SPERRY<-UNIVAC

DEFENSE SYSTEMS

U-1600 COMPUTER

REPERTOIRE OF INSTRUCTIONS

OCTAL

CODING
FORMAT FORMAT INSTRUCTION OPERATION C ov cc
o fam
0o - - - Diagnostic return If diagnostic jump set Ry7 - pP —NA -
003 am BLay,m Byte load (Y) byte ~ Ra -0 X
010 am LR am Load (Register) (Rm), =, Ra 0 0 X
011 am Ll a,m Load (Indirect) (Y*)> Ra 0 0 X
012 am LK a,y,m Load (Constant) Y->Ra 00 X
P13 . am Lay,m Load (Y)—>Ra B e X
020 al0 PRa Make positive If (Ra) <0, (Ra)' —Ra X X X
020 al1 NR a Make negative If (Ra) >0, (Ra) = Ra X X
020 a02 RRa Round If (Ra) >0, (Ra) + (Ra+1)15>Ra @ X X X
If (Ra) <0, (Ra) - (Rg+1)15 = Ra
020 a04 TCRa Twao's Complement (Ra)' = Ra X X X
020 a05 TCDR a Two's Complement Double (Ra, Ra+1)’ = Ra, Ra+1 X% X
020 a0l6 OCRa One's Complement (Ra) bit-by-bit complement —Rj 0 0 X
020 a10 IROR a Increase Ry by 1 (Ra) + 1R, X X X
020 all DROR a Decrease Rg by 1 (Ra) - 1—Ra Xk X
020 ail2 IRTR a Increase Ry by 2 (Ra) +2 =R, X X X
020 a13 DRTRa Decrease Ry by 2 (Ra)-2—R, X X%
021 am LDl am Load Double (Indirect) (Y*, Y*+1) > Rg, Ra+1 00X
023 am LD aym Load Double (Y, Y+1) > Rg, Ra+1 8 8 X
030 a00 ERa Executive Return Generate intrrupt; (P)+1— R, a X
030 a0l SSOR & Store SR1 (SR1) ~Ra 00 X
030 a2 SSTRa Store SR2 (SR2) +R, g 0 X
030 a3 SCRa Store Clock (RTC register)15.0 ~ Ra (RS D ¢
030 al4 LPRa Load P (Ra) =P —NA -
030 a5 LSOR a Load SR1 (Ry) =SR1 - NA -
030 a6 LSTRa Load SR2 (Rg) =SR2 —NA-
030 al7 LCRa Load RTC lower (Ra) — RTC register 15.0; —NA -
03 0 0010 ECR Enable Clock Enable RTC register - NA -
03 00011 DCR Disable Clock Disable RTC register —NA -
030 ail2 LEMa Load and Enable Mon. clock (Ra) = Mon. Clock reg.; enable —NA -
countdown
03 0 0013 DM Disable Monitor clock Disable Mon. clock register —NA -
030 al4 LCRD a Load and enable Clock Double (R, Ra+1) = RTC; enable countup —NA -
030 ait5 SCRD a Store Clock Double (RTC Register) = Ry, Ra4q 0 0 X
03 0 0016 ECIR Enable Clock Interrupt Enable RTC overflow interrupt —NA -
03 0 0017 DCIR Disable Clock Interrupt Disable RTC overflow interrupt —NA -
033 am LM ay,m Load multiple (Y... Y+m-a) = Ra... Rm —NA -
#04 0 200 SQR a Square Root J (Rg, Ra+1) = Ra+1; Rem. =R, 0 X X
040 a0l RVR a Reverse Register Reverse (R,) 1 6
040 a02 CNTa Count Ones Number of binary ones in Ry = Ra4q —NA -
040 al3 SFRa Scale Factor Shift (Ry, Ra+1) leftuntil (Ry)q5 — NA -
#(Rg)14: shift count = Raey @
M43 am BLX ay,m Byte Load and index by 1 (Y) byte > Rai (R m+1—=>Rm @ (WS ¢
050 am SBR a,m Set Bit 1->(Rg)m 0 0 X
051 am LXI a,m Load and index by 1 (Indirect) (Y*) =Ry (Rpl+1 =Ry @ 00 X
053 am LX a,y,m Load and index by 1 (Y) >Ry (R >Ry, @ 00 X
060 am ZBR am Zero Bit 0—>(Ra)m g 8 X
061 am LDXI am Load Double Index by 2 (Y*, Y*+1) = Rg, Rat+1; @ 0 0 X
(Indirect) (Rp2 >Ry
063 am LDX ay,m Load Double, index by 2 (Y, Y+1) > Ry, Rasq; (Rp)+2 >Ry @ X
070 am CBR a,m Compare Bit Test bit m of R, for zero 0 X
07100m LPIm Load PSW (Indirect) (Y*, Y*+1, Y*+2) > P, SR1, SR2 —NA -
07300m LPy,m Load PSW (Y, Y+1, Y+2) »P, SR1, SR2 —NA -
00 am LRSR a,m Logical Right Shift (Register) ~ Shift (Ra) right (Rm)s5.0 places, 0 0 X
zero fill
M2 am LRS ay,m Logical Right Shift Shift (Ra) right Y5.g places, zero fill 00 X
03 am BSay,m Byte Store (Ra)7-0 ~ Ybyte —NA—
M0 am ARSR a,m Algebraic Right Shift Shift (Rg) right (Rm)5.0 places, 00 ok
(Register) sign fill
1M1 am Slam Store (Indirect) (Ra) = Y* —NA-
M2 am ARS a,y,m Algebraic Right Shift Shift (Rg) right Y5.q places, sign fill g 0 X
M3 am Say,m Store (Ra) =Y —NA-
120 am LRDR a,m Logical Right Double shift Shift (Ra, Ra+1) right (Rm)5.0 0 0 X
places, zero fill
121 am SDI am Store Double (Indirect) (Ra, Ra+1) = Y*, Y*+1 —NA -
122 am LRD a,y,m Logical Right Double shift Shift (Ra, Ra+1) right Y5.q places, - 1G=%
(Register) zero fill
123 am SDaym Store Double (Ra, Ra+1) =Y, Y+1 —NA -

