
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mne- Op Page 
monic Name Characteristics Code No. 

CR COMPARE RR C 19 7-15 
CS COMPARE AND SWAP RS C A SP $ R ST B2 BA 7-19 
CSCH CLEAR SUBCHANNEL S C P OP ¢ GS B230 14-4 
CVB CONVERT TO BINARY RX A 0 IK R B2 4F 7-23 
CVD CONVERT TO DECIMAL RX A ST B2 4E 7-24 

0 DIVIDE RX A SP IK R B2 50 7-25 
00 DIVIDE (long) RX A SP EU EO FK B2 60 9-9 
DDR DIVIDE (long) RR SP EU EO FK 20 9-9 
DE DIVIDE (short) RX A SP EU EO FK B2 70 9-9 
DER DIVIDE (short) RR SP EU EO FK 3D 9-9 

DP DIVIDE DECIMAL SS A SP 0 OK ST B1 B2 FD 8-6 
DR DIVIDE RR SP IK R 10 7-25 
DXR DIVIDE (extended) RRE SP EU EO FK B22D 9-9 
EAR EXTRACT ACCESS RRE R U2 B24F 7-27 
ED EDIT SS C A 0 ST B1 B2 DE 8-6 

EDMK EDIT AND MARK SS C A 0 Gl R ST B1 B2 OF 8-10 
EPAR EXTRACT PRIMARY ASN RRE Q SO R B226 10-7 
EREG EXTRACT STACKED REGISTERS RRE A1 SE ( R U1 U2 B249 10-8 
ESAR EXTRACT SECONDARY ASN RRE Q SO R 8227 10-8 
ESTA EXTRACT STACKED STATE RRE C A1 SP SE R B24A 10-9 

EX EXECUTE RX AI SP EX 44 7-26 
HDR HALVE (long) RR SP EU 24 9-11 
HER HALVE (short) RR SP EU 

~ 

34 9-11 
HSCH HALT SUBCHANNEL S C P OP ¢ GS B231 14-4 
lAC INSERT ADDRESS SPACE CONTROL RRE C Q SO R B224 10-12 

IC INSERT CHARACTER RX A R B2 43 7-27 
ICM INSERT CHARACTERS UNDER MASK RS C A R B2 BF 7-27 
IPK INSERT PSW KEY S Q G2 R B20B 10-12 
IPM INSERT PROGRAM MASK RRE R B222 7-28 
IPTE INVALIDATE PAGE TABLE ENTRY RRE P Al $ 8221 10-14 

ISKE INSERT STORAGE KEY EXTENDED RRE P Al B229 10-13 
IVSK INSERT VIRTUAL STORAGE KEY RRE Q Al SO R R2 8223 10-13 
L LOAD RX A R 82 58 7-28 
LA LOAD ADDRESS RX R 41 7-29 

Ii 

LAE LOAD ADDRESS EXTENDED RX R U1 BP 51 7-29 

LAM LOAD ACCESS MULTIPLE RS A SP UB 9A 7-28 
LASP LOAD ADDRESS SPACE PARAMETERS SSE C P Al SP AS B1 E500 10-16 
LCDR LOAD COMPLEMENT (long) RR C SP 23 9-12 
LGER LOAD COMPLEMENT (short) RR C SP 33 9-12 
LCR LOAD COMPLEMENT RR C IF R 13 7-30 

LCTL LOAD CONTROL RS P A SP B2 B7 10-23 
LD LOAD (long) RX A SP B2 68 9-12 
LOR LOAD (long) RR SP 28 9-12 
LE LOAD (short) RX A SP B2 78 9-12 
LER LOAD (short) RR SP 38 9-12 
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Mne- Op Page 
monic Name Characteristics Code No. 

LH LOAD HALFWORD RX A R B2 48 7-3(:) 
LM LOAD MULTIPLE RS A R B2 98 7-31 
LNDR LOAD NEGATIVE (long) RR C SP 21 9-13 
LNER LOAD NEGATIVE (short) RR C SP 31 9-13 
LNR LOAD NEGATIVE RR C R 11 7-31 

LPDR LOAD POSITIVE (long) RR C SP 2(:) 9-13 
LPER LOAD POSITIVE (short) RR C SP 3(:) 9-13 
LPR LOAD POSITIVE RR C IF R 1(:) 7-31 
LPSW LOAD PSW S L P A SP ¢ B2 82 1(:)-24 
LR LOAD RR R 18 7-28 

LRA LOAD REAL ADDRESS RX C P Al AT R BP B1 1(:)-25 
LRDR LOAD ROUNDED (ext. to long) RR SP EO 25 9-14 
LRER LOAD ROUNDED (long to short) RR SP EO 35 9-14 
LTDR LOAD AND TEST (long) RR C SP 22 9-12 
LTER LOAD AND TEST (short) RR C SP 32 9-12 

LTR LOAD AND TEST RR C R 12 7-3(:) 
LURA LOAD USING REAL ADDRESS RRE P Al SP R B24B 1(:)-27 
M MULTIPLY RX A SP R B2 5C 7-38 
MC MONITOR CALL SI SP MO AF 7-32 
MD MUL TIPLY (long) RX A SP EU EO B2 6C 9-14 

MDR MULTIPLY (long) RR SP EU EO 2C 9-14 
ME MULTIPLY (short to long) RX A SP EU EO B2 7C 9-14 
MER MULTIPLY (short to long) RR SP EU EO 3C 9-14 
MH MULTIPLY HALFWORD RX A R B2 4C 7-39 
MP MULTIPLY DECIMAL SS A SP 0 ST B1 B2 FC 8-1(:) 

MR MULTIPLY RR SP R lC 7-38 
MSCH MODIFY SUBCHANNEL S C P A SP OP ¢ GS B2 B232 14-6 
MSTA MODIFY STACKED STATE RRE Al SP SE ST B247 1(:)':'27 
MVC MOVE (character) SS A ST B1 B2 02 7-32 
MVCDK MOVE WITH DESTINATION KEY SSE MK Q A GM ST B1 B2 E50F 10-30 

MVCIN MOVE INVERSE SS MI A ST Bl B2 E8 7-33 
MVCK MOVE WITH KEY SS C Q A ST Bl B2 09 10-31 
MVCL MOVE LONG RR C A SP II R ST R1 R2 0E 7-33 
MVCP MOVE TO PRIMARY SS C Q A SO ¢ ST DA 10-29 
MVCS MOVE TO SECONDARY SS C Q A SO ¢ ST DB 10-29 

MVCSK MOVE WITH SOURCE KEY SSE MK Q A GM ST Bl B2 E50E 10-32 
MVI MOVE (immediate) SI A ST Bl 92 7-32 
MVN MOVE NUMERICS SS A ST Bl B2 01 7-37 
MVO MOVE WITH OFFSET 55 A 5T Bl B2 Fl 7-37 
MVZ MOVE ZONES 55 A ST Bl B2 03 7-38 

MXD MULTIPLY (long to extended) RX A SP EU EO B2 67 9-14 
MXDR MULTIPLY (long to extended) RR SP EU EO 27 9-14 
MXR MULTIPLY (extended) RR SP EU EO 26 9-14 
N AND RX C A R B2 54 7-9 
NC AND (character) SS C A ST Bl B2 04 7-9 

Figure 8-2 (Part 3 of 6). Instructions Arranged by Mnemonic 
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monic Name Characteristics Code No. 

NI AND (immedi ate) SI C A ST B1 94 7-9 
NR AND RR C R 14 7-9 
0 OR RX C A R B2 56 7-40 
OC OR (character) SS C A ST B1 B2 06 7-40 
01 OR (immediate) SI C A ST B1 96 7-40 

OR OR RR C R 16 7-40 
PACK PACK SS A ST B1 B2 F2 7-40 
PALB PURGE ALB RRE P $ B248 10-52 
PC PROGRAM CALL S Q Al Zl T ¢ GM B R ST B218 10-34 
PR PROGRAM RETURN E U Al Z4 T ¢2 B R ST 0101 10-44 

PT PROGRAM TRANSFER RRE Q Al SP Z2 T ¢ B B228 10-47 
PTLB PURGE TLB S P $ B20D 10-53 
RCHP RESET CHANNEL PATH S C P OP ¢ G1 B23B 14-7 
RRBE RESET REFERENCE BIT EXTENDED RRE C P Al B22A 10-53 
RSCH RESUME SUBCHANNEL S C P OP ¢ GS B238 14-8 

S SUBTRACT RX C A IF R B2 5B 7-48 
SAC SET ADDRESS SPACE CONTROL S Q SP SW ¢ B219 10-54 
SAL SET ADDRESS LIMIT S P OP ¢ G1 B237 14-10 
SAR SET ACCESS RRE Ul B24E 7-41 
SCHM SET CHANNEL MONITOR S P OP ¢ GM B23C 14-10 

SCK SET CLOCK S C P A SP B2 B204 10-55 
SCKC SET CLOCK COMPARATOR S P A SP B2 B206 10-56 
SD SUBTRACT NORMALIZED (long) RX C A SP EU EO LS B2 6B 9-16 
SDR SUBTRACT NORMALIZED (long) RR C SP EU EO LS 2B 9-16 
SE SUBTRACT NORMALIZED (short) RX C A SP EU EO LS B2 7B 9-16 

SER SUBTRACT NORMALIZED (short) RR C SP EU EO LS 3B 9-16 
SH SUBTRACT HALFWORD RX C A IF R B2 4B 7-48 
SIGP SIGNAL PROCESSOR RS C P $ R AE 10-61 
SL SUBTRACT LOGICAL RX C A R B2 5F 7-48 
SLA SHIFT LEFT SINGLE RS C IF R 8B 7-43 

SLDA SHIFT LEFT DOUBLE RS C SP IF R 8F 7-42 
SLDL SHIFT LEFT DOUBLE LOGICAL RS SP R 8D 7-42 
SLL SHIFT LEFT SINGLE LOGICAL RS R 89 7-43 
SLR SUBTRACT LOGICAL RR C R 1F 7-48 
SP SUBTRACT DECIMAL SS C A D DF ST B1 B2 FB 8-12 

SPKA SET PSW KEY FROM ADDRESS S Q B20A 10-57 
SPM SET PROGRAM MASK RR L 04 7-41 
SPT SET CPU TIMER S P A SP B2 B208 10-56 
SPX SET PREFIX S P A SP $ B2 B210 10-56 
SR SUBTRACT RR C IF R 1B 7-48 

SRA SHIFT RIGHT SINGLE RS C R 8A 7-44 
SRDA SHIFT RIGHT DOUBLE RS C SP R 8E 7-43 
SRDL SHIFT RIGHT DOUBLE LOGICAL RS SP R 8C 7-44 
SRL SHIFT RIGHT SINGLE LOGICAL RS R 88 7-45 
SRP SHIFT AND ROUND DECIMAL SS C A 0 OF ST Bl F0 8-11 

Figure B-2 (Part 4 of 6). Instructions Arranged by Mnemonic 
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SSAR SET SECONDARY ASN RRE Al Z3 T ¢ 8225 10-58 
SSCH START SU8CHANNEL S C P A SP OP ¢ GS 82 8233 14-12 
SSKE SET STORAGE KEY EXTENDED RRE P Al ¢ 8228 10-61 
SSM SET SYSTEM MASK S P A SP SO 82 80 10-61 
ST STORE RX A ST 82 50 7-45 

STAM STORE ACCESS MULTIPLE RS A SP ST U8 98 7-45 
STAP STORE CPU ADDRESS S P A SP ST 82 8212 10-63 
STC STORE CHARACTER RX A ST 82 42 7-45 
STCK STORE CLOCK S C A $ ST 82 8205 7-46 
STCKC STORE CLOCK COMPARATOR S P A SP ST 82 8207 10-63 

STCM STORE CHARACTERS UNDER MASK RS A ST 82 8E 7-46 
STCPS STORE CHANNEL PATH STATUS S P A SP ¢ ST 82 823A 14-14 
STCRW STORE CHANNEL REPORT WORD S C P A SP ¢ ST 82 8239 14-14 
STCTL STORE CONTROL RS P A SP ST 82 86 10-63 
STD STORE (long) RX A SP ST 82 60 9-16 

STE STORE (short) RX A SP ST 82 70 9-16 
STH STORE HALFWORD RX A ST 82 40 7-47 
STIDP STORE CPU ID S P A SP ST 82 8202 10-64 
STM STORE MULTIPLE RS A ST 82 90 7-47 
STNSM STORE THEN AND SYSTEM MASK SI P A ST 81 AC 10.;.65 

STOSM STORE THEN OR SYSTEM MASK SI P A SP ST 81 AD 10-65 
STPT STORE CPU TIMER S P A SP ST 82 8209 10-64 
STPX STORE PREFIX S P A SP ST . 82 8211 10-65 
STSCH STORE SU8CHANNEL S C P A SP OP ¢ GS ST 82 8234 14-15 
STURA STORE USING REAL ADDRESS RRE P Al SP SU 8246 10-66 

SU SU8TRACT UNNORMALIZED (short) RX C A SP EO LS 82 7F 9-17 
SUR SU8TRACT UNNORMALIZED (short) RR C SP EO LS 3F 9-17 
SVC SUPERVISOR CALL RR ¢ 0A 7-49 
SW SU8TRACT UNNORMALIZED (long) RX C A SP EO LS 82 6F 9-17 
SWR SU8TRACT UNNORMALIZED (long) RR C SP . EO LS 2F 9-17. 

SXR SU8TRACT NORMALIZED (ext.) RR C SP EU EO LS 37 9-16 
TAR TEST ACCESS RRE C Al AS Ul 824C 10-66 
T8 TEST 8LOCK RRE C P A1 II $ G'0 R 822C 10-69 
TM TEST UNDER MASK SI C A 81 91 7-50 
TPI TEST PENDING INTERRUPTION S C P A1 SP ¢ ST 82 8236 14-16 

TPROT TEST PROTECTION SSE C P A1 81 E501 10-71 
TR TRANSLATE SS A ST 81 82 DC 7-50 
TRACE TRACE RS P A SP T ¢ 99 10-73 
TRT TRANSLATE AND TEST SS C A GM R 81 82 DD 7-51 
TS TEST AND SET S C A $ ST 82 93 7-49 

TSCH TEST SU8CHANNEL S C P A SP OP ¢ GS ST 82 8235 14-17 
UNPK UNPACK SS A ST 81 82 F3 7-52 
UPT UPDATE TREE E C A SP II GM R ST 14 0102 7-52 
X EXCLUSIVE OR RX C A R 82 57 7-25 
XC EXCLUSIVE OR (character) SS C A ST 81 82 D7 7-25 

Figure 8-2 (Part 5 of 6). Instructions Arranged by Mnemonic 
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XI EXCLUSIVE OR (immediate) SI C A ST B1 97 7-25 
XR EXCLUSIVE OR RR C R 17 7-25 
ZAP ZERO AND ADD SS C A 0 OF ST B1 B2 F8 8-12 

Figure 8-2 (Part 6 of 6). Instructions Arranged by Mnemonic 
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0101. PROGRAM RETURN PR E U Al Z4 T ¢2 B R ST 10-44 
0102 UPDATE TREE UPT E C A SP II GM R ST 14 7-52 
04 SET PROGRAM MASK SPM RR L 7-41 
05 BRANCH AND LI NK BALR RR T B R 7-10 
06 BRANCH ON COUNT BCTR RR B R 7-13 

07 BRANCH ON CONDITION BCR RR ¢l B 7-12 
0A SUPERVISOR CALL SVC RR ¢ 7-49 
0B BRANCH AND SET MODE BSM RR B R 7-12 
0C BRANCH AND SAVE AND SET MODE BASSM RR T B R 7-11 
00 BRANCH AND SAVE BASR RR T B R 7-11 

0E MOVE LONG MVCL RR C A SP II R ST Rl R2 7-33 
0F COMPARE LOGICAL LONG CLCL RR C A SP II R Rl R2 7-22 
10 LOAD POSITIVE LPR RR C IF R 7-31 
11 LOAD NEGATIVE LNR RR C R 7-31 
12 LOAD AND TEST LTR RR C R 7-30 

13 LOAD COMPLEMENT LCR RR C IF R 7-30 
14 AND NR RR C R 7-9 
15 COMPARE LOGICAL CLR RR C 7-21 
16 OR OR RR C R 7-40 
17 EXCLUSIVE OR XR RR C R 7-25 

18 LOAD LR RR R 7-28 
19 COMPARE CR RR C 7-15 
lA ADD AR RR C IF R 7-8 
IB SUBTRACT SR RR C IF R 7-48 
lC MULTIPLY MR RR SP R 7-38 

10 DIVIDE DR RR SP IK R 7-25 
IE ADD LOGICAL ALR RR C R 7-9 
IF SUBTRACT LOGICAL SLR RR C R 7-48 
20 LOAD POSITIVE (long) LPDR RR C SP 9-13 
21 LOAD NEGATIVE (long) LNDR RR C SP 9-13 

22 LOAD AND TEST (long) LTDR RR C SP 9-12 
23 LOAD COMPLEMENT (long) LCDR RR C SP 9-12 
24 HALVE (long) HDR RR SP EU 9-11 
25 LOAD ROUNDED (ext. to long) LRDR RR SP EO 9-14 
26 MULTIPLY (extended) MXR RR SP EU EO 9-14 

27 MULTIPLY (long to extended) MXDR RR SP EU EO 9-14 
28 LOAD (long) LOR RR SP 9-12 
29 COMPARE (long) CDR RR C SP 9-9 
2A ADD NORMALIZED (long) ADR RR C SP EU EO LS 9-7 
2B SUBTRACT NORMALIZED (long) SDR RR C SP EU EO· LS 9-16 

2C MULTIPLY (long) MDR RR SP EU EO 9-14 
20 DIVIDE (long) DDR RR SP EU EO FK 9-9 
2E ADD UNNORMALIZED (long) AWR RR C SP EO LS 9-8 
2F SUBTRACT UNNORMALIZED (long) SWR RR C SP EO LS 9-17 
30 LOAD POSITIVE (short) LPER RR C SP 9-13 

Figure B-3 (Part 1 of 6). Instructions Arranged by Operation Code 
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31 LOAD NEGATIVE (short) LNER RR C SP 9-13 
32 LOAD AND TEST (short) LTER RR C SP 9-12 
33 LOAD COMPLEMENT (short) LCER RR C SP 9-12 
34 HALVE (short) HER RR SP EU 9-11 
35 LOAD ROUNDED (long to short) LRER RR SP EO 9-14 

36 ADD NORMALIZED (extended) AXR RR C XP SP EU EO LS 9-7 
37 SUBTRACT NORMALIZED (ext.) SXR RR C SP EU EO LS 9-16 
38 LOAD (short) LER RR SP 9-12 
39 COMPARE (short) CER RR C SP 9-9 
3A ADD NORMALIZED (short) AER RR C SP EU EO LS 9-7 

3B SUBTRACT NORMALIZED (short) SER RR C SP EU EO LS 9-16 
3C MULTIPLY (short to long) MER RR SP EU EO 9-14 
3D DIVIDE (short) DER RR SP EU EO FK 9-9 
3E ADD UNNORMALIZED (short) AUR RR C SP EO LS 9-8 
3F SUBTRACT UNNORMALIZED (short) SUR RR C SP EO LS 9-17 

40 STORE HALFWORD STH RX A ST B2 7-47 
41 LOAD ADDRESS LA RX R 7-29 
42 STORE CHARACTER STC RX A ST B2 7-45 
43 INSERT CHARACTER IC RX A R B2 7-27 
44 EXECUTE EX RX AI SP EX 7-26 

45 BRANCH AND LINK BAL RX B R 7-10 
46 BRANCH ON COUNT BCT RX B R 7-13 
47 BRANCH ON CONDITION BC RX B 7-12 
48 LOAD HALFWORD LH RX A R B2 7-30 
49 COMPARE HALFWORD CH RX C A B2 7-20 

4A ADD HALFWORD AH RX C A IF R B2 7-8 
4B SUBTRACT HALFWORD SH RX C A IF R B2 7-48 
4C MULTIPLY HALFWORD MH RX A R B2 7-39 
40 BRANCH AND SAVE BAS RX B R 7-11 
4E CONVERT TO DECIMAL CVD RX A ST B2 7-24 

4F CONVERT TO BINARY CVB RX A 0 IK R B2 7-23 
50 STORE ST RX A ST. B2 7-45 
51 LOAD ADDRESS EXTENDED LAE RX R Ul BP 7-29 
54 AND N RX C A R B2 7-9 
55 COMPARE LOGICAL CL RX C A B2 7-21 

56 OR 0 RX C A R B2 7-40 
57 EXCLUSIVE OR X RX C A R B2 7-25 
58 LOAD L' RX A R B2 7-28 
59 COMPARE C RX C A B2 7-15 
5A ADD A RX C A IF R B2 7-8 

5B SUBTRACT S RX C A IF R B2 7-48 
5C MUL TIPLY M RX A SP R B2 7-38 
50 DIVIDE 0 RX A SP IK R B2 7-25 
5E ADD LOGICAL AL RX C A R B2 7-9 
5F SUBTRACT LOGICAL SL RX C A R B2 7-48 

Figure 8-3 (Part 2 of 6). Instructions Arranged by Operation Code 
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60 STORE (long) STD RX A SP ST B2 9-16 
67 MULTIPLY (long to extended) MXD RX A SP EU EO B2 9-14 
68 LOAD (long) LD RX A SP B2 9-12 
69 COMPARE (long) CD RX C A SP B2 9-9 
6A ADD NORMALIZED (long) AD RX C A SP EU EO LS B2 9-7 

6B SUBTRACT NORMALIZED (long) SO RX C A SP EU EO LS B2 9-16 
6C MUL TIPLY (long) MD RX A SP EU EO B2 9-14 
60 DIVIDE (long) DO RX A SP EU EO FK B2 9-9 
6E ADD UNNORMALIZED (long) AW RX C A SP EO LS B2 9-8· 
6F SUBTRACT UNNORMALIZED (long) SW RX C A SP EO LS B2 9-17 

70 STORE (short) STE RX A SP ST B2 9-16 
78 LOAD (short) LE RX A SP B2 9-12 
79 COMPARE (short) CE RX C A SP B2 9-9 
7A ADD NORMALIZED (short) AE RX C A SP EU EO LS B2 9-7 
7B SUBTRACT NORMALIZED (short) SE RX C A SP EU EO LS B2 9-16 

7C MULTIPLY (short to long) ME RX A SP EU EO B2 9-14 
7D DIVIDE (short) DE RX A SP EU EO FK B2 9-9 
7E ADD UNNORMALIZED (short) AU RX C A SP EO LS B2 9-8 
7F SUBTRACT UNNORMALIZED (short) SU RX C A SP EO LS B2 9-17 
80 SET SYSTEM MASK SSM S P A SP SO B2 10-61 

82 LOAD PSW LPSW S L P A SP ¢ B2 10-24 
83 DIAGNOSE DM P DM MD 10-7 
86 BRANCH ON INDEX HIGH BXH RS B R 7-14 
87 BRANCH ON INDEX LOW OR EQUAL BXLE RS B R 7-14 
88 SHIFT RIGHT SINGLE LOGICAL SRL RS R 7-45 

89 SHIFT LEFT SINGLE LOGICAL SLL RS R 7-43 
8A SHIFT RIGHT SINGLE SRA RS C R 7-44 
8B SHIFT LEFT SINGLE SLA RS C IF R 7-43 
8C SHIFT RIGHT DOUBLE LOGICAL SRDL RS SP R 7-44 
8D SHIFT LEFT DOUBLE LOGICAL SLDL RS SP R 7-42 

8E SHIFT RIGHT DOUBLE SRDA RS C SP R 7-43 
8F SHIFT LEFT DOUBLE SLDA RS C SP IF R 7-42 
90 STORE MULTIPLE STM RS A ST B2 7-47 
91 TEST UNDER MASK TM SI C A B1 7-50 
92 MOVE (immediate) MVI SI A ST B1 7-32 

93 TEST AND SET TS S C A $ ST B2 7-49 
94 AND (immediate) NI SI C A ST B1 7-9 
95 COMPARE LOGICAL (immediate) CLI SI C A B1 7-21 
96 OR (immediate) 01 SI C A ST B1 7-40 
97 EXCLUSIVE OR (immediate) XI SI C A ST B1 7-25 

98 LOAD MULTIPLE LM RS A R B2 7-31 
99 TRACE TRACE RS P A SP T ¢ 10-73 
9A LOAD ACCESS MULTIPLE LAM RS A SP UB 7-28 
9B STORE ACCESS MULTIPLE STAM RS A SP ST UB 7-45 
AC STORE THEN AND SYSTEM MASK STNSM SI P A ST B1 10-65 

Figure 8-3 (Part 3 of 6). Instructions Arranged by Operation Code 
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AD STORE THEN OR SYSTEM MASK STOSM SI P A SP ST B1 10-65 
AE SIGNAL PROCESSOR SIGP RS C P $ R 10-61 
AF MONITOR CALL MC SI SP MO 7-32 
B1 LOAD REAL ADDRESS LRA RX C P A1 AT R BP 10-25 
B202 STORE CPU 10 STIDP S P A SP ST B2 10-64 

B204 SET CLOCK SCK S C P A SP B2 10-55 
B205 STORE CLOCK STCK S C A $ ST B2 7-46 
B206 SET CLOCK COMPARATOR SCKC S P A SP B2 10-56 
B207 STORE CLOCK COMPARATOR STCKC S P A SP ST B2 10-63 
B208 SET CPU TIMER SPT S P A SP B2 10-56 

B209 STORE CPU TIMER STPT S P A SP ST B2 10-64 
820A SET PSW KEY FROM ADDRESS SPKA S 

. 
Q 10-57 

B20B INSERT PSW KEY IPK S Q G2 R 10-12 
8200 PURGE TL8 PTLB S P $ 10-53 
8210 SET PREFIX SPX S P A SP $ B2 10-56 

B211 STORE PREFIX STPX S P A SP ST B2 10-65 
8212 STORE CPU ADDRESS STAP S P A SP ST B2 10-63 
8218 PROGRAM CALL PC S Q A1 Z1 T ¢ GM B R ST 10-34 
8219 SET ADDRESS SPACE CONTROL SAC S Q SP SW ¢ 10-54 
821A COMPARE AND FORM CODEWORD CFC S C A SP II GM R 11 7-15 

8221 INVALIDATE PAGE TABLE ENTRY IPTE RRE P A1 $ 10-14 
8222 INSERT PROGRAM MASK IPM RRE R 7-28 
8223 INSERT VIRTUAL STORAGE KEY IVSK RRE Q A1 SO R R2 10-13 
8224 INSERT ADDRESS SPACE CONTROL lAC RRE C Q SO R 10-12 
8225 SET SECONDARY ASN SSAR RRE A1 Z3 T ¢ 10-58 

8226 EXTRACT PRIMARY ASN EPAR RRE Q SO R 10-7 
8227 EXTRACT SECONDARY ASN ESAR RRE Q SO R 10-8 
8228 PROGRAM TRANSFER PT RRE Q A1 SP Z2 T ¢ B 10-47 
B229 INSERT STORAGE KEY EXTENDED ISKE RRE P A1 10-13 
B22A RESET REFERENCE BIT EXTENDED RRBE RRE C P A1 10-53 

