SNITION FPROGERAM FAGE

—oLE MICROQCODE DEFINITION PROGRAM

.S FPROGRAM DEF INES THE MICROINSTRUCTION FORMAT
: AND MNEMONICS FOR THE METHEUS DIZPLAY MODULE

o] 7
7 s WRITTEN RBY ROR BRUCE 2-SEF--E1
e sMINOR REVISIONZ 7-0QCT-81 TO INCLUJDE NOP, CLR,
< sR REG LOAD CONTROL EIT, ALD I/0 FLAG COND. CODE
10 s ANDI TO REMOVE 170 FLAG SET/CLEAR CONTROL BITS
11 H
12 s ADDITIONAL REVISIONI ZT-NOV-381 TO PROVIDE DEFAULT
1z s 0OF -1 IN PIPELINE REGIZTER CONSTANT FIELD ANDN OF
14 s OF CONT IN RBRANCH FIELD, CHANGE DEFAULT OF DATA RUZ
15 s SOURCE TO ALLUY, ADD SHIFT CONTROL 7O IMAGE READEACH
ié :SHIFT REGISTER ANLD ALLOW IMAGE READEBACK AZ HIGH AND
17 s LOW NIRBBLES RATHER THAN AS ONE RBYTE. AL=0, THE LFZ CONDITION
s ;IS RENAMELD TQ LFC FOR CONSISTENCY. SOME OF THEZE CHANGES
1® :ARE IN ANTICIPATICON OF MODIFICATIONS TO RBE MADE TO THE
20 ; PROGTOTYFE EOGARLL
= o
22 s REVISION OF 10-DEC-T1 TO FIX ERRORG IN NOP DEF INITION
2z s REVISION (OF 11-DEC-S1 TO ADD SUFPORT FOR LICTL1I AND 2
24 s REVISION OF lf—DLC—-l TO FIX FASS CMD
25 s REVISION OF 25-DEC-Z1 IO CORRECT ADDRESZ QF IMRDH
27
e sDEFINE MICROINSTRUCTION WORD LENGTH
ﬂf WORD &4
) ;
s1 ; THE MICRCOINSTRUCTION WORD IS DIVIRED INTO SIX FIELDS.
22 s STARTING WITH THE LEAZT SIGNIFICANT RIT THEZY ARE:
Z3 ;1. CONSTANT FIELD FOR DATA COR ERANCH ADDRESS (12 BITS)
=4 ;2. ALLI FUNCTION, SOURCE ZSELECT AND A AND B ADDRESSES (1S EITS)
G ; 3. ALL DESTINATION AND SHIF1 CONTROL (S RITS)
35 ;4. MICROPRIOGRAM CONTROL: ERANCH AND SUEROUTINES (11 EBITS)
37 S, DATA BUS SOURCE AND DESTINATION (& BITS)
Zz HE= CONTROL RITS FOR DRAWING PROCESSOR AND MISC. (12 BITS)
3 H
40 : THE CONSTANT FIELD IS EITHER EXFLICITLY DEF INEL
41 sWITH THE "CONST™ INSTRUCTION OR IMPLICITLY WITH

4z ; THE "DRUS"™ INSTRUCTION.
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;7 2901 SOURCE ARD AL FUNCTIONZ
s THE ALU FUNCTION TAKES THREE ARGLUMENTS: ALU ZOURCE CODE,
; ANDD REGISTER DESIGNATIONS FOR B AND A INPUTE,

2901 ALU FUNCTICONS

-
r

AL DEF 27X, H#O, 2VQH, 4VHY, 4VHH, 12X ;s ADD

ADDT: DeF S7X, HE1, ZVQE, 4Vi4E, 4VIHE, 12X s AIDD AND INCREMENT
SUERD:  DEF S7X,H#2, 3IVQH, 4AVH#, 4VHE, 12 ; REVERSE SUBTRACT AND DIE(
SUBR: DEF 37X, HRZ, SVOHE, 4VHE, 4VHE, 12X ; REVERSE SUBTRACT
SLED: DEF S7X,H#4q, 3V0E, 4VHE, 4VHEH, 12X ; SUBTRACT AND DECREMENT
SUR: DEF 27X, HES, 3VRR, 4VHE, 4VHE, 12X s SLUBTRACT