# Optional Math Pac Instructions @Count = 31 for all zeros or all ones.

@ifa#m  @amust be even
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geln. CODING Hait CODING
FORMAT FoRMAT INSTRUCTION OPERATION c 0oV CC FORMAT oA INSTRUCTION OPERATION c ov ceC
o fam o fam
130 am  ARDRam Algebraic Right Double shift  Shift (R, Ra+1) right (Rm)5.gplaces, 0 0 X 330 am  MSRam Masked Substitute (Register)  If (Ra+1),=1; (Rm), > Ray 00 X
sign fill 331 am MSI a,m Masked Substitute (Indirect) I (Ra+1),=1; (Y*), = Ra, 00 X
132 am ARD a,y,m Algebraic Right Double shift  Shift (Ra, Ra+1) right Yg.q places, 0 0 X 332 am MSK a,y,m Masked Substitute (Constant) I (Rg+1),=1; Y, = Raq 00 X
sign fill 333 am MS a,y,m Masked Substitute If (Rg+1),=1: (Y), > Ray 0 6 X
133 am SMa,y,m Store Multiple (Ra... Rm) =Y ... Y4m-a —NA - 340 am CMR a,m Compare Masked (Register) [(Ra) @ (Ra+1)]: [(Rm) @ (Ra+1)] 9:-8 X
140 am ALSR a,m Algebraic Left shift (Register) ~ Shift (Rg) left (Rm)5.g places, zerofill 0 X X 341 am CMI a,m Compare Masked (Indirect) [(Ra) © (Ra+1)): [(Y*) @ (Ra+1)] a0 X
142 am ALS a,y,m Algebraic Left shift Shift (Rg) left Ys.q places, zero fill g X X 342 am CMK a,y,m Compare Masked (Constant) [(Ra) @ (Ra+1)]: [Y © (Ra+1)] 0 0 X
143 am BSX a,y,m Byte Store, index by 1 (Ra)7.0 = Ybyte: (Rm)+1—>Rm —NA - 343 am CMay,m Compare Masked [(Ra) @ (Ra+1)]: [(Y) © (Ra+1)] 00 X
150 am CLSRam Circular Left shift (Register)  Shift (Rg) circularly left (Rm)s.g 0 0 X 35 0 0000 10CR Input/Output Command Execute (0140); 0014015 14 —NA-
places 35 100m BFIm Biased Fetch (Indirect) (Y*)=CC; 1->Y*15 14 0-X
151 am SXlam Store index by 1 (Indirect) (Ra) > Y*; (RmM+1—>Rp —NA- 35200 m REX y,m Remote Execute Execute (Y); (P) +2 P —NA-
152 am CLSay,m Circular Left shift Shift (Rg) circularly left Yg_g places 00 X 35300m BFy,m Biased Fetch (Y)15—>CC; 1->Y15,14 [ £ e ¢
3 am SXay,m Store, index by 1 (Ra)=>Y; (Rm)+1=>Rm —NA- #70am See page 6 Trig & Hyperbolic —NA -
am ALDR a,m Algebraic Left Double shift Shift (Ra, Ra+1) left (Rm)g.gplaces, 0 X X
(Register) zero fill 40 0 00 m JERm Jump Equal If CC indicates = or 0; (Rm) =P —NA-
161 am SDXIa,m Store Double index by 2 (Ra, Ra+1) = Y*, Y*+1; —NA - 40001 m JNER m Jump Not Equal If CC indicates #or not 0; (Rm) =P —NA-
(Indirect) (RmH2>Rm @ 400 02 m JGER m Jump Greater or Equal If CC indicates > or +; (Rm) =P —NA-
162 am ALD ay,m Algebraic Left Double shift Shift (Ra, Ra+1) left Yg.g places [ G 40003 m JLSR m Jump Less If CC indicates <or —; (Rm) >P —NA-
zero fill 40004 m JORm Jump Overflow If overflow set: (Rp) =P —NA-
163 am SDX a,y,m Store Double, index by 2 (Rg, Rat1) = (Y, Y+1); (Rm)+2 >R @ — NA - 40005 m JCRm Jump Carry If carry set: (Rm) =P —NA -
170 am CLDRam Circular Left Double shift Shift (R, Ra+1) circularly left 00X 40 0 06 m JPTR m Jump Power out of Tolerance  |f power out of tolerance: (Rm)—>P —NA-