822B SET STORAGE KEY EXTENDED SSKE RRE P A1 ¢ 10-61 
822C TEST BLOCK TB RRE C P A1 II $ G0 R 10-69 
B22D DIVIDE (extended) DXR RRE SP EU EO FK 9-9 
B230 CLEAR SUBCHANNEL CSCH S C P OP ¢ GS 14-4 
B231 HALT SUBCHANNEL HSCH S C P OP ¢ GS 14-4 

8232 MODIFY SU8CHANNEL MSCH S C P A SP OP ¢ GS 82 14-6 
8233 START SUBCHANNEL SSCH S C P A SP OP ¢ GS 82 14-12 
8234 STORE SUBCHANNEL STSCH S C P A SP OP ¢ GS ST 82 14-15 
8235 TEST SU8CHANNEL TSCH S C P A SP OP ¢ GS ST B2 14-17 
8236 TEST PENDING INTERRUPTION TPI S C P A1 SP ¢ ST 82 14-16 

8237 SET ADDRESS LIMIT SAL S P OP ¢ G1 14-10 
8238 RESUME SU8CHANNEL RSCH S C P OP ¢ GS 14-8 
B239 STORE CHANNEL REPORT WORD STCRW S C P A SP ¢ ST B2 14-14 
823A STORE CHANNEL PATH STATUS STCPS S P A SP ¢ ST 82 14-14 
823B RESET CHANNEL PATH RCHP S C P OP ¢ G1 14-7 

Figure B-3 (Part 4 of 6). Instructions Arranged by Operation Code 
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B23C SET CHANNEL MONITOR SCHM S P OP ¢ GM 14-10 
B240 BRANCH AND STACK BAKR RRE Al SF T B ST 10-5 
B246 STORE USING REAL ADDRESS STURA RRE P Al SP SU 10-66 
B247 MODIFY STACKED STATE MSTA RRE Al SP SE ST 10-27 
B248 PURGE ALB PALB RRE P $ 10-52 

B249 EXTRACT STACKED REGISTERS EREG RRE Al SE R Ul U2 10-8 
B24A EXTRACT STACKED STATE ESTA RRE C Al SP SE R 10-9 
B24B LOAD USING REAL ADDRESS LURA RRE P Al SP R 10-27 
B24C TEST ACCESS TAR RRE C Al AS Ul 10-66 
B24D COPY ACCESS CPYA RRE Ul U2 7-24 

B24E SET ACCESS SAR RRE Ul 7-41 
B24F EXTRACT ACCESS EAR RRE R U2 7-27 
B6 STORE CONTROL STCTL RS P A SP ST B2 10-63 
B7 LOAD CONTROL LCTL RS P A SP B2 10-23 
BA COMPARE AND SWAP CS RS C A SP $ R ST B2 7-19 

BB COMPARE DOUBLE AND SWAP CDS RS C A SP $ R ST B2 7-19 
BD COMPARE LOGICAL C. UNDER MASK CLM RS C A B2 7-21 
BE STORE CHARACTERS UNDER MASK STCM RS A ST B2 7-46 
BF INSERT CHARACTERS UNDER MASK ICM RS C A R B2 7-27 
D1 MOVE NUMERICS MVN SS A ST Bl B2 7-37 

D2 MOVE (character) MVC SS A ST Bl B2 7-32 
D3 MOVE ZONES MVZ SS A ST B1 B2 7-38 
D4 AND (character) NC SS C A ST B1 B2 7-9 
D5 COMPARE LOGICAL (character) CLC SS C A B1 B2 7-21 
D6 OR (character) OC SS C A ST B1 B2 7-40 

D7 EXCLUSIVE OR (character) XC SS C A ST B1 B2 7-25 
D9 MOVE WITH KEY MVCK SS C Q A ST B1 B2 10-31 
DA MOVE TO PRIMARY MVCP SS C Q A SO ¢ ST 10-29 
DB MOVE TO SECONDARY MVCS SS C Q A SO ¢ ST 10-29 
DC TRANSLATE TR SS A ST BI B2 7-50 

DD TRANSLATE AND TEST TRT SS C A GM R B1 B2 7-51 
DE EDIT ED SS C A 0 ST B1 B2 8-6 
DF EDIT AND MARK EOMK SS C A 0 G1 R ST B1 B2 8-10 
E500 LOAD ADDRESS SPACE PARAMETERS LASP SSE C P Al SP AS B1 10-16 
E501 TEST PROTECTION TPROT SSE C P Al B1 10-71 

E50E MOVE WITH SOURCE KEY MVCSK SSE MK Q A GM ST B1 B2 10-32 
E50F MOVE WITH DESTINATION KEY MVCOK SSE MK Q A GM ST B1 B2 10-30 
E8 MOVE INVERSE MVCIN SS MI A ST B1 B2 7-33 
F0 SHIFT AND ROUND DECIMAL SRP SS C A 0 DF ST B1 8-11 
F1 MOVE WITH OFFSET MVO SS A ST B1 B2 7-37 

F2 PACK PACK SS A ST B1 B2 7-40 
F3 UNPACK UNPK SS A ST B1 B2 7-52 
Fa ZERO AND ADD ZAP SS C A 0 OF ST B1 B2 8-12 
F9 COMPARE DECIMAL CP SS C A 0 B1 B2 8-5 
FA ADD DECIMAL AP SS C A 0 OF ST B1 B2 8-5 

Figure 8-3 (Part 5 of 6). Instructions Arranged by Operation Code 
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Op Mne- Page 
Code Name monic Characteristics No. 

FB SUBTRACT DECIMAL SP SS C A 0 OF ST B1 B2 8-12 
FC MULTIPLY DECIMAL MP SS A SP 0 ST B1 B2 8-10 
FD DIVIDE DECIMAL DP SS A SP 0 OK ST B1 B2 8-6 

Figure B-3 (Part 6 of 6). Instructions Arranged by Operation Code 
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Appendix C. Condition-Code Settings 

This appendix lists the condition -code setting for 
instructions in 370-XA which set the condition code. 
In addition to those instructions listed which set 
the condition code, the condition code is set unpre­
dictably by PROGRAM RETURN, and it may be 
changed by DIAGNOSE and the target of EXECUTE. 

The condition code is loaded by LOAD psw, by SET 

PROGRAM MASK, and by an interruption. The 
condition code is set to zero by initial CPU reset 
and is loaded by the successful conclusion of the 
initial-program-Ioading sequence. 

The condition codes for the vector facility are· not 
included in this appendix. See the publication 
Enterprise Systems Architecture/370 and 
System/370 Vector Operations, SA22-7125, for the 
condition codes set by vector instructions. 

Instruction 0 

ADD, ADD HALFWORD ( Zero 
ADD DECIMAL Zero 
ADD LOGICAL Zero, 

no carry 
ADD NORMALIZED Zero 
ADD UNNORMALIZED Zero 

AND Zero 
CLEAR SUBCHANNEL Function 

initiated 
COMPARE (gent f1 pt) Equal 
COMPARE HALFWORD Equal 
COMPARE AND FORM CODEWORD Equal 

COMPARE AND SWAP Equal 

COMPARE DECIMAL Equal 
COMPARE DOUBLE AND SWAP Equal 
COMPARE LOGICAL Equal 
COMPARE LOGICAL CHARACTERS Equal 

UNDER MASK 
COMPARE LOGICAL LONG Equal 

EDIT, EDIT AND MARK Zero 
EXCLUSIVE OR Zero 
EXTRACT STACKED STATE Branch state 

entry 
HALT SUBCHANNEL Function 

initiated 

INSERT ADDRESS SPACE CONTROL Primary-space 
mode 

INSERT CHARACTERS UNDER MASK All zeros 

Some models may offer instructions which set the 
condition code and do not appear in this docu­
ment, such as those provided for assists or as part 
of special or custom features. 

Condition Code 

1 2 3 

< zero > zero Overflow 
< zero > zero Overflow 
Not zero, Zero, Not zero, 

no carry carry carry 
< zero > zero --
< zero > zero --
Not zero -- --
-- -- Not operational 

Low High --
Low High --
OCB=0: low OCB=0: high --
OCB=l: high OCB=l : low 
Not equal -- --

Low High --
Not equal -- --
Low High --
Low High --

Low High --

< zero > zero --
Not zero -.- --
Program-call -- --

state entry 
Status-pending Busy Not operational 

with other 
than interme-
diate status 

Secondary-space Access-register Home-space mode 
mode mode 

Fi rst bi tone First bit zero --

Figure C-l (Part 1 of 3). Summary of Condition-Code Settings 

Appendix C. Condition-Code Settings C-l 



Condition Code 

Instruction e 1 2 3 

LOAD ADDRESS SPACE Parameters Primary ASN Secondary ASN Space-switch 
PARAMETERS loaded not available not available event 

or not 
authorized 

LOAD AND TEST (gen, fl pt) Zero < zero > zero --
LOAD COMPLEMENT (gen) Zero < zero > zero Overflow 
LOAD COMPLEMENT (fl pt) Zero < zero > zero --
LOAD NEGATIVE (gen, fl pt) Zero < zero -- --
LOAD POSITIVE (gen) Zero -- > zero Overflow 
LOAD POSITIVE (fl pt) Zero -- > zero --
LOAD REAL ADDRESS Translation ST entry PT entry ST designation 

available invalid invalid not available 
or length 
violation 

MODIFY SUBCHANNEL SCHIB informa- Status-pending Busy Not operational 
tion placed 
in subchannel 

MOVE LONG Length equal Length low Length high Destructive 
overlap 

MOVE TO PRIMARY, MOVE TO Length =< 256 -- -- Length > 256 
SECONDARY 

MOVE WITH KEY Length =< 256 -- -- Length > 256 
OR Zero Not zero -- --
RESET CHANNEL PATH Function -- Busy Not operational 

initiated 
RESET REFERENCE BIT R bit zero, R bit zero, R bit one, R bit one, 

EXTENDED C bit zero C bit one C bit zero C bit one 
RESUME SUBCHANNEL Function Status pending Function not Not operational 

initiated applicable 
SET CLOCK Set Secure -- Not operational 
SHIFT AND ROUND DECIMAL Zero < zero > zero Overflow 
SHIFT LEFT (DOUBLE/SINGLE) Zero < zero > zero Overflow 
SHIFT RIGHT (DOUBLE/SINGLE) Zero < zero > zero --

SIGNAL PROCESSOR Order accepted Status stored Busy Not operational 
START SUBCHANNEL Function Status-pending Busy Not operational 

initiated 
STORE CHANNEL REPORT WORD CRW stored Zeros stored -- --
STORE CLOCK Set Not set Error Not operational 
STORESUBCHANNEL SCHIB stored -- -- Not operational 

Figure C-l (Part 2 of 3). Summary of Condition-Code Settings 
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Instruction e 

SUBTRACT, SUBTRACT HALFWORD Zero 
SUBTRACT DECIMAL Zero 
SUBTRACT LOGICAL --
SUBTRACT NORMALIZED Zero 
SUBTRACT UNNORMALIZED Zero 

TEST ACCESS ALET e 

TEST AND SET Left bit zero 
TEST BLOCK Usable 
TEST PENDING INTERRUPTION Interruption 

code not 
stored 

TEST PROTECTION Can fetch, 
can store 

TEST SUBCHANNEL IRB stored; 
subchannel 
status-
pending 

TEST UNDER MASK All zeros 
TRANSLATE AND TEST All zeros 
UPDATE TREE Equal 

ZERO AND ADD Zero 

Explanation: 

> zero 
< zero 
=< 256 
> 256 
High 
Low 
length 
OCB 

Result greater than zero 
Result less than zero 
Equal to, or less than, 256 
Greater than 256 
First operand high 
First operand low 
Length of first operand 
Operand-control bit 

Condition Code 

1 2 3 

< zero > zero Overflow 
< zero > zero Overflow 
Not zero, Zero, Not zero, 

no carry carry carry 
< zero > zero --
< zero > zero --
DU access list, PS access list, ALET 1 or 

no exceptions no exceptions exceptions 
Left bit one -- -- , 
Not usable -- --
Interruption -- --

code stored 

Can fetch, Cannot fetch, Translation not 
cannot store cannot store avail abl e 

IRB stored; -- Not operational 
subchannel 
not status-
pending 

Mixed -- All ones 
Incomplete Complete --
Not equal or -- Method 2, 

no comparison GR5 nonzero, 
GRe negative 

< zero > zero Overflow 

Figure C-l (Part 3 of 3). Summary of Condition-Code Settings 
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Appendix D. Comparison Between 370-XA and ESA/370 

New Facilities in ESA/370 . . . . .. D-l 
Access Registers ..... . . . . .. D-l 
Home Address Space . '0 • • • • •• D-l 
Linkage Stack .............. D-l 
Load and Store Using Real Address D-2 
Move with Source or Destination Key D-2 
Private Space ..... D-2 

Comparison of Facilities ...... D-2 
Summary of Changes ....... D-2 

New Instructions Provided ... D-2 
Comparison of PSW Formats ...... D-3 
New Control-Register Assignments ... D-3 
New Assigned Storage Locations D-3 
New Exceptions .......... D-3 
Change to Secondary-Space Mode D-4 

This appendix provides (1) a list of the facilities 
that are new in ESA/370 and not provided in 370-XA, 

(2) a description of the handling in ESA/370 of the 
facilities available in 370-XA, (3) a list of changes 
between 370-XA and ESA/370, and (4) a list of how 
370-XA facilities are affected by the new translation 
modes in ESA/370. 

New Facilities in ESA/370 
The . following facilities are new in ESA/370 and are 
not provided in 370-XA. Access registers, home 
address space, linkage stack, and load and store 
using real address are provided by all ESA/370 

models. Move with source or destination key and 
private space are provided by some ESA/370 models. 

Access Registers 

Sixteen access registers and a translation mode 
named the access-register mode allow designation 
of storage operands in up to sixteen different 
address spaces by means of the B fields of 
instructions and the R fields of certain instructions. 
The dispatchable-unit and primary-space access 
lists contain the addressing capabilities that are 
usable by means of the access registers. The use of 
an access-list entry is controlled by the extended 
authorization index in control register 8. 

Changes to ASN-Second-Table Entry and 
ASN Translation .......... D-4 

Changes to Entry-Table Entry and 
PC-Number Translation ..... D-4 

Changes to PROGRAM CALL . . D-4 
Changes to SET ADDRESS SPACE 

CONTROL ............. D-4 
Effects in New Translation Modes D-4 

Effects on Interlocks for Virtual-Storage 
References ................ D-5 

Effect on INSERT ADDRESS SPACE 
CONTROL ............. D-5 

Effect on LOAD REAL ADDRESS D-5 
Effect on TEST PENDING 

INTERRUPTION ........ D-5 
Effect on TEST PROTECTION D-5 

Instructions are provided for exammmg and 
changing the contents of the access registers and for 
purging the access-register-translation-Iookaside 
buffer. 

Home Address Space 

A translation mode named the home-space mode 
allows the control program to quickly gain control 
in and access the home address space, which is 
where the control program keeps the principal 
control blocks for a dispatchable unit. The space­
switch event can indicate a transfer of control to or 
from the home address space. 

Linkage Stack 

A bit in the entry-table entry controls whether 
PROGRAM CALL performs the 370-XA, or basic, 
operation or the stacking operation. The stacking 
operation allows increased status changing, and it 
saves status in a linkage-stack state entry, from 
which status is restored by the PROGRAM RETURN 

instruction. The linkage stack can also be used in a 
branch-type linkage. Instructions are provided for 
examining and changing the contents of the last 
state entry and for testing the contents of an access 
register by means of a specified- extended authori­
zation index. 
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Load and Store Using Real Address 

Instructions are provided for loading and storing 
from a general register through the use of a real 
address. The storing operation can be indicated by 
a store-using-real-address PER event. 

Move with Source or Destination Key 

Instructions are provided for moving data with a 
specified access key that applies to the references to 
either the source or the destination storage area; the 
psw key applies to the references to the other 
storage area. 

Private Space 

A bit in the segment-table designation can be set to 
one to prevent the use of translation-lookaside­
buffer entries for common segments and to prevent 
the application of low-address protection and fetch­
protection override to the specified address space. 

Comparison of Facilities 
Figure D-l shows the facilities offered in 370-XA 

and how each facility is provided in BSA/370. 

370-XA Facility 

Basic 370-XA facilities 
Expanded storage 
Move inverse 
Vector 

Explanation: 

Avail a­
bil i ty in 

ESA/370 

B1 
ES 
MI 
V 

1 Compatibility for privileged programs is 
not provided when the address-space­
function control, bit 15 of control 
register 0, is one. 

B Basic in ESA/370 mode. 
ES Provided in both 370-XA and ESA/370 as the 

expanded-storage facility. 
MI Provided in both 370-XA and ESA/370 as the 

move-inverse facility. 
V Provided in both 370-XA and ESA/370 as the 

vector facility. 

Figure D-1. Availability of 370-XA Facilities in 
ESA/370 

D·2 ESA/370 Principles of Operation 

Summary of Changes 
This section summarizes the changes between 
370-XA and BSA/370. Most of these changes are 
simply additions in BSA/370 beyond 370-XA or apply 
only when the BSA/370 address-space-function (ASF) 

control, bit 15 of control register 0, is one. Some 
of the changes apply regardless of the value of the 
ASF control. 

New Instructions Provided 

Figure D-2 shows those instructions which are 
basic or optional in BSA/370 but not provided in 
370-XA. All 370-XA instructions are provided in 
BSA/370. 

Mne- Op Availa-
Instruction Name monic Code bil ity 

BRANCH AND STACK BAKR B24a B1 
COPY ACCESS CPYA B24D B 
EXTRACT ACCESS EAR B24F B 
EXTRACT STACKED REGISTERS EREG B249 B1 
EXTRACT STACKED STATE ESTA B24A B1 

LOAD ACCESS MULTIPLE LAM 9A B 
LOAD ADDRESS EXTENDED LAE 51 B 
LOAD USING REAL ADDRESS LURA B24B B 
MODIFY STACKED STATE MSTA B247 B1 
MOVE WITH DESTINATION KEY MVCDK E5aF MK 

MOVE WITH SOURCE KEY MVCSK E5aE MK 
PROGRAM RETURN PR alaI B1 
PURGE ALB PALB B248 B 
SET ACCESS SAR B24E B 
STORE ACCESS MULTIPLE STAM 9B B 

STORE USING REAL ADDRESS STURA B246 B 
TEST ACCESS TAR B24C B1 

Explanation: 

1 Instruction can be executed successfully 
only when the address-space-function 
control, bit 15 of control register a, is 
one. 

B Instruction is basic. 
MK Move-wi th-source-or-desti nati on-key 

facil ity. 

Figure D-2. New Instructions Provided 



Comparison of PSW Formats 

In 370-XA, psw bit 16 is the address-space control, 
and a one in bit position 17 of the psw is invalid. 
In BSA/370, psw bits 16 and 17 are the address­
space control. 

New Control-Register Assignments 

Figure 0-3 shows those assignments of control­
register bits and fields that are new in FSA/370 com­
pared to 370-XA. 

Ctrl 
Reg Bits Name of Bit or Field 

0 15 Address-space-function control 

1 0 Primary space-switch-event control 1 

1 23 Primary private-space control 

2 1-25 Dispatchable-unit-control-table 
origin 

5 1-25 Primary-ASN-second-table-entry 
origin 2 

7 23 Secondary private-space control 

8 0-15 Extended authorization index 

9 4 Store-using-real-address-event mask 

13 0 Home space-switch-event control 
13 1-19 Home segment-table origin 
13 23 Home private-space control 
13 25-31 Home segment-table length 

15 1-28 Linkage-stack-entry address 

Explanation: 

1 Only the name of this bit is new. The 
bit has the same position and function as 
the space-switch-event control of 370-XA. 

2 This assignment applies only if bit 15 of 
control register 0 is one. If bit 15 is 
zero, control register 5 contains the 
linkage-table designation as in 370-XA. 

Figure D-3. New Control-Register Assignments 

In 370-XA, and in FSA/370 when the address-space­
function (ASF) control, bit 15 of control register 0, 

is zero, control register 5 contains the linkage-table 
designation. In FSA/370 when the ASF control is 
one, control register 5 contains the primary 
ASN-second-table-entry origin, and the linkage-table 
designation is in the primary ASN -second-table 
entry. 

New Assigned Storage Locations 

Figure 0-4 shows those storage locations that are 
assigned in ESA/370 and not assigned in 370-XA. 

Name of Field 

Assigned 
Storage 
Location 
and 
Length* 

Exception access identification R 160 1 
PER access identification R 161 1 
Machine-check access-register R 288 64 

save area 
Store-status access-register A 288 64 

save area 

Explanation: 

* The first number is the address, the 
second the length. 

A Absolute location. 
R Real location. 

Figure D-4. New Assigned Storage Locations 

Bit 33 of the machine-check -interruption code, the 
access-register-validity bit, is assigned in FSA/370 

and not assigned in 370-XA. 

In both 370-XA and FSA/370, the translation­
exception identification is stored at real locations 
144-147 during a program interruption due to a 
segment-translation or page-translation exception. 
In 370-XA, bits 20-31 of this translation-exception 
identification are unpredictable. In ESA/370, bits 
20-29 are unpredictable, and bits 30-31 are set to 
identify the type of virtual address that caused the 
exception. 

New Exceptions 

Figure 0-5 on page 0-4 shows those new 
exceptions that may be recognized in ESA/370 and 
are not recognized in 370-XA. 
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Interrup-
tion Code 

Exception Name (hex) 

ALET specification l e028 
ALEN translation l e029 
ALE sequence l e02A 
ASTE validityl e028 
ASTE sequence l e02C 
Extended authorityl e020 
Stack fu11 2 e03e 
Stack empty2 e031 
Stack specification2 e032 
Stack type2 e033 
Stack operation 2 e034 

Explanation: 

1 May be recognized during 
access-register translation. 

2 May be recognized during 
linkage-stack operations. 

Figure D-5. New Exceptions 

Change to Secondary-Space Mode 

In 370-XA in the secondary-space mode, it is unpre­
dictable whether instructions are fetched from the 
primary address space or the secondary address 
space. In FSA/370 in the secondary-space mode, 
instructions are fetched from the primary address 
space. 

Changes to ASN-Second-Table Entry 
and ASN Translation 

In 370-XA, and in FSA/370 when the address-space­
function (ASF) control, bit 15 of control register 0 is 
zero, the ASN-second-table entry has a length of 16 
bytes and is aligned on a 16-byte boundary. In 
FSA/370 when the ASF control is one, the 
ASN-second-table entry has a length of 64 bytes and 
is aligned on a 64-byte boundary. ASN translation 
is affected by this change. 

D-4 ESA/370 Principles of Operation 

Changes to Entry-Table Entry and 
PC-Number Translation 

In 370-XA, and in FSA/370 when the address-space­
function (ASF) control, bit 15 of control register 0 is 
zero, the entry-table entry has a length of 16 bytes. 
In FSA/370 when the ASF control is one, the entry­
table entry has a length of 32 bytes. pc-number 
translation is affected by this change and also by 
the change to the location of the linkage-table des­
ignation described in "New Control Register 
Assignments" in this appendix. 

Changes to PROGRAM CALL 

In 370-XA, and in FSA/370 when the address-space­
function (ASF) control, bit 15 of control register 0 is 
zero, a space-switching PROGRAM CALL obtains the 
address of the ASN-second-table entry for the new 
primary address space by means of ASN translation. 
In FSA/370 when the ASF control is one, PROGRAM 
CALL obtains the address of the ASN-second-table 
entry either by means of ASN translation or directly 
from the entry-table entry, and which of these 
occurs is unpredictable. 

In 370-XA, and in FSA/370 when the ASF control is 
zero, PROGRAM CALL performs the 370-XA opera­
tion, called the basic operation. In FSA/370 when 
the ASF control is one and the pc-type bit, bit 128 
of the 32-byte entry-table entry, is one, PROGRAM 
CALL performs a different operation, called the 
stacking operation. 

Changes to SET ADDRESS SPACE 
CONTROL 

In 370-XA, for SET ADDRFSS SPACE CONTROL, bit 22 
of the second-operand address must be zero; other­
wise, a specification exception is recognized. In 
FSA/370, bit 22 may be one in order to specify the 
setting of either the access-register mode or the 
home-space mode, depending on bit 23. 

Effects in New Translation 
Modes 
FSA/370 has two new translation modes named the 
access-register mode and the home-space mode. 
These modes result when DAT is on and psw bits 
16 and 17 are 01 or 11 binary, respectively. This 
section summarizes the effects of the new trans­
lation modes on operations that would otherwise 



be the same as in 370-XA. For LOAD REAL 

ADDRESS, the effect applies whether DAT is on or 
off. 

Effects on Interlocks for 
Virtual-Storage References 

In 370-XA and ESA/370, in the real mode, primary­
space mode, or secondary-space . mode, when a 
store is made to a location from which a succeeding 
instruction is fetched and the same effective address 
is used for both the store and the fetch, the results 
of the store appear to be completed before the 
fetch. Thus, it is possible for an instruction to 
modify the next succeeding instruction in storage. 
In ESA/370, in the access-register mode or home­
space mode, an instruction that is a store-type 
operand of a preceding instruction may appear to 
be fetched before the store occurs. Thus, it is not 
assured that an instruction can modify the suc­
ceeding instruction. 

In 370-XA and ESA/370, for those instructions which 
alter the contents of storage and have more than 
one operand, the instruction defmition normally 
describes the results that are obtained when the 
operands overlap in storage. In 370-XA, and in 
ESA/370 in other than the access-register mode, 
operand overlap is recognized if the effective 
addresses of the two operands are the same. In 
ESA/370, in the access-register mode, recognition of 
operand overlap additionally requires that the effec­
tive space designations of the two operands be the 
same. The effective space designation for an 
operand is the contents of the access register used 
to access the operand, except that, if access register 
o is used, the contents are treated as being all zeros. 

Effect on INSERT ADDRESS SPACE 
CONTROL 

In 370-XA, INSERT ADDRESS SPACE CONTROL sets 
bit 22 of general register R 1 to zero, and it sets the 
condition code to 0 or 1. In ESA/370, because of 
the new translation modes, INSERT ADDRESS SPACE 

CONTROL may set bit 22 to one, and it may set the 
condition code to 2 or 3. 

Effect on LOAD REAL ADDRESS 

In 370-XA, when LOAD REAL ADDRESS sets any of 
condition codes 1-3, indicating an exception situ­
ation, it places an address related to the situation in 
general register R 1, and it sets bit 0 of the register to 
zero. Condition code 3 indicates that the segment­
table or page-table length is exceeded. In ESA/370, 

when psw bits 16 and 17 are 01 binary, condition 
code 3 may alternatively indicate an· exception situ­
ation encountered during access-register translation, 
in which case the interruption code assigned to the 
exception is placed in general register R 1, and bit 0 
of the register is set to one. 

Effect on TEST PENDING 
INTERRUPTION 

In 370-XA and ESA/370, a zero second-operand 
address of TEST PENDING INTERRUPTION specifies 
a store at real locations 184-191. In this case, in 
ESA/370 in the access-register mode, it is unpredict­
able whether access-register translation occurs for 
the access register designated by the B 2 field. If 
access-register translation occurs and the access reg­
ister is in error, an exception is recognized. If the 
translation occurs and there is no exception, the 
resulting segment-table designation is not used; that 
is, the store still occurs at reallocations 184-191. 