OF: DEF ST7X,RE6, 2VEE, 4VRHE, 4VHE, 12X

ANLt: DEF [I7X, s, ZV0E, 4VHE, 4ViHE, 12X

NOTRS: DIEF S7X, HuA, SV0HE, 4VHE, 4VHE, 12X

EXCR: DEF 7 X, HBC, 2VAE, 4VIHE, 4ViHHE, 12X

EXNOFR: LDt SI7X, HEE, 3VEE, 4VRE, 4Vhi, 12X

;7 ALU SOURCES

A EQu QRO

ABE: Equ G#1

pASH gqQul GEZ

ZE: EQU QHE

ZA: g @4

DA: EGU GRS

nee: Equ G#&

bz: el «#7

7 REGISTER DEF INITIONS

RO: EQ H% O

Ri: ECIL H#1

2: EGL H&2

R3: equ HEZ

R4: EQu H#4

RS: EQu HHS

Ré&: galll H#&

R7: EQU HE7

RE: EGu H#E&

R%: EQU HES

R10: Equ RH#A

Ri1l: EQU HEE

Ri2: EQu H&C

R1Z: EQU HED

R14: EQLl H&E

K1S: ECILI HEF



L INE

o2
¢32
94
5
&
7
9
9
100
101
102
103
104
10%
10&
107
108
109
110
111
112
113
114
115
11¢
117
112
119
120

23
1=4
125

DISPLAY MODULE MICROCOLDL DEF INITION FROGRAM

; USEFUL COMEINATIONEZS. TAKE AZ FIRST ARGUMENT A,E OR
; SECOND AND THIRD ARGUMENTS ARE B AND A ADDREZSES.

; THESE INSTRUCTIONS DEFINE USEFUL COMBRINATIONS OF

s ALU SOURCE AND FUNCTION.

FASS: DEF Z7X,BHO000, 2V, 4VH¥, 4VHEH, 12X

NOT: DEF 27X,E#1110, 3V, 4ViiH, aVii#, 12X

INC: DEF 37X, B#0O001, 3V, 4VHH, 4VHE, 12X

DEC: DEF 37X, BHO0L0, 3V, 4Vii#, 4Vid4, 12

NEG: DEF S7X,B#0101, 3V, 4VH#H, 4VH#, 12X

s ARGUMENT DEF INITIONS FOR AROVE

A: EGitd E#100
E: ecu E#011
G Equl E#010

s INSTRUCTIONZ--NOT COMERINED WITH THE ARGVE

; BECAUSE OF DIFFERENT BIT FPATTERNZ
FASSD: DEF
NOTD: DEF
INCD: OEF
DECD: DEF
NEGI!: LEF

sNOF INSTRUCTION: FASS KO AND NOLD
;s TAKES ND ARGUMENTS
NGF: DEF

-
r

;CLEAR INSTRUCTION: FUT QUT ZERC ON F BUS
s TAKES TWO ARGLIMENTZ: A AND I REGIZSTER DEZIGNATIONS
37X,BH#1000111, 4VHE, 4VHE, 12X

CLR: LEF

Z7X, B#0O000111, 4VH#, 4VHH, 12X
27X, EB81110111, 4ViH#, 4VidH, 12X
S7X,BHO0011 11, 4VHE, 4VRE, 12X
37X,B#010Q111,4VH#.4VH#,12X
I7X,BE#0011:111, 4VH#, 4VHE, 12X

T2X,EBHO0, 041, EB4#110010000000000, 120X

G,

FAGL
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GISPLAY MODULE MICROCODE DEFINITION PROGRAM

;7 2701 DESTINATION CONTEOL

; THE DESTINATION CONTROL FUNCTIONS SELECT

;THE B OR @ REGISTERS TO Bt LOADED WITH THL

; OUTFUT OF THE ALU. THIS RESILT CAN BE SHIFTED
;UF OR DOWN BEFORE LOADING. THE SHIFTING MOLOE

; IS SELECTED BY

LDG:  DEF
NOLD: DEF
LDB.A: DEF
LDB.F: [LEF
LOBG. DN:

LDE.DN: DEF
LDRG. UF:

LDR.UP: DEF

LI TR

SHIFTO: EQU
SHIFT1: ERU
ROTATE: EQU
ARZHFT: ECGH]

SHIFT CONTROL

THE "ZIHIFT CONTROL" ARGLIMENT.

22X, B#00, G#0, 27X
32X, E#00, QK1, 27X
22X, BHOO, QH82, 27X
22X, BE#00, a#3, 27X

DEF 32X,2V, 084, 27X
22X, 2V, B85, 27X
LEF I2X, 2V, 088, 27X

z=2X, 2V, 047, 27X

B#00
E#0O1
E#10
EE11



DISFLAY MODULE MICROCCQUE DEF INITION FROGRAM

MICROSEQUENCER CONTHROL

CURE TR T

; FOUR-WAY BRANCH (TO R OR IW
i TAKES AS ARGLIMENTS DESTINATION (R OR [) AND TWO CONDITIONE

FWYER: DEF 21X, BE#00Q, 1V, 3V, SV, 32X

; CONDITIONAL BRANCH (T0 R OR D)

s TAKES AS ARGUMENTS DESTINATION (R OR D) AND CONDITION
;IF NO CONDITION IS SFECIFIED THEN BRANCH UNCONDITIONALLY.
ER: DEF 21X, E#01, 1V, E#000, SVE#10000, 32X

s CONDITIONAL BRANCH TO SUBROUTINE (ADR. IN R CR D)
s TAKES AT ARGUMENTS DESTINATION (R OR D) AND CONDITION
s IF NO CONDITION IS SPECIFIEDR THEN ERANCH TO SUEROUTINL IS

