r\[j FLit 'C T I Of'Jl • 
F-'I<i:..0tJ SV.IP, IF 

eRG X'7C 
AuU. I) • ~~9~:' t-II1R Cr.,PA, RE 
~ X'79 ~o lC 1SZ+1 

ORe. X'40 
OK,i;D"STK Rt.tIF 

It'epp~~rIT 

prST()R~ Hi fJ':Efv'OPV 
FOR PROPER T~5T, 2 MS BITS OF WRFF 

SKIP IF ZERO, ELSE IFETCH 

SUB O~JE 

* r-:OTE L0CltTIf'lN 41 U5FD qy Rfl';-RC::(: h'STPl'CTTO"JS 
* (CCliL[j CHAiiGE THIS SHiCE R-RU5 ADDRfSS CM! BE ARBITRARY) 
-* PULL 

* LI 

* CAl 

OR\] X'4~ 

Ort,STK"f,U R~.IF 
A!,:'~) ~J, SKIP IF ZERO 

ORG X'46 
AuG, r:~D, ~~rr{. GO PE, ~f'!COV 
8'HEC.:I~ SKIP, V 
ORG X'4C 
CR,[ltf":JQ,GD °E,IF 

"-f,n ;-! TO 1'5 COI--:PU=MEtJT OF 0 (2'5 CO~PLU·EfJT FOR N=l) 
eRe, X'SO 

PEte~PA.IF 

* tvOT[ 1,.1 RO," OF CR0r~, A~It(~) IS OECOI"lED AS 'QOfJ'T C~RE' FOR CAl 

* 

* 
* * SHL 

ORG Y'150 
AU~ , liO, '''OH , GO RE, C"/.PA ,IF 

(SdIFl LEFT OPE~I tJ PLACES) 
ORb X'Sti 
OK, C--:i , , GO SllL 

* Et.TRY rOIr'T FOLLO\JS 
AtJ~,O,,·~:1r,~.[IR CP,',Pf .. RE SIIPTPJ\CT 1 FRn'., f4 (S::NTRY POTNT) 
l:,P516:J ~-2.TF IF RESULT t·'O~J-t'C:GATIVf GO TO SHIFT. ELSf IF 

.. RCL RuTf~TE LE'FT (StHFT CIPCULAR) 
OHu X'57 
OR, (;(\, , Gr ROl 

* Et!Tf-Y .... Olin FOLLO,,:S 
ADO, (l, :'4)R, ~rJP CMpa, RE 
~,""SIGrJ" $-2, IF 

* SHR SHIFT RiGHT 
CH", 'I' J 5~i 
OR,~n"GG SHR 

t NOll.fi IS IIHTIALLY A rlt:"GATIVE UO. 
.. Er.TEY rOlla FOLLOl\S 
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ISC O~\Joql 

1 ~,tJ 2A.MCC 
l~E UOGLJuO 
1~1 {JOCUOO 
1!)1 3()C2JO 
1 ~ i\ nuuuoo 
1~u 02li,,~l 

1!..'3 2AuMCC 
1!>A UOOViJO 
054 ~OOtJlIO 

O~'t C9uc!l1 
055 194cOl1 

O!'(· 13J~(lo 

U!.7 uOvouo 
u~7 f)OIJ.)OU 
(;~1 OUvuOO 
U;:O 'JOULJU(l 
u:!O lCC30d 
u31 couO(JO 
0:'1 1celICJ8 
u"" ";L i)OOOOO 
U:>2 leClOR 
033 U00uOO 
03.) OOOtJuo 
u3~ uOO(lOD 
1311 000UOO 
13U 024':'01 
1:"1 22lJ&e4 
1" " ..Jc.. COtJulJU 
132 ClOOOuu 
132 OUulitJu 
132 21':;llJ4 
133 OOUIJIJU 
1~·3 lV'tAO! 
12.!t 1C82('0 
13~ OA42C8 
136 1J0UUulJ 
lJ41 )OOUOO 
C41 21aYi.J4 
(;42 lluUJOU 
042 1('d208 
043 , ... t'\t't".nn 

,",UUUUU 

02u 000(,00 
020 1~27(19 

0,1 JOIJOi;O 
Oe:4 GOliuOO 
OZ4 004009 
U£~ OOOu00 
Cl2d 1)00000 
(,2(' 092201 
u21J 1227L£, 
O,A (luOl)l)Q 
uZC OUO(JOO 
(J2C J922fll 
U(:~ 01J~oQb 

02E oauvoo 
(JClt\ noouu(l 
(we ClO .. 101 
0.0.9 200029 

... RO!{ 

Table 3-1. Symbolic Code Listing (Continued) 