Effect on TEST PROTECTION 

In 370-XA, TEST PROTECTION sets condition code 3 
if it encounters an exception situation during 
dynamic address translation. In ESA/370 in the 
access-register mode, TEST PROTECTION may alter­
natively set condition code 3 because of an excep­
tion situation encountered during access-register 
translation. 
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Appendix E. Comparison Between System/370 and 370-XA 

New Facilities in 370-XA E-I 
Bimodal Addressing .... E-l 
31-Bit Logical Addressing E-l 
31-Bit Real and Absolute Addressing E-l 
Page Protection ............ E-l 
Tracing ................. E-2 
Incorrect-Length-Indication Suppression . E-2 
Status Verification .. E-2 

Comparison of Facilities E-2 
Summary of Changes E-3 

This appendix provides ( 1) a list of the facilities 
that are new in 370-XA and not provided in 
System/370, (2) a description of the handling in 
370-XA of the facilities available in System/370, and 
(3) a list of changes between System/370 and 
370-XA. 

New Facilities in 370-XA 
The following facilities are new in 370-XA and are 
not provided in System/370. 

Bimodal Addressing 

Two modes of operation are provided: a 24-bit 
addreSSing m()de, for the execution of old pro­
graniS, and a 31-bit addressing mode. The mode is 
controlled by bit 32 in the PSW, and unprivileged 
instructions are provided that examine and set the 
mode. These instructions conveniently permit 
combining old programs, which must operate in 
the 24-bit addressing mode, and new programs 
which can take advantage of the 31-bit addressing 
mode. 

3i-Bit Logical Addressing 

The 31-bit logical addressing includes the ability to 
perform either 24-bit or 31-bit address arithmetic 
for operand address generation and includes exten­
sions to the following addresses, which are always 
31 bits, regardless of the addressing mode: 

• Instruction address in psw bits 33-63 
• PER starting address in control register 10 
• PER ending address in control register 11 
• Translation-exception identification stored at 

reallocations 144-147 

Changes in Instructions Provided E-3 
Input/Output Comparison .... E-4 
Comparison of PSW Formats .. E-5 
Changes in Control-Register Assignments E~6 

Changes in Assigned Storage Locations E-6 
SIGNAL PROCESSOR Changes . E-7 
Machine-Check Changes ........ E-7 
Changes to Addressing Wraparound E-8 
Changes to LOAD REAL ADDRESS E-8 
Changes to 31-Bit Real Operand Addresses E-8 

• PER address stored at reallocations 152-155 
• Monitor code stored at reallocations 156-159 
• Entry instruction address in the entry-table 

entry 

3i-Bit Real and Absolute Addressing 

The following fields provide the leftmost part of 
31-bit addresses, or the entire address, as appro­
priate, regardless of the setting of the addressing 
mode. Except where indicated, the addresses are 
real. 

• Prefix register (absolute) 
• Primary segment-table origin· in control reg­

ister 1 
• Linkage-table origin in control register 5 
• Secondary segment-table origin· in control reg-

ister 7 
• ASN-frrst-table origin in control register 14 
• Page-table origin in tbe segment-table entry 
• Page-frame real address in the page-table entry 
• ASN-second-table origin in the AFT entry 
• Segment-table origin· f linkage-table origin, and 

authority-table origin in the AST entry 
• Entry-table origin in the linkage-table entry 
• Address in ronnat-l CCws (absolute) 

·Unpredictable whether address is real or abso­
lute 

Page Protection 

A page-protection bit is provided in the page-table 
entry. Page protection can be used in a manner 
similar to the System/370 segment protection, 
which is not included in 370-XA. 

Appen4ix E. Comparison Between Systemj370 and 370-XA E-l 



Tracing 

Included are a trace-table ongm, branch trace 
control, ASN trace control, and explicit trace­
control bits in control register 12. Also included 
are the instruction TRACE and a new program­
interruption condition called trace-table exception. 
When branch tracing is on, a trace entry is made 
for the successful execution of the following 
instructions: 

• BRANCH AND LINK (BALR) when the R2 field is 
nonzero 

• BRANCH AND SAVE (BASR) when the R2 field is 
nonzero 

• BRANCH AND SAVE AND SET MODE (BASSM) 

when the R2 field is .nonzero 

When ASN tracing is ·on, an entry is made in the 
trace table for each execution of the following 
instructions: 

• PROGRAM CALL 
• PROGRAM TRANSFER 

• SET SECONDARY ASN 

When explicit tracing is on, execution of TRACE 

causes a trace entry to be made. 

Incorrect-Length-Indicatlon 
Suppression 

The incorrect-Iength-indication-suppression facility 
allows the indication of incorrect length to be sup­
pressed when using format-l ccws in ·the same 
manner as when using format-O ccws or 
System/370 ccws. Bit 24 of word 1 of the ORB 
provides the capability of indicating or suppressing 
recognition of incorrect length for an immediate 
operation. 

Status Verification 

The status-verification facility provides an indi­
cation (bit 26 of the subchannel logout in the 
extended-status word) when the channel subsystem 
detects device status with a combination of bits that 
was inappropriate at the time status was presented. 

E-2 ESA/370 Principles of Operation 

Comparison of Facilities 
Figure E-l shows the facilities offered in 
System/370 and whether or not each facility is pro­
vided in 370-XA. 

Availa-
bility 

System/379 Facility in 379-XA 

Conmercial instruction set p1 
Block-multiplexer channels F 
Branch and save B 
Byte-multiplexer channels F 
Channel indfrect data addressing B 

Channel-set switching F 
Clear I/O F 
Conmand retry B 
Conditional o swapping B 
CPU timer and clock comparator B 

Direct control -
Dual address space p2 
Expanded storage ES 
Extended p3 
Extended-precision floating.PQinr B 

Extended real addressing R4 
External signals -
Fast release F 
Floating point B 
Halt device F 

I/O extended logout -
Limited Channel logout F 
Move inverse MI 
Multiprocessing B5 
PSW-key handling B 

Recovery extensions -
Segment protection R6 
Selector channels F 
Service signal B 
Start-I/O-fast queuing F 

Storage-key-instruction extensions B 
Storage-key 4K-byte block p7 
Suspend and resume F 
Test block B 
Translation p8 

Vector V 
31-bi t IDAWs· B 

Figure E-l (Part 1 of 2). Availability of System/370 
Facilities in 370-XA 



Explanation: 

- Not provided in 370-XA. 
1 The following items, which are part of the 

basic computing function in System/37B, are 
not provided in 37B-XA: BC mode, interval 
timer, and 2K-byte protection blocks. Also 
see the following instructions lists for 
those instructions basic in System/370 
which are not provided in 370-XA. 

2 All of the dual-address-space facility is 
provided except for DAS tracing. 

3 See the following instruction list for 
those instructions that are part of the 
System/37B extended facility and that are 
provided in 370-XA. 

4 Replaced with 31-bit real addressing. 
5 With the exception of the inclusion of more 

than one CPU, all the functions associated 
with the System/370 multiprocessing facil­
ity are basic. 

6 Replaced by page protection. 
7 Only single-key 4K-byte protection blocks 

are provided, but the storage-key-exception 
control is not. 

e The 370-XA translation provides only the 
4K-byte page size and only the 1M-byte seg­
ment size. See also the following instruc­
tion lists. 

B Basic in 370-XA. 
ES Provided in both System/37B and 370-XA as 

the expanded-storage facility. 
F Not provided, but a comparable function is 

provided by the channel subsystem. 
MI Provided in both System/370 and 370-XA as 

the move-inverse facility. 
P Partially available in 370-XA. 
R Replaced with a comparable facility. 
V Provided in both System/370 and 370-XA as 

the vector facility. 

Figure E-l (Part 2 of 2). Availability of Systemj370 
Facilities in 370-XA 

Summary of Changes 

Changes in Instructions Provided 

The following figures show those instructions 
which are optional or not provided in either 
System/370 or 370-XA. Those instructions which 
are basic in both System/370 and 370-XA are not 
shown. 

~lne- Op System/ 
Instruction Name* monic Code 379 379-XA 

BRANCH AND SAVE BASR 90 BS B 
BRANCH AND SAVE BAS 40 BS B 
BRANCH AND SAVE AND SET MODE BASSt1 9C - B 
BRANCH AND SET MODE BSM 9B - B 
COMPARE AND FORM CODEWORD CFC B21A - B 

COMPARE AND SWAP CS BA SW B 
COMPARE DOUBLE AND SWAP CDS BB SW B 
DIVIDE (extended) DXR B22D - B 
INSERT PROGRAM MASK IPM B222 - B 
MOVE INVERSE MVCIN Ea MI MI 
UPDATE TREE UPT 9192 - B 

Explanation: 

Instruction is not provided. 
* Those instructions which are part of the floating­

point and extended-precision floating-point facil­
ities in System/379 are basic in 379-XA and are 
not shown. Similarly, those unprivileged instruc­
tions which are part of the vector facility are 
not shown. 

B 
BS 
MI 
SW 

Instruction is basic. 
Branch-and-save facility. 
Move-inverse facility. 
Conditional-swapping facility. 

Figure E-2. Unprivileged Instructions Provided 
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Mne- Op System/ 
Instruction Name* monic Code 370 370-XA 

CONNECT CHANNEL SET CONCS B200 CS -
DISCONNECT CHANNEL SET DISCS B201 CS -
EXTRACT PRIMARY ASN EPAR B226 OU B 
EXTRACT SECONDARY ASN ESAR B227 DU B 
INSERT ADDRESS SPACE CONTROL lAC B224 DU B 

INSERT PSW KEY IPK B20B PK B 
INSERT STORAGE KEY ISK 09 B -
INSERT STORAGE KEY EXTENDED ISKE B229 EK B 
INSERT VIRTUAL STORAGE KEY IVSK B223 DU B 
INVALIDATE PAGE TABLE ENTRY IPTE B221 EF B 

LOAD ADDRESS SPACE PARAMETERS LASP E500 DU B 
LOAD REAL ADDRESS LRA B1 TR B 
MOVE TO PRIMARY MVCP DA DU B 
MOVE TO SECONDARY MVCS DB DU B 
MOVE WI TH KEY MVCK 09 DU B 

PROGRAM CALL PC B218 DU B 
PROGRAM TRANSFER PT B228 DU B 
PURGE TLB PTLB B2ElD TR B 
READ DIRECT ROD 85 DC -
RESET REFERENCE BIT RRB B213 TR -
RESET REFERENCE BIT EXTENDED RRBE B22A EK B 
SET ADDRESS SPACE CONTROL SAC B219 DU B 
SET CLOCK COMPARATOR SCKC 82El6 CK B 
SET CPU TIMER SPT B208 CK B 
SET PREFIX SPX B210 MP B 

SET PSW KEY FROM ADDRESS SPKA B29A PK B 
SET SECONDARY ASN SSAR B225 DU B 
SET STORAGE KEY SSK El8 B -
SET STORAGE KEY EXTENDED SSKE B22B EK. B 
SIGNAL PROCESSOR SIGP AE MP B 

STORE CLOCK COMPARATOR STCKC B297 CK B 
STORE CPU ADDRESS STAP B212 MP B 
STORE CPU TIMER STPT B299 CK B 
STORE PREFIX STPX B211 MP B 
STORE THEN AND SYSTEM MASK STNSM AC TR B 

STORE THEN OR SYSTEM MASK STOSM AD TR B 
TEST BLOCK T8 B22C TB B 
TEST PROTECTION TPROT E591 EF B 
TRACE TRACE 99 - B 
WRITE DIRECT WRD 84 DC -
Explanation: 

- Instruction is not provided. 
* Those privileged instructions which are part of the 

vector facility are not shown. 
8 Instruction is basic. 
CK CPU-timer and clock-comparator facility. 
CS Channel-set-switching facility. 
DC Direct-control facility. 
DU Dual-address-space facility. 
EF Extended facility. 
EK Storage-key-instruction-extension facility. 
MP Multiprocessing facility. 
PK PSW-key-handling facility. 
T8 Test-block facility. 
TR Translation facility. 

Figure E-3. Control Instructions Provided 

E-4 ESA/370 Principles of Operation 

Mne- Op System/ 
Instruction Name monic Code 379 37El-XA 

CLEAR CHANNEL CLRCH 9FEl1 RE -
CLEAR I/O CLRIO 9DEl1 B -
HALT DEVICE HDV 9EEl1 HD -
HALT I/O HIO 9EElO B -
RESUME I/O RIO 9C02 SR -
START I/O SIO 9COO B -
START I/O FAST RELEASE SIOF 9CEl1 FR -
STORE CHANNEL 10 STIDC 82El3 8 -
TEST CHANNEL TCH 9F90 B -
TEST I/O TIO 9DOEl B -

CLEAR SUBCHANNEL CSCH B23El - B 
HALT SUBCHANNEL HSCH B231 - B 
MODIFY SU8CHANNEL MSCH 8232 - B 
RESET CHANNEL PATH RCHP 8238 - 8 
RESUME SUBCHANNEL RSCH B238 - B 

SET ADDRESS LIMIT SAL B237 - B 
SET CHANNEL MONITOR SCHM B23C - B 
START SUBCHANNEL SSCH B233 - B 
STORE CHANNEL PATH STATUS STCPS B23A - B 
STORE CHANNEL REPORT WORD STCRW B239 - B 

STORE SUBCHANNEL STSCH B234 - B 
TEST PENDING INTERRUPTION TPI B236 - B 
TEST SU8CHANNEL TSCH 8235 - 8 

Explanation: 

- Instruction is not provided. 
8 Instruction is basic. 
FR Performs the SIOF function only when the fast-

release facility is installed in the channel. 
HD Performs the HDV function only when the halt-device 

facility is installed in the channel. 
RE Performs the CLRCH function only when the recovery-

extension facility is installed in the channel. 
SR Suspend-and-resume facility. 

Figure E-4. I/O Instructions Provided 

Input/Output Comparison 

The channel subsystem has a different logical struc­
ture from that of the I/O facilities provided in 
System/370, with .the result that I/O instructions, 
channels, channel sets, and I/O addressing are 
replaced in 370-XA by a new set of I/O instructions, 
by logical device addressing, and by device­
accessing mechanisms. 

Compatibility with System/370 has been main­
tained in the ccws (format 0), 31-bit IDAWS, and 
channel programs. 



In System/370, subchannels are not shared among 
channels, and each subchannel is associated with 
only one channel path. In 370-XA, each subchannel 
is uniquely associated with one I/O device, and that 
I/O device is uniquely associated with that one sub­
channel within the channel subsystem, regardless of 
the number of channel paths by which the I/O 
device is accessible to the channel subsystem. 

Functions are provided in the channel subsystem in 
370-XA to detect malfunctions and recover from 
them if possible.. Malfunctions are reported to the 
program by means of a channel report. 

In System/370, I/O interruptions are accepted only 
by the CPU to which the channel set is currently 
connected. The I/O interruption causes the I/O 
address identifying the channel and device causing 
the interruption to be stored at locations 186-187, 
and the measurement byte to be stored at real 
location 185. In 370-XA, I/O interruptions can be 
accepted by any CPU in the configuration. The 
subsystem ID and I/o-interruption parameter are 
stored in the doubleword at reallocation 184. 

Associated with the new I/O instructions is a new 
program-interruption condition called operand 
exception. 

Comparison of PSW Formats 

Figure E-5 shows those bits and fields in the psw 
which are different between System/370 and 370-XA. 

PSW System/ 
Name of Bit or Field Bit 370 370-XA 

PER Mask 1 TR B 
OAT Mode 5 TR B 
EC Mode 12 

Bit 12 = 0 (BC Mode) B -
Bit 12 = 1 (EC Mode) TR B1 

Address-space control 16 DU B 
Addressing mode 32 - B 
Instruction address * B B 

Explanation: 

- Mode is not provided. 
* The instruction address is in PSW bits 40-

63 in System/370 and bits 33-63 in 370-XA. 
1 In 370-XA, PSW bit 12 must be one, and the 

term "EC mode" is not used. 
B Basic. 
DU Provided as part of the dual-address-space 

facility. 
TR Provided as part of the translation fa-

ci lity. 

Figure E-S. Comparison of PSW Formats 
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Changes in Control-Register 
Assignments 

Figure E-6 shows those bits and fields in the 
control registers which are different between 
System/370 and 370-XA. 

Control-Register Position 
for 

Name of Bit or Field System/37a 37a-XA 

Block-multiplexing control a.a -
Fetch-protection override - a.6 
Storage-key-exception control a.7 -
Page-fault-assist control 9.13 -
Interval-timer subclass mask 9.24 -

External-signal subclass mask 9.26 -
Space-switch-event control 1.31 La 
Primary segment-table origin 1.8-1.25 1.1-1.19 
Primary segment-table length 1. a-I. 7 1. 25-1. 31 
Channel masks 2.a-2.31 -
linkage-table origin 5.8-5.24 5.1-5.24 
I/O-interruption subclass mask - 6.9-6.7 
Secondary segment-table length 7.a-7.7 7.25-7.31 
Secondary segment-table origin 7.8-7.25 7.1-7.19 
PER starting address 19.8-1a.31 la.l-la.31 

PER ending address 11. 8-11. 31 11.1-11.31 
Branch-trace control - 12.a 
Trace-entry address - 12.1-12.29 
ASN-trace control - 12.3a 
Explicit-trace control - 12.31 

Check-stop control 14.a -
Synchronous-HCEl control 14.1 -
I/O-extended-logout control 14.2 -
Channel-report-pending subclass - 14.3 

mask 
Asynchronous-HCEl control 14.8 -
Asynchronous-fixed-log control 14.9 -
ASN-first-table origin 14.29-14.31 14.13-14.31 
HCEl address 15.8-15.28 -
Explanation: 

- Bit or field is not provided. 

Figure E-6. Differences in Control-Register Assign­
ments 

E-6 ESA/370 Principles of Operation 

Changes in Assigned Storage 
Locations 

Figure E-7 shows those assigned storage locations 
where I changes have been made between 
System/370 and 370-XA. 

Name of Field 

Channel-status word 
Channel-address word 
Interval timer 
Trace-table designation 
Channel ID 

IOEL address 
Limited channel logout 
Subsystem ID 
Measurement byte 
I/O address 

I/O-interruption parameter 
Region code 
Fixed-logout area 
Store-status model-dependent 

save area 
CPU identity 

Explanation: 

Field is not provided. 

Assigned 
Storage 
Location and 
Length* for 

System/ 
370 370-XA 

64 8 -
72 4 -
80 4 -
84 4 -

168 4 -

172 4 -
176 4 -
- 184 4 

185 1 -
186 2 -

- 188 4 
252 4 -
256 96 256 16 
268 4 -

795 1 -

* The first number is the address) the 
second the length. 

Figure E-7. Differences in Assigned Storage Locations 



SIGNAL PROCESSOR Changes 

Figure E-8 and Figure E-9 show those SIGNAL 

PROCESSOR orders and status codes where changes 
have been made between System/370 and 370-XA. 

In addition to these changes, a parameter is pro­
vided as part of the SIGNAL PROCESSOR instruction 
in 370-XA. The parameter is used by the store­
status-at-address and set-prefix orders. 

Order Code 

System/ 
Name of Order 370 370-XA 

Initial program reset 07 -
Program reset 08 -
Initial microprogram load 0A -
Set prefix - 00 
Store status at address - 0E 

Explanation: 

- Order is not provided. 

Figure 'E-8. Signal-Processor Orders 

Bit Position. 

Name of Status Bit System/370 370-XA 

Incorrect state - 22 
Invalid parameter - 23 
Not ready 28 -
Explanation: 

- Status bit is not provided. 

Figure E-9. Signal-Processor Status Bits 

Machine-Check Changes 

Figure E-I0 summarizes those bits and fields in the 
machine-cheek-interruption code (MCIC) where 
changes have been made between System/370 and 
370-XA. In addition to these changes, the region 
code, the machine-cheek-extended logout, and 
asynchronous fixed logouts have been eliminated in 
370-XA. 

MCIC Bits 

Machine-Cheek-Interruption System/ 
Condition or Field 370 370-XA 

Interval-timer damage 3 -
Channel report pending - 9 
Channel-subsystem damage - 11 
Delayed 15 -
Region-code validity 25 -
Logout validity 30 -
MCEL length 48-63 -
Explanation: 

- Condition or field is not provided. 

Figure E-IO. Machine-Check-Interruption-Code Bits 
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Changes to Addressing Wraparound 

In System/370, addresses wrap from 224 - 1 to 
zero (or vice versa). In 370-XA, for the 24-bit 
addressing mode, effective addresses wrap from 
224 - 1 to zero (or vice versa). For the 31-bit 
addressing mode, effective addresses wrap from 
231 

- 1 to zero (or vice versa). Except as noted 
below, real and absolute addresses wrap from 
231 

- 1 to zero. 

In 370-XA, the following items cause an I/O program 
check instead of wraparound: 

• Successive CCws of a ccw list 
• Successive IDAWS of an IDAW list 
• Successive bytes of I/O data 

For DAT-table entries, it is model-dependent 
whether addresses wrap or cause an addressing 
exception. 

E-8 ESAj370 Principles of Operation 

Changes to LOAD REAL ADDRESS 

For LOAD REAL ADDRFSS, the addressing of DAT 
tables is changed to be unpredictable with respect 
to whether prefixing is applied and to be unpredict­
able with respect to whether an addressing excep­
tion is recognized or wraparound occurs when the 
calculated address of a page-table or segment-table 
entry exceeds 231 

- 1. 

Changes to 31-Bit Real Operand 
Addresses 

The following instructions operate by using 31-bit 
real addresses in System/370. In 370-XA, these 
instructions operate under control of the addressing 
mode, bit 32 of the psw. As a result, in the 24-bit 
addressing mode, these instructions operate by 
using 24-bit addresses. 

• INSERT STORAGE KEY EXTENDED 
• RFSET REFERENCE BIT EXTENDED 
• SET STORAGE KEY EXTENDED 
• TFST BLOCK 



Appendix F. Table of Powers of 2 

PLUS 
1 
2 
4 
8 

16 
32 
64 

128 

256 
512 

1,024 
2,048 

4,096 
8,192 

16,384 
32,768 

65,536 
131,072 
262,144 
524,288 

1,048,576 
2,097,152 
4,194,304 
8,388,608 

16,777,216 
33,554,432 
67,108,864 

134,217,728 

268,435,456 
536,870,912 

1,073,741,824 
2,147,483,648 

4,294,967,296 
8,589,934,592 

17,179,869,184 
34,359,738,368 

68 719,476,736 
137:438,953,472 
274,877,906,944 
549,755,813,888 

1,099,511,627,776 
2,199,023,255,552 
4,398,046,511,104 
8,796;093,022,208 

17,592,186,044,416 
35,184,372,088,832 
70,368,744,177,664 

140,737,488,355,328 

281,474,976,710,656 
562,949,953,421,312 

1,125,899,906,842,624 
2,251,799,813,685,248 

4,503,599,627,370,496 
9,007,199,254,740,992 

18,014,398,509,481,984 
36,028,797,018,963,968 

72,057,594,037,927,936 
144,115,188,075,855,872 
288,230,376,151,711,744 
576,460,752,303,423,488 

1,152,921,504,606,846,976 
2,305,843,009,213,693,952 
4,611,686,018,427,387,904 
9,223,372,036,854,775,808 

18,446,744,073,709,551,616 

0 
1 
2 
3 

4 
5 
6 

-7 

8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

28 
29 
30 
31 

32 
33 
34 
35 

36 
37 
-38 
39 

40 
41 
42 
43 

44 
45 
46 
47 

48 
49 
50 
51 

52 
53 
54 
55 

56 
57 
58 
59 

60 
61 
62 
63 

64 

MINUS 
1. 
0.5 
0.25 
0.125 

0.0625 
0.03125 
0.01562 5 
0.00781 25 

0.00390 625 
0.00195 3125 

- 0.00097 65625 
0.00048 82812 5 

0.00024 41406 25 
0.00012 20703 125 
0.00006 10351 5625 
0.00003 05175 78125 

0.00001 52587 89062 5 
0.00000 76293 94531 25 
0.00000 38146 97265 625 
0.00000 19073 48632 8125 

0.00000 09536 74316 40625 
0.00000 04768 37158 20312 5 
0.00000 02384 18579 10156 25 
0.00000 01192 09289 55078 125 

0.00000 00596 04644 77539 0625 
0.00000 00298 02322 38769 53125 
0.00000 00149 01161 19384 76562 5 
0.00000 00074 50580 59692 38281 25 

0.00000 00037 25290 29846 19140 625 
0.00000 00018 62645 14923 09570 3125 
0.00000 00009 31322 57461 54785 15625 
0.00000 00004 65661 28730 77392 57812 5 

0.00000 00002 32830 64365 38696 28906 25 
0.00000 00001 16415 32182 69348 14453 125 
0.00000 00000 58207 66091 34674 07226 5625 
0.00000 00000 29103 83045 67337 03613 28125 

0.00000 00000 14551 91522 83668 51806 64062 5 
0.00000 00000 07275 95761 41834 25903 32031 25 
0.00000 00000 03637 97880 70917 12951 66015625 

- 0.00000 00000 01818 98940 35458 56475 83007 8125 

0.00000 00000 00909 49470 17729 28237 91503 90625 
0.00000 00000 00454 74735 08864 64118 95751 95312 5 
0.00000 00000 00227 37367 54432 32059 47875 97656 25 
0.00000 00000 00113 68683 77216 16029 73937 98828 125 

0.00000 00000 00056 84341 88608 08014 86968 99414 0625 
0.00000 00000 00028 42170 94304 04007 43484 49707 03125 
0.00000 00000 00014 21085 47152 02003 71742 24853 51562 5 
0.00000 00000 00007 10542 73576 01001 85871 12426 75781 25 

0.00000 00000 00003 55271 36788 00500 92935 56213 37890 625 
0.00000 00000 00001 77635 68394 00250 46467 78106 68945 3125 
0.00000 00000 00000 88817 84197 00125 23233 89053 34472 65625 
0.00000 00000 00000 44408 92098 50062 61616 94526 67236 32812 5 

0.00000 00000 00000 22204 46049 25031 30808 47263 33618 16406 25 
0.00000 00000 00000 11102 23024 62515 65404 23631 66809 08203 125 
0.00000 00000 00000 05551 11512 31257 82702 11815 83404 54101 5625 
0.00000 00000 00000 02775 55756 15628 91351 05907 91702 27050 78125 

0.00000 00000 00000 01387 77878 07814 45675 52953 95851 13525 39062 5 
0.00000 00000 00000 00693 88939 03907 22837 76476 97925 56762 69531 25 
0.00000 00000 00000 00346 94469 51953 61418 88238 48962 78381 34765 625 
0.00000 00000 00000 00173 47234 75976 80709 44119 24481 39190 67382 8125 

0.00000 00000 00000 00086 73617 37988 40354 72059 62240 69595 33691 40625 
0.00000 00000 00000 00043 36808 68994 20177 36029 81120 34797 66845 70312 5 
0.00000 00000 00000 00021 68404 34497 10088 68014 90560 17398 83422 85156 25 
0.00000 00000 00000 00010 84202 17248 55044 34007 45280 08699 41711 42578 125 

0.00000 00000 00000 00005 42101 08624 27522 17003 72640 04349 70855 71289 0625 

Figure F -1 (Part 1 of 2). Powers of 2 

Appendix F. Table of Powers of 2 F -1 



18,446,744,073,709,551,616 64 
36,893,488,147,419,103,232 65 
73,786,976,294,838,206,464 66 

147,573,952,589,676,412,928 67 

295,147,905,179,352,825,856 68 
590,295,810,358,705,651,712 69 

1,180,591,620,717,411,303,424 70 
2,361,183,241,434,822,606,848 71 

4,722,366,482,869,645,213,696 72 
9,444,732,965,739,290,427,392 73 

18,889,465,931,478,580,854,784 74 
37,778,931,862,957,161,709,568 75 

75,557,863,725,914,323,419,136 76 
151,115,727,451,828,646,838,272 77 
302,231,454,903,657,293,676,544 78 
604,462,909,807,314,587,353,088 79 

1,208,925,819,614,629,174,706,176 80 
2,417,851,639,229,258,349,412,352 81 
4,835,703,278,458,516,698,824,704 82 
9,671,406,556,917,033,397,649,408 83 

19,342,813,113,834,066,795,298,816 84 
38,685,626,227,668,133,590,597,632 85 
77,371,252,455,336,267,181,195,264 86 

154,742,504,910,672,534,362,390,528 87 

309,485,009,821,345,068,724,781,056 88 
618,970,019,642,690,137,449,562,112 89 

1,237,940,039,285,380,274,899,124,224 90 
2,475,880,078,570,760,549,798,248,448 91 

4,951,760,157,141,521,099,596,496,896 92 
9,903,520,314,283,042,199,192,993,792 93 

19,807,040,628,566,084,398,385,987,584 94 
39,614,081,257,132,168,796,771,975,168 95 

79,228,162,514,264,337,593,543,950,336 96 
158,456,325,028,528,675,187,087,900,672 97 
316,912,650,057,057,350,374,175,801,344 98 
633,825,300,114,114,700,748,351,602,688 99 

1,267,650,600,228,229,401,496,703,205,376 100 
2,535,301,200,456,458,802,993,406,410,752 101 
5,070,602,400,912,917,605,986,812,821,504 102 

10,141,204,801,825,835,211,973,625,643,008 103 

20,282,409,603,651,670,423,947,251,286,016 104 
40,564,819,207,303,340,847,894,502,572,032 105 
81,129,638,414,606,681,695,789,005,144,064 106 

162,259,276,829,213,363,391,578,010,288,128 107 

324,518,553,658,426,726,783,156,020,576,256 108 
649,037,107,316,853,453,566,312,041,152,512 109 

1,298,074,214,633,706,907,132,624,082,305,024 110 
2,596,148,429,267,413,814,265,248,164,610,048 111 

5,192,296,858,534,827,628,530,496,329,220,096 112 
10,384,5~3,717,069,655,257,060,992,658,440,192 113 
20,769,187,434,139,310,514,121,985,316,880,384 114 
41,538,374,868,278,621,028,243,970,633,760,768 115 

83,076,749,736,557,242,056,487,941,267,521,536 116 
166,153,499,473,114,484,112,975,882,535,043,072 117 
332,306,998,946,228,968,225,951,765,070,086,144 118 
664,613,997,892,457,936,451,903,530,140,172,288 119 

1,329,227,995,784,915,872,903,807,060,280,344,576 120 
2,658,455,991,569,831,745,807,614,120,560,689,152 121 
5,316,911,983,139,663,491,615,228,241,121,378,304 122 

10,633,823,966,279,326,983,230,456,482,242,756,608 123 

21,267,647,932,558,653,966,460,912,964,485,513,216 124 
42,535,295,865,117,307,932,921,825,928,971,026,432 125 
85,070,591,730,234,615,865,843,651,857,942,052,864 126 

170,141,183,460,469,231,731,687,303,715,884,105,728 127 

340,282,366,920,938,463,463,374,607,431,768,211,456 128 

Figure F -1 (Part 2 of 2). Powers of 2 
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Appendix G. Hexadecimal Tables 

The following tables aid in converting hexadecimal values 
to decimal values, or the reverse. 