P UINCONDITIONAL.
ESR: DEF 21X, 22410, 1V, BRHOOO, SVEH10000, 32X

; BRANCH ADDRESS SOURCEZ: R (R REGISTER)Y OR It (DIATA ERUS)
R: ERU E#O
IH E&u E#1

-
T
-
r

;CONDITIONAL RETURN FROM SUBRGUTINE
; TAKES AS AN ARGUMENT A CONDITION
s IF NO CONDITION IS SPECIFIED THEN RETURN IS UNCONDITIONAL

e

RTEZ: DEF 21X, BH#111, EROQO, SVEH10000, 32

7

s CONTINUE (ACTUALLY EBRANCH NEVER)
CONT: DEF 21X, BRO10, BHOOO, BEHOC000, 32X

FAGE
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DISFLAY MODLULE MICROCODE DEF INITION FPRUGRAM

;s BRANCH CONDITIONS, GROUF ONE (USED
; SECOND CONDITION IN 4-WAY ERANCH)
s MINUS RESULT IN ALU

MI: EQU EHOO001

; PLUS (NONNEGATIVE) RESULT IN ALU
PL: eQu E#10001

; ARITHMETIC CARRY (CA)

CA: EQU E#00010

s NO ARITHMET IC CARRY

NCA: eEQu E#10010

s ARITHMETIC COVERFLOW

av: EQU E&#00O11

s NO GVERFLOW

NOV: EQL E#10011

s ZERO RESULT IN ALU

Z: EQU EEQ0100

s NONZERO RESULT IN ALU

NZ: EQU E#10100

; LOOF COUNTER EQUALS ZERO

LFC: EQU E#10101

;LOGE COUNTER NOT EQUAL TO ZERCG
NLPC: EQU E#Q0101

s R&AM RIGHT SHIFT CARRY

RRC: EG B#00110

s NO RAM RIGHT SHIFT CARRY

NRRC: EQU B#10110

s GREG RIGHT SHIFT CARRY

QRC: EQU E#OO111

i NO GREG RIGHT CARRY

NERC: EQU E#10111

s LEFT RAM CARRY

LRC: EGU E#O1000

s NOT LEFT RAM CARRY

NLRC: EQU E#11000

s LEFT @ CARRY

LaC: EQU BHO1001

s NOT LEFT & CARRY

NLGC: EQU E#11001

sOISEL CONTROL LINE
Dzl EQU E&#01010

P INVERTED DIISEL CONTROL LINE

WITH BR,EBESR,RTE

AND
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DISPLAY MODULE MICROQCUDE DEF INITION FROGHRAM

NDsL enu EH11010
s BRYTE NEGATIVE FLAG
BMI: e EHO1011
s BYTE NONNLGATIVE FLAG
BPL: ecu E#11011
1 1/0 FLAG TRUE

I0F: EGLt E#01100
:1/0 FLAG NOT TRUE
NICOF: EQU - E#11100
s VERTICAL BLANK FLAG
VEL: EQU E#11101
s VERTICAL BLANK NOT
NVEL: EQU EBE&01101
s GUTPUT DATA ACCEFRTELD
ODAC: gEcy ERO1I110
s QUTFUT DATA NOT ACCEFRTED
NODAC: EQuU E#11110
s INFUT DATA READY
IDRDY: EQU EBO1111
s INFUT DATA NOT READY
NIDRDY: EQU ER11111

FAGE

7
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DISPLAY MODOULE MICROCODE DEF INITION FROGRAM

-
r

;s BRANCH CONDITIONS, GROUF® TWO. (USED ONLY
:AS FIRST CONDITION IN FOUR-WAY RRANCH).
s ALTHOUGH THE CONDITIONS AKRE THE SAML AS

; SOME
;s THEY
; THEY

s LOCF

OF THE GROUP ONE CONDITIONEZ,
ARE GIVEN DIFFERENT NAMES HEKRE SINCE
HAVE DIFFERENT BIT PATTERNS.