,6 vi" (I, ~ •• t~ ,,. ~p 

[·,f..LF':JP ,:.-2,lF 
ROT i.: Tf :: I vbT 
OH" 1.'1')7 
or,G~"sr oOR 

... ErlTl·Y POI!,T F)LL\..H-'S 
1';.Jv.·I',··~r.,:-.D~ CI!~,f.'E 

r,FL p:".,r) .~-~, IF 
* xellh~ EXCr-" JG~ j,EGISTF:P ;.r,!n STACK 

Oi{G X ' ~:4 
CR,STtl., ,::Af. PC: (DI'LL C:;TACt< Tr· ~IP~ ('lIlT 0LO DATA) 
('P,r;.f" ,STK 0 (PI!SH nE:! OAT,. Of'T'> C:;TflCK) 
(\H, tJ, I,A!~, Gl IF 

... 
* REt-PEG l: .. STPueTIons 
:t RADL 

eRG 1.'030 
t.I..;L;,(,J,:;S,(.)U IF,~r'E"-'COV 
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* ht"I.D VICF\()P"':)c.,Ri,',,· rRA~ICt-!ES TO TI-HS Pon!T ~FTE~ AUGMENT DECODE 
Rf.N~L ALi.. , I,;). :;S, G[J I!=" 
* r~XCf-( ~ ICi;(]PRY.~Pl-l.~' PRA!JCnE.S TO TrtIS POr"T A!="TFP tI .. UGMENT DECODE 
RXORL XOR,SJ.GS,GU IF 

* * E::..I~TRY PC 11. T FOP RXCH, qCpy, 0X(,R, RM"D 
* lECOl\E huG' r::.:T FH. LD (qr.G-?iEG If!STR' S) 

(;r~ X'lJu 
vi., ··.Of-?,· 1( I-h ··r·R R[ TEST 13 IT 0 
r'~IT~ X'41 60 TO TEST RCPY O~ RAND IF TRUE 

* r:OTE TI~E !I.'-:'V[ 1~.j5Tr>UCT!m~ HkS PiE EFF~r::T OF GATING f.':DR ONTO THE 
* R pus TI) PO:::~'IIT TEST FOP PIT 1. 
* (SH~'~[ AS A::"),li,l.r_p,·, .. ··h~ CroPfd 

F.LITl FXvPL 
* RXCH 

OR,~0,OrlCR R~ 

Crrt, r. , ';..S, hV (j 

Tr:::" P STOqF: 
Lf'lf..O GO 
LO~O C;S OR, '~.}K., ;], GS If 

* .TEST FOk ~C~Y Ok RftNC~ 
(IRS X'41 

~ RCPY 
OR,O.5S,~D IF 

$: ,a·n 
vi'.r 

ORb '(';;>0 
AU0,GXi<,J·Of' ,PC IF,~E' FCqfJ, 

* ~.I!·lp yr~[jI :,[C T 
Ot\G X'24 
Ok, · .. ty ... PC IF,qF w:l\IE ~""aR 

* ~SR (Ju:;P TO C;uH~'('UT p.I[) 

ORG 1'20 

ADrpr:SS C;Tf)n~ IrJ PC 

TO PC 

C:i{,PC"STK. Ri. Pt'SH PC t')r';TO STACK 
AGe-, G Xr~ , ',; &Jr: , PC JF FC·r;.a..1 A~D;"'fcS,5Tf'lR:: TN PC 

It- ~SR ILUIRf:.CT 
OHG X'2C 
Oh,PC"ST~ Rf PUSH PC ONTO STACK 
Ot< , '·UP.. , PC J F 

• S~T FLAG 
OPG x'Oue 
PfLG,LJ~pFF,~CR"O RE LOAD -~ ~TT~ O(VICE ADOR 
SFLG,GF~G IF ~r.l ~~T~n FLAG 
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0011. OOOOuo 

l(~B 000000 
H·e OO~·lL .. l 
I(~Y 2l1utJ39 
l(A fJOOO(lC 
VI') ... Ul'lIJO 
010 JCilJ~(;l 

U11 ~u9uOD 

012 01 1+7'J8 
013 :)~..:.::.,uo 

IFE COfJoGO 
1F~ cFFILC 
IFF tJJlIUOli 

IFF 2Frl[fl 
U{;U OOOJl'O 
O£·O OLlOl-(;O 
lIlO 2FFCU5 
OGl OO\);.I:)U 

tlOl !JlJUuOO 
OCI nOuc.;.cl 
002 CGIJtJOU 
(Jl12 r;OOtluO 
u('2 l":HioCl 
0(.13 022.70ft 
U(.·4 !)uOiJliO 
HiD uCluuOG 
1(,) OOU171 

·1(1 0)9J£'00 
1(·2 ~LlOOl;O 

102 auuuuo 
1(,2 09u-:;71 
1li3 OU'+2U8 
104 uOOO(;O 
lG4 HUOuOO 
OOli OOOUOU 
U04 oCC405 
Ov~ G\J1Ul3C 
OlJ6 {JGlJOfl(l 
(:06 OOUuUO 
OU~ ':'CC4G5 
U07 lJiJbOF8 
0(,8 !lOlJUOO 
198 C('uuoc 
193 lJiJl'u uv 
19& fj24gC2 
1«;9 u7'+i:OO 
l~A 60ltlbO 
19U OOUOOO 
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Table 3-1. Symbolic Code Listing {Continued} 