Direct Conversion Table 

This table provides direct conversion of decimal and 
hexadecimal numbers in these ranges: 

Hexadecimal 
000 to FFF 

Decimal 
0000 to 4095 

To convert numbers outside these ranges, and to con­
vert fractions, use the hexadecimal and decimal conver­
sion tables that follow the direct conversion table in this 
Appendix. 

0 1 2 3 4 5 6 

00_ 0000 0001 0002 0003 0004 0005 0006 
01_ 0016 0017 0018 0019 0020 0021 0022 
02_ 0032 0033 0034 0035 0036 0037 0038 
03_ 0048 0049 0050 0051 0052 0053 0054 
04_ 0064 0065 0066 0067 0068 0069 0070 
05_ 0080 0081 0082 0083 0084 0085 0086 
06_ 0096 0097 0098 0099 0100 0101 0102 
07_ 0112 0113 0114 0115 0116 0117 0118 
08_ 0128 0129 0130 0131 0132 0133 0134 
09_ 0144 0145 0146 0147 0148 0149 0150 
OA_ 0160 0161 0162 0163 0164 0165 0166 
OB_ 0176 0177 0178 0179 0180 0181 0182 
OC_ 0192 0193 0194 0195 0196 0197 0198 
OD_ 0208 0209 0210 0211 0212 0213 0214 
OE_ 0224 0225 0226 0227 0228 0229 0230 
OF_ 0240 0241 0242 0243 0244 0245 0246 

10_ 0256 0257 0258 0259 0260 0261 0262 
11_ 0272 0273 0274 0275 0276 0277 0278 
12_ 0288 0289 0290 0291 0292 0293 0294 
13_ 0304 0305 0306 0307 0308 0309 0310 
14_ 0320 0321 0322 0323 0324 0325 0326 
15_ 0336 0337 0338 0339 0340 0341 0342 
16_ 0352 0353 0354 0355 0356 0357 0358 
17_ - 0368 0369 0370 0371 0372 0373 0374 
18_ 0384 0385 0386 0387 0388 0389 0390 
19_ 0400 0401 0402 0403 0404 0405 0406 
lA_ 0416 0417 0418 0419 0420 0421 0422 
1B_ 0432 0433 0434 0435 0436 0437 0438 
lC_ 0448 0449 0450 0451 0452 0453 0454 
ID_ 0464 0465 0466 0467 0468 0469 0470 
lE_ 0480 0481 0482 0483 0484 0485 0486 
IF_ 0496 0497 0498 0499 0500 0501 0502 

7 

0007 
0023 
0039 
0055 
0071 
0087 
0103 
0119 
0135 
0151 
0167 
0183 
0199 
0215 
0231 
0247 

0263 
0279 
0295 
0311 
0327 
0343 
0359 
0375 
0391 
0407 
0423 
0439 
0455 
0471 
0487 
0503 

8 9 A B C D E F 

0008 0009 0010 0011 0012 0013 0014 0015 
0024 0025 0026 0027 0028 0029 0030 0031 
0040 0041 0042 0043 0044 0045 0046 0047 
0056 0057 0058 0059 0060 0061 0062 0063 
0072 0073 0074 0075 0076 0077 0078 0079 
0088 0089 0090 0091 0092 0093 0094 0095 
0104 0105 0106 0107 0108 0109 0110 0111 
0120 0121 0122 0123 0124 0125 0126 0127 
0136 0137 0138 0139 0140 0141 0142 0143 
0152 0153 0154 0155 0156 0157 0158 0159 
0168 0169 0170 0171 0172 0173 0174 0175 
0184 0185 0186 0187 0188 0189 0190 0191 
0200 0201 0202 0203 0204 0205 0206 0207 
0216 0217 0218 0219 0220 0221 0222 0223 
0232 0233 0234 0235 0236 0237 0238 0239 
0248 0249 0250 0251 0252 0253 0254 0255 

0264 0265 0266 0267 0268 0269 0270 0271 
0280 0281 0282 0283 0284 0285 0286 0287 
0296 0297 0298 0299 0300 0301 0302 0303 
0312 0313 0314 0315 0316 0317 0318 0319 
0328 0329 0330 0331 0332 0333 0334 0335 
0344 0345 0346 0347 0348 0349 0350 0351 
0360 0361 0362 0363 0364 0365 0366 0367 
0376 0377 0378 0379 0380 0381 0382 0383 
0392 0393 0394 0395 0396 0397 0398 0399 
0408 0409 0410 0411 0412 0413 0414 0415 
0424 0425 0426 0427 0428 0429 0430 0431 
0440 0441 0442 0443 0444 0445 0446 0447 
0456 0457 0458 0459 0460 0461 0462 0463 
0472 0473 0474 0475 0476 0477 0478 0479 
0488 0489 0490 0491 0492 0493 0494 0495 
0504 0505 0506 0507 0508 0509 0510 0511 

Appendix G. Hexadecimal Tables G-l 



0 1 2 3 4 5 6 7 8 9 A B C D E F 

20_ 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527 
21_ 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543 
22_ 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559 
23_ 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575 
24_ 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591 
25_ 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607 
26_ 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623 
27_ 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639 
28_ 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655 
29_ 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671 
2A_ 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 06"84 0685 0686 0687 
2B_ 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703 
2C_ 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719 
2D_ 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735 
2E_ 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751 
2F_ 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767 
30_ 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783 
31_ 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799 
32_ 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815 
33_ 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831 
34_ 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847 
35_ 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863 
36_ 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879 
37_ 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895 
38_ 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 0911 
39_ 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927 
3A_ 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943 
3B_ 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959 
3C_ 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975 
3D_ 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991 
3E_ 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007 
3F_ 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

40_ 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 
41_ 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 
42_ 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 
43_ 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 
44_ 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 
45_ 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 
46_ 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 
47_ 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 
48_ 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167 
49_ 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 
4A_ 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 
4B_ 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 
4C_ 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 
4D_ 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 
4E_ 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 
4F_ 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 
50_ 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 
51_ 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 
52_ 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 
53_ 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 
54_ 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 
55_ 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 
56_ 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 
57_ 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 
58_ 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 
59_ 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 
5.L 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 
5B_ 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 
5C_ 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 
5D_ 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 
5E_ 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 
5F_ 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 
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0 1 2 3 4 5 6 7 8 9 A B C D E F 

60_ 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 
61_ 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 
62_ 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 
63_ 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 
64_ 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 
65_ 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 
66_ 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 
67_ 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 
68_ 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 
69_ 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 
6A- 1696 1697 1698 1699 1700 1701 1702 1703 1704· 1705 1706 1707 1708 1709 1710 1711 
6B_ 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 
6C_ 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 
6D_ 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 
6E_ 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 
6F_ 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 

70_ 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 
71_ 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 
72_ 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 
73_ 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 
74_ 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 
75_ 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 
76_ 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 
77_ 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 
78_ 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 J935 
79_ 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 
7A_ 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
7B_ 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 198.1 1982 1983 
7C_ 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
7D_ 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
7E_ 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 
7F_ 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

80_ 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 
81_ 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079 
82_ 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 ·2092 2093 2094 2095 
83_ 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111 
84_ 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127 
85_ 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143 
86_ 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159 
87_ 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175 
88_ 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191 
89_ 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207 
8A_ 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223 
8B_ 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239 
8C_ 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255 
8D_ 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271 
8E_ 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287 
8F_ 2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303 
90_ 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319 
9L 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335 
92_ 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351 
93_ 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367 
94_ 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383 
95_ 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399 
96_ 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2':1:14 2415 
97_ 2416 2417 2418 2419 2420', 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431 
98_ 2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447 
99_ 2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463 
9A_ 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479 
9B_ 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495 
9C_ 2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511 
9D_ 2512 2513 2514 2515 2516 2517 2518 25·19 2520 2521 2522 2523 2524 2525 2526 2527 
9E_ 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543 
9F_ 2544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 
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AO_ 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575 
AL 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591 
A2_ 2592 2593 2594 2595 2596 2597 2598 2599. 2600 2601 2602 2603 2604 2605 2606 2607 
A3_ 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623 
A4_ 2624 2625 2626. 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639 
A5_ 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655 
A6_ 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671 
A7_ 2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687 
A8_ 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703 
A9_ 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719 
AA_ 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735 
AB_ 2736 2737 2738 2739 27.40 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751 
AC_ 2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767 
AD_ 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783 
AE_ 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799 
AF_ 2800 2801 2802 2803 28Q4 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815 
BO_ 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 ·2829 2830 2831 
BL 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847 
B2_ 2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863 
B3_ 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879 
B4_ 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895 
B5_ 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911 
B6_ 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927 
B7_ 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 '2939 2940 2941 2942 2943 
B8_ 2944 2945 . 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959 
B9_ 2960 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975 
BA_ 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991 
BB_ 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007 
BC_ 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 . 3022 3023 
BD_ 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039 
BE_ 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055 
BF_ 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

CO_ 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087 
CL 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103 
C2_ 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119 
C3_ 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135 
C4_ 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151 
C5_ 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167 
C6_ 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183 
C7_ 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199 
C8_ 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215 
C9_ 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231 
CA_ 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247 
CB_ 3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263 
CC_ 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279 
CD_ 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295 
CE_ 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311 
CF_ 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327 
DO_ 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343 
DL 3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359 
D2_ 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375 
D3_ 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391 
D4_ 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407 
D5_ 3-408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423 
D6_ 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439 
D7_ 3440 3441 3442 3443 3444 3445 3446 .3447 3448 3449 3450 3451 3452 3453 3454 3455 
D8_ 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471 
D9_ 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487 
DA_ 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503 
DB_ 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519 
DC_ 3520 3521 3522 3523 3524 3525 3526 3527 3528 3529 3530 3531 3532 3533 3534 3535 
DD_ 3536 3537 3538 3539 3540 3541 3542 3543 3.544 3545 3546 3547 3548 3549 3550 3551 
DE_ 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567 
DF - 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583 
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EO_ 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599 
El_ 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615 
E2_ 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631 
E3_ 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 36~2 3643 3644 3645 3646 3647 
E4_ 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663 
E5_ 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679 
E6_ 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695 
E7_ 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711 
E8_ 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727 
E9_ 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743 
EA- 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759 
EB_ 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775 
EC_ 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791 
ED_ 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807 
EE_ 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823 
EF_ 3824 3825 3826 3827. 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839 

FO_ 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855 
Fl_ 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871 
F2_ 3872 3873' 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887 
F3_ 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903 
F4_ 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919 
F5_ 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935 
F6_ 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951 
F7_ 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967 
F8_ 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983 
F9_ 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999 
FA_ 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015 
FB_ 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031 
FC_ 4032 '4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047 
FD_ 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063 
FE_ 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079 
FF_ 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095 
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Conversion Table: Hexadecimal and Decima/Integers 

HALFWORD 

BYTE BYTE 

BITS: 0123 4567 0123 4567 

Hex Decimal Hex Decimal Hex Decimal Hex Decimal 

0 0 0 0 0 0 0 0 
1 268,435 456 j 16 m,216 1 1 048,576 1 • 65,536 
2 53";870,912 2 33,554,432 2 2,097,152 2 131,072 
3 ROS, 306,368 3 50 331 648 3 3 145,728 3 196,608 
4 1,073,741 824 4 67 108 864 4 4 194304 4 262,144 
5 1,342, In ,280 5 83,886,080 5 5,242,880 5 327,680 
6 1,610,612,736 6 100,663,296 6 6,291,456 6 393,216 
7 1,879,048,192 7 117,440,512 7 7 340,032 7 458,752 
8 2,1.47,483,648 8 134,217,728 8 8,388,608 8 524,288 
9 2,415,'11'1,104 9 150 994,944 9 9,437,184 9 589,824 
A 2,684,354,560 A 167,n2,160 A 10485,760 A 655,360 
B 2,952 790,016 B 184,549,376 B 11 534 336 B 720,896 
C 3,221 225 472 C 201,326 592 C 12,582 912 C 786 432 
0 3,489,660,928 0 218 103 808 0 13 631 488 0 851,968 

'E 3,758,096,384 E 234,881,024 E 14,680,064 E 917,504 
F 4,026,531,840 F 251,658,240 F 15,728,640 F 983,040 

8 7 6 5 

TO CONVERT HEXADECIMAL TO DECIMAL 
EXAMPLE 

1. Locate the column of decimal numben corresponding to Convenion of 
the left-most digit or letter of the hexadecimal; select Hexadecimal Value 
from this column and record the number that corresponds 
to the position of the hexadecimal digit or letter. 1. 0 

2. Repeat step I for the next (second from the left) 
2. 3 

position. 

3. Repeat step 1 for the units (third from the left) 3. 4 
position. 

4. Add the numben selected from the table to form the 
4. Decimal 

decimal number. 

TO CONVERT DECIMAL TO HEXADECIMAL 
EXAMPLE 

1. (a) Select from the table the highest decimal number 
Convenion of 

that is equal to or less than the number to be COi"l-
Decimal Value 

verted. 
(b) Record the hexadecimal of the column containing 

1. 0 
the selected number. 
(c) Subtract the selected decimal from the number to 
be converted. 2. 3 

2. Using the remainder from step I (c) repeat all ofstep 1 
to develop the second position of the hexadecimal 
(and a remainder) . 3. 4 

3. Using the remainder from step 2 repeat all ofstep 1 to 4. Hexadecimal 
develop the units position of the hexadecimal. 

4. Combine terms to form the hexadecimal number. 

POWERS OF 16 TABLE 

Example: 268,435,45610 = (2.68435456 x 108)10 = 1000 000016 = (l07h6 
16n 

1 
16 

256 
4096 

65 536 
1 048 576 

16 m 216 
268 435 456 

4 294967 296 
68 719 476 736 

1 099 511 627 n6 
17 592 186 044 416 

281 474 976 710 656 
4 503 599 627 370 496 

72 OS7 594 037 927 936 
\.1 152 921 504 606 846 976 

v 
Decimal Values 

n 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 = A 
11 = B 
12 =C 
13 = 0 
14 = E 
15 = F 

j 
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Hex 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
0 

·E 
F 

034 

3328 

48 

4 

3380 

3380 

-3328 
---s2 

-48 
--4 

-4 

034 

HAlfWORD 

BYTE BYTE 

0123 4567 0123 4567 

Decimal Hex Decimal Hex Decimal Hex Decimal 

0 0 0 0 0 0 0 
4,096 1 256 1 16 1 1 
8,192 2 512 2 32 2 2 

12,288 3 768 3 48 3 J 
16384 4 1 024 4 64 4 4 
20,480 5 1,280 5 80 5 5 
24,576 6 1,536 6 V6 6 6 
28,672 7 1,792 7 112 7 7 
32768 8 2,048 8 128 8 8 
36 864 9 2,304 9 144 9 9 
40 960 A 2,560 A 160 A 10 
45 056 B 2816 B 176 8 11 
49 152 C 3,072 C 192 C 12 
53248 0 3,328 0 208 0 13 
57,344 E 3,584 E 224 E 14 
61,440 F 3,840 F 240 F 15 

4 3 2 1 

To convert integer numben greater than the capacity of 
table, use the techniques below: 

HEXADECIMAL TO DECIMAL 

Successive cumulative multiplication from left to right, 
adding units position. 

Example: 03416 = 338010 

DECIMAL TO HEXADECIMAL 

0= 13 
..ill.. 
208 

3 = + 3 
lIT 
x16 

3376 
4= +4 

3380 

Divide and collect the remainder in reverse order. 



Conversion Table: Hexadecimal and Decimal Fractions 

BYTE 

BITS 0123 4567 

Hex Decimal Hex Decimal Hex 

.0 .0000 .00 .0000 0000 .000 .0000 

.1 .0625 .01 .0039 0625 .001 .0002 

.2 .1250 .02 .0078 1250 .002 .0004 

.3 ;1875 .03 .0117 1875 .003 .0007 

.4 .2500 .04 .0156 2500 .004 .0009 

.5 .3125 .05 .0195 3125 .005 .0012 

.6 .3750 .06 .0234 3750 .006 .0014 

.7 .4375 .07 .0273 4375 .007 .0017 

.8 .5000 .08 .0312 5000 .008 .0019 

.9 .5625 .09 .0351 5625 .009 .0021 

.A .6250 .OA .0390 6250 :OOA .0024 

.B .6875 .OB .0429 6875 .OOB .0026 

.C .7500 .OC .0468 7500 .OOC .0029 

.0 .8125 .00 .0507 8125 .000 .0031 

.E .8750 .Of .0546 8750 .OOE .0034 

.F .9375 .OF .0585 9375 .OOF .0036 

1 2 

TO CONVERT .ABC HEXADECIMAL TO DECIMAL 

Find.A in position 1 .6250 

Find .OB in position 2 .0429 6875 

Find .OOC in position 3 .0029 2968 7500 

• ABC Hex is equal to .6708 9843 7500 

TO CONVERT .13 DECIMAL TO HEXADECIMAL 

HALFWORD 

3 

BYTE 

0123 4567 

Decimal Hex Decimal Equivalent 

0000 
4414 
8828 
3242 
7656 
2070 

··6484 
0898 
5312 
9726 
4140 
8554 
2968 
7382 
1796 
6210 

0000 .0000 .0000 0000 0000 0000 
0625 .0001 .0000 1525 8789 0625 
1250 .0002 .0000 3051 7578 T250 
1875 .0003 .0000 4577 6367 1875 
2500 .0004 .0000 6103 5156 2500 
3125 .0005 .0000 7629 3945 3125 
3750 .0006 .0000 9155 2734 3750 
4375 .0007 .0001 0681 1523 4375 
5000 .0008 .0001 2207 0312 5000 
5625 .0009 .0001 3732 9101 5625 
6250 .000A .0001 5258 7890 6250 
6875 .000B .0001 6784 6679 6875 
7500 .000C .0001 8310 5468 7500 
8125 .0000 .0001 9836 4257 8125 
8750 .OOOE .0002 1362 3046 8750 
9375 .000F .0002 2888 1835 9375 

4 

To convert fractions beyond the capacity of table, use techniques below: 

HEXADECIMAL FRACTION TO DECIMAL 

Convert the hexadecimal fraction to its decimal equivalent using the same 
technique as for integer numben. Divide the results by 16n (n is the 
number of fraction positions) • 
Example: .8A7 = .54077110 

8A716 = 221510 .540771 
163 = 4096 409612215.000000 

1. Find .1250 next lowest to 
subtract 

.1300 
-.1250 = .2Hex 

2. Find .0039 0625 next lowest to .0050 0000 
-.0039 0625 = .01 

3. Find.OOO9 7656 2500 .00109375 0000 
- .0009 7656 2500 = .004 

4. Find .0001 0681 1523 4375 .0001 1718 7500 0000 
-.0001 0681 1523 4375 = .0007 

.0000 1037 5976 5625 = .2147Hex 

5 •• 13 Decimal is approximately equal to _______ -"'4 

DECIMAL FRACTION TO HEXADECIMAL 

Collect integer parts of product in the order of calculation. 

Example: .540810 = .8A716 

.5408 
x16 

1
8 ~ (]J.6528 

x16 
A ~ [Q).4448 

x16 
7 .- 1].1168 
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Hexadecimal Addition and Subtraction Table 

Example: 6 + 2 = 8, 8 - 2 = 6, and 8 - 6 = 2 

1 2 3 4 5 6 7 8 9 A 8 C 0 E F 

1 02 03 04 05 06 07 08 09 OA 08 OC 00 OE OF 10 

2 03 ,04 05 06 07 08 09 OA 08 OC OD OE OF 10 11 

3 04 05 06 07 08 09 OA 08 OC OD OE OF 10 11 12 

4 'OS < 06 07 08 09 OA 08 OC OD _ OE OF 10 11 12 13 

5 06 07 08 09 OA 08 OC 00 'OE OF 10 11 12 13 14 

6 07 08 09 OA 08 OC OD OE OF 10 11 12 13 14 15 

7 08 09 OA 08 OC 00 OE OF 10 11 12 13 14 15 16 

8 09 OA 08 OC 00 OE OF 10 11 12 13 14 15 16 17 

9 OA 08 OC OD OE OF 10 11 12 13 14 15 16 17 18 

A 08 OC 00 OE OF 10 11 12 13 14 15 16 17 18 19 

8 OC 00 OE OF 10 11 12 13 14 15 16 17 18 19 lA 

C OD OE OF 10 11 12 13 14 15 16 17 18 19 lA 18 

0 OE OF 10 11 12 13 14 15 16 17 18 19 lA 18 lC 

E OF 10 11 12 13 14 15 16 17 18 19 lA 18 lC 10 

F 10 11 12 13 14 15 16 17 18 19 lA 18 lC 10 1E 

Hexadecimal Multiplication Table 
Example: 2 x 4= 08, F x 2 = IE 

1 2 3 4 5 6 7 8 9 A 8 C 0 E F 

1 01 02 03 04 05 06 07 08 09 OA 08 OC 00 OE OF 

2 02 04 06 08 OA OC OE 10 12 14 16 18 lA lC 1E 

3 03 06 09 OC OF 12 15 18 18 IE 21 24 27 2A 20 

4 04 08 OC 10 14 18 lC 20 24 28 2C 30 34 38 3C 

5 05 OA OF 14 19 IE 23 28 20 32 37 3C 41 46 48 

6 06 OC 12 18 1E 24 2A 30 36 3C 42 48 4E 54 SA 

7 07 OE 15 lC 23 2A 31 38 3F 46 40 54 58 62 69 

8 08 10 18 20 28 30 38 40 48 50 58 60 68 70 78 

9 09 12 18 24 20 36 3F 48 51 SA 63 6C 75 7E 87 

A OA 14 IE 28 32 3C 46 50 SA 64 6E 78 82 8C 96 

8 08 16 21 2C 37 42 40 58 63 6E 79 84 8F 9A AS 

C OC 18 24 30 3C 48 54 60 6C 78 84 90 9C AS B4 

0 00 lA 27 34 41 4E 58 68 75 82 8F 9C A9 86 C3 

E OE lC 2A 38 46 54 62 70 7E 8C 9A AS 86 C4 02 

F OF 1E 20 3C 48 SA 69 78 87 96 AS B4 C3 02 El 
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Appendix H. . EBCDIC Chart 

Extended Binary-Coded-Decimal Interchange Code 
(EBCDIC) 

The 256-position EBCDIC table shows graphic­
character, control-character, and formatting­
character representations for EBCDIC. The bit­
position numbers, bit patterns, hexadecimal 
representations, and card-hole patterns for these 
and other possible EBCDIC characters are also 
shown. 

To fmd the card-hole pattern for most characters, 
partition the table into four blocks, as follows: 

1 

2 

Block 1: 

Block 2: 

Block 3: 

Block 4: 

3 

4 

Zone punches at top of table; digit 
punches at left 

Zone punches at bottom of table; digit 
punches at left 

Zone punches at top of table; digit 
punches at right 

Zone punches at bottom of table; digit 
punches at right 

Fifteen positions in the table are exceptions to the 
above arrangement. Each such position is indi­
cated by a circled number in the upper right comer 
of the box for that position. The card-hole pat­
terns for these positions are shown beneath the 
table. Bit-position numbers, bit patterns, and 
hexadecimal representations for these positions are 
found in the usual manner. 

The EBCDIC table shows 94 graphic-character posi­
tions. Some products have used an 88-character, 
63-character, or 62-character subset of these graphic 
characters. 

The 94-character set consists of all graphic charac­
ters shown in the EBCDIC table. This character set 
can be used for interchange with other systems; 
those systems may use codes, other than EBCDIC, 

which have 94 graphic characters. 

An 88-character set that has been used consists of 
the 94-character set with the graphic characters at 
6A, 79, AI, CO, DO, and EO hex omitted. This 
character set has been used for 44-key keyboard 
applications which require both uppercase and low­
ercase alphabetic characters. 