COUNTER CARRY TRUE. (NOTE THAT

i THIS FLAG IS LOW TRUE IN HARDWARE

i AND IS INVERTED HERE BY SETTING MOST SIG BIT HIGH
LPCZ: EQU B#100

 LOOFP COUNTER CARRY NOT TRUE

NLPC2: EQU E&#OOO

sALU RESULT ZERO AND NONZERO

12 EGU E#001

NZ2: EQU E#101

tALU ARITHMETIC CARRY AND' NOT CARRY

CAZ: EQU EROLIO

NCAZ: EQU E#110

i RAM RIGHT CARRY ANL NOT RAM RIGHT CARRY
RRCZ2: E&U ERO11

NRRCZ: EGQU E#111

FAGE

&
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DI1SHLAY MODULE MICROCODE DEFINITION FROGRAM FAGE

7 DATA BUS SOURCE AND DESTINATION.,

;OF CODE IS FOLLOWED BY TWO ARGLIMENTS: FIRST

; THL DESTINATION, THEN THE SOURCE. IF THE SOURCE 1S
; THE PIPELINE REGISTER THEN A THIRD ARGLIMENT PRQVIDES
s THE PIPELINE REGISTER CONTENTS.

:DEFAULTS ARE NO DESTINATION, ALU Y QUTPUT

: SOURCE AND -1 (ALL 1-S) PIFELINE REGISTER DATA

ODRUS: DEF 13X, SVEBH#00000, IVEHO0L, 21X, 12VLHKEFFF

)
]

<
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DISPLAY MIDLILE MICROCODE DEFINITION FROGRAM

ODATA BUZ SOLUIRCE OFERANDEZ

ey we we

s ALU "Y® OUTPUT

ALUY: EQu E#001

s FIFELINE REG "CONSTANT"

PLREG: EQU E#010

; SCRATCH PAD RAM READ

SPRAM: EQU E#011

s IMAGE MEMORY READEACK LOW NIEBLE
IMRDL: EQU E&#100

; IMAGE MEMORY READERACK HIGH NIERELE

IMRDH: £0u EH111
:CRC TESTER DATA READ
CRCRD: EQU P#101
; INFUT DATA REGISTER LOW ANLO HIGH
INL: ecu E#110
INH: EGU E#000

EYTE READ

FAGE

10
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DISPLAY MODULE MICROCODE DEFINITION FROGRAM

DATA EBUS DESTINATION COFLRANDES

we ws we w¢

iNO DESTINATION

NODEST: EQU E#OOO00

s LOOF COUNTER LOAD

LPCNTLD: EQU E400001

; IMAGE MEMORY DATA MASK REGISTER LoOaD
DM3TKLD: EQU E#00010

sPATTERN CONTROL REGISTER
PATRLD: EQU E#00011

s DRAWING PROCESSOR X REGISTER LOCAD
PXLD: eEqu E#OQL100

s DRAWING PROCESSOR Y REGISTER LOAD
PYLD: EQL E#00101
;DISPLAY X START (X PAN)
STLD: EQRU E#0Q0110

;DISPLAY X ZGOM AND FRACTIONAL FIXEL PAN REGISTER LOAD
XFPZLD: EQU E#00111 .

;DISPLAY Y START (Y PAN)

YSTLD: ERU ERO1000

;DISPLAY Y 200M AND FRACTIONAL FIXEL FAN REGISTER LOAD
YFPZILD: EQL E#01001

;OUTRUT DATA REGISTER LOW ANDN HIGH BYTE LOAD
onLLp:  EQU E#01010

OOHLD: EQU E#01011
: CHARACTEF: GENERATOR CHAR REG LOAD
CGENLD: EQU BHO1100

;CRT CONTROLER LOAD

CRTCLD: EQRU E#01101

; COLOR MAF CONTROL REGISTER LOAD
CMAPLD: EQU ERO1110

sCRC TESTER CONTROL REGISTEf: LOAD
CRCTLLD: EQU E#O1111

.
r

; SCRATCH PAD RaM ADDRESS LOAD
SPADRLD: e E#10000

FAGE

11
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DISFLAY MODULE MICROCODE DEFINITION FROGRAM

; SCRATCH PAD RAM DATA LOAD
SFDATLD: EQu E#10001

s USER CONTROL 1 FOR DEBUG
HCTL1: ERU E#10010

sUSER CONTROL 2 FOR DEBUG
LHcTLz:  EQU E#10011

-
1

FAGE

1
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7 CONSTANT

iA SPECIAL CASE:
i TAKES ARGUMENT WHICH IS A LABEL OR DECIMAL CONZTANT.

CONST:

DEF

CONSTANT FROM FIFELINE REGISTEK

12X, SE400000, IBH010, 31X, 12V7HE

FAGE

13
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DISPLAY MIDIILE MICROCODE DEFINITION FROGRAM PAGE

;7 CONTROL FUNCTIONS

: EACH CONTROL BIT IS HANDLED BY A SEPARATE

s INSTRUCTION FORMAT TO ALLOW THEM TO RE SFECIFIED IN ANY

sORDER. IN ADDITIQON, A CONTROL DEFAULTS INSTRUCTIOQN ALLQOWEZ ALL THE
; CORRECT DEFAULTS FOR THOSE CONTRCOL EITS NOT SPECIFILD TO BE USED.
; THE DEFINITIONES ARE SET UP WITH DEFAULTED VARIABLE FIELDS TO

; ALLOW OVERRIDE. OVERKRIDE IS NOT PERMITTED WITH CONSTANT FIELDS.