(Register) (Rm)5.q places 40007 m JBRm Jump Bootstrap 2 selected If bootstrap 2 selected: (Rp) —P —NA-
17100 m SZIm Store Zeros (Indirect) [ G —NA - 400 10 m JRm Jump (Rm) =P A=
172 am CLDay,m Circular Left Double shift Shift (Rg, Ra+1) circularly left 08 X 40011 m JSRm Jump after Stop Stop; (Rm) =P —NA-
Y. places 40012 m JKSR 1,m Jump. If Key set—Stop, If key 1 set, stop; (Rm) >P —NA -
17300 m SZy,m Store Zeros 0-Y —NA - then jump (Register)
200 am SUR a,m Subtract (Register) (Ra) - (Rm) = Ra X X X 400 13 m JKSR 2,m Jump. If Key set-Stop, If key 2 set, stop; (Rm) —>P —NA—
201 am SUI a,m Subtract (Indirect) (Ra) - (Y*)=>Ra X X X then jump (Register)
202 am SUK ay,m Subtract (Constant) (Ra)- Y—=>Rg X X X 40 1 d LI xD Local Jump (P)+xD—>P —NA—
203 am SUay,m Subtract (Ra) - (Y) >R, X X X 40 2 00 m JEy,m Jump Equal If CC indicates =or 0; Y >P —NA-
210 am SUDR a,m Subtract Double (Register) (Ra, Ra+1) - (Rm, Rm+1) = Ry, Rgyp X X X 40201 m JNE y,m Jump Not Equal If CC indicates #or not 0; Y ->P —NA =
211 am SUDI am Subtract Double (Indirect) (Rg Rgeq) = (Y*, Y1) >Ry, Ry X X X 40202 m JGE y,m Jump Greater than or Equal  If CC indicates >or +; Y =P —NA-
213 am SUD ay,m Subtract Double (Ra, Ra+1) - (Y, Y+1) > Rg, Ra+1 % KK 402 03 m JLSy,m Jump Less If CC indicates <or-; Y =>P —NA-
220 am  ARam Add (Register) (Ra) + (Rm) = Ra XX X 4020 m  JOym Jump on Overflow If overflow set: Y —P —NA-
21 am Alam Add (Indirect) (Ra) + (Y*) >Rq X X X 40205 m  JCym Jump on Carry If carry set, Y =P —NA-
222 am AK ay,m Add (Constant) (Ra)+Y—>Ry X Rk 40 2 06 m JPTy,m Jump if Power out of If power out of tolerance; Y =P —NA-
223 am Aay,m Add (Ra) + (Y) > Rg X X X Tolerance
230 am ADR a,m Add Double (Register) (Ra, Ra+1) + (Rm, Rm+1) >Ra,Rat1 X X X 40207 m JBy,m Jump if Bootstrap 2 selected  If bootstrap 2 selected; Y =P —NA -
21 am ADI am Add Double (Indirect) (Ra, Ra+1) +(Y*, Y*+1) >Ra, Rat1 X X X 40210m Jym Jump Y=p - NA-
233 am AD ay,m Add Double (Ra, Ra+1) + (Y, Y+1) = Ra, Ra+q X X-X 40211 m JSy,m Jump after Stop Stop; Y =>P —NA -
240 am CRam Compare (Register) (Ra): (Rm) X X X 40212 m JKS 1,y,m Jump. If Key set—Stop, If key 1set, stop; Y >P —NA-
241 am Clam Compare (Indirect) (Ra): (Y*) X X X then jump
242 am CKaym Compare (Constant) (Ra): Y X %X X 40213 m JKS 2,y,m Jump. If Key set—Stop, If key 2 set, stop; Y =P —NA -
243 am Cay,m Compare (Ra): (Y) X X X then jump
250 am CDR am Compare Double (Register) ~ (Ra, Ra+1): (Rm, Rm+1) X X X 40 3 00 m JE*y,m Jump Equal If CC indicates = or 0; (Y) >P —NA-
251 am CDlam Compare Double (Indirect)  (Ra, Ra+1): (Y*, Y*+1) ¥ X X 40301 m  INE*ym Jump Not Equal I CC indicates # or not 0; (Y) >P ==
253 am CDaym Compare Double (Ra, Ra+1): (Y, Y+1) X X X 40302 m JGE *y,m Jump Greater or Equal If CC indicates > or +; (Y) >P —NA-