A 63-character set that has been used consists of 
the 94-character set with the lowercase alphabetic 
characters omitted and with the graphic characters 
at 6A, 79, AI, CO, and DO hex omitted. This char­
acter set has been used for interchange with other 
systems; those systems may have used codes, other 
than EBCDIC, which have 63 graphic characters. 

A 62-character set that has been used consists of 
the 63-character set with the graphic character at 
EO hex omitted. This character set has been used 
for 44-key keyboard applications which do not 
require lowercase alphabetic characters. 

Thirteen positions (4A, 4F, 5A, 5B, 5F, 6A, 79, 
7B, 7C, AI, CO, DO; and EO hex) are defmed in the 
table as Data Processing National Use positions. 
Each such position contains a shaded triangle in 
the top left comer of the box for that position. 
The graphic characters provided in these positions 
on printing and display devices may differ from one 
language to another or from one country to 
another. The characters provided for use in data­
processing applications by the English (U.S.) 
version of EBCDIC are shown in the table. 
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The other graphic characters shown in the EBCDIC 
table are provided for data-processing applications 
in the English (U.S.) version of EBCDIC and in 
additional versions of EBCDIC in other languages 
which use a Latin-based alphabet. Products 
designed for data-processing applications in a lan­
guage which does not use a Latin-based alphabet 
support character sets meeting the particular 
requirements of that language. 

Character Type Bit Pattern Hex Hole Pattern 

Word-processing products·normally support a char­
acter set slightly different from the one shown in 
the table. Additionally, a number of application 
areas (such as printing and publishing, magnetic-ink 
character recognition, and some programming lan­
guages) also require unique character-set support. 

Some examples of the use of the EBCDIC table are 
shown in the following figure: 

Zone Punches I Digit Punches 

SEl Control Character 
0/0 Special Graphic 
R Upper Case 
a lower Case 

Control Character, 
function not yet 
assigned 

00000100 
01 10 1100 
1101 1001 

·10000001 
00 II 0000 

.. . 
Bit Positions 
01 234567 

04 
6C 
09 
81 
30 
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12 - 9'- 4 
0-8-4 

11,- 9 
12 - 01- 1 

12 - 11 - 0 - 9,- 8 - 1 
I , 



,.... :~ 
Q 

~ 1 ...,' 
~ .' ~ ~ ; 

~ ~ 

~ ii III 

RSP 

DC2 FS SYN K 

DC3 WUS IR C 

RES{ 
EN 

BYP/ PP INP D M U 4 

Nl IF TRN N V 

BS ETB NBS 0 W 

POC ESC EOT G X 

CAN SA SBS H Q Y 

EM SFE IT Z 

UBS SM/SW RFF SHY 

CUI CSP CU3 

IFS MFA DC4 < % @ 

IGS ENQ NAK 

IRS ACK > 

S;ard Hale Patterns Formatting Character Representations 

<D 12-0-9-8-1 CD 12-11-0-9-8-1 CD 11 ® 11-0 @ 0-1 NSP Numeric Space 
RSP Required Space 0 12-11-9-8-1 CD No Punches 0 12-11-0 

~ 
0-8-2 ® 11-0-9-1 SP Space 

<D 11-0-9-8-1 0' CD 12 0 @ 12-11 SHY Syllable Hyphen 
12 12-0 

Control Character Representations Special Graphic Characters 

ACK Acknowledge E1X End of Text RFF ~uired Form Feed Cent Sign Comma 
BEL Bell FF Form Feed RNL Required New Line Period, Decimal Point % Percent 
8S Backspace FS Field Separator RPT Repeat < Less-than Sign Underscore 
BYP/INP Bypass/lnhibit Presentation GE Graphi c Escape SA Set Attribute ( Left Parenthesis > Greater-than Sign CAN Cancel HT Horizontal Tab SBS Subscript 
CR Carriage Return IFS Interchange Fi Ie Separator SEt Selp.ct Plus Sign '? Question Mark 
CSP Control Sequence Prefix IGS Interchange Group Separator SFE Start Field Extenc!ed- I Logical OR Grave Accent 
CUI Cu~tamer Use 1 IR I ndex Return SI Shift In & Ampersand Colon 
CU3 Custamer Use 3 IRS Interchange Record Separator SM/~ Set Made/Switch Exclamation Point # Number Sign 
DCl Device Control 1 IT Indent Tab SO Shift Out Dollor Sign @ At Sign 
DC2 Device Control 2 IUS/lTB Interchange Unit Separator/ SOH Start of Headi ng Asterisk Prime, Apastrophe 
DC3 Device Control 3 Intermediate Transmission Block SOS Start of Signifi cance Right Parenthesis Equal Sign. DC4 Device Control 4 LF Line Feed SPS ~~r~r~frt~t DEL Delete MFA Modify Field Attribute STX ; Semicolon Quotation Mark 
OLE Data Link Escape NAK Negative Acknowledge SUB Substitute --, Logicol NOT Tilde 
OS Digit Select NBS Numeri c Backspace SYN Synchronous Idle Minus Sign, Hyphen { Opening Brace 
EM End of Medium NL New Line TRN Transparent / Slash } Closing Brace ENQ Enquiry NUL Null UBS Unit Ilackspace Vertical Line , Reverse Slant EO Eight Ones POC Program-Opera tar VT Vertical Tab 
EOT End of Transmission Communi cation WUS Word Underscore 
ESC EscaDe PP Presenta tion Posi ti on 
ETB End of Transmission Block RES~NP Restore~noble Presentation 

Appendix H. EBCDIC Chart H-3 





Index 

A 
A (AD D) binary instruction 7-8 
absolute address 3-4 
absolute storage 3-4 
access-control bits in storage key 3-7 
access exceptions 6-29,6-34 

priority of 6-34 
recognition of 6-29 

access key 3-8 
for channel-program execution 3-8,15-21 
for channel-subsystem monitoring 3-8 
for CPU 3-8 

access list 5-39 
(See also access-list entry) 
accessing capability, revocation of 5-33 
allocation and invalidation of entries in 5-30 
authorizing the use of entries in 5-31 
concepts 5-29 
designation (ALD) 5-38 
length (ALL) 5-38 
origin (ALO) 5-38 

access-list entry (ALE) 5-39 
authorization index (ALEAX) 5-39 
number (See ALEN) 
sequence exception 6-16 

as an access exception 6-29 
sequence number (ALESN) 

in ALE 5-39 
in ALET 5-36 

token (See ALET) 
access-register mode 3-24 
access-register translation (ART) 5-35 

as part of LOAD REAL ADDRESS, TEST 
ACCESS, and TEST PROTECfION 5-41 

introduction to 5-29 
lookaside buffer (See ALB) 
process 5-41 
sequence of table fetches 5-71 
tables 5-37 

access registers D-l,2-3 
designation of 5-28 
functions 5-27 
instructions for use of 5-34 
save areas for 3-42 
validity bit for 11-21 

access to storage 5-65 
(See also reference) 

active 
device 16-15 
subchannel 16-15 

active allegiance 15-11 
active communication 15-11 
activity-control field (SCSW) 16-13 

following TEST SUBCHANNEL 14-17 
AD (ADD NORMALIZED) instruction 9-7 

example A-38 
ADD (A,AR) binary instructions 7-8 
ADD DECIMAL (AP) instruction 8-5 

example A-33 

ADD HALFWORD (AH) instruction 7-8 
example A-8 

ADD LOGICAL (AL,ALR) instructions 7-9 
ADD NORMALIZED (AD,ADR,AE,AER,AXR) 

instructions 9-7 
example A-38 

ADD UNNORMALIZED (AU,AUR,AW,AWR) 
instructions 9-8 

example A-39 
address 3-2 

absolute 3-4 
arithmetic 3-5,5-6 

unsigned binary 7-3 
backward stack-entry 5-58 
base (See base address) 
branch (See branch address) 
channel-program (See channel-program address) 
comparison 12-1 

controls for 12-1 
effect on CPU state 4-2 

CPU (See CPU address) 
data (I/O) (See data address) 
effective (See effective address) 
failing-storage (See failing-storage address) 
format 3-2 
forward-section-header 5-58 
generation 5-5 

for storage addressing 3-5 
I/O 13-5 
instruction (See instruction address) 
invalid 6-14 
logical (See logical address) 
numbering of for byte locations 3-2 
PER (See PER address) 
prefixing (See prefix) 
primary virtual (See primary virtual address) 
real 3-4 
secondary virtual (See secondary virtual address) 
size of 3-5 

controlled by addressing mode 5-5 
storage 3-2 
summary information 3-35 
translation (See dynamic address translation, 

prefix) 
types 3-3 
virtual 3-4 
wraparound (See wraparound) 
24-bit and 31-bit E-l,3-5 

in branch-address generation 5-7 
in operand-address generation 5-6 

31-bit real and absolute E-l 
address-limit checking (I/O) 17-12 

effect of I/O-system reset on 17-8 
limit mode (bits in PM CW) 15-2 

address-limit-checking control (I/O) 15-22,16-11 
used for IPL 17-10 

address space 3-13 
AR-specified 5-27 
changing of 3-13 
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control bits 
control bit 5-54 
in PSW 4-5 
use in address translation 3-24 

created by DAT 3-23 
number (See ASN) 

address-space-function (ASF) control bit 5-35 
use in ASN translation 3-15 
use in PC-number translation 5-21 

addressing exception 6-14 
as an access exception 6-29,6-34 

addressing mode 5-5 
bit in entry-table entry 5-23 
bit in linkage-stack state entry 5-60 
bit in PSW 4-6 
effect on address size 3-5 
effect on operand-address generation 5-6 
effect on sequential instruction-address generation 

5-6 
effect on wraparound 3-5 
in branch-address generation 5-7 
in examples A-8 
in operand-address generation 5-6 
set by BRANCH AND SAVE AND SET MODE 

instruction 7-11 
set by BRANCH AND SET MODE instruction 

7-12 
use of 5-10 

ADR (ADD NORMALIZED) instruction 9-7 
AE (ADD NORMALIZED) instruction 9-7 

example A-38 
AER (ADD NORMALIZED) instruction 9-7 
AFT (ASN first table) 3-15 
AFTE (ASN-first-table entry) 3-15 
AFTO (ASN-first-table origin) 3-15 
AFX (ASN-first-table index) 3-14 

invalid bit 3-15 
translation exception 6-16 

AH (ADD HALFWORD) instruction 7-8 
example A-8 

AKM (authorization key mask) 5-23 
AL (ADD LOGICAL) instruction 7-9 
ALB (ART -lookaside buffer) 5-46 

entry 
clearing of 5-48 
effect of translation changes on 5-48 
usable state 5-48 

ALD (access-list designation) 5-38 
ALE (See access-list entry) 
ALEAX (access-list-entry authorization index) 5-39 
ALEN (access-list-entry number) 5-37 

invalid bit 5-39 
translation exception 6-16 

as an access exception 6-29 
alert (class of machine-check condition) 11-12 
alert interruption condition (I/O) 16-4 
alert-status bit (I/O) 16-16 
ALESN (access-list-entry sequence number) 

in ALE 5-39 
in ALET 5-36 

ALET (access-list-entry token) 5-30,5-36 
specification exception 6-16 

as an access exception 6-29 

x -2 ESA/370 Principles of Operation 

ALL (access-list length) 5-38 
allegiance 

active 15-11 
channel-path 15-10 
dedicated 15-11 
effect on CLEAR SUBCHANNEL of 15-10 
working 15-11 

allowed interruptions 6-6 
ALO (access-list origin) 5-38 
ALR (ADD LOGICAL) instruction 7-9 
alter-and-display controls 12-2 
alteration 

general-register (PER event) 4-17 
storage (PER event) 4-17 

AND (N,NC,NI,NR) instructions 7-9 
examples A-8 

·AP (ADD DECIMAL) instruction 8-5 
example A-33 

AR (ADD) binary instruction 7-8 
AR -specified (access-register-specified) address space 

3-13,5-27 
AR-specified (access-register-specified) virtual address 

3-4 
effective segment-table designation for 3-28 

architectural mode 1-1 
indication of 12-2 
selection of by IML controls 12-2 
selection of by manual controls 12-2 

architecture, compatibility 1-3 
arithmetic 

address (See address arithmetic) 
binary 7-3 

examples A -2 
decimal 8-2 

examples A-5,A-33 
floating-point 9-1 

examples A-5,A-38 
logical (unsigned binary) 7-3 

examples A-4 
ART (See access-register translation) 
ART -lookaside buffer (See ALB) 
ASCII character code, handled by architecture v 
ASF-control bit (See address-space-function-control bit) 
ASN (address-space number) 3-13 

authorization 3-19 
first table (AFT) 3-15 

index (AFX) 3-14 
origin (AFTO) 3':15 

in entry-table entry 5-23 
second table (AST) 

index (ASX) 3-14 
origin (ASTO) 3-15 

second-table entry (ASTE) 
address 5-54 
address. in ALE 5-39 
address, in ETE 5-23 
basic (16-byte) 3-16 
extended (64-byte) 5-40 
primary (PASTE) 5-21 
pseudo 3-14 
sequence exception 6-17 
sequence exception as an access exception 

6-29 



sequence number (ASTESN) 5-39,5-41 
validity exception 6-17 
validity exception as an access exception 6-29 

trace-control bit 4-9 
translation 3-14 

exceptions 6-38 
specification exception 6-16 
specification exception as an access· exception 

6-29 
translation-control bit 3-15,5-17 

assembler language A-7 
instruction formats in (See instruction lists and 

page numbers in Appendix B) 
assigned storage locations 3-39 

comparison of ESA/370 with 370-XA 0-3 
comparison of 370-XA with System/370 E-6 

AST (See ASN seqond table) 
AST entry (See ASN-second-table entry) 
ASTE (See ASN-second-table entry) 
ASTESN (AST-entry sequence number) 

in ALE 5-39 
in ASTE 5-41 

ASTO (ASN-second-table origin) 3-15 
ASX (ASN-second-table index) 3-14 

invalid bit 3-16 
use in ART 5-40 

translation exception 6-17 
AT (See authority table) 
ATL (authority-table length) 3-16 

use in ART 5-40 
ATO (authority-table origin) 3-16 

use in ART 5-40 
attached ART-table entry 5-47 
attached segment-table or page-table entry 3-32 
attachment of I/O devices 13-3 
attention (device status) 16-23 
AU (ADD UNNORMALIZED) instruction 9-8 

example A-39 
AUR (ADD UNNORMALIZED) instruction 9-8 
authority table (AT) 5-17 

designation 3-16,5-40 
length 3-16,5-40 
origin 3-16,5-40 

authorization 
ASN 3-19 
index (AX) 3-20,5-17 
key mask (AKM) 5-23 
mechanisms 5-15 

summary of 5-19 
testing of 5-52 

auxiliary storage 3-1,3-22 
availability (characteristic of a system) 1-4 
A W (ADD UNNORMALIZED) instruction 9-8 
AWR (ADD UNNORMALIZED) instruction 9-8 
AX (authorization index) 5-17 
AXR (ADD NORMALIZED) instruction 9-7 

B 
B field of instruction 5-6 
backed -up bit (machine-check condition) 11-18 

backup, processing (synchronous machine-check condi-
tion) 11-18 

backward stack-entry address 5-58 
backward stack-entry validity bit 5-58 
BAKR (BRANCH AND STACK) instruction 10-5 

examples A-I 0 
BAL (BRANCH AND LINK) instruction 7-10 

examples A-8 
BALR (BRANCH AND LINK) instruction 7-10 

examples A-8 
BAS (BRANCH AND SAVE) instruction 7-11 

example A-8 
base address 5-6 

register for 2-3 
basic AST entry 3-16 
basic entry-table entry 5-22 
basic I/O functions 15-1 
basic operator facilities 12-1 
basic PROGRAM CALL 5-50,10-35 
basic sense command 15-37 
BASR(BRANCH AND SAVE) instruction 7-11 

example A-8 
BASSM (BRANCH AND SAVE AND SET MODE) 

instruction 7 -11 
example A-8 

BC (BRANCH ON CONDITION) instruction 7-12 
example A -12 

BCR (BRANCH ON CONDITION) instruction 7-12 
BCf (BRANCH ON COUNT) instruction 7-13 

example A -12 
BCfR (D-RANCH ON COUNT) instruction 7-13 

example A -12 
bimodal addressing E-l,5-5 

(See also addressing mode) 
binary 

(See also fixed point) 
arithmetic 7-3 

examples A -2 
negative zero 7 -2 
number representation 7-2 

examples A -2 
overflow 7-3 

example A-2 
sign bit 7-2 

binary-to-decimal conversion 7-24 
example A-18 

bit 3-2 
numbering of within a group of bytes 3-2 

block -concurrent storage references 5-74 
block of I/O data 15-21 
block of storage 3-4 

(See also page) 
testing for usability of 10-69 

borrow 7-49 
boundary alignment 3-3 

for instructions 5-3 
branch address 5-7 

in linkage-stack state entry 5-60 
in trace entry 4-11 

BRANCH AND LINK (BAL,BALR) instructions 7-10 
examples A-8 

BRANCH AND SAVE (BAS,BASR) instructions 7-11 
examples A-8 
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BRANCH AND SAVE AND SET MODE (BASSM) 
instruction 7 -11 

examples A-8 
BRANCH AND SET MODE (BSM) instruction 7-12 

examples A-8 
BRANCH AND STACK (BAKR) instruction 10-5 

examples A-I 0 
BRANCH ON CONDITION (BC,BCR) instructions 

7-12 
example A -12 

BRANCH ON COUNT (BCT,BCTR) instructions 7-13 
example A -12 

BRANCH ON INDEX HIGH (BXH) instruction 7-14 
examples A -13 

BRANCH ON INDEX LOW OR EQUAL (BXLE) 
instruction 7 -14 

examples A -14 
branch state entry 5-59,10-5 
branch -trace-control bit 4-9 
branching 

branch-address generation 5-7 
in a channel program (See TI C) 
to perform decision making, loop control, and sub­

routine linkage 5-7 
using the linkage stack 5-51 

BSM (BRANCH AND SET MODE) instruction 7-12 
example A-8 

buffer storage (cache) 3-1 
burst mode (channel-path operation) 13-3 
bus-out check (bit in I/O sense data) 15-38 
busy 

as device status (I/O) 16-25 
control unit 16-24,16-25 
in I/O operations 13-7 
in SIGNAL PROCESSOR 4-36 

BXH (BRANCH ON INDEX HIGH) instruction 7-14 
examples A -13 

BXLE (BRANCH ON INDEX LOW OR EQUAL) 
instruction 7 -14 

examples A -14 
bypassing POST and WAIT A -44 
byte 3-2 

numbering of in storage 3-2 
byte index (BX) 3-23 
byte-multiplex mode (channel-path operation) 13-3 

C 
C (COMPARE) binary instruction 7-15 
cache 3-1 
capability list 5-33 
carry 7-3 
CBC (checking-block code) 11-2 

invalid 11-2 
in registers 11-10 
in storage 11-6 
in storage keys 11-7 

near-valid 11-2 
valid 11-2 

CCC (channel-control check) 16-31 
CCW (channel-command word) 15-23 

address of 15-22,16-18 
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byte count in 15-24 
chaining 15-26 
check (in subchannellogout) 16-37 
command codes (See commands) 
contents of 15-23 
current 15-23 
designation of storage area in 15-24,15-25 
format control 15-21,16-10 

used for IPL 17-10 
format-O and format-l 15-23 
IDA flag in 15-24 
in IPL, assigned storage locations for 3-39 
indirect data addressing used in 13-7,15-31 
invalid format of 16-30 
invalid specification of 16-29 
PCI flag in 15-24 
prefetch control in 15-21,16-11 

used for IPL 17-10 
prefetching 15-28 
retry of (See command retry) 
role in I/O operations of 13-6 
skip flag in 15-24 
suspend flag in 15-24 

CD (COMPARE) floating-point instruction 9-9 
CDR (COMPARE) floating-point instruction 9-9 

examples A-39 
CDS (COMPARE DOUBLE AND SWAP) instruction 

7-19 
examples A -43 

CE (COMPARE) floating-point instruction 9-9 
central processing unit (See CPU) 
CER (COMPARE) floating-point instruction 9-9 
CFC (COMPARE AND FORM CODEWORD) 

instruction 7 -15 
CH (COMPARE HALFWORD) instruction 7-20 

example A -15 
chaining check (subchannel status) 16-33 
chaining of CCWs 15-26 

command (See command chaining of CCWs) 
data (See data chaining of CCW s) 

chaining of CRWs 17-14,17-15 
change bit in storage key 3-7 
change recording 3-11 
channel-command word (See CCW) 
channel commands (See commands) 
channel-control check (sub channel status) 16-31 
channel-data check (sub channel status) 16-30 
channel end (device status) 16-25 
channel path 13-1,13-3 

active allegiance for 15-11 
available for selection 15-12 
dedicated allegiance for 15-11 
effect of I/O-system reset on 17-8 
masks in SCHIB (See LPM, LPUM, PAM, PIM, 

PNOM, POM) 
multipath mode of 15-3,15-20 
not operational 16-12 
storing of status for 14-14 
type of 13-5 
working allegiance for 15-11 

channel-path identifier (See CHPID) 
channel-path reset 17-6 

effect of I/O-system reset on 17-8 



channel-path-reset function 15-43 
completion of 15-44 
initiation by RESET CHANNEL PATH 14-7 
reset signal issued as part of 17-6 
signaling for 15-43 

channel-path -status word 14-14 
channel program 15-23 

branching in (See TIC) 
execution of 13-6,15-19 

resumption of 14-9 
sequence altered by status modifier 16-23 
suspension of 13-8,15-32 

serialization 5-77 
suspend control for 15-21 

channel-program address 15-22,16-18 
field-validity flag for in IRB 16-38 
used for IPL 17-10 

channel report 17-14 
generated as a result of RCHP 14-7 

channel report pending 11-17,1 7 -14 
effect of I/O-system reset on 17-8 
subclass-mask bit for 11-24 

channel-report word (See CR W) 
channel subsystem 2-6,13-2 

addressing used in 13-5 
damage 11-17 
effect of I/O-system reset on 17-6 
effect of power-on reset on 4-32 

channel-subsystem monitoring 17-1 
effect of I/O-system reset on 17-8 

channel-subsystem recovery 11-4,17-13 
channel-subsystem timer 17-2 

effect of I/O-system reset on 17-9 
channel-subsystem timing 17 -1 
channel-subsystem timing-facility bit (in PMCW) 15-4 
channel-to-channel adapter, publication referenced v 
characteristic (of floating-point number) 9-1 
characters, represented by eight-bit code v 
check bits 3-2,11-2 
check stop 4-2,11-11 

as signal-processor status 4-38 
during manual operation 12-1 
effect on CPU timer 4-26 
entering of 11-13 
indicator 12-2 
malfunction alert for 6-11 
system 11-11 

checking block 11-2 
checking-block code (See CBC) 
checkpoint 11-2 
checkpoint synchronization 11-3 

action 11-4 
operations 11-3 

CHPID (channel-path identifier) 13-5 
in PMCW 15-7 
used in RESET CHANNEL PATH 14-7 

CL (COMPARE LOGICAL) instruction 7-21 
CLC (COMPARE LOGICAL) instruction 7-21 

example A-IS 
CLCL (COMPARE LOGICAL LONG) instruction 

7-22 
example A-I 7 

clear function 15-13 

bit in SCSW for 16-13 
completion of 15-14 
initiated by CLEAR SUBCHANNEL 14-4 
path management for 15-13 
pending 16-15 
signaling for 15-14 
sub channel modification by 15-13 

clear reset 4-31 
clear signal 17-5 

issued as part of clear function 15-14 
CLEAR SUBCHANNEL (CSCH) instruction 14-4 

(See also clear function) 
effect on device status of 15-14 
function initiated by 15-13 
use of after RESET CHANNEL PATH 14-8 

clearing operation 
by clear-reset function 4-31 
by load-clear key 12-3 
by system-reset-clear key 12-4 
by TEST BLOCK instruction 10-69 

CLI (COMPARE LOGICAL) instruction 7-21 
example A -16 

CLM (COMPARE LOGICAL CHARACTERS 
UNDER MASK) instruction 7-21 

example A -16 
clock (See TOD clock) 
clock comparator 4-25 

external interruption 6-10 
save areas for 3-42 
validity bit for 11-21 

clock unit 4-24-
CLR (COMPARE LOGICAL) instruction 7-21 

example A -16 
code 

ASCII, handled by architecture v 
checking-block (See CBC) 
command (in CCW) (See command code in CCW) 
condition (See condition code) 
decimal digit and sign 8-2 
deferred condition (I/O) 16-8 
EBCDIC 

chart for H-l 
handled by architecture v 

eight-bit, handled by architecture v 
error-recovery (I/O) 17-15 
exception -extension 6-14 
external-damage 11-22 

validity bit for 11-21 
I/O-interruption subclass 15-2 
instruction-length (See ILC) 
interruption (See interruption code) 
linkage-stack-entry type 5-57 
monitor (See monitor code) 
operation 5-2 
PER (See PER code) 
reporting-source (I/O) 17-15 
storage-access (in subchannellogout) 16-38 
version 10-64 

codeword (for sorting operations) 7-15 
command chaining of CCW s 15-29 

effect of status modifier on 15-29 
flag in CCW for 15-24 
overview of 13-8 
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command code in CCW 15-24 
(See also commands) 
invalid 16-29 

command reject (bit in I/O sense data) 15-38 
command retry 15-41 

effect on PCI of 15-31 
status modifier used for 16-23 

commands (I/O) 15-24,15-34 
control 15-36 
initial read (for IPL) 15-35 
no-operation (control) 15-37 
read 15-35 
read backward 15-36 
sense 15-37 
sense ID 15-39 
transfer in channel 15-40 
write 15-35 

common-segment bit 3-26 
COMPARE (C,CR) binary instructions 7-15 
COMPARE (CD,CDR,CE,CER) floating-point 

instructions 9-9 
examples A-39 

COMPARE AND FORM CODEWORD (CFC) 
instruction 7 -15 

COMPARE AND SWAP (CS) instruction 7-19 
examples A -43 

COMPARE DECIMAL (CP) instruction 8-5 
example A-33 

COMPARE DOUBLE AND SWAP (CDS) instruction 
7-19 

examples A -43 
COMPARE HALFWORD (CH) instruction 7-20 

example A -15 
COMPARE LOGICAL (CL,CLC,CLI,CLR) 

instructions 7-21 
examples A -15 

COMPARE LOGICAL CHARACfERS UNDER 
MASK (CLM) instruction 7-21 

example A -16 
COMPARE LOGICAL LONG (CLCL) instruction 

7-22 
example A-I 7 

comparison 
address (See address comparison) 
between System/370 and 370-XA E-l 
between 370-XA and ESA/370 D-l 
decimal 8-5 

example A-33 
floating-point 9-9 

examples A-39 
logical 7-4 

examples A -15 
signed-binary 7-4 
TOD-clock 4-25 

compatibility 1-3 
among systems implementing different architectures 

1-4 
among systems implementing same architecture 1-3 
between 370-XA and System/370 I/O operations 