;s CONTROL DEFAULTS
DEFC: DEF 1VB#0, 1VBHO, 1VE#1, 1VE#O, 1VEH1, 1VEHO0, 2VEH10, 2VEEL0,

/1VE#1, 1VE#0, 1VE#1, 51X

; DRAWING PROCESSOR IMAGE MEMORY WRITL

MEMWR: DEF 11X, 2VRER0O0, 51X

; DRAWING FROCESSOR BLOCK WRITE

WALL: DREF 11X, 2VRE#10, 51X

; LOGEH COLINTER COUNT ENABLE

LFCNTEN: DEF 10X, 1VRE#O, SC

;s DRAWING PROCESSOR X UF/DOWN COUNT CONTROUL
XUp: DEF aX,2VeL#o1, 54X

XN DEF X, 2VeRH00, 54X;

s DRAWING FROCESSOR Y UFR/LDOWN COUNT CONTROL
YUIF: DEF &X, 2VREH#HO1, Té&X

YDWN: DEF &X, 2VREH00, 56X

; CHARACTER GENERATOR SHIFT ENALRLE
CGENSHFT: DEF SX, 1VEE#1, S&
;s CHARACTER GENERATOR COUNT ENABLE
CGENCNT: DEF 4X, 1VRLHO, 57X

; IMAGE MEMORY READBACK LOAD
RDBCKLD: DEF 2X, 1VeE#1, 1X, 1VREH1, 52

; IMAGE MEMORY READERACK SHIFT RIGHT
RDECKSR: DEF 33X, 1VeRE#1, 1X, 1V@RRHO, 52X

; IMAGE MEMORY READEACK SHIFT LEFT

ROBCKSL : DEF 22X, 1IVREHO, 1X, 1VREH#H], 58X
;LOAD R REGISTER

LDR: DEF 2X, 1V@EHO, 61X

s CREAKFOINT SET

EFT: DEF 1VEEH1, &3X

T

-
’
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AL

AND
BMI
ESR
CGENLD
CONST
CRTCLD
DEC

1]}
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INL
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MEMWR
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Aug 17 12:31 1983 oawocrds. ¢ Page 1

# the following table is a list of assembler mnemonics;
# This table is for the Omega instruction set.
# for each mnemonic the associated machine—-code bit pattern

# and symbol type are given.

*/

struct item keytabll = £
“align", 0, ALIGN,
Helr®, Ox47, ALU2,
Yadd", 0, ALU3,
Yaddi", 1, ALU3,
"and ", 8, ALU3,
“eaxnor", Oxe, ALU3,
"exor", Oxc, ALU3,
“notrs®, Oxa, ALU3,
“or®, b, AL U3,
“sub", S5, ALU3,
“subd®., 4, ALU3,
“subr", 3, ALU3,
Ysubrd", 2, ALU3,
"dec", 2, ALU3MAGIC,
"inc", i, ALU3MAGIC,
“neg”, 3, ALU3MAGIC,
"not", Oxe, ALU3MAGIC,
"pass", 0O, ALU3MAGIC,
“a", 4, ALUSRC1,
p", 3. ALUSRC1,
q", 2, ALUSRC1,
zq", 2, ALUSRC2Z2,
“ab", 1, ALUSRC2,
aq", 0, ALUSRC2,
"da", S, ALUSRCZ,
"dq", &, ALUSRC2Z2,
“dz", 7, ALUSRC2,
“za", 4, ALUSRCZ,
“zb", 3, ALUSRCZ2,
"include", 3 ARGPSEUDO,
Ypeaym", 1, ARGPSEUDO,
“title", 0, ARGPSEUDO,
‘wsym", 2, ARGPSEUDD,
“hr, 1, BR.
“bar", 2, BR.
Ybmi®, Ox0b, CC1.,
“bplY, Ox1b, CC1,
“ca", 0x02, cC1,
*dbO", 0x09, CCt,
"dsl", OxQa, CcC1,
“idrdy®, OxOf, CC1,
“jof", Ox0c, CC1,
"IPC"I Ox 5, CC1,
“Irc", 0x08, CC1,
“mi", Oxi, CC1,
“nca®, Ox12, CCi.,
"ndbO", 0x19, CCt.
“ndsl", Oxla, CC1,
"nidrdy" Ox1#¢, CC1,
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“niofY, Oxic, CcC1,
“nlpc*, Ox195, cC1,
“nlec®, Ox18, cCi,
"nodac", Oxie, CC1,
“nov", Ox13, cCi1,
“nqrc”, 0x17, CCi1,
“arrc*, Oxié, CC1.,
*nvbl®, Ox0d, CcC1,
nz®, Ox14, CcCi,
“oadac®, Ox0Oe, CC1,
Yavih, 0x03, o o
“pl®, Oxii, cC1,
“qrc*, 0x07, CC1.
“rrch, 0x06, CC1i,
“vbl", Oxid. CcCi,
“zrh, 0x04, CC1,
“caz2", Ox2, cCca,
"IPCQHO 0x0, cca,
“"nca2®, Oxb, CC2,
“mipc2", Ox4, CcC2,
nrrc2', Ox7, cCcz,
“nz2", 0x95, CCz,
Yprc2h, 0x3, cC2,
w2, Ox1, cca,
“const", 0, CONST,
“cant", 0, CONT.
“cgenld", Oxc, DBDEST,
Ycmapld”, Oxe, DBDEST,
“crerd®, 0x13, DBDEST,
) Yertcld®, Oxd, DBDEST,
“crtcrd®, 0x9, DBDEST,
“ledld®, Ox#, DBDEST,
“lpecntld®, Ox1, DBDEST,
“"nodest", O0x0, DBDEST,
“odhld", Oxb, DBDEST.
“odlld", Oxa, DBDEST,
"patrld", 0x3, DBDEST.
"p xld*", Ox4, DBDEST.
“pyld", 0x 95, DBDEST,
“rmskld", 0x195, DBDEST,
"gspadrld", Ox10, DBDEST,
"spdatld®, Ox11, DBDEST,
“spwrup", Ox14, DBDEST,
“vartld"”, Ox16, DBDEST,
Hvartrd", Ox17, DBDEST,
“wdatld®”, Ox2, DBDEST,
“wmskld", Oxi2, DBDEST,
"ystld"”, Oxé, DBDEST,
"ystld®, 0x8, DBDEST,
“zoomld", Ox7, DBDEST,
“aluy®, Ox1, DBSRC,
Yextsrc", Ox3, DBSRC,
“imrdh", O0x7, DBSRC,
“imrdl*®, O0x4, DBSRC,
“inh", 0x0, DBSRC,