260 am MR a,m Multiply (Register) (Ra+1) - (Rm) = Ra, Ra+1 0 0 X 40 3 03 m JLS *y,m Jump Less If CC indicates <or—; (Y) =P —NA-
261 am Ml a,m Multiply (Indirect) (Ra+1) - (Y*) =>Rg, Ra+1 [ S 1 403 04 m JO *y,m Jump on Overflow If overflow set; (Y) >P —NA -
262 am MK a,y,m Multiply (Constant) (Ra+1) - Y =>Ra, Rat1 00 X 40 3 05 m JC *y,m Jump on Carry If carry set; (Y) >P —NA-
263 am Ma,y,m Multiply (Ra+1) - (Y)=Ra, Ra+1 0 0 X 40 3 06 m JPT *y,m Jump if Power out of If power out of tolerance; (Y) =P —INA—
210 am DR am Divide (Register) (Ra, Ra+1) / (Rm) = Ra+1; 0 X X Tolerance
remainder >Ry 40307 m JB *y,m Jump if Bootstrap 2 selected  If bootstrap 2 selected; (Y) >P —NA-
2171 am DI a,m Divide (Indirect) (Ra, Ra+1) / (Y*) =>Ra+1; 0 X X 403 10m J*y,m Jump (Y)=>P —_NA-
remainder — Ry 40311m JS *y,m Jump After Stop Stop; (Y) =P —NA-
272 am DKay,m Divide (Constant) (Ra, Rat1)/ Y = Rat1; D X X 40312m JKS 1,*y,m Jump. If Key set—Stop, If key 1 set, stop; (Y) =P ~NA=
remainder - Ry then jump
273 am Daym Divide (Ra, Ra+1) / (Y) > Rat1: 0 X X 40313 m JKS 2,*y,m Jump. If Key set—Stop, I key 2 set, stop; (Y) =P —NA-
inder > Ra then jump
300 am ANDR a,m AND (Register) (Ra) ©(Rm) > Ra 00 X 410 am XJR am Index Jump Register If (Ra) #0; (Ra) - 1R, (Rm)—>P —NA -
300 00  NOP No Operation (software) (Ro) @ (Rp) > Ro 00 X a1 d LJI xD Local Jump (Indirect) [(P) + xD}>P —NA-—
300 00 NOPD No Operation Double (Rp) @ (Rg) > Ro; (Rp)@ (Rg)>Rg 0 0 X 412 am XJay,m Index Jump If (Rg) #0; (Ra) - 1>Rg; Y =P —NA-
(software) Two instructions generated 413 am XJa,*y,m Index Jump If (Ra) #0; (Ra) - 1>Rg; (Y) =P —NA -
301 am  ANDIam AND (Indirect) (Ra) @ (Y*)>Rq 00 X 420 am  JLRRam Jump, Link Register (Register) (P) + 1> Rg; (Rm) =P —NA-
302 am  ANDKaym  AND (Constant) (Ra) @Y >Ry 00 X 422 am JLRaym Jump, Link Register (P)+2->Ry; Y >P —NA-
30'3 18 m AND a,y,m AND (Ra) @ (Y) >Ra 00 X 423 am JLR a,*y,m Jump, Link Register (P)+2—Rg; (Y) =P —NA-
310 am ORR am OR (Register) (Ra) ® (Rm) ~>Ra 0 0 X 431 d LILM xD Local Jump, Link Memory (P)+ 1> (P)+xD; (P) +xD + 1 >P —NA -
311 am ORI a,m OR (Indirect) (Ra) @ (Y*) >Ry 0 0 X 43200 m JLMy,m Jump, Link Memory (P)-+2>Y: ¥ +1->P —NA -
312 am ORK a,y,m OR (Constant) (Ra) ® Y—>R, 00 X 43 3 00 m JLM *y,m Jump, Link Memory (P)+2—>(Y); (Y) +1->P - NA -
313 am OR a,y,m OR (Ra) ® (Y) > Ra 00 X 40 am JZR a,m Jump Zero (Register) If (Rg) =0; (Rm) P —NA -
320 am XORR a,m Exclusive OR (Register) (Ra) ® (Rm) > Ra 8- 0 X 41 d LJE xD Local Jump Equal 1f CC indicates = or 0; (P) + xD —P —NA -
321 am XORI a,m Exclusive OR (Indirect) (Ra) ® (Y*) >Ry 4 0 X 42 am JZay,m Jump Zero If (Rg) =0; Y >P =NA =
322 am XORK a,y,m Exclusive OR (Constant) (Ra)® Y—>Ra 00 X 43 am JZa*y,m Jump Zero If (Ra) =0; (Y) =P —NA -
o3 - 1 m XOR a,y,m Exclusive OR (Ra) ® (Y)—>Ra L S T W
@ ifaFm LFI # Optional Math Pac Instruction q__