13-1 
control-program 1-4 
problem-state 1-4 

completion of I/O functions 
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by channel-path-reset function 15-44 
by clear function 15-14 
by halt function 15-15 
during data transfer 15-42 
during initiation 15-41 
for immediate commands 15-42 

completion of instruction execution 5-12 
completion of unit of operation 5-13 
conceptual sequence 5-65 

as related to storage-operand accesses 5-75 
conclusion of I/O operations 13-8,16-1 

during data transfer 15-42 
during initiation 15-41 
for immediate commands 15-42 

conclusion of instruction execution 5-12 
concurrency of access for storage references 5-74 
condition code 4-5 

deferred 16-8 
in PSW 4-5 
summary C-l 
tested by BRANCH ON CONDITION instruction 

7-12 
used for decision making 5-7 
validity bit for 11-21 

conditional-swapping instructions (See COMPARE 
AND SWAP instruction, COMPARE DOUBLE 
AND SWAP instruction) 

conditions for interruption (See interruption conditions) 
configuration 2-1 

of storage 3-4 
configuration-alert facility (I/O) 17-13 
connective (See logical connective) . 
consistency (storage operand) 5-74 

examples A -46,A -48 
console device 12-1 
control 4-1 

as an I/O command 15-36 
instructions 10-1 
manual (See manual operation) 

control-program compatibility 1-4 
control register 2-3,4-6 

comparison, ESA/370 with 370-XA D-3 
comparison, 370-XA with System/370 E-6 
save areas 3-43 
validity bit 11-21 

control-register assignment 4-7 
(CRx.y indicates control register x, bit position y) 
CRO.l: 

SSM-suppression-control bit 6-25,10-61 
CRO.2: 

TOD-clock-sync-control bit 4-22,4-25 
CRO.3: 

low-address-protection-control bit 3-10 
CRO.4: 

extraction-authority-control bit 5-16 
CRO.S: 

secondary-space-control bit 3-24,5-17 
CRO.6: 

fetch-protection-override-control bit 3-9 
CRO.8-12: 

translation format 3-24 
CRO.14: 

vector-control bit 4-9 



CRO.l5: 
I 

address-space-function-control bit 5-35 
CRO.16: 

malfunction-alert subclass-mask bit 6-11 
CRO.17: 

emergency-signal subclass-mask bit 6-11 
CRO.18: 

external-call subclass-mask bit 6-11 
CRO.19: 

TO D-clock sync-check subclass-mask bit 6-12 
CRO.20: 

clock-comparator subclass-mask bit 6-10 
CRO.21: 

CPU -timer subclass-mask bit 6-11 
CRO.22: 

service-signal subclass-mask bit 6-12 
CRO.25: 

interrupt-key subclass-mask bit 6-11 
CRl.0: 

primary space-switch-control bit 6-24 
primary space-switch-event-control bit 3-24 

CR1.1-19: 
primary segment-table origin (PSTO) 3-25 

CR1.23: 
primary private-space-control bit 3-25 

CRl.25-31: 
primary segment-table length (PSTL) 3-25 

CR2.1-25: 
dispatchable-unit -control-table origin (D U erO) 

5-36 
CR3.0-15: 

PSW -key mask (PKM) 5-16 
CR3.16-31: 

secondary ASN (SASN) 3-13 
CR4.0-15: 

authorization index (AX) 3-20,5-17 
CR4.16-31: 

primary ASN (PASN) 3-13 
CR5.0: 

subsystem-linkage-control bit 5-17,5-21 
CR5.1-24: 

linkage-table origin (LTO) 5-21 
CR5.l-25: 

primary-AST-entry origin (PASTEO) 
5-21,5-36 

CR5.25-31: 
linkage-table length (LTL) 5-21 

CR6.0-7: 
I/O-interruption subclass mask 6-13 

CR7.1-19: 
secondary segment-table origin (SSTO) 3-25 

CR7.23: 
secondary private-space-control bit 3-25 

CR7.25-31: 
secondary segment-table length (SSTL) 3-25 

CR8.0-15: 
extended authorization index (EAX) 5-36 

CR8.16-31: 
monitor-mask bits 6-20 

CR9.0: 
PER successful-branching-event- mask bit 4-13 

CR9.l: 
PER instruction-fetching-event- mask bit 4-13 

CR9.2: 
PER storage-alteration-event-mask bit 4-13 

CR9.3: 
PER general-register-alteration- event-mask bit 

4-13 
CR9.4:, PER store-using-real-address- event-mask 

bit 4-13 
CR9.16-31: 

PER general-register-mask bits 4-13 
CRI0.l-31: 

PER starting address 4-13 
CRl1.1-31: 

PER ending address 4-13 
CRI2.0: 

branch -trace-control bit 4-9 
CRI2.1-29: 

trace-entry address 4-9 
CRI2.30: 

ASN -trace-control bit 4-9 
CRI2.31: 

explicit-trace-control bit 4-10 
CR13.0: 

home space-switch-event-control bit 3-25,6-24 
CRI3.1-19: 

home segment-table origin (HSTO) 3-25 
CRI3.23: 

home private-space-control bit 3-25 
CRI3.25-31: 

home segment-table length (HSTL) 3-25 
CRI4.3: 

channel-report-pending subclass-mask bit 
11-24 

CR14.4: 
recovery subclass-mask bit 11-24 

CRI4.5: 
degradation subclass-mask bit 11-24 

CRI4.6: 
external-damage subclass-mask bit 11-24 

CRI4.7: . 
warning subclass-mask bit 11-24 

CR14.l2: 
ASN-translation-control bit 3-15,5-17 

CRI4.13-31 : 
ASN-first-table origin (AFTO) 3-15 

CRI5.1-28: 
linkage-stack-entryaddress 5-56 

control unit 2-6,13-4 
effect of I/O-system reset on 17-7 
model number of (from sense-ID command) 15-39 
sharing of 13-4 
type number of (from sense-ID command) 15-39 
type of 15-12 

control unit busy 16-24,16-25 
control-unit end (device status) 16-24 
conversion 

binary-to-decimal 7-24 
example A -18 

decimal-to-binary 7-24 
example A -18 

decimal to hexadecimal G-I 
floating-point -number 

basic example A-7 
examples with instructions A -41 
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hexadecimal-to-decimal G-l 
of hexadecimal and decimal fractions 'G-7 
of hexadecimal and decimal integers G-6 

CONVERT TO BINARY (CVB) instruction 7-23 
example A -18 

CONVERT TO DECIMAL (CVD) instruction 7-24 
example A -18 

COpy ACCESS (CPYA) instruction 7-24 
count field 

" in CCW 15-24 
invalid 16-29 

in sesw 16-33 
counter updating (example) A -44 
counting operations 7 -13 
CP (COMPARE DECIMAL) instruction 8-5 

example A -33 
CPA (See channel-program address) 
CPU (central processing unit) 2-2 

address 4-34 
assigned storage locations for 3-39 
when stored during external interruptions 6-9 

checkpoint 11-2 
effect of power-on reset on 4-32 
hangup due to string of interruptions 4-3 
identification (ID) 10-64 
model number 10-64 
registers 2-2 

save areas for 3-42 
reset 4-30 

signal-processor order 4-35 
retry 11-2 
serialization 5-76 
signaling 4-34 
state 4-1 

check-stop 4-2 
load 4-2 
no effect on TOD clock 4-22 
operating 4-2 
stopped 4-2 

version code 10-64 
CPU timer 4-26 

external interruption 6-10 
save areas for 3-42 
validity bit for 11-21 

CPYA (COpy ACCESS) instruction 7-24 
CR (See control register) 
CR (COMPARE) binary instruction 7-15 
CRW (channel-report word) 17-15 

chaining of 17-14,17-15 
error-recovery code (ERC) in 17-15 
overflow in 17-15 
reporting-source code (RSC) in 17-15 
reporting-source ID (RSID) in 17-16 
solicited 17-15 
storing of 14-14 

es (COMPARE AND SWAP) instruction 7-19 
examples A -43 

esCH (See CLEAR SUBCHANNEL instruction) 
current CCW 15-23 

(See also CCW) 
current PSW 4-3,5-7 

(See also PSW) 
stored during interruption 6-2 
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CVB (CONVERT TO BINARY) instruction 7-23 
example A -18 

CVD (CONVERT TO DECIMAL) instruction 7-24 
example A -18 

D 
D (DIVIDE) binary instruction 7-25 

example A-19 
D field of instruction 5-6 
damage 

channel-subsystem 11-17 
code" (external) 11-22 

validity bit for 11-21 
external 11-16 

subclass-mask bit for 11-24 
instruction -processing 11-16 
processing 11-19 
service-processor 11-17 
system 11-15 
timing-facility 11-16 

DAT (See dynamic address translation) 
DAT mode (bit in PSW) 4-5 

use in address translation 3-24 
data 

blocking of (I/O) 15-21 
format for 

decimal instructions 8-1 
floating-point instructions 9-2 
general instructions 7-2 

indirect addressing of (I/O) 13-7,15-31 
measurement (I/O) (See measurement data) 
prefetching of for I/O operation 15-26 

data address (I/O) 15-25 
invalid 16-29 
invalid specification of 16-29 

data chaining of CCW s 15-28 
flag in CCW for 15-24 
overview of 13-8 

data check 
bit in I/O sense data 15-38 
measurement-block 16-37 

data exception "6-17 
data streaming (I/O) 13-4 

effect of CCW count on 15-29 
DCTI (device-connect-time interval) 

in ESW 16-41 
in measurement block 17-3 

DD (DIVIDE) floating-point instruction 9-9 
DDR (DIVIDE) floating-point instruction 9-9 
DE (DIVIDE) floating-point instruction 9-9 
decimal 

arithmetic 8-2 
comparison 8-5 
digit codes 8-2 
divide exception 6-18 
instructions 8-1 

examples A-33 
number representation 8-1 

examples A-5 
operand overlap 8-3 
overflow 



exception 6-18 
mask in PSW 4-6 

sign codes 8-2 
tables for conversion to hexadecimal G~ 1 

decimal-to-binary conversion 7-24 
example A -18 

dedicated allegiance 15-11 
deferred condition code 16-8 
degradation (machine-check condition) 11-17 

subclass-mask bit for 11-24 
degradation, storage (machine-check condition) 11-19 
delay in storing 5-72 
delayed access exception (machine-check condition) 

11-18 
deletion of malfunctioning unit 11-4 
DER (DIVIDE) floating-point instruction 9-9 

examples A-40 
designation 

access-list·5-37 
authority-table 3-16 
effective segment-table 3-28 
entry-table 5-22 
home segment-table 3-25 
linkage-table 5-21 

in AST entry 3-17 
of storage area for data (I/O) 15-25 
page-table 3-26 
primary segment-table 3-24 
secondary segment-table 3-25 
segment-table 3-24 

in AST entry 3-16 
destructive overlap 5-75,7-35 
device 2-6,13-4 

console 12-1 
effect of I/O-system reset on 17-7 

device-active bit 16-15 
device address 13-5 
device busy 16-25 
device-connect-time interval (See Dcrl) 
device-connect-time measurement 17-5 

effect of suspension on 15-34 
enable 15-3 

device-dis connect-time interval (in measurement block) 
17-4 

device end (device status) 16-26 
device identifier 13-5 
device model/type (from sense-ID command) 15-39 
device-not-ready indication 15-38 
device number 13-5 

assignment of 13-6 
in PMCW 15-4 

device-number valid (bit in PMCW) 15-4 
device-ready indication 

with attention 16-23 
with device end 16-26 
with unit exception 16-28 

device status 16-23 
field-validity flag for (in sub channel logout) 

16-32,16-38 
with inappropriate bit combination 16-38 

device status check 16-38 
DIAGNOSE instruction 10-7 
digit codes (decimal) 8-2 

digit selector (in EDIT) 8-7 
direct-access storage 3-1 
disabling for interruptions 6-6 
disallowed interruptions 6-6 
dispatchable unit (DU) 5-30 

access-list designation (DUAL D) 5-37 
control table (DUCT) 5-37 

origin (DUcrO) 5-36 
displacement (in relative addressing) 5-6 
display (manual controls) 12-2 
DIVIDE (D,DR) binary instructions 7-25 

example A -19 
DIVIDE (DD,DDR,DE,DER,DXR) floating-point 

instructions 9-9 
examples A -40 

DIVIDE DECIMAL (DP) instruction 8-6 
example A-34 

divide exception 
decimal 6-18 
fixed-point 6-19 
floating-point 6-20 

divisible instruction execution 5-66 
doubleword 3-3 
doubleword-concurrent storage references 5-74 
DP (DIVIDE DECIMAL) instruction 8-6 

example A-34 
DR (DIVIDE) binary instruction 7-25 
DU (dispatchable unit) 5-30 
DUALD (dispatchable-unit access-list designation) 5-37 
DUCT (dispatchable-unit control table) 5-37 
DUcrO (dispatchable-unit-control-table origin) 5-36 
dump (standalone) 12-4 
DXR (DIVIDE) floating-point instruction 9-9 
dynamic address translation (OAT) 3-22 

by LOAD REAL ADDRESS instruction 10-25 
control of 3-24 
explicit and implicit 3-27 
mode bit in PSW 4-5 

use in address translation 3-24 
sequence of table fetches 5-71 

dynamic-reconnection feature 13-3 

E 
E instruction format 5-4 
EAR (EXTRAcr ACCESS) instruction 7-27 
early exception recognition 6-8 
EAX (See extended authorization index) 
EBCDIC (Extended Binary-Coded-Decimal Interchange 

Code) 
architecture designed for v 
character code, chart for H-l 

ECC (error checking and correction) 11-2 
ECW (extended-control word) 16-43 

indication in SCSW 16-11 
ED (EDIT) instruction 8-6 

examples A-34 
EDIT (ED) instruction 8-6 

examples A -34 
EDIT AND MARK (EDMK) instruction 8-10 

example A-35 
editing instructions 8-3 
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(See also ED instruction, EDMK instruction) 
EDMK (EDIT AND .MARK) instruction 8-10 

example A-35 
effective access-list designation 5-37 
effective address 3-5 

controlled by addressing mode 5-5 
generation 5-5 
used for storageitlterlocks 5-67 

effective segment-table designation 3-28 
effective space designation 5-67 
EKM (entry key mask) 5-23 

use by stacking PROGRAM CALL 5-53 
emergency signal (external interruption) 6-11 

signal-processor order 4-34 
enabled (bit in PMCW) 15-2 
enabling for interruptions 6-6 

subchannel 16-5 
enabling of sub channel 15-2,16-5 
ending of instruction execution 5-12 
entry 

addressing-mode bit 5-53 
extended authorization index 5-54 
instruction address 5-53 
key 5-54 
key mask (EKM) 5-23 

use by stacking PROGRAM CALL 5-53 
parameter 5-53 
problem-state bit 5-53 

entry (for tracing) 4-10 
entry descriptor 5-56 
entry index (EX) 5-21 
entry table (ET) 

designation 5-22 
length 5-22 
origin 5-22 

entry-table entry (ETE) 
basic (16-byte) 5-22 
extended (32 byte) 5-52 

entry-type code 5-57 
EPAR (EXTRACf PRIMARY ASN) instruction 10-7 
epoch (for TOD clock) 4-23 
equipment check 

bit in I/O sense data 15-38 
in signal-processor status 4-38 

ERC (error-recovery code) 17-15 
(See also CRW) 

EREG (EXTRACf STACKED REGISTERS) instruc­
tion 10-8 

error 
checking and correction 11-2 
from DIAGNOSE instruction 10-7 
I/O-error alert 16-39 
indirect storage 11-20 
intermittent 11-5 
PSW -format 6-8 
secondary (I/O) 16-38 
solid 11-5 
state of TO D clock 4-22 
storage 11-19 
storage-key 11-19 

error-recovery code (ERC) 17-15 
(See also CRW) 

ERW (extended-report word) 16-36,16-40 
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as result of channel-control check 16-31 
as result of channel-data check 16-31 

ESA/370 (Enterprise Systems Architecture/370) 
architectural-mode controls 12-2 
comparison of facilities with 370-XA D-l 
highlights of 1-1 

ESAR (EXTRACf SECONDARY ASN) instruction 
10-8 

EST A (EXTRACf STACKED STATE) instruction 
10-9 

ESW (extended-status word) 16-36 
(See also extended status) 

ESW format bit (in SCSW) 16-8 
ET (See entry table) 
ETE (See entry-table entry) 
ETL (entry-table length) 5-22 
ETO (entry-table origin) 5-22 
event 6-13 

monitor 7-32 
PER 4-12 
space-switch 6-24 

EX (entry index) 5-21 
translation exception 6-19 

EX (EXECUTE) (See EXECUTE instruction) 
exception access identification 3-41 
exception-extension code 6-14 
exceptions 6-13 

access (collective program-interruption name) 
6-29,6-34 

addressing 6-14 
AFX -translation 6-16 
ALE-sequence 6-16 
ALEN-translation 6-16 
ALET -specification 6-16 
ASN -translation (collective program-interruption 

name) 6-38 
ASN -transhition -specification 6-16 
associated with 

ART 5-46 
stacking process 5-62 
unstacking process 5-65 

ASTE-sequence 6-17 
ASTE-validity 6-17 
ASX -translation 6-17 
comparison of ESA/370 with 370-XA D-3 
data (decimal) 6-17 
decimal-divide 6-18 
decimal-overflow 6-18 
delayed access (machine-check condition) 11-18 
during translation 3-31 
EX -translation 6-19 
execute 6-18 
exponent-overflow 6-18 
exponent-underflow 6-19 
extended-authority 6-19 
fixed-point-divide 6-19 
fixed-point-overflow 6-19 
floating-point-divide 6-20 
LX-translation 6-20 
operand (of I/O instruction) 6-21 
operation 6-21 
page-translation 6-21 
PC-translation -specification 6-22 



primary-authority 6-22 
privileged-operation 6-22 
protection 6-23 
PSW -related 6-8 
recognition oft early and late 6-8 
secondary-authority 6-24 
segment-translation 6-24 
significance 6-24 
special-operation 6-25 
specification 6-26 
stack-empty 6-27 
stack-full 6-27 
stack-operation 6-27 
stack -specification 6-27 
stack-type 6-27 
trace (collective program-interruption name) 6-38 
trace-table 6-28 
translation-specification 6-28 
unnormalized-operand 6-28 
vector-operation 6-28 

EXCLUSIVE OR (X){C){I){R) instructions 7-25 
examples A -19 

EXECUTE (EX) instruction 7-26 
effect of address comparison on 12-1 
example A-21 
exceptions while fetching target 6-7 
PER event for target of 4-17 

execute exception 6-18 
exigent machine-check conditions II-II 
explicit address translation 3-27 
explicit-trace-control bit 4-10 
exponent 9-1 

(See also floating point) 
overflow 9-1 

exception 6-18 
underflow 9-1 

exception 6-19 
mask in PSW 4-6 

extended AST entry 5-40 
extended-authority exception 6-19 

as an access exception 6-29 
extended authorization index (EAX) 5-36 

control bit 5-53 
in entry-table entry 5-54 
in linkage-stack state entry 5-60 

extended control (bit in SCSW) 16-11 
extended-control word (See ECW) 
extended entry-table entry 5-52 
extended floating-point number 9-2 
extended-report word (See ERW) 
extended status 

(See also ESW) 
flags in subchannel logout for 16-36 
format-O 16-36 
format-l 16-40 
format-2 16-41 
format-3 16-42 

extended-status word 16-36 
(See also extended status) 

extended-status-word-format bit 16-8 
external call 

external interruption 6-11 
pending (signal-processor status) 4-38 

signal-processor order 4-34 
external damage 11-16 

subclass-mask bit for 11-24 
external-damage code 11-22 

assigned storage locations for 3-42 
validity bit for 11-21 

external interruption 6-9 
clock -comparator 4-25t6-1 0 
CPU-timer 4-26t6-10 
direct conditions 6-10 
emergency-signal 6-11 
external-call 6-11 
interrupt-key 6-11 
malfunction-alert 6-11 
mask in PSW 4-5 
parameter 6-9 

assigned storage locations for 3-39 
pending conditions 6-10 
priority of conditions 6-10 
service-signal 6-12 
TOD-clock-sync-check 6-12 

externally initiated functions 4-27 
I/O 17-10 

EXTRACf ACCESS (EAR) instruction 7-27 
EXTRACf PRIMARY ASN (EPAR) instruction 10-7 
EXTRACf SECONDARY ASN (ESAR) instruction 

10-8 
EXTRACr STACKED REGISTERS (EREG) instruc­

tion 10-8 
EXTRACf STACKED STATE (ESTA) instruction 

10-9 
extraction-authority-control bit 5-16 

F 
facilities of ESA/370 (compared with 370-XA) 0-1 
facilities of 370-XA (compared with System/370) E-l 

I/O 13-1 
failing-storage address 11-22 

assigned storage locations for 3-42 
in ESW 16-36tI6-40 

as result of channel-control check 16-31 
as result of channel-data check 16-31 

validity bit for 11-21 
validity flag for (in ER W) 16-40 

failuret vector-facility 11-17 
fetch protection 3-8 

bit in storage key 3-7 
override-control bit 3-9 

fetch reference 5-72 
access exceptions for 6-32 

fetching 
handling of invalid CBC in storage keys during 

11-8 
of ART-table and OAT-table entries 5-71 
of instructions 5-69 
of PSWs during interruptions 5-76 
of storage operands 5-72 

field 3-2 
field separator (in ED IT) 8-7 
field-validity flags (in subchannellogout) 16-38 

relation to channel-control check of 16-32 
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FIFO (first in first out) queuing, example for lock and 
unlock A-46 

fill byte (in EDIT) 8-7 
fixed-length field 3-2 
fixed logout· 

assigned storage locations for 3-42 
machine-check 11-24 

fixed point 
(See also binary) 
divide exception 6-19 
overflow exception 6-19 

mask in PSW 4-6 
floating interruption conditions 6-6,11-23 

clearing of 4-31 
floating point 

(See also exponent) 
comparison 9-9 
conversion 

basic example A-7 
examples with instructions A -41 

data format 9-2 
divide exception 6-20 
instructions 9-1 

examples A-38 
numbers 9-1 

examples A-5 
registers 2-3 

save areas for 3-42 
validity bit for 11-21 

shifting (See normalization) 
format 

address 3-2 
CCW (See CCW format control) 
decimal data 8-1 
floating-point data 9-2 
general data 7 -2 
information 3-2 
instruction 5-3 
PSW 4-5 

format-O access-list designation 5-38 
format-O and format-l CCWs 15-23 
format-l access-list designation 5-38 
forward-section-header address 5-58 
forward-section validity bit 5-58 
fraction 9-1 

conversion of between hexadecimal and decimal 
G-7 

free-pool manipulation, programming example A -4 7 
fullword (See word) 
function control (I/O) 16-12 
function-pending time 17-2 

in measurement block 17-4 

G 
G (giga) iv 
general instructions 7-2 

examples A-8 
general registers 2-3 

alteration-event-mask bit 4-13 
alteration of (PER event) 4-17 
PER-mask bits 4-13 
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save areas for 3-42 
validity bit for 11-21 

glue module 5-11 
guard digit 9-3 

H 
half word 3-3 
halfword -concurrent storage references 5-74 
halt function 15-14 

bit in SCSW for 16-12 
completion of 15-15 
initiated by HALT SUBCHANNEL 14-4 
path management for 15-14 
pending 16-14 
signaling for 15-15 

halt signal 17-5 
issued as part of halt function 15-15 

HALT SUBCHANNEL '(HSCH) instruction 14-4 
(See also halt function) 
effect on SCSW count field 15-17 
function initiated by 15-14 
use of after RESET CHANNEL PATH 14-8 

HALVE (HDR,HER) instructions 9-11 
example A -40 

HD R (HALVE) instruction 9-11 
example A -40 

header entry 5-58 
HER (HALVE) instruction 9-11 
hexadecimal (hex) representation 5-4 

tables G-l 
high-speed data transfer (I/O) 13-4 
home address space 0-1,3-13,5-26 

facilities 5-26 
home segment table 

designation (HSTO) 3-25 
length (HSTL) 3-25 
origin (HSTO) 3-25 

home-space mode 3-24 
home space-switch event, control bit, in control register 

13 3-25 
home virtual address 3-4 

effective segment-table designation for 3-28 
HSCH (See HALT SUBCHANNEL instruction) 
HSTD (home segment-table designation) 3-25 
HSTL (home segment-table length) 3-25 
HSTO (home segment-table origin) 3-25 

I field of instruction 5-5 
I/O (input/output) 2-4 

basic functions of 15-1 
blocking of data for 15-21 
comparison of 370-XA with System/370 E-4,13-1 
effect on CPU timer 4-26 
sense data (See sense data) 
support functions of 17-1 

I/O addressing 13-5 
I/O commands (See commands) 
I/O device (See device) 



I/O-error alert (in subchannel logout) 16-39 
I/O instructions 14-1,14-2 

deferred condition code for 16-8 
operand access by 14-1 
role of in I/O operations 13-6 

I/O interface, OEMI publication referenced v 
I/O interruption 6-12,16-1 

(See also interruption) 
action for 16-5 
masking of 13-9 
priority of 16-5 
program-controlled interruption (See PCI) 

I/O-interruption code 6-12,14-16 
stored by TPI 16-6 

I/O-interruption condition 13-9,16-2 
alert 16-4 
intermediate 16-4 
primary 13-8,16-4 
secondary 13-8,16-4 
solicited 16-3 
unsolicited 16-3 

I/O-interruption parameter 
assigned storage locations for 3-42 
in I/O-interruption code 16-6 
in ORB 15-21 
itt PMCW 15-2 
used for IPL 17-10 

I/O-interruption request 
c)earing of 13-9 
ft'om sub channels 16-5 

I/O-i~terruption subclass 13-9 
I/O-interruption subclass code (lSC) 15-2 
I/O-irherruption subclass mask 6-13,16-5 

relation to priority 16-5 
I/O mask in PSW 4-5 
I/O operations 13-6 

conclusion of (See conclusion of I/O operations) 
execution of 15-19 
immediate 15-42 
initiated indication for 16-11· 
t~rmination of (See conclusion of I/O operations) 