*inl", Oxé, DBSRC,
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“Yspram", 0x3, DBSRC,
“dbus®, 0, bBUS,
“Yend", 0, END,
"endif®, 0, ENDIF,
Yendm"., 0, ENDM,
"aqu", 0, EQU,
“defl", 0, DEFL.,
"fwybr®, 0, FWAYBR,
“hpt", 0x1000, HWBITS,
"cgencnt", 0x100, HWBITS,
“cgenshft", 0x80, HWBITS,
“ercstop", Ox1000, HWBITS,
"crcstrt®, 0x800, HWBITS,
“idr*, 0x400, HWBITS,
"Ipcnten®, Ox4, HWBITS,
“memwr", Ox1i, HWBITS,
“rdbckld", 0x280, HWBITS,
“rdbcksl®, 0x80, HWBITS,
“rdbcksr", O0x200, HWBITS,
“wall"®, 0x3, HWBITS,
“xdwn", 0x10, HWBITS,
“xup", O0x1i8, HWBITS,
"ydwn", 0x40, HWBITS,
“yup", Ox460, HWBITS,
“if", 0, IF,
“ifd", 0, IFDEF,
“dy, 7 M,
“"eject", 1, LIST,
"elist", 3, LIST,
"#list", 4, LIST,
“ilist®", 5, LLIST,
*“list", 0, LIST,
"mlist®", é, LIST,
“nolist", -1, LIST,
“space", 2, LIST,
“idb. a", 2, L.OAD,
“ldb. £7, 3, { OAD,
*“ldgq", 0, LOAD,
“nold", i, LOAD,
“ldb. dn", 5, LOADSHIFT,
“1db. up", 7 LOADSHIFT,
“ldbq. dn*®, 4, LOADSHIFT.
“ldbgq. up", -9 LOADSHIFT,
“macro”, 0, MACRQO,
“mad", 0. MOD.
“defc", 0. NOP,
“nop", 0, NOP,
“arg", 0, ORG.,
“plreg", 0, PLREG,
“rO", 0, REG,
“ri®, 1, REG.
“ri0Y, 10, REG.
"ellv, 11, REG,
tpil2Y, 12, REG,
“rl13Y, 13, REG.,

"rigq", 14, REG:
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“riSY,
nrgul
ursll‘
IIT.4"'
'lrsll'
“T‘b“l
llr7ll'
!erIIJ
"T‘q“:

llr "l
“rts”,
Yarshft",
“rotate",
“shiftOo",
"gshifti",
NULL,
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15,
2,
3,
4,
S,
é,
7,
8,
9.
0,
0.
3,
2,
0,
1,
NULL.,