Qe OCTAL  conivg
FORMAT FORMAT INSTRUCTION OPERATION C ov cC FORMAT FORMAT INSTRUCTION OPERATION C ov cC
o fam o fam
450 am  JINZRam Jump Not Zero (Register) I (Ra) #0; (R) >P —~NA-— 620 am LSU am Literal Subtract (Ra)-m—>Ra X X X
45 1 d LINE xD Local Jump Not Equal If CC indicates # or not 0; (P) + xD —NA - 621 am LSUD am Literal Subtract Double (Ra, Ra+1)-m—> Ry, Ra+1 X X X
—P 622 am LAam Literal Add (Ra) + m >Ry X X X
452 am INZ ay,m Jump Not Zero If (Rg) #0; Y >P <iNR= 623 am LAD a,m Literal Add Double (Ra, Ra+1) + m —>Rg, Ra+q X X X
453 am  UNZa*ym  Jump NotZero 1f (Ra) #0; (Y) =P ~NA- 630 am  LlLam Literal Load m =R 0.0 X
460 am JPRam Jump Positive (Register) If (Ra) >0; (Rm) >P ~NA- 631 am  LCam Literal Compare (Rg) :m X X X
461 d  LIGExD Local Jump Greater or Equal  If CC indicates > or+; (P)+xD—>P  —NA - 632 am  LMULam Literal Multiply (Rgt1) -m =Ry, Ratq 00 X
462 am Jaym Jump Positive If (Ra) >0; Y =P SR = 633 am LDIV am Literal Divide (Ra, Ra+1) / m—>Ra+1; 0 X X
463 am JPatym Jump Positive If (Rg) >0; (Y) =P —NA- remainder >Ry
470 am  JINRam Jump Negative (Register) If (Rg) <0; (Rm) >P —NA- 643 am BSU a,y,m Byte Subtract (Ra) = (Y) byte > Ra X X X
& i LILS xD Local Jump Less If CC indicates <or - ; (P) + xD =P —NA- 653 am  BAaym Byte Add (Ra) + (Y) byte = Ra X X X
472 am  JINaym Jump Negative If (Rg) <0; Y =P ~NA-— 663 am  BCaym Byte Compare (Ra) : (Y) hyte X X
473 am IN a,*y,m Jump Negative If (Rg) <0; (Y) =P —NA-— 670 am UM1am User Macro Reserved for User Macro —NA-
#500 am FSUR am Floating point subtract (Ra, Ra+1) = (Rm, Rm+1) > Ra, X X UM2a,m
(Register) Ra+1; Res. > Ra+2, Ras3 671 am UMI am User Macro Reserved for User Macro —NA-
#501 am FSUI am Floating point Subtract (Rg, Rat1) - (Y%, Y*+1) >Ry, Rayq; 0 X X 672 am UMK a,y,m User Macro Reserved for User Macro —NA—
{Indirect) Res. > Rat2, Rat3 673 am BCXa,y,m Byte Compare and Index (Rg) = (Y) pyte : (Rp) + 1Ry X X X
#503 am  FSUaym Floating point Subtract (Ra, Rat1)- (Y, Y¥1) >Rg Rar1; 0 X X By
Res. > Ra+2, Ra+3
#510 am FAR am Floating point Add (Ra, Ra+1) + (Rm, Rm+1) > Ra, 1L ¢
(Register) BeeiiBes >R Bad-  ~ ~ ~ o e e e e e s e e s e e e e e e e e
#511 am FAl a,m Floating point Add (Indirect)  (Rg, Ra+1) + (Y*, Y*+1) >Ry, 0 X X
Ra+1; Res. = Rgs2, Rat3 COMMAND/CHAIN
#513 am FA a,y,m Floating point Add (Ra, Ra+1) + (Y, Y+1) >Ry, Rat+1; 0 X X INSTRUCTION
e ) Res. > Rat2, Rav3 7000000  ACRm Channel Control Master clear all channels
w02 0 am — FMRam Floating point Multiply (Ra, Ra+1) * (Rm, Rm+1) = Ra, Boreins 700 00 04 ACRm Channel Control Enable external interrupts, all channels
(Register) Ra+1, Ra+2, Ra+3 CCROm
#02 Tham - FMiam Flgating paint Mttiply (Ra, Rar1) - (Y%, Y341) > Ry, ge XX 700 00 05 ACRm Channel Control Disable external interrupts, all channels
(Indirect) Ra+1, Ra+2, Ra+3 CCR O,m
#523 am  FMaym Floating point Multiply (Ra, Rat1) - (Y, Y+1) > Rq, LEEC 2 7000006  ACRm Channel Control Enable Class |11, Priority 2, 3, 4 interrupts
Rat1, Rat2, Rat3 CCROm
#530 am FDR am Floating point Divide (Ra, Ra+1)/ (Rm, Rm+1) > Rg, 0 X X 70000 07 ACRm Channel Control Disable Class 11, Priority 2, 3, 4 interrupts
(Register) Ra+1; Rem. —>Ra+2, Ra+3 CCRO,m
#531 am FDIam Floating point Divide (Rg, Ra+1) / (Y*, Y*+1) >Ry, 0 X X 700 a10 CCRam Channel Control Master clear chan. a
(Indirect) Rat1; Rem. > Rat2, Rat3 700 a14 CCRam Channel Control Enable chan. a interrupts
#8533 am FDaym Floating point Divide (Ra, Ra+1) / (Y, Y+1) >Ry, Rat1; 0 X X 700 a15 CCRam Channel Control Disable chan. a interrupts
Rem.—>Ra+2, Ra+3 700 a16 CCR a,m Channel Control Enable chan. a Class |11, Priority 2, 3, 4 interrupts
540 am LARR a,m Load Address Register (Rm)>AR.  SEE LEGEND —NA- 700 a17 CCRam Channel Control Disable chan. a Class 111, Priority 2, 3, 4 interrupts
(Register)