I/O-system reset 17-6 
a~ part of subsystem reset 4-31 

lAC (INSERT ADDRESS SPACE CONTROL) 
instruction 10-12 

IC (INSERT CHARACTER) instruction 7-27 
IC (instruction counter) (See instruction address) 
ICM (INSERT CHARACTERS UNDER MASK) 

instruction 7-27 
examples A-21 

ID (See CPU identification, sense ID) 
IDA On direct-data address) 15-31 

fbig in CCW 15-24 
IDA W (indirect-data-address word) 15-31 

check (in subchannellogout) 16-37 
contents of 15-32 
invalid address of 16-29 
invalid address specification in 16.,29 
invalid address specification of 16-29 

idle state for subchannel 16-13 
IFCC (interface-control check) 16-32 
fLC (instruction-length code) 6-7 

assigned storage locations for 3-40 

for program interruptions 6-13 
for supervisor-call interruption 6-39 

IML (initial microprogram loading) controls 12-2 
immediate operand 5-5 
immediate operation (I/O) 15-42 
implicit address translation 3-27 
incorrect length (subchannel status) 16-28 

for immediate operations 15-37 
when writing undefined blocks 15-35 

incorrect-length-indication mode 15-22 
incorrect-Iength-indication-suppression facility E-2,17-13 
incorrect-length-suppression mode 15-22 
incorrect state (signal-processor status) 4-38 
index 

for address generation 5-6 
instructions for branching on 7-14 
into access list 5-37 
into ASN first and second tables 3-14 
into authority table 5-17 
into entry and linkage tables 5-21 
register for 2-3 

indicator 
check-stop 12-2 
load 12-3 
manual 12-3 
mode 12-2 
test 12-5 
wait 12-5 

indirect-data address (See IDA) 
indirect-data-address word (See IDA W) 
indirect storage error 11-20 
information format 3-2 
inhibition of unit of operation 5-13 
initial CPU reset 4-31 

signal-processor order 4-35 
initial-microprogram-Ioading (IML) controls 12-2 
initial program loading (See IPL) 
initial-status-interruption control 15-21,16-11 

relation to Z bit 16-11 
used for IPL 17-10 

inoperative (signal-processor status) 4-38 
input/output (See I/O) 
INSERT ADDRESS SPACE CONTROL (lAC) 

instruction 10-12 
INSERT CHARACTER (IC) instruction 7-27 
INSERT CHARACTERS UNDER MASK (ICM) 

instruction 7-27 
examples A -21 

INSERT PROGRAM MASK (lPM) instruction 7-28 
INSERT PSW KEY (IPK) instruction 10-12 
INSERT STORAGE KEY EXTENDED (lSKE) 

instruction 10-13 
INSERT VIRTUAL STORAGE KEY (IVSK) instruc­

tion 10-13 
installation 2-1 
instruction address 

as a type of address 3-5 
handling by DAT 3-24 
in entry-table entry 5-23 
in PSW 4-6 
validity bit for 11-21 

instruction-length code (See ILC) 
instruction -processing damage 11-16 
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resulting in processing backup 11-18 
resulting in processing damage 11-19 

instructions 
(See also instruction lists and page numbers in 

Appendix B) 
backing up of 11-18 
classes of 2-2 
comparison of ESA/370 with 370-XA D-2 
comparison of 370-XA with System/370 E-3 
control 10-1 
damage to 11-16,11-19 
decimal 8-1 

examples A-33 
divisible execution of 5-66 
ending of 5-12 
examples of use A-7 
execution of 5-7 
fetching of 5-69 

access exception for 6-31 
PER event for 4-17 
PER-event mask for 4-13 

floating-point 9-1 
examples A-38 

format of 5-3 
general 7-2 

examples A-8 
interruptible (See interruptible instructions) 
length of 5-4 
list of B-1 
modification by EXECUTE instruction 7-26 
prefetching of 5-70 
privileged 4-5 

for control 10-1 
semiprivileged 4-5,10-1 
sequence of execution 5-2 
stepping of (rate control) 12-3 

effect on CPU state 4-2 
effect on CPU timer 4·26 

unprivileged 4-5,7-2 
vector 2-4 

integer 
binary 7-2 

address as 5-6 
examples A -2 

conversion of between hexadecimal and decimal 
G-6 

decimal 8-2 
integral boundary 3-3 
interface, I/O, OEM I publication referenced v 
interface-control check (subchannel status) 16-32 
interlocked -update storage reference 5-73 
interlocks for virtual storage references 5-66 
intermediate interruption condition (I/O) 16-4 
intermediate-status bit (I/O) 16·17 
intermittent errors 11-5 
internal storage 2-2 
interpretive execution, publication referenced v 
interrupt key 12-3 

external interruption 6-11 
interruptible instructions 5-12 

COMPARE AND FORM CODEWORD 7-15 
COMPARE LOGICAL LONG 7-23 
MOVE LONG 7-35 
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PER event affecting the ending of 4-15 
stopping of 4-2 
TEST BLOCK 10-70 
UPDATE TREE 7-53 
vector instructions 5-12 

interruption 6-2 
(See also masks) 
action 6-2 

I/O 16-5 
machine-check 11-12 

classes of 6-5 
effect on instruction sequence 5-12 
external (See external interruption) 
I/O (See I/O interruption) 
machine-check (See machine-check interruption) 
masking of 6-6 
pending 6-6 

external 6-10 
machine-check 11-13 
relation to CPU state 4-2 

priority of (See priority) 
program (See program interruption) 
program-controlled (I/O) (See PCI) 
restart 6-38 
string (See string of interruptions) 
supervisor-call 6-38 

interruption code 6-5 
external 6-9 
I/O (See I/O-interruption code) 
machine-check (MCIC) 3-42,11-14 
program 6-13 
summary of 6-2 
supervisor-call 6-39 

interruption conditions 6-2 
clearing of 4-30 
floating 6-6,11-23 
I/O (See I/O-interruption condition) 

interruption parameter 
external (assigned storage locations) 3-39 
I/O (See I/O-interruption parameter) 

interruption-response block (See IRB) 
interruption subclass (See I/O-interruption subclass) 
intervention required (bit in I/O sense data) 15-38 
invalid 

address 6-14 
bit in access-list entry 5-39 
bit in ASN -first-table entry 3-15 
bit in ASN -second-table entry 3-16 
bit in linkage-table entry 5-22 
bit in page-table entry 3-27 
bit in segment-table entry 3-26 
CBC 11-2 

in registers 11-10 
in storage 11-6 
in storage keys 11-7 

operation code 6-21 
order (signal-processor status) 4-38 
parameter (signal-processor status) 4-38 
translation address 3-31 
translation format 3-24 

exception recognition 3-31 
invalid address specification 

in channel-program address 16-29 



in IDAW 16-29 
of data in CCW 16-29 
of IDAW 16-29 
of TIC CCW 16-29 

invalid CCW field 
command code 16-29 
count 16-29 
data address 16-29 
suspend flag 16-30 

invalid format 
ofCCW 16-30 
of ORB 16-30 

invalid sequence of CCWs 16-30 
INVALIDATE PAGE TABLE ENTRY (I PTE) 

instruction 10-14 
effect of when CPU is stopped 4-2 

inverse move (See MOVE INVERSE instruction, move;' 
inverse facility) 

IPK (INSERT PSW KEY) instruction 10-12 
IPL (initial program loading) 4-32,17~10 

assigned storage locations for 3-39 
effect on CPU state 4-2 

IPM (INSERT PROGRAM MASK) instruction 7-28 
IPTE (INVALIDATE PAGE TABLE ENTRY) 

instruction 10-14 
IRB (interruption-response block) 16-6 

(See also ECW, ERW, ESW, SCSW) 
storage requirements for 16-11 

ISC (I/O-interruption subclass code) 15-2 
ISKE (INSERT STORAGE KEY EXTENDED) 

instruction 10-13 
IVSK (INSERT VIRTUAL STORAGE KEY) instruc­

tion 10-13 

K 
K (kilo) iv 
key 

access (See access key) 
manual (See manual operation) 
PSW (See PSW key) 
storage (See storage key) 
subchannel (See subchannel key) 

key check (in subchannellogout) 16-36 
key-controlled protection 3-8 

exception for 6-23 
key mask 

L 

authorization 5-23 
entry 5-23 
PSW (PKM) 5-16 

L (LOAD) binary instruction 7-28 
example A-22 

L fields of instruction 5-5 
LA (LOAD ADDRESS) instruction 7-29 

examples A -22 
LAE (LOAD ADDRESS EXTENDED) instruction 

7-29 
LAM (LOAD ACCESS MULTIPLE) instruction 7-28 

LASP (LOAD ADDRESS SPACE PARAMETERS) 
instruction 10-16 

last-path-used mask (See LPUM) 
late exception recognition 6-9 
LCDR (LOAD COMPLEMENT) floating-point 

instruction 9-12 
LCER (LOAD COMPLEMENT) floating-point instruc­

tion 9-12 
LCR (LOAD COMPLEMENT) binary instruction 

7-30 
LCTL (LOAD CONTROL) instruction 10-23 
LD (LOAD) floating-point instruction 9-12 
LOR (LOAD) floating-point instruction 9-12 
LE (LOAD) floating-point instruction 9-12 
left-to-right addressing 3-2 
length 

field 3-2 
instruction 5-4 
register-operand 5-5 
second operand same as first 5-5 
variable (storage operand) 5-5 

LER (LOAD) floating-point instruction 9-12 
LH (LOAD HALFWORD) instruction 7-30 

examples A-23 
LIFO (last in first out) queuing, example for lock and 

unlock A-45 
light (See indicator) 
limit mode (I/O) 15-2 
link information 

for BRANCH AND LINK instruction 7-10 
for BRANCH AND SAVE AND SET MODE 

instruction 7-11 
for BRANCH AND SAVE instruction 7-11 

linkage for subroutines 5-8 
linkage index (LX) 5-21 
linkage stack 0-1,5-48,5-56 

associated PER events 5-52 
associated trace entries 5-52 
branch state entry 10-5 
entry address 5-56 
entry descriptor 5-56 
entry-type code 5-57 
functions 5-49 
handling ofinformation in 5-51 
header entry 5-58 
instructions 5-49 
. introduction 5-54 
next-entry size 5-57 
operations 5-54 

control 5-56 
program-call state entry 10-36 
remaining free space 5-57 
section 5-54 

identification 5-57 
state entry 5-59 
trailer entry 5-58 

linkage table (L T) 5-22 
designation (LTD) 5-21 

in AST entry 3-17 
length (L TL) 5-21 

in primary AST entry 5~21 

origin (L TO) 5-21 
in primary AST entry 5-21 
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LM (LOAD MULTIPLE) instruction 7-31 
LNDR (LOAD NEGATIVE) floating-point instruction 

9-13 
LNER (LOAD NEGATIVE) floating-point instruction 

9-13 
LNR (LOAD NEGATIVE) binary instruction 7-31 
LOAD (L,LR) binary instructions 7-28 

example A -22 
LOAD (LD,LDR,LE,LER) floating-point instructions 

9-12 
LOAD ACCESS MULTIPLE (LAM) instruction 7-28 
LOAD ADDRESS (LA) instruction 7-29 

examples A -22 
LOAD ADDRESS EXTENDED (LA E) instruction 

7-29 
LOAD ADDRESS SPACE PARAMETERS (LASP) 

instruction 10-16 
load and store using real address D-2 
LOAD AND TEST (L TDR,L TER) floating-point 

instructions 9-12 
LOAD AND TEST (LTR) binary instruction 7-30 
load-clear key 12-3 
LOAD COMPLEMENT (LCDR,LCER) floating-point 

instructions 9-12 
LOAD COMPLEMENT (LCR) binary instruction 

7-30 
LOAD CONTROL (LCTL) instruction 10-23 
LOAD HALFWORD (LH) instruction 7-30 

examples A -23 
load indicator 12-3 
LOAD MULTIPLE (LM) instruction 7-31 
LOAD NEGATIVE (LNDR,LNER) floating-point 

instructions 9-13 
LOAD NEGATIVE (LNR) binary instruction 7-31 
load-normal key 12-3 
LOAD POSITIVE (LPDR,LPER) floating-point 

instructions 9-13 
LOAD POSITIVE (LPR) binary instruction 7-31 
LOAD PSW (LPSW) instruction 10-24 
LOAD REAL ADDRESS (LRA) instruction 10-25 
LOAD ROUNDED (LRDR,LRER) instructions 9-14 
load state 4-1,4-2 

during IPL 4-32 
load-unit-address controls 12-3 
LOAD USING REAL ADDRESS (LURA) instruction 

10-27 
loading, initial (See IML, IPL) 
location 3-2 

(See also address) 
not available in configuration 6-14 

lock A-45 
example with FIFO queuing A-47 
example with LIFO queuing A-46 

logical 
arithmetic (unsigned binary) 7-3 
comparison 7-4 
connective 

AND 7-9 
EXCLUSIVE OR 7-25 
OR 7-40 

data 7-2 
logical address 3-4 

handling by DAT 3-24 
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logical-path mask (See LPM) 
logout 

fixed 
assigned storage locations for 3-42 
machine-check 11-24 

sub channel (I/O) 16-36 
long floating-point number 9-2 
long I/O block 16-28 
loop control 5-8 
loop of interruptions (See string of interruptions) 
low-address protection 3-10 

control bit 3-10 
exception for 6-23 

LPDR (LOAD POSITIVE) floating-point instruction 
9-13 

LPER (LOAD POSITIVE) floating-point instruction 
9-13 

LPM (logical-path mask) 15-4,15-22 
effect on system performance of 15-10 
used for IPL 17-10 

LPR (LOAD POSITIVE) binary instruction 7-31 
LPSW (LOAD PSW) instruction 10-24 
LPUM (last-path-used mask) 15-5 

field-validity flag for (in sub channel logout) 16-38 
in ESW 16-37 

LR (LOAD) binary instruction 7-28 
LRA (LOAD REAL ADDRESS) instruction 10-25 
LRDR (LOAD ROUNDED) instruction 9-14 
LRER (LOAD ROUNDED) instruction 9-14 
L T (linkage table) 5-22 
LTD (linkage-table designation) 5-21 
LTDR (LOAD AND TEST) floating-point instruction 

9-12 
L TER (LOAD AND TEST) floating-point instruction 

9-12 
LTL (linkage-table length) 5-21 

in primary AST entry 5-21 
L TO (linkage-table origin) 5-21 

in primary AST entry 5-21 
L TR (LOAD AND TEST) binary instruction 7-30 
LURA (LOAD USING REAL ADDRESS) instruction 

10-27 
LX (linkage index) 5-21 

invalid bit 5-22 
translation exception 6-20 

M 
M (mega) iv 
M (MULTIPLY) binary instruction 7-38 

example A-27 
machine check 11-1 

(See also malfunction) 
comparison of 370-XA with System/370 E-7 
handling of malfunction detected as part of I/O 

11-5 
interruption 6-13,11-11 

action 11-12 
code (MCIC) 3-42,11-14 
floating conditions 11-23 
mask in PSW 4-5 
subclass masks in control register 11 '123 



logout 11-24 
mask, in PSW 4-5 

main storage 3-1 
(See also storage) 
effect of power-on reset on 4-32 
shared (in multiprocessing) 4-34 

malfunction 11-1 
at channel subsystem 16-31 
at I/O device 16-32 
correction of 11-2 
effect on manual operation 12-1 
from DIAGNOSE instruction 10-7 
indication of 11-4 
machine-check handling for when detected as part 

of I/O 11-5 
malfunction alert (external interruption) 6-11 

when entering check -stop state 11-11 
manual indicator 12-3 

(See also stopped state) 
manual operation 12-1 

controls 
address-compare 12-1 
alter-and -display 12-2 
IML 12-2 
load-unit-address 12-3 
power 12-3 
rate 12-3 
TOO-clock 12-5 

effect on CPU signaling 4-37 
keys 

interrupt 12-3 
load-clear 12-3 
load-normal 12-3 
restart 12-4 
start 12-4 
stop 12-4 
store-status 12-4 
system-reset-clear 12-4 
system-reset-normal 12-5 

masks 6-6 
(See also I/O interruption, interruption) 
in BRANCH ON CONDITION instruction 7-12 
in COMPARE LOGICAL CHARACTERS 

UNDER MASK instruction 7-21 
in INSERT CHARACTERS UNDER MASK 

instruction 7-27 
in PSW 4-5 
in STORE CHARACTERS UNDER MASK 

instruction 7-46 
monitor 6-20 
path-management 15-2,15-22 
PER-event 4-13 
PER general-register 4-13 
program-interruption 6-13 
subclass 

external-interruption 6-10 
I/O-interruption (See I/O-interruption subclass 

mask) 
machine-check-interruption 11-23 

mathematical assists, publication referenced v 
maximum negative number 7-2 
MC (MONITOR CALL) instruction 7-32 
MCIC (machine-check-interruption code) 3-42,11-14 

MD (MULTIPLY) floating-point instruction 9-14 
MDR (MULTIPLY) floating-point instruction 9-14 

example A -40 
ME (MULTIPLY) floating-point instruction 9-14 
measurement 

device-connect-time 17-5 
measurement-block update (I/O) 17-2 

measurement block (I/O) 17-2 
data check 16-37 
index 15-6 
key, used as access key 3-8 
multiple use of 15-10 
program check 16-37 
protection check 16-37 
update enable 15-3 

measurement data (I/O) 
accumulated 17-2 
effect of CSCH on 14-4 
effect of HSCH on 14-5 

measurement-mode control (I/O) 15-3 
MER (MULTIPLY) floating-point instruction 9-14 
message byte (in EDIT) 8-7 
MH (MULTIPLY HALFWORD) instruction 7-39 

example A-27 
microprogram (initial loading of) 12-2 
mode 

access-register 3-24 
addressing (See addressing mode) 
architectural (See architectural mode) 
burst (channel-path operation) 13-3 
byte-multiplex (channel-path operation) 13-3 
home-space 3-24 
incorrect-length -indication 15-22 
incorrect-length-suppression 15-22 
indicator, architectural 12-2 
multipath (See multipath mode) 
primary-space 3-24 
real 3-24 
requirements for semiprivileged instructions 5-16 
secondary-space 3-24 
single-path 15-3,15-20 
translation 3-24 

model number (in CPU ID) 10-64 
modifiable area (in linkage-stack state entry) 5-60 
MODIFY STACKED STATE (MSTA) instruction 

10-27 
MODIFY SUBCHANNEL (MSCH) instruction 14-6 
MONITOR CALL (MC) instruction 7-32 
monitor-class number 6-20 

assigned storage locations for 3-41 
monitor code 6-20 

assigned storage locations for 3-41 
monitor event 6-20 
monitor masks 6-20 
monitoring 

(See also measurement) 
channel-subsystem 17-1 
for PER events (See PER) 
with MONITOR CALL 6-20,7-32 

MOVE (MVC,MVI) in~tructions 7-32 
examples A-21,A723 

MOVE INVERSE (MV~IN) instruction 7-33 
example A-24 -
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move-inverse facility 7-33 
MOVE LONG (MVCL) instruction 7-33 

examples A -25 
MOVE NUMERICS (MVN) instruction 7-37 

example A -25 
MOVE TO PRIMARY (MVCP) instruction 10-29 
MOVE TO SECONDARY (MVCS) instruction 10-29 
MOVE WITH DESTINATION KEY (MVCDK) 

instruction 10-30 
MOVE WITH KEY (MVCK) instruction 10-31 
MOVE WITH OFFSET (MVO) instruction 7-37 

example A-26 
MOVE WITH SOURCE KEY (MVCSK) instruction 

10-32 
move-with -source-or-destination -key facility 0-2 
MOVE ZONES (MVZ) instruction 7-38 

example A -26 
MP (MULTIPLY DECIMAL) instruction 8-10 

example A-36 
MR (MULTIPLY) binary instruction 7-38 

example A-27 
MSCH (MODIFY SUBCHANNEL) instruction 14-6 
MSTA (MODIFY STACKED STATE) instruction 

10-27 
multipath mode 15-3 

entering 15-20 
multiple-access storage references 5-74 
MULTIPLY (M,MR) binary instructions 7-38 

examples A-27 
MULTIPLY 

(MD,MDR,ME,MER,MXD,MXDR,MXR) floating­
point instructions 9 -14 

example A -40 
MULTIPLY DECIMAL (MP) instruction 8-10 

example A-36 
MULTIPLY HALFWORD (MH) instruction 7-39 

example A-27 
multiprocessing 4-33 

manual operations for 12-5 
programming considerations for A-42,8-3 
programming examples A-42 
timing-facility interruptions for 4-24 
TOO clock for 4-21 

multiprogramming examples A-42 
MVC (MOVE) instruction 7-32 

examples A-21,A-23 
MVCDK (MOVE WITH DESTINATION KEY) 

instruction 10-30 
MVCIN (MOVE INVERSE) instruction 7-33 

example A-24 
MVCK (MOVE WITH KEY) instruction 10-31 
MVCL (MOVE LONG) instruction 7-33 

examples A -25 
MVCP (MOVE TO PRIMARY) instruction 10-29 
MVCS (MOVE TO SECONDARY) instruction 10-29 
MVCSK (MOVE WITH SOURCE KEY) instruction 

10-32 
MVI (MOVE) instruction 7-32 

example A -24 
MVN (MOVE NUMERICS) instruction 7-37 

example A-25 
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MVO (MOVE WITH OFFSET) instruction 7-37 
example A -26 

MVZ (MOVE ZONES) instruction 7-38 
example A -26 

MXD (MULTIPLY) floating-point instruction 9-14 
MXDR (MULTIPLY) floating-point instruction 9-14 
MXR (MULTIPLY) floating-point instruction 9-14 

N 
N (AND) instruction 7-9 
N condition (I/O) 16-12 
NC (AND) instruction 7-9 
near-valid CBC 11-2 

in storage 11-5 
negative zero 

binary 7-2 
decimal 8-3 

example A-5 
new PSW 4-3 

assigned storage locations for 3-39 
fetched during interruption 6-2 

next-entry size (in linkage stack) 5-57 
NI (AND) instruction 7-9 

example A-8 
no-operation 

as an I/O command (control) 15-37 
instruction (BRANCH ON CONDITION) 7-13 

node (of tree structure) 7-52 
noninterlocked-update storage reference 5-73 
nonvolatile storage 3-2 
normalization 9-2 
not operational 

as channel-path state 16-12 
(See also path-not-operational bit in SCSW, 

PNOM) 
as CPU state 4-36 
as TOO-clock state 4-22 

not set (fOD-clock state) 4-22 
NR (AND) instruction 7-9 
nullification 

exceptions to 5-14 
for exigent machine-check conditions 11-11 
ofinstruction execution 5-12 
of unit of operation 5-13 

numbering 
of addresses (byte locations) 3-2 
of bits 3-2 

numbers 
binary 7-2 

examples A-2 
CPU-model 10-64 
decimal 8-1 

examples A-5 
device 13-5 

. floating-point 9-1 
examples A-5 

hexadecimal G-l,5-4 
Jlumeric bits 8-1 

moving of 7-37 



o 
o (OR) instruction 7-40 
OC (OR) instruction 7-40 
OEM I (original equipment manufacturers' information) 

for I/O interface, publication referenced v 
01 (0 R) instruction 7 -40 

example A -28 
example of problem with A -42 

old PSW 6-2 
assigned storage locations for 3-39 

one's complement binary notation 7-2 
used for SUBTRACT LOGICAL instruction 7-49 

op code (See operation code) 
operand 5-2 

access of 5-72 
for I/O instructions 14-1 

address generation for 5-6 
exception 6-21 
immediate 5-5 
length of 5-2 
overlap 

for decimal instructions 8-3 
for general instructions 7-2 

register for 5-4 
sequence of references for 5-72 
storage 5-5 
types of (fetch, store, update) 5-72 
used for result 5-3 

operating state 4-1,4-2 
operation 

I/O (See I/O operations) 
unit of 5-12 

operation code (op code) 5-2 
invalid 6-21 

operation exception 6-21 
operation-request block (See ORB) 
operator facilities 2-6,12-1 

basic 12-1 
operator intervening (signal-processor status) 4-38 
OR (O,OC,OI,OR) instructions 7-40 

example of problem with OR immediate A-42 
examples A-28 

ORB (operation-request block) 15-21 
channel-program address in 15-22 
interruption parameter in 15-21 
invalid 16-30 
logical-path mask (LPM) in 15-22 

orders (I/O) 13-6,15-25 
orders (signal-processor) 4-34 

conditions precluding response to 4-36 
CPU reset 4-35 
emergency signal 4-34 
external call 4-34 
initial CPU reset 4-35 
restart 4-35 
sense 4-34 
set prefix 4-35 
start 4-35 
stop 4-35 
stop and store status 4-35 
store status at address 4-36 

overflow 
binary 7-3 

example A-2 
decimal 6-18 
exponent (See exponent overflow) 
fixed-point 6-19,7-3 
in CRW 17-15 

overlap 
destructive 7-35 
operand 

for decimal instructions 8-3 
for general instructions 7-2 

operation 5-66 
overrun (bit in I/O sense data) 15-38 

P 
PACK (PACK) instruction 7-40 

example A-28 
packed decimal numbers 8-1 

conversion of to zoned format 7-52 
conversion to from zoned format 7-40 
examples A-5 

padding byte 
for COMPARE LOGICAL LONG instruction 

7-22 
for MOVE LONG instruction 7-33 

page 3-23 
page-frame real address (PFRA) 3-27 
page index (PX) 3-23 
page-invalid bit (in page-table entry) 3-27 
page protection E-l,3-9 

bit for 3-27 
exception for 6-23 

page swapping 3-23 
page table 3-27 

designation 3-26 
length (PTL) 3-26 
lookup 3-30 
origin (PTO) 3-26 

page-translation exception 6-21 
as an access exception 6-29,6-34 

PALB (PURGE ALB) instruction 10-52 
PAM (path -available mask) 15-7 

effect of reconfiguration on 15-10 
effect of resetting on 15-10 
effect on allegiance of 15-10 

parameter 
external -interruption 6-9 

assigned storage locations for 3-39 
I/O-interruption (See I/O-interruption parameter) 
register for SIGNAL PROCESSOR 4-35,10-62 
translation 3-24 

parity bit 11-2 
partial completion of instruction execution 5-13 
PASN (primary address-space number) 3-13 

in trace entry 4-11 
PASTE (primary AST entry) 5-21 
PASTEO (primary-AST-entryorigin) 5-21,5-36 
path (See channel path) 
path available for selection 15-12 
path management 13-7 

for clear function 15-13 
for halt function 15-14 
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for start function and resume function 15-17 
path-management-control word (See PMCW) 
path-management masks 

last-path-used mask (See LPUM) 
logical-path mask (See LPM) 
path-available mask (See PAM) 
path -installed mask (See PIM) 
path-not-operational mask (See PNOM) 
path-operational mask (See POM) 

path-not-operational bit (N) in SCSW 16-12 
path-not-operational condition 15-4 
pattern (in EDIT) 8-6 
PC (PROGRAM CALL) instruction 10-34 
PC-cp (PROGRAM CALL instruction, to current 

primary) 10-36 
PC number 10-34 

in linkage-stack state entry 5-60 
in trace entry 4-11 
translation 5-21 

PC-ss (PROG RAM CALL instruction, with space 
switching) 10-36 

PC-translation -specification exception 6-22 
PC-type bit 5-53 
PCI (program-controlled interruption) 15-30 

as flag in CCW 15-24 
intermediate interruption condition for 16-17 
sub channel status for 16-28 

pending channel reports (effect of I/O-system reset on) 
17-8 

pending interruption (See interruption pending) 
PER (program-event recording) 4-12 

access identification 3-41,4-14 
address 4-14 

assigned storage locations for 3-41 
code 4-14 

assigned storage locations for 3-41 
events 4-12 
general-register-alteration event 4-17 

mask bits 4-13 
instruction-fetching event 4-17 
masks 

bit in PSW 4-5 
general-register 4-13 
PER-event 4-13 

priority of indication 4-15 
program-interruption condition 6-22 
storage-alteration event 4-17 
storage-area designation 4-16 

ending address 4-13 
starting address 4-13 
wraparound 4-16 

store-using-real-address event 4-18 
successful-branching event 4-16 

PFRA (page-frame real address) 3-27 
piecemeal steps of instruction execution 5-66 
PIM (path-installed mask) 15-6 
PKM (PSW -key mask) 5-16 
PMCW (path-management-control word) 15-2 

channel-path identifiers (CHPID) in 15-7 
PNOM (path-not-operational mask) 15-4 

effect on POM of 15-10 
indicated in SCSW 16-12 

point of damage 11-14 
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point of interruption 5-12 
for machine check 11-14 

POM (path-operational mask) 15-6 
effect on PNOM of 15-10 

POST (SVC), example of routine to bypass A-44 
postnormalization 9-2 
power controls 12-3 
power-on reset 4-32 
powers of 2, table of F-l 
PR (PROGRAM RETURN) instruction 10-44 
PR-cp (PROGRAM RETURN instruction, to current 

primary) 10-44 
PR-ss (PROGRAM RETURN instruction, with space 

switching) 10-44 
precision (floating-point) 9-1 
preferred sign codes 8-2 
prefetching 