* PULSE FLAG 

CRt;, 'Plut 
f-·;:V:·,Li';_~F d/Di~"O RE 
rFLS,GFLG IF 

* DOC 
CK.G .('10 
o~,~CO"ACO RE 
~,GJC 5+1,IF 
A~LJ, '-,Ji; r PC, PC IF 

(.if) TO IFFTCH IF COtJ!)ITI0N fJOT SATISI='IED 
CTHEP~!SE ADn DISPLACEMEt~ TO PC 

* .... '·L 1 

CKREL 
ORG X'1FE 
r1fSTI\~T ~,JFrOFL& CLEARS PALT FF 

* r·~olt IrlJ..T RO'~ 1"~l?FSS ! !\-.R,'lPS t..ROIJ~'~D·' FRO~ lF~ 
CKST i..;,SlA,H CK,r~EL,SFLr-· SC:TS HALTFF 

0i--<G XI;)') 

* r·!01[ (l.r CAl~C:>ES r.J\TEr JC (CiK SIfiCE HALT HAS ()D CODE OF ALL 0'5) 
R C~ST,i=<E 

* R Ii (I-'r.. HI .. "'.! r-P~)'; I'JTU?f<UPT) 
CKG XI(ll 

~.FL(~, I'J::~'FF RE 
*?TS (RL1U~H·. ~:~'.):. SfU 

(.IRG X' 02 
l)~ , S T (. r , PC 
t.UJ, r'C,' ·r:il, PC TF 

RF. 

* PuSLF PUSH FLI'G~ ONTC STACY 
(;i<C X'l('1(; 

pOP C;T",CK 
AOD DISPL 

PFLG,SVPSTF ~~ oIJLSf SVPSTF 
l..K,tJrIl.SH~ IF PUSH FLAGS mHo STACk 

* PULLF PULL SlfC~ ~T01F IN FLAGS 
O~G XtiC~ 
PFLr;,S'Jt:STF-,~TI\,n,V!1R Q~ PU'-L STACK INTI) "'10R(SVRST ADDRESS MUC;T RE 5) 

* * RIfl 

* RQUT 

* LOAl1 

* BLf.II~~ 

OR, ~"i~P., 0, U lr PUT :~nR INTO FLftGS , 
V 

OkG X'04 
f.$h X'lCj~,RE U),\rs AnnR Q~G 
PFL~,IuFF,O,O,ACn or,TftIrhIF DATA IN 

Ot{G X i li6 
r·Sh "J:'1':1t',RE LOAns AnDR REG 
PFL(; , 'JO;:-F , f.r f) , {J , n IF DATA OUT 

l\r;JB t?rc=. St'~R01'Tn£ 
O~G X'lSlE: 

~·r.S T C:H~t·IFICArlT ~YTE 
OK! ~~')~~, ,~\li-< , ~~[1R bLB 
kU[;, ;'(\f~,;"C:3, ··~R 0 JI.~O OISPL TO "C:3 
PFLG,LUARFF,~DR,~,O RET LOAD AR 
END 
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4.0 ADDRESS CONTROL ROM PROGRAMMING 

The programm ing of the Address Control ROM (ACR) is shown in tabl e 4-1. The address 

programming establ ishes the classes of instructions that result in the various masks gen

erated by the ACR output. From 1 to 12 different masks are possible. An X denotes a 

IIdon't care" term. 

The reader is referred to the GPC/p Microcoding Manual for a more complete discussion 

of the function of the Address Control ROM. 

ADDRESS 
876543210 

X1XXXXXXX 
X10 1 0 XXXX 
X011X1XXX 
XO 11 XOXXX 
XO 100 XXXX 
XO 101 XXXX 
X0011XXXX 
xeo 1 e XO xx 
XOO 10 Xl XX 
XOOOO 1 XXX 
XOOO 1 XXX X 
XOOOOOXXX 

Table 4-1. Address Control ROM Programming 

DATA 
0123456789 

0000111101 
0000111100 
0011111101 
0000111101 
·00 111111 00 
0011111110 
0000111110 
0011111100 
0011111101 
0001111110 
0000111100 

.1111111110 

ARITH-REG XFER 12-15,FORM MEMADR 
STORE DOES NOT USE COMMON MEM ADR FORf'MTION 
ORI,ISZ, DSZ XFER 10-15,FORM MEMADR 
ANDI,SKAZI XFER 12-15 
SINGLE-REG XFER 10-15 
SHIFTS, CAI,AND STACK COpy XFER 10-i5,7 
REG-REG XFER 12-15,7 
JMP,JSRXFER lO-15,(NO COMMON MEMADRFORM) 
JMP*JSR* XFER 10-15,FORM MEM ADR 
FLAG XFER 11-15,7 
COND JMP XFER 12-15 
r/o, l'-/'.ISC XF ER 8= 15,7 
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