i . —NA-

e e e T coWmAND WSTRUCTION )

. s ) = a ay nitiate Input Chain —Channel a Chain Pointer; initiate input chain
sl et 'Igl:a‘gi‘::dress Beetes WG e S T 3 712 a06 0CKay Initiate Output Chain Y - Channel a Chain Pointer; initiate output chain
650 am SARR a,m Store Address Register (AR =R, ~NA- M3 am WiM a,y,m Write Control Memory (Y) —Chan. a CMp, (See Figure 6)

(Register) WCM am, y §
5541 " am SARI am Store Address Register (ARg) > Y* =N 723 am RIM a,y,m Read Control Memory Chan. a (CMp) =Y (See Figure 6)
(Indirect) HC Yy _ . )
553 am SARM a,y,m Store Address Register (AR,,... AR, 4 )oY, ... Y +u —NA-— 760 am SICR a,m Serial Int_uriace Control Set or clear ch'an. a dlscrvjts function per Table 3
Multiple 763 am SSTay Store Serial Status Channel a Serial Status bits = Y (See Table 4)
#560 am MDR a,m Multiply Double (Register) (Ra, Ra+1) - (Rm, Rm+1) > Ra, 00 X
Ra+1, Ra+2, Ra+3 CHAIN INSTRUCTION
#56 1 am MDI a,m Multiply Double (Indirect) (Ra, Ra+1) - (Y*, Y“+1) -Ra, 0 8 X 703 00 00 100,y Input Data (Y, Y+1) = BCW, BAP; initiate transfer
Rat1, Ry 2. Ry 7030100 101y Output Data (Y, Y+1) - BCW, BAP; initiate transfer
#563 am MD a,y,m Multiply Double (Ra, Ra+1) - (Y, Y+I)6Ra, Ra+1, 0 0 X 7030200 102y External Function (Y, Y+1) = BCW, BAP; initiate transfer
Rat2, Ra+3 70303 00 103y Force External Function (Y, Y+1) - BCW, BAP; initiate transfer
#570 am DDR am Divide Double (Register) (Ra, Ra+1, Ra+2, Ra+3) / (Rm, Rm+1) 0 X X 71200 m LCMK m,y Load Control Memory Y —CM, (See Figure 6)
= Ra+2, Ra+3; Rem. > Ry, Ratq 71300 m LCM m,y Load Control Memory (Y) = CMp, (See Figure 6)
#5711 am  DDlam Divide Double (Indirect) (Ra, Rat1, Rav2, Ras3) /(YX,Y*+1) 0 X X 72300 m SCM m,y Store Control Memory (CMpp) Y (See Figure 6)
> Rat2, Rat3; Rem. > Ra, Rarq 73000 00 HCR Halt Chain Halt chaining
#573 am DD a,y,m Divide Double (Ra, Ra+1, Ra+2, Ras3)/ (Y, Y+1)=> 0 X X 7300100 IPR Interrupt Processor Generate chain interrupt
Ra+2, Ra+3; Rem. > R, Ratq 73300 00 ZFy Zero Flag 0-Y 4514
| 600 am LLRS a,m Literal Logical Right Shift Shift (Rg) right m places, zero fill 00 X 7330100 SFy Set Flag 1Y 45 14
601 am LARS am Literal Algebraic Right Shift  Shift (Rg) right m places, sign fill 00 X 74200 00 SIMC O,y Serial Jump on Met Condition Unconditional Y - CAP ; clear flag
602 am LLRD a,m Literal Logical Right Shift (Rq, Ra+1) right m places, 00 X 7420100 SIMC 1,y Serial Jump on Met Condition  If suppress flag not set, Y - CAP ; clear flag
Double shift zero fill 74202 00 SIMC 2,y Serial Jump on Met Condition If monitor flag set, Y - CAP; clear flag
603 am LARD a,m Literal Algebraic Right Shift (R, Ra+1) right m places, 0 8 X 75000 m SFSCm Search For Sync Perform function(s) assigned to m-bits per Figure 7
Double shift sign fill 76000 m CSIRm Serial Interface Control Set or clear discrete function per Table 3
610 am LALS a,m Literal Algebraic Left Shift Shift (Ra) left m places, zero fill B X% 76 3 00 00 CSSTy Store Serial Status Serial Status bits =Y ; See Table 4
B11 am LCLS a,m Literal Circular Left Shift Shift (Rg) left circular m places 0= X
612 am LALD a,m Literal Algebraic Left Shift (Ra, Ra+1) left m places, 0 X X
Double shift zero fill
613 am LCLD am Literal Circular Left Shift (Ra, Ra+1) left circular m 0 Q X
Double shift places
# Optional Math Pac Instructions




#TRIGONOMETRIC AND HYPERBOLIC FUNCTIONS

(Operation Code 37)

Cartesian coordinates. Radix point assumed between bits 15 and 14

x&y

90°

Angle of rotation Hyperbolic mode Radix point assumed between bits 15 and 14

046672
1.15217g

Angle of rotation Trignonometric mode (BAMS) Bit 14
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# Optional Math Pac Instructions

DEFENSE SYSTEMS
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TYPE 15 14 13 12 11 10 9 8 7 6

RR

5

4

e S O ]

RI TYPE 2

RI TYPE 1 W 0 %/%W

Z

DEFINITION OF FIELDS

0 Operation (Function) Code
f Format Designator
00 = Format RR, Register to Register or RL-1 Format
01 = Format RI, Register Indirect Memory or RL-2 Format
10 = Format RK, Register-Literal Constant or RL-3 Format
11 = Format RX, Register-Indexed Address, Constant or RL4 Format
a General Register or Subfunction Designator
m  General Register or Subfunction Designator
4-bit Unsigned Literal Constant in RL Format
xD  Signed Deviation Value (Two's Complement)
y Address or Arithmetic Constant
Figure 1. Instruction Word Format
LEGEND FORMAT OPERAND FORMATION
B Bytepointer, 0> Upper, 1> Lower RR Operand = (R,
C  Carry RI-1 Local Jump Address Y = (P) + xD

CC Condition Code

0V Overflow

IW  Indirect Word
"j  Designator Field in IW

X General Register Designator in IW1

y Contents of Second Instruction Word or IW2

Operand at Y* = (Rpp)

RX Wurd Clperand atY=yifm=0
Operand at Y =y + (Rpy) if m #0,10,12,14,16
Operand at indirect address if m = 10,12,14,16

Y  Effective Operand Address or Constant ] — —— — "2 07FT i A

Y*  Effective Operand Address in Rm RX Byte  Operand at Y upper if m =0

TM I/0 Transfer Mode Operand at Y = (R))/2 +y if m #0,10,12,14,
00 — Abort Transfer 16;B=(R) g

01 — 8-bit Byte Transfer

Operand at indirect address if m = 10,12,14,16

10 — 16-bit Word Transfer RL Operand = m (an absolute literal)

11 — 32-bit Dual Word Transfer
BWC Buffer Word Count

BAP Buffer Address Pointer !