REG,
REG,
REG,
REG.
REG,
REG.
REG,
REG,
REG,
RREG,
RTS.,
SHIFT,
SHIFT,
SHIFT,
SHIFT,
NULL



"bpt":
“cgencnt',
“cgenshft",
“crcstop”,
ercstrtd”,
ﬂldrﬂ*
“ipcnten",
“memuwr",
tpdbckld",
“"pdbcksl",
“pdbcksr",
“wall",
“xdwn®,
"XUp“:
"gdwn",
"gUp"n

0x 1000,
Ox 100,
0x80.,
0x1000,
0x800,
0x400,
Ox4,
Ox1.,
0x280,
0x80,
0x200,
Ox3,
O0x10,
Ox18,
Ox40,
0x60,

HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,
HWBITS,



50 SHEETS
100 SHEETS

22.144 200 SHEETS

22-141
22-142

Y

AMPAD

ALU = | source

O¥obes ¢
bEC.
INC.
NEG
NOT
PASS

Fogrma~ :
o sre-ceaTL 4 feaf 4 reqB
OF  (re-cnTL 4 RﬁsAﬁ

S6C - LNTL 3

A

R
D
Q

Exprdieg

PREZ By k3
NoT Ay RL,R3




50 SHEETS
100 SHEETS

22-144 200 SHEETS

22141
22-142

(DY

AMBAD

ALU - ’.LSource
O Peod &S ¢
ADD add
ADDT adi omd  Incremen T
AND and
£EXNoR exclusiue  Nar
EXOR exclusive of
OR or
Sul sud .
SURL SUL amd  ocecrepend
SURR subk teuerse
SURRY suk  reveate
NOT RS net £ amd S
FokmaT 2
Op  Sre-caTLy egh rth
oF SrC- CNTL 4 rea\AE
IRC.CNTL ~
ab
oG
dat’
|
Q9
< E
e 2
2 b
2o
'
Loenpane €8
ADY abg R 5 Rl
AN dqj RE

o«v& decr e et




7
a7 ag
¢ 2 o
X )
o
5 &
o,
2
| D/m \M a. ~ MW
, aQ A ~
o M Jg I~ Q %. o ﬁ ©
e N}
T 3 3 ¥
o (4% “ C <
9 N
> . .
)
=z
S133IHS 00T ¢dPYI-TT ovaww
S133HS 00t ZYl-TT
S13IHS 0§  1vi-ZIZ ﬂ.\




50 SHEETS
100 SHEETS

22-144 200 SHEETS

22-141
22-142

()Y

AMBAD

LoRY Fuap-conTRors THE LoAVINE OF  THE ALU REGSs

LOAD CobdFS ¢

LOR. A LORL sPECIFIED B req o‘\re‘3 data => ouvtput bug
tha. F “ v YT alwsutput S w “
L@ b Q reg

Nocn Ne LoAL

LDEB®

oAl anl Chifr
LhR, L shifr—care
LhR . UE "
chq « M N
G « uf "
Shedft _ cwic =
ARSKHFT AR(THr1ETIC  Shi{+
RoThTE
SHIFT "
SHIFT L

Exars e <

LDR. F
LDR- WV ROTATE
AN SHIFT &




50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

221413

DY

AMPAT

Prosfam Counder Com‘vol

OPcobes ¢

RR sRC [4cca]  wramch .
BSKR SRC [3 cel] bramch  Subroutine
" CoNT no e omch

RTS {cea] return &own suhrn
SRC ¢

P\ R reo has \juw\fl

D Dota Bus "
E xampLes ¢

BR  DyN2

Bk R

FwY3R R 4224 NC

RT<
ccle

RPL QRC

CA RRC

QR vBL

DS 2

IdRLY

TOF ccz: T uze d

LR AL

=T Lhee

NCA NCAZ

NDRZ NLPC 2.

ADS L NRRC 2L

NIy N2 2

N LR RRCZ

rNLRC zZ2e

NOLAC

HoV

N @RC

MRRC

NURL

N2

OVAC

LV

FWY RE sRC;CC'lDCCl Hour way beanc A

, Aoto Nyt L st

FuY Re




50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

22-141

Y

AMPAD

HAR pware CQNT‘QOL Fiecty

These bk coiiod  vororns  handwae  fumchee o He.
M [rocean aenad d f“’j Ao, el .