(See also CCW prefetch control) 
access exceptions not recognized for 6-31 
channel-control check during 16-31 
channel-data check during 16-31 
handling of invalid CBC in storage keys during 

11-8 
of ART-table and OAT-table entries 5-71 
of data for I/O 15-26 
of instructions 5-70 

prefix 3-11 
set by signal-processor order 4-35 
store-status save area for 3-42 

prenormalization 9-2 
primary address space 3-13 
primary ASN (PASN) 3-13 

in linkage-stack state entry 5-60 
primary AST entry (PASTE), origin (PASTEO) 

5-21,5-36 
primary authority 3-20 

exception 6-22 
primary interruption condition (I/O) 16-4 
primary-list bit 5-36 
primary segment table 

designation (PSTD) 3-24 
length (PSTL) 3-25 
origin (PSTO) 3-25 

primary-space access-list designation (PSALD) 5-38 
primary-space mode 3-24 
primary space-switch event, control bit, in control reg­

ister 1 3-24 
primary-status bit (I/O) 16-17 
primary virtual address 3-4 

effective segment-table designation for 3-28 
priority 

of access exceptions 6-34 
of ASN-translation exceptions 6-38 
of external-interruption conditions 6-10 
of I/O interruptions 16-5 
of interruptions (CPU) 6-39 
of PER events 4-15 
of program-interruption conditions 6-32 
of trace exceptions 6-38 

private bit 5-39 
private-space-control bit 3-25 

effect on 
fetch-protection override 3-9 



low-address protection 3-10 
use of common segments 3-26 

home 3-25 
primary 3-25 
secondary 3-25 

private-space facility D-2 
privileged instructions 4-5 

control 10-1 
I/O 14-1 

privileged-operation exception 6-22 
problem state 4-5 

bit in entry-table entry 5-23 
bit in PSW 4-5 
compatibility 1-4 

processing backup (synchronous machine-check condi­
tion) 11-18 

processing damage (synchronous machine-check condi­
tion) 11-19 

processor (See CPU) 
program 5-30 

channel (See channel program) 
exceptions 6-13 
execution of 5-2 
fields of SCHIB modifiable by 15-7 
initial loading of 4-32,17-10 
interruption 6-13 

priority of 6-32 
mask (in PSW) 4-6 

PROGRAM CALL (PC) instruction 10-34 
trace entry for 4-11 
type of 5-53 

program-call state entry 5-59,10-36 
program check 

as subchanne! status 16-29 
measurement-block 16-37 

program-controlled interruption (I/O) (See PCI) 
program-event recording (See PER) 
program events (See PER events) 
program mask, validity bit for 11-21 
PROGRAM RETURN (PR) instruction 10-44 
program -status word (See PSW) 
PROGRAM TRANSFER (PT) instruction 10-47 

trace entry for 4-11 
protection (storage) 3-8 

during tracing 4-12 
fetch (See fetch protection) 
key-controlled (See key-controlled protection) 
low-address (See low-address protection) 
page (See page protection) 

protection check 
as subchannel status 16-30 
measurement-block 16-37 

protection exception 6-23 
as an access exception 6-29,6-34 

PSALD (primary-space access-list designation) 5-38 
pseudo AST entry 3-14 
PSTD (primary segment-table designation) 3-24 
PSTL (primary segment-table length) 3-25 
PSTO (primary segment-table origin) 3-25 
PSW (program-status word) 2-2,4-3 

assigned storage locations for 3-39 
comparison of ESA/370 with 370-XA D-3 
comparison of 370-XA with System/370 E-5 

current 4-3,5-7 
stored during interruption 6-2 

exceptions associated with 6-8 
format error 6-8 
in linkage-stack state entry 5-60 
in program execution 5-7 
store-status save area for 3-42 
validity bits for 11-20 

PSW key 4-5 
control bit 5-53 
in entry-table entry 5-54 
in trace entry 4-11 
used as access key 3-8 
validity bit for 11-20 

PSW -key mask (PKM) 5-16 
control bit 5-53 
in linkage-stack state entry 5-59 

PT (PROGRAM TRANSFER) instruction 10-47 
PT-cp (PROGRAM TRANSFER instruction, to 

current primary) 10-48 
PT-ss (PROGRAM TRANSFER instruction, with 

space switching) 10-48 
PTL (page-table length) 3-26 
PTLB (PURGE TLB) instruction 10-53 
PTO (page-table origin) 3-26 
publications, other related documents v 
PURGE ALB (PALB) instruction 10-52 
PURGE TLB (PTLB) instruction 10-53 
PX (page index) 3-23 

Q 
queuing 

FIFO, example for lock and unlock A-46 
LIFO, example for lock and unlock A-45 

R 
R field of instruction 5-4 
range (of floating-point numbers) 9-1 
rate control 12-3 I 

RCHP (See RESET CHANNEL PATH instruction) 
read (I/O command) 15-35 
read backward (I/O command) 15-36 
real address 3-4 
real mode 3-24 
real storage 3-4 
receiver check (signal-processor status) 4-39 
reconfiguration of I/O system 17-12 
recovery 

as class of machine-check condition 11-12 
channel-subsystem 17-13 
system 11-16 

subclass-mask bit for 11-24 
redundancy 11-2 
reference 

bit in storage key 3-7 
multiple-access 5-74 
recording 3-10 
sequence for storage 5-65 

(See also sequence) 
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single-access 5-74 
register 

access 2-3 
base-address 2-3 
control 2-3 
designation of 5-4 
floating-point 2-3 
general 2-3 
index 2-3 
prefix 3-11 
save areas 3-42,11-22 
validation of 11-10 
validity bits for 11-21 
vector-facility 2-4 

remaining free space (in linkage stack) 5-57 
remote operating stations 12-1 
reporting-source code (RSC) 17-15 
reporting-source ID (RSID) 17-16 
repressible machine-check conditions 11-12 
reset 4-27,17-6 

channel-path 17-6 
clear 4-31 
CPU 4-30 
effect on CPU state 4-2 
effect on TOD clock 4-22 
I/O-system 17-6 

as part of subsystem reset 4-31 
initial CPU 4-31 
power on 4-32 
subsystem 4-31 
summary of functions 4-29 
summary of functions performed by manual initi­

ation of 4-28 
system-reset-clear key 12-4 
system-reset-normal key 12-5 

RESET CHANNEL PATH (RCHP) instruction 14-7 
(See also channel-path-reset function) 
function initiated by 15-43 

RESET REFERENCE BIT EXTENDED (RRBE) 
instruction 10-53 

reset signal (I/O) 17-6 
in channel-path reset 17-6 
in I/O-system reset 17-7,17-8 
issued as part of RCHP 15-43 

resolution . 
of clock comparator 4-25 
of CPU timer 4-26 
ofTOD clock 4-21 

restart 
interruption 6-38 
key 12-4 
signal-processor order 4-35 

result operand 5-3 
resume function 13-8,15-17 

(See also start function) 
initiated by RESUME SUBCHANNEL 14-8 
path management for 15-18 
pending 16-13 

RESUME SUBCHANNEL (RSCH) instruction 14-8 
(See also resume function) 
channel-program requirements for 14-9 
count of in measurement block 17-3 
function initiated by 15-17 

X-22 ESA/370 Principles of Operation 

retry 
CPU 11-2 
I/O command (See command retry) 

rounding (decimal) 8-11 
example A-37 

RR instruction format 5-4 
RRBE (RESET REFERENCE BIT EXTENDED) 

instruction 10-53 
RRE instruction format 5-4 
RS instruction format 5-4 
RSC (reporting-source code) 17-15 
RSCH (See RESUME SUBCHANNEL instruction) 
RSID (reporting-source ID) 17-16 
running (state ofTOD clock) 4-22 
RX instruction format 5-4 

S 
S (SUBTRACT) binary instruction 7-48 
S instruction format 5-4 
SAC (SET ADDRESS SPACE CONTROL) instruction 

10-54 
SAL (SET ADDRESS LIMIT) instruction 14-10 
sample count (in ESW) 17-3 
SAR (SET ACCESS) instruction 7-41 
SASN (secondary address-space number) 3-13 

in trace entry 4-11 
save areas for registers 3-42,11-22 
SCHIB (subchannel-information block) 15-1 

as operand of 
MODIFY SUBCHANNEL 14-6 
STORE SUBCHANNEL 14-15 

model-dependent area in 15-7 
path-management-control word (PMCW) in 15-2 
subchannel-status word (SCSW) in 15-7 
summary of modifiable fields in 15-7 

SCHM (See SET CHANNEL MONITOR instruction) 
SCK (SET CLOCK) instruction 10-55 
SCKC (SET CLOCK COMPARATOR) instruction 

10-56 
SCSW (subchannel-status word) 16-6 

activity-control field in 16-13 
CCW address in 16-18 
count in 16-33 
device-status field in 16-23 
function -control field in 16-12 
in IRB 16-6 
in SCHIB 15-7 
status-control field in 16-16 
sub channel-control field in 16-11 
sub channel-status field in 16-28 

SD (SUBTRACT NORMALIZED) instruction 9-16 
SDR (SUBTRACT NORMALIZED) instruction 9-16 
SE (SUBTRACT NORMALIZED) instruction 9-16 
secondary address space 3-13 
secondary ASN (SASN) 3-13 

control bit 5-54 
in linkage-stack state entry 5-59 

secondary authority 3-20 
exception 6-24 

secondary error (in subchannellogout) 16-38 
secondary interruption condition (I/O) 16-4 



secondary segment table 
designation (SSTD) 3-25 
length (SSTL) 3-25 
origin (SSTO) 3-25 

secondary-space-control bit 3-24,5-17 
secondary-space mode 3-24 
secondary-status bit (I/O) 16-18 
secondary virtual address 3-4 

effective segment-table designation for 3-28 
segment 3-23 
segment index (SX) 3-23 
segment-invalid bit (in segment-table entry) 3-26 
segment table 3-26 

lookup 3-30 
segment-table designation (STD) 3-24 

effective 3-28 
home 3-25 
obtaining of in access-register translation 5-29 
primary 3-24 
secondary 3-25 
use after ART 5-40 

segment-translation exception 6-24 
as an access exception 6-29,6-34 

self-describing block of I/O data 15-29 
semiprivileged 

instructions 4-5 
descriptions of 10-1 

program authorization 5-15 
summary of 5-19 

programs 4-5,5-15 
sense 

as I/O command 15-37 
as signal-processor order 4-34 

sense data 15-37 
bus-out check 15-38 
command reject 15-38 
data check 15-38 
equipment check 15-38 
indication of 16-26 
intervention required 15-38 
overrun 15-38 

sense ID (I/O command) 15-39 
sequence 

conceptual 5-65 
instruction -execution 5-2 
of CCWs which is invalid 16-30 
of storage references 5-65 

ART-table and DAT-table entries 5-71 
instructions 5-69 
operands 5-72 
storage keys 5-71 

sequence code (in sub channel logout) 16-39 
field-validity flag for 16-38 

SER (SUBTRACT NORMALIZED) instruction 9-16 
serialization 5-76 

caused by I/O instructions 14-1 
channel-program 5-77 
CPU 5-76 
in completion of store operations 5-72 

service-processor damage 11-17 
service processor inoperative (signal-processor status) 

4-38 
service-signal external interruption 6-12 

subclass-mask bit for 6-12 
SET ACCESS (SAR) instruction 7-41 
SET ADDRESS LIMIT (SAL) instruction 14-10 
SET ADDRESS SPACE CONTROL (SAC) instruction 

10-54 
SET CHANNEL MONITOR (SCHM) instruction 

14-10 
effect on measurement modes of 17-1 

SET CLOCK (SCK) instruction 10-55 
SET CLOCK COMPARATOR (SCKC) instruction 

10-56 
SET CPU TIMER (SPT) instruction 10-56 
set prefix (signal-processor order) 4-35 
SET PREFIX (SPX) instruction 10-56 
SET PROGRAM MASK (SPM) instruction 7-41 
SET PSW KEY FROM ADDRESS (SPKA) instruction 

10-57 
SET SECONDARY ASN (SSAR) instruction 10-58 

use with access registers 5-33 
set state (ofTOD clock) 4-22 
SET STORAGE KEY EXTENDED (SSKE) instruc-

tion 10-61 
SET SYSTEM MASK (SSM) instruction 10-61 
SH (SUBTRACT HALFWORD) instruction 7-48 
shared storage (See storage sharing) 
shared TOD clock 4-21 
SHIFT AND ROUND DECIMAL (SRP) instruction 

8-11 
examples A-36 

SHIFT LEFT DOUBLE (SLDA) instruction 7-42 
example A-28 

SHIFT LEFT DOUBLE LOGICAL (SLDL) instruc­
tion 7-42 

SHIFT LEFT SINGLE (SLA) instruction 7-43 
example A-29 

SHIFT LEFT SINGLE LOGICAL (SLL) instruction 
7-43 

SHIFT RIGHT DOUBLE (SRDA) instruction 7-43 
SHIFT RIGHT DOUBLE LOGICAL (SRDL) instruc­

tion 7-44 
SHIFT RIGHT SINGLE (SRA) instruction 7-44 
SHIFT RIGHT SINGLE LOGICAL (SRL) instruction 

7-45 
shifting, floating-point (See normalization) 
short floating-point number 9-2 
short I/O block 16-28 
SI instruction format 5-4 
SID (subsystem -identification word) 14-1 

assigned storage locations for 3-41 
sign bit 

binary 7-2 
floating-point 9-1 

sign codes (decimal) 8-2 
signal (I/O) 17-5 

clear (See clear signal) 
halt (See halt signal) 
reset (See reset signal) 

SIGNAL PROCESSOR (SIGP) instruction 10-61 
comparison of 370-XA with System/370 E-7 
orders 4-34 
status 4-37 

signed binary 
arithmetic 7-3 
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comparison 7-4 
integer 7-2 

examples A -2 
significance 

exception 6-24 
loss 9-2 

in floating-point addition 9-8 
mask (in PSW) 4-6 
starter (m EDIT) 8-7 

SIGP (See SIGNAL PROCESSOR instruction) 
single-access reference 5-74 
singie-path mode 15-3J5-20 
size notation iv 
size of address 3-5 

controlled by addressing mode 5-5 
in CCW 15-24 

skip flag in CCW 15-24 
effect on data transfer of 15-30 

SL (SUBTRACf LOGICAL) instruction 7-48 
SLA (SHIFT LEFT SINGLE) instruction 7-43 

example A -29 
SLDA (SHIFT LEFT DOUBLE) instruction 7-42 

example A -28 
SLDL (SHIFT LEFT DOUBLE LOGICAL) instruc-

tion 7-42 . 
SLI (suppress-length-indication) flag in CCW 15-34 

for immediate operations 15-37 
SLL (SHIFT LEFT SINGLE LOGICAL) instruction 

7-43 
SLR (SUBTRACf LOGICAL) instruction 7-48 
solicited interruption condition (I/O) 16-3 
solid errors 11-5 
sorting instructions (See COMPARE AND FORM 

CODEWORD instruction, UPDATE TREE instruc­
tion) 

source, vector-facility (machine-check condition) 11-18 
source of interruption, identified by interruption code 

6-5 
SP (SUBTRACf DECIMAL) instruction 8-12 
space-switch event 6-24 

control bit 
home, in control register 13 3-25 
in ASTE 3-16 
primary, in control register 1 3-24 

special-operation exception 6-25 
specification exception 6-26 
SPKA (SET PSW KEY FROM ADDRESS) instruction 

10-57 
SPM (SET PROGRAM MASK) instruction 7-41 
SPT (SET CPU TIMER) instruction 10-56 
SPX (SET PREFIX) instruction 10-56 
SR (SUBTRACf) binary instruction 7-48 
SRA (SHIFT RIGHT SINGLE) instruction 7-44 
SRDA (SHIFT RIGHT DOUBLE) instruction 7-43 
SRDL (SHIFT RIGHT DOUBLE LOGICAL) instruc-

tion 7-44 
SRL (SHIFT RIGHT SINGLE LOGICAL) instruction 

7-45 
SRP (SHIFT AND ROUND DECIMAL) instruction 

8-11 
examples A-36 

SS instruction format 5-4 
SSAR (SET SECONDARY ASN) instruction 10-58 
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use with access registers 5-33 
SSAR-cp (SET SECONDARY ASN instruction, to 

current primary) 10-58 
SSAR-ss (SET SECONDARY ASN instruction, with 

space switching) 10-58 
SSCH (See START SUBCHANNEL instruction) 
SSE instruction format 5-4 
SSKE (SET STORAGE KEY EXTENDED) instruc-

tion 10-61 
SSM (SET SYSTEM MASK) instruction 10-61 
SSM-suppression-control bit 6-25,10-61 
SSTD (secondary segment-table designation) 3-25 
SSTL (secondary segment-table length) 3-25 
SSTO (secondary segment-table origin) 3-25 
ST (STO RE) binary instruction 7 -45 
stack-empty exception 6-27 
stack-full exception 6-27 
stack-operation exception 6-27 
stack-specification exception 6-27 
stack-type exception 6-27 
stacking process 5-60 
stacking PROGRAM CALL 5-50 
STAM (STORE ACCESS MULTIPLE) instruction 

7-45 
standalone dump 12-4 
standard epoch (for TOD clock) 4-23 
STAP (STORE CPU ADDRESS) instruction 10-63 
start (CPU) 

function 4-2 
key 12-4 
signal-processor order 4-35 

start function (I/O) 13-6,15-17 
bit in SCSW for 16-12 
initiated by START SUBCHANNEL 14-12 
path management for 15-18 
pending 16-14 

START SUBCHANNEL (SSCH) instruction 14-12 
(See also start function for I/O) 
count of in measurement block 17-3 
deferred condition code for (in SCSW) 16-8 
function initiated by 15-1 7 
operation-request block (ORB) used by 15-21 

state 
CPU (See CPU state) 
TO D-clock 4-22 

state entry 5-59 
status 

alert 16-16 
device 16-23 

effect of clear function on 15-14 
field-validity flag for (in subchannellogout) 

16-38 
with inappropriate bit combination 16-38 

device-status check 16-38 
for SIGNAL PROCESSOR 4-34,10-62 
initial, interruption (See initial-status-interruption 

control) 
intermediate 16-17 
primary 16-1 7 
program (See PSW) 
resulting from signal-processor orders 4-37 
secondary 16-18 
storing of 4-33 



manual key for 12-4 
sub channel 16-28 

status-control field (in SCSW) 16-16 
status modifier (device status) 16-23 

effect of in command chaining 15-29 
status-pending 16-18 
status-verification facility E-2,17 -12 
status while disabled 14-7 
STC (STORE CHARACTER) instruction 7-45 
STCK (STORE CLOCK) instruction 7-46 
STCKC (STORE CLOCK COMPARATOR) instruc­

tion 10-63 
STCM (STORE CHARACTERS UNDER MASK) 

instruction 7 -46 
examples A -29 

STCPS (STORE CHANNEL PATH STATUS) instruc­
tion 14-14 

STCRW (See STORE CHANNEL REPORT WORD 
instruction) 

STCTL (STORE CONTROL) instruction 10-63 
STD (See segment-table designation) 
STD (STORE) floating-point instruction 9-16 
STE (STORE) floating-point instruction 9-16 
STH (STORE HALFWORD) instruction 7-47 
STIDP (STORE CPU ID) instruction 10-64 
STL (segment-table length) 3-24 
STM (STORE MULTIPLE) instruction 7-47 

example A-30 
STNSM (STORE THEN AND SYSTEM MASK) 

instruction 10-65 
STO (segment-table origin) 3-24 
stop 

function 4-2 
key 12-4 
signal-processor order 4-35 

stop and store status (signal-processor order) 4-35 
stopped (signal-processor status) 4-38 
stopped state 

of CPU 4-1 
effect on completion of store operations 5-72 

ofTOD clock 4-22 
storage 3-1 

absolute 3-4 
address wraparound (See wraparound) 
addressing 3 -2 

(See also address) 
alteration manual controls 12-2 
alteration PER event 4-17 

mask for 4-13 
assigned locations in 3-39 

comparison of ESA/370 with 370-XA D-3 
comparison of 370-XA with System/370 E-6 

auxiliary 3-1,3-22 
block 3-4 

testing for usability of 10-69 
buffer (cache) 3-1 
clearing of (See clearing operation) 
concurrency of access for references to 5-74 
configuration of 3-4 
direct-access 3-1 
display 12-2 
error 11-19 

indirect 11-20 

failing address in (See failing-storage address) 
interlocked update 5-73 
interlocks for virtual references 5-66 
internal 2-2 
main 3-1 
noninterlocked update 5-73 
nonvolatile 3-2 
operand 5-5 

reference to (fetch, store, update) 5-72 
update reference 5-72 

operand consistency 5-74 
examples A -46,A -48 

prefixing for 3-11 
real 3-4 
sequence of references to 5-65 
size, notation for iv 
validation of 11-6 
virtual 3-23 
volatile 3-2 

effect of power-on reset on 4-32 
storage-access code (in· sub channel logout) 16-38 
storage-area designation 

for I/O operations 15-25 
for PER events 4-16 

storage' degradation (machine-check condition) 11-19 
storage key 3-7 

error in 11-19 
sequence of references to 5-71 
testing for usability of 10-69 
validation of 11-7 

storage-logical-validity bit 11-21 
storage protection 3-8 

during tracing 4-12 
storage sharing 

by address spaces 3-23 
by CPUs and the channel subsystem 3-4 
examples A -42 
in multiprocessing 4-34 

STO RE (ST) binary instruction 7 -45 
STORE (STD,STE) floating-point instructions 9-16 
STORE ACCESS MULTIPLE (STAM) instruction 

7-45 
STORE CI-JANNEL PATH STATUS (STCPS) instruc­

tion 14-14 
STORE CHANNEL REPORT WORD (STCRW) 

instruction 14-14 
channel~report word (CRW) stored by 17-15 

STORE CHARACTER (STC) instruction 7-45 
STORE CHARACTERS UNDER MASK (STCM) 

instruction 7 -46 
examples A-29· 

STORE CLOCK (STCK) instruction 7-46 
STORE CLOCK COMPARATOR (STCKC) in'struc-

tion 10-63 
STORE CONTROL (STCTL) instruction 10-63 
STORE CPU ADDRESS (STAP) instruction 10-63 
STORE CPU ID (STIDP) instruction 10-64 
STORE CPU TIMER (STPT) instruction 10-64 
STORE HALFWORD (STH) instruction 7-47 
STORE MULTIPLE (STM) instruction 7-47 

example A-30 
STORE PREFIX (STPX) instruction 10-65 
store reference 5-72 
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access exceptions for 6-32 
store status 4-33 

key 12-4 
signal-processor order for 4-35 

store status at address (signal-processor order) 4-36 
STORE SUBCHANNEL (STSCH) instruction 14-15 
STORE THEN AND SYSTEM MASK (STNSM) 

instruction 10-65 
STORE THEN OR SYSTEM MASK (STOSM) 

instruction 10-65 
STORE USING REAL ADDRESS (STURA) instruc­

tion 10-66 
store-using-real-address PER event 4-18 

mask for 4-13 
STOSM (STORE THEN OR SYSTEM MASK) 

instruction 10-65 
STPT (STORE CPU TIMER) instruction 10-64 
STPX (STORE PREFIX) instruction 10-65 
string of interruptions 4-3,6-39 

caused by clock comparator 4-25 
caused by CPU timer 4-26 

STSCH (STORE SUBCHANNEL) instruction 14-15 
STURA (STORE USING REAL ADDRESS) instruc­

tion 10-66 
SU (SUBTRACT UNNORMALIZED) instruction 

9-17 
sub channel 13-2 

active allegiance for 15-11 
dedicated allegiance for 15-11 
effect of I/O-system reset on 17-8 
idle 16-13 
working allegiance for 15-11 

subchannel-active bit 16-15 
subchannel addressing 13-5 
sub channel control information in SCSW 16-11 
sub channel enabled bit in PMCW 15-2 
subchannel-information block (See SCHIB) 
subchannel key 15-21,16-8 

used as access key 3-8 
used for IPL 17-10 

sub channel key check (in subchannel logout) 16-36 
subchannel logout 16-36 
subchannel number 13-5 
sub channel status 16-28 

generated while subchannel is disabled 14-7 
subchannel-status word (See SCSW) 
subclass-mask bits 6-6 

external-interruption 6-10 
I/O-interruption (See I/O-interruption subclass 

mask) 
machine-check 11-23 

subroutine linkage 5-8 
subsystem-identification word (See SID) 
subsystem -linkage-control bit 5-17,5-21 

in primary AST entry 5-21 
subsystem reset 4-31 
SUBTRACT (S,SR) binary instructions 7-48 
SUBTRACT DECIMAL (SP) instruction 8-12 
SUBTRACT HALFWORD (SH) instruction 7-48 
SUBTRACT LOGICAL (SL,SLR) instructions 7-48 
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SUBTRACT NORMALIZED (SD,SDR,SE,SER,SXR) 
instructions 9-16 

SUBTRACT UNNORMALIZED (SU,SUR,SW,SWR) 
instructions 9-17 

successful-branching PER event 4-16 
mask for 4-13 

SUPERVISOR CALL (SVC) instruction 7-49 
supervisor-call interruption 6-38 
supervisor state 4-5 
support functions (I/O) 17-1 
suppress-length-indication flag in CCW (See SLI) 
suppress-suspended-interruption control (I/O) 

15-22,16-11 
used for IPL 17-10 

suppression 
exceptions to 5-14 
of instruction execution 5-12 
of unit of operation 5-13 

SUR (SUBTRACr UNNORMALIZED) instruction 
9-17 

suspend-control bit 15-21,16-8 
used for IPL 17-10 

suspend flag in CCW 15-24 
invalid 16-30 

suspend function 13-8 
suspended bit (in SCSW) 16-16 
suspension of channel-program execution 15-32 

effect on DCTI of 15-34 
intermediate interruption condition for 16-17 

SVC (SUPERVISOR CALL) instruction 7-49 
SW (SUBTRACT UNNORMALIZED) instruction 

9-17 
swapping 

by COMPARE (DOUBLE) AND SWAP 
instructions 7-19 

by EXCLUSIVE OR instruction 7-26 
SWR (SUBTRACT UNNORMALIZED) instruction 

9-17 
SX (segment index) 3-23 
SXR (SUBTRACT NORMALIZED) instruction 9-16 
synchronization 

checkpoint 11-3 
of CPU timer with TOO clock 4-26 
of TOO clocks 4-22,4-24 

synchronous machine-check -interruption conditions 
11-18 

system 
manual control of 12-1 
organization of 2-1 

system check stop 11-11 
system damage .11-15 
system mask (in PSW) 4-3 

validity bit for 11-20 
system recovery 11-16 
system reset (See reset) 

I/O (See I/O-system reset) 
system-reset-clear key 12-4 
system-reset-normal key 12-5 
System/370 

comparison with 370-XA E-l 
compatibility with ESA/370 1-4 



T 
T (tera) iv 
table of powers of 2 F -1 
tables 

ASN (See ASN first table, ASN second table) 
authority (See authority table) 
DAT (See page table, segment table) 
entry (See entry table) 
hexadecimal G-l 
linkage (See linkage table) 
page (See page table) 
segment (See segment table) 
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