CM  Control Memory Word i
CAP Chain Address Pointer
RTC Real-Time Clock

= 32 bit operand

. £

l S IQ——— Magnitude —H

() Contents of register or address 0

iy [,31 30 16%16 ]

u (R {4—— ——‘bﬁ—ﬁaﬂ_’]

H——Rm—>p—ﬂm+,——>|

H——Y—D‘G—Yﬂ———b‘

Double Length Operands

OR _XOR AND
8|0 1 |0 1 °l0 1
0f0 1 00 1 ojo 0
i 1110 110 1

AASTUMEB LN I0L9 8 L 1°L 6 54 L3221 Uasﬁ1
NOT 0 DISABLE DMA
USED 1 ENABLE DMA
Bit 1=0, Class I11 locked out
Bit2=0, Class Il locked out
Bit 3 =0, Class | locked out

#F.P. RESIDUE; 1 = enable,

#F.P. UNDERFLOW/OVERFLOW INT.; 0 =>enable

___CONDITIONCODES ___
_ARITHMETIC =i COMPARE

0 0=ZERD | (Ra) = (Rm) or (Y)
0 1=NOT ZERO & POS | (Ra) >(Rm) or (Y)
1 0 Not used |

1 1=NOT ZERO & NEG | (Ra) <(Rm) or (Y)

OVERFLOW DESIGNATOR

CARRY DESIGNATOR

NDRO MODE DESIGNATOR # Optional Math Pac
NOT USED

GENERAL REGISTER STACK DESIGNATOR

NOT USED

Figure 2. Status Register No. 1 Format

INTERPRETED IF m = 16
INTERPRETED IF m = 14

INTERPRETED IF m = 12
l—lNTERPRETED IFm=10

7
B LB ZNRNEN LI B L1654 321 02 SR2

1/0 INSTRUCTION FAULT AND MEMORY
RESUME INTERRUPT DATA*

INTERPRETED AS FOLLOWS:

NORMAL ADDRESSING
NORMAL ADDRESSING
INDIRECT ADDRESSING WITHOUT INDEXING; IW 1 AT Y =y

0
0
1
1 INDIRECT ADDRESSING WITH INDEXING; IW 1 AT Y = y+(R)

—o-o0
—~aoco
—o=o
~-oco
=0
oo
—~o=o

*INTERPRETED AS FOLLOWS:
[ 76 57473,2/1/0/
CHAIN INSTRUCTION CCCC = CHAN #; X = 0=INPUT; X = 1= QUTPUT

cccox1o
0000001 COMMAND INSTRUCTION
MMMOO 10 MEMORY RESUME INTERRUPT; MMM = 8K MODULE NO.

—oo

Figure 3. Status Register No. 2 Format

0CTAL
JVALUE | OPERAND/IW1, LOCATION
0 WORD AT Y = (IW2)
BYTE AT UPPER HALF OF Y = (IW2)
1 WORD AT Y = (IW2) + (R,)
BYTE AT Y = (IW2) + (R,) */2
2 WORD AT Y = (IW2) + (R ;)
BYTE AT Y = (IW2) + (Rpy)*/2
3 WORD AT Y = (IW2) + (Rpy 4 1)

BYTEATY = (IW2) + (R, 4 1) */2

NEXT IW 1 AT ADDRESS Y = (IW2)

NEXT IW 1 AT ADDRESS Y = (IW2) + (R,)
NEXT IW 1 AT ADDRESS Y = (IW2) + (R
NEXT IW 1 AT ADDRESS Y = (IW2) + (Rpyq)
10-17 NOT ASSIGNED

—~o o s

' SPECIFIES GENERAL REGISTER Rx_—|

1%114:|Ts NOT ASSIGNED 4/){/ w1

15 y w2
* B = LSB of register

Figure 4. Indirect Addressing
8



fis 13 21 17F07] WorDBIT#
[ ZEROS ZEROD
CLASS 1 & 11 INTERRUPT CODE

PER TABLE 2

fis e

4--3

2~ _12F07] WORDBIT#

ZEROS
CHANNEL
NUMBER

CLASS 11l

ZERO

INTERRUPT CODE
PER TABLE 2

2 LOW ORDER BITS

Figure 5. Interrupt Entrance Address Index

TABLE 1. ASSIGNED MEMORY ADDRESS

Address Assignment
to Class
Function 1 I |

Store P addresses 110 120 130
Store SR # 1 addresses m il 131
Store SR # 2 addresses 12 122 132
Store RTC lower addresses 13 123 133
P Reload addresses 114 124 134
SR # 1 Reload addresses 115 125 135
SR #2 Reload addresses 116 126 136
Store RTC upper add 17 127 137
1/0 Command cells 140-141
Auto start entrance 171
External interrupt word storage 200-217