O PcobEs

DEFC cet  Jefau/+ wvalues
MemwR X?:xe/ memor y wreite  cmds
WALL

LPCNTEN Looe counter emabk

Xup '

XD N pixel address conols
Yue

Y Dy
CGenvSHFT
COENMNCNT
RD BCk LD
ROBCKSR
RO RCESL
LDR LoAD R R€G
CRESTDP

CRCSTRT

CHAR &&N

REMD R Aack

\ i

Exam pees

NEFC
WALL LPCNTEN  XUP YDdDwn




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

(Y

AMPAC

DA™ Rus

cure  Frewy — Pife Line Keeisme Fiso

Controls He  data  bus  sowee a,ywi Q[Qohnnoé;),

O Pcod&S o

SYZZS
DRUS
DBUS

de$+, sSrc .
Aesfj PLRE& s Qxp cess/on

CONST expressson

SRC 3
ALuY
SPRAM
TMRDL
ITMROH
EXTSRC
INC
IN M

¥ Theat ang agmﬂzg AW SOWRLL,  UAL EXTSRC o, A o

Extmpees s

VRUS
NS
ConeT
VBUS

XSTLD o ALu ,
::;AQRL P L Qcéj ﬂF'Ff/

DEST
NONES T
Lhepted
WRATLD
PATRLL
Px L) E PIXEC ADDR RES
PYLD
XSTLD PAN REG
YerLd )
200MLD %
¥ crTCed X LRT ConTRower &R & W |
CRTCLA ) t
C 6D
oldeehd 1
opMHLd )
Crnd L
LED LB
SPAMRLY  { cceaTcr PAD
SPDATLY )
WM KLy
¥ cRced
SpwRup
RmskLd
UARTLY
#*  UARTRD

O UT PuUT  DATA (ow £ t//GH

U A@TQBQ EXTSRC




M!C—(‘o

Cede

Hw Dok Vus
4 L
Con o) Con¥re) ;:\Bh:“’\ ALl
l 18 (e 1l —> ja& ro >
13 s 13 \ ! 1 { {
\ \\3 3t¢ 2V3 v ¥ a3 gy \7_(
L= § SHITALU BLu &Ly 8 )
A A Sy 2g (~T€D€ngp sfe ‘nld,‘ﬁd'\ dako
2 3 9 -eg =
& 4 587y
£ £ 53 o9 82
a4 4 s
b ranc
Condy tion
select

dat {eld
Satn b b Tfo dwie

brMLL aJJMAo Ko miceo m%ue«(e«\.

onr

UJQAM

X, -3 C ovian +84 xJM

Hi Control (A;'A
WiH ot vt bffn B o

w,—“k pg‘creﬂ\ N A
wall werte afl  (flash £ 11)

Ma_lr&atu—pww\j]/\kw

loop ent em L

) PX Ubd refrech fann  x cowmtia /R
PX cnT " " ooom count emible | connd
PY ub “ N /b L ke by ProOCCCC
Y envT X “
" [ W count cnaadle
CGENSHFT Lt .
Chon Gaw shidt 1 few envt Fanbles
same VL /CGEU CVTENL .
. ~ . i S N N PR . -
w o RO 8¢k LD 2 by oe sl 5” tl J. Rd Lk anfA' cali A .
&8 6cx LD !
RRES L miceo SIquemisn "] e 28 onatte.
geT S\n3l¢. SHp < Lepf Contre |

somR &



Assomblen Format

S Felds
QD Conterol bits

® ALY src «+ of note Hs (s d. Henornt Erov  shomahes
@@ Branch, saqumcan

® acu ot
G dSab  Bus

A

;@' Aru sec +of ALU DEST  Seguemceq Datu Bus Control
AL e —e — R

- oy V. a —
bEFC & ExoR AB,RG,RT & LDB.F & conT & DBUS RYLD, AUV




Sejuww\ Con taol

3

3

R RANCH

=4
X

Can't No

bt fanctiom

u cca -{\3(4«.(_ mdvt.m L«J*o, c‘w?, o, L.
" cer frun oy Jrard el oo
RR ), cen Dt s Bramef
QR €,ace £ 29 8wl
‘& b MMW gw { no CC1L.
ConT MEA% M meves.

dsR D, ccs o . .
B8S K QILcL M ,ﬁuuwzw/ WW% cz:j_,.q,u«u:,
RTS cc 1 '

RJ ccz CCA
Fiw /Y B8R » /
a  bramd  beesd o conddinw o, o~ ewadide ol o

by ot beo naunce. O juot ewn's ke F Hhrmgl Lol d B

tour \.Aja.‘a Graw\(i

i N —— ] PRY botd CC aw %o‘j‘-‘(
& t:\{ Y cca G ez folan
4 { .‘é Ccl 'y / Ccl LK}

ﬁ%QCZW,@/m

|

R Cca



Dara Baus

ConvsT

ConsT

ConsT

D BUS
Deus

Deus

elle He arm Hhat o comstiet o B ke et sl Dok hreld
%Jaﬂ%r&ftg{mmeéﬁ‘-& MM w-tr(& &‘tw

LABEL e et cddase o b
# e EA pt kay nr-gd-d- o~ buo
ST, SR L et it ene.
PXLD, ALY LU ™ conntin bt ALU ot
H &
PX(_B/ PLQEG)<LAQ:¢ immedick 4 T PxLDd

T C whoel o f ‘n
B oppe lae eey 5 Cwheek s de prpeline veg)