NDRO 00-77, 300-477
TABLE 2. INTERRUPT PRIORITY
Binary
Priority Interrupt
Within Code
Class Class Interrupt Generated |
Class |, 1 Power Fault 000
Hardware | 2 Memory Resume 001
Errors
Class |1, 1 CP Instruction Fault 000
Software 2 1/0 Instruction Fault 001
Interrupts| 3 #F.P. Overflow/Underflow| 010
Interrupt
4 Executive Return on
Instruction

5 RTC Overflow 100

6 Monitor Clock 101
Class I11, 1 Intercomputer Time-Out 1
10C 2 External Interrupt or 00
Interrupts Discrete Interrupt

3 Output Chain Interrupt 10

4 Input Chain Interrupt 01

© Serial MIL-STD-188C vacales, or EIA-STD-RS 232C
Channels # Optional Math Pac function

a m- CONTROL MEMORY
Value | Value Register Selected
15 14 (13|12 11 0
0 ™ “0Z1 B2 BWC (IN)
1 BA (IN)
2 CAP {IN)
3 [Notused
4 pim—_To e ewc (ouT)
5 BAP (OUT)
6 CAP: {0UT):
7 {Notused
10 Eﬁpnimr register (Serial)
11 [Suppress register {Serial)
12 |Serial mode informatign*
13-17  Notused
0-17  Channel
*MIL-STD-188C or RS-232
6253413123 1-0| BITS INTERPRETED

0 0= 5BIT CHARACTER

0 1=6-BIT CHARACTER

1 0= 7-BIT CHARACTER

1 _1=8-BIT CHARACTER
0 = SELECT 0DD PARITY

1= SELECT EVEN PARITY

0 = DISABLE PARITY CHECKING
1= ENABLE PARITY CHECKING

0 = ONE STOP-BIT
1=TwW Bl
ASYNCHRONOUS CLOCK SPEED SELECTION

00 = LOWEST SPEED 11 = HIGHEST SPEED

—— ASYNCHRONOUS

Figure 6. 1/O Control Memory

*VACALE

5~ 12 124 3Id2 120
NOT
USED

0=0DD PARITY

1= EVEN PARITY
0= DISABLE PARITY
1=ENABLE PARITY

NOT USED
0000 = 1 BIT/CHARACTER
1111 = 16 BITS/CHARACTER

Figure 6. 1/0O Control Memory

E07]  mfield of SFSC instruction

Set sync. serial channel active and enable chain.

On sync. or async channel, set suppress when input character =
(suppress register); discard that character.

On sync. or async channel, set monitor and enable chain when input
character = (monitor register). Terminate the buffer.

On active sync. channel search for character length word = (suppress register).
When found enable chain and compare next input character. |f equal, set

suppress.

Bits 2 and 3 used for vacales “Search for Sync”

Figure 7. SFSC Operations

BITS MIL-STD-188 RS-232 VACALES
0-7 ALWAYS ONES ALWAYS ONES ALWAYS ONES
8 1=B DISCRETE 1=RING INDICATOR 1=B DISCRETE
TURNED ON ON TURNED ON
9 1=C DISCRETE 1=RECEIVED LINE 1=CARRIER DETECT
TURNED OFF SIGNAL DETECTOR OFF TURNED OFF
10 1=TIDISCRETE 1=ALARM INDICATE
TURNED ON ALWAYS ONE TURNED ON
" 1=SYNC ERROR
ALWAYS ONE ALWAYS ONE TURNED ON
12 1=TRANSMIT FULL ON
ALWAYS ONE ALWAYS ONE TURNED OFF
13-15 | ALWAYS ONES ALWAYS ONES ALWAYS ONES
FIGURE 8. SERIAL CHANNEL INTERRUPT WORD FORMAT
TABLE 3. SERIAL 1/0 DISCRETE FUNCTIONS
MIL-STD-188C/VACALES EIA-STD-RS232
Octal Line Line Line
m-Value | Function Discrete Dﬁ'ggg‘" D(E\z“u'fla;:,' Discrete Designator
0 Set Loop test (internal) - = Loop test (internal) -
1 Clear Loop test (internal) - = Loop test (internal) -
2 Clear Not used - - Spare =
3 Set Not used - - Spare -
4 Clear Control Line 6 J 3 Spare -
5 Set Control Line 6 J J Spare -
6 Clear Control Line 5 H TRAN. PREP Enable Ring Indicator CE
7 Set Control Line 5 H TRAN. PREP Enable Ring Indicator CE
10 Clear Control Line 4 G G1 Request to Send CA
1" Set Control Line 4 G G1 Request to Send CA
12 Clear Control Line 3 3 F1 New Sync CH
13 Set Control Line 3 F F1 New Sync CH
14 Clear Control Line 2 D D1 Data Terminal Ready cD
15 Set Control Line 2 D D1 Data Terminal Ready co
16 Clear Control Line 1 A LOOPBACK Loop Test (external)
17 Set Control Line 1 A LOOP BACK Loop Test (external)

TABLE 4. SERIAL 1/0 STATUS INTERPRETATION

Word | MIL-STD-188 | EIA-STD-RS232 VACALES
Bit# Function Function FUNCTION
20 Parity Error Parity Error =
2! Overrun Overrun Overrun
22 Break Break Parity Error
23 E Active Clear to Send Sync Error




